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BBepeHune

dopmupoBaHue, nepenata 1 06padoTka HHGOPMAIINY ABISIOTCS Tpe-
M OCHOBHBIMU (DYHKIMSMU COBPEMEHHBIX TeJIEKOMMYHHUKAIIMOHHBIX
cucreMm. J[Jist MX Ka4eCTBEHHOI pear3allii IPUMEHSIOTCS YCTPOICTBA,
coleprKaliye Tak Ha3blBaeMble JTUHENHbIE TPAKTHI, B KOTOPBIX OCYIIIECT-
BJISIFOTCSL THITOBBIE IPe0OPa30BaH¥st CUTHAIOB — YCUJIEHUE, (PUIbTPALUS,
IIePEHOC I10 JACTOTE, KOTOPbIe PEATU3YIOTCS B COOTBETCTBYIOIIHX YCTPOIL-
CTBaX PauOCPENICTB.

Taxwue y3ibl, Kak YCHJIUTENH, JaJeKo He Bcerja paboTaroT B JINHE -
HOM PEKIMe, TIOCKOJIbKY OH COOTBETCTBYET CPABHUTEIBHO HEGOIIBIIIOMY
k0o unneHTy nonesHoro meicrus. Yarie BCero npu HOMUHATbHOMN
BXOJIHOM MOIITHOCTH BBIXOJHbIE KACKA/Ibl PAOOTAIOT C IIEPEXOIOM B Ha-
CBIIIIEHHE, YTO TIPUBOIUT K (GOPMHUPOBAHUIO Psifia TOMIEKAIINX HUIbTPa-
MM CIIEKTPAIBHBIX COCTABISIONHX [1]. C Ipyroit CrOpoHBI, CMECHTEITH,
[peIHa3HAYeHHbIe /st [IEPEHOCA CIIeKTPa CUTHATIOB HAa YACTOTY BBIIIIE
WM HIDKE TEKYIIeH, TakKe pa60Ta10T B HEJINHEMHOM PEXUMe, KOTOPBIA
U [I03BOJISIET PEATU30BATh IIEPEHOC I10 YaCTOTe, HATPUMEDP MPU KBapa-
TUIHOM MM KyOUIeCcKOi [IepefaTOIHOM XapaKTepPUCTHKe CMecHTeNs [2].
OO6benuHAIonIei 4epTO Ha3BaHHBIX Y3JIOB ABJIAETCA TO, YTO HACTPOMKA
paboYnX TOYEK UX AKTUBHBIX 3JIEMEHTOB OIPeeNIIeTCs] yCTAHOBKOI 3a-
IAHHBIX YIJIOB OTCEYKH. [IpH 3TOM CXeMHOe MOJIe/IMPOBAHNE C OITBEPIK-
IleHHeM UX 3HAaYeHUIT He TapaHTHpyeT mosydeHus Tpedyembix YO B pe-
QIbHBIX YCTPOMCTBAX M0 IPUYKHE Pazdpoca XapaKTEPUCTHK 3IEKTPOHHOM
KOMITOHEHTHOI1 6a3bl. TakuMm 06pasom, YO 4acTo U3MepsIIOTCS B paMKax
HACTPOWKHU COOTBETCTBYIOIINX Y3JI0B 3JIEKTPOHHON TeXHUKH.

I[TpakTrKa MOKa3aa, 9TO MPU OCyIecTBIeHNH u3Mepernit YO qacto
BO3HUKAIOT /1Be pobeMbl. CMecuTenu paboTaloT C CHTHATIAMU OYeHb
HH3KOTO YPOBHSI, U H3MEPEHNUSI MOTYT IIPOBOJIUTHCS B YCJIOBHSIX 3aMETHBIX
IIIYMOB, a TAK)Ke HeJIMHEHHOCTH, KOTOPAst 3aTPYIHSIET HEIIOCPEICTBEHHbII
orcder YO. [Ins ycunuresei 3Tu mpo6sieMbl TOXKe aKTyaJIbHBI, HO BTO-

B cratbe paccmaTpuBaloTcs NoaxoAbl K usmepeHuio yrnos orceuku (YO) npuv Hanu-
yuu aganTBHOro wyma (ALL) n HenuHenHocTu. lMpoaHann3npoBaHbl 4OCTOMHCTBA
1 HeOCTaTKM NoAxopa K nsmepeHuto YO, 0CHOBaHHOI0O Ha MCNOJ1Ib30BaHNMN PYHK-
uuii bepra. BnepBble BBegeHa KnaccudpukaLyis, 1 BbINosIHEHO 0606L11eHne MeToAoB
nsmepeHus YO Bo BpeMeHHOI 1 YaCTOTHOI 061acTsAX Npyvi HAaNU4YuKM 1 B OTCYyTCTBUE
HenuHenHocTu. MpeanoxKeHbl HOBbIE, HENMOCPEACTBEHHO NPUMEHNMbIE AN peLle-
HUA NPaKTUYeCKUX 3agay noaxoabl K usmepeHuio YO, - meTofbl ONOpHbIX GyHKLMIA,
BO3Be[EHIA B CTENEHb, MHTErpUpPOBaHMA curHanos. C nomoLybio npuéopos Rigol
peanusoBaHbl usmepeHua YO, nokasaBlume feCTBEeHHOCTb U MPaKTU4ecKyio npu-
MEHMNMOCTb HEKOTOPbIX 3 NMpeasioXKeHHbIX MeToh0B.

pas U3 HUX SABIAETCA onpenemuomefl. B raxmx YCJIOBUAX UCIIOJIb30OBAHUE
npsMbIx usMmeperuit YO, a Takke IIOAXOM, OCHOBAaHHBIN Ha (byHKuI/Iﬂx
Bepra [2], ©MeIOT cyIIiecTBEHHBIE OTPaHUTIEHNS, IOCKOJIBKY YIIOMSHYTbIE
(axrops! «pazmpiBatoT» TOUKH 0TCYeTa YO, He MO3BOJISSE OIIPENETUTh UX
OJIHO3HAYHOE IIOJIOJKEHNE Ha OCIIMJUIOrPaMMax ITyTeM IPSMbIX OTCYETOB.

LlesbI0 HACTOSIIIIEN PAOOTHI SIB/ISETCS BHIPAOOTKA IIPOTPECCUBHBIX METO-
noB usMeperns YO ¢ y4eToM IepedncIeHHbIX CJI0KHOCTeH 1 C OpUeHTa-
1¥ell Ha NCIIOJIb30BAHIEe COBPEMEHHBIX CPENICTB N3MEpPEHNUIL.

Knaccunueckuii noaxog K onpeaeneHmio YriaoB OTCeUKN
11 COOTBETCTBYIOLMX UM CMeKTPaNbHbIX COCTABAAIOLMNX

[TonsATHE yriIa OTCEYKH MPUMEHIMO K CJIy4alo IIPOXO0KIEeHUs dyepe3
HEKOTOPBIH KacKall CHHYCOUJAIbHOTO TOKA 3ajaHHOM JacToThl. COrIacHo
ompefeeHuio 3], yroa oTcedku 6 — 9T0 BBIpOKEHHASI B YITIOBBIX €UHI-
LJax IIOJIOBUHA YaCTH IIEPUOJA FADMOHIYECKOIO CUTHAIA, B TeYEHHEe KOTO-
pOil Yepe3 HEKOTOPBIil aKTHBHBII 3eMeHT (AD) IPOXOAUT IepeMeHHbII
TOK. B 3aBUCHMOCTH OT 3HaYeHUS 9, B YaCTHOCTH, YCUJIUTEIN MOITHOCTU
pacIpenesIoTCs 10 TeM WM MHBIM KiaccaM. Tak, Hapumep, eciu ycu-
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Puc. 1. OTceuka CiHyconaanbHOro HanpsXKeHns
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nuTens padoraer 6e3 orceuxn, To O = 180°, 1 OH OTHOCHTCSA K Kitaccy A,
KOTOPBIiI XapaKTePU3yeTCsT HAUMEHbIINM K09((DUINEHTOM II0Ie3HOTO
nerictBus (KITIT) — mo 30%, HO 1 HAUMEHBLIUMY HeTNHENHBIMY UCKaXKe-
uusmu. KITJT ycumurereir kiacca B mocruraer 78%, Ho mipu atoM koo du-
LUEHT TAPMOHUK COCTABJIAET MOpsAaKa 43%, 1 II0TOMY KacKa/bl yCHJICHHS
K1acca B 00beIuHsIOT B aphl, paboTAoLINe IPH PA3HOM OJISIPHOCTH
BXOJHOTO HAIIPpSDKEHU .

BBenennoe onpenenenue YO umeeT rpaiaecKyio TPaKTOBKY, TOKA3aH-
HyI0 Ha puc. 1, rie U — HarpspKeHHe OTCEYKH, OIIpefieIsiolee OPOrOBBLi
YPOBeHb IpoTeKaHus Toka yepe3 AD, U, > |Uj| — ammutyHOe 3HaueHne
rapMOHMYECKOTO CUTHaJIA C HYJIEBOM IOCTOSAHHOM COCTAaBJISIOLIEN, M) —
IIUKJIMYecKas YacTOTa CHHYCOHMIAIbHOTO CUTHANA, t — BpeMst. Kak cienyer
U3 CaMOM CTPYKTYPbI TAKOTO CUTHAJIA, JULS OLpefie/IeHNs] 3HaueHus O npu
YCJ'[OBI/II/I BBIPOKEHHOTI'O II€pexoa CI/IHYCOI/IHLI B ITIOCTOSTHHBIN YPOBEHDb UO
IOCTATOIHO COOTHECTH AJIUTEIBHOCT 0OPa30BAHHbIX €10 UMITYIbCOB T
u iepuop ux nosropenus T: 6 = nt/T. [l1s aT0r0, 04eBUIHO, CIIEyeT IpU-
MEHSITD KJIACCHIECKYIO OcLuIorpaduio.

ITpencraBieHHas Ha puc. 1 3aBUCUMOCTD OOBIYHO aHAIH3UPYETCS
C HCII0JIb30BAHUEM CMEIIIEHHOTO IIPeJCTaBICHNs CUTHAIA, 33/1aBaeMOT0
B OKPeCTHOCTH HYJIEBOTO BPeMeHH CIIeAyIoIuM 06pasom (1):

U, cos(o,t)—U,, |0)]t| <6;

(1)
0, |o,t] > 6.

s(t) =

Hcnonnb3ys pasnoxenue curaina (1) B psg Pypbe, MOXXHO [OKa3aTh
[2], 9TO ¢ y4eTOM €ro IeTHOCTH MMOCTOSIHHAS COCTABIISIONIAS UL TAKOTO
curHania pasHa (2):

a, = %(sin(@) ~6cos(6)), @

a TIepBBI U N-11 KOIPPUIIMEHT Pa3I0KeHUsT, COOTBETCTBYIOIINE AMILII-
TyZle FApMOHUKH Ha IaCTOTe NEY;, COCTABAT (3):

a, = ﬂ(e—sin(e) cos(0));
T

_ 2U,, sin(n6)cos(6) —n cos(nb)sin(6)
" on n(n*-1) '

Hopmuposka Berpakenuit (2) u (3) neneruem Ha U, 103BOJIsIET mepe-
UTH K BBIpOKEHUAM [IJI1 OTHOCUTEIBbHBIX MOCTOSIHHOU COCTaBHHIOH.[eﬁI
" aMIUIUTYT TApPMOHUK, KOTOPbIE 3aBUCAT TOJIBKO OT yrna 9 M HA3bIBAIOTCA
¢dynkumsamu bepra.

U3MepuTeNbHbIe CpefCTBa U Npu6opbl

HenocpencTBeHHBII OTCUET He 3aHATOH OTCEYKOM TOJM MEPUOJIA IO 0C-
LIIUIOTPaMMe BO3MOKEH TOJIBKO B OTCYTCTBHE IITyMa 3aMETHOTO YPOBHS
KaK B OTCYTCTBME, TaK U IIPY HAIMYUU HEJTMHEMHOCTH, CBOMCTBEHHOM YCU-
JIUTEILHBIM U CMECUTENISIM KacKaJiaM B peskuMe 6JIM3KOTO K HYJIIO BXOZI-
HOTO CUTHa/Ia. DTO ITOKA3aHO Ha PUC. 2, T/ie B IIpefiesiax OfHOTO Ieproa
w U, = 1B, U;=0,5B, », = 21-10° pag/c, 0 = /3 pax mokasaHs! deTbIpe
BO3MOJKHBIX CiIydast oreHku Y O.

HepBbII;I U3 HUX COOTBETCTBYET OTCYTCTBUIO AIJUTUBHOIO IITyMa 1 HE-
JIMHEHHOCTH, KOTZIa BO3MOKHBI IIPSMbIe H3MePEeHHs [0 OCIIJIIOTPaMMaM.

Bo Bropom ciyuae nmeercst Alll ¢ rayccoBbIM pacnpefiesieHIeM, Ma-
TEMATUYICCKUM OXKUIAHUEM M=0wu Cp€OHEKBAPATUIHBIM OTKIIOHEHU -
em ¢ = 0,05 B. Ha puc. 2B moxasas npuMep BIUSHUS HETUHEHHOCTH, T/ie
cuHycounanbHast GyHKIUS C OTCEIKOI HHTEPIIOIUPOBAHA TayCCOBBIM
HMITyJIbCOM BHA Sg(t) = Uexp(—tz/ (oT)?), rme .= 0,15, U = 0,5 B. D10 coot-
BETCTBYET YTuIy oTceukn 126°. B atom ciydae YO usmepsieTcss aHaJIOTHIHO
IIOKa3aHHOMY Ha pHC. 1, IpUYeM TOYKOM OTCYeTa BHIOMPAETCS MOMEHT
OTKJIOHeHUs IpaprKka OT Hy/IeBOTO 3HAUEHMUS, OIIpeesieHre KOTOPOro,
OJIHAKO, MOKET OKa3aThCsl BeCbMa 3aTpyIHUTeNbHBIM. Ha puc. 2r mokasan
OTOT K€ CUT'HAJI TPU HAINYNU aJJUTUBHOTO I_I_IyMa.

Kax cienyer 13 pucyHKoB 20 ¥ 2T, KypCOPHbIE U HHBIE HU3MEPEHHUs, IIPO-
BOJMMBIE IO OCIIMJIJIOTPAaMMaM, He TaflyT pe3yibTarTa C JOJLKHOM TOU-
HOCTBIO 13-3a HEOJIHO3HAYHOCTH TOJIOKEHUS TOUEK TIepexozia K OTCeUKe,
U CJIeflyeT UCTONIb30BaTh UHbIE TTOIXO/IBL.

Cnoco6bi onpepenelna YO npy Hanuuum agaAuTUBHOTO
wyma

Ha puc. 3 mpencrasieHa KIaccudUKaIys crioco60B OIpeneeHys yIIoB
oTceuxu nmpu Hanmuuu Alll. Ycpennenue, peannsyemMmoe COBpeMeHHBIME
¢ poBEIME OCIIIUIOrpadaMu 0 3aJaHHOMY KOJIIIECTBY OCLHILIO-
IpaMM, [I03BOJISIET YMEHBIIUTh YPOBEHb OTOOPayKaeMOro IIyMa 3a CIeT
€0 CTaTHCTHIECKO KOMIIEHCAITUH, eCIIN TOIBKO IITyMOBasi COCTABJISIONIAst
He IIPUBOIUT K IIEPUOJNYECKOMY CPBIBY CHHXPOHHU3AIUU Pa3BEPTKH. DTOT
C110c06 BIIOJIHE IPUMEHHM, eCIIH Pedb UJET O HIyMe ¢ HOPMAIbHBIM HIIH,
110 KpalfHe#l Mepe, CHMMETPUYHBIM paclpefieleHeM U HyJIeBbIM MaTe-
MatudeckuM oxunanueM [4]. Jlas usamepenuit Bo BpeMeHHO 06J1acTH
pe3yJIbTaT yCpeIHEeH!s 3aBUCUT OT KOJIMYEeCTBa peanusanuii pazsepTku K.
Ha puc. 4 mokasas pe3yabTaT yCpelHEHNUs, TOTYyYeHHBIN /I CUTHaIA
Ha puc. 26 npu K = 10, 50, 100. Kax BUIHO 13 IPeNCTaBICHHDIX Pe3yIbTa-
TOB, yke pu K ~ 50 yposeHnb HekoppenuposanHoro Alll cHmkaercs B Toit
CTeIeHH, KOTOPasi HO3BOJISIET BHIIIOJIHUTD U3MepeHHe § KIIacCHYeCKUM
crroco6oM. ITpu 9TOM 151 HOPMAIBLHO PacIIpeNeeHHOrO IIyMa I0oCIe
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Puc. 2. CI/IHyCOI/IAaTIbHaﬂ CI)yHKLlI/Iﬂ C OTCEYKOI: a) B OTCYTCTBME LWYMOB N HenuHenHocTy; 6) npwn Hannymum aaaNTUBHOrIO rayccoBa LWyma; r) npw Hannymm rayccosa Wwyma n HeNVHEeNHOCTU
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TAKOTO yCpeHEHHs CPeJHEKBaIPaTHIHOEe OTKIOHEHNE IS KKIOH TOUKI
OCHMJIIOTPAaMMBI COCTaBUT o/VK.

Hau6oiee gacto AIll siBsieTCsI ITUPOKOIIOIOCHDIM, HAIIPUMep, eCIIH
OH HMeeT TeILIOBYIO Ipupony. B qacTHOCTH, rpaduk Ha pHC. 26 HOCTPOEH
mpu cuntesuposaHHoM Alll ¢ mosnocoit 500 kI'1, Torma Kak 4yacTora Cu-
HYCOHIJIbHOTO CHTHAJA coctassiet f = o /2n = 1 kI'n. Vicnonb3oBanne
unprpanun mossossier ymeHpiuTh sHepruio Alll o6paTHO mporopu-
OHAJIBHO II0JIOCE TIPOIYCKaHUs PUABTPA U, COOTBETCTBEHHO, CHUSHUTD G
Ha 201g(1'[m/1'[¢) nb, rme: TI, ch - nmostocst Al u dunbrpa. Kax crenyer
u3 puc. 3, GUIbTpAIMsI IPUMEHUTEIHHO K PACCMAaTPUBAEMOIT 3a/jade MO-
JKET BBINOJHATHCA B CIEAYIOIINX BApHUAHTaX U UX KOM6I/IHaL[I/IHX.

Ozparuenite nonocol nponyckaHus ssisercst 6azoBoit GpyHKIfHei co-
BpeMeHHBIX ocIutorpadoB. [lJist pacpocTpaHeHHBIX TPUOOPOB HAYAIIb-
HOTO YpOBHSI ¢ mmosocoit 100 MI'ty gacToTa cpesa 0OBITHO COOTBETCTBYET

| Cnocobbl akcnepuMeHTanbHoro onpegenenust YO npu Hanuumn ALL |
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CymmrpoBaHvie BosBeneHwue oTcueToB
OTCYETOB Ha nepuoge B CTeneHb

Cnocobbl 3KkcnepuMeHTansHoro onpegenexnus YO
npu Hannymm ALLl u HennHeHoCcTN

Puc. 3. Knaccm¢MKa LMA cnocobos JKCNEepPMMEHTaIbHOro onpeaesieHnsa yrioB OTCeUYKN
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Puc. 4. CHuxeHMe ypoBHA HekoppenuposaHHoro ALLl ycpeaHeHnem npu: a) K = 10; 6) K = 50;

B) K=100

20 MTI'1;, 94TO O3BOJIAET CHUSUTH MOILIHOCTD IIUPOKOIIOJIOCHOTO IITyMa
B 11176 pa3. Ocmutorpadbl cpeHEro U BBICIIEr0 KIacca UMEIOT HacTpa-
HBAEMYIO YaCTOTY CPe3a, ITO MMO3BOJISIET ANATHPOBATH OTPAHUICHHUE I10-
JIOCBI TIPOITYCKaHUS TTOJl KOHKPETHBIN n3aMepsieMblit curaai. I[Tockoabky
KIIFOYE€BbIM CbaKTOpOM HCIIOJIB30OBAHU JAHHOTO cnoc06a, KaK ¥ I104TH
BCEX pacCMAaTpUBAEMbBIX HIDKE, ABJIAETCA ITOJTYIEHUE JOCTOBEPHDBIX PE3YJIb-
TAaTOB U3MepeHNUIl, BO n3bexKaHue BIHAHIS (PUIbTPAL[HU Ha U3MepsIeMbIil
cursai (MC) Heo6x0auMo UMeTD 0 HeM allpHOpHYI0 HH(OPMAIHIO B 10-
CTaTOYHOM 0ObeMe. B maHHOM ciydae TpeGyeTcs 3HATH [OJIOCY IACTOT,
3aHuMaemyio MC.

Lugpobas punvmpayust VIC MOXKeT BBIIOIHATLCS B [BYX BapHaHTaXx.
Hexoropslie mogenu uH(i)pOBbe ocuHJmorpa(bOB HMMEIOT HaCTpauBaeMble
nonb3oBareneM U poBbie PUILTPHI YeThIpex Hanbojee pacmpocTpa-
HEHHBIX TUIIOB — II0JIOCOBBIE, PEXKEKTOPHDBIE, HYDKHUX U BEPXHUX JACTOT.
Kak IIpaBUJIO, OHU UMEIOT IIOPAAOK HE BbIIIIE ABYX IJISA OrpaHUY€HUA BbI-
IUCIUTENbHBIX 3aTpat. B npyrom Bapuanre mudposas puibTparus pe-
aJIM3YeTcs B CIEIUAIBHBIX IporpamMMax, Harpumep B MATLAB. Bo Bcex
CITydasx, Koraa TpebyeTcs MaTeMaTudeckas 00paboTka, ¢ ocumorpada
IOJTYYal0T MAacCUB ITOCTIENOBATENbHO B3SITBIX BHIOOPOK, TO €CTh OH (DAKTH-
TeCKH CITY’KUT aHAIOro-1udpoBbIM mpeodpasosareeM (ALIT) ¢ u3mers-
eMBbIMH HacTpoiKaMi. [lepesada OTCIeTOB B BBIIOHSIONIYIO 00PabOTKY
IPOTrpaMMy OCYIIECTBIISETCS C TOMOIIBIO CTAHAAPTHBIX HHTePGeiicoB
WIH IIyTeM COXpaHeHust 0Tc4eToB B (air. DddexTuBHOCTS 1udpOBOI
¢dbunprpanuu, KoTopas 06ecreInBaeTCst TAKOM BHEIIHENH 06paboTKOI,
OKa3bIBAETCSA HAMHOI'O BBIIIIE, 9TO IIO3BOIAET CPABHUTEIBHO JIETKO CUHTE-
3UPOBAThH PIIBTPLI C OPsIAKOM Bbittre 10 [5].

Ipumenenue Brewnux punvmpob, B TOM IHCTIe TIePeCTPANBAEMBIX, SIBJIS-
€TCsI BO MHOTOM CXOJHBIM pellleHueM. B Takom citydae yske He TpeOyeTcst
MaTeMaTHIecKas 06paboTKa, ONHAKO HEOOXOLUM IOAXOMSLIMI DUIBTP,
KOTOPBII JO/DKeH OBbITh IIOABEPTHYT IPeIBaPUTENbHON KaTHOPOBKe.
Oco60oe BHIMAHUE CIIETyeT OOPaTUTD Ha TO, YTO B CAMUX (DHIBTPAX MOTYT
BO3HHKATh PE30HAHCHBIE SIBJICHUS 2], BHOCAIIINE 3aMeTHbIE HCKAKEHHS
B ¢popmy VC. BBuAY 9TOTO peKOMEH/YeTCsI HCII0Ib30BAHNE TAKKUX U3[Ie-
JIUii B HHTETPAJIbHOM UCIIOJTHEHUH.

ITpumeneHue GpruIbTpaIuu B II060M BapruaHTe TpeOyeT OLEHKH I0I0ChI
JacToT, 3aHMMaeMbIX rapmoHrKamu MC, HanpuMep 1o KpuTepHIo 3aaH-
HOI o/ 9Heprud y. M3BectHO (2], 4T0, HampuMep, A/IsT IPSIMOYTOIbHBIX
CHTHAJIOB CKOPOCTD CIIafja aMILIATYAHBIX KOO PUIINEHTOB Pa3IoKeHUs
B psfi Pypbe HAXOIUTCA B CYIIECTBEHHON 3aBUCHMOCTH OT CKBKHOCTH Q,
OIperesiolLeli OTHOLIEHIe IIePUOJA CIETOBAHIS UMITYIbCOB K UX [T~
TeTbHOCTU. YeM BhIIIIe CKBAXHOCTD, TEM MEHBIIIE NJIUTEIbHOCTD UMITYJIb-
ca 1 60JIbIIIe ero mojoca. BosBparrascy K CHHYCOMTAIBHBIM CUTHAIAM
C OTCEYKOI, MOXKHO JIETKO YCTaHOBUTD, 4TO § = 7/Q), 1 3TO CBUETEILCTBY-
€T O paCIIMPEeHNN CIIEKTPA IIPU YMEHBIIICHUN YI‘JIa OTCEYKHU.

Ha puc. 5 pis savenntii y = 0,9; 0,99; 0,999 npencraBieHb! 3aBUCHMO-
CTH KOJIM9eCTBa rapMOHUK N(0), comeprKalux 3ailaHHy0 [0JII0 SHEPIUH
CHUHYCOHMJIAJIBHOTO CHIHAJA ¢ 0TceyKoil. Yem MenbIre YO, TeM Gosbiee
KOJIMYECTBO TAPMOHUK TPeGyeTCs! YIUTBIBATH IIPH BBIOOPEe (DHIBTPOB ML
cHwkenns yposas Alll. Tak, marpumep, ipu 6 = 100° 06pr9HO JOCTaTOY-
HO 1-4 rapMOHUK, a 111 6 = 10 0 UX Konn4ecTBO Bo3pacTaer 1o 20 mT.
W3 aroro cnenyer, uro uccaenosanue MC ¢ pazapimu 3HaveHnsaMu Y O
MOTYT HOTpe6OBaTh IpUMeHeHIsI GUIBTPOB C PA3HOIL IIOTIOCOI IIPOITY-
CKaHMsL. B aTOM 1 cocTouT KiI0dUeBast IpobieMa HCIONb30BaHus (HUIb-
TPaLUU B KOHTEKCTe PAaCcCMaTPUBAEMOIl H3MePUTeIbHON 3anadn. I paduxu

40

32

108 126 144 162 180

0,°

Puc. 5. 3aBucumoctb N(B) AnA pasHbix 3HaueHMI Y
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Ha PHC. 5 MOTYT IIPUMEHATHCS B Ka4eCTBe OTIIPABHON TOUKH s BBIOOpa
¢uIBTPOB.

Crenyrormas 3acIy>KHBaloIas BHUMAHUS IPYIIIIA CIIOCOO0B OLeHKH
YO ocuoBaHa Ha IPUMEHEHUH UHTETPaIbHLIX IpeobpasoBanuit VIC.
Kiraccuaeckum SIBIIsIeTCSI HCIIONB30BAHKE CIIEKTPAILHOTO aHATN3A [ePH-
OIMYeCKUX CHTHAJTIOB Ha OCHOBE OTCUeTOB QyHKUUH S(t) IpH HATHINU
Al npudem naiee 3HadeHve  pacCIMTHIBAETCS HA OCHOBE (3) perieHneM
CIIeMyIOIIero ypaBHeHus (4):

a, sin(20)cos(0)—2cos(20)sin(0)
- 3(0—sin()cos(0)) -
B 2sin’(0)

~ 3(6—sin(0)cos(0))’

-2
a

(4)

OueBHIHO, YTO Pe3ysIbTaT pacieTa § MMeeT HEKOTOPBII Pa3bpoc, mo-
CKOJIBKY aMIUTUTYZIHbIe K09(hdUIUeHTEI a; U a, 3aBucsT or Alll u Mers-
I0TCA B HEKOTOPBIX ITpEAEIaX OT pealn3aluu K peainuanuu. BBI/IIIY 3TOrO
B 9TOM MeTofie otieHkr YO HeoOX0AMMO P U3MEPEHHsIX:
® BO BpeMeHHOfI O6HaCTI/I BBITIOJIHATD YCPEMHEHNE aMIIIUTYTHBIX KOS(b-

(unmenTOB, paccaNTaHHBIX HA HECKOJIbKUX Teprozax 1C;
e B JaCTOTHOM 06JACTH OCYIIECTBIIATH yCPeAHEHUE CIIEKTPOrPaMM,
TO €CTb BBIITOJIHATD U3MEPEHUA C HAKOIUIEHUEM.

Ianee ypaBHeHwe (4) TOJKHO PEIIAThCst HA OCHOBE YCPeHEHHBIX 3Ha-
YeHUI aMIUIUTYIHBIX K09 durmenTos. Vcronp3oBaHue IOCTOSHHOMN
COCTaBJIAIONIEN 1151 oLleHKH YO HepallMoHAIBHO, IIOCKOJIBKY OHa MOYKET
3aBUCETD, HAIIPUMeP, OT HOJIOKeHUs pabodeil TOUKH CMeCHTeNs. AHAIN3
ypaBHeHus (4) IIOKa3as, 9TO MOC/IeHee UMeeT KOPeHb B HHTepBaje 3Ha-
yenuit 6 ~ 30~150 o. B Tex ciryuasx, Korga 3To He TaK, HCIIOJIB3YIOTCS Tap-
MOHHKH 60Jiee BHICOKOTO ITOPSIIKA, HO CJIefyeT IOMHHTb, ITO UX aMILIH-
TyZIHbIe K09 HUIHEHTH! MEHbIIIE, U Y HUX OOJIBIINI OXKUAAEMBIIT OTHO-
CUTENTBHBIIT pa3bpoc.

Ha puc. 6 npencrasiens! mpumeps! rpaduxos ¢ynkuumit AG(0) = 6% -6,
XapaKTepU3YIOIIUX pa3dpoc oueHoK 3HadeHui YO U OCTPOSHHBIX IS
AMIUTATY IHBIX K03 duienToB al u a2, YCPeIHEHHbIX 110 TPUALATH I1e-
promam MC. Kak BunHO u3 rpaduxos, orerka YO mpu SN > 10 1b umeer
OTKJIOHCHME HE BBIIIC 40, YTO ABJISACTCA HpI/ICMHEMOﬁ TOYHOCTBIO U3MEpPE-
HUI B GOJIBIIINHCTBE IPAKTHIeCKUX 3a1ad. [Ipu atom rpacduk Ha puc. 26
noctpoeH 1711 SN = 12,4 nb.

IIpenenbHbIe BO3MOKHOCTH 10 OIleHKe 3HadeHU! YO Npu HaIu4uu
AIIl 11t CHEKTPaJIbHOTO METOMAa MOKHO OXapaKTepH30BaTh 3aBUCUMO-
CTBIO CPETHEKBA/[PATUYHOTO OTKJIOHEeHHs 0% 0T 6 IIpu ycpeHeHNnH 110 1u-

U3MepuTeNbHbIe CpefCTBa U Npu6opbl

anasoHy Haubosee yrorpebisieMbix Ha npaktuke YO 30-120°C mrarom 1°,
KOTOPYI0 MBI 0603HaIUM AO:p(SN). 3Havenust SN U3MeHSNIUCH B HH-
tepsane 2-20 nb. Kak cenyer us mpencTaBieHHOro Ha puc. 7 rpaduxa,
CpenHeKBaIpaTHYHOE OTKIOHeHNe He rpeBocxoauT 3° mpu SN 6oee 5 1b.
Takast TOTHOCTD SIBJISETCS IPUEMIIEMO IS pelieHus O0IbIINHCTBA
[IPAKTHIECKUX 3a7ad, 0a3UPYIONUINXCS Ha OKCIIEPUMEHTAIBHOM OLleHKe
YO.

B pagnoanekTpoHuKe A1 ITOMCKa i 06pabOTKY CHTHAJIOB IIMPOKO IIPH-
MEHSIeTCsI B3aMHO KOpPeLIHOHHAs 00paboTKa, KOTOpast TAKKe OTHO-
CUTCA K UHTETPAJIbHBIM METOIAM U COCTOUT B UCIIOJIb30BAHUU CIIELN-
QILHBIX OLIOPHBIX CHTHAIOB-IIPO06OPa3oB. B ciyaae usmepernuit YO, kak
IIpefoJIaraeTcst, OOHapykeHue CUrHana He Tpebyercst (cM. puc. 26 u 46),
OIHAKO OIpefieeHne ero GaKTUIeCKOro MOT0XKEHIUSI [0 OCH BpeMeHI
3arpyznHeHo u3-3a Hammaus Alll. CnegoBaTenbHO, Ha 9KpaHe OCHMLIOTpa-
ba u mpu 106011 IPyTrOit 06pabOTKE BO BpeMEHHOM 001aCTH, B OT/IHYINE
ot Mozen (1), MAKCEMYM CUTHAJIA CMEIIeH I10 OTHOIIEHHUIO K HyIeBOMY
3HAYECHUIO BpPEMEHU. HpI/IMeHeHI/Ie IIpeIaraéMoro HImxe MeTo/ja OIIOPHBIX
yHKIuit TpebyeT yTOUHEHNS TAKOTO CMEIIEHNUS t' i eT0 KOMIICHCAINHL.
PaccMoTpuM CIIOCO6 €ro OIpeeeHusI.

Oynkuwst (1) sBasercst vetHott. Hanuaue AIIl coxpansier 310 CBOHCTBO
C TOYHOCTBHIO 10O OTKHOHeHHﬁ, BBI3ZBAHHBIX CHy‘IafIHbIMH Ipoueccamu,
KOTOpBIE OIIPEeIIM 3aBUCUMOCTBIO 1(t). Eciit B 061acTH OTCEUKH [TOCTO-
SIHHASI COCTABJISIONIAs CyMMBI S(t) + n(t) paBHa HYJIO, TO (5):

t+0,501

FL(t) = j (s()+n(®))dt + j —(s(tn(®))dt =

= [ (sommp + | (s,

t+0,5a1

rme o> 1.

FL(t) obparrraetcs B HOMb IpH t & t', UTO CJIeAyeT U3 HOPMAIbHOTO
pacnpenenenus Alll u cBoiicTB getHbIx GyHKnMiL [Tockombky cymMma
s(t) + n(t) B IpOU3BOIBHLIN MOMEHT BPeMEHHU SIBJISETCS CIYIaiHOM
BenuuuHol, GpyHkuus FL(t) B OKpeCTHOCTH HyJI€BOTO 3HAUECHUS UMeeT
CIYYaliHYI0 COCTABISIONY0. sl CHHYCOUmanbHON QYHKIUH C OT-
CeUKOil, IOKAa3aHHOM Ha puC. 2a, IpeacTasiet rpadux ¢yuxmun FL(t),
nocrpoeHnsi npu o = 1,05, ¢ marom no spemenu 0,001t u B oxpect-
Hocty £0,05T OTHOCHTENLHO HYJIEBOTO 3HATEHNS, a TAKKe IpaduK JIK-
Heapusylomieit ero Gyukuuu L(t). Tounoe sHatenue t' = 0, a orjeHOIHOE
cocrasiseT 1,48 MKC, 9TO COOTBETCTBYeT IorperrHocTu B 0,4°, koTopas,
OJIHAKO, He IePEHOCUTCS HEIIOCPEICTBEHHO Ha Pe3yJIbTaT U3MEPEHUI

T T T T T T T I—SN=I20;:LE
=== SN =10 gb |
== SN=5pb
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Puc. 6. Mpumepbl 3aBrcumocTeit AB(B) npu 30-KpaTHOM yCpeaHEeHN 3HaueHNi
aMMANTYAHbIX KO3GOULIMEHTOB a; 1 a,
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Puc. 8. Tpadukn dyHkumia FL(t) v L(t)
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Puc. 7. 3aBucmoctb ABCP(SN), nonyyeHHas Ha OCHOBE CTaTUCTUYECKOrO MOAENMPOBaHMA
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Puc. 9. Ipadukm VIC, onopHOro curHana u IvHNWNA HyNeBoro HanpsKeHus
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U3MepuTeNbHble (PeACTBa U NpubopbI

YO meronom omopubIx GyHKIni. 3HaUeHHe t' yIUTHIBACTCS B €T0 pe-
aJTH3aIHN.

Hcmonb3yeM B KadecTBe OMOPHOM GYyHKIUIO, aHATOrHIHYIO (1),
HO OIIpelie/IeHHYI0 B HHTepBase BpeMenu [—0'/@,; —0'/o, | kak

$'()=U,, " (cos(2nf, (t—t)) - cos(e‘)))
rge: 0 u U," — OIIeHKM COOTBETCTBYIOIIMX IIAPAMETPOB, BapbUpPyeMbIe
B HEKOTOPBIX IIpefiesIax.
Paccmorpum dyuximio FO(0', U,,"), onpenensiomiyio HHTerpaibHoe
cpenHexBampaTuaHoe oTKIOHeHHe VIC 1 omopHO# GyHKIUY, TpUBENeH-
HOe K HHTepBaJTy OIpefie/IeHIst TOCIenHelt (6):

0°/(2nf) )+t

FO©O',U_ )= |0 (s(t)+n(t) —s"()dt.

o (6)

—6/(2nf) )+t

3asucumocts FO(0', U,,") nMeeT MEHUMYM [T BAPHUPOBAHUH ee apry-
MEHTOB B OKPeCTHOCTH UCTHHHBIX 3Hadenui1 6 u U, . CooTBercTBYyIOLIME
aTOMY yc1oBHIO 3HadeHus 0% u U * ABIIOTCS pe3y IbTaTaMy pean3alium
MeTOJIa OLIOPHBIX (DYHKIIHIA.

MunnmManpHOe 3HaUeHUe ' TakKe OIpefiessieTcst 10 OCHUITIOrpaMMe
B COOTBETCTBUH € popmynoit 6. = n(t,;/T) — 3, rue: & — koabuiu-
€HT 3aIlaca, a 3Ha49eHue T,,;, OTCYUTHIBACTCA I10 IIEPBBIM HYJIEBBIM TOY-
KaM OCIMJUIOTPAaMMBI, COOTBETCTBYIOIIMM Ilepexofy K orcedke. [Tytem
MOJZIEJIIPOBAHUS YCTAHOBJIEHO, YTO MOKHO PeKOMEH0BAaTh 3HAYCHNUE
8 =m/36 pap.

B obnactu 3HaueHnit t = t' HermocpeacTBeHHO 1o ociuiorpamme MIC
onpenensiorest sHadenus AU = (U, — Ug) i m AU = (U = Up) oo
KOTOpPbI€ COOTBETCTBYIOT 6J'II/ISKI/IM K HYJIIO 3HAYE€HUAM 0. BY}IEM cyun-
TaTh, YTO B OTUX PA3HOCTAX 3HAUCHUE Um SBJIACTCA IIOCTOSAHHBIM, a UO -
U3MeHseMbIM I1apaMeTpoM. Torzma, HCXo/s U3 ONpesiesIeHus yIIa OT-
CeYKH, MaKCHMaJIbHOE 3HaYeHHe yIia 0° ompeaenseTcs CenyomuM
ob6pasom (7):

0", = arccos (1—(1—cos(m(t

min

Ucxons us toro, uto Uy/U, = cos(6), MakcumanbHOE H MEHUMAJIbHOE
suadenus U, st moucka ontuMyMa GyHKIUH (6) OMpeeinM CIeayio-
M 06pasoM (8):

UITI ‘max = AUma)\( ;
1- COS(e min)
Lo Au, ®
I-cos(0°,,,)

ITocte ompemeneHusI TPaHULl BAPbUPOBAHUS OCTACTCSI BBIOPATD 3Haue-
Hus mrara uaMenenus 0° u U ", koTopble MbI 0603Ha4uM Kak 00 1 §U .
HpI/I OTOM CJIEAYET UMETDH B BUY, YTO IIOI'PEIITHOCTD OIIPEAEIICHNA 3HAYE-
Hust 0% o MuHEMYMY YHKINE (6) HAXOMUTCS B CJIOXKHOU HETMHeHHON
3apucumMocts oT 60 u SU . [TyTeM MHOTOKPaTHBIX YHCICHHBIX 3KCIIEPU-
MEHTOB OBUIO YCTAHOBJIEHO, YTO [JIsL TOCTIDKEHHSI CPeIHEl MOrPeITHOCTH
A® B nuamazone 6 = 30-150° mpu SN = 12 gb cienyer UCIOIb30BaTH MO~
panka Ny, = 200 1 Ny = 100 mraros o U ' n 0", D11 3HaYeHNS ABIIAIOTCS
peKOMeHI{YeMLIMI/I. YuaursiBas HeBI)ICOKYIO BBIMUCIIATENbHYIO CJIOJKHOCTD
pactera (6), MOXHO 6paTh U CyIIIeCTBEHHO OOJIbIIIee KOJIMIECTBO IIar0B
I10 KaKIOM U3 IIepEMEHHDIX.

Paccmorpum npumep. Ha puc. 9 camatoBsiM 11BeToM nokasan MC
(6 =1,047 pan = 60°) u U, = 1 B) mpu manuaun Alll ¢ 6 = 0,05 B. [lis
HETO Peaju3yeTcs ONUCAHHbII BBIIIIe METOX OMOPHLIX (yHKIuit. Ha me-
puop curaaa B3stel 1000 orcueros. [1pu muneapusanun ¢ynkuuu FL(t)
65110 ycTaHOBIIEHO, 4TO t° = 0,533 MKc. ITo rpaduky B COOTBETCTBUU
C U3JI0’KeHHBIM BbIIlIe orpesieseHo, 9ro AU, . = 0,6 B, AU, ;. = 0,36 B,
= 0,308 mc, oTkyna npu § = n/36 pag umeem 0°.. = 0,880 pax,
= 1,385 pay. C ucronpsoBanueM Bbipakenuii (8) sHavenus U, .
1 U, o cocTaBin 1,570 1 0,429 B, COOTBETCTBEHHO; ObLIO IPUHSTO,
410 66 = 1/540 pag u §U,, = 5 MB, 4ro coorBercrBOBaNO Ny, = 229 mIT.
u Ny = 87 wrt. B pesynbrare pacuera 6bUI0 YCTAHOBIEHO, YTO PYHK-
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Puc. 11. 3aBucumoctb ABcp(SN), nonyyeHHas Ha OCHOBE CTaTUCTUYECKOTO MOfIeNMPOBaHMA
npv peanu3auuy MeToAa onopHbIX GyHKLMIA

s (6) UMeeT MUHEMYM Ha 26 mmare 1o 6 i Ha 127 mmare o U, 9T0 co-
orsercTByer 0% = 1,032 panx = 59,1° n U * = 1,064 B. Ha puc. 9 noxasansr
rpaduku MC u onopHoit GyHKIUY, PACCIUTAHHON C HCIONIB30BAHIEM
OTHUX ITapaMEeTPOB. Kax BUJHO U3 IPENCTABJICHHBIX peBYHI)TaTOB, METO
OIIOPHBIX d)yHKHI/Iﬁ OKa3bIBACTCS BIIOJTHE I[efICTBeHHbIM IIpyu CpaBHUTEIIb-
HO 601bIIIX 3HaTeHMSIX SN.

Ha puc. 10 gt nadopmanun mokasana sasucumocts FO(0°, U,Y),
0 KOTOPO BBIIIOJIHAETCS TOUCK 3Hayenuit 0% u U, *. OHa nmeer cTpyKTy-
py rod)pI/IpOBaHHOFO JIMCTA C HeIIPSIMOIL JINHMeH TTeperu6a 1 eIHCTBEH-
HYIO TOYKY MHHEMYMa B 06JIaCTH PellIeHysI ONTHMU3AI[IOHHON 3a1adml.
ITo ocsim abcnuce 1 OpAMHAT OTIOXKEHbI HoMepa 0TcaeToB yriaa 0 u U, ¥,
COOTBETCTBEHHO.

Ha puc. 11 pyig Takoro e u3MepseMOro CUTHajJa ¢ HOMUHAIOM 0
B uHTepBase 30-150° mpuBenena 3aBucuMocTs AB-p(SN), mocTpoenHas
10 OTHOKPATHON peayin3aliii METOAa OIIOPHBIX (j)yHKLu/H?I IUIST KQKZIOTO
3HavyeHus 0, B3sroro c mrarom 3°. 3HaveHust SN U3MEHSUIACH B MHTepBaJle
2-20 b, pacder BbIIoNHICS ¢ fuckperusanuert 1000 Toyek Ha mepUO,.
Kax cenyer u3 mpencraBieHHOro rpaduka, 17 MeTOa OIIOPHBIX (PyHK-
M1 CPeTHEKBAIPaTHYHOE OTKJIOHEHNUE He IPEeBOCXOAUT 3° UL OTHOLIIe-
Huit SN 6osiee 7 1B, TO €CTh OH HEMHOTO IIPOUTPHIBAET CIIEKTPATEHOMY
METOJIy 10 CpefJHEKBafipaTHIHOMY OTKI0oHeHu!o. [l SN = 5 nb sHavenue
ABp onieHnBaeTCs B 4°.

[IpencraBieHHass HOMEHKIATypa MeTooB onpenenexHus YO npu Ha-
arauu Alll He SIBIISIeTCS MCYEPIIBIBAIOIIENT — MOTYT OBITh IPEIIOKEHBI
U IpyTHe IOAXOMBI K PELIeHHIO PACCMaTPUBAEeMOI H3MEPHUTEIbHON 3a-
maau. Crioco6sr onpenenernst YO Ha OCHOBE CyMMUPOBAHUS OTCIETOB
Ha I[1€puoae 1 BO3BEACHUS B CTEIIEHD OéOCHOBaHI)I " pacCMaTpuBAIOTCA
BO BTOPOI{ 9aCTH 3TO CTAThHL. |

Oxonuanue cm. 8 credyioujem Homepe XypHana.
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