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AnHotanus. [IpuBeaeHa CTpyKTypa IOCTPOSHHS HW3MEPHUTEILHOIO KOMILUIEKCA TIOBEPKHM M KaJIUOPOBKH
U3MepHTeNiel MOIIHOCTH B MWUIMMETPOBOM JHara3oHe JJIMH BOJH. PaccMOTpeHa BO3MOXHOCTh KOPPEKINHU
OHOH M3 JOMHUHHUPYIOIIMX COCTaBISIONIMX IIOTPENIHOCTH H3MEPEHHS MOIMHOCTH — IOTPEIIHOCTH

paccoryiacoBaHus IIPU UCIIOIb30BAHMN BEKTOPHOTO aHAIN3aTOPA LIETIeH.
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Abstract. The structure of the construction of the calibration measuring complex and calibration of the power
meters in the millimeter wavelength range is given. The possibility of correcting one of the dominant
components of the power measurement error, the mismatch error when using a vector network analyzer,
is considered.
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KoncrpyktuBHo mnpuboper mnst usmepenns CBY mommoctn — CBY  BatT™Merpsr —
BBITTOJTHSIIOTCSA B BHJIE JIBYX OTACIBHBIX Y3JIO0B: MPHUEMHOI0 Mpeodpa3oBatTens (MM KOMIUIEKTa TaKUX
npeoOpa3oBaTeneil) u uameputenbHoro Omoka [1]. K Haubomnee 3ppekTHBHBIM MeTOAaM H3MEpEHUS
MOIITHOCTH, KOTOpPblE MO)XHO HCIIOJIb30BaTh B MUJUIMMETPOBOM aAMamna3oHe JuuH BonH (MJZB),
OTHOCATCS METOJbl C HCIOJIb30BAHUEM JUOIHBIX, TEPMOAIEKTPUUECKUX U KaJOPUMETPUUECKUX
npeoOpaszoBareneld, TNpPH ITOM  KAJIOPUMETPUYECKHE TIpeo0pazoBaTelid  XapaKTepU3YIOTCS
CJIEYIOUIMMH JIOCTOMHCTBaMH: OOJBIIMM JUHAMMYECKHMM M IIHPOKUM YacTOTHBIM JAHMAlla30HaMH,
a TaK)Ke BO3MOXKHOCTBIO OOECIIEUEHHS BBICOKOM TOYHOCTH M3Meperust MomHoctr — 10 + (0,51,0) %
0e3 yuera MorpernHocTH u3-3a paccoriacoBanus [2—4].

K xapakrepucTikam, orpeaeisoniM KauecTBO pueMHbIX ipeodpazosareneii (I111), oTHocsaT
koddurment mpeobpazoBanus K, u koadpdumment sdpdexruBaoctn K,. Ha mpaktuke Hambonee
ynotpeoum kodpdunment sddexkruBHocTr K, KOTOpBIM sBisiercs Oe3pa3MepHON BEIMUHMHOM,
B OCHOBHOM, 3aBHUCHUT OT YaCTOTHI U OINPEENAETCS U3 OTHOLIECHHS

Ka = P3aM /PH’ (1)

rae Psay — 3aMeNiaronas MOIHOCTh Ha MOCTOSSHHOM TOKE WJIM IEPEMEHHOM TOKE Ha HU3KOW 4acTOTe;
P, — mommuocTts Ha Bxoze T1I1.
Torna usMepsieMyro MOIIHOCTb ONPEAENSIIOT KaKk

PH:PzaM/KazpB/Ka’ (2)

rae P, — mokaszanue Bartmerpa CBY.

B M/I/IB mis KaJOpUMETPUIECKUX MPeoOpa3oBaTeNIC MPOSBILICTCS CHIbHAS 3aBHCHMOCTH
3HaYeHMH KO3 huireHTa 3pHeKTUBHOCTH OT YaCTOTHIL.

ABTOpOM OBIT pa3paboTaH M3MEPHUTEIHHBIN KOMIUIEKC TIOBEPKH W KAIMOPOBKH M3MEpHUTEIICH
moiqHocTd B MJIJIB. B kadecTBe mpuMepa MNpUBENEHA CTPYKTypa IMOCTPOECHUS H3MEPUTENHHOTO
KOMILIEKCa JuIs roaauana3ona yactot 78,33-118,1 I'T' (pucyHOK) B ciydae KaJTHOPOBKH U3MEPUTEIS
moraoctH PM-6A [5].

HuaukaropHetii
6mox PM-2

HrnuraropHsiit
omox PM-2

vV T T

Kanu6parop i TTpmeMeriit
I'KUY SG6A ~ MOMHOCTH > npeobpasoearens
% PC 78-118 ! PS 78-118

T —

Herounnk
NMUTaHUA

PM-6A

CtpyKTypa MOCTpOSHHS U3MEPUTETHFHOI0 KOMITIEKCa TS KaTHOPOBKH H3MEPUTENSI MOITHOCTH PM-6A
Structure of the construction of the measuring complex for calibration of the power meter RM-6A

Kammb6paTtop momuaoctrn PC78-118, ¢ omHON CTOPOHBI, COGAMHEH ¢ MHIUKATOPHBIM OJIOKOM
PM-2, a ¢ gpyroii — c IIIT PS78-118. Kanubparop obecrieunBaer:

— U3MEpEeHUE MOIIHOCTH Ha BOJHOBOJIHOM BEIXOJZIE C OTOOpakeHHeM pesynbTara: B Br, MBT,
MKBT; B genubenax oTHOCHUTENHbHO ypoBHS MommHOocTH | MBT (1bm); B nmernmbenax OTHOCHTENBHO
3aJIaHHOTO YPOBHS MoIHOCTH (1b);
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— py4HOE, aBTOMaTHYECKOE WM AUCTAHIIMOHHOE yIIpaBlieHne padoToi Kanubparopa;

— aBTOMAaTHYECKOE MEPEKIIOUEHHE MTPEIENOB U3MEPEHNUS;

— BO3MOXXHOCTb TpEBapUTEIbHOM 3amicd B MaMsiTh KaauOparopa ero KaauOpOBOYHBIX
K03 (PUIIMEHTOB € MLENbI0 HCHONB30BAaHUS WX B IpoOIecce H3MEPEHUs Ui aBTOMATHUYECKOM
KOPPEKIUHU Pe3yIbTaTOB U3MEPEHUS;

— pacuer u 0ToOpakeHHe CTaTUCTUIECKONW MHPOPMAIMU IO MPOBEACHHBIM H3MEPEHHSIM;

— oOMeH uH(popMalreil ¢ BHEIIHUMH YCTPOMCTBAMU depe3 HHTepQ eiChI;

— BO3BMOXXHOCTh YCTaHOBKH OIIOPHOTO YPOBHSI MOIHOCTH TPU OTOOpPaKEHUHU PE3yNIbTaTOB
n3MmepeHus B 1b;

— KOMIIEHCAIINIO CMEIIeHUS HYJS B aBTOMAaTHYECKOM MJIU PYYHOM pPEeKUMax.

[punnun peiictBust kamuOpaTopa OCHOBaH Ha pasfencHuu BxomHoro CBY curnana Ha jBa
CWTHalla, OJIMH W3 KOTOPBIX IOJAeTCs Ha BXOJA KamuOpyeMoro HM3MepUTeNsi MOIIHOCTH. BTopoii
CHUTHaJ, TONYYalOUIUICS IyTeM OTBETBIEHHS C IIOMOUIbI0 HAIPABJIEHHOI'O OTBETBUTENS YacCTH
MomHocTH BxoaHoro CBY curnana, mpeobpa3yercs B HallpsbKEHHE, MPONOPIUOHATIBHOE MOITHOCTH
BxonHoro CBY curHasa, KoTopoe U3MepsieTcsl Py UCIIOIB30BaHUH BTOPOr0 UHAMKATOPHOro 0Jioka PM-2.

YacroTHasi XapaKTEpUCTHKa KanuOpaTopa, 3aBUCAIAs OT TapamMeTpoB HAMpPaBICHHOI'O
OTBETBUTENS, CHUMAETCS TNpPEIBAPUTENHHO TPU HCIIOIB30BAHWM BEKTOPHOTO aHajlM3aTopa Ienei
Y 3aHOCUTCS] BO BHYTPEHHIOIO SHEPTOHE3aBUCHMYIO TaMSITh.

Bnaromapss TOAKIIOYEHWIO K MEPCOHATBHOMY KOMIBIOTEPY € TIOMOIIBIO HHTEpQercoB
W3MEpUTENbHBIX O10K0B PM-2 ynaercss TMOJIHOCTHIO aBTOMATH3UPOBATH IPOIECC MPOBEEHUS
KaJIMOPOBKH.

[IporpamMMHoe obecrieueHre KOMIUIEKCa TTO3BOJISIET:

— YKa3blBaTh YacTOTHBIE TOYKH B TIpefenax pabodero JWana3oHa YacTOT KaluOpyeMoro
M3MEpPUTENS] MOIITHOCTH, B KOTOPBIX HEOOXOAMMO ONPEIEIUTh KATHOPOBOYHBIE KOI(D(DUITUEHTHI;

— yCTaHaBIMBAaTh Ha TeHepaTope Kayalomielcs 4acTOThl HEOOXOMUMBIE YAaCTOTHI U CHUMATH
MMOKa3aHUs MOIITHOCTH Ha BBIXOZIaX [IEPBOT0 M BTOPOTO MHAWKATOPHBIX OJIOKOB;

— BBIYUCIATH KOAPPHUIHUEHT d3PPEKTUBHOCTH KaTHOPyeMOro U3MEPHUTENS MOIITHOCTH.

OmHol M3 TOMUHHUPYIONTUX COCTABIIAIONINX ITOTPEITHOCTH TIPH U3MEPEHNH MoImHOCTH B CBU
QaTia3oHe SBJSIETCS TOTPEIIHOCTh W3-32 OTJIMYUS BOJHOBBIX CONMPOTHBICHHHA H3MEPUTEIHHOTO
tpakra (MT) u IIII (morpermHocTs paccoriacoBanus). B obmieM ciiyuae ¢ y4eroM KOMILTEKCHBIX
kodpummenToB  orpakenus Il I'ny mw HWUT co croporsl reHepatopa ['ur CBsI3B MEXIy
JCHCTBUTENBHBIM P 1 u3MepeHHbIM Py cremytomast [6]:

2

L, Beran,
(eIl

Torma oTHOCHTENBbHAS CHCTEMAaTHUYECKasl MOTPEIIHOCTh M3-3a PacCOracoBaHUS MOXKET OBITH
OLlIeHEHa 110 opMyIie
2 )
-1.

_Rop_ (T
P |1_FHHFHT i

3)

(4)

sp

B ¢opmyse (4) MOKHO BBIACTHTH [JBE COCTABIISIOLINE MOTPELIHOCTH. 3aIHIIEM HX C YUYETOM
TOT'0, YTO MOXKHO IIpeHeOpeyb MOTrPEIHOCTAMH 2-T0 MOPSIIKA MaJIOCTH:

Oy, & _|an 2 +2|Fm||Fm|cos a, (5)

rae o,— (a3oBbIi CIBUT MEXKITy KOMIUIEKCHBIMH BEMUIUHAMU [y 1 [yr.

C y4yeroM BO3MOXKHBIX 3HaueHUH Monyned koddduumentos orpaxenuit 1111 u UT 8 M/I/IB
(otH 3HAYCHUS COOTBETCTBYIOT Kemu = (1,2-1,5)), CHUCTeMaTHIecKast MIOTPENTHOCTh
n3-3a paccoriacoBanus B M/IJIB moxer coctaBisats ot +3 g0 £12 %.

JUie  yMEHBIIEHMsI CHCTEMAaTHMYECKOW TOrPElIHOCTH H3-3a2 PacCOVIaCOBAHMUS MOXHO

HCIOJIB30BaTh JIHOO OompeacicHue CKaJIHpHOﬁ BCIINMYHMHBI |an

C IOMOLIBIO CKAJIIPHOI'O aHaJIu3aTopa
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neneii (CALl), mubo ompeneneHue BekTopHbIX BemumuuH I u I, ¢ momompio BeKTOpHOro
aHamu3zaropa neneii (BAL]) u npruMeHeHHe COOTBETCTBYIOIINX MOMPABOYHBIX MHOXKHUTEITCH.

B o0miem cimygae
P=P, p, (6)

/i€ |l — MOMPaBOYHBIN MHOXKHTENb.
B cnysae wucnonme3oBanus CALl mompaBOYHBIE ~ MHOXHUTENb W1, HCIIOIB3YEMBIH
JUT YMEHBILIEHNUS CUCTEMAaTHUYECKOM MOrPEeIIHOCTH U3-3a paccoriacoBaHusl, UMeeT BHU]L

1
W = ) (7)

Torma mpenenbHbIE 3HAYEHUS HEHUCKIIOYEHHBIX OCTATKOB CHCTEMATHUYECKOW MOTPEIIHOCTH
13-3a PACCOrIaCOBAHUS COCTABJISAET 3HA4UeHHsS OT 2 1o 8 % (MOTpemHOCThI0 M3-3a HCIIOJIb30BAHUS
CALl st KOppeKIMHM Kak TOTrPeNIHOCTBI0 BTOPOTO IMOPsIKA MAallOCTH MOXKHO IpeHeOpeyb),
T. €. IOTPEUIHOCTh PAaCcCOTJIACOBAHMS YMEHBIIAETCS B/IBOE.

Juna cnydas ncnonbs3oBanusi BAL| monpaBoYHBI MHOXHUTENH (2 UMEET BU

_ |1_rrm 'rm i

)

O60o3raunB 4epe3 e, [ins ¥ Ture, [wrs M3MepeHHBIe ¢ TOMOITEI0O BAIL neiicTBuTENbHBIC
Y MHHMBIE COCTaBJISIONINE KOMITIEKCHBIX BETHUUH [ 'y 1 [y, TOMydaeM

M, (8)

(l_ anc : vac + 1—‘rmsl_‘ms )2 + (anc ) vas + ansrmc )2

9
T ©)

Wty =

ns

[Ipu rcmonbp30BaHNU TOMPABOYHOTO MHOXKHUTENS |12 IPEIETbHBIE 3HAYEHUST HEHCKITIOUEHHBIX
OCTaTKOB CHCTEMATHYECKOH TMOrPENIHOCTH H3-32 pACcCOTrJacOBAaHHUS MOXKHO OLEHUTH, HCXOIS
13 TOYHOCTH ONPENEICHHUS KOMIUTEKCHBIX 3HAYCHUU [y 1 ['yr (IpemenbHbIe 3HAYEHUS TOTPEITHOCTEH
MOXXKHO TpuHITH He Oomee +5,0%). Torma mpenenpHBIE 3HAYEHWS  IOTPEITHOCTEH
M3-3a PacCOTIIacOBaHMUs COCTABIIIOT He Oosee oT +0,15 mo +0,6 %.

Takum o0Opazom, npumeHeHne BAIL][ u yder KOMIIIEKCHBIX mapamMerpoB lun u L
B MTOTIPAaBOYHOM MHOJKHTENIE [l2 TIO3BOJISIET CHU3WUTH MOTPEIIHOCTh PACCOTIIACOBaHUS Oollee deM
Ha TIOPSIIOK W CIETaTh €€ COM3MEPHMOW CO BCEMH JAPYTHMMH COCTAaBJISIOMIMMHU TTOTPEITHOCTIMHA
npu u3MepeHuu MoirHocTyd B MJI/IB.

Pazpaboran m3MepUTENBHBIA KOMIUIEKC MOBEPKH W KaTHMOPOBKH HM3MEPHUTENEH MOIIHOCTH
BM/I/IB ¢ wucmonb30BaHWEM KaJIOpPUMETPUYECKHX TIpeoOpa3oBaTeneld ¢ CyXxOd Harpys3Koi
Y aBTOKOMIICHCAIIHOHHBIM TPaH3UCTOPHBIM IMPeoOpazoBaTeNeM, KOTOPbIE BMECTE€ C HAIpPaBICHHBIM
OTBETBUTENEM O0pa3yloT KamuOpaTOphl MOIIHOCTH JJS Pa3iIW4YHBIX TOJIHWAINA30HOB YacTOT.
[loBpIlIeHWe TOYHOCTH TIPH BOCIIPOM3BENECHUN E€IMHUIIBI MOIIMHOCTH B KOMILIEKCE U €€ M3MEpPEHUH
MOXKHO JOOUTHCS TPU KOPPEKIHH C TIOMOIIBIO0 TOMPABOYHBIX KOI(D(PHUIMEHTOB IOMUHHUPYIOIIEH
COCTaBJISIONIEH TOrPENIHOCTH, 00YCIOBISCHHON paccoriiacopaHusiMu B uaMepurensHom CBY Tpakre.
OneHKa 3TOM COCTABIAIOMIEH TOTPEIIHOCTH, KOTJa KOPPEKIUS HE MPOU3BOIUTCS, ITOKA3bIBAeT,
YTO ee 3Ha4YeHHWEe MOXKET MocTuratb ot £3 mo *12 %. Mcmons3oBaHWE CKaISPHBIX aHATH3aTOPOB
Lenel U COOTBETCTBYIOMIETO MOMPABOYHOTO MHOXKHUTEISI MO3BOJSET YMEHBIIUTh 3Ty COCTABIISIFOIIYIO
MOTPENTHOCTH 10 YPOBHS OT £2 1m0 +8 %, a mpumeHerrne BALl 1 cooTBeTCTBYOIIEro MOMPaBOYHOTO
MHOXKHUTENS — YMEHBITUTh YPOBEHB JI0 JTOJIEH MPOIIEHTA.

Cnmcok JimTepaTypbl

1. bBumeko M.U., Tomamesckuit A.K. U3zmepenne momuoctr Ha CBY. M.: Pagno u cBsi3b. 1986. 168 c.
2. Clark R. Microcalorimeter as a national microwave standard // Proc. IEEE. Jan. 1986. Vol. 74, Ne 1. P. 102-104.

53



Hoknaaer BI'VUP
MNe 6 (124) (2019)

DokLaby BGUIR
No. 6 (124) (2019)

3.

Akhiezer A., Senko A., Seredniy V. Millimeter wave power standards // IEEE Trans. Instr. Meas. Apr.
1997. Vol. 46, Ne 2. P. 495-498.

Co3nanue STajoHa EAWHHUIBI MOIIHOCTH B Juama3oHe yactor 37,5-178,6 I'T'm ma Gase Oemopycckux
panuonsMepuTenbHbIX npubopoB / A.B. I'ycunckmii [u np.] / Merponorus u npudopoctpoenue. 2010.

KamuOpaTtop it moBepkrM BaTTMETPOB Mallod MOIMHOCTH B Jauamna3oHe 4vactor 37,5-178,6 ITi /
A.B. I'ycunckuit [u np.] / Te3. goxn. XVI MexnynaponHoit kpbiMckol koH(epennun «CBUY texHuka

Juroshek J.A. A direct calibration method for measuring equivalent source mismatch // Microwave J. 1997.

Bil'ko M.I., Tomashevskij A.K. 1zmerenie moshhnosti na SVCh. M.: Radio i svjaz'. 1986. 168 s. (in Russ.)
Clark R. Microcalorimeter as a national microwave standard // Proc. IEEE. Jan. 1986. Vol. 74, Ne 1. P. 102-104.
Akhiezer A., Senko A., Seredniy V. Millimeter wave power standards // IEEE Trans. Instr. Meas. Apr.

Sozdanie jetalona edinicy moshhnosti v diapazone chastot 37,5-178,6 GGc na baze belorusskih radioizmeritel'nyh

Kalibrator dlja poverki vattmetrov maloj moshhnosti v diapazone chastot 37,5-178,6 GGc / A.V. Gusinskij
[i dr.] // Tez. dokl. XVI Mezhdunarodnoj krymskoj konferencii «SVCh tehnika i telekommunikacionnye

4.

Ne 3. C. 12-20.
5.

U TeleKOMMYHHUKamoHHbIe Texaomorun». 2006. C. 809-810.
6.

P. 106-118.

References

1.
2.
3.

1997. Vol. 46, N 2. P. 495-498.
4.

priborov / A.V. Gusinskij [i dr.] // Metrologija i priborostroenie. 2010. Ne 3. S. 12-20. (in Russ.)
5.

tehnologii». 2006. S. 809-810. (in Russ.)
6.

Juroshek J.A. A direct calibration method for measuring equivalent source mismatch // Microwave J. 1997.
P. 106-118.

CeneHusi 00 aBTOpax Information about the authors

I'ycunckmii A.B., K.T.H., A0lEHT, HayaabHUK LlenTpa 1.9
HUY benopycckoro rocyaapcTBEHHOTO YHHUBEPCUTETA
HUH(OPMATUKH U PATUOIIIEKTPOHHUKH.

AJnpec 1715 KOppecnoHIeH UM

220013, Pecniyonuka benapych,

r. Musck, yi. I1. BpoBky, 6,

benopycckuii rocyqapCcTBEHHbI YHUBEPCUTET
UH(OPMATUKH U PATUOIIEKTPOHUKH

ten. +375-17-293-84-42;

e-mail: avggus@mail.ru

I'ycunckuit Anexcannp Bnaaumuposmy

54

Gusinsky A.V., PhD, associate professor, head
of Center 1.9 of R&D Department of Belarussian
State University of Informatics and Radioelectronics.

Address for correspondence

220013, Republic of Belarus,
Minsk, P. Brovka st., 6,

Belarusian State University

of Informatics and Radioelectronics
tel. +375-17-293-84-42;

e-mail: avggus@mail.ru

Gusinsky Alexander Vladimirovich



