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ONTUMI3ALIISA ®OPMU KPUBOI PO3IIMPEHHS CIIEKTPA
I'JPOAKYCTHUYHOTI'O CUT'HAJLY 3B'A3KY

Pozenadacmocs 3a0aua onmumizayii xapakmepucmuk yu@dposux CUSHANI6 36'A3Ky 3 POZUWUPEHHAM CHEKmpY
0J1s1 NePCReKMUBHUX 2IOPOAKYCIMUYHUX CUCMeEM nepedadi OaHux 6i0 600010. [liisl CUSHANIE 368'513KY 3 POWUPEHHIM
cnekmpa 3a 0OHAKOBUM KPUMEPIEM ORMUMI3ayii nposedeHa oyinKa, KA 6KA3YE HA ICMOMHULL GNIUE XAPAKMEPUC-
MUK PO3WUPENHS CUSHATY HA 1020 61ACMUBOCMI HA NPULIOMI 8 KAHANAX, WO XAPAKMepUsyiomoscsa UCOKUM pigHeM
peeepbepayii. Buxonano onmumizayiio gopmu Kpueoi 3miHu uyacmomu 3 GUKOPUCMAHHAM MeMOOy eBOMOYIIHUX
cmpameziil, AKa 00360Ua MIHIMI3Y8amu (yYHKYIOHANL, Wo GI003EPKANIOE MIPY NEPEeKPYUYS8AHHS CUSHANY 8 KAHALAX

maxKkoeo muny.

Knrouosi cnosa: niosoona menemempis, yugposutl 36 30K, 6e30pomosuii ni08OOHUU 38 A30K, 2i0pOaKycmuy-

HUl 36 30K,

Beryn

Jns mepenayi AaHMX 10 TiApoakycTHYHUX (T/a) Ka-
Hajlax 3BI3KY B SKOCTI IEPCIIEKTHBHOTO PO3TIISIAETHCS
cnoci® (GopMyBaHHS CHTHAJIB, IO MAalOTh MOHOTOHHE
posumpenHst criektpa Hecydol [1]. Take po3mupeHHS
3BUYAHO TIONATae B Oe3MepepBHiM 3MiHI YacTOTH IO
TiHIAHIA 3amexHOCTI [2] abo Kybivnil mapabomi [1]. 3a-
BISKU Oe3MepepBHil 3MiHI, MUTTEBI YaCTOTH 3aIli3HUIMX
0araTornpoOMEeHeBHX KOMIIOHEHTIB NPHHHATOTO CHIHAITY
3aBxau pizHi. Lle no3Bose 3HM3UTH eheKT iX B3aEMHOTO
MacKyBaHHS 1 3 OUIBLIOI BIPOTIAHICTIO BiJHOBIIIOBATH
rapaMeTpy CUrHaiy 3B'S3Ky, IIepeKpydeHi OaraTornpome-
HeBicTio. OpHak, JiHIMHA W KyOiuyHa 3aJIe)KHOCTI HE €
€MHO MOKIMBUMH. OCHOBHHH ITOKA3HUK CUTHAITY 3B'SI3-
Ky 3 PO3IIUPEHHSM CIIEKTpa — 0a3a CHUrHaily — BHU3HaYa-
€TBCSI TPUBAIICTIO W 3aliMaHOI0 MIMPUHOIO YaCTOTHOL
cmyru. [lpn oMy, QyHKINST pO3MUPEHHS CHEKTpa, 10
JI03BOJISIE 30UTBIINTH 0a3y CUTHAITY, MOXKE SIBJISITH COOOI0
JIOBUIbHY 3aJICKHICTh YACTOTH 33 YACOM.

lNppoakyctuuni cranmii (CAC), mo MicTiITh KO-
MEpUIHO JOCTYNHI NPHIOMO-BUIIPOMIHIOBaYl, Hai-
OLIBLI YACTO XapaKTePU3YIOTHCS BIJHOCHOK HIMPHHOIO
poGouoi cmyru yactot y jgiamasoni 0.4-0.8 [3]. Ilpu
LHEHTpaNbHil JacToTi pobodoro [iama3oHy, 3BHYAWHO
He Oimpmr 60 k1, cMyra gacToT 3a aOGCONIOTHHM 3Ha-
YEeHHSIM Ma€ MHUPHHY a Mexax 25-45 xI'n. Y nopiBHsAHHI
31 3HaYEHHSIMU MIMPUHHU YacTOTHOI CMYTH, BUKOPUCTO-
BYBaHUMHU y 3BHYHHX paJliOKaHalax, CMyra 4actoT r/a
CUTHAJy € Jy’Xe By3bKot. Tomy 1uis eeKTHBHOrO 3a-
CTOCYBaHHS METOJy pO3MIMPEHHS CHEKTpa CUTHAIY
BEJIMKUI 1HTEpeC NPE/CTaBiIsge Po3podKa ONTUMAIBHUX
(opM KpHBOi 3MiHM 9acTOTH (Y MeXax 3aJaHOTO 4acTo-
THOTO Jiana3oHy), 3JaTHUX MiHIMI3yBaTu HepeKpydeH-
HSl NPUIMaBHUX CHTHATIB Y CKJIAaJHHUX KaHalax 3 BHU-
COKHM piBHEM peBepOeparlii.

Merta crartTi monsrae B onTuMizamii GopMu Kpu-
BOT 3MiHHM YacTOTH y MeXaX 3aJaHOr0 4acTOTHOTO Jiia-

Ma30Hy JJIsl 3HIDKCHHST NIePEKPy4YyBaHHS CUTHATY B I/a
KaHaJiax 3 BUCOKHM piBHEM peBepOepairii.

DyHKIIOHAJ, 0 NIJIArae MiHimMizanii

[Mpumyctumo, mo S(t) — nepenaBiibHUI cuUrHaN 3
KOMIUIEKCHOIO OOTMHANbHOIO, IO XapaKTePU3YEThCS
0e3nepepBHOI0 3MiHOK YaCTOTH 3a JOBUILHEM 3aKOHOM
y 4aci, 1 o mel CUrHa MOUIHPIOEThCA B Oaratompome-
HEBOMY KaHajl 3 iMIynbCcHUM Biarykom h(t). IIpuiins-
THIf 6araToMpOMEHEBHI CUTHAN y 3arajbHOMY BHII [4]
3aIMIIEMO 5K

r(t) = Uj[Re s(h(t-1) dt,

1 micns 0OpOOKHM 32 TOTIOMOTOX0 ONTUMATFHOTO KOMITICK-
cHoro nerekropa [13] i HOpMyBaHHS KOMIUICKCHHIA BHXiT
Y3TO/DKCHOTO (DUIHTPa MOXKHA TIPEACTABUTH Y BUTIISI
0
R(tg) = [r(t) s(t+to)+s(t+to+m/2) dt =
-0
o 1)
= [ [Re s(mh(t-1) s(t+to)+s(t+to+m/2) dide
—00 —00
Jie T — HQJUIMIIKOBA 3aTPUMKa IMOIIMPEHHSI CUTHANy B
KaHaii, ty — Yac CHHXpOHi3auii nmpuiiMaya Ha II0YaTOK
NpUHHATOTO CHrHANTY. HOpMyrOUM BHIXiN y3TOIKEHOTO
¢inmeTpa R(tp) mo eneprii HaiOuTBII 3HEpProBaroMoro oa-

raTompoOMEHEBOI'O BiﬂHOHICHHH

R(to)
E(to)
HAIIXOJDKCHHS HAa MPHUHAOM HAHOUIBII SHEProBaroMoro
06araTonpoOMEHEBOT0 KOMIIOHEHTA MPUHHATOTO CHTHAIY,

xommonenTa E(ty) ,

JeKUTh Y Mekax Big 0 go 1. fAxmo ty € 9acom

TO 1€ BiJHOIIICHHS SIBJISIE COOOI0 MOJYJIb B3aEMHOI €Hep-
rii IFOro KOMIOHEHTA i OMOPHOTO CUTHAIY, 4 BUPaKCH-

R(to) R(to)

€ OLIiHKOIO HMOro Imo4aTKo-
E(to) E(to)

Ha Im
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Boi (azu. SIKio mepeaaHuii CUTHAM SIBIISIE COO0I0 HEMO-
IyIbOBaHy iH(QOpMAIiHHIM CUTHAJIOM Hecydy (TI04aTKo-
Ba (paza JOpIBHIOE HYIIO, @ aMIUTITYa OJMHHMIL), TO Ha-
CTYITHE BUPA)KEHHS MOYKHA PO3IJISIATH B SIKOCTI (DYHKIIi-
OHaJIa, MiHIMi3aIlis AKOTo OyIe 00yMOBITIOBATH HAWNMEHII
nepeKpydeHe NPUHMAaHHS CUTHAITY 3B'A3KY:

R(to) 150
E(t,) ' 2
arctg| Im R(to) R(t) -0

E(to) E(to) '

s ouinku yHKITioHaNa (2) HEOOXiqHO PO3B's3a-
T iHTerpanbHe piBHsAHHA (1). [Ipu upomy, ciin ypaxy-
BaTH, IO MiJiHTEerpaibHe BUpaxeHHs B (1) mpencras-
JieHe 100yTKOM JIBOX CKJIQJIOBHX, OJIHA 3 SIKUX OIUCYE
nepelaHuil CUTHaJ, a 1HIIa IMIYJILCHUH BIATYK KaHay.
Takox, cimig 3BepHYTH yBary, mo mnpu (pikcoBaHOMY
po3MileHHI npuiiMaya i mepenaBada, iIMIyJIbCHAHN Biji-
ryk h(t) 3amexuTs BiI BIACTHBOCTEH KaHAIy W YMOB
TIOMINPEHHS 1 € JESIKOI (PYHKIIEI0, Ha Ky HE MOXE
BIUIMBATH PO3po0iroBad a0 KOPUCTYBad CUCTEMH 3B'SI-
3ky. HaBnaku, ¢opma curnany s(t) € ckiajgoBoo, ska
MOe OyTH ONTHMI30BaHa.

Onrumizanis gopmMu curLanay
3a MeTO/IOM eBOJIIOIIIHUX cTpaTerii

OTxe, iMITyTECHIH BigryK h(t) € BUagKOBHM i 3a-
JIeXKaTh BiJl MOTOYHOI reoMeTpii KaHally, Horo JUHAMIKH
1 po3MillleHHs] NpHUHMabHO-TIepelaBAIbHUX aHTEeH, a
¢dopma curramy s(t) € Takoro, MO 3ama€Thes (KepoBa-
HO0) (DYHKIIi€10, ONITHMI3allis K01 3a0e3rmedye MiHIMyM
¢dbyukmionana (2).

OdeBUAHO, MO 32 BUHATKOM JIEKITBKOX BHIIB (y-
HKIOIH y WiAIHTErparbHOMY BHPaKCHHI, HAIPUKIA,
n00yTKy cuHycoinu ¥ excrmonentu [5, 6, 8], po3s's3ok
inrerpana (1) B aHaMITHYHOMY BUIJISII ISl JOBLIBHOT
YaCTOTHO-4AaCOBOI 3aJI€KHOCTI NMPEJCTABISETHCS CKPYT-
HHM, @ YUCJIO BIAMIHHHX 4aCTOTHO-YaCOBHX 3aJIEKHOC-
Teil, 1110 00YMOBIIIOIOTh PO3IIMPEHHS CIIEKTpa CHTHAIY,
MOXe OyTH HECKIHUCHHO BEJINKUM.

OnHak, 32 yMOBH JMCKpeTH3alii YacTOTHOTO W 4a-
COBOTO IHTEPBAJIIB, MHOXKMHA KPHUBUX 3MIiHH YaCTOTH €
KIHIIEBOIO 1 PO3B's30K iHTerpana (1) Moxe OyTH BHKOHa-
HUH B 32 BUKOPHCTaHHSM YHCEIBLHHX METOAIB. 3ajaro-
YHUCh CTATUCTMYHHMH XapaKTePHUCTHKAMH KaHAIy 3B'SI3Ky
Ta BHUpimrytoun inTerpain (1) y dncensHOMY BUIIIAAL JUIS
BCi€l MHOKHHY KPUBHX 3MiHHM YacTOTH CHI'HAITY s(t), MO-
e OyTu 3HaiiieHa jesika cyoonTUMalibHa Gopma, sika “y
CepeHhOMY" ISl BEIMKOTO YnCIia BUMaakoBux h(t) Oyme
JlaBaTy pe3yJIbTaT, KPalui HiXK 1HIII.

Hexaii yacroTHO-yacoBHi iHTEepBal, IPU3HAYEHUH
st GopMyBaHHSI CHUTHANY 3B'S3KY, IPEACTABISIETHCS
MAacHBOM JTUCKPETHHX YaCTOTHO-YACOBHX BiMJIIKIB i Ma€e
po3mip NxM (N — gucno BigmikiB yactotd, M — 4ucio
Bi/UTIKIB Wacy). MHOXHMHA 3aJI€KHOCTEH 3MIHH YaCTOTH

3a 4acoM MOKe OyTH TpeJcTaBlieHa SIK MHOXHWHA BiJ-
MIHHUX MUIBIXiB, IO 3'€THYIOTh IIi BiMIIKH, TPHIOMY
KO>KHUH TepexiJy 3 JUCKPETHOI'O 3HAYCHHS YacTOTH B
JIOBUTbHHUI MOMCHT Yacy MOXe OYyTH BHKOHAHHMA [0
KOXHOTO0 13 M TUCKPETHUX 3HAYEHb YaCTOTH B HACTYII-
HUI MOMeHT Jacy. Tofi 3arajgpHa KiTBKiCTh IIISAXIB, 110
3'eqHyI0Th N BiIUTIKIB YaCTOTH Ha iHTepBaii i3 M Bimi-
KiB 9acy, i, BiATIOBITHO, YHCIIO BiAMIHHUX KPHBHX 3MiHH
9acToTH curHany, nopisaioe MY, a wmcio HesamexHnx
3MIiHHHMX (110 SIKHUX BHKOHYETBHCS ONTHMIi3allis) CTaHO-
BUTh N+M.

[Mpunyckaw4u, M0 PO3IMUPEHHS CIIEKTPa CUTHATY
3B'SI3Ky MOJISTA€ B 3MiHI YaCTOTU TIO OJIHIN i3 IUX KPH-
BUX, 1 33J]aF0YUCh IMITYJIbCHHM BiIl'YKOM KaHAJy 3B's3-
KH, MOJIeNIb TIPUUHITOTO 0araTonpoMEHEBOTO0 CHUTHATY
Moyke OyTH OTprMaHa 3 HaCTYIHUX MipKyBaHb.

Jnst Oinpoiocti I/a KaHaNIB IMITYJIBCHHH BIATYK
MOYHA TPEICTABUTH HAOOPOM JHCKPETHHX 0Oaratorpo-
MEHEBHX KOMITOHECHTIB (i30Jb0BaHMX IiKiB abo "maib-
uiB"). Toni, GaraTonpoMeHEBUI CUTHAJ, IO MiJIsrae
00poO11i Ha mpuitomi, siBIsiE OO0 CYyMy CHHXPOHHOI
KOTIii MepeIaHoro CUrHANY ¥ psijly 3aTpuMaHuX (HECHH-
XPOHHHX) KOMi# 3 BUMAJKOBUMH 3HaYeHHsMH (a3u. 3a
YMOBH JIOCHTh BHCOKOI JUCKpETH3allii 3a 4acTOTOIO i
gacoM, 3HaK IHTerpaja MOXXKHA 3aMiHUTH 3HAKOM CYMH i
BupaxxeHHA (1) MO>KHA TIepenucaT y BUTILII:

R(MAt,) ~

M-

Re s(t;)h(nAt —1;) s(nAt + mAt,),

N
=2
n=0

ge L — umcno GaraTompoMeHEBUX KOMIIOHEHTIB, T;

i=0

HA/ITMIITKOBA 3aTPUMKa MONIMPEHHS i-ro Oaratompome-
HEBOT'O KOMITOHEHTa, N — YHCIIO Bi[UTiKiB "acy, NAt -
HOTOYHUI JUCKPETHUH yac, TAt, — BIIJIIKH IUCKPETHO-

ro dacy. KoxHuii 3 0aratornpoMeHeBHX KOMIIOHEHTIB,
3aJIe)KHO BiJl HOro (ha3u i 4acoBOTO 3CYBY, A€ OUIbIINIA
a00 MEHIINH BHECOK y MEePEeKPyUEHHS CHHXPOHHOI KOmii
NPUIHATOrO CUTHANY. Y CaMOMY HECIPHUSTIUBOMY BH-
MajJKy Taki KOMIIOHCHTHU INiIJIbHO a00 OE3yMHHHO Haj-
XOJSTh OJIMH 32 OJHHUM Ha IHTEpBaNi BiJ HYJA IO MakK-
CHUMaJIbHOI HaUTHIIKOBOI 3aTPUMKH TTOIIMPEHHS CUTHA-
ny. Ilpu poMy HaliOibIIe TIepeKpydyBaHHS iHpOpMa-
LIfHOrO mapaMeTpa CHHXPOHHOTO KOMIIOHEHTa JIOpiB-
HIOE CyMi MakCHMaJIbHHX IepeKpy4YeHb, BHECEHUX KO-
KHUM 3 HECHHXPOHHHMX KOMITOHEHTiB. Toxi ¢popma kpu-
BOI 3MiHM 4acTOTH CHTHAJY s(t), pH SAKilf cyma MakcH-
MalbHUX NepeKpydeHb MiHIMaJbHA, BHPIIIyE 3amady
MiHiMmi3amii ¢pyHKnioHana (2) i if Mo)KHa BBa)kKaTH OITH-
MaJbHOO JIst aHoro h(t).

OpHak, CepiO3HMM YTPYIHEHHSM HpPU PO3B's3y-
BaHHI Takoi 3ajayi € HaJA3BUYaiHO BENMKUH 00'eM 00-
yucieHb (3a1a4a KOMOiIHATOpHOI ckiiagHocTi). Hanpu-
KJIaJ, IpH JUCKpeTH3amii 9acTOTHOI CMYTH IIUPHUHOIO
40 xI'm 13 xpokom 200 T'm, i TMMYacoBOro iHTEpBaLy
TpUBaJICTIO 2 MC 13 KpokoM 10 MKc, TOOTO TMCKpeTH3a-
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1ii 9aCTOTHO-4aCOBOTO iHTEPBAIY, IO JO3BOJIsIE CHOP-
MyBaTH CHUTHAI 3 6a3or0 B = 8, unicno auckpeTHUX 3HA-
4yeHb yactoTu/dacy craHoButh 40000, a ynciio Hesase-
xuux 3miHEEX 400.

O4eBUAHO, O I CTAHAAPTHUX METOJIB ONTHUMIi-
3amii 9UCcI0 He3aJIe)KHUX 3MIHHUX € IYyXKe BEJTUKUM (Me-
TOJM ONTHMI3allii B MepeBakKHIH OLTBIIOCTI MpHU3HAUCHI
UL poOOTH 3 HEBETHKHM YHCIOM HE3ale)KHUX 3MiH-
HUX, 3BUYaitHo MeHII aecsatH [9]). [IpuHIMIOBO MMiIX0-
JSIIMU JUTS e(pEKTHBHOTO PO3B'SI3yBaHHS 3a7ad ONTH-
Mizalii B mpocTopi BEIMKOI PO3MIPHOCTI € eBOJIOLiIHI
0O0YHCIICHHS, 30KpeMa METOIU TeHETUYHUX aJTOPUTMIB
[13] i eBoumroniiinux ctpareriit [14].

BimHOCHO MeTOy €BONIOLIWHUX CTpATETiil BiqoMa
MHOXKHHA XapaKTEPUCTHK, SIKi pOOJATh HOTO IepeBak-
HUM JJI1 BUKOPUCTaHHA B ITOTOYHIN 3a/adi ONTHMIi3aii
(dopmu curHay 3B'I3Ky (onTuMmizauii B 6araToMipHOMY
npoctopi pimreHsb). 3okpema, Bigomo [10], mo merox
EBOJIIOIIITHAX CTpATeriii IEMOHCTPY€E BHUCOKY CPEKTHB-
HICTB IiJI Yac po3B'A3yBaHHS BaXKO (OpMaizyBaJbHUX
3a/a4, a TAKOXK TPYJIOMICTKHX 3ajad 0araToOMIipHOI OII-
TUMi3amii i 00poOKH maHUX, 3a1a4 KOMOIHATOPHOI OII-
TUMi3awii, 3abe3leuye  MOMIIMBICTH  MPOOJIEMHO-
OpIEHTOBAHOTO KOAYBaHHS PO3B'SI3yBaHb 1 HE CTaBUTH
0o0OMe)keHb Ha BUJI HiJTbOBOI (PYHKIIT (HAPUKIAL, TOITY-
CKa€ BUKOPUCTAHHSI MYJIBTHMONANFHUX HiTbOBUX (PyH-
kiiit). HesBaxkaroun Ha MeBHI METOOJIOTYHI BiIMiHHO-
cti [11] y BUrIAAl HiTbOBUX (QYHKII#H i aTbTepHATUBHHUX
pimiens, omeparopiB pekomOiHamii, MyTamii iH., Bigomi
(GhopMHU €BOMIOMIWHUX CTPATETid JT03BOJIAIOTH TOBOPUTU
npo 0a30Bi MOCTYNATH, TaKi SIK YHIBEpPCAIbHICTh 1 (yH-
JAMEHTAIIFHICTD, BIIACTHBHUX EBOIIOIII HE3aJEeKHO BiJ
(dbopmu it piBHs abcTpakiii moaeni [12].

VY npencTaBiaeHOMY HIDKYE MaTepiaii JJisi ONThMi-
3amil (OPMH CHTHAITy BHKOPHUCTOBYBAJIACh €BOIIOIiHHA
cTpareris 3 mapamerpamu epouttomii (6/6, 20) [15]. 3a-
3HAYCHI MapaMeTpu O03HAYAIOTh, 1[0 B CTBOPEHHI KOKHOT
HACTYITHOI HOITyJIsiLii OepyTh y4acTb 6 OaTbKiB, IPUIOMY
BCi 6 OepyTh yd4acTh y mporieci pekoMOiHaIii i mopo-
JoKytoTh 20 HamaakiB (koMa O3HAYaE, M0 CEEKIi mia-
JIITAlOTh JIMINIE HAIIagKH, a OaThKH 13 CeeKIil i moa-
JBIIOTO BIATBOPECHHS BHUKIIIOYAIOTHCSA). XapaKTEPHOIO
pucoro Oyno BUKOHAHHS ajganTaimii (mepepaxyBaHHS)
KOBapiallitHoi MaTpUIIi JJIs1 KO)KHOTO HOBOTO ITOKOJIIHHS.
3araybHEe 4YMCIIO TOKONiHb, IO MOJIETIOBAIN IIPOLEC
€BOJTIOLIIT, 3BHYAaiHO JIexkano B mexkax 30000-40000.

BuxopucTani mapamMeTpu €BOJIOIIl HE € €IUHO
MOXJIMBAMU. Bubip 3miiicHIOBaBCS 3 BHIJISAY 3ajadi, a
caMme, BENMKOTO YHCJIa He3aJIe)KHHUX 3MIHHHX 1 HEBEIU-
KOTO 9nciia 0OMeXeHb (IMB. HIKYE), a TAKOXK MPAKTHY-
Horo jgoceimy [15], mo CBim4HMTH Ha KOPHUCTH BUCOKOI
PE3yIBTATUBHOCTI EBOIIOIIHUX AJTOPUTMIB, BUKOHY-
BaHUX 3 TaKUMH MNapamMeTpamMu (BHCOKOi MIBHUIKOCTI,
CTIHKOCTI TONIYKY - 3JaTHOCTI MOCTiHHO 30iIbIIyBaTH
SIKICTB TOMYJIAII, CTIHKOCTI IO BIyYEeHHS B 30HU €KCT-
peMyMmiB).

[Himiamizarmisi MOYAaTKOBOI MOMYJAMIi IMmoJisATama B
CTBOPEHHI 6 OJHAKOBUX BEKTOPIB-O0ATBHKIB X=(X1,...,Xn)
€R", mo mnpencTaBIMOTE COGOI0 APryMeHT (yYHKILi
S(X) = cos(x) i yTBOPIOKOTH JiHIHY BUCXiAHY a00 criamHy
3MiHYy 9acTOTH. Y pe3yibTaTi MyTamii (BUIO3MIHH) Xy,...,
X, KOXHOTO 3 OaTbKiB i HACTYIHOI pekoMOiHaIlii BHIO-
3MIHCHHX X CTBOPIOBANOCS TOKOJMiHHA 1X 20 Hamamkis,
JUTSL KOJKHOTO 3 SIKMX OI[IHFOBABCS KpUTEPii omrumizarii
(muB. Hwk4ge). Ilicnsa cemekmii 6 Ham@AKIB, MO MalOTh
HaWOLIbIII 3HAYSHHSI IIbOTO KPUTEPIIO i BUCTYIAIOYHX Y
poJli  HACTYITHOTO TOKOJIHHS OaThKiB, CTBOpIOBAJAaCs
HOBa TomyJsAMis. [Iporiec eBOMOIIHHNX 00YHCIeHb TPH-
BaB JI0 JIOCSITHEHHST MaKCHMyMY KPHTEpIilO ONnTHMi3ail,
KOJIM 3HOBY CTBOPIOBaHI HalllaJKW BXXE HE 30UIBIIYBAIIH
Horo 3HayeHHs, a00 0 JOCSATHEHHS OCTAaHHBOI'O OOYHC-
moBanmbHOTO MUKy (=40000). Ha BHXOMi €BOMIOIIHHIX
00YHCIICHh — BEKTOP X, IO BH3HA4ae (YHKIIIO Oe3mepe-
PBHOT 3MiHM YacTOTH IEPEJaHOTO CHTHAJTY, BUKOPHCTO-
BYBABCs Y SIKOCTI ONITHMAJIBHOTO.

HesBakarouu Ha Te, IO PO3MIISIHYTa HIXKYE ONTH-
Mi3allisl BHKOHAHA BIJHOCHO CHEI(IYHOrO MPHUKIALy
CITiJ 3a3HAYMTH, IO ii pe3yNIbTaTH MOXKHA y3arajlbHUTH
Ha BEJMKY MHOXHHY IHIIMX npukiagiB. Lle crae mox-
JIMBUM TICJIsI 3alUCYy CHTHaJy B aOCTpakTHIiN (opmi, y
SKIf CHUTHaJ BU3HAYAETHCS HE 3BHYHUMH MapameTpaMu
(4acToTHa cMyra, TPHBAJiCTh, (hopMma), a abCTpaKTHU-
MH: YUCIIOM OCLMJIALIHN 11X popma.

[TpumycTumo, mo i pO3paxyHKiB 3HAUCHHS KPH-
TEpil0 ONTHMIi3allii BUKOPHUCTOBYETHCS BEKTOP ©, IO
(dhyHKIITO
o= ((0i @) € RN e N = 200. TpuBaicts curHamy

BHU3HaA4Yae 3MIHH YaCTOTH, npuiomMy

craHoButh T = 200 mMkc. CurHanm IUCKPETU3YETCS 3a
gacoMm 3 kpokoMm 10 mkc. HacroTtHa cmyra, B sikoi (op-
MyeThCs curHa, mae mupuHy 40 k1. KytoBi wacrotn
CUTHAJIy HaJe)KaTh 10 IHTEpBalNy [®), ®p], Ae ® =27

-1 -1
40000s 1w, =2m80000s .

Jlyist 3pydHOCTI OGYMCIIEHh BU3HAYUMO HOPMOBa-
i=1...N ne

HUH BEKTOp K cT):((Bi,...,(BN),

_ o; —Min(o) L .
©] = —————————— , IPUYOMY BHUXIJTHHUHU BEKTOp ® 1
max(w) — min(w)

MEepEeTBOPEHU O TOB'sI3aHi JIHIHHOIO 3aJIEKHICTIO

)

Cuig 3a3HAYUTH, 110 32 JOIIOMOTOIO i€l 3aIeKHO-
CTi, IUISIXOM 3aJaHHS ®; 1 ®p MOXe OyTH OTpUMaHUHA
apryMeHT, 10 BU3HAYAE YACTOTHY CMYTY CHTHAIY 1 Jie-
JKUTh Y TPAHUIIX HEOOXITHOTO JAiana3oHy 4acToT. Toi,

Cl)i :a)i((ﬂh —(1)|)+0)|, |:1,,N

3aCTOCOBYIOUH (; 3aMiCTh ®;, Pe3yIbTaTH IpOpoOie-

HUX HID)KYE PO3PaxyHKIB MOXYTb OyTH pO3IIMpEHi Ha
JIOBUTBHY YaCTOTHY CMYTY.

Kpurepiit ontumizanii # ¢yHKISE 0OMeXeHHS
MPOCTOPY pilleHb. 3a 33yMOM, y TOULl MiHIMyMYy (QYH-
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KmioHana (2) poscitoBanHs (a3 i aMIUTITYAH € MiHIMa-
meHUMHU. ToJi, Y SKOCTI KPHUTEPiI0 ONTUMAIBLHOCTI MO-
’KHA BUKOPHCTOBYBAaTH MaKCUMYyM Jesikoi QpyHKLii, 3Ha-
YEeHHS SIKOTO OOCPHEHO MPOMOPILIHHO pajiycy po3cito-
BaHHS ()a3W W aMIDITyAW CHTHAJIy HAaBKOJO CBOTO He-
CIIOTBOPEHOTO 3HadeHHS. Tomy, meil kpurepili MoKHa
BHU3HAYMTH Y BULIIS

Optcrit(x) =

e A6, — MakcuMmaibHe BiIxuieHHsS (a3u Bij eTaloH-
HOro 3HayeHH:A, AA, — MaKCHUMallbHE BIIXHUJIECHHS aM-

IUTITYIM BiJ €TaJOHHOTO 3HAYEHHS, A — aMIUTITy/]a CHT-
Haity. Jlyig Toro, mo0b rapaHTyBaTH, IO CHEPTis CUTHAITY
s(t), 10 MICTHTH TeHEpYEMUH y X0l onTuUMizalii apry-
MEHT X, JISKHUTH Y 3aJaHOMy YaCTOTHOMY Jialla3oHi, Ha
KO>KHOMY KPOIIi ONTHMI3allii OI[iHFOBAJIOCS BIAHOIICHHS
€Heprii CHUTHaIy, M0 JOBOJUTHCA Ha NaHWU Mialla3oH,
JI0 TIOBHO{ €Hepril CUTHANY:

X
EFB(x) = > U(x) /E .,
X
ne U(x) — criekTpaibHa MIiIbHICTh eHeprii curHany, E —
€HepTis CUTHAY, X, Xp — IHACKCH, BIAIOBIAHI IO 9aCTOT
®) 1 ®, 33 IOTIOMOTO0 piBHAHHS (3).

Cunijf 3a3HaYUTH, O CUTHAJIH, EHEPTisl IKUX BUXO-
JIMJIA 32 MEXI 3aJaHOTO YaCTOTHOTO Jiana3oHy, HE BH-
KITIOYaJIFCS TIOBHICTIO 13 MpOIiecy OnTHMi3amii. 3aMicTh
ILOTO TaKi CHTHAJH 3a3HaBaliu «ITpadyBaHH». Y pe-
3ynbTaTi, OOMEXEHHSI Ha IXHIO Y4acTh y pO3paxyHKax
Oyno «M'sikuM». 30KpeMa, sIKIo Oinbnre Hik 95 % eHe-
prii curHairy s(x) 3HaXOIUIIOCS B MeKaxX 3aJaHOTO Jac-
TOTHOTO miama3ony, To6To EFB(X) > ¢; =0,95, 10 3HAa-
4yeHHs mTpady piBHsUOCA Hymro. Skmo Hi, To mrpad
OyB TO3UTUBHUM YHCIIOM, IO 3pPOCTaB y MOHOTOHHIH
3ajexHOCTI ((haKTHYHO, Y Tpoleci eMyIsLil pi3HULS B
3aCTOCYBaHHI, HANPHUKIAJ, JIHIHHOI W KBaIpaTUIHOL
3aJIeKHOCTEH OyiIa MaJlo MOMITHOO).

Omxe, hopmasizailis M'IKOTO 0OMEKEHHS! MOJIsATa-
Jla B MOPIBHSIHHI PO3pax0oBaHOrO JUIsl MOTOYHOIO X 3HA-
yenHs1 EFB(X) 3 ¢ikcoBanuM moporom ¢, = 0.95, a Ta-
KOX po3paxyHKkax mTpady mnpH BHKOHAaHHI yMoO-
Bu EBF(X) < C|_, 30Kkpema

2.
g (X) = gf (c, —EBF(x))” :EBF(x) <c

:EBF(x)>c

Jie C¢ — MacITaOHui KoedilieHT, M0 BU3HAYAE IIBHI-
KiCThb HapoCTaHHA mTpady AN CUTHANIB 31 CHEKTPOM,
OUTBIII IIMPOKKAM, YUM 3aJaHU YaCTOTHHHA Miara3oH.
3HadeHHs1 MacmTabHOro KoedimieHTa cf BUOMpamocs 3
MipKyBaHb HOIUIbHOCTI (GyHKUii mTpadiB. 3okpema,
JUISL CUTHAJIIB 31 3HAYHO OLIBII HIMPOKUM CIEKTPOM,
YUM TPUIYCTUMHHN, MacIITaOHUI Koe(dilieHT TOBHHEH
OyB 3ale3medyBaTH CyMIpHICTH 3HA4eHHS mTpady
ggr (X) i xpuTepiro ontumansHOCTI Opterit(x).

Mipa sixocmi. TakuM 9rHOM, AJI MiHIMI3ammii 1i-
m0Bo1 pyHKIIT (2) y X0 onrTHMI3aIlil 3HaX0)KyBaJloCh
Take 3HAYCHHS X, npH skomy Optcrit(x) npuiimano mak-
CHUMaJlbHe 3Ha4YeHHs, y Toi 4ac sik ymoBa EFB(X) siBis-
7a cobor «M'sske» 0OMEKEHHS Ha CIEKTPalIbHY MIiJIb-
HICTh €Heprii ONTUMI3yeEMOTO CHUTHANY. 3 ypaxyBaHHIM
IIHOTO OOMEXKEHHSI Mipa SKOCTI curHany s(t), popmoBa-
HOTO Ha KO)KHOMY KPOIli ONTHMIi3a1lii, Majia BUTIIS

g(x) = OptCrit(x) —gr (X) .
QaktruHO ((X) SBISAB COOOK0 Mipy, IO JO3BOJISE

CYIMTH HE TiJIbKHU MPO CTYMiHb MEPEKPYIyBaHb CHTHATY
B OaraTompoMeHeBOMY KaHalli, ajie TaKOoX i PO CTYIiHb
WOro BIAIMOBIIHOCTI OOMEXEHHIO IT0 3aliMaHiil 4acTOT-
Hill cMy3i.

Mipa 32nadoicenocmi. J1ns oniHky Bapiarii MUTTE-
BUX 3HA4YCHb YaCTOTH Ha KOXXKHOMY KpPOLi ONTHMIi3amii
obuucioBaach creliajibHa Mipa, 10 J03BOJIsIa CyAu-
TH TIPO CTYIIHb 3MVIQJPKEHOCTI KPUBOI 3MIHM YacTOTH.
Bona 3anexana Bix mucnepcii MHTTEBHX 4YacTOT, sKa
oOumcroBanacs Ha MiIMHOXHHI Z BEKTOPa X IOBXKH-
Hoto N, y Takuii croci6:

Vi(X)=V; X, X —;x
j j irr AN, -1 Nz(Nz _1)
N, N, )2
INSXE= S | [, i=1.,N=N,,
i=1 i=1

MICJI YOro Mipa 3rJ1aHKEHOCTI 3HAXO/DKyBallaCh y BH-
N-N,
mai qg(X) =cCg 2 sz(x), Je Cg — MacmrabHuil
j=L
Koe(illieHT, SKUi BUOUpaBCs Ui HOPMYBaHHS 1 Hao4-
HOTO HaBe/eHHS (g (X) .
PesynpraT ontumizauii. Ilpuknan 3miHM sKocTi
q(x) y mporeci onTuMisamii IpeacTaBIeHU Ha puc. 1, a
TaKOX 3MiHU OKpEMHX KOMITOHEHTIB IIi€i MipH Ha puc. 2.

-2 L L L
10" 10
HOMep HTepALHH

* 10

Puc. 1. Kpua 3minu sikocti q(X)

Hageneni Ha puc. 1, 2 KpHBi € THIIOBUMH JUTS BCIiX
EBOJIOLIHHNX OO0YMCIIEHb, BUKOHAHMX Y paMKax Iii€l
poOOTH 3 Pi3HUMH MTOYATKOBHMH YMOBaMH H ImapaMmet-
pamu onrtumizamii. Ilicna kopoTkoi ¢asm, mpoTsarom
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SIKOT 3HAYEHHsI KPUTEPi0 omTuMizarii 3pocrtano (Ie
TpuBaio npuomm3Ho a0 100 kpoky omnrumizaiii), Ha-
cTynajga TpuBajia (asza MOBUIBHOTO POCTY, 3MiHIOBaHa
HacuueHHsM. [loscHEHHs Takoi MOBEIiHKM KpHUBOi Tpe-
3€HTOBAHO Ha pHC. 2.
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HOpMaTH30EarFbie Operit(xy), EBF(3), qg(x)

<
=N

HOMep HTepPAIHH
Puc. 2. Cxnaynosi q(x), HopMoBaHi 1o 1

Ha puc. 2 npencraBiieHi CKIamoBi SKOCTI (X): Cy-
LUIBHOIO JiHi€I0 — Kputepiii onrtumizamii Optcrit(x),
MyHKTUPHOIO JIiHiEI0 — M'sike oomexenns EFB(X), kpa-
IKaMH — Mipy 3TJIa/UKEHOCTI (g (X) KpHBOI 3MiHH dac-

ToTH. JIJI1 HAOYHOCTI KOXKHA i3 KPUBUX HOPMOBaHA 10
onuHUII. SIK BUIUIMBAaE 3 PHUCYHKY, LIBHJILIE BCHOTO
3pocTana Mipa 3MicTy eHeprii B 3aJaHiii cMy3i 4acTOT
EFB(x), Tak mio micist npuomm3ao 100 Kpoky onTiMiza-
uii 3agoBonbHsutacs ymoBa EFB(x)>0,95 (curnam Bxke
JIeKaB y MeKax 3aJaHoi 4acTOTHOI cMyrH). Xapakrep-
HO, 110 JI0 JIOCSITHEHHsI CTPaBEVIMBOCTI i€l YMOBH HO-
Ka3HUK 3IJIa/PKEHOCTI KPUBOI 3MIHIOBaBCS Maiio abo He
3MIiHIOBaBCs B3arai. [licist JOCSTHEHHS CIpaBeIIMBOC-
1i ymoBu EFB(x)>0,95 moka3HuK 3riaKeHOCTI 3pOCTaB

J

10 MakCHMMAaJIbHOT'O 3HAYE€HHS M IOTIM OCILIHIIOBAB 31
3HIDKEHHSM JIO JIESKOTO TMPOMDKHOTO (CTanoro) 3Ha-
YeHHs. Y CBOIO 4Yepry, 3HaUE€HHS KPUTEPil0 ONTUMizamii
Optcrit(X) 3poctano mpakTUYHO MPOTITOM YChOTO XOIY
obuncnens. Ha#Oimpmmii pict coocTepiraBcs micis
nmocsTHeHHsT cnpaBeanuBocti ymoBu EFB(x)>0.95. Ha
KIiHIIEBIM MUISHII ONTHMi3amii croctepiramacs ciadka
OCHWJIALISA KPUTEPito onTuMi3alii 01 3HaueHHS ¢ Xig
mi€l onTuMiszamii, TaKOK AK 1 IHIIMX, BUKOHAHUX 3 1H-
MMM TOYaTKOBUMH yYMOBaMH, yKa3ye Ha CylepedJiu-
Bictb Opterit(x) i EFB(x). Haii0inbme 3HaueHHS
Optcrit(x) mocsraeTbess MU MAKCHMAJIbHO TIPUITYCTH-
momy EFB(x). le 3HauuTh, 110 B pe3yspTaTi onTuMisza-
i1 CUI'HAJ «TIparHyB» 3alHATH SK MOXKHA OUTBII MIUPO-
Ky CMYTY.

Pesynsratn ontumizartii. Ockinbku B [2] BCcTaHOB-
JICHO, L0 BHKOPUCTaHHS B 0araTonpoMeHEeBHX I/a Ka-
HaJlaX Hecydol 3 JIHIHHOI 3MiHOIO YacTOTH IIO3BOJIIE
CYTTEBO 3HM3HTH CIIOTBOPIOBAJIBHUK BIUIMB OaraTomnpo-
MeHeBOi iHTepdepeHIii, y SKOCTI BUXIZHUX KPHBUX
3MIiHM YacTOTH (IOYaTKOBOI MOMYJIALIl X) BHKOPUCTO-
ByBaJIMCs IiHIMHI 3amexHOocTi. [lpn 1poMy 3HauYCHHS
KPHTEpilo Ha T0YaTKy Mpolecy onThMizauii Oyiau npu-
OJIM3HO OJHAKOBUMH, 30Kpema 3.42 1 3.33 i curHamis
3 JIHIMHOI BHUCXITHOK ¥ JIHIHHOI CIIaJIHOI0 3MIHOIO
YacTOTH, BIAMOBIAHO. Y MeXax 3aJaHOl YaCTOTHOI CMy-
ru nepedyBaiio 6am3bpko 93% eHeprii curHaiy.

OCKITbKY He3aJIe)KHO BiJ (hOPMH BHXIIHOI KpUBOI
3MiHH YacTOTH (TI0YaTKOBOI MOMYNALIii X) pIllIeHHS,
oJlep)KyBaHI B pe3yJsbTaTi onTUMi3alii, Many Mani BiJ-
MIHHOCTI (3Ha4YeHHs! KPUTEpil0 onTHUMizauii Oymu Onu-
3bKi), Haii IJIsl CTUCIIOCTI BHKJIAN OyzAe BimOyBaTHCS
BiTHOCHO OIITHUMi30BaHUX ()OpPM, IO MAIOTh BHCXiTHUHA
TPEHI.

_—

.8

=
og

VLAX OIHPHHB 3aHHMACMOH IIOJIOCEL,

0.6

=
kN

=
>
=
bo

HOPMaI30BaHHaA 4acTOTa

(B 0.

25 0.5
BpeMa

(B JOLAX JHTeIBHOCTH CHIHATA)

0.75 1

HOPMAIH30BAHHAS YACTOTA
(B HOILLX LIHPHHEL 3AHAMAEMOH II0JOChL)
=
- =N

Puc. 3. Kpua 3minu yacrotn
(6e3 3rmapKyBaHHS)

Ha Buxoai nepmroi onTumisanii, BUKOHyBaHOI 0e3
3rVIa/pKyBaHHs, Oyna oTpuMmaHa (opma 3MiHM 4acToTH,

AKa  XapaKTepU3YETbCS  CHIBHUMH  (IyKTyamisMu
(puc. 3). Ilpu BOMY CHrHAN 33/I0BOJIBHSB OOMEKECHHIO
Ha  CHEKTpIbHY  IIUIBHICTE  €Heprii, 30Kkpema

EFB(x)=0.951, a xpurepiii onTuMizariii CyTTeBO mepe-
BUII[YBaB 3HA4Y€HHS, XapaKTepHe ISl BUXITHOTO CUTHAITY
3 JTiHIHOIO 3MIHOI0 YacToTH, 30KpeMa Optcrit=4.771.

(B JOMAX JIHTEIEHOCTH CHIHATA )

Puc. 4. KpuBa 3Minu yacroTn
i3 3rmamkyBanasM (N,=5)

frny
3
5 G
ESos
Q O
£z
5 § 06
g é 04
§ 62
: g
025 05 075 I 025 05 0.75 I
BpeMH ES’ BpeMA

(B HOMTAX MUIHTETBHOCTH CHTHAIA)

Puc. 5. KpuBa 3Minu yacrotn
i3 3rmamxyBanHaM (N,=10)

OCKUTBKH TIPEJCTaBIICHa HAa pHC. 3 ONTHUMi30BaHA
(dopMa KpUBOI € CKIaTHOI W HE JO3BOJSE BUKOPHCTO-
BYBATH aNpOKCHUMAIlii, 3py4Hi Ui MaT€MaTHYHOTO MO-
JIEITFOBAaHHS, Y HACTYITHHUX ONTUMI3aIlisiX 0yJI0 BUKOpHC-
TaHe 3TJ1aJKYBaHHS (3 OIIHKOIO 1 BiTOOpasKeHHSIM MipH
3TJIaKEHOCTI KPHUBOT).

3a J0MOMOro0 3aJaHHs IIMPUHU BiKHA 3TIIAIKY-
BaHHSI Ny pEryJoBaBcsS PO3KH]I MHTTEBHX YacTOT (3i
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30impmeHHIM Ny Amcrepcis UJ?(X) # (g (X) 3MeHmIy-

Baymcs). Puc. 4 mpexacraBisie pe3yibTaT ONTHUMI3amii
KpUBOi 3MiHM YacTOTH TpPH 3aJaHHI MIMPUHHU BiKHA
Nx=5, a puc. 5 npu 3agaHHi BABi4i OLIBIIOT HIMPUHU
BikHa, Ny,=10. Cnmig 3a3HaYuTH, 110, HE3Ba)KalOUM Ha
3HAYHO OINBITY 3TIa/KEHICTh, 3HAYCHHS KPHUTEPIIO OII-
TUMi3alii pisHWIMCA HecyTrTeBo (4,666 s pwuc. 4,
4,664 nnst puc. 5). [Ipu nbomy 00uIBa CUTHANA MICTHIH
OJTHAKOBY KIJBKICTH €Heprii B Mekax 3aJaHoi CMYTH
gactoT (EFB = 0.952).

Amnamiz. Ha puc. 6 mpexacraBieHi 3HaiiieHi BuUIle
pilIeHHs, OTpUMaHi B pe3yibTaTi ONTHMI3alii MO eBO-
JOIIITHOMY aJTrOPUTMY, BiAIITOBXYIOUHCH BiJl BUXiTHO-

1_

T

0.8

0.6

0.4

HOPMAaJIM30BaHHAA YacTOTa
(B AONAX WIHPHHBI 3aHUMAEM O TOJIOCEI)

0.2

0.5 0.75 1.0

BpeMs
(B MOTMAX AMHTENBHOCTH CHIHATIA)
Puc. 6. HaknageHHst KpuBHX 3 HAHOIIBLIMMU
3HadeHHAME OptCrit(X) A7 pi3HUX 3TITaKyBaHb

Jnst iepeBipkH IIbOTO INPUITYIIEHHS KpUBa 3MiHH
4acTOTH, 300pakeHa Ha puc. 7, anpoKcUMyBallacs Moc-
JIIOBHICTIO JIHIHHUX TUISHOK 3 PI3HUMH Haxwjaamu. Y
pe3ynbpTaTi OTpUMaHa OILIiHKA KPUTEPIIO0 ONTHMAIBHOCTI
BUSIBIJIACS TPOXHM HIDKYE, UMM aHAJIOTIYHA OLHKA IS
CUTHANy 3 «HaWKpaIloo» KPHBOI 3MIiHH YacTOTH
(puc. 3), 30kpema, 4.464 nipotu 4.771. Y ToO¥ xe gac, 11e
3HAYCHHS 3aJIMIIANIOCS CYTTEBO OUTBIIAM Yy MOPIBHSIHHI
3 BUXIZIHUM, 30KpeMma, 4.464 nporu 3.42.

Kpim ampokcumariii mociiOBHICTIO JIIHIHHKX i-
JISTHOK, KpHMBa arpOKCHMYBajiacsi TaKOX IOJIHOMaMH
TpeThoi, YeTBepToi 1 m'sitoi cremeni. OuUiHKK XapakTe-
PHUCTHK CHMTHANIB BHsBWIIMCS Onu3bkumu. Hanpukian,
IIPY arpoOKCHMallis HOJIHOMOM IT'ITOi CTeleHi, 3Ha4eH-
Hs KpuTepiro ontumizanii Optcrit(x) 3poctaino mo 4.571,
1 TaKUM YHMHOM BiJpi3HsUTIOCH BChoro Ha 4.2 % Bix Max-
CHMAaJILHOIO 31 3HAMIEHUX.

TakuM 4MHOM, 3aJISKHO BiJl 3TIIa/PKEHOCTI KPUBOi
3MIiHM YaCTOTH MaKCHUMaJlbHE 3HAUeHHS KPUTEPII0 OII-
tumizanii Optcrit(x) mMorio BigpisHATHCS (OUIBIII 3HA-
YEHHsI TSI MEHII 3IJI/DKCHNX KPUBHX), OJTHAK, CTYIIiHb
LUX BiIMIHHOCTEH OyB HEBEIMKHH, 30KpeMa, y MeXax
NEKUTBKOX BIACOTKIB. YBa)Karo4u Il BIAMIHHOCTI Majo-
3HQUUMHMMH JUISI TIPAaKTHYHUX 3ajad, CJiJl 3a3HAuYuTH
repeBary BUKOPHCTAaHHS TJIAJAKHX, HAIPHKIAl, MMOJIHO-
MiabHUX a00 KYCOYHO-JIHIHHUX (PYHKIH 3MiHU dac-

TO JIiHIHHO-BUCXIJHOTI 3MiHM YacTOTH Hecydoi. Y pe-
3yJlbTaTi HAKJIAJCHHS CJiJl 3a3HAYUTH HACTYITHI 3aKO-
HOMIpHOCTI. 30KpeMa KOKHa 31 3HaAWICHUX KPUBHUX Mic-
TUTH OTHAaKOBUH TpeHA. [Iprnaomy 30inbpmeHHS QIYKTY-
arfiif MUTTEBOI YaCTOTH HABKOJIO TPEHIA A€ JIMIIE He-
3HaYHE 3POCTAaHHS KpPUTEpilo ONTHMi3amii. 30Kpema,
pizHuIst Mik Opterit(X) 1y curHamiB 3 OUTBIIUME U
ManuMu QiykryarisiMu yactotd (puc. 3 1 puc. 5) cra-
HOBHUTH e 0,15 %.

Toni, ciifx NPUITyCTUTH, IO OCHOBHUH BHECOK Y
MaKCHMIi3allif0 KpHUTEpil0 omnTuMmizauii i, BiANOBITHO,
MiHiMi3amii mimeoBoi QyHKINT mae 0Ga3zoBa, HAHOUTBII
3riampkeHa opMa 3MiHM YaCTOTH CHTHAITY.

= IF ' ‘ ‘ ]
:
B

« & 0.8

By

5

g5 06

§ %

55 o4

d

5 S 0.2

2y

& E . ‘ ‘
g 0 0.25 0.5 0.75 ]
& BpeMA

(B ZOJAX JUHTEILHOCTH CHIHATA)

Puc. 7. JlineapuzoBaHa KpuBa 3MiHH 9aCTOTH,
1o 3a6e3neuye OptCrit(x)=4.464 i EBF(x) = 0.952

TOTH, 110 CTBOPIOIOTH 3PYYHOCTI JUIS YHCEILHOTO MOJIe-
JIIOBaHHS OKPEMHX eTaliB HNOUIMPEeHHA i 0OpoOKH cHr-
HaJIiB, OLIIHKH X XapaKTEpUCTUK Ha TPHIHOMI.

BucHoBku

1. [opiBHSIHHS CHTI'HAIB, IO 3alMalOTh OJHAKOBY
CMYTy 4YacTOT, 3a OJHAKOBHUM KpHTepieM omnTumizamii
BKa3ye Ha ICTOTHH{ BILTHB ()OPMHU KPHBOI 3MiHU 4acToO-
TH Ha BJIIACTUBOCTI NMPHUUHSITOTO CUTHAJY, MPUHAKMHI B
KaHallax, [0 XapaKTepU3yIThCs BUCOKUM PIBHEM 1 Be-
JMKOIO TPUBATICTIO peBepOeparrii.

2. OnTuMizaniist KpUBOT 3MIHU YacTOTH CUTHAITY I/a
3B'SI3KY 32 METOJIOM EBOJIOIIMHUX CTpATeriil J03BOJISE
MiHIMI3yBaTH (yHKLIOH&JI, W0 TNpencTaBisie coboro
Mipy mepeKkpydeHb NpHuiHsATOro curnary. IlinBuimeHHs
KPHUTEPI0 ONTUMI3allii A1 ONTUMI30BAHOTO CHTHATY B
MOPIBHSAHHI 3 BUXITHUM (3 JIIHITHOIO 3MiHOIO 4aCTOTH)
Moxe mocsrarta 50 %.

3. KpuBa 3MiHH 4aCTOTH ONTHUMIi30BAHOTO CUTHAITY
MOXE MaTH CKJIaJIHY (GopMy, IO yTpyaHsSE abo BUKIIIO-
Yae BUKOPHCTaHHS 3pYYHHUX Ul MaTEMaTHYHOTO MOJe-
JIIOBaHHA ampokcuMariid. OHaK BCTAHOBJICHO, IO Hai-
OB BHECOK y MAaKCHUMI3aIlil0 KPUTEPIIO0 ONTUMI3a-
il 1ae 6a3oBa (3raapKeHa) popMa KpUBOi 3MiHM YacTo-
TH Hecy4oi. Pi3HUIIA MiX 3HaYEHHSM KPHUTEPilo ONTHMI-
3amii [uIa HafiKpamoro 3i 3HAHAEHUX pPIllleHb 1 PIlIeHs,
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anpOKCHMOBAHUX IOJIIHOMOM a00 KyCOYHO-JIiHIHHOIO
3aJI€)KHICTIO, MOYKE CTAHOBHMTH OIMHMII BiZCOTKIB. To-
JIi, JJIs1 TIPAKTUYHO IiIeH y sIKOCTi Kpamwx (Juis po3iiu-
PEHHS CIIEKTPa CUTHAY 3B'S3KY) CJiJl PO3TIIAAATH TJIaj-
Ki, KyCOUHO-JIiHilHI ab0 TMomiHOMianbHI QYHKI] HEBHU-
COKHX TTOPSIKIB.
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BaCTOTOJILChKUI HAIlIOHATBHUN YHIBEPCUTET SACPHOI €HEprii
i mpomuciioBocti, CeBacTonoJb.

ONTUMM3ALIASI ®OPMbI KPUBOM PACIHIMPEHUSA CIIEKTPA
IT'NAPOAKYCTHYECKOI'O CUT'HAJIA CBA3HU

K.I'. Kebkan

Paccmampusaemcea 3a0aua onmumusayuu Xapakxmepucmux yu@poeswix 2uOpPOAKYCmMuYeCcKUx CUSHANIO8 C653U, XapaKmepu-
3yeMblX pacuiuperuem Cnekmpa, 0 NepCneKmueHbIX 2UOPOaAKyCMUYecKUX cucmem nepeoayu Oantslx oo 6000u. /s cuenanos
C6A3U C pacuiuperuem cnekmpa no 0OUHAKOBOMY KpUMePUIo ONMUMU3AYUL NPO6eOeHa OYeHKaA, YKA3bl8aIowas. Ha CyuwecmeeHHoe
6nUAHUE POPMbL KDUBOT USMEHEHUS YACIOMbL (XAPAKMEPUCMUK DACUUPEHUs) HA CBOUCMBA NPUHUMAEMO20 CUSHANA, 8 KAHANAX,
Xapaxmepusyemvix 6blCOKUM YposHeM pesepbepayuu. Boinoanena onmumuzayus popmsi KpUgoll usMeHeHus 4acmomsl ¢ UCHOb-
308AHUEM MEMOOA IE0TIOYUOHHBIX CIPAMeUll, MUHUMUSUPYIOWAS (DYHKYUOHAT, OMPAXHCAIOWUL MEPY UCKANCEHUS NPUHUMAEMO-
20 CUSHANA 8 KAHANAX MAKO20 MUNQ.

Knroueswvie cnosa: noosoonas menemempus, yughposas cesass, beckabenvbHas N008OOHAs C8:13b, 2UOPOAKYCIMUYECKAs C843b.

OPTIMISATION OF FREQUENCY SPREAD CURVE
OF A HYDRO-ACOUSTIC COMMUNICATION SIGNAL

K.G. Kebkal

The task of optimisation of digital spread-spectrum communication signals characteristics is considered, aimed for devel-
opment of prospective hydroacoustic communication (data transmission) systems. For signals with freugency spread spectrum an
estimation was carried out, which pointed out to significant influence of the form of frequency spread onto characteristics of
receive signals in channels comprising strong and extended reverberation. By means of evolutionary computation algorithms an
optimisation of the form of frequency spread was executed and the measure of signals impairments, typical for channels of these
kind, was obtained.
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