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PEAJIIBAIIIA HEB3AEMHMUX EJTEKTPUYHUX KLI ITACUBHUMHN KOMITIOHEHTAMMU

This paper describes the method of recording nonreciprocal passive multipoles containing gyrotropic medium with
analysis of linear lumped electric circuits. Nonreciprocal passive devices are designed for meter and decameter wave
ranges on the basis of nonreciprocal effects of helicon waves propagation in magnetized solid-state plasma. The base
element for nonreciprocal passive devices is nonreciprocal transformer containing a helicon resonator. Various
schemes of nonreciprocal transformer connection, combined with additional reactive components, are used to design
the various nonreciprocal passive devices such as isolator, circulator and gyrator. The resulted dimensions of nonre-
ciprocal passive devices are smaller than the wavelength and must be analyzed using lumped theory of circuits. The
paper provides an insight into the methods of calculation of circuit parameters of the nonreciprocal transformer based
on helicon resonator and three specific nonreciprocal passive devices based on it. The paper also proposes a method
of insertion of nonreciprocal passive devices to the matrix of conduction of the nodal model of lumped circuit. It has
been demonstrated that the nonreciprocal passive devices based on gyrotropic medium are exceptions from the recip-

rocity theorem.

Betyn

V Teopiil NiHIMHUX eNeKTPUUYHUX KiJl i3 30ce-
PEIXEHUMU TapaMeTpamu, 110 CKJIAJaThCs 3 Ma-
CHUBHMX KOMIIOHEHT — PE3UCTOPiB, KOHIEHCATOPIB,
KOTYIIOK iHAYKTUMBHOCTI Ta TpaHcPoOpMaTopiB, €
MPUHIIUIT B3aEMHOCTI, SIKWI1, B CBOIO 4epry, IPyH-
TYETbCS Ha TEOpeMi B3aEMHOCTI, sKa (HOpMYIIO-
€Tbcsl Tak [l]: masg Oyab sSKOro JiHiIAHOro KoJja,
CTpyM y k-i JNaHIli, BUKIMKAHWUU eJeKTPOpYILili-

Howo cwuioio E, y m-it nanui, I, = E, g, Oyne

TOPIiBHIOBATU CTPYMY B /m-# JIaHIli, BUKIMKAHOMY
€JIEKTPOPYINIHHOI CWIOK Yy k-i jaHui £, (wo

yuceNnbHO popisHioe E, ), I, = E; g, . JloBeneH-

HJ 1i€i  TeopeMM 0Oa3yeTbcsd Ha  PiBHOCTI
Eim = &mk» SIKA 3a0€3MEUyeEThCS CUMETPI€I0 BU-

3HayHUKAa cUCTeMU piBHsIHBb Kipxroda BiTHOCHO
TOJIOBHOI JiaroHaji. 3acTOCyBaHHSI LIbOTO TIPUH-
LMY TOJIETIIYE aHai3 eJeKTpUUYHUX KiJl MeToja-
MU KOHTYPHMX CTPYMIB i BY3JIOBUX ITOTEHLiaJiB,
OCKIJIbKM MaTpulli Z- Ta Y-mapamMeTpiB B3a€EMHHUX
KiJ1 cuMeTpuuHi. HeB3aeMHMMU MPUITHITO BBaXa-
TU KOJla 3 aKTUBHUMM KOMIIOHEHTaMH [1].
AHaJoTiYHMIA NPUHLMUI B3AEMHOCTI € i B
eJekTpoarHamili. TeopeMa B3a€EMHOCTI, sIKa BU-
TuIMBa€ 3 jieMu JIopeH1a, BUKOHYETbCS AJIS JIiHil-
HUX i30TPOIHUX CEPENOBUIIL i CepelOBUIIl i3 CUME-
TPUYHMMU TEH30paMU MieJIEKTPUYHOI Ta MarHiTHOI
npoHukHocTi [2]. IIpore mpuHLMIO B3a€EMHOCTI He
BUKOHYETHCS y TipOTPOITHOMY CEPENOBMIII, Tapa-
METpHU SIKOTO OIHUCYIOTHCS TEH30pOM APYToro paH-
Ty 3 KOMILIEKCHO-CITOJlyYUeHUMU HeAiarOHaTbHUMU
KOMIIOHeHTaMu. Taki cepegoBuilla TOIUISIOTHCS
Ha TipoeJieKTpUuuHi [4], MpukiagamMu SIKMX € 3ama-
THiYeHa TJ1a3Ma HamiBIpoBiZHMKA abo rasy, 30K-

pema, 1ia3Ma ioHocepyu B MPUCYTHOCTI MarHit-
HOTO TToJIsT 3eMJTi, Ta TipOMAarHIiTHI, 10 SIKMX HaJje-
XaThb HamarHiyeHi ¢deputu [3]. B Takux cepeno-
BUILIAX TIOLIMPEHHS €JIEeKTPOMArHiTHUX XBWJIb BU-
SIBJISIE HEB3a€EMHI e(eKTH, 30KpeMa, e(peKT HeB3a-
€MHOIO TIOBOPOTY IUIOLIMHU MoJisipu3aliii (edekT
®apanest) Ta TOABIHHOIO MPOMEHE3ATOMIICHHS
(edpext KoTtToOHa—MyTOHa).

Ha ocHoBi HeB3aeMHUX €(eKTiB y HaMmarHi-
yeHUX (pepuTax i3 TEH30pHUMU I1apaMeTpaMu Bil-
HOCHOI MarHiTHOI IPOHMKHOCTI CTBOpPEHi HEB3a€E-
MHi TTaCUMBHiI MPUCTPOI i3 PO3MOAIEHUMHU Tapame-
TpamMu (TipaTopu, BEHTWJIi, UMPKYJISATOPU), SIKi
LLIMPOKO 3aCTOCOBYIOThCS Y Jlialla30Hax MiTiMeTpo-
BUX, CAHTUMETPOBUX i, YACTKOBO, METPOBUX XBUJIb
[3]. TIpocyBaHHST (pEPUTOBUX MPUCTPOIB A0 OiNbII
HU3bKUX 4aCTOT oOMexKeHe radapuramMu IIPUCTPOIB
Ta HOMEHKJIaTypolo (pepuToOBUX MaTtepiaiB.

Y MeTpoBOoMy Ta JeKaMeTpPOBOMY JiaIlla30Hax
XBWJIb PO3pOOJIEHI MPUCTPOi Ha OCHOBI HEB3AEM-
HUX e(EeKTiB MOLIMPEHHS TeJiKOHOBUX XBWJb Y
3aMarHivyeHiil 1jaa3Mi HamiBOPOBiAHMWKA, SIKA OIM-
CYETbCS TEH30POM €KBIiBAJIEHTHOI [i€JE€KTPUYHOI
npoHUKHOCTI [4]. Taki mpUCTpoi MalOTh radbaputu
MEHII 3a JOBXWHY XBWJIi Ta MOXYTb OyTU BKIIIO-
YeHi 0 eJeKTPUYHMX KiJl i3 30CcepelkeHUMU Ta-
paMeTpaMu.

OTxe, iCHye Kjac HEB3a€EMHMX JIiHIHHUX Ta-
CUBHMX IPHUCTPOIB HAa OCHOBI TipOTPONHUX Cepe-
JIOBMILL, SIKi TTOTPEOYIOTh aHajlidy MeToJaMu Teopil
KiJ i3 30CepelXeHUMU TapaMeTpamMyd Ta CTAHOB-
JISSTb BUHSATKU 3 TEOPEMMU B3aEMHOCTI. Y KJlacuy-
Hili Teopii Kia i3 30cepedXeHUMMM IapameTpaMu
[1, 5] Taki BUKJIIOUEHHS HE OIMCaHi, TOX po3po0-
JICHHSI METOMY iX BpaxyBaHHS € aKTyaJbHUM 3a-
BIAHHSIM.
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ITocTanoBka 3amaui

MeTo1o0 pobOTU € pO3pobJIEHHSI METOMY Bpa-
XyBaHHSI HEB3a€EMHUX MacCHUBHUX 0araTOMOJIOCHU-
KiB, 10 MICTSITh TipOTPOIIHI CepedoBHINA, IIpU
pO3paxyHKy €JIEKTpUUYHUX Kil i3 30cepenkeHUMU
napaMeTpamMy Ha TPUKIIaJi HEB3aEMHUX MACUBHMUX
MPUCTPOIB Ha OCHOBI TeJiKOHOBOTO pe3oHaTopa—
TeJIiKOHOBOTO BEHTWJISI, LIMPKYJIITOpa Ta ripatopa.

HeB3aemuuii Tpancdopmatop

bazoBuM eneMeHTOM [J1s1 TeJiKOHOBMX HEB3a-
€MHUX TTACUBHUX MPUCTPOIB METPOBOTO Ta JAcKaMe-
TPOBOTO Jiala3oHiB XBWJIb € TeJliKOHOBUIA pe30Ha-
TOp, 1O MOB’SI3yE MiX COOOI CUCTEMY KOTYILIOK
IHIYKTUBHOCTI. ['€1iKOHOBUIA pe30HaTOp SIBJSIE CO-
0010 TIACTUMHY HaIliBIPOBIIHMKA 3 BUCOKOIO PYyXO-
MICTIO HOCIiB 3apsiiy, BMIillleHy y CTajle MarHiTHe
noJjie. B MpuCyTHOCTI 30BHILIHBOTO MAarHiTHOrO IO-
Jig TIa3Ma HamiBIpOBiAHMKA Ma€ TEH30pHI Mapa-
METpU €KBiBaJIEHTHOI HieJIeKTPUYHOI MPOHUKHOCTI
3 KOMIUIEKCHO-CIIOJIyYUEHUMU  HeAiarOHAJIbHUMU
KoMIloHeHTamMu. HeB3aeMHi edekTu IolIMpeHHs
TeJIiIKOHOBUX XBWJIb Y PE30HATOpPi 3a0€3MeuytoTh He-
B3a€EMHUI 3B’SI30K MiX KOTYILIKAMU iHIYKTUBHOCTI.

Takuii eleMeHT XapaKTepU3yETbCSI CUCTEMOIO
BJIACHUX Ta B3aEMHUX IHIYKTUBHOCTEW KOTYIIIOK,
y 3arajibHOMY BWIJISII HECUMETPUUYHOIO, TOOTO
MoOXe OyTM ONMCaHUI K HeB3a€EMHUI TpaHchOp-
matop. Ha puc. 1 mokazaHo KOHCTPYKIIil0 HEB3a€-
MHOTO TpaHcdopMaropa 3 JBOMa OpPTOrOHAJIbHU-
MU KOTYIIKAMU iHAYKTUBHOCTI.

Z

7

/ bl/ /2a
% T

Puc. 1. He3aemHuii tpaHchopmarop: B, — iHAyKIlisI 30BHilll-

HBOTO MarHitTHoro moist; 2a, 2c¢, 2b — TeoMeTpuuHi
pO3MipH TUIACTUHU pe30HaTopa

3aBIsIKM TOIIMPEHHIO B TeJliKOHOBOMY DPE30-
HaTopi TOJSIPU30BAHUX MO KOJY TIeJiKOHOBUX
XBUJIb MiXX KOTYIIIKAMU BUHMKAE HEB3aEMHMU iH-
OYKTUBHUI 3B’s130K [4]. Hag3zBuuaitHo mana dazo-
Ba IUBUAKICTb TrediKoHOBUX XBWIb (10°—10° m/c)

Jla€ 3MOTy 3AiACHUTH PO3MIpHUIN PE30HAHC Tei-
KOHOBOI XBWIi y TIUIOCKOMNapaseabHill TIJIacTHUHI,
TOBIIIMHA SIKOI HabaraTo MeHIlla 3a JOBXUHY eleK-
TPOMATrHITHOI XBUJIi. MatepiajioM JJ1s1 TeTliKOHOBUX
pe30HaToOpiB BUMOMPAIOTh HAIiBIPOBIIHUKU 3 BU-
COKOIO pPYXJMBICTIO €JIEKTPOHIB (Hailyacrimme —
aHTUMMOHIJ iHIil0, JIETOBAaHUI TEJIypOM).

OCKiJIbKM TeOMETPUYHI PO3Mipy HEB3AEMHOTO
TpaHcopMaTopa HabaraTo MEHIINI 3a HIOBXWHY
€JIEKTPOMAarHiTHOI XBUWJIi, MOro XapaKTepUCTUKU
MaloTh OYTH ONHKCAaHiI TEOPIi€I eIEKTPUUYHUX Kil i3
30CEPEeIKEHUMHU TTapaMeTpaMu.

VYV HeB3aeMHOMY TpaHCPOpPMATOPi 3a paxyHOK
KpYroBoi moJisipu3allii reJikoHOBO1 XBUJIi y Telli-
KOHOBOMY pPE€30HATOpi HEB3aEMHMUI 3B 130K MiX
KOTYILIKaMW iHAYKTUBHOCTI BeAe A0 TOTO, 110
TpaHcopMaTop 3MiHIOE a3y XBWI, SKa ine B
OIHOMY HampsIMKy Ha Frn /2, Ta obeprae dazy
XBUJIi, $Ka WJae y 3BOPOTHOMY HAaIpsSMKY Ha
+n /2. IonsipHicTh 006epTy a3 3ajeXuTh Bil Ha-

MPSIMKY CTaJIOr0 MarHiTHoro nmnoJjs. Takuii mpu-
CTpili € TpaHc(opMaTOpOM 3 YSIBHUM KoeillieH-
ToM TpaHcdopmaliii. MaTpullsd po3citoBaHHS inea-
JILHOTO Y3TOMXKEHOro TpaHchopMaTopa 3 YSIBHUM
KoedillieHTOM TpaHchopMmallil Ma€ TakKuid BUTJISI;
Isi=|° ¥
+j 0

VY Tteopiil Kin po3rismaeThcsa peamizallis imea-
JILHOTO TpaHcdhopmaTopa 3 ySIBHUM KoeillieHTOM
TpaHcgopMallii KaCKaJHUM BKJIIOYEHHSIM TipaTtopa
Ta B3aEMHOTO (pa3oobepTava, 1mo 3MiHIOE a3y Ha
+n/2 4n —n /2 AK B IPSIMOMY, TaK i B 3BOpPOT-

HOMY HaImpsiMKax [5].

OCKIiJIbKM TeJIiKOHOBA XBWJIS Yy IUIACTUHI pe-
30HaTOpa 30YMXYETbCS MATHITHUM IIOJIEM KOTY-
LIIOK iHOAYKTUBHOCTI, TO TipOTPOIIHE CEpEeIOBUILIEC
MOXXe OyTH 3pyYyHO OIMCaHe TEH30pOM €KBiBaJeH-
THOI MArHITHOI IIPOHMKHOCTI, SIKUI BimoOpaxye
aHI30TPOIII0 CepeaoBHIlA B IJIOLIMHI, NEepHeHIN-
KYJISIpDHIM HaIIpSIMKY 30BHIIITHBOIO MAarHiTHOIO I1O-
Jid. SIKIIo MarHiTHe 1moJjie OpieHTOBaHE B3AOBX OCI
Z, TO TaKUi TEH30p IPYroro paHry €KBiBaJICHTHOI
MAarHiTHOI MIPOHUKHOCTI Ma€ BUTIISL [6]

~ up —Ju
I ={ =" . (1)
Jur Uy
ta(“k(’;)d )+ tan E% ;
me pp =l+y.; B =xrs XL =—— 7 —
A = (k.d) (k, ); d — HAaIliBTOBIIMHA

T 2
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pe3oHaropa; k, i k. — XBWIEBI 4McCla TIPaBO- i

HiBOHOHHpI/I3OBaHI/IX TeJIiKOHOBUX XBUJIb:

k, = |-29Ho {\/ T+ u? vu— j1+u? }

2(1+u
= 2((1;6“0 {\/ 1+ u? —u— V1 +u? +u}
+u

Ie o = 21f — Kpyrosa yacTota; p, = 4n- 107 Tu/M —
MarHitHa crajga; u =p, B, — IOKa3HUK 3aMarHi-

YEHOCTI IIIa3MM HaMiBIPOBITHMKA pe30HATOpa;
© = n.ep,, — INATOMA TPOBIIHICTL MaTepiay pe3o-
HaTopa; H, — KOHLEHTPALis €JIEKTPOHIB; e — 3apsif

eJIEKTPOHA; |1, — PYXOMICTb €JIEKTPOHIB.

st oTprMaHHS MaTpulli iHAYKTUBHMX Mapa-
METpiB HEB3aEMHOIO TpaHC¢opMaTopa HEOOXiIHO
OTpMMAaTH MATPUIIIO0 MarHiTHOTO 3B’SI3Ky, SIKa CITO-
Jlyuae MiX coboro BekTopu b Ta h BimmoBigHMX
KOTYIIOK iHAYKTUBHOCTI, 1[0 JIeXaTh y ILIOLIWHI
XY. ¥V [7] orpyuMaHO MaTpUII0O MarHITHOTO 3B’SI3KY
IJ1s1 TpaHchopMaTopa 3 JOBUTBHUM YHUCIOM KOTY-
IIOK iHOYKTMBHOCTi, HAMOTAHUWX IMid AOBiITBHUMU
KyTaMU OfHA A0 OAHOI y TAKOMY BUIJISIII:

bl Mll M12 MIN hl
bZ M21 M22 M2N h2
o l=n )
bi 0 Mil Mi2 MiN hi
_bN_ _MNI MN2 MNN_ _hN_

abo
N
bi = HOZ Mikhk'
k=1

V wiit popmyni
My, =, COSQ; COS @y + [y, COS@; Sin @, +
+ Wy, SIN@; COS @y + 1y, SIN @; SIN @y,

B Py =My =Wp, Hyy =—JHp, Hye = JH7.

st ABOX KOTYIIOK iHAYKTMBHOCTI, pO3Tallo-
BaHUX I KyToM 90° ogHa mo omHoi (AuB. puc. 1)
¢, =0, 9, =n/2, Ta MaTpULI MarHiTHOTO 3B’f3-
Ky (2) i3 BpaxyBaHHsM (1) HaOyme BUIJISIOYy, 11O
30iraeTocs 3 (1):

u —-Ju
IM|=| " " . )
+JUr Mz

IIs1 MmaTpulisi Ma€ KOMIUIEKCHO CITOJYYeHi He-
JiaroHaJIbHi KOMIIOHEHTH, SKi OOYMOBIIIOIOTH HE-
B3aEMHUI 3B’SI30K MiX KOTYLIKaMu iHIYKTUBHOC-
Ti. [HIyKTUBHICTh BiZOKpEeMJIEHOI KOTYIIKU iHIyK-
TUBHOCTi 0€3 TeJikOHOBOIO Pe30HaTopa 3aJeXUTb
Bil 4uclia BUTKIB, (opMu Ta reoMeTpUUYHUX
po3MipiB i Moxe OyTM HaBedeHa Yy BUIISII
L =n*Ly, oe n — 4UCI0 BUTKIB y KOTymi, L, —
IHAYKTUBHICTh OJHOBUTKOBOI KOTYIIKM Ti€l caMoil
¢dopMu Ta poaMmipiB. Y [8] HaBeaeHO rpadiku Ta
dopMysIM 111 pO3paxyHKY iHAYKTUBHOCTI KOTYII-
KA 3 ONJISIAY Ha 11 popMU Ta TeOMETPUYHI PO3Mi-
pu. Ha migcraBi nmx po3paxyHKiB CKjiaaemMo Mart-

PUIIIO iHIYKTUBHOCTEN OIHOBUTKOBHMX KOTYIIIOK
L 0
Tpancdopmaropa: || Ly |l = ' , — Ta Mar-
0 Ly
. . n 0
PUIIIO YKCeNT BUTKIB Y BULIISIIL || 1| = 0 .
ny

I3 BpaxyBaHHsAM (3) 3HalimeMo MaTpULIO iH-
TYKTUBHOCTEHN IBOX KOTYIIIOK, PO3TAllIOBAHWX ITilI
kytoM 90° ogHa 4O OAHOI Ta IOB’SI3aHMUX Yepe3 Ie-
JIIKOHOBUI Pe30HATOD:

ILT =l M1 Lo ]l 4)
Okpemuit enemeHT Martpuui Ly, =n M, L, n,,
ne i, k=1,2,..
[Ticisa epeMHOXEHHS MaTpULb OTPMMAEMO
2
nin gLy

Jnihyur Ly,

_jnanHTLOZ (5)

E !
nyu Ly,

Ax BugHo 3 popmyau (5), oTpuMaHa MaTpu-
1S iHAYKTMBHOCTEH Ma€ KOMILIEKCHO CITOJy4YeHi
HediaroHaJabHi KOMIIOHEHTHU, SIKi XapaKTepH3YIOTb
HEeB3aEMHUI TpaHcopMaTop 3 YySIBHUM Koedillie-
HTOM TpaHcdopmalii. Takuidi ABOOpaMHUK IIpU
OIHAKOBIl KiJIbKOCTi BUTKIB B OPTOrOHAJILHUX KO-
TyLLIKaX HeB3aEMHUI TiJIbKU 3a (pazolo.

Big maTpuii iHDyKTMBHOCTE MOXEMO IIepe-
WTH Ge3nocepeaHbO A0 MaTpUlli Z-TIapaMeTpiB:

121 = jo LI+ Rl

ne |R|| — miaroHasbHa MaTpUIsi OMiYHMX OMOPIB

KOTYIIOK iHTYKTUBHOCTI.

OrpumaHa MaTpulsl IMIIEJAHCIB OIMCYE He-
B3aEMHUU 0araTomoJIIOCHUK, BXOJAMU SIKOTO € KO-
TYIIKMA HEB3aEMHOTo TpaHcdopmaropa. Bona mae
MOXJIMBICTb BpaxyBaTy 0araTOMOMIOCHUK SIK AiISTH-
Ky €JEKTpUYHOIo KoJja IiJ yac MOoro aHajizy Oynb-
SKMM METOJOM Teopii KiJ, Hampukiaa, METOI0M
KOHTYPHMX CTPYMiB UM BY3JIOBMX IMOTEHIIiaTiB.
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ITpu BHeceHHi HEB3aEMHOIO 2n1-TIOJIOCHUKA
0 By3J10Boi Momenti [9] KoxeH i-ii 3 n BXOMIB
TpaHcopMaTopa Mif’ €JHYETLCS 1O Iapy BY3IIB o;
Ta [; TAKMM YMHOM, LIO 3O0BHIlUHI/A BiIHOCHO 0a-
TaTOIOJIIOCHUKA CTPYM Y BY3Ji o, BBaXKaeTbCs Ta-
KUM, LIO BTIKa€ B HBHOTO, a B [3;, BilIOBiIHO BHUTIi-
kae. IIpaBuyio BpaxyBaHHSI HEB3aEMHOTO TpaHC(O-
pMaropa B Marpuli mposimHocteit |Y| Bysmosoi

moneni 3amimmemo st Matpui | gl =]1Z |

Yo'iak - Y“f“k + 8ik Y%‘ﬁk - Yaiﬁk ~ 8ik>
Yoo, =Yoo, — 8 Yop, = Ypp, + 8its

ne i,k=1,...,n

TakyvM 4MHOM, BKJIIOYEHHSI HEB3a€EMHOIO Ma-
CHBHOIO 0araTomoyIloOCHMKa (HEB3aEMHOTIO TpaHC-
¢opmatopa) nmo By3/lI0BOi MOJENi €JIeKTPUYHOTO
KOJIa i3 30CepeIKeHMMM IlapaMeTpaMM BigOyBa-
€ThCS Y TaKiil MOCIIiTOBHOCTI:

1. IIpoBomUTBCS PO3PaXyHOK KOMITOHEHT Te-
H30pa €KBiBaJIEHTHOI MAarHiTHOI MPOHMKHOCTI Te-
JIIKOHOBOT'O pe30HAaTopa 3 OMISIAY Ha Moro i3zuko-
TOIOJIOTiUHI XapaKTepUCTUKU.

2. IlpoBoauTbCsl pO3paxyHOK BIACHUX iHIYK-
TUBHUX i PE3UCTUBHMX MapaMeTpiB CHUCTEMMU KO-
TYLLIOK HEB3aEMHOIO TpaHcdopMaTopa 3 OIISIILL
Ha iX (i3MKO-TOMOJIOTIYHI XapaKTepUCTUKH.

3. Po3paxoBylOTbCSI KOMIIOHEHTUM MAaTpMILIi
MAarHITHOTO 3B’SI3KY HEB3a€EMHOIO TpaHC(hOpMAaTO-
pa (2) i3 BpaxyBaHHSIM KYTiB MiX KOTYLIKaMU
TpaHcpopmaropa.

4. Po3paxoByIOTbCS KOMIIOHEHTHM MAaTpHIIi
iHIYKTUBHOCTE HEB3aEMHOro TpaHcdopmaropa
(4) i3 BpaxyBaHHSIM HaMOTOYHMX MapaMeTpiB KO-
TYIIOK iHIYKTABHOCTI.

5. Po3paxoBylOTbCSI KOMIIOHEHTU MaTpulli /-
napaMeTpiB HEB3aEMHOIO TpaHCGopMaTopa i3 Bpa-
XYBaHHSIM PE3UCTUBHUX XapaKTePUCTUK KOTYIIOK
iHIYKTUBHOCTI.

6. HeB3zaemHuii 6araTorojiloCHUK, OIMCAHUI
MaTpHUlIel0 Z-TapaMeTpiB, BHOCUThCS AO BY3JIOBOI
MOJZENi eJEKTPUYHOIo KoJjia. 3aJeXHO Bif TEeXHO-
JIOTIYHOI peajizalii MPUCTPOIO A0 MOIEi BHO-
CIThbCSI OONATKOBI Ta Mapa3WTHI €MHICHI i pe3uc-
TUBHI KOMITOHEHTH.

3anponoHOBaHUII METOA MOXe OyTU 3aCTOCO-
BaHWI1 IJIT PO3paxyHKy XapaKTepUCTUK HEB3aEM-
HUX TACHBHUX IIPHUCTPOIB, BKITIOUECHMX IO €JIEKT-
PUYHMX KiJT i3 30CepeKeHUMH MapaMeTpaMu.

PosrisHeMo Tpu OKpeMi BWIIAIKKA 3acTOCY-
BaHHSI MOJIEJIi HEB3AEMHOTO TpaHc(opmaTopa st
PO3paxyHKy XapaKTepHUCTUK HEB3aEMHMX TMACHBHMX
MPUCTPOIB — BEHTWJISI, LIMPKYJISITOpa Ta TipaTtopa.

Bentnin

IneanpbHuMii BEHTUIb — 1i€ MACUBHUM HeB3ae-
MHUI JBOOpaMHMK 3 Koe(illiEHTOM Iepenadi B
MPSIMOMY HANpsIMKY, PiBHOMY OJIMHMIIi, Ta y 3BO-
POTHOMY HAIpsSMKy — HYJIIO.

Matpuuisi po3citoBaHHS i€aJbHOTO Y3roJKe-
HOTO BEHTUJISI MA€ TaKWil BUTJISIAL

0 0

Sl =
IsI=|,

Y MeTpoBOMy Ta JeKaMeTpOBOMY Adiara3oHax
XBWJIb BEHTWUJIb Peali3yeETbCS HAa OCHOBI PO3IISIHY-
TOro BMIIE HeB3aeEMHOro tpaHcgopmaropa. B [10]
PO3IJISTHYTO XapaKTepPUCTUKU HEB3AEMHOIO TpaHC-
¢opmaropa 3 ABOMa KOTYIIKAMM IHIYKTUBHOCTI,
pO3TallOBaHUMU TIiJ KYTOM ¢ OAHa 0 oAHoi. Ma-
TpULSl MarHiTHOro 3B’SI3KY ISl TaKOro BUMAAKY
Ma€ BUIJIS

) Ly COSQ— jug Sin @

M| = .
Ky COSQ+ jur SINQ K

(6)

3a dopmynoro (4) i3 BpaxyBaHHAM (5) Ta (6)
BM3HAYMMO MATPUIIIO iHIYKTUBHOCTEH

n cos @ —
2 ln’Z(“L ¢
nipg Ly = jugsing),
IL] = ! oo
mny(u coso+
muy Ly,

+ Jug sing) Ly,

KoTylmku iHIyKTUBHOCTI BEHTUJIS 3’€IHYIO-
ThCS 32 CXEMOKO Ha puc. 2 Ta IMiAKIIOUYeHi 00 i-
Hii mepenaui 3 XBUIbOBUM omnopoMm Z; =50 Om
i1 yTBOPIOIOTH ABa KOHTYypu. Ha cxemi mokaszaHo

Mapa3uTHY €MHICTb MiX KOTYLIKaMW iHAYKTUB-
HOCTEM.

o, 0

Puc. 2. CxemHa Mozenb rerikoHoBoro BeHTwst: 1, U, — BXimHi
T1a I,, U, — BUXiIHi CTpyMM i Hampyru BiImoBimHo; L,
L, — BacHi iHAYKTUBHOCTI KOTYLIOK TpaHchopMaropa
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Martpulito OMiYHMX OMNOPiB KOTYIIOK iHAYK-
TUBHOCTI 3aMuIleMO Y BUIJISII

R 0

IR =
0 R,

. (8)

I3 (7) ta (8) 3HaxoAMMO HEHOPMOBaHY MaTt-
pulLI0 Z-napaMeTpiB JBOOpaMHUKA

1Z] = jeo | L]l +IR].
OTpuMaHuii BpiBHOBaXeHWI JIBOOPaMHUK

Moxe OyTM BHECEHMI OO0 MaTpHUIli MHpPOBiTHOCTEN
BY3JIOBOI MOJIEJi 32 CXeMOIO TPUIIOJIOCHUKA:

1
llY”:EX
o B Y
a +Zy ~-Zy +(Zy —Zy)
x||B -7y +2Zy +(Z1, =21 |, (9)

(Zyy~Zy) +(Zy—Z11) HEy =L -

Y 12 =42 21 — 411
-2y - Zy)

e o, — BiUIbHI, Y — 00’€IHaHi BY3J1 KOTYIIOK
IHAYKTUBHOCTI.

[nsa BpaxyBaHHSI JONATKOBUX i Mapa3svTHUX
€MHOCTEH cKageMo Taky maTpuio [11]:

JoCG  —joC,

1Yell = , (10)

—-joC joG,
JIe IiarOHaJIbHI KOMIIOHEHTHA — IIPOBITHOCTI modaT-
KOBHMX EMHOCTEN, BKJIIOYEHUX IapalieJIbHO BXOJaM
JIBOOpaMHMKA, HeJiaroHajbHIi — IIPOBITHOCTI HO-
JATKOBUX i Mapa3suTHUX €MHOCTEH MiX BXOJaMu
neoopaMHuka (Cp, = Cyy).

Bin otpumanoi 3a cxemoro (9) MaTpulli By3Jio-
BOI MOJIeJli, sIka MOXe MICTUTU AOJATKOBi €J1eMEHTHU
€JIEKTPUYHOTO KOJa, MEepeXoauMo A0 Marpuii Y-
napameTpiB [9] 1BOOpaMHMKA BiTHOCHO BY3JiB o, f3 ,
BBaXalOUM By30J Y 3arajbHuM. [lomaBiiuv A0 Hei
matpuuo||Y, || (10), 3HaX0IMMO OCTAaTOYHO HEHOP-

MOBaHy MaTpUIIIO Y-TIapaMeTpiB JTBOOpaMHUKA:

1 Aﬁﬁ -A

Ba
1Y ll=+—— +IYell, (11)

aa,Bp AaB _A(xa
zie A’.j — MiHOp MaTpulli MPOBIIHOCTEN BY3JIOBOI
Mofeli; A, .. — ii KpaTHe ajareOpuyHe JTO0TIOBHEHHS.

i, jj

ITicng HopmyBaHHs (11) Ha XBWJIBOBI OMoOpU
MiABeACHMUX JIiHIM Tepenadyi 3HaXOAUMMO MaTPULIIO
pO3CilOBaHHS BEHTUJIS:

151 = A= 14Z, MY HIZ, 1) =
<(Il+INZo 1Y 1IVZe I,

ne |[\/Z, || — onmHMYHA MaTpULIS.

3a HaBeIeHUM aJropuTMOM CKJIQIEeHO Ipo-
rpaMmy IJisi pO3paxyHKy CXeMHHUX MapaMeTpiB He-
B3a€EMHOI0 MACUMBHOTO NBOOpaMHMKA, BKJIIOUEHOTO
JIo JIiHii mepenayi.
¥ [10] moka3aHo, 10 HeB3aEMHMI TpaHcdOpma-
TOP 3 OPTOrOHAJIBHUMM KOTYIIKAMU iHAYKTMBHOC-
Ti BUSIBJISIE BUKJIIOUHO (pa30oBy HEB3AEMHICTh, TOMI
SIK TpaHc¢hopMaTop i3 JOBiIHLHO MOBEPHYTUMU KO-
TyLLIKAMM HEB3aEMHUI He TiJIbKU 3a (pa3olo, a i 3a
aMIutiTyno1o. IcHye nesskuii KpUTUYHUI KYT MOBO-
pPOTY KOTYIIOK, NpHU SIKOMY TpaHcGopMaTop CTae
HaMOLIbLI PO3B’SI3aHUM.

VY mpausx [6, 12—18] posmisiHyTi xapakTepuc-
TUKW BEHTWIIiB MIPU Pi3HUX CXeMaX BKIIIOUEHHS He-
B3aEMHOI0O TpaHchopMmaTopa 3 10JaTKOBUMU €MHO-
ctamu. Ha puc. 3—6 HaBeneHO [esiKi IMOIIMPEHi
CXEMU BKJIIOYEHHSI HEB3aEMHOIO TpaHchopmaTopa

o o]

Puc. 3. By3bkocMyroBuii BeHTWIb: R;, R, — OMiuHi OMOpH KOTYy-
oK Tpancdopmaropa; C, €, C, — 10OaTKOBI EMHOCTI

0 .

T v T T
= N A ]

E 51

30 35 40 45 50 55 60 65 70
Yacrora, MI'11

Puc. 4. XapaKTepI/ICTI/IKI/I BY3bKOCMYTI'OBOI'O BEHTUJIA
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Puc. 5. lllupoxocMyroBuii BEHTWIb

L TE st bevabrrebooshosn Sondb

Si2, Sy, Ab

_35 +20 °C .

-+50 oC -50 °C

30 40 50 60 70 80 90 100 110 120
Yacrora, MI'u

Puc. 6. XapakTepuCTHKHU IIMPOKOCMYTOBOTO BEHTHJISI

Ta TUIIOBI TEOPETUYHI I €KCIIEpUMMEHTaJIbHi 4acTo-
THi XapaKTEepPUCTUKU T'eJIiKOHOBUX BEHTHUJIIB.

Bapto 3ayBaxxuTu, 110 TeHEpaTop 3 BEHTUJIEM
Ha BUXOMi € iAcaJbHUM J[XEpeJIoM ITOTY>XKHOCTi, B
SIKOMY MOTYXHICTh I1aAalodyoil XBWJIL HE 3aJIeXXUTh
BiIl onopy HaBaHTaXeHHs. Ll BaacTUBICTH BEHTH-
JIiB BAKOPUCTOBYETHCS Y BUMIipIOBaJIbHUX CTEHIAX
JUISL 3aXUCTY TPaH3UCTOPHMUX MiICUIIIOBAYiB MOTY-
JKHOCTI Bii 3MiH OIIOpY HaBaHTaXXEHH:, IJIs 3Me-
HIIEHHS IHTEPMOAYJISLIIAHMUX CIIOTBOPEHb Ta B
iHIIMX BUMaaKax, sKi MOTpeOyloTh PO3B’SI3KU CUT-
HauiB [19, 20].

IInpkyasarop

IneanbHMil LUPKYAATOP — 1€ Y3rOMXKEHU 10
BCiX Bxomax 0araTONOJIIOCHUK 3 KoedillieHTaMu Iie-
penayi MiX BXogaMmH, SKi B HampsIMKy LIMPKYJISILii
PIBHUMU OJMHMIII, a B TIPOTUJIEXXHOMY — HYJIIO.

Matpulist po3citoBaHHSI ieajJbHOTO Y3rojKe-
HOTO LIMPKYJISATOpa 3 YoTupMa BxogaMu (X-LIMpKy-
JISITOpa) Ma€ TaKUN BUTJISI:

151 =

S = O O
—_ o O O

1
0
ol’
0

S o = O

a 3 TpboMa BxogaMu ( Y-uupkynsitopa) —

00 1
Isi=[1 o of.
010

Y-uupkynsaTop, 110 Ma€e y3romkeHe HaBaHTa-
JKeHHSI Ha TPEeTbOMY BXOMi, IO MEPIIMX JIBOX BH-
SIBJISIE BJIACTUBOCTi BEHTWJIS.

Y MiKpoXBWILOBOMY Jiania3oHi X-LIMPKYJIsi-
TOp peajizoBaHuil Ha edekTi Papaness B Kpyriiomy
XBUJIEBOJIi, 4 Y-LUPKYJISITOP — Ha (hepUTOBOMY pe-
30HATOPi B MPSMOKYTHOMY Ta IOJIOCKOBOMY XBHU-
JIeBoJaXx.

PesynbraTi  eKCIEpMMEHTAJIbHOIO  IOCJi-
JDKEHHST  X-LIMPKYJIITOpa METPOBOro  Aiara3oHy
XBWIb Ha TeJIiIKOHOBOMY pE€30HATOpi HaBeIEHI B
[6], a Y-umpkynsaTopa IeKaMeTpPOBOrO ialta3oHy
XBWiIb — y [21].

KoHcrpykuito  Y-Lupkyasaropa IoJaHO Ha
puc. 7. Ha rei1ikoHOBUIi pe30HATOP IIECTUKYTHOI
dopMHU 3 BIiACTAaHHIO MiX TpaHSIMM d, JTOBXWHOIO
rpaHi b ta ToBuIMHOW 2d < 0,1a HaMOTaHi Tpu KO-
TYLIKM iHIYKTMBHOCTI 3 OMHAKOBOIO KiJIbKiCTIO BU-
TKiB.

Puc. 7. Lupkynsitrop

Jns TpbOX KOTYIIOK iHAYKTUBHOCTi, poO3Ta-
moBaHux mig kyroM 120° omHa a0 omHOI (OUB.
puc.7), ¢, =0, ¢, =2n/3, ¢;=4n/3 T1a mar-
pulsg MarHIiTHOro 3B’sI3Ky (2) i3 BpaxyBaHHSM (1)
MaTUME BUTJIS
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1M =
1 .\3 143
“L _EHL_jjuT _§“L+J7u]‘
__§“L+]7“T “L _EHL_‘ITMT'
1 .\3 143
_EHL_]THT _§“L+‘]7“T HL

s matpuuss Mae KOMIUIEKCHO-CMHOMYYeHi
HeliaroHajgbHi KOMIIOHEHTH, $IKi OOyMOBJIIOIOTh
HEB3aEMHUI 3B’SI30K MiX KOTYLIKAMU iHIYKTHUB-
HocTi. CK1ageMo MaTpULIO iHIYKTUBHOCTEN TPHOX
KOTYILOK, po3TallloBaHuX Mig KyTom 120° ogHa 10
OIIHOI Ta 3B’sI3aHUX Yepe3 reJliKkOHOBUI Pe30HATOp.
3actocyBaBmiu Gopmyau (3), (4), (12), Ta npu-
iMalouu, 110 BCi TpU KOTYIIKU OJHAKOBi Ta MalOTh
10 A BUTKIB IHAYKTUBHICTIO B L, KOXHWH, OTpU-

MaeMo

IL]I= Ly x
LI L
2HL 2HL
M -
' + ﬁ + ﬁ
J 3 Wr J 7 Hr
1
T atet a3
X H - .
+j— ' + ﬁ
J ) Hr J ) Hr
1
§“L+ —EHL““
- u
+ —3 + ﬁ '
J 3 nr J 3 nr

3HaxXoOMMO HEHOPMOBAHY MaTpHII0 Z-Tlapa-
METPiB LMPKYJISATOpa
1Z]l=jol L]+ [R]=
= jo [nlll Ml Lol |n]l+ | RI,

ne |R| — miaroHasbHa MaTpULS OMIYHHMX OIODIB

KOTYILIOK iHIYKTUBHOCTI.
Hnst BpaxyBaHHSI NONATKOBMX i ITapa3sUTHMX
emHocreit [11] ckimagemMo MaTpuiio

joC —joCy -joC,
IYell=|-joCy JjoC -joC|, (14)
—-joCy —joC, joC

Jle JiaroHajibHi KOMIIOHEHTU € TIPOBIIHOCTSIMU
JIOJATKOBUX EMHOCTEM, MapajeJbHUX BXOJaM LIUp-
KyJISITOpa, a HelilaroHajdbHI — MPOBITHOCTI JOHAT-
KOBHUX i TTapa3MTHUX EMHOCTEN MiX BXOTAMU IIAP-
Kynsgtopa. HomiHaam momaTKoOBUX €MHOCTEM BHO-
paHi piBHUMU 3 MipKyBaHb IMMOBOPOTHOI CHMETpii
npuiaaay.

Yepes obepHeny marpuiio ||Z||”' Tta marpu-
o Y|, 3Haxommmo HEHOpPMOBaHY MarTpuiiio Y-
napameTpiB:

1Y I=1Z1"+ Il (15)

OTrpumaHa MaTpuusl Y-mapaMeTpiB Moxe Oy-
TH BUKOPHMCTaHa Ui BHECEHHS IIMPKYJISITOpa IO
MaTpulli MPOBIAHOCTE! BY3JI0BOi MOJEJNi 3a TIpaBu-
JJaMH, OIMMCAaHWMM IJIT HEB3aEMHOTO TpaHCchOp-
Maropa.

ITicna HopmyBaHHs (15) Ha XBuUJEBi omnopu
MiABeIeHNX JIiHIA IIepenadi IlepexogyuMo OO0 XBU-
JIEBO1 MaTpuUlli LUPKYJISITOpA:

151 = At =1VZy Y 11YZ, D>

< (IM+1IVZy 1Y T Zo D7, (16)
1 00

me |[1]|=(0 1 0| — oxuHMYHA MaTPHILI.
0 01

3a HaBelIeHUM aJropuTMOM CKJIAIEeHO Ipo-
rpaMmy IJisi pO3paxyHKy CXeMHHUX MapaMeTpiB He-
B3aEMHOI0 MaCMBHOTO TpUOpaMHMKA, BKIIOUEHOTO
JI0 JIiHil nepenayi 3 XBUJIEBUM ortopoM Z,= 50 Om.

Ha puc. 8§ HaBemeHO pe3yabTaTH pPO3PAXYHKY
3a (opmysnoo (16) 4YaCTOTHMX XapaKTePUCTUK
KOMIIOHEHTIB MaTpuli PO3CilOBaHHS S;i, Sip, Sy
S,, LUPKYISITOpa HA OCHOBI TeJliKOHOBOTO PE30Ha-
TOpa 3 BiACTaHHIO MiX TpaHsimMu a= 10 MM, JOOB-
KMHOIO TIpaHi h=5,8 MM Ta TOBIIMHOIO 2d =1 MM.
Kortylliku 3 » BUTKIB HAMOTYBaJKCh MiITHOIO ILIU-
Horo ToBLIMHOW 0,05 MM Ta wmwupuHow 0,5 MMm.
Poamipu kotymok 10x5x1 MM, Pe3onarop BUKO-
HaHWI 3 aHTUMOHIAY iHIil0, JErOBAaHOIO TEIYpPOM,
3 KOHILICHTpaLIi€0 JIOHOPHOI JTOMIILIKU
n,= 2,1:108 M >, Pyxomicts enextponiB mpu 20 °C
CTaHOBUTH p,=4 B/m-c. 30BHillIHE cTajle MarHiTHe
none iHmykuieto B,=0,9 T npukianeHe neprieH-
MUKYJSIPHO TUIOLIMHI TJIaCTMHU pe3oHartopa. Jo-
JIaTKOBI €MHOCTI MapajejbHO [0 BXOHiB —
C =400 n®. OcKiTbKA KOHCTPYKIIiS IUPKYIATOPA
BUSIBJISIE  OCbOBY ITOBOPOTHY CHUMETpilO, TO
Sx=833=511, Sp3=531=S12, Si3=53= 5.
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Puc. 8. YacToTHi XxapaKTepuUCTUKM KOMITOHEHTIB MaTpHUIli po3citoBaHHs S;; (a), S;; (6), S,i(8), S,,(e) uupKynsaropa

Ax BupmHO 3 puC.8, Ha YacToTi OJM3BKO
20 MI'u koediuieHT mnepemadi UMUPKyIsiTOpa B
NnpsiMOMYy HanpsiMky S,;=0,8, a B 3BOpOTHOMY —
S|, 6mu3bkuii 1o Hys (MeHbuie — 30 ob).

TipaTop

Bnepuie ripatop sk cxeMHUIA ejieMeHT OyB
BeegeHuii y 1948 p. bepHnapaom TenereHom y (y-
HAAMEHTAJIBHIN Mpali 3 KIAaCUIHUX €JIEMEHTIB KiJl
[22]. 3a iloro BM3HAYeHHSIM, TipaTop — lie 0a30-
BUI €JIEMEHT €JIEKTPUYHOIO KOJja, SIKUW Ma€ Taki
BJIACTUMBOCTI:

e TIEPETBOPEHHS JKepesia CTPyMy B IKepesio
HAIpyTH, i HAaBITAKW;

e HEB3aEMHOTO 00epTaHHsS (pa3u curHajay Ha
180°;

e SAKIIO OO0 BXOAY Tripatopa MiAKIIOUUTU
IHOYKTUBHICTb, TO BMXiJ BUSBISITUME BJIACTU-

BOCTi €MHOCTI, i HaBMmaku (KOHBEpCisl peaKTUB-
HOTro o1opy).

Martpuust poacitoBaHHS igeaibHOro TipaTtopa
Ma€ TaKWil BUTJIS;

0 -1
151 = -
10

Y MiKpOXBWJIILOBOMY [ialla3oHi TipaTop SK
HeB3aeMHMI pa3zoobeprau Ha 180°, peanizoBaHUit
Ha edekrti Papages B HaMarHiYeHOMY (PepuTi,
1o Ma€e (opMmy CTPUXKHSI, PO3TAllIOBAHOTO B KpPY-
IJIOMy XBUJIEBONi, Ha (epuTOBili IJIACTHHI abo
chepunuHoMy depuToBOMy pe3oHaTopi [23], pos-
TalIOBAaHOMY B IPSIMOKYTHOMY XBHWJICBOHi B HiMsI-
HLi 3 KPYroBOlO MOJsIpU3alli€el0 MarHiTHOI CKJja-
IoBOI enekTpomarHitHoro moss. Lli mpuctpoi €
IMAaCUBHUMHM HEB3aEMHUMM TIPUCTpOsiIMU. B Komax
i3 30Cepell)KeHUMU MapaMeTpaMu TipaTop peai-
3yI0OTh Ha aKTUBHUX KOMITIOHEHTaX — TPaH3UCTO-
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pax, omnepauiiHMX ITiAcuIoBadYax ad0 TYHEJIbHUX
nmiomax [24].

IipaTop sIKk HeB3a€EMHUI MaCUBHUI MPUCTPIil
MOXe OyTM peajli3oBaHUII Yy METPOBOMY Ta JeKa-
METPOBOMY Jdiana3oHaxX XBWJIb HA OCHOBI paHillle
PO3MJIIHYTOTO  HEB3aEMHOIO  TpaHcdopMaTopa
[25]. HdilicHO, SIKILO Y3roJiXyBaJlbHi MPUCTPOI Ha
BXoJgax TpaHcdopMaTopa 3a0e3IeuyioTh (a3oBUit
3CyB Ha *m /2, TO y3romXeHUil MO BCiX BXomax

HeB3aeEMHUI TpaHCOpMaATOp BUSBJSIE BJaCTUBO-
CTi ripaTopa.

Ha edexri Xona MoxiuBa peainizallisi ripaTo-
pa Ha eKCTpeMajibHO HU3bKMX YacToTax ax 1o Io-
cTiifHOTO CTpyMY [26, 27].
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1. beccornos JI.A. TeopeTdeckre OCHOBBI 3JIEKTPOTEXHUKHU. —
M.: Boiciu. mik., 1996. — 638 c.

2. Mapkos I'T., Yanaun A.D. Bo3byxaeHne 371eKTPOMATHUT-
HBIX BOJIH. — M. — JI.: DHeprus, 1967. — 376 c.

3. Jlakc b., bammon K. CBepXBbICOKOYACTOTHBIC (DEPPUTHI
u deppumarHeTuku. — M.: Mup, 1965. — 612 c.

4. J. Gremillet, “Propagation des ondes metriques dans les

semiconducteurs en presence d’une induction magnetique
continue, effect “helicon”, Ann.
no. 77, pp. 122, 1964.

5. Opmio3u 2K. Teopusi 27eKTPOHHBIX Lieneid. — M.: Mup,
1971. — T. 1. — 498 c., T. 2. — 548 c.

6. boxpunckas A.A., Bynmecmepu B.C., Kpacuauy I.II. Pa-

Radioelectr, vol. 19,

JMIMOTEXHUYECKUE YCTPOMCTBA HAa OCHOBE TEeJIMKOHOBBIX
BosiH. — K.: Buia mk., 1984. — 88 c.

7. Bynmecmepu 10.B. HAyKTUBHBIE XapaKTEPUCTUKU He-
B3aMMHBIX TPaHC(POPMATOPOB HA OCHOBE TI'MPOTPOITHBIX
cpen // DnektpoHuka u cBsizb. — 2000. — 2, Ne 8. —
C.223-225.

8. Kananmapos I1.JI., lleimaun JI.A. PacyeT MHIyKTUBHOC-
teii. CrnpaBoyHas kHura. — JI.: DHeproatromusnar, Jle-
HMHTP. OoTa-HKUEe, 1986. — 488 c.

9. Cueopckuii B.I1., Ilempenko A.H. Anroputmbl aHaiu3a
3JIeKTPOHHBIX cxeM. — M.: CoB. paauo, 1976. — 608 c.

10.  Bywmecmepu IO.B. HeB3aumHblii TpaHchOpMaTop C He-
OPTOTOHATBHBIMU KaTyIIKaMU CBSI3U // DIEKTPOHUKA U

¥V craTTi nmpoaHaiizoBaHO METOIU PO3PaXyHKY
CXeMHUX MapaMeTpiB HEB3aEMHOIO TpaHcpopma-
Topa — 6a30BOro ejeMeHTa IeliKOHOBUX HEB3aEM-
HUX TPUCTPOIB i TPbOX OCHOBHUX OKPEMUX pealli-
3alliii TeJiKOHOBUX HEB3aEMHUX IMACMBHUX MpU-
CTPOIB METPOBOIO Ta AEKAaMETPOBOTO [IiaIla30HiB:
BEHTWJIsSI, LMPKYJISITOpa i ripaTopa. 3anpoIioHOBa-
HO METOJ BHECEHHS HEB3a€EMHUX MacUBHUX Oara-
TOIOJIIOCHUKIB 10 MaTpHlli MPOBiAHOCTEN BY3J10-
BOI MOJIEi JJISI aHaJli3y Kij, 1110 MiCTSITb HEB3aEM-
Hi MacUBHi MPUCTPOI i3 30cepeKEHUMU MapamMeT-
paMy BiIMOBIZTHUMM MeETOJAMM Teopil JiHIMHUX
eJIEKTPUYHUX KiJl.

3anponoHOBaHUM METOJ 3aCTOCOBAaHU ISt
PpO3pO0JIEHHST aJrOPUTMIB i IIPOTpaMHOTO 3a0e3IIe-
YEHHS JJIS1 PO3paxyHKy XapaKTepUCTUK eJIEKTpUY-
HiX KijJ, 110 MiCTSITh HEB3a€EMHI MacMBHi Oararo-
MOJIIOCHUKU, i MOXe OyTH iHTerpoBaHUN O CuC-
TeM aBTOMAaTUYHOIO IIPOEKTYBAaHHS €JIEKTPOHHOI
amnapaTypu.

IMomanbliuM HaNPSIMKOM JOCJIIXEHb € YIO-
CKOHaJIEeHHsI MoOJeJieil TeJliKOHOBUX HEeB3aEMHUX
MacUBHUX MPUCTPOIB METPOBOTO Ta €KaMETPOBO-
ro Jiarna3oHiB XBWJb Ta PO3pPO0JIEHHSI HOBUX He-
B3aEMHUX TACUBHUX IPUCTPOIB ISl TOTpPed Cy-
YacHOI pafioTeXHiKMu.

cBsa3b. TeM. Bbin.: [1po6i1. anektporuku. — 2008. — Y. 1. —
C. 48-52.

11.  Bywmecmepu FO.B. Y4er mapa3uTHBIX 3JIEMEHTOB B MOJe-
JIV TEJIMKOHOBOTO PE30HATOPa ¢ UHAYKTUBHBIMU 3JIEMEH-
TaMU CBsI3U // DieKTpoHMKa U CBsizb. — 2002. — 2. —
C. 82-83.

12.  Kpacuauyu I'.I1. T1oaynpoBOAHUKOBBIN BEHTWJIH METPOBO-
ro auamnaszoHa BosiH // W3B. By30B. PaamosnekTpoH. —
1976. — 19, Ne 3. — C. 122—123.

13.  Toaymuc P.b. O cBoiicTBaX MOJYMPOBOAHUKOBEIX BY-
BeHTUJIEH Ha 3(dexre pasMepHOro pe3oHaHca 3JIEKTPO-
MAarHUTHBIX MarHUTOIUIa3MEHHBIX BOJMH // PaguotexH. u
271eKTpoH. — 1978. — 23, Ne 3. — C. 608—613.

14.  Bymmecmepu B.C., Bynmecmepu FO.B. TepmocTaOUnbHBIN
TeJIMKOHOBBIN BeHTWIb // Tp. 14-it MexnyHap. Kpsim.

KoH®. “CBY-TexHMKa ¥ TeJIeKOMMYHHUKAll. TEXHOJ.”

(KppiMuKo’2004), 2004. — C. 479—480.
15.  V.S. Vountesmery et al., “Temperature characteristics of
Proc. of the XVI Intern.
Conf. on Microwaves, Radar and Wireless Communi-
cations, Poland, Krakov, May 22-26, 2006, vol.?2,
pp. 648—650.

16. V.S. Vountesmery et al., “Temperature Characteristics of

broadband helicon isolators”,

Broadband Helicon Isolators for Meter and Decameter
Waves”, Microwave Theory and Techniques, IEEE
Transactions, vol. 55, is. 10, pp. 2097—2102, Oct. 2007.



16

Haykosi Bicti HTYY "KnI"

2013/2

17.

18.

19.

20.

21.

V.S. Vountesmery et al., “Small-sized Helicon Isolators
for Meter Wave Range”, Proc. of the XVI Intern. Conf.
on Microwaves, Radar and Wireless Communications,
Poland, Wroclaw, May 19—23, 2008, vol. 1, pp. 131—134.
Bynmecmepu FO.B. KackanHoe coeqMHEHNE TETMKOHOBBIX
BeHTwieit // Tp. 20-it Mexaynap. Kpsim. koup. “CBY-
(KpptMu-

TEXHUKA MW  TCJICKOMMYHUKAIl. TEXHOJI. ?

Ko’2010), 2010. — C. 677—678.

Bynmecmepu B.C., 3aspaxncnoe F0.B., Kpacuauu I.Il. ma
in. TlomynpoBOIHUKOBBIE BEHTUJIM [UIsS pamuoriepenaTdu-
koB KB n YKB nuamazonos // Teop. u TexH. panuocBsi-
3u. — 1993. — Beim. 1. — C. 132—139.

L. Laurinavichius et al., “Semiconductor alloy resonator-
type HF isolators”, Electronics Letters, vol. 18, is. 6,
pp. 243-244, 18 March 1982.

A.J. Dinardo et al., “Passive Nonreciprocal HF Helicon
Devices”, 1IEEE Trans. on EMC, vol. EMC-10, no. 2,
pp. 270272, 1980.

PexomennoBana Pamoro
GaKyJIbTeTy eJIeKTPOHIKU
HTYY “KIII”

22.

23.

24.

25.

26.

27.

B.D.H. Tellegen, “The gyrator, a new electric network
elemen”, Philips Research Reports, vol. 3, pp. 81—101,
1948.

Bynmecmepu B.C. Peanuzaius rupatopa Ha (heppuUTOBOM
pe3oHaTtope B pexuMe (heppoMarHUTHOro pe3oHaHca //
DnekTpoHuKa u cBsizb. — 2004. — Ne 22, — C. 70-72.
Xwoacman JI.11. Teopust u pacuer akTuBHBIX RC-1iemeii //
M.: Csi3b, 1973. — 240 c.

Bynmecmepu B.C. Peanmzammsi tupatopa HEB3aUMHBIM
TpaHchOpMaTopoM B METPOBOM U JI€KAMETPOBOM JMaria-
30HaxX UIMH BoiH // PammosnektpoH. — 1999. — 42,
Ne 5. — C. 63—69.

W.J. Grubbs, “Hall Effect Devices”, The Bell System
Technical Journal, pp. 853—876, May 1959.

S. Grutzmann, “Hall-effect gyrators, isolators, and circu-
lators with high efficiency”, Proc. of the IEEE, vol. 51,
is. 11, pp. 1584—1588, Nov. 1963.

Haniiinia no pemaxiiii
15 xBiTHsa 2013 poky



