JoKtAnsl BI'YUP Dokrapy BGUIR
T. 20, Ne 3 (2022) V. 20, No. 3 (2022)

@) |
http://dx.doi.org/10.35596/1729-7648-2022-20-3-76-82

Opueunanvras cmamwsi
Original paper

YIK 621.396.967

KOMILIEKC JJI1 UCCJEIOBAHU 1 U3MEPEHUSA IAPAMETPOB
N XAPAKTEPUCTHUK PAIMOTEXHUYECKHUX CPEICTB

M.C. CBUPU]]

Benopycckuii eocyoapcmeennulii ynusepcumem uH@Gopmamuxy u paouodiekmpoHuKu
(2. Munck, Pecnyboauxa benapyco)

Hocmynuna 6 pedakyuro 3 ¢espans 2022

© Bbenopycckuii rocyjapcTBEHHBIH YHUBEPCUTET HHPOPMATHKH U PaJHO3JIEKTPOHUKH, 2022

AnHoTtanus. [{enpro HacTosmield paboThl sBiseTcs pa3paboTka KOMIUIEKCA IJIT UCCICTOBAHUA W U3MEPESHHS
TapaMeTpoB U XapakTepucTuk paguorexaundeckux cpeacts (PTC). Kommuteke nmpennasnayueH st GOPMHUPOBAHHS
CHTHAJIOB CBEPXIIUPOKOIOJOCHOTO Jauana3oHa 4actoT oT 2 mo 298 [T B W3MEpUTENbHBIX CHCTEMax,
rae Tpedyercss TeHepanus CIOXKHBIX PAAHOTEXHHYECKHX CHUTHAJOB: AaHTCHHBIC H3MEpPEHHs, WCCIEeIOBaHUE
XapaKTepUCTHK PagapoB U JEKTPOANHAMHYICCKHX ITapaMeTpoB MaTtepuanoB. [ToctaBnenHas 3a1aqa TOCTUTAETCS
TEM, YTO B KOMIUIEKCE (DOPMUPYIOTCS KBaIPAaTypHBIC CHUTHAIBI PE3yJIbTATOB CYMMHPOBAHHUS MOJE3HOTO CUTHAJIA
C IIyMaMH, MCHIAINUMH OTPAXKCHUSAMH M ToMeXaMu. [IpOW3BOJMTCS TeHEpalus KOTCPCHTHBIX CHTHAJIOB
B QHAJIOTOBOM BUJIC IO YETHIPEM KaHAJIaM, & CMCHHBIC MOy HH()PAIUHHOTO IEPEHOCYHNKA YACTOTHI U AaHTCHH
(GOpMHUPYIOT CHTHANBI, H3JIydaeMble B HOpocTpaHcTBO. CMeHHbIC OJOKH OO0ECICUMBAIOT KACKaJIHOC
MOCJICIOBATEIEHOC CMEIIMBAHIE OCHOBHOTO CHTHAja C YacTOTOW reTepomuHa. [logbop CMEHHBIX MOyJei
¢ 3aJJaHHON YaCTOTOH TreTepoInHa MO3BOJIIEeT 00ecTieunTh n3nydenne curiaia B CBY u KBY auamazonax 9actor.

KaioueBble cjioBa: KOMILIEKC Uil U3MEPEHUS PAAMOTEXHHUECKHX CPENICTB, IPUEMO-TIepe/Ialoliie yCTpoiicTBa,
paarOCHUTHAII, MOIYJIMPOBAHHBIN CUTHAII, AHTCHHBI.
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Abstract. The purpose of this work is to develop a complex for research and measurement of parameters
and characteristics of radio technical facilities (RTF). The complex is designed to generate ultra-wideband signals
from 2 to 298 GHz in measuring systems that require the generation of complex radio signals: antenna
measurements, research of radar characteristics and electrodynamic parameters of materials. The task is achieved
by the fact that the quadrature signals of the results of the summation of the useful signal with noises that interfere
with reflections and interference, are formed in the complex. Coherent signals are generated in analog form over
four channels, and replaceable modules of the infrared frequency carrier and antennas form signals that are
radiated into space. Replaceable blocks provide cascaded sequential mixing of the main signal with the local
oscillator frequency. The selection of replaceable modules with a given local oscillator frequency makes it
possible to provide signal radiation in the microwave and EHF frequency ranges.

Keywords: complex for measuring radio technical facilities, receiving-transmitting devices, radio signal,
modulated signal, antennas.
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BBenenne

Temoli HacTosIed pabOTBI SBISETCS pa3pabOTKa M3MEPHUTEIBLHOTO KOMILICKCA IS
UccleoBaHusl mapamMeTpoB W xapakrtepuctuk PTC, paboraiommx B CBEpXIIMPOKONOIOCHOM
gactotHOM auana3one (CBY u KBY).

OcHoBHBIE TpeOOBaHMUS, MPEIBIBISIEMbIE K KOMITIEKCY:

— W3MepeHHe CHUCTEMHBIX MapaMeTpoB u xapakrtepuctuk PTC B mmpokoM YacTOTHOM
nmuamazone (ot 2 1o 298 ['T);

— obecrieueHne TPOCTPAHCTBECHHON OpPWEHTAIMH TpHEeMHON M mepenatomieit anteHH PTC
10 a3UMYTY U YIUIy MECTa C 3aJaHHOW TOYHOCTBIO;

— wu3MepeHue MomHocTH nepenatunka PTC u uyBctBUTENbHOCTH TpeMHNKa PTC;

— U3MEpEHUE JMarpaMM HANpaBICHHOCTH MPUEMHBIX M TEPENalolUX  aHTEHH,
WX KOMITIEKCHBIX KO3 (HUITMEHTOB TIepeadn U OTPAKECHHUS;

— ompenerncHrne YKBUBAJICHTHON JanbHOCTH aeictus PTC.

Pa3paboTaHHbIli KOMIUIEKC MMO3BOJIIET MPOBOJUTH M3MEPEHHS TUarpaMMbl HANPaBICHHOCTH
aHTEHH 4Yepe3 MHHHMAaJbHO BO3MOXKHBIE YIJIBI pPa3pelllcHUs] B BEPTUKAIBHON M TOPHU30HTAIBHOM

wiockocTsax. CymiecTByeT Takke (yHKIMOHAIbHAS BO3MOXKHOCTH KOMIIEKCA — IpOBEpKa
CTaTHCTHYECKUX THIIOTe3 MIJIsI BBINONHEHMS 3a7ad IIEJICHTallid W PACIO3HABAaHMS CUTHAJIBHBIX
noptperoB PJIC.

CoBepiieHCTBOBaHHWE METOZOB HM3MEpeHHs XapakTepucTuk U mapameTpoB PTC BeI3bIBaeT
HEOOXOJMMOCTh CTaBHTh B COOTBETCTBHE pPEabHOW CHUTHAIBHO-TIOMEXOBOW OOCTAHOBKE KIIACCHI
AHAJIMTUYECKUX HM3MEPUTENBHBIX CUTHANOB [1-3], Tak Kak B peaqbHOH OOCTaHOBKE Ha MPHEMHYIO
autenHy PTC BmecTte ¢ TMONE3HBIM CHUTHAJIOM TIOCTYHAOT MELIAIONIUMEe NpeAHAMEPEHHBIC
Y HeTlpeJHAMEPEHHbIE IOMEXH, OTPAXEHHS U IITyMBbI OT BHEITHUX U BHYTPEHHUX HCTOYHHUKOB.

Ucxons u3 BBIIEN3I0KEHHOTO c(hOopMUpyeM OCHOBHBIE 33/1a4H JJIs1 pa3padOTKH KOMILIEKCa:

1) paspabotaTs W co31aTh MOACUCTEMY T€HEpaldd BBICOKOYACTOTHBIX CHTHAJIOB,
MIePEKPBIBAIONTNX TUamnazoH ot 2 1o 298 I'T';

2) paspaboTrath  moacucTeMy  (OPMHPOBAaHHS  MOAYJIHMPOBAHHBIX  PaJUOCHTHAIIOB
¢ umnyiabscHor (MM), xonodazomanunynupoanHoii (KOMH), nuneliHo# 1 HENMMHEHHON YaCTOTHOM
(JTYM u HITYM), mymomnono6Hoit (LLIM) moxynsuueii;

3) pa3pabotath cmocod (GopMupOBaHHS 30HIUPYIOIINX PATUOCUTHAIOB, UMHUTHPYIONTAX
peanbHylo 00cTaHoBKY padoTel PTC (¢ y4yeToM BHEMIHMX NpeAHAMEPEHHBIX M HEMpeIHaMEpPEHHBIX
MOMEX U IIyMOB, OTPAKCHHBIX CUTHAJIOB U T.1.);

4) pa3paboTaTh MOJCHUCTEMY IPOCTPAHCTBEHHOTO VIPABIIIEMOIO0 PA3HECCHHUS IPUEMHOMN
u nepenaromed  anteHH PTC, wuMmuTHpyIONIyl0 3agaHHOE YIJIOBOC IIOJIOKEHHME HWCTOYHHKA
pamuonsnydyenusi (MPU) ¢ BO3MOXXHOCTBIO oOmpeaeieHus auarpaMmbl HampasieHHoctd (IH)
B BEPTHKAJIBHON U TOPU30HTAIBHOM IIOCKOCTSIX C BBICOKHM pa3pelieHueM;
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5) pa3pabotaTh TporpaMMHOE oOecrmeueHHe Uil  (PYHKIUOHWPOBAHHS  IOJICUCTEM
(hopMHPOBaHUS PATUOCUTHAIIOB C YYETOM BO3MOXKHOCTH TMPOTPAMMHOTO HAKOIUICHUS U 00paboTKH
CTaTUCTHUIECKOU BHIOOPKH;

6) oOecreynTh BO3MOXKHOCTh aBTOKAJTMOPOBKY IUCCUNIATUBHBIX CUTHAIBHBIX TPAKTOB.

CTpykTypa u peanu3anus U3MePUTEJIbHOI0 KOMILIEKCA

B «Hay4HO-T1pon3B0ICTBEHHO-00pa30BaTeIbHOM HHHOBAIMOHHOM 1eHTpe CBY-TexHOMOTHit
U WX METPOJOTUYECKOTO OOecleveHus» HayqyHO-HCCIeoBaTeIbcko vactu benopycckoro
rOCYJapCTBEHHOT'O YHUBEpPCHTETa WH(POPMATHKH W PaIUOINIECKTPOHHKH DPa3paboTaH U H3TOTOBIICH
KOMIUJIEKC, B COCTaB KOTOPOI'O BXOJUT YCTPOMCTBO (hOPMHMPOBAHUS CIIOKHBIX PaIMOTEXHUUIECKUX
curHanos B CBU-auanasoxe.

Hwke npuBeneHo omnmcaHue KOMIUIEKCA Ui HCCIENOBAHMA M W3MEPEHHS CHCTEMHBIX
napameTpoB M Xxapakrtepuctuk PTC, a Takke NpeICTaBlIeHbl HOBBIE OPHUIMHAJbHBIE CIIOCOOBI
U TEXHUYECKHE PpEIICHUs], IO3BOJIAIOLINE PELIMTh IIOCTaBJeHHble 3afaud. OpUIHHAIBHOCTb
pa3paboTaHHBIX CIIOCOOOB M TEXHUYECKUX PELICHUH MOATBEPKIAETCS TAaTEHTOM [4].

Kommnekc cocTouT W3 4YeThIpeX OCHOBHBIX CHUCTEMHBIX OJOKOB. IlepBblii u3 HUX — OJIOK
TeHepaluy MOAYJIHMPOBAaHHOIO CHUTHAla C pa3jIMYHbIMU 3aKOHAaMHM MOXyJsinuu. Btopoil 6ok
NpeacTaBiIsieT CO0OM TNPHEMHYIO CHCTEMY, COCTOSIIYIO U3 YETHIpEX aHTeHH W YCTPOWCTBa
aBTOKaTHOpPOBKH. TpeTbuM OJOKOM SBISETCS TPEXKOOpAMHATHAs MeXaHWuecKas mardopma,
obecnieynBaroIasl IMPOCTPAHCTBCHHYIO OPHEHTAIMIO AaHTEHH. ABTOMAaTH3MPOBaHHOE pabodee
MecTo (APM) yIipaBIisroIero KOMIUIEKCOM OIIepaTopa — Y€TBEPThIN CHCTEMHBIN OJIOK.

OcHoBOWl cHUCTEMHOTO OJIOKa TeHEpaluH SBISETCS OINOPHBIA 3aJarolIdii aBTOTEHEPAaTOp
C BBICOKOM CTaOMJIBHOCTBIO YacTOThI, CMEHHbBIE MOYJIM KOHBEPTEPOB YAaCTOTHl U CMCHHbIE AHTCHHBIE
Monyiu. PopMUpOBaHUE YETHIPEX KaHAJIOB aHAJOTOBBIX PaJMOCHIHAJIOB HAYMHAETCA C LU(POBBIX
CHHTE3aTOPOB YacTOTBI, CUTHAJIBI C KOTOPBIX mociie Iudpo-anagorosoro mnpeodpasoBanus (LIAIT)
MPOXOIAT TPEXKpPaTHBIH MHGPaIUHHBINA MEPEHOC YacTOTHl BBEPX U MOJAIOTCS HA aHTEHHBI. BTOpoit
U TPEeTHH TpeoOpa3oBaTeNy BBINOIHEHBI B BHUJE CMEHHBIX MOAYJEH, YTO IO3BOJISIET OOECHEYHTh
BO3MOXHOCTH ()OPMHUPOBAHHS PAIUOCUTHAIIOB B AWana3oHe 4yacToT ot 2 10 298 I'T.

Ha pucynke 1 mokazaHa CTpyKTypHasi CXeMa CUCTEMHOTO 0JIOKa TeHepallii MOIYIMPOBAaHHBIX
CUT'HAJIOB B yKa3aHHOM jauama3oHe. OHa COCTOMT W3 HEMOABM)KHOTO U MOABIKHOTO OJIOKOB
nepenaTIuka u CoAepKUT HuQpoBoii GopMHUpOBATENIh KBAAPATYPHBIX COCTABIISIONINX, HCIOIB3YIOIIHI
HMHTETpalbHYI0 MHKpocxeMy ¢ mporpammupyemoii jorukoil (IIJIMC); yerbipe mudpo-aHaIOroBBIX
npeobpazosarens (LIAIT), popmupyrommx curHan Ha gactore 125 MI'm; mepseiii rerepoaun (UI'1)
U 4eThIPE MOAYJIATOPA, 00ECIICUHBAIOIINX I'E€HEPALIUI0 CUTHAA 110 YeThIpeM KaHanaM Ha yactote UI'1;
BTOpo# rerepoauH (UI'2) u yeTsipe cMecuTens B BUIE CMEHHOTO MOAYJISl IpeoOpa3oBaTesst 4acTOThI,
o0ecrieynBaronIne reHepanuio curaaiga Ha vactote UYI'2 mo veTelpeM KaHajaM; MEPEKITIOYacMBbIH
yrmpaBiasieMbli Tpetuir retepoxaumH  (UI3), ¢ genureneM MOIMTHOCTH H  YETHIPE CMECHTEIS,
obecneynBaroIye BEIOOp YaCTOTHI M TEHEPALMIO CUTHAIA Ha 3alaHHON YacTOTe MO YETHIPEM KaHaam;
YeThIpe aHTEHHBI, 00eCTIeYnBalONINe U3TyYeHHE CUTHANIA B TpocTpancTBo. UI'3, cymMMaTop MOIIHOCTH,
YeThlpe CMECUTENSI U YEThIpe aHTEHHbI BBIIIOJHEHBl B BUJE CMEHHOTO MOIYJA Ul OOecledeHUs
TeHepaluy CUTHAJIA B pa3HbIX IO/ iNaIa30HaXx.

DopMUpOBaHHE CIOXKHBIX PAIUOTEXHUYECKUX CHTHAJIOB OO0ECHEeYMBAETCS MPOTrPaMMHBIM
obecnieuenuem ais [UTAC.

B nporpaMMHOM oOecrieueHnH peann30BaHbl CISAYIONNE PEXKUMBI paOOTHI.

1. HenpepwiBubiii  curnan. IIJIMC  oOecneumBaer  QopMupoBanue  KBaapaTypHBIX
COCTABILSIIOIIMX HETPEPBIBHOTO TapMOHWYECKOTO curHana. [lapameTpbl reHepupyeMoro CHUrHaia:
MOIITHOCTb, YaCTOTA, OTHOIIEHUE CUTHAJI-IITYM.

2. Ummynecueiii  curnan. I[IJIMC  obecmeuuBaer  opMupoBaHHE  KBaApaTypPHBIX
COCTABIISIIOIINX HMMITYJIbCHOTO CHUTHAJIA. XapaKTEPUCTUKW BBIXOJHOIO CHUTHANA CIEAYIOIIWE: THII
UMIIyJIbCHOI'O CHUTHaja (HEMOAYJIHPOBaHHBIM, MOIYJUPOBAHHBIN); IlapaMeTpbl I'€HEPUPYEMOTO
UMIIyJIbCHOI'O CHUTHaja (MOILIHOCTh WM aMIUIUTY/A); 3alepXKa OTHOCUTEIBHO CHHXPOUMIIYJIbCA;
MEPUO/] CIeJOBAHMS UMITYJIBLCOB; JUIUTENFHOCTh UMITYJIbCa; 3akoH Moxymsauun (JIUM c oxnom, JTUM
6e3 okHa, KOM u 1p.).
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3. Cnoxsblii mapameTtpuueckuii pamguocurtai. [IJIMC obGecneunBaer QopMupoBanue
KBaJpPAaTypPHBIX  COCTABJIIONINX  CJIOXKHBIX  TApaMETPUYECKHX  CHUTHAJIOB —  DXOCHUTHAJIOB,
MIPEACTABISIIOINX COOOW WMITyJIbCHBIE CHUTHAIBI € IIYyMOM W MEMIAIONMMH  OTPAKCHHISIMHU.
DT CUTHANBI TIPEIHA3HAYCHBI JUISi UMUTAIMA Paguo00CTAaHOBKHM IMPH padoTe paguoOKAIMOHHBIX
cpenctB. XapaKTEPHUCTUKH BBIXOAHBIX CHUTHAJIOB CIEAYIONIME: TapaMeTphl TEHEPHUPYEMBIX
9XOCUTHAJIOB (3a7epkka OTHOcUTelbHO cTpoba «Ilpuem/Ilepenaua»; ammauryna; (asza; dacroTa
Jlomnepa; mmMpWHA CHOEKTpa IIyMa; aMIUIATy[Aa (QIyKTyaluu,; HW3MCHEHHE 3aJICpKKH CUTHAaja
oTtHocuTenbHO cTpoba «Ilpuem/Ilepenauar); mapaMeTphsl CIy4aiHOTO IIyma (3aKOH PacIpeleiICHUs
aMIIUTyael — Pernes, paBHOMepHBIA, MakcBelia, IETCPMHUHHPOBAHHOEC 3HAYCHWE, W JIP., 3aKOH
pactipenenenus (ha3sl — paBHOBEPOSITHBIN; CPETHEKBAPATUYHOE OTKIIOHCHHE IITyMa).

4. TlpowsBonbHBI curHan. [IpemycMoTpeHa BO3MOXHOCTH (OPMUPOBAaHUS CHTHAIa
oJTb30BaTeNeM. [Ipru 3TOM IIPOUCXOIUT CINTHIBAHHUE U3 TIAMSTH 3apaHee IMOATOTOBICHHOTO CIICHAPHS
M3MECHEHHUS TapaMEeTPOB CHUTHAja COOTBETCTBYIONIMX H3MCHCHHIO IOJIOKCHHS I BO BPEMCHHU.
Nmeetcst BOBMOXHOCTh BPEMEHHOM KOPPEKTUPOBKU JEUCTBUTEIBHOM M MHUMOM COCTaBIISIONICH
YyacTell KOMILICKCHOI'O CUTHAJIA.

ceTTT T FoTTT o g e AHTEHHAa |
: HenoaswxHblii Briok nepegatunka | } MoaBMXHbIA Brok NnepeaaTyuka |
l |
: : 1 CMEHHbI aHTEHHbIA MoayNb :
| I
I — I |
J I '| |CmecuTens CmecuTent I
I | 2 :
I Llos 2l & WMoFyaEToR 1 I KaHan 1 KaHan 1 :
I ] | I |
| | [ } g3l |
| | | CMeHHbI :
! . I Moaynk Nenutens !
: ! } nepeHocuuka MOLLHOCTU :
I : I yacToThl |
! I | I
: : } eTepoAunH [eTepogunH :
I | I uyraa ura.2 |
: FeTepoguH | } leTepoguH |
! yr2 | | !
: ur1 | ; !
| : I Ynpasnedve 1|¥Ynpasnaemblii| |Ynpasnaembli :
: : } Kkrod 1 Knou 2 :
i ! ‘ Ynpasnehue 2 T !
I | I | ‘ |
: | } Unut Unut |
1 |
: ‘ : } [ AHTeHHa :
: AN N ! } CmecuTenb. Cmecutens. :
: Ay P | } Kanan 2 Kanan 2 |
1 |
! | ! I
| | I | |
: ' : : ! AHTEHHa :
! | ' lcmecutens CmecuTenb !
I I - :
! LA Menyreop - ] Kanan 3 Kanan 3 |
| : | :
: l : } l AHTEeHHa :
I I | I |
! | I'| [CmecuTens. CMecuTenb. /. i I
: LiAL] Mopynsitop : | Kanan 4 Kanan 4 :
! I | I
| I
I i I '

Puc. 1. CucreMHblit 0JIOK reHepali MOy IMPOBAHHBIX CUTHAJIOB
Fig. 1. System block for generating modulated signals

BzaumocBA3b JanbHOCTU 10 LEIU C 3aJ€p>KKOM CurHaia T, UCHOJb3yeMOMl B KOMIUIEKCE
JUTSI AIMMHTAITAH TaJTbHOCTH, YCTAHABIMBACTCS COOTHOIIICHUEM:

R =1c/2, (1)
rae R, — AambHOCTD JI0 LEIH, M; T — 3aJIepikKKa OTPAKESHHOTO CUTHAIA OTHOCHTEIBHO 30HUPYIOIIETO, C;
¢ — CKOPOCTB CBETa B Bakyyme 299 792 458 m/c.

IIpu pabote IIJIMC mcmonp3yeTcss BEIMYWHA T', COOTBETCTBYIOMIAS «OTHO3HAYHO BHIUMOM
JATBHOCTH» B COOTBETCTBHUHU ¢ HOPMYJIOH:

R =tc/2=nT,+1t")c/2, 2)
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rac T, n — INCPUOA ITOBTOPCHUSA UMITYJILCOB, C; 71 — IICJIOC YUCIIO; T '— 3aACPIKKa CUI'HaJIa B IIpEeaciiax
OOHOI'0 N€pMOJa MOBTOPECHUSA UMITYJIBCOB, C.

Kowmimrekc mo3BosseT HUMUTHUPOBATHL CHUTYyallUM B3aWMHOI'O MNEPEMEIICHUA HOCHUTCIIA pagapa
OTHOCHUTCJIIbHO ABUKYIICTOCH 00BeKTA. HpI/I 9TOM NIPCABAPUTCIIBHO paCCUNUTBLIBACTCA 4aCTOTA I[ormepa.
Ee MmakcumanbHOE M1 MUHUMAJIFHOE 3HAUCHIE OIIPEACTIACTCA U3 BBIPAXKCHUA:
Frae = 2V, 4V, ) fle=2(M,.+M,) falc

" 3)
Fin=2V,-V,) flc=2(M,-M,)falc,
rae Fax — MakCUMalIbHOE 3HaueHue yacToTsl Jlomiepa, I'n; Fin — MUHUMAaNbHOE 3HAYEHUE YACTOTHI
Homnepa, I'u; V., V; — ckopocTh HOCHUTENs padapa W O00BEKTa COOTBETCTBEHHO, M/c; M, M; —
CKOPOCTh HOCUTEIS pajiapa U 00beKTa COOTBETCTBEHHO B Maxax; f— pabouas yactoTa paaapa, ['1;
¢ — ckopocTh cBeta 299 792 458 m/c; a — ckopocTh 3ByKa =~ 340 m/c.

Tpebyemoe mpHU MOJEIHPOBAHHM COOTHOIIEHWUE CHTHAN /IIyM 3aBHCHUT OT 3aJiaBacMoi
aAMIUTATY/TBI OTPAYKEHHOTO CUTHAJIA OT [N KaK:

P N,
SNR =10lg| == |~ 201g| — |, 4
g5 g N “4)

n n

rae Ps, P, — MOIIIHOCTb OTPaKEHHOT'O CUTHAJIA OT IIEJIM U IlIyMa COOTBETCTBEHHO, MBT; N;, N, — Koz
aAMIUTUTY bl OTPa’KEHHOT'O CUTHAJIA OT LIEJIM M [IIyMa COOTBETCTBEHHO.

B nmamstu [IJIMC coxpaHeHB! TaOIHUIBI HAMPSHDKCHUH AT PAa3UYHBIX 3aKOHOB MOAYJISIIUU
curHaima. Ilomydass xomangy chopMHUpOBaTh CHTHAIBI C 3aJaHHON MOAYJIAIUEH, aMIUIUTYIOH,
nepuonoM moToperus, [IJIMC nudpoBeiM 00pa3oM co3MaeT COOTBETCTBYIONIHE KBaApaTypHBIC
cocrapisomue. LIAIl (4acTora BBIXOZHOIO CHUTHajla HPOMEXYTOUHOHM dacToTel 125 M)
U MOAYJSTOPHl oOecreunBaoT GOpMUPOBAHME CUTHAIOB B aHAJIOrOBOM BHIe ¢ yacToroil UI'l,
a cMeHHbIe MOJyNn (mpeobpa3zoBaTelbh YaCTOTHl U AaHTCHHBIH MOJYJb) 00CCIICUNBAIOT T€HEPAIIHIO
CUTHAJIOB B auamna3oHe yactotT 2-298 I'T'1.

Kaxxpomy amama3zoHy 4acTOT COOTBETCTBYET CBOS Mapa CMEHHBIX MOJYJIEH: aHTEHHOTO U
nepeHocynka yactoTsl. Yacrora UI'3, mogaBaemas Ha CMECUTENH, YCTAHABIMBAETCS IMyTEM MOAa9H
HanpspkeHus muTanus Ha retepoand UI'3.1 wim rereponuu UI'3.2. Honomautensro B [IJIMC myTem
CYMMHUPOBAHUS  HANpsHDKCHUH ~ KBAApaTYpPHBIX  COCTABJISIONIMX  CHUTHAJIOB  BO3MOXKHO
KOMOWHUPOBAaHWE OCHOBHOTO CHTHaja C NIyMaMH, MEHIAIONIMMH OTPAXKCHUSMHU U IOMEXaMH.
Takum o6pazom, obecrnieunBaeTcsi HOPMHUPOBAHUE KOTEPEHTHBIX MOAYJIUPOBAHHBIX CHTHAJIOB IO
YETHIPEM KaHaJlaM.

YacToTHbIH 1aH GOPMUPOBaHUS BHIXOAHOTO CUTHAJIA ONPEACISIETCS U3 BEIPayKEHH:

Foyr=125MI'm + UI'2 — 4I'l + 4I'3, %)

rae UI'l —gacTtora mepBoro rerepoauna; Ul'2 — gactora Broporo rerepoauna; YI'3 — gactora TpeThero
rerepomuaa YI'3.1 wmm UI'3.2.

Ha puc.2 mnpuBenena oOmias CTPyKTypHash cXeMa KOMIUIEKCA, Ha KOTOPOW MPUHSTHI
cleayromye 0003HauCHHS:
CHUCTEMHBIH OJIOK TeHepany MOIYTUPOBAHHOTO CUTHAA C PAa3TUIHBIMI 3aKOHAMHU MOIYJISIHH 15;
1 — anTeHHa; 2 — MByXKOOpAMHATHAS TuIaThopMa; 3 — CMEHHBIN OJIOK pUeMO-TiepeaTanka; 4 — OJI0K
CMEHHBIX aHTEHH; 5 — Oyok ympaeneHus MmiargopmMol; 6 — OJOK NPOMEKYTOUHOW YacCTOTHI
nepeaTInKa.

Bropoii 010k npeacranisieT co0oi MpHEMHYO cucTemy 16:
7 — aHTeHHa; 8 — OJIOK CMEHHBIX aHTEeHH; 9 — ycTpoiicTBa aBTOKanuOpoBky; 10 — TpexKkoopauHaTHAS
mwiatdopma; 11 — OJ0K MPOMEKYTOUHOM YaCTOThI MPUEMHHUKA; 12 — OJIOK ymnpaBlIeHUs IaThOPMON;
13 — Omok ympaBieHUs IMOACHUCTEMaMH TpHUEMHUKAa W Tepemarduka; 14 — APM ympaBisromiero
KOMILJIEKCOM OIepaTopa.
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Puc. 2. CtpykrypHas cxema KOMITIEKCa
Fig. 2. Block diagram of the complex

PeanuzoBanHbIl H3MEPUTENBHBIM KOMILIEKC MIPEACTABICH Ha puc. 3.

1 — nByKOOpAMHATHAS TIaTGOopMa; 2 — CHCTEMHBIH OJIOK IepenaTduka; 3 — OJIOK yIpaBiIeHus mIaT(opMoii;
4 — moacucTeMa TepeiaTunKa; 5 — CHCTeMHBIN 010K mpuéMHnka; 6 — APM omeparopa

Puc. 3. CocTtaB 1 B3auMHOE pacrojoxeHne 0JI0KOB KOMITIEKCa
Fig. 3. The composition and relative position of the complex blocks

3akiarouenne

Co3maH KOMIUIEKC Al HCCIEAOBAaHMKH ¥ W3MEPEHHS CHCTEMHBIX IapamMeTpoB
u xapaktepuctuk PTC, oTHOcsmmiics k obOmacth pamnoTeXHUKH. OH MOXKET OBITh HCIIOJIb30BaH
IUISl IPOCTPAHCTBEHHBIX ~M3MEPEHHH PaAMOTEXHUYECKUX XapPaKTEPUCTHK TMPHEMO-TIEpEAatOInX
ycTpoicTB. M3MeputenbHblii KOMIUIEKC pazpaboTaH W u3roroBiieH B «Hay4Ho-mpon3BoAcTBEHHO-
00pa3oBaTeIbHOM HHHOBAIIMOHHOM IieHTpe CBU-TeXHOIOTHI 1 UX METPOJIOTHYECKOTO 00ECTICUCHHSD)
HAy4YHO-MCCIIEIOBATEIbCKOW YacTH benopyccKoro rocyaapCTBEHHOTO YHHUBEPCHTETa HMH(POPMATHKH
U paanodJeKTpoHUKH. OH TO3BONSET U3MEPATh CHCTEMHBIE mapaMeTpbl W XxapaktepucTuku PTC
B IIMPOKOM 4aCTOTHOM Auara3oHe (ot 2 1o 298 I'T'); odecrneynBaTh NpOCTPAHCTBEHHYIO OPUEHTALIHIO
npueMHoO# u nepeawomei anredHd PTC; uMeTh BO3MOXXHOCTh MPOCTPAHCTBEHHON (DHUKCAIIUH aHTCHH
Mo a3uMyTy M YNy MecTa C 3aJaHHOHM TOYHOCTBIO; M3MEpATh MOIIHOCTH mnepenatynka PTC
U 4yBCTBUTENBHOCTh IpueMHuKa PTC; onpenensaTs SKBUBAJIEHTHYIO AalbHOCTH AerictBus PTC.

HeobxomumMo OTMETHTH BO3MOXXHOCTh HM3MEpPEHHS AMarpaMMbl HaINpaBIeHHOCTH AHTEHH
Yepe3 MUHUMAJIbHO BO3MOJKHBIE YTJIBI pa3pelieHus] B BEPTUKAIBHON W TOPU3OHTAIFHON TIOCKOCTSX,
9T0 0OYCIOBIMBAETCS HOBOM (YHKUMOHAIBHOH BO3MOXHOCTBIO KOMIUIEKCA — IPOBEPKOIi
CTaTHCTUYECKUX THUIOTE3 JJIs BBHIMOJHEHUS 3a/4ad TMeJCHrallii W PacloO3HAaBaHWS CHUTHAIBHBIX
roptpetoB PTC.
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