
oT3brB o olrrlrrAJrbHof o OITIOHEHTA

Berc,sa Iopzr Zsanoeuqa Ha Ar4cceprarlr4oHH)'ro pa6ory

Illla6anuna C eueua Au4peenuua:

Pa:pa6orrca rl [ccJreAoBalHrre cnoco6on [ocrpoeHrrr QasuponaHHbrx aHTeHHbrx pe[reroK
MIIJIJTT{MeTpOBOIO AUatIa3qHa AJrfl paAUOJrOKarIrrOHHbrX CrrCTeM uHTeJrJreKTyaJrbHbrx

TpaHcrropTHbrx cpeAcTB,

rlpeAcraBneHHyro Ha corrcKarlrue yuenofi creneHr,r KaH4up.ara rexHr4rrecKr4x HayK rro
cfleqrlanbH ocru 2.2.1 4 - <A.HrerpHsr, CB9-ycrpofi crna u r4x rexHoJrorzr{>.

Arcryamnocrb reMbr g{ccepraqrroHHoro rrccJreAoBaurrfl

AnreHnrr, KaK I43BecTHo, sBrsrorcr eaxHofi cocrasHofi rlacrblo MHorrrx
paAlrorexHrlqecKzx clrcreM. Br16op rlx rr,rra orrpeAenrercq, B nepByro oqepeAb, Ar4arra3oHoM
pa6ovzx qacror cr{creMbr, ra6ppuranrrr r4 MecroM pa3MerrleHrar aHTeHH, a rarcKe 3a.4aqaMr,r,

Koropbre rrpelHa3HaqeHbr lperrrqrb paAvorexHr{qecK€ur crrcreMa (PTC). B 4uccepraquu C.A.
Ilfa6atmsa npeAcraBnenrr pesyfibrarbr ero rrccneAonanuit, oplreHTr4poBaHHbrx, [pex.qe Bcero,

Ha pelreHlre cneA).roqux aKTyanbHbrx,repcrreKTr,rBHbrx t4 aKTr,rBHo I4ccneAyeMbIX HayqHo-

TexHr4qecKrax npo6renr.

o CogAanze clrcreM rrHTeJrJreKTyanrnofi rroMoxru BoAr4TeJrro, pirMerlarctrluxcs Ha

asrordo6r4re.
o CogAanue v BHerpeHr1e paAapoB n ran$pacrpyKrype )KeJre3HoAopoxHbrx 1N/a)

lepee3loB, Koropbre rrpeAynpex.4aror rrpoxo)r{AeHr4e nocropoHHr4x o6rerron qepe3

rrepee3A upr,r npu6nr rlneHilv rroe3Aa.

o Peurenrae 3alaq ynpaB4eHr4s ra o6ecueqeHr,rs 6esouacHocrr{ ABr,r)r(enrar, oco6eHHo B

ycnoBrux ofpaHr.rqeHHQft Br4Ar{Mocrr,r, !.nfl ruarofi aBvar\lrv c 6ecnurorHbrMr,r
JrerareJrbHbrMlr arnaparapru (EIIJIA).

flpu erolr Bo3MoxHocrb Aocrr4xeHrrs. 3a4annoft repoflTHocrrr o6napyxeHut, pa6oueit

.{urJrbHocrr.r r4 pa3perlarorueii cnoco6nocra [o ]TnaM cr.rcreM KoopArruarAnr pa3nr4rrHoro Knacca

o6rerros BbrrrreyrroM-rrHyrbrMlr fTC no MHoroM gaBucvrr or rexHoJrorr4lr Lr3roroBJreHr.rr aHTeHH,

BXoArrrI[x B rrx cocrae, cnocoSoB pa3MeqeHr,r{ aHTeHH Ha rexHonorr4qecKux 6rorax PTC rz

rr.rrroB rrplreMo -n epeAaroqr{.K naogy:reft PTC.

I4z-za rpeAbrBneHr4{ crporzx rpe6onanufi. x napaMerpaM SopuupyeMbrx Ar4arpaMM
HanpaBneHHocrrr ([H) anrenH, a raKxe K r4x Maccora6apr,rrnrrM rroKa3arerrflM, rrs. peanvsa\vLr

KoMrraKTHocrH cr.rcreMB Hacroqrqefi pa6ore paccMarprrBarorcr BaprlaHrbr locrpoeHkrs
apxr4TeKTyp aHTeHH paAapo,B, ce3AaBaeMbrx rr-s orMeireHHsrx HarlpaBneuui,t, B BI,Ire aHTeHHbrx

perxeroK (AP), Koropbre pa6oraror B Ar,rana3oHax caHTrlMerpoBbrx r,I MI4nJILIMerpoBbIX BoJIH.

Anannl coAep)r(aHr{s Ar4cceprarl[[

.{uccepraqr4.r{ cocrorrr r.r3 BBeAeHLI E, 5 -Lr pa3Aeno B 14 3aKrIoqeHI,Is.

Bo nne4enr.ru o6c;DrAaerc{ aKTyi}nbHocrb rr peuaeMbre 3ara.uv pa6omr, TeKyqee
cocro.f,Hrre paccMarprrBaeMrbrx HayqHbrx HanpaBneHufi, nrero4br rrccneAoBaHur.g., [paKTI,IqecKaq

rleHHocrb u Haf{Has HoBtl3r1a pa6orur, a rarc(e o6ognaqeHsr KoHKperHoe BHeApeHIre



pe3ynbTaroB rrccneAoBaHr/rrrr, ailpo6arlus pa6oTbr H ocHoBHbIe IIoJIoxeHI,Ifl, BbrHocr4Mble Ha
3arrlr4Ty.

B [epBoM pa3AeJIe paccMarpl,IBalorcr ocHoBHbre rlrrrbr aHTeHH, r.rcnonL3yeMbrx B

caHTI4MeTpOBOM LI MI{nnIll{eTpOBOM Ar.raniBOHiX BOJTH, r.r BOnpOCbr OtrpeleneHlrq cnocoOon
rlocrpoeHl,It aHTeHHofi cractelmr a:rq PJIC r,rHTeJrJreKTyaJrbHbrx rpaHcrroprHbrx cpeAcrB. B
pa3Aene no4po6no orII{caH pa:pa6orannrrfi e HuxeropoAcKoM rocyAapcrBeHHoM TexHr.rqecKoM
yHl4BepcLIrere LIM. P.E.A"rrexceena (H|TV) conuecrHo c zHAycrpr,ranbHbrM naptreponr AO
(|IKK Mznan4p> aeroN{o(izrtrnrrft pa1ap MAPC - 2{lll0, pa6orarorqr.rfi n canu4MerpoBoM
.4r.raniB oHe BoJrH, c opLrrr4HaLJmnofi rconcrpyrqzefi aHTeHHbr.

Bo nropofi par4e"re Al{cceprallllrroflrrcbrBaerc.rr MeroArrKa nocrpoeHr4r crpyKTypHbrx
3JIeMeHroB AP na 6are ,rrpe3KoB MrlKporroJrocKoBoft manzu lepeAarru. PaccuarpuBaerct
npoqecc npoeKTr{poBaHns. MllKpononocKoBofo [errarHoro ugnyrrarens. (na:ru-anrennrr), B

qacrHocrr4, oco6euuocrr4, cBf,3aHHbre c pacqeroM pa3MepoB gJreMeHTa x3Iry-vLenvrs' cnoco6u
IIOABeAeHLIf, MOIIHOCTI4 OT IIpIeMO-IlepeAalouefo MOAynfl K KoHKperHOMy I43nyqaTenlo
aHTeHHbI ut o6reAzueHn-s ilarrrefi n e4unyro crpyKTypy cror6qa AP. PaccnrorpeHbr no4po6uo
ABa rIoAXoAa K onpeAeneHzlo o6racru aHTeHHbr, r xoropofi Moxer rro.4BoAr,rrbcr MorrlHocrb or
MI,IKpocxeM PTC. [u o6e0ue.{euur cI,rH(fasnoro nos6yxAeHr4r Bcex BxoArrrllrx B cron6eq AP
sneMeHToB c 3aAaHHbIM aMnnI4TyAHbIM paclpeAeneHr4eM, 1.nfl Aocrr4xeHr4.s rpe6yeurrx
xapaKTepllcrur .{H aHTeHHbI s saAaHHoft rrJrocKocrr{ paccMorpeH npoqecc npoeKTr.rpoBa1trfl, c

f{eroM rpe6onauzfi K ypoBHro KIIA. Z:nararorcs pe3yJrbrarbr MareMarr.rqecKoro u
aneKTpoAr{HaMr{qecKoro Mo,4enr4ponanuft npoqeccoB.

Tperufi pa3AeJr noc,B{IrIpH BonpocaM uccJre.qoBaHrr{ nporleAypbr pa:pa6orxz AP
aeroN,Io6lzrbHofo palapa. PaccruorpeHbl rryrrr pelreHr4r npo6reuu, cBr3aHHofi c uunnuuzaryueit
cTpyKrypbl MLIKpOCXeM, COcTaEJI'IOUIIX pa4ap npr4 COXpaHeHrrr4 pa3MepoB efo afiepTypbr,
o6ecueqnnarcilI[x 3aAaHH]ro lanbHocrb o6HapyNeHus rlereft n ux yrnoBoe pa3perrreHrle.

Kpurnryrorcq MIMO (Multi Input Multi Output) rexHoJrorr4Lr npu rocrpoeHr4r4 vx aHreHHbrx
cl4creM Ant aBToMo6zrumx paAapoB c no:uquft ro.f,BJreHr.rr AorroJrHr{TeJlbHbrx crreKTpanbHbrx

TILIKoB rlo pinMepHocrr4 tracrorbr [onrlepa, B cnyqae rrcrroJrb3oBaHr.rs KoAon Yolura, ranrr KoAoB

@ypre, a raKlr(e 3HaqI4TerbFIoe yBenllr{eHze ypoBH.s 6oxosrrx JrerrecrKoB, n roft x(e pa3MepHocrrt
rrprr r4cnonb3oBaHr{r4 rrceBAocnyqafinrrx flocJleAoBarenrnocrefi .

floxa:aHo, tITo orrI4IvIilJIbHbrM c roqKr4 3peHl{fl coxpaHeHr,rs qvcra 3JIeMeHToB n AP u
$oprr.rzponaHl4fl y3Koro nyqa pe3ynbrr,rpFollefi !H xnnrercr crroco6, :axlrouaroruprfics s
o6reAranenlzv cocerHvtx gJIeMeHToB aHTeHHbr B, TaK Ha3blBaeMbre, loApelrerrtra. B groM cltyqae
y[aercfl coxpaHllTb Kos$(fu{aeHr ycr{neHur (KY) }r pa3perraroqyro cnoco6nocrr aHreHH 14, B

To xe BpeMt, npz pa6ore B y3KoM ceKTope yrJroB, n 4alrueft 3oHe rrHTep$epeuqzoHHbre
MaKcr,rMyMrr {H [p[reMHr.rKa oKi]3brBarorcr B soHe 6oKoBbrx Jrerrecrron [H nepeAarquKa v
rro.4aBnrrorcr npr,r nonyrreHr{r4 pe3ynbrlrpytouefi [H.

flpe4craueHbl pe3ynrbrarbr BbIqI4cJIeHI4fi ornonesvfl cr4rHat-rxyM Ha BXo.{e [pr4eMHoro
ycrpoftcrna or pa3Mepa ero aHreHHbr orHocr{TeJrrno o6rqefi areprypbr pa[apa14 rrr4pt4Hbr nyqa
pe3ynbrl4pytorqefi .{H paazrpa B 3aBhcvrMocrr4or coorHorxeHus. rnvpvuhr aneprypbr aHTeHHbr

nepeAarlllrxa u o6ruefi auepryprr. Cor:racHo [pr{BeAeHHbrM B .4r4ccepra\krvr vccneroBaHrisM,
MaKcl4MzurbHas AalrbHocrb paAapa c raxoft crpyKTypbr aHTeHH, npr4 coxpaHenvrrr ee o6rqefi
feoMerpvqecrcoft rrJrouaAr4, 6yaer r,rMerb Mecro B ToM cryqae, Kor.4a o6ruafl aneprypa aHTeHHbr

I:enilTcfl, rlopoBHy MexAy nepeAaroueir. 14 npvelaHoft aHTeHHaMr.r. B roxe BpeMr HalrMeHbrrrarr

xrI4pAHa ryua [H, Ir KaK cJIencrBLIe nyqrrree yfnoBoe pa3perxeHr4e pap.apa, Aocrlrraercfl npu
Mr.rHr{MaJrbHoM orHorrreHr{u anepirypbr, HanprrMep, npneunofi aHreHHbr K pa3Mepy ecefi AP. 3ro



npoTrrBopeq[e pa3perxae'tcs.3zr crreT piBMerrleHrrfl. nv6o nepeAaroqnx, Jrr.r6o [prreMHbx aHTeHH-

cTon6rloB Ha Kparx anepTypHofo rrpocTpaHcTBa aHTeHHbr p%apa IIpII 3arroJrHeHl4r{

rrpocTpaHcTBa MexAy ocTaBrrrritMr,rc.fl 9JreMeHTaMI4 aHTeHHLIX peilIeToK.

I4cc:re4oeaHl4flMll Al{cceprarrur{ BburBJreHo, trro, KorAa KoHcrpyKTr{BHbrMLr gJIeMeHTaMr4

aHTeHHbI tBr.srorct oArrHoirHbre cron6qsr, r4crroJrb3oBaHue KolJraHapHr,rx maur,rft B TorloJlofun
]I'uunit [epeAaru [paKTI,IqecIcI4 perlaer npo6neuy rrorepb, cBs3aHHbrx c r4x napzBr,rrHbrM
I43nfreHI4eM, a cJIeAoBareJIbHo, IacraNeuuft [H. OgHaro, HiuILIqr4e oolnruoro ql4cJra Aenl{Tenefi
[pI4 rlpoeKTl4poBaHvrn ron:raHapuoft Jrunprv nepeAaqr4 3HaqrlTerbHo ycno)KHrer npoqecc
cornacoBaHl4t gJIeMeHToB perrrerKr,r c [pr4eMorrepeAaroqefi rvrlrr<pocxetrofi. Kpoure roro, caMr.r

AenrrreJrpl MoIrIHocrI,I" TaKxe KaK v Mr.rKpononocKoBbre rrvtHrrvt) $opnrzpyror rrapa3urHoe
I'I3nfIeHI4e. B cpaeHeHkrul c 7{H o4zuorrHoro cror6qa r.rMeer Mecro r,rcKaxeHr4e ocHoBHoro
JlenecrKa I,I 3HarrLITeJIbHoe yBeJrI{qeHIre yBJI, qro Bbr3BaHo rrapa3lrrHbrM r,r3nyrreHr,reM 4elrtrelefi
MorrlHocrrl LI Mr,rKpolo JrocKoBbrx luuuit rrepeAaql,r.

B pa3Aene no4po6no onl4caHa KoHcrpyKur.H, rrpoqecc npoeKrr4poBaHns. pr ero
oco6ennocrrr l\nfl, oAHonyqeBoro palapa, r<oroprrft paccMarpr4Baercr, fJraBHbrM o6pasou, rcar
paAap 6maxnero 4eficrrur. ll ocuonnrnu ero (fyur<qr4flM orHocrrcr KoHTponb cnelbrx 3oH,
rroMoulb npI,I cMeHe rIoJIocbI 4tsvIlKeHkrfl., rroMorrlb npu napKoexe. B cBfl3Lr c grrrM, o4Holyrenofi
paAap AonxeH ocyrqecrBnrt' o6uapy)I(eHze o6rexroe B rxr4poKoM ceKTope. Kpolre roro,
BaxHbIM ycnoBrreM roppercrHoft pa6oru parapa rBJrrercr o6ecneqeHrae oAHo3HarrHoro

o6HapyNen vfl u kBMepeHr4r Koop,4uHar qelefi .

Ha ocHoBe rlpeAnoxeHHbrx perueHufi vt orrvcaHHbrx MeroAr{K, B Ar4cceprarlr4r4
npeAcraBneHbl pe3ynbrarbl 3Kcnep[rMeHroB, npoBeAeHHbrx c npororr.rflou anroruo6r,rJrbnoro
palapa MVnnLIMeTpoBoro AI,Iana3oHa. llpo4erraoHcrpt{poBaHbr pe3ynbTaTbr 3KcrreprzMeHTa rro
pI3MepeHIrIo yrna o6:opa ro Beprr.rKiln[ v roplr3oHTanr,r MHoronyr{eBoro paAapa

Ml4nnl4MerpoBoro AI,IarIa3oHa n 6egbxonofi xavepe c r4cnoJrb3oBaHr4eM annaparHoro krMr.rraropa
qe.lreft. Taxxe [pr,IBeIeHbI pe:yrirramr, [onyqeHHbre rrpr,r prccJreAoBaHr4r,r lraxczua,rrnofi
.4aJIbHOCTr.r OonapyNenu{ pa3Hofq Knacca qerefi paAapoM r4 t43MepeHHbre pacnpeAeJreHr{t

HarlpaBneHHocrr4 r43nf{areneft n peSzlrax AanbHero u 6uaNnero 4eficrnrar.

B rrerBeproM pa3AeJre Arlccepraur.ru paccMarpr4Barorcs oco6euuocru nocrpoeHr.rs
aHTeHHbrx cr4creM KoHTpon{ ABr.DKgHr.u Ha xeJre3Horopo}KHoM (xcla) nepee3.ue u aHTeHHbr.qnt
pa.4apoB varora6apr.rrHofi aBlritr\lrq. flpororunrr aHreHH 4rrs. r^vtx lpe.4naraercr crpor4TbraKxe
ua 6ase orpe3KoB MlrKporronc)cKoqbrx :l.uuufr. [o rocJre.4oBareJrbHofi cxeue c [pr,rMeHeHlreM

zsnyuarerefi nprlroyrolruoii $pplru, BBr4.4y orMerreHHbrx B rrpeAbrAyllzx pa3.qenax

AucceprallvIvl, vtx AocrollHcrn. B rvrq4enu AP xllpa[apa nepeAaroqr4e 3JreMeHTbr pacnonoxeHbr
Ha MaKCITMaJIbHOM paCCTOtHIztI{ Apyr Or Apyfa, a [pOCTpaHCrBO MexAy HrrMz 3ar]onHeHo

3JIeMeHTaMLI nprleMHoft aHTerrHu. B rarofi aureHnoft cvcrelre $opnrupyercr Ha6op y3Kr4x

nepe.qarcullx nyuefi. 3$$e6rznHocrb r.rcrorb3oBaHr4s MeroAa pa3HeceHHbrx

lepeAarqt4xon/npr.reuHrrKoB y,4oBnerBopr{TenbHa [ns curyaryui.r, KorAa He npeAbsBnqercq
oco6rrx rpe6oeanzft no 4alrHocru o6napyxeHlr.fl o6:serroe.

flpz nocrpoeHr{r{ [H anreqH KoHrponr ABrDKeHvs na xl4 nepee3Ae cyMMr4poBaHVe

ct4rHiIJIoB IIo KaHiuraM nprreMHr,rKa rrpelno)KeHo npor43BoAlrrb B qu(fponou Br4Ae B 6loxe
rlpocrpaHcrseHHofi o6pa6orxu. PasAereHLIe IlprleMHoft AP Ha ABe paBHbrx rracrr4 neo6xo4r,uvro

4nr SopunpoBaHLts, Koppen;rqxru (feprr,ru 6oxosrrx JrerrecrKoB B ocHoBHoM r4 KoMrreHcarIr4oHHoM

KaHanaxrrTt KoMneHcarlr4r4 6,cxonprx nelecrKoB c lrclonb3oBaHraeM piBHocrI,I aMnnlrry.4
ocHoBHofo I4 KoMrreHcarlrloHHoro rryva. Taxoft noAxol npr4BoAr.rr K pacrxr4peHr4ro ocHoBHofo
nyqa npl4eltrrofi !H no cpaBHeH+IIo c rurrprlHoit ;lyua 4rr ecefi aleprypbr, Ho BMecre c



KOMneHCaTI[eft yEJI npor{c]KoArrT cyxeHl4e ocHoBHOrO JIeIIeCTKa IIpI4OII43I{TeJIbHO B .{Ba pZBa.

llpnueneuue anropurMa KoMrreHcarlr4r4 rIo3BoJIteT I,IcrIoJIb3oBaTb [peIIMyilIecTBa BbItILITaHI4f,

YBJI upra coxparleHl4lr IIrI4prIHbI ocuoBHoro ryr{a rpl4eMnofi [H.

B uerneproM pa3Aene raKxe uccneAoBaHa Bo3Moxnocrb I{cloJIb3oBaHI4t rlpocBerHoro

parapa coBMecrHo c orpaxareJrbHbrM paAapoM rrfl loBbrrreHl{q ypoBHs 6egouacnocru

ABr{xeHru na xll, [epee3Ae. Kar nsnecrHo, rrpocBernmfi paAap peanl{3yer o6napyxeul4e raK

Ha3brBaeMoro reHeBofo rroJrr, Koropoe (fopuupyercs. Ha upuerrauoft cropoHe pa!.apa 3a cqer

BO3MyrUeHr,rs [aAarorlero SJreKTpoMarHrITHOrO IIOIS TeHeBbIM CIInySTOM UeJII4 14 He 3aBI4CI,IT HI,I

or r<oe$Srarlr4eHTa orpaxellus Marepuana, HI4 or $oprr,rrr o6lyraenaoro o6rerra. Kor4a Ha

xeJre3HoAopolruoM rrepee3.rte orcyrcrByror o6rerrrr, Koropbre AonxHbI 6um o6napy)Kl{Barbct

PIIC, nrrnorHqercr ilpoue.nypa ranra6ponrz <SoHonoro)) carHaJra. Vcpeguennrrfi <$onoerrfi>

cr4rHzrJr 3aTeM r4crronb3yeTcq B KalrecTBe IIOpO|OBOfO CI4lHaJIa IIpI4 peanI43a[\w [pOIIeAypbI

o6HapyNenzr o6rerron, paclonoxeHHbrx B 3oHe orBercrBeHHocrIr pallapa. Conuecrsoe

rrcrroJrb3oBaHrde orpaxareJrrtHoro rr [pocBerHoro palapa B 3HaqI{TeJIrHofi creneHpl ynyqmaer

xapaKTepr{crr4Kr.r o6Hapyxerrue rle.nei :uax/lnepee3Ae. Pa:pemeHue I{ orpeAeJIeHI{e KoopAr4Har

o6reKros B rxr.rpoKoM ceKTope o6sopa o6ecueq[eaerc-s 3a crrer pa3MelleHrrfl sneMeHroe AP Ha

MaKcr.rMurJrbHoM paccro fl:nrru rpyr or rr rpyra ra (fopnrzpoBalr.:z'A na6opa y3KI,Ix :ryuefi B AH.

B uerneproM pa3AeJre Arrcceprarlvpr. orrlrcbrBaercs raK)I(e MeToA peanr.I3aIIr4I,I aHTeHHbtx

crrcreM Anr- palapon ua:rofi u 6ecnnlornofi. aeuaqupr. Paccuarpl4Balorct HeAocrarKu paHee

paccMorpeHHbrx rroAXoAoB npr4 rrocrpoeHllu rloJlerHbx (r,IcnonreyeMblx B rlpoqecce nolera)
PJIC, eo:ru4Kaloqrrx, rJraBLIbrM o6paroru, Lr3-:,a neo6xo.{ul,locrz o6ecleqeHl4t orHocI'ITeJrbHo

rrrr4poKoro ceKTop o6:opa c BbrcoKr4M yfnoBBIM purpelxeHIleM rlpu AulJIbHocrLI o6napyxenur
qelefi roprAKa 1-2 rna. .{ocrurnyru neo6xo4l4Mblx xapaKrepl{crllK noJlerHbrx PJIC rvroxno sa

cuer pa:6zeHr4s npocrpaHcrBa KoHTpons Ha HecKoJIbKo ceKTopoB 14 [ooqepeAHoro l43nfreHl{t B

KDKASM t43 Hr4x. Yrrosoe pa3perxeHlre 6yAer o6ecneqeno 3a cqer (popnaupona:c.nfl. B 3aAaHHoM

ceKTope na6opa y3Kr.rx rryuefi. llpu erou unrep$epeHqLtoHHble MaKcI,IMyMbI, Bo3HI{KaIoqI4e I'I3-

3a r,rcnoJlb3oBaHtrfl. floAperxeroK, KaK cnoco6a perreHplfl ga1.aqn rro coKparueHl4ro -+vlcJra npnelto-

nepeAarorqux KaHaJroB, oKilrbrBarorcs n o6racru 6oroeHx JIerIecrKoB IH, o6ny'rarorqeft AaHHuft

ceKTop n oupe4el€uHlrfi MO,MeHT BpeMeHI4.

B pa^r4ele 4 onncasa o6qas KoHrlenUr4r rrocrpoeHl{t flocaAoqHoro paAapa, aH€LIIofI{rIHat'

KaK r{ AJUr [onerHoro paAa]la. OcnosHoe r4x orJrLtilr4e cB-s3aHo c rrcrloJrb3oBaHl4eM AByMepHoro

ceKTopa o6sopa, cl{MMerprrr{Horo orHocvreJrbHo rlonepequofi u npoAonbnofi ocefi nerarenbHoro

annapura (nanpurr,lep, BeproJrera). ,{aHnoe pelxeHlre o6yclon.:reno rpe6onaHlreM eQtperrunuo

pa3perxarb 6:rIlsxo croqrque o6rerrrr Ha 3eMJre KaK B a3lrM]"rrlnbuoft, taK I4 B yrnoMecurofi

rurocKocrqx. fIoAxoA, cBq3arnHbrfi c AocruNeHI4eM BblcoKoro ypoBHt yfnoBofo pa3pelrleHlrs npvr

o6ecneqenuv oAHo3HaqHocrrr lrcMepeHu-f, KoopAr4Har qenefi 3a cqer paz6ueuut npocrpaHcrBa

rra ceKTopa L1 nooqepelHoMy ux o6ly.renvro, aHtl[ofurleH crloco6y, onncaHHoMy B ALIccepraIII4I4

Anr [oJreTHoro paAapa.

B nsro1r pa3AeJre olprcaH cuoco6 orleHKr.r xapaKTepl4crl{K HalpaBJIeHHocrI'I orAeJlbHbx

nyveft aHTeHHbrx perxeroK paAapoB r4HTeJr.[eKTyanbHbIX TpaHcrloprHbrx cpeAc.Iln, ocuonanurrfi

rra Bbrrrr,rcJrer{rrr4 npeo6pasgeauux Oypre or cr.rrHilJloB, peD{cTpI{pyeMbIX B rIpIreMHoM KaHaJIe

u:6pauuoro oJreMeHTa AP. Anrop craBr.rr 3aAaqy lonyqeHlrfl 3Kc[eplrMenralrnoft oqeur<u .{H
npraeunofi aHTeHHr,r c rorrnocrbro Ao MHo)KvITers-, paBHoro AH o.quoro SJreMeHTa. Kpolre roro
npI,I aHaJII,I3e CqI4TaeTCS, qTO MI4KpOTTOJIOCKOBbI9 IIr4HklVl, III4TaIOqUe SJIeMeHTbI aHTeHHbI,

oorJracoBaHbr c BXo,4HbrM conporl4BneHl4eM KaxAoro 3JreMeHTa. Talcuu o6palon'r,

Ko3OOr4Ur4eHTbr orpaxeHr.rl B TpaKTe AP 6:lasKI,I K Hynlo Lr Lrvrrt npene6peraercs'. PaccesureN{



aHTeHHbrx 3JreMeHToB TarcKe 4peHe6peraerc.fi, xorfl nptMbIX yKa3aHufr na sro B TeKcre

Ar.rccepTarlul,I HeT.

B sar,rrcqeHlrrrK plucc$praqrr[eue pa3 c$oprvrynnpoBaHbl ocHoBHbIe pe3ynbrarbl,

[onyqeHHble B xoAe ee BbIloIHe+IIIf,.

CoornercrBne coAepxagnq anropeQepara ocHoBHbIM rIoJrolI(eHI{rM Alrcceprallnr.

Anrope(f epaT aAeKB €lTHo [.I nortHo oTpoKaer coAepxaHl4e AI,I c cepraIIIII4.

O6ocnonaHrrocrb rr AocrqBepHocrb non) {eHHhIX pe3ynbraroB B AI{ccepraII[lI
rroATBepxAaeTcs.:

. pe3ynbrararuu nalreuarlrqecKoro r,r 3JreKTpoAI4HaMI4qecKoro MoAewrponanzfi n

CAIIP ADS;
. corJracoBaHl4eM c AaHHbIMI,I, npI4BeAeHHbIMI4 n Hayunofi nl'rreparype;
o pe3ynbraraMu HarypHbrx r,rcnbrtarruit MaKeroB tr ollbrrHbrx o6paaqon paAapoB

MrdnnzMerprJBofo Arlarra3oHa e 6esexoeofi xaruepe c rloMolrlbro Merponorl'IqecKl4

rloBepeHHoti anqaparyPu.

Hay.uran H o B rI3 Ha pe3yxbraroB, no JIyqeHHbIX B AI'IccepraIII4I4.

B 4racceprarlpronHoii padore C.A. Illa6zulvrna ronyqeHbl cneAylouue HoBbIe Hayr{Hble

pe3ynbraTbl.

flpe.qloxeu cnoco6 loqrpoeHrlr aHTeHHoft peurerrrl, Korophrft npn orpaH[qeHHoM

KoJrvqecrBe paAapHbrx +pr4eMHbrx r,t lepeAaloq?Ix KaHaJIos o6ecneqvlBaer 3aAaHHoe

coqeraHr.re AaJ'rbHoclr{ oflnapyxeHHg o6rex:roB LI p3neeBcKoro pa3peilreHldx no yrlonoft
Koop.4r4Hare rr, B orJll4l{r{e or r43BecrHbIX cnoco6on, He BeAer K Bo3HLIKHoBeHrIro

3HepreTuqecKl4x IIOTepb, cBq3aHHbIX c pa3pexeHHblM xapaKTepoM peilIeTKI'I

Pa:pa6oraHa apxr4TeiKTypa aHTeHnofi pemerKlr Ant palapa KoHTpont ABI,IlKeHilt Ha )IvA

rrepee3Ae, o6ecnequsarollas BbrcoKyro ero tfynrqlloHaJrbH)'ro Ha.4elxHocrb, To ecrb

Bo3MoxHocrr o6:opa mupoKofo 3aAaHHoro ceKTopa yrnoB (cnnme leBsHocra rpa4ycon)

c nsrcorofi pipperxarForlefi cnoco6Hocrlro (n necromKo rpalycon), roropax, B orJII{qI{e

or r.r3BecrHbrx zrJrfopr4TMl{qecKr{x perueuuft, ocHoBaHa Ha AByxgrarlnovr (fopltnpoBanrvr

rpe6enrn ranrep$epr:uqrlonnrrx nyrefi ALIarpaMMbI HanpaBneHIIocrLI (!H) nepeaarouefi

aHTeHHbr c rroMoll1bro [epeKnroqeur4r $as crIrHiuloB B rlepeAaroruux KaHaJIax ur

uoc:re4yroqefi lpocrp4HcrseHHofi ceneKrlkrlr npocrpaHcrBa KoHrponq nfraMl4

npueuHofi peruerrra c quffponuM yrpaBneHl{eM (fopuofi ee AIrarpaMMbI.

florasana Bo3Mo)KHocrb nprrMeHeHzr Aocrol,tHcrB s(p(perra [pocBerHofi. paguottoKallrll4

C rlenbro roBbrllrr3Hur HaAelKHoCTI4 pa6Oru paAvonOKaIILIoHHbD( KOMIIJIeKCOB'

paspa$aruBaeMbrx ,unr KpHrpons npertsrctsuia Ha x/4 nepees l;ax, kr rlpeAnoxeH cnoco6

o6uapyxeHar crarlr4oqapHbrx rle:refi B oKpecrHocrrr Ir:,z':r'vtv. 6asbl rarofi
pa.4lronoKarluonHofi clrcTeMbr, qro .4ocrl,Iraerct 3a cqeT crleqlluulbHocnpoeKTllpoBaHHbrx

aHreHH, o6ecnequnarcq[X $oplruponaHue uyleft [H n4o:n Ifi4HkIu 6assI.

llpe4noNeH ceKTopl{ufi cnoco6 cKaHr4poBaHl{fl npocrpaHcrBa B AByx oprofoHanbHbx

rrocKocrsx uepeZtarorffefi tfa:uponaHHofi aHrennofi pelrerxofi pailapa Im
6ecuu:rornofo Jrerauenbrlofo alnapara c looqepeAHsrlvr tfopullpoBaHueM ua6opa y3KI'IX

nyuefi npneuuoft peuerKr{ B Ka}KAoM [r3 ceKTopon. .{annrrft lo4xo4, B orJrlaql{e or
r,r3BecrHbrx pelreuufi, ooHoBaHHbrx Ha rexHoJloru[ MIMO, rlo3BoJlser Qoplrzponarr
MaKcr.rManbHyro $nsravpcxyro aneprypy npueuHofi aHreHHbI, cocro.f,Irlylo vr3

IroAperIreToK, IIpI4 3aAaH4OM r{I4CJIe KaH aJIOB.

t.

2.

3.
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5. flpe4roNen cnoco6i oqeHKLr xapaKrepvcrrlK HanpaBJreHHocrr.r orAeJrbHbrx ryreft
aHTeHHbrx peilreToK paAapoB r4HTeJIJIeKTyanbHbx TpaHc l, ocuoeauuufi
Ha Bbrr{r4creHr4r.r [peo6p{:onannr @ypre or crzrHiLroB, K B npI,IeMHoM

KaHaJIe lr:6pannoro sne{enra AP z cB{3aHHbrx c HaBeAeHHhrM aMrrJrnry4Ho-(fasoBbrM
pacnpeAeneHlleM rro.rrr B aneprype anteHnoft perrerKrr rrpu nprreMe cr4rH€Lla Jrrrrrrb c
OAHOTO HarrpaBneHrrq.

fluccepraqvrs. He cnp6o4na or HeAocrarKoB. f:rasHrrN4 HeAocrarKoM, Ha HaIrI

B3rJrrA, sBrrnercg. xapaKtpp r{3roxeHr4.fl Marepr,rana. On 6r'uxe ro crllJrro K

lpor43Bo.{crBeHHbrM orqera{d rro BbIrroJIHeHHbrM pa6orarr aBTopoM .4l,Iccerprallprv. v. ero
KonnefaMr4 rro co3AaHrrro a{reHH paAapoB cr.rcreM r4HTeJrJreKTya:muofr noMorrl[ Bo.4r.rreJrro,

pa3Merlarorq[xcfl Ha arrToMqlur'e, r,r Apyrr.rx paAapoB. B .racrHocrr,r, KorAar orleHr4Barorcf,

3Kcnepr.rMeHTaJrbHbre rrorpelxHocrr{ rrpeAnoxeHHoro aBTopoM cnoco6a, B Ar4cceprallr4n
rrpr4BeAeH reKcr: <Pesymrambr rrcrrbrraHrafi coornercrByror npeAbflBnteMblrrd x AP pa4apa
xapaKTepr.rcrr4KaM. llpe,4crapnerHas.,{H ulreer tutlprzHy nyqa oKono 5 rpa4. sa cuer .{H
uepe4arorqeft aHTeHHbr, vr ypoBeHb nepBoro 6oroeoro JrerrecrKa Mr4Hy,s 18 aB rtpla
peaJrusarJr4vr BeKTopa BecoBbrx r<os(fSzqzeHToB c paBHoMepHbrM parcnpeAeneHl,IeM

aMrrnr4ryA).
Taxux nprrMepoB B TgKcre lr4cceprarlrrrr npeAocraroqHo v rrpprBo4nrb I{x He BXoAI,IT

B Harly ga1a..ry. Oco6eHuo r4x MHoro B pa3Aene 5 4ucceprarJlrvt, B KoropoM H3raraerc.s

lpo6leua pelreHr.rr naz6oflee rpyanofi 3a4a.uv urlrepenufi xapaKTeplac'tl4K aHTeHHbrx

perrreroK c ne6onuur.rM Kon4trecrBoM gJreMeHToB. Kax nu crpaHHo, B clrplcKe nlITeparypbl K
Arrcceprarlur.r Mbr ne o6napyg<t4rrr4 (KnaccvqecKlax) (nro6uuoe cJIoBo aeropa) KHur Ha reMy
u:naepeHzfi, HarrplrMep: <CrcflHrap1'rour4e aHTeHHbIe cr4creMrr CBr{>, 1968 r., H.Anrzrefi, B.
falzn4o, r{. By. <Teopz4 ra anaJ:llzt3 SasupoeanHbrx aHTeHHbrx pe[IeroK)), 1974 r.,
<Mero4u r43MepeHr.r-s xap{rrepucrur< aHreHH CBr{>, 1985 r. B erllx MoHorpa(puxx

[oArrepKuBaeTcs. cnoxHocTh 3aAaq, KoTopbre crorJrkr nepeA aBTopoM A]dccepTaIII4u u)

Bo3MoxHo, r{crroJrb3oB€rHr,re pe3yJrbraroB lepeqzcneHubx aBTopoB cnoco6crsosano 6H
6olee 6ucrpouy ra orrrlrMaJrbHoMy perreHr.rrc HeKoropbrx upo6neu 4ucceprar\ur4. B
rracrHocrr4, B KHA;g H.Auureft, B. farr,rnAo, q. By. <Teopvts. vI aHaJtr.I3 ,fa3[poBaHHbrx

aHTeHHbx pemerox>,1974 f. paccMorpeHo Bl;.rrflr'ue Ar.rarpaMMbr HanpaBneHHocrl4

orAenbHoro gJIeMeHTa pe[rerKr4, no n npu6rvDnenuu 6ecroHe.ruocrl,I ee pa3MepoB, To ecrb B
rpene6pexeHr{r,r KpaeBr,rMr{ etp$exrarrau pacrpeAenenvs. Ha aneprype. B pa{5ore <MeroArr
rl3MepeHu{ xapaxTepvcrr{K aHreHn CB9>, 1985 r. paccMorpeHbl MeroAbI onpe.4eneHl,Is

Ar.rarpaMMbr HarrpaBnen.Hocrrr 3JreMeHTa pellerKr{ u r<oeQtfuqrleHTa orpaxeHl,Iq or ee

pacKpbrBa. Mu AaNe rre y[oMr.rHaeM coBpeMeHHbre ny6m,rraqurr o BJll4trrr4kr pacceflr.vrfl.

aHTeHH Ha pe3ynbrarhr rr3Mepenuflr4x xapaKTepl4crur. I4x.4ocraroilHo MHorc).

B erou )Ke piB.4ene ua c. 168 cocelcrByror nport4BopeqlrBsre yrBepll(AeHl,Is aBTopa.

I-{urupyevr.

flepnoe. <Zg nocle.qHefo p[cyHKa Br4,4Ho, rrro Anr coceAHLIX KaHaJIoB AP roo$$[III4eHr
B3avMHofo BltvrflHvtfl, MaKcI4MaJreH r4 cocraBn.rler noptrxa0,4, qro coorBercrrlyer pa3Bt3Ke -

8 aB. ,{alsnue 3neMeI{TbI npaKTr4qecKr,r He oKa3brBaror BrruflHr{e Ha pacroMarpunaeurrft

cro,r6eq u rrx Bo3Aeftctnuert, KaK rlpaBl4no, npene6peraror>.

W galee, TaM xe, BToporo:

<<I4z-sa Bo3HrzKHoBeHr,ts e$(perra B3ar{MHofo BrruIsuprs. AH orAenbHbrx KaH€uIoB

r,rcKaxarorcs, rrro npc)AeMoHcrpr4poBaHo Ha pI{cyHKe 5.3. Kpznar I cooreercrByer
reoperr.rqecroft [H oAHoro cron6qa aHreHHbr, KprrBbie 2-5 - IH piBHbIX crru6qon rofi Ne

aHTeHHbr c yr{eroM B3ar.rMHoro BrrLrfl:e.iufl. Ha pucynre 5.4 norasaHbl aHaJIorI4lIHbIe rpa$uxu,

floryqeHHbre flpu eneKrpoAr.rHaMuqecKoM MoAenr{poBaHtrr4 aHTeHHbI B cpeAe AqS. Bz4uo,



rITo B IaHHoM cnyqae +rcKaxeHl4s g.nfl yuporqeHnoft Molenu v 6onee roquoft
sneKTpoAl{HaMl4vecKoft nnreror odrquft xapaKTep. Bsaur\luoe BrrurrHr4e 3jreMeHToB rrpI,t

tfopvrrzponaHl.Iu pe3ynErr.rpyrorqeft AH AP npr{BoArrr K WeHbrrreHr,rro roetpQnqlrenra
yCl4neHus B HaIIpaBneHIutLI IJIpBHOfO JIeIIeCTKa II yBenilqeHlllo oTHoclrTenbHof,o yBJI).

B qelorvr, HeB3z:pat Ha orMeqeHHbre HeAocrarKLr Aprccepraquonnoii pa6orsr, oua
coAep)KLIT MareprraJr 6onrurpfi I{ oqeHb nonesuofi pa6orrr aBTopa e o6rac'ru paspa6orxu
aHTeHHbrx pelxeroK coBpeMpHHsrx paAapos. OrN,reqeHubre HaMr,r HeAocrarKln He cHr4)Karor
xopomee BleqarreHl..Ie or Al,Icceprallr4r4. Ona fapMoHr,rrrHo cKoMnoHoBaHa. Bolpocsr
aKTyanbHocrn, o6ocuollaHHpcrb BbIBoIoB Ar4ccepraqlrlr ocBerrleHbr AoJrxurru o6pasolr.
Hayvuo'rexHl4qecKiul HoBLI3lra [peAcraBneHHbrx Ha 3arrlr4ry pe3ynbraroB AoKa3areJrbHa.

flo uoeuy MHeruIaroq AplcceprauaoHnas pa6ora L[a6a,runa C.A. lr4onnerBoprer
rpe6onanrasNa BAK PQ, nqeAtflBJIreMbIM K KaHAVAarcKr,rM lr,rcceprarlLrrr\[, a ee aBTop
Illa6a:ruH Cerrteu An4peeeuu3acnyxl4Baer npr,rcylqeHr4r eMy yueuofi crerreHr.r KaHAr,rAara
rexHl4qecKr4x HayK rlo crlgrlrraJrbHocrr4 2.2.14 <<Anrennrr, CBH-ycrpoficrna Lr lEx
TEXHOJIOI'I4I4)).

Beayruuft nayuurrft corpyrHl4K HayrrHo-uccneAoBarenbcKoro paguo$uznrrecKoro
ul,Ircrtrryra Se4epa:nnol'o ropyAapcrBeHHofo aBToHoMHoro o6pasonarenbHoro yrrpexAeHr{t
BEIcIlero o6pasonanur <HaquoHamnrrfi uccneAoBarelrcrufi HuxeropoAcxufi
I'ocyAapcrBeunsrft yuunepc{rer r{M. H.I,I. Jlo6aqeBcKoro) (HVIPOV HHfy pru. H.I4.
Jlo6a.rencroro),

Kan4u4ar (fns arr.rqecKzx HayK, c.H.c., Be:ros IOpufi I4sanoezq.

HuNHrafi Hoeropo4,

(uo4uracr, 4ara)

3950, yn. Bolrlraa fleuepcxas 25 I I2a,

ren.cn. +183143672
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