Ha npasax pykonucu

AKEPEBILOB EBrenuii Anapeesu4

METO/] M1 YCTPOMCTBO METPOJIOTHMYECKOI'O KOHTPO.JIA
COCTOSIHUSI IPUBOPOB JIABEPHOH JOIIJIEPOBCKOU

OJIOYMETPUU

05.11.13 — ITpubGops! U METOABI KOHTPOJISI IPUPOTHON CPEJIBI,
BEIIECTB, MATEPUAJIOB U U3JICTUI

ABTOPE®EPAT
JACCEpPTALMM HA COMCKAHUE YYEHOU CTEIICHU
KaHAUAaTa TEXHUYECKUX HAYK

Open — 2013



2

Pabora BeinosiHeHa B PeiepanbHOM TOCYJapCTBEHHOM OFO/IKETHOM
00pa30oBaTEIbHOM YUPEXIEHUH BBICILIEr0 NPOoPeCcCHOHATIBLHOI0 00pa30BaHUs
«I"ocymapCTBEHHBIN YHUBEPCUTET — Y4EOHO-HAYUHO-TIPOU3BOICTBEHHBIN KOMILJIEKC)

Hayunsii1 pykoBoauTens:

O(I)I/IHHEUIBHBIG OIIIIOHCHTHEI:

Benymas opranuzanusi:

JynaeB Anapeii BanepbeBuu,
KAH/IUJAT TEXHUYECKUX HayK, JOLICHT

NBanoB bopuc PynonshoBuy,

JIOKTOpP TEXHUYECKUX HAYK, Tpodeccop,

Axanemust @CO Poccun,

npodeccop kadenprl «DIEKTPOHUKA U TEOPHSI CBIZH»

Illamo6aeB EBrennii BacunbeBny,

KaHAUAAT TEXHUYECKUX HAYK, TOIEHT,

®I'bOY BIIO «Cankrt-IletepOyprekuii

HAIIMOHAJIHBIN UCCIIEIOBATEILCKU YHUBEPCUTET
MH(POPMAITMOHHBIX TEXHOJIOTUN, MEXaHUKU U OTITUKK,
npodeccop kadeapsl «KoMnbIOTEpHOE TPOSKTUPOBAHUE
W TU3aiH»

denepanabHOE rOCYIAPCTBEHHOE

Oro/HKeTHOE 00pa30BaTENHLHOE YUPEIKICHUE
BBICIIETO MPO(dheCcCUOHATHFHOTO 00pa30BaHuUs
«Tynbckuit roCy1apCTBEHHBIA YHUBEPCUTET

3ammra cocroutcs 24 nexadbps 2013 roma B 13-30 gacoB Ha 3acejaHUU JUCCEPTAIMOHHOTO
coeta J[ 212.182.01 mpu ®I'bOY BIIO «I'ocynuepcurer — YHIIK» mo agpecy: 302020,
r. Open, Hayropckoe mocce, 29, aya. 212.

C nuccepramnueit MoxHO 03HaKOMUThCS B 0nbimoteke ®I'BOY BIIO «I'ocyHuBepcuteT —

YHIIK».

ABtopedepat pazocnan 22 HosiOpst 2013 1.

VYueHsIll cekpeTapb
JUCCEPTALIMOHHOTIO COBETA,

KaHauJaT TCXHUYCCKUX HAYK

/{Ca ._/ B.H. Boixos



3

OBIIIAA XAPAKTEPUCTUKA PABOTHBI

AKTyajJbHOCTh _padoThl. [losiBneHne B mocneaHee BpeMsi OOJBIIOTO KOJUYECTBA
HOBBIX MTPUOOPOB M METOJOB MEAULMHCKON HEMHBA3UBHON AMATHOCTUKH, UCIIOJb3YIOLIUX
pa3MyHbIC, YaCTO CI0KHBIE (PU3UUECKUE MPUHIUIIBI, COMPOBOKAACTCS 32 PEAKUM HCKITIO-
YeHHEM TEeM, YTO UX BHEJPEHHE M UCIOJIb30BaHUE Ha MPAKTUKE MPOU3BOIUTCS O€3 MOIHO-
[EHHOTO BHEJPEHHUS COIMYTCTBYIOIIETO METPOJIOTUYECKOTO 00eCTIeUeHuUs.

OnHMM U3 TakuX METOJNIOB SIBIISIETCS METO/| JIA3epHOM JOIIEPOBCKOM (proymeTpun
(JIAD), mo3Bossiomuii OIEHUBATh MHTEHCUBHOCTh KPOBOTOKAa B MHKPOLUPKYISTOPHOM
3BE€HE KPOBEHOCHOT'O pycia, OOHApYKMBaTh M HCCIEAOBATh KOJUIEKTUBHBIE PUTMHUYECKHUE
MIPOLIECCHI CUCTEMBI MUKPOLIMPKYJISIIIMU KpOBU. B mocnennee BpeMs JTaHHBIA METOJl HAaXO-
JTUT Bce OoJibllIee MPUMEHEHUE B HAYYHO-HUCCIEA0BATEIbCKOM MPAKTUKE, & TAaKKE B HEKO-
TOPBIX 00JIACTAX KIMHUYECKOW MenuuuHbl. CoriacHo cBoeMy (DPU3UYECKOMY CMBICIY pe-
3yapTaT u3mepeHuil B JIJI® — «mokazarens mukpouupkysiuun» (IIM) — 3To BenuuuHa,
u3MepseMas B OTHOCUTENbHBIX (NepPy3UOHHBIX) €AUHUIAX, MPONOPIUOHATBHAS CPEAHEH
KOHLIEHTpaLMU aHCaMOJIsl 3pUTPOLIMTOB U UX cpeAHel ckopocTu. B nmpubopax JIID nannas
BEJIMYMHA OTpPEJENSIeTCs] yTeM 30HAUPOBAaHUs OMOTKAHU JIa3€PHBIM H3TydeHUEeM (Juama-
30H UCIOJIb3yeMbIX JIuH BOJH: 632—1064 HM) 1 U3MEPEHUS YaCTOTHI €r0 JOIIIEPOBCKOTO
casura (TunuaHas nosioca peructpanuu: 20-24000 ['11), BO3HUKAIOMIETO MOCIE OTPAKESHUS
U3IIy4YEeHHs] OT aHCaMOJIsI 3PUTPOLUTOB, JABMKYLIUXCS C Pa3HBIMU CKOPOCTSIMU B MEJIKUX
cocynax (TUmoBou auamnaszoH ckopocteit: 0—10 mm/c) — apTrepuoiniax, Kanujuisipax U BEHY-
nax. B Hacroswmee Bpems meron JIJID sBisgeTcs, 0 CyTH, €AUHCTBEHHBIM METOA0M, KOTO-
PBII MO3BOJISIET ONEPATUBHO U HEMHBA3UBHO IPOBOJUTH JIOKAIBHBIE HCCIIEIOBAHUS UHTEH-
CHUBHOCTH KaNWJUIIPHOTO KPOBOCHAOXKEHMs TKaHU. OTHUM U3 OCHOBHBIX JTHArHOCTUYECKUX
npunoxennit meroga JIJID sBnsercs aHanyM3 pUTMOB KaNWJUIIPHOTO MHUKPOKPOBOTOKA
(0,0095-1,6 TI'mr). JIocTOBEpHOCTH PETUCTPAIMH PUTMOB SBJISCTCS BaKHBIM aCIIEKTOM JI0-
cToBepHOCTH ITpuMeHeHus Meroaa JIJID na npakTuke.

CymecTBeHHbI BKiIaa B pa3Butue metona JIJIPD, a Takxke OCHOB €ro METpOJOoruye-
CKOro oOecrnedeHMsl cleflajdd OTEYEeCTBEHHblE M 3apyOexHble ydeHwle: CumgopoB B.B.
(OO0 HIII «JIABMA», r. Mocksa), Kpynatkun A.M. (HATO um. H.H. Ilpuoposa,
r. Mocksa), Tyuun B.B. (CI'Y umenun H.I'. YUepnbiesckoro, r. CapatoB), Poratkun J[.A.
(MOHUKU um. M.®. Bragumupckoro, T. Mocksa); R. Bonner, R. Nossal (National Insti-
tutes of Health, Bethesda, USA), 1. Fredriksson, M. Larsson, T. Stromberg (Linkoping Uni-
versity, Sweden); S.L.E. Fairs (King's College Hospital School of Medicine and Dentistry,
London, UK); A.N. Obeid (Oxford Politechnic, UK); A. Liebert, R. Maniewski (Institute of
Biocybernetics and Biomedical Engineering, Warsaw, Poland); M. Leahy (University of
Limerik, Ireland) u ap.

OpHako HECMOTPS Ha Hajau4Ke pabOT B IAHHOM HaIpaBJICHUH, B HACTOSIIIEE BpEeMs
0oJiee MUPOKOMY MpUMEHEHUI0 NprubopoB JIJ[® B GoJbiIoN Mepe NMpensITCTBYET HeA0CTa-
TOYHAsI PA3BUTOCTh METPOJIOTHYECKOM 0a3bl. OCHOBHBIM CIIEPKUBAOIIUM (haKTOPOM SIBIISI-
€TCS HEYJIOBJIETBOPUTEIIPHOE PEIICHUE 3a/1a4d BOCIPOU3BEACHUS] Pa3Mepa peruCcTpupye-
moro mpubopamu JIJI® curhHana, UCIOAB3YEMOTO B IEISAX HACTPONKUA M KaTMOPOBKH Ha
JTaIle MPOU3BOJCTBA, A TAKKE IPOBEPKU TEKYILETO METPOJIOTHUYECKOT0 COCTOSIHUSA HA dTare
skcrtyaraiuu. IlomyyuBimiuid HaumOoJblliee PACHPOCTPAHEHHE METOJ| BOCIPOU3BEACHUS
curnana JIJI® ¢ ucnonp3oBaHHEM CTAOMIIM3UPOBAHHON B3BECH CBETOPACCEHBAIOIIMX, HC-
NBITHIBAIONINX OPOYHOBCKOE JBMKEHHE YaCTUIl UMEET Psijl CYLIECTBEHHBIX HEIOCTATKOB,
JIENAIONIUX €r0 MAJIOMPUTOJHBIM JJIsl MPAKTUYECKOTO MPUMEHEHUS: HU3Kasi CTaOMIbHOCTbD,
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MaJIblii CPOK TOJAHOCTH, Ype3BbIUaliHAS YYBCTBUTEIHHOCTh K BHEIIHUM BIIUSIFOIITUM (PaKTO-
paM — TeMriiepaType 1, 0COOEHHO, BUOpallUU, CIOCOOHOCTh OAHUM 00Pa3OM BOCIIPOU3BO-
JUTh TOJBKO OJHUH ypoBeHb curHana. COBOKYMHOCTH (PaKTOPOB MPHUBOJUT K TOMY, UYTO
npu6oopsl JIJI® B Poccuiickoit deaeparuu, 1Mo CyTH, BOOOIE HE MOABEPrarOTCs METPOJIO-
THYECKOMY KOHTPOIIO COCTOSIHUS (paboTaMm, MPOBOJMMBIM C LIEJBIO BBISBICHUS MPEAEIIb-
HOTO COCTOSIHUS WUJTU CKPBITOTO OTKa3a) B MPOIECCe HIKCILTyaTalllu, YTO 3a4acTyl0 MPUBO-
JUT K CHUKEHUIO JIOBEPUS K METOY B LIEJIOM CO CTOPOHBI Bpadyeil. O4eBUIHO, YTO MIpUMe-
HEHUE MNpUOOPOB, MOTECHIMAIBLHO BBIJIAIOIMIUX HEJIOCTOBEPHBIC PE3YJIbTAThl M3MEPEHUS,
KpaiiHe HeXenaTeabHo B chepe, CBSI3aHHOMU C JKU3HBIO U 3JI0POBHEM UEIIOBEKA.

Takum 00pazoM, aKTyaJbHBIMHU SIBJISIOTCS BOIPOCHI PA3BUTHUS TEOPETHUECKUX OC-
HOB BocnpousBeneHus curtana JIJ[®D, a Taxke MX NDPaAKTHUYECKOM peanu3allid B BUJEC
yCTpOHCTBA (T€CT-00BEKTA), MPUTOJHOTO JIJISi MPOBEACHUS METPOJOTMYECKOr0 KOHTPOJIS
coctrosaus (MKC) kak Ha 3Tane npou3BOACTBa (HACTPOMKA, BBIXOJAHONW KOHTPOJIb, IPOBEP-
Ka TOYHOCTH COOTBETCTBHUS 33aIaHHOM CTaTHYECKOW U JIMHAMHYECKOW XAPAKTEPUCTUK MPU-
Oopa ero WHIUBUAYAJIbHBIM XapaKTEPUCTHKaM), TaKk W Ha dTane skcruryatauuu. MKC
HEOOXOJMMO IPOBOAUTH C ILIEJIbI0 IMPOBEPKU PabOTOCIOCOOHOCTH NMPUOOpPA, BBISBICHUS
CKPBITBIX €(DEKTOB U OTKA30B, a TAKKE€ CPABHEHUS PE3yIbTATOB U3MEPEHHI, TTOJTyUEHHBIX
Ha pa3JInYHbIX Nprudopax, 1100 KOPPEKLUHU ITUX PE3YJIbTATOB BO BpEeMs MOCIENYOIIEN 00-
paboTKH.

OO0BbEeKTOM KCCIEA0BAHUS SIBISIETCA METPOJIOTUYECKUI KOHTPOJIb COCTOSIHUS TTPUOO-
POB Jla3epHOM JOIJIEPOBCKOM (puIOyMeTpHUH Ha FTarax MpOU3BOACTBA U IKCILTyaTal[|H.

IIpeamMeToM HMCCIENOBaHUS SBISIOTCS MOJEIHU, PUHIUIBI, AITOPUTMBI U CPEICTBA
KOHTPOJISI METPOJIOTMYECKOTO COCTOSIHUS IPUOOPOB J1a3epHOM JOIIEPOBCKON (PIIOYMETPUU.

Ieablo quccepTanum sIBJISIETCS MOBBIIIEHUE YPOBHS METPOJIOTMUECKOr0 obecrneye-
HUSl TpUOOPOB JIa3epHON JOIMJIEPOBCKON (IIOYMETPUH, MOCTPOEHHBIX C HCIIOJIb30BAHUEM
BOJIOKOHHOTO 30HJA C OJHUM 30HJMPYIOIIMM U ABYMs INPUEMHBIMUA ONTHYECKUMH BOJIOK-
HaMH.

3agayaMu ucCiIe0BaHUS SIBISFOTCS:

1) aHamM3 CyHIECTBYIONIMX CXeM MpuOopHOW peanusaiuu merona JIJIdD, a taxxke
METO/I0B METPOJIOTUYECKOT'0 KOHTPOJISI UX COCTOSIHUSA C TOYKU 3PEHUSI TOYHOCTH, CTAOUITb-
HOCTH Y BOCIIPOM3BOJMMOCTH, IIPOCTOTHI IPOLIECCA pealln3alii U aBTOMATU3ALINHY;

2) 00OCHOBaHHME TPUHIIMIIA METPOJIOTHMYECKOTO KOHTPOJISI COCTOSIHUS TPUOOPOB
JIJI®D m ero TEXHUYECKOW pear3aluy;

3) pa3paboTka MaTeMaTHYECKOW MOJICIH, CBS3BIBAIOIICH MapaMeTpbl PerUCTPUpYe-
Moro JIZI®-curHana ¢ mapaMeTpaMy peXUMOB M YCIOBHW NPUMEHEHUS MPENI0KEHHOIO
IPUHIIUIIA METPOJIOTUYECKOTO KOHTPOJIA cOCTOsIHUS pubdopoB JIJID;

4) mpoBeeHNE SKCIIEPUMEHTAIBHBIX UCCIICOBAHUI C IIEJIbI0 anpoOauy NpUHIIKAIA
METPOJIOTUYECKOTO0 KOHTPOJsl cocTosiHusl npubopoB JIJID v moaTBepKAeHUSI MPaBUIbHO-
CTU TEOPETUYECKUX ITOJI0KEHMM, JIEKAILNUX B €r0 OCHOBE;

5) pa3paboTka MeTo/1a METPOJIOTHYECKOT0 KOHTPOJIS COCTOSTHUS npruoopos JIJID;

6) pa3paboTka yCTpPOHCTBA IS METPOJIOTMYECKOTO KOHTPOJIS COCTOSIHUS TPUOOPOB
JIZI® u BeIpaboTKa HAYYHO-OOOCHOBAHHBIX PEKOMEHAITUN K OCHOBHBIM KOHCTPYKTHBHBIM
napameTpam U pexxumaM paboThl yCTPOUCTBA.
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Metoabl ucciaeaoBanus. Pe3ynbTaThl pabOThl MOJYyYEHBl HA OCHOBE MaTeMaTHye-
CKHX Teopui au(pdepeHIManbHOr0 U UHTErPATbHOTO UCUUCIEHUN, HHTETPaIbHOTO Mpeod-
pa3oBaHus (DYHKIIMM BEIIECTBEHHOW MEPEMEHHOW, T€OMETPUYECKOM M BOJHOBOW OITHKH,
TEOPUU TOYHOCTH, METOJIOB PEIPECCUOHHOIO ¥ KOPPEJSIHUOHHOTO aHAJIN3A.

HayuHnasi HoBU3HA pa0oOTHI 3aKJIIOYAETCS] B TOM, UTO MPU PEIICHUU 3aJ]1ay MOBbIIIE-
HUSL YPOBHS METPOJIOTUYECKOTO obOecredeHusi MpruOOpoB Jla3epHOU AOIUIEPOBCKOM (hio-
YMETPUHU BIIEPBbHIE:

1) pa3paborana MaTeMaTH4ecKas MOJIENb MPOIecca BOCIPOU3BEICHUS MOKa3aTeIs
MUKPOLMPKYJISALNN, OCHOBAHHASI HA PETHCTPAllMU JOIUIEPOBCKHUX CIBUIOB YaCTOTHI OINTH-
YECKOI'0 M3JIy4YEeHHUS, OTIMYAIOIIASICS 30HAUPOBAHUEM KOJICOIIOIIEICS CBETOPAaCCEUBAOLIE
JaMOEpPTOBCKOM MOBEPXHOCTH;

2) pa3paboTaH METOJI METPOJIOTHYECKOT0 KOHTPOJIS COCTOSTHHS mpudopoB JIJID,
0a3UPYIOIIMICS HA MAaTEMATUYECKOM MOJEIM MPOLECcCca BOCIPOU3BEACHUS MOKA3aTENs] MUK-
POLIPKYJISILUH U aJITOPUTMaX MPOBEPKU METPOJIOTHUECKUX XapaKTEpUCTUK pruoopoB JIJ1D.

IIpakTnyeckas NEHHOCTD:

1) pa3paboTanbsl HAy4YHO-OOOCHOBaHHbIE KPUTEPUU BbIOOpPA KOHCTPYKTHBHBIX Mapa-
MmeTpoB ycrpoiictea 1 MKC, a Takke pexxumMoB ero paboThl;

2) pa3paboTaHO 3alIMIICHHOE MATEHTOM Ha U300pETEeHHE YCTPOUCTBO JIJISl METPOJIO-
TUYECKOT0 KOHTPOJIsI cocTostHUSL iprudopoB JIJID, mo3Bosistoiiee BOCIPOU3BOIUTE pa3any-
HbIE 3HAYCHHS BEJIMYMHBI TOKA3aTENs MUKPOLIMPKYJISIIUU KPOBH;

3) pa3zpaboTaHa METOAMKA METPOJIOTUYECKOTO KOHTPOJIsL cOCTOsIHUSA pudopoB JIAD,
MO3BOJISIONIAS IPOBOAUTH OLEHKY pabOTOCIIOCOOHOCTH C ONPEIEICHUEM COOTBETCTBUS 3a-
JTAHHOM CTaTUYECKOW M JMHAMUYECKON XapaKTepUCTUK MPpUOOpa ero MHAWBUIYAIbHBIM Xa-
paKTEepUCTUKAaM KaK Ha 3Talle IPOU3BOJCTBA, TAK U B IPOLECCE IKCILTYaTALUH.

PesynbraTel guccepranmu npuHaThl K BHeapeHnro B OOO HIIIT «JIASMA»
(r. MockBa), B MOCKOBCKOM OO0JacCTHOM Hay4HO-HCCIIEI0BATEIbCKOM KIMHUYECKOM
uHTcTUTYyTe M. M.®. Bragumupckoro (r. Mocksa), a Takxke B yueOHom npouecce PI'bOY
BIIO «I'ocynuBepcuretr — YHIIK» (r. Open) npu noaroroBke 0akajaaBpoB U MarucTpoB 1O
HaIpaBJICHUIO «BbHOTEXHUYECKUE CUCTEMBI U TEXHOJOTrMmW». Kpome TOro, oTAenbHBIE pe-
3yJbTaThl, MOJYYEHHbIE COMCKATENEM, UCIIOIb30BaHbl MIPU BBIMOJIHEHUH pabOT MO TEMaM:
Ne 14229 «Bemonnenune nepBoro srana HUOKP o nmepcrieKTuBHBIM HANpaBIEHUSAM pa3-
BUTHSI B 00JACTU HMH(POPMALMOHHO-TEIEKOMMYHHUKAIIMOHHBIX CHUCTEM, JKUBBIX CHCTEM U
palMoHaIbHOrO MpUpOJoNoNb3oBaHus» 1Mo TemMe Ne 6 «Pa3paboTka mnporpammHoO-
anmnapaTHOro KOMILIEKCa [ METPOJIOTUYECKOT0 KOHTPOJIS COCTOSIHUS MPUOOPOB Ja3epHOM
JOTUIEPOBCKOM (hiioymeTpumn», ¢puHancupyemoir DOHIOM COAEHCTBUS Pa3BUTHIO MalbIX
dbopm mpennpusTuii B HaydHo-TexHudeckoi cepe; Ne 5/CH «Pa3paboTka OCHOBHBIX IMMO-
JIO’KEHUN KOMIBIOTEPHO-TEXHOJIOTMUYECKUX KOMIUIEKCOB KOHTPOJISE U TUArHOCTUKU B CH-
cTeMe obecrnieueHust kauecTBa U Oe3omacHoctu OmotexHochepsy; No BK-3-2013 BHyTpH-
BY30BCKOro rpanta ['ocynusepcurera — YHIIK mia npoBeaeHus: nccienoBaHU O IPUO-
PUTETHBIM HAIPABJICHUSAM pa3BUTHUS HaykH U TexHonorusMm Ha 2013-2015 rr. «Pa3paboTka
METO/IOB M YCTPOWCTB JIJIsi ONTUYECKON HEMHBA3UBHOM AMArHOCTUKA MUKPOLUPKYISTOPHO-
TKAHEBBIX CUCTEM OPraHU3May.

JloCTOBEPHOCTL pe3yJbTaTOB OOOCHOBaHA MCIIOJIB30BAHUEM alPOOUPOBAHHBIX U
MOATBEPKIECHHBIX METOJIOB U METOJMK 00paOOTKU pe3yJbTaTOB U3MEPEHUH, MPOBEIECHUEM
TEOPETUUECKHUX M IKCIIEPUMEHTAILHBIX UCCIIEIOBAHUM, pa3pab0OTKON MaTeMaTH4YeCKOM MO-
JIeNd, pa3pabOTKON anmapaTHhIX U MPOTPAMMHBIX CPEACTB SKCIEPUMEHTAILHOTO MakeTa
MPEJIOKEHHOTO YCTPOMCTBA.
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JIMYHBIH BKJIaJ aBTOPA 3aKII0YaeTCs B MPOBEACHUU 0030pa TEKYIIETO COCTOSIHUS
BOIpOCa, pa3pabOTKe MAaTeMAaTUYECKOW MOJEINH, TUIAHUPOBAHUU U MPOBEIECHUU IKCIIEPU-
MEHTaJIbHBIX MCCIEA0BAHMM, pa3pabOTKE almapaTHbIX U MPOTrPaAMMHBIX CPEACTB IKCIIEPHU-
MEHTaJILHOTO MaKeTa MPeIJI0KEHHOT0 YCTPOUCTBA.

Ha 32Tty BLIHOCATCS

— MaTeMaTH4ecKas MOJelNlb Mpoliecca BOCIPOU3BEICHUSI CUTHANIA J1a3epHOM Joriie-
POBCKOM (hJIOyMETpHUM Ha KOJIEOIOIIEHCS CBETOPACCEUBAIOIICH J1aMOEPTOBCKON MOBEPXHO-
CTH ISl BOJIOKOHHOTO 30H/1a C OAHUM 30HIUPYIOIIUM U ABYMS PUEMHBIMU ONTUYECKUMHU
BOJIOKHAMU;

— TPUHIMI TOCTPOCHUS YCTPOMCTBA JJII METPOJIOTMYECKOTO KOHTPOJS COCTOSHUS
npudopoB JI/I®, ocHOBaHHBIN Ha paccesHUU U3TYy4YEHHUS Ha KOJEeOIIoIeiics: cBeTopacceu-
BaIOIIIEH MMOBEPXHOCTH;

— METOJI METPOJIOTHYECKOTO KOHTPOJISL COCTOSIHUSI MPUOOPOB JIa3epHOM JOMIIEPOB-
CKOH (prmoymMeTpuu, OCHOBaHHBIA HAa BOCHPOM3BEJICHUM CUTHAJA JA3€pHON JIOILUIEPOBCKON
(bI0yMETpUH M AITOPUTMAX MPOBEPKH METPOJIOTMUECKUX XapaKTEPUCTUK prudbopos JIJ1D.

AnpobGanus padorbl. Marepuansl TUCCEPTALUOHHOIO MCCIEI0BAaHUS JOJIOKEHbBI U
oOcyxaeHsl Ha 12 MeXITyHapOIHBIX KOH(pepeHIusAx: MexayHapoaHOH KOH(EpeHIUU C
JIEMEHTAMHU HAyYHOM IIKOJBI I MOJOJEKHU «BHOTEXHUYECKUE, MEAULMHCKHE U DKOJIO-
THYECKHE CHCTEMBI M KOMILIEKChI» «brnomencructemsr-2009» (Ps3anb, 2009), EBponetickom
dopyme MHHOBAKT «EBponeiickue Hanexabl st uHHOBanui» (dpanuus, Peiimc,
2010), IV MexayHapoaHO#M HaydHO-TeXHHYECKOU KoH(pepeHimn « HpopMaIiMoHHbIE TEX-
HOJIOTMM B Hayke, oOpazoBanun u mnpousBoactBe» WTHOII-2010 (Open, 2010),
XIV MexaynapoaHoM MoJioieskHOM popyme «PaanosnekTpoHrka u Mosiofexb B XXI Be-
ke» (Xapbkos, 2010), [X MexnyHapoiHOIl HaydyHO-TEXHUYECKOW KOH(pepeHunn «Pusnka
U PaJAMOICKTPOHUKA B MeauiuHe u skonorum» O®POMDI-2010 (Baagumup — Cy3naisb,
2010), IV Tpounkoil koHpepeHunn «MenuuuHckass GU3MKa U WHHOBALIMM B MEJIULIMHE»
(MockBa — Tpounk, 2010), XIX MexayHapogHOM Hay4YHO-TEXHUYECKOM ceMuHape «Co-
BPEMEHHBIE TEXHOJIOTMH B 33/1a4ax YIpaBJIEHUs, aBTOMAaTUKU U 00pabOTKH MHPOpMaLIUN»
(Anymra, 2010), MexayHapoaHOW HayYHO-TEXHHUUYECKOW HHTEepHET-KOH(pepeHimn « H-
dbopmanonssie cucteMbl U TexHosorun»y MCUT-2011 (Open, 2011), MexayHapoaHom
dopyme «Poccust — I'epmanust B Hayunom muanore. [TaptaepctBo unein» (OPI', bepnuw,
2011), V Tpowunkoit koHpepeHiun «MenuuHckas (Gpu3rKa ¥ WHHOBAIUU B MEIUIITHE)
(Tpowmtk, 2012), V MexayHapoaHO# Hay4dHO-TexHHYeCKoW koH(pepeHuuu «udopmariu-
OHHBIC TEXHOJIOTHH B Hayke, oOpazoBanuu u npouspoactee» UTHOII-2012 (Open, 2012),
XXIl MexayHapoIHOM HAay4YyHO-TEXHUYECKOM cemuHape «COBpEMEHHbIE TEXHOJIOTUH B
3a/1ayax yrpaBJjeHus, aBTOMaTUKHU U 00paboTku uHpopmarmm» (Anymra, 2013).

Ilyoankamuu. I[lo Teme muccepramuu omybaukoBaHa 21 medatHas paboTa, B TOM
yucie 5 myOoauKaiuil B BEAyIUX PEUEH3UPYEMbIX HAYUHBIX M3JaHUSAX, PEKOMEHI0OBAHHBIX
BAK, nonydenst 2 marenta Poccuiickoit denepariu Ha n300peTeHUs.

CTpyKkTypa M 00b€M JAMCCEPTAIIMOHHOI padoThl. PaboTa COCTOUT M3 BBEICHHS,
YeThIpeX TIJIaB, 3aKJIIOYEHUs, CIHCKA HCIOJIb30BAHHBIX MCTOYHMKOB, BKJIOYaromero 138
HAaWMEHOBaHUMN, 5 MPUJIOKEHUN W M3NI0KeHa Ha 183 cTpaHuIlax MalMHOMUCHOTO TEKCTA,
coaepxut 83 pucyHka, 26 Tabuil.
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COJEP/ KAHHUE PABOTbI

Bo BBe/leHUM 000CHOBBIBACTCSI aKTYaJIbHOCTH TEMBI THUCCEpPTAIuu, chopmMymanpoBa-
HBI 1I€JIb ¥ 3a1a4¥ UCCJICI0BAHUS, @ TAKKE HAyYHas HOBU3HA U MOJIOKEHHUS, BBIHOCUMBIC HA
3aIIUTY.

IlepBas rjaBa MocBsIeHa ONMUCAaHUIO pU3HMIECKUX MpuHIKIOB Metoaa JIJID u oc-
HOB €r0 MPUOOPHON pean3aIiiy, a TaK)Ke aHaAJIN3Y TEKYIETO COCTOSTHUS METPOJIOTUYECKO-
ro obecneueHus npuoopos JIJID. Ananus nokasain, uro passutue meroaa JIJID caepxupa-
€T HEJIOCTAaTOYHAsl Pa3BUTOCTh €r0 METpoJioTHmueckoro obecredeHus. Hambomee pacmpo-
CTpaHEHHOMW SBJISETCS Pa3HOCTHas cxema ImocTpoeHus npudopor JIAD, mmeromas oHO
30HJAUPYIOLIEE U JBA MPUEMHBIX ONTUYECKUX BOJOKHA, PA3HOCTh CUTHAJIOB C KOTOPBIX HC-
MOJIb3yeTCs TIpU JalibHeMIe oopadoTke. [lo maHHON cxeMe MOCTPOCHBI MPUOOPHI CEpUU
«JTIAKK», enuncteennoro B PO npousBoautenst — OO0 HIIIT «JIABMA». Ha 3tux ocHoBa-
HUSX TIPU TEOPETUUYECKUX M DKCIIEPUMEHTAIBHBIX HCCIICIOBAHUSAX B KadeCTBE OOBEKTa
KOHTpOJIs BhicTynatoT npudopsl JIJ[D, ucnonb3yonye pa3HOCTHYIO CXEMY BXOJHBIX Kac-
KaJI0B 00pa0OTKH CHUTHAJIA.

O0600uieHHas (opmysia BBIYMCICHHS MOKAa3aTessi MUKPOLUUPKYISUUUA — BBIXOJHOU
BEJIMYMHBI, perucTpupyeMoi npudopamu JIJID, 3anrceiBacTCs B BUJIC BHIPKCHUS:

frnax
J S, (f)[f|df

PU =K, 1= ? , (1)

dc
rac Si (f) — (1)YHKI_[I/IH CHGKTpaHBHOﬁ [IJIOTHOCTHU MOIIIHOCTHU CHUTI'HAJIa HepeMeHHOﬁ CO-

craBnsronieit pororoxa i, (t); i, (t) — mocrosHHas cocrapnsiomas dororoka; K, — mpu-

OoopHbI K03 dunreHt. [IpoBeaeHHBIN 0030p CYIIECTBYIONIUX METOJIOB METPOJIOTMUECKOTO
KOHTPOJISI COCTOSIHUS 10 TOYHOCTH, CTAOUIBHOCTU U BOCIIPOU3BOAUMOCTH, MTPOCTOTE MPO-
1ecca peanu3alid U aBTOMAaTH3alMKM MOKa3al HEAOCTATKUA CYUIECTBYIOIIMX IOJIXOJIOB, B
TOM uHciie BocnpousBenenus curnana JIJI® ¢ ucnosb3oBaHUEM KATMOPOBOYHBIX KOJUIOU I~
HBIX CHCTEM ¢ OpoyHOBCKMMH yacTuiiamu. [IpuBenennas kiaccudukaius crnocoboB pere-
HUS TIOCTaBJIEHHOM 3aJ]a4uu 10 (PU3MUECKOMY MPUHIINITY, JIEKAIEMY B OCHOBE BOCIIPOU3BE-
JICHUSI TOTJIEPOBCKOTO CABUTa ONTUYECKOW YaCTOThI, MOKa3ala MePCHEKTUBHOCTh BOCIIPO-
u3BeneHus curnaia JIZI® ¢ momonrsto aeuxkymieics auddy3Ho-paccenBaroiieil moBEpXHO-
ctu. B 3TOM cBSI3u MaHHBIA MPUHIMN BRIOpaH B KayecTBE OCHOBHOTO. [IpoBeneHHOe cpaB-
HEHHE TMPOIIECCOB 30HAUPOBAHUS OMOTKAHU U 30HAMPOBaHUsS KojeoOmomehcs auddys3Ho-
paccenBarolIeil MOBEPXHOCTH MOKA3ajl, YTO OJHUM M3 YCIOBHUH, IPU KOTOPBIX peanu3aius
ycrpoictBa st MKC Oyner siBIATbCS peleBaHTHOM 3aMEHOIl OMOTKaHM MPU MPOBEICHUN
MPOLIETYP METPOJOTUYECKOTO KOHTPOJIS, SIBIsieTCS (hOPMHUPOBAHUE OTPAKCHHBIX MOTOKOB
U3JIyYEHUS C JOTUIEPOBCKHUM CABUTOM U 0€3 HETO, UMEIOIIUX MOITHOCTh, aHAJIOTUYHYIO CO-
OTBETCTBYIOIIIUM TOTOKaM, (popMupyembiM B OHMOTKaHU. JIpyrum KpuUTEpUEM SIBISICTCS
BOCIIPOM3BEJEHNE YaCTOTHI JOIUIEPOBCKOTO CIBUTAa B YAaCTOTHOM JHWAIla30HE, COOTBET-
CTByIOIIEM (usnojorndeckomy. Ha ocHOBaHMM TTPOBEICHHOTO aHaIM3a C(hOPMYITHPOBAHbI
L[EJIb 1 OCHOBHBIE 33/1a4l TUCCEPTALIMOHHOTO UCCIEA0BAHUSA.

Bo BTOpoii_rjaaBe NpUBOISATCA TEOPETUUECKUE HCCIEIOBAHUSI BOCIPOU3BEICHUS
CUTHAaJa Jia3epHOU noruiepoBckoi dioymeTpun. [IpoBeneHo pas3eneHue BIUSIONIMX Mapa-
METPOB Ha TPU YCIOBHBIE TPYMIbI: KOHCTPYKTUBHBIE mapameTpsl ycTpoiictBa JIID (He-
yIpaBisieMble EPEeMEHHBIEC), KOHCTPYKTUBHBIE MapaMeTpbl ycTpoiictBa 1ist MKC (ymnpas-
JsieMble TIEPEMEHHBIE Ha dTare pa3paboTKu W MPOU3BOJICTBA), TApaMETPhl PEKUMOB pado-
Tl ycTporictBa st MKC (ynpaBinsiemble IepeMeHHbIE Ha 3Tarne dKcrutyaramuu). Papado-




TaHAa MaTeMAaTUYECKasi MOJIEb MPOLIECCA BOCIPOU3BEIECHUS Pa3MEPA BEITUUHMHBI MOKa3aTels
MUKPOLIMPKYJIALMUA TOCPEICTBOM 30HIUPOBAHUS KOJIEOIOUIECs CBETOpaccenBarolen
J1aMOepPTOBCKOM MOBEPXHOCTH (PUCYHOK 1).
B mpennmaraemom moaxone IOTOK HM3JIy4EHHUS, HE MPETEPIEBIIMM JOIIEPOBCKHAN
CABUT, (OPMUPYETCSI OTPAKEHUEM OT IUIOCKONApPAIEIbHON CBETOIIPO3PAYHON HETIOABH K-
o P HOM IUIACTHHBI, PAaCHOJIO)KEHHOW HaJl MOABUKHBIM
T nuddy3HpIM oTpakaTeneM. MOIIHOCTh JTaHHOM KOM-
MIOHEHTBI HAXOJMUTCS U3 PACCMOTPEHHSI T€OMETPUU OT-
paXEHUS M3IY4YEHUS Ha TpaHULAX «CTEKJIO-BO3IyX)»,
«BO3yX-CTEKJIO» CUCTEMON YPaBHEHHNN:

kag (1+ (1_ kga )2 ) Eed.constﬂ:DCd COS(T])
(DedAconst = 4 !
2
Eed.const = cDes - : (ZaX)
R, (1)
, 7 -
1 — cBeTOMpo3payHas MIOCKO- h 2 2 h (2)
: ly=—1=+ (XR)+(yR)+ Z, ——— |,
napaJulebHas IIaCTHHA; cos(B) : : * cos(P)
2 — MOIBMKHBIN T PY3HBIH 5
OTpakareJib; Ry (L) ===+1,-t9(6,),
3 — MaKeTHBIN MMbE30aKTyaTop 2
2 ) 2 2
Pucynoxk 1 Py = \/(XRE —dcos(u)) +(ys —dsin(u)) +(zs ),
cos(n) =2¢os()(x,, sin(B)cos(¢)+y, sin(B)sin(¢)+z, cos(o)),
rae D, o — MOIIHOCTE KOMIIOHEHTHI IIOTOKA U3JIy4€HUs, HE NPETEPHEBUIETO JOIIEPOB-

ckuii cipur; E — DHEPreTUYeCcKas OCBELICHHOCTh B LIEHTPE CEPALIEBUHBI IPUEMHOIO

ed.const
BOJIOKHA, kag, kga — KOB(l)(i)I/IHI/IeHTBI OTpaKCHUS Ha IpaHUIax CpCabl «BO3AYX-CTCKIIO» U
«CTEKJIO-BO3YX)», DCd — INaMCTp CCPAUCBHUHLBI IIPUCMHOI'O BOJIOKHA, COS(n) — KOCHHYC YI'-
Ja MMaaCHUA U3JYyUYCHHU Ha IINIOCKOCTb TOpLa IIPUECMHOI'O BOJIOKHA, B — YIroJl MCKIYy OCBIO
BOJIOKOHHOI'O 30HA4d M1 HOPMAJIBHBIM BCKTOPOM ILNIOCKOCTH Hnocxonapanneanoﬁ IJ1acTu-
HBI; (p — YT'0JI MIOBOPOTA BOJIOKOHHOI'O 30HAa OTHOCUTCIIBHO cBOCH OCH, (d ) },L) — IIOJIAAIPHBIC
KOOPpAWHATLI HCHTpPA NPUCMHOI'O BOJIOKHA B IINIOCKOCTHU TOpHa BOJOKOHHOTO 30HJAa C Ha4Ya-
JIOM KOOpAWHAT B HCHTPEC 30HAUPYIOIICTO BOJIOKHA, hg — PpaCcCTOAHUEC MCKIY HCHTPOM 30H-
AUPYIOIICTO BOJIOKHA H 0Tpa>1<a}ome171 IIJIOCKOCTBIO HHOCKOHapaHHeHBHOﬁ I1IJIaCTHUHBI,
(Xg, Yeo Zg) — KOOpPAHWHATBI TOYKHW HCHTPA CCUCHHA OTPAKCHHOI'O 3O0OHIHUPYIOHMICIO ITYyYKa

IJIOCKOCTBIO, MPOXOASIIEH Yepe3 LEHTP CepALEBUHBI MPUEMHOIO BOJIOKHA; 0., — alepTyp-
HBII YTOJI 30HAMPYIONIETO BOJOKHA. M3 ycrmoBus M < 0, Haxogures P, — MaKCUMaIbHBIN
JIOMTYCTUMBIN yTOJI HAKJIOHA ONITUYECKOTO BOJIOKOHHOTO 30HA.

JIns perieHus JaHHOM 3a/1auu BBEACHBI MPOCTPAHCTBEHHBIE OPTOrOHAJILHBIE KOOP/IU-
HATBI C HAYAJIOM B IIEHTPE CEP/ILIEBUHBI 30HIUPYIONIEr0 BOJIOKHA U OPTOM N, , COBIIAIAIONIAM
C HOpPMaJILHBIM BEKTOPOM ILIOCKOCTH TOpiia BojiokHa. [1o cucreme ypaBHeHuit (2) HaxomsaTcs
n0TOKH M3MydeHUs Dy 1 1 Doy oy AU KAKIOTO U3 JBYX ITPUEMHBIX BOJIOKOH.

MOUHOCTh MOTOKAa W3IYYEHHUS], MPETEPIEBIIETO JTOMIEPOBCKUIN CIBHUT, HAXOAUTCS
KaK TMOTOK HW3Iy4deHus, (QopMupyemblii OTpakeHHeM OT Kojeomomencs aud@y3Ho-
pacceuBaroniel 1aMOEpTOBCKONW MOBEPXHOCTU. 30HAUPYIOMNNA NOTOK n3nydeHuss @, , uc-
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XOJSIINIA U3 MEPEeNaroIero BOJOKHa, (OPMUPYET B MPOCTPAHCTBE KOHYC C MOJOBHHHBIM
YIJIOM TIPH BEpIINHE, paBHBIM O, , BBICOTOH h, U ocHOBaHHWeM A, .

MHOXeCTBO Jy4el, Monajarouux B MPUEMHYIO anepTypy NPHEMHOrO BOJOKHA U
(bopMUpYIONIUX HAIMpPaBIIIEMbIE MOJIbI MPOCTPAHCTBEHHO-YCTAHOBUBIIETOCS PEKMUMA, TAKKE

(GOpPMUPYIOT KOHYC, UMEIOLIHI TTOJIOBUHHBIN yrou 6,, mpu BepinuHE, BEICOTY N ¥ ocHOBa-
Hue A,. B oOuiem ciaydae cedeHUSIMH KOHYCOB, COOTBETCTBYIOLIMX NPUEMHOMY U 30H/IH-
pYIOLIEMY BOJOKHAM, OyyT OrpaHMUYCHHBIE AJLIUIICaMu oonacti A; U A, COOTBETCTBEHHO,

U3 MepeceueHuil KOTOPHIX U (GOPMUPYETCS TPUHUMAEMBI OJJHUM BOJIOKHOM TOTOK U3TY-
YeHUs1 C JOIUIEPOBCKUM CABUIOM. BBOIATCA HOIOJIHUTENBHBIC IOJSPHBIE KOOPAUHATHI
(p,¢) ¢ HAYANIOM B LIEHTpPE JIUIUIICA CEYEHMs 30HAUPYIOMIEro MyuKka. MOIHOCTh IPUHEMA-

CMOIo OJHUM IPUCMHBIM BOJIOKHOM H3JIYUCHH:A, IMPCTCPIICBIICTO I[OHJIepOBCKI/Iﬁ CABUT,
HaXOAHTCA 110 BBIPAXKCHUIO.

21 Reg Prmax Pe2(p:0) .h2.p-
o, :J' J'(PJ‘ J' Me(p,(p) h™ PP —dp-de-dp,, - do,, - (3)

0 0 @pin Pe (p,e) I
T pPah i+ IE 412 -2-p- 12417 -cos e—arctg[y}

X

rae ¢, ., ¢, — YIJIOBbIE apPTYMEHTHI B MOJIAPHBIX KOOPAUHATAX JBYX TOYEK MEPECCUECHHUS
TMPUEMHOTO BJUIMIICA U JJUIUICA 30HAUPYIOMETo H3MydeHus; p,,(p,0), p,,(p,0) — dyHk-

MHUH IICPCCCKAIOMUXCA IJIJIMIICOB B ITOJIIPHBIX KOOPAWHATAX, | Iy — PaCCTOAHUA I1I0 KOOP-

X
JUHaTaM X U Y OT NPUEMHHKA 10 MEePHEHIUKYISIPA, MPOXOASAIIEro Yepe3 LUEeHTp U3yda-
IOIIEH 32 CYET paccesHUs 30HIUPYIOILEro U3Iy4eHus IUIOaaky; R — paguyc IpueMHOro
BOJIOKHA; M, ( p,q)) — (pyHKIMS pacnpeieNIeHus] SHEPTETUUECKOM CBETUMOCTH PAaCCESTHHOTO
H3JIy4CHHUA 110 IMIOCKOCTH CBeTOpaCCGI/IBaIOI_HCﬁ IIOBEPXHOCTHU, P 4P,y — HEPECMCHHBIC NH-

TETPUPOBAHHUS 110 TOBEPXHOCTH CEPALICBUHBI MPUEMHOTO BOJIOKHA. C MpUMEHEHHEM BhIpa-
xeHus (3) HaXOIATCS MOTOKU M3ITydeHUsT @ uo

[Ipu croXxeHUH COCTaBJISIONIMX C AOIJIEPOBCKUM CABUIOM M O€3 CIBUra Ha MOBEPX-
HOCTHU NIPUEMHHUKA (PYHKIIMS U3MEHEHHUS MOIIIHOCTH MOJIS IO BPEMEHU UMEET BU/I:

q)ed.sum (t) - q)ed.const + cI)ed.dop + 2‘\’ q)ed.constq)ed.dop COS((Pd (t)) ' (4)

B npepyaraemoil MareMaTu4ecKoi MOJIeNIM B Ka4eCTBE HanbOoJIee MPeInoYTUTEIbHO-
ro BbIOpaH rapMOHUYECKUH 3aKOH JBM)KCHHSI CBETOpACCEUBArOIIeH moBepxHocTu. [Ipu ko-
7neb0aHuUd CBETOPACCEMBAIONICH MOBEPXHOCTU IO TAPMOHMYECKOMY 3aKOHY MTHOBEHHAs
CKOpPOCTb U COOTBETCTBYIOIIUM AOTUIEPOBCKUM CIIBUT U3MEHSFOTCS 10 TAPMOHUYECKOMY 3a-
KOHY. BoIpaxeHnue ais ¢asel ¢, (t) TPETHEro ciaaraeMoro B (4) mpu rapMOHUYECKOM KOJie-

ed.dopl ed.dop2 *

OaHMM paccenBarolieil MToBepXHOCTH ¢ yacToToi f_ ompenensercs cnemyrommm oopazom:

2V__ (cos(0,,,. )+cos(0,,,
o ()= 2 )00

0 "osc

sin(2nf_t), (5)

0sc

rae 0 — CPEIHUI yroyi maJcHus M3Iy4YeHHs Ha PacCEMBAOIIYI0 MMOBEPXHOCTH; 0

fl.avg scavg

CPEIHUH yTOJI pacCesHUs U3Iy4CHHs Ha PaCCEUBAIOIIECH IIOBEPXHOCTH; V. =2rA f,  — am-

osc

mmtyaa ckopocty, f . —wgactora Konebanuii, A, — aMIIMTYyAa KOJIeOAHUIA.
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B snexkTponHol cxeMe 00paboTku curHaia ¢gotoroka B mpudope JIJID BwiienstoT
JIBa OCHOBHBIX KOX(QPUIMEHTA YCUIeHHs Ui Kaxaoro u3 kanaios: K, K — kos¢p¢punu-
CHTBI YCHUJICHHS TIOCTOSTHHOM M IIEPEMEHHON COCTABJISIIONTUX COOTBETCTBEHHO.

CoriracHo cxeme o0paboTku curHama B metone JIJID mepemeHHass cocTaBisromas
curHaya ¢ (POTOTPUEMHHKOB JIJIST KQXKIOTO M3 KAHAJIOB JCIUTCS HA COOTBETCTBYIOIIYIO IO-
CTOSTHHYIO COCTAaBJISFOIIYIO, PE3YIbTAThI JEICHHS BRIUATAIOTCS IPYT U3 JIpyTa.

/(D O
Kacl ) edeonst1 edgop1 'COS((Pdl(t)) . (6)

KdC1 (q)edconstl + q)eddopl)

ITycth Suac ( f) — (pyHKIIUS CHIEKTpaIbHOM IIJIOT-

K \/q)ed 5 (Deddo )
U, (t)=2-—22. — > C0S t))-2-
( ) Kaez (q)edmm +(Deddop2) ((de( ))

2) > HOCTH MOIIHOCTH CHUTHAaJla MEPEMEHHON COCTAaBIISAIO-
4 meit U, (t). CormacHo Mozenu pacueTa IOKasaTels
T 5 MUKPOIUPKYJIAINHN, C y4€TOM IPOBEACHHOW HOPMU-
3 POBKHM Ha TOCTOSIHHYIO COCTAaBIISIONIYIO B KaXKIOM Ka-
o 2 A, = 45 HaJle, BEJIMYMHA BOCIpou3BoauMoro ypoBHs [IM pac-
] f_ =61y CUMUTHIBACTCS KaK: f
. Pl PU,., = [ Sy (F)|f|df . (7)
0 5 10 15 20 frin
Yron Haknoa soHaa 3, rpaa ®ynkrus (7) IMHEHHA OTHOCUTEIBHO TIEPEMEH-
HBIX aMIUTUTYABl U YaCTOTHI KOJIEOaHUI CBETOpacceu-
6) Ay = 43arcm Baromieil mosepxnoctu. Kodddumuent mpomopuuo-
15 ; ZGF " HAJTBHOCTU HAXOJIUTCS U3 BBIPAKCHUS:
of - f
g TSl
> == . ®
“o0s Ao
Ha pucynke 2 mpeacTaBieH BUJ MOTYyYEHHBIX
0 rpaduKOB 3aBHUCHMOCTEH BOCIPOM3BOJUMOTO YPOBHS
0 S0 100 150 IIM ot yroB HaknoHa (a) u moBopoTa (0) 30H1a. beiIo
Yron nosopoTa 30HAA , rPaA YCTaHOBJICHO, YTO 00€ 3aBUCUMOCTH B TIpe/eax JI0Iy-
Pucynok 2 CTUMBIX 3HAYEHNUW apryMEHTAa UMEIOT JIOKAIbHbIE MAK-

cumymsl. [Tpu 3toM 3aBucumocts PU (¢) Ha ¢ €[0; 7]

MMeeT MAKCUMyM Ipu @ = T/2.

JIns IpOBEPKM aIeKBATHOCTH BOCIIPOM3BOAUMOIO YPOBHS MOIIHOCTH OTPaKEHHBIX
MOTOKOB U3TYYEHUS C JOIUIEPOBCKUM CABUIOM M 0€3 HEr0 YPOBHSM MOIIHOCTH, COOTBET-
CTBYIOIIMX MOTOKaM, (popMUpyeMbIM B OMOTKaHHU, TIPOBEICH pacueT MPUHUMAEMOHN 13 OUOT-
KaHM MOIIIHOCTH U3JIy4eHHUsI TIPU TipoBeecHnu uamepenwuii JIJI® in vivo. BerauciieHHbie Teo-
PETUYECKHAE YPOBHU COOTBETCTBYIOT IPYT APYTY, YTO MOATBEPKAAET BO3MOKHOCTb OLEHKU
METPOJIOTMUECKHUX XapaKTepuCcTUK npuoopos JIJID no npeanokeHHOMY IPUHIIMITY.

JI1s1 OLIEHKM BIMSHUSA OTKJIOHEHUN OCHOBHBIX IMAPAMETPOB MATEMATUYECKOW MOJIEIIH
OT HOMUHAJIbHBIX 3HAYEHUW pPAaCCUUTAHBI U MOCTPOEHBI IpadUuKu KO3PPUIIMEHTOB BIUSIHUS
BXOJHBIX NMEPEMEHHBIX MOJEIIH.

B Tperbei Iy1aBe NpUBOAATCS PE3YJIbTaThl SKCIEPUMEHTAIBHOW TPOBEPKHA BO3MOXK-
HocTu co3manus ycrpoiictBa MKC npubopos JIJI® ¢ 30HaMpOBaHNEM KOJIECOIIONICHCS CBe-
TOpPACCEUBAIOLIEH J1TaMOEPTOBCKOI MOBEPXHOCTH. J{J1s1 MPOBEPKM MPUMEHUMOCTH Tpeiara-
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€MOro MPUHIMIIA CO3/IaHa SKCIIEPUMEHTANIbHASI YCTAHOBKA (PUCYHOK 3), B KOTOPOMl B Kaye-
CTBE JBHXKHUTEISI CBETOPACCEUBAIONIEH MOBEPXHOCTH UCIIOIb3YETCS MAKETHBIN MbE30aKTya-
top P-602.8SL (Physik Instrumente). B kadecTBe cBeTOpaccenBaroliell MOBEPXHOCTH HC-
nosib3yetcst 0enbiii proporactoBeiii (PTFE) auck. B xagectBe mpubopa JIJIP ucnons3o-
Bajicsi MHOTO(yHKITMOHATBHBIN KoMITieke «JIAKK-M» (OO0 HIIII «JIA3MA»), nmeromuii
xka"as JIZI® ¢ qymHoi BoHbI 30HAUpOoBaHus 1064 HM.

[Tosmy4eHbl TUIOBBIE 3aBUCUMOCTH BOCITPOM3BOAMMOro ypoBHs [IM, koTOopbIe puBe-

JICHBbI HA PUCYHKE 4.

Pucynoxk 3

5
A =66mrm| |p=ml2
o ¢ fosc:81—‘1’! ﬂ:?)u
g_ 3 h. =35uu
[
o 2
a
1
0
0 10 20
Bpewms, c
Pucynok 4

Ha pucynke 5 npuBeneHsl rpapukd BOCIPOU3BOAUMOro ypoBHs [IM oT aMmiuTy sl
(a) m gacToThl (0) KOJIEOAHMI CBETOpACcCCEHBAIOIIEH MMOBEPXHOCTH (Ha IKCIIEPUMEHTAIbHBIC
TOUYKH C OTJIOKEHHBIMU CTaHAAPTHBIMU OTKJIOHEHUSIMH J100aBJIeHA TEOPETUUYECKasl KpUBas).

a = =
) ; f_ =106Iy 4 6) |[|A =661 P
p=712 A& 3llg=xl2 A
= -3 g =3
& 2 f—e.' / &2 f—sr ’/
8 = ,)MM/r///PJ=KA'A( g =35 /PU:Kf-fosc
y 7. hY D
2 1 A KA:4,85-134% a1 / Ky =0,3t5"d;;a'
R?=0,997 R? = 0,996
0 0
0 134 268 402 536 67 0 208 416 6.24 832 104
AmnnnTyaa konebaHus, MkM YacTtoTa konebanui, Ny
PucyHnoxk 5
3
3aBucumocth ypoBHA JI[ID-curnana ot f.=10,2Ty
pacctostHust h, OT TUIOCKOCTH BOJIOKOHHOTO 24} A, = Bk
30HJa 70 KOJICOJTIOIIEHCS CBETOPACCEUBAOIIICH W§ =rl2
TaMOEPTOBCKO# MOBEPXHOCTH MPEJICTABIEHA HA & 18] — 14N =3
pucyrke 6. IIpy MOJENMPOBaHMM B KadecTBe & %Q\Q .
BXOJHBIX TTEPEMEHHBIX HCIOIb30BANCh COOT- & |2 ‘\Rt\+
BETCTBYIOLIME TUIIOBBIE 3HAUYECHUA IS KaHaia 05 Wﬁ"ﬁ
JI1® npubopos cepun «JIAKK». SNy I
IIpoBepka maccuBa pa3HOCTEN MEXKIY

TCOPCTUUCCKUMU K  SKCIICPHUMCHTAJIbHBIMHU
SHAUYCHHUAMU IMOKa3ajia OTCYTCTBHC 3HAYUMOI'O
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K0J1€0aTeIbHOTO U MYJbTUIIMKATUBHOTO TPEHAOB PACXOXKIEHUSI TEOPETUYECKUX U IKCIIEe-
PUMEHTAIbHBIX 3HAUeHHi. Beraucnennsiii ko3ddumuenT nerepmuHammu R > 0,9 mokaszan
pUEMIIEMBbIA YPOBEHb PA00TOCIIOCOOHOCTH MMOCTPOCHHON MOJIETH.

Takum 00pazom, IKCIEPUMEHTATBHO MOJyUYeHHasl JTUHEHAst 3aBUCUMOCTh BOCIIPO-
n3BouMoOro curHana [IM oT OCHOBHBIX yMPAaBIISIONIMX MapaMeTPOB (aMILTUTY/IBI U 4aCTO-
ThI KOJICOAHUI) TOATBEPKIACT MPABOMEPHOCTD MPEATOKEHHON MaTeMaTHYeCKOW MOJIETH U
npuHnumna padotsl ycrporicta anst MKC mputopos JIJ 0.

JInst mpoBepKH BO3MOXKHOCTH MPUMEHEHUs! MPEeIaraéMoro MpUHIMNA Ui KOHTPOJIS
JIOCTOBEPHOCTH PETHCTPAIIM PUTMOB MHUKPOKPOBOTOKA M OICHKH JHHAMUYECKOW MOTPEI-
HOCTH MPUOOpa MPOBEICH SKCIEPUMEHT, MIPU KOTOPOM CBETOpACCEUBAIONIasi TOBEPXHOCTh
KoJebanach Mo 3aKOHY OJHOTOHAIBHOW aMIUIUTYIHON Monynsuuu. Ha pucynke 7 mpen-
cTaBieH Tpaduxk BocmpousBoaumoro curHaiza [IM € wmoaynupyromeid 4acToTon
0,3 T'1 (a), a Takke €ro MOTYYEHHBIN aMIUIUTYAHO-4YaCTOTHBIN crieKTp (0).

3 1.2
a) ||A =3Luxu | |AA =10,3mxu 0)
1
. fosc 210,6F14 fmod T 0’3[‘1’! . fmod = 0, 3F1/[
g 2 3 0.8
3 €os
2 1 & 04
0.2 /j
0 0 ¥ o
0 10 20 30 0 0.2 0.4 0.6
Bpewms, ¢ YacToTel rapmoHuk, 'y

PucyHnok 7

Pesynpratel cpaBHEHHMsT BOCHpPOU3BOAUMOro curHaia [IM ¢ skcnepuMeHTanbHOU
YCTAHOBKH M ¢ KoyutouaHoro rens (motility standard) mns xanmuGposku mpudopos JIJID
¢dupmer Perimed AB (IlIBeuus) mokaszaiu, 4To HpEAIOKEHHAs SKCIIEPUMEHTAIbHAS yCTa-
HOBKA MPAKTHYECKH HE YyBCTBUTENIbHA K BUOPAIUSM OTIOPHI, B TO BpEeMsl KaK KaJTuOpOBKa C
MPUMEHEHUEM Telis TpeOyeT UCIOIb30BAaHUS ONTHYECKOTO CTOJIa C BUOpOTralieHrueM (4yB-
CTBUTEIHLHOCTH K IIIaramM, 3aKpbITUIO IBEpEd U T.1.).

YerBepTas rj1aBa nocsiieHa pa3paboTke MeToaa u peanusamnuu yctporcta MKC
npubdopos JIJ1D.

[Tpennoxennsiii Meroq MKC npubopos JIJI® 3akiatouaercss B TOM, UTO ONTHYECKUM
BOJIOKOHHBIN 30H1 niprbopa JIJID dukcupyroT noj onpeaeseHHbIM YIJIOM [3 HajJ pacmoso-
YKEHHBIMH OJIHA HaJ APYTOW HETOBMKHON CBETOMPO3PAYHON M KOJICOTIOIIEICS 110 TapMo-
HAYECKOMY 3aKOHY CBETOPACCEMBAIOUIEH IOBEPXHOCTAMH, PETMCTPUPYIOT BOCIIPOU3BOIM-
MbIi ypoBeHb curHasia [IM u cpaBHHBAIOT €r0 ¢ HOMHUHAJIBHBIM BOCHPOU3BOJUMBIM YpPOB-
HeM curHana [IM, paccuuThiBaeMbIM JJIsl JaHHBIX 3HAYEHUU KOHCTPYKTHUBHBIX MEPEMEH-
HBIX U MEPEMEHHBIX pexxuMa paboTsl. [1o pe3ynapTaTam cpaBHEHUS JIEJAI0T BHIBOJ O METPO-
JIOTUYECKUX XapaKTepUCTUKAX (KOHTPOJb COOTBETCTBUSI MHIUBUIYATHHON U HOMUHAIBHOM
CTaTUYECKOM XapaKkTepucTuk) mpuodopa JI1O.

[Ipennoxena cTpykrypa peanusamnuu yctporctsa 1t MKC npudopos JIAD (pucy-
HOK 8) M TEXHUYECKasl pealii3allisi €ro AIeKTPOMEXaHUYEeCKOM YacTu (pPUCYHOK 9).
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Pucynok 8

[IpuBeneHa MeTOIMKa OMNpPEAEIECHUsl CTa-
TUYECKOW U TUHAMUYECKOU MOTPEIIHOCTEN MPHU-
6opa JIJI® corinacHo mnpeajgaracMoMy METONY,
3aKJIFOYAIOIIASACS B CIEIYIOMIEH MOCIEA0BATEIb-
HOCTHU JCHCTBUU:

1) onTuueckuii BOJIOKOHHBIM 30H[ TIPUOO-
pa JIA® 3akpemserca noj GUKCUPOBAHHBIM yT-
JIOM HAKJIOHA K HOPMAJIM TJIOCKOCTH CBETOOTpa-
fe;  JKaIOLLEH MOBEPXHOCTH 3 Ha (PUKCHPOBAHHOM OT

1 — BonokoHHBIH 30HA pubdopa JIJID;
2 — (ukcarop 1A NEPIECHANKYISIPHOW YCTAHOBKH 30
3 — ¢ukcaTop AN yCTAaHOBKH 30H/A IO/ HAKIIOHOM;

4 — cBeTonpO3pavyHas UIACTHHA, IIJIOCKOCTH paCCTOSHHUHA hg ;
5 — cBeTOpaccenBaromias MWIACTHHA,
6 — makeTHBI MbE30aKTyaTop; 7 — IEKTPOIBI; 8 — KOpIyC 2) CBCTOpacCCHUBArOiais IIOBCPXHOCTD

IIPUBOOUTCA B KoJIeOaTeNnbLHOE ABMOKCHHEC IIO

rapMOHHYECKOMY 3aKoHy ¢ yactoToi f u am-

Pucynok 9

wmryaou A4, =PU_, / 2K 0 fise » COOTBETCTBYIOILEH CEPEAMHE UANA30HA BHIXOJHOM BEIMYH-
HpI npubopa JII® PU <[0,PU ]

3) onTUYeCKUi BOJIOKOHHBIN 30H]] TOBOPAYMBAETCS BOKPYT CBOCH OCH HA TaKOM yroj
(¢, IPY KOTOPOM HAOJI0/IaeTCs JOCTHKEHUE MaKCUMyMa PErUCTPUPYEMOT0 CUTHANIA;

4) cBeropaccenBarolasi MOBEPXHOCTh MPUBOJUTCS B KoieOaHus ¢ wyactoToit f . wu
aMIUMTy10i 4, = PU,, /K, f,. , COOTBETCTBYIOLICH HOMHHAIBHOMY 3HAYCHHIO IOKa3aTe-

JIS1 MUKPOITUPKYJIAINKM B KOHTpoaupyeMoi Touke PU_ _ nuamasoHa BBIXOIHOW BETUYHHBI

npubopa JIJ1D;
5) IPOBOJUTCS 3aMKUCh PETUCTPUPYEMOTO MPUOOPOM CUTHAIIA;
6) npou3BOAMUTCA pacyeT 3aperucTpupoBaHHoro yposHs PU = 3a Bpems 3anucy;

HOM

7) IPOBOJMTCS MIPOBEPKA HAXOXKICHHUS 3aperuCTpupoBaHHoro 3Hadenust PU,— mpubo-

M

HOM !

pa JIJI® B momycTrMOM JTMana3oHe OTKJIOHEHUH OT HOMHHAIBHOTO 3HaueHus PU

8) Mo pe3yapTaTaM CpaBHEHUs JENAaeTCsl BEIBOJ O BEIMUMHE CTATUYECKOM MOTPEITHO-
ctu npudopa JIAD;
9) cBeTopaccenBaromas MOBEPXHOCTh MPUBOAUTCS B KOJEOATEIbHOE aMIUIUTY/HO-

MOJYJIUPOBAHHOE [JIBUKEHHUE C HECYIIEH YaCTOTOU fOSC M aMIUIMTYAOM HECyLIEH
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Ay = PU,, /2K , frs » AMIUTUTY/I0 MOIYIHUPYIOLIETO CUrHANA A4y =APU, /K f. . , COOT-

BGTCTBYIOHICﬁ HOMHWHAJIbHOMY 3HAYCHHUIO aMIIINTYAbI APUHO HU3MCHCHMU BI)IXOI[HOﬁ BC-

M

nuuuHbl ipuodopa JIJI®, u gacroroit Moaymupyromero curHana f COOTBETCTBYIOIIEN

mod !
MPOBEPSEMON TOUKE PETUCTPAIlMK YACTOTHBIX PUTMOB;

10) npoBoauTCS 3anuck perucrpupyemoro npudopom JI/IP-curnana;

11) mpou3BOIUTCS pacueT CIEKTpa aMIUIUTYA 3aperMCTPUPOBAHHOTO CHUTHalIa H
HAXOXKJCHUE BEIMYUHBI aMIUIUTY a1 APU

u3M !

12) mpoBoauTCs MpoBepKa HaxoXAeHus 3HaueHuss APU B jgomycTuMoM auara-

30HE OTKJIOHEHUHA OT HOMHHAJIbHOTO 3HaueHus APU .

HOM !

13) mo pe3ynbraram CpaBHEHUS J€IA€TCS BBIBOA O BEIMYHMHE JTHUHAMHYECKOW IO-
rpemHocTy npudopa JIAD;

14) cpaBHEHHEM C JOIMYCTUMBIM 3HAYCHHEM JIMHAMUYECKON M CTATUYECKOH IOTPEIIHO-
CTel JenaeTcs BhIBOJ O MPUTOJHOCTHU K SKCILTyaTallu rposepsiemoro npuodopa JIJ1D.

[IpuBoaMTCS METOAMKA KOHTPOJIA PABEHCTBA KO3(P(PUUMEHTOB Iepeaadyd BXOTHBIX
KaHaJIOB pa3HOCTHOU cxembl ipubopa JIJID B pabouem nuana3zoHe AOIMJIEPOBCKOTO CIIBUTA
(mpoBepka 30H1a U BXOJHBIX KACKaJ 0B pa3HOCTHOM CXEMBbI), 3aKJIFOYAIOIIASICS B TOM, YTO:

1) onTuyeckuii BOJOKOHHBIN 30H,1 pubopa JIJID 3akperisieTcss HOpMaIbHO K CBETO-
OTPAKAFOLICH TOBEPXHOCTH Ha (PUKCHPOBAHHOM OT IUIOCKOCTH PACCTOSHUM h ;

2) CBETOPACCENBAIOILAs IOBEPXHOCTH MPUBOJUTCS B KOJIEOATEILHOE IBUKEHUE C Ya-
croroit f, . w ammmurymoit A, = Soiop.max " M /8nfosc, IIPU KOTOPOW IIMPHUHA CIEKTpA Iepe-

MEHHOM COCTaBIIAIONIEH (POTOTOKA COOTBETCTBYET IIUPUHE MOJIOCHI PETUCTPAIUU JOILIEe-
poBckoro casura npudopa JIAD;

3) mpoBoauTCA 3anuch peructpupyemoro npudopom JIJID-curnana (IIM);

4) npousBoauTcs pacuet ypoBHs PU = 3a Bpems 3amucy;

5) MpOBOIUTCA MPOBEPKA HAXOXKJCHUS PACCUUTAHHOTO 3HAYEHHUS B JOMYCTUMOM
JMana3oHe OTKJIOHEHUM OT HYJIS;

6) 10 pe3ysibTaTaM CPaBHEHHUsI JIEJIACTCS BBIBOJI O PABEHCTBE KOA(PPUIIMEHTOB mepe-
Ja4¥ BXOJHBIX KaHanoB npubopa JIID B paboueii monoce JOMIEPOBCKOTO CABUTA.

OCHOBHBIE PE3YJIBTATBI

1 TloaTBepxkaeHa NpUHIMIUATBHAS BO3MOKHOCTh BOCHPOU3BEACHUS KOJIMYECTBEH-
HO ONPEACIIEHHOTO YPOBHS IOKA3aTeNlsi MUKPOUMPKYIANUU 1o Metony JIJIID ¢ momonipro
mugdy3Ho-paccenBaroliei KoaeOmoencs TOBEPXHOCTH U PACIIONOKEHHON Ha HEH IJio-
CKOITApaJIETBHOU CBETONPO3PAYHON CTEKIIIHHOW IIACTUHBI.

2 Paspaborana matemaThueckasi MOJIelIb Mpoliecca BOCIPOU3BEACHHS YPOBHS MOKa-
3aTeliss MUKPOIUPKYJISINK, YYUTHIBAIOIIAS BIUSHAE KOHCTPYKTHUBHBIX MapaMeTpoB MpHUOo-
pa JIJI® (neynpaBisieMble MEpEeMEHHBIC) U TTApaMETPhl PEKUMOB PabOThl YCTPOWCTBA IS
MKC (ynpaBinsieMbie IEPEMEHHBIE).

3 CornacHO HpPEIIOKEHHOMY METOJY, BOCHPOU3BOAMMBIA YpPOBEHb IOKa3aTells
MUKPOLUPKYJIALNNA JTUHEHHO BO3PACTaeT C yBEJIMYCHUEM aMIUIUTYbl M 4acTOThI Kojeba-
HUM CBETOPACCEUBAIOIIEH TOBEPXHOCTH.

4 MaxkcuMyM BOCIIPOM3BOJAMMOIO CUTHAJIa HaOII0AAaeTCs TIPU yIiie MOBOPOTa OMTO-
BOJIOKOHHOTO 30HJa HA ¢ =71/2.
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5 B kadectBe akTyaropa sl ABMKEHHUS AU(PQGY3HO paccerBarolleil MOBEPXHOCTH
BO3MOKHO IIPUMEHEHNE MMPELU3NOHHOTO MTbE30aKTyaTOpa JIMHENHOTO ITEPEMEILICHUS.

6 IIpoBeneHHbIE SKCIIEPUMEHTAIBHBIE UCCIIEIOBAHMS MOATBEPAWIN MPABUIBHOCTH
TEOPETUYECKON MOJIENIM BOCITpou3BeieHus: curnana JIJId, a Takke KOPPEKTHOCTh MPEIIIO-
YKEHHOT'0 IpHUHIMINA mocTpoeHus ycrporctsa 11 MKC u MeToia Ha ero oCHOBE.

7 1lpennosxeHHbIE METOJ U YCTPOMCTBO MO3BOJISIIOT POBEPATH TOCTOBEPHOCTH pe-
ructpaiuu npudopom JIJIO puTMOB MUKPOKPOBOTOKA PA3IMUHON YaCTOTHI U AMILTUTY/IBL,
KOHTpOJUpoBaTh KodhduimeHT npeodpazoBanus npudopa JIJID, a Takke paBeHCTBO KO-
7 PULIEHTOB nepeaadyn BXOAHBIX KaHAJIOB pa3HOCTHOM cxembl pudopa JI1D.

8 3amaTeHTOBaHO TEXHUYECKOE pElICHUE, PEAIM3YIOlIee MPEeIOKEHHBIN MPUHIIUIT
BOCITPOU3BEICHUS CUTHAJIA JIOTIEPOBCKOro caBura yactoThl Juist MKC npubopos JIJID.

9 TIlpoBeneHHbIE HCCIENOBAaHUS IO3BOJSIOT OOOCHOBAaTH TpeOOBaHUS K BBHIOODPY
pa3MepoB, MaTEpPHANIOB U PEKUMOB padoThl yerpoiicTBa aiis MKC npubopos JIJ .

OCHOBHBIE TYBJIMKAIIUUA 11O TEME JUCCEPTAIIUAN
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