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MIIK: HO3D 13/00; GO6F 1/12

Cnocob pan onpeaejJeHus rpaHHuI paﬁoqero AHANA30HA KJIACCHYCCKHX

cucrem ¢a30Boii AaBTONOACTPOHKH M YCTPOHCTBO /ISl €ro peajn3alHu

H3o0peTeHue OTHOCUTCS K 00JIaCTH NEKTPOTEXHUKU, B YaCTHOCTH K PAJMO3IEKTPOHMKE H
KOMIIBIOTEPHBIM aPXUTEKTYpaM, MOXET UCMOJb30BaTbCs B MPUEMO-TIEPENAIOLLMX YCTPOHCTBAX H
TEXHHUKE CBSI3U U YIIPaBJICHUS, paAlOABTOMATUKE, CHCTEMaX aBTOPETYJIUPOBaHUs, B YACTHOCTH, NPH
NPOEKTUPOBAHMM PA3JIMYHBIX THNOB cHCTeM (a3oBoil aBTOomoACTpoiiku yactorel (nanee DAITY),
OTJIMYAIOIIEECs] BO3MOXHOCTBIO OMNpPEJENATh ONTUMAJbHbIE [ApaMeTpbl Ui JOCTHIKEHHs
CHHXPOHHOTO peXHMa B Mpejenax oAHOro OueHus U crabuibHoi pabothl cuctem PAITY, uro
CIOCOOCTBYET MOBBILIEHUIO TOMEXOYCTOWUHMBOCTM W YIYYIICHHIO (UIBTPYIOUIMX CBOKCTB
CUCTEMBI.

H3BecTHO, YTO TECTUPOBaHHE pealbHOM MOJENU ABISETCA TPYAOEMKHUM MPOLIECCOM U HE
MOXET TrapaHTHpPOBaTh MpPaBUJIBHOCTh paboThl cUCTeMBbl (a30BOif  aBTOMOJACTPONKH [pH
BCEBO3MOJXKHBIX 3HAYECHHUAX HAYaJIbHBIX AAHHBIX U [TApaMETPOB €€ KOMIIOHEHT, TAKMX KaK HayajibHas
pa3HOCTh (pa3 ITAJOHHOTO W [MOJCTPAUBAEMOr0 TeHEPAaTOPOB, HAyalbHOE COCTOSIHME (UIbTpa
HIDKHHUX YaCTOT, MIO3TOMY TaKO# Cocod JOCTATOYHO PEAKO MPUMEHSETCSl Ha MPaKTHKE.

H3BecTHO, YTO aHaNU3 Mojeeil cucteM (pa3oBOli aBTOMOACTPOMKY B NPOCTPAHCTBE CUTHAJIOB
ABIAETCS CJIOXKHOW 3ajaueil, Tak Kak JaHHbIE MOJENM OMNMUCHIBAIOTCA HEAaBTOHOMHBIMHU
HeJMHeHBIME JuddepeHIanbHBIMU ypaBHEeHHAMH [ 1].

H3pecTHO, 4TO HaubOonee pacnpOCTpaHEHHBIM  CIOCOOOM,  HUCNOJNB3YEMBIM  IIpU
NMpOeKTUPOBaHMM © aHamu3za cucteM @DATIY, sBiasercs cnoco® MOJENMpPOBaHMA M aHAIU3
CO3JJaHHBIX Mojeell (pa30Boii aBTONOACTPOHKHU B pocTpaHcTBe (a3 curHaios [2, 3]. B yactHocTy,
mozaenu ®ATIY B npocTpaHcTBe a3 CUrHANIOB MCHONB3YIOTCA U1 HAXOXKAECHUS OLIEHOK Jvana3oHa
pasHOCTell 4acTOT STaJIOHHOIO n'rlloszpaHBaemoro TeHepaTOpPOB, COOTBETCTBYIOLIEMY PEXHMY,
NpU KOTOPOM CHHXPOHH3AIMsi JOCTMraeTcs BHYTPU OJHOTO OMEHMs KaK Npv Havyane paboThl
cuctemsl ®ATITY, Tak U NpM MITHOBEHHOM MEPEKIIIOYEHUU YaCTOThl ATAJIOHHOTO reHeparopa. Takoi

1

JAMarna3oH Ha3bIBalOT MOJIOCOM 3axBara 0Oe3 mnpockaib3biBaHus [4-6]. Hecmorps Ha TO uTO



HaxOXJEeHUEe TaKUX [Hala30HOB SBISAETCA CIOXHBIM M TPYJOEMKHM, OLEHKH JOMYCTUMOTO
OTKJIOHEHHS YacTOThl CywecTByloT [7]. OQHaKo H3-3a NPUMEHEHUS YNpPOLUEHHBIX (QUIBTPOB
HH)KHHX YacTOT MpPU MPOSKTHPOBAHHM TAaKUX CHCTEM COOTBETCTBYIOLIHE CHCTEMBI 001afaroT
HEJOCTaTOYHO BBICOKOM OMEXO0YCTOHYHUBOCTBIO.

N3BecTHO ycTpoiicTBO (pa3oBoii aBTONOACTPOIKY 4acToThl [8], CyTh KOTOPOro B MOBBLILIEHHH
YCTOMYMBOCTH, ONpeAeNsIoNeil MojJocy 3axBaTa 4acTOThl, NPH COXPAHEHHUH BBICOKOH TOYHOCTH
¢a3oBoii cuHxpoHu3auuu. OJJHaKO U3BECTHOE YCTPONCTBO ABNIAETCA HEAOCTATOYHO CTAOHIIBHEIM 32
CUET TOTO, YTO MpH ero pabore aomyckaercs (a3oBas CUHXPOHM3aLUs C OMEHHUSAMHM, a TaKxKe
omnpeJieieHUe MOJIOChE 3aXBaTa 6e3 MpocKalb3bIBaHKs C MOMOILBIO H3BECTHOIO YCTPOWCTBA ABIAETCA
CIIOXHOM 3aa4eit.

H3BectHa cxeMa [9], pabota koTOpoii ocHOBaHa Ha (OPMHPOBAHMH [BYX YMPaBISAIOLIMX
CHTHAJIOB C MOMOIIBIO ()a30BOro AETEKTOpa, KOTOPHIH IMOJy4aeT ABa BBICOKOCTAOMIIBHBIX IO
4acTOTe CHrHaja, TeHEPUPYEMBIX OJTaJOHHBIM M MOJCTPauBacMbIM TIeHepaTopoM, M Oioka
M3MEPEHUs Pa3HOCTH YacTOT, MOAKIIOYEHHOTO K BHIXOAY (a30BOro AETEKTOPA M I'€HEPUPYIOLIEro
CHIHAJ, COOTBETCTBYIOIIMM  pasHOCTH dYacToT. OJHaKo ompeneieHHe TMOJOChl 3axBaTa 0e3
IPOCKANb3bIBAHUA C TOMOLIBIO H3BECTHOTO YCTpOMCTBA SBJIETCA TPYJIOEMKUM M ob6sazaer
HEJIOCTATOYHON TOYHOCTHIO.

HsBecTHB cmoco® 1y onpeneneHus paboyux mnapameTpoB (a3oBOi aBTOMOACTPOHKH
4acTOThl TE€HepaTopa M YCTPOHCTBO Ais ero peanu3auud [10], OCHOBaHHBIE Ha 3aJaHUH
JOMOJIHUTEIBHOTO CHIHAla B 3aBHCUMOCTH OT JIByX 3aJIaHHBIX BBICOKOCTAaOMJIBHBIX MO 4acTOTe
KoJIeGaHUA TAJIOHHOrO U MOJCTPAaUBaeMOro cUrHaja. JIonmoJHUTENbHBIH CUrHaN UCTIONb3YyeTCs s
omnpejeneHus pabouuxX MapamMeTpoB CUCTEMBI (a30BOHM CHHXPOHHU3ALMU U CHHXKAET TPYJ0EMKOCTD
ux onpeneneHus. HenocTaTkoM W3BECTHHIX croco0a M yCTpOMCTBa SBISETCS TO, YTO OMEHUA B
ripoLiecce CHHXPOHHU3AUMM CHCTEMBI BBISABIIAIOTCS ONBITHBIM IYTEM, M TaKOe BBIABICHHE ABJACTCS
TpyAoemMkuM. [lomMuMo 3TOro, u3BecTHblE CHOCO0 M YCTPOHMCTBO SIBIAIOTCS HEMAOCTATOYHO
MHGOPMATUBHEIMU M ONpeaeneHus paboyero AMana3zoHa, Ipu KOTopoM ¢Ga3oBas CUHXPOHM3aLUsA
JOCTUraeTcs BHyTPH OAHOTO OHeHus.

H3BecTHBI cniocob A1 onpeneseHys rpaHuL paboyero AuanasoHa MMITYJIbCHOIO reHeparopa
cucTeM (a30BOii CMHXPOHHM3ALMK U YCTPOMCTBO Ais ero peanusauuu [11], Haubonee Gnuskue K
3afBJIEHHON Trpynne H300peTeHUil, NpUHATHIE B KA4YeCTBE MPOTOTHIIA JUId  3aABICHHOIO
mo6peTeHus. CyIHOCTh H3BECTHOTO CMOCO0A COCTOUT B TOM, YTO 33/1al0T J1BA BBICOKOCTAOUNIBHBIX

0 4acToTe KoJieOaHus NpAMOYTrOJIbHBIX CHIrHajlla, OAWH M3 KOTOPBIX BLIGI/IpaI-OT JTaJIOHHBIM, a



BTOPO# MOJACTPauBAEMBIM, MPUYEM JMaNa3OH YacTOT MEPBOro M BTOPOro CHIHANOB BHIOMPAIOT OT
20xI'u mo 20 I'Tu, 3amar0T MepBbIi U BTOPOM K03(ULHEHTH! nepenaToyHoi GyHKLMH QHIBTpa
HHXKHHX YacCTOT, MOCJIE Yero Mo COOTHOIIEHHIO 3TANOHHOTO U MOACTPAaNBAEMOro CHIHAJIOB 33/1at0T
JOTOJHUTCIBHBIM CHIHAJ, KOTOpHIMi € TNOMOILIBIO (uUIbTpa HIKHUX 4YacTOT [OJBEPraioT
bunbTpaLUK, € TOMOINBIO YCHJIMTENS MOCTOSHHOTO TOKAa YBEIMYHMBAIOT €ro amIuIMTyRy, H
JOMNOJHUTENBHBII CUTHaJl UCMOJB3YIOT B KayecTBE YNPaBISIOLIETO CHrHala, NMPUYEM JONYCTHMOE
OTKJIOHEHHE YacCTOTHI MOJCTPAaWBAEMOrO CUTHajla OT 3TAJOHHOIO 3a4aeTcsd IO COOTBETCTBYIOLIMM
¢dopmynam, BEIOOP KOTOPBIX 3aBUCHUT OT GYHKLIMM CPABHEHHS.

HenocratkaMy AaHHOTO MPOTOTHIIA SBISIOTCS HEJOCTATOYHAs MOMEXOYCTOHYMBOCTB B CHILY
NPUMEHEHHUS YNPOIUEHHBIX (UIBTPOB HIDKHUX YacTOT, & TaKKEe HEBO3MOXHOCTH TMPHMEHEHHS
H3BECTHOrO crnocoba K CUCTEMaM C JTaJOHHBIM U TOJACTPaMBaeMbIM CHUTHAJaMM IapMOHHYECKOH
¢$bopMBI.

TexHuueckuii pe3ysibTaT, HOCTHraeMbli HOBBIM pEICHHEM, SBIsAEeTCS OOMM I BCEH
rpynnsl OOBEKTOB 3asBICHHOr0 H300pereHUs (crocolOy [ omnpejeneHus rpaHul, paboudero
JMana3oHa KJIacCHYeCKUX cHCTeM (a30BOi aBTONOACTPOMKH U YCTPOMCTBY IS €r0 peanu3alun), 1
COCTOUT B MOBBIMEHUH YCTOWYMBOCTH OTHOCHUTENIHHO MOMEX W IIYMOB 3a CHET MPOEKTUPOBaHHSA
GWIBTPOB HIDKHUX Y4acTOT B 6oJiee IIMPOKOM Juana3oHe MapaMeTpoB.

VKa3zaHHBI TEXHHYECKHIT pe3ynbTaT JOCTUraercs TeM, YTO B crocobe s OnpejeseHHs
rpaHul; paboyero AMamna3oHa cHCTeM (a30BOM aBTOMOJCTPOMKM, B KOTOpPOM 33Jal0T [Ba
BBICOKOCTAOUIIBHEIX 1O YacTOTe Kojie0aHus CUrHaja, OJUH M3 KOTOPHIX BHIOMpAIOT 3TAJOHHBIM, a
BTOPO# BEIOHPAIOT MOACTPAMBAEMEBIM, MPUYEM JIHANa3oH UX 4yactoT BeIOUparoT ot 20kl 1 go 201 T'w,
T1IoCJIe€ 4ero Mo COOTHOLIEHUIO 3THX JBYX CUTHAJIOB 3aJal0T JOMOJHUTENBHBIA CUrHAN, KOTOPBIHA ¢
MOMOIIBIO (GUIBTPA HIKHUX 4YacTOT TMOABEPraloT (UIBTpaLMHM, M JONONHUTENBHBIM CHUIHal
HCHOJB3YIOT B KauecTBE YNPABIAKLIEr0 CHUTHAla, 6 COOMEEemcmeuu ¢ 3AAG1EHHbIM
usobpemenuem HOpMBI ITAJOHHOTO M TIOJCTPAMBAEMOr0 CUTHAJIOB BBIOMPAIOT CUHYCOUJANBHON U
KOCHHYCOMAIBHOM COOTBETCTBEHHO, a B KayeCTBe (PUIBTpa HIXXKHHUX YacTOT BBIOHpAIOT GUIBTD

HIWKHHMX 4acTOT BTOPOTo MOps/IKa ¢ repeaarouyHol ¢pyHKLuMeH Buja:

H(s) =

bcs+c
Cc
s(s+a) tc,

rae H(s) — nepenarounas GpyHKuus GUIbTPa HIKHUX YaCTOT,

S — KOMIUJICKCHast NCpECMEHHaA,



a>0,b>0 u ¢>0 — nepBblil, BTOPOH M TpeTHii KO3GUIUEHTBl TNEPeAaTOYHOH (QyHKIMH
GUIBTPa HUXKHUX YaCTOT, YIOBIETBOPAIOLINE COOTHOINECHHSAM:

a(a+b)>1,ab #1,

a 4acTOTy MOJACTPaMBAEMOro CHMrHaja BBEIOMpAlOT He 6ojiee YeM Ha w; OT YacTOThl 3TAJOHHOIO
CHMIHAJIA, IPUYEM JOITYCTHMOE OTKJIOHEHHUE YaCTOTHl W) 331a€TCs 110 COOTHOLIEHHIO:

_ Kc
w; = ‘a‘,

rae K — ko3ppuuueHT ycHlieHUs yCUIUTEI IIOCTOSHHOIO TOKA.

Vka3aHHBIH TEXHHYECKHH pe3y/bTaT [JOCTUTaeTCs TakKe HOBBIM YCTPOHCTBOM I
ompefieNieHUs rpaHul] pabouero auanasoHa cucteM ¢(a3oBOd aBTONOACTPOMKM, BHINOJHEHHOM B
KOpIIyce, COIepXKaIlleM 3TaJIOHHBIN FeHepaTop BHICOKOCTAOMIIBHOTO MO 4acTOTe KOJeOaHMs, BEIXO],
KOTOPOro TMOAKIIOYEH K MEepBOMY BXOAY (a30BOro JETEKTOPa, KOTOPHIM BEHINOJHEH B BHUIE
NEePEeMHOXHTENSl ABYX CHUTHAJOB, BBIXOJA (pa30BOro JETEKTOpa MNOAKIIOYEH K IEPBOMY BXOIY
¢unbTpa HIDKHMX YacTOT, BBIXOJ (PUIBTpa HMXXHHMX YacTOT INOAK/IKOYEH K MEPBOMY BXOXy
YCUJIUTENIS TIOCTOSIHHOTO TOKA, BBIXOJ YCHIIMTEs MOCTOSHHOTO TOKA MOAKIIOYEH K YNPaBIAIOWEMY
BXOJly MOACTPAMBAEMOrO TEeHEpPaTopa BBICOKOCTAOMJIBHOTO MO 4YacToTe KOJeOaHusA, BHIXOJ
NOJCTPaMBaEMOro reHepaTopa MOAKIIOYEH KO BTOPOMY BXxoay a3oBoro jerekropa, 010K
Onpeie/IEHHs TPpaHmLl paGoyero A1ana3oHa, BHIMOJIHEHHOTO B BUIe apU(pMETHIECKOro KOHTPOJIIEpa
¢ ofecrneyeHHMEeM TOYHOCTH BBIYMCIEHUII HEe MeEHee 4YEThIpEX 3HAKOB TIOCJE 3alsiTOM, BBIXOJ
KOTOPOTrO TMOJK/IIOYEH K PErucTpaTropy, KOTOpBI (UKCUpYET IpaHHULbl pabovero JuanasoHa
cucTeMbl (pa3oBOIl aBTOMOACTPOMKH YaCTOTHI, 670K 3anaHus KoddPULIHEHTa YCHICHHS YCUIUTEs
NOCTOSHHOTO TOKa, TEPBbIii BBIXOJ KOTOPOTO TMOIKIIOYEH KO BTOPOMY BXOAY YCHJIMTEA
NOCTOSIHHOIO TOKa, BTOpPOM BEIXOA Ojnoka 3agaHus KkodpduLMEHTa YCHJICHUS YCUIMTENA
MIOCTOSIHHOTO TOKa MOJK/IIOYEH K MEPBOMY BX0Ay 6J10Ka OnpeeeHUs TpaHuL, paboyero AuanasoHa,
B KOTOPOM, 8 COOMEEMCMSUN C 3AAGTEHHbIM U300pemeHuem, TONOTHUTENBHO YCTAHOBIIEH OJIOK
3a/aHUg TIepBOro KodpuieHta nepeaaroyHoli GyHKUMM (GUIBTpAa HWKHUX YacTOT, MEPBBIA
BBIXOJl KOTOPOTO MOAKJIIOUEH KO BTOPOMY BxoJy GMIBTpa HIKHUX YacTOT, @ BTOPOH BEIXOJ 6/10Ka
3a/iaHus nepBoro ko3 uuueHTa nepeAaToyHoi GyHKUNH GUIBTPa HIKHHX YacTOT MOAKIIOYEH KO
BTOpOMY BXOJy OlOKa onpejaeneHUs TrpaHUi] pabodero JuamnazoHa, OJIOK 3aJaHHsA BTOPOTO
ko3 puIMeHTa TNepeaaTouyHoii GyHKUMU (UIBTpa HWXKHUX YacTOT, NEPBBIA BBIXOJ KOTOPOToO
TIOAKIIIOYEH K TPEThEMY BXOJAy (uIbTpa HMXHHX 4YacTOT, BTOpOH BBIXOA 0JI0Ka 3aJaHUs BTOPOTO

ko3¢ duIMeHTa NepeAaTOuHON GYHKIMH GUIBTpa HIDKHUX YacTOT MOAKIIIOYEH K TPETHEMY BXOAY



6l0Ka OMpejeNeHUs TrpaHul] pabouero [ManasoHa, OJIOK 3aJaHMs TpeTbero kosdouuueHTa
nepeaaToyHo (QYHKUMM (UIBTPAa HIXKHHMX YacTOT, MEPBBIA BBIXOJ KOTOPOro MOAKMOYEH K
yeTBEpPTOMY BXOAy (uUIbTpa HWKHHMX 4YacTOT, BTOpPOH BbIX0A4 OJioka 3afaHHA TPEThEro
ko3 puLpeHTa nepeJaTouHoH GyHKIMH QUIBTPA HUKHUX YACTOT MOJKIIOUEH K UETBEPTOMY BXOAY
0JI0Ka onpezeeHus rpaHuL pabodero auanasoHa.

B 0CHOBY 3asBJIEHHOTO H300pETeHHUs NOCTaB/ICHa TEXHUYECKas 3a/a4a MOBLILICHUsS TOYHOCTH,
JOCTOBEPHOCTH M CTAaOWIBHOCTU paboThl cucteMel @AITY, cHIKEHHH TPYAOEMKOCTH ONPEACICHHS
paboyero quanasoHa npH NPOSKTUPOBAHHU Y TECTUPOBAHHM CUCTEMBI (Pa3oBoii aBTONIOACTPOHKH.

CymHocTh 3asBieHHOro crnocoba noscHsaercs Pwur.2, Our.3, Ha KOTOPBIX NPEACTABICHBI
(GyHKIOHAIBHBIE 3aBUCUMOCTH 3TaJIOHHOTO H M0JICTPAHBaEMOr0 CUTHAJIOB OT BPEMEHH.

B 3asBieHHOM croco0e OJMH M3 JABYX BHICOKOCTAOWJIBHBIX IO YaCTOTE CUTHAJOB BHIOHPAIOT

3TaJIOHHBIM C CI/lHyCOPlLlaJIbHOifl (1)0pM0i/'l, KOTOpLIP'l 14306pa>x<en Ha Pur.2 kak (byHKLLMSI 3aBUCUMOCTH
2n "
OT BPEMCHHU, rac «A1» - AMIINIMTYJQ, «Wq» - 4aCTOTa, a «m_» - IEpHUOJ CUrHaJja. BTOpOH U3 IByX
1

BBICOKOCTAOMIBHEIX MO 4YacTOTE€ CHIHAJIOB Bl>16l(lpal0T noacTpauBa€MbIM C Koanyconnaanoﬁ

dopmoit, KoTophlii M3zoOpakeHn Ha Dur.3 Kak (GyHKUMS 3aBUCUMOCTH OT BPEMEHH, Iae «Az» -

2n .~
aMILTUTyda, «Wy» - 4YacToTa, a «m_» - NEpHUoOa CHUrHajia. ﬂOHOHHl/ITCHBHBIl/I CHUTHaJI BI:I6PIpalOT
2

PaBHBIM TI0JIOBHHE CYMMBbI JBYX CHHYCOWAJIbHBIX CUTHAJIOB C YaCTOTaMH, PaBHBIMU «Wq — Wz» H
1
«W; + Wy», U aMILUIMTyJaMH, paBHbIMU «5A1A2»-

3asBlieHHOe M300peTeHne ObUIO anpoOupoBaHO B JaGopaTopHBIX ycnoBuAx CaHKT-
IMeTep6Gyprckoro rocylapCTBEHHOTO YHMBEPCHTETa M pe3yNbTaThl anpobaluu MpUBEICHBI B BUIC
KOHKPETHBIX IPUMEPOB.

TMpumepbl peaqusanuu cnocoba [Jisi onpeejieHHsi TpaHHI paGoyero auManazoHa
MMNYJILCHOTO reHepaTopa cucreM (azoBol CHHXPOHH3AIIHH.

IIpumep 1.

Bbli0 MpOBEJEHO MOJENUMPOBaHUE TIpaHHl] pabodero auana3’OoHa KIaCCHYECKOM CHCTEMBI
®AITY ¢ ¢a3oBbIM JETEKTOPOM THIIA MEPEMHOXUTENb JUIS JBYX BHICOKOCTAOMIBHBIX MO YacTOTe
CUTHAJIOB, OJMH M3 KOTOPBIX OB TMPUHAT 3TAJOHHBIM C CHHYCOMJAJbHOH (OpMOH, a BTOpO#H
MPUHAT MOJCTPAUBAEMBIM C KOCHHYcouaansHOW dopmoii. Ilpy 3TOM mepBeId, BTOpOH W TpeTHit
k03(hUIHEHTEl NepefaTouHod (QYHKUMM (GUIBTPa HMKHMX 4acToT OBUIM 3aJaHBl PaBHBIMH
a=01 b=11, c =1 u ko3pPUUKEHT YCUJICHHs] YCHINTENs TMOCTOSHHOIO TOKa ObUl 3a1aH

paBueiM K = 10. YacTora 3TanoHHoro curHana 6sputa 3ajaHa paBHod w; = 30kI'u. Jlonyctumoe



OTKJIOHEHUE 4acToThl w; = 10’1 6b1I0 MOMYYEHO MO OpUrHHANBHON (GopMylie, NMpeaCTaBICHHOH B

3asiBKe. OTKJIOHEHHUE YaCTOTHI NOACTPpanBa€MOro CUrHaja OT 4aCToTbl 3TaJIOHHOTO CHI'HAJIa ObL10

ree
BBIOPAHO HE MPEBHIAIOIUM AONYCTUMOE OTKIOHEHHE YacTOTHI: w£ = 10I'u. ITo pe3synsTatam
ree
pabotel DAIIY mnonydyeHHas BenMuMHa (YacToTa MOACTPAUBAEMOro CHrHaia w{ , paBHas

30,01kl ') mpunagnexur padbouemy auanazony ®AIIY, ans KOTOPOro CHHXPOHM3ALIUS TPOUCXOUT
BHYTpHU oiHOr0 6ueHus. [1pu 5ToM npu BeIOOpE OTKJIOHEHHS YacTOTh MOACTPAUBAEMOr0 CUTHANA OT

ree
4aCTOThl 3TaJIOHHOI'0 CHMTHaJia w£ = 15F11, MIPEBBIIAOIINAM OOIMYCTUMOC OTKIIOHCHUE HAaCTOTHI,

ree
BBIOOpE 4YacTOTHI MOJCTPaMBAEMOr0 CHIHala wg = 30,015kI'u ¥ MrHOBEHHOM HW3MEHEHUM

4acTOThl 3TAIOHHOrO curHana w, ¢ 30xl'm mo 30,03k’ moBTopHas cuHxpoHuszauus DAITYH
npoucxoguna ¢ OueHusmu. IIpu sToM npu BbIGOpe KOIPGPHUUMEHTOB nepenaTOuHOH (YHKUHMH
a=0.1, b=1, uapymaiomem Tpebyemoe HepaseHcTBo a(a + b) > 1, BbiGOpe 4HacTOTHI

NO/ICTpaNBAEMOro CHrHana w) °¢

= 30,01x['y ¥ MrHOBEHHOM H3MEHEHHMH YacTOThl 3TAJOHHOTIO
curHana w, ¢ 30xI'u go 30,02k "1 cMHXpoHU3aLKA HE HabI0AaNach.

VYHHMBEpCaNbHOCTh MpEAdaraeMoro H300peTeHHs OCHOBaHa Ha peanu3aliid W3MEHEHUS
JAOMYCTUMOT'O OTKJIOHEHMS YacTOTHI MOACTPAUBAEMOr0 CUTHAJA OT YaCTOTHI ATAJIOHHOIO CUrHaJla, B
3aBUCUMOCTH OT 3Ha4Y€HHUIl K03((UIMEHTOB nepenaTouHoi (GyHKIMHU GUIbTpa HIDKHUX 4YacTOT H
kodhdUlMeHTa YCHJIEHHS YCUIUTENS TMOCTOSHHOTO TOKAa, [0 OPUTHHANBHOH ¢opMmyie,
NpeACTaBieHHOM B 3asiBKe. J[s 3TOro, Kak BHAHO W3 3asABJICHHOro crocoba, omnpenenieTcs
JONYCTUMOE OTKJIOHEHHE YaCTOTHI U BEIOUPAETCS OTKIOHEHHE YacTOTHI MOJCTPauBAEMOr0 CUTHaa,
He TIpeBbIlIaloNIee MOJIyYeHHOE JOMYCTUMOE 3HaYeHHUe.

Kak mokaspIBalOT pe3ysbTaThl UCCIEAOBaHUA NpuMepa |, UCMOJIb30BaHUE €IMHOTO crocoba
BBIYMCIIEHUS JOMYCTUMOTO OTKJIOHEHHS YAacTOTHl MO3BOJAET 3¢ ¢EeKTUBHO BHIOUPATH OTKJIOHEHUA
4acCTOTHI MOACTPAUBAEMOT0 CUI'HANIA, FAPAHTHPYIOLIME JOCTHXKEHHE CUHXPOHHOTO peXUMa BHYTPH
OJIHOTO OUEHUS, YTO CYIIECTBEHHO CHUXKAET TPYAOEMKOCTb.

IIpumep 2

3adBneHHbIA crnocob MosACHsAEeTCs TaKKE KOHKPETHBIM TMPUMEPOM HCMOJB30BaHHsA
YCTPOWCTBA JUisl peaM3ailiu 3Toro cnocoda, cxema KoToporo npeacrapieHa Ha Dur. 1.

VYerpoiictBo  ans  ompeneneHdss rpaHdl  pabodyero  auamnasoHa cucteM  (a3oBoid
aBTOMOACTPOMKH, BBINONHEHHOe B Koprmyce (1) W cojepxkamiee JTalOHHBI reHepaTop

BBICOKOCTaOUIIBHOTO MO 4acToTe KojebaHus (2), BBIXOJ KOTOPOTO MOAKIIOYEH K MEPBOMY BXOXY

¢a3zoBoro aerektopa (3), KOTOpHIH BBIMIOJHEH B BHUIC TMEPEMHOXHMTENS ABYX CUTHAJIOB, BBIXO[



}a30BOro JeTeKTOpa MOAKIIOYEH K MEPBOMY BXOAY (QUIBTPA HHXKHHX 4acTOT (4), BHIXOA duibTpa
HWDKHHX 4acTOT MOJK/IIOYEH K [IEPBOMY BXOJY YCHINTENS OCTOSHHOTO TOKA (35), BBIXOJ YCHUITHTEIs
NOCTOSIHHOIO TOKa MOJAK/IIOYEH K YNpPaBISOLIEMY BXOAY [OJACTpaMBaeMOro reHeparopa
BBICOKOCTaGMIIBHOTO M0 YacToTe KojebaHus (6), BBIXOJ MOACTPAMBaEMOro reHepaTopa NnoaKIo4YeH
KO BTOpPOMY BXoay ()a3oBoro aetekropa, GJIOK ompeneneHHs rpaHul paGodyero auanasona (11),
BBINOJIHEHHOTO B BH/J€E apu()METHYECKOrO KOHTpOIEpa ¢ 00eCneYeHHEM TOYHOCTH BBIYUC/ICHUH HE
MEHee 4YeThIpEX 3HAKOB IMOCJE 3alATOM, BBIXOJ KOTOPOTo TMOJKMIOYEH K peructparopy (12),
KOTOpHIi (UKCHPYET rpaHHLBl pabodero auana3oHa CMCTeMbl $a30BO# aBTOMOACTPOMKU YaCTOThI,
610K 3aJaHds Ko3(pQHIMEHTa YCHIEHHS YCHIUTeNd NocTosHHoro Toka (10), nepBeiii BBIXOA
KOTOPOro MOJK/IIOYEH KO BTOPOMY BXOAY YCHJIMTENs MOCTOAHHOTO TOKA, BTOPOH BbIX0A Oi0Ka
3afaHud KodddHLUEeHTa YCUICHHS YCHUIUTEN MOCTOSHHOTO TOKa MOAK/IIOYEH K MEpBOMY BXOAY
610Ka onpesie/ieHHs IPpaHMLl paGoyero auana3’oHa, YCTPOMCTBO TakKe COAEPKHMT OJIOK 3aqaHHs
nepsoro xodpduunenta nepegarouHoi GyHkuuu GuiIbTpa HWKHUMX 4acToT (7), MEpBBIA BBIXOA
KOTOPOT'O MOAKJIIOUYEH KO BTOPOMY BX0Ay GUIBTpa HUXKHUX 4acTOT, a BTOPOH BBIXOJ 0JI0Ka 3aiaHus
nepBoro Ko3dduipenTa nepesaTouHoi GyHKIMN GUIBTPa HIKHUX YACTOT NOJKIIIOYEH KO BTOPOMY
BXOZy 670Ka OInpeje/cHUs rpaHul pabodyero auanasoHa, GJOK 3aJaHHsA BTOPOro KoddpduuueHTa
nepeaarouyHoi (GyHKUUM (QUIbTpa HIXKHMX 4acToT (8), MepBhIM BHIXOJ KOTOPOro MOAK/IOYEH K
TpeTbeMy BXOAY QHIBTPa HMKHHUX HaCTOT, BTOPOi BBIXOA 0J0Ka 3afaHus BToporo ko3dduuuenra
nepefatoyHol (QYHKIMM (UIbTPAa HWKHHUX 4YacTOT MOAKIIOYEH K TPETbeMy BXOmy Onoka
onpeJeeHus rpaHul] paGoyero auana3oHa, 670K 3aJjaHus TPEThero KodpPULUHEHTa NepelaTouHOM
dysxuyy GUABTPA HHKHUX YacTOT (9), MEPBBIN BBIXOJ KOTOPOro MOAKIIOYEH K YETBEPTOMY BXOIY
GUIBTpa HIKHUX YacTOT, BTOPOM BHIXOA OJIOKa 3aaHUs TpeThero Kodd@uimeHnTa nepeaaTovHoMn
GyHKuME QUITBTPa HIKHUX YacTOT MOJKIIIOYEH K YETBEPTOMY BXoAy OyioKa ompeeneHus rpaHMiy
pabouero nuanasoHa.

PaGoTa 3ajABJIEHHOTO YCTPOMCTBAa OCYLIECTBISAETCS ClAeLyOIIUM 00pazoM. QUIBTP HHXHHX

YacTOT BBIMOJIHEH KaK (PUIBTP HIKHUX YacTOT BTOPOro NOpsAAKa C NepeaTouHo# QpyHKuunen

H(S) — bes+c +c

s(s+a) ’
rae H(s) — nepenato4Has GyHkuus GpuibTpa HHKHUX YacToT,
S — KOMIUIEKCHas NepEeMEHHas,
a,b u ¢ — nepsbiii, BTOPoi ¥ TpeTHii KO3pPULMEHTHI NepeaaToyHOR QYHKUMM GUIBTPA HMKHUX

4acToT.



Brok 3azanus kod3pduKueHTa YCUICHHS YCHIUTENS TOCTOAHHOIO TOKA I€HEPUPYET 3HaYeHHe
ko3 duumenta ycunenns K, a GNOKM 3aJaHMs I1EPBOTO, BTOPOTO M TPETETO KOIPPUIMEHTOB
nepeJaToyHor QyHKUMM (QWIBTpa HIKHMX 4YacTOT TE€HEPHPYIOT MNEPBbIH, BTOPOH M TPETHUH
koadpouiuentsl nepenatoynoid ¢yHkuuu a >0, b>0 wu ¢ >0, yaoBreTBopsOIKE
cootHowenusm: a(a + b) > 1, ab # 1.
3naueHus K, a, b 1 ¢ moCTynaloT Ha BXOABI 6JI0Ka onpezieNieH s rpaHul] paboyero auanasoHa, rae
MPOM3BOJUTCSA OMNpEIeICHUE JOMYyCTHUMOTO OTKJIOHEHHA 4YacTOTBl CHMrHaja MoOACTPauBaeMoOro
reHepaTtopa OT 4YacTOThl CHTHaja JTaJOHHOrO IE€HEpaTopa w; B COOTBETCTBUM CO CIICAYIOLINM

COOTHOLICHHUCM:

_ |Kc
w; = =

Peructparop, NOAKIOYEHHBIH K BBIXOAY OJ0Ka OMpejeNeHHs TpaHull paboyero auanasosa,
perucTpypyer JAONYCTHMOE OTKJIOHEHHWE 4acTOThl CUrHaja I[OACTPauBaeMOro reHeparopa OT
4acTOThI CUTHAJIA ITAJIOHHOTO reHepaTopa.

DTaNOHHBIH  EeHEepaTop BBICOKOCTAOMIBHOIO MO 4acToTe KojebaHHMsi TeHepupyer
CUHYCOMJabHBIN curHan fi(t) B muanasone 20xI'w - 20f Ty ¢ yacToTol W4, a MOACTPaUBAEMBbIi

reHepaTopa BHICOKOCTAGUIBHOTO MO YacToTe KoneGaHUs reHepupyeT KOCHHYCOWIAbHBIM CHTHAN

f,(t) B auanasone 20kI'u - 20ITy ¢ uactoTol w]

, KOTOpylo 3ajaioT He Ooisiee 4eM w; OT
4acTOTHl W, 3TAJIOHHOTO CUTHAaa.

CurHajisl 3TalOHHOTO M NOJACTPaMBAEMOrO NEHEPATOPOB TMOCTYNAIOT Ha BXOJA (a30BOro
ACTEKTOpA, Ha BBIXOJE KOTOpOro nojJy4yarwT CHI'Hal, YILOBJICTBOPSI}OHII/Iﬁ CIICAYIOLIEMY
COOTHOIIEHHIO:
f@® =L@,
rae f(t) — Bbixoa ¢pa3oBOro AETEKTOpPA.

CurHan ¢ Beixoga (azoBOro AeTeKTopa 4epe3 MepBblii BXOA (UIBTPa HHXKHHUX YacTOT
[OCTyNaeT Ha IOCJeJOBaTeIbHO COCOUHECHHBIE (UIBTP HHKHHX YacTOT, 4Yepe3 MEPBBIA BXOJ
YCHJIMTENS TOCTOSIHHOTO TOKA, U Yepe3 YNpaB/AIOIIMi BXOJ MOJACTPAUBAEMOr0 reHeparopa, 4eM U
JOCTHUIaeTCs TEXHHUECKHH Pe3y/IbTaT, KOTOPbI COCTOUT B YIPOLIEHHUH H CHHXXEHUH TPYAOCMKOCTH
ompejeieHus pabodero nuanasoHa knaccuueckux cucreM QAITY, noBsIICHHH JOCTOBEPHOCTH U

TOYHOCTH 3a CUYET AOCTHIKCHHUA peXKHUMaA CHUHXpPOHHM3Ma BHYTPU OIJHOTO 6I/leHI/IH, MOBBIHICHHUH

MHAOPMATUBHOCTU M CTaOMIIBHOCTH pabOThI CUCTEMBI.



Huxe npuBefieH mpuUMep KOHKPETHOH peanusalMM YCTPONCTBA Ul ONpENENICHHUs TI'PaHMIL
pabouero amanaszona ®AIIY, moarBepikaaromuii paboTOCIOCOOHOCTh U JOCTHXKEHUE YKa3aHHOTO
BEILIE TEXHMYECKOrO pe3yibTaTa 3asBJIeHHBIM CIIOCOOOM.

KoHKpeTHEBIH TpuMep paGoThl YCTPOWCTBA IJIs ONMpEAENEeHHs TpaHHIl pabouero auanas’oHa
®AITY cocTOUT B CIIEAYIOIIEM: ITaJOHHBIN U NMOJCTPAUBAEMBIH N€HEPATOPHI T€HEPUPYIOT CUT'HAJBI,
UMeEIOLIUE CAeAYIOIHH BU!

f1(t) = Assin(wyt),

f2(£) = Azcos(w,(B)t),
rJe 4YacToTa CHrHaja 3TaJIOHHOrO reHeparopa w; = 30kI'L, YacToTa CHUrHajga NOJACTPaUBaEMOro
reHeparopa w,(t) MeHseTCs B 3aBHCHMOCTH OT YNPABJIAIOLIETO BXO/a, C MOMOILBIO 0JI0Ka 3aJaHuA
k03 QULKEHTa YCHIIEHUS 3aa10T KOOQPUIMEHT YCUIEHUs YCHIMTENA NMOCTOsHHOro Toka K = 10,
M C MOMOINBIO OJIOKOB 3a/laHds MEPBOTrO, BTOPOrO M TPEThero Ko3(QHLHUEHTOB IEpeJaTOuHOM
GyHkuuu ¢GuasTpa HWKHMX wactoT 3ajgaloT a = 0.1, b =11, ¢ =1. 3agaHHoe 3HA4YeHHE
Ko3(punMeHTa ycuneHUs MOCTyNaeT Ha COOTBETCTBYIOLIME BXOJ YCHJIMTE/S MOCTOSHHOTO TOKA, a
3aJlaHHBIe 3HAYEHHWs [EPBOr0O, BTOPOTO W TPEThEro Kod((UIMEHTOB NepeJaTouyHOH (QYHKUHH
GuNbTpa HWKHUX YacTOT IMOCTYHAIOT Ha COOTBETCTBYIOLIME BXOIABI (QUIBTPA HWKHHMX 4YacCTOT.
Kpome Toro, 3amaHHble 3Ha4eHUs KOIQPHULMEHTa YCUJIEHMs, IEPBOro, BTOPOrO0 M TPETHETO
K03 dUIHEeHTOB  nepeiaTouHON  (QyHKIMM  GUIbBTpa HWKHMX 4acTOT  IOCTYMalT Ha
COOTBETCTBYIOIIME BXOJABI 0OJIOKAa oOmpeaeneHus TrpaHun paboyero JauanasoHa. 3HauYeHHE
JIONYCTHMOTO OTK/JIOHEHHs 4YacTOTHl ) BBIYMCIAETCA OJIOKOM OMNpeleNeHus rpaHHl, pabouero
AMana3oHa B COOTBETCTBHM C 3asABJICHHBIM COOTHOLIEHHeM, T.€. w; = 10I'u. Berumciennoe
3HaYEHKE JOMYCTUMOrO OTKJIOHEHHUS YacTOTHl W; PUKCHUPYETCS PErHCTPaTOPOM.

I[J'IH JOCTHXKCHUS 3asIBJI€HHOI0 TEXHUYECCKOr0 pe3ybTara 4acTOTY CUrHajia nnoACTpauBacMoro

ee
reHeparopa 3a/1aloT He 0oJjiee YeM w; OT YacTOThl CUTHaJla 3TaJIOHHOrO IeHepaTopa, T.€. w{r =

30,01k['n. CurHanel OT OJTaJOHHOTO M MOJACTPaUBacMOro TEHEPATOPOB IIOCTYMAIOT Ha
COOTBETCTBYIOIIME BXOJbl ()a30BOro JETEKTOPA, BBIMOJIHEHHOIO KaK MEPEMHOXHTEJIb, Ha BBIXOJE

KOTOPOTO INOJIYHarOT CUrHaJl CACAYIOUIETro BUJaa:

1
ft) = EAlAz(Sin((wl + w, (t)t) + sin((wy — w2 (D))L)).

I[anee HOHy‘ICHHLIfI CUTHa/l MPOXOJUT YCpe3 IMOCIEAOBATEIIBHO COCHUHEHHBIC (1)I/IJ'IBTp
HUXXHHUX YaCcTOT W YCHUIIMTEIb MMOCTOSHHOI'O TOKa, 06p33y51 ynpasnmonmﬁ CHUIrHaln, KOTOprﬁ

NOCTYMNaeT Ha YMpaBJAIOUIUIA BXOJ MOACTPauBaEMOro reHepaTopa.
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Kak MoKa3eBalOT pe3yJbTaThl HCCIEJOBaHUS MO MpHMEpPy 2, HCIOJIb30BAHHE €JUHOIrO
cnocob6a  BHIYMMCJIEHMS  TpaHHUbl pabouero  auanasoHa  MO3BOJIAET  3aJaTb  4YacTOTy
KOCHHYCOMIAJIBHOrO CHTHaja MOJCTPauBaeMOro reHepaTropa rapaHTHPOBAaHHO BHYTPH paboyero
JAMAna3oHa, 4YTO YNPOINAET M CHIDKAET TPYAOEMKOCTh BBIOOpA OTKIIOHEHHS 4YacTOTHI
MOJCTPaMBAEMOr0 CHWIHAla, a TaK e 3a cyeT cuHxpoHusaimu PAIIY BHyTpu omHoro Guenus

JIOCTHraeTcs MOBBIILIEHHE JOCTOBEPHOCTH U TOYHOCTH paboTel PAITY.

Pe3ynbTaThl NPOBEJCHHBIX UCCIECAOBAHMMH, H3/I0XKEHHBIX B NpUMepax 1 U 2, MOAEIHpPYOLIUX
KOHKPETHBIE  YCIOBUS  pealiM3allid  3ajdBIEHHBIX Cnocoba M YCTPOMCTBa, MOKa3ailH
paboTocniocOOHOCTh, [AOCTOBEPHOCTh M YHHBEPCAJILHOCTH u3zobpereHus. JlocTmxeHue
TEXHMYECKOr0 pe3yJibTaTa CTajllo BO3MOXHBIM TaKXe 3a CUeT ydeTa OOHapy>KEHHOH aBTOpaMH
YHUBEpCAJIbHON 3aBHUCUMOCTH JOMYCTUMOTO OTKJIOHEHHUS YacTOThl NOJACTPAMBAEMOro CHIrHajia OT
K03 PHULMEHTa YCHICHHUS YCUIUTENA IOCTOSHHOrO TOKa U KO3((QHULMEHTOB INEpeNaTO4HOM
GyHKUMM (QUIBTPA HMKHHMX 4acTOT M BO3MOXKHOCTH MCIOJIB30BaHMA (PUIBTPA HIDKHHMX 4acTOT
BTOpOro TMOpsAJKa, YTO Ha anpoOMpPOBAHMM MHOTHMX MOJENEH TMNOATBEPAMIIO YHUBEPCAIbHOCTD
3asBJICHHOr0 criocofa M YCTOHYMBOCTH pabOTHl yCTpPOHCTBA Uil BCEro JOMYCTUMOTrO JAWara3oHa
pabouux mnapametrpoB kiaccuueckoii MAIIY ¢ 3TanoHHBIM U MOACTPAUBAEMBIM T'€HEPATOPaMHU,
reHEPUPYIOLIMMHU TAPMOHHYECKHE CUTHAJIBI, 0 CPABHEHUIO C U3BECTHBIM CMIOCOOOM-NPOTOTUIIOM.

TexHuko-3kOHOMHUECKas 3(PPEKTUBHOCTh 3asBJIEHHOTO H300pETEHMs B LIEJIOM COCTOMUT B
onmumusayuu U CHudxCceHuu mpyooemxocmu Tipu npoektupoBanun PAIIY 3a cuer onpeneneHus
rpaHMiBl pabodvero auanasoHa, noeviuenuu cmabunvrocmu (ycmoiiyusocmu) paboThl yCTPOHCTBA
3a cyeT JocTkeHns OAITY pexnMa CHHXPOHH3MA BHYTPH OJHOTO OUEHUs, pacuuperuu obracmu
pabouux napamempos ®AIIY 3a cuer oOHapyXEHHOH aBTOpaMH YHHBEPCAIbHOW 3aBMCHMOCTH
JIONYCTUMOTO OTKJIOHEHHMSI YacTOTHI [MMOJCTPAaMBAaeMOro curHana oT Kodd@duuueHTa ycHIeHUs
YCHUJIMTENS TIOCTOSIHHOIO TOKa W KO3$QHIIMEHTOB mnepeaaToyHoi (GyHKUMHU GWIbTpa HUKHHX
HaCTOT, U HOGbLUMEHUU OOCmOo8epHOCmMU (mo4ynocmy) paboThl CUCTEMBI 3a CYET y4eTa yKa3aHHOM
3aKOHOMEPHOCTH.

3asBNeHHOE W300peTeHHEe MO3BOJIAET YCIEIIHO peliaTh 3a/layy, CBA3aHHbBIE C ONpEJEICHUEM
pabouero auanaszona kiaccuueckux ®AITY u moaenuposanueM paborel ®AIIY, ¢ onpenenenuem
ONTHMAJILHBIX MapaMeTPOB, COOTBETCTBYIOIIUX OBICTPOMY AOCTHXKEHMIO CHHXPOHHOIO peXuma M

crabunbHoif paboret PAITY, ¢ moctpoeHnem OGonee cioxHbix PAITY, npumeHsrOmUXCcA MpH
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OecrpoBOAHON Tepeaadyd HMHPOpMALMKM, a TaKkKe B MHOTOAJEPHBIX W MHOTONPOLECCOPHBIX
KOMIIBIOTEPHBIX apXUTEKTYpax.
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I/Icnom>3yeMl>1e TEPMHHBbI

Ilepemnosicumend 08yx CUZHANO06: BIEKTPOHHOE YCTPOWCTBO C JBYMs BXOJaMH U OJHHM
BBIXOJIOM, FE€HEPUPYIOIIUI HA BHIXOJE CUTHaN (HamnpsOKCHUE) PaBHBIM MPOW3BEJECHMIO CHIHAJIOB
(HanpshKeHHi), MOCTYNAIOIKX Ha /iBa BXO/a.

Dazoewtii 0oemexkmop (D) B 31eKTPOHHKE, YCTPONCTBO, CpaBHHBaiomiee (a3bl ABYX
BXOJHBIX CUTHanoB. OOBIMHO, OJJUH M3 HUX I'€HEPUPYETCS IEHEPATOPOM CHUrHaJa, YNpPaBlseMbIM
HalpspKEHUEM, a BTOpoii Oepercs U3 BHemHero MCTouHuKa. ®J] o6BIYHO MMEET OJUH BBIXOIHOM
CUTHAJI, YNpPaBJISAIOLIMIA CTOSIICH 33 HUM cXeMoil ¢hazoeoit aemonodcmpoiiku (3a0aua cxembvi
gazoeoti asmonodcmpoiiku coenamv ¢asvl 6XOOHLIX CUSHANO8 OOUHAKOBLIMU), TPYTMMHU CIOBaMH
dazoseim Oemexkmopom Ha3pIBAlOT YCTPOMCTBO, NpeJHa3HA4YEHHOE /U1 CO3JaHusd CHUrHaa,
MPONOPLIMOHATIBHOTO Pa3sHOCTH (a3 MexJy I'CHEPUPYEMBIM CHUIHAJIOM U 3TaJOHHBIM CHTHAJIOM.
(Cywgecmsyrom paznuunvie snekmpoHHble peanusayuu DJ[: Hanpumep, nepemHodICUMENL O6YX
cuznanos, XOR u op.)

Ilepeoamounan ¢yHkyua: OJMH U3 COCOOOB MAaTEMaTHYECKOTO ONMMCAHHUS JUHAMUYECKOM
cHcTeMbl. Mcmonib3yeTcs B OCHOBHOM B TEOpUHM YMpaBlieHWs, CBA3M U LHUppoBoi oOpaboTke
curHanoB. [Ipexacrapnser coboit auddepeHLManbHBI onepaTop, BBIPAaXAIOWMHA CBA3b MEXAY
BXOJOM W BBIXOJIOM IJIMHEHHOW CTallMOHApHON CHUCTEMBl. 3Has BXOJHOW CHUIHall CHCTEMBI U
NepeAaTOYHYI0 PyHKIHIO, MOXKHO BOCCTAHOBUTH BBIXO/{HOH CHIrHaJL.

Qunbmp HUNCHUX Yacmom: SJIEKTPOHHBIN WM oOoi apyrofl ¢unetp, 3¢dexTHBHO
NPONMYCKAIOMUA YaCTOTHBIM CIIEKTP CUTHAalla HHXKE HEKOTOpOHM 4acTOThl (4acTOTBI Cpe3a) M
yMEHBINAIIMI (TI0AABNIAIOIIMI) YAaCTOTHl CUrHajla BhILE 3TON 4acToThl. CTeneHb MOJaBICHUS
KaXJOH 4acTOTHl 3aBUCUT OT BUJa QUIBTpa.
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Cnoco6 ans onpeneJieHHs rpaHiL paboyero AHaNa3oHa KJACCHYECKHX

cHcTeM (pa30Boii aBTONOACTPONHKH H YCTPOHCTBO /ISl €0 peajn3alHH
®opmyaa nzobperenns

Crnoco6 i onpeaeneHus rpaHul] paboyero quamasoHa cucteM (pa3oBOH aBTONOACTPOHKH,
3aKJIIOYAIOIIMICS B TOM, 4YTO 3aJalOT JBa BBICOKOCTAOMIIBHBIX IO 4YacToTe KojeOaHuA
CUTHaJIa, OJUH U3 KOTOPHIX BHIOUPAIOT 3TAJOHHBIM, @ BTOPOI BBIOMPAIOT MOACTPAaUBAEMBIM,
NpUYeM auanas3oH ux yactot BeiOuparoT ot 20kl go 20I'T 1, mocse 4ero no COOTHOLUIEHHIO
9TUX ABYX CHMI'HAJOB 3aJalOT JOTOJHUTENbHBIA CUTHANl, KOTOPBIH C MOMOLIBI0 (UIBTPA
HIDKHUX YacTOT MOJBEPraroT (UIBTPaLUM, U JONOJHUTEIBHBIM CHTHAJl KCHOJB3YIOT B
KauecTBe YIPABIAIOIIEr0 CUTHANA, OMIUYAIOWUICA mem, Ymo (GOPMBI STAJOHHOTO HU
NOJACTPaBaeMOTr0  CHUIHAIOB  BBIOMPAIOT CUHYCOMIAIBHOW M  KOCHHYCOMJAJIbHOH
COOTBETCTBEHHO, B KauyecTBe QHIbTpa HIXKHUX YAaCTOT BBIOMPAIOT QUIBTP HMKHUX HYaCTOT

BTOPOTO NMOpAJIKA C epeiaToOYHOM PyHKUKel BUA:

H(s) = 2% 4 ¢

s(s+a) >
rae H(s) — nepenarounas GyHKUMsA GUIBTPA HIKHUX YaCTOT,
S — KOMILIEKCHas IlepeMeHHa,
a>0,b > 0uc >0 - nepsulii, BTOpoit ¥ TpeTHii k03P PUIMEHTEI NepeAaTOYHOM PyHKIMH
(bl/IJ'IBTpa HUXXHUX 4aCTOT, YAOBJICTBOPAIOIIUEC COOTHOLICHHUAM:
a(a+b)>1,ab+#1,
a 4acTOTy MOJCTPAauBaEMOr0 CHTHajlia BHIOMPalOT He Oojiee 4YeM Ha w; OT YacTOTH
ATAJIOHHOTO CHrHaja, MpHUYeM JOMYCTHMOE OTKIOHEHHE YacTOTHl ; 3aJaeTcs IIo

COOTHOLICHUIO:

_ Kc
W= |7

rae K — xo3hGUIMEHT YCUIICHUS YCUTUTENS TIOCTOSIHHOTO TOKA.

YcrpoiicTBO A ompeneNieHUs TIpaHul pabouero jAuanasoHa cucteM  (¢a3oBoi
ABTOTOJICTPOMKH, BBINOJIHEHHOE B KOpPIYCe M COJEpiKallleeé OSTAJOHHBIM TIeHepaTop
BBICOKOCTAOMJIBHOTO M0 YacTOTe KOJIeOaHus, BBIXOA KOTOPOTo MOAK/IIOYEH K IEPBOMY BXOLY

(baSOBOFO ACTEKTOpAa, KOTOpBII71 BBITIOJIHCH B BUIC NCPEMHOXUTEIA ABYX CUTHAJIOB, BBIXOJ
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dasoBoro jerexropa NMOAKIIOYEH K NEPBOMY BXOAY (UILTpa HIKHUX YacTOT, BBIXOA
GuiIbTPa HIDKHHX YacTOT MOAKIIOUEH K MEPBOMY BXOAY YCHJIMTENS MOCTOSHHOIO TOKa,
BLIXOJI YCHJIMTENs TOCTOSHHOTO TOKa MOJKIKOYEH K  YNpaBJIfgoOLIEMy  BXOXLy
MOACTPaNBAEMOr0 TeHEpaTtopa BBHICOKOCTaOMIBHOTO MO 4YacToTe KojieOaHus, BBIXOA
MOJCTPAaUBAEMOro FeHEpaTopa MOAKIIOYEH KO BTOPOMY BXoly (a3zoBoro neTextopa, 6ok
onpesieNeHUs TpaHuL paboyero auanasoHa, BBIMNOJHEHHOTO B BHJE apU(METHIECKOro
KOHTpoOJIiepa ¢ obecrneuyeHHeM TOYHOCTH BBIYMCIICHHH HE MEHEe YeThIpeX 3HaKoB Mocje
3anATOM, BBIXOJA KOTOPOrO MOAKIIOYEH K PErHCTpaTopy, KOTOPhIH (PUKCHpYET TpaHHLbI
pabouero amanaszoHa CcHCTEMBbl (a3oBOH aBTOMOACTPOMKM YacCTOTHI, OJNOK 3afaHus
K03 ULHEHTa YCWIEHHS YCHIMTENs IOCTOSHHOrO TOKA, MNEPBBIA BBIXOJ KOTOPOro
MOAK/IIOYEH KO BTOPOMY BXOJly YCHJIMTENS [OCTOSIHHOTO TOKA, BTOPOH BBIXOA O6loKa
3a/aHuA KOdpPHULUUEHTa YCWIECHHS YCHIIUTENA MOCTOSHHOIO TOKA MOAKIIOYEH K MEpBOMY
BXOJAy Oj0Ka onpenesieHHs TrpaHUL] paboyero Auamna3oOHa, OMUIUYAIOUWLeeCA MmeM, 4mo
YCTPOMCTBO ~ JIONONHHMTENBHO —COJEPXKHUT ONOK 3aJaHus INEpBOro  KoadouuueHta
nepefaToyHol GyHKIMHM GUIBTPA HIKHUX YaCTOT, NEPBBIH BBIXOJ KOTOPOTO MOAKIIOYEH KO
BTOPOMY BX0Jy (HILTpa HI)KHUX YacTOT, a BTOpPOH BBIXOA OOKa 3aJaHus MEPBOro
k03 duLeHTa NepeaaToYHOM GYHKIMH (UIBTPa HUKHUX YACTOT MOJAKIIOYEH KO BTOPOMY
BXoqy OJIOKa ompeaesieHUs rpaHul pabodero [uanazoHa, OJOK 3aJaHus BTOPOTO
KoddduIIeHTa NepeAaTOYHOM GYHKUUH (HIbTPA HUKHUX YacTOT, EPBBIH BEIXOJ KOTOPOTO
NOJKIIOUEH K TPETheMY BXOAy (QUJIBTPa HWXKHHX YacTOT, BTOPOH BbIXOJ O/0Ka 3ajaHus
BTOporo xo3d¢duuuenta nepefatoyHoi GyHKUMU QUIBTPA HWKHMX YACTOT MOAK/IIOYEH K
TpeTheMy BXOAy 0JIOKa ONpeeNeH!s rpaHuL pabodero AMana3oHa, 6JI0K 3a/laHisl TPETHETrO
K03(hdULMEHTa NepeaToYHOi QYHKLIMHU GUILTPA HUKHHUX YacTOT, IEPBLIA BHIX0/] KOTOPOTO
MOJKIIFOUEH K YETBEPTOMY BXOAY (QHIBTPA HIDKHHX Y4acTOT, BTOPO BeIXOX O50Ka 3amaHus
TpeThero Ko3dguipenta nepesatoyHoil GyHKUMH QUIBTPA HMXKHMX YaCTOT MOJAKIIIOYEH K

4eTBEPTOMY BXOAY OJIOKa ONpeeeH s rpaHull pabodero auana3oHa.
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