MaKxce GOIMONCHOCMU BrOKUposKY npuemruxos npu pacnosoycenuu zpynnot PIC 8 ozpanuvennom
npocmpancmee, llpednoxcennvie MemoouKu npedycMampusam ymenvuenue o06veMa CcroncHbix
pacyemos OnR OMOEIbHLIX CcOCmaenmowux 3aday anarusa IMC, mpeGyrom usbbimoxk moynvix
HCXOOHBIX OQHHBIX, BPU OMCYMCIMEHIU NACMU KOMOPLIX CRONCHBIE pacuembl no npednoxcennvim MCI
MEMOOUKAMU MOZY'M NPUBECHIU K HENDUEMIEMBIM PEIYIbIMAMAM,

Knrouessie croea: paduonekmponnoe cpedcmao, INEKMPOMAZHUMHRAR COBMECIUMOCM D,

Ph.D. Kovalenko 1.T',, Mishchenko A.A., Vavasova O.S,
ANALYSIS OF ELECTROMAGNETIC COMPATIBILITY TELECOMMUNICATION
MEANS

The article proposed methodology for analyzing electromagnetic compatibility (EMC), which is
designed to assess whether the mutual influence of radio electronic facilities (REF) connection. The
proposed methods are based on the current recommendations of the International Telecommunication
Union (ITU). The feature developed techniques is their focus on practical implementation for integrated
analysis solution EMC communications. Also, the feature of the methods is to reduce the complexity of
calculation analysis by division into two phases - preliminary and detailed. At the preliminary stage the
selection and analysis of EMC for frequency-territorial basis. At the stage of detailed analysiy calculations
EMC considering the possible impact of adverse Radiators and intermodulation and blocking receivers at
the location of the RECSs in tight spaces. Proposed methods include reduction of complex calculations for
individual components EMC analysis tasks that require excess accurate baseline data in the absence of
complicated calculations on the proposed ITU techniques can lead to unacceptable results.

Keywords: radio electronic facilities electromagnetic compatibility.

YK 519.24 A.TH., npod. Komesoit H.. (HAKY «XAW»)
. : ‘ AT.H., nou. Koerenko EM. (IICAA)
! Kowesan .U, (HAKY «XAHW»)

CPABHHUTEJIbHBIA AHAJIN3 METOJI0OB CUHTE3A OINITUMAJIbHbIX
NO CTOUMOCTHBIM (BPEMEHHBIM) 3ATPATAM INJIAHOR
MHOTI'O®AKTOPHOTI'O DKCITEPUMEHTA

Hposeden cpasnumenvuutli aHanu3 MOOUPUUUPOBARKBIX W  MPUMEHEHNBIX ONA  CHHMEIQ
ONMUMATIBHBIX O CHOUMOCIHBIM (6PEMERHBIM) 3AMPAMam RAAHOE MHOZODAKMOPHBIX IKCREPUMENM 08
MaKUX Memoo0s OUCKPEmMHOlk ONMUMUIAKUY, KAK QKA NEPecmanosoK (noawmi nepebop),
CAYNRUHBIE NOUCK, MemoO eemeeli U 2panuy, nOCNed08aAmMenbHO20 NPUBIUNCCHUA, CUMRALKC-MEMOD,
MYPAGLUHBIE AN20PUMMB, MEMOO UMUMAKUU OMHCUSA, HCAORBIU anzopumM, Oauxcaguiero coceoq,
2eHeMmuUNECKUE an2opummst, maby-noucK, Memood 610NCEHNHLIX Pazbuenull, a makKdice papatomaniivix
Memoo06: CUMBONLHBIX ROCNEO06AMETbHOCMCH, KOMOURAMOPHO-2pAOo6bIE MeMUO, memodvt crunmesq
ONMUMANLHBIX RAGHOE OPOOKOZO U NONNOZ0 AKMOPHBIX IKCREPUMEHMOE, OCHOGAHKBIE HA NPUMENEHUN
kooa Ipes, memod umepayuonKo20 HIAHUPOBAHUR ONR ORMUMUIAUUH KOMBOIUKUOHHBIX NIANH0G,
Hpuseoen nepeuers npozpamm, peanu3yiouiux Imu Menoobt CHHME3R, U NEPEYENHb PEalbHNX 00BCKMOos,
Ha Komopuix anpobiuposanst npozpammel. Boloanst pexomMeroayuu no npumMeHenuio Memooos cunmesia
ONMUMANBHBIX 1O CIMOUMOCMIHBIM  (BDEMEHHBIM)  3ampamam  NAAHOE  MHOZogakmopusix
IKCHEPUMERMOE,

Knioueewnie crrosa: ananui, Memoo, aropumm, ORMUMARLHBUE RAAN, CMOUMOCH b, 8PEMA.

IMocranoska 3apaum. [Ns CHHTE3a ONTUMANIBHBIX 110 CTOMMOCTHLIM (BPEMEHHbBIM) 3aTpaTam
MOARGHUUMPOBAHEI W TIPUMEHEHB! CHEAYIOIIHE METOJAbl AMCKPCTHOW ONTHUMH3IAUMK: aHAIH3
nepectaHoBOK  (monHBIA  nepebop), CHy4yaHHBIA  NOMCK, METOA BETBEH W TpaHML,
T0C/IEJOBATENIBHOIO TPHOMMIKEHHSA, CHMILIEKC-METO/l, MYPaBbUHbIE AJIrOPHTMbI, METOJL UMHTALMA
OTHKHIa, XAAHBIH AIropuT™, Oiuxaliiuero cocea, reHeTUUCCKHE AIropHUTMbI, Taby-NOHCK, METOA
2no>xcmmx pasouenuii (puc. 1).
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- 3anava onTHMH3aUHH KOMOWHATOPHBIX MaHoB MDD uUMeeT onpeaeneHHylo cneituduky, 1
ana ee pewieHHs ObUTH pa3paboTaHbl CACAYIOUIHE MCTOMBI: CHMBO/BHBIX NMOC/ICIOBATCALHOCTCH,
KOMOWHATOPHO-TPAOBLIK METOML, METOAB! CHHTEZA ONTUMANLHLIX NAZHOB APOOHOro GakTopHOro
akcnepumMenTa ([PI) u noanoro daxroproro axcnepumenta (I1P3), ocHoBaHHBIC Ha NPHMCHCHKN
kona I'pes, METO), MTEPAUMOHHOTO [JIAHHPOBAHHA ANA ONMTHMMH3AUMH KOMMO3HUHMOHHLIX NIAHOB
(cM. puc. 1),

[epeuucnenanIM MeTONaM MPHCYUIM Kak JOCTOHHCTBA, Tak W Henoctatkw. Jlas mx
PAKTHYECKOro MPHMEHEHUA Uenecoobpa3sHO NMPOBECTH CPABHUTCABHLIE aHANW3 M0 KPUTCPHAM
BEIIHYMHBl BLIMIPHILA [0 CTOMMOCTH (BPCMCHHM) peaTM3alMM [/1aHA 23KCIEPUMCHTA H
ObICTPOACHCTBHA PEIICHHA 3a1a4H CHHTE3a,

AHAIH3 NOCIEAHHX HecaenoBaHuKA W nybanmkauwi, Mi3secThb! HekoTOpbie npHMEpL!
NPOBEACHHA CPABHHUTEILHONO dHANM3d METOJ0B ONTHMH3AUHK NIAHOB  MHOrodaxTopHbIX
akcnepumentos [1,2]. HenocraTkoM 3THX MCCNENOBaHWH SABAACTCA OIPAHMYEHHBIH [IEpeucHsb
CPaBHHBAEMBIX METOJIOB ONTTHMMH3AIMH: AHATH3 MEPECTAHOBOK, CIYHaiHbBIA MOUCK, METO BCTRCH i
IPaHMLl, METOA MOC/CAOBATENBHBIX TPHOIHKEHMH.

Hens cTarbi. BRNOIHUTE CPABHATCIILHEIA aHATH3 METOZ0B ONTHMH3ALNH 1O CTOMMOCTHBIM
(BpeMeHHBIM) 3aTpaTaM TIAHOB MHOTOMaKTOPHBIX IKCMEPHMEHTOB, NEPEYHCIIEHHBIX B MOCTAHOBKE
3ajiavu.

OcHOBHBIE MATEPHAILI HCCACAOBAHKA. /1% peanu3aluy 1 CPABHCHUA YKA3aHHLIX METO/I0K
ONTHMM3ALMH MO CTOWMOCTHBIM (BPEMEHHbIM) 32TPATaM TUIAHOB MHOTO(MEKTOPHBIX IKCHEPUMCHTUR
610 paspaboraro nporpammHoe obecnevenue. Tlepedent co3ganubIX NPOrpaMM NpeacTanien na
pHc. 2.

Jns oueHkH 3 PEKTHBHOCTH NMPHMEHEHKA YKA3aHHLIX METOI0B NPOBCACHL! HCCICAOBAHKA HA
paze 00beKTOB, NepeYeHb KOTOPIX NPEACTaB/eH Ha puc, 3.

[To pesynbTaTaM yKazaHHbIX HCCICAOBAHHA MOXHO CAeNaTh CICAYHOUINEG PEKOMEHILAIIMK.

I.K wmerojamM, KOTOpPBHIE MO3BOASIOT MONYYHTB ONTHMANLHBIE MO CTOMMOCTHBLIM
(BpeMeHHBIM) 3aTpaTaM TUlaHbl MHOrO(QAKTOPHBIX IKCTNEPHMEHTOB, MOKHO OTHECTH: 101IbI
nepeGop, METOA CHMBOIBHBIX NOCIEAOBATENBHOCTEH, KOMOHHATOPHO-rPaOBLIH METOL. METOMI,
OCHOBaHHbLIE Ha npuMeHeHuH kona [pea. Tlpw srom nonuwil nepebop ans nmobuix BUa0R
IKCMEPUMEHTA TO3BOJAET MNONYYHTH ONTHMANBHOE PENICHHE, OJHAaKO c¢ro ucnecoofpaiHo
NPUMEHATH JUIA TTAHOB C KONHYecTBOM (hakTopos k<3, tak xak npu GonbiueM K 3HaYWTENbHO
YBEJIMYHBACTCA HUCIO MEPECTAHOBOK W BPEMCHHLIC 3aTPaThi Ha MOMCK, @ MPH COBPEMCHHOM
YPOBHE BhIMHCAUTEABHON TEXHHKH 3Ty 33/1a9y HE BCEI1a MOKHO PCIUNTD.

- MeToa CHMBONBHBIX MOCIEAOBATENLHOCTEH AaCT TOYHOE PEUICHHE NP ONTHMHIAINH
Tonbko nuanos [ ¢ konugecTsom daktopos k<3,

KombGunaropHo-rpadoesiit  MeTOA  NO3BOASET  CHHTE3HPOBATE  ONTHMAILHBIC 10
CTOMMOCTHBIM (BPEMEHHBIM) 3aTpaTaM TUIAHBl TOMBKO MOJHOro (akTOpHOTO IKCMEPUMCHTA ¢
KOMM4YecTBOM hakropos k<4,

MeToas!, OCHOBAHHEIC HA NPUMCHEHHH KoJa ['ped, NOIBOAAIOT CTPOUTL ONTHMANBHLIC 110
CTOWMOCTHBIM (BPEMCHHBLIM) 3aTpaTam MjiaHbl ApoOHOro u NnosHOro HaKTOPHLIX IKCNCPHMEH TOR
s moboro konuyecTsa GakTopos.

2. K Meronau, KOTOpBIE NMO3BOAAIOT NOJTYYHTh ONTHMANLHBIE HAK OIHIKKHE K ONTHMAABHLIM
nuasbl  MHOTOQUKTOPHBIX  JKCTIEPHMEHTOB, CIEAYET OTHECTH: A&HAJW3  MEPECTaHOBOK
(orpannveHnblii nepebop), ciydaiusiit MOMCK, METOAL! BETBEH M rpaHMIl, NOCACAOBATEALHOTO
npubNHNEHUA, HTEPAUMOHHOrO TUTAHWPOBAHHUSA IKCNIEPHMEHTA, UMHTALMH OTKUIA, BJIOKECHHLIX
pa3OHeHnit, CHMIUIEKC-METOM, MYPaBbHHbIC AIrOPHTMBI, JKaAHLIA anroput™, Oawxaiiuero
coce/ia, FeHeTHYECKHE AITOPUTMBI, Taly-noHck.

XapakTepHbIMH OCOOCHHOCTAMH JITHX METOIOB ABAAKOTCA CICAYIOUIME: NPHMEHHUMBI JLIR
nobBIX BHAOB 3KCNEPHMEHTA; KOJHUYECTBO d)ax'ropoa, AR KOTOPBIX BOIMOKHO NPUMCHCHNC
METOJa, OFPaHHHEHO TONbKO BLIYMCIHTENLHBIMH BO3IMOXHOCTAMKH IBM. npn nonyuenun
AYYIIEr0 M3 PAaCCMOTPECHHBIX BapHaHTOB (0/AH3IKOC K MHHHMATBHOMY MO CTOMMOCTH (BpCMCii)
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peumsauuu) creneHb «DIIH30CTHY OUCHHUTH HENB3IA, HCBOSMOXKHO COSAANMC KUTAIOIOB THIUBLIX
PCLICHUA.

3. B pesynsTare NPOBEACHHBIX HCCNCAOBaHHMA [3], B KOTOpBIX ANS ONTUMHIAUMH 1O
CTOWMOCTHBIM(BPCMEHHEIM) 3aTparam 11aHoB MHOTO(AaKTOPHBIX IKCNIEPUMEHTOB
WCTIO/IB30BANHCE  TAKHE METO/Ibl, Kak aHaiu3 NepecTaHoBOoK (orpamuuenubil  nepebop),
cny4aifHbl# MOMCK, METOIBI MOC/IEA0BATENLHONO NPHEAHKEHHA 1 BeTBEH W rpaHul, Haubonbiune
BHIMTPHIIIM B CTOMMOCTH (BpEeMEHHM) pEalM3alliM MONyYalu B OCHOBHOM MpPH MPUMEHEHHH
METOJld BETBEH M IpanuL,

ITpn npuMeHCHHH OrpaHuyeHHOro nepefopa M cayyalHOro 1MOMCKA 3a4acCTYO JIYYUIMC
PE3yNBTaTHI aBaN CIyHaHHbIH MOWCK, MO3BOAKIOWMA YXOAHTE OT JIOKANBHBIX ONTHMYMOB,

4. MeToabl, NO3BONAIOMKE NONYYATh ONTHMANBHBIC WK GIM3KHE K ONTHMANLHBLIM TaHbI
mo6bIX MHOrO(GaKTOPHBIX IKCIIEPHUMEHTOB, CIEAYET NPUMEHATH UIR OOBEKTOB C KOIMYECTBOM
takropos k>3. [Ipn 3TOM M0 pe3ynbTaTaM UCCICAOBAHKI MOXHO CACNATE CCAYIOUIHME BbIBOADI!

- — TIPH MCC/ICAOBAHMH OOBEKTOB ¢ KOMHYECTBOM (akTopoB k=3 peaynbrarThl ONTHMH3AILHN
nnagoB M®D npuOMKEHHLIMM AAFOPHTMAMM, KaK MPABMIIO, COBNAAAIOT C OITHMAIbHBIM
pelICHHEM, MONYUEHHLIM METOAOM monHoro nepebopa. 310, B CBOK OYCPCAb, NOATBCPKILACT
NpaBHIBHOCTL pa3paboTaHHbIX wIropuTMOB W nporpamMMm. MHorna ucknioueHue COCTABIAKT
METOJBI CIYYalHHOTrO IIOWCKA, BETBEH H TPaHHL, CHMIUIEKC - MCTOMA, KaJAHLIH W SYCHCTHIN
FeHETHYECKHIA AT OPUTMBI,

~ NpH HCCaeA0BaHUK 00BEKTOB ¢ KoMUYecTBOM (akTopoB k>4 npeanoyreHue HEOBXOAMMO
OTAaBaThb MYpPaBbUHBIM M TEHCTHYECKMM aNrOpPHTMaM, HHOIAA XOPOUIHE pPe3ylibTaTsl Jgaet
anroputm Gmuxaiiulero cocena;

~ IpH ONTUMH3AUMK KOMITO3KIHOHHEIX 1anoB M®D uenecoobpaino uenosns3osath MeToA
MTEPALHOHHOTO TIAHHPOBAHHA IKCMEPHMEHTA W KOMOWHHMPOBAHHBLIN METO/, OCHOBAHHLIW Ha
NPUMCHEHHH XaIHOrO AaNropuTMa M METONa HMUTAUMM oTxkMra. Hensoxue pelynbraThbi
NOMYYAKOTCA H MPH NMPHMEHCHHH IMEHETHYECKHX ATOPHTMOB W CHMIIEKC-METOAA,

~ NpH ONTHMH3ALMM TPEXYPOBHEBBIX MIAHOB 3¥ XOpOWME pesy/iLTaThl NOAYHAIOTCH NpH
HCIIO/Ib30BAHMN FCHETHYECKHX ANrOPUTMOB, CHMIIEKC-METOAA K Taby-noncka.

~ M0 ObICTPOAEHCTBHIO PEWEHUA 3aJa4H ONTHMH3AUMKH nnaHos MO MeTOUb MOKHO
pacnonoXMTh CcHeAylomuM obpasoMm: cuMIuieke-MeToa, Taby-nouck, Onmkaiuiero coceua,
KAAHBIK QNTOPUTM, WMWTAUMM OTKHIE, METOA BIOKEHHBIX pPAsOMEHMUIl, TEHETHUECKME
ANTOPHTMBI.

BoiBoabl. B 1aHHOM cTaThe NPUBEACH CPaBHHUTCALHAIH AHANHI METOLOB, KOTOPLIC MOXKIID
NPAMEHHTL JUIS  ONTHMH3ALKH M0 CTOWMOCTHBIM  (BPEMEHHbLIM)  3aTpaTaMm  [1aHOB
MHOTroakTOPHBIX IKCIIepUMEHTOB. [IpHBeCH nepedeHsb NPOrpaMm, KOTOPLIC PEallH3YIOT MCTO b
NOWCKa ONTHMANBHBIX MIaHOB JKcnepumenTa. 1o pesynbraram onTUMHsaumu naanos MDD juis
MCCICNOBAHHA pAla pealbHbIX OOLEKTOB  BBIAAHBI PEKOMCHAAUMH MO IIPHMCHCHHI
NPOaHATH3HPOBAHHEIX METOOB JUIA PEIICHHA AaHHBIX 3a/184,
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NMOPIBHSJIBHHH AHAJI3 METOJAIB CHHTE3Y ONTUMAJIbHHUX 3A BAPTICHUMH
(MACOBHMH) BUTPATAMH IJIAHIB BATATO®AKTOPHOIO EKCITEPHMEHTY

Ilposedeno nopienxnsiui ananiz MOORPIKOSANWX | IACMOCOBARKX OAR CRINMESY ONMUMAILIUX 1d
sapmicHUMu (YacosuMy) sumpamamu naaxie Hacamogpaxmoprux excnepumenmis maxux Memodis
ouckpemuoi onmumizayii, AK aHatis nepecmanoeok (nosnuu nepebip) 6UNAOKOSUI NOWYK, Memod 2inoK
i Mexc, nocniO0eHL20 HABNUICERHR, CUMNIEKC-MEMO0, MyPAWUNI @A20PUMMU, Mem OO IMimayil eionany,
Headibnui anzopumm, RAUbIUNCUO20 CYCIOR, 2EHEMUNHI ANZOpUMMU, Maby-nowyK, Memoo EKIA0ENUX
posbummis, @ maxoxc poipobnenux Memodis: CUMBONbHUX NOCAIDosHOCMER, KOMBIRAKIUNO-2padioauil
Memod, Memoou CcuHmesy OnRMUMQIbHUX naawie Opobrux i noeHux (axmopnux excnepumenmis,
ocHosanux Ha 3acmocysanni kody Ipes, memod imepayiiinoco nnanysanus 0ax onmumisawii
Komnozuuiunux nnanie. Hasedeno nepenix npozpam, RKi peanizyroms i memodu cunmesy, i nepetin
peanshux o06'cxmis, na RKux onpobysanruci npozpamu. Budanmi pexomendawil no 3zacmocysannw
Memodie cunmesy ORMUMANbHUX 3¢ sapmicHuMu (vacosumu) eumpamamu niawnie bacamogaxmoprux
excnepumenmis.

Knwonosi chosa: ananis, memood, anzopumm, OnmumanbHui n1an, sapmicms, yac.

prof. Koshevoy N.D., prof. Kostenko E.M,, Koshevava LI

THE COMPARATIVE ANALYSIS OF THE METHODS OF SYNTHESIS OF MULTIFACTORIAL
EXPERIMENT’S OPTIMAL PLANS IN COST (TIME)

For synthesis of multifactorial experiment’s optimal plans in cost (time) the comparative analysis of
the modified and applied methods of discrete optimization such as a random search, branch and bound
method, successive approximation, the simplex method, ant algorithms, the method simulated annealing,
greedy algorithm, nearest neighbor, genetic algorithms, taboo search, nested partitions were carried out.
Also the developed methods: character sequences, combinatorial and graph method, methods of synthesis
of optimal plans of fractional and full factorial experiments based on the use of Gray code, method
iterative planning ro optimize composite plans were compared.

The list of programs that implement these methods of synthesis, and the list of real objects, an
which the programs were tested, were given,

The guidelines of using the methods of synthesis of multifactorial experiment’s optimal plans in
cost (time) were published.

Keywords: analysis, method, algorithm, optimal plan, cost, time.
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