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HccnenoBanus TUAIEKTPUYECKONM NMPOHUIIAEMOCTH B JEHMMETPOBOM JHAIla30HE JUIMH BOJIH
IIPEICTABIAIOT 3HAYUTEIbHBIA MHTEPEC, TaK KaK B 3TOM YaCTOTHOM JMANa30HE MOTYT IPOSIBIATHCA
BHYTPUMOJIEKYJISIpHBIE MBIKeHUS Kak B JKK, Tak u B 60s1ee BHICOKOMOJIEKYJISIPHBIX COCTUHEHHUSX, Ta-
KHX, Kak 6nonoiumMepsl. OJTHAKO TaHHBIX 110 AUIEKTpHUYECKUM XapakrtepuctukaM KK n 6uonomamume-
POB B 3TOM JMANA30HE JUIMH BOJH HEJOCTATOYHO. M3MepeHus AMAIEKTPUYECKOW IPOHHUIIAEMOCTH
3/1eCh 3aTPyAHEHBI, TaK KaK JMHUU MEpejayd Ha OCHOBE COCPEJOTOUEHHBIX 3JIEMEHTOB (€MKOCTH, HH-
JNYKTUBHOCTH, COIIPOTUBIICHUS) YKE HE paboTaroT, a JUHUM MEpPEeAadu WIM PEe30HATOPhl C pacrpese-
JIEHHBIMU TIapaMeTpaMH UMEIOT HempuemieMo OoJibiine pa3Mepbl. M3 3TOro nosnoxeHusi, Kak mpaBu-
J10, BBIXOJST, UCIIOJIb3Ys MUKPOIIOJIOCKOBbIE TMHUHU nepeaad (MILI), mo mrHe KoTopoi yKiaabIBaeT-
Csl IOJIOBUHA JUTUHBI BOJHBI (puc. 1).

Puc. 1

OCHOBHBIM 3JI€MEHTOM TaKHX JIMHHI nepeaad ABJIACTCA IMOMJIONKKA, IMPCACTABIIAIOIIAA coOoi
INUTACTUHKY K3 KCPaMHKU C BBICOKOH ILI/IBJ’IGKTpI/ILIeCKOI\/JI MPOHUIACMOCTBIO &, ITO3BOJIAIOIIAsA YMCHb-

LIMTh Pa3MEPhI yCTPOUCTBA B /€, Pas.

Ha ocHoBe Takux nuHMI mepenad ObLTM U3TOTOBJICHBI OUYEHb YYBCTBHUTEIbHbIE M MUHHATIOP-
Hble naTtyuku [1], moka3zanHeie Ha puc. 2. B atux matumkax ¢ uensio cozganus CBY-anexTpudeckoro
nonisg 6ombinoi mnotHoctd MITJI Obuta corHyTa B KOJIBLIO, @ YyBCTBUTEIbHBIC AJIEMEHTHI (M3MEpH-
TEJIbHBIE €MKOCTH WJIM BCTPEYHO-IITHIPEBBIC CTPYKTYPHI) TIOMEIICHBI B CO3JaHHBIC TaKUM O00pa3oM
MIyYHOCTH 3JEKTPUYECKOTO MO (CM. puc. 2).
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Puc. 2

HenocraTok Takux JNMHMNA Nepenad 3aKiIl04aeTcs B TOM, YTO B HUX €CTh COCPEIOTOUYCHHbBIE
3JIeMEHTHI (KaauOpoBaHHbIE KATYIIKW MHIYKTUBHOCTH WJIM BapakTop, MpeJHa3HAaueHHbIE IS mepe-
CTPOMKH JaT4uKa 110 4aCcTOTE), B CBA3M C UEM JAaTUYMKHM HA UX OCHOBE XOpOIIO pabOTaloT JMILb HA Yac-
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totax 110 2 I'T. JIns paboTel Ha yactoTax BeIme 2 ['T11 MOTYT OBITh MPUMEHEHBI PE30HATOPHI IPYTOTO
TUIMA, IOKa3aHHbBIE HA PUC. 3.
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Puc. 3
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BecbMa nepceKTUBHBIMU SIBIISIFOTCSI PE30HATOPHI KOJIBLIEBOTO TUIA, OJJHAKO, 0 HACTOSAIIETO
BPEMEHU MHOI'ME BONPOCHI X PaOOTHI €lle HE BbIICHEHBL. B yacTHOCTH, Mpe/CTaBisieT HHTEpEC BO-
IIPOC O BJIMSHUU HA XapaKTEPUCTUKHU TAKOTO PE30HATOPA TOUYEK MOAKIIOYEHUS OJBOASILNX JIUHHUM, a
TaKXKe HaJIu4yhe HEOJHOPOJHOCTEH B CTPYKTYpe KOJbIa U Pa3IMYHOIO THIA CKAYKOB BOJIHOBOIO CO-
npotuBieHus. [IpSMOYyroabHbIE KOJBLEBbIE PE30HATOPHI ISl U3MEPEHUS IUINEKTPUUYECKON MpPOHU-
LIAEMOCTH MOAPOOHO elle HEe U3Yy4aauch. B CBsI3U € 3TUM Liesblo JTaHHON paboThl IBUJIOCH U3YUYEHHE U
HCCIIEIOBAaHUE CBOMCTB MMKPOIIOJOCKOBBIX KOJBLEBBIX pe3oHaTopoB (MKP), a Taxxke skcrnepumeH-
TaJIbHas POBEPKA PacUeTOB.

B nannoit pabore paccmaTtpuBanack KoHCTpyKuus MKP co ckaukamMu BOJIHOBOTO CONPOTHBIIE-
HUS, IpeIHa3HAYEeHHAs IS JU3JIbKOMETPUYECKUX UCCIET0BaHUN KUAKUX KpUCTALIoB (puc. 4). Pe3o-
HAaHCHBIM KOHTYp (2) HaHECEH Ha KepaMHUYeCcKyl0 MOMTIOXKYy (3), metasmusupoBanHyro cHuzy (1).
OCOOEHHOCTSAMH 3TOM KOHCTPYKIMU SABJISAIOTCA OKHA (4), OJJHO M3 KOTOPBIX MpPeJHAa3HAYeHO AJIS pa3-
MEUIEHMsI UCCienyeMoro oopasiia, a OCTaJIbHbIE JUIsl MEpECTPOiiku pabouel 4acTOThl JaT4yuKa U Apy-
I'MX TEXHUYECKUX LieNeil.
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Puc. 4

Hanngne nByx BBIXOZOB OBLIO OOYCIIOBJICHO TEM, UTO MPH PacUeTax MOSBISIIACH BO3MOKHOCTD
OLIEHUTH FPPEKTUBHOCTh PabOThI yCTPONUCTBA HA Pa3IMYHBIX PE30HAHCHBIX MOJAaX M MPU Pa3TUUHBIX
croco0ax MOAKIIOYEHUS: MEPIEHIUKYISIpHOM (Bbixoa 1) u mapamnensHoM (Bbixof 2). Ha atame npo-
eKTUPOBAHUS MPEI0IArajloch, YTO MPOBOAUTE U3MEPEHUS MOXKHO KaK IO MUKy OCHOBHOTO pe30HaHCa
(Mo perucrpanuy NOTePh CO BTOPOro BBIX0/A), TaK U IO MOJIOCY 3aTyXaHus (110 PErUCTpalliu MOTePh
C MEPBOIo BbIX0Ja). AHAJIM3 TAKUX BO3MOXKHOCTEH paHee He TPOBOAMIICS.

Jlnst iccneoBaHusl CBOMCTB aMIUIUTYHO-YACTOTHOM XapakTepucTuku (AUX) MUKpOIOI0CKO-
BOT'0 KOJIBIIEBOTO pe3oHaTopa B cpeae Microsoft Developer Studio Ha si3bike Fortran Oblia pazpabota-
Ha Mporpamma, no3BoJisitonas paccuuTbiBaTh AUX mpsiMbIX U OOpaTHBIX MOTEPh TAKOH KOHCTPYKLHMU
B KBA3UCTAaTUYECKOM NpHOIMKeHUH. J[aHHast mporpaMMa MO3BOJISIET sl pa3IMYHbIX 3HAUYEHUI mapa-
METpOB JaTunka cuutath AUX ero npsmMbIx 1 00paTHBIX MOTEPh M CPa3y BHIBOIUTH MX TPa(UKH HEMO-
CpeAcTBEHHO Ha 3KkpaH. IIporpamma paboraet ¢ 17 nepenaBaeMbIMH €l 110JIb30BaTENEM ITapaMeTPaMHu,
COJIEp’KallMH BCIO HEOOXOAMMYIO MH(POPMAIUIO O F€OMETPUUECKUX pa3Mepax MHUKPOIOJIOCKOBOIO
KOJIbLIA JJaTYMKa, O MaTepualie MOJUI0KKH M BCTABHBIX CEKLUAX U O MOJABOAANIMX JUHUAX. KoMMeHTa-
pUM KO BCEM BBOJAMMBIM I10JIb30BATENEM MapaMeTpaM OTOOpakaloTCsl B OKHE NIl KOMMEHTapHEB B
HIDKHEH 4acTH AManoroBoro okHa. C MoMoIbo 3Toi nporpammsl ObUT poBesieH pacyeT AUX KOHCT-
pykmur MKP B 3aBHCHMOCTH OT pa3MepoOB U3MEPUTENLHBIX OKOH, MECTOIIOIOKEHHUST 00pa3iia OTHOCH-
TEJIBHO BXOJ1a ¥ BBIX0A0B (1,2) MOABOMAIINX JIMHUM 1epeaad (CM. puc. 4).



Hapsny c pacuetom AUX B KBa3HCTaTHYECKOM NPUOIMKEHUH B TIAKETE /IS IPOSKTUPOBAHHS
CBUY-ycrpoiictB Microwave Office v3.09 6bu1 poBeieH 37E€KTPOANHAMUYECKUN aHAJIN3 pacipocTpa-
HEHHUs JIEKTPOMarHUTHLIX BOJIH B MKP. BO3MOXXHOCTH AaHHOTO NTaKeTa MO3BOJISIOT IOIY4YaTh CTPYK-
Typbl paclpeesIeHusl 3JEKTPOMAarHUTHBIX BOJIH B YCTPOMCTBAaxX C PACIpEeIIEHHBIMH ITapaMeTpamH,
9TO OBIBAET OYCHB IOJIC3HO MPH UX MPOEKTUPOBaHUU. Ha prc. 5 moka3aHbl CTPYKTYPBI pactpeieieHus
HanpspkeHud ¥ TokoB B MKP mpu éeMKOCTHOM NOJKIIIOUEHUH HA 4acTOTax IEPBOM M BTOPOM MOA CO-
orBeTcTBeHHO. Ha pucynke nan Bug storo CBU-ycrpolicTBa cBepxy, rie noka3aHbl TOKH, TEKYLIUE B
METAJNINYECKON MOJIOCKE, U HAIIPSDKEHUS B ITOJIJIOKKE.
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Puc. 5

W3 puc. 5 BuaHO, uto Ha yactore nepoi Moasl B MKP yknaneiBaercs 1ienas AjauHa BOJIHBI, a
Ha 4acTOTe BTOPOM MOJbI — IIYYHOCTH 3JIEKTPUYECKOrO IOJI YCTAHABIMBAIOTCA 110 CEpeiMHAM BCEX
CTOPOH KOJIbIIa pE30HATOPA.

Jls1s IpOBEPKU MPOBEACHHBIX PacueTOB ObUT U3TOTOBJIEH 3KCIIEPUMEHTAIbHBIA MAKET JaTYHUKa
Ha ocHoBe MKP 6e3 okoH. B kaduecTBe momoxku Obuta B3sita Kepamuka B-40. Ha puc. 6 npuseneHst
AYX Takoro gaTyMka B OKPECTHOCTH MEPBBIX ABYX MOJ JUI CIy4aeB, KOTa MOABOAIINE JIMHUY MO/~
KITFOUEHBI MapalieNbHO (CM. puc. 6 a) U MEPIEeHIUKYIIpHO (cM. puc. 6 6). OOpamnaer Ha ceOs BHIMA-
HHUE HEKOTOPOE HECOBIAJAECHUE pPacyeTa U HKCIEPUMEHTa BOJIM3U BTOPOH MOBI — SKCIIEPUMEHTAIIbHBIE
3HAYEHUs JIeXKAT JabIIe PACYETHBIX. DTO MOXHO OOBSICHUTh HECOOTBETCTBHEM OJTHOMEPHOH M JBY-
MEpPHOM MoJeNel — yroJIki KoJbla (CM. puc. 5) B KBa3UCTATUYECKOM NMPHUOIMKEHUH YUECTh CIIOKHO.
K Tomy e, B pacuere u3-3a CI0KHOCTEN NMPOrpaMMHUPOBaHUsI HE yUUThIBanach aucnepcus. Heznauu-
TEJIBHO Ha YaCTOTY MOIJIM MOBJIMATh U KOH(QUTYpaLUU pa3beMOB U IPOBOIHUKOB MMOABOASIIIUX JIUHUIH.
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Puc. 6

Jlis u3MepeHni IUANEeKTPUIECKON MPOHUIIAEMOCTH KHUIKOKPUCTAIIINYECKUX BEIIECTB MPEbl-
nymas KoHeTpykiuss MKP 6buta Heckonbko Moau(UIMpOBaHa HAIMYUEM JIBYX BO3AYIIHBIX OKOH Ha
IIPOTUBOIOJIOXKHBIX CTOpOHAaX KoJbla. [loaBoasimye JIMHUM MOAKIIOYAINCH NapaisienbHo. Maes uz-
MEpEHUS TUAJIEKTPUYECKON MPOHUIIAEMOCTH COCTOSUIA B TOM, YTO B OJHO U3 OKOH, PacCIlOJIOKEHHOE B
nyyHocTH CBY-31eKkTprudecKkoro moss BTopoii (pabodeii) pe30HaHCHOM MO/IbI, TOMENIAJICS JKUIKOKpPH-
CTAJJTMYECKU 00pasell, a BO BTOPOE€ OKHO MOTJIM BCTABISATHCS TUAIEKTPUKH C PA3IMYHON BEIMYMHON
JURJICKTPUUECKON MPOHULIAEMOCTH, TTO3BOJISIONINE IPOU3BOJAUTD MEPECTPONKY paboueil yacToTsl. To-
MIOJIOTHSI TAKOTO JAaTYMKa, Pa3Mephl, a TaKKe 3HAYEHHMS PE30HAHCHBIX YacTOT MPUBEIEHBI HA puc. 7.
JlaTunk ObUT BBITIOJIHEH Ha MOAJIOXKKE M3 Monukopa (£'=9,6), mpu 3TOM YacToTa pe3oHaHca padoueit
MoJIbI OblTa paBHa 3669 MI'm. Jlnsg maHHOTO MaT4mMKa ObLia MPOBEICHA KaTMOPOBKA ¢ TOMOIIBIO TEC-
TOBBIX XHUIKOCTEH, KOTOpas MOKa3aljia, 4YTO Ha 3TOM JATUYUKE MOXKHO MEPUTh JUAIEKTPUUECKYIO IIPO-
HUIIAEMOCTh € ¢ TOYHOCTHIO 10 10%.
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Puc. 7

Jlnist 3TOTO JaTyrKa Takke Oblia MpoBeJeHa MmepecTpoiika paboueil 4acTOThI C IOMOIIbIO BCTA-
BOK, ITOMEIIAEMbIX B OJIHO U3 M3MEPUTEIbHBIX OKOH. ['pybasi mepecTpoiika MpoOU3BOAMIACE C TIOMO-
1Ipi0 BCTaBOK ¢ pa3HbiMu € (monukop u TBHC), a nmnaBHast — BaBukkoit BctaBku u3 TBHC Ha pac-
crostHus oT 0,5 10 5 Mmm. Takum oOpa3om, yaanock nepectpoutsh aatduk Ha 300 MI'1 B HU3KOYACTOT-
HYIO0 00J1aCTb.

C momoIIbI0 BBIIIETIPEACTABICHHOTO JaTYMKa Obljla M3MEpeHa KOHIICHTPAIIMOHHASI 3aBUCH-
MOCTh OTHOCUTEIHBHOU AUDJICKTPUUECKONU TMPOHUIIAEMOCTH (€'ys) IBYXKOMIIOHEHTHOW CMECH aIlleTOH —
KUIKAN Kpuctamt 4-neHtui-4'-unanooudennn (5CB). Ha puc. 8 orobpakeHsl pe3ynbTaThl SKCIIEpH-
MeHTa. ToukaMy Ha PUCYHKE MOKAa3aHbl 3HAYEHUS €'y VISl pa3HbIX kKoHLeHTpauuid XKK 5CB B cmecu
(V), a crutonrHast KpuBasi — 3TO 3HAYEHUS €'y, paccunTanuble 10 GpopMmyiie Jlopenma-Jlopentma. Bopo-
Ta Ha pUC. 8§ 0TOOPaKarOT TOYHOCTHh U3TOTOBIICHUS PACTBOPA.

I'msans va puc. 8, TpyaHO caenath Kakue-1u00 BBIBOJABI O B3aummoercTBuu Mojekyn KK 5CB
U aleToHa, OAHAKO, TOT ()aKT, UTO MPH MAJIOM 3HAYEHUU V €'y U3MEHSETCS OYEHBb Mallo, MO3BOJISIET
CeNaTh MPEIOIOKEHNE, YTO KOHIICHTPAIIMOHHAS 3aBUCUMOCTh B 3TOM 00JaCTH KOHIIEHTpALUA MO-
JKET OBITh CUIILHO HEIMHCHHOM.
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Takum o6pa30M, OBLIO IIOKa3aHoO, 4TO MKP co ckaukoM BOJHOBOT'O COIIPOTHUBJICHUS BIIOJIHC
TOACH IJId JUSJIBKOMCTPUYCCKUX I/ICCJ'IGI[OBaHI/II\/JI B ACOUMCETPOBOM JUAIIA30HE, U PA3JIMYHBIC BUAOU3-
MCHCHUA €TI0 KOH(bHpraHHH MOTYT OBITE B3SITHI B KAUECTBE OCHOBEI AJIL ApyTHUX KOHCTp}/'KI_II/Iﬁ JaT4dyu-
KOB.

B manHo# paboTe OBLIN MOTYYCHBI CIIEAYIOIINE PEe3yIbTaThI:

1. B cpene Microsoft Developer Studio Ha s3bike Fortran pazpaGorana KoMIbIOTepHasi Ipo-
rpamMma Juisi pacueTa B KBa3UCTATUYECKOM MPUOIMKEHUH XapaKTePUCTUK MUKPOIIOJIOCKOBOTO KOJIbIIE-
BOT'0 PE30HATOPA CO CKAYKaMU BOJIHOBOT'O COIIPOTUBIICHMS.

2. Ucnonw3ys 3JIEKTpOAMHAMUYECKUNA pacyeT B makere s npoektupoBanus CBY-ycrpoiicTs
Microwave Office v3.09, uccnenoBan xapakTep MOBEACHHUS MEPBBIX JBYX PE30HAHCHBIX MOJ] B KOJIb-
LIEBOM MUKPOIIOJIOCKOBOM PE30HATOPE B 3aBUCUMOCTH OT CIIOCOOOB MOJKJIIOYEHHUS JIMHUH nTepeay.

3. Jlng u3MepeHui AUAIEKTPUUECKON NMPOHUIIAEMOCTH IIPEJIOKEHA U paccuuTaHa YETbIPEX-
OKOHHAs W JBYXOKOHHAs MOJZEJb MHKPOIIOJOCKOBOI'O PE30HATOPA, HA OCHOBE KOTOPOM HM3rOTOBIICH
IepecTpauBacMblii 110 YaCTOTE AATYMK JJIs1 UCCIIEAOBAHNS KUAKOKPHUCTAIUINYECKUX BELLIECTB.

4. Ha yacrote 3,6 I'T'y uccnenoBana AeiCTBUTENbHAS KOMIIOHEHTA IUAJIEKTPUUYECKON TPOHU-
LIAEMOCTH JABYXKOMIIOHEHTHOM cMecH XuIkui kpuctaiia SCB - anertoH. IlokazaHo, 4yTo moydyeHHBIE
pe3yJIbTaThl XOPOIIO NOAUMHSAIOTCS Gopmye Jlopenua-JlopeHTna, o1HaKo B 00JaCT MajbIX KOHIEH-
Tpanuii HaOo1aeTCcsl HeOOBIIIOE OTKIOHEHHE.

5. IlpensokeHbl HOBBIE OPUTUHAIIBHBIE CITOCOOBI TIEPECTPOUKH pabodeii 4aCTOThI H3MEPHUTETh-
HBIX naTunkoB Ha CBU.
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