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HayqHoFo pyKoBoArrreflfl

Ha AuccepraqgoHnpo pa6ory -firrpsr+ra Munarura AnercanAlloBnrra
<IllupoKononocuoe cornacoBaune 3neMerrroB pa4r{orexunqecKnx

yc"rpoficrB Ha ocfloBe odo6rqsnHoro MeToAa.{apnnurroHa c
HcrroJrb3oBauueM annporccnunpyroqilx $y"rqrft c yJry.rfferuHhrMn

BaprraTHBHbrMlr cBolrcTB a}d},{>> Ha concKilHrrg yqeHoH cTeneHr{ KaHAIIAaT a
Texr{HrrecKro( HayK no cileqr{alrbuocrn 05.12.04 - paAHorexHHKa, B ToM

qucJre cncreMbr H ycrpoficrBa reJreBHAeHHf,

Hayqnafl oqenna rqrrccepraqrrn
Teua KaHAngarcnofi AHcceFrarIHH .ffHr{enwqa M.A. npoAon}Kaer

pa3Brrrne r{A€fi, sa.lro)KeHr{6rx B o6o6qeHHoM MeroAe cHHTe3a
runponorroJrocHbrx couracJruolqm( r{euefi no flapxwHrrorry, v! frBrrflercfr, Hx
noruqesKr{M npoAoJrx(euueu. flepnrre p$ynbraTbr gToro cncreMnoro MeToAa
HoJryqer{Er AJrfl KJraccnqecKro( arrqpoKcnMrrpyrcqm $ysxqufi, H r{x 3HaqeHHe
cocroflJro ilraBHhrM oGpasou B paspa6orKe MareMarnrrecKoro anrapara,
noroprrfi no3Bonr{,n coeArrur{tb ocHoBr{bre noJroxenufl MeroAa c anrraparoM
KJraccuqecxr,rx Synrqrafi. tlerro BhrcrpoeHHaf, cnsreua olpaHn.reHufi Ha
npeAeJrbr couracoBarrnfl rJrfl Karr,qoff Hs 3Tr.D( Sy"*trnfi nosBonnJra 6o.nee noJIHo
HCIIOJrb30BATb BO3MOIKHOCTITI, 3iuIO)KeHHhIe B 3TI{X annpOKCHMaIIHflX.

pffiynbrarbr B SToM Ha[paBJreHr{H cBff3aHhr c flonblTrofi,{zurrnefiurpre
HcrroJrbsoBarb nro4n$HKarluri rnaccrrrecrrrx anrporcnMartt*tilt nyreM BBeAeHHs
AonoJrHHTeJrbHbrx nynefi HepeAaqu, He npHBoArrrIHx K saruerHofi norepe Hx

Syrr,qaMerrtarrbnbrx csoficrB. Kponae roro, cAeJrarra nepBafl uy4aqmafl norrblTKa
B paspaboTKe KJraccuqecKoro MeroAa cr{HTe3a Mfl pacnpeAeJreuHbrx qenefi c
HcnoJrb3oBaHr{eM npeo6pa3otsaH}rfl Prauap4ca. OcnosHttfl npodneua B groM

HanpaBJreHHu 3anlrroqaracb B Heo6xo4nMocrn HcnoJrb3oBarb o6rqyrc
qacrorrryro HepeMeHrryro AJrfl rcilaccnrrecKrn( arnpoKclrMnpyrorrlr4x $yHKIIuit u

SyHrr{Hfi conpornBJreHnff cornacyenaofi Harpy3KH. flpodneMa pa3perur4rlacb
HcnoJrb3oBaHr{eM HeKoroporo npn6nn)KeHnfl, Koropoe cAeJraJro Bo3Mo)KHbIM
crauTe3 ogHopoAHbrx (commensurate) nnnufi repeAarru Nrfl coruracoBanrzrr.
pacHpeAeJreHHbrx Ha{py3oK.

Buecre c reM, roflyqeHHbre p$ynbrarbr AJrfl o6o6qeHHoro MeroAa
cHHTe3a no ,{apnnnrrorry npHBenH K noHuMarruro npeAenbHbrx Bo3Mox(Hoctefi
MeroA4 CBfl3AIIHbIE orpaHuueHHoH BapHaTnBHOr{ cnoco6HocTbIo
KJraccnqecKr.rx a[npoKcuuaqnfi. flnn pa3perueHr4.fl cucreMbr orpaHH.IeHHfi Ha
rpeAeJrbr coruracouawnn (cracreMbr HeJruHefinrrx ypaBHewni,,t H HepaBeHctn)
Heo6xoAHMo nMerb HeKoTopoe Kornrrecrtso r,apnarr4BHbrx napaMerpoB,
KonurrecrBo Koropbrx Bo3pacraer co cJro)KHocrbro coruracyenaofi Harpy3KH.
Honaropcrrafi noflxoA -flHqesuqa M.A. 3aKJrroqaeTcfl B LrcnoJrbsoBaHun B
KaqecrBe annpoKcuurrpyroulefi Synrqun BsBerueHuofi cyMMbr KJraccnqecKl,D(
anrpoKcuMar1nfi' ocnoBar{Hofi Ha H3BecrHoM rroJroxeHuu arrrebprr noJrfiHoMoB



o ToM' trTo cyMMa aHa"JII{TI,rqecKIlD( $yHru{Hfi raxxe flBJUIeTcfl aHalrgTg.recrofi
Oy"*tlktreilr. Becossre rosQSHIIlIeHTbr errrx QyHrcqnfi w flBJr.flrorcfl
AOnOIHHTeJTbHbIMH BapIIaTI4BHbIMH napaMeTpaMrl Mn perueHr4fi cr,rcTeM
HeJIHHefiHrrx ypaBHeuwfl wrr HepaBeHcrB. OpraHr.rcoBaHqafl TaKr{M o$paronr
Oy"*q"" repeAaqu MouIHocrH o6n4Aaet BceMr4 cnoficrBaMu KJraccnqecKax
annpoKcHMal{Hft (HopMI-rpoBKa orHocHTeJIbHo qacTorbr H ypoBHfl), H BMecre c
TeM o6laAaer HOBrIMH cnoficrs avrv:. Cpe4u Hr.rx Bo3Mo)KHocTb rrnaBHoro
repexoAa or oAHoro nopflAra Synrqrnu K Apyrolry (annpoKcgM arryrn c
4po6nbrM nopflAKoM +yHxqun), a rarx(e Bo3MolKHocTb p€iurH3arlr,rn He roJrbKo
DIaAKHX, Ho I{ sHaKolrepeMeHHbtx (nonnonsrx) Syurqnfi. B srord orHorueH1ag
paspaboraHHafl aBropoM annpoKcnMrlpyrcrqafl SyHrqua flBJrflercfl 6onee
yHHBepcaJrbHoH.

Hnrepec K KJIaccHqecKEM arr[poKcnMarlnflM c apo6HbrM nopflAKoM
QynrcqIan npoflBn flercfl B r 3aAarlil( , AarreKo BbrxoAflrrlrdx 3a npeAeJrbr
pAAHorexHHKH. flonyqeHHble qHcJIeHHbrMH MeroAaMH Synrqnu, oAHar(o, Ho
coorBercrBylor rpe6on ailkrnu I,D( a:aarrwrnrrHocrg, qro Hc6JrroqaeT
Bo3MolKHocTb I{x npI,rMeHeHHfl B 3aAaqax cHHTe3a. Paspa6oraHHbre aBTopoM
pa6otrr $ynrcqnn raKoBbIMrI tBJlflrorcfl, Lr llx Bo3Mo)KHocrH HaruJrr,r cBoe
noATBepxAeHHe B paspaborr{e MeToAHKH cHHTe3a cocpeAororreHHbrx
coFJlacYrcIltmr qenefi, MeroAuxy orruqaer csoftcmeusrrfi aHrLJrHTHqecKHM
MeToAaM cl{cTeMnsfi noAxoA K npo6nenae coruracoBaHgrr, ilocKonbxy
oxBarhlBaer Bce MHoroo6pasne sa$aq (nce KJIaccbI Harpy3oK), coAepnerr
s00errnBnyrc cTparerulo lrx perleHut vI aHa"nrrc iloJryqeHHbrx p$ynbraroB.
Ha-nH'IHe AononHHTeJIbHbIx creueuefi cno6oArr Nrfl. pa3pemr,rMocrg
orpaHl'I'reHufi Ha npeAeJrbr corrlacoBaHnt no3BoJrr,rJro sHaqHTeJrbHo pacrrrgpgTb
AHana3oH napaMeTpoB coruIacyeMbrx Harpy3oK n HaxoAHTb pa3nr4qHbre
BapHaHTbr perueHnf 3aAaq. flpnne4eHHble B Arlcceprarryru pe3yJrbTarbr
npHMeHeHHfl BappIarPIBHbtx anrpoKcnMupyrorqnx QynrrlHfi yfie4ureJrbHbr,
oAHaKO AaneKO He HcqeprrhrBaror r{x Bo3Mox(Hocrefi.

AnnpoKcrrMHpyIoIIIHe SyHrcqnH c noBbrrrreHHbrMpr BapHarHBHbrMH
cnoficrsaWr4 oKiBaJILrcb noJIe3HbIMH 14 Mfl cHHTe3a coruracyrorqeu< qenefi B
pacqpeAeJleHHbrx crpyKrypax. 3ro Ha[paBJreHHe, ecJrg HMerb B Bprxy
cHcreMHrtfi IIoAxoA K peIIreHHIo upo6neMbl, flBJrflerc.fl HoBbrM. OrMerreHHafl
BbIIue [IepBiul nonblTKa cHHTe3a c Hcrronb3oBaHneM npeo6pasoBaHws, Pu'rapAca
TOJIbKO OTKpbIJIa HOBbIe BO3MO)KHOCTH Nrfl, CHCTeMHOTO nOAXOAa. llepnar
opnrnHanbH€ul HAen aBTOpa 3aKJlrcrlaercfl B ToM, qro oH HarueJr Bo3MoxHocrb
npeoAoJlerb orMerleHHoe BrIIIIO sarpylHeHne, cB.fl3aHHoe c Heo6xoAgMocrb6)
IrcnoJIB3oBaTb od[ryro qacrornyn repeMeHnyrc B on6ca1w4 csoficrs
coDlacyroulefi qenH H Harpy3KH. flatq-aHTeHHbr oK{lsrurucb ltI:rfl, grono
[o,ryoAflIrI]IM o6rerroM, H gTor KJIacc aHTeHH B Hacroflrrlee BpeMff flBJrflercs
oco6eHHo Bocrpe6onaHHblM B cBt3H c rrpe3sH.rafirrofi norryJrflpHocrbro E[IJIA.
flonyveHo crporoe perueHue 4lrfr, cHHTe3a pacnpe4eneunofi copJracyroulefi
IIenH B npocTpttrrcrBe PnuapAca. H uarq-aHTeHHbr He HcrrepnbrBaror o$nacrs
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npnMeHeHraf, groro [oAXoAa, o6rexrou cornacoBaHufl Mo)Ker 6rrru nro6aq
aHTeHHa, gJIeKTpHrIecKafl NrlzrIera Koropofi rparHa rlerBepru Anr,rHbr eAnHurrHoro
orpe3Ka oAHopoAHofi coruacyrcq eit numuw.

,{anruefiruue HoBbre pffiynbrarbr aBTopa 3aKJrrcrrarcTcfl B paspa6orKe
opurunanrnofi MeroAHKr,r cHHTesa c npHMeHeHr,reM BaprrarlrBHbrx
anrpoKcuuaqnfi. Oco6eHHocrn cHHTe3a Ha oAHopoAHhrx JrHHHflx repeAaqn
o6ycnoBJreHbr xapaKTepoM nynefi nepeAaqu B couracyrorqefi qeiln r,r Harpy3Ke.
B orruque or cHHTe3a Ha cocpeAoroqeHHbrx oJreMeHTiD( Bce nynu [epeAarru
orHocflTcfl K nepBoMy KJraccy, H aHilJrora Ha €Tr{x gJreMeHTax ilrrfr HHX Her.
Iloeronry Mfl cuHre3a pacrpeAeneHHbrx crpyKTyp norpe6oB€rrrocb co3AaHHe
uonofr MeroAHKr,r, nepecMorperb cr{creMy orpaHra.reHr.rfi H BbrflcHnrb
oco6eHHocrn napaMerpoB cornacyrouefi qerr.r B rryJrflx nepeAaqu Harpy3KH.
Tarnu o6pasou, B AauHofi pa6ote BnepBbre ronyqeHo crporoe perueHue
3aAaqn cLIHTe3a c opnrnHamuofi MeroAnrofi BbrAeirenvrfl, eAr4HurrHbrx
oJIeMeHToB coruIacyroqefi qenu Ha pacnpeAeneHHbrx gJreMeHTax. Pesynrrarbr
coruIacoBaHufl, trpuBeAeHHbre B pa6ore, .f,BJrflrorcfl AocroBepHbrMu, v
cBr4AereJrbcrByror o6 eQSercrr4BHocrn paspa6oraHHbrx iuropnTMoB,
IOJIO]KeHHbIX B OCHOBy MeTOApTKH.

3anepurarcrrluM vt B€DKHsrM srarroM AprccepraquoHHofi padorn flBnlrasb
paspa6orKa onblrHbrx o6parqon rrarq-aHreHH 869 Mfq Nrn HIIII
<<Pa4nocnrHarrD r. Mocrna, n 1200 Mfq Arn OOO (KE EecnnlorHbre
BeproJlerbr), r. Muscr no 4 eK3eMnilflpa raxAufi. TexHnrrecKrre
xapaKTepHcTHKH STHX aHTeHH 3aMeTHO npeBOCXOAfr aHaJrorHqHbre nOKa3aTeJrH
cyqecrByroqax o6pasqon. Paspa6oraHHbre AHTCHHbI HMETOT

KoHcrpyKTopcxyro AoKyMeHTarIr{ro, coruracHo xoropofi no coBpeMeuHofi
TexHoJIorrdH H3roroBJIeHbr onbrrHble o6pasqu. 3aKas.rvrKvr aHTeHH npoBeJrpr
HcllbrranvIfl. B cocraBe anraparypbl, pa3MerqenHofi Ha EIIJIA, H BbrAaJrH aKTbr
o6 HcnoJrb3oBaHn[r. Pesyrrrrarbl gKcnepnMeHTzulruoft qacrn pa6oru
cBHAeTeJrbcTByroT o xoporuI{x npaKTnrrecKl,rx HaBbrKax B H3foToBJreHHrr u
Hacrpofi re amraparypbr.

BrrnolHeHHafl AHccepraHToM HayrrHafl pa6ora orruqaerct
IleJlocrHocrbro kr 3aBepmeHHocrbro. flocrasJreHHhre prlifl. raccneAoBaHnfl rleJrb
v 3aAarIH BbrnoJrHeHbr B noJrHoM o6teue. Bce HayrrHbre rroJroxennfl.
BbInoJIHeHbr KOppeKTHO Vr C HCnOJIb3OBaHrreM CTpOTOTO MaTeMaTr4qeCKOFO

annapara, BbrBoAbI H peKoMeHAarIHH y6e4HreJrbHbr vr npeAcraBJurror
3HaqrlTeruHrrfi [paKTH.IecxHfi HHTepec. CauocrorreJrbHo BbInoJrHeHHbre
aBTopoM HccneAoBaHnfl cBr,rAereJrbcrByroT o ero cuocodHocru peruarb
TBopqecKue 3aAarru, HaxoAHTb perrreH[fl cJroxnbrx 3aAaq. Hayuuue
pe3ynbrarbl BHeApeHbr B yue6nufi npoqecc, o qeM cBuAereJrbcrByror aKTbr
o BHeApeEvrvr.

B TOM TIHCTE

19 Te3r,rcoB

ConcrareJrb ony6rruKoB€Ilr no reMe Aucceprarluu 27 nerraTHrrx pa6orbr,
las4artnflx, peKoMeHAoBaHHbrx BAK,8 crarefi s perleH3upyeMbrx

AOKJTaAOB Vr MaTepr.{arroB nonQepeHqufi. Taruna o6pasou,



rpe6onannr BAK K onydnuroBaHnocrn p$yJrbraroB AucceprarlproHHoro
uccJreAoBaHnfl co6nroAeHbr.

,{ucceprarluoHHar pa6ora noAroroBJreHa K 3arrIHTe, o$opnaJreHa
B coorBercrBnr c rpe6onanuflMkr BAK 14 cocror,rr r,r3 BBeAeHHrr, oOrqefi
xapaKTepHcrHKH pa6oru, qerbrpex ruraB, 3aKJrroqenvrfl,, 6wfltuorpa$uqecKoro
cnncKa r4 Tpex npI{rrolKeHHH.

Xaparcreprrcrrrrca Hayrrnofio HayrrHo-rre4arornrrecrcofi H cJry2nedHofi
AenTeJIbHOCTrr COnCKaTeJrfl

B npoqecce paOotu HaA Ar.{cceprarlraefi JilHqeeu.r M.A. nporuen
xopotuyro ruKoJry rexHoJrorur,r Hayruofi pa6orrr, oBJraAeJr coBpeMeHHbIMH
MeroAaMH HayqHoro noHcKa, xopoluo BxaAeer MaTeMaTHqecKHMH naKeraMu
Matlab, Mathcad, AWR Microwave Studio
H CST Studio, vr cnoco6eu caMocrosreJrbHo peruarb rBopqecKne sapiaviw H
AoBoAHTb r{x Ao rrpaKTnqecrofi peanlr3arlnn.

B Hacroru1ee BpeMr .flHrlesn I M.A, npoxoAnT crryx6y B AoJDIffiocrH
crapruero HH)KeHepa yueOnofi na6oparopnr4 ra$egpu aBToMarvIKvt,
paAHonoKarILrH w npneMo-repeAaroIqnx ycrpoficrB y'rpexAennfl o6pasoBannfl,
<BoeHHan aKaAeMr.rfl Pecrry6 rruK*r EenapycbD. flpo4oJrxaer Becrr,r aKTrrBlryrc
Hayqnyro AeflTeJrbHocrb B rasdpauHoM HanpaB rrennvr, o qeM cBr'rAereJrbcrByer
npuHrrra.fl K rryflnttKarlnn crarbfl B nopT0ene HalnrHoro x(ypHarra s Poccuficxofi
Oe4epar\vrn.

BunoA
YporeHb Hpy.rHofi rnannSHKarIHLt r,r HayqHnre pe3ynbrarbr, norryrlenHble

B xoAe pa6oru HaA Anccepraqnefi, cBlrAereJrbcrByrcT o roM, rrro -fHrlesn.I
M.A. coorBercrByer rpe6onanwru, rrpeAbflBJrfleMbrM K coucKareJrrM yueHofi
cTeneHH KaHAHAATA TeXHr{qeCKr,rX HayK, V 3lsilynfl.rBaeT npucyxAeHrarr y.reuofi
creneHl,r KaHAHAara rexHnqecKr{x HayK no cnequtlJrbHocrn 05.12.04
<<PaAnorexHr4Kae B ToM rrncre cncreMbr H ycrpoficrBa reJreBn,qeHr,r$) 3a:

1 . AnnpoKcr,rMr{pynque SyHKTIuH ros$ $HrIr.reHTa nepe ilaqr MoIrIHo crvl )
rrpeAcraBJrflrorque co6ofi B3BerueHnbre cyMMbr KJraccnrrecKlrx annpoKcnruaqnfi
(EamepBopra, tle6brrueBa 1-ro poAa), orrnrrarcrrluecfl or KJraccHqecKr,IX

AononHr,rreJrbHbrx BapnarHBHbrx napaMerpoB,a[npoKcunaaqnfi Ha[HrrpreM
KOTOpbre no3BoJrflroT:

ocyqecrBJrflrb KoHTponnpyeMufi nrtasnrrfi ilepexoA Mexqer
pa3rnrrHbrMr{ ropflAKaMH H $ynrq nflvtvr,anupoKcnMarl lrlvr;

pactukpflrb npeAenhr rrrnpoKonoJlocHoro coruracoBaHur (rra 30% Mn
RLC HarpysKn) vr cr.rHTe3npoBarb coruracyrorrlne rlenu AJr.n cJrolI(HbIX
KOMnneKCHbIX Harpy3OK.

2. MeroAuKa cHHTe3a IunpoKonoJrocHbrx cornacyrclqnx uenefi Ha ocHoBe
o6o6qeHHoro MeroAa ,{apnraHrroHq ornuqaroulaflc.fl HcnoJIb3oBaHHeM
annpoKcuMnpyrou1rffi QyHrrl ufi c yJrfrrueHHblM H BapvraTHB HbrMH cBofi ctnanau,
rro3BoJrflrorrlafl nofiyqaTb aHa.IrHTHqecKHe pe[reHrrn Anfi 3aAaq coHIacoBaHI4rI



cJIOX(HLIX KOMnJIeKCHbTX Harpy3OK Vr paCruHpHTb Ar.rana3oH 3HarreHr4fi
oneMeHToB RLC Harpy3KI4 Ha 30% no cpaBHeHnro c HcnoJrb3oBaHHeM
KJIaccHqecKHX annpoKcuMnpyroulHx Syurrlnfi .

3. MetoAHKa cHHTe3a MnKpononocKoBbrx coruracyrcrrlnx orpe3KoB Arrfl
IIarq-aHTeHH Ha ocHoBe o6o6qeHHoro MeToAa flapnuHrroHa c
HgNOJIb3OBAHI,IEM an npoK c r,r M r,rpy rc uI HX SyHrcqrafi, o6raAarounx
ynyqrueHHblMH BapHarHBHbrMH CBOHCTBAbIVT, OTJrHrrarcqaf,Cfl npprMeHeHHeM
eJIeMeHToB TeopHH cr4HTe3a SranrrpoB B pacnpereneHHoM gJreMeHTHoM 6asHce
(npeo6pa3oBaHple Pra.rap4ca), qro no3BoJrnno pacrunpnTb nonocy
coruIacoBaHnr narq-aHreHH, paccquraHHbrx Ha l,2fTrI Ao 1506, H 869 Mfq ao
l7Yo, qro B 2.14 - 2.43 pasa 6olrrue no opaBHeHuro c pr3BecrHbrMlr MeroAaMH
coHIacoBaHHx (nu6opa roqKu nos6yx4ennfl. aHreHHbr 14 xoH$uryparlupr
nos6yxgarcqero ysna).

Ilpo$eccop rafiegprr
aBTOMaTUKU, paAHOnOKaqprH H
npneMorepeAarotqlax ycrpofi crB
yqpex(AeHnfl o6paso BaHvrfl
<<Boeuwas. aKaAeMHfl
Pecny6Jr LrKr.r EenapycbD
KaHAHAaT TeXHHTTeCKHX HayK, AOTIeHT

f.A. @unnnnoBHrr
23.10.2023

@arru, H3Jro)rceHHbre B AorqyMeHTe, He yAocroBeprlo.

noInHHHOCTb
npHcyTcTBHI{.
ycTaHoBJIeHa.

noAnHcn @nnHnnoBl/Iqa f.Ao noAnHcaBruero AoKyMeHT B MoeM
JIH.rHocrb OHnunnoBurra f .A., noAnncaBruero AoKyMeHT,

.,- f,J oT 1-l t,c ̂ o(94 5 z

o6pasoBannfl <<BoeH*afl, aKaAeMr,rfl PecrrydJrrrKn Eelapycb), cBuAereJrbcrByro

fopo4 MHucr. AnaAIIarb rperbe orctr6pfl ABe rbrcflrru ABaArIarb rperbero

fl,, Jleneumo feuna4nfi BnaruaMupoBuq, Haqa"rrbHnK yqpex ile:n:rrt

HaqzurbHHK yqpelKAeHlnr
o6pasoBaHrinr <iB oen Hafl j
Pecrry6JrnKn Eenapyc

reHepilr-rvrafiop

v

foAa.

f .B.JleneruKo


