Statement and methods of solution of the problems of structure synthesis do not reach the generalization and
specification, which are inherent to mathematical support of analysis procedures, due to the complexity of formal-
ization. The decision-making lies in the selection and coordination of the most effective variant from a great num-
ber of alternatives. This is such type of activity that is carried out according to the specific technology using vari-
ous methods and technical means. This process could be divided into several stages. At the stage of the alternative
determination, the morphological synthesis is used as one of the most effective methods for their generation. The
morphological matrix is a generalized structure represented as a set of functions performed by the components of
the synthesized objects of this class, and by the subsets of ways of their realization. It is recommended to use the
technology in the information system that permits to automate the execution of design procedures. The informati-
on system should combine the mechanism units and seek the best design that meets the requirements specification.
The next stage is the definition of subunits for the combination and calculation of the parameters, required for the
new design to meet the requirements specification. The optimal design is chosen similarly and if the packaging is
not found, the process will be repeated for the details that make up the subunit

Keywords: structural synthesis, morphological matrix, decision-making information system
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1. BBenenue

Kommnrexcubrit k09 hOUNHEHT OTpakeHUs SIBJSIETCS
OHUM W3 OCHOBHBIX MapPaMeTPOB aHTEHHO-(DUIEPHBIX
yCTpoO#cTB. B aBTOMAaTM3MPOBAHHBIX aHAJIM3aTOpax Ie-
Ieif, KOTOPbIE PEANU3YIOT METO/[ KaJIuOPYEeMOTro IBeHaIIa-
TUNONOCHUKA [1], mapamMeTpbl HEPBUYHOIO IPe0Opa3oBa-
TeJisT HAXOASTCS AKCIEPUMEHTAIBHO, € MCIIOJIb30BAHIEM
Habopa (He MeHe YeTbIpeX) HTaJOHOB KOMIIJIIEKCHOTO KO-
apdummenta orpaxkenus (KO). B ocnose paspaborku
KOHCTPYKIIMM U METOAMK M3MepeHuil MaHHOTO KJjacca
npubOPOB JIEKUT TEOPUSI 1IEIIeil, YTO OrPaHUUNBAET UX Pe-
aJIM3aINIo0 B KOPOTKOBOJIHOBON YaCTU MUJIJTMMETPOBOTO
nuanasona [2].

B crarbe paccmarpuBaeTcsi BO3MOKHOCTH pa3paboT-

KN aBTOMATU3WPOBAaHHBIX aHAJIM3aTOPOB KOMILJIEKCHOTO
KO3C1)(1)I/ILH/IGHT3 OTpa’XeHUA Ha OCHOBE TEOPUHU I10JIA C UC-

[0JIb30BAHKMEM TIPOCTOH KOHCTPYKIMH KPeCTOOOPA3HOTO
JIeJIUTENS MOITHOCTH, KOTOPBIH MCIIOJb3YeTCs B TepPBUY-
HOM U3MEPUTETLHOM TIpeobpasoBarelie, Kak MHOTOILIeYast
OTCYETHAST HEOXHOPOIHOCTD C U3BECTHBIMU PACUYETHBIMU
mapameTpamu [3].

2. AHAJIN3 JIMTEPATYPHBIX JAHHBIX U IIOCTAHOBKA
npooIeMbl

B oTsnnune oT aBTOMATH3MPOBAHHBIX aHAJM3ATOPOB
nemneil, B KOTOPBIX HCIOJb3YETCS COTJACOBAHHAS KOH-
CTPYKIUaA “12-m0M10CHOTO” M3MEPUTENBHOTO Tpeobpa-
3oBaresst [4], paspaboTaH M3MepUTESb KOMILJIEKCHOTO
KoadduImenTa 0OTpakeHus, KOTOPbIA cOOpaH Ha OCHOBE
yeTblpexiiedell HeomHOPOAHOCTU E-TIjlocKocTHOTO BOJI-
HOBOZTHOTO KPECTOOGPA3HOTO JeJNUTENs] MOIIHOCTH € aT-




TECTOBAHHBIMU XapakTepucTukamu. PaccmMaTpuBaemblit
aHaJM3aTOpP 10KA3aJ XOPOIINUe Pe3yJbTaThl IIPU U3Mepe-
HUM TTapaMeTPOB BUOPUPY IOIIUX HEOJHOPOJAHOCTEM, KaK B
3aKPBITOM BOJHOBOAHOM KaHaJie, Tak U B CBOOOHOM IIPO-
crpancTBe [5]. B nacrosieii ctarbe mpoBeeHa aKcnepu-
MEHTaJIbHAS OLEHKA MOTPEITHOCTH U3MEPEHU S KOMILJICKC-
Horo KO npu pabore npubopa B pexkume “BEKTOPHOI
naHopambl” B paboueil 110J10ce 4acToT 8-MU MM JUalia3oHa
JIJIAH BOJIH.

3. IlocranoBka 3amauu. Meroauka uaMepeHust

Ha puc. 1 mokasana cTpyKTypHas cXeMa ISATHIIEeYero
aHaJIM3aTopa KOMIJIEKCHOTO Koa(dduiinenTa oTpaskenus.
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Puc. 1. CTpykTypHas cxema aHanusatopa KOMMIEKCHOrO
KO3ahprLMeHTa OTpaXKeHUS

Kak Bumno u3 puc. 1, E-mmockocTHON KpecToobpas-
HBIA JIeJIUTEb MOILHOCTHU ¢ maedamu 1,2,3,4 BKJIOYeH B
M3MEPUTENbHbIE KaHAJbl ABYX CKaJSAPHBIX pedJeKkTo-
MeTpoB. Tak Kak HalpaBJeHHBbIE JeTEKTOPbI pedrekTo-
METPOB HUCIHOJIB3YIOTCS 1O MPSIMOMY HaszHauyeHW1o (JJisi
u3MepeHus KoaOUIMEHTOB OTPpakKeHUsT 1 OCaabIeHniT),
To npeanosnaraercs, uto WII comepxut equHCTBEHHYIO
HEOJHOPOAHOCTh: 00JACTh COYJNEHEHUsT GOKOBBIX TJIeY
KPecToOOPa3HOTO AETUTENSI MOLITHOCTH.

[TpocToTa KOHCTPYKIUU AEJUTENS TO3BOJISIET aTTe-
CTOBATh €€ M0 TEOMETPUYECKUM pa3MepaM U IOCTPOUTH
AJIEKBATHYIO AJIEKTPOANHAMUYECKY O MOJEIb JJI HAXO0XK-
nenns koadduinentoB maTpullsl paccesnns (KMP) UIIL.
Vciosib3ysi METOJl YaCTHUHBIX II€PeCceKaronuxcs 00Ja-
creit, KMP npeobpasoBareist HaXoAsATCsI, Kak QYyHKIUK
OT YaCTOTBI, Pa3MepPOB IIONEPEYHOTO CEYEHUS IPIAMOY-
rOJIBHBIX BOJIHOBOJIOB W YMCJA YYUTBIBAEMBIX BBICIITNX
TUIOB BOJIH, KOTOPbIe BO30YK/Ia€T HEOAHOPOIHOCTS [6].

[TepBoe cBoiictBo E-kpecTa, KoTOpoe MO3BOJISET HUC-
nmosnb3oBaTh ero B MII — mmaBHOCTH KO3 dUIIMEHTOB
oTpakeHusl U ocjabiieHuil B MPSIMOM HAllPABJIEHUU U B
GOKOBbIE TIJIeur. BXOAHAs MOIIHOCTD AEJTUTENSA NeJTUTCS,
MPUMEPHO, Ha YEThIPE PaBHbIE YACTH.

Bropoe cBoiicTBO, KOTOpOE I103BOJIAET OJHO3HAYHO
HaxoAuTh KoMImekcHblit KO, cBga3ano co crporo nocJe-
JIOBATEJIbHBIM PACIIOJIOKEHEM OOKOBBIX IJIed KPecTa 110
OTHOIIEHUIO APYT K JIPYTY, COIVIACHO €TO dKBUBAJICHTHON
cxeMme. T.e., 9KBUBAJEHTHYIO CXeMYy U3MEPHUTEJNBHOIO Ka-
HaJia 1peobpasoBaTeis MOKHO [IPEACTABUTH B BUJE YEThI-
PEX30H/IOBOI CEKIUU C MOCJEJ0BATEIbHBIM PACIIOTIOKE-
HUEM YeThbIPeX 30H/I0B-TIJIeY.

[Ipu 06paboTke MOKa3aHUN WHIMKATOPOB MOI[HOCTH
yepes pacueTHbie KMP nesnress, cioxHas u 10porocTo-
SIIIas MeTOANKA KaJanbpoBKy “KaanbpyeMbix 12-mosioc-

HUKOB”, 3aMEHSETCS IIPOCTOI METOAUKOHN TI'PajyUpPOBKHU
VM na corsiacoBaHHYIO Harpy3Ky.

C uCcnmoJsb30BaHUEM JECATHUIIONIOCHOTO HU3MEpH-
tenpnoro npeobpasosarens (MII) puc. 1, HeM3BEeCTHBIN
xommexkcuplii KO [T narpysku HaXoAMTCs U3 pelleHns
CHUCTEMBl ABYX KBaJpaTHBIX YPaBHEHHH Ha IJOCKOCTU
OTHOIIeHHs BXOAHBIX BOMH A, =4, /4, ¢ TOCIeAyIONIM
oTpaxkeHueM Ha rmiaockocts I [7]:

s8] pep A
A i1 _ | Vit 0 T ~_ 4 s
Aye ] =[] S Pe 223, (D)
Su S i "to Si +S4 Ay
rae
S, — pacuernsie sHadenus KMP otHOCHTeIbHO 11710~

CKOCTH TTO/IKJIOYEHUS NCCIIeyeMOil Har py3KH;

P’ P nokasanusg VM 1pu noAkjIioyeHUU K U3-
MEPUTEJIIO0 HTAJIOHHOI HArpy3Ku ¢ n3BecTHbIM KO I"O (B
YaCTHOCTH, I“O =0);

P,P, — nokasanua VIM npu 1oAKII0YEHUU K U3MEPU-
TeJTio HaTPy3KH ¢ HenspecTHEIM KO T

A, =4, /4, KOMILJIEKCHOE OTHOIIeHHE eAUHCTBEeH-
HBIX BXO/[HBIX BOJIH JI€JIUTEJISI MOIIHOCTH.

O1nenka norpenrHocTu uamepenns komiekcaoro KO
IIPOBOANJIACH METOJOM IO/ BIKHOI HATPY3KU.

[l recTupoBaHuA KOMILJIEKCA MUCHOJIb30BAJNNCh JIBE
noasuskHble Harpysku: Nel ¢ [ = 0.57 nu Ne2 ¢ |T] = 0.14. Ha
puc. 2 npuBeneH Tpadudecknii mHTEepdelic 15 TpoBee-
HUS 9KCIIEPUMEHTA.
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Puc. 2. I'padpmueckuit HTepdherc NpoBeaeHUs IKCNepUMeHTa

WcxomubiMu JTaHHBIMEU JJIsI MHTEpdeiica SBISINCH:
JIMAana3oH YacToT /sl CKaHMpOBaHust Tenepatopa [4-156 —
B 1aHHOM caydae 26 — 37.5 TTI, u mar cKaHUpPOBAHUS —
500 MT1 (Wi YKCJIO 4aCTOTHBIX BBIGOPOK — 24).

Jlng kanubpOBKU-TPaLy UPOBKH UHAUKATOPOB MOIIHO-
ctu PO, P2, P3 ncmonp3oBanack cormacoBanHas HaTpy3Ka
¢ KCBH < 1.04. IlocJie noKII04€HUST COTJIACOBAHHON Ha-
IPY3KH, B 3aJJaHHOM M1OJIOCE YACTOT BBI3BIBAJMCH ITUKJIBI
“xoppekius Hyasa” (IJs OTMEePAMOHHBIX YCUIUTeNeN) U
“kanubpoBka’.

Ilocsne rpamympoBKM WHAMKATOPOB MOIIHOCTU IIPO-
BejieHo 12 4acTOTHBIX IIUKJIOB U3Mepenus oT 12-tu mecTo-
MOJIOKEHU T TOJIBUKHBIX HATPY30K. B KamaoM nocuemy-
I0I[eM ITUKJIe MECTOTIOTIOKeHNEe HATPY30K U3MEHIJI0Ch Ha
1 MM ¢ O/lTHOBPEMEHHBIM COOTBETCTBYIOIUM U3MEHECHUEM
YHUCJIEHHBIX 3HAYEHWH OTCYETHBIX IMJIOCKOCTeH Koaddu-
IMEHTOB MaTPUI[BI PACCEIHUSA KPECTOOOPA3HOTO AEAUTE-
JISI MOTITHOCTH.



4. JKCHEPUMEHTAJIbHbIE JIaHHbIE M UX 00paboTKa

Ha puc. 3 Toukamu mokasaH pasObpOC 9KCIEPUMEH-
TaJbHO MOJYUYEHHBIX 3HaUeHu# Moayss u dassl ot 12-Tu
MECTOIOJIOKEHU I TTOJABUKHBIX HATPY30K. 3HAUeHUs Ka-
An6POBOYHBIX KOI(P(MUIMEHTOB B MPOLECCe M3MEPEHUN

PACCYMTAHHBIX 110 12-TH TOJTOKEHUSAM CKOJIb3ANUX Ha-
Tpy30K Ha Kaxkjoi gactote F, cormacuo puc. 3.

Ta6bnuua 1

M3MepeHHbIe napamMeTpbl NOABUXKHDIX HAarpy3ok

Ne E I'Ttg Ne 1 Ne 2
HeE yTOqHH]H/ICb. |I~‘ d‘r', % ‘l—\‘ d‘r‘, %
; 1 26 0,5509 10,20 0,2282 7,94
82 . . 2 26,5 0,5741 7,52 0,2147 8,27
Pt e te 4 tpeot et o3¢
g;‘ Heoe 3 27 0,5598 5,33 0,2018 10,46
0 ——— 4 275 0,5542 7,93 0,1886 19,09
26000 28000 30000 32000 34000 36000
uactota, My 5 28 0,5695 777 0,1766 7,54
| 6 | 285 0,5568 2,88 0,1624 6,78
a
7 29 0,5026 2,83 0,1456 6,52
5 60,00
e 8 | 295 0,4933 4,23 0,1334 4,58
3 40,00 it I ' i
4 . . 1 9 30 0,5017 4,41 0,1313 4,00
g 2000 L1y |,uliui,|;.:nl
€ 000+ 10 30,5 0,4889 8,76 0,1229 3,70
& 26000 28000 30000 32000 34000 36000
wacrora, My 11 31 0,5006 7,36 0,1222 717
12| 315 0,4923 5,45 0,1154 9,88
6) 13 32 0,4894 7,39 0,1132 7,78
0,35 14| 325 0,4918 2,46 0,1103 7,80
LT ™ 15| 33 0,5053 7,79 0,1089 7,26
0,15 - [ ]
** s er et ggeqst 16 | 335 0,5016 6,96 0,1069 11,09
0,05 I s e o e N
26000 28000 30000 32000 34000 36000 17 34 0,4894 5,87 0,1041 8,80
yacTtoTa, Ml'y
18 | 34,5 0,4964 6,32 0,1048 11,41
B) 19 35 0,4899 12,41 0,0996 16,32
. 20| 355 0,4772 7,56 0,0972 13,84
g _20%3000 28000 30000 32000 34000 36000 21 36 0,4784 2,28 0’0941 5Y75
O 40 7i ' ] o 3
= 13 . H 22 | 365 0,4710 6,34 0,0903 9,58
8 o0 '; |||I||||||!||!Il||
€ o 23 37 0,4846 6,87 0,0932 11,16
wactora, My 24| 375 0,4886 7,55 0,0934 10,77

r)
Puc. 3. HactoTHble 3aBUCMMOCTH MOAY NS U cABWra chasbl
12-TM MeCcTONONOXEeHUH cKonb3slel Harpy3sku Nel (a, 6) 1
Ne2 (g, )

[Ipu kpaliHeM MOJOKEHUU CKOJIb3SANUX HATPY30K
pacueTHas OTCYETHAsI MJIOCKOCTb M3MEPUTEJS yCTa-
HaBJIMBAJlaCb B MECTOIOJIOKCHHUE OTPaXKaoIUX He-
OJIHOPOJIHOCTEH C Y4eTOM HEe3aBUCUMOCTU HMX (da3 oT
YaCTOTDI.

Ha puc. 3 ToukamMu 1oKas3aHbl OTKJIOHEHUS MOJYJIS
u daspl oT cpeanero snadenund. CpejgHee sHadeHue A5
caBura Gasbl MEX/Y COCeJHUMHU MECTOIOJOKEHUAMN
— pacueTHas dJeKTpUYecKasl ATNHA CMEIeHUsI B 1 MM
JIJIST KasK/10# 4aCTOTHI.

Kaxk caexyer us puc. 3, HOrpemHOCTb HAXOXK/IEHUS
usBecTHOro c/BUra asnl cocrasiaset 10 rpapycos.

B rabu. 1 npuBeneHbl 3HAYEHUs] CPEIHETO MOAYJIS
KO (II') u coorsercrByiomux norpemnocreii (d|T,%),

Kak cienyet n3 MeTpOJIOrNYECKOTO aHAJIM3a KPECTOO-
6pasHoro anasiusaropa [8], Hpu MpoBeJeHUN U3MEPEHUIT
B NIMPOKOH MOJIOCE YACTOT MOTPENTHOCTH B YCTAHOBKE Ya-
CTOTHI reHepaTopa A0JKHa 6biTh He 6oee 0,1% . [Tockoab-
Ky UCIOJIb3yeMbIil TenepaTop [4-156 mMeeT mOTperHocTnb
B yCTaHOBKE 4acTOThl 1% , TO NpU MPOBEIEHUN JAAHHOTO
AKCIEPUMEHTAMHU KOHTPOJIbHBIC YAaCTOTHI, YKa3aHHBIC B
TabJ1. 1, IpeaBaPUTENbHO YTOUHSIITUCH C UCTIONb30BAHUEM
BoJIHOBOHBIX BostHOMepoB BCT-0809.

5. BeiBob1

AHajin3 pesyJbTaToOB U3MEPEHUIl TT0Ka3aJI, 4YTO B T10-
JIoce YacCTOT, T/le TOrPEINHOCTh U3MEPEHUs TPEBbITIaeT
10% (mampumep, 26,5 - 28,0 T'Tiy), ucrnosab3yembiil reHe-
parop [4-156 umeer GOJBIIYIO YaCTOTHYIO 3aBUCHMOCTb



yPOBHS (KPYTHU3HBI) BBIXOJAHOI MomHOCTH, 10 3 1b. Ilo
JTON NPUYMHE, HA HOTPEHIHOCTH N3MEPEHNH CKa3bIBaJIOCh
BpeMsi porpesa reHeparopa. Kak sugHo us tabi. 1, npu
W3MEPEHNHU B IOJIOCE YaCTOT C MPEABAPUTETBbHON KOP-
peKIMeil 4acTOThl TeHepaTopa, MOTPENTHOCTD U3MEPEHU s
monyns KO naxoaurest na yposue 10%, 4To, mpuMepHo, B
JIBa pa3a MEHbIIIE, YeM ITPH ITPOBEICHU M AHAJOTUYHBIX 13-
MepeHuil 6e3 IpeBapuTeNbHON KOPPEKTUPOBKY YaCTOThI
reHeparopa.

ITonyuyenHble pe3yjabTaThl MOKa3aJd BO3MOXKHOCTD
CO3/IaHMST BEKTOPHBIX MAHOPAMHBIX HM3MeEpHUTeseil KoM-
JaeKcHoTo Koadduiimenta oTpaxkeHuss Ha ocHoBe E-
IIJIOCKOCTHOTO BOJTHOBOJIHOTO JIeTTUTEJST MOIHOCTH. [Ipm
UCIIOJIb30BAHUU B NPUOOPE BHICOKOYACTOTHOIO CBUII-Te-
Heparopa, ¢ MOrPENTHOCTHIO B yCTAHOBKE YaCTOTHI He GoJiee
0,1%, morpenrHocTh M3MepPEHUsI KOMIIJIEKCHOTO K0ahdu-
1nueHTa oTpaskenus s Harpysok ¢ KCBH<7 cocrasisier
10%.
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Abstract

A 26 GHz vector network analyzer was developed on the basis of electrodynamic model of an E-flat cross-sha-
ped attenuator. A construction of five-shoulders analyzer consists of three detectors, directed from the scalar ref-
lectometer, which are included in the measurement channels of the E-flat waveguide cross-shaped attenuator. The
construction of the device was developed with the requirement of only one indicating heterogeneity of the attenu-
ator in the device transmitter. According to the equivalent circuit of the E-cross, its adjacent shoulders are included
in the measurement channel of the analyzer sequentially to each other. This feature allows the definite calculation
of the complex reflection coefficient and the representation of the equivalent circuit in the form of a four-probe
section with the successive probes-shoulders. A mathematical model of processing of readings of the power indic-
ators, which is embedded in a computer memory, allows the calculation of the complex reflection coefficient of the
solution of a system of two quadratic equations. The simplicity of the construction of the attenuator-converter all-
ows its production with the same tolerances as for the sizes of the rectangular waveguides and the building of the
adequate electrodynamic model. Under certain calculating parameters of the cross-shaped analyzer, the calibration
of the device is reduced to the calibration of the power indicators on one agreed load. The method of moving load
was used to assess the measurement ervor in a wide band of frequencies

Keywords: vector network analyzer, moving load, reflection coefficient



