
OT3biB 

oqm:IJ;IIaJibHoro orrrroHeHTa Ha .nHccepTar.uno KnHoHOBCKH KHpHnna KoHcTaHTHHOBHqa Ha TeMy 

«1-bnyqeHH:e CJia60HanpaBJieHHbiX OCeCHMMeTpHqHbiX aHTeHH C KpyrJibiMH 3KpaHaMH», 

rrpe.[{CTaBJieHHYJO Ha COHCKaHHe yqeHOH CTeiieHH KaH.[{H.[{aTa <l_JH3HKO-MaTeMaTH:qeCKHX HayK ITO 

crreiJ;HaJibHOCT5IM 01.04.03- Pa.[{HO<jJH3HKa H 05.12.07- AHTeHHbi, cBq ycTpOHCTBa H HX 

TeXHOJIOfHH. 

Cna6oHarrpaBneHHbre ocecHMMeTpHqHbie aHTeHHbi c KpyrJibiMH 3KpaHaMH I.IJHpOKO 

HCIIOJib3YJOTC5l B CHCTeMaX pa.[{HOCB5I3H H pa.[{HOHaBH:raiJ;HH .[{JI5l YMeHbi.IleHH5l IIpHeMa CHfHaJIOB 

H3 Hmrmeii rronyc<)Jepbi, B qacTHOCTH, .[{JI5l YMeHbi.IJeHH5l 3<)J<)JeKTa MHoronyqeBoro rrpHeMa 

CHfHaJIOB. ,[(JI5l 3<l_J<l_JeKTHBHOf0 3KpaHHpOBaHH51 IIpHMeH5IIOT pa3JIHqHbie TH:Ilbl 3KpaHOB -

MeTaJIJIHqecKHe, HMrre.naHCHbre 3KpaHbi, 3KpaHbi H3 pa.nHorrorrromaiOmero MaTepHana H 

rronyrrpo3paqHbie 3KpaHbi. B JIHTepaType HMeeTc5l 6oJibi.IJoe KOJIH:qecTBO rry6nHKaiJ;HH, 

KacaiOmHXC5l HCCJie.[{OBaHH5l CJia6oHarrpaBJieHHbiX aHTeHH C KpyrJibiMH MeTaJIJIH:qecKHMH, 

HMIIe.[{aHCHbiMH H IIOJiyiip03paqHbiMH 3KpaHaMH, B KOTOpbiX IIpHBe.[{eHbi pe3yJibTaTbi 

3KcrrepHMeHTaJibHOro H qHcneHHoro Hccne.noBaHH5l. O.nHaKo, 3<)J<)JeKTHBHOH MeTO.[{HKH aHaJIH3a 

H OIITHMH3ai.(HH rrapaMeTpOB TaKHX 3KpaHOB .[{JI5l yMeHbi.IJeHH5l o6paTHOfO H3JiyqeHH51 aHTeHH B 

JIH:TepaType He npHBe.[{eHO. ,[(HCCepTaiJ;HOHHa51 pa6oTa KJIH:OHOBCKH K.K. IIOCB5lmeHa C03.[{aHHIO 

TaKOH MeTO.[{HKH H pei.IleHHIO 3a.[{aqH: OIITHMH3aiJ;HH rrapaMeTpOB 3KpaHa, qTo Il03BOJI5IeT cqH:TaTb 

pa6oTy aKTYaJibHOH. 

,[(HccepTaiJ;HOHHa51 pa6oTa COCTOHT H3 BBe.[{eHH5l, qeTbipex pa3.[{eJIOB, 3aKJIIOqeHH5l H 

CIIHCKa JIH:TepaTypbi. 

Bo BBe.[{eHHH o6ocHOBaHa aKTYaJibHOCTb rrpoBO.[{HMbiX Hccne.noBaHHH, c<)JopMynHpoBaHa 

IJ;eJib, HayqHa5J HOBH3Ha, TeopeTHqecKa51 H rrpaKTHqecKa51 3HaqHMOCTb pe3yJibTaTOB pa60Tbi. 

ITpHBe.neHbi rroJIO)KeHH5l, BbiHOCHMbre Ha 3amHTy. 

B rrepBOM pa3.nene rrpoH3Be.[{eH o63op acHMIITOTH:qecKHX MeTO.[{OB, TaKHX KaK 

<l_JH3H:qecKa5l OIITH:Ka, reoMeTpHqeCKa51 TeOpH5I .[{H<l_JpaKIJ;HH, paBHOMepHa51 reOMeTpH:qecKa51 

TeOpH5I .[{H<l_JpaKIJ;HH, paBHOMepHa51 aCHMIITOTHqecKa51 TeOpH51 .[{H<l_JpaKIJ;HH, CIIeKTpaJibHa51 TeOpH5I 

.[{H<l_JpaKIJ;HH, a TaK)Ke <l_JH3H:qecKa51 TeOpH5I .[{H<l_JpaKI.(HH. B IIpH6JIH)KeHHH <jJH3HqecKOH OIITHKH, 

<jJH3H:qecKOH TeOpHH .[{H<l_JpaKIJ;HH, paBHOMepHOH reoMeTpH:qecKOH TeOpHH .[{H<jJpaKIJ;HH H 

paBHOMepHOH aCHMTITOTH:qecKOH TeOpHH .[{H<l_JpaKI.(HH IIOJiyqeHbi aCHMIITOTH:qecKH:e <l_JopMyJibl 

.[{JI51 pacqeTa .[{HarpaMMbl pacce5IHH5l IJ;HJIHH.[{pH:qecKOH BOJIHbi Ha H.[{eaJibHO IIpOB0.[{5lmeif 

nonyrrnocKocTH H neHTe. Pe3yJibTaTbi, nonyqeHHbre no acHMTITOTH:qecKHM <)JopMynaM, 

cpaBHHBaiOTC5l c pe3yJibTaTaMH, rronyqeHHbiMH IIYTeM qH:cneHHoro pei.IJeHH5l HHTerpanbHoro 

ypaBHeHH5l <!>pe.[{fOJibMa nepBOfO po.[{a MeTO.[{OM MOMeHTOB. Ha OCHOBaHHH .[{aHHOfO CpaBHeHH5l 

.[{eJiaeTC5l BbiBO.[{ 06 aCHMTITOTH:qecKOH 3KBHBaJieHTHOCTH MeTO.[{OB <l_JH3H:qeCKOH TeOpHH 

.[{H<l_JpaKIJ;HH, paBHOMepHOH reoMeTpHqecKOH TeOpHH .[{H<l_JpaKIJ;HH H paBHOMepHOH 

aCHMTITOTH:qecKOH TeOpHH .[{H<l_JpaKIJ;HH, a TaK)Ke .[{eJiaeTC5l BbiBO.[{ 0 IJ;eJiecoo6pa3HOCTH 

HCTIOJib30BaHH5l MeTO.[{a <l_JH3H:qecKOH TeOpHH .[{H<jJpaKIJ;HH H <l_JH3H:qecKOH OIITHKH .[{JI5l 

HCCJie.[{OBaHH5l KpyrJibiX MeTaJIJIH:qeCKHX H IIOJiyrrpo3pa~biX 3KpaHOB. 

Bo BTopoM pa3.nene nonyqeHbi acHMTITOTHqecKHe <)JopMyJibi .[{JI5l pacqeTa .[{HarpaMMbi 

pacce5IHH5l TOpOH.[{aJibHOH BeKTOpHOH BOJIHbi C rapMOHHqecKOH a3HMYTaJibHOH 3aBHCHMOCTbiO 
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Ha R,[(eaJibHO npOB0,[(511I(eM R nonynp03pa~HOM ,[(RCKe. I1pe,[(nOJiaraeTC51, ~TO OCb RCTO~HRKa 

TOpOR,[(aJibHOH BOJIHbi COBna,[(aeT C OCbiO ,[(RCKa. AcRMnTOTR~eCKRe cpOpMyJibi Onpe):(eJI51IOT 

,[(RarpaMMY pacce51HR51 OT,[(eJibHO ,[(JI51 yrJIOB B6JIR3R R B,[(aJIR OT OCR ,[(RCKa. KaK nOKa3aHO B 

pa3,[(eJie, KpRBbie, nOCTpOeHHbie no aCRMnTOTR~eCKHM cpopMyJiaM B6JIH3H R B,[(aJIR OT OCR, 

cornacyiDTC51 R no3BOJI5IIOT pacc~HTaTh pacce51HHOe none BO BCeM ceKTope yrnoB Ha6JIIO,[(eHR51 

KaK ,[(JI51 MeTaJIJIR~eCKRX, TaK R ,[(JI51 nonyrrpo3pa~HbiX 3KpaHOB. qHCJieHHbie pe3yJibTaTbi, 

noJI~eHHbie C RCnOJib30BaHReM aCRMnTOTR~eCKRX cpopMyJI, cpaBHRBaiOTC51 C pe3yJibTaTaMR, 

noJiy~eHHbiMR nyTeM ~RCJieHHOfO peiiieHR51 RHTerparrbHOfO ypaBHeHR51 <!>pe):(fOJibMa BTOpOrO 

po):(a ,[(JI51 3a,[(aqR pacce51HR51 nOJI51 RCTO~HHKa TOpOR,[(aJibHOH BOJIHbi Ha nonyrrp03pa~HOM ,[(RCKe 

MeTO,[(OM MOMeHTOB. I1pRB0,[(51TC51 pe3yJibTaTbi pac~eTa ,[(RarpaMM pacce51HR51 TOpOR,[(aJibHOH R 

ccpepR~eCKOH BeKTOpHOH BOJIHbi Ha H,[(eaJibHO ITpOB0,[(511I(eM R nonynp03pa~OM ,[(RCKe, KOTOpbie 

COnOCTaBJieHbi C COOTBeTCTBYIQII(RMR pe3yJihTaTaMR, RMeiOII(HMRC51 B JIRTepaType. 

B TpeTbeM pa3):(eJie Rccne,[(YIQTC51 ,[(RarpaMMbi HanpaBJieHHOCTR cna6oHanpaBJieHHbiX 

OCeCRMMeTpR~HbiX aHTeHH, TaKRX KaK paMO~Ha51 aHTeHHa, MOHOnOJib, OTKpbiTbill KOHeu; 

Kpyrnoro BOJIHOBO,[(a R n3T~-aHTeHHa, c 3KpaHaMR. ITony~eHhi acRMnTOTR~ecKRe cpopMyJihi ):(JI51 

,[(RarpaMMbi HanpaBneHHOCTR YKa3aHHbiX TRnoB cna6oHanpaBJieHHbiX aHTeHH c MeTarrJIRqecKRM 

R nonynp03pa~HbiM 3KpaHaMR. ITonyqeHhi acHMnTOTRqecKRe cpopMyJihi ,[(JI51 K03cpcpRu;ReHTa 

o6paTHoro R3ny~eHR51 paMoqHoil R n3T~-aHTeHH c MeTarrJIR~ecKRM 3KpaHOM. ITpHBe,[(eHbi 

pe3yJibTaTbi pac~eTa ,[(RarpaMM HanpaBJieHHOCTR, nOCTpOeHHbie no aCRMnTOTRqecKRM 

cpopMyJiaM R C RCnOJib30BaHReM MeTO,[(OB MOMeHTOB R MeTO,[(a KOHe~HbiX 3JieMeHTOB. C 

RCITOJib30BaHReM aCRMnTOTR~eCKHX cpopMyJI OnTRMR3RpOBaHa np03pa~HOCTb 3KpaHa ,[(JI51 

yMeHhiiieHR51 o6paTHoro R3JI~emr51 n3T~-aHTeHHbi. KaK noKa3arrR pe3yJihTaThi onTHMR3aU:RR, 

3Ha~RTeJibHOe yMeHbiiieHRe o6paTHOfO R3Jiy~eHH51 B03M0)KH0 B CJiy~ae H30TpOnHOfO 

pe3RCTRBH0f0 R aHR30TpOnHOfO RH.lJ:YKTRBHOfO RMne,[(aHCa 3KpaHa. 

B qeTBepToM pa3):(ene npRBe,[(eHbi pe3yJibTaTbi ~HCJieHHbiX R cpR3RqecKRX 

3KCnepRMeHTaJibHbiX HCCJie,[(OBaHRH n3T~-aHTeHHbi C MeTaJIJIRqeCKRM R ITOJiynp03pa~HbiM 

3KpaHOM C R30TpOnHbiM pe3RCTRBHbiM R aHR30TpOITHbiM HH.lJ:YKTHBHbiM RMne,[(aHCOM. 

0THOCRTeJibHa51 norpeiiiHOCTb pac~eTHbiX ,[(aHHbiX no cpaBHeHRIO C 3KCnepRMeHTaJibHbiMR He 

npeBOCXO.lJ:RT 2 .lJ:b. Pe3yJibTaTbi cpR3R~ecKoro 3KcnepRMeHTa noKa3arrH, qTo npR pa.ll:Ryce .lJ:HCKa 

R=0.8A. yBeJIRqeHHe K03cpcpRu;ReHTa o6paTHoro R3ny~eHR51 aHTeHHbi c nonynp03pa~biM 

3KpaHOM C pacnpe,[(eJieHReM aHR30TpOnHOfO RH.lJ:YKTHBHOfO RMITe,[(aHCa no cpaBHeHRIO C 

MeTaJIJIH~eCKRM COCTaBJI51eT 22 ,[(b. 

ITepeqRcneHHhie Bbiiiie pe3yJibTaTbi RCCJie,[(OBaHRH, npoBe,[(eHHbiX KnROHOBCKR K.K., 

noJiy~eHbi BnepBbie R npe):(CTaBJI51IOT TeopeTR~eCKRH R npaKTRqecKRH HHTepec. 

3aMeqaHR51 ITO ,[(RCCepTaiJ;HH, KOTOpbie MO)KHO OTMeTRTb, CJie,[(YIQII(Re: 

1. Bo BBe):(eHHR aBTop nRrneT, qTo «rocppRpoBaHHhie 3KpaHbi HaR6onee 3cpcpeKTRBHbi B 

CJiy~ae, KOf,[(a rny6RHa rocppa paBHa qeTBepTR ,[(JIRHbi BOJIHbi R3JI~eHR51». 3TO YTBep)K,[(eHRe, 

B0061I(e fOBOp51, HeBepHO, T.K. 3KpaHbi C TaKOH rny6RHOH KaHaBOK 3cpcpeKTRBHbi JIRIIIb B 

npe):(eJibHO Y3Koil nonoce qacTOT ( CM. CnpaBoqHRK ITO aHTeHHOH TeXHRKe. T .1. I1o.ll: pe.lJ:. 

5I.H. <!>eJib,[(a, E.f.3eJIKRHa). 

2. B ,[(RCCepTaiJ;RR OTCYTCTBYIQT pe3yJihTaTbi RCCJie,[(OBaHRH aHTeHH C 3KpaHaMR B BR,[(e 

rocppHpOBaHHOfO ,[(RCKa, IIIRpOKO RCnOJib3yeMbiX Ha npaKTRKe. bbillO 6bi RHTepeCHO B pa3,[(eJie 4 
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cpaBHHTh 3KCrrepHMeHTaJihHhie ,LJ;HarpaMMhi HarrpaBJieHHOCTH II3Tq-aHTeHHhi C MeTaJIJIH:qeCKHM 

If IIOJiyiip03paqHhiM .[(HCKOM C H3BeCTHhiMH ll3 JIHTepaTyphi pe3yJihTaTaMH ,LJ;mi II3Tq-aHTeHHhi C 

ro<i_}pHpOBaHHhiM 3KpaHOM. 

3. B pa3,n;eJie 2 .[(HCCepTai!HH HCCJie,LJ;OBaHa TOqHOCTh, KOTOpyJO o6ecrreqHBaiOT 

aCHMIITOTHqeCKHe <i_)opMyJihi IIpH perneHHH 3a,n;aqH pacce51Hll51 TOpOH.[(aJihHOH BOJIHhi Ha 

H,n;eaJihHO rrpoBO,LJ;51IIIeM ,n;HcKe. Hap51.n;y c 3THM, IIeJiecoo6pa3HO Hccne,n;oBaTh 3aBHCHMOCTh 

TOqHOCTH, KOTOpyJO o6ecrreqHBaiOT aCHMIITOTifqeCKHe <i_}opMyJihi IIpH peiiieHHH 3a,n;aqlf 

pacce51Hll51 Ha IIOJiyrrpo3paqHOM .[(HCKe, OT CKOpOCTH ll3MeHeHH51 K03<i_}<i_}lli!HeHTa IIp03paqHOCTH 

ITO IIOBepXHOCTH 3KpaHa, qTO He rrpOH3Be,LJ;eHO BO 2-M pa3,LJ;eJie . 

4. TeKcT ,n;HccepTaiiHH He cBo6o,n;eH OT orreqaToK. HarrpHMep, B ¢opMyne (2.1 0) B 

apryMeHT <i_}yHKIIHH BBe,LJ;eHa rrepeMeHHM, KOTOpa51 He HMeeT OTHOIIIeHH51 K <i_}opMyJie. 

YKa3aHHhie He.n;ocTaTKH He HMeiOT pernaiOmero 3HaqeHH51 H, HecoMHeHHO, He cTaB51T rro.n; 

COMHeHHe OCHOBHhie pe3yJihTaThi .[(llCCepTaiiHOHHOH pa60Thi. 0IIeHHBa51 .[(HCCepTaiiHIO B IIeJIOM, 

CJie,n;yeT OTMeTHTh BhiCOKHH HayqHhiH ypoBeHh BhiiTOJIHeHH51 rrpe,n;cTaBJieHHOH pa60Thi H 

60JihiiiOH 06beM HOBhiX HayqHhiX pe3yJihTaTOB. ABTOpe<i_)epaT If rry6JIHKaiiHH aBTOpa rrpaBHJihHO 

H B IIOJIHOH Mepe OTpa)l{aiOT CO,n;ep)l{aHHe .[(HCCepTaiiHH. 

ITo cTerreHH 3aBeprneHHOCTH Hccne,n;oBaHHH, aKTYaJihHOCTH TeMhi ,n;HccepTaiiHH, HOBH3He 

H CTerreHH o6ocHoBaHHOCTH HayqHhiX rroJIO)l{eHHH, ,n;HccepTaiiHOHHM pa6oTa KnHOHOBCKH K.K. 

COOTBeTCTByeT Tpe60BaHH51M, rrpe,LJ;b51BJ15IeMhiM K KaH,LJ;H,LJ;aTCKHM .[(HCCepTaiiH51M, 

ycTaHOBJieHHhiM IToJIO)l{eHHeM o rrop51,n;Ke rrpHcy)l{,n;eHH51 yqeHhiX cTerreHeii, a ee aBTOp 

HeCOMHeHHO 3aCJIY)l{HBaeT rrpHCY)l{,LJ;eHH51 eMy yqeHOH CTerreHH KaH,LJ;H,LJ;aTa <i_}H3HKO

MaTeMaTH:qecKHX HayK no crreiiHaJihHOCT51M 01.04.03 - Pa.n;Ho<i_}H3HKa H 05.12.07 - AHTeHHhi, 

CBLI ycTpoH:cTBa H HX TeXHOJIOrHH. 

3aBe,n;yiOIIIHH Ka<i_}e,n;pOH TeOpHH Bep051THOCTeH H IIpHKJia,LJ;HOH MaTeMaTHKH 06IIIeTeXHHqeCKOfO 

<i_}aKyJihTeTa 1 <I>rOEY BITO MocKoBcKoro TexHHqecKoro yHHBepcHTeTa CB513H H 

HH<i_}OpMaTHKH, .[(OKTOp <i_}ll3HKO-MaTeM~~CKHX Ha)J< ITO CIIei!HaJihHOCTH pa,n;HO<i_}ll3HKa, 

rrpo¢eccop \ ~ KIOpKqaH AneKcaH.n;p faBpHJIOBifq 

A.n;pec: 111024, ABHaMOTOpHM yn., .n;. 8a 

Ten.: 8 ( 499) 192-84-75 

e-mail: agkmtuci(Q)yandex.ru 


