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BBenenune

OnHo# U3 aKTyalbHEHIINX MPOOIeM CHCTEM
UG POBO pagroCBsA3U ABIsETCS IpobdiemMa MHO-
roJIy4eBOr0 PacIpoCTpaHEHHs] paauoBOiH. [o-
poJicKasi cpefa co3zaeT crenupuIeckue yCIoBUs
JUIsl paclpOCTPaHEHHs] PaguOBOJIH. TeHEBBIE 30-
Hbl, MHOTOKPATHBIE OTPaKEHHSI U pacCEesIHHE BOIH
(hOpMHUPYIOT MHOTONYYEBBIE OIS CO CIOXKHOM
UHTEP(EPCHIIMOHHON CTPYKTYpO W PE3KUMH
MPOCTPAaHCTBEHHBIMH M3MEHEHUSMH YPOBHSI CHT-
Hajlla. MHOroiay4eBord XapakTep pacrnpocTpa-
HEHHUs paJMOBOJH, KOTJa B TOYKY NpHeMa IMpH-
XOJAT BOJIHBI Pa3HBIX HANpaBICHUI U C pa3HBIMU
BPEMEHHBIMH 3a/IepXKKaMHU, TOPOXKIAET SBICHUS
MEXCHMBOJIBHOM HHTEp(EepeHINH MPH Tepenade
KOJOBBIX mocienoBatenbHocteit [1, 2]. Hcka-
JKEHHsI CUTHaja, OOYCIIOBJIEHHBIE MEKCHMBOJIb-
HOW MHTepdepeHrel, MOTYT BBI3BIBATH CEPhE3-
HOE YXYJIICHHE XapaKTepUCTUK CUCTEMBI H, B
MEPBYIO O4YEpelb, CHIDKEHHE CKOPOCTH Iepena-
BaeMod 1udpoBor HHGOPMAIMM, €CIH JJIU-
TEIBHOCTh 3aJE€PXKKU CpaBHUMA C JJIUTEIBHO-
CThI0O cuMBoOJda. HeoOxommmoW TpemmoCchIIKOM
U1 pa3paboTku 3()(PEKTUBHBIX CHUCTEM CBS3H,
paboTaromux B TOPOJCKOM cpeae, sIBISETCS
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3HaHWE XapaKTePUCTHK MHOTOIY4YeBOrO KaHaja
pacrnpocTpaHeHusl.

Crporue SIeKTpOJMHAMHYECKUE MOJACITH H
TEOPETHUECKHE PacdeThl 0 HAM HE TO3BOJISIOT C
JOCTAaTOYHOW TOYHOCTBIO OMPENEIHTh MPOdHiIN
BPEMEHHOTO PACCEHBAHMS U JOIUIEPOBCKHE CIIEK-
TPHI CUTHAJa B KaHaJe CBS3U, OCOOCHHO B MHJLIH-
METPOBOM JHANa30He JTUH BOJH.

Hnst pemeHus 3TOM mpoOieMbl OOBIYHO HC-
MOJIB3YIOT SMIUPUUECKUE MOJEIIN MHOTOIYYEBOTO
pacmpocTpaHeHHs, OCHOBaHHBIE Ha AKCIIEPUMEH-
TaNbHBIX HCCJIEIOBAHUSIX BPEMEHHOIO pacceHBa-
HUS ¥ JIOTUIEPOBCKHUX CIIEKTPOB IIPU MHOTOJYy4e-
BOM DAaclpOCTPaHEHWH CUTHAJOB HA Pa3ITUYHBIX
Tpaccax C pPa3iUYHBIMH THIIAMHU TOJCTHIIAIOMICH
MOBEPXHOCTH.

Jna mpoBeneHus SKCIIEPUMEHTAIBHBIX HC-
CIIEIOBAaHUN HEOOXOAMMO MMETh IMpHEeMO-Tiepea-
IOIl[ee YCTPOWCTBO, IMO3BOJISIIONIEE OOCCIICYUTh
BBICOKOE pa3pelleHre Mo JalbHOCTH, YTO SKBHBA-
JIEHTHO BBICOKOMY BpEMEHHOMY pa3perienuro. Ta-
KM€ YCTPOHCTBAa MOTYT paboTaTh KaK B HMITYJIbC-
HOM, TaK M B HETNPEPHIBHOM pexxuMax. Mcnosb3o-
BaHUC MMITYJIbCHOTO PEXHMaA pa6OTLI IpUEMO-TIC-
penaromiero ycrpoicTBa TpeOyeT (opMupoBaHus
OYEeHb KOPOTKHX HMITYJILCOB, YTO HE BCET/a MpaK-
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TUYECKU BBHIMOJHUMO U MPUBOJUT K MaJloil Belu-
YUHE SHEPTUH 30HIUPYIOIIETO CUTHAJA.

Ecnu ucnonb3oBaTh HEMPEPHIBHBIM CUTHAN C
JTUHEHHOH yactoTHOW Moxymsanued (JIUM), To mo-
SIBIISIETCS. OOJBIION YPOBEHh OOKOBBEIX JIETIECTKOB
KoppenaunuoHHoi (yukiuu. ITosTromy OCHOBHOM
LENBI0 pabOTHI ABNISETCS pa3paboTKa TaKOW CTPYK-
TYpPHOH CXEMbl U3MEPUTEIBHOM YCTAaHOBKH U Ta-
KHX aJTOPUTMOB OOpaOOTKH CHUTHAJIOB, KOTOpHIE
MO3BOJISIIOT OOECIIEYNTh BBICOKYIO Pa3peIIaroilyro
CIOCOOHOCTH TI0 TaThbHOCTH U MaJbIi YpOBEHH 0O-
KOBBIX JICTICCTKOB KOPPENAIUOHHON (QYHKIUN
CHUTHAJIa, TIPH WCIIOJIH30BAaHUN HETPEPHIBHOTO CHT-
Hana ¢ JTUM.

Cxema HU3MEPUTEJIBHOI0 KOMILIEKCA

CTpyKTypHas cxema MOpUEMO-TIEPEAAIOIIEro
MOJyJIsl IPHUBEJIEHAa Ha PUCYHKe 1.

N3mepuTenbHbIA KOMIUIEKC paboTaeT B PEKUME
u3MepeHnsi OOpaTHOTO pacCeMBaHWA M, 10 CYTH,

npencTaBiusier  coOod  paguoliokaTop C - cymep-
TeTepOJMHHBIM TIPUEMHUKOM Ha OOKOBOH IMoIoOCe.
Takoit npreMHUK KOHCTPYKTHBHO 00JIee CIIOKEH, YeM
NPUEMHMK Ha HYJIEBOM MPOMEKYTOYHOH 4acToTe, HO
3aT0 00mamaeT OonNbIIeH YyBCTBHTEIBHOCTRIO U
cTaOWIHLHOCTHIO B pabote [3].

Curnan ¢ JIUM ¢dopmupyercss ¢ TOMOIIBIO
reHeparopa, ynpaBJisieMOro HanpspKeHHEM, Ha KO-
TOpBIA MOJIAETCS MOIYJIHMPYIOIee MUI000pa3zHOoe
HanpspbkeHue. JlumanaszoH QOpMHUpOBaHHS YacTOT
reHepaTopa, yIpaBiIIEMOro HampsbkeHuem, 14,5—
15,6 I'Tu. Jlanee yacTh CUTHaJA MOMAJACT B Mepe-
Jarolee yCTpOWCTBO, TAE€ 4YacTOTa YABaWBaeTcs,
CUTHAJl YCUJIMBAETCS M Yepe3 PYINOPHYIO aHTCHHY
H3Ty4aeTcsl B MPOCTpaHCTBO. TakuM oOpa3oM, Ha
BBIXOJIE TepeJaTyhKa IHara3oH YacTOT COCTaB-
aser 29-31,2 I'Tu, HO pealbHO MCHONB3YIOTCA
CHrHasbl ¢ aeBuained yactorsl 10 500 MI1, tak
KaKk  aMIUTUTYAHO-4aCTOTHas  XapaKTepHCTHKA
(AYX) renepatopa, ynpaBisieMOro HanpshKeHHEM,
HEpaBHOMEpHA B JUANIa30HE YaCTOT.
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Pucynox I — CTpyKTypHas cxemMa H3MEPHTEIHHOTO KOMILIEKCA

YcTpolcTBO BBIACTCHUS Hecylei hopMupyer
CUTHAJI, KOTOPbIM IIOCTyHmaeT Ha CMECHUTENb
caeura. OH casuraer curHaid Ha 2 I'TT BBepx m
¢hopmHpyeT cUrHal reTepoiuHa MPHEMHHUKA C 4Ya-
croramu 16,5 + 17,6 I'Tu. Beicokas mpomexyTod-
Has 4acToTa MO3BOJISIET M30eXaTb BIHUAHUSA aM-
IUINTYAHO-()a30BBIX IIYMOB I'eTEpPOAMHA, YTO obec-

MeYNBACT MallbIii KO3(Q(PUIMEHT IIymMa BXOIHOTO
TpaKTa, a TakKXE IOJIYy4YUTb C IIOMOIIBIO IIO-
JIOCOBOTO (PHIIBTPA JOCTATOYHOE TOJABIICHHUE Pa3-
HOCTHOM YacCTOTHI OCJIE CMECUTENS CIBUTA.
Curnan rerepoauHa TOCTyIaeT Ha BXOJIHOM
OaslaHCHBIH CMECHTENb, paboTaroluil Ha 2-i rap-
MOHHKE YacTOTHI reTepoauHa. Ha 3ToT cMmecuTenb
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TaK)Ke MOCTYNaeT OTPAKEHHBIH OT O0OBEKTOB 30H-
JIUPYIOLIUNA CUTHAIL.

Takum 00pa3oM, Mmociie CMECHTEIs] MMEeeTCs
cUTHaN Ha nmpoMmexyrouHnoit yactore 4 I'T1, B xo-
TOPOM TPHUCYTCTBYIOT Pa3HOCTHBIC YacTOTHI (4a-
CTOTHl OWEHWs), CBA3aHHBIC C 3aJCP)KKOH OTpa-
JKEHHBIX 30HAMPYIOIIUX CUTHAJIOB IO OTHOIICHHUIO
K CUTHaNy rerepoiuHa. Jlajmee curHanm ycuimBa-
€TCSl M IOCTYIaeT Ha CMECUTEIIb, KOTOPBIH Iepe-
HOCHUT €r0o Ha HyJeByIo dacTory. CurHanel 2 u 4
I'To ¢opmupylOTCSI OT OJHOTO OMOPHOTO HCTOY-
HHUKa C TIOMOII[BIO CHHTE3aTOopA.

Takoil H3MEpUTENbHBIM KOMIUIEKC OOJagaeT
CIIeTyFOIIUMHU XapaKTePUCTHKAMHU:

— nuama3oH Jactot 29-31,2 I'T;

— neBHalys 4acToThl 70 S00 MI'1;

— BBIXOJHAs MOIIHOCTE 15 nbm;

- k03¢ HUIKeHT myma nprueMHuka § nb;

— orubarommas JIUM - mmmooOpasHble WM-
yJbChl ¢ yactoTo 1 k'

— KOX(QQUIMEHT YCWICHUS pYIMOPHOH aH-
teHHsl 10 nb.

Hcxona u3 31010, OBIIM JOCTUTHYTHI CIETY-
IONUE OCHOBHBIC TIApaMETpPhl U3MEPHUTEIHHOTO
KOMILIEKCA:

— IaTBHOCTh U3MEPEHUS 3 KM;

— pa3pelIeHre 1Mo BpeMEeHH 3aJep>KKH (J1aib-
Hoctu) 5 He (0,75 M) B AmMamazoHe 3ajJepiKeK
25 He < 1,< 50 MKC.

Jns mccnenoBaHusa CUTHama W mporecca 00-
pabOTKH BBIMIOJHSIIACH TPOTPAMMHAS HMUTAITHUS.
Macmrabupyemast UMUTAIIUS CUTHAJIA TTPOU3BOIH-
nock B cpene LabView co creayromumu mapamer-
pamu:

—vactoTa aquckpetuzanuu f;= 100 MI;

— BpeMs HaOmoaeHwus t, = 20 Mc;

— JuWama3oH M3MeHeHHs dYacTtoT 6—-26 MIn
(1 = 20-10°T'm);

— orubaromas JIUM — HeCHMMETPUYHBIE TTH-
n0o6pasueie umiyiscs f, = 1 k'

- Takke B orubaromryro JIYM BBenmeHBI He-
OOJIBIIINE MCKKECHUS — TIPOXOXKIICHHE Yepe3 QUIIbTP
HIDKHUX 9acTOT ¢ 9acToToi cpeza 800 kI 11;

— KOIHYecTBO oTcyeron 2-10°,

3aBUCHMOCTh BPEMEHH  PacCIpOCTpaHEHUS
curHana t, oT vactorel Ouenus f; ompemensercs
hopmyitoit:

f6
PR &)

m o JieB
I[J'ISI IMPUBCACHHBIX BBIIIC 3HAYCHUN t3 =

=5.10""". f5. Takoe HEBBLICOKOE Pa3pelICHHE IO BPE-
MEHH 3aJep’KKH 00yCIOBICHO MAJIBIM H3MEHEHUEM
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YacTOTHl B CHTHaJle, TaK KaK peajbHbIe YacTOTHI
(mo 500 MItm) morpeboBamm OBl 3HAYNUTEIHHO
OOoJBIIeH YaCTOTHI JUCKPETHU3ALNH, YTO IPH TAKOM
e BPEMEHHU HaOJI0OACHUS 3HAYUTEIBHO OBl YCIIOX-
HUJIO MPOLIECC UMUTALIMU CUTHAJIOB.

Ha pucynke 2 npexacrapnen rpauku, Ha KO-
TOPOM YNPOLICHHO MOKa3aHbl U3Ty4YE€HHBII CUTHAI
W TPUHATBIA CUTHaN (PUCYHOK 2a), a TaKkKe HX
pa3HOoCTHAs 9acToTa (pUCYHOK 20).
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Pucynok 2 — BpeMeHHbIE 3aBUCUMOCTHU: a — IPHHITOTO
1 OMIOPHOTO CHTHAJIa N3MEPHUTEIHHOTO KOMIUTEKca; O —
Pa3HOCTHOH YacTOTHI MPHEMHHUKA

Ilpn nepexmovYeHWH YacTOTHl NPHEMHUKA C
MaKCUMQJIbHOW HAa MHHUMAQIbHYIO BO3HHUKAIOT
HEPEXOHbIE IPOLECChl, KOTOpbIE JAIT CKaukH
qacToThl (pucyHok 20). Takue ckauku MOryT 00o0-
TaTUTh CHEKTP M YXYIIIUTh XapaKTEePHCTUKH TpHU-
€MHHKa TP OTPa)XKEHWH CUTHAJa OT HECKOJBKHX
npensTcTBUil (enei). Bpemst 3amepxku  oTpaxe-
HHOT'O CUTHaJIa OTpeeNsieTcsl o YacTote OueHwi f;
(prcyHOK 20) TIpH U3BECTHOM AeBUanu 4acToThI (1).

PesynpTaThl MOAenupoBaHMs IOKa3aHbl Ha
pucynkax 3-8. Ha pucynke 3a mokasaHbl Bpe-
MEHHBIE 3aBUCHUMOCTH H3MEHEHMsI 4acTOT IpH
IpueMe Tpex Jy4yell curHajia ¢ pa3JiMyHbIMU 3Ha-
YEeHUSIMH MOIIHOCTH M BPEMEHH 3aJCP>KKH Kaxk-
JIOTO JIy4a.

Ha pucynke 30 npejcraBieHa BpeMeHHas 3a-
BUCHMOCTb CUTHAJIa POMEKYTOUYHON YaCTOTHI IPH
HQJINYMK Ha BXOAE NMPHEMHOTO YCTPOHCTBa Tpex
ny4yeil ¢ pa3iIMYHBIMHU 3HAYEHHSMH BpPEMEHH 3a-
Jepkku U pasHocThio amruiutyn 20 ab. U3 pu-
cynka 30 BHOHO, YTO B MOMEHTHl BpPEMEHH
OKOHYaHUS OJIHOTO Tieproaa (HOPMHUPOBAHUSI CUT-
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Hama ¢ JIYM wu Hagane BTOpOro mnepuoaa
BPEMEHHbBIC XapaKTEPUCTUKU W3MEHSIOTCS, 4TO
MPUBOAUT K  OOJBIIIOMY YPOBHIO OOKOBBIX
JIETIECTKOB KOPPESIIMOHHONW (YHKLIMH CUTHANA C
JIUM. ChexTp curHajga moka3aH Ha pUCYHKe 4.
JlBa oTcuera NanbHOCTH MMEIOT Pa3sHOCTb 4acTOT
40 x['u, yro cormacHo Qopmyne (1) cocraBmser
BpeMsl 3aJepKKd 2 MKC. BuaHo, 4yTO OTHOIIEHHE
CUTHAJI/TIOMEXa JJIsl CIIEKTPAIbHOW COCTaBJISIOIICH
CUTHaJIa ¢ MUHUMAJIbHOW MOIIHOCTBIO COCTABIISIET
okoio 18 nb.
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Pucynok 3 — BpeMeHHBIE 3aBUCUMOCTH: @ — U3MEHEHUS
YacTOT TPeX JIydeil Ha BXOJIe PUEMHOT0 YCTPOUCTBA;
0 — cuTHaNa IPOMEXYTOYHOH YaCTOTHI IIPH HATHUINH

Tpex Jy4eil Ha BX0Jie MPUEMHOT0 YCTPOHUCTBA

Jns ymeHbIIeHUs] YpOBHSI OOKOBBIX JIEHeECT-
KOB KOPPEIALMOHHOW (YHKIMH  HCHOJIb3yeM
OKOHHYIO QyHKIHMIO X3MMHHTa. BpemeHHas 3aBu-
CUMOCTh CHTHaJIa IPOMEKYTOYHOM YacTOTBl IpHU
MpUeMe TpeX Jy4el U HCIOJIb30BaHUM OKOHHOMU
¢GbyHKIIMM XeMMHHTa TOKa3aHa Ha pucyHke 5. U3
pUCYHKa BHIHO, YTO AMIUIUTYAAa CHUTHaja paBHA
HYJI0O B MOMEHTBHl OKOHYaHUs mepuoaa Qopmu-
poBanus curHana ¢ JIYM, 4TO NpHUBOAUT K
YMEHBIICHUIO YPOBHS OOKOBBIX JIETIECTKOB Ha 13—
14 nb (pucyHok 6).

CrieKkTp 3TOro CHUTHaja MpHUBEIEH Ha PUCYHKE
4. Ha cmnekTpe BUAHBI JIB€ OTMETKU AAJHHOCTH C
pa3nMYHOW aMIUIMTYIOM M Haaudue MEIAroNINX
CUTHAJIOB BO3Jie OoJiee CHIIBLHOTO CHTHaja, KOTO-
pBle BO3HMKAIOT MO YPOBHIO NPHUMEpPHO Ha 25—
27 nb MeHblIe YPOBHS CUTHATIA.
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Pucynox 4 — Cnexktp cursanga npoMeKyTOUHOM 4acTOTHI
IpY HAJTMYUU TPeX JIyuell Ha BXO/e IPUEMHOT0
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Pucynox 5 — BpeMeHHas 3aBUCMOCTb CUTHaJIA
MPOMEKYTOUHON 4aCTOTHI IPU MPUEME TpeX JTydel u
UCIIOJIb30BaHUN OKOHHOM (pyHKIMM XeMMUHra
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Pucynox 6 — CnexTp curaaia mpoMeKyTOUYHON YaCTOTBI
[pU [IpUEeMe TpeX Jy4eil U UCTOJIb30BaHUHU OKOHHOMN
¢byHKMn XeMMUHra

Ha pucynke 7 npuBeieHbl CIEKTPhI CUTHAJIOB
MIpY YMEHBUIEHUH MOUTHOCTH CUTHAJa B OJJTHOM U3
nydedt Ha 25 nb. U3 pucyHka 7a BUIHO, 4TO OO0JIb-
IO YpOBeHb OOKOBBIX JIEMIECTKOB KOPPEINSAINOH-
HOM (QyHKIMU curHaiza ¢ JIUM He mo3BoJIsIeT
BBIETIUTh CUTHAN Jy4a C Takol Majod MOII-
HOCTBIO. [IpuMeHeHne OKOHHOM (BYHKITMH TO3BO-
JISeT BBIACTUTh M W3MEPHUTHh MOIIHOCTH U BpEMs
33JIepKKH  TPETEro Jy4a 10 OTHOLIEHHIO K
OCHOBHOMY JIy4y (PHCYHOK 70) .
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Pucynok 7 — CiekTp npoMeKyTOYHON 4aCTOTHI CUTHAJA
OT JIBYX NPETATCTBHHN (pa3HuIa aMIUIATyAb! 45 1b): a —
6e3 06paboTkm; 6 — ¢ 00paboTKOH pyHKITHEH
XeMMUHIa
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Pucynox 8§ — Ciektp curnaia mpu UCIoJIb30BaHUU
OKHa: a — XeMMHHI'a; 0 — C IUIOCKOI BEpUIMHON
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CrieKkTphl ATOrO XK€ CUTHana mpu o0paboTke
€ro OKHaMH XEMMHUHIa U OKHOM C IUIOCKOM Bep-
HIMHOM MOKa3aHbl Ha pucyHke 8 (a u O cooTBer-
CTBEHHO).

MonenupoBaHus pa3iMYHBIX OKOHHBIX (DYHK-
Y TOoKa3ajgo, 4To B pa3pabaThiBaéMOM YCTpPOH-
CTBE HAWIy4YIIME pe3yJbTaThl O0ECIIEUUBAIOTCS
MIPU UCHOJB30BAHUH OKHA X €MMHUHTA.

3akiIoyenue

[Ipemnoxkena cxema KOMIDIEKca IS U3MEpe-
HUS MPOQUIIST BPEMEHHOTO PACCESIHUS ¢ BHICOKHM
pa3pelIeHUeM 0 BPEMEHHU, OCHOBaHHAs Ha MpU-
MEHEHHH IIMPOKOIMOJNOCHBIX curHanos ¢ JIUYM, u
MeTo 00pabOTKH CUTHAA.

[TokazaHo, 4TO JIsl YMEHBIICHUS YPOBHS 00-
KOBBIX JICTIECTKOB KOPPEISIIIMOHHOW — (PYHKIIUU
curHaia ¢ JIYM B pa3paOoTaHHOM H3MEpPHUTEINb-
HOM KOMIUIEKCE IIeJIeCO00pa3HO HCIIOJIb30BaTh
OKOHHYIO (yHKIMI0O XeMMHHTa. JTO IO3BOJISET
3HAYUTENFHO TIOBBICUTH BEPOSTHOCTH Pa3IeIbHOTO
pacro3HaBaHUs HECKOJBKUX CHTHAJIOB C HEOOJIb-
IIOW pa3HUIEH BpEeMEHH 3a/Iep)KKH, HO C pa3liny-
HOW aMIUTUTYJION OTPaXKEHHOTO CHUTHAJA, YTO I1103-
BOJISIET MOJMY4YUTH OOJiee TOYHBIE H3MEpPEHUs 00-
paTHOTO paccewBaHUs, a TAKXKE MOBBLICUTH HAJCK-
HOCTPH pabOTHI.

B mnactosimee BpeMs MPOBOIATCA SKCIEPU-
MEHTAJILHBIC UCCJICIOBAHUS B PEATbHBIX YCIOBHUSIX
MHOTOITy4€BOTO PAaCIIPOCTPAHEHHS CUTHAJA.
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Cpeocmea uzmepenuii

Murav’iov V.V., Naumovich N.M., Korenevsky S.A., Stanul A.A.

Device for measuring temporal characteristics of millimeter-length radiowaves scattered under
multipath propagation.

Possibility of temporal characteristics of scattered radiosignals under multipath propagation was
analyzed. A scheme of millimeter-length radiowaves transceiver was presented. The feasibility of “window”
function using for processing of received signal was shown based on the modelling of the measuring system
operation. (E-mail: Comrad-1@mail.ru)

Key words: temporal characteristics, multipath propagation.

Tlocmynuna 6 pedaxyuro 16.03.2012.

10 [puGopsl U MeTobI n3Mepenuid, Ne 1 (4), 2012





