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B mepBOM M BTOPOM YaCTSIX CTAThU, ONMYOIHMKOBAHHBIX BO BTOPOM U TPEThEM
HoMepaX XKypHaua «3JIEKTPOHHMKA: Hayka, TexHoiorusa, brusHec»

3a 2022 rop, 661710 paccKa3aHo 06 OCHOBHBIX IIapaMeTpax, XapaKTepU3YIOLIUX
UHAYKTHUBHBIE PAAUOKOMIIOHEHTHI, U 00 MHAYKTUBHOCTSX PA3JIUYHBIX TUIIOB.
B JaHHOM HOMepe pacCMaTPHUBAETCA ellle HeCKOJIbKO TUIIOB MHAYKTHBHBIX

PaAHOKOMIIOHEHTOB.

APOCCENIN

BaXkHbIM MHAYKTVUBHbLIM KOMMOHEHTOM B paguoTexHuye-
CKUX Lenax asnsgeTca gpoccens (Choke). DuU3MYecknin sH-
LMKNoneaAnYeckni CnoBapb OnpeaenseT Apoccens ce-
Aylounm obpasom:

«/lpoccenb 3nexmpudeckull (1.3.) = KAMywka UHOYKMUBHO-
Cmu, Komopyto 8KAKHAtom 8 3AeKmpuyeckyto Uenb 0Ag ycmpa-
HeHus (nodaeneHus) nepemeHHol cocmasasioleli moka e uenu,
pasoeneHus uAu 0zpaHu4eHus CU2HAA08 pasAuyHol Yacmomel.
[l. 3. 8KAt04aemcs 8 uenb NocAed08ameAnbHoO ¢ Hazpy3Kou».

DNeKTpUYeckMn nMneaaHc Apoccens paccymTbiBaeT-
cst no dopmyne Z(f)=2nfL, rae f — paboyas yacTtoTa B 'y,
a L—-HoMMHanbHasg MHAYKTUBHOCTb APOCCeNS Ha 3TOM Ya-
CTOTe, n3mepsemMas B I'H. V13 GOpmMyabl TOHATHO, YTO YeM
Bbille HOMWHaNbHAA MHAYKTUBHOCTL L, TeM cuibHee no-
[AaBNAeTCS NepeMeHHas COCTaBNfAWas cMrHana Ha 4a-
ctoTe f. Taknm 06pa3om, pOCCens — 3TO UHAYKTUBHOCTb
C BbICOKMM 3Ha4YeHNeM HOMUHAbLHOW UHAYKTUBHOCTW. [N
YyBENNYEHMSI HOMUHANBHOTO 3HAYEHWUS MHAYKTUBHOCTU NpU
COXPaHEeHWM reoMeTpUYecKMx pasMepoB KaTyLKy UHOYK-
TMBHOCTY HaMaTbIBAKOT Ha CepAeYHUK C BbICOKMM 3Ha4ye-
HMEM MAarHVTHOW MPOHMLAEMOCTU. TT03TOMY paccMmoTpe-
HWe apoccener HeobxoaMMO Ha4aTb C MaTepuanos, 13 KO-
TOPbIX M3roTaBNUBAIOTCS UX CEPALYHUKN.

MpUMEHUTENbHO K AAHHOW CTaTbe MHTepec npeacTaB-
NA0T GepprumMarHeTnim, 6onee KOHKPeTHO GeppuThl. Mep-
BbiIM GeppuTOM, NMPUMEHEHHbLIM Ha MpakTWKe, SBNsSeTCs
MarHeT1T, a BCe COBPeMeHHble GeppuThl MpeacTaBAgioT
CoboW ero «poACTBEHHUKOBY W ABASIOTCS CORAMHEHMEM
okcmpa >kenesa Fe,O, C OCHOBHbLIMW OKCMAAMMW MeTan-
NoB, ABNstoLUMXCs deppuMarHeTukamu. GeppuTbl AenaTcs

' 00O «PaamoKoMn», reHepasbHbIi AUPeKTop,
vkochemasov@radiocomp.ru.
2 00O «Pagmokommny, BeAyLIM MHXeHep, siwl1937@yandex.ru.

Ha HeCKObKO MOABWAOB, B 3aBUCMMOCTHM OT TWNa KpUcTas-
NIMYECKOW pelleTKX 1 MeTanna, C KOTOPbIM COeanHsAeTCs
OKCKA XKenesa:

o QeppuUTbI-lWINNHENN — CORANHEHNS C Kybunyeckom pe-
wetkon n dopmynont MeFe,O,, raoe Me — AByxBaneHT-
HbIM MEeTann, Yale BCero H1UKenb, kobanbT, Mapra-
Hel, MarHum, Meab, UMHK, KaagMUn;

e (deppuTbI-rpaHaThbl — CORAVHEHNS C KyOUYeCKon Kpu-
CTananyeckom pelweTkon n gopmynon Me,Fe O, rae
Me — Tsaxenbln peaKo3eMeNnbHbLIN 31eMeHT OT cama-
pus L0 IOTeUNs AN UTTPUIW. Hanpumep, NTTpum-
XenesHbvt rpaHat Y;Fe O,

e rekcadeppuTbl — COeAMHEHMS C reKCaroHaabHOM Kpu-
CTaNAMYeckom peleTKor No TUNy MarHeTonatoMoy-
ma PbFe,,0,q;

e opTOdheppuTbl — coeanHeHss C pOMBMYECKON KpK-
CTananyeckon peweTkon n opmynon MeFeO,, roe
Me — peaKo3emMenbHbIV 31emMeHT. [pu HOpManbHOW
TemnepaTtype opTodeppuThbl ABASIOTCA TaK Ha3biBae-
MbIMW aHTVUGeppoMarHeTMKkaMm 1 cTaHoBATCS Gep-
PUMarHeTMKaMm Npu HU3KMX TemnepaTypax, Huke
HeCKONbKMX KenbHOB (K).

HONLWMHCTBO HEeppuUTOB SBASIOTCA TYronaaBKMMM
COeAVHEeHNAMU C BbICOKOW TBEPAOCTbLIO, HE PACTBOPUMDI
B BOJle M OPraHWyeckmx pacTBOPUTENSX, BCTYNAOT B peak-
LMo C KncnoTamm. ®eppuTbl 0613430T HAUMEHbLLIUMM NO-
TepsMM Ha BUXPEBbIe TOKM 13 BCEX M3BECTHbLIX MaTepmnanos,
0bnagaroWmMx MarHUTHbIMIW CBOMCTBAMU. g GeppunToB
XapaKTePHO sIBNEeHVE MarHUTOCTPUKLNMM, Korha deppu-
MarHUTHOE Teno, NOMeLleHHOe B MarHWTHOe none, 13-
MeHseT CBOM reoMeTpuryeckme pazmepsl (Mpsmon sbdexT
MarHMTOCTPUKLMM). TOYHO TaK Xe MexaHn4eckoe Bo3aen-
cTBMe (pacTskKeHne UK OKaThe) NPUBOAUT K U3MEHEHMIO
MarHWTHON MPOHMLAEMOCTM U MArHUTHbIX CBOMCTB (06-
PaTHLIM 3GGEKT MAarHUTOCTPUKLMM). Ha CBEPXBLICOKMX

102 2NEKTPOHUKA HAYKA | TEXHOJIOTH S | BUSHEC

Ne24 (00215) 2022



CBY-2JIEKTPOHUKA

www.electronics.ru

4actoTax NoTepu curHana B GeppuTe 3aBUCAT OT Hanps-
SKEHHOCTU MarHWTHOrO noas, 1 37a 3aBUCUMOCTb MMeeT
pPe30HaHCHLIM xapakTep. biarogaps BbICOKUM 3HAYeHWAaM
MarHVWTHOW MPOHMLAEMOCTU U HU3KOW 31eKTPONPOBOAHO-
CTY GeppuTbl UCMONL3YIOTCS 418 M3rOTOBEHUS Cepaey-
HVWKOB MHAYKTUBHOCTEN, MPUMEHSEMbIX B PagmMo4acToT-
HbIX 1 BbICOKOYACTOTHbIX Lensax. bonee noApO6HO BMALI
deppnTOB, NpumMmeHsemMble B CBY-TexHMKe, paccMoTpe-
Hbl B cTaTbe [31]. JONOAHUTENbHO CNeayeT OTMeTUTh, YTO
AN GeppuTOB XapakTepHbl 3aBUCUMOCTY HavyalbHOM Mar-
HWTHOW MPOHMLAEMOCTM OT TemnepaTypbl U KOMMAEKC-
HOW MarHMTHOW MPOHULAEMOCTM OT 4acTOThl. paduKn
3TUX 3aBUCMMOCTeN Ana depputa Mapku CFI38, npume-
HAEMOro B CMMIOBbLIX M MOLWHbLIX MHAYKTUBHOCTSX, NMPpUBe-
AeHbl Ha puc. 22 [32].

[0 4aCcTOTHOMY AManasoHy, B KOTOPOM MPUMEHSAIOTCS
LPOCCenu, Ux pasfensior Ha ABe rpynmbi:

e apoccenu ana ayamoyctponcts (Audio Frequency

Choke (AFQ)):
e ApPOCCeNV AN paamovacToTHoro amvanasoxa (Radio
Frequency Choke (RFQ)).

JTO pasjenieHvre Npou3BoOANTCSH Ha OCHOBE YaCTOTHbIX
XapakTepucTnK apoccenem. cxons 13 KOHCTPYKLMM APOC-
cenem B aHrN0s3bIYHOM TeXHUYECKOW N1TepaType, 0CObeH-
HO Cpeau paanonobuTenemn, 4poccen AenaT Ha HeCKONb-
KO OCHOBHbIX BMA0B [33].
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HamoTaHHble (MOTOYHbIE)

KOaKCKhaJibHbie fpoccenu

[aHHbLIM BUA Apoccenen npeacrtasasiet cobow, no cy-
TV, MOTOYHYIO MHAYKTMBHOCTbL, O KOTOPbIX paccka3biBa-
NOCb paHee, 3a/IMTY0 KOMNAYHAOM, NPeAoTBPaLAOUMM
M3MeHeHVe reoMeTpuYecknx pa3MepoB. B 3aBMCMMOCTH
0T cnocoba NOAKAYEHUS N MPUHLNMMANLHOM CXeMbI Lie-
NN NMHAYKTUBHOCTbL MOXET BbIMONHATb GYHKLMIO Apocce-
na. Hanpumep, Npy BKAKYEHUN UHAYKTUBHOCTU MeXay
CUTHANbHOW IVHWEN 1 3a3eMeHreM. VIMNeaaHc UHOyK-
TUBHOCTU MMEeT SBHO BbIPaXKEHHY YaCTOTHYIO 3aBUCU-
MOCTb, YTO MO3BONAET NPUMEHATL ee AN GUAbTPaLMK
M NOAABNEHMA 3a4aHHbIX CUFHAN0B. XapakTepHbiM Npu-
MepoM Takoro noaxofa asngercsa cepmsa 0402DC komna-
Hum Coilcraft. Ha puc. 23a [34] nokasaH BHeLWHWUA BUA,
a Ha puc. 236 [35] —4acToTHAA 3aBMCUMOCTbL MMMedaHca
OaHHbIX U30enni.

K 3TOMY >Ke BMAY ApOCCener MOXHO OTHECTU M TaK Ha-
3blBaeMble yAy4LeHHble KoakcuabHble dpocceau (Improved Coax
Choke). VX oTnv4mMeM OT ONUCAHHbIX Bbille APOCCeNnen aB-
NAeTCa HanM4mMe ABHO BbIPAKEHHOrO Kapkaca, Ha KOTo-
PbI NPON3BOAMTCSA HAMOTKA. TOYHO TaK Xe, Kak 1 B C/iyyae
00bI4YHbIX MHAYKTUBHOCTEM, Kapkac MOXET OblTb M3roTOB-
NIeH UAU N3 HEMATHUTHOrO Matepurana (BbICOKOYaCTOTHbIE
apoccenn (RF-Choke)), nnv 13 maTepunanos € 60bLLIMM 3Ha-
YeHVeM MarHUTHOM NPOHMLIAeMOCTU, HanpumMmep GeppruToB.
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Puc. 22, 3aBUCUMOCTU KOMIIJIEKCHOM MarHUTHOM IIPOHHULIA€MOCTH OT YACTOThI (a) ¥ HaYaJIPHOM MarHUTHOM IIpOHHILIae-

MOCTH OT TeMIIepaTypHl (6) mis depprta Mapku CF138. [, - HadajabpHas MarHUTHas IIpoHHLIaeMocTs (Initial Permeability),

W' - DeHMCTBUTEeNbHAS U W' - MHMMAas YaCTU KOMILJIEKCHON AH3IeKTPUYeCKOM IIPOHHUILIAe MOCTH
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a) 6) YacroTa, MI'1g

Puc. 23. Ipoccens cepuu 0402DC xommianuu Coilcraft: a - BHeITHU M BUJ;, 6 — 3aBUCUMOCTh HUMITEAHCA OT YaCTOTHI

Hannume kapkaca ctabunmsmpyet HOMUHANbHYIO MHAYKTUB- ﬂ,poccenu THna «GVCMHa»

HOCTb POCCENS M CHWKAeT BO3AEWCTBME BHELLHUX GakTopoB,  CBOEe Ha3BaHMWe AaHHbIV BUA APOCCeNer MOAYYMA OT Tak Ha-
HanpymMep TemnepaTypbl. KpoMe TOro, AaHHbIV BUA APOCCe-  3bIBAEMbIX «BYCUHOK» — PEepPUTOBLIX LUMAMHAPOB WUAKN KO-
e BO3MOXKHO NPUMEHSTL B KA4eCTBe MPOXOAHOro Apocce-  fiel, Yepes KOTOpble MPOMyCKAeTCsl CUMHANbHbIM NPOBOA
N4, KOFAA NPy MOHTaXe HaMOTKa Cpasy OKasbiBaeTca coean- UM kabenb. OCHOBHOE HasHayeHue «bycuH» — nogasne-
HEeHHOW C KOpMyCcoM yCTponCTBa (3a3emneHue). B kadecTse HWe NMoMeX, B TOM YMC/1e pacnpoCTPaHSAOLWMXCS MO 3KpaH-
nprmMepa AaHHOrO BMAA APOCCeNen MOXHO NPUBECTV APOC-  HOM 06MOTKe Kabens. B YuCcTom Buae «ByCUMHbLIY He SIBNSIKOT-
cenb cepunnt HLBC komnanum TDK. Ero BHELWHWI BMA MOKa3aH €S VIHOYKTUBHOCTSIMW, a NpPeACTaBAsitoT COBOW 4aCcTOTHO-
Ha puc. 24a [36], @ 3aBUCUMOCTbL MOAY/S MMMeAaHCa OT Ya-  3aBMCMMOE COMPOTUBAEHME. «BYCUHKIAY M3rOTaBANBAIOTCS
CTOTbl — Ha puC. 246 [37]. 13 cneumanbHbIX GepprToB C 6ONLWMMK NOTEPSMM HA Nepe-
MarHu4vBaHme, NO3TOMY Ha BbICOKMX
4acToTax OHWM NPeACTaBNAT COBON aKk-
TUBHOE ConpoTVBeHne. CpasBuUTHEM
MUKPOMMHMATIOpU3aLMK BCTasna 3a4a-
10000 MKI'H 4a GUNbTPaLUMKM NOMeEX B CUTHANBbHbLIX
LUk A N MHPOPMALMOHHbIX TMHUSX Nepeaay
B MHTerpanbHbix cbopkax. B yacTHo-
CTW, OTPaXKEHHOro CuUrHana npu Cco-
rnacoBaHuu IVHWUIA nepeaadm no Bos-
HOBOMY COMPOTWB/IEHWIO. Ty 3aja-
4y pewatoT Apoccenn Tmna «bycmHan.
OAHOW U3 CepbesHbIx NpobaemM B Bbi-
COKOYaCTOTHOM CXeMOTEXHMKE ABNSIET-
CS TaK Ha3blBaeMbl «3BOH» — HeXena-
10| TeNbHble KoMebaHus, BO3HMKalOLWMe
Npyv KOMMYTaUMW UMMYILCHLIX Lienen
0 ‘ ' W NMPUCYTCTBUM NAPA3UTHBIX MHOYKTUB-
10° 10° 1’ 10° HOCTeW 1 eMKOCTen. N5 yMeHbLIeH NS
3TOro 3ddexTa B paspbiB CUrHANLHON
JIHW BNAanBaeTCa ApOccenb. Xapak-
TepHbLIM MPUMEPOM 3TOrO BMAA APOC-
Puc. 24, [ipoccens cepuyt HLBC Komnanuu TDK: a - BHEIIHUM BUJA,; 6 - 3aBUCH- cenen sensieTcs cepust WE-CBF komna-
MOCTb MOZY/IS UMIIeaHCa OT YaCTOTHI HumM Wirth Elektronik. Ha puc. 25a [38]
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a) 6) YacroTa, M1y

MOKa3aH BHeLHW BUA OAHOI0 13 Apoccenen cepmmn WE-CBF —
74279265 TnopasmMepa 0603, a Ha puc. 256 [39] — ero ocHoB-
Hble XxapakTepucTukm (B cepun WE-CBF cyulecTByeT Lenas
NVHenKa TUNoOpasMepoB 1 HOMUHANOB, C KOTOPOW MOXHO
NO3HAKOMUTLCA Ha CanTe KOMNaHMM).

NnINE

Llpoccenu o6uiero HazHaYeHUs

DTO CaMblt paCNpOCTPAHEHHbIN BMA ApOCCenen. Vx pasHoo6-
pasne 1 no KOHCTpyKunn, nno obnacTu npnMmeHeHnda o4eHb
BENINKO. VIMEET CMbIC/ OCTAHOBUTLCS HA IPOCCENAX, MpeiHa-
3HaYeHHbIX AN pelleHms y3kocnemanbHbix 3aaa4. Ocobbil

{ 1
www.Filin=rf.ru

ilte, s
K ’ oo
Noyat}

° www.radiocomp.ru
filin-rf@radiocomp.ru

PdunsTpbl BY/CBY, ycTpolicTBa Ha UX OCHOBE, a TaKXe KoMnoHeHTbl BY4/CBY TpakTOoB

e [lnunnekcepsbl

* MynsTunnekcepsbl

e [lepekntovaemble
n nepecTpanBaemMble (PUnbTPbI

e [lenutenun/cymmaTtopsl
MOLLIHOCTM

* HanpaBneHHble
OTBETBUTENM

e KBagpaTypHble MOCTbI

* KoakcmanbHO-BONIHOBOAHbIE Nepexoabl

® AHTEHHBbI

!

Jlro6ble BUAbI 3aKa30B:
* H/P, OKP ‘
® CPOYHble 3aKasbl
* eNHUYHbIE/KPYMHOCepUiiHbIe 3aKasabl

Ang 4yactot go 26,5 'ry u Bbiwwe

Pa3pa6oTKka, npoM3BOACTBO,
MCNbITaHUA YCTPOMCTB

C yYyeToMm Tpe6oBaHUM

3aKasuMmka

e YCTpOMCTBA HA COCPENOTOYEHHbIX 3fIEMEHTax

* OUnbLTPbI HA KOaKcHarbHO-KepaMM4YeCKUX pe3oHaTtopax
* [pebeH4aTble 1 BCTPEYHO-CTEPXKHEBbIE (PUMBLTPBI
* MoHO6M04HbIE Kepamu4eckme punsTpbl

* OUNBTPbLI Ha 06bEMHbIX pe3oHaTopax

e YCcTponcTBa HA MUKPOMONOCKOBBIX JIMHUAX

* BonHoBOAHbIE YyCTPONCTBA

e YcTpowcTtBa no TexHonorum LTCC

e Tpy6uaTble unsTpbl

* OUNbLTPbI HA MIOCKUX BOSIHOBOAAX

26109316, MockBa, Bonrorpa‘ncxuﬁ npocnekt, 42 OTaen np

ax: +7 49595777 45/ +7 495 361 0904
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PHC. 26. 3aBUCUMOCTHU IIPSIMBIX IIOTEPb OT YACTOTHI s CUuHbasHoro (a) u qudbdepeHIHaNbHOTO (6) CUTHAIOB

MHTepec NpeACTaBASIOT Tak Ha3biBaeMble c080eHHbIe dpocce-
AU, B KOTOPbIX Ha OAWH CEPAEYHNK HAMOTaHbl OAHOBPEMEHHO
ABE MHAYKTVMBHOCTW. OCHOBHOE HazHayeHe AaHHOr 0 BMAA
ApOCCenen 3aKkaYaeTcs B NOAABNEHUN CUHBA3HBLIX MOMEX,
BO3HMKAKLLMX B UMMNYNbCHBIX YCTPOMCTBAX. B npoLecce pa-
BOTblI MMNYALCHLIX Npecbpa3soBaTenen N6OK TONOAOMNM
BO3HMKAIOT NapasuTHbIE BbICOKOYACTOTHbIE TOKM, MPOTeKato-
e B OAHOM 1 TOM >Ke HampaBAeHUM 1 MO CUFHANbHbLIM K-
HMAM, 1 N0 3a3emneHnio. Obe 0ObMOTKM CMHGBA3HOTO APOC-
ceng (Common Mode Choke) A0/KHbI 6bITb MAKCMMaLHO
B6M3KM NO XapakTepucTnkam. Koraa Yepes cMHdasHbIM 4poc-
cenb NpoXoAUT AndGepeHLManbHbIN CUrHAN, TO KaXaas ero
COCTaBNAWAA B CBOEW 06MOTKe GOPMUPYET MArHUTHbIE
NOTOKM, MMetoLMe pasHy NOASPHOCTL. DTU MOTOKN HeWt-
TPanu3syloT ApYr Apyra, NO3TOMY Mpu NPOXOXKAEHWUN Yepes
CMH®a3HbIM apoccens anddepeHuUmnanbHbI CUrHan He Nc-
KaXkaeTca. Ha npakTuke amnamTyaa cmrHana, besycnosHo,
YMEHbLLAETCS 3a CHET NOTepb U UCKAXKEHUS HA MEXXBUTKOBbIX
eMKOCTsX. B ciydae cMHGA3HOro cMrHana MarHUTHble NoTo-
KW CKNAALIBAOTCA, MMMNeAAHC APOCCeNs yBEIUYMBAETCS, HTO
NPUBOAUT K 3HAYMTENbHOMY MOAABNEHWIO CUHPA3HOrO CUT-
Hana. Takm 06pasom, CMHGA3HbIM APOCCeb NpeacTaBaseT

Puc. 27. BHEIIHUH BUJ MHOTOCJIOMHBIX APOCCEIEH

a - apoccenb cepuu 4021162 «Wilco» komnanuu RF Parts
Company; 6 - MHOTOCJIOMHHIH Apoccens TB1608 KoMIIaHUU
Murata

COH0M MarHUTHbLIM KOMAOHEHT, NOAABAAOLWMIA CMHBA3HbIE
CUTHaNbI 33 cHeT BONLLWOro MMNeaaHca, 1 OTAMYaOLWMIACS
ManbIMV BHOCUMbBIMY UCKKEHM MM MPY MPOXOXAEHUM AND-
bepeHUManbHbIX CUrHanoB. Ha puc. 26 [40] nokasaHbl nps-
Mble MOTepyr CUHGA3HOTo 1 AndGepeHUManbHOr0 CUrHaIOB
NpY NPOXOXKAEHWUI Yepe3 apocceny cepuin DLW21 1 DXW21
KOMMnaHuu Murata.

Elle OAHUM MHTEepeCHbIM BMAOM Apoccener obLlero Ha-
3HaYeHMa ABASIOTCS Tak Ha3biBAeMble MHO20CAOLHble Opocce-
AU. B 3aBMCKMMOCTM OT CNOCoba NpUMeHeHs 1 HazHavyeHus
OHWM MOTYT M3roTaBAMBaTLCA MO0 NOCNEA0BATENLHOM Ha-
MOTKOW HECKONBKMX UHAYKTUBHOCTEN Ha OAMH GeppUTOBLIN
CepAeyHuK, NMBo No TEXHONOT MM NAEHOYHbIX MHAYKTUBHO-
cten. C TeM OTAMYMEM, YTO A8 MHOTOC/IOWHbIX ApOCceneit
HanonHWTenem sensgetcs GeppuT, BbIOpaHHbIM ANs pelle-
HUA KOHKPETHOW 3adaun. Ha puc. 27a [41] v puc. 276 [42] no-
Ka3aH BHELHWI BUA MHOFOCIOMHbLIX APOCCenen C pasnmy-
HbIMM TUMNAMKW HAMOTKM.

MEPEMEHHbIE UHAYKTUBHOCTH

B Lenom page 3aiad v NpUIOKEHNM N3MEHSIeMOM 1 n3Me-
pAeMoW BENVNYUHOW ABASETCH WHAYKTMBHOCTL. [N Ha-
CTpOI;II(l/I 4 6aj'laHCI/IpOBKI/I NHOYKTUBHbIX M3MEPUTE/TIbHbIX
Lenen NpUMEHAITCS UHAYKTUBHOCTU C U3MEHSEMOM HO-
MUHANLHOW MHAYKTUBHOCTLIO. PaHee, B YAaCTHOCTY B COBET-
CKOW TeXHUYeCKoW n1TepaTtype, Ans 0603Ha4YeHUs AaHHOMO
BMAA VHAYKTUBHOCTEN MPUMEHSNIOCh Ha3BaHWe BapuoMe-
Tpbl (peppoBapnomMeTpbl). B HacTosLLLee BpeMs Yallle BCero
MCNONb3yeTCa Ha3BaHWe UHOYKMUBHOCMU C NepemeHHOU UH-
dykmusHocmbko. Vinn nepemenHble (variable) n noactpoey-
Hble (tunable) MHAYKTMBHOCTU. Knaccuyeckas KOHCTPYKLMS
nepemMeHHON UHAYKTUBHOCTWU MpeactaBnsier cobom 0bbiy-
HYIO MHAYKTUBHOCTb, B LLEHTP KOTOPOW MeXAay BUTKaMM Mo-
Mellaetca mMaTtepuan ¢ 60NbLWKUM 3HaYeHMEM MarHUTHOM
NPpOHNLAEMOCTU. Kak oTMe4anoch paHee, B MeXXBUTKOBOM
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NPOCTPAHCTBE MHAYKTMBHOCTKM COCPELOTOYEH MaKCUMYM
HanNpsKeHHOCTY MArHWTHOrO NOJIS, MO3TOMY Ha/lM4Yme Tam
MaTepuana ¢ 601bWON MArHUTHOW MPOHNLUAEMOCTLIO M3~
MEHSET MJIOTHOCTb MAarHUTHOrO MOTOKAa W MPUBOANT K yBE-
NIUHEHMIO HOMUHAMbHOW MHAYKTUBHOCTM KaTyWwKkK. Yalle
BCEro A1 3TOW Lenu NpUMEHSAIOTCS CepaAeUHNKN (MM noj-
NOXKKN, B 3aBUCUMOCTI OT KOHCTPYKLI) 13 heppomMarHmT-
HbIX MaTepuanos. MNMpu 3ToM cieayeT UMeTh B BUIY, YTO BBe-
[leHne B MeXXBUTKOBOE MPOCTPaHCTBO GeppomMarHmMTa npm-
BOAUT TONLKO K YB8eAUYEHU0 HOMUHANLHOW MHAYKTUBHOCTU.
B 50-x rogax npowsioro Beka npeanpuHmMManncb nonbiT-
KW MCMOb30BaTb CEPALYHVKM M3 ANAMATHUTHbLIX MaTepua-
OB, HO NPOAO/IKEHNS 3TW PABOTbI He NONYYNAN, NOCKOSb-
KY YMEHbLUEHMEe HANPAXKEHHOCTW MarHWTHOIO NOA 3a cHeT
NOrNOWeHNS MarHWTHOIO NOMA B MaTepmane CepAedHmKa
MPUBOAMNO K HArpeBy CepeyHuKa 1 3Ha4YUTeIbHbIM QyK-
Tyaumsm HOYKTUBHOCTU.

PazHoobpa3vie BapWaHTOB WMCMOMHEHWS MepeMEHHbIX
WMHAYKTVBHOCTEN pa3HbiX NPOV3BOAMTENEN OYEHb BEMKO.
Mo3ToMy pazpaboTymky paaroannapartypbl Npuy Bbibope ne-
PEMEHHOM MHAYKTUBHOCTW, MOMUMO COBCTBEHHO Mapame-
TPOB MHAYKTVBHOCTW, ClesyeT obpallaTh BHMMaHMe Ha COOT-
HOLLIEHWE LieHbl 1 KadecTBa. Pasnmyme B10gKeTHbIX 1 JOPOTMX
nepeMeHHbLIX MHAYKTUBHOCTEM 3aKK4aEeTCa B UCMONb3ye-
MbIX MaTepyvanax u Ka4ecTse U3roToseHus. Mpr 3TOM Npu
B6IM3KMX XapaKTepUCTMKaxX LeHa MOXET OTIM4aThCst B He-
CKOMbKO pas. BHellHe BloaXKeTHbIe U A0pOrve MHAYKTUBHO-
CTW NPAKTUYECKMN He OTIMYAIOTCS, MO3TOMY B NMEPBYIO OYe-
pedb HYXHO M3y4aTb TeXHWYeckyto AOoKymeHTauuo. Ang

l TlepexritroyaTesns 1

TlepexiroyaTesns 2

BBICOKOYACTOTHBIM BBICOKOYACTOTHBIN
BBIXO/T BXO[,

a)

Puc. 28. CpaBHeHUe IIepeMeHHBIX HHIYKTUBHOCTEL

a - Gro[sKeTHBIe IIepeMeHHble MHAYKTUBHOCTU cepuii 5CCEG
u FSDVA KoMITaHUY Murata; 6 - moacTpoedHsle (tunable)
BBICOKOYACTOTHBIE MHAYKTUBHOCTHU cepuii Uni5, Unilo,
Slot7 u 148 xomnauuu Coilcraft

CpaBHEHUS Ha pUC. 28 NpUBEAEHbLI BIOAKETHbLIE UHAYKTUB-
HOCTW KOMMNaHum Murata (puc. 28a [43]) n goporuve nHayK-
TUBHOCTK KoMNaHun Coilcraft (puc. 286 [44]) co cpaBHUMbI-
MW XapaKTepUCTUKaAMM.

B HacToOSsILLEe BpeMSA LIMPOKOE pacnpoCTpaHeH e nofy4m-
N1 NepeMeHHbIe MHAYKTUBHOCTM, U3rOTOB/IEHHbIE C NpUMe-
HeHMeM COBPEMEHHbIX TeXHONOorun, Hanpumep MOMC-Tex-
HOMIOTWW. B 3TOWM CBA3M CieayeT 06paTuTb BHIMMAHME Ha Tak
HasblBaeMble npozpammupyemoie (programmable) nHOyKTnB-
HOCTW. Yallle BCEro AaHHbLIN TUM MepemMeHHbIX MHOYKTNB-
HOCTEN M3roTaBAMBALTCA MO MAEHOYHOW TEXHOMOMMU, rAe

iy L00LM

20k V

®eUB109

Puc. 29. [IporpaMMupyemMasi TOHKOIUIEHOYHAs UHAYKTUBHOCTD: a — TOIIOJIOTHUS UHAYKTUBHOCTH C IIepeKI0YaeMbIM BXO-

IIoM; 6 - MaTpHIlA U3 [IepeMeHHbIX HHIYKTUBHOCTEH
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Displacement, um 0

Puc. 30. [TogcTpoeyHas MOMC-UHIYKTUBHOCTD: a — TOIIOJIOTHSI HHAYKTUBHOCTH ; 6 — M3MeHeHHe TeOMeTPUN UHIYKTUBHO-

CTH IIPHU IIPOTEKAHHNHU TOKaA

Ha BbIXOAHOW 3/1eKTPOA NepeKkIyatoTCst AONONHNTENbHbIE
BUTKM KATYLIKK, KaK 3TO MOKa3aHo Ha puc. 29 [45].

Ha puc. 29a m3obparkeHa NaeHOYHas WMHOYKTUBHOCTD
C nepexsityYaemMbiM BXOAOM. epeksioyeHmne npousBoanT-
€S C MOMOLLbIO BbICOKOYACTOTHbIX Pin-AM0oA0B. Kak BMAHO
13 puc. 29a, Npuv nepexkstodyeHnr NpouCXoanT N3MEHeH e
[ONHBI TOKOMPOBOASALLErO C108 CNPANbHOM MPSMOYTO/TbHOM
MHOYKTVUBHOCTW, BCIEACTBME Yero M3MeHARTCS ee HOMUHAb-
Hast UHAYKTUBHOCTb. [Py MONHOM OIMHE HOMWHANbHAS NH-
OYKTVMBHOCTb COCTABAAET 4 HI'H, @ Npu nepermtoYeHn —THIH.
AnanaszoH pabouymx 4acToT — 1-4 Ty, V3 NnogobHbIX MHAOYK-
TUBHOCTEN COCTaBNATCA MATPULLLI (CM. p1c. 296), B KOTOPbIX
NpKY COXpaHeHnn paboyero aranasoHa Y4actoT HOMMHANb-
Haa MHOYKTUBHOCTbL MOXET M3MeHATLCA 0T 140 100 HITH.

Y AAHHOrO T1MAa NEepPeMEHHbLIX MHOYKTVBHOCTEN N3MEHe-
H/E HOMUHAIbHOW VHOYKTUBHOCTU MPONCXOANT AUCKPET-
HbIM 06pa3oM C onpefeneHHbIM Warom. Yatie BCcero 3Toro
[OCTAaTOYHO AN15 pelleHms KOHKPeTHOW 3a[a4m, HO B LIeIOM
psifie ClyqaeB TpebyeTcs He AIMCKPEeTHOe, a HenpepbiBHOEe 13-
MEeHeH e HOMWUHaTbHOM MHAYKTMBHOCTW. DTO O4YeHb MNOX0oXKe

WHTEPHET-MATA3VH

WWW.SMD.I"U

ANIEKTPOHHbIE KOMMOHEHTDI

ANna NOBEPXHOCTHOIO
MOHTa)a

HOBOE B MPOrPAMME MOCTABOK
« KaTyLKu MHAYKTUBHOCTM Ha Toku Ao 10 A
+ U.FL paswembl 1 pigtail co SMA <4

Ha pasnyve Mexay UMOPOBbLIMW M aHANOTOBbLIMW CUM-
Hanamu. [ns pelleHns 3TOM 3a4adym Bbinn paspaboTaHobl
TaK HasbiBaeMble nodcmpoeyrble (tunable) MHAYKTUBHOCTU.
OAVH 13 BapMaHTOB NOAOOHOM MHAYKTVMBHOCTM NpUBEAEH
Ha puc. 30 [46].

OCOBEHHOCTLIO AAaHHOM KOHCTPYKLUWW ABASETCS TO, YTO
ee reoMeTpust 1, COOTBETCTBEHHO, HOMWHANbHAA UHAOYK-
TUBHOCTbL V3MEHSIOTCA B 3aBUCKMMOCTW OT mpoTekatoLle-
ro No 06MOTKe ToKa. VMIHAYKTMUBHOCTbL BLINOJHEHA 13 ABYX
0B6MOTOK — HEeMOABMMKHOWM, XKECTKO 3aPUKCMPOBAHHON, 06-
MOTKM 1 CBOBOAHOM OBMOTKM, C OAHOM CTOPOHbI TakKe
YKECTKO 3aPUKCUMPOBAHHOM, HO C APYron CTOPOHbLI MMEeto-
e BO3MOXHOCTb CBOBOAHOIO nepemelleHns. B npuse-
LEeHHOW Ha puc. 30 MHAYKTUBHOCTY OBMOTKM BbINMOMHEHDI
13 3010Ta. TONLWMHA OBMOTOK COCTaBaseT 1 MKM, paccTos-
H1e Mexay 06MOTKamMuM 1 NoaNoXKon — 300 MKM. Mpu Npo-
TeKaHWKM Toka 4Yepe3 06MOTKY CBOOOAHLIN KOHEeL, BHYTPeH-
Hev 0OMOTKM U3rnMbaeTcs 3a CHeT Harpera U, TeM CambiM,
M3MeHaeTCa obwas HOMUHaNbHAA NHAYKTUBHOCTL KaTyLU-
KW. [JaHHble MHAYKTMBHOCTW MOTYT paboTaTb Ha YacToTax
0015 TTU, Npv 3TOM AnanasoH M3MeHeHNa MHOYKTUBHOCTU
COCTaBNACT He MeHee 8%.

Elwe oAHMM mMHTepecHbIM BMAOM M3IMC-MHOYKTUBHO-
CTer ABASKOTCA TakK Ha3blBAEMbIE KUOKOCMHbIE BbICOKOYA-
CTOTHbIE nepemMeHHble MHAYKTMBHOCTK (liquid RF variable
inductors) [47]. VI3MeHeHne MHAYKTUBHOCTU B HUX MPOUC-
XOAMWT 3a CHET TOr0, YTO B MPOCTPAHCTBO Mexay 0BMOTKOM
N NOANOXKKOW 3a1MBAETCSA XUAKNAA METANNYECKUI CNas,
HanpumMep raavHCcTaH (CMech ranavs, UHaMs 1 0n1oBa). B pyc-
CKOSA3bIYHOW TEXHNYECKOW NuTepaTtype UCnonb3yeTca Apy-
roe HasBaHme —nHrac (0T opmynsl crnaasa InGasn). Temne-
paTypa njasneHna AaHHOro coegnHeHuns coctasnaeT —19°C,
MO3TOMY MPY KOMHATHOW TemnepaTtype 3TOT CriaB >XUA-
KUW. VI3MeHeHne MHAYKTUBHOCTW KaTyLWKW MPOUCXOANT
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aHaNorM4YHO TOMY, Kak npy nomeLleHmn deppomMarHTHO-
rO CeplievHmnKa B MeXXBUTKOBOE MPOCTPaHCTBO O6bIYHOM Ka-
TYLWKM MHOYKTUBHOCTW. 3a5iBNIEHHbIE B IMTepaType AaHHbIe
MO3BOMIAIOT 3aKMOYNTD, YTO KUAKOCTHbLIE MePeMeHHbIe NH-
OYKTUBHOCTM BO3MOXHO MPUMEHATL Ha YacToTax 4o 3 My
npv 4OBPOTHOCTM He MeHbLLe 15. TTpKM 3TOM AMana3oH 13me-
HeHMa MHAYKTMBHOCTY COCTaBNART He MeHee 18%. lNpasaa,
cneayeT OTMETUTb, YTO AaHHbIW TUN MHAYKTMBHOCTEN NoKa
Haxo4MTCA Ha CTaaum NabopaTopHbLIX 3KCNEPUMEHTOB.
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