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‘MuKkpononockoBbie pe30HATOPHI ¢ NJIABHBIM H3MEHEHHEM
HIMPHHBI NIPOBOXHHKA H (PUILTPHI HA HX OCHOBE

A. B. Benses, A. A. flekcukos, 1O. . Wiuxos, H. B. Anekceesa, . H. CeprueHko

B kBaancTaTHyeckoM NPHEIINKEHNN Ha 0AHOMEPHLIX MOAENAX PACCUNTaHbLI CNeKTPb! COBCTBEHHLIX KONeBaHIii HeperynapHeiX MUKpononoc-
KOBBIX pe30HaTopoB ¢ NNaBHLIM U3MEHeHHeM LNPUHE! NOTOCKOBOro NPOBOAHWKE, UCCIIe0BaHO roBeAeHUe COBCTBEHHLIX YACTOT Nepeol f;
4 BTOpO# £, Mo/ibl koneGaHuit MONYBOMHOBLIX Pe30HaTOPOB, Y KOTOPLIX (hopMa NONOCKW B BUAE “TaHTenn” orpaHuqeHa ConpsXeHHbIMN ayra-
MW OKPYXHOCTeM; onpedeneHbl ONTUMaIIbHBIE COOTHOWIGHUS PAa3MepoB HEPEryNAPHOCTEN, MOBONAIOLME MaKCUMANBHO NOHUAUTL £, M
NpefentHo yBenuYUTL OTHOLLEHWE f; / fi; NONyyeHo Xopolee COBMAafeHNe C pesynbTaTaMit SKCMIEPUMEHTA; WCCNeSOBaHL KOHCTPYKLIMM
ABYX-, Tpex- ¥ “eTbipexsBerHbIX (PUNLTPOB Ha PesOHaTOpax TUNa “rrajkas raHTens'; Ha NpuMepe ABYXIBEHHOIO (UNLTPa MOKA3aHO, YTO
NPEANOKeHHbIA PacieT OAHOMEPHOR MOAENH CBAIAHHLIX HePerynApHLIX PE3OHATOPOB TaKke XQPOLIO COFNAacyeTcA G AaHHLIMU aKcnepu-
MeHTa.

Spectra of natural oscillations of irregular microstrip resonators with smooth variation of the strip conductor width are calculated in quasistatic
approximation in one-dimensional models. The behavior of natural frequencies of the first £, and the secand £ modes of oscillations are in-
vestigated half wave resonators whose strip conductors with a Jumbbell- like form restricted by conjugated arcs. Optimum ratios between ir-
regularities sizes allowing one to decrease f, or to increase the ratio > / f; as much as possible are determined.
-A good agreement with experiment is obtained, constructions of two-, three- and four-pole filters based on resonators of the “smooth dumnb-
bell” type are investigated. It is shown, using the example of a two-pole filter, that calculation based on the one-dimensional model of irregular
coupled resonators agrees well with the experiment. '

Beenenue. Heperynsaphbic Mukpononockosbie pesonaropst (MITP) wupoko Henons3yiorcs OpH KOHCTPYUPOBa~
HUH uacToTHO-cenekTHBHBIX CBY-yctpoiicts Gnarogaps HexoTopsiM CBOUM AocTouHcTBaM {1-3]. B yactHOCTH,
- TIOAYBOTHOBBIC PE3OHATOPHI CO CTYNCHUATHIM H3MEHEHHEM LIMPHHBI [ONIOCKOBOTO TIPOBOAHMKA B OpME “raHTe-
nu” (puc. 1) HMCIOT HE TOABKO MCHbLIHME raGapUThL O CPABHEHHIO ¢ peryuspHsiMu MITP, Ho H TIPH ONpeJeneH-
HBIX COOTHOLICHHSX HEPETYMHMPHOCTEH 60ee BRICOKYIO COOCTBEHHYIO 00pOT-
Hoctb [4]. B monocko-nponyckaromux (hUAbTPaX HA TAKMX PCIOHATOPAX MO-
noca 3arpaxkACHUS YBEIHYHMBACTCA C POCTOM CKAYKa LIMPHHHI MOJIOCKH, TaK
KaK NpH 3TOM “acToTa nepeoit Moawsl konebanuii MITP f, manaer, a Bropoii

/2 pacrter. B pesynerate ueHTpanbhas 94acTora BTOpoil (MapasnTHOit) moa0Ckl Puc. 1

- mponyckaHus MOXCT 6oace 4eM B 4 paza npesbILIATE YACTOTY NEPBOi (paboucit).

Ozanako HABTPHI HA HEPEryAPHBIX PE3OHATOPAX CO CTYNEHYATHIM M3MEHCHHEM UIMPHUHE! IONOCKOBOTO
MPOBOAHHUKA He MOTYT paGotatek npu Gonbiumx yposHsax CBY-MOMHOCTH, TaK KaK B HHX CYIIECTBEHHO MEHbLIE
3a30pel Mexay nonockamu MIIP {5]. Tlpu 3ToM, kax u3BeCTHO, NMPoGOl GUIBTPOB C HAPACTAHHEM YPOBHA Ia-
AQIOUICH MOIHOCTH HAOMOAAETCS HA “OCTPHSIX” TONOCKOBBIX TPOBOAHUKOB, I/1€ HATIPMKEHHOCTh SNEKTPHYCCKO-
IO IO CYLUECTBCHHO Bbiue. Q4eBU/HO, HCMONb30BAHHE HEPETYNISPHBIX PE30OHATOPOB €O CKPYTTICHHBIMH YTIaAMMU
YBCAHUHT YCTOHMHBOCTE YCTPOHCTB K MOBBILICHHBIM YPOBHSM MownocTH. Kpome Toro, cobcteHHas a06por-
HOCTb PC30HATOPOB € IUIABHBIM HIMCHCHHEM INHPUHE! MTPOBOAHKKOB JOJKHA OBITh BBILIE BCICACTBHE YMEHBLIC-
HUSI H3TTYYCHHSL. :

Creayer Takke 3aMETHTSH, YTO PHCYHKH IPOBOAHHMKOB CO CKPYIJICHHBIME Yr/IAMH NPEACTABIAIOT OFPOMHBbIit
WHTCPEC VIS YCTPOHCTB ka BBICOKOTEMMIEPAypHBIX ceepxmposoasinix (BTCIT) maTepHanax, HHTEHCHBHOE BHE-
APCHHC KOTOPBIX B MHKPOMONOCKOBY 10 TEXHHKY HabniogaeTcs B nocneanue roast. B Takux ycrpoiictsax 3kcuec-
Cbl BbICOKOHMACTOTHBIX MOJICH, CBA3aHHBIC € “OCTPRIMU™ YIJIAMH M H3JIOMAaMH TIOJIOCKOBBIX MPOBOAHHUKOB, SIB/IS-
IOTCH OAHMM M3 IABHBIX (haKTOPOB, OTPAHHMHBAIOUINX YPOBeHb ynpasisemoi CBU-momuocty [6], Tak xak co-
uporusneHue ricHok u3 BTCI1 matepuanos pacrer ¢ yBEAMYCHHEM HANPSHKEHHOCTH BBICOKOYACTOTHBIX MOJIEN,
MPHBOAS K COOTBETCTBYIOIEMY YMEHBIIEHHIO JOOPOTHOCTH MHKPONOAOCKOBBIX JTHHHIA,
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Hens pa6oTwm — Teopernueckoe u SKCNEPHMEHTANIBHOC MCC/ICAOBAHHC CIICKTPOB COOCTBEHHBIX KO-
nebaHuil ¥ COBCTBEHHBIX JOBPOTHOCTEN MUKPOTIONOCKOBBIX PE30HATOPOB C NIABHBIM H3MCHCHHEM LIHPHHBI T10-
JI0CKOBOrO NPOBOJHHKA B (hOpME “rmaaKoil FaHTe/IH”, 4 TAIOKE KOHCTPYKLMIE MHOTO3BCHHDIX 110J0COBIX (dunbT-
pos Ha ocHose Takux MIIP. [lns noayuchus >3QQpekTHBHOrO MCrosa pacucra HCCICAYCMBIX PC3OHATOPOB H
(HALTPOB HA MX OCHOBE PACCMOTDHM OJHOMEPHBIE MOIEITH Heperyaspusix MIIP, nossomsiomue npoBosuTh
aHAIIH3 YCTPOHCTB B KBAa3HCTATHYECKOM PHOIMKEHHH,

Monean u'meroauka pacuera. [ins onpeaeneHnocTn PacCMOTPHM PC30HATOPEI, NMOMOCKOBbIH MPOBOAHMK KOTO-
PBIX OrPaHHYCH CONPSOKEHHBIMH JyraMH OKPYXXHOCTEH ABYX pamuycoB R u r (puc. 2). lyru menbmero paguyca
CONPAKEHB ¢ MPAMOYTONABHSIM TEPEIICHKOM, MMEIOLHM nonyanuHy ! u umpuny w. Ionuyro gauny “ranrenn”
/, HECOXHO BHIYHCAMTS Yepe3 MPHBEACHHEIE 0003HAYEHHUS. ' '

CoGcTBeHHBIE 4aCTOTEI PE30HATOPOB OMPEAE/IAIMCH THCIECHHBIM PacueTOM OZHOMEPHBIX MOJENEH, MpecTaB-
nAompX CoGO#H NOCIIEN0BATENBHOE COCMHEHHE OTPE3KOB PEryaspHBIX MHKPOIOJIOCKOBBIX JIMHHH, KaXablit U3 KOTO-
PHIX. MMECT ONPEAC/ICHHYIO IMHPHHY T0I0CKOBOrO MPoBOAHMKA. Mosenu o6pasyiorcs pasbueHuiem paccmarpu-
BaEMOro HEPEryLIPHOIO pe3oHaTOpa 1o Beek Anuue Ha 2N otpeskos. Ilpu sTom IHPHHA TIOJIOCKOBOTO MPOBOA-
HHKA KQXIOrO OTPE3Ka B MOACNH BLIYHCISIETCS YCPEJHEHHEM LIHMPHHBI TIONOCKH Ha COOTBCTCTBYIOIIEM Y4aCTKE
HCXOAHOr0 HEPEryIIpHOro pesonaropa. BonHosoe conporuBienne u SNEKTPHYECKAs AIHHA OTPE3KOB PEryIsp-
HBIX MHKPOTIOIOCKOBBIX JIHHHH BHYHCIANHCE B KBA3HCTATHYECKOM MPHOIHAKEHUH [7]). Yacrotnas aucnepcus
NapaMeTPOB AHHMIl YUHTHIBANACH B PaMKaX NMPHOMMKEHHON aHATHTHYECKON mozemu [8]. B pacuere yumrhiBa-
/IACh TAIOKE H KOHLICBHIC EMKOCTH, TIPHYEM HE TOMBLKO OT TOPLOB KPAiHHX OTPE3KOB PEry/SpHbIX THHHUER [9], Hou
OT BCEX “CTYNeHeK” HA CTHIKAX COCAMHEHMSA OTPE3KOB JIMHHE PA3THYHOM LIKPHHMI.

OueBuaHO, 10 TOYHOCTH pacueTa IpH TAKOM TIOAXOIE YBEIHIHBACTCA € pocToM N, OHAKO MPH 3TOM HIpOnop-
LIHOHAMBHO pacteT u Bpemi cuera. [losToMy B Mozemu Baxkso ONPEASITHTE MHHMMAILHOE YHCIIO pa30HEHNi PE30HATO-
pa, oBecrnieunBaromee Tpebyemyio Teurocts. Ha PHC. 3 IOKa3aHBE 3ABHCHMOCTH OTHOCHTEIBHOM TOTPELIHOCTH pacucra
Pe30HAHCHOI 9acTOTh EPBOH MOABI KONeOaHui & = (A S/ i100% or uncna N, mocTpoeHHbIe 4151 ABYX CIIOCOGOB

pasOuenns monocku MIIP. Kpusas / COOTBETCTBYCT Pa30HEHHIO,
NpH KOTOPOM JJTHHBI BCEX OTPE3KOB PEryJAPHBIX MHKPONOIOCKO-
BbIX THHHH OJMHAKOBBL, a KpHBas 2 — PasGUEHHIO, TIPH KOTOPOM
e SILER Sl ATHHA KWKAOTO OTPE3KA ONPEAENACTCH 3A(MKCHPOBAHHBIM H3MEHE-
HHCM HIKPHHbI NOJIOCKH HA COOTBETCTBYIOUIEM YIACTKE HCXOIHOTO pe-
onaropa. Kaxzas Touka ma rpadukax nomydena ycpeaHcHHEM Tio-
TPCIMHOCTH pacieTa It Pasiv4HbIX COOTHOLUCHMIA paauycoB R H r
o B MIIP, umpuner nepeweiixa w 1 ero nomyzstinst / (cm. puc. 2). Bua-
HO, 4TO nepBbii crocob padrenns 00eCIICIHBAST TOHHOCT PACUCTA HE
e 10 B N T xywxe 1 % npu N> 12, a Bropoit cnoco6 — npu N > 8. Onmaxo npu
N > 20 orsocuTe/nbHas TOUHOCTb PACcUCTa YIS HC xyxe 0,1 % u npax-
THYECKH HC 3aBHCHT OT cniocoOa pasOueHHs. YUHTHIBAs, YTO “SKBHIH-
CTaHTHBII” cnoco6 pasbucnis MITP Gornee ynoGeH npu pelenny 3aaay
. Ha CBA3AHHBIX HECPEIYISPHBIX PE30HATOpAX THNA “riaakas ras-
Puc. 2 TeNnp”, B JasbHEHIICM OyZeM HCronb30BaTh TOMBKO ITOT cnocoo,
npuunmas N = 15, ,

Koppektaocts BRIGpaHHON mozenu W Meroga pacuera moj-
TBEPKAACT IKCTICPHMEHT, NPOBEACHHBIH HAa CEPHH 0Gpa3LOB Hepe-
TYNSPHBIX PE3OHATOPOB C NJIABHBIM H3MCHCHHCM LIHPUHBI TIONOCKH.
Peéonampbl OblIM H3roTOBNEHB! METONOM (POTONHTOrPAdUH HA Me-
TaJNIM3HPOBAHHBIX MCAbIO OTTONHPOBAHHBIX C JBYX CTOPOH HOA-
NOXKKaxX TonMHOH A = | Mm. Crioli Meau TonmmHOM 16 MKM ocask-
AJICA BAKYYMHBIM HANbIICHHEM Ha AATE3HOHHBIN MOACTOH Xpoma
TomHOH 0,02 Mxm. B xauectse Matepuanos noanoxkex Gbun Bhi-
Oparni kepamuka T-150 ¢ BICOKOI JAUBJICKTPHYECKOH IPOHHIIACMO-
cTbio &= 160 1 monukop ¢ £=9,8, TPaTHLHOHHO HCIIONBL3yEMBIii
24 6 8710 12 14 16 18 N g CBY-texHuke AI5  HITOTOBNCHHS MHKPOTOJIOCKOBBIX

Puc. 3 yCTpO#CTB,

g
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PesyneTarsl, NOMYUCHHBIE MPH pacyeTe H H3MEPEHHAX JABYX MIEPBEIX PE3OHAHCHBIX HACTOT HECKONBKUX 06-
pasuos MITP, npuseaennl B Tabn. 1. Hecneayembie cﬁpééuu HMEH OJHAKOBYIO JUTHHY HONOCKOBOTO MPOBOA-
Huka [, =18,5 MM, ONMHAKOBBIH PajHyC BHEIIHHX okpyxHoCTeii R =3,5 MM, HO PasfHiHYIO MHMPHHY y3KOro
BHYTPEHHErO Y4acTKa MOJNIOCKH W, KOTOpas M3MEHANACh 33 CIET YMCHBINCHHS PaIiyCcoB BHYTPEHHHX OKDYXHO-
cteit r, [{nMHa perynspHOro BHYTPEHHErO yHUacTKa y BCEX oOpasloB 6bina paHa Hymo (/ =0). 3amernM, 41O
dopma nionocku nepsoro obpaua (W =7 MM) NPEACTABIIET coBO#i OTPE30K PEryNAPHON THHHH, OTPAHHICHHBIH
C TOPLIOB AyraMH OKPYXKHOCTEH.

Tabaunma 1
Marepran oGpasiia
Iiupuna | o kepamuka T-150 MONUKOP

oBpasna ... ., - Yacrora, MI'I( » : Yacrota, M1 ‘
w, MM DKCNEPHUMEHT Pacuer Oo DKCHEepPUMEHT Pacuet o

A i;) fi L fi L fi b
7,0 725 1400 723 1433 315 2771 5376 2782 5538 181
4,0 650 1457 649 1486 295 2487 5595 2489 5737 226
3,0 621 1502 618 1526 282 2361 5734 2372 5899 265
2,0 575 1550 578 1574 240 2211 5938 2220 6089 297
1,0 527 1631 531 1643 210 2003 6216 2039 6356 333
0,5 492 1669 493 1672 190 1870 6379 1885 6471 267

Kpome pesoHaHCHEIX 4acTOT B 1a6n. 1 nNpHBEEHH! 3HAYEHHs COOCTBEHHHIX AOOPOTHOCTCH PE3OHATOPOB

Q, , U3MEPCHHHIC /I NEPBOH MOJBI KONCOAHUH. BHHO, 4TO B Ciyuae “peryspHoii” Monocku A0OpOTHOCTH CY-

LICCTBEHHO BHILIE Y PE30HATOpA Ha noanoxke u3 kepamuxu T-150, necmorpa Ha GonbIIHit TAHMECHC YIia AHIJICK-
TPHUECKUX TIOTEPh MaTepuaia M Gosiee HU3KYI0 HaCTOTy PE3OHAHCA MO CPABHEHHUIO ¢ MITP Ha noioxke M3 no-
NHKOpa. D10, OYEBHAHO, OOBACHSETCS 3HAYUTEALHO MEHbIIMMH TIOTCPAMH HA U3MYHCHHC ¥ PE30OHATOPOB HA MOX-
JIOKKAX C BEICOKOH AMIICKTPHUUECKOH NPOHHLEAEMOCTHI0. C YMCHBIICHHEM LIMPHHEI Nepemeiika “rasTenu” y pe-
30HATOPOB HA TIOJVIOXKKAX M3 kepaMukh T-150 0GPOTHOCTH MOHOTOHHO MAAACT BCICACTBHC BO3pacTaHHA “OMH-
YCCKUX” MOTEPD, OOYCIOBNCHHBIX YBENHUCHHUEM TIIIOTHOCTH TOKA B yakoii uactu nonocku. ¥ perysspaoro MITP
HA MOAJIOKKE H3 MOJMKOPA NOTCPH HA U3yHCHUC BEINKH, HO C YMCHBHNICHUCM W oH¥ OBICTPO MAZAIOT BCIEACT-
BHE TIOHU>EHHs Pe3oHAHCHOMN uacTors! fi. TTpu 3TOM Ha HAYaNBHOM 3TANE YMCHBINCHUE MOTCPL HA H3ITY4CHHE
CTO/b BENHMKO, YTO OHO CIIOCOOHO HE TOMBKO INOIHOCTBIO CKOMIICHCHPOBATE POCT “OMHYECKUX TIOTEPb, HO AAKE
YMEHBIIMTE NOTepH B 1enom [4]. B peaynsrare coBcTBeHHas A0OPOTHOCTh PE3OHATOPOB CHAvaNa PacTeT, AOCTH-
ras MaKCHMyMa IpH @~ 1 MM, & 3aT¢M BHOBb I1aJacT. '

U3 TaGHI BHAHO AOCTATOMHO XOpOUIee COBMAACHHE JAHHBIX IKCIIEPHMCHTA M pacvera Jnd NEpBaIX ABYX
pesonancHbix yactor MITP, KOTOPOS COXPAHSETCS U B CTy4ae MPOTHKEHHOrO BHYTPCHHCTO PeryapHOro y4acTka
nosnocku, T. €. pu [ =0 [5]. 310 mo3BonseT TEOPETHIECKH HCCNCAOBATE 3AKOHOMCPHOCTH TIOBE/ICHHA HEPBHIX
COBCTBEHHBIX YAaCTOT NPEANAragMOro Pe3oHaTopa npH HIMCHEHUH €ro KOH(HTYpaLHH. ' ,
PesonancHbie yacTorst MITP. JIna paccMaTpHBacMOro MHKpPOIOJIOCKOBOTO PEGOHATOPA HA PHC. 4 noka3aHo nopeae-
HHE COGCTRGHHBEX HacTOT TEPBOM H BTOPOH MOZEI Konebanuit B 3aBHCUMOCTH OT NIMPHHE! HEHTPATTLHOTO yHACTKA no-
JIOCKH, HOPMHPOBAHHOH HA JHaMeTp BHCITHHX oxpyzxHocteit. ITpu 3TOM B MOACTH NOAIOKKA C JUBNICKTPHHECKOH
nporuuaeMocTsio €= 160 umena TomuuHy h=1 MM, a LMHa

nonocku MTTP [, =30 MM npn pajuyce BHEIUHHX OKPYXKHOCTEH ) halfo

R=5,5 mm. Jlns ynoBcTa CpaBHCHMS 3aBHCHMOCTH Ha puc. 4 ~—l ]

HOPMHPOBAHH HA TIEPBYIO PE3OHAHCHYIO HACTOTY PEryMApHOTO 20 =

MITP f,, = 445 MI'u. Takoe noBeACHHE HYaCTOT CBA3AHO C TCM,

4TO y PE3OHATOPA B LICHTPE PACTIONATAETCS MyHOCTh BHCOKO4ac- 1.3

TOTHOrO TOKA 1S HEPBOil MOAB! KONeOaHHHA M Iy4HOCTb BBICOKO- ‘

YACTOTHONO HANPSUKEHHsA [y Bropoii. TTosroMy cyxxenne monocku 1.0 i —

B cpeaucit wactu MITP NpHBOAMT K YMEHBINCHHIO TIEPBOH Pe3o- ] 1

HAHCHOM YacTOThl M K YBEIHYEHHIO BTOPOH B COOTBCTCTBHHM C 05 — T w\2R
0 02 04 0.6 08 1

YBEMMYCHHEM TIOTOHHOH MHAYKTHBHOCTH H YMCHBIICHHCM MO-
FOHHOM EMKOCTH 3TOrO Y4acCTKa. Puc. 4
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Taxum o6pazom, Grarosaps (opMe NONOCKOBOrO IIPOBOJHHKA B BHIE “TIaaKoii ranTenu” PE3OHAHCHAA 4acToTa
BTOpOI (Mapa3uTHOH) Mopl KomeOatinii yaansercs 6onbiue yem Ha OKTaBy OTHOCHTEALHO nepeoil (paboueif), a Tatoke
0BeCTICYMBAIOTCA CYIIECTBEHHO MCHBIIME FrabapHTHi pe3oHaTopa Mo cpasHeHHIo ¢ perymsipasiv MITP. C ymenbuie-
HHMEM IDHPHHBI CPEAHETO yyacTKa “ranteny” 06a sdd)exra MOHOTOHHO PACTYT, OAHAKO MPH 3TOM BO3MOXKHO 3Ha-
YHTENBHOC YMCHBIIEHHE COOCTBEHHOM ,noﬁpamocm pe&ona'mpa (cM. Ta6n.1). TloaToMy BaXKHO ONPEAEAHTH OM-
THMAJIBHBIC COOTHOLICHMSA KOH(Hrypauuu “rIapkol rantean” s NoJyuCHHs HaHGOBIICTO 3(b¢cx'ra npH 3a-
JAAHHOM 3HAUCHHU W.

Ha puc. 5 npeacraslieHa 3aBMCHMOCTb. OTHOLICHHS PE3OHAHCHBIX YaCTOT BTOPO# H mepsoit Moa konebaHui
OT JHAMETPa BHELIHUX OKPYXXHOCTEH npH (HKCHPOBaHHOM JIMHE NpoBoaHuKa /[, =22 MM. B pac4eTHOH MoaenH
6bia. TaKoKe 3aHKCHPOBAHA LIMPHHA CPEAHErO YIACTKA NMOMOCKH W =1 MM ero ammua / =0. Uamenenue pa-
Auyca R BHEIIHHX OKPYXHOCTeH “‘raHTenn” COMpPOBOXAANOCH COOTBETCTBYIOUIMM M3MEHEHHEM PAAHYCa 7 BHYT-
PEHHMX COTIpAralomuX OKpykHocTel. Ha BcTaBke puc. 5 NoKasaHa HCXOAHAA peryispHas (popMa nonoCKH ¢ Mu-
HHMAJIBHO BO3MOXHBIM PaguycoM R, =w/2 npu r=oc0 ¥ MaKCHMAJbHO BO3MOXHBIM PAJIHyCOM R =114
npa r=0.
fa/f Buguo, 4ro npu
2R/1, ~1/3  wumeer
MECTO MAaKCHMAJILHOE
PacxoxaeHHE  pe3o-
HAHCHBIX 4acTOT f| M

34

32

Ny A I\
» / \
: 7 \
26 / JR———

/[

Wzeemml |

/ I T - 12R/1,
0 0.1 0.2 03 04 0.5

Puc. § Puc. 6

/>, @ KaK MOKa3bIBAET

pacder, 3TO COOTHO-
wenue cnabo 3aBUCHT
OT JJIMHBI NOJIOCKOBO-
ro mnpoBojHuxa. bo-
€€ TOro, IMEHHO NpU
TAKOM COOTHOLUCHHH
HabIIoAaeTC MAKCHMAIIPHOE MOHIDKCHHE YacTOTH nepsoro pesonanca MIIP, nosToMy ero MOXHO CuMTaTh O
taManbHbIM. [ToaApoGHO HCCIEAOBAHMA 3aBHCHMOCTH COOCTBEHHBIX YaCTOT OT KOHCTPYKTHBHEIX MApaMETPOB pe-
30HaTOpa “raanKas raHTens HpHBEACHHI B [5].

20

®uabtpel Ha MIIP “raaaxas rantens”. TIpeanoxkcHHBIH MOAXO04 K BBIYMCICHHIO COOCTBCHHBIX 4acTOT

MHKPOTIOJIOCKOBHIX PE30HATOPOB C MIABHBIM M3MEHEHHEM LUMPHMHBL NOJOCKOBOrO MPOBOJAHMKA BIOJHE MO-

JKET UCMOMNB30BATHCA M UM PACYETa XapaKTEPHCTHK MHOTO3BEHHBIX (PHIIBTPOB HA TakMX pe3oHaropax. bbi-

na OCYLIECTBJIEHA MPOBEPKA TOYHOCTH TAKOTO pacuera Ha mpocteiiuem GUABTPE U3 ABYX OAHHAKOBBIX CBS-
33HHBEIX PE3OHATOPOB, KOHAYKTHBHO MOAKIIOUEHHBIX K IMHHUSM nepeaauu nubo no Gombwioii, 1160 no ma-

noii auaronanu (puc. 6).

Mozens NpeACTaBAANACh B BHAE MOCIECAOBATEILHOIO COCAMHEHHS N PaBHBIX MO AIMHE OTPE3KOB OJHu-
HOYHBIX WM CBA33aHHBIX MMKPONONOCKOBbIX nuHHI. [lonockoBHe MPOBOAHHMKH HA YHACTKaX CBA3AHHBIX
JIMHHH TaK €, KAK M Ha YYACTKAX OAWHOUHBIX, AMITPOKCUMHPYIOTCH PETYISAPHBIMA OTPE3KAMU, HMCIOMUMH
YCPCAHEHHYIO IIMPHHY MOSOCKH, NPHUEM CBOIO JJI% KAXJOTO PE3OHATOPA, H COOTBETCTBYIOWIMH YCPCAHEH-
HBILit 3230p MEXAY MONOCKaMu. g HarasAHOCTH HA PHUC. 6 HA OAHOM M3 YYACTKOB MOJC/IH PETYJLIPHBIC OT-
PE3KM CBAIAHHBIX JHHMH 3amTPUXOBaHbL. [1apaMeTPs! CBSI3AHHBIX H OAUHOYHBIX THHHHA, HECOGXOAUMBIC IS
pacucta, BHIMHCITHCH AN KAKAOrO YYacTKa TaKke B KBa3HCTaTHUCCKOM npubnmxenun [7] ¢ yuerom 4ac-
ToTHO# Aucnepcun [8): B pacueTHOl MOAEIH YUMTHIBAIMCH KOHLIEBHE EMKOCTH KaK OT TOPLIOB KPaHHHX OT-
pe3kos perynspHex aunuil [9], Tax H OT BCex “CTyMEHEK’ HA CTHIKAX COEJMHEHHA OTPE3KOB MONOCKOBBIX
NPOBOAHMKOB Pa3THMYHOH WIHPHHBL.

Ha puc. 7 crinolHoit nHHMHel NoKa3aHa aMIyIATYAHO-4aCTOTHAN XaPaKTePHCTHKA, PACCUHTAHHAs 115l ABYX3BCH-
HOro UIBTPa HA TMOAOKKE H3 kKepamukH T-150 (&= 155), KOHAYKTHBHO MOAKIIOMEHHOTO K JIMHHSIM NEPEAAYH 110
Gonbmoii auarosany. OunsTp KMenN CrieayIONHe KOHCTPYKTHBHRIE napamerpm’ 'm.rmmny HOANOKKH A = 1 MM, JTHHY
nonockoeoro mposoguuka /, = 10,46 MM, pamuyc BHEIHHX OKpyHOCTEH “rammens” R =1,99 MM, IHPHHY LEH-

TpanbHOrO ydacTka w =0,49 MM npu HyneBoii ero aaune. “IaHTenn” CMEILEHs OIHA OTHOCHTENBHO APYTOi Tak,
YTO LIEHTP BHELIHEH OKPY)XHOCTH OJHOrO PE30HATOPA HAXOAMTCS CTPOro HANMPOTHB CCPCAHHBI APYrOTO, NMPH ITOM
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3a30p MEKIy MOJOCKAMH PE3OHATOPOB MMEHHO B 3TO# oGnacru L. xB
koHcTpykumun S = 1,52 Mm. Bremune muHMH nepenays ¢ BOJHO- 2(;-
BbIM conporusieHHeM 50 OM NMOAKMIOYEHE! K NOJNIOCKAM pe3oHa-
TOPOB MPOBOAHUKAMH-TIEPEMBIMKAMH KPYFJIOrO CEYECHHS AHAMET-
pom 0,12 M # ymHOR 4 MM. ToukH MOJKTIOYEHHS NEPEMBIYCK 15
noaGHPaTuCh TaK, YTOOR MUHUMYM ODDaTHBIX NOTEPE B NONOCE 7;

nporyckanus GuisTpa 68 Ha ypoBHe 14 1B, uro cooTBeTCTBYET
makcumymy KCBH B ronoce nporryckanus Ha yposse 1,5. Ilpu 10
pacuere Momens GuabTpa pasduBanack Ha 22 OTpeaka, MpHIeM
yuacTOk CBA3AHHBIX JMHHUH pasbusancd Ha 12 gacteii, a yaacTku ¢
OJTMHOYHBIMH JTHHHAME — Ha 5 9acTeH KaxIbIii. b

Jlns CpaBHEHMS TEOPETHUECKHX H DKCICPHMEHTATBHEIX JAH- i
HBIX HA pHC. 7 (KpHBOH M KPY’KKAaMH) IIOKA3aHEI PE3YJIbTATHI W3-
McpeHuit Ha oOpasiie GuIbTpa, H3rOTOBIICHHOTO B TIOJIHOM COOT- +
BETCTBHH C NAaPaMeTPaMH pacveTHoi mojemm. Buo noBomeHO 0.80 1.00 1-1") IT
XOPOLICE COTNACHE MEHAY TIPSACTABICHHBIMH KPHBBIMH. skl

Ha puc. 8 noka3aHbl aMIIMTYAHO-9aCTOTHBIC XapaKTepH- Puc. 7
cruxn (AUX) paccmaTpueaeMoro AByX3seHHOro huibTpa, pac-
CYHTAHHBIC H H3MEPEHHbIE B IIMPOKOH I0JI0CE YACTOT, mpeBniuaromei 6omee ueM B 4 pasa LUEHTPANBHYIO YacTo-
Ty MONOCH! MPONYCKAHKUS, CIUIOWHOMN JIMHHEH — PAcYeT, ITPHX0BOH — 3KkcriepuMeHT. Puc. 8,a coorsercTByeT
MOAK/IIOYCHHIO 110 GOMbIIOH JHAroHamH, puc. 8,6 — mo Manoii. IlpuBeAcHHEIC PE3yNbTaTEl HCCIEAOBAHHI 1O-
3BOJIIOT OLICHATh KAYeCTBO KBA3HCTATHYECKOrO PAcueTa B MOJOCAX 3arpaKACHHs YCTPOHCTBA, Kak u cnezosaio
0XKHJaTh, 00NACTh 3arpaKacHus GuibTpa Crpasa OT OCHOBHOH MOAOCH MPOMYCKAHHUA HMCET IMHPHHY 3HAYM-
TENLHO GONbLIE OKTABHI BCICACTBHE CMEIIEHHS BTOPOH ([apa3HTHOM) NONOCH MPOMYCKanHA B 00NacTb BBICOKHX
sactor. CleiyeT OTMETHTB, YTO Ha YAaCTOTaX CYLIECTBEHHO HIDKE TIOJOCH MPOMYCKAHUs Y GUILTPA, MOXKIIOUCH-
HOTO 1O 60BN AHArOHANH, SKCTICPHMEHTATLHO HAOMIOAAEMOE 3aTYXAHHE MEHBIIE PACeTHOrO, a y GunsTpa,
NOAKITIOYCHHOTO M0 MAJIOH AMArOHAIH, — HA000pOT. (UEBHAHO, B 3TOH 00JACTH YaCTOT CHIbHES MPOABJIACTCA PO~
THBOpEYHE MEXTY HIACATHHON OXHOMEDHOH MOZE/BIO, HCTIONB3YEMOH B PAcueTe, H PEallbHO CyLIECTBYIOMICH AByMCp-
'HO# KapTHHOM PACTIPEIENECHHs BBICOKOMACTOTHEIX TOKOB H HAMNP/KCHHA B HCCICAYeMOH MHKPONOJIOCKOBOH CTPYKTY-
pe, 0COBCHHO CHITbHO 3TO MPOTHBOPEYHE MPOSBISLCTCS BOMM3H TOUEK NOXKITIOMEHHS JIMHKI NEPSAATTH.

3HauUTEbHOE PA3THUME TEOPHH M SKCHepuMeHTa Ha ydactke AUX B 06nacTs BTOPO#H MONOCH NMPOITyCKa-
Bus (cM. puc. 8) TAlOKe SIBJSETCS CICACTBHEM YNPOUISHHOCTH MOJCAH MHKPOIOIOCKOBOTO (uIHTPa, HCTIONB3Ye-
Moii B pacdeTe. B acTHOCTH, pacdeT MOKa3LIBACT, 4T0 B (JOPMHPOBAHMH 3TOH Napa3sHTHOH NMOJOCH y4acCTBYHOT
PE30HAHCHI YETHBIX M HEYETHBIX BOJIH BTOPOi M TpeTseil Moa koneGanuii 8 MITP. CoGCTBEHHBIE HaCTOTHl 3THX
MoA KoneBaHHii M3-3a HEPEryIApHOH (GOPMEI MONOCKOBOTO MPOBOAHMKA COMIKAIOTCA Tak e, kak 1 B MITP co
CTYNEHYaTHLIM H3MEHCHHUEM IIMPHHBI NOJIOCKH B BUAC “rantenu” (cM. puc. 1) [2, 4]. Oanako SKCIEPUMEHT 1OKa-
3bIBAET, WTO B O0NACTH BTOPOH HMONOCH MPOMYCKAHHS, KPOME Ha3BaHHBIX HYETHIPEX PE30OHAHCOB, HabmiogaeTcs
e1ne YeTHIPE AOTIOMHUTENBHBIX NHKA, CBA3AHHBIX, MO-BHAUMOMY, C PE3OHAHCAMH JICKTPOMATHATHBIX koncOaHuit
HA OTPAaHHYEHHBIX OKPY)KHOCTAMH YJAaCTKaX C HM3KHM 3]IEKTPHYECKHUM COMPOTHBIICHHEM MONOCKOBOIO MPOBOA-
HuKa MITP. BbiCOKOUACTOTHBIE SAEKTPHUECKHE N0 ITHX PE3OHAHCOB HMCIOT YAITBI TIOYTH B LICHTPAX OKPYKHOCTCH H
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L nB HC MOryT GbiTh OMMCAHBI B PAMKAX OZHOMEPHOI
\ K _ - MOJIENH.

50 - pw——— T ) Jlis OLEHKH CENEKTHBHEIX CBOMCTB MHOTO-
0 \ %' k] dhiled LA bl SR P N 3BCHHBIX MMKPOIIONOCKOBBIX (uIsTpoB Ha MITP

\ 1 : T THINA “T7IaJKas TaHTens” ObIIH H3TOTOBEHH H HC-
30— R=2 0 * C/ICAOBAHB HECKOMbKO 0GPA3LOB KOHCTPYKLUil 13
20 [ el edli— TPEX M HETHIPCX CBA3AHHBIX Pe3oHaTopoB. Ha

' l A L=105 wu F 1 puc. 9,6 npeacrasnenst AYX Tpex3meHHOro
10 U £=160 . ¢unetpa Ha noamoxxe H3 kepamuks T-150
0 — | £,TTu  romupmoii 1 Mm u pasmepamu 15x24 mm, a Ha

: . . . 5 1L : 1 23 25 27
o1 0e Mmoo Moo puc. 9,6 npeacrasncasl AUX TakKe TPEX3BCH-

HOro ¢unstpa, HO Ha nopnoxke u3 TBHC Ton-

mf" 2B - muHOH 1 MM. OcTanbHbIE KOHCTPYKTHBHBIE NTa-
\ A _baMeTphl MpPHUBEACHEI HA BCTAaBKAX PHCYHKOB.
80 133 J e -CHomHbIE THHUM COOTBETCTBYIOT HOAKTIOUE-
N . . - ' i —

40 . > = o HHIO 110 GONBIIOH AMAroHai, MITPHXOBIC
\ 5 —— 14 10 Manoit. OTMETHM, YTO OTHOCHTEABHEIE FOAO0-
30 \ 4 W10 ux . Chl HPOMYCKAHUd (GUIBTPOB OTIHYAIOTCA NpH-
20 S=10 un : GnuzurensHo B 1,5 pasa u xopomo KOppenupy-

" ‘ ::;:-0 e ‘ 0T CO 3HaMIEHHEM 330poB Mexty MIIP.

Lj , T frr U3 pucynkos BUAHO, 4TO ¢GunbTpBL, HOA-
0 » U gnroueHHbIE 110 GOABLIOLH AHATOHAMH, HMCIOT HE

07 09 11 13 ‘15 17 19 21 237 26 27 29 31
. TONbKO GOmee BBICORYIO MPSAMOYrONBHOCTh Xa-

6) PAKTEPHUCTHKH, HO ¥ CHIbHEE NoAABISIIOT Na-
Puc. 9 AAIOMYI0 MOIIHOCTE B MONOCAX 3arpakKACHHS.
Chreayer Tasoke OTMETHTB, 9TO CpEAHHIA YPOBEHD
3arpaaCHUs Mexay paGodell M MApasHTHON
NONOCaMH MPONYCKAHMS, KAK MOKA3aM 3KCIICPH-

o' E ~o - MCHT, C1a00 3aBHCHT OT PasMepoB 3a30pOB Me-
s I . . HAY PC3OHATOPAMH. .

\ I P J\\_____/.——ﬂ Ha puc. 10 npeacraBnenst AUX ¢unbrpa,

10 P— 17— S B Rt ey . H3roroBnexHoro Ha nognoxke TBHC pasmepa-

2 \ ; b3 R=200¢ - MH 22x15x] MM, COCTOALIErO U3 HETHIPEX CB3I-

\ { W=05 my “ b . 3aHHBIX pe3oHaTopoB. KouctpykTBHbie napa-

20 S=08um P = METpbI YCTPOICTBA MPHBCAEHBI HA BCTABKE PH-

10 [ ;':;:5‘“‘ . ?’.‘ : CyHKa. BuanO, 4TO npH mOAKTIOYCHHM YCTHI-

. , — 1 S ¢ Iy PEX3BeHHOO ¢uneTpa kK NMHMAM mepesaun no

10 13 16 19 22 .25 28 a1 . Manoif AMAaroHanmH, KPYTH3HA BBICOKOYACTOTHO-

34 37 40
- I'0 CKJIOHAQ HECKONBKO BBILIE BCACACTBHE 6nuso-

o ¢TH nomoca 3aryxadus. [Ipu atom, kak u B cny-
4ac TPEX3BEHHHIX QMNBTPOB, 3HAYHTEIBHO YXYAWAETCsA yPOBEHDb 3arpaXKICHHs YCTPOMCTBA B BBICOKOUACTOTHOM
obnactH.

KonuuectsenHo cenexrusnbic cBoiicTea unsTpoB yaoGHO cpaBHuBaTh, BbIUMCHSAS KPYTH3HY KaXJO0ro
cknona ux AUX: mmskovacrotroro K, w BeIcOKOuacToTHOrO K > & TAKXE “YCPEAHCHHYIO” KPYTHU3HY 0GOHX

CKJIOHOB MX XapakTepucTHK K, no ¢opmynam [10]

So=fi o R fo . fi-f
1 ; K= K, = P 1 " [N
J3 = f (f30-0)-(f5 - 13)

Puc. 10

I —

2 _Jo . ()
S0 - S ‘
rac f3" " f3' — HacTOTHI CMIPAaBA H CJICBA OT LICHTPAJIbHOM YaCTOTHI MOJIOCH TIPOMyCKaHus Jo » M3MEpEHHbIC 110

YPOBHIO 3 1B OT YpOBHS MHRHMATLHLIX TIOTEP B NONOCE nponyckanns L, ; f3'{, M fjy — aHAJIOTH4HbIE YacTO-
Tbl, H3MEPECHHBIE 1O YPoBHIO 30 1B,
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Jl1s aHANM3a M OLIEHKH KAYecTBA HCCACAOBAHHHIX YCTPOHCTB OCHOBHBIE XAPAKTCPHCTHKH, MOMYHEHHBIC HA
pasnuuHbIX 0BPa3LAX ABYX- TPEX- M YETHIPEX3BEHHbIX (HIETPOB, NPEACTABNEHH B Tl 2. OUIBTPH NOAKIIO-
yanmuch K JIMHHAM Tiepenauu conporusienueM 50 Om mbo no Gonsmoi (B), 6o no manoit (M) auaroHanu.
TabapuTsl OANOKEK BeeX 0OPa3HoB 1K MPHONIHIHTENLHO OAMHAKOBHI M HE MpPeBLIManyu 24x15 mm.

Tabumua 2
+Unueao € CriocoS Lo, " fo Afo, Kpyruasa cxnosos AYX
MITP TIOVIOXKH IIOI[I::{I;)‘!C- b "My % : —
. K Ky K,
2 160 b 038 982 6.8 0,28 0,16 0,20
2 160 M 0,9 984 6,6 0,28 0,37 0,32
3 160 b 1,0 977 7.3 0,66 0,70 0,68 -
3 160- M 1,1 979 7.2 0,44 0,56 0,49
3 160 b 0,8 812 10,8 0,71 0,68 0,69
3 160 M 0,9 815 10,6 0,51 0,45 0,48
3 80 b 0,5 1169 10,6 0,58 0,73 0,65
3 80 M 0,5 1172 10,4 0,57 0,56 0,56
4 160 b 1,0 976 12,0 1,08 1,13 1,10
4 160 M 0,9 978 12,8 0,81 ‘1,54 1,06
4 80 B 0,6 1394 13,3 0,73 1,10 0,89
4 80 M 0.6 1398 14,0 0,84 1,60 1,15

Jaxouenue. Taknm 06pa3oM, POBEACHHDBIC HCCICAOBAHHS MOKA3AIH NEPCICKTHBHOCTE MPUMEHCHHA MHKPOTONOoC-
KOBBIX PE3OHATOPOB C ILIABHBIM M3MEHCHHEM LUIHPHHDE FIPOBOAHHKA B KOHCTPYKLHAX CBY-pmmsrpos. B wacrHocTy,
YCTAHOBJIEHO, YTO PE3OHATOPHI ¢ JOPMOH NONOCKOBOrO NPOBOAHHKA B BHAC “rnaaKol raHTeH OKA3BIBAIOTCH Npe-
TIOYTUTEBbHEE 110 cpaBHeHMIO ¢ peryaspabiMu MITP. Cpean KOCTOMHCTB PE3OHATOPOB CHEAYET OTMETHTE, BO-TICPBBIX,
BBICOKYIO CTENCHbh MUHHATIOPHOCTH [IPH CPAaBHHTENEHO Gonbiioii cobcTBeHHOM JAOGPOTHOCTH, BO-BTOPBIX, 3HAYHTENb-
HOC yAATIEHHE BTOPOro (MApaiHTHONO) PE30HAHCA B CHIEKTPES COOCTBEHHBIX Konebanuil u, B-TPETbUX, P HEKTHBHOE HC-
TONTB30BAHHE TLIOLIAM [IOJIOKKH B KOHCTPYKLMAX MHOTO3BCHHBIX (QHIBTPOB.

VccrieioBaHus TIO3BOTHIIH ONPEAETHTb ONTHMATLHYIO (JOpMY TIOIOCKOBOrO, POBOAHMKA PE3OHATOPA, TIPH KOTO-
poit ero anuHa [, MpUCIM3ATENBHO B 3 pasa MPEBLINACT JHAMETP HAPYXHBIX oxpyxHocreit “ranrenn” 2R. AmenHo
takas opMa “rmamkoil ramtemu’ obecneumBaeT OIHOBPEMEHHO MAKCHMAJIBHOC TMOHIKEHHE YACTOTH IICPBOH
MoIbI KOneGaHHil PE30HATOPA H MAKCHMANBHOE MOBHIICHHE 4acTOTH BTOPOi. Ilpu 3TOM a¢dexr Bo3pacTaer ¢
YBE/TMUCHHEM PA3H4usl MEXKAY JHAMETPOM HAPYXHbLIX OKPYKHOCTEH “rapTenu” U NMPHHON MOJOCKH B €¢ LicH-
tpe. OHaKo CHIbHOE CY:XKEHHe Tepemeiika “raHTemi” He PEKOMEHIYCTCH, TaK Kak B 3TOM CITya¢ BO3pacTaror
“OMHYEeCKHE” TIOTEPH B MPOBOAHHKAX H HAOMIONAETCA 3AMETHOE YMEHBLIEHHE COOCTBCHHOH JOOpOTHOCTH NEPBO-
ro pesonanca MIIP. ‘

- OaHEM N3 HaubONEE HAUYMMBIX PE3y/bTATOB PaGOTEI ABISETCH XOPOLIEE COBNAJEHHE AAHHBIX MPC/IOKCH-
HOT'O PAacyeTa M IKCICPHMCHTA, 110 KpaiHei Mepe, BIONHE AOCTATOMHOE VI MPAKTHIECKHX ueneit. Hecmorps Ha
JOBO/bLHO TIPOCTYIO HCIOMb3yEMYIO TIPH PAcveTe MOAENb, PACUeT NMPHIOJEH I MPOEKTHPOBAHHS MHOMO3BCHHBIX
unETpoR Ha pesoHaTOpax THITA “TIAKAS TAHTEND .

Creyer OTMETHTB TOT (KT, 4TO PHCYHKH MOMOCKOBEIX MPOBOXHHKOB Y $unETPOB Ha PE3OHATOpaX “rian-
Kasi raHTeNb”’ HE COACPIKAT OCTPBIX YITIOB H CTYMCHEK, Ha KOTOPBIX MOXET JHAUMTE/ILHO BO3pACTaTh HANPsDKCH-
HOCTb BBICOKOYACTOTHBIX SMIEKTpYHECKHX monei. I03TOMy, OUEBHIHO, HCCNIEAOBAHHBIE QUIBTPH Gonee ycroii-
uuBbI K NoBbILEHHBIM ypoBHsM CBU-mompoctn. Kpome T0ro, $opMe! POBOAHHKOB CO CKPYTICHHRIMH YT/IaMuU
TPCACTABIAIOT OrPOMHbIN MHTEPEC 1A MHKPONONOCKOBHIX YCTPOHCTB Ha BTCII, B KOTOPBIX 3KCLIECCHl BhI-
COKOUACTOTHBIX MOAEH, CBA3AHHBIC € “OCTPBIMM” YIJIAMH H H3/IOMaMH NIPOBOAHHKOB, ABJIAIOTCA OAHMM H3 IJaB--
HbIX (AKTOPOB, OrPaHUIHBAIOINX YPOBEHD ynpasasemoil CBY-mommnocTy.

Lol ok
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