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MOAYJIb 1. OCHOBBI PA/IMOJTOKAIIMOHHBIX CUCTEM

Tema 1. Knaccugurxauus PJIC

CnoBo «pamap» sBisiercs adbopeBuarypoit st RAdio Detection And Ranging,
T.€. paguo OOHapyKeHUS U H3MEpPEHUE KOOpJIMHAT U OIpPEACIICHUs] CBOWCTB
pa3NMYHBIX  OOBEKTOB C  MOMOINBIO  paauoBOiIH. B obmem  ciydae,
PaANONIOKAIMOHHBIE  CUCTEMbl  MCIOJB3YIOT  MOJYJIHMPOBAaHHBIE CUTHAIBI |
HANpaBJICHHBIE  AHTEHHBI [  Tepeladd  JJIEKTPOMATHUTHOW  OSHEPrUu B
OTPENICICHHYI0 00JacTh B NPOCTPaHCTBE Mg Toucka menu. OObekThl (1enu) B
oObemMe Mmoucka OyayT OTpa)kaThb YacTH ITOW PHEpPruM (pagapHbIe X0 HIM MPOCTO
9X0-CHUTHAJIbI) OOPAaTHO B CTOPOHY pajiapa. DTH 3X0-CUTHAJIBI 3aTeM 00pabaThIBaIOTCS
MPUEMHUKOM PAANOJIOKATOpa HJsl TONYy4YeHHs IIefIeBOil MHOpMaIluu, TakoW Kak
JaIbHOCTh, CKOPOCTh, YIJIOBOE€  TIOJOKEHHWE W JPyTHe  XapaKTePUCTUKU
UACHTU(UKALINY LICIIH.

Pamapsl Moryt OBbITh KJIaCCH(UIIMPOBAHBl KaK HA3eMHOTO Oa3HMpOBaHMUS,
BO3/YLIHOTO, KOCMUYECKOI0 WM KOpaOelabHOro 0a3upoBaHUs PATUOIOKAIIUOHHBIE
cucteMbl. VX Taxke MOXKHO Pa3feiuTh HA MHOTOYMCIIEHHBIE KaTeTOPUHU HA OCHOBE
KOHKPETHBIX XapaKTepUCTHUK pajapa, TaKUX Kak I0JIOCAa YacTOT, TUIl aHTEHHBI U
UCIOJIb3yeMbIX (OpM cHUTHajoB. Jlpyras kiaccu(pukanus KacaeTcs MUCCUU U / UITU
(GYHKIIMOHATBLHOCTH pajiapa, 4YTO BKIIOYAET B ceOs:

o PJIC oOHapyxeHus;

o PJIC ynipaBneHus u ClexeHUs;

« nanopamuslie PJIC;

« PJIC 6oxoBoro 0630pa;

« Mereoponorunyeckue PJIC;

o PJIC ueneykaszanus;

« PJIC xontpbaTapeiinoit 60pb0bI;

« PJIC 0630pa 06cTaHOBKH.

Heobxoaumo ykazath, 4yTo (ha3supoBaHHBIC aHTEHHBIE PEIICTKU HCTOIB3YIOTCS
pagapaMM W YacTO Ha3bIBAIOTCA MHOTOQYHKIMOHATBHBIMA (MHOTOMOIOBBIMHU)
panapamu. dasupoBaHHAsI pelIeTKa TMPEACTaBIsICT COOOW COCTAaBHYIO aHTCHHY,
00pa3oBaHHYIO M3 JIBYX WU 00Jiee DJIEMEHTApHBIX H3TyuyaTeneil. Takue aHTEHHBI
PEIICTKH CHHTE3UPYIOT Y3KHE HaMpaBJICHHBIC Jy4d, KOTOPhIE MOTYT OBIThH
yIPaBISIEMbIMHA, MEXAaHUYECKHM WJIA DJCKTPOHHBIM CIOCOOOM. DIEKTPOHHOE
yIpaBJeHUE JIyda JIOCTHUTAeTCs MyTeM H3MEHEHHS (a3bl IIEKTPUYECKOTO TOKa,
NUTAIOMICH DJIEMEHTHI PEIIETKH W, YTO W OTMpeieNseT Ha3BaHue (a3upoBaHHBIX
CUCTEM.

PanmonokaTopsl bamie BCEro KIACCHPUIMPYIOTCS IO THUIAM HU3Ty4aeMbIX
CUTHAJIOB, KOTOpPbIE€ OHM HMCHOJIB3YIOT, WIM MO uX pabodyeil yactore. PaccMoTpum
CHayaJla TUIIBl CUTHAJIOB, CPEAM KOTOPBIX pajapaMd MOTYT OBITh HCIOJIb30BaHbBI
HenpepbiBHOTO n3nydenus (CW) unu mmnynbscHble pagapsl (PR). Paanonokatopsl
HEMIPEPHIBHOTO  HM3JY4YEHUS — OTO Te, KOTOpPbIe HEMPEPHIBHO H3Iy4alOT
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AIEKTPOMArHUTHYIO SHEPTHUI0, U UCTIOIB3YIOT OTJAEIbHbIC NIEPEAAIONINE U TPUEMHBIE
anteHHel. HemopynupoBanHsie paauosiokatoppl CW MOryT TOYHO H3MEPATH
paauabHYI0 CKOPOCTh €M (4Yepe3 JOIJIEPOBCKUM CABUT) M YIJIIOBOE IMOJIOXKEHUE.
Nudopmarnus o pacCTOSSHUU 10 TEIH HE MOXKET OBITh M3BJIeUeHa O€3 HCIOIb30BAHMS
Kakoi-mu6o dopmbl Moayisiuu. OCHOBHOE HCIOJIb30BAaHUE HEMOJYJIUPOBAHHBIX
pagapoB CW 3akirodyaeTcsi B MOMCKE U OTCIEKUBAHUU CKOPOCTH U B YIPABJICHHUU
paKkeTaMmu.
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Puc. 1. a) HenpepbIBHAsA BOJIHA U 0) UMITYJIbCHBIE U3ITyUYEHHUS

NmnynbcHBIE PagyonoKaTOPbl UCIOIB3YIOT MOCIEA0BATEIBHOCTh UMITYJIBCHBIX
CUTHAJIOB (B OCHOBHOM C Moayjsiiuei). B 3Toil kaTeropum paauojoKallMOHHBIE
CUCTEMbl MOTYT OBbITh KJIACCU(UIIMPOBAHBI HA OCHOBE YAaCTOTHI MOBTOPEHUS
umiysbcoB (PRF), xkak muskouactotHeix PRF, cpegnux PRF u BbicOKO4acTOTHBIX
PaIHOJIOKALlMOHHBIX CTaHUMU. Pagapsl ¢ HU3KOM 4aCTOTOM MOBTOPEHUS UMITYJIbCOB B
OCHOBHOM HCIIOJIB3YIOTCSI JUIL ONPENCIICHHUSl PACCTOSIHUS 10 LEIU, NPU I3TOM €€
CKOPOCTH (JIOTIJICPOBCKUI CIIBUT') HE TPENCTaBIsACT MHTEpeca. PaauosiokaTtopbl C
BBICOKOUW 4acToTOM PRF B OCHOBHOM MCHOJIB3YIOTCS IS UBMEPEHUSI CKOPOCTH LIEIH.
HenpepriBHas BoIHA, a TaKKe UMITYJIBCHBIE PAIapbl MOTYT U3MEPSTh KaK TAIBHOCTD
LIEJIN, TAK U PAIHATBHYIO CKOPOCTh, UCITOJIB3YSI Pa3JIMYHbIE CXEMBI MOYJISIIAH.

Tabmmua 1.1 Kinaccudukanus PJIC cornacao paboyeil yactoTe.

O0o3HaueHune YacToTbl Jimna IIpumeyanus
IEEE/ITU BOJIHBI

HF 3—30 MI'g 10—100 m Panaps1 OeperoBoii 0XpaHsbl, «3arOPU30HTHBIE»
PJIC

P <300 MI'n >1wMm Hcnonws3oBaiics B IEpBLIX pajapax

VHF 50—330 MI'q 0,9—6M OO0HapyxeHre Ha OOJIBITUX JAITBHOCTSX,
HCCIIEIOBaHMs 3eMIIH

UHF 300—1000 MI'r1 | 0,3—1 M OO0HapyxeHre Ha OOJBITNX JATBHOCTSIX

(HammpuMep, apTUIIepUiicKoro o0cTpena),
WCCIIEI0OBAHMSI JIECOB, TOBEPXHOCTH 3eMIIH

L 1—21ITx 15—30 cMm Ha0JI0/IeHNEe ¥ KOHTPOJb HaJl BO3YITHBIM
IBIDKEHUEM

S 2—4 1T 7,5—15cm YIPABJICHUE BO3AYIIHBIM JIBUKEHUEM,
METEOPOJIOTHSI, MOPCKHE PaJIaphl

C 4—8ITn 3,75—7,5cM | MeTeopoJoTusl, CITyTHUKOBOE BEII[aHUE,

MIPOMEXKYTOUHBIN TMana3oH MeXIy X U S
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8—I121ITn

2,5—3,75 cm

yIpaBlIeHUE OPYKUEM, HABEJIEHUE PAKET,
MOPCKHE pajaphbl, MOroja,
KapTorpagupoBaHUE CPEAHETO pa3pelleHus;
B CIHA nuanazon 10,525 I'T'p + 25 MI'n
ncnons3yercs B PJIC asponopros

12—18 I'Ty

1,67—2,5cm

KapTorpagupoBaHUE BBICOKOTO pa3peIICHUS,
CIYTHUKOBAs aJlbTUMETPHS

18—271ITu

1,11—1,67 cm

HCII0JIb30BAaHNE OTPAHUYEHO U3-3a CUIILHOTO
IIOTJIOIIEHUS BOJSIHBIM I1apOM, IT03TOMY
HCnoJIb3yroTes nuana3onsl Ky u K,. {namnazon
K ucnonssyercs 11t oOHapykeHus 00JaKkoB, B
MOJTUIICHCKUX TOPOXKHBIX pajapax (24,150 +
0,100 I'T'w).

27—40 I'Tu

0,75—1,11 cm

Kaprorpaduposanue, ynpasienue
BO3/IYLIHBIM JBI)KCHUEM HA KOPOTKHX
AUCTAHLUAX, CIICHHUAJIBHBIC pagaphbl,
YIIPABJISFOLIME JOPOKHBIMH (POTOKaMepaMu
(34,300 + 0,100 I'T'm)

mm

40—300 I'Tg

1—7,5 Mm

MUJUIMMETPOBBIC BOJIHBI, ACIIAITCA Ha ABA
CJICAYIOIIUX Orarna3oHa

40—75 1T

4,0—7,5 mm

MeauuuHckue annaparsl KBY, npumMensemslie
i1 GU3NOTEpaNuu

75—110 1T

2,7—4,0 MM

CEHCOPBI B DKCIIEPUMEHTAIbHBIX
ABTOMATUYECKUX TPAHCIIOPTHBIX CPEICTBAX,
BBICOKOTOYHBIEC UCCIICA0BAHUS MMOTOJHBIX
SIBJICHUM

Bricokouactotneie (HF) pagapbl MCHONB3yIOT OTpakeHHE 3JIEKTPOMAarHUTHBIX

BOJIH OT HOHOC(hEPHI [Isl OOHAPYKEHHSI TIeNiel 3a TOpU30HTOM. HekoToprie mpuMepsl

BKJIIOUAIOT

3aropu3oHTHas

paaruoJIOKalnMOHHasA

CTaHL s, OCYIICCTBIIATIOIIAsA

HaOIIOZICHUE BO3AYIIHOTO TPOCTPAHCTBA HA OOJBIIUX PACCTOSHUSAX, BIUIOTH IO

TBICAY KM («3a TOPU3OHTOM) ).

U.S. Navy ROTHR
2.6-kKm Receiving Array

9l

v ey e

Puc. 2. 3aropusonTtHas paauonokarnuonnas crannus U.S. Navy Relocatable Over

The Horizon Radar (ROTHR), pa6oratoras Ha yactote 5-28 MI 1.



https://ru.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
https://ru.wikipedia.org/wiki/Ku-%D0%B4%D0%B8%D0%B0%D0%BF%D0%B0%D0%B7%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%92%D0%A7-%D1%82%D0%B5%D1%80%D0%B0%D0%BF%D0%B8%D1%8F

[Tonocsl ouenb Boicokoi yacToThl (YKB) u cBepxBbicokoi yactoTel (YBY)
UCIIOJBb3YETCS I paJapoB PAHHErO MPENyNpPEXKICHUS NTATbHETO paJnyca EUCTBUA
(EWR). HekoTopblie mprMepbl BKIIOYAIOT B C€0s MOMCK PAHHETO MPEayIPEKICHUS O
oamumcTrueckux pakerax (BMEWS), u onu paboraer Ha yactote 245 Ml (puc.3),
nepuMeTp W paauosiokanoHHbli npueMHUK (PAR), koTopblii siBisieTcss oueHb
MHOTO(YHKIIMOHATBHBIM  (pa3MpOBAHHON aHTeHHOW pemieTkoil. WM3-3a  oudeHb
OOJBIION JIJTMHBI BOJHBI U TPeOOBAaHUM K YUYBCTBUTEIBLHOCTH JJI U3MEPEHUIN OUYEHb
OOJIBITIOTO TUama30Ha HEOOXOAUMBI OOJIBIIINE AlIEPTYPhI B TAKUX PaTAOIOKAIIHOHHBIX
CUCTEM.

Puc. 3. PJIC mansHero 06Hapy>1<eHm.

Panunonokaropel B L-nuama3zoHe mpeacTaBisiioT cO0OM Ha3eMHBIE U CYAOBBIC
CUCTEMBI, KOTOpPbIE HCMOJB3YIOTCA B OMNEpPALMSIX MO HAOMIOACHUIO 32 BOCHHBIM W
BO3/IYIIHBIM JBJKEHHEM Ha Oousblline paccTossHus. Haumbosee Ha3zeMHble W
KOpaOellbHbIE pajapbl CpPEOHEro paamyca IEHCTBUA padOTalOT B S-Auana3zoHe.
Hanpumep, paavonokarop HaOmoAeHUsT 3a BO3AYIMIHBIM  cyaHoM (ASR),
WCIIOJIb3YEeMBIi JIJIs1 YIIPaBIICHUS BO3AYIITHBIM JIBI)KEHHEM, U OCHOBAaHHAs Ha Kopabiie
U.S. Navy AEGIS (puc. 4a), MHOroyHkimonanbtas (pazupoBaHHasi MaTpuiia — 3T0
S-auanazon pagapel. bopToBas cucrema npenynpexaenus u ynpasienus (ABAKC),
nokazaHHasi Ha puc. 40 u HannoHaapHBIM METEOPOIOTHYECKUI TPUOOP CIEAYIOMIEro
nokonenuss (NEXRAD) raxxe sBuawTcs pamapamu S-auana3zoHa. OpHako
OOJIBIITMHCTBO PAUOJIOKATOPOB OOHAPYXKEHUSI TOTOABI ABIAIOTCS pamapamu C-
nuarazoHa. CpenHuid NajnbHUM TMOWCK W YIPABIECHHWE OTHEM pajapbl U pajgapsl
METPUYECKON almaparypel Takxke ABIs0TCAa C-Irana3oHoM.

Puc. 4. Panuonokartopsl B L-auamnazone
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X-nuana3oH HCHOJB3YETCS A PAAMOJOKALMOHHBIX CUCTEM, TI€ pasMep
AHTEHHBI COCTABIIIET (PU3MUECKOE OTPAHUUYEHHUE; 3TO BKIIOYAET B c€0s OOJBIIMHCTBO
BOEHHBIX MHOT'OMOJIOBBIX OOpPTOBBIX padapbl. PagapHbie cucTeMbl, KOTOpbIE TPEOYIOT
IPEKPACcCHBIX BO3MOXKHOCTEH OOHApyX EHUsl 1IeJId U BCE K€ HE MOTYT MEPEHOCUTH
aTMocdepHoe 3aTyxaHue Oojiee BBICOKMX IOJIOC YacCTOT, TakXke MOTryT ObITh X-
nuariazoHa. bonee Bwicokue mojockl yactoT (Ku, K u Ka) crpamaror ot cypopoi
norojbl U atMocdepHoe 3aTyxanue. [10aToMy panapel, UCTIONB3YIOLIUE ATH TOJIOCHI
4acTOT OrPAaHUYEHBbI MPUJIOKEHUSAMH C MaJIbIM PaJUyCOM JEMCTBHSA, TaKUMHU Kak
pajapel TMOJHMIMHM, KOPOTKHE a Takke penbeda MECTHOCTH TOCie paaapos.
MumnumerpoBags BoaHa (MMW) B OCHOBHOM OrpaHUYeHbl OYE€Hb KOPOTKHM
auamazoHoM paanodactoT (RF) wumymwmx yoOexuiie W 3KCHepUMEHTAIbHBIX
PaaMONIOKAIIMOHHBIX CUCTEM.

Tema 2. Onpenesnenne 1aa1bHOCTH

Ha puc. 5 noka3zana ynpolieHHas OJOK-CXeMa HMITYJIbCHOTO Jokaropa. biox
CUHXPOHU3ALMU T€HEPUPYET TAKTOBbIE CUTHAJIBI CUHXPOHU3ALMU, HEOOXOUMBIE BO
Bcel cucteme. MoaynupoOBaHHbBIN CUTHAJ TEHEPUPYETCS U OTIPABIIAETCS HA AHTCHHY
yepe3 nepenaTuuk. IlepekitoueHne aHTeHHBI MEXKY peXUMaMH Nepejauu U prueMa
OCYLIECTBJISIETCS C NOMOLIBIO AyIuiekcepa. JlyImekcep NO3BOJISIET HCIIOIb30BaTh
OJIHy aHTEHHY Kak Ui Tepeaauyd, Tak W s npueMa. Bo Bpems mepemaun OH
HaIpaBJIseT PaJuoJIOKAIIMOHHYIO JIEKTPOMAarHUTHYIO SHEPTUIO0 B CTOPOHY aHTEHHBI.
N HaobopoT, mpu mnOpHeMe OH HaNpaBiAeT MOJYyYECHHbIE PaAHOJOKAIMOHHbBIE
OXOCUTHAJBl K MPHEMHHKY. [[pHeMHUK yCHIMBaeT 3XO-CHTHANBI, OTPaKEHHBIC OT
O00OBEKTOB M TMOJrOTABIMBAET WX JJIsi 00paOOTKM CUTHAJIOB. M3BineueHue 1eneBon
MH(pOpMaMK BBIMONHIETCS MPOLECCOPHbIM OnokoM. JlambHOcTh 10 wenu R
BBIUMCIISIETCSI TIyTEM H3MEpPEHUsI BPEMEHHOW 3aJEpKKH; OH IPUHHUMAET HMITYJIbC
OpOIIEIIINA B ABYX HalpaBlICHUSIX MyTh MEXIY pagapoM M MUILIEHbIO. [lockonbky
3JIeKTPOMATHUTHBIE BOJTHEI BHKYTCSI CKOPOCTh CBeTa, T.e. ¢ = 3 * 108 m/c, Torna

Wmnyasc Orverxa
nepeparynka uenu
\ /

AWTEHHDIR NE -
pexanyatent
‘ LE
xarop

NprEmrnx

Teweparop
wMNybCca

ﬂ

| CHHEXPOHH3AMUS |

Nepenaryuk

Puc. 5. Yopoménnas cxeMa UMIYJICHOTO pajiapa



R_cAt
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rae R — paccrosiHue B MeTpax, At — 3a7epkka uMiysbca B cekyHaax. Koagdunment
1
2 HEO0XO0JIMMO, YTOOBI MPHUHSATH BO BHHUMAaHUE MPOXOXKICHUE UMITYJbCA 10 LU U

o0paTHO K pajiapy.

B oOmeM, WMOyJIbCHBIM  pauoJiOKaTOp  Nepelaer W MOoJydaeT
MIOCJIEIOBATEILHOCTh UMITYJIBCOB, KaK IMOKa3aHO Ha pucyHKe 3. [lepuon moBTopeHus
nmnyibcoB (IPP) o6o3nauaercs kak T U JIUTEIBLHOCTh UMITYJIBCA - T.

IPP wyacto cBs3an ¢ yactoroil mnoBTopeHms wumnyiabcoB (PRI) f, m oOparHo
npornopuuonaineH emy, T.e. PRI — 1 / PRF, xotopslit 0003Hauaercs,

1 1
fr

TIepenaEacMbIe MMITYIIBCEL |

PRI T
IPP
uMITyIsc 1 ;l |_| HMITVIEC 2 |_| parTymeC 3 |_| BpeMA
|

-]

AI munysc 1 HMITVIEC 2 MMITYIEC 3
|;| 3%0 | | IKO | | BpEMA
[IPYHHMAEMEIE MMITYIIECEI | e == - P

Puc. 6. HOCJ’IGI[OB&TGJIBHOCTL nepcaaBacMbIX U IIPUHUMACMBIX UMITYJIbCOB

B teuenue kaxnoro nepuojsia nmoBropeHuss umnylsibca PJIC uzmydaer sHepruro
TOJIBKO T CEKYHJ M «CIYIIAE€T» OTPAKEHHBIE X0 B TEUECHUE OCTABIIETOCS BpPEMS.
Pa6ounii nukn PJIC B pexxume msnydenus, 0003Ha4aeMblid Kak Oy, ompenensercs: Kak
OTHOIICHUE d; = T/T' Torpa cpenssisi u3ilydaemas SHEprus pajapa OnpeaeisieTcs

KaK
B, =P * d;
rie Py — nuKoBas u3ityyaemMasi MOIIHOCTb. Tor/1a SHEprus UMITyJibca paBHa E, = P; *

P
T:PCpT: Cpf;.

Paccrostare, COOTBETCTBYyIOIIEE 3aJCpPXKKE MPOXONKACHUS HMITYJIbCa «Tyna-
oOpatHO» T, M3BECTHO Kak OJHO3HayHOe paccrosinue R,. Paccmorpum ciyuail Ha
puc. 7. Dxo 1 mnpencraBmsieT co0OMl OTpakeHHWE OT IIeJM, HaxXOoAsIIehcs Ha

pacctositHun R, = CAt/ 2, HMITynbca 1. Oxo 2 Moxer OBITh MHTEPIIPETUPOBAHO KaK

OTPaAXKXCHUC OT TOM XKe e, HO UMITYJIbCOM 2, WJIN JK€ OHO MOXKET OBITh OTPAKCHUEM

ot 0oJtee ;1ane1<0171 SN Ha paCCTOSHUU Rg HMITYJIbCa 1 cHoBa. B htom ciIy4dac
cAt c(At+T)
Rz = T nim R2 = T



"
-~ .-—l
PRI
HATYACMBIE MMITYTBCEE ;l umMmyise 1 —| maryasc 2 BEpPEeMA HIHN psiTOHHHE
e
At
axo 1 ax0 2 BpeMi M paccToAHHe
[IPHMHUMAEMBIE HMITVIIECEL -
R cAf
1 = & i~
2 At
i o
R u
=R -
R,

Puc. 7. HBYCMBICJIGHHOCTI) IIpHU OIIPCACIICHUU PACCTOAHUA 0 00BeKTa

O4eBUHO, YTO JABYCMBICIEHHOCTh CBsA3aHa € 3X0 2. Ilo3TOMy, Kak TOJBKO
U3Ty4aeTcsl KakoH-InO0 UMITYJIbC, pajap JOJKEH 0XKHUAATh JOCTATOUHOE KOJIUYECTBO
BPEMEHHU JJIsl TOTO, YTOOBI BCE 3XO-CUTHAJIBI OT BCEX LENEH, Take Ha MAaKCUMAaJIbHBIX
paccrosausax oT PJIC, BepHynuch mpexkae 4eM CIENYIOIIHMM HMITYJbC HE Hadall
u3ilydarbes. Torga cnenyer, 4T0 MaKCUMAaJIbHOE OJHO3HAYHOE PACCTOSIHUE AOJIKHO

COOTBETCTBOBATH ITOJIOBUHE OT IIEPHUO/1a MOBTOPSHUS UMITYJIBCOB, T.€.
R - cT _c
“ 2 2f,

Ilpumep 1. Ilycmv umeemcs xkakou-1ubo OOPMOBOU UMNYILCHBIU paoap ¢
nuxogou uznyyaemou mownocmoio P=10KW u wucnonvzyem o0sea uacmomol
cnedosanus umnyivcos f1=10xl"y u f,=30xl"y. Kaxosa mpebyemasn onrumenbHocmo
UMNYIbCA Ol KAXNCOOU 4aAcmomvl OOJNCHA UCNOAb308AMbCS, UMOObl CPEOHs
usnyuaemas MOowHocms Ovlia NOCmosiHHOU u pasHsanace 1500 Bm? Buiuuciumo
SHEPIUIO UMNYIILCA 8 KANCOOM ClyUdae.

Pewenue: nockonvky P, nocmoauwna, mozoa obe uacmomvl umerom

0OUHAKOBIU PAOOYUL YUKIL, M.e.

g = 1500 0.15
10103
To20a nepuoovl ciedo8anusi UMNYIbCO8
T) =——==0.1
1 1%* 107 0.1mc
T, = ————= = 0.0333
2730103 e

CneoosameinvHo,
71 = 0.15* T; = 15mxc
Ty = 015 * T2 = SMKC

E,1 = P,t; =10 % 10% * 15 % 107° = 0.15/Joc
E,, = P;t; =10 % 10% % 5% 107° = 0.05oc
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Tema 2.1. Pazpemaromasi cnocoOHOCTDH IIPH ONpeAeTeHUH JaTbHOCTH

Pazpemaromas cnocoOHOCTh, 0O003HauaeMasi kak AR, siBisieTcss mapameTpom,
KOTOPBIM OMUCHIBAET CIIOCOOHOCTH JIETEKTUPOBATH 11€JH, HAXOAIIUECS OJU3KO JPYT
K JpyTy, Kak otrnelbHble 00heKThl. PJIC 00BIYHO MPOEKTUPYIOTCS sl 00pabOTKH
HeJIe MEXIy MUHUMAJIBHBIM PacCTOSIHUEM Rpin 1 MaKUMalIbHBIM Rpay. PaccTosinue
MEKIY Ryin B Ryax AenuTces Ha M «CceKTopoBy, Kax bl mmpuHon AR,

. Riax — Rinin
B AR

[lenu, pa3HeceHHbIe O KpaiiHedl Mepe Ha AR, OyayT MOJHOCTBIO pa3pelieHbl
10 JaJIbHOCTH, KaK IMOoKa3aHo Ha puc. 8. Llenn BHYTpH OJHOTO U TOTO K€ «OKHa»
MOTYT OBITh pa3pelieHbl ¢ TOMOIIBIO TOMOJIHUTEIBHOM CII0KHON 00paOOTKH.

Orzao 2
1 1/

| IT‘QT"';' 'AR
1wl |
Al lﬂb” | | |

|1
|| ||.@. | .@ :.
N T (R S |

R f R Oxxo 3
o Mt /1 B
- max -

Puc. 8. Pa3pemenne neneit mo 1aabHOCTH U KPOCC-IATBHOCTH

KPOCC-TaTEHOCTE ﬁ | |

OansHOCTE

PaccmoTpum  naBe 1menu, oaHa Ha pacctosHuM Rj, gpyras — Ry,
COOTBETCTBYIOIIME 3aJ€p’KKaM HMITyJIbcoB t; M t, coorBercTBeHHO. O0O03HAUYMM

pazHuity mexay aumu AR:

(t; —t1) ot
AR=R;—Ry=c———"=c—

Teneppr mocrtapaiTech OTBETUTh HAa  CICAYIOUIMA  BOIPOC:  KAaKOBO
MUHUMaNbHOM Ot Takoe uto 1ens 1 Ha paccTostHuM R; u 1enb 2 Ha paccrosiuuu R;
OyIyT MOJHOCTHIO pa3peILeHbI IO JaTbHOCTH (pa3Hble sueiiku Auana3zona)? Jpyrumu
CJI0BaMH, KaKOB MUHUMAaJIbHBINH AR?

Bo-niepBbIx, TPEANOI0KUM, YTO JABE IIETU Pa3HECEHBI B TPOCTPAHCTBE HA CT/ 4
rie T — JUIMTEIbHOCTh UMITYJIbca. B 3TOM cilyyae, Korga «XBOCT» HUMITyJibca MagaeT
Ha 1[enb 2, (POHT HMMMyJbca MpoIIesT Obl OOpaTHO PacCTOSTHUE paBHOE CT, |
OTPaXXEHHBI HMMMYJbC OYIET COCTOATh W3 OTpPaXEHHM OT oOoux uened (T.e.
HEepa3pelIeHHBIN 9X0-CUTHaJbI), Kak Moka3aHo Ha puc. 9a. OmHaKo, eciu JBe IeNn
HaxOJSTCS Ha pacCTOSHUU CT/Z u OoJiee, TOrJa B TO BPEMS KaK «XBOCT» UMITYJIbCa
OylneTr oTpaxxaThCsi OT TNEpBOM MenH, (POHT HAYHET OTpakaTbCid UETU 2, U
00pa3yroTcs JIBa OTNIEIBHBIX 9X0-CUTHAJIA, KaK Moka3aHo Ha puc. 90. Takum oOpazom,
AR n0DKHO OBITH OOJIBIIIE WUIM PABHO CT/Z. A TOCKOJBKY HIMPUHA YaCTOTHOIO

nuarna3ona PJIC oyaer B=1/z, Torna



R, R,

[}
\i

aTARMHIT UMITYIBC

cT

— e
cT
4 (4)
S
OTpaKeHHBIH uens 1 \\ Melb <
HMITVIIBC — & & —_—
. o uene 1 mens 2 : 2aTeHeHHAT obnacTe :
3 | OKAILIBAET OTPAKEHHNA OT |
—cT “ 0DOHMX MMITYIECOE -
R, R,
cT _
OTpAHEHHEL 2 ( B)
& MMITYJIBCEL | nens 1 frems 2
cT cT
- - ek 1 mens 2

Puc. 9. A) mepaspemennsie 11e11, b) paspemniennsie nenu

B uenom, omeparopsl pamapoB M IMPOEKTUPOBIIMKUA CTPEMSTCSI CBECTH K
MUHUMYMY AR, 4TOOBI MOBBICUTH MPOU3BOAUTEIBHOCTh paguoiiokaropa. Kak ObL10
NPENJIOKEHO B TIOCIETHEM YpaBHEHUHU, YTOOBI JOCTUYh TOYHOIO pa3pelieHus
HEOOXOIUMO MHUHUMHU3HUPOBATh I[HUPUHY UMIyIbca. OJHAKO 53TO YMEHBIIUT
CPEIHIOI0 TMEepeJaHHyI0 MOIIMHOCTh U YBEIUYUT pPabodyl0 TIOJIOCY YacToT.
JoctxkeHne 0Oosee MaJeHbKOrO pa3pelieHUs TPU COXPAHEHUH JTOCTATOYHOM
cCpelHel mnepenaBacMoOil MOITHOCTH MOKET OBbITh JIOCTUTHYTO C HCIOJb30BaHUEM
METOJI0B UMITYJIbCHOTO CHKaTHSI.

Ilpumep 2: PJIC umeem oonosuauuyto oanrvhocme 100 Km u ouanazown 0,5
MT'y. Boruucaiums mpebyemvie nepuoo u 4acmomy nosmopeHus umnyivcos, AR u 7.

Pewenue:
c 3% 108
fr =21§u =2*105 = 15007y
= f_r = m = 0.6667 mc
Ucnonvzyem popmyny 01 evluucienus paspeuiaroujeli cChocooHocmu
c 3 %108
AR =B~ 2+05x108 O
2AR 2300
T = p =3*108=2MKC
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Tema 3. JlonmiepoBckas 4acTora

Paguonokatopsl HMCHONB3YIOT JOMIUIEPOBCKYIO YAaCTOTy Ul IOJIyYEHUs
LEJIEBOM  paMalIbHOM CKOPOCTH, a TaKXKe Uil pa3jIMdeHUsl [ABMXKYIIUXCS U
HETNOJBMKHBIX LI€JCH MM OOBEKTOB, TakuxX Kak npensarcTBus. Dpdexr [Jomnepa
ONKCHIBAET CMELIECHHE LEHTPAJbHOW YacTOThl NAJAIOIIMN BOJIHBI CHUTHAJla HM3-32
JABWOKEHUSI 1I€JIM OTHOCUTENIPHO MCTOYHMKA U3Iy4yeHus. B  3aBucumoctu ot
HAIpPABIICHUS JABMXKCHUS LEIH STOT CIABUT YACTOTHI MOXKET OBITH MOJIOKUTEIHHBIM
WIK OTpUlaTeNbHBIM. BonHa, manmaromas Ha OOBEKT HMMEET paBHble MO (ase
BOJIHOBbIE (DPOHTHI, pas3felieHHble IIUHOW BOJHBI A. [lpubGmmkaromasics ueib
3aCTaBUT OTPAXCHHbIE DPAaBHO(DA3HBIC BOJHOBBIE (PPOHTHI MPUOIH3UTHCS APYT K
apyry (yMeHblias AnuHy BOJHBI). M HA00OpOT, ynansiomascs WM OTCTyHaromias
uenab (OTXOAMT OT pajapa) MPUBEIET K TOMY, YTO OTpaXEHHbIE paBHO(a3HbIE
BOJIHOBBIE (DPOHTHI OyAYT paclIupsThes (yBEIMUMBas JUIMHY BOJIHBI), KaK IOKa3aHO
Ha pucyHke 10.

’
fr

IIpH bmnreHIe LIEIH

panap

’f / YRameie Lemit

G—- l<}.’i'; %%E’

panap \ \

b ~

R —— ) 1 G G TN S
OTpaXeHHAT BONHE . — — —

Puc. 10. BnusHue HanpaBieHus JBUKEHUS 11€7TU Ha IJTUHY BOJTHBI

PaccMoTpuM uMIysnbC MIMPUHBI T (CEKYHABI), MAJAOMIUMN Ha 1eJlb, KOTOpas
JBMDKETCS K pajiapy coO CKOPOCTBIO V, Kak TMoka3aHo Ha pucyHke 11. Ompenenum d
KaK paccTrosiHue (B MeTpax), YTO Lelib MEepEeMEIIaeTcsl B UMIYJIbC B TEUECHHE
uHTepBasa At,

d = vAt
rae At - paBHO BPEMEHHOMY HHTEpBAIy MEXIy MEpeIHUM (POHTOM HMMITYJIbCA,
yAAPSIOIIMM 10 IIEJIM U 33JJHUM KpaeM, MOpaKaloluM Leb. [I0CKOIbKY HUMITYNbC

13



JIBIKETCSI CO CKOPOCTHIO CBETA M 3aHSST KpOMKA CABHHYJIUCH HAa pacCTosIHUE T — d,
TOT A

cTt—d
At = —
c
OOBeauHss MoceIHee BIPAKECHHUE C MPEANOCISTHUM, ITOTYy4YUM
e
d= T
v+c

Teneps, uepe3 At cekyHi, nepenHuid (QpPOHT UMIylIbca CABUTAETCS B
HaIlpaBJICHUU pajlapa Ha pacCTOSHUE S:

s = cAt
criag ppoHT
_ §
-
E MOMEHT EpeMeHH
% # § = cT 5
A0 AFDIIIHIT MMIT. - - e T{'_I
o
I
i
-
- E MOMEHT EpeMeHH
,
OTPAHECHHEIT MMIT. | g L=ct = ";‘—%f@ t = tg+ At
P —
crian
bpoHT

Puc. 11. BiiusiHre CKOPOCTH 1I€JIM HA UMITYJIBC

[ToaTOMYy ATUTETHLHOCTH OTPAXKEHHOTO UMITYJIbCA TeHeph OYAET T CEKYH]I WU
L meTpos

L=ct =s—-d

HOI[CTaBHHH BBIPAXXCHUC IJIA d, S B IIOCJICAHEE, TO ITOJYYHUM, YTO

ve
et = cAr— T
v+
2 2
CT’ _ (i ve _ iy —'ITT
v+ec v+c v+
c—V
T = T
c+V

14



Ha ITPAKTUKEC KO3 HUIUCHT (C N V) 3a4aCTYHo Ha3bIBAarOT
P (c+v) y

KO3 PHUIIMEHTOM BpeMeHHOro pacimpenus. OtMerum, uro ecau v=0, Torga t =t. B
CIy4dae yIalsoIIUUCs Uean

V+C
T = T
=V

Jlig BbIBOAA BbIpaskeHUs uid yacToTel [lomnepa, paccmorpum puc. 12. Kak
BHIHO, (DPOHTY UMITyJbCa Tpedyercsa 2At, 9ToObl MpoiiTH paccrosHue © / £ d s
r

Mo aHus Ha 1eNib. B TeueHue TOro ke WHTEpBaja BpeMeHU (POHT MMIyJbca |

IIPOXOJUT TO K€ paccTossHue cAt. bonee TouHO

d = vAr
cT C"rfr
- | =
1
- E—
[IANAFOMHE HMIT. MMITYIBC 2 HMITyIese 1 Sy
] -
crian fpois crian pouT
cT cT
- - (| |-——
HMITYIEC 1 MMITYAEC 2 ‘e"%%
pponT cran crian; $ponT
s—d = c/f] cT 2d
-t} | |
OTPa:KEHHEBI HIMII.
uMITynsc 1 HMITVIBC 2 -%
P —
dpont GIiap bponT crag
Puc. 12. Bnusaue asuxenue e Ha uMmysibebl PJIC
c
——d = cAt
I
pewas 15 At, noaydum
c/f,
At =
c+v
_cv/f,
cC+Vv

Tenepb PACCTOSAHUC MEKAY UMITYJIbCAMHU CTAHOBUTCA s-du IMOJIy4YMM HOBYIO

JaCTOTY CJICIOBAHUS UMITYJILCOB f,., T1e
15



cv/f,

c+v

C

s—d = = = cAt -
f

Jr

CrnemyeTt, 4TO HOBasi 4acTOTA CIEOBAHUS UMITYJILCOB 3aBUCUT OT U3HAYAIHHOU
; _CTV
fr - f r

c—V

OpnHako, T.e. YUCJIO LMKIOB OCTAa€TCd HEU3MEHHBIM, YacTOTa OTPAKEHHOIO

CUTHAJIa YBEJIMYUTCS BO CTOJIBKO k€ pa3. O003Havast HOBYIO YaCTOTY KaK f, CIEIyeT
c+v

fo = fo

cC—=V

rne fo — Hecymas wacrora mamatomero curnama. Yactora [ommepa fy Torma
OTIpE/ICTISACTCS KaK Pa3HoCTh f, — fo Win

p _c+v 2w
fi=f'~fo= == fo-fo = = fo
OJIHAKO T.K. V K ¢ U ¢ = Af, Torna
2v 2v
fd"" c fﬂ' - ?‘.

[TocnenHee BbIpa)K€HHE MOKA3bIBAET, YTO CABUT YaCTOThI MPOMOPIUOHAIEH
CKOPOCTH IIeJIH U TAKUM 00pa3oM, MOYKHO TOJIYYIHTh fy 1 HA060pPOT.

Bonee obmiee Bhipakenue s fy koTopoe yuutehiBaer yron mexnay PJIC u
LEJIbI0

fy = %Ll::ml:l
U U1 yaaJsromeecs neinn

fi= :%fcmsﬁ

totl tot2 tzi3

Puc. 13. Uens 1 gaér nynesyto yactoty Jlomiepa, eap — MaKCUMaJIbHY1O,
11eJIb 3 — CPEHION0

16



Ilpumep 3: Boiuucaiume uacmomy /{onnepa onsa ciedyroweli cumyayuu

K:0.0331 nm T

- = v = 175 m/sec

Vv = 250 m/sec S
pamep

Pewenue: Omuocumenvnas paduanvras ckopocms medxcoy PJIC u yenvio
VpaoapTVyen T020a

_,(@50+4175) .
fa = 003 oMY
U ecnu yenv npubnusicaemes, moeoa uacmoma Jlonnepa
_,(@50-175)
fa = 003 Y

Tema 4. Korepentubie PJIC

Panap Ha3piBaeTCs KOrepeHTHBIM, eciau (ha3a JIOObIX JABYX IEpeJaHHBIX
MUMIIYJIbCOB PaBHA COIJIACOBAHHBIN, T.€. CYIIECTBYET HEIIPEPHIBHOCTH B (ha3e cUrHaa
OT OJHOTO HMMITyJIbCA IO CJIEJIOM MIYIIEro, Kak moka3zaHo Ha pucyHke l4a. MoxHo
BUJETh COTJIACOBAHHOCTb, KaK CIIOCOOHOCTb pajapa JUis COXPaHEHUS LEJIO0ro
KpPaTHOTO JUIMH BOJH MEXIYy SKBU(A3HBIM BOJHOBBIM (PPOHTOM OT KOHIIA OJHOIO
UMIIyJIbca 10 SKBU(A3HOTO BOJHOBOIO ()pOHTA B HAYase CIEIYIOIINA UMIYJIbC, KaK
noka3aHo Ha puc. 146. KorepeHTHOCTh MOXKET ObITh JOCTUTHYTA ITyTEM HCIOJb3YS
CTaOMJIBHOTO reHeparopa. Paanosiokatop cuMTaercs KOT€peHTHBIM-IIPUEMHBIM WU
KBa3MKOT€PEHTHBIM, €CJIM OH COXpaHseT B CBOEH MmamsATH 3amuch (a3 Bcex
nepeaBaeMbIX UMMIYJIbCOB. B 3TOM ciyyae ccbuika Ha (a3y NMpUEMHHUKA OOBIYHO
paBHa (a3bl IOCIETHETO MPOIIEIIETO UMITYJIbCA.

AM—AM—AN—

(a)

HMIYABE 14 ] HMIVIBE

PACCTOAHIE
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Tema S. YpaBHeHue paguoiokauuu

PaccmoTpum paznap co BceHamnpaBiIE€HHOW aHTEHHOW (M3JIydarolllell SHEpruo
OJIMHAKOBO BO BceX HamnpabiieHUsiX). [loCKOIBKY 3TH BHABI AHTEHH HUMEIOT
cepuuecKyl0 auarpaMMy HallpaBICHHOCTH HW3JIyY€HHUS, Mbl MOXEM OIPEICIUTH
MUKOBYIO INIOTHOCTh MOILITHOCTHU (MOLIHOCTh Ha €IMHUILY IIJIOLIAAH) Ha JIFOOOM TOYKH
B IIpocTpaHcTBe Ha paccTostHUuU R ot PJIC kak

P

P, = -
4R

rie Py — muKkoBast m3mydaemast MOLIHOCTS 1 4nR’ — miommans cdepsl paguyca R. PJIC
WCIIONIB3yEeT HANpPaBICHHBIC AHTCHHBI IS TOTO, YTOOBI YBEJIWYUTH IUIOTHOCTH
MOIIIHOCTh B OIPEACICHHOM HampaBlieHWd. HampaBieHHBIE aHTCHHBI OOBIYHO
xapakTepu3yroTcs ko3 dunrentoM ycuneHuss G u 3hdeKTUBHON anepTypoit A, H
OHHM CBSI3aHBI MEXTYy COOOM

t

,
4 - GL
€ 4
rjie A — JUIMHA BOJIHBI.
[InoTHOCTE MOITHOCTH Ha paccTosiHUU R ot PJIC ¢ HanpBiIeHHON aHTEHHOM C

YCHIICHHUCM G 3a1aCTCs BBIPAKCHHUCM

P.G
PD = 3
4nR"

Korma panmap usimyudaer »HEpruro, MaJaONIyl0 HAa KaKOW-TMOO TpeaMer,
HaBEJICHHbBIC TIOBEPXHOCTHBIE TOKH Ha 3TOM OOBEKTE M3IY4alOT 3JIEKTPOMArHUTHYIO
SHEPIrUI0 BO BCEX HAIpaBlICHUAX. BennunHa 3TOW SHEPIHM MPONOPLUUOHAIBHA
pa3MepaMm, OpHUEHTAllUd B MpPOCTpaHCTBEe, (opMe M MaTepuasy H3rOTOBICHUS
[IPEeIMETa, KOTOPHIE BCE CBSI3aHBI B TApAMETPE HA3bIBAEMOM IUIOIIAb PACCEUBAHUS GO
(M3MEpSETCS B M°).

[Inomane paccemBaHMsl  ONPENEHSAETCS KAk OTHOUIEHHWE  MOIIHOCTH,
oTrpaxeHHo# o0patHo K PJIC k MOIIHOCTH, MOMABIIEH HA 0OBEKT

rac Pr — MOIIHOCTB, OTPAKCHHAsA OT L CJIH. Torz[a, IIoJiHast MOIITHOCTbL, JOCTUT A
IpolLeccopa pagapa 4Yepe3 aHTeHHY U . DJIEMEHTHL:
P,Go
Pp,=—"5 4
(4mR")

MOJICTaBJISAS B MOCJIEIHEE BRIpAKEHUE Ag, TTOTYIUM

£
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PG'\o
" @n) R

O0o3HaUNM acpes Smin MHUHUMAJIBHO ACTCKTUPYCMYIO MOIIHOCTL CHI'HAJIA, U
TOorga MakKCuMaJibHas JaJbHOCTb I[GﬁCTBHSI panap

Pp

| Xew S A

(41)°S

W3 nmociieqHero BeIpaXXeHus: BUAHO, UYTO JUIS YBEIMYEHUS JAIBHOCTU IEUCTBUS
B 2 pasa, HEOOXOAMMO YBEIHMYHUTH MHUKOBYI0 MOIIHOCTH P; B 16 pa3 wim
s dexTuBHYIO anepTypy B 4 pasa.

B nOpakTHdeckux CUTyalMsX BO3BpAlCHHbIE CHUTHAJbL, IOJIy4YaeMble
PaAMOIOKATOPOM, OYyAYT HCKAKEHBI IIYMOM, KOTOPBIM BBOJUT HEXKEIATEIbHbIE
HaIpsDKEHUS Ha BCEX 4YacToTax paguosiokaropa. Lllym sBisercs cilydalHbIM II0
CBOEH IPUPOJIE U MOXKET OBITh OMHUCAH €ro CHEKTPaJbHOW IIOTHOCTHIO MOLIHOCTH
(PSD). MouHocTs 11ymMa 3aBUCUT OT IOJIOCHI ITPOITYCKaHUs paanoiokaropa. TouHee

N = Noise PSDXB
MontHOCTh BXOAHOTO IIIyMa JiJIsi aHTEHHBI 0€3 OTEph paBHA
N, = kT.B

R

max

min

iy |
rIe k= 138x10 - - nocrosiHHas bonenimana, T, — addexTrBHas TemnepaTypa B
K. Bcerna xenateinbHO 4TO MUHHMMAIbHBIA JAETEKTHUpYyeMbId curHal (Spyin) Oyner
OoJibllle, YeM MOIIHOCTh ITymMa. TOYHOCTh MPUEMHHMKA PaTUOIOKATOpa OOBIYHO
OTMUCKIBAETCS T.H. KOG DUITUEHTOM IITyMa, KOTOPBINA ONpeaesieTcs Kak

B (SNR), _ S,/ N;
- {SNR]H - Sﬂ’fNa
rae SNRi u SNRO — COOTBETCTBEHHO OTHOIIICHHUS CUTHAJI-IIYM Ha BXOJIC ¥ BBIXO/JIE

MPUEMHHKA. Si — BXOHasi MOIIIHOCTh CUrHaia, Ni — BXOJHas MOIIIHOCTh IIyMa, SO U
NO — COOTBETCTBEHHO BBIXOJHBIE MOIIIHOCTU CUTHAJIA U 11yma. Torna

S. = kT ,BF(SNR),
Torz[a MUHHUMAJIBHO JCTCKTUPYCMASA MOITHOCTb CUI'HAJId

S, . = kT,BF(SNR),

[Topor nerextupoBanus PJIC ycraHaBimMBaeTCs K MUHUMAaIbHOMY BBIXOAHOMY
OCH_I, (SNR)Omin. TOFI[a

2.2 174
PG A G

(47)’kT,BF(SNR),

R

max

Ilpumep 4: Ilycmv umeemca PJIC co crnedyrowumu napamempamu. nUKOB8AsL
mownocms Pt=1.5MBm, pabouas uacmoma fo=5.6MIy, xos¢duyuenm ycunenus
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anmennvt  G=450b, s¢exmusnas memnepamypa T.=290K, oOnumenvnocms
umnynvca t=0,2mkc. Ilopoe paodap (SNR)min=2005. Ilycmb niowads pacceusamus
o=0.1M%. Boruucaume MaKcumManbHyro oanvHocms oeticmeust PJIC.

Pewenue: llupuna uacmomuoco ouanazoua

B = L = = SMT;
7 02+106 Y
OJIUHA BOJIHYbL
8
=< = 22X g0s5am
fo s56x10
Tozoa
(RYap = (P,+G + X’ +6—(4n)’ —kT,B—F—(SNR), ).
20e gviyucieHus 6 OB ocyuwecmeansaomest s Kaxcoo2o napamempa.
P: lz GE k.TEB (4]-”3 F {SNR]H _ 8]
61.761| -25421| 904B | —136.987| 32.976| 3dB 20dB —10
Tozoa
R* =61.761 +90 — 25.352 — 10 — 32.976 + 136.987 — 3 — 20 = 197.4205

197.42
R*=10"10 =55%1018y*

R = 1/55.208 * 1018 = 86.199Ku

Tema 6. IIpoxokaeHue cUrHasna yepes KaHajl

1. I'ayccoBckuil KaHaln — KaHal, B KOTOPOM MOMEXa UMEET BUJ aIJIUTHUBHOIO
HOPMAaJILHOTO O€JIOTOo IIyMa, a UCKAKEHUS TOJIE3HOTO CUTHAJa HEeCYIIECTBEHHBI, TaK
KaK MOTYT ObITh CKOMIICHCHpPOBaHbl. KommieHcalus NCKa)KeHH BO3MOXKHA, €CITM Ha
NPUEMHON CTOPOHE JOMOJHUTENbHBIE MapAMETPhI MOJHOCTHIO U3BECTHBI WU MOTYT
OBITb M3MEPEHBI JTIOCTATOYHO TOYHO (T.€. M3BECTHA WU JOCTYIHA JUIsl U3MEpPEHUs
UMITyJIbCHAsl XapakTepucTuka kanaia hg). [Toaromy MoxkHO cuntath, uto Sp(t, A9 ) =
Sp(t, 4), a BBIXOAHOM CUTHAJ TayCCOBCKOTO KaHAA:

Y,(t) =S (t, 4o) + ()

2. TayccoBckuid KaHall € HeW3BeCTHOM (ha30il cuTHaiIa OMNpeneseTcs
napamerpamu (2, 7,, a(t) = a, KOTOpble MOCTOSHHBI M M3BeCTHBI. HavanmbHas Qasza
HEM3BECTHA U OOBIYHO CUUTACTCS PAaBHOMEPHO pacrpeeicHHo# B uaTepBaie [0, 21).
Takoi CUrHaJI XOpOILIO OIKUCHIBAET IPOLIECCHI B IMHUU CBSA3U HA PACCTOSHUU IPSIMOU
BUJIUMOCTH.

3. Kanan ¢ aMIUIMTYJHBIMH 3aMHUpPAHUSIMU  SIBISETCS  JajbHEUIINM
YCIOXKHCHHEM KaHajlla C HEM3BECTHOH (pasoii B mpenmoiioxkeHnu, 4ro ot) —
ciydvaitHast GyHKIMs BpeMeHH. Ero BBIXOIHOM TOJIE3HBINA CUTHAII UMEET BU/T

20



Se(t, 4) = a(t)g(t - )cos[(an +)t+ () - 6 (1)

Cnyuaiinas ¢pyHkims o(t) nepeMHOXKaeTCs ¢ CUTHAJIOM U TIO9TOMY Ha3bIBACTCSI
MYJIbTHIUIMKATHBHOH ~ TOMeXO#i.  MyJIbTHIUIMKATHBHYIO  I[OMEXY  MOJKHO
paccMaTpuBaTh Kak (YHKIIMIO, MOIYJIHPYIOIIYIO aMILIMTYAY IOJIC3HOTO CHTHAJIa.
Moysasiiyst TPUBOIUT K PACIIUPEHHUIO CIIEKTPa MPUHITOIO CUTHATA OTHOCHUTEIIBHO
CIEKTpa W3JIY4YCHHOro curHajia. BesemcTBue 3Toro mojenb kaHaiga (1) Ha3bIBaroT
TaKXXe KaHAJIOM C PacCeSHUEM SHEPTHHU 0 YacTOTE.

Jns  3amaHWs  KaHajia ¢ 3aMUpaHUSMH  TpeOyeTrcs  OmHcaTh
MYJIbTHIUIMKATHBHYIO TloMexy o(t). CuuTaercs HOCTATOYHBIM, €CJIM YKa3bIBAeTCS
oJTHOMepHasi IIOTHOCTh BeposTHocTH W(a) m Bpemst koppemsiuum 7. Ecomm W(q)
OINMCBHIBACTCS PAJICEBCKUM 3aKOHOM  pAclpeleiCHUs, TO KaHaJl Ha3bIBACTCS
PAJICCBCKUM HMJIM KaHAJIOM C PAJICCBCKUMH 3aMUPAHUSIMHU.

[To BpeMeHH KOPPEISAIMH MYJIbTUIUIMKATHBHBIC TOMEXH pPa3ACsaiOTCS Ha
MeUIeHHbIe U ObIcTpble. O MEIUICHHBIX 3aMHPAHUAX TOBOPAT B CIIyvae, €CIIH BpeMs
Koppessaiuu  nporecca ) 3HAUMTENBHO NPEBBIIACT HMHTEPBAT HAOIIOACHHUS
curHasia. COOTBETCTBCHHO, OBICTPBIC 3aMHUPaHHUS XapaKTEPH3YIOTCSA BpPEMCHEM
KOPPEJIAIMY MEHBIIINM, YeM HHTEPBAJI HAOJIOICHHS CUTHAIA.

[MpryriHaMHU MEIJICHHBIX 3aMUPAHUN SBJISIOTCS W3MEHEHHS CBOWCTB CPEJIbI
pacrpoCcTpaHeHHs] PAJUOBOJIH B 3aBHCHUMOCTH OT METCOYCJOBHM, BPEMEHH CYTOK,
rofa, OT COJHEYHOH aKTMBHOCTH W T.N. [IpMuuHON OBICTPBIX 3aMHUPAHUN MOXKET
ObITh, HANpUMEp, HAJIUYME B KaHAJIC HECKOJIbKUX MyTeH pacrmpoCTpaHCHHS
PaMOBOJIH.

HenpepbIBHBIH KaHaJI CYMTAETCA 3aJaHHBIM, €CIH YKa3aHbl MOIIHOCTH
CUTHAJIOB, ITOJIOCA YaCTOT, JIAHO OIMMMCAHUE MOJICIICH TOMEX U MCKaKEHUI CUTHAJIOB.
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MOAYJIb 2
Tema 7. Onpenenenne 3¢ pexkTHBHON MIOIIAAHA PACCESTHUS

DNeKTpOMarHUTHBIE BOJHBI € JIO00M 3aJaHHON MOJspu3alueil OOBIYHO
UCHIBITHIBAIOT AUGPAKIIUIO UM OTPAXKAIOTCSI BO BCEX HAINPABIICHUAX IMPU MaJCHUU Ha
MUILEHb. JTU PACCESIHHBIE BOJHBI Pa3ACiISIFOTCA Ha ABE yacTu. [lepBas 4acTh COCTOUT
U3 BOJIH, KOTOPBIE UMEIOT Ty K€ MOJSPU3ALMIO, UTO U MPUEMHAs aHTeHHa. [[pyras
4acTh PAaCCESIHHBIX BOJH OyIyT HMMETh OTJIMYHYIO MOJApU3ALHUI0, K KOTOPOH
MpUEMHAasi aHTEHHA HE COOTBETCTBYET. DTH JiBa THUIA MOJSPU3AIUNA OPTOTOHAIBHBI U
Ha3bIBaIOTCS I1aBHOM momsipusaiued (PP) u oproronansHoit nmonsipuzanueit (OI1),
COOTBETCTBEHHO. VHTEHCHUBHOCTh W3JIy4Y€HHUsSI OOpPATHOTO paCCEHBAHUS, KOTOpas
MMEET Ty K€ TMOJAPU3ALMIO KaK MPUEMHAs AaHTEHHA pajapa, UCMOJb3YETCs A
onpeneneHuss 3PdextuBHo T1omanu paccesnus (OIIP) wnemu. Korpma menb
MIOJICBEUMBACTCS PaIMOYACTOTHON PHEpPrueii, oHa JIEHCTBYET KaK aHTEHHA U OyneT
UMETh OJMKHHME M JalibHUE MOJs. BOJTHBI, OTpakeHHbIE U U3MEPEHHBIC B OJIMKHEM
noJie, B obmiem sBIsIOTCS chepudeckumu. HaoOGopoT, B JaibHEM I0Jie BOJHOBBIC
(GPOHTHI MOKHO MPEJICTABUTH KaK CyMMa TJIOCKUX BOJIH.

[Ipennonokum, 4YTO IJIOTHOCTh MOIIHOCTh NAJArOlIed BOJHBI Ha LEIb Ha
paccrosau R ot PJIC oGo3nauvaercs kak Ppj. Benwumna oTpakeHHON OT 1ienu
MOITHOCTH BOJIHBI TOT'/1a

P, = 6P,

¥

rae 6 o0o3HavaeT miowanas paccenBanus 1enu. Ilycts Pp, — MIOTHOCTH MOIIHOCTH,
paccenuBaeMbIX BOJIH HA IPUEMHOM aHTEHHE:
P,, = P./(41R’)
Torpa
6= 4HR2[%')
Di
KonuyecTBo BOJH 0OpaTHOrO paccesHuss OT MHUIIEHH MPOMNOPLHMOHATIBHO
OTHOLIEHUIO JUIMHBI (pa3mepa) Uedd K JJIMHE BOJHBI A TAJarolUuX BOJH.
DakTUYECKH, pafap HE CMOXET OOHApYyXUBATh LIE€JIM, HAMHOTO MEHBIIUE, YEM €r0
pabouasi nnuHaA BOJIHBI. Hampumep, eciy MeTeopoJOrHYecKue pajiapbl UCHOJIb3YIOT
yacToTy L-amanaszoHa, Kariu JTOKIs CTaHOBATCA MOYTH HEBUIMMBIMH ISl pajapa,
MMOCKOJIbKY OHM HaMHOTO MEHbINE JUIHHBI BONHBL M3mepenuss DIIP B oOnactu
4acTOT, TJE pa3Mepbl LMW W JJIMHA BOJHBI CPAaBHUMBI, HA3bIBAIOTCS OOJACTHIO
Poanes. HaobGoport, obmacte yacTor, rie pa3Mephl IEeId HAMHOTO OoJbIle, YeM
pabouasi JJIMHA BOJHBI PAJAMOJOKATOpPA, HA3bIBAGTCA ONMTHUYECKOM oOmacthio. Ha
MpaKkTUKe OONBIMMHCTBO MPUMEHEHUN DPAaJUOJIOKATOPOB TOMANAIOT B ONTHYECKYIO
00JacTb.
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Tema 8. Meroasl npeackaszanus 1P

[Ipexne yem mpeACTaBUTh pas3IMuHble MeTOAbl pacuera JDIIP, BaXHO MOHATH
3HaueHue npenackazanus OIIP.  BoapmIMHCTBO  pafiMOIOKALMOHHBIX  CHCTEM
ucnions3yror OIIP  kak cpencrBo pasnmenenuss ueneid. I[losatomy TouyHOE
nporaozupoBanue OIIP nenu mMeer pemaroiiee 3HaYCHUE ISl MPOEKTHUPOBAHUS U
pa3pabOTKU HAJEKHBIX aJTOPUTMOB AuckpuMmuHaIuu. Kpome Toro, uaMepeHue u
UIeHTU(DUKAIIS PACCEUBAIONINX IIEHTPOB (MCTOYHUKOB) IS TAHHOU IIEJTH TTIOMOTAEeT
B pa3paboTke MeTo/oB cokpaimienuss OIIP. Eme oaHoli npu4uHOM MeHbIIeH
3HAYUMOCTH SBJISETCS TO, 4TO pacueThl JIIP TpeOyroT OOmMMUPHBIX TEXHUYECKUX
3HaHUU, MOATOMY MHOTHE YYE€HBIE HAXOJAT MPEAMET CIOKHBIM U UHTEJUICKTYaIbHO
MOTUBUPYIOIIMM. JOCTYyNHBI [BE KaTEropud MeETONOB MporHosupoBanus OIIP:
TOYHBIC U PUOTUZUTEIIHHBIE.

Tounbie MeTobl nipeackazanust DIIP oueHb CI0XKHBI Jaxke JJi MPOCTHIX GopMm
00BEKTOB. JTO CBS3aHO C TEM, UTO OHU TPeOYIOT pemeHus AuddepeHnaIbHbIX WIn
MHTErPaJbHBIX YPABHEHHM, OMHUCHIBAIOIIUX PACCESHHBIE BOJHBI OT OOBEKTa MpHU
HaJJIeKAIIEM MHOXXECTBE TPAHUYHBIX YCIOBUWA. Takue TrpaHUYHBIE YCIOBUS
ONpEeNeNAoTCcd ypaBHEeHHs MM MakcBemia.  Jlaxke Korjaa TOYHBIE PELICHUS
NOCTHUKUMBI, HMX YacTO TPYAHO HHTEPIPETUPOBATH M NPOTPaMMHPOBATH C
UCIIOJIb30BaHUEM KOMIIBIOTEPOB.

N3-3a  TpymHOCTEW, CBA3aHHBIX C TOYHBIM mpenackazannem  OIIP,
MPUOIN3UTENIBHBIE METOABl CTAHOBSTCS JOCTYNHOM albTEpHATHUBOW. BONBIIMHCTBO
MPUOIMKEHHBIX METOJIOB JICUCTBUTEIBHBI B ONTUYECKON 00JIaCTH, U KXl U3 HUX
MMEET CBOM CHJIbHBIE CTOPOHBI W orpanudeHus. Haubonee npuOIu3nTENbHBIC
MeTOAbl MOTYT mnpeacka3zarb OIIP B mpenenax Heckonbkux Ab OT MCTHHHBIX
BeNMMuuH. B o01eM, Takas Bapualus BIIOJHE MpUemiieMa Jijisi HHXEHEPOB palapoB U
POCKTUPOBIIMKOB. [IpuOnu3urensHble METOABl OOBIYHO SIBISIFOTCSI OCHOBHBIM
UCTOYHUKOM JJIsl TPOTrHO3UPOBaHUST DIIP CIOXKHBIX M MPOTSKEHHBIX €€, TAKUX
KaKk caMoJieThl, Kopabmu u pakerbl. Korma uMEHTCS JKCIEepUMEHTATbHbIC
PE3yNbTaThl, UX MOYXKHO MCTIOIB30BATh JJISl IPOBEPKH MPUOITMIKESHU.

Hekoropple u3 Hauboyiee HYaCTO HCMOIB3YEMBIX AaNIpPOKCUMAIMOHHBIX
MeTo/10B: reomeTpuueckas ontuka (GO), pusuueckas ontuka (PO), reomeTprueckas
teopust audpakiuu (GTD), dusmueckas teopuss audpakuuu (PTD), u meton
skBuBajeHTHBIX TOkOB (MEC). MHTepecyromuecss 4uraTeidi MOTYT OOpaTUThCS K
paboram Knotta m Pyka jis GoJsiee A€TaBbHOTO M3YUYEHHS AaNIPOKCHMAIIMOHHBIX
METO/IOB.
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Tema 9. 3aBucHUMOCTB OT MOJIAPHU3ALMH H YIJIa paKypca

OIIP konebaeTcs B 3aBUCMMOCTH OT yria majaeHus BojHbI UM 4acToThl PJIC.
JUIsT  WUIFOCTpalMM  pacCMOTPEHBI  M30TPOIHBIE  TOYEYHBIE  PACCEUBATEIH.
M3oTponHbIli paccewBaTeNb — 3TO TOT, KOTOPBIM paccerBaeT NaJarolIUe BOJIHBI
OJIMHAKOBO BO BCEX HAIpaBIICHUAX. PaccMOTpuUM reomeTpuro, OKa3aHHYIO Ha pHUC.
15. B oToM cioydae JaBa eAMHMYHBIX (I1M°) H3OTPONHBIX — pacceHBaTesIst
BBIPABHMBAIOTCSI U TIOMELIAIOTCS BAOJIb JY4YeBOW JHMHUHM 0030pa (HYJIEBOH yroi
o030pa) B jganbHel 30He Ha pacctosHun R. PaccrosHue Mexay aByms
pacceuBaTensiMA COCTaBsieT 1 MeTp. 3areM yrojl pakypca pajapa U3MEHSETCS OT
Hyqa 1o 180°, u Beruucnsercs cocraBHod OIIP nByXx paccenBaTeneil, n3MEpEHHBIX
pagapoM.

Ortor cocraBHou JOIIP cocrout m3 HanoxeHus AByx oraenbHbix OIIP. Ilpu
HyJIEBOM yIJIe paKypca, coctaBHoit DIIP pasen 2wm°. IIpumnMas paccemBatenb-1 B
KayecTBE OINOpPHOM (ha3bl, KOIJa yroyl pakypca H3MeHsieTcs, cocraBHoil OIIP
Moupuuupyercss gpazaMu, YTO COOTBETCTBYET 3JEKTPUUECKOMY HMHTEPBAILY MEXKIY
STUMH JByMsl pacceuBaTensiMu. Hanpumep, npu yriae o03opa 10°, snektpuueckoe
PAcCTOSIHUE MEXKY IBYMsI pacCEUBATEIIMA PABHO

JIHHIA BHIHPOBAHMA Dadapa paccemaa-m,l
(@) @-— ————— — @ »
panap “"T“'
AT
©) é_.___““ﬂ_"‘p_ﬂ_ — _—
pazep o s

Puc. 15. 3aBucumMocTb mIomnaau pacceuBaHus OT yIJla. a) HyJIEBOM YIroJl, HyJIeBOE
pazHecenue, 0) 45° yromn, 1.414)\ pa3necenue

2% (1,0 * cos10)
A

Puc. 16 moka3piBaeT miomiab pacCeMBaHMsI, COOTBETCTBYIOIIMIA CUTyallud Ha
puc. 15. Kak nokazano Ha puc. 15, miomaap pacceMBaHusi 3aBUCHUT OT yrja pakypca
pagapa. 3HaHME O TAaKOM KOHCTPYKTMBHOM M JECTPYKTUBHOM IIOMEXH MEXKIY
pacceuBaTeNs MU MOXKET ObITh KPUTUYHBIM, KOT/Ia pajap MbITAeTCsl OLEHUTh TUIOLIA1b
paccerBaHMsl CJIOKHBIX 00BEKTOB. DTO MPOUCXOUT IO ABYM IpUunHaM. Bo-nepBbix,
YTOJ paKypca MOXET HENPEPBIBHO U3MEHATHCS. BO-BTOPBIX, IUIOIIAIb PACCEUBAHMS
CIIOKHBIX OOBEKTOB MOXET OBITh PAaCCMOTPEHa KaK CyMMa TMPOCTHIX OOBEKTOB,
pacupeeseHHbIX 110 MOBEPXHOCTH LIEJIH.

PA3HECEHUE =
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uacrora 31T, pasHeceHns paccensarencii 0.5m
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Puc. 16. Unmroctparust 3aBUCHMOCTH TIJIONIAAA PACCEUBAHMS OT yTila paKypca

3aTeM paccMOTPUM 3aBHCHUMOCTH IUIOIIAM PACCEUBAHUS OT YacCTOThI H
AKCIIEPUMEHT Ha puc. 17. B 3TOM ciyyae MMEIOTCS JBa €AMHUYHBIX H30TPOITHBIX
W3JIy4daTessi, pacioyIOKEHHBIX Ha JJUHUM BU3UPOBaHUs pajapa. CymMmapHas IIomaib
pacceuBaHus HU3MEPSAETCS paJapoM IIPU HU3MEHEHUM HECYIIEeW 4YacTOThl CHUTHaJIa
ob6myuenus ot 81T mo 12,5I'Tm.

. EE—

panap paccTodHHE

Puc. 17. DxcniepuMeHT 1o OIIEHKE 3aBUCUMOCTb ILJIOIIaAN PACCEUBAHUS OT YaCTOTHI JJIsI
paccrosinus 0,1 u 0,7 m.

PASHECEHHE MEHIY PACCEHBATENAME 0,1M PATHECEHIE MewmITy paccenraremani 0,76

10

WIOWANE pacceHrasng & 16

N3 puc.
HeOospiioe uW3MEHEHUE YaCTOThI

Hecymas dactora s [T1]

Puc. 18. MmmrocTpanmst 3aBUCUMOCTH TIIOMIAIN PACCEUBAHUS OT YaCTOTHI
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18 BHUAHA 3aBHUCUMOCTh ILIOmMIAAM PacCCHBAHUA OT YaCTOTHI.
MOKET BBI3BAaTh 3HAYUTEILHOE KojaecOaHHe

IJIONIAIM PACCEUBAHUSI, KOTJIa PACCTOSIHUE MEXAY O0OBheKTaMu 0OJydeHuUs: 0OJIbIIIOE.
N naobopot, korna o0BEKThl 00MyUeHHs] OJIM3KO PACMOIOXKEHBI APYT K JIPYyTry, TO

25



TpeOyeTcsi, YTOObI U3MEHEHHS YacTOThI ObUIM OOJiee 3HAUYUTEIBHBIC IS MMOTYYEHUS
OonpIIMX QIIyKTyalui MIOMAAN pacCeuBaHMsl.

Tema 10. ILiomaasb paccesiHus pa3JIN4HbIX 00bEKTOB

Cohepa
M3-3a cuMMETpHH JaHHOTO OOBEKTA BOJHBI, PAacCESHHBIC OT COBEPIICHHO

npoBoAsmen chepbl, IMEIOT OJUHAKOBYIO MOJSPU3ALMIO C MAJAIONIMH BOJHAMH.
DTO 03Ha4yaeT, YTO KPOCC-MOJISIPU30BAaHHBIE OOpAaTHBIE BOJHBI MPAKTHUYECKH PaBHBI
Hymo. HopManuzoBanHast mioiaab pacceMBaHuUs HeaabHON chepbl BhIpaxaeTcs

krd,_,(kr) —nJ (kr) ]

G _ _.L n H-l
- = (1) (2n+1)
3 (kr)z H;U-Hi‘_’ \(kr)—nH'"(kr)

n=1
J,(kr)
{1) (kr)

= Zﬂ/ ) - BOJTHOBOE 4HCIO, Jy — cepuueckas GyHKIHs

rae I — paguyc chepsl, k

beccens nepsoro pona nN-ro nopsiaka, Hy, — dynkuus Xankens N-ro nopsiaka.

HanpaelIeHHS I
TIPHEMHOTO

Z ) 3 1 T Lo
] /‘: pagapa 14.|||.|,.1I,_
! 1.2f - s ||I B e oo ]

Puc. 19. Hopmanu3zoBaHHas 1uioIaab pacCeMBaHus HACabHON chephl

Inauncouo
dopmyJia JUUIICOUAA
5

g 7
() -
a b C
dopmyIia IIOAAN pacCEUBaHMs DIUIAIICOU 1A

2,2 2
na b c

g =
{az{ Sin{-])z( Cos q:n)2 + bz( sinﬁ)z[ .‘;in{p]2 + CE( COs 9]2]_
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Puc. 20. Hopmanu3oBanHas TUIOIIA b PACCEUBAHMUS IUTUTICOU A

Inockuui kpye

Nwmeetcs mockuit Kpyr paguyca I. Ilockonpky nmeercs KpyroBasi CAMMETPHS,
TO IUIOIIAJb PACCEMBAHUA HE 3aBUCHUT OT ¢. [lmomans paccenmBaHus ONIpenenseTcs

TOJIBKO YTJIOM paKypca.

Ecau BonHa MNCPIICHINKYJIAPHA IIIIOCKOCTH O6’bCKTa, TO

41‘[3 J"4
g = - 6 =0°
?La_
Ecnu BojIHA majaeT moa APYyruM YoM, TO
Ar
c = -
8msinB(tan(0))”
Z JL Ha_npaBneHHe
panapa
[ﬁ - 0 o e e e S T e e e e R e me elfie s
:
% % o P
g g
= R =T A | {11 T R I

YOI DAKYDCA B rpaoveax

Puc. 21. Hopmanu3oBaHHas TIIOIIA1b PACCEUBAHUS

Lununop

_ _Arsin®
8‘1’{((:-:)5.9)2
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Frequency = 9.5 GHz
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MOJIVJIb 3

Tema 11. [leTekTHpOBaHMEe B NPUCYTCTBUH IIIyMa

Jlnst xapakTepucTUKu 00pabOTKu pamuosniokanuonHor wuHbopmanuu (PJIN)
BBO/JIAT MTOHSTUE TPEX ITAMOB 00PaOOTKHU.

Otan nepBUYHON 00pabOTKU BKJIIOYAET ONEpalli OOHAPYKEHHS U U3MEPEHUS
(oumenkn)  mapamerpoB  curHaioB.  IlepBuuHas ~ 0OpaOoTka  MPOBOJIUTCSA
HenocpenctBeHHO Ha PJIC wim Ha oaHOW M3 mo3unuil MHorono3unuoHHou PJIC.
COBOKYITHOCTh OLEHOK MapaMeTpOB CHUTHAJOB 00pa3yeT paauoJIOKALMOHHYIO
OTMETKY OT LEH.

Bropuunas 06paboTka MpOU3BOJUTCA MO COBOKYMHOCTH PaJMOJIOKAIMOHHBIX
OTMETOK U oOecreunBaeT (GopMUPOBAHUE TPAEKTOPHON HHPOPMALIIH.

Tpernunast o0paboTka COCTOMT B OOBEIUHEHMHM U  OTOXKIECTBICHUU
uHpopmaruu otAenbHbIX PJIC, BXoasmux B paguoSIOKAIIMOHHYIO CHUCTEMY, WIIU
uH(GOpMAIUHN OTJEIBHBIX PAUOIOKAIIMOHHBIX CHCTEM.

B cooTBeTcTBUU C BBITIOJHIEMBIMH (PYHKIIUSMU Pa3IUYalOT PaJarOIOKATOPHI
OOHapy>XeHHsI 1IeJiel, TOYHOTrO HM3MEPEHHs KOOpPAMHAT U MapaMeTpoOB JBUKEHUS
Lenel, pacno3HaBaHus W T. A. Eciu paaumonokaropsl OOHapy>K€HHsS OOBIYHO
ABJISIFOTCS MHOTOLIEJIEBBIMHU, TO PAIUOJIOKATOPbl TOYHOT'O M3MEPEHHsI KOOPAUHAT U
apaMeTpoB MOTYT OBITb OJIHOLENEBBIMH WM PACCUATAHHBIMHU Ha MAaJO€ YHUCIO
ueneil.  Paguosokaropbl, 00ecleuMBaIOIIME€  BBINOJHEHUE  psAga  (QyHKLIHMA
(oOHapyeHusA, pacro3HaBaHUS, TOYHOIO H3MEPEHUsS KOOPAMHAT M MapaMmeTpoB
JIBYDKEHUS 11eJIeH ), Ha3bIBalOT MHOTO(YHKIIMOHATEHBIMU PaIN0JIOKaTOPaMHU.

[To Mepe pa3BUTHS pPaJUOJOKAIIMOHHON TEXHUKHU pacIIUpsieTcsi MHOrooOpasue
U3BECTHBIX THIIOB PaJUOJIOKALMOHHBIX yCTPONCTB. COBpPEMEHHBIE PaIUOJIOKATOPBI
JaNbHETO OOHApYKEHUSI KOCMHYECKHX OOBEKTOB MOTYT TMPEACTaBIsATh COOOM
TMTAaHTCKOE COOPYKEHHUE C pa3MEPAMU AHTEHH IOPSIKA JECATKOB U COTEH METPOB, CO
3HAYEHUSIMU CPETHEH MOIIHOCTU M3ITy4yaeMbIX KOJeOaHUN MOpsAKa COTEH U Jaxe
ThICSIY KWJIOBATT. Hapsy ¢ 3TUM MIMPOKO KCIONB3YIOTCA 3HAUYUTEILHO MEHBILINE 110
pa3Mepy NOJBM)XHbIE Ha3€MHBIE PAIUOJIOKATOPbl OOHAPYKEHHS adpOAMHAMUYECKUX
00BEKTOB, paANOJOKATOpbl HaBeAeHuss W T. A. llupokoe mpumeHeHUE HaXOIAT
OOpTOBBIC PAIUOJIOKAIIMOHHBIE YCTPOMCTBA OOHAPYKEHUS M HaBeACHUs, 0030pa U
KapTorpadupoBaHusi 3€MHOW IOBEPXHOCTH, OIPEICICHUS MYTEBOM CKOPOCTH U
U3MEpPEHHU yIila CHOCA.

Takum oOpazoM, IS pelieHus 3a/1a4 pagruoIOKalii, OCHOBHBIMH U3 KOTOPBIX
SABJISIFOTCS  3a/Jaud  OOHApYKEHUS, W3MEPCHUS KOOPIWHAT, pa3pelICHUus W
pacno3HaBaHMsl, co3qarTcs Kak otaenabHbele PJIC, Tak M MX CUCTEMBI, peaIu3yIOIIMe
METO/bl aKTUBHOM M TACCUBHOW paauojokanuu. Jtamnsl 00pabotku PJIM B HuX
TPAAULIMOHHO JEJAT HA 3TAIlbl IEPBUYHOM, BTOPUYHOU U TPETUUHOU

[Ton paarosoKalMOHHBIM 30HAUpYOHUM curHaiioM (3C) MOHUMAOT pa-
JTMOBOJIHY, U3IyYEHHYI0 niepeaatoiieit anteHHoil PJIC B mpoctpancTBo. B akTUB- HOM
paanoNoOKaluru ¢ naccuBHbIM 0TBeTOM 3C 00€CTeunBatOT NOSBICHUE OTPa- KEHHBIX
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or uened curhHaioB. B kadectBe 3C B OCHOBHOM HCIOJIB3YIOTCSI CBEPXBBI-
coxouacrotasie (CBY) kome6anmst (3-10° +3-10" T'm). B o6mem ciydae 3C Moxer
OBITBH MPE/ICTABIICH B BUJIC

x(f) = X(1) - cos(2mfot + (1) + o),

riae X(t), ¢(t) — 3axoHBI aMIUIMTY THOM 1 (Ha30BOI MOTYJISAINY;

Bce pamuonokannonueie 3C  MOXHO pa3feUTh HA UMAYIbCHblE U
Henpepviénvle. VmnynbcHble 3C  MOTYT OBITh  OOUHOYHBIMU WA B BUJC
nociedosamenvnocmu (nauku) paguoOUMITYIbCOB.

Umnynocnovle 3C  penarcss Ha paguoOUMIYJIbChl 0€3 BHYTPUUMITYIHCHOM
MOIYJISIIIUU U PAIUOUMITYJIBCH C BHYTPUUMITYJIbCHOM MOAYJISIMEN (4acTOTHOM WU
dazoBoit). [lepBrie u3 ykazanHbix 3C OTHOCST K MPOCTBHIM CHUTHAlaM, a BTOpPbIE — K
CJIOKHBIM, MJIM SHEPTOEMKHUM IIMPOKoNnojaocHbIM curHanam (LLTIC).

[TpocTele CHTHAJBI WMEIOT MPOM3BEACHHWE IMUPHHBI crekTtpa Afc Ha
IJIMTENBHOCT Tu, Ha3biBaeMoe 0a3oi, mopsaka 1, T. e. N = Afc:tu = 1, a cnoxuble
CUTHAJIBI 32 CYET BHYTPUUMITYJIbCHOW MOMYJISIIIMM M HE3aBHUCUMOTO BBIOOpA
JIMTENLHOCTH CHTHajda MOryT MMeTh 6azy N = Afctu>>1. Beuagy BaxuocTu
IMIMPOKOIOJIOCHBIX CUTHAJIOB PACCMOTPUM HX OT/ENBHO, a 3/1€Ch NPUBEAEM MOJEIU
npocteix 3C, HamOoJblee PacHpoCTpaHEHUE CPEAM KOTOPBIX B PaAUOJIOKAIIUU
HAIIUIA TIPOCTHIE PAIMOUMITYJIBCHI U TTAYKU PAIMOUMITYJIHCOB.

[Ipoctoie PaAMOUMITYJIHCHI MPEICTABIISIIOT CBY-konebanus,
IPOMOJYJIUPOBaHHbIE TOJILKO MO amiumtyde. Haubornee HmIMpoko HCMONB3YHOTCS
IPSIMOYTOJIBHBIE M TayCCOBBI PAIUOUMITYJIBCHl. MaTeMaTH4eCK OHU 3alUCBhIBAIOTCS
TaKuM 00pa3oM:

x(r) = X(1) cos(eof + ¢p),

rjae
X,.lt|<7, /2

X(t)= — I OpAMOYT OJIBHOI'O
0,t|>1,/2

H X(t)=4X Ue-v{r_"] — 14 TayCCOBBIX PaHOHMITYILCOB.

['padmyecku 3aKOHBI MOAYJIALIMU U CAMH PAAHOUMITYJIECHI IPEACTABIICHBI Ha
puc. 23.

X(r) a A

Xmi

0] t
x(H)

Puc. 23. 3akoHbI MOAYISLUMU U BUJ IPSIMOYTOJIBHOTO U TayCCOBA PAIMOUMITYJICOB
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B PJIC mmmpoxoe npumensitores 3C B BUIE nayku paououmMnyibCos:

xm=ixﬂ_ | t=(k—=1)T | cos{27 ft +¢; []0n; |+

NN
A ENAIERAS

Puc. 24. TlocnenoBaTebHOCTh TPSIMOYTOJIBHBIX PAIUOUMITYJIHCOB

x(f)

s 4

ABTOKOppeasurnoHHas pyHkuus (AKD).
AK® xapakrepu3yeT B3auMMOCBS3b MEXAy JByMs 3HadeHusmu 3C,
Pa3HECEHHBIMH 110 BpEMEHHU Ha MHTEpBAJI T. OHA ONpeNensaeTCcsl BBIPAKEHUEM

o

r(r)= Jx{r}x (t—T)dt .

AK® curnana mMeeT Ba)KHOE 3HAYCHUE ISl ONPEACIEHUS BO3MOXKHOCTHU W
KauecTBa paspeiieHus (pasfeieHus) OTPaXEHHBIX CHUTHAJIOB OT IlieJiel, Hampumep,
HaXOJISIIIMXCS Ha OJIM3KOM PACCTOSHUHU APYr OT JIpyra IO JajdbHOCTH, T. €. JJIA
pa3pelIeHUs] CHTHAJIOB 110 BPEMEHH.

B kauectBe nmpumepa onpenenum AK® npsamMoyroibHOro pairouMITyJibca Mpu
¢@o=0:

R) . %)

-
e ‘\,\_R_l.[ T)
A L

“Tu “V\ 0 V T T
N 7 rlT)

-
~ =
= -
- -~
=~ 1

Puc. 25. AK® npssMoyroibHOT0O paguouMITyJIbCca
Tema 12. CorsnnacoBanHasi puabTpanus

Ha ocnose koppenamopa
B cooTBeTCTBHMM ¢ aJIrOpuTMOM ONTUMAIBLHOTO OOHAPY)KEHUS CHUTHAJIA C

IOJJHOCTBIO M3BECTHBIMM IapaMmeTrpamMu O (34ech O — IIOJIE3HbIE MapaMmeTpsl
curnana), X(t, o) donorcen Gvimp BHMUCTEN KOoppensunonnbiid unmezpan Z[Y(t)] u

cpaBHEH ¢ moporoM Zg. CTpyKTypHas cXema MPOCTEUIEro KOPPEISIMOHHOTO
OOHAapYKUTEIS, PEATM3YIONIETO YKa3aHHbIN alrOpUTM, TIpUBEeHa Ha puc. 26.
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v(t)
— X > I o v | —
F 3
x(f, ) Zg I
["eneparop
OHHIAEMOTO
CHIHA/A

Puc. 26. KoppensimoHHbIi 0OHApYKUTEIh

Ha yMHOXHTENb B KadecTBe omopHoro mopaercs Hampsokerue X(U, o),
COOTBETCTBYIOILIEE OKUAEMOMY MOJIE3HOMY CUTHATY.

Henocpencreennoe  unterpuposanme  npomssenenns  X(La)y(t)  maer
KOPPEJSILMOHHBIM MHTETrpall, KOTOPBIA CPAaBHUBAETCA C IOPOIOM Zy B IOPOTOBOM
YCTPOMCTBE. YPOBEHb MOpOra MOAOUPAETCS TaK, YTOObI BEPOATHOCTH F j103KHOrO
IIPEBBIIIECHUS 10pOTa ObUIa HE OOJIbILE TOITYCTUMOM.

PaccmoTpuM ¢u3ndeckue mNporecchl, MPOUCXOAAUIME B KOPPEISALUOHHOM
oOHapyxutene. o 3TOro BOCIOJIB3YEMCS PUCYHKAMH, WIIHOCTPUPYIOIIUMU

KOPPEIAIMOHHYI0 00paboTKy /Ul ABYX CiIydaeB: IpueMa Toibko momexu Y(f) = =
N(t) u cmecu curnana ¢ momexoii Y(t) = X(t,a) + n(t).

Ha puc. 27 ortpaxeHsl pesyibTathl nepemuoxenus ¢ynxmumii Y(t), X(f) u
MHTEIPUPOBAHMS 34 BpEMs CYIIECTBOBAHMS OINOPHOIO CHMTHAAA (IS PasIddHBIX
peamsanuii Y(t)). Cuuraercs, 4To mMoMexa MMeeET I0JIOCY, CYIECTBEHHO OOJIBIIYIO,

YEM CUT'HAJI.
.fh m .TI:”/—\ /-\

I |

| I |

I |

|

[

|

|

l

]

|

|

I

\ A=+
wp=n(r) ! _1::}: x(£)+n()
- I

Ir
!hihiiiiihi“'r 0 ?'

| I

I
] } 1 |
Mefx(t) = a(1) x(1) L x(0) W(O=x (D) Fx{) n(t) :
o q MAM [I “Md: | I
f t

T | I

2(t)= j_rm_{-uw: = (1) = Ir:{r}.ﬂ:]dr
I

L}

Ta
T T

2(t) = z,(t) +z.(t) = _[n{r}xmd: +_[f(r:udr
1] 0
Puc. 27. Dnropsl, NOACHSIONIUE MPUHITUI PAOOTHI KOPPEISIITUOHHOTO 0OHApYKUTEIA
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Ipu orcyrctBun  curnana  npoussenenue  X(DY(t)  coorsercryer
3HAKOIIEPEMEHHBIM KOJICOAHUSIM TOMEXHU, KOTOPBIE MPOMOJYJIUPOBAHBI OMOPHBIM
konebannem X(t). Ilpu Hamuuuu curHaga Hapsay C IIyMOBOM COCTaBIISIONIEH
X()n(t) 6ymer curmanmbhas cocrapasmomas X2(t), xoropas npu uHTErpHpOBaHHH
CYLUICCTBEHHO  YBEIMYMBACT  3HAYCHHE  KOPPEJSIIMOHHOTO  WHTerpaia  Z.
Koppensimmonnass  00paboTka  BBIBISIET TOSTOMY  CXOJACTBO  (KOPPEIISIIHIO)
MPUHUMAEMBIX KOJeOaHUN C 0KUTaEMbIMHU.

Ha BbIXoge KOppensauuOHHOW 0O0pabOTKM paHOCUTHAN MpEeBpaIlacTCcs B
BujieocurHasl. Ero aMrummryna ¥ TOJSIPHOCTh 3aBUCAT OT caBHUra ¢a3z @ MExIy
CUTHAJOM M OMNOPHBIM HampsDkeHHEeM. B ciydae mojaud Ha BXOJ KOPPEIATOpa
OPSIMOYTOJIBHOTO PaJIMOMMITYJIbCa JJINTENBHOCTh TH CUTHAJI Ha €ro BBIXOJE MpU P =
0 mapacraer B 3aBHCHMMOCTH OT TEKyIIEro BpeMenw t 1o nuHeitHomy 3akony. [Tocie
OKOHYAHMS CUTHAJIa MHTETpaTop Ha CBOEM BBIXOJI€ MOXKET HEOIPAaHWYEHHO JOJIrO
COXPAHATH HAKOIUIEHHBIM CUTHAJL.

Ha nmpaktuke KoppenduuoHHas o00pabOTKa NPUHUMAEMBIX KoJeOaHUN
OPOU3BOAUTCS Ha MNpoMexXyTouHoW yactore. C 3TOH 1enp0 B cxeme puc. 26
IpUHEMaeMoe Kosebanue 9acTothl fy mpemBapuTensHo mpeobpasyeTcs ¢ MOMOIIBIO
KolneOaHui TeTepoJuHa 4YacToThl f; B KoneGanmus mpomexyTodHoil wactoTsl fo.
CootBerctBeHHO omopHoe Hanpskenme x(f,00) Taxxke Qopmupyercs Ha
IpOMEXYyTOUHOM yacTore. Onepanus yMHOKEHUS BBIIOIHIETCS OOBIYHO C TOMOLIBIO
(azoBoro nerexropa.

Takum obpaszom, npocmeuuwiuii KOppersyUoOHHbll O0OHAPYHCUMENb OOJIHCEH
cooeparcams nepemMHoNCUmensb, UHMme2pamop u nopoz2ogoe ycmpoticmso. K onopaomy
KoJIe0aHUI0 OOHAPYKUTEIS IPEIBABISIOTCS JKECTKHAE TPEOOBaHMs, B YaCTHOCTH, OHO
JOJDKHO: UMETh TOT K€ 3aKOH MOMAYJISIINH, YTO U B OTPAKCHHOM CHTHAJe, UMETh
3aJIeP’KKy BO BPEMCHH, PaBHYIO BPEMEHH 3ama3/ibiBaHus (3 OTpakeHHOro curHana,
OBITH CMEILIEHO 10 YaCTOTEe Ha BEIUYMHY, PAaBHYIO JOIUIEPOBCKOMN 100aBKE 4aCTOTHI

Fr.

Ha ocnose coenacosannoco punempa
OcHOBHOW  omepareili Npu  ONTUMAILHOM  OOHAPY>KEHHUM  SIBIIACTCS

BbuuciIeHue  koppensuuonHoro  wmurterpana  Z[Y(t)]. Onmmako  3Hauenme

KOPPESAIMOHHOTO HHTErpaia, HapuMep, HE3aBUCUMO OT BPEMEHH 3ama3apiBanus {3
CUTHAJIa, TI03BOJIIET BBIYUCIUTh W OJHOKAHAJIbHBIE YCTPOMCTBA — (UIBTPHI.

[Tokaxxem 3t10. ITycTh OkHMIaeMOE BpeMs 3ama3/iblBaHKs MOJE3HOrO CHrHama o = 13.
Torna o MOXeT ObITh TIPE/ICTABIICH B BUJIC

x(t,o) =x(t-t,),

a KOPPEIALMOHHBIN HHTETPal

2(6)=2[3(1)/1] :j (=1, )y(t)dr.
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N3  BbIpakeHUs  BUJHO, YTO KOPPEISILUOHHBIA  HMHTETpal  MOXKHO
paccMaTpuBaTh KaK MHTErpajq HaJOXXEHMUS WM CBEPTKU, OINPEACIISIIONINA
HampsDKEHUE Ha BBIXOAE JUHEHHOTO (QWIbTpa C HEKOTOPOM HUMITYJIbCHOU
xapaktepuctukoil.  Ocraercss  JHIIb  ONPENENUTh  TaKyld  HMITYJbCHYIO
XapaKTEPUCTHUKY, KOTOpasi 00ECNEeYUT U3MEHEHUE BBIXOJHOTO HANpPsDKEHUS QUiIbTpa
W(t) B 3aBUCMMOCTH OT BPEMEHH TaK K€, KaKk M KOPPEJIALMOHHBIA MHTErpai (puc.

27).

Iycts K(t) — wumnynscmas xapakrtepuctuxka ¢unbTpa. Bemmumna K(t)
IpeJICTaBIIseT OTKIMK Ha JeabTao0pasHoe Bosaelicteue O(t) B Moment Bpemenn t =
0. Bxozuoii curaan Y(S) BeI3bIBAET CIeAYIONIYIO PEAKIUIO (DUILTpA:

a i

W (t)= [ k(t=s)y(s)ds.
—

Pesynbratet W(t) BozmeiictBus Y(t) Ha JUHCHHBIH (UIBTP CBOIUTCS K
HAJIOKEHUIO OTKIMKOB K(t-S) Ha HempephIBHO JCHCTBYIONIUE EIbTA00pa3HBIC
sosaeiictaus O(t —S).

OnpenenuM HMIYJIbCHYIO XapaKTEPUCTUKY (PHIIBTpA, KOTOPBIA MOXET OBITh
MCIIOJIb30BaH B KaY€CTBE YCTPOMCTBA, BBHIUMUCISAIOMIETO 3HAYEHUS KOPPEISIUOHHOIO

HHTErpaja Ui Pa3luYHBIX 3amas3jblBaHuil okumaemoro curHana 3. IlpupaBHsem
3HAYEHHE BBIXOJHOTO HANpsuKeHHs (HIbTPa B MPOM3BOJIBHBIA MOMEHT BpeMeHHu [ =
t0 + 13 k BemuuKHE KOPPEISAIMOHHOIO HHTETPaia

W(IU +)= a:*z(.fi ),

rae C — mocTossHHbIA MHOKUTEND; {0 — BpeMennas 3agep:kka ¢unbtpa. B pesynsrare
MOJIy9UM

] k(t,+t, —s)y(s)ds= I x(s—t )y(s)ds.

PaBeHCTBO (4.7) BBITIOJIHAETCS, €CITU
k(g +t,—s)=cx(s—t).
O6o03nayvas t0 + 13 — S = t u Berumcss orcrona S — 13 = 10 — t, mpuxoaum K
BBIPOKEHHIO UMITYJIbCHON XapaKTEePUCTUKU (PHIIBTPA:
kcnm[f] = C_Y{f” - I::'-
CrefoBaTenbHO, ONTHUMH3AIUS BO3MOXKHA TOJBKO TPH COTJIACOBAHHOM C
OXHMAeMOM CHTHAJIOM BBIOOpE HMIYJIbCHOW Xapaktepuctuke Guibtpa. Taxue

QbI/l]lbmpbl HA3bl6AIOMCA COo21ACOBAHHbBIMU. Taxum 06pa30M, UMnyJbCHaA
xapakmepucmuka cociaco6aHHO20 gbwlbmpa AGNIAEemCcA 3ePKAIbHbIM 0m06paDlC€HM€M

oorcudaemozo cuenana X(t) (puc. 28).
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Puc. 28. Oxunaemplii CUTHAT U €70 UMITYJIbCHAS XapaKTEPUCTUKA
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Taxum ob6pa3zom, 4aCTOTHAs XapaKTEPUCTHKA COTIACOBAHHOTO (UIbTpA paBHA
POU3BEIACHUIO KOMILJIEKCHO-COMPSPKEHHOTO 3HAYEHHUS CIEKTPaJbHOM IUIOTHOCTU
HaMpPsDKEHUS] CUTHAJIa U MHOYKUTEJS 3ara3/IblBaHusl CUTHAJIA TIPU TIPOXOKJIEHUU €ro
uepe3 (GuIbTp. AMIUIMTYIHO-4aCTOTHAs Xapakrepuctuka (AUX) cormacoBaHHOro

bunasTpa hicen (S )|=C|g (f )| MPONOPLUHUOHAJIBHA aMIUIUTYAHO-4YaCTOTHAsI CIEKTP
(AYC) oxumaeMoro curHajga ¥ B oOIieM ciydae HepaBHOMepHa. CoriiacOBaHHBIN
GUIBTp UCKaXKaeT CUTHaJ, oOecleurnBasi HaAWJIy4dIllee BOCIPOU3BEICHUE €ro MHUKa Ha
dboHe momex, Jydlle BOCHPOU3BOJIUT HaWOO0JIe€ WHTCHCUBHBIC CIEKTPAJIbHbBIC
cocTapismonme. Bmecte co caaObIMM COCTaBISIONIMMU CHUTHAJAa 3HAYUTEIHHO
YMEHBILIATCS HHTEHCUBHBIE cocTapisiomue noMexu (Hanpumep, mpu N(f) = No B
M0JIOCE YaCTOT CUTHANA).

®YX cornmacoBaHHOro (GpuibTpa B MOMEHT BpeMeHHM to + ts KOMIIEHCHUPYET
B3auMHbIC ()a30BbIE CIBUTH OTACIBHBIX TAPMOHUUYECKUX COCTABIISIIOLIMX CHUTHAJIA U
obecrnieunBaeT uX cioxkeHue B ¢aze. CienoBaTesibHO, HANpPSKEHUE HAa BBIXOJEC
corsiacoBanHoro guibTtpa onpeaensercs AUC curnana u He 3aBucuT oT ®UC, Tak
kKak nocineaHuii kommneHcupyercs PUX dunbrpa. IlosTomMy Bce rapMoHUUYECKHE
COCTaBJISIFOIIME OJHOBPEMEHHO JOCTUTAIOT AaMIUIMTYAHBIX 3HAYEHUHM B MOMEHT
BpeMeHH t=t3+t0 u 3T 3HAYEHUS] CYMMUPYIOTCS.

x(t) 4
xir m /‘\‘ .

I
' | —_ — e — — — =
R IS il AN ANV A .
\

xa(t) 4

23— —1—-——-

Wit)

Puc. 29. IIpouecc popmupoBanus curaana Ha Beixoge CO
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Tema 13. C:kaTHe UMIIYJIbCOB

OCOOEHHOCTBIO CIIOXKHBIX CUTHAJIOB SIBJIIETCS BO3MOXKHOCTb MX «CXKATHUS» IO
BPEMEHU B CHEIHAIbHBIX YCTPOWCTBaX — (PHUIbTpaxX, COTJACOBAaHHBIX C OSTHUMHU
CUTHaJIaMH. B pe3ynbrare 3TOro MOXKHO JOCTUYb M OOJBIION AHEPrur U3Ty4YEHUs,
CBOWMCTBEHHOM JUIMHHOMY 3O0HAUPYIOIIEMY HWMIIYJbCY, W BBICOKOI'O pPa3peLICHHUs
LIEJIEH 110 JANBHOCTH, CBOMCTBEHHOTO KOPOTKOMY CKAaTOMY CUTHAILY.

B Hacrosmee BpeMs B paaMOIOKAalMM IIMPOKO HCIIOJB3YIOTCA JBa BHUAA
CIIOKHBIX CHUTHAJIOB: JIMHEMHO-4aCTOTHO-MOAyJMpoBaHHble (JIYM-curnamnsl) wu
dazokogomanunyaupoBanubsie (DKM-curnamsr).

B Takux cWrHamax yactoTa B MpeieiiaX JUIMTENbHOCTH mMmityibca (puc. 30)
U3MEHSIETCS 10 ONpe/ieIEHHOMY 3aKoHy: uHelHomy (JIUM), mapabonnueckoMy U T.
a. Mg JIYM-paauouMiysibCOB  3aKOH YAaCTOTHOM MOJIYJISILMM  OIMCHIBACTCSA
BbIpaKEHUEM

fy=fy+2Log; 120

III = ‘[" ,

riae Af — neBuanms gactorel. EMy COOTBETCTBYET KBaApaTHUHBIN 3aKOH H3MCHEHUS
da3bl:

(I}[f] = ETI_Iﬁ}f + bfz + Po,

o nVf
riae b — mapametp dazoBoii Mmonynsanuu; b = -
fin) :
Ty A (“ 4
fotAf
2
Jo
Jo—Af
2
0

Puc. 30. IIpssmoyronsueiil JIYM-paguonMityibe

AYC JIYM-curnana mpencraBiieH Ha puc. 31.
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CuekTp (2) m aBTOKOppeNsIHOHHAs XapakTepucTuka (0) popmupyemoro JIMM-curnana
npu gucie popvuapyemeix konuii B BBOC K =8, konmuyecrse BBOC N =12, u jmuresHocTH

CHIrHAJA T ¢, =9.25 He

LT

S(f)/Smax_ B(r). .:".mf e 5

0 10 20 f I 6 8 10 12 t, HC

Curnman
Ha
BBIXOZE
Cursan Ha BXone

{ > Verpoiicreo
\V ’Oﬁ\f WW— CKATHA »

MMoMexu

Puc. 31.

OKM-paanouminyabcbl

OKM-paiuouMnyibC COCTOUT W3 psAla NPUMBIKAOIMUX JIpyr K APYyry
MPSMOYTOJIbHBIX ~ MAPLUHAIBHBIX  PAJAOUMITYJIBCOB, HMMEKOIMNX  OJMHAKOBYIO
JUTUTEIILHOCTD To U 4acToTy f, a HayanbHbIe (a3bl ¢ U3MEHSAIOTCS MO ONPEICICHHOMY
3aKOHY.

HaubGonbmee pacnpoctpanenue nonydmwin  DOKM-curHamel, KOTOpbIe
COCTaBJIEHBI HA OCHOBE ABOMYHBIX KOAOB bapkepa, M-komoB u 1. a. Ilpu stom
HavyaibHbIe (Pa3pl MApUUATBHBIX HMITYJIBCOB BBIOMpalOTCS paBHbIMH (0 WU T.
O6o3Hauum ¢azy ¢ = 0 3HakoM «+», a @ = @ 3HaKOM «-». Torma DOKM-
PaAMOUMITYJIBC ISl ceMupaspsagHoro koga bapkepa Oyner uMeTh BUJ, MTOKa3aHHBIM
Ha puc. 32.

Puc. 32. ®KM-paanonmnynbc 1 7-pa3psgHoro kajaa bapkepa

Koawl bapkepa moryt umets 2, 3,4, 5, 7, 11, 13 auckper. AUC ®KM-curnana
MMeeT BHJI, IPEICTaBIICHHBIN Ha puc. 33.
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Puc. 33. AYC ®KM-curnana

Taxum 0bpazom, OCHOBHLIMU WUPOKONOJOCHBIMU CUSHATIAMU, NPUMEHAEMbIMU
6 PJIC, asnaiomcsa JIYM- u ®KM-paououmnynscol.
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MOJIV.JIb 4

Tema 14. IIpocreiimuii mejieHraTop

Paguonenenranus — o0nacTe pagAMOTEXHUKH, MPEAMETOM KOTOPOU SIBIISETCSA
oOHapy)XeHHE HalpaBJICHUs Ha pa3dyHble OOBEKTbI, OIpeAeseHHEe HX
MECTOIOJIOKEHHSI M TapaMeTpoB IBIKEHUsA. PannoneneHranys OCHOBBIBACTCS Ha
pUeMe OTPAXKEHHBIX OT Pa3IMYHbIX OOBEKTOB (11€JI€i1) paroBOJIH WIH COOCTBEHHBIX
u3lyueHuii  o0bekToB. Ilo  Xxapakrepy curHama, KOTOpBIM NIPUHHUMAETCH,
PaaMOJIOKAIMOHHBIE CTAHIIMM, IEJIAT Ha TPU BUJA: AKTUBHBIC, C aKTUBHBIM OTBETOM U
ITACCUBHBIE.

PannoneneHratop um3MepsieT yroj IMpUXOAAa DJIEKTPOMAarHUTHOM BOJIHBI K
IIPUEMHHUKY, U TIO3BOJISIET ONPEAECIUTD HAIIPABIICHUE HA UICTOYHHUK PAJUON3ITyYCHUS.

[lenmeHr — yron Mexay HalpaBJICHHEM Ha UCTOYHUK PAJMOU3IYUYCHHS U3 TOUKH
IIEJICHIOBAaHUs U HEKOTOPBIM MCXOHBIM HAIIPABICHUEM.

B aKkTMBHOM  paaMOJIOKAaMOHHOW  CTaHUMU  [PUHUMAETCS  CUTHAI,
0o0pa30BaHHbBIN MOCJE OTPAXKEHUS OT LEJIM U3TYYEHHOTO (30HAUPYIOIIEr0) CUTHAIA.

B mnaccuBHOW paauMoONOKalMM 30HAMPYIOIIMKA CUTHAJI HE W3JIydaercs, a
OPUHHUMAETCS JIMIIb COOCTBEHHOE WU3JydeHUE OO0BEKTa PaJnOJIOKAIMOHHOTO
U3JIy4CHUS.

AmnaumyoHwiii Mmemoo

JIns HEero Mcnonp3yercst aHTEHHAsl CUCTEMa C OJHUM WM HECKOJBKUMU SIBHO
BBIPQKEHHBIMH MaKCUMyMaM{ WJIA MUHUMyMaMmH AUArpamMmbl HaIlpaBJICHHOCTH. B
HACTOSAIIEE BPEMSI IIMPOKO M3BECTHBI U HCHOJIB3YKOTCA CIEAYIOIINE aMIUIUTYAHBIC
METO/Ibl: MAKCUMYyMa, MUHUMYyMa U PaBHOCUTHAJIbHBIA METOJ.

Hamepumens
{,’ ——{‘ lpuemuuk Anmenna
Boi1x A
A
) |
Yxa zamens Mexanusm
nobopoma [ === === === nobopoma
anmenns! P anmeHnst

Puc. 34. YopoieHnnas 6JI0k cxema aMIUTUTYTHOTO TeJIeHTaTopa.

[Ipu neneHranuu Mo METOAYy MakCUMyMa MPOUCXOAUT HEMPEPHIBHOEC U3MEHEHUE
YTJIOBOTO TOJIOKEHUSI AHTEHHBI, BO BPEMS KOTOPOTO OHA MPUHUMAET CUTHAJIBI LIEJIH,
ONpEAECICHNE HANIPABJICHUS Ha 1IE€Jb TPOU3BOAUTCS B TOT MOMEHT, KOT/1a aMILIUTyAa
CUTHAJIOB HA BBIXOJIE TPUEMHUKA JIOCTUTAET MaKCUMAJIbHOTO 3HAYE€HUS. YTOII
HANpaBJICHUS HA LEJb COBHAJACT C YIJIOM IOBOPOTAa AHTEHHBI B MOMEHT, KOTJAa
BBIXOJITHOE HANPSKEHUE NTPUEMHUKA JOCTUTHET MAKCUMYMa.

HocronncTtBa nmanHoro wmeroma: IIpoctora TexHUUYeckOM — peann3alny;
OTHOCHUTENIBHO MaJoe BIMSHUE COOCTBEHHBIX IITYMOB Ha TOYHOCTH TICJICHTOBAHUS.
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Henocratkn: Hwuskasg TOYHOCTP WM3MEpEHMs YIVIOBBIX KoopauHaT; Huskas
paszperaroniasi CocoOOHOCTb.

HpI/I INCJICHIraguu 110 MCTOOY
MUHUMYMa HCIIOJIBb3YCTCA
AuarpaMmMa HaAIIpaBJICHHOCTH C
SABHO BBIPAXXCHHBIM MHUHHUMYMOM.
Orcuer YTJIOBBIX KOoopauHaT
IIpOUCXOaUT B MOMCHT
YMCHBUICHH YPOBHA BBIXOIAHOI'O
HaIpsKCHU S a0 MHWHHUMYMa.

o Jnarpamma HaIpPaBICHHOCTH
Puc 35. lnarpamMmma HanpaBi€HHOCTU aHTEHHBI aHTCHHBI IIEJICHTaTopa JOJDKHA
IPU MEJEHTalluY [0 METOY MUHUMYyMa MMETH B CpeIHEeN  YacTu

riy0okuit MUHUMYM (puc. 35).

[Ipu meneHranuu Mo MUHUMYMY MOJKET OBITh IMOJy4YeHa OTHOCHUTEIIBHO BBICOKAs
TOYHOCTh HM3MEPEHHUS VYIJIOBOM KOOPJAWHATHI, HO aMIUIMTyJa CHUTHaja BOJIWU3H
HaIlpaBJICHHS TIE€JICHTa CTAHOBUTHCS OYCHBb MaJIOM.

[IpakTHYeCKH MO METOJAy MHHHUMyMa MOXKHO TICJICHTOBaTh TOJIBKO HCTOYHHMKH
MOIITHOTO COOCTBEHHOTO M3iaydeHHs. [loaToMy MeToj MeleHrauuu Mo MUHHUMYMY,
MOJTYYHJI IIUPOKOE MPUMEHEHNE B paIiOHABUT AITNH.

PaBHOCUTHaAIBHBIN METOJI MOXKET ObITh peau30BaH MPU HCIOIb30BAaHUU OJHOU
AQHTEHHBI, JWarpaMMa HaNpPaBJICHHOCTH KOTOPOW MEPHUOIWYECKH HW3MEHSET CBOE
MOJIOXKEHUE B TPOCTPAHCTBE. B 3TOM ciydae CpaBHEHHIO IIOJICKAT CHUTHAIIBI,
MIPUHATHIC B Pa3IUYHBIC MOMEHTBHI BPEMEHHU TPHU Pa3HBIX IMOJIOKEHUSAX TUArPaMMBbI
HaIPaBJICHHOCTH.

Dazosviii memoo

MeTtoq OCHOBaH Ha W3MEPEHHUU Pa3HOCTH (a3 MPUHATHIX SJIEKTPOMATHHUTHBIX
KoJjebanui. JJis mprueMa UCIoIb3yIOTCs JIBE pa3HECEHHBIC B MPOCTPAHCTBE aHTCHHBI
Ha paccTosiHuEe b — Ha3pIBaeMoe 0a3oi.

Pa3nocts (a3 B anTeHHAX paBHA AQ:

Aq)=-2x1bsinoc.

TJI€ 0. YTOJI MPUX0/a JIEKTPOMArHUTHOM BOJIHBI, A — JIJTHHA BOJIHBI.

3aBucumocth A@ (0) sABISIETCA B JAHHOM Clly4ae [EJICHTallMOHHOW
XapaKTEpUCTHUKOM, a €€ KpyTU3HA ONpPeaesieT TOYHOCTh METO/A.

Cnur (a3 Mexay HanpsHKEHUSMH, HAaBOJAMMBIMU B aHTEHHAX, 3aBUCHUT OT
HaIlpaBJICHUs] TIPUXOJia AJIEKTPOMArHUTHOM BOJHBI. PasHOCTh (a3 nByXx KoJieOaHUit
MOXKET paccMaTpUBaTbCs Kak Mepa 3amas3blBaHUs OJIHOTO KOJeOaHus TIo
OTHOIIICHUIO K IPYTOMY, BBIpaXK€HHasl B JOJIAX Meproja KojaeOaHu.

dazoBbIe METOMBI TEJIEHraluu 00Jagar0T HauOoJblIed TOYHOCThI0. OH MOXKET
OBITh HCIIOJIL30BAH IS ABTOMATHYECKOTO CIICKEHHS 3a IEIsIMU 10 YIJIOBBIM
koopaunataMm. Hemoctatkom (hpazoBoro MeTona sIBISIIOTCS OTCYTCTBUE Pa3pelIaromiei
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crocobHoctr. OaHONW W3 Pa3HOBUAHOCTEH (a30BOW pajMONENEHTalluy SBISETCS
JOMNIUIEPOBCKUN METO/I, HA KOTOPOM OCTaHOBUMCS TTOAPOOHEH.

Daso6vlii nereHeamop

@Da30BbIMM  HA3BIBAIOTCS  PAJMOHABUTAIMOHHBIE CHUCTEMBI, Y  KOTOPBIX
HABUTAI[MOHHBIA TapaMeTp OmpejaessieTcs IyTeM HW3MEpeHHs pasHocTh a3
CUTHAJIOB, IPUHUMAEMbBIX HA Pa3HECCHHbIC aHTCHHBI.

[lycts onHAa W3 QHTEHH HEMOABIIKHAS (HEHANpaBJeHHAs B TOPU30HTAIBHOM
IUIOCKOCTH), PaclloyIOKEHHasl B Hadaje KOOPJMHAT, a BTOpasl BpalllaeTcs C YIoBOi
gacToTo ()2 TO OKPY>KHOCTH paaumyca R B mone, co3gaBaeMbIM yAale€HHBIM
MepelaTINKOM AIIEKTPOMArHUTHBIX KoJeOaHui wg. Torga pazHocTh (a3 MPHUHSITHIX
Kosie0aHui BO BpallaloIIencs U HEMOABUKHON aHTeHHE Oy1eT paBHA

A= 2—7;‘5 sin({t +0).

Takum 00pa3om, (aza curHaia, HABOJMMOTrO B aHTEHHE, OyAeT MOYJIUPOBaHA 1O
CHHYCOMIAJIbHOMY 3aKOHY, @ OTKJIOHEHHME MTHOBEHHOM YacTOThbl OT HOMHUHAJIBHOTO
3HAYEHHUS O

dpa _ 2mRQ
di A

Takke OyleT U3MEHATbCA ¢ yacToTod. [Ipuuem HauvanpHas daza 6 Moxynupyromero
KOJIeOaHUsI COOTBETCTBYET a3UMYTY Ha MEJEHTYEMYIO PaJUOCTAHIIMIO.
VYhopoiieHHass CTpyKTypHas cxema (ha30BOro IejieHraTopa C IUKIMYECKUM

M3MeHeHreM (a3bl IO BHICOKOM YacTOTe MOoKa3aHa Ha puc. 36.
WV

Awy = cos(t + 6)

)

4
[

Yeunurens
BbICOKMX
YacrTor

[Tpeobpazo
Barens
4acTOTRI

DETexKTop

Yeunutens
HU3KMX

4acrTor

Pazosbin

MHAUKATOP

»

Puc. 36. YopomienHas 6J10k — cxema JIOTIEpOBCKOTO MeJIeHTaTopa.

[IppeMHOE YCTPOMCTBO MOOJDKHO COJIEPXKATh AHTEHHYK) CHUCTEMY, JMHEWHBIN
TPaKT, YCTPOWCTBO TOHWXKEHHUS YaCTOThI, (a30BbIA JIE€TEKTOpP, BBIACISIONIAN
HU3KOYACTOTHYIO COCTAaBJISIFOIIYIO CUTHAJIA, YCUIUTEIh HU3KOM YacTOTHI U (ha30BBIid
WHJIUKATOp, TIO0 KOTOPOMY OTCUUTHIBAETCS (pa3a BBIXOJHOTO HAIPSHKECHMUS,
COOTBETCTBYIOIIAS MEJICHTY.

Jlnst BBIETICHUST HAYalbHOM (pa3bl a, CIeNOBaTEIbHO, OMpEAeiieHne a3uMyTa Ha
MepeaTuuK, CUTHAI C BBIXOAA TMOABMKHOM aHTEHHBI TMojaeTcs Ha (Da3oBbIid
JIETEKTOp, TJe CpaBHUBAaeTCS MO (a3e C OMOPHBIM HAMPSHKEHUEM, B3ATHIM C
HETIOJABMYKHOW aHTCHHBI.

0e3 HenoOBUICHOU AHMEHHDL.
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OnopHbIA
reHepatop
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NaoTop

JSIMHEWHBIN
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retepoguH
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A 4
A 4
h 4
v

Keapueebii
reHeparop

Puc. 4. bnok-cxema qomiaepoBCKOTO MEJIEHraTopa.

[TpuHLIMI pabOTHI TAKOTO MEJIEHIaTOpa COCTOUT B CIEAYIOLIEM.

[TpuemHast aHTeHHa NpeacTaBisieT coOON HEHANpaBJIEHHBIH B TOPU3OHTAIBLHOU
IUIOCKOCTH BHOpATOp, KOTOPBIN ABMXKETCS MO OKPYKHOCTH paguycoM R, ¢ yrioBoi
CKOPOCTBIO paBHOM (2.

[Ipu mpueme CUTHATIOB BO BpallaloIEHCs AaHTEHHE OYIeT HaBOIUTHCS
ANEKTPOJABUKYILAS CUIIa, MOLYyJIMpoBaHHas 1o ¢aze ¢ yacroroit Q. [Ipu aTom Paza
oruOaromeid MOAYIMPOBAHHBIX KOJICOAHMN OKAXETCS HENpepbIBHOM (QyHKUUEH
azumytaibHoro yria 0. Ilocnme ycuneHus MPUHATHIX CUTHAJIOB B PaguONpPUEMHOM
TpakTe B pe3yJibTaTe JAETEKTUPOBAHUS MOXKET ObITh BblAelieHa orudaromasd. [Tyrem
comnoctaBiieHus e€ ¢a3pl ¢ (a3oil OMOPHOro HANPSHKEHMs, MPEICTaBIsAETCS
BO3MOYKHBIM OIPEAEIUTD MEJEHT HA UCTOYHUK PaIHOU3ITyYCHHUSL.

B kauecTBe ONOPHOTO HANPSHKEHUS HCIONB3YIOTCS KOJEOaHHUS MECTHOTO
reTepoArHa ¢ 4acToil {2, COINIACOBAHHBIE C BPAILCHHEM aHTEHHBI TaK, YTO HYJIEBas
daza sTux KoneOaHuii OyneT WMETb MECTO TpPH MPOXOXKIACHUM AaHTCHHBI Yepe3
CEBEPHOE HAIPABJICHUE MEPUAHMAHA.

Jlnst Beimenenus pasHocTd (a3, ucmosblyercs cheayrommii mpuem. I[lyrem
CMCIIIMBAaHUS TPHHATOTO CHTHAJIa BO BTOpoM mpeoOpaszoBatene (CM 2) c
HalpsDKEHUEM  KBapLIEBOTO TE€HEpaTopa, IOJIy4aeTcsl HaNpsyKeHHE  BTOPOM
IPOMEKYTOYHOM YaCTOTBI C TEM K€ 3aKOHOM (ha30BOM MOIYISIIIUHU, YTO U IPHUHSITOE
KosjeOaHue. TO HalpsKEHUE 3a7epkuBaercs B tuHUM 3anepxku (JI3). Ilocne storo
3aJIepKaHHbIM CUTHAJl U CUT'HAJ IIEPBOM IIPOMEKYTOYHOW YaCTOThI MOAAKOTCS HA
TpeTuil mpeoOpa3oBaTelb YACTOThI, TJE€ BBIIEIAIOTCS KOJEOAHUS C 3aKOHOM
U3MEHEHHs (pa3bl, COOTBETCTBYIOIIUM 3aKOHY U3MEHEHHUsI Pa3HOCTH (pa3 orudarommx
OpsIMOTO M 33JIEp>KaHHOTO CUTHANOB. B JeTekTope BbIAENsAeTCS 3HAUEHHE TPETben
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MIPOMEXYTOUYHOM YacTOThl, (pa3a KOTOPOW, COOTBETCTBYET a3WMYTYy IMEJICHTyeMOn
PaaUOCTAHIIMH.

Hanpsbkenuss ¢ ¢a3oBOro JeTekropa M OINOPHOIO TE€HepaTropa IOAAIOTCS Ha
uHaukatop ¢aszel (MD), ¢ KOTOPOro CUUTHIBAETCS MEJIEHT.

Tema 15. [loBbllIeHUe pa3pelieHus MeJIEHTATOPOB

Pa3pemaromascs cnocodHocts PJIC mo mampHOCTH — 3TO cniocoOHocTh PJIC
n3o0paxath Ha skpaHe KO 00beKThI, pacloIOAKEHHBIEC HA PA3TMYHBIX PACCTOSHUSIIX
OT CyOHa, HO Haxojsmuecs Ha onxHoM 1mejeHre. OHa  XapakTepusyeTcs
MUHUMAJIbHBIM paccTosHueM AD Mexay oO0bekTamu, 0OpU KOTOPOM OHHU
m3oOpaxarorcss Ha skpaHe OJIT paszmensHo. UemM wmenbiie pacctosstaue AD, tem
Jayduie pasperaronas cnocoonocts PJIC.

Pa3pemaromass cnocoOHOCTb 3aBUCUT OT JUIMTEIBHOCTU 30HJUPYIOLIETO
UMIIyJbca T, AMaMeTpa 3JIEKTPOHHOro nsaTHa Ha 3kpane DJIT, auamerpa sxpana DJIT
Y IPOCMATPUBAEMOr0 TMana3oHa.

Pazpemaromas crnoco6nocts PJIC mo yrmy — 310 cnocobHocts PJIC
n3o00paxarb Ha 3kpaHe DJIT pa3genbHO OOBEKTHI, PACHOJIOKEHHBIE HA Pa3IMYHBIX
KypCOBBIX yIJaX, HO HaxOJAIIMXCA Ha OJUHAKOBOM pAacCTOSHUU OT cyaHa. OHa
XapaKTepU3yeTCs pa3peiaroiiM YIJIOM — MUHUMAJIBHBIM yTIIOM MEXIy 00beKTaMH,
[P KOTOPOM OHU pa3liebHO M300pakaroTcs Ha 3kpane DJIT. DToT yron 3aBUCHUT OT
[IUPUHBI TAArpPaMMbl HapaBI€HHOCTH B TOPU3OHTAIBHOMN TJIOCKOCTH ar, TuameTpa
AJIEKTPOHHOTO MATHA, AHAMETPa JKpaHa U PACCTOSHUSA OT IICHTPa IKpaHa 10 OTMETKU

o0OBeKTa.

/ AHTeHHa

—

WwupuHa nyua /
8 TOPV30HTAlBHON /
NNOCKOCTH

—
—

S InpuHa nyya

=
. nyua
S B BEPTUKaNLHON
o, NNOCKOCTH
A -
YRR —

LIpurtep wupuns: UMRVILCA, UITVHGEMNO20 AHINEHHON
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= PIIC moxeT PINC moxeT oTobpaxarb
- otobpaxam 3XOCUTHaMbI OT ABYX e
i —_—— == 9X0OCUIHanb! OT ABYX pasnuyHbIX Lenen
pasnnuuYHLIX uenen
[NepeaaHHbIit paguMonmnynsbe ( \.
o o 5 e i pewe a1 ea——
— |
PIC He MmokeT
I oTODpaKElb .
——am»  OXOCTHanLi B BUOG Mepepansoitpapuonmnynee |8 I
\f:’; Dmenthéx enen . |
SEEL S T - raK kak obe yenun
T LaxomATCA B NpoJenax PNC He moxeT 0T06pa>~KaTb 3XOCUrHanbi B
WIMDMHB Fiyya BUAE OTAENbHbIX Uenen, Tak kak obe yenum
) i HaxoAsaTCs B Npefenax WWpuHbl uMnynbca Lienn
IIpustep pazpeluaioryeli CHOCOGHOCINU 1O NEICHIY IIpustep paspeuiaroifeti CHoCOOHOCIN NO PACCINOAHUIO
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