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APEAUCJIOBUE

Hacroamaa xHura cosgaBanack HA NpPOTHAXKeHMH psAla JeT 1A
oflecrieueHusi Hy K3 yueGHOrO lpolecca B By3ax, FoTOBSILIUX CIeLHaNH-
CTOB MO pajHofJoxKanuu. B npouecce ee co3laHud peluasnach 3agada
[UWHPOKOTO HCIOJb30BAHHA METOAOB CTATHCTHYECKOIO aHa/ u3a M CHH-
Te3a KaK BaKHOH 0a3bl xypca. Kypc CTpOUTCA B NPeANOJNOKeHHH, 4TO
yuamuecss yxKe 03HaKOMJIEHbl B OOIIUX yepTax ¢ paboTod Kaxoro-aubo
ofipasua pajauoJOKALMOHHOH TEeXHHKH B IMOpPSJKe NPAKTUUECKOTO 00y-
YeHUs] W TellePb MPHUCTYIIAIOT K CHCTEMATHUECKOMY H3Y4YEHHIO Teope-
THYECKUX OCHOB COBPEMEHHOH paAHoJoKaluH. M3ydaemulil xypc noJ-
JKEH, B CBOIO ouepellb, MOATOTOBUTL UX K OCBOEHHIO OCHOB 3KCIJyaTauuH
U TPOEKTHPOBAHHMA KOHKPETHBIX PA3HOBHAHOCTEH annaparypsl, U3
yuaeMblX ‘B MOCJAELYIOUIMX Kypcax, 4 Takxke JaTbh 6asy LJs1 CamoCTOs-
TeJbHOH paboThl MocJe OKonuanus By3a. Has yray6ieHus 3HaHM
10 OTAEJbHBIM BOIIPOCAM B KHHUIe NPelyCMOTPeH AONOJHHTE/bHBIA Ma-
Tepuas, HabpaHHBI MeTHTOM UM BBIHECEHHBIN B NPHIOKEHHA,

CTpyKTypa KHHTH ONpefeNuJaach U3 OfbITa fIpeNofaBaHus, KOTOPBIH
110Ka3blBaeT, UTO [/ JOCTATOUHO [JYOGOKOro OCBOEHHS CTATUCTHUYECKOMH
yacTH Kypca U ee NpWIOKeHHH TpeGyeTcs HanpskeHHas pabora. ¥YcBoe-
HHe ObiBaeT Haubosee 3peKTUBHLIM, KOTAa yuallluicA BCe BpeMs OILy-
llaeT TeCHYIO CBA3b TeOPHH U ee NPAKTHUECKONO NPUMEHEHHA. DTOT
MPHELHUN OBl UCXOAHBIM NPH BBIGOPE NOCAENOBATENBHOCTH H3JMOKEHHA,
JlaXKe ecyId NpH 3TOM B Kakol-1ubo Mepe Hapyluasjach CTPOHHOCTh pac-
CMOTPEHHMS] pasfeJbHO TeopeTHUeCKHX H [PaKTHYeCKHX BOINPOCOB
Kypca.

[otoBA KHUTY, aBTOPHl CTPEMHJHCH OZHOBPEMEHHO H30eXKaTh KakK
4YpeaMepHOll KOHUEHTPALUY TEOPUH, TAK M U3JHLIHKX NOBTOpeHui. s
TOro uToObl H3bexaTb [OBTOPEeHHH, CUCTEMAaTHUeCKOEe pacCcMOTpeHue
MeTOAOB Pajid0I0KAaIMH HAYHHAETCA T10C/e TOTO, KaK AaHbl OCHOBEHI CTa-
TUCTHUECKOH T20pHH OOHAPYKEHUA DPaAHOJOKAIHOHHBIX CHTHAJOB U
U3MepeHHA UX napameTpoB. YUTo6bl NMOAYEDPKHYTh NMPAKTHUECKYIO 3HA-
YUMOCTb [10Jy4aeMbIX TIPH 9TOM Pe3yJbTATOB, OHH MOCTOSHHO HJJIIOCT-
pPUPYIOTCA MPUMePaMH CTATUCTHUECKOrO CHHTE3a YCTPOUCTB 06paboTKH
CUTHAJOB (HAKOIJ/JIeHHs, aBTOCOIIPOBOXKAEHUA U T. A.), B TOM UUCJ/Ie CPaB-
HUTENBLHO HOBBIX YCTPOHCTB CXKATHA PaaHOUMIIYJIbCOB.

JanbHefiileMy HapaUlMBaHHIO TCOPHH - NpelluecTBYeT PaccMOTpeHHe
KOMIlJIeKCa IPaKTHUeCKHUX BOMPOCOB, CBA3AHHBEIX C 30HAUPOBAHHEM IIPO-
CTPAHCTBA HEKOrePEHTHBIMH paldOMMITYJbCAaMU MaJoi LJUTEeJBHOCTH.
Cioza oTHocATCsA: paspeiieHde ¥ OZHO3HAYHOCTb M3MEpPEHHs Jalb-
HOCTH, Pas/JduHble MeTOAsl 0630pa NpOCTPAHCTBA, pacueT XaJbHOCTH
AeHCTBUS W 30H BUAMMOCTH, METOAB H3MEPeHUs YFJIOBLIX KOOpAHHAT,.
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HCII0/Ib30BaHKe AaKTUBHOIO OTBETa W pasHeCeHHOH paauodokanuu. QOc-
BOEGHHE MepeulCJeHHBIX BOMPOCOB HaeT HeOOXONMMBIH Martepuan s
NOHUMaHHsA 0cobeHHOCTeH PaboTh ZOBOMLHO WHPOKOTO KJacca pajuodo-
KalMOHHBIX YCTPOHCTB, B TOM UHCJIE€ MHOTOYACTOTHEIX, ¢ IIKPOKONIOJIOC-
HbIMH CHTHaJaMH (HO Oe3 paspeweHus 110 J0iHIePOBCKOH 4acToTe),
MOHOHMIYJLCHBIX H T. I.

Iocnenyromemy oBo6illennI0 K1acca UCNOJb3yeMbIX CHTHAIOB Npej-
WECTBYET H3JI0XKEHHe TEODHH JBYMEPHHIX aBTOKOPPeJsLHOHHBIX (YHK-
UMH KOrepeHTHBIX CHTHAJOB H COOTBETCTBYIOMWX UM TeJ H JHATPaMM
HEONpPeNeJeHHOCTH. Y CJACBUA OPUMEHUMOCTH MOCAEAHHX {IOAPOGHO
paccMaTpUBaKTCA. AHAMIM3UPYETCs HX CTPYKTypa AS Pas3AMUHbIX CHI-
HAJIOB, OUEHHBAETCH BJHSIHUE Hd TOYHOCTH W3MEpPEeHHH, PA3IPEUIAINYI0
CIIOCOOHOCTD, @ TaKXke CTeNeHb CIOXKHOCTH cHcreM obpabotku. [loay-
YeHHBIE pe3yJbTaThl HCIOJAB3YIOTCS NIPH PACCMOTPEHUU METOAOB paauo-
JOKalilM, CBJ3aHHbLIX € 30HAHPOBaHHEM JPOCTPAHCTBA NPOTHMEHHBIMU
KOTePeHTHBIMU CUTHAJaMH: MOHOXPOMATHUECKUMH, MHOTOUACTOTHBIMH,
YaCTOTHO-MOAYJIHDOBAHHBIMU, (A30-MAHHITYJIHPOBAHHBLIMU.

K paHnee paccMOTpeHHBIM Bonpocam o030pa NpocTPaHCTBa, pacyera
JaJbHOCTH JIeHCTBMA M 30H BUAMMOCTH, U3MEPEHHS YIVIOBHIX KOOPIH-
HaT J4IOTCH [PU 3TOM JIMIIb MUHHUMAJBHO HEOOXOAHMbIE I0MOJHEHHUS.
Hoapo6uno paccmarpHBaercs BJausHHe AedopMaluy orubawiied mnpu
JIBHKEHHH LLeMTH, KOTOpPOe OOBIYHO HE YUUTHIBAETCS B TEOPUU ABYMEDHBIX
ABTOKOPPEJSIHOHHBIX (YHKLUI, HO onpeaenser TOUHOCTb MHOTOKpaT-
HBIX M3MEePEeHHH C HCNO/b30BaHHEM HeKorepeHTHOH o6paboTKU. BhisB-
JAKTCA NPHHILHWIHAJIBHO JONMYCTHMbBIE Mpcaebl KOTEPEHTHOrO HaKoil-
JeHUs ¢ yueToM (IIOKTYyauuH [eqH. YUHTLIBAeTCS BO3MOXKHOE BJIHAHHE
YCJOBHH pacnpocTPaHeHUs Ha KOUePeHTHYW O6pafoTKy U AHarpammbl
HeonpeneseHHOCTH. B 31Ol CBA3H AalOTCA pas/inyHble OGOGIEHHA NH-
arpaMM HeoflpelleleHHOCTH. Kax OIHO M3 BaXHBIX NPUNOKEHUH Kore-
PEHTIIEIX CHIHAJ0B OONbLILIOM AJMHTCABROCTH paccMaTpHBaeT s HX He-
10J1b30BaHHE B PAIMOJOKATOpPax o03opa 3eMHOH moBepXHOCTH. [lpu
3TOM Hapsifly ¢ IPYTHMH BO3MOMKHLIMH METONAMH OTMCHIBAIOTCS METOMIBY
ONTHYECKOH O6pabOTKH MPUHHMAEMBIX CHIHAJOB.

H3noxenue BONPOCOB AKTHBHOH pajqdOJOKALUH 3aKAHYMBAETCH
KpaTKHM aHaJdH30M BO3MOXHBIX BHIOB €CTECTBCHHBIX, B3aHMHBIX
M HCKYCCTBeHHBIX NOMeX, a TaAKxKe NPUHIMIIOB 3alidTht OT HEX. OCHOBHOE
MecTO yAessieTcsl MACKHPVYIOMUM [OMexaM, AKTHBHBIM H YIACCHBHBIM.
3HaunuTeJbHAA YacTb H3JaraeMoro MarepHana cCBA3aHa C ceJeKlHeid
ABIXKYmHXcA Uedeid. Hapany ¢ MacKHpyiomuMu foMexany paccMaTpu-
BAIOTCA HMHUTHPYIOILHE.

B KoHIle KHHTY H3JI0KEHBI BONIPOCH! TACCHBHOH PaIHOIOKALUH HCKYC-
CTBeHHBIX W eCTeCTBEeHHBbIX H3JyUueHUH, B TOM 4YHC/Ie HOTEHUHA bHBIE
BO3MOXXHOCTH TPUAHTYJIAUMOHHOA U KOPPENALLUOHHON JTOKALMH.

KHHra colepxur npunoxeHus u noapobuyio Subavorpaduio, nos-
BOJIAIONIHE UWTATENIO MOJYUYHTh JAONOJHHTEAbBYIO HHPOPMAUHIO 110
paccMaTpuBaeMbIM BONPOCAM.
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Pa6oTa no Hanucanmo KHUTH OblIa BBIMOJHEHA aBTOPCKUM KOJJieK-
THBOM H pacrpeiensiach caelyiomuM obpasom. OKoMO NOJOBHHBL ee
6piia Hanucana $1. JI. Ilupmanom u B. H. ToauxkosbiMm (§ 2,1—2.8,
3.1-3.21, 4.1—4.10, 5.15, 6.1—6.7, 6.13—6.18, 6.20—6.21 u npuJ0-
xenus 3—6, 9—10); 5. J1. llupmanom u B. Y. TlonsikoBbiM Hanucanbl
§ 7.1—7.21; si. A. lupmanom u I'. A. KocruHbim Hanucalbl § 1.1—
1.2, 1.4—1.5, 29—-2.10; I'. A. KocTunbiM HanucaHsel, Kpome TOrO,
§ 2.11—-2.16, 6.8—6.9; W. H. DychirunpM Hanucaus § 5.12—5.14,
5.16; B. H. Manxkocom Hanucaub §5.1—5.7, 5.10—5.11, npunoxenue 7
1 coBMectHo ¢ H.H. MunepBunemn § 5.8—5.9; H. H. MuHepBuHbM
Hanucaue! § 1.3,5.21,6.19 u npunoxenue 8, 6. B. HalinenoBoiM Ha-
nucaunsl § 5.17—5.20, 5.23, 6.10—6.12; A. C. YennaHoBbIM HalHCAHBI
§ 5.22, 8.1—8.5, npunoxenus 1—2, 11, 12. Tlpu nanucanuu § 5.12—
9.20 ¢ cornacus aBTOpa YacTHYHO MCNOJb30BaHO N10cO0He, U3JaHHOE B
1963 r. C. U. Kpacuoropossim. Oblllee pegaKTHpOBaHHe 1POBOAUIOCDH
4. J1. lllupmaHoM, npHHUMaBLIMM YydacTHe B pa3paboTKe BCero mare-
puana; ero JeKUuH GbLIH 10J10KEHB B OCHOBY Go/IbILeit YacTH KHHTH.
CymecTBeHHYI0 TIOMOIL B PeXaKTHPOBAHHH M INCATOTOBKE DPYKOITUCH
K neuarty okaswiBany B. H. lN'onnkos u Y. H. Bycurus.

ABTOpBI BHIpaXKaIOT CBOKW IM1pU3HarTesabHOCTh TT. A. @, Boromo/sioBy
u JI. A. lllepuakoBoit (kagerpa paauonputopor M3IV), xonnekTuBy
kadenpol JIMATIL, pykosoanmomy H. A. Cycaosemm, T1. C. E. danbko-
Buuy, A. WM. IManumio, A. A. KasakoBy, A. Il. Kpusenery, M. A. Jlu-
ceHKoBY, J1. H. PyxreBy, M. 3. YawHuky 3a cpe/aHHble 3ameuaHusd,
¢noco6CTBOBABIIME YJIYYIIEHHIO KHUTH.



Fr‘TABA 1

BBEOEHUE

§ 1.1. OGmue ceeaeHHs 0 PAAHONOKALHHE

Paduorokauyus — otpacib PajHOIEXTPOHHKH, ofecneyuBaolias
noJyderde cBelleHUH 06 o6beKkTax 3a cueT NMpUeMa M aHaaAM3a paavo-
BOJIH.

O6beKTH paIHOJIOKaUKH, T. €. ¢U3HYeCKHe Tesa, CBeJeHU S 0 KOTOPBIX
PeACTABJSAIOT TPAKTUUECKHH HHTEpeC, HAa3BbIBAKTCA PROUOAOKAYLIOH-
HBIMU HEAAMIL.

B 3aBHCHUMOCTH OT OO/aCTH NPHUMEHEHUS PAafUOJOKALUY LLeJHU MOTYT
ObITh: a3POAHHaAMHYCCKHMH (CaMOJIeTbI, KpBLA&TEIE paKeTbI), fanavucru-
YeCKHMH M KOCMHUHEeCKLMH (BOCIOJIOBKH, CIIYTHUKU), HA3eMHBIMH U HaA-
BOAHBIMH (TaHKH, KOpalaH); BO3MOXKHBl LeJN NPUPOAHOTO NPOUCXOXK-
JleHus (o6naka, NJaHETE, OPHUENTHPbl HA MECTHOCTH).

CoBOKYIIHOCTb CBeJCHHHA O LesdX, NONyYaeMblX CPelCcTBAMH DaiHo-
NOKALLUY, HA3BIBAKIT PACUOAOKALIIORHOU UHpOpMaLLel.

TexHuueckue CpeRCTEA I[MOJY4eHHS PaAHOJOKALHOHHOH HHGOpPMAa-
UMK HA3BIBAIOT paduorokaguonnvimi emanyuamy (PJIC) nau paduoso-
xamopamu. PaauofoRaTopsl NpeacTaBasior co0ol CI0MKHBIE KOMILIEK-
Cbl, KOTOpBIE TOMHMO DPalHMOTEXHHUYECKHX YCTPOHCTB MOTYT COLEpKaTh

. CHCTEMBl aBTOMATHKH H BbBIUHCJAWTE/IbLHbDIE YCTPOHCTBB.

ITpouecc nosydyeHus PafHOA0KALMOHHOM HHMOPMalLUH, BO MHOTHX
CJyuasix eQMHbIH, VAoOHO PasJeqaHTb Ha CJEAYIOlHe 3Taibl:

— O0HapyXeHHe Lenel,

— H3MepeHHe KOOPAMHAT M NapamMeTpOB JBHXKEHHUS,

— paspeileHue;

— pacliosHaBaHnue Lesel.

O6rapyoicer e .cOCTONT B NIPHHATHH PELIEHHS O HAJTHUHH MM OTCYT-
CTBHMM LIETH B KAXJOM BEAEIEHHOM YUACTKE NPOCTPAHCTBA C MHHUMAJIb-
HO JONYCTHMbIMH BEPOSTHOCTAMH OLIMGOUHbLIX pelieHHH.

H3amepernue cBOAMTCA K BBHIPAGOTKE OLEHOK KOOPAHHAT M Mapamer-
POB JIBHXKEHHR UEJTH ¢ MMHHMAJBLHO IONMYCTHMLIMH IOTPEIIHOCTSMH.
[lpu ucnoss3oBaHuH cdepUdYecKOd CHCTeMBI KOOPAMHAT OOLIYHO H3Me-
PAIOT AAJBHOCTH A0 UETH £, A TaKiKe ee asuMyT f H yroa Mecra &
{puc. 1.1). B xauectBe napaMerpoB JBMKEHHS Le/IH MOTYT BBOAHTLCS
NMPOU3BOAHBIE KOOPAUHAT, aUCO APYTle NapaMeTpbl TPACKTOPHH UC/IH.
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o

r | avansmoe wanpasnemue

! (cebep)
7
: //

Puc. 1.1. ChepuuecKkue KOOPDAHHATH LesH

PAC

Paspewerue cOCTONT B BHIOJMHEHUH 3a7ay OOHADYXKEHHs H u3Mepe-
HHA napaMeTPOB NPOU3BOJLHOM LeJM NPH HaJqMUUH JAPYTHX, KpoMe
BnibpanHon Ais HaGmoaeHusi. TOBOPAT O pa3pewieHHy uenefl no Aanib-
HOCTH, YIVIOBbIM KOOPAHMHATaM, CKODOCTH M T. &. Paspematouyro cno-
cOOHOCTb NO KOOPAWHATAM XapaKTepPH3YioT SJIeMEHTApPHHM O0bheMOoM.
Pa3smephl nocJieiHero no AaJbHOCTH — Ar, B a3HMYTaJbHOM NJIOCKOCTH —
Alg v B yraomectHoll — Al (puc. 1.2) ycTaHaBAHBawTcs Tak, UTO Ha-
JIfuHe LesH B coceiHeM o0beMe NpaKTHUECKH He yXYAIIaeT NoKasareen
KauecTBa OOHApYXKeHHS M H3MepeHHs KOOpPJAMHAT LeH, KOTOopas
pacno/ioxkeHa B LeHTPe BhAeNECHHOro obbema. BrilenesHbiit TakuMm ob-
pa3oM SNeMeHTapHbIl O0beM Ha3blBAOT paspeuiaemoir 00beMoM (NpH
KMNYJbLCHOM OOJNYUYEHHU UeAH — UMnyrbCHbim OGHEMOM).

Frc

Puc. 1.2, TlosicHenne paspewaemoro oGbeMa H paspe-
mawumel c¢nocoGHOCTH MO KOOPAHRATAM

§ 11 _ 7



Pacnosnasarue 3akmouaercs B YCTAHOBJEGHHH NPHHANIEKHOCTH
pa3peiaeMon eaH K onpeleneHHOMY Kaaccy. B ogHux cnyuaax Heof-
XOAHMO YCTaHOBHTh IPHHAAJEKHOCTb «CBOH — UyXKOil» ¢ NOMOILbLIO
3anpOCHO-OTBETHHIX YCTPONMCTB PaAMOJIOKAlHOHHOTO ONO3HaBaHus, B
JPYTHX — pacnosHaTh GOEroJIOBKY OalHCTHYeCKOH pakeTsl Ha ¢oHe
ee KOpNnyca, JIOXKHBIX lesleH, METEOPHHX CJEROB | T. M. HJIH ONpeAeIH b
XapakTep HMCKYCCTBEHHOTO CIyTHHKA 3eMJIH ¢ MOMOLIBI0 ClielHaAbHOH
annaparypbl CeJIEKLHH.

CKOpPOTEUHOCTE H CJAOXHOCTH PAAHONOKALHOHHONH OGCTAHOBKH Tpe-
6yIOT, KaKk NMpPaBHJIO, BLICOKOTO memna evidauu OauHbix, 06PasyioliHX
nOTOKH ¢ 6oabmum oObemMoM uHbopmauud. [losToMy Kaxaas W3 sagav:
oOHapy»KeHue, u3MepeHHe, paspellieHne ¥ pacnosHaBaHue, AaA Jo6oro
KOHEUHOrO O6beMa MPOCTPAHCTBA AOMKHA PEIUAThCHA 33 02PAHUYEHHOE
spema.

K cpeactBaM BbIpabOTKH PagMONOKALUKWOHHOH HHPOPMALMH Npelb-
ABJAeTc Tpe6OBaHUE BLICOKOH nomexosauyuiienHocmiy No OTHOINEHHIO
K €CTECTBEHHBIM H HCKYCCTBEHHHM noMmexaM. Co3flaHue HCKYCCTBEHHbIX
noMex — OJMH U3 BaXKHBIX CNOCOGOB npomusodeticmaus o CHopPoHst npo-
MUBHUKA CUCMEMAM PAOUOAOKayUU. DT NIOMEXH CO3AAIOTCA, HanpUMep,
B BUAE Mewarowux usayuenull (aKTHBHbIE MOMEXH) HUJH MEWQIOUUX Oom-
pascerud (NAaCCHBHBlE NOMEXH), KOTOPHE MACKupyiom NOJe3Hble CUI-
HaJbl WIH umumupyiom LeJd.

TTomexozaujuwenrocms — 3T0 CNOCOGHOCTH DPAAHOJOKATOpa MOA-
Jep)xHBaTh Ha 3aJ]aHHOM YyPOBHE MoKasaresli KauyecTBa OOHapy)KeHHs,
H3MepeHHa (WM PAacnOo3HaBaHHA) NPH HAJUYUY NIOMEX, A TAKXKE CIocol-

_HOCTbL HCHOJIb30BaThb CaMM NOMEXHM K2K HCTOYHHK HHGOPMAUMH.

TepmuH «papuonokaunss» o6pa3oBaH M3 ABYX JIQTHHCKHX CJ08:
«locus» — mecto u «radio» — uanyuenue. [lepBoe c/10BO KpaTKO xapak-
TEpH3YeT OfHY H3 OCHOBHHIX 3aflay PajHOJIOKalHH, BTOpOE — yKasbl-
BaeT cnoco6 ee pelleHHs, OCHOBAHHLIH HAa HCNONL30BAHHH pajaHO-
BOJIH.

TepMuUH ¢pafiHOBOJHB» NO CBOEMY JIEKCHYECKOMY CMBICAY O3Hauaet
BOJIHBI M3JyY€HHS NMPOU3BOABHOTO BHUAA H MOXeET ObITb pacnpocTpaHed,
HanpuMep, Ha YJIbTPa3sBYKOBble BOJIHEL, HCNOJAb3YeMble B THAPOJIOKA-
UHH JJs OOHapyXKeHHs MOABOAHBLIX 00BbeKkToB. TeM He MeHee, HCTOpH-
UeCKH PaJHOBOJIHAMH Ha3blBAIOT TOJBKO KoseOaHHs 37eKTPOMartHut-
HOTO NIPOHCXOXKIECHHUA B YC/IOBHO OTPaHHYEHHOM JHANa3OHe AJIMH BOJH
B cBofoaHoM npocTpaHcTBe. IlpuHATO HaswiBaTh paduocgoasami Ta-
KHe 9JIeKTPOMarHuTHble KOJeGaHHsi, 1acToTa KOTopbiXx Huxke 3000 [ey.
HanGonee BakHy1o po/ib UTPAIOT AHANA30HbI METPOBLIX, CAHTHMETPOBBIX
¥ MHJAJKMETPOBBIX BOosH. OfHaKo B HacTosilee Bpems U §osiee KOPOTKO-
BO/IHOBOE 3JIEKTPOMAarRHTHOe H3JjyueHue (MH(PpPaKpacHoe, CBETOBOE)
TaKike HauyHHaeT HCNONbL30BATbCH i pemeHHs 3afad Jokauuu. [o-
9TOMY Hapsiiy ¢ BONpOCaMH cOOCTBEHHO PafHOJIOKalUKH lienecoobpasto
paccMaTpHBaTh HEKOTOpble NPHMBIKAIOUWE BONPOCH HHGpa- M CBETO-
JIOKAIlWH, paclUpsiad TeM CaMbhiM YCNOBHbIE TpPaHMlbl JHanasoHa
PaaHOBOJH, -
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§ 1.2. Mpunumne noayyenus pagHONOKAUMOHHOR UHGOPMALIHK

OcCHOBHHlE MPHUHUHNHE MOJAYYeHHA DPafHOJOKaNHOHHOH HHGOPMALUK
MOTYT ObITh cHOPMYJIMPOBAHEI B BUje CASAYIOUIHX NOJOXKEHHH.

1. UBdpopmauusa notyuaeTcs 32 CcHeT BOS MY eHU ST CPeAN
HeNMbIO, B UACTHOCTH 3a cuem 3fipexma uUsaydenus yeavlo paduogoax.

2. Hns nonyveHus HeoOXoAMMOA HHQPOPMAUHH YHHTHIBAIOTCH H
LUCNOALBYIOMCS PEANbHBIE BAKOHOMEPHOCHIL PACRPOCMPANeRUs Paduogoar
B MPOCTPAHCTBeE.

3. Buidenerue craboix cucraao8, NIPUXORAWUX OT LeNH, U paspetienue
yeseil obecnedusaemes 3a cuem Pasauiuil CuHaA08 L NOMEX, & MAKKE Cue-
HAA08 OM PA3HBIX yenetl MexcOy coboil.

4. Hudopmauns o uensax nosydaercs napaijeNbHO WIH NOC/ER0-
BaTeNbHO BO BpeMEHH M BHIIAETCA B BUAE UHPOPMAYUOHHLIX NOMOKOS.

PaccmoTpum nepeunc/ieHHble Noi0XKeHus 6onee noaApobHo.

K sudam ussyuenus OTHOCATCS: 8MOPUYHOE UBRYHEHUE, NePeU3ayeHue
u cobemeennoe usayyenue pagioBosH. B nepBoM H BTOpPOM clydvasnx pa-
AHOJIOKATOp H3aydaeT B HanpaBJeHHH Ha 11e/Tb MOILHBIif 30HAHPYIOIHKA
CHTHAJI; B NIOCJIE[HEM cay4yae O6GayyeHus LeH He Tpebyercs. -

PaguonoKains ¢ MCTOAb30BAaHHEM BTOPHUHOFO H3JyueHHs H Nepe-
H3/yueHHA (peTpaHC/sLMH) HasbiBaeTcsl aKmusHoli, a PaiHOoJOKAUHA
C HMCMOJb30BaHHeM COOGCTBEHHOTO H3JyYeHHMA — naccusroll. '

AKTUBHYIO DaZHONOKALMIO C MepeH3y4deHHeM HasbiBaioT Paiuoio-
Kauuelt ¢ akmusrom omsemom (puc. 1,3, 6). Ilpn ucnonp3oBaHHN BTO-
PHYHOTC H3JIYYEHHS MOXKHO NO aHANOTHU TOBOPHTL O PalHO/JIOK2UHH
¢ naccusreim omsemon (puc. 1,3, a).

sBjieHHe BTOPHUHOrO H3NydYeHHsi MO3BOJAET OOHAPYXKHUTb LUEIH, HE
ABJSAIOLINEC HCTOUHMKAMH COGCTBEHHBIX PaauOM3nyuYeHHH WM nepe-
u3nydeHul. IlpuHuMaeMblil CHrHAA [PH 3TOM Ha3uiBaIOT OMPANCCHHUIM.
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Puc. 1.3. AxkTHBHA®A paRKONOKAUHA C MNACCHBHHM
OTBeTOM (¢) B € aKTHBHLM OTBeTOM (0)
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Puc. 1.4, Pa3necenHas cHCTeMa AKTHBHOM palHO/MIOKAaUHH:
a) d==const; B6) d=var

Axkmueneul omeem HaXOAMT IIMPOKOe NPUMEHEHHEe NpPH PajHosioKa-
IIMH M OMO3HABAHHWH CBOHX OGLEKTOB: CaMOJIETOB, PaKeT, NMPOTHBOpAKET
H HCKYCCTBEHHBIX CMyTHHKOB 3emnH. Ha ofbekTe B faHHOM cayuae ycra-
HaBJIHBAETCS MPHEMO-NIePefaTIHK (OTBETUHK), O0ecneunBarllil RocTa-
TOYHO GOJBIIYI0 WHTEHCUBHOCTh MEPEu3JyYeHHOTo CHTHaJa.

CHcTeMb! aKTHBHOW PajHOJOKAUHH MOTYT OBITh COBMEUCHHObLMIU K
pasuecerrbimi. B COBMEUIAHHOM PafuOJIOKaTOpE Nepefaiollee U NpueM-
HOEe yCTpo#icTBa pacloJaraiores COBMecTHO (puc. 1.3), BO3MOXKHO no-
OuYepenHOe HCMOML30BaHHE OXHOH M TOH XKe aHTeHHBI A liepenadd u
npuema. :

B pasnecennoti cucreme nepepawollee ¥ NPUEMHOe YCTPOHCTBA pac-
noJiaraldT Ha yaasneHuw d Apyr ot Apyra (puc. 1.4). \ag nazemnol
pasHeceHHOH cucreMbl {puc. 1.4, @) XapaKTepHO NOCTOSHCTBO PaccTosi-
HuA d MeXAy NpHeMHBIM H NepefarolluM nyHKTamu. IlpH pacioyioxe-
HUU Nepeflaloiniero nyHKTa Ha 3emiie, a NPUEMHOTO Ha caMOHABO/sILEH-
cs pakerte (puc. 1.4, 6) paccrositue d ABasgeTca nepeMEHHbIM.

B cnyvae naccusnod paguodokauuu (puc. 1.5) neanb saeKTpoOMarHuT-
HbIMH KOJebaHusIMM He obJiydaeTcs, DJEKTPOMarHUTHBIe KoJeGaHus
CO3JaI0TCA JIEMEHTaMH Le/iH: ee HarperbMH 4acTsaMu (rel/ioBoe u3Jy-
yeHle B AHaNasoHe HHOPAKPaCHHX UM MUJJIMMETPOBLIX BOJIH), Pajuo-

1 { flpuenwoe {
| |yempodernbo

{

i

Puc, 1.5, [laccuBHas pajguoaoKalus
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TeXHHYeCKHUMH  YCTpPOHCTBaMH
CBfI3H, HABUIdlLUH, .JOKaLHUH,
paauonporyBofedcTBUsl (06bIU-

,f N _3owdupywowud
I
HOe pajHOH3/yuYeHHe), a TaK- /ﬂ

cuenan

XKe KOJMeOMolUMHCs YacTUlla-

MY UOHHM3HPOBAHHBIX Y4YacTKOB TU
aTMOCQephb! B OKPeCTHOCTH LLesy \
(panxuoOH3JAYUEHHE NMPH 3amyCKe [
pakeThl HAU AJEPHOM B3pHIBE,
pacnpocTpaHsolleecs B cBep X-
AAUHHOBOTHOBOM JHana3oHe Ha

OYeHb OOJbLIME  PACCTOAHHUSA
Bokpyr 3eman). IlpneM MO- pyc 6. Toscuenwe samasmwissiuns
HKeT OCYIeCTBAATLCA OAHHM OTpaxXeHHOr0 CHlHaxa

UJAH HECKOJILKHMH pa3HeCeHHbl-

MU TPHEMHBIMH YCTPONCTBAMH.

[Tpu onpeneneHUM KOOPAMHAT UEJU B MOOOH PaauO/OKalHOHHOIM
CHCTEME HCMOJb3YIOTCA ONpeleleHHble 3aKOHOMEPHOCHU Pacnpocmpa-
KRenus paduososr. B jaHHOM naparpade OrpaHUUMMCH [OKa c/AydaeM
pacnpocTpaHeHUs pajHOBOAH B CBOOOJHOM NPOCTPAHCTBE, KOTOpPOE SiB-
JisteTcsl OAHOPOJHBIM, U3OTPONHLIM H HeAHCHeprupyownM. Muave ro-
BOpA, MJs BCeX TOYEK 3TOr0 NMPOCTPAHCTBA CKOPOCTL PAclpOCTpaHeHHs
pPaZvOBOJIH OIMHAKOBA, HEe 3aBUCHT OT NOJAPHU3AUUM BOJIHBI H YACTOTHI
Kosie6anui (¢ = 3-10% m/cex). [lpu 5TOM 3OHAUPYIOWME U OTp AKEHHBIH
CUT'HaJbI PacnpOCTPaHSIOTCS 110 NPSMOJHHEHHOH TPAeKTOPHH U 6e3 1icKa-
XeHuA cpoed opmul. Bpems 3anasfpiBaHMA {, OTPaXKEHHOTO CHTHAJA
OTHOCHTENbHO 30HAUpYVIouwero (puc. 1.6) AAA pasHecenrod CHCTEME on-.
pefessercss COOTHOLLIEHHEeM
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(r1 1 rg — PaCCTOSIHUA OT UEJH 0 NepefaoILero U MPHEMHOro TyHKTOR
COOTBETCTBEHHO pHC. 1.4) U 115 cogmeuiernoli CHCTEMEl PARUCIOKALUM
{(puc. 1.3, a) — cooTHolIEHHEM

2r
t =2,
3 [y

B nocaenneM cayuac dasvrocme 0o yeau

HJIH :
Fuy== 150 ts [rxcex] .,

I’[,m] == 1501fa [Mecex] - r
Konqeumpaqu.a ua.qytr,aeﬂo:i dHepci B KAKOM-TO OJHOM Hanpas-
JIeHHH H uanpaa/wunbra npuem ofeclieynsanot CYLIeCTBRHHOe yeeauiere
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Puc. 1.7. Hsmepenne yraopoft KOODIMHATHL (@) K paspewme-
HRe uUeJielt (0) PR HanpaBJeHHOM OpHeme

dasprocmuy  papuosoKauru. [TOABASETCA BOSMOMKHOCTb U3MEPSNS ye-
A060le KOOPOUHAMbL LleId — a3HMYT H YIoJ MecTa, HANmpHMep, [0 MaK-
CHMyMY OTpaxeHHOro curHana (puc. 1.7, a), a Takxke paspewams ue-
JIL N0 YIJIOBBIM KOOpAKHaTaM (puc. 1.7, 6).  Ilupuna puarpammst-(xa="
PaKTEPHUCTHKH) HANpPaAB/JEHHOCTH aHTEHHBHl paJHOJOKAaTOpa Olpese-
JAA€TC OTHOUICHHEM e€ TeOMEeTPHUeCKHX PpasMepoB K JJIMHE BOJHBIL.
INostoMy BhicokHe HampaB/enHble CBOMCTBA OGeCHEYHBAOTCS 33 CYeT
YECAUMCHUR  PASMEPO8 AHMEHH6: W HCMOJNb3OBAHUA OCUUMEMPOs020,
CORMUMEMPO6020 U MUANUMEMPOBO0 THATIA30HOB BOJIH.

Jaxe npH OCTPOHANpABJIEHHOM OGJIYUEHHH Le/H OT ee MOBEpPX HO-
CTH OTpaXKaeTcsl He3HAuuTeNLHAf HacTb HagyuaemMoli sHepruy. Ee
B Goulbiilefl CTeleHU paccesHie SHEPIHH MPOSABJSEICs Ha MYTH OT LeH
A0 TPHEMHOH aHTEHHEl B CHJY ¢/1aGo#l HanpaBJeHHOCTH BTOPHYHOLO
Hanydcnns. IIpuxopsmive curhuainl, OCOGEHHO Ha GOJbLWIHX AAJLHO-
CTAX, OKA3BbIBAIOTCA C.4a06iMit H HYXKHO MPUHATL PAA Mep, YTOOHI gbi-
Jeaumo ux HA gore nomex (COGCTBEHHBIX 1WYMOB MpPHEMHHUKA, IIYMOB
KOCMHYECKOro NPOHCXOXKJGHHUA, MOMeX OT JAPYrux pajHOyCTPOMHCTE
u T. 0.). K uKclIy 9THX Mep OTHOCATCA: yBelHueHMe CPejiHeli MOUIHOCTH

26D

£

—_— Y £;
O LA S
Prc. 1.8, [losicHense npHHUEDA Prc. 1.9. IloscHeHwe npuAHLE-
NocAe0BAaTeABHOIO  COCTABJICHHSA na COCTaBJAEEUR NAPaAaeaLHOro
IOTOKa  pAJlHOJIOKALLHOHHOR  HH- NOTOKAa PAaAKOJOKALHONHOR HH-
hopMauKK opMauHE T[O YrAY  MeCTa M
NOCJAC/OBATEIbHOMN) — [0 a3H-

MYTY
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30HAUPYIOILUX KoOAeGaHHH, rabapHUTOB aHTeHH, NpUMEHeHHE BHICOKO-
YYBCTBHTENbHBIX (MaMOIIYMAUIMX) 3J€MEHTOB NpHeMHuKa. Hapapy c
3THM JOJIKHA npefycMaTpHBaTbCsl Takas o0paboTKa cMeCH c/J1abbIX CHT-
HAJIOB U NOMeX, NPU KOTOpOH 00ecneuHBaeTCA HAUAY LIEe UCHOAb306AMHUE
BAUMHBIX PABAUMUL CLUSHAAA U NOMEX 0AR Petenun 3a0ad paduosoKa-
yuu. BaauMuble pasiHuyHsA JIOJIKHBL HaWIYYIUUM OOpa3soM HCHOIb30-
BAaThCA M IPH paspetiieriil CHTHAJIOB OT HECKOJIbKUX LeJseH.

BO/LIIHHCTBO COBPEMEHHBIX DPAJUOJOKATOPOB BbIpalaThIBaeT Ho-
moK uxgropmayuy O UeTAX B yUacTKe NPOCTPAHCTBa, COfepKalleM BeCh-
Ma 6OJIBILOE YHCJAO paspeluaeMbix 00beMOB. 1Ipu 3TOM MOryT HCMOAbL30-
BaThCS MPUHUHTBLL HOCACO0LAMEALHOL0, NAPANIEALHO20 U NOAPANLCALHO-
nocAed08amMeAbH020 COCTABJ/EHHS MOTOKOB HH(MOPMaLUH. DTH NPKHIHUITGI
3aKJA3JBIBAIOTCS B OCHOBY I[OCTPOEHHA OTAENBHOIO DafHOJ0KaTOpa H
CHCTEMB! PAAHOJOKATOPOB.

Puc. 1.8 nosiciser npuHUKN NOC/AeA0BaTEIBHOIO O0HApPYKEHHA Le-
Nefl paiHONIOKATOPOM C JIYUOM MIOJIbUATOrC BHJAA. 3aKOH nepeMeilleHust
Jyua MOxeT ObIThb Pas3jJHuyHbIM, HanpuMep, RO COUpaJH.

Puc. 1.9 nosdcHsAeT NPUHUHN nApPaALIeabHo20 TIOJNYUEHHS HEeCKOJb-
KUX noToKoB HH(popmauny. Co3faeTca NyyoK HUroNbuaTHX Jdydeld, Kax-
JOMY U3 KOTOpPBLIX COOTBETCTBYET CBOH MpPHEMHHUK.

Ecan no oxHO# U3 YIVIOBBIX KOOpAMHAT (YyIJy MecTa) NOTOK HHGoOp-
MalUH NOJTyyaeTcs NapaJjJenbHO, a Mo Apyrofi (asumMyTy) — nociaeno-
BaTeJNbHO, HalpHUMep, 32 CUET BpalleHHs MHOTOKaHaJbLHOH aHTEeHHOH CU-
CTEMBbI, HMeeT MECTO NAPAIIEAbHO-NOCAL006aMEAbHOe COCTABNICHYE TOTOKA
UHPOpMAaLHY.

ITocsienoBatenbdble, napaliienbHble U Napas/elbHO-N0CeA0BaTEb-
Hble MOTOKY HHQPOPMALHUH MOTYT ObITh OGPa3OBadbl TakKXKe C MOMOULLID
dsyx u Ooaee pasdeavHoix paduosokamopos. Hanpumep, paano/noraro-
pH (AaJbHOMEpBI) C AMAarpaMMol, u3oGpaxeHHol Ha puc. 1.10 cnaow-
HOH JHHHell, 06pa3yIOT NOC/AeA0BATENbHbIH NOTOK HHGOPMALHH 06 a3Hu-
MyTe mesell. CneunajbHble pPaguolOKATOPb! (BHICOTOMEPLI) ¢ Y3KOH AH-
arpaMMoOi HaNpaBJIEHHOCTH B BeDTUKAJBHOM MJIOCKOCTH (NYHKTHp Ha

Juaeparna
HaNEaBAeHHOCaIL

MEDE
/f-)/ Buicomomen

Juaepamnz
HIPEBACHNOCITHE
2 AL HOMED R

Puc. 1.10. TloscHeHKe NpMHHHNIA COCTABJAEHHA [OC-
JeI0BaTe/IBHOTO NOTOKA KH)OpMAaLKEH [O  a3WMYTY H
YIay MecTa
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Puc. 1.11. PaarosoxanRoOHALIH Puc, 1.12, Pajroaokanronua<
y3ed CACTEMA

puc. 1.10) npousBoaaT nochenoBaTeNbHb 0030p MO YIVIY MecTa H On-
peleIsIoT BLICOTY LieJlel Ha TeX a3UMyTax, Ije OHH OOHapYyXeHbl Jallb-
HOMepoM. [liist oGbeiynennsi H 00p4aGOTKH HHPOPMALUH HECKOJbKHX
PaAHOJOKETOPOB MOTYT CO34aBaThCs pacuosokayuorusie ysiol (puc.1.11).
HecKoabKO panMoNOKalUOHHBIX Y3J0B, OOGMEHMBAIOIIHXCA HHPOPMA:
udet, obpasyior paduviokayuornyro cucmemy (puc. 1.12).

B COOTBETCTBHH C BHIOJHAEMBIMH GYHKUHSMH pPazjHuaoT pajno-
JAOKATOPH OOHapyscerun Lelel, MOYHO20 USMEPEHUS KOOPAUHAT U na-
paMeTpoB IBHXXEHHA Le/ell, pacnosuasanus 1 T. A. EC/IA pafnoa0KaTophl
O0HapyXeHHsl OObIUHO SBASKOTCA MHOIOLENeBbIMU, TO PAJHOJOKATOPLL
TOYHOIO U3MepPeHHd KOOPAMHAT U NMapaMeTpoB MOTYT OBITh TaKXkKe OfHO-
LLeJeBbIMH HJIH DAcCUHTAHHBIMU HA MaJioe YHCJIO Ledlelt. PannosoKkaropsl,
oJecfieunBaOlle BhiNOJIHeEHe paaa ¢yHKunil (oOHapyXeHHs, pacnos-
HaBaHHA, TOUHOTO U3MepeHHs KOOPAHHAT U NapaMeTpOB JBMIKEHUS e
JIEH), HAa3bIBAT MHO20PYHKYLUOHANbHIMU PalHOJTOKATOPAMH.

[To mepe pa3BUTHA PaJHOJIOKALHOHHON TEXHHKH PaciiipAercss MHO-
rooGpasde HM3BECTHbIX THIIOB PajAnoJOKalHOHHBIX ycTpofictB. CoBpe-
MeHHBlE PagvOJOKaTOPLl RalbHero 00Hapy)KeHHs1 KOCMHuecKHX O6beK-
TOB MOTYT NPEACTaBJIATE COG0H THralITCKHEe COOPYXKEHHs ¢ pasmepaMu
aHTEHH NOpfAjJKa AeCATKOB W COTEH METPOB, CO 3HAUEHUAMH CpeaHed
MOILHOCTH H3JlyyaeMbIX KOJeGaHHH MOpsiiKa COTEH H JaKe ThICAY KHJIO-
BatT. Hapaly ¢ 3THM UIHPOKO HCHOMB3YIOTCS 3HAUUTENbHO MeHbIllie
10 pa3Mepy MOABH)KHbIE HA3€MHblE PAAHOJOKATOPH O0HAPyXKEHHA a3po-
AMHaMH4YeCKUX 00beKTOB, PajHo/0KaTOpsl HaBejJeHua H T. A. Hlupoxoe
npUMeHeHHe HaxoiAaT OGOpPTOBble PajHONOKALHOHHBE YCTPOHCTBaZ 00-
HapyXKeHUs1 M HaBelleHHs, o63opa U KapTorpadupoBaHHA 3eMHOH Mo
BEPXHOCTH, OlNpeJe/leHus! NyTeBOH CKOpPOCTH M H3MepeHHs yria CHoca
Hapspy ¢ camoserHEIMH H KopaOe/bHBIMH PaJHONOKATOPaMH MOTy”
UCNIOAb30BaThCA MHHHUATIOPHBIE [EPEHOCHbIE DAAHOJOKALIMOHHEE YCT
poficTBa BECOM NMOPAJAKA OFHOrO KW/IOrpaMMa WJIM JaxKe COTEH rpaMmoB,
croco0Hble OOHAPYXHTL KEHIKYULYIOCA aBTOMAINHHY HJ/IH [epejBUrato-
Ierocs 4eJOBEKA, . OLIEHHTh YIJIOBYI)  KOODAMHATY, AalbHOCTh U CKO-
pOCTb.
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§ 1.3. Hekoropuie apdeKTH pacnpocTpaHEeHUs PaJHOBONH,
CYIIECTREHHO CKA3hIBAIOIUECH HA NMOJYYEHHH
PaAHOJOKAUHOHHOI HEGOPMaNNK

PeanbHylo atmocdepy (Tponocdepy H HOHOCEPY) He Beeria MOXKHO
OTOMAECTBAATE CO CBOGOJAHLIM MPOCTPAHCTBOM, TaK KaK pexTh pac-
NPOCTPAHEHHS! PAZHCBOJH B HeH MOTYT CylLieCTBeHHO BJ/IHMATH HA NOJY-
yenue paAMOJIOKauUuOHHOH HHpopMmanuu. Kpome Toro, B panuosioka-
UHOBHBIX CTAHUMAX HCNOONbL3YIOTCS YCTPORCTBA € pachpeneseHHBIMU
napamerpamu (pugepbl, JHHUH 3afeDXKKH H T. [.), B KOTOPHIX HMEOT
MecTO 3(¢eKThl, aHaJorHulule dppeKTaM pacnpocTpaHCHUA BOJIH B aT-
moctepe. [lonumanue nocsaenyiomero matepuana Oyaer ©006Jerveno,
ec1y 3lecb OYAyT paccMOTpeHbl HEKOTOphble 3(heKTHl pacnpocTpaHe-
HAf PaiHOBOJH.

[TpocrefiiuM K3 3§peKTOB pacnpocTpaHeHHA PAAHOBOJIH sBJAAETCS
oTAHUYHe Pa30BOH CKOPOCTH B PeaNbHOH CPpe-
Ae Uy OT COOTBEeTCTBYWMWeACKOPOCTU BCBOOGO -
HOM nNpocTpaHCTBe c. Hanomuum, 4to p2a3oBas CKOpPOCTb eCThb
CKOPOCTb MepeMellieHHs TeOMeTPHYECKOIr0 MecTa TOUEK C MOCTOSIHHON
cdazoil (BOJHOBOrO GPOHTA) NPH PaclpOCTPAHEHHH MOHOXPOMATHUECKOH
BOMHH. OTavude ¢a3oBLIX CKOPOCTEH B peajibHOH cpejie H CBOGOJHOM
MPOCTPAHCTBE YACTO XAPAKTEPHIYIOT KO3(PGIULHEHTOM NpesoMJIeHHUs
cpeid

=~
= (1)

Ecau dazoBas CKoOpocTb 3aBHCHT OT 4aCTOTHl, TO 3TO BHOCHT CYIIECT-
BEHHBIE AONOJHHTENbHBle 3Q(EeKTsl MPH PacHPOCTPAHEHHH PAaXHOJOKa-
LHOHHHIX CHTHAJOB.

SIBRedHe 3aBUCUMOCTH (Da3zOBOM CKOPOCTH OT YaCTOTHl HA3blBAeTCH
Jucnepcueii soax. Cpelbl, B KOTOPHX Ha0AOfaeTCsi AUCMEPCHS BOJIH,
HasblBaloTCA Jucnepeupyouumy. BvsHHe puUcCnepcHH BOJH NpOsib-
Jsercst TpH OJHOBPEMEHHOM PacHpOCTPAHEHHH HEeCKOAbKHX MOHOXPO-
MaTHUECKHX BOJIH Pas/HuYHbIX HACTOT, YTO NPAKTHUECKH BCerjga Hmeer
MecCTO, TaK KaK BCAKHH PaZUOCHTHAJ MOXeT ObITh MepeiaH TOAbKO CO-
BOKYIIHOCTEIO (pyNNoil) MOHOXPOMATUUECKHX BOJIH.

B Hepuclieprupyioumel cpefie pacipoCTpaAHEHHE CHTHAJA He HMEeT
HHKaXHX OCOGEHHOCTEH NOCPaBHEHUIO ¢ MOHOXPOMATHUeCKOH BOJIHOMA.
B uacTHOCTH, CKOPOCTL PacnpOCTPaHeHHS MOAYJSIIHH Y3KOMOJOCHOIO
CHTHaJia, HHAue epynnosas CKopocme Ui, paBHa GasoBOi CKOPOCTH KaX-
ACH U3 COCTaBJAIOLLUX ero MOHOXPOMATHUECKHX BOJIH.

B pucneprupymiueil cpefe MOHOXpPOMAaTHuecKHe BOJHbI TPYIIK
PacnpocTpaHAKTCH ¢ Pa3JTHUHLIMA PA30BLIMH CKOPOCTAMH. JTO ABJSAETCH
MPHUKHOA TOro, 4T0 (pasoBble COOTHOILNEHHUS MEXKJYy CIEKTPasbHLIMK
KOMIIOHEHTAMH CHMTHajla MeHAITCA. BuisicHuM, K ueMy NpHBORUT 3Ta
O0COGEHHOCTb PACpPOCTPAaHEHUA CHTHaJa B Aucreprupylouled cpese.
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Puc. 1.13. da3osast H rpynnoBas CKOPOCTH

JAs mpoCcTOTH PAcCMOTPHM CAyuaii, KOraa Ipynna COCTOHT BCero
W3 ABYX BOJH OJYHAKOBOH aMNJIHTYAb! ¢ OJH3KMMH 4YacTOTaMH KoJie-
Gannfi ©, H O, PaCHPOCTPAHAIOWHXCA C (Ha30BLIMH CKOPOCTAMYH Uy
g Up: B HANpPaB/IEHUH BO3PACTAHMA KOOPAWHaATH 2. CymmapHoe Kone-

aHHe

u(t,2y=U,cos (0, t—Fk, 2)+ Uycos (0t — &, 2),
rne ky = 2y oky=-2_ MOXHO NPesCTaBHTh B BHIE
vq,] Uq)g
ut,2y=U(t, 2) cos (ol — kz) =
@y ~— 0y ky—ky ©y -+ @ Ry + Ry
= {— t— .
2U0cos( 5 5 z)cos( 5 5 z)

Y13 3TOr0 COOTHOIGHHS BUAHO, YTO MEAJEHHO H3MEHAIWAACA OrH-
Gatolllas aMIIUTYAbI

U (¢, 2) = 2U, cos (-"-’1%93 t— -’?I—“E”ﬁz)

nepeMelllaeTcst BAOJb OCH 2 CO CKOPOCThIO

_ Wy—wm,
ky—k,

Urp

a 6HCTp0 H3MEeHAIHeCH MIHOBEHHBIE 3HAUEHHA, OMNpEAeasieMbie MHO-
JKHTEJIEM

cos (ml+&), f— Ry ke z),
2 2

—C0 CKOPOCT]::PO
U — ®) - 0
¢'_ -
Ry 4k,

YuuThiBag 6/4M30CTh YACTOT @, H ®,, HMeeM

— W) 40, -

o g TO= @



b= —k-j—‘:!-—kg—ﬁkIWRp

2
0y 1 Oy
— AT 2y, U
O kg, MW
H, HaKOHell, '
vy =SB e @
k,—k, dk d(g) @ due
Vg vy do

Takum ofpazoM, B jpucneprupyromell cpete (dvy/de = 0) oru-
Garoulasg cUrHajJa 4 ¢asa KoJse0aHUH pacnpocTpaHslTcs € pasfny-
Holi ckopocthio (puc. 1.13). Pasiuude cKopocTell pacnpOCTpaveHus
orubaowed H dasn KogeGaHuil B AUCNEPTUpYIOUIEHl cpele MNOSACHHM
elie pas puc. 1.14, Ha KOTOPOM NOKAa3daHO PacnoJoKeHHe MOHOXPOMa-
THUECKOH BOJHB 2 (MIYHKTUPHAA JIUHHA) OTHOCUTEBHO MOHOXPOMATH-
yeckoH BoJIHbI [ (CrWIOIHAA JUHUA) B BAa NOCIEL0BaTe/NbHBIX MOMEHTA
BpemMeHH. [Ipoc/ieiMM 3a nepemelieHHEM B NPOCTPAHCTBE TOUYEK, Tie
KoJeGaHHA CKJaaeBaoTes B ¢ase. Ha puc. 1.14, a Takoit Toukodl sB-
asietcs Touka A. B nocaepymwoliiie MOMEHTH! BpeMeHM B3aHMHOE pac-
noJoxueHHe BOJH H3MenuTcA. Uepes .BpeMa (Ay — A)/(Uyy — Ug)
rop6el 06eHX BOJH coliiyrca B Touke A’, ynaienHo# OT ToukH A Ha
paccTosiiie A; B CTOPOHY, NPOTHBOMOJIOXKHYIO HANpPABJEHHIO ABHKEHHH
soJid (puc. 1.14, 6). Orciona cKOpocTh ABHXEHHSA TOueK, e KoJebaHus
CKJaJbIBalOTCA B (ha3e, HHAUE 2pynnosas cKkopocme ONpeeisiercd cooT-
HOILLIEHHEM

M

T (ha— MY (Vpr—vp)

—'-L-'ZZ‘/I:‘-&-—-—-—— /qu-{ Vo2

Puc. 1.14. Tloscuenne pasauuns (asesoil ¥ rpynmo-
BOH CKOPOCTEH (Vg = Ugy) : '
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[Tpn 6/M3KHX uacTOTax OTCIOAA HETPYAHO NOJAYUUTH (2)

Uep dug v
Ul“pzv{b ?\.—-—-——Ud) (23-[ —-——-) = .
/g (2n %) - Z-L‘"
i) (D]

SIBJleHHe JHCREPCHH YacToO yjao0Hee XapaKTepH30BAaTb HE 3aBUCH-
MOCTBIO CKOPOCTH pPacnpOCTPaHEHHS MOHOXPOMAaTHYeCKOR BOJHBL OT
YacTOTH Ug(w), @ (pasoqaCTOTHoﬁ XapakTepHCTH-
KO P(w), 1 BMECTO IPYNNOBOH CKOPOCTH Uy, HCMOMB3OBATH 8pPEMA
2pynnosoe0 3anasdoleanus o,

[lpu auneiinoti annpoxcnmauun ¢$ha30-4aCTOTHOH XAapaKTePUCTHKH

P =1, + ( i)o(m—mo)

¢aza JoGOH TapMOHHYECKOH COCTaBJsIONlell CHIHAMa onpelelfercs
BbIpaxKeHUeM BUJa

ol —p =~ © ({—1{,) + const.

Bemuuuna f, = (dp/do), Xapakrepusyer oOilee 115 BCeX apMOHH-
YyeCKHX COCTAaBJAIOUIMX CNEeKTPa TpynnoBOe 3anasjblBaHie, NPHBOAA-
Ulee K 3anaspiblBaHuio orudaioiell curiajla 6e3 HCKa:kKeHHs ero (GOpMbL.

Tlpu pacnpocTpaneHHt B OAHOPOJHOM Cpele Ha MyTH [ BE/IHYHHY Upy
MOXHO HaWTH Kak

U = l
e r .

JlncnepcHOHHbIe ABJeHHA OylyT paccMaTpuBaThcs JAanee 6Govlee
NMOAPOGHO NPHMEHHTENBHO K PacnpocTpaHeHuio KoJleGaHUil KaK B Ju-
HUAX 3aJIepXKKH, TaK U B aTMocdepe.

Ipyrum cyuiecTBeHHBIM 3(DeKTOM PpacnpoCTpaHeHHSt PaAHOBOJIH
B peaJbHOH cpeje, paccMaTpUBaeMbIM 3/lechb, fABJSETcA U C K p U B-
JeHHWe HanpaBJeHUSH pacnpocTpane-
HUfl, HHaye ped pa Kl U 9 BOJH. ITO 4BJe-
¢. HHEe MOXeT BO3HHKHYTb B HeOJHOpP O ]I-
HOH cpefe, T. e cpele C H3MEHSIOULHMCS
OT TOYKH K TOUKe KO3PHUIHEHTOM npesaomie-
aus. Pedpaxkunss Bo3uHkaer, ecqH nMeeT
MeCTO H3MeHeHHe Ko3phUIHeHTa npeaoMJe-
HUA B IJIOCKOCTH, NEpIesJHKy/IApHOA Hanpas-
JIEHHIO pacnpocTpaHeHHs (NONepeuHbll rpa-
IMEeHT n He paBeH HyJ0). [Ipu 3TOM yciaoBum
pas/iHuHbLle YUACTKH BOJHOBOIO ¢poHTa GyayT
nepeMellaThCs ¢ OTHYAIOMIUMUCA CKOPOCTAMMU,
B pe3yJibTaTe uero HampaB/eHHe paclnpocTpa-
Puc. 1.15. Moscuenne HEHHA Oyler wuckpupaaTecsa. Ha puc. 1.15
ABACHRA pedpakuun HIIOCTPUDYeTCH MeXaHH3M 1O0BODOTA BOJHO-
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Budumnoe wanpalrerue
HZ Yers

HCITIUNHOE HAADOERAE -
dep Hue HA uens
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yens

Tpaermupus
DaEADOCTDAHERUR |
paduoBorn

Puc. 1.16. Omu6xa u3mepenns yraa mecTa uenu Ag, H3-3a ped-
P2KUHE B HEQAHOPOJHOW aTMochepe

BOr0 $poOHTA NpM HaJHUHH MOMNEPEYHOro HANpaBJEHHIO pacmnpocTpa-
HEHHS TpajneHTa KoadpHuHeHTa npeaOMaIeRHA.

Peppakuus momer GHTL HCTOUHHKOM 00K ONpefeNeHUs Y IVIOBHX
KoopAHHat neau (puc. 1.16). 310 MoxkeT morpefoBaTh BHECEHHS IT O-
I PaBoOK NPH TOYHLIX U3MEPEHHAX HalpaBJeHUs Ha lledb H €e Aalb-
HOCTH.

B psile cayuaeB HeOAHOPOAHOCTh aTMocdepHl HMeeT MOJE3HOe MPH-
MeHeHMe, MO3BOJAA B AMANA30He KOPOTKHX BOJIH OCYULECTB/IATE pajHo-
JOKALHIO lefel, HaXOAAINXCA 32 ropH3ontoMm (puc. 1.17).

34ech UCKPHBJEHHe JIY4a CTOJb CHJbHOE, YTO YiKe MOMHO TOBOPHTH
He TOABKO O pedpakuuy, HO H o6 ompaweruu. lIpuveuarelbHO, YTO
06paTHbIA My Th OTPaKeHHOIO CHTHANA NUEIMOPAEN NYMe 30HOUD YIOWESO.
BO3MOXHOCTL MOJAYUCHHA OTPaXKeHHBIX CHTHAMOB C HCMOJIb3OBaHHEM
ONHOCKAa4KOBB X HIH MHOTOCKAYKOBBIX OTPa)KeHHH OT HOHO-
chepbl H 3eMJH BhepBble 3KCMepUMeHTANTLHO Obl1a NMOKazaHa coBeT-
CKUM yuedsim H. M. KaGanoBbiM. 2T0 siBjleHHe NOJAYUK/JIO HAHMEHO-
BaHHC appexma Kabarosa.

Puc. 1.17, HcnonvsosaHHe oTpaskeHHs pagHOBOIH  OT
HOHOCGepH ANA PalKONOKAaUIlH UesdeH 3a rOpHU3OHTOM



§ 1.4. KpaTkue cBeileHHA H3 HCTOPHH
OTeYeCTRCHHOH PAAMOJOKALHH

PasButHe TeOpHH 3JAeKTPOMArHUTHLIX KoJAeGauuil B nepuoa «npeisl-
CTOpHH» paamo, nszobpereHue pamuo A. C. IlonoBbiM M nepBbie ONBITH
MO0 PajgHOCBA3H NPUBEIH K MBICIH O BO3MOMHOCTH HCIO/Jb30BaHUA
PaaMOBOMIH AAA uenefl OGHApyXeuMA M HW3MepeHHs Hanpap/ieHHA Ha
ob6bekThl. OnpeleseHHble YKa3aHua o6 3TOM cofepXaTcfi B OTuere
A. C. [TonoBa o6 onuitax pajuocsasu B 1897 roay na BantHiickom Mo-
pe. B xofile ombiToB Obla YCTaHOB/AEHA BO3MOMHOCTL OGHAPYXKEHHA
Kopabasn («/lefitenant Mibun») npn nepecevennn uM JIHHUK paHOCBA3H
MeXAy AByMs Apyrumu kKopabasamu («EBpona» u «Adpuka»), BnepBbie
NpeAJIOKEHO HCNOJAL30BaHye PAafHO AN OPHeHTHPOBAHHA MPH MJOXOH
BUAHMOCTH H CKPHITHOrO O6Hapy>keHHA. B oTueTe ynoMHHAIOCE 00 sB-
JIEHHH BTOPHUYHOIrO H3JYYeHUA PAJHOBOJH OPemATCTBHAMH, 3ddeKT Ko-
TOPBIX CKa3biBaeTcs MOAOOHO TOMy, «KaK RefACTBYeT Ha OObIKHOBEHHYIO
BOJIHY, PacnpOCTPaHAIOULYIOCA N0 NOBEPXHOCTH BOABI, OpeKBaTop».
Pasymeercs, coBpeMeHHas PoJik 3TOrO ABJIeHHA TOTAA He MOIVIa ObITh Bhi-
ICHeHa, K MO YPOBHIO TeXHHKH OHO He MOTJIO I0JIy4UTh CBOETO PAa3BHTHA,
oanako nepBue mard A. C. [Nonosa B ofnacT pafuoaoKauni, Kak U
u3o0peTeRHe HM pajHo, COCTABJAIOT CJAABHYIO CTPaHHUY HCTOPHH OTe-
UeCTBEHHOH HaYKH.

B nocsenytouwinit nepuoa Hauana X X BeKa ROABJSIETCA pAJ NPeAIo-
’eHHR B obnacTu MecToonpeleneHua OTpaxaloulix o6beKToB (Kopa6-
Jedl, noe3xos, ancleproB ¥ T. R.). 3TH Pa3pO3HeHHBIE MPEAJNOKEHHA,
OJHAKO, He Jafiy ellie TOJAUKA PasBHTHIO PajHOJIOKALMH U3-38 OTCYT-
CTBUA JOCTATOYHOH MOTPEGHOCTH B Heil ¥ B CBA3H C Ha4ya/bHLIM yPOB-
HeM pPa3BUTHA pPaAHOTEXHUKHU.

Bospacraeilas posb aBualuH, yBeJHYEeHHE CKOPOCTEH CaMoJ/eToB
ocTpo noctasuaH B 30-x rofax npobiemy nepexofa OT 3BYKOJOKallKH
K PaauoIOKALHOHHOMY cnocofy HabmiofieHHA BO3JYLUIHOTO MPOCTpaH-
cTBa. Jta npobaema HesaBicuMo pewanach B CoserckoM Colose v 3a
py6exom; psj OTeueCTBEHHbIX HCC/JeAOBaHHH onepexas 3apylexHble,
Tak eme B 1932—1933 rr. Boennble wumxenepu M. M. Jlo6anos,
[1. K. OuienkoB u fp. BEICTYNAIOT KaK HHHLHAATOPEl OTEYeCTBEHHBIX pabot
p 31Ol obulactH. Ha ocHose jpoksapa II. K. OwmenkoBa ¥Ynpasaeuue
[1BO npusaekaer k pabore Akamemuio nayxk CCCP, a ['aBHoe apTiJ-
JlepHicKoe ynpasJjeHde no uHuunatuee M. M, Jlo6anoBa — [leHTpans-
Hylo paauoiaboparopuio. Ilocaennan B Kouue 1933 r. noa pykoeoa-
cTBoM [0, K. KopoBiHa BHINOJHAET nepBble ONBITH MpHeMa PaJHOBOJH,
OTPa)KeHHHIX CaMOJIETOM B JeLMMeTPOBOM JaManasoHe MPH JaJdbHOCTH
obuapyxedua 600—700 .

B arpape 1934 r. Akagevusn Hayk CCCP npoBoauT cnenHanbuoe
coBeulaike no rpobieMe paavooGHapyMeHHA MOJ NpeAcelaTelbCTBOM
akafiemika A. . Hodde. XoTn BOIMOXKHOCTH petlieHHS CTaBHBUIeHCA
npo6aembl BHI3bIBAJIH COMHEHHA Y OTAe/AbHBIX CNEUHANHCTOB, COBElLlaHNe
NPHHAJO YeTKOe pellieHHe O Uelecoo0pa3HOCTH pasBepTHIBAHHA uccale-
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aoBaHH®t B 5To# obnacTh. C NOANepKKOH UAeH PAAHOOGHAPYKEHHS BbI-
CTynuJ, B YaCTHOCTH, AUPEKTOP JIeHHHIPaACKOro 3JEKTPOPU3HULCKOrOo
HHCTUTYTa akagemuk A. A, Uepueiwes. locsrennuét nopyuaer npose-
neHue padot no gorosopam ¢ FAY u YTIBO HavaibHUKY CexTOp2 pajuo-
TexHUKH HHcTHTyTa B. K. embemo. Ilox ero pykoBoacTBOM CO3jaeT-
ca u copmecTHo ¢ ¥YTIBO B uioae — asrycre 1934 r. uenoiToiBaetca
SKCMepUMEHTa/bHbIH MAKeT Pa3HECeHHOH CHCTEMBl aKTUBHOM PaguHoJIO-
Kauud Ha 6aze 50—70 xu. [lepenarouini NyHKT 5ToN CHCTeMB H3Jyyan
HenpepblBHble Koae6aHKA B AHANA30He METPOBLIX BOJAH. PaKT nponera
camMo/1eTa HAJeKHO PEerHCTPHPOBAJICA NPH BHICOTE noJdeTd 5—B6 ku Ha
AanbHoCcTH 6osee 3 KM OT NMPHUEMHOro NYHKTa, 3aMecTUTelb HapKoma
oboponnl M, H. Tyxauesckuid B cneunasbHOM THCbME K ceKpeTapio
LK BKII(6) C. M. KipoBy BbLICOKO OLUEHHN Pe3yabTaThl NOCTABAEHHOHR
no uuuinatube Il. K. OmenkoBa pabotel U obpatuics ¢ npocsBol 0
NOMOLLH B ee cKopeiltsel peanusauuu. B oktabpe 1934 r. Hapkomartom
06OpPOHE! OHA 3aK/MOUeH NepBHH B OTeYecTBEHHOH ¥ MHPOBOH TIPaKTHKe
JOTOBOP ¢ NPOMBliIEHHOCTBIO Ha H3TOTOBJEHHe TSITH ONBITHLIX o6pas-
UOB PAaNHMOJOKATOPOB.

Hapaay c npobaemoli paguoo6HapyKeHua, no 3akasam [AY ga-
4HHaeT pellaTbea npobileMa PafHONOKAUMOHHOTO HAaBeJAEeHHA OpyAUH
3CHUTHOH apTuiiepu. BnepBele Ass 3aKau pajMoONOKaUMH OCBaH-
BaeTCA AMANa3OH AelHMETPOBHIX BOJH. [lepBas COBMeEIEHHAA ACHHMET-
poBas pPaaMOJOKALHOHHAS YCTAHOBKA C HENPEPHBHBIM H3/Jy4YeHHeM
uenbitoiBaerca B. K. llem6enem B 1935 r. Ha sr1ofi ycranoBke ¢ Hc-
NoJb30BaHHEM HacToTHOH MORyJAALHU B 1936 r. OH NpoM3BOAUT ycTetli-
Hble 3KCNEpPUMEHTH MO OOHAPYXKEHHIO TakKHX OTpamaruinX 00bEeKTOB,
KaK OTPOr# rop Ha AalbHocTH nopsigka 150160 «m. B 1937 r. cos-
AAIOTCA IKCNEPHUMEHTANIbHbIE YCTPOHCTBA AAA H3MEpPeHH: JaJbHOCTH
METOJIOM 4aCTOTHOH MOAYJALMH ¥ YIJIOBBIX KOOPJAMHAT METOLOM PaBHO-
CHrHAJIbHOH 30HbI (B YaCTHOCTH € BpaulamoiluMmcsa aunodaem). Hanbhed-
e paboThl B 06JaCTH PafHOJIOKaUHOHHOTO HaBeAeHHa BeayTea B Jle
HdHrpage noa pykosoactsoM M. A. bBonu-Bpyeeuua v B Xapbkose
non pykosoactsom A. A. CayukuHa.

Hauunas ¢ 1935 r. B pykosoaumom A, ®. HModpe Pusuxo-rexnuuve-
ckom uncruryte AH CCCP no sakasy YIIBO coBerckumu yueHbIMH
. A. Poxancknm u KO, B. Ko63apeBbiM ¢TaBATCS HayuHbie HCCAER0-
BaHHA B OCOOEHHO NePCneKTHBHOH 06/1aCTH MMMYJbLCHOIO pajnooGHa-
pyxeHun. Pa3spabaTeiBaioTCA HOBble MeTOAL MMNYJABCHOH PajvOnoKa-
LMH, CO3RAETCA H UCTIHITHIBAGTCA DKCIIepUMEeHTANbHAA annapaTypa. Tak,
K KoHuy 1936 r. nog pykosoncteom [I. A. Poxauckoro Oblia co3sana
nepBas MPHEMHO-HHAHKATOPHAA YCTAHOBKA C 3JEKTPOHHONYUEBbLIM UH-
aukaropou. Becuoit 1937 r. sna6opatopus, pykoopumas 0. B, Ko6-
3apeBbIM, Pa3BepTHIBAET HA MOAUINOHe onsiTHoro cekropa YIIBO aefr
CTBYIOILYIO Pa/7MOJIOKALMOHHYI0 YCT2ZHOBKY U BhepBble MOJyuaeT 5K-
CrepuMenTalbRble JaHHble, HeOOXOMUMble AJIA NPOSKTHPOBAHHA HM-
MyJbCHLIX PaHONOKATOPOB. AHAJIOTHYHBlE ONHITHI NOBTOPAIOTCA oOce-
#bio 1938 r. npu yBeaudennoéi no 100 xgm MMNyJIbCHOH MOIIHOCTH ne-
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penatuvka. Bce 5TO noO3BOMWAO 3aAaTh NPOMBILJIEKHOCTH ONBITHO-
KOHCTPYKTOPCKY0 paboTy Ha UMNYJbCHBIA 0630pHBIfi pagnonoxaTop
JaJbHETO OGHApYKeHHA.

B 1939 r. aa soopyxeHnue BoHck [1BO 6ulay npuHaTe paspaborak-
Hole noA pykosoactsom J. C. Crorosa pasHeceHHBIe PaAHOJIOKaTOPhI
HENpepsIBHOro U3/yueHus «PeBeHb», MOJYUMBUIME NOC/IE 3TOTO HaHMe-
noBanne «PYC-1». K nauany Benunkoii OreuectBenHON BoOiHBI Obl10 H3-
FOTOBJEHO H Da3sBepHYTO 45 KOMIMIEKTOB 3THX PajuoJoxKaTopoB. Beaen
32 HHMH TPOMLIULVIEHHOCTL TOCTABARET 3HAUHTENLHO GoJiee COBEpLueH-
Hble COBMeElLleHHble MMNYJbCHble PagHoNoKatopbl. Yxe B 1940 r. B
Boiicka [1BO mocrynuno 12 rakux paguonokaropos tuna PYC-2. Ecau
mepBble HMNYJAbCHBlE paanoaokartopsl PYC-2 usenu pasjienbHule NpH-
eMHYIO ¥ NePeNaiolly0 aHTeHHEl, TO B 1941 r. 6Bl1 TIpHHAT Ha BOQpY-
MeHHe OAHOAHTEHHEI! BADWAHT MOABHUKHOH HMMYJALCHOH pagHOJIOKA-
uHoHHoM cTanuun PYC-2. K nauany Benukoit OteuecTBeHHOH BOMHE
B BOHCKA NOCTYNWIO |5 KOMNIEKTOB 3THX CTaHuui, a BEIYCK UX MPO-
NO/KAJACA 10 KOHua BOWHH. [lepeBo3uMbli B slHKax BapHaHT 9TOH
CT2HUMH fnoAYyuua HanMmeHoBanue «[lermatut (PYC-2¢). PykoBoautens
UCCAEA0BAHMH MO CO3MAHHUI0 MUMIIYALCHEIX PAafHOJOKATOPOB BHUAHEHINKH
coBerckHit ydesniil HO. B. Ko63apeB 6b11 B 1941 . coBMeCTHO co CBOH-
MH COTPYIHHMKaMH yAOCToeH [ocynapcTseHHO# NpeMHH.

HecmoTpa Ha Goablod ypoH, HaHeceHHHH (amucTCKHMM 3axBat-
4yuKaMd, PaboTH MO CO3NAHUID M COBEPLUEHCTBOBAHHIO OTeUeCTBEHHHIX
PAajHOAOKATOPOB NPOROKANUCE B TeuenHe Beell Beaunko#t OreuecrBen-
HOH BOHHbI.

Dosplioe BHMMaHHe Pa3sBUTHIO PAAUO/IEKTPOHUKH OBLIO yaeeHO
mapTHed M MPaBUTENBCTBOM B TNoCAeBOeHHbIH nepHox. Ilponcxoant Ka-
yecTBeHHHH CKa40K B Pa3BUTHHU PAaXMOJOKALHH M PagHOyNpaBJEHHS,
OcBanpatoTc HOBBlE AHANMA30HBI BOAH, PAcTYT MOUIHOCTH MNepefaiolluX
YCTPOICTB, Pa3sBHBAIOTCH HOBbIE MeTOAB! PaJMOAOKAUYH, IWHPOKoe pas-
BUTHE MoJyuaetT ofpaoTka paiHONOKALHOHHOK HMHpOpPMALHH MeTOAa-
MH UHGPOBOH 3JeKTPOHHO-BLIMHCAUTENbHON TeXHUKU. 06 ycnexax ore-
YyeCTBeHHOH DAafAMO3/JEKTPOHHKH CBHAETENLCTBYIOT 3ameuate/lbHble 3a-
MyCKH TMepBLIX B MHPe COBETCKMX HCKYCCTBEHHBIX CMYTHHKOB 3eMJIH M
JIyHbl, MEPBBI B MHPE H NOCJASAYIOLIHE TO0/AeThl COBETCKUX JIIOAEH B
KOCMOC, pellleHHe OCHOBHOH 3aJlaiydH NpPOTUBOPAKeTHOH OBGOPOHBL.

Paauoniokauus — ObICTPO pa3BHUBAIOIIAACA OTPACAb PafMO3NEKTPO-
HHKH, ee PasBHTHe HeIb3si CUNTATh 3aBepilleHHbIM. Bo3HHKA2 W pa3Bu-
BaeTCs, HAlpUMep, CTATHCTHUECKAA TeOpHA paino/oKauud. Ee ocHOBH
6LlIH  3aJ0XKeHH (PyHAAMeHTaAbHbIM HCC/AENOBaHHEM TOTEHUHANbHOM
NOMEXOYCTORUNBOCTH PanuoripueMa, 3aBepileHHbIM COBETCKHM y4eHbIM
B. A. KorenbuukoBbim B 1946 rony. B cBsizu ¢ ycnoxHeHHeM 3aaau pa-
JAHOJIOKAUHK HaMe4aeTca MepexXOR K HCMOJAb30BAaHHIO 60Jiee CIOXHBIX
30HAHPYIOULMX CHI'HANOB, AHTEHH, cHcTeM 00paCoTKH HHPopMaluu H
aBTOMaTHYeCKOTO YT pPaBJ/ieHHs, |
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§ 1.5. Mpeamer u 3agayn xypca

[1pedmemom Kypca ABJAAETCS TeopHus NONYUeHHA HHPOPMALHA O Ha-
JUYHH, KOOPAMHATaX, mnapaMerpax ABHXEHHSt H NPHHAAIEHKHOCTH
nejel MyreM HCIOAb30BARHSA BTOPHUHOIO WSJIYUEHHH, MEPEU3TYYeHus
HJIH COOCTBEHHOIO M3AYUEHHS pafuoBosH. OCcHOSHbIMU 3a0auaMit Kypca
SIBJASIOTCA YCTAHOBJIEHHE TPHHUHIOB OCTPOEHHS] H BHIACHEHHE MOTEH-
IHAJbHLIX BO3MOXHOCTEH DPaRUO/JOKAUKOHHBIX YCTPOACTB HAa OCHOBe
COBPEMEHHBIX METOLOB CTAaTHCTHUECKOH TeOPHH OOHApyMeHUs paiuo-
JOKAHHOHHBIX CUTHANOB M M3MeDeHHs UX [apaMeTpoB.

B Hauane Kypca paccMaTpUBAiOTCA BONPOCH! MIEKTPOAUHAMHKH H
CTaTHCTMKHM BTOPUUHOrO U3AYy4eHHs paauosoau (ra. 2). Janee pac-
CMATPHUBAIOTCS OCHOBBI CTATHCTHUECKOH TeopHU OGHAPYKEHUS Pajuo-
JIOKAIHOHHBIX CHTHaJMOB Ha (oHe WIIOKTYaUUOHHBIX nomex {ra. 3).
[Tpu 3TOM BHISIBJINETICR TeCHasl CBA3b NMPAKTHYECKHX METOAOB CHHTE3a
YCTPONCTB ONTHMAALHOrO OOHAPYXKEeHHA C MaTeMaTHYECKHMH peleHHs -
MH COOTBETCTBYIOILKX CTaTHCTHUeCKHMX 3apau. Hapaay ¢ Bonpocamu
o6HADYKEHHSA CYILleCTBEHHOE BHUMAHHE YJEAAETCS TEOPUU M HOpUH-
UHMIIaM ONITHMANBLHOIO H3MEpeHUs NapaMeTPOB PafHONOKAUHOHHHX CHI-
nanoB (1. 4).

Bonpocs Teopun OOHApPYMEHHA M H3MepeHHA sBAsOTCA Gasoii
H3YUEHHUSI METO/IOB PAfHO/IOKAlHHU NPH PAa3JHUHBIX BUAAX 30HAHPYIOLLIUX
H3YUEHHH.

B nepBylo ouepeAb paccMaTpHBAIOTCS OCHOBL! PAAUONOKAUMH NpH
30HAHPOBAHHH [POCTPAHCTBA PAJHOHUMNYJLCAMH MaJO# AJIHTENbHOCTH
(ra. 5). Ciona BXoaaT: ofiiHe 0OCOOeHHOCTH PaAHOJOKALHH NPH UMIYJIbC-
HOM 30HAHPOBAHMH, METOALI 0030pa MPOCTPAHCTBA M H3MEPEHHA YIJO-
BbIX KOODAMHAT, pacueT JajdbHOCTH OOHapyXeHUs H 30H BHAMMOCTH, MC-
N0/Ib30BaHKe AKTHUBHOFO OTBeTa B LeJAX YBeJHUEHHS AANLHOCTH OGHa-
PYXKEHHS H pEUIeHHs 3alaiH ONO3HaBaHHA.

Jlanee u3naralorcs ocOGEHHOCTH PajiHOJOKAUWK NPH 30HAHPOBAHMH
NPOCTPAHCTBA KOTEPEHTHbLIMYM CHTHAJaMH  GONbUIOR  AJHTENbHOCTH
(ra. 6). YpeanueHue LJIUTEABHOCTH KOTEPEHTHbLIX NOCHUIOK SBJASAETCH
B HAcTOsLIee BpeMs BaXHbIM CPeACTBOM MOBLILIEHHS AaJbHOCTA 06Hapy-
XeHds Masnopa3MmepHbIX ueneit. Basupysicb Ha pesyabratax craTucTH-
yecKOll TeOpHH OOHAPYIKEHUst U H3MepeHHA, oO6paboTKy NpHHUMAaeMbIX
KoeOaHUH B 3TOM Cjiyuae C/eNyeT HPOBOZHTHL C YUETOM pasjuuua B
cxopocTax (M AaabHOCTAX) uenell, B 1ol cBsi3H noapoGHO paceMartpH-
BalOTC HOBbl€ LIHPOKOTIONOCHHEIE CHIHA/bBI, MMNYJBCHBIE H HERPEPLIB-
Hbe, 3 TaKXe MeTOAb HX ONTHMAJLHOH O6paboTKH. YuHTHBAETCH
BJAMSIHHE YCJAOBMH pacrnpoCTpaHeHHA PajgHOBOJH.

B ri. 7 13/0XeHbl OCHOBHLIE BUL NIOMEX aKTHBHOH PaHOMOKaKH
U NPHHUMOE 3aLLUTH OT nomex. B . 8 KpaTKo AaHbl OCHOBHI MaCCHB-
HOH paaHOJIOKaLHH.

H3noxkeHHe MarTepualla mnpeanojaraeT 3HaHHE NPeAUIECTBYIOLIHUX
KypcoB, B NMEpBYI0 OUEpefb Kypca TeOpPUM BepOSTHOCTEH.

§ 1.5



rMABA 2

BTOPUYHOE U3JAYYEHHWE PAJUOBOJIH

A. AABJIEHHME BTOPHYHOIO U3JIYUEHUY
U 3OPEKTHUBHASA OTPAXKAIOUIAY INOBEPXHOCTb UEJIHU

§ 2.1. SiBaeHHe BTOPHYHOTO USAYUEHHA

SIBieHHe BTOPHUHOrO W3JYU€HHs!, Jiexallee B OCHOBe AKTUBHON
PajiMOIOKAItHH, CBOHCTBEHHO BOJHAM JAw0bod npupoxbl. OHO BO3HH-
KaeT, BCAKHI Pa3, KOrAa BOJIHA BCTPeYaeT NpensTCTBHE HA IYTH CBOEro
pacnpocrpaneﬂuﬁ [lapaomyio Ha npensaTcTBUE BOJIHY HA3LIBAIOT nep-
BUYHOMH, OTPaXKeHHYIO HJIH PacCesHHYIO — BTOPHUYHOI, 8 NPENsATCTBHE —
TACCHBHHIM BTOPHYHBIM H3JyuareseM. [Ipenamcmeuem O0is pacuososn
Cayncum A00as8 HEOOHOPOOHOCMb IAEKMPUHECKUX napamempos cpedst.
JXU3JIEKTPUUECKOH U MATCHUTHOA MPOHHLAEMOCTH, HJAH TPOBOAMMOCTH,
Tlon peficTBUeM 3JeKTPUUYECKOTO NOJIS BOJHBI Ha 06jyuaeMOil NMOBEpX-
HOCTH, HampuMep MpoBoislled, BOSHHKAWT KONeGaHUS S/eKTPHUYECKUX
3apsjon. HaseneHHEle NnpU 3TOM TOKH TMPOBOAUMOCTH ABJAAIOTCH HCTOU-
HMKOM M3JYU€HHsi BTOPHUHBIX 3/MeKTPOMArHHTHBIX BOAH. B pusnek-
TPUKE TAaKHM Ke HUCTOUHHKOM ABJSIOTCA TOKH CMEHIEHHS.

[Ipu n3yueHHH ABJEHHS BTOPHUHOIO H3J1yUEHHS HHTEPECYIOTCH ABYMS
rpynnamMH BOMPOCOB: 3JeKTPOAHHAMHUUECKOH W cTaTtucTuueckod. B nep-
BOM CJYyYyae H3YYaloTcsl 3aKOHOMEPHOCTH BTOPHUUHOrO HU3Jy4YeHHS KOH-
KPEeTHBIX H3/AyuaTeseil B 3aBHCHMOCTH OT COOTHOILEHHUS UX PasMepos
¥ JJMHBl BOJHB!, NOJSPU3aIMH 06JY4aIoUero noaa, OpUeHTauHl OTHO-
CUTENLHO PafIMOJI0KATOPa, reOMeTpHUYECKOR GOpMbl H Martepuana o6.Jy-
yaeMOH MOBePXHOCTH. BO BTOpPOM cayuae HCCHENYIOTCA CTaTHCTHUECKHE
XapaKkTepPUCTHKH NOJS BTOPHUYHOTO H3JYUeHHA NPH cayuaiiHofi opueHra-
IMH OJIHOTO WJIH COBOKYITHOCTH BTOPHUHHIX U3Jyuareseil ¢ y4eTOM OCO-
GeHuoCTell UX ABIDKeHHUS. DTH XapaKTEPUCTHKH CYULECTBEHHO BJIHAWT
HAa CTaTHCTHYECKYIo OUEHKY MpeAe/bHOH IalbHOCTH NeHCTBHA pagHo-
JOKaTOpa, TOYHOCTH M3MEPEHHR KOOPAHMHAT M NapaMeTpoB ABHKEHHA
HeJgu.

C TOUKH 3pPEHHS 3/IeKTPOAHHAMHKH (KaK U AMHAMHKH BOJIH MPOU3-
BOJIbHOH TPHPOAL) BaXKHOE 3HAYEHUE HMEET COOTHOILEHHE pa3MepoB ueu
¥ AJHHB BOJIHBEL. COOTBETCTBYIOHLYIO 3aKOHOMEPHOCTh JerKo Hab/onarh
HAa BOAHOHW NOBEPXHOCTH, BO30OYyXKAas pacnpocTpaHsioilneca no neh Ko-
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Jefanun onpeneaeHHON AMTHHLI BOAHKL. Ecau Ha nyTH pacnpocTpaHerus
YCTaHOBJEH NPYT, TOHKHH NO CpaBHEHHIO C AJHHOHW BOJHBEI, TO OH, B
CBOK Ouepelb, BO36YKAAETCH yuacTKaMH BOAHOH NOBepXHOCTH, Koael-
JolKHMHC B ¢ase. PaccesHde 3HeprHu NepPBUYOH BOJIHBI HEBEAKKO
H MPOHUCXOAHT BO BCe CTOPOHLI paBHOMepHO. Ecan e na nyTu pacnpo-
CTpaHeHUs YCTaHOBJ/EHA NJACTHHA, WHUPOKas MO CPABHEHHIO C AJIMHOM
BOJIHBEl, TO B pe3yJibTaTe HHTepdepeHuHH BOJH OT 3JIEMEHTOB OTpaxaro-
el MOBEPXHOCTH MPOMCXOAHT 60J/lee UHTEHCHBHOE H HepaBHOMepHoe
paccesiivie 3Hepruu. B ToM HanpaBJeHHH, Tle BOJHBI CKJ/aAbiBaOTCA
B (pase, BTOPHUUHOE H3/MyueHHe MaKcuMadbHo. HaoGopot, oHo orcyrcr-
ByeT B Te€X HampaBJeHHNX, [fe 3JeMeHTapHble BOAAHbIE BOJHbI TacsaT
ApYr Apyra. AHAJOTHUHO, NPH BTOPHUHOM M3JAYUEHUH PAJAHOBOJH
B 33@BHCHMOCTM OT COOTHOUIEHMS pa3MepoB LeAd W JJHHBL BOJAHBL
CO3MAIOTCA pa3/uyHble pacnpefefeHus ¢a3 (4 aMIJIHTYI) TOKOB Ha
06/1y4aeMOii MOBEPXHOCTH W MPOABJISAETCS PA3JHYHBIH XapakTep HH-
TepdepeHuny Co3laBaeMblX 3TUMH TOKaMH BOJH B pPasiHuHBIX TOUKaX
npocTpaHCTBA.

HurteHCHBHOCTD pe3y bTUpYIOLIEro NoJaa B TOUKe npHema, co3flaBae-
MOrO B K#4KOH-JHOO MOMEHT BpeMeHH, ONpeAesineTcs TOAbKO TEMH 3Jje-
MEHTAPHEIMH OTPAXKATENSAMH, KOTOpPHIE pacnoJOXKeHbl BHYTPH OJHOro
paspeiraeMoro ofbema MpOCTPANCTBa. TOJBKO 3TH H3JAyuaTeqH CO3AAIOT
HHTepepupyOmHe MeXIY cO00A oTpakeHHble curnaisl, CHrnaibl,
NPUHATHIE H3 COCEAHMX pa3peliaeMblx 00beMOB, BO BpPEMEHH He COBHa-
AAOT. B 31O cBASH pasauvaoT cocpedomouernHoie BTOPHUHBIE H3ayYa-
TeJH, 3JIEMEHTH! KOTOphIX He paspellaiorTcst PagHONOKaluHOHHOH CTaH-
nHeil, U pacnpederertsie, 3aHMMaIONINE B TPOCTPAHCTBE HECKO/BKO pas-
peiiaeMulXx 0o6beMoB. M3 Kaacca COCPellOTOUYEHHBIX H3Jyuarened Bbl-
AeNSIOT 0Qunodnbie u epynnosoie. I'pynnoBod BTOpHUHBIA H3JdyuaTellb
COCTOHT H3 PAJA He3agucumbix OAMHOUHBIX. Tak, rpynna caMoJeToB B
npefenax paspemaemMoro ofbeMa — IPYNNOBOH M3jyuartesb, B TO Bpe-
MA KaK KaxJblH camosieT — OAMHOuHBIH J1u60 rpynnoBoH, ecqH ero
COCTaBHEEe vacTd (ProsesK, KpbWIbs M T. N.) PacCMaTPHBAIOTCA KaK
OIMHOUHBIE H3/IyuaTes ., |

[Ipu M3yuenuu COCPEROTOUEHHBIX W pacTpefeseHHbIX BTOPHUHBIX
g3ayuareseld HaubOJbIIMI TIPAKTHUECKHH HHTepec MpeACTaB/feT Xa-
PaKTePHCTHKA HHTEHCUBHOCTH CO31aBaeMOro HMM NOJA BTOPUUHOTO H3~
JAydYeHHs B JajibHeill 30He, Hesdsucumas OT MOLIHOCTH objyuendsn. 3Ta
XapakTepUCTHKa JaeTCA C NOMOILbIO TOHATHA appeKmusHoli notepx-
HOCMUL 8MOPUYHOZO0 UAYHAMEAS.

§ 2.2. 3¢pdekTHBHAA NOBEPXHOCTh NPOK3BONABHOrO
COCPENlOTOMEHHOr0 BTOPHYHOIrO H3AyuaTend

ITyctb B cBOGOAHOM TIPOCTPAHCTBE PACIONOKEHB! NepegaTuHK, 06aY-
uaeMasa uelb W MPHEMHHUK pajuoiokaropa (puc. 2.1, a). Paccrosinue
OT Ueqd A0 NpUeMHHKa paBHO r. ITMOTHOCTH NOTOKOB MOILHOCTH nep-
BHUHOM BONHbL Y ueMX S, U BTOPHUHON BOJHBI B TOUKe Ipuema S,
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Puc. 2.1, K onpeneieHuio ZuarpaMMel Hanpas/ieHHO-
CTH BTOPHUHOIO H3NYueHHHA (¢) M JAHAarpaMMme obpat-
HOro BTOPHYHOrO Hsayuenus (6)

AAA 3a4aHHOU MOJSPU3ALUM TIPUEMHOH AHTEHHB! CUMTAIOTCH H3BeCT-
HBIMH. 3aMeéHUM Le/db BOOOpakaeMblM HeHanpaB/eHHbIM BTOPUYHLIM
HaJyuaresaeM, KOTOpbIH co3faer Ha Beell cdepe paguyca r MIOTHOCTb
(I0TOKA MOUIHOCTH, PaBHYIO S, H, CAENOBATENBHO, DACCEHBAET MOLL-
HOCTL P == 4nr28np. OTHOUIEHHe 3TOH MOLIHOCTH K [JIOTHOCTH MOTOKA
MOILI(HOCTH MePBHUHOH BOJIHBI, MMELlee Pa3MEpHOCTL MJIOLWLANH,
o= B gy S ()
. Sy Sy

fa3biBalOT 5hGeKTHRHON NOBePXHOCTLIO BTOPHYHOTO H3jydatelsi. Be-
JUUMHY O HAa3BIBAIOT TaKKe 3MPPeKmusHOll NOBEPXHOCMbIO 8MOPUHHO20
UsAYHer U, SDDeKMUBHOL OMPaNXcarouerl nosepxHocmsro, appexmusrol
nosepxriocmeto paccesrua (SU1P). Ilaa coBmemenssix PJIC {puc. 2.1, 6)
JICTIONb3YIOT TePMUH 3PpPeKmusHan noBEPXHOCITIL 00PAMMOZ0 BMOPULHO0
uaaydenusn. Korpa sicHo, UTO peub UAET O BTOPHUHOM H3JYYEHHH, B
fanbHelneM OyJaeM HCIOAb30BaTh Ooslee KPaTKUH TepMHH appexmuiis-
HUS NOBEPXHOCMD.

Beipaxkas S, u S, uepes KBaAparthl aMIIHTYA COOTBETCTBYIOMIUX
noJieil, BpIpaxkCHHC (1} MOXKIIO MNpeACTaBHTL TAKKC B CJACAYIOILCM
BUJE:

o= 4m’2¥ = 4nr? n; . 2)
E? H?

Beauuuna adxpekTHBHON MOBepXHOCTH ¢ B 00lieM C/ayudae 3aBHCUT
OT OPMEHTAUUH LeJH OTHOCHTEIbHO lepeAaTudka u npuemHuka PJIC
(puc. 2.1, a). IlycTth 1eab NOBOpauMBaeTcss B IJIOCKOCTH, MpOXOAsuieh
yepe3 IOYHKTH IpHema # nepepaud. Torga ana pasnecennod PJIC
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o = ¢{0,,0), rne 6, ¥ 0 — yrip MOBOpOTA LEAN OTHOCHTENBHO Ha-
npaBjeHUH Ha nepelaTunk u npHeMHUK. [las coemelnennolt PJIC
(puc. 2.1, 6) umeem 6, = 0 U 0 = o(0). 3aBUCHMOCTL G OT HampabJe-
HAA npueMa O pis pasuecenHo#t PJ/IC onpeflenseT duaepammy Hanpas-
ACHHOCMU 8MOPUHHO20 UBAY4eHIs TIO MOILHOCTH @(0) = o(0;, 0) mpu
0, = const. Uro6bl 3KcnepHMeHTaNbHO CHSITH 3TY 3aBHUCHMOCTB, JO-
CTATOYHO OOHECTH NPHEMHHK BOKPYI 1l€JH, COXPaHsIs HEU3MEHHBLIM [1O-
JloXKeHHe Nepefartuuxa U penH. ECau e OGHOCUTb BOKPYT UeJNH MpHe-
MO-TIepeaTurK, JU00 NOBOPAYHBATL UENb OTHOCHTEALHO HalpaBJEHHS
Ha NpuUeMo-niepefaTuuk, GYAeT CHATA Juazpamma o6pammozo emopuiHo-
20 usayuertis a(0).

B ofweM cayuae H3vieHeHUS OpUEHTAUUH LEeJH B POCTPAHCTBE, a He
TOJILKO B IVIOCKOCTH, 9(¢deKTHBHASA NOBEPXHOCTh BTOPUUHOIO H3JyUeHUs
ansi coBmelteHHOH PJIC ects ¢yHRUA ABYX YIVIOB ¢ = o(g, f); aad
pasHecenuo#t PJIC o = a(e,, &, P, B) — dyukuus uersipex yrjaos.

Benununia 3dpeKTUBHOH NOBEPXHOCTH 3aBUCHT OT 3IJEKTPUUECKHX
CBOHCTB 11€/IH, COOTHOLLEHHA €€ reOMETPHYECKUX pasMepoB U AJHHbl BOJ-
HHl, MOJfAPHU3AUUOHHEIX XAPAKTEepPHCTHK aHTeHH (IpUeMHOH U mepe-
pawuen). Ecan o6 arom He Oyler oroBopeHo ocofo, cpeny OyAem
CYHTaTb H3OTPOMHOH, T. e. He MeHAWUIeH XapakTepa NOJAsApU3aALMH,
NOAAPH3ALNI0 aHTeHH — OJHHAKOBOH B peXMMaX Mepellaud U NpHema,
2 PapuoNOKaTOpP ~— COBMEIIEHHBIM.

§ 2.3. Oco0eHHOCTH BTOPHYHOTO H3NYYEHHA
rpynnosoro uaayyarens

Peanbnas nesb U rpynna uesel no 3aKOHOMePHOCTSM BTOPHUHOTO
H3/JYUEHHS yalle BCero CBOAUTCA K I'PYNNOBOMY H3/JyuaTeno. laxke He
BHUKAas B JEeTaJd BTOPHUHOIO U3AYUEHHUS JeMEeHTOB TPYINMbl, P Bil-
BOJIOB MOXMHO CJ€J1aTh Ha OCHOBAHUM MOJEAH TPYINOBOrO BTOPHUYHOIO
U3Jyuaress, COCTOAEr0 U3 HeCKOAbKHX OJAUHOUHBIX HeHanpaBJeHHBIX
H3Jyuarese.

PaccmoTpum TpyHNoBOM BTOPUYHBIA H3JyuaTedb, COCTOAIIME U3
IBYX opuHOuHLIX (puc. 2.2, a). O603HaUUM paccTOsTHHE MEXKAY HUMH [,
pacctosinusl 1o PJIC r. 5, a cooTBercTBYIOIUE 3aMasAblBaHHA BO Bpe-
21,9

MeHH t1,2 = . CllHTaEM, HTO OAHMHOUHBLIE H3JAYUaTeJNH He BJAHAKT

apyr Ha apyra. TlockonbKy U3ayuaTend He paspellaroTcs, KoJe(GaHus
OT OJHOTO HakJaAbIBAWOTCA Ha KosefaHnus apyroro. Ilpu 310M NOJSE OO-
PaTHOrO BTOPHUHOTO H3JydueHUA B TOUKe IpHeMa PaBHO

eup () = Ey cos © (¢ —1t,) + E, cos o ({ —1,) = E | cos (0l — ),
rre amnJautyaa E, ) u dasa 1 onpefeasiiorcs N0 NPaBHJIY CAOKEHHS

KoMeGaHuM, CABHHYTBIX TIO ¢ase Ha yroJ cp:co(tz-—-—tl)z-z-;f QAF =

= 2 gin B,
A
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@fr, 8 =const

&)

Puc. 2.2. TloAcueEne cooTHOmMeHHH AAA rpynnoBoro
BTOPHYROIO H3JAY4HaTe !

a—K BHBOZY 3HadesHn © (8); 6-—NoNApHBIE JHATpPaMMbl
o (9)/0, 6—K apanusy OAVKAAHNS PIgHOTOKAUHOHHOrO
neHTpa

»

El,=Ei+E5+2E, E,cosg, (1)
i t1+z2 (ES_EI. E_.
p=0tT —I—arctg(E—+~--+~—2_H3I tg ; ) (2)

B coorpercTBUM C BBEAEHHBM B § 2.2 omnpeneaendeM shdextus-
HOI TOBEPXHOCTH HMEeM

‘0 =4nr? (EL/Er) = 0,-+ 0,421 0,0, cos ¢, (3

T. €. BeAu4YyHA ¢ H3JydaTessl 3aBUCHT OT ciaBura ¢as ¢ BTOPHUUHBLIX
BOJIH, BO30VKNAEMbIX €ro 3JeMeHTaMH B TouKe npueMa. [lag ¢ = 0
BOJHBI CKJAajbBaOTCA B (ase (KorepeHTHOe CcUHO)A3HOE CJIOXKEHHE),
¥ IPY HeHanpapJ/ieHHOM BTOPHYHOM H3JYYEHHUH OJJMHOUYHBIX HU3JayYaTesel

O NPMHUMAaeT MAKCHMaJIbHOE 3HaueHHe Oy, = (J 0, 0,° MHas
g=n nonyyaem o, ,= (Y 6,—V 64)%. TIpu paBHOBEPOATHHX 3HAYEHHAX
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yraa caBura ¢as ¢ (HeKOrepeHTHOe CJAOXKEHHE) cpelHee 3HauyeHHe

0 = 0; 1+ 05 Taxko#l ke pe3y.abTar NOJydYaercss H NMpH PaBHOBEPOAT-
HelX 9, HO TobKO mpu [/A > 1, KOrAa crnpaBefinBo NpHONHKEHHOE
PaBEHCTBO HYJIO

en

cosp = 1 j‘cos(ﬂx’—l—sin{)) dé = JO(@-{):O.
S A A

o

[MocnaenHee ¢BA3aHO ¢ TeM, UTO NpPH GOJBIUUX OTHOWeEHUAX I[/A gaxe
HeGosblloe HaMeHeHHe O Ha AO MOXKeT NPUBECTH K H3MeHeHMIO ¢ Ha 21,

Ha puc. 2.2, 6 npuBeaeHH aAnarpamMsl 06paTHOTO BTOPHUYHOTO H3-
JIyYEHUs] CHCTeMbl [JBYX HeHanpaBJeHHbIX ONWHOUYHBIX BTOPUUHBIX
Haayyareaeidl npu o, = 0, = Oy H OTHOCHTE/IbHOM PACCTOSHHH MEXKAY

vumy I/A = const. Pa3snocts das ¢ = 4;;! sin O B aTOM cydae ABAA-
ercs yHKuHed yraa O u ypasHenue (3) mpUHHMaeT BHA:
0=0(6)=200[I +cos(-‘%fsina)]. @

Hyau puarpammel o(0) cooTBeTCTBYIOT HAUpAaBAeHHMSM, Tie BTOpHY-
HBIe BOJHBI TAcAT APYT APYra, a MAKCHMYMEI — T/i€ BOJHBI CKIAABIBAIOT-
cd B haze. ['pynnoBas uelb uMeeT, TAKUM 06pa30M, MHOTOJENECTKOBYIO
nuarpavmy o(0). Hem Goabiue BeJHYHHA OTHOILEHHA [/h, TeM CUJbHee
nposiBAsieTcsi HHTepdepeHUUOHHbIE XapakTep 3aBucumoctd o(0).

B cayuae, ecau TpynnoBo#t ©aayuaresab cOCTOUT U3 71 OAUHOUHBIX, TO

fl n
o==2,0,42 2 ¥ 0,0; cos ;. - (9)
i=] i>f
ITIpu s10M ero avarpamma o(0) nMeeT BeCbMa CAOMHYW JICTECTKOBYIO
CTPYKTYPY, 3a@BHCALIYIO OT B3aHMHOIO pAaClOJOKEHUS! OTPaXKaIoUHX
3/1eMeHTOB H OTHOCHTE/bHBIX PacCTOAHUN Mexay Humu [, /A, [lostomy
TPYNIOBBIE 11eH B 3aBUCHMOCTH OT HX YIJIOBOIO MOJOXeENHUs OTHOCH-
TeNbLHO JIHHHHM BH3UPOBAHHSA MOTYT RABATH 3HAUHTENbHbIe KOAe0aHHA
MOLIHOCTY OTPAKEHHbIX CHI'HAJ0B. ITH KoJeGaHHA NPOHCXOIAT BOKPYT
cpefiero ypoBHs, NPONOPLHOHANLHOTO CpeHeMY 3HaueHuo pderTnBs-
HOU TIOBEPXHOCTH NpPH HEKOIePeHTHOM CJOXEHUHU:

o.. (6)

o= ;

[ BB

OnHOBpeMeHHO ¢ KOJIeGaHMSIMH MOILHOCTH OTPaKEHHOTO CHrHaja
HaﬁJHO)];aIOTCH CJ‘ly'IaﬁHbIe HA3MeHeHHHA BpEeMCHH €r0 3al1a3aLIBaHuA B YIJa
npuxoaa.

O BpeMeHH 3anasiblBaRUs CUIHAJMA, OTPAXKEHHOrO IPYIIOBBEIM H3JY-
yareseM, BOOOLLE MOXKHO TOBOPHUTH, €CIH (JOPMA OTPAKEHHOIO CHTHAJAA
CYIECTBEHHO He OTNHYaeTcd OT (POPMbI 30HAUPYIOUIETO, T, €. €CJAH pac-
CTOAHHE MKy H3JydaTelAaAMH 34MEeTHO MeHbille, UeM pasMep paspellae-
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MOro ofbeMa o AaJbHOCTH, H He NPOUCXOAHT Pa3sBOeHHA OTPaKEHHOTO
curiajga. B stom cayuae, Kak U B § 1.3, nonycruMma aunetldnas annpos-
cumayus Hazo-4acTOTHOH XapaKTepHUCTUKH (2) Tpacchl «mepelaTinK—
e b~—TpHeMHHKY:

¥ =, -+ (0/0w), (@— w,). (7
®aza g060#t rapMoOHUYecKOl cocTasadioiiel o*rpax{eHHoro CUTHaJa
OnpefensieTcst TOra BulpakeHueM Buaa wf — $ = o(f — f,,) + const.

Benunuuna ¢, = (0¢/dw), xapaktepusyer ofillee jis Beex raUMOHqu-
CKHX COCTaBASIOMMX CUEKTPa TPyNNoBOe 3ana3jbiBaHHe, TPHBOAALLES
K 3ama3jblBaHuIo orubaioniedl CUTHANa 6e3 HCKaXKeHHs ee tpoprr Be-

JHUHHA
¢ ¢ [0y
—f == /
g2 ™9 (am ) )

ONpEeAeNSIET USMEPAeMYIo OAAbHOCMS 1O [PYNNOBOIC BTOPHYHOTO U3Jy-
yatesa B CBOOOAHOM NPOCTPAHCTBe, B 00lLeM caydae OTJIUYAlLLYIoCT OT
AAJBHOCTH 10 KaXJAOTO 9JeMeHTa TPy,

Hamepaemyio yeaoeyto xoopduramy TPYNNOBOTO H3JAYYaTeas MOMKHO
yCTaHOBUTL, IPOBOAS Uepes «TOYKY CTOAHUS r = ry, § = 0, coBMellleH-
HOTO PajHOJIOKaTOpa MOBEPXHOCTh hpoHTa MpUXoAdLled OT H3AyyaTens
BOJIHbI (puc. 2.2, 6)

VY (r, 0) = (r,, 0,) = const,
KOTOpasi, BooOlle TOBOps, OTJHYaeTcsa oT cepuueckon. 3nech r, 0 —
NOJAPHLIE KOOPAUHATH NPOU3BOJLHON TOUKH (pPOHTA BOJHEL o, Oy —
KOOpAUHATHl ToYKH ctosuusa PJIC; nauano koopaunar na puc, 2.2, a
BLIGpAHO B TOYKEe Ha CepefidHe NMpPSAMOH MeXAy ABYMH H3JyuaTesasiMH,
Ecnn ¢ysrumio P(r,0, @) PasNOKHTb B PA Teitnopa B okpect-
HOCTH TOUKH ry, 0 H OTPAHHUUUTLCA JHHEHHBIMH WJIE€HAMH, MOXKHO [ONy-

YUTb JUHEHHYI aNnpoOKCHMAaUHIO HPOHTE BOJHLI

b=tk () =)+ (G ) 000

HJIH
P =, -+ (grad p)o (r—ro)- 9)

3aech uHaekc O cooTBETCTBYET TOUKE 1y = T {ry, 0,), B KOTOpOH GepyTes
NPOH3BOLHHIE.

Benuuuna P Haubosee GbICTPO MeHsAETCS B HaNpaB/AeHHH rpajueHTa
(grad¥),. HaoGopor, mo HopMa/u K TpagveHTy yepe3 TOUKY ry, Y, npo-
XOAHT MPaKTHYECKU MJIOCKHE yUacTOK NOBEPXHOCTH paBHbIX ¢as. Ecan
npHeMHasl aHTeHHA PajuoJ0KaTopa LeJHKOM YKJaAbBaeTcs B lpefenax
STOrO y4aCTKad, MOXKHO FOBOPHUTL O IMHOM H3MEPSeMOM HalpaBJeHUU Ha
Lenb, KOTOpoe ompepensiercss BektopoM (grad ¢),. C ypeauueHuem
pa3MepOB aHTEHHBI CIpPaBeAduBOCTb JUHEHHOH ammpoKcUMauuu Hapy-
wutcs. Ho 5T0 3HauKT, YTO 3/€MEHTH IPYTIIL PA3pellaoTes o yIJI0BOU
KOOpJIMHATeé M TPYMMOBOH H3JydaTeldb HEeJIb3fl CUHTETH COCPEAOTO-
YeHHBIM,
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Takum 06pasoM, ec/d pasmep TPYNNOBOTO HANYYATENS MaJ 1O CPaB-
HEHHIO ¢ Pa3MePaMH PasPelaeMoro ofheMa, MOXKHO CUHTATh!
1) ¢ponT BOHL IIOCKHM B Ipeesax PACKPhIBA AHTEHHBI, 8 HAIPAaB-
JellHe Ha IPYNNOBON H3JAyuaTelb COOTBETCTBYIOWIMM €IHHUYHOMY BeK-
rad 4
TOpY — {grad ¥l e 2.9, 4);

l(grad ¥o!
2) oruGamliy OTPAKELIIOTO CHTIIANA IIEHCKaXKelHOl, a pacecTos-

2
1IHe JIO ued PaBIibIM — top-

Muaye roeops, MOXHO CUHTaTh, YTO BTOPUYIIQE H3JydellHe Tpyl-
II0BOr0 H3J/ydaressl NPOHCXOMUT M3 HEKOTOPOro €ro 3ggexmusrozo
yeHmpa, XapaxKTepu3yeMoro pajHyc-BeKTOPOM:

¢ (aq;) (grad Py

a—r,——— _—
0 ol (8rad )y |

2

rjie ry — paAHyc-BEKTOp TOYKH CTOALMA PAaJHnO/A0KaTOpa.

OPpeKTHBHBIN UEHTP MOMXKeT paclosaraThesl Ile TOJABKO B mpelenax
rabapuTHBIX PasMepoB IPYNNOBOM Le/aH, HO M BEIXOAUTH 3@ 3TH Mpefesl,
G1y>K1as B 3aBHCHMOCTH OT HanpasJeHUsl 06ayueHus. s cCHCTeMBl IBYX
BTOPUYHBIX H3AyuaTededl ¢ 3(heKTUBHBLIMH NOBEPXHOCTAMH O; H O,
s¢pbeKTUBHEIN teHTp OJyXKIaeT BJAOJIb NpSMOH, coelHHsIOUleH u3/ayua-
tenu. CumeneHue 3¢¢heKTUBHOTO IeHTPA OTHOCHTENBHO CEPeAUHE OTpe3-
Ka 3TO# upAMOH cocTaBafer

1 0:—01
a T 0@ (Ih

(10)

rae o(0) — 3ddexkTHBHAA NOBEPXHOCTE TIPYNIOBOro Hajaydarens (3),
| — BekTOp, MpPOBeAeHHEId OT BTOPOro Us/JyuaTesas K HNEPBOMY.

Ecmu 6, = 0, u a(0)=£0, cmewenue orvcytersyer, a = 0. Ecau
Oy > 04, 3pPEKTUBHLIN LEHTP COBMeUldeTcsi C AOMHHHUPYIOUIHM H3Jy-
yateaeM, ¢ = [/2. Ilna 3HadeHu# 6, COOTBETCTBYIOLIHX MAKCHMyMaM
juarpaMMmbl OOpaTHOrO BTOPHYHOTO H3JydeHHs!, HAOIIORAETCA MHHH-
MaJbHOe 3Hayellde abCOMOTIION BeJUUUIIb CMElLIeHHS

) Hi’va—va
MHH = 9 ]/0—2 n VE;_

Hao6opor, MurUMyMaM JuarpaMmel 6{0) cOOTBETCTBYET MaKCHMAJbIIoe

CMelileHHe
V02 +v0,

Ve, —Vor

Hanpumep, npu 0,/0, = 4 snadeine | @iy, = /6, anavenne | @i, ., =

= 3[/2. Tlocnenilee 3uaueHHe XapaKTepHayeT BbIIOC 3(dpeKTHBIIOro

LelTpa la seauuuly / 3a npefennl rabapuriioro pasmepa LeNn. [Ipu

TAKOM BbIHOCE 3(peKTHBHAS INOBEPXHOCTb o(0) MeHbie CpelHeH

0;+40y 5 -
— = 5 pas.
(1 oy —V0,)?
§ 2.3 3l
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PaccMoTpeHHDIe /18 TPYTIIIOBLIX COCPEAOTOUEHHBIX BTOPHYHBIX H3JTY-
yateseil COOTHOIIGHHSI MOTYT ObITh YaCcTUYHO PacnpocTpaHeHbl Ha pac-
npejeseHHbe BTOPHUHble H3Jydyarean. [Ipumepamu noc/elHIX ABAAIOTCH
CKOIIeIIUs oTpakaTesedl HA 3eMHOH NOBEPXHOCTH WJH B NPOCTPAHCTBE,
Hampumep B BHJe Kanesab Boabl U T. . Cpe/lHee 3Ha4YeHHe 3 GeKTHBHOH
NOBEPXUOCTH G PACCUMTHIBAETCS MPH 3TOM HA DaspeliaeMblil 00BeEM H
fBAfeTcs (yHKUMEH KOoopAHHAT ofaydaeMoro mpoctpaHctsa. Ilpu us-
MepeHHH KOOPAHHAT uefied Ha QoHe pacmpeleieHHLIXx OTpaxartenieldl B
TOH HJUd HHOH Mepe MOTYT NpPOABAATLCA OLIMGKH, MOAOOHLIE OTMeYeH-
HbIM BEIILE JJif COCPeNOTOYEHHOIO IPYNNOBOTO H3Jyuaress.

B zakmwoueHnune NpHBEJAeM HEKOTODLIC BRIKAAJKH, HIAKNCTPHPYIOUWHE NePeXoq

ot cooTHomenus (10) x (11).
3anasaciBanus {| o Ha NYTH ABOHHOrO MPOXOXAEHHA KoaeGanull OT coBMe-

menHoit PJICc KOOp,III:IHaTaMPI o, 9o (puc. 2.2, a) xo saemenTa [ uau 2 rpynnosof
eau H 06paTHO N0 NMPOH3BOJRHOH TOYKH ¢, © ¢ponra soanm s6ausu PJIC npea-

CTABHM B BHJE

1,9t 112

b=,

(14)

rxe r; o — PaCcCTOSAHHS OT COOTBETCTBYKIICFO B3JCMEHTA UeAH 10 BhHOpaHHOH

ToukH ¢poHTa. [lpu MaaoM pacCTOAHHNY / MeXRY 3/]eMeHTaMu ] H 2
r1,2:r0:F0,5£5in80, (15)
ri g=rF 0,3 sin9, (16)

rie r, €-=noadpHble KOOPAHRATH BHIGPAaHHON TOUKH.
Ha (2, (14)—(16) HAXOAHM

»
p=o Ty
c
a;—V 0, !
+arctg{ Yoa—vo,, [& (sitt B+ sin e)”. (17)
I/Fz"}‘]/‘jl ¢
Briuucqass B cooTserctsun ¢ (10) spauenns
(2) -2
ow ;0 ow ra==ry, 9=08,, 0)——-0)0,

op o .

ad = —r¢ -} —
(grd "-l-J}I'J |: a r + 4 ae ]f‘=ro- 9:'80’ W=y

BeAHYuHY [ fyAeM paccMaTpPUBAThL KAk Malaylo MO OTHOMEHHIO K 7, UTO 103BOJSeT
npeHeOperaTh BeAHYHHAMH BTOPOro (Mepporo) NOpsfKa MajOCTH MO CPAaBHEHHIO
C BEJIHYHHAMH (I€PBOTO (H)’JIBBUI‘U) NopAgKd; NPH 370M, B MdaCTHOCTH, MOIKHO CuH-

TaTh, 4T0 | (grad {)p | = (wo/c). B pesyarTaTe pacyera MOMyuHM
I 05— [ 0,—0,
LA s DY) 0 00c0s 9] = — ——— [°,
a=" o @) {rosin cos 0] 2 o(0) (18)
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3aecs 0 1 09 — OPTH NOAAPHEIX KOOPHAHHAT TOURH CTOSTHHSA PARHONOKATODA;
I — enuHUYHBIA BeKTOD, NpOBeAeHHBIl OT MePBOIL KO BTOPOMY H3JAYuaTesio H
CBAI3AHHEHA ¢ OpTaMH MOJAPHON CHCTeMB KOODXWHAT COOTHOMeHuem [0 =
= r8sin 6 -4~ 6° cos 0, rne 6(0) HaxoauTca U3 Qopmyan (3) npm

4l a
=-—sin .
¢ ho s

b. BTOPUUHOE U3JIVUYEHWE IPY PA3JINUHEIX
COOTHOWEHWAX PASMEPOB LIE/IM U AJIMHDI BOJIHDI

§ 2.4. 9pdexkTHBHAN NOBEPXHOCTL TEJ, MAJLIX N0 CPABHEHHIO
€ AJHHOH BOJHbBI

Pacuet 2xbeK TUBLION TOBEPKHOCTH COCPEAOTOUEIIIILIX BTOPHUHAIX H3-
ayyaresefl mpu JoOOM COOTHOMEHHH HX pa3sMeDOB U JJIHHEl BOJIHGI
NPHHIUNHAMBIIO CBOANTCS K pelleHHio AByX 3a1au. Ilepmasi u 1anGosee
CJIOXK HAS H3 HUX COCTOMT B OTRICKAHHH HaBeJeHHLIX TOKOB MO 3a1aHHOMY
MOJII0 MepBUUHON BOAHBI [lasA ee pemelnst yacTo NpHOErawT K INpH-
GIMKEHHLIM METOJAM AHA/AH34 3aMEHSs peajbHEIE Tesla HX SJEKTPO-
AMHAMHUECKHMH MOJEASMH, HCNOAL3YS TEOPHK) allTelH UM Pa3JInyHble
ANIPOKCHMALUH IPaHMYHBIX yoJIOBHE Bropas 3ajgaua sakJjouaercsi B
HaXOMJEIUH TOJsT BTOPUYHOrC U3JMYyYeHUd B TOUKe IIpuema o HalijeH-
'HOMY pacnpefie/eHU0 HaBeJEHHBIX TOKOB 2Ty 3a1a4y MOXKHO PELIHTh,
- paccMaTpuBasi KamJLIH a/ieMelT BO3OYKEIIIOHN NOBEPXIOCTH KakK 3/ie-
MeHTapHuE BUGPaTOp H NPUMEHSS TPHHLUMI CYNEPNO3HUKU BOJH. Be-
AuyuHa PphHEKTHBHON MOBEePXHOCTH ONMPEACACTCS] 3aTCM H3 COOTIOLMIE-
uui [(1) wam (2), §2.21.

Jlnsi Tea, Ma/ILIX MO CPABHEIHIO C JJIHHOI BOJIHEL, OCHOBIIblE 3aKOIHOs
MEPHOCTH BTOPUYHOTO U3JyuYeHHs MOXKHO BHSICHHTL Ha WpocTediuedd
3JIeKTPOAMHAMUYECKOH MOJIeIH B BiJle TOHKOTO IPOBOJa ¢ TjiacTHHKAMU
Ha Kouuax (puc. 2.3, ¢). Hauna mpoBoxa M CTOPOHH  NJACTHHOK
[ <€ A, TPOBOJ OpHEHTHPOBAH BJOJIbL BEKTOPAa IJIEKTPHYECKOTO NO0JA

E, nepBH4HON BOJNHL.

VAN ,"'"\
4 \
f o Ny
i . T | : oM
; 4l |y VY
11 [N
'R /1
t NN
2) 4)

Puc. 2.3, Tlpocreiirag sAekTPpoAHHAMuAYecKAs MOjeab (@) o
pacnpejeseHye HAaBCACHHBIX TOKOB H 3apsioB (0) ana Tedx,
MaJbIX 1O CPaBHEHHIO C AJHMHON BOJHH

§ 2.4 33



IlpuMeHuMocTh 3T0iT MOAeNd K paccMaTpPHBAeMOMY CJydal0 OCHO-
BaHa Ha ToOM, 4TO TpH ! << A, He3aBHCHMO OT (OPMbl H OpHEHTALHH
Tesia, HaBeJEeHHbIN TOK Bo3OyXaaercs B ¢hase Ha BCEH ero NoBepXHOCTH
(06/1aCcTh TeHW QTCYTCTBYeT) H 3aMblKaeTcsl TOKOM CMEIIEHHS Yyepes OK-
pyXKawolee npocTpaHcTso. [1pu 3TOM BeMuHHa HaBeleHHOTO TOKa Orpa-
HUYHBAETCH, [VIaBHEIM 06Pa3oM, 3JIEKTPHUECKHM [OJeM 3apsioB, ofpa-
SYIOIHXCA Ha KoHuax Tena (pue. 2.3, 6), MIH HHA4e — €MKOCTHBIM
CONPOTHBJIEHHEM MeX1y HUMH. BBeenHas Mofe/ib KaK pas B YUHTHIBAET
sTo aBjgenue. OHa mpeacTaBiasier cobGoil 3MeKTpHUeCKUH BHOpATOp C
neficTBylolllefl BHICOTOH f, = [ H CONPOTHB/IEHHEM €MKOCTHOTO Xa-
paKTepa

. I 1
7| = ‘R-l—: (mL———)lz—-—.
2 oC ol
12 ! 2re
rne C=g;—= — eMKOCTb MJACTHH, 4 ®= -——KPyroBas ya-
i 120nc A
CTOTa, TaK 4TO
zwso-’-‘z-. )

Tox B npoBOAe MOXHO ONMpENE/INTL, pacCMaTPUBas JaHHBI BUGpa-
TOp Kak npuemMHyw aHTeHHy. OH paBeH OTHOIUEHHIO HaBeJEHHOM
3. X. ¢. £, ¥ CcOmpOTHB/EHHUIO

Eql _Ey I3

=1 0 @

HanpsikeHHOCTb no/if BTOPUYHOTO H3JyYeHHS B TOYKe MPHEMa Of-
pefie/isieTcsl Ha OCHOBAHHH TEOPHH JIEMEHTAPHOTO BUGPATOPA COOTHOILIE-
HHEM

E  — 60rfl

=" - 3

Torna na paccmatpuBaeMoro nmpumepa
3
Enp= uji‘
ri®

¥ 3(dheKTHBHAS TIOBEPXHOCTb BTOPHYHOTO M3JIYUEHHA HPH STOM OKA3kl-
BaeTcs PaBHOM

EZ, s
G=4ﬂr2—~——=43‘[3_'
EZ A @

Takum o6pasom, 3peKTHBHAA NOBEPXHOCTH BTOPHUYHOTO H3JIyHeHHs
TeJl, MaJIbIX [0 CPaBHEHHIO ¢ ANHHON BOJIHH, NPONOPLHOHANbHA 1LeCTol
CTeneHH HX pasMmepa H 0OPAaTHO MPONOPUMOHANLHA YETBEPTOH CTemeHu
JuHbl BosHbl. Muaue, omuowenue sdpemusnorl nosepxrocmu K Kead-
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pamy aunelinozo pasmepd meaqd o/ 0KQ3b6REMCT NPONOPLUOHAALHBIM
geaudune ({/A)*. TlomyyeHHble 3aBUCHMOCTH BLIPaKaIOT XOF OIUO H3BECT-
HBIH B U3MKe 3aKoll paccesiiinsi Pesesi, KOTOpHIH cnipaBefsuB AJIsl T
Mo00# opMBI, eclU TONBKO JRHeHHke padMephl MOCJeHUX 3HAUHTEb-
HO MeHblue A/JMHBI BOJHbL. Tak, Hanpumep, s¢gdeKTHBHAS TOBEPXHOCTb
MaJIOTO AUJIeKTPHUeCKOro 1uapa, BHIUHCJAEHHAS CTPOTHMH MeTOAaMU
3JIeKTPOJAUHAMUKH, PaBHA

i}
0___:!1:55{_ 8}""_'1 2

Aoler+2| 0 )

rie d — puamerp mapa (d <€ A), a & — OTHOCHTe/bHasi IUIIEKTDPH-
uecKas UIPUHHLAEMOCTh Marepuasd, U3 KOTOPOIC BbIIUJAHEH ap.

OrMeuennas 3aBUCHMOCTBL BTOPHUHOTO UBJAYUEHHHA OT COOTHOIICHHUS
pasMepoB TeJa U JJIHHBEI BOJHB NpH [ < A 0OGBACHSIET TAKOe ONTHYe-
CKOe fiBJIeHHe, KaK ToJay0od nBeT neba: KOPOTKOBOJIOBAsl 4acTb
CIeKTpPa COJIIEYHOTO CBeTa (CHHHUe JIY4M) pacceHBaeTCs HA MaJbIX Ile-
OJIHOPOJHOCTAX CKOILIEHUS MOJEKYJ atMocepbl 3HAYMTEIbHO CHJIbHEE,
HEXXeNH JIHHHOBOMHOBAsA (KpacHble Jyuu).

Xors Brlpaxenue (4) OTHOCHTCA JHUIL K cayuaw | < A, yXKe OHO
MO3BOJSIET NMOHSATH TIPAKTHYECKH BaXKHOE IOJNOXKEHHe O TOM, 4YTO 8
PAOUOROKALLUL MOMHO NPUMEHAMS Allitb CPOBHUMENBHO KOPDOMKLE 80HbL,
AOCKOABKY  HEAb3A  MOAYUUME  URMEHCUBHOLO BIMOPUHHOE0  UIAYUCHUA,
eCAU OAUHA B0AHbBL BEALUKL NO CPABHEHLIO € AMUHELIHBIMU PASMEPAMU LeAL.
[losToMYy He caydaiHO BepXHfs IpalHua HCNOJAL3YyeMBIX B PaAMOJ0KA-
IMHA JUIHH BOJIH JIEXKHUT B MeTPOBOM (a a5t Test GOJbIUMX PasMepoB —
B KODOTKOBOJIHOBOM) guanasone. O6HapyxeHHe MUH, CHAPSIAOB U IpY-
PHMX Uenell CPaBHUTENLHO MaJblX PasMepOB BO3MOMKHO, HaIPHMep,
TONLKO HA CAHTUMETPOBHIX HJIM emie (oJiee KOPOTKHX BOJIIIAX.

PaccMoTpenHblf cjlyuail HMeeT TaKxe NpPakTHYecKoe 3HaueHHe NPH
OLEHKe noMeX DPALHONIOKAUMOHHOMY NPHEMY, CO3JaBaeMblX OOJIbILUMU
CKONACHUAMU MAAbLX 4ACMiY,, 1aXOSIIUXCA BO B3BElICIIHOM COCTOAIIHH
(rymaH, ofsaxka, NecoK) WAH B BHJE BBINAJAIOIHMX OCAAKOB (I0XKNb,
rpan, cuer). MaBecTHO, 4TO Ha 3KpaHax HHAHKATOPOB PaAUOJOKALHOH-
IIbIX CTAHUHH CANTHMETPOBOTO AMAaNA301la XOPOIo HabI1aeTCsi TPO-
3oBasi 0GJAaYHOCTh. JTO ABJEHHE HCHOAL3YeTCS B PaJUOMETEOPOJIOTHH.

§ 2.5. OdderrHBHas AOBEPXHOCTD TeJ, COUIMEPHMBIX
¢ AJHHOH BOJHBI

[TpocTefiiuum NPHMEPOM Tesa, COM3MEPHMOTO C JUIHHOH BOJIIbI,
SIBJIiETCH TIaCCUBHBIN BUGpPATOP B BHAE TOHKOrC TNPOBOAA WIH Y3KOH
veraJnuueckoit noysocku. [lpu paBeHcTBe JHHEI BUSpATOpa LEJOMY
YUCJY NOJMYBOJH HacTynaer pesolianc HaBelenlioro Toxa. [lasromy sa-
BUCHMOCTb 0 OT BeJIHUKHE OTHOIEHUA [/} HOCHT pe30HaHCHBIH XapakTep,
4TO ABJIAETCH OCHOBHOA OCOOEHHOCThIO paccMaTpHBaeMOro cJayvas.
Bropoil ocofennocTbio SIBISeTCA 3aBHCHMOCTL ¢ OT IIalpaBJ/eHHs TPH-
X0JA BOJNLI U TOJAPU3AIMYN NpUeMHOR U neperaloinieid aHTeHl.
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Puc. 2.4, PacnpegeneHue TOK2 BAOJR
[HOJYBOJHOBOTO BUGparopa

PaccMoTpHM  BHauaJe IOJY-
BOJIHOBLIH BHOpaTop, OpHEHTHPO-
BAHIILIH B I0Je NEePBUUHOH BOJ-
Hbl mapa/ienbHO  Bektopy E.
Hapepennaa B 1eM 3. . C. paslia
NpousSBeleHU0  HANPAXEHHOCTH
roas E | 1a aedcTByIOMYI0 BEHCOTY
BUOpaTopa #y, TOK pacnpeie/eH
NPAKTHYECKHU 10 CUIIYCOHJANBHO-
My 3aKoHy (puc. 2.4), a aMmu-
TyJa TOKa B MYYHOCTH cronuek
BoIHH [, olpexpessieTcst OTIOILe-
HHeM HaBeJeHHOH 3. A. ¢. K MoO-

Y0 CONPOTHUBACHHA H3JAy4Yellnd

B
»

Bubpartopa | Z

Eu' h;[

| Z 1}

AMnautyna mosst o6paTHOrO BTOPHYHOIO M3/AyUeHHs B TOUKe INIpHeMa

HaxXOoJHUTCH H3 COOTIIOIUCIIHA

E =

mp

80/, iy

rh

Ilpu stom sddekTHBHAS moBepxilocTh GyjaeT pasila

2
En

b
=4nrt — = 4n

1]

Gﬂnfti 2

M Z)

(1

HaCTpoeHubfi»’l B pesolialic MOJYBOJHOBEIN BUOPATOP UMEET TOJLKO
AKTHBHYIO  COCTaBJSIOIIYI0 CONPOTHB/JIEHHS H3JAYUeHHS, pPaBHYIO
R = 73 om, u jeiicTByromyio Beicoty A, = A/x. [losToMy pesonanciioe
3HadeHye ero 3dpeKTHBHOH NMOBEPXHOCTH

g,==0,862=0,86 (202, (2)

rae | = A2 — cootBeTcTBYIOMLAsT PesolialicHas JyIiHa BuGpaTopa.

[Mosnyuennsifl pesysbTar (2) noka3seiBaet, UTO x(xpeKTHBHAS NOBEPX-
HOCTH MOJYBOJIIOBOrC BHOpaTOpa TNpH pe30llaHce 3HAUUTEILHO MIpe-
BhIlLAeT €ro COOCTBEHHYI0 reOMeTPUYeCKyw MJOLIaiLe. Takue BHOpaToO-
Pul, JlerKHe 10 BeCy M MaJble 10 00beMy, MOMKHO HCIOJAB30BATh B Ka-
yecTBe 3¢peKTHBHBIX BTOPHUHHIX Maayyartenell. Ha 3ToM ocHOBaHO HX
NpHMeHeHHe /15 CO3Aallusi MacCUBNBIX MOMeX PajAHOIOKallUOHHEBIM CTaH-
nUAM.

Benuunna o, onpesensieMas BelpamenueM (2), ABaseTcs MAKCHMANb-
Ho#t. [lpu usMelleHMH JJUHBI BOJHB (HJAW JVIHHE BHOpaTOpa) YCJOBHS
pe3oHalica Hapywaiored. Ecau paceTpoiika HEIOCTATOUHO BEMHKA, YTOOH!
H3MEHHTh pachpejesiellie TOKA, 3aBUCHMOCTE 6 = O (I//A) uMeeT BHI
o0bIYHOH Pe30HaHCHOW KPHBOH, BO3BejeHHOM B KBajpar,
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uyTo cJeayeT U3 Boipaxenuda (1), Yem ToHbme BubGparop, Tem ocTpee
pesonaHcHas KpHBas BeseicTBue 0o/lee CHIbHON 3aBUCUMOCTH PEaKTHB-
HOH CoCTaBJ/IAONeH CONPOTUBJIEITHA U3TYIeHU s OT PacCTPOUKH.

[Ipu nmocTaHOBKE MACCHBHBIX IMOMEX MOJIYBOJHOBBIE BHOPATOPH! HJIH,
KaK UX ellle Ha3bIBaloT, JuNosbHbLe OmpPaXcameat MOTYT SaHHMATh camMoe
pasnuunioe noJsoxenue. IlostoMy npeacTapasier HHTEpeC 3aBHCHMOCTE
uX 3PeKTHBHOHN NOBEPXHOCTH OT OPHEHTALKH B N0JIE IEPBHYHOM BOJIHHL.

[MonysonioBelH BHOpaTOp sIB/ISIETCS aHTENHOH HampaB/eHHOTO jefi-
cTBHA, Ero auarpamMMa HanpaB/JeHHOCTH

cos (g sin 9)

K

F{0) = ~ cos 0, (3)

cos 9

rae & — yros HakJsopa BHOpaTOpa B IJIOCKOCTH MOJIAPU3AUUH BEKTOPa
E, (puc. 2.5, @). D1a auarpamma oxkasblBaeT BJIHSIHHE KaK [IPH NpHeMe,
Tak ¥ npu uajayuennx. B pesynprate amnauryaa noJis o6paTioro BTo-
PHYHOTO U3JyueHHs! yMeHblwaeTcs B F2(@) pas, a sdderTHBHAS MOBepx-
HocTe o(0) — B F4(0) pas, 1. e

0 (8) = 0, cos* 0. (4)

Axasornusasi 3aBUCHMOCTb, [IPHYEM Y:Ke COBEPILEHHO TOUHAs, HMe-
€T MecTO, KOrJia BUOpaTOp pacnaiaraercs B IJIOCKOCTH dpoHTa mnaja-
oiell BOMHHE, a yroJ 0 aBjsieTca yIVIOM noJdspusauuu (puc. 2.5, 6).

B ofmeM c/iyvae HecoBNajeHus Bektopa E, ¢ npogonbioit ocbio
BubpaTopa 3aBHCHUMOCTL €ro 3@(eKTHBHOH NOBEPXHOCTH OT yraa 0
Takxe Beipaxaercsi ¢opmyJsaoll (4). [Ipu 6 = 0 sddexrunas nosepx-
HOCTh MakCHManbHa, a upu 0 = n/2 oHa paBla HyJO.

[TockobKy yroa 8 saBiasercs ciay4aHHOU BeJIMYMHON, MpUHUMAIC-
el Jobole sgauenus or 0 Jo 11/2, ulirepecyioTes CPEAHUM 3l1aUCHHEM

__ F(8)~rosE |
’” ““(\

Puc. 2.5. [Toacrenue 3apucumoctd o{8) = o, cos? 0 32
cueT Auarpavmel HampassensoctH F(8) (@) u yraa
noaspusaniy (6) noaysoaxosoro euparopa
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Puc. 2.6. K snroay ¢opmyan [(5), § 2.5]

adpeKTHBHOH NOBepXHOCTU
n/l
0=j' o (8) p (0) d0.
¢
Kaxaomy 3xayeHuio 0 COOTBETCTBYeT NpPOMU3BOJILHOE MNOJOXeHHe Bu-
Gparopa BjoaL oOpasylomelt Konyca (puc. 2.6, g). [lostoMy BepOsITHOCTD
p(6)d0 uyncaenHo paBHA OTHOILUEHHIO MJIOWMAAM 3aIUTPHXOBAHHOIO

KoJbua Ha noaycgepe eguHuuyHOro paauyca (puc. 2.6,6) Ko Bcefd
nJaowanl noaycdeps

p (0) 46 =_23‘_s;“._._@9_,—_d(—cose).
Orciona
_ /2 1
6 =0, S cos* 0d (—cos0) = —o,,
R B0 5
UJH OKOHYATEeNBHO
0 =0,1702==0,17 (210 (5)

Hafinesnan sefivunna 0 wCno/ab3yeTcs npu pacuyerax HeoOXOLHMOTO
KOJH4eCTBa AMMOJIbHBIX OTpaxaTesel MJs CO3JaHHs! NACCHBHBIX TIOMeX
3aAaHHOH MHTEHCHBHOCTH. B COOTBETCTBHH ¢ pesyJsbTatamu § 2.3 cpen-
Hee 3HayeHHe 3(PeKTHBHOH TMOBEPXHOCTH n AMNOJLHBIX OTpaxateseln,
cOpolueHHBIX B pasperuaemMbll o0beMm npocTpancTBa, OyJer paBHO
0, =no. (6)

Cpeanee 3Hauenve 3hGeKTHBHON NOBEPXHOCTH MOMYBOJHOBONO BH-
GpaTtopa, xak U MakcuMa/bHoe, sIBJseTcA QyHKUHel oTHoweuus IfA.
[Tpu Manwix paccTpofikax 5Ta 3aBHCHMMOCTbL aHA/OTHMYyHa MpHUBEAEHHOMH
Bouue, [pu I = A, 30/2, 2\ H 1. A. TaKkXKe HACTynaer pe3cHaHC, HO B
STHX CRyuasX MeHsercs BMA JAHarpaMmbl HanpabJjenHocTH. [losTomy
NpH HCCJEA0BAaHHH XapaKrTepa BTOPHYHOIO u3JayueHHs BuOpatopa B
JuanasoHe AJMUH BOJIH HHTEPECYIOTCA NOBefeHHEM CpeJHEero 3Haye-

HHA o B ¢yHruuu /A Xox COOTBETCTBYIOUIHX KPHBDIX KAYeCTBEHHO
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Puc. 2.7, Xapaxrep sasucumocTelt cpegwero 3HaueHus sdiex-

THBHOH mOBepPXHOCTH O0PATHOrO BTOPHUMHOIO USJAYUeHUS BUOPATOPa
or A1 (a) u I (D)

HATOCTpUpYercs Ha puc, 2.7, a, 6. [lepras u3 nUx xapaktepusyer Mno-
BeJieHHe ¢ BUOpaTOpa MOCTOSHHOM AMUHBl B AManasoHe JJIMH BosiH. BTo-

pasi IOKa3blBaeT, KaK MeHsleTcA O BHOpaTopa NMpu U3MeHeHHH ero JJH-
Hel. O6e KpuBbie MMEIOT OCUMMIUpYIOWHUi Xxapaktep. X Haua/ibHbIE
yuacTkd (I <€ A/2) cooTBeTCTBYIOT O06JACTH PesieeBCKOro 3akoHa pac-

cestnus. CBA3bL KPHBLIX ONpejeseTcsi TOx/AeCTBOM 6/A2 = (I/A)2 (o/12).
PesonaHCHBIAI XapakTep BTOPUUIIOTO HaJyyelHsi NpH [ =< A HMeeT
MECTO ¥ AJIA APYTHX TeJs: IIHMNCOMAA, iuapa 4 T, A

§ 2.6. MeToanka NPUONKIKEHHOTO AHAJAHN3A BTOPHIHOTO
H3JYUYEHHS TWIOCKMX W BBIAYKJALIX T€J, Pa3MepPbl KOTOPLIX
3HAYHTEJbHO NPEBLIIAIOT AJHHY BOJHbI

s BHIACHEHHA XapaKTepa BTODPHYHOTO H3Jy4eHUA B paccMaTpy-
BAeMOM CJy4Yyae OTPaHHM4MMCH TeJaMH C [MaiKod NpoBoAAuiedl noBepx-
HOCTBIO, HA KOTOPOU HaBejeHHBle TOKH U 3apsibl B JUanasoHe CBepX-
BLICOKMX YACTOT MOXKHO CUMTATH MOBEePXHOCTHRIMU, PaccTosinue r mexy
PaIHOJ0KATOPOM ¥ LEABI0 No-TpexiieMy OyjleM moJarate AOCTATOUIIO
GOJILILMM TI0 CPABIIEIHIO € JUilefilIbIMA pasMepaMy Tesia W JJIMHOH BOJ-
Hbi A, TAK UYTO NEPBUYHYIO BOJHY BOJU3M 00JydaeMoOll NOBEPXIIOCTH
MOKHO CUMTATh MJAOCKOHU M OJHOpOAHOH. [aHHBIH c/iyual npeacTaBisieT
ocoOBlfl UHTEpec, TAK KaK MOBEPXHOCTH peaJsbHBIX leseHd {(caMoJeToB,
Kopalsell, TAHKOB}), KaK NPaBUAO, MeTaJNUYeCKHe, a UX pa3Mephl Ha-
MHOro OGoJiblle JJIHHBl BOJIHBL.

[ToJte BTOPHUHOTO UIJIYUEHUS] MOXHO PACCUNUTATh IO paclpeiesICHHUIO
HaBe/IeHHOrO TOKAa Ha 06/yuaeMOil MOBEPXIIOCTH, pacCMaTPHBAsA Kai-
Iblll ee 3JeMEHT Kak 3/eMeHTapHbIl BHOpaTOp M NPHUMeNsd NPHHLIUI
CYTEPNO3HIUH K H3JYUYeHHSM OTAeNbHBIX 3JeMeHTOB, [lockosbky TOU-
HbIHl aHa/HM3 pachnpeselleHUsi HaBeleHHOTO TOKAa 3aTpyAHHTeNeH, 3aja-
1oTcsl pUOAMKEeHHEIM pacnpefenenuem. llocsennee p0BOJMBHO NPOCTO
ofipeJensieTcsi B NPeAnoNOKeHHH, YTO IOBEPXHOCTh SIBASCTCHA IIOCKOH
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Puc, 2.8, [osacueHue rpanny- Pue, 2.9. K suBogy dopmyas
Horo yeaosds [(2), § 2.6] f(4), § 2.6])

HJ/IH BbIl'IYKJIOff,I ¢ paijnycaMH KpPHBHUSIIBL O o J1060T0 ee SJIeMeHTa, 3Ha-
YUTENbHO NPEeBHILAKIUMY JUIUHY BoJHbL. [loBepXHOCTb Tela MOXKHO
IPH 3TOM pasAequTh Ha jBe ofjacTH: o6pallleHHYI0 K MCTOYHHKY (OcC-
BelNelnyo) H NpoTHBONONOKHYI0 (06jacth Tenu). [lepexon u3 ocBe-
[eHHOU 06JacTh B 00JacTh Telld He pPe3okK: cyliecTByer 06JacThb NoJy-
TeHH, CBsA3aHHas ¢ JudpakuHell BoJaH, YTO JeTaJbHO UCCAEN0BAHO B pa-
Gotax axkajgemuka B. A, Poka; B npubaHKeHHBIX pacueTax, OJHAKO,
3TUMH JleTalAMH npeHebperamoT. [IIOTHOCTE MOBEPXHOCTHOIO TOKa B
TeHeBO# 06GAACTH NMOJATalOT PABHOU 1YJI0, 4 112 KaXK/OM OCBelleHHOM
5/1EMEHTE BBIMYKJAOH MOBEPXHOCTH e€ 3aMEHAIOT IJIOTHOCThIO TOKA Ha
KacaTeJEHON HAeaJbHO NPOBOAALLEH N/AOCKOCTH

. Is =[n, H], (1)

rge H — BekTop Hanp#XeHHOCTM MATHHUTHOTO NOAS H N — €IUHHY-
HBIfl BEKTOP HOPMAJH K COOTBETCTBYIOLIEMY 3JIeMEHTY OCBeleHHOH Mo-
RepXIIOCTH. YKa3alllloe FPaHuulioe YCJOBUe WLIOCTpUpyeTcs: puc. 2.8,
13 KOTOPOro BUALO, UTC HOPMaJIbHbIE COCTABJSIIONIUE MATIIUTHOTO TOJS
Majaomel ¥ OTpa)keHHOHl BOJIH B3aUMHO KOMIeHCHpYylorcsa (H, =
= H, pap -+ Hyorp = 0), @ TaHTeHUHATbHBIE COCTABJAIOLIHE CYMMH-
pyloresi, Tak 4ToO

H=H, nag T+ Hy OTp‘—';H‘I:_—:QHT najgs

OTKYAa
IS = H:2H1: uags
WJiIn B BEKTOpHOﬁ cpopme 3anucu
Is=2[n, H,,,]. )

I_IOCKOJIbe 3TO BLIpaXKEeHHEC CIPpaBeJJTHBO JIJIH MTIIOBEHHBLIX SHa‘-IeI-IHI:’I,
OHO CIpPaBEIIHBO U A/ BEKTOPHBIX KOMIIJIEKCHBIX aMIIJIUTYA.
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PaccmaTpuBas ocBeilieHHbIH Y4aCTOK IVIOCKOH HJTH BbINYKJ/0H IOBep X-
HOCTH U HEKOTOPYIO OTCYETHYIO IJIOCKOCTD, HOPMAJNbHYIO K HanpaBJ/Jenuio
obayueHus (puc. 2.9), BBeneM ofO3HAueHUs: ry U r — DPACCTOAHHS OT
PaiHo/IOKaTopa A0 OTCYETHOH NJOCKOCTH U TIPOHU3BOJLHON TOMKH Ha
OCBeilleHHO#! NMOBEPXHOCTH COOTBETCTBEHHO; Ar == r — r, — Pa3HOCTEL
xona; H = H, .., u H ,, — BekTOpHble KOMIIEKCHbIE aAMIIUTYAbI Ha-
NPSAKEHHOCTH MaTHHTHOTO TOoJS Najatoilell BOJHBI B OTCUETHOH ILIO-
CKOCTH H B TOYKe r:

H

— —f2m/AY Ar — ~f (2a/A) A
nan_Honane fan/ny & _'Hue Fsmih) ar

[InorHocTe TOKA HA OCBElieHHOH ITOBEPXHOCTH MOXKeT OHTh TOrIa
NpeicTaBjeHa B BHAE

Is=2[n, Hyle—i2m/A) 87, (3)

[Tepexona x pacueTy moJa OOPATHOTO BTOPHYHOTO H3JyuYeHUs,
BbIJE/UM Ha OCBeIlleHHOU MOBEPXHOCTU 3JeMeHT AJUHOH dl, wupuHOH
da v naomaabpio dS = dida, no koropomy npoTeKaeT Tok dl = lsda.
Corytacuo Teopuu 3JeMeHTapHoTo BUGpaTopa noJe B TOYKe MpueMa Oy-
JeT

ldl, °] dl

dan = e—=l2n/A)r f[_lﬂ e—f(2n/d) r 4§ (4}

Ohr 2hr

rre r’—eIHHUYHLIA BEKTOp B HAaNpasJeHHd DPafHOJIOKATODA.
3amensia Is mo dopmyse (3) U packpsBasg IBOWHOEe BeKTODHOE
NpOU3BEAECHUE, TOJNYYUM

s, 9= —2[r"[n, H ]] e=/CWD A" = 2 foen (t°, H})
+Hy, (18, n)} e=i2mmar
[Ipu ofparHoM BTOPHUYHOM H3JyueHHU CKaJfApHOE NpPOU3BEleHHe

(r, H,) = H, cos (n/2) =0, Tak uTO

[1s, r%] == 2H,, cos (1%, n) e=/(2%/A) Ar,
OTKYJa

dH, = j I8 e—remmnr ity gg,

Ar

rie dS' = dS cos (r?, n) — NpoekUHs IJIOIAAKH dS Ha OTCUETHYIO
MJIOCKOCTD.

3amennan afech r = ry 4~ Ar v 1/r =~ 1/ry WHTETpUpYS 1O BCEM HUC-
TOYHMKAM Ha OCBeiUeHHOIH MOBEPXHOCTH H MHepexois K MOJY/O, Ha-
XOAHM BHIDa:KE€HMe A5l OTHOILEHUS amIJIUTYA

H 1 NPELIPYN ,
”"=—§e‘?~ " as], (5Y
oCB
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OTKYA2 3eKTrBHAA NOBEPXHOCTL OGPATHOrO BTOPHYHOTO H3JyueHHs
IJIOCKOH M/W  BLINYKJOH TOBEPXHOCTH, PasMepPbl KOTOPOH BeJIHKHU IO
CpaBHEHHO ¢ AJTUHOH BOJIHEI, paBHA

2n
45 j. — i = 24r
— 2t A ’
o=-—=|] ¢ as’| . (8)
5003

[TonyueHHble BbIPaXKEHHA COOTBETCTBYIOT NpHHUMNY [iofirenca—
Kupxroga, corsiacio XKOTOPOMY MO:KHO pPACCMaTPHBATL Kawjblil 3.e-
MEeHT TIOBEPXHOCTH KaK HCTOYHHMK BTODHYHBIX BOJIH, & Pe3yJbTHDYiOHIee

1oJIe — KdK pPe3yJanTar CYNEPIIO3HLUHWH 3JEMEHTAPHBIX ToJIeH ¢ Y4yeToM
2mn '

Ar 1 ,
a3 (MHOXKHTENb € * ) ¥ aMILTUTY] (MHO}KHTeJIb-X- dS’). B nanpas-

AEHVH DaJNoJOKaTopa Haslarawmlpecs BOJMHb MOTYT KakK YCH.IMBATb,
Tak ¥ ocaabasTh Apyr Apyra. [losToMmy MoJe BTOpPHYHOrO H3JyuYeHHA
GOJTbIUKMX Te/l HOCHT, B OOLIeM C/y4ae, Pe3KO BblpaxKeHHBIN HHTepdepeH-
UWOHHBIH XapakTep, 4To MPOAB/AETCA TeM Cibliee, yem COJibie OTHO-
lieHue JUHEeHHBIX DasMepPOB UEeNH K JJIHHe BOJHBL. BenudnHa ¢ 3a-
BHCHT OT (JOpPMbI, Pa3MepOB LeJH, ee OPHEHTALLHH OTHOCHTENBHO Ha-
npasJends 06ayyeHHusl W LAUHB BOJTHBL. DoJsee feTanbHblil aHa U3 9TOH
3aBUCHMOCTH NPOBOAMTCA B CJEAYIOMHMX Maparpagax Ha psje yacTHBIX
NIPHMEPOB.

§ 2.7. OOGpaTHoe BTOPHUHOE H3JyUeHHe BLIMYKIABIX HOBEPXHOCTEH
ABoHROH Kpupu3nbl [Tonarne 6aecTssmeli Toyku

BoinyKk/y10 NoBepXHOCTL ABOHHON KPHBU3HBLI HMEIOT AP, SJJTHIICO-
97, napabosok] U T. 1. Tejaa. PaccMoTpum napaﬁonougl (puc. 2.10, q),
ypaBHeHHe TMOBEPXHOCTH KOTOPOro B TPAMOYTO/IbHOH CHCTeMe Koop-
IMHAT xyz MOXeT ObITh 3aMHCAHO B BHJE

g X P
201 2py

THe P, H Py — TJIaBHble (HAHOO/MLINUH M HANMEHBIUHH) PAafinyCh KpH-
Bu3HBl B BepwiHe napaboiouna x = 0, y = 0. B cxkasaHHOM MOKHO
yGeauTecs U3 puc. 2,10, 6, rlie MOKa3aHa conpHUKacawLiiasca OKpYKHOCTb
B ItockoeTH xOz. Ee ypaBHenue B 061acTy COTNPHUKOCHOBEHNA x < 0,
NepeXoNuT B ypaBHeHUe Mapaboibl

E— 2
7= ] — 1 =2 e 2,
pll l/ P?J 2p,

CunraeM, uto napatosnons 06Jyyaercs NJIOCKOH OIHOPOILHON BOJIHOM,
HanpasJ/ieHHe 00yyeHHs COBIanaeT ¢ ockto 2 (prc. 2.10, a), ap,, , > ),
TAK YTO MOXKHO HCIIOJNb30BaTh pesyabrtathl § 2.6. OtcueT pasHoOCTH X0Aa
Ar R0 pasuMYHBIX TOYEK OCBemieHHOH noBepXHOCTU Oy €M BeCTH OT TJIOC-
xoctu z = 0. Torna Ar = z u d§’ = dxdy, Tax 4TO, UHTETPUPYA MO X
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Puc, 2.10. K Bmeony $opmyan [(2), § 2.7
a4 —IlofAcHeH e NpeJeJor nuTerpuposagna B [(1), § 2.7]: é—napa.

Gona w CONPHKACAICIMAACH OKPYXKHOCTE

U y B Tpenesax KBajpaTta co cropoHoit 2C (puc. 2.10) u nepexoas
K mpeaeay npu C —» oc, nonyquv[
2

_ e
o=lim | & J'J" f’t 91 +ol dxdy | ¢. (1)
oo -t Z¢
Hcnoneays tabauunetii naterpan dperens

-

2n x? 2 p2 n
B 3aMeHsil — — U X waZ 4 a deu dy wa du L
oo 1 P2 ? 4
du ]/ Pz_;t COOTBETCTBEHHO, MPHAEM K OKOHYATE/IHbHOMY OTBETY
0= RP, Py (2)

13 hopmysbl ClefyeT, 4To fIPH Py, > A  3DPeKTUBHAS TIOBEpX-
HOCTL OOPATHOIO BTOPHUHOTO H3JYyueHus napabo/onia oT A He 3aBHCUT.
AHnasnoruyHble BbIBOALI MOXKHO C/ISNATh U A/ AP YTUX NOBep XHOCTe | 1BOH-
HOH KPUBH3HbI, HCNOIb3YA NOHATHE 30K Dpenet.

Paccmotpum, Hamnpusep, saauncoua. PaccedeM ero TJOCKOCTAMH

2=n % (n =1, 2, 3, ...), Kak nokasauo Ha puc. 2.11, a. Ilpu stom

€ro TMOBEPXHOCTb Pa3o0beTcsl HA PAJ WWIUNTHUECKHX (NIPH P, = Py —
KpyroBbiX) KoJieH uin 3oH dpenens. Kaxnas 30Ha M0 OTHOIEHHIO K
cocelHeH ABIAeTCS APoMLeoha3HbiM HCTOUHUKOM O6pATHOrO BTOPUUHOTO
usjyyeHud. VIHTEHCUBHOCTb THX HMCTOYHHUKOB MPONOPHUHOHAIbHA IJIO-
aan NpoeKiMil 30H U C POCTOM HOMepa 30Hbl YMEHBIIIAETCH, YTO BUJHO
u3 puc. 2.11, a. CymMa nostedt npu GoabiloM YHCTe 30H CTPEMHUTCS K
NOCTOAHHOHA Be/IMUMHE, PAaBHOU NOJIOBUHE MOAYJA BeKTopa noJis fH,,
coslaBaeMoro nepBoii 3oHoi PpeHens, 4To noscHAeTcs Ha puc. 2.11, 6.
[Ipu ymeHbIneHHH JJIMHBI BOJHH 4uC10 30H OpeHens Bozpacraer, HO
BEJUMHHA Pesy/bTUpPYIowero nois Hy,, u shpexTuBHas UOBEPXHOCTD
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Puc. 2.11 3onw ®peHeas npy BTOPUIHOM H3JAYUEHUH SJJHNCOKAS (a)
¥ COOTBETCTRYOULHE WM BeKTOPH fons (6)

OCTAIOTCA TIPU ITOM HeH3MeHHpIMH. OTCYTCTBHE 3aBHCHMOCTH ¢ OT A
He NPOTHBOPeUUT $aKTy yYMeHblUeHUd IVIOWAAW NepBor 30Hb PpeHens
C YKOPOUEHHEM JIMHBI BOJHBI. ¥ MeHblUIEHUEe [1POM3BeJeHHA IJIOTHOCTH
TOKa Ha MJI0ULalb 30Hbl KOMIIeHCHPYeTcsl 60/bllel HHTEHCHBHOCTBIO 1015
lfISQJIyLJIeHHH B cJaydae GoJlee KOPOTKON MIWHBI BoiHm [cM. (B), (6),
§2.61.

[TpuMenumMOCTs OPMYJIB! (2} K BBIMYKJIBIM NOBEPXHOCTAM ABOUHOMN
KPUBHU3HbLI OTPaHUYUBAETCA CAEAYIOUUMH YCJAOBUAMH: PaAMYCH KpPH-
BU3HBl ;.0 > A; pasMepbl Tesa GoJsbie NepBoH 30Hbl PpeHend;
HMeeT MECTO KOMMEHCAIUs U3JY4eHHst BCeX OCTaJbHHEIX 30H.

Toraa smopuuroe usnyuenue onpedeasiemen nepsoti 30H0U Ppeneas,
T. € HOCUT JIOKAJbHBIH XapaxkTep, BTOPUUHOE H3JyHYeHUe OCTA/bHLIX
30H B3auMHO KomneHcupyercd. CBeTALMICA 3JIeMEHT HOBEPXHOCTH Ha-
3BIBAKOT «Oaecmsuiett moukod» 1 gopmyJaa (2) onpenenser 3PPeKTHBHYIO
IOBEPXHOCTL 3TOTO 3JIeMeHTA.

[Ipu ycioBuW B3auMHON KOMIEHCAUMH XapakTep MNOBEDPXHOCTH
3a NnpelesamMy TepBoit 30Hbl PpeHess He AB/AETCA CYLiECTBeHHbIM. UTO
KacaeTcsl NOBEPXHOCTH B 0614CTH TepBOH (MM HeCKOAbKHX 30H Ope-
Helsl), TO e¢ B OKPEeCTHOCTH OJjecTdAllel TOUKU MOXCHO ANNPOKCUMUPO-
BaTb TIOBEPXHOCTbIO mnapabonoufd, IJAA KOTOPOro ONpenessiouluM
TaKXKe sIBJAseTCsl U3JyueHde B oGJacTy nepsoil 30He! Openeds, W noJep-
soBatbest popmydoil (2). Ilonoxenne kaxaoh OnecTsuledl TOYKH MOKHO
HalTH, NMPOBOAA KacaTelbHYI IUIOCKOCTb, HOPMAaJbLHYI K HalpasJe-
HUIO HA PaHOJIOKATOP.

[1pocrefiiuuM ABMAETCA NPHJIOKEHHUE PACCMOTPEHHOH 3aBHCHMOCTH
K BTOpHUHOMY W3JyuaTelio B BHje poBoAsiiero wapa. B sTom cayuae,
PL =Pz =0 U 1upu p > A sHauenue ¢ = mp®. Ecau p cousmepumo
AW CYHIECTBEHHO MEeHbIUE® JJIHHBI BOJIHbI, HAMHCAHHOE COOTHOMIEHHE

He cobaiogaerca. 3aBHCUMOCTb 0 == o(-f—) IJ151 11apa B AManasoHe 11uR
BOJIH IpeAcTas/jeHa Ha puc. 2,12, ITpu %<0,1 X0l JAHHOH 3aBUCU-

MOCTH HOJUKHAETCS 3aKkoHy paccesuus Peses. Hauunas ¢ %>0,l
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Ha6I0AI0TCA  OC LUJIJISAHHH, - 3axon Penes
KOTOpbIE HOCAT ~pE3OHaHC- g \,t [
Hhit xapakTep. MakcumyM g p?[TTH

54XpEKTHBHOHA TOBEPXHOCTH ]

nosyyaeTcsi, KOraa uwap . ,
CTAHOBUTCA IOJYBOJHOBHIM '
BHOpPATOPOM U BIOJNbL  €ro 7 3
MOJYOKPYKHOCTH  YKJ4Jkl-

0,6 - HH
BaeTcd TNOJYBOJHA  TOKa [ H
(h ~ 0,5 uau )

JU
=0,17). Munumym sddek- g2|f
THBHOHI MOBEPXHOCTH COOT- i

n
BETCTBYET caydaio £ =~0,9 of H
A 0,05 07 82 6% 45 7 Z 5

HJTH %::0,3. [Ipu Gonb- 1

0 Puc, 2.12. 2¢pekTuBHan NOBEPXHOCTL BTO-
WHX SHAYCHUAX o= 3pPEK-  puynoro WaAydueHHs 1wapa B xuanascue

AJHH BOJH
TUBHasA MOBEPXHOCTEL [1apa

ACHMNTOTHYECKH CTPEMMTCSl (C yueToM uepefoBaHUsi 30H PpeHessi)
K TIVIOLLA/IM TIONEePEUHOro Ceverus mp®, COOTBETCTBYOIIEH 3(dexTHBHOM
TIOBEPXHOCTH OAHOH ero OsecTsuIell TOUKH.-

B ofuieM caydae y el MOXKeT ObITb HEeCKOJBbKO OJ1EeCTAIIUX TOUEK,
At KaXKIOH U3 KOTODhIX BeJINWUYMHA O MOACYHTHIBAeTCs MO dopmyJe (2).
[Ipn moBopoTe ueIu € KPUBOJNMHEHHOM MOBEPXHOCTBIO €& OaecTsiiie
TOUKH O/Yy2KAAt0T, ONHOBPEMEHHO MEHSIOTCA pajguychl KPHBU3HBI ¥ 3Ha-
geHuA ¢ Gmectauux Touek. Llens, uMeoUIy0 HeCKOMbKO GaecTAUX TO-
geK, MOXKHO PAcCMATpUBAaThL KaK CPYNNOBOU H3JydaTelb.

Hurepdepennus oTpaxeHuil oT OJeCTAWMX TOYEK HMMEET MeCTo,
€CJIM TOJBKO OHH TONAJA0T B OHH paspemaeMbiit o0vem. Ecad ke pas-
pelnawiasn CrnocoGHOCTb MOBblluaeTcs, GJECTAIIMe TOYKH MOTYT OBITH
paspenieHbl. 10 OTHOCHTCSA KaK K OTACIbHBLIM OTpaXKaTe/IaM 3eMHO# To-
BEPXHOCTH, T4K U K GJIECTAIUMM 3J€MEHTAM KOopabis, camojera # T. I
[py BHICOKO# paspeluaroiefl CrOCOGHOCTH MO AAJbHOCTH HJH YIVIOBBIM
KOOpDJMHATAM MOXKHO MOJYUYATh UX PaOUOACKQUUOHHBIE NOPMpemo,
T, e. nepexodume K paduosuOLHLIO,

Ykazanubole 3(xpekThl BTOPUYHOTO H3JYYEHUS] 3JIEKTPOMATHHUTHBIX
BOJIH HATJVIJHO WJIIOCTPHPYIOTCH MYTEM MOJEALPOBAHUSA 8 YALMPAIEYKO-
svix sarrax. CaMoJIeT MOXKHO 3aMeHHUTE NOJIOH MOJENbIO, TPOCTPAHCTBO —
BOJIOfi, MPHEMHYIO U MepeAaollyl0 aHTEeHHbI ~ BO3OYAUTEIEM U NpUEM-
HUKOM yJbTPasByKOBHIX BOJH. OOpasoBaHHe H3JydeHHH OT KaxIo#
OGecTAieH TOUKH U UX HHTEPPEpeHius MPH TOM XOPOLIO MOAEIHP YIOTCA
(He yA2eTCs  MOMENUPOBATL TOJBKO TOMAPU3ALHORHEIE  S(EKTH
(cu. § 2.15), MOCKOJBKY Y/ABTPASBYKOBBIE BOJHBLI B BOLE MPOLOJBHEIE).

CkasaHHOe O 6/1eCTAIIHX TOUYKAX KPHBOJHHEHRHLIX MOBEPXHOCTEN
qacTHYHO 0606IaeTca HA OMecTsllufe TOUYKH TJIOCKHX TOBEpXHOCTEH.
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§ 2.8. BropuuHoe u3snydyeHHe NIOCKYX MOBEPXHOCTEH

B kadecTBe BTOpPOro MpuMepa HCNoOaL30BanHa dopmyast [(6),
§ 2.6] npusenem pacuer 3heKTHBHOH I10BepXHOCTH 06PaTHOrO BTOpHY-
HOTO M3Jy4eHHA TPAMOYTOJAbHON IVIACTHHKH CO CTOpoHamd a, b= A,
Ee nosioxkenne OTHOCHTEJNBHO OTCHETHOH MJOCKOCTH 2z = ( B cHCTeme
KOOpAMHAT xy2 Nokasaxo Ha puc. 2.13. Exnnuunbili BeKTOp B Hanpas-
JIeHHH pajno/oKaTopa r® u HopMasb K MJAcTHHKE N JIeXKar B IIJIOCKOCTH
x = 0, yron Mexay HEMH pasen 0. PasHocTb xopa MEXAy MpOH3BOJIb-
HbIM 3JIEMEHTOM TIOBEPXHOCTH MJACTHHKH dS # ero npoekuuedt dS° =
= dxdy na OTCUeTHY1 MIOCKOCTh Ar = y tg 0. [lpenean HHTErpHPO-

BAHMS 10 X U { PABHB + = # == % cos 6 cootsercTenHO (puc. 2.13, 0),

2 2
T4AK YTO
a b \ 2
7 g cosb 2
4 ” —j s 3ytg0
—-g- —g-cose
OTKyLa
. {2 2
in sin (_k- bsinf
_ A 59 2
c=-54 b*cos® 9 T (D

— b sin
. sin§

[lpu 6 = O BesiMuHHA O MPUHUMaeT MAKCUMAJIbHOE 3HAYEHHE, TPO-
[IOPIHOHAIBHOE KBAJAPaTy TEeOMETPHUECKOH TJIOWAAM IJACTHHKH H
06paTHO MPOMOPUHOHAMBHOE KBAAPaTy AJHHLI BOJIHLI,

’ 4n
Oane = 57 a* b, (2)
g b ot 3
| ™ b
-—{ -5 cosé
'\&'I\ 2
-
\ __‘/
T rk‘ Pl P
a | Sl nacmusg: L -—
K
| W\ 8 3
4
J_ b Y n
/74?32’6‘1;7&#& 5
Omcvemmos 3 osgd —-
nACLKOLMS X2 ¥y
a) ).

_ Puc. 2.13. K suBoay qupmynﬁ f(1, § 2.8]
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H
8(9)
, e
IJ‘ \Gmxc
i
H \ sinu(8)
/ v u(b)
t \\
; ——
L ,’ AY / ) ’I \\
M ” \\ / o \\ /; Nt &
\ ,f \ /f
~ A -

Puc. 2,14, Juarpamva ofpaTHOrc BTOPHUHOIO H3JY-
yeHUsT NPANOYTOALHOH NAZCTUHKY (CNLAOMIHASA KpHUBas)
' sin u(0)
¥ GyHRUHA — a5 HKTH
dyuku u(g)  (MyHKTHD)

3HAUCHUE O, MOXKET BHAYHTEJNBHO IPEBOCXOAUTL MO BeJHYLHHE
reOMeTPHYeCKyI0 IVIOMAAL CaMOH MJIACTHHKH, YTO OGBHACHAETCS OTCYT-
CTBHEM (a30BLIX CABM[OB MEX1Y BO3OYKIEHHBIMH 3J€MEHTAMH Ha ee
noBepXHOCTH. Ilpu moBopoOTe MacTHHKH Ha yroJ1 0 BO3HUKAET pasHOCTh
¢ax, 4TO APHUBOIUT K YMEHbIICHHIO AMINUTYILI Pe3yLTHDPYVIONEro no-
A5l o6paTHOro BTOPHUHOIO W3jyuerHs. 3aBUCUMOCTb G = o(0) HOCHT
HHTepdepeHIHOHHbIH XapakTep, B Hefl ABHO BbhIPAXKeHbl HYJHM H MAKCH-
MyMpl (puc. 2.14). Hyau auarpammel o6parHOro BTOPHYHOIO H3/ayde-
Huag o(0) umeroT wmecTo mnpu yniax 0,, onpefensieMbix YC/JIOBHEM

sin (-2-?-? bsin 8,) =0 uu 2%1 bsinB, =nn, e n=1,2 3, ... —

eJ10€ 4HCI0, OTKyaa sin 0, = n -2%. [Mockoabky b > A, TO

A
en':-':n%- (3)
Hast yraos 6=6, +A/40b
g == 1 g}«:m
m(n-0,0)2A2

rae Syuq= abcos 0—«BufuMasty IIOWAAb WIACTHHKH.
IHpuHa OCHOBHOTO JenecTka auarpammol ¢ = o(8) «o Hyasm»
A
Oy =—, (4)
®
a muprHHa OOKOBLIX JENECTKOB
A
O = —- o)
=5 (
42
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[Tocko/bky 064acTh JIEMECTKOB 3HAYUTENbHO MEHblIEe /2, 3aBHUCU-
MOCTh ¢ = ¢ (0) onpenensercsa, B OCHOBHOM, KBajpatom «¢YHKIIHHA

S04 (pue. 2.14), rme u = 2—;? bsin®. [lpu a, b>> A BenHyuHAa

c0s®0 B Bolpaxenud (1) okasbiBaeT BeCbMa HE3HAYUTENbHOE BJIUSHHNE,
TAK 4TO

sinu |2

(6)

MakcumyMbl GOKOBbLIX JIENECTKOB YOLIBAIOT AOBOJBLHO OHICTPO, TNO-
CKOJIbKY OCHOBHAf 4acTb SHEPrHMM NAJaolled BOJIHbI OTPayKaeTcs 3ep-
KaJbBHO M JHIUb HeDoJbLan ee JoJsi PacceuBaercss oOpaTHO B CTOPOHY
papnoJ0KaTopa.

Ha puc. 2.15 B ogHom macmrafe u3obpaxeHsl Auarpamma ofpar-
HOTO BTOPUUHOTO H3JYYEHHA NJIACTHHKU ¢ = 0(0) B NOJAPHON CuCTeMe
KOODAMHAT (@) W AMArpaMma HaNpapBJeHHOCTH BTOPHYHOTO H3JyUYEHHf
o = 0(0, 8)) ana duxcupopannoro yraa obayuenusa 6, (6). CoorBercr-
BylOLlee MocienHed auarpamme snauenue (68, 9,) npu 6, = 0 xak pas
PaBHO 3HAYeHHUIO 0{0) Ha MpeApiAyiLeH AUArpaMme.

Y uHuTBIBaS, UuTO sin%:% [1 -+ cos{2u—m)], ¥ BBOAA BEJHUUHHY

ey
U~GM21£iC

Omare
g, = LR BbipaxkeHue (0) MOMXHO MepenHcaTh B BHJAE

T g é(8)
8 7 D
1

Puc, 2.15. uarpamma o6paTHOro BTOPHUHOILO H3JY-
venns 0(0){(a) ¥ Anarpamama HanpaBAeHHOCTY BTOPHY-
noro uaayyenus of8, 8;) npu 8; = const (6) s mo-
AAPHEIX KOOPJANHATAX At NPAMOYrOJbHON NJACTHHKH
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o=201{1 + cos [%(b—% si;ﬁ) sine]}, (7)

CpaBruM 310 Bhipakenue ¢ dopmyanoil(4), §2.3] aas rpynnoeoro
BTOPHYHOTO M3Jy4YaTens, COCTOAEro U3 AByX vieMeHToB. CoBnajeHne
Pe3y/bTATOR CBHIETEALCTBYET 0 TOM, 4TO ILJACTUHKA TNpH a, b > A
ABJIeTCA TAKXKe TPYNIOBLIM H3JAydyaTeseM, 3/71eMeHTAMU KOTOPOro Chy-
xKar OGjecTdllHe TOUKH, DACNOJIOXKEHHbE NPAKTHUeCKH HA Kpasx nJja-
CTUHKH (co caBurom A/8 sin 0 o1 xaxkaoro kpas). ¥YTBepxk/IeHHE O JO-
KaJbHOM XapakTepe u3Jy4YeHHsi uMeeT BIOJIHE O0OCHOBaHHBIH dusuue-
ckuii cMbic/1. BTopuuHas BOJIHZ BO3HMKAET JHUb Ha HEOJAHOPOLHOCTHX,
Poab HEOTHOPOAHOCTH UTPAIOT Kpas MJAACTHIIKH, TAK KAK BJOJb €e To-
BEPXHOCTH BOJHA pacnpocTpaHserca OecrnpensatcTBeHHo. Ecau maac-
THHKa OPUCHTHPOBAHA NPOU3BOJLHO U BOJHA NOC/AeI0BaTebHO Habe-
raer Ha Kpas Kaxkaoro us pebep, uuciao «OJECTAIIRX TOYEK» PABHO ye-
TolpeM. B oTnHune OT «3epKaNbHEIX» OJECTALMX TOYEK KPHBOJHHEHHO
NOBEPXHOCTH KpaeBble 6JECTALINE TOYKH IPAKTHUECKH He NepeMellatores
No IJIOCKOH NOBEPXHOCTH NPH HU3MEHEHHH ODHEHTAUMU TNJIACTHHKH B
IMHPOKUX TIpefenax.

[TosyyeHHble pe3yabTaThl MOrYT ObITb PAacHpOCTPAHEHbl Ha ILIAC-
TUHKH ¥ TJIOCKHE YYACTKU Lesedl NMPOU3BOMLHON (popMmbl. Tak, B ¢hay-
yae JHCKA AuaMeTpoM b KBaapaT BHAMMOH MJOIANH IIACTHHKH S* =
= a®b? cos® 0 B Buipaxenuu (1) samenserca COOTBETCTBYIOUINM BbIparKe-

HUEeM AJA AUCKa S = (-J—}bg)2 cos® 0, a ¢yHkius sin u, TAe 4= %b X
X sin 8,—na OecceieBy QyHKuMw0 J (1) mepBoro pojga NepBoro, NOpsAAKa,

Ilpu « => 1 3HaveHue J,(u) =~ ]/% sin (u— %) M BbIpa>KkeHue

JJIs1 6 CBOAMTCHA K BUJY, aHAJOrHYHOMY (7), 4WTO NMO3BOJISAET pacCMaTpu-
BaTh QUCK KaK I'PYIIOBOH H3Jy4aTeNb, COCTABJIEHHBIA U3 ABYX KPaEBbIX
«OecTAwMX ToYeK». B nesom, npousBosbHbe 10 GOPME OTpaHHYEHHEIE
NJIOCKUE YYaCTKH TOBEPXHOCTH peasibHBIX neselt 6yayT co3aaBaTh IpH
00JIyUeHUN TaKOH Ke uHTepdepeHNUOHHbE 3(hexkT, KaK NpsSMOYroJib-
Had TJaCTHHKA MM JHUCK, €CJH TOJbKO UX pa3sMephbi 3HAUYHTEABHO Ipe-
BRILIAIOT JAJHHY BOJHBI.

- B. TPAHCOOPMALIYST CUTHAJIOB, OTPAJKEHHBIX
ABVDOKYIIUMUCH BNECTAIIIMMHU TOUKAMU

§ 2.9. Tpaucdopmanus curiana, oTpaXkeHHOro ABHXKYyLLeHcs
Oaecraileit TOUKOM

[Tycrs GuecTawas rouka paBHOMEPHO H TIPSIMOJIHHERHO ¢ paiHa/bHOM
CKOPOCTBIO U, YyAaJsieTesl OT paguosokaropa. [paduk ee ABUKEHHA
H3oOpaxeH Ha puc. 2.16, ¢ cnowmnoll Junuelt. Ha 3TOM Xe pucynke
NYHKTHPOM TIOKA3aH I'PAGUK PAacOPOCTPAHEHHUS JEKTPOMATHUTHEIX KO-
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neGavuil, NPUHHMAEMbIX paAUOIOKATOPOM Ha HHTEpBase BPEMECHH
{ ~ {, @ W3JyYeHHbIX HA WHTEpBa/e t— tp.
Ec/u 1aJbHOCTb 10 OJecTsied TOUKY U3MePsAeTCsl B MOMEHT BPEMEHH

by - 24 .
.._"_'g_._‘?h, COOTBETCTBY®II K Haualy ee oflyueHds, TO 3anasjibiBaHue

APHHUMAEMBIX KoMeGaHuii OTHOCHTEIBHO HU3/yYaeMblX PABHO

] 9 i+ t
to—tg:—c—(r0+0, -%*-0-): (l)

cae ro — HadbHOCT B MOMeHT ¢ = 0.
AHafiOTAYHO, 3amnasjinBaHUe, COOTBETCTBYIOLIEE TAJbHOCTU A0 1LE/TH
it

B MOMEHT BpeMeHH ——, [lle { — NpOU3BOJIBNEIH MOMEHT TpHEMa KO-
nebanuii, a ¢’ — MOMeHT H3JyueHus, OyAeT
f g 2 Lt 9
—_t = T (ro —I— Ur—g— . ( )

Boiyuras nouseHHo paseHcrBa (1) um (2) u nepeHOCA OLHOUJIEHEI,

~ cofepxaluue ¢, fy, B NEBYIO, a OjHOUIEHDI, COlepxaumue ¢, f, B mpa-
8YIO YACTb PABEHCTBA, ONPEAETHM Pa3HOCTD

-2
f—lo=—" (t—1,). 3)
- l_l!__éﬁ

>

:
vr70

~ A answorme

T

u(t’) % U pp{t) BPENR

d)
Puc, 2.16. Tpaduru, nolicHaomue TPaHCHOPMALLHIO

CHIHaJla, OTPAXKEHHOrO ABVXKYLLEHCH gaecramedt TOuU-
Kol
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Bripaxenue (3) coorBercTBYyeT oueBHAHON U3 puc. 2.16 mparcgop-
MAUUU 8PEMERHO20 MacUimabq, KOTOpas CBOAUTCH K PACTSIXKEHHIO KoJje-
GaHul, OTpaMeHHbIX OT yAagsiomlerics wean (f— £, > ' — fg).
Haa npubauxatoweiics neau (v, <) npOUCXOAHT CKATHE BPEMEHHOIO
maciitaba, Mamenenne maciutaba BpeMEHH TeM 3HAYUTEeAbHEE, UeM OOJb-
we N0 abCoMOTHOH BeJHYHHE OTJHUHE MHOXUTENS (i+—::§f;)
€TUHUILBI.

Hapany ¢ TpaHcpopmanueii BpeMeHHOro macmtaba HabaJaroTcs
H3MEHEHHs] AMIJIHTY/bl OTPAXKEHHOTO CHTHaJa, CBS3aHHBIE C H3MEHe-
HHEM PAcCTOSIHUSL OT pajuosokaropa jao uend. OXHAKO NMOCAEIHHE 1pO-
HCXOAAT MENIEHHO H I[O3TOMY Jajee He aHAJH3UPYIOTCH.

B coorBercTBUH ¢ TpaHcdopMalHed MacuiTaba BpeMeHH H3MEHseTCs
3aBUCHMOCTb NPUHUMAEMBIX KosebaHHil «; (f) 10 CPABHEHHIO C 3aBUCH-
MOCTBIO JJ/IS1 H3JydaeMblX KoJjeOaHHH u(t) Ilpunumaemoe KonebaHue B
MOMEHT BpeMeHH ! B COOTBeTCTBHH ¢ puc. 2.16 nmeer 3HayeHue, mpo-
MOPLUHOHANBHOE 3HAUSHHIO H3/IYYdeMOro KojeGaHHsi B MOMEHT BPEMEHH
', onpelenseMblli U3 Bhipaxedua (3), T. e.

tyy (=0 (t) = u [—lﬁj—“ (t—1t,) + to]

B mnpocreiimieM c¢ayuae u3/JAY4YeHHs] TapMOHHYECKHUX KoJseOaHUM
u (f) =cos 2nf,¢ umeem

np (t) == C0s [Qﬂ'fo ﬁ% (t_' to) -+ (P],

rae @= 2mfyty, UYTO COOTBETCTBYET mMpaHchopmayiu _4acmonot
(a3bdexT llonnnepa——Beﬂononbcxoro) N0 3aKOHy '

YcaoBumes BhIpamenue a4 fo, 3alHUChIBATE B BUJE

fup:fo_“F : (5)

rae Jonnaeposckas nonpaska 4acmoms: (4acTora Hommaepa)
| =i C] 6
fo[ 14 v./e | . ©)

MoJoXKUTeIbHAA Npud o, >> O u orpuuaresnbHas npu o, << Q.

-

*) Ilpu BriBoge dopmyan (4) He TpeGoBasuch COOTHOLEHHS TEOPHH OTHOCH-
TeJbHOCTH, TNOCKOJBKY pacueT Besic B CHCTeME KOOPAMHAT, KECTKO CBSA33HHOR
C paJluoJIOKaTOPOM.
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IIpu | v, | <€ ¢ 1pobp B BbipaxeHuu (6) MOKHO pPa3JOXKHTH B CTe-
neHHol psif. OrpaHuuuBIINCh ABYMSI IEPBHIMU UJIEHAMU 3TOTO psiia,
NOJY4MM AJst IONIJIEPOBCKOM MONPaBKM 4acTOTh (POPMYay

§ 20 20

Fn — fO c ?\.g . (7)
Kak BufHO u3 opmyanl (7}, B yCJAOBUSIX dKTHBHOH palHOJOKAUHU
JOTIJI€POBCKAA IMMONpaBKa YacToThl onpesessercs 3§xpekToM ABOHHOTIO
npeofpa3oBaHUs YacTOTLI: NpH oOJAYyueHdH (&b KakK ABHXKYIMHCH
IpHENHHK 3HEPTHH) ¥ OIPU HAJTYYEHHH (HeNb KaK ABHKYIWHKHCS UCTOUHHK
KoseGanuit). B yc/0oBHAX NacCHBHOHM pafuo/IOKaluuH, Koraa Tpascdop-

Malus YacTOThl HUMEET MECTO TOJAbKO TNpPH H3IyYeHuH,

. i
F o= :—0- : (8)

Ilpu uMnyancHo# paboTe paccMOTpEHHOE Bhillle H3MEHEeHHe MaciuTada
BPEMEHHM B PABHOH CTEIEHH OTHOCHTCH K OAUMEAbHOCHIU U nepuody cae-
dosanun umnyascos (T. €. sdpdexkr Hounaepa—benononsckoro umeer
MecTO B A151 yacmomel ciedosarus). ITocKOABKY, ONHAKO, AOMILIEPOB-
CKasl TOnpaBKa MPONOPIMOHAAbHA 4acToTe, OOBMYHO OHa HaubGosee
CYILECTBEHHO CKA3BLIBAETCSH Ha GHICOKOHACIOMMHbIX KOALOQHUAX.

§ 2.10. Tpancthopmanus curiana, oTPaXKeHHOro
COBOKYMHOCTHIO ABHKYHIMXCA 0JeCTAUMNX TOUEK

BropuuHoe H3ayueHUE psla peasbHBIX Lie/1efl MOXHO OObIYHO paccma-
TPHBATh KaK BTOPHYHOE H3JYUEHHE COBOKYIHOCTH £ == 2 GJeCTAUX TO-
yek. [1pu H3MEHEHHU MOJOXKEHHS NeTH O/eCTAIIHE TOYKY NepeMeliaiTes.
Vickatouas u3 paccMOTpeHUs NepeMelleHue BaecTsauX ToueK Mo KPHBo-
JIUHEHHBIM MOBEPXHOCTAM, HX ABUXKEHUEe MOXKHO CBECTH K JIBYM BHIAM —
MOCTYNATeNbHOMY JBHKEHUIO BMECTE ¢ HEKOTOPOH CHCTEMON KOOpPJHHAT,
HECTKO CBA3AHHOI ¢ 11€/1bI0, U BPAUIEHHIO OTHOCHTENBLHO HauaJa Koop-
auHar. TpaHcpopmalus CuUTHaJa OKaswlBaercsi, TakuMm obpasom, 6o-
Jee CJI0:KHOH, 4eM B CJy4ae BTOPHUHOIO H3JYUEHHSt OJHOH Gaecraiie
toukd. OfHO U TO XK€ siBJeHHE TpaHchopMalHu CUTHANA, OTPAXKEHHOTO
COBOKVIHOCTBIO JBHMKYIHUXCS OsecTAmHAX TOYeK, MOMXKHO HOSCHUTH,
HCIONL3YA:

~ ofie NpuHNunbs HHTepdepeHiud KoaebaHui,

— nousTue s¢qpexkra Honnaepa — benonosasckoro A5 KaxkaoH us
OJeCTAIIUX TOYEK,

— TOHSTHE JAWArpaMMbl OOPATHOrO BTOPUYHOTO H3/JYYCHHS.

IlycTb, HanpuMep, ABe CBSI3aHHbIE 6y€CTSALIUE TOYKH HMEIOT BEKTOPH
CKOPOCTH, OJMHAKOBO HAampaBJ/eHHble HA PaJUOJOKATOP, HO pA8IH-
watoidecst no Beauyuxe (puc. 2.17, g). Torna nedrp cucremsl nocryna-
TeJBHO JBHXKETCS €O CPEAHell paJHaJbHON CKOPOCTHIO
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Ury + Ure
UJ'c:p=_2“_’ (n

a BpalleHHe TOYEK BOKPYI LEHTPA NPOUCXOAHT € YIJIOBOH CKOPOCThIO
{puc. 2.17, 6)

‘ E.Q. = '_A.ti’l (2)
dt L

rie Av, = v, — U,;. PaccmarpuBas cucreMy M3 3THX ABYX 6s1eCTsi-
WHX TOYEK KaK rpynnosylo neas (§ 2.3), sameuaeM, YTo pacCTOSAHUS 3THX
TOYEK O PAafKONOKATOPA B MPOLIECCE JBHXKEHUS MEHSIOTCS HEONHHAKOBO,
I03TOMY Pa3sHOCTh XOA4 GyJeT NMepeMeHHOI:

Ar=r (t)—r,)=Ar ).

[Mpu obayueHHH UENH MPOTHNKEHHHIM FapMOHHYECKUM KoJeGaHueM OT-
pakeHHbIfi CHrHan mnpeacTaBaseT cofoi pesyabTaT unmepdeperyuu
ABYX KoJnefGaHui, pasHOCTb (a3 KOTOPhIX HenmpepbiBHO meHsercsi. [lpu
5TOM OYAYT MeHATbest (PIKTYHPOBATH) aMIVIHTYJAa u (asa peay/hb-
THpylowero xoJebanusi. CnekTp Curdaga paclumpsercs,

Te ke BHIBOAB MOXHO MOJYYHTh, OCHOBHIBAsICh Ha sghgpexme [onnae-
pa— Beaonoasckozo. Ecau pajuanbhbie CKOPOCTH U,y H Uy PASIHYHEL,
TO OTJWYHBI OYAYT U JONILIEPOBCKUE YACTOTHI F, & F ., a sHayur, U
YacTOTHl CHTHANOB fy = fo — Fy U [y = fo — F 2, oTpaennux 6ie-
CTAWMMH TouKamu. Pesysibrupylomiee koneGaHue npefcrasaser cofoil
6uenua (puc. 2.18), NepHOX KOTOPHIX ONpefesieTcss PasHOCTbiO JAOT-
IJIEPOBCKUX HacTOT

21A
IAFn|=lFJ11"‘Fn2|= "l_k:r—"
H paseH

1
= T(D.Il"_" m° (3}

\d
L

-Iﬁrnl h

Puc. 2.17. [loacuwenue tpancdop- Puc. 2,18, BreHusa curuanop, OTpaxes-
Malluh  CHrHaja, OTPAXEHHOro  HHX ABYMA ABHXYWHMHCA OJeCTAWUMA
COBOKYMHOCTbLIO ABHXKYMUXCa OJae- TOUKaMR

CTAWMX TOUYEK
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[lpy u3MeHeHUH [ONOXKEHUSN
OeCTAINUX TOUEK OTHOCHTE/b-
HO pajuoJiokaTtopa Oyaer Me-
HATBCS KakK AaMILIMTYyAd, TaK
u asa OueHui.

K ananorduHbM BbIBOJAM
npuieM, 3aMeHsisi  COBOKYII-
HOCTb OJeCTAIINX TOYEK OJHHM
M3J1y9aTeNeM CO CAOXKHOK JHa-
rpaMMod o6paTHOro BTOPHYHO-
ro wusayvenuss (puc. 2.19).
[Ipocnenum 3a  u3MEHEHHeM
HanpsIXKeHHOCTH nosast B TOY-
K€ TmpHeMa TpH IBHKEHNH

Pac. 2.19. [losichenme ¢morryamus 1010 H3JAYydaTesd. Ecan yr-
OTPaXKEHHOro CHrHaja J0Basi  CKOPOCTh HOBOPOTa

H3JyuaTessi COCTaBJfAeT I dt}

MHTEpBaJ MEXIy JenecTKamu auarpammbl A8, To CpeﬂHHH epHoL
MOAYJSILLHK OTPAXKEHHOTO CHrHaJa pPaBeH

AD

df

Jns rpynnosoro usayuarenst (cM. puc, 2.17) BelHUHHY Id@/da‘l
MOKHO. OTIpeflesuTh 1o opmyae (2), a A8 us [(4), § 2.3] A~ 5= OSQ

[Mocxoabky [; = [ cosO, 3T0 nNpuBOAUT CHOBA K BHpameHuio (3),
HAH{JEHHOMY PaHEee HHhIM, HO 3KBHBAJEHTHBIM CIOCOGOM,

d
JIas camoseTa Ha pa3BOpOTE BeJHUHHA -ﬁ%:% 3aBUCHT OT €ro

CKOPOCTH v U pajguyca paspopota R. lNocnepHuil cBf3ad ¢ BOSHHU-

2
Kawollell npy 5TOM Neperpyskol u——ff—r@ KOTOpas IpejiCTaB-

JsieT cofoH OTHOIIeHHE HEHTPOOEXKHON0 YCKOPEHHH @ K YCKOpPeHHIO
3emMHoro TAroteHus g. Ecau, Hanpumep, p=3, v=300 m/cex, TO

d
R~ 3 ku. -d—?- ~ 0,1 pad/cex. Croas camogeT K MOJEIH H3 ABYX

OJIeCTSAIUX TOYEK C PacCTOsHHeM Mexay Humu =20 m (npu ,ELJIHHe

BOJHH Nepefatyuka A,==0,1 m, u cos0= 1) u onenuBast A0
he 1 1
~ o7 = 100 pad moayuum suauenne Ty, .. = G0 Cex.

Camo npuHuMaeMoe KoseGaHue MpH HaJWuuu AMIVIMTYAHOH U daso-

BOH MOIYJISILLHH, BbI3bIBAEMOH U3MEHEHHEeM BO BpPEMEHH paKypca Lesdu,
MOXHO IMPEACTAaBHTL B BHJE

MHII

Uy () =Re [B @)U t)e™ Uo="acp) 1], 5)
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rie B(f) — KOMIVIEKCHBIH MOIYJHPYIOIIUH MHOXHUTEe b, O00yC/JA0BAEH-
Hblil n3MeneHueM pakypea; U(f) u [, — orubatonias n Hecylwas yacTora
curtana; [y, — CPEAHAs AOMI/IEPOBCKAS UYACTOTA.

Ilasi peadbHBIX ueJel, KOTOphie PacCMaTpUBAIOTCs HAUMHAA CO
caenyroulero naparpagpa, pyHxuus B(f), a sHauuT, U 3dpexTUBHAA NO-
BEPXHOCTh LeAU O ABASAIOTCS CAyYalfHBIMH (PYHKUHSAMH, XOTS B psie
c1y4aeB 3a BpeMs AJUTEIBHOCTH CHUTHAJa HX MOXKHO CYMTATh NOCTOAH-
HBIMH BeIHMUYHHAMH, MEHSIOLIHMUCS JWllb OT peajiu3alldy K peaju3anun
(§2.11, 2.12). Jas npoTsiK€HHBIX CHTHAJOB 3TO HEIOMYCTHMO U He0O-
XOIHUMO YUYUTHIBATh H3MEHeHHe (GyHKuu" B(f) Bo BpeMeHu, Koropas
ONMCBLIBAET cayualinbiti, NPAKTHYECKH CTAlUMOHAPHBIN, npouecc, Xxapak-
TEPUIYEMDBIH IHEPLCMUNECKUM CHEKMPOM WU QBMOKOPPCASYLUORHOY (hyHK-
yuetd (§2.13).

I BTOPUYHOE U3JIYUEHHUE PEAJIbHbBIX L[EJ'IEPI
' U ETO XAPAKTEPUCTUKHU

§ 2.11. Bropuutoe usayyeHnne peaibHbiX Leae

BoabmUHCTBO peadbHBX PajdOAOKAUUOHHBIX LUeJaeH, B TOM YHCIE
43pOIUHAMHYECKHX {(Camo/eThl U T. 1.}, GannucTuuecKkux (GoeBhie ro-
JOBKH paker u [Ap.) ¥ opOUTAIbHO-KOCMHYECKUX (HCKYCCTBEHHBIE CITYT-
HUKH 3eMJ/H), HUMCIOT Pas3Mephl, 3HAUWTEIbHO INPEBHILAIOLHE JIHHY
BOJIHBI OOJy4daroluX UX KogebaHuii. Kondurypauust ux NoBepxHOCTH,
KaK NpaBHJIO, OYeHh CJAOXKHA. BhimyK/bie H TVIaJIKue 3JeMEHTh MOBepX-
HOCTH peasbHBIX HeJeld NPeACTaBJAsOT coBoi «b/ecTsilie TOUKHY.
Hapsaay c «OaecTsiiuMu» HA NOBEPXHOCTH LEJNH MOTYT ObiTh pe30HAHC-
HBIC 3/JIEMEHThI H IEPOXOBATHIE YYacTKH ¢ AUdPY3HBIM paccesgaueM. Poab
IuQ@Py3HOro paccessHUs BO3pacTaeT ¢ YKOPOYEHUEM [JMHBl BOJIHBI,
0CO0EeHHO TpHU Mepexode K Ja3epHOH JOKanuH.

HnarpaMmpl OGpaTHOrO BTOPHUHOTO H3JYUeHHS] pealLbHBIX iesei
HMEIOT MHOTOJIENEeCTKOBbIi Xapakrep. IlJupuHa JIeNecTKOB 3aBUCUT OT
OTHOLUEHHS JMHEHHBIX Pa3MEpOB ieJu K JJHHE BOJHBE, 4 €€ OLeHKa
(Hanpumep, AJs YPOBHS ITOJOBHHHOH MOUIHOCTH) MOXeT ObiTh IPOHU3-
BeleHa Mo opmyJe

AD =D, (1)
A
rie /, — HEeKOTOpEI 3KBUBAJEHTHEI pasmep head. Yem Kopoue AnuHa
BOJIHBI, TeM Y2Ke JIENeCTKH AHATrpaMMbl OOpPaTHOrO BTOPHUYHOrO H3JY-
UEeHHA.

C/I0XKHBIR XapaKTeD reoMeTpuuecKOi (hOpMbl peasbHBIX LeIeH 3a-
TPYAHSIET TEOPETUYECKYIO OIeHKY HX 3¢¢eKTHBHOI mopepxHOCTH. [lo-
3TOMY 4acTO MOJBb3YIOTCH IIONYYEHHBIMH K3 3KCIEpPUMEHTa JuarpamMma-
MH O0DATHOFO BTOPHUYHOTO H3JAYUEHHS M 3HAUCHUAMH 3DpeKTUBHOH
MOBEPXHOCTH, HEOOXOIUMLIMH, HaIlpHUMep, NMPH pacueTe 1a/JbHOCTH JeH-

§ 2.11 55



Puc, 2.20. IuarpamMmsl o6paTHOrC BTOPHUHOIG H3JY-
YeHHS CAMOJETa B TOPH3OHTAAbHOH NJOCKOCTH npH
A= 10cu {a) 2 A= 3-+5 u (6)

§ 2.1



CTBHSL pajuo/oKaTopa (cM. Tadjuuy). Miamepenus npoH3BoAsITCA Kak MO
peaJbHBIM HeAfM, TaK B HA MofedsaXx. B mocneqneM caydae BTOPHUHOE]
U3JY4eHHE MOJEIH COIOCTABJASIETCS ¢ BTOPHYHBIM U3JYUEHHEM 5TaJ/IOHA ¥
(lapa ¢ pasmepayH, 3HAUNTENLHO NPEBLINAIMHMA UIHHY BOJHEI A)/% 3
Beaununna A yMmeHblaeTcss MPONOPUHOHAJBHO Maciitaly MOAeJH- "
poBaHug.

Cpeatns shdeRTuBRAR

Tur paguordondayHoHROl dean O0BEDXHOCTDL LEaH, At°

Kpeficep . . e e L ]
JansHui fJOMﬁdp,[alOBLIJ,HK e e e e e [0---50
Cpeannii fomﬁapnupoamm e e e e e e 5--20
HMcrpedutensr . . . e e e e e e 1—5b

Py6ra noxsojsHol JIO,I!.KH e e e e e l

Kpoinaras paKeTa . Ce 0.3—0,8
COM0BHAR uACTs BATIMCTHYECKOH paKem Co ot | g0 10—3

a5 GonplunHCTBA @3podunamuneckux veelt 3ppeKTHBHAs MOBEpX-
HOCTb 3aBHCUT OT PaKypca, HO ee YCPEAHCHHOE 3HAUeHHe MPaKTUYCCKH
He 3aBUCUT OT AJaHHBI BoJHbl. Ha puc. 2.30 B KayecTBe NpUMEPOB IIpH-
BeJIeHbl JHATPAMMBE OOPATHOTO BTOPHYHOIO H3JAVUEHHS a3pojHHAMUUE-
CKHX Ienell (camoseton), cHATHE npd A = 10 cmuu A = 3--5 4. Hau-
Gosblde 311aueHns 3PPEKTUBHON MNOBEPXHOCTH COOTBETCTBYIOT 00JYue-
HHIO ¢ Gopra. [uanason uamenenus o{0) Beauk u gocruraer 30—35 06
Ha CAHTUMETPOBHIX BoJHaX, C/efyeT yKasaTh, YTO NPU TOUHOH pPajiuo-
JIOKA1MM KPYIHBIX a3pOfAMHAMUUECKUX Ledell Hapsaay ¢ dJIOKTyauus-
Mi 3pPeKTUBHOH NOBEPXHCCTH CYIICCTBEHHOE 3HAYEHHE MOTYT HMEThb
(hIIOKTYauud TOJIOXKEHHUST DaJAMOJOKAIIMOHHOTO HEHTPA BTOPHUHOIO H3-
aydsenus (§ 2.3).

Baaraucmuueckiie 1eMd (PaKeThl) HMEIT HEKOTOphie OCOOEHHOCTH,
oraKualone ux or Apyrux uneaed. Ilpu sanycke, kpome 60eBOl roJioB-
KH, OHH COJEep:KAT OJAHY HJ/H HECKOJbKO CTyleHeH, ofecnednBaromux
BHIBOJ T'OJIOBKM Ha 33aJaHHYIO TpaekTopuio. I1o mMepe pacxoloBaHHUs ro-
PIOYETO, STH CTYIEHH OTACIAAOTCS U 3(DQEKTHBHASI ITOBEPXHOCTb Me-
HAeTcs BAOAb TPAEKTOPHH. BX0OJs B NJOTHBIE c10H aTMochephl, Soepas
roJ0BKA HCNLITHIBAET yIap # TOPMOXKEHUE, BC/EICTBHE uero obpasy-
eTCd TAa3MeHHad OﬁJIEiCTh, npeRpanarnasnes 3ateM B «aspojuHaMUue-
ckuit cael». ['on0BKa, maasma U cjell 4acTo He paspellalTcs o Koop-
JAHHATAM ¥ HaOJI0JAloTcs KAK OJHA Leb C CYIIECTBEHHO YBeJIHYEHHOH
a(0peKTHBHOI mnoBepxHocThio O. Ha puc. 2.2] Touxkamu HaHeCEHH
OnyO/NHKOBAHHLIE B JIUTEPAType pe3yJ/bTAThl H3MePeHUs IPHEeKTUBHOH
noBepXHOCTH GOErosoBKH (Auamerp d= 12,5 cu) U3 anoMEHUs C TEMIO-
3alIUTHRIM MOKpHiTHEM. Peskoe yBe/jHucHHe 0 B JAaHHOM C/y4ae cOOT-
BETCTBYET BBICOTAM 35-—Hb wm.

IbpeKTHBHAS NOBEPXHOCTh OpOUIMARBHO-KOCMULECKILX OOBEKTOB 33-
BUCHT OT ux paaMepoB u dopmel. [lockonbky opbura 3THX OOBEKTOR

3B 3zk. t200 57



8,78 8,#2

350 354 358 367 366 370
Bpems 0mr mMoMEHMT [TYCKR , LK
70891 75 G755 4236 30 27 268
Borcome  kn

Prc. 2.2]. 3uavenua abdeKTUBHON IOBEPXHOCTH Wapoobpas:
ol O0RrONOBKY MAJBIX pasMepos

IPOXOANT 4Yepes HoHocdhepy, OTpazkeHHBbIHi PaluoJOKalMOHHLIH CHTHAJA
MOKET COAepXKaTh COCTABJAIOULYIO, OBYCNOBJEHHYIO HOHH3MPOBAHHLIM
caetom. Ha pue. 2.22 noxasaHa 3aBHCHMOCT: 3(pEKTHBHOH nOBEPX-
HOCTH BTOPOr0 COBETCKOrO HCKYCCTBEHHOIO CIIyTHHKA 3€M/ad OT Ha-
npaB/jeHdsi ofsyuenusi, cHartas npd A== 69 cum. MaxcumasibHOE 3HA-
yeHHe 3¢xheKTHBHOH [OBEPXHOCTH cocTapaser 200 Mm%, MHHHMAJb-
noe — 2--3 m% Tperuii COBETCKuii CHYTHHK HMe1 HauboJbluee 3Ha-
genpue s¢bexTuBHON moBepxHocTH 20 M®, HaUMEHbIIEE — OKOJIO 1 2

d,H‘?

300

700 .
39

70 Ihy .ﬂT J

] i AVEATiRY
, T L EI‘"W
24 s 50 80 . 100 720

Hanpabrewue obayveris,eond

Puc, 2.22. 3asucumocts 3pdEKTURHOH [MOBEPXHOCTH
BTOPOTO COBETCKOrC HCKYCCTBEHHOTO CNYTHHKA 3emjH
OT Hanpabiaenusn oGJAydeHUd



§ 2.12. 3axkoHbl pacnpeaeseHus BepOSITHOCTEH aAMNJIHTYAb
OTPaXeHHOro curuagia v 3PQheKTHBHON HOBEPXHOCTH

ITockobKy auarpamma OGpaTHOro BTOPHUHOTO H3JYUEHHS peaib-
HOU 1e1U HMEeT U3PE3aHHBIH XapakTep, 4 Pakype LeNU CAyuaeH, TO
BeqiyuuHa § == o(0) B KakApli OTAENBHO B3STHII MOMEHT BpPEMEHH
Oyler cnyvyailHOH. 3aKOHBI paclpeneeHust 3TOi CJIYy4aiHON BEJHUMHEL
MOXHO ONPELeIHTh N0 3KCIEPHMEHTA/IbHO CHATBIM JHarpammam ofpat-
HOT'O BTOPHUHOIO W3JYYEHHA.

Tak, nanpumep, mpoeels Ha JguarpamMMe OOpaTHOTO BTOPHYHOTO
H3Ay4eHus {puc. 2.23) OKPYXKHOCTb PajHyCa G, MOMKHO NPUOIIKEHHO
ONPEIENUTL BepodaTHOCT P {§ <« o} = F(o) (puc. 2.24) kak uacrory
coObTust £ <C 0, T. €. Kak OTHOWEHHE CyMMAapHOH LIHHBI AYr BHJA
af OKPYXXHOCTH, HH)XKE KOTOpBIX NPOXOAUT JHarpamma oOpaTHOrO
- BTOPUUHOTO U3JIy4eHHs, KO BCeji JJHHE OKPYKHOCTU (W1 AJUHE AYTrH
B nipefieniax BreseHHOro cekropa). Ilo skcrnepuMeHTaNbHO CHATOH KpH-
BoH F (0) MOXHO HaHTH ILIOTHOCTb BEPOSITHOCTH p(0) {puc. 2.25):

D (0) = limP {0 <§<0o+4h0} dF{o)
AG 0 Aa do

Or KpuBOH p(0)} JIerKO BepHYTbeH K KpuBoO#l F(0); 3aiuTpuxoBaHHas
Ha pHC. 2.20 JeBee BEDPTHKAJbHOH [PSMOH 6 = 0, MJIOMAAL OIpe-
aeaser opaunary F(c,). Hapapy ¢ kpuBbiMu F(0), p(0), uHTEpeCyrOTCH
kpuBbIME F(p), plp), rie p = J 0 — BeJMUMHA, MNPONOPHHOHANbLHAS
AMINIUTY/IE OTpaxeHHOro CHrHaja, AJSl KPATKOCTH HashiBaeMas HHXKe
aMILJIUTYJIOH _

BesencTBie CAOXKHOCTH IOJYUCHHSI H HUCTOJKOBAaHUA Pe3YJILTATOB
SKCNEPUMEHTd Ha peanbHBIX LeAAX, A/ BhIABJCHHSA OOLUX 3aKOHOMEp-
HOCTell 00paiaiTesa K CTaTHCTHUYECKHM MOJENSIM BTOPHYHBIX H3Jyyare-
Jeil.B kauecrse npocreiimeit mogean aspolMHAMHYECKOH 11€1H KCIIO/b-
3VIOT OOLIYHO OAHY H3 JIBYX CJAEIYIOIUX MOJAEJICH:

Fisl \
10y----~— = ———= -z
| ‘
1
6,51 |'
E
y A
Puc. 2,23, K swelMucieHuio Puc. 2,24, KpuBas BepoATHOCTH
seposiTHOocTH P < 0} = PiE < o) = Flo)

= F(0)
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Puc. 2.25. KpuBaa NJAOTHOCTH BEpPOSITHOCTH P{0)

a) COBOKYIMHOCTbL OOJBIIOrQ 4YMC/aa IPOU3BOJBHO PAaclOJN0XKEHHBIX
HE3aBUCHMEIX ¥ PABHOLEHHLIX 3JIEMEHTOB C 33JAHHBIM CPEIHHM 3Haue-
HHeM CYMMapHO# 3(peKTUBHOH IOBEPXHOCTH 0.

0) COBOKYNHOCTh 3/JeMEHTOB [epBOH MoJeNd U JOMUHHUPYIOWLYIO
O/1eCTAYI0 TOUKY €O CrTabunbHOH 3S(OPEKTHBHON NDOBEPXHOCTLIO Oy,
OTPa’KeHHE OT KOTOpO#l 1peosafaer Haj OTPaKeHUSIMU OTAENbHO B3s-
THIX OCTAJbHBIX 3JIEMEHTOB.

3ameuasi, yTO NEPBAs MOJE&IL SBJSETCS 4YaCTHhIM CJy4deMm BTOPOH
Tpd Gy = 0, OCHOBHOE€ BHUMAHHE YJ/IHM aHAJAU3Y BTOPOH MOAENH H
YCTAHOBUM AJIsl HEe 3qK0oH pacnpedeserus eeposmuocmell amnaumylo:
ompasicer oo cuehara p(p).
© O6o3nauuM CAydaliHyl0 aMIVIMTYLY CHTHa/d, OTPAXKEHHOro Or k-fi
H3 HEIOMHHHPYIOUUX OJeCTAmUX TodeK, p, = )/ 0,, aMIVIATYAYy CYM-

MapHOTO KoJieOaHHsa HEJOMHHHPYIOWUHX GAeCTAINUX TOYeK Pz = )/ O,
a caMo cyMMmapHoe KosefaHHe NpeACTaBHM BbIpaKeHHEM

n
Pg€OS (0gf —@y) = kgl Dy COS (g £ — @),

O0o3Hauas fajee HeCJy4aiHYK aMIVIMTYAY CHTHAJA, OTPaKEHHOTO

OT JJOMHHUpYIOWEH 6JeCTsIIell TOUKH, Py = }/ Og, 8 aMIVIUTYLY Pe3yJib-
THPYIOUETo KoJiefaHusl, COOTBETCTBYIOUIETC NOMHHUPYIOMEH H HENIOMU-

HHPYIOIMM OJeCTAIMM TOYKAM, KaK W panee, 0 = J/0, camo pesyJb-
TUpYIOLLEE KosebaHue 3anuiuem B Buje

0 OS (g — ) = Py €OS (0 f—@g) + P COS (0 F — @g). (I)

ITpouecc Hano)keHus1 Ko/1e0aHWH MOMKHO WJJIOCTPHPOBATHL CJIOMKE-
HUeM BEKTOPOB Ha Auarpamme (puc. 2.26). Ecau 0603HaYHTL NpOeKInH
BEKTOPOB Py, COS @), == X, P, SiN @, == y,, Pz COS Pz == Xz H Pg SiN @ =
= ys, TO H3 JAHATPAMMEBI C/JI€IVEeT, YTO

p% = x* - %
60 | § 2.12



pr=2+1,

rie x=x,+xy, x2=§ X Y=Yo Y Yg= Zk V1. [Tockoasky x, ;=0

IpH (< j, TO cpeiHee 3HAYeHUE 3(XPEKTHBHOH MOBEPXHOCTH COBO-
KYMHOCTH 3JIeMEHTOB NepBoH MOAeNH

~1=[Zn] +{T) - Tl - T

CoraacHo mnpefenbHOll TeopeMe JlamyHoBa ciayualinpie BeJIMUHHb
X H y Aas ofbenx mofesell HMEIOT HOPMAJIbHBIE 3aKOHB! pachpefeeHUs
C IVIOTHOCTAMH BepOATHOCTH

1 _r— %o} i _ L=y
)= e B _ e~ 2D
POI=75 PO = yob !
rae D = (ka,,) (E yh) = = _JucniepcHsi OPTOTOHAJBHBIX  CO-

CTaBASIOLIHX aMIIIUTYA pz H P.
ITockOonbKY BeNUYHHBI X H y HE3GBUCHMHB!, HX JIBYMEPHAA NJIOTHOCTL
BEPOATHOCTH p(X, y) onpelensercad Kak {IPOM3BELEHHE OLHOMEpHBIX:
_x— Xty —y,)¢

p(x, y)=p(x)p(y)—-§iD—e 2D

[epexons OT nNpsSMOYroibHOM CHCTEMBI KOOPAMHAT K  NOJSPHOI
{(x = p cos ¢, y = p sin @), NOJYYHM ABYMEPHYIO IIJIOTHOCThL BEPOSTHO-

CTH B BUAL

pp, 9)= p(x,

7z 3 %

Puc. 2.26, K ewmpoay 3akouos Puc. 2,27. Fpagur moxnduus-

pacnpelesieHUs BepOATHOCTCH amm- poBauHol &yukuuu DBeccens

AHTYAB OTPAXKEHHOro CHrHafAa H nepBOro pofa HYJAEBOro no-
3pPeKTHBHON MOBEPXHOCTH paaKa

§ 2.12 , 61



. re

ox  Ox
1 0¢x, )t 9  d¢ _|cosp —psing 0
o9 | 9 sineg ¢ COoS § ’
dp  d¢
HJH
o402 .
P —~p .y o= (P—,)
P(p‘ (P) ——‘%—e e

OI[HOMepHaH RAOMHOCIS eepoam&ocr’nu cmn/mmyaaz ompaarcéu-
HO20 cuzHaaa
2n

p(p)=j pip, 9 do

Al

CBOAMTCH K 0BOOwWeHHOMY 3aKkoHy Penes:
0®+02
N P 7 E.E‘y) 9
plo)=—1e 0( L (2)
riae
27
lﬂ(u)=Lj' @l Co8 (P —§,) dq)
. Pars

G

(2a)

— moAuduuMpoBaHHaa ¢yHKIA DBeccens nepeoro poAa Hy./eBoro no-
-paiKa, rpadux KOTopoll nokKasan na puc. 2.27.
Has vacTHOro cayyasi nepBoff CTaTHCTHYECKOH MoJenad, Korja

AOMHEHPYIOUWMHA CHrHaa oTcyTCTBYET (py = 0), [ (9%"—) = ] u nJjor-

HOCTL BEPOSITHOCTH aMIINTYAH p onpenensercss npocruM (HeoBGoOimeH-
HeIM) 32KoHOM Peses:

1

p p)= -g— e 2D. (3)

CooTBeTCTBYIOLHE BHpaXkeHUAM (2) u (3) KpHBBIE NAOTHOCTH Bepo-
SITHOCTH OTHOCHTE/NLHON amnnmynu—v%' Pe3YALTHPYIOUIETO CUIHANZ
npuBedeHs Ha puc. 2.28, a. C pocToM p, KpUBHE CMEUIAIOTCS BMPABO.
[pu %} | sakon pacnpelenenns OMAH30K K HOPMAJbHOMY C

aucnepcuedt D u cpelHHM 3HaUEHHEM P,.
IMepexona & naomuocmu eeposmrocmu sexmusnolt nogepxrocmu
p(c), BOCMOJB3YEMCSl BhIpAXKEHHEM

poy=p(p —jﬂ, @)
g
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rge p=Yon L=—_
ge o=V do 2V

Oy o
Bdsl, 4TO L)=—= n/OTHOCTb BEPOATHOCTH 3(MPEKTUBHOI NOBepx-
HOCTH TMpPH HaJHYHH AOMHHHpYioleH OnecTsiled TOUKH TMOJyuHM

. Torna, moacram/sig (2) B ‘4) ¥ yuuTH-

B BHJe
O+ G, —_—
| 2
P(0)="U—£e °F [o( ]iz% ) (5)
a Nnpy ee OTCYTCTBHH
| -
p (0) —_—-@ e -0z, (6)

Coorsetcrsyiom e BhipaxeHuaM (D) U (6) Kpusbie NJOTHOCTH BepOAT-
HOCTH OTHOCHTE/IbHOTO 3HaueHHA 3dxbeKTHBHON NOBepXHOCTH G/0,

rie ¢ =0, G, npuBedeHbl Ha pHC. 2.28, 6. BuaHo, yTo nNpr g4/0,> 1
HUMeeT MecTo HOpMaJu3auus pacinpeleleHus o.

(7))
0,%

0,2

0 A L L 1 Fl 'l 1 ] H L L "..
4+ o8 12 16 40

Q'l'ia.

Puc. 2.28. 3axkonn pacnpefiefieHus BeposTHocTefi: aMnaH-
TYAH OTpaXeHHoro cursana (g), s3¢pPexTHBHOR MOBEPXHOCTH
ueau (6)
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P

Puc, 2.29, MlaornocTs BeposATHOCTH 3(idek-
TUBHON TOBEPXHOCTH AAA MOAGAH IpYIIOBO-
ro BTOPUYHOTO M3AYyaTens HpH Oy == Oy =

= 0,50

{rs)”’

ﬂq—-'-—\.——————--————-——-"

Ma
L

3Has MJOTHOCTE BEPOSITHOCTH p (0), MOXHO HafTH 3aKOH pacmpe-
nenenus F{o)=P{E<C o). B uacTHOM cayuae mepBoi mojenn

Flo)=P{E<o)=1-—e 9%

Jlas 2Toll MOZeNH CpejHee 3HAaUYeHUEe O = oy, a F(0)=0,63.
CpeAunHHB M HasbBalOT 3HaueHHe, AJsi KOTOPOTO

_ —0 105_( 5
F (chenm;) = P {E < Gcnenmi} =] -—@  “cpemn’"Z=0) 5

[Nocse npeo6pasoBaHHi lMeem o

. cpemnn/0: = 1g2/1g e~ 0,7. oTkyaa
AJsi  paccMaTpHBaeMOH  MojeJu

Ll

chemm o~ 0,7 02 =0,70.

3aKoHBl pacnpefe/eHys 0 MOTYT 3aMeTHO OTJIHUYAThbCS OT MpPUBELEH-
HBIX, €CJ/IH Le/1H UMeIOT HefoJbioe unucao Gaectauyx rouex, as noay-
yeHHs 32KOHOB pacnpefeseHHsi B 5TOM CJyuyae MOXHO HCIIO/Nb30BaTh
3KCMIEPUMEHTHl H2 MOAE/SX, Pa3MePhl KOTOPHIX W AJHH2 BOJHBI POTOP-
NHOHAJAbHO YMEHbIIEHbI.

Yrobul npeaynpednTh H3NumHee O000meHHe H3J0XKEHHBIX BHIIE
pe3yJbTAaTOB HA LEJH C MaJbM YHCIOM OJECTAIUX TOUEK, DACCUUTAEM
VIOTHOCTL BEPOATHOCTH p(0) A/isi MOJEIU TPYNNOBOIC BTOPHUYHOTO H3-

ayvarens (§ 2.3) npu 0y = gy = 0,50. Cumran % > |, a snaueHme

4 ;
B3aHUMHOTO (DAa30BOTO  32Na3AHBAHHA @ = [ sin @ paBHOBEpPOAT-

HBIM Ha uHTepBade 0<C @<In, nepefilem K 3aKoHy pacnpeieseHus plo):

N
dcp]
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rmpe

do

do f—[E(l—l—cosrp)]‘:Elsincp|=ﬁl/r|__(g;§)2

dg a

st 3navennit ¢ B npegenax 0 << 0 <26 OKOHYATEJBHC 1O/ Y YHM
|

n V 20— o? ,

p (o) =

YTO COOTBETCTBYET KPUBOH IJIOTHOCTH BeposiTHocTH (pHc, 2.29), cy-
IIECTBEHNO OTJHYAIOWEHCH OT 3KCHOHCHTLI WJHM TayCccoBOH KpHBOH.

§ 2.13. Jueprervuecknii CREKTP H aBTOKOPPEASUHOHKRAS
GyHKuMA DAIOKTYAUHA OTPAXKEHHOTO CUTHAJA

[MosyueHnble BbilLe 3aKOHbI pPacnpele/IeHHs BePOATHOCTEH cay-
Y2aiHbIX BEJHUHH — aMIVIMTYIbl OTPAXKEHHOrO CUrHada H 5pPeKTHBHOH
MOBEPXHOCTH e/, €lle B OueHb MaJoii CTeneHH XapaKTepU3yioT
MParcGopMayur0 TPOTSIKEHHOTO CHTHAJIA, OTPaKEeHHOTO OT ABHKYIleH-
cs ueau. Iociennsas onpefensieTcss Cayd4ailHbiM OPOLIECCOM H3MEHEHHS
BO BpeMmeHH Moayaupyomero muoxutens B [(7), §2.10]. Cuwutasa
3TOT MpPOLECC CTRUHOHAPHBIM, 3PIOLMYECKUM CO CPEAHHM 3HAUeHHEM,
paBHBIM HYJIO, BBOAAT:

— HEHOPMUDOBAHHYIO QBMOKOPPEASUUOHNYIO DYHKYLI0 MORYJIUPYIO-
LIErO0 MHOXKHTENS

R(ty=M|BHB*(t—1)]=
{
L .
= lim {5 B 1) B*({ — v dt,

rne T — uurepBan ycpepHeHus (OpH OPaKTUYECKHX OUEHKaX OH
BLIGHpAeTCsl KOHEYHbIM, HO AOCT2TOUHO OGOJBHIUM [0 CPABHEHHIO CO
cpeiHumM nepuoloM ¢urokTyauui Ty,

— HOPMUDOBAHHYIO ABMOKOPPEAMUUORHYIO (DYHKYLHO MOAYIHP yIOLLe-
TO MHOXHTEJS

— CNEeKMPAALHYK NAOMHOCML (FHepeemudecKul cnekmp) MOAYIU-
PYIOIIETrO MHOMKHTE/s1, HCHOPMHUHPOBAHHYIO HUJH HOPMHPOBAaHHYI1O, fB-
Jagwomylocsi npeobpasosandeM Pypbe 0T OfHOH U3 9THX (PYHKUUH,
Hanpumep

S{f) = 5 R (v) e~ 207 gv¥,
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Snp(f) Snpfy):tf(f‘fr)

T ~Eqmane Jo-Famun

0 | fr”ff;"‘lrm 5

L,

VS)eSmp(Fof;)

|

1A 7 a7
Z e AFy ] d

b

¥

&

Puc, 2.30. SuepreTHdecKue COEKTPHL KojeGaHus  4acToTH [y,
MOAYAHPOBAHHONO QWIIOKTYAlMOHHBIM TIpolleccoM (@), CaAYy4afiHO-
ro MOAYJABpYHONIEr0 MHOXHTeNs (6)

Sp Puc. 2.31. Ilpumep pacnpe-
afp ——> ) JeNcHAS MOIHGCTH MO Hac-
T_ﬁf& 7 -d_@_ f ToTaM QJIOKTYyamuil
2 2

JHepreTHyecKUd cOeKTp S (f) MOKHO ONpPEAEJNTh H HEMOCPEACTBEHHO,
OCHOBLIBASICb Ha HEPreTHUYECKOM CleKTpe IPUHUMAEeMbIX KoJeOaHuH
Sy (H.-Hanpusep, ana asmxymeficsi uenay, o6ayuyaeMOil MOHOXpOMa-
THYECKUM KoJleGaHueM 4acToTh f, B coorBeTcTBHH € § 2.10 cnektp
Spp () umeeT cpeaniow wactoty fy==f,—F; ., # mupuny AF =
=F vaxe —Fx mon- TAE AFn H FJI cp = 2 Manc;'F_; Y onpegensoTes
Auanas3OHOM H3MEHEeHH: JONNJepOBCKHX 4actoT. B CBOI0 ouepens,
cMelliast 3TOT chnexkTp Ha f, (puc. 2.30) MOxKHO MOJYYHTBL CHEKTp
S ()= Sup (F + 11)-* -

Ecan B npepenax nosocnt AF, B kauecTBe npuMepa INOMOKHTE
S (f)=8§,=const (puc. 2.31). 1O

R(t)=R(t)= T

=]

an

2
S(herirdf=S, | el

__aFn

2

. o __sinmAFgt
R(O)=S,AF,, a lp(m)]=0 () =02aT,

* B oravune or 0603HAUCHWA KOMIWIEKCHON aMNJMTYAW Hanpskenas J(f)
MHOXKHTes Npn Hell B(f) 0003HaueHNA CNEKTPaAABHBIX TIOTHOCTEH MomHocTH S(f),
Hanpsxxenud g(f), KOMILIEKCHON AMNAATYIB HaNpPAKEHAA G(f), a Takxke yacror-
HOW XapaKTepuCTHKu weny K(f) Halpamsl B KHure CBETIWM WPHPTOM.
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Kpusasi p(v) nasi paccmMaTpMBaeMoTo CJayuasi [PEACTaBJCHZ He
puc. 2.32. ViHTepBaa BpeMeHH, XapaKTepH3YIOWHH IIMPHHY MHKA

aBTOKOPPENSIUMOHHOE (QYHKUMH, HalpuMmep Ty = MOMET ObIThb

AFy
Ha3BaH Gpemexem Koppeastiu. Bpems xoppeasunu CBHIZC%E}HO ¢ WIHPHHOH
9HEPLETHUECKOIO CNEKTPA MOAYJHPYIOLIETO MHOKHTENS 06pamHo npo-
nOPYUOHANbHOL 3aBUCHUMOCTBIO. B ciyyae CHIBHON CTAaTHCTUYECKOH CBsI-
34 [0CJEJ0BATEAbHBIX 3HAQUEHUH CHTHA/Ja MMEeT MeCTO Y3KHH CIEKTp
(JIIOKTYAIHH H Hao0OPOT.

ns peanbHeix Oenefi sHEpreTHUecKHIt CHOCKTP MOAYJ/HPYIOUEro

MHOKHTEJNIl OTJIMYaeTCs OT npsiMoyroasuoro (puc. 2.31), a aBToKOppeE:
sin ¢

JsinuoHHaa QYHKUUS — OT NOOJAY4YeHHOH npu pacuere GyHKUUH —
ArTOKOppenAuHOHHas QYHKUHUS MOXKeT OLITh TEOPETHUECKH PacCyi-
TaHa W HENOCPEICTBEHHO HA OCHOBE CTARTUCTHYECKOH MOREAH UEJH H
NMPUHATOTO 3aKOHa ee JBHKeHHH. Hanpumep, AJf Bpalliaolleics To
OKPYKHOCTH CHCTEMBl X20THYECKHM PACTOJOMKEHHBX OJeCTAINX TOueK,
pacCcTOsiHuE MEeXAY KOTOPhHIMM HaMHOTro OoJblie JJHHB BOJHBL (IPUJIO-

sm x
XKeuHe 1), BMECTO —— noayduM Jo (x), The no-npexuemMy x = wAF t,

a J, (x) — OGecceneBa (pyHKUHS NEPBROTO pOA2 HYJEBOIO MOPSIKA,
SNl x

Ganskas no gopme ¥ — —.

DyuKuHY aBTOKODPESIMH LIHPOKO HCOOJB3VIOTCH [pH aHalu3e
BJAHSHHA (NIIOKTyauuil Ha OOHapy:KeHHe W U3MepeHHe NapaMeTpPoB pa-
AUOJOKALUOHHBIX CHUTHAJOB, B YaCTHOCTH KOTA3 ONPelenfiioTes  yIJIO-
Bbl€ KOOPAHHATHI LEJH.

Ilycts uenp 06iayuaeTcsi OTACALHBIMH cepusiMu (IauKamM) pagHo-
MMIYJABCOB (pHC. 2.33, @), NOBTOPSIOMMMHCA 4Yepe3 Bpems 0030pa
L, = Tg, KawIad cepus NOPOAOJKAETCA B TEUEHHE BpeMeHH ob.1y-
UEHUSA LU g, = Ty U COCTOUT U3 UMNYJLCOB JJIHTENbHOCTBIO Ty, <& T
c mnepuofiom caenosauuss T. IlockonbKy fu5, > Tg, TO (IIOKTY-

) 2(T)
7
7
To=
O,6% - |44 |
e—]_
N _ pa
\_/ 7=l ¢
ey iy
O [BFal

Puc. 2,32, AsTokoppenfunuosHan ¢yHRuUus cayuafi-
HOFO MOLYAHPYIOUEr0 MHOXHTEAS
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Puc. 2.33. [loscueHHe TPaKTHUECKOr0  HCMOAbL3OBAHHA aBTO-
KOppensAuHOHHON PYHKUNAY AAA OUCHKH BAATHUI PAIOKTYBUNH

AlHH COCEAHMMX NAaueKk HMIYJIbCOB HEKODPEJNHPOBAHB, a CaMH HaUKH
MOTYT 3HAYHTE&JIbHO OTJIMYATBCA MO amnautyje. Beuzy Toro, €To
tysn == To, AMIUINTYAB B Hayale H B KOHUE MauKH KOppesaHpOoBaHbl B
LaHHOM cayuae cnabo, T. €. BecbMa BEPOATHO HX OTJIHYHE. Tak Kak
T, << Tp, CYIECTBEHHBIE HCKAKEHHT GOopMBEl  K2XKAOTO  HMNYJBCA
MaJIOBepoATHB. [Af NPHHATBIX NPEANONOKEHHH HCKaXKEHHbIA CHI-
nan umeer BuA (puc. 2.33, 6). Ecau B OTHUHE OT NpeAbLULYMEro
fogn K To» TO HCKaXKeHHST (OPMb! NAUEK HE3HAUHTEIBHHI.

ViKe 3 NPHBEAEHHOTO MpHMEpa CJIEAYeT, YTO Hapsdy € byHKUHEeH
Koppessiiii  R(t1) MOAYJIHPYIOWETO MHOKHTES, XapaKTepH3YIOLLETO
HeCTaGUABLHOCTL BO BPEMEHH 6Celi 6bICOKOHACMOMHOLL cmpyKmtypbl Clie-
Hasa, B PAfe°caydaeB MOXeT noTpeGoBaThCA HEHOPMHPOBAHHAR Ra(7)
MIH HOPMHPOBaHHasi PA{T) QyHKuus Koppeasytiu OOHUX MOALKO aM-
naumyd, 9TO MNpENCTaB/sieT HHTEPeC Apu arause KoneGaHut nocae .
demexmopa. Pyngunio Ra(t) MOXKHO ONPERJHTH H3 BHIDANKCHHA

Ra(t)=M{{A()—A D) [A¢t—0—AF—)]};

e A(f) = |B(f)] — avnantyaa, a A(f) = M (A(f)} — ee maTema-
rHueckoe OxuiauMe (cpennee anadenue). Ilpu 3TOM € TOUHOCTHIO MO
eAMHUL MPOLEHTOB AM% TayCCOBBIX NMPOUECCOB OKasblBaeTCA, HTO

p(=p(™P

OTKYA3 CEAYET, UTO BPEeMS KOpPesiuiy aMILIUTYA NPAKTHUECKH TAKOE
e N0 NOpAIKY, HO HECKO/JBKO MeHbILE (NpHMEPHO B 1,5 paaa) Bpemenu
KOpPENsUHH MOAYAHPYIOWETO MHOXHTENA B(t). Hexoropoe yMeHble-
HHE BpeMeHH KoppeasuHH obbacHaercs norepeit uacru HHGOPMAUHH O
CXOJCTBE C/y4aHHBX BEIHYHH APH JLETEKTHPOBaHHH.
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Hapsaay ¢ koppenasuueil MOAYAUPYIOUETO MHOMKHTEAS H aMIVTHTY b
OTPaCHHbIX KoJ1eGaHUul B pasJaudHbIC MOMCHTR! BPEMEHH NPEACTaBAACT
HHTEPEC H3yyeHHe KOppeJsalHH MOAY/UPYIOMHMKX MHOMKHTEIEH M5 pas-
J’lH‘-IHbIg HECYIUX YaCTOT. JTOT BONMPOC ZHANUIUPYETCS B MPHAOKEHHH 2
n B §5.11.

§ 2.14. Brop1yHoe H3NyyeHHe FHAPOMETEOPOR, 36MHOH
H BOJAHOH MOBEPXHOCTEHR, HOHH3IUPOBAHHLIX 00aaCTEH

B oriuyne OT cOCPEAOTOYEHHBIX TPYIMOBRIX H3JlyuaTe]elt THApoMe-
TEOpel (NPOAYKTH KOHAEGHCAUWH BJard B armocdepe: TyMaH, IO:KIb,
CHer), MOHHM3UPOBaHHbBE 00JACTH, YYACTKHM 3eMHOH M BOILHOW NOBEpX-
HOCTEH OTHOCATCS, KaK NPaBHJO, K pacnpedeseHHoim U3JAYUATENAM, T. €.
H3JIyuaTeJasiM, pPasMepbl KOTOPBIX INPEBBLIZIT pPasMephl paspeiliaeMoro
obbema. [uipomereopbl U HOHM3UPOBAHHEIE 00pa30BaHUsl fIBJSIOTCA
06veMHO-pacnpedeser biMIL, 2 YIaCTKH 3€MHO# H BOJHO# OBEPXHOCTH —
nosepxHocmHo-pacnpedesennvimi 00bEKTaMH. BTopuuHoe H3ayueHue
pacnpeneleHubXx 00beKTOB MacKHpYeT MOoJedHhle CHIHAJAL, HO HHOTA2
HAXOAUT NMPaKTUUECKOE UCTIOJIL30BAHUE, HAnphMep, AJst OOHApYXKeHun
NOXKACBHIX H CHEKHHX 00JaKOB, HABHTAQUUH CaMOJIETOB BJOJbL 3€MHOH
noBepxuocTd U T. 1. Hapsiny ¢ mackupyiomym sddexkrom Ha padote
PJIC ckasbiBaerca oc/abaeHHE HEPTHHM BTOPUYHOIO M3JYYEHHA LEH
BCJICACTBHE €€ PACCesIHHUA H NOIVIOLWEHHA Pachpele/eHHBIMH OTpaKa-
TeIaMH (cM. Takxe § 5.8).

O61nemHo-pacnpe/iesednble 00beKTol OOBMHO  XapaKTepUu3yroTes
Yoerorol aphekmucHOl noeepXHOCMbIO 1), T. €, CPEAHUM 3HAUYeHHEM 3d-
EKTHBHO! MOBEPXHOCTH Ha €NUHHHLUY 00heMa

¥) == No, (1}

rle ¢ — cpefHee 3HadyeHue 3(pQPEeKTHBHOH NOBEPXHOCTH OJHOTO 3Je
MEHTAPHOrO BTOPHYHOTO H3jayudartens; NV — uncjao uanyuareneit B ey
HHlEe o0bema.

Mackupyromee JefictBue 00beMHO-pacnpeleieHHbXx 0OBEKTOR 00BNy
HO ONpeNeNsieTCa Beauqunoll sgdexmusHotd nosepxuocmu Gy, RPUXO
dawgedicn Ha paspewicemoiti 00vem V.

oy = wV = no, (2)

T. €, PE3YJbTATOM HEKO2EperHmH020 CYMMUDPOBAHHUS MOJE€{l BTOPHYHOTO
Hanyuenua n = NV 3jeMeHTapHbIX BTOPHYHBIX H3J1ydaTeneidi B paspe-
izeMoM o0beMe (CyMMMpPOBaHMSA MO MOmHoCcTH). Vckawouenue coctas-
JISIOT JIHUIb  OT/J@/bHEIE CAyYand KOT€PEHTHOTO CYMMHPOBaHHS NpU NOJ-
HOM U Y2CTHUHOM OTPaXKEHHU B HOHOCEpe, NpH OTPaKEHUH OT HePaCK-
PHIBLIEHCS NAYKH AUNOJABHEIX OTpaKaTeJel HT. ., KOrJla CyMMHPOBaHHe
nojiell or 3JeMEeHTOB OOBEMHO-PacnpeeseHHOTC O0BeKTa MOXKET Mpo-
HCXOANTE MpakTHuecku cundasvo (uau nporuBodaszno). [lepefimem x
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7 (wan’) PaCCMOTPEHHIO  OTAESNbHBIX  BHJOB
OOBEMHO-PACNPESCACHHBIX — OTPaXa-
TeJIeR.

Tudpomemeopot 8 acudkot  pase
(TyMaH, [OXIb) COCTOAT H3 Kanejb
cdepuyeckoit popmMel, pasmepbl KOTO-
02 2, 5wmfec  DBIX OOBIMHO Masbl NO CPaBHEHHIO
C AJIHHOH BOAHBLI A. ¥YnenbHas ad-
(beKTuBHaA NOBEPXHOCTH B COOTBET-
creun ¢ dopuyaamu (1) n [(5),
§ 2.4] paBHa

P=80mmfvae
170mrfvac

de

n=m N 1= __.n"N——-,(S)

’D‘ l" 8; + 2 lé
0 rae d— AuaMerp Kanau; d° —
T7TE 4§ 7 G aem YCPEAHEHHOE SHAYEHHE LIeCcTol CTe-

Puc. 2.4 T neny avamerpa ¢ yyeroM pasfpoca
Do Mg aueoT! pasMepop Kanea; &, — oTHOCHTT!
HOCTH OB6paTHOrO BTOpMWHOrO Wany- HAA AHIMEKTPUHECKAA  MPOHHNAE-
yeHMA NOMK/S PasAuyHON uHTencms- MOCTb  Kaneqb BOAbl (g, > 1).
HOCTH OT AJRHE BOJHEI Ha puc. 2.34 pau pacuetHbiit rpa-
(UK 32BUCUMOCTH YAeIbHOH 3ddek-
THBHOH MOBEPXHOCTH OOPaTHOrO BTOPHYHOTQ H3/YYCHHA JOKIAA 1
(#*/xm® OT ZAMHBI BOAHBI OPU PA3HYHON HHTEHCHBHOCTH OCALKOB
P [menxuti aoxae (P = 0,25 mm/uac), ymepeunsti (P = 4 mm/uac),
cuabHbfl (P = 15 mm/uac), nuBenb (P = 100 mm/uac)l.

BropuuHoe uanyueHHe eudpomemeopos ¢ meepool pase — cuHera,
rpajia, 3HAUMTENBHO caabee, yeM B KHAKON, TaK KaK BEJAHYHHA AM-
3neKTpHueckot npouugaemcm Abja (&, = 3) MHOTO MelbLIE, YEM BOJbI,
¥ MHOXKHUTE/b z: +é cpaBuuTeNBbHO Man. HMckaiouenne cocraeasier
cayuait, Korja TeMllepatypa 6aH3Ka K TEMAepAType TasHUA Jbla U
KPUCTZ/VIHKH MOC/EAHErs, NpUHUMan GopMy HIJ, IHCKOB, cepoHnloB,
TIOKPBIBAIOTCH TVIEHKOA BOJBI H CO3AAI0T MHTEHCHBHOE BTOPHYHOE H3NY-
YEeHHE.

Om uonu3UPOCaHHWX o&paaoeauufé noHochephl, c.rienos METEOpPOoB,
obnacredl NOAAPHBIX CHsIHAUI, o6nacTell HCKYCCTBEHHON HOHH3auHM (Bbi-
3BAHHOH, HaNPHMEpP, BBICOTHBIMH SAEPHHIMH B3PbIBAMH) — BO3MOXKHEI
TPX BHIAA OTPaKEHUH.

1) Hoanoe ompaxcenue, aHaJOTHYHOE NOJHOMY BHYTPEHHEMY OTpa-
WEHHIO B ONTHKE, KOTOPOE HMEeT MECTO MNpH

[<9VN, 4)

TAe yacrota curHana [ B ey, @ KOHUEHTPauus JeKTpoHoB N, B u—3,
B pazHO/MOKALHOHHOM JAHaMa30He BOJH MOJHOE m‘pa}KeHHe BOSMK-
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HO TOJNBKO T1IPH JOCTATOYHO BLICOKOH KOHUEHTPAUHH 3Je€KTPOHOB
10¥u—2 (94exmpon/n®) 4 Bblme.

2) Yacmuunoe ompaoceruie, Xotopoe nabMIOAACTCS B MECTaX PE3KOTo
NPOCTPAHCTBEHHONO H3MEHEHUs KO3(hUUHEHTA NPEJAOMICHHS # IpH

dn

Ic A~ n, Tle BeHunHa n = Ve, onpenensiercs sneKTPOHHON [OT-

HoCTbIO Nsl(4), §5.8).

3) Hexoeepenmuoe paccesmue Ha HeB3auMOIElCTBYIOLUX ¢JIIOKTYA-
UHOHHBIX CKOILVIGHHSIX /€KTPOHOB B I[IPOCTPANCTBE, KOTOpPoE HMeel
MECTO AJst JIOObIX HX KOHUCHTpauuil M npu jo0bIX 4aCTOT4X CHrHaJja.

Ileprie 1Ba BHAA oTpakeHHs OOYCJOBJEHB! NPEUMYLIECTBEHHO KO-
FEPEHTHBIM CJCKEHUEM nojeHd BTOPUYHOIO H3JYHEHHS SJEKTDOHOB:
NOCJEAHUA BHA CBSI3aH C MX HEKOUePEHTHBIM CjaoxeHues. (Cneuududae-
CKOll 0COGEHHOCTLIO PACCMATPHBAEMBIX CJAYUAEB MO CpaBHEHHIO ¢ GoJee
NPOCTOR MOAEBIO§ 2.3 AB/NAETCS B3aUMOACHCTBHE COCEJHUX H3ayvaTeel
(aseKTpoHOB) MeKAY cofoil U ¢ oKpyXawiiMi HoHamu. OHa npossas-
eTCA B TOM, UTO IPH HEKOrepEeHTHOM pacceaHuH 3pdeKTHBHAA nNoBepx-
HOCTL eMHHLUbI o0heMa BhIpazkaercs PopMy/oH

n=(0,5+1)N.0,

rae N, 1 0, — YHCJI0 3JEKTPOHOB B CAHHHUE o0beMa H 3¢heKTUBHAs
NOBEPXHOCTL OTAEJNLHOIO JEKTPOHd, & JONO/JIHHUTEIbHBI KO3(pGhHIHEHT
{0,5-:-1) cBs13aH ¢ YKa3aHHBLIMY Bblilie B3auMoaelicTEuAME. s 0ObIYHBIX
HoHOCEPHBIA YCJI0BUil KOsdpruunenT 1 cooTBETCIBYET KOPOTKOBOJIHOBOM
YacTH CAHTHMETPOBOro AuanasoHa, a koadbuuuedt 0,5— pennuMerpo-
BOMY H METPOBOMY J[HanasoHaM BoJdH. DD eKTHBHY WO [0
BEPXHOCTb DAHOTO 2JeKTpoHa HAlReM no GopMy/am

[(2), § 2.2 u (3), §2.4)], sameuasn, uTo npousselenmne /I = %%z —

d . .
= at—’? ABJISIeTCS NepBoH NPOH3BOLHON AHIOJBHONO MOMEHTA 3JEKTPOHA p.

W3 ypaBHenus HABHXK€HUS SJEKTPOHA& CJEAYET, UTO NPOH3BOAHAA JU-
0/ bHOTO MOMEHTA

dp 1 4%*p 2®
-, = | = - E]_p
dt fo  df? W
TOT 4 ,
! 2\2
0, =— (M) . (5)
4n .

Ilocne nopcraHoBKH 3RaueHYH 3apsaaa 3JeKTpoHae = [,09- [0—19 g,
ero Maccel m=9.10-3'k2 ¥ MarHUTHOR OpPOHULAEMOCTH CBODOIHOTO
NpOCTpaHCcTBa W, =4n-10~7 eenpu/m noayuuMm o, = 10— x2

PaccMoTpiM KOHKpeTHBI € DN pHMEpPBHb KOrepeHTHbIX
HEKOTEPEHTHBIX OTPa)KeHUii OT HOHU3UPOBAHHBIX 0O0pa3cBaHUi.

HoHuaupoBaHHBIE CJAeAb METEOPOB KMEOT JH
nefinyo miotnocTh 1010 —1016 4~ y MoryT JaBaTb KoT ep € H T I O
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Puc, 2,35, TunuyHbie pacnpefieflieHHs KOHIEHTPAUUWH

3/IeKTPOHOE NO BBICOTE B JHEBHOE H HOYHOE BpeMmiA

NPpH MUHHUMAJARHOH ¥ MAKCHMANBHOH COJHZYHOH ax-
THBHOCTH

OTpaKeHHble CUTHaJbl (NO)06HO CHH(ASHOH nJacTHHKe), KOTOpble HAb-
JIOAAIOTCA B TeueHWe AoJeHl, a HHOTAAa U HEeCKOJAbKUX CeKYyHp. UH-
TeHCHBHOCTb OTPaXKEHHOTO CHMIHajJa 3aBUCUT OT Yraa obJayueHus
clefia M MaKCuMaJjbHa NpY HOPMAaJLHOM NMAACHUM BOJHDI

ITonapube cusuun obpasylorca B HOHOChepHOM cioe E,
Kak npasuao, Ha sbicetax 90—110 xx u moryt umerb 3¢dekTUBHYIO
NOBEPXHOCTb O HECKOJIbKUX KBAJPATHHIX KuJoMeTpoB. MHTeHcHBHOCTDL
KOPTEPEHTHOT O OTpaXeHUa NOJAPHbIX CUAHHA BO3pacTaer ¢
yBeJqHUeHHEM IJIHHBI BOJIHBI M TOXSe 3aBHCHT OT HanpasjeHus ofay-
YyeHHs.

O6nacTu HCKYCCTBeHHOH HOHU3AUHUHU MOFYT
TaKkKe CJAYXUTb NPUYHHON HMHTEHCHBHONO KOTEpPeHTHOT O OT
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pa)keHUs WM TNepeoTpameHus PaRUOBOJIH B TedeHue oOMNpefeJeHHOrO
BpeMeHH, OCOOEHHO B HH3KOYAaCTOTHOM AManasoHe.

EcTecTBenHasn HoHOCdepa B PaauOJIOKAIlUOHHOM AHa-
NasoHe Bbi3biBaeT B GOJbINMHCTBE CJy4aeB TOJbKO He KOTep e H T
HO ¢ paccesHHe panuosonH. KoHueHTpauus 3JeKTPOHOB B HoHOChepe
3aBHCHUT OT BBICOTHI, BpeMeHH TOla H CYTOK, a TaKxe OT COJIHeYHOH ak-
TUBHOCTH. [IpuMepHBIH BHA KPHUBHIX CPeAHEH KOHUEHTpauMu 3JeKTpo-
HOB 110 BHICOTE /S AHA # HOYH, MakKCUMyMa M MUHMUMYMA CONHEYHOH
aKTHBHOCTH NPUBeJeH Ha pHc. 2.35.

B xauectBe yacTHoro mpuMepa Hafitem 5dheKTUBHYIO NOBePXHOCTDb
O COBOKYNHOCTY HEKOrepPEeHTHO pacCeUBalolnX 3NIEKTPOHOB, HAaXOs-
WKXCA B uMnyJbcHom ofveme V Ha panbHocTH r = 2000 xm. Tlycts
ILJHTENIbHOCTD HMIYJbCa T, = | mcek, a Ay4 pajgHo/oKaTopa CaHTUMET-
pPOBOro nuanasoHa BOJMH vMeeT Urosasuatyi ¢GopMy wmupuroit A =
= 2°, Eciu 3ajaTbCsi KOHUeHTpaude# 3aekTpoHoB N, = 10 u~3,
10 3(pdeKTHBHAs NOBePXHOCTb eAuHMUb o6beMa 1) = 10— y~1 g

a=nvzf_@_£(:é2)”
2 4 \567,3

OKasbiBaeTcs pasHoi npumepHo 0,1 #2.

MoBepxHocTHO-pacapenenettbie 06BEKTEI MOTYT BLISLIBATh 3ePKAAb-
Hoe (KorepeHTHOe) ¥ Jughpysnoe (HEKOrepeHTHOE) OTPaXKeHus; BO3MOXK-
Hbl MNpOMEXYTOUHble cayvyad. OrTpaxkeHde OT IJaJKOH NOBEPXHOCTH,
pasMepbl KOTOpO# 3HAUMTEJbHO NPEeBOCXONAT IJMHY BOJHBI A papuo-
JIOKaTOpa, oKasblBaeTcs 3eprassHoim (puc. 2.36, a). OTpaxenue oT tie-
pOXoBaThlX MOBEPXHOCTell ¢ HePOBHOCTAMM mopsiaka A Asaserca Jug-
pysnoim. Tlpy 3TOM najaiowas BOJIHA paccenBaeTCsi BO BCeX HaNpap-
JeHHAX H 4acTb 3HePruu BO3BPAaulaeTcs K paauosokaropy. JuarpaMma
HanpapejieHHOCTH ANPDY3HOrO BTOPHUHOIO U3JyueHHS uMeeT BUI cde-
pbl, KacaTeibHOH K noBepxsocTd ( puc. 2.36, 6). [lepexol oT 3epka/b-
HOrO K audepy3HOMY OTPAXKeHHIO ¢BA32H ¢ HepoBHOCTAMU 06Jydaemol
noeepxHocT. OnHa ¥ Ta e HEPOBHOCTb MO-pa3HOMY CKasbiBaeTcs Ha
PasauuHbBIX AJIHHAX BOJIH H NPH Pas3JnyHbIX yraax obaydeHus. Yciaosue,

e . e i P ———

a) 97

Puc, 2.36. Xapaktep BTOPDHUHOTO H3AYYEHHA pPAJHOBOJNH MO-
BePXHOCTHO- paclpeneieHHbIME O0beKTaAMH!
a—S38epKaJbHOe oTpaXetue; O~ gupdysuce oTpaxetre
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IpKH KOTOPOM TIOBEpPXHOCTb €
HepOBHOCTBb) A MOXHO CHU-
TaTb IJ1aJKOR MK 3ePKaJbHO
oTpaxawlleil, WIIOCTPUPyeT-
cs Ha puc. 2.37. PasHocTs Xo-
s 1a Ar MEXIYy Jy4amy, oTpa-
3UBIDMMUCA B ToukaXx A u B,
paBHa

h
Ar=AB—AC=— [1-ﬁ
Puc. 2.37. K BbIBOAY KPHTEDHS HEPOS sin 0

HOCTH - 81N (—:;—— 29)] =2h sin O,

OTKy/Ja, orpaHuyuuBas $asoBblit CABAT 3a CYET PAa3HOCTY XoJa BeJHUH-
HOil

2n mn
A(p—TArQT.
HaxoauMm
L . (6)
A H‘lﬁshlﬁ'

% It
B cantineTpoBOM nanasoHe, gaxe wid aydefl § < o5, ONM3KHX K Ka-

€caTe1bibiM 10 OTHOWEHMIO K 3eMHOH NOBepXHOCTH, 3ePKaJbHOE OTpa-
xelne Ha0JoaaeTes JIKIb B Clydde 10CTATOYHO [VIAAKUX NIOBEPXHOCTEH
(COKOl1I0H BONHON MOBEPXHOCTH, OGEeTCHUPOBAHHOH JAOPOMKKU a3dpo-
Apova 1 T. 1.). Bosbuiyio Xe 4acTb NOBEePXHOCTH CYyllM CjAefyeT CUH-
TaTb HIEPOXOBATOH, TVIABHLIM 00Pa3OM U3-3a HaJdM4YUSl PACTUTeNbHOCTH,

Oco6GeHHOCTY OTpaXKeHUs OT MeCTHOCTH HCIOJb3YIOTCH B BO 34 Y il
HOH ¥ MOPCKOH HaBuTrauu K [sgagkas noBepxHoCTk U30-
OpaxkaeTcs Ha 3KpaHe HHAMKATODPA PaNyONOKAUMOHHOH CTAHUUU B BHAE
TeMHOrO NATHA, TaK KaK Najarwllii Jy4, 3epKajabHO oTpaxasch, K pa-
IH0JIOKaTopy He BozspamaeTcs. Hlepoxoearasa noBepxHOCTh, 4acTh pac-
CesIHHO# 9HepTHH OT KOTOpOH BO3BpaltaeTcsi o6paTHO, faeT Ha 3KpaHe
CBeTAULYIOCA 00JacTb.

§ 2.15. Hoanapusannonnnle 3hdheKkTh NPU BTOPHYHOM
H3JYUYeHHN

SpdexTUBHAA TNIOBEPXHOCTH DeasbHbIX OOBLEKTOB 3aBUCUT OT BUNa
noaapusayiy 30HAAPYOILUX Kosebanuil. [lpocTefiluuft npumep nomo6-
HOl 3aBUCUMOCTH Obl/l PACCMOTPEH NpH anasu3e NoJyBOJHOBOTO OTpa-
xkateasn (§ 2.5). Onnako npuBoauBLIHecs naHHble 06 3qxheKTUBHOH To-
BEPXHOCTH a3pOAMHAMHUeCKMX Ueded d auarpanvbl o6paTHOTQ BTO-
puruHOro usaydenus (puc. 2.20) oTHOCHAUCH TOABKO K OJHOMY FOPU30H-
TaJbHOMY BHAY moasipasaunud. Mexny Tem, puarpammel o6paTHOrO BTO-
PHUYHOTO U3AYYEHUS MOTYT MEHAThCA NPH M3MEHeHUMU BHJA NOJIAPH3a-
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LMK, OCOOEHHO KOI/la PasMepbl 3JIeMEHTOB Lle/li COH3MEePUMbI C AJAUHONH
BoJIHBl. B 3TOM MOXHO yGeauTbcs 3 puc. 2.38, rae u3oOpa)keHbl K-
CrepHMeHTaNbHBlE I4arpaMMbl camoJseTa Npy OPHU3OHTAJBHOH M Bep-
THKAJBHOR [OApH3aNUAX Ada ofaydaiomuX KoJeOaHUH YacToThl
70 Mey.

[Ipu obayueHun peajbHBIX OOBEKTOB, KPOMe TOrO, UMEET MECTO 5B-
JeHHe Jdenoaapusauyuy, Koraa noJsipusailid nojsi B TOUKe NpuemMa or-
JKUaeTCsl OT MNOJAPH3AUUU 30HAKpPYOWMX KojebaHud. CreneHb aeno-
JAApU3augd onpele/saeTca eKTPUIeCKUMH CBoHeTBaMU U dopmoit 06b-
€KTa, 3aBUCHT OT JJIMHBI BOJHBI X YCJAOBHE pPacnpocTpaHeHusl.

Ecau unens npeicrasiader cofod IMaakyi GOJbLIYIO HaeasbHO
POBOAAILLYIO NAQCMUHKY, TO Tpu oOJydeHUU ee JuHelRHO MNOJSAPU3O-
BAHHOH NJOCKOH BOJIHO#H BTOPHUHOE U3JYydeHue OyleT TaKiKe JHHEHHO
noJsi pu3oBaHo. Henoaspusauud KoJeGaHuit 1 CBA3aHHBIX C Heil NoTepb
sHepruM xe 6yOem; Pasa 3NeKTPHIeCKOr0 KOMNOHEHTAa MoJf NpH OTpa-
XKEeHHH H3MeHseTCsl Ha npoTuBonosioxHyo. [lostomy npu kpyrosoii
NoafApU3aluy HOPMaJbHO Najaamouleil Ha MJACTHHKY NJIOCKOW BOJIHEI ee
OpPTOroHaJbHbIE KOMIOHEHTH B Byje JHHeHHO NOJAPHU30BAHHLIX KOJe-
Ganufi oTpaxkaloTcs 6es genonspusauru. [lose BTOpuuHO# BOJHB GyaeT
NOJISIPU30OBAHO N0 KPYTy, HO MEHAET HanpasJjeHHe BpatileHus, ec/u
CMOTPeTb BAOJb PACTIPOCTPAHEHUS BOJHBIL

Bce CKazaHHOe OTHOCHTENLHO IJIACTUHKH pPacnpocTpaHseTcd Ha
KpHBOJIHHefiHble TeJsd, pajnyChl KPUBHU3HBI KOTOPBIX MHOro 6o0Jblue
AJIAHBI BOJIHHL.

Bubpamop XKe, Kak NpaBujio, denoaapusyem NPAXOAAILLYIO BOJHY.
[lycrs, HanpuMep, JHHeHHO NOJAPU3OBAHHAA BOJIHA NajaeT HOPMAaJbHO
K ocH BubpaTopa TaKuM o0pasoMm, UTC BEKTOD 3JCKTPUUECKOro NoJjs Co-
craBaseT yroa 8 ¢ ockio Bubpatopa (cM. puc. 2.5, 6). Bropuunas BosHa

G,
40
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0 20 60 700 %D

Parypr yenu,epad

L

760

Puc. 2.38. 3aBHCHMOCTL BeNHYMHB  3DdeKTHBHOH
NOBEep XHOCTH CaMOJieTa OT NOJsPH3alHu NPH pa3Tny-
HEIX PaKypcax:

——— BepPTHKAJAbLHAA NOONAPH3IAEHA; ————— [OPH3OH:
TanLHad noaAApH3aLAa
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BbI3bIBaeTCA TOKOM BHGPAaTopa H HapaAy C COCTABASAIOMLeH, pacCuHTaH-
Hoit B § 2.5, OyneT comepXaTb OPTOTOHATBHYIO MO NOJSIPH3AUMH CO-
CTaBJAOILYIO.

Ananorruuslit BuGpaTopy 3dekT cozfalor pebpa U rpaHd IJACTHH,
UMJKHHAPOB ¥ T. 0.

[Ipu oTpakeHHH OT OOBEKTOB CA0xCHOU (popme 3bDeKT aenoJaspH-
3allid MOXKET IIPHBECTH K NoTepe NMpHHHMaeMofl sHepruu. IloJe B Touke
npueMa, KaK NPaBHJIO, SAJHNTHYECKH MOJAPU3CBAHO, HE3aBHCHMO OT
NOMIAPH3aLNK NePBUYHOH BOIHBL. Tak, npu o6JayueHHH CaMojeTa JHHeH-
HO MOJSIPH30BAHHOHW BOJIHON CaHTHMETPOBOrO AMAanasoHa 4YacTh 3Hep-
rd¥ BTOPHYHOro nojs (—10 06) npuxofUTCA Ha NONePeuHYIO NoJIsPH-
sauuio. IlotepH npuHWMaeMO# 3Hepruu NpH KPYroBOH MNOJAPH3AUHH
obnyvawluux KoJeGanuit HMHoraa (no pesyabTaTaM R3MepeHHE Ha
A == 3 cm) pocTuraT 3 06, 4TO CBA32HO C HEOJMHAKOBLIM CABHIOM (a3
OpPTOrOHAJILHEIX KOMMNOHEHTOB OTPAXKeHHOTo MNoJf.

Henoaspusanua MoxeT OblTb BH3BaHA He TOJbKO HeJblo,
Ho U cpenoft (§95.8).

TlonspusauvoHHble 3bdeKTHl MOryT OblTb HCIOJbL30OBaHBI AJIA TNO-
BBIIIEHUA KayeCcTBa OOHapyXXeHHA NOJIe3HBIX CHIHA/NOB a3pOAHHaMU-
YeCKHX Hesel, NTPUHUMAeMblX Ha (PoHe MeWIAOUIUX OTPaxeHHH rujpo-
meTeopoB. [ToCKOJBKY N0 IeBble KAanad UMEIOT GIM3KYIO K cepuuecKoit
¢opmy, To npH ob6JydYeHHH UX BOJHOH C KpYyrosofl nonaspusaluet, cos-
JAIOTCSH OTPaXKeHUs TaKXKe KPYroBOR NOJSPH3AUUK, HO NPOTHBONOJIONK-
HOro HanpasJjeHHs BpaiueHdd. [IyTem BLIGOpa KOHCTPYKLHMH aHTEHHBI
MOXXHO 06eCne4dTb NOAAaB/JeHHe KOJefaHHA ¢ HeXesaTeabHOH noaapu-
sauvedl. PeanbHble nenad, He obJajaiomde CHMMETPHeH, CO31ail0T BTO-
pHYHOe TI0JIe, OJHH H3 KOMIOHEHTOB KOTOPOrc ofs3aTe/bHO GyreT npH-
‘HAT AHTEHHOH.

HecnepoBanue nonsgpusailii OTpaxeHHOro CHrHanNa no3sosaeT TakK-
e NOJYYHTL HEKOTOPYIo HHPOPMAUHIO 00 3JMEKTPUUECKHX XapaKTepH-
CTHKAaX ¥ (opMe LesH.

B ofwem cinydae 3aBHCHMOCTb 3eKTHBHOH NOBEPXHOCTH OT NOJSA-
pH3auuu objyvaomux KoJebaHuii ymoHHO, C TOYKH 3pPeHHS NpPaKTH-
UYeCKHX TIPHJOCKEHHH, TNpPelCTaBJATbL NOAAPUIAUUONROL  mampuyerl
WAH, KaK WHOrJ1a roBOpAT, mampuyed pacceasus.

Ec/n 3nekTpuyecKoe noJjie napaiolied BOJHbI HMEET MJUNTHYECKYIO
NOJIAPU3ALKIO, TO OHO MOXeT OHTb Pa3/OXeHO Ha OPTOroHaJbHBE CO-
crapasompre £, v E_ . OpTOroHaJbHO NOJSPH3OBAHHBE KOMIOHEHTHI
noJa oTpaKeHHOH BoAubl £, n £, 6yayT cessaubl ¢ E, u E | auHed-
HBIMH COOTHOLLUEHHSAMH

Em=a11 En + @y En-l-= EorJ_=021 En+a22 EnJ-» (1)

rae KosbpuuueHTs @y =V o,e % (i, k=1,2 sasaaworca ko~
(bHUMEHTAMH OTPaXKEHHS, MpPHUEM [MepBblil HHIEKC XapaKTepusyer
NOJAPU3AUKIO W3JIYUAEMOrO0, a BTOPOR — NOAAPHIALHIO NPHHHMAEMOro
KOJleOGaHu 4.
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BuipaxeHnust (1) xapaktepusywot npeofpaszoBaHusi NONSPH3ALUH T1a-
Jaoileld BOMHBI LeJbl0 H MOTYT ObITb 3aNMCaHel B MAaTPHUYHOR dopMe:

H Eq _lau a,) | Eq
EOTJ. gy Qgy En,L
Marpuua :

Q1 Voue'® Voge s

= .
— o
Qo) Qya|| | Voy,e® v 0ype’Pe

¥ SABJAAETCA NOAAPUSAYUOHKOL mampuyed.

Ecan B pagnonoxkatope npenyCMOTpeHbl He3aBHCHMble KaHaJIHl
1IpHeMa H NepejavH JJjf OPTOrOHAJBHBIX BHAOB NOJSIpH3aLUH (HaNpH-
Mep, AJis BepPTHKaJAbHOH H TOPHU3OHTAJbLHON NOJASPH3ALUHI), TO BOZMOX-
HO nosydeHne WHPOPMAUUK B YeThipeX PeXUMAX, A/ KaXKAOro u3 Ko-
TOPLIX MOTYT OblTb M3MepeHbl aMIJHTYAa K pa3a NPHHHMAEMOro KoJe-
6aHus OTHOCHTE/IbHO HEeKOTOPOTO ONOPHOID, T. €, GIpe]ejeHa NoJs pH-
341{MOHHAA MAaTPHIA.

1711 M30TPOMNHBIX NPOCTPAHCTBA H HeJH NPH OAHOAHTEHHOR pagHo-
JICKAllUK CNPaBelJNBa TeoOpeMa B3aMMHOCTH, B CHJY KOTOPO# G, =
Gy H Py = @g. [TOCKONBKY HadanbHan ¢asa, HaNpuUMeP @,,, He Mo-
KeT ABMITLCA XaPaKTePHCTUKON e, NOJIs PU3ALUHOHHAA MaTPHLLA ONH-
cblBaeTCA NATHIO 3deMeHTaMH (TpeMst He3aBHCHMBIMH AaMIUIMTY1aMH

Vo1, V012, V 0sy i ABYMS He3aBUCHMBIME (pa30BBIMH 3/eMeHTAMH gq —
— @11> P12—P11). BBHAY TOTO, YTO KOJeGaHHA NPOH3BOIbHOR SJWVUITH-
4eCKOH MOJsAPH3AUHH MOTYT ObITh Pa3foxeHbl HA JUHEHHO MOJAAPH3O0-
BaHHble KOMIIOHEHTHI, NOJIAPH3ALHOHHAS MaTpHua 4J8 JABYX BHJ0B
JMHEHHON NONAPH3AUHN NOJHOCTHIO XapaKTepH3yeT BTOPHUYHOe H3Jy-
YeHHe 1R NPU NPOH3BOALHON 3JJIMNTHUECKON 110/ PH3AHH.
[TponaaocTpupyeM MOHSITHE NOAAPH3ALUOHHOH MATPHIHW Ha He-
KOTOpPLIX mpHMepax. IlycTb, HanpuMep, oHa onpeae/ifaeTcas Jis KpHBO-
JUHeHHOH NMOBEPXHOCTH, Pafinychl KPHUBH3HLI KOTOPOH MHOro GoJiblie
IJuHB BOMHEL [IpeoGpa3oBaHus BHAOB NOJASPH3ALHK B 3TOM C/IyYae He
APOUCXOAHT, a 3(pPeKTHBHLIE NOBEPXHOCTH ), K G,y OAMHAKOBH U Of-
peneasiores dopmyolt [(2), § 2.7]. Tlonapusaunonnas mMaTpuua umeer

BHJ:

0 1

[lycTb nanee noJisipu3anHOHHAs MAaTPULA ONPeAeISieTC AJs TOJaY-
BOJIHOBOTO BHOpATOpa, JeXatlero B IWIOCKOCTH, OPTOTOHAJBHOH Ha-
npasJeHHIo Ha paanookaTop. B KauecTBe OpTOroHaNbHLIX BHAOB MOJ-
pusaiuu najpamollell BoJHe! BbiGepeM JHHEHHO NOJASPU3OBaHHBIE KOJIe-
6aHusl, BEKTOPHl SJEKTPHUECKOTO NMOoJA KOTOPHIX COCTaBJSIOT ¢ BHGpa-
Topon yraw 8 u 90° — 0. Vicnoabs3ys COOTHOmeHHs [/ MOJYBOJHO-
Boro BubGpatopa (§ 2.5), B JaHHOM cClydae HMeeM O;; = O, cost 0,

§ 2.15 ({4
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0.0 = 0oin? B, rie o, onpegensierca no dopmyie [(2), § 2.51. Anado-
THYHO I[TOJYHHM

Monaras npn 9T0M @y =Q3 = Qy; = @y =0, TOIAPHIANUOHHYIO
MaTpULy TPEACTaBHM B BHJE

| N
cos?®  —-sin20

- Vo, | ,
-5 sin28  sin®@
UTO ABJSETCH MaTeMaTHueCKol (OpMYJUPOBKOR  H3JOMKEHHBIX COO6-
paXkeHUH o Aenoasipusanuu KoJebauuil subéparopom. B ciayuae 6 = 0
IuaroHadsHele YWieHB MaTPHUB! COOTBeTCTBeHHO paBHbl | u 0 n genoss-
PU3aUHKM He NMPOHCXOIUT. .

Tlonsipusaumonnas MaTpuua npeodpasyercst, eCJad MEHHIOTCH
HCXOJIHble OPTOTOHAJLHO NOJIAPU3OBaHHble oO1yvyamwlide ledb KoJe-
Oanud.

§ 2.16. Hcnoan3oBanue 0coGEeHHOCTEH BTOPHYHOrO U3JAYUeHUs
B UEJAX NPOTHBOPANHOIOKAUNOHHON MACKHDOBKH

Tlpu pemreHWd 3apad NPOTHBOPAAHOIOKAUHOHHOR MAaCKHPOBKU HC-
MOJL3YIOT.

— HCKYCCTBEHHOe yBeJHUeHHe HHTEHCHBHOCTH OTPaKEeHHOr'o CHr-
- HaJsla, YTO TIO3BOJISIeT CO3/1aBAThL JOXKHbIE 1eH, HANPHMEP, B BHje YIroJ-
KOBBIX M JIMH30BBLIX OTpaaresell;

— HCKYCCTBEHHOe yMeHblUeHHe HHTEHCHBHOCTH OTPa(€HHOTO CHr-
HaJa, 4TO no3BoJjadaeT OCJlaﬁﬂTb HHTEHCHBHOCTE BTOPHUHOID U3TYUYCHUSA
HeJH NyTeM [PUMEHEHUS [DOTUBOPATUONOKAUMOHHBIX MOKPLITHH WK
NPUIAHUA NN CrenHalbHOol (POopMbL.

Yeoakoeulti ompaxameais TIPOCTeHIIEro Buga — OsyeparHolil —
nokazan ua puc. 2.39. K «Boruyrofi» noBepXHOCTH TAKOTO OTPaXKATe/Is
He/b3s1 HeNOCPEICTBEHHO NMPHMeHsThL gopmyay [(6), § 2.6].

YuuThiBaeMble €10 TOKH, HABOAMMEBIE HA TPaHAX Najfaouled BOJTHOH,
CO3]aI0T B TOUKe NpUeMa CAHIIKOM c1aboe NoJe, KOTopoe onpeetsiercs
OOKOBBRIMH JeleCTKasu I[HEIFPEIMM UGPHTHOFO BTOPHYHOTO HB.HylleHl/Iﬁ
JacTuH, o0pasyiolix rpank. 3HauYUTe bHO 00Jlee WHTEHCHBHOE MOJe
00paTHOro BTOPUYHOINO U3JyYeHHH TPH aByrpaHHoMm yrje 90° cosmaior
TOKH, Bbl3hIBaeMble NepeussydeHHeM ¢ rpaHu Ha rpahb. Cuuras, uto
pasMepsl rpaHell MHOTO GoJblle AJAMHBL BOAHB, O PaclpeieseHHy 3THX
TOKOB MOMXHO CYJHTbL, HCIIOML3YHA 3aKOHBl OTPAXKCHHA FeOMeTpH‘-IECKOﬁ
onTdkd. [lajgaiomuid Jyd, oTpaxasick OT OfHOH TpPaHH YroJKa
(puc. 2.39, a) B TouKe A’, nepenssyuaercs Ha APYTLyi0 rpafb B TOUKy B’
M BO3Bpamaercs B o0paTHOM HanpasJeHuHd. [IpH npousBoabHOIl BeH-
ydHe O Bechb YroJioK JeHCTBYeT Kak HeKoTopas cUH(}pa3Has NJacTHHKa,
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Puc, 2.39. JlyueBass TpaKTOBKa NEMCTBHSA XBYTPaHHOrO

YrOAKOBOIO OTpamaTeas (g) ¥ aHadHu3 pacrnpocTpaHe-

B¥s Kpaeroro ayua (6) nns o0oCHOBAHHA pa3mepa 3K-
BUBAJEHTHON NJaCTHHKY

NoJdy4YeHHasd B pe3yabTaTe NPOeKTHPOBAHHA TPaHeld Ha INJOCKOCTh,
NepHeHANKYJIAPHYIO HanpasjaeHuio o0aydenusi. [lefiCTBUTe/NbHO, TOJO0-
XKeHHe ToueK naneHus A’ W oTpaxkeHus B’ He Biufer Ha dasy Koaebda-
HHHM B TOUYKe NpHeMa, TAK e Kak B MOAe/]1d HOPMAJAbION IIACTHHKH.
Eciin Toukn A" 1 B® yraasiiotres oT Touku 0, pacteT nyTs A’B’, KOTOPbIit
He YYUTBIBACTCH B MOAIN MacTHHKKU. Ho onHOBpeMeHHO pacTeT CymMMa
oTpeskoB A'C’ —+ D’'B’, xoropas yUHTHIBaeTcsi B MOHe]H IIACTHHKH,
HO He BBOAHTCH B MOjedh [IBYIPAHHOTO YroJka. PasHocTb

A'B —(A'C +D B)y=A" B {l —(sin*f -+ cos? §)]

paBHa HyJi0. PesyapTupyrotiee mnose, Kak u B § 2.6, onpeneisercs
NPOEKIIHeH H3ayualoliell NoBePXHOCTY Ha IJOCKOCTb, NEePHeHAHKYIsAp-
HYIO HanpasJ/eHHio pacnpocTpaHeHus.

JKBUBANEHTHBI pasMep MJACTHHKH MOKeT OblTh YCTAHOBJIEH B CO-
oTBeTcTBUN ¢ pHC. 2.39, 6. 1lpu yryax 0, oTyin4HbIX OT /4, 4acTh NoBePX-
HOCTH OJIHOH W3 rpaHel (co clegom BB”) He ocBeulaercd Tepenasyden-
Ho# Boanoft. [das cayuas 0<Cm/4 (puc. 2.39, 6) 3KBUBaJIHTHHI pazmep
NJIaCTHHKYA OByner:

Sone = Spp sin 048 tg0cos 8 =25 sinf,

rae S, — MJomaab ONHOR TIpaHM yroJxa.

IlockosbKy nBYrpaHHBIl YIOJKOBHH OTpaxkarteNb Malo 3peKTH-
BeH NPH OTKJOHEHUH Nafaloulero Jiyda oT nJ0CKOCTH, HOPMaJbHOH ped-
Py, HCTOMB3YIOT mpexepaxteie YTOJAKOBEe oTpaxareau {(puc. 2.40),
BO3BpALLLaioiHe J1YU B O0PATHOM HanpapJeHHH Nocje TPeX OTpaKeHHH.
MakcumanbHoe 3HaueHHe 3(D(PEKTHBHON TOBEPXHOCTH TPeXTrPaHHOro
YroJIKOBOrO OTpazKkare/ss HMmeeT MeCTo NPy OOJNy4YeHHHM ero B Hampas-
JICHHH OCH CHMMETPHH 4 PaBHO 1LJx YIroJaKa ¢ KBaJpaTHBIMH TIDaHsiMRB
{puc. 2.40, a)

127 ~2
Ons mane = SPP'
22
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a)

Puc, 2.40. TpexrpaHHLe yroikopble OTpaaTedi:

f~~C XBAAPATHEIMY TPIHAMH, O—C TPEeYrofibHBIMH [PaHAMH, #— o5pa3oBaKue
cuhpasHoll wecTHYroaonoll ONAaCTHHKH

BoJabiie#t XKeCTKOCTBIO TPaHel o0MafanT YroJKU ¢ TPeYroabHbIME I'pa-
aamu (pHc. 2.40, 6), Ansi KOTODbIX

47
G'rp. MaKe ~ ‘x; 82,

rae
i%
S=

ABJACTCA [JIOWAAbIO MECTRYrObHON MIaCTHHKY (puc. 2.40, g), obpaso-
BaHHOfl B PACKphIBE YTo/JKOBOIO OTpaaTesisi. 3amTpUX0BaHHbIE YIJbl
onpefeaaoT HepaboYHe YYaCTKH rpaHefi (DpH NajeHHW HA HUX JYY HE
BO3BpaulaeTcs, Kak Ha puc. 2.40, 6}.

) Urtobbl obecnedUTh MHTCHCHBHOe 00paTHOE H3JydYeHUe, He 3aBUCH-
{liee OT HAMPABJEHHS NANAOWEH BOJIHBI, CO3MAOT IPYMILI U3 HECKOJb-
KHX YTOJKOBBIX OTpaKaTesed.

TounocTe BEIMOJHEHWA H 3KECTKOCTh KOHCTPYKUHH YIOJAKOBLIX OTpa-
sxateJell UMEIOT cytlecTBeHHoe 3HaueHHe. OTK/AOHeHHe BHeHIlero Kpas
TUIOCKOCTEN OTpaXKare/sl OT TeOPETHUeCKOro NoJoxKeHHus Ha A/3 yMeHb-
{11aeT MOILIHOCTb OTPaXEHHOIo CHTHaJ/la npuMepHo Ha 50%.

Junsogote ompancameau, B YaCTHOCTH JM3JIEKTPUYECKHe JUH3H Jlio-
nefepra ¢ OTPaXKAIOUIUM PKPaHOM (puc. 2.41), MOryT 6b:Thb 3hdPeKTUBHBI
B [IMPOKOM AHanas3oHe YIJOB Najexnus Jyua. JInH3a uMmeer ¢opMy 1apa,
NoKasare/b [PEJOMICHHSI KOTOPOro HM3MeHseTcsl [0 OlNpefeeHHOMY
3aKOHY TakK, 4To Najawinue Jy4d GoKyCHpyiores B TouKe, JRaMeTPaabHO
NPOTUBOMOJIOXKHON TOUKe KacaHHA wapa U gpoHTta BosHbl. OTpakeHHbIe
3KpaHOM Jy4Yd DapasiedbHbl najanmuM, Pasmepn! 2KpaHa BIHAOT
Ha HIMPHHY AMarpaMmbl oOPATHOTO BTOPUYHGIO H3JYYEHHUS JHH3OBOTO
OoTpaxaress.

Hapsiny ¢ yroiKoBbIMH H JIHH30BbIMH TIPHHUIMIIHAJLHO BO3MOXKHBI
APYTHe THNBI HCKYCCTBEHHLIX OTpa)kaTelell, HaNpuMep Gurkoxuyeckue.

Masible GanaHCTUUECKHE W KOCMUYECKHe uein MOTYT 3¢hdeKTHBHO
UMUTHPOBATLCA Goslee NPOCTLIMH  MEMOAAUSUDOBAHHBIMY  HAOYBHOIMU
ompaxcamesnmi, UMEIOMLKUMHE ¢(opMy mapa Hau 00eBOH ToJOBKH. DTH
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OTpaX<aTeJH MOTYT BbllycKarnCs ¢ GO€BOH rofioBKH JUOO ¢ moc/enHell
cryneHd pakerbl. [Ipu 5TOM MOTYT ObITb NPUHATHL MePbl AJsi KOPPeK-
UHU LHeHTpa TAXKECTH [OJNOBKH, CMELULeHHOTo IIpH c¢bpoce, aubo usMele-
HMs TPAeKTOPHH MoJjleTa noc/efHed cTyneHU (MOAPLIBA 3ITOH CTyNeHH),
yToObl 3aTPYAHHUTL paclo3HaBaHue Ledu NO TpaekTopuu. Ms-sa orcyt-
CTBUS TOPMOXKEHHUSI B BEPXHHUX CA0AX aTMoc(ephl JOXKHbIE LesNu nepeme-
LAIOTCSA C TOM JKe CKOPOCThIO, UTO M 60ero/oBKa, U TOJAbKO MPU BXOJE B
JOTHBIE CJOH aTMOChePhl CHHKeHUe CKOPOCTH MOXET CTaTb 3aMeTHBIM.
Urofbl 3aTpyAHUTD Pacrio3tiaBaHe 0 3TOMY [IPH3HAKY, HAPSILY C HALY B-
HBIMU MOTYT HCIOJb30BAaThCA GOJiee TAKe/ble JOXKHbIE 1eaH, 6alIucTU-
yecKHe CBOHCTBA KOTOPBIX HPHOIMKAIOTCH K CBOHCTBAM GOEroJOBKU.

[T pomusopaduosokayuonHbie ROKPLIMYS UCTIONb3YIOTCS IS ocaab-
JIEHUS] BTOPUYHOrO uajyyeHus. Eciau BoJHOBOe cONPOTUB/CHHE OBEPX-
HOCTH O0beKTa COBMAAAEeT C BOJHOBHIM CONPOTUBJEHUEM CPeibi, TO NPH
HOPMa/JbHOM MNajfieHHd Oo0paTHOe BTOPHUHOe H3JTYYEHHEe OTCYTCTBYET.
BoOIHOBOe COMPOTUBJIEHHE MPONOPLUOLAJAbHO 4acTHOoO-
MY OT JeJeHHsd OTHOCHTEJblibl X MarBATHOH p, W
[H3/ICKTPHUECKOH € MOCTO A It bl X TPH OTCYTCTBHH NOTEPb H

U, 0 & IPH HAJHUUU TOTePb. Yem vuue nomepu, mem Messtiie nyms,
Ha Komopom 80aHa samyxaem. 110 TaKOMY NPUHUUNY NOKPLITHS H3r0-
TOBJASIIOT B BH/le CMECH HeOPraHHUeCKHX (PepPOMATHHTHBIX MATEPHAJIOB
(pasMosIOTOH W MOJBEPTHYTOH B mpoiiecce ofpaBoTKM UHKJIUIECKOMY
HaATpPeBY JIO MOJHOTO YCTPAHeHHsl OCTaTOYHOrO Mardetusma). Hanbosb-
wnil 3dxpeKT NMOKPBHITHSA JaT VIS BOJH CAHTHMETPOBOTO jAHanasona.

[TpakTU4eCKH, OAHAKO, TPYAHO OGECIIEYHTh PABEHCTRO U, U e, B LIHPOKOM
Juanasoue YacToT NPHU MOJHOM 3aTYXaHHK BOJMbL B TOHKOM ¢JIO€ NOKPLI-
tisi. [109TOMY HCIIOMIB3YIOTCA H HECKOJBLKO HHble MPHHIHMNLL CO3IAHUS
MPOTHBOPAAHOMOKAIMOHHLIX HOKPBLITHIH, a UMEHHO:

1) noryolenus KoJaeGaHuli B HUX NPU OAHOBPEMEHHOM MJABHOM H3-
MeHEHHH CBOHCTB WJIM CTPYKTYPhl NOIVIOIAIOUEr0 MaTepuala;

2) rameHua OTpaKaeMblx Koaefanuil 3a cuer uHTepdepeHIUU.

[lepeuncsienuble  NPUHUHUIBI
<€03J[aHuA MPOTUBOPAIHOIOKA-
IIMOHHBIX MOKPHITUH MOTYT HC-
MOJML30BATbCA B KOMIJIeKce. TeM
He MeHee, IO XapakTepy OCHOB-
HOTO SBJEeHHSl, HCMOJAb3YEMOTO
MPU CO3JAHHU TMOKPHITUH, NoCTe]-
HUe JeJsITCS Ha [OTJIOULAwiLue U
HHTep¢hepeHHOIHbIE.

[oerowatouguic ROKPOITULSA
yMeHbwaioT 3beKTHBHYIO  MMO-
BEPXHOCTb 3a CYeT MNOIVIOULeHHSA
SHEPTMU B Marepuale NOKPHITHA.  pu. o 41 [1yyunun otpamenus fus-

Maace  otpaxenue  BO3MOMMHO  peyrpyueckolt nupsofi  JloweGepra c
P NOCICHCHHROM U 1LAABHOM  US- 3KPaHOM
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Puc. 2.42. BurALl NOrnOULAOUIHX TOKPLITHI:
a— WUNOBRANCE CTPYKTYPH; 6— A4elucTON CTPYRTYpH

Merenuu  Qusuneckux — cgodicms noeaowaoueeo  mamepuasa. Hacto
KCMIO/IL3YIOT ONHOPOAHBIA MaTepHas MOIJIOTHTENSA, HO B Hero B K p a-
NJAHWB 20T HEOLHOPOAHOCTH, KOTOPHIE, pacCeHBas 3HEPTHIO Majaio-
el BOJHBI BO BCEBO3MOMKHBIX HatipaBaeHuax, obecneynBaior GoJsee
sdpekTUBHOE Torjoulende. B BHIoN3MEHEHHOH KOHCTPYKUHH nOT./o-
THTeJ 3a cueT IUMMOBHAHON CTPYKTYpbl MOBepXHOCTH (puc. 2.42, a)
yBe/JUUUBAECTCA UYHMCAO U yMeHblIdeTcAd HHTEHCUBHOCTb oTpaxeHuil.
Onucanbl S Y€K CThl e KOHCTPYKIUHH MOIJOIIAIIIMX TOKPLITHH B
BHIE COCTHKOBAHHBLIX MOAYJBHEIX LIECTHYTONbILIX (EeppPHTOBLIX MJIH-
TOK B COYETAHMH CO CTEKJOTKaHbio (pHc. 2.42,6).

[oxpoimus usmeppepenyuonrozo muna (puc. 2.43) oGecneyHBaOT
Ha CBOell MOBEPXHOCTH B3aHMHOE TalleHHe KO/eGaHHH, OTpaXKeHHBIX
B HOPMaJbHOM HATPABJEHHH OT NMOKPHITHA U 06bekTa. [losHoe rawenve
ofecreanBaeTcs B c/yuae mpoTHBOHA3HOCTH H PABEHCTBA aMIVIMNTYX ITHX
goaeGannil. [IpoTHBOA3HOCTL AOCTHraeTCs MyTeM Bbibopa TOMLIHHDI

MOKPBITHA, KPaTHOMN UeTBEPTH [/IHHBI BOJIHbI A4V u, e, 8 Hem. PaBenctso
aMNIUTY A HHTepdep UPYIOLIHX BOJIH YCTaHABAUBACTCSH B NPOLLECCE MHOTO-
KpaTHbIX oTpamennil. [oCTOHHCTBOM HHTepGEPEHUHOHHBIX MOKPHITAMR
spJseTcd HX BeboJblas Toanuaa, Oniako Npu MaJIoM 3aTy XaHUH TaKoe
NOKPbITHE HABJsETCA OCTpOpe3oHAHCHBM. U7T00bl pacllHPHTE M0JOCY
HeOTPaMXAIOLIETO NMOKPbITHA, NOAGHPAIT KOIPPHUHUEHT 3aTyXaKHs, 10
6uBasick paBeHCTBA AMIJIHTYA B3auMoOTacallHX KoJjeGaHuil.

B npyroM THie tHPOKONOJOCHOrO NOKpHTHA (pHc. 2.44) caou au-
3JeKTPHKA C MaJbIMH MOTepAMH Y4ePelyloTCs C TOHKHMH CJI0fIMH npo-
BOASILLErO Marepuana, MpUUeM NPOBOAMMOCTb ITHX MOCJAEAHHX BO3pa-
CTaeT mo Mepe MPHUOIHXKEHHS K MOBEPXHOCTH MacKHPyeMOro oGbekTa.
Takue npoBOAsIIHE CIOH MOTYT CO3JaBaTbcs MEeTOAAMH HaNbUICHHS,
OKpDacKH H T. A.

[poTHBOpaAHONOKaIHOHHbIE. MOKPHITHSA MOTYT HCROJABL30BATLCA KaK
JJ15i MACKHPOBKH Bcero o0beKTa B LeJIOM, Tak M A/ MacCKUPOBKH ero
OTNEeNbHBIX OJecTAUNX 3AeMEHTOR. Jlas MacKHPOBKH pakeTsl, ee 6oe-
roJIOBKH, CamMoJsieTa CTPEMATCH CO3/aTh MarepHalbl, KOTopole, ofecre-
YHBas NPOTHBOPAAUOJOKAUMOHHBE CBOficTBa, SABJAJMHCL Obl B TO Xe
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FuUINenmpuna
Puc. 2.43. Hurepde- Puc. 2.44. Ilpusuun
PEHIHOHHOE  TOKPHI- CO3JaHHsl WIHPOKOTO-
THE JOCHBIX  HeoTpa’kalo-

IL¥X TNOKPHITHH

BpeMsi HEOTBEMJIEMOH YacTbI) KOHCTPYKLHH, BbIePXKHBAOIEH MeXaHH-
YeCKYI0O H TENJIOBYIO0 HArpy3ku. OnucaHbl HAKHAKM M KOCTIOMBI JJISl
NPOTHBOPAAHOJIOKAIIUOHHOH MAaCKUPOBKH TAHKOB, OpYAUH, JIOAEH U T. 1.

CrieunanbHbie Mai00mpancaouitie Gopmo. 06seKmog PacCUUTaHbl Ha
OTKJ/JIOHEHHE MaKCHMyMa OTpaxKeHHOH SHepTUH B CTOPOHY OT HalpasJe-
HHMs HA NIPUEeMHHUK paguoaokartopa. [Ipu sKcnepuMeHTaJLHOM HCC/IEN0-
BaHHH BTOPHYHOIO U3JAYUEHUA HA MOJeAAX MOTYT CTABUTLCST HAaKJI O H-
H bl € MPOBOJALLKME H OTPaXKAoUlde JHEPTUI0 NN O0CKOCTH, KO-
TOpBbIe 3KPAHUPYIOT OTPa)KeHWe OT CTeH. [OJOBHBIM “acTsaAM GaJliuc-
THUECKUX PaKeT MOXeT mnpHaaBathess KoHudYeckKasd dopma,
yT0OB! OC1abUTh UX BTOPHYHOE H3gyueHUe. [locnennee nautosnee adpoek-
THBHO B ¢Jyuae cTabu/ad3auuu 3THX yacteil B noJere. CrenunaJsbHble
($opMBl MOTYT NpHJaBaThCsl U adpoAMHAMHUYECKHM KPBLIATHIM PaKeTam
TUI& «BO3LYX—3eMJAY,

MaugooTpaxaiomue QopMbl HMEOT HEOAMHAKOBYIO 3(QQeKTHBHOCTL
8 jJuanasoHe uacTor. [las raajkoil MpoBOAsLLEH KOHUUeCKOH MOBepX-
HOcTH ¢ yraoM mpu BepmmHe 20, ofsyuaemoil Bpoab ocu, no ¢gop-
Myne [(6), § 2.6], coorBercrTBylOUWEd YCJIOBUAM COBMELHEHHOA JIOKA-
UM, MOXHO MNOJYYHTb

o = A% (1g%0)/16m.

Orcioga Bufino, yro 3¢pdexKTHBHAA NOBEePXHOCTL O TEM
MeHbIle, YeM KOopoOue AJHHA BOJHB A.

Uro6u 0fecnedrTh aKTUBHYIO PAJHOJOKALKIO OOBEKTOB B YCIOBHAX
MPOTHBOPAAUOJIOKAUHOHIOR MAacKUPOBKH, TpeOyioTcs OoJbilke MOLI-
HOCTH 30HAMPYIOLUHX CHTHANOB M OoJiee UyBCTBUTEe/NbHblE CHCTeMbl 00-
HapyxXeHus ¥ U3MepeHusi napaMeTPoB OTParKeHIlblX CHTHAJIOB, YeM NIPU
OTCYTCTBHH MacCKHPOBKH, 0COOEHHO, eCJIM UCMOAb3yeTCsl OrpaHHYeHHbId
AMANa30H 4acToT.
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FTABA 3

OCHOBbBI TEOPHU U NMPUHLUIIDI
ONTUMAJIBHOTO OBHAPY)XEHUA CUTHAJIOB HA ¢OHE
PJNOKTYAULHOHHbIX TTOMEX

A. OCHOBHbIE COOTHOWEHUA TEOPHHU OBHAPYXEHHMS

§ 3.1. Kauecrsennsie nokasareJan U KPpUTEPHH ONTHMANLHOCTH
) PaANONOKAUHOHHOTO OOHAPYKEHUA

B pesyabrare mpouecca oCHApy:xeHHs HOKHO ObiThb BBIIAHO pe-
{UeHue O HAJIMYUY WIN OTCYTCTBHH LEAH B MPOH3BOJBHOM PAa3PELIAEMOM
ofbeme 30Hbl AeficTBUA paguosokaTopa. PeleHne MoxeT ObITh NPHHATO
npy ABYX B3ANMIIO HCKOYAIOLIHX CAOBUAX:

caosue A, — «nedb ecTby,
1
ycaoBie A, — «end Hery,

KOTOpble NpPH BulpaboTKe PelleHHs] HeU3BeCTHbI.
3a cueT noMex U QMIOKTY anu# MoJe3HOro CHrHaAa KaxkJIoMy YCI0BHIO
MOTYT COOTBETCTBOBATL [Ba BUAA pelleHHH:

peienie A; — «ueas ecrby,
4
pewenyie Ay — «ueaH HeT».

(TpeTbero pewenusl — ¢HE 3HAIO» — MMOC/Ie 3aBepIIEHHs mpouecca ob-
HapymxeHusi OblTb He Ao/KHO.) OOGpaTuM BHHMAaHHEe HA TO, YTO PelleHHS

* L]
A\ u Ay obosuavalores Tax e, Kak 0 yoJIoBHA, Ho ¢ fobaBJjelleM 38€3-
JO4YKH,

Ilpu oOHapyeHHH BO3MOXKHBL YeTbiPe CHTYaiHH COBMEIEHHR CIy-
YAUHBIX COOBITHI «PEelIEHUA» U KYCAOBHUSIY:

1} cutyanus Az A, {npasuiabHoe o6HapyKeHHE);
2) curyauus A A, (nponyck ueas);

3) curyauns Aj A, (noxnas Tpesora);

4) curyauus Ay A, (IpasuibHoe HeoGHAPYKEHHE).

[lepeuticnieniibiM  CHTYaNUAM COOTBETCTBYIOT UeTbipe BEPOSTHOCTH
COBMEILEHUS COOBITHH, CyMMa KOTOpPbIX paBHA elHHHLE:

P (AT AJ+P{Ac A+ P (A A4,)+ P (As Ay =1. (1)
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KaxjaoMy OLIMGOUHOMY pelleHHio MOCTABHM B COOTBETCTBHE HEKO-
TOPYIO TJaTy — cmoumocms owubry ry, (i =0, 15 B=0,1). Has
6e30IUHO0UIIbIX PeiliellHH 3Ty CTOMMOCTb YCJIOBHMCSI CYMTaTh PABHOH
HYJdO fy; = rop = 0. Torpa cucremy oOHapyxeHHS MOXKHO XapakTe-
pU30BaTh cpedrell cmoumocmbro (MaTeMaTHYeCKHM OXHAAHUEM CTOH-
MOCTH) oWHOGoUIIbIX pelleHui

Mir) =r=ryuP(A;A) +-ryP (A1 A). 2

Jlyulieli M3 CpaBHMBAeMbIX CHCTeM 00paloTKH MOXKHO TOTJZ Cul-
TAThb CHCTEMY, YAOBJIETBOPSIOULYI0 KPUTEPHI0 MHIHMYMA 3TOH CTOMMO-
CTH, KHAUe — KPUMEPUIO MUHUMYMA CPEOHEe0 . DUCKA. .

Bsuay toro 4TO 3ajaHue BeposiTHocTell HAJIM4MsI M OTCYTCTBHUS 116
aeil P(A,) u P(A,), HasbiBaeMblx anpHOPHBIMU (JOOMBITHLIMH), BHI3bI-
BAET NpakTHUECKUe TPYMIIOCTH, 3ATPYAHUTENEH U pacueT BeposiTHoCTel

copMemmenus P(Ag A;) u P(A Ag). Tlo3TOMY npH MPOEKTHPOBAHHU K
HCIBLITAIHK PealbHOH annaparypol NepPexORfT K yci08HbiM 8ePOAMHO-
cmsiM, SBJAIOWNMCS KaueCTBeHHBIMH TOKA3ATe/IsSIMU OOHAPYKeHUs MpU
YCJOBHAX HAANUUS U OTCYTCTBHA UE/H.

KauecrBeHHBIMU NOKa3aTe/IMI 00HAPY KEHUS IPH YCJIOBHH HATHUKS
UeJH SBASIOTCA COOTBETCTBYOIiHE YCAOBHBIC BEPOATHOCTH NPABUABHOZ0
oOHapyHeHUA

D=P(A1|A) =P (Al 4)) P (4 (3)
M NpORYycKa ueau
D=P (40| A} =P (A A) P (Ay). (4)
HOCKO:‘Ibe COOTBETCTBYIOIHE OXHOMY H TOMY e YC/IOBHIO A, pe-
mwenus A, u Ap B3aHMOUCKJIOUAOLINE, TO

DD=1. (5

KauecTBeHHLIMH NoKasaTessiMH OOHapy:MeHUsl MPHU YCJIOBUH OTCYT:
_CTBUA UEMH ABJSIOTCS YCAOBHBIE BEPOSITHOCTH A0MCHOL mpesoey

F=P{AI|A)=P (A1 A;) 1P (A) (6)
U ApasuibH020 HEOBHapyienu s

F=P (4] A) =P (A 4,) /P (A), )

npHuueM
F+F=1.

Wcnonbaya npusegennnie cootHoweHus (3)—(7), Bblpamenue (2)
LA cpepHed CTOMMOCTH OIMUOKH MOXKIO NPEICTABUTbH B BHIE

r=ro DP (A;) +ryy FP (A,)
£ 2. 85



Wik, nocte 3aMednl D= 1-—D u npocreix npecGpazosaHui,

;'T"felp(Aﬂ[l“(D'—loF)]a (8
. rip P (Ao)
rae b= ros P{Ay) @

ITpu »TOM KPUTEPHH ONTHMH3ALUM oblapykeHuss 1Mo MHHAMYMY Cpe-
HEro pPUCKa CBOJUTCA K TaK Ha3blBAEMOMY 6eCOB0MY KpUMepLro

D —1, F = max. (10)

[MocneAHNH MOKa3bIBAET, UTO NO COBOKYMHOCTH TPeSoBAHU MOBLIIEHHS
YCJAOBHO! BEepPOATHOCTH NpaBW/IbHOrO of0HapyxeHUst D u nonuxenus
yCAOBHOH BEPOATHOCTU JIOXKHOH Tpesoru F caelyem cmpemumocs & yée-
AuueHuo gssewieHHoly pasocmu D — [ F. Muoxurens [, HaspiBaeMbIfli
BECOELIM MHOMCLIME e M, 38BUCHT OT COOTHOINEHUS CTOUMOCTell onboK
KaXKJOTO BUJAA U BepPOSTIIOCTEN HANUUUSA WJIH OTCYTCTBUS LENH B HCCJe-
JAyeMOM YuacTKe MpOCTpalcTBa.

Ec/JH npH oAHIIAKOBOM BeCOBOM MHOXUTeJAE [, CPaBUHBAIOTCS ABE
cucremMbl 06padoTKH UHGOPMAUNH, W3 KOTOPBIX NepBas ABJSETCHS ONTH-
MasabHOH, To B cuay (10) moxmuo manucare D . — [ F, . > D —
— LF, nma Doy = D+ o(Fope — F). Toraa npu F < Foy,
umeeM D . > D wm D, . <{D. 270 o3HayaeT, UTO OAMUMAALHBLL
obHApyXCUmens 0aem HAUMEHbUIYIO BEPOAMAOCTE NPORYCKA cpedu 8cex
obHApyHcUmenel, y KOMOPbIX YCAOBHASR BEPOAMMOCIL AONCHOL mpesou
He 6oavtue, dem y onmumassrnoso. JaHHOe YCAOBHE MOMKHO TMPUHSATH
8 Kauecmse CaMOCMOSMEAbMO0 Kpumepua onmumassHocmu (KpUTepuil
Heitmana — [Inpcona), KoTopslil, O411aKO, KaK U BeCOBOH, N0 CYIIECTRY
ABAAETCH ClefcTBUeM Oojiee OOLIEro KPUTEPHS MHUIUMyMa CperHero
pHCKA.

JonycTuMple 311a4eHHs YCJOBHBIX BepPOSITIIOCTEH MPaBUJBIIOTO Of-
HApyKeUUs U JIOXKHON TPEBOTH OObIMLO YCTAlABIUBAIOT U3 RpaKmLe-
ckux coobparkKeHUN. 3Hauenusi YCJOBHBIX BePOATHOCTEH JOXHOH Tpe-

Bora F U npasuJpHOro HeoOuapyxeHus I 3ajaorcss o0blYHO AJs pas-
peuIaeMoro JeMeHTa NpOCTpaHeTBa. 3a onpeledeHHbl!l HHTepBan Bpe-
MeHU pafoThl pagUoJIOKATOP NMpoCcMaTpUBaeT GOJbINOE YUCAO M TAKHX
374eMeHTOB. KaxJplil U3 3THX 3JEMEHTOB MOXET SABUTHCS HCTOUHHKOM
JIOXKHO! TpPEBOTH, HEMPOHU3BONUTENHHO 3arPYKaolUlUM BLIYHCAMTE b
Hple ycTporicrsa obpafoTku undopmauuH, Jub0 NPUBOARIIUM K He-
NpaBUJAbHBIM KOHEUHBIM peineHHaM. [TostoMy Hapsay ¢ BepoOsSITHOCTSAMH

F u F 5J51 ofHOrO 3/1eMeHTa BBONATCH COOTBETCTBYIOLIME YCJIOBHLIE Be-
postiocty F,, u [, 1J1s1 COBOKYTHOCTH U3 m 3JEMEHTOB. ¥ C10BHASA Be-

POSTHOCTb TPABUJIBHOTO Heobuapymenus [, (OTCYTCTBHSI JOXHOM
TPEBOTH) /1% COBOKYMHOCTH H3 M 3JIEMENTOB MO TeOPeMe YMHOMKEHHs]
BepOATHOCTEH 11e3aBUCHMEBIX COOBITHI ABJASETCS NPOH3BENCINeM m Ofu-
HAKOBLIX BEPOSTHOCTEH OTCYTCTBUS JIOKHOU TPEBOTH A5 KaxKI0ro U3
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3JeMelTOB paspeuleHusi, B uactHom caydvae, eci# ycJaoBHble BeposiT-
HOCTH JIO?KHOH TPEBOTH JJ1f BCEX 3IJIEMENTOB PaspeileHusl OAHHAKOBHI,
TOJTY UHM

Frp= (Fyn=(1—F)m
1 L] 13
OTKYAa NpH F < —— BEePOATHOCTb XOTH Obl OAHOH JIOMHOH TPEBOTH
JJI51 COBOKYMHOCTH M3 /. 3JIEMEHTOB

F,=1—(—Fy*=>~mF. (11)

[Mpum >> | Bennunna £, S>F. [lostomy B Teopuy ofHapyXeHus pagHo-
JIOKAIIMOHIIBIX CHUTHAJ0B OOLIUIIO ONEpPYpPYOT € BEeCbMa MAaJbiMH 3Ha-
YeHUSIMA JOIYCTUMOH BepOsATHOCTH JIOMHOH TPEBOTH A/ KaXKAOro Hs
paspewaembix aJeMentos F = F, ./m.

[IycTh B TeueHUe AJMHTENBHOCTH nUKAa o63opa, pasHol 10 cex, npo-
cMarpuBaercs m = 10° pazfenblo pa3pelnaeMblx 3JeMeHTOB NPOCTPaH-
ctBa. Toria, sajasasicb, Hanpumep, AONYCTUMBIM 3HAUEHUEM YCJAOBHON
BEPOATHOCTH JIOKHOH TpeBorH Fpo, = 10— 1--10—3 (xoTs Obl opuH pas
3a BECb LMK/ 0630pa) HalgeM, 9TO nonycmmoe 3HaueHHe YCJIOBHOH
BEPOATHOCTH JIOXKHOH TPeBOTH B KaxK[oM pa3spemaeMoM oObeMe GyheT
Flon = 107°+10-8% 3ro 3naumMT, UTO ek OTEPATOp NPUHUMAET pe-
lleHde O HAIMYHK UETH N0 NauyKe HMMYJbCOoB, 0Opasyrolux KLY HKEKY»
Ha 3KpaHe HHAHKATOPa, TO BEPOSATHOCTb 0Opa30BAHUR JOXKHOH OTMET-
KH, OIH3KOH K «IyXKKe» ¥ NPOXOAfileil depe3 NAlHYIO TOUYKY 3KpaHa,
He A0/KHA OpITh Bhiie 10~¢ =108, EcTectBeHno, uTo OTAENbHbIE HIY-
MOBbIe BBIOPOCHI 112 3Kpalie MOTYT IPH 3TOM NOSBJAATLCH CO 3HAYUTEILHO
Gosbliledl BEPOATHOCTBIO.

[TonoGHoe BeTpeuaeTcs W NpPH aBTOMATH3UPOBaHHOH obpaGoTke,
B TOM UHCJIE C UCIOMb30BAHHEM HIEKTPOHHBIX LH(MPOBBIX BHIUUCAUTENb-
HbIX MalldH. B nocaenneM ciydae oTCeHBaHue U3/HIIHE OOIBILIOIO UHC-
Jla JIOXKHBIX TPeBOT B OTHE/NbHBIX MepHofax MOBTOPEHUS HMIIYJLCOB
MIPOU3BOAUTCS HE OMEPATOPOM, a MALMUHOMN, B pe3yJ/bTaTe MoXeT OblTb
ofecreyeHa yCe/oBiasi BePOSTHOCTE JIOKHON TPEBOTH MeHee 33{aHHOH Be-
Juuunpl F o, Hanpumep F,, = 10=° = 10—* qas Bcero curunana (nau-
KH [IMITY/15COB) B LEJIOM. JonycTramoe 3iiaueiide yCJIOBHOH BepOATHOCTH
JOKIIOH TPEBOTH AJ/151 3TOTO CUTrHAaNa MOxKeT ObITh NOBBILIEHO, €CJIH NPo-
H3BOLUTENBHOCTD BEIYHCAUTENbIION MAIUHHB! JOCTATOUHO BesUKA U obec-
neyypaeT B JajbledlneM OTCEHBAIHe JIOKHBIX OTMeTOK NPU 3aBsi3Ke
Tpace penei,

BepositHocts npaBusbtoro obuapykenusi D crpemsitcsi cpefath
BO3MOXHO BoJblielt, 4To ocoDeHHO TpYAHO 00eCNeuuThb, KOTAA HENb
HaXOAMTCA HAa 3HAYUTEJbHOM YAAJeHHH U 3HEPrus OTPaKEHHbIX CHT-
Ha/loB KpafiHe Mana. ['panuuy 30HB OOHApYXeHUSR pasHosoKaTopa
OnpeeNsioT BeJHUNHON NpefedbHOR JajJbHOCTH, HA KOTOPOH yCJa0BHAS
BCPOATHOCTh MPONYyCKa 3a ONMI LUKJ o63opa He (osee HEKOTOPOTO

AOTYCTHMOIO 3Ilaueris DJELOII O6pranio npunumaror D, . = 0,05 +

=+0,5, 1. e. D,,, = 0,95+0,b. B nekoropnix cayuasx Tpe6oBanus K
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pagHoNIOKaToOPy MOBBILAIOTCA: NPHHHMAOT DMH = (,01+0,0001,
T. €. Do = 0,990,999,

M3 uzjoxenHoro cjiefyer, uTo OCHOBHLIMH KaueCTBEHHBIMH MOKa-
3aTeJ MY PaiHOJIOKaHOHHOTO OOHAPYMKEHURA SABJISIOTCH yCA08HbIE e
poamuocmu npaguabHo2o vbrapymxcenus D u aomenofd mpesoeu F. B npe-
fenax 3o0bl oOHapyKeHUs JOJXKHB ofecneuusaTbess TpeboBaHUsA
F<{ Fon D 2 Dy, Vicnosns3osanne yCaoBHbIX BeposatHocredl F u D
No3BOJIseT BeCTH HEeoOXOAMMBIE pacyeTbl NMPU OTCYTCTBHHM JaHHHX 00
anpropHelx BepoatHocTax P(A;) u P(A,). Beauuuna /,, ceasannas ¢
3THMH BE€POATHOCTAMH, KaK OyleT nOKasado HUXe, He BJIUSET Ha CTPYK-
TYPY ONTHMAILHOH 00OpaGoTku, a BLIOOP MapaMeTpoB cxembl 06paloTKH
MoeT OBITE MPoU3BeNeH N0 JOMyCTHMOMY 3HAYEHHIO YCJIOBHON BeposAT-
HOCTH JIOXHO! TpeBoru F

B nonosHenue K WM3J0XKEHHOMY JalyM elle JBa NPUMEepa OLEHKH
BeJIMYUHEl D,

Jlas nmpoTAMEHHBIX Lejel, KOTOpble MOTYT 3aHUMATh HECKOJbKO
(m) paspemaembix o0beMOB, crpasegiuBa dQopMysa, anaJjorHyHas
TOuHOH uacTh paseHcrsa (11),

Dn;: .l - (1 ___D)HI’
korda D,, > D. Oauako Takoil cayyall sBCTpeuaeTcsl KpaHE PeAKoO.
Yaue craBuTCs 3ajaua HE [DPONYCTUTL WM OQHY M3 H  IegeH.

BeposTHOCTL NPOTHBONOJNOKHOIO COOBITHA, 2 HIMEHHO, TPONycKa XOTH
6bl ONHOH UM — COCTABASIET

[)n S I — Dn'
[Tpy ycioBuHM, 4TO 2Ta BepPOSATHOCTL MeHee JonycTHMol D, <<
< Dn HOH, HOJIquM

D>V 1= Duson
Hanpuvep, npa Dy jon = 0,01 # n = 100 tpeGyeMoe 3navenne

100
D> 1-001~1—2%0=09999, uro cormacyercs ¢ mpusesen-

HBEIMH BLILIE AaHHLIMHU.

§ 3.2. NpocTred Uil npuMep ONTHMH3AUMK OGHADPYKEHUS

[TycTb HMeeTcs CTpesouHbiét npubop, MoKasaHue KOTOPOTO XapakTe-
pusyetcs uuciaoM y (puc. 3.1). Ha npubop nocrynaer au6o cymma ua-
pAKeNNd CUrHaia x | noMexy n, Tak 4To ¢y = x -+ 1, 46O 0JHO Ha-
npAxeHHe NMOMEXH y = 1, T. €.

y=n- Ax, 1
rie HEeU3BeCTHHIA HHCKpeTHHl nmapametp A npunnmaer 3Hauenne 0
nia 1. Takum obpasom, 3afiaua CBOAHTCS K TOMY, 4T00bl HO H3MEPeHHOI
BeJHUHHE y JaTh OLEHKY 9TOro napamerpa A¥, onTUMaJBHYIO C TOSKH

3pelHsi KPUTEPHs MUHUMyMa CPEZHETO PHCKA MJIH SKBHBAJIECHTHOTO eMy
BECOBOTO KPWTepHS.
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CuuraeM, UTO BeJHUHHB X, U 11 32 BpeMsA HA0MOelinsa He MeHSTIOTCS,
O:xulaeMoe 3HaueHWe CHTHAJa x¥ TOUHO H3BeCTHO, 3aKOH pacnpeiele-
HUS CIyvaliHoll BeMYUHBbI 7 TaKKe U3BecTeH; Aajee ero OyleM CuuTath
HOPMAaJIbHBIM (IaycCOBbIM).

Ha puc. 3.2, a nokasausl MJOTHOCTH BepOSITHOCTH CJYUYaHHOH Be-
JUYHHB! { TPU YCJOBHSAX OTCYTCTBUS curHajsa A = A, = 0 H ero na-
apuus A = A, = L:

Pyl A)=pa(y), P1A) =P (y). (2)
31ech HHASKCHI «M» U «CM» YKA3bIBAOT Ha Pa3juuye MaTeMaTHYECKHX Bbl-
paxenust p,(y) ¥ p.,(y) NPH 1aNHYKU ONHOH NOMEXH H HaJUYHH CHT-
Haaa ¢ momexoii. Kpusasi p.,(y) cABUNYyTa NO OTIOLIEHNI® K KPUBOI
py{y) Ha TNOCTOSIHHYIO BeMHUUHY X. MaTeMaTHU4eCKH 3TO MOXKHO 3allH-
caTb TaK:

Pen (4) = pn (y—X). (3)

Jlioboe 3akolloMepHOe peuieHUe 3ajaud oOHapyKeHUsi MOXKeT ObiTh
onmHcaHo pewarouiell pyukyuet A* = A*(y), KoTopasi B 3aBUCHMOCTU
OT peaju3auuy y NPHHUMaeT 010 U3 ABYX 3Havenui: O uau 1.

I'papuk o4HON U3 BO3MOMHBIX PewarlliX QyHKUui (He obsisaTen-
HO ONTHMAJbHON) mpHBefeH Ha pHC. 3.2, 6. W3 rpaduka cienyer, uro B
HAHIIOM cayuae s Yo << i << iy TPUIHMaeTcs pelleHHe O HaJuuHH
curiiaja. ¥YCJoBHble BepoaTHOCTH D M F uUMeloT CMbICs BeposiTHOCTel
Monafalus CJAy4YaiHOH BeJUYHHBl iy B MHTEPBaJ Y, —— yf; UPU YCJIOBUH
«CUTHAJ — TOMeXa» WJHM «IOMeXd» U COOTBETCTBYIOT 3aIITPUXOBAHHBIM
MJOIAAAM 1IOJ KPUBBIMH p.. (¢) U p.{y) Ha rpaduke (puc. 3.2, a).

Broxsa B oflulem c/1yyae NPOU3BOJILHYIO PeWaomyIo QyHKIMIO, BLIPa-
xKeHust aasi D u F MO0 3anucaTh B BHAE HHTErpasioB B OeCKOHeUHbIX
npeaenax

D= #@pw)dy, F= [ A@pdy. @

ey

XE*/"“\,

A e

Il "

g K7 51 Yy

Puc. 3.1. Ipoctefimuh Puc. 3.2, YchaoBHee na0THOCTH Be-
cTpelouHblll  oOHapy- poATHOCTH pnly) ¥ penly); rpadux
MHUTEND OAHOR M3 BO3MOXKHEIX peIUAIOMHX

HKKuil A*
¢y )] £



JleHCTBHTENLHO, y9aCTKH OCH &, Aads Koropulx A*(y) = 1, onpenens-
IOT MIOMAAH MOj KpuBbIMU p..(y) U p,(y) monobHO TOMy, Kak 3TO
nokasano pa puc, 3.2, @; y4acTku, xas Kotopblx A*(y) = 0, npu un-
TerpHPOBAHUH Bce PaBHO AANyT HyJb.

- Buipaxenue D — [ F, cooTseTcTgyiollee BeCOBOMY KPHUTEPHIO, MO-
®KeT ObITh TOTA NpeACTaB/ieHO B Bulle

D—1,F= | pa() 4* W) 11 ()L dy, (5)
-rne : L(y) = P 0) ' (6)
pu (¥)

CorsiacHo BeCOBOMY KPHUTEPHIO ONTHUMAJNbHOH fABJAAETCA Takas CH-
creMa obuapyskeHusi, Koropas o0ecneuuBaeT MAKCUMyM HHTerpaja (D).
Y1o6b! BHIIOTHUTh 3TO YCJAOBHE, AOCTATOUHO IJA KAXKAOTO 4§ AOOHTHCA
HanfoJblero 3Ha4eHHs NOAbIHTEr PATbHOTO BbIPAKEeHUs 3a cueT BblOopa
pemawlieil pyHKuuu A*(y). D1a Qyukuua npuHUMaeT TOJAbKO ABA 3HA-
yegua: 0 wiu 1, Tak 4T0 NMOABIHTErpasbHOE BblpaXKeHHe Jubo obpalliaer-
csi B HyJb, Jubo ymHOXaeTcs Ha efuuuny. YroObl focTHYL 11aHOODL-
1Wero SHaueHMusi BCero MHTerpasa B UesNoM, KOCTAaTOuHO ofecreddTh Hau-
Oosblee 3HAYEHUe TOABIITErPAIBLIOIO BbIpAXKeHUs /s KamKAOro ¥,
[IO3TOMY HoJaraem:

1) A*(y) = 1, ecau moppuITerpanbHoe Bhlpaxelue MpPY 3TOM NOJO-
KUTENbHO; :

2) A*(y) = 0 B mpoTuUBIOM cJy4ae .

[TocKO/IBKY NJIOTHOCTH BEPOSITHOCTH p (y) He MOXeT NPUHUMATH
OTPHULATEIbHBIX 3HAYEHHH, TO ONTHMaJTbHOe NPaBMJIO pellieHHs 3ahauu
oGHapyKeHus ,MoxeT ObITh 3aMUCAHO B BHLE

1, ecom I(y) >/,

Ao ()= { 0, ecm I(y) <l @

Beauununa 1(y) = pu(y)/py(y) HasbiBaeres omroweHtem (UIN Kosd-
(UuuHeHTOM) npagdonododust. 6T110we1me NPpasaonofolus npefcTas/aser
cO0OH omrowienue naomHocmet sepoamnocmy 00HOU u moti xe peaat-
sayuu y npu 08yx ycioeusax: Korja NedCTBYeT CUTHAJ H MOMeXa M KOrjia
AefiCTBYyeT TOIbKO noMexa. OHO XapakTepusyeT, KakKyil M3 THTOTE3 O
BbIMOJHEHHH YKa3aHIbIX B3aNMOHUCKIOUAIOIINX YCJIORUIT Clefyer Cu-
TaTh Oosiee npasponofobHol. Kak 1 obe MJIOTHOCTH BEPOSITHOCTH, OTHO-
welde NpapIonojobus e MOXKeT BhlpaXsaTbCsi OTPUIATEBIIEIM YHCAOM.
Pewienue 0 Haaudiu CUSHAAA HPUHUMACHICS, eCAU OMHOUEHUE 11pasio-
nodobus npessitiaem RoOPo2OBYIO Beauuuny Iy, B TPOTUBHOM Cayuae NMpu-
HUMaeTcs pemeline o OTCYTCTRUH CHUIMIANA.

Hrak, kKpurepueM ONTUMAJILHOIO OOHAPYIKEHHS MOMCEM CALHCUME
Kpumepuit omHowienus npasdonodobys, ABASIONIAC CIeCTBHEM 0file-
ro KpUTEpUs MUHUMYMA CPeAHEro pucka. 2T1oT KpuTepuil Haubosee yio-
Gell s DpakTUYECKUX PacueToB.
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HOCKOHBKY ellle He ObLIO HCIOAB30BAHO NPeANnO/JI0KeHHe O 3aKOHe
pacnpenesenus rnoMexy, MpoBeacnioe paccyxjenue IMpuroiHo iadg npoe-
U3BOJIBHOIO 34KOHa pacnpeje/eHus, Ecad XKe nomexa ONHCLIBAeTCHd
1ILeHTPAaJTbHbIM FayCCOBbIM pacnpegesieHueM €O CTaHAAPTHBIM OTKJIOHe-

nueM g H ,zmcnepcneﬁ no, TO NIPH OTCYTCTBUH CHI'HAJA, KOLJA ¢ = 1,

_y
)= e ®
Pa ]/211 g ?
a npd €ro HaJu4u™
__(y—x}2
L3 2
n
e 0, 9
pCl’I (y) V2n nU | ( )
[lpu 3TOM OTHOLIEHHe NMPAaBAONOAOOHA OYIET
2
_(!f*‘;-"zﬁ o2 Xy
0 Ton2 2
e 2n
ly=——p—=e e, 10)
‘-5:3

3aBucuMocTh {{y) gnsa x >> () nokasauna Ha puc. 3.3. Ha ocu opaunar
OTJIOXKEHO MOPOTOBOE 3HaueHue ly. B CHIY MOHOTOHHOrO X0&a Kp#BOH
ycnoBHe [(y) > I, 3KBHBaJEHTHO y >y, a l(y) <C I, — ycJoBuUIO
y << Yy {(puc. 3.3). Torna npu x >0

. . 1, ecmm y >y, _
- 11
Ao =10 ecu y< g, (1)

Orciofa BUAHO, YTO MEPBOHAYAJBHO MpHUHSTas pelaomas QyHKuua

Paly}

Pealy}
y/

<y
¥

) g Yo 4
Puc. 3.3. 3aBxcHMOCTD Puc. 3.4. Kpuspie yCJAOBHLIX ILJIOTHG-
OTHOLIEHHUA TNPaBAOMOAO- creli pepoatHocTH  Pu(y), pc“(y) H
6usg OT pesynbTaToB Hal- rpagux OIITHMEiJIbHOH pewatomiel PyHK-
RIQONCHHA LUK AOIH(J)
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Puc, 3.5. I'padux unrerpana sepoar- Puc. 3.6. Kpusrie oGHapyxenus
HOCTH.

(puc. 3.2, 6) 62 HeonTrMAALHOH, HepreX ¢ onTHMAJALHOH pellatomiel
dyHkuneh, ananornunnifi puc. 3.2, npeicrapien Ha pHc. 3.4. B nem e
OTGpAacHIBAETCA YuacTOK NJIOHIAAH MOA KPHBOH p. (y} npaBee TOUKH y
(puc. 3.2), 4TO yBeAMUHBaeT BepoATHOCTh D. Beanunsa ke BepoATHOCTH
F 1pH rayccoBoil CTaTHCTHKE BO3pacTaeT B CYLIECTBEHHO MEHbIUEH CTe-
NEeHHU H COOTBETCTBYET NPH 3TOM IJIOIIAAH TOX KPHBOH p.(y) (puc. 3.4)
npasee aGCLUCCH . BeNHUHHY y, GyAeM HA3HIBATD nopozoM. Ilpu 3azau-
HOM yPOBHE IOMEX YCJIOBHAs BepPOATHOCTD NOXHOI TpeBord F 3aBHCHT
TONBKO OT BeJHUHHDBL g

0 ¥

Féipf(y)dy=7-%_; 5 e—i’-ds=—;:-[l-—¢(—g9~)]. (12)

n
¥o/hg 0
| , & o_s
£ W) =5 {e7as
15

—— HHTErpaJj BepOATHOCTH, rpadguK KOTOpPOro MpeAcTaBjaeH Ha puc, 3.5.

Taxum o0pasom, seauduny nNoOpPoza MOXCHO uibupame HenocpeocmeeH-
HO N0 300HHOMY YPOBHIO 6EPORMHOCMU AOXCHOR mpesoew, 4TO COOTBET-
cteyeT kpuTeputo Hefimana — [Tupcona. 210 nossosiser wabezame iyue-
ma anpuopkslx (IOOTILITHBIX) QQHHLIX O HOAUMUL UAU OMCYMCMEUU Cue-
Haaa TIPH peanbHOM NPOEKTHPOBAHHH anmaparypel.

YchoBHasi BEPOATHOCTb NPaBUbHOTO o6HapyeHus: D cooTBeTCTBYeT
RJIOIAAH OA KpHBO# p,.(y) npaBee abcuuccsl y,:

D~ jpm(y)d e T e Tdsm g [1—o(tt))

(o=—x) fry
W/IH, B CHJAY HE4eTHOCTH P (u)= — P (— ), OKOHYATEJILHO
] —
“4[o (5]
ng
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ITpu 33AaHHOM yPOBHE NMOMeX n, BeJaHunHa [ 3aBHCHT He TOJILKO OT
Nopora Yy, HO ¥ OT BEJMYHHBI OXHAAeMOro curnana {puc. 3.6). 3aBucu-
MOCTb L(X) MOXKET OblThb IIOCTpOCIa KAYECTBCHIIO H3 allajiv3a IJIOMmAaan
moj, KpuBod p..(y) HA puc. 3.4 W KONHYECTBENIIO -—— B COOTBETCTBHHU C
coorHourenueM (13). B uacthoctd, npu x = 0 3navenune D = F, npu
x == y, 3nauenue D = 0,5, npu x> y, snauenne D =~ 1. Yem Boiue
YyPOBEHb NOPOTa y, M MEHbINE YCJIOBHAs BEPOATHOCTL JIOKIOH TPeBO-
ru F, Tem Bonbiie kpuBast D(x) caBuraercst Bnpaso. [Ipu srom ais obec-
neueHus TOH e BepoATHoCTH D) Tpefyercss GoNbIINHE YpOBEeHb MOJe3-
noro curiiana. Kpusee, nsofpaxennvie Ha puc. 3.5, HOCAT Ha3BaHHe
Kpusbix OOHAPYMCEHUSA.

Bomnpochl OTEICKaHUsT ONTUMAJBHBIX PeilaomuX GyHKLHA H NocTpoe-
HUSl KPHBBIX OCI@pyXEHHsI, pPAacCMOTPelHBle BBl Ha IpocTeiilem
NpEMEpe ONTHMH3ALMH, ABATCA B AaJbHEMleM Ba’KHbLIMH Da3fesaMH
TEOpUH OCHAPYKEHHS! peasbHbIX CHTHAJOB.

§ 3.3. Hocranoska 3apa4ym oNTHMAJILHOrO 00HADYXEHNA
PeajbHbIX CHTHANOB

Pea/ibHble CHrHAAL ABAAOTCS QyHKuuaMu Bpemenu. [lostomy B
OTJ/INYHE OT PACCMOTPEHHOTO B § 3.2 npocTeiinero npuMepa, pe3yJabTHPY-
lomee KoJeGaHNEe Ha BXOAC MPHEMHHKA (T. €, ele HEHCKAXKEHHOE B €ro
SJEKTPHYECKHU X [ICIAX) HMEET BHJ,

_ y(t)=n(t)+‘4x (ts a, ﬁ)’ (1)

Tae n(f) — KoJgeGaHHe [IOMeXH 1a BXoje (W/u IepecuHuTanioe Ha BXOK)
NMpUeMHHKA, MPEACTABAOMEE COOOH CTAaHOHAPHDBIA C/y4aiHbIH TPOLECC
C H3BECTHBIMM CTATUCTHYECKUMH XapaKTEPHCTHKAMH;

A — Quckpemupil cnydaiiHbIl napameTp, NPUHHMAKMUE 3HAYEHHE
0 uau I

x(t, a, B) — uspectHas GyHKuUA BPEeMEHH U NapamerpoB &, P, omu-
CHIBAKOMAA ONULAEMK CHUMHAM € YUeTOM 3aKOHA er0 MOAY/IALHH, Me-
Toja o630pa NMPOCTpaHCTBA H T, IL.,

o — (PUKCUPYEMBbIH TIpH OOHAPYKEHHH l1apaMeTp HJHM COBOKYIHOCTh
MapaMeTpoB OXUJA€MOro CHrHana (BpeMsl 3anasAbiBaHus, ACIIIEpPOB-
CKO€e CMEMIeHHe 4acToTH U T. I,). [Ipu oOGHapyxeHuu uenu B gnanasoHe
lDanpHocTell (CKOpoCTeH) s KaxJa0ro (MKCHPOBAHHOIO & 3TOTO JHa~
na3oHa HYXHO 00eCneuuTb NPUHATHE ONTUMAJLHOIC PEleHHS,

P — cayuaitnplii nepukcupyemslil Npu OOGHAPYIKEIHH ITapaMerp
Uil coBokynsocts 4, Ps, ... TakuXx napamerpos (HavasbHas ¢asa
CHI'HaJa, €ro aMIJINTYA4, COBOKYIHOCTb HAYAJNBHBIX (a3 H aMIVIMTYX
CHT1ia/1a, COCTOSIIEro H3 OTAENbUBIX NOCHLIOK). ITockonbky npu ofHa-
py¥enuu 3TH napaMerphl He PHKCHPYIOTCA, 3ajaercs IJOTHOCThL Be-
posATHOCTH WX pacnpegenenus p(p) nau p(B,, Bo, ...).

HauGosnee cymecrBeHHo#t 3afaveil TeopHU ONTUMAJBLHOIO OOHApY-
JKEHH A SIBJISIETCH OTHICKAHHE 3aKOHOMEPHOrO Pellalouero npaBuaa mpH-
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HATHA PENIeHW O HAMHYHH WM OTCYTCTBAY teau (A* = 0 uan A* = 1)
B 3aBHCHMOCTH OT BHA4 QYHKuUUH y(f), T. €. OTHICKAIINE CUCKPemHOeo
(pyHKyUOHA

Agnr = Aome [y (O}

(PyHKLHMOHAMIOM HAa3bIBAIOT [EpeMEHHYI0 BEJUYHHY, 3HaYEHHE KOTO-
pOU 32BHCHUT OT BHJA (PYHKLIHH).
Ecnu pemieHne npUHUMAETCa A5 pas/IHYHbIX 3HAUYCHHH & B IIEKOTOPOM

EMANagoHe HX H3MEHEHH, TO HeOOXOAUMO HAHTH Ayn, KAK QYHKIUHI0 &

Apnr (0) = Agar ¥ (8) | @)

Kpurepuem ONTHMANILHOCTH MOMET CAYXKHTb KPUTEpUIl MHHHMYyMa
CpERHErc pHcka, Jaub0 BBHITEKAOIIMH U3 HEro Gosee yAOOHLIH BECOBOH
KPUTepUii, He TPeOYIOILUE HENOCPEACTBEHHOrO HCIOAB30BAHN S AOOIILIT:
HbIX JaHHBIX O HATHYMH WIH OTCYTCTBUH LEMH.

Hapaay ¢ ykasamnod 3afgadedl B TEOpPHH oﬁnapyn{euus{ peluaoTcs
33Ja4d yCTAHOBJIEHHSl MPAKTHYECKU IPUEMJEMBIX NPUHUHIIOB [OCTPOE-
uusl (CMHTE3a) annapaTypel o0pa0oTKU curiasna, koropasd Oyaer pabo-
TaTb B COOTBETCTBHH C ONTUMAJbLHBIM Dellaloll¥M [pPaBHJIOM, H OLEH-
KM KAYECTBEHHBIX MOKazaTenedl oGHApY»KEHUS, ALAJOTHYHBIX DPACCMOT-
peHbM B8 § 3.2.

I'lpm uwanucanuu ¢opmyam (1) uMenoch B BHAY, 9TO 30HAUD YIOWIHH
CHMIIlaJl He u3Melislercss IO/l BO3JACHCTBHEM ITDUHHMAEMBIX KoOJeOalHil

y(f), Tak 4to pyukuusa x({¢, o, B) or y(t) ne saBucur. Co cayqaem, Korja
napaMerpn! 3OILAHPYIOILErO CHUrHajJa MEHSIOTCH B [poiecce IpHeMa
‘peannsaiiu y(f), BLIXOASILKUM 32 MNpefeNbl IMOCTaBJCHHOH 3a1aqu
U OTHOCAILHMCA K nocaedosameviomy anaausy, Mbl BCTpeTumes B § 8.3
H 5.5.

§ 3.4. MeropguKka peiseHHsi 3a/1a4¥ ONTHMAJALHOTO OOHAPYKEHUR
peaJibHbIX CHTHAJIOB

Ilo ananoruy ¢ npumepoM ontumusauuu (§ 3.2), paccMaTpuBas cra-
TUCTUYECKHE BONPOCH! OCHAPYXEHUs, HeoOXOLUMO HAHTH NOAXOAALILM
cr1oco6 COTIOCTaBJENNS] BEPOATHOCTEH pas3/MUHBIX peaju3auuil xojeba-
Hus y(f) Ipy HaNMMUUE WIAH OTCYTCTBHH cuTHasa. Oanum U3 Haubosee
NPOCTBIX IyTed B 2TOM lIaNPaBJEHHH sIBJSETCSH BBEACIHNE NPEATIOI0KEHHS
0 CIIEKTPE CHIHAJOB H NOMEX, 02panu4eHHOM HEKOTOPOH HaHBLICUIEH
yacToToll [, .., BEIHYHHY KOTOPOH B JandbHelltem MOXHO OYIAET Bol-
6paTb NPOH3BOJIBIO OOJBIICH ¥ CHATb TEM CaMbIM HAJIOXNEHIOE Orpa-
HuqeHde. MaBecTHO, 410 4AA OYHKUMHA ¢ OrpaHHYeHHBIM CIIEKTPOM CApa:
Be1/IUBa meopema Komeapruxosa, NO3BONSAIOILAS IPEACTABHTL (Y HKIHIC
y(f) B BHle OAHON M3 Pa3HOBHUAHOCTEH DPA3/NOXKEHHS B Psll MO Hecay-
datinoin Quakguamn P, co cayualiupiMi KoIPOHIHEHTaMY

Y(t):;yaa Py (0). ()
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-7

B pgauHoM cJaydae y, = y{f,) — 370 3HaueHUs OQYHKUAH y(i)
B JUCKPETHble paBIOOTCTOAIME MOMEHTH BpemeHu f, — kAf{(k = 0,
+1, £2, ..), rae Af — unTepBaa IUCKPETH3aLUH, CBA3AHHBIA C rpa-
HUYHOH YacTOTOH -

Af et _ )

QfM{lHC

a Py, (f)——310 CABUHYTHE MeXJy CcoO0H Ha BpeMd Al QYUKIHH BHJaA
sinx |

X
$in 20fsaxe (F 1) (3)
200  mave(f—x)

Pr ()=

Kak BHAIIC U3 pHUC. 3.7, [IpH CYMMHPOBaHUH CABUHYTHX BO BpEMEHHU
o« §inx .
1 H3MEIEHHBX B Y, pa3s (pyHKuHH — 3HaUYeHHUd STUX (l)ynKuHH B MO-

MEeNT BpeMmenu f = f,, BCe, KpOMe OJHOro, 0OpAlLAOTCs B HYyJb, a 510
mocJefHee 3HaueHHe OVAET y, = y(f,). B NIpoMexyTouHnle MOMEHTHI
BpEMENH CymMMa pfAAa M OluchiBaemas € PyHxuus y(f) coBnajawt
MOTOMY, YTO CyMMa p#jJa He HCILITLIBAET 3aMETHLIX KoJebaHuil B0 Bpe-
MEHH, MOCKOJIbKY OHAa HE COACPKHUT CIEKTPAJbHBIX COCTABJAIOLIHK,

= 2Af. PasBepiyroe JA0Ka3aTeNbCTBO

NepHoJ KOTOPBIX Mernee”

fMB.Rc

JaHo B IPHJIOMEINH 3.
gt Henoan3ya teopemy Ko-
TENbHHUKOBA, PASAUMHBIC PEQAU-
% % ]5’2 | L7 BAYUL HENPEPBIBHOLT  yHKyLU
“Zt T Of 4t 7t . y(t) moxcHo ceecmu K MHO20-
MEPHOIM  CAYRQUHDIM CEALUYUHAM
ll...tt....... Y:{yls Yo, .“}' OﬁﬂaCTb
4, _5_;%2‘_’%&‘“ ONpelesieHHs]  3THX  BEJIMYUH
{LE " HA3BIBAIOT MHOOMEPHUM NPO-
S0 e ‘ cmparcmsom. VapecTHo, uTO

ojHoOMepHBe caAydaliHnle Be-

sin 272f5, (t-42)
5T IR (taT)

SLN 27 fur (E-248)
Y7 2nf, (t-78t)

J 24t t

Puc, 3.7, [logcuenne teopemnl Ko-  Puc, 3.8, [loscHerue onarua maor-
TeALHHKOBA HOCTH BEPOSITHOCTH peanusaunuu y(f}
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JAYHHbl XapaKTEepHSylTCA ToukaMH Ha INPAMOH  y;, HABYMep-
Hble — TOUKAMH HA IJIOCKOCTH {1, Y2, TDEXMEPIIKE ~~ TOUKAMH B HPO-
CTPaHCTBE Yy, Y3, Y3 MHOrOMEpHOE MPOCTPAHCTBO IIOHHMAXOT KaK HEKO-
TOpy0 abCTPaxkuyo, HArIAAHO H/ICTPHPYEMYIO C [OMOIUbLID Tpex-
MEpHOTo, ABYMEPHOTO (IJOCKOCTb) HJH OJHOMEPHOTO (IpsMas) Upo-
ctpatctBa, IlpH 5TOM TOYKY MHOTOMEDPHOTO MPOCTPAHCTBA IOHUMAIOT KaK
YCJIOBHOE HAHMEHOBAHUE Peanusaniy KoshdUIHEHTOB Pa3JOXKEHHS iy

Ilpy HenpepelBHOM paclpelesieHHH BEpOATIIOCTEH KaxKaAyl pea-
JNHU3AIHIO Yy, Yo, ... MOXKHO XapAKTEPH3OBATH CBOCH MHOOMEPHOU NAOM-
Hocmoto gepoamnocmu plyy, Ys, ...). YMHOXKeHHBE HA dy; dys ... 3TH
IVIOTHOCTH  XapPaKTePH3YIOT COBMECTHYIO BEpPOSTHOCTL  peasIH3aluH
nepBoil OHOMEPHON BeJIMYUNEBL B NPEeIax MEKARY ¢, U iy + dy,, BTO-
poli — B MpEeJeNax MEXAY ys U y» + dys 0 T. A. Ilockonbky BennuuHHbL
Y1» Yo» ... OBNHO3HAYHO ONPEAEJSIOT BCIO KPUBYIO, TO BeqnuMHa p(y,
Yy, ...) dyydys... npeacrabaser coG0H BEPOATHOCThL NMONALAHUA PeaJu3a-
unl KpHBOH y(f) Ha «AopoxkKy» (pHC. 3.8), onpenensieMyw HHTEpBa-
JaMHl 3afiaHUA JUCKPETOB Y, < y < Yy, -+ dy,.

BoJsiee KpaTKo MIIOrOMepHYIO INIOTHOCTL BEPOATHOCTH p(Y1, Yo, «».)
GyneM o6osnauats p(Y), a COOTBETCTBYIOIHE VCJIOBHHE IJIOTHOCTH
BEpOATHOCTH NMPH IaJH4YHH ofHoH nomexu p (Y) M cHrHana W momexu
PeaY). duckpernuiit ¢pynxumonan A*[y(f)] nepexopur B Quckpemuyto
Gynryuwio A*(Y), Kak ¥ painee, TPUHUMAIOIYIO B 3aBUCHMOCTH OT Y
npa snavennsi: 0wy 1. BuGop nannyumedt pemaromedt pysruuu Aoy, (Y),
T. €. Hauayduiee pasbuerue MHOIOMEPHONO NPOCTPAHCTBA Ha 0f/1acTu
A* =0n A* = 1, npexacrasaser cofoil Guuxalinyiw s3ajsuy Teopui
ofHapyKenus,

Pemaa sty 3agauy no aHajoruu ¢ § 3.2, naijaem Boipaxenust D u F
L5 TIPOH3BOJNLHOM dynkuyu A*(Y):

D= { pea¥) A*(¥V)d¥,
(Y (4)
F= S p, (Y) A* (V) dY,
(¥
ric dY = dydys..., a obnacTh HHTETPHPOBANHA COOTBCTCTBYET BCeM

BO3MOXKHBIM 3ladeHUAM Beauuuubl Y. COCT4BAAS BECOBOH KDUTEpHH
D — [,F, naxoaum

D—1,F={ p, () (L) — L] A* (V) a, ©)
(Y}
rae
1Y) — Pen (V)
®) pu(Y) . ©

~— omuowenue npasdonodobus 0 Mrozomepuoll cayqatinoll eesuuune,.
Kak u B § 3.2, MaKCHMyM BECOBOTO KPHTEpHA AOCTUTAETCS TNPU onrm-

ManoHol peutarowiel (yrKyuu
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I, ecu (V) >,

(7)
0, ecan {(Y)<T|,,

A (V) = {

rie /; — [OporoBoe 3HAUEHHE OTHOLIEHHS IPaBAONOA0OHs, OGBIUHO
BbIOMpa€MOe B 3aBHCHMOCTH OT 3a4alfOr0 YPOBHA YCJOBHOH BepoAT-
HOCTH JOXKHOPH TpeBOTH.

Ipunumaemoe konebaHne y(f) ¢ HEOTPAHUYEHHBIM CHEKTPOM OIIH-
CBIBA€TCA MHOTOMEPHOH BHIOOPKOH Y TeM sydure, yeM MEHbIIE HHTEPBAJ
auckperusamun Af, T. e. GosbUIe TPaHUYHAS [0J0Ca ANNPOKCHMALUK

1
fuare = 55;- Tl03TOMY MOXHO cuutarh, yTo B mpegene npu Af— 0

ONpENLSACTCH UCKOMBUL PYHKYLOHAN

Ay () |a) = | b com Ly O laf > 1L,

3)
0, ecan Ly (&) |a] <<,

rjae

1y () ]e) = Jim Por (12, . o
= 1

B coornomenuut (9) napaMerp o ROLIEA TOJABKO B YHCJUTEb, TAK KaK
Ipd OTCYTCTBUH CHCHAJNA [IVIOTHOCTh BEPOATHOCTU peaausauud Y Or
rapaMerpa curuasa o HE 3aBHCHT,

OnucaHuasi MeTOAMKA pEelmeHUs ¢ HUCNoab3oBanueM TeopeMbl Ko-
TEeJbHUKOBA He fABJSETCA €IUHCTBEHHO BO3MOXKHOH, HO B CHJY CBOeH
NpocTOTH HauboJee yio6HA JUIA NEPBOHAYANLHOTO U3YUYCHUS .

§ 3.5. CratHcTHKa a0OKTYaUMOHHOH [OMEXH

Meroarka onTumuzanut oOHapyxenus (§ 3.4) npegycmaTpUBaeT HaJu-
UyHe CBEJAEHHUHI O CTAaTHCTHKE NOMEXH, Ha (olle KOTOpoll NPOH3BOANTCH
obnapyxenne curnana. OpHo# H3 OCHOBHBIX M TpocTefiie#l ¢ Touru
3peHHs] MATeMaTHueCKOI0 AHAJNN3a ABJIACTCHA QMOKMYAUUOHHAs TIoMexa
(QIOKTYAIMOHHBIA IYM)., ITa NOMEXa HABOAUTCA B IIPHEMHON aHTEHHE,
Jau60 Co3faercst BoO BXOJAHLIX Sj€MelTax NMPHEeMHOro YCTPOHCTBA 3a cyer
TEN/JIOBONO ABUKEHHS 5/1€KTDPOHOB B CONPOTUBJEGHHUAX, APOGOBOTO 3dh-
(eKTa B 3JEKTPOHHBIX IpHOOpax H T. I.

Ilpyu BO3AEHCTBHH Ha Y3KOIOJOCHYIO KOJ€0aTesNbHYI0 Helb CAydai-
IIbIE TOJYKH TOMEXH BhI3bIBAIOT HAJATAIOIHECS NEepeXxOAHbIE MPONECcCH,
TeM GoJee TpOAOKHUTENbHBIE, UeM yiKe nonoca Af (puc. 3.9). B rax-
JBIH OTAEJbHBIH MOMEHT BPEMEHH HaJaraercd 0oJbUioe YUCJAO CAyyai-
HBIX BO3JEHCTBHII M MIHOBENIIbE 3HAYeHUs (WIOKTYaNHOHIIOIo Iyma
B COOTBETCTBHH C LEHTPAJNBHOH INPEAEJbHOA TeopeMod MOAUHHAIOTCA
HOPMOALHOMY (TAyCCOBY) 3aKOHY, ITOT 3aKOH MOXHO 3KCIEPHMEHTAJ/Ib-
HO naGawjaTh, CHUMAs C TNOMOUIbID (OTOJMEMENTA paCIpeedierne
SIPKOCTU SKPaHa ocnuaiorpada, Ha BepTHKAJLHO OTKJOHSKWIIUE /13-
CTHHBI XOTOPOr0 I10JaHa (MWIIOKTYAHUOHHAS [IOMeXa NpH  BHIKJIIOUEHHOH
ropusonTasbHol passeprke. Ha skpane mpu stom Habuiopaercs cBeT-
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Puc, 3.9, Cnyvafinag peasusanua NOMEXH Ha BEHXOAE
PEe30HAHCHOTO YCHJIMUTEJNS, HACTPOEHHOTO Ha HacToTy fyp

J1afl BepTHKAJbHAsS 4epTa, sSipKas B IeHTpe U TeMHas no kpaam. Pacnpe-
Oesenue amnaumyl HEACTEKTHPOBAHHOIQ [yMd, KaK W pachpeje.e-
HHe aMIVINTYJ MEHOBEHHbIX BHOYeHUL, COOTBETCTBYET IPOCTOMY 30K0-
ny Peses (§ 2.12). llpu nonaye Takoro waryMa Ha BePTUKAJLHO OT-
KJOHSIIOLME TIVIACTUHEl MPH BLIKJOUEHNOH MOPU30HTANLHOH pa3BepTke
HaOJII0/IAeTCA CBETJIas BEPTHKaJbHAsl YepTa € HECHMMETPUYHBLIM pac-
NpeAeJeHUEM APKOCTH; HAUDO/bIIAA PKOCTh COOTBETCTBYET HAHBEPOAT-
HefiureMy 3HAYEHHIO AMIVIATY /B,

Crpykrypa peanusanuii myma (puc. 3.9) 3aBHCHT OT XxapakTepa
JepexoJHblX MpPOHECCOB B [EMH, € BbIXOJAA KOTOPOH CHHUMaercsi 3TOT
myM. HToObl OMHCATbh CTPYKTYPY, JOCTATOYHO CHATb KDUBYIO a6mo-
KOPPEeASYUORHOL yrkyiy UyMa, uHanpuMep, ¢ IOMOIBID CXeMbl
(puc. 3.10). B nefi npenycMoTpeHbI: 3aepaKKa QIIIOKTYaIHOHHOTO HATIP -
Xelns Ha NPOH3BOJbHOE BpeMs T; NepeMHOXKeHHe 33JepPKaHHOTO U
He3aJePKAHNOro Koae0aHuil, HanpuMep, NyTeM BCTPEYHOro BKJIOUEHUS
AHOLOB C KBaJParHYHBIMH XapDAKTEPHCTHKAMH, Ha KOTOPbIe MOAAHbI

. [{n ns\?
NOJYyCYMMa H IO YPa3HOCTL NEPEMHOKAEMbIX HANP sIXEHH I [(—1 ;1-3) —
ny — ng\2

-——(~————1 5 2) ]= My, HAKOHEN, YyCpeAHeHue BO BPEMEHH, KOTOpoOe
IPUOIHKEHHO OCYIECTBAAETCA € IOMOLIGI0 WHTErPHPYIOWEH LeNH TH-
na RC. B pesyabrare g1a KaxAOH PUKCAPOBAHHOHN 3aJEDKKH T HEHAE-
TeKTUPOBAHHOIO WIYMa TOJAYYHM BEJHUHHY, KOTOPYIO MOMKHO NPHHATDH
3a UCTUHHOE 3HAYEHUE KOPPEIAIHOHHOH (YHKUUU

T
R(T)zn(f)n(tur)leiTo%j‘n () n (t—1) dt (1

¢ tem Gosbmiedl TOUIOCTHIO, YeM OoJiblie NEepUOJ YCPEAHEHHS HO CPaB-

-1

HEHHIO C .
o 3aiaHHOMY PACIPEIeNeHHIO CIEKTPATbHON NAOMHOCTIL MOULHOCHIL

nomext No(f) xoppensnuoHHYIO (YHKIIMIO HanpsKeHHs CTalHOHAp-

IIOI'O [IyMa, NOAAHHOTO HA CONpOTHRAeHHE | oM, MOKHO HaHTH U3 COOT-

HOUICHK A

98 § 3.5



oo
R(r)= S N, (f) cos 2nftdy. )

0

Ecau wym neficrsyeT B nosoce oT 0 10 fuaue CO CMEKTPaABHON
naoTHocThi0 Ny, TO

R (%) = Ny fyape o iie T &)
fmaxe T -

OTKYA2a BHAHO, YTO uem wiupe noaoca, mem Ovicmpee ocrabAsomen Kop-

PeASYUOHHbIE €BA3U nomexu (LNUTeNbHOCTb TEePEXONHLIX IPOLECCOB

MEHbILE).,

B npenesbHOM cayyae f,. .. —> 00 iMEeM IIyM C PABHOMEPHBIM pac-
npeAeNeHHeM MOIBHOCTH No cnekTpy. [To anansoruum c GenabiM cBerom,
TaKXe UMEIOLUHM PaBHOMEPHOE paclpefeseHne Mo CIeKTPY, TaKoH myM
Ha3bIBaoT Geasis. KoppensinuonHas ¢yHKuMs 6e1Oro yMa HMEET BHA
nenbra-pyHKuHH

R(T)=N05| cos 2nf~cdf=-"‘é_° (%), )
¢}
riae .
S (1:) — S ef?r:ft df. (5)

Iocaeauasa obaagaer CBOHCTBOM

§°6(1:)d1:==1. 6)

-0

Ona ofpamaercsa B 6eCKOHeYHOCTb MpU T =0 ¥ B Hyab npu T %0,

nitinft-)

n(e - T | &t
.LL . ntrl{ x i_’.. .-.-.‘/)
t / 2
(//aﬁa:.ﬂ' nepe- | Ymugmu- HHIMELAMIZ |

| mewwod TERE - YERNUTEN
Jacdeswai

o~ ———

=4

lexepamos
pa3feomais

Puc, 3.10. Cxema ocuidasnorpaduyecxoro HaJIOgeHHs
KOppensilHORHOH QYHKUHH (nIOKTYALHOHHOR NMoMmexw
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s OTbICKanmsi MHOrOMEpIIBIX IIJIOTIIOCTEH  BEpOSITHOCTH  prlyy,
Ys, ...) peanusanuil AuckperoB KoTenbHHKOBA (y; = fy, Yo = N3, ...)
«KBa3ube1oro» wyma (CTEeKTp PaBHOMEDEH JHIIbL B Mpefenax KOHEYHOH
noaocel O < f < fuawe) CYILECTBEHHO YCTAHOBHTD KOPPEAAYUOHHOIE MO-
mermbr (Kosapuayuu) omoeavruix JucKpem

Y=y )y ) =R —1).

Cyyrad, dTO AUCKpETH3aUKMA NPOU3IBOAUTCA B TOYHOM COOTBET-

CTBUM C LIMPUHOU CIeKTpPa [OMexXH, umeeMm [, —1I, = k— , OTKy/a
sz:mc
_— sinn (k—1)
Ve yl:NU fMﬁn(:W' (7)

Takum ofpasom, pasauursre Ouckpemet (R 5= 1) OKasbiBarOTCA MEXAY
COOUR  HEKUPPEAU POBAHHBIML, @ QUCIEPCUs NPOU3BOABHOE QUCKpPermbl MO-
XeT ObITh HaliieHA KAK npoussedentie criekmpanrvrol naomuocmi Ny na

1040CY fyaxe. OOpPATEM BHUMAHUE HA TO, YTO 3J€Ch Pa3MEPHOCTD CIEKT-

am

paJbHOH I[JIOTHOCTH MOMEXH [E] = (o). llpu sroM aucnepcus Ha-

NPSAKEHUA HA COTPOTHBAEHHU | 0M UHCAEHHO OIPEASNSETCS BEJIHIHHON
" g2
Nofyaner HU3Mepsiemoil B [dw - eyl = [em] = [5}}—{]

I1oCKOIbKY OTCYTCTBHE KOPPEASALMH HPUH3BOJIbHBIX BEJIHYUH Y
U y, (& %= [) 1pu HOpMAJILHOM 3aKOHE paclpeiedeHus o3layaer HX CTa-
THCTUYECKYIO HE3aBHCHMOCTD, HCIIONb3Y S TEOPEMY YMHOMXKEHUS A4 10T
HOCTEH BEPOATHOCTEH, NOJYUHUM

pr[(yI! Vas “‘)zpn (yl) P (y2) Ty (8)
rue

2
R

1 TAN T Al TN
— e ¢ 'Mare — —_——e °© o, g
Pr (Vi) = — s ]/ — ©)

b. OTHOWWEHMUE TIPABIOINOOOBRUSA
M KOPPEJISILIMOHHAS OBPABOTKA
KOT'EPEHTHBLIX CUTHAJIOB

§ 3.6. OTnHowenve nparaonogo6ua ¥ nNpocTei wHil
KOPPeasiHOHHBIH OOHAPYKUTEND AJisi CHFTHAAR C TIOAHOCTLIO
H3BECTHBIMH NTAPAMETPAMMU

2
v yk Al

HauGonee npoctoii npuMep BhIYHC/AEHUSA OTHOLIEHUA NPaBAONooGHs
OTHOCHTCA K CJAy4alo, KOTAa OXHAAeMblil cUrHag x(f, o) 1€ UMeeT Heus-
BeCTHLIX MapaMerpoB. TOrJAa NpH yc/I0BHY NHAJIHYHA CUTHAMA U NOMEXH
npuHUMAeMOe KoJaebanue y(f) oraudaercss OT CayyalHOro KoseGanus
ITyMa Ha H3BECTHYIO QyHKIHIO x(f, a):
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y (@) =n(t)+x(, o).

JlMCKpeTHble 3HAYEHUs y,, COOTBETCTBYIOIIHE STOMY KoaefaHuio, yAOB-
ReTBOPSIOT PaBEHCTBaM

yh=nk+xk’

re X, — H3BECTHbIE BeJHUYHHBl (IHCKPEeTHblE 3Ha4YeHHs CHTHAaJa),
k=1, 2,...

D70 3HAYAT, YTO RAJHYHE CHTHAJA NPHBOAHT K CMEHIEHHIO pacrpe-
NesIEHNs] BEJMYHH gy, [0 CPABHEHHIO CO Cay4YaeM, KOorja JefdcTBYeT ofHa
moMexa M y, = f. AHajgornuHo cooTHoweHHo {(3), § 3.2)) Momuo
HaITHCATh

Pon (V1 Var ) = Pu(V1——%ys Yo=—Xg, o) (1)

Takum 006pas3oM, OTHOWIEHWE NPABRONUONOGHA IJsi CHUTHANA C NOj-
HOCTBIO M3BECTHBIMH ITapaMeTpamMH MOXKeT ObITb NPeJCTaRJaeHo B BHJe

Y (o) — Pau=%n yp—ra, o)
( l ) pn(yl’ y?.: ...) (2)

Hcnoabaysa cootromenus [(8), (9), § 3.9)), Hafizem

Vi—x3) " AL {(vo—x,)?Al

- NU eh No
LY o) =—
I yf At yg Af ’
TN, e‘ No

e

RJTH

_-NI—GngAi -1'72.0—2 xkyhAt
I(Y]e) =  * e K : (3)

Bhipasenue (3) onpenenser HCKOMOE OTHOLIEHHE NPaBAOMOAOGHS
IJIS CUTrHAaJ1a ¢ NOJHOCThIO M3ABECTHLIMH [TapaMeTpaMHu H NOMEXH B BHe
kBazubesoro wyma., Ouo JONYCKAET NPOCToli npelesbHbl Nepexon x
cayyao 6enoro IyMa, Koraa fy.xe —> o0, a Af — 0. Ilpu stom cymma
B I0K43aTese CTeleHH MepBOTO COMHOXKUTENS! IepefileT B HHTerpal,
YHCJIEHHO pElBHbIﬁ 3HEPrHH OXXUJAEMOTO CHTrHaJjaa,

3]

Him D) xi At = j X2 (¢, @) dt = 3 (a). 4)

Al —+0 &

-——0
Cymma e B OKa3aTe/le CTENEHH BTOPOrO COMHOMKHTEAA NEPeHIer B uH-
Terpasn

lim X,y M= | x(t,0)y(t)dt, (5)

Al &

é'?._—-"}g

KOTOpBIl GyAeM Ha3biBaTh AAJEE KOPPeAAUIIOHHbIM.
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t! ] flopeeoboe A%
.5/( .ngg‘?:'u— | Hf;?;;;ﬂa z yempod cmBo | A f,emabzo
il Zp A =Q,ecmu 2<2,

f.z' (t,a)

Puc. 3.11. CTpykTypHas cxema npocrefitier0 KOppesifilHOH-
HOro OGHApYWHTens

OkonyarenbHo OTHOWeHHE NMPABAONOKOGHA MOMET GbiTb NpPECTas-
JI€HO B BHAE

[y () |a) = e=5(@Me g22(@its, )

rae N, — cnexTpanbHas IVIOTHOCTb LiyMa; () — SHEPTHA OXKHIae-
'MOTO CHTHa/a H 2(0t) — KOPPENAUMOHHBIN MHTErpa

og

z(a) = S x(t, @)y @) dt=z[y(t)|al. (7

—0g

Takum o6pa3soM, omrowerie npasdonodobus SBAREINCA MONOMOHHON
PyHKYuell KOPPeARYUOHHO20 UHMezpaAn, KOTOPBIi C UeNbio NPUHS-
THS ONTHMAJILHOTO PELIEHHST MOXET ObiTh PACCYHTAH O HPHHATONH pea-
Au3anuH y(f) And 10060ro GUKCHPOBAHHOTO MAPAMETPA o, HATIPHMEp s
sajlaHno¥ JanpHOCTd. CpaBHEHHe OTHOIIEHHS TNpPaBJONOAOOMS € M0-
poroM /, 5KBHBAJIEHTHO CPABHEHHIO KODPESUHOHHOTO HHTErpana ¢ co-
OTBETCTBYIOLIKMM MOPOTOM 2, (aHasoruuno puc. 3.3):

z{t) . z(t)

S o  t V 7 =

yft)z(t}=n(t)z(z) y(r)z-/t)w{r).r(t&'z?(t)
"W Mh' 'WW 'W' ’ I

g ] z ] [
t 2} 2)
z=bf:{t}y(t)dt 2
L ' ot
-—F—%Tp . 0 7y ?
a} &)

Puc, 3.12, Tlosicuenue KoppeasnnonHofi o6paboTKu
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2, = zn(a)=%9_ Ini, (@) —1«%3 (@),

T. €, OfMUMOALHOIUL ODHAPYICUINENs COANEH BOMUCASIMb KOPPEAAYUOH-
Houl unmeepas (7) u cpasHusames €20 ¢ HOPOSOM.

CrpykTypHasi cxema OPOCTeHINero 1o NMpHHUUNY AeHcTBHA obHapy-
JKUTES CHTHAJA € [IOJHOCTBIO H3BECTHBIMH NMapaMeTpaMy NpeNcTaBjeHa
na puc. 3.11. Ona cocTOHT H3 yMHOKUTEsI, HHTErPaTopa H MOPOroBOro
YCTPORCTBA (OTpaHHYuHTE s No MHHHMyMY). Ha ymuoxurens nopaercs
onopHoe KoJjebaHue x{f, o), COOTBETCTBYIOIIEE OXHAAEMOMY CHUTHaJMY,
U npunsThiit curnaa y(f). HenocpeacTBenHoe uuTerpupoBaHHe Mpo-
usseflenust x(¢, o) y (f) naetr xkoppeasunoHHubit uuTerpan. Takoi obua-
PYXKHTEIb HA3LIBAETCH KOPPeASYUOHHbIM. BeauunHa KoppeasuHoH-
HOrQ HHTerpaja CPaBHUBAETCH C IMOPOrOM 2, INOPOrOBOFO YCTPOMCTRA.
YpoBeHp nopora mnofbupaercd Tak, 4ToObl BEPOSITHOCTb F JIOXKHOTO
NpCBLILICHHST nopora Oblia He Goablie AonycTumoit. OmopHoe KoJeba-
HHe x(/, @) MOKeT BhIpabaThIBaThbCS CIEHAJbHBIM TeTePOAUHOM B 3a-
BHCHMOCTH, HANPHMEp, OT YCTAHOBJEHHOTO BpeMellld 3anasAbiBaHHs &,
MPONOPLUHOHAIBHOTO AaJbHOCTH [0 uenau. ONopublii CHTHAA MOXKET IOy~
YaThbCsl TAKKE HEmoCPeJCTBEHI0 OT mepelaTuuka pajHosoKaropa uepes
JUHHUIO 34JePHKH Ha BpeMs o.

®Duanuecknfi CMBICJT KOPPedslMOHHOH 00paloTKM moscHSeTCS Ha
puc. 3.12, a n 6, rie nokasansl oxuiaeMole Kojebanusa x(f) = x(¢, o),
npuHHMaeMbie Koaebanust y{f) = n(f) npuH OTCYTCTBHH CHTHAAa H
y(t) = n(f) + x(¢f) — npu ero HaJHYMHM, @ TAKKE [POUATIOCTPIIPOBAH
pesyJabTarT nepeMHOXeHHA YHKuMH x(f), y(f) © HUTETpHpOBaHHE 34
BpeMsl CYIIECTBOBAHUS ONOPHOIO CHTHazsa [AAs pasubLlX peaausauui
y(#)]. Cautaercsi, 4To NoMeXa MMEeT I0J0CY, CYLUIECTBEHHO 60AbIIYIO, YeM
CHI'HAJ, UTO COTJIACYETCs C MCXOAHBIMH NPEANOJOXKEHHSIME TIPH BhIBOJE
dopmya (6), (7).

Ilpu orcyrcTBuM curnana npoussenenue x{f)y(f) cooTseTcrByer 3ua-
KONEpeMEHHbIM KoseballusiM MOMeXH, KOTOPbIE TPOMOAYJIHPOBAHKI OMOP-
nbiv kosieGanueM x(f). Ilpn nanwumu curHasa HapsaAy C wiymosol Co-
crapasowmeil x()n{f) 6yner cuenarvraa x*(f), KoTopast IIPU UHTETPH-
POBaHHHU NOJYEPKUBAECTCS 110 CPABHEHMIO CO 3HAKONEPEMEHHOH IIYyMO-
BOH COCTaBJSIIONIEN.

Pacnpenenexnue nJoTHO-
CTH BEPOSITHOCTH pn{2) Be-
JUYHHBE 2, COOTBETCTBYIO-
e OTCYTCTBHIO  CHCHAaJa
(puc. 3.13), npu ero Haau-

[ 9]

UMH CHBHrAeTCs Ha |x*(f)di=

—_—

=3, 3a cueT TOro CIBHra b 213 K
o nme. 3,13, Kpnsple pacnpegededua  nAoT-
CT % o HH o
HpH HO 4TOTHOH :)Hepr HOCTCH BCPOHTHOCTH BEJNHBUYHHEI Koppe.nﬁ-

Curua/sa MOXKHO TNONYIHTD  yyonyoro uuterpana z npu ofCYTCTBHM  CHT-
TpefyeMyio YCJIOBHYK Be- Hana pp(z) @ npH ero Hanuuan penl?)
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POATHUCTb NPABUABHOTO OOHapyxeHHd D Jng JonyCTUMOrO 3HaueHusd
YCJIOBHO!H BEPOSITHOCTH JOXHOH TpeBOrH F, onpeleiseMoil yCTaHOB-
JEHHBIM YPOBHEM nopora g2,. IlockKoAbKy NPakTHYeCKH MPUXORHTCH
BECTH oDHapy:kelue CHTHAJ0B CO CJAydaiiliblMH HEH3BECTHBIMH mapa-
MeTpamMu (HauaJpHOH asol, aMmARTYAOH U T. I.), MOJYUYEHHBIE
pe3yabTaThi JOMKHBl OblTh OOOOIEHBE M pacipoCTpaHEHbl Ha 9TOT
cayuai.

§ 3.7. Meronuka onpeeseHUs: OTHOUIEHHS NPABAONOAODHSA
AJAA CHTHANOB €O CAYYAHHBIMU HedUKCHPYEMbIMU
napamMerpamu

COBMECTHYIO IIOTHOCTL BEPOSITHOCTH peann3allud CUrHaja H IIoMexH,
U cJydaiinioro nedukCHpyeMoro napamerpa curiaia [ MOXKHO mpen-
CTaBUTb B BHAE |

Pen (Ys ﬁ)=pcn (Y)p(ﬂ[Y)=p([3) Pen (Y‘ﬁ)‘ (1)

Hurerpupysa (1) nmo napamerpy f Bo Bceit of1acTu ero onpeieneHus u
zaMeyasl, 4TO He3aBHCUMO OT YCJOBHA (BHZa peanusaluu Y) Bceraa

{p@IY)dp=1,
(8)
HaXxopum

Pen (V)= pB) pex | B) dB.

{8

* Torga oTHowreHHe NPaBIONOIOOH

» . Pen (Y) —
L) == (SB) p@LY|B)dB, 2
rje
] — Pen (YiB) ) .
¥ | B o) (3)

BBoas Hapsly ¢ HeuKCHpYeMbIMU napamerpamu B duKchpyembie o,
copepinasi npefenbHbiii nepexod Af — 0, T. e. nepexoast oT MHOromep-
HbIX peaamsauuii ¥ K peanusaunsm B BuAC GyHKuMH y(f), MOKHO noay-
YUTh

Hy®lal= p®) i1y ©)]a pidp, (4)
. LA !
rae |
i — i Pon Y o, B)
by )]0, Bl=lim S =2 (5)

— YaCTHOE OTHOLUEHHE 1IPABAONOAOGHS NPH GUKCHPOBAHHBIX 3HAUEHHS X
o # B. IlockoabKy npu Kaxao# Takoit QUKCauuy CHTHAJ MOJHOCTBIO H3-
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BecTeH, ucnoab3ys dopmyay [(6), § 3.6, naxonum vactinoe oTHOMIEHHE
NpaBAONOAOOMSA B BHIE
_ 3(a,p) 22a.B)
ly(@le, Bl=e ¥ e Mo | ©)

rae z(o, B) u Ha, B) — HacTHBIE 3HAUEHUST KOPPEJIANHOHHOTO HHTErpa-
Ja H SHEPTHM CHTHA/Ja AJas GHKCHPOBAHHLIX 3HAYeHHH NapaMeTpoB
o H

z(a, B)= § st 0. By (O ds, G
@ p= | vt o pd. | ®)

—_—

Tarum ob6pasoM, memoduka onpedesernus OMHOWeHUS nPasobnodobis
045 CUSHAAOB CO CAYHQUHDIMU HEPUKCUPYeMbIML NApaMempPaMLL TIO TIPHHS-
Toli peanusauuu y(f) CBOAUTCH:

1) K 6viuucaenir0 KOppeasyiionHO20 UHME2PAd, FHEPRUL ONCUOACMO20
CUCHAAG YU HOCMHO20 OMHOWERUs npasdonofobus NPH (PUKCHPOBAHHBIX
napameTpax « n f;

2) K ycpeduenuio 4acmHo20 OmHOWerus npasdonodobis no clyvai-
HOMY ﬁHE(bMKCHpYEMOMy mapameTpy {(UJM COBOKYIHOCTH [1apamer-
poB)

§ 3.8. OTHOowenne nNpaBaoONOAOGHS U Npocreiluive KOppeasiiioHHbIe
. OGHADYKHUTENH /5l KOr€PEHTHLIX CHIHAJNOB C HeUKCUPYeMbIMA
CAYYaHHBIMU Napamerpamu

Koeepernmmubimi HA3BIBAKOT CUTHANBI C 3AKOHOMEPHOL asos0tl cmpyk-
mypotl, OIHAKO HauaivHas (hasa P pajnoNoKaloOHHOro curiana 0GblYHO
SIBASIETCS Heudsecmmot caywatinolt seausunod. Onyckas nmoxa /s Kpart-
KOCTH 3anUCH (PMKCUPOBAHHLIA napamerp o, CYHTasl H3BECTHOH aMILIM-
TyAYy, MOJI&Ib TAKOro CUTrHaja NpeicTaBUM B BHIE

x (¢, P)= X () cos ja, t+ P (£) —PI (1)
HJAH
x (1, B)=x, (t) cos B+ x, () sin B, (2)
rue
COx
%0 =X ) 0t % (). 3)

Torza uactHoe 3uavellve KOppeasiuMOHHOIO HHTerpana [(7), § 3.7). .
PHBOAUTCS K BHAY .

zly (&) Bl =2,cosP-+2,sinB=2Zcos(p—0), (4)
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rae

2=\ % ,0)yMad, ®)
Z=) 2+2, | 6)
= 4 inQ =22

cos 0 = 7 sin@ = (7)

Yro KacaeTcsl 4acTHOro 3HAauYeHHUs] 3HEPLUH, TO JJsI CHTHAJA, COAepxKa-
IETO Go.nbmoe YKCJO MEepPHOAOB KoJaeGaHui, OHO OT B He 3aBHCHT,
T. e. A(P) =

qu‘uBaH 4To BCe cayvyaiiHbie HauajbHble $asbl paBHOBO3IMOKIIEL,
noJjaraeM Hx pacnpesencHue paBHOMEpHbIM B mpegenax oT O Jo 2r ¢

1
IVIOTHOCTRI0 BeposiTHOCTH p(f) = 5. Onpenenss MaTemaTHyecKoe OXKu-
JaHue 9acTHOrO OTHOMICHUA npaB,uono,uoﬁﬂﬂ B COOTBETCTBHH c [(4),
(6), § 3.71, naxoaum

Zn 22

-~ —cos(ﬁ-ﬁ)
Hy () =e Nu—j

naH, BBOAs mofubuuuposannyo ¢ynxuuio bBeccens nepsoro poaa ny-
JIeBoro mopaika [y () M BOCCTAHABJAMBAasi ONYHICHHBIH mnapameTrp o,
HMeeM -

.9{0(.)

s ly@le=e P L (), ®

rie Z{a) — molysoroe 3HAYEHUE KOPPENsUHOIHOIO WHTerpaJa, onpe-
nejsieMoe I/ TPUHATOH peanusauud y(f) ¢ yuetoMm GUKCHPOBAHHOrO
napaMerpd o

Z@=Zly®la=) 2@ +2(@). ©)

TepMHH MOOYAbHOE BHOHEHUE KOPPeASYUOHHO20 UHMEPAAY MOXKET
6bITh TONOJIHUTENBbHO MOSACHEH, €C/IH NPENCTABHUTh B KOMIIEKCHOMH (opme
BBLIpaKEeHHs:

x(, @ B)=Re[X (¢, o) e/ @ P

xl,Q(t’ a) = { iz [X(t’ ) efw]’

zl,g(a)={ an 1Z (@), (10)
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z,
rie X (¢, @) = X, o) Torna Beanunna Z (@) OkassiBaeTcs pas-
HOH M00yAf0 KOMILIEKCHOTO HHTErpaJa:

Z (o) = g X (¢, a)e’™ y () dt. (11)

IlpencraBum nanee y(f) B BuJe

O =Re[Y O] = ytre™ + - vr@pe ™ (19)

M yuTeM, YTO Ha NPaKTHKE [OC/e mpeceqekTopa KoJaebaHUus CHUTHaJga |
MOMEXH HMEIT MOJIOCY 4YacToT, CYHIECTBEHIO MeHbINYX Hecynlel, Tak
yTo ¢GyHKuMA Y({) ABIs€TCS MEeNeHHO MeHsoelcs 328 HEPUOA BbI-
COKOHl (mpOMEXYTOUHOl) uacToTel. [Ipene6perass uuterpanoM, B KO-
TOPOM MOALIHTErpajbHOe BHIpaXkeilne COLEpXHT OGhICTPO OCUMJIUDPYH-
LHH MHOXHTEAb e/{20e! -+ = cos (2w, ¢t + ¢) + jsin (2w, ¢ + ¢),
NOJYUYHM

Z(a):-;— Y X (¢, o) Y* (1) dt. (13)

Takum oOpasoM, Ias CHTHaJa ¢ HEM3BECTHOH HayaJwHOH asoii
omHowenue npastonodobus asAAemcs MOHOMOHHOU (PyHKyuelk MO0y Ab-
HOSO BHAYEHUA KOPPEAAYUOHHOSO UHMe2parq:

Z(@)=|Z (o) |=|Z" (@) ]. (13a)

Hapsisy ¢ HeusBeCTHOH HauaibHOH (a30ff KOIEpeHTHBIH CHIHaJ
MOXKET HMETb HeU36eCAY0 aMiAumyoy

x (¢ B, B)=BX (t) cos [w, t + P (1) —PL.

J1s Hero yacTHoe OTHOUIEHHE NpaBionoAobus npu QukCHporaHHoM B
Oy/lleT paBHO

Ly )] Bl=e=oime [, (£2), (14

No
rae Z(B)=BZ, 3(B)=B*3; 3 u 7Z—»Heprua U MOIYJbHOe 3HAUEHUE
KOppeJIAUMOHHOIO HHTErpaJa, pacCuHTaHHbie M0 OXKHAAEMOMY CHIHE-

Jy, cooTBercTBylowemy B=1.
Ilph stOoM Beauuuny 3 Beibupaem paBHOli cpefHefi sHepruu

9=y = | 3(B)p(B)dB. (15)
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[‘, X I—l- f E’
ylt) |z fr}JX ft}sué[djth] ]/7_“3 S ﬂopaec{ﬁaea
1o 27z o
szf}‘X* ft)sinfwyt+prt]] A yfm,ozrm e

= Xt/ =

Puc. 3.14. CxeMa KOPpeASINOHHOrO OfHAPYKMTEAd C  ABYMS
KBaJpaTyYPHBEIMH KaHajaMn

3anaBasch pesieeBCKHM pacrpejeseHHeM aMilJHTYA

_B?r2p2

pB)=zze Y (16)
0

M HCNOJb3ys TAaOJHMUHBIH HHTET paJ -

oo
(] Ko~V dy =L
b' 2y

(v:l/QB%], U3 OpuigaToro ycjaosua (15) Haxozuwm Bi=1/2.

YcpenHsas wacTHOE OTHOIEHHe npasionofodus (14) B cOOTBETCTBUM
C NPHHATHIM 3aKOHOM pacnpefenenus 16) u Hcnoab3ys TaGaugHBIN
HHTerpaJ

» b

o
5 xly(ux)e—vdx = -21— el /1v
0

-

(w=2BZ|N,, v=1+4 3I/N), noayuyum OKOHUATE/BHO

N 1 z2im
[y (@) zm MG R (17)
!

3TO NOKA3bIBAET, YTO U JIS KOIepEeHTHOTO CHTHAJa C HEH3BECTHRIMU
aMIVILT yIOH M HaYaJbHOi (ha30l OTHONIEHHE TNPAaBIACTIOAOOHS 964semcs
MOHOMORKOG  (pyHKYUel MOOYAPHOZO BHOUEHUR KOPPEAIYUOHHOO I1H-
meepase Z (@), KAK U B CJAyyde, KOTAA HEH3BECTHA TOJLKO HauaJdbHas
taza, CoBnajeHune a/qropuTMOB OOGHAPYKeHMS IO3BOJASET HCIIOJb30-
BATh B O0OMX CJydanaX OAHHAKOBBE CXeMbl 00paOTKH.

IlepefizeM K NOCTPOEHHIO NpocTefiniell mo NpuUliLUNY JefCTBHSA (no
He M0 ee peaH3yeMOCTH) CXeMBl KOppeasitHoHHOH 06paboTKu Is o =

= const (puc. 3.14). B neli Beuncasiorca KOppeIsiLHOHHbIe HHTeI‘pa.}'IbI
P

2; U z5. Tocaeonepannu )/ 27 - 23 NPOU3BOANTCS CPABHEHHE IOyYeH-

HOH Beauuubbl Z € MOpPOroM Z,, KOTOPHIM BHIGHpaeTcs H3 TeX e Co00-
paKeHui, YTO H B DPeIbIAYlIeM cayuae,
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B kauecTBe ONMOPHBIX KOMe0aHUH HA yMHO-
AKHTe/IH MOJAIOTCS CABHHYTEHIE Mo (hase Ha 90° —> o |4
KOJIeDAHHA BBICOKOH (IIPOMEXYTOYHO!) 4acTo-
16l X%,({) U x5(f). TlockoabKy Takue KoJeGaHs
B pajHOTEXHHKE HA3LIBAKOT KBaJpaTyPHEIMU,
To cxema (puc. 3.14) mMoxeT OHTbL HA3BAHA > oy A,
Kop peasyuionnoll cxemod ¢ deyma Keadpamyp- ¥ (t)
Homu kanaaamu. Hanuuue IByX KaHaJoB H—
HCKJ/IIOYAET MOTep [I0J1e3HOTO CHUTHasa  3a [ R T
cueT He3HAHUs ero HauannHo# ¢asel. Ecuau I L]
noJle3HbIN CHTHAJ He co3faeT sdupekTta B mep-
BOM KaHaJjle 3a cuer cABMrIa nmo ¢ase pa 90°
OTHOCHUTEJBHO OIOPHOTO, OH 006A3aTeabHO Xk | Ak
JaCT MpHPaNIEHHE KOPPENsIMOHHOTO MHTEr-
pana BO BTOPOM KBaIAPAaTypHOM KaHale. Puc.  3.1u.  llpuennn

[MosToMy NpH HAJMYHM ABYX KBajparyp- To¢TPOCHHA —  MHOTOKa-
HbIX KAHAJAOB pe3yabTar  obpaboTku He HAIBHON KOPPEAALHOK-

HOH CXeMbl
34aBUCHT OT CayyaldHoH ¢asel. [lpumeyaresn-
HO, YTO KBaJpaTypHasl CXeMa [IOCTpoeHa Ha
OCHOBaHUM OOUleHl TeopHH Ge3 [peaBapUTENBLHOTO aHagus3a JAPYrux
BO3MO2KIBIX CXEeMHBbIX pelleHuH.

. Cxembl (puc. 3.11 u 3.14) aBaqAw0TCd ONTHMAJABHBIMH JHIIb TOTAA,
KOTZa [OJIOKEHHE OXKHIAEMOTO CUTHA/a Ha& OCH BPEMEHH H3BECTHO.
OtBeT 0 HAJMYHH CHTHAJA C HEU3BECTHBIM BPEMEHEN 3amasjblBanHis Mo-
*eT ObITh JaH, €CJH YCTAHOBUTH (haKT HAJMUYUS HAH OTCYTCTBHSI 5TOTO
CHTHaJa AJS DAas3JUYHbIX 3HAUeHUHA BpeMeHH 3anasfbiBaHusA, HHTEPBall
MEXIY KOTOPLIMU Hé IPEBblINdeT COOTBETCTBYVIOWIEH paspemaiomeil cro-
co6roctH. OTCIOfA NPUXOANM K BO3MOMKHOGCTU ITPUMEHEHHA MHO20KAHAAL-
HOUL KOpperayUoRRoL cxempt, ¥ KOTOPOH KaXKIBIH KaHaM HJAH Kamaas
napa KBaApaTypHBIX KAHAJOB PACCYHTAHLI HA CBOE BPEMS 3aNas3/piBaHUS
(puc. 3.15). MHOroKkaHa/ibHBIE KOPPEaAUHOHHBIE CXEMbl MOT'YT HCIOJb-
30BaThCA TAKXKe [ MpHUeMa CHUTHAJOB, OTJAMYAIOUIMXCS Hecyumed ya-
croToil #3-3a spdexra Honnaepa.

CanenyeT OTMETUTb, YTO IIPHEM CHUTHAJIOB C IPOU3BOJBHEIM BpPeMEHeM
3ana3[bBAHAA ABJAETCH OCOOEHHO pacnpOCTPAHEHHBIM H BAXKHLIM B pa-
nuosokaunn®. To 06CTOATENBCTBO, UTO KOPPENSMOHHbBIE CXEMBI TPUeMa
JIOJI2KHB! HMETb JIJA MPOCMOTPa BCeH AanbHOCTH 00ablIOE YUCAO KaHa-
JIOB, ABJSIETCs] HX HemocTaTkoM. B caenyromux naparpadax Oyayr pac-
CMOTPEHB! peajibHble BO3MOXKHOCTH ONTUMAJNBHOIO 06HApYyXXeHHs B LUIH-
DOKOM JHamnasoHe BPEMEHH 3amasjibiBAHUS [PH UCNOAB30BAFHH OAHOTO
pHEMHOTO KaHaJja.

"

* MCKJOYeHHC COCTaBASIOT YCTPOHCTEA ABTOCOTPOBOMKICHHSA MO KOUPAHHA-
TaM, B KOTOPHX HauGoMee (IKPOKO HCIIONBbAVETCA KOPPesiHOHUBIN (KM KOppean-
UHOHiO-QHABLTPOBO#H, cM, § 3.16) Meton npuema.
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B. ®UJIbTPOBASI 1 KOPPEJIALIMOHHO-®UJBTPOBAST
OBPABOTKA KOTEPEHTHDBIX CHMT'HAJIOB

§ 3.9. Mpuuuunsl GUALTPOROI OGPABOTKM KOrePeHTHbIX CHIHAJAOR.
HmnyabcHasi XxapakTepHcTHKA ONTHMAAbHOTO QUABLTPA

Cyurasg BHagajge TnapaMeTph! CHCHANd H3BECTHBIMH MOJHOCTBIO,
noTpefyeM, 4TOOB! SJEMEHT CXeMbl ONTHMAJBHOrO IpHeMa BLMHC/AA
KOPpeNsAUHOHHBIA WHTErpad A IPOU3BOJBLHOTO BpPEMEHH 3amas/ibiBa-
HH5 02KHJ1aeMOT0 CHTHaqa

x(¢, @)y=u({f—a). - (H

Torna koppensiuuOHHBI HHTErpasa GyaeT
2@ =z[y()]al= | y(Oult—a)dt, ©)

OTKY[A BHAHO, YTO CXéMA BbLMHCJ/EHHSI KOPPE/SIHOHHOTO HHTEerpaJsa
JIOJIPKHA OCYILECTB/AATL MATeMaTHYeCKYI0 OMNepanuio UHTerpajbHOH
CBePTKH.

N3 Teopus NUHEHHBIX 3/JEKTPHYECKUX UEnel HW3BeCTHO, YTO UHTEr-
paJl CBEPTKH BLIpaXKaer HANPsRKEHHE Ha BLIXOAe.JUHEHHOro ¢GuaLTpa.
[lostomy An1si oCyliecTBieHHSI MATeMATHUECKOH omepauuy (2) MOXKHO
HCMOJNb30BaTh (PUJABLTP, KOTOPHIH JaeT HHTErpa.a CBePTKH TpeGyeMoro
BHJa. Takoil ¢uabTp B JagabHelimeM OyleM HasLBaTb ONMUMAALHUIM,
TAK KaK OH peaausyem OCHOBHYIO 0nepayuio 0ONmumaivHol 0opabomru.—
GbIULICACHIE KOPPEAAYLUOHHO20 urmezpasa. B nuTeparype ero wacto Ha-
3BIBAIOT  (02AQCOBaHHbIM (PUIABTPOM, OTHOCS TEePMUH  «ONTHMAaJNbHBII
¢bUABTP» He TOJIBKO K 00paboTke BHAa (2), HO U K 60Jee C0XKHBIM CaY-
yasiM obpaborku (Hanmpumep, Ha ¢oHe Hebesoro myma). IlpumennTenn-
HO K paccmaTpuBaeMoMy 3/1€Ch CJYyYalo MOMeXH B BHJe 6eJ0ro rayccopa
yMa TEPMHHEI «OITHMAJbHbIA®» U «COIVIACOBAHHBLIE (UJBTP® SBJSIOTCS
CHHOHHMAMH.

OnHOHl M3 OCHOBHHIX XApPaxkTEPUCTUK HPOH3BOJALHOTO JIHHEHHOTO
dUALTPAa SBJASETCS €ro MMIYJALCHAsl XaPAKTePACTUKA, WJIH (BYHKUHS
Beca u(f). M3BeCcTHO, YTO HMMYJAbLCHAA XAPAKTEPHCTHUKA OQIIHCHIBAET pe-
aKIHI0 CUCTEMBbl HA BXOJHO€ HANPSKEHHE B BHAC €IHHHYHNOIO UMIYJ/h-
ca 8(f), nmojannoro B MoMeHT Bpemenn { = 0 (puc. 3.16). EcrecrsenHo,
YTO MMIYJIbCHAS XaPAKTEPUCTHKA NPHHHMMAET OTJHYHBIE OT HYJS 3Ha-
YeHHS JAHmbL OpH { > 0, TAK Kak CJAeICTBHE He BO3HHKAeT PaHee BhI-
3BABLICH €r0 NPUYHHBL.

Bospefictsne Ha ¢unbTp KoaebaHust y(f) B MOMEHTH! BPEMEHU OT §
I0 s -+ ds 9KBHBAJEHTHO MNOJade BECbMA KOPOTKOTO HMIY/bCA «C ILIO-
waasioy y(s)ds (puc. 3.17). Peakuus HA 5TOT HMIYJALC B MPOU3BOJb-
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Puc, 3.16. K onpeaeseHn0 AMNYNLCHOR XapaKTepHCTHKH

HBIl MOMEHT BpemeHn { > s paBHa v(f — s)y(s)ds 11 o6GpawaeTcsi B HyJb, -
ecaH ! << s, OTKyJa NO NPHHUMNY CyNeprno3HIHH
4

w(f) = j v (¢t —s)y(s)ds,

—-_— 0

0=j'v(t——s)y(s)ds.
!

TTouseHHO CyMMHpYSl HalHCAHHBIE DABEHCTBA, HaXONHMM pPeakuHio
(uABTPA Ha MPOH3BOJBHOE BO3KEACTBUE y(f) B BHAE M3BECTHOTO HHTE-
rpana CBEpTKH

[+ 1)

wi)= § ot—9y( ds. ®

— o0

Jns onpejeneHUs HMNYJIBCHOH XapaKTEPHCTHKH ONTHMANLHOIO
$UABTpa NPUPABHAEM C TOYHOCTBIO JO BELIECTBEHHOTO MHOXHTEAs Ha-
Npsi)keHUe HA €ro BbIXOJAe B

y(t)
MOMEHT BpemeHH ¢ = a -
+4,(, — nocrosiHHas 3af€pxK-
Ka (puabTpa) 3HAUEHHIO KOppe- 1 2
JAUMOHHOrO HHTerpaia JAJjs ol dels
OXHJAEMOTO CHIHAJIA C 3ana3- 7 s
AbIBAHHEM O

w(o+t)=Cz(a). (4) | M—s} g(s)d's '
. L -
z

dro tpeboBaHHE CBOJHTCA 3

K TOMy, 4YTOObI Ha BBbIXONE

¢UALTpPA MOCJEJ0BATEIbHO BO

BPEMEHH  BOCIPOH3BOAHJHCH w(t)

3HaueHHHd  KOppEeasl{HOHHOTO

HHTErpaja ¢ HEKOTOpO#i mno-

CTOSHHON 3afepKKoH Ha /.

HenonbsosaHue BPEMEHHOR >

4

paspepTKH IMO3BOJHT NPH 3TOM i:’HC 317. K

. 317, onpefeNeHii0  PEaKLHA
YCTaHOBUTE (DAKT MPEBLINIEHHA  usnrpa ua NPOWIBONLHOE BO3ACHCTBHE
IOPOroBOro YpOBHs AJds MNpo- y(l)

§ 3.9 11
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}#3BOJIbHOTO 3aMNa3/biBAHHA CHTHAJAA: YeM GOJbie 3aMasAblBaAHHE, TeM
nosxe cQOpMHPYeTCs KOPPEASUHOHHBIH HHTerpaj. 0 COOTBETCTBYET
SKpaHy aMMJHTYAHOTO OTMETHHKA: 4YeM GOJbiue pacCTOSIHHE [0 LeJH,
TeM JAajbllie CUTHaJ OT Hadaja pa3BepTKH,

B cuny cootHomeruit (2)—(4) noayuum

{vatty—9p@ds=C | us—a)y(sds. (5)

PaseHcTBO (5) TOXKAECTBEHHO BHIMONHSETCS, €CJAH

v(a+t fp—s)=Cu(s—a).
BBoAs HOBYIO HE3aBHCHMYIO NEpeMEHHVI0 ! = & + f, — §, NoJaydaeMm
.OKOHYATE/JbHOE BbipajkeHue AJAA HMNYJbCHOH XapaKTePUCTHKH ONTH-

MaJbHOro QuJbTpA:
U(f) = Ugn; (¢) = Cuz ({,— 1), _ (6)

rae C u £, — TOCTOAHHHE, ONPELENSEMbIE €I0 apaMeTpaMHy.,
BerpaxkeHue (6) nokassiBaeT, YTO MMOYJbCHAS XapaKTepuCTHKA OIl-
TUMaJIbHOTO (PHJALTPA MoJydaercs u3 GyHKUMH u(f), ONHUCHIBAIOLIEH CHUT-
HaJ C HyJEBBIM BPEMEHEM 3ana3jbiBaHMs, NyTeM 3aMeHH! B Heil apry-
Mmenta ¢ Ha {, — {. Takoe npeoGpa3oBaHHE COOTBETCTBYET 32PKAAbHOMY

Y] t o
omobpaxceruro pynxyuu u (1) omuocumenvHo npamoti t = —g- HeficTBu-

{
TE€ABHO, NMPOBOAS 3aMEHY MNEPEMEHHLIX = -22 -+ &, noayuum
! !
Vonr (‘Ql"l" g) =C“(_29"— ) s

YTO CBHAETENLCTBYET O 3€pPKANBHOM NPeoGpasoBaHHH (6) oTHOCHTE/NBHO

L] r
npsiMoit . 3epKajbHast HMITYJILCHAS XaPAKTEPHCTHKA ONTHMAIBHOIO

¢uasTpa (puc. 3.18, a) obecneuuBaeT HauAyuwee OOHAPYIKEHHE CHT-
Ha/la Ha ¢oHe OGesoro rayccoBa wyma.

Ilocrosinubie C M £, NO3BOJISIIOT y4YecTb NPAKTHUECKHE OCOGEHHOCTH
onTHManbHOi oOpa6oTku. KosdxpuuuenT C y4YHMTbiBAET BO3MOXKHOCTH
BHIOOpPA NPOU3BOJALHOTO KO3(HUHEHTA YCUJIEHHA, B COOTBETCTBHH C KO-
TOPHIM BBIOHpAeTCss YPOBEHb MOpora, o0ecneyHBaloiii 3aJlaHHOE 3Ha-
YeHHe YC/JIOBHON BEPOSTHOCTH JIOKHOH TPEBOTH (3aBHCHMOE WJIH Hesa-
BHCHMOE OT BpEMeHH 3anasfmBaHufA). [locTosiHHaa {,, Tak¥e NpoH3-
BOJIbHAS B ONpEJE/ICHHBIX Npekesax, BhldHpaeTcs H3 YC/AOBUA peasu3y-
eMOCTH TaK, YTOOH OTJHYHKE OT HyJ/s 3HAUEHHS HMNYJIbCHOA xapak-
TEPUCTHKH pacnoJaranuch 8 obaactu { > 0 (puc. 3.18, 6).

Hanpsixkenue Ha BHIXOJE€ ONTHMAABLHOTO (UABTPa C y4eToM (3) u
(6) MOXeT GuITH MpeACTaBJ/aeHO B BUJE

w(t)=C | ulty—t+9y(s)ds %

112 § 3.9



ult} '_ | | L Vonrl[t]=u{ty-t}

-

| -1
¢
A
5) L - :__ Uonr [t] =U o mu ~t]
I £=1
0 -
| t

Ly NV S
—-!tawm {2
Puc, 3,18, [lpumepn NOCTPpocHUA HMIYJABCHLIX  XapakTepHCTHK
ONTHMAALHBIX (PHALTPOB MO 3aJAHHOMY CHIHAJY

C me/blo HaliTin aMIIATYAY 5TOTO HANPsIKEHHA B QYHKLHH BPEeMEHH
mepefiieM K KOMILIEKCHOH samucu anajornano [(12), § 3.81:

p(s) =+ V() eloor - ¥ (s)eions,
u{t,—1¢- S_)=~;—U(t0-~t+ S) ef@elle—its) |
o UM (g —t - s) e Jon (hm b,
w(t):-é— W) efwuf+—;— W* (£) e~ loet,

Mocne noAcTaHoBkH B (7), npeHeOperass GbICTPO OCHHJWIHD YIOI{HMH
NOAABIHTErPAMLHBIMY BHPAXKEHHIMH, HAXOAMM KOMILIEKCHYIO aMILTUTYAY

HAa BbIXOAE ONTHMAJBHOFO (I)HJIpra:

o0

W (1) z% Ce— oot 5 U* (t,—t-+3) Y (3) ds, (8)

—_—

OTKYJa aMIJAMTYAa Ko/1e0aHusl B MOMEHT OTCHeTa fy 1~ o Oyder

Wty + ) =—C . ©

S U*(s—a) Y(s)ds

3ameuasi, yr0o U(s — o) = X(s) — KOMILIEKCHas aMIMUTyAa OXHAae-
MOTO CHTHasa, YOEKAAeMCs, YTO aMAAUMYOda Cuenait Ha swxode onmi-
MAALHOZ0 DUsempa 0npedeasieit. MOOYAbHOE BHAUEHUE KOPPEASYLIONHO20
uHmMe2paaa, HeoOGXOAMMOE NMPH ONTHMAJIbHOM OOHAPYXKEHHH CHTHAIOB
€O caiyuaitHoil HauaibHOi (asol (aMIVIATYROf M HAYabHOA Pa3oH).
Taxun 06pasoM, flocmpoue ORMUMAAHBIL raemp No CugHary ¢ Hpous-
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Jemexmop wit

peubaouwsei VK ngpozobory und

UIMepUmeneHoMYy
ycmpodemey

3// (t) Yonmuwansweri wt)
> guremp ,l

Puc. 3.19, CrpykTypHas cXeMa OJHOKAHAABLHOTO HABTPOBOrO
o6HApYXKHUTETS AN KOrePeHTHRIX CHTHAMOB C HEH3BECTHDLIM
3anasJLiBaH HeM

BONBHO BbIOPAHHOU amnaumyOoli u RauateHol Pasoll, MONCHO ocyulect-
BUMb ONMUMANLHOE OOHAPYNCERUE CUSHAN08 C A0ObIMI  HOYGNHOIMUL
asamu u amnaumydamu, Raxe OTJIHYAONIEMUCS OT BHOpPaHHBIX.

HTak, amMnjuTyLa HanpsKEeHUS Ha BBIXOAE ONTHMaJbHOTO (HUJABTpA
B MOMEHT ¢ ~- [ IpPEACTaBAsAeT cO00H C TOYHOCTBIO A0 MHOXKHTENS Be-
JIMYuHY Z(0), KOTOpYIo 1 TpeDyercst CpaBHUBATD € MOPOTOM /151 KazKAOTO
HCTIBITYEMOTO BpeMeHH 3anasfibiBanusi. UtoOsl repeliT OT MrHOBEHHBIX
3HAYEHHA HANpPsSIXKEHUs Ha BBIXOJe (UNbTpa K aMMJIMTYIHBIM, CJAEAYET
NpPeAyCMOTPeTL B ONTHMAAbHOM OOHApYXKUTeJae AETEKTOD OrubaroLied.
Ilosrygennbtil BoIBOJ Q4EBUACH, NOCKOJIbKY ()a3a HALIPAMKEHHUS HA BHIXOAE
ONTUMAJBHOrO QUJILTPA INPH CAyuafiHOH HAuaJbHOH (ase curuana
TakxKe ciayuaiina. HMudopmauuio o Hamunu CHryana Aaror nos5ToOMY TOJb-
KO orufarmas ¥ NponopuMOHa/IbHOE eff HanpsiKEeHUEe NoCIe AeTEKTOpa,
JTO HanpsXkKeHHe JCJIXKHO CPABHMBATHCH C MOPOrONM, YPOBEHBL KOTOPOTO
noabupaerca ¢ yueToM Kospduuunenta nepefauu €. B pesyabraTte oanu
KaHaJ onTuMmaabHoft 06pafoTku (puc. 3.19) MO3IBOIMT NPOH3BOAUTE
o0HapyXeHHEe CHCHAJ0B C HEW3BeCTHOil caydaiiHofi HadaabHOI ¢asol,
OT/IHYAIOMMXCSA BPEMEHEM 3anasibBaHus.

Beipaxenne (8) MOXKHO 3anucars elie B BUAE

W () = % j Y (s) V.., (t—s)ds, | (10)

e
Vo () =CU* (t,— ) e— oo to (11)

— KOMILJIEKCHAS AMIINTYRAA HMIYJbCHOH XapaKTEPHCTHKH U, ({).
¥YmHOxHMB ofe uacTH paBeHcTBa (Il) Ha €/% 7 u B3AB peaabHyIO
YacTh, Jerko yOeauThes B cooTsetcTBHH (11) Boipaxenuio (6).

§ 3.10. YacToTHasi XapaKTEPUCTUKA, OTHOLEHHE CHTHAJ/moMexa
4 QopmMa BepPMIMHEI MUMIMYJAbCA HA BbLIXOAE ONTHMAJbHOTO (UALTPA

Hapsfly ¢ uMNy/nbCHBIMH XapakTepHCTHKAMH (JHJIBTPOB BECHMA ILiH-
POKO MOJbL3YIOTCH HX YaCTOTHBIMH XapakTepHUCTHKAMH. Hactotuwe xa-
PaKTEPHCTHKH 0COGeHHO YAOOHBI NpH aHaqau3e PHALTPALHH B PE30HAHC-
HBIX CHCTEMAX, HO MOT'yT GBITh HCIIO/Ib3OBAHBL H B APYTHX CJyuasx.
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YacTOTHYIO XapakKTepucTuky K(f) JwHeiHON uenu (B KOMILIEKCHOH
(opMe) ONPERe/IAIOT, NOAABAA Ha BXOA LNH rapMOHHYECKOE KoJebaHue
y(f) = e/*nl!, Hanpsaxenne na suixoge Oyaer w(f) = K(f)e/>™ n
YaCTOTHYIO XaPAKTEPUCTHKY ONPeensiioT KakK OTHOIEHHE

K(f)=f(—‘jj npu  p (f) = ek, 1)

Hcnoaesys [(3), §3.9], noayuum

oo

K (f)e/?nli = 5 v (f —s) e/2nls gs,

—co

[Monenus ofe wacTH paBeHCTBa Ha MHOXuTens e/27 y mpouseens
3aMEeHY MNEePEMEHHBIX f — § = T, HaNeM BbIpAXKEHHE YaCTOTHOH Xapak-
TEpUCTHKY B Buje npeobpasosanusi Pypbe OT HMNYJbCHON Xapakre-
PHCTHKH

oo

K()= { o@e-rad, @)

— 0

[NMosw3ysace cooTHOmEHNEM (2), onpenesseM oTCIOAA YACTOTHYIO Xa-
DAKTEPHCTUKY ONTHMAJBHOTO PHALTPA

Koy (=C 5 u(t,—rt)e— /27t gr,

HJW NOCJie 3dMEHbl NepeMeHHBIX §, — T = {
oo
Komr ()= Ce=itit |y (t) eratt dt. 3)
— O

Orciona yacmomuan Xapakmepucmuxka OnMUMAAbHO20 (DuALMPA

Koo ()= Cg™ (e -7l (4)

¢ TOYHOCTBIO KO MPOU3BOJBHOTO BELIECTBEHHOrO MHOXKUTEIA ( M MHO-
KUTEIS] 3anasfblBaHua e~ 127 onucLiBaeTes conpaxwexnod cnekm-

parorott naomuocmoro g*(f) oxcudaemoco cuenasa, TAE cnexkrpajbHas
IOTHOCTh

no

gh= | u@e-rnitat, (5)

-_— 0

BocnoanayeMcst 3anuchbio CNEKTpanbHOMN [LJIOTHOCTH 4Epe3 ee MOAYJb
H apryMeHT

g(f=lg(yjerean, (5)



TA€ MOAYJIb g/} | COOTBETCTBYET  aMILIH-
§ TYAHO-YACTOTHOMY CHEKTPY OXKHAAEMOTO CHI-

[/ 4
’  mama, a apryment arg g(f) — ero daso-
+ 4YacTOTHOMY CNeKTpy. B compskennom crekt-
pe MOAYJb TOT €, a apryMeHT HMeeT npo-

>

«; TUBOMNOJOXHBIA 3HAK, U NOTOMY
\ j\ P ] C —Jarg g () @—j2mft 7
\./ \/ ¢ Kon-r )= ,g(f”e € .. {7)
\ us Beps or ofenx wacteii pasencrsa (7) Mo-
/ N ——a AYJAb M apTyMEHT, MOXHO MepeiiTH K aMnJu-
N4 A\ V4 © rypHO- W $a30-4acTOTHBIM  XapakTepHCTHKAM

ONTHMAJILHOTO (UJBLTPA.
AMnaumyono-wacmomnas xapakmepucmu-
KQ ONMUMANbHO0 (hurempa

lKom(f)l=Cf£(m (8)

NPONOPYUOHANLHA AMAAUMYOHO-HACMOMHKOMY
cnekmpy oxudaemozo cuenaia, ONTHMAAbHBIR
t*X+%p  QMABTDP HAMAYUIWMM OGPa3OM MPONYCKaer
Puc. 3.20. Hanoxenne CMNEeKTpaJbHLIC COCTaBJIAIONIHE, HauboJee
MaxCHMyMOB TapMOHAuYe- CH/JIBHO BLIPAXEHHBIE B cnektpe. Cnabple
CKHX COCTABAAIOWMX N0-  cregTpaMbHBIE COCTABJASIONHE TONABJISIOT-
JIE3HOr0 CHrHaga Ha Bul-
Xxoge Quabtpa npu onts. CH+ B TPOTHBHOM CiyYae Hapsgy ¢ HHMH
MaJbHOf (a3o-sactoTHo#i  TPOHAYT MHTEHCHBHBIE COCTABJAIOLIME MOMe-
XapaKTepuCTHKe X# B LIHPOKOM JHamasoHe yacroT. Popma
- aAMAJIHTYAHO-YAaCTOTHOIO CNEeKTpa HA BBIXOAE
¢HABTPA HCKamaAETCH, 4TO HABJAETCH OXHON H3 NPHYMH HCKAKCHHSA
curnana. Opuako 3ajauedt QUABTPAUMM ABAAETCH HE TOYHOE BOC-
npoussefienne GOpMbI CHIHANA, a HAHJY4Yllee BHEEHHE €roHa oHe
HOMEeXH.
Paso-4acmomuas XapaKmepucmuKa OnmuUMarbHO20 BUsMPA

argKon‘r\D= —arg g(f)‘_anto (9

CKAQOIBALMCS. U3 apeyMenma CleKmpa odCudaemoz0 CUrHana, eismozo
¢ obpamnbiM 3naKOM, U apeymenma 3adepicku — 2nft,. Urobw ybe-
AHTBCA B H€eco00Pa3HOCTH TAKOTo Bbi6Opa (has’o-vyacToTHON Xapak-
TEPUCTHKH, HAHAEM CHTHAABHYIO COCTABJSIOLIYHO HATIDAMEHHA HA Bhi-
XOA€ (H/IbTPa, 3HAS CHEKTPa/JbHbe MJOTHOCTH CHrHana u(f — o) wa
Bxoje g(f)e~72me y na seixoge K. (f)g(f)e—i2nia,

llo npHHLUMNY CynMepno3HUWK HANpsSMXEHHEe TNOJE3IHOrO CHTHaJda Ha
BEIXOAe QHJETDPA B TIPOM3BOJILHBI MOMEHT BPEMEHH € YYETOM BpEMEH-
HOrO MHOXHTeas €/2%! Gyper

oo

o () = | Komo (g () e 2l eizatt g,

-_—
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[MoactaBasia Beipaxenve (4) ana K, (f), npuxoaum k cooThoue-
HHIO

w,()=C § |lg(Pernu—a-tgf, (10

KOTOpOe SIBJfAETCSt CNEeKTPaJbHBIM AaHAJOrOM NPEAINECTBYIOUIEro BhI-
-paxenus [(7), § 3.9] npu y(s) = u(s — «). Ucnonwsya gopmyay i-
Jgepa ¥ y4urbiBag HeueTHOCTb PyHKumu sin2nf(f -— a — 7,), okoHua-
Te/IbHO HAXO/IUM

w,()=C | |g(PPcos2nf(t—a—1t,)df. (11)

Kak BUIOHM, Hanpsowerie HA 6bix00e ONMUMAAGHO0 Purempa, AB-
JAACh HANOXEeHHEM rapMOHUUECKHX COCTABJAAIOMIMX Pa3HLIX 4acToT, on-
pedeasemcss QMnaumyono-wacmomuoim cnekmpos cuerasa. OHO He 3a-
BUCHT OT $a30-yaCTOTHOTO CNEKTPA, TaK KaK MOC/ICLIHAA KOMIEHCHPYET-
¢ (a30-4aCTOTHOH XapakTepHCTHKOH ¢uanTpa. [lostomMy Bce rapmo-
HHYECKHE COCTaBJSAIOlLLIIE O00HOBPEMEHHO JOCTUralOT aMIIHTYLHbIX 3HA-
YEHUH 8 MOMEHM 8pemeru t = o + [, U 3TU 3HaYeHUS Haraeaiomea ApyT
Ha apyra (puc. 3.20). B 3ToT MOMeHT BpeMeHH HMEET MECTO MAKCHMYM
HANPAKEeHUs! BBIXOAHOTO MGCJAE3HOro CHrHaJja

waaHC=wc(a+t0)=C j lg(f)lzdf° (12)

B cuay teopembr [lapcesass

oo

r’50Ia;f(f)lzaff--—- Suﬁ(t)dt=3 (13)

—0
STOT MAKCUMYM OMPEAEIACTCA GeAULNHOL JHepelUUl 6X00HO020 CUEHAAQ
We mane = C3. (14)

I1pH OTCTYN/IEH HH OT ONTHMAABLHOH (a30-4acTOTHOI XapaKTepHCTHKH,
NOCJAeAHAA He KOMMNeHCHPYeT (pa3oBLIX CIBHIOB, MaKCHMYMBl [apMo-
HHYECKUX cOCTaBASAOWUX (puc. 3.20) pasABHrawTca, a NHK CYMMapHOro
KOJMe6GaHHs NOJEe3HOTO CHFHA/Aa HAuHeT DAacChIaThCsl. IJTO YXYAaeT
YCI0BHA 00HapyXeHHs CHIHaAa Ha QoHe LIYMOB.

OTHoleHHe MaKCHMAJNBHOIO 3HAU€HHs CHIHaJa K 3QeKTHBHOMY
(CpeAHeKBAAPATHUHOMY) 3HAUEHHIO NMOMEXM Wy ane!Wn exs HA3BIBAETCH
OMHOWIEH I IeM CUSHAN ROMEXA NO HANPAXCCHUIO.

Ilpu cnekrpansuofi naotHocTd MouHocTH N (f) Ha BXOZe dpuabTpa
CPeflHHH KBaApAT HANPSAXKeHHs NOMEXH Ha BbiXoje OyLerT

 wlaa=wh ()= N()I Ko () 2] (15)
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uan aas 6enoro wyma N {(fy= N, ¢ yuetom (8)

02 an=N,C? | |g () [2df.

0

ITocKOJIBKY CHEKTpadbHasi IIIOTHOCTH BeHeCTBEHHOH (QYHKIHH Bpe”

wewn g (—N=g" () 10 |g(—NI=lg ()2
Yizora=2 fienra=—s,

—
Bomn=C TN, 3. (16)

Omrowenue cusHas/nomexa Ha 6voix00e ONMUMANLHO20 Hurbmpa
no HAnPANCEHLIO

We mane — Cc3 — /@ : (17)
—-Vr

Wn cun C '/ 1
2

3ABUCUIM MORLKO OM JHEPUU NOAE3H020 CUSHAAQ U CREKMPAN6HOL
naomuocmi nomexw N, u He 3asucum OmM QOpMbL CleHAAQ.
To xe crpaBef/IHBO H AJ51 OTHOIHEHKMSA CHTHAJ/TIOMEXA MO MOLLHOCTH

w?

€ MZKC gg (18)
w?l CHB No

Hu o0un u3 aunelinoix hurompos He moocem 0ame omuoweHue cue-
naa/nomexa Goaotuee, uem onmumarouvill ¢uasemp. B npotuBHOM cily-
qae, 3aMEHUB UM ONTHMAJbHBIH (PUABTP, MOXKHO NMOJAYUHTh OOJBLIYIO
BEPOATHOCTD NPABUJBHOTO O0HAPYXKeHusa ) 1pu 3aaHHOI BEepOATHOCTH
J0XHOH Tpesoru F. Ho uMeHHO onTHMaNbHBIN NPUEMHHK AaeT HAHBLIC-
ylo BepoATHOCTb ) npu 3ajgaHHoil BeposAtHocTH F. 3Hauur,H onrte-
MaJdbHBIN GUABTP ITOrO NPHEMHHKA NPH 33JAaHHBIX YCJIOBHSAX AdeT OTHO-
[IeHHEe CHIHaJ/nomMexa, HaWBHICLIEe N0 CPABHEHHIO ¢ APYTHUMH JHHEH-
HBIMH QUJIBTPAMH.

Beujy Ba:KHOCTH psifia [TOJIYYEHHBIX COOTHOLIEHHMH, NPHBEAEM elle
oAHY ¢OpMYy B3aMUCH IJAs CJyuYasi, KOLAA UCMOJAB3YVETCS KOMAAEKC-
Has amnaumyoa U () BBICOKOUACTOTHOTO HanpsxeHua u(f) =

=Re [U(f)el 2nis ], 3amenas
wll) = UB)e) 2oty U* (fye=) 1o (19)

u noicrasnadasa (19) B (D), noayuum

g = GG —F)+ 5 G+, (20)
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Puc, 3.21, AMNAHTYLHO-YACTOTHHE CHEKTPH PaJHOHMIIY/ib-
ca lg(H)| n ero oruGaiomein | G(f)F

rae G () —cnekmparvras naomuocme KOMRAEKCHOU o2ubaouiert
G(y= § U@ye—r2mitar. @

Ha puc. 3.21 ans cpaBHeHHA MOKa3aHb AaMIIHTYAHO-YACTOTHLII
criekTp paauoumny.bca [g(f)| v cnektp ero oruGaroniesr |G(f)|. Jlerko
BUJETb, 4TO [OJ/151 COOTBETCTBYICIIErO 3TOMY PHCYHKY c¢Jydas aocCTa-
TOYHO OOJBIIOH HecymeH [, cneKTpadbHas [JOTHOCTDb

1

:;G(f*foJ as >0,

1

LG+ mm [<O.

g = (22)

Yuurnisas (22), BepHemcs K cooTHowenuo (10). Pazofhem nntepBan
HHTErPHPOBAHHS B 3TOM COOTHOWIEHHH Ha fBa, OT.— oo o 0 v oT 0 o
oo, BhIpaxas onuoBpeMeHHO g(f) uepes G(f) coraacno (22). 3amensis
[+ f,=F B nepeom unterpate u f — f, = f” B0 BTOpOM H yUHTBHIBAS
OTPAHHYEHHYIO ITPOTSIKEHHOCTb QyHKLHM G(f), 0o6o3Ha4NM

C {16 reionl t—amtodgf=2W, (). (23)

Boipaxkenve (10) MOXHO CBecTH TOraa X BHAY
W, () = — W, (£) e/ 2nhs tma—t) Y e—120fs (F—a=to) | =
5 :
=W (f) cos 2nf, ( —a—1,). | (24)

B cootnowenuun (24) W,(f) — orufaroulas HanpsiKeHMs Ha BRIXOME
OfITUMaABIIOre QuabLTpa; cunTaeM, yro W.(f) = W. 3to cnpasesanso,
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eCaAH  aMIAIHTYAuo-4acToTHI crnekrp |G(f)| cummerpuuen®, 1. e
| G(—f)| = | G(fy|. B coorBercTBHH ¢ dopMynoit Sfirepa us (23) no-
JYUHM

> 8

V(&)= | G(f) |* cos 2af (f—a—1,) df. (25)

wlO
[P

o0

CooTnoweHHe (25) nNo3BoaseT oueHHTb GOpPMY BepiinuHbI orubaroliei
Ha Belxoye punbTpa. [as GONBILHHCTBA BaXKHBIX CAY4aeB MOXHO BOC-
TOAbL3CBATHCH NPHONMKEHHBIM Pa3ioKeHHeM ¢cos 2nf(f — a — 1,)B OKpe-
CTHOCTH MaxcliMyma

cos 2nf (t —a—t;) = | —— [2nf (t—a~ 1)1,

OTKYyAa
Wc(t)=ca[1 —%Hﬁ(r—a-—to)a], (26)

§ 120G ()12 df .
rae === . (27)

o

(161 2df

TpuBefieHHble COOTHOIEHHA cnpasefauBsl, ecau [ G(f)| yOwbiBaet
¢ poctom | f| 6eicTpee yem 1/} f|, H uHTerpans cxoasTes (NTO He cobilio-
flaeTcs, HaNnpuMmep, AIA NMPAMOYTOJLHOrO paguonmnyanca). B tex cay-
qafaX, KOrAa MpHBeleHHBIE COOTHOLIEHHS CNPaBeANiNBbi, BepLINHA HM-
OyNbCa Ha BbIXOJE oNTHMaAkHOrO puabTpa (puc. 3.20) umeet B cuay
(26) napaboanueckyro opmy 1 TeM yixe, ueM Goaslile Beauunna /1., Be-
nuunHa [1, uMeeT pasMepHOCTb HaCTOTbl, OHA TeM 0oablie, YeM [WHUpe
CNEeKTP CHTHAaMa, H MOXET GhiTb HA3BaHa NOITOMY Ifupexmisrold WHPN-
HOfi cmekTpa cHrHana. Kak mokaseiBaior dopmyant (26), (27), wem 604b-
we [1,, mem ocmpee eeputuna ozubaouied CuzHaia Ha vix00e ONMUMAAL-
Hoeo urempa. Dudpdepenunpys conpsxennnit ¢ (21) HuTerpan

Uty= § Gpernidj,
MOJYYHM
U ()= | j2afG (et df,

YTO AaeT BO3MOKHOCTb TPaKTOBaTh BHpaxkeHue | 2nfG (f)| 8 uneaurene
(27) Kak MOAYJL cnexkTpaibHoil miotHoctn U (f).

* Mocaeaywowre fopmyan (26)—(28) cnpapeaauesl W AR HECHMMETPHUAOIO
aMDAuTY JHO-YACTOTHOTO CcMeKTpa {(cM., Hampumep. (24. 96]).
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Torpa o teopeme I[lapceBans

00

frvmpa
m=== . (28)
[ tuwmira

- Benuuuny [1, He clelyeT OTOXAECTBIATL ¢ nosiocod [1, Ha KakoM-
1O obutenpunsTom yposre (0,7; 0,5; 0,46 u T. 1.). Kak caenyer u3 § 4.3,
ANS KOJOKOJILHOTO pajHoMMnydsca nonoca [1, = Y all,, rae 11, —
nojoca #a ypose (,46; oHa cooTBeTCTBYET ypoBHIO e="/4 = (0,08, [na
JApyroft GOpMB HMMYJbCa 3TOT YPOBEHb MOXKET GLITH HHBIM.

§ 3.11. Tlpumep onTHMaNbHOH GUALTPALHY KOJOKOAbHBIX
PAAMOUMNYALCOR 6e3 BHYTPUUMNYJIbCHOA MOAYAALMH
da3bl KoredGaHwi

OnTHManpHEIR GUABTP MOMHO NOAGHPATE Aub0 nO Yacmomwuol, 1ubo
no UMNYALCHOU xapakmepucmuke, B3aHMOCBA3AaHHBIM MexXAy coboit. [an
NpOCTLIX CHrHANOB 6e3 BHYTPHUMIYJBLCHOM MOAYJAAUMH (paswl HIHPOKO
HCIOMb3yemble GUIIBTPL B BHJE NOJNOCOBBIX KacKazos YIIU 6ausku k
onTaMaibybiM. ObGpaTHMcs nNO3TOMY BHavaje K aHaiH3y BO3MOMHOCTH
ONTUMAJLHON QUABTPALUHH ANA YeThlpex MoAenen cuexaros 6e3 srympu-
umMnyascHOL modyasyuu dasu:

1) oAHHOUHBIH KOMOKCJIBHBIH PaiHOHMIYJIbC;

2) KOTe€peHTHan MayKa TAKHX HMNYJALCOB, T. €. OTPaHHYEHHAas focsie-
JOBaTeNIbHOCTb PaJAHOMMITYJIbCOB, KECTKO CBA3AHHLIX NO dase;

3) OAMHOUHEI NPAMOYTONBHBIH PARHOUMNYJIbC;

4) KorepeHTHasi Nayka NPSAMOYTOJNbLHBIX PaAHOHMIIYJbLCOB.

[lepBbie aBe W3 3THX MOJZEJell paccMaTpHBAIOTCH B JaHHOM, ABe
ocTalbHLie — B chAenyioueM naparpade.

OnuHOUREI A KOJIOKONBHBH PaiMOMMNYJ/IBC ONMKCHIBAECTCA BhIP AXKeHHEM
BU/la

u (f) = e =" cos 2nf, £. (1)

B pesyarrate npebpazosaruss Dypbe MOMKHO HAHTH CNEKTPaAIbLHYIO
MJIOTHOCTh 3TOTO HMMYJbLCA

g(f) =&\ fe—? (1 —Fo)* _}_e—-b(f-}- fo)?}, (2) _

P 2
e go= % %, b= ’;—, T. €. /151 KOJIOKOJBHOrQ PaAHOMMNYJIbCa aM-
IVITMTY RHO-YACTOTHEIH CNEKTP KaK B obaactH [ > O (mepBoe ciaraemoe),
Tak u B obaactu f <0 (BTopoe cnaraeMoe) Takxke siB1seTcs KOJOKOJb-
HbIM, a §a30-4acTOTHBIH CMEKTP — HYJEBbIM (B Clyuae 3aJepKKKH HM-

MyAbca Ha T — JKHENHBIM C YIVIOBBIM K03 HLUHEHTOM, 3aBHCSALIHM OT T).
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Puc. 3.22. Amnantyauo-vactorhne: cnextp | g(f) | KOIOKOABHOTO pagnoRMITyaRCa
(@), xapakTepucTHka | Kogr(f) | onTumansHoro duanrpa (6) # CREKTP BHIXOAHOTO
paguouMnyasca (8) ana f > 0

i
BBoas ypoBHH oOfcueTa AMHTENLHOCTH T, WMIYJABCA ~— H MOMOCH i

1
AMIHTY AHO-4aCTOTHOIO CNEKTpa T NPHXOJAHUM K YPaBHEHHAM

12 .2
(1,
e =? H € = —

d! ]
OTKYyZa
4 4 ’ :
a=—21nd, b=—21nd. (3)
t“ H!l
ks
B uvacTHOCTH, ec/id ypOBHH otcuera 4 = L —e77 20,46, Tot 1, =1.
d 4’

UTo6bl MOCTPOKTE OiITHMAALHBIA PUABTP AJAA KOJOKOJLHOTO PajHo-
,MMIYJIbCA, HYXKHO HCIIOAb30BaTh JIHHEAHYIO CHCTEMY C KOJOKOJLHOH
aMIJIMTYAHO-4ACTOTHOH H JIKHEHHOH ¢)a30-4aCTOTHOW XAPAKTEPHCTH-
KaMmH. Takue XApaKTepHCTHKH HMMeeT MHOTOKACKaZHH{ pe30HalCHBIHA
YCHJIHTEb ¢ HACTPOEHHLIMH HA OOLLYIO PE30HAHCHYIO YacTOTy f, Koje-
6GaTe/IbHLIMH KOHTYpaMH.

Beeass mosocy KOHTypa fI, ¥ OTHOCHTEJNBHYIO PacCTPOHKY

v= 1@”:[91 , HCMOJIb3yeM H3BECTHOE BhHIPAXKeHHe HOPMHPOBaHHOM
4]
nepejaTouHoi (GyHKLUMK OJHOrO Kackafa
i ] 1
K mK( ..}-v..__'l):-,, = — g —]arcig v,
(f) f{] 9 1 + j‘\’ .V'l + Vi

Toraa aas n-xkackalHOro ycuJHTeJIs
i 1
=Kn o\
Kn(f) K (fo‘f""’ 9 ) [l—!—-‘v*

HOCKOJley noJoCa MHOTOKAaCKaJHOTO YCHAHTEIA CYIECTBEHHO
y>1<e NOJIOCE OAHOTO KaCKaja, moJlaraeM Ha HHTepeCcyIolleM Hac yua-

CTKe DEe30HAHCHOH XapaKTePHCTHKH v & | U 3ameHseM

]nﬂe—in arclg v

~]—

L y?
—v2xze— v g arctg v = v, OTKVJa
- 1 ’ b
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2(f —fo)? ; 2{f—=1s)
K, (e (Miva)? ™" M

Taxkum o06pasoM, NpH NepeMHOKEHUM PE30HAHCHBLIX XAaPAKTEPUCTUK
OJHHOYHbIX KOHTYPOB MPHXOAUM INPAKTHYECKH K KOAOKOAbHOU AMIAU-
mydHO-4acmom+oti XapakTepUCTHKE C NOJocoH, O6paTHO nponoplHo-
HaJbHOH KODHIO KB3JPaTHOMY H3 UHCAA KAacKaJOB, H K auHeidnod ¢a-
30604 XapaKTepHCTHKe, omnpelensiomeil 3aiepXKy B YCHAHTeNe, TeM
GoJblIylo, UEM y2Ke ero nojoca u Gobme 4HeI0 Kackagos n. 11pu coor-
BeTCTBYIOUIEM noabope pe3yabTHpYILIeH MOMOCH TaKOH Pe30OHAHCHBIN
YCHJIUTENh SBJAETCA ONTHMANLHLEIM QHUALTPOM AJMA JI0OOTO 33aHHOIO
KO/MIOKOJIBHOTO PaJHOKMNYJbCa.

VimMnyabcHas xapaktepucTHKa v(f) 3TOro ycuaHureas, 6yayuu npe-
obpasoBaHueM Pyphe OT YacTOTHOH, TaKKe ABAAETCS K0A0K0A6HOU (110
Kpaideil Mepe IPH n — oo0), YTO 06ECNEYHBAET e¢ «3EPKAJNBLHOCTEY I10
OTHOWEHHIO K cHrHaay. [lo Mepe yBeawueHHWs n 3Ta XapakTepHCTHKA
C/BUrAETCH BIIPaBO MO BPEMEHHOH OCH B COOTBETCTBHH C YCJIOBHEM pe-
anusyemocti: v(f) = 0 npu ¢ << 0,

Ha puc. 3.22 nokasaHbl: aMIJIHTYRHO-4acTOTHHH cnekTp |g(f)| =
-_— — 2
=e~™('=10)/Tal’ konokonsHoro pagwoumnyasca ans f =0, aMIAKTYA-
= {(f~fo)/Ta]* ontumann-
HO-YaCTOTHas XapakTepHcTHKa | Ko (f)l=e o//"n
HOrO (HJBLTPA H AMILIMTYJHO-YACTOTHHIH CHEKTp

Ko Dgi=e ") o (mr)

n

* 1
HMNyJIbCca Ha BhIXoJe 3Toro GuJALTpa (7 = 4 ) . CyuectseHHo, 4TO

noAoca YacToT CHTHala NpH ONTHMAJNbHOH GHALTPALMH CYyXKaeTcs
B Y2 pas, 3a cueT uero B 2 pas yBeJdHUHBAETCH ANHMTENbHROCTh BHI-
XOHOrO PaJHOUMIYJIbCA MO CPABHEHHIG € BXOJHLIM.

Kocepenmnasa nauxa K0A0KOAHLIX PACUOUMNYA6C08 HIJIIOCTPHPYETCA
Ha puc. 3.23, a, rae moKasaHa NMOCAEAOBATEJIbHOCTL OJHOTHITHLIX HM-
nyabcoB u(t — kT), k=0, 1, 2, ..., CABHHYTHIX 10 OTHOLIEHHIO K CO~
CEJHHM Ha OJ(HHAKOBHIl BpeMeHHOH HHTepBan T, Ha3blBaeMbH nepHo-
AoM nocuinkH. Ha puc. 3.23, 6 uamoctTpupyercs BO3MOXHOCTb GOPMHUPO-
BaNHs COOTBETCTBYIOUEH ONTHMalbHOH HMNYJbCHOH XapaKTePHCTHKH
JAuHelHoro ¢uabTpa. [locaeauuit o6pasosaH B pesyJsbTaTe NOCAENOBA-
TENLHOTO COEJIMHEHHUSA ABYX 3BEHBEB C YACTOTHHIMHM XapaKTepPHCTHKaMH
K:(f) u K.(f). TlepBoe 3BeHO mnpeicTaBasier co60f ONKCAHHHM BHINE
PE30HAHCHBIH YCHJHTENb, COTJIACOBAHHBLIH MO MOJOCEe NPONYCKAHHA C
OAMHOYHBIM HMMITyJbcoM. B pexXume CHATHA HMIYJbCHOH XapaKrepH-
CTHKH (T. €. IPH BO3REHCTBHH Ha BXOZA 6-pyHKUMM) Ha BHIXOJE 3TOLO
uabTpa c onpeaeneHHOR 3aepKKOH 06pasyercs KONOKONbHLIN OTKIKK,
COOTBETCTBYIOWIHH 0XKHAAEMOMY UMNYJMLCY. BTOpoe 3BeHO npeacrabiasier
€o00H HEeHCKAMXAIOULYIO JHHMIO 3aJePKKH C OTBOAAMH H OOIIMM CyMMa-
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Puc. 3.23. Korepentnasi nayka KOJOKOJABHBIX DPajHOHMIYJIb-
coB (@), onTuMaAbHLIE Aa5 Wee dbuapTp (6) ¥ mnponecc on-
TEMaNALHOA QUABTPANHK NAYKK (8)
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topom. Ha BhiIXofie cymMmaropa B pexuMe CHATHA MMIYJIbCHOH Xapak
TePHCTHKH MOXHO AOGHTLCS MOJYYEHHS HYKHOH MaukH KOJOKOJBHbBIX
paiHOHMNYJbCOB 3a CueT BhHIOpa pacno/MOXKeHHs OTBOAOB, HX UHC/A
¥ KO3(pULUEHTOB nepefauH.

Ha puc. 3.23, ¢ uniocTpupyercs pesybTaT ONTHMalbHOH GUIIBLT-
pallii KOTePEeHTHOH N[auKH KOJOKOJIbLHBIX PafMOHMITYJIbCOB; NOKA3aHEbI
NMaukd UMOYJbCOB wy({ — kT), cCHUMaeMblE ¢ OTBOJAOB JIHHHH 33A€PAKH
§ OTHUAIOWKecs OT NOZAHHON Ha BXOJ NMAukKu yBeuueHHol B 2 pas
IAUTENbHOCTBIO Kaxkaoro umnyJbca. Orudaiouras nauky pajidouMmyib-
COB Ha BBIXOJI€ CYMMATOPa Wy(f) HMeeT poMOHYecKYIo GopMy U JJIHTENb-
HOCTh no HyJAsM 2ZMT, rae M — 4uc/0 HMIYJbCOB B HCXOAHOM NauKe.
Upesio BMNYJLCOB BLIXOAHOH maduku cocrasisier (2M -- 1).

YactoTHas XapaKTepHCTHKA BTOpOro 3seHa K,(f) MoxeT ObITh Mo-
JyueHa B pe3yJ/bTaTe CyMMHPOBAaHUsA YACTOTHBIX XapaKTEPHCTHK 3BEHb-
eB C pasJHuYHOH 3aJepKKOoH, 00pasyloUHX TeOMETPHYECKYIO Nporpec-
CHIO,

M
Kyl = 3 el 4=b,

Ee MOAy/Ib ONpeAIsieT AMIIMTYAHO-4ACTOTHYIO XapaKTepHCTHKY BTO-
poro 3BeHa

Kz(f)=

JTa 4acTOTHAA XapaKTepHUCTHKa ABAsETCA epebexuamoit (puc. 3.24, a)

sin ufMTi
sinwf? |’

!
c nepuonmecm NOBTOPAIOMIKMHUCHA 4€pe3 HHTepBaJ ?;- BY6I.L3MH -

(%2(F)

Puc. 3.24. I'pebenuatad aMIAHTY/HO-YaCTOTHAA XapakTepucTHKa

CXeMbl ONTEMAJLHOTO CYMMHPORAHHA (@) W Pe3yALTHPYIOINAA aAMILIH-

TYAHO-4aCTOTHAA XapaKTepucTuxa (0) ONTHMAJbHOrO PuAbTPa AJA
KorepeHTHO! nauku paguouMnyascos (f > 0)
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“ 2
PHHOHU MO HYJ5M M7 HEOrpaHUUYEHHO 3amoJHAICIIHMH OCb 4acToT.

Pesyaomupyrowan wacmomuan  xapaxmepucrmurxa K(f) = K (f)Kq(f)
NPAKMUYECKH 0ePAHUMEHE RO CREKMPY KOAOKOAbHOU XAPAKMEPUCHUKOL
nepeoee 3seHQ, OHA TaKXe MABASETCA 2pebexuamod W NOKa3aHa Ha
puc. 3.24, 6.

Ecay BBecTd 3JHepreTHHeCKOE OTHOWEHHe curnaa/nomexa 23,/N,
JJA8 OJHHOUHOIO KOJOKOJLHONO pagdouMnyJbkca Ha BLIXOJE TNepBOro
3BEHA, TO [10C/1€ BTOPOrO 3B€HA OHO H3MeHHTcs. Hanpsikenue curuana
yBesinuubaercs B M pas, ero momHoctb B M® pas, a Jucnepcust moMexH
Bcero JAHmb B M pa3. [lo3ToMy oTHOumIEHHe CHI'Ha/ /IOMExa BO3paCTaer
JI0 BEJTHUYKHEI

2‘911 M — 2‘9[1'3.‘{1{}1
No Ny '

YTO COIVIACYETCS C U3/10XKEHHOH Bhluie Teopuek. BLUIphI B OTHOLIEHUH
CHTHAJI/NoMexa TMOJYHUEH 33 CUET CYMMUPOBAHUA KOACOQHWIL uMnyib-
" 08 cueHaaa 8 onpedeaeribld MomeHm apemeru. B 10 BpeMs KakK CyMMH-
poBaHHe KoJeGaHUH CUrHala NpoOMCXONHT 8 (pase, KoaebaHHs NOMEXH
CYMMUDYIOTCH CO cayuaiinsimu pasamu, 4TO OOBACHAET NPEHMYILecTBa
ONTHMAaAbHOH 00paboTKH.

Te e npesMyllecTBA MOTYT OLITH NOSICHEHB ¢ HHOH, HACMOMHOL
TOUKH 3peHHA. KorepeHTHas IOC1e10BAaTQILHOCTE HMIYJAbLCOB HMEET
rpebeHyatsid cnekTp. 11osTomy rpeGeruaras 4acTOTHAs XapaKTePHCTHKA
CXeMHEl CYMMUPOBAHUSA 06ECeUHBaeT MPONYCKaHHe Uepe3 CHCTEMY TONIBKO
YL CHEKMPOAbHOIX KOMNOHEHMO8 nomexy. tla Tex yuacTkax crnekTpa,
TA¢ CUIHAJ OTCYTCTBYET, NTOMEXA He NPOXOAUT. BLIKTpHIL MpH 9TOM CO-
OTBETCTBYET «CKBAXKHOCTH® CMEKTpa M, ueM oGbACHSETCS palHOHaJb-
HOE HCMOJAb30BAHHE 3HEPTHH nadky, B M pas Godblueil 3HEPTruu OTAE/b-
HOrO HMIyJbca. M3 npoBegeHHOro paccyAeHHS caedyer, YTo 00u# u
mom ofe epiuepbitd 32 cHeT CYMMUPOBAHHS M I'pefeHYaToro xapakTepa
CIeKTpa 08asclbl yuumuieams Heab3sA. TlauwBblciiee OTHOMIEHHE CHI-
Ha/l/moMexa Ha BbIX0Je ONTUMAIBHOIO GUILTPA 110 MOLIHOCTH Ofipele-
asiercsi cooTHomeHueM [(17), § 3.101 v B nanHOM cayuae Gyaer 2?21;{}%

KorepenTHasi nayka HMIYJAbCOB ¢ OfHHaKoBOI (a3oroH c*rpyKTynpoﬁ
He ABJsSeTCs €IHHCTBEHHO BO3MOXKHOH. MOKeT HCnoJb30BaTLCS NaukKa,
o0pa3oBaHHAsi B Pesy/bTare aMIIHTYAHOH MOAYJIAUMH CHHYCOHIANDL-
HbiX KOJeGaHWH YacTOThl f, NOCI€A0BATEAbHOCTHI) BHAEOHMMITYJ/bCOB,
['pe6Hu aMnAHTYAHO-YaCTOTHOTO CreKTpa 3ITOH NaukH pPachojaraioTcs

l ba)
Ha PACCTOAHHUAX i OT HECYLIEH, HO He 00s3aTesbHO OT Hadalda oTcue-

T2 yactoT f=0. II15 06bYHOrO cHrHasna, noJoca KOToporo CyllecTBeHHO
MEHBILE Hecyiled, HeoOXoAumasi rpefeHuaTas 4YacTOTHAss XapaKTepH-
CTHKA MOXKeT OblThb IIPH 3TOM CHHTE3MPOBAHA C IIOMOILLIO TOf Ke camoi
cxembl (puc. 3.23, 6). Touroe nonoxkenue rpeSHel HA OCH BaCTOT B Mpe-
aenax 3aflaHHoO# MOJOCHl MOXKHO noA0o0paTh 33 cueT HeGOJMBbLINX H3Me-
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HeHUH pacrioJio’KeHHs OTBOAOB +
Ha JIHHHH, YTO IIPAKTHYECKH . —
He CKaXeTcsi Ha pacCTOSHHH - [

MeX1y TpeOHSIMH, HO H3MEHHT \+;—5A
4
g

HX MOJIOXKEHHe B TOJA0Ce Ya- AU 30 JEomKu e

CTOT OTHOCHTEJbHO HECYUIEH,

Orubaicuias nayke pajguo-
MMIYJAbCOB MOXeT OBbITb He-
npsmoyroiasHoil. Cxema (puc.
3.23, 6) 1py ITOM BHJIOH3MEHHTCS TOJbKO B TOM OTHOIIGHHH, YTO
CYMMHMPOBAHHE ¢ Pa3JHUHBIX OTBOJAOB IPOH3BOAHTCS C BecaMmH, ofec-
NeYHBAKIAME (QOPMHpPOBaHHe HeOOXOAUMOH HMNYJAbCHOH XapakTepu-
CTHKH ¢UIbrpa.

[locKo/MbKy 3ajepXKy NMOpAAKa IAJIUTENBHOCTH Na4KH OCYILeCTBHTH
TPYAHO, HCNOAB3YIOT HHOIA JIHHHUIO 38/IepXKKH HA OJHH MEpHOJ MOChLI-
KH, HO ¢ 00pamroii ¢6a3ol0 ¢ 8oixo0a 1a 6xod (puc. 3.25), uto oGecrnieunBaeT
MHOTOKPATHOE UCMOJIb30BAHWE NWHEM npH GOPMUPOBAHUY MMNYJALCHOM
XapaKTepHCTUKH, a 3HA4uT, U npy obpabotke curHana. KoadduuueHt
oOparHOl cBsizu f BHIOHpAeTcsi TaxUM, YTOObl HMIYJAbC, TIPOHJA uepes
TPaKT JUHHH 33JIepXKH ¢ KosdhulueHToM nepefauu K, BO3BpPAILACH
Ha BXOJl JIHHUH ¢ HeGOALWHM ocsabaeHueM. Jlanee npouecc noBTopseT-
csi {peyupryaayua). Hlpr stom cTpemsitcesi, 4ToObl K MOMEHTY NpPUXOAa
NOCJAEJHEr0 HMMYJAbCa NMAYKH NEPBBI 3aTyXal HE O4YEHb CHJIbHO, HO
HaJIO’KeHUs WyMOB 6e3 Ha/IOXKeHH 1 HMITY/IbCOB NaukH He Oblio. O6hUHO
6epyr Kf = 0,8--0,95. AMNIMTYIHO-4aCTOTHAS XapakTepHCTHKa pe-
LUPKYJASTOpA HMeeT BUL IpebeHKi,

['pebenuarsie ¢UABTPEL MOMXKHO COCTABHTD, MCIOJAb3ys HE TOJLKO
JIMHUH 33JePKKH, HO H KosebameasHvle KOHIMYPos,, HaCTPOGHHBIE HA 4a-
cToTH rpebHeii. [lockoabKy nmoTpebyercs 2HAUHTENBHOE YHCJAO KOHTY POB,
TAKOH c11oco0 NMPHUTOAEH JHIb AMAS CHCTEM MaNol CKBa*XHOCTH.

prmm———e [ memme et
Puc, 3.25, Penupkyastop

§ 3.12. Mpumep onTUMAIbHOH GUABTPALKHH MPAMOYTONBHBIX
PaAKOMMNYyJabCOB 0€3 BHYTPHHMOYJbCHOH MOAYJISIIHH
tdha3nl Koaedanni

OnuHOUHBIH NpsAMOYTOJBHBEI PafMOUMNYJEC {u (f) =cos 2nf, ¢ npu
[t <<1,/2 u u{t)=0 nupu | {| > 7,/2] ¥meeT cNeKTPaabHYIO MJIOTHOCT

sin o (f—fp) 1 sin ®(f+fo) Tn
— , ]
e ="t 2 (£ o) 1)

rjae B obaact# f > 0 MOXHO mpeHefpedb BTOPLIM CJaraeMbM, a B 00-
nactv [ <C 0 — nepBbIM. AMHJIHTy,uHo-HaCTOTHbIﬁ CIEKTDP MpsAMO-
YTrOoJAbHOTC paguouMnydeca (s f > 0) nokasad Ha pHc 3.26, 1lu-

PMHA ero N0 uyJsM paBusiercs 2/1,, a no ypoamo sin —+ / 5 ~0,64

3Ta WKHpHUHA cocTaBaser 1/7,.
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Pruc. 3.26. AMDAATYAHO-4aCTOTHEIT CHEKTP npsAMO-
yrospuoro paguoumnyanca (f > 0)

Hepei&,aem K pPacCMOTPEHHIO BO3MOXXHOCTEH OCYIIECTBJACHHA KBa3u-
onmumassHold B onmumassiold QUIBTPAUHHM IPAMOYTOJBHOIO pajauo-
HMITY J1bCa.

Keazuonmumarenyro pusbmpayurd OCYUIECTBAAIOT ¢ MTOMOUILIO MO-
JIOCOBLIX YCHJAUTeNEH nymesm nodbopa noaoce. NponycKarus.

3anaauMcy GaB3KOH K NPAMOYIOJLHON eduHUYHON aMIJauTYAHO-4aCTOTHOM
xapakTepucTukoil duawrpa ¢ nonocoit JI u nunefinofi ¢aso-yacroTrHol LapaxTte-

PUCTHKOR e 123t Bpecy £y — 3ajilep:kka B puabrpe, Uem Gauxke amnJIUTYA-
HO-4acTOTHAs XapaKTepucTHKa GHALTPa K OPAMOYroabHOll, Tem 6ogblue fo,
sinm I{t—1g)
TAK KAK UMNYJABCHAA XaPaKTePUCTHKA BHAA W — 1) A0 yCROBUIO peausy-
0
emocTy pasra O npu ¢ < 0. Hanpsaxenue na BLiXofe ¢uabTpa OpH eluHHYHONH
AMIAUTY/e HanpsxkeHufl Ha BXOAe MOXKIO UPEACTABHTb B 8HJE

R . fot-i1/2 (F—fo)
1 SINTLA{T—To) T jomi (2—1,)
w ()= S e/ df +-
2 —
- R (f— fq)
P TR n(f + fo)
1 sin 0T jonf (i—t,) df.
5 fi w(+i) f

Nocne zamenst nepemennslXx i (f—fo) Ty=x B neprom unrterpane u n (f- fo) Ty=
==) ~— BO BTOPOM BhIpaXeHHe NPUBOJHTCA K BHUAY

w (£} =W (¢) cos 2nfy {,

The
atyutf7/2) i~—ty,

sinx 27,
e

1
W (f)z; dx=

——m“(H;Q)

X

m“(r}f?}

2 ? si f—t
- j 2rx cos (Qx -——-U-) dx.
X T
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TMpeobpasys LPOHU3BELEHHEe TPHTOHOMETPHHECKHX QyNKUHA W BBOAR HHTErpadb-

sinx

dx, monyusm

y
HLIA CHHyC Siy:S
X

0

W’(t):—:‘[Si;nH (e—eu+12“—) —Si nﬂ(f—ta—%—'—)]. @

) siny
3ameuas, aro (Siy) =-——"—, 3aKaAOuaeM, UTO MaKCUMyM orxbatromel JAo-

CTUraeTCsl 8 MOMeHT BpeMenu (=1, korjna W’ (f)=0, u Gyner
2 .
WM&HC:;SI (] ty/2).

Keanpar spdexTusporo Hanpsxesda NOMeXH HA eIHHHYHOM CONPOTHBJACHUH
A BLIGpaHHOd NPAMOYro/NbHON eRUHHYHON XaPAKTEPHUCTHKM COCTABHT

ety
02 = § Nodf=No I,

T
fn——g'

OTKY/Ja »HepreTHuecKoe OTHOUIEHHE CHTHAJ/NOoMEeXa HA BHIXOAe KBA3WONMTHMAML-
HOTO G UJLTpa

S cy .']T,HTH
w2 !
Mage 2
2 2 7
wn CKE (ﬂ/Q) ”T“
29y Tu
rae g* =T =7 — OTHOIIGHHE  CHFHAJ/NoMeXa Ha BeXOHe ONTUMAJLROrO
0 0

¢uanTpa.
[lonocoBo#t hunbTp ontumusupyercs npu fIt, = 1,37 u makcumasin-

HOe OTHOLEHHWe curHaa/momexa coctaBaser 0,83¢> Takum obpasom,
HOA0CO6OLE (PLinbmp € HEONMUMAABHOU NPAMOYSOABHOL AMAAUMYOHO-

wacmomnoti xapakmepucmuxodi, Ho onmumaasrod (no B. Y. Cudoposy)
nosocoli [, = % JlaeT AJIi paccMaTpHBAaeMOro CHIHajla B BHJe
NPAMOYTONBHOIO PALHOUMITY/IBCA APOUSDBILL 8 SHEPIeIMUHECKOM OMHO-
wenun cueHaaf nomexa ecezo auiib Ha 17% waw B 1/0,83~1,2 pasa.
Hapsiny ¢ KBasHONTHMA/IbHBIMH (PH/IBTPAMH IIPHHLUHITHAALHO MOKHO
NOCTPOHTE ORIMUMAALHYL JJ1S TIPSMOY TOJLHOTO DAaHOUMITYJIbca GUIIBTP.
B stoM mpouie Bcero yoeaHTbes, pasbuBas AIMHHBHIE NPSMOYTOJAbHBIH
HMIYJAbe HA M Gojiee KOPOTKHX MMIYJbCOB JUIHTENLHOCTbIO T,/ M. On-
THMAJbLHAA GUIABTPALLHS MOJYUEHHOH TAKUM 00pPa30M «IMAuKu» COMKHY-
TEIX PANMOUMTYJIBCOB MOXKeT ObITh Npou3BedeHa, Kak H B § 3.11, ¢ mo-
MOLIBIO [OCTATOMHO WMPOKONOAOCHOTO QUAbTPa, JWHHE 3aJepPKKKH ¢

oTBoiaMu H cymmatopa. Paccmorpennan B § 3.11 uactoTHas xapakre-

in nf MT ,
puctuka K,(f) = % MpH LEJIOM MHCIe NepUoJoB KoJebaHHil B
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Puc, 3.27. OntuMmanesufi GuiIbTp AAS NPAMOYTOJbLHOTO
paguouMnyasca 6e3 BHYTPHHUMOYABCHOA MOAYAALUH (haswl

UMIYJbCE AMHTENbHOCTbIO T,/M NPHBOAUTCS K BHAY

-

sina(f—/{q) MT:M sin s (f—fq) T
H(f‘—fo)r ﬂ(f""’fo)'cn

¥

HTO C TOYHOCTBIO [0 MHOXKHTeNst coBnajaer ¢ Tpebyemoii. Ha Brixoze
CXeMbl B 3TOM CJy4ae MOJYy4YaeTcsl CIVIOWHOH POMOOBH AHH
HMIIYJIbC 4aCTOTH fo. CXeMa OMTUMANBHOrO GUABLTPA HA JTHHUH 3aJIePKKH
- 03 MPOMEXKYTOYHEIX OTBOJIOB N0Ka3aHa Ha pHc. 3.27, a. OHa conepxuT
CYMMaTop, Ha KOTOpOM BbipafaThiBaeTcsi pPa3HOCTb He3aJIepKaHHOrO
H 33ACpXKAaHHOPO HA T, DAJHOUMMYJIbCOB, H KojebaTeJbHBIl KOHTYD
BLICOKO# JOOPOTHOCTH (NOAKAIOUAEMbIH K CYMMAropy depe3 CONpOTHB-
JeHHe, UToOb H30exaTh MYHTUPOBaHKd). [Ipyras pasHOBHIHOCTL 3TOH
He CXeMbl NpHBEIEHA Ha
pHc. 3.27, 6.

B ofoux cayuasx cud-
TAETCH, 4TO BPEMS 3anepK-
KH COCTaBJfAeT Le/1oe YHCI0
NepHoL0B KoJaeOaHHH BLICO-

Sargy Kofi uacrotel. [lonydaemas
e Ty — J.U.“Ll”[ MpH nojade Ha BXxoj O-

(bYHKUMH HUMIyJAbCHAs Xa-

pakTepuUcTHKa  ofpasyercs
¢ B pesy/nbTaTe BLIMHUTAHHS

j ABYX cBOOOAHBIX  Ko.Jeba-
= 2Ty > HHH — HE33JIepXaHHOro H

Puc. 3.28, Ilpouecc ontumansHOR $uanipa- gaﬂep}xa“HHOgO Ha Ty Hpu
OWH NPAMOYTONLHOTO  papfomMnyabca s  OOJbIIOH JOOPOTHOCTH KOH-
cxeMe puc, 8.27 Typa JJIHUTEJIbHOCTbL nepe-
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Puc. 3.29, PesyabTaT OnTHUMaAbLHON QUALTPAILMM KOrepeuTHOM
Daukd PajHOHMOY/ALCOB ¢ NPpAMOYrolbHOi orubatniici

XOHOTO Tpollecca B HeM MHOTO GoJbuie T,. B pesysabrare BblYHTA-
HHSl TIOAYy4YaeTCsl HMMIYJbCHAS XapakTepPHCTHKa B BHAE paaHO-
MMIYJbCa JIMTeNbHOCTBIO T,, OAH3KOro K MOpAMOYroJbHoMy. UYa-
CTOTHAsl XapaKTepHCTHKA (HHIbTpa (puc. 3.27, a, 6) B ciydae NpelesabHO
6oAbIIONH JOGPOTHOCTH KOHTYPa COOTBETCTBYET CIIEKTPY BHAa sin x/x.

Tlpu Bo3neficTBUM Ha BXOA HUILTPA NMPAMOYTOJALHOIO PAAHOUMMYJIb-
ca Ha BBLIXOJE NONyHaeTcsl pombosudneiti paguoumMnyse. B sTom cayuae
Ha KOHTyPe BLICOKOH AOOPOTHOCTH NPOHCXOAMT JIMHEHHOE HapacTaHue
AMIIJIMTY bl HATIPSIAKEHHS] B TeUeHHe AJIMTEJBHOCTH MMIYJbCA H BeCbMa
MelJeHHOe 3aTyxaHhe KosieGaHul mocjie €ro OKoH4YaHHMs. B pesyin-
TaTe BLIYHTAHHA ABYX HePEXOAHBIX MPOLECCOB, He3aAepKaHHOTO H 3aJep-
XKAHHOTO, Ha BLIXOJE NoJAyyaeTcs POMOOBHAHBIH DaJHOUMITYIbC AJTHTENb-
HoCThiO 27, (pHuc. 3.28).

Onrtumaibias GuabTpalis NpsSMOYTOIbHON 1 @ 4 K H [IPSAMOYTOVIb-
HBIX PajHOMMIYJbCOB MOXKET ObITh OCYIHECTBJEHa NyTeM MOCJ € J O
BaTEeJbHOTO BKJWUYEHHA ABYX PHADLTP OB QHIBT-
pa, ONTHUMAJbHOIO AJIS OLUHOUYHOrQ NPAMOYTOJbHOTO PaJBOUMITYJ/IbCA,
HAallpUMep, KdkK Ha puc. 3.27, M KOTePeHTHOIC CyMMAaTOPd HMIYJIbCOB
[a4uKH, aHAJOIHIHOTO 3BeHy (POPMHpPOBAHHMS YACTOTHOH XapakTepHCTHKH
Ko(f) na puc. 3.23, 6 (§ 3.11). B pesyabrate onTUMa pHON QHABTPALHY
HA BBIXOJe TOJYUHTCA TOCAeAoRaTeNbHOCTL (2M — 1) poMGOBHAHBIX
pajHOMMIYJILCOB ¢ ofliell pomGoBHAHOH orubanwei (puc. 3.29). Ecan,
He HM3MEeHAst CXeMBl KOTE@PEHTHOTO HAKOIJIEHHS, ONTHMAaNbHBIH GUILTD
Vsl NIPAMOYTOJbHOTO DajHOHMIIY/bCA 3aMeHHTb KBa3HONTHMAJbHBIM,
TO U3MeHUTCA hopMa orubarllell oTAeAbHBIX HMIYJIbLCOB NIPH COXpaHe-
HHH QopMbl OrHbaroLieH nauki.
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§ 3.13. llKupoKonoaocHbie PAJIHOHMIYJABCHE H NOHATHE
00 atddexTe cxKaTHA

VMnyabeHBI CHTHAA HA3BLIBAeTCA (UPOKONOAOCHBIM, €CJIH NPOH3-
BeJleHHe 70 JJIHTeTbHOCTH Ha WIHPHHY clekTpa uactoT /1, 1, =n > L.
IIHpoKONOAOCHOCTh OGLIMHO JOCTHIAETCA HYTEM BHYMPUUMAYABCHOU
Mo0yaayuu gaser (4acToTH) KoAe6anuii., IIHPOKOMONOCHBI pagHOHM-
MyJbC UMeeT WWHPHHY CleKTpa B a1 pa3 GoJblIyIo, YeM HMINYJbC TOH XKe
AJUTEJbHOCTH T, 063 BHYTpHHMIYJbcHOH MoayJasaurH. [upuna ero
CIIEKTPA COOTBETCTBYET UMMNYJIbCY €3 BHYTPHHMMYJIbCHOH MOALYJSLHH
CYLLECTBEHHO MeHbinell JAHTeTLHOCTH T,/n.

W3 dopmyaw [(11), § 3.10] cneayer, uto HMNyJbC Ha BBIXO[E ONTH-
MaJbHOTO GHIBTPA ONMPEACTACTCA AMNAUMYOHO-HACMOMHBIM CREKIMPOM
cueH@Aa. 3T0 3HAYHT, 4TO IIHPOKONOJOCHBIH DAgHOMMIYJbC Npeobpa-
3yercs B cgoes ONTHMAJbHOM DHALIPE B HMIYJLC makoid oe daumeno-
HOCMit, UTO H HMNYJbCH AJIMTENBHOCTH T,/fl NPH BO3AeHCTBHH Ha €804
onTHManbHb GuaAbTp. MHade roBopf, ILHPOKOIOJOCHBIE pPalydOUM-
NYJbChI CHCUMAIOMCS 8 ORMUMAALHLLX (purempax, TIPHUEM meM CuirbHee,
uem Ooavtue npouseederue 11, v, = n.

Ecan ABa nepeKpHBaIOUHXCA CABHHYTHIX LIHPOKOMNOJOCHBIX PajHo-
MMIYJIbCa BO3AEHCTBYIOT HAa COOTBETCTBYIOUIHH ONTUMALHBIH (PHIALTD
(puc. 3.30), KaXapll U3 HHX B CHJIY NPHMEHUMOCTH IPHHLHIA Cynep-
TIO3ULUH K JHHEHHbIM CHCTEMAM CXKUMACTCH HE3a8UCUMO, T. €. HMEeTCd
BO3MOINCHOCTL  PASPCIUEHUA CUSHAA08 OM UEACH, UMAYALCH KOMOPOHLX
nepeKkpuisaiomest. 10 NO3BOIAET HAPAUUEAMb OAUMEABHOCTIL UMILYABCOE
6e3 yxydwenusn paspewiarouieti cnocobrocmu no daseHocmu. Y BeJiueHHe
JJIHTEJIbHOCTH HMIYJIbCA SIBASETCS CPEACTBOM YBEJIHYEHHS €ro SHep-
THH TPH TNHKOBOH MOLIHOCTH, OTPAHHYeHHOH OOGBIYHO YCJIOBHSIMH Te-
Hepauuu H npqQbosi B HHAEPHBIX TpaKTax. Hapsaay ¢ yBesHUeHUEM Hep-
TeTHKH MOXKHO nospiuuamep B 3HAUHTEILHBIX MpPEAeNax paspetiaroiiyio
CROCODHOCME N0 JQAbHOCMU, UCTIONDb3YA BeCbMa IIHPOKQIOJIOCHBIE CHT-
HaJIbL.

B cBfA3H ¢ npakTHUecKOil 1e]eco00pasHOCTLIO HCNOMB30OBAHHA WIHPO-
KONOJIOCHEIX CHTHAJIOB cJjefyeT OoJlee MOAPOOHO pPacCMOTPETb NYTH
paclIHPeHHs CNeKTpa, a 3aTeM U3YUUTh (PH3HYeCKHE NIPOLECCH NPH CiKa-
THH B ONITHMAJbHBIX (DHIBTPAX.

{ ] - O Onmmumans- 0 )
A t o—{ it Qusemp Lo %
be—— Ty — --
. ‘_— To -—’-l _ ; U

Puc, 3,30, Paspemenue OpH CKATHH MIHPOKONOJOCHHX pPajHOHM-
NyJabCOB B ONTHMAJBLHOM QHALTPE

152 § 8.13



s o e I B o
&/

Pue. 3,31, daso-manuny UpoBaHHLIl pagnoumMuyJabC (a)
ero ycJoBHOE H306paxeHHe (6)

B kauecTBe CPeACTBA PACIIMPEHHS CNEKTPa PajHOUMITYILCOB MOXKET
MCIOMb30BaThea pasoean manunysayus. OHa COCTOMT B TOM, YTO HUM-
MyJbC AJMHUTSABHOCTBIO T, pa3bHBaeTcss Ha OmNpefeleHHOe YHCIO n1 Go-
Jlee KOPOTKHX COMKHYTHIX Mely COGOH NapuMabHBIX pPagHOUMILY/Ib-
COB H B KaXKJAblll U3 3TUX UMIYJbCOB BBOJUTCS COOTBETCTBYIOIIHA (pa3o-
BRI caBHr A, dDa30Bble CABHI'H, BBOJIUMbIE B MapidalbHbie PAJHOHM-
MyJbCbl, MOTYT ObITb KpaTHbl (HJAH HEKDaTHBEI) OAHOMY H TOMY Xe
(a30BOMY CABHTY, Hanpumep, 2:/m, rae m — uenoe uncao. Tlpum > 2
(azoBasi MaHHIYJIALUA Ha3bIBACTCA MHO20(a3Hold, a TpU m = 2 npo-
mueoasHotl, Tak Kak, 10 CYIeCTBY, BO3MOXHbI JIHIIb ABd PaziHyaro-
muxcs 3Hadenus A (0 wiau 1), a KOMIVIEKCHBIH MHOMKHTeNb C = ¢/A%
npuHHMaeT ABa 3Hauenus (1 uaw — 1). Ha puc. 3.31 npencrasaen manu-
nyJIHpoBaHHbIN 1O (ase O, 5t UMNYJLC H €ro yCJI0o3HOe 0003HaueH e, 0TO-
Gpakaioliee JHIIb 3HAKU MHOXKHTeled C, = efA%: 114 napuuaibHBIX
s/eMeHTOB Umnyabca (B = 0, 1, 2, ...).

Crektp (ha3o-MaHUNYJAUPOBAHHOTO PAJHOUMIYJABCA MOXKHO Npel-
CTaBHTb KaK HaJOKeHHe CIIeKTPOB CABHHYTHIX MAPUMATbHBIX HMIYJbCOB
HJIH, C YY€TOM TeOpeMbl 3anasjblBaHHd,

1= ]

g =g, 2 Cye-remtine,

rie go{f) cooTBeTCTBYeT CHeKTpY NEPBOTO U3 mapuHa/jbHbIX DagHOUM-
nyJecoB. B cayuae, korga C, == 1 ans Bcex g, $a3o-maHUIy/THPOBAH-
HBIH PAfHONMIYJIbC NepPeXoAUT B AJHHHBIH HEMOLY/JIHDPOBAHHBIA pagHO-
HMIyJbe. Moayab cyMmsl COOTBETCTBYeT, Kak W B § 3.11, BHpaxenuwo

inmftyn . -
BH/Ja S?lf-llﬁ):—f%— a pe3syNbTUDVIOIHY AMIVIHTYJHO-YACTOTHBIH CHEKTP
a

CTAHOBHUTCS CYIIECTBEHHO YiKe CNEKTPA MAapPUHAJNBbHOIO PaIHOUMITYJIbCA.
Ha puc. 3.32 nyHKTHpOM NOKA3aHbI AMIVIHTYAHO-4aCTOTHBIE CHEKTPHI
RMIyJabca AAUTEABHOCTBIO Ty W HEMOAY/HDOBAHHOIO KMIty/IbCa TaKOH
K€ IHEPrHH AJIHTENBHOCTBIO T, = nty CH/omHOM JMHHHeHA NOKasan
aMIUIHTYAHO-YACTOTHLIA crexkTp Npn sHayeHuAax C,, COOTBETCTBYIOILHX
kony -4 -4——4—. Ulupuna cmekTpa ¢aso-MaHHNYJIHPOBAHHOTC
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Puc. 3.32. AMNAHTYAHO-4aCTOTHHE COEKTPH PajiHOHMIYJIbCOB!
baso-MayunyanpopaHuoro {CMJOWHaA KpHUBaf), MNapilHaJbHOro
AJABTEALHOCTbIO To H  HEMOAYJHDOBAHHOIO JJHTEABHOCTBIO 77T,
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Puc. 3.33. YacToTHO MAaHHNYABPOBAaHBHA PajHOUM-
nyasc (@) H 3aKOH H3MEHEHNA YacTOThl (6) B HMOYJ/bCe
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fll'l'!H

Puc, 3.34. 3a2KOH H3MEHEHHS
yacToTH H{{#) (a), amnanTyRHO-
yacTOTHHA CHekTp ({cnaocwmHasd
JHHHA)}) U €ero annpoKCHMANHA

(AynKTHP) NPH AuHCHAROH yac- ;- ' =
TOTHOH MOAYJASLMH  PaAHOHM- b Ty ]
nymca (6) 2

T
L

‘ -~
e ymtf ———]
4

HMIYJIbCA JJIHTEIbHOCTLIO T, MMEeT NPH 3TOM TOT Ke MOPAAOK, YTO
H IIHPHHA CNEKTPA MapuUHaJbHOrO HMIyJbca AJHTEABHOCTBIO Tq.

ApyrAM crnoco6oM pacliHpeHHsl CHeKTpa HMIyJ/bca sABJAETCA HC-
No/b30BaHHe vacmomuod manunyaayuu. Ha puc. 3.33 nokasaH CocTae-
HON WMAYJIbC JVIMTENbHOCTBIO T,, MOJMYYEHHBIH MyTeM COCTRIKOBbIBAHHS
(HanpuMep, € TOUHOCTHIO 0 aabl) fosiee KOPOTKHX HMIYABCOB ATUTENb-
HOCTbIO T, YacToTa KoseGaHH#i OT UMIYJbCa K HMIOYJAbCY MeHSeTCs
CKayKOM, TaK YTO Pe3yJbTHUDYIOWHH CNeKTP CKJIaabiBaeTcs H3 B3aHMHO
CMEILEHHBIX MapuUHaJibHEIX CNeKTpoB. BO3MOXKHOCTH paclIWpeHHs pe-
3yJIBTHPYIOILETO CNIEKTPA NPH 3TOM YBETHYHBAIOTCA.

Hapsay co cTyneHYarsiM H3MeHeHHeM YacTOTH, KakK 3TO NI0Ka3aHo Ha
puc. 3.33, BO3MOXHO naasnoe (HampuMmep, JHHeliHOe) H3MEHEHHE Ya-
cToThl (pHc. 3.34, a). PagnonMnyJbe Has3biBaeTc s IPH 3TOM 4aCTOTHO-MO-
AYJHPOBAHHEIM, B YaCTHOCTH JHHEHHO YaCTOTHO-MOAYJIHPOBaHHLIM
(J/1UM), AMOVIHTYAHO-4aCTOTHBIA CIEKTP TAKOTO HMMIYJAbca MOKa3aH
Ha puc. 3.34, 6.

AHaJiIH3 CKaTOr0 KMIYJbca OCOOEHHO TNPOCT, €CAu aMINIuTYHO-
YaCTOTHBbIH CIIEKTP anPOKCHMHPYeTCs npaMoyrosbHiKoM (pHC. 3.34, 6)
BricoTol g,.* V3 dopmyanr [(11), § 3.10) ans HanpsaXeHHR Ha BbIXO-
ne quaptpa npua = 0u 2C g, [T, = | nmeem

—

* BblBO,llbl CYUleCTBEHHO HE€ MEHAITCH, eCJH al’lIIpOKCHl\lallHﬂ COeKTpa HeE
ssonurcs (cm. § 6.6).
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o HT, /2
in nufly (-1
w, (1) =2Cg, 5 cos 2af (— 1) df = Sn 28Ot s oqf (1 —t).
=TT, 12 Wl (1 —1p)

Ecnn anurenpHocTe uMnynbca Ha BXOJe T,, TO AIUTEJIbHOCTL Ha
BLIXOJE MO HyJAM cocTasasieT 2//7,, a no ypoBHio = (0,64 cocrasnser
1/11,, 7. e. Koappuyuenm comamus MO ITOMY NOCHEIHEMY YPOBHIO

kc:tt:Hn Ty =1

B sagucumocmu om opmel aMnaumydHO-4ACMOMHO20 CREKMPA Me-
HAEMCA OpMA CHAMO2O UMNYABCA HA BbiXO0e ONMUMAABHO20 PUALMpA

sinx
(puc. 3.35). Kak 6bino nokasaHo, ona umeer oruGaioulyio BHAA ’
B (jyvyae npsMOYFOJbHOTC CNexKTpa, KOJOKOJbHYIO oruﬁalom.yfo— B
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Puc, 3.35. 3asucumoctt GopMbl orn6apliedi CcHaToro HMIYJabCa
OT BULA er0 aMIINTYAHO-4aCTOTHOTO ClleKTpa
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cJlydae KOJOKOJIBHOTO CNIeKTpa, POMGOBHAHYIO orubaiomyo — B caydae
sin x\?
CHeKTpa (—-}—] . 310 yXKe aeT OCHOBaHHe CYAHTD O Pa3/IHuHOrO poja
MPOMEXXYTOUHHIX cayyanax. Tak, Hanphumep, ckpyeacrue amMnAUmyoOHo-
4QCMOmMHoeo cnexmpa W NpHOAKXeHNe erc OT NPAMOYTo/AbHOTO K KOJIO-
KOJMILHOMY O0AMHO YMeHbuLLMb OOKOBbIE AENCCMKIL CHAMOSO UMNYALLA
(Tak xe, KaK CKpyTieHHe aMIVIATYAHOro pacrnpelie/leHusi nojs B pac-
KpbiBe aHTEHHBl yMeHbiaeT GOKOBble JeNeCTKH ANarpammsl HalpasJ/eH-
HOCTH). :
J1n1a ¢paso-MaHUNYAHPOBAHHOTO HMIYAbCA, COEKTP KOTOPOro OJIH30K
inx sin x\2
" Slx Ha BXOje ONTHMaabHOTO PUIbTPA H K (———x] ) Ha ero BLIXOJe,
CAeAyeT OXKHAATH CHKATEIR MMIYJTbe pOMOOBHAHOH (GOPMEI (xots otcTyD-

sinx sin x42
JeHHe OT 3aKOHOB ( )

JIOJDKHO TPHBECTH K H3BECTHBIM OT-

CTYNJICHHAM OT H4HcToro pom6a). B sToM MOXHO yOeAHTBCA, paccMart-
puBasi Goflee NOAPOGHO mHpouecc CXKarua (aso-ManHNYAHPOBAHHOTO
pafHOHMITY/IbCA B ONTHMA/JbHOM A Hero (ujbTpe.

§ 3.14. Cxkartue npocTeiiero $a3o-MaHuNyAHPOBAHHOTO
paavoumnyabea

PaccmoTpiM (pa3o-MaHUNY/AHPOBAHNBI PAXHOHMIYJLC AJIHTEABHO-
CTbIO T,, COCTaBJeHHBIH M3 MapUHANbHbIX HMIY/bCOB [JIHTEIBHOCTHIO
1, = 1,/n (puc. 3.36), B TeueHHe KaKJ0ro NMPOMeKYTKA BPEMEHH T,
‘W3IYUYaloTca KoMeGaHns ORHHAKOBON 4acToTHl fy C MOCTOSSHHOH HaYajb-
#ol (hazoil, KOTOPas MOXeT MeHATbCH CKAUKOM HA T NpH MepeXofie K
c/lelyiomieMy 3J€MeHTapHOMY HMIyJbCy. |

OnTHMaAbHAA HMITYAbCHAA XapakTepHCTHKA, COOTBETCTBYIOMLAA 3TO-
My CHI'Ha/]y, CXEeMaTHUeCKH MpeAcTaBJeHa HA PHC. 3.36, 6. Utolbl no-
CTPOHTb ONTHMAABHEI GHIBTD ¢ TAKOR XapaKTepPHCTHKOH, MOXHO BOC-
NO/Ib30BAThCH JIHHNEH 3aJepKu ¢ OTBOAAMH H OOULMM CYMMAaTOpOM,
K KOTOPOMY 4YacThb OTBOAOB MOAKJOYeHA depe3 HHBePCHblE KacKajbl
(pnuc. 3.37). Brixoanoe uanpsxe-

HHe CyMMaTopa MOAaeTCcA Ha OKO- -
Heuublfi (UABTP, KOTOPLIA HB-
JsieTcs ONTHMaNAbHLIM  AJA SJe- l ]

MEHTAPHOTO HMNYJbca NANTE/b- + |+ ]+ |- {— ||~
HocTblo Ty = 1,/n (puc. 3.27).

[pocaemim  mpouecc  ONTH- al
Manbiiofl GHABTPAIHH  HMNY/Jib- !
ca (puc. 3.36) ¢ 3azannbim 3):;1{0- Bl Sl Tl Bl B
oM moayssiunn, Ha punc. 3.38, a é
CXCAATHUECKH npeacTaBieHy
CABHHYTHiE BO BpeMelH BXOjible - S 3.36. VYenoswoe m3ubpakentte

Gaso-MaHANY AHPOBAHHONO  PARMONM-
PaNOHMIYJILCH C Y4eTOM HaJHUHS

nyasca (@) ¥ oNTUMANBHON HUMDYJABC
HHBepCHBIX KackajaoB. Pe3sysb- wol xapakrepuctuku (6)
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Puc. 3.37. dupMupoBanKe HMRYABCHOR XaPaKTePHCTHRH,

onTHMANBHOH ANA $a30-MaHUANYAKPOBAHHOrO PALHOMMOYAL-
¢a (pue. 3.36)
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Puc. 3.38, Npouece ontuManbHoR QuabTpausy daso
MAHHNYABPOBAHHOIC D2AHOHMUYJIbCA
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T4T MX CYMMHPOBAHHS npeicTaBjeH Ha puc. 3.38, 6, a BBIXOAHOE
HaAmpAXeHHe ONTHMAaNbHOTO (HAbTPA B LesJOM — Ha puc. 3.38, 6.
PaccmoTpeHHbIl npHMep HHTepeceH ¢ ABYX Toudek 3penusn. C opHol
CTOPOHBl, OH NOKa3hbiBaeT BO3MOMHOCTH CHHTE3a ONTHMa/AbHBIX PHABTPOB
C ZOCTAaTOYHO CJIOXHbIMH MMMYJbCHHIMH XapakTepucTHkamu. C apyrou
CTOPOHBI, OH HJLJIIOCTPHPYET YKasaHHBIi paHee >GdeKT CxaTHST HMIY Mb-
lca co cioxubM 3aKoHOM MOAYJAAUMH TNPH ONTHMadbHOM 0GpaboTKe.
Jlerko BHAEThL, Y4TO JIHTEILHOCTH OCHOBHOTO BLIOpOCA BHIXOAHOTO CHF-
Hala CYLeCTBEHHO MeHbIIe MAIHTENLHOCTH CHTHajla Ha BXOJe.
HanoMmuuM, 4T0 B KaueCTBE OKOHeYHOro ¢huabTpa cxemul (phc. 3.37)

MOXXHO HCIOJIb30BATb TaKXKe MOJA0COBOH (JHABTP C ONTHMANBLHOH f10JI0-

. 1,37 1,37 .
COH ——= = ——n. IlosiocoBoit gHabTP npeoGpasyer NMpH 3TOM 3JeMer-
H

TapHbIE NIPAMOYTO/bHEIE PagHONMNyYJbebl (puc. 3.38, 6) B pagHOHMNYJIb-
col, dopma orubaroiliell KOTOPHX HECKOJIBKO OTJAHYACTCS OT pOMOOBH]I-
Ho#l. XoTa ob6pafortka B netom OyjeT HeONTHMalbHOH, NPOHIPHILI B
9HEPreTUYeckKoM OTHOUIEHHH CHFHal/moMexa cocTaBHT Bcero 17%.

B oraxune or puc. 3.37 nosocopoii ¢uaAbTp OCBIUHO npeallecT-
ByeT JHHHH 33l€pXKH ¢ OTBOJAaMH H CYMMaToOpoM.

§ 3.15. CxkaTHe 4aCTOTHO-MAHHNYIHPOBAHHLIX H YACTOTHO-
MOAYAHPOBAHHBLIX PAAHOHUMMNYILCOB

Ha puc. 3.39 nokasaHa cxema, nossoasiolias GopMHPOBaTL CHI'HANBL
H MMIYAbCHble XapaxTepHCTHKH B BHAE YaCTOTHO-MaHUNYJHPOBAHHBIX
pPagHOHMNYJILCOB. DTa CXeMa COCTOHT U3 JIHHHH 3aRePKKH ¢ NOAK/II0UeH-
HHIMH K ee 0TBOjJaM Kosie0aTe/lbHbIMH KOHTYPAaMH H CyMMaTopa.

[Tpu BozpelictBuH § -QyHKUHH HA BXOJ CHCTEMB! B KaX{AOM H3 KOQH-
TYPOB NOCJAEA0BATEAbHO BO30OYKAAIOTCA HUMNYJbCHbIE MepeXoaHble npo-
IleccHl, a Ha BBIXOJe CYMMaTOpa NPH COOTBETCTBYIOULEM noabope napa-
METPOB NOJYYAeTCA NPOTAMEHHOE 4yacTOTHO-MOJAYJHPOBaHHOE Koaeba-
HUe. Bosiee TouHOE nNpubIHKEHHE HMIYALCHOH XapaKTepHCTHKH K mpa-
MOYTOJBHOMY YaCTOTHO-MAHHMYJAHPOBAHHOMY PpaJHOUMNYJbCY MOXK-
HO MOAYYHTb, HCMOJbL3YA COCEAHHEe Mapwl OTBOAOB Ans (OPMHPOBAHHA
NapuHa/JbHEIX  pajHOUMMYJbLCOB ¢ TNPsSMOYroJbHOH  oruGatoulefl
(cm. puc. 3.27) U no6uUBanCh «CUIHBAHHA» NPAMOYTOJbLHEIX DaAHOHM-
NyJAbCOB pas3HbIX 4acToT. lIpHMepHEIl BHA aMMJIHTYAHO-4aCTOTHOH H
$a30-4acTOTHON XAPAaKTEPHCTHK 3/]eMEHTOB lenel, MOAKAIOYaeMbIX K
cymMaropy, nokasaH Ha puc. 3.40. daso-uacToTHas XapaKTEePHCTHKA
KaXXA0TO 3/1eMEHTa LENH OHpeleSsieTc COOTBETCTBYIOULEN 3ajepKoH
¥ umeeT TeM GOMILINHME HAKJIOH, YeM GOJblIe 5Ta 3aJePKKa, T. €.

K (f)ze""j (ﬂufli-!-const}, arg K (f) — _2:'_': ff;-—COI‘lSt
apu

fi‘f‘ff__l <-':f< fi+fg+|’
2 2
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Puc, 3.39. dopmuposanne umOyisciofi XapakrepH-
CTHKH B BHJAE 4aCTOTHO-MAaHWHNYJIHPOBANHOIO PaaABOHM-
nyabca
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a

~arghlf))

]
o
o
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b)

Puc. 3.40. Amunnutryaso-uacrotawe (g) H daso-ua-

CTOTHble (6) XapaKTePHCTHKH 3]eMEeHTOB lele#t, noa-

KNIOYaeMEIX K CYyMMatopy Ha puc. 3.39; 3aBHCHMOCTD

BpeMeHH TIpynOOBOro 3aMa3fuiBARMA OT YaCTOTHl B
arofl cxeme (4}
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Puc. 3.4]1. YacrotHO-MOAYAUPOBAHHEIA pafUOHMDYALC (@), HM-
nyhbcHad XapaxTepUCTUKA ONTHMaAbHOIO huasipa (6) U xapakxre-
PUCTHKE CpYINOBOrG 3anas3jblBakdsi B HeM (8)

OTKYAA HaxXopuTCs 3alepxcka oceubawujed 2pynns. OAUBKUX no  4ac
mome CREKMPANbHbIX COCIIABASIOULY

i
t . _‘_?_d}_arg K(f)9

06pasyiolWnX {-f H3 MapuHaNbHbIX HMITYJbCOB YaCTOTHO-MAHUMYJAHPO-
BanHOro koJefanusi. ['padQHk 3aBHCHMOCTH 3aJepKH (rpynnosoro
3anasabiBaHMfA) OT YacTOTHl npeictabBjden Ha puc. 3.40, &

Pacemorpentas cxema (puc. 3.39) cnocobHa ocyllecTBAATL CKaTHe
PagHOUMIYJ/IbCA, 3ePKaNbHOTO M0 OTHOLUEHHIO K ee HMITYJIbCHOH Xapak-
TEPHUCTHKE.

Ecau or 4acToTHO-MaHHMNYJHPOBAHHOTO pagHOMMIYJ/bCa NepelTH
K YacTOTHO-MOAYAHpoBanHoMy (puc. 3.41, @), To UMNy/bCHAA Xapak-
TepHCTUKA ONTHMAaAbHOIO QUAbLTPA NepefiieT B YaCTOTHO-MOAY/HPOBAH-
HOe KoJebaHue C 3€PKaJbHbBIM 110 OTHOLUEHHIO K CHTHaJAY 34KOHOM 4a-
CTOTHOH MoAyAsfuud. PaccmaTpuBas B COOTBETCTBHM € HHTErpasioM
Oypre 6-pyHKUMIO KaK HaJOXeHHE PAAHOHUMOY/ALCOB PA3JHUHBIX 4Ya-
CTOT, MOXXHO YTBePXKAaTh, YTO ONTHMAIbHBIH GHABTP AQJKEH OCYILECTR-
JATh PasHylo 3afiePXKKy PasAUYHBIX rpynn yactor. PucyHky 3.41, 6
COOTBETCTBYET MEHbINAS 33/lePKKa HH3KKHX 4acTOT M Ooabluaf 3allepKKa
BBICOKHX, T. €. 3aBUCHUMOCTD rpynnosoﬁ 33/IeP>KKH OT 4acTOTh

1
., = —arg K
LOKHA COOTBETCTBOBaTh rpaduky puc. 3.41, ¢. aa 3toro spema rpyn-
NOBOr0 3ana3jAblBaHUA B JHHHU HO/OKHO H3MEHATbCA B AManas’oHe

4acTOT CHIrHa/la MO ONpeAesieHHOMY 3aKOHY, B JaHHOM cJjyd4ae Mo JH-
HeHHOMY .
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HenocToAHCTBO rpynnoBOro BpeMeHt 3ana3ibIBanus A1 pa3JUuyHbIX
CNeKTpPa/bHLIX COCTABJISIONIHX OTHOCAT K KJaccy fBJEHHS AHCIepCHH
CKOpOCTH pacnpocTpaHeHus. [103TOMy JIMHHM 338Jep/KKH C NepeMeHHbIM
BpeMeHeM TPYNNOBOIO 3anas/bIBAHUs Ha3bIBAIOT OUCHepCUOHHLIMU.

[loHsTHe 3aBUCALETO OT 4aCTOTHl FPYNNOBOTO 3anasjibIBaHus NO3BO-
fIeT 1ath IPOCTYIO TPAKTOBKY MEXaHU3MA CKATHS NP BHYTP HUMITY.TbC-
HOH uacTOTHOM MOAyAAuMH, JIuHHA ¢ xapaktepucTMkOh f,, = 1.,(f),
MOKa3aHHo# Ha puc. 3.41, g, 3a7epKUBaeT B OoabHIeH CTEHeHH BRICOKHE,
YyeM HHU3KHe 4acToThl, HonanHM Ha Hee MMIYJbC, MFTHOBEHHAsA 4acToTa
KOTOPOTro U3MeHsaeTcs 0T 0oJee BHICOKOH B HauaJde A0 0ojdee HU3KOU B
KOHLLe uMnyJabca. Taxkum obpasom, GoJiee BHICOKHE 4acTOTHL JeACTBYIOT
B JAHHOM Cjayyae patlee, HO 33JepxHBAlOTCS B Gonbilell CTeneHH, a
Gofee HH3KHe [IEHCTBYIOT TMO3Xe, HO 3aAep»HBAIOTCA MeHbIuE. JT0
CO34aeT NpeAnOoChIIKY AJ15 COBMELLeHUs BCeX IPYyNI 4acryt H obpasosa-
HUSl CKATOrO HMNYJbCA. YCAOBHEM COBMENIEHHS $BJSETCS COOTHOLUE-
HHE

tB (f) _{“ trp (f) = COI‘lSt,

rge ¢, (f) — MOMeHT BO3JeiCcTBUA MIHOBeHHOH dactorhl. JJAUTEBHOCTD
CATOr0 UMMNYJAbca NPHU NOJHOR KOMIeHcauuU GasoBbX CABUrOB o6pat-
HO POMONIUOHANBLHA IITHPHHE CMEKTPA YACTOT.

[ToaGop onTUMAaNLHON XapaKTepPUCTHKH BpeMeHU IPYMNMNOBOIo 3amnas-
IblBAHHA KBHBaJleHTeH B cooTBercTBHU ¢ [(9), §3.101 noabopy ontu-
Ma/JbHON (aso-4acTOTHOW XapaKTepHCTUKH.

KOMIIE‘HC&L{uﬂ (PA30-4ACMOMHAHO20 CREKMPA CUCHAAQ ABALEMCST OCHOG-
HO npuduHot 8pemenno20 Ccamus, NPUBOAS K COrMacOBaHHOMY HaJo-
KEHHIO TapPMOHHUYECKHUX COCTaBAAOIINX {cM. puc. 3.20) u o6pasoBaHHi0
MUKA CXaToro pajavouMmyabca. lloabop onTUManbHOH aMIIUTYAHO-
YaCTOTHON XapaKTePHCTHKH, HM3MEHNY COOTHOLIEHHE CIEKTPAJ/IbHBIX
COCTABJASIOWHUX CHTHAJAA C UL OcaalJeHud NOMeXH, MOXKET BeCtH
JULIb K CYXEHUIO CIEKTPA U PaCIIMPEHUIO ¢xkaToro uMnyasca. OjHako
JUIs IHPOKONOJNOCHBIX DPAJUOUMIYJbCOB TaKoe pacllipeHUe cCylecT-
BEHHO NepeKphIBAETCA CxaTHEM 33 CYeT KOMIEHCHPYIOLLEro AeHdCTBHA
(ba30-4acTOTHOH XapaKTEPHCTUKY.

Jlucnepcus CKOPOCTH pacnpocTpaHeHHsi MoxkeT OblTh o0ecnedeHa
B JIMHUM nepefadd ¢ paclnpejlefleHHbBIME apamerpamud — BOJIHOBOJIE,
ec1¥ Mo KpaHHeH Mepe OJMH U3 ero pasMepoB COU3MePHUM ¢ JJIHHOH
BOMHBLL. Hapay ¢ 3THM MOTYT HCHO/MBb30BAThCS JWHUH 38J€PKKH C CO-
CPeAOTOYCHHbBIMH TNTapaMeTpaMH — (pHJIbTPOBbIe LHelnouKkH, obecneyrBa-
lomye TtpeGyemble (asoBble XapaktepucTHKU. [lpomexyrtounoe nouao-
JeHUe 3aHUMaIOT BOJHOBOJHbIE QHIbLTDEI.

Pazauunble JUCNEpPCHOHHBIC 3ajepwUBalolHe YCTpolicTBa Jaror
XapaKTepucTHKH ¢, (f), oTauuatomuecsa paboyeli MOJOCOH UacTOT
fange— famy B TiEpENajzoM BPEMEHH TpyNnoBOro  sanasisiBaHus
trp mane ™ Erp yna B DP€A€JAX 3TOH moaockl. Hapaay ¢ HapacTaiommM
3akoHOM £, (/) (puc. 3.41, 6) ucnoabayercs cnajarowuii,
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PWAA-5 ¢
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Puc. 3.42. JlucnepcHOnRbl yabTpasByKoBOH BOJIHOBOA ([); Mbe3o-
sJAeKTpaueckne npeoGpasosareat (2), xoppekTupytoiufi ycuau-
Teab (3), BXORHOR u({f) BrixoAHOd @({) PAaAMOHMIYALCH

CBepXBbICOKOUACTOTHEIE AHCMEPCHOHHbIE 3aMCLJIAIOUIHE CHCTEMB!
Ha DaAMOBOJHOBOjAX MOLYT ofecneyuTh OUYEHb WHPOKHE NOJOCHI
4aCTOT fyano—Fman, HO [PH HEGOMBIIOM nepenaie top mare = Lrp mua:

Boabluke nepeMeHHble BpeMeHHble 3alepHKKH MOMHO noJy4YHTh
Ha MEKTPHUECKUX NHHHAX 3aJePXKKH ¢ PacnpeleeHHbIMH HH cocpe-
JOTOUEHHBIMH napaMeTpaMd B JHanasoHe MPOMEXYTOUHBIX HacToT,
OCKOJILKY TTPH 5TOM MOTYT ObiTb 00ecrieueHb! 60/billHe 3aMelJIEHH .

Ewie 60Jbiuye nepeMeHHble BpeMeHHble 3aJePKKH, HO fpH MEHbIIHX
qoJI0CAX YACTOT, MOKHO OBeCIeUHTh, HCTOAb3YA y AbTP a3 By K o-
BHe BOJ HOBOAZAB, BbMOJHEHHbE B BUAe e H T Wik U H JH H-
ApHYECKHX NPOBOAOB H3 MmaTepHaJa npoBO-
Aamero ydbTpasBsyK ToauuHa JEHTH HJIH JIHaMeTp 1LH-
JIMHAPA NpPH 3TOM JAO/IKHBI ObITh NMOpsAAKa JVIHHET yJIbTPa3ByKoBO# BOJI-
Hb B Marepuale 3ByKONPOBOAA AJA cpeanell 4aCTOTH CNEKTPa CHrHa/A
B TpaKTe MPOMEXYTOYHOH 4acTOThI.

Ha puc. 3.42 cxemaTHuYeCKH MOKa3aH MPHMEP nofobHoro ducnep-
CLOHHOO 1 AbMPAIBYKOBO20 802406000 C Mbe303JEKTPHUECKAMH npeobpa-
aOBaTENsIMH, KOTOpHIe [PeofpasyioT aneKTPUUeCKue KoaeGauud B yJbT-
pa3ByKOBHE 3a CU€T NMPAMOTO nbe3osbdeKTa 1 yNbTPa3BYKOBHE B JEK-
TpHYecKHe — 3a cueT 0OpaTHOro. Ha pucyHKe CXeMaTHYCCKH I1OKa3aH
YCHAHTEIb C KOppeKTHpyoOWEeRd aMITHTYAHO
iacTOTHON xapakTepHuCTHKO#A Ecau nocaefuss Kop-
PeKTUPYeT JNHUb AMIUTHTYAHO-4acTOTHbIE HCKa)XKeHHRA B YJ/bTPa3BYKO-

ROM BOJIHOBOHe, HA BhIX0O4E l'lOJ'lyl-lBETCﬂ C)K&Tblﬁ pa,&ﬂonmnynbc C
inx

ornbaioutei Bua = (cM. puc. 3.35, a). YpoBeHb HauGOIbUIHX GOKO-
BbIX BHIGPOCOB TAKOTO MMOYJbCA COCTABAACT OKOJO 22% . [MostoMy B
KOpPEKTHPYIOUMi YCHIHTENb MOTryT BKJIOYATHCH  AOMOJHHTENbHbBIE
3BeHbA 1S YMEHbLUeHHsS OCTATKOB 328 CHET HeKOTOpOH HeonTHMaJIbHOCTH
duabTpa, Beayulell K CKpPYI/eHHIO AMILTHTYHO-4YaCTOTHOTO CMeKTPa,
T. e, K NpHOJHKEHHIO pesyabTara ONTHMANbLHON HALTPAUHH K YCJIO-
BusiM puc. 3.35, 6. Tlpu TaKOM CKpyIVIeHHH CNEKTpA JOJKHO OJHOBDe-
MelHO HAGJIOAATbCA HEKOTOPOe pactiiipente CKaToTO HMIY/LCa. Ckpyr-
JeHne criekKTpa MOMeT ObT:L OCYLIeCTBJeHO B Kackanax PE30HAHCHOTO
YCHAHTeNs C YacTOTHOH XapaKTepUCTHKOH, 6IU3KOM K KOJOKOJNbHOM.
Jlna ymeHblueHHs OCTATKOB CXaTbiX YZCTOTHO-MOAY AHPOBAHNBIX, 2
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TaKxe (a30-MaHUDYJIHPOBAHHBLIX CHFHAJOB HCNOJB3YIOT 4acTO Tax
Has3bIBAaEMYIO 8ecosy0 06padomey, COCTOSIYIO B KOMNeHcaulud GOKOBHIX
BLIOPOCOB C MOMOLLBIO CUTHAJIOB, CHSTHIX C OTBOJAOB JIMHUU 3aJIePKKH.

Y6enuncs, 4TO BecoBYIO 00paGOTKY MOXKHO pPacCMaTpHBaTh Kak
PA3HOBMAHOCTL CKPYIVICHHA CNEKTPa, W NPUBEAEM pacueTHhle JaHHble
06 ee >3(ppeKTUBHOCTH.

llycTh IpAMOYTONbHBIM aMIJIHTY AHO-UaCTOTHLIH CNEKTP C NOJI0CoH /f
NPOMYCKAaeTCA uepes noJjaocoBoil GUALTP € UACTOTHON XapaKTepHCTUKOMN

K(f)z[a+2bcos (Qn’LH“)Je—”””o_ (1)

rie f, — 3ajepXKa B (UIAbTPE; @, b — BECOBHE KO3(hDHIUEHTHL.
CoOTBeTCTBYIOIAA  AMIJIMTYAHO-YAaCTOTHAS XapaKTepUCTHKA /S
a = 0,5 b = 0,25 usobpaxena Ha puc. 3.43, a.
Ilo yactoTHOH xapakTtepHCTHKe (l) paccuHTaeM HMMIYJIbCHYIO

v(t)= °§ K () e 45,

-0

I {1
Tonaras f,= 7+ @ OTHOWEHHE—— UETOUHCIEH HHM, NOJYUHM
U

o(t)=ba(z)+aa(t——ni)+ba(t_%). @)

Jlannas MMNYJIbCHAS XapaKTePUCTHKA pealiU3yercs C MOMOIbIO CyM-
MaTopa, K KOTOpOMY MOJKJIIOUEHbl BXOJ M OTBOAbl HEHCKAXKaIoIEH Jiu-
HUM 3ajepKku Ha /] u 2/]], npuyeM CyMMHpPOBAHHE BEALTCH C 620a-
Mu b, a, b {puc. 3.43, 6). YCTPOUCTBO C UMNYJALCHOH XapaKTepUCTU-
KOH (2) HasbBAIOT MO3TOMY YCMPOUCMEOM 6ecosotl 0bpabomKu.

IMpu a = 0,5, b = 0,25 noreHuuanbHO ODECTNEUHBAETCS] CHIKEHHE
ypoBHs GOKOBBIX JenectkoB A0 2,4%. MsBecTHas HeONTHMAIbHOCTH
ofpaBGoTKH MPUBOAUT NPH 3TOM K SHEPI'eTUUECKHUM NOTEP M NMPHMEpHO /10
1,7 06 (pacuer anajornyed npusedeHHomy B § 3.12.) Kpome Toro, B
CBA3H ¢ OOLIKMM CyXKEHUeM CIIEKTPA OCHOBHOH JICNECTOK CKATOT0 HMINYJIb-
ca pacmupsercsd npumepHo B 1,2 pasa. Ecan Bubpats ¢ = 0,54 u
b = 0,23, pacuceTHbl ypoBeHb OOKOBBIX JIENECTKOB CXATOrO HMIyJbca
cuusures jgo 0,16%, norepu cocraBar 1,3 06, HO OCHOBHOH JenecTok
pacwuputes B 1,0 pasa,

Hapsany ¢ AMCNepCHOHHBIMH yJALTPA3BYKOBLIMH H 3/1€KTPHUYECKHMH
JHHHSMH B KauecTBe 31€MEHTOB ONTHMAJBbHBIX (QHJILTPOB YaCcTOTHO-
MOAY/IHPOBAHHBX  PAAUOMMIIYJLCOB  MOTYT — MCIOABL3OBATHCA  HeOu-
cnepeupyrouiue AUHWIL 3008PHKU  C  HEPABHOMEPHO  pacnpedeienHoimu
duckpemnommu coemamie (puc. 3.44, a). VMMnyabCHYI0 XapaKTCPHCTHKY
TAKOH JMMHHH (C YYETOM €€ KOHEUHOH NOJIOCHI NPOfTYCKaHHS) aNNPOKCH-
MHpYEM TOCJEAOBATe/bHOCTBIO  KOPOTKHX MpPAMOYTOJNBHBIX  BHAEO-
HMIYJIHCOB €IMHHUUHOR amMmIBTYAbl AIHTENBHOCTHIO AT Ha HHTEpBase
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Puc, 3.43. AMAJNTYIHO-YACTOTHA®  XapakTepPUCTHKa
(@) xOppeKkTUDYMOLWEro ycTpoilcTBa BecoBoll 06paBior-
KH {6)

1] < 7,/2 (puc. 3.44, 6). Buauase ocTaHOBHMCH Ha cJlydae paBHOMEp-
HOTO DACNOJIOKEHHS CHEMOB, COOTBETCTBYIONIEM ONUHAKOBLIM HHTEp-
BasiaMm sanepxkku T, tae A1 & T &€ t,. Torma nocneloBare/bHOCTD
BHACOUMNYJILCOB MOXKHO CUHTaTh NepHopuyeckol (¢ nepuofoM 7) U ofiu-
CaTh €€ CMEeKTPaJbHBIM Pas/oxeHHeM:

o0

v(t):—_ﬁ—l—z—g—sin mﬁmcosg’—"ﬂ(t——r—-él), (3)

T ma T T 2
s ]

TAe T XapaKTepH3yeT MOMEHT Havasia OXHOTO U3 UMNyJbCOB. IIpH 3ToM
MOMEHT Hayajia NMpOHU3BOJLHOTO HMIYJIbCA C HOMEPOM 2 OmnpefelseTcs
cooTHOWeHdeM ¢, = t -+ &T(k = 0, 1, 2, ...). Ecau napamerp t Gyfer
MEHATLCS BO BPEMEHH, COOTBETCTBEHHO GYAYT MEHSTHCS U MOMEHTHl Ha-
qafa HMOyJabCOB ¥ == T(fy) + AT, Takum o6pasom, 3a cuer noxbopa
GYHKUHH T(f) MOKHO yUeCTh HEPABHOMEPHOCT] pacnpeleNenus IHCKpeT-
HbIX cheMoB. [loabop QyHkuuu (/) uenecoo6pasHo OCYIHECTBUThL TaK,
4TOOB! TapPMOHHKH PasfoXKeHHs (3) OKasaquch YaCTOTHO-MOLYJIHPOBaH-
HBIMH (puc. 3.44, 6). BuiGupas KBaipaTHUHbLIH 3aKOH HU3MeHEeHHs T(f) =
= ¢f* — Av/2 u noaaras, 4TO AJ5 MHTEPECYIOMMX HAC YJEHOB psiaa
mAtT < T, MpelCcTaBEM HUMIYJBCHYIO XapaKTepHCTHKY B BUE CYMMbI

v(t) = ‘?F—T[ I +22cos 3—?—“ kz——stz)],
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Puc, 3.44. Tipnuuun dopmuposanus UM umnysscnod xa.
PAKTCPHCTHKH HA HENHCNEPFHDYIOW KX JNHHUANX:

a—-cxeMa QopMEPOBINNA; G-—HMAVALCHAW XapPaK1epHCTHKAT o— €@
«FAPMORNKHD, Z-= Deanh3aiH? CXeMbl HA KJHHOBOM 3BYNOIDOBOAE
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BKOTOpOi Ka K afd «FrapMOHUK2 ABIAETCH 4ACTOT-
HOMOAYMNHPOBAHRGBIM KovuebaHHEM C JIHHEHHO u3Me-
HAoULeICA MIHOBEHHOH uacTOTOM:

fm (t}=-;; -ﬁ;[%ﬂ (t-—ctz)] - 3’"_ (1—2ct).

B npefenax —1,/2 <! < 7,/2 3TH «TapMOHHKH» HSMEHAT CBOIC
YacTOTY Ha BEIHUHHY

Afmﬁifm(h_ L )""fm (%) =m 2T c.

2 T

Ecau cnektp nepBofi (HIH BTOPO#t) «rapMOHHKH» NPAKTHYECKH He nepe-
KPBIBAETCA C OCTAJIBHBIMH, TO 3Ty «TapPMOHHKY» MO XK HO BblJAe€-
AHTb MOMNOCOBBLIM GHALTPOM, T. € HMIYJIbCHAA Xapak-
TEPUCTHKA CXeMbl B UeJOM OyAeT ONHCHLIBATLCA ORHHM JIHHEHHO-MOAY-
JIMPOBAHHBIM [0 YaCTOTE HMOYJbCHbIM KOJeGaHHeM.

Ha puc. 3.44, 2 u3o0paxena eme ofHa peasnnsaiuna GUJILTpa CKaTUA
¢ AHCKPETHBIMU ChEMaMH, TAKXKe NO3BOARIOMAN NOJy4aTh HMMYJILCHYIO
XapakTepPUCTHKY B BHAE YACTOTHO-MOJYJHPOBAHHOTO PAAMOMMMNYJILCA.
B kaAuHOBOM 3ByYyKomnpoBopne o&unsrpa Bo3dyxnpaercs
NJOCKHT (pPOHT BOJHBEL, d CHEM APOU3IBOAUTCS B HEPABHOMEPHO pac-
NPeAeeHHBIX TOYKax ¢ TeM, 4ToObl MOJYYHTb HYXHYIO HMIYJALCHYIO
xapaktepuct¥ky. Ilpu HcnonbsoBasmd candupa B Kauecrbe 3BYKO-
NpoBOLA M mbesonpeolpasopatenedl ua CdS ynaeTca NoayuuTb noJoCH
nopAjKa COTeH Merarepil.

Hapsay ¢ AHCKpeTHBIM BO3MOXKeH pacnpedencHtuill Coem ¢ AURLU 3a-
Oepocki, TIO3BOJASIOUWIMH NOJYUHTE HYKHYIO HMNOYJBCHYIO XapakTepH-
CTHKY 6e3 JOMOMHHTeNbHOR (HALTpALMH,

ViHTepecHbM H O B bl M HAaNpPaBJACHHEM [MOCTPOEHHS LIHPOKONO/0C-
HbIX ONTHMaJABHBIX QUALTPOB SABASETCH HUCNONB30BAHHC AUCNEPCHOHHBIX
ABJCHUT HA CBEPXBBICOKHX YacTOTax B TaK HA3LIBAEMbIX MACHUMOYNDY-
2UX AuRIAX 3adepxcky Ka BAa3e Kpucmaaios #eae30-ummpuesoa0 epanama
(KUT). B athux kpHCTaanax MOIYT PacrpOCTPaHATLCA aKYCTHYCKHE H
CIIMHOBBIE BOJIHEI (BOIHBI HamMaruuudBauus). [locnenune HMeOT Hau-
MEHbIIYI0 FpynnoByio ckopocTh (10—100 u/cex), 3aBUCSULYIO OT BeMH-
YHHB! TIPHAOXKEHHOTO MOCTOSHHOIO MPOAOALHOTO MarHHTHOrO NoaAs H
YacTOThl pacnpocTpaHAwuxcs Konebanuit. O s1HX XKe dakTOpOB 3a-
BHCHT IIOJIOXCHHE YYACTKOB JIMHHH 3aJepXKKU, B KOTOPHIX BO3MONKHH
NepexoAnl IHEPrUH  AKYCTHUGCKOH B 3HeNTHIO CNHHOBOH BOAHE! M 00-
par#o. 3a cuer HCNOAL30BaHHS YKA3aHHBIX CBOWCTB MOXHO CO3[aTb
KOMOAKTHhEE JUHUH 3allepKKH C JHHeHHOH IHCHepCHOHHOH Xxapakre-
PHCTHKON B QueHb LNMIpPOKOM AMAMNA30He uacToT (MOpsjika COTeH Mera-
repu), padoTaioitite Ha CBepXBBICOKHMX uacroTax. BoabGyxiaeHHe BOJH
BO3MOXCHO 32 CYeT Mbe303/1eKTpUueckoro 3dupekra a1160 HeMmOCpeACTBEeH-
HOTO nepexoia 3Hepruy 34eKTPOMArHHTHONR B 3HEPTHIO CITMHOBOH BOJHHL.
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§ 3.16. Mpuuumnst koppeasuHoryo-GUALTPOBOH 06paboTkn
KOTePEeHTHbIX CHrHAAOB

B KaxJ0M U3 BapHaHTOB OTHMA/bHOU! 06pabOTKH npH OOHAp Y KEHHU
KOTEPEHTHLIX PaAHOCHIHA/IOB BCTPEUAETCSl BbIYMC/ICHHE KOPPesilHOH-
HBIX HHTErpaJioB U MX MOAYAbHBIX 3HAYEHHH:

o0

z(0) = S x(t, a) y (¢ dt.

—00

Z(a)m-—lg— { Xt.oveod|.

B § 3.7, 3.8 O6bl10 paccMOTPeHO BBIYHC/ICHHE 3THX BEJIHUKH MyTeM
HEMOCPEACTBEHHOIO YMHOXEHHA K HHTErpHPOBAHHA C MOMOLLbIO KOp-
peastopa. B § 3.9—3.15 uMenock B BHAY HX noaydenie B BHAE aMILIH-
TYAbl HANPSXKEHHN UAH CAMOTO HalIpAXKEHHUS B HEKOTODBIH ONpeAeTeH-
HbIi MOMEHT BPEMCHH HA BbLIXOAE JIHHEHHOro ONTHMANbHOIO (HILTPA.
Boamoxken Takxe komOinuposanHeiti criocod BLIYHCAEHHS, TPH KOTOPOM
HCIOAb3YEeTCA KaK HEMOCPEACTBEHHOE NMEpeMHOXKEHHE HaMpPAMKEeHHH, TaK
H GUALTPALHA MOAYYEHHOrO NMPH 3TOM KovyieGanus. IIpueMHuK, nocrpo-
eHHBIH MO TAKOMY MNpPUHLHUNY, YCIOBUMCS HA3blBATb KOPPEAALUOHHO-
PUALILPOBLIM.

Pasnnunbie BHABI KOPDPeJASUUOHHO-PUNABTPOBOH 06pabOTKH HMEIOT
pasuyio crenexb ciokuoctd, Kak up § 3.11, 3.12, nauneM ¢ mpocreii-
IIero cay4as OOHApYKeHHMs KOTCPEHTHOH NMauKH pajHOMMITY/IbCOB, HO
6e3 HCNONL3OBAHHA JIMHHH 33aJEPXKH C OTBOAAMH, PACCUHUTAHHON Ha
6osbIyI0 3ALEPKKY.

OxuaaeMyto nauky PajHOUMNYJLCOB x(f, @) NpPeACTABMM KAk npo-
usgefenue AByX KoneGanuil: koneGauus ,(f, &) B BUle HeOrpaHHUEHHOH
NepHUOAHUYECKO NOCNEL0BATENbHOCTY BHACOUMMY/16COB U BHICOKOYACTOT-
HOrO KoJeGanusa xx(f, &) yacTtoTh f,, MOAYJU[OBAHHOTO Orubamomwes
naukd. Kak BHIAHO H3 3mi0p puc. 3.45, g, NpH NepeMHONKEHHH QYHK-
UMl xy(, @) 0 x,(f, o) AEHCTBHTENBHO nOJMyuaeTCsd OXHaaeMoe KoJeba-
nue x(¢, @), asnee cumraem x, (/,0) = x, ({—a).

Torna onepailuu B3ATHS KOpPPeALMOKHOIO HHTErpaJa

o«

z2 (@)= S Xy (8, o) x, (£, @) y (F) dt

o+ =}

MOXKHO CBECTM K ciellylomuM (puc, 3.46, a). I[Ipunumaemoe koneGanue
y({) crpobGupyercs C TNOMOWbId MEPHOZHIECKOH MNOCe]0BaTENbHOCTH
BUACOMMITYJIHCOB, BDEMEHHOE MOJIOXKEHHE KOTOPHX COOTBETCTBYET IpH-
nimaemofl nauke. Ilpu 310M nonyyaerca xoaebanue y,(f) = y(Hx{, o).
CrpoGHpoBatie NPaKTHYECKH OCY[LECTBUMO JHILb AN (PUKCHPOBAHHKIX
3HAYEHHH BPEMEHH 3aNasiblBaHHs, YTO OrPAHHYMBAET BO3ZMOXKHOCTH
KOPPeNAUHOKHO-QUIBTPOBO CXeMBl NO CpaBHEHHIO C (PHIABLTPOBOIL.
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Puc. 3.45. lpencrasnenue KorepeHTHOR NOCNASAOBATENLHOCTH HM-
NyALCOB B BHAE Mpouzpefesinsg AsyX bywuxuuli (g) ¥ Hanpaxenus
Ha BXOAe U BHXOAe PuALTPA B cXeMme puc. 3.46, a (6)

z_;_Z;{ t)z,(t, o)z, tx)dt

Onmuna Asxeit
&@. Yunowumensy & {t) PUALIMD Oaf T (L)
z;{t}=.rz{tp t}
f Z,(t,&)
aj

" 2fot] Inn Lal vty

Y (t} 7 L"&ﬂd’:\’ 770, &, ) | Ywowumers 1, ) Puamp
= ba(t) ” ’{t fenecumens) zﬂ, npoN. YBEMOTIS
f;? vit)=zz2(tp-t )
Z,ft, 00 b
4 } DO00dwsenmsii
28mB0oGur P
1

Puc. 3.46. Cxewint KOppeasnionno-guabTpoBofl obpaborku:

g —npoctefiiwan cxema 0e3 npecenexTopa; O-— obofLieyHaA CXeMa cy-
aepreTepogHiHOTQ anema
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INocaepyroumne onepauuk yMHOXeHUA #(£) Ha xp(f, &) = xa(f — @)
W HUHTETPUPOBAHHA OCYWECTBAAOTCS (UALTPOM ¢ MMOYJIbCHOH Xapak-
TepucTHKOR o(f) = xu{fy — ¢) (pHc. 3.46, a). [lpocTeimM npHOaHKeE-
HHEM K TaKoMy (PUAbTpY ABAACTCH y3KOMNOJOCHLIH KOHTYp, 110J0ca KO-
TOPOTO OOpATHO NPONOPIHOHAABHA ILJAUTENbHOCTH Naukd. MMnyabcel
CHrHana, pacTAruBasicb B KOHTYDE, HAKJMAAblBalOTCA H KOTEPEHTHO
CyMMUPYIOTCA (3miophl pHc. 3.45, 6), a npeABapuTeNbHOE CTPO6U poBaHHE
NOMOraeT H306eaTb NMpH 3TOM H3AHIIHEeIC HAKOIJEHHA IIYMOB B MO-
MEHTbl OTCYTCTBUSE CHIHaJja.

HuTerpupoBaHue MOXeT NPOH3BOAHTLCA HE TOJABKO HA BHICOKOH, HO
HHaNnpPoOMEX YTouHOH vacrore. Ha puc. 3.46, 6 nokasana 0600-
WeHHAR CXeMa cynepeemepodunnoe0 npuema, TIPUroJHasi, B UacTHOCTH,
M AAS KOTepeHTHOre HHTErPHPOBAHUS NMavuKHd HA MPOMEKYTOUHOR vac-
CTOTE.

Ha stoit cxeme npunATHe KoneGaHusA NOCTYNAOT B MPECENAEKTOP
¢ HMNYJbCHOH XapakTepUCTHKOH Up{f), a OTTyda — Ha YMHOMXHTEDb,
BHIMOJHSAIOIUE DYHKIIHH CMeCHTeNs, HA KOTODLIH NOAZITCA TeTepoJuH-
nble KoseGanus x,{f, @) = X({, aycos [{(2nf, { + ¢.(¢, a)). Boxoa ym-
HOXKHTENS] MOJK/AOMEH K ONTHMAaNbHOMY UAbTPY (yCHAHTEMO mpo-
MEXKYTOYHOHl HacTOThl f;) C HMNYJbCHON XapaKkTepHUCTHKOR u(f) =
= xg{fe — ), rie x{f) = X, {#) cos (2nf, ¢ + @u(f} ]}

Hanpskenue Ha BbIXOA€ NPECENEKTOPa ONPENENseTcs NPU 3TOM HH-
TerpajioM CBEPTKH

o

- y {f)= S Y vt —sds,

e O

»
Ha BBHIXOMNe CMECHTC/A — NPOH3BEACHHEM

V2 )=y, &) x, (L, ).
a Ha BbixoAe ¥IIY B HeKOTOphIT MOMEHT ¢=a-} {,— HHTErpaJoM
CBEPTKH

2@= { yo(®)0(att,—8)dd =

- 00

= \ 7.0 % (0 —a)ad.

-_—0

CoBOKYNHOCTb BBINO/IHAEMBIX ONEPaldil 3KBHBA/EHTHA BRIMHCICHHIO.
KOppeASLHORHOTO HHTErpaJsia

=]

2= y()x(s 0 ds, (1)

—_—1
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B KOTODOM x(S,@) HrpaeT poJb OKHAAEMOTO CHTHANa, ONTHMaNbHO OO-
paGaTbiBaeMoro cxemodl puc. 3.46. 3amenast s Ha f, HMeeM

£t ))= { oo (@—0) %, (8, 0) x, (0, 0) dO. @

— 0

Beipakenue (2) MoXeT GbiTb CYUIECTBEHHO YAPOIHEHO TPH CAeLYIo-
(IHX MPENNOJIOKEHHAX:

1) KoneGauua x; »{f{, @) HMEIOT HeCylHe YacTOThl [y 2, AMILIHTYAHbIE
MHOXHTeMH X o(f, @) H apTyMeHTHl ¢ o(f, &), TaKHe, 4TO CIEKTPHI Ha
cyMmmapHoit H pasHocTHON YacroTax (f; & f,), noayuatouinecss B peay.b-
TaTe NEPEMHOKEHHA QYHKUMA x), of, ), HE NEPEKPHIBAIOTCH. ITO 3Ha-
YHT, 4TO 00Pa3ylTCs HenepekpuIBaloIUecs KaHa/bl NPHEMa Ha YKas3aH-
HbIX 9acTOTaX, OJHH U3 KOTOPLIX f, 4 f3 = f, CUKTAETCH JaJie€ OCHOBHBIM,
a Bropolt i — f» = f3— 3eprasbHeim.

2) UabupaTenbHOCTh npecenekTopa AOCTATOUHO BLICOKZ, YTOGHI no-
Gasiime 3ePKAABHOIL KAHAA NpUeMA, @ €TO NOJIOCa NPOnYCKaHHA A0CTaTOY-
HO IIMPOKA, 4YTOObl HE BHECTH HCKaXkeHHN B OCHOBHOM Kanad .

[IpH 3THX YCJAOBHAX, ¢ TOUHOCTBIO JI0 UHCJAOBOTO MHOXHTENs, On-
peaeasieMoro Kos(ppHlHeHTOM nepelaud npecenekropa, BoiparkeHue (2)
CBOAMTCH K BHAY

x (£, 0) = X, (¢ o) X, (¢, @) cos [2n (f, -
)t 9y (&, @)+ o, (4, )], 3)

T. €. 4acToTa, aMNAHTYIHBIH MHOMKHTEIb U 3aKOH H3MEHEHHSt HAauyaJabHOH
¢aswl cHrHaja, NS KOTOPOro oGoOWeHHass CynepreTepoAHHHASA
cxeMa ABJAETCA ONTHMaJbHOH, ONPEASAAIOTCA COOTHOMIEHUAMHU:

fo=f1 ‘f‘fz'
Xt oy=X, (o) X, (¢ a), (4)
P (t, o) =@, (¢, o) + P, (£, @),

Orciopa, 3afaBasicb, HalpHMep, NapaMeTpaMH CHIHajla H 3aKOHOM
MOAYJISILLKY TeTEpOAHHA, MOXKHO HallTH napamempel Koacbarus, ¢ Ko-
mopbiM Gomrcen Boimb COZAACOBAH ONMUMAALHOIL BUABIY NPOMENCYMOY-
HOU 4acmomoi:

fz"“:fn“'flv
Xy(ta)y=X(t,0)/ X, 't a), (5)
o (L, )=9¢ ({,0)—¢, (£, a).

Ckaszannoe npouatiocTpupyem npumepam. Ecau koJaefa-
HHY FTeTEepPOJHHA HEMOAYJAHUDPOBAaHL,T. e Xy{f,q) =
=1, ¢(t, &) = 0, 10 Xy, @) = X(£, ), (1, @) = olt, ), T. e.
HMONyabCHaN XapaKkKTepHCTHKa uAbBTPA AOJ K-
Ha 6LITh 3epKaAdbHOH NO OTHOWEHHIO K Koneba-
HHI CHTHAaJa NPOMEXYTOUHOH 4acTOTH.
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Ht1ak, poab rerepoiMHa B JaHHOM CJydae CBOIHTCSL K NPOCTOMY
MEPEHOCY MOAYJAUNY NPHHUMAEMBIX KOJMeOAHUH Ha NPOMEKYTOUHYIO
YACTOTY.

B npyrom npegesbHoM caydae 3aKOH MOAYJASUKH
0606mMeHHOr0 reTepoAUHA HOJAHOCTHW COOT-
BETCTBYE€T 3a8KORHY MOIAYJAUHHN OXKUALAEMOTO
curHadsa, T. e X o) =x{a), ¢ o) = ¢ ). Toraa
Xo{f, ) =1, @o(f,2t) =0, T.e.uMnyabcHasg XapaxkTepu-
CTHKA (pUJAbTPaEa COOTBETCTBYET HEMOJAYJHUDPO-
BAHHOMY TAPMOHHYECKOMY KoJaebGaHHO T©po-
MEXYTOYHON 9acCcTOTH, acam GUALTP NONKEH [IPENCTABIATh
coboii Y3KONOJNOCHBH KOJAebGaTeabHBH KOHTYD,
NOCTOSHHAs BPEMEHH KOTOPOTO 3aMETHO NpeBhllUaeT NJIHTENBHOCTD
curiana. Ilocnentee nerko NOHATL: NPH FeTEPOAUHUPOBAHHU CHUMAETCs
(pasoBass MOLYJAAUHA U MPOU3BOAMTCA JONOJHHTENbHAS aMIJIUTYAHAA
MOLYJAAIHUA, MOBTOPSAIOWAs MOAYAANHIO OXKHAAEMOro curHasda. IIpuem
OKa3bIBAETCSl B OCHOBHOM KOppeasillMOHHBIM, HO B oTaHuue oT § 3.6
HHTErpUPOBAHUE HA HYJIEBOH 3aMEHSAETCH HHTErPHDOBAaHHEM Ha NpoMe-
XK YTOUHOH YacTore,

B vacTroCcTH, Aa4 pacemoTpeHHbix B § 3.11, 3.12 curuaJ/oB B BHJE
KOT€PEHTHbIX navek PafiHOHMIMYJLCOB B C/ydae HHTECPUPOBAHUA HA Y3-
KONOJIOCHOM KOHTYPE€ MNPOMEXYTOYHOH YacTOThl TeTepoAMHHpOBaHHe
JOKHO OBITb HUMIYJbCHbIM. HIMNysbCHOE TeTepoIUHHPOBAHHE MOMKET
ObiTh CBElCHO K [OCJAeA0BATEeJbHOMY TeTEePOANHUPOBAHHIO HEMOAYJIH-
POBaHHBIM KosiefGaHHeM H CTPOOHPOBAHUIO BUACOUMNYJABCAMH IO MOJA4UH
Ha Y3KONOJAoCHbl (puabtp. B stom caywae noayuurcs ofpabotka no
cxeMe puc. 3.46, q, HO C npeABapHTENbHBIM NEPEBOIOM KoJeGaHUH Ha
MPOMEK YTOUHYIO YaCTOTY.

AHasmornuHo, ouTumMaabHasa obpaboTka ¢aso-Ma-
HHOYAHPOBAHHOTO HJAHUH YA4CTOTHO-MOJL YJAUDPOBAH-
HOTO KoaneGaHug MOXKeEeT OBTb CBEeJ€HAa K MOJ-
HOW LeMOAYJASANUHH C NOMOMmMbBI Pa30-MaHUDYJAH-
POBAHHOIO HJIH HYAaCTOTHOMOAYJAHPOBAHHOTO
000fmMEHHOrO FreTepoOSHHEA U K HHTETPUPOBAHUI Y3-
KOTOJOCHBIM KOHTYPoM. B ofiuem ciydae rerepofiHHHOE HanpsikeHHe
IOJKHO BEIpaBaThiBATHCS B COOTBETCTBUH € OKUJAEMbIM 3arlasjplBaHHEM
o = I,

Beie 6blnyd pacemoTpensl Haubosiee Ba)KHple NpUMEPbl Koppedsi-
HOHHO-(PUIBTPOBOH  0OpPabOTKH, CBOASIIHECA NPEHUMYINECTBEHHO K
KOpPpPeasllMOHHOH HJIH (PHJBTPOBOH Ha BbICOKOHM HJH TNPOMEKYTOUHOM
gacrore, @opmyasl {(4) u (5) pomyckawrt, ognako, u Oojee WHPOKoE
TOJIKOBaHHE, NO3BOJIAS [IPOU3BOJBHO MEHSITh COOTHOLIEHHE 3a1a4 0000-
IEHHOTO reTepoAHHHPOBAHHA U (UJBTPALMH HA NPOMEKYTOUHOH Ya-
cTOTE,

He6e3ninTepecHO OTMETHTD JBa 0OCTOATENbCTBA.

1) Ecan X,(f, o) = const, To X»(f, o) = X(¢, o), ¢a(¢, a) = @{f,x) —
—@(f, @), T. ©. neaasucuMo om 8oBOPa 3aKOHA (Hasesol MOOYAsILULL 2eme-
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POFUHE UAILMP  NPOMENCYMOUHOU HACMOMbL QOCMAMOUHO CORAALOELIEAMb
¢ NpecBpasvBaRHbIM KOABAHUEM nPoMeNtymourot yacmomel (IPH BbIGPaH-
HOM TeTEePOILHHHOM HaNpAKEHNUH).

2) Ecan oxupaeMpie 3nauenus U curuana X(f, o), 4 reTepofiHHHONO
ganpsikennsa X (f, o) Ha HEKOTOPOM HHTepBaJje 3HaYeHHH { paBHBI
HYJI10, TO BHIpaxKeHue Aas Xo(f) npUHHMAeT BUL HE€O NP €l €4 € H-

0
HOCTH -5 IDT0 03HAYAET H3BECTHYIO N POU3BOABHOCTHD

B 60pa X)), a 3HauuT, ¥ UMNYJbCHOH XapaKTEPHCTHKH, NPH KO-
TOpOIl ONTHMAJBHOCTb 06paboTKY He Hapywaercs. B uactocTH, Bpems
IaMATH HHTETPHPYIOWEr0 KOHTYpa NpH CTpoOHpPOBAaHKHH KOTEPEeHTHO!
NaykH B npefenax eé JJIWTeNIbHOCTH MOXKeT ObITh 3aMeTHO Goablue 3Tol
IAKMTEBHOCTH,

I'. IPUHIIUIIBI OTITUMAJIBHOM OBPABOTKH
HEKOI'EPEHTHDIX CHUI'HAJIOB (§ 3. 17)

Hexoeepermrpimy Ha3nBAIOTCH CUTHADL, (Pas306yio cCmpyKmypy Komo-
poix Heabss cuumamo 3axoromeprod. IIpUMEpoM HEKOrepeHTHOrO CHT-
HaJja siBAsfeTcs nauka pajHOHMNYJbCOB, €C/AH HavaabHble Gasel Kaxaoro
M3 HHX CJydaiiHpl. Takoro BHAa CUTHaJbl YacTO BCTPEYaloTCss B 0630p-
HbIX pajuosiokaropax. PopMa orubanued 1 yucja0 HMIYJAbCOB B NayKe
3aBHCAT OT BUjJa AHarpaMM HanpaB/CHHOCTH Mepenalrouled W npueMHOH
aHTeHH U CKOPOCTU 0630opa. Hauasbuble Gasel OTACIBHBIX IPHHUMAEMbBIX
PaaOMMIYJbCOB (BLICOKOH UM IPOMENKYTOYHOH YaCTOThI) ~— OOBIUHO He-
3aBHCHMBIE CJyyailEble BeNHYHHbI {€C/AU HE NPHHAT DA CleuHaNbHbIX
Mep mo crabusMzauuy nepejarudka HiM 3a0OMHHAHMIO HAYaJIbHBIX (pas
IpH 30HAUPOBAHMHK). B cuay caywafiHocTH HauadbHbix a3, KO T e-
PEHTHOE HAKONJEeHHE BO3MOXKHO JHIlb B Tpefesgax
KAaXJAOP0 H3 OJHHOUYUHB X pajuoumMnyabcos. Ha-
KOIWJIeHHE X€ OT HMINOYyJabCa K HUMNYJAbCY MOXKET ObTh
TOJBKO HOCAE€JNEeTEKTOPHB M — HEKOTEPEHTH B M.

[Nonobuas crpyxrypa obpaboTku (C yTOUHAIOIHUMYU AETaNSMH) CJle-
AyeT U3 TeopHu OOGHApYKEHHs B NPHJAOKEHHWU €€ K CHIHaJjJaM B BHJE
MAYeK HEKOTEPEHTHBIX PaJHOMMIYJLCOB. OOBUHO pACCMATPHBAIOTCA 1BE
Hauosee TPOCTEE B pPacCUeTHOM OTHOWEHHHM MOJEAM TaKHX Nayek:
Ges QaiokTyaluii ¥ C He3aBHCHMBIMH QVIIOKTYaUHAMH aMIUTYA HM-
uyabcoB. B oboux ClyuasX 3amHCh OXKHIAEMOTO CHTHAAA HMEET BHJ

x{t, By Bas ror By By e ;]fog(t)cos[2nfot+qai(t)—ﬂd, (1)

TI¢ (uKCHpyeMble PU OOHAPYKEHUH TapaMeTpbl CHTHAA O ONMYIIEHHI,
Orubaoue X,(f) OTACNBLHBIX HMIYJLCOB NOJAraloT HelepekpPLBaio-
WwHmHesi. Haganaptipie (asel f§; CUHTAIOTCS HE3aBUCHMbIMH CJyYaHHBIMH
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BeJIMUMHAMH, PAaBHOMEpPHO pacnpefeteHHuMH of 0 g0 2m, ¢ coBMecT-
HOH MJIOTHOCTBIO BEPOSTHOCTH

p BBy ) =pB) B ...,

rae p(P) = 1/2x. Amnautynnbie MHOKHTeIH B,, Bj, ..., TOXIAeCTBEHHO
APHpPaBHHBaeM eIHHHIE AJS MOAEIH HeduiokTyHpylomeH nauku, Has
MOZE/IM C HE33BHCHMbIMH (WIIOKTYalHsIMH

p(By, By,..)=p(B)) p(By) ...,

npHueM (MIOKTYalHH aMNKRTYAbL KaXKA0ro MmnyJjbca, Kak H B § 3.8,
MoJAaraeM peaeeBCKHMH

p(B)=28B e ¥,

B cootBercTBHM ¢ oOmiek meTomukoil [(4), § 3.7] u no aHanoruu c
§ 3.8, orxowmenue npaspononobua [[y(f)] Boipakaem depes uyacThOE
oTHowenue npasnonopo6us Ily(f)| By, By ..., By, B, ...}, snauenne
kotoporo coraacuo [(6), § 3.7] npeacraBaser coGofi npoH3BEAEHHE ABYX
CTeNEHHLIX (PYHKUHA, 8 HMEHHO, CTeNeHHOH PYyHKUKMH NOJAHOTO Koppend-
1IHOHHOTO HHTETpaJa z U CTeneHHON GYHKIHH NOJHON 3HepruH I nayukH.
3aech :

2= 2 B;Z;cos (B;—8;),
£
= ; B?3,.
B c¢Bowr ouepenp, Z; — MOAyJbHOE 3HAYEHHE HAaCTHOTO KOPPEsILHOH-

HOrO WHTErpana, BbIYHCJASIEMOrO ANsA C1ydast, KOrjia OXHIaeMbiM CHIHA-
JIOM ABJAETCH i-H PAJHOUMNYJILC,

Z, =+
2

I

°§ X, () Y*(t) dtl.

—o0

3amensia B [{4), § 3.7} p(P)dp na p(Py,B2, ..., By Ba ..0)X
X dp,dfs ... dB,dB, ..., NPUXOIHM K BhIpaXKEHHIO OTHOIEHHS NpaBo-
nofoOus B BHAE MHOTOKpAaTHOro Huterpana. [locaenHuit cCBOAHTCS K CO-
OTBETCTBYIOIEMY MPOH3BEACHHIO OAHOKPATHBIX, PACCMOTPEHHBLIX paHee
B § 3.8. [Tosromy Ans paccMaTpUBaeMbiX 3/1eCh HEKOTEPEHTHHIX Nayek
OTHOILLEHHE NPaBAONOAOOHA npeacraB/ser co0Oi NpoH3BEACHHE OTHO-
WeHHH DPaBAONoOfOOHA AJAA OAHHOUHBIX pPAJHOMMNYJIBCOB COOTBET-
CTBYIOIIETO BHAA, T. €. CO cay4aiiHol HadaabHOH $a30i HAH CAyda HHBIMK
aMIVIMTYION W HavajabHOH (a3of,

[=T1e2Nog (22’)
i O\ N,

Q

22
P B
| =T1—Y0 _ o "Ny “IA,
_ i i+ Ny
154 . § 3.17
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B CHaY MOHOTOHHOCTH JorapupMuueckofl (PyHKLHH CpaBHEHHe 3HA-
geHul | ¢ noporom I, Moxer ObITh 3aMeHEHO CPABHEHHEM CO CBOMM MO-
poromM 3HaueHuil In {, rae 19 paccmaTpHBaeMBIX C/1y4aeB

- Sty (Z
Ini “':"'lnlo V. )—]—const, (2)

Inl : ——-———Zf -+ t 3
nil= ZF\’: 5. T const (3)

Takum of6pa3oM, ONTHMAJNbHHE OOHAPYXKHTENH, NMOCTPOGHHLIE B CO-
OTBETCTBHH C COOTHOWEHHAMH (2) uay (3), BHUHCIASIOT MOAYJbHbLIE 3Ha-
yeHHsl KOPPENAHOHHBX HHTErpaJ/oB Z; U CYMMHPYIOT B 00LIEM Cayyae
HeNHHelHble PYHKUHH STHX MOAYJBHBLIX 3HAUEHUH, HaANpHMep, KBaj-
paTuuHylo K BHAa In [o(u). Tlocnennsan pynkuns (puc.3.47) Hmeer Ha-
yaJbHLIA napabosHYecKHH y4acToK

In/,(u) =~ -——u2 ugl,

a npy OOJBIIMX 3HAYEHHSAX APryMEHTa — aCHMNTOTY B BHAE MpAMOIlt
Inly(wy=u (u=>>1).

Mostomy ANA HeqWIIOKTYHPYIOUMX HEKOTePEHTHBIX NaueK CYMMHPOBaHHe
aoraputpmos In {o(u) 3amenneTcss CYMMHpPOBaHHEM JUHEHHBIX HAU KBaj-
PATHUHBIX QYHKUMA BEAWYHHH Z;, a UMEHHO, KBaAPaTHYHbIX, €CJAH aM-
NAMTYAR PajdOUMNY/JIBCOB MaAH f0 CPAaBHEHHIO C YPOBHEM IIyMa,

1
lnl:-.s-——Q-EZf—i- const
N4

B JIHHCHHHX, €CJH OHH BEeJHKH.
| _
Inl! ——Zzi—l-const.
o i

OGLIYHO KOMMJIEKCHBIE aMIJHTYAB BCEX OMHAAEMbIX HMIYJ/IbCOB
naukd X,{f) COOTBETCTBYIOT OJHOMY H TOMY Xe 3aKOHY MOAYJALHH —
Xo(#). Oun pasnnyaiorcsi TOMbKO: 1) MOMEHTaMH NPHXORA UMNYJILCOB £;,
33aBHCSAIUMU OT MOMEHTOB 30HIHPOBAHHS H IAJbHOCTH, H 2) Hecayyaii-
HbIMH MHOXKHTENAMH S;, 3aBUCALUMH OT (dopMbl Orubaioillell nayku u
Y080l koopauHathl. [1o3ToMy Bce 3HauCHHSA

= -]
i
—0
HPOFOPHHOHaJlbﬂbl 'aMl'lJIHTyIl.aM HGKOTOprX OOHOTHIHO nNOJYyYaeMulx
BULEOHUMIYABCOB Zqo;. [TOCAENHHE MOTYT GHITh CHSITH C BHIXOAZ €IHHCT-

BCHHOr0 KaHajla pHEMA MOCACAOBATeNILHO BO BpeMeHH. ocrartcuno,
UTO0bl 3TOT KaHa/ COJEpXKaJ CXEMY KOTepeHTHO#H 06paGOTKH /IS OXKH-
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Pue. 3.47. I'padux ¢dyukuvu 1n J4(u)

Aaemoro curHaga Xo(f) (B vyacTHOCTH, ONTHMAJbHBIN (QUIBTP) H JHHEH-

Hblff feTektop. UYTo6m MoAYduTh Aajdee KBaApaThl aMIMHTYA Zo:
3aMeHuM B 3TOM KaHaJje JHHEHHbIH A€TeKTop KBajpaThuHmiM. Paccmar-
puUBaeMbi KaHaa npuema obpabaTniBaeT npHXoAduue KojeGaHHA Oe3
yuyeta oXHAaemod (opmbl orubawomel naykd paaHOHMNYJbCOB H HE
00€ecreyHBaeT rOCAeAeTeKTOPHOTO CyMMHPOBaHHA. OHO JO/MKHO OHTh
MPOBEACHO HOTONHHTENbHO, KaK 3TO MOKa3aHO Ha CXeMe H 3Mopax
{puc. 3.48, 3.49), npu 3TOM B mpoLecCe CyMMHPOBAHKS BBOAATCA COOT-
BETCTBYIOIIHE BeCOBBIE MHOXHTEJH,

B caydae cnaboft HedUIIOKTYHpYIOWEH Nauki, KOTa ONTHMAJeH
KBAJPATHYHbIH AETEKTOP, MOC/EAETEKTOPHOE CYMMH[)OBaHHe HMIY/15COB
NPOM3BOAHTCA C BeCOBBIMH Kosqipuumentamu K; = S;. B cayuae He-
GOKTYHpYIOIEeH NAuKH HWMAYJIBCOB GO/BIIOH AMIVIMTYAL ONTHMAJIEH
AUHEUHbIT JIETEKTOP W NOCAENETEKTOPHOE CYMMHPOBaHHE MPOH3BO-
AUTCA ¢ BeCOBLIMH Koa(ppuunentamu K; = S;. Hakoueu, B cayuae ¢niok-
TyHpyloled Nayky ONTHMajeH KBaJPaTHUHLIH AETEKTOP U MOCJAENeTEX-
TOpHOE CyMMHpOBaHHe MPOU3BOAUTCS € BECOBBLIMH KO3(D(HIHEHTAMH

51
Ki=—=,Tne g = ]/-— — OTHOWICHHE CHTHaJ/NOMexa AIA HM-
52

myJbca ¢ BeCOBbIM MHOKHITEJIEM €IHHHIE, CPENHAR SHEepPrasi KOTOpOTo
paBHa 3.

B paauo/10KauHOHHbIX CTAHUMAX C BH3yasJbHOH HHAWKAaUHell HeKo-
repeHTHOe HaKOMJIeHHe OCYIHECTBAAETCA Ha SKpaHe MHAMKATOpa 3a cuer
ABJEeHUs noc/ecBedenns. Ecau, Hanpumep, oTMETKa APKOCTHA4, TO
00/1acTH CBeYeHHs:, BO3GYKIEHHBIE OTACIbHLIME HMNYJ/bCAMK, UpPH OG-
30pe CAWBAIOTCA B €HHYIO AYXKKY. Takoe HakKON/IeHHe MO CBOeMy 3p-

chekTy npuUGIHKAETCA K KBaAPAaTHUHOMY, XOTH, €CTECTBEHHO, OTJHYaeT-
¢d OT ONTHMAJbHOTO.
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[lpy aBTOMaTH3HPOBaHHOM CbeEME HAHHBIX HEKOTEPEHTHOE HaKon-
JIEHHE MOXKHO peaNH30BaTh C MOMOIULIO AHHHI 3aAepauKH, MOTEHUHAIO-
ckonoB H T. n. UTCYTCTBHE KaKOro-iHGO MOC/AEIETEeKTOPHOTO HaKOII€-
HUA NpH aBTOMATU3HPOBAHHOM CBHEME MOXET 3HAUHTENbHO YXY/ILHTh
yCAOBUHA 0GHAPYXKEHHA, JaKe IO CPaBHEHHIO ¢ BU3YaAbHBIM cbeMoM, Or-
CTYNJIEHHE OT ONTHMAJIbHOIO CYMMMPOBAaHHA B AeTansX (3aMeHa KBaj-
PAaTHYHOTO CYMMHDOBAHHS JHHCHHbIM H HaobOpoT), Kak OyAer noka-
3aHO HHMKE, CYIIECTBEHHO He CKa3blBaeTcs Ha ypoBHE NOPOrOBOTO
CHTHaJa, B TO BPEMSI KaK NOAHBIE OTKa3 OT HEKOT€PeHTHOro CyMMUpO-
BaHUA HEAOTMYCTHM,

Haa npuGauxeHHOH pealH3aUMH HEKOrepeHTHOro CyMMHPOBAaHHA
MOKeT OHITb HCNONbL30OBaHA 3/AEKTpHUECKAs 3anuch Ha NOTEHUHAJO0-
CKOR€ CO CYWUThiBAHKEM, MarHWTHAs 3aMUCb, BpeMEHHas 3ajepxkka, fo-
KasdagHan Ha puc. 3.48. [TockoJbKY ocymecTBACHHE 3allePXKH, HIME-
psAeMOf AJUTENbHOCTBIO [AYKH, BLI3BIBAET TPYAHOCTH, HWHOTLA HCMNOJb-
3YIOT IMHHUIO 33JEPHKH HAa NEPHOJ MOCHIIKH, HO 33 CYeT MOJOXKHTEIbHON
ofpaTHO! CBAI3H C BHIXOJA Ha BXOJ €€ NPEBpALIAIOT B DELUPKYAAMOP
{rpebenuatrniii QUALTP) Ha sudeowacmome.

OcofeHHo WHPOKOE PpacrnpoCTpaHeHHe HAXOLSIT CXEMbl Hughposoeo
(ABYXOPOTOBOr0) HAKOMMEHHS HJH, HHAue, Cxembl cuema UHCIA HM-
NyJabcoB, npeBuinaiownx nopor. Ha pue. 3.50, a nokasana passeprka
OC/IEZETEKTOPHOTO HAMPSKEHUs,, KOTOPOE NONJETCA Ha TMOPOroBYyI0
cxemy, ypOBeHb NOpPOra KOTOpoll nokasaH NMyHKTHpoM. Brixoamoe na-
npsixxenne (puc. 3.50, 6) «sawmyemcs NO BpEeMEeHH M aMIJH-
TyJe, TaK YTO Ha BbIXOAe CO3AETCA JHCKpPETHas MOCJAEN0BATeNbHOCTh
HATpAXeHHH Hyab WK equHuua (puc. 3,50, 6). Ha puc. 3.51 (passeprka
AaJbHOCTH NO TOPU3OHTAJH, Pa3BEPTKa a3HMyTa DO BepPTHKaAH) Ino-

gletrelagl\zy gl g|ét?10}|

Lrio|l sy @11y 018y 757102

pglojegle|gir|ralolgit|e

grelagiragtrig|r1o,01010|¢@
a)

een N BT

f) z 7, |

Pl olelelolile]  [lelelelz] 1o]a]e]0]2]7]
) 9

Puc, 3.50. Hanpsxenue wna smxogme Puc. 3.51, HaSop  RearTOBaHHBIX

ASTEKTOPA (@) H NOPOroBOrO OrPaHHM-  ROCACJOBATEAbHOCTEH npu m = 4 (a)

yutena (6) sa oRUH nepHOX paspepr- u ux cymMa (6); KBaHTOBaHHas noc-

KH; COOTBETCTBYIOWIaf KBaHTOBAHHAA  JIeA0BATENBLHOCTL, COCTABJCHHAA H3 (g)

AHCKPETHAR NOCAENOBaTENLHOCTD Ha- uan (6) no KpHUTepPHIO «3 Hu3 4» (8)
NpAKEHUA HYMb U elHHHU2 (6)
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Ka3aH Habop m TAKHX NOCACNOBATENLHOCTEH, KOTOPBIE 3aNOMHHAIOTCS
noc/ae KaxIOro 30HAHPOBAHHA B YCTPOHCTBE UHPPOBOH 0OpalOTKH.
[lpu 3TOM BHOBb MOJYYEHHAs NOCJAEN0OBATENbHOCTh 3aMHCHIBAETCS Ha
MECTE TMPEABVINEH NOCAEAOBATEJABHOCTH, OCTaAbHBIE MOC/AEAOBATEb-
HocTH cmettaioTes (Buus). HauGonee crapas (HuXHAS) NOC/EN0BaTENb-
#oCTh OTOpachIBaeTco, Tak YTO B YCTpoHcTBe 06paboTKY BCe BpEMA 3aM0-
MHHAETCA ORHO W TO K€ KOJAMUECTBO NOCJaENOBaTeNbHOCTeH m, a aaA
KaX/JOr0 KBAaHTOBAHHOTO 3JieMeHTa AaJbHOCTH — OJHO H TO XKe KOJIH-
yecTBO M ABOHMHBIX UHOP.

C yueroM nponycka OTAeNbHbIX MMIYJAbCOB M3-3a QWIIOKTyauui UaH
HAJIOXKEHHS NPOTHBO(A3HLIX LUIYMOB pEIIEHHE O HAJHUAH UEJIH NPUHH-
MaeTCsl, €CJIM HanHuo n ¥ GoJsiee UMNYAbCOB U3 M BO3MOXKHBIX (JAOTHKA
«n 93 m», Hanpumep, JOruka «2 H3 3», «3 H3 4», «3 u3 3», «2 U3 2»,
«4 u3 4» u 1. 1). Tak, ecqH NpHHATA JOTHKA «3 U3 4», TO A/ yuacTKa
JHMCTAHLHH, COOTBETCTBYIOMETO UIECTOMY HHTEpBaly BpPEMEHH 3afas-
AbBaHHA Ha pHc. 3.51, ¢, NpHHUMaETCA peLeHne O HAAHYHH LEeJH.

Hrobnl 6oaee nOAHO HCMOAL30BATH BO3MOMXKHOCTH HEKOTE€PEHTHOIO
CYMMHPOBaHHA TpH OOHAPYXKEHHH, XKEAATENbHO YHUCAO m NpHOAHKATD
K 4HCaAy M umnyascoB B nauke. [Jockoabky annaparypa npu sToMm 3Ha-
YHTEIBHO YCAOKHACTCH, NPAKMUYECKU UCROAL3YIOM M02UKY <1 U3 m» NIPH
yeae m << M. Vmeromuit mecto npourpeit npu m << M 4acTHYHO KOM-
NeHCHpYeTca: Ajaa O0HapyXKeHHA AOCTATOYHO, €CAH JJ OQHOH TOJIbKO
Tpynnbl H3 M HMOYJAbLCOB OGECNeuyHBaeTcs BLINCAHEHHE KPHUTEPHS «n
U3 m», a npd M > m TakKuUX rpynn MoKeT OniTb HECKOJbKO.

I. KAUECTBEHHBIE MOKA3ATEJIU
ONTVMAJIbHOTO OBHAPYXEHHWA

§ 3.18. KauecrseHHble nokasatean oOHapyXKeHus
KOF€PEeHTHBIX CUTHAJIOB

KayecTpeHHble noka3saTe/qH ONTHMAJbHOTO OGHApY’>KeHUA NpeAcTaB-
JAIOT CYUECTBEHHBIN MHTEPEC, TAK KaK OHHM SIBAAIOTCA NPEAeaoM, K KO-
TOPOMY MOMHO CTPEMUTBLCH, NpHOAHKAsi HEONTHMAJbHYIO 00paboTKy
K ONTHMa/bHOH.

HauyeM c CHTHAaMOB C NMONHOCTbIO H3BECTHBIMH
NnapameTpaMu. PemieHue o HaJHYMM WK OTCYTCTBHHM CHIHAJa
B 3TOM CJAyYae NPHHUMAETC NO BEJHYHHE KOPPe/IsIHHOHHOTO HHTEr-
paJa

2== S y(€) x (¢) dt.
Bynyuu npenenom auuedinoit KomM6UHAUMK HOPMAIBLHO PACTIPENETEHHBIX

CyvyaiiHbIX BeTHUHH Y, (k = 1,2,...), nocaefHHH TakXke SABJAsIETCA HOP-
MaJbHO pacnpeleneHHON cayuafiHoi BeauunHo#H. B oTcyTcTBuE cHTHa-
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J1a, KOTAa MaTeMmaTHuecKoe oxufanue nomexu M{y(f)} = M {n{t)} =0,
MaTEMaTHYeCKOe OXHIAaHKHE KOppeasiuHOHHOro HHTerpasa M{z} == 0.
Orciona cJeayer, YT0 YCJAOBHAs NJAOTHOCTb BEPOSATHOCTH p,(2) Gyner

1 _21/2v2
Pu (2)=‘]—/—2e;!-v— € ¢
i}

Bxoasmast B (1) HecayuaiiHas BeJHYHHA va npeacrapager coboi
AUCNEPCHIO CAYYaRHON BEAMUUHBI Z C HYJEBhIM MaTEMaTHUECKHM OXU-
AAHHEM: Vo = D{z} = M{Z*} = 2%. Takum o6pa3om, uToCH HaANTH Vo,
CAENYET BhITHCAHTh CPEIHEE OT KBaApaTa KOppeasiHOHHOTO HHTErpaJa.

[Tockoabky KBajgpaT HHTErpasna (nNo &) CBOAUTCA K MPOHU3BEACHHIO
UHTETPAJIOB H Aajiee K ABOHHOMY uuTerpanay (no £, s}, a ycpenHeHue no-
CREAHEr0 03HayaeT YCpefHeHHEe cayuahHoro coMHOXHUTens y{f)y(s) =
= n(f)n(s) MOAHHTErpaJbHOTO BLIPAasKEHHA, MOJNYUHM

(D

vi= { at (x)x@FORE s

INo ycnoBram aHanH3a cpeanee 3HaueHue n(f)n(s) npeacrapaser cobof
KOPPe/ISTUHOHHYIO GQYHKuHIO Gesoro wyma [(4), § 3.5], pasuyio B Aan-

HoM cayuae R(f — s) = %—%(i — 8). B cooTBercTBUH cO cBOHCTBOM
aeabTa-gyukunk [(6), § 3.5] HaX0OAMM OKOHUATENBHO BEJHUMHY

- 2 Ny T o T
vi= hsmx (B dt = — Ny,

»

NMOJIHOCTBIO ONpeae/IAolLy0 KpuByio pr(2). Kpubas pyu(2) = p (z — 9)
npeicTaBaseT cofoi, kak 0TMEUaNOCh B § 3.6, CABHHYTYIO Ha BesTHuHHY O
kpuByio p(2). O6e KpuBble MOKa3aHnl Ha puc. 3.52, rpagyupoBka
ocH abCUHCC AAHA B OTHOCHTENbHBLIX €AHHHUAX 2/v,.

3uauenus D u F onpeneasiores, Kak B § 3.2.

ITpH yCTaHOBNCHHOM NOPOTE 2, B COOTBETCTBHH € pHuc, 3.52 Hmeem

D=051—D(g,—q)], {3)

TA€ (g == 2y/Vo~—OTHOCHTE/bHbLIE ypOBeHb MnOpoTa, a ¢ =3I/ v,=
= V 23/N,—napamerp oGHapyxenus, paBHbIH OTHOLUEHHIO CHI"
HaJ//IOMeXa MO HaNpsiXKEeHHIO Ha BBIXOAE ONTHMAJBHOTO (HAbTpA:

Buibnpasa ypoBHH NOpOTa ¢, B COOTBETCTBHH C 3aJaHHBLIMH YC/0B-
HbIMH BEPOSITHOCTSIMH JIOJKHOH TPEBOTH F, MOXKHOQ NMOCTPOHTL CEMEHCTRO
KpUBHIX o6Hapyxeuus D{g) nna pasauunnix 3HaueHHip F = const,
anajJoTHUHOe cemeHCTBY KpHMBBIX oOHapyxkeuusa § 3.2, IJro cemeficrso
HaHeCEHO Ha puc 3.53 WITPHX-NYHKTHPOM,
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OGHap y>xeHHe KOTePeHTHBIX
CUTHaJ0B CO cJayyaw-
HOH HaYaabHOH ¢a-
308 H PAWKTYHPY IO
Wero €0 CJay4akhHbh-
M#d aMDAUTYAOH H
HadaJabHOI# baszod
NpPOM3BOAHTCA MYyTEM CpaBHe-
HHA C QOPOroM  MOIVYJBHBIX
AHAYeHHH KoppeasitMoHHOTo  Puc. 3.52, Kpuene ycaosunix naotsoctedl

- BEPOATHOCTH OPH OGHApYKeHHH CHFrHANa
nggrpaﬂa Z = Vzl + Z% € MOAHOCTBIO H3BECTHLIMH TapaMeTpamu
" [Ipu manuiuu Tonpko no-

MEXH KaKAas N3 HE3ABHUCHUMbIX BEJNUUHH 2; U 2y OMHCHIBAETCA YCJOB-
HbIM pacrpefesieHHeM BepoaTHocTed (1), [loatomy Aaa Z umeer mecTo
3aKOH pacnpeneaeHns Peses:

VA 21002
PalZ) =5 &7, (4)
Vo

Ilpy BosaelcTBHH NONE3HOTO CHTHANE €0 Caydaidnol Hasarerol da-
30d P KamJas H3 KPHBBIX YCJOBHBIX MJOTHOCTEH BePOATHOCTH BeJH-
YHH 2; H 2, CMENlAeTcs COOTBETCTBEHHO Ha

F cos

S (B 212 (B dt = 3Sm

.

—o0

a npoctoe pacnpeneneHue Peses nepexoiut B ofobuierHoe

_ 2>
Z av2 VA
Pen (Z)= — € 0 [0 ("'—j) . (5
Vo Vo

KpuBble YCJIOBHBIX TIOTHOCTEN BEPOATHOCTH pp(Z) U peqy (£) npen-
CTaBJeHH Ha puc. 3.54, @, 3aITpHXOBAaHHBE MVIOCWAAH NOA KPUBHIMH
npaBee NOporoBoli afcuuccel Z, COOTBETCTBYIOT YCJOBHBIM BEPOSITHO-
CTAM npaBUAbHOTO oOHapyxenua D n JoxHoil TpeBorn F, KOTophbie no-
AYURKOTCH NYTEM MHTErPUPOBAHUS TIOTHOCTEH BEPOATHOCTH B Dpefenax

V4
or Z, fo oo, [Tocse 3aMeHEl nepeMeHHbIX - = § HMeeM
0

o _q'-|-s’

D= S slyigs)e 2 ds, (6)
'
oo —$7fy a2

F=Sse.”ds=e w2 (7)

Qn

Y. e. B JAHHOM cJyuae BeNHUWHA §,= V?ln.},.
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Puc. 3.53. KpHeble oGHapyXeHus NJAf CHTHAJOB: € MNOJHOCTBIO H3BeCT-

HBIMH NapaMeTpaMn (IOTPUX-NYHKTHD), co CaydaRHOH HawaibpHOW (asof

(PyHKTHp), co cayvaliubiMu amnAHTYAOH M HavanbHOR ¢asofl (cnnowiite
JAHHHH)

Kpusne obHapyxenus D (g) Ans curxana co cayuaitnoit Haua/ bHof
(asol npu passuyHuX F == const npeacrabnedn Ha puc. 3.53 nyHKTH-
poM. . .
dast moxmyupyroweso no amnaumyde cuenara ¢ napamerpamu B
u f cMeuleHHe rayccoBbIX KPUBHIX pacripefefeHus CaydafiHbX BeJIHllHH 2

M z; NPoH30MLeT Ha B:’) cos ﬂ TNpoekiuu peneesckoro Bektopa B3 °°° sin B
(3—cpennsas BHEPI‘HH) ~— HEHTPUPOBAHHHE TayCCOBBLI BEJIUYHHH
¢ Iaucnepcuelt B3I cos®P = B2I?sin*p = -21- 32 Tlpu caoxenunu

ABYX UEHTPHUPOBAHHBIX HOPMAJNbHO pacnpeiefieHHBIX BEJHYUH NOJY-
YaeTCA TaKXKe LIeHTPHPOBAHHAA HOPMAJIbHO pacnpeleseHHas BeaWYHHa
¢ cymmapHo# aucnepcueit., Ilostomy npu HaAHYHK QUIIOKTYHPYIOLLIETO
no AMIVIKTYAE CHUrHaJa KPHMBHE pacrnpeleneHHs BeJIHYHH 2; U Zp OCTa-
1OTCS ICHTPUPOBAHHHMH, YEMY COOTBETCTBYET MPOCTOH PENEEBCKHI 3aKOH
pacnpeneaeHns '

Y AR TYT Y
Pon (2) = 5 €= ®)

1

" 2 1 o N
¢ aucnepcuedi vi =‘V0+——32, H3MeHeHHO B pe3yJabTaTe BO3jeiicT-

2
BHS CHTHAJa B—‘% =1 + g* pas. Kpusue p, (Z) 1 p,, (Z), coorser-
Yo
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CTBYIOUIME DENEEBCKMM pACTIpefieeHuaM C JHCTEPCHAMH vy H Vi,

npeAcTaBaeHbl Ha puc. 3.54,6. 3awTpHXOBAaHHBIE NJoOWlAAK Npabee
noporosoft aGcuucchl Zy/vy COOTBETCTBYIOT YCJOBHBIM BEPOSTHOCTSM
JIOXHO# TPEBOTH M NPABHJIBHOIO OOHADYKEHHS

% &
F=e N e-_;:%'
(9)
Z% \%
)

Ypaeuenue xplpo# oSHapyxeuus D(g) dIOKTYRpYWOWEro no am-
[IMTYAe CHTHaN2 B COOTBETCTBHH € (9) HMeeT BHA
H
‘+%a'
D=F . (10)

Camu kpusble D{(g) nas GMOKTYHPYIOWETO 10 aMRJAKHTYAE CHTHaNa npu
pasauuHelx F = const npeacrasaexsl Ha pHC. 3.53 CIOVOWHBIMH JH-
HusMH. TIpH 3ToM Benn4HHA ¢ AAs QAIOKTYHPYIOUIETO CUTHAAA PACCHH-
ThIBAETCH O €r0 CpelHel 3HepTHH, a4 paccMaTPUBAeMbli cayuan dwioK-
TyallHl amMIJHTYAbl OTHOCHTCA K KJACCy M € 1J € H K bl X (WIIOKTYa-
UM, HE HCKaXKaWWuX CTPYKTYpy curnana. Cayuafi GbIcTpoiX ¢iloKTYya-
unii paccMatpuBaerca B § 3.21 u 6.18.

Hrak, Ha puc. 3.53 Hanecenw KpuBHE OOHApPYyXeHHS
AAA PAa3HOBHAHOCTEH KOTEPEHTHHB X CHTHAaJAOB:
¢ [IOJHOCTbIO M3BECTHBIMY mMapamerpaMu (WUTPHX-DYHKTHP), €O CAy-
yaiinofi HauanbHOM ¢asolt (NYHKTHP) W CO CAYYAUHBIMH aMIAUTYAOH
H HauaabHOH dazoh (cnnowmHble auHUN). KpuBBle A5 clrHaaa co cay-
yaiinoli Ha4aJbHOH ¢asoll CABHU T 20O TC A MO CPABHEHUIO ¢ KPHBHL-

t z
o8 ﬁn(?a_)
124
g2
g 7 zo/va 4 6'270
2)

Pure, 3.54. Kpusnie YyCaAOBHHX nNAOTHOCTER BEPOSTHOCTH [IDH
ofHapyEeHHH CHTHaloB: co cqaydafinofi wavaabHOM dasod {(g),
€O CAY4YaRHEIMH aMTLnaTyRofl ¥ HavansHo#l dasoh (6)
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MH € NOJHOCTBK HM3BECTHRIMM [fapaMeTpaMM BTN P aB 0, T. €. B 5TOM
cayuae TpeGyercs Goabias SHepTUs Aas ofecrneueHus Tpefyembix Ka-
YECTBEHHBIX TOKasaTesell 00HapyKeHUs,

KpuBble f/ist cMrHaja ¢O CAYYaHUHBIMH aMOJUTYAOH
M HavaJbHOHW (¢as3oi oCO6EHHO CHABHO CMELIAIOTCH B 1 p a-
B OB O6GAACTH 6 0 J b 14 U X 3HAYECHHH BEPOSATHOCTH TPABHJABLHOTO 00-
HapyxKeHus, 210 CBSI3aHO C BO3MOXKHBIMHU 3aMUpaHuAMY TIPH CAydaiHOH
amnauryae curgajia. Urobrpl ofecneduTs A0CTATOUHO GosbulHe BEpOsiT-
HOCTH TPABHJIBHOTO OOHADYXEHHA MpH HaJHMUMH TaKUX 3aMHpaHHUH,
HeOOXOAHMO 3HAYUTE/NbHOE YyBe/HUEHHE CpeiHed SHEePTHH KOTepeHT-
Horo curnana. Hao6GopoT, 0pd M aJ Bl X BEPOATHOCTAX NPABHJABHOTO
obHapykedus (D << 0,2) pmokryanun aMunTyAb  obseryator o6Hapy-
JKEHHE W KpHUBble CABUTAIOTCH BJIEBO.

[Tonb3ysicb KPUBHIMH OOHADYMKCHHUS, MOXHO HAUTH nopo2oebill cue-
Has. TTOpPOTOBLIM Ha3bIBAETCS CHTHAJ, KOTODHIE MPH 3adaxHod eeposm-
HOCmU AoxcHOU mpegoeu F moxcem Ovimb 0OHApYyw#er ¢ 3a0aHHOL sepoam-
Hocmelo npasusbHoeo obrapyxcerus D. TloporoBrili curHa/n Xapakrepu-
3yIOT ero sHepeueti (MM MOILUHOCTBIO), KOTOPYIO MOXKHO pPacCiuTarh,
3Has 3HaueHwWe napaMeTpa o6HapyxeHud g. BesnuuHa g oupepensercs
N0 KPHUBBIM OOHApYXKeHUf.

Ilycts, Banpumep, UpPH OUTHMAJABHOM OOHAPYXKEHHH NPAMOYIO/b-
HOTO pajHoMMNyJbCa AJHUTEIbHOCTBIO T, CO CAYYAHHOH HavajbHOH ¢a-
30fi cienyeT ofecneunTb BepoaTHocTe D = 0,9 mpu F = 10—-7. Ilo
KpUBBIM puc. 3.53 HaxouMm ¢=06,7, 4YTO COOTBETCTBYET IHEPIUH IO-

pOrOBOTO CHTHaJja 3 = % N,g* = 22,4 N, WM ero ypoBHiO B JeUH-

Genax IOlgN‘a— = 13,5 06. [1pu 3TOM MOUIHOCTL HOPOTOBOTO CHTHaNA
0

p=2. 994

Ty Tu

Ecin MOLIHOCT CHTHAJA WJH €r0 9HePTHA GoJiblle COOTBETCTBYIO-
WKX [OPOTOBBIX 3HayeHHi, TO NPH YCTAHOBJEHHOM 3HaueHHH F =

= 10—7 yc/10BHas BepOSITHOCTb MNPABU/IBHOTO OGHAPY:KEHHS OoJblue
yem 0,9.

23
[Tapamerp ofnapyxeHus g = VAT KOT€PEeHTHOTO CUTHaJia 3ajaH-
Q

HOTO BHJA (C MO/IHOCTbIKO M3BECTHBIMH MapaMerpaMmu, cO cjaydaiHoi Ha-
ya/JbHOH (asol, €O CiayualHBIMH aMIVINTYAON M Haya/abHOU (pa3oi) sa-
BUCHT Ol SHepeul cueHaaa u cnexmpansrol naomuoemu wiymna. Tlostomy
HECYUIECIMBEHHO, KAKYIO (POPMY uMeem KOEPEHMHbIL CUSHAA ~— uM-
NYALCHBLIL OH UAL HERPEPLIBHBLL, MO KAKOMY 3AKOHY OH MOOYALPOBAH— 803-
MOJCHOCTIL OOHAPYNCUMb €20 NpU OMMUMAALHOM APUEME € 300QHHbIMU
sHaveHuaru D u F onpedessemesa auiub omHowenuem sHepeun cuzHain

K cnexmpaﬂbuou RACHIROCIIU wigma. HOCJ'IE,ILHHH BBIBOJ] HMeeT q)yﬁna-
MeHTaJAbHOE 3HAYEHHE.
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§ 3.19. KauecTBeHHble noka3zatein o0HapyXeHHR
HEKOTEPEHTHLIX CHIIAJNOB

HanpsxeHne Ha BoIXOJe HA€aNbHOTO KBaApaTHUHOTO CyMMaTopa
MOXHO MPEACTABHTE B BHJE

U=Us+ U4 ...+ U3, (h
A% JIHHEHHOTO CyMMaTopa

U=U+Uy+...+U,,. (2)
3necs Uy, Uy, ..., Uy —aMnauty e nepBoro, BToporo u M-ro uMnyJab-

COB COOTBETCTBeHHO. Ilpy OTCYTCTBHM CHIHAMIA ITH AMIIUTYABI —— He3a-
BHCHMBle c/ydaiiHple BeJquuuHbl, DOAUHHSIoUIHecs 3akoHy Peunesi. Ilpu
HaJHYMH CHUTHA/A8 pacnpejleieHHe KaXIOA U3 aMOJIUTY[ MeHSeTCs.
3nan 3aKOHbI pacnpeliesieHds aMIJIUTYJ, MOXKHO HAUTU nAomHocmu ée-
poamuocmu p., (U) u p, (U) cymmapHo# BesinyuHel U npu HAIUYHHU U OT-
CYTCTBHY TNOJIE3HOTO CcHTHasa. ViHTerpHpys 3TH OJOTHOCTH BepOfAT-
HOGCTH B Npefiesax OT nOoporoBoro 3HaueHust U, 10 oo, MOXKHO nepefiTu
K YCJOBHBIM Be€DOSTHOCTAM NpPAaBUJBHOTO OOHapymkeHus D M JoxXHOU
TPeBOTH I U OUCHHUTD biU2Pbilli HEKOEPLHITIHOZO CYMMUPOBAHUL UMNYAb-
CO8 O CPABHEHUIO C RPUEMOM OOHOZ0 U3 HUX.

Ilpumep pacueTa /151 KBAJPaTHYHOTO CYMMHPOBaHUA [PUBEIEH B
OpuAOKeHuH 4.

KpuBbie 1151 OLCHKU BbiUePbIl HEKOZEPEHMHO20 CYMMUPOBAHUA HE-
QUIOKTYHUpYIOUleH MaukH ¢ NpAMOYTroJbHO orubatouiell npuBefeHbl Ha
puc. 3.55, a. 3TH KpHBble NOCTPOEHB NPH (UKCHPOBAHHBIX 3HAYEHUAX
D =05u F=10-1% cojomnas — a1 JHHEHHOro, NyHKTHPHAaA —
A8 KBaApaTUYHOTrO CyMMUpOBaHHs. [0 ocu opauHAT OTJIOXKEHO YHUCJIO
cymMMHpyeMbIX umnyascoB M (ot 1 no 10%), no ocu abeuuce — Heo6-
XOJHMO€ MpPEeBbILIeHNHEe 3HEPTHH OJHOTO UMMNYJbca J, Haj CHeKTpaibHOH
IIOTHOCTBIO IIyMa Ha BXOJ€ ONTHMAJbHOTO ¢HapTpa. Beawuuna npe-
BeiieHns 13,5 06 npu M = 1 coorBercTByeT Touke F = 10-1®, D = 0,5
KPHBOH OOHApy»KeHHs OAMHOYHOTO CHTHAMd CO CJydYaHHOU HavyaabHON
dasofi {cM. puc. 3.53). Hebosbmoe pacxoxjeHHe CIVIOWHON H OYHK-
THPHOH KPUBBIX HA pHC. 3.5D, @ mOKaspiBaeT, 4TO MPH MAJOM YpOBHe
JIOXKHOH TPEBOTM H 60JbILOH BEPOSITHOCTH [PABHJABHOTO OOHAPYKEHHS
Tllepexoji OT KBajpaTHYHOTO CYMMHPOBAHHsI K JHHEHHOMY [pakKTHde-
CKH He MeHsieT noporoBoro curiajda. O6a paccMOTpeHHbBIX BHAA HEONTH-
MaJbHOH 00pafoTKH XOpOWIO AanmpOKCUMHPYIOT ONTHMA/JAbHYW ofpa-
oty ¥ in /,(CU,) (rne C — nocrosHHasA, 3aBucAllas OT YPOBHs MO~

i

MeXH}, COOTBETCTBYIOULYIO JHHEHHOMY CYMMHPOBAHHIO OPU  COJNLIIHUX
H KBaJipaTHUHOMY MPH MaJbiX ypoBHaXx curnana (§ 3.17). Huterpupo-
BaHWe GO/IBILOTO YUCIA UMNYJ/1BCOB NOHUKAeT MOPOTOBLIH ¥ POBEHb HEp-
THH KaXKJOTO UMNyJbCa B nauke. 11pu nepexoje OT OAHOTO KMMYJbca K
10 noporosriit ypoBeHb cHuXaeTcsa Ha 8 06, npu nepexone k 100 —
Ha 15,5 06, a npu nepexoge K 10 000 umnysbscam B nauke — Ha 25,5 06.
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Puc. 3.55. KpHBrie, cBsishBamoline 3HadeHHA TOPOroBoll 3Hepruu of-
_HOTQ HMUYAbCA NPAMOYFOJABHOR MAUKM C YHCAOM HMOYABCOB M:
a-~pila AMHCHAHOTO (CHAOWHAA KPHBaA) B KBANPATHYHOTO (NYHKTHP) CYMMHpPO.
panns (D=0,5§, an—m); 6— RAA HeKOTeNeHTHOI'O (CNACWIHAR KPHBafA) H
Kol;epeu'raoro (DYHKTHP) CYMMHPOBAHHA (D== 0,9 F=10"‘7)

Ha puc. 3.55, 6 HaHeceHH KPHBLIE A/ OUCHKH BHIMIPBIILNA OT HEKo-
FepeHTHOTO CYMMHPOBAHUS (CMJIOIUHASA JHHHSA) H KOTEPEHTHOTO (MyHK-
THp) Aas BeposTHOcTeA D = 0,9 w F = 10~7. Kak BHAHO U3 conocTas-
JeHus KPHBBIX Ha puc. 3.55, a u 6, TpeboBauua D = (0,5, F = 10-'0 g4
D = 0,9, F=10"7 npu HEKOT€PEeHTHOM CYMMHPOBAHHH MPaKTHUYECKH
JKBHBAJEHTHE, T. € HMEEeT MeCTO MOYTH OAHHAKOBEIR BHKIPHILI
B MOPOroBOW 3HEPTHH HMNyJbca. [Toab3ysach ofHOA M3 HHX, MOXKHO
OPHEHTHPOBOYHO MOCTPOHThL AHANOTHYHYIO KPHUBYIO /I NPOU3BOJNBHBIX
3HaueHHH D, F nyTem cMellleHHA € BOPABO WJH BAEBO OTHOCHTENLHO
ToukH ¢ abenuccoit 13,5 06 n opaunatroit M = 1. CmellleHHe JO/MXKHO
COOTBETCTBOBATh H3MEHEHHIO MOPOTOBOH 2HEPTHH ONWHOYHOTO HMMYJIb-
ca B fellifenax NpHu nepexofe K HOBBIM 3HaueHuAM D u F.* AHajoruy-
HO MOXHO OLUEHHTb BJHfIHHE ADYXHBIX (QJIOKTyaUHH NauKky TpH 0po-
H3BOJIbHOM M, B3fB ANA 3afaHHBiX D, F nonpasky Ha 3T ¢vioKTya-
M U3 KpHBHX pHC. 3.53.

[MpeacTaBaner 3HauHTENbHLIM HHTEPEC CPaBHEHHE HEeKOI'€PeHTHOTO
CYMMHDOBAHHsL C KOrepeHTHBIM. Jlerko yGeIMTbcsi, UTO KOTePEHTHOE

* Bojee TOYHAR METOAMKA pacyera aana B (191
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Puc. 3.56. Totepu sueprun B JennbesaX NpH HEKOrepeHTHOM WRTErpH-
pOBAaHHM NO CPaBHEHHIO ¢ KorepenTumM (D = 0,9; F= 1077 -

CyMMMpOBaHHe AaeT GOBbIIKA BHIMIPDHIL, TAK KaK HAHAY4YIUM 06Da3oM
MCNIOAB3YET SHEprHio Beell nauku. [losToMy, HanpHMep, npn nepexome
OT olkoTo HMIyJabca K 10 noporosast SHEPrus Kaxaoro UMRyJbCca yMeHb:
waercst B 10 pas, T. e. Ha 10 06 (a ue Ha 8 06, K&K NpPH HEKOrePEHTHOM
cymmupoBaHuh), npH nepexope K 100 umnysscam — B 100 pas, 7. e,
Ha 20 06 (a e Ha 15,5) w 1. A, Ha puc. 3.56 nocrpoen rpapmk nomeps
B JEHUGENaX HEKOEPeHIMHO0 CYMMUposarun (HEKOTEPEHTHOTO HHTe-
TPHPOBANKA) NO OMHOWEHWIO K Koeepenmuomy sna D = 0,9, F = 10-7,
[Tpn HeGonblOM YHCAE HMMYJBCOB NOTEPH CPABHHTEJbHO HEBeTHKH,
HO ¢ yBe/JHYeHHWeM YHC/a MMIYJAbCOB B Na4Ke, KOTLa NMPH 3alaHHBIX
D, F u sHepruu nauku 3 yMeHbUAETCA 3HEPTHSl KaXKAOTO HMIMYJIbCa,
OHM CTaHOBATCHS 3HauHTeabHbiMH. Hanpumep, arsn M = 10 norepn
pasHbl Beero 2 36, a npy M = 1000 noTepn cocTaBasloT yxe OKONTO
10 96. Tem He MeHee, KaK cliellyeT H3 KPHUBbIX PHC. 3.50, HEKOTEPEHT-
HOe CyMMHpoBaHHe jJaeT Gonbliofi 3dapekT. KOria KorepeHTHoe CyM-
MHPOBaHHe HEBO3MOXKHO, HYXKHO MCNOAB30BaThb HEKOTepPeHTHOe.

§ 3.20. KadecTBeHHbIE TIOKA3aTENH OGHAPYXKeHHs
fIPH HEKOTEPEHTHOM UA(DPOBOM HAKONJEHUH

PaccMoTpuM XapaKTePUCTHKH OGHADYKEHHS NPAMOYTOJIBHOH NaykH
HEKOTEPEHTHBIX PaJHOMMNYJBCOB MPH LUUGDPOBOM HAKORJIEHWH, KOTA4
JAUHeHHOe WJIM KBAJPAaTHUHOE CYMMHDOBAHHE HMNYJBCOB 3aMEHAETCH
CUETOM YHCJa HMNYJBCOB, IPEBHILAOIINX nOPOr. CunTaeM, UTO OCYILECT-
BAfeTCA JBYXNOPOTOBOE O0HAPYXKeHHe mo Joruke ¢n u3 my. Hueao m
NONOKHM BHaualie paBHbIM 4uCAy M HMIYJABCOB TAYKH.

O6o3nayas ycnOBHYIO BEPOATHOCT NPEBLILIEHHA NIOPOTa HMIYNbCOM
nauku D,, no Teopeme BepHyany HaiaeM cOBMECTHYIO BEPOATHOCTD Mpe-
BHIIIEHHS [OPOFa TOYHO % M HenpeBuilieHHS ocTanbHbiMu (M — k}

MMITYJIBCAMH NAYKH B BHIE CED%(1 — Dg)M—*, rje mepBbiil COMHOXH-
§ 3.20 187



Teslb MoKasniBaet uncnao coueranud U3 M no k. [Tockonbky rauka o6-
HapYXKUBaeTCs Npu A060M 3HAYEHHH R>> A, YCJOBHAs BepOATHOCTD
TipaBHAbHOTO ee oflapyxeHus :

M
D= 3 CyD§(1—Dy"*. (1)

E=n

AHanoruyHo, yCcJ/l0BHan BEPOATHOCTH JIOXKHOH TPE€BOTH

M
F= 3 ChF§(1—F)"™, (@)

k=ﬂ

The F, — yCJOBHAA BepOATHOCThL MNpeBBILIeHHH MOPOra JIOXKHBIM BhI-
Gpocom. @opmyan (1), (2) NO3BOAAIOT CPABHUTENBHO MPOCTO HAHTH D
n F no sapauneiM snavenuam D, F,. Uauwe, ojHako, uHTepecyloTcs
o6paTHO#, Gonee CAOKHON 3aJlauei, KOFJd no 3aJaHHBIM 3HAUeHHsM D,
F v nornke 06pa6oTku Tpebyerca onpefeautb Dy, F, ¢ TeM, 4ToOH fe-
pefiTd K MOpOroBhiM 3HAYEHHAM 3HepTHi MMnyJbca 3, W  MaykH
= M3,. _

[MponanocTppyem 3To Ha MpocCTefinx  ASA pacueTa caydasx, Korja M==2

u M=3,
[Mpu M = 2 Bo3aMOKHHW AOTHKH 06paboTku «2 u3 2» u «} n3 2», Ecan obnua-

pyXeHU¢ TPOH3BOAHTCA mO Jioruke «2 n3 2, 10 D = D% HF= F%_ Yrobul

obecneunts, Hanpumep, Tpebosamust F== 10! y D = 0,5, & sTom chyuae cje-
ayet npunste Fop= 10"% Dy=0,7. C nomomsio rpaduka {cM. puc. 3.53)
JA% HeQAKTYHDPYIOLEro CHrHANA HaxoauMm (Iyu/Ne) g6 = 11,0 86, (2/Ng)gs =
=(Iy M/No)gs=11,6+4 3= 14,5 96. Takum obpaszom, 3ajanHble KauecTBeHHble
noxasaTenn ofHapyxenus D =05 n F= 10~'%  pocruraorcs B cnyuae
ungpoBof HekoLepeHTHON 06pafoTky Npn moporoeoMm curHage 14,5 86 (nporus
13,5 06 npu KorepeutrHom cymMmupoeannn), [lotepn Ha undposyw o6paborTKy
MO CPABHEHHID C KerepeHTHOR COCTABJAANT B AaHHOM cjy4ae Bcero | 86, Ecan
Gt 06HApYKeHUE NPOUBBOAHAOCH NO Joruke «! U3z 2», TO NOAYYHAHCH O He-
.CKOJbKO XyAwue pe3yinrTathi, B 3TOM cayuae pag M = 2

D=2Dy,—D%, F=2F,—F2
Torpa 3azanHeiM F = 10_10, D = 0,5 cootBetctBYIWOT Fp =0,5 . 10~10 4
D, = 0,3. C nomcmeio rpaduka (cm., puc. 3.53) onpepensem (3/Ngas ==

= (I9u/No)as+ Mss = 13+3=16 96, 1. e. noTepn Bo3pocan ac 2,5 J6.
[lpn M = 3 BosmOxHW 3 MOrAKH 06paGoTKH BHAA e¢n U3 3», ANS KOTOPHIX

D=3Dy (1—Dy)?+3D (1—Dg)+ D} (n=1),
D=3Dj (1—Dg)+Dj (n=2),
D=D} (n=3).

Ecan, xak ¥ paHee, 3anathca F = 10"’0, D = 0,5, T0 ana A0rdK «2 u3 3»

n «3 H3 3» NOAYUYHM COOTBeTCTBEHHO Fp = 10"5, Do =05mu Fy=5.10"%,

_ Suy (33
De = 0,8, oTkysa 3nauenusn ( Nu)ag_ N, 06 GyAyT COOTBETCTBeHHO Okodao 10

168 §3.20
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Puc. 3.57. llotepn sneprum B AcunGenax npu  unub-
poeoM (CNiowHbE KPHBHE) H KBaADPAaTHUHOM (NYHK-
THP) RaAKONJACHHH

3
u 10,5 06, a 3nauenusn (Fo)aé nopsaaka 15 u 15,3 36, Jlornxa «2 n3 3» gaet no cpas-

HEHHIO C JIOTHKOH «3 M3 3» HeGONbIOH BHIMIPEILL B MOPOrOBOM CHrHAJE,

OKa3biBaeTcs, 4TO AAA KaXaoro m CYLIECTBYET ONTHMAaJABHOE 3Ha-

yeHue M, = 1,5/ m, 419 KOTOpOro MPOUTPHIL MO CPaBHEHHIO C KO-
TEPEHTHBIM MHTErpUPOBAHHEN, MHHHUMAMEH (B pacCMOTPEHHBIX C/ayuanx
aa m=M=2um=M = 3 snasenve n,,. = 2). Ha puc. 3.57
MIOKA3aHbl IPaUKH HOMEPL LUPPOBO2O UHMEZPUPOBARUR NO CPASHEHLIO
¢ KozepeHmHoiM npu m = M B 3aBUCUMOCTH OT YHMC/a HHTETPHpyeMbIX
MMIYJ/IBCOB Aas =1, Hn = 1 npu F =10-% D = 0,5. [lynkrupom
HAHECEHB! pacyeTHsle MOTepPH KBajpaTHYHOro cyMmupoBaHHs. PasHocTs
KPHBBIX ONpeAeNaeT nomepu Lugpposoco CYMMUPOBAHUAR N0 CPABHERUI €
K8adpanuuHpiM, COOTBETCTBEHHO aast n=n__ 1 n = 1. Kak BHIHO 13
rpajguka, OHM He npeswllaloT 3 06.

Ecau uucno HakamauBaeMbIX UMIYJbCOB M<M, To KpOME NOTEPH,
CBAI3AHHBIX C TIPHMEHEHHEM TIpaBUNA ¢f,,, U3 mp, OYAYyT A O MO J-
HuTeJbHb e [pybo 3TH notepd MOXHO OLEHUTh, BBOASI OTHO-
wenue m’ = M/m, KOTOpOe XapaKTepu3yeT 4YHC/IO0 He3aBHCHMBIX LHK-
JOB OGHApYKeHHs 332 BpeMs JJIHTEbHOCTH Nayku. [TocKOMbKY B Kax-
JOM M3, 3THX UHKJAOB MCNO/b3YyeTCs YacTb SHEPTHH, HMEKT MeCcTo
no6aBouHbBle €€ MOTEPH B COOTBETCTBMH C JOTHKOM 06paboTKH «1 H3 m’».

Ilns nayex ¢ GONBILUM YHCAOM HMNYJABCOB 60Jee ¢OAUHNbIE» NOTHKH
BHIA <9 u3 20» 130T CYLIECTBEHHO MEHbILUIT TOPOTOBB CHTHAJ, UeM «KO-
DOTKHE», Buja «3 u3 3». Taxue JOTHKH MOTYT OLITh MPAKTHUECKH peany-
30BaHpl MW MPH HAJMYMH JOCTATOYHOTO 3araca B GuICTPOAEHCTBHM U
NaMATH ClEeUUaH3HpPOBaHHON AW yhIiBepcanuHOR UH(pPOBOK BHIYUCAH-
TeNLHONW MallMHB, KOTOpas HCnosb3yercs st o6paloTKy.

§ 3.20 . 169



PzccMoTpuM NpHMepbl HCNOJAb3OBAHHS NMPHBEASHHLIX Bhille rpadHKOB LJif
APUKMAOUHHX pacyeToB. [1ycTh NPAMOYrofibHAan Nauka H3 M = 20 HMNYJbCOB

00X Ha O6HAPYXHBATLCH € KAueCTBeHHbIME NOKadatensiMu D = 0,5, F = 10-5.
TpeGyeTcsn OpPHEHTHPOBOUKO ONpenctnTh NOporosbie 3Hauends (Iy/Nodogs H
(/N ))gs: ) NpH AOFHKE «onr U3 20» W 6) npu soruxe «3 n3 3s,

Haxopunm BHauade 3HaveHHe (9;;/No)gs aaa M = 20 n3 rpaduxa
puc. 3.55, 6, cooTBeTCTBYIOUlero kBaapaTuunoil obpabotke npn D = 0,9, F =

= 10~7. Ono cocrasasner okono 4 36. Ilepexox o1 D = 0,9, F= 10~7 x D =

= 0,0, F= 10~% nerxo ocymecteasetcs no rpapuky (cM. puc, 3.53) nas Kore-
peHTHON O6palOTKH CHPHAAA €O CiyyaliHol Havaabioli dasoil: O COOTBETCTBYET
YMEHbIUEHKI0 MOPOrosodl aueprun Ha 1,0 96, [lepenocn 310 3uHayenne Ha caydail
Ksappatnynoit o6paGotkh, 3HauenHe (Iy/Ny)rs B 3TOM hNocheanem clydae Ais

D =05 F=10"° OPHEHTHPOBOUHO OmeHUBAeM BeAHunuoit 4—1,0=25 @6.
[Nepexon x uugpopoil 06paboTke ¢ JOTUKOIT «ngpp H3 20» B COOTBRTCTBHH ¢ rpadu-
koM (puc. 3.57) NpuBOZNT X IOMONHUTESbHLIM NOTEPAM NO CPABHEHHIO ¢ KBajpa-
THUHOH O6paloTKOR (NYHKTHP Ha puc. 3.57) npumepHo ua 2,5 d6. Tloporoeoe or-
Homenne (Fy/Nolgs ANA NOTHKH «opr H3 20», TakKnM 06pa3oM, COCTABHT OpHEH-
TupoBouko 2,54-2,5=>5 66. Ilag noruku «ngnp U3 3» nOTepH N0 CpaBHEHHIO C
xBagpaTHuHo# oGpabGotxoii 6yayT oxoso 1,5 46, a nONOAHUTeAbHEle MOTEepH 3a

cyet obpaGorku «1 H3 m'>, rie m’ = T= 6,7, coctaBAT okoao 5 96. Beonsa eule

AONOJHHUTEABHBEE MOTEPH 32 CYET HCNOAbL3OBAHHS JOTHKH «3 #3 3» BmecTO «2 B3 3»
H OLleHNBas HX, KaX W paHee, peanuunoil 0,5 36, snavense (9y/Ng)logg npyn obna-
pyxRenny naukd #3 M = 20 uMnyabcoB no Aoruke ¢3 n3 3» OPHEHTUPOBOYHO OMN-
penennM peanunuoil 2,5--1,5454-0,6=9,5 46, Ilepesons uucno M = 20 n pe-
unfenbl, HAXORHM TaKXKe BeJHUHHY (3J/Np)ss ANA 3aNaHHBEIX AOTHK: a) 5+ [3=
=18 96; 6) 9,5+ 13=22,5 ¢6.

- - E. BJIMAHUE MOAYJIHMPYIOUINX TIOMEX
HA KAYECTBO OBHAPYXEHUA (§ 3. 21)

Ha paGore papnonokauuoHHOH amnapaTtypbl 4acTQ CKasbBalOTCH
pasJUYHOrO Poja HeCTaBUJLHOCTH.

Hcrounnkamu HeCTaGU/IbLHOCTEH MOTYT ObITh: TeHEpaTop 30HAMPYIO-
LIETO CHMIHANA; 3JIEMEHTH CHCTeMbl OOpabOTKH; Uenb, OTpacalouiue
CBOUCTBA KOTOPOX MeHsAIOTCA BO BpeMeHH. OrpaHuuumcs aHaausoMm
BJAHAHHA HECTAGUIBHOCTe!H NPU KOrepeHTHOH 00paloTke, KOTAa CyllecT-
BEHHO COOMIONEHHe 34KOHA W3MEHEHHs BO BpeMEHH KaK aMmAuTYel,
Tak ¥ (asb! IPUHUMAEMOTO CHTHANA. 3TO BAHAHUE MOXeT GbITh YuTeHO
nyTeM BBeAEHUS KOMIJIEKCHOTO MOAYJAUPYIOWEro MHOXWTeAs B(f) B
gupar;r;ue ANt MOAYJABHOrO 3HAYEHHs! KOPPeNSIMHOHHOFO HHTerpafa

= , TAe

z=z S\ Bovmureoa (1)

—_
B orauude OT Hanaramomuxcs (aAANTHBHBIX) NOMEX MHOXUTE/b ONUCH-
BAET MOOYAUPYIOWYID (MYALMUNAUKAMUBHLK0) TIOMEXY.
Mo coemy xapakrtepy MHOKHTeNW B ({) MOXKHO YC/IOBIIO pasfenuTh
HAa HecAyyYyaldHbe H CAYYARHBEE

170 § 3.2t



[IpumepoMm HecayualHoro abasercs MHOXUTenb B(f) =
= e—/2MbH/ paccTpolikW TPHUHHMAEMOr0O H OXHJaeMOT0 CHTHAJOR I1 O
yacTOTe Ha HeKoTopyio Beauuuny 6f. Ilasi npsMoyronbHOro JHHE#H-
HO YaCTOTHO-MOAYJIHPOBAHHOIO pajuouMmyabca ¢ AeBuanued Af pac-
CTpOiiKa Mo uYacToTe Ha Besuuuny O8f == 0,05 Af Beger, nanpumep, K
CHM2KEHHIO NHKOBOH aMIIHTYABI curHana na 5%, mpourpuily B SHEpPruu
na 10%, K yBenM4eHHIO YPOBHS BOKOBHIX nenectkoB Ha2% (cM. § 6.6).

JpyruM npuMepoM HeCJ Y4 ad HOT O MOAYJUPYIOUETO MHO-
KUTeAs ABJAsEeTCs MHOXKWTenb B(f) = e~ B cayyae auHefiHo uac-
TOTHO-MOJlY/IHDOBAHHBIX ~ PAJHOUMIYJbCOB OH YUUTLIBAET Pa 3 J H -
yue KPYTH3HB 3aKOHA YaCTOTHONMOAYJAALUHU
O¥ANAEMOTO U MPHHUMAEMOTO CUTHANOB. PlaMeHenue uacTOTHOH JieBH-
auy 3a BpPeMsl JJUTENBHOCTH MPSIMOYFOJbHOTO PaJMOUMOYJABCA T,
HA BeIuuuHy |/T, Bejer, HanpuMmep, XK CHHXKEHHIO aMIJIATYAH MHKa Ha
10%, npourpoilly B 3HepriM Ha 20%, K yBelueHul0 ypPOBHS GOKOBBHIX
JenecTkoB Ha 10%.

Ecau paxe HecnyvyallHbli MHOXHUTeNb YV4TeH npu obpaborke, cy-
LLECTBEHHOE BJHAHHE MOKET OKa3bBaTbC A YUY dHH B H MOA Y JH -
PYWOmMHUHA MHOXHUTEJ b, 00yC/JOBJCHHbIA, HanpHMep, H3MeHe-
HHEM paKypca uej Bo BpeMenu. Takoh MHOXKHTE b MMKHO paccMaTpu-
BaTh KaK 3aMHCbh KOMIUIEKCHOTO CTalMOHAPHOIO CAyYaiHOTO Ipolecca
¢ (eHTPUPOBAHHOH raycCOBOH CTATHCTHKONH M aBTOKOPPEJIsSLUOHHOH
dyukurel R(t), mpeTepneBaiollell WaMelleHHe HA MHNTEpBaje AJUTENb-
HOCTH KOTepenTHo ofpabarbiBaenoro curnana. CayyaiHble (WIIOKTyalHH,
Hapywasi ONTHMaJbHOCTE 0OPABoTKH NpuHAMaeMblX KoJdeGaHHH B OJH-
HOUHOM Koppeasitope (npu (UKCHPOBAHHON UX CPeJAHER MOM{HOCTH),
NPUBEAYT K YMEHBIIEHUIO BenunHLl Z. [TocaenHee paBHOCHIBHO IpHEMY
CHTHAJA C HEHCKAXEeHHOI CTPYKTYpO#, HO YMeHbIIIEHHO!H sHepruei 3.
3nech 1 —KO3(pGhUHILUEHNT HCNOJbL30BAHHUA 3HEP-
ruu T1pHu CI)J'II'OKTY&I],HOHHI:)]X HCKAXKEHHAX,

JI/1s oupejesieHus 1] BBIUMCAUM BeJHUHHY Z2= ZZ*, WClOoAb3ys
cootHowenne (l). 3amMeHas npou3BeleHHe HHTErpasJoB IBOHHBIM MH-

TErpaJioM ¥ OTHOCS 3HAK YCPeIHEHHA K npoussenenuio B(f) B (s)=
= R ({-—s), nonyuuM

z? =%J‘ df __J‘ R(t—s)Ur) U (s) ds, (2)

rne U=|U|.

Beeflem crekTpa’bHble MJAOTHOCTH: a) MoutHocTH S{f) — ana cra-
UMOHAPHOTO c/yyaiiHoro npouecca B(f) u 06) nanpsakeuus H(f) —
1A KBajpaTa MoayJa ornfawwed necayyanHOH MOAYJANMH, T. e.
NOJI0KHM

Sh=\ Rwe-rvvar, H(G)=\ vr@eroands

—_— 0
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Muterpan cBeptku (2) MOKHO TOrJa MPHBECTH K BHAY

=3 1
A= | soiora; ®

Ilpu orcyreTBun  (PMIOKTYAUHOHHBIX uckaennli S H= 88,
rae O (f)— meavTa-pyHkumus, a

2 =28 =~ S| HO) P =S, H}. (4)

1
4

Jaa BeanyHHb n=?/23- u3 (3) u (4) nonyuum

O
=5l _j;S(mH HRdf. (5)

ITycTb, Hanpumep, OXHAAeMbIM CHTHAJIOM SIBAAETCA KOTEPEHTHHI
KOJIOKO/IbHHA  PaJHOHMITYAbC AJHMTENLHOCTBIO T, Ha yposhe 0,46
u — 2 -2 2
¢ orubaomeit ¢ “(/%)® y ee kpagpatom e *M!/*%) [lycrs nanee

aBTOKODPENAUMOHHAS (YHKUMS OJAIOKTYaUnd HMEeT KOJOKOJbHYIO
— s "
ornbaiomyo e V% ¢ mupunoi muKa KOppeaAlMH T, Ha TOM e

2 2 2 2
yposre, Toraa S(fl=S,e™™ 0/ |H(H|=H,e ™, a

n=[14(T/7)*] 7}/ (6)

M3 Boipaxkenus (6) caenyer, 4to npu T, = T, OAMHOYHHII KOppe-
JAATOp Hcnodb3yer B cpennem 70% or sHeprum curHana, Kotopyio
OH KCMOAb30BaA Obl B C/yyae 3HAYHTENbHO fonee MELEHHBIX (VIIOKTYa-
uuii. KayecTBo 0GHApYXEHMA HECKOJbKO NOBbLILIACTCA, €CJAH CHHTE3
ONTHMAaJLHO#H 0OPabOTKH NMPOH3BOAUTCS C YUYETOM MOAYJHDYIOUX [MO-
Mex (cm. §6.18), T. €. ecsiu BpeMsi KOTEPEHTHOTO HAKOMJIEHHsI COKpalla-
BTCSl, @ KOTEPEHTHOE HAKOMJEHHE JONOJHAETCH HEKOrepenTHuiM. Pe-
3yabTar (6) Takke MOXKeT OHITL YACTHYHO yAyYlleH, KOTAA BMeCTO Oau-
HOYHOFO KOpPenaTopa HCNOJb3yercsi HaGop KOppensiTOpOB (MW ONTH-
MajabHBIA GuabTp). B cuny cayuaiinoro xapaxkrtepa QuIoKTyaumnit, B Kop-
pensTope, YaCTHYHO paccOracoBaHHOM MO AAJbHOCTH, MOXeT Habumio-
natbcsi COMbIIMA MHK CHTHAMa, YeM B KOpPpeasTope, COTJIAaCOBARHOM
MOJAHOCTBIO, HO NPHMEHNTITEAbHO K CJIyuaio CTCYTCTBHA (MIIOKTYyalui.



FTABA .

OCHOBbBI TEOPHU U NPHHUUNLI ONNTUMANBHOTO
H3IMEPEHUA NAPAMETPOB PAAHOJNOKALHOHHbBIX
CUTHANOB

A. HCXOOHBIE COOTHOWEHHWA CTATUCTHYECKOH -
TEOPHUU USMEPEHHH

§ 4.1. KayecTBeHHbIE NOKA3aTeNH ¥ KPHTEPHH ONTHMANLHOCTH
M3MePEHHA NapaMeTPoB PaAHOMOKALHOHHBIX CHITHANO0B

[MpaxkTnyeckn oOHapyXeHHe H W3MepeHHe YACTO CAUBAIOTCA B € 1 H-
HH#A npouecc OnHako B xofie NepBOHAYATBLHOTO TEOPETHYECKOTO
aHasM3a yao0HO paccMaTpUBaTh MX pasfenbHo.[1pu aToM uMeeTca B BUOY,
YTO B pe3y/bTaTe OOHapyXeHHsl YCTAHABJAHBAIOTCA (PAKTH HaJHYHA
HJIM OTCYTCTBHS Lie/IH B ONpeReseHHbIX 06/1acTaX NpocTpaHcread, rpyodo
3aJ2HHbLIX 3HAYEHHSAMH NAapaMeTpoB «, TMPH KOTOpPbIX pellleHue
A*ly ({}|a) = 1. B pesysbrare u3MepeHHsA JOJKHBI Bb1aBaTbCH
BO3MOXKHO OOJsiee TOYHBI® OUEHKW AAJBbHOCTH, DaJHajibHOH CKOPOCTH,
yTA0BOH KOOPAUHATL! B NPEANONOKEHHH, YTO HATUYHE 1eJIH JOCTOBEPHO.

B 3aBHCHMOCTH OT yCJIOBH#i JIOKAllMU H3MepPAEeMBIR fapaMmeTp Ccud-
TalT CAYYaHHOH BENMUHHON, HEM3MEHHOH B TeyeHHEe BPEMEHH NpHeMa
OTPa’KeHHOro CUrHana, Aubo cAy4YaitHON BEJHYHHOH, M3MEHSAIOWENHCs B
TeueHHe 3TOr0 BpeMeHH (CKayKooOpasHO UJH HenpepbiBHO) B COOTBETCT-
BHU C 3a3jlaHHOl CTATUCTUKOM JABHXeHus uend. Buauane paccMoTpHM
JIMIIb fIepBLIf cayyali, cudTad napaMeTp Heu3MeHHOH BO BpeMsi H3Mepe-
HHA CAy4afiHON BeAMYMHOH (HAMpHMep, BPEMEHEM 3anasabiBaHMA CHI-
Ha/la, OTPaXKEHHOTO OT HEMOJBHIKHON CJYUYaiHO PACNO/IOXKEeHHOR! LeTH).
3atem GyayT pacCMOTpeHbl HEKOTOpble G0/1ee CAOKHBIE CAy4aH.

Hrtak, B pesyabrare NpOBeICHHOTO HU3MEPEHHs AOKHA OHTh JaHa
OueHKa a* KaxJoro usMmepsemoro napametpa «. [lokasaresem KauecT-
BA M3MEpEeHHS SIBJAETCH CTATHCTHYECKH YCPEAHCHHAfA BeHYMHA OLIND-
KH & = a* —o u3MepeHHs napaMerpa. Hem metblie BeMHYHHA OLIHOKH,
TEM Bhilleé KayecTBO H3MepeHus. ‘

Ownbku namepeHnit genarca Ha rpyOuie NPOMaxH, CHCTEMATHUYECKHe
H cayuaiinple omnbKi. Ecau npuHaTol Mepel A1 HCKAIOYEHHS CHCTE-
MaTHYeCKHX QIUGOK ¥ rPYORX MPOMaxoB, OUIHOKY U3MEPEHH I CBOIATCA
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Puc. 4.1. K pacuery BepositHocTH Puc. 4.2, Kpupaa BepoaTHOCTH

P(e| < ey P (le| <gg) = q(eg)

K cayuatinom. Chyyaiinele onbKY 06yC/0BAeH ! AEACTBUEM MOMEX Ha
BXOLE NMPHEMHHKA, QVIIOKTYallifAMH CHIHA/1a, & MHOTAA CAYy4aulpM 1o-
BeJCHHEM CaMON CHCTEMBl H3MEPEHHH.

KayecTBeHHBIMH NOKA3aTeNANH H3MEPEHUR OQHOMepHOB CayyaiHoR
BEJUYHHL ABJAAIOTCA: CcpedHexsadpamuuran owiubka, seposmuas (cpe-
AHHHASA) Ol ubKa, MakcumarbHas ouiubKa, mMamemamudeckoe oxcudarue,
ducnepcusn, cpednud puck owubsku v T. A. [lpn n3amepeHnn MHOTOMEp-
HbIX BEJHYHH BBONATCH KODPEAAUUOHHHIE MOMEHITGL OttUbOK, YUUTHIBAIO-
lHe B3aUMOCBA3b OLIKHGOK H3MEPEeHHR OTHEAbHBLIX CAy4alHbIX BeJHYHH,
0 yeM peub OyaeT uATH Huxe (§4.7, 4.9, 6.4, 6.17). 3pecb ocTaHo-
BUMCS HECKOAbKO noapofHee HA KAYeCTBEHHBLIX NOKA3aTe X H3Me-
peHusl O0HOMEPHLIX BEJIHYUH.

JLma” npou3sBONBHOTO 3aKOHA pacnpeleseHHs CAyyafHeplX oOWMOOK
p(€) cpedrexsadpamuyras OwubKa A3MEPEeHUs ONpPEACcAfieTcss H3 COOT-
HOLWEHHA g

o
Eaxs = S e?p () de =¢2.
— 0
B cayyae HauboJee pacnpocTpaHENHOrO LeHTPHPOBAHHOTO HOPMAJb-
HOrO 3aKOHa pacnpejiefieHds cayyalHelx owuboK (puc. 4.1) cpenHe-
KBajpaTHyHas omMOKa NOJHOCTBLIO XapaKTepU3yeT Apyrue BHIH OLIK-
O0K — BEpPOSITHYIO H MAaKCHMAaJbHYIO. B 3TOM ciy4ae BepOSsITHOCTbL  Bbi-
MOJIHEHUS YCJIOBHA | € | < &, TA€ &, — HEKOTOPOe NMPOK3BOJBHO BbIG-
paHHOe 3HauyeHHe &, Oyner

BO/ECHB x?

P(le] < eg)= —2 f e_?dx=cb(e°j,

]/Q-J_t- Y ' €cxn

Beposmnas (cpenuHHas) OwubK@ €., COOTBETCTBYET TAKOMY 3Ha-
YEHHIO € =E,,,, IPH KOTOPOM 3aIUTPHXOBaHHasA nJoulajs Ha puc. 4.1
COCTaBJAET NOJOBHHY BCeH NAOILAAH NOL KPHBOH p{e):

P(lgl \‘g eBPp)‘:; P([E! > Ef'n-. p) = 0751
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8 .
r. e O (——-—-° ) =0,5 npu g,=¢y.,.
€cxp

2
Toraa =% =~ <, Tak YTo BeposTHas owmubKa (puc. 4.2)
Lenn

Ehep = "g‘ Cerp
-

B KauecTBe MAKCUMOAbHOU OwtibKu e,,. OOGHIYHO TIPUHUMALOT
OWHOKY, BEPOATHOCTH MPEBLIIEHH KOTOPOH 1O MOAYJIO COCTasJsier

0.8%. as HopmasbHoro sakoHa @ (ﬁ“ﬂiﬁ) =1—0,008, orkyaa
E¢kB .
16

Ermane ==-§ Egyn == 4'c'“'uf*p- FOBOPHT’ 4TO URMepeas 28;\::15«: = "3— Eexn= Bﬁm.p

BOKPYI OLEHKH sAéasemca 00gepumensHuim, TpHYEM BepOATHOCTD
BLIX0Ja MCTHHHOTO 3HaueHH# BENUYMHBl 33 [Ipededs! JOBEPUTENBLHOTO
MHTepBaJa CoCTaB/afeT B jaHHoM cjydae 0,8%.

Mamemamuueckoe oxcudanue ouiubku M{e} oTAUURO OT HYA4, KOTAA
JeficTBYeT HCTOYHHK CHCTeMATHYECKOW OHOKH (HapAAy € HCTOYHHKAMH
cAy4yahHsix). OLeHKY a* B 9TOM C/iyyYae Ha3blBaloT CM el e H H O i,
Haofopor, B 10BO/IBLHO YaCTO BCTpeyaolleMest ¢1y4yae W H TP H P O -
BaHHOTIO pacnpefenenus owmmnbox, korga M{e} = 0 (1. e. cucre-
MaTHYeCcKas on6Ka e CKa3biBaeTCs), OLEHKY HA3kIBAIOT H € C M eIl € H-
H O H.

Jucnepcys oKy onpeensieTca BblpakeHueM

Die)=M{(e—M et} =M (2] — M? (&},

KOTOpOE JIETKO MOJYYHTh, PaCKpbiBas KBajapaT pa3HocTH. B caywae
HeCMelLleHHOR oueHKH D {2} coBnajaer €o CpeJiHUM KBaapaToM OHOKH

D{el=M (e =€t =¢l,

B kayectBe 0OOOILEHHOTO KPHUTEPHA KAuYeCTBA H2ZMEPEHUSA MOMXKHO
BBECTH Cpedrull puck owubxu usmeperusn. s 5TOro pacCMOTpPHM COBO-
KYIIHOCTh CHTyaUWB COBMemeHUS caAydYa#lhHOTO
3HayeHHMA NapaMeTpa a H CAYUYaAaRHON ONEHKH
a*. Jas kaxpoil U3 CHTyauHil BBeeM COBMECTHYIO MNOTHOCTb BEpOAT-
HocTH pla*, @) ¥ aHddepenunanpbHyio BepOSTHOCT COBMELIEHHH

dP (a*, o) = p (a*, a) da* da,

f1puyem
{ (rawdwrdu= § apa, o=t
—00 —oe (a*. a)

Kaxxnoit cuTyauuu cosmenieHns MOCTaBHM B COOTBETCTBHE HEKOTO-
PYtO cmoumocme ouitubku rie*, o) B 3aBUCHMOCTH OT ee BaxkHoctH. Tor-
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rie)e?) Ja KpaTEepUeMKayecTBa ouUEH:
KM of 9BJARAETCA CPEOHAR CIOUMOCHTL
(cpeauuft pnck owubry usMeperuli

rie*, a) = S r(e*, o) p (o, o)do® do.
(a*, a}

OnTUMHA3auHA OLEHKH CBOJHTCA NPH 3TOM K
~ie)-Jel 0GECTIEUEHHIO MUNUMYMA CpedHe0  pucKd.
Ouennpass crenenb OmMOKH MO BeJHYH-
He pa3HOCTH a* —o =g, B Kayecrse QyHK-
UHA CTOUMOCTH r(o®, @) J;OCTaTouHO 3ajaTh
GyHKUHIO r(g) ONHOM MepeMeHHOH. Ha
0 % pHc. 4.3 noxasaHel BOSMOXHbIE TPAaPUKH CTOH-
4 MOCTH r{g) B DYHKUMK BEJHYHHLI OLWHOKH €.
~e) Tak, ocHoBHas KpuBasa r(g) = € (puC.
4.3, @) COOTBETCTBYET CJydaiy, KOrja CTOH-
— . MOCTb paBHseTcs xpappaTy omuOkH. IlpH
] 5TOM CPEIHHUl PHCK COOTBETCTBYET CPEAHEMY
%, 0 ¢ »=  KBajpary OUIMOKM, a ONTHMHU3AUHA H3Mepe-
8) HUA CBOAMTCHA K AOCTHKEIIHIO MHHH-
MyMa CperHeKBAaApPAaTHUYHOH
Puc. 43, Boamowawe ©LWHOKH. Beryuae BhiGopa (YHKLHH CTOH-
GYHKUHH CTOMMOCTH MocTH r(e) = | ¢] (prc. 4.3, 6) ONTUMH3AUMUS
OLIHOKH H3MeDeHHN CBeJeTCA K OfecneycHHio M M-
HUuMyMa cpejpHero MOAYRA
om 1 6 Ku. Ecau Ke BHGHpaerca cTyneHuyaras QyHKUHA CTOMMOCTH:
r(e) = O npn | e| < g nr(e) =const npn|e]=¢g (puc 4.3, 6),
TO OGeCrneynBaeTcs YCJOBHE MHHHMYMa BepOATHOCTH
npeBwWmWEeHHs MOaynem OmUOKH HEKOTOPO#M Y-
TAHOBJAEHHOH BeNHUYHHDB g, Taknm 06pa3oM, B 3aBHCH-
MOCTH OT BBIGOPA Pa3HOBHAHOCTH Py HKUHH CTOUMOCTH owubKH ycTa-
HaBAHBAIOTCA pa3JHylibie KPHUTEpHH ONTHMU3AUHH H3MEPEHHA.
Hantosee ynoTpebUTeNbHLM ABASETCA HCROAD3OBaHHE KBA AP A -
THuHONH cToHMOCTH omnbku (puc. 4.3, a)

r(a*, o) =(o"—a)?, (1)

TOPa ONTHMM3AUMS CBOAMTCR K O0eCneueHHIo MuHumyma cpedrezo
xeadpama owubKu

r{a*, a) = (& —a)p= S (a* —a)? p(e*, a)de” do. 2)

\a*. a)
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§ 4.2. NMocraHoBKka U MeTOOMKA PenlicHUN 3alauu
ONTHMAaAbHOr0 H3MepeHHA napaMeTpa.
MpocTeilinit onTHMaAbLHbIH H3MePUTEND

[MonaraeM, 4To Ha BXOJ H3MepuTels NOCTYHaloT Koaefauus g(f)
B BUjle HaNoKeHUs! (JIIOKTYaudOHHOH NOMeXH W CHrHajla

yOy=nt)+xd o ) v

rae x(¢, a, ) — usBecTHas PyHKUHS BPEMEHH, CAYYalHOrO H3Mepsie-

MOTO NapaMeTpa oo W CJAyYalHLIX HeH3MepsieMblX ltapameTpoB fi, HmMelo-

KX 33JaHHYK NJOTHOCTH BepositHocTH p(f). Tpebyercs ycTaHOBHTHL
L]

OpABUAO OTLICKAHHA OUEHKH Qonrs ONTUMAABLHON C TOYKH 3DeHusl KBaj-
PaTHYHOrO KPWUTEPHs, NOCTPOUTL CXEMBl ONTHMAaAbHOH 00paboTKH npu
H3MEPEHUH, ONpPEeNeNHTh CPEIHEKBAAPATUUYHYIO OWUOKY U Jpyrue He-
O0XOUMBle XAPAKTEPUCTHKH ONTHMAJALHOTO H3MEPEHHUs.

KagnB§ 3.4, npu peiteHuy 3a1auu n3Mepenus Hapsay C Helpepbip-
HLIMH peaJu3auusiMH BXOAHBIX KogaeGaHHH y(f) BBeaeM COOTBETCTBYIO-
I{Me AUCKPeTHLIE MHOFOMepHBE peanu3auuu Y (BHOOPKH MO Teopeme
KoTe/bHUKOBA) ¢ Uelblo fosee YI06HOTO HCMNOAL30BaHUS COOTHOIEHHUH
Teopuu BepoaTHoctell. [losjaraem, uro ouenka a* = a*(Y) saxonomep-
HO YyCTaHaBAWBAETCA B 3aBUCHUMOCTH OT MPUHATOH peaausaund Y. [lpu
TOM CTOHMOCTb, 4 UMEHHO CPeJHHI KBajpar oWuOKH usMepenus [(2),
§ 4.1), Gyner 3aBuceTh or BhIGOpa pewarouel pyHryuu of = a*(Y)

r(a*, o) = rla* (V)]

3amennm B {(2), §4. 1} nuddepenunanbuyo BepOATHOCTE COBMEILE:
HUS ONEHKU W Mapamerpa aupdepeHuHaNbHOH BEPOSTHOCTBIO COBMEILe-
HHSl peaJu3alid W TapaMerpa

pla*, ayda*da=p(Y, a)dY da,

rae 1o TEOpEME YMHOH{EHHH
plY,a)=p(Y)p(alY).

3nect p{Y) — NAOTHOCTL .BepOATHOCTH peanusauud Y, p(alY) —
ITOCAEONEITHAA MJOTHOCTL BEPOSTHOCTH napaMeTpa e (IpH yCJAOBHHU NpH-
eMa peaausauuy Y). [lpu Haauuum caydaliHelXx HensMepsieMbIX napa-
MeTPOB b Bce Mepeunc/eHHble BePOATHOCTH GepyTesl C yueToM CJayuai-
HOro pacnpegeieuus f.

BripaXeHue JA5 CPeIHEro PUCKAa MOMKHO TOTAA NMPENCTABHTD B BUIR

e l= § [0 () —aPp¥)pe| Y)daay,

Y, a)
HJAH KEHaye
Al = | p) e MIYIay. (1)
(Y .
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Puc. 4.4, KpuBrie ROCHEONHTHON BJAOTHOCTH BeposiT-

HoctH p{a|Y) w croumocte owubku r{e*, «). Hx

B33aMMHOE paClOJOXEeHHe COOTBeTCTBYeT BuGpaHHON
oneH ke a.*

3neck 7 [a* (Y)[Y1— ycaosneud cpednuit puck omKGKM HaMepeHudl, a
MMEHHO CDEJHHH PHCK, COOTBETCTBYIOLMI YCJOBHIO npueMa peasu-
3anuu Y,

o

@Y= § 0" ()~ p(a| V) do. @
-_—

MunumyM (1) nocTrraercs Toraa W TOJNbKO TOrAa, KOTAA A5l KaXAoh
NPUHATOH peain3aluyd UMeeT MeCTO MHHUMYM YCJAOBHOFO CPeRHero
pucka (2).

Ha puc. 4.4 nokasaHa KPHBasi NOCJAEONLITHOH MAOTHOCTH BeposAT-
Hocth pl{oel Y) B KpuBas croumocTH oumbku r@*, a)= (a* —a)?
A5l NPOW3BOJBHO YCTAHOBJAGHHO® OueHKH. PHCYHOK HJJIOCTPHpYeT,
YTO [J51 HEYAa4HO BLIOpaHHOH OueHKH a* muuumyM rla*(Y)|Y] ne
goctrraercsl. OueHKa 3HAYMTENbHO OTJHYAETCH OT ONTHMAaAbHOHN, MO-
CKOJIbKY HaHGoJlee BepOATHbLIM 3HAueHWAM ¢ COOTBeTCTBYeT Goabiuast
CTOHMOCTL OWHOKH.

Urobbl HaliTH ONTUMANbLHYIO OileHKY, NpHpPaBHAEM HYJIO NPOH3BOA-
HYIO YCJIOBHOTO CPEHEro PHCKA 10 OlueHKe a¥, T. €. NONOKHM

di* 5 (@ —aPp(a|Y)do=0 npn « = ogm (Y), 3)

OTKYAa
\ @—a)p@|Y)da=0 npn o =aim(Y). @)

[Tockonbky nmaomage noja KpuBol NOCAEONBLITHON [JQTHOCTH Be-
postHocTH p (alY) npu n0GoM yCAOBHH Y paBHa eluHHIE
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S pla|Yyda=1,
HMEEM
torr (V)= § wp(@|V)da=M{a|¥), )

—_—0

rie M{o|Y} — maremaruueckoe oxujanue o npu ycaopnn Y.
Takum ofpas3om, onTuMaZibHas N0 MHHMMYMY CpeIHEKBAJIPaTHy-
HOM OIHOKH OLEHKA ¢y, NpeacTaBaneT cCOB0Hl Mamemarmuyeckoe oxcuoa-
HUE U3MEPSEMOZ0 Napamempa, COOTBETCTBYIOLLLEe KPUBOHA MOCAEONBITHOM
MJIOTHOCTH BEpoATHOCTH plo | V) (ee «ueHTpy TsxecTH»™*) daa npuramod
peasusayuu Y. B cuay (4) Takan oueHKa ABAACTCA HECMEWERKOU, T. €.

M{oon, —a} = 0. TTostoMy munumarvroui cpedrud xkeadpam 803Moxc-
HOL 0wtbKl (s — )% = (& — Oloyp)? OTIPEfEARETCA aAucnepcHen pac-
npejeaeHus [OCACONbITHOH MJOTHOCTH BEPOATHOCTY  AJA NPHHATOH
peanusauuu Y, 1. €.

(a—dom)® = [a—M [a| YR = D{a]Y]. (6)

nsn onpexenennsn onTEManbHOHE OLEHKM a;m(Y) ¥ MUHHMAJBLHOTO
cpenHero Kpajpata ownoxu D{a|Y} B coorBerctBun ¢ (D) u (6) Tpe-
OyeTcsl HAUTH $§IBHOE BEHIPAXEHHE NOCJAEONBTHOH NJAOTHO
CTH BEPOSATHOCTH napaMmerpa po|Y) 3Ty NIOTHOCTE
BEPOSTHOCTH HA3LIRAIOT TAKIKE Yy € 10 B H O §, TAK KAK OHA onpeens-
ercst Py YCJOBHH KOHKDeTHOH pealu3auuy Y NpuHUMaeMbix KoaeGaHu .

Bo3bMeM JiBe 5KBHUBAJIEHTHBIE (QOPME! 3aMHCH TeopeMbl YMHOKEHHS,
onpejensiouefl NAOTHOCTE BEPOATHOCTH p(Y, o) COBMelleHWs Cay-
YalHBIX COOBITUH, 8 WUMEHHO

plY,0)=pF)pla|¥)=p)p{|a)

[Tonbaysice NpHUBENEHHLIM PAaBEHCTBOM, MOCJAEONBITHYIO MJIOTHOCTL Be-
posiTHoCTH napamerpa p(a[Y) cBasxem ¢ poonwTHOH (0es3-
YCJAOBHOH) NJOTHOCTHSLIO BeposATHOCTH pla), a Takxke C
YCAOBHOW NMJAOTHOCTHI) BEPOATHOCTHA NPpUHUMAaeMO#ll peauau-
sauuu p(Y|a) npy paccMaTpHBaeMOM 3HAueHUU MapaMerpa, T. €.

* Onepanus (b) oupeleneHus ONTHMAALHON OUEHKH &HAJOrMYHA oOnepauy-
1
AM BbIUHCACHHA abcuHcchl UeHTpa THIKCCTH x*:FExg m; A x* —— | xx
: L& s>

i
X m{x)dx JAnsi RUCKPETHOTO UJH HEAPEpPLIBHOTO paclpefesieHusl MacChl fily = |
BIOAL OCH X. "
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1 /
P(G|Y)=—5(—Y—;—p\a)p(3’la). (7)

Hapany ¢ ¢ynkuusaMu a B NpaByio yactb (7) BXOAUT 6e3yCcnr 0 B~
Haf B JAHHOM CJIy4ae NJAOTHOCTb BE€POSATHOCTH pe-
anunsauun Y, onpenessemas NPUMEHHTEIbHO K HajJHYHIO CHT-
HaJa A7 BCeH COBOKYDHOCTH BOBMOXHbIX 3HaueHuit a. [locrenHioio
NJOTHOCTL BEPOSITHOCTH OMpenenuM, uHTerpupyva (7) noo o  — oo
O oo M 3aMedas, uto HHTerpan or ple|Y) pased eaunune. Toraa

p{Y)= S p(a)p(Y|a)da, 8)
pla]Y)=——1 p@)p (¥ |o). (©)
f p@pia)da

®opmyna (8) sBasierca anajoroM dOpMYyJaB NOMAHOH Be-
POATHOCTH, B KOTOPOM BePOSITHOCTH 3aMEHEHH! IJIOTHOCTAMH Be-
POATHOCTEH, a CYMMUpOBaHHe WHTerpHpoBaHueMm. Popmyna (9) aeaa-
ercsi noacOHLIM Xe aHajqorom popMy as DBefieca 3ameTum,
YTO He 3apHcAllad oT & Apedb ¢ ONpefeSeHHEIM HHTErpajaoM B 3HaMe-
HateJe (3) uwrpaeT poab HOpMHUpYlolero KosdduuuenTa.

Yr1obb o6aerynTe NpoBeleHUE AHANOTHH MENKY OOHapy»KeHHeM W
H3MEDEHHeM, a TaK:Ke UMeTb BO3MOXKHOCTh HCMOAbL30BaTh TOTOBLIE pe-
3yJAbTaTsl NPeAbAYIeH T, 3, MOXHO HCKYCCTBEHHO BBECTH €le OJHY
YCNOBHYIO MJIOTHOCTh BEPOATHOCTH NPHHUMAaeMON peaausauun Y, a
UMEHHO NJIOTHOCTh BEPOATHOCTU 3TOH peann3artH pk.(Y) NPHMEHHTEND-
HO K YCJAOBHI OTCYTCTBHA CHTHaJa (T. €. YCIOBUIO HAAM4YKA OAHOH mo-
mexu). OTHoweHHe YCJOBHO!H NJOTHOCTH BEPOSTHOCTH peasu3aluu
p(Y |o) npy HaNHuUHUK CUTHAJ2 C NAPaMETPOM & K [JOTHOCTH BEePOATHO-
ctu p,(Y) npencrabaser 8 cootBercTeum ¢ § 3.4 yciaoBHoe otHoOlLeHHe
npaBaonogobus /[Y |a) = l{a), xapakTepusyioilee CnpaBelHBOCTb
FHNOTe3bl O HAaJMWYWM B COCTaBe peanH3anHH Y curHaja ¢ napaMer-
pom o. Torna

p(Y o)=1(Y |} py (),

1

pY)=—<
\_'p(a)J(V(a)da

-0

p(a)l{Y |a).

QOkroHuaTeNbHO NPHXOAHM K COOTHOILEHHUAM:
~— 1JI91 (IOCJAEONBITHOW TJOTHOCTH BE€DOATHOCTH

pla|Yy="~k pla)p(Y)|a)=k,p(al(Y|a), (10)
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— /1 ONTUMaJbHON OIEHKY INapamerpa

o)

M{a|Y) =aom =k, S apla)p(Y]a)da =

—20

[o.e]

=k, % ap(a)! (Y |a)da, (11)

—D0

— N5 MUHHMAJbHON AuCNepCHu OWHOKN HaMepeHui

00

D{a|Y}=k, S (a— aors) plo) p (Y | 0) do =

—00

—k, \ (a—0ln)p(@)1(Y]0)da, (12)
rae -
" oo —1
h=|§ r@piv|0da| , (13)
b= { p(a)1(¥]a)da ) (14)

— MHOXKHTENH, HOpMupyowue NI0UAAb TOJ KPHBOH NOCAEONbITHOR
IVIOTHOCTH BEPOSATHOCTH K €JHHULE.

Ilpun ucnonbsoBanuu Teopemb KoTeqbHUKOBa B NpeJeNbHOM cay-
yae WHTepBada JucKpeTruzauuu Af -0 oTHolueHne npasBaononedIs
{Y|o) nuckperHoil BoiGopkH Y mepexoaur,Kak # B § 3.4, B
oTHoweHne npasjonofobus /y(f)|a|=/(c) Henpep IBH O pea:
Jaupszaituy y(f}, KOTOpoe OmpeneaseT OUeHKY

agm = aZnT v (0.

Urak, OnTHMANBHAS OUEHKA Qoyr COOTBETCTBYET «HEHTPY TAMKECTH»
pacnpeneseHus MNOCAEONBITHOH MAOTHOCTH BeposiTHOCTH pla | Y] nau
ple | y(¢)] paa NpoH3BOABIIOH NPHIMITOH peaaHsaudH: AMUCKPETION
HJI HempepbIBHOH y(f).

Ecln  noc/eonsITHOE pacnpefiefleHHe CHU MMe TP HUY H O HIH
6JIH3KO K CHMMETPHYHOMY H Ha OCH CUMMeTPHM HMEeeT €IHHCTBEHHOE
MaxkcHMaJbHOE 3HAUCHHE, TO €ro «UeHTP TAMKEeCTH» COBNAJaeT C 5THM
sHaueHUeM, TakuM «GpazoM, B KauecTBe ONTHMAJBHON OUEHKH & g
MOXKeT ObITb TPHUHATA OUEHKA MAKCUMYMO NOCACONGIMHOL NAOMHOCMU
geposmuocmu. ChHopMyJUPOBAHHBIE YCAOBHS MOXKHO CHHTATH BBLINOJ-
HeHHBIMU TOJALKO B TOM CJydde, ecld CHTHAA JOCTAaTOYHO XOpOIUQ Bbl-
NeNAeTcs Haj IuyMamH, a MoToMy BAHSIHHeM OOyCJAOBJIEHHOH UMH
MHOTQIHKOBOCTH (paBHO KaK H HeCcHMMETPHH TOCJACONBITHOTO pacipe-
AeJeHis) MOKHO npeHebpedb.

§ 4.2 181
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8) 5 P %6
Prc. 4.5, Kpusnie nnotuocredt sepoar- Puc, 4.6. Kpupnle poonwmt-
HOCTH. HOll A NOCACONLITHOR NAOT-
@ — DOOIWTHOR P (@); 6~ U3MEePEHHOrO 8Ha. Hocrell BEpOATHOCTH:
weHud p (yl@) B QYRKUHUR HCTHHHOTO 3Haue a—~pgnn cnabofi nomexu; 6-—gas
HHA O 68— NocaconuiTHO! p (afy) CHILHON NOMexH

[MpounmoctpupyeM pPacCMOTPEHHYIO METOAHKY OTBICKAHMA ONTH-
MaJibHBIX CUEHOK Ha N pocTefimeM npHMepe ONTHMHSI a-
u¥H H3mepeHHua Obpatumca Kk cTpesiouRoMy npubopy
(puc. 3.1, §3.2), cyuran, yTO ero MOKasaHHE y CKJAAJbIBAETCH H3 MO-
MEXH_n 4 CYTHana x, T. €.

y=n-4x.

B otanuie or paccmorpensoro B § 3.2 cayuas, cursan o6ssarenbHO
NPUCYTCTBYET, HO €10 3HaYEHHE X HE H3BECTHO H MOAJENHT H3MEPEHHUI,
T. € ¥ JAHAOM cJydae x =@ $BJAETCA NApamMeTpoM, HOAAekKauiuM
OueHKe. YCnOBHMCS, 4TO JOONBITHOE pachpelencHHe p(a) napaMerpa o
ABASIETC  pABHOMEPHBIM B HHTEpBaNe o <@ <@, (pHc. 4.5, a).
PacnpeaeneHiie nomexd nojaraem fOAYHHEHHLIM LUEHTPHPOBAHHOMY
HOPMBJLROMY 3aKOHY, TakK 4TO

_—ar
| QnS

p(yia)zpn(y—a):me -

CooTBETCTBYIOWIAR KPHBas B (YHKUMHM HEH3BECTHOTO NapaMeTpa o
npencrarieHa Ha puc. 4.5, 6. OHa sBiserca rayccoBofl KpHBofi ¢ nuc-

nepeteil 715 ¥ cpeHMM 3HaueHHeM y. B paccMaTpUBaeMoM NpocTeitiueM
cynae HeT HeOOGXOAMMOCTH BBOAMTL OTHOLIeHHe npasaononobusa. C
TOMHOCTRIO A0 MUHOXKHTENS NPONOPUHOHANBHOCTH NOC/ACONBITHAA NVOT-
HOCTb BepOATHOCTH ple | &) KakK QyHKuHA napameTpa & ONpeResieTcs
nponssesennem ple)p(yle), a MHOKNTENL NPONOPUHOHANBHOCTH HOP-
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MHpYeT mjowanb noj kpusoll (puc. 4.5, 8) K eannnue. Kpusaa pla]y)
YUHTbIBAET, TAKHM 06Pasom, KaK pesy/bTaT H3MEPEHHA ¥, TaK H I0ONLIT-
Hble JAHHbLIe O 3HAUEHHAX H3MEPAEMOH BeJUYHHBI & H MOMEXH A.

CyniecTBeHHOe BAUSHHE HA NMOCJEONBLITHOE PacnpeeneHie OKasbiBaer
ypOBEHb MOMeX, 4TO HAMIOCTPHpyerca Ha pHc. 4.6 1as AByX KpafHHX
CAY4aes:

I) nomexa cnabas: n, <oy —o; — XOA KPHBOH NOCAEONBITHOIO
paclpeneienis onpeneAseTcs Pe3yJbTaToOM H3MepeHHa y H AuchepcHeil

NOMexXH ns;

2) fIOMexXa CHABHAR: M, >> 0, —0, ~— KPHBAsl [0CJEONLITHOrO pac-
fipelesleHHA HEe OTAHYaeTcA 0T KPHBOH ROONBLITHOIO, NOCKOAbKY pe3yab-
TaT W3MEPEHHR HEJOCTOBEDeH.

B nepBoMm cayyae onTHManbHas OIEHKA COOTBETCTBYET OTCYETy

Copey == Y3 AMCNEPCHA OWHOKH U3MepeHUs NPH 310oM Oyaer paBHa ng.

Bo BropoMm cliyuae OueHKa olpeaenfieTcs UeHTPOM TSAMKECTH AOONBIT-
HOro pacnpefenenus (o -+ g)/2, a Aucnepcua owHOKH HE OTJHYAETCH
oT JoonbiTHOR (aa —05y)2/12.

Taknm 06pa3oM, METOAHKAa OTBICKAHHS ONTUMAJBHBIX OUEHOK Oloqy
CBOJIUTCA:

1) k onpenenenvio ¢yHKuUMi H3MepseMOro napamerpa o, NponoOp-
LUHOHAJBHLBIX €ro f0CNeONLITHON IAOTHOCTH BEePOATHOCTH;

2) K onpele/eHHIO NEHTPA TAMeCTH HAH abCuMcchbl MakcHMyMa AJd
KPHUBBIX 3THX (yHKuU#.

CooTHowreHHe (4), neskanlee B OCHOBE MPOBENEHHOIO PacCMOTPEHHA,
JOTYCKaeT CAENYIONLYI0 HHTEPecHYI0 TPakToBKy. IlpenBapHTensHo
3aMEHHM MOC/NEONBLITHYI0 IVIOTHOCTL BepoATHOCTH pla|y(f)] yepes no-
ONBITHYIO H OTHOHIEHWe NPaBRONOAOGYs, NPEACTABHB 3TO COOTHOIUEHHE
B BHIE

3

\ (@ —a)p@Ily@®|ajde=0 npu o’ = agnn. (15)

— D0

Haa cnhyvyaa, Korja o — BpeMs 3ama3jbiBaHMA, NOJAYYEHHOMY Bl
paxenuio (15) cooTBeTcTByeT cxeMa, mnpeAcTaBleHHAA Ha pHC. 4.7.
B cxemy BxonuT onTUMaJdbHBIE NpHEMHHK, BripabaTeiBalomif, B o6iEeM
Cllyuyae, HeNMOCDEACTBEHHO OTHOLIeHHe npasjononobus ly(Hla] = I,(o)
B dynkuuH o. [IpHeMHBK MOXeT ObITb IOCTPOCH N0 GUABTPOBO
HJaHu e MHOFrOKaHalbHOM KODPpPeaan“uoH-
HOH ¢XeMe, Bbijawollledl 3HaueHUe OTHOLIEHUA NpaBaonosobusa ajaa
pasMYHEX 3HauYeHUH o MO Kaxjof npuHATOH peanusauvu y(f). On
3aKaHyuBaercs 6N U3 KHM K S3KCNOHEHWUUNANALHO MY
HeTEeKTOPp oM, uToObl B 00UleM clydae O0ecNedHTh BbIlayy HMEHHO
OTHOLIeHH S mpaBaonoaobus [ («), a He er0 MOHOTOHHOH ¢yHKuUMH, Ha-

- ipumep In /(). B cootBercTBHH ¢ (15) oTHOLIEHHE NPAaBIONCAOGHA YMHO-
2KaeTcsi Ha OrpaHHYeHHbil, 6U3KHI K nHAc06pasHoMY cTpob (e —o*) p(x)
H unTerpupyerca. Orpanuyenue BO BpeMeHH (4 U3MeHeHHe GopMEI) NH-

§ 4.2 183
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Puc. 4.7, Wameprreas ¢ ofpaTnofl CBS3bLW0 AAA CJyuas, Korja
o — BpeMH 3ana3ibIBAHHKS

N1006pa3zHoro CTpoba onpenendeTcI OO NLITHO U NAOTHOCTL IO
BepoATHOCTH pla). [pousBenenne nua006pasHOro RanpaAXKerus
ynpap/IseMOro reHepaTopa Ha OTHOLUEHHE NPABAONONOOUA B i T € r p U-
pyerca HanpaxenuecBrxona MHTerpatopa nouenio 6 patH o it
CBf 3 U BO3LeiCTBYET HA cXeMy YNpaBJReMOro resHeparopa nuiacol-
pasxoro Hanpsixenusa. llpu cuabHOW OOGpaTHOH CBA3U ONTHMANbHAA
OHEHKa ONpefesifsercs TMOJNOKEHHeM HYJAEBOH TOUKH NHA006pazHOro
crpoba. Ecan usmepsemblit napameTp Oyler MeHSITL CBOW 3HAYEHHS BO
BpemeHy, usmepuredis (pre. 4.7) cnocofien cneguTb 32 U3MEHEHHAIMHU 9TO-
10 NapaMeTpa, T. €. CTAHOBHUTCA CJ e A AL UM H3IMEeDPHTE €M
OnTHMAJALHOCTL WIH HEONTHMAJLHOCTL €10 B 3TOM ciyyae 6yaer 3asu-
CeThb OT TOrO, ,B KaKOi Mepe MCNoJb3YyIOTCA 1OONBI THH € 12 H-
HHEe O XapaKTepe H3MEHEHHSA napamerpa
o BO BpemeH H Bo3MOKHOCTD ONTHMW3ALUHKH H3MEPeHHS NpPH U3
MEHSIOLMXCA BO BPEMEHHM 3HAYeHHWAX o GYNAEeT NPOMJVIIOCTPHPOBAHA B
§4.6—4.9. Tloka ke npomoskKaeM cuMTaTh NapaMeTpP & HEW3MEHHOM
BO BpEMEHW CAyuaiHON BeJHUNHOH, XapaKTepH3YeMOW [ACONLITHOH
TJIOTHOCTLIO BePOATHOCTH p(at).

Ecau xpuBas p(a) AOCTaTOMHO nojeras, T. €. JOONLITHAA uHoOpMa-
UMA He YTOYHAET pe3yJibTaTa W3MepeHHH, OLEeHKa MakCHMyMa nocje-
OTNBITHOH NJIOTHOCTH BEPOATHOCTH CBOANTCA K OLleHKe Hau 60 b-
wero nNpasaononolusda, cooTBeTcTBYloOLlel alcuHcce Mak-
CHMYyMa OJHOH H3 MOHOTOHHO CBfI3aHHBIX MEXIAy COGON (yHKukH:
ply(f)ia) = (@), nau Hy() )= 1 (@), wau In ljy(H e} = In /(@) .
[TocnenHaa U3 9THX PYHKUMI NMPUMEHHTENILHO K PAaCCMOTPEHHEIM patlee
c/yuaAM CBONUTCA K KaKOH-J160 GoJiee npOCTOi yHKUUM H3MePAENOoro
napaMeTpa o K KOPPeJsiLHOHHOMY WHTerpajy, ero MORLYJIbHOMY 3Ha-
Yyenuio, CymMMme JHHEAHBIX WY HeJHHEHHLIX YHKUHA OT MOAY/AbHHIX
3Hauenuil U T. A.), KOTOPAR NOJYUYaeTCHd HA BLIXOAE ONTUMAJLHOIO fIpK-
eMHWKa OGHApYXeHUs, A0 NOAAYH HA NOPOroBYIO CXENY. 3TOT IPHEMHHK
MOMET yXe He cOfepxaThb 3KCNOHEeHUNAADLHO
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ro AeTeXKTOpa XorTd NPH H3MEHEHHH 3aKOHA JETEKTHPOBAHHSA
M3MEHUTCA W BHJ TPOJAETEKTHDPOBAHHOH KPHUBOH, MAaKCHMyM IOCiej-
He#t ofeciteynBaeTcs B OOOHX C/ydyaaX [pH OAHOM U TOM Ke 3HAUYeHIH
0. HE3aBHUCHMO OT 3aKOHA AETEKTHPOBAHMSA, €CJH TOALKO KpHBas JeTek-
TUPOBAHHA MOHOTOHHA.

B caenyiouiem pasjgese BONpoc © epexoje OT NpHeMHuKa ofHa-
PYMeHHA K LUDUEMHUKY H3MEDEHHH PaccMOTpPHM Gosee nojgpoOHO Lipu-
MEHUTEJbHO K MPHEMY KOTepeHTHOro CHIHa/ja, KOrja napameTpoM o
ABJAfeTcA BpeMs 3anasibiBaHUud (dacToTa). Hag OyJleT HHTepecORaTh

He TOJIbKO OMpejie/IeHHEe ONTUMAJIbHOH OLLeHKH Cony, HO M JHCTIEPCHSE
OLIHOKH ONTUMaJbHOIO H3MEPEHHA.

B. OAHOKPATHBIE U3MEPEHNS BPEMEHU
3ATTA3JILIBAHUS U HACTOTDI

§ 4.3. UsMmepenHe BpeMeHH 3ana3fbIBARUS KOTePEHTHOFO CMIrHaja
co cyqaiHOH HavanbHOH (a3oi

Ha puc. 4.8, o noxasaHb! 3/1eMeHTHl ONTHMAJIBLHOrO NIPHEMHHKA 06-
HapyJXeHHs CUrHana €O cydalHoil HauanbHOH (ha3oi, COCTOALLETO U3
ONTUMAJBHOTO (PHJALTPA M JWHEHHOro feTeKTopa. Takas cxema BripaBa-
ThiBaeT MOAY/bHBIE 3HAUEHHA KOPPeJNsiIHOHHOTO HHTEerpasa B (pyHKUHH
H3MEpPsieMOr0 napamerpa o

Z (a) = % fY(z)U*(z-—a)dz . (1)

Beixognoe Hanps:keHHe IpejacraBieHo Ha puc. 4.8, 6. Pelenne

O HaJH4YuM LeIH Ao.: = 1 npuanrMaerca 113 Tex obaacrelt o, rae npe-
BbllIaeTcsl nopor. OnNTHMaNbHAsA ONeHKa HaHOOoJbIUEro Npasionoiobus

Qon; COOTBETCTBYET MAKCHMYMY BLIXOAHOIO Hampsixkenus. Ecin nmerorca
JOOTBbITHEIE JaHHbIE O TOM, YTO H3Mepsemblll napaMerp PaBHOBEPOATHO
NPUHHMAET 3HAUEHHs TOJbKO B HHTEPBaJe OT Gy JIO Gy, TO COOTBETCTBY-
10Ua5 OUEHKA MAaKCHMyMa MOC/IEONBbITHOH TWIOTHOCTH BEPOSTHOCTH —
3TO OLIEHKA MOJIOKEHHUA MAKCHMyMa BBLIXOJHOIrO HanpsxKeHHd, HO Ha
CTPOGHPOBAHHOM y4YacTke BpPeMeHHOM WKajbl. Takoe cTpoGupoBaHkue,
OCyllecTBAfEMOE OOBMHO € TOMOLIBIO 2JE€KTPOHHO-KNIOYUEROH CXEeMl,
YCTPaHseT BO3MOXKHOCTL OLUEHKH NO JIOKHOMY BhBpOCY BHe HHTepBasa
Oy << << 0y, OCOOEHHO ONACHONH M[PH HEBBICOKOM OTHOMUGHHH CHI-
HaJI/IOMEeXa HA BHXOJE ONTHMAJbHOrO (uJbTpa.

OueHKa %on; OTJHYACTCS OT HCTHHHOTO 3HAYEHHS N3MEPAEMOro napa-
MeTpa. BosymoskHble OWHOKH ONpefie/IAIOTCA [OC/IeONLITHON [JIOTHO-
CTLIO BEPOATHOCTH

plajy (Ol =k, p(a} ], (&),
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Puc, 4.8, O6iye 3JeMeHTR CXeMBl ONTHMAABHOIO
ofuapyXurens-HaMepurens {(g) ¥ HanpaXeHWe Ha
BhiXOfe perexropa (6); NokKazam NOpor OGHapYMeHus

rje AAf CHrHala co cJyualHOH HauaabHOH ¢aloi

J(a)

1(e)=e" Mo I, (22;!:" ).

[TockonbKy 3aBHCHMOCTLIO 3HEPIHM CHCHa/Na OT BO3MOMXHBIX 3Ha-
YyeHUH napameTpa @ Ha OrPAHHYEHHOM HHTepBaje MOXHO npeHe6peus,
T0 npu p(a) = const

R

plaly (N =kl (u), (2)
rae ’

U= —E— Z (av). (3)

o

CootBeTcTBYIOIlee NOCTPOeHUe NpHBeleHO Ha puc. 4.9. 3xech ua-
HeceHa KpHuBas [ (u), No ¢opme HanomMHHAIOMWAR OBICTPO HAPACTAIOLLYIO
5KCMOHEHTY, a /A MaJbiX 3HaueHHH apryMeHTa u NpPHHHBMAIOLLaa 3Ha-
yeHus, OJH3KHe K efunHile (B Macwrabe DUCYHK2 5TO MOKa3aTb He

ynaercs). Ha Tom e pHcyHKe npenctaBieHa Kpupan u(x) = }% Z{a),
1+

Xapakrepuayooumas rpa¢uK HanpsiKeHHR HA BHIXOJE ONTHMAJbHOTO
¢unbTpa nocne JuHeliHoro aerekropa. OHa CONEPHMT NMHK CHTHAMA H
6oxoBble BhIGpOCH NOMexH, 00pa3yiolliHe «IYMOBYIO AOPOXKKy». Beses-
CTBHE 3KCNOHEHUHANBHOr0 Xapakrepa KpuBOH [/ (1) MMeeT MecTG «OT-
ceyka» [UYMOB W NHK CHTHA/NA De3KO NOA4EPKHBAeTCA B KPHBOH nocae-
ONLITHOTO pacnpeneneHns. [10 cyitecTsy, HeGOALLWIOH y4acTOK Beplu-
HbI KPHBOH u(ct) NepexoaMT NpakTHYeCKH BO BCIO KPUBYIO NOC/AEONLITHOM
MJIOTHOCTH BEPOSATHOCTH, €C/IH MOXKHO npeHefpedb OCTATKOM OTCeKae-
MOH «ITYMOBOH JIOPOXKKHS.
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B srol cBAsH npoananusupyem ¢opMy KpUBOH u(o) BO/IH3H MaKCH-
MyMa, NOCKOJIBKY OT Hee 3aBHCHT TOYHOCTb OTCHETZ BPEMEHHOrO noJo-
XenHus. IIpu ne ouenb cHJBLHBIX nOMexaxX KpuBas Z(z), a cieioBaTesib-

2 o
HO, H u(o) = ¥ Z(a) onpenensiioTcsi, B OCHOBHOM, (hopmOli CHTHa/1a HA
2

BbIXOLE oONTUMmanbroro duabrpa. Yicmoawsaya 1(26), §3.10), moxHo
sanucarb

u{a) ————% Z{o) = ¢* [l ———;— ! (a—-a;m)ﬁ] , (4)

rae BennulHa f1, cuuTaerca KoneuHO# W onpepensercs u3 [(27) uau
(28), § 3.10]. Paznocrb epeMeHHmix orcueros B dopmyse [(26), § 3.10]
3aMeHEHa Pa3HOCTBbIO BO3MOXHOIO 3HAYEHHA napaMmerpa & H NpHHHMae-
MOrO B KauecTBe OIleHKH 3HAYEHUS .. [IpHOIHKEHHOe DaBeHCTED (4)
CIaBelINnBO, KOTAa CUrHaJj JA0CTATOYHO CWIbHLIM H NocAe PUABTPLLY
XOpOWo BbIJENAETCH HAaj) YPOBHEM ILIYMOB. 3TO 3HAYMT, YTO CPeIHUH
YypPOBeHb IIYMOB BHE MHKa CHrHaJlla He CKasblBaeTCsl Ha [MOJOKeHHH
HIEHTpa THXECTH KPWBOH MOCACONLITHOH NIOTHOCTH BEPOFITHCCTH, TaK
YTO MOXeT ObITb HCNOJb30BaHA OLEHKA MaKCHMaJLHOTO MPaBACMOIO-
6us, npeacrapgasiowas cocfol abeumecy curnanabhnoro nuxka. dopma
IHKa BLIXOAHOTO CHTHaJa NpakTHUYeCKH He HCKaxaercs. HmeeT mecto
JIHUWb CMELEHHE ero MaKCHMYyma.

Henoabaya acHMNTOTHYECKOE MpeAcTaBieHHe MOAM(PHLHPOBAHHOM
GecceneBoH GYHKUHH NpU COJbLIHX 3HAYeHHAX €€ apryMeHta

Zo() eolalylti]}

7008 I

S$00 -

-~
LR By

oY

Puc. 4.9. TloscHenm: npeofpascBaHHA BepIIRHH
KpBRBOR u(dt)= N———OZ(oc) B OCHOBHYIO HacCTh KPHBOH

plaly(h] apn g > 1
7B* 187



I, (1) = —— e, (5

2mu

MOACTaBAAA B Hero Bhipaenue (4) u npenebperas MadwpN' MONPEBOY-
HbIM YJEHOM B 3HAMEHaTede, MOAy4HM

¢ 115 {a—agne)’

plajy@))=Ce 2 .
OxoHuyatesbHBIfi pe3y/bTaT NpeAcTaBHM B BHJE
(e’
plely (1= Sy 2ot - ®
YTO COOTBETCTBYET HOPMUpYIOLieMy MHOXHTeMO (= =g rae
6 =— (7)

Q'Ha.

TaxkuM o6pa3om, npH kOHeuHON Beniunue [T, U docmamouno uxmen-
CUBHOM CU2HANE NOCJCOMNBLITHOE pacnpeaeseHHe H3MEPAEMOro BpeMeHH
8ANA3AbIBAHHA NOJUHHACTCA HOPMAALHOMY 3QKOHY, a cmandapmeoe
omkaonerue ¢ =} D{aly} o6pamHo nponopyuonaibHo napamenpy oG-
Hapyxcenus q 1 exmusroll wupute cnekmpa

Ha puc. 4.10 nokasanbl Kpusbie, aHanoruyuble KpHBLIM (pHe. 4.9),
HO /151 3HAYKTeNbHO Gonee ciadoro curHana. B cOOTBETCTBHH ¢ BLIpa-

A %ﬂ@ly/:}]A
A7 -
40 T L IR AR~
, i
78

&y

i 1 .
21 02 {0,9 98 «
|

+-

] Z()

o

-

Puc. 4.10. Ilosacrerne craaxuBaHud BHEpOCcOB
xpusolt plec|g()] npu ¢ <1
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Puc. 4.11. 3asBucuMoctH © = 0(g) — cnJAoCWHAA

KpuBasi M 0y = 03(q) — NYHKTHpP, NOCTPOEHHBiE C

yueToM ¥ Ge3 yuera wymoBofi ZOPOXKH COOTBET-

CTBEHHO TMPH YHCAE  3/IEMEHTOB pa3pelieHHN
T, = 1000

KeHUAMH NI Z 3aBHCHMOCTh u() XaPAKTepH3YeTCA MEHLLUIHM ypoB-
HeM He TO/IbKO CHTHa/ja, HO W iyMma. Beibpochl cursana v fosmexi Ha
pac. 4.10 craaxnpaloTcd M NOCIEONBITHAA MJAOTHOCTE BEPOSITHOCTH
OKa3hlBaeTCA NpPONOPLUOHaNbHOH OJHOH TO/MIBKO doonsimHod. B cuny
ONMHAKOBOH HOPMHPOBKH KO3((hHIHEHT NPONOPUUOHAJMLHOCTH paBed
B 3TOM CJyyae eHHHLE, T. €. HMEET MeCTO COBMajieHue NOC/ACONBITHOH
H J00NHITHOH (anpHOPHOH) NJOTHOCTEH BEPOATHOCTH

plaly(t=p(a) npu g<l1. (8)

B npomMeXyTOUHOM C/yuae HapAay € NMHKOM MOC/IEOMbITHOA MJIOT-
HOcTH BeposiTHOCTH plo | y(f)], MpUONHKEHHO ONUCHIBAEMBIM HOPMA/Ib-
HbIM 33aKOHOM, MPUXOAMTCA YUHTHIBATH PaBHOMEDHYIO CIHJIOIWHYIO «illy-
MOBYIO NOPOXKKY» BO BCeM JHanasoHe anpHOPHO BO3MOMKHBIX 3HAUeHHH
napamerpa. Yacrb nsouiaaM noj KPUBOH NOCJEONKMTHON IJIOTHOCTH
BEPOATHOCTH, NPUXOAALLAACA Ha LYMOBYIO JOPOXKKY, XapaKTepusyer
8EPOAMHOCNG OUIUOKYU N0NHOZ0 U3MEPEHUS, COOTBETCTBYIOLLIETC JOXK-
- HON TpeBore B C1yqae oGHapyXKeHUR, ¥ HOCHT HauMeHOoBaHHe Kosgdu-
yuedma Hesadexcrocmu. KoahduuueHT HeHajemHOCTH Tem Gonbule,
yeM MEHbile OTHOLEHHe curHana/nomexa ¢ H 4Yem Gosblue 5/1€MEHTOB
paspewends 1/I1, conepHT auana3oH T BOSMOXHBIX 3HaueHWH napa-
meTpa a. C yBeauuenveM KoaphHuHeHTa HeHANeXKHOCTH BO3pacTaer
RHCTIEPCHR G® M CTaHNAPTHOE OTK/OHEHHE G MOCJEONbITHLIX OWHGOK,
0CcOOEHHO AR BHaueHUH ¢, OIH3KHX K HEKOTOPOMY nOPOroBOMYy 3Ha-
YEHHIO Gpon,, (PHC. 4.11). B npepenbHom cayuae ¢g— 0 cranaaprtHoe

OTK/IOHenHe npHobperaer 3nauenue T/} 12, xapakrteproe ais npsaMo-
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YyrONLHOIO 3aKOHA JOONEITHOIC pacnpenenenus. PacueTHble COOTHOLe-
Husa X kpuBoil (puc. 4.11) naHpl B npuNOXKEeHUU 5, rjie onTHMAaJIbHAf
OLEHKa OMpeNeisieTcd N0 CLEHTPY THKECTH» MOCJEONLITHOrO pacnpe-
NeNeHus.

Kak Buano u3 KpuBoii (puc. 4.11), npu ¢ > @,,pr MOXKHO MOb30-
BATLCA BHIBEJIEHHON paHee (OPMYJIOl CTaHZapTHOINO OTKJIOHEHHUS

1
= 9
01! Q‘Hd ¥ ( )

rae MHAEKC T 3jech U B janbHeliiem XapakTepu3yeT H3MepeHue
BpeMeHH 3anasibiBanuf. [lo BeJaHYHHE CPeAHeKBajpaTHYHOH OWHOKH
Oy = €,,, MOXeT OblTbh HaliieH AOBepHTE/BHHIH HHTEpPBaJ, Kak B § 4.1.

[NonyuesHbie pesysbTaThl BHauaje NOACHHM Ha mnpHMepe KOJo-
xKoabHoro paauoumayasca [(1), § 3.11). TloacraBnas U (f) = e*‘”'
B dopmyay [(28), § 3.10], nafinem

m =\ |2ate—ar dt / \ fe—epat.

-0

Vicnonb3ys TabjuyHble HHETErpasbl

L] o

5 xze_vzxtdx — Vﬂ ) j- e—‘\?ﬂx’dx_: .._]/_?...r'_.’

A v
— —

nonyaunm I, = Va. Savensn a = (f ) Ind n BubMpas yposes
n

»

n
1 —
OTCueTa AJHTEJIBHOCTH HMNYyJbca E-:e 4 = 0,46, wafigem

m,=Y2 ~yzn, (10)
O¢= T“__ = l ' ' 11
gy'= glla Vn ¢

rae 1T, =;l— WHpHHA cneKTpa Ha yposHe 0,46,

H
[lpu v, =2mxrcex u g=8 cpeliHexBajpaTHUHAA OWHOKA H3Mepe-
HHA BPEMEHH 3aMa3/hBaHHA KOJOKOJBHOIO PaJHOMMNYJbCA COCTABHT

2
Gy = s =0,14 mxcex. [lopepuTeNbHLIA HHTEDPBAJ ¢ BEPOATHOCTHIO
3

; 16
99,2% oyser 2ey,u.= S0 0,75 mxcex.

Iepeiinem nanee K currany c apasoyzoasusin cnektpom G (f)=1
npu |[FI<IT,/2 v G(f)=0 npu |fl>H,/2 (cm. § 3.13). B coorser-
CTBAM ¢ CoOTHOweHHem [(27), § 3.
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m =4 § P \ dr,
—Tiy/2 — it /2
OTKYyla
na = —11": H“! ‘ (12)
V3
_y3
Oy = — (13}

B xauecTBe TpeTbero npuMepa OCTaHOBHMCSA Ha CHTHaJie B BHJE JBYX
CHHYCOMJ PAaBHOW aMIJHTYAs Ha uactorax f4-/1,/2. 3Tu cunycouau
06pasytoT GHeHHA, Mo orufawilell KOTOPHIX MOXHO TOUHO, HO HeOJHO-
3HAaYHO H3MEPUTb paccTOsHHe A0 OAHOM ueli {ec/IH B KaKOM-TO yIJIOBOM
HanpasJeHWH uesaefl MHOTO, U3MepeHHe HeBO3MOXHO). Takoft curHan
HMeeT Hauboabmyto 5pGpeKTHBHYIO MOAOCY U3 BCeX BO3MOMHLIX CHTHa-
JIOB B orpanxyeHHoli nonoce f1,. Beawurna [1, B 1aHHOM CJiyyae paBHa
11, = nll,, uro 8 Y 3 pas Goabule, YeM NpH PaBHOMEPHOM pacrpejiene-
HHH SHepPTHH MO cnekTPy. Bodbnias TO4WHOCTL H3MepeHHil CBA3aHa C TEM,
4TO MoJynepHog wacToThl Ouenuit 1/211, B ABa pasa MmeHblue AMHTENb-
HOCTH CXKaTOro MMMyJabca (okono 1/[1,) AnA cHreHana ¢ npsiMOyTodab-
HBIM criekTpoM. VaMepenHe AaJLHOCTH C JBYXYaCTOTHBLIM CHFHAJOM B
BHAE ABYX CHHYCOMA paccMmaTpupaerca B §6.9.

B saknioueHHe OCTAHOBHMCS HA CAyuae H3MEPEHHA BPEMEHH 3aNa3ibiBAHKA
PARHOMMNYABCA MPAMOYTOABHOA GOPMH Ge3 BHYTPHHMNYABCKOH MOAYAAUKH, KO-
raa cnexTpanasHag MAOTHOCTE G{f) onucmeaercs dOyHkuued Buxa (sinnfrgp)/nfty,
¥ B coorsetcTBuM ¢ [(27), § 3.10) Beanuyuna /7, obpawaerca B 6eCKOHEYHOCTD,
TAK YTO NOJBL3OBATLCH OMHCAHHONW Bhille METOAHKON Heab3si. B s1oM cayuae nux
KpHBORK Z(0) UMeeT TPEyTroJbHYIO, 2 He MapaGofiHuecKyIO BEpLIHHY,

! .
Z(a) =3(l-——-—[a——aom|), (14)
Ta

R BMECTO (4) caeiyeT 3aNNCaTh

1 .
uie) = qz(l-———|cx~—-a0m|). (15)
Tn

Puc. 4.12. Kpusas nocaeonuiTHOH NJAOTHO-
CTH BepOATHOCTH BpPeMEeHM 3aNa3ALiBaHHA
HMNY/ibCa CTPOro NPAMOYTOJBHOH (OpME
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