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AHHOTanuA. PaccMOTpeHbl BOMPOCHI OLICHUBAHUS TEKYIIEH YacCTOThI KaXKJIOro W3
COBOKYITHOCTH OJIHOBPEMEHHO M HE3aBUCUMO (PYHKIIMOHUPYIOIIUX TEHEPATOPOB B
COCTaBe PaJUOdJICKTPOHHOW cucTeMbl. PaccMoTpen Hambosee oOIMil ciiydaid, npu
KOTOPOM OTKJIOHEHUE MCTHUHHBIX 3HAUYCHUN HOMHUHAJIBHBIX [TAPAMETPOB T€HEPATOPOB
OT MpeAnojaraéMbIX 3HAYEHUM YyKa3aHHBIX MAapaMeTPOB HMMEET HEU3BECTHBIN
3aKOHOM paclpelelieHusl, a Ccly4allHble OTKJIOHEHHUS YacTOThl OT MCTUHHOTO
HOMUHAJIBHOTO 3HAYCHHS TOJUYUHSIIOTCS HOPMAJIBHOMY 3aKOHY pacHpelesieHus ¢
COOTBETCTBYIOIIEH aucriepcuei. Ilpemmaraempliii  METOI TMOJYYEHUS OLIEHOK
napaMeTpoB OJHOBPEMEHHO W HE3aBHCUMO (DYHKIIMOHUPYIONIUX TEHEPATOPOB
(MCTUHHBIX 3HAYCHUH HOMHHAJIBHOW YaCTOTHI M JIOJITOBPEMEHHOW HECTaOMIIBHOCTH,
CIy4alHOTO OTKJIOHCHHUS YacCTOThI, 00YCJIOBIICHHOTO KpPaTKOBPEMEHHOM
HECTaOMIILHOCTBIO T€HEpAaTOpa) OCHOBAaH Ha M3MEPCHHH (a3 CHTHAJIOB KaXKJIOTO U3
FEHEPATOPOB B TCUCHUH HECKOJBKUX U3MEPUTEIbHBIX UHTEPBAJIOB. [lepBhiM 3Tanom
MOJIYYEHUSI OILICHOK SIBIIAETCS JMHEApU3alus 3aBUCUMOCTH MEXKIY OTKIOHEHUSIMHU
MapaMeTpOB T€HEPATOPOB OT HOMHUHAIBHBIX 3HAYCHUW W CIYYAWHOIO OTKJIOHEHMS
JacTOTBl TI'e€HepaTopa C OTKJIOHCHHEM HM3MEpsSeMOro 3HadeHHs (a3pl  OT

MPeINnojJaraéMoro HOMMHAJIBHOTO 3HAYEHHS. ITO MO3BOJIsAET CHOPMUPOBATH CUCTEMY
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JUHEHHBIX alreOpanyeckuxX YypaBHEHHH OTHOCHTEIBbHO HEW3BECTHBIX 3HAYEHUU
OTKJIOHEHU! HOMHUHAJBHOTO 3HAYEHUS YAaCTOThl U OTHOCUTEIbHOW HECTaOMIBHOCTH,
CIIy4ailHOTO  OTKJIOHEHMsSI  4acTOTbl. MHHHMMaJIbHO  HEOOXOJUMOE  YHUCIO
U3MEPUTENBHBIX MHTEPBAJIOB OLEHEHO B MaTepuanax crarbu. lIpemmaraemsiii B
CTaTbe METOJ SIBJISIETCS JNajJbHEHWIIUM O00O0OIEHHEM paHee MPEeIOKEHHOT0 METoa
CTaTUCTHUYECKOW CTAOMIIM3AllMU YacTOThl CHUCTEMbl OJHOBPEMEHHO W HE3aBUCHMO
(GYHKIMOHUPYIOLIUX T€HEPATOPOB, B KOTOPOM HAa OCHOBE HAXOXKJIECHUS IKCTpEMyMma
MHOTOMEPHOU (PYHKIMU MpaBaonoaoousi, cHOpPMUPOBAHHONH B TMPEIINOIOKECHUU
HOPMAJIBHOTO 3aKOHA PAacCHpelleNIeHHus] MO0 KaXXJAOMY M3 apryMEHTOB, OIpEIEsaach
TEKyIlas JJIUTEIbHOCTh BPEMEHHOIO MHTEPBaja WU3MEPEHUN, HOMUHAIbHAS 4acTOTA
U OTHOCHUTENbHAas HECTAOMJIBHOCTh KaXXJIOro u3 reHepatopoB. [IpennoxkenHoe
000011IeHHE 3aKITI0YaeTCs B CIETYIOUIEM:

- (hopMHUpOBaHHE TIEPEONPEETCHHON CUCTEMbl YpaBHEHUH, HEM3BECTHHIMU B
KOTOPOW SIBJIAIOTCA OTKJIOHEHHE JJIMTEIBbHOCTH BPEMEHHOIO MHTEpPBAJIA W3MEPEHUU
OT HOMHHAJIBHOT'O 3HAYEHHUs], OTKJIOHEHUS 3HAYEHUN HOMUHAJIBHBIX YaCTOT KaXKJI0Ir0
U3 TEHEpPaTOpOB OT COOTBETCTBYIOIIMX IPEAINOIAracMbIX 3HAYEHUH, OTKIOHEHUS
3HaYEHUM OTHOCUTEJBHBIX HECTA0WJIBHOCTEM KaXXIOro M3 TIEHEpaTopoB OT
COOTBETCTBYIOIIMX MIPEAIIOIATa€MbIX 3HAUECHUN;

- (hopMHUpOBAHME CUCTEMBI HOPMAJIbHBIX YPABHEHUH, IO Pe3yIbTaTaM pPEIICHUs
KOTOPOW IIPOBOJMTCS COBMECTHOE OLIEHMBAaHUE JUIMTEIBHOCTH KaXKIOI0 U3
BPEMEHHBIX HWHTEPBAJIOB M3MEPEHMM, OTKIOHEHUHM 4YaCcTOT M OTHOCHUTEIIBHBIX
HECTaOMIIBHOCTEH Ka)KJJOTO U3 TE€HEPaTOPOB OT COOTBETCTBYIOIIMX MPEANOIaraeMbIX
3HAUYCHUM;

- IpOBEICHUE U3MEPEHMH (ha3 CUTHAJIOB Ka)KJOT0 U3 T€HEpaTOPOB Ha KaXKOM
BPEMEHHOM MHTEPBAJIC U3MEPEHUS.

[Ipennaraemoe  0000OIIEHHME  TO3BOJISET  OTKAa3aThCsl  OT  CIEIYIOLIUX
JTOMYIICHUI:

- 0 TOYHO WM3BECTHBIX 3HAYECHUAX HOMHHAJIBHOW YacCTOTBI U OTHOCUTEIBHOU

HECTaOUIIbHOCTHU KaXk/10T0 U3 TEHEPaTOPOB;
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- 00 M3BECTHOM 3aKOHE pachpeicsieHUs] OTKJIOHEHUM 3HAYEHUN YKa3aHHBIX
MapaMeTpoOB OT MPEAINOIAraeMbIX 3HAYEHUN.

B 10 Xxe BpEMsA HCIIOJIB30BAHHEC IIpCajiaracMoro meroaa IMPHUBOAWUT K
HEOOXOJUMOCTHU MPOBEACHUS U3MEPEHUH (pa3 CUTHATIOB Ka)JA0T0 U3 T€HEPaTOPOB HE
Ha OJJHOM, a4 HCCKOJIbKNX U3MCPUTCIbHbBIX HHTCPBaJIaXx.

Ha ocHoBe u4McCIEHHOTO MOJACIUPOBAHUA MPOAHATIU3UPOBAHO ITOBBLIIICHUC
TOYHOCTH ONCHHWBAHHA JJIUTCIBbHOCTH BPCMCHHBIX HWHTCPBAJIOB I/ISMepeHI/Iﬁ )41
COOTBCTCTBCHHO YaCTOTbI TI'CHCPATOPOB. HOKa3aHO, 4dTO YTOYHCHUC 3HAUEHUU
OTHOCHUTEIHLHON HECTAOMIILHOCTHA YaCTOTBI KaXXIa0ro n3 reacpatopoB HE IPUBOAUT K
MPAKTUYICCKN 3HAYMMOMY IMOBBINICHUIO TOYHOCTH OICHOK TCKYIIUX 3HAUYEHUU
4acToThl ~ reHeparopoB. IlpennmokeH mepexon K  YNPOIIEHHOW — (YyHKIMH
HpaB}IOHO}IO6I/I$I, Ipu KOTOpOﬁ MMpOBOOUTCA OHCHKA TOJIBKO JJIHWUTCIIBHOCTU
BPpCMCHHOI'O HMHTCPBAJa H3MepeHI/II>'I U HOMHHAJIBLHOM YacTOTHI Kaxxaoro wu3
I'CHCPATOPOB.

KaroueBble cJioBa: T'CHCPATOPBI BBICOKOYACTOTHBIX KOJIC6aHI/II>'I, BBICOKOYAaCTOTHBIC
paanoOCHUIHAJIbI, CTaTUCTUYECCKUMN METO CTa6I/IJII/I3aI_II/II/I HqaCTOThI, CTaOWIBHOCTD
YaCTOThI, MCTOJ HAUMCHBIIUX KBAaJIpPaTOB.

Abstract. The issues of assessing the current frequency of each of the total of
simultaneously and independently functioning generators within the electronic
system are considered. The most common case is considered, in which the deviation
of the true values of the nominal parameters of generators from the estimated values
of these parameters has an unknown distribution law, and random deviations of
frequency from the true nominal value are subject to the normal distribution law with
the corresponding variance. The proposed method of obtaining parameters estimates
of both independently functioning generators (true nominal frequency values and
long-term instability, accidental deviation of frequency caused by short-term
instability of the generator) is based on the measurement of the signals phases of each
of the generators during several measuring intervals. The first step in obtaining
estimates is to line the relationship between deviations of generator parameters from

nominal values and the random deviation of the generator frequency by deviation of
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the measured phase value from the intended nominal value. This allows the formation
of a system of linear algebraic equations relative to unknown values of frequency par
deviations and relative instability, random deviation of frequency. Minimally
necessary number of measuring intervals estimated in the materials of the article. The
method proposed in the article is a further generalization of the previously proposed
method of statistical frequency stabilization of the system of simultaneously and
independently functioning generators, in which, based on finding the extremum of the
multidimensional likelihood function, formed under the assumption of a normal
distribution law for each of the arguments, the current duration of the measurement
time interval, the nominal frequency and the relative instability of each of the
generators. The suggested generalization is as follows: formation of an
overdetermined system of equations, the unknowns in which are the deviation of the
duration of the measurement time interval from the nominal value, the deviation of
the values of the nominal frequencies of each of the generators from the
corresponding assumed values, the deviation of the values of the relative instabilities
of each of the generators from the corresponding assumed values; formation of a
system of normal equations, based on the results of the solution of which, a joint
assessment of the duration of each of the measurement time intervals, frequency
deviations and relative instabilities of each of the generators from the corresponding
assumed values is carried out; measurements of the signal phases of each of the
generators at each time interval of the measurement. The proposed generalization
allows us to abandon the following assumptions: exactly known values of the
nominal frequency and relative instability of each of the generators; about the known
distribution law of the deviation of the values of the specified parameters from the
assumed values. At the same time, the use of the proposed method leads to the need
to measure the phases of the signals of each of the generators not in one, but in
several measurement intervals. On the basis of numerical modeling, an increase in the
accuracy of estimating the duration of time intervals of measurements and,
accordingly, the frequency of generators is analyzed. It is shown that the refinement

of the values of the relative frequency instability of each of the generators does not
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lead to a practically significant increase in the accuracy of estimates of the current
values of the generator frequency. A transition to a simplified likelihood function is
proposed, in which only the duration of the measurement time interval and the
nominal frequency of each of the generators are estimated.

Key words: high frequency oscillators, high frequency radio signals, statistical

frequency stabilization, frequency stability, least squares.

Beenenue

CoBpemeHHBIE paanodaeKTpoHHbIe cucteMbl (POC) cTposiTcs, kak mpaBuio, Ha
OCHOBE MOJYJIBHOTO TMPHUHIUIIA TOCTPOEHHUS, YTO OMNPEAENIeT HCIOJIb30BAHUE
(GYHKIIMOHAJIBHO 3aBEPIICHHBIX OJIOKOB W YCTPOMCTB, CBS3aHHBIX MEXIYy COOOMH.
[IpuMeHeHne yKa3aHHOTO TO0JIX0/4a MPUBOJNUT K HAIMUKIO B coctaBe POC Gonbiioro
YKCiia TeHEPATOPOB BHICOKOYACTOTHBIX CUTHAJIOB. XapaKTEPHBIMU MIPUMEPAMH TaKHX
CUCTEM SBIISIOTCS HMHGOPMAIMOHHO-TEJIEKOMMYHHUKAITMOHHBIE (MH(POPMAITMOHHO-
U3MEPUTENIbHBIE) CUCTEMBI, B TOM umcie u pacnpeneneHusie POC. Tlpu stom c
y4eToM (PYHKIIMOHAJIBHOW 3aBEPIICHHOCTH KaXXIOTO W3 YCTPONCTB, BXOJISAIIUX B
COCTaB CUCTEMBI, T€HEepaTOpPhl BBHICOKOYACTOTHBIX CHUTHAJIOB YKA3aHHBIX YCTPOMNCTB
MOKHO CUMTATh OJHOBPEMEHHO U HE3aBUCUMO (PYHKIIMOHUPYIOLIIUMHU.

HecMoTpst Ha TO, YTO TEHEPATOPHl CUTHAJIOB B COCTABE PA3UYHBIX YCTPOUCTB
UMEIOT Pa3jIUYHble TMapamMeTpbl, HAJIUYWE COBOKYMHOCTH OOJIBIIOTO YHCIIA
OJTHOBPEMEHHO M HE3aBHUCHUMO (DYHKIIMOHUPYIOUIUX TeHepaTopoB B cocTtaBe POC
MO3BOJISICT TyTEM H3MEpPEHUs M Tocieayomleld obpadotku (a3 hopMupyeMbx
CUTHAJIOB ONPENETSATh TeKYIIUe YaCTOTHO-BPEMEHHBIE MMapaMeTPhl IaHHBIX CUTHAJIOB
[1-6]. B cBoro odepenb, MOITYUCHHBIE YaCTOTHO-BPEMEHHBIC MMapaMeTphl CHTHAIOB
CBs3aHBI C MapameTpamMu (OPMHUPYIONUX HX TEHEPATOPOB, YTO TO3BOJISIET WIIU
CTaOMIM3UPOBATh YACTOTY T€HEPATOPOB WJIM YUUTHIBATH €€ TEKYyIlee 3HaUYCHUE MpHU
nocrneaytomieit oopadoTke curaanos [1-6]. Oto, B cBotO odepean, JaeT BO3SMOXHOCTD
0€3 3HAYNTEIHHOTO YCIOKHEHUS armapaTypbl camoil POC moBBICUTh CTAOMIBHOCTD U
COOTBETCTBHE  YAaCTOTHO-BPEMEHHBIX  MapamMeTpoB  (OPMHUPYEMBIX  CHUTHAJIOB
HOMUHAQJIBHBIM 3HAYCHHSIM. B KOHEYHOM WUTOre 3TO ONpPENEsSeT MOBBIIMICHUE

apdbextuBHOCTH TpuMeHeHUss POC (CHMXeHHEe BEpOSITHOCTU OMTOBOW OIIMOKH B

5
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KaHalaX CBs3W, TIOBBIIICHHE TOYHOCTH OINPEACICHUS PaJUOJOKAIIMOHHBIX M
paaiOHABUTAIIMOHHBIX TAPAMETPOB M T.J.), B 3HAYUTEIBHON CTEIECHH CBI3aHHON CO
CTaOMIIBHOCTBIO YaCTOTHI U €€ COOTBETCTBUEM HOMUHAIBLHOMY 3HAYECHHUIO.

B pabore [6] mnpoaHanu3upoBaHO BIMSHHAE OTKJIOHEHHS IapaMETPOB
T€HEpPaTOPOB HAa TOYHOCTH OLECHUBAHHS TEKYIIEH YacTOTHI KaXIOTO reHepaTopa H
JUTATEILHOCTH 3aaBacMbIX UMH BPEMCHHBIX HHTEpBaIOB. B craThe [5] paccmorpen
0000IIEeHHBIE METOA OICHMBAaHUS IApaMETPOB OJHOBPEMEHHO MW HE3aBHCHMO
(GYHKIIMOHHUPYIOIIMX TE€HEPATOPOB HA OCHOBE HCIOJIB30BAHHUS MHOTOMEPHOM
GyHKIIMH  TpaBAomogo0Ous. AprymMeHTaMH  yKa3aHHOHM  (YHKIHH — SBISIOTCS
OTKJIOHCHHSI JJIUTEIBHOCTEH BPEMEHHBIX MHTEPBAJIOB M3MEPCHHH OT HOMHHAIBHBIX
3HAYEHHUH, a TaK)Ke U KaXKJI0TO U3 T€HEPAaTOPOB - OTKIOHCHHS MEKIy UCTHHHBIMHU
U IPearnojaraeéMbIMi 3HAYEHUSIMH HOMMHAJIBHON YaCTOTBI M OTKIOHEHHS MEXIY
UCTUHHBIMH W IPEANOJaracMbIMUH 3HAYEHHSIMH OTHOCHTEILHON HECTaOMIIBHOCTH.
IMpeamoKeHHBIA METO ITO3BOJISET YTOUHATH HE TOJBKO 3HAYEHHUS TEKYIIEH YacTOTHI
Ka)KJI0ro TeHepaTopa, HO W 3HAYEHHUS MX HOMHHAJIBHOM YacTOTHI M OTHOCHTEIILHOMN
HectabmwibHOCTH. OJHAKO [aHHBIA METOJ] HWMEET OrPaHWYEHUs, CBS3aHHBIE C
MPEANOI0KEHHEM O HOPMAJIBbHOM 3aKOHE paclpeesieHuss OTKIOHEHHH YacTOTBI U
OTHOCHTEJIbHOW HECTAaOMIBHOCTH KaXJIOTO W3 TEHEPaTOpOB OT HOMHUHAIBHBIX
3HAYCHUH. YKa3aHHOE JOMYIICHHE, KaK MPABUIIO, MOXXET OBITh CIpPaBEIJIMBBIM B
Clly4ae COBOKYITHOCTH T'€HEPAaTOpPOB OJHOTO THIIA, HM3rOTABIMBAEMBIX B paMKax
OJIHOTO TEXHOJIOTHYECKOrO Ipollecca. B cilydyae COBOKYIIHOCTH T'€HEPAaTOPOB
Pa3INYHBIX THIIOB YKa3aHHOE JOMYIIIEHUE HE BCET/1a BBIIIOIHACTCS Ha MPAKTHKE.

Takum 00pa3oM, H3BECTHBIC PE3YIIbTATHI JOKHBI OBITH 000OIICHBI HA CITyYai |

- JICHCTBUTENIbHBIC 3HAYCHHUS IapaMETPOB TI'eHEPATOPOB H3-3a BO3JACHCTBUS
pa3InYHbIX (PAaKTOPOB OTIUYAIOTCS OT MPEANOIAraeMbIX;

- 3HAUYCHMs MApaMETPOB TE€HEPATOPOB HE CBA3aHBI C KOHKPETHBIM 3aKOHOM
pacrpeeieHusl.

DTO JenaeT aKTyaJlbHBIM PEIICHHE 3aJa4M OICHUBAHUSA HE TOJNBKO TEKYIIErO

OTKJIIOHCHHA YaCTOTbl OT HOMHMHAJIIBHOI'O 3HAYCHHA, HO M YTOYHCHHA HCTHHHBIX
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3HAYEHUN HOMMHAJIBHOM 4YacCTOTBl W JUCHEPCUM CUTHAJIOB TE€HEPATOPOB IIPHU
ITPOU3BOJIBHOM 3aKOHE PacCIpeeeHUs UX TapaMeTpPOB.

Lenpto paboOTHl SBISETCS pa3BUTHE METOAA OJHOBPEMEHHOI'O OLEHUBAHMS
YaCTOTHO-BPEMEHHBIX MAapaMETPOB CHUTHAJOB (JIOJITOBPEMEHHOM HOMUHAJIBHOM
YacTOThl, OTHOCUTEIIbHOW HECTAOMIBHOCTH W TEKYUIEro OTKJIOHEHHS YacTOThl OT
HOMHUHAJIBHOTO 3HA4Y€HUs), POPMUPYEMBIX B CUCTEME OJHOBPEMEHHO U HE3aBUCHUMO
(GYHKIMOHUPYIOIIUX TE€HEPaTOPOB, NpPHU MPOU3BOJIBHOM 3aKOHE paclpeeieHus
OTKJIOHEHUM  JIOJTOBPEMEHHOM  HOMHUHAJIBHOM  4YacTOTBl M  OTHOCHUTEJIBHOM

HECTaOMIBHOCTH YaCTOTHI TCHCPATOPOB OT MpCAIIoIaracMbIX 3HAYCHUM .

1. ITocTaHOBKA 3aa4H

Paccmorpum, kak u B [3], cuctemy N+1 renepartopoB, Kakablii U3 KOTOPBIX

(GopMHpYyET rapMOHHYECKHE CUTHAJIBI
5,(t)=S{” cos(w, -t+¢,),n=1..,N, (1)
rae: S - aMmIMTyAa curHaa,
®, - 9aCTOTa CUTHAJIA,
¢, - HaYambHas (pa3a curHaja.

Yacrora KaXXI0T0 IreHepaTopa OIpCACIACTCA MIPEAIIojIaracMbiM HOMHWHAJIbBHBIM

3HauCHHEM o) H MNpeArnoiaracMbiM 3HaueHHeM gucrnepcud D, KoTOpbIe

OTJIMYAIOTCS OT UCTUHHBIX HM3-3a BIHUSHHUSA (DAKTOPOB TEXHOJIOTHUYECKOTO TIpoIiecca U
YCJIOBUH AKCILTyaTallUU.
Curnan (N+1)-ro reHeparopa wucnonb3yercs s QopmupoBaHus M

HU3MCPHUTCIIbHBIX HMHTCPBAJIOB C HOMMHAJIbHOM JINTCIIBHOCTBIO to, B TCUYCHUC

Ka)KJI0r0 M3 KOTOPBIX IIPOM3BOJAUTCS M3MepeHue (a3 @, CHrHanoB, (POPMHUPYEMBIX

n
n-M reaeparopom (n=1...,N).

TpeOGyetrcst mo pe3ynbTartaM HW3MEPEHUN OMNPEACIUTh YaCTOTHO-BPEMEHHBIC
mapamMeTpbl CUTHaJa (YacTOTy Ha KaXJAOM W3 HW3MEPUTEIBHBIX HMHTEPBAIOB W
JIOJITOBPEMEHHYI0 OTHOCHUTEIBHYI0 HECTaOWIBHOCTh (OPMHPYIOMIETO JTaHHBIN

CUTHAJ reHeparopa).
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2. PazpaboTka meToga
[IpeacraBum u3smepsieMmoe Ha m-M (m=1,..,M ) HU3MEpUTETLHOM HHTEpBAJEC

3HaueHue (pa3wl cuTHaMAa N -To reHeparopa (n=1,...,N ) clIeayonmmM COOTHOIIICHHEM

@, =(of +80, + Ao, , )(t,+At,),n=1...N, )

m,n
rae: o - mpennonaraeMoe 3HaueHHe HOMHUHAIBHOW YaCTOTHI N-TO TeHeparopa,
3w, - CMEILIEHHME HOMUHAJIBHOW YacTOThl N-TO TeHeparopa (CUcTeMaTHyecKas

COCTaBJISIOIIAsl), OOYCIIOBJIEHHOE BO3ACHCTBHEM pa3iIM4YHbIX (PAKTOPOB IpHU
POU3BOJICTBE U KCILTyaTallH,

A® - cnyqaﬁHoe OTKJIOHCHHEC 4YaCTOTBI N-rO0 TIeHeEpaTopa Ha mM-M

m,n
N3MCPUTCIIBHOM HHTCPBAJIC,

At - OTKIIOHCHHUC MOJIUTCIBHOCTH mM-I'0 MH3MCPUTCIBHOIO HWHTCPBAjIa OT

m
HOMHMHAJIBHOT'O 3Ha4Y€HHUs, 00YCIOBICHHOE HECTaOMIBLHOCThIO N +1-r0 reHepaTopa.

CocraBasionue OTKIOHEHHSI YacTOThl KaXKJIOTO TE€HepaTopa YAOBIETBOPSIOT
YCIOBUSIM:

- S(Dn AMEET IOCTOSTHHOE 3HAa4YCHUE Ha Bcex M HHTCPBAJIaX U3SMCPCHU,
- A(Dm‘n Ha KaXXJI0M M-M U3MCPUTCIBbHOM MHTCPBAJIC IJId KaXXJ0T0 Ir€HEpaTopa n-

ro reHepaTopa MOJYMHAETCS HOPMAaJbHOMY 3aKOHY pacHpeleNieHus ¢ Aucrepcuen

D,=D” +8D,, (n=1..,N);
- At, TOQUYUHSETCS HOPMAJIbHOMY 3aKOHY paclpeiesiecHus ¢ aucrepcuer D, .,

onpenenseMo HecTaOMIbHOCTRIO N +1-r0 TeHepaTopa.
N3 ycnoBuss wmakcumyma (QYHKIIUU TpaBAomnofoOus, cpopMUpOBaHHON

OTHOCUTEIIBHO At,, apryMEHTaMu KOTOPOU SBJISIOTCSA JACHCTBUTEIBHBIE 3HAYEHUS

HOMHUHAJIbHOW YacTOTBl M OTHOCHUTEIBLHOH HECTAOMIBHOCTH BCeX N TEHEPaTOpOB,

OIICHKa At, W3 COOTHOIIEHUS (2) MOXKET OBITh MO aHaJOTuu ¢ [2, 3] moxydeHa B BUIE

N

Z|:(q)m,n — 0 50 .to) . o® (D, )1}

At =1L (m=1,.

m N

> o-(D,)"]

n=

»M), ©)
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rae 0 =o,-t,.
C y4eTOM TOro, 4TO B COBPEMEHHBIX BHICOKOYACTOTHBIX T€HEpaTOpax do, < o,

8D, < D coorHotieHue (3) MOKET OBITh JINHEAPU30BAHO U TIPUBEICHO K BUIY

ZN: (q)mn—q)(no) —-dm, t) (°> (DéO))—l_ 1- oD,
Atm: — n ,(m:]_’m’M). (4)

N +(, 3D
2ofef”-(OF) | - 5
n=1

rae: O = .t, - HOMHHAIBHOEC 3HAa4YeHHUE (a3bl CUTHANA, GOpMHPYEeMOro N-M
I'€HEePaTOPOM.
[Mocnenytoriue npeodpa3oBaHus MO3BOJISIOT MPeoOpa3oBaTh COOTHOLICHHE (4) ¢

yIE€pKaHUEM TOJIBKO JIMHENHBIX YJIEHOB OTHOCUTENBHO dw,, 8D, U At,

o LD, o o
tZSoo (0) ;Wm‘nomm:(q)m_cpﬁm) Dl m= ..M. (5)

VYpaBuenue (5) no3BossieT cPOopMUPOBATH CUCTEMY JTMHEHHBIX alredpandecKux

ypaBHeHuii (CJIAY)c 2N +M HEU3BECTHBIMHM, KOTOPHIMU SABJISIIOTCA dw,, 8D,
(n=1..,N) u At, (m=1..,M). YUucno ypaBHeHHii N-M B CHCTEME PaBHO YHUCIY
M3MEPEHHBIX 3Ha4eHUH (a3 CUrHaioB @ .

Marpuynas opma 3anvcu TaHHOW CUCTEMbI YPaBHCHHUI UMEET BU]T

A, AD,
oM
A, AD,
| oD |= , (6)
At
AM-N A(I)M-N

rIe: A, - BEKTOp, COMEPIKALIHIA OJIOKH @,, @, Pa3MEPHOCTH 1x N C 3IeMEHTaMU:

u {t 0)(0) t, 0)(0) t, co(o) } B 2(0(0) 2(0(0) 20)(0)
1 1 2 1 g
D ° D DY (D ) (DY ) ( DO )

COOTBETCTBEHHO U 010K i’ ={0,...,0,1,0...,0} pasmMepHOCTH 1xM , q-if smeMeHT

)

KOTOPOTo paBeH o, a BCE OCTAIbHbIC HYIIH;
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do’ ={dw, dw,,...,0m };

dD" ={3D,,8D,,...,.8D, };

At" ={8t,, 8t,,..., 8t } .

Jns pazpemiumoctd CJIAY NOMKHO BBIONMHATHCA YCJIOBUE N-M >2N +M,
KOTOpOE  ONpeleisieT MHUHUMAJIBbHO HEOOXOAMMOE YHCIO  HU3MEPUTEIbHBIX
UHTEPBAIOB M >2N/(N -1).

BO3MOXHOCTh  COBMECTHOTO OIICHMBAaHHUS HE TOJBKO HECTaOMIBHOCTH
BPEMEHHOI'0 MHTEpPBala U3MEPEHUN, HO U JEUCTBUTENbHBIX 3HAUEHU HOMUHAJIBHOM
YacTOThl M OTHOCUTENIbHOW HECTAaOMWJIBHOCTH KaXJOro U3 CTaOUIU3UPYEMBIX
reHepaTopoB U COOTBETCTBEHHO YaCTOTHO-BPEMEHHBIX MapaMeTpoB (OPMHUPYEMBIX
UMHU CUTHAJIOB 0€3 JOMOJHUTENbHBIX MPEATNON0KEHUH O XapaKkTepe pachpeeeHus
3HaUeHUN J®, U S», BO3MOXKHOCTH 0OJiee IIMPOKOTO MPUMEHEHHs Mpe/iaraeMoro
METO/1a M0 CPAaBHEHHIO C paHee pacCMOTpeHHbIMU B [1-6] pe3ynbraTamu.

Pemenue cuctembl ypaBHEHUU (6) MOXET OBITH MOJYYEHO MpU MEpexoie K

CHCTEME HOPMAJIbHBIX YpaBHEHUH B Bue [7]

-1

A, AD,
oo A AD
8D |=|(A, A, .. Auy)l || (AL A, o Ayy) ? )
At

AM-N | A(I)M-N

JlnaroHaJbHBIC JIEMEHTHl OOPATHON MAaTPHUIIBl ONPEACISIIOT JTUCIIEPCUH OIEHOK

Sw,, 8D,, (n=1..,N) u At,, (m=1..,M), a 3J€MEHTHl BHE TJaBHON IHArOHAIU —

n?

KOBapuannu CPCIHCKBAAPATHICCKUX OTKJIOHCHMH COOTBCTCTBYIOIIHX IIapaMCTPOB.

3. Pe3yJbTaThl YHCIEHHOT0 MO/IEJIMPOBAHUSA

AHanu3 noiay4yaeMbIX ¢ UCIOJIb30BAHUEM MPEAJIaraeéMoro MeToAa MpoBeaeM IS
ciaydast cucteMsl, conepxament 101 reneparop, m3 kotopbix mapamerpsl N =100
TEHEPAaTOPOB MOTYT OLIEHUBATBCA C MCIIOJIBb30BAHUEM MPEMIAraéMOro METOAA.
[Ipeanonaraemble 3HAYEHHS [MAPAMETPOB TE€HEPATOPOB BBIOPAHBI PABHBIMU:

o =2r-10°c™*, D®=10"°, uYTO COOTBETCTBYET 3HAYEHHSAM TEHEPATOPOB

10
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BBICOKOYACTOTHBIX CHTHAJIOB C YJIyYlIeHHBIMH mapamerpamu [8]. OTkioHeHus
HOMUHAJIbHBIX YaCTOT M OTHOCUTEIBHBIX HECTaOWUJIBLHOCTEH TEHEpaTOpOB OT
MpeAnoJiaraéMblX 3HAYCHUN MOAUYUHSIOTCS JOorapu(PMUYECKU-HOPMAIIBHOMY 3aKOHY
pacnpezaenenus [9], koTopslii ¢ Gpu3HUECKON TOYKH 3peHHS 00Jiee TOYHO ONMUCHIBACT
BO3MOKHBIE OTKJIOHEHHUSI I1apaMEeTPOB, MCKIOYas IIOABICHUE OTPHULIATEIIbHBIX
3HA4YCHUU

In x

(Inx—lna)2

1
p(x):ﬁjexp o d(Inx). (8)

(0]

B cootHomienue (8) o o0003HAYaeT AMCHEPCHUIO pacIpeieieHuss OTKIOHEHUM
JacTOThl WJIM OTHOCHUTEIBHOW HECTaOWIBLHOCTH OT TIPEIOoJIaraeMbIX 3HAYCHUMH,

a - TMpeanojaraeMble 3HAYEHUS YaCTOThl ®” HIJIM OTHOCHUTEIbHOU HECTAOMIBLHOCTH
D . 3HaueHHs TUCTIEPCUU OTKJIIOHEHHs MapaMeTpoB, KakK MPaBHiIO, cocTaBisier 107°

IS 4acTOThI U 107 1711 OTHOCHUTENBHOM HECTAOMIBHOCTH IEHEPATOPOB.

B kadectBe moOJlydya€MbIX PE3YyJbTATOB PACCMATPUBAINUCH  OTHOIICHUS
cpennekBaaparuyeckux mnorpemrHocreid (CKII) orneHuBaHHS 4YacTOTHO-BPEMEHHBIX
napameTpoB curHanoB (CKII OTKIOHEHHS OIEHOK IJIUTEIbHOCTH BPEMEHHOTO
MHTEpBaJla, HOMHUHAJILHOW YACTOTBl M OTHOCHUTEIBHOW HECTAaOWIBHOCTH) K
COOTBETCTBYIOIIUM  HMCTUHHBIM  3HaueHUsIM. [loJ HUCTUHHBIMHU  3HAYEHUSIMH
NOHUMAIOTCS 3HAUEHUS, TOJyUYECHHBIE IPU IPOBEICHUN YUCIEHHOTO MOJEIUPOBAHUSI.

Pe3ynbTaThl HcciieioBaHus IPUBEICHBI B TabuIe 1.

Tabnmuna 1. Pe3ynbratel MoOmENUpOBAaHHUS OICHUBAHUS YaCTOTHO-BPEMEHHBIX
[1apaMeTPOB CUTHAJIOB.

Otnomenue CKII k ucrunnomy | Ilonmyyennoe Ha ocHoBe | [lonyueHHOe Ha OCHOBE

3HAYEHUIO BEIUYUHBI meTona [4] peaaraeMoro MeToja
JImuTenbHOCTH BPEMEHHOTO _ B
. 2,13-107° 1,2-10°°
WHTEpBaJia U3MEPEHUN
HoMuHanbHOM 4aCTOTHI .
4-10°° 1,5-107°
CUTHaja reHeparopa
OTtHomenne HecTaOMIBLHOCTH ~
7-107° 2,7-10°°

9aCTOTHBI CUTHAJIa

11
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B [4] ObU10 mMOKa3aHO, YTO TPU YBEIMYEHHH YHCIa TEHEPATOPOB, 3HAYCHUS
M3MEPEHHBIX (Pa3 KOTOPHIX MCHOJIb30BAIUCH JJIsl OLICHUBAHUS YaCTOTHO-BPEMEHHBIX

napaMeTpoB curHainoB ymeHbimieHne CKII mpu HOpMaIBHOM 3aKOHE paclperesICHUN

OTKJIOHEHHH OLICHOK MMEJNIO 3aBHCHMOCTb, 0mm3kyio kK N 2. OjHako mpu 3aKoHax
pacrpeneneHuss OTKJIOHEHWH 4YaCcTOTHO-BPEMEHHBIX IIapaMETpPOB CHUTHalIa OT
HOPMaJIbHOTO TOJIyYa€MBbIE OLICHKH SIBJISIFOTCSI CMELIEHHBIMHU, YTO W OIPEIEIsET
yBenuuenue CKII 1o OTHOIIGHWIO K pe3yibTaTaMm, HpPUBEACHHBIM B [4].
[Ipennaraemslii MeTOJ, CBOOOJHBIN OT AAHHOTO OTPAHUYEHHUS, MO3BOJISET MOIYUUTh
0oJiee TOYHbBIE OLEHKH OTKJIOHEHHMH YacCTOTHO-BPEMEHHBIX MapaMeTpOB CUTHAJIOB U

CO0TBETCTBEHHO MeHbIIMe 3HaueHus CKII.

3akiouenue

Hcnonp3oBanue mnpejjaraeMoro MeToja TMO3BOJIIET CHOPMUPOBATH CHUCTEMY
YpaBHEHUN, apryMeHTaMU KOTOPOW SIBIAIOTCS OTKIOHEHUS JJIMTEIbHOCTEMN
BPEMEHHBIX HHTEPBAJIIOB M3MEPEHUM OT HOMMHAJIBHBIX 3HAYECHHUH, a Takxke MJis
KOKJ0T0 M3 TEHEPATOPOB OTKIOHEHHUS MEXAY HCTHUHHBIMU W TpeIojaracéMbIMU
3HAYEHUSIMA HOMHUHAJIBHOM 4YacTOTbl M OTKJIOHEHHMS MEXKAY MWCTUHHBIMU U
pearnojiaraéMbIMA  3HAUYCHHUSIMU  OTHOCHUTEJIPHOW HECTaOUJIBHOCTH  IIO3BOJISET
MOJIYYUTh 0OJiee TOYHBIC OILIEHKHM TEKYIIed 4YacToThl TeHepaTopoB. IIpoBeneHHBbIN
YUCJICHHBIM SKCIIEPUMEHT IOKa3ajl, YTO JAHHBIA METOJ] OOeCreYnBaeT JajabHEHIee
ymenbiienue CKII onieHuBaHus 3HaY€HUN HOMHHAIBLHOW YaCTOTHI MU OTHOCUTEIBLHOM
HECTaOMILHOCTH YaCTOTHI T€HEPATOPOB.

Takum oOpa3oMm, MOKHO OTMETHUTh, YTO COBMECTHass 0OpabOTKa OTKIOHEHUU
¢a3 CcHrHaJIOB B CHCTEME OJHOBPEMECHHO W HE3aBUCHMO (DYHKIIMOHHPYIOIIHX
FEHEPaTOPOB MPH MCIOJb30BAHUU NPEIIOKEHHOIO METOJa, B COOTBETCTBUU C
KOTOpPBIM  (OpMHUpPYETCS CHCTEMa JIMHEWHBIX alreOpandecKuxX YpaBHCHHM,
HEU3BECTHBIMM B KOTOPOW SIBJISIIOTCA JUIMTEIBHOCTA BPEMEHHBIX HWHTEPBAJIOB
W3MEpPEeHUH, HOMUHAJIBHON YacCTOTHI MU OTHOCHUTEIHLHOW HECTAOMIBLHOCTU YaCTOTHI
TrCHEPaTOpPOB, TPHUHIMIIHAILHO CHHUMAeT OTPAaHWYCHHUS Ha TPEOOBAaHUS TOYHOIO

3a/1aHusl 3HAUEHUI TapaMeTpoOB T€HEPATOPOB.

12
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