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BBEJIEHHUE
B nuccepranyMu NpUBOAATCA PE3yJbTaThl AaHAIW3a JAHHBIX I10JIYy4YaeMbIX
METOJIOM paarorojiorpadguu U METOAOM MHKPOBOJHOBOM TOMOrpaduu Ha OCHOBE

U3MEPCHHI KOMITICKCHBIX aMIUTUTYT dJIeKTpoMarHuTHoro moiist [1-13, 105-108].

AKTYaJIbHOCTH IMCCEPTAIIUOHHOM PadOThI

Panuoronorpadgudeckue u pagnoroMmorpaduueckue CUCTEMBbI, padOTaIOIINE B
MUKPOBOJIHOBOM JIMara3oHe JIJIMH BOJIH, CTAHOBSTCS B HacTosIee BpeMs OoJjiee
MOMYJISIPHBIMH K3-3a IHPOKOTO Kpyra perniaeMbix UMU 3amad. K Takum 3amadam
MO>KHO OTHECTH MOMCK HOBBIX METOJ/IOB HEPA3PYIIAIOIIET0 KOHTPOJIS U aHAIN3a UX
(U3HKO-XUMHYECKHX CBOMCTB, MEIUITMHCKASI TUAarHOCTHKA, JOCMOTP IMacCaKUPOB
u O6araxka B 0OIIIECTBEHHBIX MECTAX.

[lon paauoromorpadueidi MOHUMAETCS METOJ TOCTPOCHHUS H300paKEHUs
00BeKTa myTeM OOJyYeHHs €ro PaguoBOJIHAMH W W3MEPCHHEM PACCESHHBIX WU
Tu(parupoOBaHHBIX CUTHAJIOB C MOCIEIYIONIEH KOMIBIOTepHOHN Busyanu3anuen. C
MOMOIIBI0O  PaZUOTroJIOrpaUYecKuX  METOJOB  MPOU3BOJIUTCS  IMOCIOWHOE
JTMCTAHIITMOHHOE Hepa3pyIIaroliee 3ydeHue 00JacTi MPOCTPAHCTBA, BHYTPEHHEH
CTPYKTYpBI O0OBEKTa HEMPO3PAYHOTO B BUAMMOM JAHANa30HE JUIMH BOJIH, a TaKkKe
OOBEKTOB,  HAXOJALIMXCA B  ONTUYECKHM  HEMpo3pauyHoud  cperme. B
paauorosorpad@UuecKuX METOoAaX OOBIYHO MPUMEHSIOT BOJHBI CAHTHMETPOBOTO
(or 3 — 30 I'T, myea BostH 10 — 100 MM) M MHJUTMMETPOBOIO JMAMAa30HOB JITHH
BonmH (ot 30 — 300 ITu, mmua Bomn 1 — 10 mm). Mcmonp3oBaHue Takux
JIMAITa30HOB TI03BOJISIIOT Pa3IMYaTh JIOCTaTOYHO HeOoJbmue aeranu (1o 1 cMm) B
u3o0paxkeHun ooObekrTa. I[lpexenbHO gocTUraeMoe  paspelieHHe  METOJI0B
omnpenensercs AupakIUMOHHBIM  mpeneiaoMm. M3mepsieMoe  pacrpesnesneHue
aMIUIATYZ, U (a3 SJIEKTPOMATHUTHOTO H3JIYUYEHUS COJEPKUT HHPOPMAIHIO O
cpene, MOJIOKEHUU, pasMmepax M ¢dopmax pacceuBaronux o0bekTOB. OCHOBHas
3ajagya paguorosiorpaguu  — W3BJI€Yb W3 HM3MEPEHHOTO BOJHOBOTO  TOJIS
uH(pOPMAIIMI0O O pacCEeUBAOIIMX OOBEKTaX W BU3YaJIU3UPOBAaTh €€ B BUIE

U300paKEHUS — MOCIOMHOT0 BOCCTAHOBJIEHUSI CTPYKTYPhl U IPOCTPAHCTBEHHOTO
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NOJIOXKEHUSI HEOJAHOpPOJHOCTEM B  cpexe. Jlig mpoBeneHuss  MpoLEAypbl
BOCCTAHOBJIEHHSI HEOOXOAMMO NPHUMEHATHh  CIELUAIbHO  aJalTHUPOBaHHbIC
MAaTeMaTU4YECKUE aJITOPUTMBI C ITOCIEAYIOIEH KOMIIBIOTEPHOW BU3yalIU3aluei.

[Ton paanoTromorpadueil MOHUMAETCSd METOJA TMOCTPOSHUS H300paXeHUs
00BEKTa € MOCIENYIOIEH KOMIBIOTEPHON BU3yalu3alUeil myTeM OOJIy4eHHUs €ro
paZOBOJIHAMYU U U3MEPEHHUEM MPOIIECIIINX Yepe3 00BEKT CUTHAIOB. C MOMOUIBIO
paanoToMorpayecKux METO/JO0B BOCCTAHABIMBAETCS BHYTPEHHSA CTPYKTypa
JTURJIEKTPUUECKUX MaTEPUAIOB HEMPO3PAYHBbIX B BUAMMOM JUANA30HE JJIMH BOJIH.
B panunoromorpaguueckux MeTomax OOBIYHO NPHUMEHSIOT BOJHBI HUKHETO
nerumetpoBoro (800 MI'm — 3 I'T'r) u BepxHero cantumerpoBoro (3 — 10 I'T'm)
nuana3zoHoB. IIpenenbHoe paspelieHre ToMorpauyeckux METOAOB COCTaBISET
JUIMHY  BOJIHBl  30HAMPYIOLIErO0 M3JIYyYEHHs, YTO TaKK€ COOTBETCTBYET
IUPPaKIMOHHOMY mpeneny. M3MepeHHble KOMIUIEKCHBIE aMIUTUTY]IbI COAep Kat
uH(pOpPMAIMIO O MAJECHUU aMIUIMTYJbl U (a30BOM CABUIE MPU MNPOXOKICHUU
IIEKTPOMAarHUTHOTO  M3Jy4eHHsT  CKBO3b  0ObekT.  OcHOBHas  3ajada
paauoroMorpaduu — BOCCTAHOBUTH MO MU3MEPEHHBIM KOMIUIEKCHBIM aMIUIUTYIaM
IPOCTPAHCTBEHHOE PacHpeieIeHUE INIOTHOCTH BEIIECTBA B UCCIEAYEMOM YUYacTKe
npocTpaHcTBa. /J[s mpoBeneHuss MpOIEnypbl BOCCTAaHOBJIEHUS HEOOXOAMMO
OPUMEHSTh CIELHATBHO aJalTUPOBAaHHBIE MAaTEMaTHYECKUE AINTOPUTMBI  C
MOCJIEAYIONIEN KOMIIBIOTEPHOU BU3YyaIU3aIUECH.

B Hacrosimiee Bpemsi B crmocobax OOHApYKEHHsSI CKPBITBIX MPEIMETOB
OPUMEHSIOT TPAKTUYECKH BCE YACTOTHBIE JUANA30HbI 3JIEKTPOMATHUTHOTO
U3IyYEHUs: OT  CBEPXJUIMHHBIX  paJUOBOJH JO PEHTTEHa, a  TakKke
ra30aHaJIM3aTOPHbIE METOABI M METOJABI SIIEPHOTO KBaJIPYIOJIBHOIO PE30HAHCA
(AKP). 3agaua oOHapyKEHHUSI CKPBITBIX MPEIMETOB MMEET BAXKHBIM MPHUKIIATHOU
XapakTtep npu odecredeHnr 0e30MacHOCTH B MECTaX MacCOBOT'O CKOIICHUS JIFO/IeH
(TpaHCHOpPTHBIE ~ y3IIbI —  a’pONOPTHI,  BOK3aJlbl, METPO;  CTaIHOHBbI,
roCyJapCTBEHHbIE W MYHUUMIAIbHBIE YUYPEKICHUS) HM3-3a BO3POCUIEH YIpO3bl

COBCPIHICHUA TCPPOPUCTUICCKUX AKTOB.



Texnonmorun oOecreueHns O€30MAaCHOCTH B OOIIECTBEHHBIX  SIBIISFOTCS
nepBbIMU B cniicke «[IpruopuTeTHble HanpaBlieHUs pa3BUTUS HAYKH, TEXHOJIIOTUH U
TeXHUKHU B Poccuiickont denepaunn» B COOTBETCTBUU C YKa30M Ipe3ugeHra PO or
7.07.2011 Ne 899.

[[Iupoko pacnpoCTpaHEHHBIN B MOBCEIHEBHOMN >KM3HU METOJ OOHApyKEHUs
CKPBITBIX MPEIMETOB, OCHOBAHHBIN HA MCMHOJIb30BAHWH CBEPXJIMHHBIX PAIUOBOJIH,
MIO3BOJISIET ONPEAENATh CKPBIThIE METAJNINYECKHUE ITPEIMETHI, IIPOBO3UMBIC HA TEIIE
naccakupa Wi B PyYHOU KiIaau U Oaraxke. MeTayuiouckareiab — YCTPOHCTBO, B
OPUHIUN pabOThl KOTOPOTO BXOAMUT HUCIOIL30BaHUE CBEPXJJIMHHBIX PaJHOBOJIH,
MO3BOJISIET BBISBISATH METAJUIMYECKUE MPEAMETHI M0 WX (PU3UUYECKOMY pa3Mmepy, a
TAKKE ONPEHEITATh UX IMOJOKEHHE Ha IMACCAXKUPE MO BbICOTE. MUHUMAIBHBIN
JETEKTUPYEMBIN pa3Mep METALUTHYECKUX OOBEKTOB COCTABIISIET ~5 CM.

Hpyroit  meron  OOHApy>KEHHUS  CKPBITBIX  MPEAMETOB  HCIOJIB3YET
ANEKTPOMAarHuTHOE wu3nydyeHue nuanazoHa CBY. Hccnenyemblii HENMOABUKHBIN
00BeKT (Taccaxup) 30HIUPYIOT m3nydeHueM auanazoHa CBUY (mpumepno 60-66
['T) mocnenoBaTeIbHO C HECKOJIBKUX pakypcoB. [1o u3mMepeHHOMY pacCesHHOMY
U3ITy9eHUI0 (DU3UYECKUMH METOJaMH BOCCTAHABIMBAIOT €T0 PaTUOU300paKeHUE
(pamuorosorpaMMy) MW TIPOU3BOIAT KOMITBIOTEPHYIO BU3yaiuzanuo. Ormneparop,
yIpaBisitonie cuctemoil, padbora kortopoir ocHoBaHa Ha CBY 30HaupoBaHUH,
3PUTEIBHBIM  QHAJIA30M PAOUOTOJOTPAMMBI  ONMPEAECSAECT HAJUYUE CKPBITBIX
MpEeaMETOB Ha Telie naccaxupa. C moMoNIpl0 JAHHOTO METO/Ia BOCCTAHABIMBACTCA
paarorojiorpaMMa 4ejioBeKa C MPEIeIbHBIM BO3MOXKHBIM Pa3pEICHUEM.

Cnenyrommii MeTon OOHApYKEHHSI CKPBITBIX MPEIMETOB HCIOIb3YET
peHTreHoBckoe u3nyudenue. Mccneayemblii 00beKT (UeMoaH, CyMKa) o0ydaercs
PEHTT€HOBCKMM M3JIyYEHHEM Ha JABYX JJMHAaX BOJH. [lo mpomrenmiemy CKBO3b
00BEKT M3IYyUYCHUIO HU3MEPSAETCS TOTJIONMIEHHE W C TOMOIIbI0 KOMITBIOTEPHOU
BU3YAJIM3ALMK CTPOUTCA mpoduib mnoriomeHus. Omneparop, yrpasistomen
CHUCTEMOM, 3pUTEIbHBIM aHAJIM30M OMpPEACIISIET HAIMYNE METAUIMYECKUX (OpYKUE,
Ooernpunacel ¥ 1Mp.), B3pbIBUATHIX MM HAPKOTUYECKUX BEIIECTB. JlaHHBIA MeTO[

IMO3BOJIACT U3MCPATH HpO(l)I/IJ'II/I IO JIOICHUA OOBEKTOB C paspCiCHUEM B ACCATKHU
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MUKpOH. Pazpemienue omnpexaensercs pa3MepoM SYEEK MaTpHLbl JETEKTOpPa,
MOTJIOMIAIOIINX TaMMa KBAHTHI.

bonee MoaepHH3MpOBaHHBIM METOA OOHAPYXKEHHSI CKPBITBIX IPEIMETOB
OCHOBaH Ha M3MEpeHUHU NpoQuiIei MOTJIOLMEHUS B PEHTIC€HOBCKOM JMala3oHe.
Hccnenyemblit 00beKT (4eMOIaH, CyMKa) 00JydaeTcss pEHTT€HOBCKUM U3JIyYeHUEM
Ha JBYX JHEpPrusx C JABYX M Oonee pakypcoB. Ilpumensss Tomorpaduyeckue
METOJIbI 00PaOOTKH I U3MEPEHHBIX TPOdHIICH MOTIONMIEHHSI, BOCCTAHABIMBACTCS
TOMOrpamMma uccienyeMoro oObekra. OmnepaTop 3pUTENbHBIM — aHATU30M
omnpeneNnsieT HaJIU4Yue 3alpelleHHbIX K MPOBO3Y METAUIMYECKUX M JIPYTUX
00beKkTOB. JlaHHBIM MeETOJ TO3BOJISIET BOCCTAHABIMBATH TOMOIPAMMBI C
pa3penieHueM B JECATKM — COTHUM MHKpPOH. PasperieHve B JaHHOM METOJE
ompezensercs IByMs (akTopaMHu: pa3MepoM SUYEeK MaTpHIbl JIETEKTOopa,
MOTJIOMIAIOIIUX TaMMa KBAHTHI M TOYHOCTHIO MO3UIIMOHUPOBAHUS HCTOYHUKOB U
JNETEKTUPYIOIINX 3JIEMEHTOB PEHTI€HOBCKOTO M3IYyYEHHsI JPYr OTHOCUTEIBHO
apyra.

Metonbl 0OHapyKeHUsI CKpBITBIX 00bekToB Ha ocHoBe AKP u anamu3za
ra30BBIX MMAPOB OCHOBAHBI HA CPAaBHUTEILHOM CIIEKTPAIbHOM aHanuze. B kaxaom
U3 HUX OIPEAENSAIOTCS CHEKTPhl Ta30BbIX MapoOB WM CHEKTPbI, MOIydaemble
metonamu AKP. M3mepeHHbIe CIIEKTPbl CPABHUBAIOTCS C TAOJIMYHBIMU CIIEKTPAMH,
a MO pe3ynbTaTaM CpPaBHEHHUS BBIABISIETCS HAJIM4YUE OIPENEICHHBIX THUIIOB
B3PBIBYATHIX WJIM HAPKOTUYECKUX BEIECTB.

OnHaKo CyIIECTBYIOIINE CUCTEMBI, pad0Ta KOTOPHIX OCHOBAaHA HA OMHUCAHHBIX
BBIILIE METO/AX, 00JaJal0T PsIOM 3HAYUTENIbHBIX HEJIO0CTAaTKOB, HE OTBEYAIOLIUM
coBpeMeHHbIM  TpeOoBanusM. K  HemocTaTkaM  OTHOCSITCS:  OTCYTCTBHUE
BO3MOXXHOCTHU CKPBITOTO H3MEpEeHUsi (MaccaXxup 3HAET 3apaHee O JOCMOTpE),
HU3Kas CKOPOCTh 00paboTKHU (HE CIOCOOHBI 00pabaThiBaTh U3MEPEHHBIC JaHHBIC B
peXUME peanbHOro BPEMEHH), UCIOJIb30BAHUE OMACHOIO JUIsl 30POBbs YEJIOBEKA
U3ITydeHUsl (PEHTTeH NPHUMEHSIETCS TOJNbKO JJId Oaraxka M pPydyHOU Kianan),
OTCYTCTBUE aBTOHOMHOHM paloThl (i1 pabOThl cuCTeMbl HEOOXOIUM OIEpPaTop,

pelIeHrne KOTOPOro 3aBUCUT OT €ro MCUXO(PU3UYECKOTO COCTOSIHUS), OTCYTCTBUE
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KJ1laccuuKaluu 00bEKTOB MO CTENEHU ONMACHOCTH. M3 BhillleCKa3aHHOTO CIEAYET,
YTO CYHIECTBYeT IMOTPEOHOCTh B CO3JAaHUM CHCTEM  YIOBJIETBOPSIOIIUX
COBPEMEHHBIM TpEOOBAaHUAM: CKpBITHas paboTa, OE30MaCHOCTh PabOTHI,
OTCYTCTBHE YeJIOBEUECKOTO (haKTOpa, OBICTpONCHCTBHE, KiIacCu(PUKaAII 00BEKTOB
10 CTETIEHH OMACHOCTH.

[Ipennaraembie B JaHHOW paboTe (pU3UUECKHE METOAbl BOCCTAHOBJIICHUSI U
aHaNMM3a paguoroyiorpa@uueckux H  PaAMOTOMOTpaPUUECKUX H300paKeHUM
MO3BOJISIIOT ~ CO3/aTh CUCTEMY, OTBEUAIOIIMM COBPEMEHHBIM TPEOOBAHUSIM.
KoMnakTHOCTh U THOKOCTh B PACIOI0KEHUH UCIIOJIb3YyEMbIX MTPUEMO-TIEPEIAIOIINX
AIIEMEHTOB MO3BOJIAET BCTPOUTHh CUCTEMY HE3aMETHO B apXHUTEKTYpy OOBEKTa, 4TOo
MO3BOJUT  MPOBOAUTH  M3MEpPEHUs]  CKpbITHO. Mcmonb3yemblid  auana3zoH
anekrpomarautHoro u3nydenus 10-18 [T, uto coorBercTByeT BepxHeMy X U
HwxHemy Ku nomnuamnazonam. CpenHsisi MOIIHOCTh 30HIUPYEMOTO H3IyYCHUS
YIOBIICTBOPSET POCCUUCKUM ¥ MEKIyHApOJHBIM CAaHUTAPHBIM HOPMaM U
npumMepHo B 50 pa3 MeHbIIE MONIHOCTH MoOWiIbHOTO Tenedona. Jlms
BOCCTAaHABIMBAEMbIX  M300paXEHUM  MPEJACTABICH  (U3MYECKUH  METOJ
OoOHapyXeHUs, aHalIM3a U KilacCU(UKAUU OOBEKTOB IO CTENEHU OMacHOCTH,
KOTOPBIN yCTpaHseT HEOOXOAMMOCTh MMPUHUMATh PEIICHUE ONEPaTopy, YTO B CBOIO
ouepeslb yCTpaHseT yeaoBeueckuil (hakTop. A MpUMEHEHHUE COBPEMEHHBIX METOJIOB
napaJyieTbHBIX BBIYUCICHUN 00€CTIeYuBaeT OBICTPOACUCTBHE, KOTOPOE MO3BOJISET
MPOBOJIUTh M3MEPEHUS, BOCCTAHOBIICHUE, aHAIN3, KJIACCU(PUKAIMIO U TPUHSITHE
pElIEHUs B PEKUME PEabHOTO BPEMEHH.

Wcxons U3 aHaimM3a myOJMKaIiil ¥ MTaTEHTOB APYTrHUX Ipyri aBropos [14-93],
MOXXHO CJIeJIaTh BBIBOJI O TOM, YTO MPEJCTaBICHHBIC PE3YyJIbTAThl TUCCEPTAIUU
SIBJISIFOTCS. YHUKAJTBHBIMU B 9aCTH CXEM HM3MEPEHUS AJIEKTPOMArHUTHOTO TOJIS U
METOJIOB aHAJIW3a BOCCTAHOBJICHHBIX HM300pakeHuM. [lomydeHHBIE alIrOpUTMBI U
METO/IbI aHajgu3a  peaju30BaHbI C NPUMEHEHUEM  TapajuiesIbHOTO
IpPOrpaMMHUPOBaHMs  BHjeomporneccopoB Ha s3eike OpenCL, mo3Bomistonum

IMPOU3BOAUTDL PACUCT 3HAUYUTCIIBHO 6BICTp€€, YyeM Ha OOBIYHBIX Imponceccopax.
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O0bekTOM HCC/IEI0OBAHHMS B  JUCCEPTALMOHHOW paldoTe  SABIAIOTCS
paauorosiorpauuecKkue M paaruoTomMorpaduueckue M300pakeHus, IMOJydaeMble
IIPU U3MEPEHUU PACCESHHOTO U MPOUIEAIIETO Y€PE3 BEIIECTBO JIEKTPOMAarHUTHOTO

U3IIy4eHUs B cCBepXBbICOKOM yacToTHOM (CBY) nuamnasone.

Hesaun 1 3a1a4m JUCCEPTAUOHHON PadOTHI.

[lenp muccepTallMOHHOW pabOTHl — pa3paboTka METOAOB TOCTPOCHUS U
METOJIOB aHajau3a H300paXeHWi, TMOCTPOCHHBIX Ha PaJAMOTOIOTrPaAUUIECKUX U
paauoToMorpapuyeckux MPUHIUIIAX C HKCIOJB30BAaHUEM IE€PECTPAauBAEMBbIX

ynctouHnKoB CBY u3nydeHus, 1 uX IporpaMMHasi peaanu3anus.

JIst TOCTHOKEHUST ATOM 1M B paMKaX JIHUCCEPTAIIMOHHOW pabOThI perieHbI
cJeyIolme 3a1a49H1;

1. Teopetnueckoe oOOCHOBaHME WuCHONB3yeMoro momauanazona CBY 10-
181Tm.

2. Pa3paboTka m mporpaMmHasi peaim3aius MeTo/ia MMOCTPOCHUS U 00paboTKH
paouozonoepaguyeckux wn300paKEHU, OCHOBAHHOTO HA PEIICHUH OOpaTHOM
3amaqd TUQPPAKIUU B TPHOIMKCHUH OJHOKPATHOTO PACCESHUS B TMOIIUANA30HE
CBY 10-18I'T.

3. PazpaboTka w mporpamMMmHas peaiu3aiis  OPUTHHAIBHOTO  METoja
MOCTPOEHUS U 00paboOTKu paduomomocpaguueckux M300paxKeHUN, OCHOBAHHOTO
Ha JUCKPETHOM 00paTHOM MpeoOpa3oBaHUN PAJOHOBCKUX MPOCKIIUN.

4. OnieHKka TapaMeTpoB W pEIICHUE 3ajaud uJeHTU(UKAIMU oObeKkTa Ha
OCHOBE aHAJIM3a €ro paouoconozpaghuiecko2o W300paKE€HUsI, MOJYYEHHOTO B B
nogauanaszone CBY 10-181Tw.

5. OnieHKka MmapaMeTpoB M pEIICHHE 3alaud uacHTU(UKauuu oO0BbeKTa Ha
OCHOBE aHaJIM3a €r0 paouomomocpaguieckoco W300paxeHHs, MOTYyYEHHOTO B

nouanaszone CBY 10-18IT1r.
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6. AtpoGanust 1 BHEIpEHNE pa3paOOTaHHBIX METOAOB Ha AKCIEPUMEHTATBLHOM

uHpopmannonno-u3meputenpHoit CBY cucreme.

Metoabl uccienoBanms. /[y pemennst oOpatHoit 3a1aun AUGPaKIUUA ObLITH
BbIOpaHbl MOJIENIb PAaCHpPOCTPAHEHMs 3JIEKTPOMArHUTHOTO TOJII B MPOCTPAHCTBE,
OCHOBaHHasi Ha mnpuHHune [roiireHca-OpeHens, U CKAIPHOE MNPUOIMKEHUE
OJTHOKPATHOI'O M30TPOITHOTO PACCESHMUS.

Jlisg perieHus 3aaud pacnpoCTPAaHEHUs U3JIyYeHHUs B ONTHUYECKU TIIOTHBIX
Cpenax MUCIOIb30BAIACH JIMHENHAS MOJENb PACTIPOCTPAHEHUS.

OKCIIEpUMEHTAJIBHBIE  MCCIIEJOBAaHUSA  IPOU3BOJWIMCH HAa  TECTOBBIX

MH(OPMALIMOHHO-U3MEPHUTENBHBIX CUCTEMaX MOCTPOCHUS N300paKEHU M.

Hay4ynble noJiokeHusi, BLIHOCMMbIE HA 3aIUTY:

1. Wnpentudukauus IUAIEKTPUYECKOTO CJIOS HAa MOBEPXHOCTU TENa YeIOBEKa
OCYILECTBIISIETCS B COBMECTHOM aHAJIM3€ €r0 U300paKEHUM B JIByX CHEKTPAIbHBIX
muana3oHax — onruueckudi u CBY gmamazon 10-18ITh. AHamu3 mo3BoOAET
BBIUMCIIUTD KJIIOUEBbIE (U3MUECKHE TapaMeTpbl AUAIEKTPUUYECKOTO CJIosS —
JIUAJIEKTPUYECKas: MPOHUIIAEMOCTb, pPa3MeEphbl, IMOJOKEHUE B MPOCTPAHCTBE,
PacrnoJI0KEHHOTO Ha MOBEPXHOCTH TEJIa YeJIOBEKa.

2. Meton nmocTpoeHus ToMorpaduueckoro m3oOpakenus B CBY
noaauana3zoHe 10—18 I'T1 BbIsiBIsSieT NPUCYTCTBUE CKPBITOTO AMDIEKTPUKA B
uccienyeMo 00JacTu. AHaIW3 MOJIYy4aeMOro TOMOIPaUUecKoro M300paKeHus
MO3BOJISIET BBIYUCIIUTD KIIIOUEBbIE (PU3NYECKUE TapaMETPhl JUJIEKTPUKA pa3MepOM
or 5 1o 40 cM — audNeKTpUYecKas MPOHUIIAEMOCTb, Pa3MEPbI, MOJIOKEHHUE B
IPOCTPAHCTBE.

3. Pa3paboraHHblli aNTOPUTMUYECKUNM KOMIUIEKC TIO3BOJISIET Ha OCHOBE
OMpENENCHHS] KIIIOYEBbIX (DU3UUYECKUX MMapaMeTpoB (pa3Mephl, TMOJOXKEHUE B
IPOCTPAHCTBE U TUAJIEKTPHUUECKasi MPOHUIIAEMOCTb) MPOU3BECTU KIacCU(PHUKAIINIO

00BbCKTa IO CTENCHH OIIACHOCTH B paMKax 3aaadu OOCMOTpa. KJIaCCI/I(i)I/IKaHI/UI
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00BEKTa IO CTEIIEHU OITACHOCTH MMPOU3BOAUTCA IO COOTHOIICHWIO BBIYHCICHHOI'O

o0beMa u I[I/IE)J'ICKTpI/I‘IGCKOI\/JI IMPOHUIIACMOCTH.

J10CTOBEPHOCTH HAYYHBIX MOJI0KEHUI U Pe3yJIbTaToB.

[Ipunsiteie npuOmkeHus (OIHOKPATHOTO M30TPOMHOTO PACCesSHUS, O
pacTpoCTpaHEHUH DIEKTPOMArHUTHOTO M3JIy4eHHA B cpene) (Gu3ndecku
ONpaBAaHbl M HAxoONATCA B COOTBETCTBUUM C TEOpPHUEH paclpOCTpaHEHUs
AIIEKTPOMArHUTHOTO H3TyUCHHS.

B mporecce paboThl ObUIM TPOU3BENCHBI TEOPETUUECKHE, UYHCIICHHBIE U
IKCIIEpUMEHTAIbHBIE HCcienoBaHusd. Bce pa3paboTaHHble MOIEIM B MpoIEcce
JUCCEPTAlIMOHHOM  paboTbl  ObUIM  NPOMOJEIMPOBAHBI U  TMOKa3aHa HX
paboTocnocoOHOCTh. Pe3ynbTarbl 4HMCICHHOTO MOJEIHUPOBAHUS COTNIACYIOTCS C
IKCIEPUMEHTAIBHBIMH pe3yabTaramMu. J|0CTOBEpHOCTh 3alUIIAEMBbIX MOJOXKEHUMN
U TPOYMX DIKCICPUMEHTAIBHBIX PE3yJIbTaTOB  JIUCCEPTALMOHHONW PabOTHI
NOATBEPKAACTCA COINIACOBAHHOCTHIO TEOPETUYECKUX M SKCIEPUMEHTAIbHBIX
TTAaHHBIX.

KauecTBO n300pakeHnit, BOCCTAHOBJICHHBIX B MMPAKTHUECKUX HKCIIEPUMEHTAX,
OTIPEJIEISIETCS Pa3pEeIIaIIe CIIOCOOHOCTHIO UCTIONB3YEMbIX IKCIIEPUMEHTATBHBIX
MaKeTOB, HE MPEBBIMIACT TUGPAKIIMOHHBIN MPEAET U COTIIACYeTCsl C pe3yabTaTaMu
mozenupoBanus. [IpenenpHas paspemaroniasi COCOOHOCTh COCTaBISIET MOPSIKA
JUTWHBI BOJTHBI 30HIUPYEMOTO U3ITyUeHUSI.

Jlocmoseprocmb nepeoco nonodicenus: SKCHEPUMEHTAIBHO MOATBEPKAACTCS
CYLIECTBOBAHMEM Ha MOBEPXHOCTH PagUOrojorpaduueckoro M300pakeHus Telna
YeJIOBeKa YYacTKa, CMEIIEHHOTO OTHOCUTEIHHO OCTaJIbHOM MOBEPXHOCTH Ha
paccTosiHMe, MPOMOPLUUOHAIBHOE  TONIIMHE  JIUAJIEKTPUYECKOTO  clos. A
CPaBHUTEIBHBIN aHam3 y4JacTka, COOTBETCTBYIOIIETO IIOJIO’KEHHUIO
JIUDJIEKTPUYECKOTO  CJIOS, B JBYX CIEKTPaJbHBIX JHAala3oHax [MO3BOJISET
UACHTU(DULIMPOBATH MPUCYTCTBUE TUIEKTPHUUECKOTO 00BEKTa Ha TEJI€ YeJOBeKa U
BBIYHCIIUTh €r0 KIIIOYEBBIE IS periaeMou 3afadu UACHTHUPUKaIUU QU3NYECKHUe

napameTpsbl.
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Locmosepnocms 6mopo2o nonodicenus: SKCIEPUMEHTAIBHO MOATBEPKIAETCS
OPUHLUIINATIBHON BO3MOXKHOCTBIO BBIYMCIICHUS JUAJIEKTPUUECKUX Mpoduiiei
BbIOpaHHOM oOnactu mnpoctpaHctBa B CBY  nuanmasoHe u  mocTpoeHUs
paanoToMorpaduuecKoro U300pakeHus, UCIIOJIB3YS BBIYVCIICHHBIE
OUBJIEKTPUUECKHE NMPOPMIN. A aHaau3 paguoTOMOrpapuueckoro M300pakeHus
BBIOpaHHON O0NACTH MPOCTPAHCTBA MO3BOJIAECT UACHTU(ULIHUPOBATH MPUCYTCTBUE
JTURICKTPUUECKOr0 00BEKTa M BBIYHUCIUTH €r0 KJIIOUEBbIE ISl pellaeMoil 3amadu
uAeHTUPUKAINY (PU3NYECKHUE TapaMeTpPhI.

Llocmoseprocmeo mpemue2o NONOJICEHUSL: HOATBEPKAACTCS
HKCIEPUMEHTAIbHBIMU PE3YJIbTaTaMU TPU  KJIacCU(PUKAIMK TPYHI «YCJIOBHO
OIACHBIX» U «YCJIOBHO 0€30IIaCHBIX» 00PA3L0B aKTyaJbHBIX IIPU PEILICHUU 3a/1aun

AO0CMOTpPaA YCI0BCKaA.

Hayunasi HoBHU3HA pa0OThI 3aKJIIOYAETCS B CIACAYIOIIEM:

1. Ilpennoxen u TeopeTudecku obocHoBaH noaauanazoH CBY 10-18 I'Tu ns
MeTona OOHapyKEeHUs JUAJICKTPHKA, OCHOBAaHHOTO Ha CHHTE3€ HECKOJIbKHUX
METOJIOB UYHCIECHHOTO pernieHus: oOparHoW 3amaun audpakuund. BeiOpaHHBIN
NoJMana3oH  JaeT  NPUHIMUIKAIBHYI0  BO3MOXKHOCTh  HMJACHTH(PUKALUU
JTUHAMHUYECKOTO O0OBEKTa B PEXKUME PEATLHOIO BPEMEHH.

2. TlomydyenHoe OBICTPONEHCTBHE aJITOPUTMOB, pPa3pabOTAaHHOTO METOMa
MOCTPOEHUS W aHajdu3a HW300paXEHUM, BIIEPBBIC ITO3BOJUIO IMPOU3BOIUTH
UJEHTU(PUKAIIMIO HECKOJbKUX JIUHAMHUYECKUX OOBEKTOB (10 5-TH 4YEJIOBEK CO
CKOPOCTBIO MepeMenieHust 10 5-6 K4/4) B pexKruMe peaibHOTO BPEMEHHU.

3. Bmepsbie peann3oBaH paguoToMorpaduyecKuii MeTOl, OCHOBAHHBIA Ha
aHanm3e OOpaTHBIX PATOHOBCKUX TPOCKINH, TO3BOJSIOMMAA OOHAPYKUBATh
JUBJIEKTPUUYECKUE MPEIMETHI B PEXKUME PEATLHOIO BPEMEHHU C pa3MepaMHu OT 5 ¢,
CKPBIThIE TOHKUM CJIOEM.

4. Pa3zpaboTaH anroput™M KiIacCHU(PUKAIUNA MPEIMETOB IO CTETICHH OMMACHOCTHU B
paMKax 3a7a4u JOCMOTPA, OCHOBAHHBIN HA BBHIYUCIECHHBIX KITIOYEBBIX (PU3NYECKUX

napamMeTpax — pa3Mep, I[OJIOKEHHE B MPOCTPAHCTBE U JIUAJIEKTpHUUYECKas
14



NPOHUIIAeMOCTh. Pa3paboTaHHBI alropuT™M  oOecleurBaeT aBTOMATUYECKOE

0OHapy>KeHUE CKPBITHIX MPEIMETOB.

IIpakTH4Yeckasi 3HAYMMOCTb.

Ha ocHOBe mTpOBENEHHBIX HCCIAEAOBaHMNA pa3paboTaHa KOMIUIEKCHAas
METO/IMKA OOHAPYKEHUSI CKPBITHIX AUAICKTPUUECKUX OOBEKTOB, MPOHOCUMBIX O]
OJIC)KION, B PrOK3aKax M yeMojaaHaX. JIaHHBIM KOMILJIEKC METOAUK ObLT BHEAPECH B
psan mHoromo3utiMoHHBIX CBY cucteM 10cMOTpa, OTBEYAIOIIUM COBPEMEHHBIM
TpeOOBAHUIM 0OE€30IaCHOCTH — CKPBITHBIA TOCMOTp, OBICTpOAEHCTBUE, O€30MacHO
JUIsl 4elloBeKa, aBromaruyeckas pabota. Ilporpammuas peanuzanus KOMIUIEKCa
METONMK OblJa HMHTErpUpPOBaHA B IMPOTPAMMHOE OOECIEUEeHUE CEPUMHO
BhITycKaeMbIX crcteM kiacca HSR (Human Security Radar). /laHHBIC KOMITICKCHI

MPOIUTH YCTICUTHBIE UCTIBITAaHUS U A(HEKTUBHO pabOTAIOT.

BHeapeHue pe3yjbTaToB JUCCEPTALMOHHON padoOTHhI.
ABTOp JHCCEpTAlIMOHHOW pabOThl MPUHHMMAT ydYacTHE B psJe Hay4HO-
UCCIeA0BaTeNIbCKUX padoT. B yacTHOCTH:

1. IIpoekr «®Dona coxaeiicTBUs  WHHOBAIUAM» —  (oHmA
COJCMCTBUIO M PA3BUTUIO MalblX (GOPM TMPEANpPUATHA B  HAYYHO
texanaeckoit chepe (HUOKP mo mpoekty Ne 9677 «Pa3zpaboTka yCTaHOBKH
Ui OOHapyXEeHUs  MPEIMETOB, CKPBITBIX Ha  TeJIe  YeJIOBEeKa»
(rocynapcTBeHHbI KOHTPAaKT Ne7232p/9677 ot 30.07.2009r.).).

2. MexayHapoaHblid HaydyHO-TeXxHUYeCKOM IMpoekT STANDEX
(STAndoff Detection of EXplosive) Poccus-HATO, mnocBsieHHbIM
MPOTUBOACHCTBUIO MEXKIYHAPOJHOMY TEppOpHU3MYy. YUacThe B pa3pabOTKe
AKCHEpPUMEHTAIbHOrO  nporotuna SMD,  neMmoHcTpupyeMoro  Ha
MEXTyHAPOIHBIX UCIIBITAHUSIX.

3. Pazpabotannpie B JAHMCCEPTAIIMOHHOM  paboTe  METObI

06pa6OTKI/I N aHalIn3a IJBJICKTPOMATHUTHOI'O H3JIYUCHUA JICTJIIM B OCHOBY
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paboThl cUCTeMBl jJocMoTpa maccaxupornoroka HSR (Human Security
Radar), Beinyckaemoii kommanueir OO0 «AIICTEK Jla6cy.

4, I[lo  pesymbraram  JOuCCEpTAllMOHHOM  pabOTBl  OBLIO
3aperucTpupoBano jaBa  mateHta P®  Ne2016133685  «Cmocob
JTUCTAaHIIMOHHOTO  JIOCMOTpa Oaraxxa B  KOHTPOJIMPYEeMOH oOjacTu
npocTpancTBay, Ne2016133690 «Cnoco0d AUCTAaHIMOHHOTO OMpPEeIeTICHUS
JUAJICKTPUYECKON MTPOHUIIAEMOCTH TUAJICKTPUIECKOTO O0BEKTay.

Ha ocHOBe mpeaCTaBICHHBIX B JIUCCEPTAlMOHHOW paboTe METOI0B
coOpaHHBIC DJKCIEPUMEHTAIBHBIC MPOTOTHUIBI TPONILIA CEPUI0  YCIENTHBIX
UCTIBITAHUH, TMPOXOMWBIINX Kak Ha TeppuTopuu P®D, Tak M Ha TEppUTOpHUH

EBpornenckoro corosa.

Hyoaukanun

[To marepuanam auccepTallMOHHON paboThl ObLIO OomyOnuKkoBaHO 17 crarew,
U3 KOTOPBIX:

e 4 cratbu onyOJMKOBaHBl B JKypHajgax, BXOAAIIUX B IEpEUYCHb
PELEH3UPYEMBIX HAy4YHBIX JKypPHAJIOB UM W3JaHANW, PEKOMEHIOBAHHBIX
Briciieil arrectaiimoHHON KoMuccHeidl mpu MuHucCTEpCTBE 00pa3oBaHUSI U
Hayku Poccuickon ®@enepanuu

e 7 myOnuKaluii ¢ peruoHaNbHbIX KOHPepeHuii, Bxoasmux B 6azy PUHII.

e 2 crarbM ONyOJMKOBaHBI B COOpHUKAaX TPYAOB MEXKIYHAPOJHBIX
KOH(EPEHITUH.

e 2 3apeructpupoBaHHbiXx B PO nmarenta No2629911, Noe2016133690.

° 1 my6nukanus, Bxonsmas B 6azy SCOPUS.

e | nybOnukanus, Bxoasauias B 6a3y |IEEE.

AnpoOauus pe3yJibTaToB.

Pe3synbrarel  HMcCclleqOBaHUI 1O TEMaTUKE JUCCEPTALMOHHOM  paldOThI
JOKJIAIBIBAIUCh HA TpuUHAALATOW MEXIYHAPOAHOMW HAyYHO-IPAKTUYECKON
koHpepenunn  Hi-Tech  (Canxrt-IlerepOypr, 2012); Ha  MexIyHapOAHOU
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xoH(pepenmuu  «Distributed imaging algorithm for multi-position microwave
systemsy (Canxkrt-IlerepOypr, 2012); ma XII, X1, XIV «Henenu nayku CIIGITY»
Hay4YHBIX KOH(pEpEeHIUsAX ¢ MexayHapoaHbiM yuactueM (Cankr-IlerepOypr, 2013,
2014, 2015); Ha 9-i, 10-ii MexITyHApOIHBIX HAayYHBIX KoH(DepeHIwsIXx Security
Research Conference "9", 10" Future Security" (Berlin, Germany, 2014, 2015); na
XVI MexayHapoaqHoi 3UMHEH MIKOJIa-CEMUHAPE MO paauo(PU3UKe U IEKTPOHUKE
cBepxBbicOkNX uyactoT (CaparoB, 2015); Ha BcepoccuilckoM MOJIOIEKHOM

HaygHoM (popyme «ITPO Peruon 2015» (CeBacronons, 2015).

JIMYHBIN BKJIAaJ aBTOpa

OCHOBHBIE TEOPETUYECKUE M TMPAKTUYECKHE pPE3yJIbTaThl, IMOJYyYEHHBIE B
TE€UCHUE BBHITIOJHEHUS JUCCEPTAIMOHHONW paboThl, OBUIM TOJYyYEHBI aBTOPOM
JUYHO WJIH MPH €ro HEMNOCPEACTBEHHOM YYacTUM B KauyeCTBE OJIHOTO W3
ucnosinurened. Takum 00pazoM, aBTOPOM JUCCEPTALIMH MPOBECHBI:

e[locTraHoBKa 3a1a4

ePa3paboTka cxem u3MepeHui

eIIpoBeIeHO YNCIIEHHOE MOJEIUPOBAHUE

ePa3paboTka anropuTMOB BOCCTAHOBJICHHS H300paXKEeHU N

e COOpKa IKCIIEPUMEHTATLHON YCTaHOBKHU

e[IpoBefeHNE SKCIEPUMEHTOB MO U3MEPEHHIO PACCESIHHOIO OT OOBEKTa U
MPOIIEIIETO Yepe3 00bEKT U3ITyUCHUS.

Onpenenenue HanpaBJICHHUs] UCCIEJOBAaHUS U BBIOOP METOAOB 0OpabOTKU U
aHayM3a ObUIO OCYILECTBIEHO aBTOPOM COBMECTHO C HAYYHBIM PYKOBOJHUTEIEM
npodeccopom [dynkunsiM Banentunom HBaHoBHYEM W BEAYIIUM HWHKEHEPOM
komnanuu «AIICTEK Jlabc» ABepbsinoBbiM Banepuewm I[lerpoBruuem.

ABTOp BBIpakaeT MIyOOKy OJIarolapHOCTh HAyYHOMY PYKOBOAHUTEIIO U
BEIyIIEMYy HWHXEHEPY KOMIIAHMM 3a OOJBIIYI0 TOMOIIb, OKa3aHHYIO IpU
BBIMIOJTHEHUH AUCCEPTAIIMOHHON pabOThI, a TaKkKe BCEMY KOJUJICKTUBY KOMITAHUU

«ATICTEK Jla6c» n xomtektuBy kadenpsl «KBantosas Onexkrponuka» CIIOITY 3a
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IMOJICBHYIO KPUTHUKY U ITOCUJIbHYIO ITOMOIIb B XOA€ BBITTOJIHCHUSA HHCCGpTaHHOHHOﬁ

paboTHI.

CTpykTypa u 00beM JucCCepTALMU
HuccepranyonHas paboTa COCTOMT W3 BBEICHUA, 4-X TIJIaB, 3aKIIOYCHHUS,
cnucka jurepatypsl u3 106 mcrounukoB. TekcT amccepranmmuu usnoxkeHn Ha 135

CTpaHUlax U BKIOYaeT 61 pucyHok u 7 Tabnui.
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I'nmaBa 1. CoBpeMeHHBbIe MeTOIbI NMOCTPOEHUSI M300pakKeHNid MeTOAAMM
paauoroJiorpagpuu ¥ MUKpOBOJIHOBOM TOMOrpadum.

B nHacTosmienl riiaBe pacCMaTpUBAKOTCS OCHOBHBIE MPHUHIUIIBI TOCTPOCHHS
W300pKEHUN METOoJaMu paauoroiorpagu u MHUKPOBOJHOBOW ToMmorpaduu,
npuUMeHsieMble B HacTodimiee BpeMmsa. [IpeacraBieHbl OCHOBHbIE (PU3MYECKUE
MOJENN PACHPOCTPAHEHUS DJIEKTPOMArHUTHOIO M3JIYyYEHUS B TPEXMEPHOM
MIPOCTPAHCTBE, a TAKXKE YHCICHHBIE METOJbI 00pa0OTKM M aHajIn3a MOJy4aeMbIX
H300paXKeHUH.

1.1. OcHoBHBIE MOJ€E/H, IPUMEHsEMbIEe [IJIsl ONMCAHUA PACIPOCTPAHEHUS
3JIEKTPOMATrHUTHOI0 M3JIyYeHHUS B POCTPAHCTBeE.

HaunGonpmuii mnTepec nns 3anayd panudorosiorpaduu U paauoToMorpapuu
IIPEACTABISIOT IIPOLIECCHl PACIPOCTPAHEHUS BOJH B OJHOPOJHOM cpene, HX
paccesiHus Ha HEOJTHOPOHOCTSIX, a TaKke mpoliecchl qudpakuuu. B nanHoit rnase
paccMaTpHUBAaIOTCA  OCHOBHbIE  (DU3MYECKHME  MOJEIM  paclHpoCTpaHEHUs

QICKTPOMArouTHOI'O U3JIYYCHHA B IIPOCTPAHCTBC, OIIMCHIBAIOIINEC 3TH ITPOLCCCHI.

1.1.1. Pacnpocrpanenue 3JIEKTPOMATHUTHOI'O U3JIyYeHUs B
NPOCTPAHCTBe.
JIJis onucaHus MeXaHu3Ma paclpOCTPAHCHUS SJIEKTPOMArHUTHOTO H3TyYCHUS
B mpocTpaHcTBe [94] paccMoTpuM U Hadalla TUIOCKYH0 MOHOXPOMATHYECKYIO
AJICKTPOMArHUTHYIO BOJIHY:
P(r) = Ae'®eikr (1.1)
rae A — aMIuUIMTya BOJIHBI, ¢ — HadaibHas (a3a BOJHBL, K — BOJHOBOI
BEKTOp, I' — pajnyc-BeKTOp, P — KOMIUIEKCHAsI aMIUIMTYJa TJIOCKOM BOJHBI. J[iis
JanpHeliero yao0cTBa mnpeodpaszyeM BeipakeHue (1.1), Bwimenss OoJiee SIBHO

IIapaMeTPhl, OTBEYAIOIIME 3a HAIPABJICHUS PACIIPOCTPAHEHUS BOJIHBI:

(iiz \/m>e(iulx+iuzy) (1.2)

P(x,y,z) = ge
rie:
k? = ki + k3 + kZ (1.3)
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Uy = Ky, U = K, — KOMIIOHEHTHI BOJHOBOTO BEKTOpa, § — MHOXXUTETb
YUHTBHIBAIOIIMA aMIUIUTYAy W HavaabHYyIO a3y BoiHbl. Beipaxkenue (1.2) mis
[JIOCKOM MOHOXPOMAaTHYECKOM BOJIHBI 3aIIMCaHO c BBIJICJICHUEM
IPEUMYILIECTBEHHOT'0 HAIPaBJICHUS BJIOJIb OCH Z B OIPEICICHHON CcHCTEMe
KOOpAHWHAT. BhIleacHHe MPESUMYIIICCTBCHHOIO HAIpPABICHUS B PaCIpPOCTPAHEHUU
DJICKTPOMATrHUTHBIX BOJIH TNPUMEHSCTCS TPH PEHICHHH OOJBIIOr0 MHOKECTBA
busnueckux 3amad. B Takux 3agayax HM3JIyYCHUE PacCIpPOCTPaHSACTCSA BIOJIb OCH
NPEUMYIIECTBEHHOTO HaIlpaBJICHHs, JIMOO ToJ HeOOJbIIMM yrioM K Heidl. Ha
OCHOBaHUU BhIpakeHHS (1.2) BO3MOXHO 3aIACaTh BBIPAXKCHHUE IS IPOU3BOJIBLHOTO

BOJIHOBOTI'O ITOJIA:
+ 0o
1 (iiz k2—u2—u2> . .
P ("'y'z)zrnsz gluup) el VT el quy, du, (1.4)

Boipaxxenne (1.4) sBasiercs anreOpandyeckoil CyMMOM TUIOCKUX BOJIH,
3HAYCHHs] aMIUTUTY/bI, HA4YalbHOW (pa3pl W HamNpaBlIeHUE PACIPOCTPAHCHUS
KOTOPBIX MPOU3BOJIbHBI. KpoMe TOro, moiydeHHOE BBbIpaXEHHE MPEACTABISAET
co0oif oOIee pelieHre BOJHOBOTO YpPaBHEHWs, TO3BOJISIONIEE MPEACTABISATH
a1000€e BOTHOBOE 1oJid B BuAE (1.4) — yepe3 cyMMy IUIOCKUX BOJIH C Pa3Iu4YHBIMU

HaIPABJICHUSIMH PACIIPOCTPAHCHMUS.

1.1.2. IIpudaun:xeHne OTHOKPATHOIO PacCesiHUS.

B  OosbmivHCTBE  (QU3MYECKMX  3a/ady  NPUMEHSETCS  MPUOIHKEHUE
OJTHOKPATHOTO  pPAacCEsIHUS TpH  ONHCAaHWW  TIpollecca  B3aUMOICHCTBUS
AJIEKTPOMArHUTHOTO HW3IIYYCHHS C TMOBEPXHOCTHIO 00BEKTa. DTO MPUOIMKEHUE
CIpaBEUIMBO MO JBYM MpPHYMHAM: aMIUTUTYJla, & COOTBETCTBEHHO M JHEPTHUS
AJIEKTPOMArHUTHOW BOJIHBI, OT KaXKJIOTO IMOCJIECAYIONMIETO PACCESTHUS 3HAYUTEIIHHO
MEHBIIIE, YeM JO paccesHus, reoMeTpuueckue  (HOopMbl  OOBEKTOB,
paccMaTpuBaeMbIX B JAWCCEPTAllMA, HMMEIOT  JOCTAaTOYHO  BBIMYKIYIO

pacceruBarouIyro IMOBCPXHOCTE. BI)IHYKJ'IEISI pacccuBaronias ITOBCPXHOCTD
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IMPAaKTHUYCCKH IMOJIHOCTBbIO MCKIIIOYACT CI)I/IBI/I‘IGCKYIO BO3MOXHOCTb MHOI'OKPATHOI'O

pacCCsIHuA.

1.1.3. IIpubGauxeHue  yIAaJeHHOCTH O00beKTa OT HMCTOYHUKOB
3JIeKTPOMATHUTHOTO U3JIyYeHUSsI.

B  OospmmHCTBE 3amay  paguoronorpaguu, — paguoroMorpaguu U
paZMoNIOKALUK UCCIeAyeMbIi 00BEKT pacroyiaraeTcsi Ha 3HAaUUTEIbHOM YJaJICHUN
OT HCTOYHUKOB OAJIEKTPOMAarHUTHBIX BOJH IO CPaBHEHUIO C JUJIMHOM BOJH
30HJIUPYIOIIEro u3nyueHus. B nuccepranrioHHoil paboTe uccieayemMble 00bEKThI
pacrnoyiararoTcs Ha paccTossHUM 1| M U OoJiee OT MepelaTYMKOB M MPUEMHUKOB
PaaMOBOJIH, CPEAHSS UIMHA BOJIHBI 30HAMPYIOLIEro u3nyyeHus pasHa 2.2 cm. [lpu
JAHHBIX YCJIIOBUSAX MCIIOIb30BAHUE JAHHOTO MPUOIMKEHUS CIIPABEITINBO.

1.1.4. Ilpubau:xeHune MaJbIX YIJI0B.

B paccmaTpuBaemMbIX 3ajadax O pacCesHUU 3JIEKTPOMArHUTHOTO H3IIyYEHHS
0T 00BEKTa, KpoMe MPHUOIMKEHUS OJHOKPATHOTO PACCESHUS YacTO MPUMEHSIOT
npuOIMKEHUEe Majbix yrioB. [TpubnuxeHue MajblX yIJOB 3aKIIOYAETCS B TOM,
YTO MaJaroniee 3JIEKTPOMArHUTHOE H3IydeHHe oOpa3yeT HeOOJBIION Yroil ¢
PEUMYIIIECTBEHHBIM HallpaBjeHUEM pacnpocTpaneHus. B Beipaxenun (1.4)
NEepEeMEHHbIE  MHTErpUpoBaHuMs U; W Uy  ONpEAeNA0T  HampaBliEHUE
pacnpocTpaHeHUs ANEKTPOMATrHUTHOTO U3ITyYEHHUS OTHOCUTEIBHO
NPEUMYILIECTBEHHOTO HampaBlieHus. B Hamem ciaydae 3TO TOJIOXKHUTEIbHOE
HampaBjieHHMe ocu Z. B ciydae, korna oHM NPUHUMAOT HEOOJBIIOE 3HAYEHHUE,
3JIEKTPOMATrHUTHBIE BOJHBI PACIPOCTPAHSIOTCA MO HEOOJIBIIKUM YIJIOM K ocu Z. B
Clly4ae, KOTJla CIIpaBeJIuBO YCIOBHE:

u? +ui > k? (1.5)

BXOJSIIME B MHTETPUPOBAHME BOJHBI SKCIMOHEHIMAIbHO YOBIBAIOT B
BBIOpAaHHOM TPEMMYIIECTBEHHOM HAIPaBJICHWH, TEM CaMblM OHHM HE BHOCSAT
CYILIECTBEHHBIA BKJIQJ B PE3yJbTUpYIOIIEE MOJie B TOUYKE HaOMto/eHus. 3HaK B
HIepBOIi SKCIIOHEHTE BhIpakeHus (1.4) ompenenser pe3ynbTUPYIONIce HAIPABICHHE

yObIBaHMSI TIOJNSI BIOJb OCH Z: «+» — pe3ylbTHpYIOUIEe IO0Je YOBbIBaeT B
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IIOJIOXKUTEIIbHOM HAMpPaBICHUU BIOJIb OCH Z, «-» — PE3YJIbTUPYIOIIECE II0JIE
yOBIBaeT B OTPHUIIATEILHOM HAIMPABJICHUHU BIOJIb OCH Z.

YyteM eme OAHO JAomylleHHe: OyjaeM CcuuTaTth, 4YTO BCE€ MCTOUYHHUKHU
AIIEKTPOMArHUTHOI'O HM3JyYCHHUS PACIOI0KEHBI B mojynpoctpanctBe Z < 0, a B
JPYTOM TOIynpocTpaHcTBe Z > 0 UICTOYHHMKHU U3TYyUYCHHS OTCYTCTBYIOT. [1I1OCKOCTh
Z = 0 — rpaHMYHas TUIOCKOCTh, KOTOpas paslueiseT MNPOCTPAaHCTBO Ha JBa
IIOAIIPOCTPAHCTBA, OAHO U3 KOTOPBIX COAECPKUT UCTOUYHUKU H3IIYUYEHHUS, a APYroe
HeT. [Ipy TakoM yTOUHEHHMM Tiepes paJuKaJoM B SKCIOHEHTE B BbipakeHuu (1.4)
JOJIKEH CTOSTh 3HAK «H».

[Ipy TakMxX BBEAECHHBIX MPEAIONOKEHUSIX O XapakKTepe pPacupOCTPAHEHUS
SJICKTPOMArHUTHOT'O M3JIYYE€HHUS B MPOCTPAHCTBE, PACCMOTPUM paCHpPEICIICHUE

KOMIUICKCHOW aMIUTATYIbI B TPAaHUYHOM T10cKOCTH (Z = 0):

+00
1 . .
P(x, v, 0) = W ff g(ul, uZ) e(lu1X+lu2y)du1du2 (16)

Beipaxxeane  (1.6) mpeacraBmsier  coboit  wHTErpan  (IByMEpHOE
npeoOpazoBanue) Dypoe. [lockonmbky mnpeoOpaszoBanne Dypbe 00paTHMO, TO

BO3MOXHO 00paTuTh Beipaxenue (1.6):

+00

guy,uy) = jf P(x,y,0) e~ (wax+in2y) gy qy (1.7)

N3 Beipakenus (1.7) ciemyer, 4To 3HAas pacHpeAcsieHUE KOMIUIEKCHOU
AMILTUTY/IbI B TPAHWUYHOM IJIOCKOCTH, OJHO3HAYHO ompenaessiercs Gpyukius g(uy,
Up), IO KOTOpoii u3 BeipaxkeHus (1.4) onpenensercs KOMIUICKCHAs aMILIUTya B

000 TOYKE TPOCTPAHCTBA.

1.1.5. IlpumMeHeHHe CBOWCTB JMHEHHBIX CHCTEM.

Crioco0 BBIYHUCICHHS] KOMIUIEKCHON aMILTUTY/IbI OJIsl B IPOCTPAHCTBE MyTEM
MPOBEJICHUS TOCJIEAOBATEIbHBIX BbluKcAeHUU 1o (opmynam (1.7) u (1.6) ¢
NPAKTHYECKON TOUKHU 3PSHHUSI 3aTPYAHUTENICH O IBYM MPUIHMHAM:

1. Heo0xoauMocTh B BBIYUCICHUH IBYX ABYMEPHBIX HHTETPAJIOB.
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2. OTCyTCTBHE TOYHOIO PEUIEHUsS WHTETPAIBbHOIO YPAaBHEHUA JUIS
OOJBIIMHCTBA 3a/ay.

JInst ynpolleHusl pacueToB IPUMEHHUM CBOMCTBA JIMHEMHBIX cucTteM. Cucrema
Ha3bIBACTCs JIMHEWHOW, TOTJAa M TOJBKO TOIAA, KOrJa BXOJHBIE U BBIXOJHBIC
CHTHAJIbl YAOBJICTBOPSIIOT TPUHIMIAM CYIEPHO3MIUN W TpaHcnosuimu [94].
[IpyHOMN CYIIEPIIO3UIMHU TIACUT, YTO €CIM BXOJHOW CUTHAJ COCTOMT U3 CyMMBI
OTZEJIbHBIX CUTHAJIOB, TO BBIXOJHOM CUTHAJ TAKKE COCTOUT U3 CYMMBI OTAEIIbHBIX
CUTHAJIOB, NPUYEM KaXIbIM M3 OTAECIBHBIX BBIXOAHBIX CHUTHAJIIOB OJHO3HAYHO
COOTBETCTBYIOT OTJEJIbHBIM BXOJHBIM CUTHAJIAM. [ [puHIAN TpaHCTIO3UIIMM TIIACHT,
YTO CIBUI BPEMEHM BXOJIHOI'O0 BO3JEHUCTBUS PABEH CABUTY BPEMEHM BBIXOJHOI'O
BO3JeUCTBUA.  [IpuHUIMOBI  Cynepno3uiMu U TPAHCHO3UIMUA  MOKHO

COOTBCTCTBCHHO BBIPA3HUTh B HHTCI'PAJIbHOM BHUAC:

400
1 .
y(t)=%f ¢, (WK (iw)e*tdw (1.8)
1
y(t)=§ j x (tHH(t —t")dt’ (1.9)
rie Cy(w) — cmexktp BxomHOro BozackcTBus, K(iw) — yactoTHas

XapaKTePUCTHKA CHCTEMBI, OnpejaelisieMas Kak OTKJIMK CHCTEMbl Ha BO3JICHCTBHE
it ’ o

Buga €, X(t) —Bxomnoe Bo3aeiictBue, H(t) — wuMIysbcHas xapaKTepUCTHKA

CUCTEMBI, OmpeseisseMas KaK OTKJIMK CHUCTEMBbl Ha JEIbTOOOpPa3HBIA CHTHAI.

YacTtoTHasi XapaKTePUCTHKA CHCTEMBbI W HMMITYJIbCHAS XapaKTEPUCTHKA CHUCTEMBI

OJIHO3HAYHO OTPEJIEIISIOT CUCTEMY U CBSI3aHBI MEXK]Ty COOOI:
17
K(iw) = o f H(t)e'wtdt (1.10)

st Beipaxkenus (1.4) BXOAHBIM CUTHAJIOM SIBIISIETCS paclpeiesicHUue

KOMIUIEKCHBIX aMIUIATYJ] B TPAaHMYHOW IUIOCKOCTH (Z 0), BBIXOJHBIM — B
IUIOCKOCTH Z = Zp, @ YaCTOTHAs XapaKTEPUCTHKA CBOOOIHOIrO mpoctpaHcTBa [95]

MMpCACTABIACTCA TOTI'/Ia B BUJC:
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i 2_172_9,2
K(uq,uy) = e T (1.11)

Ero umiynbCHbIN OTKIIUK BBITJISNT:

ikR 1e ikR 7z

+ -2 (1.12)

e zZ
R R 2m R? R

H(x,y) = —iik

rae R = /x2 + y2 + z2. Torya no ananoruu ¢ Beipaxennem (1.9) BIX0HOM

CUTHAJI CUCTEMBI MOKHO IMPCACTAaBUThL B BUJC!

+ oo

P(x,y,z) = ﬂ P(x',y, 0)H(x —x',y —y)dx'dy' (1.13)

bynem mpenmnosaratb, 4TO paccCTOSHME OT HCCIEAYEMOro OOBEKTa [0
UCTOYHHUKA BJIEKTPOMArHUTHOTO W3JIyYEHUS 3HAUUTEIbHO TMPEBBIMIACT UIUHY
BoJiHbI. Torna npuOaMkKeHWe MajblX yrioB M HpuOIMKeHue o0 yAalleHHOCTH

00bEKTa OT UICTOYHUKOB 3JIEKTPOMATrHUTHOTO U3TyYECHUS MTO3BOJISIIOT CUUTATD:
1
k > —» Z=R (1.14)
C yuerom (1.14) 3anuiieM NPUOIMKEHHOE 3HAYCHHE IS HUMITYJIbCHOTO

OTKJIIKA CBOOOTHOTO TIPOCTPAHCTBRA!

ikR
Hxy) =55 (1.15)

C yuerom (1.15) Beipakernne (1.13) BRITISAUT CISAYIOIINM 00pa3oMm:

400
1 .
P2 = | PGy, 0 edxay (1.16)

rnie R=,(x—x)2+ @y —y)2+ (z—2)2 TlonyuenHoe BHIpaKeHHE
(1.16) mo3BoONSET MO W3BECTHOMY pACHPEICIICHHIO KOMIUICKCHBIX aMIUTUTYA B
OJTHOM TUTIOCKOCTH BBIYHCIISATH €ro B 000K Jpyroi miockoctu. C du3mdeckon
TOYKM 3pEHUs OTO BbIpa)XEHUE oOTpaxkaeT npuHuun [rolirenca—POpeHens B
MHTETPAJIbHOM BHJIE.

1.2. IIpumensieMble MeTOABI PAAUO30HAUPOBAHMS.

B Hacrosiiiee Bpemsi CyIIECTBYET MHOKECTBO CXEM PaJWO30HIMPOBAHMUS.

Kamnaﬂ N3 CYIICCTBYHOIIMX CXCM IIPUMCHHMA TOJIBKO JJIII KOHKPCTHO
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NOCTaBJICHHOW 3a7auu. BeIOOp cxeM 30HIMPOBaHUS 3aBUCUT OT psga BHEIIHHX

(haKkTOpOB:
1. dopma ¥ reoMeTpHUs UCCIIEAYEMOTO O0OBEKTA.
2. Pazmepsl ucciemyeMoro oobexTa.
3. Crioco0 pa3MereHus MprueMoTepeaaroIInX JIEMEHTOB.
4, Tur 30HAUPYIOMIETO CUTHANA.

B 3aBucuMOCTH OT KaX10TO U3 (PAKTOPOB BHIOMPAETCS CXEeMa 30HIUPOBAHMUS.

1.2.1. JlokaumoHHBINA MeTO/ 30HAUPOBAHMUSI.

JlokanmoOHHBIM METO/ 30HIUPOBAHUS — 3TO TAKOW METOJl 30HAUPOBAHUS, TIPU
KOTOPOM  CYUIECTBYET IUIOCKOCTb, pa3felidrolias MpPOCTPAHCTBO Ha JBa
NOANPOCTPAHCTBA, B OJJTHOM U3 KOTOPBIX PACMOJIaraloTcsl MPUEMHUK U MEPEIATUUK
DJIIEKTPOMAarHUTHOTO  M3JIY4YEHHUS, B JPYrOM — HCCIEAYyEeMbId  OOBEKT.
DNEeKTPOMAarHUTHBIE BOJIHBI PACCEUBAIOTCS HA UCCIEAYEMOM OOBEKTE M MONAAatoT
Ha NPUEMHYI0O aHTeHHY. B cucTtemax ¢ JIOKallMOHHBIM METOJOM 30HAUPOBAHUS
AIIEKTPOMArHUTHOE U3JTy4YeHHE HANpPAaBIISIETCs B 3aJJaHHYIO 00JIaCTh IPOCTPAHCTBA,
rJe pacrojaraercsi oObeKT, a MO PaCCEIHHOMY H3IYyUYECHHIO BBIYUCIISIETCS €ro

paauonzobOpaxkenue. CXeMaTHUHO JIOKAIIMOHHBINA METOJ TIPEJICTABIIEH HA PUCYHKE

1.1.

<,
=
K

Pucynok 1.1. JlokanimoHHbIN METO 30HIUpOBaHus. 1 — nepenaromias

aHTEHHA, 2 — MpUEeMHAas aHTeHHA, 3 — UCCIIEyEMbIl OOBEKT.
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HpI/I HCIIOJIB30BAHHUHN JIOKAIIMOHHOI'O MCTOJa 30HAMUMPOBAHHA OIIPCACIACTCA

paccTOsIHUE JIO HCCIIETyeMOT0 00BEKTa.

1.2.2. TpaHCMHUCCHOHHBIN METO/ 30HAUPOBAHMS.

TpaHCMUCCHOHHBIM METOJ 30HAMPOBAHUS — 3TO TAKOM METOJ, IPU KOTOPOM
IPUEMHHMK W IIE€PENATYUK DIEKTPOMArHUTHOIO M3JIy4YEHHUS PACIOJIAararoTcs I10
pa3Hble CTOPOHBI OT HCCIENAYEMOro O0bEeKTa. B TpaHCMHCCHOHHOM METOAE
30HIUPOBAHMS M3MEpSETCA TMpolleauee uYepe3 OOBEKT 3BJIEKTPOMArHUTHOE

H3JIYYCHHUC. CxemaTuyHO TpaHCMI/ICCI/IOHHBIﬁ MCTOA MPCACTABJICH HA PUCYHKC 1.2.

L(J\I\Q\/\f\[)—

Pucynox 1.2. TpaHCMHCCHOHHBIN METOJT 30HAUPOBaHUS. | — mepenaromas

aHTEHHA, 2 — MPUEMHAsl AHTEHHA, 3 — UCCIeAYEeMbIi OOBEKT.

IIpu ucronp30BaHUM TPAHCMHUCCUOHHOTO METO/1a 30HIMPOBAHUS U3MEPSIOTCS
KOG PUIIMEHTHl  TMOTJIOMICHUs, NpPOIMyCKaHus. A  TOpU  UCHOJIb30BaAaHUU
HIMPOKOIIOJIOCHOTO M3JIYYEHUS] U3MEPSIOT YIJIMHEHUE ONTUYECKOIrO IyTH BJOJIb
IPsSMOM, TMPOXOAALICH 4Yepe3 IMPUEMHHUK U nepegatuuk. I[lpu wusmepenun
VIUIMHEHUS ONTHYECKOTO IIyTH, B Pa3JIMYHBIX PACHOJIOKECHUSAX MPUEMO-
NepelaronX 3JIEMEHTOB OTHOCHUTEJIBHO UCCIIEyEMOTO o0BeKTa,

BOCCTAaHABJINBACTCi CI'o I/I306pa)K€HI/I€ MCTOJOM MHKpOBOHHOBOﬁ TOMOFpa(l)I/II/I.
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1.2.3. MeToa ¢ HCIIOJIb30BAHMEM PAa/iapa ¢ CAHTE3HPOBAHHO anepTypoii.
B meTone ¢ ucnosib3oBaHreM pagapa ¢ cuHTe3upoBaHHOU anepTypoit (PCA)
30HIMPOBAHUE HCCIEAYEMOro OO0BEKTa MPOUCXOJIUT MOCIEIOBATENBHO C
HECKOJIBKMX IMOJIOKEHHUI TNepeAaroux aHteHH. Mertoa ¢ ucnonb3zoBanueM PCA
peanu3oBaH Ha  DKCIEPUMEHTAJbHOM  YCTAHOBKE, KOTOpas  CXEMaTUYHO

npeacTanieHa Ha puc. 1.3.

4
<KK
—<K
<KL
3
Wo+wm
W | o 38

Pucynok 1.3. Cxema skcniepuMeHTaibHOM yctaHoBKH. 1 — reneparop CBY
CUTHAJa,
2 — MoayJsATop, 3 — KommyTatop 1 B 256, 4 — MaccuB nepeaarommx
anementoB (PCA),
5 — npuemHas aHTeHHa, 6 — IEMOAYISATOpP, 7 — aHAIOro-IU(PPOBOM

npeooOpasosarens (ALI),
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8 — mepenaromuil TPakT, 9 — MPUEMHBINA TPAKT.

[IpuHiun  paboOThl  AKCIEPUMEHTAJBLHON  YCTAaHOBKM  3aKJlOYaercs B
caenyromem: CBY curnan Hecymeit yactorel Wy u3 noanuanazona 10-18 I'Th
dbopmupyetrcsi renepatopom (puc. 1.3, 1). Janee CBY curnan mnocrynaet
napajuieTbHO B MepefaroImuid W TmpueMHble Tpaktel (puc. 1.3, 8 u 9,
COOTBETCTBEHHO). B mepenaromiemM Tpakre: CUTHAI MOAYJUPYETCS MErareploBbIM
CUTHAJIOM Wp,. MoayIMpOBaHHBINA CUTHAJI MTOCTyIAaeT Ha KoMMmyTatop 1 B 256 (puc.
1.3, 3), w3 koroporo curHambl mnoctynator Ha PCA (puc. 1.3, 4). PCA
npeacTaBiseT coboi MaccuB u3 256 (16x16 sneMeHTOB) MepeIarouX dIEMEHTOB,
BBITIOJTHEHHBIX B BHUJE IIMPOKOIOJIOCHBIX aHTCHH BuBaapau B KOHHUYECKOM
9KpaHe. DJIEMEHThI MaccuBa COOpaHbl B aHTEHHYIO PEIIETKY TaKUM 00pa3oM, 4TO
pacCTOsSIHME MEXK]y COCEIHMMH cocTaBisieT 1.8 cm. M3myueHne mpoucXOoauT AJis
KQKJOr0 3JIEMEHTAa MOCIeA0BaTeIbHO Ha 3a/JaHHOW HEeCcylledl 4YacTtoTe, a €ero
JIUTENbHOCTh cocTaBisieT 10 He. Koraa kKaxkablid 3JIEMEHT B MAcCCUBE HU3ITYy4HII
curnan Ha yactore Wy, reneparop (puc. 1.3, 1) mepekirodaeTcss Ha CIETYIONIYIO
4acTOTYy M3 3apaHee MOATrOTOBICEHHOrO CIUCKAa. B mpreMHOM TpakTe: paccesHHOE
U3ITy4YeHUE PUHUMAETCS] TPUEMHOM aHTeHHOM (puc. 1.3, 5), BBIMOIHEHHOW B BHIE
anTeHHbl BuBanpnu. B gemonynstope (puc. 1.3, 6) mpouCXOAUT BBIACICHUE
amuaty bl 1 (paszel curHana ((Ag, ¢1;...; An, @n), puc. 1.3). Jlanee, amumaryaa u
¢aza curnana nmocrynaior B ALl (puc. 1.3, 7). ITocne AL curaamsl uayT B
KOMITBIOTEP 151 OOpabOTKH.

PacctosiHue MexJy COCEOHUMH MEPENAIOIMMHU 3JIEMEHTAMU B MAacCHUBE
BBIOpAHO TakUM 00pa3oM, YTOObI OHO HE MPEBHIIIAIO CPEIHION JIJIMHY BOJHBI
30HAMPYIOIIETO MIUPOKOMOIOCHOTO u3nydeHus. HecoOmiogeHue 3Toro ycioBus
MOXKET CYILIECTBEHHO MCKa3uTh auarpammy HampasieHHoctu PCA, st koTopoi
IPU YBEJIIMUCHUHN PACCTOSHUS OyJET MPOSBISATHCA d(HPEKT MHOTOJICTIECTKOBOCTH.
Hcnonp30BaHWEe AaHTEHHOW PEIIETKA YBEIMYMBAET pa3pelICHUE CUCTEMbI B
MOTIEPEYHOM HAIpaBJICHUH, KOTOPOE MO3BOJSET pa3peliarh ABa WM HECKOJIBKO

00BEKTOB HAa MEHBIINX pPACCTOAHMAX APYI OTHOCUTCIIBHO APyra U OIPCAC/IATh UX
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YIJIOBbIE pa3Mepbl. A NPUMEHEHUE IIUPOKOIOJIOCHOIO CHUTHAJA I03BOJIAET

onpenensaTh GopMy U pazMepbl UCCIEAYEMOTro 00bEKTa M0 IIyOuHe.

1.3. MeToabl 00padoOTKH pPacCcessHHOr0o O00bEeKTOM M MPOLIeAIIero 4epes
00bEKT 3JIEKTPOMArHUTHOIO TOJIS.

JUis ~ BOCCTAHOBJEHUSI  M300paKEHHS  KaKk  OT  pPAacCEeIHHOro  Ha
HEOJJHOPOJHOCTSIX, TaK M MPOILEIIEr0 Yepe3 OOBEKT 3JIEKTPOMArHUTHOTO MO
HEO0OXOIMMO MPOU3BECTH MATEMATHUECKYI0 OOpa0OTKy HM3MEPEHHBIX aMILIUTY]I

ITOJIA.

1.3.1. Paguorosaorpaduyeckuii MeTox.

['onorpagus — 3TO MHTEP(PEPEHIIMOHHBI METOJ PErucTpaui CBETOBBIX
BOJIH, AU(parupoBaBUIMX Ha OOBEKTE, KOTOPbII OCBELIEH KOTEPEHTHBIM CBETOM
[96]. Ins pagworonorpadguu 3TO ONpPECIICHUE TaKKE CIPABEIIMBO, TOJBKO C
YTOYHEHHEM: OOBEKT 00JydaeTcsi KOTEPEHTHBIMH PaIUOBOIHAMH, U U3MEPSIOTCS
aMIUTUTYJIbI U (Da3bl paccessHHbIX U JU(paripOBaHHbBIX BOJIH.

JUIs ~ YUCIEHHOTO  pacueTa  pajuoroiorpa@uyeckoro  M300paKeHHs
HEOOXOMMO TIPOU3BECTH MPONEAYpPY IucKperuzanuu BoipaxeHus (1.16). s
TOr0 B NEPBYK OYEpEIb HEOOXOAMMO ONPEAEIUTh TPAHUYHYIO IJIOCKOCTH C
U3BECTHBIM pACHpeeICHHEM KOMIUIEKCHBIX aMIUTUTY (aMmiuTynsl u assi). B
paccMaTpUBaeMbIX 3a/layax, Korja JJisi 30HJUPOBAHMS OOBEKTOB MPUMEHSIOTCS
PCA, y1o6HO B KauecTBE I'paHUYHON MIIOCKOCTH paccMaTpUBaTh INIOCKOCTh CAMOM
pemeTky. DTO 03HAYaeT, YTO 3HAYEHHUS! KOMIUIEKCHBIX aMILIUTY /T MOJIS 3aar0TCS B
npefenax IVIOCKOCTH PEUIeTKH, a BHE IUIOCKOCTHU PEIIETKM MX 3HAa4eHHsl OyayT
paBHBI HYJ0. Tem caMbIM 3TO TipeodpasyeT 00J1acTh ABYMEPHOTO HHTETPUPOBAHUS
[0 JIBYM HIPOCTPAaHCTBEHHBIM KOOpAMHATaM K CYMMHPOBAHMIO IO 3JIEMEHTam

PCA:
N
1 .
P(x,y,z) = %Z P(x',y',0)et*Rrt (1.17)
r=0
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rae N; — koinuecTBO nepearonux aHTeHH, Ry — paccTosiHie OT nepeaaronen
aHTeHHbI t 10 Touku (X,Y,Z) 1 oT ToukH (X,Y,Z) A0 MPUEMHOM aHTEHHHI . B ciydae
MCII0JIb30BaHUS JIOKAIIMOHHOTO MeToAa cyMMupoBaHue B (1.17) oTcyTcTByer.

[Ipy uCHONB30BAaHUM IIMPOKOIOJIOCHOTO JMAaNa3oHa 3JIEKTPOMArHUTHOTO
U3JIy4YCHUsS MPHU 30HIAMPOBAHUU HEoOXoaumo OyneT Takke mpousBectd B (1.17)
CYMMHPOBAHHE IO MCITIOIH30BAHHOMY Ha0Opy 4acTOT.

Paguoronorpadguueckuit MeTom TPUMEHUM B TeX ClOydasx, Korja
HEOOXOIMMO HACHTU(UIIMPOBATh TMPUCYTCTBHE AUAJICKTPUUYECKOTO IIPEAMETa,
ONU3KO WM BIUIOTHYIO PACIIONIOKEHHOTO C PaCCEUBAIOIIEH MTOBEPXHOCTHIO.

OnHa W3 aKTyalbHBIX 3a/1ad paguorojiorpaguu B 00iacTu OE30MaCHOCTH B
HacTosIIee BpeMs — 3TO JIVCTaHIIMOHHOE BOCCTAHOBJICHHE
paauoroziorpaduyeckoro n3o0paxenus yenoseka. [lo aHanu3y BOCCTaHOBIEHHOTO
U300pKEHUS YEJIOBEKa, BBISBISETCS MPHUCYTCTBHE CKPBITHIX MOJAO03PUTEITHHBIX

00BEKTOB HA TEJIE.

1.3.2. MeToa MUKPOBOJIHOBOM TOMOTrpaguu.

Tomorpaduss — MaTeMaTHYECKUd  METOJ  TMOJYYCHHUS  IMOCIOWHOTO
M300pKEHUS BHYTPEHHEW CTPYKTypbl oOBekTa. Tomorpaduueckre METOIbI
00paboTKH M300paKEeHUN MUPOKO PACHPOCTPAHEHBI MPAKTUYECKHU BO BCeX cepax
YEJIOBEUECKOW JKM3HU: MEIWITMHA, acTpou3nka, IehEeKTOCKOIMHMs, apXeoaorus,
0€30MacHOCTb, CIIEKTPOCKOMNUS U AP.

B Tomorpaduuecknx merogax 3aJeCTBOBaHBI MPAKTUUYECKU BCE YACTOTHBIC
JIMAIa30Hbl AJIEKTPOMATrHUTHOIO H3JIyYEHHUS, a TAaKK€ OTHAEJIbHbIC JIUAIa30HbI
3BYKOBBIX BOJIH M CHUJIbHBIE BBICOKOYACTOTHBIE MAarHUTHBIE MOJIA. PeHTreHoBckas
TomMorpadus  IIMPOKO  pacIpoCTpaHeHa B  MEAHUIHMHE, JePEKTOCKOIHH,
Oe3omacHOCTH; omTHuecKass TomMorpadus — B CHEKTPOCKONHUHU, MHUKPOBOJIHOBAs
Tomorpadus — B MEAUIMHE U acTPOPU3HUKE.

Marematuueckass uaess TOMOrpagUUecKOro MeEToJa 3aKJIIo4yaeTcsl B
BoccraHoBieHun (yukiuu f(X, y) — dyHKIMKM pacnpesencHus TIOTHOCTH (WK

pacmpeseiieHus 000 apyrod BenwuuHbl) B Iutockoctr [97, 98, 100-103].
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HauanpHBIMH HaHHBIMH SBISIFOTCSL HAaOOpBI pamoHOBCKHX 00pa3oB {R,(S)} —
npoekuuii pyukiun f(X, y) Ha HAOOP COOTBETCTBYIOIMIKX MPsAMBIX {S} B MIOCKOCTH
X-y, oOpasyronmx yriel @i ¢ ocklo x (I — HOMep mpoekimu). [1o MHOXECTBY
PaZIOHOBCKUX 00pa30B BBHIYUCIISIETCS] MHOXKECTBO (PYHKITUN — OOpaTHBIX MPOESKITHIA
{R(p (x, y)}. O6patHas npoekuus R,(X, ) — 310 GpyHKuus AByX nepeMeHHBbIX (X, Y),
TIOBTOPSIIOIIAs. COOTBETCTBYIOLIMI paJoOHOBCKUI 00pa3 R,(S) B moboM cedeHHn
IUIOCKOCThIO TapayienbHo mnpsmoi S. Ilo Habopy oOpaTHBIX MpOEeKIUi

OMpeeIIIeTCsl CyMMapHas MPOEKITUs:

1 1
50,9) = [ Ro@)dp = - [ Ry(eos(e) + ysin(@). o) (1.18)
0 0

®dyukuus S(X, Y) mpeacTaBiaseT co00M BOCCTAHOBICHHYIO IO PaJOHOBCKHM
obpazam ynkmuro f(X, y). ®opmy:a (1.18) crpaBeamuBa JuIib Tpu 0ECKOHSYHOM
KOJIMYECTBE PATIOHOCKHX 00pa30oB, YTO HAa MPAKTHKE Peali30BaTh HEBO3MOXKHO.
Pemaer sty mpobiiemy mponenypa auckpermsaruu (1.18), B pesynbrate KOTOpOn
UHTETPUPOBAHUE OOPATHBIX MPOSKIIMA TI0 YIUIY ¢ — YIJIIOM C OCBIO X, IIEPEXONT B

CYMMHPOBAHHE:

N
1
S(x,y) = Nz R;(xcosp; + ysing;, ¢;) (1.19)
i=1

rne N — uucno pamoHoBckux 00pa3oB. [Ipu KOHEYHOM uHMCIE MPOEKIUH
byHKIMSA S(X, Y) TOIBKO ¢ HEKOTOPOW TOYHOCTHIO MOBTOPSAET UCXOAHYIO (PYHKIIHIO
f(X, y). AHanoruuHble pacCykKJICHHs CIPABEIJIUBBI M I OOIIEro Ciaydvas, Korjaa
byukuus  f(Xy,...,.Xn) sBasieTcs GyHKUMEH pacnpeieseHus IUIOTHOCTH (WH
pacnpeneneHust 000 Apyrold BETWYMHBI) B N MEPHOM MPOCTpPaHCTBE. B 3ToM
ciydae N MepHOE MPOCTPAHCTBO Hpoenupyerca Ha N-1 mepHoe.

B PEHTTE€HOBCKOM JIana3oHe BOCCTaHABJIMBAIOT byHKIHIIO
MIPOCTPAHCTBEHHOTO  PACHPEAECICHUS] IUIOTHOCTH BENIECTBA, B ONTHYECKOM
IUAara3oHe — ONTUYECKYK IUIOTHOCTh BEIIECTBA, B METOAAX SAJIEPHOIO

KBaJIpynoyIbHOTO pe3oHaHca (SIKP) — mioTHOCTh aTOMOB BOAOPO/ia B BEIIECTBE.
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Meton MHUKpPOBOJIHOBOM ToMorpaduu NPUMEHUM B TeX CIydasX, Korja
HEOOXOAMMO  MJCHTU(DUIMPOBATH  JAUDIEKTPUUYECKUA  OOBEKT,  KOTOPBIU
pacrojoKeH BHYTPU HEMPO3payHOTO CJos ISl BUAMMOIO JHana3oHa W
MPO3pPaYHOro JJIsl MUKPOBOJIHOBOIO JIMANa30Ha.

AKTyanbHas 3a/1aya MUKPOBOJIHOBOM TomMorpaduu B 00s1acTu 6€30MacHOCTH B
HACTOSIIIEE BpeMsi 3TO — JUCTAHIMOHHOE IMOCTPOCHUE TOMOTpapuUecKux
W300pKEHUN YEMOJIAaHOB WJIM  PIOK3aKOB, TMPOBO3UMBIX 4enoBekoMm. [lo
BOCCTAHOBJICHHBIM TOMOT'pPaUUYECKUM HU300paKEHUSM BBISBISETCS HaJU4YUe

CKPBITBIX IMMOAO3PUTCIIbHBIX O0OBEKTOB.

1.3.3. beicTpoe npeodpa3zoBanne Oypne.

beictpoe mpeoOpazoBanue Dypbe (BIID) omamH U3 pacmpocTpaHEHHBIX
MHCTPYMEHTOB CIIEKTPAJbHOIO aHAJIM3a CUTHAJIOB, MIUPOKO NPUMEHSEMBIN B
CaMbIX pa3HbIX OTpaciiAX HAYKH W TeXHUKH. [Ipu 3TOM pa3zpaboTaHO MHOMXKECTBO
OBICTPBIX AITOPUTMOB TSI BRBICOKOW BBIYUCIHUTENHbHOMN dddhekTuBHOCTH BI1D.

B guccepraumonnoit  pabore  BII®  mpumensercs B KayecTBe
MOJIEPHU3UPOBAHHOIO  CHOCO0a  BOCCTAHOBJIEHUS  PaJUOr0OJIOrpauyeckoro
n3o0pakenus (1.17). Pacyer BOCCTaHOBIEHHOTO M300PaXXEHHUS C MCITOJIb30BaHHEM

BII® BBITISIAUT CIIETYIOMNUM 00pa30M:
Ne—1

p’ =l P(x'. v 0) etkRrt
(x'yJZO) 7 (x:y' )e

0

t=0

Ny
1 . 2mk
P(x,y,z)z—ZP(x,y,zo) exp | i * NZ (1.20)
Ny Ny
k=1
rne P(X,y,z2) — ammiuTyga BOCCTaHOBJIEHHOrO TOJs B Touke (X,Y,2),

P(xy’,0) — uamepsieMasi KOMIUICKCHAsI aMILIMTYJa CHTHajda B M3BECTHON TOYKE
npocTpaHnctBa, P’(X,y,Zg) — amIumMTyna B 0a3MCHOM IUIOCKOCTH pacueTa, Nf —
KOJIMYECTBO MCMOJIb3yEMBbIX 4acTOT, Ny — KOJIMUECTBO MEPEAAIOUIUX IIEMEHTOB, Ryt
— CyMMapHO€ pacCTOSTHUE OT MEPENAIIIEeTo IeMEHTa t 0 TOUKU BOCCTAHOBIICHUS

M OT TOYKH BOCCTAHOBJICHHA JO0 IIPHEMHOI0 JJICMCHTA. I[J'ISI IMPOBCACHUS
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npoueaypbl BII® HEOOX0IUMO HMCIOIB30BaTh YKBUAMCTAHTHBIN HAOOp 94acToT, B
OTJIMYME OT BOCCTAaHOBJIEHHs, mpoBogumoro mno (1.17), B KOTOpoM HeET
HEO0OXOJMMOI0 YCJIOBUS 00 HCMOJIb30BAHMM HSKBUAMCTAHTHOIO Habopa dYacToT.
Kpome Toro, mis Hambomwieit a¢gdexkruBHocTr BII® konmmuecTBO 9acToT OBLIO
pasHO 2". B sKcriepuMeHTax KOJIMYeCTBO YacTOT PaBHAIOCH 128.

BII® ynobHO wuCHONB30BaTh B ONTUMHU3AIMU M YCKOPEHHUHM PacyeToB
paauoroyiorpadguueckoro n300paxKeHUs U PaIuoTOMOTpahruuecKoro n300paKeHUs
(MeTo1 MUKPOBOJIHOBOM TOMOTrpadun).

B cnenyromeit rimaBe OyAeT HpeACTaBICHO BOCCTAHOBICHUE HM300paKeHUI
BII® (1.20), ero cpaBHeHue ¢ MeromoMm mpeobpazoBanus Dypee (1.17). Bynger
MPOU3BOJIUTHCS AHAJIM3 BOCCTAHABIMBACMBIX HM300pKEHUN MpPeACTaBICHHBIMU
metonamu. Ha mpaktuke mpumenHenue BII® (1.20) 3HaumTenbHO yBEIMYHMBACT
MIPOU3BOJAUTEILHOCTh PACUETOB TIPH MPOBEACHUU MPOIEAYPhl BOCCTAHOBICHUS
noJist U ocyiabisieT TpeOoBaHUsl, MPEAbSIBISIEMbIE K BEIUUCIUTEIHHON CUCTEME, 10
CpaBHEHWI0O C TpUMEHeHHueM mpeoOpasoBanuss Dypee (1.17). Beicokas
MPOU3BOJIUTEIILHOCTh ~ PAacue€TOB  O0OECIEUMBAET BBICOKOE  OBICTPOJCHCTBUE
CHUCTEMBI, UYTO OCOOEHHO aKTyaJbHO MPU PEIICHUH COBPEMEHHBIX 3a/1a4 B 00JacTU

0€30MaCHOCTH.

1.4. MeToabl u3mepeHnsi AUIITECKTPUIECKON MPOHULAEMOCTH.

JlupnexkTpruyeckasi MPOHUIIAEMOCTh B OOIIEM CiIydae sIBISETCS KOMIUIEKCHOMN
BEJIMYMHON, MHUMAs 4acTh KOTOPOM OTBEYAET 3a MOTJIONIEHUE SJIEKTPOMATHUTHBIX
BOJIH TIPH MIPOXOXKJICHUH Yepe3 BEIECTBO, & BEIICCTBEHHAs YacTh — 3a (ha30BbIN
caBur. Takke NUAIEKTpUYECKas MPOHUIIAEMOCTh BEIIECTBA 3aBUCUT OT JJIMHBI
BOJIHBI M3Jy4EHUS, a METOJI €€ HU3MEPEHUs, COOTBETCTBEHHO, OIPEACIISIETCS
UCIOJIb3yeMbIM JTUATNa30HOM JUIMH BOJH. [Ipu ananmuse paauoronorpaduueckux u
paguoTomMorpauueckux  HM300paKEHUN  OONBIIMN  HUHTEPEC  MPEACTABISACT
BEIICCTBEHHAs] 4acTh JMAJIEKTPUYECKOM NPOHUIAEMOCTH. B auccepranmoHHON

pabote paccmarpuBanock uanydenue 10 — 18 I'Ty CBY nuanazoHa.
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1.4.1. MeTton omnpenejJeHuss AUIICKTPUYECKON TMPOHMLIAEMOCTH C
HCII0JIb30BAHHEM KOAKCHAJIBHOIO 30H/A.

Meton omnpeneiaeHue AUAIEKTPUYECKONM MPOHUIAEMOCTH C IOMOIIbIO
KoakcuanbHOTro 30HAa [107] oTHOCHTCS K KOHTaKTHBIM MetoaaMm. OH OCHOBaH Ha
U3MEpPEHUU 3aBUCUMOCTH KOd(hUIMeHTa OTpakeHUsl OT 4acTOThl. CXeMaTH4HO

HKCIIEPUMEHTAJIbHAsl YCTAaHOBKA MIPeICTaBIeHa Ha pucyHke 1.4.

Pucynok 1.4. Cxema yCTaHOBKH JIJIs METOJA OTIPEACIICHUS AUIIEKTPUUECKON
MIPOHUIIAEMOCTH C UCIIOJIb30BAHUEM KOAKCUAJIBHOTO 30H1a. | — BEKTOPHBIN
aHAJIM3aTop IeIeH, 2 — THOKUI BOJTHOBO/, 3 — BOJTHOBOJI C OTKPBITHIM KOHIIOM, 4 —
UCCIIeNyeMbIi TUAJIEKTPUIECKUi oOpaser,

5 — MJIOCKOCTh BEKTOPHOTO aHalu3aTopa, 6 — anepTypHas II0OCKOCTh

HCCIICAYCMOI'O IUIJICKTPHUICCKOTO 00BEeKTA.

B  aKkcmepuMEHTanbHBIX  WCCIACAOBAHHMSIX C  IIOMOIIBID  BEKTOPHOTO
aHanmzatopa uenei (puc. 1.4, 1) usmepsercs KodQPHUIMEHT OTpaxeHUs B
IJIOCKOCTH BEKTOPHOTO aHanu3aropa [, (puc.1.4, 5). OH cBs3aH C
KOA(PPUITUCHTOM OTpaKEHHUS JTUAJIEKTpUueckoro obpasma [, (puc.l.4, 4) B

anepTypHOU IJIOCKOCTH COOTHOIIEHUEM:

5125210
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e Sy1, Si, S11, Sp2 — KO PuIMEHTHI MaTpUIlHl paccesuus. KoaddummeHTs
MaTPHUIIbI PACCESHUS OIPEACIAIOTCS W3 KaJTHOPOBKHM 110 HA0OpPY 3STaTOHHBIX
o0pa3lloB ¢ U3BECTHbIMM  Xxapakrepuctukamu. W3 (1.21) omnpenenstor

kodhunmeHT orpakenus [, B anepTypHOU MIIOCKOCTH:

(1.22)

Koaddumment orpaxenuss cBsizaH ¢ KO3(DPUIMEHTOM MPOBOJAUMOCTH

MaTepuaa:

YZYO

1-T
. (1.23)
14T,
rae Yo — IpOBOJUMMOCTh BOJIHOBOJAA C OTKPBITBIM KaHaioMm (3, puc.4), Y —
IIPOBOAMMOCTB MCCIEAYEMOT0 MaTepHaa.

[TpoBOIMMOCTE BBIUMUCIISAETCA 110 alIPOKCUMAIIMOHHON (popmyie:

_ L[ L L ]
Y(k)_lnkclnb/a L ==+ Lk+i =+ (1.24)
rne a, b — BHyTpeHHWH W BHENIHWI paaMyChl KOAKCHAIBHOTO KaOes

COOTBCTCTBCHHO, kc, K — BOIHOBBIE 4YHCIIA JIIA Kabenst u I AUQJICKTPUKA

f b ebper N2
COOTBETCTBEHHO, k = ZﬁE\/E, I, = ja L\ .[o R(r, p,¢)" " cos(¢)dgdrd o |

R(r, p, ) = \/ r’ +p>—2rpcos(¢) , &€ — HCKOMAas AMDICKTPUYCCKAs IMPOHHUIIACMOCTD.

Pemass ypaBuenue (1.24) B mpeACTaBICHHOM Pa3j0KEHUH, OINpEEseTCs
BOJTHOBOE YMCJIO JJIsi 00pas3la, a 3aTeéM U €ro KOMIUIEKCHas JUAJIEKTpUYecKas
MIPOHUIIAEMOCTb.

[IpenmMy1iecTBOM JaHHOTO METO/Ia SBJISIETCS BBICOKAsi TOYHOCTh OMPEACIICHUS
ausnexkTpuueckoit mponunaeMoctu (o 0.5%). K HemoctatkaMm MeTona MOXKHO
OTHECTH: BBICOKYIO CTOMMOCTH HM3MEPHUTEIBHOrO0 000PY/IOBaHUS, KOHTAKTHOCTh

METO/la U BEICOKOE BpeMsl u3Mepenus (ot 1-5 cex).
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1.4.2. Metoa onpeaejeHust AUINIEKTPUYECKOH TMPOHUIIAEMOCTH M0
aHaJM3y NpoLIeAIero u3JIy4eHusl.

MeTon ompeneneHUs AMAICKTPUUYECKON TMPOHHUIIAEMOCTH TIO aHAIH3Y
IPOIICIIIET0 W3ITYYCHUS OTHOCHUTCS K KJIacCy OSCKOHTAKTHBIX MeronoB [99]. B
OCHOBY MeETOJa TIOJIO)KEHO ONpeeNieHue YAJIWHEHUS OINTUYECKOro IyTH II0
OpoLIEAIeMY Yepe3 OOBEKT M3IYYEHUI0O Ha 3aJaHHOM Habope dYacToT.

CxeMaTU4HO METO/I IPEACTaBIIeH Ha pucyHke 1.5.

Pucynok 1.5. Cxema uaMepeHust Tu3JIeKTPUUECKONW MPOHUIIAEMOCTH 10
aHaJIM3y MPOIIEIIIErO U3ITyYeHHs. 1 — MpueMHas aHTeHHaA, 2 — UCCIIEAyEMbII

oOpaser, 3 — nepeaaroiias aHTeHHa, 4 — 070K 00paOOTKH.

Cxema M3MepeHHusi OCHOBaHa Ha TPAHCMHMCCHOHHOM METOJI€ 30HIWPOBAHUI.
OO0BekT oO0aydaercss HAOOpPOM YacTOT W3 BBIOpaHHOTO jJuamna3oHa. [lo
OPOLIEAIIEMY U3JyYEHHIO MU3MEPSIOT (a3oBblil CABUI JUIsl Kaxaod vactoTel. [1o
HaOopy (ha30BbIX CABUTOB ONPEACNAIOT yAduHeHue AL, KOTOpoe BbI3BAHO
NPUCYTCTBHEM TUDIIEKTPUUECKOTO0 OOBEKTa MEXIy Mepenaroleii u MpHeMHON
anTeHHaMu. M3mMepsis pusznyeckuit pasmep aQudeKTpuka L, BO3MOXKHO ONPEAETUTh

BCIICCTBCHHYIO YaCThb ,Z[HBHCKTpH‘IGCKOﬁ IMPOHUIIACMOCTHU

e=(T+ 1)2 (1.25)
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[IpeumyiiecTBOM gaHHOTO MeToa siBNsieTcs ero obicTpoaeicTBue (0.1 cex) u
ero OeckoHTakTHas padota. K Hemocrarkam MeToAa MOKHO OTHECTH MEHBIIYIO

TOYHOCTb B ONPEACIICHUN AUAICKTpHUECKOM mporumaeMocts (5-10%).

1.4.3. Ucnoab3yemble JUIIEKTPUYECKHE MATEPHUAJIbI.

B nuccepranoHHoil  paboTe  HMCHOJNB30BAIOCH 2 JIUAJIEKTPUUYECKUX
Marepuana: mueauHbli Bock W nonuBuHWIxiopul (IIBX). dusnextpuueckas
IPOHUIIAEMOCTh (€€ BEIIECTBEHHAsl 4acTh) M3MEpPsUIach IS KaXKJOro marepuana
JIBYMsI TIpEJCTaBICHHbIMH MeTojaMu. [lonmyueHHble 3HAaYeHHS B JajdbHEUIEM
ObUTM MCIOJB30BAHbl JJI OIEHKM TOYHOCTH OIPEICICHUS AUAIEKTPUUECKON
MIPOHUIIAEMOCTHU B npejiaraéMbix paauoroaorpaduieckom u
pagunoroMorpadguueckoM Meroaax. JIWdmeKTpuyeckue MPOHHUIIAEMOCTH  JUIS
myenuHoro Bocka u [IBX paBubl coorBerctBenHo 2,61 +0,03, u 3,82 %0,05.
N3mepenue TUAJICKTPUUYECKUX MIPOHUIIAEMOCTEH IPOU3BOAMIIOCH C
UCIIOJb30BaHUEM KoakcuaibHOro 3oHAa (m. 1.4.1). BwiOop OaHHBIX BEIIECTB
00YCIIOBJIEH CXOXKECThIO MX (U3NUYECKUX XapaKTEPUCTHUK — JIUAJIEKTpUUYecKas
MPOHUIIAEMOCTh M IUIOTHOCTh, C COOTBETCTBYIOIIMMH XapaKTEPUCTUKAMU

pealbHBIX B3PhIBUATHIX BEHIECTB (TPATHII, aMMOHAJI, CH-YETBIPE).

1.5. Onpenesienne pa3pemaruiei CioCOOHOCTH.

Pa3zpematomas cmocoOHOCTh CUCTEMBI — 3TO MUHUMAJILHOE PACCTOSIHUE, TIPU
KOTOPOM BO3MOKHO PAa3JIMYUTh JIBA AJIEMEHTAPHBIX TOUYCUHBIX pacceuBaTessl Ha
BOCCTaHaBIMBaeMOM wu300pakeHHH. Paspemaromas CrmocoOOHOCTh  CHCTEMBbI
BBIOMpAETCd B COOTBETCTBUM C MPEABIBISIEMbIMH TpPEOOBAaHUSMHU K KaueCTBY
W300pKECHUN, HO OTPAHUYUBACTCA €€ KOHCTPYKTHBHBIMH OCOOCHHOCTSIMHU.

PaznuuaroT npoaoapHy 0 U ONEPEYHY0 Pa3pemiaollyo ClIOCOOHOCTh CUCTEMBI.

1.5.1. IIpogoabHas pa3pemiaouias CioCOOHOCTb.
[IpononbHas  paspemaronias — CIIOCOOHOCTh  NPU  30HIMPOBAaHUU B

MU POKOITIOJIOCHOM AUAIIa30HE AJIMH BOJIH OIPCACIIACTCA COOTHOIICHHUCM!
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C

Az = ———
2 (fBer_fHH)K)

(1.26)

r7e C — CKOPOCTb CBETA B BaKyyMe, fyey 1 T, — BEpXHSS U HIDKHSAS TPAaHUIIA B
UCIIOJIb3YEeMOM Juarna3oHe 4yactot. M3 gopmyisl (1.26) ciexyer, 4To MpoaoibHOE
pasperieHue TeM JIydille, YeM IIUPe HCIOJIb3yeMbIil JHUama3oH 4YacToT

3O0HIUPOBAHUA.

1.5.2. IlonepeuHasi paspemaninas CioCOOHOCTb.
[lonepeunas paspemaroniasi CHOCOOHOCTh OINpPEAENSIeTCsl KIACCUYECKUM

COOTHOIICHUCM:

_ 2
Ax = - (1.27)

rae D — pasmep aneptypsl, Z — paccTosiHue OT M3Nydarens 10 o0beKTa, 4 —
JUIMHA BOJIHBI 30HJIUPYIOIIETO W3Jy4YEHUs WM I[EHTpaJibHasi JJIMHA BOJHBI B
clydyae IIMPOKOIMOJIOCHOTO 30HAMPOBAHUS. B omTuke Moj pa3MepoM amneprypbl
10/Ipa3yMeBaeTCsl IMAMETP BBIXOJIHOTO OTBepCTHs. B pajanonuanasone 3To pazmep
00JIacTH TEepeMENIeHUs aHTCHHBI MPU JIOKAIIMOHHOM METOJI€ 30HAUPOBAHUS WUIIU
COOTBETCTBYIOIIMI MOMEPEYHbIA pa3Mep MacCHMBa MEPENAIOIINX 3JIEMEHTOB B
ciayudae metona PCA.

N3 dopmynsr (1.27) cneqyer, yTo mpu yBETUYCHHUH pa3zmepa ameptypsl D,
nornepeyHass — pasperraronas  CrnocoOHocTh  yayurmaercs. Dopmyma  (1.27)

BBITIOJTHSIETCS B CiIy4yae OOJIBIIUX PACCTOSIHUM J10 1enu D<<z.

1.6. BeiBoabI Kk 1i1aBe 1.
B rnmaBe 1 mpeacrtaBieHBl OCHOBHBIE CIIOCOOBI METOJbI H3MEPCHHS

KOMILUIEKCHBIX aMIUIUTYJI paccestHHOTO U npoiennero CBY n3nyuenus.
IIpencraBiensl OCHOBHBIE MOJENH 17§ NpUOIMKEHUS,
UCIOJIb3yEMBIE B pacueTax B pabore.
[IpencraBieHsl  METOABI  MOCTPOCHHUSI  PAAUOrojorpauyeckux U

paaunoToMorpaduuecKnx n300pasKeHHIH.
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[IpencraBinena QyHKIHOHATbHAS CXE€Ma SKCIEPUMEHTAIbHOM YCTaHOBKH,
KOTOpas UCIOIb30BaHa B IKCIIEPUMEHTAX, IIPOBEJIEHHBIX B padoTe.
BoiOpanbl  Hccnenyemble  IUAJIEKTPUYECKHME  MaTepuaigbl C  3apaHee

HN3MCPCHHBIMH AUIDJICKTPUICCKHUMHU IIPOHHUIACMOCTAMMU.
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I'nasa 2. Pagnorosnorpaguyeckuii MeToJ JUCTAHIMOHHOTO O0OHAPYKEeHHUS
CKPBITBIX 00bEKTOB HA 0CHOBE aHAJIM3a BOCCTAHOBJICHHOI0 M300pasKeHu sl

OmuH M3 pacmpoCTpPaHEHHBIX METOJOB BOCCTAHOBIICHHS H300paKEHUS
SBIIACTCS paauoroiorpapudyeckuii Metoi. JlaHHBIA MeETOj 3aKiIIovaeTcs B
U3MEPEHUN KOMIUIEKCHBIX AMIUIMTYJ 3JIEKTPOMAarHUTHOTO TMOJS PAaCCESIHHOIO
00BEKTOM HcclieoBaHUsA. B  gaHHOW TrjaBe paccMaTpuBalOTCS — CiIy4yau
BOCCTAaHOBJICHHMSI HM300pa)X€HUH, KaK TMPOCTBIX PACCEHBAIONIUX OOBEKTOB
(ToueuHbIe pacceuBaTeln), TaK U CJIOKHBIX O0BEKTOB (MAKET U TEJIO YEJIOBEKA), K
paccenBarOUM IOBEPXHOCTAM KOTOPBIX BIUIOTHYIO PACIOJIATaeTcsl CJIOW U3

JAUBJICKTPHUYICCKOI'O MaTcpuajia.

2.1. Paguorosorpadpuyecknii MeToJl BOCCTAHOBJIEHUSI M300pPa’KeHUST HA
OCHOBE U3MeEpPeHNsI KOMILIEKCHBIX AMILIUTY/ PACCESTHHOT 0 MOJIA

Ucnonw3oBanue pagapa ¢ cuHTesupoBaHHout ameptypoit (PCA) B kaudectBe
VWCTOYHHKA  30HAUPYIOLIETO PaHOBOJIHOBOTO W3JIy4CHUS MTO3BOJISICT
MOCJIeI0BATEILHO O0Jy4aTh UCCIAEAYEMBbIM OOBEKT AJIEKTPOMArHUTHBIM IIOJIEM C
pPa3IUYHBIX TOYEK MPOCTPAHCTBA, JISKAIIMX B OJHON IJIOCKOCTH, Ha Pa3IUYHBIX
4acTOTaxX U3 MCHOJIb3yEMOTO INANa30Ha. A MCIO0JIb30BAHHE MHOKECTBA MPUEMHBIX
aHTEHH, PACMOJOXXEHHBIX C Pa3JIUYHBIX PaKypCOB OTHOCUTEIBHO OO0JIy4aemMoro
00BbEKTA, MO3BOJISIET U3MEPATH KOMILJIEKCHBIE aMILTUTY bl o,
COOTBETCTBYIOIIME PACCESTHHOMY TOJIIO C PA3HBIX CTOPOH O0BEKTA.

JlaHHBIM pasnen IMOCBALIEH METOANKAM BOCCTaHOBJICHUS
paguorojiorpapuyecKux U300pakKeHUN CTAIMOHAPHBIX 00BEKTOB, OCHOBAaHHBIM Ha
U3MEPEHUN KOMIUIEKCHOW aMIUIUTYbl PACCEIHHOTO 3JEKTPOMArHUTHOIO MOJIS, U
OBICTPHIM AITOPUTMAM €ro OOpaOOTKM TPH BOCCTAHOBJICHUHM H300paKEHUSI.
OOBEeKT WHCCIeOBaHUSI TIOJIBEPraeTcsl IUPOKOTOJIOCHOMY 30HIMPOBAHHUIO B
BepxHeM X U HKHeM Ku nognuanazonax CBY. [1IupokonoiaocHoe 30HIupOBaHUE
ocymectBiasiercs  PCA, KOTOpbId  MO3BOJISIET  MPOrpaMMHBIM  00pazoM
OCYILECTBJIATh IOCIEAOBATEIBHOE NEPEKIIOUEHUE H3IYyYalOlUX JJIEMEHTOB U

30HIUPYIOLIUX YaCTOT.
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2.1.1. bazoBasi JKCIepUMEHTAJBLHASI CXeMa U3MepPeHui

[Ipennaraemasi sKCriepuMEHTaIbHAsl CXema Mpe/cTaBlieHa Ha pucyHke 2.1. B
0a30BOM JKCHEPUMEHTAIBHOW CXEME W3MEPEHHM WCIOJB3YIOTCS paxap ¢
CHUHTE3MPOBaHHOW amepTypoir (puc.2.1, 2), cocrosimuii u3 256-u mnepeaaroinx
3JICMEHTOB, W JBe NMpueMHble aHTeHHBI (puc.2.1, 3). PCA u npuemHble aHTEHHBI
JeXaT B OJHOM IUIOCKOCTH, a MPHUEMHBIE AHTEHHBI PACIOJIOKEHBI MO pPa3HbIC
CTOPOHBI OTHOCUTENBHO pemeTku nepenatdynkoB PCA. Ilepenatoiiue u npueMHble

AHTCHHBI BBIITIOJIHCHBI B BUAC HIMPOKOITIOJIOCHBIX aHTCHH BI/IBaJ'IBI[I/I.

Pucynok 2.1. bazoBas cxema nu3mepeHuil B BBIOpaHHON CUCTeMe KoopauHart. 1

— UccienyemMbiii 00beKT, 2 — PCA, 3 — nmpueMHbIe aHTCHHBI.

AHTEHHas pelieTKa MOJKII0UYEHa K TeHepaToOpy MUKPOBOJIHOBOTO U3Iy4YEHUs
¢ OJOKOM mnepecTpoWKM 4acTOT M3 BbIOpaHHOIro Auana3oHa. B 0a3oBoil cxeme
MU3MEPEHHI MCTIONB3YETCs SKBUAUCTAHTHBIA HaOOp u3 14-u yacTor B Anamna3one 8
— 12 I'Tu. Uccnenyemplii 0OBEKT MOCAEAOBATEILHO 00yIaeTCss MUKPOBOJIHOBBIM
U3IyYEHUEM Ha 3aJlaHHOM Habope 4dacToT. OOiyueHue oObeKTa IMPOUCXOIUT Ha

OJIHOM YacCTOTE€ IOCIEI0BATECIbHBIM 06J'Iy‘—IeHI/IeM OT KaXJ0ro IMmepcaaromicro
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JJIEMEHTa AaHTeHHOW pemerku. Korga Bce mepeaTdyuku MOCIeA0BATEIbHO
00nyunnu 00BbEKT, OJIOK MEPECTPOMKH YacTOT B IeHEpaTope MEpeKIrYacTcss Ha
CJIEIYIOLIYI0 YacTOTy U3 UCIMOIb3yeMoro Habopa. Takum oOpa3om, uccieayemblid
OOBEKT TMOCIEeIOBaTeIbHO O00JydaeTcsl SKBUAMCTAHTHBIM HAOOpPOM YacTOT C
pa3InyYHbIX paKkypcoB. [IpruemMHbIe aHTEHHBI CHHXPOHHO C MU3JIy4Y€HHEM IFeHepaTopa
U3MEPSAIOT KOMIUIEKCHBIE aMIUIMTY/Ibl PACCESIHHOTO 3JIEKTPOMArHUTHOrO MOJS,
COOTBETCTBYIOIIME OIPEACIICHHBIM IEPENAIOIIMM 3JIEMEHTaM M 4YacTOTaM.
M3MmepeHHble KOMIUIEKCHBIE aMIUIMTYIbl OLUU(POBBIBAIOTCA M MOCTYMAIOT B

KOMITBIOTEP /ISl BOCCTAHOBJIEHUS PAAUOr0JIOrpauueckoro n300paxeHus.

2.1.2. Meroa pacyera BOCCTAHABJIMBAEMOI0 PaJAUOI0JOIPapPuIEcKOro
U300paKeHus

Jlis  BOCCTaHOBJIEHUSI HW300PAKEHUS PATUOTONIOTPAPUIECKUM  METOJA0M
uccienyemMas oOJacTh MPOCTPAHCTBA, B KOTOPOM  pACHOJIOKEH OOBEKT,
pa30uBaeTcs C paBHOMEPHBIM IIIATOM BJIOJIb KaKJI0ro u3mepenus. s ynoocTsa
pacyeToB  Hcciaeayemas  o0OJacTh  IPOCTpaHCTBAa  BbIOMpanack B BHJE
IpsIMOYTOJIBHOTO Mapajuienenuneaa. BenuunHa mara pa3OMeHHUs ONpenensieTcs
paspemiaronieil cCocoOHOCThIO TPHEMO-TIepeIaroIiet cuctemsl. Pasperenue mo
JTANBHOCTHA OMPEIEISICTCS HCIOJIb3yeMbIM Tuana3oHoM dactoT (1.26) m B
paccmaTpuBaeMOM ciydae coctaBisieT 3.75 cm. Pazpenienue B IONEpYEHHOM
Hanpasienuu (1.27), ompenensemoe pasmepamu aHTeHHOU perietku PCA u
WCIIOJIb3YEMBIM YaCTOTHBIM JIMAINa30HOM, cocTaBiisgeT 8.0 ¢cM Ha paccTossHuM B | M
no X U Yy koopauHataMm. Vcxoas u3 pasperaronieii cnocoOHOCTH CHCTEMBI, Liar
pas6uenns mpoctpaHctBa 2x2x1 oM’ 10 X, Y, Z KOOPAMHATAM COOTBETCTBEHHO.
Takum oOpa3oMm, MpoIEcC BOCCTAHOBICHHS TOJIE B 3aJaHHOM 00JacTu
IPOCTPAHCTBA CBOJUTCS K BOCCTAHOBJICHHIO IOJIA B JUCKPETHOM HaOOpe TOYEK,
COCTABJISIIOUIMX JIaHHYIO o0jacTb. BoccranaBnuBaemoe 1ose i Kaxaou

MPUEMHOM aHTCHHBI BEIYHUCIISACTCS 110 hOopMyTIe:

42



Nf-1nN,—1

1 .
P(x,y,2) = ~ Z Z P(x',y',0) etk (2.1)

f=0 t=0

rae Nf — KolMuecTBO MCHOJIb3yeMbIX 4acToT, Ni — KOIMYECTBO Mepeaaroinx
3JIEeMEHTOB, (X,Y,Z) — KOOPAWHATHI TOYKK BoccTaHoBIeHus, (XY ,0) — KoopauHATHI
Ha aHTEHHOM peleTke, Ry — cyMMapHOe paccTOsIHUE OT MEepearoliero daeMenTa t
JI0 TOYKH BOCCTAHOBJICHUS U OT TOYKH BOCCTAHOBJIEHUSA JI0 TPUEMHOIO 3JIEMEHTA.

BrruncnenHple KOMIUIEKCHBIE aMmIuiuTyabl mo (2.1) ompenensioT HabOp
MUKPOBOJIHOBBIX M300PaKEHUM, T. €. MJIOCKOCTEH C M3BECTHBIM paclpeneieHueM
noJig. DTOT HA0Op BBIYMCISETCS AJs KaXKIIOHW MPUEMHOM aHTEHHBI B OJHUX U TEX
K€ TOYKax MPOCTPAHCTBA. B uTore mid Kax10i NIPUEMHON aHTEHHBI MBI IOJIy4aeM
HA0Op MHKPOBOJHOBBIX H300paxkeHui. BoccraHOBIEHHBIE W300paKEHUS Ha
KaXJI0M MPUEMHOM aHTEHHE OOBEIUHSIOTCS B OJHO eAuHOe n3o0paxenue. Enunoe
M300paXKEHNUE PACCUUTHIBAIIOCH MYTEM KOTEPEHTHOIO CIIOKEHUS KaXKI0Tro H3

H300paKeHUM:

Ny—1

P(x,y,7); = Z P(x,y,2)! (2.2)
=0

rae P(X,y,z)i! — aMImMTyga BOCCTAHOBIEHHOTO W300PaXEHUA B i-H TOYKe
BOCCTAHOBJICHHS Ha [-i mpueMHOW aHTeHHe, P(X,y,Z); — aMIUIMTyaa eIuHOTro
n300pakeHust B I-il Touke BoccTaHoBieHHs, N, — 4uciio mpueMHbIX aHTeHH. [lo
CAMHOMY H300pAKCHUIO OIpEAeNsaeTCS paauorojorpadudeckoe H300pakeHHE
uccieayeMoro  o0ObekTa. B mepByr  ouepeab  OTOPAchIBAIOTCS — TOYKH
BOCCTAHOBJICHHS, B KOTOPBIX B MPUHITUIIC HE MOXET HAXOIUThCI 00BEKT. B Takmx
TOYKAX BEJIMYMHA aMIUTATYABl BOCCTAHOBJICHHOTO IIOJII HE3HAYUTEIIbHA W
cousMepuma ¢ myMmom [4]. 3areM B mapajuienenuiesic, B KOTOPOM IPOU3BOIHIOCH
BBIYUCIICHUE TIOJISl, BBIOMPAIOTCS JIMHUU TPEHMYIICCTBEHHOTO HAIPaBICHUSI,
IPOXOAIINE Yepe3 TOUYKU C MICHTUYHBIMU KOOPJAMHATAMH IO IIUPHHE U BHICOTE
[5]. B cucreme orcuera ycraHoBku (puc.2.1) JIMHUU NPEHMYIIECTBEHHOTO
HaIpaBJICHUS] COBIAJAM C HANpPaBICHUEM OCH Z, a KOOPIWHATHI, OTBEYAIOIIHE

IIAPUHE MU BBICOTC, COOTBCTCTBOBAJIM OCSAM KOOpAHMHAT X M Y COOTBCTCTBCHHO.
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Kaxnas nuHUS NOpeuMyIIeCTBEHHOTO HANpaBJICHHUs Oblla TEPICHIUKYJIIpHA
MUKPOBOJIHOBBIM U300paKEHUAM, T.€. MEPHEHIUKYISIPHA MIIOCKOCTIM, B KOTOPBIX
BOCCTAHABJIIMBAJIACh KOMIUIEKCHAsI aMmIUIATyAa MOoJs. BIoinb KaxIoW JIUHUU
ompeensuiach TOYKa C HAWOOJNBINEH MO MOIYJI0 KOMIUIEKCHOW aMIUTUTYIOH.
MHO)€eCTBO TOUEK, B KOTOPOM MOJYJIb KOMIUIEKCHOM aMIUIMTY bl [OJIS1 IPUHUMAI
MAaKCHMAaJIbHOE 3HAYCHHUE IO MPEUMYIIECTBEHHOMY HAMPAaBICHUIO, PUHUMAIOCH

3a MEKPOBOJTHOBOE M300pakeHNe 00BEKTA.

2.1.3. DkcnepuMeHTbI ¢ MOJeJbHLIMU O0ObeKTaMH B 0a30BOii cxeme
U3MepeHu i

JInd  OomMCaHHOM  CXEMbl  M3MEPEHMH U METoJa  IOCTPOCHUSA
paanon300pakeHuss MCHOJb3yeTcsl (pu3mueckass MoOJeIb, C MOMOIIBI0 KOTOPOM
ONPEAEISAIOTCS KOMIUIEKCHBIE AMIUIMTY/bI IOJ IO M3BECTHOMY PAaCHOJIOKECHUIO
pacceuBaTesieil B mpocTpaHcTBe. B JaHHON MOAENM MpUMEHSIETCS MPUOTUKEHUE
CKAJISIPHOTO OJHOKPATHOI'O PAaCCEsIHUS, a WCCIEAYEMBI pacCEenBAIOIIUN OOBEKT
UMEET  BBIMYKIyIO  pacceuBaromyo  ¢opmy.  HMccaemyeMblii  0OBEKT
JUCKPETU3UPYETCd HA MHOXECTBO TOYEUYHBIX, H3OTPOIHBIX pacceuBaTeeu
{A(x,y,z);}. KommuiekcHas amrumryaa moist P(X,y,z,f) Ha npuemmuoii anTeHnHe

OIIUCBIBACTCA CIACAYIOIUM COOTHOIMICHUCM:

L g ex (ik(r +r ))
P(x,y,z f) = E, z Z P +“ A (2.3)
i=0 t=0 Tei T Tir

rne Ep — KoMmIiekcHass aMIUIMTyna B IJIOCKOCTH aHTGHHOM pemeTkd, K —
BOJIHOBOH BEKTOP, Iy U [y — paccTostHus OT t-0 mepemardyuka 10 -0 TOYCUHOTO
pacceuBaTels M OT I-O TOYEYHOrO paccewBareis 0 TNPUEMHON aHTCHHBI,
CcOOTBETCTBEHHO, N — KOJIMYECTBO TOYEUHBIX pacceuBarenieit, N; — KoJIU4ecTBO
nepeAaroux 1EMEHTOB.

B kadecTBe MOACIBHBIX TECTOBBIX 00BEKTOB [1] B 0a30BOM cXxeMe H3MEpEHHt
paccMaTpuBaNMCh Cepbl Majoro jauamerpa (TOYCYHBIC pACCEHBATCIIA) W

pacccuBaromast IIJTIOCKOCTB. Toueunbie pacCCuBaATCIIN pacCMaTpuBaJINCh
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HN30TPOITHBIMU. PGSyHBTaTBI MOJCIUPOBaHNA C TOYCUYHBIMU paCCCUBATCIIIMU

npecTaBieHbl Ha pucyHkax 2.2.1 u 2.2.2.

I34B43918

6) i - 3 10

x (am)

Pucynok 2.2.1. BoccTaHOBIEHHOE 10JIE AIBYX TOYEUHBIX paccenBaTesie B
MONIEPEYHOM PACTIONOKEHUHU. @) — pacCTOsTHUE Mex Ay pacceuBarensimMu 10 cMm, 6) —
paccrostHre MexXIy paccenBarensmu § cM. [lonoxenus paccenBareneii a) (0, O,
100) cm u (10, 0, 100) cm, 6) (2,0, 100) cm u (10, 0, 100) cm B cucTeme KOOpAMHAT
sKkcnepuMeHTanbHol yctanoBkU. Koopaunate! nientpa PCA (0, 0, 0), koopauHaThl

npuemHbix antenH (20, 0, 0), (-20, 0, 0).
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Pucynok 2.2.2. BoccTaHOBIE€HHOE TI0JI€ IByX TOYCUHBIX PacCEeUBaTeNIeH B
POAOIBLHOM PACTIONOKEHHUH. @) — PACCTOSHUE MEX]Ty pacCeUBATENsIMU S cM, 0) —
paccrosiHre Mexay pacceuBatensimu 3.5 cm. [Tonoxenus paccensateneit a) (0, 0,

100) em u (0, 0, 95) cm, 6) (0, 0, 96.5) cm u (0, 0, 100) cM B cucTeMe KOOpIUHAT
sKcrnepuMeHTanbHoM yctaHoBKU. Koopaunatel nentpa PCA (0, 0, 0), koopauHaTh
npueMHbIx anteHH (20, 0, 0), (-20, 0, 0).

Pe3ynbTaThl MOAETMPOBAHUS C TOYCYHBIMH PACCEUBATEIISIMH TTOATBEPIIN
KaK aJICKBaTHOCTh UCITIOJIb3yEeMOM MOJIeNH npu MOCTPOEHUU
paauoroyniorpaguueckux M300paKeHUH, TaK U PACCUUTAHHBIE TEOPETUUYECKU
POI0JIbHOE (BI0JIb OCH Z) U MoNepeuHoe (BI0JIb OCEH X, Y) pa3pelieHusl.

Ha cnenytomem »srtamne mpoU3BOAWIOCH MOJEIMPOBAHUE PACCEHBAIOIIEH
IJIOCKOCTM — KBajpara co CcTOpoHOM 50 cM, M CpaBHEHHE PE3YJIbTATOB
MOJEIUPOBAHUSI C pE3yJbTaTaMH, TOJYYCHHBIMH B JKCIIEPUMEHTAIBHBIX
uccienopanusx (puc. 2.3, a u 2.3, 6). KBagpar npeacraBiisia co00i TUCKPETHBIN

HAa0Op TOYEUYHBIX U30TPOIHBIX pacCEeUBaTEIEH.
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Pucynoxk 2.3. BocCTaHOBIIEHHOE T10JIE€ PACCEUBAIOIIAM KBaJIpaTOM CO
croponoit 50 cm ¢ koopaunatamu 1ieHTpa (0, 0, 100) cM B cucteme oTcyera
pUeMo-TiepeAatoNIuX JIEMEHTOB B cedeHnH miockocThio Y = 0. KpacHslit 11set
COOTBETCTBYET HAaUOOJIBIIIEH aMIUTUTY/IE B OTHOCUTEIBHBIX SIUHUIIAX, & CHHUN —
HAaUMEHBIIICH.

@) — pe3yabTaThl MOJICIUPOBAHUS, 0) — JAHHBIE YKCTICPUMEHTATBHBIX

HUCCJIEIOBAHUM.

MopgenupoBanue M SKCHEPUMEHTAIBHOE  HMCCIEAOBAaHHME  IOKa3aiu
UJCHTUYHOCTh B BOCCTAHOBJICHUM IIOJIOKEHHMSI W Pa3sMEPOB HCCIELyEMOTO
oObekTa. OAHAKO B HKCHEPUMEHTAIbHBIX MCCIEAOBAHUAX BOCCTAaHOBJIECHHOE
U300pAKEHUE COJEPKUT CYUIECTBEHHBIE IOOOYHBIE MAKCUMYyMblI, Ye€M MpHU
MOJICTUPOBAHUH. ITOT 3(PPEKT SBIAETCS CIEICTBUEM HAJIM4YUA IIymMa B MPHUEMO-
NEpPENAarolIeM TPAKTE, KOTOPbIMi BHOCUT HWCKa)XEHUWE B BOCCTAaHABIMBAEMOE
U300pakxeHue.

Pe3ynprarel MOJENBHBIX HKCIEPUMEHTOB C PACCEHBAIOLIECH ILIOCKOCTHIO
NOKa3aJld MPUHLMIHAIBHYI0 BO3MOXHOCTh BOCCTAHOBJIEHHS IMOJOKEHHUS, (POPMBI

¥ pa3MepoB UCCIIETyEeMOTro OObEKTa.
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2.1.4. DKcnepuMeHTHI ¢ pacceMBAKINMMHU 00beKTaMHM B 0a30BOi cxeme
U3MepeHu

st 3KCnepuMEeHTOB BBIOMpANIUCh OOBEKTHI M3 MATEpPHAIOB C JOCTATOYHO
XOpOIIMMH PAaCCEUBAIOIIMMHU CBOMCTBAMU B MUKPOBOJIHOBOM Juana3zoHe. Takumu
cBOiicTBaMM 00Jalal0T METaJljIbl, COJISIHBIE pAacTBOPBI; KpPOME TOro, 4TO
IPEICTABIIAET [NIABHYIO 1I€J1b, — TEJIA JIOJIEH.

DKCHEpUMEHTBI TPOBOJIUIIUCH C MAHEKEHAMH, T. €. C MAKETAMH YEJIOBEYECKUX

Ten (puc. 2.4) npu ux CTallMOHAPHOM PACIIOJIOKEHUU.

Pucynok 2.4. crionb30BaHHBIE MAKEThI YEJIOBEYECKUX TEJ, 0OCEPHYTHIC B

boNBry U1 CO3JJaHUs PACCEUBAIOIINX CBOMCTB

[lepen pacyeToM BOCCTAHOBIICHHUS PaTUON300paKEHUS TMPOBOIMINCH
KanmuOpoBOYHbIE U3MepeHus. Llenpio KamuOpPOBOYHBIX M3MEpPEHUN SBISIIACH
KOMIICHCAIIUSI HETOYHOCTH B OMPEACIICHHH KOOpJAWHAT W (Hha30BbIX HAOEroB B
BOJTHOBOJIHBIX TpaKTaX MpUEMO-TIEpeaomux diaeMeHToB. PDa3oBbie HalOerum B
NepeAarolleM TPAKTE ONPENEISIIUCh C MOMOLIBIO BEKTOPHOIO aHANIM3aTopa Henen
HETIOCPEICTBEHHBIM  M3MEPEHHEM  CUTHaJla Ha  IIOBEPXHOCTH  PELICTKH.
AHaIOTUYHO ONpeNesuINCh (Pa3oBbie HAOETH B BOJTHOBOJIHBIX TPAKTaX MPUEMHBIX
AHTCHH.

B nepBoil cepuu SKCIEPUMEHTOB B HCCIEAYEeMYIO 00JIacTh MPOCTPAHCTBA

pasMeIiajICd TOJBKO OAWMH MAHCKCH B PA3JIMYHBIX IIOJIOKCHHAX OTHOCHUTCIIBHO
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npuemo-nepeaaroniel cucremsl. Pasmep uccienyemMoil  00J1acTh  COCTaBIISLI
1x1x0.5 M® 1m0 X, Y, Z HampaBiIeHHSM COOTBETCTBEHHO, a €€ OpPHCHTAIS
OTIPEACTSAIOCh TOJIOKEHHEM T€OMETPHUYECKOTO IIeHTpa MaHeKkeHa. MaHeKeHBI
pa3MeIIINCh MO Z-KOOPAMHATE HA PACCTOSHUM OT 1 M 10 4 M M OT -2 M JI0 2 M T10
X ~ KOOpAMHATe  OTHOCUTEIBHO  IpHeMo-Tiepefaromied  cucrembl. s
paaron300pakeHU KaKI0ro MaHekeHa (puc. 2.4) ObUIM XapaKTepHBI CIEAYIOLINE
0COOCHHOCTH:

— KauecTBO H300paXCHHsI HE MEHSUIOCh IO X-KOOpAMHATE B IE€PECEUCHUU
pabounx CEKTOPOB TJIABHBIX JIETIECTKOB JUarpaMM HampaBICHHOCTEH
IpUeMOo-TIepeAaloIINX aHTeHH MNpU (UKCUPOBAHHOM Z-KOOpAHMHATE MpPH
Pa3IMYHBIX MOJIOKEHUSX MAHEKECHA,

— KauecTBO W300paXCHHS TIOCTENEHHO CHIDKAJIOCh TMPH  yBEIUYCHHUH
paccTosTHUS MO Z-KOOPAMHATE MEXKIAY CHCTEMOI 1 MaHEKEHOM.

PaGounii cexTop TIIaBHOTO JIENECTKa quarpaMmbl HampaBieHHocTu PCA

dB
9.42
8.24
7.07
5.89
4. 71
353
2.36
1.18

-3.82
-7.64
=115
-15.3
x -19.1
-22.9
-26.8
-30.6
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Pucynok 2.5. Tunmunas quarpamma HarmpasieHHOCTH PCA: (@) TpexmepHas,

(6) B utockocTH Yz, (8) B TIIOCKOCTH XZ.

(puc. 2.5) cocraBisier 60 TpamycoB B INIOCKOCTSX XZ U YZ (puc. 2.5, a). Ha
IpaHUIaX CEKTOpa MaJCHHE CHUTHaja OTHOCUTEIbHO MaKCUMyMma JIuarpamMmbl
HAIPaBJICHHOCTH COCTaBIISIET MNPpUOIU3UTENbHO 2 nenuben. Paboumii cexTop
[JIABHOT'O JIENECTKA AWarpaMMbl HAIpPaBJIE€HHOCTH NPUEMHON aHTEHHBI (puc. 2.6)
cocraBisieT 120 rpanycoB B IUIOCKOCTSIX XZ U YZ, a HA TPaHUIIAX CEKTOpa MaJeHUE
CUTHaja OTHOCUTEIbHO MaKCHUMyMa JuarpaMMbl HANpaBJICHHOCTH COCTaBIISET

npuOIU3UTENBHO 2.5 neruben.
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Pucynok 2.6. TunuyHas quarpaMMa HapaBJIE€HHOCTH MPUEMHON aHTEHHBI:

(a) TpexmepHas, (6) B IUIOCKOCTH YZ, (8) B IIIOCKOCTH XZ.

OTO O3HayaeT, YTO €CIM OOBEKT HAXOJIUTCS BHE MeEpecedeHHsl pabdouux
CEKTOPOB TJIABHBIX JICTIECTKOB JWarpaMM HAMpaBJICHHOCTEH MpHEeMO-TIepeatoIIinX
AJIEMEHTOB, TO COOTHOIICHWE CHTHAI-IIYM [JI HU3MEPSEMBIX KOMIUIEKCHBIX
aMIUTATY]] OyJIeT HU3KUM. HU3K0e COOTHOIIEHHE CUTHAN-IIIYM YXY/IIIIaeT Ka4eCTBO
BOCCTaHABJIMBAEMOI'0 NU300PaKEHHUS.

VYBenuueHne 3aTyXaHWs W3Iy4aeMOTO JJICKTPOMArHUTHOTO TIONS TP
YBEJIMYCHUN PACCTOSHUS 1O Z-KOOPJAMHATE CIY)KHUT OCHOBHOW TPUYUHON
CHMKEHUS KaueCTBa N300paKeHHUS.

Bo BTOpo#i cepum SKCIEPUMEHTOB B HCCIEAYEMYIO 30HY pa3MeElavch
OJTHOBPEMEHHO JIBa MAaHEKEHA B PA3JIMYHBIX MOJOKEHUSIX OTHOCUTEILHO MPUEMO-
nepesalouMx —IeMeHToB. Pa3smep ucciaemyemoil  o0nmacTH  ompenesuics
paccTosiHueM MEXJy MaHEKeHaMHM, a €€ IIEHTp — IOJIOKEHUEM I'eOMETPUUYECKOTro
IeHTpa MaHeKkeHOB. [IpoBeneHHbIE SKCIEPUMEHTH MOKa3aldH, YTO Ha Ka4eCTBO
paguorojorpadguueckoro  M300paxeHus  OJAHOTO  MaHEKeHa HE  BJIMSIIO
IPUCYTCTBUE JPYroro MaHEKEHa, €CJIM PACCTOSIHUE MEXK]y HHUMH COCTaBIIsIET HE
MeHee 30 cM M MaHEKEHBbI HE TMEPEKPBIBAIOT APYr Jpyra mno yriay ob3opa. Ha
pucyHke 2.7 TIpeACTaBICHBI paguoroyiorpaguueckue H300paKeHHs JBYX

MAaHCKCHOB.
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Pucynoxk 2.7. Paguoronorpadguyeckue n300pakxeHus JByX MaHEKEHOB
(mo3urmu 00BEKTOB Kak Ha pucyHke 2.4). Pasmepsl uccnemyemoit odmactu —

2x1 %30,

AHan3 TOJYYEHHBIX paauorosorpaguueckux wusobdpaxkeHuit (puc. 2.7)
MOKAa3bIBAET, YTO HA KAXKJIOM U300PKEHUN MAHEKEHOB MIPUCYTCTBYIOT 1 — 2 ApKHUX
MSTHA, COOTBETCTBYIOIIUX BHICOKOMY 3HAYCHHUIO MOJYJISI aMIUTUTYbI, @ 3HAYCHUE
MOIYJISl aMIUTUTYIbl yOBIBaeT K Kpasm wu3oOpaxkenus. Ilepenan 3HaueHui
aMIUTATYT BOCCTAHOBJIEHHOTO TOJISI HA M300pPaKEHUHU CBSA3aH C 3aBUCUMOCTBIO OT
yrila MEXIy HaNpaBJICHHEM PACCESHHOTO TOJII W HOPMAalbl0 K KacaTelIbHOW B
COOTBETCTBYIOIIMX TOYKAX BOCCTAHOBICHUA. MaKCUMAaIbHBIM  3HAYCHUSIM
BOCCTAHOBJICHHBIX aMIUIUTYI COOTBETCTBYIOT 3HAYCHHSI YTIIOB OJMU3KUX K HYIIO, a
MUHUMAITBHBIM — Onu3kux K 50-u rpagycam. s yrioB 6onbemux 50-u rpamgycoB
3HAUYCHHUE aMIUIUTY/bI BOCCTAHOBJICHHOTO TMOJISI HE MPEBOCXOJUIIO MOPOTOBOIO
3HAYCHHUS.

[IpoBeneHHBIE  OKCHEPUMEHTAIBHBIC  HMCCIEIOBAHUS  C  MaKeTaMH
YEIIOBEYECKUX T TMOKAa3aJId MPUHIMIHAIFHYI0 BO3MOXKHOCTH BOCCTAHOBJICHUS
paauoroyiorpadguaecKux N300paKeHUN B HCITOJIB3y MO MOJIeTH

pacIpoCTpaHCHUS JICKTPOMAIHUTHOT'O U3JTYUCHUA.
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2.1.5. JkcnepuMeHTHI MO BOCCTAHOBJICHMI) PAaJAUOTr0JIOrpPadmuuecKoro
H300pakeHus YeJI0BeKa B 0a30B0il cxeMe U3MepeHuil

[Ipu nmoctpoeHuu paguoroiorpaduuecKux M300paxeHnu yeaoBeka Kk 0a30Boi
CXeMe SKCIEPUMEHTAILHON YCTaHOBKM OBUTH OOABJICHBI JIBE BHUJICOKAMEDHI,
oOpasyromue crepeonapy (puc. 2.8, 6). Crepeomapa Im03BoOJsfIa CTPOUTH

TPEXMCPHOC H3o6pa>1<eHHe YCJIOBCKA B BUANMOM JHUAaIla30HC AJIMH BOJIH.

o a

Pucynox 2.8. 3006pakenne 1opaboTaHHON 0a30BON CXEMBI
HKCIIEPUMEHTAIbHON YCTAHOBKH: (@) — MAacCUB MEPEIAIONINX aHTeHH, (6) — 1Be

NPHEMHBIC aHTEHHBI, (8) — cTepeonapa.

[lonoxenue wucciaeayeMol 00JaCTH ONPENENsIoch B aBTOMAaTHUYECKOM
peXHMME B COOTBETCTBHU C M300paK€HHEM CO cTepeomnapbl. Pazmep uccnemyemoi
o6mnactu cocraBimsun 1x1x1 M. Omnpenenenre MOJOXKEHHS UCCIEAYyeMON 00JacTH B
ABTOMATHYECKOM DPEXHME IO3BOJIAET paboTaTh KaK CO CTal[MOHAPHBIMHU, TaK W
JIBIDKYIIAMECS OOBEKTaMH, YTO TPEJACTABISCT COO0W OOJBIIYyI0 HAyYHYIO
LHEeHHOCTh. Panuorosnorpaguyeckue H300pa)kKeHUsT YEIOBEKa, IOJydaemble B
0a30BOI cXeMe SKCIEPUMEHTAIBHONW YCTAaHOBKH, MPECTABIECHO Ha PUCYHKE 2.9, 6.
Pacnipenenenrie Momynst aMIUIMTYbI TIOJIE Ha M300paXKEHUU HE COACPIKUT SPKO

BBIPpAXKCHHBIX MAKCHMMYMOB M Y4YaCTKOB CO 3HAYUTCJIIBHBIM aMIUINTYIHBIM
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rpajiu€HTOM, B OTJIMYME OT paclpeieieHUus MOJYyJs aMIUIUTyAbl MOJs Ha
n300paxkeHnu mMaHekeHa (puc. 2.7). [lomydeHHbIN pe3yabTaT MOKA3bIBACT, YTO JJIs
UCIIOJIb3yEMbIX MaHEKEHOB W YEJOBEYECKOro Teia KOo3((UIIMEHThl OTpaKeHHs
CYIIECTBEHHBIM 00pa3oM HE OTIMYAIOTCA W aJeKBaTHO  OIMCHIBAIOTCS

HpI/IMeHHeMOﬁ MOJACJIBIO PACCCAHUA DJICKTPOMAIHUTHOT'O U3JTYUCHUS.

a) 6)

Pucynok 2.9. Ilonyuenue MUKpOBOJIHOBOTO M300paykeHUs ABUTAIOIIETOCS
YeNoBeKa C MOMOIIBI0 YCTaHOBKHM AMY256x1x2: a — pakypc ¢ oiHO# u3

BHJICOKaMcEp, O — H306pa)I(GHI/Ie C BUICOCUCTCMBI, 6 — MUKPOBOJIHOBOC

n300pakeHue
[IpoBenennsbie AKCIIEPUMEHTAJIbHBIC UCCIIeIOBaHUS MoKa3alu
NPUHIUATTHATBHYIO BO3MOKHOCTb IOCTPOCHUS paauoroiorpaguuecKkux

M300pKCHUN YEIOBEYECKOTO Tella TPH 30HIUPOBAHUHM €0 MHUKPOBOJHOBBIM
msnydennem CBY amanazona. KauecTBo mosyqaembix W300pakeHUN HauWiTydllee,
€CJIM UCCIEAyeMbIii OOBEKT (YeIOBEK) HaxoAWTCs B mpenenax 1 — 4 m mo z-
KOOpJIMHATE DKCIIEPUMEHTAIBLHON YCTAaHOBKH M B Tpejenax pabodux CEKTOpPOB
JMarpaMM HarlpaBJIEHHOCTEHW MpueMo-Iepelaloiux 31eMeHToB (puc. 2.5, a, 6 u

puc. 2.6 a, 6). llpu npyrux pacroyioKEHUsIX HUCCISIyeMOro 00beKTa, MOIy4acMoe
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pamuorosiorpadpuveckoe H300paKeHUE AOCTATOYHO 3allyMJICHO H3-3a2 HH3KOTO

COOTHOIICHUA CUTHAJI-IITYM.

2.2. Pagmorosiorpaguuecknii MeTOJl BOCCTAHOBJIEHUS H300pa’KeHUA
ABHKYIIMXCSH 00bEKTOB

BoccranoBinenue  paaudorosiorpaguyeckoro  M300pa)K€HUsT  METOJ0M
npeobpazoBanus Oypre B 0a30BOi cXeMe M3MEPEHHUH ITO3BOJISIIO PACCUUTHIBATH
n300pakeHWe  CTOSIIEr0  eCTeCTBEHHO 4eJioBeKa. B jgaHHOM  pasnene
paccMarpuBaeTcs Oojiee akTyaidbHas (u3nuueckass 3ajadya — BOCCTAHOBJIICHHE
paauoroyorpaduueckoro n300paxkeHus IBIKYyIIerocs oobekTa. s peanuzanuu
MOCTABJICHHOW 3aJlayd  HeoO0XoIuMo o0myyaTh wuccienyembiii oobexkt CBY
U3ITy49eHUEM U 00€CTIeunTh OBICTPO MPOU3BOAMMBIC PACUETHI BOCCTAHABIMBAEMOTO

paauoroyorpaduueckoro n300paxeHusl.

2.2.1. DJkcnepuMeHTAJbHAsi  YCTAHOBKA /Il  BOCCTAHOBJIEHMS
paauoroorpadgpuueckoro u300pakeHus ABHKYLIErocsl 00beKTa

JIJiss  BOCCTaHOBJICHHSI W300paKeHHsI HEOOXOAWMMO, YTOOBI OONydeHHE U
U3MEpPEHUE PACCESTHHOTO SJEKTPOMArHUTHOTO U3IYYEHHS] OT HCCIETyeMOro
00BEKTa MPOMCXOIUIO C HECKOJNBKHX pakypcoB. [lns obecriedeHuss AaHHOTO
TpeboBanmsi Oblla coOpaHa OKCIEpUMEHTalbHAass ycTaHoBka (puc. 2.10),

MpeCTaBIISIONIAs U3 ceOsl MOPTAIbHBIN MPOXoJ1 co cTopoHamu | u 1l.
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Pucynok 2.10. CxemMa 3KCIEPUMEHTAIIBHON YCTaHOBKH IO BOCCTAHOBIICHHUIO
panuoronorpaduyeckoro U300pakeHus ABMKYIIETocsi 00bEKTa B BHIOPAHHOM

cucreMme KoopauHar. 1 — 0o0bekT, 2 — caiBoeHHbie PCA, 3 — mpueMHble aHTCHHBI.

Kaxnas cropona ycranoBku conepkuT jiBe ciBoennbie PCA (puc. 2.10, 2) o
256 mepemaromMxX JJIEMEHTOB Kaxknas, 4 mpueMmHble aHTeHHBI (puc. 2.10, 3).
N3nyyenune npousBoaminoch Ha 40 3KBUAMCTAHTHBIX YacTOTax M3 auama3oHa 10 —
18 I'T'u. IIpuemo-nepeaaroniue 3JIeMEHThl YCTAHOBKH PACIOJIOKEHBI ¢ 3€pKaIbHOU
CHUMMETPHUEM.

B peamn3oBaHHOM  AKCIEPUMEHTAIBHOW  YCTAHOBKE  BOCCTAHOBJICHUE
U300paKEHUS MPOU3BOJUIIOCH HE3aBUCUMO 4-s OJOKaMH MNpPUEMO-TIEPENAIOIINX
AIIEMEHTOB:

1. CnBoeHHBbIE peleTKH CTOPOHHI |, MpueMHbIe AHTEHHBI CTOPOHHI .

2. CIBOEHHbIE PELIETKH CTOPOHBI |, MpueMHble aHTEHHBI CTOPOHHI 1.

3. CaBoeHHble pemeTku cToponsl |, mpueMHbie aHTEeHHBI CTOPOHBI .

4. CnBoeHHbIE peleTku cTopoHsl |, mpuemHbie aHTEHHBI CTOPOHHI 1.

W3 momydeHHBIX M300pakeHul ¢ 4-X OJIOKOB CTPOWIIOCH PE3YIbTHPYIOIISEe

U300paKEeHUE JBUKYIIETOCS 00BEKTA.
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2.2.2. IHocTpoenue paauoroJiorpaguyeckoro H300paKeHus!
ABMKYILIETOCS YeIoBeKa

AKTyanbHOH 3a7aueid B 001acTy 0€30MaCHOCTH SIBJIAETCS 3a/laya MOCTPOCHUS
paauoroyorpaduuecknx n300paxXeHU IBMKYIIETOCS YelloBeKa. Perenue qaHHoM
3a7la4d  MPOU3BOJUTCS HA HKCHEPUMEHTAJbHONW YCTAHOBKE C MOPTAJIbHBIM
npoxogom (puc. 2.10). JIBuxkeHre yenoBeKa OCYIIECTBISETCS BAOJb OCH Z (pHC.

2.11).

[ I
A N
i\ 73
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Pucynok 2.11. CxemMa 1BHKEHUS YEIOBEKA OTHOCUTEIBHO
HKCIIEPUMEHTAILHON YCTAHOBKH B BEIOPAHHOM CHCTEME KOOpAUHAT. 1 —
UCCIIeyeMbIi uelioBek, 2 — ciBoeHHble PCA, 3 — mpueMHble aHTCHHBI, 4 —

uccienyemas 06aactb. OOnydeHre NIPOUCXOIUT C IBYX CTOPOH, a IIPUEMHBIE

AHTCHHBI U3MCPAIOT PACCCAHHOC YCIIOBCKOM IIOJIC OT Ka}KILOf/i H3 CTOPOH.

VYcranoBka mo3Bosisiia MPOU3BOIUTH MOJTHBIA IUKII U3MEPEHUSI KOMIUIEKCHBIX
aMIIUTYy [ (M3Jy4eHUsl U NpueMa) paccestHHoro nois Ha 40 vacrorax 3a 7 Mc. 3a
3TO BpeMs IPHU OOBIYHON CKOPOCTH JBUXKEHHUS B 9—6 KM/Y YEIOBEK CMEIIAETCS HE
oonee uem Ha | cm. [Ipu TakoM cMemIeHHH JOMYyCTHUMO HCIIONB30BaTh (HOPMYITY
2.2 st BOCCTaHOBIIGHUS M300paxkeHusi yesnoBeka. Pazmepsl mccneayemMon 30HbI
(puc.2.11, 4) 3x1.5x3 M 1o X, Y, Z ocsiM COOTBETCTBEHHO. C MTOMOIIBIO CTEPEONaphl

OIIPCACIIAIIOCH IMOJIOKCHHC YCJIOBCKA B Hccne;{yeMoﬁ 30H¢. OTHOCHUTEIIBHO 3TOTO
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MOJIOKEHHUST 3a7jaBajiach 00JacTb BOCCTAHOBJICHHS, B KOTOPOW MPOU3BOIMICA
pacuer paauoronorpadguyeckoro 1300paxxeHus, Mpu 3TOM AJIs KaKJ0ro MpUuemMo-
nepenaroniero Onoka JaHHAs MpoleAypa MpOoW3BOAMIACh He3aBUCHUMO. U3
N300pakKeHU, MOJYYEHHBIX Ha KaXKIOM OJIOKE, BBIYHMCISIOCH PE3yJbTUPYIOIEe
n3o00paxenue. Pacuer pe3yJpTHUPYIOLIETO M300paKEHUSI COCTOSUT U3 HECKOJBKHUX
3TAIOB:
e pa3zbueHue oOJACTH BOCCTAHOBJICHHWS Ha pPAaBHOMEPHBIE [0 TpPEM
HaIpPaBJIECHUSM 3JIEMEHTapHbIE 00bEMBI,
® TiepecyeT KOOpAWHAT TOYEK H300paXeHHs ISl Kakaoro OJioka B
COOTBETCTBHH C JJIEMEHTapHBIMH OObEMaMHU U C yYE€TOM BEITUUYHHBI
aMIUIATY J1bI,
® YCpeJHEHHE 3HAYEHMH aMIUIMTYJ BOCCTAaHOBJIEHHOI'O MOJIS B Ka)JI0M
AJIEMEHTApHOM 00bEME.

Pacuer paauoronorpadpuueckoro u300pakeHHs MPOU3BOAUIICT METOJIOM
npeobpazoBanrueM DPypre. Pe3ynbraThl SKCIepuMEHTa MOATBEPINIA BO3MOXKHOCTh
BOCCTAHOBJICHUS HM300paKeHUs JBIKYIErOCsS 4YEJIOBEKAa MPHU HCIOJIb30BaHUU
JaHHOro  meroda. llpuMep  BOCCTaHOBIEHHOTO  PaguOroJIorpapuuecKoro

U300paKeHUs MPECTaBIeH Ha pucyHke 2.12.
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Pucynok 2.12. Paguoronorpaguyeckoe n300pakeHue 4eioBeka,
BOCCTaHOBJIEHHOE npeodpa3zoBanueM dypobe. L{BeT COOTBETCTBYET MOTYIIIO

KOMILJICKCHOM AMIUIUTYABI B TOYKaX BOCCTAHOBJICHUA.

Bpewms nosiHOTO 1IMKIIa — BpeMs U3MEPEHUS U KOMITBIOTEPHOTO pacueTa IMoJs
MeTonoM mnpeoOpazoBaHuss Dypwse, I OAHOrO JBMXKYILETOCS 4YEJIOBEKa
coctasisiet 0.05 ¢, yto coorBercTByeT 20 nuknam 3a 1 cexkynay. Ilpu yBennuenun
yyclia JioJed B UcclenyeMoil  o0JacTH  JJaHHOE€  BpeMsl  3HAYUTEIBHO
YBEIIMYMBAETCSI, W BOCCTAHOBJIEHHWE M300pAKEHUN JBIKYLIUXCS  JIIOJIEH,
OJIHOBPEMEHHO HaXOJSAIIUXCS B HCCIEAyeMOM 00JacTh He TMpeACTaBIsIeTCS
BO3MOXHBIM. [[71s1  yBenmuueHusi OBICTPOACHCTBUSI PacueTOB, IMO3BOJISIONIUX
BOCCTAaHABIMBATh  OJHOBPEMEHHO  HM300paXEHUS  HECKOJBKUX  YEJIOBEK,
IPUMEHSIICS alrOpuTM ObICTporo npeodpazoanusi ypoe. ['1aBHOE TpeOoBaHue,
NpEAbSIBIAEMOE K alrOpUTMy OBICTpOTO TMpeoOpazoBanus Dypbe — 3TO
COXpaHEHUE KauecTBa BOCCTAHABJIMBAEMOT 0 paauoroyorpaduueckoro

nzo0paxenus (puc.2.13).
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Pucynok 2.13. Paguoronorpaduueckoe nuzo0paxeHue 4eaoBeka,
BoccTaHoBJIeHHOE BII®. I[BeT cOOTBETCTBYET MOAYIIFO KOMILJIEKCHOM aMIUIUTYIbI

B TOYKaX BOCCTAHOBJICHHA.

AHanu3upys paaudorojorpapuyeckue M300pakeHHs] YeIOoBEeKa, MoJlydaemble
npeodpazoBanueM Oypobe u bIID, MoxHO yTBEpKAaTh, YTO OCHOBHBIE MAPAMETPbI
yesoBeka (MOJOKEHHUE, POCT, TabapuThl, TEIOCI0XEHHE) BOCCTAHABIUBAIOTCS
UJIEHTUYHO I 3aauu uaeHtudukaruu. CieayeT OTMETUTh, YTO PYKH HE BCerJa
BOCCTAHABJIMBAIOTCS Ha M300pPaXKEHUU. JTO CBSI3aHO B MEPBYIO OUYEPE/lb C TEM, UTO
PYKH HUMEIOT MEHBIIYIO [0 CPABHEHHIO C TOPCOM PACCEMBAIONIYI0 TOBEPXHOCTD, A
COOTBETCTBEHHO, MEHBIINN MOJTyJIb KOMILJIEKCHOM aAMILIUTY 1bI

BOCCTaHAaBJINBAaCMOI'O I10JIA.

2.2.3. ObocHoBanue ucnoabzyemoro nogauanazona CBY 10-18I'T'u.
B 3amauax nuccepraliMOHHOM paboThl ucnoiab3yercs nogauanazon CBY 10-

18 I'T'u. OcHOBHBIE NPEUMYILECTBA B UCIIOJIB30BAHUM JTAHHOTO MOIIMAIA30HA, 110
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CpaBHEHMIO ¢ mnoaauanazoHoM 60-66 ITh, KOTOpBIM HCHOJNB3YyETCA B
CYIIECTBYIOIINX JOCMOTPOBBIX CUCTEMAX, CIEAYIOLINE:
e Bricokoe O6bIcTpoIeHiCTBHE PACUETOB.
e [Ipumenum st paboThl ¢ OOBEKTAMH C pa3MEpaMU ~S CM.
e [lpuHuunuanbHasi  BO3MOXKHOCTH  pabOThl C  JAMHAMUYECKUMU
O00BEKTaMH.

[Ipu pacuere panuorojorpaduyeckoro  u3o00paxeHuss  Moa00JacTh
IPOCTPAHCTBA, B KOTOPOM PACHOJIOKEH MHTEPECYIOIIH OOBEKT, pa3OuBaerca Ha
SKBUIAUCTAHTHYIO CETKY, B KOTOPOM MPOUCXOAAT BbIUUCIEHUS. PaccTosHNE MEXKITY
cocemHuMU y3namu cetku i nopgauamnazoHa CBY 10-18 I'To 2 cm. [danHoe
paccTostHUE BBIOpAHO KaK CpemHsisi JJMHa BOJMHBI m3nydeHus (mias 10-18 T'Tn
JUIMHA BOJIHBI cocTaBisieT 1.66-3 cM) ¢ HeOONbIIMM OKpyrJieHHeM BHuU3. s
aHAJOTWYHOM 3a7auM, HO ¢ nogauanazoHom CBY 60-66 I'T'n paccrosHue Mexay
y3namu ceTku coctaBiisio Obl 0.4 cm. KommuecTBo y370B CeTKH (KOJIMYECTBO
y3JI0B COOTBETCTBYET KOJMYECTBY MPOU3BOAMMBIX BBIYMCIUTENIBHBIX OMEPALIHiL)
st oomactu nipoctpanctBa 100x100x50 m mst 10-18 I'T'ip cocraBnsier ~261 Thic.
oneparui, a aiusa 60-66 I'T'y mus toit ke obmactu ~8000 Teic. omeparuii. Takum
oOpazoM, nogauana3zoH 10-18 I'T'n umeer siBHbIE MPEUMYLIECTBA IO CPABHEHUIO C
nojaauanaszonom 60-66 I'T.

Hudpakimonnsiii npenen s nogauanazona 10-18 I'T cocransier 3 cMm B
UJCAIbHBIX YCJIOBUSAX. OTO O3HAYaeT, YTO MHUHHUMAJIBHO BO3MOXHBIM OOBEKT,
KOTOPBI MOXKET OBbITb OOHAPY>KEH, MOXET MMETh XapaKTepHbIE pa3Mephl 3 CM U
oonee. C yderoM BIMSHHUS I[IYMOB MHHUMAJbHBIA pa3Mep COCTaBISET B
peansHoCcTH 4 cM. B nucceprannonHoi paboTe Bce UCCIeI0BaHUS TPOU3BOIMINCH
¢ 00bEKTaMHM, UMEIOIKUMHU pa3Mep oT 5 cM. Takum oOpazom, noaauanazon 10-18
[Ty moaxoaut nnst paboThl ¢ 00BEKTAMH pa3MepamMu OT 5 CM C TOYKH 3PEHHS
TUQPPAKIIMOHHOTO Mpeiesia pa3perieHus.

BpeMms u3MepeHust paccessHHOTO IMOJIsl OT HCCIIeyeMOro oObeKTa sl K101
4acToThl (Bcero 128 wacrtor, B ObicTpoM mpeoOpazoBanuu Dypwe) coctasmisieT 10

Mc (3TO Bpemsi Oe3 ydeTa BpPEeMEHHM HeoOXxoammoro s pacuera). 3a 10 mc
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UCCIEyeMbIil O00BEKT HE JOJDKEH CMECTUThCSI Ha paccTosiHue 4 0OoJibliie
MOJIOBUHBI JUIMHBI BOJHBI MCIOJIB3YEMOI'O H3JIy4YEHHUsS, YTOObI MOXKHO OBLIO
npou3BoiuTh pacuetsl 1mo (1.20). i nogauanazona 10-18 I'Ty aTo paccrosinue
coctaBisieT 4 = 1.5 cm. Jlng nopnuanazona 60-66 I'T'1 ananoruunoe pacctosiHue
A4 = 0.3 cm. Jlaaabii dhakT o3Ha4aeT, uto nojauana3zoH 60-66 I'T' He cmocobeH
NPUHLIUNHAIBHO padoTaTh C JUHAMHYECKUMH OOBEKTaMH TMPU TOM K€
XapaKTEPHOM BpEeMEHH Hu3MepeHus. Takum oOpaszoMm, moamuamazon 10-18 I'Tn

IIPUHOUIINAJIBHO MMOAXOAUT JIA pa6OTBI C JMHAMHWYCCKUMHU 00BEKTaMH.

2.3. ®dusnyeckuii MeTo] OOHAPY:KEHHUSI IMIJIEKTPHUYECKOro O0beKTa,
PACIOJIOKEHHOI0 Ha  Tejie YeJOBeKa Ha OCHOBe aHajaM3a  ero
PAAUOr0JIOrpapuuecKoro H300paKeHus

bricTpoe npeoOpa3zoBaHue dypre II03BOJIUIIO BOCCTaHaBJIUBATh
paauorosorpaguueckoe M300pak€HUE JBIXKyLIerocs 4enoBeka. KauecTBo
BOCCTaHABJIMBAEMOI'O0  M300pa)K€HUs  MO3BOJSUIO  OJHO3HAYHO  ONPEIEIATh
MOJIOKEHHSI 4YEJIOBEKAa B IMPOCTPAHCTBE, €r0 CKOPOCTh W MpONopuuu Tena. B
JAHHOM pasjene OyJeT pemarbcs KOMIUIEKCHAas 3ajladya M0 OOHapyXEHUIO
JIURJIEKTPUUECKOr0 00bEKTa, PaclojIoKEeHHOro Ha Tene yenoBeka. C guanueckoi
TOYKHA 3pEHHUsS, I[IOCTaBJICHHAs 3a/Jada 3aKJII04aeTCsi B  BOCCTAHOBJICHUH
panuoronorpadpudeckoro M300pakeHUs pPacCEUBAIOLIETO OOBEKTa, BIJIOTHYIO C
KOTOPBIM PacIoJiaraeTcsi JU3EKTpuuecKui ciioi. KommiekcHoe pelieHue JaHHOU

3aga4uun 6YI[CT pasaciicHO Ha HCCKOJIbBKO OCHOBHBIX JTallOB.

2.3.1. Boruucienue AMIJIEKTPUYECKOM MPOHULIAEMOCTH Ha
BOCCTAHOBJICHHOM  PaguOrojorpagpuuyeckom H300pakeHHMM 10 3aJHeM
NMOBEPXHOCTH [IHYICKTPHKA, HAXOAALIErocsi BIUIOTHYI0 € pacceHBarouiei
NOBEPXHOCTHIO

[IpucyTcTBHE AMAIEKTPUYECKOIO OOBEKTAa BIUIOTHYIO C pPacCEHBAIOLIEH
IOBEPXHOCTBIO OKa3blBa€T BIMSIHHE Ha paccessHue B 00JIacTH, 3aKphITOM

JUDJIEKTPUKOM, a TaKXe Ha BOCCTAHABIMBAEMOE paauoroyiorpaduueckoe
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n3o0paxkenne. OTMEUYEHHOE BIHMSHUE BBI3BAHO JIOMOJHUTEIBHBIM (Pa30BBIM
HaOerom 3onaupytomiero CBY wu3mydeHusi, mpu NPOXOXKACHUU €ro yepes
TuNeKTpuk. Ha  MOBepXHOCTHM — paguoronorpaguyeckoro  M300pakeHus

JOTIOTHUTENBHBIN (Da30BBINM HaOET MPOSBIISAETCS B BUjE poBaia (puc. 2.14, 6)).

a) 6)

Pucynok 2.14. Bun B ceueHUH AUAJICKTPUKA, HAXOASAIIETOCS BIUIOTHYIO K
pacCcenBaroIIe MOBEPXHOCTHU. a) — CXeMa PACIIONOKEHUS U 30HIUPOBaHMS, 0) —
paauoroyorpaduueckoe n300pakeHHE C HAIOKEHUEM TOJI0KEHUS TUIJIeKTpHKa. |
— pacceunBarolasi IOBEPXHOCTb, 2 — IUAIIEKTPUK, 3 — 3oHAUpYtomee CBY

U3ITy4YCHHUE.

['myOuna npoBana Ly — paccTosiHEE MEXAYy pacCEeUBAIOIICH MOBEPXHOCTHIO U
3alHe TMOBEPXHOCThIO audnekTpuka (puc.2.14, 6)). Ona omnpenensiercs
COOTHOIIIEHUEM MEXAY AMDJICKTPUUECKON MPOHUIIAEMOCTBIO IUANEKTpUKa (2,
puc.2.14, a)) u ero ¢usmueckum pazmepom L; B ceuenun (puc.2.14, 06)) BIOIH
HaIpaBJICHUS PACTIPOCTPAHECHHUS:

Lo=L(Ve—1) (2.4)

I & MUPJICKTPUIECKAsi TPOHUIIAEMOCTD JTUAJICKTPUKA.

Jis  HaxoxxaeHuss oOjacTeil Ha paauorojorpaduyeckoM H300paKeHUn
YeJI0BEKa, COJEPKAIINX TpOoBaj, m3o0paxenue, momydaemoe B CBY muamasone,

CPaBHUBAJIOCH C I/1306pa)K€HI/I€M, MMOJIy4aCMbIM B APYT'OM YaCTOTHOM JHAIIA30HE —

63



B BUAMMOM jauanazone. C MOMOINbIO CTepeonaphl MPOU3BOAWIOCH MOCTPOEHUE
n300paKeHus B BUIMMOM Juarna3oHe. [1o ananusy nByx usoopaxenuii (puc. 2.15),
MOJIydaeMbIX B Ppa3HbIX YaCTOTHBIX JIMaMa30Hax, OMpeaesiach 00J1acTh,

COJIEPIKaIIyIo MPOBaJl.

3

Pucynox 2.15. Tloctpoenue nzo0OpaxeHuil B oOLIel cUCTEME KOOpAUHAT B
Pa3HBIX YACTOTHBIX JAUAIAa30HaxX. | — MOJIOKEHUE PACCEUBAIOIIEH TOBEPXHOCTH, 2
— uzoOpaxenue B CBY nuanazone, 3 — nzo0pakeHue B BUIMMOM JiMana3one, 4 —

IMOJIOKCHHUEC AUIJICKTPHKA.

ObnacTs, copepkalias IpoBai, ONPEAeIIAIach N0 ABYM IIPU3HAKAM:

e (CpaBHEHHME pa3HULBl MOJOKEHUW MEXAY COOTBETCTBYIOLIMMU
TOYKAMH PaJUOTOIOrpaUIeCcKOro U BUIUMOTO U300paKEHUH.

e HaxoxJeHne y4acTKOB CO 3HAYUTEIbHBIM I'PAIUEHTOM I10 MTOJIOKEHUIO
Ha pauorojorpapuueckoM n300paxeHHH.

Ecnu cymiectByer 00nactb, B KOTOPOM pa3sHULA MEXAY MOJIOKEHUIMU
COOTBETCTBYIOILMX TOYEK JIBYX M300pakeHUH MpeBbIlliaja HOPOroBoe 3HaUeHUE, U
Ha TPAaHUIAX BOKPYI 3TOM 00JIACTM MPHUCYTCTBYET YYACTKU CO 3HAUYUTEIbHBIM
IPaJUeHTOM IO MOJIOXKEHHUIO, TO TaKast 00JIaCTh COAEPKUT MPOBAJL.

[Tpu ananu3e IByX M300pa)xK€HUM M3 pa3HbBIX YaCTOTHBIX JUana3zoHoB (2 u 3,

puc.2.15), ompezaensiaock paccTosHHE MEXAy L mmoBepxXHOCTIMH B 00JacTH,
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colepkKale MPOBAIL. DTO PACCTOAHUE SBISIETCA PACCTOSIHUEM MEXIY 3aJHEU
MOBEPXHOCTBIO JUAJIEKTPUKA U BUACO MOBEPXHOCTHIO — 00JaCTH M300paKEeHUS B
BUAMNMOM  Juarna3soHe, COOTBETCTBYIOILIEHM  3aJHEM  NOBEPXHOCTH  HA
paauoronorpaduueckom nzoopaxkeHnn. OHO SIBISETCS CYMMOUN BETMYUH TITyOUHBI
npoBaia Lo u ¢puzmdeckoro pazmepa gudnekTpuka L;:
L=L+ L (2.5)
['mybuna mpoBana Ly onpenensuiack Ha paauoroiorpaduuaeckom (2, puc.2.15)
M300paXEHUU pa3HUIEH TIOJIOKEHUSI MpoBajia W TIOJIOKEHUM MPUIIETaIOIINX
obJiacteil, B KOTOPBIX MOJOKEHUSI U300paKEHUI B pa3HbIX YaCTOTHBIX JUaNa30HaxX
coBmagamT (puc.2.15) — BepXHMX W HUKHHX pPeENepHbIX moBepxHocTel. Ilo
rIyOMHE TIpoBaja M IO PACCTOSHUIO MEXAY IOBEPXHOCTSIMU B 00JIacTH,
comepxamieir mpoBan, (u3 Qopmynsr 2.5) ompeaensics (U3HMYECKUN paszMmep
JTUAJIEKTpUKa B cedeHuW. [lo r1iiyOmHe mnpoBajia U (PU3HYECKOMY pa3Mepy
TUdIeKTpruka u3 Gopmylbl 2.4 BBIUUCIIACH JUAJIEKTPUUYECKash MPOHUIIAEMOCTh

JTUDJICKTPHKA &:
Lo 2
e=(2+1) (2.6)
Lq
Takum oOpa3zoMm, UCTIOIB3YST HHPOPMAIUIO O TPOCTPAHCTBEHHOM TTOJIOKEHUHU
3aJHEH TTOBEPXHOCTH JTUAJICKTPUKA, PACCTOSHUE MEXKIy 3aTHEH MOBEPXHOCTBHIO U
BHUACO HOBCpXHOCTBIO, CTAHOBUTCA BO3MOXHBIM BBIYUCIUTH I[I/IBHGKTPI/I'—ICCKyIO

IMPOHULIACMOCTb OUIJICKTPHKA, PACIOJIO0XKCHHOI'O BIIUIOTHYIO K pacceI/IBanmeﬁ

IMMOBCPXHOCTHU.

2.3.2. Boiuucienue AHDJIEKTPUYeCKOi NMPOHULIAEMOCTH HA
BOCCTAHOBJIEHHOM PaauoroJiorpaguyeckoM H300pakeHUM IO NepeaHeill Hu
3a/iHeil MOBEPXHOCTSIMM  MIJIEKTPHKA, HAXOASIIErocsi BIUVIOTHYI0 €
pacceuBaolleiil MOBEPXHOCTHIO

Kak ObUTO OTMEYEHO B MPEIBIAYIIEM IYHKTE, YTO MPUCYTCTBUE TUIICKTPUKA
BIJIOTHYIO K pacceuBaroiei MOBEPXHOCTH oOpa3zyet Ha 179

paauoroyiorpaguueckoM  U300pakeHUH ~ O0JacTh  COAEpI)KAIlyl0  IPOBaI,
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SIBIIIFOLIMANCS  3aHEW IMOBEPXHOCThIO AudieKkTpuka. Ilpu  ompeneneHHbIX
JIyana3oHax yrjioB mnajeHusi 3onaupyromero CBY  wusnyueHusi paccesHue
M3JIYUYCHUSI MPOUCXOAUT HE TOJBKO OT PACCEMBAIOIIECH MOBEPXHOCTH W 3aHEU
MMOBEPXHOCTH JUAJICKTPUKA, HO W OT MNEPEIHEHW TpaHUlbl pas3jiesia BO3AYyX-

IURIEKTPHK (puc. 2.16).

A7

a) 6)

Pucynox 2.16. Bug B cedeHnn quaneKTprKa, HaXOISAIIETOCs BILTOTHYIO K
pacceuBaroIe MOBEPXHOCTHU. a) — CXeMa PACIIONIOKEHUS U 30HIUPOBaHUs, 0) —
paauoroiorpaduueckoe n300pakeHrue ¢ HaJIOXKEHUEM TMOJI0KEHUS JUAIEKTpUKa. 1
— pacceuBarolas MoBepXHOCTh, 2 — TUAIEKTPUK, 3 — 3oHaupyromee CBY
u3JydeHue, 4 — nepeiHssi IOBEPXHOCTh AUAICKTPUKA — IPaHUIIA pa3jiesia BO3AYX

JUAJIEKTPUK Ha paarorosorpadguueckomM n300pakxeHUU.

[Tapametpsl Ly — rimyOuna npoBana u L, — pusnyeckuii pazmep nusaeKkTpuka
CBSI3aHBI MKy COOOM:
Lo=L(Ve—1) (2.7)
[TapameTtpsl Lo u L, u3 (2.7) UMEIOT HAEHTUYHYIO CBSI3b C MmapaMerpamu Lo u
L, u3 popmynsl 2.4.
Ob6unactp, cogeprkauiasi mpoBall, Ha paauoroyorpaguueckoM U300paKEeHUU U
riyOuna mnpoBana Ly ompenpensiorca Takxke kak u B 1.2.3.1. ITlapamerp L,

OIIPCACIIACTCA  ITOJIOKCHUCM HGpGI[HCfI IMOBCPXHOCTU  AUIJICKTPHKA. HpI/I
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BOCCTAaHOBJICHHHM W300paXEHUSI TPOUZBOAMUTCS TMOWCK MAaKCHUMYyMOB MOYJIS
KOMIUJIEKCHOM aMILTUTY/AbI MOJIsI BJOJIb JIMHUW MPEUMYIIECTBEHHOTO HANPABIICHUS.
Jlyist Toucka mepeIHel OBEPXHOCTH MPOBOJUTCS MOBTOPHAS IMPOIEIypa MOKMCKA
BTOPOTO 1O  BEJIWYMHE  JIOKATBHOTO  JKCTpeMyMa-MakcuMyMma. Todku
MPOCTPAHCTBA, B KOTOPBIX BBISBISETCS BTOPOM IO BEIWYUHE JIOKAJIBHBIN
IKCTPEMYM-MaKCUMYM, COOTBETCTBYIOT TOJIOKCHHUIO TIEPEIHEH MOBEPXHOCTH —
TpaHMIIEe pa3iesia BO3MyX JUIICKTPUK.

[Ipu anamuse paguoroJOorpaguueckoro HM300paKEHUS  OMPEACeISIIOCH
paccrosiHue Mexay L mepenHeld W 3aJHEdl MOBEPXHOCTSIMHU AudiekTpuka. I[lo
aHaiioruu ¢ 1.2.3.1 OHO sBIsAETCA CyMMOW BeIWYUH TyOWHBI mpoBaia Lo u
dbu3uYecKoro pazmepa AUIEKTpuKa Ly:

L=L,+ L, (2.8)

['my6una npoBaina Ly onpenensiack Ha paguorojorpadgudeckom (puc.2.14, 0)
M300paXEHUU PA3HUIICH TOJIOKEHUSI MpOBaja M TMOJIOKEHUN, MPUIETAIONINX K
HeMy obOunacteit (puc.2.16, 6) — BEpXHUX U HUKHUX perepHbIX noBepxHocTei. [1o
rTyOMHE TIpoBaJla M TI0 PACCTOSHHUIO MEXKIy IOBEPXHOCTIMH B 00JIacTH,
comepxamieid mpoBan, (u3 Qopmynsr 2.8) ompemensics (GU3NYECKUN pazMmep
TudNIeKTpuka B cedeHuu. l[lo rimyOumne mpoBasia W (U3MYECKOMY pasMmepy
JTUDJICKTpUKA U3 (GopMysbl 2.7 BBIYHCISIIACH JAUAJIEKTPUYECKAs MPOHUIIAEMOCTh

I[I/IBHCKTpI/IKa E.
Lo 2
e=(2+1) (2.9)
L,
Takum 00pazom, UCTIONB3ysT HHOOPMAIUIO O TPOCTPAHCTBEHHOM TOJIOXKCHUN
3aJHEH TIOBEPXHOCTH IUAJICKTPUKA HA PATUOTOJIOTPadUICCKOM H300paKCHHH, a
TAaK)K€ PACCTOSIHME MEX]y 3aJHEl MOBEPXHOCTHIO U MEpeAHEHl MOBEPXHOCTHIO,

CTaHOBHUTCA BO3MOXXHBIM BBIYHMCIIUTD JAUDJICKTPHUICCKYTO IMPOHHULIACMOCTb

AUIBJICKTPHUKA, PACITIOJIOKCHHOI'O BINIOTHYIO K pacceHBammeﬁ IMOBCPXHOCTH.
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2.3.3. BplunciieHue IMIJIEKTPHYECKON TNPOHMLIAEMOCTH IMIJIEKTPHKA,
PACIOJIOKEHHOT0 Ha TeJjle YeJIOBEeKa

Onucannpie B 1m.2.3.1 u 1m.2.3.2 cnocoObl HU3MEpPEHUs TUIIEKTPUUECKOM
MPOHUIIAEMOCTHU JJISI TUAJIEKTPUKA, PACIIOI0KEHHOTO BILUIOTHYIO K pacceuBaronen
MOBEPXHOCTH MPUMEHUMBI JUIsl Cly4asl, KOrJa pacCerBarolleld MOBEPXHOCTHIO
SBJISIETCS] YETIOBEYECKOE TEJIO.

OOnyyeHre W U3MEPEHHE PACCESHHOTO  DJIEKTPOMATHUTHOTO  IOJIS
OCYLIECTBJISIETCS AKCIIEPUMEHTAIBbHON YCTaHOBKOM mopTanbHOro tuma (puc.2.11).
YeioBek pacroyioKeH B ee uccieayemoit oonactu (4, puc.2.11).

B skcnepuMeHTax ¢ 4ENIOBEKOM JMAJIEKTPUUECKUN MpPEeIMET pa3MeIalics B
00J1acTH >KMBOTA, a YEJIOBEK CBOOOJHO MepeMeIIalicsl B UCCIeayeMoil 00jacTu co
ckopocTh 4-5 M/4. Onpenenenne TyonHsl mpoBaia Ly u ¢pusndeckoro pazmepa Ly
wim L, nusnexkTpuka MPOUCXOJUII0O B CEUYEHHHM OJHOW M3 €ro CaruTTalbHbIX
II0CKocTe. ['NaBHasi caruTTanbHas MUIOCKOCTh MPOXOJWJIAa 4Yepe3 IMOJIOKEHUE
LEHTpa Ha KM300paKEHHH, a OCTaJIbHbIE HAa SKBUJIUCTAHTHOM PACCTOSIHUU JPYT
OTHOCHUTENILHO JApyra. PaccTosHre MeXIy 3TUMHU IUIOCKOCTSIMU COCTaBIIsLIO 1 cM.
Jusnextpuyueckass  MOPOHUIAEMOCTh  BBIYUCISATIACH  OJHOBPEMEHHO  JABYMS
CIOCOOaMHU.

B mnepBoii cepun SKCIEPUMEHTOB IHUIJICKTPUK, PACIIOIOKEHHBIM Ha TeEie
YeJI0BEeKa, HE OBLI 3aKPBIT CIOEM OACKIbl. B Takoil MOCTaHOBKE AKCIIEPUMEHTA,
BBIYUCIISIEMbI (DU3UYECKUN pa3Mep TUAJIEKTPUKA, ONPEesIeMblid IMOJ0KEHUEM
BUJICO MOBEPXHOCTU U TIOJIOKEHHUEM TEepeIHEN MOBEPXHOCTH, COBIAIAM JJIsl 000X
meToqoB (L; = L,). B mporecce aBrmkeHUs deaoBeKa B ucciaeayemoi obdaactu (4,
puc.2.11) opueHTanuss HOpMalXM K TMOBEPXHOCTH JIHUAJIEKTPUKA OTHOCHUTEIBHO
Harnpasiienus: nagarouero CBY usnydyeHuss u3MeHsIach B IIMPOKOM JHANa3oHe
yrioB. [llupokuit jaWama3oH yIJIOB TMO3BOJSI  OOHAPYXKMBATh  paccesHUe
MaJAI0IIETr0 IEKTPOMArHUTHOTO MOJS OT MEPEIHEN MOBEPXHOCTU JUIJIEKTPUKA,
COOTBETCTBYIOIIETO TpaHUIE pazjiesia BO3AyX-AMAJIEKTpuK. Ha momydaembix
paauoroyorpadguueckux uzodbpakeHusx (puc.2.17) 4eTko onpenensiach 3aJIHSs

IpaHMIla JAMBJIEKTPUKA, a Npu OOJBIIOM YHCIE TMOJIOXKEHUH 4YeloBeKa
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OTHOCHUTCIIBHO NPUCMO-TICPCAAIOIINX 3JICMCHTOB OIPCACIIAIACH IICPCAHAA I'PAHUILIA

AUDBJICKTPHUKA.
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Pucynox 2.17. a) — ceuenune paauorosorpadguaeckoro n3o00paxeHus
YeJI0OBEKa B CaruTTaIbHOM MIIOCKOCTH, 0) — M300pa’keHUE YeJI0BEKa B BUANMOM
nuanasoHe (Buj ¢ 00Ky). 1 — 3aaHss1 HOBEPXHOCTh AUAJIEKTPUKA, 2 — MEPEAHSISA

MOBEPXHOCTh AUAJIEKTPUKA, 3 — BEPXHSAA U HUKHSISI pENIEpHbIE IOBEPXHOCTH, 4 —

BHACO IMOBCPXHOCTD JUIJICKTPUKA.

Takum oOpa3zoMm, ¢Qusnyeckas 3amada 00 OOHAPYKEHUH JTUAJICKTPHKA,
PACIOJIOKEHHOTO Ha TeJIEe YEJIOBEKA, PEIIAETCsl IIPU €0 JIBUKEHUHU B UCCIIEyEMOU
obOnactu. [Ipu 3TOM pe3ynbTaThl, HCHOJIB3YEMBIX ABYX METOJI0OB, IOATBEPKAAOT U
JOIOJHAIOT APYT Jpyra.

Bo BTOpO#Nl cepuM DKCIEPUMEHTOB AUNIEKTPUK, PACIIOJIOKECHHBIM HA TEje
YEJIOBEKA, 3aKPhIBAJICSA OJEK/Ibl PA3IIMYHON TOJIIMHBI. DKCIEPUMEHTHI MTOKa3aJIH,
YTO OJEXKJa SBJISETCS MPO3PAYHbIM MaTEpUaIOM Ul UCIOJIb3YEMOIO JAUara3oHa
CBY. bnaromapss mnpo3padyHOCTH Marepuajga Ha paguorosorpadguaeckom
U300paKEHUHU 4YEJIOBEKAa BBIBISUIMCH TOJNIOXKEHHMSI TepeAHed U 3aaHed
MOBEPXHOCTEN AMAIIEKTpUKA. OIHAKO NMPUCYTCTBUE OAEKIbl BHOCHUT PETYJIIPHOE

CMELIEHUE B NOJIOKEHUH BUIEO MOBEPXHOCTH (pHuc. 2.18).
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Pucynok 2.18. a) — cedyeHnue paauorosorpadguueckoro u300paxeHus
YeJIOBEKa B CaruTTalIbHOM INIOCKOCTH, 0) — M300paskeHue YeJI0BeKa B OJCXK/IE B
BUJMMOM Juana3one (Buj ¢ 00Ky). 1 — 3aiHASI MOBEPXHOCTh TUAIIEKTPHUKA, 2 —

nepeHsst TOBEPXHOCTh AUAJICKTPUKA, 3 — BEPXHSA U HIDKHSSI pENIepHBIC

MMOBEPXHOCTH, 4 — BUJIEO TOBEPXHOCTh AUIIICKTPHUKA.

N3-3a BHOCMMOTO CMEIICHUSI B MOJIOKEHUE KOPPEKTHOE BBIYUCIICHUE
JUAJIEKTPUUECKON TIpoHUIIaeMocT 1o  (dopmyne 2.6 HeBo3MOxkHO. OHAKO
dbopmyna 2.6 TMO3BOJSUIA COKPATUTh JHMANa30H BO3MOXHBIX  3HAUYCHUHN
JTIASJIEKTPUYECKOU MPOHUILIAEMOCTH. Broruuciaenue JIASJIEKTPUYECKOU
MPOHUIIAEMOCTH TPOU3BOJUIIOCH TOJBKO 4Uepe3 TOJOXKEHUS MEepeHer W 3aaHein
MTOBEPXHOCTEN JUAIICKTPHUKA.

Takum oOpa3zoMm, Qusnyeckas 3amadya 00 OOHAPYKEHUU UAIJICKTPHKA,
PaCIOIOKEHHOTO CKPBITHO Ha TEJ€ YelOBeKa, pellaeTcsl Mpu ero JIBUKCHUU B
uccinenyemoit  obnactu. OJIHAKO KOPPEKTHOE 3HAYCHHUE JAUDIICKTPUUYECKOU
MIPOHUIIAEMOCTH BBIYUCISETCS TOJIBKO METOJOM, ONKCaHHbIM B 11.2.3.2. [Ipu sToM
Meronq u3 1.2.3.1 TO3BOJIIET OIrPAHUYHUTH OOJACTh BO3MOXXHBIX 3HAYCHUUN
JTUAJIEKTPUYECKON MNPOHUIIAEMOCTH UM TEM CaMbIM MOATBEPAUTH KOPPEKTHOCTH

BBIYHMCJIICHHOI'O 3HAYCHUA ﬂHBHGKTpHQGCKOfI IMPOHUIIACMOCTH.

70

-10.5



2.4. BbIBOIBI K IJ1aBe 2.

B rmmaBe 2  nmpenactaBieH — METOJ  MOCTPOGHHST U 00pabOTKu
paauoronorpaduueckux nodpaxenuit B mogauanazone CBY 10-18 I'T.

[IpencraBieHo TeopeTndeckoe 0OOCHOBAaHUE HMCMOIB3YEMOIo MOJIMara3oHa
CBY 10-18 I'T.

CoOpaHa »SKclepUMEHTaJIbHAs YCTAHOBKA, IIO3BOJISIONIAS OJHOBPEMEHHO
MPOU3BOJIUTh TOCTPOCHHE, OOpadOTKYy | aHajiu3 paauoroiorpadguueckoro
U300paKEHU.

bricTponeiicTBue pacdueToB COBMECTHO C BBIOPAHHBIM MOJJIMANIA30HOM
MIO3BOJISIIOT MPOU3BOAUTH PACUYETHI OJTHOBPEMEHHO sl 6 TUHAMHYECKUX 00BEKTOB
B PEKUME peajbHOr0 BpEMEHH.

BrniepBbie npencTaBieH METOA Ha OCHOBE aHajM3a pajuoTOMOIpaduyeckoro
M300paKeHNS BBIUMCICHHSI KITFOUEBBIX MAPAMETPOB MCCIEAYEMOTO JUIEKTPHKA —
JIURJIEKTPUYECKasi IPOHUIIAEMOCTb, Pa3MepBbI, MOJI0XKEHHE B IPOCTPAHCTBE.

BreicTposelicTBUE HCIONB30BAHHBIX AJITOPUTMOB TO3BOJIMIIO TTPOU3BOIUTH
OpoIECC TMOCTPOCHHs, O00pabOTKM U  aHalmM3a  paguoTOMOrpaduyecKoro
N300pakeHUs B PEKUME peaslbHOTO BpeMeHH. Vcnonabp3oBaHue pekuma peabHOro
BpPEMEHU MO3BOJIWIO pabOTaTh C IMHAMUYECKUMU OOBEKTAMH.

[IpencraBien Meron OOHAPY>KEHUS CKPBITHIX AMAICKTPUUECKUX OOBEKTOB,
NPOHOCHMBI Ha Telleé 4YeJOBeKa B OOJACTH JKMBOTA, OCHOBAaHHBI Ha aHaJN3e

paaurorosorpadguueckoro n300paxxeHus.

71



I'naBa 3. Paauoromorpadguyeckui MeTOo/ AMCTAHIHOHHOI'O
O0HApY:KeHUs] CKPBITBIX O0BEKTOB HAa OCHOBE AaHAJW3a TPEeXMEPHOro
TOMOrpadguuecKOro n300paxeHust

BoapmmHCTBO METOI0B OOHAPYKEHUS CKPBITHIX 0OBEKTOB B PAAMOYACTOTHOM
JanazoHe padoTaT C OTPAKEHHBIMU WMIIM PACCESHHBIMHU 3JIEKTPOMATHUTHBIMU
BoJHaMU. B naHHOW TyaBe OyJeT y/AelieHO BHHMMaHUE K MPONISANIeMY 4Yepes
00BEKT paguoOBOIHOBOMY H3y4eHHIO. M3MepeHHOe mpoleiiee u3nydeHue oyaer
aHAJIM3UPOBATHCS TOMOTPAPUUECKUMH METOJaMH, KOTOpPHIE XOPOIIO Pa3BUTHI B

APYTUX 4aCTOTHBIX AWAIIa30HAX — PCHTI'CH U BHI[HMBIﬁ JAUAaI1a30HBbI.

3.1. Paguoromorpaduueckuii.  MeTO[A NOCTPOEHHUS]  TPeXMePHbIX
H300pa’KeHUil Ha OCHOBE U3MEPEHHBIX KOMILIEKCHBIX AMILIMTY/l POLIEIIIero
yepe3 00bEeKT MoJIst

Ucnonw3oBanue pagapa ¢ cuHTesupoBaHHout ameptypoit (PCA) B kaudectBe
UCTOYHHMKA  30HAUPYIOIIETO  pPAaJUMOBOJIHOBOTO  H3JIYYEHHS]  IO3BOJSET
MOCJIEIOBATEIBHO 00JIy4aTh HCCIEAYyEMbIi OOBEKT 3JIEKTPOMATrHUTHBIM TOJIEM C
pPa3IUYHBIX TOYEK MPOCTPAHCTBA, JIKAIIUX B OJHON TUIOCKOCTH, Ha Pa3IUYHBIX
4acTOTaX M3 HCMOJIb3yEMOT0 PaJuOBOJHOBOTO Juarna3oHa. A pacroJIOKEHHE
uccienyeMoro o0wbekra, Haxomsauerocs mMexay PCA U nmpueMHbIMH aHTEHHAMH,
MO3BOJISIET U3MEPATh KOMIUIEKCHBIE aMIUIMTY/bI MPOLIECIIIErO Yepe3 OOBEKT MO
C Pa3JIMYHBIX CTOPOH.

JlaHHBIN pa3zaes NOCBSIIEH METOJAMKAM MOCTPOCHUS pagruoTOMOrpaduyecKux
U300paKeHU  CTAllMOHAPHBIX  OOBEKTOB, OCHOBAaHHbIM Ha  HU3MEPEHUU
KOMIUJIEKCHOM aMIUTUTY/Ibl MPOIIEAIET0 Yepe3 00BEKT AIEKTPOMArHUTHOTO TOJIS.
OOBEKT HCCIIEOBAaHUSl TOJIBEPraeTcsl IIMPOKONOJOCHOMY 30HAMPOBAHHUIO B
BepxHeM X u HmwkHeM KU mommuamnazonoB CBY. Mccnemyembiii 00bEKT TOJKEH
IPOSABIIATH JIUAIEKTPUUYECKUE CBOMCTBA B HMCIOJb3YyEMOM JUana3oHe 4acToT. B
IPOTUBHOM CIIy4a€ H3MEPEHHE KOMIUIEKCHBIX aMIUIUTYJ MPOILUEIIIEro 4Yepe3

00BEKT ITOJISI HEBO3MOXKHO.
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3.1.1. U3mepenne yaJnHeHHs ONTHYECKOT0 MyTH HA OCHOBE M3MEPEHHbIX
KOMILIEKCHBIX AMILUIMTY/ MPOLIEJIEro Yepe3 00beKT MmoJIs

[IpucyTcTBUEe OUANEKTPUUECKOr0 OOBEKTa Ha MPSMOM, MPOXOAIIeH uepe3
¢da3zoBble  LEHTPHl NEPEaloONIero UM  NPUEMHOrO0  3JIEMEHTOB,  CO3/aeT
JOTIOTHUTENbHBIA  (Da30BbI Haber — yIJWHEHUE ONTUYECKOro IyTH, TMpHU
pacrpoCTpaHEHUW BOJHBI BJAOJb BbIOpaHHON mnOpsiMoil. [l BbIYMCIEHUS
YIJIMHEHUS IPOU3BOJIMIICA IIPOLECC BOCCTAHOBICHMS IO3ULUMHA IIPUEMHOU
AHTEHHBl OTHOCHUTEJIBHO TMEPENaronlell aHTEHHbl. B mponecce BOCCTaHOBIECHUS
BAXHON sABisgercs (a3oBas HHPoOpMalusg, MO3TOMY JUIsl pacuera MO3ULUU
PUEMHOM aHTEeHHBI B ¢opmysie (2.1) ocTaeTcs TOJIBKO MHOXHUTENb, OTBEUAIOIIUN

3a (pa30BBIN CJIBUT:
Nf—l

P(x,y,z) = Z P(x’,y’,0) R (3.1)
=0

rne P(Xy’,0) — mone Ha mepeaamomieM syieMeHTe perietku, P(X,y,z) —
BOCCTaHABJIMBAEMOE II0JIC B TOYKM MPHEMHOW aHTEHHBI, Ni — KOJIUYECTBO
UCTIOJB3YEMBIX 9acToT, (X,Y,Z) — KOOpIUHATHl TOYKH BOCCTaHOBJICHHS, (XY ,0) —
KOOPJIMHATHI TEPEAroIIero 3JIeMEHTa AaHTCHHOW perieTkd, R —paccTosHue OT
NepeIAoNIEro JIEMEHTa J0 NPUEMHOW aHTEHHBI, K — BOJHOBOW Bektop. [lpu
OTCYTCTBHHM OOBEKTa MEXKIY MPUEMHHKOM H IEPEAATYNKOM H3MEPSIieMOe I0JIe
COOTBETCTBYET TOJI0 CBOOOIHOIO MPOCTpPaHCTBA. Torja yAJMHEHUE, BBI3BAHHOE
NPUCYTCTBUEM JHIJICKTPUKA, OYAET ONpPEIeNsAThCS CMEIICHUEM MOJOKCHHS
MaKkCUMyMa (YHKIIUH OTHOIICHHUS:
P(x,y,z)
P 0 (X, Y, Z)

rne P(X,y,2) u Po(X,y,Z) — BOoccTaHaBIMBaeMoOE II0JIC B TOYKE IPHUEMHOM

AD) = (3.2)

AHTCHHBI, COOTBETCTBEHHO B IPUCYTCTBUH U OTCYTCTBUHM IUABJIEKTPUKA MEXKIY
nepearoiei M MNpueMHOW aHTeHHamu, | — ymiuHeHne. XapaKTepHBIH BHJ

¢byukiuu otHomrenus A(l) mis cBOOOJHOTO MPOCTPAHCTBA M JJIS JUAJICKTPHKA,
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HaxoaAmerocst MCxKIAy nepe/:[afomeﬁ u HpI/IeMHOﬁ AHTCHHAaMM NIPCACTABJICH HaA PHC.

3.1 u puc. 3.2 COOTBETCTBEHHO.

A
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l

Pucynok 3.1. ®ynknus oraomenus A(l) B cBoOo1HOM mpocTpaHcTBe. L —

du3ruecKoe pacCTOSIHUE MEXK Ty TIepeIatoliell U TPUEMHOM aHTCHHAMH.

A

600 -
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100 —

Pucynox 3.2. ®ynkius otHomenus A(l) B mpucyTcTBum qUAICKTPUKA MEKITY
nepeaanneii 1 npueMHoON anTeHHaMHu. L — (u3ndeckoe paccTossHue MeX Iy
nepeIaoNIeii u npueMHoON anTeHHaMmH, 4| — y1TMHeHne OnTHYeCKoro MyTH.
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[IpucyTcTBUE NHMAIEKTPUKA MEXKIY MEPENarolleld W NPUEMHON aHTECHHaAMU
CO3lIaeT  JIOMOJIHUTEIbHOE Y/UIMHEHHe omntudeckoro mytu Al, koropoe
OIIPENEIIAECTCS KaK:

Al =t * (\/E — 1) (3.3)

rae t — ¢usuyeckuil pazMep AMAIEKTPUKA BAOJL MPSIMOM, COEOUHSIOLIEH
(da3zoBble LIEHTPHl NEpeJarouleil W NPUEMHOW AaHTEHH, & — JUAJIEKTpUYecKas
POHUILIAEMOCTh AudJeKTpuka. MHdopmanus 00 yUIMHEHUH ONTHYECKOro IyTH
IIOKA3bIBA€T HACKOJBKO CMECTWIACH IO3ULMSA IPUEMHON AHTEHHBI OTHOCUTEIBHO
NIEPENAOIIEH, a TAK)KE MMO3BOJISET ONPEIEINTh COOTHOIIEHHE MEXKIY pa3MEpPOM U

I[HBJICKTpPI‘-IGCKOﬁ IMPOHNIACMOCTBIO JTUBJICKTPHKA.

3.1.2. CxemMa DJKCHEPMMEHTAJBHONH YCTAHOBKH [UIA M3MEpeHHS
YUIHHEHHUS ONITHYECKOr0 IyTH

CxemMa »53KCIEPUMEHTAIbHOM YCTAaHOBKHM IIPEACTABICHA JUIsI HU3MEPEHUS
ONTHYECKOTO IyTH, BBI3BAHHOTO TMPUCYTCTBUEM JIHUAJIEKTPUUYECKOTO OOBEKTa,

MPECTABJIEHA HA PUCYHKE 3.3.
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Pucynok 3.3. Cxema 3KCIIepUMEHTaNIbHON YCTAHOBKH. 1 — UCCIEAy€EeMBbIii

nudIeKTpuueckuit 00bekT, 2 — PCA, 3 — mpuemMHasi aHTeHHa.

OCHOBHBIMH 3JIEMEHTaMM YCTaHOBKH siBsAt0TCS PCA, coctosimas uz 256
nepearIux JIeMeHToB, (2, puc. 3.3) u npuemHas anteHHa (3, puc. 3.3). PCA
u3NydaeT nocienoBarenbHo 40 SKBUAMCTAHTHBIX YacTOT M3 auamnazoHa 10 — 18
[Tu. Ilepenaromue u MpueMHbIE AHTEHHBI BHITIOJIHEHBI B BUJIE IIMPOKOIMOJIOCHBIX
anteHH BuBanpau. [lpucyrctBue nusnextpuka (1, puc. 3.3) co3naer ymIMHEHUs
ONTUYECKOrO0 IMyTH BIOJb MPAMBIX, COJIEpPXKAUIUMX T[apy U3 Mepefarole u
npueMHoi aHTeHH. Co3JaBaeMble YUIMHEHUS MPOMOPIHMOHAIBHBI pa3zMepy
JUAJIEKTPUKA BJIOJIb COOTBETCTBYIOIIMNX MPSMBIX.

YIMHEeHHWsT ONTUYECKOTO IMyTH TpH (PUKCUPOBAHHOM  PACIIOIOKEHUU

pueMo-TiepeJarouX IEMEHTOB CO3/1at0T Npoduib yauHeHus (4, puc.3.4).
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Pucynok 3.4. Cxema uzmepenus npopuist yJyIMHeHUs. 1— npruemMHas

anTeHHa, 2 — PCA, 3 — uccnenyemblid AUAIEKTPUK, 4 — MIPOPIIH YIITHHEHHUS.

[Tpodune yymmHeHUs TpeACTaBIsSeT COO0N MaTPHUILy YUCEN, KaXK/IbIi AJIEMEHT
KOTOPOM COOTBETCTBYET YJUIMHEHHUIO ONTHYECKOTO ITyTH JJII ONPEAECIECHHON Hapbl
IIPUEMHUK-TIEpeIaTunK. Pa3mMep MaTpuubl paBeH KOJWYECTBY IEPEAAOLINX
anemeHtoB PCA. B pmanHom ciywae pasmep Marpunbl cocTaBisn  16x16
aeMeHToB. Mcmonp3oBaHue B pacueTax MNpoQwWiIsl YAJIUMHEHHS TTO3BOJISET
onpenensaTh GopMy AUDIEKTPUUYECKOTO W COOTHOIICHHE MEXKIY pa3MepaMu u
JTUDJICKTPUUYECKONM TPOHUIIAEMOCTH B  HampaBiI€HHMM Ha IIOCKOCTh PCA.
[TonoOHbI1 aHanM3 uMeeT o0lme YepTbl C PEHTICHOBCKUMU METOJlaMU
perucTpanuy npoIueauero yepe3 oObeKT u3nyueHus. PasHua 3axkintovaercs JIuiilb
B TOM, 4YTO B PEHTIEHOBCKOM JMAaIla30HE HHTEPEC NPEACTABISACT U3MEHEHUE
aAMIUTUTYJIbI U3TyUYEHUS TIPU MPOXOXKJIECHUHU €ro Yepe3 0O0BEKT, a B PaJHOBOIHOBOM

nuarna3oHe — (a3oBbIi CIIBUT.

3.1.3. U3mepenue npoduseil yIJIMHEHUS] HA TECTOBHIX CTALMOHAPHBIX
AMIJIEKTPUYECKUX 00beKTAX

N3mepenust mpoduiield yUIMHEHUST ONTHYECKOTO IyTH MPOU3BOAMIOCH HA
3apaHee TMOJTrOTOBJICHHBIX TECTOBbIX oO0BbekTax. Paccrosnue mexay PCA u
npueMHOW aHTeHHOU cocTtaBisiio 140 cm. HccnemyeMbie 0OBEKTHI pa3Memainuch

Ha paCcCTOSHUUN 70 cm ot PCA. BrluncisgeMble 3HaUCHUS YIJIMHCHUA OIITUYICCKOTO
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nyTd, oOpasyromme npoQuib yAJTUHEHUS U U3MEpsieMble Ha TECTOBBIX OOBEKTaX,
NOATBEPAWIN TPABUIBHOCTh HCIIOJNB3YEMbIX paccyxkaeHuid u3 n. 3.1.1. Ha

pucyHKe 3.5 mpeACcTaBlieH XapaKTepHbIA BU U3MEPAEMOT0 TPOoPuIs yITMHCHUS.

IZO

15

10

5.0

0

Pucynok 3.5. IIpoduns ynanvHeHus, "3MEpEHHBIN Ha SKCIIEPUMEHTATBHOMN
ycranoBke. Mccienyembrii 06bekT — 6pycok u3 [IBX ¢ pasmepamu 15x15x9 cm®.

['paHpb qUANIEKTpUKA PACTIONOKEHA NAPAIIEIBHO MJIOCKOCTH PELIETKH.

Hcnons3yembiii 00beKT (cM. puc. 3.5) pacnosaraics TakuMm o0pa3om, 4TO €ro
rpanp 15x15 cm® 6buTa mapamiensHa miockoctn PCA. M3MepsieMble yUTHHEHHS
ONTHYECKOTO IyTH BapbUpoBaioch OT 9 g0 16 cm. 3apanee wu3MepeHHas
nudseKkTpruueckas nponunaemocts [I1BX ¢ = 3.8+0.2, a naumenwiuii pasmep L =
9.0+0.1 cM, YTO COOTBETCTBYeT MHUHHMAJIbHOMY 3HAUCHUIO YAJTUHCHUS
ontuueckoro nytu Al = 85 cm (popmyrna 3.3). MuHHMaIbHO H3MEPEHHOE
3HA4YCHHE YJUIMHEHHUSI COCTaBHIIO 9 CM M B Mpejenax MOrpeurHocTH (PU3uIecKoro
pasMepa ¥ AMDICKTPUUECKOH MPOHUIAEMOCTH COBMAJAN0 C MHHHUMAJIbHO

BO3MOXKHBIM 3HAue€HUEM. AHAJIOTHYHbIC 3dKOHOMCPHOCTHU H3.6JII-O,Z[3,JII/ICI> B

OKCIICPUMCHTAX C AUIJICKTPUKAMH U3 BOCKaA.
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[Ipy  pacnosioKeHuu  HUCCIEIYyEMBIX  JAUDJIEKTPUKOB B  CIy4aillHOM
pPaCIOIOKEHUU OTHOCUTEIBHO MNPUEMO-TIEPENAOIIUX JJIEMEHTOB, T.€. B TaKHUX
MOJIOKEHUSIX, KOT/Ia HU OJIHA M3 TpaHed AMDJIEKTpUKa He Oblia MmapasuielbHON
IJIOCKOCTM AHTEHHOM pEIIEeTKH, Ha OTHAENbHBIX Mapax NepeAaTYHK-NMPUEeMHUK
HAO0JII01ANIOCh OTCYTCTBUE curHana (cMm. puc.3.6). [lanHoe sBieHHE OOBSICHSIETCS
TE€M, YTO MPU ONPEIECICHHBIX paKypcax aMIUIUTyJa NaJarollero M3JIy4yeHus Ha
IpaHMIIE paslena JBYX Cpel BO3AYX-AUDJIEKTPUK M  JUAJIEKTPHUK-BO3IyX
IpeTepreBaeT 3HAYUTENbHOE oOciabjieHue, TMpU KOTOPOM €€  BelIMYMHa

CONOCTaBAMa C BEJIUYMHOM IIyMa.

IZO

-15

-10

-5.0

0.0

Pucynox 3.6. [lpoduns yanvHeHus, U3MEpEHHBIA Ha HKCIIEPUMEHTATILHOM
yctanoBke. Mccneayemblii 00bekT — Opycok u3 [IBX ¢ pazmepamu 15x15x9 em®,

I'pasp AMBIIEKTPUKA OPUEHTUPOBAHA CIIYYalHO K INIOCKOCTH PELIETKH.

Ha npumepe u3 puc. 3.6 Ha 17-u u3 256-u mapax NpUEMHUK-TIEPEAATUUK
YJIMHEHWE ONTHYECKOr0 MYyTH OBLIO BBIYMCIMTH HEBO3MOXXHO H3-3a HHU3KOI'O
YPOBHSI U3MEPSIEMBIX KOMIUIEKCHBIX aMIUIMTYA. [Ipu Hcnonb3oBaHUM OOBEKTOB

MEHBILIETO pa3Mepa KOJMYECTBO NAp NPUEMHHUK-TIEPEAATYMK C HU3KUM YPOBHEM
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3HAYEHUIN KOMIUIEKCHBIX aMIUIUTY]] HE MPEBbIIAI0 8-U. A IPU UCIOIb30BaHUU
00beKTOB 8X8X5 cM® TAKHX Map HE MPEBBIIAIO0 2-X ISl KAKIOTO HCIIONb3YeMOro
Marepuarna.

Taxum oOpa3zoM, uCIOIb3yeMas SKCIIEpUMEHTalIbHas ycTaHoBKa (puc. 3.3)
MO3BOJISIET HW3MEPATh NPOQUIN YUIMHEHHS] CTAlMOHAPHBIX JAUAJIEKTPUUYECKUX
00BbEKTOB. 3HAUCHUE YIJIMHEHUS! ONTHYECKOTO IMyTH, U3MEPSEMOr0 Ha YCTaHOBKE,
COOTBETCTBYET TEOPETUYECKH BBIUMCICHHOMY yianuHeHuto (dopmyna 3.3) B

npeaciax nmorpCiurHoCTH.

3.14. Meroabl pacyera paauoOTOMOrpaguyecKux H300paKeHUM
AUIJIEKTPUYECKHX 00bEKTOB

B HacTosiiee BpeMsi METOJbI OCTPOCHUSI TOMOTpadUUYECKUX HU300paKeHHt
IIMPOKO PA3BUTHl B PEHTI€HOBCKOM JMana3oHE BOJH. B HMX OCHOBE MOJIOKEHO
U3MEpEHHEe C TOCIeayrouleil  maTemMaTHdyeckoil  oOpaboTkoi  mpoduieit
NOTJIONICHUST  PEHTTEHOBCKOTO  M3JIYYeHHMs] TPU  Pa3IUYHON  OpHUEHTALUU
o0Jy4aeMoro OOBEKTa HCCIEIOBAaHUS OTHOCUTEIBHO MPHEMO-TIEpeIatoIIiX
3IIeMEHTOB. M3Mmepsiemble MpOo(UIN MOTJIOUIEHUS] B PEHTTEHOBCKOM JMAara3oHe
SBIISIIOTCS  JIBYMEPHBIMH TNPOEKIMSIMH, Ha OCHOBE KOTOPBIX HPOUCXOAMT
MOCTPOCHUE  TPEXMEPHOTO  M300paKEHUST —  pacmpeieNieHus IUIOTHOCTH
NOTJIONICHUST B TPOCTPAHCTBE, METOJOM oOpaTHOro mnpeoOpa3oBanus Pamona
(nBymepHbI ciyuair popmynbsl 1.18). AHanu3 MOJYYEHHOTO pPacHpeaesICHUs
IUIOTHOCTH TIOTJIOUICHHS TO3BOJSET OINPEACTUTh CTPYKTYPY M PaACHOJIOKEHUS
00BEKTOB HCCIIEIOBAHUS.

B onpenenenHpix 3agadax paguoToMorpadguueckuM n300pakeHUeM CUUTAIOT
U300pakeHHe, IMOJIy4aeMoe METOJIOM paauorosiorpaduu [45, 64-66]. B Takmx
3ajjayax MPOUCXOIUT TOCTPOEHHE M300pakeHHss O0O0beKTa, 00JaJar0Iero
pacceMBarOIMMH CBOWCTBAaMH B PaJMOAHMANA30HE U PACIOIOKEHHBIM 32
OapbepoM, KOTOPBIN B paiioANaIa3oHe SBISETCS IPO3paYHbIM U HEMPO3PAUYHBIM B
BUJIMMOM JMarna3zoHe. JlaHHble MeTOAbl TMO3BOJIAIOT OMPENEATh MPUCYTCTBUE

paccenBaroniero (MeTaJUIMYECKOr0) MpeAMeTa, Pa3MEIICHHOTO 3a HEMpO3pavHOM
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JUISL BUAMMOIO W3JIy4YeHus mperpagoi, u ero ¢opmy. OnHaKo HeIOCTaTKaMU
TAKOTO IOJX0Ja SBJIAIOTCS HEBO3MOXKHOCTb HM3yY€HHs 00JIaCTH IPOCTPAHCTBA,
HaXOJSLIEHCS 3a pacCEeMBAIOIIMM OOBEKTOM, OTCYTCTBUE WM MEMJIEHHOE
BCECTOPOHHEE CKAaHWPOBAHUE U BIMSHUE MPErPabl HA MPOLECC PACIIPOCTPAHEHUS
3JIEKTPOMATHUTHOTO M3JIy4YEHHs] B 3aBUCHMOCTH OT B3aUMHOTO PacCIOJIOKEHUS
npUeMo-TepeaatouuX 3JIEMEHTOB.

B HacTosmeit pabote METOJ MOCTPOEHUSI TPEXMEPHOTO TOMOTpaduiecKoro
U300paKeHUs B paauoauanazoHe (paguoroMorpaduyueckoro n3o0paxkenus) oyaer
UMETh OOIIHME YepThl C METOJAMHM MOCTPOEHUS H300paKE€HUl B PEHTT€HOBCKOM
JUana3oHe, MeX/ly KOTOPbIMHU MPOBOJIUTCS aHAJIOTUSL:

e B peHTreHe wu3MepsIOTCS MNPOPWIN TOMNIOMIEHUS i1 HCCIELYyEMOTo

o0wekTa; B CBY nuana3zone — npo@uiin yaJIMHEHUS

e B peHTreHe BBIUMCISAETCA pacHpeiesieHue IUIOTHOCTH NOTJIOIIEHUS B

OPOCTPAHCTBE  —  BEJIMYMHA,  KOJMYECTBEHHO  XapaKTepH3yrolas
CHOCOOHOCTh  BBIOpaHHOM ~ OOJAacTM  IPOCTpPAaHCTBA  MOIJIOMIATH
MpoOXOoAsIIero 4epe3 Hee wusnydeHus (pertrena); B CBU aumanazone
pacnpenieieHue TUIOTHOCTH YJ/UIMHEHHUS ONTHYECKOro MyTH — BEJIMYHWHA,
KOJIMYECTBEHHO XapaKTepu3ylollas CHOCOOHOCTh BBIOpaHHOM oOjacTu
IPOCTPAHCTBA CO3/aBaTh Y/UIMHEHUE ONTHYECKOTO IYTH HPOXOISIIEro
yepe3 Hee npocTpaHcTBa uznyuenus (CBY uznyuenue).

PacnipocTpaHeHrne  pajMOBONHOBOIO  M3JIYYEHHMS] B  paccMaTpHBAEMBbIX
JUCCEPTALMK 3aJ]a4aX CUUTAETCS MPSMOJMHEHHBIM, BJIOJIb JIMHUM, COEIUHSIONIEH
NOJIOXKEHUE NMPUEMHUKA U nepeaaTurka. CrnpaBeuBOCTh JAaHHOTO YTBEPKICHUS
000OCHOBaHa Ha OCHOBE IIPOBEJIEHHBIX OJKCHEPUMEHTOB. /[l wucciexyemMoro
OUDJIEKTPUKA C  Pa3iIMYHbIX PAKYPCOB H3MEPSIUCh MNPOPWIN  YJUIMHEHHS,
ABIAOIIMECS TO (aKTy pe3yslbTaTOM T'€OMETPHUECKOTO TMPOCIMPOBAHUS Ha
mwiockoctb  PCA (2, puc. 3.3). Usmepennbie mpoQwid yIJTUHEHUS
npeoOpa3oBBIBAJICSA B €IUHYIO KOOPAUHATHYIO cucTeMy. B enuHoOM KoopauHaTHOM
CHUCTEME MPOU3BOJIMICS IMPOLECC MOCTPOCHUS TPEXMEPHOTO TOMOTPaPHIECKOro

(pamuoToMorpaduIEcKoro) U300paKeHus, MIPECTABIISIOIIETO coboii
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pacupeaciiICHUC IUIOTHOCTH YJIMHCHHA OITHYCCKOTO IIYTH B I/ICCHCI[yeMOﬁ

00J1aCTH MPOCTPAHCTBA.

3.1.5. JkcnepuMeHTAJIbHAS CXeMa HM3MEpeHHsl pPaauoToMorpaduyeckmx
U300paKeHNH IMIJIEKTPHYECKUX 00bEKTOB

OObekTamu uccienoBaHusl ciyuiu Te ke (m.3.1.3) oOpasisl U3 BOCKa U
[1BX. Hccnenyemblii 0OBEKT pacrojaraics B UCCIeyeMOl 30He — IMPOCTPAHCTBO
Mexay PCA u npuemHbiMuM aHTeHHamMu. CxeMa SKCIEPUMEHTAIBHOW YCTaHOBKHU

IpeAcTaBiIeHa Ha puc. 3.7.

Pucynox 3.7. Cxema 3KcriepuMEHTaIbHOM YCTAHOBKH B BRIOPAHHOM cHCTEME
KoopauHaT. 1 — uccienyemslii uanekTpudeckuii oobvekt, 2 — PCA, 3 -3
IIPUEMHBIE aHTEHHBI. [ [yHKTUPOM OTMEUEeHBI 00J1aCTH BUIAUMOCTH IS ITap

AHTECHHAas peLICTKA-NIPUEMHHUK.

Wccnenyemblii 9KCIIepUMEHTaIbHBI 00bekT (puc. 3.7, 1) pacnosaraercs
mexxay PCA (puc. 3.7, 2) u npuemubsiMu anteHHamu (puc. 3.7, 3). B kaxgom
MOJIOKEHUH JTUAICKTPUKA U3MEPSUIOCh Tpu poduiis yamuHeHus. J[s Toro 9roost
U3MEpATh MPOGUIN YIJIUHEHUS C Pa3HBIX PAKypCOB AMDICKTPUUYECKUA OOBEKT

IIOBOPA4YMBaJIM BOKPYI CBOM OCH C paBHOMEPHBIM LIArom Io yriy. B pesynbrare
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DKCIIEPUMEHTa OBLIIM M3MEPEHBI MHOXKECTBA HAOOPOB mpoduiedt yIITuHEHUS s
KQXKJIOTO TUDJIEKTPHKA.

JIist  TOCTpOEHHST  TPEXMEpPHOTo  ToMorpaduueckoro  HM300pakeHHS
U3MEpPEHHbIE TPOOUIN yIJTUHEHUS HEOOXOAMMO CBECTH B €IUHYIO CHCTEMY
koopauHat. Ilocrme cBeneHUs B €IUHYIO CHUCTEMY KOOpPAMHAT HEOOXOIUMO
BBIYHCIINTh BCEBO3MOXKHBIE MEPECEUCHUS MEXAY MPSIMBIMH, COJCPKAIINE Maphbl
NepelaTYuK-MPUEMHUK, OTHOCSIIMECS K pa3HbIM NpopuiIsM yaIWHEeHus. B
pacuere MepeceyeHuil OTCYTCTBOBaJIa HEOOXOAUMOCTh B BBIYMCIECHUM TOUYHOTO
MIEPECEUECHUs MPSAMBIX WM TOYHOTO PACCTOSIHHUS MEXIY HUMHU B MPOCTPAHCTBE.
Bmecto storo mams pacyera mepecedyeHMi uccienyemasi o0iacTb, B KOTOPOWU
pacrosarajicsi UCClIeAyeMbIi NUAJICKTPUUYECKUM o0pasel], paBHOMEPHO IO TPeM
HaIpaBJICHUSAM pa30MBaliach Ha dJIEMEHTApHBIC sUCKu [9]. DnemeHTapHas s4eiika
— 9TO MNPSAMOYIOJIbHBIA NapajuleNeNuIel C 3apaHee W3BECTHBIMU pPa3MEpaMH.
Janee s KaxaoW MNOpsIMOM, COEAUHAIOIIEHM TIapy NepeaaTYMK-IPUEMHUK,
ONPENEISIINCh AYECUKH, KOTOpbIE MepecekaeT mnpsiMas. B mnepecekaembie
AJIEMEHTApHBIE SYEWKM 3alUChIBAJIOCH CYMMApHOE€ 3HA4Y€HUE YJJIMHEHUSA
ONTHYECKOTr0 IMYTH, U3MEPAEMOE ISl KaXKJIOM NPSMOU, MEPECEKAONIEH TaHHYIO
AIIEMEHTApHYIO0 SYEHKYy. 3areM 3HAaY€HUE€ YJJIMHEHHUS ONTHUYECKOro IyTH
HOPMHUpPYETCSl 11 KaXJOM dJIeMEHTapHOW sueliku. [lomydyaemble 3Ha4YeHUsS B
KaKJIOM 3JIEMEHTApPHOM sUeiike 00pa3yloT JAUCKPETH3UPOBAHHOE pacmlpeiccHUe

IIOTHOCTHU YAJIMHCHUA OIITHYCCKOTO ITYyTHU B HCCHCHyeMOﬁ 30HC.

3.1.6. JKCIepUMEeHTAIbHbIE pe3yJbTaThbl c TeCTOBBIMHU
AMDJIEKTPUYECKUMHU 00beKTAaMHU

B skcmepumenTtax uccieayeMbie 00paslibl pacmojiaraliuch B HCCIEAYEMOM
30HE SKCIEPUMEHTAIBHOM YCTaHOBKU. Pa3mep wucciaenyeMou 30HBI COCTABIISUI
140x50x60 cM®, a KOOPAMHATHI TPAHMI] 30HBI B IPOCTPAHCTBE (B M) — 0T -70 10
+70, ot -25 no +25, ot -40 no +20 no X-, Y-, Z- HaNpaBJIEHUS] COOTBETCTBEHHO (CM.
puc. 3.7). Pazmep siieMEHTaApHOUW sIMEMKU BBIOUpPAJICS, UCXOS M3 pa3peliaronie

cIocobHOCTH  ToMorpaduueckoro Meroxa, ®  cocraBmun  1x1x2 e’ B
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TOMOTpaUYECKUX METOJaX pa3peuaromiasi CnoCOOHOCTh OMPENENsIeTCS ATUHON
BOJIHBI HCMOJIb3yeMoro wusiydenus [97]. BwiOpaHHbIe pa3Mep 3JieMEHTapHOU
SYEHKH 3a/1aBaJl MAaKCUMAIbHOE PACCTOSTHUE MEXIY NMPSMBIMHU, TIEPECEKAIONUMU
ee. B panHOM KOH(UTYypaluu MaKCHMalbHOE paccTosHue Obuto 2.45 cwm.
Uccnegyemblit TUANEKTPUK pacroiarajics B LIEHTPE UCCIEAyeMOM 30HbI, 00pasys
CUMMETPHIO BpAIICHUS OTHOCUTEIBHO OCH, MPOXOASIIEH dYepe3 ero UEHTP U
napamienbHod ocu Y (cMm. puc. 3.7). Illar BpameHus mo yriy COCTaBIsLT S

rpaaycoB. Pe3ynbraT skcnepuMenTta Ha Opycke u3 [IBX npencraBieH Ha pucyHke
3.8.

12.324

I, CH -10+

—204

-304

¥, cm

Pucynok 3.8. Pagnoromorpagduueckoe n300pakeHUE TUIEKTPUIECKOTO
o6pasia u3 [IBX 15x15x9 cm® B ceuernn miockoctsio X = 3.5. Ilar mo yriy 5

rpaaycoB.

B cedyenun pagmoromorpaduueckoro mzoOpaxkenus (puc. 3.8) sueiliku, B
KOTOPBIX 3HAYEHHE IIOTHOCTH YJIMHEHUSI ONITUYECKOro MyTH He npebimano 10%
OT MAaKCUMaJbHOTO 3HA4YCHHUS, HE ObUTM OTOOpakKeHBI. AHAIU3 MOJYYaeMBbIX

paaroToMorpaduuecKux N300pasKeHU MOKa3al:
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® HAJIWYUE JBYX JIOKAIHHBIX MAaKCUMYMOB B paclpe/leIeHUH IIOTHOCTH

VIUIMHEHUS B MPOCTPAHCTBE, MEXKIAY IMOJOKEHHUSIMU KOTOPBIX
pacnoniaraetcsi GaKTHUECKUX LIEHTP AUDIICKTPUKA

® MPUCYTCTBHUE 00JIACTEH ¢ OOIBIIMM 3HAYEHUEM TUIOTHOCTH YIJTHHEHUS
ONTHUYECKOT0, PACIIOJIOKEHHBIE BOKPYT MOJIOKEHUM NIBYX JOKAIbHBIX
MaKCUMYMOB

® MOHOTOHHO€  YOBIBaHME  3HAY€HUsSI  IUIOTHOCTH  YJJIMHECHHS
ONTUYECKOTO0 MYTH MpHU YJaJE€HUU OT (PAKTUUECKOTO IIEHTpa H
JIOKaJIbHBIX MAaKCUMYMOB

e 007acCTU BOKPYI JIOKQJbHBIX MAaKCHUMYMOB, B KOTOPBIX 3HAauYCHHS
IJIOTHOCTH YJJIMHEHUS OINTHYECKOro nyTd He MeHbme 90% ot
COOTBETCTBYIOIIUX  MAaKCHUMyMOB,  OMNpPEACNAIOT  (PaKkTUYecKoe
PACIIOJIOKEHHUE UCCIIEAYEMOT0 UICKTPHUKA.

[TonyueHHble pe3ylbTaThl 3KCIEPUMEHTOB IMOKA3bIBAIOT MPUMEHHUMOCTh
UCIIOJIb30BAHUSI METOJIOB PEHTI€HOBCKOW TomMorpaduu — MPSIMOJMHEHHOE
paclpoCTpaHEHUE  JIy4ew, Ipd  TOCTPOCHUH  PaUOTOMOTPaPUUECKUX
nzo0paxkenuii. Ha pesynbrupytomie paarnoromMorpaduyeckoe H300pakeHHe He
OKa3bIBaJIO BJIMSHHUE BO3MOXKHOE HAJMUME TMap MpPUEMHUK-TIEpEAaTYnK, Ha
KOTOPBIX 3HAUYEHUS M3MEPSIEMBbIX KOMIUIEKCHBIX AaMIUIUTYJ MPOLIEAIIETO
U3ITy4eHUs ObUTH COMTOCTABUMBI C BEIMYUHOM IIyMa.

B nocnenyromux sKCHepUMEHTax C AURJICKTPUKAMHU BBISICHSUICS BOIPOC O
COXpaHEHUW WU W3MEHEHUW KadecTBa MOJy4aeMOTrO PaJIUOTOMOTPAPUIECKOTO
nzo0paxkenus. C 3TOH LEIbI0 Pe3yibTUPYIONIEE H300paKEHHE CTPOMIIOCH I10
MeHbllIeMy Habopy mnpodwieit yaauHeHus. Jng 3Toro mar mno yriy Mpu
MOCJICIOBATENbHBIX ~ M3MEpPEHUsX Tnpoduiield ymaIuHEeHUs yMeHblancs. B
AKCTIEpUMEHTAx BbIOUpanuch maru no yray: 10, 20, 40, 60, 90 u 180 rpamycos.

Pesynprar nosyueHHoro uzo0paxenus Ha puc. 3.9, a —e.
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% cm

204

304

7, CHL

04

~30

z,cm_

204

304

104

15.196

16.208

¥ em

I, cm

i, CH

7, em

~10

16.302

104

17.900

104

11.780

¥y, om

Pucynok 3.9. Pagnotomorpaduueckue n300paxkeHus JU3IEKTPHIECKOr0

o6pasua u3 [IBX 15x15x9 cM® B CEUCHHH IUIOCKOCTBIO X = 3.5, MOCTPOCHHBIE IIPH

Pa3IMYHBIX IIarax Mo yriy B MOCIeA0BaTEebHbIX U3MEPEHUAX Npoduiei

yIIMHEHUs; a — mar no yray 10 rpagycos, 6 — mar no yriry 20 rpaaycoB, 8 — miar

no yriry 40 rpagycoB, e — mar 1o yriry 60 rpamycos, 0 — mar o yriy 90 rpagaycos,

e — mar 1o yriay 180 rpamxycos.

B nonydenHbix paauoTomMorpaduyeckux uzodOpaxenusx (puc. 3.9, a — e)

ﬂ‘{eﬁKH, B KOTOPBIX 3HAYCHHUC IINIOTHOCTH YIJIMHCHHA OIITHYCCKOI'O IIYTH HC

IIPEBbIIIAIIO 10% oT makcuMajabHOIO 3HA4YCHUsA, TAKKEC HC ObLTH OTO6pa}KeHBI.
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AHanu3 NOJy4eHHBIX PagruoTOMOrpauyeckux H300pa)K€HUM IOoKas3aa, 4To MpU
YMEHBILIEHUU 4YuciIa Npopuield yaauHeHUus (paKkypcoB) MEIJIEHHO pa3MbIBAaeTCH,
HO TPU 3TOM MPOCTPAHCTBEHHOE PACIOJIOKEHUE TUAIEKTPUKA M €ro pa3Mephbl B
CEYEHHUH OCTAIOTCSI HEU3MEHHBIMU.

Takum 00pazoMm, MpoOBeEHHBIE SKCIEPUMEHTHI MOKa3all NPUHLUINAIbHYIO
BO3MOXHOCTb ~ NPUMEHEHHUS PEHTTEHOBCKMX METOJOB HpPU  IMOCTPOEHUU

paauoToMorpaduuecKux U300paKeHUN TUAIECKTPUICCKUX O0BEKTOB.

3.1.7. OmnpenejieHue OCHOBHBIX IapaMeTPOB [IMIJIEKTPUKOB IO
BbIYHCJIEHHBIM PAAUOTOMOrpaduuecKuM U300pakeHusiM

[lo mnomy4yeHHBIM paaUOTOMOTpaUUYECKUM H300paKEHUSIM HEOOXO0IUMO
ObUIO  ONpEeNeIUTh OCHOBHbIE  (PU3MYECKHE MapaMmeTphl  JAUAJIEKTPHUKOB:
KOOpPAMHATHI LEHTPA, pa3Mepbl, 00BEM U AUDICKTPUUECKYIO MpOHHULIaeMocTb. C
ATOM 1EJIBI0 pagroTOMOrpaduyeckue n3o0paxxeHusi 00padaThIBAIUCH AITOPUTMOM
TPEXMEpPHON cerMeHTaund. KOHEYHBIM pPe3ysbTaTOM NPUMEHSEMOIO aJITOPUTMA
ObLJIO BBISIBJICHUE 3JIEMEHTapHBIX A4YEEK, Ha KOTOpbIE pa3jefieHa Hcclieayemas
30Ha, UMEIOUIMX OJIM3KHE 3HAYEHUS IUIOTHOCTH YJUIMHEHUS ONTHUYECKOIO MYTH.
DOneMeHTapHble SYeHKH, MMeIue OMU3KHE 3HAu€HUs IUIOTHOCTU YJUIMHEHUS
ONTHYECKOTO MyTH OOpa30BBIBAJIM CBSI3aHHbBIE 00JIACTH, MOJOXKEHUS KOTOPBIX
COOTBETCTBYET PACIIOIOKEHUIO UCCIENYEMOTO TUAJIEKTPUKA B HCCIIETyEMOU 30HE.
[Tocne BbiAeNeHNUs] CBSI3aHHOM OOJACTH  ONPEACNSUIOCh TIOJIOKEHHE IIeHTpa
UCCJIEIYEMOTO JIUANIEKTPUUYECKOr0 OOBEKTa B HCCIEAYyEeMOW 30HE, pa3Mep B

IIJIOCKOCTH O6Hy‘I€HI/I${, 00BbeM U CPCOHIOKO INNIOTHOCTh YMJIMHCHHA OITHYCCKOI'O

Iy TH:
N—-1
1
R =+ z r, (3.4)
1=
L; = 60, (3.5)
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1 2
O'j = N (Tij —_ RC) (36)
i=0
N-1
V= V; (3.7)
i=0
N-1
1
PENLP (3.8)

riae R; — monoxeHnue meHTpa, I — MoJIOKEHUE I-i aneMeHTapHo# sueriku, N —
KOJINYECTBO DJIEMEHTAPHBIX A4ECK, 00pa3yIOMMX CBA3aHHYIO 00J1acTh, Lj — pasmep
HCCIIEAYEMOr0 AUBJIEKTPUKA 10 |-i KOOpAWHATE, | — X WIM Z KOOpAMHATA, Ijj —
NOJIOXKECHHUE 1-M DJIEMEHTapHOHM sYedku 1o j-ii koopauwHate, V — U3MepseMbIii
00bEeM HCCIEAYyEeMOro AMAIEKTpUKa, Vi — o0beM >3JIeMEHTapHOU SUeKU, p —
CPeIHssl TNIOTHOCTh Y/UTMHEHHS! ONITUYECKOIr0 MYTH, pi — TUIOTHOCTh YJUTMHEHUS B
I-i  a;meMeHTapHO#M — sueiike. IIIOCKOCTBIO  OOJIydeHHsS B  IPOBEIACHHBIX
AKCIIEPHUMEHTAX SBJISAIACH TIIOCKOCTh XZ (cM. puc. 3.7).

[To u3mMepeHHBIM pa3MepaM B IJIOCKOCTH OOJMyYEHUS U CPEHEH IMIOTHOCTU
YUIMHCHUST ONTHUYECKOTO MYTH BBIYUCISIACH JUAJCKTPUYCCKAs MPOHUIIAEMOCTh
UCCIIETYEMOTO JUAIICKTPUKA!

p P
=[{—+—]*0.5 .
(£+2)-05+1 G9)

rie p — CpeaHss IUIOTHOCTh YUIMHEHHUS onTudeckoro mytu, Ly m L, —
pasMepsl HCCIeyeMoro AUAJIEKTPUKA M0 X U Z KOOPIUHATaM COOTBETCTBEHHO, & —
TUDIIEKTPUYECKasi IPOHUIIAEMOCTb.

[IpoBeneHHBIE OSKCIEPUMEHTHl C TECTOBBIMHM JAMAJIEKTPUKAMH IOKa3ajiu
NPUTOTHOCTh B HCIOJB30BAaHUHM JAaHHBIX METOJIOB IMOCTPOCHHS, O0OpabOTKH WU
aHanmu3a paguoToMorpaduueckux —u3oOpakeHuil. Pesynbprarel  M3MepeHuit
IURJICKTPUUECKON MPOHUIIAEMOCTH Ha TECTOBBIX AMAJICKTPUKAX MPEACTABICHHI B

tabmune 3.1.
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Tabmuua 3.1. CiucoK TU3IEKTPUKOB, UCIIOJIb3YEMBIX B TOCTPOEHUSAX
paanoToMorpapuyecKux N300paXkeH, UX pa3Mepbl U U3MEPEHHbIE

AUDJICKTPHUICCKHUEC ITPOHUI[ACMOCTH.

Hwuanextpuk | Pasmepsl, cMm | Juannexktpuueckas
IPOHUIIAEMOCTh
[IBX 15x15x9 3,8+0.5
[IBX 15x8x7 3.9+0.5
[IBX 15x5x5 4.1+0.5
Bock 15x15x9 2.620.5
Bock 15x8x7 2.8+0.5
Bock 15x7x5 2.4+0.5

W3mepenust AJjig TECTOBBIX AMAJIEKTPUKOB MPOBOJIMUIUCH MPHU S5-U TPagyCHOM
miare mo yriay BpalleHus B IUIOCKOCTH oOnydyeHuss — XZ. H3MepeHHble
JUAJIEKTPUYECKUE MPOHUIIAEMOCTH It oOpasmnoB u3 Bocka u [IBX pasmepos
15x15x9 n 15x8x7 coBmanm ¢ 3apaHee W3MEPEHHBIMU 3HAUYEHUAMHU B IMpeaesiax
norpemHoctd  (cM. 1. 1.4.3). Jna nByx apyrux oOpasioB 3HAYCHUS
JTUDJIEKTPUUECKOW MPOHUIIAEMOCTH  OTJIMYAJIUCh 3HAYUTENBbHO OT 3apaHee
U3MEPEHHBIX 3HaueHUi. J[aHHOE pacxoKIeHuEe OOBACHIETCS TEM, YTO pa3MeEphI B
OJIHOM W3 HANpaBJICHUNW Y WCIOJIb3YEMbIX [UAJIEKTPUKOB COU3ZMEPUMBI C
IpeneNbHbIM pa3pelieHneM ToMorpagduyeckoro meroga. Ilpu yBenuuyeHnuu 1iara
10 yriay B M3MEpPEHUsX Mpoduiiel YITUHEHUS BBIUUCISIEMOE TMOJIOKEHUE LIEHTpa
JMDJIEKTPUKA OCTaBaIOCh 0€3 CyIIeCTBEHHBIX U3MEHEHH, a pa3Mephl B INIOCKOCTH
00JIydeHUs1 MpeTepreBaId HW3MEHEHHMs, BbI3BAHHBIC PAa3MbIBAHUEM CBSI3aHHBIX
obmacreit (cM. puc. 3.9, a — ¢). V3MeHeHusT pa3MepoB MPHUBEIO K HU3MCHEHHUIO
BBIUMCIIAEMON  JAMDJIEKTPUYECKOM TMPOHULAEMOCTH 00pa3uoB. Beruncisemsie
3HAUYECHUS JTUDJEKTPUUECKON MPOHUIIAEMOCTH NPU yBEIWYEHUHU IlIara mo yriy B
U3MEpeHUIX npoduiiel yIIuHeHus, TeEM He MEHee, B IMpeiesiax MOTPEIIHOCTH C

M3MEPEHHBIMU 3apaHee 3HAYSHUAMHU sl 00pa3ioB ¢ pazmepamu 15x15x9 cM® (eM.
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m. 1.4.3). Jns obpasuoB pasmepamu 15x8x7 cm®, 15x7x5 em® m 15x5x5 o’
BEJIMYMHA  JIUAJIEKTPUYECKOM  NPOHUMLAEMOCTHM  BBIXOAWIA 33  IpEJeibl
MOTPEITHOCTH U3MEPEHHS.

Takum 00pazom, MpOBeIEHHBIE SKCIEPUMEHTHI OKa3adl MPUHIMIHAIBHYIO
BO3MOKHOCTb BBIYHUCIICHUS JUAJIEKTPUUECKON MPOHUIIAEMOCTH AUDICKTPUUECKUX
00pa3loB, pa3MEIICHHBIX B HCCIEAyeMOM o00JlacTh MPOCTPAHCTBA, s
JIURJIEKTPUUECKUX 00pa3loB pPa3IMYHBIX Pa3MEpPOB U MaTepUajoB, HCIOJIb3Ys
PEHTI€HOBCKME METOJbl HM3MEpeHusi, 00pabOTKM W aHaiu3a TOMOIpaduuecKux
nzo0paxxenuid. Ilpu 3arnyOiieHHH yCIOBHM 3KcCHepUMEHTa (yMEHBUIEHUE 4Hciia
U3MEpSeMBbIX INpoduiedl yJIMHEHUS JUIsl [OCTPOEHHUsS TOMOIpadUyecKoro
U300paKeHHSI) 3HAYCHHS] HW3MEPSEMBIX JUAJICKTPUYECKUX IPOHUIIAEMOCTEH
CTaHOBSTCS Ooyiee TPyOBIMU U YXOIST 3a MPEENbl MOTPEUTHOCTEH It 00pa3IoB
MEHBIIUX pa3MepoB. Tem He MeHee, JaHHBIH METOJ IO3BOJMJI OJIHO3HAYHO
OTIPEACTATh TPUCYTCTBHE JUAJIEKTPUYECKOTO OOBEKTa B HCCIEAYEMOW 30HE,
MOCKOJIBKY TOJIOKEHHE JUISI KaXJA0ro odpasiia Onpenesuioch 0e3 CylecTBEHHBIX
u3MeHeHUH. PeHTreHoBckWe METOAbl W3MEpEeHHs, OO0pabOTKM U aHaju3a
TOMOTpaUIECKUX U300paKEHUN MOAPa3yMEBaIOT:

® TPSIMOJIMHEHHOE paCcHpOCTpAaHEHHE U3IYyYEHUS OT IMepelaTdhka K
MPUEMHHKY

e m3MepeHue Tnpoduie  yanuHeHHS (B peHTreHe  mpoduiiei
TIOTJIOIICHUS )

® [IOCTPOEHHE TOMOTPaMM METOJOM OOpaTHBIX PaJOHOBCKUX MPOEKIIHIA

® [PUMEHEHHUE K IOJyYeHHbIM TOMOIpaMMaM aJlfOPUTMa CErMEHTaluu

TPEXMEPHBIX 00JIACTEN.

3.2. PaguoromorpapuyeckMii MeTOA NOCTPOCHHS  TPeXMEPHbIX
M300paKeHNH ABMKYIIMXCH TUIIEKTPUYECKHX 00bEKTOB
[Toctpoenue paguoromMorpa@uueckux HM300paKEHUN  IHUAIEKTPUUYECKUX

00BEKTOB PEHTTCHOBCKMMHN MCTOJaMHU ITO3BOJIMJIO BBIYUCIIATL AHUIJICKTPUUICCKYIO
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MPOHUIIAEMOCTh HCCIIelyeMbIX OOBEKTOB. B JaHHOM paznene paccMaTpuBaeTCs
Oosee akTyanpHas ¢u3MuUecKas 3a7adya — MOCTPOEHUE PaTUOTOMOrpaduuecKoro
M300paKeHUs JBIDKYIIErocs audJiekTpuka. st peanusaiuu  MOCTaBJIECHHOU
3a7ayd  HEOOXOAMMO  00€CTHeunuTh  PACIMOJIOKEHUE  IPHEMO-TIePEaaroInX
JJIIEMEHTOB TaKUM 00pa3oM, YTOOBl ONTHUMAJBHBIM O0pa3oM MPOU3BOIUTH
U3MEPEHUsl  MPOIICANIETO  M3Iy4YeHUss U 00ecneyuTbh  OBICTPOJCUCTBUE

ITPOU3BOJVMMBIX PACUETOB.

3.2.1. JKCcNepUMEHTAIbHASA YCTAaHOBKA NI MOCTPOECHMS
paanoToMorpagu4eckoro H300paskeHUus ABHKYIIErocsi IHIJIEKTPHYECKOTO
o0beKTa

[Ipu pabotre ¢ HABWKYNIUMHUCSA AUDJIEKTPUKAMHU W3MEpeHUs mpoduieit
YJIMHEHUS NPU UX PAaBHOMEPHBIX MTOBOPOTAX BOKPYT CBOEH OCH HEBO3MOXKHO. J{7st
MOCTPOEHHUS paguoToMorpaduuecKux M300paKeHUM JBUKYIIIUXCS
JTUDJICKTPUYECKNX OOBEKTOB HEOOXOIUMO OBUIO OO0ECHEYHTh ONTHUMAIBHOE
PaCIoJIOKEHUE MPUEMO-TIEPEIAIOIINX 3JIEMEHTOB. ONTUMaIbHOE PaCIOOKCHHE
JOJDKHO O0ECreYrBaTh U3MEPEHHS TPOIIEANIECTO Yepe3 0OBbEKT U3TyUYCHHS TAKUM
o0pazoM, 4TOOBI TO BBIYUCIAEMOMY TOMOTpadUUEeCKOMYy H300pPaXKEHUIO CTaJIO
BO3MOXHBIM  ONPEACTATh JAUAJIEKTPUUCCKYI0 TIPOHUIIAEMOCTh HCCIIETyEMOTO
JTUDJICKTPUKA W TIOJNIOKEHHWE ero T1eHTpa. Jlns oTpaboTku ONTHMaIbHOTO
pPACIOJIOKCHUST  MTPUEMO-TICPEIAIONINX  AJICMEHTOB, TO3BOJISIFOIIUX — TOJy4YaTh
paaroTromMorpadudeckoe H300paKeHHUE C MHHHMAIBHBIM BIIMSIHUEM Pa3MbBITHS

CBSI3aHHBIX 00OJ1acTe, Obl1a coOpaHa dSKCIIepUMEHTalIbHAs ycTaHoBKa (puc. 3.10).
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Pucynok 3.10. DkcnepuMeHTalbHAsl yCTaHOBKA JIJIs1 IOCTPOCHUS
JBIDKYIIUXCS JTUAIEKTPUUECKUX 0OBEKTOB B BEHIOPAHHOW CUCTEME KOOpauHaT. 1 —
UCCIIeTyEeMbIN TUATIEKTPUK, 2 — UCCIIeayeMas 30Ha, 3 — 6 MPUEeMHBIX aHTCHH, 4 — 2

PCA. [lynkTupom oT™MeueHsl 2 apsl npueMHasi antrenda, PCA, oOpasyromiue

npouiib yAJIUHEHHUS.

OKCrnepUMEHTalIbHAsT YCTAHOBKA MPEJCTaBisia coO0M MopTall ¢ 3epKalbHO
CUMMETPHUYHBIM PACTIOJIOKEHUEM MPUEMO-TIEPEAAIOIIUX FJIEMEHTOB OTHOCUTEIIBHO
MJIOCKOCTH, MPOXOJAIIECH Yepe3 LEHTP U HampaBICHHOW MapaijiebHO MIOCKOCTH
yz. OCHOBHBIMH KOMITOHEHTaMU SKCIIEPUMEHTAIbHON YCTaHOBKU sIBJstOTCS 2 PCA
(puc. 3.10, 4), cocrosmux U3 256 mepenammux IEMEHTOB U padotaromux Ha 40
AKBUJIUCTAHTHBIX YaCTOTaX, JISKAIIUX B MUKPOBOJIHOBOM Juanazone 10 — 18 I'T
u 6 mpueMHbIX aHTeHH (puc. 3.10, 3), BBINIOJIHEHHBIX B BHJE aHTCHH BuBanbmu.
JIBi>keHUE  JTUPJIEKTPUKA  OCYLIECTBIISUIOCH 4Ye€pe3 YCTAaHOBKY, IepeceKas

HCCICAYCMYIO 30HY, IMapalJICJIbHO MJIM 1O OCTPBIM YIJIOM C OCBIO Z.
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3.2.2. IMocTpoenue paauoromMorpaguueckoro H300paKeHus1
ABHIKYILET0Cs JUIIEKTPHIECKOr0 00beKTa

AKTyanbHOH 3a7aueid B 00acTh 6€301aCHOCTH SIBJISIETCA 3a]a4a MOCTPOEHUs
paanoToMorpauyeckoro  M300pakeHUs  JBHXKYLIETOCs  JUAJIEKTPUYECKOIO
oObekTa. Pemenue naHHON 3a7auyd MPOU3BOJMIIOCH HA H3KCHEPUMEHTAIBHOU
YCTaHOBKE C MOpTalbHBIM MpoxoaoM (puc. 3.10). JIBuxkeHue AUAIEKTPUUYECKOTO

00BEKTa OCYIIECTBIISIOCH BJIOJIb OCH Z WJIU TI0J] OCTPBIM ¢ HeM yriioM (puc. 3.11).

X

Pucynok 3.11. Cxema ABMKEHUS UCCIEYEMOTO JUAJIEKTPUKA Yepe3
YCTAHOBKY B BEIOPAHHOU cUCTEME KOOpAUHAT. | — hcclienyeMblid TUANEKTPUK, 2 —
2 PCA, 3 — 6 mpueMHbIX aHTEHH, 4 —uccieayeMas 30Ha, 5 — HalpaBJIeHUs

JABUOKXCHUA.

YcTaHoBKa MO3BOJIsIIA MPOU3BOAUTH MOJHBIN UK U3MEPEHUSI KOMIUIEKCHBIX
aMIUIMTY] (M3JIydeHUsT M IpueMa) Mpoueamero d4epe3 o0bekT noyiga Ha 40
4acToTax 3a 3 MC. 3a 9TO BpeMs Ipu OOBIYHOW CKOPOCTH JBIKEHHUS B 5—6 KM/4
YyesoBek cMmeriaercs MmeHee ueM Ha 0.4 cM. MakcumalibHOE CMEIIeHUE MpPU TaKou
CKOPOCTH OBUIO MEHBIIE YeM TOMOTpaUUYEcKOe pa3pelieHre MPUMEHSIEMOTO
METO/Ia, YTO TMO3BOJISJIO BBIYHCIATH PaguOTOMOrpaduyeckoe HU300pakeHHe I10
METO/ly, MPUMEHSIEMOMY /JIi CTAalMOHApHBIX 00BEKTOB. Pa3zMmepnl ucciemyemoi
30HbI (puc.3.11, 4) 140x50x60 cM® o X, Y, Z ocsiM cooTBeTCTBeHHO. Hauano

KOOpJIMHAT pacmnojiokeHo mnocepeaune Mexay PCA, a KoopIuHAaThl TpaHUIl

93



UCCJIelyeMOM 30HBI B IPOCTPAHCTBE COCTABIsIM (B cM) — oT —70 1o +70, ot —25 1o

+25, ot —40 no +20 1o X-, Y-, Z- HaNpaBJIEHUSIM COOTBETCTBEHHO. MccnemyeMbiMu

JUAJIEKTPUUECKUMU 00BEKTaMM CITYKHJIM 00pasiibl u3 Bocka u [IBX ¢ pazmepamu
3

15x15x9 cm”. OOBEKTHI MEHBIIETO pa3Mephbl HE UCTIOJIb30BAUCH B AKCIIEPUMEHTAX

M3-32 MEHBIIEH TOYHOCTH B OIPEAEICHUHA MapaMeTPOB IO PACCYUTAHHBIM

TOMOTPaMMaM B CTAI[MOHAPHBIX CIydasiX.

Ha pucynke 3.12 npeAcTaBieH CKPUHIIIOT pabodeil MporpaMMBI.

llS.O

12.75

[ 105

'15.0

11.25

75

Pucynok 3.12. CkpuHIIOT paboueit mporpamMMbl, YIIpaBJIsIFOIIEH

AKCIIEPUMEHTAILHON YCTaHOBKOM; a — poTorpadusi ¢ 00beKTaMu, HAXOIAITUMHUCS
B HCCJIEAYyEeMOM 30HE, O — TpeXMEpHasi TOMOIpaMMa, 8 — CEUEHUE TOMOTPaMMBI

miockocThio Y = -0.5.

OtnenpHbIe IyMbI Ha TOMOrpamme (puc.3.12, a, 6) ABISINCH CIIEICTBUEM HE
MHOTOIO3UIIMOHHOTO M3Mepernust mpodwielr  ymmuHeHus. [lomydaembie Ha
U300pOKEHUH  TIyMbl  OT(QHIBTPOBBIBAIMCH  aNTOPUTMOM  TPEXMEPHOU
CerMeHTallHH.

[IpoBeneHHBIE JKCIEPUMEHTHI C AUAICKTPUKAMHU TMOKa3aliv, 4YTO [MpHU

PaCIIOJIOKCHNN 00BEKTOB B O6J'IaCTI/I, HaXOHHHIGfICH BHYTpH I/ICCJIC,[[yeMOP'I 30HBI, C

94



KoopauHatamu rpanui (B cM) ot —30 1o +30, ot —10 mo +10, ot —25 o 0, mo
X, Y, Z HampaBJICHUSIM COOTBETCTBEHHO, (OPMBI OOBEKTOB COOTBETCTBOBAIU
UCTUHHBIM, a MX pa3Mepbl COBMAJAd C 3apaHee MOJYyYCHHBIMH (B Mpejenax
norpenrHoctr). O HAKO MPU PaCONOKEHUH BHE YKa3aHHOW 00JacTH, HAIIPUMED B
nepudepuitHoii YacTu wuccieayeMoil 30HBI, (opma OOBEKTOB MepecraBaia
COOTBETCTBOBaTh WCTHHHOW. [lo3mmumm oO0pa3ioB (TOYHEE, TEOMETPUYECCKUE
IECHTPHI 00JacTeld, BBIACIAEMBIX aJTOPHUTMOM TPEXMEPHOW CErMCHTAIIHNH)
COBNIAIAJIM C HCTUHHBIMHU. lIpu omnpeneneHur 3HAYEHUM JUAIIEKTPUYECKOU
MIPOHUITAEMOCTH JaHHBIC BOCIIPOW3BOIINCH, HO BO3pacTalia OMMOKa H3MEPEHUSI.
Hckaxxenne Ha TOMOrpamMme (HOpMbI HCCIEAYEMBIX OOBEKTOB, MOMEIIECHHBIX B
nepuepUHyI0 YacTh HCCIEIYEeMON 30HBI, MOXET OBITh BBI3BAHO ABYMS
OCHOBHBIMHU MPUINHAMU. BO-TIEpBHIX, B 3TOM CIydae UMEETCs Majioe Yncio (OHO-
JIBa) MepeceyeHuil JTUHUM, COAepkKAIIMX TOYKH C KOOPAMHATAMH Tap MPUEMHUK-
NepPeIaTIYK U MEePECEKAOIINX dJIEMEHTAPHYIO SIMeUKYy. BO-BTOpBIX, 3TO HaIM4Yne
6onbmon yactu (6omee 60 %) oT 00IIEero YKCIa AIEMEHTAPHBIX STYEEK, KOTOPHIX
BOOOIIE HE MEepPeceKaroT Kakue-Iu00 JTUHUU, COOTBETCTBYIOIIME Mape MPHEMHHUK-
nepeIaTyuK.
Takum 006pa3oM, MPOBEACHHBIC HIKCIIEPUMEHTHI MOKa3aIu
® BO3MOXKHOCTh ITOCTPOEHHUS PaTuOTOMOTpapuueckoro M300paKeHUs
JBUKYIIETOCS AUAJICKTPUKA B MCCIIEITYEMON 30HBI IKCIIEPUMEHTATHLHOM
ycranoBke (puc. 3.10)
® CyIIECTBOBaHME 00JIACTU B TIpelieNiaX MCCIEAyeMOM 30HBI, B KOTOPOM
pe3ynbTaT  BBIYUCICHUS  OCHOBHBIX  (PU3WYECKMX  IMapaMeTpoOB
IUDJIEKTpUKa ObUT B COOTBETCTBHM C 3apaHEe HW3MEPEHHBIMU
napameTpaMHu B Mpejenax NorpenrHoCcTu
e cymiecTBoBaHMe obOmactu (mepudepuiiHor o0mactu), B KOTOPOH
OCHOBHbIE (U3MUECKHE TMapaMeTphl JUIJICKTpUKAa HE ObUIM B
COOTBETCTBHHM C 3apaHee U3MEPEHHBIMU MapaMeTpamMu, 4TO MPUBOAMIIO K

OOJBITICH OMMOKY B ONIPEICTICHUN AUDIICKTPUIECKON TPOHUIIAEMOCTH.
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3.3. ®usnvecknii MeTOoH OOHAPY:KEHHMSI IMIJIEKTPHYECKOr0 00beKTa,
CKPBITHO  NPOBO3MMOr0 B  0Oaraxke Ha  OCHOBe  AaHAJM3  €ro
paauoToMOrpapuuecKoro u300paKeHus

Meton OOpaTHBIX  PAJOHOBCKHX MPOECKIUNA  TO3BOJISIET  BBIYMUCIATH
paanoroMorpaduueckoe U300paKeHUe TURIIEKTPUYECKOTO 0o0BeKTa,
HaxoJsIIerocs B HCCIeAyeMod 30He mnpocTpaHcTBa. [lo  BbluMcCIsieMOMY
M300PKEHUIO AJITOPUTMOM TPEXMEPHOM CETMEHTAllUU OMPENEISINCh OCHOBHBIE
dbu3uyeckre mapaMeTphbl AUICKTPUKA: TOJIOKEHHE IIEHTpa, pa3Mepbl, 00bEM,
JTUAJIEKTpUYECKass MpOHUIAEMOCTb. B  gaHHOM paszene Oyner pemarbes
KOMIUJIEKCHAsI 3ajladya M0 OOHAPYXEHHUIO0 AUAIIEKTPUYECKOTO0 OOBEKTa, CKPBITHO
npoBo3umoro B Oaraxke. C (Qu3MyecKOW TOUKH 3pEHMs IMOCTaBIEHHAs 3ajaya
3aKJTIOYACTCS B BBIYMCICHMH  PAJAHMOTOMOTpadUYecKoro  M300paKeHUs
JUDJIEKTPUKA, HAXOJSAIIETOCS BHYTPU OOOJOYKH, KOTOpas SIBISETCA MPO3pAaYHOU
JUISi MUKPOBOJIHOBOTO M3JIYyUEHHMS U HE Mpo3payHa JJisi BUIUMOIO HU3IIyYEHUS.
KomrnekcHoe perienne qanHoi 3a1aun OyAeT pa3ieJeHO Ha HECKOJIBKO OCHOBHBIX

OTAaIlOB.

3.3.1. IlocTaHOBKA 3a1a4H

3agadya, KOTOPYIHD HEOOXOJMMO pelIuTh, 3aKJIIYaeTCs B IMOCTPOCHUU
paaroToMOrpadUIecKoro M300pKEHUS JBIDKYIICHCS CHUCTEMBl — JMAJIEKTPUK,
000m04Ka. JIMAJIEKTPUK PACIOI0KEH BHYTPH TOHKOW OOOJIOYKH, SBIISIOIICHCS
MPO3payHON JIsi MUKPOBOJHOBOTO HM3JIYyUYEHHUS W HE MPO3PAYHOU MJI BUIUMOIO
u3irydeHus. TommuHa 000JI0YKH J0JKHA OBITh MEHBIIE JTTMHBI BOJTHBI U3ITyICHUS.
OO6osi0uka AUANIEKTPUKA JTOJDKHA OBITh MO (DU3WYECKUM pa3MepaM ObITh MEHBIIIE

UCCIIeTyeMOH 30HBI SKCIICPUMEHTAIBHON ycTaHOBKH (puc. 3. 13, 4).
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X

Pucynok 3.13. CxemMa qBIKEHUS UCCIIEyEMOTO TUIICKTPHKA B 000JI0UKE
yepe3 yCTaHOBKY B BEIOpAHHOM cUCTeMe KOOpAuHAT. 1 — uccnemyemMblit
TUANIEKTpUK, 2 — 2 PCA, 3 — 6 mpueMHBIX aHTeHH, 4 —uccienyeMas 30Ha, 5 —

000JI0YKa.

Pacyer pammoromorpadguueckoro M300pakeHHUs  OCYIIECTBISUICS IO
U3MEPEHHBIM KOMIUIEKCHBIM aMIUIUTYyJlaM TPOLIEANIEr0 4Yepe3 HUCCIeAyeMbIi
JUAJIEKTPUK B 000J0uke wu3nydeHud. OO0osoyka ABISUIACH  MPO3PAvYHBIM
MaTepuaioM Jjisi paJuOBOJIHOBOTO M3JIyYEHUS U HE MPO3PAvyHbIM JUIsI BUJIUMOTO

JHaIta3oHa.

3.3.2. Pacyer ONTMMAJBHOIO PACHOJOKEHUSA NPHEMO-TIepeIarouInuX
3J1eMEHTOB /IJisi BBIYUCJIEHUS] PaauoTOMOrpadguueckoro u300paskeHus
ABUZKYLIETOCs THYIEKTPHKA B 000JI04Ke

[IpoBeneHHble paHee pacyeThl MOKa3alM, 4YTO Ha SKCIEPUMEHTAIBLHON
ycranoBke (puc. 3.10) ompenenenue OCHOBHBIX (U3UYECKUX MapaMeTpoB
JOBUOKYLIETOCSl  JUAJIEKTPUKAa [0  BBIYMCIEHHOMY  paguoTOMOrpaduyeckomy
n300pa’keHHUIO Ha OCHOBE aHanu3a nporiesiero yepe3 Hero CBY usnyuenus 0p110
BO3MOXHO. OnHaKo He BO BceM oOBeme ucciemayemoid 30HbI (puc. 3.10, 2)

BKCHepHMeHTaHLHOﬁ YCTAHOBKC OCHOBHBIC OIIPCACIIACMBIC (1)H3H‘{€CKI/IC
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napameTpbl UMEIM NpHEeMIIEMYI0 TOYHOCTh. CyliecTBoBajia 00JacTh, B KOTOPOH
dbusznueckue mapameTpbl  ONpeAeNsICh  HeTouHo. g  Toro  4ToOBI
MUHUMU3UPOBATh OOJACTH HCCIAEAYEeMOM 30HBI, B KOTOPbIX (U3HUYECKUE
napamMeTpbl  ONpPENeSUINCh  HETOYHO, OBUIO TPOBEICHO  MOJCIMPOBAHUE,
ONTUMHU3UPYIOUIEE  TEOMETPUYECKOE  PACIOJOKEHUE  MPUEMO-TIEPEIAIOIINX
AIIEMEHTOB.
3a OCHOBY B  MOJEIHMPOBAHWHM  TIE€OMETPUYECKOIO  PaCIOJIOKEHUS
ucnoisibzoBanach cucrema puc. 3.10. [Tonoxenue PCA Obuto pUKCHPOBAHHBIM U
OMpeIeIIAI0 pa3Mephl B MONEpEYHOM HampapiieHuu (puc.3.10, BIoab ocH X) U 1O
BbicoTe (puc.3.10, BOoab ocH Y) UCCIIeayeMOl 30HbI, KOTOpbIe cocTaBistan 140 u
50 cM COOTBETCTBEHHO. BapbHpoBajguCh MOJOKEHUS TMPUEMHBIX AHTEHH MpH
MOCTOSTHHOM 3HAaY€HUM WX KOOPAMHATHI MO OCH X. B KaxIoM pacmnosioxeHuu
NPUEMHBIX AHTEHH BBIYUCISUIMCh TEOMETPUYECKHE CBOWCTBAa cucTeMbl. K
F€OMETPUYECKUM CBOMCTBAM CUCTEMbI OTHOCSTCS:
® KOJIMYECTBO TMPSIMBIX, COAEpKamuX (a3oBble LEHTPbHl MPUEMHOU U
Mepeaarolleil aHTEHH, KOTOpPbIE MEPECEKaloT 3JEMEHTAPHYIO SYEHKY, Ha
KOTOpbIE pa3duTa Hccieayemas 30Ha
® YIJIbl MEXY NPSIMBIMU, NEPECEKAIOIINMU TAHHYIO SJIEMEHTAPHYIO SUCUKY,
Y UX KOJMYECTBEHHOE COOTHOIIEHUE ISl BCEX SYEEK UCCIIEAYEMOU 30HBI
® XapakKTepHbICE pa3Mepbl  KOHTpOJHUpyeMoW objactu —  o0nacTw,
HaXOJALIEHCs BHYTPH UCCIENYEMOM 30HbI, BHYTPU KOTOPOW OMpeieiIeHUe
OCHOBHBIX  (DM3WYECKUX TMMApaMETPOB JUAJNCKTPUKA TMPOUCXOJIUT C
[IPUEMIIEMON TOYHOCTBIO
® XapaKTepHbIH 00BEM KOHTPOJUPYEMON 00JIaCTH.
Ji1s1 onipesienieHns KOJIMYEeCTBa MEPECEUCHH UCcCieayeMas 30Ha, ABIISIOIIAsICs
OPSIMOYTOJIbHBIM  MMapajuieNienuIe oM, Oblla pasliejieHa paBHOMEpPHO Ha
AJIEMEHTApHbIE SYEHKU C pazmepom 2x1xl cM’ Pazmep wuccnenyeMon 30HBI

cocraBmsin  140x50x60 cM® [0 X, Y, Z HAIOPAaBICHHSM COOTBETCTBEHHO. B
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3aBUCUMOCTH OT TMIOJIO)KEHUSI DSJIEMEHTApPHOU SYEHMKH OTHOCUTENIBHO TPUEMO-
NepealImX EMEHTOB, KOJUYECTBO npecedeHuit 0buto ot 0 10 6.

ITocne pacuera KOIMYECTBA NMEPECEUYCHUN B KaXKJIOW DJIEMEHTAPHOM SYEHKE
OB TIPOBEJCH pacdyeT BCEBO3MOXKHBIX YTIIOB, KOTOPBIC 3TH MpsIMbIE 0Opa3yroT
MOTMapHO MEXIy coOoi. J[ns mx aHanu3a ObUIM MOCTPOEHBI THCTOIPAMMBI YTJIOB
JUISL PA3JIUYHBIX CITy4aeB:

® THUCTOrPAMMBI YTJIOB JJIS SIYE€EK C 2-51 IePECECUCHUSAMMU.
® TUCTOrPAMMBI YIJIOB JJIS SlY€EK € 3-51 IEePEeCEeUEHUAMMU.
® THUCTOrPaMMBbI YTJIOB JJI T4€eK C 4-51 IEPEeCeUCHUIMH.
® THCTOIPAMMBI YIJIOB JJIS SIYEEK € 5-10 MePeCceUCHUsIMU.
® THCTOIPAMMBI YIJIOB JJIS SIYE€EK ¢ 6-10 MepeceUCHUsIMHU.
® TUCTOIPAMMBI YIJIOB JIJIS BCEX STYEEK BMECTE.

XapakTepHble  pa3Mephl  KOHTPOJMPYEMOW  OOJacTH  ONpeAeIsUCH
paccTOsiHUEM IO 3-M COOTBETCTBYIOIIMM HAIpaBJICHUSIM MEX]y HauOOJbIIeH U
HAaWMEHbBIIEH KOOPANHATAMHU SJIEMEHTAPHBIX SYEEK, B KOTOPBIX MPOUCXOAUI0 4 U
Oonee mepeceyeHU. A TOJOKEHHE T€OMETPUYECKOr0 IEHTpPa KOHTPOJIUPYEMOM
00JIacTH OMPEACNISIOCh MOJIy CYMMOM COOTBETCTBYIOUIMX KOOPIMHAT KpaWHUX
STYEeK.

XapakTepHbIii 00BEM OMpPEACISUICS CyMMapHbIM OOBEMOM 3JIEMEHTapHBIX
SYEeK, B KOTOPBIX MPOUCXOIUII0 4 1 OoJiee mepecedcHmil.

3a OCHOBY B MOJEJIBHBIX pacyeTax HCIOJIb3oBanach yctaHoBka (puc. 3.10),
JUIS KOTOPOM ObLIM MPOMOJICTUPOBAHBI €€ TeoOMEeTpUUecKue cBoiicTBa. [IpuemHsbie
AHTEHHBI PacCMoJiarajduch MO TPOMKaM B JIMHUIO MAPAJIIEIBHO OCH Y, a PaCCTOsIHUE
n0 ux (a3oBOro IEHTpa COCTABISIIO 25 CM OT COOTBETCTBYIOIIMX CTOPOH
AHTEHHBIX PEIIETOK.

[IpoBeneHHOE MOJEIMPOBAHUE [TOKA3AJIO:

® KOJMYECTBO DJIEMEHTAPHBIX sSUeek, uMeromux 2, 3, 4, 5, 6 nepeceyeHui,

paBHO cooTBeTCTBEHHO 8690, 3156, 1748, 406, 27.
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e ObUIM MOCTPOEHBI TMCTOIPAMMBbI YIJOB A Bcex ciydaeB (puc.3.14) u
OINpPENENIEHbl MaKCUMAJIBHBIE YIJIbI MEXAY NEPECEKAIOIUMUCA NPSIMbIMU
(Tabnuma 3.2)

® XapaKTepHbIE pa3Mepbl KOHTPOIHPyeMoil obsactu coctaBmiu 46, 8, 13 cm
BJIOJIb OCEH X, Y, Z COOTBETCTBEHHO;, KOOPAMHATHI Hauaja v KoHia oT -23.0
no 23.0, or -4.8 no 3.2, or -30.8 o 17.8 cM mo X, Y, Z HanpaBICHUIM
COOTBETCTBEHHO

e XxapakTepHbIi 00beM 4.3 1.

Tabnuua 3.2. MakcuMallbHbIE 3HAaYEHUS YTIIOB MEXIY NEPECEKAIOIUMHUCS

IIPSIMBIMU B 3JIEMEHTAPHOU STYCHKE.

KosmuecTBo Yroun
[IEPECECYEHNN B STUEHKE (rpamychr)
2 42.3

3 43

4 44

3) 43

6 44
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50 60 70 80 90

0)°

2?° 10 20 30 50 60 70 80 90
Pucynox 3.14. 'uctorpammsl yriios. a, 0, 8, 2, 0, e — 2 iepecedeHus, 3

nepecedeHusl, 4 nepeceyeHus, S nepeceueHunii, 6 mepeceueHuil U BCe BMECTE

NnepeCccUCHUsL COOTBCTCTBCHHO.

[IpoBeeHHBIE JKCIIEPUMEHTBI C TECTOBBIMU AUAJIEKTpUKaMu B 1.3.2
NOKa3alid, YTO JJIsl JAHHOW KOH(UIrypauuu pa3Mepbl KOHTPOJUPYEMOM 00JiacTu
coctaBisin 60, 20, 25 cM 1o X, Y, Z HaOpaBIEHUSAM COOTBETCTBEHHO. Pazmepsl,
ONpeNeICHHbIE  DKCIEPUMEHTANIbHO,  OOJbIIE  pa3MEpPoOB,  ONPEICISIEMbIX
MoaenupoBaHueM. llomyyaemoe pasznuuue OOBSCHSETCS TEM, UYTO IMpHU
MOJIEJIMPOBAHUM yUYET BEIETCA TOJIBKO CPEAM STUEEK, B KOTOPBIX IPOUCXOIUIIO OT 4
no 6 nepeceuennil. Ha npakTthke He Bcerna B CBA3AHHYIO TPyNIly B aJrOPUTME

CEeTMEHTAllMU TMOMaNaloT sSUeWKH TOABKO ¢ 4 u Ooynee MepeceUCHUsIMHU.
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DKCIEPUMEHTAIBHO MOKAa3aHO, 4YTO TPaHUYHbIC SYEUKU CBS3aHHBIX OOJacTen
MOTYT coAepkaTh 3 mniepecedyeHus. S4Ueliku C TpeMsl TEepeceUeHUsIMU Ha
TOMOTPa(UYECKOM H300PAKEHUU PACIOJIONKEHBI MPEUMYIIIECTBEHHO BOKPYT
SYECK, COJIepIKAIIUX OOJIBIIICEC YHCIIO MEPECeUSHUM, W CO3Jal0T CIIOM TOJIIHHOM
npubau3uTenbHo B 4-5 staetiku (5-7 cm). Takum oOpa3oMm, aHAIU3UPys JaHHBIC
nojJiydyaeMble TpPU MOJCIUPOBAHMM U B DKCIEPUMEHTE, ObLIa BBISBICHA
KOJIMYECTBEHHAs! 3aKOHOMEPHOCTh MEXKy pa3MepOM KOHTPOJIUPYEMOW 00JIacTH U
XapaKTePHBIM Pa3MEPOM KOHTPOJIUPYEMOIl 00JIaCTH.
B MonenpHBIX SKCHEPUMEHTAaX NpU YJAJICHUW NPUEMHBIX aHTEHH OT
MOJIOXKEHUSI PEIIETOK MPUBOJUIIO K CICAYIOIIEMY:
® YMCHBIIICHUIO XapaKTEPHBIX pPa3MEPOB KOHTPOJIUPYEMOM 0O0JaCTH, YTO
YMEHBIIIAJIO Pa3Mepbl KOHTPOJIUPYEMOU 001acTH
® YBEJIMYECHUIO MAKCUMAJIbHBIX YTJIOB B IEPECEUCHUSIX
® YMEHBIIAJIIOCHh KOJMYECTBO SYEEK, UMEIONIMX 2 U 0olyiee mepeceyeHuid, a
Ha4yWHas C OMPEJICTICHHBIX TOJIOKEHUM, MPOTIaiaiy SUYehKH, CoJAepKaIInue S
1 6 mepecedyeHui
® [OSBJICHUE ACUMMETPUM W TPOBAJIOB B XapaKTEPHOU KOHTPOIUPYEMOM
o0JlacTU TPH PACTIOJIONKEHUU TPUEMHBIX aHTEHH HE Ha OJHON MpsSMOU
MapajyIeIbHON OCH Y.
A nipu mpuOIMKEHUH, HA000POT:
® YBEIWYCHUIO XapaKTEPHBIX Pa3MEPOB KOHTPOJIUPYEMOUM 00JIaCTH, YTO
YBEIIMYUBAJIO Pa3Mepbl KOHTPOIUPYEMOM 001acTH
® YMEHBIIICHUIO MAKCUMAJIbHBIX YIJIOB B IIEPECECUEHUSIX
® YBEJIMYCHUIO KOJIMUECTBO SYEEK, UMEIONIUX 2 U 0oJiee IepeceueHuit
N3 npoBeAeHHBIX SKCIEPUMEHTOB CJIEYEeT, YTO I YBEJIWYEHUS pa3MEpoB
KOHTPOJUPYEMOH 001acTH HEOOXOAMMO pa3MeniaTh MPUEMHbBIC aHTCHHBI OJIIKE K
pemetkam. OTHOBPEMEHHO C 3TUM MAaKCHMAJIbHBIC YTJIbI B MEPECEUCHUSAX OYAyT
YMEHBIIICHBI. Y MEHBIIICHUE YTJIOB B MEPECECUCHUSX MPUBOIUIO K POCTY OIIUOKU

IIp1 BbIYHCJICHHUHU ,Z[PIBJIGKTpH‘-IGCKOﬁ IMPOHULIACMOCTH TCCTOBBIX 00BEKTOB 110
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pannoToMorpadpuieckomy u3oopaxenuro. M3 3Toro ciemoBango, 4To HEOOXOIUMO
OBUIO  OMpeAeNsATh ONTHUMAIbHOE pACHOJIOKEHWE aHTEHH, TMpPU KOTOPOM
BBIYHCIICHUE AUDJICKTPUUYECKON TMPOHUIIAEMOCTH OBLJIO C JIOCTATOYHON TOYHOCTHIO
U pa3Mepbl KOHTpoOJuUpyeMoW oOmactu ObutM HamOodbimuMmu. Pacdersl u
OKCIIEPUMEHT IMOKa3alld, YTO ONTHUMAIBHBIM PACIIOJIOXKEHHUEM NPHUEMHBIX aHTCHH,
YAOBICTBOPSIONIMM  BBINICYKA3aHHBIM  TPEOOBAHUSAM,  SBISUIACh  JIMHUSA
napajijieibHasi OCH Y Ha PacCTOSHUU 15 CM OT COOTBETCTBYIONIUX CTOPOHE KpacB
AHTCHHBIX PEIICTOK.

Takum oOpa3zoM, MPOBEIEHHOE MOACIUPOBAHNE M SKCTICPUMEHTHI TIO3BOJIAITN
ONPENCTUTh ONTHUMAIBLHOE PACIIONIOKCHUE NPHEMO-TICPEAOINX dSJICMECHTOB,
MO3BOJIAIONIEE BBIYUCIATH C HEOOXOAMMOW TOYHOCTBIO JUAJICKTPHYCCKYIO

MIPOHUIIAEMOCTh U HAaUOOJIBIITUE pa3MeP KOHTPOIUPYEMOU 00JIACTH.

3.3.3. Borunciienue pPaauoTOMOrpapu4ecKoro U300pakeHus
ABHMKYLIEr0Cs TUIJIEKTPUKA B 000J104YKe

N3mepenust mpomieAmiero 4epe3 HCCIeAyeMblii OOBEKT — JUDJIEKTPUK B
000JI0UKE H3IYyYECHHUS] MPOBOJUIUCH HA SKCIEPUMEHTAIbHON YyCTaHOBKE (puC.
3.13), B KOTOpoil KOHQUTypalusi NpUEeMO-TIEPEAAOIINX JJIEMEHTOB Oblia
ompenesieHa B 1. 3.3.2.

B mpoBeneHHBIX AKCIIEpUMEHTax 000J0YKoM audiekTpuka (puc. 3.13, 5)
cayxun yemonan 70x40x30 CM3, CTEHKH KOTOPOTro OBLIM CIENaHbl U3 IJIaCTHUKA
TONMHOW  3-4 MM, SBJSIIOIIMMMCS IPO3PAaYHBIMUA  MaTepualaMu  JUIs
PaaMoOBOIHOBOTO u3iydeHus. MccrneayeMbpIMu JHUAJICKTPUYECKUMU OOBEKTaMHU
ciyxusii 06pasiel u3 Bocka u [IBX ¢ pazmepamu 15x15x9 oM’ JusnexkTpux ObLI
PacCIIOJIOKEH MOCepeMHEe BHYTPU OOOJOUYKH M ObUI PAcoJIOKEH Ha MPO3pavyHoOM
nass CBY gumanmazona nojioxkke (puc. 3.15). Ilomsoxkka wucIoib3oBajiach s

NONaJaHus B KOHTPOJIUPYEMYIO 00JIaCTh MO BBICOTE.
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Pucynok 3.15. PacnionosxeHust uCCIeAyeMOro AUIEKTPUKA BHYTPH
obonouku. 1 —uccnenyemsiit nuanextpuk ([1BX), 2 — o6onouka (uemonan), 3 —

npo3paunas st CBY nuamna3zona noajioxka.

B nponecce skcnepruMeHTa MOJOKEHUE HCCIENYEMOTO AUDJIEKTPHUKA OBLIO
3a(hUKCHPOBAHO OTHOCUTEIBHO OOOJIOYKU M, COOTBETCTBEHHO, HE M3MEHSIOCH B
IpOLECCe ABMKEHUS CUCTEMbI 000104YKa-AUIIEKTPUK BHYTPU UCCIEAYEMOM 30HBI.
ITepememenne cucteMbl  000JI0UKA-IUIIEKTPUK, OCYIIECTBISEMOE BHYTPHU

UCCIIeTyeMOM 30HBI, TPOU3BOAMIOCH B TJIOCKOCTH XZ (puc. 3.16).
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Pucynok 3.16. a — ¢poTorpadust cuctrembl 000J109Ka-TUAIEKTPUK BHYTPHU

HCCIIeyEeMOM 30HBI, 6 — paAuOTOMOTpadUIECKOe N300paKEHNE CUCTEMBI

000J109Ka-AUICKTPUK B BEHIOPAHHOM CUCTEME KOOPIUHAT.

[To BeIUKCIIEMOMY paanoToMorpaduieckomy uszodpaxkeHuio (puc. 3.16 ,6)
ObLIM  OMpejieieHbl ~ OCHOBHBIE  (DU3UYECKHE  MapaMeTpbl  UCCIEAYyEMOTro
JUDJICKTPUKA, HAXONAIIETocsl B o0osiouke. PazMmeprsl KOHTpoiaupyemon o01acTH,
IIPY KOTOPBIX OCHOBHBIC (DM3MYECKUE TapaMeTphbl ONMPEACIISIIUCH C JIOCTATOUYHOMN
TOYHOCTBIO, B IUIOCKOCTH XZ coctaBmsum 100x30 cM® mo X u Z KOOpJAWHATAM
COOTBETCTBEHHO TIpH (UKCUPOBAHUM Y-KOOpJAWHATHI. Bnusuue o0omouku, B
KOTOPOH HaxXOJWJICS JUAJICKTPHK, Ha ONpPEICICHUE OCHOBHBIX (PH3NYCCKUX
napaMeTpOB HE OKa3bIBAJIO 3HAYUTEIIHHOTO BIIHSTHUS.

Takum oOpazoM, ¢mu3uyeckas 3amadya 00 OOHAPYKEHHH CKPBITOTO
JUDJICKTPUYECKOTO OOBEKTa TMPOBO3MMOTO B Oarake U ONPEIACICHHUS €ro
bu3nUecKNX TMapamMeTpoB Ha OCHOBE aHalW3a €ro paguoTOMOrpaduuecKoro
U300paKEHUS pelIaeTcsi Mpu €ro JBWKEHWHM B uccieayeMon obOnactu. /[ns
KOPPEKTHOTO  OTpEISICHUS ero IapaMeTpoB HEOOXOAUMO, YTOOBI  €To
dakTHUeCcKOe TMPOCTPAHCTBEHHOE PACIHOJIOKEHHE OBLIO BHYTPU KOHTPOJIHPYEMOU

obJtacru.
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3.4 BoiBoabI K ri1aBe 3.

B rnaBe 3 BmepBble MPEACTAaBICH OPUTMHAIBHBIA METOJ TMOCTPOCHHS U
00paboTku paaroToMorpaduyeckux uzodOpaxkenui B moaauanazone CBY 10-18
[To.

Cobpana sKcriepuMeHTaIbHasl YCTAHOBKA M ONTUMU3HPOBAHO PACIIONIOKEHUE
IpUEeMO-TIEpEAAIOIINX IEMEHTOB IS 3a/1a4l pagruoToOMOorpaduu.

BriepBbie mpeacTaBieH METOA Ha OCHOBE aHajM3a pajuoTOMOIpaduyecKoro
N300paKeHHS BBIUMCIICHHSI KITFOUEBBIX MAPAMETPOB MCCIEAYEMOTO JUIIEKTPUKA —
TUDIIEKTPUYECcKasi IPOHUIIAEMOCTbh, Pa3Mephl, MOJ0KEHUE B POCTPAHCTBE.

bricTponeiicTBEe WUCHOJIB30BAaHHBIX AQJITOPUTMOB TO3BOJIMIIO TMPOU3BOIUTH
npolecc TMOCTPOCHUsA, O00pabOTKM U  aHalu3a  PaguoTOMOIrpauuecKoro
U300pakeHHs B PeKUME pealbHOTO BpeMeHH. Vcnonap3oBanue pekuma peabHOTo
BpPEMEHU MO3BOJIMIO PabOTaTh C IMHAMHUYECKUMHU OOBEKTAMH.

Bnepeoie B pabore OblT NPEAsioKEH METOJ OOHApYKEHUS CKpPBITHIX
JIURJIEKTPUYECKUX MPEIMETOB, MPOBO3UMBIX B Oarake, OCHOBaHHBIA Ha aHAU3e

paaroToMorpaduueckoro u300paxeHusl.
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I'naBa 4. AHa/Iu3 IKCNIEPUMEHTAJIBLHBIX JaHHBIX.

4.1. AHauu3 JIKCIMEPUMEHTAJIbHBIX AAHHBIX MOJIYy4YEeHHBbIX
paauorogorpagpu4ecKuM MeTOA0M.
B mpoBeneHHBIX OKCIEPUMEHTaX TI0 OOHAPYKEHUIO  JIUAJIEKTPHKA,

paclojOKEHHOTO  CKPBITHO Ha  Teje 4YeJlOBeKa, ¢  BBIYUCICHUIO  €ro
JUAJICKTPUYSCKON MPOHUIIAEMOCTH HCIIOIb30BaNach rpymia JOOPOBOJIBIEB U3 5-
TH YEJIOBEK C pa3IMYHBIMHM WHJEKCaMu Macchl Tena (25.1, 27.2, 24.3,29.6, 18.3) u
Pa3HBIMM TEJIOCIOXKEHUSIMH. DKCIEPUMEHTATbHBIMU 00pa3liaMu CIIY>KWIU OpyCKHU
u3 Bocka u [IBX (cm. Tabnuny 2.1). Mcnonb3yemble TUAIEKTPUKU PACTIOIarajanuch

O OOEXKIIOU.

Tabnuna 4.1. Criucok ¢ JUAJIEKTPUUECKUMHU MaTepualiaMy U UX pa3MepaMu,

HCIIOJIb30BAHHBIMHA B OKCIICPUMCHTAX

Husnextpuk | Pa3mepsl, cm
IIBX 15x15x9
I[IBX 15x8x7
[IBX 15x5x5
Bock 15x15x9
Bock 15x8x7
Bock 15x7x5

W3mepeHne NUAIEKTPUYECKON MPOHUIIAEMOCTH MPOUCXOAWIO B KaXIOM
LHUKJIE W3MEPEHUM, BO BpEMsSl KOTOPBIX YEJIOBEK HAXOJWJICS B HCCIEAyeMOM
obnactu (4, puc. 2.11). Tlocie BbIXO/1a U3 HCCIEYEMOIN 30HBI PE3YIbTUPYIOIIEE
3HaYEHHUE JAUIIEKTPUUYECKON MPOHUIIAEMOCTH BBIUMCIISUIOCh KaK CpEHEE 3HAaUECHUE
Ha KaXJOM IUKJIE H3MepeHus u oOpaboTku. Bpems wusmepenus u o0pabOTKu
JaHHBIX JUI1 KaXJO0ro LMKJIA HAcTpauBaJIOCh MPOTPaMMHBIM 00pazoM H
coctaBisio 40 Mc. OTO 3HA4MT, 4TO 3a | CEKyHIy IPOM3BOAMIIOCH 25 IUKIIOB.
Cpennee BpeMs HaXOXKJIEHHE YEJIOBEKAa B MCCIEAyeMOW 00JacTh cOocTaBisuio 4

CCKYHIBI ITPpH €CTECTBEHHOU CKOpPOCTH IICPCABUKCHUA, UYTO COCTABIIAIIO OKOJIO 100
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nuKiIoB. OJHAKO IUKIIBI, B KOTOPBIX OPUEHTALMS JUAJIEKTPUKA OTHOCUTEIHLHO
MPUEMO-TIEPEAAIOIINX JJIEMEHTOB HE II03BOJISUIA BOCCTAHOBUTH IEPEIHIOIO
MOBEPXHOCTh, HE YUYMUTHIBAIKCh B pacyeTe pe3yibTUPYIOUIEH BEIMYUHBI
JTUAJIEKTPUUECKOM  MPOHUIAEMOCTU.  PacrosiokeHue  MNpueMo-Iepearoninx
AJIEMEHTOB JKCIIEpUMEHTaIbHON ycTaHOBKH (puc. 2.10, puc. 2.11) mo3Bosio 3a
NOJIHBI TPOXOJ Yepe3 HCCIEAYyeMYyI0 OOJacTh BOCCTAaHABIMBATH IEPEIHION0
MOBEPXHOCTh He MeHee 4eM B 15% nuknax. HanmeHblliee KOIMYECTBO LIMKIIOB
COOTBETCTBOBAJIO JAMAJIEKTPUUYECKOMY 00pa3iy u3 Bocka 15x7x5 cm® u IIBX
15x5x5 cM’. DTo CBS3aHO € TeM, 4TO HX pa3Mmepbl ONMU3KUA K MPEeaeiabHO
JONMYCTUMBIM  pa3MepaM, IpPHU KOTOPbIX BO3MOXHO UX NPUHUUIIHAIBHOE
obHapy>kenue. [IpenenbHo 10MycTUMOE OOHApYKEHUE OMPEACIISIETCS MPeIeTbHBIM
paspemieareM 1o riayoune. IlpeaenpHoe pa3penieHue mo riyouHe coctasiser 1.5

cM B guanasone yactot 10-18 I'Tr.

Tabnuna 4.2. I3mMepeHnHas qudieKTprudeckas IpOHUIIaeMOCTh 00pasIios,

HOCHMBIX B OKCIICPUMCHTAX JIFOJAbMHU C pa3HbBIMU MHACKCAMHN MACCHI TCJIA.

JAusnexkTpuk, Pazmepsi JAudekTpudeckas
(cm) NMPOHUIIAEMOCTh
IIBX, 15x15x9 3,8+0.5
IIBX, 15x8x7 3.9+0.5
I[IBX, 15x5x5 4.1+0.5
Bock, 15x15x9 2.6£0.5
Bock, 15x8x7 2.8+£0.5
Bock, 15x7x5 2.4+0.5

DKCHEPUMEHTHl C JIFOJABMH PA3HOTO TEJIOCIOKECHHMSI W Pa3HBIX HWHACKCOB
Macchl Teia mokazanmu (tad. 4.2), 4TO MHHUMAJIBHBIA (H3UYECKHA pa3mep
TUDJIEKTPUKA COCTABISIET 5 cM. JMAJIEKTPUKM MEHBIINX pPa3MEpPOB OJHO3HAYHO

pa3IMYUTh HE BCErja MOJydajoch B XOAE AKCIEPUMEHTOB M3-3a OCOOEHHOCTEU
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TEJIO0CI0KEeHHUsT A0OpoBoJbLEeB. Hanuuue onexapl U e€e TOJIIMHA HE BIMsUIA Ha
MPEAEIBHO I0MYCTUMBIE Pa3MEPbI JUIIEKTPHUKA.

Takum oOpa3oM, MNpOBEACHHBIE HKCIEPUMEHTHI TMOKa3ad (U3HUECKYIO
BO3MOKHOCTbh OOHApPYKEHUS HATTMUUS TUAJIEKTPUKA CKPBITOrO Ha TEJIe YEJIOBEKa, a
TaK)K€ BBIYUCIICHHUS €ro JUAJICKTPUYEeCcKor mnpoHunaeMoctu. Ilpu stoM Obuin
YUTEHBI TAKUE CYIIECTBEHHBIE (PAKTOPBI, KAK TEJIOCIOKEHNE, UHAEKC MaCChl TeJla U

TOJIIIHMHA OACKIBI.

4.2. Onpenenenne KpUTEepHUsi ONMACHOCTH U BbIYHCJIEHHME BepOSITHOCTEN
O0OHApPY:KeHUsl, BEPOSITHOCTH JIO)KHOTO CpadaThIBAHUS M BEPOSATHOCTH
NMPOMYCKa JJIfl PAAOrojaorpaguyeckoro MeToa.

Ha ocHOBe MpOBEICHHBIX YKCIICPUMEHTOB ¢ audiekTprkamu (1ad. 4.1) Obutn
chopMynupoBaHbl KpPUTEPUU Il KiaccupUKAMU OOBEKTOB IO CTENEHU
omacHoctu. Knaccudukaius mpou3BoAMIach Ha OCHOBE KITIOUEBBIX (PU3NUYECKHUX
napaMeTpax  WJICHTU(PUIMPOBAHHBIX  JUIJIEKTPUKOB —  JUAJIEKTpUUYECKas
MPOHUIIAEMOCTb, pa3Mepbl U €ro TMOJIOKEHUE B MPOCTPAHCTBE B CHUCTEME
KOOPAWHAT 3KCIEPUMEHTAIbHON YCTAHOBKH.

Ha  ocHOBaHMM  HECKOJIBKUX  JIECSITKOB  DKCIEPUMEHTOB  ObLIU
chOpMyTUPOBaHBl KPUTEPUU I JTUAICKTPUUECKOTO OO0BEKTa, KOTOPHIA B
HKCIEPUMEHTAX CUUTAJICS «YCIOBHO OMACHBIM»:

- JIaeKTpuyecKas MPOHUIIAEMOCTD oA aeT B auamnasoH [2.3, 4.5].
- OOweMm audnekTpuka npesbimaet 0.5 1 ¥ He MpeBbIIaeT 3 .

BoiOpanHblii Uana3oH 3HAYEHUH i1 JIUAJIEKTPUYECKOM MPOHUIIAEMOCTH
COOTBETCTBYET JUAJIEKTPUUECKUM MPOHUIAEMOCTSIM pPEaIbHBIX B3PbhIBYATHIX
BEIIECTB U BKIIIOYAET B C€0S1 BHIYMCIICHHBIC 3HAUCHUS JUIICKTPUUECKUX 00pa3IioB
u3 1a0. 4.2, UCTIOJIL30BAHHBIX B AKCIIEPUMEHTAX.

BriOpanHbIil Uana3oH 3HAYEHUW N1 00beMa JUAJIEKTPUKA COOTBETCTBYET

MHWHHUMAJIBHO IMPUTroAHOMY O6’I)€My JIIsA cro I/I,Z[GHTI/I(bI/IKaHI/II/I
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paauorojorpaguuecKuM METO0M U MAaKCUMaJIbHO BO3MOKHOMY JUIsl IPOHOCA €ro
B 00JIaCTH KMBOTA B paMKaX YCJIOBHI dKCIIEPUMEHTA.

JIist BBIYUCIICHUS BEPOSITHOCTEH OOHApY’>KEHHs, JIOKHOTO CpabaThiBaHUs
(ommbka TEpPBOTO pojaa) M MpoIycka (OmIMOKa BTOPOrO poja) IPOU3BOIUIHCH
OJIMHOYHBIE TIPOXOJIbI JIFOJIEH-00POBOJIBILIEB C Pa3HBIMH HMHJEKCAMH MAacChl Tela
yepes3 dKCIEePUMEHTaIbHYI0 YCTaHOBKY (puc. 2.11). [Ipoxoabl ocyecTBIAsSIUCH MO
IIEHTPY C TOCTOSTHHOM CKOPOCThIO ~5 KM/4, COOTBETCTBYIOIIECH CKOPOCTU
ecTtecTBeHHOTro TiepeMenieHus. C JaHHOW CKOPOCTHIO JIFOJUM HaxXOJWIUCh B
HCClIe1yeMon 30He pazmepom 3x4 M npumepHo 3-4 c.

J1Jis BBIYUCIICHUS BEPOSITHOCTHU JIOKHOTO CpabaThIBaAHUSI KaX bl TOOPOBOJIEI
MPOXOJIWII Yepe3 IKCIEPUMEHTANIbHYIO YCTaHOBKY 100 pas.

JIJIss BBIYHCIICHUS BEPOSITHOCTH OOHAPY)XCHHS U BEPOSITHOCTH TIPOITyCKa
KaKJIBI TOOPOBOJIEI] IPOXOIUI Yepe3 IKCIepUMEHTaIbHYy0 ycTaHoBKY 100 pas ¢
KaXKJbIM JIUAJIEKTPUKOM U3 Tao. 4.1.

Brraucienapie BEpOSITHOCTH MPEACTaBICHBI B Tabnwuie 4.3.

Tabnuna 4.3. BplYuCIICHHBIE BEPOSTHOCTH OOHApPYKCHHS, TMPOMyCKa U

JIO’KHOTO cpabaThIBaHUS JIJISl paIuoOToJI0rpadudecKoro MeToa.

Nunexe JIMdneKTpuK, BeposrtHocts | BepostHocts | BeposTHOCTB

MacChl (cm) oOHapyXeHus MpoITyCKa JI0X)KHOTO
(%) (%) cpabaTbIBaHUS

(%)

18.3 [IBX, 15x15x9 96 4 0

18.3 Bock, 15x15x9 98 2 -

24.3 IIBX, 15x15x9 95 3) 0

24.3 Bock, 15x15x9 94 6 -

25.1 [IBX, 15x15x9 94 6 1
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25.1 Bock, 15x15x9 92 8 -
27.2 [1BX, 15x15x9 94 6 2
27.2 Bock, 15x15x9 94 6 -
29.6 [1BX, 15x15x9 91 9 3
29.6 Bock, 15x15x9 93 7 -
18.3 IIBX, 15x5x5 93 7 0
18.3 Bock, 15x7x5 94 6 -
24.3 [IBX, 15x5x5 91 9 0
24.3 Bock, 15x7x5 92 8 -
25.1 IMIBX, 15x5x5 91 9 1
25.1 Bock, 15x7x5 92 8 -
27.2 IIBX, 15x5x5 90 10 2
27.2 Bock, 15x7x5 91 9 -
29.6 [MBX, 15x5x5 90 10 3
29.6 Bock, 15x7x5 91 9 -

B jauana3zoHe 90-98%

HCCIIeyeMOTO 00pa3siia.

H 3aBHCHT OT HHIACKCA MAacCChl

U3 OKCIICPUMCHTOB YCTAHOBJICHO, YTO BCPOATHOCTD O6Hap}I)K€HI/IH HaxoauTCs

TCJIa MW TOJIIIHWHBI

3aBUCHUMOCTH OT HMHICKCA MACChl TCJIa 00BsCHSACTCS TCM, 4TO (1)I/I3I/I‘IGCKI/H>'I

pasmep awmdnektpuka L, (bopmyna 2.9) s moaeit ¢ 60IbIIAM HHISKCOM MacCh
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TeNa, ONpeesieMbli 10 PaanoToNorpadhuIecKkoMy U300pakeHUI0, OOJIbIIE, YEM Y
JOAEH ¢ MEHBIIUM HMHAEKCOM Macchl Tena. A yBeJlndYeHHe (PU3MUECKOoro pasmepa
YMEHBIIAET 3HaYEHUE BBIUUCIAEMON JUAIEKTPUUECKON MpoHHIIaeMocTH (hopmyra
2.9).

3aBUCHUMOCTh BEPOSATHOCTH OOHApy>KE€HUS OT TOJIIMHBI JUIJIEKTPUKA
OOBSACHSAETCS TE€M, YTO C YMEHBIIEHUWEM TOJIIMHBI JUAJIEKTPUKA NpHOIMKAETCS
TupakMOHHBIN  mpenen  oOHapyxkeHUs. JudpakiumoHHsld mpemen s
noaauanazona 10-18 I'To cocraBnser 3 cMm, a BIMSHUE pa3IMYHBIX ILIYMOB
yBenauuuBaeT ero 10 4 cm. Tem cambiM 00pasibl TONIIMHONM 5 CM ONHM3KH K
rpaHulle IU(PaKUMOHHOIO Mpelena OOHAPYKEHUS U HMMEIT MEHbIIYIO

BEPOSITHOCTh OOHAPYKEHUS IO CPABHEHUIO C 00Opa3laMu TOJIIIUHOMN 9 cM.

4.3. AHanus IKCIMEPUMEHTAJIbHBIX JMAHHBIX MOJIyYeHHbIX
paauoToMorpagpuuyecKuM MeTOI0M.
B mpoBeneHHBIX AKCIEPUMEHTaX OMNpPeesiioch MPUCYTCTBUE TUAJIEKTPUKA

BHYTpH 00O0JIOUKH, IBUXKYIIMXCA BHYTPU MCCIIEyEMOW 30HBI KaK €MHOE LIEJI0e, U
BBIUMCIISUIUCh OCHOBHBIE (DU3MYECKUE MapaMeTphbl AMAJIEKTPUKA — IOJIOKEHHUE,
pasMepsbl, IUDJIEKTPUUYECKasi TPOHULIAEMOCTh. TOYHOCTh B BBIYHUCIICHUN 3HAYCHUU
JUDIEKTPUYECKON MPOHUIIAEMOCTH YMEHBIIACTCS NPHU YAAIECHUU HCCIETyEMOTO
JIUBJIEKTPUKA OT LIEHTpa KOHTPOJIUPYEMOM 00JIaCTH B CTOPOHY OJHON U3 PEIIETOK
(puc. 3.13).

[Iponecc w3MepeHHMsT KOMIUIEKCHBIX aMIUIMTYJ HPOLIEAUIETO  4Yepes
uccienyembiii 00bekT CBY nosns u ux odpadotka 3anumain 40 Mc, 4TO MO3BOJISIO
npou3BoanUTh 3a 1 ¢ 25 nwmknoB usMmepenuil. IIpu ckopoctn mnepememieHus
IURJIEKTPUKa B 000J0YKe, HE NpEeBbIIIAIOMIEH 6 KM/4, BBISIBICHHUE MPUCYTCTBUS
JUDJIEKTPUKA, a TAaKK€ BBIYMCIICHHMS €r0 OCHOBHBIX (DPU3MYECKHUX NapameTpoB
(MoNOXKEeHWe IEeHTpa, pa3Mepbl M AMDICKTPUUYECKas MPOHHUIIAEMOCTh) ObLIO
BO3MOKHBIM, & IIOTPELIHOCTb B ONPEACICHUU AUDIEKTPUYECKON IIPOHUIIAEMOCTU

COOTBETCTBOBAJIA 3HAUYEHUAM 13 Ta0IUIIBI 4.4.
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Tabnuma 4.4. Criucok pacnoioKeHNUH IIEHTPOB OCHOBHBIX AUAICKTPUUECKUX
00pa3LOB B/10JIb OCH X OTHOCUTEJIBHO LIEHTPa UCCIEAYEMOM 30HbI U BBIYUCIICHHAS

X JUBJICKTPUYCCKAs IMPOHULIACMOCTb B COOTBECTCTBYIOIHX ITOJIOKCHUAX.

JuanekTpuk Pacnionoxenne | Jlumdnexkrpuueckas IpOHULIAEMOCTD
I[IBX 15x15x9 LEHTP 3,8£0.5
[IBX 15x15x9 | £15 cm ot 1ieHTpa 3.9+0.6
[IBX 15x15x9 | £30 cm ot uentpa 4.1+0.6
I[IBX 15x15x9 | £45 cM ot uentpa 4.1+0.7
Bock 15x15x9 HEHTP 2.6+0.5
Bock 15x15x9 | £15 cm ot uenrpa 2.5%0.6
Bock 15x15x9 | £30 cm ot uenrtpa 2.7+0.6
Bock 15x15x9 | £45 cM ot 1ieHTpa 2.7+£0.7

JIBI>kKeHnEe OO0BEKTa OCYIIECTBISUIOCH MOJA Pa3iHYHBIMH yTJIaMH C OChIO Z
(puc. 3.13). Ilpu ckopocTy IBUKEHUS 10 6 KM/4 UCCIIEeNyeMbIii 00BEKT HaXOIUIIC
B KOHTPOJIMpYeMOi 00JsiacTu uccienyeMoil 3086l He MeHee 300 Mc. 3a 310 Bpemst
IPOU3BOJMIOCH HE MEHEE 7 IUKIIOB M3MEPEHUI U 0OpabOTKH MPOIIEAIIETO Yepe3
OOBEKT TOJS, a BBIUUCISIEMBIE TOJOXKEHHUS IIEHTpa HCCIEAyeMOro OOBeKTa B
KaXJIOM IIMKJI€ MO3BOJISIM TMOCTPOUTH B MPOCTPAHCTBE TPACKTOPHIO JIBHXKEHUS
UCCIIElyEMOT0 O0BEKTa U BBIYMCIUTH €70 BEKTOP CKOPOCTH.

[Ipu ucronab30BaHUM JUAICKTPUKOB MEHBIIUX pa3MepoB (cM. Tabmuiy 3.1)
HOTPEIIHOCTh B M3MEPEHUU AMDJICKTPUUYECKON MPOHMUIIAEMOCTH Oblia BBICOKOH,
OJIHAKO 3TO TO3BOJISUIO BBISIBUTH MPUCYTCTBHE JUAJIEKTPUKA B KOHTPOJIUPYEMOM
00JacTi MCCIeayeMON 30HBI M MPABUIIBHO OIPEACTUTHh MOJOKEHHE €ro IEeHTpa.
OCHOBHBIMH ~ TNPUYMHAMU  BBICOKOW  TOTPEIIHOCTH B OMNpPEACICHHUH
JUDJIEKTPUUECKOU MPOHUIIAEMOCTH ObLIH:

1) He Bcecroponne ob6nydenne CBY nonem uccienyeMoro o0beKTa

2) Tomorpaduyeckuii mpeaen paspeiieHus (B YCIOBUSAX JKCIIEPUMEHTa ~5

CM).
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[Ipu pa3menieHud OCHOBHBIX MCCIEAYEMbIX JTUAJIEKTPUKOB B OOOJIOUYKHU
JIPYyTUX Pa3MEpoOB M JIPYTUX MaTepuaoB, MPO3payHbIX i ucnojbzyemoro CBY
U3JIyYEHUs, BBIUKCIAEMAasl TUAJICKTpUUYECcKas MPOHUIIAEMOCTh U €€ MOTPElIHOCTh
COOTBETCTBOBAJIM 3HAYECHUSIM, BBLIYHCICHHBIM B TaOmune 4.4. A HCIOJIB30BaHHE
JUAJIEKTPUKOB MEHBIITUX pa3MepoB (cM. Tabmuiry 3.1) Takke MO3BOJISIIO BBISIBIISATH
WX IPUCYTCTBUE U OMPEACISITH MOJIOXKEHUS UX IICHTPOB.

Takum oOpa3oM, TPOBEJACHHBIC SKCIIEPUMEHTHI ITOKa3ald (U3UUISCKYIO
BO3MOKHOCTh BBISIBJICHUS IPUCYTCTBUS TUIJIECKTPUKOB (pasmepnl oT 15x15x9 cm),
HaXOJSIIUXCST BHYTPU TOHKOM 000JI0uKH, sBisBIIEHCS mpo3paunor mist CBY
M3JIYUYCHUSI W HENPO3payHOU il BUIAMMOIO CBETA, U BBIYMCICHUA UX OCHOBHBIX
bu3UYECKUX TapaMeTpoB — IOJIOKEHHE IIEHTPOB, pa3Mepbl U AUICKTPUUYECKAsS
MIPOHUIIAEMOCTh. BhIsBIIEHNE U BHIYHCIICHUE OCHOBHBIX IMapaMeTpOB AUAJIECKTPUKA,
HaXOJISIIIMICA BHYTPU TOHKOM OOOJIOYKH, OBIJIO TaKXe€ BO3MOXKHBIM TIPH €T0
NEPEMEIICHUH CO CKOPOCThIO HE Oosiee 6 KM/4 uepe3 KOHTPOIUPYEMYIO 001acTh U
MIPY MCIIOJIB30BAHUH PA3TMYHBIX MaTepHaIoB, mpo3padnbix it CBY usnyuenus u

HCIIPO3pPAavYHbIX OJIA BUIUMOI'O CBCTA.

4.4. OnpeneneHue KPUTEPUS ONACHOCTH U BbIYHUCJIEHHE BEPOATHOCTEH
O0OHApY’KEeHUsI, BEPOSITHOCTU JIO)KHOTO0 CpadaTHLIBAHMS M BEPOSITHOCTH
nponycka ajsi paanoroMorpaguyeckoro MeToaa.

Ha ocHOBe MpoBeIEHHBIX 3KCIEPUMEHTOB ¢ AudJIeKTpukamu (Tad. 3.1) ObLIM
chopMynMpOBaHbl KPUTEPUU JUIS KiIacCH(PUKAIMA OOBEKTOB IO CTCIEHU
onacHoctu. Knaccudukanus npou3BoAmiach Ha OCHOBE KITIOUEBBIX (PU3UYECKHUX
napaMmeTrpax  HMJICHTUPUUUPOBAHHBIX  JUAIEKTPUKOB  —  JUABJIEKTpUUYECKas
MPOHUIIAEMOCTb, pa3MEpPbl U €ro IMOJOKEHUE B MPOCTPAHCTBE B CHCTEME
KOOPAUHAT KCIEPUMEHTATBHON YCTAaHOBKH.

Ha  ocHOBaHMM  HECKOJIbKUX  JIECSITKOB  HKCHEPUMEHTOB  ObUIU
chopMyIUpOBaHbl KPUTEPUU I JTUDJIEKTPUUECKOrO0 OOBEKTa, KOTOpBIA B

OKCIICPUMCHTAX CUUTAJICA «YCJIOBHO OITACHBIM:
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- JIaeKTprYecKas MPOHUIIAEMOCTD TTOTaIaeT B auanasoH [2.3, 4.5].
- OObeM AudneKTpUKa MPEBbIIAeT 2 J1 U He MPEBBIIIAET 6 JI.

Jluana3oH 3HaYCHUM Ui TUDJIEKTPUUECKON MPOHUIIAEMOCTU BBIOMpAJCS U3
TeX K€ MPUHIUIIOB, YTO I pajuorogorpadudeckoro meroza (. 4.2).

BoiOpanHblil [uana3oH 3HAYCHWM 11 o0bema JAMAIIEKTPUKA COOTBETCTBYET
MUHHUMAaJIbHO MPUTOTHOMY o0beMy TUTst ero uaeHTUPUKAITIU
paguoToMorpad@uuecKiuM METOJIOM U MAaKCUMaJIBHO BO3MOKHOMY JIJIsl IPOHOCA €r0
B 0araxxe B yCJIOBHSIX IKCIIEPUMEHTA.

JI7is1 BBIUMCIICHHS] BEPOSITHOCTEHN JIOAKHOTO cpadaThiBaHUsl ObLT MOATOTOBJICH
«YCJIOBHO  0O€30macHBI»  4YeMojaH. «YCJIOBHO  O€30MacHbI»  YeMoJaH
nepeMeIniaiics 4epe3 UCCiIeayeMyro 30Hy ycTaHOBKH (4, puc. 3.13) Ha pa3audHbIX
paccTossHHSX OT ee IeHTpa (T1ad. 4.4). s KakIoro pacCTOSHHUS dYeMOJaHa
OTHOCHUTEJIFHO IIEHTpa UCCIeAyeMOi 30HbI ObLI0 TTpou3BeeHo 100 ero mpoHOCOB.
CKopocCThb MepeMeNIeHus B SKCIIEPUMEHTaX COCTaBJIsIa ~5 KMm/4.

JIJiss BBIYMCIICHUS BEPOSITHOCTEH OOHApYKEHUS, JIOKHOTO CpadaThIBAaHUS
(ommOka MEpPBOTO pojia) U MPOMycKa (OIIMOKAa BTOPOTrO poja) MPOU3BOAMINCH
OJIMHOYHBIC TMPOHOCHI ISl KaXXJO0ro AMAJIEKTPHUKA JJIsi KaXKIO0ro PaclojoXeHUs
yeMoJlaHa B wuccienyemMoil 3oHe. McciemyeMbrit audlieKTpuueckuii  oOpaser
pa3Meniayicsi BHyTpPH YeMojiaHa o ueHTpy (puc. 3.15).

B tabnumne 4.5 mpenctaBieHbl BBHIYMCICHHBIE BEPOSTHOCTH OOHAPYKEHUS,
MPOIMYCKa U JIOKHOTO cpabaThIBaHUs JJIs JUAJIECKTPUUECKUX 00paslioB pazMepamMu

15x15x9 cM — HaUMEHBIIMMU pa3MepPaMH, UCIIOJIb30BAHHBIMU B DKCIIEPUMEHTAX.

Tabnuua 4.5. BbluuclieHHbIE BEpOSTHOCTH OOHApY)KEHHs, MPONyCcKa U

JIO’KHOTO cpabaThIBaHUA ISl paIMOTOMOIPAPUIECKOro METO1A.

Huanekrpuk, | Pacnonoxenune | Beposdrnocts | BepostHocTs | BeposTHOCTB
(cm) oOHapyKeHus IPOITyCKa JIOKHOTO
(%) (%) cpabaTeiBaHUS
(%)
I1BX, HEHTP 96 4 3
15x15x9
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Bock, HEHTP 95 5 -
15x15x9

IIBX, +30 cM ot 91 9 3
15x15x9 LIEHTpa

Bock, +30 cMm ot 91 9 -
15x15x9 LIEHTpa

I[IBX, +45 cM ot 89 11 1
15x15x9 LIEHTpa

Bock, +45 cM ot 87 13 -
15x15x9 LIEHTpa

IIBX, -30 cm oT 91 9 3
15x15x9 LIEHTpa

Bock, -30 cM oT 91 9 -
15x15x9 LIEHTpa

I[1BX, -45 cM oT 89 11 1
15x15x9 LIEHTpa

Bock, -45 cM OT 87 13 -
15x15x9 LIEHTpa

Jlis oOpa3moB ¢ pasmepamu  15x15%x9 cM  BeposSTHOCTH OOHApYXEHUS
Bappupyercs oT 87-96%. BeposTHOCTh 0O0HapyKeHUS YMEHbIIAETCS IpHU
OTJIaJIEHUU HCCIEAYEMOI0 YeMojaHa ¢ 00pa3loM OT IEHTPa MCCIETYyEMOU 30HBI.
DOT0 OOBSCHSETCS YMEHBIICHHWEM KOJMYECTBAa DJIEMEHTApHBIX SYEEK C
ONTUMAJILHBIM YUCJIOM TIEPECEUCHU.

N3 Tabauubl BUAHO, YTO BEPOSITHOCTH OOHAPYKEHUSI U TTPOMYCKA OJIMHAKOBBI
JUTSI OMHAKOBBIX a0COJIIOTHBIX PACCTOSIHUUM OT IIEHTpa MccieayeMoi 30HbI. Takas
CUMMETPHUST OOBSICHACTCS CUMMETPUYHBIM PACIIOJIOKEHUEM MIPUEMO-TIePEIAI0IINX
AJIEMEHTOB SKCIEPUMEHTAIBHON YCTaHOBKHU.

JUis  nupaexTpudeckux — o0pa3loB  Ooibliero  o0bemMa  BEPOATHOCTH
oOHapy>KeHHsI ObUIM BBIIIE, YeM JJisi o0pa3uoB ¢ pasmepamu 15x15x9 cm. [dns
o0pasioB ¢ pazmepamu 15x15x15 cM BeposTHOCTh OOHAPYKEHUST BapbUPOBAIACh
oT 93-98%, a ms o6pasnoB 15x15x30 cm gocturana 98-100% B 3aBUCUMOCTH OT

PAcCIIONOKEHHS B UCCIEAYEMOU 30HE.
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4.5. BuiBoabI K ri1aBe 4.

B rmaBe 4 mpoBedcH aHANM3 JKCHEPUMEHTAIBHBIX JIAHHBIX ITOJYyYEHHBIX
paauoroyiorpaguuecKuM U paTuoTOMOTpaPUIECKUM METOTaMH.

[TpoBeneHbl U3MEPEHUs JTUAJIEKTPUYECKOM IIPOHUIIAEMOCTHU
MOATOTOBJIEHHOI0 Habopa 00pa3loB MPOHOCHMBIX JIIOJABMU C Pa3IMYHBIMU
WHJIEKCAMH MaccChl TeJla B 00JIaCTH KMBOTA.

Ha  ocHOBaHMM  HECKOJIBKHX  JIECATKOB AKCTIICPUMEHTOB ObLTH
chopMyTUPOBAHBI KpUTEPUHU OIIACHOCTH A UACHTU(DUITIPOBAHHBIX
paauorojorpaguuecKuM METOJIOM JUAJIEKTPUUECKUX 00pa3loB MO COOTHOIICHUIO
ux oObeMa W JUAJIEKTPUUECKON MPOHUIAEMOCTU. [l «yCIOBHO OMACHBIX)»
JUAJIEKTPUKOB JTUAJICKTPUUECKas MPOHUIIAEMOCTh BapbUpyeTcs B Auana3oHe 2.3-
4.5, 06bem 0.5-3 1.

BeraucineHbl  BEpOATHOCTH ~ OOHApYXKEHHs,  BEPOSATHOCTH  JIOXKHOTO
cpabaThIBaHHUS M BEPOATHOCTH IIPOITYCKa JUI OJWHOYHBIX IPOXOJIOB JIFOACH C
pa3sTUYHBIMA HMHACKCAMH MacChl Tella Ha 3aJlaHHOM Ha0Ope AMAICKTPUYECKHUX
00pa31oB MpHU MPOXOJE YePe3 IKCIEPUMEHTATBLHYIO YCTAHOBKY.

[TpoBeneHbI HU3MEpEHUS JTUDJICKTPHYCCKOU IIPOHUIIAEMOCTH
MOATOTOBJIEHHOT0 Habopa 00pa3IoB MPOBO3UMBIX B UEMOJIAHE.

Ha  ocHOBaHMM  HECKOJIBKHX  JICCATKOB AKCTICPUMEHTOB ObLTH
chopMyTUPOBaHBI KPUTCPUH OITIACHOCTH  JIJIA UICHTH(PUITTPOBAHHBIX
paguoToMOrpadHIeCKUM METOAOM JIHUIJICKTPUUCCKUX 00Pa3IoB IO COOTHOIICHHUIO
uX o0beMa W AUDIICKTPUYECKOW MPOHHMIIAEMOCTH. JIJIsI «YCIOBHO OMACHBIX)
JUDJICKTPUKOB JTUAJICKTPUYECKasl MPOHUIIAEMOCTh BapbUPYyETCs B Auamna3zoHe 2.3-
4.5, o0beM 2-6 1.

BbluuciieHBl ~ BEpOSITHOCTH ~ OOHApYXCHUS,  BEPOSITHOCTH  JIOKHOTO
cpabaThIBaHUS U BEPOSTHOCTU IMPOMYCKa ISl OJUHOYHBIX IMMPOHOCOB YE€MOJIaHa Ha
3aJlaHHOM Habope JUAJIEKTPUUECKUX O00paslloB dYepe3 HMCCICAYeMYH 30HY
IKCIIEPUMEHTATLHON YCTaHOBKH.
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3AK/IIOYEHUE

B I[PICCGpT&HPIOHHOﬁ pa60Te IMOJIYUYCHBI CJICAYIOINC OCHOBHBIC PC3YJIbTATHI:

1) Teopernueckdu W IKCIICPUMEHTAIBHO 00OCHOBAH BHIOpAHHBIN ITOITUAITA30H
CBY 10-18 I'T. Jlanuslit moaayana3oH MO3BOJISET ¢ OMHOW CTOPOHBI paboTaTh C
00BbEeKTaMU pa3MepoB OT 4-5 cM U, C APYroi CTOPOHBI, 00€CIIEUNBATHL HEOOXOIUMOE
JUTSI IPAKTHKHU OBICTPOJICHCTBHE PACUETOB.

2) IlokazaHO, 4YTO peaJM30BaHHBIA METOA TIOCTPOCHUS U  00pabOTKH
paouoeonozpaguyeckux U300paKEHUM, OCHOBAHHOTO Ha PEIICHUH OOpaTHOU
3amaur AUGPaAKIUKd B TPUOIMKEHUH OJHOKPATHOTO pacCesHUs B TOJJIMAIa30He
CBY 10-18ITu, nmo3Bosser 3¢h(HEKTUBHO OOHAPYKHUBATh AUAICKTPUKH Ha TeJe
yejoBeka pazMepamu ot 5 cM. IlokazaHo, 4yTo McHoJib30BaHUe noaauanazona CBY
10-18I'T'1 coBMECTHO ¢ KBa3WCTAIIMOHAPHBIM MPHOIMKEHHUEM B JAaHHOM METOJIE
MO3BOJISIET TPOU3BOAUTL BBIUMCICHUS B PEXKUME PEATbHOTO BpPEMEHU st
00BEKTOB ABMKYIIUXCSI CO CKOPOCTHIO 110 5-6 KM/4.

3) Ilpemnoxen OPUTMHAJIIBHBIM ~ METOA  TOCTpOEHUsT U  00paboTKu
paouomomozpaghuueckux u3zo0paxenut B nogauanazone CBY 10-18ITT,
OCHOBAHHBIN HAa TUCKPETHOM OOpaTHOM MPeOoOpa30BaAHUH PAIOHOBCKUX MPOCKITUH.
JlaHHBIN METOJI TTO3BOJISIET OOHAPYKUBATH JUANEKTPUUECKUE TTPEAMETHI Pa3MepPOM
OT 5 CM, CKPBIThIE TOHKOH 000JIOYKOM, a €ro OBICTPOACHCTBUE MO3BOISIET PaboTaTh
B PEKHUME PEaJbHOTO BpeMEHU ¢ 00BEKTaMU, IBIXKYIIUMHUCS CO CKOPOCTHIO 710 5-6
KM/4.

4) YcTaHOBJICHBI KpUTEpUHU OMNacCHOCTHU UACHTUDUITUPYEMOTO
JUDIIEKTPUYECKOTO 00BEKTa Ha OCHOBE M3MEPEHHBIX €ro KJIIOUEBBIX (PU3NYECKHUX
napameTpoB. OmacHBIMH SBJISIOTCS MPEAMETH B auamnazoHe 2.3-4.5 1mo BeJMYWHE
JTURIIEKTprUYeckoil mponuniaemoctu v 0.5-3 11 u1st paguoronorpaguaeckoro MeTona
u 1-5 1 qnsg paguoromorpaduueckoro MeToja.

5) Pa3paboTaHHBIi  KOMIDICKC  METOAOB  TOCTPOCHUS W aHalu3a
paauorogorpaduyeckoro M paauoToMorpaduyeckoro M300paxkeHud 00BEKTa

BHEpPEH B  KadyecTBe (YHKUMOHAIBHOIO  OJIOKa  CHCTEMBI  JOCMOTpa
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naccaxupormotoka HSR  (Human  Security Radar), o0ecneunBarormiero
BO3MOXXHOCTh CKPBITHOTO HCIOJB30BaHMs, HY)XHOE Il paboThl B peasbHOM
BpEeMEHH  OBICTPOJCHCTBHE, O€30MacHOCTh JUIS  3I0pOBbsS  YelOBEKa U

aBTOHOMHOCTb PaOOTHI.
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