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AnoTanis. BuxiageHi TeOpeTHYHI OCHOBH NOOYJOBH CHEKTPATbHUX XapaKTEPUCTHK CHTHAIIB B HOJIIPHIi
CHCTeMi KOOpAWHAT. 3AifiCHEHO NOpPIBHAIBHHI aHANi3 aHATITHYHOTO Ta TPa(idHOrO MPEICTABICHHS
THUIIOBUX CUTHAIIB B IPSIMOKYTHUX i IOISIPHHX KoopauHaTaX. OOrpyHTOBAHO MOLIBHICTH 3MIiHCHEHHS
CIIEKTPAIFHOTO aHANi3y CUTHAIIB B IOJIPHIA CHCTEeMi KOOPIHHAT, IO 3a0e3Iedye CIPOIICHHS OOUHCICHb,
3aBASKH NIPOCTIMIOMY aHANITHYHOMY IPEACTABICHHIO IapMOHIHHUX curHamiB. IlokasaHo, mo rpadidne
MIPEeJICTABIEHHS CHEKTPAIbHUX XapaKTEPHCTHK CHTHATIB B MOJIAPHINA CHCTEMi KOOPAWHAT y IOPIBHSIHHI 3
IPSIMOKYTHOIO € OLTBII HAOYHHM i Kpaie BigoOpaxae ¢izuanuii 3MicT. CIIeKTp NepioJUIHIX CUTHATIB Ha
YChOMY HPOMIXKY CIIOCTEPEIKECHHS JIETKO MOXKHA BiZoOpa3sHTH Ha 0OMeEXeHOMy IpocTopi 0e3 3aiiicHeHHS
MacmTaOyBaHHS. 3alpOIOHOBAHO PO3PAXOBYBATH CHEKTPATbHI MOJENI CHIHAIIB He TUIBKH B 6asuci Dyp’e,
a ¥ IHINMX TEOpPEeTHKO-YHCIOBHX Oa3mcax, Takux sk KpecreHcona i Pagemaxepa, mo A meBHHX KiaciB
CHTHATIB 320e3MeUyI0Th Kpally 301XKHICTh

AuHoTanusi. V310XXCHBI TCOPETUYECKUE OCHOBBI CIICKTPAIBHBIX XAPAKTCPUCTHK CUTHAIOB B IOJSPHON
cucTeMe KoopauHAT. [Ipom3BeleH CpaBHHTENBHBIH aHANM3 AHAIUTHYECKOTO M rpaduueckoro
IPEJCTABICHUS THUMUYHBIX CHIHAJOB B IPSIMOYTONBHBIX M MHOJSIPHBIX KoopauHatax. OOOCHOBaHO
[[eTIeCO00Pa3HOCTh OCYIIECTBICHHS CIIEKTPAIBHOIO aHAIN3a CHTHAJOB B IO/SIPHON CHCTEME KOOPIHHAT,
49T0 00ECIeunBacT YIPOIeHHEe BEYHUCICHUH), Oarofapst 6oiee IpocToMy aHAIUTHYECKOM IIPEICTABICHUIO
TapMOHHMYECKUX CHUTHANOB. [loka3aHo, 4To rpadudeckoe MpeICTaBICHUE CIIEKTPAIbHBIX XapaKTePHCTUK
CHTHAJIOB B HOJIPHOU CHCTeMe KOOPAHMHAT, IO CPAaBHEHUIO C IMPSIMOYTOJIBHOHM, OoJee HAr/LSIAHO U JIydlle
oTpaxkaeT (usmdeckuili cMpica. CHEKTp NMEPHOAWYCCKUX CHIHAIOB HAa BCEM IPOMEXKYTKE HAOIIONCHUS
JIETKO MOXKHO OTOOpa3WTh Ha OTPAaHHYCHHOM IIPOCTPAHCTBE 0€3 OCYMIECTBICHHS MAacCIITaOUPOBAHHS.
ITpennoskeHo pacCUUTHIBATH CHEKTPalIbHbIE MOJAEIH CHTHAIOB HE TONBKO B Oasuce Dypbe, HO U APYTHX
TEOPETHKO-UHCIIOBBIX 0a3ucax, Takux kak Kpecrencona u Pamemaxepa, 9To A OHNpeeleHHBIX KJIACCOB
CHTHAJIOB 00€CTICUNBAIOT Ty UIIyI0 CXOAUMOCTb.

Abstract. The theoretical basis of spectral characteristics of the signal in the polar coordinate system. A
comparative analysis of analytical and graphical representation of the typical signals in rectangular and
polar coordinates. It is proved the feasibility of the implementation of the spectral analysis of the signal in
the polar coordinate system, which provides simplification of the calculations, due to a simple analytical
representation of harmonic signals. It is shown that the graphical representation of the spectral
characteristics of the signals in the polar coordinates system in comparison with a rectangular, more clearly
and better reflect the physical meaning. The spectrum of periodic signals on the entire interval of
observation can be easily displayed in a confined space without performing scaling. It is proposed to
calculate the spectral pattern signal not only the basis of Fourier, but other number-theoretic bases such as
Christenson and Rademacher that for certain classes of signals provide better convergence.

KmiouoBi cioBa: crnexTpambHHM aHami3 curHamiB, 6asuc Pamemaxepa, 6asuc Kpecrencoma, momspHa

CHUCTEMa KOOpAUHAT, CIIEKTP CUTHAITY.

IOCTAHOBKA 3AJTIAUI

CyuacHuii po3BUTOK IIM(POBOI Ta MIKPOIIPOLECOPHOT TEXHIKU MPHBIB 1O I IMIMPOKOTO BUKOPHCTAHHS
NpakTHYHO B YCIX cdepax JIIOACHKOI IiSUIbHOCTI: B IPOMMCIIOBOCTI, B KOCMIiuHii ramysi, BilCBbKOBIi cepi,
TPaHCIIOPTi, aBiallil, OXOPOHHUX CHCTEMaX, MOOYTOBHX NPHUCTPOSX Ta iH. Y Oynp-iKii pamioTexHIUHIH abo
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€JIIeKTPOHHIN CHCTEeMi MOBOAWTHCS MaTH CHpaBy 3 CHTHAJAMHM, SIKi CIy)KaTh UIA Tepenadi iHpopmamii Mix
OKPEMHMH TPHCTPOSIMHU CHCTEMH, Ki € iHPOpPMAIIMHUMU HOCISIMH. Y LHX K€ CUCTEMax 3aBXKIHM IMPUCYTHI
CHTHAJIM-3aBajiH, sIKi CIIOTBOPIOIOTH IepeaaHy iHdopmariro. Ile MoxyTh OyTH CHTHAJIM IHIIMX CHUCTEM, IO
HaKJIQIal0Thesl Ha iHpopMaliifHi curHanm, abo CUTHAIIM IIyMy, 3yMOBJIEH] (hi3UYHMMH MPOLIECAMH B €IEMEHTax
caMoi CUCTEMH UM 30BHIIIHBOTO CEPEIOBHUINIA.

[Ipn po3poOmi, Hamaro/KEeHHI 1 TECTyBaHHI pPaJIOTEXHIYHMX Ta LU(PPOBHUX CHCTEM HEOOXiITHO
aHaJI3yBaTH TMIPOIEC MPOXO/DKECHHS CHTHATNIB depe3 el NpUCTpid 3a JONMOMOTol MOAENEH CHIHANIB i
MIPUCTPOIB, IO ONUCYIOTHCS AEIKUMH MaTeMaTHYHUMH (DYHKIISIMHA 200 KOMITTOTEPHOTO MO/ICITIOBAHHS.

OmHrM 3 HAWOIMBII e(QEKTHBHHUX Ta ITUPOKO PO3IMOBCIOKCHUX METOMIB MOCTIKCHHS CHTHAJIB €
CHEKTPaIbHUI aHaTi3.

['070BHUM NPHHIMTIOM CHEKTPAIIBHOTO aHANI3y CHTHAJIB, IO MPOBOAATHCS B 0araThoX JITEpaTypHHIX
mkepenax [|—4] € 3HaX0HKEHHS CHEKTPIB Ha IMiJCTaBi TAOIUIN BiZOMHX Map neperBopeHs Oyp’e 6e3 mpaMoro
IHTErpyBaHHS THMYacOBMX a00 4YacTOTHMX (QYHKWiH curHamy. [Ipy 1[bOMy OCHOBHa yBara MPHIUISETHCS
HIMPOKOMY BHKOPHCTaHHIO TEOPEM IpPO BIACTUBOCTI meperBopeHb Dyp’e, Takux sk JiHIHHICTB, TOOYTOK,
3ropTKa, IyaJlbHICTh YaCTOTH 1 9acy 1 T. A.

VY cyuyacHiil Teopii CHrHaNIB IIUPOKO BHKOPUCTOBYIOTHCS O-(YHKIII, IO BIAHOCATBHCS 10 KJacy
y3araqpHeHuX (QyHKHiid. BukoprcranHs nux QyHKIIA MpH MOAETIOBaHHI YaCOBUX 1 YACTOTHHUX XapaKTEPUCTUK
CHTHAJIIB JIO3BOJISIE 3aCTOCOBYBaTH iHTerpan Pyp'e 1O CHrHANIB 3 HECKIHUCHHOIO €HEPri€lo, Y TOMY YHCII i 10
nepioguyanx curHaiiB. Lle pobuts meperBopenHss @yp'e yHIBEpCaIbHUM IHCTPYMEHTOM aHANi3y IPAKTHYHO
Oy/b-SIKMX BH/IB CUTHAJIIB, II0 BUKOPUCTOBYIOTHCS B PAIlOTEXHIYHUX CUCTEMax. 3aCTOCYBaHHS O - QYHKIIN /I
MOJICIIIOBAaHHS 3CYBY CHTHAJIB 332 9acoM, a CIIEKTPiB — 3a YacTOTOI0, CIIPOIIY€E IPOIEC 3HAXOMKEHHS
XapaKTEPUCTHK CUTHANIB 1 pOOUTH HOTO O1IBIIT HAOUHUM.

CyuacHa eJeKTpOHHa Ta pajgioanapaTtypa modymoBaHa Ha NH(POBUX €IEMEHTAX 1 MPaKTHYHO BUTICHHUIIA
BCl aHaJOroBi cxeMH. B 3B'S3Ky 3 MM CHeKTpalibHUN aHalli3 TAKOXK B OCHOBHOMY 3JIHCHIOEThCS Ha 0asi
JIHUCKpETHOro neperBopeHHs Oyp’e Ta mBUAKOTO nepersopeHHs Dyp’e.

[Ipote icHyroTh iHIII MeToaM MOOYIOBHU 1 MpENCTaBICHHS PE3yJbTATIB CIEKTPAILHOTO aHali3y, sKi
HEeOoOXiTHO PO3BUBATH CHOTO/HI. B psil BUMa/KiB, CHEKTPaTBbHUNA aHAIII3 Ta MPEAICTABICHHS HOTO pe3yibTaTiB B
MOJSIPHIA  CHCTEMi KOOpAWMHAT € Ounbll edekTHBHMM. baraTto THNOBMX CHTHANIIB B IOJSIPHIM cUcTeMi
koopauHat (IICK) anamiTHYHO TpeACTaBISIIOTHCS Habararo NpOCTille, HDX B NPSIMOKYTHHX KOOpAWHATAX,
BIJIMOBITHO BCi PO3paxyHKH 3HAYHO CIIPOINYIOThCS. Tak camo, rpadiuHe MpeacTaBlICHHS B MOJSIPHIA cucTemi
KOOPJIMHAT CHEKTPY CUTHAIIIB € B 0araTboX BHITAKaxX Oi7bII iHHOPMATHBHUM I HAOUHHM.

AKTYAJIBHICTb

CriekTpanbHHN aHaNi3 3aJUIIAETHCS HAa CHOTOAHI OJHUM i3 TMOTYXKHHX METOIB MOCHIKCHHA Ta
BUMIPIOBAaHHA XapaKTCPUCTUK CHUTHANB, OCKIJIBKM iX TPENCTaBICHHI B YacTOTHIM ¢QopMi € Oimpmr
iHQPOpPMATUBHMM B TOPIBHSHHI 3 1X YaCOBUMH XapaKTepHCTHKaMH. [Ipe[cTaBlieHHsS CUTHATY B YacCTOTHIi
o0yiacTi SIK CyMH OPTOTOHAJbHUX 0a30BHX CKJIAJOBUX 3 PI3HUMU YacCTOTAMH, aMIUTITYAaMH 1 MOYaTKOBUMHU
(hazamu, HEOOXiIHE TAKOXK NMPU BHUPIIIEHHI 3a/1a4 eJIEKTPOMArHiTHOI CyMICHOCTI, TOOTO 3a0e3rneueHHs] poOOTH
0araThbOX pa/lioeJICKTPOHHUX 3acO0IB B OOMEXEHOMY Iiana3oHi 4acToT.

BukopucranHsl MepeTBOpIOBadiB HECNIEKTPHYHHUX BEIMYMH B EJICKTPUYHI JIO3BOJISIE PO3MOBCIOIUTH
panioTeXHIUYHHUI CTIEKTpaJIbHUN aHalli3 Ha 00JIacTi MEXaHIKH, aKyCTHKH, MEANIMHHY 1 iHIII chepu.

B 3B’sa3ky 3 UM, aKTyaJlbHOI € 3ajlaya pPO3POOKH METOMIB CIEKTPATBHOTO aHalli3y B Pi3HHX
OPTOTOHAIBHHX 0a3ucax Ta MPeJICTABICHHS PI3HUX CHCTEMaX KOOPAWHAT, HAIPUKIIA/ B TTOJISIPHOMY IIPOCTOPI.

3nificCHEeHHs CHIEKTPaJIbHOTO aHaTi3y B IHIIMX OpTOroHanbHUX Oasmcax: Kpecrencona, Xaapa, Kpeiira B
MEBHUX BUIIAJKaX JIA€ Kpaly 30DKHICTh HIX y TpauiiiHOMy 0a3uci rapMOHIHHMX (yHKIIH KOCHHYca 1 cuHyca
Dyp’e.

Kpim Toro mpencraBieHHST pe3ynbTaTiB CHEKTPAIBHOTO aHANI3Y B Psli BUNAAKIB € OUTBII HAOUHUM B
MOJISIPHIN CHCTEM1 KOOPIMHAT HXK B TPaIULIHHINA TPSIMOKYTHIM CHCTEMI.

1. IPEJICTABJIEHHSI TUIIOBUX CUTHAJIIB B IIOJISAPHIIA CUCTEMI KOOPJIMHAT

Ha ocHOBI mpoBefieHUX IIOCHI/PKEHb Ta MOAaHUX B HEPIIOMY PO3JALTI MaTeMaTHYHHUX IHTEpIpeTarini
CHEKTPAJIBHOIO aHajli3y PO3MVITHEMO THUIOBI CHUTHAJIM, IO 3YCTPIYarOTHCS Ha TPaKTHIl, Ta MPEICTaBHMO iX B
nosspHiid cucremi koopauHat (IICK). AnamiTHuHe TpencTaBIeHHS THIOBUX CHUTHAINIB Ta 1moOyznoBa rpadikis
X CHUTHAIIB JIO3BOJUTH TJIMOIIE 3pO3yMITH aHAIITHYHE Ta TrpadiyHe IPeACTABIECHHS CIEKTPATBHUX
XapaKTEepPUCTHK CUTHAMIB [5—38].

PosrnsiHeMo craini cHTHANM, SKi B MPSIMOKYTHOMY IPOCTOPI MOXKHA HPEJCTABUTH Ha Tpadiky Npsmu
TiHisIMH, Tapaiensaumu oci aberme: X1=5 1 X2 =10 (puc. 1). ®isudno Taki CUTHATIB MOKYTh BiZ0OpaKkaTn
NOCTIHHUH cTpyM. 3a Bupazamu (2.1) B MoJIsIpHiil cHCTeMi KOOpJMHAT 11i CUTHAIHM OYIyTh 3a/aBaTUCS BUPa3aMH
Bimnosigao pl=51i p2=10.
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Puc. 1. I'padpixu curnanis X1=51 X2=10
a) — B IPSIMOKYTHIH cHCTeMi KOOpAMHAT; 0) — B MOJSIPHIM CHCTEMI KOOpAUHAT

PesynbraT rpadivyHoro npeacTaBieHHs odeBUAHMIL. Sk 1 ciig Oyno oviKyBaTu cUTHaIHM Ha rpadikax B
MOJISIPHAX KOOPJMHATAX MPEICTABISIFOTHCS KOJIAMH BiAMIOBIHUX PajiyciB PiBHUX aMIUTITYl CUTHANIB.

Oco0bmBe Micle B paio-elIeKTPOHHUX cXeMax 3aiiMaloTh NepiouyHi npouecH. Sk BioMo, mepioandHi
¢yHKUIIT B MONSAPHIM cHCTEMi KOOpIWHAT BimoOpa)XKaloThCS 3aMKHYTUMH KPWUBUMH, IIO HMOBTOPIOIOTHCS IIPH
MPOXOJPKeHHI KOoXKHOTrO nepiofy. Hampukian, ¢yHKiis sin , ska 4acTO BHKOPHUCTOBYETHCS IIPH OIKCY
EJIEKTPUYHKUX TpoleciB, 1HUppoBiii 00poOIi curHaiiB Ta B 0ararbOX IHIIMX BHMOagKaX. Tak TpaekTopis
CHHYCOIfalbHOIO CTPYMy, TOOTO 3BMYaiiHOro 3MiHHOTO crpymy i(t)=1,sin®? (puc. 2), B HOISIPHUX

KOOpAWHATAX MPEICTABIAETHCSA Y BUTIIAL KOJa 3 IiaMeTPOM PiBHHAM aMILTITYAl CTpymy I, 3 IEHTPOM B TOYII 3

I, = .
MTOJIAPHUMU KOOPINHATAMM 7’", — |, p=i(9), d=ot.

2

Puc. 2. TIpencraBiieHHs: 3MIHHOTO CTPYyMY:
a) — B IIPSIMOKYTHHX i; 0) — TOJIIPHUX KOOpAWHATAX

IIpu HasgBHOCTI B CTPyMY [MOYaTKOBOI (ha3u > (0 B OJSIPHUX KOOPIMHATAX BiH Oyie BimoOpakeHUi
0
y BUIVISII KOJIa 3 THM € paliycoM, IO i MpH HyJbOBiil (a3l TUIbKH 3 LHEHTPOM KOJa 3MIIIEHHM B TOYKY 3

m T
MOJISIPHUMH KOOPJUHATAMHU 7, E —dp

Tpuronomerpuusi GYHKIIT sin 1 cos, K BXE 3a3HAYANOCS, IIMPOKO BUKOPHCTOBYETHCS HE TIJIBKH B
pamioeNeKTPOoHili, eNeKTpoeHepreTuli, a ¥ iHmmx cdepax. PosrmsHemo Oumpmr aertanpHO rpadivHe
IPEJCTABICHHS CUHYCOINAIbHO-KOCUHYCOINAbHUX (rapMoHiiinux) curnamie x(¢)=sint i y(f)=cost B

NOJISIPHAX KOOPJMHATaX IS [ITMOIIOro po3yMiHHs iX criekTpanbHux xapakrepuctuk B [ICK (puc. 3).

a8



METOJIM TA CHCTEMH OITHKO-EJMEKTPOHHOT 1 IIH®POBOT OBPOBKH 30BPAJREHD TA CHTHANIB

(4 180

- 03 1

6)

Puc. 3. TlpencraBnenns GyHKIiH B NPSIMOKYTHIHN 1 MOJSIPHINA CHCTEMI KOOpAWHAT:
a) — x(¢t)=sint; 0)— y(t)=cost B

Sx BugHo 3 puc. 3 Taki curHamu B [ICK rpadiuHo mpencraBistbcs JABoMa Kosamu: x(f) = sint
OpIEHTOBAHMM I10 OCi OpJIUHAT y(f) = COS ¢ — OPIEHTOBAHMM II0 oci abcumc

IonspHa cucTteMa KOOPAWHAT TaKOX 3py4YHA 1 NPH aHANi3i eJNEKTPUYHHX KT 3 MOCTIHHHM CTPYyMOM.
OueBunHO, moO Tpadik igearbHOr0 IOCTIHHOTO CTpyMy i(f) B OyAb-sKMH MOMEHT 4Yacy f, B IOJSIPHHX
KOOpJMHATaX MpH OyJb-KOMY 3Ha4eHHI ¢ OyJe MaTH BHIJISI KOJIA PaaiycoM [y 3 LIEHTPOM Y TOYII MOYaTKy

KoopauHaT, ToOTO Toumli 3 moispHuMH koopauHatamu (0, 0). HeimeampHuit mocrtiitHmii ctpym (puc. 4, a) B
MOJISIPHUAX KOOPJMHATAX YTBOPIOE (irypy npeacrarieHy Ha puc. 4, 0., sika Je1io BiIPi3HAETHCS Bij] KOJa.

i) A Ps P
P
P s P
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Puc. 4. I'padiku HeimeaTsHOTO TOCTIHHOTO CTPYMY:
a) — B IIPSAMOKYTHIH CHCTEMi KOOPIUHAT; 0) — MOJISPHINA CHCTEMI KOOPAMHAT

TakuM 9MHOM, BUKOPUCTAHHS HOJPHOI CHCTEMH KOOPAWHAT IS Bi3yami3allil TPAaeKTOpPii yCTadeHUX
NpOLIECIiB, JIO3BOJISE, IMO-TIEpIe, BUKOPUCTOBYBATH BIIACTUBICTh IIEPIOAMYHOCTI OCTaHHIX, IOBHICTIO
BiZloOpaxkaTh iX Ha OOMeEXEHOMY MpOoCTOpi (KpecieHHI YM eKpaHi) HeoOOMEXEHO OBro B 4aci, a IMo-Jpyre,
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CHIBCTABIATH IIi MPOLECH 3 TEOMETPHYHUMH (GirypaMu, i SK HACTIJOK ONEpyBaTH 3 HUMH 32 JIOTIOMOTOIO
0araroro MaTeMaTHYHOTO arapary Juis iX JOCTIDKEHHS, B TOMY YHCII 1 cHeKTpajbpHOro anamizy. OcolnuBo
Ba)XJIMBOIO € Ta 00CTaBHHA, 10 HAWOLIBII 3HAYMMI ISl JIEKTPOTEXHIYHOT MPAKTUKHU TPOLECH CHHYCOIATbHOTO
CTPyMy B MOJSIPHUX KOOPJMHATAX 300paKar0ThCs Y BUTJIS HAJ3BUYAHHO MPOCTOT 1 HAMMIAAHOI (irypu — KoJa.
Jnst mociipkeHHsT 3MiHM TpagiuHOTO MPENCTaBICHHS MPU 3MiHI aMIUTITYM TapMOHIHHOTO CUTHAITY
nobyayemMo rpadikd  JBOX CMHYCOiZ pi3HOI aMmIuliTyau, ski 3agaroTbes Bupasamu: X 1(¢)=5sin(wt?) i

X2(t) =10sin(® ¢) B npsIMOKYTHHX i MOJISAPHUX KOOPAUHATAX (pHC. 5).

o0 =] a0

150 , 30

R1($)

Racgy 120 | f : b | 0
....... 1 b i, A 10
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0 100 200 300 400 0 " 0

1
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a) 0)

Puc. 5. T'padixu pynxiiii cunycoin X1(¢) =5sin(w?) i X2(¢)=10sin(w¢)
a) — B MPSIMOKYTHHX KOOPJMHATAX; 0) — B MOJAPHUX KOOPIMHATAX

Ha ocHoBi rpadikiB Mo>kHa 3pOOHUTH BHCHOBOK, IO 3MiHAa aMILTITya BIDIMBA€E HA 3MiHY pajiyca Kil B
IICK, mpoTe opieHTAaIisl B IPOCTOP1 3aJUIIAETHCSA HE 3MIHHOIO.
Jnst nocmijpkeHHst 3MiHM rpadikiB TapMOHIHHHMX CHTHANIB NPH 3MiHI 4acTOTH MoOynyemo rpadiku

Obyukuiit X1(¢) =4-sin(¢t) ta X2(¢)=5-sin(3¢) (puc. 6).

o RL($)

=

R2i$)

-

a) 0)
Puc. 6. I'padixu ¢yukuiii X1(¢) =4-sin(¢) i X2(¢)=5-sin(3¢)

a) — B IPSAMOKYTHIH CUCTEMi KOOPIUHAT; 0) — B IMOJISIPHINA CUCTEMi KOOpIUHATA

3 puc. 6 BUHO, 110 3MiHA YaCTOTH TAPMOHIHHOTO CUTHBIY MPUBOJIUTH A0 BIAMOBIAHOTO 30UIbIICHHS
KinpkocTi memocTok. Ilpu 30inpmieHHi yactotn ® =3 Ha rpadiky ¢ynxuii X2(¢)=5-sin(3¢) B IICK
OTPUMAEMO TpPU TNeroCcTKU. [Ipu 30UIbIIEHHI 4acTOTH, HANpPUKIAA, @ =5 OTpUMaeMo Ha rpadiky m’sTh

[EJIFOCTOK 1 T. .

SIKIIo TapMOHIMHMI CUTHANl CKJIAJIAEThCS 3 CYMH JIEKUIBKOX CHHYCOIZaJdbHUX YU KOCHHYCOiNaJbHUX
CUTHAJIB, TO #Horo rpadivuHe mpejacTaBieHHs Oyne Bxke Jemo ckiagHimmM. Ha puc. 7a 300pakeHO 94acoBy
3aJIXKHICTh CTPYMY, SIKMH MICTHUTh OCHOBHY 1 TPETIO TAPMOHIKY Ta OIUCYETHCS PIBHSIHHSIM:

i(®t) =105inwt+?sin3mt

B nonspaux koopauHaTax TPaeKTOpis LBOro CTpyMy Oyze MaTH BUIJI] TOKa3aHUi Ha puc. 70.
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Ha 0a3i rapMOHIIHAX CHUTHANIB OMHCY€ETHCS MIMPOKE KOJIO PI3SHOMAHITHUX MporieciB. B mpomy acrekTi
HE MOXKHA He 3rajatd HuQpoBy 0OpOOKY CHUTHAIIIB, B K OJHY 3 KIIOYOBHX DOJIeH Biirpae CreKTpaabHUI
aHamiz B Oasuci dyp’e, B sikoMy Oynb-SKMH CHTHaJd pPO3KIATAETHCS IO Oa3MCHUM CHUHYCOINAIBHHM 1
KOCHHYCOIJIaIbHIM CKJIJI0OBUM Pi3HOI YACTOTH — TFapMOHIKaM.

i(ot)y A
1t
—F/_"!\
s
wt D
f 157 245 i ‘2979410
-5

-0+

a) 6)
. . . 10 .
Puc. 7. T'padixu ctpymy i(m ¢)=10sinw ¢+ ?sm 3ot
a) — B IIPSIMOKYTHHUX KOOPAWHATAX; 0) — B IMOJSIPHUX KOOPAMHATAX

Ha npakTuii icHye OaraTo BWAIB CHUTHAIIB, SIKI TAKOX MOXHA e(EKTHBHO 300pa)kaTd B MOJSIPHIiN
CHCTeMI KOOPAMHAT, 10 OyIyTh MaTH 1liKaBi rpadidHi NpeicTaBiIeHHs B IIbOMY MpocTopi. Sk BUAHO 3 puc. 3—5,
rpadidHe i aHATITHYHE HPEACTABICHHSA TAPMOHIMHUX CHTHAJIB B MOJSPHIA CHCTEMI KOOPIWHAT Ma€ HArJIATHE
300pakeHHsI, OIMUCYETHCSI JOCHTh MPOCTHM AHANTHYHMMH BHpa3aMH, a OTKEe MOXe e(eKTHBHO
BHUKOPHCTOBYBATHCH TIPH CIICKTPAILHOMY aHANI3i CUTHAIB.

Sk BimoMo, cCHeKTpabHUI aHami3 B 0azuci Dyp’e MO-CyTi € KOpeNsmiiHOW (DYHKITE, IPH IKOMY
JOCIIIDKYBaHMI CUTHAJT KOPEIIOTh 3 CHHYCOIIaMH 1 KOCHHYCOIIaMH Pi3HOT YaCTOTH i THM CaMHM BH3HAYAIOTh
€HEePreTUYHUH CIeKTP CHUTHATY, TOOTO JI0JII0 €HEPrii, SIKy CKJIa/Ia€ B CUTHAII BiAMIOBIJHA TapMOHIKa.

2. CIIEKTPAJIBHI AHAJII3 CUT'HAJIIB B BABUCAX ®YP’€, PAIEMAXEPA TA KPECTEHCOHA

[opsin 3 4acoBUMH CTAaTUCTHYHIMH XapaKTEPHCTUKAMH, BAXIUBE Miclle B iH(OpMAIIfHOMY aHami3i
CTOXACTUYHUX CUTHAIIB 3aMaIOTh CIIEKTPaJIbHI XapakTepucTuku. CIeKTpanbHUH aHami3 0a3yBaBcs, sSK MPABHIIO
Ha TpsSMOMY Ta 3BOpoTHOMY mneperBopeHHi Dyp’e. IIpore B MaTemaTHii BijoMo 0araTo iHIINX CHCTEM
OpPTOTOHANBHUX (YHKIIH abo, sK iX Ha3WBalOTh B IH(GOPMAIIHHO-BUMIPIOBANBHIN TEXHIli, CHUCTEMH
cTaniaptTHux curHaniB: YeOemena, Jlexxannpa, beccens, moninomu Jlarepa i iH. Alie npu npakTHYHINA pearizarii
BUHHKAE 1OTpeda NPOCTOTH (POPMYBaHHSI CTAHAAPTHUX CUTHAIIIB.

3 po3BUTKOM IM(PPOBOi OOUYHCITIOBATBHOI TEXHIKM Ta amapary JWCKPETHOI MaTeMaTHKH BCE YacTillle
BUKOPHCTOBYIOTHCSI CHCTEMH NPSIMOKYTHHUX OPTOTOHAIBHMX (yHKIIH Yomma, Xaapa, Binenkina-Kpecrencona.
Sk Bigmivaetbess B [9—11] cmektpanpHa 00poOka B Oasmcax Yomma, Xaapa, Xaapa- Ta YOIIICOTIOHUX
6asncHux (yHKHIH B cHEeKTpajbHIA 0OpoOLi CHrHANIB, KPIM IPOCTOTH (OPMYBAHHS CTAaHAAPTHUX CHUTHAIIB,
HAMAaraloThCsl TOCATHYTH TaKOX MiHIMAIBbHOI KiNBKOCTI TapMOHIK, HEOOXimHOI IS ampoKCHMAIli CHTHAIY
[12—14].

Jocmimumo 301KHICTB MPOLIeCy alpOKCHMAIlil CHTHAIY B TPhOX 0a3mcax cTaHAAapTHUX CUTHAIIB: Dyp’e,
Panemaxepa (uacTkoBuil BUManok 0asucy Youmma) i Kpecterncona (puc. 8). BiblmicTs TEXHONOTIYHUX 00’ €KTIB
MAalOTh €ProAMYHUI XapakTep 3MiHM cTaHiB [9], s SIKHMX HOPMOBaHA aBTOKOpeLiitHa GyHKIsA P, (/) mpu
BEJIMKUX 3MILICHHAX j MpsSAMYy€e J0 Hyis a0o NpuilMae BUIAJAKOBI 3HAUEHHS, SIKI 3MVIJKYIOTHCS (DYHKIIEO

eKCIoHeHTH (puc. 9) .
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Puc. 8. Cuctemu CTaHIApTHUX CUTHATIB

a) — ®yp’e;  0) — Pamemaxepa; B) — Kpecrencona

Jnst crieKTpasibHOTO aHallizy CTalliOHApHUX BHIAJAKOBHX IPOIECIB HIYKAIOTh €HEPreTHYHHH CHEKTp,
SKUHA BU3HAYAa€ThCs 3a TeopeMmoro XiHWiHA-BiHepa, sika Juisi cHUCTEMHM TapMOHIYHHMX (YHKIIN 3ammcyeTbest
BUPa30M:

G.()= | pp(1)-e*¥dn (1)
a00 B TUCKPETHOMY ITPOCTOPI:
G (f) =Y pyy(k)-e /2%, 2)
k=1

Ie P, —HOpPMOBaHa aBTOKOpesuiiiHa QyHKIi.
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Puc. 9. HopmoBaHna aBTOKOpesIfiiiHa (YHKIIiS €proJJHYHOr0 IPOIIECY:
a) — 0e3 rapMOHIYHHX CKJIaJ0BHX; 0) — 3 TAPMOHIYHUMH CKJIaTOBHUMHU

Bupas (2) Bupaxkae B3a€EMOKOpPEIALiI0 MDK P, i TApMOHIYHHMM CHMTHajlaMM pi3HOi yacTotd. Tomi

IIPOKOPEIIOBABIIH [, 3 CTAHAAPTHIMH CHTHaJIaMH B 6a3uci PagemMaxepa BU3HAYMMO CHEKTP CHTHAILY B IIbOMY
Oasmuci:

G.(f)= é p (k) rad (i, 0) 3)

. i+l
ne rad(i, 0) = sig[sin(2'n0)] , a6o rad(i,0) = (-1 ent(x) — nina uvacruna sin x; 0=1/T —
apryMeHT, HOPMOBaHUH 10 niepiony curHamy 71 .
AHaNoOriyHO BU3HAYMMO CHEPreTHYHUH CIIEKTp curHaiy B 6asuci KpecreHncona:

G.(f)= kil Do (k)-cr(i,0), 4)

ne cr(i, 0) =1—zal(27"0), — 3JTHILOK BT X .
Jus curHamiB x(¢) 3 MIMPOKMM CIIEKTPOM Haiikpamly 30DKHICTE 3abesrnedye po3kian B Oasmci

Kpecrencona, ockinpky, K mokazano Ha puc. 10 ogaa rapmoHika 0a3ucy KpecteHcoHa BKITFOUAE IPAKTHIHO BCi
KpaTHi TapMoHiku 6azucy Dyp’e.

Oynkuis 6a3ucy Kpectencona CriexTp B 6a3uci dyp'e

ZE\ NN N .
RIS EAN N

-15

o
S

3 6. 9 12 15 18 2

Puc. 10. CnexTpanbuuii po3kiaz 6asucHoi Gpyukiiii Kpectencona B 6azuci dyp’e

HenomnikoM 1poro 6a3ucy € CKIaHICTh T€HEPYBaHHS alapaTHUMH 3acO0aMHU CTaHJAPTHHUX CHTHAIIB.
Takox cnabo poO3BHHYTHII MaTeMaTHYHHM amapar Ta TeXHIuHI 3acoOu Jjisi aHamily curHaiiB B 0asuci
Kpecrencona. [Ipote mociipkeHHsT pi3HHX 0a3MCIB € MEPCIEKTHBHAM HAINPSIMOM JUISl PO3BUTKY CIIEKTPAIBHOTO
aHaJIi3y CUTHAJIIB.
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3. OBUHUCJIEHHSA CIIEKTPA JUCKPETHOI'O CUTHAJIY HA OCHOBI KOPEJISIIMHUX
®YHKIIIA TA IPEJICTABJEHHS MOI'0 B IOJIAPHIA CUCTEMI KOOPJIMHAT

B posaini 1 Oyno npuBeieHoO B3a€EMO3B 130K MiXK CIIEKTPOM CHTHATY 1 B3aEMOKOPEISIIHHOK (QYHKIIIE
poro curHainy 3 OasucHumu ¢Qyskuismu Pyp’e cuHycoizamu 1 KOCHHycoinamu pi3HOi yactoTh. PakTH4HO
MapHi 1 HeMmapHi TAPMOHIKK CIIEKTPY JUCKPETHOTO CHTHAIY MOXHA OOYMCIHMTH Ha 0a3i B3a€MOKOPESLIAHMX
(hyHKIINA cUrHAITY {x(k)} 3 BiIOBiTHO KOCHHYCOINaMH Ta CHHYCOIaMH Pi3HOT 9acTOTH:

ay =%§x(i'At)-cos(k-i~At), %)

1y . . .
by =—2 x(i-At)-sin(k-i-At), (6)
N 5

J€ a; — IapHi TapMOHIKHU CHEKTpY; b, — HeHapHi rapMOHIKU CHEKTPY; N — KUIBKICTh JUCKPETHUX BiUIIKIB
CUTHAIY (IOBXMHA BHOIPKH); X; — 3HAYEHHs JMCKPETHUX BiIUTIKIB cuUrHany; k — HOMep rapMmoHiku; Af —
KPOK JIMCKpEeTH3allii.

[Ipu oOuucneHHi crekTpy 3a HaBeJIeHWMH BHIIe (OPMYJIaMH, KUIBKICTH TapMOHIK &k Moxke OyTH
oOMeeHa JOBUTBHUM YHCIIOM, BUXOJSTYU 3 MIpKYBaHb CIIEKTPAJILHOTO CKJIAly CaMOTr0 CHTHAIY Ta HeO0OXiIHOO
TOYHICTIO BU3HAUCHHS CIIEKTPY CUTHAIY.

Sk BigoOMO, rapMOHINHI (QYHKIIi, COS 1 Sin MalOTh MPOCTE aHAJTITUYHE HPEICTABICHHS 1 EMIIPUYHO
3po3yMijie HaO4HE BioOpaskeHHs Ha rpadikax, Py NPeACTaBICHHI 1X B MOJSIPHINA CHCTEMI KOOPAMWHAT, OCKITBKU
IPH NIepiOANYHOCTI PiBHI 270 , MPEACTaBIAIOTHCS Y BUTIISAL KOJIA.

TakuM 4MHOM, NpU TMEpexoJi OO MOJSPHOI CUCTEMH KOOpAMHAT HEOOXIAHO 4YacoBi KOOPIWHATH f
IIepeBECTU 10 PO3MIPHOCTI KyTa (0, LIO IO CyTi BiAINOBiZae Kpyroeiil wacrori, a ammityny /,, mo paxiyc-

BekTopa p. Toxi Bupasu (7) i (8) st mosipHOI CHCTEMH KOOPAMHAT OyAyTh MaTH BUTIISL:

1 N
a =~ x(i- A9)- cos(k-i-A). ™)
N o
1 & )
by =—2> x(i-A¢) -sin(k -i- Ad), (8)
N i
2nN . . ) . .
ne Ad):T — JWCKpeTH3allis BiJUIIKIB KyTa IOBOPOTY B MOJSPHINA CHUCTEMi KOOpPAMHAT, IO BiATOBiAae

JMCKpeTH3anii o uacy Af B OpsMOKyTHIii cuctemi koopaunar, k =1,2,...,n — HOMepa TapMOHiK.

Ha ocnoBi BupaziB (7) i (8) obumcoumo ta npeacraBumo B [ICK crekTpu HaHIpPOCTINIMX CHUTHATIB
(puc. 11):

x(¢) =cos(?), )
y(t) =sin(¢). (10)
Crnogatky IpeiCcTaBUMO IX B JUCKPETHiH (hopMi 3 KpOKOM JUCKpeTn3arii At :
z(i)=cos(i-At), (11)
z(i) =sin(i- At), (12)

ne i=0,1,...N — HOMepa AUCKPETHHX Bi/UTIKiB.
[pu mepexoni B [ICK orprmaemo HacTy1HI BUpa3H:

ec(i) = cos(i - Ad) (13)
es(i) = sin(i - Ad) (14)
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Puc. 11. I'padiku dynkuiit: a) — z(i) = cos(i- At) B MpIMOKYTHIN cUCTEMI KOpJIMHAT;
0) — B moJIsIpHIii cucteMi koopauHat; B) — z(i) = sin(i - A¢) B IpAMOKYTHIH crcTeMi KOp/IMHAT;
') — B NOJIAPHIN CHCTEMI KOOPAMHAT; 1) — CIEKTpaiibHi xapakrepuctuku ec(i) = cos(i- Ad) ;

e) — es(i) =sin(i - Ad)

[Ipr oOumcneHHI CHEKTPANIbHUX XapaKTepUCTHK CHUTHAIIB IPEACTaBICHMX Ha puc. 11, m) 1 e)
BUKOPHCTOBYBAJIMCH BUPA3H 3HAXOIKEHHS CIIEKTPIiB Ha 0a3i KOpelsAmiHuX (QyHKIH 3 0a3MCHUMHU CHTHAJIAMH
KOCHHYCa i CHHycCa Pi3HUX 9acTOT:

N-1
Se(j) =7 Z eet-k-00)-r(k-0). (15)

65
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N-1
Si) =y T ex(j-k-Ab)-rlk-A0). 16)

ne r(k-Ad) — nocnimkyBana nuckpetHa GYHKIS IPEACTABICHA B TOJAPHAX KOOPAUHATAX.

V npencrasnenomy Ha puc. 11 Bunaaxy #(k - Ad) =cos(k - Ad) i r(k-Ad) =sin(k - Ad) .

Sk 1 cix Oyno ouikyBaTH, 11l KOCUHYCHOI (DyHKIIT B CIIEKTPANIBHIM XapaKTepUCTUII OTPUMAaHO HepIy
napHy rapMoHiky (puc. 11x), a Juis cuHycHoi (yHKUIT — nepury HenapHy rapmoHiky(puc. 11e). Ilpu npomy Bci
HETapHi TapMOHIKH 11 KOCHHYCHOI (QyHKIIi BiACYTHI a Uil cHHYCHOT (DyHKIIT BiICYTHI BC1 apHi TapMOHIKH,
110 TTOBHICTIO y3TO/DKY€EThCS 3 NIHCHICTIO.

OO04nCIMMO CIIEKTpalbHI XapaKTepUCTUKH Uil OUTbII CKiIamHOi (yHKHii, siKa B TNPSIMOKYTHHX 1
MOJISIPHUX KOOPAWHATAX BiIMOBITHO OMUCYIOTHCS Gopmynamiu (3.18) 1 (3.19):

k(i-At)=3cos(3-i-At)+3cos(5-i-At)+3cos(8-i-At)+3sin(i - At), 17
y(i-Ap)=3cos(3-i-A@)+3cos(5-i-Ap)+3cos(8-i-Ap)+3sin(i-Ap). (18)

Sxmo B QopMynu OOYMCICHHS CIEKTPAIBHUX XapaKTepUCTHUK (KOe]ili€HTIB MapHUX 1 HEHapHUX
rapmoHik) (15) i (16) migcraButn Bupa3 ¢pyHkuii (18), oTpuMaeMo CHEKTpaIbHY XapaKTEPUCTHKY MPEICTABICHY
Ha puc. 12.

10y %0

150 30

¢ 180 0
yig) 3 T

210 330

100 200 300 400 240 300

a) 0)

130

sl 180 0
Ss(j) o6 12 18 24 3

210 | 330

240 | 300

B)
Puc. 12. I'padik curnany (17) i (18) BinnosigHO:
a) — B NPSIMOKYTHHX 1 0) — MOJAPHUX KOOpJMHATaX Ta B) — CIEKTpaibHa Xapakrepuctuka B [ICK

3 puc. 12, B 1o6pe BUAHO, MO CIIEKTpaIbHA XapaKTEPUCTHUKA BKIJIIOYAE TPH MAPHI TapMOHIKHU (pajiyc-
BEKTOPa YEPBOHOT'O KOJHOPY) Ta OAHY HEHNapHy I'apMOHIKY (CHHBOTO KOJbopYy). OCKUIBKH aMILIITya KOXKHOI
CKJIaJIOBOI CHEKTpa OJHAKOBA i PiBHA TPHOM, TO BCi CIIEKTPaibHI CKIAJOBI TAKOX OAHAKOBOI aMILTITYyIH PiBHI
TppoM. HampaBienicTe pamiyc BEKTOPIB cCIeKTpaidbHHX xapakrepucThk B mpoctopi IICK Bkasye skpa3 Ha
YacTOTY TAPMOHIKH, SKa IPUCYTHS B CIIEKTPi CUTHAITY.

Po3riisiHeMo 11ie OAMH CHTHAN 3 PI3HOI0 aMIUTITYI010 ckianoBuXx (19) Ta moldyyemMo HOro crieKTpalibHy
xapakrepuctuxy B IICK (puc. 13):

y(i- Ad) =2cos(3iAd) + 4 cos(5iAd) + 3cos(12iAd) + Ssin(7iAd) . (19)
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Puc. 13. I'padiku curnany 3a1aHOT0 aHAJITHYHO BUpasoM (19)
a) — B IPSIMOKYTHIH NOJApHIN cuCTeMi KOOpIUHAT, 6) — B MOJISIPHiM CUCTEMi KOOpHMHAT,
B) — H0T0 CHEKTpaJbHA XapaKTEPHUCTHKA B MOJLSIPHIN CHCTEMI KOOpAWHAT

Ha 3aBepiuenHs no0yayeMo CIIEKTpalbHy XapaKTepUCTHKY MUJIONOAIOHOTO CUTHAIY, AKUM ONUCYETHCSA

(20)

e2))

o0

BUPA3aMH:
. i-At
z(i)=1-mod ;
2
. i-A
z(i)=1-—mod o .
2n
1 T T
15
0.8 b
150
0.6 1
z(i) _
180 ¢
0.4F . atol
02 1 A
210
=107
E’ 1 1
0 100 200 300 400
0, i 400,
a)

)0‘12 04 06 08

240 300
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Puc. 14. I'pacdixu curHamy 3amaHoro aHamiTHIHO BUpa3zoMm (20):
a) — B NPSIMOKYTHi# cCHCTEMi KOOpJMHAT; 0) — B MOJISIPHII CUCTEMI KOOpP/IMHAT;
B) — Horo crekTpaibHa Xapaktepuctrka B [ICK

Sk BuaHO 3 rpadiky (puc. 14B) B crieKTpi cuTHANYy IPUCYTHI TiJIBKHM HemapHi (CHHYCHI CKJIaJ0Bi), IO
MOBHICTIO Y3TOJUKYETBCS 3 Pe3yJIbTaTaMU JIOCIIPKEHb MPEICTaBlIicHMMH Ha puc. 10.

Takum unHOM, MOOY0Ba criekTpanbHUX xapakrepuctuk B [ICK no3Bossie 6ibl HA0UHO BimoOpaszuTu
CHEKTPAIbHUM CKJIaJ CUTHANY, OApa3y INOKa3ye YacTOTy TapMOHIKHM Ta JIO3BOJISIE BioOpaskaTn HEOOMEkKeHYy
KUIBKICTh TapMOHIK B 0OMexeHii obmacti. KpiM Toro, mpu nociipKeHHI rapMOHIHHIX CUTHAJIB CHPOLIYIOTHCS
00YHMCIICHHS Ta BiIOOPa)KEHHS CIIEKTPY 3aBISKH IPOCTIMIOMY aHATITUYHOMY IIPEJICTABICHHI TAKUX CUTHAJIB B
[CK.

BUCHOBKHU

BukopucraHHsl pi3HUX TEOPETUKO-YMCIOBUX 0A3MCIB ISl CIIEKTPAIILHOTO aHAJ3y BIAMOBIIHHUX KJIAaciB
cUrHajiB 3abesrneuye Kpaily 30DKHICTB, IO MPUBOJMUTH 10 3MEHIICHHS OOYMCIIOBaIbHUX pecypciB. Ilporte
noOyZoBa CIEKTPAIbHUX MOJIENIe CHIHAaNIB MOTpeOye IMOJANbIIOr0 NOCHIIKEHHS B IUIAHI BU3HAYCHHS
KpHTEpiiB, 3a IKUMU BUOMpATH Oa3uc JIs iX aHalizy.

Po3paxyHOK Ta MpeAcTaBiIeHHS CIIEKTPIB CUTHAIIB B MOJSPHIA CHCTEMI KOOPIMHAT TAKOX 3a0e3redye
CHpOLIEHHS 00YKCIIEHb 332 PaXyHOK TOTO, 1110 TAPMOHIIHI CUTHAJI B MOJISIPHIA CHCTEMi KOOPJHHAT ONHCYIOTHCS
MPOCTIIIUMH aHATITUYHIMH BUpa3aMH, OLTBII aJieKBaTHO 1 HAOUHO BioOpaxaloTh Qi3MYHMI 3MICT CIeKTpy. SIK
OyJI0 TIOKa3aHO, CHEKTpP NEPIOAWYHMX CHUTHAIIB HAa YCbOMY HPOMDKKY CIIOCTEPEKEHHS JIETKO MOXKHA
BiJ0Opa3suTH Ha 0OMEKEHOMY IPOCTOpi Oe3 3AiHCHEHH MacIITa0yBaHHs, IIPH IbOMY 30€piraeTbcsi MOXKIMBICTh
BI3yaJIbHO OIIIHUTH HOTO XapakTep.
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