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(57) Hacrosimee u300peTeHHEe OTHOCHTCS K aBTO-
HOMHOW MarHUTHOH o0cepBaTOpHH, KOTOpas coiep-
KHUT CKaJISIPHBII MarHUTOMETP IJIS1 M3MEPEHHS MOy~
7151 BeKTopa F HanpspkeHHOCTH JTIOKaIIbHOTO MarHATHO-
TO TIOJIS, YIJIOBOM MarHUTOMETp IJIsl M3MEPEHHs Ha-
MIPaBJICHHS] BEPTHKAJIH, HAIIPaBJIECHUs reorpadudecko-
TO ceBepa M HalpaBlIeHNs BekTopa F HanpspkeHHOCTH
JIOKQJIbHOT'O MarHUTHOTO TOJISI, BAPHOMETP ISl M3Me-
peHust Tpex Bapuauuil B BekTtope F HampskeHHOCTH
JIOKQJIFHOTO MarHUTHOTO TIOJIS, Yachl M KOHTPOJUIEP.
B Ttakoii oOcepBaTopur pEryIATOP BBHITOIHEH C BO3-
MOKHOCTBIO YIPABICHUSI M OCYIIECTBICHHS KOHTPO-
JIs HaJ] OPHEHTALMEH JaTINKOB, IS IOy ICHUS H3Me-
peHuil BaproMeTpa, CKalsIpHOTO MarHUTOMETPA, yTJIo-
BOTO MarHUTOMETpPa M BapHOMETpa M Il 00paboTKH
MOTyYEHHBIX N3MEPEHUH 111 aBTOMaTHIECKOTO OIpe-
JieneHus BekTopa F HanpspKeHHOCTH JIOKaIbHOTO Mar-
HHUTHOTO TIOJISI ¥ TIOTPELIHOCTEH B M3MEPEHUSIX, CBS-
3aHHBIX C K&JKABIM CPEICTBOM M3MEPEHHS.

100

MA 710 720 720 My 710 <Ms 201 702

F ()

IV  9L1T6810C



10

15

20

25

WO 2017/190951 1 PCT/EP2017/059196

CAMOKAJIMBPYIOIIASACA ABTOHOMHASA MATHUTHASA
OBCEPBATOPHUS

0O0/12¢Th TEXHUKHU

[0001] CorinacHO TepBOMY AacHEKTy, HACTOSIIEE HW300PETEHHE OTHOCHTCA K
MArHHUTHBIM 00CEPBATOPHAM (JIOKAJTBHOTO F€OMArHUTHOTO TOJIS1) M, B YaCTHOCTH, K

ABTOHOMHBIM MAIrHUTHBIM O6C€pBaTOpI/I$IM.

[0002] CornacHO BTOPOMY acleKTy, HAcTosmee H300pETeHHWE OTHOCHTCS K
ABTOMAaTU4YECKOMY M  CaMOKAaTHOPYIOIIEMYCA CIOCOOYy TONMY4YeHHA  BEKTOpa

HANPSHKEHHOCTH JIOKATBHOTO (T€OMArHUTHOTO) MATHUTHOTO TIOJIA.
N3BecTHBIN ypOBEHb TEXHUKH

[0003] Vike umeeTcs ONpeeICHHOE KOJIMYECTBO TAK Ha3bIBAEMBIX aBTOHOMHBIX
MarHUTHBIX 00CepBaTOpPUH (JIOKATBHOTO T€OMArHUTHOTrO moiii). Ha mpaktuke 3TH
00cepBaTOpUM ABIAIOTCA JIUIIb YACTHYHO aBTOHOMHBIMU. Hampuwmep, B ctatbe “On
the calibration of a vectorial 4He pumped magnetometer” mon astopctBoM O.
Gravrand, A. Khokhlov, J.L. Le Mouel, u J.M. Leger, onmyOIMKOBaHHON B >KypHAJe
Earth Planets Space, 53, 949-958, 2001, pacKpbITBI CYIIHOCTh BEKTOPHOTO
MAarHUTOMETPA, B KOTOPOM NMPUMEHSIOT ONITHYECKYI0 HAKAYKY MApOB TEJHA, H CII0CO0
KaJTUOPOBKH JTOTO MArHHUTOMETpPA. OTOT MArHUTOMETP TIO3BOJIIET TMOYyYHUTh
a0COIIOTHBIE M3MEPEHUS CHIIBI JIOKAJTPHOTO MAarHUTHOTO TIOJII M BapHAMHd B TpeX
OPTOTOHABHBIX COCTABIITIONINX JIOKAIIbHOTO MATHUTHOTO TOJIS, BAPHALIMA KOTOPOTO
WU3MEPAIOTCA OJHOBPEMEHHO B OJHOM M TOM JKE€ MECTE. JTa 00CepBAaTOPHUS TaKKe
00ecTIeYHBAET MOATBEPIKICHUE TIOJIOKEHHUS B BEPTHUKAIBHOM TIOCKOCTH. DTOT CIOCO0
00pabOTKH JAaHHBIX MATHUTOMETPA TO3BOJIIET MONYyYUTh KATHOPOBKY MACIITAOHBIX
KO3(PHUIMEHTOB W3 TpeX BapHalMd B COCTABIAIOIMX W A0CONMIOTHOTO 3HAYCHHA
MOJyJIi BEKTOpPA HAMPSKEHHOCTH JIOKATPHOTO MArHUTHOTO TIONA, YTO TO3BOJIAET
MOTYYUTh Bapuauu B eauHALax CU B Tpex COCTaBIAIOMMX BEKTOPA HANIPSIKEHHOCTH

JIOKAJIbHOT'O MarHuTHOTI'O ITOJIA.
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[0004] Tem He meHee, 3Ta oOcepBaTOpUs HE 00ECTIEUYMBAET ABTOMATHYECKOTO
W3MEPEHHs HAIPABICHUA BEKTOPA HANMPSIKEHHOCTH JIOKAJIBHOTO MArHUTHOTO MOJIA.
Ona Taxxke He BBIZACT WH(GOPMALMHU O BEPTHUKAIMW IUIOIMAAKHA WX O HANPABIICHUU
reorpaguueckoro cesepa. He BHOCATCA MONpPaBKH 3a CIION3aHUE HYJIb-IIYHKTA B CBSI3U
C KOJEeOAHWsIMH TeMmmepaTypsl. HakoHel, 3TOT METOJ HE TO3BOJIET HCIPABIIATH

OIITHOKHU OPTOTOHAJIBHOCTH, KOTOPBIC IMMOABIAIOTCA ¢ TCYCHHUEM BPCMCHH.

[0005] Omnwcanne BTOPOH YAaCTHYHO ABTOHOMHOW MAarHUTHOH 00CEpBaTOPHH
npuBoautTcs B padote “GAUSS: Geomagnetic Automated System” moj aBTOpCTBOM
HU. AUSTER, M. MANDEA, A. HEMSHORN, M. KORTE u E. PULZ,
onyomukosaraod B PUBLS. INST. GEOPHYS. POL. ACAD. SC., C-99 (398), 2007.
B sToi#1 paboTe MpHBOIUTCS ONMMCAHUE YCTPOUCTBA I aBTOMATHYECKOTO W3MEPEHUS
OPUEHTALMM BEKTOPA HAMPSKEHHOCTH JIOKANbHOTO MArHUTHOrO Mois. OTa
ABTOHOMHAsI OOCEPBATOPHSA TAKKE BBIMONHAECT CAMOKATHOPOBKY TOPH30HTAIBHOTO
MOJIOKEHUSI W TIONOKEHHWA B BEPTUKAIBHOM IUIOCKOCTH TIYTEM OOHAPYKEHHS

JIOKAJIbHOU BEPTHUKAIIH.

[0006] Tem He MeHee, 3Ta 00cepBATOPHA HE BBIJACT ABTOMATUYECKH 3HAUYECHUH
MOJyJIi BEKTOpA HAIMPSDKEHHOCTH JIOKAIBHOTO MAarHUTHOTO TOJIA WIIM BapHalui B
BEKTOpPE HANPSHKEHHOCTH JIOKAJBHOTO MArHUTHOTO TIOJISL B TPEX HAMpPAaBJICHUAX WU
HanpasjieHusa reorpaduyeckoro cesepa. He mpemxycMoTpeH crmocod caMOKaaIuOpOBKH
IUTIT KOPPEKTHPOBKH TEMIIEPATYPHOTO BO3ACHUCTBHUSA, IS HU3MEPEHHS MAacITaOHOTO

KO3 (pHUIHEHTA U JIJI TIPOBEJCHUS OPTOTOHAIBHON KaTHOPOBKH.

[0007] B 3akmouenne, XOTS 3TH MATHUTHBIE 0OCEPBATOPHUH YaCTO HA3BIBAFOTCA
ABTOHOMHBIMH 00CEPBATOPHAMH, OHH (PAKTHYECKH SBIAIOTCS ABTOHOMHBIMH TOJBKO
YACTUYHO U TPEOYIOT BMEIIATEIbCTBA U3BHE I TIOTYYECHUS BEKTOPA HANIPSDKEHHOCTH

JOKaJTbHOTO MATHUTHOTO TIOTIS.
CyumHocTb n3o0pereHus

[0008] CornacHo mepBOMY acTeKTy, OJHOM M3 LIENEH HACTOSINETO U300PETECHUS

ABIKICTCA CO3JaHHC YCTPOfICTBa AL TTOMYYCHHS AaBTOHOMHOI'O HU3MCPCHHUA C
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CaMOKATMOPOBKOW BEKTOPA HAIMPSIKEHHOCTH JIOKAITBHOT'O MArHUTHOTO TIOJIS, TIPHYEM
BEKTOP HANPSKEHHOCTH JIOKAJIBHOTO MATHUTHOTO TIOJSA CJIEAYET TNOHUMATh Kak

JIOKATbHOE MAarHUTHOE TI0JIE 3€MJTH.

[0009] C oTo#l TENbI0 MarHuTHas O00CEpPBATOPHA I H3MEPEHHS BEKTOPA
HANPsDKEHHOCTH JIOKAJIbHOTO MATHUTHOTO TOJIA COACPIKUT: CKASPHBIA MAarHUTOMET]P
T TIOMYYEHHs a0COMIOTHOTO W3MEPEHHA MOMYNIA BEKTOpa HANPSKEHHOCTH
JOKaJIbHOTO MAarHUTHOTO TIOJIA, MAarHUTHBIA BapHOMETP, KOTOPBIA PETHCTPUPYET
BapHallMM B TPEX MATEMAaTHYECKH HE3aBHCUMBIX COCTABILIIOINUX  BEKTOPA
HAIPSDKEHHOCTH JIOKAJIBHOIO MArHUTHOTO TMOJA, Yachl, YIJIOBOM MAarHUTOMETP H
KOHTPOJIJIEP. YTIOBOM MAarHUTOMETP COACPIKUT MEPBBIMA ACPKATEID, BBIIIOTHEHHBIN C
BO3MOKHOCTBIO OPHUEHTALlMH BOKPYT NEPBOM OCH BPAlICHUA, HA3bIBAEMOW TIIABHOU
OCBIO BPAIEHUA, U MO3BOJLIOMIECH ITOJYYUTh TOPU3OHTAIBHYI0 OPUEHTALMIO NIEPBOTO
OPHEHTHPYEMOTO  JAEp’KaTell, MNPUYEM YKA3aHHBIM TEPBBIM  OPUCHTUPYEMBIH
JEp’KaTeNlb CONCPIKHUT: TIIABHBIM JBHUraTeilb i HM3MEHEHHUA TOPH30HTAIBHOU
OPHEHTALIMH NIEPBOTO OPUEHTHPYEMOTO JEP>KaTeNs BOKPYT ITIaBHOM OCH, JaT4UK yTIia
HAKJIOHA, BTOPOM JEPKaTeNb, BBIMOJHEHHBIA ¢ BO3MOKHOCTBIO OPHEHTALMU BOKPYT
BTOPOM OCH BpaulICHUsA, HA3BIBAEMOM BTOPUYHOM OCBHO BpalICHUSA, OPTOrOHAIBHOM
[JIABHOM OCH, TMO3BOJIIOMEH MOMYYUTh BEPTUKAIBHYID OPHUEHTALMIO BTOPOTO
OPHUEHTHUPYEMOTO  JAEpiKaTelld, MPUYEM VKa3aHHBIM BTOPOM  OPHEHTHPYEMBIN
JEpKaTeNlb COACPKUT: BCIIOMOTATEIIbHBIA JABUraTeab AJI1 U3MCHCHUS BEPTUKAIBHOU
OPHEHTALlMM BTOPOTO OPUEHTHPYEMOrO JEp:KaTeist BOKPYT BTOPUYHOM OCH,
MArHUTHBIA JATYUK JJI1  M3MEPEHHMsS HANpPaBJIEHUA BEKTOPAa HANpPSKEHHOCTH
JOKAJIbHOTO MArHUTHOTO TMOJIA, YCTPOMCTBO, YKA3bIBAKOIIEE HA CEBEP. YTJIOBOU
MAarHATOMETP TAaKKE COJCPKUT YCTPOMCTBO JUid YHOPABJICHWS TJABHBIM U
BCIIOMOTATENbHBIM ABUTATEISIMA U YCTPOUCTBO AJIA U3MEPEHUSA M TIOIYYEHUS 1O YTy
TOPHU30HTAIBHOM M BEPTHKAJIBHOM OPHUEHTALMH MEPBOTO M BTOPOTO OPHEHTHPYEMBIX

JEPKaTeNEH.

BTopoil OpHEHTHpPYEMBIN JEp/KAaTellb MOMKET COAECP)KAaTh JATYHMK YIa HAKIOHA.
JlaT4MK yTila HaKJIOHA MOKHO YCTAHOBUTH HA NEPBBIM OPUECHTHUPYEMBIM JEPXKATEIIb

WJIY HA BTOPOU OPHEHTUPYEMBIN JEPKATEb.
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[0010] MarnuTtHas 00cepBaTOpHs BHITIOHEHA ABTOHOMHOM U C BO3MOKHOCTBIO
CAMOKAJTHMOPOBKH HW3MEPEHHHM JIOKAJBHOIO MAarHUTHOTO TOJNA  IOCPEACTBOM
KOHTPOJIJIEPA, KOTOPBIM BBIIIOJHEH ¢ BO3MOKHOCTBK) ABTOMATHYECKOTO YIIPABIICHUS
[JIABHBIM M  BCIIOMOTATENIbHBIM JBHUIATEIIMH, C BO3MOXKHOCTBIO YIIPABJICHUSA
OpHECHTALMEN: JaTYMKAa YIJla HAKIOHA M1 M3MEPECHHsA HANPABIICHUA BEPTHUKAIIH,
YCTPOMCTBA,  YKa3bIBAIOIIET0O HA  CE€BEp, U1  HW3MEPEHUSA  HaNpaBICHUS
reorpaUuecKor0 CeBepa W MATHUTHOTO JAaTYWKa JJIs HM3MEPEHUS HANpPaBICHUS
BEKTOPAa HANPSKEHHOCTH JIOKAJIbHOTO MArHUTHOro mojis. OHa Takke BBIIOJIHEHA C
BO3MOKHOCTBIO  OINPEJECICHUA: YIVIOB HAMNPAaBJICHUS BEKTOpa HANPSHKEHHOCTH
JOKaJTbHOTO MAarHHUTHOTO TIONA IO OTHOIICHWIO K TeorpaduueckoMy ceBepy W K
BEPTHKAIM, B 3aBUCHMOCTH OT TOPH3OHTAIBHOM M BEPTHKAIBHOM OpPHUEHTALUU
NIEPBOTO M BTOPOTO OPUEHTHUPYEMOTIO JEP>KATENEH, OPUEHTALIMN KOTOPBIX U3MEPSIOTCS
C MOMOWIBK) YCTPOMCTBA JJI1 M3MEPEHUA M NOJNYYECHHUS IO YINIy, TPEX BapHalUHd B
BEKTOPE HAINPSHKEHHOCTH JIOKAJBbHOTO MArHUTHOTO IIOJIA, BapHalMd KOTOPOTO
HM3MEPAIOTCA ¢ MOMOIIBI) BAPHOMETPA, U 3HAYCHUU MOAYJIIA BEKTOPA HANPSKEHHOCTH
JOKAQJIBHOTO MAarHMTHOIO IIOJIA, 3HAYEHUSA KOTOPOTO M3MEPSIOTCA ¢ IOMOIIBIO
CKaJIIPHOTO0 MarHuToMeTpa. HakoHel, oHa BBINOJIHEHA ¢ BO3MOKHOCTBIO 0OpPaOOTKH
JAaHHBIX, TIOJYYEHHBIX 3a071arOBPEMEHHO, /U1 aBTOMATHYECKOTO MOJIY4YEHUA BEKTOPA
HANPSDKEHHOCTH  JIOKAIBHOIO MArHMUTHOIO TOJS M MOTPEIIHOCTEH H3MEPEHHH,

CBA3AHHBIX C KAXKAbIM CPCACTBOM HU3MCPCHUA.

OOBIYHO TIPUMEHSEMBIE MATHUTHBIE OOCEPBATOPHH 4YACTO YCTAHABIIMBAIOTCS B
30AHUAX, COJACPIKANIMX TIOMEHICHWS, TEMIIEpaTypa KOTOPBIX PETYIUPYETCS BO
n30eKaHUE YPE3MEPHBIX OTKIIOHCHWH CpeACTB  HW3MepeHus. Kpome  Toro,
OTIPE/ICTIEHHBIE HW3MEPEHUS TPOBOMATCS BPYYHYIO BBICOKOKBATA(DHIIMPOBAHHBIM
omepatopom. [losTomy 3TH 00CEpPBATOPHH HE MOTYT OBITH YCTAHOBIIEHBI B JIFOOOM
MecTe. ABTOHOMHAs 00CEpBATOPHS HUMEET MPEHMYINECTBO, KOTOPOE 3AKITIOYAETCA B
TOM, YTO OHA MOJKET OBITh YCTAHOBJICHA TaM, T TPeOyeTcs, U, CaMOe TJIABHOE, OHA HE
TpeOyeT MPUCYTCTBUS KBAM(HUIIMPOBAHHOTO orepaTopa. [1o3ToMy cTOMMOCTD TaKOM
oOCepBaTOPUM HECOMHEHHO HIDKE, W JTa oOcepBaropus Oojee ymoOHa B
WCTIONB30BAHUU. TakKe MOKHO 4Yaie W 0ojiee HaJAEKHO MPOBOAUTH mM3MepeHus. [lo

CPaBHCHHUIO C TPCABIAYINIUMH «ABTOHOMHBIMW) O6C€pBaTOpI/I${MI/I, npeuMyHecCTBO
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3aKI04YacTCA B HaJIMYHUH Ha60pa CpEaACTB U3MCPCHUs, KOTOPBIC BMCCTC ITO3BOJIAIOT
AOCTUTHYTb CaMOKaJ'II/I6POBKI/I H, CICA0BATCIbHO, OJOCTUIrartb HCCOMHCHHO ootee

BBICOKOM TOYHOCTH, Y€M TO3BOJMIO OBl UX MPOCTOE Pa3MELICHHE APYT PSIAOM C

JAPYTOM.

[0011] [IpeanouTUTENPHO, TEPBBIM KW BTOPOM OPHUECHTUPYEMBIC ACPKATEIIH,
TaBHBIA M BCIIOMOTATEbHBIA JIBUTATENH, YCTPOMCTBO, YKAa3bIBAIOIIEE HA CEBEP,
JATYMK YTJIa HAKJIOHA, YCTPOMCTBA AJI YIPABJIEHUS TJIABHBIM W BCIIOMOTATEIbHBIM
JABUTATENSIMA U YCTPOUCTBO JUISI U3MEPEHUS W TOJYYEHHUA IO YTy BBIITOJHEHBI U3
HEMATHUTHBIX KOMITOHEHTOB, OTPEACIECHHBIX TAaKAM 00pa3oM, YTO MAarHHUTHAS
BOCIIPMMMYHUBOCTh MaTEPHUATIOB HAXOAMUTCA B AMANa3oHe OoT -1 10 1, mpeAno4YTUTETBHO

or-107" 10 10" u mambomee MPEATIOYTUTEIIBHO OT -10° 0 1073,

[0012] Hanpumep, HeMarHWTHbIE  KOMIIOHEHTBI  TPEACTABIAIOT  COOOH
MaTepHanbl U3 CIEAYIOLIEr0 CHMCKA: KEpaMHKa, aJlOMHUHUMW, CIulaB Arcap, THTaH,

Meb, SpTanioH, HewoH, Ertacetal, monmadupspupreron.

Beibop 3TMX MaTepuanoB HMEET pELIAIoIee 3HAYCHHE B IUIaHE OOecHeueHHs
XOPOLIETO U3MEPEHHUSA JIOKATBHOTO MAarHUTHOTO TOJIS, TO €CTh U3MEPEHHA 0€3 MOMeEX,

CO3JaBaCMbIX CaMHUM CPCACTBOM HU3MCPCHHA.

[0013] [TpeanoYTHUTEIPHO CKAJISAPHBIA MArHATOMETP BBIOMpACTCA W3 YHCIA
MAarHUTOMETPOB CJIEAYIOIIETO THIA: TPOTOHOBBIM MArHUTOMETP, MArHUTOMETP C
s¢ppexkrom OBepxaysepa, KBAHTOBBIM MAarHUTOMETP, MArHHTOMETP C ONTHYECKOU

HAKAYKOM.

[0014] [IpeanoyYTHTETHHO MAaTHUTHBIA JATYHK BBIOUPAETCS M3 YWCIIA JATYHKOB
cleayromero Tama:  (eppo30HAOBBIM  MarHMuTOMeTp, MarHutomerp Fluxset,
3JICKTPUYECKAasd LENMb B COCTOSHWUM BPAICHUSA WIM CKAJSPHBIA MAarHUTOMETD,

MOJIAPU30BAHHBIA MATHUTHBIM YCTPOHUCTBOM.

[0015] [TpeanmoYTHTETHPHO YCTPOMCTBO, YKA3BIBAIOIEE HA CEBEp, BBIOMpAeTCA
U3 YMCJIa YCTPOMCTB CIEAYIOIIETO0 THUMA: TJI00ajbHas HABUTALMOHHAsS CITyTHUKOBAs

cucrcma, rno0aJbHAs CHUCTEMA onpeaAciICHUA MCECTOIOJIOKCHUA, MNCICYKA3aHHUC,
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YKa3aHHuC Ha HeOecHOe TCJI0, THPOCKOIL, JCTCKTOP a0COIIOTHOTO BpamcCHUA,

noJjrapu3any:Aa 1Mo COTHCYHOMY CBCTY.

[0016] [TpeanoyTuTeTbHO 0OCEPBATOPUSA COAEPIKUT MHOKECTBO HEMArHMTHBIX
OTIOPHBIX IUIMT, TPEATIOYTUTEIBHO H3TOTOBICHHBIX W3 OETOHA, CPEJHHE Pa3MEpHI
KOTOPBIX [TOJIIIMHA, ITUPHUHA, JJTUHA| BapbUpyIOT B quanasoHe ot [1, 10, 10] cm mo [6,
10, 10] M; IpeanmoYTUTENBHO CPEIHUE pa3MePbl KOTOPBIX [TONINUHA, TUPUHA, JJTUHA |
Bapeupyrot ot [ 10, 20, 20] cm g0 [1, 2, 2] M, Oonee mpeANOYTUTENBHO OT [ 15, 25, 25]
cm j10 [0,25, 0,5, 0,5] M, mpuyeM yKa3aHHbIE OTIOPHBIE TUITUTHI OTCTOAT APYT OT Jpyra B
cpeaHeM Ha paccTosasHuH oT 0 M 10 10 M, MpeANOYTHTENNBPHO HAa PACCTOSSHUM OT 1 M 10
6 M, OoJiee TIPEAMTOYTUTENIFHO HAa PACCTOSHUU OT 2 M 10 4 M. HemarnuTHble omopHbIe
IUIMTBl TOJJECPKUBAIOT MO MEHBUIEM MEpPEe OJWH M3 CIEAYIOIMX 3JIEMEHTOB:
CKAIAPHBIA MArHUTOMETP, VTJIOBOH MAarHMTOMETP, BapuoMmeTp, dacel (201),

KOHTPOJIIEP.

XoTst 00cepBaTOPHs SBSETCS CAMOKAIMOPYIOMENUCS U MOXET OBITh YCTAHOBJICHA B
Mr000H TOYKE HA 3€MHOM KOpE, MPEIMOYTUTENIFHO YCTAHABIUBATh €€ HA yCTOMYMBOM
KOHCTPYKIIMH, KOTOPas HE MOJABEPKEHA BUOPALMAM, C LENBIO MOyYECHUS U3MEPEHUH

00JIee BRICOKOTO KAYeCTRBA.

[IpeamoututenbHO 0OCEPBATOPHUS COAEPKUT IO MEHBIIEH MEpPE OJXHO HEMArHHUTHOE
YKPBITHE, OKPYKAIOIIEEe MHOKECTBO OMOPHBIX IUIUT U COACPIKAIIEE HU30THUPOBAHHYIO
CTEHKY, CPEAHSsA TOJIIHHA KOTOPOM BapbuUpyeT B auamnazoHe oT 1 cm mo 60 cwm,
MPEIMOYTHTEHHO OT 2 ¢cM A0 30 cM, Oojee mpeanouTuTebHO OoT 5 ¢M 10 10 cm. Tlo
MEHBIIEW MEPE OJHO MArHUTHOE YKPBITHE 3aIIMINACT MO MEHBIIEH MEPE OAWH M3
CIIEAYIOINX JJIEMEHTOB: CKAIAPHBIA MarHuToMeTp (MS), yrmoBoH MarHHTOMETP

(MA), Bapuometp (MV), gacer (201), xkorTposrep (202).

[TomoOHO TOMY, KaK Ba)KHA YCTOMYMBAS CTPYKTYypa, OTPAaHHUYEHHE TEMIIEPATYPHBIX
KOJICOAHWH YITy4YIIaeT Ka4eCTBO M3MEPEHHWH W YMEHBIIAET CIOJ3aHUE HYJb-TTYHKTA

CPEICTB U3MEPEHHUU.
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[0017] CormacHO BTOPOMY aCIIEKTY HACTOAIIEE H30OPETEHHE OTHOCHTCA K
croco0y aBTOMATHYECKOTO TIONYYEHHUS BEKTOpPAa HANPSIKEHHOCTH JIOKAJBHOTO
MArHUTHOTO TIOJIA. OTOT CHNOCOO BKIIOYAET JTan O00ECTEUYEHHsS MAarHUTHOM
oOcepBaToOpuH, TAaKOM Kak OOCEpBATOPHA, OIMCAHHAS BBIIIE. 3aT€M KOHTPOJUIEP
OCYHIECTBIIICT JTal MOJYYEHHUs 3HAYCHUM, YINPABICHUA [BUTATEIIMHM, pacuera
3HAYCHHM, KATHOPOBKH WM3MEPEHHH W, HAKOHEI[, pacyeTa 3HAYEHHWS BEKTOpa

HaAMpsKEHHOCTH JIOKAJIbPHOTO MAarHUTHOT'O TTOJIA.

Bo-mepBBIX, KOHTpPO/UIEP TIONYy4YaeT W3MEPEHHA MOAYIA YKa3aHHOTO BEKTOpa
HANPSHKEHHOCTH JIOKAJIBHOTO MATHUTHOTO TIONA, 3HAYEHHWS KOTOPOTO H3MEPSIOTCS C
MOMOIIIBIO CKAIIPHOTO MAarHUTOMETPA B Pa3HbIE MOMEHTHI BPEMEHH t1, M OH TTOJTyYaeT
W3MEPEHHUA  TPEX  MAaTEMaTHYECKH  HE3aBUCHMBIX  KOMIIOHEHTOB  BEKTOpa
HANPSDKEHHOCTH JIOKaTbHOTO MarHuTHOTOo Tojis, dU, dV, dW, xoTopsie u3mepsroTcs ¢
MOMOIIIBI0 BAPHOMETPA B PA3HBIE MOMEHTHI BPEMEHH ti. 3aTeM KOHTPOJUIEP YIPABISAET
ITIABHBIM JIBUTATENIEM C LENBI0 M3MEHEHHS TOPH30HTAIIbHOW OPUEHTALIMHA TIEPBOTO
OPHEHTHUPYEMOTO JAEPIKATENS U B 3aBUCHUMOCTH OT IMOKA3aHUN JATYMKA yTiIa HAKIOHA,
U3MEPAET BEPTUKAJIBHOE HAMpPAaBIEHHE V; OH TAKXKE YIPABISET BCIIOMOTATEIBHBIM
JABUTATEIeM C  LENbI0 HM3MEHEHHWA  BEPTUKAJIBHOW  OPUEHTALMU  BTOPOTO
OPHEHTHUPYEMOTO JepKaTelst M B 3aBUCUMOCTH OT TIOKa3aHMM yCTPOMCTBA,
YKa3bIBAIOLIETO HA CEBEP, U3MEPSET HANpaBIECHUE Treorpaduueckoro cesepa N, U OH
VOPABISET TJIaBHBIM W BCIIOMOTATEIbHBIM JBUTATEIIMA C LEIBI0 H3MEHCHHS
TOPH30HTAIBHBIX W BEPTUKAIBHBIX OPHEHTALMH YIJIOBOTO MArHHTOMETPAa H B
3aBHCUMOCTH OT TIOKa3aHWH MAaTrHUTHOTO JATYHKA, TTOKA3aHUS KOTOPOTO TOYYCHBI B
pasHble MOMEHTHI BpeMeHH ti, m3MepsseT aBa yriaa, D* u [*, coorBercTByromue
HAMPABJICHUIO BEKTOPA HAMPSHKEHHOCTH JIOKAIIbHOTO MAarHUTHOTO TOJA. B-TpeTshux,
KOHTPOJUIEP BBIYHMCISET AOCONIOTHBIE 3HAYEHHWS JBYX YIJIOB C TIPEABAPUTEIIHHO
MOJTYYECHHBIX HAMPaBICHUH TakuM oOpasom, uro: D = D* - N u [ = I* - V; on Taxxe
BBIUMCIIIET MCXOIHBIE JIMHUU BAPHOMETPA B MOMEHT BPEMEHH t, KOTOPBIH SABIAETCA
CPEOHHMM 3HAYEHHUEM PA3HBIX MOMEHTOB BPEMEHH t1, HCIIONIB3YS a0COMFOTHBIA MO/IYITb
BEKTOPA HANPSDKEHHOCTH JIOKAJTBHOTO MATHUTHOTO TIOJIA M YTJIBI, BCE TPH M3 KOTOPBIX
OBLTH TIOTYYEHBI BBIIMICOMMCAHHBIM CIIOCOO0M. B-4eTBepTHIX, KOHTPOIIEP BBIYMCIISET

MacITaOHbIe KOS(I)(I)HI_[HGHTI)I KaKIA0ro MarCMaTHUYCCKH HC3aBHCHMOI'O KOMIIOHCHTA
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BAPUOMETpPA, ¥ BBINOJHACT KAIMOPOBKY OPTOTOHAIBHOCTH W OPUCHTAIMH B
NPOCTPAHCTBE TPEX MATEMATHYECKH HE3aBUCHMBIX KOMIIOHEHTOB BAapHOMETpPA H
BBIYUCIIIET SMICPOBBI MATPHIBI MOBOPOTA. B 3akimroueHue, KOHTPOJIUIEP BBIYHCISET
3HAYEHUE BEKTOPA HANPSHKEHHOCTH JIOKATBHOTO MAarHUTHOTO TOJISI ITyTEM ITOJTyYSHHS
OPHEHTHPOBAHHBIX H3MEPEHHM C TPUMEHEHHEM OJHIEPOBBIX IOBOPOTOB K TPEM
n3mepermsim  Bapuometpa: dU, dV u dW, nyrem mnomydyeHHs HW3MEpEHHH,
MACIITAOMPOBAHUE KOTOPBIX TPeOyeTCsl BBIMOJHHUTH IMyTEM YMHOXECHHS TpeX
OPHEHTHPOBAHHBIX H3MEPEHHI BAapHOMETPAa HA COOTBETCTBYIOLIME MAaCIITAOHBIC
KO3 (UIMEHTBI, W TYTEM TOJMYYECHUS 3 KOMIOHEHTOB BEKTOpPA HAMPSKEHHOCTH
JIOKAJIPHOTO MATrHHTHOTO TIOJNA TyTeM JJOOABJICHHS WCXOJHBIX JIMHHA K TPeM

OPHUCHTHUPOBAHHBIM U3MCPCHUAM H U3MCPCHUAM, TTOAJICKAIITUM MaCH_ITa6I/IpOBaHI/IIO.

BenmeonucanHbIA METO, TIO3BOIAET TOTYUYEHUS H3MEPEHUS JIOKAIBHOTO MATHUTHOTO
MOl aBTOMATHYECKH C CAaMOKaNIMOpOBKOM. OTa aBTOMAaTH3alMA IO3BOJSET
UCKJIFOYNATh HEOOXOAMMOCTh B TIPUCYTCTBHH KBATH(PHUIIMPOBAHHOTO OIMEPATOPA, UTO
CYIIECTBEHHBIM OOPa30M CHIDKACT H3AEPKKH M YIIYYIDIAeT TOYHOCTh H3MEPEHHIL.
CamoKanMOpOBKa MO3BOJAET YIYYIIUTh KA4E€CTBO M3MEPEHUH. DTa caMOKaIHMOpOBKa
TaKKE CIOCOOCTBYET CHWKEHHIO H3JECP/KEK, TaK KAk II03BOJIIET YCTAHABIUBATDH
ABTOHOMHYIO OOCEpPBATOPHIO HAa KOHCTPYKLHWH, OOJee IEmeBOH 10 CPaBHEHHIO C
OOBIYHO TIPUMEHAEMBIMU 00cepBaTOpUAMH. [l03TOMY coueTaHHWEe aBTOMATH3ALUH U
CAMOKAJTHOPOBKH 3HAYUTEITBHBIM OOpa3oM TMOBBIMAECT 3(PPEKTUBHOCTh CPEACTB

HSMGPGHHﬁ, CCJIK pacCMaTpuBaTh HX B OTACIIBHOCTH.

[0018] [IpennouTurensHO W3MepeHHe ABYX yrimoB D* u [*, xapakrepusyrommx
HAITPABIICHUE MOJSA B TOPU30HTAIIBHOM H BEPTHUKAIIBHOM IUIOCKOCTAX, COOTBETCTBEHHO,
MOJIy4ar0T KOHTPOJUIEPOM IYyTEM HM3MEHEHHA TOPU30HTAIBHOM OPHUEHTALMH IEPBOTO
OPUEHTHPYEMOTO JeprKaTelsl (BpalleHUE Jep:KaTelisd B TOPU30HTAJIBbHOM IUIOCKOCTH)
JI0 TE€X MOP, TOKa MATHUTHBIM JATYHUK HE YKAKET HA HYJb, U MOJIYYEHHU MIEPBOTO yIia
D*, a Tarxke myTeM W3MEHEHHS BEPTUKATBHOW OPUEHTALIMHA BTOPOTO OPHEHTHPYEMOTO
AepskaTens (BpalleHHE AepKaTelsl B BEPTUKAIBHOM IUIOCKOCTH) A0 TEX TMOp, IMOKa

MArHUTHBIN TaTYHK HE YKAKET HA HYJIb, U TIOJTYUYEHHUS BTOPOTo yria [*.
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[0019] bonee mpeamoututensHO WM3MepeHHwe ABYX yriaoB D* um [* momywarot
KOHTPOJJIEPOM ~ IIyTEM  H3MEHEHUA  TOPU30HTAJIBbHOM  OPHEHTALMU  IEPBOTO
OPHEHTHUPYEMOTO JIEpKaTeNsd TaKUM 00pa3oM, YTOOBI MAarHUTHBIM JATYMK yKa3an Ha
HYJIEBOE 3HAYECHHWE H3MEPEHHA, M MONydyeHus opueHtauuu D1 mepsoro
OPHEHTUPYEMOTO JAEpIKaTeNd, COOTBETCTBYIOIIEH 3TOMY H3MEPEHHIO, 3aTEM ITyTEM
W3MEHEHUS TOPU30HTAIbHOM OPUEHTALMHU MEPBOTO OPUEHTHUPYEMOTO AEpKaTeNsd Ha
180° W perynMpoBKH TOPH30HTAIBHOM OPHEHTAIMM TAKUM O00pa3oM, YTOOBI
MAarHWTHBIM JaTYMK YyKa3al Ha HYJEBOC 3HAYCHUE W3MEPEHHA, W MOIY4YCHUSA
opueHTalm D2 mepBOro OpPUEHTHUPYEMOIO JEp:KaTeNs, COOTBETCTBYIOIIEH 3TOMY
W3MEPEHUIO, 3aT€M IIyTEM MW3MECHEHUS BEPTHKAIBHOM OpPHEHTALMM BTOPOTO
opueHTHpyemMoro aepskarens Ha 180° W perynupoBKM TOpPH30HTAJIbHOM OPHUEHTALUU
MIEPBOTO OPHEHTHPYEMOTO ACPKATENS TaKUM OOpa30M, YTOOBI MArHUTHBIM JATYHUK
yKa3ajgl Ha HyJIEBOE€ 3HAYECHHE HW3MEPEHHA W MONy4YeHHs opueHTauuu D3 mepsoro
OPHEHTHPYEMOTO JEP>KAaTeNsd, COOTBETCTBYIOLIEH 3TOMY H3MEPEHHIO, 3aTEM ITyTEM
W3MEHEHUA TOPU30HTAIBHOM OPUEHTALMH IEPBOTO OPHUEHTHPYEMOTO JEp:KaTens Ha
180° m perynmupoOBKHM TOPHU30HTAIIBHOM OPHEHTAIMM TaKUM O00pa3oM, dYTOOBI
MAarHUTHBIM JAaTYMK YKa3ajl Ha HYJIEBOE 3HAYCHUE M3MEPEHUA, WU IOJIyYCHHS
opueHTaumu D4 1mepBOro OpHUEHTHPYEMOIO JepsKaTens, COOTBETCTBYIOIIEH JTOMY
W3MEPEHHUIO, M, HAKOHEL, IIyT€M BBIYUCIICHUA IEPBOrO YIVIA, COOTBETCTBYHOLIETO
TFOPU30HTAIBHOMY HAIPABICHUIO JIOKAIBHOIO MAarHUTHOTO IOJISA, IyTEM BBIYMCIICHUA

CpeaHeH BemHuuHbI YeThipex u3Mepennit: D* = (D1 + D2 + D3 + D4)/4.

AHAIOTHYHBIM 00pa30M, U3MEpeHHE [* momyyaroT myTeM U3MEHEHHS TOPU30HTATBHOU
OPUCHTAIMH TIEPBOTO OPHEHTHPYEMOTO Jepskareisi Ha Hanpasimenue D* - 90°, 3atem
BBITIOJTHUB T€ JK€ CAMBIE TIEPBBIC TPH 3Tama, YTO OBLIM BHIITOJIHEHBI B OTHOIICHHH D*,
MPUYEM HA THX 3Tarax TOPU3OHTAIBHBIC U BEPTUKAIbHBIE OPUEHTAIMHA B OOPATHOM
MOPAAKE M HA 3TUX 3Tamax POJIM MEPBOTO M BTOPOr0 OPHUEHTHPYEMBIX AEP:KAaTEIIEH
3aMEHEHBI MECTAMHM, W, TAKUM 00pa3oM, moiy4aroT opueHTanmu I1, 12, 13. 14 myTem
W3MEHEHUA TOPU30HTAIBHOM OPUECHTALMH IIEPBOTO OPHUEHTHUPYEMOTO JEpsKaTeNd Ha
Hanpasierne D* - 90° u myTeMm peryIupOBKH BEPTHKAIBHOM OPHEHTAIMH BTOPOTO
OPHEHTHUPYEMOTO JIEpPKaTeNNsd TAKUM 00pa3oM, YTOOBI MAarHWTHBIA JATYMK yKa3an Ha

HYJIEBOE€ 3HAYCHUE HM3MEPEHUsA, NMpUYEM oOpueHTauus [4 BTOPOro OpHEHTHPYEMOTO



10

15

20

25

10

JAepKaTensd  COOTBETCTBYET 3TOMY  u3MepeHuro. Hakonen, BTOpod  yrou,
COOTBETCTBYIOLIUM BTOPOMY HAMPABJICHHUIO JIOKAJbHOTO MArHUTHOTO TIOJS B
BEPTUKAIBHOW TIIJIOCKOCTH, BBIUHUCIAECTCS IMyTEM TOACYETa CPEAHEHW BEITUYHHBI

yeTeIpex u3mepenni: [* = (11 + 12 + I3 + [4)/4.

[0020] [IpeanoYTHTETPHO YCTPOMCTBO, YKA3BIBAIOIIEE HA CEBEP, MPEACTABIACT
cOOOM yKa3pIBAIOIIEe YCTPOHCTBO THMIA JCTEKTOpa aOCOMMOTHOTO BpPAINECHUSA, H
KOHTPOJUIEP YHIPAaBIIAET BCIIOMOTATENIbHBIM JBUTaTeIeM C LEJIbI0 H3MEHEHUsA
BEPTHKAJTbHOW OPUEHTALUH BTOPOTO OPUEHTHPYEMOTO JIEPIKATENSA U B 3aBUCHMOCTH OT
MOKA3aHUM YCTPOMCTBA, YKAa3bIBAIOIIEIO Ha CEBEP, H3MEPAET HAIPABJICHHE
reorpadudeckoro cesepa N ImyTeM U3MEHEHHS TOPU30HTAIBHOM OPHUEHTALMH TIEPBOTO
OPHEHTHPYEMOTO AEPKATeNs J0 TEX MOP, TOKA AETEKTOP aOCONIOTHOTO BpPAIICHUS HE
VK@KET HAa HYJIEBOE 3HAYEHUE M3MEPEHHUA U HE MOIYYUT OpPHUEHTAIMH N TEPBOTro

OPHEHTHPYEMOT'O JeP)KATETSI, COOTBETCTBYIOIIEH 3TOMY H3MEPEHHIO.

[0021] bonee mpenmodTHTeNTsHO, W3MEPEHHE HAMPABJICHUS Treorpaduaeckoro
ceBepa N TMONMy4arOT aHAJOTHYHO D*, mpuvyeM MarHUTHBIA JATYHK 3aMEHSIOT
JAETEKTOPOM aOCOMIOTHOTO BpamieHus u opueHtrammu D1, D2, D3, D4 u D* 3amenstor

opueHTarmsiMu N1, N2, N3, N4 u N B cioco0e, OnMcaHHOM BBIIIIE.

OTH crmocoObl U3MEPEHUH UMEIOT MPEUMYIIECTBO, KOTOPOE 3aKIFOYAETCS B TOM, UTO
STH CHOCOOBI M3MEPEHHH HWCKIIOYAIOT BCE TOTPEINHOCTH BHYTPEHHEHW HACTPOUKH

CpCACTB UBMCPCHUA U ITO3TOMY YIYyUIIAarOT KaYCCTBO HSMCpeHHfI.

[0022] [IpennoyTUTENBHO, KOHTPOJUIEP  BBIYMCIISIET  UCXOJHBIE  JIMHUH
BapHOMETpa, UCX0ad U3 Tpex m3MmepeHud Bapuomerpa: dU, dV u dW, abcomoTHOTO
MOJYNA BEKTOpAa HAMPSKEHHOCTH F JIOKanbHOrO MAarHUTHOTO TMOJNs, ABYX YIJIOB,
XapaKTEPU3YIOIUX HAMpaBIEHUs  BEKTOPA (ﬁ ) HamPsHKEHHOCTH — JIOKAJIBHOTO
MarHATHOTO TIOJIS: yTJIa HakinoHa | u yrma ckinonenus D, u HeoOs3aTenpHO (PyHKIMH
gU, gV, ¢W, yTo mo3BosisieT ocymecTBuTh 3aMeHy koopauHat D, F, I koopauHatamu

U, V, W. Kontposmnep BerunciieT ucxoansie tuauu UO, VO, WO, ncrions3ys:

UO = gU(FaDal) - dU
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VO = gV(FaDal) - dV
Wo = gw(F,D,I) — dW

[0023] [IpeAmouTUTENBHO, KOHTPOJUIEP BBIIOIHAET KAIHOPOBKY MACIITAOHBIX
K03((PUITMEHTOB KXKI0H COCTABIIONMEH BAPHOMETPA IyTEM M3MEPEHHUS aAMIUIHTY/IbI

Bapnaunﬁ B HCXOJHBIX JIMHHUAX IO OTHOMICHHUIO K aMINIUTYIAC CHUIHAJIOB Ka)I(I[OfI us3

TPEX COCTABIISIOMMUX BEKTOpA (ﬁ ) HaMPsKEHHOCTH JIOKAJIbHOTO MATHHTHOTO TOJIS B
TEUCHHE TMPEIBAPUTEIIFHO 3aJAHHOTO TEPHOJA BPEMECHH, 3aTE€M IyTEM YMHOMKCHHS
Tpex m3mepernnid Bapuomerpa (MV): dU, dV u dW na monpaBouHbie K03 PHUITHEHTHIL,
macmtadbupie ko3pduimentsr, fy, fy, fy, 3arem BbMHTasT CKOPPEKTHPOBAHHBIE

3HAYCHUA U BBIYUCIAA UCXOAHBIC JIMHHUU, I/ICHOJ'IBSYH:
Uy = gu(F,D,]) - fy*dU
Vo = gy(F,D,]) - fy*dV
W, = gw(F,D.I) - fiy*dW

3aTeM KOHTPOJUIEP YBEIWYMBAECT WJIM YMEHBLIAET COOTBETCTBYIOIIHE MACIITAOHBIE
K03()(PUITHUEHTBI I YMEHBIIEHUS BapHALMH B COOTBETCTBYIOIIMX MCXOIHBIX JTHHUAX
U KOPPEKTUPYET U3MEPEHHUs BAPHOMETPA IyTEM YMHOJKEHHS HAa COOTBETCTBYIOIIHE
MacmTaOHble KOA((HUIIMEHTBI. DTH 3TaIlbl MOKHO MOBTOPATHh HECKOJIBKO pas J0 TeX
Mop, TOKA YBETHYCHUWE WM YMEHBIICHHE MACITAOHBIX KOX(PQPHUIMEHTOB HE OyIeT

MCHBIIC, YEM IMPEABAPUTCIIBHO YCTAHOBIICHHOC 3HAYUCHUC.

[0024] [IpeaqnouTuTeIbHO KOHTPOJLIEP BBIIOJIHAET KaTHOPOBKY
OPTOTOHAJILHOCTH W OPHEHTALIMM B IIPOCTPAHCTBE TPEX MATEMATHYECKH HE3aBUCHMBIX
COCTABJIIIOIIMX BAPHOMETPA M BBIYHCIAET 3HICPOBBI MaTpHubl E moBopora myTtem
W3YYCHHUS BapHWAllMid B WCXOJHOW JIMHHHM COCTABJISAIONMCH B KauyecTBE (DYyHKIWH
aMIUIMTYIBl CHTHAjJa JPYIMX COCTABIMIIOIIMX B TEYECHHE MPEIBAPHUTEIIBHO
YCTAHOBJICHHOTO ITPOMEKYTKA BPEMEHU ITyTEM BBIYHCICHHA JHIIEPOBBIX MaTpul E
MOBOPOTA U ITyTEM PETYIUPOBKH OPUEHTALUH 10 TEX MOP, TOKA BAPHALIMM B UCXOIHOU

JWHUYU He OyIyT MEHBIIE, YEM MPEABAPUTEIIHHO YCTAHOBICHHOE 3HAYCHHE.
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[0025] [IpeanoYTUTEN HO CKAIAPHBIM MAarHUTOMETP M BAPUOMETP BBIIOJIHAKOT
n3mMepeHus ¢ 4vactorod B auanazoHe ot 0,01 I'm go 100 I'm, mpeamodTuTensHO B
muamnazoHe ot 0,05 I'u mo 10 'y u 60ee mpenmourureabHO B Auanazone ot 0,1 'y go

1T

[0026] [IpeanouTUTETPHO HM3MEPEHUs OPUEHTALMM BEKTOpAa HAMPSKEHHOCTH
. -7 2
JIOKAJIbHOT'O MATHUTHOTO ITOJISI BBITIOHSIOT ¢ YacTOTOM B guana3one ot 107" 'y no 10
-6 3
['u, mpeamoutuTepHO B quanazone ot 107 'y go 107 'y u Gostee mpearmoYTHTETHHO B

JTAAIIa30HE OT 10°T [ 10 107 T

[0027] [IpenmodTuTeIHFHO AaBTOHOMHAS OOCEPBATOPHS TMPHUMEHSET CIOCO0,

OIMMCAHHBIN BEIIIE,
KpaTtkoe onucanue rpadpuieckux Matepuasion

[0028] [losicHEHMsT K 3THMM AacmekTaM M JAPYTMM  acClEKTaM HAaCTOSIIETO
W300pETeHUA TIPUBOJATCA B TOAPOOHOM ONMHMCAHWM KOHKPETHBIX BapHAHTOB
OCYLIECTBJICHUSI HACTOSIIETO M300PETEHUs CO CCHUIKOM Ha rpaduyeckue MaTepHabl

cnenyrommx GUryp, Ha KOTOPBIX:

Ha q)ur. 1 mokazaH BCKTOP HAIPS)KCHHOCTHU JIOKAJTbHOI'O MArHUTHOTO IIOJIA U

€ro pas3jIoKCHUC Ha PA3IMIHBIC MATCMATHYCCKHA HE3aBUCUMBIC COCTABIIAIOIINC,

- Ha ¢ur. 2 NpUBEACH MPUMEP ABTOHOMHOW MAarHUTHOH 00CEPBATOPHUHU COTIIACHO

HACTOAIEMY H300PETCHHIO;

- Ha¢ur.3 1nOpuUBEACH OpUMEP BapHaHTa  OCYLIECTBICHUA  YIJIOBOTO

MAarouToMcTpa COriiaCHO HaCTOAMICMY I/I306peTeHI/IIO;

- Ha ¢ur. 4 pUBEICH NPUMEP YCTPOUCTBA, YKA3BIBAOIIETO HA CEBEP, UCXOS U3

MPUHLIMNA LEJICYKa3aHUs,

- Ha ¢ur. S TpuBEIEH NPUMEP YCTPOUCTBA, YKA3bIBAIOIIETO HA CEBEP, HCXOAA U3

MIPHHIIAIIA JETEKTOPA A0OCOTIOTHOTO BPAIECHHUS;
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- Ha ¢wur. 6 NpuUBEICH NPUMEP OPHEHTALMH YYBCTBUTEIBHOM OCH MAarHHTHOTO

AATYHKaA IO OTHOMICHHIO K JIOKAJIbHOMY MArHUTHOMY TIOJIIO,

- Ha ¢ur. 7 npuBeaeH BTOPOH MPUMEP aBTOHOMHOM MAarHUTHOM 0OCEpPBATOPHH

COTJIACHO HACTOSIIEMY H300PETEHHIO,

- Ha ¢ur. 8 mokazaHa cxemMa mpuMepa crmoco0a TONyYeHUs BEKTOpa
HATIPSUKEHHOCTH  JIOKAJTBHOTO MATHUTHOTO TIOJSL COTJIAaCHO  HACTOSIIIEMY

HU300PETEHUIO;

- Ha (l)l/ll". 9a moka3aHa OIINHOKA HHUBCIIMPOBAHUA BJOJIb OCH BOCTOK-3aIlan,

COOTBETCTBYIOIIEH BPALIICHUIO BOKPYT OCH X;

- Ha ¢wur. 9b npuBeAcH NPUMEP U3MEPEHUSA UCXOAHOM JTUHUH COCTABIAONIEN Z

II0JIA C I/I306pa}KeHI/IeM OIITUOKH HHUBCIIMPOBAHUA B HAIIPABIICHUH BOCTOK-3aI1a;

- Ha ¢ur. 10 mpuBEAEH NpUMEpP aNTOPUTMA, ITO3BOJIIOMIETO OMPEACIUTH
MOTPEIIHOCTH BAPUOMETPA, CBSA3AHHBIE C MACIITAOHBIM KOI(PPUIIMEHTOM H

OpPHUECHTALMEH.

I'paduueckue maTepuansl puryp He B Macmrade. B 1iemoM 1711 CX0KHX 37IEMEHTOB Ha
¢urypax maHBl CXOKHE CCHUIKHM. Hamuume CChUIOYHBIX MO3WIMH Ha TrpaduyuecKux
MaTepHuagax HE MOJKET CUMTAThCA OTPAHMYMBAIOIIMM, BKJIIOYAs CIy4yau, KOT/a 3TH

TO3UIIMHU YKa3aHbI B popmyiie.

IMoapoGHOe onucaHue omnpeaeleHHbIX BAPHUAHTOB OCYLIECTBJIEHHUSI HACTOSILLEro

n3o0peTeHus

[0029] Ha ¢wur. 1 mpuBeneH mpuMep BEKTOpa HANPSHKEHHOCTH JIOKATBHOTO

—

MArHUTHOTO TIOJI 3eMJTH, 0003HAYAEMbBIH KaK BEKTOP F HANPSIKEHHOCTH JIOKATBHOTO

MAarouTHOTO TIOJIA HHXKE, W C€r0 PAa3JIOKCHHA Ha PpPa3IUIHbIC MATCMAaTHYCCKH

—

HE3aBUCHMBbIE COCTABIIAIONMIKE. Tak Kak NOKaJIbHOE MAarHUTHOE moje F nNpeaACTaBIACT

COOOH moJIe BCKTOPAa HANPAKCHHOCTHU, 3HAHUC €T0 MOAYJIA HEAOCTATOYHO AJIA TOTO,
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YTOOBI TIOJTHOCTHIO €T0 OXapaKTepPHU30BaTh. B 4YaCTHOCTH, HEOOXOIUMO OMPEIECITUTH
€ro OpHUCHTALIUIO OTHOCHTCIIBHO HCXOOHbIX HaHpaBHeHHfI. OtH HCXOOHBIC
HAMPAaBICHHUA MPEANOYTUTEIBHO MPEACTABIAIOT COOOM JOKAIbHYIO BEPTHKAIb (WM,
YTO TO K€ CaMO€, TOPU3OHTAIbHAA IUIOCKOCTh) M HAIMPABICHHE TeOrpaduIecKoro
cesepa N. MarautHoe ckitoHeHHe «D» B 3TOM cilydae ONpeaenseTcss Kak yroil Mexay
reorpaduueckuM ceBepoM N M MPOEKIIUEH MATHUTHOTO BEKTOPA HA TOPU3OHTATBHYIO
IUIOCKOCTh. MarHuTHOe HakioHeHWe «I[» ompemensercs Kak yroid MEXAy
FOpHSOHTaHLHOﬁ IMIOCKOCTBIO U MAarivTHBIM BCKTOPOM B BepTHKaHBHOﬁ IUIOCKOCTH,

coAepsKalieH 3TOT BEKTOP.

[0030] B nexkaproBeix koopamHatax XYZ, X YKa3blBacT B HAIPaBICHHH
reorpaduueckoro cesepa N, Y yKa3bplBaeT B HAMPABIECHHUH Teorpad)mIecKOro BOCTOKA
E, a Z nampaBneHO BepTUKaNbHO BHU3. B mununapuyeckux koopaunarax HDZ, H
ABIISIETCS TOPH3OHTANBHOM COCTaBIAOMmEH, D mpencraBnser co0OW MarHWUTHOE
CKIOHEHHE, a 7 SBISAETCA BEPTUKATBHOM COCTABIAIOIMEH (TOJOKUTENBHONH B
HanpasieHnn BHU3). B cdepuueckux koopamnatrax FDI, F mpeacraBmser coOoit
MOJIyJIb BEKTOPA HAMPSKEHHOCTH JIOKAJIbHOTO MATHUTHOTO MO (MOAYNb BEKTOpa), D
NPEACTABIAET COO0M MAarHUTHOE CKIOHEHHE, a | ABIsETCA MArHUTHBIM HAKIIOHEHUEM.
Kakas ObI cucTemMa KOOpAMHAT HHM ObUTa BBIOpaHAa, HEOOXOIUMO OTPEICIUTH TPH

MAaTCMATUYCCKH HC3aBHCHUMbIX COCTAB/IIIOIIHUX TJIA TOTIO, YTOOBI  ITOJTHOCTHIO

-

OXapaKkTCPU30BaTh BCKTOP F HAIpsOKCHHOCTH  JIOKAJIBHOI'0O  MArHUTHOIO  ITOJIA.
HaKOHeL[, CICAYyCT OTMCTUTH, YTO MCKAY Pa3IHYHbIMU 3HAYCHUAMH CYIICCTBYIOT

cnexyromue cootHomenus: H = Fcosl, Z = Fsinl, X =HcosD,Y = HsinD.

[0031] Ha ¢wur. 2 mpuBeneH mpuMep aBTOHOMHOW MAarHHTHOM OOCEpBAaTOpHHU
200 cormacHo HacTosmEeMy u300peTeHuro. [IpeamouTurensao 31a ooceparopus 200
COJIEP’KUT: CKaJSIpHbIA MarHuToMeTp MS, yrnoBoil marHutomerp MA, BapHOMETp

MYV, gacsr 201 u xonTpOIIEp 202.

[0032] [IpennodTuTenbHO CKANMAPHBIA MarHUTOMETp MS NpUMEHSIOT A
HM3MEPEHUS CUIIBI MATHUTHOTO II0JIS, WIH, APYTUMH CIIOBAMM, JJIsI H3MEPEHUA MOAYJIA

BCKTOpa F Hanps>KEHHOCTH JIOKAJIbHOTO MArHUTHOT'O ITOJIA. CKaH}IpHBIfI MAarouToMcETp
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MOJKET CUHTAThCS AOCONIOTHBIM CPEICTBOM HW3MEPEHHUS, TaK KaK OH H3MEpseT
KOJIMYECTBO, KOTOPOE HE ABJISETCA OTHOCUTEIBHBIM K APYroMy. T€pMHH «CKAJAPHBIN)
O3HA4YaeT CBOWMCTBO, KOTOPOE OCTACTCA HEHU3MEHHBIM IPHU HW3MEHECHUH OIOPHOM
cucrembl. CKamspHbld MarHuToMeTp MS, Hampumep, mNpeaAcTaBIsIeT COO0H
MAarHuTOMETP OJHOTO M3 CJIACAYIOIIMX THIOB. TPOTOHOBBI MAarHUTOMETP,
MarHuToMeTp ¢ 3pdexrom Opepxay3epa, KBAHTOBBIH MAarHUTOMETP, MATHUTOMETP C
ONTHYECKOW Hakaykou. [IpeamodTuTenpbHO wU3MepeHUs MoOAyns BekTtopa F
HAMPSLKEHHOCTH JIOKAJIBHOTO MArHUTHOTO TIOJISL BBITIOJHAKOT C YaCTOTOM B AUAMA30HE
or 0,01 T'm mo 100 TI', mpemmoututenpHo ot 0,05 I'm mo 10 I'm m Ooree
npeanoytureibHo oT 0,1 T'm mo 1 I'm. IlpeamodyTurennbHO TOYHOCTH H3MEPEHUU
TAaKOBA, YTO MOTPEITHOCTh U3MEPEHHS MEHbIIe, Yem 1 Hn, Oollee MPeaAmOYTHTETHHO

MeHblie, yeMm 0,5 HT1, u B uaeanpHOM BapuaHte MeHbIne, yeM 0,2 HT .

—

[0033] Tak kak JOKaTpHOE MAarHUTHOE MOJIE [ MEHIETCA ¢ TEUEHUEM BPEMEHH,
JUIsl CHHXPOHH3ALMU H3MEPEHUM PA3IMYHBIX CPEACTB U3MEPEHHA UCTIONB3YKOTCS Yachl
201, mO3BOJAIOIIME OMPEACIIUTh HAYAbHYI0 TOUYKY OTCUETAa BPEMEHU. OTH Yachl,
HampUMeEp, MPEACTABIAIOT COO0M cepBep BPEMEHHU B ceTH VIHTepHET, KBAHTOBBIE YaChI
WM CHUTHAII TJ00ANbHOM HABUTALIMOHHOM CITyTHUKOBOM cucTeMmbl. Yem Oombiie
BapHalMsl B T0JIE B KayeCcTBE (PYHKIMM BPEMEHH, TE€M JIy4Ile CHHXPOHH3ALUS

W3MEPEHUN.

[0034] Ha ¢ur. 3 npuBegeH mpuMep BapHaHTa OCYIICCTBIICHHA YTJIOBOTO

MarHutroMeTpa MA COTJIaCHO HACTOSIIEMY H300PETCHHIO. YTIIOBOM MAarHHTOMET]

—

NO3BOJHCT ONPCACIIUTDb HAIPaBICHUC BCKTOpPaA F HaAmps>KCHHOCTU  JIOKAJIBHOTO

MAarguTHOTO ITIOJIA.

[0035] B mpumepe, mpuBeaeHHoM Ha ¢ur. 3, yrnmoBod marmutomerp MA

COCPIKHUT:

e 1epBBIM Acpkarenb 320, BBINOIHEHHBIM C BO3MOKHOCTBI) OPHEHTALMU BOKPYT

MEPBOU OCH BPALICHUA, HA3bIBAEMOU IIaBHOM OChIO 321;
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e BTOpOM Acpskareib 310, BBIMOTHEHHBIM C BO3MOXHOCTBK) OPUEHTALIMH BOKPYT
BTOPOM OCH BpAILEHHs, HA3bIBAEMOM BTOpPHMYHOM Ochbi0 311, mo cymecTBy

OPTOrOHAJILHOW ITTAaBHOM OCH;
e jatuMk 313 yria HaKIOHA;

® YCTpOMCTBO 324, yKa3bIBaKOIEE HA CEBEP;

e MAarHMTHBIM Jatyuk 323 i1  UW3MEPEHUsA  HanpaBlieHWs BekTtopa F

HaAMpsKEHHOCTH JIOKAJIbHOTO MAarHUTHOT'O TTOJIA.

[IpeanoYTUTENBHO MEPBBIM JEp)KAaTeNlb COACP/KHUT: TJABHBIM JBUratens 322 A
W3MEHEHUA OPHEHTALMU MEPBOTO OPUEHTHUPYEMOTro nep:karens 320 BOKPYTr ITTaBHOU
ocH, Jatyuk 313 yrima HakjIOHa, BTOPOU OpueHTHpYyeMbIM nepskarens 310. [[Be ocu
321 u 311 BpameHusT 0OECTICYHBAIOT ABWKEHUE B JBYX IO CYIIECTBY OPTOTOHAIIBHBIX
(TOpU30OHTATPHOH W BEPTUKAIBHOM) TUIOCKOCTAX. OTH ABWKEHHA TIO3BOJIAIOT
MOJIYYUTh TOPU30HTAIBHYI) OPHEHTALIMIO IMEPBOTO OPUEHTHUPYEMOTO JEpKaTens |
BEPTHUKAJIbHYIO OPHUEHTALUIO BTOPOTO OPHEHTHPYEMOTO JeprKaTens.
IIpeanmoyTuTeIBHO  BTOPOM  OpPUEHTUPYEMBIM  aepxkarens 310 comepskur
BCIIOMOTATENbHBIA  ABUrarenp 312  1gnd  HM3MEHEHUS  OPUEHTALMM  BTOPOTO

OPHUEHTHPYEMOTO AECP>KATEIA BOKPYT BTOPUYHOU ocu 311, MarHUTHBIN natuuk 323 ams

W3MEPEHMS HAIIPaBICHUA BEKTOPA F HaIpPsKEHHOCTH JTOKAJIBHOTO MArHUTHOTO TIOJIA ¥
ycTporcTBO 324, yKaspiBaromiee Ha cesep. [IpeanouTuTesbHO yriioBOM MarHUTOMETP
MA Taxke coaepkut ycTpoictBo 340 myia ynpaBiieHUs TJIaBHBIM ABHTatejeM 322 u
BCIIOMOTAaTENbHBIM aABUratenieM 312 u yctporctBo 350 11 M3MEPEHUSA U MOITYYCHHUS
[0 VYIiy TOPH30OHTAIIBHOM M BEPTHKAIBHOM OpPHEHTALMM IEPBOrO W BTOPOTO
opueHTUpYyeMbIX Aepkarened 320, 310. IIpeanoyTuTenbHO YriaioBOM MAarHUTOMETP
WMEET JBE CTEMEHH CBOOOIBI NMPU BPAIMEHHUH W MOYKET OPHEHTHPOBATH MATHUTHBIN
JaT4uMK 323 B MNPOW3BOJIBHOM HAINPaBICHHHA. B 4YacTHOCTHM, OH BBINOJIHEH C
BO3MO>KHOCTBIO OCYIIECTBIICHUS OPUEHTALMU MATHUTHOTO JATYMKA B 3aBUCHMOCTH OT

MarguTHOTO ITIOJIA.
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[0036] [IpennoyTUTENBHO TJABHBIM JBUTATENh 322 W BCIIOMOTraTEIbHBIN
aBuratenb 312 UMEIOT MPEHEOPEIKUMO MAaJIbIii MArHUTHBIN 3(PQEKT, TaK YTO OHU HE
CO3A0T MOMEX MJI1 W3MEPEHUss MarHuTHOro mnonsd. Hampumep, 3th asurarenu

ABJIAKOTCA MbE303JICKTPHUICCKUMHU ABUTATCIIAMMU.

[0037] VYerpoiicteo 350 11 uM3MEpeHHMA MO Yrily M MOJNYYEHHA MO YIIIy
MO3BOJIIET HM3MEPATh YIOJd BpallcHUA MEPBOr0O M BTOPOr0 OPHUEHTHUPYEMBIX
nepkarened 320 u 310 BOKpyr Kakaou u3 rimasHOM ocu 321 u Bropu4HOU ocu 311,
COOTBETCTBEHHO. JTO YCTPOMCTBO, HAMPUMEP, ABIAETCA ONTHYECKHUM JATYUKOM
VIJIOBOTO TOJIOKEHHA. JTO YCTPOUCTBO MOKET MCIOJB30BAaThCA B KaUE€CTBE CHTHAja

0OpaTHOM CBSA3H I aBTOMATHYECKH YIIPABIIEMOTO YTIIOBOTO JBH)KCHHA.

[0038] [IpenmodTurensHO TONIOKEHHWE THaBHOW ocu 321 MoOKeT OBITh
OTPETYIUPOBAHO C TMOMOINBK) «PETYIHMPOBOYHBIX» BHHTOB. TakkKe BO3MOKHO
MPUMEHEHHE APYTUX PEIICHUM, TAKHX KAaK KapJAHHBIM [MAPHUP, MIAPOBOE NIAPHUPHOE

COCAUHCHHEC HUIJIM ITOABCCHAA CHCTCMAa MAATHHKOBOT'O THUIIA.

[0039] Jatuuk 313 yrna HakjaOHa HU3MEPSIET OPUEHTALMIO ITIaBHOM ocH 321 k
BEpPTUKANH. JlaT4MK yIyia HAakjIOHAa IIO3BOJIAET IIONYYHMTh IIEPBOE HCXOIHOE
HampasJIeHUE. DTOT JATYHMK, HATIPUMEP, ABISIETCSA 3NEKTPOIUTUUECKUM AATIYUKOM HITH
JATYUKOM YCKOPEHHs, U3MEPAIONIMM CHITy TSDKECTH. [IpeAnodYTUTENbHO AaTYuK yria
HAKJIOHA HAJCKHO TIIPUKPEIUIEH K CHUCTEME OTCYETa, KOTOpas Bpamaercs co
BTOPUYHOM OChIO 311, M, ClIeA0BATENBHO, HAAECKHO IMPUKPEIUIEH K YCTPOUCTBY 324,
YKa3bIBAIOIIEMY Ha CEBEP, U K MAarHUTHOMY JaT4yvky 323. JlaTyMK yria HakjIoHa

TAKKE MOKET OBIThH pasMCIICH B CHCTCMC OTCUCTA, KOTOpad MpUBA3aHa K TJIABHOM OCH

321.

[0040] B ynyuynieHHOW BEpPCHM YCTPOWCTBA YrioBOM MarHUTOMETp MA Takke
COACP’KUT BCIIOMOTATENbHBIA AaTyuk 314 yria HaKIOHA, KOTOPBIM MOXKET OBITH
YCTAHOBJICH B HEMOBOPOTHOM YacTH Cpeacrsa u3MepeHusa. lIpeamouturensHo

BCIIOMOTATETHHBIN JATYHK YTJIa HAKJIOHA UMEET JABE CTETICHH CBOOOTBI.
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[0041] VYrnosoit marautoMeTp MA COAECPKUT YCTPOMCTBO 324, yKa3bIBarOIIce
Ha ceBep. OTO YCTPOMCTBO, YKAa3bIBAaIOIIEE HAa CEBEpP, IMO3BOJAET YCTAHOBHTH
HampasieHue reorpaduueckoro cesepa N M, TakuM 00pa3oM, ONPEACITUTh BTOPOE
UCXOAHOE HampasieHue. lIpennodrurenbHO yCTPOMCTBO, YKAa3bIBAIOIIEE HA CEBEP,
WMEET JBE CTENEHH CBOOOIBI, TO €CTh OHO MOJKET BBINOJHATH BPAINCHHS BOKPYT

rinaBHOM ocu 321 u BTOpU4HOU ocu 311.

[0042] VYerpoiictBo 324, yKa3blBaIOIIEE HAa CEBEP, HANMpPUMEP, MPEACTABIACT
cO0OM cucTEMY LIENEYKA3aHUA, TAKYI0 Kak MmokazaHHas Ha ¢ur. 4. Takoe ycTpOHWCTBO
yKa3piBaeT B HampasieHuH Llemw, yron Az kotopod k reorpaduueckomy cesepy N
3apaHee W3BECTEH. TakuM 00pa3oM, HaA OCHOBAHWH 3TOTO BBIBOJUTCS HAIPABIICHHUE
reorpaduueckoro cesepa N. Takoe yCTpOUCTBO MOKET OBITh JIA3€POM, HAITPABICHHBIM
Ha CBETOBO3BPAIIAKIIHN OTpakaTellb. BO3Bpallaronyics JIyd 3aT€M 3aXBaThIBACTCS
TAKAM YCTPOWCTBOM, Kak ¢orodnmemert wim [TY]] (TMO3UIIMOHHO-YYBCTBUTEITbHBIN
neTekTop). BO3MOXKHBI W Apyrue pemeHus, Takhue Kak KaMepa Ha Tpuoope ¢
3apsI0BOM CBA3BI0. MasAKH TI00aIbHOM CUCTEMBI OTIPEACTICHHUS MECTOTIONOKEHUS UITH
r100aNbHON HABUTALMOHHOM CITyTHHKOBOM CHCTEMBI TaKKE€ MOTYT CIIY’KHThH IIEIIBIO.

Ha ¢wur. 4 Taxke moka3aHo HampaBlIEHUE MArHUTHOTO ceBepa NMar U yrojl CKIIOHEHHS

D.

[0043] ATIPTEpHATUBHO, YCTPOMCTBO 324, yKa3bIBaIOIEE HA CEBEP, MOMKET
MPEICTABIATh COOOM YCTPOMCTBO, YKa3bIBAIOIIEE HA COJIHIIE. MOKHO BBIBECTH
HanpasJeHHe reorpaduyeckoro cesepa N IMyTeM HANPABICHUS TAKOTO YCTPOHUCTBA HA
COJIHIIE B OTIPEJCIIEHHBIH MOMEHT BPEMEHH (HE3aBUCHUMO OT TOTO, CKPBITO JIH COJTHIIE
o0JIakaMH, HAIPUMEP, TMTOCPEACTBOM TOJAPU3AMUOHHBIX CBETOQUIBTPOB). 3BecTHBIE
METOJIBI TPEOYIOT HATHYH WH()OPMAIIHH O 3BE3HOM BPEMEHH, CKJIOHCHHH U TPSIMOM
BOCXOKJICHHH COJIHIA. JTH JAHHBIE JOCTYIHBI B ACTPOHOMHYECKHX TAOIWIAX WITH
BBIBOJIATCSA W3 MOJeel. B kauecTBe ycTpOMCTBa, YKAa3BIBAIOMIETO HA HEOECHOE TEJO,
TAKKE MOTYT TPHUMEHATHCA JPYrue YCTPOWCTBA: MPEABIAYLIMNA MPUHIAI MOMKET
NPUMEHATHCA K TF0O0OMY ApyromMy BHAUMOMY HeOecHOoMy Termy. Kamepa opueHTanuu
MO0 3BE€3JaM: B MOCTOSSHHOM BO BPEMEHHM CHUCTEME KOOPAMHAT IO OTHOIIEHHUIO K

00CEepBaTOPUHM 3BE3Jbl HE SBIAIOTCA HEMOJABIKHBIMH Ha HeOe. VX CHHUMOK B
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ONMpPEACIICHHBII MOMEHT BPEMEHM B TAaKOM CIy4ae IIO3BOJIAET OINPEACIUTH
HampaBiieHue reorpaduueckoro cesepa N. I[lpeamourturensHo ycTpoicTBO 324,
VKa3bIBAIOIIEE HA CEBEP, MPEACTABIAET COOOM JAETEKTOP aOCONMIOTHOTO BPALICHMS,
TAKOM KakK MOKa3aHHBIM Ha Qur. 5. DTOT TUN JAaTYUKA MOKET OIPEAEIATH BpPAIICHHE
Q. 3emiH. DTOT AETEKTOP U3MEPSAET MPOCKIMIO TOPU30HTAIBHOIO KOMIOHEHTa 510
3eMHOTO BEKTOpa BPAIIEHHUS HAa €r0 YyBCTBUTEIbHYIO och 520. Ha ¢ur. 5 mpusenen
MpPUMEP MPOEKUUHU UId MHPOTHI 0, ¥ mokaszaH yron ¥ opueHTanmu 4yBCTBUTEIBHOU
OCH, U3MEPEHHBIN 0 OTHOLICHHIO K reorpadudeckomy ceBepy N (He mokasaH). OTH
JIBa HAIIPABIICHHA PACIOIOKEHBI B OHOM M TOM K€ TOPU3OHTAIBHOM TIIOCKOCTH. Ecun
3Ty YyBCTBUTEIBHYIO OCh MEPEMECTUTh B TOPU3OHTAIBHOM MIIOCKOCTH, €€ BBIXOJHAA
BEJIMYMHA OINUCBHIBAET CHHYCOMJIY, MAaKCHMyMbl KOTOPOM pacCIOJIOKEHBI B
HAIPaBIIEHUHU CEBEP-IOT, U HYJIUM KOTOPOM pacHoOJIOKEHbl B HANpaBIE€HUH BOCTOK-

3amnai.

[0044] OTH JAaTYMKH WA THPOCKOMBI MOTYT, B YaCTHOCTH, OBITH
MEXaHHYECKUMH, BOJOKOHHO-onTrueckuMu (FOG), konpriessiMu nmazepusivu (RLG),
nonycpepuueckumu pezoHancHpiMH (HRG), muxposnexkrpomexannyeckumu (MEMS)

WK aTOMHBIMH.

[0045] MarautHbiii gatyuk 323 mpeAcTaBiseT COOOW HANPABIECHHBIM JTATYHK
MArHUTHOTO TIOJI, YyBCTBHTENBHAS OCh KOTOPOTO MOJKET OBITh OPHUEHTHPOBAHA
BOKpPYT TJIaBHOM ocu 321 BpameHus U BTOpUYHOM ocu 311 BpameHus yrioBoro
marauToMeTpa MA. DOTOT MArHHTHBIH JATYUK MOXKET, HAMpPUMEp, OBITh
($eppO30HAOBBIM MArHUTOMETPOM, MarHUTOMeTpoM Fluxset, anmekTpuyueckoi Henbio B
COCTOSHMM BpAIlCHWA WM CKAJBIPHBIM  MAarHUTOMETPOM,  IOJIAPH30BAHHBIM

MarHUTHeIM  ycTporictBoM. Bpixog T 3toro marHutHOro  garumka 323
MPOMOPLIMOHANEH CKAISIPHOMY NPOHU3BEICHUIO JIOKAJIBHOTO MAarHMTHOIO IIOJIA F,
YMHOKEHHOTO HA €JIMHHYHBIA BEKTOP 71 MAPAIUIENbHO €r0 YyBCTBHTEIBLHOM OCH (CM.
¢ur. 6): T = k(ﬁ -F ), rae k asmaercs kK03((QUIUEHTOM TPOMOPIMOHAIBHOCTH HITH

MacIITaOHBIM KO3((HUIIMEHTOM MATHUTHOTO TATUHKA.
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[0046] MarsutHeii JaTYAK 323 MOKET OBITh BBITIOJIHEH C BO3MOKHOCTBIO
W3MEPEHUS CHUIIBI MATHUTHOTO TOJIS (CKAMAPHOTO m3MepeHwus). [loaromy ckamspHbId
marauToMeTp MS MoskeT ObITh 4acThio yrioBoro marautomerpa MA. Takol maTumk
MOJKET OBITh OJTHOOCHBIM HITH TPEXOCHBIM ()e€PPO30HAOBBIM MATHHTOMETPOM ITOJTHOTO
MOJIs, TPEXOCHBIM MarHutomMeTpoM Fluxset WM CKadIpHBIM MarHATOMETPOM.
CkanmsipHOE HW3MEPEHHE TAKKE MOKHO TPOBOIUTH C TOMOIIBIO BCIIOMOTATEIHHOTO
MarHUTHOTO JTaTYMKA, BXOJAIIETO B COCTaB CPEACTBA M3MepeHHs. [IpeanoyTurensHo
W3MEPEHHS] OPUEHTALMKA BEKTOPA HANPSKEHHOCTU JIOKAJIBHOTO MArHHUTHOTO MOJIA
BBITIOJTHAIOT ¢ YaCTOTOM B AHAIA30HE OT 107 I't no 107 ['n, mpeanoYTUTENBHO B
JTAAIIA30HE OT 10° I'n mo 107 ' 1 6onee MPEANMOYTHTEITIHHO B THATIA30HE OT 107 I'x
710 107 ['n. [IpeanmoyTUTENbHO TOYHOCTH YIVIOBBIX H3MEPEHUM B TOPH30HTAIBHOU
IUIOCKOCTH TaKOBA, YTO MOTPENIHOCTh U3MEPEHH MEHbIIE, yeM 20 TyroBBIX CEKYHJ,
0oJIee PEATOYTUTENHPHO MEHbINE, YeM 10 TyTOBBIX CEKYH]I, H B WACAIIBHOM BaPHAHTE
MEHBIIE, 4eM O TyroBBIX CEKYH. [IpeAnoYTUTET HO TOYHOCTD YITIOBBIX U3MEPEHUN B
BEPTUKAJIBHOW TUIOCKOCTH TAaKOBA, YTO MOTPEIIHOCTHh H3MEpPEHHs MeHbmie, yem 10
QYTOBBIX CEKYH[, Oojiee TPEAMOYTHTEIHHO MEHBIIE, YeM 5 JYTOBBIX CEKYHI, W B

HACAIIbHOM BApUAHTC MCHBIIC, UCM 1 AyroBasa CCKyHZIA.

[0047] Bapuomerp MYV, Ttarxke Ha3plBACMbIM BEKTOPHBIM MAarHUTOMETPOM,

H3MEPACT Bapuamid B TPEX MATCMATHYCCKHA  HC3aBUCHMbBIX  COCTABJIAIOMINX

-

JOKaJIbHOTO MArHUTHOTO TMONs F  4yepe3 paBHbIE TPOMEKYTKH BPEMEHH.

HpeHHO‘{TI/ITCJILHO 3TH HU3MCPCHUA TPEX MaTEMaTHYICCKHU HE3aBHCHMBIX

COCTABIBIIOLIMX JIOKATBHOTO MATHUTHOTO IO F* BBIIOJIHSIOT C YaCTOTOM B AHANA30HE
or 0,01 T'm mo 100 TI'm, mpemmoututenmpHo ot 0,05 I'm mo 10 I'm m Oormee
npeanoytureibHo oT 0,1 IT'm mo 1 I'm. IlpeamodyTuTenbHO TOYHOCTP H3MEPEHUH
TAKOBA, YTO TIOTPENIHOCTh M3MEPEHHUS MEHbINE, YeM 2 H17, OoJiee MPeAnmOYTHTETBHO
MmeHbuie, yeM 1 HTn, u B uaeansHOM BapuaHTe MeHblie, yeM 0,5 HTn. Oty usmepenus
ABIIAIOTCS OOJIE€ TOYHBIMH, YeM aOCOFOTHBIE U3MEPEHHUS, IPOBOIUMBIE C TIOMOIIBIO
VIJIOBBIX W CKAJAPHBIX MAarHUTOMETPOB, HO OHH JOJDKHBI OBITh OTKAIHOPOBAHBI
COTJIACHO MCXOJHBIM 3HauYeHWAM. Bapuomerp MV u ckamsapHbeiii MmarHuromerp MS

MOTYT OBITH 06’I>C,Z[HH€HBI B OTHOM U TOM KC CPCACTBC U3MCPCHUA.
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[0048] ABTOHOMHAsE OOCEPBATOPHUSA TAKXKE COAEPKHUT KOHTpoiuiep 202. D1oT

KOHTPOJIJICP BBIIMIOJIHEH C BO3MOKHOCTDBIO.

a) ABTOMATHYCCKOTO YIPABJICHUA I'NTABHBIM ABUTATCIICM 322 ¥ BCIOMOTATEIbHBIM

apurareaem 312;
b) ympaBneHHs OpHEHTAIIHEH:
1) matumka 313 yria HAKIIOHA A1 H3MEPEHUS HATIPABJICHHUS BEPTHKAIA V

2) yctpoiicTa 324, yKa3bIBAIOIIEr0 Ha CEBEP, JUIA U3MEPEHMs HAINPaBICHHA

reorpadudeckoro cesepa N;

-

3) mMarHMTHOTO Jartyvka 323 119 W3MEPEHHWA HamnpaBlIeHHWA BeKTopa F

HaAMpsZKEHHOCTH JIOKAJIbHOTO MAarHuTHOTO TTOJIA,

C) TONY4YCHHUS:

—

1) yrnoB HampaBie€HHS BEKTOpPAa F HANPSHKEHHOCTH JIOKATHHOTO MAarHHUTHOTO
MOJISl IO OTHOIIEHUIO K reorpaduueckomy ceBepy N U K BepTHKAIH V B
3aBUCUMOCTHU OT TOPU30HTAIIbHOM U BEPTHKAJIbHON OPHUEHTALMU NIEPBOTO U

BTOPOTO OPHEHTHPYEMBIX J€pPKaTeINeH;

—

2) Tpex BapHaUWMd B BEKTOpPE F HANPSHKECHHOCTH JIOKAIIBHOTO MAarHUTHOTO

TOJIs1, KOTOPBIE H3MEPAIOTCS ¢ TOMOIIBIO BapuomeTpa MV,

3) 3HaveHW MOAYJS BeKTOpa F HANpsyKEHHOCTH JIOKAJIBHOTO MArHHTHOTO

oJIsA, KOTOPBIC U3MEPAIOTCA C MTOMOIIBIO CKAIIAPHOTO MAarHUTOMCTpPA MS,

d) oOpaGOTKM MaHHBIX, TOJYYEHHBIX HA ATANe C) C IETbI0 aBTOMATHYECKOTO

-

noIyd€HUuA BCKTOpPa F HaNps>KCHHOCTH JIOKAJIbHOT'O MATHHUTHOTO MO H
O6H21py>I(CHI/I$I HOFpGIlIHOCTCfI B U3MCPCHUAX, CBA3AHHBIX C KAXKIbIM CPCACTBOM

HA3MEPEHMUS.

[0049] [IpeanodTUTENnbHO, IEPBBIM U BTOPOU OPHUEHTUPYEMBIE AcpskaTteny 320 u

310, rmaBHBIN ABUTAaTEND 322 M BCIOMOTATENIBHBIM ABHratens 312, ycTpoucTso 324,
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YKa3bIBaIOIIEE Ha CeBep, YCTPOMCTBO 340 s yOpaBiiCHUs JBUTATEISIMH U

yCTpOUCTBO 350 111 U3MEPEHHUA U IOJYYCHUS 110 YIIIy BBINIOJHEHBI U3 HEMAarHUTHBIX

KOMIIOHEHTOB, TO €CTh, MATHUTHAsI BOCIIPUMMYHUBOCTh MAaTEPHAJIOB, U3 KOTOPBIX OHU

BBINOJIHEHBI, HAXOAUTCA B AWAaNa3oHe OT -1 10 1, mpeanoYTUTEN HO OT -10™! 0 10" u
3 3

HauOoJee MpeanodYTUTeNbHO OT -10~ mo 10™. Hampumep, MaTepHuaisl BEIOUPAIOT W3

CIEIYIOIIETO CIUCKA: KepaMuKa, aOMHHHM, CIUIaB Arcap, THUTaH, MeAb, 3PTaJIOH,

HelnoH, Ertacetal, momuagupapupkeToH.

[0050] Ha ¢wur. 7 mnpuBegeH BTOpOH mpuUMep aBTOHOMHOHW MAarHUTHOU
oocepBaropurt 700 cormacHO HacTosmeMy H300peTeHH0. B 3Tom mpumepe
ABTOHOMHAs MArHHTHAs OOCEPBATOPUSA COJEPKUT YIIIOBOW MarHutoMerp MA,
ckasipHbld Maraurometp MS, Bapuometp MV, uacel 201, xkoHtponnep 202, takoi
Kak ommcaHHbINA Bbime. O0cepBaTopus 700 TOTIOTHUTETBHO COACPKUT UCTOUHHK 701
MATAHUA, U KOHTPOJuIep 202 TOMONMHUTENBHO MOKET MOIY4YaTh U MEPEIAaBaTh JaHHbBIE
ot cpeacts mmepenus (MA, MS, MV) BaemHe# cetu depe3 cucremy 702 CBs3H.
IIpeqnoYTUTENIBHO, MArHUTOMETPBI  PACHOJIOKEHBI  JAIEKO  OT  PAa3IU4YHOU
3MIEKTPOHUKH BO M30€KaHUE TIOMEX, CO3JaBAEMBIX €10. YTII0OBOM MarHuTomeTp MA u
BapuoMeTp MV MOryT BCTaBIATBCA B TEIUIOM3OJHLMOHHBIE KAaMEPBl C BBICOKOU
TCIUTIOBOM WHEepimen. Takke MOXKET OBITh TPEAYyCMOTPEHa MHOTOCIIOHHAS
KOHCTPYKIMA. YrinoBod wmarHuromerp MA wu Bapuometrp MV  Moryr OBITH
YCTAHOBJICHBI HA YCTOMYMBOM JEprKaTelie, TAKOM KaK OMOpHAs IUIMTA, 3aKPEIUICHHAS
Ha TBepaoM ocHOBaHUM 730. OCHOBaHMEM MOXKET CIY)KHUTh KaMEHb WM IUIUTA,
COCTOAIIHE W3 HEMAarHUTHBIX MaTtepuaioB. B mpumepe, mokasanHoMm Ha ¢ur. 7, nBa
HEMAarHUTHBIX YKPBITHA 710 OKpY:KarOT MHOKECTBO ONOPHBIX IUT 711 u comepkar
W30JIMPOBAHHYIO CTEHKY 720, CpeaHssa TONIIMHA KOTOPOU BappupPYyET B IHana3oHe oT 1
cM 10 60 cM, TPeanOYTHTENBHO B AuamazoHe oT 2 cM a0 30 cm u Oomee
MPEANOYTUTENIFHO B Auana3oHe oT 5 cm 1o 10 cm. [IpeanodTuTenbHO MHOKECTBO
HEMATrHUTHBIX OTIOPHBIX TUTUT, MPEAMOYTHUTEIFHO M3TOTOBICHHBIX M3 O€TOHA, UMEIOT
CPEIHUE pa3MepHI [TONIIMHA, [MPUHA, JJIMHA|, KOTOPbIE BApbUPYIOT B AUANA30HE OT
[1, 10, 10] cm mo [6, 10, 10] M; MPeANOYTUTENIBHO CPEIHHUE Pa3MEpbl [TOJIIMHA,
mupuHa, amuHA| BapepupyoT ot [10, 20, 20] cm mo [1, 2, 2] ™, Oomee

npeanouturenbHo ot [15, 25, 25] cm go [0,25, 0,5, 0,5] M, npuueM yKa3aHHbBIE
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ONOPHBIE TUIMTHI OTCTOAT APYT OT APYyra B CPpeAHEM Ha paccTosHuH OT O M 10 10 M,
NPEANOYTHTEBPHO HAa PACCTOAHHMU OT 1| M 10 6 M, Oojiee TMPEANOYTHUTENHHO Ha
paccrostHuu OT 2 M 10 4 M. B sTOoM mpumepe oaHO M3 YKpbITHH 710 cOmep:KuT
BEKTOPHBIM MarHuTOMeTp MV, a apyroe yKpbeITHE COJAEP’KHUT YITIOBOM MAarHUTOMET]

MA. [IpeanodruTensHO 00CEPBATOPHUS COAEPKUT OIHO yKpbiTHE 710,

[0051] [IpennoyTUTETbHO HEMATrHUTHBIE OMOPHBIE TUTHI 711 MOAAEPKUBAIOT
MO0 MEHBLIEH MEpe OJHMH U3 CIEAYIOIIMX 3JIEMEHTOB: CKAIIPHbIM MarHutometp MS,
yrnoBot wmaramutometp MA, Bapuomerp MYV, wuacer 201, xontposmep 202.
[IpeanoYTHTENEHO HEMAarHUTHOE YKPBITHE 3alIMIIACT MO MEHBIIEH MEpPE OJHMH M3
CIEIYIOUIMX 3JIEMEHTOB: CKaNApHbIA MarHuToMeTp MS, yrnosoit maruutomerp MA,

BapuomeTp MV, vacer 201, konTposmep 202.

[0052] ABTOHOMHAasE MarHWTHas OOCEPBATOPUS  COTJIACHO  HACTOSIIEMY
N300pPETEHUI0 MOXKET OBITh YCTAHOBIIEHA HA TPYHTE WIIM IO/ BOJOH, HAPHUMEp, HA
aae mops. Korma ona morpyxeHna B Boay, cpeactsa usmepenus (MA, MS, MV), vacer
201 m konTpOIUIEp 202 3aMMIIEHBI OJHUM WM HECKOJIBKHUMU BOJOHEIMPOHULIAEMBIMH
3anTHBIMH  Kokyxamu. CpenctBa usmepenus (MA, MS, MV), uacer 201 wu
KoHTpoutep 202 yCTaHOBIEHBI B OJHOM KOXKYXE, WIIH NMPEATIOYTUTEIBHO B OTACIIBHBIX
Kokyxax. OIMH WIM HECKOJBKO KOKYXOB IMpPEJOTBPAIIAIOT TOBPEKICHUE WU
YHUYTOKCHHE HUX COJACPKHUMOIO OKpyKaromed Boaou. Hampumep, Ha moaBoaHyIO
MAarHUTHYIO OOCEPBATOPHIO MOJKET IOJABATHCS JIIEKTPONUTAHHE OT OaTapew, uepes
TOJIBOAHBIA KaOeNb, Yepe3 MOBEPXHOCTHBIN OyH, TMOJCOEIWMHEHHBIM K 00CepBaTOPUHA
yepe3 MPOBOIANIMKA KaOellb, OT T€HEpaTopa, KOTOPBIH TEHEPHUPYET SIEKTPHUYECTBO,

WCIIOJIb3YS SHEPTHIO MOPCKUX TCUCHHM.

[0053] CormacHO BTOpPOMY aCIEKTy H300PETEHHE OTHOCHTCA K CIIOCOOY

NOJTYYCHHA BCKTOpA F HaANpsa>KCHHOCTHU JTIOKAJIbHOTO MAariuTHOTO ITOJIA.

[0054] Ha ¢ur. 8 mokasana cxema mpumepa cmocob6a 800 mis moydeHHs

>

BCKTOpa F HaMMpPsLKEHHOCTHU  JIOKAJIbBHOTO MArHUTHOT'O TIOJI COTJIACHO HACTOALMICMY

N300pPETEHUI0. DTOT CIIOCOO BKIIFOYAET CIEAYIOIIUE STATIBL:
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S810: obecrieueHUE MAaTHUTHOM 0OCEPBATOPHH, TAKOM, KaK OMMCAHA BHIIIE;

S820: koHtpomnep 202 momydaeT u3MepeHus Moaynia  Bekropa F
HAIPSDKEHHOCTH JIOKAJIBHOTO MArHUTHOIO IIOJIA, HM3MEPEHHUS IO KOTOPOMY
BBITOJTHAIOTCA C TIOMOIIBIO CKAJSIPHOTO MarHutomerpa MS B pa3Hble MOMEHTHI

BPEMEHH ti;

S830: kOHTpOJIIEP MOyYaeT U3MEPEHUSA TPEX MATEMATHUYECKH HE3aBUCHMBIX

COCTABJISIFOINUX BEKTOpA F' HANPSIKEHHOCTH JIOKATBHOTO MAarHUTHOTO moJst, dU,
dV, dW, u3mepeHus mo KOTOPHIM BBITOJHIIOTCS ¢ TOMOIIBI0 BapuomeTpa MV

B Pa3HbIE MOMEHTHI BPEMEHH ti;

S840: koHTpoiep ympaBiseT TJaBHBIM ABHUrareiaeM 322 1yl U3MEHECHHS
TOPHU30HTAIBHOM OPUEHTALMH NEPBOr0 OpHUEHTHpyeMoro aepskarens 320 u B

3aBUCHMOCTH OT NIOKA3aHUM JATYHUKA YIjla HAKIIOHA U3MEPAECT BEPTHUKAID V;

S841: xoHTpomiep yOpaBiIsA€T BCIOMOTaTelabHBIM aABUratenem 312 and
W3MEHEHHs BEPTUKAJIBHOM OPHEHTALMU BTOPOTO OPUEHTHPYEMOTO JEpPKaTENs
310 ¥ B 32aBUCUMOCTH OT IMOKAa3aHUM YCTPOUCTBA 324, yKa3bIBAIOLIETO HA CEBED,

U3MEPSAET HANpaBJIeHUe reorpaduueckoro cesepa N;

S842: xoHTpoOJUIEp YNPABIAET ITIABHBIM U BCIIOMOTATEIbHBIM JBUTATEIAMHU JJIs
W3MEHEHHUA TOPU3OHTAIBHOM M BEPTUKAIBHOM OPHEHTALMM  YTIIOBOTO
marauromeTpa MA U B 3aBUCHMOCTH OT TOKa3aHUM MAarHUTHOTO JaT4uka 323,

MmOKa3aHWd KOTOPOTO IMOTYYUCHBI B Pa3HbIC MOMCHTBI BPCMCHHU ti, HU3MCEPACT ABa

-

yrma D* m [*, cooTBeTCTBYIOIME HATIPABICHUIO BEKTOpAa F HANPSIKEHHOCTH

JIOKAJIPHOI'O MArHUTHOI'O ITOJIA,

S843: KOHTpOIUIEp BBUHCIAECT aOCONIOTHBIE 3HAYEHHUSA JABYX VYIJIOB C
HaNpaBJICHAMN, TOMyYeHHBIX Ha Tanax d) — f) rakum obpazom, uto: D = D* - N

ul=1*-V;

S850: KOHTpOJUIEp BBIMUCIAET MCXOIHBIE TMHUU BapuoMerpa MV B MOMEHT

BpCMCHHU t, KOTOpI)IfI ABIBICTCA CPCAHUM 3HAUYCHHCM PAa3IMIHbBIX MOMCHTOB
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BPEMEHH ti, HCIONB3ys AOCOMFOTHBIM MOIyNb BEKTOpa F HampsykeHHOCTH
JOKaJbHOTO MATHUTHOTO TIOJIA, TOJTYYEHHBIM B COOTBETCTBHH C 3TamoMm b), u

YIJIbl, MOJTYYCHHBIC B COOTBCTCTBUHU C 3TAIIOM g),

1) S860: KOHTpOIIEp BBHIMONHACT KATHOPOBKY MAacIITaOHBIX KOI(D(HUIMEHTOB

KaKJI0M MaTEMaTHYECKU HE3aBUCUMOM COCTABIAIOIIEH BapuoMeTpa MV,

J) S861: KOHTpOIIEP BHITIONHAET KATHOPOBKY OPTOTOHAIBHOCTH M OPHUCHTALIUH B
MPOCTPAHCTBE TPEX MATEMATHYECKH HE3aBUCUMBIX COCTABJIAIOIIUX BAPHOMETPA

MYV u BerumcIisgeT 3inepoBbl MaTpuLbsl E mosopora;

-

k) S870: xoHTpomsep BBYHCISET 3HAYECHWE BEKTOpa [ HaNPsSHKEHHOCTH

JIOKAJIbHOTO MarHuTHOTO TTOJIA IMYTEM OCYIICCTBIICHUA CICAYIOMUX 3TAIOB!

1) S871: mony4yeHWe OPHUEHTHPOBAHHBIX W3MEPECHUH, TPUMEHSS SUIEPOBBI
maTpuisl E moBopoTa, KOTOpBIE OBIITH MOTYYEHBI HA Tale j), B OTHOIICHUH

Tpex m3Mmepenui Bapuometpa MV: dU, dV u dW;

2) S872: momydeHHE H3MEPEHHUH, MOATESKANIMX MAcIITAOMPOBAHHUIO, MYTEM
YMHOKEHUSA TPEX OPHEHTHUPOBAHHBIX H3MepeHuM Bapuomerpa MV Ha

COOTBETCTBYIOIIUE MacIITaOHbIE KO((PUITMEHTSI, TOJTyYSHHbIE Ha JTare 1),

3) S873: nmonmydenne 3 KOMIIOHEHTOB BEKTOPa F HANPSKEHHOCTH JIOKATBHOTO
MArHATHOTO TIOJSL IyTeM JOOAaBIEHHUS MCXOAHBIX JIMHUH K TPeM

OPHUCHTHUPOBAHHBIM H ITOAJICKAIITUM MaCIJ_ITa6I/IpOBaHI/IIO HU3MCPCHUAM.

[0055] Bekrop F HanpsyK€HHOCTH JIOKAJIBHOTO MAarHUTHOTO TOJS MEHAETCS C
TEUEHHUEM BPEMEHH, TI03TOMY HEOOXOIMUMO TTPOBOIUTH U3MEPEHUSA B PA3HBIE MOMEHTHI

BPEMEHH ti.

[0056] CkanmsapHelii  MarHutoMeTp MS  sABnAeTcs CpPEeACTBOM H3MEPEHHHA,
CTHIOCOOHBIM BBIIaBATh 3HAYCHHE MOAYJA JIOKATBHOTO MAarHUTHOTO monsi F ¢ Takoi
TOYHOCTBIO, YTO TIOTPEIIHOCTh HW3MEPEHHA OObBIYHO MeHbme, uyem 1 HT,

NPEANOYTUTENILHO MeHbInE, yeM 0,5 HTm, u B nacanmpHOM BapuaHTe MeHbIne, yem 0,2
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HIn. Konrponmmep 202 aBTOHOMHON 0OCEpBATOPUH BBHIMOITHEH C BO3MOKHOCTBIO

noJIy4aThb 3HAYCHUA, BbIAABACMbIC CKAJIPHBIM MAarHuTOMETPOM MS.

[0057] [IpennoururensHo koHTposmep 202 ympasiseT IIaBHBIM JIBUTaTeIeM
322 u BcmoMoraTenbHbIM ABUrateneM 312 ayd  U3MEPEHUsA BEPTHKAJIBHOTO
HAIpaBlcHUsA V ¢ MOMOMIBIO JATYMKA yIJia HakIOHAa. KOHTpOep Takke BBIIOJIHEH C
BO3MOKHOCTBIO YMPABJICHHUS TJAaBHBIM JABUTaTelieM 322 ¢ BCIOMOTaTEJIbHBIM
nsurateneM 312 gy W3MEpPEHHWS HampaBieHUs Teorpaduyeckoro cesepa N ¢

MOMOIIBIO YCTPOMCTBA 324, YKAa3bIBAIOIIETO HA CEBED.

[0058] [IpeqnouturensHO  yCTpOMCTBO 324, yKasplBalomiee Ha  CEBEP,
MPEICTABISET COOOM JACTEKTOP aOCOFOTHOT'O BPANICHHS, W TIOUCK Treorpaduaeckoro
ceeepa N 3akimroyaeTcss B HM3MEHEHHH TOPHU3OHTAIIbHOM OpHUEHTALUMU MEPBOTO
opueHTHpYeMoro aep:katest 320 10 Tex mop, MoKa AETEKTOP aOCOMFOTHOTO BPAIIECHUS
HE YK@KET HAa HyJEBOE 3Ha4YeHWe H3MepeHuA. Konrtpommep 202 3arem mnomydaer

OPHMEHTALIMIO TIEPBOTO JAEPKATENS ¢ yKa3aHWEM Ha reorpaduueckuii cesep N.

[0059] ATPTEPHATUBHO YCTPOWMCTBO, YKAa3bIBAaIOIIEE HA CEBEp, MPEACTABIACT
COOOM AEeTEeKTOp aOCOMIOTHOTO BpAIEHUA, U TMOMCK reorpaduueckoro cesepa N

BKIIIOYACT CIICOYHOIIUEC STAIlbI:

a) M3MEHEHHE TOPU3OHTABHOM  OPHEHTALMH TIEPBOTO  OPUCHTUPYEMOTO
aepxarenss 320 TakuM 00pa3oM, YTO AECTEKTOP a0COMIOTHOTO BpAIICHHUS
MOKA3bIBACT HYJIEBOE 3HAYCHHE HM3MEPCHHUS, W MOJy4YeHHe OopueHTtarmu N1

NIEPBOTO OPHEHTHPYEMOTO AEPKATENS, COOTBETCTBYIOIIEH 3TOMY H3MEPEHHIO;

b) W3MeHeHHWE TOPU3OHTAJIBHOH  OPHUEHTAIIMH  TIEPBOTO  OPHEHTHPYEMOTO
nepxatens 320 Ha 180° U KOPPEKTUPOBKA rOPU30OHTATIBHOW OPUEHTALIMM TAKUM
00pa3oM, YTO JAETEKTOpP aOCONIOTHOTO BpALICHUS IOKAa3bIBAET HYJIEBOE
3HAYECHHUE U3MEPEHMS, U MOJTYyYECHHE OpPUEHTALMU N2 NepBOro OpHEHTHPYEMOTO

JEPKaTENs, COOTBETCTBYIOIIEN 3TOMY U3MEPEHUIO;

C) HW3MEHECHHE BEPTUKATBHOW OPHEHTAIIMH BTOPOTO OPHUEHTHUPYEMOTO JEpIKATEIIs

310 Ha 180° u KOPPEKTHPOBKA TOPH3OHTAJIBHOM OPUEHTALMU MEPBOTO
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OpHeHTHpyeMoro jepxateis 320 TakuM 00pa3oM, UYTO AETEKTOP aOCOIOTHOIO
BpallCHUsA IIOKA3bIBAE€T HYJIEBOE 3HAYCHUE M3MEPEHMs, M IIOIYYEHHUE
opueHTaimu N3 nepBOro OpUEHTUPYEMOro aepkarens 320, COOTBETCTBYIOIIEH

3TOMY U3MEPEHHIO,

d) u3MeHEeHHE TOPH3OHTAIBHOH  OPHEHTAIMM TIEPBOTO  OPUEHTHPYEMOTO
neprxkatens 320 Ha 180° U KOPPEKTUPOBKA TOPU3OHTAIILHON OPUEHTALUU TAKUM
0o0pa3oM, 4YTO MAETEKTOpP aOCONIOTHOTO BpPALICHUS IOKA3BIBAET HYJIEBOE
3HAYCHHUE U3MEPEHMUS, U MOTYyYCHHE OpUEeHTAlMU N4 epBOro OpUEHTUPYEMOTO

JEPrKaTeNs, COOTBETCTBYIOIIEN 3TOMY U3MEPEHUIO;

€) BBIYHCIICHHE HAMpaBlcHUS reorpaduveckoro cesepa N IyTeM BBIYHUCIICHHS

cpenHero 3HaueHus yeTbipex usmepenui: N = (N1 + N2 + N3 + N4)/4.

Nsmepenune reorpadmueckoro cesepa N H BEpTHKATKM V TIO3BOIIIET OMPEICITHTH

-

CIIPABOYHYIO CUCTEMY KOOPJHHAT, B KOTOPOU BEKTOP F HANPSIKEHHOCTH JIOKAIIBHOTO

MArdovuTHOTO ITOJIA BBIPAKCH.

[0060] [Tocme TOrO, Kak CTAaHET HW3BECTHO HAIPaBIIEHHE TeorpaduuecKkoro

cesepa N u BepTuKanu V, OyIeT MOTyYeHa JIOKAbHAS CHCTEMAa OTCYETa, B KOTOPOU

-

OyIyT BBIPDAKEHBI [BE OPUEHTALMH BEKTOPa F HANPsSUKEHHOCTH JIOKAJIBHOTO
MAarHUTHOTO TOJIA, KOTOPBIE OMPEAEISAIOT ¢ MOMOIIBIO KOHTpoiuiepa 202 ¢ mOMOMIIbIO
yrnoBoro marauromerpa MA u ero MarHMUTHOTO gatdyuka 323. IIpeamoyTuTesHO
MAarHUTHBIA JaT9UK 323 yriaoBoro MarHutomMetpa MA mpeacTaBisieT COOOM AaTYMK
HAIIPABIICHUA, TAK YTO H3MEPACTCA TOJNBKO COCTABIIOIMIAA JIOKAJTBHOIO MArHUTHOTO
IOJIs, Mapajijie/ibHas YyBCTBUTEIIBHOM OCH JaT4uKa. BBIXOJHBIC NaHHBIE NAaTYHMKA B

3TOM CJIydae TMpPEACTABICHbI B BHJE CIEAYIOLIETO CKAIIPHOTO MPOU3BEICHHUA:
T= k(ﬁ . ﬁ), rae T — BBIXOAHBIE TaHHBIE AATYHKA, KOTOPBIE OOBIYHO BBIPAYKAIOTCS B
Hanoteciax (HTn), Kk — MacurraGHbIl KOS(QQHUIMEHT JaTUHKa, T — €IMHAYHBIA BEKTOP,
MapalyieNbHbIi  UyBCTBUTENBHOM OCH JaTiMKa, 4 F  00603HAYaeT BEKTOP

HaAMpPsZKEHHOCTH JIOKAJIBHOTO MArHUTHOT'O MOJIA. HaHpHMep, opucHTalUA MAarHuTHOTO

naT4vka 323, nepneHauKyIsIpHas MarHUTHOMY IIOJIIO, HMEET PE3YIbTATOM CKAIAPHOE



10

15

20

25

28

NPOM3BEACHHUE, PAaBHOE HYMO. TakuM 00pa3oM, MOXXHO TOBOPUTh O HYJIEBOM HITH
KOMIIEHCALIMOHHOM MeToae u3MepeHusa. Ilostomy koHTpoiuiep 202 BBINOIHEH C
BO3MO’KHOCTBIO M3MEPEHUs ABYX yrioB D* u [* myTeMm M3MeHEHHS TOPHU3OHTAIBHOMN
OPHEHTALMHU TIEPBOTO OPHEHTUPYEMOTO Aeprkarend 320, moka MAarHUTHBIA JATYHK HE
YKOKET HA MHHUMAJIbHOE 3HAYEHHE, KOTOPOE B UACAIBHOM BAapPHAHTE PABHO HYIIO,
YTO JAET MEPBYIO OpHEeHTamuio D*. 3aTeM KOHTPOJUIEP H3MEHAET BEPTHKAIBHYIO
OPHUEHTALIMIO BTOPOTO OpPUEHTHpyeMoro aepsxkartens 310, moka MarHUTHBIM TaTYUK HE
YKOKET HA MUHUMAJIBHOE 3HAYECHHE, KOTOPOE B HMICATBHOM BAapUAHTE PABHO HYIIIO,

YTO JAE€T BTOPYIO OPHEHTAIHIO [*.

[0061] [IpeanoYTHTENBHO € LENBI0 YMEHBINECHUA MOTPEINHOCTEN HU3MEPEHUA U
OTAEIFHBIX OIMHOOK, OOYCIIOBIEHHBIX CPEACTBAMH W3MEPEHHSA, H3MEPSIIOT MHOKECTBO
Hyner. OOBMHO COCTABIIOMAS MATHHTHOTO TIOJNA, H3MEpAeMas MAarHUTHBIM
AaTyukoM 323, MOXKET OBITh BBIPAKEHA KaK (PYHKIUSA IBYX CTETIEHEH CBOOOIBI U
Pa3NHYHBIX MOTPEITHOCTEN BBIPABHUBAHUSA, HCIIONB3YS MOAENb JlaypuaceHa, KoTopas
W3BECTHA CHeIHMamucTaM B JaHHOW oOmactu texHuku (Lauridsen, K.E., 1985.
Experiences with the DI-fluxgate magnetometer inclusive theory of the instrument and
comparison with other methods. Danish Meteorological Institute Geophysical Papers,

R-71):

T = H cos(a — D) (cos(B) — e sin(B)) —yH sin(a — D) + Z(e cos(B) + sin(B))
+ T,

rae: 7" BBIXOJHBIE JAHHBIE MATHUTHOTO maTymka 323, 70: HeoOs3aTeNbHOE CMEIIEHHE,

H: TOpH30HTAIIbHAS COCTABIAOMAA (B IIOCKOCTH, TIEPTICHIUKYIIPHOW TIIABHOH OCH
321) BexTopa F HamNpsHKEHHOCTH JIOKATBHOTO MATHHTHOTO TIOJNS, /. BEPTHKAIbHASA

cocTaBITrOmas (mapauiebHas TIIaBHOW OCH) BEKTOpa F HANPS>KEHHOCTH JIOKAJTBHOTO
MAarHUTHOTO MOJis, [); MAarHUTHOE CKJIOHEHHE, (. YTOJl YII0BOro Mmaruuromerpa MA B
TOPU30HTAIBHOM TUIOCKOCTH K TeorpaduyeckoMy ceBepy, [: Yroid B BEPTHKAIbHOU
IIOCKOCTH K BEPTHKANH, €. OIMMOKA BHIPABHUBAHUS MAarHUTHOTO JaT4yWka 323 1o
OTHONICHUIO K €r0 YYBCTBHUTEIIPHOM OCH B BEPTHUKAIBHOW IUIOCKOCTH, Y. OIIMOKA

BbIpaBHUBAHWA MAarHuTHOTO AAaTYWKA MO OTHOHMICHHIO K C€ro LIyBCTBI/ITCJ'IBHOI‘:I OCH B
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FOpI/ISOHTaJ'IBHOI‘"I MIIOCKOCTH, KOrJa YYBCTBUTCIIbHAA OCbhb ABJIICTCA FOpI’BOHTﬁJ'IBHOﬁ.
VYTI0BbIE HANpaBICHHS MATHUTHOTO TOJISI B OTOM CIIy4ae ONPEACTSIOTCA IyTEM
MOMCKA OPUEHTALMM MArHUTHOTO LIEHTPA, KOTOPBIE IO CYIIECTBY MEPIECHIANKYIIAPHBI
marautTHOoMy nomo. M3sectrie metoas! (Lauridsen, Kerridge: Kerridge, D.J. (1988).
Theory of the fluxgate-theodolite. British Geological Survey Technical Report,
Geomagnetism Series, WW/88/14) nenaroT BO3MOKHOW KOMITCHCAIIHIO MOTPEITHOCTEH

AaTYHKa, CBA3aHHBIX C BBIPABHUBAHHUCM H CMCIICHUCM.

Hanpumep, kontpomnep 202 ynpaBiseT ITaBHBIM U BCIIOMOTATEIbHBIM JIBUTATEISIMU
A W3MEHEHUS TOPU30HTANBHOM MW BEPTUKAIBHOM OPHEHTALMH  YTIOBOTO
marHutomMerpa MA M OCYIIECTBISIET MOUCK HYyJEH, COOTBETCTByOIIHX 4
opueHTausaM (+/-180° B TOPH30HTAIIFHOM HAIpaBiieHUH H +/- 180° B BepTHKAIBHOM
HampaBiieHnn). Hampumep, 4TroObl HAWTH CKJIOHEHWE D, KOHTPOIUIEP BBIOHSACT

CICOYIOMHEC STAIIbI:

a) W3MEHCHHE TOPU3OHTAIBHOM  OPHCHTAIIMH  TIEPBOTO  OPHUEHTHPYEMOTO
nepxkatens 320 takuMm 0Opa3oM, YTO MArHUTHBIM AAaT4WK 323 TOKA3bIBAET
HYJIEBOE€ 3HAYEHUE H3MEPEHUA U IOJaydeHHe opueHTauuu D1 mepsoro

OPHUCHTHUPYCMOTO ACPKATCIIA, COOTBCTCTByIOIl[GfI OTOMY H3MCPCHUIO

b) W3MEHeHHWE TOPU3OHTAJIBHOH  OPHUEHTAIIMH  TEPBOTO  OPHEHTHPYEMOTO
neprxkatens 320 Ha 180° U KOPPEKTHUPOBKA TOPU3OHTATIBHOW OPUEHTALIMH TAKUM
o0pa3oM, YTO MArHUTHBIM JAaTYMK 323 TOKa3bIBACT HYJICBOE 3HAYCHHUE
W3MEPEHHsT MW TOJIyYeHHE OpHeHTauuu D2 mnepBoro OpHEHTHPYEMOTO

JEPrKaTeNs, COOTBETCTBYIOIIEN 3TOMY U3MEPEHUIO;

C) W3MEHEHHE BEPTHKAIBHOM OPHUEHTAIIMH BTOPOTO OPHEHTHPYEMOTO IEPKATEIS
310 Ha 180° u KOpPPEKTHUPOBKA TOPHU3OHTAJIBHON OpPUEHTALUMU MEPBOrO
opueHTHpyeMoro Aepxkarens 320 Takum 00pa3oM, YTO MATHATHBIN JaTYnK 323
MOKA3bIBACT HYJIEBOE 3HAYECHHE HW3MEPEHHA W MONy4YeHHE opueHTaumu D3

NIEPBOTO OPHEHTHPYEMOTO ACPKATENSA, COOTBETCTBYIOIIYIO 3TOMY H3MEPEHHIO;
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W3MECHCHUE  TOPU3OHTAIIBHOM  OPHEHTALMM  IIEPBOTO  OPHUEHTHPYEMOTO
nepxkatens 320 Ha 180° 1 KOPPEKTUPOBKA FOPU30HTATIBHOW OPUEHTALIMHM TAKUM
o0pa3oM, YTO MArHUTHBIM JAaTYHMK 323 TOKA3bIBACT HYJIEBOE 3HAYCHUE
W3MEPEHUSIT M TMONY4YEHHE OpHEHTalmu D4 1epBoro OpUEHTHPYEMOTO

JEprKaTels, COOTBETCTBYIOMIEH ITOMY H3MEPEHHIO,

BBIYHCJICHHUC nepBoToO yria, COOTBCTCTBYHOIICTO TOPU30OHTAJIbHOMY
HammpaBJICHUIO JIOKAJIbHOI'O MAarHUTHOTO TIOJIA, ITYTCM BBIYHCICHUA CPCOHCTO

3HaYeHus YeTbipex mmepenuit: D* = (D1 + D2 + D3 + D4)/4;

CxoxxuMm 00pazoM, KOHTpojuiep 202 TOJly4aeT MAarHUTHOE HakjIoHeHWe | myrem

BBITIOJTHCHUA CIICAYHOIIHUX 3TAaIOB!

f)

g)

h)

[0062]

W3MCHCHUE  TOPU3OHTAIIBHOM  OPHEHTALMM  TIEPBOTO  OPHUEHTHPYEMOTO

nepxxarens 320 x Hanpasnenuto D* - 90°;

BBITIOJTHEHHE 3TANOB a) — C), HA KOTOPBIX TOPU3OHTAIbHAA M BEPTHKAIBHAS
OPHEHTALMH 3aMCHEHBI MECTAMH, U HA KOTOPBIX POJIM NEPBOTO M BTOPOTO
OopueHTHPYeMBIX Aepkarenei 320, 310 3aMeHEeHbI MECTaMU, U, TAKUM 00pas3om,

noixy4yeHue opueHtami 11, 12, 13;

W3MEHEHHE  TOPU3OHTAIBHOM  OPHEHTAUMHM  TEPBOIO0  OPHUEHTHUPYEMOTO
naepxarens 320 k Hampasiaermoo D* - 90° W KOPpPEKTHPOBKA BEPTHUKATHHOU
OPUEHTAIIMH BTOPOTO OpHEHTHpPyeMoro nepskarenst 310 takum oOpa3om, 4TO
MArHUTHBIM JaT4uK 323 TMOKa3bpIBAaCT HYJICBOE 3HAYCHUEC HW3MEPEHUS, H
MOJy4YeHUE  opueHTauuu [4  BTOPOro  OPUEHTUPYEMOrO  JACp KaTels,

COOTBETCTBYIOLIEH 3TOMY H3MEPEHHIO;

BBIYHMCIIEHUE BTOPOTO yIia, COOTBETCTBYIOIIETO BTOPOMY HAIPABJICHUIO
JIOKaJAbHOTO MArHUTHOTO TOJIi, MYTEM BBIYUCICHUS CPEAHETO 3HAYCHUS

yetbipex mmepenuit: [* = (I1 +12 + 13 + 14)/4.

AJ'[BTepHaTI/IBHO, BTOpOfI MCTOJ 3aKMIOYACTCA B TTIOUCKC HAIIPABIICHUA, B

KOTOPOM MArHUTHBINA JaTYUK 323 MOKA3hIBAECT 3HAYCHUE U3MEPEHHSA, KOTOPOE OJIU3KO
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K Hymo, HO kKoTopoe umeer octarok dT. CocraBmaromue J0KaTbHOTO MArHUTHOTO
MOJIsL, TIOMCK OPHUEHTAlMd KOTOPBIX BBITIONHAIOT, MOTYT OBITH MPEOOPA30BAHBI C

NOMOIIBIO CIICAYIOIINX COOTHOIICHHUM:

5D = 180 (dT)
= asin i
180 dT
0] = —asin <—)
T

-

ric H sdaBmeTcs BENMMYMHOM TOPU30OHTANBHOM COCTABIMAKOIIEH Bekropa F
HATPSUKEHHOCTU JIOKAJIBHOTO MArHUTHOTO Tonsl, a F sBhsgeTrca MOZYyJEM BEKTOpa
HATMPSUKEHHOCTH  JIOKAJBbHOTO MATHUTHOTO TIONS. 3aTeM KaXI0€ H3MEPEHHUE

KOPPEKTUPYIOT € YYETOM €0 OCTATKA.

[0063] 3ateM BBIMUCISIIOT opueHTalmu D u I ¢ momonipo koHTpoiuiepa 202 B

cUcTEME OTcUeTa reorpaduiyeckoro cesepa N M BEPTHKAINA TaKUM 00pa3oM, uto: D

D*-Nul=I*-V.

-

[0064] Konrpomrep 202 momyyaeT 3Ha4Y€HHs TPEX COCTABIMIOMIMX BEKTOpa F
HANPSDKEHHOCTH JIoKanbHOro maruutHoro mojst: dU, dV, dW, 3mauenus xotoporo
U3MEPAIOT C TOMOINBI0 BapuomeTpa MV B pasHble MOMEHTHI BpemeHH ti. B
MArHUTHOM 00CEpPBATOPUM HW3MEPEHHE MATHUTHOTO TIONA  TPEANOYTHTEIHHO
BBITIOJIHAKOT C MOMOINBIO BEKTOPHOro Mmarmutomerpa MYV, KOTOpbIM wu3MepseT
BapHaLlMM B TPEX COCTABILAIOLNIMX MArHUTHOTO TOJA YEPE3 PABHBIC MPOMEKYTKH
Bpemenu (Hanpumep, 10 I'm, 1 T'm, 0,05 I'x). 310 BONPOC OTHOCHTETBHBIX H3MEPECHHM
MO0 OTHOLICHHWIO K MCXOAHOW Touke. [loaToMy 3TH H3MEpeHHs IODKHBI OBITH
OTKaTMOPOBAHBI, MCTIONB3YsAd AaOCOOTHBIE HW3MEPEHHUSA, BBITIOJHEHHBIE YTIIOBBIM

MarHuroMeTpoM MA M cKalsspHbIM MarHutomeTrpom MS.

—

3HAYEHHUS TPEX COCTABIIIOMIMX BEKTOpA F HANPSIKEHHOCTH JIOKATBHOTO MArHUTHOTO
nons: dU, dV, dW, 3HadueHHs KOTOPBIX H3MEPAIOTCA ¢ MOMOIIBI0 BapuomeTpa MV,
NPEJICTABIAIOT COOOH BapHalMd B COCTABIIOIIMX OTHOCHTENBHO HCXOJHOM

BEJIMYHMHBI. JTa UCXOAHAS BEJIWMYHWHA, OOBIYHO HAa3bIBaeMas «MCXOMHOM uHueH» LDB,
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OTIPEJENAETCA MyTEM BBIYMTAHUS BapUALlMHM KaK (PYHKIMH BPEMEHH B COCTABISAIOLICH
OT €€ «a0CONMIOTHOTO» WM TOJHOTO 3HaYeHWA. Bapuaumsa kak (yHKIUS BpPEMEHH
ABIIACTCA OTHOCHTEIIBHBIM 3HAYCHUEM COCTABIMIOLIEH, HU3MEPAEMBIM BapHOMETPOM
MV. Jlna cocraBmsromeid C COOTHOIIEHHE BBITTIANUT CIEAYOIMM oOpasom: Cy =
C(t) — 6C(t), rme: Cy: LDB cocrassronieii C, KOTOPHIH PHHAUMAETCS HE3aBUCHMBIM
ot Bpemenu, C(t): «abcomoTHOoe» 3HauyeHHe C B MOMEHT BpeMEHH t (3HAYCHHE
KOTOPOTO BBIBOJUTCS W3 AOCOMIOTHBIX 3HAYEHWH YTrIOBOr0 MarHutomerpa MA u
ckamsapHoro marautomeTpa MS) u 6C(t): Bapmamms B C B MOMEHT BpPEMEHH t,
KOTOpasi U3MEPAETCA ¢ MOMOIIB0 BapuoMeTpa MV. BeruncineHHe UCXOJHBIX JTUHHU
BapuoMmeTpa MV B MOMEHT BpeMEHH t, KOTOPBIA ABJSIETCA CPEIHHM 3HAYCHUEM
Pa3sHBIX MOMEHTOB BPEMEHH ti, CJIEJOBATENBHO, TONYYAIOT C HCIOIb30BAHUEM
a0COIMOTHOTO MOJYNA BEKTOpa F HampsHKeHHOCTH JIOKAIIBHOTO MAarHHUTHOTO TIOJNS H

yrnos D u L.

3Hauenue LDB 3aBucut TOmpko oT npuMeHeHus MV, a HE OT caMOro MarHMUTHOTO
nosia. OgHaKo, 3TO 3HAYEHHE MOKET M3MEHSATBHCS C TEUEHUEM BPEMEHH, HAIPUMED,
MOJ BO3ACHCTBHEM TEMIIEPATyphl. 3aTeM OOBIYHBIE AOCOTIOTHBIE H3MEPEHHA
MO3BOJISIIOT CKOPPEKTUPOBATh 3TO 3Ha4YeHHe. [Ipu Berumcnenun LDB Ttaxke moxket
noTpeOoBaThCI U3MEHEHHE KOOPAHHAT, HAITpuUMep, 3aMeHa koopauHat D, F, 1 mo6oi
apyroi cucremon koopauHat U, V, W. 3atem koHTposuiep 202 BBIUUCIIAET UCXOIHbIE
auHEH BapuomMeTpa MV, ucxoas u3 Tpex usmepenuit sapuomerpa MV: dU, dV u dW,

a0COMOTHOTO MOAYNS BeKTOpa F HANPSIKEHHOCTH JIOKAIIbHOTO MAarHHUTHOTO TIOJI,

JABYX VYIJIOB, XapaKTePU3YIONIMX HampaBjieHue Bektopa (F) HanpssKeHHOCTH
JIOKAJIbHOTO MAarHAUTHOTO TIOJIA; YIIIa HaKiIoHa |, yria ckinonenus D u pyHkimid gu, gv,
€W, UTO MO3BOJBIET OCYHIECTBUTH 3aMeHy koopauHat D, F, I koopaunatamu U, V, W.

Kontpomnep Beruucnser ucxoausie uaumn Uy, Vy, Wy, ucrions3ys:
Uo = gU(F,D,I) — dU
VO = gV(FaDal) - dV

Wo = gw(F,D,I) —dW.
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[0065] Bapuometrp MV MOXeT Takke MOKA3bIBaTh OIMHOKH, OOYCIOBICHHBIE
MaciITaOHbIM KO3 PUIHEHTOM (IO OJHOM HA COCTABIAIOIIYIO), KOTOPHIE MOJDKHBI
OBITh OTKAIMOPOBAHBI MOCPEACTBOM KOHTpoJuiepa 202. B uyacTHOCTH, mojie OOBIYHO
uU3MepsAeTCcs IyTeM LENMH M3MEPEHUA, KOTOpas mpeoOpa3oBBIBAET OCHOBHOM
MAarHUTHBIA CHTHAJ B CHUTHAJ, IPUTOAHBIA JJIs1 MCIOJIb30BAaHUSA KOHTPOJUIEPOM,
HAMPUMEP, B TOK, HANPSDKEHWE WiH IMdpossie OMTH. MacmtaOHbI K03 dHImeHT
OOBIYHO TPUMEHSAETCS TSI HHTEPIIPETAIMH BBHIXOJHOTO CHUTHAJA C LM H3MEPECHHA.
OmnpeneneHue HCXOOHOW JHHHHM A0 JOCTATOYHOW BBICOKOW TOYHOCTH TO3BOJISET
HAOMOAaTh 3TOT 3(P(PEeKT W BBHIMOIHATH €r0 KOPPEKTUPOBKY. Hampumep, koHTpoOIIIEp
BBITIOJTHAET KaJTHOPOBKY MACHITAOHBIX KOIPPUIMEHTOB KAKIAOH COCTABIISIONMIEH

BapuomeTpa MV myTeM BBINOTHEHHUA CIEAYOINUX 3TAMOB:

a) HU3MCPCHUC aMILIUTY Bapnaunﬁ B HCXOJAHBIX JIMHHUAX II0 OTHOHNICHHIO K

AMIIIATY1aM CUTHAJIOB Ka)I(I[OfI U3 TPEX COCTABIAIOIIKUX BEKTOPA F Hanpsa>KCHHOCTHU

JIOKAJIbHOT'O MAarHiTHOTO ITOJIAA B 3apaHCC yCTaHOBHeHHBIfI nepuoa BpCMCHH,

b) ymHOxeHme Tpex m3mepeHuit Bapuomerpa MV: dU, dV u dW nHa monpaBouHbie

k03 uimenTsl, MacmtabHbie KO3 duiueHTs, fy, fy, fiy;

C) BBIYUTAHHUE 3HAYCHHUU C YUYCTOM IIOIPAaBOK W BBIYHUCJICHUC HCXOJIHBIX .]'II/IHI/IfI,

HCTIOJTB3Y:
Up = gy(F,D,]) — fy*dU
V, = gy(F,D,I) — fy*dV
W, = gw(F.D,]) — fyy*dW

d) yBenmueHue WA YMEHBIICHHUE COOTBETCTBYIOIIUX MacTITaOHBIX
KOX((UIIMEHTOB [JIsi YMEHBIICHHUS BapUAlMd B COOTBETCTBYIOIIHUX HCXOTHBIX

JIAHUSIX

€) KOPPEeKTHpPOBKAa wW3MepeHHmi Bapuomerpa MV myreM yMHOXKEHUS Ha

COOTBETCTBYIOIINE MAacIITaAOHbIE KOA(P(PHUIIMECHTHI,
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sTambl a) — d) MOTyT OBITh TOBTOPEHBI OO TEX TMOpP, MOKA YBEIWYECHHE WU
YMEHBIIEHHE B MAcIITAOHBIX KOA(p(UIMEHTaX HE OyAeT MEHbIIE, YeM 3aJaHHas

BEIIUYHHA.
Hampumep, npMMEHUTENBHO K CKIOHEHUIO D:
D;(t) = D(t) — 6D*(t)
SD*(t) = (1 + a)dD(t)
Dy(t) = D(t) — 6D(t) — a = 6D(¢t)
D(t) = Dy — a x 6D (t)

rne: Dg(t): LDB, paccuuTaHHOE ¢ HWCHOIB30BAHHMEM HH3KOTO MAcIITaOHOTO
ko3(duimenta, U «: ommOKa, OOYCIIOBIEHHAS MacmITaOHBIM KO3(hduImeHTOM.
[Ipenpaymue ypaBHEHWS MOTYT OBITh TNPHUMEHEHBI B OTHOIIEHHH JPYTHX

COCTAaB/HIOIIHNX MAaIrHUTHOTI'O ITOJIA.

Hakonen, Bapuomerp MV MOkeT TNOKa3bIBaTh OIMHUOKY OPTOTOHATBHOCTH W/ MU
OIMOKY OPHUEHTALMM WM MOXKET OBITh IUIOXO COPUEHTHPOBAH MAJII HM3MEPEHHSA
KHETPAJMIUOHHBIX» COCTABIIIONIMX. OJTH OMIMOKHA JOJDKHBI OBITh WCIPABICHBI H
OTKaTHOPOBAaHBI C TOMOINBIO KOHTpoulepa 202. B »ToM cioyyae BO3MOMKHO
YCTAHOBUTH COOTHOIICHHE MEXKAY COCTABJLIOIEH, HW3MEPEHHOW C MOMOIIBIO
BapuoMeTpa MV, u LDB npyro#i cocTaBIISrOIIEH ¢ TOMOIIBIO OOBIMHBIX A0COTFOTHBIX
n3Mepernid. Kak u B mpeapiaynieM ciydyae, MOnpaBKa OOBMMHO MHHHMH3HPYET 3TO
cooTHomenre. [lompaBka 3akmoyaeTcs B HM3MEHEHWH OAa3WCHOW MATPHUIBI JUIA
BOCCTAHOBIICHUS 0a30BBIX COCTABJIAIOIIMX MArHUTHOTO TOs. M3meHeHme Oa3ucHOU
MATpPHIIBI Ha3bIBaeTCsA OJujepoBod wmatpumeir E. Takum o0pasom, KOHTpOIIEp
BBITIOJTHAET KaTHOPOBKY OPTOTOHAJIBHOCTH W OPHEHTAIMM B TPOCTPAHCTBE TPEX
MATEMATHYECKH HE3aBUCUMBIX COCTABIAIOIUX BapuoMerpa MV U BBIUUCISET

SUIEPOBBI MATPHULIBI E MOBOpPOTA MyTE€M OCYIIECTBICHUS CIACAYIOIINX 3TAMOB:
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a) W3YYCHHE BapHWAIlMH B WCXOAHOW JIMHUM COCTABIAIONIEH Kak (PyHKITUH
AMIUTMUTYJbl CHUTHAJIa JAPYTMX COCTABJSIOMIMX B TEYCHUE 3aJaHHOTO IEPHOJA

BPEMEHU;

b) BBMHCICHHE SHIEPOBBIX MATPHUIl E MOBOPOTA M KOPPEKTUPOBKA OPUEHTALIHIA 10
TEX TOp, MOKA BapHalMs B WUCXOJHOW JIMHUW HE OYyJEeT MEHbBINE, YeM 3a/JaHHOE

3HA4YCHUC.

[0066] BermeynmomsiHyThie OIMMOKH MOTYT OBITH TIPH CAaye B SKCIDTYATAIHIO
00cepBaTOpPUH, MEHATHCA WM BO3HUKATH cO BpeMmeHeM. Hampumep, Bapuomerp MV
MOJKET OBITh YCTAHOBJIEH HAa HEYCTOWYHMBOW OmopHOW Ttumte. [lompaBka moimkHA
BHOCHTBCS B XOJA€ OKCIUTyaranuud oOcepBatopud. B dYacTHOCTH, HacTosIee
M300pETEHHE MOKET OCYHIECTBIATH YNPABICHWE W HCIPABIECHHE 3THX OIMHOOK B

PEKMME PEANTBHOTO BPEMEHHU.

[0067] [To BHIMONHEHWH PA3TUYHBIX KATHOPOBOK KOHTPOJUIEp 202 BBMHCIAET

-

SHAYCHUC BCKTOpPa F HANps>KCHHOCTHU  JIOKAJIbHOTO MArHHUTHOIO TIOJIA ITYTEM

OCYHCCTBICHUA CICAYIOIUX 3TAIlOB!

a) S871: mnonyyeHHEe OpPUEHTHUPOBAHHBIX M3MEPEHUM IMyTeM MPUMEHECHHUA

3HnepoBbIX TOBOPOTOB E k Tpem n3mepenusam sapuomerpa MV: dU, dV u dW;

b) S872: momyueHue U3MEPEHUM, KOTOPHIE MOAICKAT MACIITAOUPOBAHUIO, ITyTEM
YMHOKEHHS TPEX OPHEHTUPOBAHHBIX U3MepeHUH BapromeTpa MV Ha macmTaOHbIe

K03 PHUIHEHTHI,

>

c) S873: momyuyeHue 3 COCTABISAIOMIMX BEKTOPa F HANMPSKEHHOCTH JIOKATBHOTO
MarHATHOTO TIOJIA IyTEM JTOOABICHHUA UCXOTHBIX TUHUHA K TPEM OPHUEHTHPOBAHHBIM

W MacIITaOUPyEMBIM H3MEPEHHAM.

[0068] Hampumep, Bapuomerp MV  MOXET H3MEpATs Bapualud B
cocrapmsiromux X, Y, Z, coctaBmsromux H u F, koTOpBIE OOBIYHO BBIPAKAIOTCS B
HaHoTecnax (HTm), wnmm yriaoBeix cocTaBmsmrommx D w I, KoTtopble OOBIYHO

BBIPAXKAKOTCA B AYTOBBIX MUHYTAX, AYTOBBIX CCKYHIAX, I'padyCaxX-MUHYTaxX-CCKYHIAX
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WK JCCATHYHBLIX TIpaaycax. MOI[y.]'IB JOKAJIbHOI'0O MArHUTHOI'O IIOJIA BbIAACTCA
CKaJLIpHbIM MArHuTOMCTPOM MS, a0COJIFOTHBIE 3HAYEHUS YIJIOBBIX KOMITOHCHTOB,

OpEaANOYTUTCIIbHO CKIIOHCHUC D m HaknoHeHwue | BBIJAIOTCA YITIOBBIM MArHUTOMCTPOM

MA.
Ipumep o6cepBaTopun B kKoHpurypauuu XYZ

[0069] Bapuomerp MV wu3mepseT Bapuanvy B COCTABJISIOIUX BEKTOPA MO B
JAEKAPTOBOW CHCTEME KOOPAWHAT, IPH STOM KaKJas YyBCTBHTEIbHAA OCh OOpanicHa B
HAMPABJICHUH HW3MEPAEMOM COCTaBIAIOMICH BEKTOpa. VCXOAHBPIMH NUHUAMU IS
KaKI0M cocTaBIsromel Bekropa spusstores: Xy = X(t) — 6X(t), Yy = Y(t) — Y (¢),
Zy=Z(t) — 6Z(t). Cuumraerca, uro 5>TH wHcxoxusle juHuu (LDB) octarores
noctosHEbIMA. OmHAKo, MacmTaOHble KOI(PPHUIMEHTH H3MEPEHHH MOTYT OBITH
omuOOYHBIMH. B TakoMm cny4yae mosiBiAeTcs cooTHomeHuwe wmexay LDB u ee
COCTABIMIOIIMMHU. 3aT€M MOBTOPAIOLIMICA MPOLECC MO3BOJAET CKOPPEKTUPOBATH

maciTabHbIi ko3p¢punment. Hanpumep, amsa X:

Xo@®) =X(@t)— (A +a)dX(t), X5(t) = Xy — a x6X(t), corr(X;(t),X(t)) # 0, rne
corr 03Ha4aeT KOI((UIMEHT JITMHEHHOW KOppenmsuuu. MOXHO MHUHHMH3HPOBATH
ko3¢ ¢uimenT  koppemsumH (WM KOBAPHALMIO)  WIM  HEMOCPEICTBEHHO
MHUHHMU3UpOBaTh Bapuaimu B LDB u B komOmHamum oOemx. OmHO BO3MOKHOE
peIIeHHe 3aKII0YAaeTCAd B MPOBEACHHH MHOKECTBa aOCOIMOTHBIX M3MEPEHHH 3a JICHb
(HarrpuMep, Kakaple 30 MHHYT WM KaKIBIA Yac) M B HAOMIOJCHHWH 32 CYTOYHBIMH
m3MeHeHHAMH B LDB, COOTBETCTBYIOIIMMH CYTOYHBIM H3MEHEHHMAM B €rO
COCTaBIAIOIIEN. 3aT€M ONPEAEIAIOTCS CIEAYIOIINE BETUYUHBIL:

. Xo(t1)=X5(t2)

t, =t | X5(t) = max(XS(t)), t, =t]| Xo(ty) = min(XS(t)), AN X C)-8Y (5

ATNBPTEPHATUBHO U3MEPEHHA MOKHO PACTAHYTh Ha HECKOJIBKO JHEMW, a TAKKE MOKHO

YCPCAHUTD UJIU CIITIaIUTh.

M3mepeHns MOTYT coJepkaTh OMMOKY opueHTammu. Kak W B mpeasiaynieM cirydae,

OJIHO peuIcHUE 3aKirodaercs B usMepeHurn LDB ¢ wyacTtoToM, mnmo3BossAromien
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HAOMIOAaTh 3a CYTOYHBIMH HU3MeHeHMAMH. Ha ¢ur. 9a mokazana ommoOka ¢
HHUBEITUPOBAHUS BJIOJIb OCH BOCTOK-3aIajl, COOTBETCTBYIOLIECH BPALICHUIO BOKPYT OCH

X. BbIxoa matyrika 3aTeM CTAaHOBHUTCS (B MATPUYHOM TIPEICTABICHHUH ):

5X* 1 0 0 5X
sY*|=(0 cos(¢p) sin(¢) || sy
57* 0 —sin(¢p) cos(¢p)/ \67

[Tony4aroT MaTpHIly BpamleHHs, KOTOpas ONpeaesseT BpalleHHE BOKPYr och X.
Breruncnenne L DB, kak mpeacTaBieHO BBINMIE, B 3TOM Cjy4ae TpeOyeT 0OpaTHOTO
npeoOpa3oBaHMs, YTO SBIIETCS HE YeM HHBIM, KaK TPAHCHO3MIMSA TPEAbIIYIICH

MAaTPHIIBI.

5X 1 0 0 5X*
Y | =0 cos(¢p) —sin(p) || sY*
57 0 sin(¢p) cos(¢p) A

3HaueHHE () MOKET OTPEIEIATHCA SMIUPUUECKH HITH ITyTEM BBIYUCIIEHUS (OTIHAIBHO
UTEPATHUBHOTO BbIUMCIEeHUA) ¢ yderom LDB. Hampumep, BO3MOXKHO CcTpeMUTBCA
MHHUMH3UPOBATh BapHALMI0 HCXOAHOM JMHHUM WM KoBapuamuro LDB ¢ apyrow
cocTaBiAOIMEN. B cimyyae BO3HMKHOBEHHUS HE3HAUWUTEIBHOM OIMMOKM OPUEHTALWH,

MOKHO CUMTaTh, uT0: C0S(¢) = 1 m sin(¢p) = ¢ (B paguanax):
7y =7 —82", 75 =7 — (67 — $p8Y), 7, = Zy + PpSY.

CnenosatenpHo, Bapuarus LDB saBnseTcs mpomopuuOHANBHOM COCTaBIAOMENR Y
n3mepenunt Bapuomerpa MV. Ecnu Zy cunraercs moCTOAHHOM, BO3MOKHO PACCUHUTATH

3HAYCHUE P WU3:

Onnako Z, He ABISIETCA HANPAMYKH AOCTYNHbIM. OIHUM PEIICHHUEM SBIACTCS
BBITIOJITHCHUE M3MEPCHHS JBOMHOM aMIUTUTYIbI KojicOaHud B Z; U &Y, B KOTOPBIX
KoJeOaHusA HeOoOA3aTENPHO OTCEMBAIOTCA WM CIIAKHBAIOTCA BO HM30€KaHHE TOMEX

W3MEPEHUA:
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Z5(t1)—Z5(t2)

t, = t| Zy(t) = max(Zy(0)), t, = t| Z5(t,) = min(Z3(t)), ¢ ~ TRNSTONS

Ha ¢ur. 9b npusenen npumep HM3MEpPeHUS HCXOMHOW JIMHUU Z; COCTABIIOMIEH Z
MOJISA, TIOKA3bIBAIONIEH OIMMOKY HUBEIMPOBAHHA B HANPABICHHH BOCTOK-3amaja. B
4acTHOCTH, Ha ¢ur. 9b mokazaH ciryuail OIIMOKH HUBETUPOBAHUS B 5° B HAIPABICHUH
BOCTOK-3ama/. Bapuamuu B MCXOJHBIX JIMHUAX, HE YYHUTHIBAIOINUX TMOMPaBKY Z,; (B
HaHOTeCNa, HI) (MCXOOHAs JUHHA, HE YYHUTHIBAIOIMAS TONPABKY), H B HCXOIHBIX
JWHUAX, YYUTHIBAIOMIMX TOMPAaBKy (MCXOAHAS JIMHUS, YYUTHIBAIOMIAS TIOMPABKY),

MOKA3aHbI 3a TPEXHEBHBIM MTEPHO (OCh X IMMOKA3BIBACT JTHH).
Cayuaii o6cepBaTopui ¢ J1H000i OpreHTaLIHe

[0070] B cmyuae BapuomeTpa ¢ nr000H OpHUEHTAIMEH OAMH BO3MOXKHBIN
anroput™M mpexactaBieH Ha ¢ur. 10. OH 3akmouaeTcs B TOCIEAOBATEIIHEHOM
MMPUMEHEHHUH MaTpull BpameHusa Rx u Ry, onpenenromux BpameHre BOKPYT OCH X H
ocu Y, COOTBETCTBEHHO, JJISi TOTO, YTOOBI MATEMATHYECKH HCIPABUTH OCh Z. OTH
BUPTyaJIbHbIE BPAIIECHUSA OMPENEAIOTCS JJIs TOTO, YTOOBI MUHHUMH3HPOBATH
OTIpEJIeIEHHBIA KO3 (PHLIMEHT, TakON Kak BapHalusa Z, WK KoBapualms Z, u 8Y umu
6X wmm womOuwHaims oOeux. Hampumep, aBa mapameTpa, KOTOPBIE CIEAyeT

MHUHHMHU3HUPOBATH, MOTYT OBITH OTIPE/IEIIEHBI CIIEAYIOIIUM 00pa3oM:

{zv = VAR (Z5)? + COV (Z;, 8Y)?

{zx = VAR (Z})? + COV(Z;, 6X)?

rie COV(A,B) sBnsercs womapumammeir A um B. 3arem mnpumeHseTcs wmarpuna
BPAIICHHs, OMpPEIENAOmAs BpalleHHE BOKPYr OCH Z 1Id  TOrO, 4TOOBI
MUHHUMH3HPOBATh BapHanmio X, unn Y, wiu koBapuaiuio 3tux LDB ¢ Y wmu 6X
WM KOMOWHAIIMIO OTHUX TmapamMeTpoB. /[ KOPPEKTHPOBKH  MacCIITaOHBIX
KO3((HUIIMEHTOB 0 WM TIOCTE TOMPABOK, BHOCUMBIX B OPHUEHTAIIUIO, MOJKET OBITH

MIPUMEHEH CXOKHU Mpouecc. Beck anroputM MOKET BKIHOYATh MHOKECTBO HTEPALIUM.

Cayuaii o0cepBaTopum ¢ kKoHpurypauueii DFI
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[0071] Bapuomerp MV  wusMmepser BapuauuM B KOMIIOHEHTAaxX IO,
COOTBETCTBYIOIIME cHucTeMe chepuueckux koopauHar. Bapuometp MV wusmepser
BapHalMy B JIOKAJJbHOM MAarHUTHOM MOJE€ B TPEX OPTOTOHAIBHBIX HAINPAaBICHUSX,
OJIMH M3 KOTOPBIX HAIPABIIEH MAPAJUIEIbHO MATHUTHOMY IIOJIFO U U3MEPSAET €T0 CUILY
TAKUM K€ 00pa3oM, YTO M KOH(UTYypalluu B JAEKAPTOBOM CHcTeMe KoopauHAaT. J[Ba
JAPYTHX HAMPaBIEHUS PACIIOJIOKEHBI B IUIOCKOCTH, MEPIEHIUKYIIPHOH MArHUTHOMY
nomo. B 4YacTHOCTH, HampasJeHUE, MO3BOJMIOIICE BBITOJIHUTH OTHOCHTEIIBHOE
m3mMepenue D,  pacnmomokeHO B TOPU3OHTAIIBHOM  IUIOCKOCTH,  KOTOpas
NEPIEHAUKYIIPHA MAarHUTHOMY IIOJK0, TOTJAa KaK HaIpaBlICHUE, MO3BOJIOIIEE
BBITIOJTHUTh M3MEPEHHE [, pacmoyio)keHO Ha MAarHUTHOM MEpUAHaHe. DTH JBE OCH
PETHCTPUPYIOT MPOEKIUI0 MarHUTHOTO o (H mist usmepenust D u F aiis u3mepenns
). IlpeoOpa3oBanue, cXokee C TEM, YTO TIPHUMEHSAETCS BO BpPeMs aOCOIFOTHOTO
mMepenuss D u [, B TakoM ciydae TO3BOJIIET MPeoOpPa3oBaTh OCTATOK B YTIIOBOE

SHAQUYCHHUC.

Touno Tak ke, kak W I KOHPUryparmuu B JEKAapTOBOW CHCTEME KOOPIWHAT,
m3Mepenuss MV moryT ObITh HapymeHsl OMMOKA, OOYCIIOBJICHHAs MAacCIITaOHBIM
ko3 duimeHToM. 3aTeM A1 UX KOPPEKTUPOBKH MPUMEHAETCS CXO’Kas MPOLEAYpa, a
WMEHHO: BHITIOJIHEHHE u3MepeHui LDB ¢ Oompmioit yactoToil (Hampumep, KaxIbli
Yac) ©W  KOPPEKTHPOBKA  MacmTaOHOro  Kod(duimenta  (OTHOCHUTEILHOM)
COCTaBIIIOMIEH JJIA TOTO, YTOOBI MUHUMH3HUPOBATh Bapuanmio B ee LDB. MoskeT ObITh

UCTIONB30BaH KOYPPHUITUEHT THHEHHOW KOPPEIIALIHH.

Oummbka B BbIpaBHHBaHHH MV TPHBOIUT K PE3yJIbTaTy, KOTOPBIH 3aBHCHT OT
n3MepaemMon coctasisitomed. I F u [ pe3ynprar He ABIA€TCA KPUTHUECKHAM, TaK KaK
npoenupyeTcs camo oomiee mone F. [1o3ToMy COOTHOIIEHHE OTHOCHTCS KO BTOPOMY
nopsaaky. B oTnuume oT 3TOro, mpu OTHOCHUTENBHOM H3MepeHHMH D ucmone3yror
npoekiio H (4yBCTBUTENBbHAT OCh B TOPH30HTATBHOW TUIOCKOCTH). OmmOka
TOPHU30HTAIBHOCTH  BBI3BIBACT IIPOCKUMIO cocTaBipiomer Z mnond. [lomywaror
zaBucuMocTh LDB, 3aBucumyro ot F sin(l). TTo3ToMy KOPPEKTHPOBKA 3aKITFOYACTCS B
OnpeIEIEHHH KOPPEIHIHHE MEKITY BBIYHUCIICHHOM cocTaBisromiei Z = F sin(l) u LDB

D.
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Cayuaii o0cepBaTopum B kKoHpurypauun HDZ

[0072] Bapuomerp MV  wu3mepsger Bapuaumu B COCTaBIMIOINUX  IIOJIA,
COOTBETCTBYIOIIMX CHCTEME ILMIMHIPHYECKUX KOOpPAMHAT. OH MOKET CUUTAThCS
NPOMEXYTOYHBIM 3JIEMEHTOM MEXKAYy ABYMS Npeapaymumu. B cioydae mro0oii

opueHTa MV MOKET OBITh CIIETAHO 000O0IIEHHUE.

[0073] Hacrosimee wW300peTeHHE OMHMCAHO CO CCHIJIKOM HA KOHKPETHBIC
BAPHAHTHI OCYIIECTBIICHHS, KOTOPBIC SIBIIFOTCS UCKITFOUUTEIIBHO HILTFOCTPATUBHBIMU U
HE JOJDKHBI CUHMTATHCS OTPAHUYHMBAIONIUMH. B 1iemoMm, HacTosmee H300peTeHHE HE
OTPAHWYUBACTCS MPUMEPAMH, TIOKA3aHHBIMH W/WJIH ONMMCAHHBIMH BhIINE. B yacTHOCTH,
HACTOAINEE W300PETCHHE TaKKe OTHOCHUTCS K KOMOWHAIIUSAM  TEXHHYECKHX
OTJIMYHUTENBHBIX TPHU3HAKOB BAPHAHTOB OCYIIECCTBICHUS, NPUBCICHHBIX BBIIIE.
Hcrmonmp30BaHme TIIATOJIOB «COAEPIKATH», «BMEMIATH», «BKIFOYATH» WU JHOOBIX
APYTHX BAPHAHTOB W UX CIPSDKCHHM HUKOUM 00pPa3oM HE MOKET UCKITFOYATh HATHYUS
JPYTHX 3JIEMEHTOB, TOMHUMO YIIOMAHYTHIX. ICcrIonp30BaHre €IMHCTBEHHOTO YMCIIa IS
BBEJICHHSI JIEMEHTA HE UCKITIOYAET HATMYHS MHOKECTBA 3THX 3JIEMEHTOB. CChUIOYHBIE

MO3HUIIMH B TYHKTaX (POPMYIIBI HE OTPAHUYUBAIOT UX 00BEMA.

[0074] O06o00mas Bce BBINIECKa3aHHOE, HACTOSIIEE H300PETEHUE MOXKET TAKXKE

OBITh OTIMCAHO CJICAYIOIINM 00Pa3oM.

ABTOHOMHass MarHuTHas oOcepBatopust 200, KoTOpas COAEPIKHT CKAAPHBIN
MarHuromMerp MS 171 usMepeHust Moayns BeKTopa F HanpsyKeHHOCTH JIOKaIbHOTO

MAarguTHOTO IIOJIA, yI‘JIOBOfI MarauToMcCTp MA A U3MCPCHHA HAITPaBIICHUA

-

BEPTHKAK V, HAMpaBIIEHUs reorpaduyeckoro cesepa N U HampaBleHHUS BeKTopa F

HANPSLKEHHOCTH JIOKATBHOTO MAarHUTHOTO T0Jis, BapuoMmeTp MV i usamepenus tpex

-

BapHalMid B BEKTOpE F HaNpsKEHHOCTH JTOKAJBHOTO MArHUTHOTO moJs, yackl 201 u
koHTpoimiep 202. B oOcepBaTopuM KOHTPOJUIEP BBIMOJHEH C BO3MOYKHOCTBIO
VIPABJICHHUA U OCYILIECTBICHUS KOHTPOJIA HAJl OPUEHTALMEN JaTyMKa I MMOTYUYEHUS
n3MepeHud  BapuomeTpa MV, ckamapHoro wmaramutometrpa MS, yriosoro

marautomerpa MA u Bapuometrpa MV u s 00paOOTKHM MOJTyYE€HHBIX HU3MEPEHUN

-

A aBTOMATHYCCKOIr'O  TIOJYYCHHsS  BCKTOpPa F HaMpsKCHHOCTU  JTOKAJIbHOTO
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MargmTHOTO IIOJIA U HOI‘pGIlIHOCTCfI B UBMCPCHHAX, CBA3AHHBIX C KaAKJAbIM CPCACTBOM

H3MEPEHHUS.
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®opmyJia u300peTeHust

1. MarnutHas oOcepBatopus (200) nnd uU3MepeHHs BEKTOpa (?) HAIPS’KEHHOCTH

JIOKAJIbHOT'O MAaronuTHOTO ITOJIsA, COACP KaIa:

a) ckajspHed MarHutoMeTp (MS) it momydeHHs aOCOOTHOTO HW3MEPEHHS

Moy Bekropa (F) HanpsskeHHOCTH TOKATbHOTO MATHHTHOTO TOJIS

b) yrmoso# marauToMeTp (MA), comepkammuii:

1) mepsorii aepkarens (320), BBHITOJHEHHBIH C BO3MOYKHOCTBIO OPHEHTALIUH

BOKPYT TIEPBOM OCH BpAIEHWSA, HA3bIBAEMOW TIIAaBHOH ocbkio (321)

BpPAILlICHHUS, NO3BOJIAIOMIEH TOJYYHTh TOPU3OHTAIBHYIO OPHUCHTALHIO

MEPBOTO OPHEHTHPYEMOTro jaepkarens (320), mpuyeM yKa3aHHBIA TIEPBBIN

OpPHEHTUPYEMBIN Aepkatens (320) COOepKuT:

1.

11.

TTIABHBIA ABUTATEND (322) Al N3MEHEHUS TOPH30HTAIBHON OPHUEHTALIUH

NEPBOTO OPUEHTHUPYeMOTo AepxkaTens (320) Bokpyr riaaBHOU ocu (321);

BTOpOU nepskarelb (310), BHIMOJIHEHHBIH ¢ BO3MOKHOCTBIO OPHECHTALIMH
BOKPYT BTOPOM OCH BpAalICHHsA, Ha3bIBAEMOW BTOPUYHOU ochio (311)
BpPAalICHHsA, MO3BOJAIOINEH IIOJYYUTh BEPTUKAIBHYK) OPHEHTALHIO
BTOPOTO OpueHTHpyemoro naepskatens (310), OpTOrOHAIBLHOM TJIaBHOM
ocu (321), mpuueMm YyKa3aHHBIH BTOPOH OPHUEHTHPYEMBIA JEpIKATEIh
(310) comepskuT: BCIIOMOTATEbHBIN ABUTATENh (312) M U3MEHEHUS
BEPTHKAIIbHOW OPUEHTAIIMHA BTOPOTO OpUEHTHpyeMoro neprkaters (310)

BOKpYr BTOpuuHOW ocu (311) wm w™MarHuTHBIH natauk (323) md

W3MEPEHUS HampaBleHHWA BeKTopa (F) HANPsHKEHHOCTH JIOKATBHOTO

MAar"guTHOTO ITIOJIA,

2) cpeactBo (340) nns  ympaBiaeHWS TJABHBIM W BCIIOMOTATEIBHBIM

nasuraresivu (322 u 312);
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3) yctpoiicTBo (350) myst M3MEPEHUS U TIOTYYEHHUS TI0 YTy TOPU3OHTAIBHON U
BEPTHUKAIBHOW OpPHUEHTAMA TIEPBOTO H  BTOPOTO  OPUEHTHUPYEMBIX

nepkarenei (320, 310);

c) MarHWTHBIA BapuomeTp (MV), KOTOpBIH PETUCTPUPYET BapHAIMH B TPEX

MAaTCMATHYCCKH HE3aBUCHUMBIX COCTABJIAIOIIUX BCKTOPA (F ) HaIps>KECHHOCTHU

JIOKAJIbHOTO MarHUTHOTO TIOJIS;
d) wacer (201);
OTJIMYAKLLASICS TEM, YTO

e TIEPBBIH OpHEHTHPYeMBbIH nepkatens (320) yrmoBoro marautomerpa (MA)
JAOTIOTHUTENBHO COACPKHUT: JaTdyuk (313) yrima HakiIoOHA, TPEATIOYTHTENHHO
YCTaHOBJICHHBIM HAa TIEPBOM OPHUEHTHPYyEeMOM neprkaterne (320) uiau Ha BTOPOM

opueHTHpyeMoM aepxatene (310);

e BTOpPOH opueHTHpyeMbId aep:xkarens (310) yrmosoro marHuromerpa (MA)

JOTIOTHATETTFHO COACPKHUT: YCTPOUCTBO (324), yKa3bIBAIOIIEE HAa CEBED;
e 0o0cepBaToOpHs COAEPKUT KOHTPOIUIEP (202), BHITOTHEHHBIA C BOBMOKHOCTHIO

a) aBTOMAaTHYECKOTO YIIPABIICHHA TJIAaBHBIM JBUTATEIIEM (322) u

BCIIOMOTATEIbHBIM ABUTaTeeM (312);
b) ympaBieHHs OPUCHTAIIUCH:
1) marumka (313) yria HakiIOHA JJI1 U3MEPEHUS HanpaBieHus BepTukam (V);

2) ycrpoticTsa (324), yKa3bIBAIOMIETO HA CEBEP, AT U3MEPEHHUS HATIPABIICHUS

reorpaguyeckoro cesepa (N);

3) marautHOrO nmaruymka (323) mius W3MEpeHHWs HANpaBICHHA BEKTOpA (ﬁ )

HAMPsZKEHHOCTH JIOKAJTbHOT'O MAarHUTHOT'O TTOJIA,

C) TIONYYECHHS:
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1) yrnoB HampaBIIEHHS BEKTOpA (ﬁ ) HAPSLKEHHOCTH JIOKATBHOTO MAarHUTHOTO
MOJIst IO OTHOLIEHHIO K reorpaguyeckomy cesepy (N) u k Beptukamu (V) B
3aBUCUMOCTH OT TOPU30HTAIIbHOM U BEPTHKAJIbHON OPHUEHTALUU NIEPBOTO U
BTOPOTO OPUEHTHPYEMBIX JAEp>KaTeNIel, OPUEHTALUN KOTOPBIX U3MEPSIOTCA

C MOMOIIBI0 yeTpowcTBa (350) 1 H3MEPEHUs B OTYYEHHS 0 YTITY;

2) Tpex Bapwanui B BekTOpe (F) HAMpPsHKEHHOCTH JIOKAIBHOTO MAarHHUTHOTO

TOJIs, KOTOPBIE U3MEPSAFOTCS ¢ IMOMOTIBIO BapromeTpa (MV);

3) 3HaueHmi momyns Bekropa (F) HanpssKEHHOCTH JIOKAJIbHOTO MATHHTHOTO

TOJTs, KOTOPBIE U3MEPSAFOTCS C TIOMOTIBIO CKAISIPHOTO MarHuromeTpa (MS);

d) oOpaGOTKM MaHHBIX, TOJNlyYEHHBIX HA JTame ¢), T aBTOMaTHYECKOTO

MONTy4YeHUss BeKTopa (F) HaNpsHKEHHOCTH JIOKATBHOTO MArHUTHOTO TONIA M

HOI"pGIIIHOCTGfI B U3MCPCHHAX, CBA3AHHBIX C KAXKABIM CPCACTBOM U3MCPCHUA.

OOcepBatopuss 1o m. 1, OTIMYarOmAsCid TEeM, 4YTO TIEPBBIM H BTOPOH
OPUEHTUPYEMBIC  JCPXKATENHM, TJABHBIM M  BCIIOMOTATEIbHBIA  JIBUTATEIIH,
yCTpoHCcTBO (324), yKa3bIBalOIIEe Ha CEBEP, NaTYMK YTIIa HAKIIOHA, cpeactso (340)
IUTS YIIPABJICHUS TJIaBHBIM U BCTIOMOTATEIbHBIM JABUTATENAMU U YCTPOUCTBO (350)
T W3MEPEHHSs H  TOJNyYEeHHS 10 Yy o00pa3oBaHbl HEMArHATHBIMHA
KOMITOHCHTAMH,  ONPEACIICHHBIMH  TaKAM  00pa3oM, 4YTO  MAarHUATHas
BOCIIPHUMYHBOCTh MATEPHAJIOB HAXOAWUTCS B AWamnasoHe ot -1 gmo 1,

MPEANOYTUTEIIBHO OT -107 o 107 u Gonee MPEANOYTUTENBHO OT -10° o 1073,

OOcepBaropuss 1O M. 2, OTIHYAKOINANCS TEM, YTO HEMArHUTHBIC KOMITOHCHTBI
MPEICTABIBIIOT COOON MaTepHabl U3 CICIYIOIIETO CIIHCKA: KEPAMHKA, ATFOMHHUH,

cruaB Arcap, TUTaH, Meb, SPTAOH, HeWNOH, Ertacetal, momuadupsrdpupkeron.

OO6cepBaropusa 1Mo OOOMY M3 TPEABIAYIIMX MYHKTOB, OTIHYAOIMIAACA TEM, UYTO
CKaAPHBIA MarHUTOMETp (MS) OTHOCHTCS K OJHOMY W3 CHEIYIOIIUX THIIOB:
MPOTOHOBBIA MAarHUTOMETP, MarHUTOMETP ¢ 3¢ ¢dekrom OBepxays3epa, KBAHTOBBIH

MAarHUTOMETP, MATHUTOMETP ¢ ONTHYECKOM HAKAYKOM.
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5. OOcepBatopust 1o JTOOOMY W3 TPEABIIYIMUX MYHKTOB, OTIHYAOMIASNCS TEM, YTO

MArHUTHBIA JaT4dk (323) OTHOCUTCS K OJHOMY W3 CJCAYIOIUX THIIOB:
¢deppo3oHaoBbI MarHuToMeTp, MarHutomeTp Fluxset, smekTpuueckas uenp B
COCTOSAHMM BpAIlCHWA WM CKaJAPHBI MAarHUTOMETP, MOJSPU30BAHHBIN

MArHUTHBIM YCTPOMCTBOM.

OOcepBaropus MO JFOOOMY W3 MPEABIAYIMAX MYHKTOB, OTIHYAIOMIASACS TEM, YTO
yCTpOUCTBO (324), yKa3bpIBaIOMIEe HA CEBEP, OTHOCHUTCS K OJHOMY W3 CJICTYIOIIHX
TUTIOB. TJI00ATbHAsI HABUTAIIMOHHAS CITyTHHUKOBAs CHUCTEMa, TIIO0ANbHAs CHCTEMA
OTIPENIETICHAS MECTOTIONIOKECHHSA, IIeJeyKa3aHue, YKa3aHHE Ha HEOECHOE Telo,

THPOCKOIL, ACTCKTOP a0COIIOTHOTO BpamcCHUA, IOoipu3anud 110 COJTHCYHOMY

CBETY.

O6cepBaropus 0 MOOOMY M3 TPEIBIIYIIAX MyHKTOB, COAEP)KAIIAsi MHOJKECTBO
HEMATrHUTHBIX OTOPHBIX IUIUT, TPEANOYTHTEIHHO H3TOTOBIEHHBIX M3 OETOHA,
NOJACPKUBAIOINNX TI0 MEHBIIEH Mepe OAMH M3 CIEAYIONIMX 3JEMEHTOB:
ckamApHbId MarauToMeTp (MS), yrnosoit maraurometp (MA), Bapuomerp (MV),
yacel (201), konTpomep (202); mpu 5TOM HEMArHUTHBIE OTIOPHBIE TTUTHI UMEIOT
CpeIHME pa3Mepsl [TOJNIUHA, IUPHHA, JIuHA| B Auana3zone otT [1, 10, 10] cm mo
[6, 10, 10] m, mpeamoututemsHo ot [10, 20, 20] cm mo [1, 2, 2] M, OGonee
npeanouturenbHo ot [15, 25, 25] cm nmo [0,25, 0,5, 0,5] M U OTCTOAT Apyr OT
Jpyra Ha CpeJHee pacCcTOAHUE B nuana3zoHe oT 0 M 10 10 M, IpPeANOYTUTEIBHO OT

1 M 10 6 M 1 OoJIee PEMTOYTHTENHHO OT 2 M JI0 4 M.

OOcepBaropuss 1Mo M. 7, coAep:Kamias IO MEHBIIEH MEpe OJHO HEMArHHTHOE
VKPBITHE, OKPYXAKOIIEE MHOXKECTBO  OMNOPHBIX IUIUT MW COJEpIKallee
H30JIMPOBAHHYIO CTEHKY, CPEIHASA TOJIIHUHA KOTOPOW BapbUPYET B AHAMa3oHe OT 1
cM 10 60 cM, IPEATTOYTHTETHHO OT 2 ¢M 10 30 cM, OoJiee MPEMOYTHTENHHO OT 5
cM 10 10 cm, mpu 3TOM IO MEHBIIEW MEPE OJHO MArHUTHOE YKPBITUE 3aLIUIIACT 110
MEHBIIIEH MEPE OJMH M3 CIEAYIOUINX 3JIE€MEHTOB. CKAIIPHBIA MarHUTOMETpP (MS),

yrinosoi marautomeTp (MA), Bapuomerp (MV), wacer (201), konTpoep (202).
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9. Cnoco6 mony4yenus Bektopa (F) HanpspKEeHHOCTH JIOKATbHOTO MAarHUTHOTO TIOJIA,

BKITFOYAIO NI CICAYOIIHUC 3TaIlbl.

a)

b)

d)

obecrieueHre MarHUTHOM 00CEPBATOPHH 110 JIFOOOMY M3 TIPEABLIYINUX TYHKTOB;

KoHTposutep (202) momydaer HW3MEPEHHMS MOMAYNA YKa3aHHOTO Bekropa F
HAMpsDKEHHOCTH ~ JIOKAJIBHOTO  MAarHUTHOTO TIONS, HW O3TH H3MEPEHHUA
BBITIOJTHSIOTCS ¢ TIOMOINBIO CKasipHOTro MarHutomeTpa (MS) B pasHbie

MOMEHTHI BPEMEHH t1;

koHTposutep (202) monmy4yaeT W3MEPEHUS TPEX MATEMATHYECKH HE3aBUCHUMBIX

COCTABIAIOIUX BEKTOpa (F) HANPSHKEHHOCTH JIOKAIIBHOTO MATHHUTHOTO TIOJI,
dU, dV, dW, u 3Ti u3mepeHus BBIMOTHAIOTCS ¢ IOMOIIBI0 BapuomeTpa (MV) B

pa3HbIe MOMEHTHI BPEMEHH t1;

koHTposutep (202) ympaBisieT ThaBHbIM aBuraterieM (322) mns TOro, 4TOoObI
W3MECHHTh TOPU3OHTAIBHYIO  OPHEHTALMIO  TEPBOTO  OPHUEHTHUPYEMOTO
nepxkartens (320), ¥ B 3aBUCHMOCTH OT TOKa3aHWM JaTYMKA YIJia HAaKJIOHA

HU3MEPSIET BEPTUKATIBHOE HAIMpaBJICHUE V;

koHTpoJuiep (202) ympaBiser riaBHbIM ABHraTesieM (322) U BCIOMOTaTeIbHBIM
asurateneM (312) mnst Toro, 4T00bl U3MEHHUTh TOPHU3OHTAIBHYIO OPHECHTAIHIO
MEPBOTO OpHeHTHpyeMoro aepxkatens (320) u BepTHUKAIBHYIO OPHECHTAIHIO
BTOPOTO OpueHTHpyeMoro naepskarens (310), U B 3aBUCUMOCTH OT TOKa3aHUMN
ycTporicTBa (324), yKa3pIBaIOMIETO HA CEBEP, HW3MEPSET HAIPABJICHHE

reorpaduueckoro cesepa N;

KoHTposutep (202) ympaBiseT rIaBHBIM U BCTIOMOTATETbHBIM JABUTATEIIAMUA IS
TOTO, 4YTOOBl HW3MEHHTH TOPH3OHTATBHYID W BEPTHKAJIBHYI OPHEHTAIUN
yriioBoro Maruutomerpa (MA), U B 3aBHCHMOCTH OT TOKAa3aHHH MAarHUTHOTO

natynka (323), mokazaHUsA KOTOPOTO TIOTYYECHBI B Pa3HbIE MOMEHTHI BPEMEHHU ti,

u3Mepsier nBa yrma D* u [*, coorBercTByromue HampasieHHio Bekropa (F)

HaNps>KEHHOCTH JIOKAJIbHOTO MAarHuTHOTO TTOJIA,



g) koHTpoiep (202) BeMHCIAET aOCOMIOTHBIE 3HAYCHHSA [JBYX VYIJIOB U3
HaNpaBJICHUMN, OMy4YeHHBIX Ha dTanax d) — f) rakum obpazom, uto: D = D* - N

ul=1*-V;

>

h) xoHTpommep (202) BBIYHCIAET UCXOIHBIC TMHUHM Bapuomerpa (MV) B MOMEHT

5 BPEMEHH t, KOTOPBIH SBISACTCA CPEJHHUM 3HAYCHHEM PAa3HBIX MOMEHTOB
BpeMeHHU ti, HCMOB3ys aOCOMOTHBIH MOAYJIb BEeKTOpa F HampssKeHHOCTH
JIOKAJIbHOTO MAarHMTHOTO TIOJIS, TIOJYyYEHHBIM Kak Ha J3Tame b), W yIubl,

MOJTyYCHHBIC KaK Ha dTare g);

1) koHTpoiwiep (202) BBIMIONHAET KAIMOPOBKY MACIITAOHBIX KO3((PHUIMEHTOB

10 KKJI0W MaTeMaTHYCCKH HE3aBUCUMOM COCTABIIIONIEeH BapuomeTpa (MV);

j) xouTpomtep (202) BBHIMONHAET KATHOPOBKY OPTOTOHAIBHOCTH W OPUCHTAITUH B
MPOCTPAHCTBE TPEX MATEMATHYECCKH HE3aBHCHMBIX COCTABIIONIMX BApHOMETPA

(MV) u Bruncsier 3inepoBbl MaTpuipl E moBopoTa;

k) xoHTpommep (202) BeIMMCIAET 3HAaYeHHE BeKTOpa (F) HaNpsSIKEHHOCTH

15 JOKATbHOTO MArHUTHOTO TOJISI IMYyTEM OCYIIECTBIEHUSA CIAEAYIOIIUX 3TAMOB:

1) momy4yeHHe OPUEHTHUPOBAHHBIX U3MEPEHHUM, IPUMEHSS SUIEPOBBI MOBOPOTHI
E, xoTopsle OBUTH MOJTyYEHBI HA 3TAIE j), K TPEM H3MEPEHHUAM BapHOMETpa

(MV): dU, dV u dW;

2) moNyYeHHEe HW3MEPEHHWH, TOMJICKAIMMX MACIITAOUPOBAHHIO,  IyTEM
20 YMHOKEHHS TPEX OPHEHTHPOBAHHBIX HW3MepeHHWi Bapuometrpa (MV) Ha

COOTBETCTBYIOIINE MAacIITaOHbIE KOA((DUITHEHTHI, TTOTyYEeHHBIE HA TATE 1);

3) momydeHme 3 COCTABIAIONIMX BeKTOpa (F) HAMPSDKEHHOCTH JIOKATBHOTO
MArHUTHOTO TIOJII TyTeM JOOABICHHA WCXOJHBIX JIHHHH K TPeEM

OPHUEHTHUPOBAHHBIM U MACIITAOUPYEMBIM H3MEPEHUAM.
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10. Croco6 mo 1. 9, oTnuuaronuiics TeMm, uro Ha 3tane f) kontpomnep (202) uzmepser

11.

aBa yrna D* u [* mytem ocyiiecTBiIeHHs CIEeAYIOMUX ITAMOB:

a) W3MEHEHHE TOPHU3OHTAIIPHOM  OPHEHTAlMM  TIEPBOTO  OPUEHTHPYEMOTO
nepkatens (320), moka MarHUTHBIM AaT4dK (323) HE yKaKET HA HyNb, W

MOJTy4eHHe TiepBoro yria D*;

b) W3MeHeHHE BEPTHUKAIBHOHW OPHEHTAIMH BTOPOTO OPHUEHTHPYEMOTO JEPKATEII
(310), moka MarHUTHBIH AaTyuKk (323) He YKaXKET HA HYJb, W TOIyYECHHE

BTOpOTO yria [*.

Crmoco6 mo mobomy w3 mm. 9 u 10, oTnuyarommics TeM, 4To KOHTpoiuiep (202)
BBIUMCIIACT HWCXOAHBIE NWHWUM Bapuometpa (MV), mcxonms W3 Tpex H3MEpeHHH
Bapuomerpa (MV): dU, dV u dW, abGcomotHoro wmomyns Bekropa F

Hanps>KEHHOCTHU JIOKAJIbHOT'O MArHWUTHOTO TOJISI, ABYX YITIOB, XapaKTCPHU3YHOIIUX

HanpasieHne Bekropa (F) HanpsHKEHHOCTH JIOKAJIBHOTO MArHUTHOTO TIONA: yTJia
HakioHa | w yrma ckmonenuss D, m HeoOs3aTenbHO (yHKIUU gy, Ly, Lw, YTO
MO3BOJIIET BBIIOJHUTH 3aMeHy koopauHar D, F, I xoopmunaramu U, V, W, u

koHTposutep (202) BeruuciseT ucxoaubie muHuu Uy, V,, Wy, HCTIONB3YS:
UO = gU(FaDal) - dU
VO = gV(FaDal) - dV

Wo = gw(F,D,I) —dW.

12.Crmoco6 mo mobomy w3 mm. 9-11, oTmmyaromuicss Tem, 4to KoHTpoiuep (202)

BBITIOJTHSAET KATHOPOBKY MACIITAOHBIX KOI(PPHUIIMEHTOB KAKIOW COCTABIISIOMEH

BapuomeTpa (MV) myTem oCyniecTBICHHS CIEAYIONINX 3TATOB:

a) W3MEPEHHWE AMIUTUTY/ BapHalWd B MCXOJHBIX JHHHUAX IO OTHOIICHHIO K
AMIUTATYAaM CHTHAJIOB KaKIOM W3 TPEX COCTABIMIONIMX Bekropa (F)
HAIPSDKEHHOCTH JIOKAJBHOTO MAarHUTHOIO TOJII B TEYEHHE NPEABAPUTEIIBHO

YCTAHOBJICHHOTO IICPHUOJa BPCMCHHU,
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b) ymHOokeHue Tpex wusMmepenud Bapuomerpa (MV): dU, dV u dW mnHa

nonpaBoyHble K03 PuimenTsl, MmacmtaOHbie ko3 durments fy, fy, fy;

BBIUMTAHHUE 3HAYCHHU C Y4€TOM TIOTIPABOK H BBIYHCJICHHUC HCXOIHBIX J'II/IHI/II‘/'I,

HCIIOJIb3YsI:
UO = gU(FaDal) - fU*d[J
Vo = gv(F,D,I) — fv*dv

WO = gW(FaDal) - fW*dW

d) yBemmueHme WA YMEHBIICHHE COOTBETCTBYIOMINX MaCTITAOHBIX

KOX((UIIMEHTOB IS YMEHBIICHHUS BapHAIIUH B COOTBETCTBYIONIUX HMCXOTHBIX

JTUHUSX

KOPPEKTHPOBKAa H3MepeHud Bapuomerpa (MV) mytem yMHOXEHHA Ha

COOTBETCTBYIOIIHE MacIuTaOHbIe KO3 (PUITHEHTHI;

sTambl a) — d) MOTyT OBITh TOBTOPEHBI OO TEX IMOP, MOKA YBEIWYECHUE WU

YMEHBIIEHHE B MAcIITAOHBIX KOd(p(UIMEeHTaX He OyAeT MEHbIIE, YeM 3a/JaHHas

BCIIMYXHA.

13.Cmoco6 mo mobomy w3 mim. 9-12, oTiMYaromuics Tem, 4to KoHTposuep (202)

BBITTOJIHACT Ka.]II/I6pOBKy OPTOrOHAJIbHOCTH W OPHUCHTAIIHH B IPOCTPAHCTBEC TPEX

MATEeMAaTHIECKH HE3aBHCHMBIX COCTABILIIOMUX BapuomeTpa (MV) m BeMHCIAET

3iepoBbl MaTpULlbl E MOBOpPOTA IMyTEM OCYIIECTBIEHUS CIEAYIOLIUX ITANOB!

a)

b)

HU3YUYCHHUC Bapualvu B I/ICXOI[HOfI JIMHHUH COCT&BJI?IIOH.[GI\/'I KakK (bYHKI_[I/II/I
AMIIIIATYbI CUTHAJIA APYTUX COCTABILIIOIMUX B TCUYCHHUC 3aJaHHOIO ICpHOAA

BPEMEHU;

BBIYHCIICHUE SUJIEPOBBIX MaTpHIl E MTOBOPOTA M KOPPEKTUPOBKA OPUEHTALIUH [0
TEX TOP, TTOKA BapHALMA B MCXOJHOU JTUHUHU HE OyJET MEHbBIIE, YeM 3a/IaHHOE

S3HAUYCHHUC.
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14.Cnioco6 mo m. 9, ormuyaromuiics TeM, 4to dtan f) 3akarodaeTrcs B CACAYIOIIEM:

KoHTposutep (202) ympaBiseT TJIABHBIM M BCIIOMOTATEIBHBIM JIBUTATEISIMHU IS
TOTO, YTOOBI U3MEHUTH TOPU3OHTAIILHYIO U BEPTHKAIBHYIO OPHUEHTALIMH YTIIOBOTO
marauTomeTpa (MA), 1 B 3aBUCUMOCTH OT MOKA3aHUM MarHUTHOTO naTumka (323),

MOKA3aHUsI KOTOPOTO TIOJyYEHbI B Pa3HbIe MOMEHTHI BPEMEHH ti, M3MEpPSAET IBa

yrma D* wm [*, cooTBeTcTByIOIIME HampaBlieHWIO BekTopa (F) HampsyKeHHOCTH

JIOKAJIbHOTO MarHuTHOTO IMOJIA ITYTEM OCYIICCTBIICHUA CICAYIOIIUX 3TAITOB!

a) W3MEHEHHE TOPH3OHTAIIFHOW  OPHEHTAIMH TIEPBOTO  OPHUEHTHPYEMOTO
nepxxarens (320) Takum 0O0pa3oM, YTO MATHUTHBIM AaT4HK (323) moKa3bIBaeT
HYJIEBOE€ 3HAYCHHE M3MEPEHHsA, M MOJy4YeHUue opueHTaimu D1 mepsoro

opueHTHpYeMoro aepxatens (320), COOTBETCTBYIOIIEH 3TOMY H3MEPEHHIO;

b) W3MeHeHHWE TOPH3OHTAIBHOH  OPHUEHTAIIMH  TIEPBOTO  OPHEHTHPYEMOTO
nepxarens (320) ma 180° W KOPPEKTHPOBKA TOPHU3OHTAIIBHOM OPHEHTALMH
TaKUM 00pa3oM, YTO MAarHUTHBIM AaT4K (323) MOKAa3bIBAECT HYJIEBOE 3HAUYECHUE
W3MEPEHHs, W TMOJNydeHHE opueHTanuu D2 1epBoro OpUEHTHPYEMOTO

neprxkatens (320), COOTBETCTBYIOIIEN 3TOMY H3MEPEHHIO;

C) W3MEHEHHE BEPTHKAJIBHOM OPUEHTALMH BTOPOTO OPHUEHTUPYEMOTO AP KATENs
(310) ma 180° M KOPPEKTHPOBKA TOPHU30HTAIBHOM OPHEHTALMH IIEPBOTO
opueHTupyemoro aepxatens (320) TakuM 0Opa3oM, YTO MATHHUTHBIA JATYHK
(323) moKa3pIBAET HYJIEBOE 3HAYCHHE W3MEPEHHS, W TONyYEHHE OPHECHTAIHH
D3 mepBoro opuentHpyemoro aep:xatens (320), COOTBETCTBYIOHIEH 3TOMY

W3MEPEHUIO;

d) W3MeHeHHEe TOPH3OHTAIIFHOW  OPHEHTAIMM  TIEPBOTO  OPHUEHTHPYEMOTO
nepxarens (320) ma 180° M KOPPEKTUPOBKA TOPHU3OHTAIBHOM OPHUEHTALMH
TaKUM 00pa3oM, YTO MAarHUTHBIM AaT4lK (323) MOKA3bIBAECT HYJIEBOE 3HAUYCHHUE
W3MEPEHHs, W TMOJNydeHHEe opueHTanmu D4 nepBoro OpHEHTHPYEMOTO

nepxkatens (320), COOTBETCTBYIOIIEH 3TOMY H3MEPEHHIO;
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10

e) BBIYHCJICHHUC nepBoro yria, COOTBCTCTBYIOLICTO TOpPpU30HTAIIbHOMY
HampapJICHUIO JIOKAJIbHOT'O MArHUTHOTO TIOJIA, ITYTCM BBIYHCIICHHUA CPCOHCTO

3Ha4YeHus deTbipex u3mepenuit: D* = (D1 + D2 + D3 + D4)/4;

f) W3MeHeHWE  TOPH3OHTANBHOW  OPUCHTAMH  TEPBOTO  OPHEHTHPYEMOTO

nepxarenst (320) k Hanpasnenuto D* - 90°;

g) BBITIOJTHEHHE 3TaloB a) — C), HA KOTOPBIX TOPHU3OHTAIBHAS W BEPTHKATbHAS
OPHEHTALMH 3aMEHEHBI MECTAMH, M Ha KOTOPBIX POJH TEPBOTO W BTOPOTO
opueHTHpyeMbIx aepkareneid (320 m 310) 3aMeHEHBI MECTaMH, W, TaKHUM

oOpaszom, moy4yeHue opueHTanmii 11, 12, 13;

h) w3mMeHeHHWE TOPU3OHTAIBHOH  OPHUEHTAIMH TIEPBOTO  OPHEHTHPYEMOTO
nepxarens (320) x Hampasneruto D* - 90° m KOPPEKTHPOBKA BEPTHUKATBHOH
OPUEHTAIMH BTOPOTO OpueHTHpPYyeMoro aepskaress (310) takum oOpa3zom, 4To
MarHUTHBIA AaTyuK (323) TOKa3bIBa€T HYJIECBOE 3HAYCHHWE HW3MEPEHHA, W
MoNydeHue opueHTtaumu 14 BTOporo opueHtHpyemoro aepxatens (310),

COOTBETCTBYIOLIEH 3TOMY H3MEPEHHIO;

1) BBIYUCJICHHE BTOPOTO VYIJIA, COOTBETCTBYIOLIETO BTOPOMY HATPABICHUIO
JOKaJAbHOTO MArHUTHOTO TOJIA, MYyTE€M BBIYMCICHUS CPEAHETO 3HAYCHUSA

yetbipex mmepenuit: [* = (I1 + 12 + 13 + 14)/4.

15.Cmoco6 mo mobomy u3 . 9-14, OTIHYAOIIHUKUCS TEM, YTO YCTPOHUCTBO (324),

YKa3bIBAIOMIEE HAa CEBEpP, MPEACTABIAET COOOH YKa3pIBAlOMIEE YCTPOHCTBO THIIA
JIETEKTOpPa aOCOOTHOTO BPAIICHHUSA, W TPU ATOM 3Tall €) MO 1. 9 3aKIroYaeTcs B
cnenyronem: KoHTpoyuep (202) ympapmser THaBHBIM asurateneMm (322) u
BCIIOMOTATENbHBIM jaBuTatesieM (312) ¢ menpi0 W3MEHEHHWS TOPH3OHTAIBHOU
OPUEHTAIIUK TIEPBOTO OpUEHTHpyeMoro nepskarens (320) W BepTUKAIIBHOU
OPUEHTAIIUK BTOPOTO opueHTHpyeMmoro aepxartens (310), U B 3aBUCHMOCTH OT
MOKa3aHUK ycTporcTBa (324), yKa3bIBAIOIIETO HA CEBEP, M3MEPSAET HAMPABIICHHUE
reorpaguueckoro cesepa N IyTeM H3MEHEHHA TOPH30HTAIIBHOM OPHEHTALIUH

MEPBOTO OpuUeHTHpyeMoro aep:karens (320) no Tex mOp, MOKa JETEKTOP
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a0CONIOTHOTO BpAIECHUs HE YKAKET HA HYJIEBOE 3HAYEHUE U3MEPEHHUS, U TOIy4acT
opueHTauuio N mepBoro opueHTHpyemoro aepskarens (320), cOOTBETCTBYIOIIYIO

3TOMY H3MEPEHHIO.

16.Croco6 mo modomy u3 . 9—15, OTIHYAOIIHAKUCS TEM, YTO YCTPOHCTBO (324),

5 YVKa3bIBAIOMICE HAa CEBEpP, MPEACTABISAET COOOM YKa3bIBAIOIIEE YCTPOHCTBO THIIA
AETEKTOpa a0COOTHOTO BPAIIEHUS, W TPH 3TOM 3Tall €) 1O . 9 BKIIFOYAET STAIIbI

a) — e€) mo m. 14, >Tambl, HA KOTOPHIX MATHUTHBIM MaT4uk (323) 3aMeHEH
JAETEKTOPOM a0COJIIOTHOTO BpaimmeHus, a opueHtanmu D1, D2, D3, D4 u D*

3ameHeHbl HA N1, N2, N3, N4 u N.

10 17.Cnoco6 mo mroOomy w3 mm. 9-16, OTIWUYAOIMMKWCA TEM, YTO CKAJIPHBIA
marautometp (MS) u BapuomeTrp (MV) BBINMONHAIOT H3MEPEHHUS C YACTOTOH OT
0,01 T mo 100 T'm, mpeamoututensHo oT 0,05 Tm mo 10 I'm w Oormee

npeanoytuTesbHo oT 0,1 I'm o 1 I'm.

18.Cnioco6 mo moOomy w3 mm. 9-17, OTIHYAIOIMUHCA TEM, YTO H3MEPEHUS

15 opueHTaruu BekTopa (F) HampssKeHHOCTH JIOKAJIBHOTO MATHHUTHOTO — TIOJIS
. -7 2
BBINOJIHAKT ¢ 4acTOTOM B Auana3oHe oT 107 I'm go 10™ 'y, mpeanoYTuTensHO B
muamasone ot 10° 'y o 107 T'p u Goree MPEANOYTUTENIBHO B IUAIIA30HE OT 107
' go 107 I,

19. O6¢cepBaTopust Mo OOOMY M3 mil. 1-8, OTIMYArOMIAsCS TE€M, YTO OHA PEalT3yeT

20 croco0 mo modomMy u3 1. 9—18.
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S810: Co3gaHne aBTOHOMHON MarHUTHOM 00CepBaTOpUH

i

S820: KoHTpoJsuiep noay4daeT u3MepeHus MOIys F (BEeKTOpa HANPSHKEHHOCTH
JOKAJIbHOTO MarHUTHOTO TOJIS1) B MOMEHTBI BPEMEHH ti;

!

S830: Konrpomnep noiaydaer n3MepeHus Tpex COCTaBIIOIINX
F dU, dV, dW B pa3Hoe Bpems ti;

!

S840: KoHnTpoep ynpasiseT rOpu30HTAIBHBIM IBUTATEIEM I U3MEPEHUS
BepTUKAIH V

3

S841: KoHTposiep ynpaBisieT BEPTUKAIBHBIM IBUTATEIEM I H3MEPEHUS
HanpasjieHus reorpaduaeckoro cepepa N

3

S842: KoHTpomnep ynpasiseT rOpu30HTAIBHBIM U BEPTUKAIBHBIM JBUTATEISAMU I[.]'DI

u3MepeHus n1Byx opuenranuii D* u I* BekTopa F

¥
S843: Konrpomnep Beraucnsier D=D* -Nul=1* -V

$

S850: KoHTposiep BEIYUCIAET UCXOAHBIC TUHUN BAPHOMETPA B MOMEHT BPEMECHH t,
SBJIFOIIUICS CPETHUM 3HAYCHUEM PA3IMIHBIX MOMEHTOB BPEMEHHU ti

3

S860: KoHTponep BEITOIHAET KATHOPOBKY MacIITaAOHBIX
KO3 PUIMEHTOB KaXK 10 COCTABIIAIONIEH BapHOMETpa

¥

S861: KoHTponnep BEITONHAST KaTHOPOBKY OPTOTOHAJIBHOCTH U OPUEHTALIMN B
MPOCTPAHCTBE TPEX COCTABIISIOMMX BapuoMeTpa MV u BEIMHCIISIET SHIEPOBBI
Matpuusl E nosopora
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S870: KoHnTpomiep BBIUNCIAET 3HAYEHUE BEKTOPA F HaNPSLDKEHHOCTU ITyTEM
MOJIY4EHUSA
S871: OpMEeHTUPOBAHHBIX U3MEPEHUI, MPUMEHSS MIEPOBBI
noBopoTs! E B orHOomennn dU, dV u dW
S872: nzmepeHmii, NOAIeKANIMX MAaCIITAOMPOBAHUIO, TyTEM YMHO)KEHUS
OPHEHTUPOBAHHBIX U3MEPEHUI HA COOTBETCTBYIOIIHE
MaciuTaOHbie KO3 (QPUINEHTH!

S873: 3 KOMIOHEHTOB BEKTOpa F HaNpPsHKEHHOCTH, MPUOAaBIAs NCXOAHbIE TOUKU N
TpeM OPUEHTUPOBAHHBIM U MO IEKALNM
MacImTabupPOBaHUIO U3MEPEHHUAM
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