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AHHoOTanusa

AxkmyasvHocmb. HccaedosaHusi Ko/byesblX pe30HUPYWUX CMpyKmyp 6bl3bledem uHmepec y paspabomuukos
CBY ycmpoiicms, Hekomopble 0CO6eHHOCMU KO/1bYe8blX 3/AAUNMUYEeCKUX Pe30HAMOopo8 npusodsim K 603HUKHOGE-
HUK VHUKA/bHbIX c80licme nepedamoyHbix xapakmepucmuk. Ocoboe 3HayeHue npu Ucno1b308aHUU JAHHbLIX pe30-
HaMopo8 umeem cnocoo6 ux 8036yxcdeHus. [lpu onpedeseHHbIX YCA0BUSIX 8 IMUX CMPYKMYPAX 803MOHCHO NOJAYYEHUE
pedxcuma b6ezyujeli 801Hbl. CuHMeE3y MUKpPOBOIHOBbIX ycmpolicms, a makdice ucca1edo8aHuio cnocobos 8036yicoeHus
U OYeHKU pexcumMa 80/H08020 npoyeccd 8 Cmpykmype nocesiujeHa daHHas paboma.

Llesab uccnedosaHuss — npoaHaAU3UPOBAMb U CUCMEMAMU3UPOBAMb UHPOPMAYUIO0 0 CO30AHUU MUKPOBOIHOBbLIX
ycmpolicme ¢ ucno/1b308aHUEM KObYe8blX dA1unmu4eckux pesonamopos (K3P), a makce anpobuposams pesy.ib-
mamul npumeHeHusi cdgoeHHoz20 K3P.

Memodbwl: 8 3moii pabome 6bi1 npogedeH aHAAUMUYEcKUll 0630p AKMyaAbHbIX HAYYHbIX NY6AUKAYULL, a makce 8bi-
NO/IHEHO KOMNblomepHoe MoJeAupo8aHue N0J0CKO8bIX KOAbYEBbIX 3AAUNMUYECKUX Pe30HAMOopos8, pabomarnwux 8
c8epx8vlcoKouacmomHuoMm duanasoHe. B pabome makdice npedcmasieHsl pe3y1bmambel 3KCnepuMeHmos, anpobupo-
BAHHblE PA3HBIMU UCCAe008aMEASIMU, 8 MOM HUC1e noddepicaHHble 2paHmamu PODH.

PeweHue. Bcmambve paccmampugarnmcst 0C06eHHOCMU UCNO01b308AHUS UlelipHbIX NO0CKO8bLIX (hUIbMPO8 U onu-
CbIBAOMCSl 02PAHUYEHUSs, 803HUKAOWUE NPU UCNO/Ib308AHUU NOJ0CKO8bIX pe3oHamopos. IIpedcmassieHa KoH-
cmpykyust K3P u npedsaazaemcs e2o npumeHeHue 8 Kayecmae a/1bmepHamussl N010CK08bIM pe3oHamopam. [Ipuso-
dsmcsl pe3y/1bmambl MHO204UC/AEHHbIX IKCNePUMEHMO8 N0 CUHME3Y MUKPOBOJHOBbIX ycmpolicme Ha ocHoge KIP,
8K/11040as1: 00UHAPHLIU; 080LIHOL pe30Hamopbl; npeceseKmugHble PUAbMpbL; yCUAUmMeaU U 2eHepamopbl, NOCMPOEH-
Hble Ha 0CHOB8e K0/1bYd U AKMUBHbIX dgyxnotcHukax. Takice paccmampusaemcsi npobiema KOMMymayuu pe3oHa-
mopa ¢ ocHogHoll uHuell nepedayu. [lpugodsmcsi pe3y1bmambvl MAKeMuUpo8aHUsl HECKOIbKUX ycmpolicmas, 02paHu-
4UBaAOWUX HANPAB/IEHUE PACNPOCMPAHEHUS 3/1eKMPOMAZHUMHOL B0/HbI 8 KO/IbYE80M Pe30HAmMope.

Hay4Has Hosu3Ha. Bnepsvie npedcmas/seHa KOHCMPYKYUsi 080UHO20 3A1UNMUYECKO20 PEe30HAMOopd, 8bINOIHEH-
HO20 HA 0CHO8E MUKPONO/10CK0B8OU AUHUU. B cmambe npugodsimcst pe3yibmambl IKcnepumeHma, Komopble 0eMOoH-
cmpupyrom docmudceHue yposHs pedcekyuu uabmpa 6osee 70 0b uckaroyumessbHo 3a ciem mono/102uu pe3oHa-
mopa. 06cyxrcdaemcsi npobsiema 8bl60pa cnocoba nUMAaHusl U 06ecneveHust pexicuma pacnpocmpaHeHusi 80/Hbl 8
K3P.

IIpakmuyeckasa 3HAYUMOCMb: pe3y/1bmambl, NoJjy4eHHble 8 xode pabombvi, Mo2ym 6blMb NPUMEHEeHbl 045
co3daHusi pe3oHamopa 6ezyujetll 80/HbI HA MUKPONOJAO0CKOBOU AUHUU UAU 8 OpYy2UX NAAHAPHBIX UAU 00BEMHbBIX
KoHuzypayusix. Takxce pezysbmambvl UCCAE008AHUSL CAYHCAM OCHOB0U 0.5 c030aHUsl 0600ujeHHOl meopuu
CUHMe3da KOo/1ble8blX pe30HAMOP08 MUKPOBOIHO8020 JUANA30HA O1UH BOJIH.

Knw4yeBsble c10Ba: K0/1byesoll s11umnuveckull pe3oHamop, pe3oHaHc, guibmp, do6pomHocmy, 6e2ywas 80/Ha,
cunmes, CBY
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Annotation

Actuality. Research of ring resonating structures is interesting to developers of microwave devices; some features of
ring elliptical resonators lead to the emergence of unique properties of the transmission characteristics of the device.
Method of excitation for CER is particularly important. It is possible to obtain the traveling wave mode in these struc-
tures, under certain conditions. To the synthesis of microwave devices, as well as to the study of methods for exciting
and evaluating the mode of the wave process in the structure this paper is devoted.

Object. The purpose of the study is to analyze and organize information about the development of microwave devices
using circular elliptical resonators (CERs). Authors also want to test the results of using dual CERs.

Methods. The authors have conducted an analytical review of recent scientific publications and performed computer
modeling of microstrip ring elliptical resonators that operate in the ultrahigh frequency range in this work. The paper
also includes the results of our experiments, tested by various researchers, including those supported by grants from
the Russian Foundation for Basic Research.

Result. The article explores the unique characteristics of loop strip filters and highlights the limitations of using strip
resonators. It that describes the design of a ring elliptical resonator (CER), and suggests its potential as an alternative
to microstrip resonators. The paper presents the results of numerous experiments on the development of microwave
devices based on CERs. The results of numerous experiments of the synthesis of microwave devices based on CER and
including: single; double resonators; preselective filters; amplifiers and generators based on a ring and active bipolar
are presented. Additionally, the issue of connecting the resonator to the main transmission line is addressed. The
results of modeling several devices that limit the direction of propagation of an electromagnetic wave in an annular
resonator are presented.

Scientific novelty. This article introduces a new design of a double elliptical resonator based on a microstrip line. It
also describes the results of an experiment that shows that the resonator topology can achieve a filter rejection level
of over 70 dB. In the article, the authors also discuss the problem of selecting a power supply method and ensuring
the wave propagation mode in the CER.

Practical significance. The results obtained in the course of this work can be used to create a traveling wave reso-
nator on a microstrip line or in other planar or volumetric configurations. The results of the study also serve as the
basis for the creation of a generalized theory of synthesis of ring resonators in the microwave wavelength range.
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Beeaenue 9TO HEYAUBUTEJILHO, TaK KaK C OCBOEHHEM 60Jiee Bbl-

TloCTOSIHHOE pa3sBUTHe YCTPOMCTB M TexHonoruii  COKHX 4acTOT Bee Go/ibluee BHUMAHUE yAe/seTCsl KOH-
CBY guamnazoHa Tpe6yeT MOBbIIIEHUS CTeleHu uHTe-  CTPYKTHUBHBIM  KOMIOHEHTaM WHTErpajbHbIX CXeM
rpalyy OCHOBHBIX TONOJIOIHYeCKUX pewmenui, yautpl-  (AC): COGMHUTE/IbHBIE JIMHHIH, pacTIpe/ie/IeHHbIE eM-

BalOIIMX PaCIpPOCTpaHEHHE BOJIHbI B JU3JIEKTPUKaX. KOCTH, MHAYKTUBHOCTH, II€4YaTHbIE d)HJ'II:prI, pe30oHa-
TOPBI U T. A.
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OcHOBHas CJI0KHOCTb B UCI0JIb30BAaHUH MOA0OHBIX
KOHCTPYKTHUBHBIX 3JIEMEHTOB 3aK/II0YaeTCsl B HE06XO0-
JUMOCTH pa3paboTaTh MX TOMOJIOTHIO U UHTErpUpo-
BaTb B €JUHBIN TEXHOJOTMYECKUM LIUKJI CO3/JaHUSA TO-
KOHeCYI[UX CJI0EB WU HallblJIeHUsI N0JIYTIPOBOJHUKOB
Y AW3J1eKTPUKOB. Ha 3TOM 3Tamne Takxe BaKHO obecrie-
YUTb BO3MOXXHOCTb UX HACTPONKHU U KOPPEKTHPOBKH.

B cBsi3u ¢ 3TUM pa3paboTKa HOBBIX 3G PEKTUBHBIX
TOIOJIOTUYECKHUX pellleHuH npruobpeTaeT 0coby0 3HaA-
YHUMOCTb, IOCKOJIBKY TPaJUI[MOHHBIE MOAX0/bl 4YaCTO
He MOIYT YJOBJIETBOPUTb NPOTHBOPEYHBBLIM COBpeE-
MeHHbIM TPe6OBaHUSAM U HE MOTYT ObITh BOCIIPOU3BeE-
JleHbl IpU Nepexo/ie B 60Jiee BbICOKY!0 yacTb CBY gua-
rna3oHa.

Oco6eHHOCTH NUIEHPHBIX PUILTPOB

OCHOBHBIM KOHCTPYKTHUBHBIM 3JIEMEHTOM, UCIOJIb-
3yeMbIM MPU CO3JAaHUU MHKPOBOJIHOBBIX YCTPOMCTB,
sBJsieTCs JUHUA. OTpe30K 3TOM JIMHUY, Ha3blBaeMblH
nute oM, TakKe CIAYKUT OCHOBOH s MHOorux CBY
ycTpoHcTB. lllneiidbl N03BOJAIOT CO3aBaTh HaNpas-
JIEHHbIE OTBETBUTEJH, GUIBTPBI PA3JIUYHBIX TUIIOB, a
TaK)Xe OCYI|eCTBJATh KOMMYTAIUIO U Pa3BsA3KY MUK-
POBOJIHOBBIX TpakToB. Kpome Toro, muieddrr urpawot
Ba)KHYI0 POJIb KaK OCHOBHbIE Pe30HaHCHbIE 3JIeMeHThI
B MIC cBepxBbICOKOH YacTOThI. OJHAKO MUKPOTI0JIOCKO-
BbIM LI} MMeeT HU3KYI JJOGPOTHOCTB, UTO CYyllie-
CTBEHHO OTPAaHUYMBAET ero NpuMeHeHue. [l1s JoCcTH-
»KeHHs TpebyeMbIX XapaKTepHUCTUK QUIbTPOB, HANIPH-
Mep, He06X0JMMO CO3JaBaTh CTPYKTYPbl 60Jjiee BbICO-
KOro mopsiJika.

CpaBHUM rpaduku S-napaMeTpoB JByX GUIBTPOB C
YeObIlIeBCKOM XapaKTEPUCTUKON TPeTbero M NATOro
nopsiikoB (pucyHok 1). @uabTpsl 6bLIM pacCUUTAHBI U
cMofieniMpoBaHbl B nporpaMMme RFSimm c nenTtpasns-
Hol paboueit yactoTol 3 I'T 1 mosiocoit nponycKkaHus
100 MTI'y. Kak BUJHO U3 pUCYHKOB, GUABTp 60Jiee BbI-
COKOTO IOpsA/iKa leMOHCTPUPYeT 60Jiee BbICOKYIO Kpy-
TU3HY. JTO O3HAYaeT, YTO OH 06JIaAaeT ayylleil u36u-
paTesibHOM cnoco6HOCThI0. TakuM o6pas3oM, A/s H0-
CTW)KEHUs] 3aJJaHHOW KpYyTHU3HBbI QUJIbTpPA pa3paboT-
YUK JJ0/KEH JIN00 YBEJUYUTh JOOPOTHOCTb pe30HaTO-
pOB, BbIOpaB COOTBETCTBYIOIUH THUI IMHUU U MaTepU-
ajbl, JU6O TMOBBICUTH MNOPSAAOK camMoro ¢uUJbTpa.
YTOOBI OLleHUTb, HACKOJIbKO U30HUpaTeieH pe30HaTOp
10 YaCTOTe, UCTOJIb3YIOT BEJIMYMHY, Ha3bIBaEMYIO /100-
POTHOCTBIO.

JloGpOTHOCTB MOKA3bIBAET, KAK CUJILHO OTJIMYAETCS
[eHTpaJ/IbHasi 4aCTOTa OT [0JIOChI pE30HAHCA, a TAKIKe —
CKOJIbKO 3HepTUHM 3anacaeT GUIbTP U CKOJIbKO TepsieT
3a OJJUH NepUO/ KoJieGaHus:
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Puc. 1. S-mapaMeTpbl 10J10CKOBOro ¢uabTpoB 3-ro (a) u 5-ro (b)
MOPAAKOB

Fig. 1. S-Parameters of 3rd (a) and 5th (b) Order Bandpass Filter

TABJIMLIA 1. CpaBHeHHe XapaKTepUCTUK QUIBTPOB 3-T0 U 5-T0

NOPAJKOB
TABLE 1. Characteristic Comparison of 3rd (a) and 5th (b) Order Band-
pass Filter
DuabTphI
XapaKTepuCTUKHU
3-ro nopsAKa 5-ro nopszaka
LleHTpa/ibHas YacToTa 3ITh
YacToTa HUXKHEro cpe3a 2,928 T 2,944 T
YacToTa BepxHero cpesa 3,072 T 3,056 T
[Tonoca nponyckaHus 144 MI'y 112 MI'y,
Jlo6poTHOCTB 41,67 53,57

TakuMm o6pasomM, yBesndeHHe mopsgka GUIbTPA
MOKHO pacCMaTpPUBaTh KaK MOBbILIEHHE JOOPOTHOCTH
pe3oHaTOpoB. B Teopuu ¢unbTpanuu o6GBIYHO pac-
CcMaTpHUBAOTCA GUIBTPBI HA JJUHUAX 06€3 I0Tepb, U 10-
3TOMY MOXXeT BO3HHUKHYTb 3a6JIyKAEeHHE, YTO YBeJIHU-
yeHUe nopsAKa QUAbTpa M03BOJISAET NOJYIUTD JIOOYIO
KpyTu3Hy. OZHaKO Ha caMOM Jiesie KpyTH3Ha GUIbTpa
B IIepBYI0 o4epe/ib onpejeseTcs JOGPOTHOCTbIO pe-
30HATOPOB.

Takxke cyefyeT y4ecTb, YTO C pOCTOM paboueil ya-
CTOTBI pa3Mepbl LIIEH(OB 3HAYMTENBHO YMeHbIIa-
1oTcA. HanpuMep, Ha yactoTax cBbiie 10 I'T' pasmMepsl
YeTBEPTHBOJIHOBBIX LIIEH(OB CTAHOBATCA CTOJb
MaJibl, YTO UX UCIOJIb30BaHUe /IS COTJIAaCOBAaHUSA CTa-
HOBUTCS KpaliHe 3aTPyAHUTENbHbIM.

InekmpoHuKa, homoHuka, npu6opocmpoeHue U césA3s
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KosbueBoii 3/1/IMNTUYECKUNA pe30HaTOp

B kauecTBe a/ibTepHATHUBBLI MOXXHO PaCCMOTPETH BO3-
MOXKHOCTb HPUMEHEHMS KOJIbLEBBIX 3JJIMITHYECKUX
pe3oHaTopoB (K3P) a5 co3aHus pa3MyHbIX MUKPO-
BOJIHOBBIX ycTpoiicTB. KOP npescTasiseT co6oi noJioc-
KOBYIO JIMHHUIO, U30THYTYIO B KOJIbLIO U COeJUHEHHYIO C
OCHOBHOH JINHUEH ITepe/jauu (PUCYHOK 2).

[ ]

Puc. 2. Tonosiorus npocroro K9P
Fig. 2. The Topology of Simple Circular Elliptical Resonator (CER)

Beipaxkenus (3) u (4) oTo6GpakalOT 3aBUCHMOCTH
pPe30HAaHCHOM 4aCTOThI M T€OMETPHUH KoJiblla. B3anmo-
CBSI3b PE30HAHCHOW YaCTOThI C 3KBUBAJIEHTHBIMHU HUH-
JYKTUBHOCTBIO U €MKOCTbIO KOJIbI}a YCTAHABJIUBAET B
cooTBeTcTBUH C (5).

Cc
fpe31 = WE: (3)
= (1+ g) A 4)
1
fpesZ = m (5)

Mopens K9P u pesynbTaThl ee pacyeTa NpescTaB-
JIeHbl Ha pUCYHKax 3 U 4.

Zo=50R Zo=50R
v = 300M m/s|Edl v = 300M m/s '
=0,05m I 1=0,05m

Puc. 3. Mogenb K3P
Fig. 3. The Model of Simple CER
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Puc. 4. 06muii Buj S-napamerpoB K3P

Fig. 4. The Image of S-Parameters Characteristics

Pe3onaHcHad yactota K3P HenocpencTBeHHO CBA-
3aHa C ero reoMeTpuyecKMMH mnapaMmeTpamMu. OHa
onpefesseTcsl KOJUYECTBOM JJIMH MOJYBOJIH, YKJa-
JbIBAIOIINXCS B KOJIBLO (3, 4), C yueTOM Au3JIeKTpUie-
CKOM MpoHUIlaeMoCTH MaTepuasia. Kpome Toro, K3P
06J1ajlaeT U APyrod pe3oHaHCHOM YacTOTOM, CBSI3aH-
HOM C ero NOTOHHBIMU NapaMmeTpaMu. Eciu npepcra-
BUTb K9P Kak MHAYKTUBHOCTBb U eMKOCTb JINHUH Tepe-
Jlaud, TO Pe30HAHCHYIO YaCTOTY MOXXHO BBIYUCJIUTD 110
dopmyue (5).

HccnenoBanuo pe3oHaHCHbIX cBoMcTB KJP B 3aBu-
CHMOCTH OT F€OMETPUH TONOJIOTUU IOCBSIIEHA CTAThs
[1], B xkoTOpO# 6blIa AoKa3aHa PabOTOCHOCOGHOCTH
K3P. KitoyeBbIM JJOCTHMXKEHHEM CTaJI0 COBMeIleHHe
JIBYX paHee pacCMOTPEHHbIX Pe30HAHCHBIX YaCTOT, YTO
MO3BOJIUJIO JIOCTHUYb OCJIabJIeH!s] HA pe30HAHCHOU Ya-
croTe 60J1ee 30 5. CTOUT OTMETHUTh, UYTO TaKOE 3HAYHU-
TeJbHOe oc/abJyieHue paJjioCUrHajla CTajJl0 BO3MOXK-
HBIM TOJIBKO 6J1aroZjapst HCI0Jb30BaHHIO KOJIbLA.

JBOMHOM KOJIbLLeBOH 3IVIMITUYECKHUA pPe30HATOP

B pamkax skcrmepuMeHTa KOHCTPYKLMS ABOWHOIO
K9P 6blya ycnemHo UHTerpUpoBaHa B MaKeT IJIAThI
CBYaumamnasona. b u3arorosseHbl MakeTbl K3P ¢
pacdeTHoH yactortoit 3 [T (prcyHoK 5) 1 MpoBeieHbI
M3MepeHMs Ha BeKTOPHOM aHa/lu3aTope Liened B Ya-
CTOTHOM Auana3oHe ot 1 go 15 I'Tw,.

Puc. 5. MakeTsl gBoiiHoro K3P: a) THna «BoCcbMepKa»;
b) Tuna «cnupaab»

Fig. 5. Double CER Layouts in the Form of “Eight” (a)
and “Spiral” (b)

Electronics, Photonics, Instrumentation and Communications
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B xozie skcneprMeHTa GbLIM HCCIeA0BaHbl Pa3any-
Hble CHOCOOBbI BKJ/IIOYEHHS PE30HATOPOB B JIMHUIO
TPaKTa, a TAKXKe pacCMOTPEHO, KaK 3TH CI0COObI BJIU-
SIIOT HAa UTOTOBBIE XapaKTePUCTUKHU Pe30HATOPOB.

Pe3ysbTaThl ccie0BaHUS TepBOTO MaKeTa (pucy-
HOK 6a) 0Ka3aJiy, YTO KOHCTPYKIHUS C IOJK/I0YeHHeM
THIIa «BOCbMepKa» obecneyuMBaeT HauJyullee COrJa-
COBaHMe C TOYKH 3peHUs I0Tepb HA YacToTe 0KoJo 1,5
[Tu. Ho Hau6 o1l UHTEpeC IPeCTaBISAIT JaHHbIE
3KCIEepPUMEHTA C TOMOJIOTHEH MaKeTa «CHUupaib» (pU-
CYHOK 6b). Ha yactoTe 2,7 I'Ty, KoTopas 6bL1a 6J113Ka
K pacyeTHOH, OBbLJI 3aMeYeH Pe30HAHC C 0cjaabieHHueM
6osiee 30 ab. Ho camoe yauBUTEIbHOE — 3TO BTOpas
pe30HaHCHAas 4YacTOTa XapaKTepPUCTHUKH, KOTOpas
Oblj1a BJIBO€ Bblllle MEepPBOM M COCTaBJisJa NPUMEPHO
5,4 I'Tn, c ocnabyieHneM okoJio 72 nb.
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Puc. 6. Pe3yibTaThl 3KClepuMeHTa ABoiiHoro K9P Tuna
«BOCbMepKa» (a) 1 Tuna «cnupasb» (b)

Fig. 6. Measurement Results CER in the Form of “Eight” (a)
and “Spiral” (b)
3a roapl HayyHOM pab6oThl B CII6GI'YT ucciaenona-
sqnck K3P pa3yiMyHbIX KOHCTPYKLMM: KaK NJIaHApHBIE,
TakK U 00'beMHbIe CTPYKTYphbl KOJIbLIEBBIX PE30HATO-
POB, a TaKXKe BCEBO3MOXHbI€ TUITbI MUTAIOLUIUX JUHUHI
(MHKpPOIIOJIOCKOBBIE, CIHUpaJbHbIE, KOAKCHAJbHBIE,
06 beMHbIM BotHOBOJ) [2, 3]. Tema K3P crana npeame-
TOM MHTepeca yYeHbIX U3 pa3JUYHbIX 06J1acTell HAyKu

[4-6]. [locie mpoBeseHUSI MHOTOYHCIEHHBIX UCCIIE/0-
BaHUH OBLJIO BHOBb MOJTBEPXKAEHO, YTO CBOWCTBA
YCTPOMCTBA B LeJIOM BO MHOI'OM 3aBUCAT OT crocoba
NUTAHUS KOJIbIIA.

IIpecenekmop yvacmomul Ha ocHoge K3P

W3 ckazaHHOro paHee ciefyet, 4to oauH KIP
MOXHO JIErKO UCIOJIb30BaTh AJ151 CO3aHusl IpeceseK-
TUBHBbIX QUJIBbTPOB, KOTOpble OyAyT paboTaTh Ha 4a-
CTOTe TpakTa. Takxke CyleCcTByeT BO3MOXHOCTb 00'b-
eIMHUTb HeCcKoJibKO K9P ¢ pasHbIMU pe30HAaHCHBIMU
YacTOTaMH B OJTHO YCTPOKCTBO, KOTOpoe 6yzeT GyHK-
MOHUPOBATh Ha OJIM3KUX YacToTaX. OKUJaeTCs, 4TO C
MIOMOLIbIO OZJHOT'0 KaHaJla lepeiayy MOKHO Oy AeT 06-
pabaThiBaTh CHUTHaJjbl Ha pa3HbIX 4YacTOTax, U 3Ta
CTPYKTypa O6yAeT HallOMUHATb aHAJIOTOBBIN JEMYJIb-
THUILJIEKCOP.

Ycuaumenwv Ha K3P

HecmoTps Ha cBoto npoctoTy, K9P 06/1azaeT 3Hauu-
TeJIbHBIM OTeHIMaIoM. [[OMHMO CBOUX CeJIeKTUBHBIX
CBOMCTB, OH MOXKeT NPUMEHSAThCS AJ151 YCUJIEHUS U CJ10-
»KeHHUS MOLHOCTH aKTUBHBIX ABYXIOJOCHUKOB.

B pa6ote [7] O6blIM HcCeA0BaHbl pa3jIMuHbIe CIIO-
co6Gbl BKJIOYEHHS] AKTHUBHBIX JBYXIOJIOCHUKOB B
CTPYKTYPY KOJIbLIEBOrO pe3oHaTopa. B ofHOM M3 3kcC-
NepYMEHTOB HCI0JIb30BaJICSI OOBIYHBIA TYHHEJbHBIN
JMOJI, COeJUHEHHBIN € KOJbLOM. B uTore 66110 OCTHUT-
HYTO yCUJIEHHEe CUTHAJIa Ha 3aJjlaHHOoH YacToTe 0 14 nb
pUu KOHKpeTHOU reoMmeTpuu KI3P. 3TOT pesynbTaT Mo-
)KeT HaWTHU NpHUMeHeHHe B YCTPOWCTBaxX C MojaBJe-
HUEM [T060YHBIX FTAPMOHHUK.

AnasnorudHas koHcTpykuua K9P Takke paccmarpu-
BasIach KakK CI0CO6 CyMMHPOBAaHUS MOIHOCTH CUTHa-
JIOB, UCXOJSAIIUX OT HECKOJBKHUX aKTUBHBIX [IBYXIIO-
JIIOCHUKOB [8].

TI'enepamop Ha ocHose K3P

Krnaccuueckasi cTpykTypa MHUKPOBOJIHOBOTO TeHe-
paTopa npejcTaBjseT cO60M UCTOYHUK 3JIeKTpoMar-
HUTHBIX KoJIe6aHUH, OKpY)KEeHHbIA pe3oHaTopoM. B
paboTax [9-11] 6bLIM HU3y4YeHbl TeHepaTOpbl Ha OC-
HoBe K3P c MHTerpupoBaHHBIM [BYXIIOJIOCHUKOM. B
X0Jle 3KCIlepUMeHTa ObljJa JOCTUTHyTa BHeYaTJAo-
s COrJIaCOBAaHHOCTb pe3y/IbTaTOB PacyeToOB U IKC-
neprMeHTa (pUCyHKH 7-9).

IIpo61ema kommyTanuu KIP 1 ocHOBHOrO TpakTa

B nocsiegHee BpeMs yueHble aKTUBHO U3y4alOT pac-
npejesieHue 3jeKTpoMarHutHoro noJjsg B KIP. Kak
yKe HeOoJHOKpaTHO OTMedasoch, cBoiicTBa KIP Bo
MHOTOM 3aBHUCAT OT CHoco6a MUTAaHUs pe3oHaTopa.
[Ipu 06bIYHOM rajibBAaHUYECKOM CBSI3U BOJIHA BXOJUT B
KOJIBLIO M PAacHpoCTpaHsIETCS B JBYX HalpaBJIEHUSX,
YTO MPUBOJUT K 00pa30BaHHUI0 CTOSTYel BOJIHBL Teope-
THUYECKH, MOXKHO CO3/aTh YCJI0BUA AJI pacpocTpaHe-
HUS BOJIHBI TOJIbKO B OZJHY CTOPOHY, YTO 3HAYUTEJbHO
MOBBICUT JO6POTHOCTh pe3oHaTopa. Co3zaHue TaKoro
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pe30HaTOpa MO3BOJIUT CO3JaTh GEryLIyl0 BOJIHY, IO-
TeHIMaJl UCI0JIb30BAaHUS KOTOPOH MpPaKTUYECKU Ge3-
rpaHHYEH.

o |em e ZemesR TR v il i
vt | sm g 3 v=221Mm/s: -
by [t S 1=743m |
Cgze=ger T s
e V= 2IMMIS0e snve v e 7 —g0n BT
1=0,0428m == -v=221Mm/sf--
o g=00638m
@ ............
o8l oo Syl ol )
.......... vE22AMmls: - - e
L I e i B e
a)
R
Il s11
) / I\
N

b)

Puc. 7. [IpyHOMnuaabHas cxema (a) v amyJisinus pa6orsi (b)
reHepaTtopa Ha K9P B nporpamme RFSimm

Fig. 7. RESimm Schematic Diagram (a) and RFSimm Simulation (b)
of the Generator Based on the CER

Puc. 8. Pe3y/1bTaThl 3KCIEPUMEHTA MO reHepanum 4acToThI
Ha K9P

Fig. 8. Experimental Results of the Generator Based on CER

Puc. 9. 3dmop makeTta reHepaTopa Ha K9P

Fig. 9. Plot of Generator Based on CER

B [7] 6B paccMOTpeHbI HECKOJIBKO CIOCOGOB
OTpaHUYeHHUs HaNpaBJeHUH pacnpoCcTpaHeHHUs 3JieK-
TpOMarHuTHOU BoJiHbl B KIP: ucnosib3oBanue peppu-
TOBBIX BEHTHJIEH U HallpaBJIeHHbIX OTBETBUTEJIEM.

B xoze wuccinenoBaHus ObLIM pa3pabOTaHbl He-
CKOJIbKO Mogesielt KOP, B KOTOpble ObLIM UHTETrPUPO-
BaHbl MUKPOBOJIHOBbIE BeHTUJIU (pucyHok 10). B pe-
3yJIbTaTe 3KClepPUMeHTa ObLIO JOCTUTHYTO HEB3aUM-
HOe pacnpocTpaHeHMe BOJIHbI B TpakTe. [loTepu Ha pa-
6oueii yactote oT nopTa 1 K mopty 2 coctaBuu 15 1B,
aoT nopra 2 K nopty 1 - okosio 21 aB. 3TOT pe3ysbTaT
CBU/IETEJbCTBYET O TOM, YTO YJJaJI0Ch YACTUYHO Orpa-
HUYUTH HallpaBJeHUe PacIpOCTPaHEHUs BOJHBI.

b)
Puc. 10. MakeTt K3P (a) u ero crpykrypa (b)
C MHTErpUPOBaHHBIM BEHTUJIEM

Fig. 10. The CER Layout (a) and its Structure (b) with an Integrated
RF-Valve

Takke ObLT pPacCMOTPEH METOJ| BO3OYX/EHUS
BOJIHBI B pe30HATOpPE C MOMOIIbK HAaNpaBJEHHbIX OT-
BeTBUTEJIE Ha CBSI3aHHBIX JIMHUSX C Pa3JAYHOM
HamnpaBJieHHOCThI0 (pucyHok 11). Beuio ucciesoBano
HECKOJIbKO MaKeTOB, B KOTOPBIX KOJIbIIO BO36YXKJa-
JIOCh Yepe3 00bIUHbIE OTBETBUTE/N U HaNpaBJeHHbIe
OTBETBUTEJN Ha HEPETYJIIPHOU JIMHUU. IKCIIEPUMEHT
MOKa3aJl, YTO MaclITaGHbIA MaKeT C HallpaBJeHHbIMU
OCBETUTEJNSIMHU Ha OOBIYHBIX CBSI3aHHBIX JIMHUSAX
nMeeT GoJibliee ociadeHue (0kosio —25 ab), uem ma-
KET C OTBETBUTEJNSIMHU Ha HePEeryJspHbIX JIMHUSAX
(oxoso 12 nB).

o
i

Puc. 11. MakeT K3P c Bo36Gy>K/ieHHe BOJTHBI
4yepes HanpaBJ/IeHHbIEe OTBETBUTE/IU

Fig. 11. A CER Layout with Wave Excitation through Directional Couplers
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3akJ/IloueHue

Jna co3panusa K9P MoKHO MCNOJIb30BaTh pas3Jiny-
Hbl€ TUIIbI IUHUW: MUKPOTIOJIOCKOBBIE, KOAKCHAJIbHBIE,
KOIJIAHAapHbIE, 1IeJieBble U Jpyrue. DTU Pe30HATOPHI
HallJIM [IUPOKOEe NPHUMEHEHUE B CaMbIX Pa3JIMYHbBIX

HX paboTOCNOCOOHOCTh Oblya JJOKa3aHa IKCIEPHUMEH-
TaJIbHO. [I[puMeHeHre POMBIIJIEHHBIX MATEPHUAIOB U
TEXHOJIOTUM H3rOTOBJIEHUs], 6e3yCJ0BHO, MO3BOJUT
YAYYUIUTb XapaKTePUCTUKU YCTPONCTB Ha OCHOBe
K3P. [IpumeHeHHEe pe30HATOPOB NOJJOGHOTO THIIA pac-

IIMPsieT BO3MOXXHOCTH Pa3pabOTYHMKOB U CO3/]AET JI0-
MOJIHUTEJBHYI0 3JIEMEHTHYIO 06a3y HHTerpajJbHOMN
MHUKPOBOJIHOBOU 3JIEKTPOHUKHU. [JOGPOTHOCTD, TEXHO-
JIOTUYHOCTb, KOHPOPMHOCTb U YA06CTBO NMOJACTPONKHU
AenaroT KIPbl He3aMeHUMbIMU B COBpeMEHHON MHK-
pPO3JIEKTPOHUKE.

YCTPONCTBAX: OT YACTOTHOM CeJIeKLUH 10 YCUIUTeNeH,
reHepaTopoB, YyCTPONCTB pacnpejesieHUs] MOLHOCTU U
Jlake B CO3/JaHUH He B3aHUMHBIX CUCTEM. BoJIbIIMHCTBO
MmakeToB KIP n3roTosjieHO Cc MCIIO/Ib30BaHUEM aAMILIN-
KaLlMOHHOT'0 MeTO0/la HAa OPraHUYeCKUX AU3JIEeKTPUKAX,
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