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H3MEPEHHE ABCOJIIOTHBIX IMEPEMELLEHHUA

HA OCHOBE PACTPOBBIX ONITUHYECKHUX JIHHEEK
C HEJIOYMCAEHHBIM KOJAUPOBAHHEM

Mp pe3y e # MIAMCPHTCIICH NEPEMCICHHA, B OCHOBY
pabora xoTopmax P ¢ P ¢ ONTHYECKOM
NAOTHOCTH NEPUOAMNECKOA PACTPOBOR CTPYKTYpsl. Ha ocHoBe npeatomesnoro
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PACTPOmMYT mIKAS-

Beenenue, OCHOBHOM YACTHIO CYWICCTRYIOWIMX M3MEPHTEACH AOCOMIOTHEX
NEPEMCIICHNUIE, NOCTPOCHHBIX HA OCHOBE KOJOBBIX ONTHYECKHUX AHHEEK, SRINCTCH
mKana, cocrosmas us Habopa pacrpos. Ilpu nepeMemeHnH NOABHXHOM YACTH, HA
KOTOPOW 3aKPCTLISHO ONTHYECKOS YCTPOWCTBO CYMTHBAHHE, OTHOCHTCABHO HC-
TIOARHXHON WKA K NPH NEPECEUCHHH PACTPOBEX OTMETOK BHPabaTHBACTCH KOJ0-
BhiH CHIHAN, COOTBCTCTBYIOWMA ONPCACACHHOMY nepeMeuieHno. Kaxawi pacrp
KOAOBO# WXANW OOCCNCUHBACT ONPCACACHHE OAHONO OuTa B xoac abcomoTHoro
nepemcmenus. KoaHUecTso pacTpos ONpeacIaeTCs MHCIOM COCTOSHMN, KOTOpHE
AOMKHE PASTHYATHECY HA 3a3aWHOM auanas’one. Takum ofpasoM, nNpu TOMHOCTH
namepennit nopsaxa | Mxm 1 auanasone 10 1 M neobxoanmo pasanuars 10° cocro-
sumit. [Las ororo weobxoaumo 20 IBOHYHEX PASPRAOE B KOAC MCPCMEIICHHS HAK
AOCTATONHOC KOAMNCCTBO PACTPOB Ha Xoxosoi wxane (1],

YHCA0 pacTpos Ha KONOBOH WKATC MOKHO YMCHBIIHTD, CCIH W3 OQHOND PacTpa
B KAXJIOM NO0XeHIH noayuars Gonee ognoro 6ura wndopmaunu. IToro MoxHO
HOCTHY L, HANPUMED, HCNIOABIOBAHMEM ONTHUECKHX AHPPAKUHOHHKX ATEMEHTOR,
06eCneUNBANUINX Y IAIOBOE OTKAOHECHHE CUNTHBAIOLLENO CRETORONO Iy Ka B Ka X105
TOUKC H3MCPHTCALNOH WK |2 ). Ipyras BOIMOXKHOCTD YMCHBUICHHS YHCAA Pac-
TPOB CRA3aHA C pa3paboTKOi METO0B CNEUMANBHONO KONHPOBAHHS HIMEPHTEALHMX
CHIHANOB MOCACAOBATEABHOND CYETA B MOAH(DHUHPOBRAHHWX HIMEPHTCANX
OTHOCHTEABHEX NCPEMEIUCHHN HA OCHOBE POTOITCKTPHUCCKHX PACTPOBNX npeol-

.

B naHHOR CTaTHE NPEAIOXKCH HOBHI CNIOCOO NOCTPOCHHS H3MepUTCaCH abco-
MIOTHEX NCPCMCIICHHUHI HA OCHOBC CYWECTRYIOMMX npeobpazoparene# nocieaosa-
TCIBHOMO CYCTA C MPUMCHEHHEM LEJOMHCIEHHONO KOAMPOBRAHWY. Paccmorpena
CTPYKTYPA YCTPOHCTBA, TPEOORAHMA K TOMHOCTHEM XapPaKTEPUCTHKAM NPH M3ro-
TosacHMK. PacomoTpen cymecTyomuit npeofpasorarenb THHEHHKEX Tepemenie-
HHH, B OCHOBY PabOTH KOTOPOIO NOAOKEH NPHHUMO NCPEMCILICHHS OQHOH PacTpo-
BOH MEpH OTHOCHTEABHO APYro#. MCCAcnoBaHn NpeagcapHBIC MCTPOJOIHYCCKHC
XAPAKTEPHCTHKH TAKOro npeolbpasosarens, KOTOPHE MO3BOJKIOT CO33aTh HA €ro
OCHOBC HOBHH THN M3MCPHTEICH aBCOMOTHEIX MepeMemeH i,

CTPYKTYPa M3MEPHTEAS aBCOMOTHBIX NEPEMELLIENHI C LEJOYHCASHHEM KO-
amposanmnem. s onpeacachns abCoMOTHOND MEPEMEIEHHSE NPERAATACTCR WC-
NOAB3OBATH POTOIACKTPRYECKHA NpeobpasorarTens, obecneynBalommi CUNTHBA-
HHE CHHYCOMAATEHEX M KOCHHYCOMAANBHK X TIEPHOAMYECKHX CHIHANOR PA3IMYHOM
NEPHOAA NPH NEPEMCIIEHHM NOABHXKHON HACTH HIMCPHTEAN OTHOCHTEABHO HE-
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Juanazon namenienns has 0 + 2. [Meproanunocts asascres cacacrsnesm Gasosoi

HCONHOIHAYHOCTH, BOIHMKAIOWEH NPH ONPEAeIcHIH DA N0 AMILINTYAHEM FHA-
YCHMSEM,

Maciurabupys xaxnyo n3 QyHKumui Tak, yTobn ANANA30H HIMEHEHHUR pak-
ALICE NCPHOAY, NCPCHACM K CHCTCMC OCTATOMHBX PyHKUMH, ¢ xaxaas GyHEumMs
npeacTasasgeT coboi OCTATOK OT ACACHHA A6COMIOTHONO NCPCMCILCHHS HA SHAYCHNC
nepuoaa (puc. 2).

Habop ocraTkos QYyHKUHI C PA3NHUHKEMYK NEPHOIAMM NO3BOAKET OTHOIHAYHO
BOCCTAHOBHTH AOCOMIOTHHC 3HAYCHHA MCPCMCIICHHS. DTO MOXHO Gl€3aTh, COC-
TasuB TabaMily COOTBCTCTBHA HAGOPA OCTATKOB ONPECACACHHOMY aBCOAGTHOMY 3HA-
yeuwo. Yepes HEKOTOPHI NEPHOJ COMETAHWS OCTaTKOB mosTopssorTce. [lepwon
QAHO3HAWHOMD ONPEACTEHHS NEPEMEIEHHHT IO OCTATKAM CTAHOBHTCE MaKCHMATh-
HEM, ECTH HETHE YKCIA, NOCTABICHHHE B COOTBETCTBHE MCPHOAAM, SBAKIOTCH
B33aWMHO NPOCTEMA, HeobX0AWMO OTMETHTB, YTO B COOTBETCTERHE NEPHOAY A0OIKHO
CTAaBMTECH UENOE UMCNO, He GONbiuee yucaa TOYeK, JOCTOBEPHO M3IMEPEEMuX B
npeaenax nepHona.

Tpu ONHOBPCMENHOM MIMCPCHHM (DA3W HECKOIBKHX TaPMOHHUCCKHMX CMIHA-
108, NEPHOAK KOTOPHX COOTHOCHTCH KAk BIAUMHO NPOCTHIE MHCAE B AMANA30OHe,
ONPEACARCMOM NPOMIREACHHCM Nepnonos, Habop das ¢ TOMHOCTHIO 20 nepwoaa
HUKOrAa He NOBTOPHTCH. [TpH 9TOM COBOKYNHOCTH 3HANEHNI (A3 ONPEACANT OAHO3~
HauHO a6COMOTHOE NEPEMELICHHE, B 2TOM Cayuac MOXHO BOCCTAHOBHTS abconoT-
HEC SHAYCHMN, BOCIOAbIOBABLIHCH TCOPEMOK 06 OCTATKAX, XOPOIIO HIBCCTHOMH B
Teopun wmucea (3] Ananornunnit cnocob ana onpeacacuus noawol gasw npu
HHTEPDEPCHUHOHHKMX HCCACAORAHKNX Bosree nogpobHo onucan & [4, 5 |.

Teopema 06 OCTATKAX MOIBOIACT MO CHCTCME CPABHCHMI B AHAANTHYCCKOM
dopre HanTH A6COMOTHIHC 3HANCHHA, HanpuMmep, AnR CHCTCMB, NPHBCICHHON HA
PHC. 2, MOXHO HARTH JIMHEHRYIO GYHKUIIO A% OnpeaescHns abCoOMOTHMX 3Ha-
uennit x = 5by + 16b;(mod20), rae b u b — IHANCHHSR COOTRETCTHYIOWMX OCTa-
Tounnx Gywxumi. [lepron o1oi PyHKIHK PAREH NPOHIRCICHMIO NEPHOIOR, A1
KOTOPHX HARACHK OCTATKM,

W3 reopemut 00 OCTATKAX CICAYET TAKXKE, YTO AMANAZOH MIMCPCHMSE NCPEME-
LWICHMH MOXHO PACITHPHTD, YBCAHUHBAL MO0 UHCAO CPABHCHNIE NPH PAIHEX MOIY-
asx, Au60 aBCOMOTHRC JHAUCHHS MOTY/ICH. YBeanucH#e a6COMOTHMX 3HAMCHMIT
JKBMBAICHTHO NOBHIICHHIO TOYHOCTH HaMepenmit. Hanpumep, ecau ToumocTs n3-
MEPCHHI NO3BOTACT HANTH 3HAUWMME 3HAYEHHA OCTATKOS Npu nepwoaax 53 n 63
(B32HMHEO NPOC FHE YHCIA), TO AHANA3OH EAHHCTBEHHOCTH NPH HaxoXacHn# abco-
NOTHHX 3Hauennn Gyaer pasen 3339.
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Puc. 3. Crpyxryphas Cxesa wocaesyemono npeobpa-
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[an naxoxacuus abCOTIOTHOND nNepemMe~
WeHNS B Ananasone | M HeoSXONHME TPH
CHCTCMM CPARMCHMA C PACTPAMM, WMCIOIWIMMH OTIHHAIOMMECS PAIMCPN NCPHODA
(ox0a0 100 Mxm). B npegesax xaxmnoro M3 neproios HCOOXOAHMO HIMEPHTH HE
mence 100 Touck, wro obecneunt rpebyemoe uncao orcucros 10°, Tounoe suaucuue
NEPHOJOs ONPEICASETCH M3 YCIOBHS B3AHMHOM NPOCTOTH UHCEA, COOTHETCTRY-
JONIMX MEPHOAAM PACTPA, H TCXHOMOMMUYCCKHX YC. # Maror ONTHUECKHX

NHHEeeK.

BOIMOXHOCTE NOTYYEHHMS HECKONBKHX B3AHMOCBAJAHHBIX TAPMOHWYCCKHX
DYHKUMA C PAINMYHEMA NEPHOJAMHE CYIECTBYCT, TAK KAK B HACTOSIICC BPCMS Bhi-
MYCKAWTCS NPEOOPAIORATEH THHEAH X MEPEMEIEHHH NOCAENOBATCABHONO CHCTS,
B KOTOPHX NpH NEPCMEUICHHH NOABMXKHOH YAaCTH OTHOCHTEILHO HEMONBHAHON
pHPabarueaTCs CHHYCOWIANLHEE ¥ KOCHHYCOMIANBHHE CHIHANH 3a0aHHBX
MEPHOOSN.

B creayiomenm pasaene OMMCAHK NOROOHIH NpeobpasoBaTCNb ¥ HIMCDHTCAb-
Has CHCTEMA 119 ONPEASACHHS €N0 METPOIOMMYECKHX XxapakTepucerik, HMccweso-
BAHME XaPaKTCPHCTHK NPOBOAMAOCH C UETHIO H3YYEHHS BOIMOXHOCTH NPHMCHEHHS
nogobHux npeobpasosaTeacH LI NOCTPOCHHA HA HX OCHOBE M3MepwTeaci abco-
MIOTHEX NEPCMEICHMIA.

Hecenenosanne HHOOPMALUMOHHBIX CHIHAN0B POTOINEKTPHHECKOrO PACTPO-
BOTO NpeodpasoBaTens AMHENHIX nepemMeutennit. Mccrenosancs namepures au-
HEHBX CPEMCILCHUH, B OCHOBY PAboTh KOTOPOIO NONOKEH MPHHUMN POTOINEKT -
PHYECKOND CHHTHRBAHMS ONTHHECKOR NJIOTHOCTH NEPHOJMHECKON PACTPOBOK CTPY K~
Typui. CTpyXTypHAs CXEMa HCCAEAYEMOrO npeobpasorare/is NOXasana ua puc. 3.

H3mepuTean coCTOMT M3 NOABKMAKHON M HenoaswxHon vacten. IMpu nepeme-
WEHNWH MIMEPHTCABHON MCPH OTHOCHTC/ILHO HHAHKATOPHOIO PACTPa 3a cuer od-
PEXTA ONTHUECKOND HANOKCHUS BOIHHKACT NEPHOAHUCCKOE HIMEHCHHE HHTEHCHRA-
HOCTH NPOXOAKUICTO CBETA, KOTOPOC HHKCHPYCTCH NPOCTPARCTICHHMMK GoTOaNO-
aamu. Kaxamit GOTOAMON YAABIHBACT CBET OT HCCKOJBKMX NICPHOAOB PACTPA.

MHAMKATOPHINA PACTDP M PACTP HA ONTHUCCKON AMHCHKE HMCIOT OJHHAKOBY IO
Gopmy u npeacTanasior coBOR YCPEAYIOMMUECH MPOIPAMHHC K HENPOSPAUHNCE PO~
MCXYTKM pasworo pasmepa. [lepwoa pactpa ucenenyemoro npeobpazosarens Gun
pascu 20 mxm. PerucTprupyeMuiil CHIHAN NPH MPOXOXKICHHH CBETA HEPES PACT pOBOC
CONPRXEHNC, BENONHEHHOE C 3230POM OKOJIO ABYX PACTPOBMX NEPHOLOB, 34 CuCT
audpakumonuux hHExToB ¥ NPOCTPANCTBCHHONO yepeanenns no 100 nepuoaam
npuobperaer dopmy, BAMIKYIO K rAPMOHKUCCKOH.

MHTEHCHBHOCTS CBETA CUHTHBACTCH C MOMOIIBIO 4rTHpeX doroawonon. Po-
TOAMOAK CABMHYTH APYT OTHOCHTENBHO IPYTa HA veTre, rv nepuoaa. Doroanoam,
CABHHYTHC Ha NONOBHHY NEPHOIR, COSAHRNIOTCH NAPANACABHO MO ABA A8 HCKII0-
4EHMS NOCTOSHHOM cocTaRAmOmEH cHriana. Taxum o6pasom, ¢ Buxoaos doroano-
AOB BEIASASIOTCS TOKORHE CHIHAMN CHHYCOMAAIbHON M KOCHHYCOHAANbHOM (DOpMEL

Mg namepenns TOVHON POPME CHIHAIA H MCCICIOBAHNS TOMHOCTHRX Xapak-
TepucTik Guna paspaborana murepdepenunonnas cucrema (puc. 4). Cucrema
cocTonT u3 neTcpdepomerpa Taalimana — [puua, uatepdepupyomume nyuxu s
KOTOPOM OTPAXAKOTCE OT 3CPKAN, 3AKPCILIEHHHX HAa NOJBHAXHON W HENOABWXHOR
4acTax uamepureas. CxeMa nocTpocHa Tak, YTobR 06eCneynTs B3MEPEHHE OTHOCH-
TEALHHEX NEPEMEIUCHWA NOABMXHOM M HenoaBuXHOW uyacre#t. HabGmonaemas
WHTEPDEPCHUMOHHAS KAPTHHA WMCCT CTPYKTYPY NAPUTIETLHEX M1010C € NEPHOAOM
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Puc. 4. Namepureasuas Creresmi:
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0,5 A1uHE BOIHN HCNOTh3YEMOTO HCTOYHKKE OCBEICHHWS. B OnicrsaemMoi cucreme
ucnoassosancs He—Ne-nasep.

IMepeMemeHEe NOIBHXHOK B HENOABHAHOK YACTCH ONTHYCCKONO npeolpaso-
BATCAS OCYMICCTBISUIOCh C TIOMOIIBIO YNPABISCMONO OT KOMIBIITEPA WIATOBONO
OBMraTeas, NCPCAAIUIEN0 YCHIHE HA CTAJbHYIO CTPYHY, CBISAHHYIO C NOABHAHON
YacTHi0 AHHEHAKH. ITO NO3BOJIMIO BCICACTBHE CHHXCHHA «apchcaras muTepde-
PCHUMOHHEX NOJIOC, BH3BAHHONO BHOPAUMAMH MATOBOTO ABHIATCAN, YMCHBIOMTD
uaMcpseMuit mar nepememckng 0 0,05 anuun sosas. [Tpr oTom maTepdepen-
UHOHHHE NOJOCH NEPEMEMAIOTCH NPONOPUHOHATBHO 3AXAHHOMY IATOBRM ABHIA~
TEACM CABHTY.

HurepdepeHuMORHAY KAPTHHA € NOMOWBIO YCTPORCTRA BROAA M OuMPponKy
ONTHYCCKIX H3OOPAXCHUIA BBOAMNACH B xounsmcp ANK KOHTPOASR 33 TOYHOCTHIO
sazasacmoro ncpememenus, Menonsaonanocs yi BBOAA HA OCHOBC Te-
acenranonnon xamepn dopmarom 768 x 576 x 8 wr. Paccrosnme Mexay noso-
CAMM ONPEALARNOCH BNACACHUEM NHKOB NOCAE NPOCTPAHCTREHHONO YCPEAHCHUA 110
HCCKOIBKHM NOIOCAM,

AHATOrOBKI CHIHAT C BEIXO0A MIMEPHTCAR HOCTY NAK M3 BXOJ ABY XXAHATBHOTO
12-paspsasoro aHas0ro-uHdposoro npeobpasoBaTeas A1 BROJA B KOMNLIOTCH
CHHYCOMIATBHEX M KOCHIYCOMAANBHNX CHIHAIOB, BNIABACMNX npeobpasosare-
JAem nepememennit. B xoMnsoTepe npon3sogniocs unpoBoe CpasHCHHE CHINANOB
CO FHAUCHUAMM TICPCMCIICHUI, NONYMEHHMMH H3 HHTEPPEPCHILHOMHMX H3Me-
peumi,

DKCNCPHMCHTANBHAS YCTAHOBKA OOCCTICUMBANA MIMCPCHMS AMILIMTYAN Mil-
HOPMAUMOHHEX CHIHANOB CHHYCA M KOCHHYCA ¢ paspemicancsm 4096 orcuctos. [pu
ITOM AUHCHHAS TOMHOCTh HIMEPEHHS NepeMetesni coctarasna okono 0,05 mxm.
Ina ycTpaHennd BAMSHWH BHCMHHX (PAKTOPOB HA MOBTOPSEMOCTH PE3YABTATOR
HIMEPEHUH GLUTM NPUHATE CHELMANBHKE MCPHE NO TEMICPATYPHOM CTA0KAM3ALUMK
YCTAHORKH, MCKAIOMEHMIO TYPOYACHTHOCTH BOSAYWHHX MOTOKOB M 3amMTC OT
subpauuii. B pesyasrate nocieaosanns GuUI0 yCTAHORAEHO, 410 (OPMa BRXOAHKX
curuEaios 61M3Ka K rapMOHHYECKO i pasbpoc 3Havenni a3 HHPOPMAITHOHHOND
CHIHA7A 18 B3AHMHO COOTBETCTBYIOMMX TOUEK NEPHORA HA A3MEPRCMOM ANANA30-
ne 150 mm coctarager ne Gonee 0,5 %. DT0 COOTBETCTRYET BOIMOXHOCTH HCMOAb-
sosanwg 200 paszanvaeMuX OTCYETOB Ha mamepscMom ncpuoac 20 mxm.
TonyucHANe Pe3yabTaThi W3MEPEHHA JOCTATOYHH SAS PCATHSAUMH ANTOPHTMA
LEROUHCACHHONO KOAHPOBAHHS,
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IMpeanoxcHunit AMTOPHTM HEIOUHCICHHOINO KOOHPOBAHHS NMOIBONSCT PCANH-
308aTh HIMCPCHUS A0COMOTHEX NCPCMCINCHAA NPH HCNONBIOBAHHN HHPOPMALLK-
OHHEIX CHIHANOB POTOINCKTPHUCCKMX PACTPOBHX NPeobpasoBaTencit AMHCHHNX
NepeMemeHmi.

TpuRcaACHHNE HCCACAORAHMS NPEACABHON Pa3pewalomei cnocobHocTs npeol-
PAIOBATECACH AMHCAHNX NCPCMCIICHHA NOKAIANH BOIMOKHOCTD MCHIOALIOBINMM
ANTOPHTMOB LCAONHCACHHOND KOAMPOBAHMS AN ONpeAcacHns abcomoTimx nepe-
MEIeHW.

TponeacHHas OUCHKA NAPAMETPOB PACTPOBKIX JIHHEEK NOKA3AIA, UTO LTH CO3-
AAHMR C MCNOALIOBAHMCM LEIOMHCACHHONO KOAMPOBAHKS H3MEpuTeaeh abcomor-
HEIX MCPCMCIICHHH C KOAWYCCTBOM paannunmx cocrosuuit 10° B quanasonc go 1 M
JOCTATOUHO TPEX PACTPOR € OTAHYAIOMHMHCS neprotamu, Gauaxumm k 100 mxm.
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