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BBEJEHUE

KypcoBas padota no kypcy «OCHOBBI TEOPHH PATUOTEXHHUYECKUX CHUCTEM»
BBIMOJIHSIETCS B 9-M CEMECTpe M COCTOMT U3 TPEeX 4YacTed, Kaxaas U3 KOTOPbIX
MPEANOJIAraeT MPOBEJICHUE PACUETOB OCHOBHBIX TAKTUKO-TEXHHYECKUX XapaKTe-
PUCTUK PATMOTEXHUYECKUX CHCTEM Pa3aM4HOro HasHaueHus. [Ipu nmpoBeneHuun
pacyeToB PEKOMEHAYETCS HCIOJIb30BAHUE BBIYMCIUTENBHOW TeXHUKHU. [lpu
oQopMIIEHUH KYpPCOBOIl pabOThI BCE pacyeThbl JOMKHBI COMPOBOKIATHCA MOAPOO-
HbIMU KOMMEHTAPUSMH U rpaduKamu.

1. PACUET JAJBHOCTU AENCTBMUSI PJIC

1.1 Texunueckoe 3aganue
Paccuurate  JanpHOCTH  ACHUCTBUA  TPEXKOOPAMHATHOH  KOTEPEHTHO-
umnynscuou PJIC npennaznadyeHHoi ayis ooHapyKeHus, Ono3HaBaHus, onpeaene-
HUSI KOOPAMHAT BO3AYIIHBIX II€N€H B CBOOOJHOM MPOCTPAHCTBE, C YUETOM BIHSI-
HUS 36MHOW MOBEPXHOCTU M YCIOBUU PACHPOCTPAHEHUS PANUOBONH. MCXOIHBIE
JaHHble i1 pacdeTa BbIOMPAOTCA B COOTBETCTBUM C MOPSAJKOBBIM HOMEPOM B
rpynne u3 Tabnuusr 1.

Tao6auua 1
Ne P,, H,, ha, a,, Ru, Pum AD,
BapHaHTa MBr M M J16/xm M M
1 1 6 4 0.12 1 0.001 400
2 2 6 4 0.12 1 0.001 400
3 0.6 6 5 0.12 0.3 0.001 400
4 0.9 6 5 0.12 0.3 0.0005 420
5 1.2 8 5 0.1 1 0.0005 400
6 1 8 5 0.1 1 0.0005 420
7 2 8 6 0.1 0.5 0.0005 400
8 0.6 8 6 0.1 0.5 0.0002 420
9 0.9 10 6 0.08 1.2 0.0002 460
10 1.2 10 6 0.08 1.2 0.0002 320
11 1 10 3.6 0.08 0.3 0.0002 360
12 2 10 3.6 0.08 0.3 0.0001 300
13 0.6 12 3.6 0.05 0.4 0.0001 360
14 0.9 12 3.6 0.05 0.4 0.0001 200
15 1 12 4.2 0.05 0.5 0.0001 460
16 3 12 4.2 0.05 0.5 0.00005 200
17 0.6 14 4.2 0.02 1.2 0.00005 240
18 0.9 14 4.2 0.02 1.2 0.00005 200
19 1.2 14 5.2 0.02 1 0.001 250
20 1 14 5.2 0.02 1 0.001 250
21 3 16 5.2 0.08 0.3 0.001 300
22 0.6 16 5.2 0.08 0.3 0.0005 300
23 0.9 16 4 0.08 1 0.0005 300
24 1.2 16 4 0.08 1 0.0005 200
25 1 18 4 0.12 0.3 0.0005 200
26 3 18 4 0.12 0.3 0.0002 200




P, —umnynscnas MouHocts nepeaaruuka PJIC; H, — BbIcOTa moJ€Ta HU3KO-
nersiied nenu; Na — BeicoTa Ja30BOro NEHTPa aHTEHHBI HAJ| TOBEPXHOCTHIO 3EM-
JM; O; — CyMMapHO€ KMJIOMETpHUecKoe 3aryxanue B Tponocdepe 3emnu; R, — pa-
AMYC METAILTUYECKOTO 111apa UCTOJIb3yEMOro B KauecTse uenu; P, —3ananmnas Be-
pPOSITHOCTH NOXkHOU TpeBoru; AD — tpebyemas pazpemaromas cnocobnocts PJIC
10 JANbHOCTH.

B mporecce pacuera MOMKHBI OBITH MONYYEHBI TPU 3HAUYEHUS MPEACTBHOM
nansnocty padotsl PJIC: B cBOG0O1OM NpocTpanctse; npu padote PJIC B ycnoBu-
X TymaHna (mpy 33JaHHOM KHUJIOMETPUUYECKOM 3aTyXaHWH); MPHU OOHAPYKEHUH
HU3KOJETSIICH [EeNU C Y4eTOM BIUSHUS MEIIAINIIUX OTPAKEHUH OT TTOBEPXHOCTH
3emnu. Jluanazon pa6otel PJIC — canTumeTpoBsiit, Hecyias yactora 9.6 I'Tw.

1.2 Cucrema — nmpoToTHI

PJIC KO 9C15MT3 npeanasznadcna s oOHapy-
KEHUS M OIIO3HABAHUA I'OCYNAapCTBEHHOM IIPUHAIICK-
HOCTH a3pOJIMHAMUYECKUX LENEH, a TakKe OOHapyxe-
HUS TAKTHYCCKUX OAJUTMCTHYCCKUX M KPBUIATBIX PAKET U
BbI1auu MH(pOpMALMK O HUX HAa KOMaHAHbIHA ITyHKT 3PC
C-300B mnu Ha 1IIyHKTBI 00pabOTKH PaMOJIOKALIMOHHOM
nH(popMaUMy aBTOMATH3UPOBAHHBIX CHCTEM YIIpaBlic-
nus [1BO.

DT0 MOOMIIBHBIM TPEXKOOPAMHATHBIN BBICOKO-
IIPOM3BOJANUTEIIBHBII KOT€PEHTHO- MMITYJIBCHBIH pPaguo-
JIOKaTOp KPYrosoro o03opa ¢ IIporpaMMHBIM 3J1EKTPOH-
HBIM ynpasienueM iydom (1,5x1,5 rpan.) B yriomecr-
HOM IJIOCKOCTH, 3JIEKTPOrMIPABIMUYECKUM BpAIICHUEM
AHTCHHBI 110 a3UMMYTY B a3MMYTaJIbHOM IUIOCKOCTH, pa-
OoTarolMii B CAHTUMETPOBOM [Malla3oHe pabouyux yac-
TOT ¥ 00J1aar0IIMH IIMPOKMMH TAKTHYECKUMH BO3MOXK-
HocTsaMHu. ONTHMU3AMA 30HBI OOHAPYXCHUS B TIPCHAC-

Puc. 1. PJIC xpyrosoro 0630pa  jax MHCTPYMEHTAIBHON 30HBI 0030pa OCYILLECTBIACTCS

KO 9CISMTS3. 3a CYET MCIOJIb30BAHMS PA3JIMUHBIX COYECTAHMM M-

TENBHOCTEH 30HIMPYIOIIMX CUI'HAJIIOB M 4acTOT UX IIO-

BTOPEHHSI, CKOPOCTEH BpAICHHs AHTCHHBI U YIIPABICHMS IIapaMeTpaMy JuarpaMMbl HallpaBieH-
HoctH anTeHHBI (JIHA).

B PJIC Obum peasin3oBaHbl B2 pe:KUMa KPyroBOro 0030pa BO3AYIIHOTO ITPOCTPAHCTRA,
WCIIOJB3YCMBIC IPH OOHApPYKCHHHM a’pOAMHAMWUUCCKUX LencH, a takke bP Tuna "Ckan" u
"Jlanc". B nepBoM pexxuMe 30Ha 0030pa cTaHLMKU cocTasiisuia 45 rpaj. 110 yrily Mecra, HHCTpY-
MCHTaJIBHAS 1albHOCTh oOHapyxenus - 330 km, Temn o63o0pa -12 cekynn. Mcrpeburens obna-
pyxuBaics ¢ BepostHocTsio 0,5 Ha nansHoctu 240 kM. Bo BTOpoM pexume 30Ha 0030pa cTaH-
uuu cocrasisia 20 rpaj. 110 yrily MecTa, MHCTPYMEHTallbHasA 1allbHOCTH -150 kM, Temn o0630pa -
6 cexyHll. B aTom pexxume i o6HapyxeHus bP Oblia 1peycMoTpeHa nporpaMma 3aMeIeHus
BpAaICHU aHTCHHBI 110 a3uMyTy B cektope [TPO (B mpenenax 120 rpan.) u yBeaTu4CHHs CEKTOPA
o030pa 1o yriy mecra 10 55 rpax. Ilpu 3ToM Temn 0OHOBIEHUS HHPOpPMALMK COCTaBIIsAN 9 ce-
KyHa. Bo Bropom pexume caMoJIeT-UCTpEeOMTENb HAIEKHO OOHAPYXKUBAJICS B IIpelenax Bcel
MHCTPYMEHTAIBHON AAJIbHOCTH, a JaJlbHOCTh oOHapyxenus bP tuna "Ckan" cocrasnsiia He Me-
Hee 115 km, Tuma "Jlanc" - e MmeHee 95 k.




PJIC omnpenensieT yraoBele KOOPAMHATHI (TIEICHIN) TOCTAHOBIIMKOB IITYMOBBIX, 3arpajiu-
tenpHBIX TToMeX U BbigacT ux na KII 3PC C-300B. Cbem mannbix u KpuTepuiinas odpadborka
CUI'HAJIOB - aBTOMAaTHYECKHE. BhuncauTenbsHoe yecTpoicTBO Ha 0a3€ IBYX CIELUAIM3UPOBAHHBIX
OBM ymnpasnser padoroit PJIC, onpenenser koopauHaTsl OOHAPYKEHHBIX LIEJIEH U 110CTAHOB-
LIMKOB aKTHBHBIX 1IOMEX, (popmupyer nnpopmauuto s Bergaun Ha KII 3PC C-300B. Passers-
JIEHHAs CHCTEMa aBTOMAaTH3MPOBAHHOIO KOHTpOJs (pyHkuuoHupoBanus annaparypsl PJIC KO
OCYILIECTBIISET ITOMCK U JIOKAIN3ALNI0 HEUCIIPABHOCTEMN 10 CMEHHOI'O 3JIEMEHTA.

OCHOBHBIE TEXHUUYECKUE XaPAKTEPUCTHKU:

* 3ona obnapyxkenus 1o azumyry 360 rpaj, 1mo yriy Mecra: 1o a3poAuHaMUYCCKUM 1IC-

1M 45 rpaj 1o 0aJuIMCTHYECKUM LensaM 55 rpax;
* JlanpHOCTH OOHAPYKEHUSA adpOAMHAMUYCCKHX Lenel Tama «Mul-21» - 200 kv;
* Pazpemaiomas criocodHocTs cranimu Osma ne xyxe 400 m o nansnoctu u 1,5 rpaa.
110 YITIOBBIM KOOpJMHATAM;

* CpeaHekBaIpaTHUECKHE OLIMOKHU ONPENCIICHH KOOpAMHAT Lieei 110 fansHocTh 250 M,
10 a3uMyTy 36 MuH, 110 yriry mecra 30 MuH;

* Ilepnoxa o630pa B 3aBUCMMOCTH OT 3aJaHHOTO pekuma 6 - 18 c. B peKUME aBTOChEMa
JaHHBIX 3a 11epuoJ 0030pa obecreunBacres Bbiaua 10 250 0TMETOK, Cpeay KOTOPBIX
MOXET OBITH 10 200 1enei;

B cocraB PJIC kpyroBoro 0630pa BXOIST CICIYIOLIMC YCTPOMCTBA: aHTCHHA, MTPCACTAaB-
nsBLIAs COOOM IIJIOCKYIO OJIHOMEPHYIO BOJIHOBOJIHYIO PELICTKY C IIPOrpaMMHBIM 3JIE€KTPOIH/-
PaBIMYECKUM BpAILEHUEM 110 a3UMYTY M JJICKTPOHHBIM CKaHMPOBAHHUEM JIyda II0 YIJIy MECTa;
IIEpEatolee yCTPOMCTBO, BBIIOJHEHHOE HA JIaMIle O€rylieil BOJIHBI U JByX aMIUIMTPOHAX, CO
CPEIHEH MOIIHOCTBIO OKOJIO 8§ KBT: mpueMHOE yCTPONCTBO C YCHIIMTEIEM BBICOKOM 4aCTOTHI Ha
namie Oeryuiei BoiHbl, 00J1a1aBIIee YyBCTBUTENbHOCTHIO HIopsaaka 10E-13 Br; ycrpoiictso 11o-
MEXO03allMThL, BBIUMCIUTEIIBHOE YCTPONHCTBO Ha 0a3e JByX clienuanbHblx DOBM; annaparypa or-
peacieHus TOCYyIapCTBCHHOM NPUHAUICKHOCTH cucTteMbl "llapoins"; cucrtema aBTOHOMHOTO
DIIEKTPOCHAOKEHUS; araparypa *KU3HEo0eCIICUeHH s, allliaparypa TeJIEKOI0BOM IMHUEN CBSI3U
Ul epeladv MHGOpMaLKK I10TpeOUTENAM; aBTOHOMHAsI CUCTEMA HAaBUI'ALMHU, TOIIOIIPUBA3KU U
OpMEHTUPOBaHMs, a Takxe peuesas JIMHUA cBs3u ¢ KII cucrempr C-300B.

1.3. Meroanyeckue yKazaHus
Hansnocts neiictBus PJIC B cBOOOAHOM MPOCTPAHCTBE OMPEAECHSETCS MO

dbopmyne (1.1) [1, cTp.219].
| 2EGT R W
max ~— 4 3 2
(4m) . k[T,
B atom BeIpakennu E - aneprus 3onaupytromero ummyibea; G — koaddunm-
eHt ycunenus antennsl PJIC; A - nnuna Boumbl;, O - DI1P 1enu; Qmin — MUHEMAIBHO
JIOIYCTHMOE 3HaUeHHe napamerpa oomapyxerms; k=1.3800%° /K - mocrostmas

bonbumana; T, — mymoBas Temnepatypa npuemnuka PJIC. Duepruro 30HIUpyrO-
1Ier0 UMITyJbCa MOXKHO OnpenenuTs no gopmyne E =P, [T, , roe T, — nauTens-

(1.2)

HOCTh 30HAUPYIONIET0 UMITYJILCa, ONPEIENsIeTCs U3 TPeOyeMOoro 3HAUYCHUS pas3pe-
matoiieit cnocobnoctu PJIC no nanbHOCTH.

MuHUMabHO AOMYCTUMOE 3HAYEHUE TIapamMeTpa OOHAPYKEHUS ONPeaeIsaeT-
CSl 3aIaHHBIM 3HAYECHUEM BEPOSTHOCTH MPABWIHHOTO OOHAPYKEHUS, TIPH (HUKCH-
POBaHHOM BEPOATHOCTH JOXKHOW TpeBoru. Ilpu 3amanuu tpeboBanuii k pazpada-
ThiBaeMOoil PJIC 00BIYHO 3a4a10TCSA TECTOBBIC YCIOBHS, MPH KOTOPHIX TOJKHO OBITH



00ecreueHo TO UIIM HHOE Ka4eCTBO pabOThl CUCTEMBI. B 4acTHOCTH B pacuere clie-
AyeT IPUHSTH TPEOYEMYIO BEPOSATHOCTD MpaBUiIbHOro ooHapy:xenus P,, = 0.5 npu
OOHAPYKEHUH C 33aJaHHOH BEPOATHOCTHIO JIOKHOM TPEBOTM TECTOBOTIO OOBEKTA -
METAULIMYECKOr0 1apa 3aJaHHOro paauyca. JlomycTuMoe 3Ha4YeHue mnapamerpa
OOHapyKEeHUsI B JAHHOM cCliydyae HaxoAuTcs no rpadukam [1, crp.42] nns ciyqas
O0OHapyKEeHUsI OTMHOYHOI0 CUTHAJIA CO CIy4ailHOM HavyanbHOHU (ha3oi.

[ymoBas temneparypa npuemuuka PJIC 3aBUCHT OT MHOrMX (DakTOpOB.
OOBIYHO B pacyeTax yYHTBIBAKOTCS IIYMbI, 00YCIOBICHHbIE KOCMUYECKHUMH H3ITY-
YEHUSIMU, COOCTBEHHBIM H3JIYYEHUEM 3€MIIH, aTMOC(HEPHBIM U3ITyYCHHEM, AKTUB-
HbIE€ MOTEPU B AHTEHHO-(PUIAEPHOM TPAKTE, COOCTBEHHBIE LIYMbI MPUEMHHKA.
bropxer TemMneparypsl IIyMOB B paCCMATPUBAEMOM YACTOTHOM JUAIIA30HE CKIa-
JbIBACTCS] TPUMEPHO clienyromum oopazom: 18...87K (nmpu manbix yriax mecra) —
LIYMOBasl TeMIiepaTypa anTeHHsl (cM. [2, ctp. 58]); 30...36K — Bkiaj nrymMoBoi
TeMNEPaATypsl 3€MIIA B MOJHYIO TEMITEpATypy aHTeHHsl, 25...30K — akTuBHBIE TO-
tepu B ¢uaepHom tpakre; 80...100K — coOcTBeHHbIE IIyMbI MpUEMHHUKA. MTOrO
mymoBas remneparypa npuemnuka PJIC cocrasnser npumepno 153...253K.

Koadpduuuent ycunenus anrennsl PJIC MOKHO paccuuTarh, 3Has MIIOLIAb
AHTEHHBI WJIM LIMPHUHY Jy4a N0 clAeayroled npudamxeHHou popmysne (1.2)

620 w2
ATy

I'ne 6, 6, — mwmpuHa auarpaMMel HAPAaBISHHOCTH aHTEHHBI IO YPOBHIO ITO-
JJOBUHHOW MOIIHOCTH B Irpagycax B a3UMYTAJIBbHOW U YTIIOMECTHOM IIIOCKOCTH CO-
OTBETCTBEHHO. [Ipu pacuere HEOOXOAUMO HCIONB30BATH MAPAMETPbl CHUCTEMBI
MIPOTOTUINA.

O¢ddextuBHas mromane paccesnua (OIIP) meramnuueckoro mapa mnpu
A<<R, paccuutsiaercs mo dopmyre 0= 1(R,)°.

B caydae oOHapyKeHHs HU3KOJETALMX LeJIed B Mpeneabl OCHOBHOIO JIere-
CTKa auarpaMmsl HarpasJIeHHOCTH PJIC mOMUMO OTpaX€HHOr0 CHUTHAJIA LENH T10-
MAaJAF0T CUTHANIBI, OTPAKEHHBIE MOBEPXHOCTBIO 3EMIIM U MEPEOTPAKEHHBIE LIENIBIO
B Hanpasjenuu npueMuuka PJIC [1, ctp.220]. B pe3ynbrate HHTEp()EpEHLIMH 3TUX
CUTHAJIOB nanbHOCTh AedcTBHs PJIC cHukaeTcss TeM Oounblle, YeM HUKE BBICOTA
Henu. OTOT (PaKT, B 4ACTHOCTH, OOycJaBIMBAeT 3((PEKTUBHOCTh MPUMEHEHUS
KpblIaTbix pakeT. JlanbHoCTh neiictBus PJIC B NpennosioXEeHWH MEIIAOIIErO
BIUSIHUSA UACANBHO OTPAKAOIICH MIOCKOW MOBEPXHOCTH MOKHO HAUTH 1O ¢op-
myne (1.3).

8TLE (G (6 ) (H,
22
A, T,
[Tomumo nmoactunaromeid nopepxHoctu Ha padory PJIC npu oOHapyxeHun
HU3KOJIETALLECH eI OKa3bIBACT BIMSHUE MOMVIOMICHUE U NTPEIOMIICHHE PAIUOBOJH

B Tponocepe 3eman. CTeneHp 3TOro BAMSHHS 3aBUCUT OT JMHBI BOAHBI PJIC,
BPEMEHHU CYTOK, MOTOAHBIX YCIOBUM, Teorpauyeckoro paioHa.

2
Rinax =8 (1.3)




ITpu pacuere manpHocTH aeiictBus PJIC npu oOHapyXEHUM HU3KOJETALLEH
LEIU MOYKHO CUMTATh, YTO BCS Tpacca MPOXOKAEHUS PaJUOBOJHBI HAXOJIUTCA B
Tponocdepe. 3aTyxanue pajauoBOJH B Tponocdepe CBA3aHO ¢ UX MOTIOIICHUEM
MOJIEKYJIAMH KHCJIOPOJa M BOJASHOIO mNapa, ruapoMereopamu (J0K1b, TyMaH,
CHET), TBEPABIMU YaCTULAMH. MaKkcuManbHas JanbHOCTh JEHCTBHS B OMHCAHHBIX
YCIOBUAX MOXKET ObITh Haliiena u3 ypasuenus (1.4).

3 —_ p2 3
Riax = Rmax exp(— 0-5a3Rmax) (1.4)

2. PACYHET TOYHOCTHU ONNPEJAEJEHUSA KOOPAUHAT B CUC-
TEME COYTHUKOBON HABUT ALIN

2.1. Texunueckoe 3aganue
PaccuutaTh TOYHOCTH OMpEAETEHUS KOOPAMHAT B OJIHOYACTOTHON CHUCTEME
CIIyTHUKOBOM HaBuranuu. Mcxoansie JaHHble AJSI pacyeTa BhIOMPAOTCA B COOT-

BETCTBHHM C MOPSAIKOBBIM HOMEPOM B rpymnmne u3 Tadauusl 2.

Taoauma 2
Ne g, To s ht , Ne s fo s
BapHaHTa J10 c KM /e MI'1t
1 39 1 8 3,0x<10° 1602
2 40 1 8 3,0x10° 1602.5625
3 41 1 8 1,0<10° 1603.125
4 42 1 8 1,0x10° 1603.6875
5 43 2 10 3,0x10° 1604.25
6 44 2 10 3,0x10° 1604.8125
7 45 2 10 1,0<10° 1605.375
8 46 2 10 1,0<10° 1605.9375
9 47 3 12 3,0x10° 1606.5
10 48 3 12 3,0x<10° 1607.06
11 49 3 12 1,0<10° 1607.625
12 39 3 12 1,0<10° 1608.1875
13 34 4 14 3,0x10° 1246
14 35 4 14 3,0x10° 1246.4375
15 36 4 14 1,0<10° 1246.875
16 37 4 14 1,0<10° 1246.3125
17 38 1 16 3,0x10° 1247.75
18 39 1 16 3,0x10° 1248.18%
19 40 1 16 1,0x10° 1248.625
20 41 1 16 1,0<10° 1249.0625
21 42 2 8 3,0x10° 1249.5
22 43 2 8 3,0x10° 1249.9375
23 44 2 8 1,0<10° 1250.375
24 45 2 8 1,0<10° 1250.8125
25 34 3 10 3,0x<10° 1251.25
26 35 3 10 3,0x10° 1251.68




B tabnuie 3ananbl: § — 3HEPreTHYECKU MOTEHIHAT HABUTALMOHHOTO PaaHo-
curnana; To — UHTEepPBAIl HAKOIICHUS U3MepeHuit; Ny — BeicoTa Tponocdepbl; Ne —
MaKCUMalbHasl KOHLEHTpALUHs 3JEKTPOHOB B MOHOcdepe Ha BbicoTax 300...400
kM; fp — HecyIas 4yacTora HABUTAIMOHHOTO CUTHANA.

PacyeTsl TOYHOCTH ONpEAENneHUs] KOOPIUHAT 00BEKTA JOJKHBI ObITh MPOBE-
JEHBI MPH CHEAYIOUX TOMYILICHHUSX:

1) HaBurammoHuslii curHayi odpa3yercsi NOCPEACTBOM MaHUNYJALMH (a3bl
HECcyllero  kKojebaHuss  Ha 180°  mepuomuueckoit  mBomyHOW M-
MOCNEA0BATENBLHOCTBIO ¢ TaKTOBOM vacToToit Fy = 0,511 MI'u u ¢ nepuogom mno-
Bropenus T;=1 mc (511 TakToB).

2) TlorpemHoCTbl0 CHHXPOHU3ALMHU LIKaJIbl BPEMEHN HABUTALIMOHHOTO KOC-
MHYECKOIr0 aNmapara v annapaTypbl NOTPEOUTENS, a TAKKE MOrPEUIHOCTBIO 3HA-
HUSI KOOPJMHAT HABUTAIMOHHOTO KOCMHUYECKOro ammapara (3demepuanas mo-
I'PELIHOCTh) MOKHO PEHEOPEYD.

2.2. Cucrema - IPOTOTHII

B panmoHaBuranoOHHBIX CHCTEMAX HaBUI'ALIMOHHBIE PAJUOCUTHAJIBI U3JIy4atOTCs Paguo-
MasikaM¥, KOOpAMHAThl, MECTOIIOJIOKEHHUS KOTOPBIX M3BECTHBI I 1I0TpeduTeneil. B ciryrHuko-
BBIX paanonaBuraonnbix cucremax (CHPC) mpuMensioTcss KOCMHYECKHAC PaIioMasky (HaBH-
rallMOHHBIC MCKYCCTBCHHBIC ciryTHHKH 3emun (MC3)), a HaBUTalMOHHBIC paAMOCUTHAIBI COACD-
xaT 3peMEpUIHYI0 HHPOPMALMIO O ITapaMeTpax JBHKEHU HaBuraunoHHeix MC3.

B 60-¢ roaer ObumM co3zanbl U BBeACHbI B 3kciuryaTauuto CPHC nepsoro nokosnenus [
cucrema TPAH3UT (CIIA) n cucrema LIAKAJIA (CCCP). B CPHC nepBoro nokonenus opou-
TajlbHas IPYNIMPOBKA COJIEPXKMT IATh-LIECTh HM3KOOPOMTAIbHBIX HaBuraumoHHeix MC3 Ha
KpYyroBbIx opouTax ¢ BeicoToi okosio 1000 kM Haj moBepxHocThOo 3eMiu. HaBuraimonsas ar-
naparypa norpeoutens (HAII) Ha MOPCKOM MOABHKHOM OOBEKTC MPUHUMACT HABUTAIIHOHHEIC
pasMoCHUTrHaANIBI OT pajnoBHIMMOro HasuraiuoHHoro UC3 B TeueHue ceaHca HaBUIalUU I1PO-
JOJDKUTEIBHOCTBIO 5...15 MMH M IIPOBOIMT M3MEPEHNUS IIPUpALICHUS (Pa3bl HECYILEro KoieOaHus
MPHHAMACMOr0 HABUTAIMOHHOTO PaJHOCHTHANA THO0 HAa KOPOTKHX (2C.) HHTEPBAIAX BPCMCHH
(mormepoBcKas HaBUTaUWs), JIMOO Ha JIMHHBIX (MHTETPaIbHO-JOTICPOBCKAs HaBUTALMsA) (CM.
[1, cTp.297]). Usmepenus npupaiieHus Gpa3pl SKBUBAICHTHBI H3MCPCHUAM IIPUPAILICHHS 1ajbHO-
CcTH OT 00bekTa 10 HasuraunoHHoro MC3 Ha 3agaHHbIX HHTEpBaNax BpeMenu. HAII Ha ocHoBe
OW, copepkalieiics B IPUHUMAEMOM HABUI'ALIMOHHOM PaJMOCUIHAJIE, U PE3YJIbTATOB M3MEpe-
HUS MPUPANICHUH NanbHOCTH 10 HaBuramuoHHoro MC3 ompeaenser (YTOYHSCT) ABS TOPH3OH-
TaJlbHbIE KOOPAMHATHI 00BEKTA HA IIOBEPXHOCTH 36MHOIO DILIUIICOM/IA.

Huskoopoutaiensie CHPC nepBoro mokosienusi 0061agaioT CyIICCTBCHHBIMU HEIOCTAT-
kamu: HAII B ceaHce HaBUIraLuu OIPEIEISAET TOJBKO NOPU30HTAIBHBIE KOO IMHATHI 110 IBUKHO-
ro oObekTa 0€3 OIpEAEIICHUS BBICOTBI MECTOIIONOXKEHUS O0BEKTA; CPABHUTEINBHO HHU3Kas TOY-
HOCTB OTIPE/ICICHUSA TOPU30HTAIBHBIX KOOPAMHAT MOABIKHOTO 00BekTa (0 = 70...100 M) n3-3a
HOTPELIHOCTEN ydeTa COOCTBEHHOIO JABUKEHUS IIOJBHKHOIO OOBEKTA; JJINTEILHBIE 11EPEPHIBLI
MEXJy CEaHCaMM HaBUIaLMU 10 %2 4 B IIPUIIOJIAPHBIX PaifOHax M J10 2 4 B OKBATOPHAIIbHBIX paii-
OHax.

IlorpeGHOCTh B ONEPAaTHBHOW BBICOKOTOYHON HABMIALMM CYXOIIYTHBIX, MOPCKHUX, BO3-
OYIIHBIX ¥ HA3KOOPOMTAIBHBIX KOCMHYCCKUX 00BEKTOB 00ycioBmm co3nanue B 80 [ 90-¢ ro-
aet cpepneopouTansueix CPHC Broporo mokonenus [ cucremsr GPS (HABCTAP) 8 CIHA n
cucrembl ['JIOHACC B Poccun [3,5]. OcnoBnoe naznaucnue CHPC Broporo mokonenus [
rno0anbHas OrepaTnBHAs HABUTALMS MTPU3EMHBIX TMOABHKHBIX OOBCKTOB: HA3EMHBIX (CYXOIYT-
HBIX, MOPCKMX, BO3JIYIIHBIX) 1 HU3KOOPOUTAIBHBIX KOCMUYECKHUX.



B CPHC BTOpOro 1okoJICHHsI IPUMEHSIOTCS HABUIALIMOHHBIE KOCMUYECKHUE allliaparsl
(HKA) na kpyroBeIx reoueHTpmiecknx opomrax ¢ BbicoToi [J20000kM Hag 1mOBEpXHOCTEHIO
3emun. biiaronaps ucioiib30BaHuIo aTOMHBIX craHapToB yacTorel HA HKA B cucreme oGecie-
YMBACTCS B3aMMHAasi CHHXPOHM3ALMs HABUI'ALMOHHBIX PAJAMOCUTIHAIIOB, M3JIy4aeMbIX OpOuTaib-
HoM rpymimpoBkoit HKA. B HAII Ha 11o1BM>XHOM 00BEKTE B CEAHCE HABUIALMU IIPUHUMAIOTCS
PaguOCUTHAIBL HE MEHEE 4eM OT deTbipex pagnoBnanMbeix HKA u ucnons3yrores i uamepe-
HUSL TPEX pa3sHOCTEN HAILHOCTEH M TPEX Pa3HOCTEH paguallbHBIX CKOPOCTEH 0OBEKTa OTHOCH-
tenbHo deTeipex HKA. PesynbraTer n3mepenmii u apemepuanas nuadopmanns (D), mpunsaras
or kaxaoro HKA, mo3BonsroT onpenennts TpU KOOPAMHATHL M TPH COCTABIISIOIINE BEKTOPA
CKOPOCTH TIOJBIDKHOTO OOBCKTA M ONPEACIINTh cMenienne wkansl Bpemenu (LLB) odbekTa ot-
nocutensio B cucremst [ 1, crp.302]. B CPHC uncno norpedurencit He OrpaHnIuBacTCs, 110-
ckonbky HAII ne nmepenaer pagnocurnanst na HKA, a Toneko mpunumaer nx ot HKA (mmaccus-
Hasi aBTOHOMHAs HaBUI'aLIMsl).

IIpununet nocrpoennss CPHC I'NTOHACC u HABCTAP B o0uiux ueprax MIEHTUYHEI,
HO OTJIMYAIOTCS TEXHUYECKUM BBIIIOJHEHUEM IT0JCUCTEM. Pa3BepThIBaHNE II0JHOM OpOUTAIBHOM
rpynnupoBkr HKA 6su10 3aBepuieno 8 CPHC HABCTAP k 1993 r., 8 CPHC I'JIOHACC O
1996r [5].

Ilonnas opoutanenas rpynmuposka (OI') B CPHC I'NNTOHACC copepxut 24 1TaTHBIX
HKA Ha xpyroBeix opOuTax ¢ HakIOHCHHEM 1=64,8’ B Tpex opOHTaNBHBIX IJIOCKOCTX 110 BO-
cemb HKA B kaxx0#. J[0AroTEI BOCXOIAIIMX Y3JI0B TPEX OPOUTAIBHBIX IUNIOCKOCTEHN pa3innyaror-
cst nomuHansio Ha 120°. Homunansueni nepuon oopamenns HKA pasen T=11 u 15 mun 44 c,
U, COOTBETCTBEHHO, HOMHHAJIbHAsI BBICOTA KPYTroBoi opouTsl cocrasisier 19100 kM Haz 1moBepx-
HOCThIO 3eMim. B kaxpoi opOurtansHoi 1uiockoctn BoceMb HKA pasHeceHbl 110 aprymeHTy
IMMPOTH HOMHHAIBHO 4epe3 45°, m aprymentsl mupothl BockMu HKA B Tpex opOMTanbHBIX
IUIOCKOCTSIX CIIBUHYTHI Ha +15°.

Ilonnas op6uransHas rpynnuposka B cucteme HABCTAP conepxur 24 mrrarueix HKA
Ha KPYrOBBIX CHHXPOHHBIX opbuTax ¢ mepuogom obpamenns T = 129 00mun (BbICOTa OPOUTEHI
cocTasiger okoino 20000 kM Hal HOBEPXHOCTHIO 3eMIIH) B IIECTH OPOMTAIBHBIX IIOCKOCTX (110
gyereipe HKA B kaxn0it) ¢ HaknoneHueM 1=55°, 1oarorel BOCXOMALIMX Y3JI0B KOTOPBIX CMELIC-
HbI C UHTEPBAJIOM HOMHHaIBHO 60°.

OCHOBHOH I'€OMETPHYECKOH XapaKTEpUCTUKON OpOMTanbHas IPYIIIMPOBKA IITATHBIX
HKA B CPHC, or KOTOpOi 3aBUCUT TOYHOCTh HaBUI'allMKM Ha3zeMHbIX 1orpedoureneit 8 CPHC,
SABJISIIOTCS TEOMETpUUCCKUE cBolcTBa co3pe3ausi HKA, koTopoe «BMOMT» HA3EMHBIA ITOTPCOM-
Tenb. MMUHMMaJILHO HEOOXOUMOE I Ha36MHOIO IIOTPEOMTEINS ONTHMAIIbHOE CO3BE3HME CO-
nepxut yerbipe HKA: onqun HKA BOmu3u 3enura, Tpu HKA BOGIM3M ropu3oHTa paBHOMEPHO
pasHeceHbl 110 HanpasieHuto. Ha Puc.2 u3oOpaxena opOuTalibHas IPYIIIMPOBKA B CHUCTEME
['JIOHACC B Buje Tpex opOMTaIBHBIX KOJIEL 1TpH B3rIsiie Ha Ol cO CTOPOHBI CEBEPHOIO 110JII0-
ca Mmpa.

B cucreme I''TOHACC xaxasiit mrarusiit HKA 1ocTossHHO M31y4aeT LIyMOlo{00HbIE
HEIPEPBIBHBIE HABUIALMOHHBIE PaJMOCUTHANIBI B JIByX AMana3oHax dactor 1600 MI'u u 1250
MI'n. B HAII naBuranuoOHHBIC H3MEPEHHS B IBYX AMAIIA30HAX YaCTOT IIO3BOISAIOT HCKIOYNUTH
nonocgepubic norpemrnoctn uamepennit. Kaxaeit HKA nmeer 1e3neBbiit aToOMHBIN cTaHAapT
4acTOThI, UCIIOJIB3YEMBIH [UIsl pOpMUPOBAHMS OOPTOBOM LIKAJIbl U HABUTALIMOHHBIX PaIMOCHIHA-
noB. ITymonono6ubie HaBuranroHHusie paguocuriainsl HKA pasinuarorcs Hecymmumu yacrora-
Mu. [Tockonbky [uist B3auMHOaHTUIIOAHBIX HKA B OpOMTaNbHBIX INIOCKOCTSIX MOKHO IIPUMEHSATH
OJIMHAKOBBIC HCCYIIME 4acTOThl, TO s 24 mrarueix HKA MuHMManeHo HEO0OX0IMMOE YUCIIO
HECYLIMX 4aCTOT B KAXJIOM J{Halla30HE 4acToT paBHo 12.

Hasuramumonnsiit paguocurnan 1600 MI'y [ nByxkomnonenTHsiil. Ha 3aianHoO#M Hecy-
LICH 4acToTe B paaguoliepenaryuke GOpMHUPYIOTCS JIBa OJMHAKOBBIX 110 MOIIHOCTH IIYMOIIOH00-
HBIX (a30MaHMITyTMPOBAHHBIX HABHTALMOHHBIX PAJAMOCHTHAIA «B KBaApaType» (B3aMMHBINA



casur 1o (aze Ha +90°): y3KOMONOCHBIH (OTKPBITBIM KaHAI) W IIUPOKOTOJIOCHBIN (3aKPBITHIHA
KaHai).

VY3K010JI0CHBIN HaBUTralMOHHbIN paguocurian 1600 MI' ob6pasyercst nocpeiacTBoM Ma-
HUIysuKMK ¢Gassl Hecylero koyebanus Ha 180° nepuoanueckoil 1BOMUHOM I1CEBOCITyUaiHOM
nocnenoBatensnocteio (IICII1) ¢ TakroBoi wacroroit Fp =
0,511 MI'm m ¢ mepuogom noBropenus T1= 1 mc (511 tak-
toB). [ICIIl mpeacrasusiecr co6oit M - mociie10BaTeabHOCTh
C XapakTCPUCTHICCKUM ImonmHOMOM 1 + X2+ XC. ITyrem mH-
sepruposanud IICII1 nepenarorcss MeTkn BpemeHu OGopTo-
Boi mkansl Bpemenn HKA u gBowmunbsie cumBonsl 1iudpo-
Boi wHpopmammu (L{1). MeTka BpeMCHH HMEET AIUTCIb-
HocTh 0,3 ¢ ¥ nepenaeTcs B KOHLE KaKI0r0 JBYXCEKYHIHO-
ro MHTEpBaIa BPEMCHHU (B KOHIIC YETHBIX CEKyHI). MeTka
BpeMeHu colepkuT 30 JBOMYHBIX CHMBOJIOB [UIMTEIIBHO-
cTeio 10 Mc u npencrasisier co00H YKOPOUEHHYIO Ha OJMH
CUMBOI 31-CHMBOIBHYI0 M-IIOCIEAOBATENBHOCTE. B Kak-
JOM ABYXCEKYHJHON CTpPOKEC HAa MHTECPBANC BpeMEHH 1,7 ¢

Puc. 2. Mojens opOMTalbHOM IICPCAAIOTCS 85 nBowuHbIx cuMBOJNOB 1{W, 1iuTeIbHOCTHIO
IPYIIIUPOBKH CIIYTHUKOB B CHC- 20 MC ¥ IICPEMHOXXCHHBIC Ha MCAHIP, UMCIOIIUNA IITUTCIb-
Teme TJIOHACC., HOCTH CUMBOJIOB 10 Mc. B nmpueMHUKE ¢ IOMOILBIO MEaH(pa
OCYIIECTBIACTCA CHMBOJIBHAS CHMHXPOHM3auud a1 MB u ¢

cc momo1kio [l cTpounas u cuMBoJibHas cuuxpoununsanus L.

InpokoronocHerii HaBuraunonusii paguocuruan 1600 MI'y obpasyercs mocpencTBom
MaHUITyJIun (pas3sl Hecymero koebanus Ha 180° meprnoJu4eckoil ABOMYHON MOCICAOBATEIIb-
nocteio [ICII2 ¢ TakroBoit uactoroi F,=5,11 MI'n. [Tyrem maBeprupoBanus [ICI12 nepenatorcs
nBondHBbIC cMMBOJIEI LI mmTensHoCcTRIO 20 MC.

[[InprHa OCHOBHOIO «IEIECTKA» OrnOaroLIeil CIIEKTpa MOLHOCTH Y3KOIIOJIOCHOI'O HAaBU-
raimoHHoOro pagnocurnana pasua 1,022 MI'u, mmpokomnonocuoro [ 10,22 MI'w.

IIpu poexruposanun CPHC I'NTOHACC 6b11a BeipaboTaHa Cleyrolas «CeTKa» HOMHU-
HaJIbHBIX 3HAYCHUI HECYILMX 4acTOT Ui HAaBUIALMOHHBIX PaAMOCHTHAIOB B JBYX JUalla30Hax
gactor [] Bepxuem 1600 MI' (B) m mmknem 1250 MI' (H):

fok = faotkAfs  [0=1602,0000 MI'; Afz=0,5625 MI';
fuk = fuotkAfy;  [uo=1246,0000 MI'y; Af,=0,4375 MI't; fox/fux = 97
rae K [0 yCHOBHBIH IMOPSAKOBBIM HOMEP Hapbl HECYIIUX YaCTOT fpx M [y JJISl HABHTALIMOHHBIX
paguocurananos 1600 MI'qu 1250 MI'1.

InpoKONOIOCHBIC HABUTAITMOHHBIC PAIMOCHTHAIIBI (3aKPBITHIN Kanai) B cuctemax HA-
BCTAP u I''TOHACC npenna3znayucHbl A UCIOJIB30BAHNS CAHKIIMOHMPOBAHHBIMH ITOTPCONTE-
JSIMU M UMEIOT 3alLMTY OT HECAHKLMOHHPOBAHHOI'O CIIOJIb30BaHMS.

VY3Ko1010CHbIE HaBUIALMOHHBIE paguocurHaisl B cucremax HABCTAP u I'NIOHACC
SBJISIFOTCSI OTKPBITBIMM M IIpEAHA3HAYCHBI JUIsl I'paxaaHckux norpeoureneil. Ho B cucreme HA-
BCTAP 311 curnaiisl ICKyCCTBCHHO MCK)KAIOTCS C ITOMOILBIO ITPOLECAYPHI CEIICKTUBHOIO JOC-
TyIIa, KOTOPBIM yXyIIIaeT TOUHOCTh HABUTALMH JUJISl HEJIMLIEH3MOHHBIX IIOTPEOUTENEH.

CyMMapHoe cpetHeKBaIpaTHYeCKOe OTKIIOHCHHE oneHKkn fanbnoctn 10 HKA (ecmm pac-
xoxkaenue 1IB HKA u IIIB norpedutens pasHo nymwo) B cucreme ['JIOHAC cocrasnsier npu-
MEpHO 6...10 M IIp1 MCII0JIB30BAHUHU Y3KOIIOJIOCHBIX CUIHANIOB. C y4eTOM reOMETpUYECKUX (ak-
TOpoB B camoM xyuuieM cirydae cuctema [JIOHAC obecrnieunBaeT TOYHOCTH ONPSACICHUS TPEX
KOOpJAMHAT 00beKTa ¢ TOUHOCTBIO: 60M B 1ane u 100M 1o Beicore. COOTBETCTBYIOLINE TOUHO-
cru cuctemsl HABCTAP (GPS cocraBisroT coorBercTBento: 100m B mane n 156Mm 1o BeIcoTe
(6ostee mopoOHO cM. B [5]).
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2.3. Meroanyeckne yKasaHus

B COOTBETCTBHM C 3aJaHHBIMHM IMApAMETPaAMU W AOMYIICHUSMH, & TAKKE
npuHimUnaMu noctpoenus cuctemsl nporotuna — CPHC «I'JIOHAC» paccmoTtpum
MHOT'OKaHaNbHYIO anmnaparypy notpeoutens (HAII), ucnosib3yrolLyro y3K0omonoc-
HBIE PATUOCUTHANBI U MPEIHA3ZHAYCHHYIO IS TJI00ANbHOW HABUTAlMM HA3EMHBIX
MOABUAKHBIX 00BEKTOB (CyXOMyTHBIX, MOPCKUX, BO3AYIUHBIX). ByneM cuutats, 4To
B HAII nmpumMensiercsa mMpOKOHANpaBIeHHAs NPUEMHAs aHTEHHA. JJalbHOCTH OT
oowvekta 10 HKA wusmepsiercs B HAII mocpeacTBoM u3MepeHHs CIBUra NpUHU-
MaemMou M-mocienoBaTelbHOCTH OTHOCUTENBHO onopHoro curHana B HAII [1,
ctp.307].

B ceance naBuranuu pesysbratel u3Mmepenuii B HAII ncesnonanbHOCTEM
(paccrosinus mexay HKA u HAII ¢ yuetom pacxokIeHHs KA BPEMEHH) OTHO-
cutenbHO He MeHee deTbipex HKA, BbIOpaHHbIX 1S ceaHca, U MpUHSTAs dpeme-
puanas ua@opmanus ot BelOpaHHbIX HKA Mo3BOJISIOT ONpeaenuTb TpU KOOPAH-
Hatbl 00bekTa U cABUr mectuoit [1I1B oO6bekTa (onmopHOro curuana) OTHOCUTENBHO
[IIB cucremsi [ 1, ctp. 304].

OCHOBHBIMM HMCTOYHUKAMHU TOTPEIIHOCTEH OAHOYACTOTHOIO HW3MEPEHUSA
MICEBAONAUIBHOCTH B MHOTOKaHanbHOW HAII ABISAIOTCA: IIyMBI 1 MHOTOJy4€BOCTD
Ha BXOJI€ MPUEMHUKA, Tponocdepa, noHochepa. CymMMapHasi MOrpelIHOCTb H3Me-
peHust ICeBA0AATBLHOCTH ONpeenseTcs cueayriieit dopmynoii [5, ctp.39]:

mp

I'ne: 0, — norpemHoCThb, 00YCHOBJICHHAS aJAUTUBHBIMU IYMaMHU B MPUEM-
nuke HAII; 0, — norpemHocTs, 00yClIOBJICHHAs! MHOTONYYEBBIM PaCIpOCTpaHe-
HUEM HAaBUIallMOHHOIrO curnana s npuropusontusix HKA; G, O, —norperi-
HOCTH, O0YCJIOBJIEHHBIE BIHSHUEM Tponochepbl U HOHOC(EPHI COOTBETCTBEHHO.

ITpu oLeHKe MOrpeHOCTER MCEeBA0IATBHOCTH, OOYCIOBIEHHBIX IIYMaMH U
MHOT'OJTy4€BOCTBIO Ha BXOJI€ MPUEMHHUKA, OyJeM ronararb, 4to B kanasnax HAII B
nernsx caexenus 3a [ICIT] npuMeHstoTess AMCKPUMUHATOPHI 3aIEPKKH, Y KOTOPBIX
IMPUHA UEHTPATBHOTO JUMHEWHOTO YYacTKa JUCKPUMUHALMOHHON XapAKTEPUCTH-
k1 paBHa mmurtenbHocTH cumBona [ICII1. Torma mymMoByr0 morpemHocTs OQHO-

MATIa30HHBIX U3MEPEHUH TICEBIONATBHOCTH MOKHO OIICHUTH CIEIYIONTUM 00pa-
30M ([3.,4]):

Oy = \/szu +O_]%l]l +02 +030H (2-1)

£\ 2gTy

riae: C - CKOpoCTh cBeTa; F1 - TakroBas wacrora [ICIT1.

Hapuranuonusiii paguocurnan ot npuropuszontnoro HKA moxer npuxo-
JUTh K HA3eMHOMY MOABUKHOMY OOBEKTY HE TONBKO MPSIMbIM MYTEM HO U 324 CUET
3€pKaIbHOr0 OTPAKEHUsS OT 3€MHON MOBEPXHOCTH (MHOTOJMYYE€BOCTh). OTpakeH-
HbIH palMOCUTHAI NPUXOJUT K OOBEKTY C HAMPABIEHUS HUKE MECTHOTO TOPU30H-
T4, U OPU 3€PKATBHOM OTPaKEHUHU U3MEHSETCS HA MPOTUBOIMOJIOKHOE HAMpPaBIE-
HUE KPYroBOM mossipuzanuu paguocurnana. C yueToM JaHHOTO OOCTOSATENbCTBA U
3a cUeT MPOCTPAHCTBEHHON M30UPATENBHOCTH MPUEMHON aHTEHHBI MOITHOCTh OT-
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paxkeHHoro paauocurnana Pg Oyaer MHOTO MeHbIlle MOIIHOCTH MPSAMOTO Painuo-
curnana P na BXoge npueMHuka.

[TorpemnocTs U3Mepenus MceBaOAATBHOCTH A0 mpuropuzontHoro HKA,
00yCIIOBIEHHAss MHOTOJY4E€BOCTBIO MPHU KCIOJB30BAHUM Y3KOMOJIOCHOTO HABHIa-
IIUOHHOTO paguocHuriana, OyJeT MakCMMalbHa B XYZAIICH CUTyalMH, KOTJa 3a-
aepxka At oTpaXeHHOro paguoCUrHaia OTHOCUTENBHO MPSMOTO PaJMOCUTHANIA Ha
BX0je npuemuuka Oyaet paBua At=1/2F,, rne F; 0 Ttaktosas wacrora IICII1. ITpu
At<<1/2F,, u npu At>3/2F; norpeniHocts OyaeT MHOTO MEHBIIIE, YeM B XyIIIei
curyanuu. [lorpemnocts mnceBAogaibHOCTH 10 mpuropusontnoro HKA wu3-3a
MHOTOJIYY€BOCTH B XYAILIEH CUTYallMu I Y3KOMOJOCHBIX HABUTAMOHHBIX pPa-
auocurnanoB Oynaet pasna ([3,4]):

_ ¢ |Fa (2.3)
4F 2P,

OTHo1IEHNE MOITHOCTEH OTPAKEHHOTO U MPSMOT0 PaAUOCUTHANA COCTABISA-
et npumepno - (30...32) nb, 4To XOpoWIO cornacyercss ¢ 3KCHEPUMEHTANbHBIMU
JaHHBIMU [3].

Tponocdepnyto mnorpemHocTs 0€33anpoCHOr0  U3MEPEHUS  JAbHOCTH
(nceBmnonanbrocth) At HKA mpu yrmax Bosssiienuss HKA [=5° (xymumii ciy-
yait) MOKHO HAHTH CAETYIOLIUM 00pPa3oM:

M

_ 1
O = n(3) .([ An, (h)dh (2.4)

rae: Any(h) — koaddunmeHT npenomieHus: Tponochepbl B 3aBUCHMOCTH OT
BBICOTHI.

O6byHO B HAII TponocdepHbie NOrpeiIHOCTH KOMIEHCUPYIOTCS pacyeT-
HBIMH TOTNpaBKaMH. Ecnu paccuMThIBaTH TpOmocdepHbie MOMPABKU A CPEAHUX
napameTpoB Tponocdepsl (rmodanbHO) TO UX MOTPEIIHOCTh COCTABUT

A ()=o () - ) (25)
Any(0)=3010".

100

Ani(h
f>100
Ani(h) = 40.3 Ng(h) / £ 2 (2.6)
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Ne(h) O

o :J'A ()
Ani(h
1)  h<h=100 An(h)=0:
2) hy<h<h,=300  Anh ANy,
0 Ani(h) ;
3)  hy<h<h;=400 An(h) = Anm;
4)  h=hy;=400 An(h)=An,e ""M/a a-500
Ani(h
Ang,
Ne B=5°..10°
(xy z
XY
Os

os[3,9].

2.7)

Anp,
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D D A, a,
1 X 300 10 15 -20
2 X 350 10 2,0 -20
3 X 400 20 3,0 -20
4 X 450 20 5,0 -20
5 C 300 30 6,0 -23
6 C 350 30 7,0 -23
7 C 400 40 8,0 -23
8 C 450 40 9,0 -23
9 S 300 50 10,0 -25
10 S 350 50 11,0 -25
11 S 400 60 12,0 -25
12 S 450 60 13,0 -25
13 L 300 30 3,0 -27
14 L 350 30 5,0 -27
15 L 400 40 10,0 -27
16 L 450 40 12,0 -27
17 P 300 50 10,0 -23
18 P 350 50 15,0 -23
19 P 400 60 10,0 -23
20 P 450 60 15,0 -23
21 X 250 10 3,0 -22
22 X 300 10 5,0 -22
23 X 350 20 10,0 -22
24 X 400 20 15,0 -22
25 L 500 50 5,0 -30
26 L 500 60 10,0 -30

A- &P
1=72°.

1)
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2)

3)
4)
5)

6)
7)

8)
9)

ERS
ERS-2, ENVISAT

RADAR-
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SAT
SAT- ALOS

LightSAR

A

SRTM
Endeavour

RADAR-

16



-A/B/C, JERS

ERS-1/2, X-SAR
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A=cot/2
A.=Cl2Af .

A = (3.1)

ty

tn

k-
1(t)=2R(t)/c P(t)=41R(t)/A

Gk tk.

= | o(-t( )o (@ -¢( ) (32)
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R(t) _t
()=J + 0 - = * 0 - (323)
—_ ~ |:| —_
()—n&¢()~mﬁ( ) (3.4)
AF=2VLJAR.
or
X

A==t - (3.5)
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ke=1.2...1.4—

7.
Ls,
N=LJA..
= [AQ (3.6)
Jo - )+ () (37)
Vo —
fM 3 -2 _
= | " (3.8)
<p/
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2
k=12...1.4
W,
a
= (3.9
(@)
[o]
a °,
Af
a
A <A
a
VHF) P 0,4200,450 66,7-71,4 30
UHF) L 1,2151,300 23,1-:24,7 85
SHF) S 3,1063,300 9,099,67 200
" C 5,255,350 5,615,714 100
" X 9,5009,800 3,063, 158 300
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[6]:

= > SEAE (3.10)
o°-
o°
Q=1
- ()80 (311
OO0 O O
=0~ A (3.12)
G -
P —
K -
K = K
N -
L -
- &:Axxﬂy_
R —
-a )
Q=20
T = /
=1 [
01

_H 0 ooo ¢t 313

- O C '

g ()o oo ¢
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(3.14)

(3.15)

F=UT
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4. http://www.rsg.ru/sfcsic/russa-w.html
5.

6.

(3.16)
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