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Mpeun3noHHbIN (ha30BLIN ACTEKTOP ANA reTePOANHHOMN
MHTepctepoMeTPUIECKON METOANKU U3MEPEHUS NNOTHOCTH
nnasMmbl

I1.B. 3ybapes, A.JI. Xunb4eHKO

Wucturyt snepuoit hpuzuku CO PAH
AHHOTauusA

B pabote onucaH mnpeun3HOHHbIH (HA30BBIIl  JETEKTOP, NPEIHAZHAUCHHDbIH Ans
IPAMEHEHHS B CHCTEMAX PeTHCTpAIliy INIOTHOCTH IUIa3MBbI, Oa3HpPYIONIMXCS Ha TETepPOANHHOMN
UHTEPPEPOMETPUUECKOH METOANKE.

JletekTop uMeeT BBICOKOe (pazoBoe  paspemieHHe (10'3 pax) M IpaKkTHYECKU
HEOrPaHUUEHHBI AnHAMUuecKuii auanaszoH (> 500 paa) B monoce 4acToT MOLYJISILLMK BILUIOTD
10 Y2 ot uwacToTel Hecymeii (IMI'm). YkazaHHBIe 0COOCHHOCTH MO3BOJIIIOT HCITIONB30BATH
JIETEKTOp Anst perucTpauvn  (azoBbIX CABUIOB, BbI3BAHHBIX KAK MEMIEHHBIMM, TaK U
OBICTPBIMU H3MEHEHUSIMH IUIOTHOCTH IUIa3MBI HAa YCTAHOBKAX C OOJIBIIMM YPOBHEM TEILIOBBIX
W MEXAHWYECKUX BO3ACUCTBUIA Ha MHTEPHEPOMETD.

Sensitive phase discriminator for the heterodyne interferometric
method of the plasma density measuring

P.V.Zubarev, A.D. Khilchenko

Sensitive phase discriminator for the system of the multi-channel plasma density meas-
uring is described. Phase discriminator has high angel resolutichrg@lp and practically
unlimited dynamic range (500 rad) in the modulation frequency band up to ¥ of the carrier
frequency (1MHz). This properties allow the phase discriminator application for the measuring
slow plasma density changes and high frequency density fluctuations on the installations with
the low level of the plasma density0*? — 10'% and high value of the thermal and mechani-
cal influences for the interferometer.
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1. BBepgeHune

HeobxoaumocTh McCCaeN0BaHUA JUHAMMKW TOBEICHUSI IUIOTHOCTH
[UIA3Mbl B PA3JIMYHBIX CEUSHMSIX IUIA3MEHHOI'O LIHYpa COBPEMEHHbIX TEPMO-
SOCPHBIX YCTAaHOBOK MNPEAONpeAeania pa3sBUTUE MHOTOKAHAIBHONW MHTEp-
(depoMeTpuu U CUCTEM perucTpauuu AaHHblX. OpgHO M3 Hambosee OYpPHO
[POrpeCcCCUPYIOLINX HAPABIEHUN B UHTEP()EPOMETPUH NIa3Mbl Oa3upyercs
CEerOJHs Ha MCIIOJb30BAHUU IETEPOJMHHON CXeMbl BblejeHus (azoMomy-
JINPOBAHHON CHHYCOMIAJIBLHON HECYILEH, MOCKOJIBKY KPOME YUCTO OITHYE-
CKHX MPEUMYLIECTB B €€ PaMKaX CTAHOBUTCSA BO3MOKHBIM [IPUMEHEHHE AJIsl
MOCTPOEHUSl MOCHCAYIOIIMX TPAKTOB (IETEKTUPOBAHUS, PEruCTpaLuu M
HAKOIUICHUS [JAHHBIX) TPAAULUUOHHON PagUuO3ICKTPOHHOM 3JIEMEHTHOM
6a3pl.  OgHako, B IOJHONW Mepe NPEMMYLLECTBA TETEPOAUHHON CXEMbl,
OCOOCHHO AJ1s1 perucTpalyy IUIA3MEHHOH TypOyJNEeHTHOCTH, pealu3yloTcs
TOJILKO HPH yCJAOBUM, YTO (ha30BbIii AETEKTOP, BXOAALIMI B COCTaB CUCTEMbL
perucTpanuy, obiaanaeT MUPOKO MOaocoi (10 %2 OT 4acTOTHL Hecyllei),
BBICOKOI1 UYBCTBUTEIBbHOCTBIO (10'3 paa v BbIlle) U OONBIIMM AMHAMUYE-
CcKuUM nuana3oHoM (>100pan).

[Mockonbky nwodas kiaccuueckas aHalorosas wiu uudposas cxema
(a30BOro neTeKTopa Jaxke MOTEHUUAIbHO HE MOKET peanu3oBaTbh Tpedye-
Mble XapakTepucTuku, B paborte /1/ ObL1 mpeniokeH MeTond (a3oBOro
JCTEKTUPOBAHMUS, OCHOBAHHBII HA OLU(PPOBKE HEMOAYIUPOBAHHOMN Hecylleit
U KOMIUIEKCHOTO (pa30MOAYIUPOBAHHOTO curHaga ¢ momombio ALl u
nocneAyoLeil MaTeMaTu4eckoii 00paboTke MOMYUYEHHBIX JaHHBIX C UCIOJb-
3oBaHueM BII®. HecMOTps Ha BIOJIHE YJOOBIETBOPUTEIIbHbIE PE3YJIbTATHI,
3TOMY METOAY JAETEKTUPOBAHMA MPUCYILM W OYEBUIHBIC HENOCTATKU. B
MEPBYIO OYepeb OHM CBsA3aHbl C OOJBLIMMU BPEMEHHBIMU U3AEPIKKAMU Ha
JTane MareMaruueckoil o0paboTku MHQOPMALUOHHBIX MACCHBOB, UCKIIO-
YAKOIIMMHY BO3MOKHOCTh MOJIYUY€HMs JAHHBIX O XapakTepe I[OBEACHUA
[UIOTHOCTU [1J1a3Mbl B PEKHME PEaJbHOTO BPEMEHH, UTO BECbMA BAXKHO,
Hanpumep, 1Jisi IOCTPOSHHUs CUCTEM 0OpaTHOM CBA3M.

B naHHoii paboTre paccMarpuBaeTcs NPUHUMI NOCTpoeHUs: HazoBoro
JeTeKTopa, Oazupyrolyiics Ha MNPELM3MOHHOM M3MEPEHMH AJIUTE]bHOCTH
Kakaoro nepuoja (GpazoMoAyJMPOBAHHOIO KOMIUIEKCHOTO CUTHajla U Hecy-
uieil, a TakKe Ha mpocreiiiieii MmaTemaTuyeckoll oOpadoTKe pe3yabTaToB
M3MEPEHUH, BbLIMOJIHAEMOU B pexume peaibHoro BpemeHu. I[lpuBeaeHo
ONUCAHUE CXEMbl MOCTPOSHHS MPOTOTUNA CUCTEMBI PEIUCTPALUH TJIOTHOCTH

IJ1a3MbI C MCIIONB30BAHUEM HOBOTO JETEKTOpa U AeTekropa Ha 6ase BIID, a
TAKKE PE3yNbTaThl €€ TECTUPOBAHUSL.

MpuHUMN NOCTPOEHUA AeTeKTopa.

B npeanaraemoii cxeme (pazoBoro nerekTopa Ajsl BblICISHUS] MOLY U~
PYIOLLETO CUrHANA UCIONB3YETCA METO U3MEPEHUs! JUIMTEIbHOCTU KAKAOIO
nepuoja CUHYCOMAAILHONW HeCcylleill ¢ BbICOKOH TOYHOCTHIO. B Kauectse
OMOPHBIX TOYEK A1 NPOBEIEHUs U3MEPEHUH UCHOJb3YIOTCSl TOUKU NEpece-
YEHUS CUHYCOMJANIbHBIM CUTHAIOM HYNEBOH JuHUU. BpeMmeHHas auarpam-
Ma, MOSICHAOLIAs MPUHLMIT PabOTbl IETEKTOPA, MPUBEAEHA Ha puc. .

Bepruxanbible NDYHKTUPHBIE JIMHUM Ha JUarpaMme COOTBETCTBYIOT
MOMEHTAM BPEMEHU, B KOTOPBIE MNPOU3BOIAUTCS U3MEPEHUE TEKYLLEro
3HAUEHMS AMIUIUTYAbl BXOIHOIO (ha3oMOIyJMPOBAHHOIO CUrHana ObICTPO-
neiicteyrouum AL, pabotarouiuM ¢ 4yactoToil muckperusauud Fy B He-
CKOJIbKO [ECATKOB pa3 MpeBblAONIEH 4acTOTy BXOAHOro curxana. Ha
K&KIOM [EepHOJE BXOJHOTO CUrHala HH(POPMALIMOHHBIMY SBISIOTCS TOJIBKO
nea orcuera ALIL: hi, u hi, copepskaiuue pe3ynbTaTbl U3MEPEHUsI MTHOBEH-
HBIX 3HAYEHUH aMIUIMTY/bl B TOUKAX, NPEAILECTBYIOLIEH Nepexony curHana
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Puc. 1. BpemeHHas 1uarpaMma, MOsCHAIONIAsS TPHHITAI paboTHI JeTeKTopa



uepes HyJIeBYIO JAuHuIo (A;), U B cinenytouiei 3a e (B;).
JIuTenbHOCTh TEKYLIEero Mepuoia BXOJHOIO CHUIHANd, ONMUPaiAch Ha
JuarpaMmmy, MOKHO ONPEACIUTh Kak:
t=N; T +((1-N-2)/ (N-2)-+Ng-2)+) Hhi/(hi+hy ) T (1)
I'ne: N;j - nesioe 4ucyio NepruoIoB 4acToThl AUCKpeTn3annu ALTT
MEXIy ToUkamu Bij 1 Aj;
T = 1/Fy - meprox acToTel auckpetuzarn ALIIT.

HeTpyaHO 3aMeTHTh, UTO MOTPEUTHOCTh B ONIPEAETICHHH JUTHTENEHOCTH
TMeprofia tj CHHYCOUIANBHOTO CHTHANA MPSAMO 3aBUCHT OT WHTEPHONALHAOH-
HOW TIOTPEITHOCTH, OTpeneaseMoll MPOW3BEAEHHONW HaMHW 3aMEHOW CUHY-
conmanbHON (OYHKIWW Ha JIMHEWHyI0 B o0JlacTh ee 3HadeHWH, ONW3KWX K
Hymo. Mcmonb3ys pazfoXkeHHe CHHYCOWHANbHONW (YHKIMM B PAM JIETKO
[0KA3aTh, YTO 3Ta MOrpelHocTh cocrassier 1.2810° nns obnactu usmene-
Hus 1o yriay oT -9 no +9 rpagycoB, B KOTOPO# 3HaueHus caMoil hyHKLUN
HU3MEHSIOTCA 0T -1/6 10 +1/6 OT aMILIUTYJHOTO.

Ha ocHOBe mpUBEICHHBIX OAHHBIX JIETKO OMPEACIAIOTCS MUHUMATb-
HBIC 3HAYEHUS 4YACTOTHI AUCKpeTu3auuu u paspagHoctu AL, Tpebyemsie
IUIS peanu3alud HeoOX0AUMOM TOUHOCTH u3MepeHuii (Hanpumep: 40MI ' u
13 paspsnoB mipn Mududeckoit Tournocti B 2.5010° oT mepuoaa cHHyCOH-
JATbHOTO BXOJHOTO CUTHAJIA B CITyYae UAeaTbHON HHTEPTONSLINN).

Ecim pazobparscst Oojlee BHMMAaTelbHO, MOXXKHO OOHAapyXXWTh, HTO
TpeGoBanns k paspsanoctd ALl B mprBeaeHHO BBIMIE OIIEHKE 3aBBIIIEHEI,
Kak MUHUMYM, B 6 pa3. JleMcTBUTENBHO, OIllEHKA TIpUBEIEHa JUIA Ciydas,
MPA KOTOPOM aMana3zoH mpeolOpasosanus ALlll mo ammnuTyne paBeH Win
Jake HECKONBKO TPEBBIMIAeT AWATIA30H W3MEHEHWS BXOJHOTO CHUTHAIA.
PeanmsHo ke ammiuTyaa Tex otcueToB AL, KOTOpBIE HYXKHBI U BBIYHC-
JIeHUsT JUTNTETLHOCTH TIepHo/ia, He TIPeBBITaeT 1/6 oT aMIITATY BT BXOTHOTO
curHana. [loaToMy mosBISeTCS BO3MOYKHOCTB, 32 CHET TPEABAPHTENBHOTO
OTPaHWIEeHHsT aMTUIMTY/IBI BXOJHOTO CHTHaNa, CHM3NTL TpeboBanus k ALIII
mo paspsaaHocTh a0 11-12 mpw Toi *e MOTEeHIMATLHON TOUHOCTH W3Mepe-
HUAN.

IMockomsky AL ykazanHOTO OBICTPOACUCTBUS W Pa3PSIIHOCTH TIAPO-
KO TIpEACTaBJIEHBI Ha PBIHKE AIIEKTPOHHBIX KOMITOHEHTOB, a YCHIIUTENH-
OTPaHMYHTENN TpeOyeMoro Kilacca TOYHOCTH YK€ HaBHO CTalll KITACCHKOMH,
MOKHO CHeNaTh BBIBOJ, UTO C TEXHWUYECKOW TOUKH 3pEHMS HeT ABHBIX
OTPaHWIEHHH, TTPEMATCTBYIOIINX TIOCTPOSHHMIO peasbHO# cXeMbl (ha30oBOTO
JeTEKTOpa Ha OCHOBE MOAX0/A, ONTUCAHHOTO B TAHHOM pasjedie.

Cxema petekTopa

VipoleHHasl cxema NOCTPOEHUsl IETEKTOpa NpuBeleHa Ha puc.2. B
COCTaB €€ aHAIOTOBOI0 y3Ja BXOIAT:
- YCUJIUTEJb-OTPAHUUUTENb AMILUIUTY 1bl BXOAHOTO curHana AD8036,
- cornacyrowuii yeunurenbs AD8138 ¢ nuddepeHManbHbIM BEIXOI0M,
- 12-tu paspsaausiii ALIIT ADU8SO7,
- TEHEPaTop CUHXPOUMILYJLCOB C 4acTOTOH caepoBanus 40MIu
(SG8002), onmpeaenstoiuii yactoty auckperuzaunu AL

MI®POEOI Y3EN AETEKTOPA
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Puc. 2. YnipougHHas cxema nocTpoeHust ICTeKTOPa.

Pesymbrarel otcuetoB ALl ¢ukcnpyoTes ABYMS TOCITEA0BATENHHO
BKITIOYCHHBIMA peructpamMu rg a[11..0] w rg b[11..0], conepxammmu
TIOCJICAHVHA W TIPEIBIAYINUA Pe3yabTaThl W3MEPEHUH TEKYLINX 3HAUYCHWH
aMIUIATY/IBl  BXOJHOTO CWTHania. Brinenenwe WHQOPMATHBHBIX OTCUETOB,
COOTBETCTBYIOILMX TOUKaM, NMPEAIIECTBYIOMIEN TIEPEXOAY BXOAHOTO CUTHATIA
yepes HOJIb U CIEQYIOWEH 32 HEel, NMPOW3BOANTCS MO COCTOSTHUIO CTapIINX
Ppa3psAa0B YKa3aHHBIX PETUCTPOB.



HetpynHo 3amMeTuTh, YTO NPH HOPMAIBHON ABOUYHON KOAMUPOBKE OT-
cueroB ALIIT nepexomy curHana yepe3 HOJb OYIyT COOTBETCTBOBATh TOJIBKO
JBE KOJOBbIC KOMOMHALMU CTapiiuX pa3panos: rg_a[11]=0,rg b[11]=1n
rg_a[l1l] = 1, rg b[11] = 0. I[epBas U3 HUX CBS3aHA C OTPHLATEILHBIM
(pPOHTOM BXOAHOI'O CUTHaja, a BTOpasl — ¢ MOJOKUTENbHbIM. B paccmarpu-
BaGMOM BapHaHTE CXEMbl AETEKTOpa UCIOJb3YeTCs TOJbKO NepBas KOMOU-
Hauusl.

[Ipu ee mosiBIeHUU B MPOMEKYTOUHBIX peructpax rg delta[10..0] u
rg_ampl[10..0] Quxcupyercs pasHOCTb MEKAY COACPKUMbBIM PErHCTPOB
rg_a[11.0] u rg_b[11..0], a Tawke comepKUMOE BCeX Pa3psIOB PErucTpa
rg_b[11..0] 3a uckmoueHuem crapiuero. [Ipu 3ToM comepkumoe perucTpa
rg_delta[10..0] 6yzmeT cOOTBETCTBOBATH W3MEHCHUIO aMIUIUTYAbI BXOJHOTO
CUIHajla Ha UHTEpBalle, PaBHOM NEPUOAY 4acToTbl auckperuzauuu ALII, a
conepxumoe peructpa rg_ampl[10..0] - U3MEHEHUIO aMIUIUTYAbI BXOAHOTO
CUrHaj1a OT MOMEHTA B3sITUsl NPEANOCIEAHEro OTCYETa 0 TOUKHU Iepeceye-
HUsl BXOJAHbIM CHUIHAJIOM HyJICBOH JIMHUU. BblNonHsiemMas panee mpoienypa
geneHus cogepkumoro  peructpa rg ampl[10..0] Ha coaepxkumoe
rg_delta[10..0] no3BoJsieT onpeaenuTs AIUTEIbHOCTh UHTEPBAIa OT MOMEH-
Ta B3sTUsl OTCUETA, NPEILIECTBYIOLICIO Nepexony BXOAHOIO CUrHaua 4yepes
HOJIb, I0 MOMEHTA MepeceueHus: UM HyJi (1j) B BUIS APOOHOH 4acTH nepuo-
Ja 4acTotel auckpetuzauuu ALIT:

ti=(rg_ampl[10..0])/rg_delta[10..0J) (2)
LletouHCeHHbIH OCTaTOK JTUTETLHOCTH TIepHoia BXOAHOTO (haso-
MOJYJTUPOBAHHOTO CHUTHAJIA OTpefieIseTcs cueTunkoM counts..0], moacun-
THIBATOIIIAM YHCIIO TIEPHOIOB YacTOTH AWcKpeTH3aiwmn ALl Ha wATepBane
MeXIy TTOCTHeIHNM WH(OPMATHBHBEIM OTCYETOM TIPEIBIAYIIeTo Teprnona u
TIepBBIM WH(POPMATHBHBEIM OTCTETOM TEKYIIETO.

Jns  BBIpaBHWBAaHWA 3ajepkeK MeXITy MOMEHTaMHW OTpeleeHus
ApoOHOI W LeNOYHUCIeHHOH YacTH MepHoja BXOJHOTO CHUTHAJA, B COCTaB
IA(POBOTO y371a TeTeKTOpa BKITOYEH BCTIOMOTATENBHBIN Tiepe3armoMiuHaro-
i peructp rg_count[5..0].

TecToBasi cuctema perucTpauum

]_leJTLIO CO3MaHUS TECTOBOM CHCTEMBI perucTpanniu ABJIAI0CH UCCIIET0-
BaHUC PCATHLHOTO TIOBCACHHA CXEMbI (ba30130r0 ACTCKTOpA W OTPEACIICHUE
anKTOpOB, HaKTaJAbIBAIOINUX OTPpaHUYCHUA Ha €€ TCXHUYCCKUC XapaKTEpu-
CTHKH. l_[peI[YCManI/l'BaJTOCB TAKKE TPOBCIACHUC CPABHUTCILHOTO aHAIN3a
XapaKTCPUCTHK npezmaraeMoffl ABTOPAMH CXEMBI (ba?,osoro JCTCKTUPOBAHNA

M CXEMbl, OCHOBAHHOH Ha ucnoJb30BaHuu BIID npu BOCCTaHOBIECHUU
MOJYNUPYIOUIEro curHana. FIMeHHO MO3TOMYy B COCTAB TECTOBOM CHUCTEMbL
perucTpauuy OblI BKIOYEH HAOOp amnmapaTHbIX U MPOrpaMMHBIX CPEICTB,
(YHKUMOHAILHO HEOOXOAUMBIH IJi peajn3aluu J000ro U3 yKa3aHHBIX
Croco0OB IETEKTUPOBAHMU.

CTpyKTypa M annapaTtHble cpeacTBa CUCTEMbI PerucTpauum

CTpyKTypHasi cXema MOCTPOCHHA CHUCTEMbl PEruCTpaLUM MPHUBEAEHA
Ha puc.3. B ee coctaB BXOAAT ABa WACHTUYHbIX KaHaua. [lepBblid kanan
ucnoJb3yercss i 006pabOTKM YMCTOTO CHHYCOUAAIBHOIO CUrHajda Hecy-
uiei, He MOIYJIMPOBAaHHOH MO ¢ha3e, a BTOPOM — Al PEruCTpaLK KOM-
[UIEKCHOTO BXOAHOIO CUTHAJA, MPEeACTABISIOLIEro co00il Ty ke Hecylly:o,
HO (ha30MOaYNIHPOBAHHYIO.

Cuctema peructpauuu, IOMHMO yXKe OMNHUCAHHOIO AETEKTOpa, CoAep-
KUT MUKPONPOLIECCOPHbI Moayb ipEngine-1 ¢hupmbr Bright Star Engineer-
iNg, OPHEHTUPOBAHHBIN HA MOCTPOCHHE BCTPAMBACMBIX CHUCTEM LUMPOKOIO
Ha3zHaueHus /2/. DTOT MOLyJb, Hapsay ¢ 32-X pa3psaHbIM MHUKpPOMPOLIECCO-
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pom MPC823 mpousBonutensHocTbio 66MIPS, paboTaromum noj ynpasie-
nueM OC Linux, BKaoyaeT B ceos:

- oneparuBHoe 3Y odbemoM 16MH,

- ceteoii unrepodeiic (Ethernet, 10Base-T),

- KpUCTaJU1 NepenporpaMMupyeMoii joruueckoit marpuusl EPM6016,

- OpicTpoe cuHxpoHHoe 3Y ¢ NPOM3BOJNBHBIM AOCTYHNOM OOBEMOM
256K0,

- nocrosiHHoe 3V Ha 6a3ze FLAH obbemom 4M6.

Best uugpoBas 4acTb cXeMbl TECTOBOI CUCTEMbl PErUCTPALIMKN pa3Me-

LICHA B MepenporpaMmMupyemMoii marpuue Moays ipEngine.

ITomumo Habopa PEerucTPOB U CUETUMKOB, BXOISLIUX B COCTAB CXEMbl
JETeKTOpOB, LM(POBOH TPAKT cUCTeMbl BKIIOUaeT B cebs y3en 3V, Hakam-
JMBAOIIMI pe3ynbTaThl M3MEPEHUH, JOTMKY CXEMbl 3aIlycka, PEerucTp,
(dUKCHUpYIOLIMI BEIMYMHY HavyalbHOro ciaBura (a3 Mekay BXOIHBIMU
CUTHA1aMHu [JETEKTOPOB MEPBOTO0 U BTOPOrO KaHaja, a TakKe Perucrp
yOpaBIEHUs, ¢ TOMOLIBIO KOTOPOTO BhIOUpaeTes TpeOyeMblil peskuM padoThbl
CHUCTEMBI.

Peanu3oBaHbl cienyoue pexumMbl padoTbl CUCTEMBI:

- hukcarmn 1o 2[10° otcueror AL Mo kKaxaOMy KaHaJTy TIpH 4acToTe

muckperuzauun [ MI',

- pukcamun 10 64K otrcueror AL o KakAOMY KaHATY TIPH 9acTOTe
auckperrzanun SMI,

- uxcain 10 2010° pe3ynbTaTOB H3MEPEHHIT ANUTENLHOCTH NIEPHOIA
BXOJHOI'O CUTHAJA MO KAKIOMY KaHAly C HacTOTOH MOCTYIUICHUS
JaHHbIX 10 1.5MTI'1.

B n1060M M3 yKazaHHBIX PEKMMOB Hayajlo Mpouecca perucTpalud
JaHHbIX MOXKET WHULMUPOBATLCA MPOTPAMMHO WM BHELIHUM MMILYJbCOM
3amycka.

IepBble ABa pexkumMa paboOTbl CUCTEMbI NPEIHA3ZHAUYEHBI AN POBEPKH
CXEMBbl 1E€TEKTUPOBAHUS, OCHOBAHHOH Ha ucnosib3zoBaHuu bII®, a TpeTuid, —
IUTS TSCTUPOBAHUS CXEMbI ICTEKTOPa, OMMCAHHOH B JaHHOI padoTe.

B cucreme peructpauuu yaanoch COBMECTUTh 00a BAPUAHTA NETEKTU-
pOBaHUS 3a CUET MPOrpaMMHOLN MoaudUKalUK anropurMma padoTsl Hudpo-
BOTO y3J1a NpU BbIOOpE pexuma padoTbl U OTHOCHTENIBHO MPOCTbIX U3MEHE-
HUI B aHANOrOBOM TPAKTE, CBA3AHHBIX C BK/IIOYEHHEM B €ro CXEMy ABYX
JOMOTHUTENBHBIX PE3UCTUBHBIX nenuteneil Ry, Rs u Rs,Rg. OTu nenurenny,
HCTIONb3YEeMble TOJIBKO B BapuaHTe AeTekTopa Ha ocHoBe BII®D, ocnabnsioT
BXOJHOW CHUIHAJ, TNPUBOAS B COOTBETCTBUE IMAINA30H €ro M3MEHEHHUs K

umikane npeodpaszoBanua ALl mo ammuTyzne. YCUIMTENN-OTPaHUUUTEIN
aHAJIOro0BOI0 TPakTa, MMesl Oosee BbICOKKE MOPOTU cpadaTblBaHus, NPOMycC-
KalOT CUrHAJI C BbIxoa nenureneit Ha Bxoabl AL 6e3 uckakeHuii.

PaGota cuctemsbl perucTpauny B BapuaHTe ¢ $pa3oBbIM JETEKTOPOM Ha
ocHoBe BII® He umeeT ocoOeHHOCTEH M3-32 OTCYTCTBUS KaKoM-Tnbo mpen-
BapuUTENbHOM 006padoTku uHhopmanuu Ha ypoBHe ipEngine. Maccus nocty-
narowux ot AL gaHHbIX auwb HakannueaeTes B O3Y mopyiis, a 3arem, ¢
MIOMOLIBIO CETEeBOro MHTepdeiica, mepeaaeTcs B KOMMBIOTEp A MOCie-
Oylolield MaTeMaTuyeckoll o00paboTKu W OTOOpPaKCHUS pe3yIbTaTOB B
ynoOHOM 7Sl aHANK3a BUJE.

B otnuuue ot BapuanTa ¢ BII®, npu padoTe cucTeMbl ¢ HOBBIM ICTEK-
TOPOM [IOTIOJHUTENBHO BO3HUKAET HEOOXOAMMOCTb B (PUKCALMU Pa3HOCTH
(a3 Mexay BXOAHBIMH CUTHANAMM MEPBOrO U BTOPOrO KaHANOB B Hadaie
npouecca peructpauud. HeobxoaumocTs 3Toil omepaumun oObsiCHSETCS
YOPOILEHHEM HPOUENYpbl ONpeAeNeHHsT TEXHUYECKHMX XapaKTepUCTHK
JETEKTOpa B TOM Clly4ae, €Clld U3 Pe3yJbTaTOB M3MEPEHHUIl TeKyLIUX 3Haye-
HUH Mepuona KOMIUIEKCHOIO MOAYJIMPOBAHHOI'O CHUTHaia, MPOU3BOAMMBIX
BTOPbIM KaHAJIOM, BbIYECTb PE3Yy/NbTaThl U3MEPEHUI MEPBOro, OMPEACIsito-
LIEro TEKyLIMe 3HAYCHUsl Mepuoaa Hecylleld. YKazaHHOE ACHCTBUE UCKIIIO-
4yaeT M3 paccMOTpeHust (ha3oBbIM LIyM IeHeparopa TECTOBOIO CUTHAJA,
MOCKOJIbKY €ro BKJAd B Pe3yJbTaTbl W3MEPEHUIl OAMHAKOB A 000UX
kaHanoB. M3MepeHne HauaibHON pasHOCTH (a3 MO3BOJNAET HKECTKO cdazu-
poBaTh MOTOKW AAHHBIX B KaHalax M, 3a CUET ITOr0, MUHUMU3UPOBATH
[OrPELIHOCTD MPOLEAYPhl BBIYUTAHUSL.

Kaxum >xe 00pa3oM u3MepsieTcsi HauanbHas pa3HocTh ¢a3? Obpartum-
sl K quarpaMmme, NoKa3aHHON Ha puc.4.

HetpyaHo 3ameTuTh, 4TO BPEMEHHOM MHTEPBAN MEXAY TOUKAMMU Iie-
peceueHuss HyNeBOH JMHUM CUTHajiaMd B OOOMX KaHajJax MOXKHO IMpeAcTa-
BUTb B BIJE CyMMBbI TPEX UHTEPBAJIOB!

t,= 1 - h/(h. + h,), ©))
L= Nl:r,
3= h‘/(hl + h+)EI'

IlepBbIii U TPEeTHH WHTEPBAIBI YK€ ABIAIOTCA pe3ysIbTaTaMU W3Mepe-
HUH, MPOU3BOAUMBIMA TIEPBBIM M BTOPBIM KaHAJIOM peructpaunu. Crenosa-
TeNBHO, TS 3aBEPIIEHUS TPOLIeAYPHl H3MepeHns HauakHOH pasHocTH (a3
HEOOXOANMO OTPEENTUTh TONBKO JTHTEIBHOCTh MHTEPBATA t, PACTIONOKEH-
HOTO MEXIy TOYKaMW B3SITHS BTOPOTO WH(DOPMATHBHOTO OTCHETA B TTEPBOM
KaHaJlle W TepBOTO BO BTOPOM. DTa OMepalus BBITIONHAETCS C MOMOIIBIO
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JOMOTHUTENBHOTO cueTuuka count delta[5..0], noacuuThiBarOIIero Ha
uHTEepBae tp nesnoe uncao N nepuonoB 4actoTsl Auckperuzaunn ALTL

Puc. 4. U3mepenue HauaabHOM pazHocTy das.

U mocnenree 00CTOATENLCTBO, HA KOTOPOE CIIEAyeT O0paTHTh BHAMA-
aue. OHO Kacaetcs (hopMaTa TIpeACTaBICHNS TaHHBIX O pe3ylbTaTaX W3Me-
peHmit UTATETFHOCTH TIEPUOa B KaXKJIOM KaHaJle peTUCTpanud W crmocoda
BOCCTAHOBJICHHS MOJYJIUPYIOIIETO CUTHATa TpH 00padoTKe 3THX pe3yiabTa-
TOB.

JUIMTENBHOCTD TEKYIIETO TepHoa BXOAHOTO CUTHANA, KaK yKe OTMe-
qamoch, ompenensercs ypaBHenueM (1). BTopoit W Tperwit 37eMeHTHI
VpaBHEHUS TTPENCTABIAIOT c000i MpoOHYI0 HacTh JTUTEHHOCTH WHTEPBaa,
PacTIONOKEHHOTO MEXAY TOUKoM B3ATHS oTcuera ALl 10 mepexona BXxon-
HbIM CUTHAJIOM Yepe3 HYJIEBYIO JIMHUIO M TOUKOM TepeceveHdus WM 3TOH
HyneBoit unun. [lprdem, 3TH UHTEPBAJIBI OTHOCATCS K CIEIYIONINM IPYT 3a
JIPYyroM TiepHoJaM H3MEHEHHs BXOJHOTO CHTHAlA. YUWTHIBAsA YyKa3zaHHOE
00CTOATETLCTBO MOYKHO CYIIECTBEHHO COKPATHTh 00beM MH(DOPMAITHOHHO-
TO MOTOKA B KaXJOM KaHajle PeTUCTpalluy, eCITU Pe3yabTaT KaKI0TO H3Me-
peHus TPE/ICTaBUTE B BUJIE:

t; = NO+(h./(h+ h,))@T 4)

11

3ameHsisl NepeMEeHHbIE CONCPKUMbBIM CUETUHMKA M COOTBETCTBYIOLIMX
PEerucTpoB, a TAKKe UCKIIKOYas OO MHOXUTENb T, noTyyaem:

t = Ni+ h/(h.+ hy)=rg_count[5..0}rg_ampl[10..Q]rg_delta[10..] (5)

C Lenblo ynpouleHusA MOCNSAYOLUIUX NPOLELyp HaKOIIeHuUs, nepe-
Jaud U oOpabOTKU JaHHBIX MOJYYECHHBINM yKazaHHbIM obpa3om 17-Tu pas-
PSLIHBIA pe3ynbTaT TEKYLIEro U3MEpeHHsl OKpyriAeTcsa A0 16-Tu pa3psaaHo-
ro.

IIpu BOCCTaHOBACHUU MOIYJMPYIOLIETO CUrHana BO3MOXHbI /BA
noaxonaa — auddepeHuuanbHbIi U HHTETPaTbHbIA.

B pamkax mepBoro JJIMTENbHOCTb KakAOro nepuona ¢GpazomMomyaupo-
BAHHOTO CHHYCOUAAIBHOIO CHrHaja ONpPEAENAeTCs YK€ W3BECTHBIM BbIpa-
skeHuem (1):

6= (NI + 1) — {hen/ (e + i) + h(he + R} T (6)

Onnako, ciegyeT oOpaTuTh BHUMaHWe Ha TOT (aKT, 9TO MPHA JTaHHOM
crocoOe BOCCTaHOBIEHWS OymeT moTepsHa WH(oOpMamus O XapakTepe
TIOBEIEHNST HU3KOYACTOTHBIX COCTABISIOMNX MOIYTHPYIOMIETO CHTHAA.
3TO NMeTKo ToKasaTh, MPEAITONOKWB, YTO MOTYIUPYIOMINAI CUTHAI SBISETCS
CHHYCOUIATBHBIM. JIIs1 ero BOCCTaHOBJIEHUS HEOOXOAUMO, YTOOBI Ha Bpe-
MEHHOM WHTepBajle, PaBHOM TIEPWOLy HecyIleH, BBI3BAHHOE MOYNSIAeit
W3MeHeHWe 3TOT0 Tieproja OBIJI0 He MeHee TIOTPENIHOCTH W3MEpeHws.
Ortclona crneayeT:

t = 1A [(FM/Fs)2"*-1)/2 (6)

Ine: t - aMmiuTyZa BOCCTAHOBJICHHOTO MOIYJIMPYIOLIErO CHUrHAla,

Am ¥ Fm amnouryna ¥ yactoTa MCXOAHOTO MOAYJUPYIOLLETO
curHana, Fs - uacrora Hecywieid, N -pazpsianocts ALTL

JlaHHOE COOTHOLLEHHE YKa3blBAET HA JIMHEIHYIO 3aBUCUMOCTb aM-
[UIMTYbl BOCCTAHOBJIEHHOTO  CHMIHAala OT YACTOThl MOIYJHMPYIOLIEro.
Hecmotps Ha 310, mpocToTa MaremaTudeckoii 06paboTku AaHHBIX, TpeOye-
MO Ul BBIYMCIIEHHS B PEKMME PEAIbHOr0 BpeMeHU Ii1yOuHbl (azoBoit
MOIyNsLMK, T03BOJsIeT 3(PpexTUBHO MCMONB30BAaTh YKa3aHHbIA METOq
BOCCTAHOBJICHUSI [IPU MOCTPOSHUM CUCTEM OOPATHOM CBA3MU, HAINIPABIECHHBIX
Ha MOAJePKaHUe TEKYIIEro 3HAUCHUA MJIOTHOCTH IU1a3Mbl.

Bropoii MeTon BOCCTAHOBIICHMS UMEET IUIOCKYIO aMIUIMTYAHO-
YACTOTHYIO XapaKTePUCTHKY BO BCEM MANAa30HE W3MEHEHMS YacTOT MOIY-
JsILMK, HO TPeOyeT MpeaBapUTe/IbHOTO HAKOMICH!Us! AaHHbIX. OH OCHOBAaH Ha
BbIYMCIICHUM BPEMEHHBIX KOOPAMHAT TOUEK HepeceueHus (ha3oMomysiupo-
BaHHBIM CUTHAIOM HyJEBOM JMHUMA OTHOCHUTEJIBHO HEKOTOPOI'0 HAYAIBbHOIO

12



MOMEHTA BPEMEHH [0 Pe3yJIbTaTaM Tex ke usmepeHuii. CyTh 3TOro MeTona
NOSICHAET BpEMEHHAs AUarpamMma, IPUBEIEHHAs Ha PUC.S.

OnpezienuM BpeMeHHblE KOOPAUHATI /1Sl IEPBbIX TPEX TOUEK Mepece-
yeHus (a3oMOLyIUPOBAHHBIM CUIHAIOM HYJIEBOM TMHUM Kak:
t1= (1-h/(h +ho) + N + hy/(hy + by, (7)
tb= (1-h/(ho+h)+ Ny +1+N + hp/(hy + hpy),
t3= (L-h/(ho.+h) +Ne +1+N+1+ N+ hg/(hs + hgy).

th

t

t3

Puc. 5. BpeMeHHBIE KOOPAMHATHI UL TIEPBEIX TPEX TOUEK.

CmectuB HauaibHyto Touky orcuera Ha (1- hy/(hg+hg.), MoxHO 3anu-
caTh BBIPAKEHUE [JIsl BBIUUCICHUS BPEMEHHOM KOOPAUHATBI IPOU3BOIBHON
TOYKHU MEPECEUEHHUsI B BULIE:

t = 3N+ (i-1) + h/(h. + h.) (8)

Jlnst Gostee yIOGHOTO TIpEICTaBIEHUS HHOOPMAIIAH O XapakTepe MoBe-
JeHHs MOIYIUPYIOMIETO CHTHANa BO BPEMEHW YKazaHHOe BHIPAKEHHE
TIMHeApU3yeTCs M OKOHTATENTLHO 3aTTMCHIBAETCS Kak:

ti = 3N + (i-1) + h/(h. + h,) —il* 9)

rae: t¥ = (O N; + (i-1) + h/(h. + h,))/i — cpenree 3Havenne MIUTEND-

HOCTH TlepHo/Ia HeCYHIEH, TIONMyUIeHHOe Ha OCHOBE | PE3yIETATOB W3MEPEHHit
B KaHalle PeTUCTPaIdy OTIOPHOTO CHTHama (HeMO Iy THPOBANHON HeCYIIe).
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MporpaMmHbIe cpeacTBa CUCTEMbI PErMCTPALIUK

IIporpammuoe obecneyeHue CHCTEMbl PETMCTPALMK TMOCTPOSHO MO
KJIMEHT-CEPBEPHON TEXHOIOIMU U COCTOUT U3 IBYX MPUKIAAHBIX POTPaMM.
Ileppas nmporpamma, cepBep, UcnogHsercs npoueccopom IP moayns. Ona
onpenenseT pexxuM padoThl PerucTpaTopa, HAKAIIMBACT MOCTYHAKOLIUE OT
HEro AaHHblEe U MepelacT HAKOMICHHbIe UH()OPMALMOHHBIE MACCUBbl Yepes3
Ethernetiporpamme-KkiMeHTY NEPCOHATLHOTO KOMIIbIOTEPA.

IP moayns paboraer nox ynpasneHuem OC Linux /3/. TIporpamma-
cepBep Hanucada Ha si3bike Gnu C. OHa 3arpykaerca aBTOMaTHUYECKH, Cpas3y
K€ MOCJIE BKIIOYECHUS! MUTAHUS PErUCTpaTopa U 3arpy3Kud ONEepaLMOHHOMN
cucteMmbl. Cuctema 3aHUMaeT nopaaka 7.5Mo u3 obuiero odbema namaru 1P
MoayJs B 16M6. Uyts 6onbiue 8MO pesepBupyeTcs NporpaMMoii-ceprepomM
IJ1s1 HAKOTUICHUS JaHHbIX. JJaHHBIE OT perucTparopa MpUHUMAOTCS OJ0KaMu
o 32K orcueroB kaxablid. Uucao ucnoiab3yeMbiX ONOKOB 3aaeTCsl MOJIb30-
BaTeeM IMPOrpaMMHO U HE AOJBKHO npeBbliarh 64-X. MakcuManbHO BO3-
MOKHOMY KOJMYECTBO MH(OPMALMOHHBIX OJIOKOB COOTBETCTBYET AJIUTENb-
HOCTb UHTEpBaJla PEruCTPaLMK HEMHOTMM 00Jiee ABYX CEKyHI.

B3aumozeiicTBue mporpamm cepsepa U KIMEHTa NPOU3BOAUTCA Uepes
Ethernets pamxkax nporokona TCP/IP. Cpa3zy ke nociie BKJIHOUEHHs NUTa-
HUsl pEerucTparopa U 3arpy3kd NporpamMma-cepBep MEPEeXOAUT B PEXUM
OKMJAHUs MOJKIIIOUEHUA NporpaMmel-kiueHTa. [locne 3aBeplueHus mpoie-
Aypel TMOAKIKOYEHUS [POrpaMMa-KIMEHT MOXKET B3auMOACHCTBOBATH C
CEpPBEPOM C MIOMOLIBIO AOCTATOYHO MPOCTOrO HAbOpa KOMaH[, ONpeacsito-
mux BbIOOp pekuMa PadOTBL PEruCTpaTOpa, [JIMHY HHPOPMALMOHHBIX
MAacCHBOB U PEXXUM 3aIlycKa — NPOrpaMMHbII/BHELIHUH.

Perucrparop mMosket paboTarh B JByX OCHOBHBIX pexkumax. [1epBblii u3
HUX - pexkuM peructpauuu. HanHble, noctynatowue ot ALl nepeoro u
BTOPOIro KaHaJIOB peructpauuu ¢ yactoro 1MI'L, Hakamusaroresa B 3Y 1P
MOJIyJs, a 3aTeM I[EePECchUIalOTCsl MPOrpaMMe-KINeHTY [0 KaHaly CBA3U.
IIporpamma-KnueHT, MONY4YUB AAHHbIE, OTOOpaXKAET MX B TIpaduueckom
BUJE Ha DKPAHE MOHUTOPA, HE BBIMOJHAS HUKAKOW JOMOJHUTENbHONH MaTe-
MaTH4eCKOi 00paboTku. B 3TOM pekume MakCHMMallbHOE YUCJIO HAKAIUIU-
BacMbIX U O0TOOpaXKaeMbIX MH(POPMALMOHHBIX OJOKOB MO KAKIOMY KaHaly
MOJXKET 10OCTUTaThb 64.

B pamkax omuMcaHHOro pexuma perucTpauiy ecTb BO3MOXKHOCTb 3a-
JaTh JOMOJHUTENbHbIH, TaK Ha3biBaeMblil "turbo" moapexum. OH Xapakre-
pu3yeTcs MEHbLIMM OObEMOM HaKaIIMBaeMbIX JaHHbIX (2 O6moka) u Honee
BBICOKUM 3HauCHHEM 4acToThl Auckperusauuu AT (SMI ).
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Bropoii pexuM - peXUM HAKOIUIEHUs AAHHBIX, coaepKaliux uHdop-
MaLMIO O Pe3yJibTaTax M3MEPEHUS AJUTENBHOCTU KAKIOro Neproja Hecy-
et ¥ (azoMOLyIMPOBAHHOTO curHana. OH MO3BOJIAET NPOrpaMMe-KIUEHTY
BOCCTAHABJIMBATh AMHAMUKY U3MEHEHUs! (pasbl METOAOM, PacCMaTPUBAEMbIM
B JaHHOI padote. s 3TOro pexuMa YKcio WHPOPMALMOHHBIX OJIOKOB MO
KKIOMY U3 KaHAJIOB PErucTpaluy MOKET ObIThb 3aJaHO B UHTepBaie oT |
1o 64.

Kak yxe oTMeuanoch, nporpaMma-KiMeHT OCYLUECTBIIET YIpaBieHUe
PETUCTPATOPOM C MOMOLIbIO KOMaH/, nepeaaBaemMbix [P Mmoaymo no TCP/IP
npoTtokony. Hapsay ¢ 3TuM oHa OcyllecTBIAsSeT HEOOXOAUMYIO il 0TOOpa-
JKeHHUS WH(POpPMALMU MaTeMaTU4ecKyr oOpaboTKy AaHHBIX U TMPOU3BOAMT
WX 3amuch B ¢aiin.

XapakTep 0TOOpa)KeHUs! MOJLYUEHHBIX [IPOrPAMMON-KINEHTOM AAHHBIX
3aBUCUT OT BbIOpaHHOro pexkuma padoTel. B mepBoM pexume (pewum
perucTpanuu) B BUAE rpaduka oToOpakaeTes BCS MOCISI0BATENbHOCTE 12-
paspsnHbix otcuetoB AL, Bo BTOpoMm pexume 1o otodpaxkeHus: uHdop-
MalUuu MPOU3BOAUTCA IpelBapuTeNbHAA MaTeMarudeckas obpadoTka
JaHHbIX, BKJIIOYAOLIAsl B ce0A ClieyoIlue MPOoLeLypbl:

HAXOJKICHHS CPEHErO 3HAUYCHUS JIMTEIbHOCTH NEPHOIA Hecyleii t
(ypaBneHnue 9b);

CUHXPOHM3aLMK U3MEPEHUH B KaHajax yyeToM (PaKTHMUEeCKOro 3Haue-
HUS HAYAJbHOTO cABHra (a3, onpenensieMoro COOTHoIeHeM (3);

JIMHEapU3aLUU U BOCCTAHOBJICHUA MOAYJIMPYIOLIErO CUrHANA.

ITpouenyprel 1 U 2 BbIIOJHSIOTCS ABTOMATHYECKM Cpa3y K€ Noc/e
npuéMa JaHHbIX. [TocneaHsist npouenypa BbIMOJHACTCS MO JKEJIAHUIO Onepa-
TOpa ¢ NOMOLIbLIKO BCOOMOI'aTe1bHOH KOMaHAbl "BblUMTAHUE".

[IpuHATHIE MPOrPaMMON-KIMEHTOM JaHHBIE, B 3aBUCHMOCTH OT Bbl-
OpaHHOrO pekuMa padOTBl PErucTpaTropa, MOryT ObITh 3amucaHbl B ¢aiin
cpasy ke (PeKUM PEerucTpauuu), 1M00 Mocie BhIMOIHEHUS MpoLenyp 2 Uin
3. Ilo ymonuaHuto Qaiin umeer pacliupeHude “mat” W B AajbHEHIIEM CO-
Jepkaliasca B HeM uHpopMauma MOXeT 00padaTbiBaThCs € MOMOLIBIO
MatCadunu Matlab.

Hns BoccTaHoBaeHUs a3bl METOI0M, OCHOBAHHOM HA UCIIOJIb30BAHUU
BII®, 6bna HamucaHa OTHACNbHAS OpPOrpaMmbl 0OpabOTKU JaHHBIX, 3alu-
CaHHBIX B (aiin B pexume perucrpauuu. PaccMOTpuM METOAMKY BOCCTa-
HOBJICHUA MOAYJUPYIOILEro CUrHaia 3TUM METOI0M 0oJiee OAPOOHO.

B kommnekcHoit ¢dopme (azoMoaynupoBaHHBIA CUHYCOMTANbHBIN
curHain, oopabotannbiii ALIIT, MoxkHO 3amucath B BUIE:

15

1 i + i +
X(tn) — E A(tn) E(e|(w0tn 6(t,)) +e (wotn B(tn))) (10)

rae A(t,) u O(t,) - avnnuryna u asa curnana B Toukax orcue-
ta t, =nlAL,.
Knaccuueckuil METON IEMOIYIALMK MPETIONATAET YMHOKEHUE JIEBOI
y —ict
11 IPABOH YACTH JAHHOTO ypaBHeHus Ha 2 (&0 :

x(t.) R[E7“" = At,) E(eie(tn) + e—i(Zthn+9(tn))) 1)

14 (bI/UTBTpa[II/HO KOMTIOHCHTBI CHUTHaJ1a € yHBOGHHOﬁ qacToTol ¢ mo-
MOIIBKO qJI/UlLTpa HWXHHUX HaCTOT:

y(t,) = At,) & (12)

)Ianee, TCKYIIEC 3HAUCHHUEC (baSBI MOXeT OBITD OTMPECACTICHO KaK:

(13)

OpHako, peaiu3alusi JaHHOTO anropuTMa HE peluaeT Halleil 3amauu,
[OCKOJIbKY OH HE YYUTBIBACT M3MEHEHWIl (ha3bl B ONOPHOM KaHalle, BbI3bl-
BacMOM BHEIUHUMH (pakTopamu (TeMIepaTypoii, MeXaHUIECKUMHU de(opma-
LUAMH UHTepdepoMeTpa, U3MEHCHUEM C TCYSHHUEeM BPEMEHH YacTOTbl
reHepaTopa OINOPHOrO CHMrHajda W T.1.). PeanbHO Ham HYXKHO BbLACIHTb
CHUIHAJl, KOTOPbIH ONpeAeNaeTcs B BUAEL:

eplasma(tn) = e(tn) - eref (tn) (14)

PaccmoTpuM anropuTM BbIUMCIACHUS STOM pasHocTH /1/. 3anuiuem
MOpOLICALINI Yepe3 IIa3My CUTHa B JUCKPETHOH (opMe Kak:

x(n) = A(n) Ctosg,n+0(n)), n=012...,N -1 (15)
rae N-anuHa BbIGOpKH M a)(') = w,At . Bzss BII® or X(n), nony-

YUM:
N-1

' ' 1 —iapn
X(@o) =y ZX(n)e " (16)

JIS ACKITIOUeHV U3 pacCMOTPEHHS TapMOHUK € 9acToToi Oonee wac-
TOTHI HalfkBHCTa UCTIONB3YEM CITEAYIONINET ADPOROH HUITLTP:
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%x’(wg) = X(wy), Osns5
0 K 2 )
0 X'(wp)=0, —<nsN-1
O 2

rie K- skBuBasieHTHast wactoTa HalikBucTa, paBHas 4acToTe cpesa

¢umbTpa.
Hanpuwmep:
eemn  F =5MIy,N =1024F,, . .. =My, 1o

ouckpemusayuu

K - Fuccyu;ci/ EN
F()llCKpClI]llS(ll{llll
B3sB oOparHoe BI1® ot (16), momyqanm:
Xl(n) - ei(wbn+9(n)) (18)
CurHan Hecymel B AWUCKPETHOM TPEACTABIEHWH OYAET BBITISAAETh
KaK:
y(n) = B(n) [os@n + 6, (n)), n=012..,N -1 (19)
[TprMeHVB K HEMY Te ke IeWCTBHA, UTO W K (ha3oMOIyTHPOBAHHOMY
CUTHAITY, TIOTy4NM:
yl(n) - e' (on+6rer (N)) (20)
Ywmuoxag (18) Aa KOMTIIEKCHO compshkerHoe (20), 3amummeM pe3yiTh-
Tar B BUE:

z(n) = X (n) [y'(n))” = C(n)e @ =™ (21)

Orcrona CIIEayeT, UTO:

eplasma(tn) = e(tn) - eref (tn) =arcta (22)

JIia peanuzaivii ONMTUCAHHOTO BhINIE aTOPUTMa BOCCTAHOBJIEHHUS MO-
IyTHPYIOIIETO CUTHANA OBLTa CO3/IaHa CrielinalibHas mporpaMma 00paboTkn
JIAHHBIX, TIOTyYaeMbIX OMMUCAHHOH paHee CHCTEMO B pekHMe PETUCTpallH.
Jlnsg oOpadOTKH JJTHHHBIX MAacCHBOB, C TIENBI0 SKOHOMHUW BPEMEHW cueTa
pu BeIToSTHeHUY BITM, ncnoas3oBancsd MeTo1 BEIUHCASHUN C IEPEKPHITHEM
W HakomieHueM /4,5/. TlapameTpbl, OMpeeNsioNye JTWHY BLIOOPKH M
BEJIMUMHY TIEPEKPBITHS, 3aJAI0TCA TMOJE30BATENEM C LEbI0 ONMTUMH3AINH
TOYHOCTH U CKOPOCTH BBIYUCTIEHHIA.
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Pe3yn bTaTbl TECTOBbIX UCNbITAHUNA

IIpy npoBencHUU TECTOBBIX UCIBITAHUNA CUCTEMBL PETUCTPALUU Mpe-
JKAE BCEro MOBEPAIUCH €€ TOUHOCTHbIE XAPAKTEPUCTUKU KAK B PEKUME
perucTpaumy, TaKk U B PeKUME U3MEPEHUsl AJIUTEIbHOCTU NEPHOIOB (ha3o-
MOJYJIMPOBAHHOIO CUTHAJA.

Ha puc.6. npusene-
HBl TUCTOTPAMMBl pacmpe-
JeJleHus BbIXOIIHBIX
3HaueHuil kopa ALl nns wom
[IEpBOr0 M BTOPOIO KaHa- o
JIOB B PEKUME Perucrpa-
UMM [PU  OTKIFOUEHHBIX

6) Pacnipenenenne Koa BO BTODOM KaHane

BXOJHBIX CUTHAJIAX. ; ‘

Buaho, uto ammnu- wodd--- LI SERRRRE
Tyda U CPEIHEKBaapaTUy- e ] I
HOE  3HAuYeHHWEe  LIYMOB
npeoOpa3oBaHus B  Kaxk-
J0M HU3MEPUTENBHOM
TPAaKTe CHUCTEMBI HE Ipe-
BBIIIAIOT €AUHULIBL MJajl-
wero paspsaa ALIL

Ha puc.7. npuBeneHsl rpapuky, OTpasKarolIMe XapaKTep HW3MEHCHHUS

O0uiee uncno ocTuéToB: 65536
a) Pacnipesienenyie Koa B IIepBOM KaHaIle

10000

2080 2081 2082 2083

Puc. 6. T'uctorpaMmbl pacnpeaeneHusl BBIXOAHBIX 3Haue-
Huii koga AL ans nepBoro ¥ BTOPOro KaHaluoB

2400
2000 ---
1600F---
1200 -
800F---
400

-400f---

-800 k.
-1200 -
-1B00f---
-2000p---
2400 ---

1} 8000 16000 24000 32000 40000 48000 56000

Puc. 7. Xapaktep u3MEHEHHS BBIXOIHBIX KOJIOB
ATIIT

BBIXOAHBIX KomoB ALl mpw 0OpaboTke WMH BXOTHOTO CHHYCOWMATEHOTO
curHana 6e3 MoaynaUuu ¢ yactoToi 1MI'L, mocTynaromero o JHOBpeMEHHO
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Ha 00a KaHajla perucTpauuy, padoTaOLINX B PEKUME USMEPEHUs JJIUTENb-
HOCTH HEPUOJIOB.

AMIIUTYIHBIC U3MEHEHUsI CUTHANOB HA PUCYHKE OTpakatoT (ha30BbIS
OueHMusT MeXIy IEHepaTopoM TECTOBOI'O CHUHYCOMIAIBHOIO CHrHala M
reHepaTopoM YacToThl auckpetusauuu AL cuctembl peructpauuu (UUCITY
1000 no BepTuKalu COOTBETCTBYEeT W3MeHeHHe pasHoctu (a3 B 0.156
paauaH).

Hns onpeneneHusl LIyMOBBIX XapaKTEPUCTUK TPAKTa PErUCTPALUM B
peKUMe M3MEPEHUs ANUTEIbHOCTH MEPUOJOB BXOAHbIX CUTHAIOB U3 TEKY-
LWIMX W3MEPEHUI NepBOro KaHana BbIUUTANKCH TEKYLIME W3MEPEHUsl BTOPO-
ro. Pesynbrupyrouiee pacnpeaeneHue KOI0B npuseaeHo Ha puc. 86. Ha puc.
8a., AN KOHTpONsS 3a KOPPEKTHOCTbIO BBINIOJHEHWS AAHHOM omnepauuu,
[PUBEIEHO paclpeacieHUe Ppe3yJbTUPYIOIINX KOAOB HPU BbIYMTAHUK
TEKylIMX 3HAueHMH BTOPOro KaHajna camux M3 cebsa. Kak u crnemopano
0’KHJATh, BCE 3TU KOJbl UMEIOT HyJIEBOE 3HAUCHMUE.

AHanuzupys HOJIydeHHbIE PE3yJbTaThl, HETPYAHO 3aMETUTb, YTO aM-
[UIMTYJA LIYMOB B Ka&XIOM U3 U3MEPUTENbHbIX TPAKTOB MO KpaiiHel mepe
BIIBOC MEHbIIE XapakTepHoro ajas puc.86. 3Hauenus (4 xeanra ALII, uto
COOTBETCTBYET amILiuTyae (BaszoBoil Momyasumn mexee 107 pamuan), no-
CKOJIbKY IpH BBIIOJIHEHWHM MPOLEAYypPhl BbIYMTAHUS TEKYLUMX OTCUYETOB
OIIHOTO KaHajla U3 APYroro LIyMOBble KOMIIOHEHTbl MOTJIUM TOJbKO CyMMU-
poBaTbcl.

Crenyrolum, BECbMa BKHBIM NApPAMETPOM, SIBJISETCS 3HAUCHUE MHTE-
rpajlbHOM HENMHEHHOCTH XapakTepUCTUKU NpeoOpazoBaHusl TPAKTOB peru-
cTpauuy, padoTalolMX B PEKUME HM3MEPEHHA AJIMTENbHOCTH MEPUOLOB

| Hecywel. JIna onpeneneHus

Ob1iee wrcno oTcuéToB - 65536 310l cocTaBngwoleil  o-

’fl\ Pacnnenenenue Kona B nenDBOM KaHane [PELIHOCTH [POM3BO/MIOCH
(dukcauys pazHOCTH MEKAY
IBYMsl TIOCJEIOBATEIbHBIMU
orcuetamu ALl ogHoro uz
KaHaJI0B perucrpauuy,
NonajaloliMMu B 30HY
u3MeHeHus ¢a3bl BXOTHOTO
CHUHYCOUAANBHOIO  CUrHaja
oT +9 no -9 rpanycos. Ilpu
U3MEpeHusiXx 00e  TOuUKU
B3sITUsI OTCUETOB PaBHOMED-

0) PacnpeneneHue Koj1a BO BTODOM KaHAje

Puc. 8. Pacnipenenenue Koao0B.
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HO U OJHOBPEMEHHO MNEPEMEINANNUCh MO YIIy OT OJHOH I'PaHULbl 30HBI
u3MepeHuit k apyroil. Pesynbrupyroiuii rpaduk, oTpaxkarlluil ITMHAMUKY
[OBEACHUS PA3ZHOCTU MEKAY 3TUMU 1ByMs orcuertamu AL npuBeneH Ha
puc.9.

372

968

364

%0 |- - .- -
%56

952

942

26840 26880 265920 ZBSE0 27000 27040 27080

Puc. 9. HenuneliHOCTh XapaKTepUCTUKHU NMPeoOpa3oBaHus

IIpu nuHeiiHO xapakTepUCTUKE MNPEOOPA3OBAHUS W3IMEPUTEIBHOIO
TpaKTa BapuaLysl 3HAYCHUI YKa3aHHOW pPA3HOCTU NOJKHA OBITH COM3MEPU-
Ma €¢ MHTEPNOIALMOHHOW NOTPElIHOCTBIO, ONPEACIAEMON 3aMEHOU CUHY-
COMJANBHONH (YHKLMHW HA JIMHEHHYIO TPU BBIYUCICHUM OpOOHOIN 4vacTh
JJIMTEAbHOCTA TeKyllero nepuoaa. HamomMHMM, 4TO €€ OTHOCUTENbHOE
snauenne pasro 1.28010° Tlo pesynbTatam ke W3MEPEHWH MBI HMeeM
BEITMYWHY TOTPEITHOCTH B 9
kBaHTOB ALIIl, 4T0 COOTBETCT-
ByeT HenwHeWHocTH 10 (ase
1.4110° paguan.

Ha puc.10 nokaszana oc-
LUJLIOIPaMMa MOAYJIUPYIOLLErO
curbHana c¢ vacrtoroii 100I'L,
BbIICJICHHAs  CUCTEMOH  mpu
[IPOBEACHUM TECTOBBIX MCIIbI-
TaHUM B pPEXKUME U3MEPEHUs

JJIUTCJIBHOCTU IEpruoaoB
($azoMoayNupOBaHHOW  Hecy- Puc. 10. OcuunnorpamMma MOAYHPYIOILErO
LIEH. rﬂy6l/lﬂa (1)330301‘/’1 MOAy- curHana ¢ yactotoit 100I'x

nsumn — 3.100° pagman. Ha
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OCLIMIJIOrpaMMe 4Y€TKO BMICH YPOBEHb LIYMOB M3MEPUTENBHOIO TpaKTa
(nopsizka 10 panuan).

Ha pucyHkax ¢ 1la-r mpuseaeHsl (h)parMeHTHl OCLUILIOTPAMM BOCCTA-
HOBJICHHBIX MOIYJIUPYIOLIUX CUTHAJIOB C OJHOM U TO# ke rimyOuHOM MOIy-
nsun (3.500%panuan) HO ¢ pasHOM YacTOTOI.

a) 100I'n B) 1kI'ny

12000 16000 800 1200 1600 2000 2400

a0 120 1E0 200 240 280 320 o a2 16 24 32

Puc. 11. (I)pal"MeHTLI OCHUJIIOTrpaMM BOCCTAHOBJICHHBIX MOAYJIUPYIOIIUX CUTHAIOB.

B nporecce TECTHpPOBaHWSA CHCTEMBI MOIYJIMPYIOIINI CUTHA BOCCTA-
HaBIWBAJICA TaKkKe METOJOM, OCHOBAaHHBIM Ha wcrmonb3oraHnu bIIM. Ha
puc.12a TpWBeNEHBl  OCHWIIOTPAaMMBl  HEMOAYJHPOBAHHON  Hecyliei
(IMI'm), 3adwKkcUpOBaHHBIE TIPW YacToTe AWckpermzamuu ALl SMI'T, Ha
puc. 126— ocumnorpaMMbl pazoMOIyTHPOBAHHOTO CHTHAA, a Ha puc.12B—
OCIMJNIOTPaMMBI  BOCCTAHOBJIEHHOTO MOIYJWpPYIOMIET0 cHrHama. Ha mo-
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10xI'n 100xT'u

a) " i .

0) e,

Puc. 12. Ocumnnorpammsl, NOJYHEHHBIE C MOMOILBIO MPOrPaMMBbl, OCHORBAHHOW Ha
ucnoss3oBaHuy bITO.

CIIeIHUX PUCYHKAX BUAEH YPOBEHb LIIyMOB M3MEPUTENLHOTO TpakTa (opsii-
Kka 2010° paanan).
Ha pwuc.13 mpuBeneHa octmmrorpaMMa TIOBEJEHWS TUTOTHOCTH TITa3-

rpana.
40 T T T T T T T T T
| | | | 1
| | | | 1
| | | | 1
| | | | I
i i i i I
i i i i I
| | | | 1
| | | | 1
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-20 i i i i T
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i I i i 1
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| | I | | 1
i i I i i 1
i | | i i |
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CCK
Puc. 13. Ocuunnorpamma noBeACHUS MAOTHOCTH TJ1a3Mbl.
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Mbl, 3a()MKCUPOBAHHAA B PEXKHUME M3MEPEHUS MJIMTEIbHOCTH MNEPUOIOB
Hecyliedl U ¢a3oMOLyIMPOBAHHOTO cUrHaiga Ha ctesaparope LHD, Ano-
HUs, TAE OMNKUCAHHAs B JAHHOH padoTe cucTeMa perucTpauuu OPOXOAUT
UCMBITAHUS] B pealbHOM dKcrepumenTe. [Tuku Ha AaHHOI ocumLiorpamme
COOTBETCTBYIOT WHKEKLMU B IJ1a3My KPYIMHOK TBEPAOTO BOAOPOIA.

3akntoueHue.

Pe3yabTaThl TECTOBBIX UCIHbITAHUN CUCTEMbl PETMCTPALMK € O CXEMOIt
(ha30BOro AETeKTOpa Ha OCHOBE MPELM3UOHHOIO M3MEPEHUs JJIUTEIbHOCTU
MepHoOAOB Hecyllled M (a3oMOAYIMPOBAHHOIO CUTHAIA NAOT OCHOBAHMS
cenaTh BbIBOA O MEPCHEKTUBHOCTH €€ NMPUMEHEHUA B MJIa3MEHHOM JKCIie-
pumMeHTe. Manble BpeMEHHble 3aTpaThl Ha MAaTeMaTHYECKYH 0OpaboTKy
JaHHbIX, BbICOKOE (pa30BOE pa3peLICHUE U MPAKTUUECKU HE OTPaHUYEHHbII
JMHAMUYECKUHA AMAna3oH ABJIIIOTCS HECOMHEHHbIM MPEUMYLIECTBOM OMNU-
CaHHOTO B JaHHOH pabote cmocoba (a3oBOro NETEKTUPOBAHUA JAXKE IO
CPaBHEHUIO C METOAUKON, OCHOBaHHOH Ha BIID.

HanbHeiiliee NOBbILIEHUE TOUHOCTH BOCCTAHOBIIEHUS MOYIUPYOLLE-
IO CUTHaja B paccMarpuBaeMoii cxeme (a3oBOro JETEKTOPa BO3MOKHO Kak
3a cueT npumeHeHus AL ¢ GonbuiuM ObICTPOACHCTBUEM, TAK M 33 CUCT
UCMOJIb30BAHUS TIPH BBIYMCICHUU IPOOHON YacTH AJUTEIBHOCTH TEKYLLETO
nepuosa BMECTO JIMHCHHONW HHTEPNONUpYOLLe (yHKUMU TOJUHOMOB,
JAOLIMX CYLIECTBEHHO MEHbLIYIO MOIPEIIHOCTb anMnpoOKCUMALUU CHHYCOU-
JaJIbHOTO CUTHANa B 00JacTH Manblx yrnoB. Ilpuuem, 3TU BeIYMCIEHMS, B
CUILy MX IPOCTOTHI, MOTYT BBIMOJHATLCA B PEKUME PEalbHOrO BPEMEHH
TabJUUHBIM METOIOM, HAMpUMeEp, ¢ Ucmojb3oBanuem [13Y.

B 3axmoueHny aBTOpbI CUMTAIOT CBOUM MPUSATHBIM 10JroM noosaaro-
JapuTh 3a MOMOLLbL B padoTe ee (hakTHUECKOro MHULMaTopa BsuecnaBoBa
JLH., a takxe ['ypko B.®. u KamHuna A.H. 3a TexHUYECKYIO NOMOLUb U
KOHCY/NbTalMK NPU U3FOTOBIEHUU U UCIBITAHUAX TECTOBOM CHCTEMBI peru-
CTpaLuH.
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