OT3hbIB
OIIIOHEHTA TOKTOpa GU3UKO-MaTeMaTHUeCKuX Hayk, noueHta PASMHBKOBA
Cepres Hukonaesmua Ha mucceprampio @EJIOPOBA Cepres Muxainosnya
«CrHTe3 MHOTOJTy4eBbIX aHTEHHBIX CUCTEM C (PU3UYECKUMH U BUPTYaIbHBIMU
dJIeMeHTaMH JUIs yJIyYIIeHUs IOMEXOYCTOWYHMBOCTH PaIUO3IIEKTPOHHOU
anmapaTypbDy Ha COMCKaHHE y4YE€HOM CTENeHU JOKTOpa TEXHUYECKHX HayK
o criennasnbHOCTH 2.2.14. Antennsl, CBU-ycTpolicTBa U UX TEXHOJIOTHH

Huccepramus @enopoBa C.M. «CuHTE3 MHOTOIIy4eBBIX aHTEHHBIX CUCTEM C (H-
3MYECKUMH ¥ BUPTYAIbHBIMU 3JIEMEHTAMHU I YIIyqIlIeHHUs [IOMEX0yCTOHYUBOCTH pa-
IHO3NIEKTPOHHOM anmnapaTypeD» BBIIONHEHA B ()elepalbHOM I'OCYIapCTBEHHOM OrojI-
»KEeTHOM 00pa3oBaTelbHOM YUPEXIeHUH BhICIIero obpazoBanus «BopoHexCKHi rocy-
JMapCTBEHHBIN TEXHUYECKHHA yHUBepcHTET». HaydHbI pyKOBOAUTENs — TOKTOpP TEXHH-
yecKux Hayk, mpogeccop Ilacreprak IO.I'.

JIJ1st MOATOTOBKM OT3BIBA OIIIOHEHTY MPENCTABIICHBI:

- oEiccepTanysi, OCHOBHOE CcofiepKaHue KOTOpoi u3yokeHo Ha 307 cTpaHMIax
co 172 pucynkamu u 9 TabiauiiaMu; CIUCOK UCIIOJIB30BAaHHON TUTEPATyphl COAECPIKUT
345 pauMeHOBaHMH;

- aBTOpedepaT auccepTalu 00beMOM JI0 2 Ie€YaTHBIX JTUCTOB.

Axmyanvnocme memuvl ouccepmayuonnozo uccaedosanus. IlorpebHOCTH MO-
CTHDKEHHS W MOANEpPXKaHUsA yCTOHYMBOro MHGOpMAIMOHHOTO oOMeHa Mexmy abo-
HEHTaMH WHGOPMAIIMOHHO-TEJIEKOMMYHHUKAIMOHHBIX CeTel IpH HMIMPOKOMAacInTao-
HOM OXBaTe TEPPUTOPUN OIpeAeNsiioT HeOOXOIUMOCTh COBEPIIEHCTBOBAHUSA TEXHO-
JIOTHH, HalpaBleHHBIX Ha YIy4IlleHHe IOMEXO3alllUIIEeHHOCTH anmaparypsl. He-
IpeIHaMepeHHbIe ¥ OPraHU30BaHHEBIE TOMEXH PaJi0YacTOTHOIO CIIEKTpa CIIOCOOHBI
HapyIaTh YCTOWYHMBOCTh WH(OPMAIMOHHBIX IIPOIECCOB, NPUBOJUTH OJIOKHPOBKE
IIPUEMHBIX yCTPOMCTB, BOSHUKHOBEHHIO 3HAYUTENBHBIX BEPOSTHOCTEH MPOSBIECHUA
OIMMOOK IIEPBOTO M BTOPOTO pojia MpHu oOpaboTke MHPOpMaIUK, CO3AOIIMX IIPE-
IIOCBUTKH ISl HAPYIIEHIS €€ IEJIOCTHOCTH, ITOJIHOTH M KOH(QUIEHIIMAIbHOCTH.

Jlnst GoprOBI ¢ TOMEXaMHU B paInOdJIEKTPOHHBIX cpelcTBaX 3((eKTUBHO IpHU-
MEHSIOTCS MHOTOJIyYeBbIe aHTEHHBI C PeKOHGUTYpHUPYyeMO# CTPYKTypoil Ha 6aze pu-
3WYECKUAX W BUPTYaIbHBIX aHTEHHBIX 3JIeMEHTOB. MCIIoIb30BaHUE TaKUX YCTPOMCTB,
C OJTHO¥ CTOPOHBI, TO3BOJISIET BRIIIONHATE PEKEKINIO MEIIAIOIIUX U3IIyYeHUH 3a CUET
CO3JaHMU CEeKTOPHBIX MPOBAJIOB B IMarpaMMax HalpaBJIEHHOCTH B HaIPaBIIEHUAX Ha
HUCTOYHUKH, C IPYTOH CTOPOHBI, 00eCTieunBaeT yCUIEHUEe CUTHAJIOB AJIS IIPEBHIIIEHNS
WX SHEPTHH HaJ YPOBHAMU IIOMEX U IJIOTHOCTHEO MOITHOCTH LIYMOB PagHOIPHEMHBIX
TPaKTOB, HEOOXOAUMOTO I peanu3aruu 3¢ HEeKTUBHBIX alTOPUTMOB 00pabOTKH.

[Ipu ompeneneHUH TEXHUYECKOTO OOJIFIKAa MHOTONyYEBhIX aHTEHH C (PU3UUECKU-
MH ¥ BUPTYaIHBIMU JIEMEHTaMH CJielyeT yUYUThIBaTh OTPaHUYEHUs AJI [TOKa3aTesen
IIPOCTPAaHCTBEHHO-YaCTOTHON M30MUpaTeI-HOCTH TpreMa, 00yCIIOBIIeHHbIe Maccoraba-
PUTHBIMH XapaKTEePUCTUKAMU KOHCTPYKIIMH, UCKaKeHUIMU (PPOHTa 3IIEKTPOMArHUTHO-
IO TIOJIS BCJIEICTBUE TU(PaKIIIi Ha IPUEMHBIX CTPYKTYpax, a TAKKe 3aTeHEHUEM KaHa-
JIOB, COKpAIIAlOIIAM CEKTOpa CKaHUPOBaHUS MPOCTPAHCTBA B INIOCKOCTH a3MMYyTa.

Metoaudeckie 0CHOBBI TIOCTPOEHUSI MHOTOITyYEBBIX aHTEHH, IT03BOJLIIOIIMX pa-
ITMOHAIBEHBIM 00pa30M paclipe/ieNiaTh MPOCTPaHCTBEHHO-YaCTOTHBIM pecypc IIpU COB-
MECTHOM (YHKIIMOHUPOBAHUH PaTUO3JIEKTPOHHBIX CPEJICTB, 3aJI0XKEHBl B TpyAax
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IOKTOpOB TexHmdeckux Hayk Bockpecenckoro J[.M., Kmumosa K.H., Maxosa /1.C.,
Hosukosa A.H. Cioco0b1 MUHHATIOpU3ALMK IIPUEMHBIX CTPYKTYp Ha OCHOBE IIpHMeE-
HEHHUS H3IeTuil TpaHCHOpPMAIMOHHOW ONTHKM OOOCHOBaHBI B paboTax IOKTOPOB
TeXHU4YeCKuX Hayk AOpamenkoBa B.B., bpatuuxosa A.H., Bacunsuenko O.B., [e-
MeHTheBa A.H. Mogenu 1 MeTobl aHauu3a U CUHTe3a PeKOH(GUTYPUPYEMBIX IIPHEM-
HBIX CTPYKTYpP C BBICOKMMH KO3(QQHUIIMEHTaAMU YCUJICHUS CUTHAJIOB IIPEIICTABICHBI B
myOuMKamsax AOKTOpoB TexHumuecknx Hayk Mumenko C.E., Opumnnumkosoii E.B.,
Yebotaps 1.B., nokropa puznko-mMaremaTnueckux Hayk 3umuHoi C.B.

Bwmecte ¢ TeM, B HacTosiIee BpeMs He B IIOJTHOM Mepe peleH psll BOIIPOCOB CO-
3/IaHUsI MHOTOJTYYeBBIX aHTEHH, K UACTY HanbOoJiee BaXKHBIX U3 KOTOPBIX OTHOCATCS;

- pa3paboTKa METO/IOB KOMITEHCAIIMHA UCKXKXEHUH 0TI Ha MPUEMHBIX CTPYKTY-
pax ¥ OILIEHMBAHUS KOMILIEKCHBIX aMILUIUTY][ BOJHOBBIX IIPOIECCOB Ha (DOHE IIpo-
CTPaHCTBEHHO-KOPPETHPOBAHHBIX IIOMeX, O0YCIOBIEHHBIX BTOPUYHBIM 3JIEKTpOMar-
HUTHBIM U3TydeHHUEM;

- MOCTPOCHHE PEKOH(DUTYPUPYEMBIX aHTEHHBIX YCTPOWCTB C MHOI'OJyYEBBIMHU
IrarpaMMaME HallpaBJIeHHOCTH Ha 0a3e MacITaOupyeMBIX 3JIEMEHTOB ISl MUHUMH-
3alli¥ HEraTUBHBIX () ()EKTOB SKpaHUPOBAaHUA CEKTOPOB pabouuX YyIIIOB;

- U3bICKaHKE CIIOCO00B CKaHMPOBAHMS MPOCTPaHCTBA B mpenenax 360° B mioc-
KOCTH a3UMyTa C IIpUMEHEHHEM TIOJIIPU3aIllMOHHO-CEJIEKTUBHBIX 3€pKal;

- COKpallleHHe MaccorabapUTHBIX ITOKa3aTellel anmapaTypsl 3a C4eT pa3paboTKu
JUH3 C PaIMOHATHHO BBIOPAHHBIMH JIIEKTPOPHU3NUECKUMH IapaMeTpaMéd U YMEHb-
IIIEHHBIMHM pa3MepaMH, JOCTHTaeMBIMH IIPHA HUCIOIB30BaHUH TEXHOJIOTUH TpaHchop-
MallMOHHON ONTHKHU.

OddeKTUBHBIM HHCTPYMEHTOM aBTOMAaTU3HUPOBAHHOIO IIPOEKTUPOBAHHUS aH-
TEHH SBIIETCA CIEIHAIM3UPOBAaHHOE IIporpaMMHoe obecriedeHre Antenna Magus ¢
GYHKIMSMHA OTIEpaTUBHOTO BHIOOpa BapHaHTOB HCIIOJIHEHHS IIPUEMOIIEpPENArONINX
CTPYKTYp U3 0a3bI TUIIOBBIX KOHCTPYKIIMH, aHATN3a UX XapaKTePUCTUK U HACTPOUKHU
IIapaMeTpPOB TP COMPSHKEHUH C MaKeTaMH 3JIEKTPOAUHAMUYECKOTO MOJEIUPOBaHUA.
3a cueT hopMaTU30BaHHOIO MPEICTABICHUS U MOIy4YeHUsI CTPyKTypUpPOBAaHHOW HH-
dbopMaIi 0 IMoKa3aTeNsX IPOCTPAHCTBEHHO-YaCTOTHON M30MpaTeNbHOCTH AHTEHH
o0ecreynBaoTCs BO3MOXXHOCTH COTIOCTaBIIEHUS PAa3IMYHbIX KOHCTPYKIMNA ¥ HAXOX-
JeHHs] KOHCTPYKTHBHO-TEXHUIECKIX pellleHuH, Hanboliee MOITHO YAOBIETBOPSAIOIINX
MIPEeIBSBIIEMBIM TPEOOBAHUAM.

Bwmecre ¢ TeM, MeToi0n0THS TTOCTpOoeHUs IiporpaMMbl Antenna Magus opueH-
THpOBaHa Ha BHIOOP BapHMaHTOB HUCIIONHEHUS YCTPOMCTB C XapaKTEpPUCTUKAMH, yCTa-
HaBJIMBAEMBIMH 110 KPUTEPUIO MPUTOJHOCTA B COOTBETCTBHUH C allpHOPH 3aaHHBEIMU
QYHKIFOHATBHBIMU CBOMCTBAMH ¥ OTPAaHMUEHMAMH. Takol MOIXOJ MpPAaKTHYECKH
HCKJIFOYAET TIOMCK ONTHUMAIBHOTO OOJIMKA M pealn3alrio OTeHIIUANBHBIX (QyHKIUN
CTPYKTYPHOTO CHHTE32 aHTEHHOMN CHUCTEMBI.

[TpuMeHeHHe TporpaMM >3JEKTpPOJUHAMIYecKoro MonenupoBanus tuma CST
MWS — Computer Simulation Technology Microwave Studio 1 uccinenoBaHus as-
TEHH 3aJJaHHOH TOIOJIOTHMH CBS3aHO CO 3HAYUTEIBHBIMHM BBIYHCIUTENBHBIMUA PECYp-
camMu. B gacTHOCTH, BpeMs pacyeTa JuarpaMM HalpaBlIE€HHOCTH MHOI'ONIY4eBBbIX aH-
TEHHBIX CHCTEM C BHOPATOPHBIMU U TI0JIOCKOBBIMU MPHUEMOU3IYYAIOIIMHI CTPYKTYPaMHU
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Ha mepcoHambHO OBM c¢ mponeccopom Intel Core 19-11900 ¢ TakTOoBOM 4YacTOTOH
5,2 I'Tu u onepaTuBHOM MaMATEI0 00beMoM 32 I'6 nexuT B mpenenax 5...6 gacos. Ta-
KH€ 3aTpaThl He I03BOJISIET OCYIIECTBITh IOWCK aIbTEPHATHUBHBIX BAPHUAHTOB KOH-
CTPYKIIMI IIPY MHOTOKPAaTHOM M3MEHEHUHU TapaMeTpPOB.

MeTto[pl pacdyeTa TOKOB U MOJISPU3ALMOHHBIX KOMIIOHEHTOB 3JIEKTPOMAarHUTHO-
TO T0JIs, He ONTUMH3UPOBAHHBIE K THUIMAXy KOHKPETHOW aHTEeHHOM CHCTEMBI, TpeOyIoT
NeTaabHON anmpOKCUMAIliM HX IPOCTPAaHCTBEHHO-YAaCTOTHBIX PpacIpeneleHud i
KOHTPOJISI OIIMOOK TIpU pacderax Iokaszarelieil MpoCTpaHCTBEHHOM M30MpaTenbHOCTH
nepenayu-rnpreMa CUrHanoB. PacyeTr TOKOB CBOAMTCS K PEIICHUIO MaTeMAaTUYECKH He-
KOPPEKTHBIX KpaeBBIX 3a/lad METOJIaM{ HEIMHEMHOIro MpOrpaMMHPOBAHUSA C IIpUMe-
HeHueM He(OopMalTu30BaHHBIX MPOLENYp PEeryJIpU3allid U MOXET COIPOBOXAATHCA
HAKOIUIEHWEM BBIYHMCIUTENBHBIX ITOIPEIIHOCTEN Ha 9acTOTaX, IPUHAIEKALIUX Pe30-
HaHCHOM 001acTu. _

Kpome Toro, 3akpeiToe copepikaHHe KOMIBIOTEPHBIX IIPOrpaMM 3aTpyIHSAET
IIOJTHOMACIITaOHBIA M BCECTOPOHHMIN aHaIW3 ()aKTOPOB, PErIaMEHTHUPYIOIIUX 3aKO-
HOMEpPHOCTU YCTaHOBJIEHUSI XapaKTEPUCTUK aHTEHHBIX CHCTEM IIpH BapHalusaX Iapa-
METPOB KOHCTPYKIIHiA, N3MEHEHUH PEKIMOB COTJIACOBAHUSA C (PUIEPHBIMU TPaKTaMU U
pa3IMYHBIX cXeMax (pOpMHUpPOBaHUS IUarpaMM HalpaBIEHHOCTH.

Taxum obpasom, Tema auccepranoHHoro uccnenoBanus @enpoposa C.M. «Cun-
Te3 MHOTOJyUYeBBIX aHTEHHBIX CHCTEM C (M3MYECKUMH M BUPTYaIbHBIMH DJI€MEHTaMHU
VIS yJIyYIIeHUS IOMEXOYCTOWYMBOCTH PagUO3JIEKTPOHHOM amnmaparypsl», IIOCBS-
IIIEHHOM COBEpIIIEHCTBOBAHUIO METOJUUECKUX OCHOB ITPOEKTHPOBAHUA U TEXHOJIOTUMN
IIOCTPOEHUSI MHOTOJY4YeBbIX aHTEHH, ABJISETCS aKTyaJIbHOM.

Cmenenb 0OOCHOBAHHOCMU HAYYHBIX PE3YNbMAMO8S, 8bl80008 U PEKOMEHOAYUl,
cgpopmynupoeanHuvix 6 ouccepmayuu. B nuccepranuy Ha OCHOBAaHUY BBITIIOHEHHBIX aB-
TOPOM HCCJIEJOBaHUAMM pellieHa HayqHas MpolieMa, 3aKIII04arolasics B pa3sBUTUU Me-
TOJIOJIOTHH IPOEKTUPOBAHUS MHOTONYYEBHIX aHTEHH ¢ (QYHKIMSIMM KOMIIEHCALIUU I10-
M€X B MHOTOKaHAJIBHBIX PaJi03JIeKTPOHHBIX CPECTBaX Ha OCHOBE IIPOCTPaHCTBEHHO-
rO pa3HECEHUs BJIEMEHTOB IMPUEMHBIX KOHCTPYKIIMNA B COUETaHUH CO CKaHMPOBAHUEM
CEeKTOpPOB 0030pa ITaBHBIMHU Jy4aMH IuarpaMM HaIllpaBIE€HHOCTU IIPH COXPaHEHUHU
BBICOKUX KO3 (QUIIMEHTOB HallpaBIE€HHOIO IEHCTBHS.

Conepxanue paboThl, pacKphIBalolliee CyTh IOIYy4YeHHBIX aBTOPOM HAy4YHBIX
pe3ynbTaToB, cHOpPMYIHUPOBAaHHBIX HAa MX OCHOBE BHIBOJOB M PEKOMEHIAIN, H310-
’KE€HO B ILITH IVIaBax.

B mepoBoii rnaBe auccepTaliy NMPOBENIEH aHAIW3 COBPEMEHHOIO COCTOSHUS U
TEHIECHIIMYA COBEPILIEHCTBOBAHMS, a TaKKe BBIIIOJIHEHA OIIEHKA IIEPCIIEKTHUB II0CTpOe-
HUS aHTEHHBIX CHCTEM IIPH COBMECTHOM BBITIOJIHEHUH TEXHUYECKUX TpeOOBaHUM K pa-
IMOBJIEKTPOHHOM ammapaType Mo 3QQeKTUBHOCTU pealn3aliyl eNIeBbIX (QyHKIUH U
IIOMEXO0yCTOMYMBOCTH. B KauecTBe NPUHIMIHAIBHBIX TEXHUYECKHX PpEIICHUH,
HanpaBIeHHBIX Ha JOCTHXXKEHHE BHICOKMX OTHOIIEHWM CUTHAJ-IOMeXa IPU COXPaHEHUU
TpeIBApUTENFHO YCTAHOBICHHBIX CEKTOPOB OJHOBPEMEHHOro 0030pa IpOCTpPaHCTBA,
000CHOBaHbI BapHaHTHl NMPUMEHEHUS MHOTONYyYeBHIX aHTeHH. IIpencraBieHo TexHH-
YEeCKOe OIMCAaHWE OCHOBHBIX THIIOB MHOTOIYYEBBIX aHTEHHBIX YCTPOWCTB, BKIIIOYasd
TIaCCHBHbBIE MHOTOJTy4eBble aHTECHHEI Ha OCHOBE JIUH3, pe(IeKTOpOB U AUarpaMMoo0-
pazytomux cxeM ([IOC), akTvBHBIE U NTaCCHBHBIE MHOT'OJIy4deBble (Da3sUpOBAHHBIE AH-
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TEHHBIE PEIIeTKH, a Takke Mu(poBhle aHTeHHBI. MccnenoBaHbl BOSMOXKHOCTH MX IIPU-
MeHEHMs B MHTEpecax pealu3alud 0a30BBIX METOAOB IEJEHTOBaHUSA U pa3pelleHHs
HMCTOYHUKOB PaMOU3IyHdCHUS U1 YIAep>KaHWs B ITaBHBIX JTydaX AMarpaMM Halpas-
JIEHHOCTH aHTEHH IIPH IOJUIEP)KaHUHM yCTOMYMBOCTH HMHGOPMAIIMOHHOTO OOMeHa II0
pairoKaHajaM.

Bo BTOpO#i IiiaBe AHMCCepTAlMU TpeAcTaBlieHbl METOAbl (JOPMHUPOBAHUS BHPTY-
AIBHBIX aHTEHHBIX PEHIETOK TI0 OIfeHKaM IOJISPHU3aIMOHHBIX KOMIIOHEHTOB 3JIEKTpHAYe-
CKOTO TIOJI1 aHTEHHBI Ha OCHOBE METOJ]a BCTIOMOTaTeNIbHBIX MCTOYHHUKOB C KBa3Hpellle-
HISIMHA MeTojlamu JleBeHOepra-MapkBapATa U CONpsDKEHHBIX IpanuenTtos. Mccnenosa-
HBI 3aKOHOMEPHOCTH TTOBBIIIEHIS TOYHOCTH IIE€IEHIOBAaHUS UCTOYHUKOB PaJHOU3IIyde-
HUS TP UCKKEHHSX aMIUTUTYIHO-(a30BOro pacipeneneHus Mo aHTEHHON CHCTEMBI,
PAacIIOIOXKEHHON Ha MOOVMIFHOM HOCHTeENE, BCIeACTBHE AU pakiiy Ha kopiryce. Iloka-
3aHa MEPCIEKTUBHOCT UCIIONB30BaHMs METOMIOB (hOPMHUPOBaHUS BUPTYAIbHBIX aHTEH-
HBIX PEIeTOK ISl CHIKEHHS OOKOBBIX JISTIECTKOB JarpaMMbl HallpaBIE€HHOCTU aHTEH-
HOW CHCTEMBI, BKIFOUAIOIel B ce0s, TOMUMO (U3MUECKUX 3JIEMEHTOB, BUPTYaJIbHBIE
3JIEMEHTHI, HaliJleHHbIe Ha OCHOBE BBIUMCIICHHBIX 3HAYCHUH HAIIPSHKEHHOCTH 3JIEKTPH-
YECKOTO TIOJS B IOMOJTHUTENBHBIX TOUKaX MPOCTPAHCTBA.

B TpeTheit rmaBe muccepTaliuy MpeCcTaBIeHBl METOIBI OIIPENETIECHHS YIIIOBBIX
KOOPIUHAT UCTOYHHKOB PaIOM3IydeHIs Ha OCHOBE 00pabOTKM COCTAaBISIOIIMX Mar-
HHUTHOTO TIOJS, PAacCYUTHIBAEMBIX II0 OTCUETaM IOJISPHU3alMOHHBIX KOMIIOHEHTOB
anekTpudeckoro moyust. O60cHOBaHA KOHCTPYKIUS U IO pe3ysibTaTaM 3JIEKTPOAHHA-
MHYECKOT0 MOJICIMPOBaHUS HalIeHBI apaMeTphl BEKTOPHOH aHTEHHBI BUOPaTOPHO-
ro THITA JJIs pealu3allid yKa3aHHBIX MeToaoB. MccrnenoBaHsl mokasaTeny yiIydlme-
HUS TOYHOCTH TEJIEHTOBaHMsI 00BbEKTOB IIPH pa3MelIeHUH anlapaTypbl Ha Manorada-
PUTHBIX OECITMIIOTHBIX JIETATENBHbIX alllapaTax THIIA KBaJpOKOITepa.

B deTrBepToOii IJ1aBe AEiccepTaluy pa3paboTaH U UCCIEAO0BaH YIIPaBIIEMBINA Me-
TaMaTepual Ha OCHOBE 3JICKTPOMArHUTHBIX KPUCTAIIIOB, B y3jaX KpUCTAJIMYECKOU
pelIeTKA KOTOPBIX pa3MeIalinch KOMMyTupylolue 31eMeHThl. [1o pesynsraraM pac-
yeTa S-mapaMeTpoB CTPYKTYpPHI HalIeHbl YaCTOTHBIE 3aBUCUMOCTH AU3IEKTPHIECKON
W MarHUTHOM IPOHHUIIAEMOCTH MeTamaTepuaia, obeclieduBalolllie e€ro KUpajlbHBIE
cBoiicTBa. Pa3paboTaHbl BOJHOBOIHBIN (a3oBpaliaTelh OTpaXKaTeNbHOro THUIAa Ha
OCHOBE MeTamarepualia ¢ QyHKIIUIMHU yTpaBieHus (pa3oil cUrHaja IIpY U3MEHEHUH
IIOJIOKEHHUS OTPaXKaIOMeH MOBEPXHOCTH W PeKOH(UTypupyeMasi peduieKTopHas aH-
TeHHa B opMe IpSMOYTOJIEHOTO IMapajulelenunea U3 sueek yIpaBiIsieMoro MeTa-
MaTepuana i W3MEHEHHs yTJIOBOTO TOJIOXKEHWS AWarpaMMbl HaIpaBIE€HHOCTH B
IeJIIX aJanTaliy K TeKyIIel paarosIeKTpPOHHOMH 00CTaHOBKE.

B maToii rmaBe AuccepTalyy MCClIeoBaHbl KOHCTPYKIIMM aHTEHH UL YIIydllle-
HUS TIOMEXOYCTOMYMBOCTH PAIHOdJIEKTPOHHOMN amnmaparypsl. [IpencraBneHsl BapHaHThI
KOHCTPYKIIMH MHOroimy4eBbix aHTeHH ¢ JIOC nmns dopMupoBaHus AvarpamMM Halpas-
JIEHHOCTH B KPyTOBOM CEKTOpE B INIOCKOCTH a3UMyTa, BHIIIOTHEHHBIMU Ha OCHOBE:

- IBYXYPOBHEBOMH TUIOCKOW AMAIEKTPHUECKON ITUINHAPIIECKON INH3HI;

- TUH3BI U3 MeTaMaTepHraia B popMe MHOTOCIIONHON IIeYaTHON ILIATHI;

- IBYXYPOBHEBBIX JIUH3, IPUMEHIEMBIX COBMECTHO C HeCUMMETpUIHBIM TEM-
pYIIOpOM, aHTEHHBIMH 3JIEMEHTaMH THIIa HECHMMETPUYIHON aHTeHHBI BuBansay U mo-
JISAPHU3AIMOHHO-CEIEKTUBHBIM 3€PKaJIOM.
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Ha 6a3e ogHOnpoBOHOM JTHMHUM TIepenads, BO30YyXIaloIleld CUCTeEMY U3Iydare-
Jiel, ToCTpoeHa aHTeHHA C TOPOUAAIBHOM U BeEpHOH TuarpaMMaMi HallpaBI€HHOCTH.

Pe3ynpTaThl BIIEKTPOIMHAMHUYECKOTO aHaM3a aHTeHH BEepUPHUIIMPOBAHBI JaH-
HBIMH SKCIIepUMEHTAILHBIX UCCIIeIOBaHMH, BHIITOJIHEHHBIX B 0e35X0Boit kamepe. Orle-
HEHBI [T0Ka3aTelld IOMEX0YCTOMYMBOCTH PaIA03JIEKTPOHHON anmnaparypsl B CHCTEMaxX
MOABM>XKHOW paMoCBsI3U MPU pa3MeIleHWHd aHTeHH C TOPOMIAIBHBIMU U BEEPHBIMHU
IyarpaMMamMy HarpaBIeHHOCTH Ha OECIMIIOTHBIX JieTaTeNIbHBIX allaparax caMoJIETHO-
IO TUIIA MAJIOW U CPENHEN NaJIbHOCTH.

K uuciay nambonee 3HAUMMBIX HAyYHBIX PE3yIbTATOB, MOJIYyUYEHHBIX aBTOPOM
Ha OCHOBaHHHM BBHITIOJHEHHBIX UCCIIEIOBAaHHMM U UCIIONB30BaHHBIX A7 GOPMYIUPOBKU
TOJIOKEHUH, BBIITBUTAEMBIX JJIS ITyOJIMYHOM 3aIUThI, OTHOCATCS:

- MeToi GOPMHUPOBAHMS BUPTYAIbHBIX aHTEHHBIX PEIETOK Ui ONpelesleHus
YTTIOBBIX KOOPAWHAT UCTOYHUKOB PaIUOU3IydeHHUs B YCIOBUAX TUGPAKITHOHHBIX HC-
Ka)KeHUH 3JIEKTPOMAarHuTHOT'O IOJIS HAa aHTEHHOUM CHUCTEME U HECYIlel KOHCTPYKIIUY;

- METOJ IIEJIEHTOBaHUs HICTOYHUKOB PAIHUOU3IYyYECHHS 110 U3MEPEHUAM I0JIIpH-
3alMOHHBIX KOMIIOHEHTOB 3JIEKTPAYECKOT0 MOJIA ¢ IPUMEHEHUEM BEKTOPHOW aHTEHHBI
U pacyeTe COCTaBIIIONIMX MarHWTHOTO TIOJIS, B MEHBIIEH CTENeH!N MMOABEPKEHHBIX HC-
KaXKeHUSAM IPOCTPaHCTBEHHOM CTPYKTYPHI BCIIEICTBUE AU(pakiiviy B paqrioKaHaE;

- METOJ MPOEKTUPOBAaHUS YyIPaBIAEMOT0 MeTaMaTepualla Ha OCHOBE 3JIEKTPO-
MarHuTHOTO KpHCTaIa ¢ KOMMYTAIIHOHHBIMH 3JIEMEHTaMHU Uil PEeKOHQUIypHupye-
MBIX OTpa)KaTeIbHBIX aHTEHH U (a3oBparmaTenei;

- metoguku npoektupoBanud JJOC mjisi MHOTOIy4eBBIX aHTEHH C IIOJHOA3HU-
MYTaJIbHBIM CKaHUPOBAHUEM IPOCTPAHCTBA.

VYkazaHnHble pe3ynbTaThl U TemaTtuka auccepramuun @enopora C.M. B memom
COOTBETCTBYIOT HaIlpaBIEHUSAM HKCCIIEIOBAaHHUM, ONPENEIECHHBIM I1aCIIOPTOM CIIELH-
anbHOCTH 2.2.14. Antennsl, CBU-ycTpoiicTBa U UX TEXHOJIOTHUH:

- TI0 IYHKTY 2 (B YaCTH UCCIIEOBAHUS XapaKTePUCTUK aHTEHH IS MX ONTUMU3a-
ITUH ¥ MOJIEPHHU3AIINH, YTO TI03BOJIIET CO3/1aBaTh BEICOKO3()(DEKTUBHYIO TEXHOJIOTHIO);

- 110 IMYHKTY 3 (B 4acTH MCCcleqoBaHus M pa3paboTKX HOBBIX aHTEHHBIX CUCTEM C
CYILIECTBEHHO YIIy4YIlIEHHBIMU IapaMeTpaMHu);

- 1o mMyHKTY 9 (B 4acTu pa3paboTKU METO/IOB ONTUMU3AINN aHTEHHBIX CUCTEM
ITUPOKOTO MIPUMEHEHHS).

Bricokas cremeHbh 00OCHOBAaHHOCTH HAyYHBIX Pe3yJIBTaTOB, BHIBOIOB M PEKO-
MeHJaui, cHopMyITUPOBAaHHBIX aBTOPOM, OIpPENEesIeTcs TeM, YTO OHM IOIY4YEHEI C
WCIIOJIb30BAaHUEM COBPEMEHHBIX METO/IOB TEOPHUHM BOJHOBBIX IIPOLIECCOB, AHTEHH,
DIIEKTPOMMHAMUKY ¥ BEIYMCIUTEIHHBIX METOJIOB, & TAaKXKe CTaTUCTUUECKOH 00paboT-
KW paJiOU3MEpPEHHNI U TEOPUHU SKCIIEPUMEHTA.

Jlocmoeeprocme u HOBU3HA HAYUHBIX PE3YILIMAMOSE, 8blB0008 U PEKOMEHOAYUI.
JlocToBepHOCTh HAYYIHBIX TIOJIOXKEHHUH, BEIBOIOB M peKOMEH 1A, COopMyIupOBaHHBIX
B IUCCEPTAIH, 00eCTIEYNBaETCS:

- IpPUMEHEeHNEM TEOPETHUECKA 00OCHOBAHHBIX U MPOIIESIINAX anpoOaIfio MeTo-
JIOB UCCIIEIOBAHUSA, CEPTU(GUIIMPOBAHHBIX CPEACTB IS IPOBEEHUS BEIUUCIUTENBHBIX A
HaTypHBIX SKCIIEPUMEHTOB;

- KOPPEKTHHIM BLIOOPOM OTpaHWYEHHH, NOMYIIEHWH W MCXONHBIX NAaHHBIX U3
MIPAKTUKX Pa3pabOTKM aHTEHHBIX CHUCTEM M M3BICKAHUS TEXHWYECKUX pEIIeHU# II0 I0-
BBIIIEHUIO ITOMEX0YCTONYMBOCTH PAANO3IEKTPOHHON annapaTypsl.
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JloCTOBEpHOCTh HAYYHBIX IOJIOKEHUH, BBIBOJIOB U PEKOMEHAIMN IIOATBEPXKIa-
eTcCsl SICHOM (hM3MYECKOW TPAKTOBKOW BBIABIECHHBIX 3((EeKTOB, UX COOTBETCTBUEM 00-
oMM (U3WYECKUM 3aKOHOMEPHOCTSIM, COBIIQJIEHHMEM pe3ylbTaTOB TEOPETHYECKUX
HCCIIEOBAHNM C TaHHBIMH, IIOJyYEHHBIMA B XOJIe SKCIIEPUMEHTOB W HaTYPHBIX HC-
IBITAaHUI MaKeTOB aHTeHH. YacTHBIE pe3ynbTaThl UCCIEeNOBaHUs, UCIIOIb30BaHHbIE UL
BBITIOJIHEHUS] KOHTPOJIBHBIX PacueToB IO pa3paboTaHHBIM METOAAM, COITIACYIOTCA C pe-
3yNBTATaMH, TIOJy4YeHHBIMU aJlbTePHATUBHBIMUA METO/IaMHU ¥ COZIEp KaIlIMMUCS B paboTax
IPYTHX aBTOPOB.

TeopeTrdeckoe 000CHOBaHHE MTOMYYEHHBIX PE3YJIBTATOB IIPOBOAWIOCH HA OCHOBE
byHIaMeHTaIbHBIX TTOJIOKEHUHN BIIeKTPOIMHAMUKYA W TEOPUHM aHTEHH. OKCIIEPUMEH-
TaJIbHBIE JaHHBIE MTOIY4YeHB! C UCIOIh30BaHUEM CTaHapTHBIX METOAMK U3MEPEHHUS Xa-
PaKTEepUCTUK ¥ TMapaMeTPOB aHTEHHBIX peIIeTOK, CepTU(GUIMPOBAHHBIX H3MEPUTENb-
HBIX YCTPOMCTB U MPOrPaMMHBIX CPeICTB 00paboTKy U3MEpUTENFHON HH(POPMALIUH.

Teopemuueckasa 3HaYUMOCMb pabombpl 3aKIFOYAETCA B Pa3sBUTUU METOJIOTIOIUU
aHaJM3a M CHHTE3a aHTEHHBIX PEIIEeTOK, a Takoke COBEpIIEHCTBOBAHUH METOMOB IIOBBI-
IIIEHHST TIOMEXO0YCTOMIMBOCTH PaMO3JIEKTPOHHOM ammapaTyphl 3a CUeT palMOHAIBHOIO
BBIOOpA IOKa3aTeleil MpoCTpaHCTBEHHO-YaCTOTHOM M30MpaTeIbHOCTH P IIPHUEME CHI-
HAJIOB ¥ PEXXEKITNH ITOMeX B YCIOBHIX CKaHUPOBaHMSA IIPOCTPAaHCTBA B KPYTOBOM CEKTO-
pe YTJIOB B INIOCKOCTH a3UMyTa.

IIpaxmuueckas 3Hauvumocme pabomul COCTOUT B pa3paboTKe MPEIOXKEHUH 110
IIPOEKTUPOBAHUIO U 000CHOBAaHUY KOHCTPYKTHBHO-TEXHUYECKUX PEICHUN B HHTEpe-
cax TMOCTPOEHHS MHOTOIy4Y€BbIX aHTEHH CUCTEMBI A7 MOBBIIIEHHS IIOMEX0YCTONYH-
BOCTH Pal03J€KTPOHHON anmapaTypsl.

[IpennoxxeHHbIE aBTOPOM pEIIEHUS CTPOrO apryMEHTHUPOBaHBI M KPUTHYECKU
OLICHEHHI 110 CPABHEHHUIO C IPYTUMHU U3BECTHBIMU pe3yIbTaTaMy B 00J1aCTH IPOEKTUPO-
BaHMS MHOTOJY4EBbIX aHTEHH U 00ecIedeHnsI IOMEX0YCTOMYNBOCTH PafHO3JIEKTPOH-
HOM ammaparyphl.

OcHOBHBIE pe3yabTaThl JUCCEpTallMy MPOIUIM IIHMPOKYIO allpoOalUI0 Ha MEeX-
ITyHApOIHBIX U BCEPOCCUUCKUX HAYYHBIX (popymax IIO TeMaTWKe HCCIENOBaHMA U B
TIONHOH Mepe OITyOIHKOBAHEI B HAYYHBIX M3JAHIAX, PEKOMEHOBAHHBIX BEICIIEH at-
TECTallMOHHON KOMUCCHUEHN.

IIpencraBieHHble B IUCCEPTALMM METOABI U METONUKH ITOCTPOEHMS MHOIOIY-
YeBBIX aHTEHH OOECIIeUMBAIOT BHICOKYIO TOYHOCTBH OIpeleNieHMs IokasaTteneil shdek-
TUBHOCTHU Ilepe/iaud-TIIpieMa CUTHaJIOB, YTO, B CBOIO O4Yepelb, MI03BOJAET CHU3UTH pe-
CYpCHBIE U BpeMeHHBIE 3aTpaThl Ha U3rOTOBJIEHUE, SKCIIEpUMEHTAIBHBIE HCCIIEI0BaHMs
¥ HACTPOUKY OIBITHBIX 00pa3IoB paIio3JIeKTPOHHON araparyphl.

[TpakTiueckas 3HaYUMOCTh PE3YJBTAaTOB, IONYYEHHBIX aBTOPOM, IOATBEPXKIa-
ercs N0 MX peaju3alieidl B OpraHu3alusx 0OOpPOHHO-IPOMBIIUIEHHOIO KOMILIEKCA
Poccutickoit ®enepanyu:

- mpu 00OCHOBaHUM KOHCTPYKTHBHO-TEXHMYECKHUX PEIEeHHWH IO IOCTPOEHHIO
MHOTOJy4€BbIX aHTEHH;

.- TIpA pa3pabOTKe TEXHOJIOTUM IMOBBIIIEHUSA [TIOMEXOYCTOMYMBOCTH PaHOdIIEK-
TPOHHO# anmaparypsl 3a c4eT yIIy4IeHUs IPOCTPaHCTBEHHO-4aCTOTHOM M30MpaTens-
HOCTH TIepelaui-TIpueMa BOJIHOBBIX IIPOIIECCOB.
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3ameuanus u Hedocmamxu ouccepmayuonHol pabomul. K 4uciy OCHOBHBIX 3a-
MeuYaHHH U HEJJOCTAaTKOB paboThl, Ha HaIll B3I, OTHOCSATCS CIIEIyIOIIHE.

1. B nuccepranmuu npu 0OOCHOBaHWU aKTyallbHOCTH TE€MBI HCCIIEIOBaHHS HE
[IPUBENEHB] KOJIMYECTBEHHBIE OLIEHKA HECOOTBETCTBUS peajM30BaHHBIX B HACTOsIIEe
BpeMs IoKa3areseill IOMeX0YCTOMYMBOCTH PagruodJIeKTPOHHON ammapaTyphl Tpedye-
MBIM 3HA4YE€HHUIM; IpU J0Ka3aTenbCcTBe akTa JOCTHIKEHHUS IeNl paboThl HE OlleHEeHa
CTEIIEHb COOTBETCTBHSI NOJIyYE€HHBIX PE3YIIFTaTOB YCTAaHOBIEHHOMY YPOBHIO.

2. Crenenp pa3pabOTaHHOCTU TE€MBI HCCIIEIOBAHUS OIpeZeNieHa OuYeHb CXeMa-
THYHO. ABTOp OrpaHHYMIICA IepeduclieHNeM (aMUiINi BEeIyIIUX MHUPOBBIX yUYEHBIX,
JIeATEILHOCTh KOTOPBIX CBf3aHA C IPOEKTUPOBAHUEM MHOTONYYEBHIX aHTEHH, HE pac-
KpBIBas CyTh JOCTM)KEHUH U IPOOIEMHBIX BOIIPOCOB.

3. FIMeeT MeCTO HENOJIHOE COOTBETCTBUE MEX/Ty (hOPMYIUPOBKAaMH 3a/1a4 UCCIIe-
JI0BaHMs, Hay4YHBIX PE3YJIBTaTOB U aBTOPCKMMHM OLIEHKAMHU MX HAay4IHOW HOBHU3HBL llpu
5TOM HeE IIPE/ICTABIIETCS 11e71ecO00pa3HBIM ONPEENATh BOIPOCH! «aHali3a COBpEMEH-
HOT'O COCTOSIHWS M TEH/EHIMI pa3BUTHS TEOPUH, TEXHUKH U TEXHOJIOTHUH IIPOU3BOCTBA
MHOT'OJTy4€BbIX aHTEHH U METOJIOB OIIpeieNieHHs] HallpaBlieH!s] Ha UCTOYHUKU PaIAOU3-
JIy4EHUs» B KQUECTBE CAMOCTOSTENBHOM 3a/1a4y UCCIIE0BaHN A, TIOCKOJIBKY €€ pelleHne
HE MOXXET IIPUBECTU K IIOJ[yYEHUIO HOBOIO HAy4HOIo pe3yibrara. @opMyarpoBKU
Hay4YHOM HOBHU3HBI Pe3yJIbTATOB HCCIENOBAHMS J>KENIATeNbHO OMOJIHUTH ONMHCAHUEM
OpUTMHAIBHBIX METOAMYECKUX NIPHUEMOB, OTPAKAIOIIUX CyTh Pa3BUTHS paHee U3BECT-
HBIX IIOXO/0B K CHUHTE3y MHOTOJTyYeBBIX aHTEHHBIX CHCTEM.

4. Ilpu nmpencraBIeHUH METONOB M METOAMK CHHTE3a aHTEHH COHMCKaTelb He
IPUBOIUT MaTeMaThiyeckue (OpMYyITHPOBKH KpPUTEPHUEB, HCIOIB30BaHHUE KOTOPHIX
IIO3BOJIET IIOBBICUTH IIOMEX0YCTONYHMBOCTh PagUO3IEKTPOHHOM amnmaparypsl. B auc-
cepTaluy NpeACTaBlIeHbl KOHCTPYKIUY, IPUHIIMITEI IIOCTPOEHHS U Oa30BbIE TEXHOJIO-
IMY M3TOTOBJIEHUS IIPOEKTUPYEMBIX aHTEHHBIX CHUCTeM 0Oe3 yka3aHWs B SIBHOM BHIIE
[I0CIIEIOBATENIBHOCTh NEMCTBUM AJI1 MOMydeHHs TpeOyeMBbIX Iokas3aTelleil MpocTpaH-
CTBEHHO-9aCTOTHOU M30UpaTeIbHOCTH.

5. IlpencraBneHue pe3ysbTaToB HccleoBaHUs ObUIO OBl OoJiee HATTIAHBIM IPU
BKJIIOYEHHH B JUICCEPTAIMIO. U aBTOpedepaT TabIIuIL, IJie COIIOCTABIEHBI XapaKTepPUCTH-
KA MHOTI'OJIy4YEBBIX aHTEHH, CO3/aHHBIX Ha OCHOBE aBTOPCKUX pEIIEHUH W IpUMeHse-
MBIX B HACTOsIIIee BpeMs B 00pasiiax paJiuo3JieKTPOHHOM! anmapaTypsl.

Bmecte ¢ TeM, yka3zaHHbIe HEOCTaTKH, HEIIOCPEACTBEHHO HE OXBATBHIBAOIIINE
II0JIOXKEHUS, BBIIBUTaeMBblI€ [ ITyOJIMYHOM 3allUTHl, U HE CBA3aHHBIE C JOCTU)XKEHU-
€M LIeIId UCCIIeJOBaHMsl, CYIIECTBEHHO HEe CHIDKAIOT KaueCTBa BBHITIOJTHEHHON paboThI
U HE CTaBAT I10]] COMHEHHE €€ MOJIOKUTENbHYIO OI[EHKY.

AsTropedepar NpaBUIIEHO OTpaXkaeT COAEp)KaHWe Aucceprauud. B HeM B nako-
HUYHOM (hopMe SICHO M3II0KEHBI OCHOBHEIE HJIEH U BBIBOBI 110 paboTe, IOKa3aHbI OIpe-
JEILIOIMNA BKIIaJl COMCKAaTels B IIPOBEINECHHBIE HCCIENIOBAHUA, CTENEHb HOBHU3HBI U
[IPaKTUYeCKas 3HaYMMOCTh PE3YIIBTaToB.

3axniouenue o coomeemcmeuu ouccepmayuu Kpumepusim, ycmanosneHuvim Ilo-
JIoJKceHuemM o npucydicoenuu yuenvix cmenereti. Ha ocHoBe aHanu3a auccepranuu Oe-
nopoBa C.M. «CuHTe3 MHOTOTy4YeBBIX aHTEHHBIX CHUCTEM C (GM3UYECKHIMHU W BUPTYallb-
HBIMH 3JIEMEHTAMHU JJIs YIy4IlIeHUs IOMeX0yCTOMYMUBOCTH Pali03JIEKTPOHHOM arima-
paTyphD» CIIeNIaHbl CIEIYIOIIIE BEIBOIBL.
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1. Iuccepranus sBISeTCS HAyYHO-KBANU(UKAIIMOHHON paboToMH, B KOTOPOH Ha
OCHOBaHWH BBIIIOJTHEHHBIX aBTOPOM HCCIIeOBAaHUH pellieHa Hay4dHas IpobieMa pa3BH-
THS. METOJIOJIOTMH TPOEKTUPOBAHUS MHOTOIYYIEBBIX aHTEHH ¢ (YyHKIMAMH KOMIIEHCA-
IIUHU TIOMeX B MHOTOKaHAJIbHBIX Pali03JeKTPOHHBIX CPENCTBAaX HA OCHOBE IPOCTPAH-
CTBEHHOT'O pa3HECEHMs 3JIEMEHTOB IPUEMHBIX KOHCTPYKIU B COYETaHUM CO CKaHH-
pOBaHKEM CEKTOPOB 0030pa INIaBHBIMH JIy4aMH JUarpaMM HalpaBIeHHOCTH IIPH CO-
XpaHeHWH BBICOKMX KO3(QQHUIIMEHTOB HalpaBleHHOro neiicTeus. Pemenwe nanHou
HAy4JHOU MpoOIeMbl UMeET BaXKHOE 3HAYEeHKE Il UCCIIEIOBaHUS XapaKTEPUCTHK U CO-
BEpIIIEHCTBOBAHMS METOJIOB U TEXHOJIOTUM CO3aHus IPHEMHO-U3IIYYalOIIMX CTPYKTYD,
a Taxxke pa3pabOTKH HOBBIX aHTEHHBIX CHCTEM C CYIIECTBEHHO YIIyYIIEHHBIMH I1apa-
MeTpaMH KOHCTPYKLIHH B COOTBETCTBUH C IyHKTaMU 2, 3 ¥ 9 macnopra ClelMaibHOCTH
2.2.14. Antennsl, CBU-ycTpoiicTBa ¥ MX TEXHOJIOTHH.

2. Tuccepranus SBISETCS 3aBepIIeHHON Hay4IHOH paboToii, obnanaromen BHy-
TPEeHHUM €IMHCTBOM, COACPKUT HOBbIE Hay4YHBIE€ pe3yJIbTaThl, HAIEAIIHe IIPaKTHIe-
CKOE HCIIOJIb30BaHMe MPH UCCIEAOBAHUM M CO3[JaHUU HOBBIX aHTEHHBIX CHCTEM C CYy-
IIIECTBEHHO YJIy4IIeHHBIMU MTapaMeTpaMu, pa3BUTUU METOIOB ONTHMU3ALMY U HCCIIe-
IIOBaHUs XapaKTEPUCTUK aHTeHH IS MX MOJIEpPHHU3AIMU U CO3/IaHUs BEICOKO3(M(EKTHB-
HOW TEXHOJIOTUH ITOCTPOEHUS, CBUIETENBCTBYIOIIME O JIMYHOM BKJIAJIE aBTOPA B HAYKY.

3. Pabora ymomnerBopsier TpeboBanusM IlomoxkeHWs O NPUCYKICHUH YYEHBIX
cTereHel, IpeIbIBIIEMEIM K JTOKTOPCKHAM AMCCcepTalnusaM, a ee aBrop, @emnopos C.M.,
JIOCTOWH IIPUCYXACHUS YISHOM CTEIIeHH NOKTOpa TEXHUYECKHX HAyK IIO CIIELHaIbHO-
ctu 2.2.14. Antennsl, CBU-ycTpoiicTBa U X TEXHOIIOTHH.

CoraceH ¢ BKJIIOYEHHEM MOMX TEPCOHAIBHBIX JaHHBIX B aTTECTAlIMOHHOE Jie-
10 couckarens @enopoa C.M. u ux nanpHeimei 06paboOTKOM.

OnmnoHeHT:
TOKTOp (hHU3MKO-MaTeMaTHIECKUX HayK, JOLEHT, Ipodeccop
Kadeapsl 371eKTPooOOPYA0BaHUS (M OITHKO-3JIEKTPOHHBIX CHCTEM)
BoenHoro yueObHo-Hay4qHOTO 1IeHTpa BoeHHO-BO3IyIITHEIX CHII
«BoeHHO-BO3IyIITHAS akazieMuUs UMeHH Tpodeccopa
H.E. XyxoBckoro u FO.A.T"arapuna» (r. Boponex)

PazuntkoB Cepreit HukonaeBud
« 19 » aBrycra 2025 roma

ITogmucs PazunbkoBa C.H. 3aBepsiro.

Crapmuii TOMOITHUK HadaJlbHUKA CTPOEBOIO OT™ ™2
Boennoro yue6Ho-Hay4qHOTO IIeHTpa BoeHHO-BO
«BoeHHO-BO3MyIITHAS aKkaieMus UIMEeHHU Ipodec
H.E. XyxoBckoro u FO.A. I'arapunay (r. Bopon
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