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AHAJII3 IIUPUHU CIIEKTPA PAAIOCUT'HAJIY 3 HEBIJIOMUM
®A30BUM CIIEKTPOM

THokazano, wo onmumanbHull AHANI3 WUPUHU CHEKMPA pPAOIOCUSHANIE 3 HeGIOOMUM (a306UM
CHEeKMpOM Npu HASIBHOCMI AOUMUEHO20 WYMY Modce Oymu peanizo8aHo 8 YacmomHO-NPOCMOPOSill
obnacmi eusHauennsi. OCHOBHOIO ONEPAYIEI0 MAKO2O AHANIZY € BUSHAYEHHSI YACMOMHO-NPOCMOPOBOL
Kopensyiinoi Qyukyii. Busnaueno KilbKICHI Xapakmepucmuky onepayii ananizy wupunu cnekmpa 6
YaCMOMHO-NPOCMOPOSIL 00AACMI.

IHocTanoBKa mnpoGjeMH B 3arajbHOMY BHIVIAAI Ta 1i 3B’S30K i3 BaKIMBMMHM HAYKOBMMHM Ta
NMPaKTHYHUMHA 3aBAaHHsiMH. Ha cporogHi eQeKTHBHICTb BHUKOPHCTaHHS pPajioduacTOTHOTO pecypcy
3a0e3MeuyeTbcsl  MiIBUIIEHHSM ~ CTa0UIBHOCTI YacTOTHUX MapaMeTpiB  palioeNieKTPOHHUX 3aco0iB  Ta
OIllEpaTUBHUM IX KOHTPOJEM IpH paaiOMOHITOpUHTY. I[liTKOHTpONBHI TapaMeTpu 3a3BHYail MOJUISIOTH Ha
3araJjibHi Ta CIIeliajibHi, J0 SIKMX HaJIeKHUTh HECyda YacToTa, IIMPHHA 3aiHATOI CMYI'H YacTOT, piBEHb CHTHAIY, a
TaKOX IIBUJKICTH Tepeaadi iHpopmaii Ta mapameTpu MOIYIsIii. BilbIIicTh cydacHUX METOJIB KOHTPOJIO IIUX
MapaMeTpiB € CHEPreTHYHHMHM, PEalli3yIOThCs B YAcCOBi a00 YacTOTHIM 00jacTi BH3HAUCHHS Ta BHMAararoTh
BEJIMKOTO BimHOmEHHS curHai/myMm [1, 2, 5]. Tomy npu paxiOKOHTpPONI HIMPOKOCMYTOBHX BHUIIPOMIHIOBaHb
eQEeKTHBHICTh IIMX METOMIB CYTTEBO 3HIDKYETHCS, 3YMOBIIOIOYM BIHOCHO Benuki moxubku [3, 5].
[epcrieKTHBHUM HAIPSMKOM BHpIIIEHHS 1i€l TPOOJEMH € BUKOPUCTAHHS CHEKTPaIbHO-TIPOCTOPOBHX METOJIIB
00pOoOKH paiOBUIPOMIHIOBaHb SKi IMependadyaroTh OJHOYACHHWH aHali3 X CIEKTPaJbHUX Ta IMPOCTOPOBUX
XapaKTepucTuK [6, 8].

TouHicTh aHadi3y mapaMeTpiB paaioCUrHaiB Oe3rmocepeHbO BIUIMBAE HAa TOYHICTH Pa/liiOMOHITOPUHTY, a
TakoX Ha edexTuBHICTH BuKopucTaHHs PUP. Tomy migBHINEHHS TOYHOCTI aHalli3y paliOCHTHAIIB B CHCTEMax
PaJiOMOHITOPUHTY B CKJIaHIH €JIeKTPOMArHiTHi# 0OCTAHOBIII € aKTyaJbHUM 3aBIaHHIM.

AHaJNi3 ocTaHHIX H0CJHiIKeHb i my6aikaniii, B IKMX 3a104aTKOBAHO BUPIlIeHHs JaHoI npodiaemu. B
poborax [1, 4] BUKOHAHO MOPIBHSJIBHUIA aHAJi3 NPSMHUX METOJIB BHMIPIOBAHHS IIMPUHH CIIEKTPa, TAKHUX SIK
BiJTHOIIICHHS TTIOTY>KHOCTEH, KOHTPOIIIO 32 3aJlaHUM PiBHEM Ta 3aMilneHHs1. J{ani Meroau nependavatoTb 0OpoOKy
TIJIBKH €HEPreTHYHOTO CIEKTpa pajiOBUIPOMIHIOBAaHb, aje HE BPaXOBYIOTh YCIO JIOCTYITHY HOTo €Heprito, o
3YMOBITIOE iX HEIOCTATHIO TOYHICTh Ta 3aBaJIOCTIHKICTB.

B pobGorax [1, 3] BukoHaHO aHami3 TNOOIYHMX METOAIB BHMIPIOBAHHS IIUPUHU  CIIEKTpa
palioBUIIPOMIHIOBaHb, TaKUX SK OLIHKK 3aTyXxaHHS CIIEKTpa I103a CMYIOI IPOITyCKaHHS, OI[IHKH
CepeHbOKBAIPATHYHOIO 3HA4YEeHHS JeBiallii YacTOTM Ta 4Yacy HapoCTaHHsA iMmmynbciB. JlaHi Mertomu
nepeabavaroTh OaraToeTamHy OOpPOOKY YacOBHX peallizalliii paJiOBHIPOMIHIOBAHb Ta BHKOPHCTOBYIOTH IX
€HEpPTil0 YaCTKOBO, IO 3YMOBJIOE X BY3bKY CHEIIaTi3allil0 IMOI0 BUAY MOIYJIAIII Ta BiHOCHO HEBEIIUKY
TOYHICTb.

B pobGorax [5, 7] BHKOHAaHO aHaji3 CTaTUCTUYHUX METOMIB BHMIpIOBaHHS INUPUHU CIIEKTpa
PaJiOBUIIPOMIHIOBaHb, BHKOPHCTOBYIOUM aHAaJi3 aBTOKOpENAMiiHOI (yHKmii B uacoBiii obmacti. Hemomikom
METO/IIB JJAHOI TPYITH € HEJOCTATHs 3aBaOCTIHKICTh 1 HEOOXiTHICTh alpiOpHHUX JaHHUX MO0 PO3MOALTY T'YCTHHU
IMOBIpDHOCTI MHTTEBUX 3HAU€Hb BUIIPOMIHIOBaHb, IO 3YMOBJIEHI HEOOXIIHICTIO BpaxyBaHHS MaKCHMaJIbHOI
MIOTY)KHOCTI IITyMiB Y M&XaX CMYT'H POITYCKaHHs KaHaJIiB paionpHHoMy.

B poborax [6, 8] HaBemeHO pe3yabTATH HOCIIIPKEHH METOMIB aHATi3y paJiOBHUIIPOMIHIOBAHBL ILIIXOM
00poOKHM IX CHEeKTpa Ta IPOCTOPOBHX XapaKTepUCTHK. HemomikoMm 3amporOHOBAaHMX METO/IB aHali3y €
HEJIOCTaTHsI 3aBaJIOCTIMKICTh, IO 3YMOBIIEHAa AJITOPUTMAMH NPUHHATTS pillleHb IPH BUMIPIOBaHHI IIUPHHU
CIEKTpa 3 ypaxyBaHHSM IOTY)KHOCTI TiJIbKM OKPEMHUX CIHEKTPAIbHHUX CKJIaJIOBHX, IO Ma€ OCOOJIMBE 3HAUCHHS
py 00poOIi IIMPOKOCMYTOBHUX Pa/iiOBUIPOMiHIOBAHb.

Bunisiennsi HeBUpilIeHUX paHillle YaCTHH 3arajbHoi MpodjeMu. TakuM YMHOM, HEBHPIIIECHOIO paHilie
YaCTHHOIO 3arajibHOI MpoOJIeMH aHaji3y NIMPHHH CIIEKTpa PaJiOBUIIPOMIHIOBAHb € 1X aHalli3 3 ypaxyBaHHSM iX
MIPOCTOPOBUX XapPAaKTEPUCTHUK 1 BUKOPUCTAHHSIM MOBHOI €HEprii NPUHHATOI peaizarii.

@opMyTOBaHHA Wideii cTaTTi (MOCTAaHOBKA 3aBAaHHA). BiIMOBIIHO 10 HEBUPINICHUX pPaHIIIC YaCTUH
3arajypHOI MpoOJIEMH BUMIPIOBaHHS IIMPWUHM CIIEKTpa paliOBUIPOMIHIOBAHb 3 YpaxyBaHHSM IX IPOCTOPOBHX
napamerpiB, HUIAMU CTaTTi €: JOCTIDKEHHS ONTHMAaJIbHUX METOMIB CIEKTPaJbHO-TIPOCTOPOBOI O0OpOOKH mpHU
BUMIDIOBaHHI [IMPHHH CIHEKTpa pAaJiOCHTHAIY Ta OTPUMaHHSA IX KUIBKICHUX XapaKTEepUCTHK, IO
XapaKkTepu3yloTh e(eKTUBHICTh aHAII3Y.
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BuknageHHss ocHOBHOro Mmarepiady mocaikeHHs. Po3risiHeMO 3anady OIIHKM LIMPHHH CIIEKTpa
paniocurHaimy S(t,/l,(p( f )) 3 HeBIZOMHM ()a30BUM CIIEKTPOM, LIO HPUIAMAETBCS 3 BigoMoro Hanpsmky O, ta B
amUTUBHINA cymimi U(f) 31 CTaTUCTUYHO HE3QJIC)KHUM OLTUM TayCOBHM IIyMOM 71(f) BIIPOJOBX YacOBOTO
intepBany ¢t €[0,7,]. llym n(t) i curnan S (t, i,go( f )) € 0OMEXEHUMH TI0 CMY31 YacTOT ifH S, } Buxinni ymoBu

3aJaMO TaKUM YHMHOM:

U(e)= (. 2.9(f))+ nlt), (1)

— BEKTOp MapaMeTpiB, BiJl AKUX 3aJICKUThH PaiOCHTHAJ, 3HAUCHHS SKHUX BiJIOMi;

ac 1:{1{,}

go( f ) — (ha309aCTOTHUH CIIEKTpP PaJiOCHTHAIY, IO € BUIIAJAKOBOIO (YHKIII€IO 3 TOBUILHUM BiJIOMHM 3aKOHOM

i=l,m

pO3TONLIY Y Yaci.
S(t, A, go( f )) — BiJjOMa JeTepMiHOBaHa (YHKIIiSI apryMeHTiB £, A Ta go( f ):
S(t. 2.0(f) = Alt. 2.9(1))- cos @aft +y(t. 2.0(f )+ ), &)
e §2 — modatkoBa Qasa.
Hexaii € BiTOMUM aMILTITYJHUI CHIEKTP KOPHCHOTO paioCUTHAITY, OOBiHA SIKOTO € TaycOBOO (DYHKIII€IO:
S(f)=50 'exp[—ﬂ/z(%)z], 3)
Ae [ —dacToTa, IO BIJIMIOBIJIA€ CEPEAMHI CIIEKTPA, MIPU IIHOMY fo<fy<f;

A
A, = ISZ(f)'df — IIUpPUHA CIIEKTPa;
1

S o — MaKCHMaJbHE 3HAYCHHS 00BITHOT CITEKTpA.

Bynemo BBakaTH, IO CHEKTp paJiOCHTHAY MaibkKe IMOBHICTIO PO3TAIIOBAaHMH B MEXKax CMYIH aHali3y
U3

Hexaii Bizomi ampiopi Bci He0OXiqHI HMOBIPHICHI XapaKTEPUCTHKH IIyMy 7(t) :

M, , JI, — BiINOBiIHO MaTeMaTHYHE OYiKyBaHHs Ta AUCIepcis mymy n(t), 3a3sudail M, =0

N = const — IBOCTOPOHHSI CIIEKTpajibHa T'YCTUHA TIOTYXKHOCTI IyMy 7(?) .

Jlis BU3HAYEHUX YMOB HEOOXIJHO ONTUMAaJbHUM YMHOM BU3HAYUTH 3HAYECHHs LIMPHUHH CIIEKTpa Af, mo
npuitHATIH peanizanii U(¢) B iHTepBaii [O, T a].

Po3B’sbkeMo 10 3amady B 4YacTOTHIM 00JIacTi BU3HAYEHHS, KOJNW OOpOOIN Mijjsrae CreKTp MpUHHATOL
cymimni U(¢) , BAKOPUCTOBYIOUHM METOJ] MaKCMMyMa (DYHKIIIOHaJIa PaB0HOXiOHOCTI.

Posrnsinemo Bumajzox Oe3mepepBHO-Oe3nepepBHOro aHanmizy [3], mpu sSKOMy B YacTOTHIA o0OxacTi
BU3HAYEHHS aHANI3Y€EThCs CrieKTpasibHa ryctuHa U( jf') IpUHHATOL cyMmilni, IKy MOXKHA 3aIIMCaTH Y BUTIISI:

U(jf)=s(ir.2)+n(jr), @)
ne S(jf,A), n(jf) — BIAMOBIAHO KOMIUIEKCHI CIICKTPaJIbHI TYCTHHU KOPUCHOTO CUTHAY 1 IIyMY;
SCifs ) =8(f,4)- V).
Jlst mokai30BaHUX MPOCTOPOBO Ta CTAIlIOHAPHUX PaiOCIEKTPOHHUX 3aC00iB OCHOBHOKO 1H(pOPMAIiHHOIO
BJIACTHBICTIO PaJIIOCHTHANIB € anpiopHa HE3aJeXHICTh BiJ Yacy Ta 4acTOTH iX IPOCTOPOBHUX HapameTpiB /1(9) ,

TaKuUX, HANPUKIAJ, SK HANPSIMOK MPUXOMy abo TeNeHr, KyT Micll, Tonspusalis Ta iHmi, To6To A(f)= const.
Tomy IOiNBHO TX KOMITJIEKCHHUH CIIEKTp MPEACTABUTH y TPUBUMIpHiH (opmi:
SUf.if 2)=S(f.2)- ") "0, )
PiBusiHHS (6) BpaxoBye Te, IO MPOCTOPOBI MapameTpu /1(9) MOXKHa TIPEJICTABUTHU SIK MPOCTOPOBY a3y

paziocurHaiy i BBECTH sIK CKJIaJJOBY YAaCTHUHY y3arajibHEHOI'O TPUBUMIPHOro (ha304acTOTHOTO CIEKTpa 2 ( f ) :

oy (1)=jolr)+ir(o). (6)

Je [ — KOMIUIEKCHA yABHA 3MiHHA 3 MOJYJIEM, 110 JOPiBHIOE OJMHHIII, aJle OIHCY€E KOMIUIEKCHO-YSBHY ILIOLIMHY,
110 € HOPMAJILHOIO JI0 KOMILIEKCHO-YSIBHOI IIOIIMHYU 3MIHHOI j .

OOuIBI CKJIaa0BI y3araJbHEHOTO ()a304acTOTHOIO —CIEKTpa 2 ( f ) BI/INOBIIAIOTH  OHOMY 1 TOMY 3K

aMILTITYTHO-4aCTOTHOMY  CIICKTPY S( f ) pamiocurHany, BOHH (DOPMYIOTBCS OJHOYACHO 1 CTATHCTUYHO

He3aJIeKHO. ToMy JUIsl YCYHEHHS amnpiopHOI CTATUCTUYHOI HEBH3HAYCHOCTI YacOBOTO (ha304acTOTHOIO CIIEKTpa
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go( f ) JIOLJTFHO TIPY BUPIIIEHH] 3a/ladi aHali3y IUPUHHU CIIEKTpa PaJiOCHIHAITY BUKOPHCTOBYBATH HOTO ampiopi
BiZloMHil IPOCTOPOBUIA (Pa304aCTOTHUIH CHIEKTP ¢, ( f ) = /1(9) .

B gacrorHili 001acTi BUSHAYCHH WIMPHHA CIIEKTPa Af, PafiOCHTHANTY € Oro eKBIBaJICHTHOIO TPHBAIICTIO i
TOMY SIBIISIE COOOK0 eHepreTUUHHH mapamMerp [9]. B mpoMy BUNaKy JAOLIEHO BU3HAYUTH YaCTOTHUH (DYHKIIIOHAI
paBaonoaioHoCTI F(Af) abo ¥oro jgorapudm In{F(Af)} =q(Af).

SIK MaKCHMAIBHO TPAaBJONOMIOHY OLIHKY TpPHAMAEMO 3HAUYECHHs WIMPHHM crektpa AF, mo 3abesmedye
MaKCHMyM Jiorapudma GpyHKIiOHaIa TPAaBIOIONIOHOCTI:

/
2 ¢ . £, 1 .
Af = max{N | Re{U(.zf,o) 5" .00, ) —2S2(.1f,9,Af)}df}’ (7)
,fll
PiBusHst (7) BH3HAUa€ QITOPUTM OLIHKK [IMPUHH CIEKTpa Afo , 0a30BOIO OmEpali€lo SKOro €

CHEKTPAIBbHO-IPOCTOPOBA (DYHKIIisl KOPEJISILi:

/B
K(if)= [UGF.0)-S"(if 0,40 df ®)
fH

ne Af — ouikyBaHe 3HAY€HHS IIMPHHU CHEKTPA.

Bu3HaunMo [HCIIepCilo OLIHKU IIMPHHHU clieKTpa paxiocurHamry DAf . ns uporo porapudm (yHKIioHaa

npaBonoaioHocti (7) mpeAcTaBuMO Y BUTIISL

G0N =4, (O +q (&), ©)

/3 .
e gyan=+ | Re{S(jfﬁo,Afo)-S*(jf,@o,Af)—;Sz(jfﬁo,Af)}df - curnazbha GynKlis;
fH

J,

B

0,8 =2 [ Relp(ir.0)- 5" 0,0 }if — mynwosa ymis.
f

H

B cBoto uepry curnanbia QyHKUis ¢ (Af) nmopisnroe [9]:

Af) =
qs(Af) N \/m 5 (10)

B pesynbrari mykana gucnepcis DAf nopisHioe [4, 9]:

| dPaa) _2N-A
DAy = 1/{ dAf? }'Af“ 3E (1D

ze E:%QZ.%.

Ta1<o>1< BiZ[HOCHa ):[I/ICHepCiH OHiHKI/I IMUPHUHU CIICKTpa pauiocnrﬂany 3 TayCOBUM CHEPIr€TUYHHUM CIICKTPOM
JIOPIBHIOE:
DA/ Af,” =(4/3)2E/N)™, (12)

Awnaniz piBasaHs (12) mokaszye, IO BIHOCHA [HCHEpCis WIMPUHH CHEKTpa OOEpHEHO NpoNOopIiiiiHa
BIIHOIICHHIO CHUTHAJ/IyM 2E/N 1 BU3HAYA€ThCS MMOBHOK HAKOMWYCHOIO CHEPTi€l0 KOPHCHOTO CUTHAIY, IO
3a0e3reuye BUCOKY 3aBaIOCTIHKICTh, OCOOJIMBO NP aHANi31 IIMPOKOCMYTOBUX Pa/liOBUIIPOMiHIOBAHb.

MoskHa T0Ka3aTh TaKoXK, 1[0 OTPUMaHi YaCTOTHO-IIPOCTOPOBI KOPENALIiHI XapaKTepUCTUKH CITiBIIAIAI0Th 13
HIDKHIMU TPaHUILIMHY, SKi BU3HAYAIOThCS HepiBHicTIO Pao-Kpamepa [4, 9].

BucnoBkn. TakuMm 4mHOM, 3ajady aHaJi3y MIMPUHM CIIEKTpa pajaiOCHUTHATY 3 HEBIIOMUM (a30BUM
CHEKTPOM MpH HASBHOCTI aJWTHBHOTO IIyMY MOXIIMBO ONTHMAJIbHO PO3B’S3aTH, BHKOPHCTOBYIOUHM aHAIi3
NpUIHATOI peastizamii B 4aCTOTHO-TIPOCTOPOBIH 00JIacTi BU3HAYEHHsI 0€3 3HMKEHHsI JOCTOBIpHOCTI. OCHOBHOIO
ollepallielo TaKoro aHajlizy € BU3HAYEHHS YaCTOTHO-NIPOCTOPOBOi KopessiuidHoi ¢yHkmii. [Tpu mpoMy KinbKicHi
WMOBIpHICHI ~XapaKTEPUCTHKW oOmepamnii aHallizy I[IHPHHU CIEKTpa B YacCTOTHO-NPOCTOPOBIH o00xacTi
CHIBMAJAI0Th 3 BIJOMUMH 3HAUSHHSIMH XapaKTEPUCTUK ONepalii aHalli3y B YaCTOTHIN ab0 4acoBiit 00macTsx s
BHUIIAJIKy aIrpiopi MOBHICTIO BiJOMOTO CHTHATY.
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AHAJIN3 HNIMPUHBI CIIEKTPA PAJUOCUTHAJIA ¢ HEM3BECTHBLIM (pa3oBbIM criekTpoM / B.I'. Ilunopenko

[loka3aHO, YTO ONTHMAJBHBIN aHAIM3 NIUPUHBI CIEKTPa PATUOCHTHAJIOB C HEU3BECTHBIM (Da30BBIM
CIICKTPOM MPH HAJUYUU aJUTHBHOTO IIyMa MOXET OBITh PEali30BaH B YAaCTOTHO-IIPOCTPAHCTBCHHOW 00JIACTH
onpeaeneHus. OCHOBHOW omepaleli Takoro aHajiu3a SBISETCS OIpeNeNeHue YacTOTHO- MPOCTPaHCTBEHHOM
KOppeAIMoOHHOH (QyHKIMU. OnpeaereHbl KOJHUUSCTBEHHBIC XapaKTCPUCTUKH OICpaIlid aHaJIW3a IIAPHHBI
CIICKTpa B YaCTOTHO-TIPOCTPAHCTBCHHOMN 00JIACTH.

YK 621.37:621.391

An analysis of width of spectrum of radio signal with unknown phase spectrum / V.G. Tsiporenko

It is rotined that the optimum analysis of width of spectrum of radio signals with an unknown phase
spectrum at presence of additive noise can be realized in the frequency-spatial range of definition. The basic
operation of such analysis is determination of frequency-spatial correlation function. Quantitative descriptions
of operation of analysis of spectrum width are certain in a frequency spatial area.
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