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KPATKOE BBEJIEHHE

HeobxomumocTs yiIydmeHHs XapaKTePHCTHK M MOBBINICHHS MONIHOCTH 3IeK-
TPOBaKYyMHBIX ycHuuTeneH U reHepatopos CBU npexsaBiser xecrxue TpeboBanus
K Ka4eCTBY KaK HX 3JICKTPOAWHAMMYCCKHX CHCTEM, TaK M BEIXOJHEIX YCTPOHCTB 3THX
npuGopoB. JNEKTPOAWHAMHYECKHE CHCTEMEI COBPEMEHHBIX MOINHBIX 3JIEKTPOBAKY-=
ymubix npu6opos CBY (rHpOTPOHOB, PenSTHBHCTCKHX daMmn Gerymeit ¥ oGpaTHOR
BOJIHEI), 3 TAIOKE MX yCTPOKCTBa BBOA@ H BEIBOJIa 3HEPTHH, NPEACTARISIOT COGOM OT-
PE3KH KPYTIILIX BOJIHOBOJOB CHMMETPHYHBIX BOJH C IIPOAONILHO HEpEryIapHEIM Ipo-
tbmneM. [l peanmsaH pe3oHAHCHBIX CBOMCTB JJEKTPOJAMHAMUYECKHX CHCTEM B
MOIIHEIX reHepatopax CBY naxosT 1HpoXoe IPUMEHEHHEe OTPakalompe QUILTPEL
Op3rroBCKOro THINA, a TAKOKEe pedIeKTOpsl B BUAEC PE3OHAHCHBIX KAHABOK HAa CTEHKE
BonHOBOAA. IIpH BEIBOZE SHEPIHH M3 CBEPXMOIIHEIX TeHEPATOPOB HCHONBIYIOTCS J{H-~
3NIEKTPHYECKHE OKHA, OTACILTIOLIME BAKYYMHOE OPOCTPAHCTBO OT OKPYXKAIOWEN cpe-
ael. YacTo Takve AMINCKTPHYECKHE OKHA pacmojaraior Ha ameprype pynopa. Ilpu
Beicoxoif CBY MomocTH KkpoMe ofecredeHHS OCHOBHEIX (DYHKUHOHAILHEIX
CBOWCTB Ha IEpBhIH ILUTAH BBICTYNAacT HEOOXOMHMMOCTh CHIKEHHS IIOpOTa SNEKTpHYe-
CKOTO IIpofos Ha CTEHKAX TAKHUX YCTPOWMCTB, 9TO B MPHHIIMIIE PELIAETCS 33 CYET pea-
JAM33IMH IUIABHEIX CONPSKEHUH U epexoioB.

OnHako CHHTE3 YCTPOHCTB € IUIABHLIM MPOGHIIeM CTEHKH BOIHOBOAA BOIMOXKEH
TOJLKO Ha OCHOBE MOJIENH, HCHOJNL3YIOINeH pellleHHe MONHBIX YpaBHeHuH Makcper-
Ja, T.K. KNaCCHYECKHE YIPOIICHHBIE MOJICIIH Ha OCHOBE 3KBHBAICHTHRIX CXEM, 4ac-
THYHBIX oOnmacTefl B 3TOM ciydae Henpuemnemsl. CTaHAAPTHHIE NAKeTHl THIA
MATLAB, FEMLAB Ha ocHOBE METONOB KOHEYHEIX JIEMEHTOB TAKXKE HE BCeria
HpHeMIIEMBl U3-33 3HAYMTEIIHHEIX BREIMHCIHTEIBHBIX 3aTpaT H HeoOGXoauMocTH pea-
JH3AUMH TPAHUYHEIX YCIOBHH M3TydeHHs Ha OTKPBITHIX KOHLAX HEperyasapHOTO OT-
pe3ka BOJNHOBOAA. D¢ EKTHBHBIC JUIA NMONKIX BOJHOBOLOB IPOESKIMOHHBIE METOLBI
TpeGyIoT 3HAIUTEABHEIX BRIMHC/IHTENBHBIX 3aTPAT NPH PELICHUH 33/a4 JJI BOJHO-
BOJIOB € YaCTHYHBIM AMIIEKTPHIECKAM 3aMONHEHHEM.

[oaToMy, aKTyanbHBIMH SBIMIOTCS, KaK IpeIUIokeH sl B pabore 3¢deKTun-
HBIH CETOYHBIH METOJ] peleHHs ypaBHeHHA MakcBeiuia A CHMMETPHYHEIX BOTH B
NPORONBHO HEPETYIAPHOM BOJHOBOJE C HEOTHOPOAHBIM THAJIEKTPHYECKMM 3aHOJ-
HEHHEM IIPH IPAHMYHEIX YCJIOBMSX H3TydeHHS, TAK H BEUBICHHHE C €r0 UCHOIB30-
BaHHEM QH3UIECKHE 3aKOHOMEPHOCTH NPOXOXACHAA BOIH B TAKMX YCTPOHCTBaX, a
TaK)e BBUIOJIHEHHBIA CHHTE3 YCTPOHCTB C 3afaHHBIMH XapaKTEPHCTHKAMH — QHILT-
POB, JHMBIIEKTPHHECKHX JHA(QPArM K PYNOPOB JUIsl BEIBOJA SHEPIHMM C TU3NEKTpHtE-
CKHM OKHOM Ha aneprype, CKOMIIEHCHPOBAaHHBIX TI0 OTPaXXEHHIO OCHOBHOM BOJTHEL



OBHIASY XAPAKTEPUCTHUKA PABOTHI

CBa3b paGoThi ¢ KPYIHBIME HAYYHLIMH DPOTPAMMAME, TEMAMH

OnHuM H3 OCHOBHRIX HaydHKIX Hanpamnenwii BT YUP asngercs «Meroxsi Mo-
JETMPOBAHMA H ONTHMH3AHMH PaJHOYacTOTHRIX CHCTEM M YCTPOMCTBY, B paMKaX Ko-
TOPOTO BHIOJIHEHA JUCCEpTanua. PezynbTaTl AMCCEPTAMOHHON paboThl HANLIN
CBOE OTpakeHHe B OTYeTax CIeAyIomuX rocoomxernpx HUP, somonasiomuxcs Ha
kageapax «BMully, «xAuYCBY» B nepuox ¢ 2006 mo 2010 r.:

- x/n Ne 10-1096b «Pa3paboraTs makeT nNporpamMM U BEHIONHHTH ONTHMHA3AIAIO PO-
buns HeperynipHolf roQpHpPOBaHHOR NEKTPONNHAMEYECKONR CHCTEMEI FEHEpaTopa
CBUY B quanazone 5-10 Ty, 2010T.;

- X/n Ne 09-1044b «PaccudTaTh pacIpefielieHHe 3NEKTPHIECKOro ION 3aMeIfio-
el CHCTEMBL pE30HATOpa B BHAE CHHYCOHIANBHOTO rogpay, 2009 r.;

- I'BI} 06-7004 mo roroopy ¢ BPODU Ne ®O6P-058 or 1.04.2006 r. «Hemmneinas
JHMHaM#Ka IPOLECCOB B3aWMOACHCTBHA PENATHBHCTCKMX BIEKTPOHHBIX MOTOKOB ¢
3NEKTPOMATHUTHRIMH HolstMi», 2006-2008 .

leas u 3aaa4n HeCAeXOBRHAS

Lensio paboTsl sBiIfeTCA co3fiaHue dPpQeKTHBHON MeTOMKHM pellleHHs KpaeBoil
3aKa4d O paclpoOCTPaHEHHH CHMMETDHYHBIX BOJH B IPOJONHHO-HEPETYIIIPHOM OT-
pe3Ke BOJNHOBOJA KPYTOBOTO CEYCHHS ¢ HEOAHOPOIHBIM AUIIEKTPHIECKHAM 3aIl0/He-
HMEM U e¢ IPIWIOKEHHE K CUHTe3y U MCCISOBaNHIO XapakTepucTuk ycrposicts CBY
Ha OTpe3KaX HeperyispHOro BOJHOBOJA - (PIBTPOB, AUBNEKTPUYECKHX OKOH H py-
TIOpOB.

Jns nocTikeRus yka3zaEHOH Henxd Heo6Xoaumo OBUI0 pEHIUTH CleyIonHe 3a/auH:

1. Paspaborars 3¢ {exkTHBHYI0 METONUKY pelleHHs KpacBOH 3ajavyd O pac-
HOpPOCTPaHEHHH CHMMETPHIHEIX BOJIH B OTpE3Ke KPYIJIOro HEPEryJISpHOro BOJIHOBOAA
¢ AUANEKTPHYECKAMH BCTABKaMM Ha OCHOBE MeTOHa mpeoOpa3oBaHHA KOOPAMHAT H
CETOYHOTO METOAA, MOJIE3HO HMCHONB3YIOMEro PeryJIpHOCTh TPaHHUIl B npeobpaso-
BAHHOH CHCTEMe KOOpIUHAT.

2. HccnenoBath 3aKOHOMEPHOCTH NPeoOpa3OBaHMSA MW OTPKEHHS CHMMET-
pHYYHEIX H-BOJH Ha HepeTyIApPHOCTH I'PAHMIE! BOJHOBOAA B BHAE OMHHOYHOH KaHaB-
KH ¥ OTPE3Ka NEPHOJHYECKUX rodp, BHNOIHATE CHHTE3 3arpaXJafoliX GUILTPOB C
TAKAMH MPOGHIIMM B IPOBECTH HCCEIOBARHHIE UX NONOCOBBIX CBOMCTE.

3. BbIABHTH 3aKOHOMEPHOCTH OTPAXEHHUI CHMMETPUIHEIX H | E-BoJH IpR ux
MPOXOXACHHH Uepe3 AUICKTPHIECKHe AHadparMel 8 BOJIHOBOJIE KPYTOBOTO CEYEHHs
M pa3paborars CIOcOGE! KOMIIEHCAIMM OTPAXKEHAS 3a CUEeT UCIOIB30BAHMA Hepery-
JIAPHOTO NpOGMIL TPAHUIIK BOIHOBOA.

4.  YcraHOBHTE 0COGEHHOCTH NMPOXOKACHHA H OTPKESHUS CHMMETPHYHBIX H
¥ E BOJNH B pymope KpyroBOro CedeHH ¢ JH3NIeKTpHIecKoi amadparmoif B ero pac-
KpbiBE. BEISBUTE BO3MOXHOCTh KOMIICHCAITHH OTPaXKeHUs BONH OT AHDEKTPHUESCKOH
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avadparMel, a Takke BO3MOKHOCTD HOAARICHHA BRICITUX THIIOB Ha allepType 3a CHeT
ONTHMM3AUWA HEPETYIPHOCTH HPoGHIL PyIIopa.

OOBEKTOM HCCIEOBAHUA SIBISIOTCS IPOJIONEHO-HEPETYIBIPHEIE BOJHOBOKLI
KpPYroBOTr'O HOIEPEYHOro CeYeHHs ¢ HEOTHOPOIHBIM AU3NECKTPHIECKHM 3ANOIHEHAEM
u pabounmu Tunamu Mo Hy; win Ey;.

IpemMeT uccienoBanus — METOMIMKA peIeHHs KPacRbIX 3a7ad I Heperymisap-
HBIX BOJIHOBOJIOB C HEOJHOPOIHEIM JAM3JIEKTPHYECKUM 3anoTHeHueM Ba Hy, u Egy Mo-
Jax ¢ MpUMEHeHHEM METOROB npeo0pa3oBaHusd KOOPAHHAT H CETOYHOrO METONE; 3a-
KOHOMEPHOCTH II€Pe0TpaXeHUs BOIH HA HEPETYPHOCTAX TPAHUIbI M AU3AEKTPHYe-
CKUX BCTaBKax; xapakrepuctukn CBY ycrpoiicTB Ha oTpe3kax HeperyllsapHBIX BOJ-
HOBOJIOB C ONITHMANGHBIM IPOQHUIEM B YaCTHYHBIM JHITEKTPHYECKUM 3aH0THEHHEM.

IHonoxenust, BLIHOCHMbIE Ha 3ALHTY

1. Paspaborannas sddexTHBHAsS METOAVKA PEMIEHHS 33a4 3IeKTPOIHHA-
MUKH HepeTyIApHEIX BOJHOBOJOB CHMMETPHIHEIX BOJH C HEONHOPOJHBIM JH3EK-
TPHYECKUM 3aIlONIHEHHEM, OCHOBAHHAs Ha MeToze NpeoOpa3oBaHMs KOOPIMHAT, 110~
TyYeHuH CKAApHOI KpaeBoii 3a1a4d B MpeoOpa3oBaHHOM CHCTEME U NPEIOKECHHOM
CeTOYHOM Merojie On0ouHOI MaTpHYHOH NpOroHKH ee pemeHms. BricTpopelicTaue
pa3paboTaHHOH KOMIIBIOTEPHOM IpOrPaMME! i COKpamieRre o6bema Tpebyemolt ome-
PaTHBHOM TIAMATH JIOCTHrAaeTCS BHOOPOM CTPYKTYP JAHHLIX B BHJC MAcCHBa CTEKOB
H ONTHMU3ALIN KOJa IPOrPaMMBI.

2. Haligenusie onTuMansslie IPOGOHIM HEPETyISPHOCTH TPAHHUIE BOJIHO-
BOJA B BUJE KAHABKM M CHHYCOHJAIHHOTO rogpa, mpH KOTOPHIX 0OecrednBaeTcs
[paKTHYECKH IONHOE oTpaxenue Hyy BOMHEI 32 CYET PE3OHAHCHOIO B3aUMOACHCTBUA
BOJIH, & TAKXKEe YCTaHOBJEHHEIE 3aKOHOMEPHOCTH M3MEHEHHs NMpoduis IIpH U3MeHe-
HMH paJ#yca BOJIHOBOZA.

3. TpennoxeHunie cnocobsl KoMmeHcanuy orpaxenns Hy ¥ Ey BOJIH OT
JIHMANIEKTPUYECKOro OKHA C THOMOINBIO KAHABKH-peIeKTOpa WM BHICTYNA HA CTEHKE
BOJIHOBOJA, BEIABJICHHEIE 3aBHCHMOCTH H3MEHEHMs IapaMerpoB KOMIICHCATOPOB C
H3MEHEHHEM Pajiyca BOJIHOBOKA M YCTAHOBIIEHHbIE 3aKOHOMEPHOCTH IIPOXOXKICHHU
BOJIH 4epes cucTemy peduiekTop-auadparMa B yCIOBHAX KOMIICHCALMH.

4, Vcranosnesue Toro $akTa, 4To B pynope cEMMerpraHoH H win E BonH
¢ MOMELIEHHOR B ero PacKpHIBe qUJIeKTprdeckoil AuadparMoli 3a caeT s3ddekTa ne-
PeOTpaXKEHKs BONH B CHCTEMe pynop-THadparMa BOIMOXHA, KaK IOJHasd KOMICHCA-
[¥ist OTPAXKEHHA BONH OT AMANEKTpHUecKol JuadparMsy, Tak M obecIeueHHe OTCyT-
CTBHS BHICIOMX THIIOB BOJH Ha aneprype 3a cder OUTHMANbHO Nojo0paHHoro mpo-
ms.

JIaunnbiii BKIAA cOBCKATENS

Haygnmm pykosoguteneM A K. CunuppmsiM Gsula Opemioxena obnacte u
OCHOBHEBIC HAIIPABJICHUS WCCIEJOBaHMI, OCYIleCTRBIIIOCH obmee pykoBoacTso. Co-
smecTHO ¢ AK. CHHUIEBIHEM IPOBOAWIOCE 06CYXKIeHHe CIIOCOGOB H METONOB pe-



IIEHMA MOCTARICHHBIX 33/1a4, OLECHKA NONYYEeHHRIX pe3yasTaToB. OCHOBHRIME COaB-
TOpaMH 10 OmyOIHKOBaHHBIM pabotam sBimorcs: mpodpeccop AK. Cumusm u
npodeccop A.A. Kypaes.

JuccepraHToM pelreHE! KOHKpETHEIE 3afiaqi Ha OCHOBE COPMYIIMpPOBAHHOTO
MaTeMaTH4ECKOrO annapara ¥ pa3spabOTaHHAIX KOMIIBIOTEPHAIX IIPOrpaMM, IPOBEAEH
aHaIu3 NOXy9eHHKIX Pe3yIbTaToB X CHOPMYNAPOBaHEl BEIBOJBI.

Anpobanms pe3yIbTATOB JHCCEPTANHH

Marepuansl auccepTalyn JOXIaAbBAIKC Ha 17-i, 18-i, 19-#, 20-i MexnyHa-
pomHelx  KpbiMCKMX ~ MHKpOBOJMHOBBIX  KoH(epenuuax:  KpeiMuKo'2007,
KpuMuKo'2008, KpetMuKo'2009, KpuMrKo'2010, Vxpawma, CepacTonois;
International Vacuum Electronics Conference: USA, 2008, Italy, 2009, USA, 2010,
India, 2011; sa 3-if, 4-#, 5-if MEXIYHAPOAHBIX MONOAEKHBIX HAYYHO-TEXHHIECKHX
KoHpepernuax: CoBpeMeHHBle TpoOGNEeMB! PaTHOTEXHHWKH M TelleKOMMYHMKAIUi
«PT-2007», «PT-2008», «PT-2009», Vxpauna, CeBacTommoib, MeKAyHAPOAHOM Ha-
yuHo-nipakThdecKkas koHbepenumu «Beb-nporpammupoBanwe #  Murepser-
texHonorun WebConf09», Munck, 2009; MexmyHapoIHo# HayIHO-IpaKTHIECKOH
koH(pepenmwmn «CoBpemeras PajioonexTpoHnKa: HayyHbie HCCIeZOBAHHAS, TOATO-
TOBKa KaapoB», Mumuck, 2006; Ha MeXIyHApOAHBIX HAYYHO-NPaKTHYECKHX CTYAEH-
qeckux kKoH@eperimsx «ConpyxecTBo Hayk», bapanosmuanm 2006, 2008, 2009; Ha
MEXIYHAPOIHEIX Hay4JHO-NPAKTHYecCKUX KoHGepeHuusx, Bapanoruam 2007, 2009,
2010.

Ony6nakoBaBHHOCTL Pe3yALTATOB JHCCEPTANAH

ITo Teme muccepranmu omy6iukosano 27 HayuHeX pabor. M3 HuX 6 HaywHBIX
crateif B KypHanax, BXoasmux B nepeuens BAK (2,1 a. n.), 1 crartes B apyrux
Hay4YHBIX H3gaHuax (0,35 a. 11.), 20 myGimxanye B c60pHEKAX HAYYHKIX TPYAOB U Ma-
TEpHATOB KOHpepeHHit.

Crpykrypa H 00beM AHCCepTAlHE

JAnccepranvonsas pabora COCTOMT W3 BBEICHHA, 00meH XapaKTEPHCTHKH
paboThl, YeThipex IJaB, 3aKIIOYEHHS, CIHCKA HCIIONB3OBAHHKIX HCTOYHHKOB H
opunokeHus. B meppo#t rnase nonydeHa 3dipeKTHBHAS METONMKA PEWICHAA 3anad
JNMEKTPOAUHAMUKH HEPETYJIIPHBIX BOJTHOBOJOB CHMMETPHYHBIX BOJH C HEOJHODOJ-
HBEIM JIM3CKTPHIECKUM 3anolHeHreM. Bo BTopoi rmase HaiffieHH ONTHMAanbHbIE
TIpoQUAH HEPEryIAPHOCTH TPAHHIGI BOMHOBOAA, HPH KOTOpBIX obecmeddmBaercs
IIPaKTHYECKH MOJIHOE oTpakeHue Hy BomHbl. B Tperbeil ¥ 9eTBepTOR IiIaBax mpen-
J0%eHns] coocoObl KoMIIeHCaluy oTpaxernns Hy, u Eg; BOJNH OT AHUIICKTPHYECKOTO
OKHa 1 obecnedeHHe OTCYTCTBHS BHICHIHX THIIOB BOJIH Ha anepType pynopa 3a cYet
OITHMaNBHO NoxoOpannoro npodms. O6nmit o6beM paboTh coctasmier 104 crpa-
HMIBI, B TOM 4Hcle 48 puCyHKOB Ha 15 cTpanmnax, 4 Tabnuunel Ha OZIHOM CTPaHHULE,
2 OpHNOXEHHA Ha 7 CTPaHHIIaX H CITHCOK HCIIONB30BAHHEIX HCTOYHHKOB, BKJIOYALO-
muit 97 HauMenoBanwii (B ToM wECHe 27 myOnukanuii couckarens) Ha 9 cTpaHANax.
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OCHOBHOE COAEPXXAHUE PABOTAI

Brenenne cozmepXur 0GOCHOBAaHUE aKTYAIBHOCTH TEMbI HCCHEHOBAHHSA, KOTO-
pas ompesenseTcsa HeoOXOAHMOCTBIO PEICHHS TAKUX HAYIHBIX NpoblieM, Kak CHHTE3
yerpoiicts CBU (QmibTpsl, pe3oHaTOpBI, PYNOPH!) C IUIABHEIM HPODHIEM CTEHKH
BOJTHOBOJA M JH3NIEKTPHYCCKUMH IuadparmMamu, cozfanne 3PPeKTHBHLIX METOAOB
pelreHMs KpacBhIX 3a/a4 JJid ypaBHeHMii MaxkcBeiia, OTIMCRIBRIOIIAX CHMMETPHY-
HH€ 3JIeKTPOMarHMTHhIE BOJTHE B TAKMX YCTPOMCTBAX.

Ileppag raasa mocesineHa paspaGoTke METONOB MOLENHPOBAHHS PACHPOCTPa-
Hedus H quppaxiuy cAMMeTpEIHBIX H H E BoNH Ha 0CHOBe Ipeo0pa3oBaHus KOOp-
IHHAT, OTOOPaXaIOMHUX MPOXOILHO-HEPeryIapHbii KPYrisli BONHOBOJ B HHIMHAD
eIIMHUYHOro pajuyca, i 3¢ HeKTHBHOIO CETOYHOIO METOMIA, TIONE3HO HCMONB3YIoLIe-
IO peryIpHOCTE IPAHUI pacdeTHOH obnacTu B IpeobpazoBadHoOil CHCTEME.

B pesynbrare npeoGpasoBanns ypaBHeHui MakcBeilia I CHMMETPHYHEIX E 1
H BomH B HEperynapHOM KpyTIOM BOMHOBOIE C HEOMHOPOMHBIM AHOJIEKTPHIECKUM
3aNOJIHEHHEM, B HOBOH CHCTeMe KOOpHHHAT CHOpMyITHpOBaHBI CKANAPHEIC 3aajvl
IUI% BOJIHOBOJA €AMHHYHOrO paiuyca. Hampumep, Juia E-BONH cKajlipHad 3ajaqya
HMeeT BHA:

g( ! au)_i( b w)_z(z’.@u_)+i 1+ (o) ou)__W°
Z\gpoz) oz\ebdp) Opl\ebdz) dpl\ bep 0p p
ou  bY ou
“lp=o=0; o 1+ipt ozl
o 1+b“ Oz -
rie 0z L, u(p,z)= PB,; b(z) — npodus BonHoBoz2, b'(z) - ero npousBoaHasL

p=rib(z), (p,z) —nuaNexTpHIECKad IPOHHI[AEMOCTh MaTepHala 3alOoNHAIOMEro
BonHoBof, W =w/@,, w - pabovas 9acTOTa, @y — ONMOpPHAs 9acToTa, OespasMepHLIe

BEJTHIHHEL
Tlpn dopMmysHpoBke yeroeuii uznyyenus Ha KOHIAX z =0, z = L pemeHnue npex-

CTaBNfAETCH B BHIE PA3NIOXKeHHA IO IONEepedHhIM CEYeHHIM COOCTBEHHBIX BONH Fy;
W Hy; perynspHOT0O BOJTHOBOJA:

E-somst: B, (p,2)=u(p,2)! p= Y Vi) (VoiP) M
H-somuwt: E, (p,2)=u(p,2)! p= 3 4(2)(tyiP) )

npHYeM Ha PerysipHeX y4acTkax z <0, z > L [IaJKo COpDKEHHbIX C paCCMaTpH-

BAEMEIM OTPE3KOM HEETYIpPHOTO BonHoBoaa A (z) =V,(z) = afe /4 + afe*h* .

Yenosue nabezanus cnesa Ey,-soms npy z=0 (ipu z<0 a; #0):



ou(p,0 ik,
((; ) ‘:. L o, (vep) Iu(P,o)Jl(Vo,P)dp ZJZk al pJ ;(vp,0).
i=1 €oi
Venosue nonnozo coznacoeanus tipu z = L (1ipu z > L OTCYTCTBYIOT 0GPaTHEIE BOJHbI
a; =0):

ou(p, L i
u(gz - 22 pJ,(Vo.p)fu(p,L)Jz(Vo:P)dp’
=1 ~0i

rae mg— obmee KOMHIECTBO COOCTBEHHRIX BOJIH, PacopoCTPaHAXOMUXCA

W > vy b, k=W =(v,;/b)° 1 3axpuTiaeckux

W <v, /K0), k=~ j,/(vol. / b)2 -w?, HCIONB3yEMBIX IIPY pacyere. AHaJIOrHYHas 3a-
naga chopMyTHpOBaHa B JUCCEPTALIAH JuIs [ — BOMH.

B npuBeieHHBIX TPaHUYHBIX YCIHOBHAX U3IYYEHHS, B OTIHYHE OT MMEIOILUXCS B
JIATEPATYpE, HAPSIY C PacipOCTPAHSIONMMHUCS YITCHB ¥ 3aKPUTHYECKAE BOJIHbI, KO-
TOphI€ TPUCYTCTBYIOT BOJM3H KOHIIOB HEperynspHoOro ydacTka. Beuiy 3sroro, MX
MOXHO HCIIOJIB30BATE HENOCPEACTBERHO Ha KOHLAX HEperyIpPHOro OTpe3Ka, YTo 1o-
3BONSET 3HAYMTENLHO YMEHBIIMTh PacdeTHYIO 06nacTs ocoGeHRO BONH3M TPaHMIL!
MONOCHI TPO3PATHOCTH.

Iins pemenus o6umero ypaBHeHMs JJUIMIITHIECKOrO THIIA Ha IPSIMOYIOJBHON
0651acTH, B YACTHOCTH, [JIA 3a1a4 NpPUBENCHHBIX Bhime paszpaboraH 3(eKTHBHEIH
MeToA — MeTo 61104HOH MaTpiaHoi NporoHkd. CyTh 5TOro METO/a COCTOMUT B TAKOM
NIPeCTaBIeHNH BEKTOpa peIcHUH KOHEYHO-Pa3sHOCTHOH CXeMBI, IPH KOTOPOM COOT-
BETCTBYIONIAS CHCTEMa JIMHEHHBIX anre6paHdecKux ypasHEHHH UMEET CHIBHO pas-
PEXEHHYI0 MaTpHiLy OJNOYHO-JIEHTO4HOM CTpyKryphl. PaspabGoraHa nporpamMHas
peaIH3alys XpaHeHus TaKoi MaTpHUI(El B MACCHBE CTEKOB MIIM B JIEHTOUHOM MAacCHBE
H peleHHs CHCTEME! ypaBHeHHit MeTolioM ['aycca ¢ BRIGOPOM IIIaBHOIO JJIEMEHTA Ha
TaKMX CTPYKTYPaX JaHHHIX. 32 CYeT HCIOJB3OBAHHA BHIOOpa IVIABHOIO 3JIEMEHTa
CHIMMAIOTCS - OTPaHM9eHAs Ha YCTOHYHBOCTb, NPHCYNIME KIACCHYECKMM MeToaM
MPOTOHKH M HTEPAIHOHHBIM METONAM.

Pe3ynbraThl CpaBHHUTEIBHBIX PRCUETOB IIPEAI0KEHHBIX AITOPHTMOB, C HCIIOTb-
30BaHMEM YITAKOBKM MATPHLLI CHCTEMBI B MAaCCHB CTEKOB M B JIEHTOYHEIM MacCHB Ha
TIpEMEpE pEIICHHS BOJHOBOrO ypaBHeHuA [ eMEMTOJIBIa B ITHIMHIPHYECKOH cucTeMe
KOOPIHMHAT, MOKa3bIBAIOT, YTO I PACCMATPUBAeMOil 33184 aNTOPHTM C YIAaKOBKOH
B MaccHB cTexoB paboraer B 15-30 pa3 OsicTpee, 9eM IPH YIIAKOBKE B JIEHTOWHBIH
MAcCCHB, BBHIY Pa3peXXeHHOCTH OJOYHBIX MaTPHI. A IO CDaBHEHHIO C KIACCHIECKUM
Merozxom 3eiinens - B 40 pas [1-Al.

Paspaborannas 3¢dexTUBHAS METOIMKA NO3BOSET PACCUMTHIBATH H IIPOH3BO-
IUTh cuHTe3 ycrpoitcTe CBY Ha 0CHOBe OTPE3KOB HEperylsdpHBIX BOJHOBOAOB CHM-
METPHYHEIX BOMH IPH HAIMYHMK IUINEKTPHYECKHX 3NEMEHTOB, B WACTHOCTH -
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(QUILTPOB B BHIE KAHABKA ONpENENeHHON KOHQWIypauuH, OUSNEKTPHICCKHX IHA-
(parm, pynopHBIX BEIBOOB C ARIIEKTPHYECKUM OKHOM.

BTopag riasa conepXHT Pe3yIbTaThl CHHTE3A HA OCHOBE ONHUCAHHOTO METOHA
TEOMETPHYECKHX [IapaMeTPOB 3arpaJuTelbHEX (HIBTPOB B BHOE PE30HAHCHOH Ka-
HaBKH ONpeNeNeHHoH KOH(HUIypallHi B B BAZE TIEPUOAMYECKOro rodpa, obecneun-
BaIOIIUX MPAaKTHYECKH HONHOEe orpaxkenue Hy; — Boxunl B nonoce 3-10% u uccneno-
BAHWE 3aKOHOMEPHOCTEH OTPa)KeHHS BONH B MOJMYYEHHBIX BAPHAHTAX TAKHX (MILT-
poB. BHyTpennmii panuyc by ¢HIETpa cOmpmKeH ¢ perynapHEIM BOTHOBOAOM, B KO-
TOPOM BO3MOXHO PaCHpOCTpaHeHHe TONBKO 0fHOH Hy; BoMHE, T.e. 3.83 < by < 7.016.
Ilapamerpur hy, L;, Ay — BeiCOTa, MIWpHUHA ¥ KpyTH3HA GOXOBOM CTEHKHM GUILTpa B
BHJI¢ TPANCHUHEBHIAHOW KaHABKH C TIAJKAMH CONPSKeHMsIMH, Ay, d,, n,— BBICOTa,
UEPHOZ U KOTHIECTBO BONH (JHILTPa B BHIE CHHYCOMAAIBHOrO rodpa moabupamics
M3 YCJIOBHS MakcHMyma xodh¢uupenta otpaxenus K =1-P. /P, rne P, Py -
MOIHOCTH NpOXOAANIEH H Iajaromei BonHb. Bee reoMeTprdeckue napaMeTphl BEI-
PaXEHH B eXUHUNAX Ay /(27), Ay~ onopHas JvHA BONHEL XapaKTepHse KOHQUIy-
paupn ¢unsTpoB b(z) ¥ pacnpeneieHHe HapUHaTbHEX aMIUIMTYX BoaH (2) Bo3Gyx-
AaeMOro BOJHOBOI'O I10JiA [IPH OJHOM 3aIlpPaHHy NPEACTABICHB Ha PUCYHKE 1.

4; b 4 b

‘ 20
0 5§ 10 15 20 25 30 35 40
VA

a 6
a— kaHaBka: b¢=5.5, Li=6, m=2.5, A,=0.7; 6 — rodpsr: by=4.21, n,=8, d,=4.5, h,=3.2
kpuBnie 1 —A4;,2 — 43,3 -A4;
Pucynok 1 - Pacipeaenenne aMILIHTy R Bo36y&aeMbIX BOH B GRILTPAX

Ecnau $unpTpH GpaITOBCKOrO THHA B BHAE IEPHOMMYECKONO roppa HIUPOKO
HCTIONB3YIOTCE M M3YYAIHCh PaHee, TO 3arpajUTelbHHe GUIBTPH - pedieKTopbl B
BHJIE OMMHOYHOHR KaHaBKA 11 H BOJNHE 37ieCh HCCIEOBaHbi BIIEPBHIE.

PacueTsl paccMaTpaBaeMuIX ABYX TUNOB (GHUILTPOB II0KA3EIBAIOT, 9T0 JUIA Ka-
JKJIOTO 3HAYEHNA paiMyca BONHOBOJA by uMeercs HaGop mapaMeTpoB, IPH KOTOPBIX
GbUILTp NpaKTHYECKN NONHOCTHIO 3anmpaer Hy-sonmy (K=1). [onnoe sammpanwe
MPOACXOLUT MpH YCJIOBHH PEe30HAHCA Ha 3aJaHHOHU YacToTe (B BRIOPaHHEIX NepeMeH-



Hux npu W=1). Bapeupys napamerp A (h,) BOMH3M TOYKM 3arpaXIcHHS, MOXHO
obecnieynTh TpeGyemntii koadgdunpenT orpaxenus ot K=0 no K=1.

VCTaHOBNIEHE! 3aKOHOMEPHOCTH H3MECHEHHS HapaMETPOB pacCMATPHBAEMBIX
IIBTPOB ¢ N3MEHEHHEM pajguyca by, IPH HOMHOM 3aIHUpanuy Hy -BOIHEI .

Pacyemuv: pezonanchoii xanasxu-penexmopa nokazaiu, 4TO e€e BBICOTa i
BCerjia TakoBa, 4To npy W=1 BHyTpH Hee BOJHa Hy; SBISEeTCA pacipoCTpaHsiomeics
¥ TIPH PE3OHAHCE e¢ aMIDIMTY[a CPaBHHMAa C aMIUIMTYRoil maparomeii Hy BOJHEL
3HawMMOH Takke ABIsETCH BO3OyxnaeMas 3akpuTHyeckasd BonHa Hys. Ilpu ymeHs-
[IEHHH IMHPHHEI Ly pe3oHaHCHOH KaHaBKH ee BRICOTa Bo3pacTaer, i mipH L;—3.8 cra-
HOBHTCS HempueMieMo Oonbwmoi, T.e L;>3.8. C yBenwdenneM L, BEiCOTa hy CTpe-
MHTCS K HEKOTOPOMY OIpejelieHHOMY 3HadeHHIo. Ilpu Ly>5 peanmusyercs pesoHanc
Ha Hy-mope, npn Li<5 pesonaHc Ha Hg-moze. [pu dukcupoBannoi KpyTHsHe Go-
KOBOHM CTeHKH KaHaBKH-peieKTOpa Ay ec BBICOTAa C yBenwdeHHem by yOnisaer. C
YBETMHYeHHEeM KPYTH3HBI CTeHOK KanaBku A, T 1 (A=1 npsaMoyronsHas KaHaBKa) IIpH
(MKCHPOBaHHOH MIMpHMHE L; €€ BEICOTa YMEHBII2ETCA O HEKOTOPO# TIpeAeNsHON Be-
auunHbl. IIpr Ay—0 (A=0 KBasMCHHYCOUAAIbHAS KAHABKA) BHICOTA /; CTAHOBUTCH
Helpremiemo 6oabUIOoH.

HAna ¢unempa e eude 2ogppa xapaxTepHa clegyiomas OCOGEHHOCTE: INIA 38-
naHHOTO b) HAXOAATCS IPH MHHUMAILHOM /1, 3Ha4eHHe d, DM KOTOPBIX Peallu3yeTcs
ko3ddunuenT oTpaxenus K Onm3kui K equdnue (ranpumep, X=0.995) u ocnabue-
H¥E BOJIHEI pacHpeaeleHO Ha Bee rodphl, Kak mokasano Ha pucynke 1,6. Ecou teneps
3aMKCHPOBATH HalleHHbI! NepHOA dy H YBENHYKBATH BHICOTY h,, TO HaGmomaercs
yBenuueHue K NpaKTHYeCKH NO eIHHHUIEL, mpHyem ociiabierne BONHB JOCTHIAETCA
Ha BCe MEHBIIEM KOJHYeCTBe IepBEIx rodp. [loaroMy npu yMeHBIIEHUH KOIHYECTBA
robp H COOTBETCTBEHHO [UIMHBI QHIETPa MOANEpKAHHe TPeOyeMol BEIMYHHBL KO-
s dummenta orpaxeHns IpH HEHW3MEHHOM by TpefyeT NpONOpIHOHATLHOTO YBEH-
9eHHs BRICOTH ro¢pa. HaliieHHEle rapaMeTpsl QHIbTPa H3MEHMOTCS B 3aBHCHMOCTH
oT by ciuexyromuM obpazoM. [Ipy yhaneH#n OT IPaHHLE! TOJNOCK! HPO3PAYHOCTH Ha
YYACTKE fy; < by <5 meprox MOHOTOHHO y6EIBaer ot d,=5.7 1o d,=4.2, a Tpebyemas
rimy6uHa rodpa coOTBeTCTBEHHO Bo3pacTaet ot h,=1.7 mo ©,=6.4. Ilpu b, ~5 uMeercs
CKa4OK Ileproza d, 0 3Ha4eHus d,=5.9 i Ha ydacTke 5 < by < i, Benu4HHa IepHOJIa
HE3HAYMTENBHO YMEHbIIaeTcs 0 d,=5.4 NpH MOHOTOHHOM YMEHBINEHHH IJIyOHHEI
rogpa mo h,~1.6.

DunbTph B BHIE KAHABKA HMEIOT HOBOJIBHO Y3KYI0 Hosocy otpaxenus (1-5%)
Ha ypoBHe K£1//2 . Tlonoca CyXaeTcs IpH YMCHBHICHAH BEICOTE! KAHaBKM M BO3-
pactanum by. [onoca orpaxenns nepuomudecku roppuposansoro GuisTpa ¢ n,=8
H3MeHseTcs B npefenax 5-12%.

YcTaHOBIIEHHBIE 38KOHOMEPHOCTH OTPaXKEHHA BOJHbI OT KaHABKH-pedekTopa
HO3BONIAIOT NPEJUIOKUTh CIIOCOOH KOMIIEHCAIMH OTPAaXEHHS OT JHANEKTPHYECKUX
auadparM pacroNMKeHHEIX B BOTHOBOLE.



Tperns riaaBa INOCBANIEHA HCCIENOBAHHMIO 3aKOHOMCPHOCTCH (u3mdeckmx
PONECCOB MPOXOXKACHHS CHMMETPHYHEIX BOJIH Yepe3 AA3/IEKTPHIecKoe OKHO, KOTO-
poe BO MHOTHX IIPHOOpax CIHyXHMT 1A M30!SIIUH BaKyyMa, H 060CHOBaHHIO CMOCO-
60B KOMIIEHCALHU HX OTpa)KeHHS C MOMOIIBIO HEPErYIIIPHOCTH B BHIE KAaHABKH WM
BEICTYIIa Ha CTEHKE BOIHOBOJIA ¢ KPYTOBBIM CEYEHHEM.

YCTaHOBIEHO, YTO 3aBUCHMOCTH KOI(PMHIMEHTa OTPMKEHUA OT TOILMHBI
AuadparMbl UMeeT nepHoaudeckuif xapakrep. Hymesoe 3HaueHwe koddduumeHTa
OTPaXeHHA COOTBETCTBYET TOJINMHE, KPaTHOH MONOBHHE NJIKHBI BOJHB! B BOJIHOBO-
Jie, 3alONHCHHOM [M3NIEKTPUKOM, MaKCHMallbHOEe 3HaYeHUe CABUHYTO Ha HETBEPTH
anaesl BonHel «Heorpaxaroman» nuagparma «paboTaer» Kak NMoOJyBOJHOBOH pe3o-
HaTOp, 06pa30BaHHEI rPaHUIIaMH JAJIEKTPHKa, BHYTPH Hee HabMOJaeTcs Pe30HaHC
OCHOBHOI BOJIHbI, IPH 3TOM BbICHIME 3aKpHTHIECKHe BONHBI He Bo30yxHarorcs. [Ipu
HEBRITIONHEHNM YCHAOBHA Pe3oHanca Jaxe g HeGonbimux £= 2.5 Koaddunpent or-
paXeHAT MOXET JOCTHTaTh 90%, HOITOMY aKTyalbHLIM ABISETCH MOUCK M 00OCHO-
BaHUE CIIOCOO0B KOMIIEHCAUH OTPaXKEHHU.

Ipepnoxens! Asa crocofa KOMITEHCALWHM OTPaKEHHS CHMMETPHYHBLIX BOJH
KPYTJIOr'0 BOJIHOBOJ@ OT «OTpaxatonieroy» (Hepe30HaHCHOIO) AMAIEKTPHYECKOro OK-
Ha C NIOMOILBIO KaHABKH-pedIeKTOpa WM BEICTYII2 Ha CTEHKE BOJIHOBOJA H BBIIOJN-
HEH CHHTe3 1apaMeTPOB KOMIEHCATOPOB ¢ TPeOyeMbIME CBOHCTBAaMH.

Ilpu nepBoM cnocoGe KOMIIEHCAIMK KaHaBKa-pedIeKTOp, pacroiaraercs Ha
OIIpE/IENIeHHOM PacCTOSHUH OT JHIIEKTPHYECKOTO OKHA 33JaHHOH TOMIIMHMK M Napa-
MeTpsl TONOHPAIOTCS TakuM 0fpa3oM, 9TO0B! cucTeMa «HadparMa-pedrekTop» 06-
pazoBaia MONYBOTHOBOH pe30HATOpP. YCTAHOBNEHO, YTO IIPH BHIMOJHEHHH YCIIOBHS
pe3oHaHca ko3(dHIHEHT oTpaxenus pabouedt Hy wm Egy-BOJHBI YMEHBLIAETCS
NpaKTH4eckd o Hyna. Ha pucyHke 2 npefcTanieHbl KOHQUIypaLus KOMIICHCATOPOB
U aMIUTHTY OBl BO30Y)KA2eMBIX BOJH MPH NOJHOM IPOXOXJAEHHH OCHOBHON BOJHEL.
ITyHXTHPOM OTMEYEHO MOJ0XKEeHHE TUIEKTPHUIECKOro OKHA.

L4l : b Wil 45
e T _ 16 ;
N A 0,8

Y  og
0.5 —~q2 047

i 0, 21

1, 2, 3 — amonaTy e BO3OyRAaeMBIX MOT; Ay =0,8, D=1, £=2:
a) Heomuwr bp=35, b =1,68, Lk=t,1;6)Enommbo=3, h, =0,89, L; =0,49

Pucynok 2 — Hosioxkenne JAJICKTPEKA ¥ KAHABKE DPH NOTHOH KOMIICHCAIHE



Pacuer mnokasan, 9To B 3TOM ciydae ko3hdHIHEHT oTpaxeHus pedrekropa
paBeH K03 GHLHEHTY OTPaXEHHS OT AHA(ParMEl, 2 PACCTOMHHE MEXAY HapparmMoit
H pedrekTopoM GIM3KO K IOJNOBHHE AIMHK BOJHH IycToro BosmHosoxa. Ilonoca
IIpO3PaYHOCTH  TAaKOro  KOMIEHCaTopa
(pucyHok 3) pospactaer ot 1% BOMM3H
TPaHALINl 3allApaHHs OCHOBHOH BOJHEI
BOJIHOBOZa 710 5% BONH3M I'paHMILI OT-
KPBITAA BOJTHBI Hoz (Eoz).

B HEKOTOPBIX CHTYallUSIX KOMIIEHCHDYIO-
mu#A pedIeKTOp OTCTOALMI OT AMHadpar-
MBI HeXenaTeleH H3-3a YBeIMYEHHA pa3-
MEpOB KOMIICHCAUMOHHOH cucTemsl. Ilo-
1-b=4,2-b=53-b=6 7 sTOoMy OBLT IpeoxeH BTOPO# cnocol
Prucynok 3 - 3asucamocts ko3ddunnenTa KOMIICHCALMH OTPAKEHHA, IPH KOTOPOM
oTpamenns H-oaHLI OT 98CTOTHI IHIIEKTPHYECKOE OKHO COBMEILICHO C BHI-
cTynom, ma6o ¢ kaHaBKoM BonHOBoAa. B
3TOM CiIyyae AMBIIEKTPHK HAXOXATCA BHYTPH caMoro pedaexropa u noabopoMm ero
napaMeTpoB BO MHOTHX CHATYaIMsIX yJaeTcs J0CTHYE TOro Xe 3ddexra KoMmnesca-
uuH. Ha pucynke 4 npencTaBiieHbl KOHQUIYpal#s KOMIICHCATOPOB C BHICTYIIOM H
aMILTHTY /bl BO30YXIaeMbiX BOJIH IIPH TTOJTHOM NPOXOXICHAM OCHOBHOMN BOJHEL.

B xoMmmeHcarope ¢ BHICTYTIOM 38 C4eT YMEHBINEHUS paffdyca JHIIeKTPUIecKo-
IO OKHA XOTH H NPOUCXOAWT YaCTHIHOE BHIPaBHHBAHHE BOJTHOBBIX COIPOTHBICHHH B
IHOJIEKTPHKE M BaKyyMe, OMHAKO KOMIICHCALHA OTPLOKEHUS B OCHOBHOM ITPOUCXOIAT

01
K£+k

0,061

0 : :
0,96 0976 1 1,026 1,06

IA"||,4 . / b 'V1|
1,2 g fi S seimeemm———— — 0,8}
0.23- 06—
0,6 04
g:; ) 02f- —5- -t b

1, 2, 3 — aMumETY I BO3GYXIaeMBIX Mox; Ay = 0,4, D=1, &2:
a) H pomawt: b=5, h=1,5; 6) E sBormsr: b=3, h=0,55
Prcynok 4 — AMILTATY AL BO36YRA2EMBIX BOJTH B KOMIIEHCATOPE C BHICTYIIOM
3a CYET PE30HAHCHEIX 3¢dexToB Ha OOKOBEIX rpanmiax BricTyna. Kak BuOHO u3 pu-
CYHKa B 00JiacTi GOKOBLIX CTEHOK HAGMIONaeTCs 3HAUMTENLHOE YBETHYCHHE aMILIA-

TYX BBICIIMX 3aKpHTHYECKHUX BONH. Kak HoKa3am AeTaqsHBE pacderhi [apaMeTpoB
KOMIIEHCAaTOpa I Pa3sNM4HBIX TONHMIMHE W JM3NEKTPHYECKON NPOHWIIAEMOCTH C
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YBEJTHYCHNEM KPYTH3HE OOKOBBIX cTeHOK Ay 0T 0.4 1o 0.8 BBICOTA BRICTYIIA KOMIIEH-

catopa YMEHBINAETCs, IPAKTHYECKU IO NHHEHHOMY 3akoHy npumepho Ha 0.7 enu-

HHI], T.€. TEMIl YMEHBIUICHHAA HE 3aBHCHT OT TONMIMHBLI H JUITEKTPHIESCKON NIPOHHU-

aemMocTH. Ilpy ysemdeHnu paguyca BonHoBoja by oT 4 O 7 BHICOTa BRICTYTIA BO3-

pacTaeT MOYTH JIMHEWHO, TPHYEM TeMII BO3pacTaHus MeHbuwit y Gonee ToNCTOM

avadparmsel 4 MeHbileM € [lonoca mponmycKaHUs TakOTO KOMTICHCATOpa Ha ypOBHE
=0.025 cocrasmier 7-15%.

Pacdersl nokasanm, YTo L KaHaBKU
C IMINCKTPHYECKHM OKHOM {pHCYHOK 5)
Taloke U 3ajaHHbIX by, D, # A}, MOXHO
nojo6paTe BEICOTY KaHaBKH Ay, IIPH KOTO-
poit KoMIieHcHpyertcs orpaxenue. Omrako
At HebonsimMx D, <] Heobxoxumast JyIs
1,2, 3 ~ avmaTy s Bo3Gyxaaemsix mox;,  KOMIICHCAITMK BBICOTA KAHABKH HENPUEM-

bo=5, Ap=0.4, D,=1.3, &2, h=4.5 neMo Oonpiuas. HHTEpECHO OTMETHTH, Y9TO
Opy HATHYUH JHINEKTPHYECKON BCTABKH
HpYHA KaHaBK@-pedIexTopa, TPH KOTO-
poil BO3MOXKEH pPE30HAHC, COOTBEICTBYIO-
LM TONIHOMY OTpaXkeHUIO yMeHsblIaetcs. [Ipy yBenmyeHnu A BHavane HabmogaeT-
¢sf PE30HAHC, IIPH KOTOPOM peallu3yeTcs MojIHOe OTPAKESHHE BOJIHBL, 3aTeM IIPH Jalib-
HeAnreM HeOOMBIIOM YBENHYEHHH A HACTYNAeT PE30HAHC COOTBETCTBYIOMMA MOJI-
HOMY TIpOXOxIeHHo. Kak BHIHO U3 CpPaBHEHWS DHCYHKOB 2 H 5 KapTHHBI BO30YX-
JaeMbIX BOJIH TIPH 3THX PE30HAHCAX CHNBHO PasiM4alOTCA.

YerpepTas riaasa NOCBSAIIEHA UCCIEJ0BAHUIO GH3UYECKHX OCOOCHHOCTEH OT-
PaXKEHHS CHMMETPUYHEIX BOJH OT JHMIEKTPHIECKOH quadparMbl Ha aneprype pymo-
pa. Pymop o6b1uno ucnoss3yercs npu suBoge CBY sHeprum w3 reHeparopa, obeciie-
4YuBas €ro COIJIACOBAHME C OTKPEITBIM
TOpPOCTPAHCTBOM, NIpH 3TOM Ha aneprype
pynopa noMelnaercs JM60 H30JIHpYOIHAs
BAKYYMHOE IIPOCTPaHCTBO I'eHepaTopa Au-
3jleKTprueckas auadparma, nmbo ciodf
IHANMEKTPHYECKOr0 HarpeBaeMoro Mare-
puana npu ero CBY o6pabotke (pHcyHOK
6). [Tomemenne AMINEKTPAIECKOro MaTe-

Prcyuox 6 — Pymop pHaza B pacKphiBe pynopa NpUBOAMT K

€ XHAIEKTPHYECKol xHadparmoi HexenarensHoMy 3(deKkTy oTpaxeHHs

CBUY BoHEL, KOTOpOE MOXKeT OBITh 3HAUH-

TensHEM. Ha ocHOBE NpexioXeHHOro B riaBe | MeToa BBIIOIHECHO JETATBHOE HC-

CIIEOBaHME 3aKOHOMEPHOCTEH NMPOXOXIEHHA BOJIH B TAKOM PYIIOpe H HaMJeHsI yc-
JOBSL, IPH KOTOPHIX OTPaXEHUE MOXKET ObITh KOMICHCHPOBAHO.

4|
2,5

2
1.59
14

0'5 iy Y

Pacynox 5 - Ipoxoxaenue H BoHbI
gepe3 KaHABKY ¢ NHadparmon
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Jetanenbie uccaenoBaHis OLITM BRITONHEHE! AS PYTIOPOB CAMMETPHYHBIX H
1 E BOJH ¢ BXOMHEIM PaTHycoM by, COOTBETCTBYIOIIMM IPHMEPHO CEpeMHE TIONOCH
NPOXOXACHUA TONBKO OCHOBHOM BOMHEI (b=5 mna H u b=3 ansa E), BEIXOAHRIM pa-
auycoM by~(2+3)by u pmaHOR L,~(3+5)b,. JInst Takux reoMETPHYECKHX pa3MepoB B
pynope c CIITAIKEMY MOHOTOHHEIM r1apaboTHgecKiM npogunem
b(z)=by +(b; —by)-B[(z~2)/(2,~ z)]; RIT)=T*(10-15T +6T?); 0<T <1 ko-
sbduumenT orpaxenns K He mpeBocxomuT 0.0023 ¢ Ha BEIXOfle PYNOpa BEIHYHHA
SaMILUTHTY X BTOPOH M TpeThel napiualbHEIX BOJH cocraBiser ~#85+95% u ~4+15% or
aMIUTHTY bl OCHOBHOM BOJHBI.

Pacyetn nokasamy, 9T0 MPU NOMEMIEHAN «IPO3PAYHON» UIA OCHOBHON BOITHEI
nHadparMel B pacKphIBE PyTIOpa IPOHCXOAUT HeBOMBIIOe, MPUMEPHO B JIBA pa3a yBe-
muuenre koadduiuenta orpaxenns K, oObiCHIeMOe OTpaKeHHEM OT JUadparMel
B036yX/1aeMbIX B pynope BOJK ¢ (ojiee BHICOKHM HHIEKCOM. ECTecTBEHHO, 4TO IIpH
MOMCIIIEHHH B PACKPHIB PYIOpa «OTpaxawliueid» auahparMsl K03GGUIHEHT oTpaxke-
HHJ pynopa HPHMEPHO B HOITOPa pa’a MeHbIle, YeM KOXpPUIHEHT OTPAOKEHHS OT
auapparmer. [Tpy omrHMusalue napametpoB by, L, 4 A ynaercs yMeHbIMTE K02~
hUIHEHT OTpaXKeHHS O 3HA4EHHI COOTBETCTBYIOIIEX PYLOPY 6e3 AHINEKTPHUECKO-
r'O OKHA H B HEKOTOPBIX CJIydasx HpaKTHIECKU JO HyNd, IPHYEM, €C/IH OTPaKEHHE OT
nuagparMer HeGONbILOE, TO ITO YAAETCHA CAENATH 3a CYeT OTCTPOMKH TONBKO Tiapa-
Merpa A. Ha pucynke 7 npencrtarieHo pacnpefiefieHHe aMILUIMTYA BO30YxXHaeMbIX
napusanbHuix E-BonH.

71 , 8b Vihs
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a) L,=12; A4~1,01; K=0,0008; D=2; 6) L,=10,5; 4=0; K=0,00047;, D,=1;

by=3; b;=8; z;=3; £=2,5; 1...4 - amnmurynu V;,... ¥V,
) «rpo3payHas» H 6) «oTpakaroinasy mEINEXTpAYEcKas uadparMa
Pacynok 7 - Pynop nis Beisoaa E- BoJTH ¢ MOBOTOHELIM NIpO$HIEM

ITpu HanvuMy oTpackeHMA nepes MHadparMoli Ha aMIUIATYJHEIX KPHBBIX BUJ-
HEl XapakTepHbIe JUis CYIIEpPIIO3NIHHE IIPAMOK B 00paTHOM BoNH Guenns. [locne aua-
¢parMel aMIUMTY bl IPOXOAALUEH BONHBI [IOCTOSHHEL, YTO COOTBETCTBYET MOIHOMY
COrNIACOBaHHIO. B pynope ¢ onTHMamsHEIMH I1apaMeTpaMi POMCXOHNT IepeoTpae-
HHE BONH MeXOy auaparmMoli 11 HeperyjIspHEIM y4acTKOM BOJHOBOJA. B pesyserare
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CHCTEMa «pynop-nHadparMa» NpeICTaBIseT NOMYBONHOBOM TpaHcpopMaTop, uepes
KOTOPLIH BOJNHA ITPOXOTHUT 63 OTPaKeHHS.

YCTaHOBIIEHO, YTO 33 CYET HUCHOIB30BaHHS HCMOHOTOHHOTO IOQPHPOBAHHOTO
npoduiIs MOXKHO 06ecnedHTs KpoMe MAaIoro OTpaXeHus elle M OTCYTCTBHE BBICIIHX
MO/l B packphiBe pynopa E wiu H - Bons. BBeieRHe «IIpO3paunoOro» okHa npaKTiae-
CKH He H3MEHseT CBOMCTB TaKOro pyriopa BBHIY OTCYICTBHSA B o0JacT quadparMsl
BHICIIMX MO, ONHAKO KOMIICHCALHA BIMAHHS «OTPAOKAIOLIET0» JMJIEKTPHIECKOTO
OKHa B TaKOM pPYyHOpEe BO3MOXHA JMIIb 33 CUET 3HAYHTENHHON HEOOHOPOTHOCTH
npo¢wis, mu6o 3a cueT BBeNEHHs pereKTopa, Kak 3TO BHAHO W3 pHCYHKa 8,6. Kap-
THHA TIPOIIECCOB B pyrnope E-BONH aHANOrHYHa, I1pe/ICTABIEHHOM Ha pUCyHKe 8.

il 4 = s = i ST
0.8 ~18 : e
0.6f- -~ o 1\ 1t
0,4 4 - 2 _vi bl

s LA i
0,2 2 RN - 3 42
Lo ]

0 5 10 15 20

a 6
a) b;=9,90, L,=12,38, K=0,0026; 6) 5,=10,67, L,=15.3, K=0,0023;
bo=5, zy=3, &2,5; 1...4 - ammuatyn BoTH Hyy ... Hy
a) «rpospadsas» ¥ 6) oTpaxaolas JHINEKTpAYecKas gradparmMa
Pucynox 8 — Pynop ans BeiBoga H-BoH ¢ HeMOHOTOHELIM TpodRIEM

Ipu naneEnH BONHBI Ha «TOJNCTYIO» AHaparMy W3 MOTIOMIAIOLWIETO HUAJIEK-~
TPHICCKOIO MaTepHana ¢ OONBIINM 3HAYEHUEM
MHHAMOH 9acTH JHIEKTpUYecKol npoHuiiaeMo-
CTH £", BONHA 3aTyXxaeT, He NOXOIM IO 3alHed
CTEHKH H OCHOBHYIO POJIb HIDAeT OTPaKEHUe OT
nepenHel crenkw jgHadparmel. Pacucrel s
CHMMeTpHUHON E-BOJIHBI B perynsipHOM BOJHO-

|Vy

0 2 6 8 10 12, BOJIe MOKA3alH, 4TO XKO3(PQULHEHT OTPaXEeHHH B
b,=8; L,=4,58; A=2,71; K=0,0004;  2TOM Clly4ae MOXeET OhTh 3HaAYMTENEHEM, YTO
bo=3; 21=2; D,=3; £=36-6 HanpuMep CYIECTBEHHO YBEIHYHBACT 3aTpATHI
Pacynok 9-Pynop E-soin Ha CBY 06paboTky. BEITIONHEHHOE HCCIEAOBA-

€ MappaTMOil B3 NOTIOMAOMEr0  yue yya3piBaeT HA TO, 9TO UCHONE3OBAHHC PY-
MATEpHAIA

1I0pa ¢ NONOOPAHHBIMH ONTHMANBHRIM 06pasoM

TNiapaMeTpaMH [103BOJISIET TIPAKTHYECKH MONHOCTBIO KOMITEHCHPOBATH OTPAKCHHE OT

HOrAOMAIOmeR AHANeKTpHIcckol JuadparMel. Ha pucynke 9 mpencTaBieHo pac-
TIpeAeICHAC aMIUTHTY/ B TAKOM ONTHMAJIBHO TOZOGPAHHOM pyIIOpe.

B npHnoxeHHn NpHBENEHE PE3yNBTATH TECTUPOBAHHS MNPEIONKEHHOTO B

rnase 1 Merona 67109HON MaTpHYHON MPOrOHKH NPH PEILEHHH 33124 [epMronsua u
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[IByMEPHOTO ypaBHEHHs TEMIONPOBONHOCTH ¢ KOHBEKTHBHBIM WIEHOM, aKT BHEJpE-
HHS.
JAK/IOYEHHUE

OcHoBHbIe HAYYHEIE Pe3YIbTAThI JHCCEPTANHH

1. PazpaGorana >¢hdeKTHBHAS METOJMKA PEMICHNA 3aa4H BO30YKIeHUs CHM-
MeTpudHbIX H 1 E BOIH B 0Tpe3Ke HEPEryJIPHOro BOJIHOBOJA, 3all0JHEHHOIO HEOoN-
HOPOZHBEIM JHINIEKTPUKOM, OCHOBaHHaid Ha HpeoOpa3soBaHHM KOOpIHMHAT, oTobpa-
KAIOHIEM MPOIOIbHO-HEPETYNAPHBIA KPYTIbl BOJHOBOA B LWIHMHIAD €AMHHYHOTO
paanyca, MONYYeHHH CKANAPHOH KpaeBoil 3aJadu B npeoOpa3oBaHHOH CHCTEMC H
APEIIOKEHHOIO MPAMOro CETOYHOro MeTofa O109HOM MaTpH4HOil NPOrOHKH peLle-
HHs TIONYYEHHOIO JUIHNTHYECKOTO ypaBHeHMS, TONe3HO HCIOJIb3YIOWEro peryisp-
HOCTH I'PaHMIl PacyeTHOM obracTn B npeobpasoBannoil cucteMe. Cyrh MeTosa 6104~
HOM MaTPUIHOM IPOrOHKY COCTOMT B TaKOM NMpEACTABIEHMH BEKTOpA PCLUCHMH KO-
HEeYHO-Pa3HOCTHOM CXEMBI, TP KOTOPOM COOTBETCTBYIOLIas CUCTEMA JIMHEHHEIX al-
re0pavueCcKHUX YPaBHEHHUI UMECT CHIIBHO Pa3speXeHHYI0 MATPHITY OIOYHO-TIEHTOUHOR
CTpykTypni. PaspaCorana mporpammHas peanH3allus XpaHEHUs TaKod MATpHlLl B
MAacCHBE H3 CTCKOB WIH B JIEHTOYHOM MAacCHBE U DEIUCHHS CHCTEMBI YPaBHEHHiH Me-
tonom [aycca ¢ BEIGOPOM IJIABHOTO 37IEMEHTa Ha TAKHX CTPYKTYpax MaHHEIX. 3a CUCT
UCTIONB30BAHUA BbifOpa [NABHOIO 1EMEHTa CHAMAIOTCH OTPAHHYCHHUSA HAa YCTOWYH-
BOCTh, TIPHCYIME KIACCHYECKHAM METOAAM NPOrOHKH M MTEPaLMOHHBIM METOAAM.
BrictpoznelicTBre pa3paboTaHHONH KOMIIBIOTEPHOH MPOTrpaMMBl M COKpalleHHe 00be-
Ma TpebyeMoit onepaTABHON IaMATH JOCTHTAETCA BRIGOPOM CTPYKTYP HAHHEIX H OIN-
THMH3ALMA KOA4 IIPOrpaMMbl. YCTaHOBJIECHO, 9TO ANTOPHTM C YNAaKOBKOH B MaccuB
crexoB pabotaer B 15-30 pa3 GricTpee, yeM JIEHTOYHBIH MacCHB, a 10 CPaBHEHHIO C
MeToaoM 3eiinend - B 40 pa3 [1-A, 8-A, 9-A-12-A, 15-A, 16-A, 20-A, 26-A].

2. Ha ocHose pa3paloTaHHOH METOOHKM BHIIOJHCH CHHTE3 I€OMETPHYECKHX
rapaMeTpoB Y3KOIOJOCHEIX 3arpajaTeNibHbiX (QUIbTpoB Hy; — BOIHEI B BHJE PE30-
HAHCHOHM KaHaBKU-pedlieKTOpa OIpe/ielIeHHOH KOHQMIYPalUHH H B BHIE CHHYCOH-
HansHOTO Todpa, 06eCHeYHBAIOIMX TPAKTHIECKH MOJHOE OTPAXCHHE HA 33JaHHOM
gactoTe. cciienoBansl 0COGEHHOCTH OTPaKEHHs BOJNH M MONOCOBhIE XapaKTepUCTH-
K¥ DONYIEeHHHX BapHAHTOB TAKHX QHILTPOB, a TAKOKE YCTAHOBJIEHHI 3aKOHOMEPHO-
CTU HM3MEHEHHs WX NapaMeTPOB C M3MEHeHHeM pajpyca BoyHosoga. Kanaeka-
pediIeKTOp XapaKTepHa TeM, 9T0 It PHKCHPOBAHHOM MIMPHHBI HAXOMUTCA €€ BBICO-
Ta, TIPH KOTOPOil PEATH3YETCH YCHOBHE MOJIHOMO OTPaXeHHs, NMPH 3ToM B Hed Hp
BOJTHa ABJSIETCS OTKPHITON H ee aMIUIMTYy/[a CPAaBHEMA C AMIUIHTYAOH OCHOBHOI#H BOJI-
HHl, lIlupnHa kaHaBKYM He MOXeT GHITE MeHblle, 9eM KPUTHHeCKHH Aia Hy; BONHEI
pamuyc Bonxosona. ITpu uipune kanaskd (3.8<L;<5) peanusyercs Pe3OHaHC Ha OC-
HOBHOH Moze, nipu (5<Lx<6) na Mone Hy,, nonoca sanupanns coctariser 1-5%. [Ipn
MONHOM 3anupaHud mepuoji ¢unbTpa B BHAe rodpa H3MEHAETCH B IQMANa3oHe
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(4.3+5.8). Boicota rogpa Takosa, 4TO BHYTpH BOJNHH Trohpa, OpH paaHycax BOJIO-
Boza 4.5<by<7 Bonna Hp, pacnpocrpansromascs, npu 4<by<4.5 zaxpuraaeckas. ITo-
70Ca 3aNMPAHAA B 3aBUCHMOCTH OT by M3MeHseTcd B npenenax 5-12% [2-A, [1-A,
14-A].

3. YcraHOB/IEHO, 9TO KOI(MHIMEHT OTPAKEHHS CHMMETPUIHEIX BOJIH KPYIo-
TO BOJIHOBO/IA OT HEPE30OHAHCHOTO» JHINEKTPHUYESCKOrO OKHa HaXe U1 HeGONbIIHX
&+2.5 Moxet mocturats 80%. Ipemnoxennl asa crocofa KOMIEHCAUMM OTPAKEHHUS C
IIOMOIIBIO KaHAaBKH-peduiekTopa (BEICTYTIA) KOO OTCTOSILEH Ha OUPEAEIEHHOM Pac-
CTOSHHH, JIH0O COBMCIICHHOH C JUINICKTPUYECKMM OKHOM H BHINONHEH CHHTE3 IMapa-
METPOB KOMIEHCATOpOB ¢ TpeGyeMbiMu cBoficreamu. [Ipn nepeoM ciocobe xoMIeH-
Call¥H KaHaBKa-peQIeKTop, pacronaraeTci Ha ONpeNeNeHHOM DacCTOSHHM OT IH-
3JIEKTPHYECKOro OKHA 33JJaHHOM TONIMMHLI # TapaMeTpHl NOAGHparoTCa TakuM obpa-
30M, 9T00BI CHCTeMa «AHadparma-peduexrop» olpasosana MOIYBOIHOBOM pe3oHa-
TOp. YCTAaHOBIICHO, YTO IIPH BEITIOJHEHWM YCIOBHS pe3oHanca koabduiuenT otpa-
weHus pabodeit Hy; wuma Ej-BOMHBL YMeHBIIAeTCs MPAKTHIECKH 2o Hyis. [Momoca
NPO3PAYHOCTH Takoro xomnescaropa 1-5%. Ilpu BTOpoM crocoGe KOMITEHCALHN
AM3NEKTPHYECKOe OKHO COBMEHICEHO C BBICTYNOM, 0o ¢ KaHapkoi BOIHOBoZa. B
3TOM Ciy4ae JUIIEKTPHK HAXOLUTCA BHYTPH CaMoro peduexropa B nonbopoM ero
[apaMeTPOB yAaeTcs JOCTHIE TOro xe d¢dexra KoMOeHcauus. s KoMIIeHcaTopa B
BHJIE BEICTYII4 YAAETCS YMEHBIUATH BHICOTY BEICTYTIA 32 CYET BHIPABHMBAHUS BOIHO-
BOT'O COMPOTHBNIEHHSA B MHITCKTPHKE H BaKyyMe, IIPU KOTOPBIX TIPOHCXORHUT dddek-
THBHas KOMIICHCAIMA OTPAXCHHUA [3-A, 4-A, 7-A, 13-A, 17-A-19-A, 21-A-23-A].

4. YcraHOBIICHR OCOOEHHOCTH IIPOXOKIACHHS ¥ OTPAXCHUA CHMMETPHYHbIX [T
1 E BOJIH B PyIIOpe KPYTOBOFO CeYeHus IIpH TIOMEIIEHHH B er0 pacKphIBe JU3IEKTPH-
geckoll AMadparMsl ¢ pasMIHEIMH TOJILMHOM, JUINEKTPHYECKOH TPOHHIAEMOCTBIO
A nornowarouedl cnocobHocThio. [IpH noMelncHWM Hempo3pawHOH aunadparMsl B
packpeiBe pymopa ¢ otHomeHweM b;/by~2 ero koaduIMEHT OTpaxXeHUA B IOJITOpa
pasa MeHblle, 1eM kodbduunenT orpakenus THadparMul B peryIsipHOM BOIHOBOJE.
Hailinensl napaMeTpsl pynopa ¢ MOHOTOHHKIM H NOQPUPOBaHHEIM HPOQHIEM, IpH
KOTOPBIX 00€CIIeIHBACTCS TOJTHAS KOMIIEHCAIHA OTPaXXEHHS OT AU3JIEKTPHIECKOH He
nornomjaome# quadparMel, 8 B HEMOHOTOHHOM PyIIope obecneduBaeTcs MojaBe-
HHKE BHICINNX BOIH Ha anepType 3a cueT 3¢geKTa nepeoTpaxenus BOIH B CHCTEME
pynop-miadparma. IIpu HeGonpmux 3Ha4eHHAX KO3QPUIHEHTA OTPAXKEHHA OT OHa-
(parMel KOMIIEHCAIHS MOXeT OBITH JIOCTHIHYTA 32 CUET €€ CMEUIEHHUS OT Kpas alep-
Typhl. PacdeTsl Tak e HOKasall, 4To WCNONB30BaHUE PyNIopa ¢ NoxoGpaHHEIMH O~
THMAITBHBIM 00pa3oM IlapaMeTpaMH I103BOMSET MPaKTHIECKH MONHOCTHIO KOMIIEHCH-
poBaTh OTPayKEHHE OT MOIVIoNIaonielf frad)parMel B MIMPOKOM HMAIla30HE 3HAYCHHIN
DJIEKTPHYECKOH NPOHMIIAeMOCTH [5-A, 6-A, 24-A, 25-A, 27-A).
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PexoMennanun 1o NpakTHYECKOMY HCHO/b30BAHHIO Pe3yJILTATOB

INpeanoxesHsri MeTox O10YHOM MaTPHYHOM MPOroHKH M 3ddexTUBHBH an-
TOPHTM pelIieHHs 3aJa4yH O I[POXOKAEHWH CHMMETPHYHBRIX BOJH B HPOHOIBHO-
HeperyaspHOM BOJHOBOXE IO3BONAET YCIEmHO mpou3Boauth cuHres CBU ycr-
POHCTB C AMIIEKTPHYESCKHMH BKJIIOYEHHAMH.

Peaynbrarhl 4MCIEHHOr0 MOZENIHUPOBAHUR (GUIBTPOB H JHIICKTPHIECKHX
OKOH, TIOJTy4eHHble B paboTe, MOTyT GbITh HCITOB30BAHAEI B HAyYHRIX ¥ MPOM3BOJCT-
BEHHEIX OpraHH3alMAX, 3aHUMAIOIINXCA pa3paboTKON U HCCIEIOBAHUAMH YCTPOHCTB
CBY TexHuku.

TTonyuenysie pe3ynbTaThl O BOMOXHOCTH KOMIEHCANMA OTPaXEHUS BOJH OT
IOU3JIEKTPHYECKON MOriomaoimed AnadparMel ¢ MOMOMIBIO BHIOOpa COOTBETCTBYIO-
[IHX [IapaMETPOB Pynopa MpeACTaRIHOT HECOMHEHHBIN IPAKTHIECKHH HHTEPEC MPH
paspabotke Texnonoruit CBY obpaboTku MaTepuanos.

CIIMCOK NYBJINKALIHA COUCKATEJIS IO TEME
AHCCEPTALIHH

CraThbH B HAYYHBIX JKypHAJaX

1-A. Hapanosuy, O.H. Pemenne ByMEpHOT0 YpaBHEHHs THATUYECKOTO THNA
metonoM Grounol matpuuroit nporonku / O.W. Hapanoswy, A.K. Crnuuem // JHox-
naast BL'VHP. - 2007. — Ne 3 (19). — C. 18-23.

2-A. Hapanosuy, Q.M. Uacnersoe Mogeruposalie GUILTPOB CHMMCTPHYHBIX
Hy;-BosiH MeTosoM Gnounoi marpuuno#i nporoskd / Q.M. Hapanosuu, AK. Cunu-
1siH // 3apyOexHad pagHOIEKTPOHMKA. YCHEXH COBPEMEHHOM PaJHO3JICKTPOHUKY.
—2007. — Ne 10. - C. 57-63.

3-A. Kypaen, A.A. Cornacosatife auanexTpudeckoif nuadparMel B KpyriaoMm
BoNIHOBOZE Ha Moze Hy ¢ moMoumsio kanasxu-pedsiekropa / A.A. Kypaes, O.U. Ha-
panosud, A.K. Canungi // Noxnans: BIYHP. — 2008. — Ne 3 (33). - C. 59-65.

4-A. Kypaes, A.A. Komnencauus otpaxenus Hy -BOIHBI KPYTJIOro BOMHOBOAA
oT nuanextpudeckoro oxna / A.A. Kypaes, O.H. Hapanosud, A.K. Cunumusm // Jlok-
aaasl BEYUP. — 2009. — Ne 6 (44). — C. 5-10.

5-A. Hapanosu4, O.1. Komnencauus orpaxenus Hy-BosHB OT AH3JIEKTpHYE-
CKOTO OKHa Ha aneprype pymnopa / O.M. Hapanosns, A.K. Cunmimm // Jloknazasl
BI'VUP. - 2010. — Ne 3 (49). - C. 24-29.

6-A. Hapanosuu, O.1. KoMneHcauus orpaxeHHs cMMMeTpH4HbIX E BONMH OT
IMANEKTPAYIECKOrO MaTepyaia B packphise pynopa / O.M. Hapanoswy, A K. Cunu-
usiH // Joxnaae BTVUP. — 2010. — Ne 8 (54). - C. 13-19.
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CTaTbH B APYrHX HAYYHBIX H3IaHHAX
7-A. Kypaes, A.A. Pacuer napaMeTpoB AM3NeKTpHYeCKOH AHadparMLl Kpyriio-
r0 BOJIHOBOZAQ, He oTpaxkaromied Hy-Bomny /A.A. Kypaes, O.W. Hapanosuu,
AK. Cvnunams / Texauxa u npuGopsr CBU. —2008. - Ne 1. - C. 10-15.

Marepuanbi kondepennuii

8-A. Hapanosuy, O.11. HccrnenoBanrie METONOB pelleHMs KPacBo# 3aiaun yis
cuctemnt OJ1Y Broporo nopsnka / O.W. Hapanosuy // C6. maTepuaiioB MeX]. Hayd-
HO-IIpaKkTHYecKol KoHbepeHuuH «CoBpeMeHHas PannosnekTpoHWKa: HAaydYHEIE HC-
Cle0BanHus, MOATOTOBKA Kagpos». — Mu.: MI'BPK, 2006. — C. 38—40.

9-A. Jlenxenkos, T.B. PaspaboTka mpoekra mis peiieHus ABYMEPHOIO ypaBHe-
Hus [Tyaccona / T.B. JIsikenkos, O.. Hapasosuuy // CompyxectBo Hayk. bapanosu-
q9u-2006: MaTepuansl Hayy.-TIpakT. CTyA. XoHG., Baparosuun, 27 anpemns 2006 r. /
peaxon.: B.B. Tapyn (rn. pen.) (u ap.]. — Bapanosruu: BapI'V, 2006. — C. 103-105.

10-A. Hapanosmu, O.M. IlporpamMmuas peanmsalus peLieHHs IBYMEPHOTO
YPaBHEHHS 3JUTHIITHIECKOTO THIIA MeTOZOM GJIOYHON MaTpHYHO IIPOTOHKH Ha CTe-
kax / O.H. Hapanosmd, A.K. Canuiein // CoBpeMeHHEIe IpoGIIeMbl pafiMOTEXHHKH |
TenekoMMmyHuKaupi «PT-2007»: Matepuansl 3-efi MexIyHap. MOJNOJAEXHON Hayd.-
TexH. KoH(., 1621 anpens 2007 r. — Cepacronons: u3a-so CesHTY, 2007. — C. 306.

11-A. Hapavorma, OJ. HccnegoBaHHe TIeOMETPHYECKMX XapaKTCPUCTHK
ounsTpoB cammerpuaHbX He-Bomn / O.N. Hapanosuy, A.K. Canvigsrs // 17-5 Mex-
dywapogHas Kprmvckas koHbepenuns «CBY-TexHMKA M TCICKOMMYHHKAI[MOHIBIC
Texnonorvm» (KpetMuKo’2007). Cepacronons, 10-14 centstps 2007 r.: Marepua-
st koH$. — Cepactonons: Bebep, 2007. - T. 1. - C. 135-136.

12-A. Hapanoruy, O.W. OnTHMH3aINA KO#Aa KOMIEBIOTEPHOM MPOrpaMMbl IUIst
peleHus cMCTeMBl OOBIKHOBeHHEIX MHdidepenunansubix ypasaennii / O.W. HapaHo-
Bu4 // TexHuxa # TEXHONOrMU: HHHOBANMK N KadecTBo | Tekct]: Marepuansl Mexuy-
Hap. Hayu.-nipakt. xoH(., 23—24 nogb6psa 2007 r., Pecn. Benapyce / peaxon. : B. B.
Tapyu (o1, pen.) [# ap.]. — bapanoswun: PUO Bapl™V, 2007. - C. 270-272.

13-A.  HapasoBma, O.l. Merox pacyera napameTpoB 1IPOLOJBLHO-
HEperynsapHOTo BOJHOBOJA ¢ auanexTpudeckum okHoM / O.W. Haparosuy, A.K. Cu-
HuBH // CoBpeMeHHBlEe NpOONEMB PaIMOTEXHHKM H TeleKoMMyHukaumi «PT-
2008»: Marepransl 4-oif MexTyHap. MOJIOAEXHOH Hay4.-TeXH. KOHO., 21-25 anpens
2008 r. — CeBacronoms: n3g-so CesHTY, 2008. - C. 306.

14-A. Naranovich, O.I. Research of dependence of a reflectivity by of symmet-
rical Hy-waves on geometrical parameters of filters in a hollow irregular waveguide /
O.I. Naranovich, A K. Sinitsyn // IVEC 2008, Monterey, USA, April 22-24, 2008 —
P. 362-363.
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15-A. Kasaxk, }O.11. Momudsuxamys amropurma pemenns uddepeHIHanbHoro
ypasrerus B cpene C++ Builder ¢ ncnonssosauueM crexos / F0.H. Kazak, O.H1. Ha-
panoBu4 // CoapyxectBo Hayk. bapanosuan-2008 [Texct] : marepuans: IV Mexny-
Hap. HayY.-IIPaKT. CTyl. KoHb., 21 mMas 2008 r., Bapanoswuy, Pecni. Benapych : B2 u.
/ peaxon. : B.H. 3yes (rn. pen.), B.B. Tapyn. — Bapanosuau : PUO Bapl'V, 2008. —
Y. 1.-C. 34-35.

16-A. Hapanosuda, O.1. Ilpenctannenve pemenns ypapHenus [Tyaccona ¢ mo-
Mompio nocrpoerus gunui yposns / O.W. Hapasosud, JI.B. IlImar // Conpyxecrso
HayK. bapanoBman-2008 [Tekcr] : matepnanst IV MexayHap. Hayd.-PakT. CTy..
koud., 21 Masa 2008 r., Bapanosuun, Pecnn. Benapycs : B 2 4. / peakon. : B.H. 3yes
(ro1. pex.), B.B. Tapyu. - Bapauoswan : PUO BapI'V, 2008. — Y. 1. — C. 48-49.

17-A. Kypaes, A.A. Pacuer koadduumenta orpakenus Hy-BonHbl kpyrioro
BOJIHOBOJIA OT JMIJIEKTPHIECKOTO OKHa C KOMIIEHCHpYIoweH kanaBkoli / A.A. Kypa-
es, O.1. Hapanosuq, A K. Creuusin // 18- Mexxywapoanas Kpeimckas kongepen-
uns «CBY-TexHuka ¥ TeleKOMMYHUKauuOHHbie TexHonornn» (KpeiMuKo’2008),
Cesactonons, 8-12 cenrabps 2008 r.: Marepuann xong. — Cesacronons: BeGep,
2008. ~ C. 165-166.

18-A. Haparosm, O.W. HcnonszoBanue MeToma GIOTHOH MaTpHYHOM HPOToOH-
KN NS peleHus aanuntHieckux ypasHenu#i / O.W. Hapanoswy, A.K. Canuuse /
CoBpeMeHHbIE TPOGNEME PafHOTEXHHKH B TeleKOMMYHHKAUHM «PT-2009»; Mare-
pHanel 5-off MeXIyHap. MOJIOAEKHOH Hayd.-TeXH. Kou., 2025 ampens 2009 r. -
Cebacronons: u3n-so CesHTY, 2009. - C. 331.

19-A. Naranovich, O.I. Calculation of reflection factor Hg;-waves of a round
waveguide from a dielectric window with a compensating groove / O.1. Naranovich,
A K. Sinitsyn // IVEC 2009, Rome, Italy, April 2830, 2009. - P. 143-144,

20-A. Hapanoswy, O.1. Busyanuzauns pemenus muddpepeHIRAIEHOIO YpaBHe-
HHUA B gacTHRIX npoussoguslx / Q.M. Hapanoswu, JI.B. IlImar, YO.H. Kasak // Cao-
IpyxecTso Hayk. bapanoBuun-2009 [Tekcrt] Matepranst V MexgyHap. Hay4.-HpaKT.
KOH®. MONOABIX HecnefoBaTeneit, 21-22 mas 2009 r., Bapanoswan, Pecnt. Benapycs /
peaxoi. : B.H. 3yes (rn. pen.) [u 1p.]. — bapanosuun : PUO Bapl'V, 2009. - C. 85~
86.

21-A. Hapanoswd, O.1. Meroa G10uHO#M MaTpU4HOM MPOrOHKH U €0 MCHOIE-
30BaHHe NpH pemieHuH BodHopomusix 3anad / O.W. Hapanosmy, AK. CunuupbmH //
MexyHaponsas HayqHO-IpakTH4Yeckad KOHdepeHums «Beb-nporpamMmupoBaHne
HrrepHer-rexraonorun WebConf09»: C6. marep. Mexaynap. Hay4d.-IIpakTHY. KOH(.
MuHck, 8-10 mona 2009 r. — Mu.: UnctutyT Marematuxu HAIT Benapycn, 2009. ~
C. 52-54,

22-A. Hapauosy4, O.1. Ucnons3osanre MeToa 6104HOA MaTPHYHOIM [IPOroH-
KH JUIs PeIlcHHA JBYMEpPHBIX ypaBHeHM MareMarndeckod ¢msuxu / O.M. Hapano-
BHY // Hayka. O6pasopanve. TexHonorun—2009 [texct]: Marepuanst II MexnyHa-

18



ponHoit Hay4yHo-npakTHYecKoli Kondepenimn, 10-11 cearsOpa 2009 r., bapaHosu-
9, PecryGiiika Benapych: B 24. / penxoin.: B.A. Kouypko (. pea.) [u ap.]. — bapa-
HoBuuH: PHIO Bapl'V, 2009. - 1.2 - C. 4748.

23-A. Kypaes, A.A. Pacier yctpoficTBa koMIeHcauMH oTpakeHus Hy)-BomHEI
KpYIJI0ro BOJHOBOJA OT AH3NeKTpmdeckoro okHa / A.A. Kypaes, O.H. Hapanosuu,
AK. Canunnin // 19-1 Mexaynaponnas KpuimMckaa kongpepenms «CBY-Texnnka 1
TeleKOMMyHMKaruonnse TexHojornm» (KpuMwuKo’2009). Cesacronons, 14-18
ceHTs6psa 2009 r.: Marepunasnsr kord. — Cesacronons: BeGep, 2009. - C. 137-138.

24-A. Naranovich, O.I. Compensation of wave Hg, reflection from a dielectric
window on to the horn aperture / O.1. Naranovich, A.K. Sinitsyn // IVEC 2010, Mon-
terey, USA, May 18-21, 2010 — P. 473—474.

25-A. Hapanosuy, O.J1. Komirercarmus otpaxeHust Eo; BONHBI OT AHU3IICKTpUYC-
CKOTO OKHa Ha ameptype pynopa / O.W. Hapanosny, A.K. Curuupi // 20-5 Mexy-
HaponHas KpoiMckas kondepeniusa «CBY-TeXHHKA H TENEKOMMYHUKALMONHBIC TCX-
Honoruw» (KpeiMuKo’2010). CeBacronons, 13—-17 cenrabps 2010 r.: Marepuanst
koH}. — CeBacronons: Bebep, 2010. - C.137-138.

26-A. Hapanosig, Q.M. Crioco6bi peleHus UITHITHYECKOIO YPaBHCHHA B Cpe-
me Matlab / O.W. Hapanosuu // Hayka. O6pasopanue. Texnonoruu-2010 [Texcr] :
matepranil 1Il Mexaynap. Hayu.-rpakt. koH(., 21-22 okr. 2010 r., bapanoswmay,
Pecrt. Benapycs / penxon.: A. B. Hukumosa (. pea.) [u ap.). - bapanosuun : PHO
BapI'V, 2010. - C. 123-125.

27-A. Naranovich, O.I. Compensation of wave Ey reflection from a dielectric
window on to the horn aperture / O.I. Naranovich, A K. Sinitsyn // IVEC 2011, Ban-
galore, India, February 21-24, 2011 - P. 393-394.

(s —

19



P33I0MD
Hapanosiu Axcana Isanayna

Topsia i MeTaaw pasiiiky npsiiagay 3BU na HepIryaapHBbIX XBAJSBOAX 3
ABJIEKTPHIYABIMI ITI0IIAAAMI

Kniouasnin ciiogei: HepsTyNApHEI XBalgsofd, npeuiams! 3BY, ciMeTpeIvHEIN XBadli,
JBIIEKTPRYHEIA YKITIOU3HHI, anThIMi3arbis npodLmo, XBATIBOAHE! PilbTp, pynap.
Mb>sma pabompi: pactipatioyka 3¢eKTHYHaH MITOARIIE PALISHHA KpasBoi 3aadsl ab
pacnayclomKBaHHI CIMETDRIMHBIX XBanb ¥ Hanoy>KHA-HEPITYJSPHEIM auposKy
XBANBOMIA KPYraBoIa CAY3HHS 3 HEaHAPOIHBIM JBIIEKTPEYHEIM 3anafHeHHEM i se
TpLIKIaaHHe [a CIHTI3y 1 Jaclie/laBaHHd XapaKTapelCTRIK mnphuiagay 3BY ma
apI3KAX HepoTyApHAra XBalaBoja - GbinbTpay, AINEKTPEIYHEIX BOKHAY i pymapay.
Ab6’ekm  dacnedéanna:  TANOYKHA-HEPITYIAPHBIL  XBAIABOAN  KpyraBora
nansp3YHara CA99HHs 3 HEaAHAPOMHEIM ABIICKTPHIYHBIM 3anayHeHHeM i paboubimi
Teinami mMog Hy,; abo Ey;.

ITpaomem dacnedsanns: Meronmbika palIdHHA KPasBRIX 3a1a4 IS Hepal'yJIPHEIX
XBANABOJAY 3 HEAMHAPOMHEIM ALIIEKTPEIHEIM 3anayHerHeM Ha Hy, i Ey; Mojax.
Memaos: dacredasannn: Meta)| NepayTBApIHHA KaapALHAT, CETKABRI MeTall, MeTaXx
6nounaif MaTpelMHal TNparoHKi pamHHA  KpasBo¥ 3afaubl Jid  ABYMEpHAra
sninTeldHAra YpayHeHHA, METaj NpaMbiX i nabynoBBl KaHYATKOBA-PO3HACHEIX
CXeM, IapUBLUIGHEIA IpaHiuyHbid YMOBBI, Meran [ayca, meram 3eiimzens, meran
Hospapa i Miaa jurs anrbiMisalisii napamerpay npodio xBangBoza i pymnapa.
Botnixi oacnedasanna. PacripanaBaHa 3¢exTEIYHAZ METOABIKA PalldHHS KpaswBoi
3a/@4Kl [ BNINMTEYHEATA YpayHeHHs aryibHara Bigy Ha paryisipHail BoOnacii, aa
AKOM MeTajaaM HepayTIBap3HHs KaapAwHAT 3BOA3iUUA 3aiadya ab pacnaycioKBaHAI
CIMMETPHIYHBIX XBAIAY y KpYMVBIX HEPITYNSPHBIX XBaiABoja. Ha acHome
pacrpanasaHara MeTady BHIKAHAHKI CIiHTI3 3aciausiodnx Qinsrpay H - xBamk y
BRITTDIA3e KaHayki i aapaskay nepesabrHRIX rodp i mpaBedseHa jaciejaBaHHe
nanacasslx = yiacuiBacufy aTpeIMaHeix OineTpay. BaIAymeHn: 3akaHamepHacll
HpaxoMKaHHA CIMETPLIMHBIX XBanb Mpa3 ASI-3JCKTPHRIHBIA BOKHEI i pacipallaBaHbi
aBa crocabnl xamriedcauri iX @JMOCTPaBaHHA. YCTaHOYICHH NapaMeTphl
KaMneHcarapay alIOCTpaBaHHA ai ABDVIEKTPRIMHEIX JbiQparM Yy BRITISAZE
HeparynspHachli CLEHKI XBamaBoda amiernail abo cnayiydanaif 3 JBIDIEKTPHIYHAH
oeitdparmait,  Ycradoyienn acabmisacii NpaxomKaHHA 1 8IOCTPABaHHA
civerperunbx Hy i Eg XBamb y pynapbl KpyraBora CSUSHHS 3 JBIJIEKTPhIYHAN
IpspparMal ¥ Aro packpeiBe. ATpHIMaHEl [IapamMeTphl Takora pynapa, Nphl fKiX
KaMTICHCYELa alIOCTPAaBAHHE 8/] ABI3ICKTPEMHaH apisidparmal.
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SUMMARY

Aksana Ivanovna Naranovich

Theory and calculation methods for MICROWAVE devices on irregular wave-
guides with dielectric inclusions

Keywords: irregular waveguide, microwave devices, symmetric waves, dielectric in-
serts, profile optimization, waveguide filter, horn.

Primary purpose of research: an efficient method for solving boundary value prob-
lem of symmetric waves in longitudinally-within a waveguide of circular section with
varied dielectric filling and its application to the synthesis and study of characteristics
of MICROWAVE devices on the bars of irregular waveguide filters, diclectric win-
dows and horns.

Object of research: longitudinally-irregular waveguide of circular cross-section with
mixed diclectric filling and fashion types Hy; or Ey;.

Subject of research: methods of solution of boundary value problems for irregular
waveguides with mixed dielectric filling at Hy; and Eg; modes.

Research methods: the coordinate transformation method, grid-based method, me-
thod of block matrix run for the solution of boundary value problems for two-
dimensional elliptic equation, method of lines for construction of mesh schemes, par-
tial boundary conditions, Gauss method, Zeidel method, Nelder and Mead method for
the parameter optimization of waveguide and horn profile.

Results are obtained. Developed an effective method for solving boundary problems
for elliptic equation common to regular area to which the method of conversion of
coordinates is the task of distributing symmetric waves in irregular waveguides. On
basis of developed method the synthesis of block filter H-waves in the form of peri-
odic corrugation grooves and bars has been made and the study of band-pass property
of obtained filters has been described. The patterns of symmetric waves passage
through the dielectric window have been identified and two ways of compensation of
their reflection have been developed. The options of reflection compensators from di-
electric diaphragms as irregular waveguide wall with or apart from dielectric dia-
phragm have been specified. The features of passage and reflection of symmetric Hy,
and Ey, waves in a circular cross-section dielectric horn with dielectric diaphragm at
the aperture have been specified. The options of this horn have been received where
by the reflection of dielectric diaphragm have been compensated.
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PE3IOME
Hapagosu4 Oxcana MBatoBHa

TeopHs B MeToabt pacyera yerpoiicts CBY Ha HeperyaspHnix BOAHOBOAAX
€ AHJICKTPHYECKHMH BNIOYeHHEMHA

Kmoueenie cnoea: HeperyaspHeni BonHOBojI, ycrpoiicta CBY, cuMMerpayHhiC
BOJIHLI, AHINEKTPHYECKHE BKMOYCHHS, ONTHAMU3AUMA NpodHis, BOJHOBOIHLIHA
$rsTp, pymnop.

L{ens pabomsi: coznanve 3¢pdeKTHBHON METOAHKY PEHIEHUS KPaeRoit 3afa4n o pac-
LPOCTPAHEHHH CHMMETPHYHBIX BOJH B IPOJIOJILHO-HEPETYIAPHOM OTPE3KE BOJIHOBO-
Ila KPYrOBOI'G CEYECHHS C HEOAHOPOTHEIM AHINEKTPHIECKMM 3aIIOJTHEHHEM H €€ HpH-
TOXXEHHE K CHHTE3Y M HCCIIENOBaHHIO XapakTepUCTHK ycrpodcts CBY Ha orpeskax
HEPEryJISpHOro BOMHOBOAA ~ GUIBTPOB, AUINEKTPHYECKHX OKOH H PYTIOPOB.

Obvexm uccneooéanus: NpPOLOIbHO-HEPEryIspHbie BOJIHOBOIB KPYIOBOIO NOTE-
PEYHOro CEYeHHs ¢ HEOMHOPOJHBIM JHIICKTPHYCCKHM 3aNONHEHHEM M pabodynuMHu
TANaMHU Mo Hy; vnu Ey;.

Ilpeomem uccnedosanun: MeTOAMKa PEIICHMA KPacBhIX 3afad JUIA HEPETYJSPHBIX
BOJTHOBOJIOB C HEOHOPOIHEIM JHAIEKTPHYECKHM 3amoHerneM Ha Hy; u Ey; Mopax.
Memoost uccnedosanun: vMetoxn npecOpazoBaHus KOOPIHHAT, CETOYHBIH METOX, Me-
To1 6NI0UHOI MaTPHYHOM NPOTrOHKW PEIICHHs KpaeBoH 3ajavy A JBYMEPHOTO 371-
JMNTHYECKOr0 YPaBRHEHHS, METOJl TPAMBIX Uil IOCTPOCHHS KOHEYHO-PA3HOCTHEIX
CXeM, NapuHallbHhie I'paHudHKe ycinosws, Meron ['aycca, meron 3efinens, meron
Henpopa ¥ Muna fnd onTHMH3AIMK TapaMeTpoB Mpodiuig BOJHOBOAA M pyTIopa.
ITonyuennvie pesynomamet. Pazpaborana >ddexTiBHAs MCTONMKA peLIeHHs Kpae-
BOH 3a[a9H IS 3JUIMITHYIECKOTO YPaBHEHHA oONIEro BA/ia Ha peryiapHoit 06JiacTH,
K KOTOpOH MEeTO/IOM NpeoOpa3oBaHis KOOPAHHAT CBOAHTCA 3ajada O pacipocTpaHe-
HMH CHMMETPUYHBEIX BOJIH B KPYTJIRIX HEperyJIspHLX BoHOBoJax. Ha ocHoBe paspa-
GOTAaHHOIrO METO/@ BHINONIHEH CHHTE3 3arpaxaaiommx (GmibTpoB [ — BONH B BHJE
KaHaBKH ¥ OTPE3KOB IIEPHOONYIECKHX rodp H IPOBEAECHO HCCIEAOBAHHE ITOJNOCOBRIX
CBOHCTB NOJYYEHHBIX (QWIHTPOB. BRIABICHA 3aKOHOMEPHOCTH IIPOXOXAECHHA CHM-
METPUYHEIX BOIH 9epe3 NHANEKTPHYECKHE OKHA M pa3paboTaHbl JBa crocoba KOM-
MEHCALMH HX OTPAXEHHA. Y CTAHOB/NEHbl IaPaMETpPhl KOMIECHCATOPOB OTPAXKEHUS OT
JU3IEXTPHIECKHX THadparM B BAJIC HEPETYIAPHOCTH CTEHKH BOJHOBOIA OTCTOSIIEH
HIH COBMEUIECHHON ¢ HMINEKTPHYECKON auadparmoif. YCTaHOBIEHR OCOGSHHOCTH
NPOXOXIEHUS M OTPaKeHAs CHMMETPHYHBIX Hj; H Eg; BOIH B pyTIOpe KPYTOBOIO Ce-
9qeHUs ¢ OUEKTPHYECKOil qaadparMoii B ero packpsiee. [TomydeHEl napaMerTps Ta-
KOTO PYIIOpa, NMPH KOTOPKIX KOMIIEHCHPYETCS OTPaXeHAE OT JHINEKTPUIeCKol Iua-
dparmel.
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