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Hakazom MiHictepcTBa ocBith i Hayku Ykpainu Ne 409 Big 17.03.2020 p.
«[Ipo 3arBepmkeHHs pimeHb ArtecTaniiiHoi Kkonerii MiHicTepcTBa 1010
JUSsUTBHOCTI CIeniaiizoBaHuX BYeHHX paj Bix 06 Oepesns 2020 poky» :KypHAI
BKJIIOYEHHIi 10 nmepetiKy HayKoBHX (axoBHX BHIAHb YKpaiHH B KaTeroii
«A» (HalBHIIIK piBeHb), B SAKHX MOXYTh IyONIKyBaTHCSA pPE3yJIbTaTH
JMcepTaliifHuX pobiT Ha 3100y TTs HAYKOBUX CTYTICHIB JIOKTOpa HayK i JOKTOpa
¢inocodii (kanauIaTa HAYK).

Kypuan Brmouenuit 10 monschkoro Ileperniky HayKOBHX >KypHAIiB Ta
PCLICH30BaHHX ~MaTepiaiB  MDKHApOAHHX KOH(EPEHIil 3 MPHUCBOECHOIO
KiIBbKICTIO GaniB (H0oAaToK 40 oronomeHHs MiHicTpa HayKd Ta BHIIOI OCBITH
Pecny6umixu ITombmia Big 31 st 2019 p.: Ne 16981).

B sxypHami 6e3k0IITOBHO MyOIIKYIOTHCSI HAyKOBI CTATTi aHIIIHACHKOIO,
pociiichkoI0 Ta yKpaTHCHKOI MOBaMHU.

IIpaBuia odopmieHHs crarei
http://ric.zntu.edu.ua/information/authors.

XKypnan 3abe3neuye 6e3k0IITOBHUII BiAKPHTHII OH-1aiiH KocTyn 10
MMOBHOTEKCTOBHX ITyOJIiKaIlii.

JKypHnan no3Boiisie aBTOpaM MaTH aBTOPCHKI IpaBa i 30epiraT rmpasa Ha
BUJaHHA ©Oe3 oOMexeHb. JKypHanm J03BOJsIE KOPHUCTYBayaM YHTATH,
3aBaHTA)KyBaTH, KOIIIOBATH, IOLIMPIOBATH, JPYKyBaTH, IIyKaTH abo
MOCHJIATHCS Ha TOBHI TEKCTH CBOIX crareil. JKypHan 103BOJISE MOBTOpHE
BUKOPHCTaHHA iforo Bmicty y Biamosiguocti Creative Commons JireH3iero
CCBY-SA..

OmnyOmiKOBaHUM CTAaTTSM IIPUCBOIOETHCS YHIKalbHHIl iIeHTH]iKaTOp
mudposoro 06’exra DOL

7KypHaj BxoauTh 10 HayKkoMeTpuuHoi 6a3u Web of Science.

JKypnai pedepyerbest Ta iHAEKCYETBCS Y IPOBITHUX MDKHAPOJHUX Ta
Hal[iOHAJIBHUX pe)epPaTUBHHUX JKypHAIaX i HAyKOMETPUYHHUX 0a3ax JIaHHX, a
TaKOX PO3MIILYeThCsl Y IndpoBuX apxiBax Ta 6i6iioTekax 3 6E3KOIITOBHUM
JOCTYIIOM y pexuMi on-line, MOBHHI mHepelik SKMX MOJAHO Ha CaifTi:
http://ric.zntu.edu.ua/about/editorialPolicies#custom-0.

JKypnana po3noscrokyeTbesi 3a KaranoroMm nepiofnyHuX BUJIaHb
VYkpaiuu (nepearuiatHui inaekc — 22914).

TemaTuka KypHAJXy: TeleKOMyHIKalii Ta  pajioelieKTpoHiKa,
nporpaMHa iHmkeHepis (BKIIOUaloud TEOPilo alrOpUTMIB i MPOrpaMyBaHHs),
KOMIT'IOTEpHI Haykd (MaTeMaTH4YHE 1 KOMIT'IOTepHE MOJICTIOBAHHS,
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MDKMallMHHA 1 JIIOAWHO-MalIMHHA — B3a€MOJIS, I[ITyYHUH  1HTEJEKT,
BKJIIOYAIOYM CHCTEMH, 3aCHOBaHI Ha 3HAHHAX, 1 CKCIEPTHI CHCTEMH,
iHTENeKTyalbHUI aHAIi3 JaHHUX, PO3Mi3HABaHHS O00pa3iB, IITYy4YHi HEHPOHHI
i Hefipo-HeuiTKi ~ Mepexi, HeUiTKy JIOTiKy, KOJICKTHBHHI  IHTEIEKT
i MyJIBTHAr€HTHI CHCTEMHM, TiOpHIHI CHCTEMH), KOMII'IOTEpHA IiHXKEHEepis
(amaparHe 3a0e3neyeHHsT 00YNCIIOBANTBHOT TEXHIKH, KOMII FOTEPHI MEpexi),
iHdopMalliiiHi CHCTEMHU Ta TEXHOJOTIT (CTPYKTYpH Ta 0a3 JaHUX, CHCTEMH,
3aCHOBaHI Ha 3HAHHSX Ta CKCIEPTHI CHCTEMH, 00poOKa JaHHX | CUTHAIB).

Vei crarri, nmpornoHoBaHi 0 myOuikarii, OZEpKYIOTh 006’€KTHBHMIl
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VHIBEpCHUTETY palioeTIeKTPOHIKH, XapKiB, YKpaiHa.
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AHOTANIA

AkTyanabHicTb. [ 6aratpox PJIC aBTOHOMHI cHCTeMH BUSBICHHS HEIIyMIHBHX NOBITpsHuUX minei (I1L1) i memenramii mkepen
nrymMoBHX BunpominioBass (/II11B) MokHa 3aMiHUTH OHOIO €KOHOMHOIO cucteMoro BusiBneHHs [111-nenenranii 1B, B sikux 3ara-
JIBHI omleparii, 0 BUKOPHCTOBYIOThCS B npoueci BusiBieHus 111 i nenenranii J{I1IB BukoHyIOThCS TUTBKM OJuH pa3. st Takol cuc-
TEMHU PO3IILAAIOTECS TPYNU HEeNapaMeTPUYHHX 1 MapaMeTpUYHHMX «HAIAPO3AUIAI0UNX)» METONIB creKTpanbHoro aHamizy (CA) mis
OOIpYHTYBaHHS JOIIBLHOTO MeToay meseHraii J{IB.

Mera. ITopiBusuibHu# anani3 epexktuBHOCTI MeToAiB CA Pi3HUX TPYII 3a CYKYITHICTIO KPUTEPIlB 1 MPOMo3uLii o0 iX mpakTud-
HOTO 3aCTOCYBaHHSI.

Metoa. EQexkTuBHICTE METOAIB BU3HAYAETHCS aHAITHYHO, 32 PE3YIbTATaMH IMITAI[IHOTO MOJEIOBAaHHA Ta IXHHOTO MOPIBHSH-
HS 3 HOBHMH Pe3yJIbTaTaMH, BUKIAJICHUMH Y BIAKPHUTIH JiTepaTypi. Y mporeci MOICIIOBaHHS HemapaMeTpuuHux Meto1iB CA BUKO-
pucTOBYBaJIach OOIPyHTOBaHA I MPAaKTHYHO IIepeBipeHa NpOrpaMHO-aIrOpUTMIdHa 0a3a aJalTUBHUX PEIIiTYacCTHX QLIBTPIB.

Pe3syasTaTn. [Tokazano, mo meroqu CA 000X rpym He MaloTh 0OMeXeHb Ha KOHQIrypamilo aHTeHHOI PelIiTKy (TUT0CKa, Kijblie-
Ba i T.IL.), B TOMY YHCIIi B XOJi BUKOPHCTAaHHS B HEEKBUJMCTAHTHUX «PO3PIIPKEHUX» aHTEHHUX peuritkax (AP) 3 MikelneMeHTHHMHU
BificTaHs MU Oinbie nosioBuHy oBxuHK XBuii PJIC. TlopiBHsHO po3ainbHy 31aTHICTS (Bu3HaueHHs Kinbpkocti [A11IB) i edexTrBHICTD
nenenraiii JIIB merogamu pisHux rpyn mig yac Bukopuctans pizHux AP. [Tokazano, 1o MeToau mepiuoi rpynu (Hemapamerpuy-
Hi) 32 IMOBIPHICTIO MPABHJIBHOTO PO3/LICHHS Maibke He MOCTYIMAOTHCS BIIOMUM i HOBUM METOJIaM ApYroi rpymu (mapaMeTpuIHuM).
3a CyKyIHICTIO KpUTEPIiB 1 MPaKTUYHIX YMOB BUKOPHCTAHHS AJIS MEJICHTalii [PKepelT ITyMOBHX BHIIPOMIHIOBaHb TOLIEHO BUKOPHC-
TOBYBAaTH METOJ MiHIMyMy aucriepcii Keiinona, sSKmo icHyroTh 0OMeKeHHSI Ha OOYUCIIOBAIBHY CKIaHICTh METOY. 3a BiICYTHOCTI
Takux 0OMEKEHB JIONUJIBHO BUKOPUCTOBYBATH HabIp METOIIB.

BucnoBkn. [ npaktudyHOi peatizariii KOMOIHOBaHOI CHCTEMH BHSBIICHHS HEIIyMJIMBOI TOYKOBOI ITUI i IEJICHTAIl JKepen
LIYMOBHX BUIIPOMIHIOBAaHb IPOIOHYETHCS CTPYKTYpPHO-AJITOPUTMIYHA OCHOBA aJIalITHBHOTO periTdacToro ¢inbrpa. Ha HpoMy mopsig
3 (hopMyBaHHSIM BaroBoro BEKTOpa Ul BUSBIICHHS Il MoxkHa Juts nenenranii 1B peanizyBatu He Tinbku Meron KeiimoHa, a i
Habip METOZIB, SKIIO PI3HUM YHHOM KOMOIHYBaTH KBaIpaTH MOJIYJiB KOMIIOHEHT HOT0 BUXiHUX BEKTODIB.

KJIFOUOBI CJIOBA: meroa, crieKTpaibHHI aHami3, afanTUBHUN PEIIiTYacTHil (QIIbTP, KPUTEPid pO3/iICHHS-BUMIPIOBaHHS,
TIEJICHTAIIisL, JYKEePEIIo IIIyMOBHX BHIIPOMiHIOBaHb, PO3/AiJIbHA 30aTHICTS.
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ABPEBIATYPH

ESPRIT — Estimation of Signal Parameters via Rota-
tional Invariance Techniques;

CRLB — mexa Kpamepa-Pao;

MUSIC — Multiple Signal Classification;

ML — mMeTo1 MaKCHMAJTBHOT PaBIOMO1i0HOCTI;

MPM (Minimal Polynomial Method) — meTox MmiHi-
MaJIHOTO OaraTodsieHa;

AP — anTeHHa pemriTka ;

AP® — amanTuBHUH penriTyacTHii QiabTp;

A®P — ammnityaHO-(a3oBuit po3noain;

BIIM — B3aeMHO NpOCTHUIl MacUB

B.3. — BJIACHI 3HAYCHHS,

BCIII — BigHOIIEHHS CUTHAI/IITYM;

JIIB — mKepeno nryMOBUX BUIIPOMiHIOBAHb;

JC — miarpama cripsIMOBaHOCTI;

JEC — muckpeTHHi eHepreTHIHUH CIIeKTD;

IX — iMmmyniecHa XapaKTepUCTHKA;

KM — kopensmiiiHa MaTpHIs;

KCBII — koM0iHOBaHa CUCTEMA BHSBJICHHS —II€JICHTallil;

MIX — MaTpu4HO-IMITyJIbCHA XapaKTePUCTHKA;

MAK — mogudikoBanuii anroputm Keiirona ;

M/I — meton «MiHiMyMy nucriepeii» Keiinona;

ME — meTon «MakcHUManbHOI eHTpomii» bepra;

[1L] — moBiTpsiHA IIi1TB;

PJIC — pamionokariiiiHa CTaHIIis;

CA — criekTpasnbHU aHai3;

CO — cnekTpasbHa QYHKIIIS;

CKII — cepennpo KBagpaTHYHa TOXUOKA;

DAP — (a3oBaHa aHTCHHA PEIIiTKA.

HOMEHKJIATYPA
K — po3mip HaBYAIILHOT BUOIPKH;
M — 4gucno enemeHTiB AP;
1 — KiJIBKICTh JPKEpeT IIyMOBHX BHIIPOMIHIOBAHb;
Pu (oc) — OCTaHHsI KOMIIOHEHTa BEKTOpa p(oc) ;

¢1() — mepra kommonenta Bextopa q(at);

S ME, (OL) — CO meTomy «MaKCHMAaJIbHOI €HTPOIIi»
Bepra, sixa chopmoBaHa 3 curHamiB 3 p -BuxofiB AP®D;

§MEq (oc) — C® Merolly «MaKCHUMAaJIbHOI €HTpPOIID»
Bepra, sika chopmoBaHa 3 curHajiB 3 ¢ -BuxoxiB AP®;

S (at) — C® merony Keiirona;

§3q (a) — Cd MAK, sika copmoBana 3 CHrHATIB 3
q -BuxoJiB AP®;

53,7 (a) — CO MAK, sixa cdopmoBaHa 3 CUTHANIB 3
p -BuxoniB AP®;

S(o ;) —3HaueHHs CD y TouKkax MaKCUMYyMIB Ol ;

§(acep) — 3Ha4eHHs CP y CepeiHill TOULI Olge, MIXK

MaKCUMYyMaMU;
Gg— CepeIHBOKBAIPATHIHA IIOXHOKA;
L —3aranmpHa KiBKiCTh BHIIPOOYBaHB;

éi,é — OIliHKa KOOPJWHATH i - IO JpKepena B /- M BU-
npoOyBaHHi;
q — BClI;

rA — paHr MaTpuni A

S .
k(m) —B.3. MaTpui S.

BCTYII
Hns 6arateox PJIC mopsim i3 3aBIaHHSIM BHSBICHHS
noBitpsaux et (ITL) Ha dhoHi 3aBaj, M0 CTBOPIOIOTHCS
TOYKOBUMH  JDKEpEJaMH [IYMOBHX  BHIIPOMIHIOBAHb
(JILLIB), BUMaraeTbcs neseHryBaTH i Jpkepena. 3a3Budai
JUTS. IbOTO CTBOPIOIOTHCS CIICI[iafibHI KaHaIu O0OpOOKH.
Pazom 3 muMm anroputMu po3B’sA3Ky KOKHOTO 13 3aBJaHb
MAIOTh 3arajibHi OIepallii, MO CTAHOBJATH ICTOTHY Yac-
TUHY BIANOBIJHOTO aIropuTMy B IiloMy. TomMy aBTOHO-
MHI cuctemu BusBiaeHHs I11] 1 memenramii IIB moxHa
3aMIHUTH KOMOIHOBaHOIO cHcTeMOro BusBieHHs [1L-
nenerramnii J[IIIB (KCBII), B skuX CIijbHI oneparii BUsB-
nenns 111 1 nenenramii J{IIIB BUKOHYIOTBCS TiTBKH OJTUH
pa3. MoxauBocTi # ocobmuBocTi Takoi KoMOiHaIii Ha
OCHOBI KOPEJISIIIIHHMX aBTOKOMIIEHCATOPIB PO3IIISAAIHCS

e B pobotax B. B. ®eninina [1].

KombiHoBaHa cucTeMa BUSBJICHHS-IIEIEHTALlll, 1110 3a-
MponoHOBaHA B [2], 0a3yeTbcad Ha €IUHIM MPOrpamMHO-
anroputMmiuHii 6a3i AP® i mo3Boissie ogHOYACHO chop-
MyBaTH BaroBuil BekTop aisi cucrem BusiBieHHs [1L1 i
nenenraiii JJIIB. OxgHak IpyHTOBHO HE BU3HAYCHO JOITi-
JpHI MeToau nenenramnii II11B.

Or'Jis1 1 JJITEPATYPH

VY HaykoBiii siteparypi st nenenrauii J{11B nporo-
HYIOThCS Tak 3BaHi Metoan CA, M0 «HAZPO3AIUISIOTHY,
sKki B [3, c. 442] yMOBHO HOAINSAIOTECS HA JBI rpymd: 6e3
MOTIepPeTHhOI H 3 TIOMEPEeAHBOIO OIIIHKOK KiTBKOCTI
JLB. MeTtoau nepiioi rpynu 1ie Ha3UBalOTh HEmapame-
TPUYHUMH (HEBIACHOCTPYKTYPHUMH), a IPYTOi — rmapame-
TPUYHUMH (BIACHOCTPYKTYPHUMH).

Henapamerpuuni meromu [4-10] 6a3yroTbes Ha 0e3-
nocepeHbOMY aHaii3i BxigHoro npouecy AP. /lana Bna-
CTHBICTH Ili€l TPyNHd METOMIB BWTIIHO Biapi3Hs€e i Bix
rpymnu napamerpudHux merofis [11-36], ski nepexbaya-
I0Th anpiopHe 3HaHHS OOMEXEHb Ha MOJENb BXIJHHX
curHaiiB (kyroBuid po3mip LB, Tnn xBrisoBoro ¢GpoH-
Ty, XapakTep OararormpoMeHeBOCTi ¥ T.m.). Ha choromHi
3aranpHO Bigomi mapamerpudsi metogn MUSIC, ROOT-
MUSIC [4, 5, 16], moBopory niznpocropy ESPRIT 11—
14], MODE [15] moctaTHBO TIPYHTOBHO [IOCIIi/IXKEHI.
Bonm € cripomennsm ML [15-19], sxwii 1o3BoIsI€ M0CAT-
™1 HIWKHBOI Mexki CRLB i Benukux BHOIPOK BXiTHUX
niit. Tlopsin 3 HOro aCHMNTOTUYHOIO CTATUCTUYIHOIO e(eK-
TUBHICTIO, 00YHCIIIOBaNIbHI BUTpaTH Metoay ML Han3su-
YaifHO BUCOKI, 1 HOTO TJI00aJBbHUI PO3B 30K HE rapaHry-
erecst [16, 17]. Merox MUSIC e nomynspHuM HaOIH-
KeHHAM Mmetony ML, skuil B 00YHCIIOBAIEHOMY BiTHO-
LIEHH] MPOCTHH 1 Ul HEKOPEJIIbOBAHMX CHTHAIIIB aCHMII-
TOTHYHO ekBiBaleHTHUH MeTomy ML [20]. OgHak y Bu-
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NaJKy KOpeJIbOBaHHX JDKEpEN HOro CTaTHCTHYHI Xapak-
TEPUCTHKH HEe3a0BiIbHI [18].

binpuricte napaMeTpUUHUX METOJIIB, 30KpeMa, POEK-
nittai meroqu ESPRIT, MUSIC 3 #ioro momudikarismu
HE MalOTh MOXKJIMBOCT] OLIHUTH KUIBKICTh JKEPEN CUTHa-
JIB, sIKa € OJTHAM 3 ITapaMeTpiB MaTEMaTHYHOI CUTHAIBHOT
Mozen i mMae OyTH Bimoma abo TOTepenHBO OIliHeHA. Y
Metoni MPM [7, 8] ma Bimminy Bim meroxiB MUSIC i
ESPRIT =He noTpiOHO 00YMCITIOBAaTH BIIACHI YHCIA 1 BEK-
topu KM s moniny Ha IIyMOBHH M CHTHAIBHHUN Tin-
MIPOCTOPH.

V¥ 3a3HaueHnx poboTax mokaszaHo, mo MPM e 6imbim
epexruBHUM nopiBHsHO 3 MUSIC y pi3HUX yMOBax Ko-
penboBanocti curnanis J{IIIB, a Takox y Bumaaky o0’emy
BUOipkH K , sk MeHIMH Kinbkocti M enemenTiB AP.

3a3HauMMO, MI0 PO3MJISTHYTI METOIH 3 HOJIIMIICHUMH
XapaKTEepUCTUKAMH TMOPIBHAHO 3 iXHIMH KIACHYHUMHU
BapiaHTaMH, 1 pAJ IHIIUX, SKI pO3pPOOJEHI U TIIOCKUX
[11, 24] i muniagpuaanx AP [6, 11], cuATe30BaHi ms
M — eleMeHTHHX PEIINTOK 3 MiKEIEeMEHTHHMH BiicTa-
HSMHU MeHIIMHU abo piBHnME miBxBuii PJIC. Bizomo, mo
taki AP BusBisitoTh n =M —1 1Kepen IIyMOBUX BHIIPO-
MiHIOBaHb. Ha TmpakTWili KUIBKICTH eleMeHTiB AP
M >>1. Ilpu 1bOMy 3HAYHO 3POCTAIOTh OOYMCITIOBAJIBHI
BUTpPAaTH, BAPTICTh YCTaTKyBaHHSI W YCKIAJHIOETHCS
KanmiOpyBaHHS eneMeHTiB AP.

IIpoGmema nonaeThCS 3aCTOCYBAHHSAM  CIICIIATBHUX
HEEKBIWCTAaHTHUX aHTECHHHUX pemrTok [25-29]. V Hux
MiXeJleMeHTHi BifcTaHi HabaraTo Ounpmri miBxBmii PJIC i
3MIHIOIOTBCSl BiJl €JeMeHTa 10 eileMmeHTa. Ha chorojmi
OTpUMalli PO3BHTOK B3aeMHO Tmpocti Macuu (BIIM)
[25, 27], wo, sIKk CTBEpIKY€EThCs B [23], MaloTh HalKparii
XapaKTEePUCTHKH.

B yMoBax pi3HOMaHITHOCTI HapaMeTpUYHHX METOJIB
CA mopiBHSHHS iXHBOT e(PEKTHBHOCTI (TOYHOCTI TEIICH-
ramii, po3AiICHHS i BU3HAYCHHS KUTBKOCTI DKEpel) mpo-
BOJUTHCS B MEXKaxX I'PYIH i, 3a3BUYail, IPH BEIMKHUX PO3-
Mipax (K >100 ) naBuassHOI Bubipku [25, 27]. Chopmy-
BaTH Taki BUOipku B xoxi nenenranii JI11B Ta kpyrosomy
OTJISI/II IPOCTOPY CKIIAIHO.

V Ginpmocti BunankiB Mmetoan CA TOpIBHIOIOTBCS HE
3a CYKYITHICTIO, a 32 HaiOULIBII BUTPAITHUMH ITOKa3HUKA-
Mu eekTUBHOCTI (sikocTi). He Tak odeBmaHa i mporpam-
HO-aITOpPUTMIYHA 0a3a peasizarii MeTOHiB, HAIPHUKIA,
st MPM. TakuMm 4MHOM, epeBaru napameTpuyHux Me-
tonie CA Hajx HemapaMeTpU4YHUMHU NOTPeOyIoTh 0OTPYH-
TyBaHHs. J[JIs MpakTUYHOTrO 3aCTOCYBaHHS MOTPIOHO MaTH
KOMIUIEKCHY YSIBY MPO MOXJIMBOCTI METOIB PI3HUX IPYIl
132 CYKyITHICTIO KpHTEPIIB.

Meta ctaTTi — NMOPIBHJIBHUKA aHaji3 epeKTUBHOCTI
MetoniB CA pi3HUX TPyH 3a CyKYIHICTIO KPUTEPIiB 1 mpo-
MO3HMIIIT MO0 TXHBOTO NPAKTHYHOTO 3aCTOCYBAHHS.

1 IIOCTAHOBKA 3AJTAYI
Hexait 3anana rpyna A i3 G| HenapameTpUYHHX Me-

TogiB i rpyna B i3 G, mapamerpudnux meronis CA. Jls
OCTaHHIX BiJJOMa IMOBIpHICTh MPABWJILHOTO BHU3HAYEHHS

Pg(i) (i€1,G,) ximpkocti JIIIB (po3zainbHa 31aTHICTH)
1 TOYHICTh So, (i) (i€l,G) nenenramii AIIB. 3amaua

BuOOpy Metony nenenranii 1B mis komOiHoBaHOT cuc-
TEMU BHUABJICHHS HEIIYMIIUBOI TOYKOBOT ITLTI 1 TIEJICHTaIlil

JUIB nonsrae B 3Hax0/UKeHH] 3Ha4eHb PA (£) 1 G, (£)

(¢ €1,Gy) 1Bu3HauCHHI

Pa = maX(PA(()) > Opa = mm(GGA(f)) , Le laGl 5
B, =max(B(i)) , 6¢p =min(cey (i), i€L,G;.

BBaxaerbcs, mo rpyna A edekruBHina rpynu B, skimo

(Pa >Pb)&(06a <69b)-

B po60Ti BUKOPHCTOBYIOTBCS PE3yJIbTaTH JOCIIKEHb
e(eKTUBHOCTI MapaMeTPUIHUX METO/IB, SIKi HaBEICHO B
poborax [7, 8, 25, 27]. EdexTtuBHICTE HemapaMeTpHIHUX
METOZIB BU3HAYAETHCA 3a Pe3yNIbTaTaMH IMITamiiHOTO
MaTeMaTU4YHOTO MOJEIIOBAaHHS, SIKE BUKOHAHO aBTOpaMHU
nyOuikamii. [TouaTkoBi JaHi 1 YMOBHU Uil MOJENIOBAHHS
BIJINOBIIAIOTh YMOBaM eKcriepuMeHTiB [7, 8, 25, 27]. Iin
Jac MOJICNIOBaHHS HenmapamerpuuHux metoniB CA BHKO-
pHCTOBYBajJach OOIPYHTOBaHA i NPAaKTUYHO MepeBipeHa
nporpamMHo-anroputMiyia 6aza AP® [9, 10, 37].

2 MATEPIAJIM 1 METOU

Henapamerprani meronn CA ckaHyBaHHS IIPOCTOPY
BUKOHYIOTh CKaHYBaHHS MPOCTOPY TaKUM YHHOM, IIO0
OlLliHKa §(oc) MIPOCTOPOBOTO CHEKTPY OJAEp’KyBajach SIK
HerepepBHA (YHKLIS KYTOBOI KOOPAWHATH O, NIPUYOMY
anpiopHi NPHUITYIIEHHS NP0 KUIBKICTH PKEpesl BUIIPOMi-
HIOBaHHS He MOTPiOHI. Y 3B’S3Ky 3 UM BOHHU € OUIBII
NPUBAaOIMBUMH ISl IPAKTHYHOTO 3aCTOCYBaHHS Ta TEX-
HiyHOI peanizamii. HaifGinmpm mpocto i xommaktHO CO
nepeBakHol OunbmIOCTI MeToiB CA peanizyrotecsi APD
[9,10]. Hdo Takux (inbTpiB BiZHOCATHCS (IIBTPH 13
2M x M MIX Burmsany (1):

A 0

me H i N* — mmkus i Bepxus TpukytHi (hy; =nj; =0
npu [>i) M xM wmarpuii, 10 3a{0BOJILHSIIOTH YMOBY

2):
H*H=N-N"=¥-0"", ()

Tyt 1 mami 3ipoyka (*) — CHMBOJI €pPMITOBOTO CIIpS-
JKEHHSI.
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Omnopuuit Bektop x(o) @AP mia HampsMKy aHamizy
o 3 00paHOro Jiama3oHy o € [ocb,oce] IIePETBOPIOETHCS
M GiTbTpoM y 2 M - BUMIpHHH BUXITHUH BEKTOP

WX(OL) _ {p((x)} ’
q(e)
BrnacruBocti (2), (3) AP® 1no3BonsiioTh peanizyBaTtu

OiNBIIICTH BIIOMUX 1 HOBHMX HEIapaMETPHYHHUX METOIIB
CA na ognomy ¢unetpi. Tak CO

p(a)= i x(a),
o) = N x(00). @

(4)

Merony MJI [4, 5], nomyckae Ha MOmaHHS y BUTIAAL [9,
10]

Sy, (@)= @D, Siyg, (@)= @, 5)

TOOTO € BETMYUHOIO OOCPHEHOIO 10 CYMH BHXIITHUX CHT-
HaliB p 1 ¢ — BuxouiB APO.

Ax BummBae 3 (5), AP® no3Bonsie ogHOYacHO cdop-
MyBaTH JBa KOMIUIEKTH KoxHOI CD. L mpupoaHs «Ha-
JIUIIKOBICTEY» MOXe €()EeKTHBHO BHUKOPHUCTOBYBATHUCH SIK
JUIS KOHTPOJIIO MPAaBMIIBHOCTI 00YHCIIeHb (IIUIIXOM ITOpi-
BHSHHS ampiopi piBHUX 3Ha4eHb 000X CD S (oc)), TaK i
s migsumeHHs skocti CA (32 paxyHOK Tepexomy o
CepeHiX 3HAYCHb y 3arajlbHOMY BHIAIKY Pi3HUX «OJHO-
vmMeaanx» C®). Sk mnpukiag, OCTaHHIH KOMIIOHEHT
)29 ((x) BEKTOPa p(oc) W mepImmi KOMIOHEHT ql((x) BEK-

TOpa q(oc) BH3HA4aroTh JBa pizHOBUIM CD metony ME
bepra [4, 5, 9, 10]:

_ -2 _
SME, ((X):‘h;/[ 'X(G)‘ =| par (@,
(©)

~ -2 _
SMEq(a):‘nT-X((X)‘ :|ql(0()| 2,

ne hy, :[h/\/lj][j"/il it nj = [”lj]%‘:l M - BUMIipHi OCTaH-

Hifl pAIOK MaTpHIl H ii TIEPIINA PAIOK MAaTpPHII N*
BIiAIIOBiAHO.

Kpim mupoko Bigomux CO bepra i M]J] Keiinona B
Jitepatypi 3ycrpivatothes meroau i3 CO Burmsny (7):

o X (00) - W - x(01)

= ®
S3(0) =—F—— S
em-‘I’~x(0L)‘

< l,M. (7)

CnekrpanbHa QyHKIis S3(00) XapakTepusye OIUH 3

pizHoBuaiB MAK [9, 10]. Peamizaniss MAK (7) na AP®
MOXJIMBa IBOMa Bapiantamu C®:

*
P-vyP-m &

§MA1<p(0°)= b |2 »SMAKq(a)=—2- @®)
M

Sk mokaszano B [31], AKICTh IesieHTaIlli B Psii BUIIAIKIB
MOYKHA TIOKPAIIWUTH, SKIO BUKOPUCTOBYBATH IH(OPMAILIIO
Habopy «Hanposaisounx» CP. Jlocuts eMHuii Habip Ta-
kux C® otpumyethes Ha ogHOMY AP® 3a pi3HHX KOMOI-
HAIliii KBaJIpaTiB MOMYIIB KOMIOHCHT WOTO BHXITHUX
BekTopiB (3). [Ipuxnagamu ciyxats, 30kpema, CP [9]:

-1 -1
Snp,,(o‘):(pnp'pnp) ’Snpq(o‘):(qnp'qnp) . O

SIKi POPMYIOTBCS KIIPOMIKHAMY) YHCIIOM

9=round(1-y)M , x€0,(M-1)/ M (10)

MEPIINX EIIEMEHTIB BEKTOpa P W OCTaHHIX EIIEMEHTIB
BeKTOpa (. B «rpanmuHmx» Bumagkax =0 1
x=(M-1)/M ($=M i 9=1) C® 36irarothcs i3 CD
ME bepra (6). «IIpomixni» pizHoBuan CO MAK (7, 8),
JUIS TIO3HAUEHHSI SIKUX BUKOPHUCTOBYETHCS 3HAK (~), OMHU-
CYIOThCSI BUpa3aMu:

Gy, ()= € ()= 200

3, ,
! pnp 'pnp qnp 'qnp (11)
~ p p ~ q q
83, (0)=———, 8 (0)=———.
Prp "Pmp Qrp "Anp

3a HeoOxinmHicTIO HaOip CP MOKHA TIOMTOBHUTH H iH-
mmmu CD, axi Takox chopMoBaHi 3 KoMOiHaMiA KBaapa-
TiB MOXYJIB KOMIIOHEHT BUXigHHX BekTopiB (3) AP®.
Hikye mopiBHIOETECS €PEKTUBHICTh PO3TILTHYTHX «HAI-
posnistirounx» MeTofie CA 3 HOBHUMHU MapaMeTPUIHUMHU
MeTozaMu [25-36] B mporieci po3B’s3aHHs iH(OpMAITiii-
HOT 3a71a4i pO3AUICHHS-BUMIpPIOBaHHS [3].

3 EKCIIEPUMEHTH
MoIHBOCTI «HAAPO3nUIsFOUnX» MeToniB CA aHai-
3yIOTbCsl Ha mpukiani M - enementHoi @AP, sxa npu-
HIMae IIyMOBI KOJIMBAHHSA 7 HENEPEepBHUX TOYKOBHX He-
sanexnux JUUIB. Bxigna peanizawisi, Ha OCHOBI aHaJi3y
K0T MpUHMAaeThCsl PIlIEHHsS MPO BiJCYTHICTh a00 HasB-
HICTh JDKepell Ta IXHI HapaMeTpH, 3aJaeTbCsi BUOIPKOIO

Y:[Yk ]le K >1 rayciBcbKMX (HOpPMaJbHHX) B3a€EMO-

HE3aIeKHUX M - BUMIPHUX BEKTOpiB Y, = [yl(k) f-\;{l
KOMIUIEKCHHX aMILTITYA BUXIAHUX KOJIUBaHb M eneMeH-
TiB (MonyniB) ®PAP y K nUCKpeTHHMX MOMEHTax 4acy 3
OJTHAKOBOIO icTuHHOW M xM KM, ska nomyckae mo-

JIaHHS y BHDIIsAI [3—5]

® =YY, =1, +FhF  kel,K; (12a)
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Y, =0, Y, Y, =®5,;,
O =1, 04 =0, k=1; k,1€l,K;

(126)

x(o) =[x (@}, ieln,

(12B)
F=[x(o)]"y, h=diag[h;]7;.

TyT 1 mami pucka 3BepXy — CHMBOJI CTATUCTUYHOIO
yCepeIHeHHS.

Bupas (12) BignoBinae B3aeMHiH HE3aJIeKHOCTI Biiac-
HUX IOYyMiB M TpUAMaIbHUAX EIEMEHTIB 3 OJHAKOBOIO
(IPUIAHSTOIO 32 OIMHMIIIO) JTUCIIEPCIEI0 1 HEKOPEIbOBAHO-
CTi BUIIPOMIHIOBaHb /1 30BHILIHIX JDKEpel 3 BIAHOCHUMHU
(Mo BIIHOIIEGHHIO 10 PIBHS BJIACHHUX IIYMIB €JIEMEHTIB)
notyxHoctssMu  h; (i €l,n). Bekrtopu-croBmmi X(o.;)
M xn wmarpuui F (12B) onucytoth ADP mo ameptypi
unpoMiHioBans 1B 3 «Hanpsamkis» o; (i €1,n) .

Henapamerpnuni meromm CA BHKOPHCTOBYIOTH He-
CTAQTUCTUYHY MPOLEAYPY aHATi3y MPOCTOPOBOTO CHEKTpa
IIYMOBHMX BUIPOMiHIOBaHb. BoHa moJsirae B (hopMyBaHHi
B TOYKax o 13 BuOpaHoro cexropa (o,,0;) CO §(0L)
BinmoBigHux MetoaiB CA 1 HOJaNbIIOro MOIIYKY IXHIX
JIOKIBHUX MakKCHUMyMiB. KijbkicTh MakcUMyMiB jaini
OTOTOXKHIOETHCS 3 KUIBKICTIO 7 JKEPEN BUIPOMIHIOBaHb
y LbOMY CEKTOpi, a IXHI KOOpAUHATH O; 1 3HAYEHHA

S(o;) (/ €l,n) — 3 HanpsIMKaMu 1 BIAHOCHUMH 1HTEHCHB-

HOCTSIMH h JDKepen BHUNpoMiHIOBaHb [4,5]. ¥V mpomy
pumnaaky asa JI1IB BBakatoThCS pO3AUICHUMH 32 KpHTe-
piem Penest, siKio «riMOUHA MPOBAITY» MiX MakCHMyMa-

Mu S (a;) (I €1, 2), mo BU3HAYAETHCA TapPaMETPOM

_ S(oy)
Yy==""7,1€l2, o,y =(01+0a3)/2, (13)
S(a,,,)
cep
MepeBHIIye amnpiopi BuOpaHuid mopir 7y, (3a3BU4ai
Yo =(+3) ob).
Po3nineHHs-BUMIpIOBaHHsS OUIBLIICTIO MapamMeTpuy-
HUX METOJIB, 30KpeMa, NPOEKIIMHUMH METOJaMu

ESPRIT, MUSIC 3 iioro MmoaugikariisMu, moJsrae B mo-
nepeAHid omiHmi kiutekocti s JIIIIB 3 momanbimM
BU3Ha4YeHHSAM HanpsiMkiB Ha J[IIIB 3a BnacHuMu uncinamu
i Bekropamu KM.

HonatkoBi onepauii ouinku kinbkocti n JIIB, mo
BXOJUTh JIO TPOLEAypH TeJeHTalil napaMeTpUuuHHUMHU
Merosamu CA, 30UTBIIYIOTH 3arajibHi OOYUCIIOBAJIbHI
BUTPATH JJIsl OTPUMaHHS pe3yJbTaTy nesjeHramii. Sk npu-
Knan, Juis diHiiiHnx AP nenenranis meronom MODE [22]
peanizyeThes aHalli3oM BIACHUX 3HadueHbh KM BXimHHX
Iiif 13 obuncmoBansHuMy Butparamu (0,5(M+1)MK), ne
M i K — xinbKicTs eneMeHTiB AP 1 HaBY4abHUX BEKTOPIB
BimnoBigHO [22]. Lle mpubmmzuo B 0,5M pa3 Oinblre, Hixk
MOTPiOHO [T HemrapaMeTpuIHOTo MeToxy KefinoHa.

Y meroni MPM [7, 8] Ha Bigminy Big metonis MUSIC
1 ESPRIT He moTpiOHO 0OYMCITIOBATH BJIACHI YMCIIA 1 BEK-

topu KM is moniny Ha MIyMOBUH ¥ CHUTHAIBHUH ITiJI-
npoctopu. i MbOTO JOCTaTHHO OI[IHUTH CTEIiHb 1 KO-
peHi MiHIManbHOTO Oararounena KM curHaiiB B eneMeH-
tax AP Ta chopMmyBaTH MaTpHYHHI MPOEKTOpP HA IIyMO-
Buii mianpoctip. Crenidb m maHoro OaraTowicHa TOB’s-
3aHMI 13 KUIBKiCTIO j pkepen curHamiB (J=m—1), a
MIPOEKTOP BHKOPUCTOBYETHCS JUISl OLIHKH KyTOBHX KOOD-
nuHAT mux Jpkepen. Taki BiactuBocti MPM 3a npuitHsT-
HUX 3HAYEHHSX HMOBIPHOCTI NMPaBHUIBHOTO PO3ZUICHHS i
MOXUOOK TeNeHTaIlii MOXYTh OyTH BHU3HAYANEHUMH LIS
BHOOPY METOAy TeJieHTallii B KOMOiHOBaHIH CHcTeMi BU-
SIBTICHHS] HEUTYMJIMBHX IiJeH 1 MeNeHramii JyKeper IryMo-
BHX BHUIIPOMiHIOBaHb.

ExcnepumeHTanbHi TOCTiKEHAS TPOBOIMIINCH IIIIS-
XOM IMITalliIHHOTO MAaTeMaTUYHOI'0 MOJEJIFOBAHHS 1 ITOJA-
raju B IOPIBHSIHHI WMOBIpPHOCTI P MNpPaBUIBHOTO BHU3HA-
YEHHs KUIBKOCTI (PO3ALIBHOI 31aTHOCTI) Ta MOXUOOK Gy

nenenramnii  JIIB wmeromamun M/, 531; (oc), APOD-

HabopoMm 3a crpaterieto «5 i3 17» 3 mapameTpu4HUMHA
Meronamu. Beaxanoch, mo AP®-nabip (1. 2) BHKOpHUC-
toBye (O =17 meroniB posapienuss n JIUIB. Jxeperna
BBXKAIOTHCS PO3JIUICHUMH, SKIIO HE MEHII Z = 5 METO/IB
BKa3aly OJHE U Te came 3HAueHHs /1 JpKepen (cTpareris
pozainenns «5/17»).

4 PE3YJIbTATHU

Ha puc. 1, 2 nna cutyanii aBox piBHonoTyxHux J111B
MTOKA3aHO 3aJISKHOCTI UMOBIpHOCTI P Bix IHTEHCHBHOCTI
JUIB v B ecieMeHTI JiHIHHOT ekBiaucTtanTHOI AP 3
M =50 (puc.1)i M =10 (puc. 2) enemenramu. BigHo-
cHa (BigHocHo mupuHu JIC anTenun) Biactans mixk J(I1IB
nopiBHioBasia A =0,5(puc. 1) i A=0.8(puc. 2). Hazsu
KpPHUBHX Ha PUCYHKax BiJIIOBiIatoTh Ha3BaM MeToniB CA,
mo npocmmpkyBanmnchk. I'padikn mast meroma MPM Ha
puc. 1 BinTBOpeHo 3 pobotu [7], a Ha puc. 2 — 3 podoTH
[8]. dnst 3pyqHOCTI MOJANBIIMX OOTOBOPEHB PE3YNbTaTiB
Ha rpadikax HaBeJeHA IIKaJa 3HAYeHb ¢ =MV, sfKi

xapakrepusytots BCIII Ha Buxosi AP.

1 )

09— NAPD-6ank / i

08+ ¢ -

0.7 C3p -7/

0.6 — —

P

gj MPM MD -

03 e =50

0.2 _ - - K=10_|

0.1 — T A=0.5

"5 2 a0 o 1 2 v‘,;[B 4
14 15 16 17 18 19 ¢ b 21

Pucynok 1 — ImMoBipHicTs IpaBHIbHOT oniHKH KinbkocTi JJI1IB
metomamu CA 3rigHo 3 [7]
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Pucynok 2 — IMoBipHicTh MpaBHIbHOI OLiHKY KijbkocTi A11IB
metoaamu CA 3rigHo 3 [8]

Pucynku 3, 4 imocTpyioTh e()eKTUBHICTD METO/IB i
yac BUKOPUCTAHHSA po3pimkeHnx AP.

100_ I'“I"H:N'I"'V‘ I
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Pucynok 3 — Po3ninenns 17-i IIIB AP 3 10 gatunkamu pi3Hu-
mu Metogamu CA

Ha puc. 3. mokazano C® merony, KU 3apoIIOHOBA-
HO B po0oTi [25] (mani, metoq M25), i meroniB MAK, M1
A cutyanii, konu kinbkicts JUIB (n=17,v; =01b),
KIJIBKICTh TpUiMaNibHUX eneMeHTiB AP M =10, a kinb-
KicTh HaB4YaJbHUX BekTOpiB — K = 800. [TonoxeHHs eie-
meHtiB AP: [0, 3, 5, 6,9, 10, 12, 15, 20, 25] A/2. 3 reome-
Tpii AP BummBae, mo BipryansHa mupuaa AP nopiBHIoe
25X /2, aii mmpuna aiarpamu crpsmoasocTi (JIC) cra-
HOBHUTh A = 4,50.

Ha nux pucyHKax BepTHKaJbHI INTPUXOBI JIiHIT BKa-
3y10Th cripaBxHi Hanpsivku Ha [I1IB, kpuBa M25 Bkazye
OLiHOYHY cnekTpanbHy JiHio (CJI) merony M25, kpuBa
MAK — CJI meronry MAK, xpusa M/] — CJI metoxy M/I.

Ha puc. 4 HaBeneHo 3aeXHOCTI HMOBIPHOCTI MpaBH-
JpHOTO po3aiieHHs P asox (n=2) JIIB Bix ixHbol
MOTY>KHOCTI Vv, Ib A cUTyamii JiHiiHHOI HeeKBiTuCcTaH-
THOT AP 3 M =10 parumkamu, siki po3TalIioBaHi Ha Bif-
crausix B [0,5;1,0; 3,0; 3,5; 6,0; 6,5; 7,0; 7,5; 8,0;10,0 ]
onuHuUIb miBXBWIb [27]. KyroBa Bincranp mix LB A/2,
KUIbKICTh HaBYaIbHUX BeKTOpiB — K = 200.

1P
/BaHK |7 | /”
/
0.8 [-8I17 i
I
w L
ul .'
0.4 M -&-MUSIC| |
i -v-MODE
i WGMF
“-LIKES |

-8-SANSF

0.2 7
;l‘
— | |

= 1 1
4 2 0 2 4 6 8 10 12 14 1
Pucynok 4 — EdextuBHoCTi po3aineHHs MmeToaiB CA

v,1b

IMoBipHOCTI pO3AiNEHHS MapaMEeTPUYHUMU METOJIaMHU
SANSF, MUSIC, WGMF[27], LIKES [36], MODE [22]
MOPIBHIOIOTECS 3 iMOBipHICTIO Metomy MJI ta AP®-
Ha0OPY, IO MPAIIOE 33 KpUTepieM po3ineHHs «5/17».

PesynbraTe MOPIBHSAHHA TOYHOCTI TEJIEHTAIl MeETo-
namu MJ] i MAK Ta napaMeTpuyHUMH METOJaMH 1TIOCT-
pytotecst puc. 5. Tyt og CKII nenenranii JIIB, sxa

BHU3HAYAETHCS BUPA30M [25]

(14)

ge L =1000 — 3araipHa KUIBKICTh BHIIPOOYBaHb, éi,( -

OLIiHKa KOOPJIMHATH i -TO JpKepena B £ - M BUIIPOOYBaHHI.

Ha puc. 5a naBeneno 3anexxnocti CKII (14) ouinku
HanpsiMKiB Big notyxHocti v JIIIIB B enementi AP mpu
¢ikcoBanomy 3HauenHi K =200, a Ha puc. 50 — 3anex-
Hocti CKII (14) Big 06’emy BuOipku K nipu ¢ikcoBaHOMY
v =10 nb.

[opisHiotoTecs edextuBHOCTI Metomy M1, MUSIC,
WGMF [27], LIKES [36] i MODE. Kpusa CRLB
BifjoOpaxae minimansHo MoxiuBy CKIT (mexy Kpamepa-
Pao) ans curyarii, sika po3risgaeTbes. BUKOpUCTOBY€ETh-
csi AP i3 mpuknany puc. 4. TleneHryroTbesi Tpu HEKOpe-
npopoBanux JI1IB 3 oHakoBOIO aMILTITY/I0r0 H KOOPJIH-
Hatamu [ —34,2; 1,5; 35,8].

5 OBTOBOPEHHSA

SAx BumHO 3 puc. 1 MeToq M/ MOMITHO MOCTyTIaeThCS
MPM [7], mo Bimmiuanock y BUCHOBKax poboru [7]. Ox-
Hak AP®-meromn i AP®-Habip DO3BONAIOTE OTpPUMATH
HMOBipHOCTI po3nineHHs Oimpmii 3a iMoBipHOCTI MPM.
[MoniOHi pe3yabraTH OTpUMAaHI i B 1HIINA MOJENbHINA CH-
tyamii (A=0,8, M =10, K =20) B X0/i BUKOPUCTaHHS
MIT ouinkn KM Bximnux niit (puc. 2). BigzHaunmo Ta-
KOX 10, npu ¢ =Mv=10n1b iMOBipHICTh pO3IiICHHS
Metoay M1 ckinamae P =0,5, mo criBmajgae 3 TeOpeTHY-
HUMH Bukiaakamu pobotu [10]. Tam mokaszaHo, KO
pilLICHHS! TIPO PO3JUICHHS B JABOCUTHANBHIM cuTyauii yx-
BamoeThbesl 3a kpurepiem Penest (13), To 3a Oyap-sKHX
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Pucynok 5 — ITokasuuku CKB y X071 NOpiBHSIHHS OLIHOK KOOP-
nuaat [{I1B

3HaueHb 0 =K —M >0 BuOIpKH 1 3HaYEHHAX O] # O

BHIIAJIKOBHUiT mapamerp y(a,0y) :§(0c1)/ 3’(0(2) Oyzne He
ICTHHHOTO 3HAYEHHS
3 (ikcoBaHOIO IMOBIpHICTIO
[10], mpm
3HAUCHHS

HUKYE CBOTO
Y(oy,00) =S(0y)/ S(ay)
P=0,5. [lificHo, sK TIOKa3aHO B
qg=Mv=10nb i A=0,8

v(ay,00)=2. Toni iiMoBipHicTs po3aineHHs 3a (13) mo-

CIIpABIKHE

BuHHA ckiazat P = 0,5, oo UmocTpyeThest puc. 2.
3a3Haunmo, o mMetogx MPM Moke BUKOPHCTOBYBa-
THCh B yMoBax Mamux (K <M ) (puc. 1) HaBYaIbHHUX
BHOIpOK 0e3 0OMexeHb Ha TeoMeTpiro AP, 1o € Ge3mnepe-
YHOIO TIEpPEBaroio JaHOro METOJy Iepes HermapaMeTpHd-
Humu Metojamu. OcranHi popmytors CD Ha OCHOBI MaT-
putii, ooeprenoi 1o KM Bxignux niit. J{is 11 omiHIOBaHHS
B 3araJlbHOMY BHIaJKy (0€3 JOAAaTKOBOTO NEPETBOPEHHS
KM, nanpuknan, peryisipusanii [37]) neooxinao K > M .
Bumorn MoxxyTh 3MeHIIeHi 3a HassBHOCTI criermpikn KM
(mepcuMeTpisd, TEIUIMIEBA MATPHII), sSKa OOyMOBICHA
reomeTpito AP, aie He 3aBXIu MPUCYTHS Ha MIPAKTHUII.

Bararo myOmikaniii octanHix pokiB [25-30, 32-36]
MPUCBAYCHO MeTonam meneHranii N > M [IIIB anren-
HUMH PENITKaMH i3 CIIeIialbHO MiAiOpaHUMH BiAcCTaHS-
Mu (d >A/2 ) mix enemenTamu AP (AP i3 po3pikeHrM
MacHUBOM €JIeMEHTIB). Brucoka ehexTHBHICTD po3aiNeHHs
3alPOIIOHOBAHUX METOMIB LIIOCTPYETHCS MOPIBHAHHIM 3
BimoMuMu mapamerpuaHrMu Metogamu (SS-MUSIC [21],
LRD [32], LACCO [33] u OGSBI [34]) B ymoBax 3Ha4-
HUX 00’€MiB HaBYAJNFHUX BHOIPOK (SIK TpuKian, y [25]
BukoprctoByeThess K =800). Toni B mepimomy HaOIH-

skeHHI KM BXigHUX did MOKHA BBa)KaTH OJM3BKOKO JIO
crpaBkHbOI. B 1nux oOcTaBuHax mapaMeTpuyHi METOAX
(hopMyIOTH TEOPETUYHO HaJ3BHUYAIHO TOHKI «mikm» CP
Ipyu He3HauHuX MoTyxHocTax v B, mo obymosiroe
iXHi TIepeBaru B pO3[iIbHIN 34aTHOCTI 1 TOYHOCTI TEJIeH-
rauii HaJ HemapaMeTpuYHUMH MeToaamu. Tak, y curyanii
nmBox (n=2) 6mmspko po3ramoBanux B i3 koopau-
matamu —31.25° i —29.640, 0 BiATIOBigae KyTOBii Big-
crani Mix mkepenamu =~ 0.35A, meromy M25 nocratHbo
BCIII ¢ =10 nb [25]. Bomuouac 3rigao 3 manumu [10]

JUTS PO3IUIEHHS HemapaMeTPHIHIMH METOJaMU HeoOXiI-
HO g =28 nb (MAK) i g =42 nb (M]).

OpHak eEeKTUBHICTh PO3MUIEHHS B YMOBax oOMexe-
HOro 00’eMy HaBYaJbHUX BUOIPOK MaJIO BiAPI3HIETHCS
BiJl €(peKTHBHOCTI TapaMeTpUYHUX MeTOoAiB puc. 4. Bua-
HO, 110 KJIacuyHuil Meto M/l y nauiit MozenbHIN cuTya-
uii nocrymaerscst Mmeroxy SANSF — kparomy 3 mapamer-
puuHux MeToxdiB. OxHak 11l mepeBard npu P =0,9 ckia-
JaroTh Jinine 2 nb. 3a HeoOXiMHOCTI MiABUINUTU e(eKTH-
BHICTh pO3/AUICHHS MOXKHa BUKopucTatH APD-Habip
MeroniB. SIK BHUIHO 3 pHC.3, mapaMeTpU4Hi METOAU
MOXyTb BUsBIATH [IIIIB, KiNBKICTH SIKMX OiIbIIE KiNbKO-
cti enemeHTiB AP. AHayoriuHe 3aBmEaHHS MOXYTb BHpi-
nryBatd i HemapamerpuuHi Metoau (puc. 3). Timbku mi
Meronu ¢opmytors CP 3HAYHO TpoOCTime, HiXK, HANPH-
KJaa, meron M25 3 meB’sITu KpOKOBOIO IPOLeAyporo ¢o-
pmyBanHs CO [25].

Takum gnHOM, 332 €PEKTHBHICTIO BU3HAYCHHS KiJIBKO-
cri JUIB, HemapaMeTpuyHi METOAM B YMOBax IOMITHO
BEJIMKUX O00’€MIB HaBYaJIbHUX BHUOIPOK TIOCTYMAIOTHCS
napamMeTpUYHUM, OCKIUJIBKM OCTaHHI (hOPMYIOTh TEOPETH-
YHO H/I3BHYaifHO TOHKI «mikm» C® 1pu HE3HAYHHX I10-
tyxHoctsax v JIB. Ii mepeBaru icTOTHO 3HIKYIOTHCS B
yMOBax 0OMexxeHuX (Manx) 06’ eMiB BHOIpOK.

Taki ) BIACTHBOCTI HEMapaMETPUUYHUX METOIIB IPO-
SIBISIFOTHCS B nipouieci nenenranii 1B, o miareepmky-
€Thcst rpadikamMu puc. 5. BumHo, mo HemapameTpudHi
METOJM 32 BEIMYMHOIO NMOXMOKH MeJIeHTalil Maixke He
MOCTYIAIOThCS TTapaMEeTPUYHUM METoJiaM, a B yMOBax
Mallux HaBuyaimbHUX BHOiIpok (K <50) HaBiTh iX nepesa-
KaIOTb.

CrieriuhiuHOI OCOOJIHBICTIO HapaMETPHYHHX METO-
B, TIOTCHIIIMHO O1TbII e()eKTUBHUX HEMAPAMETPUIHUX, €
BpaxyBaHHs arnpiopHoi iHpopmauii npo 30ir paHry cur-
HaibHOT cKi1aoBoi KM rayciBChbKMX BHXIIHHUX CHUTHAJIIB
M >1 mpocTopoBHX KaHAJIB NPHUHMAaHHS 3 KUIBKICTIO
n< M 3oBHimHIX He3anexuux JIIB.
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Takuii 30ir BifiCyTHI# y cUTyallii HEIIEHTUYHIX KaHa-
niB npuiiManHa. TyT miJ HEINEHTHUYHICTIO KaHANIB HpH-
WMaHHS pO3yMI€ThCS BIAMIHHICTD y LEHTPAIBHUX YaCTO-
Tax 1 NIMPUHAX CMYT IIPOIyCKAaHHs KaHaliB MPUHMAaHHS,
SIKI  XapaKTepU3yIOTbCS  BIIHOCHMMH  BIAXIJICHHSIMH
u;, =fi/Fy ta v;=Af;/F uenrpambHoi yacrotu f; i
HIMPUHU CMYTH IPOIyCcKaHHA Af; m-Tro KaHaly Bif HO-
MiHaJIBHOTO 3HAUSHHS LIEHTPAIBHOT 4acToTH F{y 1 mupu-
HU cMyTH F .

B yMoBax HeiZIeHTHYHUX KaHaIiB NpUiIMaHHs peanbHi
MOXIJIMBOCTI MapaMEeTpUYHUX METOMIB 1 CTBOPEHHX Ha
IXHii OCHOBi HAOOPIB (I1. 2) METO/IB MOXKYTh OyTH CYTTE-
BO HIDKYE MOTEHUIHHMX, Y 3B 43Ky 3 UMM iXHI IPaKTH4HI
nepeBary He HAaCTUIBKY OUEBHIHI.

HiiicHo, Hexall v(f)= [vm (t)] %:1 — M - BumipHuit
BEKTOp iMIynbcHUX Xapaktepuctuk (IX) M mpocropo-
BHX KaHaJNiB npuitManas. Toai KM @, CUTHAJIIB Ha IXHIX

BHUXOJ[aX MOKe OyTH mmojiaHa y BUTIIAI [38]

u .
@, = [(Pii]i,j=1 =®®A, 9, =0y, (15)
ae
o0
M *
A=la] = [vovioa (16)
— KM IX kananiB mnpuiimMaHHs; ® — CHMBOJ IIO-

€JIEMEHTHOTO TIepEeMHOKYBaHHS Matpunb (mo0ytox Ily-
pa-Amamapa); ® — KM curHaiiB B yMOBaxX iI€HTHYHHX
IX mpocTopoBrX KaHANIB TPUAMaHHS.

be3 BrpaTu 3aranbHoCTi OyZaeMo BBaXKaTH, IO B MaT-
pumi A (16) miaroHanbHI €IEMEHTH

>8]
Ay = I|vm(t)|2dt:1 3aBcix mel, M,

—00
ac

®, =1,,+C,C=FhF ®A. (17)

Toni edextuBHuit panr KM @ (17) BU3HauaeThCs
panrom Matputi C i mopiBHioe [38]

rC:rankC=min{M,n~rA}2n,

(18)
Jie 7 — paHr MaTpumi A .

MoskHa TOKa3aT, IO 3a 1IEHTUYHHX KaHaJiB IpH-
iimanHs KM IX A (16) mae panr r, =1. Y nupomy Buma-
AKy edexTuBHMI paHr rgp, Marpuui @ (17) mopisHioe
eeKTUBHOMY paHry rgp Marpuii @ (12) i 30iraerses i3
kinekictio JIIB - n<M  (ry #rp, =n). Onmmak 3a

HEIICHTUYHHUX KaHaJIB NpuiiMaHHs 7, >1 1 Takoro 30iry

HeMae (rp, =rp =n ). Marpuis C mopsins n HEHyIbo-
BUMH «KOPHCHHUMHK» (CHUTHAJBHUMHM) BJIACHHMH 3HAUEH-
HiAMHU (B.3) Mae i n(rA—l) «HapasuTHOX» B.3. IxHil
piBeHb BU3HAYAETHCS CTYNEHEM HeieHTHYHOCTI [X KkaHa-
JIB MpUAMaHHs, MPOCTOPOBUM PO3TALIYBaHHSAM 1 1HTEH-
cuphictio JIIIIB [38]. 3okpema, i PIBHOMOTY)KHHX
JUIB (h; =h, i€l,n) matpung C Mae BUTIAL

C=hS,S=FF ®A, (19)

1 BCi i B.3., y TOMY YHCII 1 «Iapa3uTHI», JOPIBHIOIOThH

2O i) et M, (20)

TOOTO MPOTOPIIiiiHI B.3. k(,i) marpuii S (19).

SIk mpuKIam, Ha pUC. 6 TMOKA3aHO B3AJISKHOCTI B.3.
7»(,;1D):1+h).(,§,) (m €1,10) marpuni @, (17) Big inTen-
cuBHOCTI h nBox (n=2) piBHOmMOTYXHUX JIIIB mpm

(ikcoBaHMX MapameTpax HEiJeHTHYHOCTI (CepeaHbOKBA-
nparuaHoro BigxuineHHs (CKB) o, = 0.005 menTpampHOI

YacTOTH 1 IIMPUHHU CMYTH MponyckaHHs o, = 0). Bugso,

1o 3pocranHs iHTeHcuBHocTi J{ILIB /4 cynpoBomkyeTbest
30UTBIIEHHAM €(EeKTHBHOTO paHry (KUIBKOCTI B.3., IO
HOMITHO nepeBeplye oauHuo) Marpuni ®; (17). Tak,
yxe ipu 4 > 20 nb meit paHT He MEHIIE TPHOX 1 He 30ira-
etbest 13 KinpkicTio JJIIB. OueBunHO, 110 nmpu OGLIBIINX
3HaueHHsAX /i edexTuBHMI panr ®; He Oyne 30iraTucs i3

Kinpkictio B 7 mpy MEHIIMX 3HAYEHHAX G, .

3a mi€o NPUYMHIO B yMOBaX HEINEHTHYHHX KaHAJIB

lim (i):q):td)l, i, oTKe, 7c>n,
K—w

NIpUIMAaHHs, KOJIU

BHCOKA SKICTh BU3HAYEHHS G(I)CKTI/IBHOFO panry rc, Biaac-

TUBa, Hampukiana, kpurepito llIBapma-Piccanena (MDL),
POOUTH HOTO MPAKTHYHO HENPUIATHUM JUIS OLIHKH YHCIIa
JIB.

@)
7\‘1’}’1 M=10, n=2

[C) — — 0 —7"0 e
10 91—20 92 22 /,
105k— ©,=0.005 6,0 =
104 ,// /4/
103 ] Aﬂ:l/l/

102 —= ~ <{2 — {qg
100 | — 1 e
0 10 20 30 40 h, 1B

Pucynok 6 — BnacHi 3Hauennss KM BuUXigHUX CHTHAJIIB KaHATIB
npuitmanas @ (17)

Miticao, B MDL-kpurepii kinskicts JIIB 7 € po3-
B’SI3KOM ONTHUMI3aliiHo1 3a1a4i [16]
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[Tl

n :argn;i —KlIn m=p+l W +
Ly @1
i M_pm:pH J

+% p (ZM—p) anJ,

e 71(,(,11)) —B3. M xM ominounoi KM @ BUXIIHUX CHT-
HAJIB IPUAMANEHUX KaHAIIB.

3 (21) BumiuBae, 1o ominka kimbkocti B 7 3a-
JIEKUTH Bix (aykTyaniit oniHok B.3. KM ® , sxi Ha MpaK-
THUII MOXKYTH OYTH 3aHAATO BEITMKUMH.

P
ays Kpur. MDL
0.8 b 5 e HIT - HAGip |
06 - 6,=0+0,0075\ ",
/ *, ;
04
™ c,=0,015___

"""" - h=201b 1

\
0.2 “

0 0,005 0,01 0,015 002 0,025 Gp

Pucynox 7 — 3anexxHocTi HMOBIPHOCTI IPaBHIBHOTO
poszzninenus JI1IB Bix napamerpiB HeiIeHTHYHOCTI
KaHaiiB npuitmanus GAP

[le Hao4HO iMOCTpY€ETHCS HA pHC. 7, € MOKa3aHi rpa-
HUYHI IMOBIPHOCTI TIPaBHIIBHOTO PO3JLIEHHS 32 KpUTEPi-
em MDL (21) (cyuinpHi KpHBi) i Ha0OpOM HemapaMeTpu-
yanx («HIT — Habopom») MeToaiB (IITPHUXOBI KPHBi) JBOX
(n=2) piaonotyxuux [IIIB 3 BiTHOCHMMHU IHTECHCHB-

HocTsiMa =20 nb . TepMiH «rpaHu4HI» BBEACHO Yepes3
. . ()
BUKOPHCTAHHS 3aMICTh OILIHOK B.3. k(m ‘) (mel,M) wma-

. e )

tpuni ®; (17) iXHIX ICTUHHHUX 3Ha4eHb k(ml). Bunno,
IO BXKE MPH HE3HAYHOMY PIBHI HEiJIEeHTUYHOCTI (3HA4eH-
HAX Oy 1 G,) edexTuBHicTh oniHIOBaHHA yucnaa LB 3a
MDL — KpuTepieM TMOMITHO 3HIKY€ThCS. Tak, IMOBIip-
HICTh MPaBUIILHOTO PO3IiieHHs P Ha WOro OCHOBI cTae
OM3BKOIO JI0 HYJIA BKe IpH G, = 0,004,

B Toli ke yac aHajOriyHa HEIJCHTHYHICTh 3HAYHO
MEHIIEe 3HIKYE po3aiIbHy 3aatHicTh «HII-Habopy»
METOJIIB, B IKOMY OIlIHKa KUIBKOCTI JKEpeN He 0a3yeThCs

Ha aHaJi31 e)eKTUBHOrO PaHry OLIHKH ® KM @. Sk
MOKa3yIOTh PO3paxyHKHM W MOJENIOBAHHS, LI BHCHOBKH
CIpaBeTNBI HE TIIBKH CTOCOBHO PO3ALIBHOI 3IAaTHOCTI,
aie ¥ TouHocTi BuMiproBanHsA KoopmuHat JIIB. Kpim
nporo, «HII-Habip» HEe BHMarae po3B’sI3Ky CKIAJHOI
3aja4yl BU3HA4YEHHsI BIACHUX 4mcell i BektopiB KM, pos-

Mip siko1 MOke OyTH JTIOCUTDH Benukuil. BiH BUsBIsieThCS 1
OUTBII MPOCTUM JUIS TeXHIYHOI peamizamnii. Tomy came
«HIT-nabip» Metonis (1. 2) Moxe OyTH peKOMEHI0BaHHUN
JUId TIpakTHYHOI peamizamii IUIixHOI imei KoMOiHOBaHOI
TeNIeHTanii JUKepen IIyMOBUX BUIPOMiHIOBAHb.

BUCHOBKH

VY craTTi BUpIMIEHO 33aMadqy BUOOPY METOY (aIropuT-
My) nenenrarii AIIB ams komMOiHOBaHOI CHCTEMH BHSB-
JICHHSI HEIIYMJIMBOT TOYKOBOT 1iji i menenrarii J11B.

HaykoBa HOBHM3Ha OTPUMAaHHX PE3yJIbTATiB IOJIATAE B
TOMY, 1110 HaOyJia MOJJANIBILIOTO PO3BUTKY TEOPIs 1 TEXHIKa
CA umaakosux nporeciB 3 JIEC, a came: Brepiie mpo-
BE/ICHO TIOPIBHAIBHUN CTaTUCTUYHUI aHaji3 e(eKkTHBHO-
CTI pI3HUX TPYI «HAAPO3MUIIIOUNX» MeToniB CA 1o Bif-
TBOpeHHI0 JIEC B yMOBax mapaMeTpH4HOi anpiopHoOi He-
BHU3HAYCHOCTI 1 HEJOCKOHATIOCTI KaHANIB MPUHMAaHHS, 0
JIO3BOJIMJIO 33 CYKYITHICTIO KpUTEpiiB BigiOpaTH IOIiIb-
HUH U1 ipaktrgHOTro 3actocyBanHs B KCBII. Tlokasano,
10 3 IUX YMOBaX 3a e()eKTUBHICTIO BU3HAYCHHS KLIBKOC-
Ti JIIIB (po3aiibHOIO 3MATHICTIO) 1 TOYHICTIO IeJieHTanii
JUIB meronn mepmioi rpynu (HemapaMmeTpHuHi) Maixe
HEe MOCTYMAlThCS BIIOMHM 1 HOBHM MeETOJaM Jpyroi
rpynu (mapamerpuyanM). OqHAK 31 3pOCTAHHSAM CTYIEHS
HEIJICHTUYHOCTI KaHaiB MPUIIMaHHS METOAU APYroi rpy-
M CTAlOTh NMPAKTUYHO Hepare31aTHUMH.

[IpakTYHA LiHHICTH MOJSITa€ B TOMY, IO OOIPYHTO-
BaHWH CIrIoci0 MPaKTHYHOI peajtizamii HermapaMeTpUIHUX
MmeroniB CA Ha €auHIN CTPYyKTypHO-aJTOPUTMIUHIN OcC-
HOBI AP®, 1110 € 0CHOBOIO KOMOIHOBAHOI CHCTEMH BHSIB-
JICHHA HEUTyMJIMBOI TOYKOBOI mimi i menenramii JIIB, i
MPUOJIM3HO BABiUi cHporrye oOpoOKy MPUUHSATHX CHTHA-
miB 1 30epirae «pobacHict» MeroniB CA 1o peaibHUX
YMOB BHOIPOK 0OMEKEHOTO 00’ €My .

B mnopanbiiomy IOLUIBHO PO3MIISIHYTH €(EeKTUBHICTH
BKa3aHOi KOMOIHOBaHOI CHCTEMHU B yMOBax Jii MaCHMBHUX
3aBaJi, HAIIPUKJIA]l, BIIOUTTIB Bijl MICIICBUX IIPEIMETIB.

MNOJAKA
Pobora mpoBeneHa 3a MIATPUMKH JIEpKOIOKETHOT
HAYKOBO-JIOCIITHOI poO0oTH XapKiBCHKOTO HAIliOHAIBHO-
TO YHIBEPCHTETY pajmioeneKkTpoHiku «Metomm i 3aco0um
BUSBJIICHHS OC3MIMIOTHUX JITaJbHHUX AarapariB CHCTEMH
3aXHMCTY BIHCHKOBUX 1 KPUTHYHO BRXIIUBHX 00’ €KTIB iH-
¢dpactpykrypm»” (Ne nepixk. peectpauii — 0121U109998).
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AHHOTALUSA

AxrtyaabHocTh. {1 mHOTHX PJIC aBTOHOMHBIE cCHCTEMBI OOHApYKEHUS HEIIYyMAMUX Bo3AymHbIX nenei (I1L) u nenenranumn
HCTOYHUKOB ITyMOBHIX m3nydennil (U1B) M0oxHO 3aMEHHTh OJJHOI SKOHOMHOM CHCTEMON OOHAPYKEHUSI — TEJICHIalliH, B KOTOPBIX
o01iue ornepanuu, KOTOpPbIe HCHIONB3YIOTCs pu oOHapykeHunu [11] u nenenramum J{I1IB BIMOMHSIOTCS TOJNBKO OAUH pa3. J{is takon
CHCTEMBI PaccMaTpUBAIOTCS TPYIIBI HECOOCTBEHHOCTPYKTYPHBIX (HEMapaMeTPHUUYHBIX) U COOCTBEHHOCTPYKTYPHBIX (IapaMerpud-
HBIX) «CBEpXpa3pellarolinX» METOIOB crekTpaibHoro anamusza (CA) mains 00OCHOBaHHS IIEJIECOOOPA3HOr0 METOJAa IEJICHTaIlU
HUIIB.

Henw. CpaBuuTenbHbIi aHamM3 G dexTuBHOCTH MeTon0B CA pa3HBIX TPYII 10 COBOKYHOCTH KPUTEPHEB H MPEATIOKCHUS OT-
HOCUTETIbHO HUX IPAKTHYECKOTO IPUMEHEHHS.

Metoa. OhheKTHBHOCTS METOIOB ONPEACISICTCS aHAIUTHYECKH, TI0 Pe3yIbTaTaM MMHTAIIHOHHOTO MOJICIIMPOBAHUS U UX CPaB-
HEHHS C HOBBIMH pe3yJIbTaTaMH, U3JI0KEHHBIMH B OTKPBITOH nuteparype. [Ipu MomennpoBaHUU HCHOIB30BasIach 000CHOBaHHAA U
MPAKTUYECKU MPOBEPEHHAS MPOTrPaMMHO-ITOPUTMHYECKast 0a3a aJalTHBHBIX PEHICTYATHIX (PHIBTPOB LIS pealu3alud HelapaMeT-
puueckux merogoB CA.

PesyabTatsl. [Tokazano, uto Metonsl CA 00euX TPyIN HE UMEIOT OTPAaHUYCHUI Ha KOH(HUTYpalno aHTCHHOH perieTku (Tuio-
CKasl, KOJIBLIEBas ¥ T.II.), B TOM YHCJIC TIPH UCIIOIb30BAHUU B HEAKBUMCTAHTHUX «Pa3peKCHHBIX)» aHTEHHBIX penieTkax (AP) ¢ mex-
IyJIEMEHTHBIMH PACCTOSHUAMH Oojblie 1moaoBuHb! AnuHbl BoiHbl PJIC. IIpousBeneHo cpaBHeHHE paspeluaromieil crnocoOHOCTH
(onpenensarts konudectBa UIIB) u adpexruBrocts nenenranuu NIIB meTomamu pasHbIX TPYII NPU HCIOIb30BaHUH pa3HbIX AP.
[TokazaHo, 4TO METOIBI MEPBOH IPyHmbl (HEMapaMeTPUUYEeCKUe) 32 BEPOSTHOCTHIO MPABWIBHOTO pa3feieHUs MOYTH HE YCTYHAlOT
W3BECTHBIM W HOBBIM METOJAM BTOpOH Ipymiibl (mapaMerpryeckuM). [10 COBOKYIMHOCTH KPUTEPHEB W MPAKTHYECKUX YCIOBHH HC-
TIOJTE30BaHMS JUTS MEJICHTAIlNY HCTOYHHUKOB IIYMOBBIX M3ITyYSHHUH I1e71ecO00pa3sHo UCIIOIb30BaTh METO MUHIMyMa aucrepcnn Keii-
TIOHA, €CIU CYIIECTBYIOT OTPaHWYEHHSI HA BBIYHCIUTENBHYIO CIOXKHOCTh MeToAa. [Ipy OTCYTCTBUM TakMX OrpaHHYEHHH LeJIeco00-
Pa3HO UCIIONB30BaTh HAOOP METOJIOB.

BeiBoabl. [[i1st mpakTHueckoi peanu3anud KOMOMHUPOBAHHOW CHUCTEMbI BBISIBIICHUS HEIIYMSIILEH TOYSUHOW LIENH U IeJIeHra-
LUK UCTOYHHUKOB IIYMOBBIX H3JIyYCHHH IPEAIaraeTcsi CTPYKTYPHO-aITOPUTMHUYECKass OCHOBA aJalTHBHOIO PEIIETYaToro QuibTpa.
Ha nem psamom ¢ popmupoBaHreM BECOBOTO BEKTOpA ISl BBIABICHUS €M IS IIEJICHI Al BO3MOYKHO PEaln30BaTh HE TONBKO Me-
ton Keiinona, a © Habop METOAOB, KOMOMHUPYS Pa3IMIHBIM 00pPa30M KBaJIpaThl MOAYJICH KOMIIOHEHT €r0 HCXOIHBIX BEKTOPOB.
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ABSTRACT

Context. For many radars, the autonomous systems of the non-noise-like aerial targets (AT) detection and the noise radiating
sources (NRS) localization (direction-of-arrival estimation) may be replaced with a single detection-localization system, which car-
ries out the common operations of the AT-detection and the NRS-localization only once. For such a system, groups of non-
eigenvalue and eigenvalue decomposition based “super-resolving” spectral estimation (SE) methods are considered to substantiate
efficient one for the NRS-localization.

Objective. The comparative analysis efficiency of the SE-methods of different groups by a set of criteria and recommendations
on their practical application.

Method. The methods’ efficiency is analyzed analytically, under simulation results and their comparison with new results pre-
sented in the open literature. In the simulation, a well-grounded and practically examined software-algorithmic basis of adaptive lat-
tice filters for nonparametric SE-methods implementation is used.

The results. It is shown that the SE-methods of both groups have no restrictions on the antenna array configuration (flat, ring,
etc.), including when used in non-equal spaced “sparse” antenna arrays with inter-element distances of more than half radar wave-
length. A comparison is made on the resolution (determination of the NRS number) and the NRS-localization (direction-of-arrival
estimation) efficiency by methods of different groups when using various antenna arrays. It is shown that the methods of the first
group (non-eigenvalue based) in terms of the probability of correct resolution, are almost not inferior to the known and new methods
of the second group (eigenvalue ones). Based on the set of criteria and practical application conditions for direction-of-arrival estima-
tion of the noise radiating sources, it is recommended to use the Capon’s minimum variance method if there are limitations on the
computational complexity of the method. In the absence of such restrictions, it is advisable to use the SE-bank of methods.

Conclusions. For the practical implementation of a joint system of the non-noise-like aerial target detection and the noise radiat-
ing sources localization, a structural-algorithmic basis of adaptive lattice filters is preferred. Using latter, along with the weight vec-
tor forming for the target detection, it is possible to implement not only the Capon’s method, but also a SE-bank of methods by com-
bining the squares of absolute values of its original vectors’ components.

KEYWORDS: method, spectral estimation, adaptive lattice filter, resolution-measurement criterion, direction-of-arrival, noise
radiating sources, resolution.
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ABSTRACT

Context. The problem is to systematize and improve the models of a resonance ferrite isolator in the rectangular waveguide for
the antenna-feeder devices, generating, receiving, measuring microwave equipment containing ferrite decoupling devices: ferrite
isolators and circulators.

Objective. The goal of the work is to verify the formula for the losses of the resonant ferrite isolator in the direct and reverse
directions, as well as the isolator ratio.

Method. The research method of the work is a critical analysis of literary sources, which was carried out, but did not bring the
desired results, since it did not allow to verify the correctness of the derivation of the formula [17]. Therefore, a number of
hypotheses were put forward, what the formula might mean. The difficulty lay in the presence in the formula of the product of
trigonometric functions that can be attributed to frequency properties, which was taken as an initial hypothesis, which was not
subsequently confirmed. The check included transformation of formulas using mathematical physics in terms of microwave
electrodynamics, trigonometry and algebra. The beginning was the formula of the classics [16], similar to the formula of [18],
accepted without proof. As it is known, for the main type of wave in a rectangular waveguide, the components of the magnetic field
strength, obtained as a solution to the wave equation under the boundary conditions inherent in a rectangular waveguide. One
component of the magnetic field strength is along the direction of wave propagation, and the second one is in the transverse direction
in the section of the waveguide are proportional to the trigonometric functions cosine and sine with the same arguments. The equality
of the two components of the strengths is traditionally uses to find the plane of circular polarization where to place the ferrite isolator,
and so the authors use this proportionality to trigonometric functions in their derivation, namely the formulas of trigonometric
functions of a double angle, the basic trigonometric identity sine squared plus cosine squared is equal to one for replacing the
propagation constants with trigonometric functions, this allows to get rid of radicals in the formulas, these radicals in the formula are
due to the phenomenon of dispersion in a rectangular waveguide. The rest of the manipulations with the formula are the reduction of
similar terms.

Results. There was obtained analytical expressions for the losses of the resonant ferrite isolator in the forward and reverse
directions, as well as the isolator ratio by strict mathematical transformations. There was performed such transformations. The ratios
of the longitudinal propagation constant to the transverse propagation constant are replaced by the ratios of the trigonometric
functions sine and cosine, since they are continuous as opposed to tangents and cotangents. Such a transformation allows to avoid
square roots in the formula for the losses of the ferrite isolator in the forward and reverse directions, which are associated with the
presence of dispersion in the waveguide, as in the formula for wavelength in the waveguide. The conversion is based on microwave
electrodynamics. The formulas are used for the distribution of fields in a rectangular waveguide for the main type of wave. Further
transformations consist in taking the common factor out of brackets and other arithmetic transformations.

Conclusions. Threr was obtained results partially coincide with the well-known [17], the derivation of the formula [17] was ob-
tained for the first time, the studies carried out allowed us to reject the hypothesis that the product of cosines and sines in the loss
formula of a ferrite isolator is a frequency characteristic, it appears as a result of arithmetic transformations. To take into account the
frequency range, it is used that there is circular polarization at the middle frequency, there will also be circular polarization at the
extreme frequency of the range, but the plane of circular polarization will shift in comparison with the position of the plane of circu-
lar polarization at the middle frequency. That is, a peculiar system of two equations is obtained with respect to two positions of the
polarization plane relative to the wide side of the rectangular waveguide section.

The scientific novelty consists in systematization and generalization of the formulas of the loss of the resonance ferrite isolator,
the connection between the formulas from different literature sources, both foreign and domestic, is proved, which saves time for
researchers of ferrite isolators for the verification of the formula.

The practical significance. It may be useful for teaching purposes and in optimization of the ferrite isolator design.

KEYWORDS: ferrite isolator, isolator ratio, direct loss, reverse loss, frequency properties, electrodynamics,
verification, circular polarization, waveguide field distribution.

NOMENCLATURE Yyo»> Bo is a longitudinal propagation constant;
X, Y, Z are axes in a rectangular coordinate system; a is a size of the wide wall of the waveguide;
ES is a y-projection of the electric field strength; b is a size of the narrow wall of the waveguide;
H )(() is a x-projection of the magnetic field strength; " N is a dimension of the ferrite plate on the smaller
side;
0. sl : . . . .
H is a z-projection of the magnetic field strength; M is a dimension of the ferrite plate on the larger
Kox» Kc 1s a lateral propagation constant; side, 2m=t; ;
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X, is a position of the middle of the ferrite plate along

the cross section of the waveguide at the middle

frequency of the range, x, :t3+t?1 ;

X, is a position of the middle of the ferrite plate along

the cross section of the waveguide at the extreme
frequency of the range;
”

Xxx » Mp are Xx-susceptibilities, imaginary term;

”

xy » k1” are Xy-susceptibilities, imaginary term;

[, is a ferrite slab length.

INTRODUCTION

The antenna-feeder devices, generator, receiving,
measuring microwave equipment contain ferrite
decoupling devices, the number of which sometimes
reaches hundreds in one set. Without such decoupling
devices, it is impossible to create multi-cascade
amplifying circuits, as well as amplifiers made on active
two-port elements. The decoupling devices greatly
simplify the creation of phased antenna arrays and
especially active phased antenna arrays [5].

The object of study is the process of electromagnetic
wave propagation through ferrite isolator in the rectangu-
lar waveguide.

The ferrite isolators are nonreciprocal microwave
devices with a different loss factors in the forward and
reverse direction (Fig.1). This fact determines their use to
prevent the failure of generators due to reflected power
from the termination. Ferrite isolators are structurally a
section of a waveguide with a ferrite slab placed in it; a
permanent magnet is located outside the waveguide. In
principle, ferrite isolators can be classified into resonant
isolators and field-shifted isolators. Isolator characteristics
include isolator ratio, forward loss and reverse loss.

Figure 1 — Ferrite isolator

The subject of study is method of description of
parameters of ferrite isolator.

In engineering calculations for the design of ferrite
decoupling devices, various formulas are used [2, 3].
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The purpose of the work is the comparison of
formulas describing the same parameter, and the desire to
show their connection with each other. And in a broader
sense, critical analysis, generalization and
systematization.

1 PROBLEM STATEMENT
In the disciplines related to the design of microwave
devices, with a large number of manuals, there is little
literature about ferrite devices.
In lectures [16] and other foreign sources, the formula
for losses of a ferrite isolator is

AS . ”
Ot :g{B(Z)Xxx sin’ kx+kixz cos” kX F
0

h ©))
Fllxy kcBOSiHchX]

The advantage of formula (1) is that it is clear how it
is derived and there are examples of calculations with
numerical values intended for training, there are imple-
mentations in the devices design. The disadvantage is
that, firstly, designations of variables different from fa-
miliar for domestic literature, secondly, different axes
orientation, thirdly, different units of measurement (off-
system as compare to system SI unit inches and oersteds),
and different numerical values meanining as to waveguide
cross section and other.

In domestic sources [17], another formula for reverse
losses is proposed

sianm
' =8.7~2-If-n a
nv b-a . TCZXl
sin ——
n2m
" 4 T2X% 2 2
x| 1y a__ cos L cos % |- o)
.2 a
sin —
a
" 2% T2
—k;sin L2 §in XO}.
a

There is no proof and a numerical example, the
implementation is questionable, the mathematical model
itself is simplified — the ferrite slab have a prismatic
shape, although to reduce the mismatch that the slab
introduces into the microwave tract, the slab should be
given a wedge-shaped form, but the mathematical model
has become significantly more complicated. However, the
advantage of the model and formulas are the familiar
designations of variables and orientations of the axes, the
use of system units and a reference to domestic brands of
ferrites, sections of waveguides.

Let us carry out a comparative analysis in order to
identify the relationship between the expressions for
losses in ferrite (1) and (2).
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2 REVIEW OF THE LITERATURE

The book [1] describes the use of ferrites in
microwave devices such as isolator, circulator, phase
shifters, as well as antenna arrays, due to its nonreciprocal
properties. It turns out that the nonreciprocal devices can
be designed, not only on ferrites, but also differently [2].
So, non-reciprocal devices in transmission tracts for
microwave and terahertz frequency range can be
classified into two large groups of new and traditional
group by the criterion of the materials used. Information
about the first group is contained in literature sources [3—
10], and information about the second group is contained
in the literature [12—16].

The most modern trends for non-reciprocal devices are
use of photonic crystals [3, 9, 10] and metamaterials [4].
As methods for describing such devices, the methods of
microwave circuits theory are used more often [3, 7], but
the methods of electrodynamics are also used [8]. Among
numerous parameters describing metamaterials and
photonic crystals [5] there are parameters common to
traditional non-reciprocal devices: scattering matrix,
figure of merit, dispersion characteristic. There is also
works about frequency properties attracts our attention
[6]. The results of the application of calculation methods
are the dispersion characteristics with the I" points [5,6]
are presented, the phase and group velocity.

For models of nonreciprocal devices with traditional
materials are used new description methods. Methods of
electrodynamics are used for calculating the propagation
constant. For calculation propagation constant the trans-
verse operator method used in [11, 12], for calculating the
modes the mode matching method [11] is applied, from
partial differential equations solution is received
transcendental equation for phase constant [13], there is
considered eigen functions including higher modes [14],
and the surface integral equation for the normal
component of magnetic flux density on the surface of the
ferrite layer [16].

There was received such results: calculate the
normalized propagation constant as a function of
frequency, the input reflection coefficient S;; is shown as
a function of frequency [11]. The dispersion
characteristics for waveguide with a square cross-size
completely and uniformly filled with longitudinally
magnetized ferrite were calculated [12]. The optimization
of geometric parameters of ferrite slab, as well as the
coefficient of filling of the waveguide and their influence
on the scattering matrices were studied experimentally
[13]. The scattering coefficients for an EM wave passing
through both a single air-ferrite interface and an air-
ferrite-air system are analyzed under the consideration of
modal effect. [14]. waveguides partially filled by ferrite
can support a unidirectional mode that, when colliding
with an impenetrable barrier, accumulates the
electromagnetic energy in a tiny region near the latter and
graphics of magnitude for a wave packet approaching the
barrier hot spot was drawn [15].

On the basis of critical analysis of the literature
sources with traditional material and new description
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methods we draw such conclusions. The longitudial
magnetic bias case [11, 12] interesting  but not
appropriate for our case as we have a transversal magnetic
bias. The geometry of the ferrite device determines its
properties [13] The most important thing in the literature
review is amplitudes [14] of electromagnetic field
components depend on frequency, the position of the
points of equality to zero in an unfilled waveguide
compared to a filled one is in different places at I" points
named according [5, 6], the difference is aggravated when
approaching the resonant frequency, sourdse [15]confirms
that the amplitudes depend on the frequency.

The ferrite devices are up-to-date, despite of they have
been known for a long time but have not exhausted their
capabilities. Modern trends as shown by a review of
literary sources is the use of new materials, the
development of theoretical methods, as well as attempts
to increase the frequency range.

3 MATERIALS AND METHODS

The object of research is a resonant ferrite isolator on
a rectangular waveguide (Fig. 2). To increase the effect,
not one, but two plates are placed near opposite wide
walls of the waveguide. The figure shows the position and
dimensions designation of the ferrite plates; they will be
needed to draw further formulas. The cross section of a
rectangular waveguide is shown, and the system of an
external permanent magnet is not shown, as in the photo-
graph in Fig. 1, which is a permanent magnet in the form
of a cylinder, enclosing a rectangular waveguide. Its pres-
ence in the construction of the model is taken into account
as an external constant magnetic bias, while the alternat-
ing magnetic field exists inside the waveguide, it is cre-
ated by an electromagnetic wave, which is generated in
the source and is partially absorbed, and partially re-
flected in the termination of the microwave tract.

[ —— T —P
>
—

X
-
——— 3 —»

Figure 2 — Construction of a ferrite resonant isolator

We assume that the wave propagates in the waveguide
along the z direction; we take into account that the struc-
ture of the field of the main wave type in a rectangular
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waveguide is determined by the known relations for
H.H,.E,

0 _ ~Jryez
Ey =sinkoyx-e Y
HO = Y% ginkoyx-e 17v0?
y .
HO =— y0 coskoyx-e 0%,
Ok

T / 2
where kOX ZE, ’Yyo = ko _kOX .

As a result of the research, it turned out that the start-
ing point for deriving the formula from the source [17] is
the formula from the source [16], similar to the formula
(1)]. Let’s try to derive the formula (2).

In [1], a formula for propagation constant with proofs
is given and it can be taken as the starting point of our
research.

h [1 k2,
= +—q—u" +— |t +
Ty =Vyo ab{zl’- [(Yyo Yy 1

k .
o Kox IY0 | ko by -coskoy (2t +4 )]
Yyo  Kox

—k"-sin kOth sin kOX (2t3 + tl )}

“4)

This formula from [1] is similar to the formula from
3,9].
: T]he following steps are proposed for transforming
formula (4) into formula (2):

1) To put out of the first round brackets in the
expression (4) Koy

2) to multiply and divide by sinKkyt; the first term in
the first round brackets (4);

3) to put out of curly brackets sin kgt ;

4) to convert the second round brackets into a

. . . c082Kgy X
trigonometric expression ————— ;

sin2kg, X ’
5) to convert first round brackets into ————
sin 2Kgy X

6) to multiply and divide by sin2kg4t; last term in
expression (4);

7) to put out of curly brackets — ;
sin 2Kgy X
8) to rename variable according [2].

The first step is to put the general factor in the
expression (4) outside the bracket, as a result we get
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h 1 | YVO kOX
Ty =Y o+—{—u ——+— Koyt +
y Y ab 2 kOX YyO 0x

(6))

k
+ &—M sin kOth - COS kOX(2t3 +t1 )]—
Yyo  Kox

—k"sinkoyt; -sinkoy (2t; +1; )}
The second step is multiplying and dividing by the

same number of the first term in square brackets of ex-
pression (5)

Yy =Yyo+
k in Koyt
h lu” yo . Kox | L
ab (2 Koy Tv0 sin Koyt

(6)

k
+ &—M Sinkoxtl'COSkox(2t3 +t1)]—
Yyo Kox

—k"sin kOth -sin kOX (2t3 "rtl )}

The third step is to put out of square brackets the
common factor sin Kgyt;

’Yy = "{yo +sin kOth X

k
ab (2 Kox Yyo sinkgyt;

+ kO_X_M Ccos kOX (2t3 +t1 )COS kOX (2t3 "rtl )]_
Yyo Xox

)

—k"sin kOX (2t3 +t1 )} .

The fourth step. The most important replacement
occurs because we express the ratio of transverse and
longitudinal propagation constants in terms of
trigonometric functions so that there will be no radical
from dispersion in a rectangular waveguide.

At the extreme frequency of the range, there will again
be circular polarization, but the plane of -circular
polarization will shift in comparison with the position of
the circular polarization plane at the center frequency.
This new position of the plane of polarization at the
extreme frequency will be denoted x; .

From expressions (3) we obtain

Yo = Hy -o-py
yo sinkOXXI ’
Koo = _HZ'(’)'MO
ox —— -
cos Koy X

Hence
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Yyo _coskoyX; H;
kOX sin kOXXI HX '

It is known that in a ferrite isolator the ferrite slab is
located in the plane of circular polarization, where
Hy =H,, therefore, the ratio of the magnetic field
strengths is equal to unity, from which the exact position
of the plane of circular polarization is determined and
where the ferrite plate should be placed. The position of
the plane of circular polarization in the waveguide is
defined as the solution of the trigonometric equation
containing the tangent.

Based on the equality H, = H, , we get

Yyo  cosKyyX
kOX SinkOXXI '

. k Y . . .

Lets consider ~% 4+ Y0 Ag trigonometric functions,
Tyo Kox

tangents and cotangents have discontinuities, so it is bet-

ter to leave sines and cosines.

kOX n Yyo _ Ccos kOXXl n sin kOXXl _ COS2 kOXxl + SiI'l2 kOXxl
Yyo Kox  sinkoyXp  cosKoxX cos Koy X; sin Koy X
The basic trigonometric identity is

COS2 koxxl +Si1’12 kOXX1 =1.

The expression for the sine of a double angle is
. 1 .
COS kOX Xl sin koxxl = ESII’I Zkoxxl.
Hence we get

Tyo Ko |2
K

S0 (8)
ox Yyo | sin 2Koyt;

Then, substituting (8) into expression (7), we obtain

Yy =7Vyo *sin Koyt x

hft,] 1 1
X—<—U N kOX tl N +
ab (2 | sin2kgyt; sin Koyt

+ k()_x_m cosKkpy (2t3 +tl)}—
Yyo Kox

)

—k"sin kOX (2t3 +tl )} 5

The fifth step is like the fourth step.
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. k Y
Lets consider —2% _yo .

Yyo  Kox

kOX Yy() _ cos kOXXI sin kOXXI _ 0052 kOXxl - Sil’l2 kOXXI

Yyo Kox  sinKoxX  cosKoyX cos Koy X; sin Koy X

The double angle cosine expression is
2 - 2 _
cos” Koy X —sin“ Koy X; = cos 2Kgy X;.

The double angle sine expression is
. I .
COS kOXxl sin kOXxl = ESIII 2k0X X] .
Hence we get

Tyo Kox | 2-cos2koyt;

. (10)
ko, Yyo | sin2Koyt

0x

After substituting (10) into (9), we obtain

’Yy = '}’yo +sin kOth .

hij1l, 2 1

St bl Kox ti = +
ab |2 | sin2Kkgyt; sin Koty

20052k0xxl

(an

Koy (2t3 +t;) |—
sin2k0xxl cos OX( 3+ 1)]

—k"sin kOX (2t3 + tl )} .

The sixth step is multiplying and dividing the last term
by the sin2kg,t; , which will now be in the denominator

of each term

Yy =7Yyo *sinkgyt; x

h |l , 2 1
X—9—H - kOX tl - +
ab (2 | sin2kp,t sin Koyt
2cos 2Ky X 12
+—(.:OS 07 cos Koy (2t3 +1 )} - (12)

sin 2Ky X

in 2Ky, X
—k”SinkOX (2t3 +tl)M .
sin 2Ky X

The seventh step is to put out of square brackets the

common factor —
sin 2Ky X;
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= +sink,, t ;x
Ty =Ty 1 sin 2k, X,
h 1
x—u" Kk, t ———+
ab W] ks "sink, X, (13)

+cos 2Ky, X, cosk, (2t +1, )] -
—k”sink,, (2t, +t,)sin 2k, }.

Finally, we transform the notation into the notation
from [17] The ferrite slab width is 2m=t;, and the

position of the center of the slab in the waveguide is
Xo :t3+t31, than 2xq =2t;+t;, the slab height is n=h.

M is a constant since this is the size of the slab, and x; is

a variable that denotes the position of the plane of circular
polarization over the section of the waveguide

Yy =Y +L sin=2m ;x

1
x| u” E2m—+
sin§2m (14)

+c0s 2Koyt ~cos£2x0j—
a
.o . W
—k"-sin 2Ky t; -sm—2x0}.
a

Expression (14) is identical to expression (2), which
was required to prove.

4 EXPERIMENTS

Lets consider an H-plane resonance isolator to operate
at 9 GHz, using a single fettite slab of length L and cross
section of 0.187" x0.032". It is bonded to the lower broad
wall of an X-Band waveguide (a=0.90", b=0.40") at X0 .
The ferrite material has a line width AH = 250 Oe and a
saturation magnetizations 4tMs = 1900 G. Find the value
of Rmax"a-and o+ . If the reverse attenuation is 25 dB,
find the length L of the slab [9].

The maximum reverse losses a- is approximately 7.75
dB/inch. Thus the necessary ferrite length is
L=25dB/7.75dB/in = 3.23".

The Fig. 3, 4, 5 contain dependence of attenuation from
distance along wide wall for central frequency 9 GHz
(Fig. 3), right extreme frequency 12 GHz (Fig. 4) and left
extreme frequency 8 GHz (Fig. 5) for waveguide crossection
(a=0.90", b=0.40") other condition same is in [9].

There is isolator ratio calculated as difference between
direct and reverse losses. The maximum isolator ratio
position independent of frequency, but slightly differ for
formulas from [9] and [2], which could be account on
uncertainty. As to picture margins for formulas from [9]
all the same, but formulas from [17] have that feature that
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curves that draw on their base ascend up at the margins of
figure: for right most frequency of waveguide range the
direct losses curve ascends at the right figure margin and
for left most frequency range of waveguide range the di-
rect losses curve ascends at the left figure margin (Fig. 4).
The direct losses for 9GHz (Fig. 3) is 3.8 dB/inch at
Xo/ a=1.
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Figure 3 — Comparison of direct and reverse losses, isolator ratio
given in the [2] and [9] in the average frequency 9 GHz
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Figure 4 — Comparison of direct and reverse losses, ventil ratio
given in the [2] and [9] in the extreme frequency 12 GHz
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Figure 5 — Comparison of direct and reverse losses, ventil ratio
given in the [2] and [9] in the extreme frequency 8GHz

5 RESULTS

There was obtained analytical expressions for the
losses of the resonant ferrite isolator in the forward and
reverse directions, as well as the isolator ratio by strict
mathematical transformations. There was performed such
transformations. The ratios of the longitudinal
propagation constant to the transverse propagation
constant are replaced by the ratios of the trigonometric
functions sine and cosine, since they are continuous in
contrast to tangents and cotangents. Such a transformation
allows avoiding square roots in the formula of losses of
the ferrite isolator in the forward and reverse directions,
associated with the presence of dispersion in the
waveguide, as in the formula for wavelength in
waveguide. The conversion is based on microwave
electrodynamics. The formulas are used for the
distribution of fields in a rectangular waveguide for the
main type of wave. Further transformations consist in
taking the common factor out of brackets and other
arithmetic transformations.

The results partially coincide with results from [5, 6,
15].

CONCLUSIONS

The results obtained partially coincide with the
generally known [2], the derivation of the formula [2] was
obtained for the first time, the studies carried out allowed
us to reject the hypothesis that the product of cosines and
sines in the loss formula of a ferrite isolator is a frequency
characteristic, it appears as a result of trigonometric and
arithmetic transformations. To take into account the
frequency range, it is used that at the middle frequency
there is circular polarization, at the extreme frequency of
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the range there will also be circular polarization, only the
plane of circular polarization will shift compared to the
position of the plane of circular polarization at the middle
frequency. That is, a peculiar system of two equations is
obtained with respect to two positions of the polarization
plane relative to the wide side of the section of a
rectangular waveguide.

The scientific novelty is in systematization and gen-
eralization of the formulas of the loss of the resonance
ferrite isolator, the connection between the formulas from
different literature sources, both foreign and domestic, is
proved, which is saving of time for researchers of ferrite
isolators for the verification of the formula.

The practical significance of obtained results is ine
usefulness for teaching purposes and in optimization of
the ferrite isolator design.

Prospects for further research are to study the pro-
posed transformation method for not rectangular cross-
section of the waveguide, for example circular. As for it
description is used wave equation solution in form ofBes-
sel function combination, analogue of proposed transfor-
mation for circular cross-section give only approximate
expression for ferrite isolator losses. Another prospect is
to study behavior of ferrite slab on higher order propagat-
ing modes, and finally elaborate physical simulation
model for resonance ferrite isolator in ANSYS/HFSS.
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CUCTEMATHU3AIISA ®OPMYJI BTPAT PE3OHAHCHOI'O ®EPUTOBOI'O BEHTUJISL
3aiiuenko O. B. — kaHJ. TexH. HayK, JOIEHT, JOIEHT KadeApH MPOEKTYBaHHS Ta eKCIUIyaTalii eJeKTpOHHUX amapariB XapKiB-
CHKOT0 HAIlIOHAIEHOTO YHIBEPCUTETY PaJiOeICKTPOHIKH, XapKiB, YKpaiHa.
3aiiuenko H. SI. — acnipant xadenpu MIKpOENEKTPOHIKH, EIEKTPOHHUX HPWIIAIB i MPUCTPOiB XapKiBCHKOTO HAI[lOHAIBEHOTO
YHIBEPCHTETY Pa/liOeJIEKTPOHIKH, XapKiB, YKpaiHa.

AHOTAULIA

AKTyaJbHiCTh pOOOTH MOJSTaE B YAOCKOHAJICHHI MOJAET PE30HAHCHOTO (PepUTOBOTO BEHTWIA A MPSIMOKYTHOTO XBHJICBOY.
AHTeHHO-(iepH] MPUCTPOI, TeHepaTOpHa, IpUiiMajbHa, BUMiproBanbHa HBY amapaTypa MicTSTh B CBOEMY CKiafi GepuToBi po3B’s-
3yI04i IpUIaad, TOOTO (EpUTOBI BEHTHII i HUPKYIATOpH. OO’ €KTOM IOCIIIKEHHS € MPOIEC MOMUPEHHS eIeKTPOMArHITHUX XBHIIb
4epe3 (hepUTOBUI BEHTHIIb Y IPSIMOKYTHOMY XBHJIEBOIl. MeToio po6otu € Bepudikaris GopMyiH st BTpaT pe30HAHCHOTO (hepHTo-
BOT'O BEHTUJIS B IPSIMOMY 1 3BOPOTHOMY HAIPSIMKY, 8 TAKOK BEHTHJIBHOTO BiJIHOLIICHHS.

MeTtoa. MeTosoM fociipKeHHs B poOOTi, HO-NiepIiie, € KPpUTHYHUH aHai3 JiTepaTypHUX JoKepel, skuil OyB IPOBEICHUH, aje He
MpUHiC OakaHUX PE3yJIbTaTiB, OCKIIBKH BiH HE T03BOJIUB TIEPEBIPUTHU MPABUIbHICTH BUBeACHHs Gopmyinu [17]. Tomy Oyiio BUCYHYTO
psn rimores, o Moxe o3Hadatd (opmyna. Lle apyruit Metox DOCHiKEHHS BUCYBaHHS Ta CIIPOCTOBYBaHHS rimore3. CKiaaHicTh
noJsirana B HassBHOCTI y (opmysti 10OyTKY TPUTOHOMETPHYHUX (QYHKILIHM, SIKHH MOXKHA BiJHECTH 1O YaCTOTHMX BIIACTHBOCTEH, IO
OyJ10 MPUIHATO 32 TIOYAaTKOBY TiMOTE3Y, IO 3T0J0M HE MiATBEpAmIock. [lepeBipka BKIItOYaIa MepeTBOPEHH GOpMYII 3 BUKOPHCTAH-
HSAM MaTeMaTHYHOI ()i3WKH B TEPMIHHM MIKPOXBHIBOBOI €JICKTPOAWHAMIKH, TPUTOHOMETpIi Ta anreOpu. IloyaTkoM cTana kiacu4yHa
¢dopmyna [16], noxibHa mo popmynu [18], mpuitHara 6e3 moka3iB. Sk BiOMO, UISI OCHOBHOTO THITY XBHJII B IMIPSIMOKYTHOMY XBHJIE-
BO/Ii KOMIIOHEHTHU HAIPY>KEHOCTI MarHiTHOTO MOJIsl, OTPUMAaHI 5K PO3B’S30K XBHJIBOBOTO PIBHSIHHS B TPAaHUYHUX YMOBaX, BIACTHBUX
MIPSIMOKYTHOMY XBHJIeBoxy. OfiHa CKJIaJ[0Ba HANpPY>KEHOCTI MarHiTHOTO ITOJISI OPi€EHTOBAHA B3/IOBXK HANPSIMKY IOMIMPEHHS XBUII, a
Jpyra, B MONEPEYHOMY HANPSIMKY B MEpepi3i XBUICBO/Y, POIOPLiiiHI TPHTOHOMETPHYHUM (DYHKILISIM KOCHHYC 1 CHHYC 3 OJIHAKOBH-
MU aprymeHTamu. L[5 piBHICTb ABOX KOMIIOHEHTIB HANPY>KEHOCTI MK COOOI0 TPaIUI[IIHO BUKOPUCTOBYETHCS ISl MOLIYKY TUIOIHHHI
KPYroBoi mossipu3atii, ie po3mictuti GeppuToBrii BeHTWIb. Lle TpeTiit MeTo AOCHiKEHHS — METO/| aHAJIOTiil. ABTOPH BUKOPHUCTO-
BYIOTb LFO MPOTOPLIHICTh TPUTOHOMETPHYHAM (YHKIIISIM TIPH 3alIPOIIOHOBAHOMY BHBEIICHHI, a caMe Y (opMyJiaX TPUTOHOMETPUY-
HUX (QYHKIIA MOABIHHMHA KYT, OCHOBHOI TPUTOHOMETPHUYHOI TOTOKHOCTI CHHYC Y KBaJpaTi IUTFOC KOCHHYC Y KBaJApaTi NOPIBHIOE
OJIMHULI U 3aMiHM KOHCTAHT IOIIMPEHHS TPUTOHOMETPHYHUMHU (YHKIISMH, L€ JO3BOJIAE MO30YTHCS paguKaliB y (opMyiax, i
paIvKaIy 3HAXOMATECS y opMyIi depes siBUIIE AuCIIepcii B IPSMOKYTHHH XBuIeBi. Pemra MaHimyssmiit 3 ¢popMyioro — e npuse-
JICHHS TO/IIOHNX TEPMIHIB.

PesyabTaTh. SIk pe3ysbTaTH OTpUMaHi aHAIITHYHI BUPa3H BTPAT PE30HAHCHOTO (GEpUTOBOTrO BEHTWIIS y NMPSIMOMY Ta 3BOPOTHO-
My HampsIMKaX, a TAaKO)X BEHTHJIbHE CITiBBIAHOIICHHS 33 OINOMOIOI0 IMOCIHIZOBHUX MaTeMaTHYHHUX MEPETBOPEHb. 3IiHCHEHO Taki
MePETBOPEHHS. BiIHOIICHHA MO310BXKHBOI KOHCTAaHTH PO3MOBCIOJUKCHHS [0 MONEPEYHOI KOHCTAHTH IMOIIMPEHHS 3aMiHIOIThCS
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BIJIHOIIEHHSIMH TPUTOHOMETPUYHHMX (PYHKIIH CHHYC I KOCHHYC, OCKUIBKM BOHH € HETIEPEpBHMMH Ha BiIMiHYy BiJ TAQHI€HCIB Ta
KoTaHreHciB. Take nepeTBOPEHHs J03BOJISIE YHUKHYTH KBaJpaTHUX KOPEHIB y GopMyJi Juist BTpaT GeprUTOBOTO i30J11TOpa B IPSIMOMY
1 3BOPOTHOMY HANpsIMKaX, sIKi OB’s13aHi 3 HAsSBHICTIO JUCHepcil y XBUIEBOII, SIK Y GpopMyJIi JUTs JOBXHMHH XBWIIi B XBHIIeBOII. [lepe-
TBOPEHHs1 0a3y€ThCsl HA MIKPOXBHIJIbOBIH €JICKTPOIUHAMILI, @ CaMe BUKOPHCTOBYIOTHCS (OpMYITH [UIsl PO3MOALTY OB Y IPSIMOKYT-
HOMY XBHJIEBOAI JUIsi OCHOBHOTO THITy XBuIi. [ToJanbili nepeTBOpPeHHs MOJIAraloTh y BUBEACHHI CIIIBHONO MHOXHUKA 3 JYXOK Ta
THITUX apUPMETHYHHUX MTEPETBOPECHHSIX.

BucnoBku. OTpuMmaHi pe3ylbTaTH 4YacTKOBO 30irarotbcsi 3 Bimomumu [17], BuBemeHHs ¢opmymu [17] orpuMaHo Bmepiie,
MIPOBEJICHI TOCIIPKEHHS JO3BOJIWIIN BIIKUHYTH TIOTE3y MPO Te, MO A00YyTOK KOCHHYCIB 1 cHHYCIB Y BTpaTax ®opmyiia (pepuToBoro
130JIITOpa € YaCTOTHOIO XapaKTePHUCTUKOIO, BOHA 3’ABISETHCS B Pe3yJIbTaTi apu(METHIHUX HMepeTBOpeHb. s BpaxyBaHHS 4acTOT-
HOTO Jliara3oHy BUKOPUCTOBYETHCS, L0 ICHY€E KPyTroBa MOJSIPU3allis Ha CepeiHii YacToTi, TakoxkK OyJe LUPKYISIpHA MOJLIpH3aLis Ha
KpaliHii 4acTOTi Jiama3oHy, aje IUIOIIMHA KPyroBoi MOJspu3aiii 3MICTUTHCS B NMOPIBHSHHI 3 IOJOXEHHSAM IIOIIMHA KPYroBOT
nojispu3anii Ha cepeaHii 4actoTi. ToOTO BHXOAWTH CBOEpiIHA CHUCTEMa ABOX PIiBHAHb BiHOCHO [BOX MOJIOKEHb IUIOIIMHU
HoJsipu3anii 1OJ0 LIMPOKOI CTOPOHHM NPSIMOKYTHOTO HEpeTMHY XBHIeBOAy. HaykoBa HOBM3HA mojdrae B cucremarusauii Ta
y3araibHeHHi (opMys BTpaT pe30HAHCHOTO (pepUTOBOTO BEHTWIIS, JOBEICHO 3B’ 30K MK (POpMyJIaMu 3 Pi3HUX JITEPATYpPHHUX JKe-
pern, sk 3apyOiKHUX, TaK 1 BITYM3HIHHX, OI0 IPU3BEIE A0 €KOHOMII Yacy Al JOCHiJHUKIB (PepUTOBUX BEHTHIIB IS NepeBipku Gop-
myiu. [Ipaktnune 3HauenHs. lle Moxe OyTH KOpPHCHO Uil HaBUaJNbHUX LIeH Ta Ut ONTHUMI3amii KOHCTpYKHii (epHTOBOTO
i3oIsTOpA.

KJIIOUYOBI CJIOBA: ¢eputoBuii BEHTHIb, BEHTWIBHE CIIBBIJHOLICHHS, BTPATH B NPSIMOMY HaIIPSIMKY, BTPaTH B 3BOPOTHOMY
HAalpsMKY, YaCTOTHI BJIACTHBOCTI, €JIEKTpOJUHAMIKa, Beprdikallis, KpyroBa IoJsIpu3allisi, pO3MOALT OIS B XBUICBOI.

YIK 621.317
CUCTEMATHU3ALIUA ®OPMYJ HOTEPb PE3SOHAHCHOI'O ®EPPUTOBOI'O BEHTHJISL

3aiiuenko O. b. — kaHa. TexH. HAyK, JOIEHT, JOIEHT Ka(eapsl MPOSKTHPOBAHHUS M JKCIUTyaTaIlMH SJICKTPOHHBIX allapaToB
XapbKOBCKOI'0 HAI[MOHAJIBHOI'O YHUBEPCUTETA PAUO3ICKTPOHUKH, XapbKoB, YKpauHa.

3aiiuenko H. 1. — acriipaHT Kadeapsl MUKPOIJIEKTPOHUKH, SIEKTPOHHBIX MPUOOPOB U YCTPOICTB XapbKOBCKOTO HALMOHAIBHO-
ro YHMBEPCUTETA PAHOIEKTPOHUKH, XapbKOB, Y KpauHa.

AHHOTALUA

AKTYyaJIbHOCTb PabOTHI COCTOHUT B yCOBEPUICHCTBOBAHUH MOZIENN PE30HAHCHOTO (PEPPUTOBOTO BEHTWIIS JUIS MPSIMOYTOIBEHOTO
BOJIHOBOJIA. AHTEHHO-(puiepHBIe yCTpOICTBa, TeHepaTopHasl, pueMHast, m3Mepurensias CBY anmaparypa conepxar B CBOEM €O-
cTaBe ()eppHUTOBBIC Pa3BSI3BIBAIOIINE IPUOOPHI, TO €CTh (PEPPUTOBBIC BEHTHIN U HUPKYIATOPEl. OOBEKTOM HCCIICIOBAHMS SIBIISIETCS
IIPOLIeCC PacHpOCTPAHEHUsI HIEKTPOMArHUTHOH BOJIHBI Yepe3 (peppHUTOBBI BEHTHIb B MPSMOYTOJIBHOM BOJHOBOAE. Llenpio paboTs
SBJIETCSl BepuUKaus (HOPMYIIBI ISl TOTEPh PE30HAHCHOTO (PeppPUTOBOTrO BEHTMIIS B IIPSIMOM U OOpPAaTHOM HAaIIpaBJICHUH, a TAKKe
BEHTHJILHOTO OTHOIICHHS

Mertoa. Metop uccnenoBanus B paboTe, BO-IIEPBbIX, KPUTUUECKUI aHATIN3 INTEPATypPHBIX HCTOYHUKOB, KOTOPBIH OBbLT MPOBEJIEH,
HO HE IPUHEC JKEeJaeMBIX PE3yJIbTaTOB, TaK KaK HE MO3BOJIMI IIPOBEPHUTH NMPABUIBHOCTE BbIBOAa Gopmydsl [17]. [losTomy OblT BEI-
JIBHUHYT DS THUIIOTE3, YTO MOXET O03HAdaTh (popMyia. DTO BTOPOH METOA MCCIECAOBAHUS — BBIIBIDKCHHE W OIPOBEP)KCHNE TUIIOTE3.
CIIO’KHOCTh 3aKITI0Yanach B HATMYAU B ()OPMyJIe TPOM3BEACHNUS TPUTOHOMETPHIECKUX (DYHKIHI, KOTOPbIE MOXKHO OTHECTH K dac-
TOTHBIM CBOWCTBaM, YTO OBUIO NPHHSTO 3a UCXOAHYIO THIIOTE3Y, KOTOpasi BIIOCICICTBUH HE ITOIydmIa moarsepskaeHus. [Iposepka
BKJIIOYaJIa peodpazoBaHue (GopMyI C HCIOIB30BAaHHEM MaTeMaTHIECKON (DH3HKU B TEPMUHAX MHUKPOBOJIHOBOH JJIEKTPOANHAMHUKH,
TPUTOHOMETPHHU U alnreOpbl. Hauanmom mociysxuia kinaccuyeckas ¢popmyia [16], ananornynas dpopmyie u3 [ 18], npunsras 6e3 goka-
3arenbcTBa. Kak M3BECTHO, JUIT OCHOBHOTO THIIA BOJIH B IPSMOYIOJBHOM BOJHOBOJE KOMIIOHEHTHI HANPSDKEHHOCTH MAarHUTHOTO
T0JIsl, TOTyYeHHBIE KaK PEelIEHHe BOJHOBOTO YPaBHEHMS NMPH T'PAHHYHBIX YCIOBHSAX, CBOHNCTBEHHBIX MPSIMOYTOJIBHOMY BOJHOBOJY.
OnHa cocTaBisIoNIas HAMPsHKEHHOCTH MarHUTHOTO TIOJISI HANlpaBJIeHa BJOJb HAMPaBIEHHUs PaclpOCTpaHEHMs BOJIHBI, a BTOpas — B
MONIEPETHOM HAIPABICHUH B CEYEHHWH BOJIHOBOJA, OHH IPOMOPINOHAIBHBI TPUTOHOMETPHUUECKUM (YHKIUSIM KOCHHYC W CHHYC C
OJIMHAKOBBIMH apTyMEHTaMH. JTO PaBEHCTBO ABYX COCTAaBIIIONIMX HATPSDKEHHOCTH MAHUTHOTO IOJIST TPAJUIIMOHHO HCIIONIBb3YeTCs
JUISL HAXOXKACHMS TUIOCKOCTH KPYroBOH HOJISIPU3ALUM, B KOTOPOH ClleAyeT pa3MecTUTh (DeppUTOBBIM BEHTHIIb. JTO TPETUH METOI
HCCCIICIOBAHUST — METO/ aHAJIOTHH. ABTOPHI HCIOJIB3YIOT 3Ty NPOIOPIUOHATIBHOCTh TPHTOHOMETPHUYECKUM (DYHKIHSM IIPU CBOEM
BBIBOJIC, @ IMEHHO UCIIOIb30BaHbI (YOPMYJIBI TPUTOHOMETPHYECKUX (DYHKIMH JBOHHON yroi, OCHOBHOE TPHUIOHOMETPHYECKOE TOX-
JIECTBO CHHYC B KBaJIpaTe IUIIOC KOCHHYC B KBaJpaTe PaBHO €IMHHMIIE JUIS 3aMEHbI MMOCTOSIHHBIX PAacIPOCTPAaHEHHs! TPUTOHOMETpHYe-
CKMMHM (QYHKIMAMH, 3TO MO3BOJIIET M30aBUTHCS OT paJUKaIoB B (OpMyJiax, 3TH pajUKalbl HaXoAaTcs B GopMyse M3-3a SBICHUS
JIMCIICPCUM B IPSIMOYTOJIbHBINA BOJIHOBOA. OCTaIbHbIe MAaHUITYJIALNH C HOPMYJIIOH — 3TO NIPUBEEHHUE HOJIOOHBIX TEPMHHOB.

PesyabTatsl. [TyTem cTpornx MareMaTH4ecKHX NpeoOpa30BaHUM MOTyUSHBI aHATUTHIECKHIE BBIPKEHUS JUIS MOTEPh PE30HAHC-
HOTO (heppUTOBOTO BEHTHIISI B IPSIMOM 1 0OpPAaTHOM HAIPABIIECHUAX, a TAKXKE BEHTHIBHOTO oTHOmeHus. Takue nmpeoOpa3zoBaHust ObLIH
npon3BesicHbl. OTHOMIEHHS TOCTOSIHHOM IPOJOIBHOIO PACIIPOCTPAHEHHS K MOCTOSHHON ITONIEPEYHOr0 pacHpOCTPAHEHUS 3aMEHSIOT
OTHOIICHUSIMH TPUTOHOMETPUYECKUMH (YHKIMSIMH CHHYCa U KOCHHYCA, IIOCKOJIbKY OHHM HEHPEpPBHIBHEI B OTJIMYHE OT TAaHTCHCOB H
KOTaHTreHCOB. Takoe npeoOpa3oBaHue ITO3BOJISIET N30eXKaTh KBaJAPATHEIX KOpHEH B opMyiie [t moTepb GeppUTOBOTrO H30JISITOpa B
IPSIMOM M OOpaTHOM HalpaBJICHUSX, KOTOPbIE CBSI3aHBI C HAJIMYMEM JUCIICPCHU B BOJIHOBOJE, Kak B (hOpMyJie JUIs JJIMHBI BOJHBI B
BosHOBOJE. [IpeoOpazoBanue ocHoBaHO Ha CBY anekrpoannamuke. @opMybl UCTIONB3YIOTCS AUl PAacIpeiesieHHs MoJe B IpsAMO-
YTOJBHOM BOJHOBOJIE [Tl OCHOBHOTO THIIA BOJH. JlanbHelmue mpeoOpa3oBaHys 3aKJII0YA0TCsl B BBIHECEHUH OOIIETr0 MHOXKUTENS U3
CKOOOK M IpYTHX apu(METHIECKIX MPeoOpPa30OBaHUAK.

BuiBoasl. [lonydeHHBIE pe3yabTaThl YACTHYHO COBIANAIOT ¢ U3BECTHBIMHU [17], BEIBoA hopMyssl [17] momydeH BepBbIe, IPOBeE-
JICHHBIE MCCIIEOBaHMS IO3BOJIMIM OTKA3aThCsl OT THIIOTE3BI O TOM, YTO IPOU3BEICHHE KOCHHYCOB U CHHYCOB B (hopMylie IOTeph
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(eppUTOBOrO BEHTWJISI YacTOTHAsI XapaKTEPHCTHKA, OHO TOSIBISIETCS B Pe3yJIbTaTe TPUTOHOMETPHUECKUX M apH(METHUECKUX Ipe-
obpa3oBanuil. YToOBI IPUHATE BO BHUMaHHE YaCTOTHBIN JIHANa30H, HCIOJIB3YETCsl KPYroBas HOJISIpU3aLisl Ha CpelHed 4acToTe, Kpy-
roBas IOJISIpH3aLMs Takxke OyIeT Ha KpaifHed JacToTe Auana3oHa, HO IUIOCKOCTh KPYTrOBOW IMOJSIPH3alMU OyAeT CMEIIAThCS 110
CPaBHEHMIO C TOJIOKEHUEM IUIOCKOCTh KPYTOBOW MONIIPU3ALMM Ha cpeAHel dacTtore. To ecTh MoiydaeTcst cBoeoOpasHasl cucTeMa
JBYX YPaBHEHHMH OTHOCHTEIBHO IBYX TOJOKEHUH IUIOCKOCTH TOJSIPH3AIMN OTHOCHUTENBHO HMIMPOKOH CTOPOHBI MPSMOYTOJIBHOTO
ydacTKa BOHOBoJa. Hay4yHass HOBU3HA COCTOUT B CUCTEMATH3aIlK U 0000IIeHHH (POpMyJI TOTEPh PE30HAHCHOTO (PePPUTOBOTO BEH-
THJIS, JOKa3aHa CBs3b ()OPMYN M3 Pa3sHBIX JUTEPATYPHBIX HCTOYHHKOB, KaK 3apyOeXHBIX, TAK M OTEYECTBEHHBIX, YTO MPHUBEIET K
SKOHOMHH BPEMEHH HCCIIe[JOBaTeNIsIM (pepPUTOBBIX BEHWIEH Ha IpoBepKy ¢opmyinsl. I[Ipakruueckoe 3HaueHHE. DTO MOXKET OBITh
TIOJIE3HO B yYEOHBIX IEJISIX U IIPU ONTUMHU3ANNH KOHCTPYKIUH (hePPUTOBOTO H30JISITOPA.

KJIIOUEBBIE CJIOBA: ¢eppuTOBbIif BEHTHIIb, BEHTHIEHOE OTHOIICHUE, IIOTEPH B IPSIMOM HAIPaBJICHUH, IIOTEPH B 00paTHOM
HalpaBJICHUH, YaCTOTHbIE CBOMCTBA, MIEKTPOIUHAMHUKA, Bepr(UKanus, Kpyrosas MOJISIPU3aLis, pacpeielIeHUe OISl B BOJTHOBOJIE.
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FAST ALGORITHM FOR SOLVING A ONE-DIMENSIONAL UNCLOSED
DESIRABLE NEIGHBORS PROBLEM

Kodnyanko V. A. — Dr. Sc., Professor, Polytechnic Institute, Siberian Federal University, Krasnoyarsk, Russia.

ABSTRACT

Contex. The paper formulates a general combinatorial problem for the desired neighbors. Possible areas of practical application
of the results of its development are listed. Within the framework of this problem, an analysis of the scientific literature on the
optimization of combinatorial problems of practical importance that are close in subject is carried out, on the basis of which the
novelty of the formulated problem accepted for scientific and algorithmic development is established.

Objective. For a particular case of the problem, the article formulates a one-dimensional unclosed integer combinatorial problem
of practical importance about the desired neighbors on the example of the problem of distributing buyers on land plots, taking into
account their recommendations on the desired neighborhood.

Method. A method for solving the mentioned problem has been developed and an appropriate effective algorithm has been
created, which for thousands of experimental sets of hundreds of distribution subjects allows to get the optimal result on an ordinary
personal computer in less than a second of counting time. The idea of developing the optimization process is expressed, which
doubles the practical effect of optimization by cutting off unwanted neighbors without worsening the maximum value of the
desirability criterion.

Results. The results of the work include the formulation of a one-dimensional unclosed combinatorial problem about the desired
neighbors and an effective algorithm for its solution, which makes it possible to find one, several, and, if necessary, all the options
for optimal distributions. The main results of the work can also include the concept and formulation of a general optimization
combinatorial problem of desirable neighbors, which may have theoretical and practical prospects.

Conclusions. The method underlying the algorithm for solving the problem allows, if necessary, to easily find all the best
placement options, the number of which, as a rule, is very large. It is established that their number can be reduced with benefit up to
one by reducing the number of undesirable neighborhoods, which contributes to improving the quality of filtered optimal
distributions in accordance with this criterion. The considered problem can receive prospects for evolution and development in
various subject areas of the economy, production, architecture, urban studies and other spheres.

KEYWORDS: problem of desirable neighbors, unclosed problem, combinatorial problem, chain of vertices of the graph, optimal
distribution.

ABBREVIATIONS
BBM is a method of branches and boundaries;

Vv[i].s — i-buyer number;
v[i].d — number of the desirable neighbor for the

DNP is a desirable neighbors problem; i-buyer;
MP is a marriages problem; W — one-way or two-way chain of vertices of the
RMP is a problem of roommates; desirability graph.
TSP is a traveling salesman problem.
INTRODUCTION
NOMENCLATURE A number of algorithms for solving classical

C(V) — desirability criterion;
G — desirability graph;

optimization combinatorial problems are known, which
find practical application in scientific, economic,

K — the number of optimal options for placing buyers
by plot;

M(W) — chain length W;

n —number of buyers and plots;

V — desirability vector;
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industrial and other spheres. Examples are algorithms for
solving the traveling salesman problem in determining
optimal routes [1, 2], the classical and modified problem
of roommates [3, 4], marriages problem, satchels,
appointments and a number of other problems [5, 6, 7].
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Along with these problems, we can give examples of
other equally important modern problems that were not
only not solved, but not even put in mathematical and
algorithmic plans. These problems can be combined with
the theme of the desired neighborhood. These may
include problems of

— ensuring the desired neighborhood of wagons in the
formation of a railway train that meets some criterion of
optimality (for example, fire safety) [8];

— optimal planning of the sequence of technological
operations when loading the production capacities of
machine-building enterprises, ensuring minimal resource
costs for their adjustment [9];

— drawing up calendar schedules and schedules of the
sequence of loading of these capacities for the same
purpose [10];

— ensuring the desirable order of placing goods in
commercial premises for the shortest bypass from the
point of view of a potential buyer when buying goods of a
certain type or conflict-free of their neighbors [11];

— optimal urbanism in the desired neighborhood of
residential buildings and related infrastructure [12];

— in agricultural engineering when determining the
desired neighborhood of crops for joint fertilizing or
processing of sown areas, providing optimal cost savings
[13];

— in decorative design of objects to ensure an optimal
aesthetic combination of colors, styling of buildings in
architectural terms, minimizing the conflict of
neighboring architectural styles in large areas, etc. [14].

Such problems can have a one-dimensional character
(for example, the neighbors of houses along one side of
the street) or a two-dimensional character (neighborhood
on the plane of a residential area, adjacent apartments of
the house). Other variants of similar problems are
possible.

To solve optimization combinatorial problems,

appropriate methods are required. To the listed classical
problems are usually applied methods related to the areas
of optimization theory in applied mathematics, operations
research, algorithm theory and computational complexity
theory [14]. All of them are united by the problem of
finding the optimal combination of objects on a finite set,
provided by the methods of integer programming [15].
It is known that optimal combinatorial problems can be
solved by a universal method of simply enumeration of all
possible combinations of permutation of objects, on the
basis of which the criterion of arrangement is consistently
optimized. This method allows you to find one, several or
all accurate solutions to the problem, if any. However,
these problems belong to the class of so-called NP-
complete problems, which, even with a relatively small
number of objects, cannot be solved by iterating over
options by any computers in an acceptable time [16].
Therefore, to solve each such problem, special methods
are developed that take into account their characteristics,
which are able to work faster than algorithms based on the
brute-machine method.
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1 PROBLEM STATEMENT

As an example, consider the problem of the desired
neighbors when placing objects, which can be of practical
importance. Suppose, there is a rectangular land mass of
suburban purposes, which is divided into n plots in one
line, and there are n buyers for these plots. The
administration allows each buyer to choose another buyer
as a desirable neighbor. For simplicity, we assume that
each buyer can choose only one desirable neighbor, and
his as a desirable neighbor can choose no more than two
other buyers. The problem is to find such an option for
placing buyers on the sites, in which the number of
implemented wishes will be maximum.

At first glance, this problem corresponds to the RMP.
The difference is that in the latter there are n rooms and
2n students, but the above problem does not contain such
conditions. A correct analogy would be a soldier's
barracks, which takes into account the wishes of the
soldiers about the desired neighborhood. The MP is also
close in meaning, but it assumes the presence of a gender
of participants in the optimization process, which is not
important for the DNP. Thus, the problem has no
analogues and this is its novelty.

Obviously, the problem is one-dimensional. Fig. 1
shows an example of the desirability vector V, which
contains data on the wishes expressed by buyers.

s |1 |2 [2 |4 |5 |
L4 5 4 2 3
Figure 1 — Desirability vector V

Each element v[i] of the vector V contains two
attributes V[i].s — the buyer number and the V[i].d number
of the desired neighbor. In this case, the array is divided
into n = 5 plots and there are 5 buyers on them. By the
vector it is possible to determine that the first buyer v[1].S
= 1 would like to have a neighbor of the buyer v[1].d = 4,
2-5,3-4,4-2,5- 3. Graphically indicated customer
preferences can be visualized using the oriented
desirability graph G, which is shown in Fig. 2.

Figure 2 — Desirability graph G

If arrange buyers on the plots in the specified order,
then only the desire of the buyer 3, who will receive the
desired neighbor 4, will be satisfied. The wishes of other
buyers will not be taken into account. For such a vector,
the desirability criterion C(V) = 1. For the arrangement of
4-2-5-3—1 we have C(V) = 3, that is, the result will be
better. However, if you arrange buyers in line S in order
of 2-5-3-4-1, then the result C(V) = 4 will be even
better.

31



e-ISSN 1607-3274 Pagioenexrponika, inpopmaTuka, ynpasminss. 2022. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 1

Having performed all the permutations, we find that
this result is optimal and, therefore, is the solution to the
problem. In this case, it turns out that there are several
other options that give the same value of the criterion of
optimality C(V), (for example, such an option is
1-4-2-5-3). This analysis shows that the problem is
integer, combinatorial and optimization, allowing a
solution in the form of many optimal options for
arranging buyers by site.

2 REVIEW OF THE LITERATURE

As noted above, the universal method of solving
integer combinatorial problems is the method of
enumerating the possible variants of the arrangement [17].
The disadvantage of the method is that it can be used for
optimization only with a small number of objects. Even
for the fastest computers, its capabilities are limited to
n = 15, and for the bulk of personal computers used in
calculations, this number is limited to n = 12 [18].
Therefore, the brute-put method is unsuitable for solving
practical problems for n > 12.

The idea of reducing the number of options to go is to
consider only promising options [18]. The proposed
approach to finding optimal solutions to many problems
of optimal combinatorics is called the BBM. Finding a
solution by the BBM is associated with the tree of finding
the optimal solution. The method assumes the presence of
a root from which the branches of the decision tree
emanate. The use of boundaries stimulates or inhibits the
growth of branches on such a tree. The method uses the
procedure for breaking down the permissible solutions of
the original problem into non-intersecting subsets of
smaller size and evaluating them. Each step of the
partitioning algorithm is accompanied by a check of the
condition of whether or not contains each such subset of
the optimal solution, thereby cutting off a large number of
variants that do not need to be checked [1]. The fact of
using the root indicates the futility of using BBM in
solving the DNP since it is not known from which vertex
of the graph G the optimal sequence of distribution of
plots buyers can proceed.

Two other combinatorial problems are known. This is
the problem of RMP and the MP [3, 4, 5]. Both problems
are specific. The first is characterized by the fact that in
the dormitory students live by two people in a room and
there is no restriction used by the second problem,
involving the division into two sexes. Both problems are
solved by brute-factor method, while unlike the MP, the
RMP may not have a solution [3].

There are other optimization combinatorial problems
solved by go-over methods, the effectiveness of which is
based on cutting off unpromising permutations [19].

The analysis of the methods used to determine the
optimal solutions of optimization combinatorial problems
allows us to conclude that there is no variant of the
method of branches and boundaries for solving the DNP.
Methods of solving problems about RMP and MP are also
not suitable. Therefore, the approach that guarantees the
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solution of the above problem is to develop a method that
takes into account the specifics of this class of problems.

3 MATERIALS AND METHODS

The DNP has obvious solutions for some special
cases.

1. A situation is possible when all buyers do not care
who will be their neighbors. An example is shown in
Fig. 3. In this case, any arrangement of buyers on the sites
will be optimal. For them, C(V) = 0.

s 1|z [2 |4+ |5 [5 |
c o o o0 o 0 |0
Figure 3 — Neutral neighborhoods

2. Obviously, the maximum value of the desirability
criterion with the number of subjects M(V) = n is equal to
C(V) = n, which is possible only with an even number of
buyers and a mutual pairwise desirable neighborhood, as
shown in Fig. 4.

s 1 ]2 |z |4 |5 [6 |

o |4 & |5 |1 |3 |2

Figure 4 — Reciprocal paired desirable neighborhoods

The initial distribution for n = 6 will be optimal,
giving the optimality criterion the maximum possible
value.

3. For all other variants of the arrangement, the
desirability criterion cannot exceed the value of
C(V) = n-1. A typical example of such a distribution is
represented by the cyclic arrangement, which is shown in
Fig. 5.

g e IE IE I 1B
D[z 2 4 5 B8 1

5o (DA D)

Figure 5 — Cyclical desirable neighborhoods

Any cyclical shift of such an arrangement to the left or
right will give a new optimal arrangement. Inverse cyclic
arrangements, in which the arrows have opposite
directions, will also be optimal.

The data presented in Fig. 4 show that in some cases
the set of vertices of a graph G can be represented by
combining non-intersecting subsets of vertices.

V=V, uV,u..uV, UV, 1)

where K is the number of subsets.
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For example, for the matrix shown in Fig. 4, k = 3,
Vi(S) = (1,4), V,5(S) = (6,2), V 3(S) = (3,5). Obviously, the
value of the desirability criterion of a vertices set is equal
to the sum of the values of its subsets criteria

k
CV)=2C%). (1)

It is also obvious that for distributions where all
buyers have chosen desirable neighbors, subsets of a
graph in which there are at least two vertices always have
a vertex cycle. Indeed, if there were no such cycle, there
would always be at least one vertex without a desirable
neighbor, when there would be a break in ties, which
within one subset is impossible. This conclusion extends
to a graph represented by one set of vertices connected to
each other. An example of such a graph is shown in
Fig. 6.

In the above example, the cycle is formed by vertices
1, 6, 4, 7. If there were no way out for any of these
vertices in such a graph, it would mean that the relevant
buyers are neutral in choosing the desired neighbor. For
other vertices, the absence of an arrow would mean, in
addition, that the set is divided into at least two non-
intersecting subsets, which contradicts the condition that
the set of vertices of the graph for this example is unique.

Figure 6 — Graph with cycle

If the original arrangement does not correspond to any
of the special cases considered, then the search for a
solution begins with the division of the set V into non-
intersecting subsets. The first subset includes the first
element V, and among the remaining elements is selected
that is desirable for the first or the first is desirable for it.
If there is such an element, it is added to the first subset.
The process continues as long as such elements can be
detected. Similarly, we are looking for other subsets until
all the elements of the set V are exhausted. Fig. 7 shows
an example of two formed subsets V|, and V, of the
original set V of 11 objects.

It follows that each buyer and his desired neighbor
always belong to one subset. The next step in
optimization is to find the optimal distributions for each
subset. To do this, divide all the vertices of the graph into
three types — those that do not have inputs, have one input
and have more than one input. Let’s call the first
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1 ]2 3 [+ |s |6 [7 |8 |9 [0 |11 ]
3 5 5 & 2 4 2 1 & 4 &

Figure 7 — Graphical representation of a set V
of two non-intersecting subsets V; and V,

“terminal”, the second “transit” and the third
“unification”. In Fig. 8, the terminal vertices are colored
yellow, the transit vertices as azure and the unifying ones
are green.

Figure 8 — Three types of vertices of a graph

The chains of vertices that are part of the distributions,
including optimal, often begin and end with terminal
vertices. Unifying vertices are the branching points of
chains, or unifying points, in which the ends of two
chains merge into one. An example is the chain of
vertices Wy = (1,3,2), which is shown in Fig. 9. For this
chain, the desirability criterion is C(W;) = 2. The
sequence W, is obtained by combining chains (1,3) and
(2,3), where 1 and 2 are terminal, 3 are unification.

Figure 9 — Combined vertex chain

The key point of the method is the obvious fact that
for the chain W it is impossible to find the best option for
vertex alternation from the point of view of the
desirability criterion, except for its involution, which has
the same desirability criterion. Therefore, if we cut off a
given chain from its subset, then the optimal value of the
criterion of the desirability of the subset will be equal to
the sum of the criterion of this chain and the optimal
criterion of the subset minus the vertices of the cut chain.
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Subtracting a subset of W, from the set W will give a
new subset of W, = (5,4,6), in which, as can be seen from
Fig. 10, a new terminal vertex 5 appears.

Figure 10 — Graph of vertices W, obtained by subtracting chain
W, from chain W

If you select the combined chain W, = (6,4,5) in the
graph, then for it C(W,) = 3.

The total desirability criterion for W is C(W,) = C(W))
+ C(W,) = 2 + 3 = 5. The distribution of W = (1,3,2)
(6,4,5) = (1,3,2,6,4,5) is optimal. This distribution takes
into account the wishes of subjects 1, 2, 6, 4, 5 and does
not take into account the wishes of subject 3.

The combined chains can be divided into two types —
one-way and two-way. One-way chains have no unifying
vertices. Such chains may not have vertices, or have an
arbitrary number of them (Fig. 11a). Two-way chains
always contain one unifying vertex, two terminal vertices,
and an arbitrary number of transit vertices (Fig. 11b).

Figure 11 — One- way a and two-way b vertex chains

Sequential cutting of two-way chains should be
carried out until there is not a single unifying vertex left
outside the cycle (Fig. 12).

Figure 12 — Unifying vertices remained only on the cycle

At the same time, only one-way chains adjacent to the
unifying vertices of the cycle will remain outside the
cycle.

If the cycle does not contain two mutually desirable
subjects, then the further optimization process deals with
the break of the cycle along its vertices.

The break is made at each vertex of the cycle,
followed by the cutting off of the two-way chains until a
single one-way chain remains. Fig. 13 shows the situation
with the gap at vertex 13.
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Figure 13 — Cycle with a gap at the vertex 13

There are two options for completing optimization on
the current vertex with a gap. In the first case, it is
possible to construct a two-way chain W; = (6,9,13,2,20),
for which C(W,) = 4, and a one-way chain W2 = (3,19),
for which C(W,) = 1. In this case, C(W) = C(W,) + C(W,)
= 5. In the second case, W, = (3,19,2,13,9,6), for which
C(W,) = 5, and a one-way chain W, = (20), for which
C(W,) = 0. In this case, C(W) = C(W,) + C(W,) = 5. Both
options give the same total desirability and either of these
distributions can be chosen as the optimal. By adding the
last chains to the previously cut off two-way chains, we
get the final distribution for this variant of cycle break.
Similarly, a gap is made on other vertices of the cycle and
for each such variant from them a distribution is created.
Choosing the best of them, we get the optimal
distribution, which is a solution for a given subset of
vertices. By performing similar optimization for all
subsets, we get an optimal solution to the problem for the
whole set by combining optimal solutions for all its
subsets.

Thus, the enlarged step-by-step algorithm for solving
the DNP can be represented in the following form.

Step 1. Divide the set of subjects into non-intersecting
subsets.

Step 2. For each subset, cut off the two-way chains as
long as possible. If the result is a one-way chain, then
after its optimization and inclusion in the union of
previously cut off two-way chains, we get the optimal
distribution for the current subset. If a loop exists, then
you must consistently perform optimization with a gap at
each vertex of the cycle, choosing the best of the
distributions as the optimal. By adding it to the union of
previously cut two-way chains, we get the optimal
distribution for this subset.

Step 3. Combine the optimal distributions for each
subset. This association will give an optimal distribution
for the whole set of subjects.

4 EXPERIMENTS
The developed algorithm was programmed on an
ordinary personal computer in the Delphi visual
programming environment [20]. Calculations were carried
out for ne[3,1000].

Random sets with one and many subsets, with and
without loops (the latter correspond to sets with subjects
that have a neutral relation to the neighborhood) were
considered. Verification of the algorithm was carried out
by comparing the calculated data with the results of
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calculations by brute-factor method at n < 12 for
thousands of random sets. In all cases, the optimality of
the solutions obtained is confirmed.

Verification of the algorithm was carried out for 2500
randomly generated initial distributions. Table 1 shows
the main results of the experiments for different values of
the parameter n.

Table 1 — Results of computational experiments

n Average number | Average number | Average number of | Average optimization
of subsets of cut off chains vertices in a chain time, s
10 1.41 22 3.4 0.01
50 1.63 8.6 6.1 0.21
100 1.97 11.4 8.5 0.43
500 2.65 18.7 16.4 0.65
1000 3.82 443 22.6 0.87

As can be seen from Table 1, the average number of
subsets of the generated initial distributions selected by
the algorithm is weakly dependent on the number n of
their subjects. This dependence is much stronger on the
random number of cut off chains and the average number
of vertices in each such chain. It can also be seen that the
optimization time is almost linearly dependent on the
number of subjects, and in all cases it does not exceed one
second to obtain the optimal distribution. It was found
that there is no regularity for the dependence of the
average number of vertices in cycles on the number of
subjects. Their number may vary significantly from one
distribution option to another. For example, in a
distribution with n = 100, there may be 15 vertices in a
cycle, and in the distribution for n = 1000 it can be 4.

Thus, in practice, the effectiveness of the developed
algorithm for solving the DNP in terms of its optimality
and speed is confirmed.

5 RESULTS

The results of the work include the formulation of a
one-dimensional unclosed combinatorial problem about
the desired neighbors and an effective algorithm for its
solution, which allows you to find one, several, and, if
necessary, all the options for optimal distributions. In
addition, the main results of the work can also include the
concept and formulation of a general optimization
combinatorial DNP, which, presumably, will have
theoretical and practical prospects. This problem can be
evoluted and developed in various subject areas of
economics, production, architecture, urban studies and
other areas.

6 DISCUSSION
The method underlying the algorithm for solving the
problem allows, if necessary, to easily find all the best
options for placing buyers on the sites. To do this, you
need to define all subsets of the vertices of the desirability
graph and all the cut off two-way and one-way chains in
each of them. The subset arranged in any sequence and
the vertex chains belonging to them will give optimal
distributions. In addition, the involution of such chains

will also give an optimal distribution.
To reduce the number of optimal distributions, it is
possible to set an additional problem of cutting off those
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options that indicate an undesirable neighbors of the
terminal vertices of the chains connected to each other
that has practical interest. To do this, after the end of the
optimization process, it would be possible to conduct a
second round of a survey among buyers about which
neighbors from the proposed list, on the contrary, are
undesirable for them. This procedure seems appropriate,
because with the same optimal desirability criterion, the
effect of the resulting solution is doubled by cutting off
the best options with undesirable neighborhoods, which
seems no less important within the framework of the
problem under consideration.

For example, the chains W, = (1,3,2) and W, = (6,4,5)
shown in Fig. 9 may be optimally distributed adjacent to
each other. In this case, each of the subjects 1 or 2 may be
neighbors of subjects 5 or 6. If you conduct a survey on
the undesirability of such a neighborhood, where a
positive answer will be received, then one of the chains
can be moved to another place of distribution without
compromising the general criterion of optimality. At the
same time, obviously, the quality of the method will
increase, because recommendations will be taken into
account not only about the desirable, but also about the
undesirable neighborhood.

Such surveys can be iterative. They can be carried out
until there is the only optimal option for the final
distribution of buyers on the sites. Since the algorithm
works quickly, this option can be obtained in a short time
within each iterative survey session.

CONCLUSIONS

The paper formulates a general combinatorial problem
of the desired neighbors. Possible areas of practical
application of the results of its development are listed.
Within the framework of this problem, an analysis of the
scientific literature on the optimization of combinatorial
problems of practical importance that are close in subject
is carried out. On this basis, the novelty of the formulated
problem is established. A one-dimensional unclosed
problem is considered on the example of the problem of
distribution of buyers on land plots, taking into account
their recommendations on the desired neighborhood. An
effective method of solving the problem has been
developed and an appropriate algorithm has been created,
which for hundreds of distribution subjects allows to get
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the optimal result on an ordinary personal computer in
less than a second of counting time. The idea of
continuing the optimization process is proposed, which
doubles the practical effect by cutting off unwanted
neighborhoods without worsening the optimal value of
the general desirability criterion.
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BbICTPBI AJITOPUTM PELIIEHUSI OTHOMEPHOM HE3AMKHYTOM 3AJIAUM O )KEJIATEJBHBIX COCEJIAX

Komansinko B.A. — n-p Texn. Hayk, mpodeccop Kkadenpsl CTaHIapTU3alUM, METPOJOTHH M YIPAaBICHUS KauyecTBOM,
IMonmnrexanueckuii uacTHTYT CHOMpCKOTO (enepaabHOro yHUBepeuTeTa, KpacHospek, Pocenst.

AHHOTAIUA

AKTyallbHOCTB. B pabote cdopmynmpoBaHa obmas KoMOMHAaTOpHas IpobieMa XelaTenbHOro coceactBa. llepeuncieHs
BO3MOXHBIE C(epbl MPAaKTHYECKOTO NMPUMEHEHHUs Pe3ysbTaToB €€ pa3paboTku. B paMkax maHHON mpoOiIeMbl MPOBEAEH aHAIM3
HAyYHOH JHTEepaTyphl IO ONTHMH3ALMH OIM3KHX MO TeMaTHKe KOMOHMHATOPHBIX 3afad, MMEIONIINX NPaKTHYECKOe 3HAadeHWe, Ha
OCHOBE KOTOPOTO YCTaHOBIJICHa HOBU3HA CPOPMYITHNPOBAHHOM MPOOIEMBI, TPHUHATON K HAYYHOH U alTOPUTMUIECKON pa3paboTKe.
Heab. s wacTHOro citydas mpoOiIeMBl B cTaThe CHOPMYJIHMPOBAHA HMEIOMIAs HPAKTUYECKOEe 3HAYEHHE OJHOMEpHas
HEe3aMKHyTasl ILEJIOYHCIICHHass KOMOMHATOpHas 3ajada O JKEeNaTeIbHOM COCEACTBE HAa IpUMepe MNpoOJeMbl pacrpeneneHus
MOKYHATENEeH 110 3eMeJIbHBIM YYacTKaM C y4eTOM UX PEKOMEH/IALHUH O XKeJIaTeIIbHOM COCEJICTBE.
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Metoa. Pazpaboran MeTox pelIeHns yIIOMSIHYTON 3a/1adl M CO3/IaH COOTBETCTBYIONHH 3 (HEKTUBHBIN anropuT™, KOTOPBIH IS
TBICSIY IKCIEPUMEHTAIBHBIX MHOXECTB U3 COTEH CyOBEKTOB pacIpe/esieHuUs! I03BOJISIET Ha OOBIYHOM IMIEPCOHAIBFHOM KOMIIBIOTEpE
HOJTY4UTh ONTHMAJbHBINA pe3yibTaT MEHEEe 4eM 3a CEKyHJy BpeMEHH cueTa. Bbicka3aHa upes pa3sBUTHUSA IIpoliecca ONTHMU3AIMU,
KOTOpas yJBaHBACT NPAKTUUECKHH 3(GEKT OT ONTUMHU3ALMH 33 CUET OTCEUCHHs HEXENATENbHBIX COCEACTB 0€3 yXy.UIeHHS
MaKCHMaJIbHOH BETMYMHBI KPUTEPHS JKENATEIbHOCTH.

PesyabTatel. K pesynbraTam paboTBl OTHOCSATCS TIOCTaHOBKAa OJHOMEPHOW HE3aMKHYTOH KOMOMHATOPHOH 3amadd o
JKETATETBHBIX COCENAX M P(PEKTUBHBII ATOPHTM €€ PEIICHHs, KOTOPBIH MTO3BOJISICT HAWTH OAUH, HECKOJIBKO, a IIPH HEOOXOAUMOCTH
BCE BapHaHTHI ONTUMANBHBIX pacipenesieHnii. K 0CHOBHBIM pe3ynbTaTtaM pabGoThI MOXKHO TaKXKe OTHECTH KOHIIEIIHUIO U IIOCTaHOBKY
o0Iel ONTUMH3AINOHHOW KOMOMHATOPHOH IPOOIEMBI JKeIaTeIbHBIX Coceell, KOTopast MOXKET UMETh peabHbIe TEOPETHUECKUE U
MIPAKTUYECKUE NEPCIEKTUBBIL.

BreiBoasl. Metop, nexamuii B OCHOBE ajJropuTMa pelieH s 3aJa4ut, O03BOJISIeT TP He0OX0AMMOCTH 0e3 3aTpyIHeHHH HalTH Bce
ONTHMAaJIbHbIE BApHAHTHI Pa3MEILEHHUs, YUCIO KOTOPHIX KaK MPAaBUIIO, BECbMa BEIMKO. YCTAHOBIEHO, YTO MX KOJNUYECTBO MOXKET
OBITh YMEHBIIEHO C MOJb30H BIUIOTH A0 €IUHUIBI 33 CUET YMEHBIICHHUS] KOJIMYECTBA HEKEIATENbHBIX COCEJCTB, YTO CIOCOOCTBYET
MOBBIIICHHIO KaueCcTBa OT(MIBTPOBAHHBIX ONTUMAIBHBIX PACIPEleNICHUH B COOTBETCTBUH C JaHHBIM KpuTepueM. PaccMoTpeHHas
mpoGJieMa MOKET HONIyIHUTh MEPCTICKTUBBI PAa3BUTHS U pa3pabOTKH B Pa3INIHBIX IPEIMETHBIX 001aCcTsAX SKOHOMUKH, TIPOU3BOACTBA,
aPXUTEKTYPHI, ypOAHUCTHKHU U IPYTHX Chepax.

KJIIOUEBBIE CJIOBA: 3amaga o skenmaTeNbHBIX COCEISIX, He3aMKHyTas 3ajada, KOMOMHATOpHas 3ajada, IIENOYKa BEpPIINH
rpada, oNTUMaJIbHOE pacIpeieIeHuE.

VK 519.168
IIBUJIKAMA AJITOPUTM BUPIIIEHHA OJHOMIPHOI HE3AMKHEHOI 3ATAYI ITPO BAKAHUX CYCIJIIB

Komnsinko B. A. — n1-p TexH. Hayk, npodecop kadenpu craHgapTh3amii, MeTpoiorii Ta ynpaBiiHHS sKicTio. [lomiTexHidHMIA
iHcTuTyT CHbipcskoro denepanbHOro yHiBepcurery, KpacHospesk, Pocis.

AHOTAIIA

AKTyalbHicTb. Y po6oTi chopMyIp0BaHO CHiibHYy KOMOIHaTOpHY Ipobiemy GaxkaHoro cycincra. HaBeneno Moxiusi chepu
NPaKTUYHOTO 3aCTOCYBAaHHs pe3yibTariB ii po3poOku. B pamkax miei mpoOnemu MpOBEAEHO aHaj i3 HayKoOBOI JiTeparypu 3
onTuMizamii OIM3BKUX 32 TEMAaTHKOK KOMOIHATOPHHX 3aBIaHb, IO MAIOTh NMPAKTUYHE 3HAYEHHS, Ha OCHOBI SIKOTO BCTaHOBIICHO
HOBH3HY c(OPMYJIbOBaHOI IPOOIEMH, TPUIHATOI 10 HAYKOBOI Ta alTOPUTMIYHOI PO3POOKH.

Linb. [Ins okpeMoro BHUNAAKY HpoOJIeMH y CTaTTi chOPMYIHOBAHO OJHOMIpHE HE3aMKHEHE IUICUHCIeHHEe KOMOiHaTopHe
3aBJIaHHS, 10 Ma€ MPaKTUYHE 3HAYCHHs, PO OakaHe CyCiJACTBO Ha MPUKIaAi MPOOJIEMH PO3MOALTY MOKYILIB 10 3eMEIbHHX
JIJISTHKAX 3 ypaxyBaHHSIM X peKOMEHalii mpo GaxaHe CycCicTBO.

Metoa. Po3poGiieHo MeTon BUpIlIEHHS 3rajaHoi 3aJadi Ta CTBOPECHO BIIIOBIIHMI €(EKTUBHUII aTOPUTM, SIKMH JUIST THUCSY
SKCTICpUMEHTAJIbHUX MHOXHH 13 COTEHb Cy0’€KTiB PO3MOIiTY JO03BOJISIE HAa 3BHYAHOMY II€PCOHAJIBHOMY KOMITIOTEpI OTpUMATH
ONTHMAJIbHUHA pe3ysIbTaT MEHII HiX 33 CEKYHJIy 4Yacy paxyHKy. BHCIIOBIEHO ier0 pO3BHUTKY MpOLECY ONTHUMI3allil, sKa MOABOIOE
MpakTUYHUKA eeKT BiI onTuMizamii 3a paxyHOK BifCikaHHS HeOaXaHMX CYCIACTB Oe3 TMOTIpPIICHHS MaKCHMalbHOI BEIUYHHHU
KpHUTEpiro Oa’KaHOCTi.

PesyabTaTn. /1o pe3ynsTariB poOOTH BiTHOCATHCS MOCTAHOBKA OJHOBUMIPHOI HE3aMKHYTOT KOMOIHATOPHOI 3a7a4i mpo O6akxaHuX
CyciniB Ta e()eKTUBHHUIT aNropuTM i1 BUpIIICHHS, SIKUH JO3BOJISIE 3HAWTH OJJMH, KiJbKa, a 32 HEOOX1THOCTI BCi BapiaHTH ONTUMAIBHUX
po3moniniB. JIo OCHOBHHX pe3yJbTaTiB poOOTH MOXHA TaKOX BiHECTH KOHIICIIIIIO Ta IMOCTAHOBKY 3araJbHOI ONTHMI3aIliifHOL
KOMOiHaTOPHOT Ipo6IeMH OakaHHX CYCIJIB, sIKa MOXKE MaTH PealibHi TEOPETHYHI Ta NPAKTHYHI IEPCIEKTHBH.

BucHoBkn. MeToJ, 110 JISKUTh B OCHOBI QJIrOPUTMYy PO3B’S3aHHS 3ajadi, JA03BOJISIE IPH HEOOXITHOCTI JIETKO 3HAWTH BCi
OINTUMAJIbHI BapiaHTH PO3MIILCHHS, YHCIIO SKHUX SIK IIPABMIIO, JAyXKe BeluKe. BcTaHOBIICHO, 110 X KUIBKICT MOXKe OyTH 3MEHIIEHA 3
KOPHCTIO JI0 OAMHHMII 332 PaxyHOK 3MEHIICHHs KiTbKOCTI HeOakaHuX CYCiICTB, L0 CIPHUSE MiIBUIICHHIO SKOCTI BiA(iIbTPOBAaHHUX
ONTUMAaJIBHAX PO3MOILTIB BiINOBIAHO O TAHOTO KpuTepiro. Po3risHyra mpoOiemMa Moke OTPUMATH MEPCIEKTUBH PO3BHTKY Ta
PO3pOOKH y Pi3HHUX MPEIMETHHX Tally3sX eKOHOMIKH, BUPOOHHIITBA, apXiTEKTYpH, YPOaHICTHKH Ta iHIIUX cdepax.

KJIIOYOBI CJIOBA: 3agaua npo GakaHUX CyCiJiB, He3aMKHEHa 3ajada, KOMOIHaTOpHA 3a/ada, JAHIIOKOK BEpIIMH rpada,
ONTUMAIILHUN PO3IOILIL.
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