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Ipenncnosue

Pomp CexTopa pagmoCBs3W 3aKIIOYAaeTCs B OOCCIIEYEHHMH PANHMOHAIBHOTO, CIIPABEIUITHBOTO, A(PQEKTHBHOTO U
9KOHOMHYHOTO HCIOJIb30BaHUS PaAMOYacTOTHOIO CIEKTpa BCEMH CIy)KOaMH paJuOCBs3H, BKIIOYas CIyTHUKOBBIC
CIIy)KOBI, W TPOBEACHHM B HEOIPAHHMYCHHOM YACTOTHOM JAWANa3oHe HCCICIOBaHUA, Ha OCHOBaHHU KOTOPBIX
HnpUHUMAroTCs PexomeHnanuu.

BcemupHBIE W permoHanbHBIE KOH(EPEHIMH pAAMOCBA3M W accaMOien paguoCBA3M TPH  TOJIEPXKKE
HCCIIeI0BATEIbCKUX KOMUCCHH BBITIOJHAIOT PETJIAMEHTAPHYIO U MOJUTHYECKYI0 QyHKIMU CeKTopa pajnocBs3u.

[HosmTHKa B 00;1aCTH NIPaB MHTEJLIEKTYaJdbHOH codcTBeHHOCTH (ITUC)

ITonmutuka MCD-R B ob6mactu IIMC wm3maraercs B o0mieii matentHoii moinutuke MCO-T/MCO-R/MCO/MDOK,
ynomuHaemoir B Ilpmmoxkenmn 1 k Pesomommm MC3-R 1. ®opmel, KOTOpble BiafeibllaM MATCHTOB CIEAYeT
UCIIONb30BaTh IS IMPEACTABICHUS MATEHTHBIX 3asBICHHA W ACKIapandil O JMICH3WPOBAHUM, MPEICTABICHBI IO
anmpecy: http://www.itu.int/ITU-R/go/patents/en, rae takxke cojepkarcsi PykoBoasIiiye MPHHIUIBI 110 BIMOIHEHUIO
o6meit marenTHO# monutuk MCO-T/MCO-R/MCO/MOK u 6a3a qaHHBIX nmaTeHTHOHW HHpopManun MCO-R.

Cepun Pexomenganuii MCI-R

(Ilpencrasnens! Takxke B OHIARHOBOW (opme 1o aapecy: http://www.itu.int/publ/R-REC/en.)

Cepus Haszpanue

BO CrnyTHHKOBOE paJliOBeLIaHUE

BR 3amuch U1 IpON3BOJICTBA, ApXUBUPOBAHUS U BOCIIPOU3BEICHHUS; TUICHKHU JUIS TEICBUACHUS

BS PanmoBemaresnbHast ciry»x0a (3ByKoBas)

BT PammoBemarensHas ciayx0a (TeIeBU3NOHHASN)

F ®uxcupoBaHHas ciIyx0a

M ITonBmKHas CIIyTHHKOBAs cyx0a, CITyTHUKOBAs CIIy»k0a pagnoonpenaeIeHus,
JMrOOUTENBCKas CIIyTHUKOBAS CITyx0a M OTHOCSIINECS K HUM CITyTHHUKOBBIE CITY>KOBI

P PacnpocTpanenue pagnoBoIH

RA Pannoacrponomus

RS CucTeMbl TUCTaHIIMOHHOTO 30HUPOBAHUS

S DuKcHpoBaHHAs CIIYTHUKOBAA CITy>kK0a

SA KocMmuueckue npuMeHeHUs] 1 METEOPOIIOTHS

SF CoBMeCTHOE MCIIOJIb30BaHUE YaCTOT U KOOPIUHALMS MEXY CHCTEMaMH (PUKCUPOBaHHON
CIIyTHHKOBOH! CITy’KOBI U (PUKCUPOBAHHOMN CITYKOBI

SM YnpaBieHue UCHIOIb30BAHUEM CIIEKTPA

SNG CrnyTHHMKOBBII cO0p HOBOCTEH

TF Ilepenaua curHanoB BpEMEHU U 3TAIOHHBIX YaCTOT

\Y CrnoBapb U CBSI3aHHBIE C HUM BOIIPOCHI

Ilpumeuanue. — Hacmosawasn Pexomenoayus MCO-R ymeepoicoena Ha aHeIUlICKOM 3bIKe
6 coomeemcmeuu ¢ npoyedypoul, usnodxicennou 6 Pesonoyuu MCO-R 1.
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Bce mpaBa coxpanensl. Hu oHa U3 9actel JaHHOH MyOJUKallid HE MOXKET ObITh BOCTIPOU3BEECHA C TIOMOIIBIO KaKUX
OBl TO HU OBUIO CpeACTB 0€3 MPeaBaAPUTENHHOTO MUCBMEHHOTO pa3pemneHust MCD.


http://www.itu.int/ITU-R/go/patents/en
http://www.itu.int/publ/R-REC/en

Pex. MCJ-R P.684-6 1

PEKOMEH/JIALIUSI MCD-R P.684-6

IIporHo3upoBanne HANPSIZKEHHOCTH TMOJIsI HA YACTOTAX
HMKe MPUoan3uTebHo 150 k'

(Bommpoc MC3-R 225/3)
(1990-1994-2001-2003-2005-2009-2012)

Accambmes pangrocsszn MCD,

yuumbwleast,

a) YTO CYIIECTBYET HEOOXOAMMOCTh B PYKOBOJICTBE JUISl MHKEHEPOB, 3aHUMAOIIUXCS TNIAHUPOBAHHEM
paarociyx0 B AuanazoHe 9acToT Hike nmpubausutensHo 150 kI

b) YTO OBLIH Pa3pabOTaHBI CJCTYIONIHE METO/IbI:

- CKa4YKOBBI METOJ| JJIsl 4acTOT BbIlIe mpuOmm3utensHo 60 K[ '1, OCHOBaHHBIM Ha CTATUCTHYECKOM
aHanmM3e pe3yiabTaTOB H3MEPEHUH HAmpsHKEHHOCTH TMoiisi B aumama3oHe oT 16 k[ 1o
npubnusurensao 1000 xI;

— METOJI BOJHOBOJAHOW MOJBI JUIS 4YacTOT HWxke mnpubau3utTenbHo 60 k[, OCHOBaHHBIM Ha
TEOPETUYECKON Mojaenu 3eMJid M HOHOC(Ephbl, B KOTOPOH mMapaMeTpbl HOHOCHEpPHOW MOICIu
MOJIYYEHBI IO TaHHBIM PaclpOCTPAHEHUS PAIHOBOJIH;

- METOJ JuIs yacToTHOro nuanasona 150—1700 xI'n, onucaunslii B Pexkomenmamyu MCO-R P.1147,

pekomenoyem,

1 YTOOBI CJICAYIOIINE METOABI HCIOJIB30BAIUCH ISl IPOTHO3UPOBAHMS HANPSHKEHHOCTH MOJS, C
00513aTENIbHBIM YUETOM NPEJOCTEPEKEHIH OTHOCUTEIBHO TOYHOCTH MX IPUMEHEHHs B HEKOTOPBIX paiioHax,
0 KOTOpBIX roBopuTtca B [Ipunoxenun 2.

1 Beenenne
Cy1ecTByIOT 1Ba TEOPETHYECKMX MeTOAa pacueTa HanpsbkeHHocTr ot KHY, OHY n HY curnanos.

Cremyer OTMETHTH, 4TO WH(OPMAIMs B 3TOH PekoMeHmanuu comep:kuT 3HadeHus f COS i, mpesbImmaromnime
150 k[, Mcnonb3oBanue JaHHOW MH(OpPMAIMK JJIS Y4acToT, npesBbimaroniux 150 kI'1, He pekoMeHayeTCs.
B Pexomengannn MC3-R P.1147 npuBenena nnpopmanus 1uig 9actoT Boire 150 k.

11 CKaudKOBBII METOZ — 3TO METOJ, MPU KOTOPOM TPAEKTOPHH PacCHpOCTPaHEHHs IEKTPOMATHUTHON
SHEPTUH MEXIy JaHHBIMHU TNEPEeNaTYMKOM M NMPUEMHHKOM MOTYT OBITh ONMHMCAHBI T€OMETPUYECKH, KaK B
cinydae pacrpoctpaHeHust BU.

Orot meroxn ucnons3yercs Ha HY u, nns paccrosuuit mensmux 1000 km, — va OHY. B nannom meroze
paccMaTpuBaeTcsl pajauoleperada, OCyILECTBIsieMas IO OIpPEJENCHHbIM TpaccaM, IeOMETPHUs KOTOPBIX
OTIpeIeNIsIeTCS OJHOKPATHBIM HMJIM MHOTOKPATHBIM OTPaYKEHHWEM OT HOHOC(EpPHl B 3aBUCHMOCTH OT TOTO,
OJIMH WJIN HECKOJIBKO CKAuKOB BKIIOYAaeT paccMaTpuBaeMas Tpacca paclpoCTpaHEHHUs, a Takke
MEXaHU3MaMHU PaclpOCTpaHEHUs] 3eMHON BOJIHOW. Takum 00pa3oM, pe3yJbTHPYIOLIee I10JIe IIPECTaBIsIeT
co00# BEKTOPHYIO CYMMY TIOJIel, 00pa3yeMbIX CUTHAJIAMH Ha Kax10# Tpacce. Tak kak peub HIET O JITUHHBIX
BOJIHaX, TO HEOOXOIMMO YUYHMTBIBATh MX TUPPAKIHUIO 36MHOW MOBEPXHOCTHIO, UTO HE PAcIpOCTPaHIETCs Ha
nuanazon BY. IIpuMeHeHHne CKauykoOBOro MeToJa MOXKET OOYyCJIOBIMBaTHCS TeM (PaKTOM, YTO B Cilydae
HaKJIOHHOTO TIaJIeHUsI pa3Mephbl WHTEpBaja BBICOT, B Ipeleiax KOTOPOro MPOUCXOAHWT paclpOCTpaHEHUE,
PaBHBI MM OONbIIE HECKOIBKUX JUTMH BOJIH.
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JUis mpUMEHEHWS 3TOr0 METoJa HEOOXOIMMO 3HATh 3HAYCHUS KOI(PQPUIMEHTOB OTPaXKCHHS BOJIHEI,
nagaromei Ha noHocdepy. ITu K0dD(PHUIUEHTH CHIIBHO MEHSIOTCS B 3aBHCHMOCTH OT YacCTOTHI, JUTHHEI, a
TaKXKe reorpaMuecKux U T€OMAarHUTHBIX KOOPJAWHAT TPACCHI MEpeaadyl, BpEMEHU CYTOK, BPEMEHH rojia U
(a3pl 1MKIIA COJTHEYHOW aKTUBHOCTU. HeoOXomumo Takke 3HATh AJIEKTPUYCCKUE XAPAKTEPUCTHUKU TOYBBI
(IPOBOIUMOCTD U TUDJICKTPHUECKYIO TIPOHUIIAEMOCTh) B MECTE PACIOJIOKEHUS MepeaaTurKa U MPUEMHHKA,
MOCKOJIBKY KOHEYHAs BEJIMYMHA MPOBOJUMOCTH IOYBBI BIUSET HA JUATPAMMbBl HATPABICHHOCTH aHTCHH
TEPMHUHAJIOB B BEPTHKAILHOM TIOCKOCTH.

1.2 MeTto1 BOTHOBOIHOM MOJBI HCIONb3yeTcst B quanazone OHY mns paccrosauii 6osbme 1000 kM.
B aTOoM Merone pacmpocTpaHeHHE PaJHMOBONH PAacCMATPHBAETCS KaK CyMMa BOJIH, COOTBETCTBYFOIIHX
pa3IMYHBIM THIIAM PacIpPOCTPAHEHUS B BOJIHOBOAC 3eMIII-HOHOC(Epa, aHAJOTUYHO MOJE, ONPEAeICHHON
MPUMEHUTENIBHO K BOJIHOBOJIaM B MUKPOBOJIHOBOM JiMana3oHne. BeiOop Merona i pacuera HanpsKeHHOCTH
IOJISL OMIPEACISACTCS MPAKTHUSCKUMHU COOOPAKEHUSIMHE, CBA3aHHBIMH C YHCICHHBIMH PAaCUCTaMH.

1.3 B mmnamazone OHY Ha paccrostansax menee 1000 km u B oOmmem cirydae Ha HY psapl Mox cxomsTest
HE3HAUUTEIbHO, M TOSTOMY BBIUMCIICHHS CBSI3aHBI C TPOLEIYypOH BEKTOPHOTO CJIOXKEHHUS OONBLIOro
KonndecTBa KoMIoHeHT. C Apyroil CTOPOHBI, CKAYKOBAas TEOPUs OMEPUPYET OrPaHUYCHHBIM YUCIIOM Tpacc,
BKITIOYAsi TPacCy 3eMHOW BOJHBI, YTO OCOOCHHO YAO0OHO, KOrna pedb uaeT o pacrnpoctpanennu HY Ha
OoJIbIINE PACCTOSIHUSA, C YIETOM AU(PaKIUU, €CITH 3TO BO3MOXKHO.

B auamazone OHY Ha paccrostausx 6osiee 1000 kM ckaukoBasi TEOpHs MPEAIIOJIaraeT BEKTOPHOE CIIOKEHHUE
0OJIBIIOTO KOJNWYECTBA HAINPSHKEHHOCTEH TMOJIeH, CO3/1aBaeMbIX CHTHAJIAMH, PaCIpPOCTPAHSIONIIMHUCS TI0
Pa3IMYHBIM Tpaccam, TOT/Ia Kak M3-3a OBICTPON KOHBEPTEHIIWHU Psiia MOJ MPUEMIIEMYI0 TOYHOCTh MOYKHO
MOJIYYUTh JIUIIb TPH CJIOKEHUU HEOOJbIIOro umcia moj. OaHako BO MHOTHX CiIyYasx JJIs pacuera ¢
JIOCTATOYHOW TOYHOCTHIO MOKHO HCITOJIF30BaTh CKAYKOBYIO MOJIENb HA OOJBIINX PACCTOSHUSAX I 9acTOT
BIWIOTH A0 10 KI'L, mpy 3TOM MOXXHO OTPaHUYMUTH KOJUYECTBO MOJICKALUIUX YUETYy Tpacc A0 TPeX WM,
B PEAKUX Ciydasx, o 4erbipex. Pacnpoctpanenune Ha KHY Takke MOXKHO OmucaTh B BUAE €IUMHCTBEHHON
BOJIHOBOJHOU MOJIBI.

2 CkaykoBasi TeOpHsl pacnpocTPaHeHHst

2.1 O011ee onucanue

B cooTBercTBHM C 3TOH TeopHel Moje MPOCTPAHCTBEHHOW BOJHBI (HAPSHKEHHOCTh M (Daza) B KaKOH-1nO0
TOYKE CUMTAECTCS BEKTOPHOM CyMMOH IT0JIEH, CO3AaBaeMbIX Pa3IMYHBIMK BOJIHAMH, PACIPOCTPAHSIOIIUMUCS
HETIOCPEICTBEHHO OT MepeaaTynKa IyTeM OJHOTO MM HECKOJIbKHUX CKAauKoB. TakuMm oOpa3om, obuiee nosie B
OTOW TOYKE SABISETCS BEKTOPHOW CYMMOH TIONS BOJHBL, AW(PpPArdpOBaHHON 3eMiIeid, W TIOJA
MPOCTPAHCTBEHHOH BOJIHBI.

HanpsixkeHHOCTh I0JIsI POCTPAHCTBEHHOM BOJIHBI PAaCCUMTBIBACTCS C IIOMOILBIO JIy4YEBOM TEOPUM B TEX
00JIacTsIX, TJie TPUMEHUMBI METO/BI TEOMETPHUECKON ONTHKH, U IyTeM HHTEIPUPOBaHUS JAU(PAKIIMOHHBIX
3¢ PEeKTOB WIM NPUMEHEHHs TOJIHOW BOJIHOBOM TEOPHUHM TaM, TIE€ METOAbl T'€OMETPUYECKON ONTHKU YKe
HCIOJIb30BaTh HEIb3SI.

I'eomeTpus Tpaccel, BKIIOYAONIEH OMH CKa4vOK, TOKa3aHa Ha pUCYHKe 1.

[MoBepxHOCTL 3eMJIM ONpeAeaeTCs Kak I = @, a HOHOC(HEPHBIH CIIOH C IJIaKON OTpakaroliel TOBEPXHOCTHIO
pacroyioxkeH Ha BbicoTe I'=a + h. Y100HO BBIIENUTh TPU Ciiydas. B mepBOM W3 HUX MpPHEMHAs aHTEHHA,
pacroyiokeHHasi B Touke R«, oOiydaercss mpereprieBIiel OJHOKPATHOE OTPaXKEHUE IMPOCTPAHCTBEHHOM

BOJTHOM OT Iepefaroliell aHTEeHHBI, PaclojokeHHoi B Touke T<, rae iy mensmre /2. Bo BropoM mBe

AHTCHHBI PACTIOJIOKECHBI B KPUTHYECKHX TOUKaxX T¢ U Rg, 171t KOTOpBIX Ig = /2. B TpeTheM cilyuae aHTCHHBI
pacriosiokeHsl B Toukax T> W R> 3a npenenamum KpHUTHYECKHX TOYEK, TaK YTO IEPBBIA CKAa4yOK
MIPOCTPAHCTBEHHON BOJIHBI TIOMAJaeT B ANPPAKIUOHHYIO 30HY HJIM 30HY PaIHOTEHH.
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PUCYHOK 1

I'eomeTpusi TPaeKTOPHH JIy4a B CKAYKOBOI TEOPHH PACIPOCTPAHEHHST PATHOBOIH
(nepBbIii CKAYOK NPOCTPAHCTBEHHOI BOJIHBI)

2.2 PacueTr HanpsIZKEHHOCTH MOJISI METOIOM JIyYeBbIX TPAeKTOPUiA

CuMOMOTHUBHAS CHJia, COOTBCTCTBYIOIAA JJICKTPUUICCKOMY IIOJIHO, U3TTYy1a€MOMY KOPOTKHUM BCPTUKAJIbHBIM
QJICKTPUYCCKUM JIUII0JIEM, OTIPCACIIACTCA KaK:

V, =300/p, B, (1)
r/ie Py — u3Iy4aeMas MOITHOCTh (KBT).

HanpsixeHHOCTh MOJIs HUCXOAAUIEN IPOCTPAHCTBEHHON BOJIHBI IIEPE]] OTPAXKEHUEM OT 3€EMHOM IIOBEPXHOCTH
BOJIN3M IPUEMHON aHTEHHBI MOJKHO BBIPa3UTh Kak:

V,

rae:
L: anuHAa Tpacchl IPOCTPAHCTBEHHOM BOJHBI (KM);
IR||: KoadduumeHT oTpaxkeHus 0T HOHOC(EpPBI, KOTOPBI NPEACTABISET COOOH OTHOLIEHHE
COCTABJISIIOIINX JIEKTPUIECKOTO OIS, MapaJlJIebHBIX TNIOCKOCTH HaAeHHUS;
D: xo3ddunuent nonocdepHoit poKycupoBKY;
Fi: mnonpaBouHbIil KOAQPUIMEHT TIepeIatoliell aHTCHHBI,

AU/ yrojs BbBIXOJa W IIpUXOJa HpOCTpaHCTBCHHOfI BOJIHBI 'y MOBCPXHOCTU 3C€MJIM 110
OTHOMICHUIO K TOPU30HTAJIN.
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Ecnmu mpuem ocymiecTBiIsieTCs C IMOMOIIBI0 HEOONBIIOW paMOYHOW aHTCHHBI, PACIOJIOXKCHHON Ha
MMOBEPXHOCTH 3€MIJIM B IUIOCKOCTH pacmhpocTpaHeHus, 3()(eKTHBHOE 3HaYeHHE HAIPSHKEHHOCTH TIOJS
MIPOCTPAHCTBEHHON BOIHBI UMEET BU/I:

2V

[Ipu mprieme Ha KOPOTKYIO BEPTHKAIBHYIO aHTEHHY ypaBHeHwHe (3) mpeoOpa3yeTrcs CIIe YoM 00pa3oM:

2V (cosyy R D F, F, MB/M, (4)

Es = 3

rae Fy — coOOoTBeTCTBYIOMIHIA TOTIPAaBOYHBIA KOA(PPHUIIMEHT TPUEMHON aHTECHHBI.

IIpu pacnpocTpaHeHnn Ha OOJIBIIME PACCTOSHUS CKA4KOBBIM METOA MOXHO IPHUMEHITh K
MIPOCTPAHCTBCHHBIM BOJIHAM, MPETEPIEBIIUM HECKOJIBKO OTpaXeHHH oT uoHocdepsl. Hampumep, s
IIPOCTPAHCTBEHHON BOJHBI HA JIBYXCKAaUKOBOM Tpacce HAIPSHKEHHOCTh IO B TOYKE PACIIONIONKEHUS
PaMOYHON IPUEMHONW aHTEHHBI MOXKHO ITPOCTO NPEICTABUTh KAK:

2V,
ES ZTuCOS\II HR1H ||R2|| D2 DG HRgH Ft Fr MB/M, (5)

TIe:

Dg: ko3bdunueHT IWBEPreHIUH, BBI3BAHHOM  CQEpHUYHOCTHIO  3eMJIM, PaBHBIN
npumepHo D-1;

Rgl|: oddexruubi K0DdUUMEHT OTpaxkeHHs OT 3eMiIM C KOHCUHBIM 3HAYCHHEM
MPOBOJMMOCTH;

L: ofmas amuHa Tpacchl pacpoCTpaHEHU MTPU ABYXCKAUKOBOM TPaeKTOPHH JTydeif;

[Ryf|#||Rz)|: k0o durmenHTsl HOHOCHEPHOTO OTPAXKEHHS JUIst IIEPBOIO U BTOPOTO OTPAXKCHHIA.

KOS(I)(I)I/ILII/IQHTLI I/IOHOC(bepHOFO OTpAXXCHHUA, KaK IIPABUJIO, HC OAWHAKOBBI, TdK KaK IaJar0oIHU€ BOJIHbI
HUMCIOT PAa3HYH0 IMOJAPU3ALULO. O,Z[HaKO B NPHUBCACHHOM 34€Ch YIPOIICHHOM MCTOAC pacydeTa ypOBHefI
HaIMpsAKEHHOCTHU IOJIA B ClIy4ac IMaACHHWA BOJIH IOA CUJIBHO HAKJIIOHHBIMHU YIJIaMU B IICPBOM HpI/I6J'H/I)KeHI/II/I

IRfl = IRz

2.2.1  Yruabl MecTa U yIJIbI NaieHUsl HA HOHOCc(epy

l'eomeTpuss TpaekTopuM Jyda, UCHOJb3yeMas IJs ONpEAENeHHUs YIVIOB BBIXOAA M MPUXOAA
HPOCTPAHCTBEHHOW BOJIHBI HAa MOBEPXHOCTH 3eMJIM, \/, M YIJIOB MaJeHHs Ha HOHOChepy, I, moKa3aHa Ha
pUCyHKax 2 1 3. OTH YyIJIbl MOKa3aHbl HA PUCYHKE 2 Ui 3)()EeKTUBHON BBICOTHI OTpaXKeHHUs, paBHOH 70 KM,
YTO COOTBETCTBYET THUIMYHBIM YCIOBHSIM pacHpOCTPaHEHHS B JHEBHOE BpEMS, a Ha PUCYHKEe 3 — s
3G QEKTUBHOM BBICOTBI  OTpakeHHs, paBHOW 90 KM, 4UYTO COOTBETCTBYET THIMYHBIM YCJIOBUSIM
pacmpocTpaHeHusi B HOUYHOE Bpems. BnusiHue atmocdepHOd pedpakiuy Ha BENWYMHY YIJIOB BBIXOJAA U
MpHUX0/la MPEICTABIEHO IMyHKTHPHOW KPWUBOW, XOTSA Ha yacToTax Hmke mpumepHo S50 kIl ata KpuBag,
BEPOATHO, OYZeT HEKOPPEKTHOM.

2.2.2  JInuna Tpacchl U Au(depeHnnanbLHas BpeMeHHAs 3a/1ePiKKa

Jia pacdera ATWHBI TPAacChl MPOCTPAHCTBEHHOW BONHBI, L, W MOMydeHus OIEHOK CYTOYHBIX W3MEHEHUI
¢a3pl ucnonb3yercst pucyHok 4. Ha Hem mnokasana nuddepeHuuanbHas BpPEMEHHAs 3aepiKKa MEXIy
MTOBEPXHOCTHOM BOJIHOM M MPOCTPAHCTBEHHOW BOJIHOM Ha OJHO-, JBYX- WJIM TPEXCKAauyKOBOM Tpacce NpH
BBICOTE OTpakeHHUsi OT uoHochepbl, paBHol 70 U 90 KM, 4TO COOTBETCTBYET YCJIOBHSIM PaCHpOCTPaHEHHS B
JIHEBHOE U HOYHOE BpeMsi. CKOPOCTh paclpoCTpaHeHus TojaraeTes pasHoi 3 X 10° km/c.
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PUCYHOK 2

Vriibl BbIX012 U NPUX0/1a BOJIHBI, Y, H YIJIBI NaIeHUsI Ha HOHOocdepy, i,
JUISl THIMYHBIX YCJIOBHIE pacnipocTpaneHusi B AHeBHoe Bpemsi (N =70 km).
IIynkTupHas KpuBasi 0TpakaeT BJaUsiHMe aTMOc(epHoil pedpakuun
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PUCYHOK 3

VYriasl BLIX0/1a M IPUX0/1a BOJIHDI, Y, U YIJIbI NaJeHUs1 Ha HOHOchepy, i,
JJISI THIIMYHBIX YCJI0BHIi pacnipocTpaHenusi B HouHoe Bpemst (h =90 km).
IIynkTupHas KpuBasi 0TpakaeT BJaUsiHMe aTMOc(epHoii pedpakuun
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PUCYHOK 4

Juddepennnanbaas BpeMeHHasi 3a1eP:KKAa Me:K1y NOBEPXHOCTHOI BOJIHOM H O1HO-,
ABYX- H TPEXCKAYKOBBIMH MPOCTPAHCTBEHHBIMH BOJTHAMHU

2 000 —
h=90xm | |
1000 90 | ==l ] ~—
70 =~ B ~{C
g \‘ \\ N N
2 500 NN <
% N N \
5 0N N \\ \\\ ~
5 N C TN NERN N
£ 200 N N\ N, NN ~—
g N N N AN [
= \\ N / D
) \ AN \ —7
100 N\ N N /D
N\ N 7
N N
\\
N
50 N - D
40
10 20 50 100 200 500 1 000 2 000 5000 10 000
JnuHa ckadka 1o gyre 6oibIioro kpyra, d (km)
A: 3 ckauxa C: 1 ckauok
B: 2 crauka D: npeenbHOe PacCTosHUE 0684-04

223 KoxpdunueHt poxkycHpoOBKH

Koadduuuent monocdepHoit ¢okycupoBku, D, mns chepuyeckoit 3eman um unoHocdepsl NOKa3aH Ha
PHUCYHKE 5 JUIsl THEBHBIX YCIIOBUI M HA PUCYHKE 6 JIJIsl HOYHBIX YCIOBHH.

2.24  TlonpaBouHble aHTeHHbIE KO3 PHIHEHTHI

[ompaBounsie anTeHHbIE KO03(hduMenTsl, Fy U F,, KOTOpble yYUTHIBAIOT BIMSHUE KPUBH3HBI 3eMJIM U
KOHEYHON MpPOBOAMMOCTH Ha JAMAarpaMMy HaIpaBICHHOCTH INEpefarollled M TPUEMHOM aHTEHH B
BEPTUKAIBHOW TUIOCKOCTH, MOKa3aHbl Ha pUCYHKaX 7-9. DT KodpPHIMEHTHI OBUTM pAacCUUTAHBI st
YCIOBHM CyIIM, MOpPS U JIbJa, KOTOPBIE pPa3IUYAOTCS 10 CBOUM DJIEKTPUYECKUM XAPAKTEPUCTUKAM
(IPOBOMMOCTD U IUAIEKTPUYECKAs MPOHULIAEMOCTB), KaK 3TO IOKa3aHo B Tabuuie 1.
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PUCYHOK 5

Koa¢dpuuuent nonochepHnoii poxycupoBku — 1HeBHOE BpeMsi CYyTOK
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PUCYHOK 7

IlonpaBo4Hblii aHTeHHBIH K03 GULIHMEHT — MOpPCKas BOAA
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PUCYHOK 8

IHonpaBo4yHblii aHTeHHBIH K03 PUIHEHT — cyma
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PUCYHOK 9
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TABJIMIIA 1
IIpoBogumMocTs, G JmnexTprnyeckas
(Cm/m) NMPOHUIAEMOCTD, &
Mopckas Boxa 5 80 g
Cyuia 2x1073 15 ¢
[onspHeIit nexn 2,5x10° 3 &g

€,. JUDJICKTpHUYCCKasA NPOHUIAEMOCTD CBO60)IH01"0 IIpOCTpaHCTBA

KpuBble ObUTH paccunTaHbl B IPEAMNOI0KEHUN O TOM, YTO BIMSIHAE aTMOCepHOH pedpakunu yIUTHIBAETCS
B 3¢ dexkruBHOM pammyce 3emin, 8480 kM, paBHOM 4/3 ero daxtudeckoro 3HaueHus. Koadpdummentsr F —
3TO OTHOLIEHUE (HAaKTUUECKOW HANpsLKEHHOCTH TIONS K HANpsDKEHHOCTH MO, KOTopas Habironanach Obl B
cllyyae HJealbHO TpoBosmiei 3emiu. OTpunarenbHble 3HAYCHUS \J OTHOCSTCS K PAcIpPOCTPAHEHUIO 3a
npeaciaMu rpaHul MpuMEHUMOCTU MCETO/I0B FeOMCTpH‘IeCKOﬁ OIITUKU IJIs HpOCTpaHCTBeHHOﬁ BOJIHBI Ha
OJIHOCKa4YKOBOH Tpacce (cM. pucyHku 1-3).

225  KodpduuneHrs! orpakenus ot noHocgepsr ||R||

Ha pucynke 10 mokasabl 3HaueHHsI KOI((OULUUCHTOB OTPaXeHHsl OT MOHOChepsl |R|| awmss MuHEMyMa
COJIHEYHOro uuKia. JUis yuera H3MCHCHNUI YacTOTbL ¥ PACCTOSHUSL 3HaueHus ||R|| AaHbl B Buje QYHKIHUM OT

fcos i, rme f — yacrora mepegaBaeMoro curHaia, a i — yroi najaeHus Ha uoHocdepy. [1jiss HOYHOTO BpeMeHH
CYTOK IpPEACTABJICHbI KPUBBLIC JJI1 BCEX BPEMCH IoJa, A1 AHEBHOI'O — TOJIBKO JJId 3UMBI U JICTA. Ykazansl
pe3yIbTAThl K3MEPEHHIA IPU BEPTHKAIBHOM U HAKIIOHHOM IaJICHUH, B3ThIC U3 MHOTOYHCIICHHBIX OTYETOB .

Bo Bcex cmywasx pgaHHBIE O KOI(QOHUIMEHTE OTPaKEHHS OT HMOHOC(HEpBI, B3ATBHIE W3 PA3THMYHBIX
YIIOMUHABIIUXCSA MCTOYHHUKOB, 6I)IJ'II/I npu HGOGXOI[I/IMOCTI/I HN3MCHCHBI JIA YUYC€Ta BJIWAHUSA I/IOHOC(bCpHOI\/'I
(hOKyCHPOBKH, TIOTIPABOYHBIX AHTEHHBIX KOI(PQPHUIMEHTOB U T. 1., C TeM YTOOBI Pe3yJabTaThl M3MEPEHHI
COOTBETCTBOBAJIM PUBEICHHOH 3/1eCh METOAMKE aHAIIN3A.

OnmHako HE Bcerija MOXKHO TII0JIaraThCsi Ha KOHIEHIUIO 3(PQEeKTUBHOH wacToThl fCOSIi, mmst KoTOpo#
KOO((HUIMEHTBI OTPaKEHUST TOCTOSHHBI. KpuBble Ha pucyHke 10 I1ONydeHBI 10 JAHHBIM TIPH KPYTOM
nagennu (d < 200 kM) u 6osee HakonHOM magenun (d > 500 km); koutemniws f COS i, Mo Bceit BEpOATHOCTH,
NPaKTHYECKH BEpHA JUIA TaKUX paccTosHui. OJHAKO HAa MPOMEKYTOYHBIX PACCTOSHUAX KOHIICTIIIUS
OKBMBAJIEHTHOW YaCTOThI, BEPOSTHO, MOYKET MPUBECTH K 3aMETHBIM IOTPENIHOCTSIM B KO3 HUIMEHTAX
OTPaXEHHsI, MOCKOJBbKY IMPHU TaKUX OOCTOATENHCTBAX KOIDGDHUIMCHT OTPAXKEHUSI W IMOJSIPH3AIUS BOJIHBI
OBICTPO MEHSIOTCS B 3aBUCHMOCTH OT PACCTOSIHUSL.

XoTs kpuBble Ha pucyHke 10, OCHOBaHHBIE Ha MHOTOYMCJICHHBIX JaHHBIX, JAIOT MPEJACTABICHUE 00
M3MEHEHUHU KOA(PPUIIMEHTA OTPAKCHUS B 3aBUCUMOCTH OT BPEMEHHU CYTOK (IIOJIHOYb U IMOJIZICHb) U BpEMEHHU
roja, HEOOXOIUMO €Ile MHOTO CJeNiaTh, YTOObI YETKO YCTAaHOBHTH, KakK 3TOT KOd((HIIMEHT MeHseTcs B
3aBUCHMOCTH OT (Da3bl COJIHEUHOIO IUKJa. SICHO, YTO CYIIECTBYIOT KOJICOAHUs, 3aBUCSIINE OT COJTHEUHOTO
UKIa (CM. pucyHoK 11), Takue 9To B TOIBI MAKCHMYMa COJIHEYHOW aKTHBHOCTH KOI(D(MUIIMEHTHI OTPaKEeHHUS
OKa3bIBAIOTCSI OOJIbIIIE HAa OYEHbh HHU3KHUX YacTOTaX, TOTJa KaK Ha CPEAHMX 4YacTOTax OHHU MEHBIIIE.
dusnveckoe 00BsICHEHHE 3TOTO (haKTa COCTOUT B CIEAYIONEM. B roJibi MaKCUMyMa COJTHEUHOW aKTHBHOCTH
OCHOBaHHE HMOHOC(EPHI PACIIOIOKEHO HWKE, M I'PAJMEHT IJIOTHOCTU 3JICKTPOHOB MEHSETCs 0ojiee KpyTo,
4eM B TOJbl MUHUMAIBHON COJNHEYHOM aKkTWBHOCTU. TakuMm oOpazom, oTpaxkenne OHY BomH oT 3TOTO
HWKHETO CII0Si HOHOC(EPBI MPOUCXOAUT 00Jiee MHTEHCUBHO B TOBl MAKCHMAaJIbHON COTHEYHON aKTUBHOCTH,
B TO Bpemsi kak CY BOJHBI, KOTOpPHIE OTPaKAIOTCS BBIINIE ITOTO HUKHETO CJIOs, 0ojiee WHTEHCHBHO
moryomarTcs. OdYeBHIHO, MOXHO OXHAATh, YTO TMEPEXOJ MEXIy OONpIIMMH W  MEHBIIUMU
KO3 UITUEHTaMU OTpaXKEHUs OyJIET SBIATHCSA (PYHKIMEH YacTOThI, BDEMEHH CYTOK, BpeMEHH rojia u (hasbl
COJIHEYHOTO IMKJIa; MOXHO TaK)Ke 0’KHIAaTh Pa3pbiBa B KPUBOM 3aBUCHMOCTH KOA(PGHUIIUCHTA OTPAXKCHHS OT
9aCTOTHI HA HEKOTOPHIX OTACIBHBIX YACTOTaX M B HEKOTOPHIE MOMEHTHI BpEMEHU. B JaHHBIX, MOTYyYESHHBIX
JIETOM B TOJbl MakCUMyMa COJHEYHOW aKTUBHOCTH, OTYETIMBO BUIHO PE3KOE MU3MEHEHUE 3HAUCHUU s
3¢ hekTUBHBIX YacToT OT 35 10 45 k['11, HO 3TO SIBIIEHUE B MPEICTABICHHBIX 3/I6Ch JaHHBIX HE PACKPBITO.
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PUCYHOK 10

Ko3¢puuuentsl nonocdhepHoro orpakeHust — yc10BU MUHMMYMA COJTHEYHON aKTUBHOCTH
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Crnenyer OTMETHTH, YTO NPH HAKIOHHOM pacmpocTpaHeHnu auana3zoH CY paguoBemiaHus OTHOCHTCA K
nuarna3zony 3((eKTHBHBIX 4acTOT ¢ OOpaTHBIM M3MEHEHHEM OTPAaXKAIOIIMX CBOWCTB MOHOC]EPH B TEUCHUE
coJIHeUHOTO 1HKiIa. To ecTh BosHA Ha wactoTe 1600 kI'11, pacpocTpansromasics Ha Tpacce amuHoi 1500 km,
cooTBeTCTBYeT 3Ha4deHuro fCOSi mopsaka 278 kI'; B To Bpemst kak it 500 k[’ 3¢ dexTrBHAs dactora
paBHsetcs 86 kI 1. [Ipumep pacuera METOAOM JIydeBbIX TpaeKTopuil mpuBoanTcs B [Ipunoxennn 1.
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PUCYHOK 11

H3menenue kodpdpunuenta orpasxenus (1b) oT roga MUHMMyMa COJTHEYHOH AKTHBHOCTH /10 T0Ja
MAaKCHMYMa COJHEYHOIi AKTHBHOCTH B 3aBHCHMOCTH 0T 3¢)eKTHBHOIi 4aCTOThI M BpeMeHH!
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feosi (k') 0684-11
2.3 YucaeHHbIH METOA U1 pacyeTa pe3yJbTUPYIONIEH HATIPAKEHHOCTH MOJIS M (pa3bl

2.3.1 TeoMerpusi Tpacchl U MOAJIEKAIIHNE pacyeTy KO3Q(PUIHEHTHI pacnpocTPaHEeHHs

I'eomeTpus Tpacchl 1 noaseskamue pacyetry Ko3QpQpUIUeHTs pacupoCTpaHeHN IOKa3aHbl Ha PUCYHKeE 12.



Pex. MCJ-R P.684-6 15

PUCYHOK 12

Kos¢duuuenTnl pacnpocTpaneHHus: U reOMeTPUs TPACCHI

VYposens D
70~90 kM

0684-12

l'opuzoHTanbHas AaJBbHOCTh PACCUUTHIBAETCS 11O CIEIYIOIIEMY YPaBHEHUIO:
cos(a) = sin(laty)sin(lat,) + cos(lat;)cos(lat,)cos(difi), (6)
rae:
a. UEHTPaJIbHBIN yroy 3emMiH;
Iatt: mMrpoTa MECTa PACIOJIOKCHUA NICPCAATUNKA,
lat::  mmpoTa Mecta pacroyIoKEeHUsI IPUEMHHKA;

difi  pasHOCTh MEXHy MOJIrOTOH MecTa pacHoiiokeHus: nepeaatyrnka (lont) m monaroToit
MecTa pacroyiokeHust mpueMHuka (lonr).

IopusoHTaNbHAs JaILHOCTH Jr ONpeaesseTcs Kak gr = a - 6360 k.

HIupora (latn) u monrora (lonm) cpemHell TOYKK Tpacchl ONMPEACISIOTCS W3 CIEAYIOIIMX YPaBHEHWH JUis
3aJJaHHOT'O a3UMYTAJIBHOTO yria (azt2r) TpaeKTOpUH Jy4a OT IepelaTirKa K IPUEMHHKY:

latm = /2 — arccos (cos(a/2)sin(lat) + sin(a/2)cos(lat;)cos(azt2r)) @)
lonm = lon; — arccos((cos(a/2) — sin(latm)sin(lat;))/(cos(latm)cos(laty))), (8)

rue.
cos(azt2r) = (sin(lat,) — sin(lat)cos(a))/(cos(lat;)sin(a)). (€)]

Kak omHO-, Tak W [BYXCKAauKOBbIE MOJIBI PACCUUTHIBAIOTCS JUIA PACIpPOCTPAaHEHHS HAa PACCTOSHUS 0
2000 kM, ¢ y4eToM MOTepb U U3MEHEHUH (a3bl MPH OTPAKEHUHU OT 3eMJIM IIPU BEPTUKAIBHOM MOJSIPU3ALNN
JUTA IByXCKaukoBoW MoJibl. Ipu pacnipocTpanenun Ha paccrostHus 10 4000 kM pacyeT Mponu3BOAUTCS TOJIBKO
JUTS IBYXCKAaYKOBOW MOJIBI.

Kocunyc 3emmrHoro yriaa Comuma B Touke (latm, 10Nm) B 3amaHHBIi MOMEHT BpPEMEHM BBIYMCIISETCS
CJICAYIOIINM 00pa3oM:

cos . = sin(latm) sin(sol) + cos(latm) cos(sol) cos(Sy-lonm), (10)
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rae:
%: 3eHuTHBIH yron CoiHIa;
latn: mmpoTa cpemHeit TOUKH TPACCHI;
lonn:  monrora cpeHei TOUKH TPacChI;
sol:  HakJIOHEeHHe COJIHIIA B CPETHUM ICHb MECSIIa;
Sy:  nmonrora touku nox Coxnuem (= 180 — 15tg + Istm);
tg:  MecTHOe Bpems;
Istm: nonrora MepuaHaHa MECTHOTO MOSICHOTO BPEMEHH.

Vron mecra 'V BBIYHCIIAETCS COTIIACHO CIEAYIOMIEMY YPaBHEHHIO:
W = arc tan (cot(d/(2Re)) — Re cosec(d/(2Re))/(Re + hy)), (11)
rae:
d: jmHa ckauka;

Re:  addexTusnbit paguyc 3emin (8500 km);

hr: BBICOTA TOYKH OTPaKCHUAL.

JimHa paguoTtpaccsl, P (kM), BRIYHCISETCS COTIACHO CIEAYIONIEMY YPaBHEHHUIO:

P =2 Re sin(d/(2R¢)) sec(Y + d/(2R.)) (12)
Yron nagenwns, |, Ha moHOC(hEPY BBHIUNCISIETCS COTIIACHO CIEIYIOIIEMY YPaBHEHUIO:
I = arc sin (Re cos(W)/(Re + hy)) (13)

Bpemsi 3amepkku TMPOCTPAaHCTBEHHOW BOJHBI OTHOCHTENBHO 3€MHON BOJIHBI BBIYHCIAETCS COTJIACHO
CIIEyIOIEMY YPaBHEHHIO:

Bpewms zanepxku = (P — d)/(3 x 10°) c. (14)

2.3.2  Mogaeab BBICOTHI TOUKH OTPAKEHHUS

Jnst pacueTa BBICOTHI TOUKH OTPa’KEHHS Ha MPOTSHKEHUH CYTOK BBOZSTCS MapaOOJIMUEcKHe pacupeneieHus
ciost D/E, makcumManbHash yacToTa KOTOpOTO TporHosupyercs u3 BeiamuuHel foE B Pekomenpanmm
MCD-R P.1239. Ha pucynke 13 mnoka3zanbl h—f kpuBbie cios orpaxkenus B nepuoa or 0 (Bpems 0-3
COOTBETCTBYET OJIHOMW | TO¥ e KpuBoii) 10 12. [Ipu pacuere ocHOBHAs YacToTa mapabossl, fy, MUHIMAaTBHAS
HOJIYTOJIINHA CIIOSL, Ymin, MAKCUMAIIbHAS MOy TOIINHA CIIOSL, Ymax, ¥ TTHKOBast BbICOTA ¢110sI E, Nmax, AatoTcst B
KadecTBe 3Ha4YeHWH 1o ymondanuio, paBHbIX 10 k[m, 10 kM, 30 kM u 100 KM, COOTBETCTBEHHO. ITO
O3HAYaeT, YTO BBICOTA TOYKH OTpakeHHs B HOuHOe Bpemsi coctaBisieT 90 kM (Nmax — Ymin), TOrma kak
HaMMEHBIIIas BHICOTAa TOUKH OoTpakeHHs cocTaBisgeT 70 KM (Nmax — Yimax). MaKCHMaIbHAS TTOTYTOJIINAHA, Ymax,
YCTaHABIIMBAETCSI B KOMIIBIOTEPHON MpOrpaMMe B Ka4eCTBE NMEPEMEHHON Ui MPUMEHEHUS K BO3JEHCTBHIO
SID na pacnpocTtpanenue BosH Ha HY.

BricoTta Touku oTpaxeHusi, Rn, BEIYUCISETCS CIEIYIONIIM 00pa3oMm:

Rh = himax — ymV1 — (f — f)/(foE), (15)
rie.
ym = ymm — (ymm — Yuin) (Frax — OE)/ (Fnax — finin) (16)
u
YMM = Yinax — (Ymax— Ymin) (FKO — )/ (FKO — Frin). 17)

3nauenus fkO (foE mpu cos ¥ = 0), fmax (Makcumym foE B konkpeTHOM Mecte) U foE (B 3amaHHOE MECTHOE
BpEeMs1) BRIYHUCISAIOTCS U3 JaHHbIX I1. 4 "[IporHno3 Bennunnbl foE" B Pexomenganmmun MCO-R P.1239.
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2.3.3  KoapdunueHnt pokycupoBKH

Koaddumment poxycupoBku, IpuMEHUMBIH I pacdeTOB Ha MPOTSHKEHUH CYTOK, TIOKa3aH Ha pUCyHKe 14 B
Ka4eCTBE CPEHEr0 3HAUYCHUSI KPUBBIX JIJIsSI JHEBHOTO BPEMEHH (PUCYHOK 5) M HOYHOTO BpeMeHH (PUCYHOK 6).

PUCYHOK 13

Kpussie h—f orpaxaromero ciost
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PUCYHOK 14

Koappuument poxycnpoBku
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2.3.4 TlonmpaBou4Hblii KO3 (PULHEHT AHTEHHDI

[lompaBounbie KOX(G(UIMEHTHI TEpefaloieil W TMPUEeMHONH AaHTeHH BBIYUCISIOTCS 10 KpPUBBIM C
WHTEPIONANMEN 0 Yy MecTa W YacToTe IS TPEeX PasIUYHBIX COCTOSHHUM 3E€MHOW ITOBEPXHOCTH,
KaK yKa3aHo HUXeE:

CocTosiHHe 3eMHOM Amrexrpueckas IIpoBogumocTs
MOCTOSTHHAS
NOBEPXHOCTH € (o B Cm/m)
Mopckas Boga 80 5
Cymra 15 0,002
Cyxast mouBa 15 0,0005

235 Ko3pdunuent nonocepHoro orpazkeHus

Koaddummentsr noHochepHOTO OTpakeHHs, IPUBEACHHBIE B 1. 2.2, MPeoOpa3yloTcss B COOTBETCTBYIOIIUE
KO3(HUIUEHTH U TPEX MEPHOAOB COTHEYHON aKTUBHOCTH MPU MAaKCHMAIBHOM YHCIIE COJNHEYHBIX ISTEH
(ssn: 75-150), cpennem ux uucie (ssn: 25-75) u MunnMaabHOM ymcie (SSN: 0-25). Dtu ko3hUIHEeHTHI
nokaszaHbl B (pyHKuuM 3HaueHust f COS | s 3uMbI, paBHOJCHCTBHS M JieTa, Kak Ha pHCyHKe 15. 3aTem
3HA4YeHUs] KOCHHYCa 3CHUTHOrO yria coiHua (cosy) B HouHoe Bpems (N Ha pHCYHKE) U B TOJIICHb
3umoii (W), B mepuoj paBaoneHctBus (E) u netom (S) B Kanane ycranasnmuatorcst papusimu —0,21, 0,375,
0,707 u 0,93, coorBerctBeHHO. KondduimeHTsl HOHOCPEPHOTO OTpaXKEHHS B JAaHHBIX YCIOBHSIX
HOJTy9aI0TCs ITyTeM HHTepIosIuK Re B oTHOImIEHHH 3HaueHuii f COS i u cos .

PUCYHOK 15

HonocdepHblii kodppunueHT oTpaKkeHus
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2.3.6  IloTepu Ha OTpasKeHUeE OT 3eMJIH

Koaddunuentr orpaxenuss ot 3emiid, RV, I BEpTHKAIBHON IMOJIAPU3AIMKM BBIUYUCISICTCS Kak (DYyHKIUS
gactotsl, f, (k['w), yrioa mecra, 3, IUAIEKTPHUECKON OCTOSIHHOM, €, M IIPOBOJUMOCTH MOYBBI, G.

Ry = (nsin(B) — (n” — (cos(B))*)*)/(n?sin(B) + (n” — (cos(B))) ), (18)
rac:

n2 =¢—j18c10°%A. (19)
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H3menenue (1)21301301"0 yria BEPTUKAJIBHO HOHHpHSOBaHHOﬁ BOJIHBI B TOYKEC OTPAKCHHA BBIYUCIIACTCA JIA
3aJlaHHOM YacCTOTHI, yTJia MECTa U MapaMETPOB ITOYBBI.

2.3.7 Hanpsi:KeHHOCTb M0JIsl IPOCTPAHCTBEHHOI BOJHBI

Ecnmu mpreM mpou3BoauTCS HA HEOOJNBIIYI0 PAMOYHYIO aHTEHHY, PACTIOJIOKEHHYIO Ha MMOBEPXHOCTH 3EMIIH,
T0 3(hPpeKTHBHAS HAIPSHKEHHOCTH TIOJISI TPOCTPAHCTBEHHOHN BOJHEL, Es, onpenensiercs cieqyronmm oopazom:

Es = 600VPt cosWR:FFiF//L MB/M, (20)
rue:
Pt:  uzmydaemast MomHOCTb (KBT);

Y: yrom BBIXOJAa W TPUXOJa TPOCTPAHCTBEHHOW BOJHBI y TIOBEPXHOCTH 3EMIIH,
OTHOCHUTEIFHO TOPH30HTAIIH;

Re:  xoaddummenTt noHochepHOro OTpaskeHus;
Fc:  koadduument noHocepHoi POKyCHPOBKY;
Fiu Fr: monpaBouHbIi K03 QUIIMEHT Mepesaroeil 1 MPUEeMHON aHTEHHBI, COOTBETCTBEHHO;

L:  nnuHA Tpacchl HPOCTPAHCTBEHHOMN BOJIHBI.

Jis MByXCKauyKOBOW MOMBI MPOCTPAHCTBEHHOW BOJHBI HANPSIKEHHOCTHh MONs, Esp, CHUTHaIa, MPUHITOTO
MPUEMHOM paMOYHOW aHTCHHOM, TIPEICTABIIICTCS CIACAYIONIMM 00pa3oM:

EsZ = 600’\/Pt COS‘{’RclR(Q(Fc)Z DgRgFtFrlLZ MB/M, (21)
rue:
Reiu Re2: k0adduimeHT noHOChEepHOTro OTpakeHus Uik IEPBOTO M BTOPOT'O OTPAKCHUSI;

Dyg: ko3 ¢UIMEHT TUBEPreHINH, BbI3BAHHBIA CHEPUIHOCTHI0 3eMIIH, PaBHBIA MPUMEPHO
Fct,

Rg:  oddextuBHbIl KO3DDUIMEHT OTpakeHUs OT 3eMIM C KOHEYHBIM 3HAaueHHEeM
MPOBOJMMOCTH;

Lo:  oOmias 1iMHA Tpacchl pacpoCTpaHEHHs NP JIByXCKAYKOBOW TPACKTOPUH JTyUeH.

Ecimu Re1 = Re2 = Re m Dg = 1/F¢ B xauecTBe npubImKkeHus mepBoro nopsiaka, Es onpenensercs cieayronmm
oOpa3zom:

Es; = 600VPt cos¥R2FRyFiF /L, MB/M. (22)

2.3.8 3eMHas BOJIHA

KpuBble pacnpocTpaHeHHsi 3eMHBIX BOJNH mojoupatorcss u3 Pexomennmanuum MC3-R P.368 ans Tpex
COCTOSIHMI 3eMHOM MoBepXHOCTH: Mopckod Bojwl (£:70, o:5 Cm/Mm), cymm (£:22, 6:0,003 Cm/M) 1 cyxoi
mouBsl (g:7, 5:0,0003 Cm/Mm), m geatu gactor 40, 50, 75, 100, 150, 200, 300, 400, 500 xI'it. 3arem
HaNPSHKEHHOCTh TOJISI 36MHOM BOJIHBI BBIYHCIISACTCS TyTEM HHTEPIONSAIMU KaK MO PACCTOSHHIO, TaK W TI0
qacrore.

2.3.9  Pe3yabTupylollasi HANPSKEHHOCTH MoJisl U (pa3a

PeByJ’ILTI/IpyIOH.[aH HaMpA’KEHHOCTH IMOJIA MPOCTPAHCTBCHHBIX BOJIH HAa OJHO- U ABYXCKAaYKOBBIX TpaccCax, Rs,
BBIYUCIACTCA COITIACHO CICAYIOIICMY YPABHCHUIO!

R52 = E512 + Esz2 +2Eq EsZCOS(Py (23)
rae:

¢ = 27 (pa3HOCTh JUIMH TPACKTOPUH Jy4ed MeXKIy NPOCTPAHCTBEHHBIMH BOJHAMH Ha
OJTHO- U IBYXCKa4KOBBIX Tpaccax)/A.

HaHpH)KCHHOCTB 10J14, R, NpuHUMaEMOro Cur”Hajla, KOTOopasda ABJIACTCA PE3YJIbTATOM  CIOXKCHHA
MPOCTPAHCTBCHHBIX BOJIH U 3eMHOH BOJIHBI, BBIYHUCJIACTCA COTJIACHO CICAYIOIIEMY YPABHCHHIO:

R? = Rs? + G2 + 2RsGcos0, (24)
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rac:

2.3.10 MHM3MeHeHHS] CHTHAJIOB CTAHJAPTHBLIX 4YacTOT W curHajioB Bpemenu Ha 40 kl'm m 60 xI'y
B 32aBHCHMOCTH OT PACCTOSIHHSA

Ha pucynkax 16 u 17 mokazaHbl MpOrHO3UPYEMbIE KPUBBIE PACIPOCTPAHEHHUS PE3yIbTUPYIONINX 3HAYSHHH
HaIpPSKEHHOCTHU TOJSl MPOCTPAHCTBEHHBIX BOJH HA OJHO- M JIBYXCKAYKOBBIX Tpaccax M 3€MHON BOJHBI HA
gactore 40 k'l B JHEBHOE U HOYHOE BpEMs, COOTBETCTBEHHO, BMECTE C TOYCYHBIMU JAHHBIMU,

Pex. MCD-R P.684-6

0: yrom ¢a3oBoi 3a7epKKHU CUTHANIA Rs OTHOCHUTEITHHO 36MHOW BOJTHBL.

m3MepeHHBIMHE B (heBpase 2004 rona.
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Ha pucynkax 18 u 19 nmokazaHbsl IporHO3UpyeMble KpPUBBIE PACIPOCTPAHEHUS PE3YIbTHPYIOLUINX 3HAUYCHUN
HAINpPSHKEHHOCTHU TIOJISL TIPOCTPAHCTBEHHBIX BOJH Ha OJHO- U JIBYXCKAYKOBBIX TPACcCax M 3€MHOHM BOJHBI HA
gactore 60 K[l B JAHEBHOE MW HOYHOE BpEMS, COOTBETCTBEHHO, BMECTE C TOUYCYHBIMH JaHHBIMH,
nu3MepeHHbIME B eBpaie 2004 roza.
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PUCYHOK 18
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3HayeHHUs] HANPSIZKEHHOCTH 105 BoIHbI JJY Ha yacToTe 60 kI'u,
NpUHATON B HOYHOE BpeMms B eBpase 2004 rona
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Mexay MPOrHO3UPYEMbIMUA KPUBBIMH U M3MEPCHHBIMHU 3HAYCHUSAMH HAOJIOMACTCS XOPOIIEe COOTBETCTBHE,
MIPUYEM HMEIOT MECTO SIBHO BBIPa)KCHHBIC IIPOBaibl Ha paccrosauu npumepHo 600—700 kM, 3a KOTOpPBHIMH
clexyeT yBenudeHHBIH mpuMepHo Ha 10 1b ypoBeHb HampsKEeHHOCTH OIS

2.3.11 BpeMeHHble U3MEHEHHsI HANPSKEHHOCTH MOJisl ¥ (a3bl CHTHAJOB CTAHIAPTHOIH YACTOTHI M
CUTHAJIOB BpeMeHH Ha 60 kI'i

da3zoBasi 3aJiepKKa MPUHSATOTO CUTHATA COOTBETCTBYET (Da30BOM 3allepiKKe Pe3yIbTUPYIONUX 3HAYCHUN
MPOCTPAHCTBEHHBIX BOJIH U 3¢MHOW BOJHBI OTHOCUTEIHHO 3€MHOM BOJHBI. JTa 3aJIeP:KKa M HANPSKCHHOCTb
moiist, 3ammcanHble 28 deBpans 2004 roma, HaHeceHBI Ha TpadWK C yKa3aHMEM MECTHOTO BPEMEHH, Kak
MOKa3aHO Ha pUcyHKe 20, BMECTe C CYTOYHBIM HM3MEHCHHEM IPOTHO3MPYEMOH HANPSIKEHHOCTH MOJS U
(hazoBoit 3anepkku. OYEBUIHO, YTO JAHHBIA METOJ MPOTHO3UPOBAHUS TMOJIC3EH JIJIS OLEHKU CTa0WJIBHOCTH
CUTHAJIOB CTAHJAPTHBIX YACTOT U CHTHAJIOB BPEMCHH.

PUCYHOK 20

CyTouHble H3MEHEHHS] HANPSIKEHHOCTH 1oJis U ¢a3sl BoHbl JJY Ha yactoTe 60 k',
npunsaToii B mynkrte Koraneii 28 dgeBpans 2004 rona
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24 IIporuo3upoBanme Ajs Tpacc pacnpocTpaHeHus, npesbimaomux 4000 km

[IpencraBneHHble HIKE YpPaBHEHUS MPUMEHSIOTCS IS pacueTa HAMPsHKEHHOCTH JJIEKTPUUIECKOTO IO Ha
paccrostHuu Ao 16 000 kM. MenuanHoe 3HaYeHUE HANPSHKEHHOCTU 3JIEKTPUUECKOrO MOJS KOMIIOHEHTA
MPOCTPAHCTBEHHOM BOJHBI Ha K-ckaukoBoii Tpacce Esk (MB/M) paBHoO:

K
600,/p, cos ¥y | [ Rex . [Fex Rak Fty Frg .
Esk = — exp| — kD Pl | (25)

K
> Pl -
L=1




rac:

Pt
Yk
Rek

Fck:
RgKZ
Ftk u Frg:

PlK,L:
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HOMED cKauka, oT 1 70 10;

HOMED BepxHelt Touky, ot 1 1o K;

HOMEp BOJIHBI;

U3Iy4yaemasi MOIHOCTH (KBT);

YIJIBI BBIXOJIA ¥ TTpUXoja K-ckaukoBoro nyya;

KO3 UITUCHTE HOHOC(EPHOTO OTPAKEHUS IS TIEPUOIOB MUHUMAIILHBIX, CPEIHUX U
MaKCUMAJIBHBIX COJIHCUHBIX TISITCH, KaK 3TO MMOKa3aHO Ha pucyHkax 21a), 21b) u 21c¢),
COOTBETCTBEHHO;

k03 puLIEeHT POKYCHPOBKH, MOTYYSHHBIH HAa OCHOBE pUCyHKa 14,

KO3(D(DUITHEHT OTpaKEHUs] OT TOYBBI JUIT BEPTHKAIBHO MOJSAPU30BAHHOW BOJIHEI,
noy4eHHbIi u3 ypasHenuit (18) u (19);

MOMPaBOYHbIC KOAPQUIIMEHTHI MEPEIAIONIe U MPUEMHON aHTEHH, COOTBETCTBEHHO,
MOJIYYCHHBIE HA OCHOBE PUCYHKOB 7, 8 1 9;

JATBHOCTH pacrpocTpaneHus L-ro otpaxenns K-ckaukoBoro Jryda.

Pesynprupytomee none, ES, mpencraBnser co0oii cyMMy BEKTOPOB JAECSATH NPOCTPAHCTBEHHBIX BOJH U
3eMHOH BOJIHBI U OIIPEeIIsieTCsl CIEAYOIUM 00pa3oM:

riue:
[Eg]:

10
Es =|Eg|exp(— jkd )+ > Esg , (26)
K=1

HANPSHKEHHOCTH TI0JIS 36MHOM BOJIHBI, MOTy4eHHas u3 Pexomennaiiun MCO-R P.368
(cm. 1. 2.3.8);

paccTostHUE 1O AyTre OONBIIOTO Kpyra MEX Iy epeaaroeil 1 MPUeMHOM CTaHITUSIMU,
B KM.

3nauenue 3hPEeKTHBHOIN HAPSHKEHHOCTH OIS, OJIy4aeMOoi paMOYHOM aHTEHHOM, TPUBOAUTCS Kak |ES|.
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PUCYHOK 21
Ko3¢ppuuuent nonochepHoro orpazkeHust

a) MunuManbHas CoHEYHasi aKTUBHOCTD

Log (Rc)
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b) Cpennsis conHedHast aKTUBHOCTh

Log (Rc)

e | cos ¥,
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C) MaxkcumanbHas CoTHeqIHas aKTHBHOCTE

Log (Rc)
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3 Pacuer HAIIPAKCHHOCTH IT0JIA ¢ TOMOIIIbI0O BOJTHOBOJAHBIX MO/ IOJTHOEC BOJTHOBO€ pelLICHHE

IIpu pacnpoctpanennn KHY, OHY um HY Ha3zeMHBIX paguioBOIH Ha OOJBIIHE pPACCTOSHUS BOJHBI
YAEPKUBAIOTCSI B TPOCTPAHCTBE MEXAY 3eMiled W HMOHOC(epoil. DTO MPOCTPaHCTBO MEHCTBYeT Kak
BOJIHOBOJI, a "KOHIIEMIIHsI BOJHOBOJA" MCIOJB3YETCS JUIsl OMKMCAHUSl PACIPOCTPAHSIOIINXCS TOJIeH B BUIC
(YHKITH OT pacCTOSTHUSI.

MeTo BOTHOBOAHBIX MOJI ITO3BOJISIET MOMYYHUTH IMOJIHOE BOJHOBOE PEIIEHHE IS BOJHOBOJIA, UMEIOIIETO

CJIEYIOIINE XapaKTePUCTUKHU:

- KOHIICHTpAIHs 3JIEKTPOHOB M MOHOB, a TaK)Ke€ YacTOTa CTOJIKHOBEHHH (TI0 BBICOTE) PaCIpeIeICHBI
MIPOU3BOJIBHBIM 00pa3oM, U

- HIDKHSSI TPaHULA, KOTOPOM SIBIIsI€TCA TJ1aKasi OXHOPOAHAS 3€MHAs [I0OBEPXHOCTh, XapaKTEPU3yeTCs
NEPEMEHHBIMU 3HAUYEHWSMH MPOBOAMMOCTH WU AMAIEKTPHUYECKUX IIOCTOSIHHBIX. B 3TOM Merone
YUTEHbl TaKKe KpWUBU3HA 3eMIIM, HEOJHOPOIHOCTh HOHOC(hEpbl W aHH30TPOMHUs (SBIAIOMIAsICS
pe3yIbTaTOM BO3EUCTBUS MAarHUTHOTO OIS 3€MITH).

Cuuraercs, 4TO SHEPrusi BHYTPHU BOJHOBOJA pPacHpeaeieHa MEeXIy OTAEIbHBIMH Monamu. [l kaxxmoit
MOJIbI BBIIOJIHSIETCS yCIOBHE PEe30HAHCa, TO €CTh JJISl JUCKPETHOro Habopa yIJIoB NajeHHs PaavoBOJIH Ha
HOoHOC(hepy MPOUCXOJUT PE30HAHC, M YHEPIUsl PACHPOCTPAHSIETCsl OT UCTOYHUKA. KomriekcHbie yribl (0),
JUIS KOTOPBIX 3TO MPOUCXOIUT, HA3bIBAIOTCSI COOCTBEHHBIMH yritaMu (wid "MomaMu'). FIX MOKHO MONTYyYUTh,
KCIOJNb3Ys "MONHBIE BOIHOBBIE" MPOLEAYpPbI, ONMUCAHHBIE B III. 3.1 U 3.2, myTeM pelIeHus JeTEPMUHAHTHOTO
ypaBHEHUS (TO €CTh ypaBHEHHS MOJ):

F(0) =|Ry (0) Ra (0) -1 -0 on

rae:
IRig©®) Ry, (6)

R4 (0) =
«©) ||RJ_d (6) J_RJ_d (6) (28)

Hpe/ICTaBIsIeT cO00 MaTPHIly KOMIUIEKCHOTO K03((dHIMeHTa HOHOC(HEPHOTO OTPaXKEHHs, €CIIM CMOTPETh Ha
noHocdepy BBepx ¢ BoicOTH "'d ", u:

1Ry (6) 0

R4 (0) = _
0 1R14(6)

(29)

HpeaCcTaBisieT COO0M MATPHIly KOMIUIEKCHOIO KOA(QHUIMEHTa OTpaKeHHUs, €CId CMOTpeTh ¢ BbicoThl "d "
BHU3 Ha 3eMIIIO.
3Hak || npu R u R 0603HAYAET BEPTHKANBHYIO MONAPU3AIMIO, 4 | — FOPH3OHTAIBHYIO. [1epBblil HUKHMI
WHJIEKC TIpH R OTHOCUTCS K TMOJISIpH3alliK IMAJIAfoONIei BOJHBI, & BTOPOH — K TOJISPU3AINN OTPaKCHHOU
BOJTHBI.
OtnenbHbIE WieHB B ypaBHeHUAX (28) u (29) npeactaBisioT coOoi:
|R||: OTHOLICHHE OTPAKEHHOIO MOJIS B INIOCKOCTHU MAJICHUS K TIaaroleMy HOJI0 B TOH xke
TUTOCKOCTH;
IR] : oOTHOmIEHWE OTPaXCHHOTO TIONS, TEPIECHAUKYISIPHOTO IUIOCKOCTH MaJCHUs, K
najaoneMy o0, NEPHeHINKYIIPHOMY TNIOCKOCTH NaACHHUS;
|RL: OTHOLIEHHE OTPAKEHHOrO MOJs, NEPIECHAMKYISPHOrO IUIOCKOCTH NajeHus, K
HaJarolIeMy TOJII0 B IUIOCKOCTH 1a/ICHHUS;
LR||: oOTHOWEHME OTPaXEHHOrO MOJsS B IUIOCKOCTH TNaiCHUS K IAJaioleMy IO,
HEPIEeHANKYISIPHOMY TUIOCKOCTH ITaJICHHUS.
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Marpuna moHochepHOro otpaxenusi, Ry (ypaBHenue (28)) Ha BeIcoTe  MONydYaeTCs IMyTEM YHCIEHHOTO
WHTETpUpOBaHus AuQQepeHInaTbHbIX ypaBHeHNH, npuBeneHHbx bamgmenom ("The waveguide theory of
wave propagation", Logos Press, London, 1961). lnddepennmansapie ypaBHEHHS HHTETPUPYIOTCS METOIOM
Pynre-KyTThl, HaumHasi C HEKOTOpPOW BBICOTHI, BBIIIE KOTOPOM MNpeANojaraercs, 4YTo OTPaKECHUE
MPEHEOPEeKUMO Mallo. 3a HAdallbHOE YCIOBHE WHTETPHPOBAHMS, TO €CTh 32 HCXOAHYIO BEMHYHHY R,
MpUHUMAETCsl 3HadeHne R ams pe3ko orpaHmueHHONW woHOChepsl B 007acTH MaKcHMyMa 3aJaHHBIX
MpoIICH IIEKTPOHHON KOHIICHTPAIIMH W YacTOTHI CTONKHOBeHWH. UieH Ry BBIUMCISIETCS ¢ TTOMOIIBIO
pemennit ypaHeHns CTOKCa B UX ITPOU3BOIHBIX.

MopnanpHOE ypaBHEHHE, TO €CTh YpaBHEeHHUE (27), pemaeTcs A KeJIaeMoro KOJTUIecTBa MO (COOCTBEHHBIX
yraos, 6,). [ns Habopa momydeHHBIX TakuM 00pa3oM 3Ha4eHHH O MOXHO paccuWTaTh MapaMeTphl
pacmpocTpaHeHHs: CKOPOCTh 3aTyXaHWs, (a3oByI0 CKOPOCTh, a TaKXe aMIUHTyny U (asy xodddummenta
BO30YXKJCHUS. DTU TMapaMeTphl 3aTEM HUCIONB3YIOTCS TPU CYMMHPOBAHHU MOJ JJIsl BBIYMCIICHUS OOIIEro
TOJISI, AMILTUTYIBI U (pa3bl B HEKOTOPOH yJAICHHON TOYKE.

Bo mHOrux cimy4asx MOXHO CYMTaTh, YTO BOJHOBOJ 3eMJs-MOHOC(Epa MMEET MOCTOSIHHBIE MapaMeTphl
pacrpocTpaHeHusl BHOJb Tpacchl Mepenadd. BbpluucieHHble CyMMapHble MOIBl B 3THUX CIIydasx
paccMaTpUBaIOTCS KaK TOPU30HTAJIbHO oOgHOpoaHble. OnmHAKo [UId paclnpocTpaHeHHs Ha Oonbline
paccTosIHUS TPEAIONOKEHHE O IOCTOSHCTBE IApaMeTpPOB BOJHOBOAA BAOJIb BCEH TPAacchl CTAHOBUTCS
HepeasbHbIM. Hanpumep, HanpaBieHHe U HANPSHKEHHOCTh MarHUTHOT'O 1oJisl 3emiin OyIyT MEHSAThCS, U Ha
HIDKHEH CTeHKe BOJHOBOJA MOTYT BO3HHKATh HEOIHOPOIHOCTH W3-3a M3MEHEHMS NPOBOAWMOCTH 3€MHOU
MOBEPXHOCTH, CBS3aHHOTO C pAa3lIWYHbBIMH TpPaHULAMHM BOJA-CyIla M JICASHBIX IOJIAPHBIX IIATOK.
[IpoBoguMocCTh MOHOCGEPHI TAKKE MEHSETCA B 3aBUCUMOCTH OT BPEMEHH CYTOK, BPEMEHM I'0/la M HaJIM4Us
JIMHMAY BOCXOJa M 3aX0/a COJHLA Ha TPacce paclpoCTpaHEHUSI.

Vka3aHHBIE BHABI HEOAHOPOJHOCTEH TAKOBBI, YTO BBHI3BIBAIOT JWUCKPETHBIC W3MEHEHUS COCTOSHHS
BOJIHOBOJIA. B 3TmX ciy4asx HeoOXOOWMO TMPHHHMATh BO BHUMaHHE 3 (HEKTh MpeoOpa3oBaHUS MO B
obmactu HeomHOpomHocTed. [IpeoOpazoBaHMe MO MpEAIONaraeT, YTo OJHA PACIPOCTPAHSIONIAsICS MOJa
B OZIHOW 00JIaCTH BOJIHOBOJA MOYKET 00pa3oBaTh JBE WM OoJiee MOIBI B JPYrod YacTH BOJHOBOJA, U 3TH
HOBBIE MOJIBI OyTyT PacIpOCTPAHATHCS 110 HAIPABICHHUIO K IPHEMHHUKY.

3.1 Marpuna ko3¢ ¢punuenTa HoHocpepHoOro oTpakeHus, R(0)

KputniueckuM MOMEHTOM TIpH OIpEIeNICHUH MOJIOBBIX KOHCTAHT, 0OCYKIaBIIMXCS B TIPEABIIYIIEM paszede,
SIBIISIETCSI OIICHKA MaTPHIBI KOAPPHUIIMEHTa OTpakeHHs, R, Uil BEpTHKaIbHO HEOAHOPOTHON aHH30TPOIHOM
noHocdepsl. ITy OIEHKY MONYYaroT IyTeM YUCICHHOTO MHTEIPUPOBaHUs TU(QQepeHIINATBHBIX YPaBHEHHIH,
npejioxkeHHbIX bagnenom.

BBI6I/IpaeMaH CUCTEMa KOOpAMHAT TaKOBa, YTO HAIIPABJICHHUEC Z CYHUTACTCA IOJOXKHUTCIBHBIM B CTOPOHY
noHocdepsl. IlonoxkuTenpHOe 3HAUCHHWE X COBMAJAeT C HANPABICHHEM pACIpPOCTPAHEHUS, a OCh Yy
MEepIEHIUKYISpHA K IUIOCKOCTH PaclipoOCTPaHEHHUsI.

CooTBeTcTBYIOIAs T€OMETPHs NPHUBEIEHA HA PUCYHKE 22, rJe NOKa3aHa IUIOCKas BOJIHA, Iajarolias Ha
noHocepy CHH3Y, C BOJHOBBIM BEKTOPOM K B IUIOCKOCTH X-Z (TUIOCKOCTh MajEHHs) MOJ yrioM 0; K
BepTHKad (och z). [pyrnMu mnepeMeHHBIMH, TpPHUBEAECHHHIMH Ha pHCYHKe, SBISIOTCS Q) — yromn
T€OMAarHUTHOTO TOJIS, M3MEPEHHbIH oT BepTukanu (90° < Q < 180° mus ceBepHOro MOJyIIapus), U Y —
a3UMYT pacIipocTpaHeHuUs (K BOCTOKY OT MarHUTHOTO ceBepa). Bekrop B mpeacraBiseTr coOoil MIIOTHOCTH
MTOTOKA MarHUTHOTO TIOJIST 3EMITH.

Huddepenimanbaple ypaBHEHHsI HHTETPUPYIOTCS MeToioM PyHre-KyTThl, HAauMHasi ¢ HEKOTOPOH BBICOTHI,
BBIIIIE KOTOPOW TMpPENIoaraeTcsi, 4To OTPaXeHHE MPEeHeOpexMMO Maio. 3a HadajibHYI0 BennunHy R
MPUHUMAETCSl 3Ha4eHWe R A pe3ko OrpaHW4YeHHON HOHOC(hephl, XapakTepusyemMoW MapaMeTpaMH B
00JIACTH MaKCHMyMa 3aJIaHHBIX MPO(QWIEH KOHIICHTPAIMHA JICKTPOHOB, HOHOB U YaCTOTHI CTOJKHOBEHHU.
KoHTposb morpenrHocT! npu WHTETpupoBaHUH MeTo oM PyHre-KyTThl BefeTcs ¢ TOMOIIBIO CpaBHEHUS Ha
KaXIOM IIare ImpupameHuil meMeHToB R, BbUMCiIeHHBIX MeTonoM PyHre-KyTTel ueTBepToro mopsiaka, u
TeX, KOTOpHIE BBIYMCICHBI HAa IIare WHTEIPUPOBAHHS BTOPOro mopsaka. VHTerpupoBaHHWe BeneTcss OT
HEKOTOpPO Ha4yaJbHOW BBICOTHI BHU3 110 BhicoThl 0, rie d ompexensercs u3 ypasHenus (27). Heobxomaumo
TONBKO, uT00B! 0 GBITa BEIOpaHa JOCTATOYHO HU3KO B MOHOC(EPE, YTOOBI BIHMSHHE HOHOC(HEPHI OBLTO Mao
[0 CPaBHCHUIO C BIMSHHEM KpHBHU3HBI 3emuid. Hike ypoBHs O y4HTHIBACTCSl TOJIBKO BIUSHHE KPHUBH3HBI
3eMaM IyTeM BBEICHUS MOJAU(PULIUPOBAHHOW AMIIEKTPUYECKOM IPOHMLAEMOCTH, KOTOpas MEHSIETCs
JIMHEWHO C BBICOTOM.
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PUCYHOK 22

I'eomeTpus pacnpocTpaHeHUs BOJHBI

A

v

MarnuTHsbI# cepBep

0684-22

3.2 Martpuua ko3ppuuueHTa 0TpaKeHus OT 3eMJIH, F\_’d 0)

Martpuiia ko3 UIUeHTa OTPAKEHUS OT 3eMJIH, Rd, MpUBEICHHAs B ypaBHEHUH (29), onpeaensercs depes
He3aBUcUMBIe petieHns Ny u hy ypaBaenus Ctokca

d*h

d—zé + Zhl,2 =0, (30)
rae Gyukuu hy 1 h, npeacrapisoT coboit MmoauduimpoBantbie GyHKIMU [aHkesst mopsaka 1/3 (KoTopsie
JUHEWHO CBSI3aHbI ¢ QYHKIUSAME DUpH).

3.3 Meton onpenesenust mox ("MODESRCH")

B BOTHOBOJIHOW TEOPUU CUHMTAETCS, YTO TIOJIE COCTOUT W3 OJJHOTO HMJIM 0ojiee TUCKPETHBIX CeMEHCTB (MOJ)
IUIOCKUX BOJIH, 3aKJIIOUYEHHBIX B BOJHOBOJ 3emiisi-moHoc(epa. OCHOBHAS 1IeJb 3aKJIOYAeTCsl B TOM, YTOOBI
HaiTh pereHue ypaBHeHus (27) aist cOOCTBEHHBIX YIoB Op. [l 3TOT0 MCHONB3yeTcss METOJ, U3BECTHBIN
nof HassauneM "MODESRCH".

Meton "MODESRCH", pa3paborannsiii B ocHoBHOM it OHY wu Hmwkuedt wactu HY (ot 10 x['m mo
npubnusutensHo 60 k1), pacnpocTpaHsIOMIMXCS B BOJIHOBOAE 3eMisi-uoHOC(epa, O3BOJIET ONpPEACIUTh
Bce MOJbl B JI000W (u3MYeckH BaXKHOH TPSMOYTOJIbHOH OO0JNACTH KOMILIEKCHOTO TIPOCTPaHCTBA
coOCTBEeHHBIX YIII0B (0,). C ero moMoIb0 MOKHO TaKXKe ONPEAETUTh SAMHCTBEHHYI0 MOAY, HEOOXOAUMYIO
s pacnpocrpanennss KHY. Ilponenypa ocHoBaHa Ha Teopun (QYHKIMH KOMIUIEKCHOM MEPEMEHHOM.
MogansHoe ypaBHeHHE (27) pemaercs A BCEX BaXKHBIX COOCTBEHHBIX YIIIOB, Opn, U1 AaHHOTO Habopa
napamMeTpoB BOIHOBOJIAa 3emiisi-HOHOC(epa M YacTOThl pacnpocTpaHeHus. [loMck COOCTBEHHBIX YTIIOB
OCHOBaH Ha TOM, YTO JIMHUU TIOCTOSIHHON (a3bl ajist Jr000i KomIuiekcHOH ¢yHkuuu F(0) MoryT ObITh
pa3pbIBHBI TOJILKO B TOYKaX, rae F(0) = 0 wiu F(0) — co. s ynpoiieHus nporeaypsl Moucka 3HaueHui 0,
¢ynkmms F(0) mpeoOpaszyercs Takum 00pa3oMm, 4ToObl OHAa HE COAEpXKajia IOJIOCOB U MOXKHO OBLIO
paccMaTpuBarh TOnbKO ciydaii F(0) = 0. Pemenne ypasuenus F(0) = 0 o6o3nauaercst kak 0y, T. €. 0y — 310
Hynb ypaBHenus F(0) = 0.
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[lycts:
F(6) = FR(Or 6i) + ] F1 (0r 0)) =Re (F) +j Im (F), (31)
rae:
0=0r+]0j. (32)
Taxxe:
F () =[(Fa (0, 0)2 +F (0, 0,)2] e, (33)
rac:
4| Fi(6,6)
p=1g F.60.0,) (34)
H:

Fr(0) : peanbhas yacTh KoMIUIeKCHOM QyHKIMHU F(0);
F, (0): wmHuMas yacte KoMIuiekcHol Gynkuuu F(0);
0;: peanpHAs 4acTh KOMIUIEKCHOTO yTiia 0;
0j: MHHMas 4YacTh KOMIUIEKCHOTO yriia 0.
W3 ypaBuenus (32) ciemyert, 4TO eCIu:
¢ = 0° (mmm 180°), TO 3TO O3HAYAET, UTO
F, (6, 6;) =0.
Takxe ecnu:
¢ = 90° (um 270°), TO 3TO 03HAYAET, YTO
Fr(6, 6;) =0.

3to BeneT K (a3oBOM Iuarpamme, IpeCTaBlIeHHON Ha prcyHke 23. CeMeicTBO JIMHUI MOCTOSHHON (as3bl,
KOTOpbIe Ha3bIBAIOTCS (Ha30BBIMH KOHTypamMu B auanasoHe oT 0 1o 2m paaumaH, BBIXOIAT MO Paguycy
(crIomIHBIE TMHUM) U3 TpocToro Hyls. [IyHKTHpHBIE JTMHUU OTPAaXKArOT MOBEJIECHHE BO3MOXKHBIX (Pa30BBIX
KOHTYPOB B OOJIACTH 3a MpelielaMu OKPEeCTHOCTH Oy M yKa3bIBalOT Ha TO, YTO B 3TOH obnactu (a3oBbie
KOHTYPBI OOBIYHO HE SIBJISIOTCS paguanbHbiMU. C yueroMm moBeseHus (assl B paiioHe Hyns dynkimu F(0)
KOHIICNITYaJIbHO MOJIE3HO OIPEENUTh 3TOT HYJ1b QyHKIU F(0) kak Habop a30BbIX KOHTYPOB .

Hekotopble OCHOBHbIC MOJOKECHHUs TMPOLEAYPbl omnpeneneHus Hyied ¢Gynkuunn F(0) npuBemeHsl Ha
pucyske 24. [IpsMOyroJbHUK MOMCKA PACIIONOXKEH IPUMEPHO B 3TOH ke 00J1acTH KOMIUIEKCHOM IIIOCKOCTH.
[IpssMOyTOJILHUK MOKMCKA pa3JielieH Ha CETKY, COCTOSIIYIO M3 KBaJPaTHBIX siUEEK, YIIIbI KOTOPHIX MBI Oyj1eM
Ha3bIBaTh TOYKAMHU siueek. PazMep KBafpaTHOW SYEHKH ONTHUMaJIeH M OOBIYHO BBIOMPAETCS B COOTBETCTBHH C
OXHJIAeMbIM pacrojiokeHreM Hyseil. Eciu ¢ynkius F(0) He uMeeT morocoB, TO 3TO 03HAYAET, YTO JIMHHUS
MOCTOSIHHON (ha3bl J1F000# KOHKPETHOM BEJNMYMHBI (O = @, BbIXOIsIas u3 Hyas ¢y F(0), nomkna
MepeceKaTh 3aMKHYTBIM KOHTYp, COAEpKaIIU 3TOT HYJIb, IO KpaliHel Mepe oauH pa3. KpoMe Toro, Ha aToi
(a3oBoii TMHUHM HE MOXKET OBbITh Apyrux Hynei pynkuun F(0). Taoke muHUM OCTOSHHO# (ha3sl BOkpyr F(0)
= 0 co3zaroTcs TOJIBKO B HalpaBlIieHUMH NMPOTHB YAaCOBOW CTpeNKu. JIMHMIO MOCTOSHHOM (a3bl (Hampumep,
¢® = (¢), KOTOpas IepeceKaeT KOHTYP, MOXKHO MPOCIEIUTh BHYTPh, IIOKa OHA HE TIPUBENET K HYIO QYHKIIUU
F(0) wmn BHOBb He mepecedeT KOHTyp. HaumHas ¢ BepxHEro JIEBOro yria MNPsSMOYrojbHUKA TOHMCKa
MPOBOJUTCS MTOMCK TpaHuIl sl $a3oBbix KOHTYpoB 0° u 180° B HampaBieHUHM TPOTUB YaCOBOW CTPEIIKH.
[onotiner mo6oit (azoBbIil KOHTYD; BMecTe ¢ TeM (a3oBbie KOHTYpHl 0° u 180° BeIOMparoTCS NOTOMY, YTO
MaTeMaTHUYECKH HX JIETKO 00Hapy)uTh npu Im (F) = 0. TTowck ocymecTriseTcs myteM ornenku F(0) B yrimax
SYEHKU N0 TpaHMIEe NpsAMoyroiabHuka nmoucka. Korma Im (F) mensier 3HaKk, 3TO O3HAyaer, 4TO IEpeceycH
¢azosbrii kouTyp 0° mim 180° (touku A, D u G). Kak ToibpKO HaiiieH oAWH U3 3TUX (Pa30BBIX KOHTYPOB,
MMOMCK TPaHHUI] BpPEMEHHO IpeKpalaeTcs, moka He OyaeT nmpociekeH ¢a3oBbiii KOHTYp 0° win 180° BHyTpH
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MPSMOYTONIbHUKA IOMCKa TyTeM omenkd Im F(0) B yrimax kBampaToB siueek (IIPOBEpKa IPOM3BOIUTCS
MPOTHB YacoOBOW CTPENKH HayMHAas C BEPXHETrOo JIEBOTO yria Kaxkaoi sueiiku). Da30BBIi KOHTYp
MPOCIIEKUBACTCS IO TEX IMOp, MOKa Jnbo He oOHapyxeH Hynb QyHkimu F(0) (touku B u E), nmubo He
JOCTUTHYTa IpaHHIa MPSMOYTOJIbHUKA TIOMCKA (KakK ObLIo OB B ci1ydae a3oBOro KOHTYpa, pacrojI0KEeHHOTO
mexay Toukamu G 1 H). OmHO U3 3THX COOBITHH 00s13aTENFHO TIPOU3OMIET, €CIIH BHYTPH MPSIMOYTOIBHHAKA
mormcka HeT momocoB. Korma Hyns HaifieH, ero MOJIOKEHHE 3armoMHHaeTcs. 3areM (ha30BBIA KOHTYP
MPOCIICIKUBACTCS A0 MPOTUBOIOIOKHON CTOPOHBI HYJIS, TPH 3TOM (aza meHsiercs Ha 180° (cMm. pucyHok 23),
MOKa BHOBH HE JIOCTHUTAeTCs TpaHula npsMoyroibHuka noucka (toukun C u F). Ecnu da3oBbrii xoHTYp
CYIIEeCTBYeT, IPaHUIAa TIOMCKa, Takas kak Touka C, F mwmm H, m kBampar sueiiku, KOoTopas X COIEPIKHT,
MOMEYAIOTCSl, C TEM 4YTOObl H30eKaThb MOBTOPHOTO MPOXOXKICHUS NAaHHOTO ()a30BOr0 KOHTYpa HpH
nocjenyoneM Mmoucke rpanuisl. Takxke B Takod Touke (Touka C, F wim H) momck dazoBoro konrtypa
MpeKpamnaeTcs ¥ BO30OHOBISIETCS TIOWCK TPaHUI] B TOUKE, Te MOCIEeIHNI pa3 BCTpedanach Gpa3oBast JTHHHAS
0° mmm 180° (mampumep, Touku A, D mimu G). Kornma Bce rpaHUIb mpsMOYTOTbHAKA MTOMCKA UCCIIE0BAHBI,
Bce Hyiu GyHkuuu F(0), pacrnonokeHHbIe BHYTPU HETO, JOJDKHBI ObITH HAMICHBI.

PHUCYHOK 23

IMosenenne (pa30Boro KOHTypa B OKpecTHoCcTH HYJIst pynkuuu F(0)

Im (0)
T
|
|
/
[
/ 2
//
\c
\

Re (0)

Da30Bblit KOHTYD B OKpecTHOCTH 0,

— — — — ®a30BkIi KOHTYp BHE OKPECTHOCTH 0,
0684-23

[osoxxeHre HysIsl XOPOIIO BUIHO M3 mepecedeHus (a3oBbIX KOHTYPOB (CM. pucyHOK 23). CiemnoBaTelibHO,
nepeceueHne (azoBeix KoHTypoB 0° wmmm 180° ¢ dro0biM JipyruM  (a30BBIM KOHTYPOM OTPEEIIseT
nosnoxenne vy Gynkuuu F(0). [Ipyrue ¢azoBbie KOHTYpBI, UCTIONB3YEMbIE JUIS 3TOW LI, — 3TO KOHTYP
90° wmmm 270°, Takke BBIOPaHHBIA W3 COOOpPaXKEHWH TMPOCTOTHI, MOCKOJIBKY OTH KOHTYPHI JIETKO
pacmosHarotcst 1 coorBeTcTBYIOT Re (F) = 0. TToka mpociexuBaercs ¢da3osbiii kKouTyp 0° mnm 180°, BegeTcs
u uccienoanue Re (F) Ha yriax Kakmoi s4eiKd CETKH, C TeM YTOOBI ONMPEAEIUTh MOMEHT CMEHBI 3HaKa
Re (F), xotopsblii yka3biBaeT Ha TO, 4TO (azoBblit KOHTYp 90° mim 270° Bowen B s’4elKy CEeTKU. DTO COOBITHE
yKa3bIBaeT Ha TOT (aKT, YTO HYJIb BEPOSTHO HAXOJHUTCS BHYTPH SUCHKU CETKH WIIH, YTO TOKE BO3MOXKHO,
BHYTpPH cocelHeW sueiku. Kak TOJIbKO CTaHOBUTCS SICHO, YTO Ta WM HHAs sYEHKa COAECPKUT HYIIb,
NepexoAarT K Ooyiee TOYHOMY ONPEAEICHHUIO MOJIOXKEHUS HYJS C MOMOILBI0 MHTEPIOIALUOHHONW CXEMBI,
KOTOpasi UCIOJIb3yeT KaK aMIUIUTYdy, Tak u (asy ¢yukium F(0). IMonokenue Hyss MPH 3TOM TOYHO
oTIpeneNsieTcs ¢ MOMOIIBI0 MeTo1a utepanuu HetotoHa-Padcona.
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B npouenype Hrrorona-Padcona B kadecTBe HawajabHOTO pernenust 0y ypasuenms (27), toe F(0) = 0,
UCTIONB3YeTCsl KaKAoe 3HaueHHe coOCTBeHHOTo yria, 0, momyuennoe u3 cetku "MODESRCH". 3atem
HaxXxOAWTCA HOBOe 3HaueHme (yHKiuu i Op+ 00, a mompaBka mis Oy ompemenseTcs ¢ MOMOIIBIO
ypaBHEHHUSI:

~ F(0,)50
T F(0,+50)— F(0,)

(35)

3areM momnpaBKa, onpeeieHHas ¢ TOMOIIbBIO0 ypaBHEeHHUs (35), OlleHUBaeTCs, U MPOIECC TTOBTOPAETCS 0 TeX
mop, ToKa BennauHHl |AO,| 1 |ADj| HE ymMeHbIIATCs 10 3apaHee 33JaHHBIX AOMYCTUMBIX 3HadueHWi. HmxHue
MHJICKCHI I ¥ | 0003HAYAIOT ICHCTBUTEIILHYIO U MHUMYIO YaCTH, COOTBETCTBEHHO.

PHUCYHOK 24
Merton onpenejaenust Moabl aJast pyuxuuu F(0)
HauanpHas
D e T T
e ) L
\ \
R RPILY N
A ]
%\\ SN /L
c 0o’ AN
E +& /Y B\\N\— - P f
\
40 NS AN /

\ / N
\ 1820\\ - 270° 0°

SAN] PR e

C / D

Hanpasnenue Re (0) TIpssMOyTOJIBHIK
My TH TIOUCKa TIOHCKa

L

[

dazoBbIe KOHTYpHI 171 F(0)
® Hymu dyuxnuu F(0)

Slueiika ceTKH 0684-24

—
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4 Pacuer Hanps:KeHHOCTH MOJISI

4.1 Heo0xoaqumbie mapamMeTpsl

Korga w3BecTHBI COOCTBEHHBIC YIIIbI, Op, JIETKO pacCcYMTaTh CICAYIONIME BEIWYHHBI, TPEACTABISIONINE
(bm3udeckuit mHTEpEC.

®dazoBas CKOpPOCTh Ha 3€MIJIC:

ve—° (36)
K(sinb,),
IMocTosiaHast 3aTyxaHus Ha ypoBHe 3emin (1b/Mm):  T'=—8,6859 k K (sin 0,); , (37)
rae:
CKOpOCTh CBETa B BaKyyMe:
¢ =2,997928 x 105 km/c.
K= (1+ O‘—h} (38)
2

a=2/a=314x10" xwm. (39)

B cooTBeTcTBHM C TeOMETpUEH, IPEACTABICHHON HA pUCYHKe 22, HAallpaBJeHUE CTPATU(HUKAIIMN COBIAIAET C
HalnpaBJIeHUEM Z, a HallpaBJIEHKE PaclpOCTPAHEHHs JISKUT B TUIOCKOCTH X-Z. HampaBieHue z nmpuHUMaeTCst
MOJIOKHUTENLHBIM B CTOPOHY HMOHOC(EPHI, OCh X CUYMTAETCA TIOJOKUTEIBHOW B  HAlPaBICHUH
pacnpocTpaHeHus, a OCh y TMEPIEHIUKYJIApPHA IUIOCKOCTH paclpocTpaHeHus. Takum o0Opa3oM, IMoje He
3aBUCUT OT HAIPABIICHHUS Y, a 3aBUCUMOCTb OT HarpaBiieHus X umeeT Bua exp (—ik sin 0y), rae K — Benmunna
BEKTOPA paclpoCTpaHeHHss B CBOOOJHOM IPOCTPAHCTBE, a O — yroj MexIy HampaBlICHHEM BEKTOpa
pacpoCTpaHEHHsI W HAlpaBJIE€HHEM Z B TOYKE B CTPaTH(OHUIMPOBAHHON Cpele, Tiie MOJU(DUIMPOBAHHBIN
WHIEKC pedpakuuu paBeH enauHuie. [Ipeamonaraercs, YTo BCE MapaMeTphbl IO XapaKTePH3yHOTCS
3aBUCHMOCTBIO BHIa exp (iot), rie o — yriiosas yacrora.

Koadduuument Bo3OyxaeHunss Mon W (YHKUMM YCHIEHHS MOJ 32 CYET BBICOTHI SIBISIOTCS ABYMS
napameTrpamMu, HEOOXOJAWMBIMU JUIsI pacyera HamnpsbDKEHHOCTH DJIEKTPUYecKoro moist. B Tabmwmie 2
npuBeAeHbl (HOopMyIbl Ui pacueTa Ko3dduirenTa Bo30yKeH s 3arojJoBKH CTOJIOIOB OTHOCSTCS JIMILb K
BO30YK/ICHHIO KOMIIOHEHT diekTpuyeckoro nons E;, Ey m E,, a 3aromoBkm CTpoK — K BO30YXKIEHHIO
BEPTUKAIBHBIM JHMONeM (Ay), TOPLIOM TOPH30HTAJIBHOTO IWNONA (Ag) W TOPH3OHTAJIBHBIM JIUTIOIEM

nonepeyHoro uany4denus (Ag).

TABJIMLIA 2
Koxdppuunento! Bo30y:x1eHUA
Kommnonenra
oJist E, Ey Ex
Bozbyaurenn
N @HRDZA-RR) =By RUAHRD AR B (4RI A RLR))
R S 3 =
IRj D1y D12 S RiD,
re B, 1+ |I§I|)2 - Lﬁj_ R) |[-B HRJ_ 1+ ||§||) @+ Lﬁj_) By 1+ |I§|I)2 - Lﬁj_ 1Ry)
IRy D11 S D12 S IR} D11
o B Ry @+ R @A+ |I§II) -B, @+ ROZ @ Ry RD By, 1Ry @+ R @+ Ry)
2 —
D12 S 1Ry D2 5 D12
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R u R mpexacTaBnsioT co0OH AIEMEHTBI MaTPUIBl OTPAXKEHUS Ul HANPABICHUH B CTOPOHY HMOHOC(HEpPHI
CTOPOHY 3€MJIM, COOTBETCTBEHHO, C OJHOTO M TOro k¢ ypoBHs O B BosmHOBoje. B; u B, ompenensrorcs
CIIEIyIOIIUM 00pa3zoM:

5/2
:aFS— BZ :—E [} (40)

000=0,

B,

rae S — CHHYC COOCTBEHHOIO YIjia, a 3HaMEHaTelb MpeACTaBisieT coO0i MPOM3BOAHYIO MOJATBLHOTO
ypaBHEHUS MPU COOCTBEHHOM YTJIE, O),.

KO3(1)(1)I/IIH/ICHTBI BO36y>K,I[CHI/I$I JOJI’KHBI OBITH JONOJJHCHBI 3BHAYCHUAMU BbIMI'PhINIA 3a CUCT BBICOTEI.

HanpspkeHHOCTh TMONST MOXKHO —paccuMTaTh il BO3OyAuTened B BHIE DSJICKTPUUSCKUX AUMOJIEH
MIPOM3BOJIBHON OPHUEHTALMH, PACIOJIOKECHHBIX BHYTPH BOJHOBOAA Ha 000N BhicoTe. Takum oOpazom,
MOXXKHO paccMarpuBath mpoOsembl pacnpoctpanenns OHY/HY BomH Ha Tpaccax BO3AYyX-BO3IYX,
3eMJIS-BO3AYyX WM BO3AYX-3€MJII BHYTPH TOPU3OHTAIBHO HEOJHOPOJHOTO BOJHOBOJHOTO KaHama.
Ha pucynke 24 nokazaHa opHeHTALMs AUMNOJS OTHOCHUTEIBHO I'€OMETPUHU PACHpPOCTPAaHEHHUs, NPU KOTOPOU
OCh Z BCerja NEepIeHAMKYISIpHAa K HCKPHUBIEHHOW IMOBEPXHOCTH 3eMJIU. YTIJIBl Y U @ XapaKTepU3yIoT
OpPHEHTALHIO MTEPEeJaTYNKa OTHOCUTEIBHO KOOPANHATHON CUCTEMEI X, Y, Z.

PUCYHOK 25

OpneﬂTaum{ AUNOJIA M BHYTPH BOJIHOBOJA, I'/1€ Y — HAKJIOHEHHE,
a (@ — a3UMYTAJIbHAsl OPUECHTALUSA

A

z

U
®
M
¢
0684-25
U3 pucynka 25 BuznHO, 4To Y = 0° COOTBETCTBYET BO30OYKICHHIO OT BEpTHKaJbHOTrO Ammois, a y = 90° —
BO30YXZCHHIO OT TOPH3OHTAIBHOTO JWIIONA. ( TakXKe SBIAETCA YIJIOM MeEXIy OpHeHTaluei

TOPHM30HTAJIBHOTO JUIIOJS M HalpaBlIEeHHEM PacipocTpaHeHus. SICHO, uTo ¢ = 0 COOTBETCTBYET M3IYUYEHHUIO
MPOJOALHOIO AMMONIA, a @ = 90° — U3IYYCHHIO MTOIEPEYHOTO JTUTTOJIS.

4.2 Mopeas WKB 1 cyMMbI MO TOPH30HTAJIBHONH OJTHOPOIHOCTH

[ToMuMO  BEepTUKAIBEHON HEOMHOPOTHOCTH B  HWOHOC(HEPHOM  BOJHOBOJE MOXKET CYIIECTBOBAThH
TOpU30HTAIbHAS HEOAHOPOIHOCTh. B yacTHOCTH, M3MEHEHNE KOHCTAaHT PaCIpPOCTPAHECHHSI BIIOJIb TPACCHI TI0
Iyre OOJBIIOTO Kpyra MOXKET OBITh CIEACTBUEM JMOO TOPU30HTAIBHOH WM3MEHYMBOCTH HOHOCHEPHI,
BO3HUKAIOIIEH M3-32 HEMOCTOSHCTBA MPOBOIAMMOCTH TOYBBI H/WIIK €€ MUAIICKTPHUECKON MPOHUIIAEMOCTH,
60 pe3yabTaTOM W3MEHEHUH HANpsHKEHHOCTH M OPUEHTAIMK TeOMarHUTHOTO ToJs. B Tex ciydasx, korma
BOJIHOBOJl 3eMIIs-MOHOC(epa HE MOXKET CYHTAaThCS TOPU3OHTAIBHO OJHOPOJHBIM BJOJb TPACCHI
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pacnpoCTpaHCHusd, s CYMMHUPOBAHUSA MOJ HCIIOJIB3YCTCA MOJACIb WKB. DOra MOACIb TOYHA, KOoraa
HU3MCHCHHUA ITapaMETPOB MO ITPOUCXOIAT BAOJIb TPACChl JOCTATOYHO MCJICHHO.

B oTtHOmIEHNN K03(pPUIMEeHTOB BO30YKACHNUS M BHIMTPHIIIA 332 CUYET BBICOTH ypaBHeHHs cymmapHoi WKB
MOJIbI MOXKHO 3aITUCaTh B BUJC (DYHKIIMU TaTbHOCTH PacpOCTPAHCHUS.

Ecau Tpaccy pacnupocTpaHeHHS MOXXHO CUMTATh MOPU30HTAIBHO OJHOPOAHOW IO BCEW UIMHE, YpaBHECHHE
HaAMHOTO ynpomaeTCﬂ .
T R T .R T .R T _R
A=A [A—=r—=|ulra—=r= |, aTake | S — =S5~ (41)
v vV B B E E n n
U MOXKET 6I)ITI) HUCIIOJIB30BAaHO IJIA pacqua HOJ'IGI71 MHOTOMOJI0BOI'O paCHpOC’I’paHeHI/IH Ha OHq n Hq 3TI/IMI/I
ypaBHeHI/IﬂMI/I MOXHO TAaKX€ IIOJIb30BATHLCA HaA KHq OHHaKO HN3-3a MaJbIX CKOpOCTeﬁ 3aTy'XaHI/I$I, KOTOpI)Ie

XapaKTepHbI I HIKHeH JacTu auanazoHa KHY, MokeT BO3HWKATh CylieCTBeHHAS MHTEPHEPEHIINS MEXKITY
CUTHAJIAMH, PACIIPOCTPAHSIOIIMMUCS 110 JJIMHHON U KOPOTKOH Tpacce.

4.3 CymMMupoBaHue MO/ METOI0M HX MPe00pa3oBaHusA

J1a ycImoBHit pactipocTpaHeHHS, TTPH KOTOPBIX HENb3sl CHUTATh, YTO CBOMCTBA BONIHOBOA 3eMIIsi-HoHOC(hepa
MEHSIFOTCS. MEJUIEHHO, HE00XO0IMMO HCIIONIb30BaTh METOIBI NpeoOpazoBaHusi MoA. [IpumepamMu cHUTyaIuid,
KOTJa [Uls pacueTa 3HAYeHUM HANpsHKEHHOCTH MOJIsI TPeOYTCs MpOLeaypbl MPeoOpa3oBaHUs MOJ, CIIY>KaT
nepeaayd BIOJb O0JacTH TEPMHHATOpPa B JHEBHOG-HOYHOE BpeMsl WJIM CIydad, KOTAa Ha Tpacce
pacnpoCTpaHEHUs] BCTPEYAIOTCS CYIIECTBEHHbIE M3MEHEHHUS MPOBOAUMOCTH 3E€MHOM IOBEPXHOCTH,
HalpuMmep, Kak IpU IMepexoje OT Cyln K Mopro. Mozens mpeoOpa3oBaHus MOJ MO3BOJSIET Y4eCThb J11000e
MIPOM3BOJIBHOE YUCIIO U MOPSIOK MO 110 00€ CTOPOHBI OT HEOTHOPOAHOCTH B BOJHOBOE. C IOMOIIBIO 3TOH
MOACIIN MOXHO TaKXKE€ pacCUuTaTb KaK TOPHU3OHTAJIbHBIC, TaK W BCPTUKAJBbHBLIC COCTaBJIAIOLIUC
3NIEKTPUUYECKOTO TI0JIS Ha JIE000M BBICOTE B BOJIHOBO/IE.

ITporpamma npeodpaszoBanust Moz (cM. ccouiku B AGARDograph No. 326, ed. J. H. Richter, p. 40-62, 1990)
OCHOBaHa Ha CIIOMCTOM MOJeNu, TNOKa3aHHOW Ha pucyHke 26. Ilpenmomaraercsi WHBapHAHTHOCTH B
HaTpaBJICHUH y, & OTPAXKEHWEM OT TOPU3OHTAIBHBIX HEOJHOPOJHOCTEH mpeHeOperatoT. brnaromaps atum
MPEANOJIKEHUAM U TPEINOIOKECHUI0 00 €MHUYHON aMIUIMTY/IE BOJHBI MOJbI K, mamaromieir B oOnactu

nepenatanka (ciaor NTR), 0000meHHBIH KO3(pUIMEHT NpeoOpa3oBaHUsS MO/ akp Ui P-rO  Clios,
C MMOMOIIBI0 KOTOPOT'O OCYIIECTBISCTCS TpeoOpasoBanne K-l MOABI B j-F0, MOXHO BBIPa3UTh Yepe3
K03(hGHUIHEHTHI pepLyiiero, (P + 1)-ro ¢os u 3anucarth B BUJIE:
j 1
pyp.p _ bR+
Zaikln,j — 'nk st p=NTR-1
j=1
(42)
j 1 1 1
_ p+ H p+ p,p+
= al ik sPr(x, —xp. |12 it 1<p<NTR-1,
j=1
rIe:
1
i- (D%
K: BOIHOBOE YHCJIO B CBOOOIHOM IIPOCTPAHCTBE;
Sj:  cuHyc j-ro cOGCTBEHHOTO yIia Ui P-TO CIIOS;

j: oOree 9nCIIO MOJI, KOTOPBIE CYMTAIOTCS BAKHBIMH JIJISI OTIPEIEIIEHHST OOIIIErO TIOJIS.
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KpuTHyeckuM MOMEHTOM IpH PEIICHUU CUCTEMbI ypaBHEHUIT (42) sIBIsITCS OLICHKA HHTETpaia;
o0
mp _ mt ~p
k™ = jAj G, dz, (43)
—00
rae t 06o3HauaeT KOApPUUMEHT COCemHero yuactka, a G P_ YETBHIPEXIIEMEHTHYIO MAaTPHILY-CTOJIOEI

BBIUTPBIIIA 3@ CUCT BBICOTHI JUISI KOMIIOHEHT Y U Z HANPSHKEHHOCTH JICKTPHYECKOT0 W MArHUTHOTO TIOJIS
K-if MOZIBI B P-M c10€.

m
Yien Aj MIPEJICTABISIET COOON YETHIPEXIINEMEHTHYI0 MaTPHUILy-CTOJIOCI] BRIMUTPHIIIEH 32 CYET BBICOTHI IS
COOTBETCTBYIOIET'O COCETHETO YIacTKa BOJIHOBO/A.

PUCVYHOK 26
Mopesb npeodpa3oBaHusi MOJ
Z
\
—
| \
| | \ \
| | [ \
! \ o2 1
b I NTR \ } }
\ [ \ \
MooM-1 0 T\U AV, | |
| | | |
XM_1 XMTR X5 X1 X

0684-26

OmsATh, Kak M B Clly4ae MpoLeaypbl CyMMHpPOBaHHA Moj ¢ mnomombio monenu WKB, pacuetst
HanpsOKEHHOCTH TIOJIST MOXHO TPOBOAWUTH JUII BO30OyIOUTENedl B BHUAE OSICKTPUYECKOTO UMONS C
MIPOM3BOJIPHON OpHEHTAIIMEH, PacToiararoInxcsl Ha J000W BBICOTE BHYTPH BOIHOBOAA. Takum oOpa3om,
MOXKHO paccMarpuBarh mpoOsiembl pacnpoctpanenns OHY/HY BomH Ha Tpaccax BO3AyX-BO3IYX,
3eMIISI-BO3/1yX WJIU BO3AYX-3€MJISl B TOPU30HTAIBHO HEOJHOPOJHOM BOJIHOBOJIHOM KaHaje.

B npouexnype npeoOpa3oBaHus MOA UMEIOTCS [iBa PA3IMUHBIX BapuaHTa. [lepBhlii MO3BOJISIET pacCUUTHIBATH
noJie (aMIIUTyRy u (azy) B 3aBUCHMOCTH OT JTBHOCTH JUIsl QUKCUPOBAHHOTO TMOJI0KEHUSI TOPU3OHTATEHON
HEOJTHOPOIHOCTH. BTOpPO# MO3BOJNIAET pacCUMTHIBATH IOJIE B PAa3IUYHBIX TOYKAaX MpHEMa Ha Tpacce BIOJIb
Oyru OOJBLIOrO Kpyra B 3aBUCHMOCTH OT IIOJIOKECHHUS! TOPU30HTAIBHOW HEOAHOPOTHOCTH (3TOT BapHaHT
MIOJIE3€H TOJBKO B TOM CIIydae, €Clii IPOBOJMMOCTH 3€MHOM IOBEPXHOCTH M T€OMAarHUTHBIE MapaMeTphI
WHBapHaHTHBI BJOJb TPAcChl). AMIUINTY/Ia BeIpakeHa B 1B BbIIE MUKPOBOJIBT HA METP IS H3ITydaTers
MomHocThio 1 KBT, a (haza — B rpagycax 1o OTHOLIEHHUIO K CBOOOJHOMY IPOCTPAHCTBY.

4.4 ITapameTpsl HOHOCEPBI

[Tapamerpamu wnoHOC]EPH, HEOOXOAMMBIMU [UId pacyeTa 3HAYEHWH HANpsDKEHHOCTH TMONs  Ha
KHY/OHY/HY, sBistoTcst cinepyromue Npoduin, 3aBUCSAIIME OT BBICOTHI MOHOchepbl, Z. 3TO mpoduib
KOHIICHTPAIMH 3JIEKTPOHOB, PO(HIN KOHIIEHTPAIUH TTOJIOKUTEIBHBIX W OTPUIATEIBHBIX HOHOB, MPOQIIH
YacTOThl CTOJIKHOBEHHH 3JICKTPOHOB C HEWTPaJbHBIMH YaCTHIAMH W TPO(UIM YaCTOTHl CTOJKHOBEHUH
MOJIOKHUTENbHBIX M OTPULATEIBHBIX HOHOB C HEUTPaIbHBIMH YaCTHIIAMH.
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y,I[O6HI>IM napamMeTpoM, OCHOBAaHHBIM Ha BbIIICHA3BAHHBIX HpO(I)I/IJ'ISIX, SABJIACTCA IMIPOBOAUMOCTD I/IOHOC(l)CpLI,
Oy, KOTOpas 3aBUCUT OT BBICOTLL Z. 9T1oT nmapaMeTp OIUCBIBACTCA BBIPAKCHUCM!

03 (2) ¢ N, (@) L N@ N

"D T mv@ mv. @ ny @) )
rae:
®p (Z): niasMeHHas 4acToTa;

Q: 3apsm dNeKTPOHa;

€. AMAICKTPUYECKasi MPOHHUIAEMOCTh CBOOOIHOTO MIPOCTPAHCTRA;

Ve ! 4YacTOTA CTOJKHOBEHHUH JIIEKTPOHOB C HEMTPAIBHBIMH YacTUIAMH (C1);

V, ! 4YacToTa CTOJKHOBEHHUIl MOJIOKUTEIbHBIX HOHOB C HEUTPAIbHBIMU
yactuiamu (¢ l);

V_:!  4acToTa CTOJKHOBEHMH OTPUIATENBHBIX HOHOB C HEUTPAIBHBIMU YacTUIiaMu (C1);

Ne:  KOHIEHTpalus SIEKTPOHOB (CM °);

N, : KOHIEHTpAIHs MOJOKUTEIbHBIX HOHOB (CM °);
N_: KOHIEHTpalHus OTPHIATEIbHBIX HOHOB (CM );
Mg :  Macca 3JeKTPOHa;

M, : Macca HOJ0XUTENbHBIX HOHOB;

m_: Macca OTpULATCIIbHbIX HOHOB.

B GonpmmucTBe ciydaeB pacnpoctpanenus Ha OHY unum HY HeoOXxoanMo y4uMTBHIBaTH TOJNBKO MPOQHIN
KOHIIEHTPALIMM 3JIEKTPOHOB M YacTOThl CTOJIKHOBEHUH 3JIEKTPOHOB C HEUTpaJIbHBIMU YacTHLAaMH. B 3ToMm
cllydae mapameTp MpOBOJUMOCTH, ®y (Z ), MOKHO 3alHMCaTh B SKCIIOHCHIIHAILHOM BH/IC:

or (Z)=o0exp [B(Z-H], (45)
rue:
B: mapamerp rpagueHTa B eAMHHUIAX 0OPaTHOW BBHICOTHI, H
H': osTanmoHHas BeICOTA.

Torma mnapamerpamu uoHOc(hepbl, HEOOXOAMMBIMH B KayecTBE HWCXOJAHBIX JUISI MYJIBTHMOJIOBBIX
KOMITBIOTEPHBIX TIPOTPAaMM, SIBISIOTCA MPO(QHIb KOHLIEHTPAIMH SJIEKTPOHOB M MPOodmib 3((heKTHBHOM
YaCcTOTHI CTOJIKHOBEHHUH DIIEKTPOHOB C HEHUTPANBbHBIMH YaCTHIAMH. DTH WIEHBI MOTYT OBITH BBIPaKEHBI B
BHJIE SKCIIOHEHIMAIBHOM 3aBUCMOCTH OT 4aCTOThI M ONPEAENIOTCs napamerpamu B (km ) u H' (km).

Benmuuna konnentpamun 31ektpoHoB N (Z), (on/cm®) paccumTeiBaeTcs Kak (QyHKIUS BHICOTBI Z (KM)
C TIOMOIIBIO YPaBHEHUS:

N(Z) = {1,43 x 107 x exp (0,15 H")} {exp (B —0,15) (Z—H'} a/cm3 (46)
[Tpoduns 9acTOTH CTOTKHOBEHUH, UCTIOIB3YEMBIH IS pacdeTa, UMEeT BU:
v(Z)=voexp(~aZ), (47)

re:
Z: BbIcOTA (KM);

vo: 1,82 x 10" cTonkHOBeHMIi/C;

o: 0,15xmL
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Coueranue KOHIICHTpPAIIMM JJICKTPOHOB M 4YacTOTHl CTOJIKHOBEHHMH JHaeT mpo(uib MPOBOAMMOCTH
noHOC(EPHI B BUIE:

or (Z)=2,5x105exp [B (Z - H)] (48)

HecomHeHHas monb3a Takod Mojeld HOHOC(Ephl 00BSICHICTCS MPOCTOTOW €€ MPUMEHEHUS U YCICIIHBIM
MOJICTTUPOBAHKEM C €€ MOMOIIBI0 IKCIICPUMEHTAIBHBIX JaHHBIX U3MEPEeHUH. 3HaueHus mapametpoB 3 u H’
OTPENEIISIOTCS IyTeM CpaBHEHHUS PE3yJbTaTOB M3MEPEHUH C TEOPETHYECKMMU pacueTaMu |
COOTBETCTBYIOIIEH KOPPEKTHPOBKH TIAPAMETPOB 3THUX pACUYETOB C IENBI0 JOCTHKECHHSA IPHEMIIEMON
coracoBaHHOCTH. CpaBHEHUE MOXHO OCYIIECTBUTH HanOoJiee MPOCTHIM CIOCOOOM, €Ciii coOOpaTh JaHHBIC
M3MEPEHUI B OOJBIIIOM YHCIIE TOYEK Ha TPacce PacIpOCTPaHEHUs BIOJbL IYTd OOJBIIOTO Kpyra, KOTopas
BKITIOUAET repenaTirk. Jlerde Bcero codpats Takue JaHHBIE HA OOPTY BO3AYIIHOTO CYAHA.

Boobme rosopsi, cienyer cuuTarh, YTO MOJEIH MOHOC(EpHI, MOJyYCHHBIE ¢ OMOIILI0 ONMCAHHOW BBIIIE
NpOLEAYphl, OMNHCHIBAIOT YCPEAHEHHYI0 HMOHOC(Epy, TIOCKOJIbKY B TIPOLIECCE MOJCIUPOBAHHS
MPEANoNaraeTcsi, YT0 HOHOcdepa OCTAETCsl CTATUYHOH B TEUYEHHE JII0OOro HeproAa IoJieTa BO3AYIIHOIO
cyaHa. B mponenype MOATOHKM AaHHBIX [ENAeTcsl MOIBITKA HAMTH CXEMY BBIYHCICHHMS aMIUIMTYABI B
3aBUCHUMOCTH OT PACCTOSHHUS, KOTOpas COINIACOBBIBaJach Obl ¢ KPYMHOMACIITAOHBIMH XapaKTEPUCTHKAMU
HU3MCPCHHBIX JaHHBIX. HOE)TOMy MHOTI'HU¢E HC6OJ]I)]_HI/IC HN3MCHCHUSA aMIINIUTY bl YCPCIAHAIOTCA. BOSMO)KHO, qTo
B HEKOTOPBIX Ciyd4asx OyayT HalaeHol mnpodunm, obecreunmBaromue Oollee TOYHOE COOTBETCTBHUE
pe3ysibTaTaM HM3MEPEHHUM, HO OTJIMYArIIUecs: Ooyiee CIOKHON (OpPMOIA, YeM DKCIOHCHIHANIbHAS, OJHAKO,
MOCKOJIBKY CYHMTAETCs, YTO TPAacChl PacIpOCTpPaHEHHsS HMEIOT JOCTATOYHO OOJBINYI0 AJHHY, TO JIIOOOH
npo¢uib, Jydlle BCEr0 COOTBETCTBYIOLIMM 3KCIEPUMEHTAJIbHBIM AAaHHBIM, (akTHYeCKH OyIeT CpeaHHuM
npoduIeM Ui TPacChl B LIETIOM.

AHanM3 HMEIOUINXCA Ppe3ysbTaTOB HW3MEPEHMH TO3BOJSET MPEUIOKHUTh HCIONb30BaTh CIEAYIOLINe
napameTpbl Ui MporHo3upoBaHus pacmnpoctpaHenuss Ha OHU/HY. B nHeBHOoe BpeMsi CyTOK Ha Bcex
HIMPOTaX U U BCEX CE30HOB Mcmob3yiiTe 3HaueHus 3 = 0,3 u H' = 74. B HouHOe BpeMs XapaKTepUCTHKU
noHocdepsl UMEIoT OoJiee CIIOKHBIN XapakTep, MOCKOJbKY [3 MEHSIETCsl IMHEHHO B 3aBUCHUMOCTH OT YaCTOTHI
ot 0,3 ma vacrote 10 kIt o 0,8 Ha wacrote 60 kI'1. Ha HU3KMX M CpEeTHUX TE€OMArHUTHBIX IIUPOTAX
noHocepa B HOYHOE Bpemsi XapakTepusyercsi 3HaueHumeM H’', paBHbIM 87 kM, TOrza Kak B 00JacTh
nosisipHBIX mWHpoT H' paBHO 80 kM. 3HaueHUs ATHX MapaMeTpoB nepenayn Ha yactore 30 kI nmpuBeaeHsI B
tabnuie 3. B 370l Tabnuie moka3aHbl MepeXxo/ibl, KOTOPhIe MPOUCXOAMIN Obl Ha TUIIOTETUYECKOW Tpacce,
MIPOXOJSAIIEH Yepe3 MOII0C, IPU CMEHE JTHS Ha HOYHOE BpEMSI.

TABJIMIIA 3
Ilepexoanbie mapaMmeTpsl HOHOChepHOro mpoduis Ha yacrore 30 kl'y
CoJiHeYHbIHi 3eHUTHBIH H’ ¥Yrojg MarHuTHOro
yroa, ¥, p (k™M) HaKJIOHeHus1, D
1 <90,0 0,3 74,0 D<70
90,0 <y <918 0,33 76,2 70<D<72
91,8<y%<93,6 0,37 78,3 72<D<74
93,6<y <954 0,40 80,5 74 < D <90 (momroc)
954 <y <972 0,43 82,7 72<D<74
97,2<%<99,0 0,47 84,4 70<D<72
99,0 < % < (HOUBIO) 0,50 87,0 D <70

Ha pucynke 27 moka3zaHbl XapaKTepHbIE COOTHOIICHHSI B 3aBUCHMOCTH OT HEKOTOPHIX 3KCIIOHEHIIMAJIBHBIX
npoduieil 1y THEBHBIX YCIOBHiL, @ HA pUCYHKE 28 — 1J151 HOUHBIX.

[Mpodunu KOHIEHTpALMU 3JIEKTPOHOB M HOHOB, MPEJIOKEHHBIC IS PACIIPOCTPAHCHHS BOJH B JHAIa30HE
KHUY, noxazansl Ha pucyHke 29.

[pemiaraembie mpoduTM 9aCTOTHI CTOKHOBEHUI AIIeKTpOHOB 1 MoHOB Ha KHY npuBeneHs! B Tabmuiax 4 u 5.
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PUCYHOK 27
JlHeBHBIE NPO(MIN KOHIEHTPALUH YIeKTPOHOB U NPO(UIb YACTOThI CTOJIKHOBEHHIL
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PUCYHOK 28
Hounble npo¢uu KOHIEHTPALMH 31eKTPOHOB M NPOQUJIbL YACTOTHI CTOJKHOBEHHIH
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PUCVYHOK 29
JlHeBHBIE M HOYHbIC NPO(HIN PA3JIMYHBIX 31€MEHTOB OKPY KAIOLIel cpeabl
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HOYE 0684-29
TABJIMLIA 4
YacToTa CTOJIKHOBEHHMIi 2JIEKTPOHOB M HOHOB B HOHOC(epe B ¢
B 3aBUCUMOCTH OT BbICOTHI B THCBHOC BPeMsH CYTOK
BeicoTa
(M) JIeKTPOHBI Mono:kuTebHbIE HOHBI | OTpuLAaTEbHbIE HOHBI
260 6,6 x 102 1,02 1,02
230 5,3 x 102 2,00 2,00
210 4,8 x 102 3,10 3,10
200 5,0 x 102 4,00 4,00
180 6,0 x 102 1,30 x 10 1,30 x 10
170 8,0 x 102 2,40 x 10 2,40 x 10
150 1,6 x 10° 9,00 x 10 9,00 x 10
120 1,0 x 10* 6,00 x 102 6,00 x 102
100 3,9 x 10% 1,60 x 10* 1,60 x 10
0 4.3 x 101 2,14 x 1010 2,14 x 1010
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TABJIMLIA 5

YacToTa CTOJIKHOBEHHI 3JIeKTPOHOB ¥ HOHOB B HoHocdepe B ¢!
B 3aBHCHMOCTH OT BbICOTHI B HOUHOE BpeMsl CYyTOK

B](’:c(l:\;);‘a 3JIeKTp0HbI Ilono:kuTeIbHBIE HOHBI OTpl/IlIaTeJII)HI)Ie HOHBI
250 1,05 x 102 4,50 x 10 4,50 x 10
225 3,50 x 10 9,00 x 10 9,00 x 10
220 3,00 x 10 1,00 1,00
210 3,30x10 1,30 1,30
200 4,50 x 10 2,00 2,00
150 1,60 x 10° 4,50 x 10 4,50 x 10
120 1,00 x 10* 3,00 x 102 3,00 x 10?
100 3,90 x 10* 8,00 x 10° 8,00 x 10°

0 4,30 x 10 1,07 x 10% 1,07 x 10%°
4.5 I'eomarauTHbIE M reopusnyecKre NapaMmeTpol

Jpyrumu mapamerpamu, HEOOXOIWMBIMH JJIsi pacdera ypoBHed curHanoB Ha KHUY/OHY/HY, sBmsroTcs
napamMeTpsl, XapaKTepU3yIOLe OPUCHTALMIO M HANpPsDKEHHOCTh MAarHUTHOTO IMOJISL 3€MJIM BIOJb TPAcChl
pacmpocTpaHeHHs, a TakKe IapaMeTpbl, IOKa3bIBAIOUINE BEIWYMHY KOMIUIEKCHOM HAJIEKTPUYECKOMH
MOCTOSIHHOM 3eMHOM IMOBCPXHOCTHU B 3aBUCUMOCTHU OT YaCTOTHI paCpOCTPAHCHU .

[TapameTpsl, ONMUCHIBAIOIE MAarHUTHOE IOJIE€ 3€MIIM, — 3TO BEJIMYMHA T€OMAarHWTHOTO MOJISI, MATHUTHBIN
a3uMyT (B Trpagycax K BOCTOKY OT CeBepa) HalpaBlIeHHsS paclpOCTPaHEHUS W YroJl HaKJIOHEHHS,
W3MEPEHHBIN OT TOPU30HTAJIBHOM COCTaBJIAIOMIEH (COBMAJAIONIe C HAaKJIOHEHHEM) BEKTOpa MarHUTHOTO
oJisl. DTH MapaMeTphbl M3MEHSIOTCSA BAOJIb TPAacChl pacHpOCTPaHEHHs, U COOTBETCTBYIOIUE H3MEHEHHS
yutessl B hopmyinax WKB-monenu unm npeoOpa3oBaHus MOJ,.

KoMiuiekcHas oTHOCUTEIbHAS AUBJICKTPUYICCKAad IMPOHUITAEMOCTDb 3CMJ'II/I, Ng, OIpPEaCIACTCA KaK:

Ng:slso—ii, (49)
o &g

rue:
0: mIpoBOAMMOCTB MOYBBI;
€/g,.  OTHOCUTEJBHAs AMIIEKTPUYECKAs IIPOHUIAEMOCTD II0YBBI;
€y. JUIJIEKTpHYECKas INPOHUIIAEMOCTh CBOOOIHOIO IPOCTPAHCTBA;
®:  yrioBas yacToTa pacnpoCTPaHEHHUSI.

B Ta6m/1ue 1 npeaCTaBJICHbI pPCKOMCHAOBAHHBIC 3HAYCHUSA OTUX TAPAMETPOB.

5 Oobcy:xnenne

MeToapl CKauKOBBIX W BOJIHOBOIHBIX MO, TIOJPOOHO OMUCAaHHBIC B HACTOSAIIEH Pexomenmaruu, ciemyer
HCIIOJIB30BaTh IJId IMPOTrHO3UPOBAHUA HAIIPSXKCHHOCTH IOJIA Ha 4aCTOTaX HUXKE IMTPUMEPHO 150 KFH, IIOKa HE
OyAyT Tpe/UIOKeHBl Ooliee  COBEpIICHHBIE METOJbL. XOTS BOJIHOBOJHO-MOJIOBas  MporpamMma
pacnpocTpaHeHHs, IOJPOOHO OINHUCAaHHAas B HACcTOsAlIeH PexkoMeHmaluu, MOMKET MCIIOJIb30BaThCA IS
nporao3upoBanus HamnpsokeHHOCTH moiist Ha KHY (ot 50 I'm mo 3000 I'm), mis HWKHEH YacTH 3TOTO
JMara3oHa pa3pa0oTaHbl 00JIee IPOCTHIE METOIBI.
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Kpatkoe o0cykneHre BOPOCOB, CBA3aHHBIX C TOYHOCTHIO JAHHBIX METOJIOB, IPUBOAUTCS B [Ipunoxenun 2.
B Ilpunoxennnt 3 MOXHO HAWTH psAJ WHTEPECHBIX PE3yIbTATOB, IOJYYEHHBIX IPH HWCIOIH30BAHUH
MPOTPaMMBI IPOTHOZUPOBAHUS PACIIPOCTPAHEHHSI HA OCHOBE BOJIHOBOJHOW MOJIBI, KOTOpPBIE MOATBEPKIAIOT
MOJIE3HOCTh 3TOW IPOTPaMMBI.

IMpuaoxenue 1

IIpumep moJIHOr0 pacyera aMILIMTYAbI U (pa3bl MOJIs
¢ IOMOIBI0 CKAYKOBOI'0 METO/1a, ONMCAHHOIO B II. 2

[lyctp HEOOXOAMMO paccUYUTaTh OXKHUIAEMYI) HAIPSDKEHHOCTh TOJS B JIHEBHOE BpPEMS CYTOK, JIETOM,
B MIEPUOJI MUHUMYMa COJTHEYHOT'O IIUKJIA MPU UCIOIH30BAHUU B KAYECTBE MEPEAAIONICH U MPUEMHON aHTCHH
KOPOTKOTO BEPTUKAIBHOTO JIUTIONS M COOMIOACHHUU CIICAYIONINX YCIOBHIA:

JlnvHa Tpacchl d=1911 xm
Yacrora f=80 kI
{(5 =2x10"° Cw/m
XapaKTEepUCTUKH MeCTa PacIoNIOKEHHs TiepelaTunKa Ha 3eMIle
e=15¢,
6 =5CvwM
XapaKTepHCTUKN MECTa PacIioiI0KeHHs IIPHEMHHKA HA MOpe 80
e=80¢,
N3nyyaemast MOIIHOCTb pt= 0,4 kBt
[TocneroBaTenbHBIC 3TAIBl pacueTa CIeIyIOIINe:
Oman  Ilapamempol Pucynku  Paccuumvisaemule unemnvl 3nauenusn
1 =0,4 xBr _ =190B
bt V, =300,/0,4
2 d=1911&m 2 v ~—0,36°
i =81°
3 v =-0,36° 8 Ft =0,36
4 v =-0,36° 7 Fr =0,67
5 d=1911xkm 4 L-d = 46 MKC
¢ =3 x 105 km/c L=1911+(46x10%x3x10% =1925«km
6 d=1911xm 5 D =2,16
7 f=80«I1 f cos i =80 cos 81° =12,5kl
i =81°
8  fcosi = 12,5 kI'n nenp 10 IR =0,11
MHHUMYMa
COJIHEYHOH
AKTUBHOCTH
(meto)
9 Es =11,4 x 103 MB/m
10 h =70 km (neHn) 4 JuddepennuanpHas BpeMeHHAS =67 —47
h =90 kM (HOYb) 3a/1epXKKa =20 mMKc
d=1911 xm (1 ckauok) = 1,6 ukia
(T. e. 576°)

Ha yactote 80 kI'11
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IIpunoxenue 2
ToyHocTh METON0B

[TockonmpKy CKauKOBBIA MeTOHN ObLT pa3paboTaH B OCHOBHOM C HCIOJIB30BAaHHMEM JaHHBIX HAOIOIEHUIN Ha
cpeanux muporax B Paiionax 1 m 2 MCD, ero Heo0X0IMMO MPOBEPUTH Ha BCEMHUPHOW OCHOBE. BbiIo
HalJEeHO, OJTHAKO, YTO 3TOT METOJ MO3BOJISIET MOIYYUTh NMPOTHO3 MEANAHHOTO 3HAYEHMs HaNpsSKEHHOCTH
IoJIsI Ha BBICOKHMX IMHpOTax B PafioHe 2 ¢ mpuemiieMod TOYHOCTBIO. JIaHHBIA CKAYKOBBI METOM MOXKHO
MCToNb30BaTh B quanaszone HY ma gacrotax mexay mpumepso 60 xI'mu 150 kI m.

[Ipu ucnonp30BaHUM 3TOTO METOAA HEOOXOIMMO NMPUHUMATh BO BHUMAHHE MEXaHHM3MbI PACIpPOCTPAHCHHUS
3emHOil BonHBI (Pexomenmamms MCO-R P.368), a Tarxke wH(bOpMaIuio, coaep)Kamlylocss B Ha3BaHHOMN
Pexomenmanmu u CrpaBounnke MCD-R mo moHOChepe n ee BIMSHHIO Ha PacrpoCTpaHeHHE PaarOBOIH,
KOTOpasi HO3BOJISIET YUECTh OMPAaBOYHBINA KOA(PPHUIMEHT aHTEHHBI B BEPTUKAIBHOM TIOCKOCTH.

MGTOI[ BOHHOBOI[HOﬁ MOJAbI MOKHO HCITIOJIB30BaTh IJIsA HpOFHO?)I/IpOBaHI/I)I HaHpﬂ)KeHHOCTI/I I10JI1 HA 4aCTOTax
no npumepHo 60 kI'1, mpuHsSB 3HaueHHe HOHOC(HEpPHBIX mapamerpoB B/H’ Tpacc s THEBHOrO BpeMEHH
cyrok paBHeiM (,3/74, moka He OyAyT MOIyYEHBI AOMOIHUTEIBHBIC PE3YNbTATHI, YIUTHIBAIOIINE BIHSHHC
BPEMEHH T0/1a, COTHEYHON aKTUBHOCTH M 4acTOTHI. bonee mompoOHast MOJENb TSI HOYHOTO BPEMEHH CYTOK,
0Tpa>i<a101uaﬁ (I)YHKHI/IOHaJII)HYIO 3aBUCUMOCTh OT 4YaCTOThbl H HII/IpOTbI, HpI/IBeILCHa B HaCTOHHIGﬁ
Pexomenmammm.

[TockonbKy HMKHEHM TpaHHMLIEM BOJHOBOJA SIBIAETCA 3€MIIsl, KapTa MPOBOJUMOCTH MOYBBI BO BCEMHUPHOM
Macmtabe (Hampumep, Pexomenmamumss MCDO-R P.832) nmomkHa BXOAWTH B BHJIE COCTaBHOM YacTH B
nporpaMMy, pa3paOOTaHHYIO Ui BCEMHPHOTO TNpHMEHEeHWs. KapTa MpoBOAMMOCTH TIOYBBHI, KOTOpas
B HACTOsAIIEEe BpPEeMs HCIOIB3YyEeTCS B MPOTpaMMe MPOTHO3UPOBAHUS PACIPOCTPAHEHUS IJIMHHBIX BOIH B
BoiHoBogax B CoenuHenHbix Illtatax Amepuku u KaHaze, B OCHOBHOM OCHOBaHAa Ha T€0JOTHYECKUX
XapaKTepUCTUKAX.

AnpTepHaTHUBHBIE METOABI pacdeTa 3Ha4E€HUM HAIpsDKEHHOCTH MoJs B HouHoe Bpems Ha HY wu Bbime no
gactotsl 1705 kI’ mpuBenens! B CnpaBounnke MCD-R 1o noHocdepe n ee BIUSHUIO Ha pacpOCTpaHEHUE
paanoBonH. Cienyer MpOBECTH B3aUMHOE CPAaBHEHHE PE3yJbTaTOB, MOJYYEHHBIX C TOMOIIBIO METOJa,
MPEMIOKEHHOTO0 B Hacrosmied Pexomenmamuu (CKauykoBBIH MeToN). EcTecTBEeHHO, YTO pe3yibTaThl
MIPOTHO30B HANPSHKEHHOCTHU TOJIS, MOIYYEHHBIE C ITOMOIIBIO albTEPHATHBHBIX METOMOB, UIS OJUHAKOBBIX
YacTOT ¥ PACCTOSTHUIA JOJDKHBI OBITh COTIOCTABUMBI.

HY mpocTtpaHcTBEHHBIE BOJHBI, paCIPOCTPaHSIONINECS B JHEBHOE BpeMs 3UMOi1, 110 MeHblIeil mepe Ha 20 1b
CHWIbHEE, YeM JIeTOM, W MOryT ObITh Jmmb Ha 10 b Hmwke 3HaueHwil ans HouHOro BpemeHu. HY
MIPOCTPAHCTBEHHBIE BOJIHEI CHIIbHEE B HOYHOE BPEMsI JIETOM M 3UMOM, HO ciia0ee BECHOW U OCEHBIO. Y POBHH
HaIpPsKEHHOCTH TOJISI POCTPAHCTBEHHBIX BOTH Ha HY, oTMedeHHbIE B cepelnHe JHsI, MOTYT OBITH BeChMa
3HAYUTEIFHBIMUA, OCOOCHHO B 3MMHHE MecsIbl. ['0/0BbIe MenuaHHBIE 3HAYEHWS HAIPSDKEHHOCTH TOJNS B
THEBHOE BpeMs 00brdHO Ha 20 nb HWke, YyeM JUisi HOYHOTO BpPEeMEHHU. [[OTOTHUTENbHbIE MHCTPYKIIMUA CM.
TaKkKe B YIIOMSHYTOM BhIlie CIipaBOYHUKE.

CKauKOBBI METO/ MOXKHO MCIIOJIB30BaTh ISl MPOTHO3MPOBaHMs HanpspkeHHocTH noiist Ha CH u HY Brote
no dacrtor mopsaka 60 kI'm. Merox BOTHOBOAHOM MOABI HCHONB3YyETCA M  MPOTHO3UPOBAHUS
HanpspkeHHocTH Tonst B auanazonax OHY w HY mpm orpanndennn mo wacrore a0 mpumepHo 60 kI
Ha pucynke 29 nokazana HalpsiKeHHOCTB MO B THEBHOE BpeMs Ha dacTore okono 60 kI, momydeHHas ¢
MOMOIIBIO JBYX HAa3BaHHBIX METOJOB NPOTHO3UPOBAHUS (K COKAJICHUIO, B 3TOM CIy4dae OTCYTCTBYIOT
JaHHBIE U3MEPEHHH, C KOTOPBIMU MOKHO OBLIIO OBl CPaBHUTH PE3yNbTaThl MPOrHO30B). HenpepbiBHBIE THHUN
¢ moMeTrkamu "mero" u '"3uMma'", TOMyYEHHI C TOMONILI0 MPOTPAMMBI TPOTHO3MPOBAHUS IO METOIY
BOJIHOBOJJHOW MO/IbI, MCIIOJIb3Ysl TapaMeTpsl Ha pucyHke 26 mis aera (B=0,5 km 1, H' =70 kM) u 3uMbl
(B=0,3km?, H =72 xm). CBeTJIbIMK U TEMHBIMH KPYKKaMH 00O3HAYEHBI YPOBHHU HAIPSIKEHHOCTH OIS
JIETOM ¥ 3UMOH, COOTBETCTBEHHO, PACCUMTAHHBIE CKAYKOBBIM METOJOM. HWKaKuX TOIBITOK CriaanuTh
TaHHBIE B OOJACTH TEPEKPBITHS PACCTOSIHWW, TAE IMPOCTPAHCTBEHHAs BOJHA HAa OJHOCKAYKOBOM Tpacce
OTCeKaeTcss W HayMHaeT npeoliajgaTh NPOCTPAaHCTBEHHas BOJIHA Ha JBYXCKAadKOBOH Tpacce, He
HIPEANPUHUMAIIOCh. 3€MHasl BOJIHA II0Ka3aHa OTIEJIBHO.
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Metoa BOJTHOBOJHOM MOJBI MO3BOJSET pACCUUTaTh CyMMapHO€ IIOJe, CO3JaBaeMoe 3EMHOM U
MIPOCTPAaHCTBEHHON BONHOW. CKaYKOBBIA K€ METOJ JaeT OIEHKY aMIUTUTYABl JIUIIh MPOCTPAHCTBEHHOU
BOJHEL. [loaTOMY mpHM CpaBHEHHH pPe3yNIbTaTOB B CKAYKOBOM METOJIe HEOOXOAWMO Y4eCTh HAMpPSHKEHHOCTh
MOJIsI 3eMHOM BOJIHBI. METOJl BOJIHOBOJAHOW MOJIBI MCIOJIB30BAJICA JJII MPOTHO3UPOBAHUS HAMPSHKEHHOCTH
MOJII B 3aBHCHMOCTH OT pAaCCTOSHHUS IS pealbHBIX Tpacc, OepymmxX Havajo y THIOTETHIECKOTO
nepenaTinka B BaHKyBepe u mpoxopasmux ¢ 3amaga Ha BocTok uepe3 Kanamy m Coenmuennsie LlTaTs
Awmepuku. I[IpoBoguMOCTh TMOYBBI BJOJb TPacChl HM3MEHSAJACh. B CKaukoBOM MeTONE JenaeTrcs
MPENIOJIOKEHUE O TIOYBE CO CPEIAHEH POBOIMMOCTRIO BJIOJb BCEH TpacChl, paBHOH 3 M Cm/M.

B cooTBeTcTBHY CO CKAYKOBBIM METOJIOM Pa3HOCTh MEXAY JHEBHON HANPSIKEHHOCTHIO TIOJIS JIETOM M 3UMOM
yYMEHbIIIAETCS TMPpH yMeHbIneHud 3¢dextuBroir gactothl (f COSi). Pe3ynbraThl, MONydYeHHBIC IS ITOrO
B3aMMHOTO CpaBHEHHsS C TIOMOLIBIO MPOTPaMMBbl MPOTHO3MPOBAHUS PACHPOCTPAHEHHS IO METOAY
BOJIHOBOJTHOW MOJIBI, TIOKa3aJil 00paTHBIE CE30HHBIE M3MEHEHHA. B mporpaMMe MCTHOIb30BATMCH 3HAYCHUS
napametpoB (3/H’), npuBenennsie Ha pucyHke 27. CineqoBaTeqbHO, HAJO MPOSBIATE OCTOPOKHOCTD, O YEM
roBopuwiioch Bbiie. Ce30HHBIE BapHalUMKM MpeAcKa3aTh HEb3s, a 3HayeHus mapameTpoB [/H' mms Bcex
BpEMEH Trojla peKOMEHIyeTCsl IpUuHUMAaTh paBHbMHU 0,3/74.

Ipunoxenune 3

HexoTopble npuMepbl pacyeToB ¢ UCMOJb30BAHHEM METOAA
BOJTHOBOIHOM MOJBI

B nacrosimem IlpunoxxeHnu NpuBOAsATCS HEKOTOPBIE pacyueThl, IOATBEP K IAI0IINE TOT (PaKT, 4TO MporpaMma
MIPOTHO3UPOBAHUS PACIIPOCTPAHEHHSI PAJHOBOIH B BOJIHOBOAAX (CM. 1. 4.3) HO3BOJISET NOIYYNUTh 3HAYCHUS
HaIpPsHKEHHOCTH TOJIsI, KOTOPBIE BIIOJHE COOTBETCTBYIOT OKHMAEMBIM XapaKTEPUCTHUKAM paccMaTpHBaeMOn
Tpacchl (IIPOBOJAUMOCTD IIOUBHI) U €€ OPHEHTALNH 110 OTHOIIECHHIO K MAarHUTHOMY IIOJIIO.

Ha pucynke 31 nokazana 3oHa oxBaTa B (CeBEpHOM MNOJIyIIAPUM ISl THIIOTETUYECKOrO IEperaT4HKa,
paboraromero Ha OHY u pacnonoxeHHOro B rieHTpaibHOM yactu Kananel. PacyeTsl (HapsKEHHOCTD OIS
B 1b(MKB/M)) mpoBoamnmcek ans u3nmydaemoil MomHocTH 1 kBT Ha wacrore 24 k[1. 3ameTum, 4TO 3TH
XapaKTePUCTUKM B OCHOBHOM COOTBETCTBYIOT OXuAaeMbIM. llepemaunm ¢ BocTOka Ha 3amajy OTJIMYAIOTCS
Ooyiee BBICOKMM KadecTBOM, YeM C 3amaja Ha BOCTOK; CIIEyeT OTMETUTh HHTEPECHYI0 aHOMAJHUIO B
KOHTYpax HampspKEHHOCTH TIOJISI, KOTOopas SBJSeTCS CJIEeICTBUEM OYEHb HHM3KOW NMPOBOAMMOCTH TOYBHI B
I'pennangun. 3aMeTHO yBEIMUYEHHE HANPSHKEHHOCTH MOJisi Haja ['yA30HOBBIM 3aJIMBOM, YTO OOBSCHIETCS
OoJiee BBICOKOH IMPOBOAMMOCTBIO MOPCKOH BOJBI IO CPAaBHEHHIO C HU3KOM IPOBOAMMOCTBIO OKPYXKaroLIeH
3TOT 3aJIMB aPKTUYECKOMN 30HBI.

Janee crnenyer eme oAMH NMPHUMEp, MOKa3bIBAIOLINM, YTO MPOBOAMMOCTH IOYBHI BIOJb TPACChl B LIEIOM
SBIISIETCS. BaKHBIM (pakTopoM. B ciyyae ckaukoBoro Meroja BakHA MPOBOJMMOCTDH IOYBBI JIMIIL BOJIM3U
nepearomniei u npueMHoil antenH. Ha pucynkax 33 u 34 moka3aHbl KpUBBIE CITIPOTHO3WPOBAHHBIX 3HAYCHHUN
HaIMpsOKEHHOCTH TIOJS B 3aBUCHMOCTH OT PAcCTOSHUSA Ui Tpex dactor, 15, 25 m 35 klm, mis
THIIOTETHUECKON Tpacchl, Oepymiedi Hawano B [amudaxce m mpoxomsei Hax Kananckum mmrom u
MOJyOCTPOBOM YHTraBa, TIJe IOYBBl OTIMYAIOTCS HHU3KOM TIPOBOAMMOCTBIO (Tpacca OTMEYeHa Ha
pucyske 32). Huzkass mpoBOAMMOCTH MOYBBEI BIOJb ATOHM Tpacchl, mpoxonsmed Han KaHamackum muTom,
[0-Pa3HOMY CKa3bIBAETCS HA Pa3HBIX yacToTax. B THEBHOE BpeMs CYTOK Ha 3TOW Tpacce paclpoCTpaHEHHUs
JydIlle BCEro MCIOJb30BaTh YacTOTy nepexayn nopsaka 25 k' (cMm. pucynok 33). PazHocTs yacToT MeHee
3aMeTHa B HOYHOE BpeMsi (CM. pUCYHOK 34).

SIcHO, YTO HEKOTOpBIE YACTHOCTH, IPUBE/ICHHBIC HA dTHX PUCYHKAX, HEBO3MOXKHO OBIJIO OBI NIpeIBUIIETH O3
[IpOrpaMMBl IIPOTHO3UPOBAHUS PACIIPOCTPAHEHUS.
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PHUCYHOK 31

KonTyps! HanpsizkenHocTH noJist (1b(MkB/m)) 1151 runoTeTH4ecKoro nepegaTyuka,
PAacno/IoKeHHOro B HeHTpaabHoil Kanane, npu us;ryyaemoii Mmomnoctu 1 kBt

(Hacrora 24 xI'11, 1€eTO, AHEBHOE BPEMS CYTOK)
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PUCYHOK 32

Kapra nposoaumoctu noussl Ha OHY nuist Kanane! u Apkruxu (MCm/m)
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PHUCYHOK 33

KpuBble HANPSIKEHHOCTH MOJISI B 3aBHCHMOCTH OT PACCTOSIHUS /IJIs THIIOTETHYECKOI0 NepeIaTynKa,
pacnoJio:kenHoro B I'amndaxce, npu azumyTte anTeHHsI 340° c. 11, U1 TpeX 4acTOT M U31y4aemoi Momnoctu 1 kBT.
Jleto, THeBHOE BpeMsi cyTok. Tpacca nepegaym nokasana Ha pucyHke 32
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PHUCYHOK 34

KpuBsble HANPsi2KeHHOCTH MOJISI B 3aBUCHMOCTH OT PACCTOSIHHUSA /ISl THIIOTETHYECKOr0 NepeIaTYMKa, PacnosI0KeHHOr 0
B Nanudaxce, npu azumyTte anteHHbl 340° c. L. A5 TPeX YacTOT U U3Jay4yaemoii MoumHoctT 1 KBT.
Jleto, HouHOe BpeMms cyTok. Tpacca nepenayn noka3aHa Ha pucyHke 32
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