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Ha ocHoBe pa3zpaboTaHHON MaTeMaTH4ECKO MOJENH MPOBEIECHO TEOPETHIECKOE HCCIEI0OBAaHIE BO3MOKHOCTH
MONTy4YeHHs. Ha PE30HAHCHOW YacTOTE ONTHMAIbHBIX JHEPreTHUECKHX M TOJSPU3ALUOHHBIX XaPAKTEPHCTHK X-
00pa3sHOro INEIEBOTO H3IydaTeNns C TOMOLIbIO AMAIEKTPUUECKHX BCTABOK, MWIPAIOMIUX POJIb COTJIACYIOLIUX
3JIEMEHTOB Ha BXOJ€ M KOMIUIEKCHOI Harpy3ku Ha BBIXOJE BOJHOBOAa. [lokazaHo, 4TO MyTeM HIpHMEHEHHMs
JUINIEKTPUIECKHX BCTABOK B BOJIHOBOJAE C X-00pa3sHOW INENbI0 MOXKHO YIPABISATh €€ TNOSIPH3ALHOHHBIMU U
SHEPreTUYECKUMH XapaKTEPUCTUKAMU M IOJIYYUTh B pE3yNbTaTe ONTHMU3AIMU IapaMeTPOB CHUCTEMbl BBICOKHE
3HaUCHUS K03()(PHIUESHTOB LTUIITHYHOCTH U U3ITy4CHHS IIPH XOPOILeM COTJIACOBaHUH Ha €€ BXOJE.

KIIOYEBBIE CJIOBA: xkpecrooOpa3Hble BOJHOBOIHO-IIENEBbIE H3IydaTeNld, Kod()QUIMEHT OoTpakeHws,
KO3 GHIMEHT 3UIMITUIHOCTH, KOI(DQHUITMEHT H3ITydeHUs, KpyroBas HOJIIpU3aLysl.

Ha ocHOBi po3po0ieHoi MaTeMaTHYHOI MOJENI POBEJACHO TCOPETHYHE TOCITIHKEHHS MOXJIMBOCTI OTPHUMAaHHS
Ha PE30HAHCHIH YacTOTi ONTHMAIIFHUX CHEPreTUYHUX 1 MOJSAPU3AIHNX XapaKTePHCTHK X-00pa3HOro MIUIMHHOTO
BHUIIPOMiHIOBaya 3a JIOIIOMOT'OI0 JieJIEKTPUYHHUX BCTABOK, III0 BUKOHYIOTH POJIb Y3TOMKYBAIBHUX CJIIEMEHTIB Ha BXOJI
1 KOMIUICKCHOTO HaBaHTA)XCHHS Ha BUXOJI XBHIeBOAY. [lokazaHO, 10 3aCTOCOBYIOUH Ai€NEKTPUYHI HEOTHOPITHOCTI
B XBWJIEBOJI 3 X-00pa3HOi IMUIMHOIO MOXKHA YIPABIATH MOSIPU3ALIHHAMHU 1 €HEPTeTHYHHMH XapaKTePHCTHKAMHU
TaKWX BUIPOMIHIOBAYiB i OTPHMATH B Pe3yJbTaTi ONTUMI3allil HapaMeTpiB CHCTEMH BHCOKI 3HaueHHs Koe(illieHTiB
SJIINTUYHOCTI 1 BUNIPOMIHIOBaHHS IIPH JOOPOMY Y3roJUKEHHI Ha 11 BXOI.
KJIIOYOBI CJIOBA: xpectononiOHi XBHJICBOAHO-IIUIMHI BUIIPOMIiHIOBaYi, KoedilieHT BiIOWTTS, KoedimieHT
CNINTHYHOCTI, KOC(II[IEHT BUMTPOMIHIOBAHHS, KPYroBa IMOJIAPH3aIlis.

The computational study of the possibility to elaborate the consistent X-shaped waveguide-slot radiator on the
basis of the developed mathematical model was carried out. The optimal energy and polarization characteristics at the
resonant frequency can be obtained by means of using dielectric inserts that act as matching elements at the input and
complex loading at the output of the waveguide. It is shown that using dielectric inserts in the waveguide provides the
possibility of polarization and energy characteristics of an X-shaped slot being controlled. As a result of optimization
of the system parameters the high level of axial ratio and radiation coefficient of the field radiated can be obtained
with a good matching at the system input.

KEY WORDS Cross-shaped waveguide-slot radiators, reflection coefficient, radiation coefficient, circular
polarization.

BBEJEHUE

OOmen3BecTHa HEOOXOUMOCTh Pa3pabdOTKH aHTEHH, N3TyYalOIINX U NPUHUMAIOLINX 3JIEKTPOMAarHUTHbIE
BOJIHBI C BpalIafoUIelcs, a B WACAIBLHOM Cilydae — C KpYroBOH moisipusanuei. IIpuMepoM Takoro peuieHus
MOTYT CIyXWTh AaHTEHHBI KDPYroBOH TIOJSIpH3AallMH, BBHIIIOJIHEHHBIE HA OCHOBE BOJHOBOIHO-IIENEBBIX
n3Iydareneil B Buge X-o0pasHeix mieneil. Lleatp X-00pa3Hoii menn pacmoiaraloT OOBIYHO B TOYKE OJIM3KOH K
TOYKE Xg - KPYTOBOI1 MOJISIpH3alliil MarHUTHOTO BEKTOpa IOl BHYTPH BosIHOBOa. [Ipeamnonaranocs, 4To meib ¢
IIEHTPOM B 3TOH TOUKe HOJDKHA M3ITy4aTh [oJie C KpyroBoi mossipusarueil. Taxoit X-o0pa3Hblil H3rydaTens ObLUT
IKCIIEPUMEHTAJILHO MCCIIeoBaH B padote [1], B KOTOpO# MmokazaHo, 4To0 KOA(QQHUIMEHT JIUIMOTUYHOCTH [ TIOJIs,
M3ITy4aeMOro Pe30HaHCHOW X-00pa3HOH IEJbI0 C IIEHTPOM B TOYKE Xg, HE JOCTHUTaeT 3HAYECHHS OJM3KOTO K
equaniie. OH paBeH mnpumepHo 0,7, 4To O0OYCIOBICHO B3aUMHOW CBSI3bI0 OPTOTOHAJBHBIX IIENEH M0
BHYTPEHHEMY MPOCTPAHCTBY BHYTpPH BoJHOBoAa [2]. B paGortax [3-5] Obuim mccienoBaHBl OAMHOYHBIE X-
oOpa3Hble M3ITydaTeN M CHCTEMa TaKHX H3JIydaTelieii B BOJIHOBOJAE C IIPOU3BOJIBHBIM KO3 ((UIMEHTOM
OoTpakeHHs OT Harpy3ku. IlokazaHo, 4YTO Harpy3ky ¢ ympaBiseMbIM MopaylieM u ¢a3oi kKoddduimeHTa
OTpaXEHHsT MOXKHO HCIIOIb30BaTh JUII HACTPOWKH KaK OJMHOYHOM X-00pa3HOW IIeNH, Tak ¥ MHOTOLIENEBOI
CHCTEMBI JUIsl W3IyYSHHS] UMM TI0JIsI ¢ KPYroBOM HosipHu3aliield. YaaeTcs MoJyduTh 3HaueHne Kod(pQuIeHTa
IUIMNTHYHOCTH TIOJsl OJMHOYHOTrO wm3nyvateis Boime 0,9 (r= 0,96). Oxnako npu stom KCBH Ha Bxone
BOJIHOBO/Ia JIOCTHIaeT 3HaueHus1, paBHoro 1,42 [6]. YtoOs! yayumute KCBH crcTeMbl, HEOOX0IMMO MOCTaBHUTh
Ha BXOJE BOJIHOBOJAA coriacymomee ycTpoiWcTBo. OHO MoXeT OBITh NpPEACTAaBICHO B BHUAE MABYX
JIMDJIEKTPUYECKUX BCTAaBOK HAa BXOJe BOJMHOBOAa. B pabGortax [7-9] paccMaTpuBaUCh COTJIACYIOIINE
BOJIHOBOJIHBIE ~YCTpOIiCTBa C JBYMS JOWDJICKTPUYECKMMH BKJIAIBIIIAMH, COTJIACOBAHWE JIOCTUTAIOCH
MepeMeIeHreM BKJIaIbIIIe B0JIb BOJHOBOA U M3MEHEHHEM PACCTOSIHUS MEXAY HUMHU.
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B pa6orax [10,11] Obuta mpencraBicHa MaTeMaTHYecKash MOJAECNIb CHCTEMbI, COCTOSIICH M3 TaKOro
COIJIACYIOLIEr0 YCTPOHCTBA, X-IIEeH U KOMIUIEKCHOW HarpysKH, ynpaBiisieMoi o moayito u ¢ase. [lokaszano,
YTO, UCTIONB3ys KOMIUIEKCHBIE HArPy3KH, MOJKHO HACTPOUTH CUCTEMY ¢ X-00pa3HOH MIEIbI0 HA U3ITyYCHHUE MO
¢ mospu3anieit, 6amu3Koi K kpyrosoii (r=0,98), a momosHUTEIFHOE HCIIOIB30BAHHE COTJIACYIOIINX 3JIEMEHTOB, B
BUZIE OMAJICKTpUIecKuX miacTul, ymeHemmiao KCBH cuctems! Ha Bxoze 10 ypoBH: 1,25. Pe3ynpTaTs! pacyeToB
OBbLIM MOATBEPKACHBI 3KCIIEPUMEHTAIBHBIMU NaHHBIMH. Kak mokazano B [10,11] xomIuiekcHas Harpyska B
KOHIIE BOJIHOBOJA MPEACTABIsUIA COOOH aTTEHI0ATOpP M CTOSIIMH 3a HUM KOPOTKO3aMBIKAIOIIUH mopiieHs. C
MOMOIIBIO aTTEHI0ATOpa HM3MEHsUIACh aMIUIMTYAa OTPa)KEHHOW BOJHBL, & W3MEHEHHEM IIOJIOXKCHUS MOPIIHA
perynupoBaiack (aza 3Toi BonHBL. Kak ObLIO MOKa3zaHo, MOAYJb KO3(D(HUIMEHTa OTpPaKEHHs OT Harpy3KH
|R|:0,2 IpHU CHeNHaIbHOM Moadope (azbl Kod(pHUIHEHTa OTpakeHUs OT He€, oOecrmeunBan HaWOOJBIIHIA

ypoBeHb Koa((unreHTa ammmMnTHYHOCTH X- oopaznoit mwenu 1 = 0,98 npu xopoliem cornacoBaHWU Ha BXOJE
KCBH = 1,26 un xo3¢ddummente n3mydeHus |5,|2 >0,8. Ognako, Takas KOHCTPYKIHS ITOBOJIFHO TPOMO3IKA.

H03TOMy KOMIUICKCHYIO HAarpy3Ky pelujin NOpeaACTaBUTL B BUAC [ABYX JUIJICKTPHUUCCKUX IIJIACTHH,
PpacCmoJIOKCHHBIX Ha HEKOTOPOM pPACCTOSAHUHN d, CyMMapHLIﬁ KOB(IJ(l)I/IHI/IeHT OTPpAKCHUSA OT KOTOPBLIX 6y[[eT
HU3MCHATBHCA B 3aBUCHMOCTH OT TOJHIWHBI IIJIACTHH, HX ,HPIBJIGKTpPI‘-IeCKOﬁ TIIPOHUIIAEMOCTH E, n paccroaausa
MEXIAY HUMH.

HGHLIO [EpBOro osTama pa6OTLI OBLIIO HCCICAOBAHNE BO3MOKHOCTHU IIOJYYCHUA 3aJaHHOIO MOAYJIA

ko3 duineHTa oOTpakeHHs (HampuMep, |R|=0,2) B TMOJIOCE YacTOT OT CHUCTEMbI, COCTOSIIEeH U3

JUAIEKTPUUECKUX TIJIACTHH, M3MEHSAS HX TOJIIUHY, AUIIEKTPUYECKYIO IMPOHHUIAEMOCTh -& , U PACCTOSHHE
MEX/1y HUMHU.

Llenslo BTOpOro sTama pabOTBHl ABIANOCH PACUYETHOE HCCIENOBAHUE BO3MOXHOCTU IOTYYECHUS
ONTHMAJIBHBIX 3HEPTeTHUECKUX W TOJIIPU3AIMOHHBIX XapaKTEPUCTHK X- 0Opa3sHOTO IIEIEBOT0 M3JIydaTelsis C
MIOMOIIBIO AMAIIEKTPHYECKUX BCTABOK, BHITOIHSIONINX POJIb COTIACYIOLIETO JIEMEHTa Ha BXOJE U KOMIUICKCHOH
Harpy3KH Ha BBIXO/I€ BOJTHOBOJIA.

B KoHeyHOM cuere, HEOOXOAMMO pEMINTH 3aJady CHHTE3a, COTJIACOBAHHOTO X-00pa3HOro IIENIeBOTO
M3JTydaTes ¢ KpyroBOi MOJsIpU3aluei.

PE3YJbTATBI UCCJEJOBAHUI

PaccmarpuBanach cuUCTeMa, COCTOAIIAs W3 BOJHOBOAHOM cekuuu ¢ X-00pa3sHOHM INENbl0 B IIMPOKOH
CTEHKE IPSMOYTOJILHOTO BOJHOBOJA, COTJIACYIOLIET0 YCTPOMCTBA B BHJE ABYX IUAJIEKTPUYECKUX BCTaBOK Ha
BXoJic (HA30BEeM TAKyl0 CHCTEMY JBYX IHMAJICKTPUYCCKAX BCTABOK - MEpBas MUAJNICKTpUYECKas MpoOKa), U
KOMIUJICKCHON Harpy3ky, IpeACTaBIAoNIed co00i Takke IBe AMINEKTPHUCCKHE BCTABKM B KOHIIE BOJHOBOJA
(Ha30BeM Takyro CHCTEMY [BYX IHIJICKTPUYECKHX BCTAaBOK - BTOpas [HAIEKTpUueckas mpoOka) (puc.l).
JudnekTpuyeckue BCTABKHM NMEPBOM AMAICKTPUUYECKOW MPOOKH BBHIOMpANMCh OJMHAKOBOI TommuHbl O;=d3 ¢
OJJMHAKOBOH JMAJICKTPUYECKOW INPOHULIAEMOCTBIO, PACIIONOXCEHHBIE Ha paccTosiHuu O, Apyr oT apyra.
JudnekTpuyeckue BCTABKU BTOPOH IHAJICKTPUYSCKOH NPOOKH, TAKKe BBIOUPAIHCH OJIMHAKOBOW TONIIMHEI Og =
dg ¢ 0IMHAKOBOW AMDIEKTPUYECKOW MPOHHMIAEMOCTBIO M PACIONarajuch oHM Ha paccrosHud d; X- oOpasHas
IIeNb pacroiarajach Ha paccTOSHUM d, OT TpaHMIBI NepBOH MPOOKM M Ha paccTosHUM ds OT Hadayia BTOPOH
JIIJIEKTPUYECcKO MpoOku. X- 00pa3Hblil H3IydaTellb COCTOSUI U3 JIByX OPTOrOHAJIBHBIX MPSIMOYTOJIBHBIX IEJei
nnmuHou Ly u L, COOTBETCTBEHHO.

3ajaya penrasach METOIOM I10CIIE0BATEIbHBIX IPUOJIKEHUH, ClIeHaIbHO MOAUGDHUIIMPOBAHHOM IS
peliieHns] KOHKPETHBIX 3a1a4 B [4 ,5, 11] B ToM uwmcite, 1 AJIst PEIICHHs TIOCTaBICHHOM 3a1auH.

Puc.1. T'eomeTpus cuctemsl
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B ommume ot pabor [4,5,11], B paccMaTpuBacMOM CHUCTEME HAa KaXJIOM Ilare MOCIICAOBATEIbHBIX
OPUONTMKEHUH YYUTHIBAIOCH OTPa)XCHUE BOJIH OT JMAJICKTPHUYCCKUX BCTABOK M MPOXOXKACHUE Yepe3 HUX B
CTOPOHY T€HEepaTopa U Harpy3KH.

KoadpduumeHnTsl oTpakeHHS W TPOXOXKACHUS [UIS YKa3aHHBIX AMAIIEKTPHYECKUX HEOIHOPOTHOCTEH
MOJYYCHBl B PE3YJbTaTe PEIICHWS COOTBETCTBYIOMICH JIIEKTPOAWHAMHYECKON 3amaud. [ HccliegoBaHUS
(hM3MYIEeCKUX 3aKOHOMEPHOCTEH pacCcesHUs SJICKTPOMArHUTHBIX TOJEeH Ha CIIOXKHBIX BOJHOBOJHO-IIIEIEBHIX
HEOJHOPOJHOCTSAX B BHJIE KPECTOOOpa3sHOH INend B BOJHOBOAE B MPHUCYTCTBHH IUAIIEKTPUICCKHAX IIPOOOK
BOMM3M HeE€, OBUIM TIOCTPOCHBI AalNTOPUTMBI W COCTABICHBI MPOTPAMMBI pacdeTa HSHEPreTHUYECKUX U
MOJISIPU3AIUOHHBIX XaPAKTEPUCTHK TAKUX CUCTEM.

Ha mepBoM 3Tame pa®oThl OBLIO MPOBEICHO MCCICIOBAHUE BO3MOYKHOCTHU MOJIYUCHHS 3aJaHHOTO MOMYJIS
ko3 duimeHTa OTpakeHUs (HAIPUMED, |R|:O,2) B TMOJIOCE YacTOT OT IHPOOKH, COCTOSIICH U3 IBYX

JIVDJIEKTPUYECKUX IulacTuH. [lapamerpaMu 3ajgayu OBLIM: TOJIIMHA IUIACTHH, & - WX JUIJIEKTpUYEcKas
NPOHUIIAEMOCTb, M pPACcCTOSIHME MEXIy IUlaCTHHaMH. B kadecTBe mnpumepa Ha puC. 2 TpeICTaBJICHEI
3aBUCHMOCTH MOJIYJsl KO3(QQUIMEHTa OTpPaKCHUs] OT YacCTOThI JUIi CHCTEMBI IUAJIEKTPUYECKHX IUIACTHUH
oauHakoBoit TommuHbl dg = dg, =0.875MM, MMEIOIIHEe OJMHAKOBBIC 3HAYCHHS & =2 W PACHONIOKCHHBIC Ha
pasIu4HbIX paccTosHusx d;. OO03HAUeHHUS] KPUBBIX Ha puc.2 cootBeTcTBYIOT: 1 - 07=0.9MM; 2 - d7=1.0MM; 3 -
d;=1.1mwm;
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Puc.2. 3aBUCHMOCTD MO/l KO3 QHUIIMEHTA OTPAKEHHUS OT YACTOTHI ISl CACTEMBI U3 JABYX JHIJICKTPHUCCKUX
TUTACTHH ¢ & =2

[TokazaHo, YTO C IOMOIIBIO CHCTEMBl W3 AMAICKTPUUECKUX IUIACTHH, M3MEHSS WX TONIIMHY, & H
paccTosiHie MEXIY HUMH, MOXKHO IIOJYYHTh HEOOXOIMMBIA MOIYNb KO3(GQHIMEHTa OTPaKEHUS |R|=0,2 B

HIMPOKOI1 Iojioce 4acToT. JpyruMu cioBamu, MOKa3aHO, YTO ABE AMAIEKTPUYECKHE IUIACTHHBI OINpPeeNeHHON
TOJIIIMHEI C 33IaHHBIMH 3HAYCHUSAMHU TU3JIEKTPUYECKON MPOHUIIAEMOCTH & , PACIIOJIOKEHHBIE B BOJHOBOJIE HA
OTIPEZIETIEHHOM DAcCTOSHUM MOXKHO HCIIOJIb30BAaTh KaK YIPaBIsIeMyl0 KOMIUICKCHYIO HAarpy3Ky B KOHIIE
BOJIHOBOJIA.

Ha BropoM nsrame paGoThl ObUla pelleHa 3afadya CHHTE3a, COIJIACOBAHHOTO X-00pa3HOIO MIENEBOTO
U3IIy4aTelis ¢ KpyroBou NoJisipu3anuei.

Ha pe3onancHol wacToTe OBIIM TIPOBEICHBI PACUYEThl DSHEPreTHYECKUX M IHOJSIPU3AIMOHHBIX

XapakTepucTHK X-00pasHol menu.  PacueTl NpPOBOMMIIMCE JUIS DasiUyHBIX napamerpoB: i o, & -

JMBJIEKTPUYECKas MPOHULAEMOCTh MepBoi mpoOku, dg d7 &,- JIMONEKTpHYECKass IPOHMIAEMOCTh BTOPOH

npoOku, jutH mieseit - Ly L, u paccrosauit dg, ds ot X-06pasHoii 1mesu 10 COOTBETCTBYIOIIMX MPOOOK .
B PE3YyIbTATC PCIICHUA 3ada4yd CHUHTE3a, ONTHUMAJIbHBIMU ITapaMeTpaMu ObLTH BBI6paHI)I T€, KOTOPBIC
o0ecrevmsii MHUHUMAIIbHOE OTPaXXCHHE INPU BBICOKHX KOIP(PUIMEHTAX JIUIMNTHYHOCTH M U3NMydeHHs: d;

=2,6mm; dy =0,1mm; &= 2,9, dg=13mm; d/=2,2mm; &,=7,5; d4=(?\,g/1,9+0,3)MM; ds= A

14,42mm; L, =13,6MM .
PesynpTathl pacdera ONTUMAaIbHBIX 3aBUCUMOCTEH KO3 (GHUIIMEHTOB AIUIHNTHIHOCTH, m3nydeHns 1 KCBH

-6mMm;  Ly=

g

Ha BXOJI€ OT YaCTOTHI ITPEACTaBIICHbI HA PUCYHKaX 3-5 COOTBETCTBEHHO.
Ha puc. 3 Ha pe30HaHCHOH 4acTOTe MapKepamMH OTMEYEHBI pacdeThl KO3()(OUIMEHTOB MUIMOTUYHOCTH I

JUISL pa3JInYHBIX BapHaHTOB KOHCTpyKumi. Tak, MapkepoM ¢ HOMepoM | OoTMeueH BapHaHT, Korja X-oOpasHas
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HIeJh HAXOMUTCS B OCCKOHCYHOM BOJHOBOJE. BuaHo, uto B 3TOM cinydae r= 0,72; ISI2:0,62; KCBH=1,15.
Mapxkepsl ¢ HOMEPOM 2 COOTBETCTBYIOT BapHaHTy, Koraa X-oOpasHas ILIelb HaxOAUTCS B BOJHOBOAE C
KOMIUIEKCHOH Harpyskoi, B sTom caydsae r= 0,92; 1S1°=0,65; KCBH=1,42. Mapkepsl ¢ HOMepoM 3 - X-
oOpa3Has Ienh B BOJHOBOJEC C KOMIUIEKCHOW HArpy3KOH WM COTJIACYIOUICH CEKIMeW W3 AMAICKTPHYECKUX
IIacTHH, B 3ToM ciydae = 0,97; 1S1°=0,85; KCBH=1,25. KpuBast 4 COOTBETCTBYeT BapHaHTy X-06pa3Hoii
IIETH B BOJTHOBOJIE C ABYMS AMAICKTPHISCKIMH poOKaMu, B 3ToM cirydae = 0,996; ISI220,9; KCBH=1,25. U3
PHCYHKOB BUJHO, 4TO B moisoce yactoT 10,35 - 10,75I'Ty ynaercst moixyduTh KOI(QQHUIUEHT SIITMITHYHOCTH
6ombie ypoBHs 0,7.

Taxum 06pa3om, NOKa3aHO, YTO HA PE3OHAHCHOW YacTOTE B PE3yJIbTAaTe ONTUMU3AIMHY ITapaMeTpOB X-
IIEJTH MOXKHO MOJYYHUTh BBICOKUH KOd(duumeHT amuuntaaroctd (r = 0,99 ), BBICOKHI KOIDDUIHEHT H3TyYCHHUSI
(ISI=0, 9) 1 KCBH=1, 25.

1,0‘ 9. 3 1'5_

0,94 2 1,44
- 3 K = 1,34 4 -
0,84 3 \/'\/

N4
12 — 3

071 * N ¢ ‘
! 1,1 Ny
0,6 T T T T 1 1,0 T T T T ]
103 1104 105 106 10,7 108 103 104 105 106 10,7 10,8
f, GGz f, T
Puc. 3. 3aBucumocTs K03 UIMEHTA AILTUITHIHOCTH Puc. 4. 3aBucumocts KCBH ot wacToTs
OT YacTOTHI.
1.0
4
091 ., =N
u
o 0.8 ™3
<
0.7+
‘/2
0.6 N .

0.5 : : : : .
10.3 104 105 10.6 10.7 10.8
f, ITu

Puc. 5. 3aBucumocTts K03QPUIHEHTA U3TyUEHUS OT YaCTOTHI

BBIBObI
Takum 00pa3oM, MOKa3aHo, YTO MPUMEHSS TUIIEKTPUIECKUE BCTABKH, BBIOJIHSIOIIME POJIb COTTIACYIOINX
2JIEMEHTOB Ha BXOJIe ¥ KOMIIEKCHON HAarpy3KH Ha BBIXOJIE BOJIHOBOJA ¢ X-00pa3HOii IEIbI0 MOXKHO YIPaBIISATh
MOJISIPU3AUOHHBIMU M YHEPTeTHYECKUMH XapaKTEPUCTUKAMM TAKHX H3JydaTelied W IOJNYy4UTh B PE3yJbTaTe
ONTHUMHM3AIMYE MAPaAMETPOB HAa PE3OHAHCHOW 4YacToTe BBICOKMI kodd¢uuueHT smumntuynoctn (r= 0,99 ),
BbICOKHH Ko durment manyuenus (ISI=0, 9) 1 KCBH=1, 25.
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