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TIpenmet u uenb paboThl: Hccredyomes keazuonmuuecKkue nepecmpaugaemble U WupoKonoaiocHvle oupgepenyuanvivie ghazo-
svie cexyuu (PC), cocmosiuue uz HeCKOIbKUX 08YYHenpenoMaAIoOwux snemenmos ([3) na ocnose s¢pghexma o8ynyuenpenomie-
HUs popmbi.

MeTombl U METOIONOTHS: [Ipu noMOWwU Memooa NOAAPUIAYUOHHBIX MAMPUY PACCESHUSL PACCMAMPUBAEMCS GIUSHUE 83AUMHO20
paseopoma oceil aHU30MpPOnUU HecKoavbkux /10 na eeruuuny cosuea a3z u noaodicenue nIoCKOCMY aHU30MpOnUY pe3yabmu-
pyroweti J]OC.

Pesynbratsl: [lokazano, umo nepecmpaugaemvle 8 wiupokom ouanaszone yacmom JOC moeym 6vlmob peaniu306ansl 6 ciyuae
uemeepmooaHosol JJPC uz 08yx, a 6 ciyuae NOLYBOIHOBOU — U3 Mpex 0OUHAKOBLIX Henepecmpausaemuix /3. B pezynomame
ananuza cOenam 661800 0 803MONUCHOCTU CO30AHUS WUPOKONOTIOCHBIX YEMBEPMbEOIHOBbIX U NOY80IHO6bIX [ DC.

3akimoueHne: DKCnepUMeHmManbHoe UCCIed08anue HOOMBEEPOUNIO BO3MONCHOCHb HOCMPOECHUSL NEPECMPAUBAEMbIX U WUPOKONO-
aocuvix JJOC. Ha ux ochose 803MONMCHO cO30aHUe NePeCcmpPaudaemMvblx U WUPOKONOIOCHbIX npeobpazosameneii NoaApu3ayuu,
spawameneli RA0CKOCHU NOAPU3AYUU, NOTAPUSAYUOHHBIX hazospawyamenell u cogueameneli 4acmombvl 6 mepazepyesom ouana-
30He uacmomn.

KiroueBsle ciioBa: mepazepyeswiii ouanason, kéazuonmuka, ouggepenyuanvhas azosas cexyus, 08ynyyenperomienue hopmol

1. Beenenue

IIpu mocTpoeHN KBa3HONTHYECKHUX MOJIPU3ALIMOHHBIX
pazuon3MepUTENBHBIX TPAKTOB TEPArepLeBoro aua-
nazoHa (0.1+10 TI'm) mMpoKo UCTIONB3YIOTCS TU]-
¢epennumanbhbie hazosbie cexiun (JJPC) B BUzE 1BY-
JydernpenoMisoniero semMenta (/19), momernenHo-
IO B KBa3MONTUYECKUI BOJIHOBENYIIUN TpakT. Takue
3JIEMEHTHI MOTYT OBITH BBITIONIHEHBI KaK U3 TMPUPOJI-
HBIX KPUCTAIUTMYECKUX MaTepHaiIoB (KpHCTaJLTYeC-
KUH KBapil, cardup ¥ mp.), TaK U U3 UCKYCCTBEHHBIX
JIDIIEKTPUKOB, 00JIQ/IAIOIINX TaK HAa3bIBAEMbIM JIBY-
mydernpenomieHueM popmel. Kimaccuaeckum npume-
POM TakOU CTPYKTYpbI SIBJISIETCS MHOTOCIIONMHBINA Ha-
00p Yepeny oMy Ccs ANAIEKTPHUIECKUX TUIACTHH C Pa3-
JIMYHBIMH JIAIEKTPUIECKUMHA POHUTIaeMocTsIMH [ 1].
[Tapametps! /D Ha ocHOBe AByITy4emperoMIICHUS
(OPMBI OTIPEIETSIFOTCS TEOMETPUEH U TAJIEKTpUYec-
KHMH [TPOHUIIAEMOCTSIMH UCTIONIE3yEMBIX MaTepHaJIOB.
Ha ux ocnose 0butH pa3pabotansr JJPC B auana3oxe
0.1+1 TI'm [2]. Ilpu Bceit BBICOKOH APPEKTUBHOC-
TH TaKUX CEKLUH OHU 00J1aal0T CyILECTBEHHBIM He-
JIOCTaTKOM — CEKLIUY BBINOJHAIOTCA C IPEIU3NOHHON
TOYHOCTBIO Ul PabOTHl HA KOHKPETHOM 4acToTe M
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HE MOTYT OBITh IEPECTPOEHBI B Mporecce padoThI.
[Ipu co3manum mepecTpanBaeMbIX (Ha30BBIX CEKIIMU
B DTOM JIMaIIa30He MOXKET OBbITh HCITOJIH30BaH IPHMe-
HSIEMBIH B ONITHKE MPUHIIUI, 3aKTFOYAFOIUICS B TTOC-
JIeZI0BaTENbHOM BKITFOUEHUH HECKOIBKUX /1D, onTuuec-
KM€ OCH KOTOPBIX pa3BepHYTHI HA HEKOTOPBIA YTOIL.
B tepareprieBoM anana3oHe Ha OCHOBE IUIACTHH W3
KPUCTALTHYECKOTO KBapIia ObUIH pa3paboTaHbl ITUPO-
KOToJIoCHBIE (pazoBbie npeodpazoraren [3]. Kak mpa-
BWJIO, aHAJIN3 TaKUX CTPYKTYP OCYIIECTBIUICS C TIO-
Mortpio cdeps [Tyankape [4—6] nim MaTpU9IHOTO Me-
tona Mrosuiepa [7, 8].

B Hacrosiei paboTe mpeiaraTes nepecTpau-
BaeMbIe YETBEPTHBOIHOBBIE U TTOTyBOTHOBEIE [|DC
Ha OCHOBE CTPYKTYp, 00JIaJaroIInX ABYITyYeTpeoM-
JIeHuEeM (OPMBI, [T pabOThI B JUTMHHOBOJIHOBOM Yac-
TH TeparepueBoro auanasona (0.1+1 TI'). [Ipu atom
X aHaIM3 OCYHIECTBISETCS C MOMOIIBI0 METOJa
MOJISIPU3AMOHHBIX Matpur paccesHus ([IMP) [9].
Lenpio aHamm3a SIBISIETCS ONPE/IEICHNE B3aNMHOTO
PaCIOJIOKEHHUST OCEHl aHM30TPOIIUH OTACIBHBIX J[D
JUISl IOy YeHHUs TpeOyeMOTro pe3yJIbTHPYIONIETro -
(hepeHIMATBLHOTO CABUTa (ha3 U MOJIOKEHUS Pe3yJib-
TUPYOIUX 3QPEKTUBHBIX OCEY aHU30TPOITHUH BCETO
ycTpoiictBa. [Ipu aHanuze Oymem CTpeMHUTBCS K
MaKCHMAaJILHOM MPOCTOTE mocTpoeHus Takux JJDC,
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4TO NOAPa3yMeBaCT UCIIOJIb30BAHNC MUHUMAJIBHOT'O
KOJIMYCCTBA 3JICMCHTOB C MHMHHMMAJIbHBIM KOJIHNYC-
CTBOM DPCTryJIMPOBOK.

2. TeopeTnueckoe uccljieI0BaHHE
BO3MOKHOCTH CO3IaHMSI MepecTpauBaeMbIX
u umpokonojocHeix JIOC

PaccMOTprM BO3MOXHOCTb peaIn3alliil YeTBEPTh-
BosiHOBOH JI®DC, cocrodiell u3 ABYX pa3BEpPHYTHIX
JPyT OTHOCHUTEIBHO Apyra Ha HEKOTOpBIi yron ¢ 0D,
CO3JIAIONINX HA IAHHOM YacToTe AudhepeHInaIbHbIC
caBUrH a3 COOTBETCTBEHHO A, u A,. CxemaTnuec-
KO€ M300pa’keHne UCCIelyeMON CTPYKTYphl IIPUBE-
JIeHO Ha puc. 1, rne cocrasmsawonue /3 ycioBHO
n300paXXeHbl B BUJIE TUIOCKOCTEH aHU30TPOIHHU IS
BOJTHBI, HCTIBITHIBAIONIEH 3aMeieHue, a d3PPeKTUB-
Hasl INIOCKOCTh aHU30TPONUHM SKBUBaNIeHTHOH [[DPC
OuYepYCHA TyHKTUPOM.

Bynem momarars, uto /IO He 00mamar0T qUXpons3-
MOM (OTJIMYHEM 3aTyXaHUs M0 OCSIM aHH30TPOIINH)
U IOJHOCTBIO COINIACOBAaHBI C KBa3MONTHYECKHUM
TpakToM. B aTom cinyuae [IMP kaxknoro snementa
B COOCTBEHHBIX MOJIIPU3ALUOHHBIX Oa3ucax [x;, y;],
T. €. TIpY COBIAJICHUU OPTOB 0A3MCOB C OCSIMU aHU-
3otponuu /19, umeer Bup 2 x 2 -MaTpuIlbl IEpeaavu
Jxomnca,

a [IMP sddexrusroit JIOC § npencrapiser coGoit
IIPOU3BEACHUE 3TUX MATPHUILl IIPU CONIACOBAHUU UX
MOJISIPU3ALIMOHHBIX 0Aa3MCOB.

Bupn [IMP yctpoiicTBa 3aBUCHT OT BBIOOpa MOJIS-
pu3anuoHHbIX 0a3ucoB. [Ipu aHnanuse 4eTBEpPTHBOII-
HOBBIX JJ®OC, ocHOBHas (pyHKIHMS KOTOPBIX 3aKIIIO-
yaeTcsl B MpeoOpa3oBaHuy JTUHEHHO MOJISPU30BaH-
HOU BOJIHBI B KPYTOBYIO M HA000POT, LIeinecoo0pa3zHo
NPUMEHSTH JIMHEHHBIN MOJSIPU3alnOHHBIN Oa3uc 1is
JMHEHHO NOIAPU30BaHHOM BOJIHBI M KPYTOBOM 0a3uc
JUTSL KpYTONOMSIpU30BaHHOM BONTHEL. Bribepem B Kaue-
CTBE MOJAPH3ALUOHHOIO 0a3uca BXOAHOIO CHIHAJA
COOCTBEHHBIN JIMHEHHBINA MOJISIPU3ALMOHHBIA Oa3uc
s dexruBrOl IDC [X,445 Vopq ], KOTOPBII IOBEPHYT
OTHOCHUTEJIBHO COOCTBEHHOTO IOJISIPU3ALIOHHOIO

Puc. 1. Cxema nepectpanBaeMoit ueTBepThBOIHOBOI JJOC

0a3uca nepBoi IIaCTUHEI [X,, ¥,] Ha yrox . Iloms-
PpU3alMOHHBIN 0a3uC BBIXOJHOTO CHTHAJIa BBIOEpEM
KpyTOBBIM [€,_,€,].

B sToMm cirydae curaan Ha BeIxose 3O PeKTHBHOMN
JADC umeer BUI:

EBleZS"EBXZG‘SOZ'(,\p'gol.\’l\l'EBX’ (1)
. cosy siny . [cosg —sing

rgpe y= . » 0= . -
—siny cosy sIn@ cos¢

MaTpUIBl TOBOPOTA JTMHEHHBIX MOJSPU3AHMOHHBIX

0a3mCcoOB COOTBETCTBEHHO HA YINIBI Y U —O, a

~ 1 (1 i .

Gzﬁ | o —Marpuua npeodpazoBaHus JTHHEH-
—i

HOTO 0a3uca B KPyroBoii.

ObecnieueHue 3amgaHHOTO MU HepeHITHATBEHOTO
casura ¢a3s mpy U3roTOBNICHUHN /D Ha OCHOBE ABYITY-
yernpenoMieHus: (JOpMBbI COIPSDKEHO C OIpe/ieieH-
HBIMU TPYAHOCTSIMHU H3-3a BIIMSHUA TPYAHO YUHUTHI-
BaeMBIX KpaeBbIX 3Q¢ekToB. B To ke BpeMs u3ro-
TOBIIEHUE OJUHAKOBEIX /D He BEI3BIBAET 3aTpyaHE-
Huil, nostomy Oyznem monarate A, =A, =A. Torna
IpH TT0Jja4ue Ha BXOJ JIMHEWHO MOJISIPH30BAHHOTO KO-

- 1 (1
nebanusd E =—

BX \/E

IMOHHOM Oazuce [xa(m,, yaq,q,] CUTHAJI HA BBIXOJE B

nox yniom 45° B oaspu3a-

KpPYTOBOM HOJISIpU3allMOHHOM Oa3uce [é,,é, | umeer
BUIL:

— E, 1{ €™ (cosy +siny)(e™ cos @+ isin®) + (cosy —siny)(e™ sin @ +icos )
EBLIX = =5 iA . iA . . . iA . . : (2)
E.w) 2\ e™(cosy+siny)(e™ cosp—ising)—(cosy —siny)(e™ sin@+icos )
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Ecam momyueHHast cekius sIBIAETCS MOJIHBIM 3K-
BUBaJIEHTOM ueTBepTbBOIHOBOM JIMDC, TO Ha BBI-
XOJie IOJHKHA MPUCYTCTBOBATh BOJHA TOJIBKO OAHOM
KpYTroBOW MOJISIpU3aLiH, IPEANOI0KUM — IPaBOM.
Cocrapmsromas £, ., B TAKOM Cllydae SBJIAETCS Ia-
pasuTHOi1. Torna, pemas ypaBHEHHE |EJIeB =0, moxy-
YyaeM, 4To JUJIs peain3alui YeTBepTbBOIHOBOM JJDC
OTHOCHUTEIBHBIHN YToJI pa3BOpoTa Ocel aHU30TPOIIHU

JI9 momKeH COCTaBIISITh

¢ = arctg, /|cos2A , 3)

a II0CKOCTh aun30Tponuu dddexruBaoii DPC nosep-
HyTa OTHOCUTEIBHO INIOCKOCTH aHU30TPOITNH ITEPBOM
IUTACTUHBI HA yTOJl

2cosA |cos 2A|
c0s2A + (cos A +sin A)\/|cos 2A| '

“)
3aBHCUMOCTH YIJIOB @ U ¥ OT nuddepeHnnaib-
HOro ciasura (a3 A Ui mepecTpauBaeMOM deT-
BepThBOJIHOBOM JIDC npuBeaeHb! HA pUC. 2 CILIOMI-
HBIMH JINHUSIMU.
Peanuzauus nepecTpauBaeMOi YeTBEPTHBOJIHO-
Boit JI®C Bo3MoOkHA B ciydae, ecnu quddepen-
[IUAITEHBINA CIBUT (a3, CO3/IaBaeMbIi KaxabM u3 /10,

y =—arctg| 1-

oV, °
80|
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Puc. 2. 3aBucUMOCTH YIIIOB @ U \y OT AuddepeHnInaIbHoro
capura ¢a3 /I3 A i 4eTBEpTHBOJIHOBBIX (CIUIOIIHBIE KPH-
BBIC) U TIOJTyBOJIHOBBIX (IITPUXOBBIE KPUBbIE) IEPECTPANBAEMBIX
JDC, cocrosmx n3 onuHakoBbIX J10. UepHbIMU 1 GeIIbIMU KpY K-
KaMH OTMEUYEHB! COOTBETCTBEHHO SKCIIEPHMEHTAIILHBIC 3HAUCHUS
¢ U, U3MepeHHsle Uit ueTBepThBoIHOBOM JIDC, a uepHpIMU
1 OCIIBIMU KBaJPaTHKAaMHU — SKCIIEPUMEHTAIIbHBIC 3HAUCHUS (P

U Juls oayBosiHoBOH JIDC

320

cocrasysger oT 45° mo 135°. Ecam 3aBEUCHMOCTB
muddepernmanbHOTO caBura gpa3 A OT 4acTOTHI f
MOJIAraeTcsl JIMHEUMHOU, ocyliecTBUTh Takyro [JPC
MOXXHO B M0JI0CE YacTOT ¢ KO3(pPHULUEHTOM Iepe-
KPbITHA fmax/fmin =3.

Baxxupim mapamerpom ADC saBnsercs ee mupo-
KOTIOJIOCHOCTh NpPH (UKCHPOBAHHOW HACTpPOHKE.
OrneHKa IUPOKOTIOIOCHOCTH MOXET OBITH OCyIIe-
CTBJICHA I10 3aBHCHMOCTH aMIUIUTYAbI Napa3uTHON

E

nap

COCTABIIAIOLIEN CUTHAJIA Ha BbIxoae JI®C ot

4acToThL. B paccmarpuBaemom ciyqae (E | = |EﬂeB
(cMm. dopmyiry (2)). Ha puc. 3 mpuBeneHBl pacdeT-
HBIE YaCTOTHBIE 3aBUCUMOCTH aMIUIUTYbI Iapa3HT-

HOTO KPYTOMOJISIPU30BaHHOTO Konebanus |E,.
BBIXOJIe TiepecTpanBaeMoi yeTBepThBoIHOBOM DC
P M0JAa4€ Ha BXOJI JIMHENHO MOJISIPU30BaHHOU BOJI-
HBI, TUIOCKOCTh MOJISIPU3AI[H KOTOPOW OpHEHTHPOBA-
Ha TOJ yrioM 45° B TONSpU3alMOHHOM Oa3uce
[X,p4> Vappl- 3aBUCHMOCTH, 0603HaYCHHbBIC LHU(pa-
Mu 1-4, paccuuTansl Ui psAAa 3HauYeHHU nudde-
peHIManbHoro cuBura ¢a3z A kaxzaoro /19 Ha 1eH-
TpaJbHOU 9acToTe f, IPH COOTBETCTBYIOMINX yIJIaX
¢ u y (cMm. popmynsr (3), (4)).

AHanu3upys npuBeIeHHbIE 3aBUCUMOCTH, MOYKHO
c/eNaTh CIEAYoIIne BeIBOLL. [Ipu 3HaYeHHUIX TUd-
(hepennmansHoro casura $asz /IO Ha 1eHTpanbHOR
gactore 45° m 90° mUPOKONOJIOCHOCTH IIEpecTpa-
HMBaEeMOT0 TIPe00Pa30BaTEN MOSAPU3AIIH TaKas Ke,
KaK U y OOBIYHOH (OIMHOYHOM) YE€TBEPTHBOIHOBOM

Ha

|E.

map

|, %o

30

20

10

O l L L l
085 090 095 1.0 1.05 L10 flfy

Puc. 3. YacToTHas 3aBUCUMOCTb aMIUIUTY/bI TApa3UTHOH Kpy-
TOMOJIAPU30BAHOM COCTABIIAIOIIEH HA BBIXO/IE IEpecTpanuBac-
Mo yeTBepTHBONIHOBOI JIPC 1pu pa3nuyHbIX 3HAYSHUAX JUQ-
(epennumansHoro capura Qa3 xaxaoro /IO Ha nieHTpanbHON
vacrore: A=mn/4,m/2 — kpusas 1; A=3n/8 — kpusas 2;
A =57n/8 —kpuas 3; A=3n/4 —kpusas 4
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J®C. B untepBane 45°<A<90° umeer MecTo
HE3HAUYNTENbHOE YBEINYEHHE MIMPOKOIOIOCHOCTH.
[Ipu ceknusax Gonbmiero pasmepa HaOIOJaeTCs
CY’KEHHE IO0JOChl PabO4YMX YacTOT, YTO CBA3AHO C
yBeJIMYeHUEeM OOIIel UTMHBI yCTPOIiCcTBa.

IlepeiineM Kk pacCMOTpPEHHMIO BO3MOYKHOCTH pea-
TU3aIuu TepecTpanBaeMoil moimyBostHOBOW JIDC,
COCTOSIIIEH U3 HECKOJIBKUX JIEMEHTOB. JIJ11 HaXoXk-
JICHHA TapaMeTpoB nomyBoaHoBoH JIPC MoxkHO BoC-
M0JIb30BAThLCS €€ CBOMCTBaMU. B mone kpyromnons-
pu3oBaHHOM BoJHEI onysoHOBas JIPC npeobpa-
3yeT NOJSIPU3aLUI0 ONHOTO BUAA, HAIPUMED IIPaBYIO
KPYT'OBYIO, B OPTOTOHAJIBbHYIO (JIEBYI0 KPYTOBYIO).
B nosie nMHENHO NOJAPU30BaHHON BOJIHBI ITOJYBOJI-
HoBas JIOC sBrseTcs BpamaTeieM IIOCKOCTH T10-
JSIPU3ALIH.

PeannzoBare nepecTpanBacMyrO IOIYBOJHOBYIO
J®C u3 nByx oguHakoBbIX /|2 HeBO3MOKHO. OOBsIC-
HUTB 3TO MOYKHO, HAIIPUMeEP, CIEAYIOLIIM 00pa3oM.
IIpu ipeoOpazoBaHmy MMAMAONIEH KPYTOMOISIPU30-
BaHHOW BOJIHBI OJTHOTO BHJA B KPYTOMOJISIPU30BaH-
HYI0 BOJIHY OpPTOTOHAJILHOTO BU/Ia B CPEIHEN YacTH
ADC nmonapuzarus muHeiHas. CiiejoBaTeIbHO, KaXK-
BT M3 IBYX ONMHAKOBHIX /[, oOpasyrommx Imo-
nmyBonHOBY10 J{DC, siBIsieTcs npeoOpazoBaTesieM JIn-
HEHHOM MONspU3ali B KPYTOBYIO MM HaoOOPOT.
OTO COOTBETCTBYET €IUHCTBEHHOMY CIydal0 pea-
nu3aruu monyBoiHOBOH JDC, xorma muddepen-
UANBHBIN cABUT (a3 kaxnoro /13 cocrasmser 90°,
a TUIOCKOCTH aHU30Tponuu odoux JID opueHTHpOBa-
HBI TApaJUIEIIHHO.

PaccmMoTpuM BO3MOKHOCTE peannu3aliy epecTpa-
uBaeMoi nosryBosHOBOM JIPC u3 Tpex 0IMHAKOBBIX
2JIEMEHTOB (A, =A, =A; =A). JIna MUHUMH3aUUH
KOJIMYECTBA PETYINPOBOK BPAIIaeTCs TOJIBKO Cpel-
Huit [13. Ilpu 3TOM MIIOCKOCTH aHU30TPOIUU Kpaii-
HUX 1D mapawiensHel. PaccMoTpeHne Takoi CTpyK-
TYpBI B TI0JI€ KPYTONOISAPHU30BaHHON BOJTHBI TPEOyeT
aHanu3a aMIUIMTYObl U (a3bl BBIXOAHOTO CHUTHAJA.
B morre muHEHO OISPU30BAaHHON BOHBI TPEOYETCS
aHanu3 JUIIb aMIuIuTyasl. [IpoBenem ananus B Ju-
HEHHBIX TOISAPU3ANMOHHBIX 0a3rcax (cM. puc. 4).

Jnst HaxoxneHus: yria pasBopota cpegHero 19
¢ ¥ OPHCHTAITUH IIOCKOCTH aHU30TporwH dhdek-
tuBHOM JIMPC y Bocmonb3yeMcsi CBOMCTBOM IIO-
myBonHoBoi JIdC noBopaunBaTh MIOCKOCTh MOJIA-
pH3aLuy TMHENHO NOISIPU30BAHHON BOJIHBI HA YIBO-
€HHBII Yroj pa3BopOTa IUIOCKOCTH MOJIIPHU3ALUU
Ia/Iaf0IIEN BOJHBI OTHOCHTENBHO €€ IIIOCKOCTH aHU-
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Puc. 4. Cxema iepectpanBaeMoii moryBosHoBoi 1DC

30Tponud. YacTHBIM ClydaeM SIBJISICTCS MOBOPOT
IJIOCKOCTH Nonisipu3auuu Ha 90° mpu OpHEeHTaLUuU
IJIOCKOCTH MOJISIPU3AIIY T1aIAF0IIEH BOJHEI MO yT-
noMm 45°. Jlng ynpouenus: popMbl 3aricy BXOTHOTO
Y BBIXOJTHOTO CHTHAJIOB B 3TOM CIIydae IIeiecooopas-
HO BBECTH JOMOJHHUTEIBHBIN MOJSAPU3AIMOHHBIN 0a-
3uc [x', y'], KOTOPBIA pa3BepPHYT OTHOCHUTEIBHO COO-
CTBEHHOT'O TOJSIPU3ALMOHHOTO 6asuca X4, Vopg ]
a¢pexruHOM IDC Ha yron 45°. CurHai Ha BBIXOIE
CHUCTEMBI U3 TPEX OJIMHAKOBBIX [, KpaliHue U3 Ko-
TOPBIX MapaJUICIbHBI, @ CPESIHUNI MMOBEPHYT Ha YO
¢ B €IMHOM JIMHEHHOM Oasuce [x', y'] umeeT BU:

=S-E _=0"-8,-¢"-85,-¢-S,-6-E,_,

cos(y +45) sin(y +45)
—sin(y +45) cos(y +45)
IIOBOPOTA JIMHEHHOTO MOJISIPU3AIMOHHOTO Oaszuca

D>

rae 0= — MaTpuua

Ha yron y+45°, 6" u §° — 5PMHTOBO-CONPSIKCH-
HbIE MaTPHLBI COOTBETCTBEHHO K MaTpULIaM 0 u .
Ecnu monmyuyeHHast CEeKIUs SIBIISIETCS TIOJIHBIM SKBH-
BaJICHTOM OOBIYHOHN moiyBoiHOBOM JPDC, TO mpu
1

nmoaadye€ Ha BXO EBX = CHUT'HAJI Ha BBIXOAC MMECT

Bun E__ =

BBIX *
1

Pemras ypaBHeHue

E

nap

| BBIX

2
=e/*| e/ cos(%+w]coscp+sin(%+\pjsin(p +
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0. C. Kocsx u op.

+| e’ cos E+ sin @ — si E+ 2—O
4\|J (psm4\|/coscp—

)

MOJTy4aeM, 4To JAJIsl peaTu3aliui oayBoHOoBoM JJOC
YIoJl pa3BopoTa OCH aHU30Tponuu cpeaHero I3 ot-
HOCHUTENBHO TNIOCKOCTU aHU30TPONUU KpaHux 19
JIOJKEH COCTaBJIATH

¢ = arctg (6)

IIpu 3TOM MITIOCKOCTH aHU3OTPOIHH 3P HEKTHBHOM
JDC cocraBnsieT ¢ TOH ke MIOCKOCTHIO YTOJ

v =0/2. (7

3aBHCUMOCTH YIJIOB @ U\ OT quddepeHnaib-
Horo ciBura (ha3 A TpUBEACHBI HAa PUC. 2 MTPUXO-
BeIMU JuHUsAMU. Peanuzamus nomyBonHoBou JDC
BO3MOYKHA B CITy4ae, eciii quhepeHIranbHbIA CABUT
(a3 KaxI0TO U3 IEMEHTOB COCTaBISET OT 60° 10
300° wu B mooce 4acToT ¢ KodddunmenTom nepe-
KpeItus f. /[ foin =5. U3 puc. 2 cnexyer Takke,
YTO B WHTEpBaJiC 3HaYeHUN audPepeHIIHaTLHOIO
capura a3 113 ot 60° mo 135° 4eTBEepTHBOTHOBAS
Y TIOJIyBOJIHOBAS! CEKLIMM MOT'YT OBITh peaan30BaHbI
13 OHUX | TeX ke /|3, 9To BechMa ynoOHO IpH UxX
W3TOTOBJICHUH.

[[InpoKOIIOIOCHOCTE TIEpeCcTpanBaeMOi ITOIYBOJI-
HoBo#t JI®C npu pukcuposanHOit HacTpoiike Oymem
OIICHWBAThH 10 3aBUCHMOCTH aMIUTHTYIbl Tapa3uT-

E

HOM JINHEHHOM KPOCC-MONSIPU30BaHHOM BOJHBI |E,

o

(cM. BeIpakeHue (5)) HA BBIXO/IE€ OT OTHOCUTEINBHON
E

gactoTel [/ f,. PacdeTHble 3aBHCHMOCTH nap

JUIS1 HECKOJIBKUX 3HAYEHUH ArddepeHInanbHOr0 CBU-
ra (a3 xaxzgoro /1D Ha LleHTpaJIbHOM YacToTe f, U
COOTBETCTBYIOIIUX UM yIIOB ¢ u Y (dhopmyisl (6)
u (7)) npexacraBnensl Ha puc. 5. [Ipu A =60° (kpu-
Bas 1) 3aBUCHMMOCTH COBHAJNAET C 3aBUCHUMOCTBIO
Ut 00braHOM momyBosHoBoi JDC. Ilpu A =230°
(xpuBas 4) oOrias mosioca paboYNX 4acTOT IPUMEP-
HO PaBHA I10JIOCE Pa0OYMX YacTOT OOBIYHOM IMOITY-
BosHOBOM JIDPC, HO CTaHOBUTCS ACCUMETPUYHOI OT-
HocuTenbHO f,. Ilonoca pabodnx 4acToT MoiryBoOI-
HOBOI1 nepectpauBaemoit JJOC B uHTEpBaje 3HaUe-
HAW nuddepeHmanbHOro casura (a3 Ha KaxiaoM
aneMenTe ot 60° 1o ~230° Oosblie, YeM LIMPUHA
MOJIOCHI paboYnX YacTOT OOBIYHOW IMOJTyBOJTHOBOM

322

|E apl> %0

ap

30

20

10

0 ! I I
0.8 0.9 1.0 1.1

il

Puc. 5. YacToTHas 3aBUCUMOCTb OPTOIOHAJILHOM Napa3uTHON
COCTaBJIAIOIIEN Ha BBIXOJIE IEPECTPANBAEMOM IIOTYBOJIIHOBOM
J®C B none nuHENHHO NOJSPU30BaHHON BOJIHBI [IPU PA3IUYHBIX
3HaYeHHuIX auddepeHnmansHoro casura das kaxmoro /I3 Ha
LIeHTpaabHOM yacToTe: A = 60° —kpuBas 1; A =120° —kpu-
Bast 2; A=180° —kpuBas 3; A=230° —xpuBas4; A=300° —
KpuBas 5

ceknuu. MakcumanbHas pabodas mojoca 4acToT,
3HAYUTEIBHO IIpEeBBIIMIAONas pabouyro MOJIOCY
yacToT 00b1vHOHN noyBosiHOBOH JJDPC, nocturaercs
mpu A=180° u ¢=060° (xkpuBas 3). 3T0 CBs3aHO
¢ MaJIOH KPyTHU3HOW 3aBHCHMOCTH yTJia pa3BopoTa
Cpe/HeH CeKIMN ( 1 TookeHns 2P PEeKTHBHOM TLTOC-
KOCTH aHM30TPONHU Y OT A (pHC. 2), 4TO HKBUBA-
JICHTHO 3aBHUCUMOCTH OT 4acTOThI. TakuMm o0pazom,
nanHas J{dC aBiseTcst MMpOKOTIOIOCHOW IO CpaB-
HeHUro ¢ oguHouHOM JIDC.

Ilockonpky mosnoBuHa nonyBosaHoBoi PC dB-
nsieTcs yeTBepThBOIHOBOM JIDC, moruuHo mpenro-
JIOXKUTH, YTO KOMOWHAIIHS TTOJYBOJIHOBOTO U YET-
BEPTHBOJHOBOIO /[, pa3BepHyThIX Ha yron ¢ = 60°,
00pa3zyeT Takke [HPOKOIOJIOCHBIN TpeoOpazoBarenb
JMHEMHOM MOJIIPU3aLlUH B KPYTOBYIO (U€TBEPTHBOJI-
HoByro J1DC).

PaccmoTpum nepectpauBaemyro HAPDPC, cocros-
myo u3 aByx D (puc. 1), nuddepennunanbueie
caBury (a3 KOTOPBIX OTIMYAIOTCS B ABa pasza. [Ipu
3TOM BO3MOJKHBI /IBa BapHaHTa MOCTPOCHHS TaKOH
JADC: nuHeHO moNIpu30BaHHAs BOJHA ITOCTYITAET
co croponsl [ID ¢ 06mpmmm auddepeHunanbHbIM
casuroM ¢as (A, =2A, A, =A) u co cropoHs! J1D
¢ MeHpIIUM IuddepeHInanbHbIM cIBUTOM (a3
(A=A, A, =2A). AHanu3 Takux CTPYKTYp MPOBO-
JIUTCS C UCIIONIb30BaHueM BblpaxkeHus (1). Paccun-
TaHHBIE 3aBUCHMOCTH YIJIOB pa3BopoTa /D ¢ u no-

ISSN 1027-9636. Paouogusuxa u paouoacmporomus. T. 21, Ne 4, 2016



Ilepecmpausaemvle u wupokononocHuie ouggepenyuansvhvie azosvle cekyuy 6 mepazepyesom OUanda3one Yyacmom

noxeHus1 3 (HEeKTUBHOM MIIOCKOCTH aHU3OTPOITUH -
(dextuBnoit JI®C y oT A mpuBEIEHBI Ha puc. 6.
B ob6oux ciaydasx yroia pa3BopoTa ILUIOCKOCTEH

anuzorponuu 1D cocraBuser ¢ = arctg

(cmomrHast kpuBasg Ha puc. 6). B mepBom ciy-
gae moJioykeHue 3 HEeKTUBHOH MII0CKOCTH aHU30TPO-
MUY, KaK U JUIsl [epecTPauBaeMON IOIYBOIHOBOU
CEKI[MHU, COCTaBisieT y=@/2 (WTpUxoBas KpH-
Bas Ha puc. 6). Bo BTOpoM ciydae MIOCKOCThb
anuzorpornuu dpdextuBnoit IPC cocraBnser ¢
TUIOCKOCTBIO aHU30TPONUHU KpaHux 1D yrom y =

P cos(3A) +, /|cos(3A)/cosA| sinA
arctg

\/|cos(3A)/cosA| cos(2A)
MMyHKTHPHAS KpUBas Ha puc. 6).

(Tpux-

3aBHCUMOCTH aMILITUTYAbI TAPa3UTHOU KPOCC-TI0-
JSIPU30BAaHHOM BOJIHBI OT OTHOCHTENBHONW YaCTOTBHI
JUI IByX BapHaHTOB I€PECTPAaUBAEMON YETBEPTh-
BosiHOBOM JI®DC, cocrosmiel U3 pa3BepHYThIX Ha
¢ =60° /13, coznaromux qudpepeHIUanbHbIC CABH-
ra a3 180° u 90°, mpuBenens! Ha puc. 7 (KpH-
Bble 1 u 5). U3 prucyHKa BHIHO, YTO IIUPOKOIIOIOC-
HOCTh MpeoOpa3oBaTelisl MONSPHU3aLUU, B KOTOPOM
JMHEHHO MOJISIPU30BaHHASL BOJIHA NAIAET CO CTOPO-
HeI /193, co3natomero nuddepeHnmansHbIi capur dhas
180°, (kpuBas 1), 3HAYUTEILHO NPEBBILIACT IIUPOKO-
TIOJIOCHOCTB Tpeo0pa3oBaTesisi, B KOTOPOM BOJIHA Ia-
Jaet co croponsl /19, cosnatoriero auddepeHiaib-
HBIH caprr a3z 90°, (kpuBast 5), ¥ MIMPOKOIIOIIOCHOCTh
o6pryHON YyeTBepThBONHOBOU [|DcC (kpuBas 4).

PV, °
I s
= e
L -/‘
120+ 7
80 T
-_ ,/'/
.
B Z
40
I’ \\
0 1 1 1 1 1 1 1 1 1 1 1
0 60 8 100 120 A°

Puc. 6. 3aBUCUMOCTH YIJIOB Pa3BOpoTa (P (CIUIONIHAS KPHUBasi)
n y B caydae A =2A, A,=A (WTpuUxoBas KpHBasd)
u A=A, A, =2A (WTPUX-lyHKTUPHAs KpUBas) OT A A
4eTBepThBONHOBBIX JIDC

ISSN 1027-9636. Paouogusuxa u paouoacmporomus. T. 21, Ne 4, 2016

|E apls 70

ap

30

10

I
—

| |
0.6 0.8 1.0 12 b

Puc. 7. YacToTHBIE 3aBUCUMOCTHY aMILTUTY/IbI TAPa3UTHOM Kpocc-
TIOJIIPU30BAHHON BOJIHBI Ha BBIXO/1€ YeTBEPThBOIHOBBIX [JDC:
mupoxononocHoi AdC mpu yrie pazsopora ¢ =60° — kpu-
Basg 1, @=59° — xpuBas 2, ¢ =58° — kpuBas 3; 0ObIUHOI
J®C — xpusas 4 u yzxononocHoit IDC — kpusast 5

IIpu gomycTuMOi aMIUIUTYAE Napa3sUTHON KpOCC-T10-
E

ap| =0 Y0 OTHOCHTEIIbHAs

JIIPU30BAHHOU BOJIHBI

rosioca pabo4nx 4acToT cocTtasisier okono 30 %,
E,,|=10% — Gomee 45 %.
[Tomoca pabounx 4acTOT OOBIYHBIX YETBEPTHBOJI-
HOBbIX JIPC npu TaKKX aMIUTUTYaX Mapa3UTHBIX BOJIH
COCTaBIISIET COOTBETCTBeHHO 7 U 15 %. IllupuHa pa-
0odeit oNoCkHl 9acToT peodpa3oBaresi, B KOTOPOM
BOJIHA MTaJaeT co cTOpoHkEI 13, co3matomiero audde-
peHmmanbHei caBur ¢as 90°, yxe, dem pabodas
nonoca o0bryHON JIDC, mpu Tex ke 3HAYCHUIX
aMIUIMTY/ Iapa3uTHBIX BOJIH MOJI0Ca PAOOYNX YaCTOT
COCTaBIIIET COOTBETCTBEHHO OKOJIo 4 1 8 %.

B nomsapuzanmoHHbIx (hazoBpariaTensx u CIBUra-
TeAX 4acToThl noiryBosiHoBast 1D C naxoaures B mosne
BOJIHBI C KPYIrOBOM mossipuzanueid. B ¢Bss3u ¢ otme-
YEHHBIM BBIIIE OTIIMYMEM B PaboOTe MOIYBOJHOBOM
JAPC B 3aBUCUMOCTH OT BHIA TOJSIPU3ANNN IO,
[IeJIeco00pa3HO PACCMOTPETh paboTy HMIMPOKOIIONOC-
Hoi1 noyBonHOBOM JI®DC B moJie Takoil BOJIHEI.

[Monapuzamuonnas marpuna paccesaus JJDC,
CXeMaTUIEeCKH M300paKeHHOH Ha puc. 4 B Kpyro-
BBIX MOJIIPU3AIOHHBIX 0a3rcax Ha BXOJE U BBIXOJIE,
MMeEeT BUJ:

a IpHu JOMyCTUMOM

A A

S:G.jo.(b*.s’o.@.jo.é*,

rie G° — MaTpulla SPMHUTOBO-CONPSIKEHHAA K
matpuue G. B uaeanbHOM cllyyae mpu mopaye
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0. C. Kocsx u op.

Ha Bxoa J®C curnHana ¢ mpaBoil KpyroBoH MHoJjsi-

s (B[
” EHBB

AO0JDKHA UMETH JIEBYIO KPYT'OBYI NOJApU3ALUIO,

- E 0
BBIX E

JIEB

BAa€MOM CJIy4dac SBJIACTCA Mapa3uTHBIM CUTHAJIOM U

pu3anuen, , BOJIHa Ha BBIXOJZIE

. Bemnuuna E| - B paccMatpu-

AMEET BUI:

E =

np

1T o . A i .
= E[elm sin” ¢ +cos” ¢+ ™ (e’ZA cos” @+sin’ (p)]

YacToTHbIE XapaKTEPUCTHUKH MApPa3UTHOTO CUTHA-
J1a Ha BBIXO/IE IIMPOKOTIONIOCHON MOITyBOIHOBO# JIDC
(pu pa3BOpOTE cpeaHel ceknunuy Ha yroa ¢ = 60°),
paboTatoleii B 1oje TUHEWHO IMOJIIPH30BaHHON BOJI-
HBI U B IIOJIE KPYTOMOJISIPU30BAHHON BOJIHBI, IIPENI-
CTaBJIEHBI KPUBBIMU | COOTBETCTBEHHO Ha pHC. 8, a
u puc. 8, 0 .

Pabovas mosioca 4acTOT 4ETBEPTHBOJIHOBHIX H
MOJYBOJHOBBIX ITUPOKOMOJOCHBIX JIDPC MoxkeT
ObITH emie Oosiee pacIIUpeHa MyTeM YMEHbBIICHHUS
yIiIa pa3BopoTa ocel aHuzoTponuu ¢. B aTom ciy-
4yae OTCYTCTBHE MAapa3sUTHOTO KPOCC-TOISPU30BAH-
Horo curHaia Ha Beixoae JJ®C Habmromaercs Ha yac-
TOTaX, CHMMETPUYHO Pa3HECEHHBIX OTHOCHUTEIHHO
LEHTPAIbHON. YMEHBILICHNE yIa (¢ JOJDKHO OBITh
TaKdM, 4TOOBI 3TO HE MPHUBEJO K YXYILICHHUIO Ma-
pameTpoB A®C 1o ypoBHS HHMXkKE NpPEENbHO AO-
MyCTUMOTO B JUamna3oHe, OTPaHUYEHHOM 3THUMU
4acTOTaMH. YacTOTHBIE 3aBHCHMOCTH Tapa3uTHO-
ro CHTHajla Ha BBIXOoAe mmupokomonocHoit JDC
B [10J1€ JINHEHHO MOJISIPU30BAHHOM U B I10JI€ KPYTOIIO-
JIIPU30BaHHO BOJIHBI J1s1 YIJIOB pa3Bopota @ = 59°
n @=58° (kpuBble 2 U 3 COOTBETCTBEHHO) Mpe.-
CTaBJIeHBI Ha pHUC. 8, @ U 6. B ornuume ot mapa-
3UTHOM COCTaBJIAIOLIEH HA BBIXOJE IOIYBOJHOBOU
J®DC B none MuHEIHO MONIPU30BAHHON BOJHEI Tapa-
3uTHas cocraispomas Ha Beixoge JDC, pabo-
TaIoLIEH B MoJie KPYroBOW MOJNAPU3ALMY, HA LIEHT-
palibHOM 4YacTOTE OCTAETCS PABHOM HYIIO MpHU JItO-
O0om pasBopote cpenHeil cexumu. Ilpu sToMm ee
YpPOBEHb HI)KE BO BCeH mosioce pabodmx YacToT.
[TocnegHee 0OCTOATENBCTBO UPE3BHIYANHO BaKHO
npu ucnonb3oBanuu JJOC B Gpa3oBbIX cABUraTENsIX
YaCTOTBI, MOCKOIBKY OT 3TOTO HAMPSIMYIO 3aBHCHUT
YPOBEHB CIIEKTpa Mapa3uTHON COCTAaBISAIOLIEN BBI-
XOIHOTO CHTHAJIA.
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Puc. 8. YacToTHBIE 3aBUCIMOCTH NAPA3UTHON COCTABIISIONIEH
Ha BBIXOJI€ IIUPOKOITIONIOCHOM moryBosHOBO# JJPC, paboTaro-
111eit B IoJIe JIMHEWHO MOJISIPU30BaHHOM BOJIHEI (@) ¥ B TIOJIE KPY-
TOTIOJISIPH30BAHHOM BOJIHEI (0) ITPU Pa3IMYHbIX YITIaX pa3Bopo-
Ta cpeanero [19: ¢ =60° — kpuBas 1, ¢ =59° — kpuBas 2,
¢ =>58° — xpusas 3. [[ng cpaBHEHUS NpeCTaBIEHA aHAJIO-
THYHAs! 3aBUCUMOCTB 715t 00b14HOM noyBostHoBoH JIDC (kpu-
Bas 4). ToukaMu OTMEUEHBI SIKCIIEPUMEHTAIBHO U3MEPEHHBIE
3HA4YEHUS aMIUIUTY/IbI 1APa3UTHOTO CUTHANIA

i

3. DKcnepuMeHTAJbHOE HCC/IeI0BaHHE

DKcIepruMeHTaIbHOE HCCIICIOBAHUE BO3MOKHOCTH
CO3JIaHUs MIEPECTPanBAEMBIX U HIMPOKOTIOIOCHBIX
JDC 6bU10 HPOBEACHO B AJIMHHOBOJHOBOW YacTH
TeparepueBoro AuanazoHa. Jjis moJHOro McCieno-
BaHus nepecrpanbaeMbix JOC TpedyeTcs HCTOYHUK
U3ITyYeHUs B OYCHb IIUPOKOM JHMANa30HE YacTOT
(frnax/ fnin =3 251 geTBepTHBONHOBBIX [JDC 1
Sovax ] Fin =3 111 moyBoHOBBIX JIOC). B kadecTse
WCTOYHUKA M3JIyYCHUS MBI MCIOJB30BAIN aHAIH-
3arop CBU-nieneit ELMIKA G4402E, pabotaromiuit
B auarazoHe 9acToT 0.086+0.11 TI'm 6e3 ymHOXKe-
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HUA 4acToThl U B auanasoHe 0.173+0.225 TI'hg ¢
YMHOKEHHEM YacCTOTHI, U TBEPIOTEIbHBINA reHepa-
top Ha JIIIJ{ ¢pukcupoBannoii wactotsl 0.138 TIm.
3to obecnednio 00U qUana3oH 4acToT UCCIIEe0-
BaHust 0.086+0.225 TI'a (fu/ fin = 2.6), KOTO-
poro, TeM He MeHee, HeJOCTaTOYHO AJISl MOJHOTO
ananusa padotsr JPC.

Bonpoc pacumupenus 4acTOTHOH IMOJIOCHL UC-
CIEIOBAHHUS MOXET OBITh PElIeH CIEAYIOLIUM
00pa3oM. 3aBHUCUMOCTH yTIIOB Pa3BOPOTa OCEH aHH-
3orponuu JID ¢ u nmonoxenus 3¢ HEeKTUBHOM IL10C-
KOCTH aHU30TPOIHH \J OT TU(PHEePSHITHATEHOTO CIIBH-
ra ¢az A obnamaroT cumMMeTpuel (0ceBoi Win Bpa-
IIaTeIbHON) OTHOCUTENBHO A =90° n7s 4eTBepTh-
BOJIHOBBIX JI®PC n A =180° sl MOITyBOIHOBBIX
H®C. TToaToMy 1OCTaTOYHO SKCIEPUMEHTAIIBHO UC-
ciaenoBath JJ®C B moaoce 4acTOT BIBOS MEHBIICH,
YeM YacCTOTHBIH IMana3oH, B KOTOPOM BO3MOXKHA UX
nepectpoiiku. [Tpu sToM muddepeHnmansHbIi CIBUT
(a3, cozmaBaeMblii uUCTIOIB3yeMbIMH J|D, MOXeT
npuHUMaTh 3HadeHus 90° u 180° BOIM3M OFHOTO
U3 KpaeB MccielyeMoro auanazoHa. B takom ciy-
yae 11eJ1eco00pa3Ho UCTIOIB30BaTh B IKCIIEPUMEHTE
omHM U Te ke /13, cozmaromue auddhepeHITnaTbHbIA
casur (a3 90° BOMM3M HU3KOYACTOTHOTO Kpasi Iua-
na3zoHa u ciBur (a3 180° BOJIIM3HM BEICOKOYACTOTHO-
ro Kpas JAnuarasoHa.

ITpu BeIOOpE [ID 11 SKCIEPUMEHTANBHOTO HC-
CJICZIOBAHUSI CIIEAYET yUEeCTb elle OJHO 00CTOSITENb-
cTBO. [IpoBeieHHOE BhIIIE TEOPETHIECKOE PACCMOT-
peHre ObLIO CHeNaHO B HPEAINOJIOKEHHH ITOJHOTO
cornacoBanus /IO ¢ Tpakrom. Hanuuue oTpakeHunit
MOJKET 3HAYUTENbHO YXYALIUTh XapaKTEPUCTUKU
JADC. B paborax [2, 10] MbI paccMOTpenu pazaud-
HBIE CIIOCOOBI COIIACOBAHMS CTPYKTYp, 0OJamaro-

OIMX JBYJydenperoMieHreM (opMbl, HO HU OJUH
13 3TUX CMOCOOOB He 00ecIedrnBaeT COrIacoBaHUE
BO BCEM JMaNa3oHe 4acTOT, B KOTOPOM BO3MOKHO
peann3oBaTh MepecTpauBaeMble YETBEPTHBOJIHO-
BbIe U noryBosHOBBIE JJPC. OgHako 10CTOMHCTBOM
TaKUX CTPYKTYP SIBISIETCA BOZMOYKHOCTH ITyTEM BBI-
Oopa marepuanoB W kod(hduIMeHTa 3an0THEeHH
M10JTy4aTh HU3KHE YPOBHM OTPAXKEHUs, KOTOpbIE HE
BIUSIOT B 3HAYUTEIHFHOW Mepe Ha Pe3yibTaT dKCIie-
pHUMEHTA.

HWcxons u3 BBIIEU3I0KEHHOTO, JIsl SKCIIEPUMEH-
TaJTbHON MPOBEPKH BO3MOXKHOCTH CO3IAHHS Tepe-
CTpauBaeMbIX U HupokonoocHbx JJdC mytem dpe-
3epoBaHMs OBUTH M3TOTOBJICHBI HACHTHYHEIE J[D B
BUJE OBYCTOPOHHEH “TpeOeHKH” W3 MOJUCTHUPOIIA
(mmdnexTpruyeckas NPOHUIAEMOCTh €=2.5) ¢ Te-
puomom 0.5 MM 1 kodduIeHTOM 3aronHeHus ~ 0.4
C HecCyIIel MepeMbIUKON U3 CIUIOIIHOTO MTOJIMCTUPO-
na TommuHOM 1.9 MM (puc. 9). Ilepuox BrIOpan
TaKUM, 4TOObI U30€KATh BIMSHUS BBICIIUX AUppak-
LMOHHBIX TAPMOHHUK, a K0O3(p(QUIIUEHT 3amoTHeHNS —
TaKuM, 4TOOBI 0€3 crenualbHBIX CIIOCO0O0B corva-
COBaHHA 00EeCTIeYUTh MUHUMAIIBHBIA KOA(h(UITUEHT
orpaxkeHus. [myOmHa rpeOeHKH ¢ KaKI0H CTOPOHBI
cocraBisieT 3.4 MM, C TEM pacueToM, 4ToObl Aud-
(dhepennmanbHbIi capur a3 coctaBisia 90° Ha yac-
tore ~0.1 TI'm n 180° Ha wactore =~ 0.2 TI'm.

OKcIlepUMeHTaIbHAs yCTaHOBKA, BHIIIOJTHEHHAS Ha
royioM audniekrpudeckom ayuesose (IT1JT) quamer-
pom 20 mm [11], mpencrasnena Ha puc. 10. OcHOB-
Hasl 4aCTh YCTAHOBKHU COJIEPKUT UCTOYHUK H3ITy4de-
HUs 1, BOJTHOBOJHO-JIy4€BOJHbIE NEepexoanl 2 U 9,
dunpTpyromuit orpesok I1J1J1 3, muHelHbIE TPOBO-
JIOYHBIE MOJIIPU3ATOPHI 4 U 8, BpaIllalomuecs coue-
HEHHUs 5 U 7, MEX]ly KOTOPBIMU [TIOMEILEHBI HCCIENY-

Puc. 9. Buemnnii Bun /13 (cnesa)u makera uccnenyemoit IOC (ciipasa)
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Puc. 10. Cxema n3MepHUTEIILHOM KBa3HONTUYECKOH YCTAHOBKH

emas JJ®C 6 u nerexrop 10. IIpu uccnenoBanuu
JDC B nmone Kpyronoisipu30BaHHON BOJIHEI BXOAHON
MOJIAPU3aTOP 4 3aMEHSETCS 3epKaTbHO-PEIIETOYHBIM
nepecTpanBaeMbIM MIpeoOpa3oBaresieM IUI0CKOCTH
nonsapusanuu 11. Koprye JI®C 6 Takxke BBIITOTHEH
Ha ocHoBe [1/1JI nmameTpom 20 MM, B KOTOPBII MOTYT
OBITH IOMENIEHBI OT OJTHOTO JI0 TpeX [|D ¢ Bo3MOKk-
HOCTBIO MIOBOPOTA KaXKJOT0 U3 HUX BOKPYT OCHU ITy-
yeBona (puc. 9).

IIpu pasmemenun B kopryce J{PC omnoro 10 B
MaHOPAMHOM PEXHUME U3MEPSUTHCH 3aTyXaHUe U KO-
3 PUITHEHT OTpaKEHHS TMHEWHO MOJISIPU30BAHHBIX 110
0CSIM aHM30TPOIMH BOJIH B onoce 4acToT. CpenHee
3HaueHue 3aryxanus coctaBuiio ot 0.6 nb B quana-
3oHe 0.086+0.11 TI'm go 0.8 nb B nuama3zone
0.172+0.225 TI'n. OTMEYEHHBIH IPH 3TOM TUXPO-
n3M +0.2 1b cBsA3aH, MO BCceMl BUIAUMOCTH, C BIUS-
HUEM HETIOJHOTO COTNIacOBaHMs CTPYKTYphl. Koad-
(UIUEHT OTpa)KeHUsI BO BCEH IOJIOCE COCTABMII
—14+6 nb. Co3maBaemsbiii /IO B moiioce 4yactor
nddepeHTaNbHBIN CIBUT (a3 BEIYUCIUICS T10 pe-
3yJIbTaTaM U3MepeHus KodppuImenTa SJIHITHIHO-
CTH CUTHaJIa Ha BeIxoze /|D Ha hUKcHpoBaHHBIX Ja-
crorax (0.086,0.1,0.11,0.138,0.173,0.2,0.225 TT'm).
Bru10 ycTaHOBIEHO, YTO B HCCIEAYEMOM IHaIa30He
yactoT AuddepeHnnansHbplii cIBur as, coznaBae-
MbIi 1D, TUHEHHO 3aBUCUT OT YacCTOTHl U MPUHU-
MaeT 3HaueHre 90° Ha yacrore 0.102 TI'm m 180°
Ha gactore 0.204 TI'm. DTr 4acTOTHI TPUHUMAIOTCS
3a IIeHTpaIbHBIE TPH UCCIEOBAHUH IIIUPOKOIIOIOC-
HBIX COOTBETCTBEHHO UYETBEPTHBOJHOBBIX U TIONY-
BOJIHOBEIX J]DC.

[TepectpanBaemast uerBepTbBOsHOBasA IDPC uc-
ClIeI0BaNIach P pa3MeleHnH B Kopiyce naByx /(3.
OTHOCHUTENBHBIM Pa3BOPOTOM Ocel aHu30TporwH /1D
1 moBopoToM Beer JJPC BOKpYyT OCH JTy4eBO1a MBI
JIOOMBaIMCh MaKCUMallbHOTO Kod(duimenta 3i-
muntuaHocTH (He xyxe 0.98) Ha Tex xe (puKcupo-
BaHHBIX YacTOTax auamna3zoHa. KoaddummenT smmum-
TUYHOCTH PACCUUTHIBAICA 10 OTHOIICHUIO MUHU-
MaJIBHOTO YPOBHS CHTHAJIa K MaKCUMaJIbHOMY IPHU
COBMECTHOM BpaIllEHUU BPAIIAIOLIETOCS COWICHE-
Huda 7, nonspusaropa 8§ u aerekropa 9. 3HaueHus

326

OTCUUTBHIBAEMBIX MPU 3TOM YIJIOB @ U Y C YUETOM
JMHEWHOW 3aBUCUMOCTH JU(PPEePEHIIMATHHOTO CIBH-
ra ¢a3 /1D oT 4acTOThI HaHECEHBI HA pUC. 2 COOT-
BETCTBEHHO YEPHBIMU U OCIIBIMH KPYXKKaMHU.

[Ipu uccnenoBanuu nepecTpauBaeMon MOIyBOJI-
HoBolt JI®C B ee xopmyc nmomemanuck Tpu 3.
Ocu anuzoTponuu KpaHux D COBMENIANUCH.
BrixogHoit monspuzarop 8 ycraHaBIMBAICSI OPTOTO-
HaJbBHO BXOMHOMY nossipuzaropy 4. IloBoporom cpe-
Helt /IO u Beeilt cucremsl Bokpyr ocu I1JIJI Mbr no-
OuBalMCh MUHMMyMa curHajia Ha Beixone JPC
Ha TeX ¢ (DUKCHPOBAHHBIX YacTOTaX JHMAara3oHa.
3HaueHUs OTCUUTHIBAEMBIX MPH ATOM YTJIOB @ U
C YIETOM JIMHEHHOM 3aBUCUMOCTH A dhepeHITnaTb-
Horo cmpura (asz /I3 oT 4acTOTHI HAaHECEHBI Ha
pHUC. 2 COOTBETCTBEHHO YCPHBIMH M OCJIBIMH KBaI-
paTHKaMHu.

[Tapa3uTHBIA OPTOTOHATIBHBIA CUTHA HA BBIXOJIE
ITUPOKOTIONIOCHOH ToTyBoTHOBO# JIDC, paboTaromeit
B T10JIE€ JTMHEWHOU TOJISIPU3ALINU, U3MEPSIICA TIPH Ta-
pajuIensHON ycTaHOBKE KpaiHuX /IO m pasBopote
cpennero 19 Ha yron ¢ =59°. Ero ammuutyna B
MOJI0CE YacTOT OTMEUYEHA TOYKaMU Ha puc. 8, a.

Uccnenoanue mmpoxononocusix JDC, Ha BbIXO-
Jle KOTOPBIX OCHOBHOM MOJIsIpU3aLUEH SBISETCS KPY-
roBasi, COCTOUT B M3MEepEHUH KO3 (DUIIMEHTA DIUTHII-
TUYHOCTH 7. [103TOMY 4acTOTHBIE 3aBUCUMOCTH
Mapa3uTHBIX cocTaBAOMUX Ha Bhixone JDC uene-
CO00pa3HO MPEJCTABUTHh B BUJE YACTOTHBIX 3aBH-
CUMOCTEH KO3 PHUIIMEHTA LTI TUIHOCTH, TIEPECIH-
ol - |E:

OCH map

E

nap

TaHHBIX 1O ¢dopMmyle r=
“EOCH+
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YacroTHast 3aBUCUMOCTh KOG QUIMEHTA SIUTHIITHY-
HOCTH CHTHaJIa Ha BBIXOZIE IIMPOKOIOIOCHBIX YeT-
BepThBONIHOBON [IDC (kpuBas 1) u momyBoIHOBOU
JADC (xpuBas 2) B ojie Kpyromnoasipu30BaHHON BOJI-
HBI Ipu @ = 58° mpencTasieHs Ha puc. 11.

IIpu nccnenoBaHUM MINPOKOIIOIOCHON YETBEPTH-
BostHOBOM [I®PC nBa cocennux /IO opueHTHpoBa-
JIMCh MapajuleNbHO, 00pa3ysi TAKMM 00pa3oM MOIIy-
BonHOBYI0 JIPC, a BeIXonHOH /1D pasBopaunBancs
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Puc. 11. YacToTHBIE 3aBUCUMOCTH KOA(D(DHUIIMEHTa IITUITIHYHOC-
TH CUTHAJIOB Ha BBIXO/I€ IIMPOKOTIOIIOCHOM Ye€TBEPTHBOTHOBOM
JDC u mupokomnonocHoit nonyBonHoBoit JJPC B mose kpyro-
NOJISIPU30BaHHOI BOJHBI IpH ¢ = 58°. UepHbIMU 1 OenbIMU
KpY’KKaMH OTMEYEHBI SKCIIEPUMEHTAJIbHbIE 3HaYeHUsI Ko du-
[MEHTa JUITMITHIHOCTH, I3MEPEHHBIE COOTBETCTBEHHO Ha BBIXO-
Jlax 4eTBepPTHBOIHOBOM U nosTyBosiHOBOH JIDC

Ha yron ¢ =58°. 3HaueHHus U3MEPEHHOTO KOdPPu-
uueHTa >unTuaHocTy Ha Boixoae AMdC B monoce
YacTOT OTMEYEHHI Ha puc. 11 YepHBIMU Kpy>KKaMU.
IIpu uccnenoBaHuy MIHPOKOTIOIOCHON MOIYBOJHO-
Boi1 JI®OC B nose Kpyronoiasipu30BaHHOM BOJIHBI BXOJ-
HOM momsipu3aTop 4 3aMeHsuICS 3epKalbHO-pele-
TOYHBIM MEPECTPanBaeMbIM MpeoOpa3oBaTesieM Io-
ngpu3auuu 11, Ha BBIXOJE KOTOPOro Ha KaxIoil
3aJaHHOM YacTOTE MBI JOOMBAINCH MAKCUMAJIHLHOTO
ko3¢ unmeHTa uMnTHIHoCcTH (7 > 0.98). 3HaueHus
W3MEPEHHBIX ITPY 3TOM KO3 PUIHEHTOB LA THIHOC-
i curHaia Ha Beixoge JIMDC ormedeHbl OebIMU
Kpy>kKKaMu Ha puc. 11.

[IpoBeneHHBIE 3KCTIEpUMEHTAIIBHBIE WCCIE0BA-
HUS TIOKQ3bIBAIOT XOPOIIIEe COBMAJACHIE PACUCTHBIX
Y DKCIIEPUMEHTATIBHBIX JaHHBIX.

4. BbiBoabI

1. C momompro metona [IMP ycTaHoBiieHa BO3MOX-
HOCTh PEATH3AI[UH TEPECTPANBAEMBIX Y€TBEPTHBOJI-
HOBBIX U NOXYBOJHOBBIX [JPC, cocTosmux U3 He-
CKOJNBKHX J13.

Jnst peanuzanmu nepecTpanBaeMoi 4eTBEPTHBOJI-
HoBoi JI®C gocTarodyHo NBYX OAMHAKOBHIX 10,
KaXJIbld M3 KOTOPBHIX B JHUaINa3oHE NMEePEeCTPOUKU
co3naet quddepeHnnaibHbIi caBur Gasz ot 45° 1o
135°. Hactpoiika npy 3TOM OCYLIECTBISIETCA pa3-
BOPOTOM TTOCKOCTH aHU30TPOITNH ogHOTO /1D OTHO-
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CUTENIBHO TUIOCKOCTH aHU30TPOIHH IPYTOro Ha yroi
or 0° nmo 45°.

IlepectpanmBaemas mosyosHoBass JIDPC moxer
COCTOSATH U3 TPEX ONUHAKOBEIX /3, KaKIbIi U3 KO-
TOPBIX B JMAIa30HE MEePeCTpoiiku cozmaeT nudde-
peHImanbHbIN caBUr (as ot 60° mo 300°. Hactpoii-
ka JJ®OC ocymecTBisieTcs: pa3BOPOTOM IJIOCKOCTH
AHU30TPONHH cpenHero J[D OTHOCUTENBHO MIIO0CKO-
cteil kpaitHux J19 Ha yrom ot 0° go 60°.

O6a Buga nepecrpauBaembix JJOC moryt ObITh
peanu30BaHbl U3 OJTHUX U TeX ke [[J, coznaronmx B
Jana3oHe MepecTporK TudPepeHIratbHbINA CIBUT
¢da3 or 60° mo 135°.

2. B pe3synbrare paccMOTpEHUs IepecTpauBae-
MbIx JIPC caenan BbIBOJI O BO3MOXKHOCTH peau3a-
LMW IIAPOKOTIONOCHBIX YeTBEPTHBOIHOBBIX U TIOJY-
BoTHOBBEIX J[DC.

[upokononocHas noiayBoaHoBas {DC cocTout u3
TPEX OIMHAKOBBIX /[, Ka>KIbli U3 KOTOPBIX CO30AET
Ha [EHTpaJIbHOW 4YacToTe Auamna3zoHa AuddepeH-
nuanbHed caBur (a3 180°, a TIOCKOCTh aHU30TPO-
nuu cpenHero /IO pasBepHyTa Ha yrom 58°+60°,
[HupokomonocHas yerBeprhBoHOBas J[PC cocTo-
uT U3 1ByX /13, co3garonux Ha IeHTPpaIbHOU 9acTo-
Te auarna3oHa quddepeHnuaibable ciBura gas 90°
u 180° u pasBepHyTHIX Ha yrou 58°+60°. IIpuuem
I3, co3parommii quddepenmanbHblii cABUT (a3
180°, pacmonaraeTcsi CO CTOPOHBI A IeHHS JINHEITHO
TIOJIIPU30BaHHOTO KoyteOanwst. LIInpokononocHOCTh
takux J1®C B HECKOILKO pa3 MPEBHIMIAET ITHPOKO-
MOJIOCHOCTh OTAelIbHOTO (3.

3. TIpoBelieHHOE IKCIEPUMEHTAIBHOE HCCIE0-
BaHHWE MMOATBEPAMIIO BO3MOXXHOCTh ITOCTPOCHHS TIe-
pectpanBaeMbIx U mupokonosgocHbix JPdC. B nanb-
HEHIIeM TpeIoiaraeTcsi Co3laHue Ha MX OCHOBE
IIepeCcTPanBaeMbIX U IIMPOKOIIOIOCHBIX TPE0Opas3o-
BaTeJe NOMAPU3ALMY, BpalaTenel I0CKOCTHU o-
TSIpU3aIHH, TTOAPU3AMOHHBIX (a3oBpariareneii u
CIBUIaTeJIE 4acTOTHI.
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TUNABLE AND BROADBAND DIFFERENTIAL PHASE
SECTIONS IN TERAHERTZ FREQUENCY RANGE

Purpose: Studying the quasioptical tunable and broadband dif-
ferential phase section (DPS) consisting of several birefringent
elements (BE) on the basis of form birefringence effect.
Design/methodology/approach: Using the polarization scattering
matrix method, the impact of the mutual rotation axis of anisotro-
py of several BE by the amount of phase shift and the position of
the plane of anisotropy of resulting DPS is considered.
Findings: The DPS tunable in a wide range are shown to be pos-
sibly implemented in the case of quarter-wave DPS of two, and in
the case of half-wave DPS of three, identical non-tunable BE.
The analysis has shown to the possibility of creating a broad-
band quarter-wave and half-wave DPS.

Conclusions: Experimental research has confirmed the possibi-
lity of constructing a tunable and broadband DPS. On this basis,
tunable and broadband polarization converters, rotators of po-
larization plane, polarization phase shifters and frequency shifters
in the terahertz frequency range can be created.

Key words: terahertz range, quasioptics, differential phase sec-
tion, form birefringence
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IIEPECTPOIOBAHI I IIIUPOKOCMYTOBI
JUOEPEHLIIAJILHI ®A30BI CEKLIIT
B TEPATEPLHOBOMY HIAITA3OHI HACTOT

Tlpeomem i mema pobomu: J10CTiIHKYIOThCS KBa310IITHYHI TIEpe-
CTPOIOBaHi 1 MIMPOKOCMyYTOBI depertianbHi aszosi cexuii (APC),
IO CKJIAJAI0THCS 3 ICKLTEKOX JIBOIPOMEHE3AIOMIFOI0UHX EIEMEHTIB
(J1E) Ha ocHOBI edeKTy TBOIIPOMEHE3IOMIICHHS (JOPMH.
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Memoou ma memooonozis: 3a JONOMOTO0I0 METOY MOJISPH3aIl-
IMHUX MaTpHUIb PO3CITHHA PO3NIAAAETHCA BIUIUB B3a€MHOIO
PO3BOPOTY Oceii aHizoTpomii nekinbkox /IE Ha BemuanHy 3cyBy
(a3 1 monoxeHHs IUIOLIMHY aHi30Tpomil pe3ynsrytodoi JDC.
Pesynomamu: TlokazaHo, 1110 IepeCcTPOIOBaHi B IIMPOKOMY Jiia-
na3oHi yactot JDC MoxyTh OyTH peanizoBaHi y pa3i YBepThX-
BIb0BO1 JIOC 3 1BOX, a y pasi HaIliBXBUIHOBOI — 3 TPHOX OJ(HA-
KoBUX HenepecTporoBanux JIE. B pesynbrari ananizy 3po0ieHo
BHCHOBOK PO MOXJIUBICTh CTBOPEHHS LIMPOKOCMYTOBUX
YBEPTHXBUJILOBUX 1 HamiBXBIILOBUX J1DC.
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Bucnosoxk: ExcriepuMeHTaNIbHE TOCiPKEHHS i ITBEPAIIO MOX-
JIMBIiCTH TOOYIOBH IEPECTPOIOBAHKX Ta ITHPOKOCMYTroBUX JIDC.
Ha 1X 0CHOBI MOYKJIMBE CTBOPEHHI IEPECTPOIOBAHHX Ta ITUPOKO-
CMYTOBHX IIEPETBOPIOBAYIB MOJISIPH3allii, 00epTayiB IIOIIUHA
nosspu3alii, nojspusauiiHux ¢pa3oo0epTadiB Ta 3CyBayiB yac-
TOTH B TEPareplioBOMy Jiaria3oHi YacToT.

Knrouosi crosa: TepareplioBuii AianasoH, KBa3ionTrka, mudepeH-
nianpHa (ha30Ba CEKITis, ABOIPOMEHE3AIOMIICHHS
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