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NMPEOMCITOBMUE

CoBpeMenHBIH 3Tall Pa3BHTHA Tpax-
JIaHCKOH  aBHalUM XapaKrepusyertcs
ycTofiuHBOH TeHJieHuueH K pocty ob6bema
MepeBO30K MaccaKHpoOB M TPY30B Ha
BHYTPEHHHX H MEXAYHAPOAHBIX JIHHHSIX M
YBEJHYEHHIO HHTEHCHBHOCTH BO3J1yLLIHOTO
IBHKeHHs. EctecTBeHHOE CJEACTBUE Ta-
KOH TEHJEHIHH — MOBLILIEHHE DOJH H
3HAYEHHS] PAJIHOHABUTALHOHHBIX CPECTB
B ofecneyeHHH GE30MACHOCTH H PEryasp-
HOCTH INOJIETOB.

Illupoko npumeHsiBLUMECS elle Jecsi-
THJIETHE HA3aJl paJIHOHABUT allHOHHbBIE CHC-
tembl (PHC) wu ycrpoiictea (PHY)
HE B COCTOSIHHH YJOBJETBOPATH BO3-
pacraioniye TpeGoBaHHSI K TOWYHOCTH H
Ha/IeKHOCTH HABHTALHOHHBIX M3MEPEHHH.
B To e Bpemsi GoJiblUHE KanHTaJOBJO-
JKEHHSl B CYILECTBYIOLUHE paaHOHaBHIa-
LHOHHBIE CHCTEMBl BBI3BLIBAIOT HEOOXO/M-
MOCTb 3()(PEKTHBHOTO HX UCIIOJb30BaHHS B
HOBBIX YCJIOBUSIX, YTO BO3MOXHO [yTeM
MoziepHH3anid  GopTOBOH  anmnapatyphl.
[Tpu paspaGorke 6optoebix PHY wwmpoko
[PHMEHSIETCS COBPEMEHHAsi MHKPO3JIEKT-

- ponHast 3nemedTHast 6asa, No3poOJsAOUIAN
HOBBICHTh HAIEKHOCTb 0OOPYI0BaHHS NIPH
PE3KOM CHHMKEeHHH ero macchl W rabaput-
HbIX pa3smepoB. [ToBcemMecTHO oOcyllecTB-
JIsieTcsl nepexoji K LH(POBbIM METofaM
06paboTKH Ha OCHOBE CIELHa/U3HpPOBaH-
HBIX npoueccopoe ¥ IBM, B TOM uncie
K ONTHMaJbHOH (HJIbTPALUK MO METOLY
Kanmana. Takune wmepol cnocoGeTBYIOT
TMOBBILLEHHIO TOYHOCTH MECTOOINPE/IeIEHHS
no curaajamM cywectsywomnx PHC.

Bousbllioe BHHMaKHE B NOCTEIHHE TOMbI
yaessiercsi paspaGoTKe M BBOJY B 3KCILTya-
TALHIO BLICOKOTOUHBIX CHCTEM HaBHTALHH
M MOCajKH, OCHOBAHHBIX Ha [MOCJeIHHX
JIOCTHKEHUSIX HAYKH H TeXHHKH. K Takum
PHC oTHOCATCS CIYTHHKOBblE CHCTEMBI
HABUTALMK, MO3BOJSAIOUIME ONPENESATh

MECTOTIONIOKEHKE JIeTaTeJbHOTO annapara
(JIA) ¢ TOUHOCTBIO B HECKOMBKO JIECATKOB
MeTPOB B Jio0oe BpeMsl CYTOK Npu JioGbiX
METEOYCJOBHAX M MPaKTHYeCKH B moGok
TO4Ke 3eMHoOro wapa. Ha nopore BBosa B
SKCIIyaTalMI®O CHCTEMBl MOCAJKH CAHTH-
METPOBOTO [4anasoHa, ¢ MOMOLIbK KO-
TOPHIX BO3MOXHO pE€3KOE MOBBILIEHHE
PETYJIAPHOCTH TOJIETOB MPH COXPAHEHHU
Ha I0JIXKHOM YpOBHe 6e30MacHOCTH 3aBep-
LWAKWero sTana Mojera. ITH CHCTEMBI
3amensiT B Onxkaiiliem Gynyuiem npume-
HsieMble BO BCEM MHpE CHCTEMbl I10CAj-
Kd, paGoTaioue B IHANA30HE METPOBBIX
BOJIH.

Ilporpecc B ofnacti papvoHaBura-
LUHMOHHBbIX CpencTB oOGecrneyeHus: MoJETOB
COMNpPOBOK/AETCs yCNOKHEeHHeM GOpTOBOMH
annapatypbl, HMCHOJb30BAHHEM  HOBBIX
mMeTon10B  (OpMHpoBaHHA H  06paGoTKH
CHFHaJIOB, PpACLUHPEHHEM BO3MOKHOCTEH
GopToBRIX ycTpolcTs. B npouecc Haem-
ranyoHHoro o6ecrneueHHsl MOJIETOB OKa-
3BIBAETCSl BOBJIEUEHHBIM LIMPOKHH Kpyr
cneuua.ymcmli Ui yhcla TeXHHYECKOro
H JIETHOTO ; cfocTaaa IpaKJ1aHCKOH aBH-
aupu. ['pafothalt * sKcnTyaTauusi  Ho-
BOH TexnélKi Tpe6yeT OT ITHX CreLHaNHC-
TOB com?ercmymmux 3HaHHE B o6nactH
aBHaLl Off  pajMOHaBHraLH¥ M Tex
TeXHuquKux peliieHHi, Ha KOTOPbIX OCHO-
BanauconemeHHaﬁ PanHoRABHraLKONHAS
ATIAPATY DB s e e

JauHblli cnpaBOYHHMK NpeacTaBjsieT
coGoll NONBITKY O3HAKOMHTb YHTaTeNeH,
CBA3AHHBIX C  pPaJHOHABHTALHOHHBIMH
cpeacTBamMy obecneyeHus MoJieToB, ¢ oc-
HOBHBIMH CHCTEMaMH H YCTPOHCTBaMH,
NpUMEHSIEMBIMU Ha COBPEMEHHBIX CaMo-
JleTax M BepTONeTax ISl ONpejeJIEHHs
mectonosoxeuns JIA H napamerpoB ro-
JIeTa C NOMOIUbIO PAJHOBOJIH.

CnpaBOYHHK OXBATBIBAET OCHOBHbBIE
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BOMNPOCHI, CBA3AHHbIE ¢ PaAHOHABHIALIHOH-
HBbIM 06eCIeYeHHEM MOJETOB CAMOJIETOB H
BEpTOJIETOB Tpajianckodl apHauu. Jlas
[IOJIHOTH! H3JI0XKEHHs1 3THX BONPOCOB B
CNpPAaBOYHUK BKJIOYEHBl MaTepHajbl, CO-
nepXatiue obulHe CBENEHHs1 O pajHoHa-
BHTAUMOHHBIX CHCTEMaX H YCTPOACTBaX,
OCHOBHBIX [lapaMeTpax, a TakKe pacCMoT-
peHbl 3anauH, ocOOEHHOCTH IOCTPOECHHS,
cocTaB M NapaMeTpbl HaBHUTraUMOHHO-TO-
caJlO4HBIX KOMILJIEKCOB.

OcHoBHas1 yacTh CNpaBOYHHKA IMOCBSA-
l1€Ha OMNHCAHHWIO PaAHOHABHTALHOHHBIX
cpencts obecnevenvs nojeros. [Ipu stom
I'7IaBHBIM KJAacCH(HKaUHOHHBIM MpH3Ha-
KOM 3THX CPEICTB CYHTAETCsl HX LiejleBoe
Ha3HaveHHe (Hanpumep, CHCTEMBI faabHeH
yu GNHKHER HABHTALMH, CHCTEMbl MMOCAJKH
M T IL).

YuuTEBaA orpaHHYeHHbIi 00beM npen-
JlaraeMoro CnpaBOuYHHKa, B HEM paccMoT-
peHBbl, TJIaBHBIM 06Pa30M, TOJBKO LLIHPOKO
npHMensiemble H nepenektuerbie PHC. Tlo
TOH K€ NPUYMHE M3 KHHI'H HCKJIOYEHB

pasjiedibl [0 CHCTEMAM MpPeAyNpeK IeHHs
cTonkHoBeHul JIA B Bo3ayxe u 110 GOPTO-
BbIM OTBeTuHKaM cucteM YBII. JlaHHkie
3apy0eXHbIX CHCTEM H YCTPONCTB Ha-
BHTALHH  MCIIONL3VIOTCSE  JIMIIL B TeX
clydasix, KOTAA TaKHe [aHHBE HIUTIO-
CTPHPYIOT TEHJEHLUHH Pa3BUTHA pajHo-
HABHTELUHOHHOH TEXHHKH HJH  KOTAa
COOTBETCTBYIOILHE DPaJHOHABHTALHOHHbIE
Cpe/cTBa LIHPOKO NPHUMEHSIIOTCH IS Ca-
moseropoxaenusi. OCHOBHOE BHHMaHKe
B CIPABOYHHKE YAEISETCH MPHHLHNAM
[OCTPOEHHS, TapaMeTpaM M CTPYKTYPHbIM
CXeMaM pajHOHaBHTallHOHHBIX CHCTEM M
ycTpoHcTB. ABTOPB! CTPEMHJIHCH K JIAKO-
HHYHOCTH H3J0KEHHs] MaTtepuala H HC-
NOJIb30BAHHIO MaTeMaTHYeCKOTo anmna-
para JHib NpH HEOOXOAMMOCTH MOSICHE-
HHsl (PH3HYECKHX NPOLECCOB, HANEACH, YTO
3TH 0COOEHHOCTH KHHT'H CHleJaloT ee Jloc-
TYNHOH JUISl IUKPOKOTO Kpyra uuTarejedl.
OT3bIBB ¥ TNOXeJAHHS HAIPABJAThL B
usnaresbcteo «Tpancnopr» no ajpecy:
103064, Mockea, Bacmanumii Tyn., 6a.



Flnasa 1

OBLUME CBEOEHMSA O PAOMOHABHI ALLMOHHBIX YCTPOMCTBAX

U CUCTEMAX

1.1. TEPMUHLI M ONMPEAENEHUA

BepoatHocre  Oosepurenbras — Be-
POSITHOCTD. TOTO, 4TO MOTPELIHOCTb H3ME-
peHHsi He BHIEIET 3a npelesbl 3afaHHO-
I'o JIOBEPHTENBHOTO HHTEPBAJIA.

Jlunus noaosicenus — MHOXECTBO TO-
uek B 30He peficteusi PHC, xapakrepusyio-
Lieecsl OOHHM M TeM e 3HauenneM HIL

Mecro JIA — TOuKa, COOTBETCTBYIO-
Llasi poeKUMH uentpa macc JIA Ha seM-
HYIO MOBEPXHOCTb.

Mecro JIA npocrpancreernoe —
TOYKA NPOCTPAHCTBA, B KOTOPOH B laHHBLIM
MOMEHT HaxomuTcsl LeHTp wMmacc JIA,

Hasueayus — Hayka o MeTojlax H
cpemcTBax, oOGeCrneynBalolMX BOXKIEHHE
NOABHKHBIX OGBEKTOB M3 ORHOH TOYKM
[pPOCTPAHCTBA B IPYIYIO M0 TPAEKTOPUSIM,
KoTOpble OOYCJIOBJIEHbl XapaKTepoMm 3a-
Haud H YCJIOBHSIMH €€ BBINOJHEHUS.

Oprodpomus — pyra 6oJbLIOTO Kpyra,
II0CKOCTh  KOTOPOTO  NPOXOAHT  Yepes
LEHTP 3EMHOT'0 L1apa H ABE 3afaHHble TOY-
KH Ha €ro INOBEPXHOCTH.

Hapamerp nasueayuonnoiti (W) — n3-
Mmepsiemasi aanubiv PHY reomerpuueckas
BE/IHYHHA HJH €€ NPOM3BOJHAS, KOTopas
au60 coBnajaer ¢ HaBUI'ALMHOHHBIM 3Je-
MEHTOM, JIHOO0 CBSI3aHa C 3THM 3JIEMEHTOM
U3BECTHBIM COOTHOILIEHHEM.

Hlapamerp cuenara ungpopmarusHelli
(v)— napaMetp cHrHana, (pyHKUHMOHAJb-
HO CBf3aHHBIA ¢ onpenensiembiv HIL

TlosepxHocre  noaoYcenus — reoMer-
pHYECKOe MEeCTO TOYEK B IPOCTPAHCTBE,
COOTBETCTBYIOUIMX OZHOMY  3HAYEHHIO
HI1

[loepewnocre u3mepenus — OTKJIOHe-
HHE pe3yJbTaTa H3MEpPEHHs] OT HCTHHHOTO
3HAYEHHS] U3MEPSEMOH BEJIHHMHBL.

Pemum nosera HABU2ZAUUOHHbIL —
3aKOH H3MEHEHHS HABHUTALMOHHBIX 3Jle-

MEHTOB Ha JlaHHOM YyacTke
N0JIeTa.

Cucrema paduonasueayUOHHAS — CO-
spokynuocte PHY, npepnasnauennnix nns
pelLIeHHs] HaBUIaLMOHHOH 3amaud (orfpe-
nenerne MJTA, nocaaka u 1. 1.).

Cropocre nyresas (V.)— npoekuus
BEKTOpa CKOPOCTH Ha TOPH3OHTAJIBHYIO
IJI0CKOCTD.

Cpedcrea obecnewenus noarera paduo-
HOABL2AYUOHHbLe — COBOKYIHOCTb Ha3eM-
HbIX W OGOPTOBBIX YCTPOHCTB, obecneyu-
BAIOILMX pelLleHHe OCHOBHOH 3alayH HaBH-
raiuMd M OCHOBaHHMIX Ha pajHOTEXHH-
YECKUX MpUHLMNAX.

Touka paduonasueayUOHHAS — TYHKT
€ M3BECTHbIMH KOOPAHHATAMH, B KOTOPOM
pasmelnena ammaparypa PHC, wu3ny-
yalouias WIH [PUHUMAIOLLAS] CHIHAJHL.
OTHOCHTEJIBHO 3TOTO  NYHKTZ OHpeje-
JIsieTCsl MecTonosoxente J1A.

TounocTs — KauyecTBO H3MepeHHH, OT-
paxamollee OJH30CTb HX PpE3YJbTATOB
K MCTHHHOMY 3HaYeHHIO U3MEepseMOo# BeJd-
YHHBl H XapaKTepH3yeMO€ CTATHCTHYEC-
KHMH MapaMeTpaMH NOTpeLLHOCTeH H3Me-
pEeHHSI.

Tounocre norenyuaabHas — HauBbIC-
11asi TOYHOCTDb U3MepeHnsi HHPOPMaTHBHO-
ro napamerpa CUrHaja, JOCTHraemas
0pu onTHMaJbHOK 06paGoTKe CHrHaja.

Ycerpodicteo  paduonasueayuoHHoe —
HaseMHasi M OoproBasi (HJHM TOJBKO
GoproBasi) annaparypa, NpenHasHaueH-
Has /I OIpeJie/leHHs] OJIHOrO HaBHTa-
LMOHHOIO MapameTpa.

Yeon cnoca (f)— yroa B ropHsoHTa-
JIbHOH MMIOCKOCTH MEXJy BEKTOPAMU BO3-
LYLUHOH M TIYTEBOH CKOpPOCTEH.

JaemenTol NONETA HOABUZAYUOHHBLE —
TEOMETPHYECKHE H MEXAHHUECKHE CKaJsip-
Hble BEJMYHHBI, Xapakrtepusyoomne ITM-
JIA v BEKTOP CKOPOCTH B JaHHBIHl MOMEHT.

5

(3Tane)



1.2. PARMOHABUI AULMOHHOE
OBECNEYEHME NONETOB

ABMauHOHHAsi HABATAlMSl paccMaTpH-
BaeT BoxKaeHHe JIA H3 ogHOH TOUKU 3eM-
HOH MOBEPXHOCTH B JAPYrylo IO Onpene-
JIEHHBIM ~ NPOCTPaHCTBEHHO-BPEMEHHHIM
TPaeKTOPHSM.

Ocnosran 3a0a4a asuayUOHHOL HABL-
2ayuu 3aknoyaercs B 6e30MacHOM H 9KO-
HOMHYHOM IO 3aTPaTaM BPEMEHH H TOILJIM-
Ba BbiBoje JIA B 3amaHHyl0 TOUYKY B
onpejesieHHbll MOMEHT BpEMeHH C ycTa-
HOBJIEHHOH To4YHOCTHIO. Peuienne stof 3a-
HayH MpeanoJsaraer 3HaHHe HaBHra-
[LHOHHBIX 3/J€MEHTOB M0JIETA, T. €. TEKy-
wero [TMJIA, nanpapiesHsi ¥ CKOpOCTH
aBuKenus JIA.

TI'rasnas 3adawa ynpasaewus JIA —
BblAEPXKHBAHHE 3aJJaHHOFO HABHI'AILHOH-
Horo pexHma nojera. ®yHKUHOHANbHAS
cxema ynpasJjeHusi nojeroM JIA (puc.
1.1) COCTOHT M3 HECKOJbKHX H3Me-
puteneli U-1, 2, onpepensioiyx Hapura-
LHOHHbIE 3JeMEHTbl 13, BBIUHCAUTENBHBIX
yerpoiicte BY w CAY. B npocrefimunx
CHCTEMAX ynpaeJerusi HOJeTOM OFPaHHYH-~
BalOTCs MHOHMKauHedl H3mepeHubix H-1, 2
HaBHraLMOHHBIX napamerpoB HIT wuam
uHaukanued MJIA, onpenenennoro BY-1
Ha OcHOBE TakWX H3MepenHil. [lanbhei-
wasi o6paotka uHdopmalmu, T. €. cpaBs-
HeHHe H3MepeHHoro MJIA, ¢ 3anaHHBIM
MJTA,, ocyulecTBiasieT 3KHNax, KOTOPBIH
BBOJAMT H3MEHEHHSI B PpeXHM [noJeTa
IJISl YCTPAHEHHs] 3aMEYEHHOTO paccora-
COBaHHSA C 3alaHHOH TPaeKTOpHeH nosiera.
B cHeremMax ¢ BBHICOKMM YPOBHEM aBTO-
MaTH3alHH yKasaHHble QYHKLUHH BBI-
noauster BY-2, kotopoe Beimaer B CAY
CHIHa/JIbl, MOJ JEHCTBHEM KOTOPBIX yCTpa-
HSIETCH OTKJOHEHHE TPAEKTOpHU I0JEeTa
WJH HaBHTALMOHHOTO PEXHMa OT 3afaH-
HbIX nporpammoii nosera T1IT.

K undunamopam

H-2
Hi-Z

Puc. 1.1. ®yHKuHoHajbHAsI CxeMa YII-
paBJeHus! NoJjeToM
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Cpedcrsa nasueayul — COBOKYNHOCTb
PA3JHUHBIX YCTPOHCTB, B TOM 4HCJE H
HaBUT2LHOHHBIX H3MepHTenel, obecne-
UMBAIOIIHX pelleHHe OCHOBHOH 3ajaun
naBurauud. HaBHralHOMHBlE u3MepHTE-
JIH N0 METOAaM MOJYyYeHHS MePBHYHOH
HH(popMaLHH MOAPA3AENAIOTCH Ha aspo-
METPHYECKHE, MAarHHTHbie, aCTPOHOMH-
uecKHe, HHEPIHAJbHBIE H JP.

PanuoHaBuranioHHbie cpeacTsa obec-
neyeHHsl nojlera NpelCTaBJsAloT COOOH
COBOKYIIHOCTb HaseMHBIX H GOpPTOBBIX
PHY, ofecneunBaioiiux pellieHHe ocC-
HOBHOH 3aj1a4y HABHTaLHH.

QDusuyeckas npupoda PHY ocHo-
BaHa Ha [BYX [JIABHBIX CBOHCTBax 3JeK-
TPOMArHUTHBIX KoJeGaHui (pajHOBOJH):
NOCTOSIHCTBE CKOPOCTH PacnpocTpaHeHHs!
4 pacrnpocTpaHeHHH KoneGaHHH 1o Kpat-
qadigeMy PacCTOSIHUIO MeXKJy TOUKaMH
H3JYYEHUS] H MpHEeMa.

Cxopocre  pacnpocrparenus paduo-
soan v B cpefe ¢ Kos(pduuHeHTOM
peJIOMIEHHS] 7 OIPEeNsieTC KakK u=
=c¢/n, rne ¢=299 792 456,24+ 1,1 m/c —
CKOPOCTh  PajIMOBONIH  (CKOPOCTb  CBe-
Ta) B BakyyMe. B npuG/uiKeHHbIX pacue-
TaXx HE YUUTHIBAIOT BJHSAHKS 1 H IPHHUMA-
ot v=c=300 000 KM/c=3-10° m/c.
Hns craupaptHoH atMmocdepbl  (nassie-
nue 101,325 klla, temnepatypa -+ 15°C,
OTHOCHTEJbHAst  BjaxHocte 70 %)
CKOPOCTb  PaclpoCTPaHeHHsl  yMeHbLua-
ercsi 1o 299 694 km/c, uto obGbscHAETCS
yBenHueHHeM Kos({dHIHeHTa mpejoMe-
HHSl pajHOBOJH. K3MeHeHHe CKOpPOCTH
U MpH H3MEHEHHH NapaMeTpPoB aTMoc-
¢depbl npumMMaeTcss BO BHUMauHe B
PHY BricOKO#l TOUHOCTH.

Pacnpoctpanenue 31eKTpOMASHUTHbLY
Koaebanuil no Kpardaiwemy nyry Mexay
TOYKAMH H3JIy4€HUs] M T[pHeMa BO3-
MOKHO TOJIBKO B CBOOOJHOM MPOCTPaHCT-
Be. Ha npaktHke paavoBOJiHbl npH
OTpaX@<eHHH OT HOHOC(Epbl H pa3/JHUHBIX
00beKTOB  BCJIEACTBHE HOHOChEpHOH H
TponocepHol pedpakund, AUGPAKIHH
H HEKOTOPbIX IPYrHX (aKTOPOB OTKIO-
HSIIOTCS OT JIMHHH, COOTBETCTBYIOLIEH
KparuaiileMy pacctosiHgio. 1o oberos-
TeNbCTBO HEOOXOOHMO  yUHMTHIBATL B
PHY noBbI1IEHHOH TOYHOCTH.

Meroanl pajHOHABHTAlMH N0 CrocoGy
onpeneenyst TEKYUIETO MECTOMNOJNOXKEHHS
JIA pasjensiorci  Ha TpPH  TpyIbl:
CYHCJIEHHS] MYTH, MO3HLHOHHBIE H 0630p-
HO-CPaBHHTEJIbHBIE.
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Puc. 1.2. Cucrema cumciends myTtu:

a — coctapasomue ckopoct JIA (Vees, Ver — BO3RYWHas CKOPOCTb H CKOPOCTb BeTPa);

6 — CTPYKTYpa CHCTEeMbl CUHCJIEHHS

Merod cuucrenus nyru oCHOBaH Ha
M3MEPEHHH H WHTErPHPOBAHHH TIO BPEMe-
HH COCTaBJSIIOIMX BEKTOpa cKopoctH JIA
OTHOCHTEJIBHO 3€MHOH MOBEPXHOCTH (pHC.
1.2). JlatTunkoM CKOPOCTH  CJIyXHT
JIOTIEPOBCKHE H3MEPHTENb CKOPOCTH H
cioca JIMCC uaM WHepLHANBHBIH H3-
mepuTenb cKopoctd. CHCTEMa CUHC/IEHHS
yTH B IEPBOM CJ1yJae Ha3blBAETCS JOILIe-
POBCKOH, a BO BTOPOM — HHepLUHAJIBbHO#
HaBHI'allHOHHOH cucTeMoH. B monsepoec-
KO HaBHTrayHOHHOH CHCTeMe H3MepsieTcs
ropH3oHTaAbHasi (IyTeBasi) ckopocthb V,
u  yron cHoca f.. BbluncanTensHoe
YCTPOHCTBO OMNpeeNsieT COCTaBJAIOUIHE
V. u V. Bektopa V. M paccuHThIBaer
Tekyllee nojoxeune JIA. Jlas Haxox-
nenust Ve u V., neobxomuma uHbopMa-
uusi o kKypce JIA 1, nosyuaemas ot
Kypcoeoki cicremsl KC. HMiHTerpHpoBanue
Vi u V. pmaer cocraBiasiiomine npokuped-
Horo nytH S, H S.. [lna onpenenenus
TeKymuX KoopiuHaT JIA B BBIYHCIHTENDb
BBOAAT KOOPIMHATH Xo U 2Zp HayaJbHO-
ro nyskta mapuwpyra HIIM. OcnoeHoe
ypaBHeHHe HI€aJIbHOH CHCTEMBl CUHC/IE-
HHSl MyTH

¢ 2

(x—x0)2+(2+20)2= SVrdt s

fo

rie x, 2 — HCKOMBble KoopauHathl JIA B
MOMEHT £.

CucTeMa CYUCJIEHHS] NYTH aBTOHOMHA H
OTJIMYAETCS CHHIKEHHEM TOYHOCTH CO Bpe-

MEHEM H3-3a HaAKOIUIEHHsl (HHTErpHPO-
BaHHs) NnorpeliHoctell n1aTYHKa CKOPOCTH.
Ipofinennslit JIA nyte B HanpaeJeHuu,
Hanpumep, ocH X OIpefessieTcsi ¢ MOr-
pewsocteio (puc. 1.3)

t

AS, = ([ AV, cos(9 4 B) — V, (Ap +

fy
+ AB) sin (¥ + B)] dt + 4,

rne AV., ABe, Ay u As — norpemwHoOCTH
JHCC no ckopocTH H yriy cHoca, Kyp-
COBOH CHCTEMBl U BBIYMCJIHTENST COOTBETCT-
BeHHO. YcyioBue AS<CAS,, roe AS; —
JONyCTHMOE  3HAYEHUE  MNOTPeLUHOCTH,
MOXeT OblTh BHINOJHEHO J160 [PH OT'paHu-
UEHHH BpeMEHH HenpepuiBHOH pabotbl Tp

48

85,

7
7

0 e Tp

Puc. 1.3. 3aBHCHMOCTB NOTPELLHOCTH CUHC-
JIeHHsl MYTH OT BpeMeHH paboThl He-
KoppekTHpyeMol (/) W KOppeKTHpyeMmom
(2) cucrem
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nn-1
(A=const)

(H=const)

PHT 8

Puc. 1.4. TloBepxHocTH M JMHHU MOJO-
JKEHHS] B MO3WLHOHHOH CHCTeMe (Mo-
BEPXHOCTb paBHBIX JAJpHOCTEH He MOKa-
3aHa)

CHCTEMBl CYHC/IEHHS, OO MyTeM NEpHO-
IMYECKOH KOPpeKHMH (B MOMeHTHl T«)
3TOH CHCTEMBI IO IPYTHM HABUTALMOHHBIM
CpencTBaM.

Hosuyuonnet merod ocHoBaw Ha Ha-
XOKJICHHH JIHHHH HJIH noBepxsocTed mno-
Joxenus (puc. 1.4), CoOOTBETCTBYIOIHX
HII, koTopble XapaKTEepH3YIOT MOIOXKEHHE
JIA otHocutensuo PHT. [lasi onpenene-
s [IMJTIA HeoOxomHMO 3HaHHE Tpex
noBepxHocrell noaoxenusi II1. [Monoxe-
Hie JIA Ha HeKoTOpOH NOBEPXHOCTH,
COOTBETCTBYIOLIEH, HanpuMep, BbICOTE II0-
nera H=-const, naxoaurcs no nepeceue-
HHIO IBYX JIWHUH nojoxenust JIIT.

Boaswmrcreo PHC peannsyer nosu-
LHOHHBIE METO/i, YTO OOBSICHAETCS BO3-
MOXHOCTBIO onpenesenust MJIA 6es yyera
¥ 3uaHHS1 npoijesHoro nyTH. OcHOBHas
0CcO6EHHOCTb MO3HLUHOHHBIX CHCTEM — OfI-
penenenne MJTA Tonbko B 30He jeHCTBHS
PHC. Ha TtouHocTbh nosuuuonsbix PHC
6osibllioe BNMSHHE OKas3blBAIOT BHEIIHUE
jaectabususupyiolive ¢GakTopbl (noMex,
OTPaXKeHHbIE CHPHAJIBl W T. IL).

[lorpewinocty  onpenenennsi  MJIA
(20wn, KM) TPH HCTOJB30BAHUH MOSUIIMOH-
HOTO METOla W METOja CUMCJIEHHsi IyTH
HMEIOT  CJleflyIolIHE  OPHEHTUPOBOYHBIE
3HaYeHHsI:

Papuocucrembl pajibHell Ha-

BUTALMH:
Omega . . .. 3.4
Loran-C . . . . . . 02.1,0

Papnuocucrembl 6inXHel Ha-
BHraunH (npH ynanewud JIA
1o 400 km or PHT):
PCBH . . i s 0,5
VOR/DME . . . . 1,8
CHcTeMBl CUMC/IEHHST TTyTH:
JIOIUIEPOBCKAsl HaBHranu-

OHHAH CHCTeMa " 0,0158
HHEPIMAJIbHAY HABHIaIM-
OHHAsl CHCTEMA 0,0048

3nece S — npolinennndl nyTe. [lpuus-
10, 9t0 JIA [BHIKETCSI CO CKOPOCTBIO
1000 km/u. [MorpewHocTs KypcoBok cHc-
TeMbl 20x.=0,5°.

0630pHO-cpasHuTEAbHBIL METOO OCHO-
Bad Ha CpaBHEHHUH HEKOTOPBIX Habio-
JlaeMbIX C MOMOLUbI0 GOPTOBBLIX JATUHKOB
(PU3HYECKHX NapaMeTpoB, XapaKTepH-
3yIOUIHX MECTHOCThb, Hai KOTOPOH coBep-
U12eTCS MOJIET, C 3Ta/JOHHbIMU llapaMeTpa-
MU, XPaHsIUHMUCH B NaMSTH CHCTEMBL.
B cucreMax, peajusyOLIHX HaHHBIR Me-
TOJ1, UCTIONB3YETCS KOppeJsILMOHHaN CBA3h
MeX/y YKasaHHBEMH NapaMeTpaMH, Ko-
TOpble SIBJSIIOTCS CJyd4alHHbIMH B NPOCT-
PaHCTBEHHOM cMbicne. Jlis onpenesieHHs
OTKJIOHeHHH OT 3alaHHOH TPaeKTOPHH TO-
JleTa NPHMEHSIIOT Pas3jIMuHOro THNA Kop-
pessiIHOHHBlE ycTpokcTBa. Takue cHeTeMbl
Ha3bIBAIOT TaKKe KOpPPessIlHOHHO-3KCTpe-
MaJIbHBIMH HABUT'aLUMOHHBIMH CHCTEMaMH,
MOCKOJIbKY 3KCTpEMyM (MaKCHMYM) Kop-
pesiLHOHHOR (GYHKUMU M3MEpeHHbIX H
3aJI03KEeHHBbIX B NaMATh CUCTEMBl NApaMer-
pOB IOCTHTaeTcsi MpH TOYHOM COOTBeT-
CTBHH TPaeKTOPHHU MOJieTa 3aJlaHHOH.

[Ipumepom peasinsanuy 0630pHO-cpas-
HHTENBHOTO METOJla MOXKET CJYKHTb CHC-
TeMa, Hcnoabsyiomas #Hebopmauumio &,
o nose BoicoT penveda mectHocTH § (X,y)
(puc. 1.5). B Gaok namatu BIl nepen
HOJETOM BBOAMTCA uHboOpManus & o
pacrpefieieHHH BbICOT MECTHOCTH B HEKO-
TOPOH MnoJjioce BOJb MaplupyTa hoJieTa.
Texywasn sbicora H, onpellesisiercs pajiHo-
seicotToMepom PB ¥ cpaBHHBaercs ¢ nau-
HeMH He 0T 6apOMETpHHECKOro BHICOTO-
mepa BB.

Brbluncantenbsoe  ycrpoicteo BY-1
CAYXHUT JJISl TpHBeJleHHs1 &, K Tomy
ke macmrtaly, B KakoM 3anucaHo E,.
BY-2 onpenensier KOppPeJSLHOHHYIO
dyukwo E, u & v BblpabaTbiBaeT CHr-
Hanbl KOppeJsilMH TPaeKTOPUU MoJieTa
Ax u Az pns CAY.
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Puc. 1.5. O630pHO-cpaBHUTEbHASI CHCTEMA:

Eralralice
He v &
8 ,LI’(%AL;Z

a — noJie BbicoT pelibeda MecTHocTH (Hs OTcuMTLIBAeTCHd OT YPOBHA MHPOBOTO OKeaHa);

6 — CTPYKTypHasi cCXeMa CHCTeMbl

O0630pHO-CpaBHHTENILHBIE METOJ  SiB-
JisieTcsl NepCNeKTUBHBIM B CHJYy aBTOHOM-
HOCTH, ¢J1a60ro BAHMSIHUSL NOMEX, OTCYTCT-
BHSl HAKAIJHBAIOILKUXCS MOTpeLHOCTeH M
1. A. Onnako meron TpeGyeT anpHOPHOH
uHbGOpPMaLMH O XapaKTepHCTHKAaX MecT-
HOCTH H GosiblioTo 0ObeMa NaMsITH CHCTe-
Mbl, YTO OTpaHHYHBAET I0Ka €ro LHPOKoe
NpHMeHeHUe.

CHcTeMBl KOOPAMHAT, B KOTOPBIX Ofpe-
peasior TIMJIA, BbIGHpawT B 3aBHCH-
MOCTH OT MapLipyTa MoJjera, HMEIOUHX-
Cfl  pa/IIOHABHTALHOHHMBIX (M IPYrHx)
CpeACTB ofecneyeHHsl NojeTa H NOJeTHOH
3aj1auH.

I'ro6arensie  cucremvr  Koopouwnar
MO3BOJSIIOT ONpefenaTh nosoxende JIA

TpeMsl KOOpJHHATAMH, XECTKO CBf3aH-
HBIMH ¢ 3emiel: BbicoTOH nosnera H,
LIHpOTOH @ H josroTol A. PagnorexHuuec-
KHMH  CpejCTBAMH  OMNpEAE/sieTcss  HC-
THHHasl BbICOTa IOJIETa, T. €. Paccros-
nue ot JIA no 3eMHOH nOBepXHOCTU.
Iupoty n poarory PHY sHenocpezncTeenHo
HE H3MEepSIIOT. JTH KOOpIHHATH ONpegne-
JISIOTCA  BBIYHC/HTEISIMH, BXOASILUMMH B
coctaB 60pTOBOH annapaTtypbl HEKOTOPBIX
PHC.

HauGosibiiee pacnipocTpasneHde no-
JYUHJIH reorpadHuecKasi, reoLEeHTpHYec-
Kasi M OpTOApOMHYeckasi rJoGalbHble
CHUCTEMBl KOOPJMHAT.

B reorpacdHnyeckoil cHcteme KOOPAHHAT
(puc. 1.6, a) MJIA onpepensietcsi Ha

Puc. 1.6. I'no6anbHble cucreMbl KOOPJAMHAT



a)

PHT V4

Puc. 1.7. MectHble cHCTEMB KOOPAHHAT

3emHoM reoujie. [eorpaguueckas wmpora
@r — YToJl MEXJY IJIOCKOCTBIO 3KBaTOpa
113 u otBecno# nuuuneit OJ1, a reorpadu-
4ecKasl JIoJroTa Ay — yroj Mexuy Mioc-
koctsimu [puHBHUCKoro mepunHada I'M u
mepuanana MM, npoxopsiuero uepes
MJIA.

B reonentpHueckoii H OpTOAPOMHYEC-
KOH CHCTEMaX KOOPAMHAT 3eMJIsl NPHHH-
MaeTcsl 3a wap, YTO YNpoluaeT HaBura-
LHOHHBIE pacyeThl. JlawHble cHCTeMbl —
OCHOBHblE B aBHALWOHHOH HaBHT'ALHH.
TeouenTpHuecKas WHPoOTa @y (pHC. 1.6,
6)— yroJ MexJy IUIOCKOCTBIO 3KBATOpa
13 u uanpasnennem HII u3 pansOR
TOYKH K 1eHTpy 3emun. ['eoeHTpHuecKas
JIONTOTA Ary ONpPENENsieTcsl TAK XKe, KakK H
reorpaguueckas.

OpTtoapomuueckass cicrema (puc. 1.6,
8) OTJIHYAETCHA TEM, YTO €€ KBATOp Ip

(rnaBHasi optonpomusi) n nomoc P,
MOBEPHYTHl OTHOCHTEJNbHO 3€MHOFO 3KBa-
T0pa 3 M reorpadHueckoro moJoca

P. Ha onpenenexsbit yron. 3a 3keatop
Jo ynoOHO NPUHATE OPTONPOMHIO, COB-
najaipmyio ¢ Ttpaccoi nonera. Op-
TOAPOMHYECKARA JIOAroTa A, OTCUHTHIBA-
€TCsl  BOJb TJIABHOH OpTOAPOMHH OT
BbIOpanHOl nauasabHo#l ToukH A. Opron-
pOMHuYEecKasl LHPOTa @, €CTh KpaTuakillee
paccrosiune mexay MJIA u rnaeHoH
oproapomueii. Koopaunathet Ao H o 06bIY-
HO 3a/al0TCA B JIHHEHHBIX BEJHYHHAEX.
[Tonoxkenne OPTOAPOMHYECKOH CHCTEMBE
OTHOCHTEJIBHO 3EMHOro Liapa onpefe-
NsieTcsl, HanpHMep, reorpaduyecKHMH
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KOOPOMHATAMH TOYKH A H TOUKH BepTeKca
(TO4KH raBHOH OPTOAPOMHH € HanGoMb-
wed WHpoToH) HiH P

Mecrrbie cuctembr KOOpOUHAT NPHMe-
HSIIOT MPU ONpPELEJEHHH HABUIALHOHHBIX
sjeMedToB ¢ nomoubio PHY wmanoit u
cpenelt panbHOCTH. B ropHsoHTanbHOH
cdepryeckoil cicteme (puc. 1.7, @) Ha-
4aj0 KOODJMHAT MOXET COBMEIAThCsl C
PHT. TloeepxHocTs 3eMiIH CUHTAETCH TO-
PH3OHTAJBHOH (YTO BO3MOXHO MpH yaa-
neunsix JIA or PHT pmo 1000 kM)
NPHHHMaeTCsl 338 OCHOBHYIO ILIOCKOCTh
orcueta. OfHy H3 Ocell CHCTEMBI COBMe-
waKT ¢ ceBepHbiM Hanpagjennem C
MepHaMaHa, npoxopsiero uepes PHT.
IMonoxeune JIA onpenensercs pasib-
Hoctbio D, asumMytoM A H yIJIOM BO3BBI-
wennst O (Man eolcotol H).

[IpH n3MepeHHsIX CKOPOCTH H YIJIOBBIX
KoopauHat GoptoBbiMH PHY ncnoawsyer-
csl cesisaHuasi ¢ JIA cucrema KoopaHHaT
(puc. 1.7, 6). Hauajo cHcteMBl HaxonuT-
csi B uentpe macc JIA. Ock X. coeme-
1maercsi ¢ NpoZosbHO# ockio JIA, a ock
Z. — ¢ nonepeyHol ockl0. YIJbl H NoJo-
JKEHHE BEKTOPA CKOPOCTH B 3TOH CHCTeMe
OTCUHTHIBAIOTCS OOBIUHO OT OCH Xe.

Hcnonpsyetcsi TakKe He CBsi3aHHasi C
JIA ropH3oHTaJbHAS NPSAMOYCO/BHAS CHC-
TeéMa KOOPAHHAT, Ha4yajo KOTOPOH coBna-
naetr ¢ uentpom Mmace JIA, a ocu X w
Z Jjexatr B IJOCKOCTH TOPH3OHTA.
Cucrema siBasieTcsl ONOPHOH NPH onpene-
JleHuH YraoBwiX nojoxenui JIA, 1. e. yr-
JIOB KpeHa, TaHraxa H Kypca.



1.3. OCOBEHHOCTM
PAJAMOHABMI ALLUOHHBIX CPEACTB

OBECIMNEYEHMA NOJNETOB

Bup vndopmaTHBHOrO napamerpa cHr-
Hala Vv onpefeisieT MNOTEHIHALHYIO,
T. €. IpenebHO JIOCTHXKHMYIO, TOYHOCTb
PHY. Hcrousnkom undopmannu o HII
CIYyXUT TpUHMMaeMbil  CHrHan  u(f)=
=Uysin(wt+¢), rne Un— ammiury-
1a; w — Yactora; { — Bpewms; P — Qaso-
Bbli cBUr. B 3aBHCHMOCTH OT TOro, Kako#
U3 NapaMeTpoB MOJEe3HOrO CHLHAJA HH-
(opmMaTHBHLIH, pa3H4aloT aMIVIHTY/HbIE,
4acToTHble, BpeMeHHbIe H ¢hasoBnie PHY.
3akiioueHnass B v HHQOPMAaLHs Bblge-
JISI€TCH MPH CPABHEHHU TMPHHATOTO CHTHA-
Ja ¢ onopsabM. OTHENbHYIO rpynmny
PHY cocraBisiioT KoppeisiuMOHHbBIE YCT-
poHCTBa C MCEBIOLIYMOBBIMH CHIHAJIAMH.

Amnauryonote PHY onpenensior HIT
N0 pesy/ibTaTaM H3MEpEeHHS] aMIUIHTYHbI
cUrHasia. AMIUINTY1a OpHHHMAEMOTO CHT-
Hajla 3aBUCHT He Ttoabko or HIIL, no u
OT MHOTOYMCJIEHHBIX (PAKTOPOB, Y4€CTh KO-
TOphie He Beerfia Bo3aMoXkHo. O6sacTb npH-
MeHeHus! ammiytyanelx PHY orpanuum-
Ba€TCsl OMpENEJEHHEM YIJOBHIX KOOPJIH-
Hat. B rtakux PHY nas ymeHbluenus
[Apa3uTHLIX (HE BHI3BIBAEMBIX H3MeHe-
nuem HIT) Bapnauuit aMmmmHTybl CHTHAJA
[pHMeRsieTcsl H3MepeHHe TyyOHHbL amJIu-
TYAHOH MOAYJSILHHM 1 MJH  PasHOCTH
ray6un mopyasiuun PI'M, npenacrabisito-
mwHx coboit MH(POPMaTHBHbIE MNapaMeTphbl
cUrHana.

O6s3ate/bHBIH 3JIEMEHT aMIVIUTYIHBIX
yriomepabix PHY — ogna unn neckosb-
KO Hanpap/eHHbIX aHTeHH, C TNOMOIULIO

. KOTOpbIX (OPMHPYETCS CHTHAJ € AMILIH-
tyno#t Un(gp), 3aBucsiued ot yraa paccor-
JIACOBAHHSI @p MEXJy OCbIO CHMMETpHH
OC jpuarpammer HampabjaenHoctd JIH,
H HanpaBjleHHEM mepefaTYMK — MpHeM-
suK HIIIT (puc. 1.8). Curuag, amniHtyna
Umo koTOpOrO HE 3aBHCHT OT ynja pac-
COTJIacOBaHUsl NPH ONpeNeSeHHOM 3Haye-
HHHM nochensero, popmupyeress Jubo no-
noJHuTebHO antennoil (JIH,), 1u6o npu
obpaboTke CHIHaJOB, NMPHHSATHIX OT Ham-
PaBJIEHHbIX aHTEeHH (CyMMapHBIH CUTHAN).
Hnoopmatuprbili napamMeTp CHrHaja v=
=m=Un(9p)/(Unmo)-

[orpemHoctb  onpefeJieHHs  yIJIOBBIX
KoopruHaT Ow= K.0,/fi(0), rne o, —
NOrpeuIHOCTh H3MEPEHHS Vv, KOTOpas TeMm
MeHbLIe, YeM GoJblle OTHOLIEHHE CUIHAJ/

wym Ha Bxojae wuaMepurensi; [u(0)—
kpytuana JIH, npu ¢p,=0; K, — nocrosin-
HblH KO3((PHLHEHT, 3aBUCSLUMH OT nocT-
poennsi PHY.

Yacrorneie PHY onpepessior HIT no
pe3y/bTaTamM H3MepeHHH yacToThl CHIHa-
Jaa, 1. e v=a. OHH npaMeHsIlOTCH B
OCHOBHOM JUJI51 ONpeJeJieHusi BLICOTHI NoJle-
Ta (paJHMOBBLICOTOMEPbI MaJbIX BBICOT)
u ckopocti JIA (nomsepoBckue H3MepH-
TeJli CKOPOCTH), OCHOBAHB! Ha CPaBHEHHH
HaCTOThl OTPaKEHHOTO OT 3€MHOH NOBEPX-
HOCTH CHCHaJlla € YactoToH OIOpHOro
CHTHana M paboTalor B pexXHMe Hempe-
pbiBHOTO H3JyueHusi. ONOpHBIM CHTHAJIOM
clyXat u3Nlydaemble kosebanus. Tpebye-
Masi TOYHOCTh JJOCTHTA€TCs TONBKO NTPH KO-
FePEHTHOCTH OTPa€HHOTO W  ONOPHOTO
CHTHAJIOB, T. €. MPH JIOCTATOYHO BBICO-
KOH CTaGHJILHOCTH ONOPHOTO TeHepaTopa
(reHepaTopa BLICOKOH HacToThI), KOTAa
yXO €ro YacToThl 3a Bpemsl [POXOXK-
JeHHs1 curHasa oT JIA gno 3emHoM
HOBEPXHOCTH W OOpPATHO CyLIECTBEHHO
MeHbUIE H3MEPSEMOrO CIBHra HacTOThL.
Pasinna no 4acrote NpHHHMaemMoro H
ONOPHOTO CHTHAJOB B PafHOBLICOTOMEPAX
SIBJISIETCS CJI€JICTBHEM YACTOTHOH MOJYJisi-
UMM H3JydaeMblXx KoJebauuil, a B H3Me-
pUTEJSIX CKOPOCTH Bbi3bIBaeTcs jonJe-
POBCKHM CIBUIOM YACTOTHI.

HenpepbiBHBIH  Xapakrep H3JyueHHs
KoJieGaHH i IPHBOJMT K NIOSIBJEHHIO NIpoCca-
YHBAKILEroCs WJH NPSMOro CHrHaJE, Mo-
Najapiiero B TpPHEMHbIl TPakT H3-3a
napasuTHLIX 3J€KTPOMAarHHTHBIX CBsi3ed ¢
nepenawowuM. [psimoil curuan umeer cay-

Hin

Puc. 1.8. JlnarpamMmbl HanpabB/JeHHOCTH
aHresH yraomepHoro PHY

11



4aliHy10 MOLYJISIUMIO ¥ MPH JETeKTHPOBa-
HMH JaeT HIYMOBOE HampsiXKeHHe, YXYI-
HiapIee YyBCTBUTENLHOCTL MPHEMHHKA H
OorpaHHyMBalpIlee MaKcHMasbable pabo-
yye BbICOTH YacToTHex PHY.

INpuHuMaemsblit  curHal obpasyeTcs
B Pe3yJIbTaTe OTPaX<€HHsl OT YuacTKa 3eM-
HO# noBepxHOCTH B npefenax JIH aHTeHHB!
PHY. OraenbHplM TOYKaM 3TOro y4acTka
COOTBETCTBYIOT pa3Hble 3aePXKH CHCHa-
Jla M pa3JIHiHbe [OIJIEPOBCKHE CABHMIH
yacToTel. B pesysnbrate oTpaieHHblll cHr-
Haa npuobpeTaer ciyyalHBIH XapakTep
U HMeer cryiomHoi cnekrp. Mamepuresn
4acToThi, BXojJsiline B dactorunle PHY,
ONPENENAIOT CPEMHION0 HITH CPEHION KBaJl-
paTHUHyIO 4HacToTy clleKTpa csydaiiHoro
curiana. [loatomy J06oe HCKarXkeHHe OrH-
6allllel cneKTpa, HalpuMep, H3-3a HepaB-
HOMEPHOCTH KO3((HuHeHTa QTpaXKeHHs
HJIH HajloXKeHHsi LlyMOB NPHBOAHT K HOT-
pewrHocTH HYacrotHoro PHY.

Bpemennsie PHY onpeneasiior HIT no
pe3yJbTaTaM H3MepeHHsl BpeMeHH 3anas-
AblBanys curaaja (v=t). Curdajel Bpe-
meHHEIX PHY umelor umMny/ibcHuil xapak-
Tep (MMIOyJLCHBIE yCTpPOHCTBa).

Bpemennsie (uMnysscubie) PHY npu-
MEHSIIOTCS U1l Onpefe/eHus] AaJbHOCTH,
pPa3HOCTH AAJBLHOCTEH H YIJIOBLIX KOOD M-
HaT ¥ OCHOBaHH Ha M3MEPEHHH HHTEPBa-
Jla BpeMEHH MEX1y HMIyJbCHBIMH CHTHa-
JamMH. B pasHOCTHO-ZaJbHOMEpHBIX H
yraomepubix PHY wnmnysben, uHtepBan
BPEMEHH MeXly KOTODHIMH H3MepsieTcsi
Ha JIA, ¢popMupylorcs annapartypoil onop-
HBIX CTaHUMH (06blyHO HaszeMHbiX). B na-
apHoMepHbix PHY wamepsiercs  Bpems
MeX 1y u3ayyeHdeM ¢ JIA 3anpocHOro cHr-
Haja H NPHEMOM OTBETHOTO CHTHAJa OT
Ha3eMHOro pajHoMasika.

HMmnysbcHble  cHrHaibl  BpeMEeHHRIX
PHY umetor ¢popmy, 6113KYIO K KOJOKOJO-
o6pa3Hol, U OTCYeT BpPEMEHH MPOM3BO-
JIUTCAl 10 HEKOTOPOH XapaKTepHOH Toyke
orubapoleil MMIyJLCa, 1€ KPyTH3HA Ha-
pactaHusi (WM CIIafga) HMIYJbca MaKCH-
manbHa. Tlpu Takom BriGope ToUKH OTCUe-
Ta YMEHbLUAIOTCS] MOrPeulIHOCTH H3Mepe-
HUSl, KOTOPH€ BLI3bIBAIOTCA NOMEXaMH H
myMaMy, HCKax<aloummmi ¢opMy oOru-
6aroieli HMyJbca.

Paszoseie PHY onpenensior HIT no pe-
3y/JbTaTaM H3MepeHus (a3oBoro C/BHra
cHUTHaJla (v=1). NPHMEHSIOTCS AJs ofpe-
JIe/IEHHsT [aJIbHOCTH, PA3HOCTH AaJbHOC-
Tell M YyrJI0BHIX KOOPAMHAT H OCHOBaHbl Ha
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H3MEPeHUH Pa3HOCTH (a3 [BYX CHTHAJIOB.
Otanuntensrast  0COGEHHOCTH  (ha30BBIX
nanbHomepHelx PHY — nasnuuue 6Gopto-
BbIX 3TAJIOHHLIX F€HEepPaTOPOB C BHICOKOH
JIOJTOBPEMEHHOH CTa6HJILHOCTBIO YacTo-
tol. C ¢azofi kosieGanuil 3TOrO reHepa-
TOpa NPOU3BONUTCS cpaBHEHHE (ha3bl npH-
HHMaeMoro cHMrHaia. B ¢aszoBuix yriso-
mepHbix PHY onpenensiercs pasnocts (a3
MEXK/y CHTHaJIOM, HeCYllHM HaBHIallHOH-
HYI0 HHQOPMALHIO, H ONIOPHBIM CHTHAJOM.
OnopHblfl cHrHal ¢opMHpyeTesi alnapa-
Typoll Ha3eMHOTO pajyoMasika W nepe-
naercsi Ha Gopr JIA.

[Torpeutnocthb Oy, ONpeneseHus] HI1
CBfi3aHa ¢ NOrpeliHOCThIO HaMepeHus da-
3bl 0% COOTHOLIEHHEM O, =hov /251 1 yme-
HbLUIAETCS] € YMeHbUIEHHEM JJIMHbI BOJ-
HBl A, HA KOTOpPO#H MpPOM3BOAMTCS] H3MEpe-
H¥e ¢a3p. OnHako npH yMeHbIUEHHH
A CoKpaluaercsi 30Ha 0JHO3HAYHOTO OINpe-
nenenuss HIT, nmockosbky Toyno cyauthb o
HIT mMoxHO JHMmwbL B TOM chydae,
ecsIH BbidpiBaeMblii H3meHennem W ¢aszo-
BbIi ciBur He npeBbicHT 27t. IlpoTHBope-
71e MeXny TpebyeMoll TOYHOCTLIO H Of-
HosHausoctbio onpenefiennss HI1 xapak-
TepHo Aas ¢asoBeix PHY.

®azosuie PHY orHocsites k yakomnosioc-
HBIM YCTPOHCTBAM H HYBCTBHTEJbHBl K
napasMTHbiM  (ba30BBIM CIABHIaM, BO3-
HHKaIOIIMM B DE30HAHCHBIX 3JeMEHTax
TpakTOB 06pabOTKH MpH HECTAOMIbHOCTH
4acTOTHl HX HACTPOHKH MM Hecylied
4acToTel CHMTHAJa. IJtH (ha3oBble CHABH-
M TE€M MeHblle, YeéM IIHpe mnoJnoca
nponyckauus Tpakra. [lapasutabe ¢aso-
Bbl€ CIIBUTH HMEIOT MECTO H NpH PACIpOCT-
paHEHHH CHTHAJOB M MOTYT INpPHBECTH K
CYILIECTBEHHbIM MOTPELLHOCTSM Onpejese-
HHSl HABUI2UHOHHHIX MapaMeTpoB, OCo-
6eHHO B cHCTeMax pAaJibHell HaBHIALHH.

Koppersyuonnoie PHY onpenensiior
HI1 npu BbqKCIEHHH MaKCHMyMa B3auM-
Holl KoppensiunoBHOH GyHkuMH (BK®)
IIPUHATOTO M OMOPHOTro CHrHaJoB. OCHOB-
HO# 06,18CTBIO IPHMEHEHHS] KOPPEJSILIHOH-
Heix PHY, kpome 0630pHO-cpaBHHTENbHBIX
CHCTEM, SIBJISIETCS] U3MEPEHHe JaJbHOCTH
[pH NCEBAOWIYMOBLIX cHTHasax. [lpu 3Tom
B GOpTOBOH anmapaTtype JOJXKHA FeHepH-
pOBAaTbLCS KOIMHS CHIHAaJa, IPHEM KOTOPOro
oxunaercsi. Heo6xonuma Toynas cuuxpo-
HHM3aLHUsl MOMEHTOB M3JIyYeHHsI CHIHaJjla H
T€HepaLHy ONMOPHOTO CHTHAJa, TaK Kak 1o
CIBHrY MOCJ€HEr0 BO BpeMeHH, Heo6Xo-
JIAMOMY fLJIsi ToNydeHust MakeumyMa BK®,



olLleHHBaeTesl NajbHocTh. OTIHYHTENbHAS
ocobenrocts  Takoro PHY — sricokas
TOYHOCTb, MaJible 3HEePreTHUECKHE 3aTPaThi
Ha U3JlyueHHe CUTHAJa H BbICOKasi nome-
XOYCTOHYMBOCTb. IJTH KauyecTBa MpOsiB-
JSIOTCS] TEM CHJIbHeE, YEM LIMpe CreKTp
curHana. Kpome toro, npu coorsercrByio-
mem ¢opmare CHrHaja BbLICOKasl ToOY-
HOCTh COYETAETCsl ¢ OJHO3HAYHOCTHIO M3-
MepeHHs] [aJbHOCTH.

Bup rasHrauMonworo napamerpa W
BJUsieT Ha (opMy TMNOBEPXHOCTEH M JiH-
HUI TOJIOXKEHHS, T. €. HA TeOMeTpHUECKHe
ocoberHoctn PHY, or kKotopbx 3aBucut
TouHoCTh onpenenenus MJTA. Pasanuaior
yrioMepHbl€, naJbHOMEpHBE, Pa3HoCT-
Ho-nanbHoMepsie PHY u  uamepurens
CKOPOCTH.

Yenromepuvie PHY onpenensior HIT —
yIoJl B TOPU3OHTaJbHOH HJM BepTHKAJb-
HOJ IWIOCKOCTH HJIM B TJIaBHOH IWIOCKOCTH
CHCTEMBl KOOpIAMHAT, CBsizaHHOil c JIA.
IlpumeHsiioTes panuoMasiiHble H pajqone-
nerraunonnbie PHY. Panuomasuusle yer-
poiictBa (06biyHO Ha3emuble) (OPMHPYIOT
3JIEKTPOMATHHTHOE [loJ1e, MapaMeTphbl Ko-
TOPOro 3dBHCST OT YIJOBBIX KOOp/IH-
HaT Todkd npuema. llpencraBurensiMu
3Tofl rpyrmbl sBAsIOTCS yriiomepHeie PHY
CHCTEM IOCAIKH W YILJOMEpHble KaHadbl
cucrem GauykHell HaBurauvu. Panuone-
JIeHTauHOHHble  ycTpoMCTBa  (pamHorne-
JIEHTAaTOpPbl) ONpeNeNsiioT YIJIOBbie Koop-
JIMHaTLI UCTOYHHKA CHTHAJla MyTeM H3Mme-
peHHsi HarpaBJeHHs] IPUXOAa pajHOBOJIH.
IlpuMeHsOTCs Kak HaleMHble paauorne-
JleHratopbl, Tak U 60pTOBBLIE (pPagHOKOM-
Machl).

TloBepXHOCTh MOJIOXKEHHSI YIJIOMEPHBIX
PHY — BeprukanbHasi MNJIOCKOCTh  (mpH
OfpenejeHHH yrja B TOpH30HTaJbHOM
IUIOCKOCTH, HampHMEp a3uMyTa) HJH Ko-
Hyc (TpH onpenesieHUH yria B BEPTHKaJb-
HOH nyiockoct). JIuH#S noJioxkeHus, 06-
pa3zoBaHHasl CeYEHHEM TOBEPXHOCTH [O-
JIOXKEHHST MJOCKOCTLIO (FOPH3OHTaNBHOM
WJIH BepTHKaNbLHOH), B KOTOpPOH omnpene-
Jsiercsi  yrioBoe mojoXenue JIA, ecthb
npsimasi (JIHHHSI PaBHBIX a3UMYTOB HJIM
YIJIOB MecTa).

Hanrvromeproie PHY (panmonanbHo-
mepnl) onpenensiior  HIl — nanbHocth
D (W=D) su6o ynBOEHHYIO HaJbHOCThb
(W=2D) no PHT. PaanonasbHomepsl
6e3 oteerunka (W=D) ocHoBaubl Ha
CPaBHEHHH NapamMeTpoB CHTHaJa, MNpHHS-
TOTO OT annapaTyphl, YCTaHOBJIEHHOH

8 PHT, ¢ curnasnom GoproBoro stajioHa u
COCTaBJIIOT OCHOBY CIYTHHKOBBIX HaBM-
FallMOHHBIX CHCTEM H CHCTEM JaJbHel
HaBHralMu. JlaJIbHOMEpPE € OTBETUHKOM
onpeaeasior W=2D cpaBHenuem curua-
Jla, IPHHATOrO OT OTBETYHKa (LajbHOMEp-
HOTO pajiiomasika), € 3alpoCHBIM CHrHa-
Jom. Ha npuunyne «3anpoc-oteer» moct-
POEHBl PaAVONAaJLHOMEPBl CHCTEM GJIHXK-
Hell HaBurauMu. K nanbHOMepHbiM ycr-
pOHCTBAM OTHOCHTCSI H PaJHOBEICOTOMEp
(W=2H, rne H — BbicoTta niosera). Ilo-
BEPXHOCTL MOJIOXKEHHST  [aJIbHOMEPHBIX
PHY — cdepa panuyca D, a nuuus
TIOJIOXEHHS — OKPY2KHOCTh (JIMHHSI paB-
HBIX AasibHOCTeH).

Pasnocrro-0arvromeprvie PHY onpe-
nensiior W=D,—Ds, tne Dy v Dy —
paccrosinne JIA or meyx PHT, B ko-
TOPhIX pacroJioXkeHbl TNepefaloilne pa-
nrocraHuus (PC). Passocth paccrosinuit
Dp=D,— D; uaxonurcs cpaBHEHHEM ma-
paMeTpoB CHTHAJIOB, HPHHHMAEMbIX OT
nepefauiyx panvoctanumil. HauGosb-
1iee MpHMeHeHHe PA3HOCTHO-IAJbHOMEp-
Hble PHY noayuuan B cucremax nasnbueit
HaBHUTALMH.

[loBepXHOCTH  MOJIOXKEHHS]  Pa3HOCT-
Ho-fanbHoMepHeix PHY — runep6ononn,
06pa3cBaHHbLI  BpAllEHHEM rHNep6oJibl
Dp,=const (Bokpyr ocH, npoxoasiuei
uepes PHT (¢okych runepbosst)), a cama
runepboJia ABJAAETCS JIMHUEH T0JI0XKeHHs!
PHY.

Hamepuresu ckopocTu npenHasHayeHb!
LISl Ompefe/ieHnst BEKTOpa FOPH3OHTAaJb-
HOHl cKopocTH V. MM BeKTOpa mOJHOH
ckopoctd V. Hudopmauua o W (kom-
noHeHTsl V) 3aK/0U€Ha B JIOMJIEPOBCKOM
casure 4qactotel F, (v=F;), Kotopsli
BbIIEJISIETCS NPH CPaBHEHHH HacTOTH OT-
pax<€HHOTO OT 3€MHOH NOBEPXHOCTH CHr-
HaJla ¢ YacToTOH H3JlyuaeMbIX KoJieGaHumii.
K paccmarpusaembiv PHY  otHocsitest
JIOTLUIEPOBCKHE HM3MEPHTENH CKOPOCTH H
yrna cuoca (IAMCC), Koropele obbyHO
HCIOJbL3YIOT B Ka4eCTBe NATYHKOB CHCTEM
CUHCJIEHHS] MYTH.

CreneHb AaBTOHOMHOCTH ompejessieT
BO3MOXHOCTh Hcrnosb3oBanuss PHY uan
PHC pnis masuraumu JIA na tpaccax,
He 06C/y2KHBAEMbIX HA3€MHBIMH HJIH CITYT-
HHUKOBBIMH CPEACTBAMH OBecredeHusi Mo-
Jietos. Pa3inyant aBTOHOMHBIE H HEABTO-
vomuble PHY (PHC). Heastonomumne
PHC pensitcs Ha  ONHOMO3HIHOHHBIE
¥ MHOTOINO3HIHOHHBIE.
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Asronomubie PHY onpepensiioT HaBH-
ralMOHHbIE NapaMeTphbl ¢ MOMOLIBLIO TONb-
Ko GopToBoll ammaparypsl naHsoro JIA.
B rakux PHY peanusyiorcsi paguosoka-
uvoHHble npuHuMnbl, 1. €. HIl onpene-
JIAIOTCS (10 OoTpaXKeHHomy curnaly (pa-
nuoBbicotoMephi, JITUCC, wmereonaBura-
LUHOHHBIE PANHOJIOKATOpPHL).

Heasronomubie PHY BKiOHawT Kak
6oproBylo anmapatypy naHsoro JIA,
Tak H CBSI3aHHYI0 C HeH paIHOJIMHHeH
annapatypy, pa3smeltennyio B PHT wuiu
Ha gjpyrux JIA. K HeaBTOHOMHbIM
OTHOCSITCHl CHCTEMb! CIYTHHKOBOM, Aafb-
Heil M OamaKHeH HaBMrallMH, MOCaJKH.

Mrnoeonoauyuonnvie PHC — coBokyn-
HOCTh pa3HeCEeHHBIX B MPOCTPAHCTBE H
(GYHKUMOHAJNBHO CBSI3aHHBIX MEXKy coboi
nyskroB Hanyuyenuss — PHT, coBmectHas
06paboTKa CHI'HAJOB KOTOPHIX MO3BOJSIET
C BBICOKOH TOYHOCTBLK ONpefeNuth Kak
MJIA, Tak wu napamerpbl [BHXXeHHs
JIA. TIoBBILIEHHIO TOYHOCTH CIOCOGCTBYET
H306bITOYHOCTL MHQpOPMaUMH H3-3a 60Jib-
HIOTO YHCJa MyHKTOB H3JIyYeHHsl CHTHa-
JIOB, KOTOpAasi no3BoJisier BolGpaTh Takue
HCTOYHHKH CHCHAJIOB, TEeOMEeTPHYECKOoe
pacnoJioyKeHue KOTOPbIX OTHOCHTEJbHO
JIA naubosiee 6GaronpHsTHO B CMLICIE
CHWKEHHUSI norpemHoctd. THnHYHbIE npH-
Mep — COYTHHKOBbl€ HaBUTalIHOHHBIE CHC-
TeMbl H CHCTE€Mbl JaJibHEHl HABUTalHH.

Hasnauenne xapakrepHsyeT BUJ HaBH-
TalHOHHbIX 3aa4, AJs1 pelleHHs] KOTOPhIX
cayxut PHY wiu PHC. Pazauqarpor cue-
TeMbl JfajbHed H GJHXKHell HapurauMy H
OCcaKH, @ TakKe CHNyTHHKOBble HaBHMIa-
LHOHHBIE CHCTEMBL.

Cucremtr darvreti nasueayuu (CHH)
OTHOCSITCH K MHOTOMO3MIIHOHHBIM NaJbHO-
MEPHBIM HJH pPa3HOCTHO-AaJIbLHOMEPHBIM
cicTemaM, paGoTaloT B [AHANA30HAX KH-
JIOMETPOBBIX W MHPHAMETPOBBIX BOJIH H
UMEIOT AaJIbHOCTh LEHICTBHSA N0 HECKOJIb-
KHX ThHICHY KujoMerpoB. JlajbHOMepHble
CIH — ¢asoBbie H TpeGyIOT 1JIs onpene-
gedus MJIA nBe Ha3zeMmHble CTAHIHH
(PHT). B pasHOCTHO-AJbLHOMEPHBIX
CJTH n3mepsietcs pasHocTh (a3 KOTepeHT-
HbIX CHCHAJIOB, MPUHHATHLIX OT TPEX-UeThbl-
pex B3aBMHO CHHXPOHH3HPOBAHHBIX Ha-
3emublx ctauuuit (PHT).

CnyTruKOBbIE HABUBAUUOKHbIE CUCTe-
mor (CHC) — mHoronosHuuosssie, pabo-
TAlOT B JHana3oHe NeNHMETPOBLIX BOJH
1 onpeneasitor IIMJIA no namepeHnsim na-
JbHocTH otfHocuTesibHo PHT, 3a kotopeie
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NPHHUMAIOTCA TOYKH PacCIoONOXeHHs Ha-
BUTaLHOHHKIX MCKYCCTBEHHBIX CIyTHHKOB
3emnn B MoMeHT u3mepenus. Ilpu coot-
BETCTBYIOIEM PACIOJOXKEHHH CryTHHKOB
H3MEpeHHs! BO3MOKHBI [TPaKTHUYECKH B JIIO-
60# ToUKe 3eMHOll NOBEPXHOCTH (ryio6alb-
Heie PHC). Boabuias toynocrn CHC
JIOCTHF@€TCsl NPHMEHEHHEM IICEBIOLIYMO-
BbIX CHTHAaJIOB.

Cucremot 6auscrell HaBuzayuu
(CBH) — onHOMO3HIHOHHEIE H 06CITYKH-
BalOT 30Hy, B mpefejax KOTOpoil BO3MO-
JK€H MpHeM CHIHAJIOB HA3€MHBIX palHoMa-
skoB (PM), pa6oramoiux B JHana3oHe
yJIbTPAKOPOTKUX BoJIH. [1py BblcOTaX MO-
qaera no 10 kM nuameTp 3Toil 30HB! (1aJb-
HOCTL NPSIMOi BHIMMOCTH) HE MpeBblllaeT
420 km. B ocroBy CBH nosioxeHo onpene-
JieHHe a3uMyTa H J1aJbHOCTH 10 Ha3eMHOTro
panuomasika (PHT). ¥rsnomepHo-pnanbho-
mepisle CBH no Buny nudopmatusroro
napaMeTpa CHrCHala OTHOCSITCS K Bpe-
MEHHHIM (HMIyJbCcHBIM) U ¢asoeiv PHC.

Cucremst nocadku METpOBOTO KAI&30-
Ha BbinaloT skunaxy u CAY unpopma-
LMIO O 3HaYEHHH M SHaKe OTKJOHEHHS
JIA or JuHMi Kypca W TJHCCabl,
CO3[aBaEMBIX B IPOCTPAHCTBE HA3€MHBIMH
KypcoBoimH (KPM) u rnuccanusiv (CPM)
pajHoMasikaMH, a TaKXe O TpoJere
mapkepHbix (MPM) panuomasikos, ycra-
HOBJIEHHBIX HA M3BECTHOM PACCTOSIHUM OT
Hadana BITIL TpuHusnuanbubiii Hempoc-
TaTOK TAKHX CHCTeM — (POpMHpPOBaHHe B
OPOCTPAHCTBE €HHCTBEHHOH TPAaEKTOpPHH,
nexamedt B myockoctH ocd BITIT mog
yIJiom Bo3BbimieHHs 2...4°, 4TO HenpuHeM-
geMo aasi JIA ¢ YKOpOYEHHbIM WJH
BEPTHKaJbHBIM B3J1€TOM K nocajkoi. Kpo-
Me TOro, Ha mapaMeTpbl CHCTeMbl Hocaf-
KH OKa3blBalOT CYIUECTBEHHOE BJIHSIHHE
MecTHble OObeKTHl M pejibed) MECTHOCTH.
IlepcnekTuBHBIE CHCTEMBI MOCAJKH CaH-
THMETPOBOTO Mana3oHa B 3HaYHTENbHOH
Mepe C€BOGOIHBI OT 3THX HENOCTATKOB.

1.4. NAPAMETPbI
PABUOHABMI ALLMOHHLIX CPELCTB
OBECINEYEHMSA MONETOB

TakTuueckue papamerpbl — COBOKYI-
HOCTh OKa3aTe/lell Ha3HaYeHHs, XapaKTe-
puaywoux Boamozkrocts PHY nim PHC.
OcHoBubiMH st GonbuMHetBa  PHY
(PHC) takTryecKMMH mapameTpamH siB-
JISI0TCs: TOYHOCTh; paboyasi 3oHa (06-






