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3agaya o reHepauuu M3JTydeHus: BaBusioBa—YepeHkosa
(UBY) mpu nposiete 3apspKEHHOTO CIYCTKA CKBO3b KaHAT B
IUAJICKTPUYECKON Cpefie ABJIACTCA KJIIOUYEBOW 3aaveid IJIs
LIEJIOr0 psfa INEPCIEKTUBHBIX HAIPaBJICHUI COBPEMEHHOU
3JICKTPOIMHAMUKH, TaKWX KaK pa3BUTHE HOBHIX METOIOB
HEMHBAa3WBHOW [MArHOCTUKH ITyYKOB YacTUI] Ha YCKOpU-
TeJbHBIX ycTaHOBKax [1-4] u pa3paboTKa HOBBIX THIIOB
MCTOYHHKOB U3ydenusi [5-12].

Pemenvie nanHOI 3ama4m B ImpocTeiell MOCTaHOBKE XO-
pomwro u3BecTHO [13]. B wacTHOCTH, IIPH JOCTATOYHO Y3KOM
kaHaie IBY renepupyercs moutd Kak B Oe3rpaHMYHOM
IM3JIEKTPHKE, a B 1IEJIOM BJIMSIHME KaHajla MOKHO CPaBHUTb
¢ GWIBPTPOM HIDKHHX 9acCTOT, TaK KaK BBICOKHE YacCTOTHI WA
KOPOTKHE JUTMHBL BOJIH (MOPSIIKA W MEHBIIE pa3sMepa KaHa-
Jia) CylIecTBeHHO mopasisiiores B ciiektpe MBY [14,15].

Kak wmsBectHO, reHeparmss MIBY Bo3MoXkHa HE TOJIBKO
B JUIJICKTpUKE, HO M B JI000# Jpyroil 3amemsisromiei
cTpykrype. [loaTomMy nsiydeHne OBIKYIIMXCS 3apsHKEHHBIX
CT'YCTKOB B HPUCYTCTBHUHM MEJIKONIEPUOIUYECKUX CTPYKTYp
M3 TaK HA3bIBAEMBIX MPOBONOB (T.e€. MPOTSKEHHBIX IIPO-
BOJHUKOB PAa3JIMIHOTO MOIEPEYHOr0 CEYCHMs) TOCTATOYHO
aKTHBHO HCCJIENOBAJIOCh. B 4YacTHOCTH, OOJIBIION HHTEpec
IpuBJIeKajia K ceOe Tak HasblBacMasl MPOBOJIOYHAs Cpena
(wire medium) — TpexMepHasi pelleTKa M3 TOHKHX IIPO-
BOIOB (MOMEpPEYHbIl pasMep MPOBOJHHKOB Majl 110 CpaB-
HEHHIO C DPACCTOSIHMEM MEXIy HHMH), paccMaTpuBaeMast
B [UIMHHOBOJIHOBOM IPHOSIM)KCHNH (B 9TOM ciydae Gosee
TOYHBIM TepMHHOM OyneT Metacpena) [16-18]. Tak, B psime
pabot anaymsuposasiocs UBY kak B Gesrpannysbix [19-21],
TaK U B HOJyOrPaHMYCHHBIX MPOBOJIOYHBIX MeTacpenax [22),
B OCHOBHOM B KOHTEKCTE Pa3BUTHSI METOHNOB IHArHOCTHKH
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3apsKEHHBIX CTYCTKOB. Takke IIpoBoJIOYHas cpefia HeH3MeH-
HO MPHUCYTCTBOBAJIA B TEOPETUYECKUX M ICIICPUMEHTAIBHBIX
paborax mo sieBbiM cpemam (left-handed media) [23,24],
BKJIIOYAs HCCJICIOBaHHUSA 0 TeMaTHKEe W3JIyYCHHS J(BHKY-
muxcst 3apsgos [25-27].

I'eneparus U3JIydeHHs [ABIKYIIMMUCS 3apsiiaMd B IIpU-
CYTCTBUH JIByMEPHBIX MEJIKOIICPHOJMYECKUX CTPYKTYp (ce-
TOK) TaK)e INpHBJIeKaa CYIIECTBEHHOe BHHMaHHE HCCIle-
noBaresieil [28,29]. Takue ceTKH B IJIMHHOBOJIHOBOM MpH-
Ommxenuy (T.€. KOIrga [UIMHA BOJIHBEI CYLICCTBEHHO IIpe-
BBIIIACT PACCTOSIHUS MEXIY HPOBOJHUKAMH; CHHOHHMOM
JAHHOTO IPHOJIMKEHNS IPIMEHHTENIBHO K CEeTKaM fBJIIeTCS
TEPMHH MEJIKONEPUOANYECKHe) U B IPEANOIOKCHHUH, YTO
HOMEePEYHbIe PasMepbl POBOIHIUKOB MJIbI 110 CPABHEHHIO C
HEePUOIOM, MOTYT OIHUCHIBATHCS C IIOMOIIBIO YCPETHEHHBIX
rpannynbix yenosuit (YIpY) Konroposuua [30-32], uro
3HAYMTEIBHO yIpoInaeT aHanmu3. B paGore [33] B Takoii
HOCTaHOBKe HcciefoBaiach rerepamust MIBY B oTkperrom
KPYIJIOM BOJIHOBOZIE (PacOIOKEHHOM B BaKyyMe) C TOHKO-
HPOBOJIOYHOM CETYaTON CTEHKOH M3 INepeKpelMBaIoIIXcs
npoBosioB. B wactHocTH, B [33] ObUIO TOKa3aHo, 4YTO B
MPOBOJIOYHOM BOJIHOBOJIE TOJIBKO M3 MPOJOJIBHBIX IIPOBOJIOB
reHepalys U3 Ty9eHNs] YePeHKOBCKOTO THIIA HE IIPOUCXOMUT.

OTMeTHM TarkXke, 4YTO OIJHOMEpDHEIE CeTKH U3 TOJ-
CTBIX NPOBOIHMKOB TaK)XXe IOJJAIOTCS YCPETHEHHOMY OITH-
CaHMIO B JIMHHOBOJIHOBOM IPUOJIIDKCHHM C HOMOIIBIO
TaK Ha3blBACMBIX OKBHBAJICHTHBIX T'PAHUYHBIX YCJIOBHI
Baitnmrreitna—CusoBa [34], omHako 3Ta CHUTyaunus B Ha-
crosmeil pabore He paccMaTpuBaeTcs. TeM He MeHee B
9TOIl CBSI3UM CJIEAYeT OTMETHTb, Hampumep, paborty [35],
TJle MCCllefloBajlach KWIbBaTepHas IUAJIEKTpHUecKas YCKO-
puTesIbHas CTPYKTYpa (KPYIVIbLi BOJHOBOX, 3alOJIHCHHBIA
IMJICKTPUKOM W WMo OCeBOM BaKyyMHBIA KaHAT),
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BHCIIHSAS CTEHKAa KOTOPOU MpecTaBisijia coboil He CIUTOm-
HOH METaJUTMYECKU KOXKyX, a (OpMHUpOBaJIaCh IUIOTHOH
OTHOMEPHOH CETKOH MNpPONOJIbHBIX IPOBOIHUKOB. Taxxke
B pabote [36] aHAIM3MPOBAIACh MHOTOCIIONHASI 4aCTOTHO-
repecTpanBaeMasl KWJIbBaTepHas CTPYKTypa, B KOTOPOH
CJIOi YIPABJSIIONIMX 3JICKTPOIOB (IOCTOSTHHOE HAIPSIKECHHE,
ToflaBaeMoe Ha HUX, U3MEHSACT OUIJICKTPHUYECKYIO TPOHMIIA-
€MOCTb COCEITHETO CEeTHETOJICKTPUYCCKOTO CJI0sT) IPENICTaB-
JIA7T cO0OI OHOMEPHYIO CETKY HMPOHOJIBHBIX IHPOBOMSIINX
JieHT. B 00omx ciydasix, Takas a3suMyTajbHasd CErMEHTAIIHS
MPOBOIAINX LIUIMHAPUYECKHUX CJIOEB MPUBOIUT K IOJABJIE-
HUIO a3MMYTaJIbHBIX TOBEPXHOCTHBIX TOKOB M IPEMISTCTBYET
BO30YK/ICHHIO MAPa3UTHBIX HECUMMETPUYHBIX MO,

B nacrosimeit pabote Mbl obpamaemMcs K YIOMSHYTOH B
caMoM Hadvajie JaHHOro 0030pa KJIIOUEBOH 33j1aue O TeHepa-
nuu UBY mpu nposieTe 3apsKEHHOrO CryCTKa CKBO3b KaHAJ
B IN3JIEKTPUKE U HCCIIENYEM BJIUSHUE MEJIKOIIEPHOIMYECKON
CETKM M3 TNapaJuIeIbHBIX IPOBOMIOB, PACIIOJIOKECHHON B Ka-
HaJle BOJIM3M NMOBEPXHOCTH JU3JIEKTPHKA, HA XapaKTEPUCTH-
ku u3irydeHus. HeoOxomuMo oTMeTuTh, 4TO 0OCY:xmaeMast
CeTKa ABJIAETCS NMPOCTEHIINM NPUMEPOM TaK Ha3blBaEMOMU
HEJIOKJIPHOHM TOBEPXHOCTH, TaK KaK B COOTBETCTBYIOIIMX
YI'pY npucyrcTByeT KacaTesbHasi IPOU3BOIHAs OT yCpeN-
HEHHOI'O TOBEPXHOCTHOrO TOKa (B (ypbe-IpefcTaBIeHAN
3TO O3Ha4aeT 3aBUCUMOCTb KoadduuueHToB YIpY oT Kom-
[IOHCHT BOJIHOBOTO BEKTOpa). B IelloM HeJoKasbHBIE MO-
BEPXHOCTH B TIOCJICTHHE TOABI NPUBJICKAIOT IMPUCTAIBHOC
BHIMaHHE MCCIIEOBaTeNIed, TaK KaK IPEefOCTaBJIAIOT MIU-
pOKHE BO3MOXXHOCTH IS YHPABJICHUS XapaKTEPHCTUKAMU
9JIEKTPOMArHUTHOTO M3Jy4enus [37-39]. Onnako B u3BeCT-
HOJ HaM JITepaType AaHHBII BOIPOC HE HCCIIENOBAJICH
B KOHTEKCTe ympasjieHHs cTpykTypoil mong MBY. Boree
TOro, TpaHWYHBIE 33/a4u ¢ nNpuMeHeHneM YIpY B ciyuae,
KOITa CeTKa OJM3Ka K TpaHuIe [UdJIeKTpHKa (B 5TOM
curyamnn koaddummentsr YIpy cymectBerHo Momudum-
pytorcst [40,41]), a HCTOYHUKOM ITOJIST SIBJISICTCS PABHOMEPHO
OBIKYIIMIACA 3apsHKCHHBI CTYCTOK, HE aHAJIM3MPOBAJINCH
B HM3BECTHONH HaM Hay4yHOW JmTeparype. OCHOBHBIM (-
3WYECKUAM PE3YJIbTATOM PaOOTHl SBJIAETCS OOHApyXECHHE U
omnrcaHue HOBOTO (m3mdeckoro 3¢dexra, KOTOPHI Ha3BaH
a¢¢pexTom nonocoBoro ¢puisTpa ana UBY.

1. ®opmynupoBka 3apauw. lNone cryctka
3apapoB B 6e3rpaHnyHomn
AUNaneKTpuyecKon cpege

IycTb B OTHOPOTHOM M30TPOIHOM NUIEKTPUKE C € > 1
(u =1) umeercst BaKyyMHBI IJIMHAPUYCCKAN KaHAT pa-
Oyca &, IO OCH KOTOPOro PaBHOMEPHO CO CKOPOCTBIO
v = ¢f (C — CKOpOCTH CBeTa B BaKyyMe) ABIDKETCS CI'YCTOK
3apsinoB (puc. 1) (Mcrmonbp3yeTcsi MUUHAPHUYECKAsi CHCTeMa
KOOPJMHAT [, ,Z), NpH 3TOM & > 372, T.e. BbHIIOJIHE-
HO ycnosue MBY B mmanextpuke. bymem cumrarte, dTo
FCCIIEyeMEIil CT'YCTOK IIPECTaBJIAeT COo0ON OEecKOHEUHO
TOHKHI1 pABHOMEPHO 3apsDKEHHBII IUCK pajyca b (BrustHie

Puc. 1. T'eomeTpust 3a1au 1 OCHOBHBIC O0O3HAYCHHUSI.

MPOIOJIBHOTO Pa3Ma3bIBaHHsI CI'yCTKa 0OCY)KIACTCsS B KOHIIE
pasm. 1).

Ha paccrosamn h oT rpanmipl pasmerna BakyyM—
IMJICKTPUK ~ PACIIONIONEH TPOBOJIOYHBIA BOJIHOBOX U3
TOHKAX IPOBOMOB C PAIMyCOM IIONEPEYHOTO CEICHHUS
ro, pPACIOJIOKEHHBIX  PABHOMEPHO HAa  PACCTOSIHHM
p=(a—h)Ap nmpyr or mpyra (p OTCYHMTHIBAE€TCS BIOJIb
oyru, Agp =2m/N, N> 1 — obmee koimdecTBo Impo-
BOIHHMKOB) U OPUEHTHPOBAHHBIX BIOJIb OCH KaHaya (BIOJIb
ocu z). OmHCaHHYIO CTPYKTYpy HETPYIHO pea30BaTh
MPaKTHYECKHU, €CJIM MEKIY HPOBOIHMKAMH M AUSJICKTPHKOM
MOMECTUTh CJIOW MaTepHaya ¢ MPOHHUIAEMOCTbIO, OJIM3KOM
K emuHMIE. TakuM MaTepuajioM MOXXET OBITh, HAIpUMED,
rUApOpOOHBI  a’poresib, CIENUATBHO  Pa3padOTaHHBINA
IUTST TIyYKOBBIX IIPHJIOXKEHUIA, ITOKA3aTesb MMPEIOMIICHHUS N
KOTOPOTO MOXET JIeKaTh B HIMPOKOM [MAra3oHe OJIM3KHX K
enunune 3uavennit: 1.0026 < n < 1.26 [42).

Jlnst ompenesieHHOCTH B Hacrosimedl paboTe mposoxa
CUMTAIOTCS KPYTJIBIMU, OIHAKO JaHHOE OOCTOSITENBCTBO HE
SIBJISIETCS TIPUHIMIAAIIBHBIM: JIJIsI TPOBOOB MHOTO TIOeped-
HOTO CEYCHHMS CJICAYET JINIIb 3aMCHUTS [ o Ha 3((HeKTUBHBIH
pamuyc [30]. ITompasymesaercsi, uto b < a —h (crycrox
[EIMKOM HAaXOIOWUTCS BHYTPH IIPOBOJIOYHOrO BOJIHOBOMA),
a TaKKe BHIIOJHEHB! CJICAYIONINE HEPABEHCTBA:

ro < p< 4, (1)

rae A — umHa BOSHBL TpeOyeTcs onpenesmTh 3JIeKTpoMar-
HHUTHOE II0JIC BO BCEM IIPOCTPAHCTBE, HO TJIABHBIM MHTEpEC
npencrassier o6aacts B quasiektpuke I (r > a).

B ucnomne3yemoil ciucteMe KOOpPAWHAT IUIOTHOCTH 3apsija
0 U IUIOTHOCTh TOKAa j = je, paccMaTpUBAEeMOrO CTYCTKa
UMCIOT BHJ

Q )
p=—0b-1)5z-v), j=w, ()
e 0 — GyHKOMS eMMHUYHOTO BKJIOMeHHs (X9IBHcaina),

& — nmenpra-pyHKnus, Q — IMOJHBIN 3apsy ANCKa.

Jia manpHeWIero IesecooOpasHo B MHEPBYIO OdYepenb
paccMOTpeTh 3JIEKTPOMAarHUTHOE IIOJIe, CO3laBaeMoe HC-
TO4YHEKOM (2) B Ge3rpaHMYHOI M30TPOIHON HEMAarHUTHON
cpene ¢ MPOU3BOJIbHOM MUAJIEKTPUYECKON ITPOHALIAEMOCTBIO
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& (B nmasbHeiiimeM OyayT obcyxmeHsl ciydan & =g, 1).
KpaTko mpuBeeM COOTBETCTBYIOIIME BBIYUCIICHUS U CHEsIa-
€M HEKOTOpBIC 3aMeYaHusl OTHOCUTEIIbHO pesysbraTa. [Ipen-
TI0J1aracM, 9TO KOMIIOHEHTHI TIOJIST ¥ HCTOYHUKHU Pa3JIOKEHBI
B 4aCTOTHBIA HHTerpast Pypee Buna

+oo +o00
H, = / Hw(,)e_i‘”tda)zzRe/Hw(,)e_i“"dw, (3)
— 00 0

(6maromapst BTOpoMy paBEHCTBY B (3) OCTATOYHO paccmar-
pHBATH TOJIBKO MOJIOXKUTEIbHBIC YaCTOTH, @ > 0). B wact-
HocTH, [T (hypbe-00pasa IoTHOCTH 3apsifa (2) uMeem

Po = Z(ﬂ—Qb)z @ei%z- (4)

Cucrema ypaBHeHMit MakcBemia 11 (ypbe-rapMOHUK
NPUHAMACT CIICIYIOIHI BHJT

rotE, = ikoH,,
diVEw = 4ﬂ§_1pw,
rotH,, = —ko&E,, + 471071]'_;,,

divH, =0,
me Kko=w/Cc=2m/A, ® ydYTeHBl  MaTepUaJbHbIC
coornomennss: B, =H,, D, =¢E,. ¥Ymobno BBectu

OJTHOKOMITOHEHTHBI BEKTOPHBII MOTEHIUAIT A, = A,&n
cKansipHbll moTeHiwan ®,, depes KOTOPBIC ~ BEKTOpa
TONIsL  BEIPAKAIOTCH  CTAHAAPTHEIM obpaszom: B, = rotA,,
Ew = -V, + IkOAa, HanoxenneM  kanmOpoBOYHOIO
yenosust JlopeHna, 0A,/0z — ikoed, = 0, cTaHmapTHEIM
MyTeM TOJyYMM [Ba HEOIHOPOAHBIX YypaBHEHHs [enbm-
roJjiblla Ha BBEJICHHBIC MMOTCHIMAJIbL, OTKya CJICIYeT CBSI3b
Mexny HaMH, A,; = £PD,, 9TO MO3BOJISAET B AajbHEHIIEM
HCKaTh, CKaXxeM, Tojibko mnoreHumman ®,. Hcrounuk (4)
HaBSI3LIBAET BCEM BEJIMYMHAM CBOIO 3aBHCHMOCTH OT Z,
MOATOMY (haKTOPU3yeM HMCKOMBII MOTEHIUA CJICTYIOIIM
obpasom: D, (r, z) = ¢y (r)exp (ikoz/B). B pesymbrare
MOJTYYMM HEOTHOPOJHOE YpaBHeHue beccenss HyJeBoro
NOPsIIKa Ha paJHabHYIO YacTb IMOTEHIMANA Py,

2Q 0(b—r)

enb? v

(Ar +8%) ¢o(r) = —

= / (nr)Jdi(bn)dn,  (6)

0

rie Jo.i — @ynxkumn Beccens, A, = 32/9r24r~19/ar,
§2 =k3B2(¢f* — 1). VHrepecyomee Hac Majaiouiee
Hojic ecTh YacTHOE pelneHne ypaBHeHust (6), KoTopoe
MOXKHO HAaiiTH pa3JMYHBIMH HM3BECTHBIMU  CIIOCOOAMHUL
B "acTHOCTH, MOYKHO Pa3JIOXKUTh MPABYIO YaCThb B UHTErPas
®ypre—Beccensi  HyseBoro mopsinka (cM. (6), BTOpoe
paBeHcTBO) [43] 1 uckathb @, (r) B BUIE COOTBETCTBYIOLIETO
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obpatHOrO TIpeoOpa3oBaHUs, HUTO
CllefyoleMy pe3ysbTary:

IpuBOOUT HAC K

_2Q [abmdo(r) QL du(bs) oy
¢w(r)_§ﬂbv n? — &2 dn= ZUE bs HO (rs)’
0
r>b, (7)
rae H(()l) — ¢ynxuusa Xankend, S = V&, Im$ > 0 (kax

OOBIYHO, B CPE/ic YYMTHIBACTCS Majloe MOrJoleHne). Yioo-
HO TAKKe BBECTH B PACCMOTPEHHE BENMYMHY & = v/ —S2,

Red > 0, npu atom S = i6. B pesynprare moreHnuan 3a-
psbkeHHOro nucka P, MOXKHO 3ammcaTth B CICAYIONIEM BHJIE:

@, = Ry, (8)

IJie BEJIMYMHBI B [PaBOil YacTy paBeHCTBa (8) mMoryT ObITh
3alliCaHbl B IBYX SKBUBaJIECHTHBIX (opMax:

2J,(bs
[, 2lbs)
& _ aitz —
Po=¢€ Q - o= 211 (b5) ©)
—~K0(r0- ), —Y = -
TUE bo
3pece Ko — ¢ynkumst Maknonansia, |1 — monudu-
mupoBanHasg ¢yHkiusa beccens, @ — noTeHuman moss

TOYeYHOTro 3apsaa Q, paBHOMEPHO JIBIKYIIErocs B cpefe ¢
MIPOHUIIAEMOCTHIO €, a [y — Tak Ha3bIBaGMBIN MTOTICPEIHBIN
(dopm-(pakTop AUCKaA, T.€. MHOXKUTEJb, KOTOPBIM MOTEHLIUAI
IBIDKYILEroCsl 3apsDKEHHOTO JUCKa pajauyca b oTimuaercs
OT NOTEHIMaIa ABIXKYIIErocs TOYEYHOro 3apsga. ToT ke
camblii opM-¢akTop OydeT OTIMYaTh KOMIIOHEHTHI ITOJIS
TOYEYHOTO 3apsifia W CryCTKa, IOCJCOHUE BBIYUCIISIOTCS
CJIEYIOIIM 00pa3oM:

Euz = iBky '$°®,, Heup = EBEL, = —EB3D,/dr. (10)
Hpyrumu cioBamu, B JaHHOM cJiyyae Bo30yxmaerca TM-
HOJISIPU3ALHST OTHOCHTENIBHO Z-KOOpIMHATH [44], mpu 3TOM
KoMnoHeHTsl E,, u H,r paBHB HymO B cul1y OCEBOK
cummMerpun, d/0¢p = 0. B mrore marHuTHOE mMOJIE WMEET
€IMHCTBEHHYI0 KOMIIOHEHTY H,, a 3JIEKTpHYECKOe Iojie
JIGKUT B IUIOCKOCTH (I, @), KaK OOBIYHO JIJISI TIOJIST OCECHM-
METPHYHOIO CI'YCTKa B M30TPOMHOH cpene [14].

3amuch B COOTBETCTBHH C BEpPXHEH CTPOKoii B (9) ynobHa
B ciayqae (i), korma & > 72, T.e. B Cllyuae JBHXKCHHS
CTYCTKa B Cpefie CO CKOPOCTBIO, IpeBbiniatommeit nopor MBY.
CorJtacHo OCTaHOBKE UCXOAHOM 3aa4u (puc. 1), ciydaii (1)
uMest 6bI MecTo, eci Obl PaccMaTPHUBAEMBIil CTYCTOK IBH-
rajcsi B Oe3rpaHMYHON Cpefle C NPOHHLAEMOCTBIO 00JIa-
ctu 111, T.e. npu € = €. [Ipn 5TOM S BEIIECTBEHHO W MMEET
Bug S =S =Ko~ 1\/eB2 — 1.

Hwxusast crpoka B (9) ymoOHa B ciydae (i), Ko-
ma & <B72 Te B cllydae JBIKEHMs CIyCTKAa Mefl-
JICHHEE YEpPEHKOBCKOro mnopora. MMeHHO 3TOT ciydaii
peaymsyetcss B paccMmarpuBaeMoii 3amade (puc. 1), Tak
KaK CTyCTOK IBIDKCTCSI B BaKyyMHOW obmactm [, € =1 n
yciosue MBY He MoXeT OBITH BHIIOJIHEHO, NPH 3TOM
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Puc. 2. 3asucumocts dopm-daktopa Fy oT Sb mpu Bbmonnennn ycnosus VIBY, ciydait (i) (ceBa) M ero 3aBHCHMOCTb OT ob mpu

HEBBIIOJIHCHUH 3TOrO YCJIOBHS, ciydail (ii) (cmpasa).

6 =0 =koB~1\/1—B%=Kko/(By), tne y — Jlopeni-dak-
TOp CTYCTKa.

Ha puc. 2 npuseneHsl THNWYHBIE 3aBUCUMOCTH (HOpPM-
¢akropa oT aprymMeHra (MPOMOPLHHAIBHOTO YacToTe ).
Bumso, uto B 06oux ciyvasix F, — 1 npu b — 0. OmHaxo,
B ciy4ae (i) dhopMm-(akTop OoCHWLUTHPYET C yOBIBaHHEM U
3aHyNSCTCsl NPH 3HaYeHUsX SD, paBHBIX HyasaM QyHKIMH
Beccenst J; (mosie IBIOKYIIErocst 3apsuKSHHOTO IUCKA OTCYT-
CTBYeT NPU TAaKUX IapaMeTpax BCJICNCTBHE AECTPYKTUBHON
uHTepdepeHnnn). MOKHO TIPUHATH B KavyecTBE BEPXHEH
rpanuisl crnektpa MBY 4acToTy, yoOBIETBOPSIOLIYIO CO-
otHomenmio Sh = ji; ~ 3.832, rae jj; — NepBHIi HY/b
¢yakuun beccena Ji. pyrumu cioBamu, B 3TOM CiIydae
pa3MasblBaHME 3apsfa B IIONEPEYHOM HAlpaBJICHUU SKBU-
BQJICHTHO AEHCTBHIO (MIIbTpa HIDKHHX YacTOT C 4acTOTOU
oTceukn wy = cb~1Bj11//ep? — 1.

Hamporus, B cityvae (i) ¢popM-(hakTop SKCIOHCHIINATIEHO
BO3pacTacT, TaK KaK B TaHHOM CJTy4Yae CKJIaIbIBAIOTCS HEOC-
[JUTMPYIONINE TaK Ha3blBACMBIC SBAHECIICHTHBIC BOJTHBL, aM-
TUIATYB KOTOPBIX MIMEIOT OIMH U TOT € 3HaK, T.e. HHTepde-
PCHIUSA TIOJTHOCTBIO KOHCTPYKTHBHAsl. DKCIIOHCHIIMAJIBHBII
poct Ry HEe NPUBOIUT K (PU3UIECCKOMY MPOTUBOPEUHIO, TAK
Kak MOTEHIMA MOJis TodeuHoro 3apsyia O cam mo cebe
9KCIIOHEHIIMAJIbBHO Majl U YOBIBaeT C POCTOM O ObICTpee
dopm-akropa (r > b): ~ exp(—or) mporuB ~ exp(cb).
Kakoit-mnbo 9acTOTHOU OTCEUKH, BHI3BAHHOW ITOTICPEYHBIM
pasMBIBaHHEM CT'YCTKa, B JAHHOM CJIydac HeT.

Ormetnm, 9YTO Ha ypoBHEe (ypbe-TapMOHHK HETpPY.I-
HO Y4YeCTh OTIMYHOE OT [IeJIbTa-00pasHoro pacrpernesie-
HHE 3apsAfa MO IPOHOJIBHON KOOpAMHATEe Z, 00O03HAYMM
ero n(z — vt). JIns nponosbHO-pa3MasaHHOTO 3apsKEHHOTO
[MCKA TUIOTHOCTD 3apsifia BMeCTO (2) nMeeT BHJ

Q

pr === 00— 1)n(z — ). (11)

Dypoe-obpa3 mwiotHoctr (11) mmeer Bun py, = pF, TIC
P maetcst popmyroit (4), a

+00

A= [ ne)e et o (12)

— 00

T. €. C TOYHOCTBIO IO MHOKHUTEJIS 277 SIBJISIeTCs IpeoOpa3oBa-
HIEeM (Qypbe (DYHKIIH MPOIOIBHOTO PacIpeesieHUs 3apsiia
10 PasHOCTHOH KoopmuHate ¢ = Z — vt, BBIYMCJICHHBIM B
Touke w/v. C ¢usmyeckoil Toukn 3peHus F sBisieTcs Tak
Ha3BIBAEMBEIM TIPOIOJIBHBIM (hopM-(pakTopoM, T.€. MHOXKHTE-
JieM, KOTOPBIM I10JIe MTPOIOJIbHO-Pa3Ma3aHHOro JHCKa OTIIH-
9aeTcsl OT MOoJst OECKOHEYHO TOHKOro (JesbTa-o6pasHoro)
nucka (2). B 4acTHOCTH, B CiTy4ae rayccoBa pacrpeiesicHus
CO CpeIHeKBaipaTHIHON moyrmpuHoii (rms half-length) 7,

n(¢) = (V2rr) " exp [-£2/(27%),
¥ TIPOJIOJTBHBIA (hOpM-(aKTOp UMEET BHT

R = exp [-0’r?/(20%)].

[Tockonbky B Hacrosimieil paboTe OCHOBHOE BHHMAHHE Yre-
JISIeTCS BIIMSIHUIO TIOIepeYHbIX () (EKTOB, MBI HE Oy/ieM yqu-
THBaTh F B maspHEMIINX BBIKTaMKaX (KOHKPETHBIE HEPABEH-
CTBa, IPU KOTOPBIX MOYKHO NPUOJIMIKEHHO MOJIOKUTE [ ~ 1,
OyIyT BBIOHCAHBl jajiee), a Taike mox (opm-(pakropom
BCIONy HIDKe OyZeM IOHMMATh MONepedHslil popm-pakTop.

2. YIpY Ha ceTKe n pewieHne 3apaum

Ilepeiinem K paccMOTPEHHIO T'PaHUYHOH 3amauu, NOpea-
craByieHHO# Ha puc. 1. Ha rpammmne obGumacreir I m III
CTaBATCS CTAHAAPTHBIC YCJIOBHS HEMPEPHIBHOCTH KOMIIO-
HeHnT E,; m Hg,. [anee 3amaua pemaercs B npuO/IMKe-
arn (1), KOTOpoe MO3BOJSIET MCHOJIB30BATH MJIsI OMHCAHHUS

KypHan TexHuyeckoin cousmku, 2026, Tom 96, Bbin. 1
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Puc. 3. 3aBucuMocTh BeJIMYMH

8Ly 1‘ (meBbit crosben) u |86L0’ !

04 T T T T T T T
_ 10 [—— p/200
_ P
03 e=2 — /50 | |
: p/10
R
S 02 -
2<%
0.1 _
0 1 1 l 1 1 1
0 02 04 06 08 10 12 14
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i _ 10 [—— p/200)
_ P
0.6 e=4 b5
0.5 /10 |
504 .
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0.2 .
0.1F _
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hip

(mpaBbiit cros6elr) ot oTHOWIeHHsT h/ P Py PasIMYHBIX 3HAYECHHSIX [

— e—1

(ykasaHel B Jierenae), € = 2 (BepxHuii psin) u € = 4 (HmxHuit psig), p = 1cm, 2 = 3p. Beenensr o6o3naueHus: Lo = In ( L), €= .

[IPOBOJIOYHOIT CETKH YCPeIHEHHbIe MpaHn4Hble ycsioBust (Y-
pY) [30,32,41]. Vcnonb3yst 3TH yCIOBHs, Mbl (haKTHYSCKH
BBIYUCIISIEM YCPEIHEHHOE MoJie (MMEHHO OHO IPECTAaBIIsieT
[PaKTHYECKUil MHTEpeC), KOTOPOEe COBMAfaeT C PeajbHbIM
Ha YHICHHH OT CeTKH Iopsiika Iepuoma P. B ciydae
COHANpPABJICHHBIX C OCBIO Z-IPOBOIOB (C HICATBHON MpPO-
BomuMocThio) YIpY cBomsrcs k HempepeiBHOCTH E,; Ha
rpanune r =a—h u ckauky MarHutHoro mnond Hg,, B
3TOM CJI0€, CBSI3aHHBIM ¢ E,,; ciiemyrommum o6paszom (ydreHa
3aBHCHMOCTb BCEX BeIMYMH OT Z B Bujie exp (ikoB712)):

gll — E! ~ —ipkg

wZlr=a—h =~ “®Zlr=a—h "~ Qg

l (Hg(p - ngq))‘

r=a—h’

(13)
[Tapamerp I1 3aBuCHT OT reoMeTpUYECKUX TAPaMETPOB I o, P
1 IPOHULIAEMOCTHU CPEAbI € CIICAYIOIIUM 06p8.30MZ

_ p _ _i p _ e—1
=In (ano) 8 B2 [ln (2m0> 58+1]’
(14)

[ic TONpaBoYHbIe KOIpDHUIMEHTH &, u & (COXpPaHEHO
npunsitoe B [30,40,41] obGosHadeHre, KOTOPOE HE IOIHKHO
HPHUBOIMTH K MyTAHHUIIC C JEJIbTa-(PYHKIMEH) BHI3BAHBI OJIH-
30CTBIO INAJICKTPHKA K CETKE M OMHUCHIBAIOT €r0 BIIMSIHUE HA
pacrpeniesieHue yCpeqHEHHOI0 IOBEPXHOCTHOI'O TOKA B CJI0€
r = a — h, onu umeror crenyrormmit Buz [40,41]:

1 (pP44k p? 4h p
5—§1n (r%+4h2> + 6(? +4m) + F arctan (%>—2,
(15)

KypHan TexHuyeckon comnsmku, 2026, Tom 96, Bbin. 1

27rg

7208 . o2+ (2h+£6) 2
5*_0/ 2 [1 ( >+ P

3 r2+(2he)’/  3(PPH(2h+E0)?)

2h+&¢ p
+4 o arctan(2h+ég>—4]de§,
(16)

e ¢ = ik, '/v/e — 1. Unrerpan (16) jerko paccunThBaeT-
Csl YNCIICHHO.

Otmerum, uto YIpY (13) mis paccmaTpmBaemoii 3mech
IWINHIPHYECKON CeTKH 0e3 ydeTa BJIMAHMA AUIJICKTPUKA
HEMOCPEICTBEHHO BBIBEACHH! B [32], a TaKKe OHU CIICHYIOT
n3 Oosyee oOmero pesysapTara I CETKH W3 HEHapasl-
JIEJIbHBIX IIPOBOJIOB, PACIOJIOKEHHOH HAa HEIUIOCKOH IMo-
BepxHOCTH [31], mpUM 3TOM HX BHJA HE OTIMYACTCS OT
BHIa OOBIYHBIX ,Jutockux” YIpY. Ilanee, kak oTMedasoch
B [30,41], monpaeku (15) u (16) 3KBHBAJCHTHBI BIIHSHHUIO
OIPEE/ICHHEIX CEeTOK OTPaKeHHsl, MOITOMY BHJ 3THX IIO-
NPaBOK IS LIJIMHAPUIECKO CeTKU TaKKe He OTIMYaeTcst
OT COOTBETCTBYIOIIHX MONPABOK B IUIOCKOM citydae [40,41].

st wumocTpanmu Biusinus monpaBok (15) u (16) Ha
YIpY, na puc. 3 npuBeneHsl TUNUYHBIE I'padUKd OTHOCH-

TEJIbHBIX BCJIMYUH
e—1
5. /1n P /ln P
2nrg e+1 27r
B 3aBHCHUMOCTU OT OTHOIICHUA h/ p BI/IZ[HO, 49TO IIpH
pocratouro Manbix h (h < p) BimsiHEE rpaHMIBI pasiesna
BaKyyM—JlI/ISJIeKTpI/IK OKa3bIBACTCA 3HAYUTCIIbHBIM, a y)Ke

npu h = p craHOBUTCS TpaKTHYECKU NpeHeOpexumbM. [Tpn

u |6
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Puc. 4. 3asucumocts hopm-thaktopa Fa BakyyMHOro KaHaa 6e3 ceTku oT oTHowmeHust Po/A = Ko/ (271/ po) nipu pasimdsbix € u  (ycnoBue
VIBY cuuraeTcs BBIIOJHEHHBIM) M PA3JIMYHBIX 3HAYCHUSAX pajiyca KaHasa a (ykasaHbl B JIETeHe), Po = 1 cm.

h>> p ¢popmysst (15) u (16) Tarke nepeiinyT B COOTHOIIE-
Husi, onpenessionme YI'pY B Bakyyme [32]. Takum oGpasom,
puc. 3 moaTBep)KACT U3BECTHBIN (HAaKT, YTO BIIMSHUC OJIH3KO
PAacCIIONIOXKEHHOTO K CeTKe MMAJICKTpHKa Ha Bua YIpY cyme-
crBenHo Tosbko mpu h < p [30,40,41]. B masmbHeiiniem mpu
YUCJICHHBIX pacyeTax Mbl OyIeM CUHMTATh 9TO HEPaBEHCTBO
BBITIOJTHCHHBIM.

dopmasibHOE pelleHne 1 HoTeHIMana B obiactu I Ge-
peTcsi B BUIE CYMMBI [IOTEHINANA JUCKa B HEOrPAHUICHHOM
Baxkyyme (dopmyra (9), HiKHSS CTpoKa, € = 1) n pelueHus
OTHOPOHOTO ypaBHeHHsl (6), HE HUMEIOLIEr0 OCOOCHHOCTH
mpu r =0. B obmactu Il morenmman Oepercs B BuAe
CYMMBI JIBYX JINHEWHO HE3aBHCHMBIX PEIICHUIT OTHOPOIHOTO
ypaBHenusi (6), a B obsactu III — B Buje ofHOro JIMHEHHO
HE3aBICHMOrO PEIICHHS, YIOBICTBOPSIOMErO TPeOOBAHUIO
9KCIIOHECHIIMAIBHOTO YOBIBaHUS NPH I — 0o (B Cpefe ydu-
THIBaeTCs Majioe morsomnieHune). C y9eToM 3TOro uMeeM

o) = 2 &R, [Ko(ro) + Cllg(ro)]
v
of! = % e'#F, [Clo(ro) + DKo (ro)]
o _ E ei%zFbDIIIH(l)(rS) (17)
@ 2ue 0 ,

rae CHMI DM yekombie koncTanThl ITpuMeHeHue Bbi-
[ICOIMCAHHBIX TPAHMYHBIX YCJIOBHA Mpu F =a ur =a—h
NPUBOIUT K JIMHEHHOU cucTeMe 4 X 4, KoTopas pelaercs
CTaHOAPTHBIMU MeTonaMu. I KpaTKOCTH MPUBENEM TOJIb-
KO OKOHYATEJIbHBIA pe3ysbTaT i HamOojee MHTEPEeCHOH
obsyactu 11 1 3amumeM ero B ciiemyonieM Bupe:

e (18)

rae O, — MOTEHLHA TOYEYHOro 3apsiga Q, ABIDKYIIErocs
B GesrpanndyHOM auasiekTpuke & (popmyna (9), ciayqait (1),

€ =¢),a Fag — popm-pakTOop BaKyyMHOro KaHaja pauy-
ca a, MOTU(UIIMPOBAHHOTO CETKOIL:

pk()HS { —1
— 0" i [(a=h)o] 1Y ao)[ly[(a=h
= {2k (ah)s o[(@=h)a]lg (ag)[lo[(a—h)o]
ko ko a !
x H{"(as) — acAaAn] — % ;‘) ﬁAan} ,

(19)
rie BesmunHa [1 onpenesnena dopmysoit (14),

As = HV(as)l (ac) — % H(as)lo(as),  (20)

An = Ko(aa)lo [(a — o] — lo(ac)Ko [(a — h)a], (21)

mpudeM A, — 0 pu h — 0.

Jist MayibHEMIEro CpaBHUTENIBHOTO aHAJIN3a TAKKe I1e-
JIECOOOPA3HO MPUBECTH WU3BECTHBIA PE3YJILTAT ISl CITydasl,
KOIJ[a CETKAa WCKIIIOYEHA M3 PACCMOTPEHHST M MBI UMEEM
MyCTOM BaKyyMHBI KaHal paauyca @ B AUIJICKTPUKE &
(CHaOIMM COOTBETCTBYIOIIMI MOTEHIMAT JOIOIHUTEIBHBIM
BEpPXHUM HHeKkcoM ,,0°) [13]:

o = @, (22)

rae F; — ¢opM-¢pakTop BakyyMHOro KaHajiaa paguyca a, He
MOIU(HIMPOBaHHOTO CeTKOM (B padore [13] oH 06o3HAYEH

KaK 17)):

2i oe 1
Faz — 28 23
T gas s A, (23)

3. YucneHHble pe3ynbTarthbl

Ha puc. 4 npeacrasiieHsl 3aBUCUMOCTU (opM-(pakTopa
BaKyyMHOI'O KaHajla B JUAJIEKTpUKe Fy OT HOpMHUPOBAHHOTO
BOJIHOBOro wmcia Ko (MpOHOPIHOHATIBHOIO YacToTe o)
TIpY pasjMYHBIX pagrycax KaHasa. Pagmyc KaHayia BEIpaXeH
B CIMHHUIAX IPEICIbHOrO MepHoaa Pp, CMBICI KOTOPOTO

JXypHan TexHuyeckol dousuku, 2026, Tom 96, Bbin. 1
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Puc. 5. 3aBucumocts opm-pakTopa Fag BakyyMHOro KaHasa, MOTM(MHIMPOBAHHOIO Z-CETKOW, OT OTHOLIeHWs Po/A = Ko/ (27/ po) mpu
pasmmaaeix € u B (ycioBme VIBY cumraercst BBIIOSMHEHHBIM), & = 3Py, Po = lcm © pasmmdHBIX pacccrosHusix h Mexny ceTkodl u
IUANIeKTpUKOM (ykasaHel B jiereHne). Cetka comepxur N = 19 mpoBonHukos, p Bapsupyetcst oT 0.99py o 0.83pp mpu ykasaHHBIX h.

OyZeT fiCeH HIKe, TAKKe Ha BeJIMYUHY 277/ Po HOPMUPOBAHO
BoJIHOBOE umcyio. [lapel BenmmumH ¢ u 3 mogoOpaHsl TakuM
obpasom, uto ycioBue MBY B OuasieKTpuke BBIIOIHEHO,
T.€. B IMAJICKTPHUKE peaymsyercs ciydait (i). Puc. 4 wumo-
CTpHpYeT M3BECTHBI U3 ymreparypsl ¢akr [13], uro BBeme-
HHE KaHaJla IIPUBOMUT K OPAaHUYSHHUIO YaCTOTHOTO CIIEKTpa
NBY cBepxy, T.€. 9KBHBaJCHTHO ACWCTBUIO HEKOTOPOIO
¢wipTpa HIDKHEX YacToT. PocT @ mpHBOAUT K yMEHBIICHHUIO
JacTOTHl OTCEUYKH, a POCT S — K ee yBejaumdeHuo. OTMeTuM
TaKkxke, 9T0 ToBeneHne (opm-pakropa F, oTmdaercst ot
COOTBETCTBYIOILETO IoBeieHus popM-akTopa crycrxa, pas-
MBITOTO B TIONEPEYHOM HAIPaBJICHUU (PHC. 2) OTCYTCTBHUEM
CTPOTHX HyJIEH M 9KCIIOHEHIMATbHBIM yOBIBaHHEM (IIPOTHUB
CTEIECHHOr0 C OCLUIALHMAME) IPH GOJIBIINX YacTOTaX.

Ha puc. 5 npencrasniensl 3aBucuMocT (hopm-paxkropa
CHCTEMBl BaKyyMHBIHI KaHasl B JIM3JIEKTPHKE — CeTKa Fag
OT HOPMHPOBAHHOI'O BOJIHOBOT'O 4Hcia Ko (IIponopImoHaib-
HOrO YacTOTE€ @) TPU PAa3MYHBIX 3HAYCHHSIX PACCTOSIHHS
h Mexny cerkoil u rpanuneit pasnena. [IyHKTHpHAs JTMHUS
Ha BcexX rpaduKax COOTBETCTBYET CiIydalo Oe3 CETKH IpHU
BeiOpantoM a (puc. 4). Iapsl Benmund € u S momOOpaHs!
TakuM 00pa3oM, 4YTOOBl ycJoBHE H3/IydeHns1 Basmtosa-
YepeHkoBa B JUIJIEKTPUKE ObLIO BBHIIOJIHEHO. BumHO, 4TO
BaKyyMHBIIl KaHaJI, MOIU(HIMPOBAHHEIN IpOCTeHIIel TOH-

KypHan TexHuyeckon comsmku, 2026, Tom 96, Bbin. 1

KOIIPOBOJIOYHON MEJIKOTIEPUOINIECKOl CEeTKOH, obsagaer
(hopM-(hakTopoM, TIOBEICHIE KOTOPOTO MPHUHIUITAATIBHO OT-
JIr4aeTcs OT MOBEIEHHUsl OOBIMHOrO (popM-(akTopa KaHaa,
MIpeficTaB/IeHHOro Ha puc. 4. Bo Bcex NpHUBENEHHBIX CITy-
Yasgx BUIOHO, YTO AaHHAs CTPYKTypa BBIACJISET B CIEKTpPE
yactoT MIBY onpeneneHHyio nonocy, obpe3as Kak HIDKHHE,
TaK ¥ BEPXHHE YacTOTHL I[pyrmMu cjioBamu, ec HeiCTBHE
Ha criektp VMIBY oKBUBaJICHTHO IEWUCTBUIO ONPENESIEHHOTO
MOJIOCOBOr0 (HUJIbTPA, YTO M OTPAKEHO B 3arojlOBKE Ha-
crosimeil paboTsl. [l ympaBiieHHsI TOJIOKEHHEM ITOJIOCH!
MIPOMYCKaHUs MMEETCSl TPU [OIOJHHUTEIbHBIX IapaMmeTpa
(O CpaBHEHHMIO CO Clly4aeM MpOCTO KaHama) — P, o u h.
J171s1 ompenesieHHOCTH Ha pHc. 5 3aduKcnpoBaH pajiyc BaKy-
YMHOT'O KaHajla & ¥ TOJIIIMHA [IPOBoJa I, a mapameTp h Ba-
peupyercs. Taxxe 3aduKcHpoBaHO OOIIEe YKMCIIO MPOBOIOB
cetk N =19 (Ap ~ 1/3), npu 3TOM HEpHUOI CTPYKTYPHL
p= (a—h)Ap Tawxke Bappupyercs B mpeneiax 15% wu
opu h— 0 o 6imm3ok k Py: P~ (a—h)/3 — a/3 = po.
Takum oOpas3oM, Py MOXKHO TPaKTOBATb KaK IPENEIbHOE
(HauboJIblIIee BO3MOJKHOE) 3HAYCHHE MIEPUOA CETKU.

ITpu mamoit ckopoctu 3apsiga (puc. 5, yeBblii rpaduk)
U MaJIOM 3a30p€ MEXOY CETKOH M JMIJICKTPUKOM MOTYJIb
¢dopm-taxTopa Fag B MAKCUMyMe B HECKOJIbKO Pa3 MEHbIIE
1o cpaBHEHMIO ¢ F,, Tosoca mpomyckaHus COmocTaBuMa 1
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Puc. 6. 3asucimocts opm-¢pakTopa Fag BakyyMHOro KaHasia, MOTH(MHIMPOBAHHOIO Z-CETKOM, OT OTHOmIeHMsT Po/A = Ko/ (271/ po) mpu
PasMYHBIX [ 1 h, ocTasbHBIE TapaMeTpsl Te Xe, YTO U Ha MPaBoM rpaduke puc. 5.

OTJIMYACTCS TOJIKO OTCYTCTBHEM OJIM3KUX K HYJIO YacTOT.
Onnako ¢ pocrom h momyns ¢opwm-takropa Fag Bo3pac-
TaeT, IIMPHHA TOJIOCH MPOIMYCKAaHHsI YMEHBLIACTCS, U TPH
h=po/2 (h=25r)) nmeem 3HaueHna B Makcumyme |Fag|
nopsinka 0.9. Tlpu GOsbmIeit ckopocTH cryctka (puc. 5,
cpenHmii rpaduk) nmMeeM Gosiee c1abyio 3aBHCHMOCTD (GOpM-
(axkTopa OT BEeJMYMHBI 3a30pa, OIHAKO OOIIas TEHICHLUS
coxpansercs. Berumunna B MakcumyMe |Fag| B 5—10 pas
MEHbIIEe YeM COOTBETCTBYIOIIee 3HaueHue |Fy|.

O¢dexT noaasyieHNs OIM3KUX K HYJIO YacTOT OOBSCHS-
ercs caenyonmmM obpasom. Kax suano us YI'pY (13), npo-
BOJIOYHAsl CETKA XapaKTEPU3yeTCsl HEKOTOPHIM UMIICIaHCOM
%f;k” IT ~ koIl. Ha stux wacrorax I1 ~ const, moatomy mpu
ko — 0 mmmenaHc Takxke OJIM30K K HYJIO, YTO TP KOHSYHOM
3HaueHNu E,; B IJIOCKOCTH CETKH O3Ha4yaeT BO30Y)KIeHHe
CHJIBHOTO MOBEPXHOCTHOI'O TOKA, IPHBOMAAIIETO K SKPaHHU-
POBKE II0JIs1 3apsKEHHOTO crycTka mpu Ko — 0.

Haxkonen, Hanbosiee MHTEepecHass CUTyallusl pean3yeTcs
IpH PEATHBHUCTCKOI CKOpocTH (pHC. 5, mpaBblii rpaduk).
B »TOM ciywae mosioca MpOmMycKaHHs paccMaTpUBacMOM
CHCTEMBI TJIaBHEIM 00pa3oM JIEKUT B TOM YacCTOTHOM [Ha-
Ta30HE, KOTOPHI 3HAYMTEJILHO IOMABJIIETCS KaHAIoM 0e3
cetkn. Popma KprBOW CTAaHOBHUTCSI NMPAKTHYECKH CHMMET-
PUYHOI OTHOCHUTEJIBHO IIEHTPAIbHON 4aCTOTHI POITyCKaHUS.
Bemrpenin B aMrumTyfe IOTEHIMAja Ha 3TOH YacToTe,

MaKCHMyM KOTOPOTO peajii3yeTcsi IPH MasblX 3HAYCHHUSIX
3a3opa h (mopsika r ), MOXKET OBITh MOPSIKA TPEXKPATHOTO.

OpHako Ha mpaBoM rpaduke puc. 5 TONBKO KpuBas
it h=ryp (a BepHee — TOJNIBKO €€ [UIMHHOBOJIHOBAsI
9acTh U OKPECTHOCTb MakCUMyMa) ()OpMajIbHO MOMAjacT B
00J1actb puMeHrMocTd YI'pY: kak u3BectHo [30], mpuemiie-
Mas TOYHOCTb Pe3yJIbTaTOB HOJIydaeTcs yxe mpu p < 1/2.
CrBUHYTb IOJIOCY NPOIyCKaHHUs B OoJjiee HU3KOYACTOTHYIO
00JIaCTh MOKHO ITyTE€M YMEHBIICHHS PAJyca MOIePEIHOro
CeUeHHs g M NMPUOJIMKCHUEM CETKU K TUAJICKTPUKY, 4TO
WUTIOCTpUpyeTcs Ha puc. 6. BugHo, 9To mpm BOBoe Gosee
TOHKHMX MpoBofax (puc. 6, JieBbld rpaduk) mepBas Kpupas
(h=rp, T.e. ceTKa JIKUT HEMOCPEACTBEHHO Ha [HAJICK-
TPUKE) YBEPEHHO IIOMafaeT B 0OJACTh HOIYCTUMBIX IJIMH
BOJIH A > 2py. Ilpu yMeHbIieHUHU Iy KPUBBIE IPOOOKAIOT
CIOBUraTbCsl BJIEBO, U MIpU g = Po/400 Bce Tpu KpuBBHE
Jexar B obsactu (¢opMaibHoil npuMmenumoctu YIpY. Ilpu
9TOM 3HAYCHWH I ¢ ¥ 3a30pe N = 51 BBEIUTPHII B aMIIATYIC
MOTEHIAANIA IPIMEPHO PaBeH 2.

HamoMHuM, 4YTO B BBILICHIPUBEICHHOM aHAJHM3€ MBI
IUI TIPOCTOTHl HE YYMTBIBAJIM INPONOJIbHBIA (popM-(akTop
cryctka R (12). Y3 siBHOro BBIpaKCHUSI B CiIydac TH-
MITYHOTO TayCCOBOTO ITPOIOJIBHOTO PACIIPEICIICHUS 3apsiaa,
R = exp [—k§r?/(28%)], crenyer, uro npogonbHOE pasMbl-
BaHUE CI'YCTKAa SKBMBAJICHTHO IONOJIHATEJIBHOMY HH3KOYa-
CTOTHOMY GWIBTPY C 4acToTOil orceukn Ko, = v/2B/T.

XypHan TexHuyeckol cdusuku, 2026, Tom 96, Bbin. 1
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1 Toro 4TOOBI MIpeHeOpeYh STHUM BJIHMSHHEM, T.€. YTOOHI
cuntaTth F ~ 1 B Haubosee HHTEPECHOM AMaNa30He YacToT,
0 < ko < 271/ po, HEOOXOMMMO, YTOOBI CIYCTOK OBUT HOCTa-
TOYHO TOHKHM, T.¢. T < BPo/(V2m), mm 7 < po.

Ob6cynuMm  (usuyeckre MNPUYUHB BO3HUKHOBEHHS -
KOB IIPOITYCKaHHS B YJIbTPapessiTUBUCTCKOM citydae f — 1
(puc. 6). B arom citydae, xkak BugHO n3 Gopmyist (14),
BesimurHa Il mpakTHYecKd MOJIHOCTBIO ompefessieTcs IIo-
NpaBKaMH §, 6, U JUDJICKTPUIECKOH MPOHULIAEMOCTBIO &,
a JiorapuMuyecKue cjaaraeMble KOMIEHCUPYIOT ApYr Apyra
(oTMeTHM, 9TO §, SIBIISICTCS YaCTOTHO-3aBHUCHMOM U, BOOG-
me rosopsi, KomriekcHoi). Eciu yuects, uto o /Ko — 0
npu B — 1, a TaKKe CUATATh MaJiOf BEJIMYMHY 3a30pa,
h/a — 0, To MOXXHO TIOJTyYUTh CJICAYIOIIHE MPUOIIKEHHBIC
BBIPQKCHUS, CIIPaBEIJIIBBIC [0 KpalHel Mepe B Iuara3oHe
1/6 < po/A < 1/2, Kyma nomamaioT HWHTEpECyIOIIHe Hac
NHMKY IPOIyCKaHUS:

4i ¢ 1 1
Far — : . (24
T ae—1 Hf)”(as) (ako)2+2lak0\/% (24)

A 1 1

O™ g e—1 H{ (as) (ako)? + 2iako— — 42

(25)
IMpubmkennsie 3aucumoctd (24) u (25) ¢ npeneGpexu-
MO MaJIOW TIOTPEHIHOCTBIO ONUCHIBAIOT IOBEICHUE KPUBBIX,
npescTaBiIeHHbX Ha puc. 6. Kak BunHo, popm-daxrop Fqg B
oTmuie ot F, MMeeT 3HaMeHATelTb, THIIMYHBINA IS TIOCTIe-
nosaresbHOro RLC-KkOoHTYpa, Tak Kak TOK J, BO30YKIaeMblii
B TaKOM KOHType TeHepaTopoM HampsikeHus Uy, umeeT BUL

Uo

I T ReR/L-I/(C)

Hys1b BemecTBeHHOI YacTy 3HaMeHaTess B (25) onpenenser
9acTOTy MHKa IIPOITYCKaHIIST:

4ma

(@K’ = 5 (26)

(3aBucumocth I1 OT 9acTOTHL B paccMaTpUBaeMOM [IHAlla-
30HE I0CTaTOYHO cj1abasi, I1 MOXHO cUnTaTh BEeLIeCTBEHHON
KOHCTaHTOH ). Hasim4ame pe3oHaHCHO# YaCTOTH 03HAYAET, YTO
B ,,KOHTYpE” (25) NpHCYTCTBYIOT KOHEYHbIC MHIYKTUBHOCTD
U eMKOCTb, B TO BpeMsi Kak B ,KOHType“ (24) KoHedHa
TOJIPKO HMHAYKTHBHOCTh, @ €MKOCTb OECKOHEYHO BEJIMKA.
Pojib KOHEYHOII €MKOCTH, OYEBHMAHO, UTPAeT 3a30p MEXKIY
IIPOBOJIOYHOI CETKOH WM IMIJICKTPUKOM.

Takum obpaszom, 3¢ppekT mosocoBoro GuiabTpa 00yCII0B-
JIeH TeM, YTO Ul PEJIATUBUCTCKOTO 3apsKEHHOTO CrycT-
Ka JlaHHas MeEJIKOICPHOANYECKasi CETKa, PacHoJIOKECHHAs
BOJIM3M [MAJICKTPUKA, IPEACTABISCT COOOM PE30HAHCHYIO
cTpykTypy. Kanan 6e3 cetku paboTaeT kax ,, KOHTYp®, conep-
YKaIWii TOJIbKO aKTUBHOE COMPOTUBIICHAE W HHIYKTHBHOCTD,
a ceTKa IIPUBHOCHUT B CUCTEMY HEOOXOOUMYIO 1Jisi popMUpPO-
BaHMS PE30HAHCA HEHYJICBYIO EMKOCTHYIO Harpysky.

KypHan TexHuyeckon comsmku, 2026, Tom 96, Bbin. 1

3aknioyeHune

B pabore wuccienoBaHO BIIMSHUE TOHKOIIPOBOJIOYHOMN
MEJIKOTIEPUOINIECKON CETKH W3 MapaJljieSIbHBIX MTPOBOIHHU-
KOB Ha CIIEKTpaJibHble XapakTepucTuku MBY 3apsnkeHHOrO
CTyCTKa, PAaBHOMEPHO HBIXKYILETrocs MO OCH BaKyyMHOIO
KaHaJla B AM3JIeKTpHKe. [IpOBONHUKM HampaBJieHbl BHOJIb
OCH KaHaJa U PaBHOMEPHO pacIpefiesieHbl MO IMIUHIPHU-
YeCKOU MOBEPXHOCTH, HaXofsmleics BOJIM3M TpaHULBl pas-
Jejla BaKyyM—AUJIEKTPUK Ha PAcCTOSHUM IOPSZIKA IEepH-
ofla CTPYKTYpbl. PaccMOTpeH HOCTaToOYHO HU3KOYACTOTHBIN
IManas3oH (COOTBETCTBYIOIIME JUIMHBI BOJIH MHOI'O OOJIbIIE
HepHofa CTPYKTYPHI), TO3BOJSIOMMI ONHCHIBATH CETKY B
tepmuHax YIpY Konroposnwa. CymecTBeHHBIM 00CTOSI-
TEJIbCTBOM B IaHHOM paboTe SBJISETCS MAJIOCTh 3a30pa MEK-
IOy CEeTKOH M TpaHUNeil KaHasa, 9TO MPUBOTUT K HEOOXOmu-
MocTu ydera B YIpY nonpaBok, 00yc/I0B/ICHHBIX BIUSHUEM
IM3JICKTPIYECKON Cpefibl Ha pacIpefie/ieHNe YCPEOHEHHOTO
TIOBEPXHOCTHOT'O TOKAa B CETOYHOM CJIOE.

Bru10 OKa3aHo, 9TO BIIMSIHUE PACCMOTPEHHOM CTPYKTYPHI
Ha VBY 3KBHBajIeHTHO [CHCTBHIO ITOJIOCOBOrO (mibTpa.
WNHpIME citOBaMH, B T€HEPHPYEMOM CIEKTpE CYIIECTBEHHO
MOIABJIIOTCS KaK HU3KUE (B TOM 4HCIIe M OJIM3KHE K HYJIO),
TAaK U CPABHUTEJIBHO BHICOKHE YaCTOTH (HALIOMHHM, YTO
paccMOTpeHHe BeAeTcd B paMKax IPHMEHHMMOCTH YIpY,
T.€. BEPXHsSS YacTOTa JOJDKHA OOECIedrBaTh MaJIOCTh OT-
HOIICHHS] MepUoga CeTKM K [UmHEe BOJHEI). [losoxerne
TIOJIOCHI IPOITYCKaHWsl, MAKCUMyM Koa(d¢dumnmenTa mporryc-
Kanuss u Qopma ero mpodmis (KaK (YHKIHH YaCTOTHI)
3aBUCAT OT IIApaMETPOB CETKH 1 BEJIMYMHE 3a30pa. Habosee
WHTEpECHasi CUTYalIllsl, T0-BUINMOMY, BOSHUKACT P PEJIsi-
THBHCTCKOI CKOPOCTH CTYCTKa W MajioM 3a3ope (mopsiika
pajyca IPOBOMHUKOB), KOTMA MOJIOCA MPOIYCKAHKS SIBJIS-
€TCS JIOCTaTOYHO Y3KOH W MOMajaeT B Ty o0JlacTh 4acToT,
KOTOpasi OTCEKAeTCsl KaHAJOM 0e3 ceTKd (KaKk H3BECTHO,
caM 1o cebe BaKyyMHBII KaHaJI paboTaeT Kak (UIbTP HIK-
HHUX 4acToT). B aTOM citydae K03(hpUIMEHT HpOITyCKaHuUs
paccMaTpuBaeMOil CTPYKTYphI IO TIOJII0 Ha IEHTPAJIbHOM
YacTOTE MOET IPEBBIIIATH COOTBETCTBYIONIHI KO3 duIm-
eHT KaHala B 2—3 pasa, 9TO COOTBETCTBYET BBIATPBHIIIY
B MOIMHOCTH IIOYTH Ha IMOPS/IOK. J[pyrmMu; cioBamu, mpu
MIPOYMX PaBHBIX YCJIOBUSIX MOYKHO BBIOpaTh H3JIyYarOUIyIO
CTPYKTYpy ¢ Oojiee IMPOKHM KaHAIOM (Yepe3 Hero Jierde
MIPOIYCKAaTh 3apsHKCHHBIN CTYCTOK, TaK KaKk MEHEE KPUTHYHA
MOIepeYHast IUHAMUKA, MOXKHO TIOBBICUTD €ro 3apsi U T.11.),
MOIM(HUIIPOBAaTh €0 BHYTPEHHIOI MOBEPXHOCTH OOCYX-
Ta€MOW TOHKOIIPOBOJIOYHOM CETKOH W HE Npourparb B
WHTEHCHBHOCTH YEpPEHKOBCKOro m3iydeHns. Kpome Toro,
TIOJIOCOBOM XapakTep MOJTyqaloIerocsi reHepaTopa B 1eJIOM
TIPE/ICTABJIICTCS JOCTATOYHO IPUBJICKATEJIbHBIM, TaK Kak
mo3BostsieT mpoBoauTh perucrparmio UBY B pexxnme, 6omee
MIPAOIMKEHHOM K MOHOXPOMAaTHIECKOMY.

BnaropgapHocTu

ABTops! BeIpakatoT Ommarogaprocts C.b. IieiboBckomy 3a
TJIONOTBOPHBIC AUCKYCCHUIL
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