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I K coaepxaHuto

NEPBbIN OTEYECTBEHHbLIN MATHUTHbLIUN TPEKEP

ONA UENEYKA3AHUSA'

M. B. Kenxamckmuii

[pencraBieHbl pe3yIbTaThl Pa3paboTKK OTEYECTBEHHOM TEXHOJIOTHMY aKTUBHOIO MarHUTHOTO MO3UIIMOHUPOBAHUS MO/~
BUKHBIX 00beKTOB. [IpHBeieH cocTaB 1 omnricaHa paboTa HAYyYHOTO MakeTa MarHUTHOTO TpeKepa, Pealn3yoiero HOBbIA
C1oco6 MarHUTHOTO MO3MIIMOHNPOBaHMsI. [Toka3aHbl pe3ynbraThl (PU3NYECKOTO 3allycKa MakeTHOro oopasua. Chopmy-
JIMPOBAaH MPOTPecC, TOCTUTHYTHIA B 00JIACTU HALIEMHOTO MPUMEHEHHUsI MArHUTHOTO Tpekepa. [IpencraBieHa TeKyiast
cnienMduKaIKs mapaMeTpoB, TOCTUTHYTBIX HA MAKETHOM 00pasIie.

Karouegvie croea: macHumublLi mpekep, NO3UKUOHUPOBAHUE, WAEM, KOOPOUHAMbL, 2eHEPAMOP NOASL, NOOBUICHBLL NPUEMHUK, HA-

npaenenue 83en10a, Kaiubposka.

BBEAEHUE

AKTHBHOE€ MarHUTHOE TMO3MIIMOHUPOBAHUE pe-
IIaeT 3amady OIpeleICHHST TUHEHHOTO TOJIOXECHUS
U OpUEHTALIMM MOIBMKHOTO OOBEKTa B peaJbHOM
BpeMeHU. TeXHOJOTMs BKIIOYAeT TeHEepHpPOBaHUE
MAaTrHUTHOTO TIOJIST ¢ M3BECTHBIM TTPOCTPAHCTBEHHEBIM
pacnpenenieHeM B 30He TepeMelleHuUs] TOABUKHOTO
00beKTa, M3MEpeHNe KOMIIOHEHT TeHEPUPYEeMOTO
MoJIsI MOABUXKHBIM MPUEMHUKOM, KECTKO CBSI3aH-
HBIM C TIOABMXKHBIM OOBEKTOM, BBIUUCICHHE KOOP-
OWHAT TTOABMKHOTO 00BEKTA ITyTeM CPAaBHEHMS U3ME-
PEHHBIX 3HAYEHUI KOMIIOHEHT MOJISI C BBIYMCIIEHHBI-
MU TSI TIPEAIoaraeMbIX KOOPIUHAT ¢ YTOUYHEHUEM
MOCJECIHMUX UTEPALIMOHHOM TIPOLIEAYPOM.

Tpekep (OT aHIIMIACKOrO tracker) yCTpOMCTBO IMO-
3UITMOHUPOBAHNS, TIPEACTABIIAIONIEe COOOM TTPEII3H-
OHHYIO U3MEPUTETbHO-BbIUUCIUTEIbHYIO CUCTEMY pe-

U PaGoma evinoanena 6 pamkax unuyuamuernoeo npoekma “MAHU-
TEX” (Maenumnvie Hncmpymenmanvnvie Texnonoeuu).

JTBHOTO BPEeMEHHU, CITYXKAIIYIO 151 HAXOXKICHUS 1IIeCTH
KOOPIWHAT TTOIBIKHOTO 00BEKTa — TPEX JTMHEHHBIX 1
Tpex yrioB Ditnepa. ClioxXHasi 1 HAyKoeMKasi TeXHO-
JIOTMsI MarHUTHOTO TMO3WMIIMOHUPOBAHMSI BO3HMKIIA B
CIIIA [1—4] Bo BTOpOIi MOJIOBUHE MPOILILJIOTO BeEKa.
B Poccum MarHUTHEIE TpeKephl He TIPOU3BOISATCS.

OcHOBBI 3apy0exKHOTO IMOAX0JAa U XOI peajin3a-
LMK OTEYECTBEHHOTO MPOEKTAa MO CO3JAHUIO TEXHO-
JIOTMM MarHUTHOTO ITO3MLUMOHUPOBAaHUA OIUCAHBI B
paborax [5—16]. OpurnHanbHBI METOI PabOTHI HaJ
MPOEKTOM MpeaioxeH B ctatbe [17]. I1epBblit pe3yiib-
TaT Mo aKTUBHOMY MarHUTHOMY MO3UILIMOHUPOBAHUIO
B OTE€YECTBEHHON MpakTHMKe ObLI MpeacTaBieH B pa-
oore [13], roe paccmoTpeHa 6a3oBasi KOHMOUTypauus
MarHMTHOTO TpeKepa, UCIOJIb3yeMasl B JajbHENIIIEeM.

B Hacrosieit paboTe omucaHbl pe3yabTaThl Q-
3MYECKOro 3allycka MEpPBOro OTEYECTBEHHOTO Mar-
HUTHOTO Tpekepa IJsl 3aJayd lieJieyKa3aHusl, KOTO-
pbIii peaqusyeT HOBBII CITOCOO MarHUTHOTO MO3ULIM-
OHMPOBAHUS, TIPEIIOKEHHBI aBTOPOM.
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M3BECTHbIE METO[bI
MATHATHOIoO NO3MUMOHNPOBAHUA

Jo HacTosero BpeMEHM ObUIM M3BECTHBI IBa
crocob6a MarHUTHOTO MO3UIIMOHUpOoBaHUS: AC-M03U-
muoHupoBaHue (alternating current) [1, 2], u DC-mo-
3uLmonupoBaHue (direct current) [3, 4], oTiuyaro-
III1eCsl XapaKTepOM T'eHEepHUPYyeMOI'0 MAarHUTHOTO TOJIS.
AC-MeToa MOCTPOEH HAa OJHOBPEMEHHOM U HeIlpe-
PBIBHOM TF€HEPUPOBAHUM TPEX CUHYCOUAAIbHBIX MO-
JIell Ha pasHbIX yacTorax, DC-MeTon mpeamnosaraeT
TreHeprMpoBaHUE TOCIeA0BaTeIbHOCTU UMITYJIbCHBIX
nosieit pazHoit opueHTaumu. [locaeaHuit Mmetoa cBo-
0olleH OT AEMCTBUSI BUXPEBBIX TOKOB B OKpYXKalolleM
WHTEphepe, KOTOPHIE HABOAITCS CUHYCOUIAILHBIM T10-
JIeM ¥ OrPaHUYMBAIOT TOUHOCTb MO3UILIMOHUPOBAHUSI.

Ha puc. 1 nokazaHo u3MeHeHUE TOKOB, BO30YXK-
JAIoINX TPU OPTOTOHAJIbHBIE OOMOTKM TeHeparopa
HUMITYJIbCHOTO MAarHUTHOTO noJisl. BuaHa naysa, Korna
Bce oOMOTKM oOecToyeHnbl. Ilay3za HeoOxomuma aJisd
U3MEPEHUs] MPOEKLMI MAarHUTHOTO ToJjs 3eMIu Ha
TTOJABIKHBIN TIPUEMHUK, KOTOPOE BEKTOPHO CKJIAIbI-
BaeTCsl ¢ TeHepUpPyeMbIM paboyuM ToJieM, U Toce-
Iylolei KoMOeHcauuu ero BiausiHus. [ToaBUXKHBIN
MPUEMHUK COIEPXKUT, KaK MpaBujIo, TPU OPTOTOHAIb-
HBIX M3MEPUTESS MHIAYKIIMM MAarHUTHOTO TOJIsI, KO-
TOpPBIE BBHITOJHSIOT U3MEPEHMS Ha BEPIIMHE KaXI0Tro
HUMITyJIbCa U BO BpeMsl Tlay3bl TOKOB. Takum 00pa3om,
3a Mepuoj paboThl CUCTEMbI HabupaeTcsa 12 usMepe-
HU, KOTOpbIE TOCTYIAIOT B BBIYUCIUTEINb ST OIl-
peneneHrs KOOPAMHAT MOIBIDKHOTO TPUEeMHMKA 3a
crielMajgbHO MpeaycMoTpeHHoe BpeMs. Cuctema pa-
0OTaeT B AMCKPETHO-MEPUOANUYECKOM PEXMME C (PUK-
CHUPOBAaHHOI YaCTOTOI 3aMEHbI BBIXOJHBIX JAHHBIX.

Ha puc. 2 npuBeneHa o61ast st BCeX METOAOB
CXeéMa MarHUTHOTO TpeKepa. AKTMBHAs CUCTeMa Mar-
HUTHOIO MO3UIIMOHUPOBAHUS BKJIIOYAET (UKCUPO-
BaHHBIN reHeparop MarHuTHoro mnojs I (I'MII) u
noaBukHbI ipueMHUK 2 (YUII) 3akpernieHHbIN Ha

.y
X

A Tok
[xl 1x2

zl

, \ [MTay3a /_

H3mepeHust

Boruucnenus Bpems

Puc. 1. Tokm, neiicTByomme B O0DOMOTKaX TreHepaTopa moJis
DC-meTona
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Puc. 2. CocraB cOBpeMEHHOTO MATHUTHOTO TpeKepa

noaBIKHOM o0bekTe. ' MIT ciyXuT 111 reHepupoBa-
HUS MATHUTHOTO TIOJISI C U3BECTHBIM ITPOCTPAHCTBEH-
HBIM pacIpefeieHUEM B 30HE TIepeMEILeHUST TOIBIK-
Horo oobekTa. YUIT MuHUMaNbHOrO Beca U o0bema
yCTaHaBJIMBAETCS Ha MOABMXXHOM 00beKTe. KoHTpOII-
Jnep 3 ympasiseT (hOpMOM, aMIUIUTYAOMA M 4aCTOTOM
cliefloBaHUSI UMITYJILCOB ToKa uepe3 ooMoTku I'MII.
HMutepeiic 4 npenHazHauyeH AJ1s1 BBOJA aHAJIOTOBO
nHGOPMAIUM B BBIYMCIUTENb U BbIIAYM LU(PPOBHIX
VIpaBISIOLIMX CUTHAIOB. Bbhluucnutenb 5 peinaer
TpU MaTeMaTUYeCKUe 3aJ1a4u MO3ULIMOHUPOBAHUS —
U3MEepeHHe, YIpaBiIeHNe, BEIUUCICHUE KOOPAMHAT.

Haxoxnenue KOOpAHWHAT ITOABMUKHOIO 00BeKTa

MPOMU3BOIUTCS MyTEM PEIEeHUs B pealbHOM BpeMe-

HU CJICAYIOLIET0 UTEPALMOHHOTO ypaBHeHMs: xK =

k=1 4 step - grad(F), tae x¥ — Texymmit BekTop
koopauHat; x¥—! — BexTop KOOpAMHAT, AeHCTBOBAB-
LXK Ha IpeablaylleM liare (HadyaJlbHOe IPUOIMKe-
HUeE); step — 1Iar UTepallMoOHHOro IMpollecca, Oornpe-
JEJISIIOIIMIA CKOPOCTh CXOXKAEHWSI ONITUMU3ALUOHHO-
ro npouecca; grad(F) — rpagueHT LejieBo (YHKLIUU
n
F, mopnexatueit MUHUMU3ALNK, F= " (B, — Bci)z;
i=1
B,; — HE3aBUCUMBIE NU3MEPEHUS TEHEPUPYEMOTO Mar-
HUTHOTO NoJid; B,,; — pacueTHbIE 3HAYEHUS MarHUT-

HBIX TOJIEN, COOTBETCTBYIOIIME CAEJIaHHBIM He3a-
BUCHUMBIM HU3MEPEHUSIM; # — YHUCIO HE3aBUCUMBIX
W3MEpPEHU I, MCTIOJNb3YyeMBIX B CHUCTeME TMO3UIIMOHU-
pOBaHMUSI.

=X

HOBbIA METOQ MATHUTHOIO
NO3ULIMOHNPOBAHUA

B HacTosiiieM npoekTe peaan3oBaH HOBBIM, Tpe-
TUHX B MHUPE METOH, PEATU3YIOLIMI OTEUYECTBEHHYIO
KOHIIETIIMIO aKTUBHOTO MarHUTHOTO TTO3UIITMOHUPO-
BaHUS TTOJBVKHBIX 00OBEeKTOB [14].
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Puc. 3. Toku, aeiicTBylomue B OOMOTKAX TeHEpPATOpa MOJs IO
merony ADC-no3uuuoHnpoBaHus

B HOBOM crocobe MarHUTHOTO MO3UIMOHUPOBA-
HUsI OOMOTKM T'eHepaTopa MarHUTHOTO TOJIsI BO30YX-
JIAloTCsl 3HAKOIMEPEMEHHBIMM HMMITYJIbCAaMU TOKa C
TUIOCKMMMU BepllIMHAMM, KaK MoKa3aHo Ha puc. 2. Ilo
AQHAJIOTMU C ONMCAHHBIMU BbIlE 3apyOeXKHBIMU aHa-
JIoraMu HOBBI coco® MoXHO Ha3paTh “ADC-no-
3ULIMOHUPOBAHUE” OT aHrJauiickoro “alternating —
direct current”.

W3 rpadpmkoB TOKOB, IPUBEICHHBIX HA PUC. 3, BU-
HO, 4TO May3a TOKOB UCKJIIOUEHA, a KOMIIEHCAlMsI Mar-
HUTHOTO TT0JIsI 3eMJIM BO3MOXHA TTOCJIe KaxKIIOTo rmepe-
KJIIOUEHHSI OPUEHTALMU TEHEPUPYEMOTO MarHUTHOIO
MOJIsl, YTO B CPAaBHEHUM C 3apYOCKHBIMU aHAJIOraMu
CO3MaeT CIACOYIONINEe TEXHIISCKHUE TTPEUMYIIeCTBa:

— 0OoJiee BBICOKYIO MOMEX03allUIIEHHOCTh Mar-
HUTHBIX U3MEPEHUI K BHELIHUM IOJISIM BCJEACTBUE
Jy4Ieil KOMITEHCAIIUW BIMSIHUSI MEIIAIOIINX BO3-
JIEVICTBUIA;

—MEHBIIYI0 BEJIMYMHY AMHAMMUYECKON IOTpel-
HOCTH MO3ULIMOHUPOBAHMSI 32 CUeT 00JIee TOUHbIX pa3-
HOCTHBIX MAarHUTHBIX U3MEPEHUIA;

— boJree BBICOKYIO YaCTOTY CMEHBI BBIXOJTHOM MH-
¢dopmaium 6yarogapsi TOMy, UTO MaTeMaTHYeCcKasl 3a-
Jaya pelaeTcs Mocje KaKaoro nepekaioueHuss opu-
€HTallMY TeHEPUPYEeMOTO MarHUTHOTO TTIOJI;

— 0oJiee BBICOKYIO TOUHOCTb MTO3UIIMOHUPOBAHMS
B JAJILHEN 30HE I10 MPUYMHE YIBOCHUS PAa3HOCTHOM
aMIUTUTYIbl U3MEPSIEMOTO MOJIS.

PE3YJIbTATbI PEANIU3ALWUN METOOA
ADC-NO3NLUMOHUPOBAHUA

Meton ADC-no3uiilMOHMPOBAaHUS peajlu30BaH B
BUZIe 00pa3la, pe3yabTaThl (PU3NIECKOTO 3aImycKa KO-
TOPOTO onucaHbl HXe. Ha puc. 4 mokaszaH BHELIHUN
BHUI M TabapuThl OCHOBHBIX KOMIIOHEHTOB CHCTEMBI
MO3ULIMOHUPOBAHUS, OCYIIECTBISIOLINX T€HEPUPO-
BaHME U M3MepeHHe padouyero MarHUTHOTO IOJIS.

I'MII, noka3aHHBI ciieBa, UMeeT KaOeIb TSI TTOMKITIO-
YeHUsI K KOHTPOJIJIepy IJINHOM He MeHee 6 M, YUII
(Ha puc. 3 crpaBa) HNOOKIIOYAETCS K CTALlMOHAPHOM
YacTU CHUCTEMbl MPU TOMOIIM CIeLMaIbHOTO Kabess
nmuHoi 6osee 10 M. YUII nmeeT KpenexHbie OTBepC-
THsI, TUTACTUKOBBI KOpmyc. JluaMeTp CUTHAJIbHOTO Ka-
6enst 4 MM. BeruncauTeslb 1 KOHTPOJUIEp He MOKa3aHbI.
I'MII co3naet BOKpyr ce0si UMITYJIbCHOE MarHuT-
Hoe noJie. Paboyeii 30HOI nepeMelleHUs] MOJABUXKHO-
ro oobekTa sBJsieTcs cepa paauycom 1 M ¢ LEHTPOM
Ha 'MII. YUII kpenurcsl Ha MOABMKHBI OOBEKT U
CBOOOIHO MepeMellaeTcs B mpeaeaax padoueii 30Hbl.
B xauecTBe BbIUMCIUTENSI B MaKeTe IPUMEHEH CTaH-
JApPTHBIA MEPCOHANBHBIA KOMIBIOTEP C TAKTOBOM Yac-
totoii 1 I'Tu. MuTepdeiic — moauduLimpoBaHHas
rtata BBoga/BeiBoga PCI-1716 ot “Advantech”.

Puc. 4. BHeKTpodmanecxue KOMIIOHEHTbl MArHMATHOr0O TpeKkepa
HANUIEMHOI0 NPUMEHECHUA

L, mm
200

iy hasan

150 + I .

100 —1 = -

50f=

b & 00000
+

0

_50 * A + h

—100 v

—150 * 1 rv:

—200

—150 —100 —50 0 50 100 150

A3uMyT, Tpan.

Puc. 5. DkcnepuMeHTA/IbHAS 3aBUCHMOCTDb JIMHEHHBIX KOOPIMHAT
YUII, BblumcasseMbIX TPEKEpOM B XOl€e MOBOPOTA HA 3aJaHHbIE
a3WMYTHI HA ONpENeIEHHOM pajamyce:

1 — ymaneHue; 2 — cMmellleHue; 3 — BBICOTA
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Puc. 6. DKcnepuMeHTAJbHAST 3aBHCHMOCTH YIJIOB OPHEHTALMH
YUII, BbuMclIseMbIX TPEKEepOM B XOJe NMOBOPOTA HA 3aJaHHbIE
a3MMYTbI HA ONpe/ieJIEHHOM paauyce:

1 — a3umyT; 2 — yron Mecta; 3 — KpeH

Ha pucyHkax 5 u 6 npuBeneHbI pe3yJibTaThl CTa-
TUYECKOTO MO3ULIMOHUPOBAHUS, TIOJyYEHHbIE B X0/
(pusnyeckoro 3KCMEepUMEHTATBLHOIO 3amycka Hay4d-
HOro MakeTa MarHMTHOTO TpeKepa Js liejeyKasa-
Hug. Ha Makete momenupyeTcs OBUXXKEHUE TOJIOBBI
orieparopa B peXXuMe Moucka 1eJii MyTeM U3MEHEHUS
HalpasJeHUs JUHUU BU3MpoBaHus. [Ipu namepeHn-
sIX cozaaBajioch Kpyrooe apuxenue YUII ¢ paguy-
coM noBopoTta 140 MM, YTO COOTBETCTBYET CpPEIHEMY
pasmepy uiemMa. [ToBOpoT OCylIeCTBISICA B a3uMy-
TaJIbHOM TJIOCKOCTU. YAaJIeHWe LIEHTpa MOBOPOTa OT
I'MII cocraBnsino 450 mMm. Ha rpagukax puc. 5 no
TOPU3OHTAJILHOM OCY — a3UMYT, 3a1aBAaCMbIil YyCTPOK-
CTBOM MakeTa, M0 BepTUKaJIbHOI OCU — BbIYUCIISIEMbIE
JIMHEMHbIE KOOPAMHATHI L, Ha puc. 6 10 TOPU30HTAJIb-
HOW OCH — a3UMYyT, 33J1aBACMbIA YCTPONCTBOM MaKe-
Ta, MO BEPTUKAIBHOW OCH — BBIUYUCISIEMbBIE YIJIbI
OpUEHTALIUU .

OBNACTU NPUMEHEHUA

s ompeneneHHOCTH, Tociie 3amycka 6a30Boit
cucteMsbl [13], paboTHI IO MPOEKTY (POKYCUPOBAIINCH
Ha HalJIEeMHOM IieJieyKa3aHuU, KOTopoe TpedyeT
MO3ULIMOHUPOBAHUS HAITpaBJIeHUS TUHUU BU3UPOBA-
HUSI Ha BMU3yaJlbHO BBIOpaHHYIO 1iejb. Takas 3agada
CTOUT B CUCTEMAaX JOMOJHEHHON U BUPTYaJIbHOU pe-
aJIbHOCTU, HEKOTOPBIX TPEHaXepaxX, KOMIbIOTEPHBIX
urpax u ap. Iloa memMoM B maHHOW pabore Oyaem
MOHUMATh J1000€ YCTPOUCTBO, MO3BOJISIIOLIEE XKECTKO
KpenuThb MOABUXKHBIN TMPUEMHUK TpeKepa Ha TrojioBe
orieparopa, He Hapyiliasi CBoOOIy MOBOpOTa U Tepe-
MELIEHUS.

N3BectHa 3apyOexxHas TpakTUKa MPUMEHEHUS
MarHMTHOTO TpeKkepa B peadUJIUTUPYIOLIUX Meau-
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LIMHCKMX TexHonorusax [11, 12], xorma Hampumep,
MalueHTaM, TMEePEeHECIIMM WMHCYJbT, MNpeaiaraeTcs
TPEHUPOBATh JABUTAaTEIbHYIO aKTUBHOCTb IYTEM OT-
CIIEXXVBAHUS TIPEIMETOB, NBVXYLIUXCS IO 3KPaHy
crneluaabHOro MoHUTOpa. Ha puc. 7 npuBeaeHa KOH-
¢urypanus YUII Ha cnielmaibHBIX OUYKax, MpeaHa-
3HAUEHHBIX JJIs1 pacCMaTpUBaHUSI 9KpaHa MOHUTOpA.
YCTpoiicTBO 0O/IeBAETCSl HA TOJIOBY MAallMEHTa, KOTO-
pblii TIOBOPOTOM T'OJIOBBI BEIOMpAET Ha 3KpaHEe MEHsI -
olecs: n3oopaxeHus: npeameToB. MHbopmanus ¢
TpeKkepa MCIOJb3yeTcs ISl yIpaBJleHUs JBUXKEHUEM
00BEKTOB, CUHTE3UPYEMbIX Ha 9KpaHe.

s HaBeAeHUs Ha OoJiee yaaJeHHYIO Lieb HeoO0-
xoauMa xectkas cBsi3b YUII ¢ HampaBiieHreEM B3IJIsI-
Ila omrepaTopa. B kadecTBe 1IIeMa B 3TOM CJIy4yae MO-
JKeT BBICTYNaTh KOH(MUTypalusi, MoKa3aHHas, Ha-
npuMmep, Ha puc. 8. XKecTkuit TojloBHOI yOOp THIIA
“OericOonKn” oOecreuynBaeT COOTBETCTBHE OCU KO-
3bIPbKa U HAIIPABJICHUSI IIPSIMOTO B3TJIsIIa — HE XyXKe
~1—2° B KOHyce ¢ yriaoM packpbiBa go 60°. Takoi
KECTKOCTH JOCTAaTOUHO JIJIsl peaIn3allii YIIPaBICHUS

Puc. 7. YcTpoiicTBO AJisi BHIOOPA W NMO3MIMOHHPOBAHUS 00HEKTOB
HA CTOJIe WM HA SKPaHe

Puc. 8. I'onoBnoii yoop ¢ makerom YUII Ha rosnose oneparopa




B3IJISIIOM TI0 3apaHee OoIpenefieHHbIM IieisMm. Ha-
MpuMep, HaBeleHUe MPSIMOTO B3IJIsAIa onepaTopa Ha
pasyIMuyHbIe OBITOBBIE TPUOOPHI B IIpeneax KBapTUPhI
MO3BOJISIET BKJIIOYATh M BBIKJIIOYATh MX MyTeM yaep-
JKaHUS B3MJIsia B TeYEHUE YCTAHOBJIEHHOTO BPEMEHH.
ITpeaBapuTesibHO BCe MHTEPECYIOIME BHEIIIHUE TTPU-
0opbl “nIpuBs3bIBaIOTCA” K cucteMe KoopauHat ' MII.
VipapiieHre BHELIHUMU IIpUOOpaMuy OCYILIECTBIISICT-
csl yepe3 HU(POBBIE BLIXOIBI, UMEIOLIUECS B CUCTEME
U YIpaBJisieMble MPOrpaMMOil MpU TONMaJaHUU BbI-
YUCISIEMbIX KOOPAMHAT JTMHUM BU3UPOBAHMS HA IISIT-
HO, COOTBETCTBYIOIIeE 3aJaHHOMY Mpuoopy. Ouku,
rnokKa3zaHHble Ha ¢dortorpaduu, MOAETUPYIOT KOJIMU-
MaTOpHbIN Npulien. PazpaboTaHHbIA HAyYHBIA MaKeT
MOATBEPAMJI BO3MOXKHOCTb TaKOTO MCIOJb30BaHMS
CHUCTEeMbI MTO3ULIMOHMPOBaHUs. TOUHOCTh HaBEAEHUSI
Ha LIeJab — He XyxXe +2°. BpeMs1 BKIIoOUeHUsI — eIu-
HULBI MUWIIMCEKYHI. C TOMOIIBIO JAEUCTBYIOLIETO
MakeTa BO3MOXHO YNpaBisiTh A0 ~10 nmpubopamu npu
TTOMOIIM Pa30BbIX KOMaH]I.

H1st cucteM BUPTYaJdbHOW W JOTOJHEHHON pe-
aJIbHOCTU TpebyeTcsl o0beAMHEHUE pa3padOoTaHHOIO
Tpekepa ¢ cUcTeMol Buayanusauuu. MccienoBaHus
nokKaszajy BO3MOXHOCTh yaaneHus YMWII nHa pouny
Kabenst 1o 10 M, 4TO TOCTATOUHO JIs1 BKIIIOUEHUS TPe-
Kepa B COCTaB OOJbIIOIO Yucja TpeHaxepoB. Janb-
HOCTh (DYyHKIIMIOHUPOBAHUSI TPeKepa B 3TOM pexXuMe
yBeJIMUMBAETCS 10 3 M.

3ajgava 1eseykaszaHus TMOSIBJISIETCS TakxKe Ipu
ckaHupoBaHuM 3D-moBepXHOCTEH, HampUMep B ap-
XEO0JIOTMH, pecTaBpallMOHHBIX paboTax. Ha puc. 9 mo-
KazaH 3Mnu301 CHATUS mpoduis 3D-nmoBepXHOCTH.
30HI B pyKe, XXecTKo cBsizaHHbIN ¢ YUII, npukaca-
€TCsl K TIOBEPXHOCTU B TpeOyeMoli TOUKe WU TMociie-
JIOBaTeJIbHOCTU ToUueK. B 3TOM pexxume Tpekep Bblaa-
€T JIMHEWHbIE KOOPAMHATBI TOUKW COMPUKOCHOBEHUS
KOHIIA 30H/a C UCCAEAYEMOUM MOBEPXHOCTHIO, 110 KO-
TOPBIM CTPOUTCST MPOGUIb UCCICTOBAHHON MOBEPX-
HocTu. JInnMHa 30HAAa OrpaHUYeHa JUIb Tpedyemol
TOYHOCTBIO JIMHEHOTO MO3ULIMOHUPOBaHUS (HE Xy-
ke 0,5 MM mo Kaxnoil KoopauHare). Mcnonb3oBa-
HY€ METOJIOB aHAJTUTUYECKON T€OMETPUU B PEAUTHHOM
BPEMEHU MO3BOJIMJIO UCKJIOUUThH BJIUSIHUE OPUEHTA-
1IMA 30HJIa HA TOYHOCTb JIMHEHHOTO CKaHWPOBAHMUS
3D-noBepxHocT. BO3MOXHO CKaHMpOBaHUE 4epe3
HeIpo3pavyHble MPerpajabl Ui B HEAOCTYITHBIX MECTaXx.

s mpuMeHeHus1 Tpekepa Ha OOpTy TpaHCHOPT-
HBIX CPEACTB HEOOXOIMMA €ro ajanTtaius K UHTePb-
epy KabuHbl. [lepBble pe3yabTaThl TaKON aganTaluu
MOKa3bIBAIOT YAOBJIETBOPUTEIbHYIO PA0OTy CUCTEMBbI
MO3ULIMOHUPOBAHUsI, HalpuMep, Ha OOPTYy aBTOMO-
ouns. Tpekep BHIUMCIISIET HANPaBIeHUE JIMHUU BU3U-
poOBaHUs omnepaTropa Ha BHELIHIOO 1I€b, BbIUMCIISIE-
MYIO B CUCTEME KOOPAMHAT TPAHCIIOPTHOIO CPEACTBA.
Pemarorcst 3agaum KOHTPOJIS 3achillaHUs BOAUTENS,
JIMHEWHOTO yrnpaBieHne 000pyI0BaHUEM TPAHCIIOPT-
HOTO CpeACTBa U 1p.

Puc. 9. dururaiizep 3D-noBepxnoctn, YUII Ha ynimnurene, Ha
KOHIIe KOTOPOr0 TOHKHMil LIy KACAeTcsl MOBEPXHOCTH CKAHHMpYe-
Moro uszenns B Tpedyemoii Touke, 'MII ne mokasan

IIpoBoananch Takke HaYaJlbHBIE pa0OTHI MO AAJTh-
HeMY TTO3UIMOHUPOBAHMIO TP HATIPABIIEHHOM Oype-
HUU [16], KOTOpBIe MOATBEPAIIM BO3MOXHOCTH Ka-
YECTBEHHOT'O YBEIMYEHUS JTaTbHOCTU JAEHCTBUS Mar-
HUTHOTO TpeKepa. JlalbHOCTh ITO3UIIMOHUPOBAHUS
oneHuBaeTcsa He xyxe 100 M rpu BpeMeHU HaKoIlIe-
Hus nHdopmauuu go 100 c.

OBCYXAOEHUE PE3YJIbTATOB

IlonyyeHHBIe pe3ysibTaThl MOKA3bIBAIOT YCTONYM-
Boe (DYHKIMOHUPOBAHUE TpeKepa B MOJHOM Iuaria-
30HE a3MMYyTaJbHBIX HanpasieHuii. Habmonaemas Ha
JTAHHOM 3TaIre HETOUHOCTh BBIYMCIISIEMBIX KOOPAMHAT
3aBMCHUT OT KauyeCcTBa HayaJbHON KaJIMOPOBKYU CUCTE-
Mbl ¥ YCTAHOBKM BJIEMEHTOB CTeHAA. MepomnpusiTust
10 JOCTIDKEHUIO BBICOKOW TOYHOCTH TO3UIIMOHUPO-
BaHMSI OTIPEACNISIOTCS B K&XKIOM KOHKPETHOM CJiydyae
3amayeil Mosib30oBaTeNsl, T. €. JAMana3oHaMu YIJIOB,
YHCJIOM BBIYMCIISIEMBIX KOOPAMHAT, pa3MepaMM 30HbI
JIMHEWHOTO TMepeMelleHUsI U OKPYKaloIIUM UHTEPb-
epoM. PazpaboTaHHbIE METOABI MHAUBUIYAJTbHOM Ka-
JIMOPOBKY U OIIBIT pabOTHI C AECUCTBYIOIINM 000pYyI0-
BaHMEM MAarHUTHOTO MO3ULIMOHMPOBAHUS TOKa3aau
000CHOBAaHHOCTb IOCTMXKEHUSI TOYHOCTU IO3ULIMO-
HUPOBAHMS HE XyXe IeCATBIX HOJICH Trpamyca W eIu-
HULl MAJIMMeTpoB. CoOCTBEHHAsl TeXHOJIOrHYecKast
MOrPeIIHOCTh, AOCTUTaeMasi 0e3 WHIWBUAYyaJIbHOM
KaauOpOBKU, OLIEHUBAETCSl BEJUUYMHOU B €IMHMLBI
rpamycoB. JluHaMuyeckue CBOMCTBA pa3pabOTaHHOTO
TpeKepa MOMYyCKaloT ABMKEHME IIJIeMa C YIJIOBOM
ckopocTthio 1o 100 rpam. B ceKyHAY.

PazpaboTaHHbIll TpeKep MO3BOJSIET paccMaTpu-
BaTb MHOTOUYMCJIEHHbIE HaIpaBJIeHUSI TIPUMEHEHMUS,
WU3BECTHbIE U3 JUTEPATYpPhI:

— MEIULIMHCKHE PeadIMTUPYIOIINE TEXHOJIOTUN
[11, 12];

— JMIMCKPETHOE yIpaBJieHWE B3IJISI0M M0 3apaHee
onpeneaeHHbIM Lieasm [10, 117;
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— CHUCTEMBbI JOIOJHEHHOM U BUPTYaJIbHOM peajlb-
HocTu [12];

— TpaHCHOPTHHIE CpeacTBa U TpeHaxepsl [10];

— CKaHMpPOBaHUE CKPHITHIX MOBepxHoOcTel [9—12];

— JajbHee MO3ULIMOHUPOBAHUE B CTPOUTEILCTBE
[11, 16].

K HacToseMy BpeMeHU:

— TIpoOBelleHa KOHCTPYKTHMBHASI U CXEMOTEXHM-
yeckash ONTMMM3allMsl almnapaTHOW 4YacTu TpeKepa,
HarpaBjeHHas Ha MMHUMM3ALUIO CIAyYalHbIX I1OT-
pelLIHOCTeN MO3ULMOHUPOBAHUSI;

— TIOBBILIEHA TeEMIepaTypHasi CTabUIbLHOCTh pa-
OOTBI BJIEMEHTOB CUCTEMbI O3ULIMOHUPOBAHUSI;

— YMEHBIIIEHBI Macca U rabapuThl 3JeKTPOPU3U-
YeCKMX 3JIEMEHTOB CUCTEMBI;

— J0paboTaHO IPOrpaMMHO-MaTeMaTUYeCcKoe
obecreyeHre NpoeKTa Jjisl JOCTUKEHUS YCTOHUMBOTO
MO3ULIMOHUPOBAHMUS;

— pasBuTa KaauOpoBouyHas 0a3a, MO3BOJISIOLIAS
MUHMMU3MPOBATh CUCTEMATUUECKUE OIIMOKU MO3M-
LIMOHUPOBAHUSI.

OcHOBHbIe TeEXHUYECKUe XapaKTepucTtuku
MarHMTHOro Tpekepa Ans HawmeMHoOro npuMeHeHus

JanbHOCTh (PYHKIIMOHUPOBAHMS, M, He MeHee . . |

AMIuiuTyna padouero IoJjisi B padoueii 3oHe . . . . HempeBblaet
MarHuTHOTO
nosist 3emau

Jnana3oH ymioB GyHKIIMOHUPOBAHUSI, TPAI:

IO A3UMYTY . « o v v oe v e e e e e e e et e e e +180°
O KPEHY &+ o o v vt e e et e e e e e e +180°
TTO YIIIY MECTA. « « o v v v v e e e e e e e e e +90°
CKO BbIUHCIISIEMBIX JIMHEHHBIX KoopauHat, MM . 0,5 Ha 100 u3-
MEpEHUt
CKO BbIUMC/ISIEMBIX YIJIOB OpueHTaluu, rpag . . 0,2 Ha 100 us-
MEpPEHUI
YacToTa cMeHBI BBIXOIHBIX JaHHBIX, [11. . ... .. 25; 50; 100
Tabaputel, MM:
reHepaTopa MarHUTHOTO TOJST . . . . . ... ... 100 x 100 x 100
MOIBMKHOTO TIPUEMHHUKA . . . . . o oot 26 X 36 x 50
[MoTrpebisiemass MOLTHOCTH (KpOMe KOMITbIOTEpPA),
Br .. 100

BBIXOOHBIMU TTapaMeTpaMM CHUCTEMBI SIBJISIOTCS
6 xoopmuHat YMUII B cucreme koopamHat 'MII n
10 umdposix TTJI-curHaaoB, COOTBETCTBYIOLIMX MO-
nagaHupo JuHum BusupoBaHus YMII Ha 3amaHHOe
“nsATHO” BHIOpAHHON LIEU.

HayuHble pesynbTaTbl pa3pabOTKu, MOJIyYEeHHBIE
Ha JaHHOM 3Tare, COCTOSIT B BepubUKALIMU CIEeaYI0-
1IKMX 0a30BbIX PEIIeHUIA, TOJTYYeHHBIX B X0/ BbIIOJI-
HeHUs1 paboThI:

— Hay4YHO 00OCHOBaHbI KPUTEPUU MTPOEKTUPOBA-
HUS MarHUTHON CUCTEMBI MO3UIIMOHMPOBAHUS IS
LieJIeyKa3aHusl;

— TIOJIyYeHbl aJrOpuUTMbl U 0a30BOE MpPOrpam-
MHO-MaTeMaThueckoe obecrieueHue, aaroliee ycTou-
YUMBO€ M OAHO3HAYHOE peuleHMe 3a1ay MO3ULIMOHU-
pOBaHUS B peaiIbHOM BpPEMEHHU;

— omnpeeaeHbl METObI KAIMOPOBKY U afarTaluu
MAarHUTHOTO TpeKepa K OKPYXKalolleMy UHTepPhEpY.
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B pesynbTaTe AOCTUTHYTa MpejaesbHas YyBCTBU-
TEJIbHOCTb MarHUTHbIX u3MepeHuit (<1 mI'c 3a 2 Mmc)
npu HesnmHeliHocTh <0,3 % B AMHAMUYECKOM JMaria-
30oHe He MeHee 60 1b Ha reHepaTopax XoJsuia U cTaH-
JapTHOU aJjieMeHTHOI Oa3e. BmepBhie ycTaHOBJIEHa
CBSI3b MEXJIY TOYHOCThIO MO3ULIMOHUPOBAHUS U TOY-
HOCTbIO MHAMBUIYAIbHOU KaTUOPOBKU CUCTEMBI.

3AKNIOYEHUE

Peiena BaxkHasi HaydHO-TeXHUUYECKasl 3aja4a Co-
3MaHUSI OTEYECTBEHHOI TEXHOJIOTUM MAarHUTHOTO IO~
3ULIMOHUPOBAHMS ISl liesieykazaHusl. PaspaboraH
MHEPBBI OTEYECTBEHHbBIMA IIPOTOTUII MAarHUTHOIO Tpe-
kepa. ITonyyeH HayYHbIN pe3yabTat, MPOJOIKAIOLINIA
LIMKJI HAyYHO-UCCJIEA0BATEIbLCKUX pabOT, BHIMOIHS -
€MbIX aBTOPOM B 00JIaCTU MAarHMTHOTO MO3UILIMOHU-
poBaHus. [TonydeHHOE 6a30BO€ pEllIEHUE MTOJIOXEHO
B OCHOBY CO3JaHMsI OIIBITHOTO oOpasla CUCTEMBbI
MarHuTHOTO TO3WLIMOHUPOBAHUA ISl lieJieyKas3a-
Hus. OnucaHHbIE Pe3yJbTaThl SIBJSIOTCS JOCTAaTOY-
HBIMU JUISI Hayajla KOMMepLMaInu3aluy MpoeKTa.

B nocnenyonux paborax BHUMaHue OyaeT cdo-
KyCUMPOBaHO Ha CJIEAYIOIIMX BOMpPOCcax:

e KOMITOHOBKA 3JIEMEHTOB CUCTEMBI B IPUMEHEHUU
K 3alllMTHOMY lIJIEMY OIleparopa, NMpuoOpeTeHne
OIbITa MO3ULIMOHUPOBAHUS JIMHUW BU3UPOBAHUS;

e JIOCTUXXEHUE MpenebHONH TOUHOCTU MO3ULIMOHU -
pOBaHMS B peXXUME LieJeyKa3aHUs;

e o0OecreyeHHWE OBYX3aJa4YHOrO pexXumMa pabOThI
Tpekepa Ha OTHOM BbIUYMCIUTENE 1151 pabOTHI COB-
MECTHO C 3aJlayeil MoJib30BaTeNs;

e JKCIEPUMEHTAJbHOE MOATBEPXKIECHNE BO3MOX-
HOCTH CO3[aHUs TJI00aTbHOU CUCTEMbI MO3ULIMO-
HUPOBaHUS B 3aKPHITHIX IToMelleHusx [15];

e JlajibHEl1IEe MOBBILLIEHWE YyBCTBUTEILHOCTH Mar-
HUTHBIX U3MEPEHUI Ha NPYruX TUIIAX MEPBUY-
HBIX IIpeoOpa3oBaTesieil Ipu 3adaHHBIX radapu-
tax YUII;

e TIOBBILLIEHKWE JAJTbHOCTU MO3ULIMOHUPOBAHMS IS
MPUMEHEHHUS] B CTPOUTEBCTBE;

e Hayajgo KoMMepluralu3alu IpoeKTa BO BceX 00-
JIACTSIX MIPUMEHEHUS.

ITpencraBneHue paboOThl HA MEXIYHAPOIHOM KOH-
depeHIUM MO cMmelnaHHo# peanmbHOCcTH: ISMAR —
International Symposium on Mixed and Augmented
Reality [18].

Pa3zpaboTtaHHast oTe4yeCTBEHHAsI TEXHOJIOTHUSI Mar-
HUTHOTO TO3UILIMOHUPOBAHUS MOJABUKHBIX OOBEKTOB
KpOMe TeXHUYECKUX OCOOEHHOCTEN, YKa3aHHbIX Bbl-
e, UMEEeT Takxke M KOMMEpUYEeCKHe TperMylliecTBa
nepen 3apyoexXHbIMU aHAJIOTaMM, TaKMMU Kak OoJjiee
HU3Kas 1IeHa, OTEYECTBEHHbI CEepPBUC, PYCCKOSI3bIU-
HBII MHTepdeiic, TOCTYITHOCTh NEPBUYHBIX KOJOB.

)y

Asmop svipancaem 6aaeodaprocms 340 “Tpanzac’
3a noddepiicanue HeazpeccusHol cpedvl, KOMOpPAas cno-
cobcmeosana npodeuicenuro pabomol. Bwipaxcaemcs
enybokas npusnameavocmov Hamanve [loaskoeoll 3a
nod0depicKy npoeKkma Ha 3aeepuiarouem smane.
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I K cogepxaHuto I

rPAOVMEHTHOE MATHUTHOE NMONE ANA YNPABNEHUA
MArHUTHbIMU MUKPO- U HAHOITPAHYJIAMU B BA3KOWU CPEAE

B. B. Ameanues, T. H. I'epacumenko, I1. A. IToaskos, C. 1. Kacarkun

I'[pencmm]er{bl PE3YALTATEI TEOPETHUECKOTO aHaIM3a YNpaBleHWA IBHACHHEM MarHHTHBIX MUKPO- H HAHOIPAHYII B Tpa-
JWEeHTHOM MarHHUTHOM [OJle B BA3KOIl cpene. JlanHag 3amava MMeeT BaKHOE MpakTHYeCKOe 3HaueHue W1 pa3paboTKH

MATrHUTOPE3UCTHBHOTO BHoceHcopa.

Karoueanie crosa: maenumnas MUKPO- U HAHOZPAHYAQ, MA2HUMOpesucmueHslil Guocencop, apaaueum.'me MacHUMHKHOE noje.

BEBEOEHUE

B HacTostiiee BpeMs 00/blLION HHTEPEC BbI3bIBAET
UCIOJIb30BAHUE MAarHUTHBIX MMKpPO- M HAHOTPaHYJ
(HT') B pa3nuuHbIX 061acTIX MEAULIMHBL, OMODU3UKH
U xumuu [1]. D10 HampapieHUE HAYKU U TEXHUKM
MPUBEJIO K CO3aHUI0 OTHOCUTEBHO HOBOTO pa3sjesia
ruapoaMHaMuKu — depporuapoauHaMuku [2, 3].
OmHoit M3 BaXHBIX MPAKTUYECKUX 3anay siBIsIETCS
yrnpasieHue nopeaeHuem takux HI. OnHo u3 peue-
HMIl 3TOI 3aja4uM — MCIOJIb30BaHUE IPATUEHTHOTO
MArHUTHOIO MOJIsI, KOTOpoe co3jaercs JIMbo nocro-
AHHBIMHW TOKaMH, HHGO MArHMTaMH.

OnHUM M3 BaXXHBIX TMPHJIOXKEHWI SIBJISIIOTCS Mar-
HUTOpe3ucTuBHbe (MP) OGuoceHCOpPBI, B KOTOPBIX
MPOMU3BONUTCS yripaBaeHue ocaxneHuem HI' ¢ aHTuH-
reHaMd Ha TOMJIOXKY, TOKPBITYIO aHTUTEJlaMH, B
XKUAKOM pacTBope [4]. BBHAY MMKPOCKOMMYECKUX
pa3MepoB BCEil CMCTEMBbI, MPOLIECC OCAXKIEHUS MUK-
pOTpaHyJl MOXET 3aHMMaTh J0CTATOYHO UTUTEIbHOE
BpeMsi, 32 KOTOpoe (hU3MUeCKHe TapaMeTpbl pacTBopa
MOTYT U3MEHHUTBCS (HANpUMMEp, YacTb XUAKOCTH UC-
napurtecst). B cBg31 ¢ 3TUM BO3HMKAaeT rnpobiaema yc-
KopeHusi mpouecca ocaxaeHuss HI'. Januas pabora
MOCBSI1LIEHA TEOPETHUECKOMY MCCIIE0BAHUIO BO3ZMOX-
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