Tema Nel. Teopernyeckre OCHOBBI NOCTPOEHHUSI CUCTEM BOOPYKEHUS 3EHUTHBIX
pPaKeTHBIX BOMCK
3anstue Ne 3. CnocoObl U3MEpeHHs KOOpAMHAT, HMCIOJIb3yEeMbIE B CHUCTEMax

BoopyxeHust 3PB

VY4eOHbIe BONPOCHI
1. CnocoObl u3MepeHus: KOOpIMHAT.

2. Paspemaromas ciocoonocts PJIC.

1. CIIOCOBbI USMEPEHU A KOOPIUHAT

B cucremax Boopyxkenus 3PB uHdopmanus o Bo3mymiHoi o00CTaHOBKE
MOJIy4aeTcs pPaJuoJIOKallMOHHBIMU cpeAcTBaMH. C(CBeeHus O HaJIW4YUA B
MPOCTPAHCTBE LieJeH, UX KOOpJAUHATaX M MapaMmeTpax ABUKEHUs, nHopmanus o
NEUCTBYIOIIMX  MOMEXAaX  CONEPKUTCI B  IMAPAMETpPaxX  pPaJHOCHUTHAJIOB,
npuHUMaeMbIX paguoiokannoHHoil ctanuuen (PJIC). OcnoBHoit ¢pynkuuenn PJIC
ABIIETCS U3BJICUCHHE MOJIE3HON MHPOPMALIMH O LESAX U3 MPUHATHIX CUTHAJIOB.

HNudopmaruio 0 BO3IYLIHOM 00CTaHOBKE, MOJIYYEHHYIO
PaguOIIOKAaIMOHHBIMU ~ METOJAMHU  NPHUHATO HA3bIBaTh PAAHOJOKANMOHHOM
unpopmanmeii (PJIN).

g nonyuenust PJIM ucnone3yroT Cleayrommue METOBI:

1. MeTon aKTHBHOWH PAaJMOJOKAIMU C NMACCHBHBIM OTBETOM SBIIACTCS
HamOoJiee paclpoCTpaHEHHBIM U OCHOBAH Ha OOJYYEHUU LU PAJIUOCUTHAIOM
(axkTHUBHAs JIOKAIMsl) U TMPUEME OTPAKEHHBIX (PaCCESHHBIX) IO PaIUOBOIH
npuemMHbIM ycTpoiictBoM PJIC (maccuBHBIN OTBET).

2. Meroa aKTHBHOM PpPaJauOJOKAIUU € AKTHBHBIM OTBETOM — IIpU
obnmydyeHuu 1enu paauocurHaioMm ot PJIC (akTuBHas jokanus) cpabaThIBacT
YCTAHOBJICHHBIN Ha LIENU PETPaHCIATOP (OTBETYHK), KOTOPBIM M3ITydaeT OTBETHBIN
paAuoCUrHal C 3aJlaHHBIMU  TIapaMeTpaMu (aKTUBHBIM OTBET). DT CHUTHAJBI

npuHuMarotcs PJIC.
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3. MeToa macCMBHOM PaJMOJOKALUM 3aKIIFOYACTCS] B NPUEME CUTHAJIOB
COOCTBEHHOI'O  PaJMOM3IIY4YeHHs Ielied (paJuoTeIIOBOE HU3JIyYeHHE  Ted,
U3JTy4eHHE COOCTBEHHBIX PAJIMOTEXHUYECKUX YCTPOUCTB U JIp.).

4. KoMOMHAMOHHBbIE METO/bI, BKJIIOUYAIOIUE B ce0s BbIIIENIEPEUNCICHHbIE
METOJbI B PA3JIUYHBIX COYETAHUSX.

Bce wmeTonpl aKTMBHOM JIOKAMM MPEIyCMAaTPUBAKOT HU3JIyYEHHUE B
HaIlpaBJICHUW LEIU PaJUOCUTHAIA C 3aJaHHBIMM IapaMeTpaMH, €ro IPUHATO
Ha3bIBaTh 30HANPYHIMM curHajaom (3C).

AbcomotHoe 60sbMHCTBO PJIC, ncnonb3yemMbiX B CUCTEMAaX BOOPYKEHUS
3PB, sBHsAOTCS MHOTO(QYHKIMOHAIBHBIMH W HUCHOJIB3YIOT KOMOHWHAIIMOHHBIE
Metoabl nonydeHus: PJIW, noctpoennble Ha 0a3e akTUBHOM JIOKALIUU C TTACCUBHBIM
OTBETOM.

Hanpumep, nns oOHapyxeHusl 1ieied M HM3MEpPEHUsT HUX KOOpAMHAT
MIPUMEHSIETCS AKTUBHAs JIOKALMS C NAacCCUBHBIM OTBETOM, ISl OIpPEACICHUS
roCy/IapCTBEHHON MPHUHAIJICHKHOCTH OOHAPYKEHHBIX Ielield («CBOW — UyXOW») U
U3MEpPEHUs KOOPAMHAT 3€HUTHBIX ympaBisemblx paker (3YP) B mnonere
MIPUMEHSIETCS AKTHBHAs JIOKAllMSl C AKTUBHBIM OTBETOM, a ISl MEJICHTOBAHUS
(ompesenieHUs  YIJIOBOTO HAIpaBJIEHUS) IMOCTAHOBIIMKA TOMEX IMPUMEHSETCS
MTaCCUBHAs JIOKALIUS.

Copemennsbie PJIC ciocoOHBI:

- onpenenuTh (PAKT HAJTUYUS UM OTCYTCTBHUS 1I€JIM B 3aJaHHOM DIIEMEHTE
MIPOCTPAHCTBA MO HAJIMYMIO WM OTCYTCTBUIO OTPAaKEHHOTO CHUTHAjla M3 3TOrO
AJIEMEHTAa MPOCTPAHCTBA (3a/1a4ya OOHAPYKEHUSI 1IeJIei );

- UI3MEPUTH KOOPAUHATHI LUEIU: JAaJbHOCTD 10 3aMa3AbIBAHUIO PaJUOCUTHAIIA
Ha nytu PJIC — nens — PJIC, yrinoBoe noJyiokeHre Len 10 HANPABJICHUIO IPUX0Ja
CUTHaJla OT LeJM, pPaJualbHYI0 CKOpPOCTh M€ MO0 JAOIJIEPOBCKOM m00aBKe
YacTOThI MPUHATOTO CUTHAJNA (3a/1aya U3MEpPEHUs: KOOpIUHAT 1ejeil);

- OTIPEJENUTD SBISAETCA JIM 1€JIb OAMHOYHBIM WM TPYIIOBBIM OOBEKTOM IO

KOJIMYECTBY U XapaKTepy OTMETOK OT LENH (3a/1a4a pa3pelieHus enei);
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- ONpENeNnTh IapaMeTpbl JIBWKEHUS LEJEH, T.€. OTBETHUTh Ha BOMIPOC
MaHEBpUpYET I1eJib WJIM HET M NPOaHAJU3UpOBaTh €€ TPaeKTOpHIo (3aaaua
TPAeKTOPHOI'O aHAU3a LeJel).

Jlist pelieHuss Ha3BaHHBIX 3a7a4 UCIOJIB3YIOTCS clieayronue (undyeckue
CBOMCTBA paJIMOBOJIH:

- TOCTOSIHCTBO CKOPOCTH PacHpoCTpaHeHUs B CBOOOJHOM MPOCTPAHCTBE
(¢ = const = 300 000 000 m/c);

- NPAMOJIMHEMHOCTh TPACKTOPUHU PACIIPOCTPAHEHUS;

- W3MEHEHHME YacCTOThl PaIMOCUTHAJIA MPU OTPAXKEHUH €TO OT JBHKYLIETOCs
oobekTa (3 dext Homiepa).

OyeBHUIHO, YTO Uil OAHO3HAYHOI'O OINPENEIICHUS IMOJOKEHHUS LEIu B
TpexmepHoM TmpocTpaHcTBe, PJIC HE0oOX0auMo omnpenenuTh TPpU KOOPIAMHATHI
nenu. Kak Obulo moka3zaHo NMpU O3HAKOMJIEHUHU C PaJHOJIOKAIMOHHBIMU LESMHU,
OOJBIIMHCTBO U3 HUX SBIISIOTCS BHICOKOMOJIBH)KHBIMU OOBEKTAMH, UYTO MPUBOJIUT
K HE0OXOAMMOCTH HU3MEpeHHsl CcKopocTu 1eneid. B paamonokatopax
HEIMOCPEACTBEHHO U3MEPSIOIINX CKOPOCTh 1IENEH, €€ MPUHITO CUUTATh €II€ OJHOU
- YETBEPTOU U3MEPSIEMOU KOOPIUHATOU.

Ha ocHoBanum ¢u3nueckux CBOWCTB PaJUOBOJIH HEMOCPEICTBEHHO MOTYT

OBITh U3MEPEHBI CIEAYIOIINE KOOPAUHATHI (PUCYHOK 1):

jl'x’

Cerep
-

Puc. 1. Bzaumuoe nonoxenue PJIC u nienu B npocTpaHCcTBE, H3MEPSIEMbIE KOOPINHATHI
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- paccrosinre Mexay Toukoil ctosiuus PJIC u nenpio — 1anbHOCTh 10 LN
/I, (MHOT 1A ee Ha3bIBAIOT HAKIIOHHOM JTaJbHOCTBIO);
- HaIpaBJIEHUE Ha LIeJIb OTHOCUTENIBHO ToukH ctosgHus PJIC. Kak mpaswuiio,
ATO HAaIIpaBIICHUE OMNpeaensercs Kak yribl HakiaoHa JuHun PJIC — nenp B
BEPTUKAIbHON W TOPU30HTAJbHON IUIOCKOCTSIX OTHOCUTENBHO TOpPHU30HTA U
HaIlpaBJICHUsI HA CEBEP COOTBETCTBEHHO. lloilydeHHbIE 3HAYEHUS KOOPAUHAT
0003Hayal0TCA KaK yroj MEecTa LIeJU € U €€ a3uMyT [3;
- TpOEKUHs JUHEHHOM ckopoctH uenu V, Ha juHutro PJIC - menp —
pagualIbHas CKOPOCTh LN V.
3HaueHUs H3MepsSeMbIX KoopAuHAT /{,, €, [ 1m0 cymecTtBy oOpa3yioT
TPEXMEPHYIO CHEPUUECKYI0 CUCTEMY KOOpIMHAT, MPHUBS3AHHYIO K TOPU3OHTY U
HaIpaBJICHUIO Ha ceBep C LeHTpoM B Touke ctossus PJIC (pucyHoxk 1).
3Ha4YeHUs1 NPSIMOYTOJIBHBIX KOOPAHUHAT X, Y, Z BBIYUCISAIOTCS HAa OCHOBE
M3MEpPEHHbIX 3HaUeHu /[, €, f3:
X = ][, cosesin fB
Y =] sing
Z =], cosgcosf.
Jlist monmydyenuss “HGOPMAIIMM O TPACKTOPHUM JABMXKEHUS L€ HEOOXOAUMO
MHOT'OKPaTHO TIOCJIEI0BATENIBHO BO BPEMEHU U3MEPATh 3HAUEHUSI KOOPAWHAT LIEIH,

a 3aTeM CBsI3aTh MOJIYUEHHbIE TOUKHU €IMHON JTUHUEH (PUCYHOK 2).
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Puc.2. ®opmupoBaHue TpaeKTOPUHU LIEIN

1.1 CriocoObl u3MepeHus N1aabHOCTU
N3 cBolicTBa ¢ = const. HECIOXHO MOJYYUTh MPOCTEHIIMHA aIrOpUTM
M3MEpPEHUS JAIBHOCTU LENu /1.
HenocpenctBeHHO U3MepsieTcs BpeMs pacnpocTpaHeHus paauoBosiH oT PJIC

70 LENH U OOpaTHO f;, €ro Ha3bIBAIOT @peMeHeM 3ana30bleaHus OTPAKEHHOTO

curmana: £, = tnp Ly,

rac: tnp s tugﬂ - BpeM: IIpHUCMa U U3JIYUCHUA CUT'HAJIA.

I[aJIBHOCTB eI ONpCACIIACTCA B COOTBETCTBHUU C BBIPAKCHHUCM

A, == (1)

Crnoco0 HemocpeICTBEHHOI0 H3MepPeHUs1 BpeMeHH 3aNa3AbIBAHUSA MOXKET
npuMeHiaTeess g PJIC, ucnonp3yromuxX aAKTHBHYI0 JIOKAUMIO € NMACCHUBHBIM
OTBETOM.

B kayecTtBe mnpumepa pacCMOTpUM Ciydyald U3MEPEHHs JAIBbHOCTH B
mmiyascHol PJIC, rae 3C ciy’)kKUT OAMH W3 NPOCTEMIIMX CUTHAJIOB - MPOCTOM

NPSAMOYTOJIbHOM PaJMoOUMITYJIbC (PUCYHOK 3).
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Puc.3. IIpocToii npsIMOYTOJIbHBIN paTHOUMITYJIbC

Paououmnynvc na 6ceii npomsascennocmu Komopoz2o uacmoma fj,
Hauanehas ¢aza @y u amnaumyoa U, coxpauaiomcs HeuzMeHHbIMU
HA3b18AI0M NPOCMBIM UNU HEMOOYIUPOBAHHBIM. [IpAMOY201bHBIM HA3bI8AIOM

paououmnyiwvc, ocubarowan komopozo U(t) umeem npamoy2onvHyo hopmy.
fo = const; pp=const; U, =const; npu 0<t<rt u — Mamemamuyeckasi
3anucsb napamempos npocmo20o NPAMOY20JabHO20 PAOUOUMNYIbCA.

OCHOBHBIM HOCTOMHCTBOM  IIPOCTBIX 3C SgBNAIOTCS OTHOCHUTEIBbHBIC

MMpOCTOTAa U ACHICBU3HA UX q)OpMI/IpOBaHI/ISI Hu 06pa60T1<1/1.

Ilpumep.

JMano:  3onoupyrowuti cuenan PJIC  — npocmou  npsamoyzonvHblil
paououmnyisc onumenvHocmoio t,=1 mxc. Paccmosinue oo yenu /[, = 150 km.

Onpedenump: nNomeHyuaibHylo MOYHOCMb CHOCOOA HEenocpeoCcmeeHHO020
usmMepeHus 0aIbHOCMU.

Pewenue:

[ToTeHnuanbHass TOYHOCTH CHOCOOA  OMpEAENseTCs IOrPEIIHOCTIMH,
MPUCYIIUMHU €My camoMmy, 0e3 ydeTa OmHUOOK BHOCHUMBIX IIyMamH, MOMEXaMH,
HECOBEPIIEHCTBOM ammapatypsl U T.a. [ pemieHus 3amadyd HEOOXOIUMO
BBIYUCIIUTH MOTPEIIHOCTH CIIOC00a U3MEPEHUS.

1. Beraucnsem BpCM: 3alla3AbIBaHUA

24, 2x150000m  3x10°m
’ c 3x10°m/c  3x10%m/c

=1x10"¢ = luc
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2. OmpenenseM TOTPEIIHOCTh CHOco0a HM3MEPEHHs — OrpaHUYEHUEM II0
TOYHOCTU M3MEPEHUS BPEMEHM 3ama3iblBaHUsl JJIsl MPOCTOrO0 MPSIMOYTOJIBHOTO
pPaANOUMITYJIbCa BBICTYMAET JJIUTEIbHOCTh ATOIO UMITYJIbCa — [ MKC.
OTHocHTEeNbHAS TOTPEUTHOCTh U3MEPEHUS:

1mxe

o1, =at3=%x100%= x100% = 0,1%

3

1mc

Bo MHOTHX MpakTHYEeCKH BaXKHBIX CIy4asx OOJBIIYH0 BaXXHOCTh UMEET HE
OTHOCUTEJIbHAS, HO a0COJIFOTHAS TOYHOCTh U3MEPEHUMN, HAlpuMep MpU HaBEJACHUU
3VP nHa 11eab.

AOGCoI0THAS IOTPEITHOCTh U3MEPEHUM:

_r,xc 107ex3x10°m/c
2 2

=150m.

M,

BbiBODI:

a) IlorpemHocTH, T.e. OHMIMOKM HW3MEPEHUS TMPSMO TMPOMOPIMOHATLHbI
napamerpaMm 3C. [ mpocToro mpsSIMOYTOJIBHOTO PaguOUMMIYJIbCa — 3TO €ro
JUIATENIBHOCTh. TOYHOCTh M3MEpPEHUs MJaJbHOCTH TEM BBIIIE, YEM KOpOYE

PI?;MCpHTCJIBHBIﬁ CHUT'HAJI.

t t
W3 np t
Tp<=<t
3
than th
P t Ty = tg
than th
P t >ty
ts

Puc.4. nmoctpaiysi COOTHOILICHUSI BPEMEHM 3ana3ablBaHus U JiuTenabHocTa 3C

0) B ciyuae eciu BpeMs 3amas[bIBaHUsl f; CPABHUMO C JUIMTEIBbHOCTHIO
UMITyJIbCA T,, HallpUMEp MpH HCIOJb30BAHUU OYEHb AuUTeNbHbIX 3C, crnocod
HEIMOCPEJICTBEHHOT'O0 H3MEPEHMsI f; HENPUMEHHMM, T.K. OH He oO0ecreyuBaer

TpeOyeMoi TOUHOCTH.
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Kaxk BuanHo u3 pucynka 4 3C (B paccMaTpuBaeMOM Clydae — paJuOUMITYJIbC)
CIIY)KUT UHCTPYMEHTOM OTCYeTa Ha BPEeMEHHOU ocu. J[Jis mpoCThIX curHaiIoB (0e3
BHYTPUUMITYJIbCHOW MOJYJISIIMK ) U3MEPEHHUE TTPOU3BOIUTCS TI0 TIOJIOKEHUIO BCETO
MMITyJIbCa B LIEJIOM M NPU JOCTHXKEHUHU YCIOBUS T, = [, U3MEPEHUE C MOMOIIbIO
MPOCTHIX PAAUOUMITYJIBCOB TEPSET CMBICI.

Omnpenenenue 1aabHOCTU ¢ TTIOMOIIBIO IJIMHHBIX CUTHAJIOB T, = f, BO3MOXHO

nmpu HCIOJIb30BAHUH I[OHOHHHTCJIBHOﬁ MOAYJIHIUHU BHYTPCHHHUX IIaPaAMCTPOB
PaanuouMITYyJIbCOB: YaCTOThI, aMIININTyAbl UJIN Ha4daJbHOU (1)3351.
PaCCMOTpI/IM YacTOTHBIA CIocoo U3MEPEHUA JAJBHOCTH Ha IIPpHUMCPE

JUTMHHOTO UMITYJIbCa T, = [, C TUHEWHOU YyacTOTHOU Moayssuueit (JIUM).

Ilo0 uacmommuoti MmoOynsAyuer noHumMaemcs: UMeHeHue Ydacmomol
paouocuenanra no 3adanmomy 3axoHy. CoomeemcmeeHHO JUHEUHAs
yacmomuas MooOyaayus noopasymesaem 3d8UCUMOCMb dacmomul f om
gpemeHu t no JUHEUHOMY 3AaKOHY, Ol CAy4as JUHELHO020 B03PACMAHUS

yacmomol 3aKOH ee usmeHnenus f(t) umeem 6uo

fy=LeSuyy g o g A
T T

u u

eoe:

fu — HauanbHOe 3HAYeHUue yYacmomsvl, KAK NPAGUNO COBHAdAem CO
3HaueHuem Hecyujeu 4acmomaol,

f« — MaxkcumanvbHoe 3HaueHue Yacmomoul, Oocmueaemoe K KOHYY
umnyavea,

Ay = fe - fu — Oesuayus uyacmomovl, m.e. OUANA30H 8 npeoenax
KOmMOpo20 udem nepecmpoura 4acmomol 3a 8peMs T,.
I'paduueckoe mnpencrabienue npsmoyroipHoro JIYM paavoummynbca u

3dKOHA U3MCHCHUA €TI0 YaCTOThI ITIOKA3daHO Ha PUCYHKC 5.



Puc.5. JITUM paamonMiyinbC ¥ 3aKOH U3MEHEHUS €T0 YaCTOThI

Ha mpaktuke [0 yBEpEHHOIO OMNpEAETEHUs JajJbHOCTH YacCTOTHBIM
crnocoboMm ¢ momoibio JuHHOro JIUM paauoummynbca AOJIKHO BBITOJHSATHCS

ycinoBue 7, >>1t,. Jlnd moHMMaHUS TOpUHIMNA pabOoThl YacTOTHOTO crocola

omnpcaciacHus OaJIbHOCTH CICAYCT COCPCAOTOYNTH BHHUMAHHUC Had 3dKOHAX
HU3MCHCHUA YaCTOTBI 3O0HIUPYIOIMICTO M IIPHUHATOTO CUTHAJIOB. B HpOCTefIHICM
clIy4dac ncjib HCIIOABHIKHA U OOIUICPOBCKaAA I[O6aBKa 9aCTOTHI ITPUHATOI'O CHUT'HAJIA

paBHa HyJIO F = 0 (pUCYHOK 6).
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A f,ﬂ,aJ'IbH.: fSC - fanH. C

YHacTOK N3MepeHnA
A f,u,aan. t

Puc.6. HpI/IHI_[I/IH MMOJTYUCHUS OAJIbHOMCPHOI'O 3HAYCHUS YaCTOTHI

B Teuenue Bpemenu 7,—f, B PJIC OIHOBpEMEHHO MPUCYTCTBYIOT U

3
30HAUPYIOIIMN WU TPUHATHIM CHUTHAJIbI C OJWHAKOBBIMU 3aKOHAMU HW3MEHEHHS
qacTOThl. OTIMYMS MEXAYy HUMH OOYCIIOBJICHBI 3aJEPKKOH  IPHUHSATOTO
CUrHala Ha f;.

HenocpencrtBeHHOE n3MepeHNUE BEIMUMHBI 3aIEPKKN HE UMEET CMBICIA, T. K.

T, >> ts, . BpCMSI 3arasablBaHusA, 4 3HAYUT U JAJIbHOCTh, MOT'YT OBITh OIIPCACIICHBI B

WHTEpBaje BpeMEHU 7, —f (Ha pUCYHKE 6 3TO y4acTOK U3MepeHUs Afogun) MO

pasHUIEC 9aCTOT 30HAUPYIOIICTO U IIPUHATOTO CUTHAJIOB

Af;)aﬂbl—l = f;‘C - pruH.C s

fro = f,+ 24
rae: Jsc = Ju £ - 3aKOH N3MEHEHHs 4aCTOThI 3C;
u
f — f + Af;)(t B t3)
pun.C " - 3aKOH M3MEHEHHUS YaCTOThl MPUHATOTO CUTHAJA;
u
_2A,
[, =—— - BpeMsl 3ama3IbIBaHu.
c

YacTtota Afpamy IPAMO MPONMOPIIMOHATIBHA TATBHOCTH:
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2
Af,| t— Ay
Af it c
A]pdaﬂbH:fB'C_pruH.C: ﬁt+T— - fH+ T =
2]
Af, !
B c _2XAfaXﬂu
T, CXTM (2)

CnenoBatenbHO, MOKHO B HMHTEpBaJie BPEMEHH T, —!, HEMOCPEICTBEHHO
U3MEPUTD Afoarn ¥ OTIPENCIUTD TATLHOCTD JI0 1IEIH U3 COOTHOIIICHUS

2xAf, (3)

A,

PeanbHast 1eab  SABISIETCS  TOABMIKHBIM — OOBEKTOM,  CJI€IOBATEIIBHO,
JOTUIEpOBCKasi J00aBKa 4YacTOThI TMPUHATONO OT HEe CHUTHajJla HE paBHa
nynwo F, # 0. [loatomy mporenypa u3MepeHHsl TaJlbHOCTU BKIIFOYAET HECKOJIBKO
MOCJIEI0BATEILHO BBIMIOJHIEMBIX ITAIOB:

1) m3mepsiercss F, (cmocoObl u3MepeHuss F, paccCMOTpUM B OJHOM WH3
CJIEAYIOIIHNX MOIBOIIPOCOB);

2) onpenensiercst Afoawn = (f3¢ — fripun. ¢) - Fo;

3) ompenaensieTcs: JaabHOCTh U3 COOTHOIIEHUS (3).

Ilpumep.

Jano: 3onoupyrowuii cuenan PJIC — npamoyeonvublil  paduoumnyisc
ONUMENbHOCMbIO  T,=2MC C JUHEUHOU YACMOMHOU MoOoyaayuell, Oesuayus
yacmomwl  Afo=500kly. Paccmosnue 0o yenu cocmaeénsem [, = 60 xkm. Lens
Henoosudicha (Fy=0).

Onpeodenumu: pasnuyy vacmom Afogun-

Pewenue:

1. HpOBCpHeM COOTHOIICHUC JIHUTCIIBHOCTHU HMIIYJIbCa W BpPCMCHU

3anas3abpiBaHus (7, >>1,).
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A, _2x6x10°

s 3107 =4x10"* cex.
c X

2x107° cex >> 4x 107 cex.
2. Hcnonw3zyeM paHee mnoiydeHHYIO Qopmyny (2) s ompeacsieHus

3HauCHUS Afppy ¢

2xAf,x 1,

CXT,

A]FdaﬂbH = f3C o pruH.C =

[loncrasnsem B GopMyIly UCXOJIHBIE TaHHbIE:

_2><5><105><6><104 B 6x10"

A = = =10° =100k u.
o 3x108x2x107° 6x10° 4

BoiBosa:

C yuyeTroM HCXOJHBIX JAaHHBIX (TIAPAMETPOB 30HAMPYIOMIECIO CHUTHAA)
BeunHA Af,n=100k['11 cooTBeTCTBYET NanbHOCTH 10 11eiu [, =60 kM.

PaccMoTprM aHaJOTMYHYIO 3a/1ady, TOJABKO B KauyeCTBE HEM3BECTHOTO
napamMeTpa onpeaesuM JalbHOCTh 10 1enu [

Jano: 3onoupyrowuii cuenan PJIC — npamoyeonvublii  paduoumnyisc
onumenbHocmvlo T,=IMmc, desuayueti vacmomsl Afa=500xly. Llenv nHenoosudcua
(Fs=0). Pasnocmnas yacmoma cocmasnsiem Afpann = S0l y.

Onpeoenums: /|,

Pewenue:

1. TIpoBepsieM BO3MOXKHOCTh NMPUMEHEHHUS YaCTOTHOTO METOJIa B 3aJaHHBIX

yCIIOBUSAX.

Kak crmemyer w3 pucyHka 6 ycioBue 7, >>[, PaBHOCHIBHO YCIIOBHIO

Afé>>AﬁaﬂbH-
OueBuiHO, 4TO 3TO ycnoBue BeinosHsgeTcs (SO0 1>>50kI1r).
2. Ins pemeHus ucnoiyibdyeMm (popmyiy (3), U3 KOTOpOil HailieM 3HauYeHHE

JAJIbHOCTH 10 Leu [,

— C X Tu X Af‘aaﬂbH

Ay 2Af,
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HOHCT&BHHCM B (I)OpMy.Hy NCXOAHBIC JAaHHBIC:

B 3x10®%x5%x107° x5%10* B 15%10°
2x5%10° 2x10°

C YUYCTOM HUCXOAHBIX HOAaHHBIX (HapaMeTpOB SOHAUPYIOIICTO CUTHAJIA H

4, =7,5%10* = 75xm.

BeTMIHMHBI Afya,,=50KI'11), 7aTLHOCTH 10 1ENH COCTaBHUT [, =75KM.

BoiBoa:

a) Ilpu yBenuueHuu JeBUANUU YACTOTHI Afy, 3HaueHUE Afjuu TOXe
BO3PACTET, T.€. Afjamu IPAMO IPOMOPIIMOHANIBHA IEBUAIIUU YACTOTHI Afy.

0) Ilpu yBenmuueHHH IUTEIBHOCTH UMMYJbca Afyns yMEHbIIAETCS, T.€.
Afjans 0OpaTHO TIPOMOPIIMOHATIBHA ITTUTEILHOCTH UMITYJIBCA.

Jlnst u3MepeHusi TalbHOCTH B CHCTEMAaX AKTHBHOM JIOKAIIMM ¢ AKTHUBHBIM
OTBETOM HEOOXOJUMO HMETh B BHIY, YTO KpPOME BpPEMEHHU 3ala3/IblBaHus,
3aTpauyMBaeMoOro Ha JaBukeHue paauocurHaita ot PJIC k menum u oOpartHo,

HOSIBJIAETCS €111e BpeMs cpabaThIBaHUs OTBETUUKA (PETPAHCIIATOPA) Lep.

tnp B tusvz = t3 + tcp .

D10 BpeMms HeoO0xoauMo oTBeTurKy Ha mnpuem 3C, ero aHaims,
dbopMupoBaHHE ¥ W3IYYCHHE B TPOCTPAHCTBO OTBETHOTO CHUTHaia. Bpews
cpabaTeiBaHusi B peanbHbIX PJI  cucTeMax MOXKET COCTAaBIATH JACCSTKH
MuKkpocekyHa. Cieayer y4ecTb, 9TO B CHCTEMax aKTHUBHOW JIOKAIIMH C aKTHBHBIM
OTBETOM CHUTHAJI HEMOCPEJICTBEHHO OTPA’KEHHBIN OT 1IN HE HCIOJIb3YETCs, TaK
KaKk ero MouHocTh MHOro Menbiie (B 1000 u Oonee pa3), 4eM MOIIHOCTh
OTBETHOI'O CUTHAJA.

Croco0 HemnocpencTBEHHOr0 U3MEPEHUS £, JUIsl UCTIOJIb30BaHUS B CHCTEMaX
C aKTUBHBIM OTBETOM HEOOXOJIMMO BUJIOM3MEHUTH. | TaBHOI TIpoOIeMoil SBisieTCsI
BO3MOXXHOE HECOBIAJICHHE BPEMEH CpadaThIBAHUSA f, Y PA3IMYHBIX OTBETYHMKOB.
[TosToMy MpU MPOCSKTHPOBAHUHM CHUCTEMBI BBOJHUTCS 3apaHee M3BECTHOE CIMHOE
¢buKcupoBaHHOE BpeMs cpabaTBIBAHUSA ey gurc, KOTOPOE KOHCTPYKTUBHO BHOCHUTCS

BO BCE OTBETUUKHU (PUCYHOK 7).
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Puc.7. HpI/IHI_II/IH OIIpCACICHUS BPCMCHHU 3alla3/IbIBAHUA B PAANOJIOKAITMOHHBIX
cucreMax € AaKTURHRIM OTRETOM

BpeMH 3ala3abIBaAHHA B 9TOM CIIYYadC OMPCACIIACTCA KaK

ts‘ = (tnp B tusvz) B tcp.¢ukc 5
a JAJIbHOCTDb BBITHUCIIACTCS U3 BBIPAKCHUA (1)

B cucremax maccMBHOH PaanoJoOKanuM OCYHICCTBISACTCA TOJBKO ITPHEM
CUurHajia, H3JIYy4YCHHC 3C He npeayCMOTpCHO, IIO3TOMY CcOCOOBI HN3MCPCHUA
HaJIbHOCTH, OCHOBAHHLIC Ha CpPpaBHCHHH BPCMCHHBIX, YdCTOTHBIX MWW HWHBIX
MMapaMCTpOB 30HAUPYIOIICTO U IIPHUHATOI'O CUTHAJIOB HCIIPUMCHUMBI.

OHpCIICJICHI/IC JaJIBHOCTHU B CUCTEMAX MacCUBHOM JIOKal1 OCHOBBIBACTCA HA
Pa3JINIHbIX BapHAHTAX  TPHAHTYJLIIUOHHBIX (OCHOBaHHBIX Ha CBOMCTBaAx
TPEYTOJIBLHUKOB) U3MEPECHUH.

I[JISI MMOCTPOCHUA U3MCPUTCIIBHOTO TPCYIOJbHUKA HCITIOJIB3YIOTCA IBC TOYKH
npucMa — OCHOBHAsA An JOITOJIHUTCIIbHAA B, Pa3HCCCHHLIC Ha (1)I/IKCI/IpOBaHHOC
pacctosiHre d, Ha3biBaeMoe 0a30i U3MEPEeHUs, TPEThe BEPIIMHON TPEYroJibHUKA

SIBJISIETCS 11€J1b (PUCYHOK 8).

Heanb

A d b

Puc.8. HpI/IHI_[I/IH TPUAHTYJEIMUOHHOT'O UBMCPCHUA JAJIbHOCTH
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HenocpencTBeHHO U3MEPSIIOTCSA YIUIBI €, O, O], @ JAJIBHOCTh HAXOJUTCS W3

COOTHOIIICHHS

B d

© cosé X (cosa —sina xctga,)

Y

1.2 CriocoObl u3MepeHus yrioBbIX KOOPIUHAT

YrinoBble KOOPAMHATHI €AW OINPENEIISIIOTCS Ha OCHOBAaHMM CBOMCTBA
MPSIMOJIMHENHOCTH PACIpPOCTPAHEHUS JJIEKTPOMArHUTHOW BOHBL Ilpu 3TOM 32
HAaIPaBJICHUE HA LIeJIb IPUHUMAETCS HAIIPABJIEHUE MPUX0Ja OTPAXKEHHOI'O OT HEe
CUTHaJa Ha aHTEHHYIO CUCTEMY. DTO HAIPaBJIEHUE ONUCHIBAETCS ABYMS YIJIOBBIMU
KOOpAWHATaMU, U3MEPSAEMBIMH BO B3AUMHO NEPNEHAUKYJISPHBIX MIOCKOCTSIX.

Jlist usMepeHust ITUX KOOPJIMHAT HEOOXOAUMO:

- 3aJaTh Hadalio KoopauHar. Kak mnpaBuio, TOYKa Hayala KOOPAWHAT
BBIOMpaeTcss B 1eHTpe aHTeHHOW cuctembl PJIC (myis HazeMHBIX CTaHIUN
oOHapy>KeHUs W HaBEJCHUS PAKET 3Ta TOUKA Ha3biBaeTcs Toukoil crosiHus PJIC, a
JUIsl 3eHUTHOM ympaisieMod pakerbl (3YP) B mosere sTa TOYka COBHAAAET C
LEHTPOM MacC PaKeThl);

- 3a7aTh opueHTanuio miockocteil. s PJIC o6HapyxeHust oHa MIOCKOCTh
ABJISIETCS TOPU3OHTAJIIBHOM, a Jpyras BEPTUKAJIBHOW, NMPOXOASUIEN 4Yepe3 TOUYKY
crostHusa PJIC m wenb. [[ns craHIMM HaBEAEHUS PAKET BMECTO TOPH3OHTAIbHOMN
IJIOCKOCTH  MCIIOJB3YETCs HAKJIOHHAs IUIOCKOCTh, YIOJ HAKJIOHAa KOTOPOWU
ONpENEIAETCS YIIOM NOAbEMa HOpMaJIM aHTEHHBI K ropu3oHTy. g 3YP B monere
MCIIOJIB3YIOTCSl TUIOCKOCTH Kypca M TaHra)ka, KOTopble OyAyT paccCMOTPEHBI MpHU
n3yueHuu 3YP.

[IpyHIMOBI W3MEpEeHHs] YIJIOB HE 3aBUCAT OT BBIOpAHHOM CHCTEMBI
koopauHat. Paccmorpum ux Ha npumepe PJIC oOnapyxenus, uzmepsiouiei
a3UMyT U yroJl MecTa Lenu (IepecyeT KOOPAUHAT U3 OJHOM CHUCTEMBI B APYTYIO

OCYIIECTBIISIETCS TI0 U3BECTHBIM CIPABOYHBIM (OPMYIIaM).
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AzumyToM [} Ha3bIBaeTCs yroia B TOPU3OHTAIBHOM IUIOCKOCTH MEXAY
HanpaBiieHuem  «PJIC-Ceep» wu  mpoekumeit smHuM  «PJIC-menb»  Ha
TOPU3OHTANIBHYIO TIJIOCKOCTh (PUCYHOK 9a).

Yriom mecta € Ha3bIBaeTCs yroil Mexay HampasieHuem «PJIC-uenb» u

TOPU3OHTAIBHOM TIOCKOCTBIO (PUCYHOK 90).

r'?I]:I:l'[ﬂ.l‘i.]'[

PJIC W % ul

Puc.9. Bunsl koopaunat B PJIC

JUiss  u3MepeHus YIJIOBBIX KOOPAMHAT HEOO0XOAMMO C(OKYyCHpPOBATH
MOIIIHOCTh M3JIy4aeMOro 30HAMPYIOIIET0 CUTHaja Ha 1IeJIM U TOYHO OIPEAEIUTH
HalpaBJI€HUE NPHUXO0Ja OTpak€eHHOro oT Hee curHana. CraenosatensHo, B PJIC,
U3MEPAIOIIMX YIJIOBbIE KOOPAUHATHI, IPUEMHAsI U MepeAaroniasi aHTeHHbI JIOJKHbI
UMETh Y3KYIO0 HalpaBJI€HHOCTb.

KonudecTBeHHON Mepoil HampaBlIEHHBIX CBOWMCTB AHTEHHBI SIBIISETCA €€
koappunrent ycunenus: G (pucynok 10).

Koa¢ppuumenr ycwjieHMsi TOKa3bIBaeT, BO CKOJBKO pa3 B 3aJaHHOM
HaIpaBJICHUU MOIIHOCTh W3JyYEHMs] HANpaBJIEHHON aHTEHHBI P,;;> NpPEBBIIIACT
MOIIIHOCTh U3JIyYeHHUs] HEHAlpaBICHHOW aHTEHHbl Py;;; TPU  OJUHAKOBOU

MOIIHOCTH NEPEAATIUKA Pyepi=Ppep2=const.



G — uzn2
})usle
P
Pm.u:
Pm.ul
/ \ o
-y +7

Puc.10. 3ny4yeHue HanpaBIeHHOW W HEHAIIPABJIECHHON aHTEHH B a3UMYyTAJIbHOM
IJIOCKOCTH

I[JISI IMPUCMHBIX aHTCHH K03(1)(1)I/ILII/ICHT YCWICHUA IIOKAa3bIBACT BO CKOJIBKO
pa3 MOIIHOCTL CUTHAJIA, IIPUHATOTO HaHpaBHCHHOﬁ aHTCHHOU 6YI[CT 0obIIIe

MOIOHOCTU CUTI'HaJIa, IIPUHATOTO HeHaHpaBHCHHOﬁ AHTCHHOM.
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Puc.11. IH - 3aBucuMocTh K03 (HULIMEeHTa YCUICHUS aHTEHHBI OT YTIJia

KoaddunmeHT ycunenus xapakrepru3yeT HapaBIeHHbIC CBOMCTBA aHTECHHBI
B 3aJlaHHOM HampapJIeHUH. [lJIs TOJHOTO ONMWCaHUs HAIpPABICHHBIX CBOMCTB
aQHTEHHBI MCIOJIB3YETCs ero 3aBUCHUMOCTh oT yria G(¢) (pucyHok 11), koTopyro
Ha3bIBAIOT IUarpamMmoit HanpasiaeHHocTH (IH).

JlnarpaMMmbl  HAmpaBJIEHHOCTM  MO3BOJAKOT  ONMCATh CBOMCTBA  Kak
MepeJarInX TaK U MPUEMHBIX AHTCHH.

[IpocTedmmM METOAOM HM3MEPEHUS YIJTIOBBIX KOOPAWHAT SIBIISIETCS METOJ
makcumyma. OH npumensercs B 003opHbiXx PJIC, rme ob6ecneunBaercs
nepememienne JIH 10 u3MepsieMOll KOOpAMHATE C YIJIOBOM CKOPOCTBIO (0
(ckaHMpOBaHME MPOCTPAHCTBA IO YIVIOBOM KoOpAMHATE). YTJIOBOE IMOJOKCHUE
LEJIN OlpenensieTcs no HarpasieHuto JIH aHTeHHBI B MOMEHT ITpreMa MaKCUMyMa
OTPaXCHHOI'0 CUTHAJA.

Jls onpeiesnieHus METOJIOM MaKCUMyMa 3HaueHMs a3uMyTa 3 opraHu3yeTcs
KPYrOBOE€ CKAHUPOBAHUE C 3aJAHHOW CKOPOCThIO ®;. M3mepseMbiM mapaMmeTpom
SIBJISIETCSI BpeMsI OT MOMEHTA MPOXOK/ICHHs JTy4OM HarpaBiieHus Ha ceep (t=0) mo
MOMEHTA TOJYYEHUSI MAKCUMYMa OTPAXCHHOI'O OT LIEJIM CUTHANA ty.

A3UMYT 1IeJIM PaCCUUTHIBACTCS U3 COOTHOMIECHUS Py= tyX Mj.

B 3TOM cityyae TOYHOCTh U3MEPEHUS YIJIOBOIO MOJIOKEHUS LIETU HAIIPAMYHO
3aBucuT OT mwupuHbl JIH antennsl. Yem yxe [IH aHTeHHBI, TEM BBIIIE TOYHOCTH

M3MEpPEHHUs YIIIOBbIX KOOPAUHAT (PUCYHOK 12).
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Puc.12. MCTOI[ MaKCHMYyMa OIIPCACIICHUA YIVIOBBIX KOOPAHWHAT

Henocratkom MeTo/a MakcMMyMa SIBISICTCS HU3Kas TOYHOCTh H3MEpPEHUS
yriaoB, cpaBHuUMas ¢ mupuHOW JIH (TpakTU4eckn MOCTHXUMas MHUHUMAaTbHas
mupuHa JIH coctasnser 0,7°).

JUIS  TIOBBIIIICHUST TOYHOCTH  H3MEPECHHUS  MPUMEHSIOTCS  METOJIBI,

OCHOBaHHbIE HA CyMMAaPHO-PAa3HOCTHOH 00padoTKe MPUHUMAEMbIX CUTHAJIOB.



. PCH
APrax P

ITH1 TTH2

Pa o0 Iafa
00 IACTE

N,

ITH1 TTH2

Puc.13. ITapuuaneueie JI1H

CyMMapHO-pa3HOCTHasi 00paboTka TpeOyeT HCIOJIb30BaHUS HECKOJIBKUX
JIH (mo mape Ha KaXIyl0 H3MEpPSIEMYI0 YIIOBYIO KOOPAMHATY), Pa3HECEHHBIX
Mexay cobOoit. Takwe JIH HaspiBatoTcsi mnapuuanbHbIMU. BenuunHa yria
paccoryiacoBaHusi AQ HaXOAUTCS B Tpejeiax OT IMOJOBUHBI JI0 MOJHOW IIMPUHBI
nenectka JIH (pucynok 13).

Curnain, oTpaxeHHbIH OT 1enu, npuHuMaeTcs obenmu JIH. Hanpasnenue
nepeceuenus [IH1 u JIH2 npunHsATO Ha3bIBaTh PaBHOCUTHAJIBHBIM HaIpPaBICHUEM
(PCH). CymmapHo-pa3HocTHass 00paOOTKa Mapbl MPUHSITHIX CUTHAJIOB MO3BOJISIET
3adukcupoBath (pakt coBmageHuss PCH ¢ nampaBieHuem Ha 11€b, UM U3MEPUTH
omuOky Mexny Humu. [lpu coBmagennn PCH ¢ HampaBieHwem Ha IIeib

aMIuIMTyael curHanos, npuHaTeix JIH1 (A1) u JIH2 (A2) paBHbl Mexay coOoH, a
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ux pasHoctb paBHa Al-A2=0. Ecmu pasHoctb He paBHa 0, TO oOHa
npornopuroHansHa omuoke mexxay PCH u HanpaBneHueM Ha 1eb.

[lockonbKy mpU MNPUMEPHOM COBIMAJECHUU HAIpPaBICHUH pPA3HOCTD
omuzka k 0, To nns JanbHeumed oOpaOOTKUM MPUHATOTO CUTHANA (M3MEpEHHE
ApYruX KOOpJAMHAT M BHU3yallbHOE oToOpakeHue curHaia) B PJIC HeoOxoaumo
HCIIOIb30BaTh CyMMapHbIil curHan Al+A2= As.

JIOCTOMHCTBOM 3THUX METOJOB SIBJISIETCS BBICOKAsh TOYHOCTh H3MEPEHUS
(omMOKM COCTaBIAIOT €JUHULBI YIJIOBBIX MHUHYT), @ HEIOCTaTKaMU SIBJISIOTCS
CJIOHOCTh AHTEHHOM CHCTEMbl U HEBO3MOXKHOCTh U3MEPEHUS YIiia, €Clau OmMnOKa
mexay PCH u HanpaBiieHreM Ha 11eJib IPeBBIIIAET paccoriacoBanue mexay JH1

u JIH2 (A@), T.e. BBIXOIUT 3a Ipeeiibl paboueit 00J1acTH.

1.3 CiocoObl u3MepeHus paauaibHON CKOPOCTH

Oddexr [omiepa CTOUT B TOM, YTO €CIU OOBEKT OTPAKAIOUIUNA WU
W3JTYYAOIIUA CHUTHAJI JIBFDKETCS, TO HEIOJBMIKHBIM HAOII0IaTeNbh 3aUKCUPYET
W3MCHCHHE YacTOThl TNPUHUMAEMOro CurHama. Ecim oO0BEKT JBWKETCS K
HaOJI0JATEII0 — YaCcTOTa CUTHAJIA PACTET, €CIM OT HAOII0AaTeNsl — YMEHBIIIASTCSI.

HarmsmHolt winmrocTpanuedi BIWSHUS CKOPOCTH OOBEKTAa HAa YacTOTy
SBIIICTCS 3BYK TEIUIOBO3HOTO TYAKA, KOTOPBIM CIBIIIAT TAacCaXHpPhl Ha
HETOJBI)KHOM TIEPPOHE: Y TPHOJIMKAIONMIETOCS TEIUIOBO3a 3BYK TyJAKa Ka)XeTCs
BBIIIIC, Y YIAISIONIETOCS — HUXKE.

Ha ocnoBanum s dexra Jlomiepa onpenensiercs paguaibHas CKOPOCTh U
Ve

HenocpencTBeHHO M3MepsieTcss TaK Ha3bIBacMasl «JIOTMJIEPOBCKast M00aBKa

qacToTe» F), = fnpuH — f.sn KaK Pa3sHOCTb MEXKIY 4aCTOTAMH H3ITY4eHHOTO (fis) U

IPUHATOTO OT UENH (fpun) CUTHAJIOB.
PanuanpHas cocraBisironiass CKOPOCTH JBHKEHUS LEIU OIPEIEISAeTCS B

COOTBCTCTBHH C BBIPAKCHUCM !

V,=—"— 3)
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rae: A —aMHa BosiHbl u3nnydeHHoro PJIC curnana.

Fy u V, UMEIOT MOJOXKUTEIbHBIE 3HAYEHUS €CNIM LeNb NpUOIMKaeTcs K
PJIC, u orpunarenbHble - ecinu uenb ynansercs ot PJIC.

Jlns wu3MepeHuss paauaibHOM CKOPOCTH KaK NPaBUJIO HCIOJIb3YHOTCS
YCTPOICTBA, TOCTPOEHHBIE Ha Y3KOIMOJOCHBIX 4YacTOTHBIX ¢unbTpax. lloxg
(GUIBTPOM MOHUMAETCS YCTPOHCTBO, HAa BBIXOJ KOTOPOTO TMPOXOJAT TOJIBKO
CUTHaJbl B IpeJenax y3KOro 3aJaHHOro0 [uana3oHa 4YacToT (TaKk Ha3bIBaeMas
nojioca npomnyckanus ¢puiabTpa Afy). Curnainel Ha Bcex Ipyrux 4aCTOTax Ha BBIXOJ
HE TpOXOoJAT (MOoJaBiArOTCs). s OLIEHKM paJuaibHOM CKOPOCTH (Hampumep, B
normepockux PJIC oOHapykeHus) Kak mpaBuiio popMupyeTcss Habop QUIbTPOB,
IIOJIOCH! TPONYCKAaHUs KOTOpPBIX paBHbl Afy, cieayroT ogHa 3a JApyro u
MEPEKPHIBAIOT BECh JUANA30H BO3ZMOKHBIX JOMIEPOBCKUX 100aBOK.

KonuuectBo (puiabTpoB 3aBUCUT OT BO3MOYKHOIO JHana3oHa CKOpPOCTEH
LHENIW WIA OT Juana3oHa CKOPOCTEH, IMPEACTaBISAIOUIMX HHTEpec Ajsi paboThl
koHkpeTHo# PJIC. IlupuHa mosiockl mponycKkaHus Kakaoro GuiabTpa corjacyercs
C 4YaCTOTHBIMH XapakTtepuctukamu 3C.

B »ToM caydae, d4TOOBl OLIEHUTH paJUANbHYIO CKOPOCTh LIETU B
COOTBETCTBHM C BBIPAKEHHEM 3 JOCTATOYHO ONpENeNuTh HOMep (uibTpa, Ha
BBIXOJ] KOTOPOTO TMpOIIeNl CUTHaI <«3BeHsAmuid ¢uabtp» (pucyHok 14) wu

BOCIIOJIb30BaThCsl COOTHOIIEHUEM Fq= Fy min + nxAfy .

dmin IR eHANIND hILme Tp F dmax

n-l n

|
| (ims TpEI |

Puc.14. Pacnipenenenue GpuibTpoB Ha YaCTOTHOM OCH ISl onipenesienust Fy
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JpyrumMu clioBaMU, CKOPOCTb LIEJIM MOXHO OMPEAENIUTh MO MOPSIKOBOMY
HOMeEpY (puiIbTpa, Ha BBIXOAE KOTOPOTO MOSIBUIICS curHall. Eciii B Takyto cucteMmy
N00aBUTh YCTPOMCTBO TOCJIENOBATENBHOIO OIpoca (QUIBTPOB, TO TOrna
MOSIBJSIETCS. BO3MOXHOCTh BHU3YaJIbHOTO OTOOpa)K€HUsI MPHUHSATOTO CHUTHajla Ha
sKpaHe HHJUKaTopa. [IpuMmepHass cxemMa Takoro YCTpOWCTBa MpEACTaBI€HA Ha

pucyHke 15.

CHacrema
JOILTePOBCKRHX

puIETpOR D1 Yecunutenn
KommyTatop

2

o | o
B—{MpremHMK ' j f\k_
4 /53 i

FeHepaTop
HanpA¥eHHWA
IR pPAZEEpPTKH

ANNINRRARRRANAY
0

Puc.15. Cxema uzmepurens cCKopocTu (BapuaHT)

[Tockonbky Hac B ocHOBHOM HHTepecytoT PJIC, ncnonb3zyembie B cucteMax
MIPOTHUBOBO3IYIITHOW OOOPOHBI, TO JJaHHASI CXEMa U3MEPUTEIIS CKOPOCTH MO3BOJISET
ONpeJeNsITh MOMEHT IMyCKa PpakeThl ¢ OOHApYyKEHHOTO BO3AYIIHOIO OOBEKTa.
Takas pakera Oyzmer oOnagaTh OOJbIIEH CKOPOCTBIO 1O CPaBHEHUIO C €€
HOCHUTEJIEM M MEHbIIEH OTpakarollell MOBEpXHOCThIO. B 3TOM ciyyae Ha 3KpaHe
MHIUKATOpa MOXHO Ha0/onath 3Q¢eKT pas3iesneHns OJHOM OTMETKH OT LeJU Ha

JIB€ pa3IMYHbIE OTMETKH (pUCYHOK 16).
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Puc.16. MnaukaTop CKOPOCTH LIEIN

Ha pucyHnke 16a Mbl BUIUM CUTHAN LEIU U MOYKEM OINPENIEIUTh €€ CKOPOCTh
10 IPUHATON T'paJyHpOBKe, a HA pUCYHKE 160 Mbl BUAMM Ty e LEb U ellle OJHY
OTMETKY, KOTOpas OTAENSETCS OT LEIM U JABHKETCS B CTOPOHY YBEIHYEHHS
cKopocTH. TakuM 00pa3oM, MOYKHO OJHO3HAYHO pa3JeluTh JBa OOBEKTa IIO

CKOpPOCTH.

2. PABPEITAIOIIIAA CITOCOBHOCTD PJIC

Cnoco6nocts PJIC omnpenenuth, SBISIETCA JU 1EJIb OJWHOYHBIM WJIU
IPYIIOBBIM 00BEKTOM, Ha3bIBACTCS pa3peliaronieid CriocCoOOHOCTHIO.

Pazpematonmiass  cnocoOnocts PJIC — 3T0O MUHUMAaIBbHO BO3MOXKHOE
CMEIIIEHHE OJIHOM I1IeJIM OTHOCUTEIBbHO JPYyrol I1ead XOoTs Obl MO OJHOHU
KoopauHaTe (IIpu OJMHAKOBBIX 3HAUEHUSX BCEX JAPYTHX KOOPJUHAT), MPU KOTOPOM
BO3MOJXKHO pa3lieJIbHOE WX HaAOII0JIEHHE U U3MEpPEHHE KOOpIWHAT U MapaMeTpoB
JIBIDKCHHUS LIEJICH.

Pa3zpemawmasi cnocoOHOCTh 30HAMPYIOIIMX CUTHAJIOB IO JAJIbHOCTH
ompeNeiaeTCsl BpEMEHEM, B TpejieaX KOTOPOTO BO3MOXKHO CIIMTHOE HaOJIIOIeHUE
CUTHAJIa ¥ €ro CIIBUHYTOMU MO BPEMEHH KONuU (pUcyHokK 17).

Pa3pematomas cnoco6HOCTh 10 gasibHOCTH Al onpenensercs o Gpopmyie:

Al1=cxty,/2
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Puc.17. Pa3zpemaroniasi ciocoOHOCTh MO aIbHOCTH

B sTom ciydae ycnoBue paspelieHus 1esiei mo JanbHOCTH MOXKHO BBIPA3UTh
KaK:

| I[u2 - I[ul | > CXTH/z

Paspemaomasi cnmoco0HOCTh 30HAMPYHOIIMX CHTHAJIOB MO CKOPOCTH
ueneit (mo yacrore Jomnepa) AF, onpeaensercs 4aCTOTHBIM CABUTOM, B TIpejaesiax
KOTOPOTO BO3MOXKHO CIIMTHOE HaOJIIO/ICHHE CUTHAIA U €r0 CIABUHYTOM MO 4acToTe
KOIIHH.

Pazpematomas  croco6HOoCTh 1O  paguanbHOM  ckopoctH B PJIC,
UCIOJIb3YIOMNX (DUIBTPOBOM crmocod u3zMepeHus Vi, omnpenensercss HMHPUHON
II0JIOCHI IPONYCKaHUs (PUIBTPOB Afy:

AV = AxAfy/2

Takum 06pa3om, ycioBHe pa3peleHus 1eyel Mo CKOPOCTH MOKHO 3aIucaTh

KakK:

| Vo Vi | 2xAfy/2.

3ony 0030pa PJIC MOXHO BU3yallbHO pa3OUTh Ha 3JIEMEHTapHbIE O0OBEMBI
MPOCTPAHCTBA T10 YTIOBBIM KOOpPAMHATAM U JallbHOCTH (pUCyHOK 18).
BreigenuMm B 30He 0030pa 4eThIpE COCEIHUX JIEMEHTApHBIX o0beMa 1, 2, 3,

4, B K@XKIOM M3 KOTOPBIX HAXOAUTCA OJJHA TOUCHUHAA LCIIb. OneMeHTHl 1 1 2 uMeroT
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OJIMHAKOBBIE YIJIOBBIE KOOPAMHATHI, HO OTJIMYAIOTCSA MO AAIBHOCTH HAa BEIUYUHY
AJl, snemeHTsl 1, 3 OTIMYAIOTCS TOJNBKO MO a3uMyTy Ha AP u 1,4 - TOnbKO 1Mo yriy
MecTa Ha Ag, MpUYEM Bce LU HaOogaroTcs pasfenbHo. byneM cokpamiaTh
KXy U3 BeIMUYUH A/, AB, Ag 110 T€X MOp, IOKa pa3aeIbHOE HaOJII0IeHUE 1eei
CTaHeT HEBO3MOXHBIM. Torga oobem 1 u Oyner paspemiaeMbiM OOBEMOM U €r0
aneMeHTaMu  Allyun, APwms, A€wun OLIGHMBAETCS pa3pemiaromnias CrnocoOHOCTh

CTaHIIMU IO JAJbHOCTH, a3UMYTY U IO YTy MECTa.

Puc.18. Dnementapubie 00beMbl 30HbI 0030pa PJIC

Takum  oOpazoM, paspewarowas  cnocooHocms no  OAIbHOCHU
OYEHUBACMCS MUHUMATBHLIM PACCMOAHUEM ALy, MeHcOy 08YMA HAXOOAUSUMUCS
Ha OOHOM HANPAGIeHUU YelaMy, Npu KOMOopom d2mu yeiu HAOI00armcs
Pa30envHo.

Pazpewarowana cnocobnocmv no azuMymy OYeHUBAEeMCs MUHUMATLHOU
PA3HOCMBIO A3UMYMO8 Afyun 08VX yenel ¢ 0OUHAKOBLIMU OANIbHOCMbIO U VelOM
Mecma, npu KOmopou 3mu yeau ewje Habaoo0armces pa3oebHo.

Pazpewmarowan cnocoonocms no yeny mecma oyeHusaemcs MUHUMATbHOU
PA3HOCMbIO Vel08 MeCma A&y, 08YX yeiel ¢ 0OUHAKOBLIMU OAIbHOCMbIO U

asuUMymom, npu KOmopou 3mu yeau, euje Hao.ao0aromcs pazoeibHo.
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Paspewarowjasa cnocoonocms no cKopocmu oyenugaemcs MUHUMATbHOU
PA3SHOCMbIO  paouanbHuvlx  ckopocmei AV, 06yx wyenell ¢ 0OUHAKOBLIMU
koopournamamu /], B, €, npu xomopotl smu yeau ewje Habaro0aomcs pazoeibHo.

JIns mpuHATHS pPEIIEHUS OAWHOYHAs LEJIb WIM TPYNIOBas JOCTATOYHO
pa3pelIeHus ene o OJHOM KOOpPAUHATE.

Taxkum o6pazom, pazpematomnias criocooHocTs PJIC siBiisieTcss TaKTUUECKOM
XapaKTepUCTUKOW, ompexaensoomeir Bo3MoxkHoctu PJIC  paznensats  65u3Ko

PAaCIIOJIOKCHHBIC 00BEKTHI IIpHu UX 30HAUPOBAHUU.

SAIIAHUE HA CAMOCTOATEJIbBHYIO PABOTY:

HOBTOpI/ITB MaTcpuall JICKIHUU. HBy‘{I/ITB CIIOCOOBI HU3MCPCHUA KOOPAUHAT.



