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A.B. 'TETBMAH, O.J1. PE3BUHKHH

METOJA0JIOI'usA SKCIIEPUMEHTAJIBHOI'O OITPEJEJTEHUS COEPUYECKUX TAPMOHHUK
MAT'HUTHOTI'O TIOJIAA TEXHUYECKHUX OB BEKTOB

IIpoBesneH cpaBHUTENBHBINA aHAIM3 OCHOBOMOJATAIOMINX MPHUHIIMIIOB, JIEKAIIUX B OCHOBE METOJOB 3KCIIEPUMEHTAILHOTO ONpeJiese-
HUA CepUIeCKUX TapMOHUK MAarHUTHOTO ITOJISI TEXHUIECKHX 00BbeKTOB. [Ipennoxkena knaccudukanys METOROB BBIIEICHNUS BKIAI0B
U OIIPE/ICNICHUS BEIMYUH KO3 PUIINEHTOB c(HEepHIECKNX TAPMOHUK MATHUTHOTO IOJIS. Y CTAHOBIICHBI B3aHMOCBS3U MEXKIY PaccMOT-
PEHHBIMU METOIAMH W NPUHIUIIAMH, TT0JIOKEHHBIMHI B OCHOBY (DYHKIMOHHPOBAHHS COOTBETCTBYIOIIUX M3MEPUTEIIBLHBIX CHCTEM JUIS
HPaKTHIECKOTO CHepUIecKoro rapMOHIIECKOTO aHAIN3a MATHUTHOTO ITOJISL.

KuroueBsle ci10Ba: MarHUTHOE 110J1e, cheprueckasi rapMOHHKa, M3MEPHUTENIbHAs CUCTEMa, TEXHHYECKHI 00BEKT, MArHUTHBIH ITOTOK.

A.B. TETBMAH, O.J1. PE3SUHKIH

METOJA0JIOI'TA EKCIIEPUMEHTAJIBHOI'O BUBHAYEHHSA COEPUYHUX 'APMOHIK
MATHITHOI'O IOJIAA TEXHIYHUX OB'E€EKTIB

ITpoBeseHo NOPiBHUIBHUI aHaNi3 OCHOBHUX MPUHIHIIIB, L0 JISKATh B OCHOBI METOIIB €KCIIEPHMEHTAIbHOTO BU3HAYCHHS CPEPUIHIX
rapMOHIK MarHiTHOTO MOJISI TEXHIYHUX 00'€KTiB. 3amporoHoBaHo Kiacu(ikaiilo METOIIB BUIICHHS BKJIAAIB i BU3HAYCHHS BEJIMYUH
Koe]ilieHTiB chepUIHNX TapMOHIK MAarHiTHOTO TOJA. BCTaHOBIICHO B3a€MO3B'S3KH MiXK PO3TISTHYTHMH METONAMH 1 TMPHHLHUIIAMH,
MOKJIAICHUMH B OCHOBY (DyHKIIOHYBaHHS BiAIIOBITHUX BHMipPIOBAJbHUX CUCTEM IS IPAKTUYIHOTO CPEPHUIHOTO TAPMOHIYHOTO aHAaTi-
3y MarHiTHOTO TIOJISI.

Koniouosi c1oBa: MarHiTHE 1oje, cepudHa rapMOHiKa, BUMIpIOBaJIbHA CUCTEMA, TEXHIYHUH 00'€KT, MarHITHUH MOTIK.

A.V. GETMAN, O.L. REZINKIN

METHODOLOGY OF EXPERIMENTAL DETERMINATION OF THE SPHERICAL HARMONICS
OF THE MAGNETIC FIELD OF TECHNICAL OBJECTS

A comparative analysis of methods for the experimental determination of the spherical harmonics of the magnetic field of technical
objects has been carried out. The fundamental principles for creation of spherical harmonics of the magnetic field have been repre-
sented. The interrelation of the established principles with metrological means of measuring of spherical harmonics of the magnetic
fields is shown. A classification of the methods for separating of contributions and determining the magnitudes of the coefficients of
the spherical harmonics of the magnetic field is proposed. It is proposed to use the classification as a theoretical basis for creating new

methods and means for conducting a practical spherical harmonic analysis of the magnetic field of technical objects.
Keywords: magnetic field, spherical harmonic, measuring system, technical object, magnetic flux.

Beenenne. [Ipaktuyeckas HEOOXOJUMOCTH IIOBBI-
HIEHUS] TOYHOCTU MOJIETUPOBAHHUS U IKCIIEPUMEHTAIBHOTO
ONpEeNeTIeHUsT MPOCTPAHCTBEHHOIO paclpeesieHus] Mar-
HHUTHOTO T0JIs TeXHH4YecKuX 00bekToB (TO) cTumymupyer
IIPOLECC CO3AAHUS HOBBIX M MOJEPHU3ALUH CYIIECTBYIO-
HOIUX METOJOB OINpPENENIECHUS] MPOCTPAHCTBEHHBIX TapMoO-
HuK. [Tpu ncnosib30BaHMK B Ka4eCTBE MPOCTEHIIEH MaTe-
MATHYECKOW MOIENM BHEIIHEro MarHuTHoro mosst TO
IIPEJCTABIECHNS B BHJIE€ TOYEYHOIO MCTOYHHUKA — MATHUT-
HOT'O IMIIOJIA, NIPOCTPAHCTBEHHOE PACIpPENENIEHHE BHEII-
HCTO0 MAarHUTHOTO ITOJISI MOXKCT 6I>ITI) OIIMCAaHO OJHUM BCK-
TOPOM — MArdvMTHBIM JUIIOJIbHBIM MOMCHTOM TO. O}:[HaKO
peanbHOe MPOCTPAHCTBEHHOE pACIIPE/INIeHHe MAarHUTHOTO
nosist B 6;m3u TO (Ha paccTOSIHUAX CPaBHUMBIX C €ro rada-
PHUTHBIM pa3MEpOM) CYIIECTBEHHO OTJIMYAETCS OT KapTHHBI
MarHuTHOTO MOJIS TUMOJs. B kauecTBe MarHUTHBIX XapakTe-
PHUCTHK, YTOYHSIIOIIMX HPOCTPAHCTBEHHOE pacIpelesicHUe
MOJSA, B OTHX CIy4asX OOBIYHO WCHONB3YIOT CepHIecKre
MPOCTPAHCTBEHHBIE T'aPMOHMKM CTaplle JUIIONBHOM Wi,
OKBHMBAJIEHTHBIE MM, BHUPTyallbHbIE TOYEYHBIE HMCTOYHHKU
TOJISt — MYJIBTHIIONH, pacHoiokeHHbIe B LieHTpe TO.

B anexTpoauHaMuke 0TCyTCTBYIOT 3aKOHOMEPHOCTH,
MO3BOJISIOIINE TPOU3BOJAUTH MPSIMOM pacueT BETUYMHBI

aAMIUIUTYZAHOTO KO3(HIIMEHTa TPOCTPAHCTBEHHOM rap-
MOHUKHM MarHuTHoro nosst TO, mo3TOMy €JUHCTBEHHBIM
MIPaKTHYECKUM CIIOCOOOM OIpEJIeNICHNsI BEIMYMH aMIUIU-
TYJHBIX KOA(QQUIMEHTOB SIBISETCS MPOBEJICHUE MPSIMBIX
U3MEpEeHHH NPYruX (QU3HYECKHX XapaKTePUCTUK MArHHT-
HOTO MOJIA, ¢ MOCIEAyIomeld MaTeMaTHieckod oOpadot-
KOH pe3yNbTaToB I10 CIICIIHATIBHBIM Mporeaypam [ 1-8].

Heas padortsl. [IpoBeneHHBI aHANIN3 CYIIECTBYIO-
IIMX METOJOB M COOTBETCTBYIOLIMX M3MEPUTENILHBIX CHC-
TEM SKCIEPUMEHTAIBEHOTO ONpPEAENeHUs] BEIMYUH KOd(-
¢unneHToB cepryeckux rapMOHHUK HalpaBJieH Ha BBISB-
JICHHE M KIJIACCU(HUKALUIO OCHOBOIOJIAralONIUX MPHHIIM-
NIOB CO3/1aHHsI HOBBIX METOJOB M CPEIICTB NPAKTHYECKOTO
HCCIIeIOBAaHMSI IPOCTPAHCTBEHHON CTPYKTYpPhl MarHUTHO-
TO TT0JISl TEXHUYECKUX OOBEKTOB.

AHa/IN3 MeTO0B ONpeJeseHus] BeJMYnH chepu-
YyecKMX rapMoHuk. [IpoBenemM KpaTKuil aHalu3 BO3MOXK-
HBIX IyT€l NPAaKTHYECKOTO ONpenieNeHus CHEPHIECKUX
TapMOHUK CKaJSIPHOTO MOTEHIMajla BHELIHETO MarHUTHO-
ro moyst TO. Ecnu 3ammcars BhIpaKEHUE 1T MATHUTHOM
WHAYKIUH B Bo3ayxe (u =1) I HECKOJIBKUX Kk TOYEK
U3MEpPEHUs B BUJIE PSIOB:
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T L) — MAaTHUTHASI TIOCTOSTHHAS 7'y, O, ¢ — chepuieckue
KOOPJHMHATBI k—i TOYKHM HAOJIOICHUS MArHUTHOTO MOJIS,
P,"(cos 6;) — npucoenuuennbie GpyHKImu Jlexanapa mep-
BOTO POJIa OT YIJIOBOM KOOPAWHATHI k—it Toukw; g,", h," —
aMIUTHTYJHbIe KO3 GHUIUEHTHI CheprIecKuX rapMOHHK.

Tornma, orpaHMYHB KOJUYECTBO CJaracéMbIX OECKO-
HEYHOTO Psia HEKOTOPHIM KOHEYHBIM YHCIIOM U B3SIB JIOC-
TaTOYHOE KOJMYECTBO k TOYECK H3MEPEHHUS MAarHUTHOW
WHAYKIUH IS PENICHUs] CUCTEMBI ypaBHeHUH B (1), MOX-
HO TIONyYUTh 3HAYCHUS AMIUTUTYIHBIX KO3(QQHUINECHTOB
cheprIecKux TapMOHUK.

Taxoit meton Obu1 mpemnoskeH K.I'ayccom mst pac-
yeTa W ONHCAHWS MarHuTHoro mois 3ewutn. OOmieil TeH-
JIEHIMEN, KaK I T€OMArHuTHOTO TIOJISA, TaK M JJIsS Mar-
HutHOTO NoJist TO, sIBNsieTCs: JOMUHUPOBAHHUE TUITOIBHOM
FaPMOHUKHU U OBICTPOE YMEHbBILCHNE BEIUYNH aMILIUTY/I-
HBIX KOA(Q(UIMEHTOB I'apMOHUK C POCTOM HX CTEIEHH.
Drta 0COOCHHOCTh MPEJCTABICHUS MarHUTHOro mojsi TO
MPUBOANUT K OIPAHMYCHUIO KOJMYECTBA JTOCTOBEPHO OII-
penesieMbIX TAPMOHUK, IOCKOJIBKY, HAYUHAS C HEKOTOPO-
ro 3HaueHWs n (CTENCHHW TapMOHHMK), BEIHMYUHA MOTPEII-
HOCTH W3MCPCHHONH MAarHUTHOW WHIYKIUU CTaHOBHTCS
OoJiblile BKIIaJla TAPMOHUK CTapiIux creneHed. [loaromy
JlKe MPU KCIOJIb30BAHUH JIAHHBIX, MOJYYSHHBIX COBpE-
MCHHBIMHU MPELUU3HOHHBIMU MAarHUTOMETPaMH, HEeU30exk-
HOE MPHUCYTCTBUE MOTPEIIHOCTH MPH U3MEPEHHUH MarHUT-
HOTO TOJIsI 3eMIIM OrPaHMYHBAET KOJHMYECTBO TOCTOBEPHO
OTpeesIeMbIX aMILTHTYIHBIX K03 duimeHToB chepuue-
CKHMX TapMOHHUK JI0 JiecsiToi crenenu (n = 10).

[TockobKy peajbHBIC MOTPEUIHOCTH H3MEPEHUS
MarHuTtHoro nojs TO Ha JBa-Tpu mopsiaka Oofiblie dem
MPU TCOMArHUTHBIX HM3MEPCHUSAX, TO MAaKCHMAaJIbHOE KO-
JIUYECTBO ONPEACSIEMBIX TApMOHUK TPH HCIIOJIH30BAHUU
Ha IpaKkTUKe MeToha ['aycca orpaHMueHoO TpeThel cremne-
HBIO (ATHAAUATHIO AMIUTATYTHBIMHU KO3 UIIHEHTaAMH).

g, cosme,

g cosmo,
m o
h'sinme,

— ZP’” (cosb,)

Metoabl pa3ieieHusi BKJIAJ0B rapMoHUK. [1oBBI-
CHUTh TOYHOCTH M COOTBETCTBEHHO YBEJIMYHTH KOJIUYECTBO
onpeeNsieMbIX MPOCTPAHCTBEHHBIX TAPMOHUK OKAa3bIBAETCS
BO3MOYKHBIM, €CJIH TIPUMCHUTH METONbI, OCHOBAHHBIC Ha
(YHKIIMOHATIBHOM aHAJM3E CIICIMATBHBIM 00pa3oM MOITy-
YEHHBIX JIaHHBIX O IPOCTPAHCTBEHHOM pacpe/eIICHIN Mar-
HutHoro noisisi TO. KitoueBbIM yCIOBHEM NPUMEHUMOCTH
TaKUX METOJNIOB SIBIICTCS MOJTYYCHHE SKCIICPUMEHTATBHBIX
JMaHHBIX 0 MarHUTHOM Tosie TO B dopMe ymoOHOU ISt TIpo-
BeZIeHHs (PYHKIMOHAIBHOTO aHAN3a TI0 TIPOCTPAHCTBEHHBIM
KoopauHaTaM. HerocpencTBeHHO W3 BHIA CKAJSIPHOTO II0-
TEHIIaIa MATHUTHOTO TIOJIS, TIPEICTaBICHHOTO psioM B (1)
CIIe/TyeT, YTO /TS BBIIENICHHS BKJIaJa B CyMMapHOE ToJie OT
OJTHOM TapMOHUKH MOTYT OBITh UCTIOJIH30BAHBI:

— @yppe aHau3 [0 UMKJINYECKON KOOPIUHATE;

— OPTOTOHAIBHOCTH MOJIMHOMOB JIexxaH pa 1o yrio-
BOM KOOpJMHATE;

— pacueT Ha OCHOBE KOHEYHOTO YHCIa ypaBHEHHH C
HCIIOJIb30BAHMEM CBOWMCTBA Pa3HON CTENeHU YObIBaHHS
MoJIsl TIpH yAajieHuu oT uccaexyemoro TO (mmo paauaisb-
HOH KOOpJIUHATE).

Jns npumenenus @ypbe-aHanM3a K KaxkIOMYy U3
ypaBHeHuii B (1) HeoOXoaMMa SKCHEepUMEHTaIbHAs 3aBHU-
CHMOCTh JTaHHBIX, TIOJ[ydEHHBIX Ha OJHOM W3 mapaiienen
BoOOpakaeMoli ceprueckoil ceTky, oxpartbiBaromei TO.
Hanpumep, Tak, 4To0b! OBIIIO BO3MOXKHO IPOBEICHHUE MH-
TETPUPOBAHUS BHIA:

¢ coskg

[B.¢.0.0) dp =ty

0 nkep
i m cosk (2)
x| Y ZP”’(COSH)_[ 8 COSMPLICOSTD
o ()" h"sinmg | | sinke

rne B.(r,0,p) — panuanabpHas KOMIOHEHTa MarHUTHOW WH-
IYKIHAU B TOYKE CO CPEPHUUECKUMH KOOPIUHATAMH 7, O, @;
m — WHIEKC, NMEHYEMBIH MOPSIKOM TapMOHUKH; 7 — MH-
JeKC, IMECHYEMBII CTEIIEHBIO TapMOHHUKH.

OueBHIHBIM TpPeOOBaHHEM, KPOME HEOOXOAMMOCTH
MIPOBECHNS M3MEPEHUH MarHWTHOW MHAYKUUH IIPU He-
U3MEHHBIX paJlalbHOM M YIIIOBOH KOOpAWHATAX, SBJIAET-
Csl TIOJIy4YEHHE JI0CTaTOYHOTO KOJIMYECTBA JIAHHBIX (TOYEK
U3MEpEHNUs) O MarHUTHOM I10JI€ M IUKIIMYECKO KOOp.IH-
HaTe JyIsl POBEJICHNS] HHTEIPUPOBAHMS 110 (2) pacyeTHBI-
MM METOJIaMH C JIOCTATOYHON TOYHOCTHIO [7].

B pesynbrate mHTErpanbHONH 00paOOTKH 3adUKCH-
POBaHHBIX JAHHBIX O MAarHUTHOW MHAYKUWH KaK (QYHKIUH
OT IUKINYECKOW KOOPIAMHATH HA OCHOBAHUH (2) U3 IBOM-
HOM CYMMBI BKJIQJIOB BCEX T'apMOHHMK OCTAaHYTCS TOJBKO
BKJIaILbI OT FapMOHUK HOpsAAKa m = k:

k
jB (000" o=,y "B (cosO) %1 . ()
n=1 (r ) hn

Ecnu nasnpHelinnyro MateMaTH4eckyto o0pabOTKy JKC-
HEePUMEHTATBHBIX TAHHBIX MPOBO/IUTH, HAPHMED, C UCIIONb-
30BaHMEM CBOWCTBA OPTOrOHAIBHOCTH (QyHKIMH Jlexanpa,
TO JUTS 3TOTO HEOOXOIMMBI TaHHBIE 00paboTKH 1o (3), mpo-
BEJICHHBIC JUII HEKOTOPOr'0 KOJMYECTBA Tapalieseil, 4To0bl
00ecTieynTh MPOBeJICHIE HHTETPUPOBaHUS 10 (opMmyie:

sin kg

_[ IB (.0, w) . o (0 @ |P*(cos@)d(cosb) = mus x

0 nkgo

2 )M P (cost)P! costd coso) gn - @
n=1 n

2mun 1 (s+k)!) gl

()T 25+ (s—h) | Y

[IpsiMmoe mpuMeHeHne TBOWHOM MHTETpaNbHON 00pa-
OOTKHM MaHHBIX O MarHUTHOW MHIYKIHH (4) pemaer 3a1a-
qy 00 SKCIICpUMEHTAIbHOM OIPENIEIICHUN BEIWIHH aM-
IVINTYZHBIX KO3()(UINEHTOB MPOCTPAHCTBEHHBIX TapMo-
HUK MarHutHoro nons TO, Haxoxsierocs BHYTPU BOOO-
pakaeMoro Iapa pajguyca r Ha KOTOPOM DPAacCIOJIOKCHEI
MarHUTOMETPHYECKUE TATYUKH.

Jpyrum BapuaHTOM JanbHeWIed MmMaTeMaTHuecKOH
00paboTkn (3) sBiseTCS MCIOIB30BAaHHWE AJITOPUTMOB
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pacdera, MOCTPOEHHBIX Ha CBOMCTBE PasIMUHON CKOPOCTH
yObIBaHMS c(hepUUECKUX TAPMOHUK Pa3HBIX CTENIEHEH NpH
yAaJeHUH OT UCTOYHHWKA mons (uccimemyemoro TO). s
3TOTO HCITOJNIB3YIOT AAHHBIE O TPEX MPOEKIUSIX MarHUTHOH
MHIYKIUH, 3aUKCHPOBAHHBIE HA YETHIPEX Mapaieisix C
pasHBIMU paglycaMH, JIEXKaIlUX B BOOOpa)xaeMOH 3KBa-
TOpUAIBbHOM MI0CcKOCTH (6 = 71/2) chepruvecKoi CHCTEMBI
KOOpJIWHAT, puBsi3aHHOM K eHTpy TO. st mpoBeneHus
pacyeToB BEIMYMH aMIUIUTYIHBIX KOI((HUIUEHTOB rap-
MOHHK OTPaHWYMBAIOT MX PacCMaTpHBAaEMOE KOJHYECTBO
MaKCUMaJIbHOM cTapuiel cTenensto, nonaras n < 4. Orpa-
HUYCHHBIE TaKHUM 00pa3oM YETHIpEXTpHU pAna, Kak (PyHK-
WU OT UUKIMYECKOW KOOPIUHATHI, COCTaBleHHBIE 1Mo (1)
JUISL YeThIpEX 3HAYEHUH paguycoB Mapayiesield, cCoaepKaT
24 WCKOMBIX aMIUIUTYAHBIX Kod(duiuenta. CHauana
MOJIyYE€HHBIE ypaBHEHUs1 00padaTbiBaioT Pypbe aHATN30M
no ananoruu ¢ (3) roe k m3menstor ot 0 mo 4. JlanpHen-
IHAH pacdyeT BEJIMYMH aMIUIUTYAHBIX KOI((HUINEHTOB
MIPOBOJST, PeLIas IIOJly4yaeMylo CHCTEMY ypaBHEHHH.

Kaxk yxe ObIIO 3aMeueHO, MPUMEHEHHE B MPAaKTUKE
SKCIIEPUMEHTAIBHOTO HCCIIEIOBAHUST MarHUTHOTO TOJIS
TO anropuTMOB pacueTa, MOCTPOECHHBIX TOJBKO HAa OCHO-
BE PELLEHUI CUCTEM YpaBHEHUI OTpaHUYEHHBIX PAJIOB U3
(1), conpspkeHO ¢ HU3KOHW TOCTOBEPHOCTHIO MOTYIaeMBIX
PE3yNIbTaToOB Al aMIUIUTYAHBIX KO3((HUINEHTOB TapMo-
HUK cTapluux creneHed. Ilostomy npu mocTpoeHuH HO-
BBIX CHCTEM OPHUEHTUPYIOTCSI HA METOJBI C HHTErPAIbHOU
00paboTKOit TaHHBIX U3MEPEHHIA.

CrpemiieHHE UCIONBb30BaTh METOJIbI, IPEJIoararo-
mue MpPUMCHCHUE H3MEPUTCIIbHBIX CHUCTEM C HGGOJ'I])LHI/IM
KOJIMYECTBOM TEPBUYHBIX M3MEPHUTENBHBIX IpeoOpa3oBare-
JIelt, 0OYCIIOBIICHO MPAKTHYECKUMH 3aTPYIHEHHUSIMH, BO3HH-
KaroIMMH TIPH HACTPOMKE TOJIOKEHHSI M OpUEHTalH OO0JIb-
III0TO KOJIMYECTBa JaTYMKOB. Kak M3BECTHO MOJIOKEHUE IICH-
Tpa W HalpaBICHHE MarHUTHOM OCH JaTYMKa MAarHUTHOMN
WHIYKINX BCET/Ia UMEIOT MTOTPEITHOCTD MPH YCTAHOBKE.

Hanbomnee mpocTbiM BapraHTOM YMEHBIICHHS KOJIMYe-

CTBA JATYNKOB N3MEPHUTEIIEHOM CHCTEMBI SIBISIETCS MCIIONb-
30BaHME MEPEMEILEHHs TI0 OJHOW M3 YITIOBBIX KOOpIHMHAT
CBs3aHHBIX ¢ ucciexyeMbiM TO. OmHAaKO CO3MaHME CHCTEM
W3MEPEHUsT MAarHUTHOHM HMHIYKIWH, TO3BOJIIIOLINX IIepeMe-
mathk TO moodepeHo 1mo AByM cheprHuecKuM KOOpANHATAM,
TAKKE COINPsIKEHO C TCXHUYCCKMMU 3aTPYAHCHUSMU U HE
Bcera Bo3MoXkHO. Kpome Toro, noBopot ucciemayemoro TO
NPUBOAUT K M3MEHEHHIO MHIYLPOBAHHOHN COCTaBIIIOLIEH
€ro MarHUTHOTO IIONS, Jieyiasi HEBO3MOXKHBIM IPOBEIICHHE
W3MEpeHNH B TPHCYTCTBUM BHEIIHETO MAarHUTHOTO ITOJIS,
HalrpuMep, CO3/1aBaeMbIM 36MHBIM MarHeTH3MOM, YTO KpH-
TUYHO B HEKOTOPBIX Cilyvyasix. B ciydae nmpakTuueckoil He-
00XOIMMOCTH HCCIEIOBaHNUS HMHAYLHPOBAHHOW COCTaB-
JSEOTIe MarHuTHOTO 1ot TO, BMECTO YTIIOBOTO TpUMe-
HSIOT JINHEHHOE TepeMEICHUE TI0 OCH aNIlIMKaT, CBA3aH-
HOM C OOBEKTOM IHJIMHAPUYIECKON CHCTEMbI KOOPAWHAT.
Ilpu »TOM 171 TpPUMEHEHUS OpPTOTOHAIBHBIX CBOWCTB
¢ynkumii Jlexxanapa 1o aHaJgoruu ¢ (4) UCHONB3YIOT Clie-
LMATTPHO HAMJICHHBIC CeNEeKTHpYIoUHe (GYHKIUH fi(z),
BBIPKCHUE IPUHUMAET BHUI:
+oo| 27 sk

Cosxg k
[| [ B o2y dol|ff(2)dz . Q)
o sinke

Kpome Toro, B KauecTBe aJbTEpPHATUBHOIO BapUaHTa,
HMEIOIIETO CYIIECTBEHHO YIPOIIEHHBIN IpOIiece HACTPOii-
KU, TIONYYWIN TIPAKTHYECKOE INPUMEHEHHE CHCTEMBI, I10-
CTPOEHHBIE HA OCHOBE TOHKUX (KOHTYPHBIX) U3MEPHUTEIHHBIX
00MOTOK CHEIMAIFHON MPOCTPAHCTBEHHOM KOH(MUTYpaIHH C
M3MEPSEMO BETMUMHON — MarHUTHBIM ITOTOKOM.

Pe3yabTaTsl ucciegoBanmii. Pe3ynbTaThl cpaBHHU-
TENBPHOTO AaHAJIN3a CYIIECTBYIOUIMX METOIO0B 3KCIIEpH-
MEHTAJILHOTO OINPEJENICHUs] aMIUIUTYJHbIX Kod(QuIreH-
TOB C(EePUIECKHX TAPMOHHUK C yYETOM OCOOEHHOCTEH Io-
CTPOCHHUS COOTBETCTBYIOIIUX H3MEPUTENBHBIX CHCTEM
MOYKHO TIPEJICTaBUTh B BUJE KIIACCU(PHKAIMH, MTPEACTaB-
JICHHOH B Ta01. 1.

TaGJ’II/IL[a 1- KJTaCCI/I(bPIKaL(PIH MPUHIOUIIOB, JIC)KAIUX B OCHOBE METOZIOB pa3ACJICHNUA BKJIaA0B U ONIPEACIICHUS BEJIMYUH aMIUIUTY IHBIX
KOB(l)(bHHHeHTOB TMPOCTPAHCTBCHHBIX I'APMOHHUK ITPU MCTTI0JIb30BAHUU MAarHuTO-U3SMEPUTEIIbHBIX CUCTEM Pa3HbIX TUIIOB

Tun nepemenienus

Jluneitnoe

W3meputensHa
cucteMa QUKCUpyeT

Vraosoe

DyHKIIMOHATIBHEIE 3aBU-
CHUMOCTH MarHUTHOH
HWHAYKIHMU OT KOOpJAUHA-
ThI IEPEMELICHUS

¢yskuuii Jlexanapa

UHAYKIUN

1. Ucnionp30BaHNe OPTOrOHANBHBIX CBOWUCTB

1.2. ®ypbe aHamM3 Ha OCHOBE TUCKPETHBIX
JTAHHBIX O KOOPJMHATAaX PACIOJIOKEHHS Ha OK-
PY’KHOCTH TOYEUHBIX JATINKOB MarHUTHOU

2. Wcnonp3oBaHue CBOUCTBA CIafaHUsI rapMo-
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KomnoHku 1 cTpokn maHHOM TaOmuIp! chOPMHUPOBAHBI
Ha OCHOBE TJIaBHBIX IPHUHIIMIIOB, JISKAIIX B OCHOBE pabOTHI
M3MEPHTEIBHBIX CHCTEM: N3MepsieMasi MarHUTHas BeJIMYHMHA
U THII TIEPEMEIIECHHS UCCIEAYEMOr0 00OBEKTa OTHOCHTETIFHO
N3MEPHTENBHBIX JIaTYMKOB (0OMOTOK) MarHHUTHOW HWHJYK-
min. B 3aBrcHMOCTH OT KOMOMHAIINH OCHOBHBIX TIPHHITHIIIOB
pabOThl U3MEPUTEIBHON CHCTEMBI B SUCHKAX MEPECCUCHIS
COOTBETCTBYIOIIETO CTOJIONA M CTPOKH MIPUBEICHBI BO3MOXK-
HbIE U JAHHOKM CHCTEMBI METOJIbI Pa3/IeNIeHHUs U OlIpesiee-
HUSA BEIWYMH KOX(PQUIMEHTOB CHEpPUIECKHX TapMOHUK
MarautHoro mojs uccnemxyemoro TO. Ilpu sTom mopsaok
MIPUMEHEHHS CIIOCOO0B pa3eNICHIS 1 ONPEeICHIs BKIIAIOB
MPOCTPAHCTBEHHBIX TAPMOHHUK BO BHEIIIHEE MAarHUTHOE I10JIe
TO cooTBeTcTBYeT IepBOi IwIppe MOPSIKOBOTO HOMEpa
Bo3Je criocoba. Bropeie nudper y HOMepoB criocoOoB yka-
3BIBAlOT Ha HAJMYHE ABTEPHATHBHBIX BapHAHTOB COOTBET-
CTBYIOILIETO 3Tarna MPaKTUYECKOTrO OIpeJeICHUs BEIMYUH
MIPOCTPAHCTBEHHBIX TAPMOHUK MarHUTHOTO TOJIS.

U3 npesicrapieHHbIX B Ta0. 1 crioco0oB ornpeneneHus
MIPOCTPAHCTBEHHBIX TAPMOHHUK MAarHUTHOTO TOJS CIEAYeT,
9YTO0 HauOOJIee PAMOHATIFHBIM MOPSIKOM HPHMEHEHHUS Tpex
OCHOBHBIX CIIOCOOOB BBIZICJICHHS! BKJI4JI0B TADMOHHK SIBJISICT-
csl MpUMEHeHne Ha niepBoM dtare Dypbe aHamm3a Mo [UKIH-
YecKoW KoopauHaTe ¢. B pesynprare KOTOporo u3 ABOHHOTO
psiia chepruuecKix TapMOHHK COTTIacHO (2) OyyT BbIENCHbBI
BKJIQ/Ib TAPMOHHK TOJIBKO 3aJ[aHHOTO TTOpSAKa m = k.

IIpumenenue anmapatHo BctpoeHHoro dypre ana-
JM3a B CUCTEMAaX, M3MEPSIONUINX CHTHATYPbl MarHUTHOTO
MIOTOKA, CIETJICHHOTO C OOMOTKAMH CIIEIHATBFHON IIpO-
CTPaHCTBEHHOH KOH(UTrypamuu, 00yCIOBICHO 0COOEHHO-
CTBIO M3MEpPEHHsS MAarHWTHOTO TIOTOKA U SIBIAETCS HECO-
MHEHHBIM TPEUMYIIECTBOM TaKHUX CHCTeM. [loCKOIBKYy
OHM TPHUHIUIIHAIGHO ITO3BOJITIOT IPOU3BOIUTH paseie-
HHE U OIpeJielIeHNe BKJIaJ0B FAPMOHUK CYLIECTBEHHO (Ha
JIBa TPH TOPAIKA) PA3HAIMIMXCS IO BEIMYHHE, 0e3 cylie-
CTBEHHOT'O BJIMSIHUSI Ha [TOTPEITHOCTb.

BoiBoabl. B pesynbrate cpaBHHTEIBHOTO aHAIN3a Me-
TOZIOB 9KCIIEPUMEHTAJIFHOTO  OIpe/ieeHnsl  cheprIecknux
TapMOHHMK MAarHUTHOTO IIOJISl TEXHUYECKUX OOBEKTOB yCTa-
HOBJICHBI OCHOBOITOJIAraroiye NpuHUUIIbI UX CO3JaHUs. Ilo-
Ka3aHa B3aHMMOCBSI3b YCTAHOBJICHHBIX NPHHLHIIOB C CYIIECT-
BYIOIIUMH HU3MCPUTCIIbHBIMHA CHUCTEMaMU IJI1 TIPOBEACHUSA
MPAKTUYECKOr0 C(hepruuecKoro rapMOHHYECKOTO aHAIH3a
MarHuTHOTO TIONSI TEXHUYECKHX OObekToB. Ilpemoxkena
KJIACCH(UKAIUS METOJOB, TIO3BOJISIOIIAS TIOCTABUTh B COOT-
BETCTBHE JPYT APYTY CYLIECTBYIOIME METOIbI U CPEICTBA
9KCIEPHUMEHTAIBHOTO ONPEIENeHHs CHSPHICCKIX TAPMOHUK
U CIIy’Kall[asi TeOPETHIECKOH OCHOBOW CO3/[aHKS HOBBIX Me-
TOJIOB U CPECTB MPOBENCHHS PAKTUYECKOT0 CHEpUIESCKOro
TapMOHUYCCKOTO aHajln3a MArHUTHOI'O IIOJIA TCXHHUYCCKHX
00BekTOB. B pesynprare aHanm3a IpeyIOKEHHOW KIacCH-
(UKaIMK BBIIBICHO, YTO JUIS BCEX METOJI0B, OCHOBAHHBIX Ha
YIJIOBOM NEPEMEILEHHH I10 OJTHOW OCH, XapaKTepHO HaIN4IHe
METOJMYECKHX OTrPaHMYeHHH Ha MaKCHMAJIbHYIO CTCIICHb
n3MepsieMoi cepryecKoil TapMOHMKU (KaK ITPaBHIIO, HE
CTapIlIe YeTBEPTON ).
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