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METOAN BUMIPIOBAHHSA TA MATEMATUYHA MOJEJIb
OCHOBHHUX XAPAKTEPUCTHUK
XBUWJIEBOJHO-KOAKCIAJIbHUX 3°€/IHYBAUYIB

Ob61pyHmo6ano 0oyinbHiCMb GUKOPUCTAHNS XEULEB00HO-KOAKCIANbHUX 3 €OHY8AUI6, 3A3HAUEHO IXHI OCHOBHI KOHCIPYK-
MUueHi 0cobIUGOCMI MA eNIeKMPULHE XaPAKMEPUCMUKU, WO BRAUBAIOMb HA AHALI3 MA MOOENI0BANHA AHMEHHO-)i0epHuUX
mpaxmie. 3anponoHo8ano Memoo GUMIDIOGAHHA 6MpPam ma PIiGHs Y3200J4CeHHs Makux npucmpoie 3 HBY-mpakmom,

a MmaKodHc Mamemamuiry Mooens, Wo ix onucye.

Knrouosi crosea: HBY, 3’eonysau, xeunesio, koaxcian, yzeoodcenns, KCXH, empamu, mooentosanus.

VY cydacHHX CKIIaJHHUX palioeIeKTPOHHUX CHCTEMax
HBUY-niana3zony — 3B’SI3KOBHUX, TEJIEKOMYHIKaIlil-
HUX, PaJiONOKAIIHHUX — IS JOCSATHEHHS MOCTaBIIe-
HUX IIiJIell aBTOHOMHUMH IHTErpaIbHUMH €JIeMEHTaMH
aHTeHHO-(inepHux TpakTiB (ADT) MOXyTh BUCTyMA-
TH (0COONIHMBO B KOPOTKOXBHJILOBIM YaCTHHI CAHTUME-
TPOBOTO Ta MIJIIMETPOBOTO Jliama3oHiB) (pyHKITIOHATBHI
MPHUCTPOI, peasTi3oBaHi Ha JTiHISIX Nepeaadi pi3HOro THITY
[1]. 3 MeTor0 00’ €THAHHA TaKUX MPUCTPOIB OIUH 3 OfI-
HuM 1711 popmyBaHHs ADT MOXXyTh BUKOPUCTOBYBATH-
Csl CIeialibHi 3’ €IHYBaYi OJHOTO 3 TPHOX THIIIB: KOAK-
claJibHI — JUI 3’ €JHAHHS MIPUCTPOIO OJTHOTO THUIIOPO3-
Mipy JiaMeTpa 3 IHIIMM, XBHJICBOIHI — JIJIS 3’ € THAHHS
(cTHKyBaHHS) XBHJICBOIB 3 HE301KHUMHU KOH(ITypaili-
sIMH TPAKTiB, a Takok komOiHoBaHiI HBU-npuctpoi, pe-
aJTi30BaHi Ha OCHOBI BiJjpi3Ka XBUJICBOIY Ta KOakciaiy.

OCHOBHHUMH EJIICKTPHUYHUMHU XapaKTEPUCTUKAMH
XBWJICBOJIHO-KoakcianbHUX 3’ennyBaviB (XK3) e Brpa-
TH, [0 BHOCATHCS pHcTpoeM 10 ADT, 1 y3romkeHHs 3
perymspaum HBU-TpaktoMm (koedimieHT cTOsS401 XBHU-
i 3a HanpysxenicTio — KCXH a6o Ky ). Indopmaris
LI00 HUX Pa3oM 3 MaTeMaTHYHOIO MOJAEIUIIO (XBHIIbO-
Bi MaTpuli — po3citoBaHHSA B [S]-mapamerpax abo me-
penaui B [7]-mapameTpax) A03BOJISIE HE TUIBKH BUKOHA-
TH aHaJIi3 BXKe iICHyounX 1 peanizopanux ADT, a i mMo-
nemoBati HBU-TpakTh paaioeneKTpOHHUX CHCTEM, BH-
3HAYaTHCS 3 KOMIIOHYBAHHAM 1 OCTaTOYHUMH €JIEKTPUY-
HUMHU HapaMmeTrpamiu ixHix ADT.

BumipioBaHHS XapaKTEPHCTHUK 3’ €IHYBaUiB 3 OHO-
THUITHUM KaHaJIoM (KOaKcialbHUX a00 XBHJICBOIHUX ) pe-
aNi3y€eThCS 32 CTAHAAPTHUMH METOIUKAMU 33 TOTIOMO-
TOI0 CTAHJAPTHOI amapaTtypH, IO Ma€e PETYIIPHUI BU-
MIpIOBaJbHUI KaHAN, HAPUKIIA] 32 JOIIOMOTOIO MaHO-
paMHoro BuMiproBaua napametpis HBU-kin. st noci-
JOKCHHSI XBUJICBOJIHUX CTPYKTYP 3aCTOCOBYIOTHCS KJla-
CUYHI METOIUKH [2], a Ui JOCTIDKEHb PI3HUX MOJIH-
(hikariii MiHIaTIOPHUX KOAKCiaJbHHX 3’€JHYBadiB Haii-
YacTillle BAKOPHCTOBYIOTh METOIMKH, BUKJIAACHI B [3].

XK3 Oynb-sikoro tHiy — e komOiHoBaHi HBU-
YOTHPHITOIIOCHUKH 3 IPUETHYBAIEHAMHU €IeMEHTaMH,
110 OyBaIOTh JJBOX THITIB: IPUETHYBATLHHN (IIaHEIh (iK-
COBaHUX (3aJIeKHO BiJl p0OOYO0T YaCTOTH) TabapuTiB (TH-
opo3Mipy) a00 YaCTHHA KOAKCIaIbHOT KOHTAKTHOT apH
3 XBUIIOBHMM 0110poM Z, = 50 Om. Biamosiano, 3actocy-
BaTH CTaHJAPTHY BUMIPIOBAJIBbHY anaparypy Uil BUMi-
proBaHHs XapakTepucTuk XK3 3 TakuMu KOHCTPYKTHB-
HUMH 0COOIUBOCTAMU HEMOXKIIUBO — IS IIOI'O HEOO-
X1JIHa criemiajJbHa METPOJIOTIYHA METO/IMKA.

Crix 3a3HAYUTH, MO B MyOJIKAIiAX, MPUCBIYCHUX
po3pobii HoBux pimenb XK3 [4, 5], po3misinanoTbes
TIJIBKH 0COOIMBOCTI IXHBOT KOHCTPYKIIIT Ta XapaKTepH-
CTHKH TIPUCTPOIB O€3 MOCHIIaHb HAa KOHKPETHI METO/IH-
KW, SIKi BAKOPHCTOBYBAJIUCS aBTOPaMH ISl BUMipIOBaHb.
V 11iif cTaTTi 3aMPOIIOHOBAHO BapiaHT METOIUKH, IPU3HA-
YeHOI 1Tl BUMIPIOBaHHS XapaKTEPUCTHUK XBUIIEBOIHO-
KOaKCiaJbHHX 3’ €THyBauiB.

KoncrpyktusHi ocobamBocti XK3

VY 3aranbHOMY BHIAJKy XBMJICBOJHO-KOAKCiadbHI
3’€lHyBaui SIBISIOTH co00r0 koMOiHOBaHui HBY-npu-
CTpiH, peasi30BaHUl Ha OCHOBI Bi/Ipi3Ka PEryISIpPHOTO
XBWJIEBOJly Ta KOaKcialnbHOTo po3’eMy. HezanexHo Bia
rabapuTiB BUKOPUCTOBYBAaHHUX KOAKCiaJIbHUX 3’ €IHYBaviB
XK3 MoxyTh OyTH [BOX THIIIB: CIiBBICHO-TOPIIEBI a00
MO3/I0BXXHBO-CIiBBiCHi (pHc. 1).

Puc. 1. 3oBuimHii Buniag XK3: criBBICHO-TOPIIEBOTO
(311164 1 TO3IOBKHBO-CITIBBICHOTO (cnpasa)
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Puc. 2. TTo3n0BXkHil po3pi3 MO3I0BKHBO-CITIBBICHOTO
XBHJICBOIHO-KOAKCIaJILHOTO riepexony [6]

VY xoxxHoMy 3 X XK3 31iHCHIOETBCS IEPETBOPEH-
Hsl €JIEKTPOMArHiTHOI XBHJII OCHOBHOTO TUIy H | pe-
TYJISIPHOTO MPSIMOKYTHOTO XBHJIEBOAY Y KBa3iBOJHY
TpaHcBepcanbHO-enekTpomartitHoro tuny (TEM): B
criiBBicHO-TopueBux XK3 B pesynsrari iHIYKTHBHO-
€MHiCHOTO 30y/I)KeHHs KOaKciaJl Opi€HTOBaHWH mep-
MEHIUKYISIPHO A0 IIHPOKOi CTIHKM XBHJICBOIY, a B
MO310BXKHBO-CITiBBiCHUX XK3 Koakcian po3TalioBy€eTh-
Csl Ha TOPLEBiH CTIiHII BiJpi3Ka XBUIEBOAY B ii reomMe-
TPUYHOMY LICHTPi B PE3yNIbTaTi MOCTYIIOBO] i ITOCIiTOB-
HO{ TpaHCcdopManii enTeKTPOMarHiTHOI XBUII B3TOBX
Bifpi3ka xBUIeBOLy. [ IpHrKiiamoM BapiaHTa MO30BKHBO-
criBBicHOTO XK3 MOJXe CITy>KUTH, HATPUKIIAM, IPUCTPIH,
MO3JIOBXKHIH pO3pi3 SIKOTO HaBEIECHO HA PHUC. 2.

MeToauky BUMIpPIOBaHHS OCHOBHHX
xapakrepuctuk XK3

JloriuHo NpUITyCTUTH, IO TIPU BUMIPIOBaHHI BTPaTH
KCXH tun po3rsnytux XK3 He € IpUHLIKUIIOBUM, TOMY
3apajy 3pyJHOCTi 300pakeHHS CTPYKTYPHUX CXEM METO-
IUKY TX BUMIpIOBaHHS OyeMO pO3MIISLIaTH Ha IPUKITaIi
o3J0BXHBO-ciBBicHIX XK3 [2].

3 [7] BigoMoO, 1110 HAHOLIBIIT JOCTOBIPHUM 1 TOYHHUM,
X04a U JOCTaTHBO TPYOOMICTKHM, CIIOCOOOM BUMIpIO-
BanHs HBY-BTpaT € MeTos 3aMillieHHs, KOJIM BUMIpIO-
BaHuit HBU-nipucTpiii BKIIOYAETHCS B PO3PUB PETYIISP-
HOTO BUMIiproBambHOTO TpakTy. Ockinbku XK3 — e
MPUCTPIH 3 PI3HOPITHIUMH KOHTAKTHUMH KaHAJIaMH, TO
BHOCHMI mpucTposiMu 1o HBY-Tpakty BTpaté morins-
HO BUMIPIOBATH HE U1 OKPEMHX MPHUCTPOIB, a I map
XK3, 00’eqHaHNX XBHIIEBOJHNUM a00 KOaKCiaIbHUM Ka-
HajoM (puc. 3).

Cunin 3a3Ha4uTH, WO THI 00’ eaHaHUX B mapu XK3
BUOMPAETHCS 3AJIEKHO BiJl CTPYKTYPH KaJliOpyBalbHO-
BHUMIPIOBAJILHOIO KaHAITy 3aCTOCOBYBaHOI anapaTypu.

Sk BumMBae 3 [6], 32 yMOBU XOPOILOTO Y3TOKEH-
Hia, y XK3 B pe3ynbraTi nepeTBOPEHHS TUIY eJeK-
TPOMArHITHUX XBWJIb B JIHIAX TepeAadi Ha TUISHIN 3
MPSIMOKYTHUM XBWJIEBOJOM 1 Ha IIJISHLI KOakciamy 3
TEM-xBuiero aMIunityiu KoeilieHTiB BiIOUTTS 1/1€H-
TuyHi. ToMy JUIs1 BU3HAYEHHs PiBHS BTpar o, 110 BHO-
cAThCSA 10 TpakTy okpeMuM XK3, mpencraBiserbes 10-
MIyCTUMUM peajbHO BUMIipsAHi BTpaTH G mapu NpUCTPO-
B pO3IiNUTH HAJBOE:

a [ab] = 0,5G [nb]. 1)

a)

XK3-2

<_Q- XK3-1

6)

XK3-1

Puc. 3. CtpykrypHi cxemu nap XK3, 00’ egHaHIX
XBHJICBOIIHUM (@) Ta KOaKCiaJbHUM (6) KaHAJIOM

CkJajHine OLiHUTH PiBeHb Y3TOPKCHHS OKPEMOTO
XK3. IcHye nBa MpakTUYHO 3aCTOCOBYBAaHUX METOMM,
SKI BUKJIIOYAIOTh HEOJHO3HAYHICTh BuMiproBans HBY-
napameTpiB y3romkeHnHs XK3.

[Tepmmit mepenbadae MpoBeACHHS BUMipIOBaHb
napaMeTpiB y3rojkeHHs: omuHnYHOro XK3 3 BHUKOpH-
CTaHHSIM Y3TOMKCHOTO HABAHTAXEHHS IEPIIOTO KIacy
(Kx < 1,02). Ipu upomy, sikino BuMiprosanni XK3 mij-
KITIOUAETHCS 0 XBUIICBOIHOTO pedIIeKToMeTpa BUMipIO-
BAJIBHOI armapaTypy 3a JOMOMOTOI0 CTaHIApTHUX (hiaH-
IiB, 3aCTOCOBYIOTh KOAKCiaJlbHE y3TOJKCHE HaBaHTa-
skeHHs. Bignosiano, skmo XK3 migkirodaeTses 10 KO-
aKCiaJIbHOTO pe(IeKTOMETPa, 3aCTOCOBYIOTh XBHIIEBOI-
HE y3TO/’KCHE HaBaHTAXCHHSL.

Jpyruii MmeTon nepeadadae MpoBeCHHS BUMIpIOBaHb
HBU-napamerpis mapu XK3, 6e3nocepeHpo 3’ € AHaHUX
(rraHIAMHU Ha3yCTpid OXUH OTHOMY (pHC. 3, a), 3 BUKO-
PHCTaHHIM KOAKCIaIbHOTO y3TO/KEHOTO HABAHTAXKCHHSI.
Le#t MeTox aHAIOTIYHHIA KJIACHYHOMY METOJy BUMIpIO-
BaHH: mapameTpis HBU-npuctpois — MeTomy 3aMirieH-
Hi [7]. Y Bunanky 3 XK3 BiH pealtizyeTbcs B TPH CTaIH:

— KaniOpyBaHHS BUMipIOBAIBHOTO TPAKTY 3 MiAKIIIO-
YEHHSM Y3TOPKCHOTO HABaHTAXKCHHS;

— BuMiproBanHs HBU-nmapamerpis mapu 3’ e1HaHNX
¢manmamu XK3;

— TIepepaxyHOK BUMIpSHUX MapaMeTpiB AJIs OKpe-
moro XK3.

Jl1 excTIepIMEeHTAITFHO BUMIPSHOTO PIBHS Y3TO-
JUKeHHs mapu o0’enHaHux XK3 crpaBeniuBuM € BU-
pa3 [8]

1+ 7|

1— |pz
3BiJIKH MOYKHA 3HAWTH MOIYNb KoedimieHTa BiIOUTTS
CHCTEMH

by
X

g 2

€)

SIko mpuiHSTH, IO MOAYJIL KOe(illieHTa BIIOUTTS
okpemoro XK3 opiBHIOE MONOBUHI |pZ|, TOOTO

>
K —1
Z 9
Kgg +1
TO TTICIIS] HU3KW MaTeMaTHYHUX TIEPETBOPEHB PIBEHB y3T0-
oxerHst okpemoro XK3 3 HBU-TpakTom mo310BKHBO-

p'|=0.5p%| =0.5- (4)
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CIiBBICHOTO XBHJICBOIHO-KOAKCiaJIbHOTO PO3’€EMY MOX-
Ha BU3HAYUTU TAKUM YHHOM:
=
1| 3K +1 5)
CX| ™ KZ 3 .
cx t

Maremaruuna moaeab XK3

V ckiamHUX KoJax 3 PO3MOJiUIEHUMH MOCTIHHHUMY,
Takux gk ADT, 3sMIHHUMH BeIMYHHAMH, IO HE 3aJie-
’KaTh B1JI TUITY JIIHIA TIepeaadi, MpUHHITO BUKOPHCTOBY-
BaTH Ma1ak09i Ta BiIOKUTI MOTYXHOCTI, & 3aJISKHICTh MK
MaJaloYrMu Ta BinOUTUMU BiJ XK3-40THPUTIONIOCHHUKA
XBUJISIMH BU3HAYA€THCS XBIJILOBOIO MaTPHUIICIO PO3Cito-
BaHHS Ta ii OKpEMUMHU KOeillieHTaMu:

Sll S12
S21 S22

JliaroHanbHi eleMeHTH MaTpuLi S, Ta S,, — e Ko-
edinienTy BiIOMTTSA Bil BiANOBIIHOIO IUIeYa, a S, Ta
S, — KoedilieHTH nepenadi, €KBIBAICHTHI BHECEHUM
JOTHPUIOMIOCHUKOM BTpaT. Tomy B HBU-TexHiri Oe3mo-
cepenHiMH 00’ €KTaMH BUMipIOBaHb € KOe(illieHTH Bif-
OWTTS Ta mepeadi MPUCTPOIB, MPH IBOMY BUMIPHU TPO-
BOJISITHCS 3 Y3TOIKEHUM HaBaHTaXECHHSIM.

XK3 Oynb-sikoro THUIY, BKJIIOYHO 3 MO3J0BXKHBO-
criiBBicHUMH, € B3aeMHIUMH HBY-doTnpumontocHuKkamMu
TpaHCcHOPMATOPHOT CXEeMH 3 HEPIBHOMIPHOCTSIMH Y BU-
IJISIT1 3MIHIOBaHUX XBHJILOBHX OIOPIB (€JIEKTPOMArHiT-
HOi XBUJII Bijl XBUJIEBOJHOT MOJIM OCHOBHOTO THIly H,
1o TEM-xBuii 3 XBUILOBUM 0onopoM Z; = 50 Om).

VY 3aranbHOMY BHITQJIKy CTPOTO TEOPETUYHO Mare-
MatuuHa mMojenb XK3 (y Burnani xoediuieHtis [S]-
MaTpulli) Moxe OyTu c(hopMOBaHA KITACHYHUM €JIEKTPO-
JTIUHAMIYHAM METOJIOM, aJIe e TPOMI3/IKHI, JTyKe TpUBa-
JIWH 1 KOIITOBHUH Tporiec. Y Toi ke yac XK3 — 11e j1o-
noMikHi enemenTrt HBU-Tpakty, Xoua i Taki, o icTOTHO
BITMBatOTh Ha napameTpu ADT. Bonn MatoTh KOHKpET-
Hi # peanpHO BuMipioBaHi xapakrepuctukn — KCXH i
BTpatu. ToMy 3 JesIKNM MPUYIIEHHIM MOXHA chopMy-
BaTu [S]-MaTpPHUII0 TAKOTO XBHUIEBOJHO-KOAKCIATEHOTO
Po3’ €My HaliBeMIipHYHUM MeToioM. Toi MaTpuis pos-
citoBaHH# peainizoBaHoro XK3 3 BUMipIOBaHUMHU Xapak-
TEpUCTHKAaMH HaOyBa€ TAKOTO BUIVIALY:

Sp :|P1| S,=e"

Sy = |Pl|
TyT xoedinieHTH BiIOUTTA cHopMOBaHI Ha OCHOBI
BHUMIPIOBaHb 1 TOAAJBINNX PO3PAXYHKIB BiMOBIIHO 110

[s]= ©®)

[Sxm] _ 7

__ —a
S, =e

BUpasy (4), a koeilieHTH Tepenadi BU3HAYaI0ThCS BH-
MIpSHUM 3HAYEHHSM BTPAT, [0 BHOCATHCS PealbHIM
okpemum XK3.

BucHoBkn

Hagenena meroauka BUMIPIOBaHHS OCHOBHHUX €JIEK-
TPUYHUX XapaKTEPUCTHK XBHJIEBOJHO-KOAKCIalbHUX
3’€IHyBauiB, a caMe BTPaT, 10 BHOCATHCS MPUCTPOEM JI0
AHTEHHO-(iIepHUX TPAKTIB, 1 y3TO[HKEHHS 3 PETYSPHUM
HBUY-TpakToM (koedilieHT cTOs40T XBUIIi 32 HANPY>KEeHiC-
TIO), MIPOHIIUIA EKCTIEPUMEHTANBHY anpo0allito Ha HU3LI
KOHKpeTHUX NpUCTpoiB. [Tpu poMy 3’€IHyBau1 JOCIiIXKY-
BAJIMCS HE TUIBKH B PI3HUX YACTOTHHX Jliarna3oHax (XBU-
JIeBoJIaX THIIOPO3MipaMu Bill 23%5 1o 58%25 mm), ane i
3 PI3HUMH KOHCTPYKTUBHUMH PiLlICHHSMH KOAKC1aJIbHOTO
KaHaity (Turiopo3mipamu 3,5/1,52; 6,0/2,6 Ta 7,0/3,04 Mmm).

BararopazoBo BiATBOpeHi pe3ynbTaTd BUMipIOBaHb
xapaktepucTuk XK3 3a 3ampornoHOBaHOI0 METOAUKOIO
MiATBEPAUIN IXHIO TOCTOBIPHICTB, LIO JO3BOJSE pe-
KOMEH/IyBaTH i [ 3aCTOCYBaHHS aBTOpaM iHilliaTHB-
HUX [IPOEKTIB IPU CTBOPEHHI CyYaCHHUX PaiOTeXHIUHUX
KOMIUIEKCIB — I1€ Ha/IaCTh MOXIIUBICTh CKOPOTHTH TEP-
MiHU pO3pOOKH Ta CYTTEBO 3a0IIAUTH KOLITH.
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MEASUREMENT METHODS AND MATHEMATICAL MODEL OF MAIN
CHARACTERISTICS OF WAVEGUIDE-COAXIAL CONNECTORS

Modern complex microwave radio electronic systems may use functional devices implemented on different types of transmission
lines. In order to connect such devices to each other to form antenna feed system, the following three types of special connectors
can be used: coaxial, waveguide, and combined microwave devices based on waveguide and coaxial segments.

The main electrical characteristics of waveguide coaxial connectors (WCC) are the losses introduced by the device to the
antenna feed and matching with the regular microwave path (voltage standing-wave ratio, VSWR). Standard methods and
standard equipment used to measure the characteristics of coaxial or waveguide connectors cannot be applied to WCCs.

This article proposes a method designed to measure the main characteristics of waveguide-coaxial connectors and presents
their mathematical model (wave matrices). The proposed methods of measuring microwave characteristic are demonstrated
on the example of waveguide coaxial connectors of longitudinal coaxial type.

It should be noted that the proposed technique has been experimentally tested on a number of specific devices. Not only the
waveguide coaxial connectors have been studied in different frequency ranges (waveguide sizes from 23 x5 to 58 x25 mmy), but
also with different coaxial channel designs (sizes 3.5/1.52; 6.0/2.6 and 7.0/3.04 mm).

The proposed method provides replicable measurements results of the characteristics of waveguide coaxial connectors, which

confirms its reliability.

Keywords: microwave, connector, waveguide, coaxial, matching, VSWR, loss, modeling.
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