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1. ®A30BbIE OAJNIbHOMEPHbIE CUCTEMbI

1.1. dunsnyeckne oCHoBbl a30BOro MeToaa U3MepeHNsa 4anbHOCTH.
OaHOYaCTOTHLIN MEeToA

daszoBas pagmonokaunoHHas cuctema (PJIC) namepsiet ganbHOCTb UNK Yron Ha oc-
HOBE n3mMepeHuin gassbl.

PaccmoTpym cHavana uvaeanuampoBaHHbIM crydan. B cBobGogHOM npocTpaHcTBe
nMeeTcs OOVH eOVHCTBEHHbIN oTpaxaTtenb u dasosaa PJIC (puc. 1.1). MNepepatymk
n3nyyaeTt cMHyconganbHoe HemoaynupoBaHHoe konebaHue vyactoTbl fy ¢ Tekywen da-
301

Qnpn ~— 2n-fo-t + Qo (1 1)

CwurHan oTpaxaeTcsa OT uenu A (Mnyn peTpaHCNUpyeTcss OTBETYUKOM Lenu U nocTy-

naet B nNpuémHuk (puc. 1.1,a) c dpason
Prpm = 21-fo- (L-tR) + o+ Ao, (1.2)

roe A - caoBur dasbl Npy oTpaxkeHun oT uenu (0bbl4HO BecbMa 6nm3ok k 180° n co-
OTBETCTBYET M3BECTHOMY M3 ONTUKMN SIBIIEHMIO «NOTEPM MONBOSIHbLI NMPU OTPaXKeHUn»). B
AanbHenwem Mbl 6yaem nonaratb €ro M3BECTHbIM M YYTEHHLIM B HayarbHOW rpagywv-
poBke (4TO BMOSIHE OOCTYMHO B Hambonee BaXHOM LSl MPAKTUKM CnyyYae peTpaHcrns-
Topa).

MaBHOE CBOWCTBO OTPaXEHHOro curHamna, Ucnosnb3yemMoe B U3MepeHusix, - ero 3a-
nasgblBaHne OTHOCUTENbHO 3oHaupytowwero (puc. 1.1,6 ) Ha Bpems tr B nyTn 0o uenu A
n obpaTtHO

tr=2R/cC.

lMNepepaBaemoe n npuHMMaemoe KonebaHus noctynatT Ha ¢dasometp OM, nsme-

PAOLLMIA PA3HOCTb MEXAY HUMU

eI: (Pnpﬂ - (Pan = 27T'f0' tR - A(P = (4Tt'fo'R/C) - A(P . (1 3)
OT6pacbiBas Ag , y4TEHHOE B rpaJyMpoBKe, MOMyYaem ypaBHEHNe
0 = 4nfo-R/c=4n- R/A , (1.4)

CBSA3bIBAOLLEE N3MEPSEMYHO pa3HOCTb da3 0 C MHTEPECYIOWNM HAc NapameTpoMm -
AansHocTblo R . 3aBucumocts 6 = f (R) — nuHenHa. 3to npamas (puc. 1.2), npoxoas-
Lasa Yepes Havano KoopauHat C KpyTU3HOW 4m/A .

TOYHOCTb U3MepeHnin onpeaenaeTcs 3TON KPYTU3HON

a = 5 = 4_n (1.5)
dR R A
N3 hopmynbl cnegyeT, 4To ogHOMY 060pOTYy CcTpernku hasomeTpa Oyax = 21 COOTBET-
CTBYET OTPE30K 4anbHOCTU R, = % . (1.6)

Ecnu,Hanpumep, A = 10 M, TO Ryax = 5 M, 1 Npu TOYHOCTN OTCYETA AO = 1° TOYHOCTb
oTcyéTa ganbHoct™m A R =5/360 = 1,4 cm. Takum o6pa3omM, UHCTPYMEHTanNbHas ToY-
HOCTb (pa3oBOro mMetToda M3MeEpPEHUst JaNbHOCTU ABNsieTcs HamBbicwen. OgHako 3To
AOCTUraeTcs 3a CYET NOTEPU OAHO3HAYHOCTU N3MEPEHUN.

Kasanocb Obl, B cuny nMMHENHOCTU (pyHKUMK (1.4), namepeHust KpamHe NpocTbl: Jito-
6o ganbHOCTM R cooTBeTCTBYET onpenenéHHoe 3HavyeHne 6, ogHO U TONbKO OA4HO.
OpHako Oeno OCnOoXHSETCS TeM, YTO uarnyyvyaemasi cuHycomganbHas yHKUMS nepuo-
andHa (c nepuogom T), B pe3ynbTtaTe Yero OTPaXEHHbIA CUrHan, CABUMHYTbIA OTHOCK-
TeNbHO 30HAMPYHOLLErO Ha tr , HAYEM HE OTNMYaeTca OT caBUHYTOro oT T +tr,
2T +tr, 3T +trn . 4.
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Kpome TOro, wkana ¢gpasomeTpa, Kak BCcsikasi KpyroBasi LWkana, cogepxut B cebe 360°
nyron K=360°+X° (K=0,1, 2, 3...)uHanuupyetcs kak x°. B peasynbtaTte, ecnv mbil,
HUYEro He 3Has O AanbHOCTM LEenu, NOCMOTPUM Ha NokasaHus hasomeTpa 1 yBUANUM UX
paBHbiMK Oy (puc. 1.2), To aTo0 ByaeT 03HavaTb, YTO 4aNbHOCTb Lenu paBHa nmbo Ryy,
nmbo Ryz, nnbo Rys 1 1. 4. Takum ob6pasom, namepeHusamM 4anbHOCTU NPUCYLLa MHOMo-



3Ha4yHOCTb. B ganbHenwemM Mbl MO3HAKOMUMCS C METoLaMu €€ yCTpaHeHus. PaccMoT-
PUM BO3MOXXHOCTU €€ U3MEPEHNN.

N3—3a HeogHO3Ha4YHOCTM ha30BbIN METO, NPUrodeH Ans HenocpenCcTBEHHOIO N3Me-
PeHUs 4anbHOCTU TOMBbKO NPU YCAOBUM HaNU4Ynsa anpuopHon nHopmawmm

A
<> (1.7)

max

Bbibupas gnvHy BonHbl B cooTBETCTBMM C (1.7), MOXHO obecneunTb OQHO3HAYHOE
namepeHune nobon ganbHoctn. OgHako, ecnun, Hanpumep, Ryax= 300 Km, TO ona aToro
Heobxogmma A= 600 KM. OTO COOTBETCTBYET OYEHb HM3KOM HecyLen YactoTe (fo = 500
4 ) 1 Mmanon 3dPPEKTUBHOCTU U3NYHEHNA aHTEHHbI NpuemMnemMblx pasmepoB (adpdek-
TMBHO U3NyyaloLnmy NoslyBOSTHOBOW AnNorb nmeeT pasmepbl A /2 = 300 KM, a OCTpoOHa-
npaBneHHoe M3fny4YeHne BO3MOXHO TOSIbKO C MOMOLLbIO @aHTEHHbI, N0 pa3mMepamM Cou3-
MEPUMOMN C 3eMHbIM Lapom). Kpome TOro, MHCTpyMeHTanbHas TOYHOCTb M3MepeHus
OKasblBaeTCs YMEPEHHOW, TaK KaK Ha KaxObll rpagyc wkarnbel pasomeTpa npuxoamtcs
0,8 kKM ganbHOCTMW.

OcHOBHOE [OOCTOMHCTBO OAHOYACTOTHOM (©Pa30BOM CUCTEMbI — BO3MOXHOCTb M3Me-
PeHUs He caMoOn AanbHOCTW, a NpupaweHuss JanbHOCTU 3a Bpems HabnwgeHus. [Jo-
nNycTMM, Mbl Ha4yanu HabngaTe 3a NokasaHUAMKU ha3omeTpa B MOMEHT, Koraa OH no-
kasbiBan Oy (puc. 1.2). lNycTb nokasaHwWs ero pacTyT (3TO 3Ha4WUT, YTO pacTeT Aanb-
HOCTb, T.€. Uenb yaandaetcd). Korga nokasaHus JOCTUMHYT 21t (YTO HEOTSIMYUMO OT Hy-
NK) Y BHOBb HAYHYT pacTu OT Hyns, Mbl JOMXHbl 3aMOMHUTbL, YTO OblNT Nnepexo nokasa-
HUN Yepe3 Hynb. lNMpogomkaa HabnwaeHUs M NOACYUTBLIBAS YMCIIO NMepexonoB yepes
Hyrnb - N, Mbl B MOMEHT, KOraa KOHe4YyHoe rnokasaHue dasomeTpa paBHO Ok , MOXeEM On-
penennTb, YTO AanbHOCTb Lienn Bo3pocna Ha

0, -0, A
R, =(N+ £ "H).— 1.8
n = - ) 5 (1.8)
MonHasa AanbHOCTbL A0 Lenu
R=Ro+Rn, (1.9)

roe Ro - HavanbHas 4anbHOCTb, KOTOPYH Mbl SOSMKHbBI 3HATb U3 anpuopHON MHAOp-
Mauum oT OPYroro UCTOYHMKA.

Ha puc. 1.2 nokasaH cny4van, korga N = 2. Mbl He 3HaeM HayanbHOW JanbHOCTU Ry.
Ecnn Ro = Ry, T0 3a Bpemst HabnogeHna Lenb 0ToAaBMHyNach Ha Rn 1 okasanacb Ha

R =R7 +Rp =Rx.
Ecnn xe Ro = Rz, TO 4anbHOCTb B KOHLE HabnoaeHus paBHa
R =R, +Rp =Rk .

MoacyeT ymcna nepexonos Yepes Hyflb N MOXXHO NOPYYUTb 3MEKTPOHHOMY CHETYM-
Ky. [lockonbKy OanbHOCTb LEeNnu MOXeT Kak yBernunuMBaTbCsd, Tak U yMeHbLuaTbCs
CYETYMK OOMMKEH ObITb peBepcuBHbIM. Kaxabin 06opoT c4éTumka cornacHo (1.6) o3Ha-
YyaeT npupatleHme ganbHOCTU Ha A/ 2.

Mpn NocTosiHHOW paananbHOW CKOpocTu uenun Vg

N=M-t,

raoe M — uncno o6opoToB B cekyHay, VkR =M - L/2 , oTKyaa

2V,

M= (1.10)

C gopyron cTopoHsbl, auddepeHumpysa (1.3) no BpemeHu, umeem

ﬁ_dq)np()_dq)np/w _47T'f0_d_R (1 11)
dt dt dt c dt '




Mo onpegenexHuto

dR d n d npm

an _ VR . ¢ po =0, ; ¢ M _ OJnPM )

dt dt dt )

O603HauYnm Npon3BOAHYHO OT pasHOCTU ha3 O kak pa3HOCTHyI0 YactoTy Qp. Cornac-

HO (1.11) nmeem:

9

4 -
npm = fO 'VR :
C
PasgenuB Bce Tpy 4acTOTbl paBeHCTBa Ha 2w, Nepexoavm OT KPYroBOW 4acToTbl K

4acToTe B repuax

Fi=fy = fypu = 2000 (113)

Q, =0, - (1.12)

Wtak, npuHmumaemas yactota f,ow OTNIMHaeTca ot nepenasaemon fo Ha BenuunHy Fp,
nponopuuoHanbHyto paguansHon ckopoctu Vg. BenuunHa Fp HasbiBaeTca gonnepos-
CKOM 4acToTOMn

F

2-f,V, 2V,
ﬂ: = .

c A
CpasHuasa (1.14) c (1.10), Buamm, 410 4ncno obopoTOB CTpPenku dasomeTpa B
CeKyHay eCTb 4OonnepoBcKasi YactoTa
M =Fg (1.15)
Takum 0B6pa3omM, Mbl YyCTaHOBWUN HEMOCPEACTBEHHYIO CBA3b MeXQy MNoKasaHMsMM
dasomeTpa, nNpPoONOpUMOHANbHBIMA  OanbHOCTM, W MNOKasaHMsAMKM 4YacToTomepa,
nponopunoHanbHbIMn ckopocTn. O4eBMaHO, YTO

t t
R(z)=R0+jVRdt=RO+jMT'7‘dz, (1.16)
0 0

(1.14)

T.e. TEeKyLYl0 OanbHOCTb MOXHO BbIMMCNUTb Kak CyMMYy HadanbHOW [anbHOCTU Y
WHTerpana oT CKOpOCTW 3a BpeMsi HabnoaeHus.

HavanbHas ganbHOCTb Ry MOXeT OblTb 3apaHee W3BECTHa W3 reoae3nyveckmx
namepeHuin. Toraa, BKMNOYNB CHETUMK YMcna pas3oBbix UMKNOB N B MOMEHT cTapTa, Mbl
B COCTOSIHUM M3MEPSATb TEKYLLYIO AanbHOCTb R, npnbaensas k Ry Tekywee npupalleHue
panbHocTn. C4yéTtumk N saBnseTca uHTerpatopom (cymmartopom ans uuicna M,
XapakTepuayoLero CKopocTb Lenu.

[MaBHbIM M3MepPUTENbHBIM YCTPONCTBOM CXeMbl sBfnseTca dgasomeTp. Yucno
pa3paboTaHHbiX dasomeTpoB Benuko [3, 4, 5]. 3gecb Mbl paccmMoTpuMMm ABa Buaa:
aHanoroBbIN 3NEKTPOHHO — nyyeBon (puc. 1.3) u umdposon (puc. 1.4).

Mcnonb3ayembin B uccrnegyemon nabopaTopHOM YCTaHOBKE 3NIEKTPOHHO — fy4eBOW
hasoMeTp MMeeT KOMbLEBYHO pas3BEPTKY, KOTOpas CO34a€TCs C NOMOLLBbID ONOPHOro
(nepegaBaemMoro) cCuMHycomgaribHOrO  HanpshkeHusl, pasgensemMoro € NOMOLLBIO
dasoBoro casura ( m / 2 ) Ha OBa OPTOroHasibHbIX, MOAABaeMblX Ha [Be napbl
OTKMNOHSAKLWMX NnacTuH. Takmm obpasom, Ha 360° akpaHa npuxogutcs 360° dasoBoro
caBura, 4YTO COOTBETCTBYET pacctosHuio A / 2. C NOMOLbK OrpaHMunTens,
AnddepeHumpyowen uenM u HopmMmanusaTtopa  co3gatTca uMMnynbCbl 3 ©n 4,
COOTBETCTBYWOLME Mepexodam 4epe3 Hynb (B MOMOXUTENBHOM HanpaBrieHUu)
OMOPHOrO N OTPAKEHHOIO CMHYycouaanbHbIX KonedaHnn. Cymma 5 nocnegoBaTtenbHOC-
Ten nmnynscoB 3 1M 4 nogaértcsa Ha nogceeT nyya. [pyu aToMm umnynbcbl 3 co3garoT
APKYIO TOYKY — HYNb AanbHOCTK, a 4 — NO3BONSAIOT U3MEPATb AanbHOCTb.

B undposom dasomeTtpe dopmupytowme kackagbl PK1 n OK2 Tarkke npeobpasytoT
nepexonbl Yepes Hyrb ornopHon Ug n oTpaxéHHon U4 cuHycong B cepum MMMynbCcos,
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ynpasnswowux Tpurrepom T. [OnuMTenbHOCTb WMMNynbca Tpurrepa onpegensercs
dasoBbiM caBurom 6 (ganbHocTbi). Ha cxemy W noctynatoT mmnynbcbl TpyUrrepa m
nMmnynbecbl 1 aTanoHHoro reHepatopa [. Ha Bbixoge 2 nosBnsetrcsa pesynbtaT
coBnageHunsa , noctynamowmum Ha c4éTumk C. PesynbTaT cyéTta N nponopumoHaneH 0 u,
cnegosatenbHo, fanbHocTU. [epuog cnegoBaHMs UMMYNbCOB 3TANOHHOMO reHepaTtopa

],1:26R’
c

roe OR - anemeHTapHbIM OTPE30K (KBaHT) AanbHOCTU. Toraa
R=N-T;1=(2N/c) dR
UemMm MeHble u crtabunbHee T4 , TeM Bblle WHCTPYMEHTANbHAA TOYHOCTb
namepeHnn. [ucnepcuss UHCTPYMEHTanbHOW OLWNBKN, CBA3aHHas C OUCKPETHOCTbHO
KBaAHTOB, KaK U3BECTHO, paBHa [ 7 |
02 _ 8R2
R 12

1.2 HepocTtatkm ngeanmsampoBaHHOM CXeMbl U CNOCOBLI UX
npeogoneHuns

Paspewwatowaa cnocobHocTb MO fanbHOCTM B o6Liem criyyae onpegensercs
LWMPUHON NUKa aBTOKOPPENSUMOHHON (OYHKUMW Ha OCU BpeEMEHU, KoTopas obpaTHo
nponopLmMoHarnbHa WMPUHE CNeKTpa curHana.

B nepsom npubnuxeHun

C

2Af
B cny4ae npocToro curHana AnuTenbHOCTb T W LUMPUHA CrekTpa cBs3aHbl MPOCTbIM
cooTHoweHnem t - Af =1, B pesynbtate (1.17) MOXHO nepenucaTb B BUAE

(1.17)

- T (1.18)
2Af 2
MockonbKy y MOHOXpomaTtmyeckoro curHana Af >0 n t — «, 10
AR= o | (1.19)

T.€. paspelwaroias cnocobHOCTb MO AanbHOCTM Yy (Pa30BON CUCTEMbI OTCYTCTBYET
( beckoHeyHa nnoxa). B camom gene, npu ckonb yrogHo 60MbLIOM paccTOSTHAM MeXay
ABYMS LLeNsiMU OTPaXEHHbIE CUrHanbl OT HUX MEepPeKpbIBaOTCSA, MOCKOMbKY WX AnvHa
T — o (OBe BEeCKOHeYHO ASNMHHBIX CMHYcouabl YacToThl fy BCcerga nepekpbiBaloTCcs BO
BPEMEHUN N MO3TOMY CKMaAblBAKOTCA, AaBas pe3ynbTUPYIOLLYI0 CUHYyconay TOW Xe vac-
TOTbI, NO KOTOPOWN HEBO3MOXHO CYAUTb O KOSIMYECTBE CUHYCOMA, U3 KOTOPbIX OHa Mony-
yunace).

Paspeluatowiaa cnocobHOCTb MO 4YacToTe paBHa LUMPUHE CMEKTpa, U A1 MOHOXPO-
mMaTunyeckoro konebaHus AFgp= Af=0.

Paspelatowas cnocobHOCTb MO CKOPOCTU B cooTBETCTBUM C chopmynon (1.14)
A AF, _AN

2 2
T.€. Haunyywas n3 BCex BO3MOXHbIX.

AV, = =0,
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Teno HeonpeaenéHHOCTU MOHOXPOMAaTUYECKOro curHana npencrasneHo Ha puc. 1.5.
OTO0 BECKOHEYHO ASIMHHOE N BEeCKOHEYHO TOHKOE fe3BUe HOXa MOCTOSAHHOW BbICOTHI,
pacnosioXeHHoe BAoMb ocu t B nriockoctn F = 0. Ero nonepeyHoe ceyeHne BOOMb OCU
F aBnsetca penbTa—dyHKUMen, 4YTo K obecneunmBaeT OeCKOHEYHO Xxopoluee

2
(TF)
P A

Puc. 1.5

paspeLueHne no YactoTe (CKoOpoCTK).

Ha npakTuke paspelueHne rno 4actoTe ToXe OrpaHN4YeHo B MEPBYO oyepenb TEM, YTO
npy 0630pe NPOCTpaHCTBa OCTPbLIM JTyHOM BPEMS MPOXOXKAEHMS fyda Mo Lenn KOHEYHO,
N NO3TOMY OTPAXKEHHbIAN CUTHAN UMeeT BUA OTpe3ka CMHYCcouabl OrpaHUYEeHHON ANUHbI
T1. OTO PaBHOCWIIbBHO paboTe MMMNYMbCHLIM CUrHaNoM (BecbMa AnvHHbIM). [pn 3TOM
paspeluatoLlas CnocoOHOCTb NO AanbHOCTM AR < oo, 04HAKO OHa €LLE CNULLKOM Mroxa,
YTOObI ObITH NCMOJNTIL30BAHHOWN.

LLinpnHa cnekTpa Takoro curHana Toxe He GeCKOHeYHO Marna, oHa UMeeT BENUYMHY

nopsgka 1/71,. HekoTopoe pacwmpeHne cnektpa MMeeT MecTO TaKKe U3 — 3a HeTo-
YeYHOCTU uenun. Ecnu pasnuyHble TOYKU Lenu aBuxyTcs oTHocuTensHo PJIC ¢ pasnuu-
HbIMW paguanbHbIMXU CKOPOCTAMM, TO OHW AAl0T pasfiMyHble OOMNSEPOBCKUE COBUTU, U
9TO BEAET K pasMbITOCTM cnekTpa. Ha BpemMeHHOn ocn 3To BeAET K uiyKTyaumMm MrHo-
BEHHOr0 3HA4YeHWsA CurHana BO BPEMEHU N OObIYHO TpakTyeTcsa Kak donykTyaumm ad-
dexkTnBHON nnowaan paccesHus (3AMP) uenu.

OtcyTcTBME paspeluarollen CnocobHOCTM MO AanbHOCTM O3HAYaeT He TOSbKO He-
BO3MOXHOCTb PasnuynTb ABe HENOABWXHbIE LIS, HO U OWKNBOYHOCTb pe3ynbTaToB
n3mepeHusa ganbHocTu. Ha puc. 1.6 nokasaHa BeKTOpHas guarpamma, rae ¢np, — dasa
BEKTOpA OMOPHOro curHara, nocTtynarwLero Ha asomeTp OT nepefaryuka, ¢1 U oy -
dasbl CUrHanoB, OTPAKEHHbIX OT ABYX Lenen n NocTynarwLwmx Ha asomMeTp OT NpPUeM-
Huka. JanbHocTb uenu 1 onpegensdetca pasHOCTbiO a3 0; (6e3 yyéTa BO3MOXHbIX
HeoQHO3Ha4YHOCTEN), uenu 2 — pasHocTbio a3 0s.

OpHako gBe cuHycouabl OAMHAKOBOW YacTOThl, NOCTyNas Ha BXo4 NpPUEMHMKa C (a-
3aMun @1 U @2 , CKNagblBalOTCA U Oal0T OQHY CUHycouay TOW e 4YacToTbl ¢ pa3on ¢s,
OTIINYHOM OT @1 U @2 W He NO3BOSISOLLEN onpeaenuTb pasgensHo 6, u 0,. PasHocTb
da3 ana aTon cuHycomabl 0 s oTnmyaeTcs oT 6; U 02 N He COOTBETCTBYET AaNbHOCTU
HW TOW, HX OPYron Lenu.

Ha puc. 1.6 nokasaH cnyyau, korga U, << U4, T.e. BTOpas uUesib MeHblle nepsoun no
apdektneHom nnowaan paccesHus (3MP). B 3aBucumocTn OT JanbHOCTU uenun 2
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BekTop Uy MOXET 3aHMMaTb pasnuyHoe nonoxenue (yron 6, - ot 0° go 360°). 310
BNusieT Ha BekTop Uy U ero ¢asy 0 s , KoTopas MOXeT 3aHUMaTb NONOXeHNe OT 0 smin
00 0 smax - Ecnn 3MNP uenn 2 oveHb mana, 70 0 smin U 0 smax MaNo oTnu4arTcsa oT 0 ¢

4 @npn

Puc. 1.6

N N3MepeHnda garnbHOCTU LeJn 1 BO3MOXHbI.

Ecnu uenb 2 aswxeTtcsa,To BekTop U, BpawaeTca ¢ OONNEpPOBCKOM 4acTOTOW, a
BekTop U1 kavaeTcsa mexay 0 smin U 0 smax C TON XK€ YaCcTOTOWN.

3akoH kayaHus BekTopa Uy He coBnagaeT C 3aKOHOM KayaHus MasiTHuka. [lonesHo
npocneauTb 3a USMEHEHUSMU 3TOro 3aKOHa MO Mepe U3MEHEHMUSI COOTHOLLEHUS MeXay
U2 n U1.

Mycte amnnutyaa curHana U , OTPaXXEHHOro OT HEMOABWXKHOM LieNin, NOCTOSAHHA, a
curHana U, , OTpaXX€HHOro OT ABWXKYLLIENCS LieNnn, pacTET. ATO BOZMOXKHO, €Cnu Lenb 2
npubnmkaeTcs. MaeHbIN 3ddekT — BpaweHme BekTopa Uy ¢ 4onnepoBCKON 4acToTow,
BTOPOM MO 3HA4YEHUIO — YyBenuMYeHue ero moaynsa. Ha pwuc. 1.7 oTobpaxeHbl
COOTBETCTBEHHO HenoasmkHaa U4 n pasmxywasca U, uenu pucyHka 1.6 (B
YMEHbLIEHHOM MacwTabe, okpyxHocTb A). C npubnwxkeHuvem uenu 2 paguyc
OKPY>XHOCTU, onucbiBaeMon Bektopom U, , yBennumeaetca (puc. 1.7, okpyxHoctu A, B,
C,D, E).

BmecTe ¢ aTum yBenuuymBaeTca 1M pasmax konedbaHun cymmapHoro Bektopa Uz = U4
+ Us:

oT 6o Ans cnyvas A, go 6 ana B u go 6 ¢ = 180° ana C, 1.e. ansa cnyyas , korga U,
= U1.

[MycTb oNA KOHKpeTHOCTU BekTop U, BpallaeTcsa no 4acoBOW CTpenke U paBHOMEPHO
(Vr = const) . Torga u3 nonoxeHusa 2 B NONOXeHMe 3 OH nepexoauT 3a non-obopoTta ,
B obpaTHOM nopsiake — aHanornyHo. O4HaKko CyMMapHbIN BEKTOP U3 KpanHero nesoro
nonoxeHuna 1 nepexoamTt B KpanHee npasoe 4 3a Bpemsa 66nbLiee, Yem non-obopora,
notomy 4to gyra 1-2-3-4 > 2-3. /13 kpanHero npaBoro nonoxeHus 4 B kpanHee nesoe 1
CYMMapHbIN BEKTOP nepexoanT BbicTpee: 3a BpeMs, MeHbLUee, Yem non-obopoTa (ayra
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4-5-1 meHbwe ayrm 1-2-3-3). NTak, «MasTHUK» KayaeTcs aCCMMETPUYHO BO BPEMEHM:
BNpaBO — MeAfeHHO, BNeBo — ObiCTpee. OTa acCUMETPUSA BO3pacTaeT C yBernnvyeHnem
U, . Hanpumep, B cnyvyae B gyra 1-2-3-4 gnuHHee ayrm 4-1 noytn BTpoe. HakoHeu,

Puc. 1.7

npun Uz = Uyq (cnyyan C) «maatHuk» U, maE€T cneea HanpaBO MPaKTUYECKN B TEYEHMue
Bcero obopoTta Bektopa U,, a cnpaBa HaneBo BO3BpaLLaeTCA CKaYKOM, MIHOBEHHO.

YNomsHyTas HepaBHOMEPHOCTb KayaHWA BEKTOpa HEenpaBWilbHO OTpaXaeT ABWXKe-
HUe uenn, NnpnbnuxarLwencs paBHOMEPHO. DTO CUMBHO OCHOXHAET uaMepeHne fanb-
HOCTU NpubnuxarLienca uenu B npegenax ogHoro obopota Bektopa Uz ,XO0TA U He
MeLlaeT noacyMTbiBaTh Lenoe vmcrno obopotoB U, (kavyaHun Us), T.e. nepemelleHue
LLenin ¢ TOYHOCTbIO A0 A/ 2.

C panbHenwunm npubnmxkeHmem uenu emecto HepaBeHcTBa U, < Uy HacTynaet U, >
U1 (cnyyan D u E), 4TO KayeCcTBEHHO MeHsieT nosedeHne Bektopa Us: OH npekpaiiaeT
KayaHue W” HauyuMHaeT BpauweHue. CHayana OHO HepaBHOMEpPHO, HO npu U, >> Uy
HEpPaBHOMEPHOCTb  CrNaXuBaeTCd, TaK KaK  3KCLUEHTPUYHOCTb  OKPY>KHOCTU
OoTHOCUTENbHO UeHTpa 0, paBHaa Uq , cTaHoBUTCA npeHebpexumo Mmanon no
CpaBHEHMUIO C pagnycom okpyxHocTn U, . Torga Hanndmem HenoaBMXXHOM LiefI MOXHO
npeHebpeyb, W U3MEPEHUA CKOPOCTU W nNpupaweHUss [anbHOCTM CTaHOBATCSA
BO3MOXHbIMW HE TOSIbKO MO LenbiM 4ynucnam obopoToB (CYETYMKOM), HO U BHYTPU
obopoTta — no ero gonam (pasoMeTpom).

O6bI4HO, O4HAKO, CUrHam HenoaBWXKHOM Lenu bornblle curHana ABWXKYLLENCH, noc-
KONbKY OH COCTaBIIIETCA M3 BCEX CUrHaroB, OTPaKEHHbIX OT MECTHbIX NpeaMeTOoB:
XONIMOB, JOMOB, COOPY>XeHWU. B cnny Toro, 4To OH COCTaBIiEH U3 MHOXECTBA CUrHasros,
OTPaXXEHHbIX OT OOBEKTOB, HAXOAALWMXCA Ha pa3HbIX AanbHOCTAX, da3a ero criyvyanHa
N He oToDOpakaeT HMKAKOW pearnbHOW AanbHOCTU. B npuHumMne 3TOT curHan He meluaeT
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N3MEPEHNIO NEepPeEMELLEHNA OBMXKYLLENCA Lenu rno Metoay NofcdeTa yucrna “kavyaHuin
MasiTHMKa” (OonfepoBCKOM 4YacToTbl). OOHaKo Ha npakTMKe OH TakK BemnuK, 4To
neperpyxaet npuUEMHUK, oOT4ero 0Oomnee cnabbin curHanm AOBWXKYLLENCA LEenu
nogaensetca. Ha camom pene nonoxeHne MoxeT ObiTb €Wé XyXe, eCnm MeCTHble
npegMeTbl He abcantoTHO HENOABWXKHBI. Jlec, KyCTapHUK 1 gaxe TpaBa, NOKpbiBakLas
HENOABWXXHbIN XONM, NPU HaNUYMM BETpa OKasbliBaKTCA ABMXYLLUMMUCA LensMmn. B aTom
cnyyae pes3ynbTUPYKOLWMA BEKTOP CUrHama MeCTHbIX npegMeToB 6ecnopsagoyHo
BpaLaeTcs unu konebnertcd, n namepeHme AanbHOCTU U CKOPOCTU OBWXKYLLENCa Lenu
¢a3oBbIM METOAOM OKa3blBaeTcsl HEBO3MOXHbIM. [lpaBga, ecnu uenb ABWXKeTcs
CyLLIeCTBEHHO ObICTpee MEeCTHbIX MpeaMEeTOB, TO BO3MOXHA YacTOTHas cenekuma eé
curHana wusbupartenbHbiM UABTPOM, HO 3TO OyayT He as3oBble, a 4YacTOTHble
N3mMepeHns, nlyvyaemble B pyrom mecre.

(MaBHbIM HEJOCTAaTKOM pacCcMaTpMBaEeMOro ynpoLléHHOro ha3oBoro mMeTtoaa siBns-
€eTCs NPOHUKHOBEHWE 30HOMPYIOLWEro curHana u3 nepegarowien aHTeHHbl HenocpeacT-
BEHHO B MPUEMHYIO (Yepe3 BOKOBbIE NENeCcTKn agnarpaMmm HanpereHHOCTHN). MOLWHOCTb
NpPsIMOro curHana nepegaTumka Ha MHoro nopsiakos ( B 10'° — 10%° pa3s )Bbile MoLLHO-
CTW cuUrHana, oTpaxeHHoro ot uenu. Bo BpemeHn oba curHana nepekpoiBatotcs (B cu-
ny HenpepbIBHOCTU n3nyvyeHus). MNMoatoMmy ormkHaa M3onauus NpUEMHOM aHTEHHbI OT
NPAMOro curHana npakTM4eckn HeAOCTMXKMMA HU SKPaHMPOBKOW aHTEHH Apyr OT Apyra,
HW Pas3HOCOM WMX Ha OEeCATKM U COTHU MeTpoB. [1poHMKaoWmMn B NPUEMHUK 30HANPYIO-
LW CUrHanN pPaBHOCWIMEH CUrHany, OTPaKEHHOMY OT OYEeHb KPYMHOro MEeCTHOro npea-
MeTa, U NPUBOANT K Neperpyske NpMeMHMKa.

PagukanbHbiM cnocobom 60pbObl ¢ 9TUM HeAoCTaTKOM SIBASETCS pa3HOC paboThl
nepegatymka M NpMéMHMKa no 4vactote. Ytobbl YacTtoTa curHana, uaywero ot uenw,
CYLIECTBEHHO OTnMYyanacb OT 4YacTOTbl CUrHana, nagarwollero Ha uenb, Heobxoanmo
Hanuune Ha uenun npeobpasoBaHMsa YacToThl (puc. 1.8). ATO 03HAYaeT, YTO N3MEPEHNS
MOryT BECTUCb TOJSIbKO MO CBOEMY OObBLEKTY, MO3BOMSOLLIEMY MOCTaBUTbL Ha ero 6opT

Mpm xm 'h Mpa,

fi:\ N

fo mfo
'
PNC i

¥ ¥

MpA M 'n Mpm
mfo mfo
o @ o
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Puc. 1.8
npeobpasoBaTerns.

bopToBasa annapaTtypa COCTOUT M3 MPUEMHON U nepefarolen aHTEHH, NPUEMHMKA N
nepegaTtynka u npobpasoBaTensa 4actoTbl. [1pocTenwmm npeobpasoBaTenemMm Mor Obl
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NOCMYXWUTb YMHOXUTENb 4acToTbl (yaBOUTENb, yTpouTenb 1 T.4.) OQHako Ha npakTuke
OH He MNpuUrogeH, Tak Kak MowHbIn nepegatynk PJIC 0BbIMHO HENWHEEH M NO3TOMY,
NOMMMO OCHOBHOroO konebanusa yactotbl fp, reHepupyeT Bbiclume rapmoHmkn 2 fy , 3 fy
n 1.0. B pesynbtate yaBoeHHas Ha OopTy 4acTtoTa, MocTynas Ha BXO4 MPUEMHUKa
PIC, obpasyeT co BTopon rapmoHukon nepegartymka PJ1C, Takke nocrtynarowen Yepes
bokoBble nenecTkn Ha Bxog npuémuuka PJIC, cuctemy, pacCMOTPEHHYH Bbile, He
n36aBnsasa eé oT HeJoCTaTKOB.

[na nonHon pasBaA3ku nepefartynka M npuémHuka KoadduumeHT npeobpasoBaHus
YacToTbl OOMKEH ObITb Takum, 4TOOblI B CrekTpe nepedatymka npeobpas3oBaHHast
yactoTa oTcytcTBoBana. WHbiMM cnoBamu, OH He AOMKEH OblTb UenbiM YUCIOoM.
MoaTtomy B npeobpasoBaTesie 0OblMHO CTOMT YMHOXWUTENb HAa M U OenuTenb Ha n,
Gnarogaps 4emy YyactoTa YMHOXaeTcs Ha ApobHoe ymcno m/n.

To »xe camoe NPoMXOAUT U C YacTOTOW OnopHoro konebaHus nepegartyvka, T. €. Ha
oba Bxoga paszometpa OM noctynatoT konebaHnsa ognHakoBon YacTtoTbl fi= m fo/n
(4actota cpaBHeHus). OTo0 obecneuvvMBaeT MOCTOAHCTBO MOKa3aHWW hasomeTpa npu
NMOCTOSIHCTBE PacCTOsiHUS A0 uenu ( U NepeMeHHOCTb nNpu ABuxKywenca uenu). MNoc-
KONbKy cpaBHeHuMe a3 aByx konebaHun B pasomeTpe NpoM3BOOMTCS He Ha
nanydyaemon vacrtote fp, a Ha npeobpasoBaHHoM fi, TO, B COOTBETCTBUM C (POPMYIION
(1.4), rpagyvpoBKa LLKanbl onpegensaeTca crnegyowmm obpasom:

e_41tf1R_47tmf0R

C nc

(1.20)

[ononHutenbHble ¢a3oBble CABUMM, KOTOpble MOryT nonyuntbcsa B PJ1IC n 6opTto-
BOM OTBETUYMKEe(M3-3a HaANMunsa ymMoxuTenen n genutenen), nmbo B3aMMHO KOMMEH-
cupyroTcd, NMBOo MoryT BbITb YYTEHbI B rpagyMpoBKe 3apaHee.

OTBeT4MK OOHOBPEMEHHO MOXET oTBeyaTb Tonbko ogHou PJIC, T.e. obnagaet
€VHNYHOM NPOMYCKHOM CNOCOBHOCTLIO, YTO ABMSETCA JOCTATOYHbBIM NPU U3MEPEHUN
panbHocTtn oo NC3.

[pyron HegocTaToK (pa3oBOro mMeToga — MHOrO3HAa4YHOCTb OTCYETA AanbHOCTM —
yCTpaHseTCa nepexogoM K MHOro4acTOTHbIM MeTodaMm, paccMaTpyvBaeMbiM B Crie-

ayouwem naparpade.

1.3. MHoro4acToTHbIN (pa3oBbIN METOS,

Honyctum, yto Tpu dasosbix PJIC nanyyaot Tpu cnMHycomganbHbiX konebaHus ¢
yactotamu f 1, foufs (puc. 1.9). Myctbf1 =15k, fo=10f4 =15 «kly, f 3= 100f,
=150kly ( A= 200 KM, Ao = 20 KM, A3 = 2 KM). Toraga , cornacHo cdopmyne (1.7)

RMAX < 7\,/2,

obnacTb OAHO3HAYHbIX U3MEPEHNI HA KaXKAOW U3 BOSTH
R1|\/|Ax =7\,1 /2 =100 km ; RZMAX =10 Km s R3|\/|Ax =1 Km.

MycTb TpebyeTcsa Amanas3oH oAHo3HayHbIX m3MepeHurn Ruax = 100 km. Torpga
nepsasa PJIC namepsiet ero ogHO3Ha4YHO, XOTS M HETOYHO. ECnn MHCTpyMeHTanbHas
NOrpeLLHOCTb BCEX TPEX ha3oMeTPOB cocTaBnseT 1°, To Ha NnepBOM (ha3omeTpe 3TO
6ynet coctaBnsatb ARy = 100 /360 = 0.3 km, Ha BTOpoM ha3omMeTpe MorpeLlHoCTb
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O6ynet meHbwe: AR, = A Ry /10 = 0.03 km. OgHako BTOpon hasoMeTp uamepsieT
AanbHOCTb HEOOHO3HA4YHO: norHon AanbHocTM Ryax = 100kM cooTBeTCTBYET OAMH
0obopoT CTpenku nepsoro dgasomeTpa U AecATb 0O60OPOTOB BTOPOro. AHaNormyHo
TOYHOCTb TpeTbero pasomeTpa ARz = 0,003 kM = 3 M, ogHaKo BCen JanbHOCTU Ryax
COOTBETCTBYET CTO 0O6OPOTOB CTPENiKN TpeTbero asomeTpa.

Mbl nonyyYunu TpéxkaHanbHbIN N3MEPUTENb, MHCTPYMEHTArNbHAA TOYHOCTb KOTOPOro
onpegensieTcs camMoM TOYHOW LWKanow, a AuvanasoH WU3MEPEHUNn — camMon rpyoomn.
CBoucTBa €ro nerko NOHATb Ha NpPUMepe 3HAaKOMOro BCEM TPEXLLKANbHOro n3aMmepuTens
— yacoB. Camblin rpyObi ba3omMeTp aHanorm4yeH 4acoBoOW CTpernke, 6onee TOYHbIN —
MUWHYTHOW, CaMbl TOYHbIN — CeKyHOHOM ( npaBga C APYrMMU  KOJNMYECTBEHHbIMU
cooTHowweHnsamun: emecto 1 : 12 : 720 — 1 : 10 : 100). Ecnn Ha yacax nmeeTcst TOMNbKO
yacoBasi CTpenka, To BpeMs B npeaenax tiyax = 12 4acoB namepsieTcss OAHO3HAYHO, HO
rpy6o. Ecnn Ha yacax nmeeTca TONbKO MUHYTHASA CTpesika, TO BpeMsa namepsercsa B 12
pa3 ToYyHee, HO TONbKO B npefenax toyax = 1 4ac; Mbl 3HaeM BPeEMsi C TOMHOCTbIO A0
MUHYTbI, HO HE 3HaeM, KOTOPOMY Yacy npuHagnexaT 3TM MuHyTbl. Ecnn nmetotca obe
CTPENKN, TO MMHYTHas obecnevmBaeT TOYHOCTb, a YacoBas yKa3blBaeT, Kakomy 4acy
npuHagnexaT 3TM MUHYTbl B npegenax 12 (unwn nHorga 24 ) 4acos, T. €. paspellaeT
HeogHO3Ha4yHoCTb. CTporo roBopsi, B obwemM cnyyae, Ans MOMIHOMO paspeLleHus
BO3MOXHbIX HEOAHO3HA4YHOCTEM Ha 4acax [AOSMKHbl OblTb CyTOYHasi, MecsiyHas,
roguMyHas, Bekoasi U T. 4. ctpenku. OgHako Ha npakTuke B 3TOM HET HEOHXOANMOCTH,
TaKk Kak CyTOYHble, MECsYHble WU Ap. HEO4HO3HAYHOCTWU pas3peLlatTCs C MOMOLLbO
KaneHgapsi, a BEKOBble — C MOMOLLbI anpuOpHON MHOpMaLMM O OHE POXOEHUS U
NPOAOIPKUTENBHOCTU XN3HM (HE NO3BONAOLLEN OLWNOUTBLCS B OTBETE HA BOMPOC, KaKon
cerogHs BeK). AHanornM4yHo, €crnv anpuopHO M3BECTHO, YTO B AaHHOM ob6cTaHoBKe
AanbHOCTb HEe MOXET BbITb Bonbwe Ryax = 100 KM, TO HET HEOBXOANMOCTM U B LUKaNax
1000 km n Gonee.

Kasanocb 6bl, B NnpomMexyTo4yHOM hbaszomMmeTpe HeT 0cobon HeoBXoaANMMOCTU, TaK Kak
TpeTun asomeTp obecrneymBaeT BbLICOKYHD TOYHOCTb, a MepBbIN — paspeluaet
HeogHO3Ha4yHOCTW. B npuMHUMNE 3TO BEpPHO, OOHAKO Ha MpakTMKe He Bcerga
npuemnemo: ans Toro, 4Tobbl HEOAHO3HAYHOCTM pa3peLllanncb HagEXHo, Heobxoanmo,
4yTO6bI MOrpeLwHoCcTb rpybon wkanbl — A Ry 6bina MeHble EMKOCTU TOYHOM - Rapax -
Yacbl 6€3 MWHYTHOW CTpEernku npurogHbl Ana ynotpebneHus , HO Npu YCroBUKU, YTO
NMOrpeLIHOCTb MOKa3aHu YacoBon cTpenku He npesocxoant 1/(12-60)=1/720 ponu ot
nonHoro obopoTta (MO 4YacoBOW CTPENnKe MOXHO onpefenntb U 4Yacbl, U MUHYThI).
O6bI4YHO 3TO HEAOCTMXKMMO M , KpOME TOro, HeyaobHo, Tak kak Tpebyet 720 — pnyHomn
cucTeMbl cancneHnsa smecto 12 — n 60 — puyHon.

BaxHbiM TpeboBaHUAM KO BCEM TPEM YacToTaMm SBMSETCHA UX XECTKAA CBA3b: BCE
4YacTOTbl AOSMKHbI OblTb NOMYyYEHbl HE OT HE3aBMCUMbIX MCTOYHMKOB, @ OT OAHOro — C
NMOMOLLLI AENEHUST UMM YMHOXEHUS 4acToTbl. Ecnnm 3T0 He TakK, TO BO3MOXHO
‘nnaBaHne” Ha4ana o4HOWM LWKanbl OTHOCUTENBHO ApYrow. [NMpu XECTKOM CBA3N Havano
Wwkanel nepsoro d¢asometpa cootBetctByeT 0, 100, 200 v T. O. KM, BTOpOro —
0,10,20,30,... km, Tpetbero — 0,1,2,3,4,5...92...km. Ecnn, ogHako, 4yactota TpeTbero
KaHana ywna 6bl Ha 1% Ha noBbIWEHWE, TO HA4Yano ero Lwkanbl CooTBeTCTBOBANO 6bl 0;
1.01; 2.02; 3.03; ... 92.92 ...eq., T.e. ICTUHHOE NOSOXEHME Lienn, HaxoasLenca Ha 92
KM, OoTnn4yanocb Obl OT HabnogaemMoro Novt Ha 1 kM, 4yTo obecueHmBano Obl TPETLIO
WwKany Ha 6onblnX 4anbHOCTSX.

To xe BEPHO M AN 4YacoB: BCE TPWU CTPENKN OOSMKHbI NPUBOAUTLCA B OBWXEHME OT
€0OMHOr0 UCTOYHMKA, CKOPOCTU MX OOSMKHbI OblTb XXECTKO CBSAA3aHbl LENbIMU YnCiamu,
yTo n obecneunBaetca 3ybuyaTbiMn nepegadamu. Ecnu Gbl Kaxpgas cTpenka
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npuBogunacb B ABWXKEHME OT CBOEro MasiTHMKa, TO WX MOKa3aHuMsi MOCTENEHHO
pasownuck Bbl Tak, 4TO cTanu 6bl NPOTUBOPEYUTL ApYr Apyry (ecnn B MOMEHT,Korga
MWHYTHaA cTpesika nokasbiBaeT 0 MWHYT, 4YacoBad nokasbiBaeT 3.5 4yaca, TO Takue
nokasaHusa NpaBUNbHO NHTEPNPETUPOBaTb HEBO3MOXHO) .

N3 n3noXXeHHOro Bbile CrieayeT, YTO KaKablA HOBbIA KaHan MNoBbILWAET TOYHOCTb
CUCTEMbI Ha NOPSAOK. YBENUYUT N TOYHOCTb YETBEPTLIN, NATLIA U T. 4. KaHanbl?

[encTBMTENbHO, MHCTPYMEHTamNbHas MOrpelHOCTb C KaXabiM HOBbLIM KaHarom
yMEeHbLUIAEeTCs: Ha OOMH rpagyc WKanbl NPUXOANTCA BCE MEHbLUNN OTPE30K AasibHOCTU.
OpgHako cywecTtByeT MeToguMyeckast MnoOrpelHoCcTb, KoTopasi 3aBUCUT He  OT
WHCTPYMeHTa, a oT Metoda. Kak cnegyet u3 doopmynsl (1.4)

o=/ R

C

T.e. MeToq uamepeHus O M R cocTouT B M3MepeHun 3anasgblBaHUs OTPaXKEHHOro
curHana oTHOCUTESbHO 30HAMpPYoLWero. ATo 3ana3fblBaHne onpenensieTcsi CKOPoCTbio
paguoBonH C. ToYHOCTb 3HaHUA C 1 OrpaHNYNT METOOUYECKYIO TOYHOCTb U3MEPEHUN.

CKkopocCTb pagMOBOSIH B BO3lyXe U3BECTHA C TOYHOCTLIO 0 5—T0 3HaKa (ganbHewnwee
NOBbILWEHWE TOYHOCTM TpebyeT 3HaHUA MeTeOyCroBUW MO BCeEW Tpacce paguosnydya).
Ecnn Tpéx4yacToTHbIN MeTo4 B HawweMm npumepe gasarn norpewHoctb 3 M Ha 100 Kwm,
T. e. OTHOcUTenbHas MorpelwHocTb pasHa 3 10 |, To go6aBneHve 4—ro kaHana (¢
WMHCTpPYMeHTarnbHon norpewwHoctelo 0.3 M Ha 1° asbl ) Aenaet UHCTPYMEHTarbHYy0
norpewHocts (3 10® ) Y€ MeHblle MOrpeLuHocT MeToaudeckoit (Ac / ¢ = 107).
[anbHenwee yBenuyeHWe 4ucra KaHanoB oOkasblBaeTcs OecrnonesHbiM, TaK Kak
norpeLHocTb MeHbLle 107° yxe He MoxeT BbiTb AOCTUTHYTA.

CkopocCTb pagnoBOrnH B Bakyyme (YCNoBUS B KOCMOCE MPaKTUYECKN COOTBETCTBYHOT
BaKyyMy) M3BECTHa C TouHoCcThlo Ao 107. OTo o3HayaeT, YTO B KOCMUYECKMX
NPUMEHEHNSIX MOXHO ANA YMEHbLUEHUA MHCTPYMEHTaNbHOW NOrpeLHoCTU NPUMEHUTL
eLlé aBa JOMNONMHUTENbHBLIX AECATUYHbLIX KaHana.

PaccmoTtpeHHbin BapuaHT (puc.1.9) yoobeH Ans 03HaAKOMIIEHUS C MHOMOYMacTOTHbLIM
NMPVHUMMOM, OLHAKO Ha MpakTUKe OH He npumeHseTcs. [naBHbIM ero HefoCTaTKoOM
ABNAETCA pes3koe pasnuuve B AfIMHaX BOJSIH pasHblX KaHaroB, YTO He no3BonseT
n3nyyatb UX ofgHonm oOOWen aHTeHHOW W NPUBOAUT K PasnUYHbIM  YCIOBUSM
pacnpocTpaHeHns. Kpome Toro, AfiMHa BOSHbl MEPBOrO0 KaHana TakoBa (COTHU
KANMOMETPOB), YTO CO3JaHWe OCTPOHAarnpaBNeHHOW aHTeHHbl MNPaKTU4YecKn He
OCYLLECTBUMO.

U4

Puc.19
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MOXHO, OfOHaKo, WCNONb3yd BbICOKME YacTOTbl ANs NepeHoca WHdopMauuun,
NpoBOAUTL (pas3oBble M3MEepPEHUst Ha Pa3HOCTHbIX YacToTax (puc. 1.10) [lycTb, Kak 1 B
npeabiaywem npumepe , fr = 1,510° My , f, = 1,510° 'y , f3 = 1,5:10° Ty ,HO
N3ny4yatTCsa He 3TK YacToThl, a

fo = 10°Ty
fo+fi =(10°+1,5-10%) Iy
fo+f, =(10°+1,5-10*) Iy
fo+fs =(10°+1,5-10°) Iy
Mpexage Bcero, camas Bbicokasa 4vactota fy + f3 oTnuuaeTca ot camonm Huskom fy

U

0 71 5 - f
fu fn"'f1 1784 7 forfs

Pue.1.10

Bcero nuwb B (fo + f3) /fo =1 + (150 000/ 1 000 000 000) = 1,00015 pa3, T.e. Ha
0,015% , M No3TOMy BCE 4acTOTbl MOryT M3My4aTbCA OAHOW AHTEHHOW, NPUYEM
yMepeHHbIX pa3mepoB, nockorbky fo = 10° My cooTBeTcTBYET ANMHE BonHbI A = 30 cM.

Mpn paboTte Ha pasHOCTHbIX YacToTax (as3oBble COOTHOLUEHUS, HYXHble Ans
n3mMepeHna ganbHOCTU, COXpaHaTca. B camom agene, Ha kaxgoun u3 vactoT fo u fo + f
cornacHo ( 1.4)

0, = 4 f,R ’
C

an (f,+ f;)R

— .

Ho Torga pasHocTb casura ¢as

0,-0,=2"R1(fy+ 1) - f 1=
C C

Takum obpasom, Npu M3MEPEHUN pa3HOCTM COABUIOB ¢ha3 pesynbTaT COOTBETCTBYET TO-
My, KOTOpbIA nony4yuncsa 6bl, ecnu 6ol pacnpocTpaHsanack BofHa C Pa3HOCTHOM YacTo-
Ton fi. 3TO nosBonsieT, ¢ OQHON CTOPOHLI, UCMNOMb30BaTb AOCTATOYHO BbICOKMNA ( U
yaobOHbIA O4Na pacnpocTpaHeHus ) AnanasoH 4acToT M, C Apyrou, - obecneynBatb fto-
6or (yaobHbIN Ans naMepeHnn ) HTepBan OgHO3HAYHOCTH.

Ha puc. 1.11 nokasaHa ynpowéHHasa TpéxkaHanbHaa cxema. CuHTe3aTop 4acToT Bbl-
pabaTbiBaeT Hecywyto fo U Tpm BGokoBbIE YacToThl. [locne CymMmMMpOBaHUsS U yCUNEHUS
BCe 4eTblpe MOHOXpomaTudeckne konebaHwsa wusnyyatTcsa. [locne oTpaxeHus (Mnu
peTpaHCcnAunmM) BCe OHU MOCTYNAaKT Ha NPUEMHYIO aHTEHHY. Ha HENMHENHOM anemeHTe
[l BO3HMKAOT MHOrME KOMOWHALWOHHbIE YAacTOTbl, B TOM YUCIIE U PA3HOCTHbIE MeEXay
fo+f1 nfy (wactotafy) n . g. dGunbtpol P41, O, 1 P3 BLIZENAOT 3TN HACTOTbI U NOL4AIOT
Ha BXOAbl COOTBETCTBYHOLMNX (pa3omeTpoB 04, 62 M 03. Ha BTOpble BXOAbl noaarTcs
onopHble yactoTtbl f1 ,fo u f3, nonyvyeHHble NyTéM cmeweHus yactoTtel fy ¢ gpyrumm
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yactoTamu cuHTesatopa. B ocrtanbHoM paboTta cxembl U €€ CBOWCTBa MOBTOPSIOT
OMNncaHHbIe BbILLE.

HepoctaTtkammn cxembl ABNAIOTCS CNOXHOCTb CUMHTE3aTopa 4acToTbl U ounbTpauumn
nocne nNpuémHuka : nommmo uyactot fi, fo u f;3 Ha BbIxoge HenMMHeMHOro anemeHTa

T T

oh

|l cul~ @,

f|]"‘ f3

Yc Ye -
!  E——
fo *i P, @, @
| f
N T cm | @, f1
E E f|]"'f1
E E v f? f‘z
';E ? * = CM == ¢2 @
S f|]+f2

Pue. 1.11

noaBnATCA TaKke yactotbl Tvna :(fo + f3 ) —(fo +f1 ) =f3 - f1=(100-1) f; =99 fy,
KoTopble TpyaHO oTunbTposBaTth oT f3 = 100 fy.

Bonee npocton M NO3TOMy BECbMa LUMPOKO PaCNpPOCTPAHEHHON CXEMOW ABNSAETCS
cxema ¢ amnnutygHor mogynsumen (puc. 1.12, 1.13 ). C noMoLLbio YMHOXUTENEN Ha
10 n3 crabunusmpoBaHHOM 4YacToTbl f; OPMUPYIOTCA KECTKO CBSAI3aHHbIE C HEWN

yactotel f, u f3 . Tlocne cymmatopa 2 BCe TPWU 4acTOTbl MOAYNMPYIOT MO
amnnutyge Hecywyto fo , NONYYEHHYIO YMHOXEHMEM 4acTOTbl TOrO e CTaburbHOro
nctoyHuka fi. Cnektp 3oHgupytowero curHana (puc. 1.12 ) cocTouT M3 Hecyulen,
BEPXHEN N HWXKHEN BOKOBbIX NONoc. OTPaXKEHHbIN CUrHan B NPUEMHMKE AETEKTUPYETCH
aMmnnuTygHbiM getektopoMm A/l. [locne aToro kaxagas us Tpéx MogynupyroLwmnx 4acTtoT
npoxoamT Yepes3 ceon punbTp P; Ha cBon dasomeTp 6; U cpaBHMBaETCA Mo dase co
cBoen ornopHon Yyactoton fi. B ynpowéHHon cxeme (puc. 1.13) He nokasaHbl uenu,
oTBevawLme 3a pa3BA3Ky Mexay usnyvyaembiMM U NpUHMMaeMbIiMU YactoTamn. Ecnu
3TO genaTb C MOMOLbIO YMHOXUTENENW N genutenen, 1o Npuaetcs NpUMMEHUTb UX B
KaXQoM KaHane. OTO YCNOXHSAET OTBETYMK : npuwochb 6bl nepen npeobpas3oBaHMEM
OTCeNneKkTUpoBaTb OAMH KaHan OT APYroro, a Nocne YMHOXEHUsS — BHOBb UX COEOUHUTb.

Heckonbko npowe BbIMAAUT CXeMa OTBeTYMKa, B KOTOpPOM npeobpasoBaHue
4YacTOThbl OCYLLECTBNSAETCS HE YMHOXEHUEM, a caABUrom YactoTbl (puc. 1.14 ). MNpuHaTtas
OTBETUMKOM Hecyllas fo ¢ moaynsumen getektnpyetcsa. PesynbTatbl 4eTEKTUPOBaHUSA
f1, fa n f3 punbTpytoTCA pasgenbHO y3KONONOCHBIMU (bUnbTpamMu (COCTaBAALWNMUK NO
cywiectBy rpebeHyaTbin UnbTp, YyNyudlWalWnii OTHOLEHNE CUrHam — LyM), 3aTem
CYMMMPYIOTCA W MOAATCA Ha Moaynauuio HoBow Hecywen fo + pfs , coBuHyTOM
OTHOCUTENbLHO nepBoHayanbHonM Hecyuwen fy Ha pfs. KoadbduumeHt ymHOXeHus p



BblbnpaeTcs Tak, 4tobbl caBur pf; Obin gOCTaTOYHbIM AONs1 Pa3BA3KM MNepenayn u
npuéma. XEcTtkne cBA3N Mexay BCeMn 4Yactotamum obecnedmBalroT MOCTOSHCTBO
(ra30BbIX COBUIOB BO BCEN CXEME.

fi
—tnt—
|
-
fo- T3 fo fo+ 5 f
Puc.1.12
¥ ¥
vYBY vYBY
¢ |
Xq (= M AN
3 t t 1
T > L ) e ] e ]
[ f (0 e
: -(2)-
x10 f
2
*
L ® ()
N
Puc.1.13
f fo LI
— 3— ¥YBY |4={ A0 P, —|—— 2
P, | P ¥
Ps f3 i
f[|+pf3 ¥
-— 3— ¥YBY e— & |[=— CM ~oh
i

Moaynauua T, F .5

Puc. 1.14
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1.4. Knaccudukaums oasoBbiX CUCTEM

OKcnnyaTaumMoHHO — TEXHUYECKNE XapaKTepUCTUKM (Pas3oBbIX CUCTEM HaBuraumm B
OCHOBHOM OMpefensaTCa BUAOM HaBUraLMOHHOIO napameTpa U MeTofoM onpeperne-
HWS MOMPaBOK Ha pacnpocTpaHeHue pagumoBoSiH. Mo 3TMM ABYM npusHakam yaobHo
KnaccuduumpoBaTtb a3oBble cuctemol (puc. 1.15) .

dazoBble
CUCTEMBI HABMUIaLMM

n;ﬂqﬁy/’ﬁ-;urauuonluoro \:ﬁﬁaue%\

Keazu - PasHOCTHO -

AdansHomepHBI2
AanbHOMeRHbIE AaneHOMEpHEIe

Mo meToay onpeaeneHUA NONpasok

Keasnaucpepe-
peHUHAnNbHEIE

CTaHaapTHbIe AuchpepeH -

uManeHble AnnanTMEHbIe

Puc.1.15

Mo Buay HaBUrauMOHHOrO nNapamMmeTpa pasnuyaroT CUCTEMbl JalnlbHOMEPHbIe, KBa3u-
AanbHOMEpPHbIE N Pa3HOCTHO — AanbHOMEpPHbIE (rnnepbonuyeckue).

Mo meTony onpefeneHns NONpPaBoK Ha pacnpocTpaHeHne paguMoBOSIH MOXHO Bble-
NUTb CTaHAapTHy, auddepeHunaneHyo, KBasngudgepeHunansHyo U aganTUBHYHO
cucTeMbl. HacTo cucteMsbl, pasnuyarowmecsa no metoay onpeaenieHnsi NonpaBokK, Hasbl-
BalOT COOTBETCTBYIOLLUMM PEXUMOM paboTbl ha3oBor pagMOHaBUrauMOHHON CUCTEMBbI.
Hanpumep, anddepeHumanbHbI pexnuM, aganTUBHbBIA PEXUM U T. 4.

PaccmoTpmm KpaTKo NpUHLMNbLI paboThl pasnuyHbiX BapuaHToB ha3oBbIX CUCTEM.

1.4.1 [JanbHOMepHas cuctema

[lanbHOMepHON Ha3biBaeTCA cUcTeMa, B KOTOPOWM HaBUrauWOHHLIA napameTp onpe-
aendeTcs B BUAe pacCTosHAN 4O Tak Ha3blBaeMbIX ONMOPHbIX CTaHLMNA.

Mpn aTOM nonaraeTcs, YTO pagvoOHaBUraLMOHHOE More COo34aéTcs Lenblo OMOPHbIX
Ha3eMHbIX nepefarolmx CTaHUUW, PacnofioXeHHbIX B pagMOHaBUraUMOHHbIX TOYKaxX —
NMyHKTax C M3BECTHbIMU KOOpAuHaTamu. Annapatypa notpedbutens, no3songoLwas npo-
N3BOANTL OnpedesieHne KoopaMHaT MO CUrHamam OMOpPHbIX CTaHUMA, Ha3blBaeTCs
NPUEMONHONKATOPOM.

B manbHOMepHOM cucTeme Onsi onpeneneHns MecCTOMNoSIoXeHna obbekTa Heobxo-
ANMO MMETb BO3MOXHOCTb U3MepPUTb ddasbl CUrHAroB HE MEHee YeM OT ABYX OMOPHbIX
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ctaHuun (puc. 1.16). Ha puc. 1.17 nokasaHbl konebaHus ¢ 4Yactorton fy, cdopmmpo-
BaHHble Ha OMOpPHbIX cTaHuuax A 1 B n B Touke npuéma M (0T onopHoro reHepaTopa
Or). NMpeanonoxmm, 4To M3 3TUX KonedbaHun B MOMEHTLI Nepexoaa Mx 4Yepes Hynb OT
OTpULATENbHbBIX 3HAYEHUN K MOMNOXUTENbHLIM MOMyYeHbl OYEHb KOPOTKME MMMNYIbChI,
Kak nokasaHo Ha puc. 1.17,6 (roe toa,tos M tor - MOMEHTbI BKNHOYEHUA OMOPHbLIX

Cxema
MPUBAZKK
Fi
F
'
r
ra
CucTema --
A L-4 cuHXpOHM-[-- B
sauMu Puc. 1.16

P
>

>
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>
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Puc. 1.17a
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t Puc. 1.17.6

or

4
L
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t

ctaHuun A, B n onopHoro reHepatopa Ol B Touke M).

YcnosuemMm nonyvyeHuss ganbHOMEPHbIX U3MEPEHUA CRYXWUT COBMaJeHUWe MOMEHTOB
BKINKOYEHNA ONOPHbIX CTaHLMA U ONOPHOro reHepartopa

toa = tos = tor,

4YTO MOXET ObITb BbIMNOMHEHO, €CnN (hopMMPOBaHME CUrHaNOB, HECYLUMX MHOopMaLnto
O LWKane BpeEMEHM OMOPHbIX CTaHUWK, YCTAHOBIIEHME U NoaaepXXaHne onpeaeniéHHOro
casura pas mexay HUMU CUHXPOHN30BaHO.

B nanbHOMepHON cucteme C NOMOLLbK CUCTEMbI CUMHXpPOHM3auun (puc.1.16) goctu-
raeTcsl coBnageHne MOMEHTOB BKITHOYEHUS OMOPHbIX cTaHumn (toa = tos = to ), @ ¢ no-
MOLLIbIO CUCTEMbI NPUBS3KM — COBMageHne MoMeHTOB BKoYeHust O 1 onopHbIX CTaH-
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umn  (tor = to ). B aTnx ycnosusix namepeHHble B NnpnémomnHankatope (B Touke M) da-
3bl CUFHANoOB MOCIe KOppeKkuMn Ux nornpaBkamMu Ha pacnpocTpaHeHue paguoBOSIH MO-
3BONAKT onpeaenuTb pacctosHUs Ra M R 4O ONOPHbIX CTaHLUMNA.

Mpn n3aMepeHun paccToaHUA NNHUKN NONOXeHUs 0B6pa3ytoT Ha NOBEPXHOCTU 3eMnu
OKPY>XHOCTM C LIEHTPOM B TOYKE pasmelleHust ctaHuuin. KoopanHaTbl NOABMXHOIMO 06b-
eKTa, pacnosioXXeHHOro B Touke M, onpefenstoTca nepecevyeHnem OBYX OKPYXXHOCTEW.
PaccTtosHna Ry 1 Rg OT ONOPHLIX CTaHUMA 0 TOYKU NepecedeHnsa OKpYyXHOCTeNn, onpe-
Aenstoume MecTonosioxeHne obbekTa, Ha3bIBaOTCA KPYroBbIMU KOOpANUHATaMM 00bek-
Ta. NorpewHOCTL onpeaeneHns paccTosHMS OO ONOPHON CTaHUMW onpenensieTcsa co-
OTHOLLEHNEM

A
Jo
rae Ip - pacuyétHas (kapTorpadmyeckas) pasoBasi CKOPOCTb PacnpOCTPaHEHUs pa-
A
ANOBOSH ANsl pagmoTpaccsl ; AL OTHOCUTESNbHAA norpeLwHocTb YacTtoTbl OF; t - Bpe-

0
M4, npouweauiee ¢ MOMeHTa NpuUBA3KA 60pTOBOI71 LLKarnbl BpEMEHMN.

A
Tak npw AT _qp10 9p =3 - 10° km/ cek Yepes 104. 6GyaeM UMETb MOrPELLHOCTb
0
AR = 1,08 kM, a uyepe3 10 cyTok ARp = 26 KMm.
MpuemnemMble XapakTepUCTUKW AanbHOMEPHO CUCTEMbl MOTYT GbITb MOMYyYeHb NPy

Af

—~ he xyxe 107" = 10™? B 3aBUCMMOCTN OT 0GBEKTA U CUCTEMBI MPUBSIZKU.
0

1.4.2 Pa3HOCTHO — fanbHOMepHas cuctema

PasHOCTHO — ganbHOMEPHOW Ha3blBaeTCs CUCTEMA, B KOTOPOW HaBUraLMOHHbLIW Na-
pameTp onpeaensieTcs B BUAE pasHOCTU pacCTOSAHUA A0 OMOPHbIX CTaHuui. [nga onpe-
AeneHnst MeCTONONOXEHNA 0O0bekTa B pasHOCTHO — AanbHOMEPHOW cucteMe Heobxo-
ANMO M3MePUTb PasHOCTU pa3 curHamoB OO ABYX Nap OMOPHbIX CTaHUMW. [1OCKOMNbKY
CUrHan oT O4HOWN M3 CTaHLMI MOXET UCMONb30BaTLCA ABaXAbl, TO MMHMMAIIbHOE YMCIO
Ha3eMHbIX CTaHUUN paBHO TpéM. [Npn namepeHun pasHOCTU PacCTOSHUA JIMHUW NOJIO-
XEHUA Ha NoBepxHOCTM 3eMnu npeacTaBnsoT cobon rmnepbonbl, Npoxoaswume JYepes
noaswxHyto Todky M (puc. 1.18). lNoaTomy Takme cuctembl YacTo HasbIBaOT runepbo-
NNYECKUMMU.

PaguoHaBuraumoHHble TOYKM, COOTBETCTBYIOLUME pPa3MELLEHUIO OMOPHbIX CTaHUUN,
ABnaTCA dokycamm aTux runepbon. KoopamHatel nogsmkHoOro obvekra (touka M )
onpegensaTca nepecevyeHnem asyx runepbon. PasHoctn pacctosHun ARag 1 ARcs, on-
pefendwoLlmne mectononoxeHme obbekta , Ha3blBalOTCA rmnepbonnyecknmm KoopamHa-
Tamu obbekTa.

[na namepeHns pasHocTn a3 cMrHanoB OT OMOPHbIX CTAHUMW MOMEHT BKIHOYEHUS
OMOPHOro reHepaTopa He UMeeT 3HaYeHUs, TaK KaK OH UCKITHYaeTCca npu pasHOCTHOM
n3mMepeHnn.

B pasHOCTHO — ganbHOMEpPHOW cucTeme AOCTaTovHO obecneyvnTb NUlb PaBEHCTBO
MOMEHTOB BKIMOYEHUS CTAHUMMK, CUrHAnNbl OT KOTOPbIX UCMOMb3YHTCSA NpU U3MEPEHUN
pasHoCTK (pas, T.e. toa = tog U toc = tos. B cucteme 13 Tpé€x onoOpHbIX CTaHUUKW 3TO Tpe-
BoBaHMe cBOANTCA K HEODXOAMMOCTU UMETb CUHXPOHHbLIE BPEMEHHbIE LLIKanbl Ha CTaH-
UMAX, YTO JOCTUraeTcs C MOMOLLBbI cucTeMbl cuHXpoH3aumn ( puc.1.18). MpuHumnu-
anbHbIM OTANYMEM 3TOM CUCTEMbI OT JANbHOMEPHON ABNAETCS UHBAPUAHTHOCTb U3Me-
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PEHUI pa3HOCTU a3 OTHOCUTENBHO MOMEHTa BKIOYEHUS OMOPHOro reHepaTopa, YTo
3HaYMTENbHO YNPOoLLAEeT CO34aHNe CUCTEMBI.

CuvcTema
CUHXPOHU3ALMUMK

Puc.1.18

TpeboBaHMs K OTHOCUTENBHOM MOrPELIHOCTU reHepaTopoB onpeaenatTcs B OCHOB-
HOM OMYCTMMOW NOrPELLUHOCTbLIO BbIMOSTHEHUSA N3MEPEHUIN Pa3HOCTU dha3 No pasHeCeH-
HbIM BO BpPEMEHW curHanam. Hanpumep, npu pasHoce CUrHamnoB OT pPa3sHbIX OMOPHbIX
ctaHuun Ha 10 c. u goNyCTUMOW NOrpeLwHocTn namepernnn 0,5 mxkc un3 (2.21) nonydnm

Af_ _ Af_

=/ = =0,5- 107 . OBbIYHO NPUMEHSIOTCS OMOPHbIE reHepaTopbl ¢ —— = 107 - 107,
0 0

1.4.3 KBasumganbHOMEpPHbIE CUCTEMDbI

B panbHOMepHON cuctemMe C NOMOLLBI NPUBSA3KM AOCTUraeTCsa BbICOKas TOYHOCTb
onpegeneHus casura OOpTOBOM LIKamnbl BPEMEHM OTHOCWUTENbHO LUKarnbl OMOPHOM
cTaHumn, 4To obecneunBaeT onpeneneHne gansHocten. B pa3HOCTHO — AanbHOMEPHOW
CUCTEME O CABUIEe BPEMEHHbIX LUKan HAYEro He U3BECTHO, U BIINAHWE HeonpenenéHHo-
CTW B cOBUre LIKan MCKN4YaeTcs NyTéM nepexona K onpeaesieHuio HaBUrauumoHHOro
napameTpa B BUae pasHOCTU PaCCTOSAHUN.

Mpegnonoxmm, nmeeTca cuctema, B KOTOPOM CABUM BPEMEHHbIX LUKasl N3BECTEH C
NOrpeLIHOCTbLI0, 3HAaYEeHNe KOTOPOM HaxoaUTCA MexXay Marnon BeriM4MHOMW, YTO CBOWCT-
BEHHO AanbHOMEPHOW CUCTEME, U BEMNYNHOW, paBHON BECKOHEYHOCTU, KaK B Pa3HOCT-



24

HO — AanbHOMeEpHOW cucteme. B aTom crnyyae HaBUraunoHHbIN napameTp Oyaet onpe-
AenaTbCs B BUAe KBa3naanbHOCTU A0 OMOPHOM CTaHumn ( AanbHOCTM C NOrPELLHOCTbLIO,
BbI3BaHHOM COABMIOM BGOPTOBOM LUKaSlbl OTHOCUTESbHO LUKanbl ONOPHON CTaHLUUK).

Cuctema, B KOTOPOW HaBUraLMOHHbIA NapamMeTp onpeaenseTcs B BUAe KBasvganb-
HOCTEWN [0 OMOPHbIX CTaHUMIN, Ha3blBaeTCs KBa3nganbHOMEPHON CUCTEMOWN.

[MorpelwHOCTb onpeaeneHnss MecTornosNoXeHUs B Takon cucteme npu Tpéx u bonee
OMOPHbIX CTaHUMSX OrpaHMyeHa CBepXy MOrpeLHOCTbI Pas3HOCTHO — JaribHOMEPHOW
CUCTEMbI, @ CHU3Y - MOrPELLUHOCTbIO AaNTbHOMEPHOW CUCTEMBI.

Mpn ABYX OMOPHbIX CTaHUMSX C POCTOM arnpuopHOW HeonpeaenéHHOCTU B caure
BPEMEHHbIX LUKas MOrpeLHocTb KBasngarbHOMEPHOM CUCTEMbI HEOrpaHUYEHHO BO3-
pacTaer.

B kBasnganbHOMepHOW cucteMe OQHOBPEMEHHO C OLIEHMBAHWEM KOOpAMHAT Npous-
BOAUTCH YTOYHEHUE cOBUra BPEMEHHbIX LKarn , U Takaa cuctema adpdeKkTMBHa B yCrio-
BUSAX PE3KO OTNNYAIOLLNXCH NOrpeLlHOCTEN MecToonpeaeneHs JanbHOMEPHON © pas-
HOCTHO — AanbHOMEPHOW CUCTEM.

1.4.4 CrangapTHas cuctema

CrtaHgapTHOM Has3biBaeTCs CMCTEMa, B KOTOPOMW MOMpPaBKW Ha pacnpocTpaHeHue pa-
ANOBOJSTH NPOrHO3UPYOTCA HAa OCHOBE MaTeMaTuyecKon mMoaenn AononHUTeNbHoro da-
30BOro Habera. OTOT BapuaHT onpeaeneHns nonpaBoK SABMSETCA OCHOBHbIM B (0a30BbIX
cuctemax C[1B — opnanasona.

Mpn nocTpoeHun mopenn AOMNONHUTENBbHOro (ha3oBoro Habera MCNONb3YKTCA pe-
3ynbTaTbl Kak Teopun CB — pacnpocTpaHeHus, Tak n aKCnepuMeHTarnbHbIX uccrneno-
BaHW (PU3NKO — CTAaTUCTUYECKUIN METO NOCTPOEHNA MaTEMATUIECKUX MOLENEN).

1.4.5 [OuddepeHunanbHaa cuctema

AnddepeHumansbHON Ha3biBaeTCa cUCTeMa, B KOTOPOW (pakTUYeckue MnonpaBku U3-
MEepSITCA Ha KOHTPOJSIbHOW CTaHUUW B TOYKE C M3BECTHbIMU KoopAuHaTamu 1 nepea-
l0TCA B peanibHOM mMaclTabe BpeMeHn Ha 0ObeKT.

B auddepeHumanbHbix cucteMax WCNOSb3YHTCA CBOWCTBA MPOCTPAHCTBEHHO —
BPEMEHHOM KOPPENSAUMOHHON (PYHKUMM norpeHocTern ha3oBbIX U3MepeHun. JKcrne-
pUMEHTanNbHO — TEOPETUYECKME UCCIeA0BaHUA nokasanu, 4to B AnanasoHe C[B pagu-
yC NPOCTPaHCTBEHHOW Koppensauum norpewHocten no ypoBHo 0,37 cocTtaBnsieT He-
CKOJTbKO ThICAY KMNIOMETPOB, @ UHTEpBan BPEMEHHOW Koppenauum — nopsigka Heckonb-
KMX 4YacoB. JTO MO3BOMUNO co3daBaTb AnddepeHunanbHble CUCTEMBI, B KOTOPbIX KOpP-
peKUMss M3MEPEHUI Ha YCMNOBUS pacnpocTpaHeHna pagvoBOSH NPOU3BOAUTCA (hakTu-
YeCKMMW nonpaBkamu.

[MonpaBkuM pa U pg C KOHTPOISbHbIX CTAHUMIW NO KaHamny CBA3W nepeaarTcsa notpe-
BuTenam, YTo NPMBOAMT K CYLLECTBEHHOMY MOBbLILLEHNIO TOYHOCTU MeCToonpeaeneHuns
MO CpPaBHEHMIO CO CTaHOAPTHOM CUCTEMOW Ha yAaneHuax OO0 HECKONbKMX COTEH KUIo-
METPOB OT KOHTPOSIbHbIX CTaHuun (puc. 1.19).

[MnaTton 3a noBbIEHNE TOYHOCTU SABMSETCH HEKOTOPOE YCMOXHEHWE Ha3eMHOro u
6opToBOro obopyaoBaHus pagnoHaBUrauMoHHON cuctembl. OQHako NOBbILEHWE TOuY-
HOCTU U3MEepeHnn oKasblBaeTCA BECbMa 3HaYUTENbHbIM.
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Puc. 118

CornacHo akcnepmMmeHTarnbHbIM AaHHbIM MOrpeLLHOCTN MecToonpeaenerHnsa andde-
peHumansHon cuctemol pasHbl 0,5 km aHéM 1 1,0 kM Houbto. Ha yganeHunsax go 500 kv
OT KOHTPOSNbHOW CTaHUMM ONTUMMUCTUYECKAA OLIEHKA MOrpeLlHoCTen MecToonpenene-
Hus coctaBnseT 0,2 kM. MNeccummnctndeckas — 2,6 km, cpegHsas HovHada — 1,4 km. Nve-
IOTCS TaKKe CBEOEHUS O TOM, YTO MOrPELUHOCTb ONpPeaeneHnst NIMHUM MONOXEHUS Ha
pacctosaHuax oo 540 km He npesbiwaeT 0,1 kM gHEM 1 0,3 KM HOYbIO.

1.4.6 KeasnagnddepeHuymnanbHasa cuctema

KBasngnddepeHumanbHOM Ha3biBaeTCs CUCTEMA, B KOTOPOU hakTUYeCcKne nonpaskm
N3MepSTCA Ha 0ObEKTe B TOYKE C M3BECTHbIMM KOOpAMHATaMU U UCMONb3YHTCA Npu
nocrnegyLwmx HaBUraumMoHHbIX onpeaeneHunsx.

Takasa cuctema Mcnosib3yeTcs Npyu KOMMSEKCHOM MCNONb30BaHUN (©asoBbIX pagmno-
HaBurauMoHHbIX cuctem CLB — gmManasoHa C ApyrMMuU HaBUraunMoHHbIMW CpeacTBaMu,
NO3BONSAKOLWMMN 3NU3oanyYeckn obecneymBaTb TOYHOCTb MeCToonpeneneHus 3Hauyu-
TenbHO Bornee BbICOKYHD, YeM CTaHAapTHasa cuctema. B MOMEHT TOYHOro mectoonpege-
neHus tp No ApyrMMm HaBUrauMOHHbLIM cpeacTBaMm (Hanpumep, CNyTHUKOBbLIM) (puc.
1.20) Ha noaBmkHOM 0b6bekTe (B Touke My BbluMCNAOTCS pakTUYecKkMe nonpaeku ans
BCeX paguoTpacc gnga ctaHumn A n B). B aTom cnyyae B Touke My B MOMEHT ty Ha
NoABMXHOM ObObekTe (hakTUYEeCKM peluaeTcs Ta Xe 3ajaya, YTO M Ha KOHTPOSIbHOW
CTaHumMn anddepeHumansHon cuctembl. B ganbHenwem nNpu HaxoXXaeHun obbekta B
30HE BbICOKOW MPOCTPAHCTBEHHO—BPEMEHHON koppenduun (Todkn My, My, . . ., M)
KOppeKuns namepeHun TakumMmm rnorpaskaMmy rno3BosiUT NOBLICUTb TOYHOCTb MecToornpe-
AeneHuns.
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Puc. 120

1.4.7 AppantuBHaga cumctema

ALanTMBHOM HasblBaeTCA CUCTEMA, B KOTOPOW MOMpaBKM Ha pacnpocTpaHeHue pa-
ANOBOSTH YTOYHSOTCA OLHOBPEMEHHO C onpefeneHnemM KoopAuHaT npu HOpMasribHOM
dyHKUMOHNPOBaHMM obbekTa. Takas cnctema MoXeT BbiTb MOCTPOEHAa NULLL NPWU HanNK-
YMM U3ObLITOYHLIX M3MepeHun. B pasoBon cucteme Takme namepeHust MoryT ObiTb no-
nyYeHbl

- MO YacToTe U3MepPEHNS Ha OOMOMHUTESbHBIX YacToTax;

- NO CTaHUUAM — KONMMYECTBO CTaHUMA NpPeBbIWAeT MUHUMANbHOE YNCHO, HEOOXO-

ANMOe O11s1 OLleHUBAHNA KOOpaMHaT;
- N0 BPEMEHWN — ANSA OLEHMBaHUSA KOOpAWHAT UCNOSb3YITCA M3MEpPeHUs B nocne-
AoBaTesibHble MOMEHTbI BPEMEHMN.
AfantnBHas cmuctema nossonsieT aPdPEKTMBHO MNOBbIWATb TOYHOCTb MecToonpeaene-
HWSA MO CPaBHEHUIO CO CTaHAAPTHOW B YCIOBUSX, KOrda 3KCnepuMeHTasbHble nccneno-
BaHWS B 30He AEVCTBUS HEQOCTATOMUHbI AN JOCTMXKEHUS BbICOKON TOYHOCTU MPOrHO3u-
pPOBaHUA NOMNPaBOK Ha OCHOBE MaTeMaTU4YeCcKon MOAENU OOMNOSTHUTENBHOrO0 ¢ha3oBoro
Habera.

1.4.8 ®da3oBble pa3HOCTHO — JanlbHOMEpPHbIE CUCTEMbI. AHanNn3 rno-
rpeLHOCTEN U3MEPEHUN

EovHnyHaa nponyckHasi cnocobHOCTb ha3oBOro OTBETYMKA MO3BONSAET MCMNOSb30-
BaTb OMMCaHHbIE BbIlLE CUCTEMbI TOMBbKO ANS cneumanbHbIX 3agad, Hanpumep, nNpu He-
00X0AMMOCTN TOYHOIO M3MEPEHUS MOJIOXKEHUS B NMPOCTPaHCTBE €AUHUYHOrO OObeKTa,
Hanpumep, NC3. Kpome Toro, HegoCcTaTkoM CUCTEMbl ABNSAETCS OTCYTCTBME Ha OopTy
AAHHbIX O CBOEM MECTOIMOSIOXKEHWN; U3MEPEHMUS AAaNbHOCTM NPOBOAATCA Ha 3emrie.
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das3oBas pa3HOCTHO — ganbHOMepHasa cuctema (C ogHon 6ason Ry m ogHowKanb-
HbIM M3MepeHMeM) nokasaHa Ha puc. 1.21. CxoacTBO €€ C U3y4yeHHOW paHee farnbHO-
MepHon cuctemon (puc.1.8 ) obHapyxuBaeTcss HeMeaneHHo, ecnu Ha puc.1.21 nono-
*nTb Ry = 0. Toraa Begywas craHums A obbeguHuTca ¢ boptoBon annapatypon [ n
OyneT cooTBETCTBOBATbL HAa3eMHom Yactn puc.1.8 , a Begomas ctaHuma B — peTtpaHc-
natopy. Cxembl OKasblBalOTCS coBnagarowmmmn (3a ucknoveHmem [pm4, KOTOpbIN B
cnyyae R; = 0 He HyXeH).

B
‘ AJ fa ds _--lT_ Mpm
1 |,f1
3 P~ Npap f m
/ R1 fz xR
!
P
f1 :d M -J =m
; \: D Pa f2 n f1
i f 7
r, ,3’ "-!-l-lpM1ﬁ!- xM = :n f2
/
I R
C MNP, 2

Puc. 1.21

NTak, B Toukax A n B C M3BECTHbIMW KOOpAMHATAMU UMEKTCA OBE CTaHUMW, N3ny-
yawwme BceHanpasneHHo. CtaHuusa A aiBnsieTcs Beaylwen. E€ 3agaya — nanydatb cur-
Han, yactota kotoporo f; ctabunuamposaHa 3agarowmm reHepatopom 3. Begomas
cTaHuma B, oTcToawasa oT BeayLwien Ha pacctosHue (6asa) dq , npyHMMaeT curHan Be-
AyLLen 1 nepensnyyaeT ero.

[Mepensnyyaemsbln cUrHan otTnn4yaeTcsa oT NpuHMMaeMoro vYactoton f (4ns passasku
ABYX CTaHUuui no vacTtoTe). Kpome Toro, OH JOBOSbHO 4acTo OTNNYaEeTCs 3a4EPKKO: B
peTpaHCcnaTope BBOAMTCS creunanbHOe 3anasgblBaHune, eXeOHEeBHO MeHsemMoe. JTO
3anasgbiBaHMe M3BECTHO BCEM, KTO MMEET MpaBO MNOSib30BaTbCA CUCTEMOMW, U HEWU3-
BECTHO OCTasbHbIM (ON5 HUX 9Ta HEeM3BeCTHas 3afepkka NpMBOAUT K owmnbke B nosb-
30BaHMM cuctemomn). B ganbHenwem 3aTMM UCKYCCTBEHHO BBEAEHHBLIM 3anasblBaHNEM
Mbl Oyaem npeHebperath (byaem nonarate €ro paBHbIM HYIHO).

Cwurnan Ha 6opT npuxogut oT A no npsamon AD 1 no nomaHon ABD. 3ana3agbiBaHne
no BpemeHnu pasHo ans AD n ana ABD

t1= Riy/c; t= (d1 +R2)/C.
Ha 6opTy namepsieTcs pasHoCTb 3anasgblBaHus :
At=1t -t4 =(d1+R2-R1 )/C

Mpn di=const At=const, ecnn R; - Ry =const. [1oCTOAHHBIM Noka3zaHusiMm 6opTo-
BOr0 M3MepuTensa COOTBETCTBYET JIMHUA MONOXEHUS, KoTopas aABnseTcs rmnepbonon.
Kaxxgomy 3HauyeHuto R, - Ry cootBeTcTBYET CBOSI runepbona. 'mnepbonbl HENOABMKHbI
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OTHOCUTESIbHO 3€MHOM MOBEPXHOCTU, MOCKOSbKY HenoaBuXHbl nx ¢okycbl A un B. ['n-
nepbosbl MOXHO HAHECTU Ha reorpaduyecKkyro HaBUraUMOHHYO KapTy ( B cuny Lwapo-
obpasHocTn 3emnu Ha e€ kapTe OyayT HaHeceHbl He rnepbonbl, KOTOpble ABNAKTCSA
NMNOCKUMM KPMBLIMW, @ NMHUMK nepeceveHnst rmnepbonongos ¢ wapom). 'mnepbonbl
NPOHYMepoBaHbl MPOMOPLMOHANbHO 3HAYeHUIO COTBETCTBYyWOWMX At. Hyneas runep-
6ona — npsimasa Ha npogormkeHun 6asbl B CTOPOHY BeAoMoun cTaHumm (puc. 1.22), mak-
CYManbHbIN HOMEP rMnepborbl — Yy NPAMON Ha NPoAoMKeHUM 6a3bl B CTOPOHY BeayLlen
cTaHumm (puc.1.22).

MecTtononoxeHne MoXeT ObITb HANOEHO KaK TOYKa nepeceveHunst AaHHoM rmnepbonbl
¢ runepbonon, npvHagnexawien apyromy cemenctsy. BTopoe cemenctso runepbon
MOXeT ObITb 06pa3oBaHO € NoMoLLb BTOpon 6asbl dz (puc. 1.21).

7 6 3 4 1
8 A_h,.-'z Af2) asz| d,
0
R,
Ry ,..#"‘f
Puc 1.22

Begywasa ctaHuma A moxeT ObiTb 06wen ansa obenx 6a3, segomada C — ¢ HOBbIM
MEeCTonosnioXXeHnem. EctectBeHHO, ansa BTopon 6a3bl Ha 60pTy AomkeH ObiTb BTOPON
KaHan co BTOPbIM U3MepUTENEM.

Pa3HOCTHO — AanbHOMEpPHbIE CUCTEMbI OENATCH Ha HECKOSbKO BUAOB.

- WMnynbcHble, B KOTOPbIX BCE CUrHanbl NpeacTaBnsAoT cobon KOpOTKME MMMYIb-
Cbl, 1 NU3MEPEHNS BeayTCA No ormbatroen u aBnsTCs BpeMeHHbIMU (TUNnYHas
nmnynbcHas cuctema — Jlopan).

- ®a3o0Bble, B KOTOPbIX BCE CUrHasbl ABMSTCA NMB0 HenpepbiBHbIMKU, NIMOO ONWH-
HbIMW, NPepbIBAaEMbIMU TOSbKO AN BPEMEHHOIrO pasfeneHns Mexay OTAenNbHbI-
Mu 6asamun. MIamepeHnss BeayTca no Hecywen (Unm CBA3aHHOM C HEW 4acToTe
cpaBHeHus) n asnsaTca dasosbiMu (Jekka, Omera).

- WmnynbcHO — ha3oBble, B KOTOPbIX rpyboe onpeaeneHne MecTononoXeHnsa Be-
AEéTcsa Ha ormbarowen nvnynbca BpeMeHHbIMM MeTo4aMu, a TOYHEee — Ha Hecy-
wen nmnynbsca — paszosbiMn metogamu (JlopaH — C).
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B paHHOM naparpade Mbl MO3HAaKOMMMCS CO CBOMCTBaMW (Pas3oBbIX PA3HOCTHO —
AanbHOMEpPHbIX CUCTEM, T.K. UMEHHO cucTtema 3Toro knacca — «Omera» siBnsieTcst oc-
HOBHOM NMPUMEHAEMOWN B HACTOSILLIEE BPEMS HA NPaKTUKE CUCTEMOWN pagnoHaBuraumu.

B npoctenwem cnyyae, npy npocton petpaHcnsaumm (6e3 npeobpasoBaHus 4acToThI
Ha BeLOMOW CTaHLUMM) MMEKT MECTO criegylolme ¢a3oBble COOTHOLUEHUA. Tekywme
dasbl BegyLLen 1 BegOMOW CTaHLUN

oa=0t;pg =ot+a-o-(a1/c)=ot+a,
roe o = const — casur (pasbl B LenNax BEAOMOW CTaHUMN.
B Touke npuéma pasHocTb has
0 =0pr" -0 =0 (t-Ri/c)-o (t—Ry/ c).
Ecnn o' y4teHo B rpagymnpoBke, TO
0=(w/c)  (R:—Ry), (1.21)
OTKya pa3HOCTb PacCTOSIHUM

AR=R,—R =—-0= ¢ 929 (1.22)
w 2r f 2
Ceasb 0 u AR HeogHo3HayHa. [ycTb 06BEKT ABMXeTCA BAONb 6a3bl OT BeayLen
cTaHuuun Kk Begomon. Ecnn oH nepemectutca Ha /2, 70 Ry yBenuuutca HaL/2, a Ry
YMEHBLUNTCH Ha CTOMbKO Xe, T.e. A R= Ry — Ry [OOCTUrHET BENMYMHbBI A N, COrnacHo
(1.22) 06 =2, T.e. nOKaszaHMsa asomeTpa Ha4YMHAKOT NOBTOPATLCA.
30Ha, B npegenax KOTOpou U3MeHeHusa pasbl He NPeBOCXOAAT 2 m , Ha3blBaeTcs
daszoBor g0opoxkon. Hncno as3oBbiX JOPOXEK Ha AaHHOW 6asze paBHO yucry nony-
BOJH, YKnagblBatoLmxcs B 6ase
n, =2ﬂ. (1.23)
A
Ha puc. 1.22 nokasaHo 8 ga3oBbix gopoxek. LLnpuHa gopoxkn Ha 6ase paBHa A/2 ,
no Mepe yganeHus ot 6a3bl oHa pacwmpsaeTcs (rpagueHT CUCTEMbl U TOYHOCTb U3Me-
peHun ymeHbliatTcs). Ecnu, Hanpumep, dq= 100 km 1 A = 2000 m, TO
2-100

n, =100 oopoorcex .

B npepenax kaxgon OOPOXKA MOXHO PasnnunTb TeM OOnblUEe FIMHUIA NOMOXEHUS
(pyc. 1.22) , 4eM MeHbLUe MOorpeLHOCTb u3MepeHun asnol AO. MNMycte AO = + 1°, Torga
YUCNO PasNUYUMbIX NIMHUIA NONOXEHUS BHYTPU A0OPOXKM np= 360 /2 = 180, a Bcero B
cucrteme

n=n, nzzﬁ-ﬂ:l%oo. (1.24)
A2
To4HOCTb onpefeneHns NIMHUN NOSTIOXEHNSA CBA3aHa C TOYHOCTbLIO U3MepeHun da-
3bl Yepes rpagueHT

5:& (1.25)

v
720sin (-
sm(2)

roe vy - yron, nog KoTopbiM 13 AaHHOW TOYKM BUaHa 6asa.
Ecnn ob6bekT HaxoauTcs Ha 6ase (y = 180°) , To 4Ns HEro MMHMMarnbHas :

5_ AN

=, 1.26
720 ( )
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C ymeHblleHneM A6 yMEHbLUAeTCA MHCTPYMEHTaNbHasa NOrpeLHOCTb CUCTEMBI: BCE
AOPOXKM CUCTEMbI CYXaloTCH, YMcno mx Bospacrtaet. OgHako 37O yBenuMuMBaeT Heoa-
HO3Ha4YHOCTb cucTeMbl. CNOCOObLI yCTpaHEHNA HEOQHO3HAYHOCTN BECbMa pa3Hoobpas-
Hbl.

Hanbonee npocton metoq paspelleHns HeOAHO3Ha4YHOCTEN OnMpaeTcs Ha UCMONb-
30BaHue anpuopHon MHgopmMaunn. VICTOYHUKOM eé aBNATCA Apyrve HaBuraumMoHHbIe
cpeactea, aBTOHOMHbIE M HEABTOHOMHbIE, HanpuMep, acTpoHOMUYEeckne. STOT MeTo[
NpUrogeH, ecnu anpuopHas owmnbka 3HAHNA MecTa MEHbLUE LUIMPUHBLI ha30BON OOPOX-
kn (kpyr H Ha puc. 1.22) . 3T0T MeToq peanusyeTcs Takke Npu KOMMIEKCUpPOoBaHUK
ABYX pasnu4YHbIX HaBUraunoHHbIX NpnbopoB, OAMH M3 KOTOPbIX AAET OAHO3HAYHbINA, HO
rpyObii OTCYET, @ BTOPOW — TOYHbIN, HO HE OAHO3HAYHbIN.

B pamkax ¢pazoBoro metoga HEOQHO3HAYHOCTb YCTPAHAETCA METOLOM HEMPEPbIBHO-
ro cyéta nosiHbIX a3oBbiX UMKNOB. Nepen NONETOM WKana CY4ETYMKA yCTaHaBnMBaeT-
Csl Ha YNCrO, COOTBETCTBYOLWEE (Pa30BON JOPOXKKE MECTa cTtapTa (NpuBsi3ka K MecCTy).
B ganbHenwem CYETUMK perucTpmpyeT Kaxaoe nocneayrollee nameHeHne dasbl Ha 2.
C4YéTumk gomkeH OblTb PEBEPCUBHLIM, TaK Kak Mpu CNOXHOM MapLupyTe MoKa3aHus
CYETUMKA MOTYT Kak BO3pacTtaTtb, Tak 1 ybbiBaTb. MTak, N0 CHETUMKY OnpeaenseTcsa Ho-
Mep OO0POXKWU, a No pa3oMeTpy — NIMHUM MONOXEHUA B npeaenax pasoBon OOPOXKN.
OcHoBHOWN HegocTaToK cnocoba NPMBA3KM COCTOMT B TOM, YTO MNpY Cry4anHOM nepepbl-
Be B paboTe mHOMKaTopa OL4HO3HAYHOCTb OTCYETA HE MOXeT ObiTb BOCCTAHOBIEHA.
YCTPOWCTBO NaMsATH, MOgENMpYytoLLee 3aKkoH n3MeHeHns dasbl, KOTOPbIN Obin 4O cpbiBa
paboThl, HE AAET NOSTHOrO YCTPaHEHNS OLLMOKN.

OCHOBHbIM 1 Hanbonee HagéXHbIM METOAO0M YCTPAHEHUA MHOrO3HAa4YHOCTU SABNSAET-
Csl MHOrowkanbHocTb. Lkanbl pasHbix macwTaboB MOryT cosgaBaTbCs NMOO noove-
péOHo, NMBO O4HOBPEMEHHO.

B npuvHUune JononHUTENbHYO, MEHEE TOYHYIO MH(OPMaLMIO O KoOpAMHATaAX MOXHO
6b1110 6bl NOMNy4YaTh HA OCHOBE M3MEPEHMI Ha OONOMHUTENbHbIX, 6onee HU3KMX YacTo-
Tax. OgHako, 9TV YacTOTbl JOMKHbI OTANYATBLCA B HECKOSTbKO pa3 OT OCHOBHbIX YacToT,
N UX U3Ny4eHME N NPUEM C NOMOLLIbIO OCHOBHOrO 060pyaoBaHMA HEBO3MOXEH. [ns n3-
nyyeHus U NpMéma Takux curHanoB notpeboBanocb Obl JononHUTENBHOE 0bopyaoBa-
HMne Becbma Gonbwworo obbéma. MoaTomy ycTpaHeHue HeOAHO3HAYHOCTM MyTEM WUC-
nonb3oBaHnsa KonebaHun 6onee HU3KMX HECYLLUMX YacCTOT Ha MpaKTUKE He MonyYunno
NPUMEHEHNS.

Bonee uenecoobpasHo C TOUKM 3pPEHNA MPOCTOTbI TEXHUYECKOW peanusauumn yctpa-
HEeHVe HEOOHO3HAYHOCTM MYTEM MCMNOMb30BAHUS WU3NYyYEeHUN ABYX AOCTATOYHO Bnmn3Kmx
4acTOT, C MOMOLLBID KOTOPbIX OCYLLECTBNSAETCS onpenerieHne NUHUK MNOSTIOXKEHNA Ha
yacToTe BUEeHUN ATUX U3MNYYEHUIA, T. €. HA X Pa3HOCTHOWN YacToTe.

1.4.8.1 WN3mepeHue Ha YacToTe BreHumn

MpeanonoXxum, YTo U3MEPEHNsi BHa4are OCyLLecTBNSTCA Ha vacTtoTte fi, koTopon
COOTBETCTBYET ANMHA BOJSIHbI A; W pa3HOCTb a3

27 AR 27 fi AR
A c
[anee unamepeHna npoBogsaTCcA Ha yactote f, , KOTOpoW COOTBETCTBYET AfMHA
BOJSTHbI A2 W pa3HOCTb (ha3
0. — 2r AR 27 f,AR
2 - - .
A, c

0,
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3aTtem n3mepsieTcst pa3HOCTb N3MEPEHHBIX pa3HoCTeN a3
91—92= AR-ZTE'(f1-f2)/C.

Taknum obpas3om, pa3HOCTb pas3HOCTEN a3, M3BMEPEHHbIX Ha ABYX YacTtoTax fi u fy |
nponopuuoHanbHa pasHOCTU 3Tux 4actoT. Camm no cebe 3HayeHuss vactoT f1 n
MoryT ObiTb 6onblwnMKM, Of4HAKO, ecnn BblbpaTb MX pasHOCTb Manou, To ¢asoBas
AOpOXKa, COOTBETCTBYHLLAA Pa3HOCTHOM 4vactoTe, OyaeT BecbMa wWwupokon. B cam-
ompene, nogobHo ToMy, kak B obLiem criydae Yactote f cooTBeTCTBYET ANMHA BOJSHbI
A, paBHas A =c/f, pasHocTHon yactoTe fi - f, MOXXHO conocTaBuTb ANUHY BOSHbI

C

fi=1a

Ecnn fy n f, 6nnskn gpyr k gpyry, To A 6yaeTt 6onbwon. Tak Kak wmprnHa dasoBomn
AOPOXKM paBHa A /2, TO OoTctloda cregyeT, YTo ob6nacTb OAHO3HAYHbIX U3MEPEHUN Ha
Pa3HOCTHOM YacToTe MOXeT ObITb Nosiy4eHa BeCbMa LUMPOKOWN.

OnncaHHbIn  MeTon YCTPaAHEHUA HEOAHO3HAYHOCTU SBMASIETCA  OCHOBHbIM U1
ncnonb3yeTcsa B cucteme Hasurauum “ Omera ” (1.7).

MpuBeaéM 4YMCrEeHHble 3HaAYeHUs YacToT, MPUMEHSEMbIX B 3TOM cucteme. Kpome
konebaHu ocHoBHoM YacToThl fo = 10,2 k'Y, Ha KOTOPOW BEOYTCSA TOYHbIE U3MEPEHNSA U
dopmupyeTca dasoBas AOpPOXKKa WUPUHOM 15 KM, HaseMHble OMnopHble CTaHUUK
nanyyaroTt Takke konebanus yactot f3 = 13,6 Kfly mu  f, = 11,33 k4, ¢ NnomMoLbiO
KOTOpbIX (hopMMPYHOTCA ABE rpynnbl  OOMOMHUTENbHBLIX (a30BbIX [OOPOXEK Ha
pa3HOCTHbIX YacTtoTax fy -fo n f3—f.

WnpuHa pasoBbix Aopoxek Ha 6ase npu MCNONb30BaHMM PA3HOCTHLIX 4acToT
fa—fo=3,4kly n f, -fo=1,13 kly cooTBeTcTBEHHO 44,1kM N 133 KMm.

1.4.8.2 WN3mepeHne Ha YyacToTax MOgynALUm

PaccmoTpym NprvHUMNBI pagnoHaBUIraLNOHHBLIX M3MEPEHNIA HA YacToTax MOAYNSALNN.
N3 — 3a KOHEYHOM CKOPOCTU PacnpOCTPaHEHUS PaanOoBOSIH B NPOCTPAHCTBE BO3HUKAET
3afepXXKka He TONbKO Hecywlero konebaHus, HO M ormbarowen MoayrMpoBaHHOIO
konebaHus. MNpn na3nydeHnn amnnuTygHO — MOAYNIMPOBAHHOIO KonebaHns ¢ 4acToTon
Mogynaummn

U (t) = Uy (1 + m-cosQt ) - cos mt

Ha yaaneHumn R ot n3ny4yarend rnpyHnMaemoe konebaHne nmeet BUA:

Ui (t) =Un1 [1 + mcosQ(t—R/ Srp)]-coso (t—R/ 9¢),

rae S¢ W Srp - basoBas u rpynnoBas CKOPOCTW pafMoBONH. Takum obpasom, B
npouecce pacnpocTpaHeHus asa moaynvpylowero konebaHuss  M3MeHAeTcs Ha
BENUYNHY

0=QR/ 9rp =21R/Am,

roe Am - ANWHA BOMHbI Mogynupytowero konebanus. Mamepus dasosbin caoBur
ornbarollen NpUHATOrO CUrHana OTHOCUTENbHO ornbarLen nany4aemoro KonebdaHus,
MOXHO ONpeaenuTb PacCTOSHNE MEXAy TOYKaMK U3Ny4YeHnsa U Nnpuéma.

N3mepuB bas3oBbIM CABUAM MeXQy OrmbarlmMmu CUrHamoB, U3nyvYaemblX W3 OBYX
Ha3eMHbIX TOYEK, MOXXHO onpeaennTb Pa3HOCTb PacCcTOsIHUIA A0 HUX. Bbibnpasa 4acTtoThl
MOAYNMPYOLWMX KonebaHmi 4OCTaTOYHO HU3KMMU, MOXHO obecneunTtb opMupoBaHue
da3oBbLIX AOPOXKEK Tpebyemon Anst yCTpaHeHUst HEO4HO3HAYHOCTU LLUMPUHBI.
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Hanpumep, B cucteme “Omera’, B KOTOPOW MCMOMb3YKTCA MOAYNUpYyoLmne
konebaHus Tpéx yacTtoT F4 =226,661y, Fs=45,33 'y, Fs = 11,33 'y, opmupytotcsa Tpu
Hanbonee LWMpokMe hasoBble JOPOXKK, LUIMPUHA KOTOPbLIX COCTaBMsieT COOTBETCTBEHHO
661, 3310 n 13530 kM. Mcnonb3oBaHne Bcen ceTu (has3oBbIX AOPOXKEK obecnevnBaeT
TOYHOE W OAHO3HA4yHOe ornpefeneHve KoopAuHaT NPU MOMAHOM OTCYTCTBUM OBbIX
APYrMX HaBUrauMoHHbIX AaHHbIX. Ha npakTuke o6bl4HO JOCTAaTOYHO BECTU M3MEPEHMS
Ha OCHOBHOM AOPOXKE M Ha ABYX — TPEX MEeHee TOYHbIX AOMOMHUTENBbHbIX JOPOXKaX.

1.4.8.3 ToO4YHOCTb M3MepeHumn

PaccMOTpUM MpUYMHBI M criaraemble MOrpeLlHoCTen onpedeneHvust koopauHaTt B

¢has3oBbIX pagMoHaBUraUMOHHbIX CUCTEMaX.

Haunbonee cylulecTBeHHOe BruUsiHUE Ha pes3ynbTaTbl WU3MEPEHMI OKasbiBaloT

NOrpPEeLUHOCTN TPEX TUMOB:

- MeToaumyeckme, OOYCNOBMEHHblIE HETOYHOCTbIO MPOrHO3MPOBaHUSA Ha3oBOoro
Habera B TOYKE W3MEPEHWIN, T.€. HETOYHOCTbI MPOrHO3MPOBAHWUS CKOPOCTU
pacrnpoCTpaHeHUsi paanoBOJTH Ha TPacCe;

- obycrnoBneHHble aTMocepPHbIMIU NOMEXaMU;

- annapaTtypHble.

MeToamnyeckne norpeLHocTu

Mo xapakTepy 1 NPOUCXOXKAEHUIO X MOXHO Takke pasfnennTb Ha Tpu rpynnbl:

a) MefsfieHHO MEHSALWKNecs NorpeLHOCTN MPOrHO3MpPoOBaHNA CpedHen CKOPOCTU
pacnpocTpaHeHus paguMoBOfH Ha Tpacce, OOYCrOBMEHHbIE AencTemem
rennousnyecknx n reouandecknx npoLeccoB KpynHoro macwTaba (uHTepsan
KOppEnALMM KOTOPbLIX COCTaBMSAET HECKONbKO FET), U MOrpeLHOCTU NPOrHO3MPOBaHUS
CpeaHen CKOpOCTM pacnpocTpaHeHnd, oByCrnoBneHHblE ANCKPETHOCTbIO onpeaeneHuns
1 BBOAA NOMNPaBOK.

MorpewHocTn onpegenexHnss mecta, obyCnoBnNeHHbIE MEANEHHO U3MEHSALNMUCS
dnyKTyaumMsiMmm CKOPOCTU pacnpocTpaHeHnsa paanmoBoSiH, MOryT gocturatb 8 — 16 Km.
CyuiectBeHHOEe yMeHbLUEeHNe 3TUX norpeLLuHocTemn AocTuraeTcs nyTéEM
NPoOrHo3npoBaHMa dasoBoro Habera B Touke HabnogeHus. OgHako NPOrHo3npoBaHue
OCYLLECTBNAETCH He BMNOMHE TOYHO U Ha MpaKTUKe MNPOSBIATCA OCTaTOYHble
NnorpeLuHoCcTn, 06ycnoBeHHbIE HETOYHOCTLIO MPOrHO3MPOBAHUA.

[MporHosupyemble 3Ha4yeHUs NONPaBOK ONMpeaeniaTCca ANS KaXa4oro yaca CyToK u
NPUHUMAKOTCA OAMHAKOBLIMW B TEYEHMEe MNOSyMEeCAYHOro WHTEpBana BpeEMEHU B
npegenax pavoHoB nrowanblo 4°x 4° no pyre 6Gonbworo kpyra. CpegHee
KBagpaTudeckoe 3HavyeHne MeafieHHO U3MEHSOLWENCS NOrpeLHOCTM NPOrHO3MPOBaHUS
MOXeT ObiTb OLEHEHO MO pPas3HOCTM TabMnW4YHbIX 3HAYEHUM MNOMPaBOK B COCEOHUX
panoHax u nexut B npegenax ot 0 4o 15 caHTUUMKNOB Ha 1 ThICAYY KM pasHoca TOYeK
HabnogeHns. (CaHTUUMKIIOM NPUHATO Ha3bliBaTb OA4HY COTYIO YacTb yrna B 360° unu 2n
- pagumaH. CnepoBaTeribHO, CBA3b Mexay ¢as3oBbiM COBUIOM B paguaHax U B
CaHTULMKNAaXx BblpaxaeTcs popMyrnon

¢, pag = 2w 1072 ®, C.L.

6) [lorpewHocTn, OBYCrNOBMNEHHbIE CPaBHUTENBHO ObICTPLIMM NyKTyaunamm
aonosiHuTensHoro ¢asoBoro Habera B Touke nMpuéma. WHTepBan BpeMeHHOM
Koppensaumm aTnx nykTyaumm mMmeeT nopsaok OT HECKOSTIbKMX MUHYT 0O HECKOSbKMX
yacoB. [lpuynHa ObICTPbIX NykTyauumn dasoBoro Habera KpoeTcd B ClyyaurHbIX
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N3MEHEHUNSX BbICOTbl MOHOCMEPDLI N3 — 3a (PNyKTyaunn MHTEHCUBHOCTN MOHN3NPYHOLLINX
N3nyvyeHni " CnyYanHbIX OBKEHUN MOHN3OBAHHOIO rasa. WHTepBan
NPOCTPaHCTBEHHOWN KOppenauun konebaHuim BbiCOTbl MIBMEHSAETCS B LUMPOKUX Npegenax
OT OEeCATKOB OO TbicsAY kunomeTpoB. CpegHee KBagpaTU4eckoe 3HadeHue ObICTpbIX
donykTyaumn gononHuTenbHoro dasoBoro Habera nexut B npegenax ot 1 go 9
CaHTULMKNOB.

B) [lorpewHoCT” mn3—3a aHoManui pacnpocTpaHeHus pagmoBosfiH. OCHOBHbIE
XapaKTEPUCTUKN 3TUX NOrpeLlHOCTEN npuBeaeHbl B Tabnuue.

XapaktepucTtumka MpnymrHbI
ConHeYHble N3nyyeHne ConHeYHbIX
BCMbILLKN NPOTOHOB
CwmelleHne NMHNM NonoXKeHus 1,85 - 3,7 km 11,1 - 14,8 km
lMpoaomKnTeNbHOCTb Menee 1 4 2 — 3 OHsa
YactoTa nosBneHus 7 — 10 B mecsL, 6 B rog

Hanbonbliee cmelweHne NUHUIA NOMOXEHUS M3—3a aHOManunM pacrnpocTpaHeHus
coctasnsgeT 10 — 15 km.

MorpelwHocTK, 06ycnoBneHHbIE NOMeEXamm

LLymoBble nomexu aTMOCHEPHOro MPOUCXOXOEHUS SBMASOTCA OCHOBHbIM BULOM
nomex B AamanasoHe C[1B. B 6onblUMHCTBE CryyYaeB cpeaHue KBagpaTudeckue
3Ha4YeHUs1 TakMX norpeliHocTten He npeBbiwawT 0,5 caHTMuMkna, 4TO NPMBOOMUT K
NOrpeLLUHoOCTAM onpeaeneHns nuHun nonoxeHna nopsigka 0,1 — 0,2 km. Npu npuéme
CUrHanoB Ha 60MbWNX yaaneHUsaxX OT Ha3eMHbIX CTaHLMI BNUSHME NOMEX CKa3blBaeTcs
CUSibHEE N COOTBETCTBYHOLLME NMOrpelHocTn moryT coctaenatb 0,4 — 0,6 Km.

AnnapaTtypHble NOrpeLLHOCTH

OHu cknagbiBalOTCA M3  MOrpeLHoCTen BCREACTBME WUCKaXEHUs CUrHanos B
annapatype, NOrpelwHoCcTen  OUCKpeTM3auuum  MonpaBOK M MOrpeLuHoCTeEN
BbIYUCIIUTENBbHOMO Xapakrtepa. YMeHbLUeHNe 3TUX NOrpeLlHoCTeN BEAET K YCIOXHEHMIO
GopToBOM annapaTtypbl, O4HAKO, NPU 3TOM yBeENU4MBaeTca €€ CToMMOCTb. MoaTomy B
bonee coBepLlIEHHbIX, HO 3aTo Oonee poporux obpasuyax 60pTOBbIX YCTPONCTB
annapaTtypHble MOrpelHOCTN HEBENMWKM W COUBMEPUMbI C  METOANYECKUMMW.
CpaBHuTenbHo aelwésbie obpasubl 6opToBOM annapatypbl 061agatoT NOrpeLHOCTAMM
nopsgka 10 kM. B 3TOM cnyvyae annapaTypHble MOrpeLHoCT OKa3blBaloTCs
onpegensiowumMmi. HeobxoaMmo OTMETUTb, YTO NpU  pelleHuuM 3adady  AarnbHen
HaBuraumm, B 4aCTHOCTW, NMpu MNonéTtax no TPaHCOKEaHCKMM Tpaccam, MOrpeLLuHoOCTH
nopsigka 10 KM MOXXHO cyYMTaTb 4ONYCTUMbIMNA.

Mpumepamn OOPTOBLIX YCTPOWCTB, Pa3nMYatolLMXCa 3HAYEHUsSIMU annapaTypHbIX
NOrpeLlHOCTeN, MOryT CryXuntb 6opToBble npuémonHankaTopsl ONS — VI 1 MX - 1104
(pupmbl Magnovox, CLLA).

MepBbit 0becneunBaeT onpeaenieHne Mecrta Co cpeaHen KBagpaTUydeckon norpeLu-
HOCTbIO 6,5 KM (2 6 =13 KM) 1 yaenbHbIM BEC NPUCYLLNX eMy annapaTypHbIX norpeLu-
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HOCTEN BeCbMa BenuvK. AnnapaTypHble MOrpewHoOCTN, CBOUCTBEHHbIE MPUEMOUHANKA-
Topy MX — 1104, He NpeBbIWaT METOANYECKNX MOrPELLUHOCTEN U XapaKTepusyrTcs
cpegHekBagpaTMYeCcKMM 3HaveHnem nopsigka o = 0,6 km — 1,5 kM (AHEBHOE M HOYHOE
3HayeHue). B aTtom npuémounHavkatope peanu3oBaH BapuaHT AnddepeHumansHom
cuctembl «Omera» ¢ NPUMEHEHNEM KariMaHOBCKON (OUIbTpaLnn N3MepPEHHbIX JaHHbIX.

1.4.8.4 BnusHue xapakTepa pacnpocTpaHeHus paavoBOSH Ha pa-
60Ty cuctembl

Ha puc. 1.23 nokasaHa cxema pacrnpoCTpaHeHus pagnuoBOSiH B HABUraLUMOHHOM CUC-
Teme B obuwiem Buge. Mimeetcsa npamas cBA3b Mexay nepeaTymkoM M o6BbEKTOM € No-
MOLLIbIO TaK Ha3blBaeMoOM NMOBEPXHOCTHOM BOSHbI. Ha BorHax kopoye 15 M aTa BOfHa
pacnpoCTpaHAeTCA NpakTUYeCKn NPSMONIMHENHO (NpaBaa, HYXXHO y4uTbiBaTb pedpak-
uunio). B pesynbtate pagnyc 4eNCTBUS CUCTEMbI OFpaHUYNMBAETCHA NPSAMON BUOMMOCTBIO.

Puc.1.23

Ha 6onee ANWHHbBIX BONHAX BO3HUKAET Ba HOBbIX SBMIEHUS.

- Andpakumsa BONH BOKPYr 3eMHOro wwapa, brnarogaps KOTopon AanbHOCTb OeNCTBUS
CUCTEMbI MPEBOCXOAUT paguyc npsMon BUOUMOCTU TeMm 6onblue, 4Yem AOfIMHHee
BOSHa.

- OtpaxeHue pagnoBosiH oT noHocdepbl. OTpaxeHne nveeT mecto ot cnoés En F,
NPUYEM BO3MOXHbI ogHokpatHoe (E -1 n F -1 ) un aByxkpatHoe (E-2 uF - 2)
oTpaxeHus. OTpaxéHHble OT MOHOCHEPbLI BOSIHbI HAa3bIBAOTCA NPOCTPAHCTBEHHbI-
Mu.

[MyTb OTpaxXEHHOro curHana anuHHee nyTu npsamMoro. Noatomy, ecnu B ha3oBon cUCTe-
Me NpUXoaaT O4HOBPEMEHHO NMOBEPXHOCTHAs U NPOCTPAHCTBEHHAs BOSIHA, OHU MHTEpP-
depupytoT, 1 pasa pes3ynbTUPYIOLEro curHana otTnnyaeTcsa oT pasbl NOBEPXHOCTHON
BONHbI. loHOCepa ansa ¢as3oBon cMCTeMbl paBHOCUIIbHA HaNMMYUKO MECTHOro npeame-
Ta (cm. § 1.2). B gnanasoHe cpegHux BonH (300 kl'y — 2mIy, ) npocTpaHCTBEHHbIE BOJ-
Hbl AHEM OTCYTCTBYIOT, TaK Kak KOI(UUMEHT OTpaKeHUs He3HadmTeneH. Houblo oT-
paXxeHne ycunmBaeTcs.

B gmanasoHe gnvHHbLIX BONH (ynoMsiHyTast Bblwe «[lekka» ) npcTpaHCTBEHHAsA BOSHA
co3faéTtcs B OCHOBHOM crnoeM E un 4vactnyHo cnoem F. Ha pacctoanuax no 200 Km mH-
TEHCUBHOCTb MPOCTPAHCTBEHHOW BOSIHbI He npesocxoanT 0,1 MHTEHCMBHOCTU MOBEpPX-
HOCTHOW, N TOYHOCTb CUCTEMbI yXyaLlaeTcsl He3HaunTenoHo (cm. puc.1.7). Ha paccto-
Husx ao 400 km 37O oTHOoweHme Bo3dpacTtaeTt o 0,3 — 0,5.

CeepxanuHHble BorHbl ( f < 30 kl'y) xopowo ornbatoT 3emnto. OTpaXkaroTCA OHU TOMbKO
ot cnos E. [invHa BonHbl (A > 10 kM) conamepuma C BbICOTOM OTpaxatowiero cnosi E
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(aHém h = 70 kM, Houbto — h = 85 km). /I OoT noHocoepsbl, n 0T 3eMnun BOSHbI OTpaxa-
IOTCA XOPOLUO, NPUYEM 00e MOBEPXHOCTU MOXHO CUMTATb 3EepKanibHO OTpakatloLmnmm,
TaK Kak BblCOTa HEPOBHOCTEWN 3HaYUTENbHO MeHblwe h = 10 kM. B pesynbTate cBepx-
AnvHHble BonHbl (COB) mexay 3emnén n noHoccepon pacnpoCTpaHsTCA Kak B cde-
pudeckoMm BorHoBoae, obecneumBas 3HauYMTENbHYIO JganbHOCTb gencteus (Ao
15.000km). Ha ganbHocTtsx 20.000 km (aHTunog nepefaTtymka ) U3 — 3a MHTepepeH-
UMM NPSIMbIX BOSH, OOOrHYBLUMX 3€MHOW LUap MO pa3HbiM HarnpasfeHUAM, BO3HUKAIOT
3HauYUTEnNbHbIE OLLUMOKMN.
3amevaTenbHbiM cBonctBoM CLB aBnsieTcss Mx cnocobHOCTb NPOHMKaTbL B BOAHYHO U
NoA3EMHYIO Cpefy Ha 3HAYUTENbHYIO rMyOMHY. OTO CBOMCTBO NO3BONSAET OCYLLECTBATb
noaBOLHYIO HaBUrawmMo No BO3AyLIHOW cucteme, u 3gecb CLB noka BHE KOHKypeHLUMN.
Bce atn npenmyectsa npusenu k paspabotke Ha CLB cuctembl cBepxganbHen Ha-
Buraunmm «Omeray», oxsaTbiBawollen O60nblUIyid YacTb 3eMHOro wapa. B HacTtoswee
BpemMs 3Ta cuctema pekoMeHgoBaHa Ans ucnonb3oBaHna MexayHapogHow opraHusa-
umen rpaxgaHckon asmauumn (MKAQO ) B kadecTBe OCHOBHOW.

1.5 OcHoBHbIe cBeAeHUs1 O pagoaBuraumoHHon cucteme «Omerar

Cuctema «Omera» siBngeTcss pasHOCTHO — OanbHOMEPHOW HaBUraUMOHHOW CUC-
Temon, pabotarowen B C[1B — ananasoHe 10 — 14 kl'y [6].

lMorpelwHoCTb MecToonpeneneHns ¢ BEPOATHOCTLIO 95% npu OTCYTCTBMM BO3MY-
LLeHUWN KaHana pacnpocTpaHeHus He npesbiwaeT 3,6 — 7,2 KM (HanMeHblLlee 3Hadve-
HWe COOTBETCTBYET AHEBHbIM, HAMOONbLLUEE — HOYHBIM U CMELLAHHBIM YCNOBUAM OC-
BELWEHHOCTM Tpacc). 3oHa pgenctBua cuctembl «Omera» oxsaTtbiBaeT OOnbLUyHO
yacTb noepxHoctTn 3emnu. OnopHble cTaHuMmM obecneuymBaloT paboTy B TeyeHue
95% BpemeHwn, BKNtoYasi 3anfaHMpoBaHHbIE OCTAHOBKM ONs1 X TEXHUYECKOro obceny-
XnBaHUA.

1.5.1 Ha3seMHble onopHble CTaHLmn

B coctaB cuctembl «Omera » BXoanT 8 Ha3eMHbIX OMOPHbIX CTAHUWNA, KOTOpbie
obpasyoT rnobanbHyld cuctemy, T.e. NO3BOMNAT OCYLIECTBMASATb HaBUraLMOHHbIE
namepeHna B nOOOM TOYKe 3eMHOro Lwwapa. PacnonoxeHve Ha3eMHbIX OMOPHbIX
CTaHUMN nokasaHo Ha puc.1.24 .

CtaHuum paccpenoToyeHbl Takmm 0b6pas3om,uTodbl B NobON TOYKe 3eMHOro Lapa
MOXHO 6b1n0 BbibpaTbh 3 — 4 NUHUK NONOXEHWUd, nepecekarowmecs nog yrnamu 60 -
120°. PaccTosiHne mexay ctaHuuamu (6asoBasi nnHusA) coctasnget ot 9,3 o 11,171. k.

1.5.2 ®opmat curHanos

dopmaToM curHana npuUHATO HasblBaTb COBOKYMHOCTb €ro XapakTepucTuK, noa-
nexauwmx craHgaptmsaumm. K uncny ctaHgapTusyeMblX XapakTePUCTUK OBbIYHO OT-
HocATcs bopmMa curHana, ero BpeMeHHbIE U YaCTOTHbIE NapaMeTpbl.

N3nyyeHne konebaHmn Ha3eMHbIMU OMOPHLIMU CTaHUMAMM OCYLLECTBMSETCSA
ASIMHHBIMW MUMMYIIbCaMK MOCbINIKaMy ONTENBHOCTLIO OKOMO 1¢ Kaxaas. VHTepsansl
mMexagy umnynbcamu pasHbl 0,2c. Obwan AnMTENbHOCTb LUMKA U3NyYeHUst COCTaB-
ngaet 10c. Uukn mnanyyvyeHms konebaHmn ocHoBHon 4vacTtoTbl fp = 10,2 kl'y cTtaHumm
«Omera» Has3eMHbIMK OMOPHbLIMWN CTaHUMAMM NMoKa3aH Ha puc. 1.25 .
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Puc.1.24

Kak BMAHO M3 pUCyHKa, B TEYEHME KaXXAOr0 MOMEHTa BPEMEHU Ha OCHOBHOWN pa-
Bbouen yactoTe paboTaeT Nuilb OAHa N3 BOCbMW HAa3eMHbIX CTaHLUMN, YTO obecneyun-
BaeT BO3MOXHOCTb pasfesibHOro npMéma Ha camonéTe nsnyyaembix e konebaHumn
6e3 nomex Co CTOPOHbI APYrMX CTaHUMA. AnMTenbHOCTb UMMYIbCHbBIX MOCHINIOK Bbl-
OGpaHa pasnuyHon B npegenax ot 0,9 0o 1,2c ¢ uenbto obnerdyeHns ono3HaBaHMUs
CTaHUMN N CUHXPOHM3ALMN BOPTOBLIX MPUEMOMHANKATOPOB.

4

A B c D E F G H A

09c| [10c| 11c| (1,2¢] |1,1¢| |09¢] (1,2¢| [1,0c| |09c|---
— -.-t
0,2c
S5¢c S5c
-enlE J=—1-unff T
Puc. 1.25

Linkn paboTbl BCEN CUCTEMbI NPUBSA3aH K MEXAyHapOAHOMY CTaHAapTy BPEMEHU U
HayMHaeTcsa C u3nyveHms konebaHuii OCHOBHOWM HaBUraumMoOHHOM YacToThl fy cTaHuum E
(0. PetoHbOH). MomeHT opmupoBaHus nepegHero poHTa WMMMYNbCHOM MOCLISIKK
konebaHun Ha 4vacTtoTe fy 3TON CTaHUMWM COBMELLEH C HA4arnoM rPUHBUYECKUX CYTOK U
To4yHO cooTBeTcTByeT 004 00mM 00c BcemupHOro BpemeHu. Npu aToM curHansl CTaHUuK
npuHMMmatoTcs Ha 6opty camonérta nepuoamyeckm B 0, 10, 20, 30, 40, 50c kaxgow
MUHYTbI, @ U3MYYE€HHbIE CUrHanbl CTaHUun Npuxogsat Ha 5, 15, 25, 35, 45, 55¢ noaxe
KaXXQoW MWHYTbl BCEMUPHOro BpemMeHu. M3nyyeHne Opyrmx CTaHUUKW Takxe 3aHumaeT
BMOMHE onpeaenéHHoe BpPeEMEHHOE MOMOXEeHMe B COOTBETCTBMU C WX BPEMEHHbIM
nonoXxeHnem B npegenax paboyero umkna cuctemMbl. Tak peanunsyeTcs BPEMEHHOEe
pasfeneHne kaHanos B cuctemMe. YKEctkaa npuBs3dka paboTbl HA3eMHbIX CTaHUMA K
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BCEMMPHOMY BpemMeHu obnerdyaeT 3agady WX pacno3HaBaHWd, Heobxoaumyro Ons
nocreyLero NpoBegeHNs HaBUrauMoHHbIX onpeaeneHun.

OnopHble cTaHUMK n3ny4varT (pasoCUHXPOHU3NPOBAHHbIE CUTHarbl C BPEMEHHbBIM U
4YacTOTHbIM pa3gefieHMeM KaHaroB, T.e. paboTaloT B peXUMe KOrepeHTHOro U3nyvyeHus.
dopmat curHanos cuctembl “Omera” nokasaH Ha puc. 1.26.

CermeHT
CTaHumA
H 1 2 3 4 5 6 7 8
A Lfo] | L] | LR | [12a] | [121] | (105 | [121] | [121]
B Mz0] | [fo] | [ 5] | [ ®] | [120] | [120] | P05 | [12.0]
C [118] 18] | [fo] | [ F] | [ ®] | [118] | [11.8] | [11,09]
D 11,05 | [131 (3] | [fo] | [f] | [ R ]| [131] 31
E 23] | [tos] [ [123] | [123] | [fo] | [fu] | [f] | (53
12,9 11,05 12,9 , f f
F [29] | [128] | [1es] | [1298] | [129] | [fo | | [ 5]
G 13,0 13,0 f
L] | [30] | [130] | [110s] | [130] | [130] | [Fo ]
H Lfa | | LR | [128] | [128] | 1108 | 28] | [128] | [y |
- 10¢ =
Puc. 1.26

B kauectBe ocHoBHOWM YacToTbl B cucteme “Omera” ucnonbdyercs yactota f, =
10,2 «kly. AdononHutenbHble 4actoTtbl f; =11,05«lMu, f» = 11,33klu, f3 = 13,6kl
N3ny4arTcs OAHOBPEMEHHO AN pas3pelleHMs MHOrMo3Ha4YHOCTM (Pa3oBbiX OTCYETOB.
Caton uenbo Ha OopTy camonéra B nNpUEMOMHAMKATOPE MOryT ObiTb MNOSyYeHb!
N3MEPEHNA Ha Pa3HOCTHbIX YacToTax Afzg = f3 — fo = 3.4 kl'y; Afyp=fo — fo = 1.13 k'Y u
Af21= f2 — f1= 283,3 Fu.

WnpuHa dpasoBon AoOpoXKM Ha YacToTe fy (To4HON OOpOXKKKM) cocTaBnseT Ha 6a3oBown
NMUHUX NONIOBMHY ASIMHbI BOSHbI Ap (T.€. | =14,7km). M3mepeHus Ha pasHOCTHbIX
yacToTax NO3BONAT yBENIMYUTb 30HY OQHO3HAYHOro (pasoBoro otcyéTa Ao 3+ = 44 km
(Ha yacToTe Afzg), 9:1 = 132 km (Ha YacToTe Afy) n 36:1 = 529 km (Ha YacToTe Afyq). Ans
paspeLleHns MHOro3Ha4YHOCTH, Kak NpaBuio, UCNosnb3yTca YacToTbl fo,fo n fs.

B TeyeHne nepuoga noBTOpeHus, paBHoro 10cC, Kaxgass HasemHas CTaHuus
nany4vaet 8 nocblnok (puc.1.26). Tpn n3 HUX NpeacTaBNAT U3NYyYeHUS HaBUraUMOHHbIX
yacrtor fo, f3 u fy, KOTOpbIE CcNeayT Apyr 3a gpyrom BO BpemeHu. Yactota fi = 11,05
K4 BKNtOYeHa B Avarpammy M3nyvyeHus Ons paspelleHMs MHOro3Ha4yHOCTM (Pa3oBbiX
OTCYETOB B CNny4yae HaBuraumm o6bEeKToB Npu MOUCKOBLIX U cnacaTenbHbIX paboTax.

MoMnmo yeTbIpéx paboumx MecCT, B OCTasbHble YETbIPE CErMEHTa BPEMEHU CTaHUUA
nanyvyaeTt nHaueuayasnbHble 4YacToThbl (Bblbnpaemble B ananasoHe oT 11,55 pgo 13,15
Kl'W), KOTopble crnyxaT Ans OMno3HaBaHUA CTaHUMA M nepefayn OOMONHUTENbHOW
WHopMauun. PasHbiM  Ha3eMHbIM  CTaHUMsIM  NpeanucbiBaeTCca  pasnvyHas
04YEpPEOHOCTb M3MyYeHUsT MOCHINOK, WCKMYawas BO3MOXHOCTb OAHOBPEMEHHOMO
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n3ny4vyeHns konedaHnn ogHOM M TOW Xe 4acToTbl. B OAMH M TOT XXe OTPe30K BPEMEHMU
TpeMs pasfnyHbIMU CTaHUNAMU U3NyYalTcsa kKonebaHus Tpex pasnnyHbix vacToT fo, f3
n f2.

[na peweHns 3agay CUHXPOHMU3ALMKN U3IYyYEHNA OMOPHbIX CTaHUMN Mexay cobon n
OTHOCUTENbHO LWKanbl eguHoro BpemMeHn B cucteme “Omera” pasBépHyTa CceTb
KOHTPOSIbHBIX MYHKTOB, PacroOfOXeHHbIX BOMU3M OMNOPHbLIX CTaHuuK. Ha Kaxagowm
KOHTPONbHOM MNyHKTE MPOU3BOAUTCA M3MepeHue pasHoCTen (a3 CUrHanoB MeECTHOW
CTaHUMN OTHOCUTESNIbHO OCTasbHbIX (Ha TPEX YacToTax) B TeYeHUe HedenbHOro Lukna.
JTa nHopmMmaums no crneumanbHOMy KaHany CBA3W nepedaéTtcsa B LEHTP yrnpaBreHus,
roe BbIYUCIISAKOTCA CriaXeHHble 3Ha4YeHWA HEBA3OK LUKasl KakaoWw OMOPHOW CTaHuuu
OTHOCMUTESNbHO LKanbl CpeAHero BpeMeHn pagvoHaBUrauMoOHHOW CUCTEMbl W OLEeHKa
NONOXEHNS LUKamnbl CpegHero BPpeMEHW OTHOCUTENbHO LWKanbl eguHOro BpemMeHu. B
pesynbTate OPMUPYIOTCA CUrHamnbl YNpaBrieHUs MOSNIOXKEHMEM LUKan OMOPHbIX
cTaHumn. TOYHOCTb CUHXpPOHM3auuu coctaBnseT 1 MKC (cpedHekBagpaTudeckoe
3HayeHue).

1.5.3 [MpuHUMNbI PYHKUMOHUPOBAHUSA ONOPHbLIX CTAHL M.
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OnopHble ctaHumm (OC) nooyepéQHO M3NyYarT KOrepeHTHbIe He3aTyxaloLwme Kone-
BGaHuA B COOTBETCTBUU C MPUHATOWN AnarpammMon uanyveHums (puc. 1. 26).
O6o6wéHHas cTpykTypHasa cxema OC npuBegeHa Ha puc. 1. 27.
B coctas annapatypbl OC BxogsrT:
- rpynnoBow 3TanoH 4actoTbl (MAY);
- undposon dasospaiatens (LP);
- (hopmupoBaTenb CUrHanoB paboyen 4YacTOTbl U CUTHANOB yNpaBneHus guarpam-
MOW M3ry4yeHus (cuHTesatop YactoTbl CH);

- kommyTatop (K);

- MowHoe nepepatwee yctponcteo (MNPL),conepxallee umcpposon gasospalla-
Tenb CUCTEMbl aBTOMATMYECKOM NoACTponkn ¢dasbl (LUP), yeunutenn MoLHOCTM
(YM) n aHTeHHbIn KOHTYpP (AK);

- BbICOKOBOSbTHbIN kKoMMmyTaTop (BBK);

- TpaHcgopmaTtop ceasu (TC);

- nepepatwasn aHteHHas cuctema (MAC);

- cucTema aBTOMaTU4EeCKOM NOACTPOMKM aHTeHHOro koHTypa (AlNAK);

- cuctema aBToMaTM4ecKkom noactponkn asel (Ald) curHana B Tpakte MNPU.

[na peweHna 3agayv KOHTPOMNS CUHXpPOHM3auun mnsnydeHus curHanos OC mexay
coboW 1N OTHOCUTESBHO LUKanbl BCEMUPHOIO BpEMEHM B COCTaB annapaTtypbl BKNo4aeT-
ca npnémHasa COB — anteHHa ([MA), npnémnuk (I) curnanos CAB — ananasoHna, name-
putene ¢gasbl (UP), pacnonokeHHble Ha BbIHOCHOM KOHTPOSIbHOM MYHKTE, YCTPOWUCTBO
06paboTkun gaHHbIx (YOL), a Takke npuémMonHamkaTopbl 4ns npuéma CUrHanoB CUCTEM,
nepegatowmx speMeHHyo nHgopmaumo (MABWN), n yctponcteo obpaboTkm nHgpopma-
uum (YOW).

MpynnoBon aTtanoH 4vactoTtbl (F3Y) Bknto4YaeT B CBOM COCTaB HECKOSIbKO (OObIYHO
OAVH paboynn 1 Tpu pe3epBHbIX ) BbICOKOCTabUbHbIX KBAHTOBbLIX CTaHAAPTOB YacTo-
Tbl, NOACTPaMBaOLWMX YacTOTy KBapueBoro reHepatopa 5 Ml'u, n cxemy cpaBHeHUs,
OCYLLIECTBNSAOLLYIO NOMNAapHOE CpaBHEHWE YacTOT CTaHOAPTOB M BbIOOP Haunyywero, a
Takke OTKIOYEHME HeucnpaBHOro craHgapta. CurHanbel ['OY yepes uudgposon  da-
30BpaLllaternb, KOTOPbIM CRYXUT AN Koppekumn wkanbl BpemeHn OC, nocTynakoT Ha
CMHTEe3aTop 4acToThl.

B pagnoHaBuraunoHHon cucteme «Omera» Ha OC mcnonb3yloTcs Le3veBble KBaH-
TOBble CTaHAapTbl YacTOTbl C CYyTOYHOW OTHOCUTENbHOM NOrpeLlHocTbio nopsaka (1 —
3)10™"%. LincpoBsoii hasoBpalLaTens peann3oBaH Ha yactote 1 MIu.

B cuHTesatope uyactotbl (CH) cdopmupytoTca curHanbl paboumx 4acToT, cuUrHanbl
yrnpaBneHus avarpammMon U3NyyYeHus CTaHUMA U CUrHanbl ynpaBfeHUn dremMeHTamu
HaCTPOWKN aHTEHHOro KoHTypa. CurHanbl paboumx 4acToT 4yepe3 KoOMMyTaTop MOCTy-
nawT Ha Bo3byxaeHune nepeaatyunka (MPLO).

MNepepatowiaa aHTeHHa M3 — 3a MarblX reOMeTPUYECKUX pasMepoB MO CPABHEHUIO C
AJSIMHOW BOSHbI UMeeT eMKOCTHOW XapakTtep. 1o aTon npnymHe anemMeHTamMm HaCTPOWKn
aHTeHHoro koHTypa (AK) aBnsoTCs yanuHUTENbHas KaTywka UHOYKTUBHOCTU U Bapuo-
MeTpbl (A58 HacTporku n aBTomaTudeckon nogctponkn AK). MNepekntoyeHne anemeH-
TOB HacTponkn AK npu nepexoge ¢ O4HOW 4YacTOTbl HA OPYry0 NpPouM3BOAUTCA C NMOMO-
b BbICOKOBONIBTHOrO KOMMYyTaTtopa, ynpasnsemoro ot CY. CwurHanbl ynpaBneHus,
nogasaemble oT CY Ha BbICOKOBOJSIbTHbIA KOMMYTaToOp, OTMAMYalOTCA OT CUrHanoB
ynpaBneHus, NoCTynawLwmMx Ha KOMMyTaTop B uenu Bo3byxaeHus nepegatymka. OHu
npeacTaenAwT cobon BGonee WMPOKME MMMYNbCbl, OCYLECTBSIOWMNEe NOOKNIYEeHNe
anemeHTOB HacTponkm AK paHblue nosBrneHns umnynbca Bo3byxaeHus ( = Ha 0,1c) n
OTKINIOYEHME 3NIEMEHTOB MNOCIIE OKOHYaHUSA BPEMEHN NepexogHoro npolecca.
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Monoca nponyckaHua AK n aHteHHbl OC B cucteme «Omera» coctaBngaet 2Af = 10
— 30 Iy, yTo obecneynmBaeT OKOHYaHUE NepexonHbIX NPOLLECCOB B Nay3e Mexay paguno-
nocbIfikamn (NOCTOSIHHAA BPEMEHU KOHTypa cocTasnseT 11 — 32 mc).

BosgenctBne Ha aHTEHHY CUCTEMY pPasfnU4HbIX OeCTabunmsanpyrowmx ¢akTtopos
(BeTep, rononén, nepenabl TeMnepaTypbl 1 BAAXHOCTN) 00yCraBnmBatoT BKIIOYEHNE B
coctaB annapatypbl OC cucteMbl aBTOMaTUYECKOW MNOLCTPOMKM aHTEHHOrO KOHTypa
(AMAK).

Cuctema aBTOMatmyeckon nogctporkn gassl (AldP) cnyxut ana KomneHcaumm 3a-
aepxek B TpakTte MNP n nx crabmnusaunm Bo BpemeHn . B eé coctas Bxogut P[], co-
eavHéHHbIM co Bxogom P n ero Beixogom (TpaHcdopmatopom ceasun AK). Hanpsike-
HWe paccornacosaHus ¢ Bbixoga P[] Yepes nHterpaTop ynpasnseT umdpoBbiM ¢a3oB-
palwiatenem B Lenu Bo3byxaeHna MNP, koMneHCcUpyownm 3a0epKkn B TpakTe.

AHTEHHaga cuctema

B kauyectBe nepeparowmx aHTeHH HazeMHbiX OC ncnonb3yTcs ABEe OCHOBHbIE KOH-
CTPYKUMK: 30HTUYHAsA U AOSNIMHHAS.

30HTMYHAA aHTeHHa MOXeT ObiTb BbIMOMHEHA C W30NMPOBAHHOM W 3a3eMITEHHON
MaudTon. BblcoTa UeHTpanbHOW MadTbl aHTeHHbI cocTaBnsaeT 400 M. B BepxHen 4actu
MaJdTbl pacnofioXXeHa cuctemMa pagmanbHO PacxXOoAsMXca NPOBOAOB, 06pasyoLnX em-
KOCTHYIO Harpysky (nyym anvHon nopsgka 600 m). AHTEHHOE NOMIOTHO NoaaepKnBaeTcs
C MOMOLLbI NepudepUnHbIX MayT HECKOSTIbKO MEHbLUEN BbICOTbI, YEM LiEHTpanbHas
MayTa. MayTbl KpensaTcsi C MOMOLLbIO CUCTEM paguanbHO PaCXOOsLNXCA OTTSKEK, KO-
TOpble NOAOEPKUBAKOT OTAESNbHbIE CEKLMN aHTEeHHbI. [1ofHag EMKOCTb aHTEHHOIO KOH-
Typa MHOroOMadYToBOW CUCTEMbI C Pa3BUTON CUCTEMOMN rOPU3OHTasNbHbLIX MPOBOAOB CO-
craensget 0,03 — 0,05 mkd.

[onvHHas aHTeHHa npegcTaBnsieT cobon NonoTHO (CMcTeMy NPOBOAOB), NOABELLEH-
HOe Ha onopax, YCTaHOBJIEHHbIX Ha BepLUMHAX XOSIMOB C YYETOM Tonorpadgu4eckon
0COBEHHOCTN MEeCTHOCTM (rnybokue AONuHbI, donopabl U T. 4.).

[MpoBoaa coeanHATCA BMECTE NepemMbldkaMn N 3aKaHYMBaKOTCS Yepes ceTb NPOBO-
A0B CHWXXEHUS aHTEHHbI, MAYLWMX OT 34aHNSA, B KOTOPOM HaxoauTCs yANUHUTENbHAas Ka-
TyLWKa UHOYKTUBHOCTU. CUCTEMaA OTTSXKEK NO3BOSISET perynupoBaTb HaTsHXeHWe rnonoT-
Ha B YCNOBUAX CUSTbHbIX BETPOB.

AHTeHHblI OC cuctembl «Omera» npeactaBnsaT cobor rpoMo3aKoe M OOpPOrocTos-
LLiee COOpYXEHMeE.

KoadhdmumneHT nonesHoro A4eNCTBNA aHTEHH OnpeaensieTcs COOTHOLLEHNEM

Ru

=% 5
R,+R,+R,

roe Ry, Ry 1 R; — cOOTBETCTBEHHO COMPOTUBMEHUA U3MYYEHUS, NOTEPb YANTMHUTENb-
HOW KaTyLLKN U NOTEPb B CUCTEME 3a3eMITEHNS.
ConpoTuBneHne nsnyyeHus nepegarowlen aHTeHHbI

16072 h?
Re==%
6bICTpO y6bIBaeT npn ymeHblleHM1 OTHOCUTESTIbHOU BbICOTbl aHTEHHDbI 7 , rae hg -

AenCcTByoLas BbiCOTa aHTeHHbI, paBHaa 140 — 200 m.
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ConpoTtuBneHme uanydeHusa nexut B amanaszoHe 0,04 — 0,08 Om Ha ocCHOBHOM
pabouyen yactote 10,2 k',

KoadhdpuumneHT nonesHoro gencrensa aHTeHH paseH 6 — 30 %. bonblive 3HayeHus
OTHOCATCS K BbICOKOYACTOTHOW YacTW HaBUraLMOHHOIO AMana3oHa.

B MPL onopHbix cTaHumnh cuctembl “‘Omera” K aHTEHHOW CcucTeMe NOL4BOAUTCS
MoLHOCTb nopsagka 150 kBT. Nanydyaemas mowHocTb Ha YacTtoTe 10,2 kY coctaBnseT
He meHee 10 kBrT.

1.5.4 bBopTtoBas annapaTypa

BopToBble NMpuéEMOMHAMKATOPbLI paguvoOHaBUraunmoHHoOM cuctembl “Omera” cTposiTca
Ha 6Gase OBM un uudpoBbix MeTogoB 06paboTkm MHbOpMaumn. OTn yCTponcTBa
dopMUpYIOT U BbIJAKT KOOPAWHATBI W HaBUrauuoOHHbIE nNapamMeTpbl annapaTa,
HeobxoouMMble ANA  YBEPEHHOrO BOXAEHMS HE3aBUCUMO OT BPEMEHW CYTOK U
MEeTEeOoYCrnoBUN.

O606LLEHHan CTpYKTypHaa cxema npMémMonHamnkaTopa MoxeT OblTb NpeacTaBneHa B
BMae TPEX coctaBHbIX YacTen (puc.1.28):

P —> B [—» nvM

Puc128

- AaTyuKa paguoHasuraumoHHon nHgopmauuun (OPN);

- Bbluucnutens (B);

- nynbTa ynpasnenunsa n niankaumu (MYN).

[aTtymk pagmMoHaBuraumMoHHOM MHGOPMAaLIMK BKITHOYAET B CBOW COCTaB:

- Bnok cornacoBaHus ¢ aHTeHHon (BCA);

- TpéxkaHanbHoe npuémHoe yctponctao (Y);

- un3mepwurtenb dasbl curHana (NP);

- aHanoro — undposon npeobpasosatens (ALM);

- ycTtpoucTso conpspkeHus (YC);

- onopHbIn reHepaTtop (O);

- CUHTe3aTop YacTtoTbl (CY);

- LUMHY OAHHbIX U LUMHY KOMaHA.

B kayecTBe NMPMEMHBIX @aHTEHH MPUMEHSIOTCS LITbIpeBasi BbICOTON 3 — 6 M unn
pamMoO4yHas aHTeHHbl ( B KOpabenbHbIX NPUEMOMHOMKATOPAX) U HOXEBbIE AHTEHHbI C
aencteywowen Boicoton 0,1 — 0,2 M, nnbo cneumanbHble pPaMOYHble aHTEHHBbI,
BKMtOYatoLmne 2 B3aMMHO NEPneHANKYNapHbIE paMKu — NPOAOSIbHY U NonepeyHyto (B
CaMOnéTHbIX npuémouHamkatopax). [lpenmylecTBOM  paMOYHbIX  a@HTEHH Mo
CPaBHEHNIO CO LUTbIPEBLIMU SBNSIETCS MEHbLUAA YyBCTBUTENbHOCTb K BIIMSIHUIO MOMEX
3a CYET aneKTpmsauumn Kopnyca camonéra.

Bnok cornacoeaHus ¢ aHteHHon (BECA) cnyxut ans npeaBapuUTensHOro YCUNeHus v
dounbTpaumMmn CUrHanoB B LULMPOKOW norioce, onpeaensieMon gmanasoHoM NpUHUMaeMblX
4acToT, a TakkKe [Ans corfnacoBaHus MNepBbIX KacKagoB YCWUMEHUS C  BbIXOOHbIM
COMPOTUBIIEHNEM QHTEHH.
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MpmnémomnHankaTop 0bblMHO paccyMThiBaeTcs Ha paboTy OT MUHUMANbHOrO YPOBHS
curHana nopsigka Ec = 5 — 30 mkB /M B anHamndeckom ananasoHe 30 — 140 ab.

YnpaeneHve gnarpammMmon HanpasfiEHHOCTU PaMOYHOM aHTEHHbI OCYLLLECTBNAETCA OT
Bbluncnutens (6optosor 3BM) nyTEM NOAKMOYEHUA paMKW, B KOTOPOW HaBOAMTCSH
MaKkCuMarnbHOE HanpshkeHue.

MpnémHoe yctponcteo (MY) nmeeT Tpu He3aBUCUMbIX KaHana, HaCTPOEHHbIX Ha
yactoTbl fp=10,2 k'Y, f,= 11,33 kl'y wn f3= 13,6 K'4; NOCTPOEHO NO CynepreTepogNHHOMN
CXeme C [OBOVHbIM npeobpa3oBaHMeM 4acToTbl M obecrneynmBaeT aBTOMATUYECKUN
NoucK, obHapy>xeHue, B3aMMHY0 CUHXPOHMU3ALMIO U CreXeHne 3a CUrHanamMmm ornopHbIX
cTaHuun. BbixogHble HanpsbkeHna kaHanoB [1Y wucnonb3ylTca Ana  nosyvyeHus
CUrHanoB, HecyLWunx nHpopmaumo Tpéx BMaoB: 06 ormbatoLen CyMMapHbIX CUrHaNoB, o
dasax curHanoB Ha BbIXOAE KaXgoro u3 kaHanos, 06 ypoBHE HecyLumx konebaHun u
OTHOLWLEHMM CUTHanoB K WyMy Ha BbIxoge BCexX Tpéx KaHanoB. WMHdopmauuna ob
ornbarowen ncnonb3yetcs Ans CUHXPOHM3auunm OOpPTOBbLIX 3TarlOHOB BPEMEHU C
Ha3EeMHbIMW.

Paannune B ANWMTENbHOCTU MOCHINIOK CUrHanoB W ONPeAenéHHbIn NOpPSOOoK KX
cnefoBaHus NPUBOOAT K TOMY, 4TO dpopma ornbatowern cymmapHoro curHana fq(t) ot
KaXXOoOW CTaHUMK nonyyaeTtcs pasnuyHon. [ns uenen CUHXpoHM3auuu B CUHTe3aTope
yactoTtbl (CH) dopmupyetca mogens ormbarowen curHana fyu(t) ot BeibpaHHon OC.
MyTém nogbopa 4vacTtoTbl, popmmpyemon CH, nobuBaroTca U3MEHEHUST BPEMEHHOIO
NONIOXKEHNS MOLENN U €€ COBMeLLeHNA ¢ ormbatolen NnpuHATbIX curHanos ot atom OC.
CTteneHb coBMelleHMs ornbarowmx onpedenserca no  BENUYUHE  B3aWMHO
KOpPEensiuMOHHOM OYHKLMM MOAENN U CUrHana.

R(D) = [ fu -1, (=00

roe T — nepuopg crneaoBaHnsa CUrHanoB.

Mpn coBmeweHMn Moaenun C COOTBETCTBYHOLUMM el curHanom yHkums R(t)
AOCTUraeT CBOEro MaKCMMarbHOro 3HadeHusi. [nnTenbHOCTM MOCBLINOK M MOPSAOK UX
cnegoBaHus BblOpaHbl TakMMu, 4YTOOblI 3Ta (PYHKUMSA MMena TOMNbKO OOUH YETKO
Bblp@XEHHbIN MakKCUMyM, MO LOCTWXKEHUM KOTOPOro CyasT O dhakTe COBMELLEHUs,
obecneunBaloLEro B3aMMHYK CUMHXPOHM3auMio GOpPTOBOM M HA3EMHOW annapaTypbl.
[Mpn aTOM OTNMpPaHWEe NPUEMHBLIX KaHaroB, HAaCTPOEHHbIX Ha YacToThl fy, fa n f3 BygeT
NPOUCXOOUTb TOMNbKO B T€ MHTEpPBarbl BPEMEHU, Korga npubyayT NOCbIKK konebaHun
9TUX YaCTOT OT UCMOfb3yeMblx B AaHHOM panoHe 3emnn OC.

Hanpumep, ecnn camonét HaxoauTca Hag ATNaHTUYECKMM OKeaHOM B panoHe
aencteus ctaHumn A, B n [ (puc. 1.21, 1.22), To kaHan MY, HAaCTPOEHHbIA Ha OCHOBHYO
yactory fo, oTkpbiBaeTca Ha nHtepsansl 0,0 — 0,9 ¢; 1,1 — 2,1 c n 3,6 — 4,8c. Ecnun xe
NoNéT nponcxoauT Hag Tuxmm okeaHoM B panoHe ctaHuun C, G mn H, TOo oTnupaHue
3TOro NPUEMHOrO KaHamna npomcxoauTt B nHTepBanax 2,3 — 3,4; 3,6 - 4,81 8,8 - 9,8c. B
COOTBETCTBUM C 3TUM MEPEKNIOYAETCA TaKKe BbIXOOQHAs Lenb 3TOro NPUEMHOro KaHana
N KOMMYTUPYIOTCA ABa APYrMX NPUEMHbIX KaHana, HaCcTPOEHHbIX Ha YacToTbl f, 1 fz €
Y4E€TOM BpeMeHn NpnbbiTna konedaHumn, nanydyaemoix OC Ha vyacTtoTax fo u fs .

B nsmepurene dasbl (UP) hopmmpyeTcst curHasn, nponopLmoHanbHbii BPEMEHHOMY
WHTepBany Mexay HynsaMu CUrHanbHOro W OMOPHOro HanpsbkeHun. VIHgpopmaumsa o
dasax NPUHATBLIX CMrHanoB UCMONb3yeTcs Ans onpeaeneHns pasHOCTU PacCTOAHUA U
NUHMA NONOXeHns1 camonéTa. Pasbl CUrHanoB Ha BbiIXO4ax KaHanoB CPaBHMBAKTCS C
dazamm Ha BbIXO4Ee cheuuanbHOro YCTPOMCTBA MPOrHO3MPOBaHUA (a3 B KaHanax,
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ynpaBnsemoro ot OBM, koTopoe obecneumBaeT 3agepkKky no pase konebaHun,
dopMmpyembix 6OPTOBLIM ONOPHLIM reHepaTtopom (Or).

[MporHoanpoBaHue (hasoBbIX 3a4ep)KeK OCYLLECTBNAETCA NO AaHHbIM O KOOpAMHAaTax
N CKOPOCTM camoréTta, nonydaembiX B TOYKe B3féTa 1 B npouecce nonéta. CpaBHeHue
a3 BbINONHAETCHA B (pa3oBOM AeTekTope, a nonyyvyaemasi MHopmMauus O pasHOCTU
da3 B uMdpoBOM KoAe Ucnonb3yeTcs Asisi NOACTPOMKM ONOPHOro HanpsbkeHna B CY.

Mon mencTBMeM Cxembl aBTOMOACTPOMKM YacToTa U dpasa OMOPHOro HanpsKeHud
N3MeHsIeTCa TakK, YTOBbl pasHOCTb (ba3 Mexay MPUHATLIM U ONOPHBLIM HaNPSPKEHUSMU
cTtana pasHou Hynto. Nocne 3aBepLueHNA aBTONOLCTPOMKN MPOU3BOANTCHA U3MEPEHNE
pasHocTen pa3 nameputenem ¢asbl Ha yactotax fy, f2 n f3 u onpegenaoTCca NUHUK
NonoXeHnsa camonéra.

Takon cnocob no3BonsieT 3aMeHUTb U3MEPEHME pasHOCTM ba3 Mexay peakumu u
pa3HOBPEMEHHbLIMU MMMYJSIbCHLIMU NOCbINIKaMX NpUHUMaeMblx curHanos ( B 0,1 anu-
TenbHOCTN paboyero umkna ) Ha ooHe LWYyMOB N3MEPEHNSMIN PA3HOCTU ¢ha3 HenpepbIB-
HbIX konebaHun, BoipaboTaHHbIX 6opToBbIM CH 1 NOACTPOEHHbIX MO YacToTe u ase K
NPUHATBIM CUrHanam. JTOT nepexod co3fnaéT bnaronpusiTHble YCNoBuUSa Ons nposefe-
HUS UBMEPEHNN Pa3HOCTU (a3 K onpenerieHns pa3HOCTU PacCTOSIHUW C MOBbILLEHHOW
TOYHOCTbIHO.

NHdopmaums 06 ypoBHSIX HecyLumx KonebaHuin n OTHOLLIEHUSX CUrHanNoB K Wymam B
Kaxkgom mn3 kaHanos 1Y nossonget BbIbpatb ana nameperHn te OC, ypOBHU CUTHANoOB
OT KOTOpbIX B TOYKEe MpuMéMa MakcumarbHbl. CriekTpanbHas NiOTHOCTb COOCTBEHHbIX
wymos 1Y coctaBnseT 0,05 mkB /'L, 4TO Aa€T MHCTpyMeHTanbHyo ownbky B 0,01 da-
30BOro LMKna.

B aHanoro — undposom npeobpasosartenie (ALM) ocyliecTBnaTCA AMCKpeTU3aumus
N KBaHTOBaHMe curHana. KBaHToBaHMe NO YpPOBHKO (M OOHOBPEMEHHO KOAUPOBaHME
MHOpPMaLNKN) NPOMU3BOANTCS B CHETUMKE, U3MEPSIOLLLEM YUCIIO STANOHHbLIX UMMYSLCOB,
yKnagblBalLMXCA HA BPEMEHHOM MHTEPBAarne Mexay HynsamMu CUrHanbHOro M OrnOPHOro
HanpskeHun. JuckpeTnsaumnsa asbl OCyWecTBAseTCca cneynanbHbIMU TakTOBbIMU UM-
nynbcamu, ynpaBnsawowmnmMmm paboTon knodeBbix cxem. [pn aTomM NoovepEOHO NOOKITHO-
yatTca nameputens dgasbl 1 AL kK kaHanam MY u B Beluncnutens BBoaUTCA MHAOP-
Mauma ons nocneaywouwen obpaboTku.

CuHTesatop YactoTthl (CY) cnyxut gns oopMuUpoBaHUsS reTepoaNHHOIO U OMOPHOro
HanpsxeHun. B kayectBe 6opToBbix Ol B pa3HOCTHO—4anNbHOMEPHOW CUCTEME UCMOSb-
3yl0TCS KBapLeBble reHepaTopbl C OTHOCUTENBHOW NOrPELUHOCTLIO NopsaKa 1.107-1.10

Yctponcteo conpsbkenums (YC) cnyxutgna ceasm PN ¢ 3BM. Pexxnmom paboTbl OT-
AernbHbIX ycTponcts P ynpaensoT perucTpbl U oTAenbHble Tpurrepbl, BXxoasuime B
coctaB YC. YnpaBrneHne COCTOSIHUEM PErncTpoB ocyuiectBndetrca oT OBM no wuHe
komaHg. C Bbixoga YC mHopMaums NoCTynaeT B BbIMMCUTENb AN AanbHenwen ob-
paboTku.

Boluucnutens (B) npepcraesnsiet cobon 6optosyto IBM uudposoro tuna, obecne-
YMBaIOLLYO BbIMOMHEHNE BCEX onepauunin no obpaboTke nHGopmauum, nony4yaemMon ot
kaHanoB MY 1 BHEWHUX OaT4YMKOB, NO ynpaBneHuto paboTon GopToBOM annapaTtypbl,
XpaHEHUIO BCeW BBOAMMOWN MHGOPMaLMM U OTOBpaXKeHUI0 pe3yrbTaToB BbIYMCIEHUI U
ApYrux gaHHbiX. B 4acTHOCTK, B BbluMCAUTENE ONpedenstoTca B3auMHO KOppenaunoH-
Hasa (pyHKUMA ormbarollen NPUHATOrO curHana m cneuuansHO opmupyemasi Mogenb
9TOro curHana u hopMmupyroTcs ynpasnstoLwme curHanel, obecnedmBaroime CUHXPOHK-
3aumo BOPTOBOKM M HA3EMHOW annapaTypsbl.

B Bbluncnntene BbIMNOMNHAETCA OUeHKa a3 NpMHUMaeMbIX CUrHanoB, NPOrHO3Upo-
BaHMe ha30BbIX CABMIOB OMOPHbLIX CUTHANOB N CNEXeHWe OMOPHbIX CUrHanoB 3a npu-
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HMMaembIMU, T.€. peanuayeTtcsa ungpoBasa cuctema a3oBon aBTONOACTPONKM Koneba-
HUIM ornopHon YacToTbl B CY. NMpun 3TOM NCNonb3yeTcs BCA BHELHAS MHOPMaLNS O KO-
OpAvHaTax U CKOPOCTSX UX U3MEHEHUS, YTO AaET BO3MOXHOCTb ONTUMU3NPOBATb MpPO-
LleCC CrexXeHusa n namepeHun n obecneunBaeT Bblgady LaHHbIX O TEKYLUUX KOOpAuHa-
Tax camoniéTa, HECMOTPS Ha TO, YTO YTOYHEHWE KOOPAMHAT OCYLLEeCTBNAEeTCA ANCKPeT-
HO ¢ nepnogom nosTopeHus 10 c.

Bbluncnntens BBOAMT MOMpaBKM Ha pacnpocTpaHeHue paguvoBOSH B U3MEPEHHble
3Ha4YeHWs1 pa3HOCTK a3 U NPOM3BOAMT YCTPAHEHNE MHOIO3HAaYHOCTN N3MEPEHUN.

Kpome Toro, 3gecb BbipabatbiBaoTCA yrnpaBnsowme curHanbl Ans aHTEHHOrO KOM-
MyTatopa, M3MEHSAIOLEro OpUEHTaUMN anarpammMbl HAaNPaBAEHHOCTU aHTEHHbI, OLEHU-
BaeTCs OTHOLUEHVMe CUrHamnoB K WyMam B kaHanax 1Y un BblbupatoTcs ang asToconpo-
BOXAEeHNS Hanbonee MOLLHbIE CUrHanbl.

MynbT ynpaBnenuna un nHankauumn (MYWN) obecnevnsaet BBOA U oTOOpakeHne HaBu-
raumoHHon nHgopmaumm B M, 3agaHne pexumoB paboTbl, ynpaBneHne otbopom oTo-
OpaxxaeMblx JaHHbIX, Bbligady MHOPMaLmMM O COCTOsiHUM BopTOBOM annapaTypbl U KOH-
Tponb €€ paboTtocnocobHocTU. C NOMOLLBIO 3TOro NyfbTa OCYLLEeCTBNSETCA ynpasne-
Hne paboTon 6opToBOW annapaTypbl cuctema «Omera» nNpu NOAroTOBKE €€ K NONETY U
NCNONb30BaHUKN B NONETE AN pelleHns 3agad CaMONETOBOXAEHMS.
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