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Posrysinyro migsunienss 100pOTHOCTI MIBXBU/IHOBOIO PE30HATOPA HA OCHOBI BiZApi3Ka JIiHIT mepenadi, sSKwil
€ amayiorom pe3onaropa Pabpi-Ilepo. Binbusau pe3onHaTopa — Meka Bipi3ka 31 CXiqIaCTUM TE€PEIAIOM
XaPaKTEPUCTUIHUX ONopiB (cximaactuit Bindusaw). dng migsumennasa koedinienTa BIIONTTA 3aIPONOHOBAHO
KOMOIHOBaHU BiabuBad, MO CKIAIaE€THCA 3 JABOX BiIOMBadiB: CX19aCTOrO M PEAKTHBHOIO. 3AIIPOIIOHOBAHO
peaxkTHBHUI BigOnBad HA OCHOBI po3iMkHeHoro muieida. IIpoamanizoBamHo “acTOTHI 3a€KHOCTI AMILTITYIH
Ta ¢as3u kombinoBanoro Bimomsada. [lneitdmi Binbusadi pe3oHATOpa MAOTH OYTH PI3HUMU 33 XaPAKTEPOM
PeaKTUBHOCTI. 3a BiJlaliTyBaHHs Bijl PE30HACHOI 4acTOTU Taki BiAOMBaYl pO3y3rozpKeHi 3a aMILITY1010 Ta
dazo0. Bracmigok 9acTOTHOTO PO3y3roKeHHs BiIOWBadiB pe30HATOpa #Ooro moOpoTHICTH Oiibina, HIXK Yy
pesonatopa Pabpi-Ilepo. HaBegeno aMmmiTy1HO-9aCTOTHI XapAKTEPUCTUKH [IBOX BaPIaHTIB 3aIIPOIIOHOBAHO-
0 Pe30HATOPA 1 JjIsd IMOPIBHAHHSA — BIJIOMHMX PE30HATOPIB HA OCHOBI po3iMkHeHuX wieiidis. Pesonaropu na
ocHOBI mieiidHux BiAOWBaUiB MAIOTh 3HAYHO OLIbITY JOOPOTHICTH. BHKOHAHO MOPIBHSHHS XapaKTEPUCTUK
3aIPONIOHOBAHOIO PE30HATOPA Ta BIIOMUX MIBXBUJILOBUX PE30HATOPIB. 3AIIPOIIOHOBAHUN PE30HATOD Ma€ Oiib-
1y Z0OPOTHICTD, & Oro aMILTITYIHO-9aCTOTHA XaPAKTEPUCTUKA — CMYyT'H IVIMOOKOTO IIOJABJIEHHS, 3y MOBJICHL
pe3onancamu muteiidis. Orpumano HabAKeHy (HOPMYIy Iy JOOPOTHOCTI 3aIIPOIIOHOBAHOIO PE30HATOPA,
o 3a 3aJaH0l A0OPOTHOCTI JIa€ 3MOrY MOINEPEJAHbO BU3HAYUTU 3HAYEHHs KOHCTPYKTUBHUX I[apaMeTpiB
pe3onaTtopa. Po3rasmyTo peaJizariio 3ampornoHOBaHOTO pe30HATOPa Ha, OCHOBI iIHBEPTOBAHOI MiKPOCMY 3K KOBOT

JiHIl 3 ypaxyBaHHAM BTpPAT.
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Bceryn

Bysbkocmyrosi digbTpu Ta OCHUIATOPH HA OCHO-
Bi pe30HATOPIB BUKOPHUCTOBYIOTH y OE3ApOTOBOMY i
MODOLTBHOMY 3B’d3Ky, paiosiokariii, BUIpOOyBaIbHiit
Ta BUMIPIOBaJIbHIN amaparypi. Pesomarop € 6a3oBoio
CTPYKTYPOI CcMyroBoro ¢disbrpa. Bimomi pi3ni koH-
CTPYKIIil pe30HATOPIB Ha OCHOBI PEAKTUBHUX €JIEMEHTIB
i3 30CepeKEeHNMHU, KBa3i30CepePKEHUMHU Ta PO3TO/Ii-
sgenumu napamerpamu [1-3]. IIlupoko 3acrocoByiorhb
PE30HAHCHI CTPYKTYPHU HA OCHOBI miieiidin Jinii mepe-
Jadi.

3HAYHOTO TONUPEHHsT HaOyB IBOBXOJOBWII JIBO-
mIeHTi pe30HATOp Ha OCHOBI TapaJieIbHUX PO3i-
MKHeHuX muieiidis [2]. Pesomarop Mae BUCOKY m00po-
THICTb Ta KPYTH3HY aMILHTYIHO-4ACTOTHOI XapakTe-
pucruku (AYUX) i € 6a3oBum mist cmyrosux biabrpis
[4-9]. Olneiipu pe3onaropa MOIENIOIOTH 30CEpPEzKe-
HUMHU €MHICTIO i iHIYKTUBHOCTIO TTapajeIbHOTO KOJIH-
BAJILHOTO KOHTYPA.

Irma mMomens pe3oHaTopa Ma€ PO3MOIiIeHWH Xapa-
KTep, & CaM PE30HATOD AHAJIOTIYHUI ONTUIHOMY PE30-
naropy ®abpi-Ilepo. Takum aHaIoroM € mMBXBUILOBUH
Bizpizok niHil mepenadi, 38’ a3aHui 3 OCHOBHOIO JIIHIEIO

[IOCJ/TIIOBHUMH E€MHOCTSIMHU, 30KPEMa 33 MaJMX €MHO-
creil — Kpi3b 3a30pu MixK KiHIZAMU BiJpi3Ka it JiiHI€O
[1], abo Ge3mocepaubo. Y meprioMy BUMAAKY BiaOHBad
pe30HaTOPA Y TBOPEHO MOCJIiIOBHOIO EMHICTIO (PEAKTUB-
Huii BiaOuBad), a B APyromy — BiaOuBadem € Mexka
BiJIpi3Ka 31 cXi/[9aCTUM MepernaioM XapaKTePUCTUIHUX
ouopis (cxiguacruii Binbusay).

KmouoBuMm mapamerpoM pe3oHaTopa € 100po-
THICTH. AKTyaJIbHY 337149y CTAHOBUTH I BUIIEHHS J10-
OPOTHOCTI 3a 3aJaHUX KOHCTPYKTUBHUX TAPaMETPIB
pe3oHaTopa ab0 3MEHITIEHHS BUMOT JI0 WX TapaMeTpiB,
SAKIINO JOOPOTHICTE 3aaHO.

Meroro cTarTi € miaBHINeHHsS JOOPOTHOCTI Pe30Ha-
TOpA HA, OCHOBI PO3iIMKHEHWX IIIEH(IB yIOCKOHAIEH-
HaIM HOro KOHCTPYKINi. 3ampomnoHOBAHO PE30HATOD 3
6e3mocepeiHiM 3B’I3KOM 3 OCHOBHOIO JIHIEI0, TII0 MAa€
KoMOiHOBaHI BigbuBadi, yrBOpeHi cxiggacTum BigbOuBa-
4JeM 1 peaKTUBHUM BiIOMBaYeM Ha OCHOBI PO3IMKHEHOTO
meiicdba. HaBegeni B ctaTTi 9acTOTHI XapaKTePUCTUKH
po3paxoBaHo 3a Mojesuto Jinil nepegadi [10]. Xapa-
KTEPUCTUYHI Ta BXiJIHI OIIOPU HOPMOBAHO JI0 XapaKTe-
PUCTUYHOIO OLIOPY JIiHil 1epeadyi.
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1 IliBxBuibOoBWiI pe30HATOpP 3
O6e3mocepeaHiM 3B’A3KOM 3 JIi-
HI€I0 nepejadi

Ha Puc. 1 HaBeseHO MiBXBUJILOBHI PE30HATOP 3
6e3TmocepeIHIM 3B’ I3KOM 3 JTIHIEIO meperati.

o——¢ —oO
1 z 1
o— —— 0o

Puc. 1. IliBxBunboBuit pe3onarop; 1 i z — xapakrepu-
CTUYHI oropu JIiHil i Biipi3ka

HobporricTh pe3onaropa @abpi-Ilepo mopisHioe:
Q =~ ap, (1)

ge o i [ — MHOXHHKH, IO 3aJeXKaTh BiJIOBIIHO
BiZl po3MipiB pe30HAHCHOI MOPOXKHUHK 1 KOoedimieHTa
BimObuTTa BigOwBada, @ = nmw, N — HOMEp TapMOHi-
ki pesonaropa, 31 = |r|7! — |r|, r — koedinienT
BimouTTa BigowsBada. OCKIIBKH I pE30HATOPA, IO
postisigaerbest, o =, a r = (1 — 2) /(1 + 2), maemo:

Qm1|z—2_1‘. (2)

JobpoTHiCTh pe3oHaTOpa 3HAYHO OOMEXKEHa MO-
JKJIMBUM 3HAYeHHSAM z. Tak, HaBiTh 3HadenusM z = 10
abo z = 0,1 Bignosinae smme @ =~ 8. Posrisinemo
MABUINEHHS JTOOPOTHOCTI pe30oHaTOpa 3aBISKHU J07A-
TKOBOMY BiJIOMBaTYy.

2 KowmbinoBaHuii BigOuBa4

Pucynok 2 imoctpye KombGiHOBaHmit BimbuBad,
YTBOPEHU# CXiuacTuM Ta PEAKTUBHUM BiIOMBatdaMMU.

Puc. 2. KombinoBamuii BigduBad; © — peakKTHBHUM OIIip
(3a MozyJieM) peakTUBHOIO BiinOuBada

Ilo3HaumMoO iHJIEKCAMH <«K», «pP» Ta «C» apaMe-
TPU PE30HATOPIB 3 KOMOIHOBAHWMH, PEAKTUBHUMH Ta
cxiggacTumu BimbuBadamu Biamosizao. Momynb Koedi-
mieHTa BigOUTTS BimOWBaYa 3aMUIIEMO Y BUTJISIL

[rl=1-Ar, me Ar<1.

3 dbopwmynu (1) maemo

Q=

™

2Ar”

V pazi kombGiHOBaHOrO BinOuBada

2z
(z+ 1) + 22072

Ar, ~

s 3mentents Ar, MalOTh BUKOHYBATHCS TaKi yMO-
BH:

z>»1, <1,

(4)
3a BUKOHAHHS X yMOB

2

T
Arg = —, Arp = 222, Are ~

ISIN V)

Ak Gauumo, Argy ~ ArpAre/2. 3 ypaxysauusam (3)
MaeMo Qx ~ 2Q, Q.. JobporHicTh pe3onaTopa 3 KOM-
6inoBaHMMU BimbwBadaMm B 2(), pa3 Oimbma, HixXK 3i
cxiggacTuMn.

Hpyra 3 ymoB (4) Bigmosizae pesnnkiit eMHOCTI a60
MaJiiif iIEAyKTuBHOCTI. TakKi BJaCTUBOCTI Ma€ pO3iIMKHE-
HU# mteid mobam3y pe3oHAHCy, BiAMOBIAHO 10 Ta
IiCJIsi HbOTO.

3 BigbuBau Ha OCHOBi pPO3iMKHe-
HOrO 1LIeiida

Ha Puc. 3 naBemeno xoMmbGinoBaHuii BigOuBad Ha
OCHOBI PO3iMKHEHOTO tLTeiida.

Puc. 3. Bigbusau na ocHOBi po3iMKHEHOrO TLIeldha
Koeditmienr BindouTTsa BigbuBada mopiBHIOE

A4z —2

_1,—1 )
(]- + ZBxl.) +z

r =

Jie Zgx. — BXimHW omip tuteida, zzx, = —izmctgkl,
i = /=1, zum — XapakTepuCTHUHmI omip mueiida,
k =2m/A, A\ — noBxuna xBuii, | — goBxkuHA 1LIeida,
I = Xo/4, Ao — pe3oHaHCHA JAOBKUHA XBUJI.

Ha Puc. 4 naBemeHo 4YacTOTHI XapaKTEPUCTUKH
Bimowsada. Ilobmm3y pesomancy rieiida MOIYIb KO-
edimienrta BigbuTTa OMu3bKuUit 10 omuHUI. AK i o9iKy-
BAJIOCsT, MOYJTb KOeMIIi€HTa BiAOUTTS 301IbITY€ETHCS 31
30LIBIIEHHSIM 2 Ta, 3MEHIIEHHSIM Zy,.
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=~ 0,75

Puc. 4. Banexxnocri momayns (a) i (6) Ta dbasn () i (1) KoedimienTa BiaONTTS BigbMBadta HA OCHOBI PO3IMKHEHOTO
meiida; z; = 0,5, 112 (1, 2, 3 Bignosinno), z =1 (a, B), 2 = 2 (6, 1), F = f/fo, f 1 fo — norouna it pesoHancHa
9aCTOTH

Pucynox 4 infocTpye 3HaYHy 9aCTOTHY 3aI€KHICTH
KoedirienTa BimOUTTA BimOMBada Ha OCHOBI PO3iMKHEe-
noro mureiida. Hlneiidu pezonaropa maiors Oyrtu pi-
3HUMU 33 XapPaKTepOM PEAKTUBHOCTI; TOBXKUHA, OTHOTO
3 HAX JEII0 MeHIma 3a [, a iHmoro — mIemo Oiab-
ma 3a [. 3a BigjamryBaHHs Bif PE30HAHCHOI 9aCTOTH
pe3oHaTopa BimOWBadi MalOTh aMILIITyaHE Ta (Ha3oBe
PO3y3ro/izKeHHsl, [0 3POCTAE 3 Bi/ytamryBantsam. Bua-
CJIZIOK ITHOTO JOOPOTHICTEH PE30HATOPA 30LIBITTUTHCS HA,
JIOZIATKOBUI MHOXKHUWK, sIK TOPIiBHATH 3 (hopmyioro (1):

Q= apy, (5)

ge v > 1. Hacrorre po3y3romKeHHsi 3POCTaE 31 3MeH-
LIEHHAM Z 1 30LIbIIEHHAM Zp.

4 TlopiBHSHHs  XapaKTEPUCTHUK

3alPOIIOHOBAHOTO 1 BigOMHUX

PEe30HaATOPIB

Ha Puc. 5 naBezeno pe3onaropu Ha OCHOBI pO3i-
MKHEeHHuX IeiidiB: 3aIpoOnIOHOBAHUN 33 CXEMOIO PE30-
HaTopa @abpi-Ilepo (BapianTn (a) i (B)) Ta Bimomi 3a
cxeMor10 napajiesibioro kourypa ((6) i (r)) (pesonaropu
1-4). Pesonaropu 1 i 3 Biapisustorbes Bij pe3oHaTOpiB
Bimmosigao 2 i 4 sumre micriem min’eaHaHHS MLTEHEIB.
IMapamerpu mneiidis: nosxunn /(1 + ), a = 0,1;

XapaKTePUCTUIHI onopu 2, = 0,54 T1a 0,44 Binmosiza-
HO 3HaKaM «=%». 3HaYeHHs « JOPiBHIOE Bizcraui Bix
pesonancHol dacroru 10 Hysis AYX pesonaropa s
HOpMOBaHOl yactotu F.

1 AN
S < \\.
MR

3 4 % %
() ()

Puc. 5. Pesonaropu: 3 Bimbusauamu-iiiefibamu (a),
nsorteiidunit (6), 3 KoMbiHOBaHNME BinOnBadamu (B),
JBouuieliHuii 3 MiBXBUIBOBUM BiapizkoM (T)

Ha Puc. 6a naseneno AUX pesonaropis 112; z = 1.
AMILITYIHO-9ACTOTHA XapaKTEPUCTUKa pe3oHaropa 1
Ma€ OLIBIN IMIMPOKI CMyTrW MOMABJIEHHS B /iala30Hi
gacror 0,5...1,5. Y Tabn. 1 naBezeHo 3HadeHHsS [10-
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6porrocTi Q pesomaropis 3rigmo 3 AUX, a rmakox 1aba. 1 JloGpoTHiCTH pesoHaropis

p~03.rn5{HyTi HIZKYIe HAOIUKEH] SHACHIL J00POTHOCTI Poso. 1 5 3 1 5 6 -

Q) i 3Havenns MHOXKHHUKA Y y dopmym (5). Tobpo- ato

THICTH 3aMPOMOHOBAHOTO pe30HATOPA 1 yTpudi Gisibia HaTop

3a JOOPOTHICTH BiZIOMOTO pe30HATOPA 2. Q 197 | 66 | 328 | 264 | 263 | 269 | 260
Ha Puc. 66 masemeno AYX pesomaropis 3 i 4; Q 194 | 65 | 324 | 260 | 263 - -

z = 2. Y pe3onaropi 4 nueiidu mix’eIHAHO B CepeIu- y 1,561 | - | 1,25 - - 1,02 -

Hi MIBXBUJIBOBOTO BiZIpi3Ka, IO MiABHUIIMYE JOOPOTHICTD
Ta 3MEHIIYE PiBeHb Yy CMy3i II0/aBJIEHHs, MOPIBHAHO
3 pesonaropom 2 [11]. V mmporomy miamasoni AYUX
6am3bKi. JlobpoTHiCTh pe3oHaTopa 3 6iIbIa 3a J00po-
THiCTH pe3oHaTopiB 1 Ta 4 Bigmosimuo B 1,65 Ta 1,24
pasa.

0,75

T 0,5

0,25

0,75
T 0,5

0,25

Puc. 6. AMmiiTyqHO-9acTOTHI XapaKTEPUCTHKHA PE30-
Haropis 112 (11 2 signosigno, (a)) ra pesonaropis 3
i4 (3i 4 sigmosigno, (6))

ITopiBusiemo 3ampononoBaHuit pesonarop 3 3 Bimo-
MHMH [IBXBHIBOBUMH pe3oHaropamu 5-7 (Tabm. 1).
Pesonaropu marors ommakoBuii KoedimieHT BiadOwTTs
BimOwBauiB Ha pe3oHaHcHiii uwacrori. Pesomarop 5 —
pe3sonarop 3rigHo 3 Puc. 1, z = 334,3. Buacaimok
9aCTOTHOIO PO3Y3TOMKEeHHs BiaOMBadiB JOOPOTHICTD
peszonaropa 3 B 1,25 pa3a bisibina 3a JOOPOTHICTH PE30-
naropa b (v = 1,25, Tabu. 1). Po3ysromxenns 3pocrae
31 3MEHTIIEHHSM 2, TOMY HOTO BIJINB Y pe30HaTOpi 1 1me
6inpmmit: v = 1, 51.

Y pe3onaropi 6 peakTuBHi BigOuBadi yTBOPEHO €M-
HICTIO 1 IHAYKTHWBHICTIO, 3HAYeHHS AKUX TOPiBHIOIOTH
3HAYEHHSIM PEAKTHBHOCTel nuieiidis pe3ornaropa 3 Ha
pe3oHaHcHil gacTori. 3a TaKMX BiOMBAYIB PO3y3ro-
JPKeHHST He3HadHe: JOOPOTHICTH pe3oHaTopa 6 OiabIma
38 JOOpPOTHICTHL pe3oHATOpa 5 Jjume Ha 2%.

Ha Puc. 7 naseneno AYX pesonaropa 3 Ta pe3o-
HaTopa 7 Ha OCHOBI Bizpi3ka JiHil mepegadi 3 IMOCJIi-
JIOBHUM E€MHICHUM 3B’sI3KOM 3 JiHieto nepenadi. JJobpo-
THiCTH pe3onaropa 3 B 1,26 pasa 6inpma. Ha Bigminy
Big, AYX peszonaropis 5-7 AUX pesonaropa 3 mae cmy-
U TJIMOOKOTO TOJABJIEHHS, 3YMOBJIEHI DPE30HAHCAMU
nteiidis.

—_
)
T

H, nb
)
o

&
S
T

-50
0,85 0,9 095 1
F

1,05 1,1 1,15

Puc. 7.

AMILITYIHO-9ACTOTHI XapaKTEPUCTUKKA Pe30-
uaropa 3 (1) Ta pesonaropa 7 (2)

5 ®opmyan ajid JOOPOTHOCTI pe-
30HATOPIB

Ilix wac po3paxyHKy pe3oHaTOpa AOILIHLHO TOTe-
PEIHBO BW3HAUWTU 3HAYEHHS HOr0 KOHCTPYKTHUBHUX
mapaMerpiB 3a 3aaaHol mobporHocti. [leperBopentsi-
MH OTPUMAEMO HADIUKEHY POPMYITy i JOOPOTHOCTI
3alIPOLIOHOBAHOrO pe3oHaropa (pesonaropu 1 Ta 3). B
[11] naBeseno nabumxkeni dopmynu s 106pOTHOCT
pesonaropis 2 i 4. Pe3onaropy 5 Binmosimae dpopmysia
(2). Yci dbopmynu 3Beneno B Tabi. 2, ge 2z, — cepe-
JIHE 3HAYEHHS XaPAKTEPUCTUIHUX OMOpPiB mnureiidin. Y
Tabn. 1 HaBegeno HAOAMKEHI 3HAYEHHSA JOOPOTHOCTI
Q 3rizno 3 muMu dopmynamu. Ax Oadmmo, ToUHI it
HabJMKeHl 3HaYeHHsT OJIM3bKi, a I pe3oHaTopa 5 —
30irar0THCS.
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Taba. 2 @opmynu 77 JOOPOTHOCTI PE3OHATOPIB

Pezonatop 1,3 2 4 5
P

zZurtzcos® (E2) 1 22 ﬂ_ )

(DOpMy'Ha mz2 a? 2 T2 T 2 2 4 ’Z -z |

Ockinbku o < 1, maemo cos?(ra/2) ~ 1. Brigmo 3
Tabs1. 2 orpumaemo, MO BiAHOIIEHHS H00POTHOCTET
3aMTPOITOHOBAHOTO Pe30HaTOpa i pe3oHaropa 2
npubIn3HO NOpiBHIOE 1 + 2/ 2. Bigmosigno 10 mporo

BimHOIMeHHS MOOPOTHICTH pe3onaTopi 1 i 3 GisbIna 3a
JobporHicTh pe3onaTopa 2 B 3 1 5 pasa, mio 36iraerbes

3 panumu Tabu. 1.

Pucynok 8 imocTpye 3amekHoCcTi 106poTHOCTI
3AIPONOHOBAHOIO pe3oHaTopa (pesonaropu 1 Ta 3)
Bij #ior0o mapamerpiB 3rimHO 3 HaBemeHow B Tabi. 2

dopmyioro.

(0)

Puc. 8. 3anexnocri mobporuocri; o = 0,02, 0,05, 0,1,
0,2 (1-4 Bignosigmo), z =1 (a), z = 2 (6)

6 Pe3oHaTopu Ha OCHOBI
iIHBEPTOBAaHOI MIKPOCMY>KKOBOI
JIHIT
3ampornoHOBaHE PillIeHHsT MOXKHA PEAi3yBaTH B
pe30HATOpaxX HA OCHOBI PI3HUX JiHI mepemadi

(naHapHUX, 30KpeMa MiKPOCMY?KKOBOI, KOAKCiaJIbHOL
Ta in.). Y MIKpocMyzKKOBiil Jiinil Brparu

BU3HAYAIOTHCA B OCHOBHOMY BTPATaMU B
JieJIeKTPUYHi#l OCHOBI 1 B MIKPOCMY2KKOBOMY
mpoBinHUKY. JIJIsT 3MEHIITeHHsT BTPAT BUKOPUCTOBYIOTH
iHBepPTOBaHY, iHBEPTOBAHY 3 METAJIEBOIO OMOPOIO Ta
mizBinieHy MikpocMmy»KkoBi minii [1,12,13].
Pozragremo peanizariito pe3onartopi 1-4 Ha OCHOBI
iHBepTOBAHOI MiKPOCMY2KKOBOT JIiHil, 300pakeHol Ha,
Puc. 9. [Ina BpaxyBaHHSA BTpPAT y HOCTiifHY
MOIIUPEHHS B MOJIEJIi JIiHil Tepegadi BBeJIeHO
KoedimienT 3aracanus. KoedirmieaTn 3aracanns B
eJIeMeHTaX Pe30HATOPIB pPO3paxXOBAHO 3TiIHO 3
rpadivHIME 3aJI€XKHOCTSIMH, HABEIeHNMH B [12].
KoncrpykTueHi mapamerpw Jinil Biamosinaors [12],
3a BHHSTKOM TOBIIIUHHM MeTaJi3allil, aKy TPUAHATO
cranapTHoio — 35 MkM. Pe3onancua gacrora
pesonaropis — 25 [T,

1 2 3

Puc. 9. IuBeproBana mikpocmyzkkoBa JinHisg; 1 — mieste-
KTPUYHA OCHOBA, 2 — MiKPOCMYZKKOBH TTPOBITHUK,
3 — 3a3emJieHa MTOBEPXHA

YV Tabn. 3 HaBegeHO 3HAYEHHS JOOPOTHOCTI
pesonaropis 1-4 6e3 ypaxysanus srpar (uaxi
Tab6u. 1), 3 ypaxyBanHaM BTPAT, PO3PAXOBaHi 3a
AYX, @, Ta BisHOCHE 3MEHIIEHHS TOOPOTHOCTI
BHACIALNOK Brpar 0@). BHACHIIOK BTpaT 3MEHIIECHHS
J0OPOTHOCTI 3amMPOIIOHOBAHUX pe3oHaTopis 11 3
ckmazae 2,5 ta 5,5%.

Taba. 3 JobpoTHicTh pe3oHATOPIB 663 ypaxyBaHHS Ta,
3 ypaxyBaHHAM BTpPaT

Pezonarop 1 2 3 4
Q 197 66 328 264
Qs 192 65 310 253
0Q,% 2,5 1,5 5,5 4,2

7 OOroBOpeHHHA OTPUMAHUX
pe3yJIbTaTiB

Ilobam3y pe3oHaHCY 9acTOTHA 3ATEXKHICTH
PEaKTUBHOI IPOBiIHOCTI PO3IMKHEHOrO ILmeiida Mae
BHCOKY KPyTHU3HY. 3aBJSKU [bOMY PE30HATOP HA
OCHOBI Takux TLIeH(IB BiIPI3HAIOTH BUCOKA,
mobporHicTh Ta kpyTu3ua AUX. Bins cmyrn
IponycKanus mueitdu GopMyoTh aBa HyTi, AKi
Biamosimarors ixmiM pesonancam. Ilieitdpu Bimomoro
JBOILIEH(MHOrO pe30HATOPA AHAJIOTIYHI EMHOCTI it
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IHIyKTUBHOCTI TTAPaJIeIbHOTO KOJIMBAJIHHOIO KOHTYPA.
VY 3anpornoHoBaHoOMy Pe30HATOPI, Je muieiicu €
Binbmsagamu, Biactusocti AYX gsormneiidpaOro

Pe30HATOPA 30epiraloThCsa 31 3HAYHUM 30iTbITEHHIM
JOOPOTHOCTI.

Ha simminy Big Bizomsadua pezonaropa @abpi-Ilepo,
BimOWBa4Y Ha OCHOBI PO3IMKHEHOrO ILmeiida —
YaCcTOTHO-3a/IexKHuit. Pi3ni 3a xapakTepom
peakTuBHOCTI nLTelidHi BigbuBadi pe3onaropa 3a
BiAJIamITyBaHHS B, pe30HAHCHOI YaCTOTH MAlOTh
aMmIuTiTynHe Ta (pa3oBe PO3Y3rOMKEHHS, 10 3POCTAE 3
BimmamTyBanaaM. BHACTIIOK TIHOTO JOOPOTHICTD
Oinbmra, Hi2k y pesonaropa ®abpi-Ilepo.

Bucuosku

OT:ke, B poHOTI 3aPOMOHOBAHO YIOCKOHATICHHS
JIBOXOJIOBOT'O JIBOMLIEH(PHOTO pe3oHaTOpa — HOro
peastizariio 3a cxemoro pesonaropa ®adpi-Ilepo
3aMicTh BiJJOMOI IJIs IIhOTO PE30HATOPA CXEMU
mapaJieIbHOrO KOJMBAJJILHOTO KOHTYPa. J100poTHIiCTE
3aIPOIIOHOBAHOTO PE30HATOPA BTPHUUi OLIBINA, HiXK
Bigomoro (mus. Tabu. 1).
3aB/gKKM 4aCTOTHIN 3ajie;kHOCTI KoediuieHTa
BimOWTTS BigOWBaYa Ha OCHOBI pO3IMKHEHOTrO muIeida
T IBUINEHHST JOOPOTHOCTI B PO3TJIAHYTHX
pesoHaTopax ckiagae 51 ta 25% mporu pe3oHaTropa
®abpi-Tlepo (mus. Taba. 1 ta komenTapi 10 Hel).
IlopiBHsHO 3 BigOMUMHA TiBXBUJITLOBUMH
pPE30HATOPAMMY, 3ATTPOTIOHOBAHNHN PE30HATOP MA€
OLIBINY T0OPOTHICTD, a Horo AYX — cmyru riauboKoro
TO/TABJIEHHSI, 3yMOBJIEHI Pe30HAHCAMHY IIIEH]DIB.
Orpumana nabmmxkena GopMmyna jiis J06POTHOCTL
pesonaropa 3i mieiipauMu BigOUBaIaMu A€ 3MOTY
[IOIIEPE/IHBO BU3HAYUTU 3HAYEHHS KOHCTPYKTHBHUX
rmapaMeTpiB pe3oHaTOpa 33 33IaHO0I JTOOPOTHOCTI.
Habsmxeni 3nadenns: 700pOTHOCTI OU3BKI 10
TOYHUX.
3a ymoBu peanizamii BapiaaTis 1 i 3 3anponoHOBaHOrO
pe30oHaTOpa HA OCHOBI IHBEPTOBAHOI MiKPOCMY2KKOBOI
JIHIT 3MEeHITIeHHsT JOOPOTHOCTI BHACIIIOK BTpaT
cknagae 2,5 i 5,5% Bigmosimmo.
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Resonator With Reflectors Based on
Open-Circuited Stub

Nelin E. A.

Introduction. A two-stub resonator is considered as an
analogue of a parallel resonant circuit. Another scheme of
the resonator is similar to the Fabry-Perot optical
resonator, formed by a resonator cavity and two reflectors.
In the presented paper it is proposed a combined reflector
formed by a stepped-impedance one and an open-circuited
stub. Resonators with such reflectors have a higher quality
factor Q than those known based on open-circuited stubs
and than the Fabry-Perot resonator.

1 Half wavelength resonator. One of the analogues of
the Fabry-Perot resonator is a half wavelength section of
the transmission line. The @Q-factor of such a resonator is
significantly limited by the possible value of the section
characteristic impedance.

2 Combined reflector. A combined reflector formed by
stepped-impedance and reactive reflectors is considered.
The conditions for the high efficiency of such a reflector
have been established. One of the conditions corresponds
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to a large capacitance or a small inductance. Such
properties have an open-circuited stub in the vicinity of
resonance, respectively before and after it.

3 Reflector on open-circuited stub. The frequency
characteristics of the reflector are considered. Stub
reflectors of the resonator must differ in their reactivity. In
this case, the length of one of the stubs is slightly shorter
than the resonant length, and the other one is slightly
longer than the resonant length. When detuning from the
resonant frequency of the resonator, stub reflectors with
different reactivity have amplitude and phase mismatches
that increase with detuning. As a result, the Q-factor is
greater than that of the Fabry-Perot resonator, whose
reflectors are frequency-independent.

4 Comparison of the characteristics of the
proposed and known resonators. Transmission
responses of two variants of the proposed resonator and,
for comparison, known resonators on open-circuited stubs
are given. Resonators on stub reflectors have a much
higher Q-factor. Characteristics of the proposed resonator
and known half-wave resonators are compared. The
proposed resonator has a higher Q-factor, and its
transmission response has deep suppression bands due to
stub’s resonances.

5 Formulas for Q-factor of resonators. An
approximate formula for the Q-factor of the proposed
resonator is given, which makes it possible to
predetermine the value of the design parameters of the
resonator. The formulas for the Q-factor of all considered
resonators are summarized in a table. The approximate
Q-values are close to the exact ones.

6 Resonators based on the inverted microstrip
line. The proposed solution can be realized in resonators
based on various transmission lines (planar, in particular
microstrip, coaxial, etc.). The realization of the proposed

resonators based on the inverted microstrip line taking

losses into account is considered. The reduction in the
Q-factor of the two variants of the proposed resonator due
to losses is 2.5 and 5.5%.

7 Results discussion. Near the resonance, the frequency
dependence of the reactive conductance of the
open-circuited stub has a high steepness. Thanks to this,
resonator based on such stubs is characterized by ahigh
Q-factor and a steep transmission response. Near the
passband, the stubs form two zeros corresponding to their
resonances. In a two-stub resonator, the stubs are similar
to the capacitance and inductance of the parallel resonant
circuit. In the proposed resonator, where the stubs are
reflectors, the frequency response properties of the
two-stub resonator are preserved with a significant
increase in the Q-factor.

Conclusion. The efficiency of the considered resonator
with reflectors on an open-circuited stub is three times
higher than that of a traditional two-stub resonator.
Due to the frequency dependence of the reflection
coefficient of the reflector on an open-circuited stub, the
increase in the @Q-factor in the considered resonators is 51
and 25% compared to the Fabry-Perot resonator.

As compared with known half-wave resonators, the
proposed resonator has a higher Q-factor, and its
transmission response has deep suppression bands due to
stub’s resonances.

The obtained approximate formula for the Q-factor of the
resonator with stub reflectors makes it possible to
predetermine the value of the design parameters of the
resonator for a given Q-factor. The approximate @Q-values
are very close to the exact ones.

The reduction in the @Q-factor of the two variants of the
proposed resonator due to losses when it is realized on the
basis of an inverted microstrip line is 2.5 and 5.5%.

Keywords: transmission line; Fabry-Perot resonator; half
wavelength resonator; open-circuited stub
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