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Crioco0 sIepHOTO MAarHUTHOTO KapoTaxka W YCTPOMCTBO Ui €ro peaju3allid  OTHOCSTCS
K o0macTh WCCIeNoBaHUS CKBXKHH C TIOMOIIBIO SACPHOTO MarHUTHOTO pe3oHanca. Croco0
KapoTaka 3akKJo4aeTcsi B TOM, YTO OCYIIECTBISIOT MEepeMEIleHHe YCTPOicTBA JIsl KapoTaka
BIOJIb CKBQXWHBI JIByMs Pa3MEIICHHBIMH COOCHO IWUIMHIPHYCCKUMH OCHOBHBIMHU ITOCTOSIHHBIMU
MarHMTaMu, COPUCHTHPOBAHHBIMHU OJTHOMMEHHBIMHU TIOJIFOCAMU JPYT K APYTY, CO3IAIOLUIMMH ITOCTOSHHOE
MarHUTHOE TIOJIe, B HCCIEAyeMOi o00iacTd B TOJINE MOPOAbI, B JTOW ke O0OJacTH MyTeM
3alaHsl TOKAa B TIOJAMATHAYMBAIOUIMX KATYIIKaX CO3MAlOT JOMOJHHUTEIEHOC MArHUTHOE IIOJIC,
KOMIICHCHUPYIOIIIEe TEMIIEPATYPHYIO 3aBHCHMOCTh MArHUTHOW HMHAYKIMH TOCTOSHHBIX MarHUTOB H
B JTOW ke OOIacTH pagHoYacTOTHOW HPUEMHO-TIEPEAAIONIEil KATyIIKOW CO3Mal0T MePEeMEHHOE
MarHUTHOC TIOJIE, MOJSPU30BAHHOC MEPICHANKYISIPHO IMOCTOSHHOMY MarHuTHoMmy moir. Crocod
MO3BOJISIET 00ECIICYMBATE BO3MOKHOCTD PACIIMPEHISI AHATa30oHa CKOPOCTEH KapoTaKka P COXPaHCHHUU
CIOCOOHOCTH PEryJIHpOBaHUs B MPOIECCEe KapoTaka 3HAYeHUs] (POKYCHPOBAHHOTO MATHUTHOTO MOJIS
B 00JacTH WCCICIOBAHUS i1 KOMIICHCAIIUM TEMIICPAaTypPHOW 3aBUCHMOCTH OCTATOYHON WHIYKIIMU
MOCTOSIHHBIX MarHUTOB 0€3 YXY/IIICHHs] XapaKTePUCTUKU TIIYOUHHOCTH HCCIIEIOBAHHS.
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Croco0d sxepHOro MATHUTHOIO KAPOTAXKA H YCTPONCTBO VIS €10 peaan3anun

Ipennonaraemoe u306peTeHHe OTHOCHTCS K O0JACTH HCCIENOBAHHS W/HIM AHAIH3A
MaTepHalioB ¢ IIOMOIIBIO SNEPHOTO MarHUTHOro pesonanca (SIMP). Moxer OwiTh
HCIONB30BaHO MPEHMYIIECTBEHHO B YCTPOHCTBax, npuMeHseMeix ang SAMP  xaporaxa
ckpaxuH. [Ipexne Bcero, 3agBiICHHOE TEXHMYECKOE pEIEHHE OTHOCHTCS K crocobam u
ycTpolicTBaM, B KOTOPBIX HOCTOSHHBIE MAarHHTHEL MCIOJB3YIOT Ui  (OPMHPOBaHHSL

TOPOHJANEHOr0 (POKYCHPOBAHHOIO MArHHTHOTO IONS, Hcmonmsdyemoro mis SIMP xaporaxa

CKBAKHH,

W3 mceneoBaHHOrO YPOBHS TEXHHKH 3a(BUTEIEM BBIABICHB! TEXHHUECKHE PEIIEHHS 10
natenTam USA Ned4710713 [1] u USA Ne4350955 [2], xoTopble HampasNeHs! HA [TOBBIIIEHNE
3 heKTUBHOCTH KapoTaXa CKBaXHMH ¢ MOMOIIBIO SHEPHOI0 MAarHATHOrO pesonanca (SIMP)
IIyTEM HCTIONB30BAHMS YCTPOMCTB U KapoTaka ¢ IOCTOSHHBIMA MAarHUTHBIMHM CHCTEMAMH.
Obmeit CyIHOCTBIO H3BECTHRIX H300pETEHMI SBIACTCS TO, YTO B OKPYKAIOIEM IIPOCTPAHCTBE
OHUM HIIH HECKOJBKMMH IIOCTOSHHBIMH MarHHTaMH T€HEPHPYETCS OTHOCHTENBHO CHIIBHOE
MarfuTHOE 10JIe, 3HAYEHHE KOTOPOro MOMKeT OBITh CYIIECTBEHHO OONBIINEC BENHYMHBI MO
semum. Jlns Bo3Oy»neHus i perucrpanuy cursana IMP HCnons3y0T NPHEMHO-TIEPEAAIONIYIO
AHTCHHY, B KOTOPOH DaIMOYacTOTHHIMH MMITyJILCaMu Ha gacToTe fy BO36YXKIAIOT CHMHOBYIO
CHCTEMY, 8 B IPOMEXYTKaX MeXIy HMIylbcamMu perucrpupyior curtamsl AMP, xortopsie
Ha3BIBAIOTCS CUTHAIAMH CIMHOBOTO 5x0. OGBIMHO 118 3TUX Henell HCMONE3YIOT CTAHIAPTHYIO
TIOCIE0BaTeIEHOCTE, HAa3bIBAEMyIo nocnenosarensHocteio Kappa — Ilapcenna — Meiibyma -
I'mnna (nanee KIIMI), xoropas coctout u3 omHoro 90°-ro u nocnenyromeit cepun 180°-px
PanroYacTOTHBIX UMITYIbCOB. IlepBhiii panuoyacTOTHEI HMIYIBC BO30yknaeT curHan SIMP, a
CepHs MOCTENYIOUMX HMIYILCOB NpeaHazHaueHa A1 GOPMUPOBAHUSA B IIPOMEKYTKAX MEKIY
180°-Mu uMIynIbCaMH CHTHAJIOB CHMHOBOrO 9X0. I[I0 CKOpPOCTH YMEHBIIEHMS aMIUIITY[I
CHTHAMIOB 3X0 BO BPEMEHH CYIAT O BPEeMeEHAX ITONEPEeuHOM pelaKkcald, a H0 aMIUTHTYAEe
CHTHaJa B HAYaJIBHBI MOMeHT (POpPMUPOBAHUS NOCIEA0BATENEHOCTH — 00 o6IeM KonuyecTse
B HCCIENyeMOM 30He BeINecTBa, COAEpKallero sapa, Ha KOTOpHIe HACTpOeHa YacToTa
peszonanca SIMP. Kak npasuito, 310 sapa Boaopoia, HMEIOINHE BEICOKYIO PacipoCTpaHeHHOCTh

B [pHpOZe U HaubOMblIee 3HAYEHHE THPOMATHATHOTO OTHOMeHHA Y. Ilpu 3ToM MarHuTHAs

CHCTEMA W IIPHEMHO-NEPCHalonias aHTCHHA JOJDKHEL MMETE TaKoe B3aHMHOC PacIiONOKCHHE,

yroObl MarHuTHOe moje B MOCTOSHHOrO MarHuTa M MarHuTHoe nosne Bi, co3maBaemoe B
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HCCTICyeMOH 30HE B MOMEHT PaJIMOYACTOTHOTO HMITYIIbCa, OBUIA B3aHMHO NEPIEHANKYIAPHEL,

H BEIIOJTHAJNIOCH TaK Ha3hIBAEMOE YCIOBHE pe30HaHCa:
fo = yBo/2m. (D

B ofwmem ciyuae, 3aagenue Benmaunsl Bo B yCTpOHCTBAX ¢ MOCTOSHHBIMH MAarHATAMH
ABIETCA QYHKUHMEH PAaCCTOSHHA OT MAarHHTHOM CHCTEMBL DTO JaeT BO3MOXKHOCTH BEHIOHpATH
IV pe30HaHCHOH 9acToTh! fo Takoe 3HaueHwe, NpH KOTOPOM BenmuuHa Bo, yaosnersopsomas
yenosmio (1), 6yner HaXOAUTHCA HA NOCTATOYHOM YHAICHHH OT MACHMTA, TAK, YTOOLI CHrHAN
SMP dopMmrpoBaIcs TONBKO H3 NPUCKBAKMHHOM 30HEL Ilpu sTOM Kak Gumkuue, Tak u
JanbHUE 00NacTH MPOCTPAaHCTBA, MWL KOTOPHIX 1o ycnosuio (1) Tpebyiotes Gonee BBICOKHE
u, Hao0opoT, Gosee HU3KME 3HAYEHUS YACTOTH Pe30HAHCA, BKaan B curHan SIMP me paror.
Takum oOpasom, 3amaBas KOHQHrypauuwell MarHWTHOH CHCTEMB Ty WIH HHYIO
TIPOCTPAHCTBEHHYIO 3aBHCHMOCTE Bo M BeIOHpas COOTBETCTBYIONICE 3HAUEHHE YACTOTHI
pe3oHaHCa, MOXHO 3a4aBaTh O0IacTh HMCCACHOBAHHS HA 3aJaHHOM PACCTOSHHH OT OCH
YCTPOHCTBA, WM OT BHEMIHEH CTeHKH ero Kopmyca. IIpmHsSTO 3TOT mapaMerp Ha3sBaTh
IIIyOMHHOCTBIO HCCIIENOBAHMS, ¥ OH ABJIACTCS ONHON M3 3HAYMMBIX XapaKTEPHCTHK YCTPOHCTB
JUIS AIEPHOTO MAarHUTHOTO KapoTaxa.

B nenom, cmoco6 sAepHOTO MarHHTHOTO KapoTaXa B YCTPOMCTBAX C MOCTOSHHBIMH
MarHuTaMi = 3aKI0YacTICs B TOM, YTO OCYIIECTBISIOT NEPEMEINEHHE BIONL CKBAXKHHEL C
3aJaHHOHM CKOPOCTBIO YCTpOMCTBA Ul KapoOTaxa, B KOTOPOM ONHHM HJIH HECKOJNBKUMH
NIOCTOSIHHEIMU MArHUTaMM CO3Jal0T HOCTOSHHOE MAarHUTHOE MOJIE BO BHENIHEH 10 OTHOMEHHIO
K yCTpOHCTBY MCCleflyeMOi o6acTi B TOMIIE MOPOJEL, B 3TOMH K& 00IaCTH paaMoYacTOTHOM
IIpHEMO-NepeIatoIeii KaTyIIKoH Ha 9acToTe SAepHOI0 MAarHUTHOTO PE30HAHCA CO3aI0T CEPHI0
PaIMOYacTOTHBIX ~ MMIYJIbCOB,  (OPMUPYIOIMX  IOJAPH3OBAHHOE  MEPIEHIHKYIAPHO
NIOCTOSIHHOMY MArHHTHOMY IIOJIIO NEPEeMEHHOE MAarHUTHOE IIOJIe, M IIPH IIOMONIM 3THX JKe
KaTymeK B NPOMEXKYTKax MEXAY PalHOYaCTOTHBIMM HMITYJIbCAMH PETHCTPUPYIOT CHTHAJE
cnuHOBRIX 9x0 SIMP. Ilo 3aBHCHMOCTH aMIUTHTY[ CHTHAIOB 5XO OT BPEMEHHM B TEYCHHE
JeHCTBHS MOCNENOBATeNLHOCTH CYAST O BpeMeHaX MM CIEKTpaX BpeMeH IOmepedHon
penaxcanuy (T2), a M0 3aBHCHMOCTH aMILIUTY[ CHTHAJIOB 3XO0 OT IEPHOAA BPEMEHH MEXIY
[IOCJICROBATENBHOCTAMHE - O BpEMEeHaX WM CIeKTpax BpeMeH npononsHo# (T1) penaxcanum. [To
HOIyYEHHBIM JaHHBIM MOTYT OBITH IOCTPOEHHI KaK ofHoMepHele (1D), Tak u nBymepnsie (2D)
KapThl paclpefeeHds BPEMEH PpeaKcaluH, MO KOTOPBIM PACCUMTHIBAIOT XapaKTEPHCTUKU

HOA3eMHEBIX HOPMUPOBAHMH. -
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W3 mccnemoBaHHOrO 3asBHTENEM YPOBHS TEXHHKH BBIABICHBI M300DETCHHSH, MMEIOLIHE
ocobeHHOCTH B KOHCTPYKIMH MArHUTOB IIO BHAY NPOCTPAHCTBEHHOIO pacrpeielcHust
MarHUTHOTO IOJIA B HCCIEAYEeMOH 30HE ycTpolcTBa N AIEpPHOTO MarHHTHOIO KapoTaka ¢
MMOCTOSHHBIMH MATHUTAMM, KOTOPEIC MOMKHO pa3JieluTh Ha JBa, IPENCTABICHHBIX [alee,
KJacca.

Tak, HanmpuMep, H3 HCCINCNOBAHHOTO 3adBHTEIEM YPOBHS TEXHMKH  BLIIBICHO
u3obperenue no mareHty USA Ne4710713 [1], cymHocTh KOTOPOrO COCTOHT B TOM, YTO
annaparypa sAepHOro MAarHUTHOI'O PE30HAHCA COJEPMKHUT, KAK MUHMMYM, OIHH HOCTOSHHEIH
MAarHuT, NpeJHasHa4eHHBIH IS TOTo, YTOOHI I€HEpHpOBATh HOCTOSHHOE MAarHUTHOE HOJE B
yaaneHHo¥ o0nacTH HCCIeNOBaHMUs, COIepIKaliell HecieLyeMble MaTepHanbl; YKasaHHbIH, Kak
MUHUMYM OJMH, MArHHT HMEET HaMarHW4eHHOCTh, NEPIEHIMKYIAPHO HANPaBICHHYIO K

TIPOONBHOM OCH YKa3aHHOIO MarHWTa, M CO3J4eT DAIHalnbHO HEONHOpPOAHOE (IpaJUeHTHOE)

BHEIIHEE MArHHUTHOE I0JIE, KOTOpoe mpeicTaBnserca yOwBaromeit ¢ynxuuel Bo Beel,
BHEINHEH 110 OTHOLIEHHIO K YCTPOMCTBY, 00JacTH IPOCTPAHCTBA, B TOM 4Hele U B obmacTh,
IpeHa3HAuYeHHOM 1y mccnenoBaHus. [loNMOMXUTENBHBIM Ka4yeCTBOM TAKOM MArHHTHOR
CHCTEMBI ABIIETCA TO, YTO PE30HAHCHBIE YCIOBUA (OPMHUPYIOTCA aBTOMATHYECKH, TaK KaK B
IPaJMeHTHOM MArHHTHOM TMOJIe Bcerja ModkeT ObITh HalifieHa 06GNacTh IPOCTPAHCTBA, B
KOTOpO#t AN 3aMaHHOM YacTOTHI pe3oHaHca BEIIOMHsAeTCS yenosue (1). B Takux ycrpoHcTBax
TeMOepaTypHas 3aBUCHMOCTh MHIYKIHMH MAUHUTHOIO IION TakyKe He BBI3HIBACT HANpPAMYIO
mpobreM, CBI38HHEIX ¢ HEOOXOMMMOCTBIO HOIIEPIKUBATH PE30OHAHCHBIE YCJIOBHS BO BpeMs
kapotaxa. OpnHako mO Mepe YMEHBIIGHHS 3HadeHus Bo ¢ pocToM TeMIeparyphl 30Ha
HCCIEOBAHMSA CMEINAeTCss B CTOPOHY Camoro ycrpodcrsa Ui sIEPHOTO MArHHTHOIO
Kapotaxa. JpyruMu cIOBaMH, ¢ POCTOM TEMIIEpPAaTypsl B CKBaXKMHE YMEHBINACTCA MapameTp
r1yGHHHOCTH MCC/IEHOBAHUSA, YTO, B KOHEYHOM CHUeTe, MOXET NPHUBECTH K HEIPaBHILHON
TPaKTOBKE H3MepeHHbIX naHHbX. Kpome TOoro, B ycrpoHCTBax ¢ TakMMH MarHHTHBIMH
CHCTEMaMH WCCIeayeMas 30HA mpexacTaBiser coboll TOHKHM crmol (Tonamuua oS IOpsSaKa
0.1 cm), uro 3aMeTHO yMeHbmaer o0BeM Hcciaenyemoll obmactu. B pesyiabrare He TONBKO
YMEHBIAETCS aMIUIMTyJa peructpupyemoro curiara SMP, w©HO m®  mpossisgercd
YYBCTBHUTENBHOCTE K TIOHNEPEUHBIM KonebaHusM yCTpoiicTBa H BHOpanuu, 4YTO MOXET
CYIIECTBEHHO CHM3UTH JOCTOBEPHOCTH PE3YNBTATOB HcclenoBanuit. Jisd nojgydeHus CHrHama
SIMP nocraro4yHON BeNUYHHE] OOBIYHO B TAKMX YCTPOHCTBAX MAarHUTHAA CHCTEMA H IIPHEMHO-
nepenaonas aHTeHHA UMEoT OOoNbluMe pasMepsl BIOMb OCH ycTpoiicta. B pesyierare,
YCTPOMCTRA IS SIEPHOTO MarHUTHOIO KapoTaka ¢ TaKMMM MAarHUTHBIMH CHCTEMaMH HMEIOT
IWI0X0e, mopsaka 1 M, IPOCTpaHCTBEHHOE pa3pelieHHe BAONb CTBONA CKBAXHHEL ~ HO

JONYCKAIOT NPOBEIEHAE KapoTaxa co ckopocTamu nopsaka 100 +200 m/4ac.
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Eine oHHM HEJOCTATKOM MAarHUTHBIX CHCTEM, FEHEPHPYIOIHMX [PATHEHTHOE MATHATHOE
none, SBASETCHS HeOOXOAMMOCTH yuYeTa B PErHCTPUPYEMOM CIEKIpPE BPEMEH peraKCaliu
nuddy3MoHHOrO BKJIaja, KOTOpEIi, B o0mleM ciyd4ae, HEHM3BECTeH, TaK KaKk HEHM3BECTHBI
koo unments! camomuddy3un HeenenyeMoro GIIOHa B IOPUCTON CPENE MOPOHBL

Taxum  0o6pazoMm, yCTpOHCTBA SNEPHOTO MAarHHTHOTO KapoTaXa, OCHOBAHHBIE HA
HCMOJNB30BAHAY MATHWTHEIX CHCTEM, (OPMHpPYIOIIMX B 30HE HCCISHOBAHHS palHaTbHO
HeonHOpOoAHOe  (TpagMeHTHOE) MArHMTHOE IO,  XapaKTepusylTCs  CIEeAYIOIHMH
HENOCTATKAMM:  3aBUCHMOCTh  INIYOHMHHOCTH  HCCICAOBaHHA ~ OT  TEMIEparypsl;
JyBCTBUTENBHOCT YCTPOUCTRA K BHOpAIMy M NONEPEUHbIM KOJIeOaHUAM; BIMSHAE HA COEKTD
BpeMeH penakcamun aubQy3HOHHOrO BKIaa u IUioxoe (mopsaka 1 M) IpOCTPaHCTBEHHOE
pa3pelenue BAOE CTBOJA CKBAKHHEL

BhIABIEHHOE 38 BHTENIEM H3 MCCISIOBAHHOTO YPOBHS TEXHUKH TCXHUYECKOE PEIICHUE 110
narenty USA Ne4350955 [2] comepKAT MarHuTHYIO CHCTEMY BTOPOTO THIIA, COCTOSILYIO, KaK
MHHHMYM, M3 ABYX COOCHBIX MAarHUTOB, HAMAarHHYEHHBIX BJOJIb OCH H DAaCMONOXEHHBIX
OJHOMMEHHBIME TIOIOCAMHE JPYT K APYTy, KOTOpble TEHEPHPYIOT B yAAICHHOH TOPOUIAIBHOM
061aCTH MPOCTPAHCTBA OTHOCHTENBHO oxHOpomHoe (HoKyCHpOBaHHOE) MarHuTHOE moie. B
sTOM o6nacTH (GYHKIMA paIHaTLHOTO PACHpe/eNeHMs MarHHTHOTO IIONA IPOXOAWT depes
MaKCHMYM, 8 aKCHATBHOTO pacipesieieHus — depes MUHUMyM. [Ipuemo-niepenasonias anTeHHa,
BBITIOJIHEHHAA HATpUMep, B GOpMe COJICHOU 1A, PACIIONAraeTCs MEXy MarHHTaMH.

[IperMyIEcTBOM 3TOTO THIIA MArHHTHBIX CHCTEM SBJAETCH YIYYIICHHE KauecTsa
curaana SIMP, kaK ¢ TOYKH 3pEHMs €ro aMILIMTY/bI, YTO NOCTHIAeTCH 3a CHeT YBEIHICHMSA
o6BeMa mceeyeMol 30HEBL, TaK U 3a CUET TOr0, YTO CHIHAN PETHCTPHPYETCS B OTCYTCTBHE
CHJIBHOTO TPadeHTa MATHUTHOTO IIONs, CIoco0HOro u3-3a quddy3noHHOro BKIaja NOBIHATE
Ha CIIEKTp BpeMeH penakcarmu. Kpome 3Toro, yerpolicTea saepHOTO MarHUTHOTO KapoTaxa ¢
TAKAM THIOM MArHETHEIX CHCTEM HMEIOT CYIIECTBEHHO MEHBUIYIO 4YyBCTBUTeNbHOCTH SMP
CHTHANIA K TIONEPEuYHBIM KojeOaHusM H BHOpamuH, a Takxke CyIIECTBEHHOE yIydmeHue (J0
0.1 M ¥ MeHBIIIE) XapaKTEPUCTHKY IPOCTPAHCTBEHHOIO paspelieHus BIOIb CTBOJA CKBKHHBL
Emle onHAM OpeMMYIIECTBOM MATHUTHBIX CHCTEM T4KOT'O THIIA ABIACTCS TO, YTO YAAICHHOCTE
061aCTH MCCIENOBAHMSA OT LEHTPa MATHUTHOM CHCTEMBI 3aaeTCs JUIMHOM MAarHuToB H
BEJIMYMHOM 3330pa MEXKIy HEMH U He 3aBHCHT OT OCTATOYHON MH/IYKIIHM CAMUX MArHUTOB (CM.
patenT RU No2583881 [3]). OmpuM H3 TNaBHBIX HENOCTATKOB SBISCTCS TeMIEpaTypHas
3aBHCHMOCTh MHAYKUHH MArHATHOTO IIONS B TaKMX YCTPOMCTBAax, KOTOpas Iaxe IIpH
HCTIONB30BAHUY MATHATOB M3 MAaTepHAaia ¢ MAIBIM TeMmepaTypHsM kKoaddunuenTom (SmCb),
npejcrassgeT GONbUIyIo MpobieMy, Tak Kak IPH H3MEHEHHH TeMIIepaTyphl YCIOBHE PE30HaHCa

(1) mepecraer BEIIONHATHCS OMHOBPEMEHHO [ BCEH MCCIenyeMOR 30HbL D10 nepsbli o6
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HENOCTATOK yCTpOffiGTB AJIA AACPHOrO MarHUTHOTO KapOTaxa ¢ YKa3aHHBIM THIIOM MATHUTHBIX

CHCTEM.

Bropoii obummii HeNOCTATOK yCTPOMCTB AN SNEPHOTO MATHHTHOTO KapoTaka ¢

YKa3aHHBIM THIIOM MAarHMTHEIX CHCTEM COCTOMT B HEOOXOJMMOCTH IIPOBOIHMTH KAPOTAXK C
MaJIbIME CKOPOCTAMHE (He Gonee 30 m/9ac), Tak Kak m3-3a 3QEKTOB HBHNKEHHS YCTpOHCTBA
BIOML OCH CKBAXHHBL DPETHCTPHPYEMEIH B TEYCHHE BpEMEHH MASHCTBHS MMIYILCHOM
TOCNIEIOBATCBHOCTH CIIEKTP BPEMEH pelaKcalldy HCKakaeTcs, NpuYeM TeM OGojble, deM
Gonblne 3sHaUCHUS BPEMEH PENaKCAlMH U GOMbINe CKOPOCTD KapoTaxa.

B BBUIBICHHBIX 3ajBHTENEM TEXHHYECKHX PElISHUSIX [0 matentam RU No2230345 4] n
RU Ne2645909 [5] mpoGrema TemmepaTypHOM 3aBHCHMOCTH MHIYKLHH MATHHTHOTO IONS B
YCTPOUCTBAX ANEPHOTO MATHHTHOIO KAPOTAXA PEMIASTCS TYTEM KOMICHCALHM TEMIIEPATYPHEIX
M3MCHEHHMH MarHUTHOM WHIYKIMM OCHOBHBIX MATHHTOB, TEHEPHPYIOIHX B yaaneHHoH’
TOPOM/IIBHOM O0NAcTH NPOCTPAHCTBA OTHOCHTENBHO —OJHOPOAHOS (doxycuposarnoe)
MariMTHOE IOJIe, B IIPOLECCE KapoTaXa 3a CUET BBENEHHS JONOMHUTENBHBIX DIIEMEHTOR
KOHCTPYKIIMH, TAKUX, KaK JOTIOJHNTEIbHBIE MArHUTH! H/HIH ITOAMAarHHYHBAIONTHE KATYITKH,

Tak B TexmmueckoM pemenunm mo marenty RU Ne2230345 [4] ana mocrmxenus
TCXHHYECKOTO pe3ynbTata B YCTPOHCTBO BBEAEHBI JBa JONOMHHUTENBHEIX aKCHAILHO
HaMarHHYCHHBIX MarHuTa, KOTOphIE YCTAHAB/IMBAIOTCA COOCHO C BHEINHHMX CTOPOH OCHOBHBIX
MAarHuTOB TaK, YTO IIOJII0CA OCHOBHBIX W JIONOJHUTEIBHEIX MarHUTOB HAIPABJIEHEl BCTPEUHO,
Ha nomomuuTe bHbIe MarHUTEL HAMOTAHB! KaTyIIKH. IIpH 3TOM TONOKEHHS OMOMHHTEbHBIX
MarHMTOB M KaTyIleK (HKCHPOBaHBI OTHOCHTENBHO KOPIYca YCTPOMCIBA, a OCHOBHBIE
MAarHuThl BBIIOTHEHE! ¢ BO3MOXHOCTBIO aKCHAILHOTO cMelienus. Texuudeckuil pesynsTar B
narenre RU Ne2230345 [4] mocruraercs TeMm, WTO IYyT€M H3MEHEHHS TOKAa B KaTyIIKax
obecrieunBaeTCs U3MEHEHHE 3a30pa MEX/IY MOMOCAMH OCHOBHBIX MAarHHTOB, YTO IPUBOIUT K
H3MCHCHHUIO 3HAYCHHS MarHUTHOTO II0JI1 B 00/1aCTH MaKCHMyMa Ha (yHKIMH €I0 PaaHaIbHOrO
pacmpesieneHus. B pesymbrare COOTHOMIGHHE MEXIY PE3OHAHCHON YACTOTON M 3HAYEHHEM
DO HAYMHACT YNOBICTIBOPATH YCHOBHMIO pesoHaHca (1), ammmatyna curmama SMP
YBCIMYHBACTCS U, TEM CaMBIM, YBEIMYHBAETCA CKOPOCTh Habopa NAHHEIX UL MOMyYeHHS
CIEKTpa BPEMEH penakcalyy.

K Henocratkam Texmmueckoro pemenus mo matenty RU Ne2230345 [4] orHOCHTCH
CIIOKHOCTE €r0 peanusalldd, a TakXKe TO, YI0 NPH H3MEHEHHH 3a30pa MEXIy MAarHHTaMH
H3MEHACTCHA HE TOJIBKO 3HAYCHME MATHUTHOIO MOJIA HA MAKCHMYME €r0 pPaauaibHOi (yHKoun
PaclpezeNicHus, HO M paiHalbHOe IONOXKEHHE 3TOr0 MakcuMyma. Takum o6pasoM,
DpUMEHEHHE NI KOMIICHCAIMH TeMIIEpaTypHOl 3aBHCHMOCTH MAarHMTHOIO MO MOCTOSHHBIX

MArHiTOB TEXHHYECKOro pemenus 0o marenty RU Ne2230345 [4] conposoxmaeres
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YMCHBIICHHEM MapameTpa IIyOHHHOCTH WCCNENOBAHMSA, WUTO CKA3KIBACTCH HA Ka4yecTBe
TOJy4aeMoii B pe3y/bTare MPOBENEHHS KapOTaska uHpopManuy.

Ilpu 5TOM HenOCTAaTOK, CBS3AaHHEI C BIHSHHEM CKOPOCTH KapoTaXka Ha KadecTBO
TpOBOMMBIX H3Meperu# B natenTe RU Ne2230345 [4], Taxxe He peiaeTcy.

IlpyauMas BO BHHMAHHME NpPUBENEHHOS BBIIIE, MOXHO CHENaTh 3aKiloueHue o6
OBIHOCTH HMAEH HM3BECTHBIX CIOCOGOB ANCPHOTO MArHUTHOTO KapoOTaXa B YCTPOHCTBAaX ¢
TIOCTOHHBIMIT MarHATaMH, KOTOpasi 3aKMOYAeTCs B TOM, YTO OCYIIECTBIISIOT [IePEMEIICHHE
BIOME CKBAXHHEI C 3aJaHHOH CKOPOCTBIO YCTPOHCTBA J1 KapoTaKa, B KOTOPOM OJHHM HJIH
HECKONBKMMH NIOCTOSHHBIMH MATHHTAME CO3LAIOT IOCTOSHHOE MATHHTHOE IOJE BO BHEUIHEH
TI0 OTHOIICHHIO K YCTPOHCTBY mcciemyemoit o6macTe B Tonmme IIOpoJBl, ¥ B 5TOi o0nactu
PannovaCTOTHOM NpUeMO-TIiepefalomel KaTYIIKOH Ha 4YacToTe ANEPHOTO  MATHUTHOTO
PE30HAHCA CO3NAIOT CEPHIO PaTMOYACTOTHBIX HMIIYIHCOB, (GOPMUPYIOMHX MNOMAPH3OBAHHOE
ICPICHAMKYIIIPHO MOCTOSHHOMY MArHHTHOMY IHOMIO TEPEMEHHOE MACHHTHOE HoJe, U OpH
TIOMOIIM  OTHX IK€ KATYIIeK B IPOMEKYTKAX MEXIY PaXHOYaCTOTHBIMH HMIIyIBCaMH
PETHCTPHPYIOT CHIHAJBI CIIHHOBOTO 3X0 SIMP. o 3asucumocTH aMIUTATY/l CHTHAJIOB 3X4 OT
BPEMCHH B TEUCHUE NCHCTBHSA MOCIE0BATENILHOCTH CYST O BPEMEHAX MIIH CIIEKTpax BpeMeH
nonepeuHod penakcanuu (T2), a MO 3aBHCHMOCTH aMIUTATYJ{ CHTHAJIOB 3Xa OT Iepuoja
BPEMCHH MEIIY MOCICNI0BATENBHOCTAMA - O BPEMEHAX HIIH CTIEKTPaX BpeMeH npononsHoi# (T1)
penakcanuy. Ilo nomyuennsM nanssmM Moryr GeiTh HOCTPOEHBI KaK ogHOMepHbIe (1D), tak u
ABymepHEIe (2D) KapTsl pacpefeneHus BpeMeH peNlaKcaliy, mo KOTOPHIM PACCUMTHIBAIOT

XapaKTepHCTHKH NOJ3EMHBIX (OPMUPOBAHHMH,

Hrak, ofmuM HemocrarkoM yerpoiicts ama SICPHOTO MATHHTHOTO KapoTaxa ¢
TIOCTOAHHBIMH MArHUTaMH SABJIAETCS TEMNEPATYPHAs 3aBHCHMOCTD HHIVKIIMY MArHUTHOLO
mons. Maruutht Ha ocuose NdFeBr umeror nocrarouso BBICOKHME 3HAYCHUS MHIAYKINH
MArHHTHOrO TIOIIA, OIHAKO 3Ta BEMYHHA CYINECTBEHHO YMEHBIIAETCS ¢ POCTOM TEMIIEPATypHL.
Marnuthbie cuctemsr Ha ocHoBe SmCO HECKONEKO YCTYDaroT [0 BENMHYHHE HHIYKIHK
MArHATHOTO MOJIA, HO XapaKTepu3yloTcs Gosiee BEICOKOH TeMIepaTypHOI cTabmIbHOCTEO. Tem
HE MEHee, NaKe U1 MArHATOB, H3TOTOBICHHEIX HA OCHOBE Y/IYUIICHHBIX Marepuanos SmCo ¢
HAUMCHBIINM TEMIICPaTypHBIM KO3)OUIMEHTOM, H3MEHEHHE TEMIEPaTypsl B CKBAXHHE,
Hanpumep, ot +20 °C mo +100 °C, npusonut YMCHBIICHHIO BEMHUYNHBI MACHUTHOTO IIOJIL Ha
4 n Gotee MPOLEHTOB, YTO ABIAETCS CYIIECTBEHHEIM HenocTaTkoM. Tak, HarpuMep, B IpakTHKe
IPUMEHEHHS YCTPOHCTB A 1abOpaTopHEIX HCCHenoBaHuE MeromoMm SIMP JIOIIyCTUMOE
OTKJIOHCHHC MATHUTHOTO IOJIS OT 3alaHHON BEINYHMHEI He NpeBbimaeT 066rau0 0.01 wim Zaxe
0.00001%.
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Hist ycTpoHCTB SIepHOr0 MAarHHTHOTO KapoTaxa ¢ MarHUTHBIMH CHCTEMAMH BTOPOIO
THIA, TCHEPHPYIOIUMH B YJAJCHHOH TOPOMNANBHON 0061aCTH IMPOCTPAHCTBA OTHOCHTEIBHO
omHopoaHoe (DOKYCHpPOBaHHOE) MATHHTHOE IIONe, €INe ONHHM CYIIECTBEHHBIM ¥ oBmmM
HEJIOCTAaTKOM SBIAETCSA OrPaHHYCHHBIH Ualla30H CKOPOCTEH KapoTaka W3-33 BIMSHHAA Ha
CHEKTP PETHCTPHPYEMBIX BpeMeH penakcaruy 3(QGdexToB cMeneHus 30HHI MCCIEHOBAHUS

OTHOCHTENIBHO YCTPOHCTBA BO BPEMS €r0 JABIKEHUS.

HauGonee Oim3kuM IO CYIIECTBY HOCTABIEHHOM LenHu 3asBisieMoro uzobpereHus, a
TAKKe 10 HauOONbIIEMY KOMHYECTBY COBNANAIOIIMX NMPH3HAKOB M HA3HAYCHHIO, B KAYECTBE
IPOTOTHIIA 3a4BUTENEM BHIOPaHO TEeXHHYECKOe pemreHue mo mateHty RU No2645909 [5],

«Crioco6 #1epHOT0 MArHHTHOTO KapoTaKa ¥ YCTPOUCTBO IS €ro peanu3aimy,

CymnocTs cniocoba 3aKmouaeTcs B TOM, YTO OCYIIECTBISIOT MEpPEMEIICHHE YCTPOICTBa
A KapoTaka BAONh CKBAKHHBL, B KOTOPOM JABYMS OCHOBHEIMH COOCHBIMH IIOCTOSHHBEIMH
MarHHTaMH, COPHEHTHPOBAHHBIMH OJHOMMEHHLIMH IIOJMIOCAaMHM IPYr K ApYIY, CO3JaioT
NOCTOSHHOE MArHUTHOE IOJie, TOJIPH30BAHHOE B IEPHEHIUKY/PHOM HAIpPaBIeHHH K
IPOJOJBHOM OCH MAarHUTOB B YOAlCHHOM HMcCleyeMoi o0acTu B TOMIE TOPOXEI, B 3TOH e
061acTH paAMOYacTOTHON MPHEMHO-TIepeIaroIeil KaTyImKol Ha 9acTOTe AAEPHOr0 MATHUTHOTO
pe30HaHCa CO3Jal0T CEPHIO PaJHOYacTOTHEIX UMIYIHCOB, QOPMUPYIOIIHX MOIPH30BAHHOE
NEPIEHANKY/IAPHO ITOCTOSHHOMY MAarHHTHOMY IOJIO NMEpeMEeHHOe MAarHWTHOE IONe, W IpH
MOMOINK 3THX JK€ KaTylleK B IIPOMEXYTKaX MEXIy paXHOYacTOTHLIMH HMITYIbCaMH
PETHCTPUPYIOT CHTHaNIBI cripHoBoro 3xa JAMP. Ilo 3aBucHMOCTH aMIUIHTY CHTHANOB 3X0 OT
BPEMCHH BBIUHCJAIOT CIEKTPHl BPEMEH MONEPEYHOM M MpPONONBHOM  penakcamui o

PacCUNTHIBAIOT XAPAKTEPUCTHKY MOA3EMHEIX HOPMUPOBAHMIA.

OcobeHHOCTh ¢110c00a COCTOMT B TOM, YTO I MCKIIOUEHUS BIMSHUA HA aMINTUTYAY
CHTHAIIOB 5XO TEMIIEPaTypHOH 3aBHCHMOCTH MArHMTHOTO TIOJA, CO3]aBaeMOTO OCHOBHBIMH
IOCTOSHHBIMH ~ MAarHHTaMH, B  ABYX KaTyIIKax IIOJMArHHYMBAHHY, KOHCTPYKTHBHO
YCTAHOBJIEHHBIX TaK, YTO MPOTEKaIOMui 110 HUM TOK MOXeT GOpMHUPOBATE B YAAICHHON 30HE
MCCIENOBaHMA MarHMTHOE TONe, JAONONHHUTEIBHOE K MOMI0 OCHOBHBIX MAarHHTOB,
HEMOCPEICTBEHHO B XOJE KapoTaXka M3MEHSIOT TOK Tak, YTOOBI 3HAYCHHE Pe3yIbTHPYIOLIEro
MarHMTHOIO IIOJIA B HCCIEAYEMOH 30HE COXpaHMIOCH TakuM, IPH KOTOpoM cobmonaroTcs
HaWTydIlHe YCIOBHA MOJNYy4YeHHs MakcuMyma curHana SMP, u 3nadenue riayOuuHHOCTH

HCCJICNOBAHUA,

CymmocTs ycTpolicTBa N0 TexHHUeCcKOMy pemeHuio marenra RU Ne2645909 [5],

cojepxamemy A GOpMUPOBAHHS B HCCIEyeMOl 061acTH MOPOIBI MOCTOSHHOIO MATHHTHOTO
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0O, TOJAPH30BAHHOTO B IEPHCHAMKY/ISPHOM HANpaBIeHHH K NPONONLHOH OcH, IBa
OCHOBHBIX COOCHBIX IOCTOSHHBIX MarffTa, COPUEHTHPOBAHHBIX OJHOMMEHHBIMH IIOJIOCAMHE
ApYr K Opyry, NpHEeMHO-NEPENalouly o KaTymIKy A BO3OYKIEHHs CHTHATOB CIIMHOBOTO 3XO
SIMP u X TpreMa BO BpeMs IeHCTBHA MOCICIOBATEIbHOCTH pazMoYacTOTHBIX HMITYJIECOB,
PaCcTIONIOXKEHHYIO B 3a30pe MEXIY MAarHATAMH TaK, 49T0OBl MATHUTHAS KOMIIOHEHTA
pajguovacTOTHOTO MHOJIA B HCCIeAyeMod obnacTd Oblia NEPHEHIMKYIAPHA HAINPABICHHIO
IIOCTOSHHOTO MATHUTHOTO IIOJA, IEKTPOHHBIC GIOKH, BKMIOHAOUme B cebs MepenaTduk,
NPHEMHHK, HPOUECCOP, MAaTUYMKH TEIeMETPHH, IBE KATYIIKH MOAMATHUYHBAHMSA, YCHIUTETH
TOKa, CBA3AHHBIM dYepe3 WH(PO-AHANOrOBBIA IpeobpasoBaTens ¢  IMpPOLECCOPOM, W
HOpOrpaMMaToOp HMITYIBECHOH MOCHEIOBATENBHOCTH, 3aKIIOYAeTCs B TOM, YTO C IENBIO
HCKIIIOYICHUS BIIHAHNS HA aMIUTHTYly CHIHATIOB 5Xa TEMIIEPATYPHOM 3aBUCHMOCTH MATHHTHOTO
110714, CO371aBAEMOT'0 OCHOBHBIME NOCTOAHHBIME MarHUTaMH, 6e3 yXyAIIeHHs XapaKTepHCTHKH
TIyOMHHOCTM ~ HCCIENIOBAHMS ¥  YNPOUIEHHS  KOHCTPYKIHHM  yCTpolicTea KATYIIKH
TOIMATHUYHBAHUA HKECTKO (PUKCHPYIOT HEMOCPEICTBEHHO Ha MOI0CAaX HOCTOSHHLIX MArHMTOBR
WA HaMAThlBAIOT Ha HHUX Tak, 4YToOBl CO3JaBaeMble HMMH MACHHTHBIE TONS B 30HE
HCCIENIOBaHUA CYMMHpPOBANINCE M OBUIM MApajUIeNbHBI MAarHHTHOMY OO IOCTOSHHEIX
MarHuToB, NOAKIIOYAIOT MOCIENOBATENLHO HIIH NAapalIeNbHO K YCHIHTEMO TOKA, CBA3AHHOMY
uepes HU(PO-aHATOroBBIH MpeoGpazoBarens ¢ MPOLMECCOPOM H PEryIHMPYIOT TOK, CO3IaBas
AOTIOTHUTENIBHOE MAarHUTHOE I10JIe, KOMIICHCHPYIOIIEE TEMIEPAaTypHOE M3MEHEHHE 3HAYCHHUS
MarfHuTHOTO TOJIf OCHOBHBIX MAarHuToB 0e3 H3MCHEHHS XapaKTepUCTHKH IJIyOHHHOCTH

HCCHICAOBAHMA.

Taknm oOpasoM, B HeNOM, B IPOTOTHIE MNPENONKEHO TEXHHYECKOE pEIICHHE,
IpeACTaBsgionee co0OH MarHWTHYIO CHCTEMY, KOTOpas i TeHepalHH B YHAICHHOH
TOPOHMIANBHOM 00JacTH NPOCTPAaHCTBA OTHOCHTENBHO OJHOPOIHOTO  ((hOKYCHPOBAHHOIO)
MAarHHTHOTO TOJIA COAEPHHT NBA COOCHBIX IOCTOSHHBIX MAarHWT4, HAMATHUYCHHEIX BJOTE OCH
H PacrmoNOXCHHBIX ONHOMMEHHBIMH IOMIOCAMH APYT K JPYry, a Taike IBe
NOAMArHUYHBAIOIIMX KATYIIKH, JKECTKO (MKCHPOBAHHLIE HA MOIIOCAX MOCTOSHHEIX MArHHTOB
WM HAMOTAHHEBIE HENOCPEACTBEHHO HA HMX TaK, YTOOHI NP NPONYCKAHHH 3IEKTPHUECKOrO
TOKa Yepe3 KaTyWIKH B 001acTH HccienoBanus GOpMUpOBATOCh JOMOMHHTENEHOE MATHUTHOE
ToJIe, IIO3BOJAIOLICE  KOMIICHCHPOBATE B Ipolecce KapoTaxa TEMIICPATYPHEIC H3MEHEHHA
MarHUTHOH  HHAYKIMH  [OCTOAHHBIX ~ MArHHTOB  IIyTeM  DEryJiMpoBKH  ToKa B

IIOAMArHHYHBAIOIIMX KATYIIKaX,

Texuuveckuit pesynsrar B marente RU Ne2645909 [5] mocturaercs Tem, uTO B

HOIMATrHHYHMBAIOMIMX KATYIIKaX, HOAKIIFOYCHHEIX K YCHIMTEIIO TOKA, BXOL KOTOPOIo CBA3aH C
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sbixozoM IJAIIL, xoropeif mo KoMaHAaMm, NOCTyHaromuM ¢ o0med UWHHBL Mpoleccopa,
ofecrieunBacT H3MEHEHHE TOKA B KaTylIKaX Tak, 4YTOOBl CyMMapHOe MarHHTHOC IIOJe
MTOCTOSHHBIX MATHHTOB M ITOAMATHHUMBAIOIIMX KATYIIEK B 30HE HCCIIENOBAHUA COXpaHANACH
NOCTOSHHBIM HE3aBMCHMO OT OKpYXaloulel Temmeparypel. B pesynsTare Ui 3aiaHHOM
PE30HAHCHOM YACTOTHI COXpaHsIeTCs YCIOBHe pe3oHanca (1), Ipi KOTOpOM aMIUIUTY/a CHTHaIA
SIMP u ckopocTs HaGopa JaHHBIX JUIS TOTYUEHHS CIEKTpa BpEMEH peaKcallii MaKCHMallbHEL
IIpu sToM, B oTimume ot narenta RU No2230345 [4], TexHHUeCcKOe PElICHUE IO MPOTOTHITY

RU Ne2645909 [5] pemaer maHHyIO 3aqady, COXPaHS 3HAUCHHE TTyGHHHOCTH MCCICA0OBAaHUS
TTOCTOSTHHBIM.

O6ummii HemocTaTok TexHmueckux pemenmit RU Ne2230345 [4] u mporotunma RU
Ne2645909 [5] zaxmouaercs BO BIMAHHM CKOPOCTH KapoTaxa Ha PerHCTPHPYEMbIC CIIEKTDBI
BPEMEH PeNakCallii | CBA3aH C TeM, YTO B TeyeHHe BPeMEHH perucTpamuy curaaios SIMP B
uMnynscHoR nocnenosarensHoct KIIMIT yeTpoHeTBO sIepHOTO MAarHHTHOrO KapoTaxa B
HeTOM CMeNIaeTcs BMECTE C MarHHTHOM CHCTeMOM OTHOCHTENBHO 00JacT# MIpOCTPaHCTBA
TIOPOIBL, B KOTOPOH MepBEIM UMITYJIECOM B OCe0RaTenbHOCTH 6511 BO30YXeH curHan SIMP.
Tax, HampuMmep, IIpM THIHYHON cKopocTH KapoTaka 100 M/4ac 3a BpeMs HMIIYJbCHOH
MOCIEeOBATENHHOCTH JUTMTEILHOCTRIO | CeK MPOMCXOMHT CMENIeHHe 30HBI HCCIeNOBaHUSA Ha
3.6 oM, YTO CpaBHHMO C aKCHANbHBIM pasmepoM (mo 10 cm) asroit 3omsl [lpu sTOM Ha
PETHCTPUPYEMBIA B TEYeHHWe BpEMEHH JEHCTBHA IOCHENOBATENBHOCTH PaqHOYACTOTHEIX
ummymscos  KIIMIT  creKTp BpeMeH pelaKCali BIMSIOT [BA OCHOBHBIX  (akropa,

GEYCJIOBJ‘IGHHLIX IOBYKCHHCM yc’rpoi«ia'ma BIOJIb CTBOJIA CKBAKHHBL

— BBIXOJ 9acTH IIOJIAPH30BAHHBIX H BDBGy}KIIéHHbD( SIEPHBIX MAarHUTHEIX MOMCHTOB H3

30HBI YYBCTBUTENBHOCTH NpHOOPA;

— OTIOMHATENBHAs pachasnPoOBKa HX0-CHrHANOB B nocnenosatensHocTd KIIMI 3a cuer

AKCHANBHOMN HEOHOPOJHOCTH MATHATHOTO MO B 06aCTH 4yBCTBUTEILHOCTH NpHGOpa.

dopManbHo, mepsbii GakTop MOXKeT OBITE ydTeH, TaK KaK ero BIUSHHE THHEHHO CBA3AH0
€O CKOPOCTBIO KapoTaxa. BTopoif xke (axTop He MOIAeTCS NPOCTON KOPPEKTHPOBKE, TaK Kak
pacnpe/esieHite HANPSHKEHHOCTH MArHUTHOTO MOJIS B 30HE YYBCTBHTENBLHOCTH B KCHABHOM
HanpapieHuy HenuHeiino. B pesynbrare a(GeKT IBIDKCHHS YCTPOHCTBA BIONL CTBOJIA
CKB@XKHMHBI IIPUBOANT K MCKAKCHMIO CIIEKTPa PErHCTPHPYEMBIX BPEMEH pejlaKcaiuy, TaKk Kak
HCKaKEHUE OKasblBaeTcss TeM Gonbime, ueMm Gonbime BpeMeHa penakcaluu M Yem Gobine
CKOpOCTh KapoTaka. B KOHEYHOM cu4ere, 5TO HPHBOAMT K HEBEPHOH TPAKTOBKE NAHHBIX

KapoTaxa. J{s MMONydYeHHs KadecTBEHHBIX PE3YJBTATOB H3MEPEHHH CKOPOCTH KapoTaxa ¢
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HCIIONB30BAHUEM YCTPOKMCTB SIEPHOTO MarHUTHOTO KapoTaka C TAKAM THIIOM MarHHTHBIX
CHCTEM HEOOXOAMMO OrpaHH4YMBATH 3Ha4eHHeM mopsaaka 30-50 m/uac. Opmako Takoe
OrpaHHYEHHE CKOPOCTH yBenMuuBaeT oO0uiee BpeMs WCCIeZOBaHWA, OCOOEHHO IpH
HCCIEN0BaHKHK GONBIIMX TOPH3OHTOB, Tak, YTO B PAfe CIyYaeB CaMO MpOBEICHHE KapoTaxka
MOXET CTaTh HepeHTa0ebHBIM.,

3asBlICHHOE TEXHHYECKOE pelleHHe HAOpaBICHO HA YCTPAHEHNE YKA3aHHOro HEIOCTaTKA
TIPOTOTHIIA, KaK II0 crIoco0y peandsalliy KapoTaa, Tak i 10 YCTPOHCTBY, HCIIONB3yEMOMY IUId
KapoTaka B 3asBJICHHOM cIIocobe, a B IEJIOM, Ha BEINOIHEeHNE 3G ()eKTHBHEIX HCCISIOBAHHM 110
KapoTaxy B 0ojee IIMPOKOM AHaIa3oHe CKOpOCTel KapoTaxa.

Llensio 1 TeXHIYecKNM pe3yIbTaToOM IpeuIaraeMoro n3obperenus sengercs pazpaboTka
crocoba sAepHOro MarHUTHOT'O KapoTaa M YCTpoHCTBa IS peain3aiyy YKa3aHHoro crocoba,
TNPUMEHEHHUE KOTOPEIX JIODKHO OO0ECHeuMBaTh BO3MOXHOCTH pacIIpeHHs AHana3oHa
CKOpOCTell KapoTaa NpH COXpaHEHHH CHOCOOHOCTH PpEryIHPOBAHKS B IPOLECCE KApOTaXKa
3HA4YeHHA (POKYCHPOBAHHOrO MAarHHUTHOTO IOJS B OONACTH HCCIEAOBAHHA U KOMIICHCALUH
TeMIIEPATypPHOH 3aBHCHMOCTH OCTATOYHON MHIYKIHH MOCTOSHHBIX MarHUTOB 0e3 yXyIuIeHus
XapaKTePUCTHKU ITyOHHHOCTH HCCIeIOBAHHS.

Llens u TeXHUYECKUH PE3VILTAT JOCTUTASTCS TEM, YTO 3asBNeH crocob SIMP kaporaxa,
3aKJTFOYAIOIMHCA B TOM, YTO OCYIIECTBIIIOT IepeMelleHne YCTPOHCTBA Ul KapoTaxa BIOIb
CKB@KMHEI, IBYMS pPa3sMELICHHBIMH COOCHO INUIMHAPHYECKUMH OCHOBHBIMH MOCTOSHHBIMH
MATHWTaMH, COPHEHTHPOBAHHBIMU OJHOMMEHHBIMU IONIOCAMH JIPYT K APYIY, CO3JAIOMIMMHE
MOCTOSHHOE MATHHTHOE I0Jle, NOJIAPH30BAHHOE B HEPHEHIUKYIIPHOM HAINPABIEHHH K
IPOJOIBHON OCH MAarHHTOB B Hcclefyemoil o6nacTH B TOMINE IMOPOAEI, B 3TOH Xe obGmactu
OyTEM 3a/IaHHs TOKa B MOJMAarHWYMBAIOMIMX KATYIIKaX CO3Mai0T JOIOIHHTENBHOE MATHUTHOE
HoJIe, KOMIECHCHPYIOIEE TeMIEPaTypHyIO 3aBHCHMOCTE MATHHTHOH MHIYKLUWM IOCTOSHHBIX
MArHuTOB M B 3TOH e 001acTH paguodacTOTHOH NpHEMHO-Nepeaomei KaTylnkoi co3aaoT
NEPEMEHHOE MAarHUTHOE 110JI€, NOIAPU30BaHHOE NePIEHIUKYIIPHO NOCTOSHHOMY MArHHTHOMY
MO0, IIPH MOMOIIM IPHEMHEIX KaTyIIeK perucrpupyior curxain AMP, amMnmuTyzna KoToporo
TIPH IPOYMX PABHBIX YCIOBHAX ONPEHENIeTCs TOYHOCTHIO HACTPOHKY PE30HAHCHBIX YCIIOBHM, B
TEYeHHE BpPEMEHH HEHCTBHS HMIyIbcHOM mocnexosatensnoctn KIIMIT mabuparor crmextp
BpEMEH TIONEepevHON ¥ NPOJOJIBHON peNaKcaruif M  pacCUHTHIBAIOT XApAKTEePHCTHKH
IOI3eMHBIX (GOpMUpPOBaHUH, XapaKTePH3VIOUMICS TeM, YTO I 00eCIIeueH s BO3MOXKHOCTH
KOMIICHCAIlMM BJIMSHHS CKOPOCTH IBHDKCHHS YCTPOHCTBA SIEPHOI'O MATHHUTHOI'O KapoTaxa
BIIOJb CTBOJIA CKBAKMHBI HA PErHCTPHpPYEMEIE CIIEKTPEI BpeMeH pelakcanuy u obecrnedeHus
BO3MOMKHOCTH PAacHIMpeHHs JHala3oHa CKOPOCTeH KapoTaa IIpH COXPAHEHHHM CIOCOOHOCTH

PEryIUpOBAHUA B IPOOECCE KapoTaka 3Ha4dYeHHd CIEOKYCHPOBEHHQI‘O MAIHHTHOIO 104 B
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obmacTH HMCCNENOBAaHMA, a TaKXKe g obecriedeHus  BO3MOXHOCTH  KOMHIEHCALUM
TEMIEpaTypPHOH 3aBHCHMOCTH OCTATOYHON MHIYKIMH IOCTOSHHBIX MarHUTOB 6e3 yxyomeHus
XapaKTepHCTHKH I'IyOHHHOCTH HMCCIENOBaHUA, HENOCPENCTBEHHO MEpen HAYAIOM AeHCTBHS
HMMITYJIECHOH TOC/IenoBaTENbHOCTH B NOAMArHUYMBAIOMMX KATYIIKAX 3aJal0T PA3HUILY TOKOB
IpH COXPAHEHHMH CYMMAapHOIrO 3HayeHHs, TaK, YToObl 30HA MCCIENOBAaHMUS, 4 MMEHHO 30Ha, B
KOTOpOH BBEIIONHSIOTCS YCJIOBHS SISPHOrO MArHUTHOI'O PE30HAaHCA - aKCHAIBHO CMECTHIACH
OTHOCHTENBHO IUIOCKOCTH, IpPOXOAMINEH depe3 IEHTP 3a30pa MeXKAy MAarHHTaMu
MEPICHANKYJIIPHO OCH MArHWTOB, B CTOPOHY MABIDKEHHS ycTpolicTBa Ha Bemuuuny AZo,
PaBHYIO IOJIOBHHE IPOU3BENICHUS 3aJaHHBIX 3HAUCHUH CKOpocTH Kapotaxa V u Bpemenu T
JdedcrBusa UMIynscHON nocnenosatensuocti KIIMIT, mamee B Teuenwe BpeMeHH HeHCTBHA
HUMIYJIbCHOH 1OCIeA0BATEIEHOCTH TMHEHHO N3MEHSIOT 3HAaUSHUE Pa3HULEL TOKOB B KATYLIKax
¢ TaKkoH CKOPOCTHIO, YTOOBI K KOHIy [eHCTBHA HMIIYJIBCHOM IIOCTENOBATENBEHOCTH 30HA
HCCIIENOBaHMs aKCHAlbHO CMECTHMIACh OTHOCHTEIBHO IUIOCKOCTH, MpPOXOIAIIEH uepes
YKa3aHHBIH TEOMETPHYECKHH NEHTp MAarHMTHOM CHCTeMBI, B OOpaTHYIO OT HaIpaBlICHUS
JBIDKEHHS YCTpOHCTBAa CTOPOHY Ha BeguuMHy -AZo, CHHXPOHHO C HAYaJIOM JeHCTBUSA
CIIEAYIOIIEro IHKIA HMIYILCHOH IIOCIENOBATENBHOCTH PAAUOYAaCTOTHRIX — HMIIYJIBECOB
IOC/IeI0BATENBHOCTE AeHCTBHM 110 YIIPABICHUIO TOKAMH B KaTyMIKaX MOBTOPAIOT C IEPHOIOM,
PaBHEIM YCTAHOBJIEHHOMY IIEPHONY CIEIOBAHHS MMIYIBCHBIX IIOCIENIOBATENBHOCTEH, IpH
5TOM HAYaIBHBEIE H KOHEYHEIC 3HAYeHHs TOKA, & TAKKEe HANPABICHHE H CKOPOCTH M3MEHEHUT
TOKa B KATyIIKax Ha yJacTke JMHelHOM 3aBUCHMOCTH OUpPENE/sIOT, Hcxons u3 tpeboBaHus
HEM3MEHHOCTH, B TeUEHHE BCEH ITHTENBHOCTH HMITYJIECHOM MOCTIENOBATENBHOCTH KOOPIHUHAT
HCCeayeMOl 30HBl OTHOCHUTENIPHO CaMOH CKBAaXMHBI C YUSTOM 33/IaHHEBIX 3HAYCHHI CKOPOCTH
KapoTaxka V M BpeMeHH ICHCTBHA MMIYIBCHOM IocnenosarenbHoctn T, a cyMMmapHoe
3HAYEHHE TOKAa B KaTylIKax [OAMarHAuYMBaHMs, ofecrmeduBaioniee  KOMIICHCALUIO
TEMIEPATYPHOH 3aBHCHUMOCTH MArHHTHOH HHAYKUMH IIOCTOSHHBIX MATHHTOB, B TEYEHME
mpoiiecca Ha0opa IaHHBEIX COXpaHSIOT TOCTOSHHEIM MM W3MEHSIOT ACHHXPOHHO IIO
OTHOHICHHK) K HMIIYJIBCHOﬁ HOCHIENOBATeNBHOCTH DHH?&XGB Ha JaHHBIS, HalpuMeEp,

TeeMETPHH.

VeTpolicTBO AMIS S4epHOr0 MarHHTHOTO KapoTaxa, comepskamee it (GOpMUPOBaHUS B
uceneayeMolf  06MacTH MOPOABI TOCTOAHHOIO MACHMTHOTO TOJS, IIONSPM30BAHHOTO B
NEPIEeHUKYIIPHOM HAIPaBIeHHH K IPOJOIEHON OCH, [Ba OCHOBHEIX COOCHBIX IOCTOSHHEIX
MarHATa, COPHEHTHPOBAHHEIX ~OJHOMMEHHBIMH IIOJMIOCAMH JPYr K JIpYyry, TpPHEMHO-
HEPENAOIIYIO KAaTYIIKY I BO30Y)XIeHHA CHTHAIOB cruHOBOro 5x0 SMP m ux mnpuema Bo

BpeMH JEeHCTBHA IIOCASAOBATENBHOCTH PagrotacTOTHEIX  HMIYJIBCOB, PacIlOIOXCHHYIO B
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3330pe MEXJIy MarHMTaMd Tak, 4To0bl MarHUTHAd KOMIIOHEHTZ DPaJHOYaCTOTHOrO IIONA B
uccnenyemoit obmactu 6bU1a EpHEHINKYISIPHA HAIPABICHHUIO IIOCTOSHHOTO MarHUTHOTO TTOJIA,
37IEKTPOHHEBIE OJIOKH, BKIIOUAIOUHE B celx mepenarduk, NPHEMHMK, IpoLeccop, JaTUuKH
TEeJEMETPHH, [BE KATYINKH IIOAMArHWYMBaHMs, YCHJIHTENb TOKA, CBA3AHHEIH depes mudpo-
aHaloroBeli  mpeofpasoBaTtens ¢ [POLECCOPOM,  [POrpaMMarop  MMMYJIbCHOH
MOCEIOBATENEHOCTH M [IBE IOOMACHUYMBAIOI(ME KATYIUKH, IKECTKO (HUKCHpOBAaHHEIE
HENoCpe/ICTBEHHO Ha IIONI0caX NOCTOSHHBIX MArHUTOB MM HAMOTAHHEIX HEIIOCPEACTBEHHO Ha
HHX, XapakTepu3yiouieecs TeM, YTO C HeJpl0 oDecreueHns KOMIESHCAMH BIMAHUS CKOPOCTH
JBIDKGHHS YCTpOMCTBA SOCPHOrO MATHMTHOIO KapoTaxa BJIOJb CTBOJA CKBAKHMHBEL Ha
PErHCTPUpPYEMBIE  CIEKTPHl BpPEMEH peNlakcallid M paclldpeHHs [IHana3oHa CKopocTel
KapoTaXka TIpPU COXpaHeHHH CIIOCODHOCTH peryIupoBaHMs B Ipolecce KapoTaxa 3HAueHHI
(OKYCHPOBAHHOI'O MATHHTHOTO TONS B 00NAacTH HMCCIENOBaHMA OIS KOMIICHCALMH
TEMIIEPaTYPHOH 3aBHCHMOCTH OCTATOYHON MHIYKUHMH [OCTOSHHBIX MATHUTOB Oe3 yXyIIIeHHs
XapaKTepUCTHKH riTyOHHHOCTH HCCIEAOBAHMS NONOJHUTENEHO BBEJEH BTOPOH yIpaBiseMbli
reHepaTop TOKa, coenuHeHHbIM uepe3s Bropod IIAIl ¢ ofmel mmHONH npouneccopa,
HOAKITIOUEeHA OJHA M3 IOIMArHMYMBAIOMMX KAaTYIIEK K BBIXOZAM IMEpBOro, a BTopas — K
BBIXOZaM  BTOPOTO  YCHJIHTENS TOKa M  OCYIISCTBICHO  yNpaBi€HHE TOKAMH B
[OAMAarHMYUBAIONIMX KATYIIKaX, [IPH 3TOM CYMMapHBIH TOK B Karymukax oOecrieydBaeT
KOMIIEHCALHIO TEMIIEPATYPHOH 3aBUCHMOCTH MarHMTHOH HHIYKUMH MOCTOAHHBIX MArHHTOB, a
Pa3sHOCTHBEI TOK M CKOPOCTH €ro M3MEHEeHHd BO BpeMeHH o00ecnedHBaloT aKCHAIBHOE
CMeIeHHe OTHOCHTENBHO Kopmyca ycTpoiictBa 0OIacTH BBITONHEHHS YCIOBHH snepHOro
MarHMTHOTO pe30HaHCa CHHXPOHHO ¢ JeficTBHEM MMIIYJIBCHOH MOCIENOBATENBHOCTH Tak,
qro6El 0671aCTE HOPOIE], B KOTOPO# B Hauaae UMIYILCHOU IociefoBaTeNnsHOCTH OBUT CO3aH
curnan SIMP, ocraBanack NOCTOAHHOM (HENOABKIKHOM) BO BpeMS pEruCTpaluy Beei
TIOCTEeIOBATEILHOCTH  CHTHAJIOB 5XO0, HE3aBUCHMO OT CKOPOCTH JBHIKEHMSA YCTpPOMCTBa
SIEPHOTO MarHUTHOTO KapoTaka B0 CKBAKHHEL

3agpienHoe W3oOpeTeHNe OCYIIECTRIMIOT, HAIIPHMED, CASAVIOUHM IIYTEM,

Crnoco6 SIMP xaporaika, 3aKmOYaOIuicad B TOM, 9TO OCYIIECTBIAIOT TECPEMCIICHAS
YCTpOWCTBA A KapoTaXka  BONb  CKBAKHHBL,  IBYMS  pasMEIMEHHBIMH  COOCHO
OUIHHIPUYECKEME  OCHOBHBEIMH  IOCTOSHHBIMH ~ MAarHMTaMM,  COPHEHTHPOBAHHEIMU
OJHOMMEHHBIMH TIONIOCAMH JPYr K ApYIY, CO3JAIOLIMMH IIOCTOSHHOE MAarHMTHOE IIOJE,
MOJPHU30BAHHOE B TIEPIEHAMKYISPHOM HANPABIEHHHM K MPOAOIBHOM OCH MAarHMTOB B
uccrenyemMoit o0macTH B TOMINE MOPOABI, B 3TOH ke obmacTH IyTeM 3aiaHHs TOKa B
MOAMATHAYMBAIOMMX ~ KATYIIKaX  CO3JAlOT  JOMOJNHUTENBHOE  MArHMTHOE  TIOJIe,

KOMIICHCHDPYIOLIEE TEMIIEpaTyPHYIO 3aBHCHMOCTH MArHUTHOM MHIYKIMM  NOCTOSHHBIX
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MArHHTOB M B 3TOI e 00acTH paguovacTOTHON NPHEMHO-TIEPENAIomIell KaTyIIKOH CO3Ma0T
MepeMEeHHOE MarHUTHOE 110JIe, MOIAPU30BAHHOE NEPIEHIUKYIIPHO MOCTOAHHOMY MArHUTHOMY
TIONEO, TIPA TOMOIIM IPHEMHBIX KaTylleK perucTpupyroT curHan AMP, aMnimTyna KoTOporo
TIPH TIPOYMX PABHEIX YCIOBHSAX ONpPEIENSeTcs TOYHOCTHIO HACTPOHKM PE30HAHCHEIX YCIOBHI,
namee HaOWpAlOT COEKTP BPEMEH MONEepevHOH M NPORONBHON pelaKcali M pacCYHTBHIBAIOT
XapaKTEePHCTHKHU II0A3eMHBIX GOpPMHUPOBaHHI.

OcobennocTs crmocoba 3akiIiouaeTess B TOM, HTO KOMIIEHCALHIO BIMSAHHA CKOPOCTH
IOBIDKSHUS YCTpOMCTBA SAEPHOTO MArHHTHOTO ~ KapoTaxka BAOJb CTBOJA  CKBAXKHHBI
OCYLIECTBISIOT  MyTe€M  PEryIMpOBAHMA ~ CHHXPOHHO ¢  JEHCTBHEM  HMMIIYJIBCHOH
TIOCNENOBATENFHOCTH PA3HOCTHOIO TOKa B KATYIIKax IOAMArHWYHMBAHMS, NOIKIIOYEHHBIX K
IIBYM YIIPaBISieMBIM YCUJIMTENISM TOKa, Tak, 4TO CyMMapHBI TOK B KaTymkax obecreunBaer
KOMIICHCAIHIO TeMIIepaTypHoil 3aBHCUMOCTH MarHUTHOH MHIYKIMH IOCTOSHHBIX MarfuToB, a
Pa3HOCTHBIA TOK B HHX o0ecreduBaeT cMelleHHe o0IacTd BBIIONHEHHUs YCIOBHH ANEpHOTO
MAareMTHOTO PE30HAHCA CHHXPOHHO C AeHCTBHEM HMIIYJBCHOH IOCIEHNOBATEILHOCTH Tak,
4yro6Bel 0067ACTE MOPOJEL, B KOTOPOI B Havalle HMIYJILCHOH IOCTeOBATENBHOCTH OBLT CO31aH
curgan SIMP, ocraBanace IOCTOSHHOM M HENOJBIDKHOH BO BpEMS PErHCTpalud Beei
HOCNENOBATEIFHOCTH CHTHATIOB 9Xa, HE3aBHCHMO OT CKOPOCTH JBHXKEHHS YCTpOMCTBa
SIEPHOTO MArHUTHOTO KApoTaXka BIONE CKBAXHHEL JInd 3TOro, HEMOCPENCTBEHHO Nepen
HAYaIoM JeHcTBUS mnyhmoﬁ MOCNENOBATEIBHOCTH B IMOAMAarHHYMBAIOMMX KATYIIKaX
337a10T HAYaIBHYIO pasHully TokoR Alo npu coxpaHeHwM CYMMAapHOTO, HJIH 3aJai0T €ro
3aHOBO, TaK, YTOOBI 30HA MCCIEI0BaHH — 30Ha, B KOTOPOH BBIIOIHAIOTCA YCJIOBHA SIEPHOTO
MATHWTHOTO PE30HAHCA - aKCHAIBHO CMECTHIIACH OTHOCHTENBHO ILTOCKOCTH, TIPOXOISIUEH
Yepe3 LEHTP 3a30pa MEXAYy MarHuTaMH NepHeHIUKYIAPHO OCH MAarHuTOB, B CTOPOHY
IBIDKEHHS YCTpPOMcTBa Ha BenM4uHy AZO, pPaBHYIO IOJIOBHHE TPOM3BENCHHA 3aJaHHBIX
3HaveHni cKopocTH KapoTtaxka V u Bpemenu T nelfcTBHS MMIyIbCHOH IIOC/IENOBATENbHOCTH
KIIMI, 3ateM B TeueHHe BpeMeHM [eHCTBMS HMIIYJIbCHOHM IOCIENOBATENBHOCTH JIMHEHHO
M3MEHAIOT 3HAYEHVE Pa3HHIEI TOKOB B KAaTYIIKaX Tak, 9TOObI K KOHIY NEHCTBHSA HMITYJIBCHON
IOCIIEIOBATENLHOCTH 30HA HCC/IeIOBaHMS aKCHANBHO CMECTHIACH OTHOCHTENBHO IIOCKOCTH,
HpoXosiel Yepes yKa3aHHBIA F€OMETPUUYECKHI LEHTP MarHUTHOM CHCTEMEI, B 00paTHyIo OT
HATPABJICHAS JBIKEHHS YCTPOMCTBA CTOPOHY HA BEIHUMHY -AZO, CHHXPOHHO € Ha4ajuoM
JNEeUCTBHS  CIEAYIOIIEro  IHUKJIA — MMIYALCHOH — IOCIENOBATENBHOCTH — PagHOYacTOTHBIX
HMITYJIECOB, OC/IEIOBATEILHOCTD IeHCTBHI 110 YIPABIEHHIO TOKAMY B KaTyIIKaX IOBTOPSIOT C
TIEPHOJIOM, PaBHBIM YCTaHOBJIEHHOMY HnepUony CIIeIOBaHMs HUMITYJIBCHBIX
NOCIeN0BATEIBHOCTEH, NP 3TOM, Ha4albHBEIC M KOHEYHBIE 3HAYCHMS TOKa, & Taioke

HanpapjeHHe H CKOPOCThE M3MCHEHHSA TOKA B KaTyINKaX Ha Y4acTKe JNRHEHHON 3aBHCHMOCTH
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OLpelieNaI0OT HCX0Ad U3 TpeOOBAaHMA HEH3MEHHOCTH B TEUeHHEe BCeH JUIMTENBHOCTH
HMITYJIECHOM ITOCIIENOBATENBHOCTH KOOPAMHAT HCCACAYEMOH 30HBI OTHOCHTENBHO CaMoit
CKB@KHMHEI ¢ YYeTOM 3aJaHHBIX 3HAaYeHHH CKOPOCTH KapoTaxka V M BpPEMEHH [EHCTBHA
HMOYJIBCHOM mnocnemoBaTensHocTH I, a cyMMapHOe 3HA4YeHHE TOKAa B  KaTymkax
TO/IMArHUYHBaHu,  o0ecmeumBaolee  KOMICHCALHIO  TEMIIEpaTypHOH  3aBHCHMOCTH
MarHuTHOM WHIYKIHHM IIOCTOSHHEIX MAarHWTOB, B TEUGHHe Iponecca Habopa JaHHBIX
COXpaHMIOT NOCTONHHBIM.  HauaneHoe 3Hauenwe Alo pasHMIEL TOKOB B KaTylIKax
MIOAMAarHWYHBAHUS IPEABAPUTENEHO BEUCIIMIOT 10 COOTHOLICHHUIO:
2AIo=K*T*V, 2
rae  pasmepHeli  kosdduument K gBngeTcs MHIMBHAYATbHOH XapaKTepHCTHKOH
NpaKTHYECKOM peanW3alMu yCTPOMCTBA, 3aBHCHUT OT mapameTpoB (pasMmepsl, Qopwma,
KOJIMYECTBO BHTKOB) IMOAMATHHYHMBAIOIINX KATVINEK, a Takke OT HavaabHOM MAarHHTHOH
HHAYKIMH TOCTOSHHBIX MATHATOB, UX AJIMHEL H 3a30pa MEXy HEMH.

Ha npaxtixe xoodduument K npeasapuTensHO OIpemelseTcs H3 H3MepeHHOM i
KOHKpETHOM peanusanuu ycrpoiictea 3aBmcuMoctH AZ ot Al annmpoxcuMupyemoi
BEIPAKECHHEM:

AZ = K*AL 3)

CymHoCTE 3as8BIeHHOro u30bpereHus noscusercs Our. 1 - dur. 3.

Ha ®ur. 1 npencrasned yepTex o0IIEro BUAA;

Ha @ur. 2 npezacrapiena G610K-cxemMa yCTpoicTBa B peanu3anuy cnocoba;

Ha @®ur. 3 npuseneHa BpeMeHHAs JAuarpaMMma  CICIOBAHHA — HMIYJIBCHBIX
NOCIIEOBATENBHOCTEH H CHHXPOHH3HpOBaHHEIe ¢ Helt (QyHKIHM BPEMEHHM Ul Pa3sHOCTHOrO
TOKA B MOOMATHAYMBAIOIMX KaTyIIKaX, a Takke I CyMMapHOro TOKa, IpeaHa3sHauyeHHOro
JUIs  KOMIEHCAIMKM TEMIepaTypHOH 3aBHCHMOCTH MArHMTHOW HMHIYKIMH  IIOCTOAHHBIX
MarHuToB.

Verpoiterso g AMP xapoTaa COCTOMT M3 CIEAYIOMIHX OCHOBHBIX CTPYKTYPHBIX
snemenTos (®ur. 1): 1- xopmyc; 2 -mepBbii NOCTOAHHBINA MartuT; 3 -BTOPOH MOCTOSHHBIH
MarEuT; 4 - TOpEEMHO-NEpeNalomas Karymka;, 5 - GIOK SIEeKTpOHMKHM; 6- mepsas
HMOIMATHUYUBAIOIIAS KATylIKa, 7 — BTopas NoAMarHuuuBaiomas Karymka. I[udpoir 8 —
0003HaYeHa CXeMATHYECKH [TOKa3aHHas TOpoMJanbHas 001acTs MCCIef0BaHusa, B KOTOpOii 3a
cuer MaruuToB 2 1 3 dopmupyrores yenosus pesonanca (1). Mexoano, a1a 00nacTs JIeXKHT Ha
IIOCKOCTH 9, mpoxopsduied 4vepe3 LEHTP 3a30pa MexXAy MNOCTOAHHBIME MarHHTaMH

IEPINEHNKYISPHO OCH MAarHWToB wWiu yerpocrsa B nemoM. Ilpm BBenenun B
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NOJMATHHYHBAIOIIHE KATYLMIKA pasHuiel TokoB Alo mmu -Alo 30Ha HCCIeIOBAHHA CMEIIAeTCS
Ha Bermmunny AZo (o603madeno mubpoi 8a) wu -AZo (06o3HaueHo nudpoit 86).

Brnox-cxema (®ur. 2) peanusaimu criocoba u y;c"xpaﬁc'raa g SIMP xapotaxa CONEpXKUT:
10 - mepenaryuk; 11 — nmporpaMMaTop HMITyJIscoB; 12 - mponeccop; 13 - CHHTE3aTOp YacTOT;
14 - npenycummrens; 15 - npuemank; 16 - xsanparyprsit AL 17 - monem cBasu; 18 - G0k
nuranus; 19 - reobusmaeckuit kabens; 20 - HaseMHBIH MOIYIb; 21 - TaTYHKA TEIEMETPHH] 22
~ TIepBBHIA YIpaBgeMElil yeunuTens Toka; 23 — mepesii LIAIL; 24 — BTOpo# ynpasisiembii
yCHIHTeNb ToKa; 25 — Bropoit LIAIL

Takym 06pa3oM, 3agBiIseMOe YCTPOHCTBA UIA SACPHOTO MarHUTHOTO KapoTaXa COCTOUT
3 Kopryca 1, JOBYX akcHalbHO HAMAarHHYCHHBIX BCTPEYHBIX MOCTOSHHBIX MArHMTOB 2 m3,
DACIIONOKEHHOM B 3a30pe MeKAy MarHWTaMH IpHEMHO-Tiepenaiomeli KaTymkd 4,
3NIEKTPOHHOTro 6I0Ka 5, BRIIOYAoIEro B cebs 6ok nuranus 18, monem cBasu 17 ¢ HaseMHBIM
monynem 20 mocpeacTsoM reodmsmdeckoro kabems 19, mpomeccopa 12, Ha oxmH BXOX
xoToporo (BxXox a) moctymaroT mudpoBbe IaHHEIE ¢ BEIXO#a ksamparypsoro AL 16, a
BTOpO# JByHaNpaBlIeHHEIT BXOJ (BX0A 6) coemuteH 4yepes IIHHY JaHHBIX C MOJEMOM CBA3H
17, ¢ naTumkamy TeneMeTpud 21 W C OZHHM M3 BXOJAOB (IBYHANpaBICHHEBIH BXOX a)
nporpammatopa 11, BTopoit Bxox (8xoz 6) KOTOPOro COEMIMHEH ¢ BRIXONOM cuHTe3atopa 13, a
BEIXOZEI COeIMHEHHI (BBIXOA I) ¢ mepenartuukoM 10 ¥ (BBIXOA B) ¢ yIPABIAIOIEMH BXOJIaMH
xBanparypaoro AIIII 16, npuemuuka 15 u npexycumurens 14, Ha Bxop (BX0Z &) KOTOPOTO ¢
IpHeMHO-TIepeaaromel Karymks 4 moctynaoT curHansl SIMP, moiaydeHHBle B pesynpTaTe
reHepallid TPHEMHO-TIEpeNalomelt Karymkoid 4 Bo Bpems paGorsl mepenmardnka 10
MEPEMEHHOr0 MArHUTHOTO T0JI, HAaIlPaBJIeHHE KOTOPOTO B HCCIEAYEMOH Cpelie OPTOrOHANIBHO
HATpPABICHHUIO MArHWTHOTO IOJA TOCTOSHHBIX MArHUTOB 2 W 3, a TaKkXke IBYX KaTyIlIeK
HOAMAarHu4uBaHus 6 u 7.

OcoleHHOCTHIO 3aABJIEHHOT0  yerpoiicTBa ABIAETCS TO, YTO JBE  KaTYLIKH
HOAMArHMUKBanus 6 ¥ 7 MONKITIOYEHHI HE3aBMCHMO K BBIXOJAM YCHIHTENS TOKA 22 H
JIOTIOJHUTEILHO BBENSHHOT0 YCHIUTENS ToKa 24, COeIMHEHHBIX ¢ obmel muHOH (Ha Our.2
BBIIENICHO KHPHEIM) Tponeccopa 12 wepes coorerctyromme [IAIl 23 ¥ HONONHHTENBHO
penennoro IIAIT 25, uro ofecrmeunBaeT BO3MOXHOCTh HE3aBHCHUMOIO  YIPABICHHL
3HAYSHHSIMH TOKA B KAKIOH M3 MOAMArHMYMBAIONIMX KaTyIIEK 110 KOMaHAaM, IIOCTYNaomuM ¢
ofmell mumHBI mporeccopa 12, KOTOpble MOTYT OBITh CHHXPOHH3MPOBAaHBI C PaGOTOH
IPOrpAMMATOPA HMITY/I5COB 11, HalpuMep, IO JTHHAM CBA3M Mporeccopa 12 ¢ KBajpaTypHbIM

IIpu 3ajnaHv| 3HAYEHWI TOKOB B IIOJMATHMYHBAIOIIMX KaTyIIKaX pasHBIMH, 30HA

HCCNEIOBAHNA, B KOTOpOH cobmofaercs ycnopue pesoHanca (1), akCHanbHO CMEIIACTCs B
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COOTBETCTBHH C (2) ¥ (3) OTHOCHTENBHO HEPIEHANKYIAPHON K OCH yCTpoHeTBa IockoeTH 9,
NIPOXOMSIIEH Hepe3 NEHIP 3a30pa MeXIy MOCTOSHHBIMH MArHMTaMH. J[PYTHMH CIIOBaMH,
OyTEM 3aJaHUA PA3sHHIBI 3HAYEHHH TOKOB B IOIMArHUYMBAIOIIMX KATYIIKAX JOCTHTAeTCH
3¢ deKT axcHanbHOro CMEIIEHHS 30HBI HCCIEIOBAHMS OTHOCHTENEHO MATHETHON CHCTEMSI H,
CIENI0BATE/IbHO, OTHOCHTE/IEHO BCETO KOPITyCa YCTPORCTRA SAEPHOr0 MATHHTHOIO KApOTAKa.

YerpotictBo pabotaer cinenyiomum o6pasoM. Bee gactoTs, HCTIONB3YEMBIE IS 3afaHus
OCHOBHOM pe30HaHCHOH wacTotel fo, a Takke Mt (OpPMEPOBAHEA YAaCTOT BBIGOPKH
aMIUTUTY IHO-UH(PPOBOro MpeobpasoBaTeIs, YACTOT AUCKPETU3ALMH BPEMEHHEIX HHTEPBAJIOB B
UMIyJbCHOH  IIOCNENOBATENBPHOCTH M JUIMTENBHOCTH  PaJMOYACTOTHBIX — HMIIYJIbCOB,
BHIDa0aTHIBAIOTCS W3  ONHOW wacToTHl, (OPMUPYeMOM C BEICOKOH TeMIIEpaTypHOH
CTabH/IBHOCTBIO B cuHTe3aTope uacToT 13. Taxum o6pa3soM, Bce YaCTOTHI M BpEMEHHbBIE
HHTEPBaJIbI IPHOOpa KOT€PEHTHBI, YTO TMO3BOJIAET PH COOTBETCTBYIONIEM BHIGOpE 9acTOTH fj
nuckpetusamuy kBanparyproro AL 16 mo otnomenuio x 3uauenuio fy (manpumep, fi=4fo)
OCYINECTBIATS UH(POBOH IPHHINN KBaIpATYPHOrO NeTeKTHpPOBAaHMS curHama SIMP.
Ilporpammarop 11 QopmupyeT B COOTBETCTBHM C 3a1aHHON TPOrpaMMON 3aaHHOE
KOJIMIECTBO PagMOYaCTOTHEIX HMIIYIBECOB HEOOXOMMMON [UIMTENBHOCTH AN AKTUBAIMH
paboTe! mepenatyuka 10, a Taxke BCe HHTEPBAIBI MEXIY PaIHOYACTOTHBIMH HMITYIBCAMH,
BKIIOYAs H HHTEPBATBl BPEMEHH [UId H3MEPEHMS CHIHaNOB 3x0. Ha Bpems w3Mepenus
CHIHAIIOB 5Xa IIPOrpaMMaTopoM BhIPaGaTHIBAIOTCS YIPaBILIONIHE HMITY/ILCHL IS HEPEROsia B
aKTHBHBIH pexuM npefycunurens 14 u mpuemuuka 15, a Taxke GOpMHPYIOTCS HMIYIHCH
cunxponusanun pabotsr ALIII 16 Ha gactoTe auckpernsaumu fy. Msmepennsie nannsie ¢ ALTT
B IH(GPOBOM BHJE MOCTYNAIOT Ha BXOX Ipomeccopa 12, B KOTOPOM OCYINECTBISETCA WX
npexBaputenbHas 00paboTka, BKIIOYAKONIAs, Hampumep, mudposyio duisTpanuo, Oypbe-
IpeobpasoBaHue U T.X., & TakKe MOATOTOBKA (KOAHPOBAHWE) IS MEpeNaud MaHHEIX depes
MozieM cBsi3u 17 no reodusnyeckomy xabemro 19 B HasemusIi Momyms 20.

B HaseMHOM MOZyNe IOCTYIMBIINE JAHHBIC AHANM3UDYIOTCS M 3aIHCHIBAIOTCH, B TO
BPEMS KaK YCTPOKCTBO 11 AAEPHOIO MArHUTHOTO KAapoTaxa, ABHTAICH C 3aaHHOM CKOPOCTEIO
V BIOJNB CTBONA CKB&XHHEI Yepe3 ONpeleleHHbIH 3a0aHHbI POMEXKYTOK BPEMEHH MEXIY
HMIYJIECHBIME - ITOCTENOBATEILHOCTAMH BEIpAOATHIBAST W IIOATOTABIMBAET K IEpeaade B
HA3eMHBIH  MOAYIb  CIEAYIONYIO MHOPHMIO JaHHBX. Bce mapaMeTps! HMIynbCHOM
HOCIeIOBATeIFHOCTH, BKJIIOYAS JUIMTENBHOCTE CaMOd IOCTENOBATENbHOCTH MM KOIHIECTBO
H3MEPAEMBIX CHTHAJIOB 9X8, HHTEPBAJILI MEXY PaJHOYaCTOTHBIME HMILYIbCAMH, HHTEPBATIEL
MEKIY CaMHMH HMITY/IBCHBIMH [10CIEIOBATENEHOCTAMH, & TAKOKe MPOrpPaMMa MM AJITOPHUTMEL
HpeaBapuTeNbHOM 00paboTKK HaHHBIX IOCTYNAKOT B Ipoleccop 12 u panee B mporpamMmarop

11, a Taxxe B cuHTE3aTOp YacTOT 13,
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B ympasngeMbIx yCHIHTENSX Toka 22 u 24 HavanbHOE CyMMAapHOE 3HAYEHHE TOKa B
TIOAMAarHAYMBAIOIIIX KATYMKaX 6 U 7 MokeT ObITh 3alaHO PAaBHBIM HYIIIO, €CITH yCTPOHCTBO
mepen KapoTaxeMm OBUIO COOTBETCTBYIOIIMM 00pa3zoM moarorosieHo. To ecTs, HacToTa
pe3oHanca fy ObUIa YCTAaHOBNEHA B COOTBETCTBHHM C YCIOBHEM pe3oHaHca (1) g MarHuTHOrO
noinst Bo, renepupyemMoro B 001aCTH HCCICAOBAHUS TOJIBKO 33 CUCT MOCTOAHHBIX MarHHTOB 2u
3. B cxBamHax TeMIepaTypa MOMXKET CHIBHO OTIHYAThCA OT HOPMAIBHOH, KaK B IIPABHIIO, B
CTOPOHY IIOJIOKUTEIBHEIX 3HaYeHMH, 4T0 OYAeT NPUBOIUTE, COOTBETCTBEHHO, K YMEHBLICHUIO
3HaueHus Bo. C patumkoB TeneMeTpud 21, BKIIOHYAIOMIMX, Kak MPaBHIO, ¥ JaTYUKH
TEMIepaTypbl MarHUTOB, HHGOpMaLUs 00 M3MEHEHMH TEMIIepaTyphl MarHHTOB IIOCTYHAeT B
npomeccop 12, rme oma Moxer o0palarhBaTBhCs MO COOTBETCTBYIOUIEMY ANrOPHIMY,
YUUTHIBAIOUIEMY TEMIEpPaTypHYIO 3aBHCHMOCTH OCTATOYHOH WHAYKUMH IOCTOSHHBIX
MarHHTOB, ¥ IOCTYIATh B BHAE KOMAHIbI Ha H3MEHEHHE B NMOAMATHMYMBAIOMMX KaTyNIKax
3HAUECHUS CYMMAapHOIO TOKa B yIpapisemble yeunutenn toka 22 u 24 gepes LIATII 23 u LIAII
25, cootBercTBenHO. Ilpw opuHaxoBEIX 3 dekTUBHOCTAX KaTyiuek 6 U 7 3HaYeHHs TOKOB IO
Monymo B O0EHX KaTyliKax 3amaloTcs OJWHAKOBBIMH, 4 MX 3HaKH OIpPENEIIOTCA TOIBKO
HOSIPHOCTHIO MOAK/IIOYEHHS BBIBOJOB KaTyIIeK K BBIXOJAM YCHIHTENIA TOKa, Tak 4TOOH
Kakaas W3 KaTyIeK cOo3JaBana B YIACHHOH 30HE MCCIENOBAaHHA OJMHAKOBOE IO 3HAKY H
BENIHUYMHE JOIOIHHUTEIBHOE MAarHUTHOE I0Jie, B CyMMe KOMIICHCHPYIOIIEe TeMIIepaTypHbIH
YXOJl MarHUTHOHW MHAYKUHH TOCTOSHHBIX MAarHHTOB. 3afaHHOe TakuM o0pasoM cyMMapHOe
3HAUCHHE TOKOB B KaTymkax 6 u 7 dopMmupyer B 30He HCCIEAOBAHHI CyMMapHOe
JIONOTHUTENBHOE MarHUTHOE I10JIe, KOMIIEHCHPYIOLIEe TEeMIEpaTypHeli yxon 3HaueHus Bo
MOCTOSHHEIX  MArHHTOB, H MOXeT OBITH H3MEHEHO TONBKO IIPH  IOCTYIUICHUM
COOTBETCTBYIONIEH KOMaHbI ¢ mponeccopa 12 Ha ocHOBaHHM 00paboTKH JAHHBIX TEIEMETPUH
WM HEMOCPENCTBEHHO IO KoMaHae omeparopa. TakuM o06paszoM, KOMaHIBl Ha H3MEHCHHE
CYMMapHOTO TOK4 B KaTymkax 6 u 7 MOCTYIIAIOT aCHHXPOHHO IO OTHOIIEHHIO K pabote
mporpamMMaropa HMmnyibcoB 11, dQopmupyromero ¢ 3aJaHHBIM < NEPHOAOM  3aJaHHYIO
JUTHTEIBHOCTE HMITYJIBCHON IOCE0BATEIbHOCTH PaNHOYaCTOTHBIX HMITYIbCOB H HMILYJIbCOB
axtuBaruu ksanmparypaoro ALl 16. Ilpm oxpHakoBBIX TOKaX B MNOAMAHHYHBAOLIHX
Karymkax 6 u 7 3HAYCHHS CO3/aBaeMbIX WMM JOIOMHUTENBHBIX IONEH HMEIOT TOJBKO
pazuansHOe paclpeneneHue, HO OAMHAKOBEL B IIOCKOCTH 9, nexamiell NepreHuKyIsapHo K
OCH YCTPOMCTBA M NMPOXOAAIIeH yepe3 TeoOMETPUHUECKUi EeHTP 3a30pa MeXAy Karymkamu. B
STOM CITyd4ae CO3JaBaeMOe KaTyIIKaMi 6 # 7 JONOJHHUTEIbHOe MATHHTHOE 0JI€ HE H3MEHSET
aKCHANBHOE TIOJNIOXKEHWE 30HHI uecienosanpust 8 (Pur. 1) orHOcHTensHO mmockoctH 9,

MpoXOANIe Yepes LEeHTp 3a30pa MEXKIY TTOCTOSHHBIMI MarHuTaMy 2 1 3. 5
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Ilpu 3anmanuy 3Ha4eHWH TOKOB B KAaTymikax 6 W 7 pasHBEIMH, 30HA HCCIIeJOBAaHHA, B
KOTOpoii cobimoaaeTcs yclnoBre pesoHanca (1), akcHanbHO CMeINaeTes B Ty HITH HHYIO CTOPOHY
OTHOCHTEJIBHO NEPHEHAHKYIIpHON K ocH yeTpoifcTBa MCXOMHOMN IUIOCKOCTH 9, npoxonamen
Yepe3 HEHTp 3a30pa MEXIY IOCTOSHHBIMU MarHWTamu 2 ¥ 3. JIpyruMmu clioBaMu, IyTeM
3aMaHus pasHULBl 3HAYCHUH TOKOB B Karymkax 6 u 7 pocruraercs 3¢dexT aKcHaIbHOIo
CMEINEHHS 30HBI HCCIENOBaHMA 8 OTHOCHTENHHO MATHHTHOM CHUCTEMBI M, CIENOBATENBHO,
BCEro KOpIIyca yeTpoicTBa SAePHOr0 MarHHTHOTO KapoTaxa.

Jns nocTwokeHUs 3asBISEMOTO TEXHHYECKOTO pPe3yibTara, & HMEHHO, WCKIIOYEHHS
BIusHMS 3Gb(EKTOR NBWKEHHS YCTPOHCTBA OTHOCHTENBHO MCCIENYEMBIX 30H IOpPOABl  HA
CITEKTPBl PETHCTPUPYEMEIX BpPEMEH pellakCaluH M PpacIIHpeHHd, TeM CaMbIM, JHana3oHa
CKOpOCTe# KapoTaxa OCYHIECTBISIOT cienyiomue mard. Ilepexn HaganoM HMIYJIbCHOH
TI0CeJOBATENBHOCTH 110 KOMaHe ¢ nporeccopa 12 B kaTymkax 6 u 7 3aaeTcs paccuuTaHHad
10 (2) u (3) pasunia Alo TOKOB Tako#, uToOH 30Ha HccaenoBaHuA 8, B KOTOPOH MarHuTHOE
HONe COOTBETCTBYeT ycmoBuio (1), okasanach CMEIIEHAa OTHOCHTENBHO ILIOCKOCTH 9 Ha
pacueTHyo BenuuuHy AZo (kak moxazaHo Ha @ur. 1, 8a), paBHYIO IONOBHHE NPOM3BEACHHUS
3aJaHHOIO 3HAYEHHs CKOpocTH V KapoTaka M 3aJaHHOH MIMTENBHOCTH T HMIYIBCHOMH
nocnenosarensHocTH. [IpudeM, cMemenue JOMKHO OBITE OCYIIECTBIEHO, KAK ITOKA3aHO Ha
@ur.l, B CTOpOHY HampaBIeHHsS ABMXXEGHHA CO CKOPOCTBIO V BCEro yCTPOHCTBA SAEPHOrO
MArHUTHOrO Kaporaxa. Tak ecnu, HampuMmep, YCTPOHCTBO Il KapoTaxa JABIKETCH BIOJb
CKBKHMHEI BBEPX M KaTyIIKa 6 paclloNIOXeHa BBIIE KATYIIKM 7, TO HaYalnbHad pasHHIAa TOKOB
Alo ompenensiercs Kak Alo =Ig-l1o , TE I1o — HagambHbIL TOK B KaTylKe 6, 8 Izo - B Karymike
7. 3aTeM CHHXPOHHO C HA4YaJOM HeHCTBHS HMITYIBCHOH IOCIENOBATEILHOCTH KOMaHAAMH OT
obmei munel npomeccopa uaMensior (cM. Pur. 2 B) 3HaueHme pasHEOBl TOKOB Al 10
nuHedHOM (YHKIMM BpeMeHH C Takof CKOpOCTBIO, UTOOEI K KOHIY HMITYyJIBCHOH
HOCIEN0BATENLHOCTH C 3aMaHHOM UIHTENLHOCTHIO T 3HaYeHHe pasHHUIB] TOKOB CTajlo PaBHBIM
-Alo. B pesyibraTe 30HA HCCIeOBaHHA 8 K 3TOMY MOMEHTY BPEMEHH aKCHAIBHO CMECTHTCH
OTHOCHTENBHO IIIOCKOCTH 9, mpoxomsuiedl wuepes reoMeTpHyYecKuil LEHTP 3a30pa MeXIy
MOCTOSHHBIMH MarHuTamMy, Ha Bemuuuny -AZo (cM. @ur. 1, 86), uro Gyner coOTBETCTBOBATH
CMELIEHUIO 30HBI B OOpaTHyiO CTOPOHY II0 OTHOLICHHMIO K HANpPABICHHIO [BIDKCHHS
yerpoictea. Jasnee, B nepHoJ BpEMEHH MEXKIY HMIIYJIbCHBIMH IIOCIEJ0BATEIEHOCTAME BHOBD
YCTaHABIHBAIOT HAYAIBHOE 3HaYeHHE pasHUIEI ToKOB Alo, Ipu KOTOPOM 30Ha HCCIIEIOBaHHA
8, B KOTOpOH MAarHWTHOE IIOJIe COOTBETCTBYyeT YycioBHiO (1), OKa3bIBAETCA CMEIICHHOH
OTHOCHTEIBHO TLIOCKOCTH 9 Ha pacueTHYIO BenuuuHy AZo, PaBHYIO IOJOBHHE NPOH3BENCHUS
33JaHHOr0 3HAYEHHS CKOpocTH V KapoTaxa ¥ 3aJaHHOM MIHTeNbHOCTH T HMITYIBCHOH

HOCHCNOBATENLHOCTH, W Jialee BCE OpOUEAVDY YIpPABACHHA TOKEMH B NOAMArHHYHBaIONIHX
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KaTymKaxX IOBTOPSIOT B COOTBETCTBMM C 3aJaHHBIM IEPHOIOM CJICJOBAHMA MMITYJIBCHBIX
TIOCTIeI0BATEILHOCTEH.

Takum oOpasoMm, B TeueHWe [eHCTBHS HMIYJBCHOM IOCHENOBATEIBHOCTA 30HA
Hccnenopanns 8, 0T KoTopo# perucTpupyerca curnan AMP, co ckopoCTBIO, PaBHOH CKOPOCTH
V Kaporaxka, aKCHAIBHO CMEINAeTCs OTHOCHTENBHO IUIOCKOCTH 9 M, CllefoBareiabHO,
OTHOCHMTENIBHO Kopmyca ycrpoiierea 1, B oOpaTHOM, IO OTHOIICHHIO K HaIpPaBICHUIO
JBHJKEHMS ~ yCTpoWCTBA, HANPABICHWH, HO OCTAeTCS HEINOABHIKHOM  OTHOCHTENBHO
HcceayeMoll MOpPOAEI CTBOJNA CKB@KHHEL M, CIENOBAaTeNbHO, BCe 3((EKTEl, CBA3aHHBIE C
IBIDKEHHEM YCTpOMCTBA KapoTaka BO BpeMs H3MepeHus | Habopa JaHHBIX, HCKITIOYaIOTCsL.

Ilpn M3MEHEHWH CKOPOCTH KapoTaka HIM HM3MEHEHHMH IHTEILHOCTH HMIIYJIBCHOM
IIOCTIEIOBATENBHOCTH B Ipoleccop 12 BBOAATCS HOBBIE JaHHBIE OTHOCHTENBHO HEoOXOAMMOMH
HauanbHOM pasHHUB! TOKOB Alo B MOIMArHWYUBAIOMMX KATYIIKaX M CKOPOCTH M3MEHCHUS
5TOH BENMUMHBL BO BpeMs JeHCTBHS HMITyNBCHOM mocaenoBarensHocTH. Hampumep, mis
YBEUYEHHOM CKOPOCTH KapoTaxka IIpH HEM3MEHHOM JUIMTENBHOCTH MHOTOHMITY/IBCHOM
mocnenoparensHocty T 3aBmcumocts Al(t) Oymer mmers Buz, mokasauusii Ha Qur. 2 b
AHUPHOK NYHKTUPHOH JIHHUEH,

B pesyipTare peann3anuy 3agBISHHOTO TEXHHYECKOTO PELICHHS HCKIFOYCHHE BIHAHAA
CKOPOCTH [IBIDKEHWs YCTpPOMCTBA Ha PErHCTPHpYEMBIE CHEKTPHI BpPEeMEH pejlakcanuu H,
CIeIOBATENHHO, PACIIMPEHHE [HAMa3oHa CKOpPOCTeH Kaporaxa obecreuuBaeTCs IyTeM
CHHXPOHHOTO C HefCTBHEM HMIYJIBCHBIX MOCHEHOBATEIFHOCTEH H3MCHCHMS aKCHaIbHOIo
NONOKEHMS  30HBI  MCCIENOBAHMS ~ OTHOCHTENBHO IIIOCKOCTH,  IPOXOMAIIEH  4epes
reOMeTpHYECKHi IIEHTP OCHOBHBIX MarHUTOB MIIH, YTO TO XK€ CaMoe, OTHOCHTENBHO KOpIryca
YCTpPOMCTBA B IEJNOM Tak, YTOOBI B TeueHME NCHCTBHS HMIIYJIBCHOH IIOCNEIOBATEBHOCTH H
Habopa JaHHBIX 30HA HCCeNOoBaHHS OBUTA HENOIBHXKHOH OTHOCHTENHHO CTBOJA CKBAXKMHBL
Texnuyeckuil pe3ynsTaT JOCTUTAETCs 3a1aHHEM UL U3MEHEHHS TOKOB B MOMarHH4HBAIOIIMX
KaTyIIKaX COOTBETCIBYIONMX (QyHKUmif BpeMeHH Kak mokasamo Ha @umr. 3. b,
CHHXPOHH3HPOBAHHEIX € HAYAIOM, IIUTEIBHOCTHIO H IEPHONOM [EHCTBUA HMITYIBCHBIX
nocnenopatensuocrelt  (Qur. 3. A). Ilpu 3TOM CymMMapHOE 3HAUCHHE TOKOB B
HOIMATHMMMBAIOMMX KATYHIKAX, TMGO MCXOJHO YCTAHABIHBASTCH Ha YPOBHe, TpeGyeMoM it
KOMIEHCAMH TeMIePaTypHOH 3aBHCHMOCTH MAarHUTHOH HHIYKIHH OCHOBHBIX MOCTOSHHBIX
MarHUTOB M M3MEHSETCS TONBKO IO COOTBETCTBYIOIIMM KOMaHIaM B IPOMEXYTKAX MEXKIY
HUMIYILCHBIMH  [TOCEOBATENLHOCTAMHE, Kak mokazaHo Ha @ur. 3 B xupHO¥ mTpHX-
NYHKTHPHOH JMHHeN, Ha OCHOBAHWH JAHHBIX TENEMETPHH WIH KOMAHJ Omeparopa, aubo
MOKET OOHYIATHCS HA BpeMsi MEXKAY HMIYJIBGCHEIMA IOCHEIOBATEBHOCTAMA Tak, Kak

rokaszano Ha ®Pur. 3 B, IOCKONBKY B 3THX IPOMEXYTKAaX BpPEeMEHH HET HeoOXOMMMOCTH
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BBEITIONTHATE YCNOBHA pe3oHanca (1). Takol BapuanT ABNLETCA NPEAIOYTATENBHEIM, TAK KaK OH
CHIOCOGCTBYET B CPEAHEM YMEHBIICHUIO MOTPeOIIgeMOlt SHEPTHH YCTPOHCTBOM.

IlpuMeneHue 3a4BNIEMOro crocoba sAepHOro MarHUTHOTO KapoTaka M YCTpOHCTBA ero
peanusanyy pemaeT npobieMy BIHSHHA 3QdEeKTOB NepeMelneHus yCTpoicTBa OTHOCHTENBHO
HccIenyeMoli 061acTH IPOCTPAHCTBA, YTO CMOCOOCTRYET YIYYLISHUIO KaUeCTBA TOMYHaEMbIX
XapaKTepUCTHK O (UIBTPalHOHHO-EMKOCTHBIX CBOMCTBAX HCCIEAYEMBIX IOPOA M CBOMCTBAaX,
HACBHINAIONINK UX GIronaos.

3asgBCHHOE  TEXHUYECKOE  pPeIIeHHEe  YIOBIETBOPAET  KPUTEPHIO  «HOBH3HAY,
IPENbABIAEMOMY K H300peTeHHAM, TaK Kak IpPH ONpeNelieHUH YPOBHI TEXHUKH He
00HapyKEHO CPeacTBO, KOTOPOMY IPHCYIIH MPU3HAKH, HASHTHYHEE (TO €CTh COBIANAIOIue
0 ucrnonHaeMol uMu QyHKIWM H (QopMe BHITOTHEHMS 3THX NPU3HAKOB) BCEM IPH3HAKAM,
IIEpeUMCICHHEIM B (OpMyIIe H300peTeHus, BKIIOUAT XapaKTEPHCTHKY Ha3HAYCHHUS,

3adBIEHHOE TEXHHYECKOE pEIICHHE YIOBIETBOPAET KDPHTEPHIO «H300peTaTelbeKuii
YPOBEHBY, IOCKOJIBKY 3asBUTENIEM HE BBIAB/ICHBI TEXHHUYECKHE PELICHNS, UMEIOINe TPU3HAKY,
COBNAJAIOMIKE C OTIHYATEILHBIME IPHU3HAKAMH JAaHHOTO M300peTeHMs, M HE yCTaHOBIEHA
U3BECTHOCTE BIMSHHA OTIHYHUTENBHBIX TIPH3HAKOB HA YKa3aHHBIM TEXHHYECKMH pe3ynbTar.
Kpome ykasaHHOro, 3asBICHHOE TEXHHYECKOE pEIIeHHEe XapaKTepu3yercs NOpOCTOTOH H
OPHMTHHATBHOCTBIO JOCTHIKEHHS TEXHUYECKOrO pe3yinbTara B pa3pelleHHH Kazanoch-Obl
HepemaeMoii npo6aemMsl, 06GyCITOBICHHOM BIUIHHEM CKOPOCTH KapoTaKa HA PeruCTpUpyeMEIe
CHEKTPH! BPEMEH penakcauuy u3-3a 3Q(QeKToB CMEINEHNs 30HBI HCCICHOBAHHSA, B KOTOpPOH
Bo30yxnaercs nmepeoHauansHO curHan SIMP, oTHocmTenbHO Kopmyca npubopa B TEYSHHE
BpEeMEHH [eHCTBHA MMITYJIBCHOH IIOCIENOBATENLHOCTH MO Habopy ZXaHHBIX. 3asBICHHOE
TEXHHYECKOE peleHue obecrmeuuBaer ucKmoueHue 3pdexra IBUNKEHHS YCTPOHCTBA BIOIB
CTBONIA CKBaXKMHBEI BO BpeMs KapoTaxa Ha JOCTHTaeMble B Ppe3yJbTaTe HCCIeNOBAHHMI
PETHCTPHPYEMBIH HaHHBIE, JTO MO3BOJIAET 3HAYUTENBHO PACIIMPHUTH [MANa3soH ckopocreit
KapoTaxka Uil YCTPOMCTB SIEPHOTO MArHHTHOTO KapoTaXka C MATHHTHBIMH CHCTEMaMH,
COCTABNCHHBIMM U3  aKCHalbHO  HAMAHWYEHHBIX  MArHUTOB,  COPHEHTHPOBAHHBIX
ONHOMMEHHBIMH IIOMIOCaMH IPYyT K OPYTY, H TeM caMbIM oDecrneunBaeT pacliupeHue obnacta
NIPUMEHEHHS TaKHX YCTPOHCTB, HMEIONMX IPEHMYINEcTBa o KadecTBy curHana SIMP nepen
yCTpoHCcTBAMH ¢ MarHUTam#, TEHEPHPYIOMIMMH TI'PaJueHTHOE MarHutHoe mose. Takum
obpasoMm, MO MHEHUIO 3afBHTENS, pelICHHE YKa3aHHBIX 3aJad HOCPEACTBOM IPHMEHEHMU
3a9BJICHHON COBOKYITHOCTH NPU3HAKOB, IIPHBENCHHBIX B (opMmyle, ABISETCH HE OUEBHIHBIM
VIS CIEITHANIACTA.

3agBileHHOE TEXHHYECKOe peIleHHe pealH30BaHO B IPOMBIIUICHHOM IIPOU3BONCTBE

HOCPECTBOM M3TOTOBICHHS ONBITHOTO o0pasua, yCTpolicTBa Ui SAEPHOTO MAarHUTHOTO
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KapoTaxka B IOJIEBLIX YCJIOBHAX Ha NPEANPUATHH PEabHOTO CeKTOpa IKOHOMHKH Pecmybmuxu
Tarapcran, OOO THI-T'pymm, B mponecce Bemonnenus HUP «Cosmanme xoMIUiekca
TEXHHYECKHMX CPEJICTB M IPOrpaMMHBIX NpoaykToB ang dddexturHodt pazpaboTku 3amexeit
HeTH B CIOXKHOIIOCTPOGHHBIX  KapOOHATHBIX  KOWIEKTOpPax C  HCIOJB30BAHHEM
TOPH30OHTAIBHBIX CKBKHH H THIPOPa3phiBa IlacTay, B paMKax aorosopa ¢ Munobpuayku PO
02.G25.31.0131 or 01.12. 2015 r. Mcnritanug oneiTHOro o0pa3zua MOKA3and, 4TO B
pe3ynbTaTe NPUMEHEHMS 3asBICHHOTO TEXHHYECKOTO pELIeHHs BepXHSH IpaHula JuanazoHa
CKOpocTeH KapoTaxka MoXeT OBITh yBenuueHa no 100-120 m/gac naxe mns mpubopa ¢
YHHKaJlbHO BBICOKHM (MeHee 3 €M) INPOCTPaHCTBEHHBIM pa3spelieHWEM BIONIb CTBOJA
CKBOXMHEL B TO 3Xe BpeMs, €CH OIIHUIO MO MCKJIIOYEHHIO BIMSHHS CKOPOCTH KapoTaxa Ha
PETHCTPHPYEMBIE CIIEKTPHI OTKIIOUHTE, TO 8HATOIHYHOE KAYEeCTRBO PETHCTPUPYEMBIX CIIEKTPOB
BpPEMEH peJlaKcaluy JOCTHraeTcsd Ha 5TOM ke Npubope TONLKO MpPH CHIDKSHHH CKOPOCTH
KapoTaxa, kax MuHuMYM, 10 30 M/uac. VkasanHoe SBISETCH JOKAa3aTelbCTBOM COOTBETCTBUS

KPHTEPHIO «IIPOMBIIINICHHAS TPUMEHHMOCTEY, NDeIBABIACMOMY K HBQﬁpeTEHHHM.

HCITOJIb3OBAHHBIE NICTOYHUKHU

1. Ilarerr US Ne 4710713 CIIA, MIIK GOIR 33/20. NUCLEAR MAGNETIC
RESONANCE SENSING APPARATUS AND TECHNIQUES/ Zvi Taicher, Shmuel Strikman;
3adBUTENb U nareHTooOnagarens Numar Corporation, Malvern, Pa.; Zvi Taicher. — 838 503;
3asBi. 11.03.1986; ony6u. 1.12.1987.

2. Ilatemt US No 4350955 CIIA, MIIK GOIN 27/00. MAGNETIC RESONANCE
APPARATUS / Jasper A. Jacksont, Richard K. Cooper; 3aseurens u narenroobnanarens The
United States of America as represented by the United States Department of Energy,
Washington, DC. — 195 968; 3assmx. 10.10.1980; ony6i. 21.09.1982.

3. TIlarent RU Ne 2583881.

4. ITarent RU Ne 2230345.

5. Tarent RU Ne2645909.




22
GOPMVIJIA U30BPETEHWA

1. Crioco6 SIMP kapoTaka, 3aKTIOHAIONMICA B TOM, YTO OCYIIECTBIIIOT MEpeMeIleHue
yeTpoMcTBA U KApOTaXKa  BIAONL  CKBOKMHEI, ABYMS  PasMEIIEHHBIMH  COOCHO
OWIMHAPHYECKUMH ~ OCHOBHBEIMH  IOCTOSHHBIMH  MarHHTaMH,  COPHCHTHPOBAHHBIMH
OIHOMMEHHEIMH TIOJIOCAMHU JIPYT K JpYyry, CO3JaoIiMH [OCTOSHHOE MAarHuTHOE IO,
MOJIPU3OBAHHOE B TEPHEHIUKYIAPHOM HAIpaBNeHHM K OPOJOJBLHOH OCH MAarHuToB B
uccenyemoii obmacTe B TONINEG IOPOXABI, B 3TOH JXKe o0jacTd INyTeM 3aJaHdd TOKa B
NOAMAarHWYMBAIOMIMX  KaTylIKaX  CO3JA0T  JOIOJHHTENIBHOE  MArHUTHOE  IIOJE,
KOMIEHCHPYIOLIEe TEMIEpPATYpHYIO 3aBHCHMOCTh MATHHTHOM HMHIYKIHH  HOCTOSHHBIX
MArHHATOB B B 9TOH ke 00/1acTH pajHovacTOTHOM MpueMHO-TIepefaoIel KaTymKol co3aaioT
NIEPEMEHHOE MATHUTHOE TOJIe, MOJIPU30BAaHHOE NEPIEHANKYIAPHO IIOCTOSHHOMY MarHUTHOMY
M0N0, IPH OMOINH TIPHEMHBIX KaTyHIeK perucTpupyior curnan SMP, ammmryaa KoToporo
[pH IPOYMX PABHEIX YCIOBHAX ONpPEAENAeTCA TOIHOCTEIO HACTPOHKY PE30HAHCHBIX YCIIOBHH, B
TEYEHHE BpEMeHU JeHCTBHS HWMITYIsCHOM mocnemopatensHocTd KIIMIT HaGupaior crmektp
BpEMEH TIIONepeyHONH M IMPOJOIBHOW pejlakcauuif ¥ pacCUMTHIBAIOT ~XaAPAKTCPHCTHKA
nom3eMHBX  (HOpMHUPOBAHHI, OTIMUYAIOMMIUCA TeM, YTO A OOECICYCHHs BO3MOXKHOCTH
KOMIIEHCAIIMH BIMSHHS CKOPOCTH IBHIKEHHS YCTpOHCIBA SIEPHOIO MAarHHTHOTO KapoTaxa
BIIOJIb CTBOJIA CKBAXKHHBI Ha PETHCTPUpPYEMBIE CHEKTPHI BPeMEH penakcaluu H obecreyeHus
BO3MOXHOCTH PACIIHpEHys IUaa3oHa CKOPOCTed KapoTaxa IPH COXPaHEeHHH CHOCOOHOCTH
PEryIMpOBaHHA B MHpOIECCe KapoTaka 3HaueHHA (POKYCHPOBAHHOIO MAarHMTHOTO TIOJIA B
obfnacTH HCCIeNOBaHMsA, a TaKKe nng - obecrieueHHsT BO3MOXKHOCTH — KOMIICHCAIMH
TEMIIEPAaTyPHOH 3aBHCHMOCTH OCTATOYHOH MHAYKIMH NOCTOSHHBEIX MAarHuTOB 0e3 yXyAuICHHs
XapaKTePUCTHKY TIyOMHHOCTH WCCIIeOBaHMs, HEIOCPENCTBEHHO MEpes HadaloM JeHcTBHS
UMIYJIBCHOM [OCNEeNOBATENBPHOCTH B IOAMATHMYHUBAIOIINX KAaTyIIKaX 3a/aloT pasHULly TOKOB
IpH COXPAHEHHH CYMMAapHOTO 3HAuU€HHS, TaK, YT0OBI 30HA MCCIENOBaHNS, 4 UMCHHO 30HA, B
KOTOpOH BEIONHSIOTCS YCJIOBUS ANEPHOrO MArHWUTHOTO PE30HAHCA - aKCHAIbHO CMECTHIIACH
OTHOCHTENBHO IUIOCKOCTH, TpPOXOMALICH depe3 NEHTP 3a30pa MeXAy MarHuTamM#
NEePIeHANKYIAPHO OCH MATHHTOB, B CTOPOHY MBIKEHHS YCTpoiicTBa Ha BenuuuHy AZo,
PABHYIO TIONIOBHHE NPOM3BENEHUS 3a[aHHBIX 3HAUCHHH CKOPOCTH KapoTaxa V M BpeMeHH T
neficTeus mMIyiscHOM mocnenosarensroctd KIIMI, nmanee B TedeHwe BpeMeHH HCHCTBHA
HUMITYJIBCHOM MOC/IeNOBATENPHOCTH THHEHHO H3MEHIOT 3HAYCHHE PAsSHUIBI TOKOB B KaTyIIKax
¢ Tako# CKOpOCTBIO, YTOOBI K KOHIYY [ACHCTBHSA Hmn:;rnbcﬂoﬁ TIOCTIEAOBATC/IBHOCTH 30HA
HCCEOBAHNS AKCHANBHO CMECTHIACh OTHOCHTENBHO IUIOCKOCTH, IIPOXOsimeld depes

YKa3aHHbI TeOMETPHUYECKHil LEHTP MarHHTHOH CHCTeMsl, B 00OpaTHyiO OT HANpaBIeHAS
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JBIKEHHS. YCTPOMCTBA CTOPOHY Ha BeNMdMHY -AZO, CHHXDOHHO C HAuauoM HeHCTBHS
CHeNYIOMEro IHMKNA HMIYJIBCHOM TOCTENOBATENbHOCTH — PAMOYaCTOTHBIX — HMITYIIBCOB
IOCIE0BATENEHOCTD HeHCTRH 10 YIIPABIEHHIO TOKAMH B KaTyIIKaX MOBTOPSIOT € IEPUOTIOM,
PaBHBIM YCTAHOBICHHOMY MEPHOLY CIEJOBAHMS HMIYTBCHEIX IOCHE/IOBATENBHOCTEH, MpH
3TOM HayaibHBIE W KOHEUHbIE 3HAYEHHI TOKA, 4 TAKKe HANpaBleHWe H CKOPOCTh H3MEHEHHA
TOKA B KATYIIKAX Ha YuacTKe JMHEMHON 3aBHCHMOCTH ONpENEIIOT, HOXOAL 3 TpeOoBaHuA
HEW3MEHHOCTH, B TEeUEHHE BCeH MIMTENBHOCTH MMITYILCHOH MOC/IEN0BATEIEHOCTH KOOPIHHAT
FCCITeNyeMOH 30HBI OTHOCHTENBHO CaMOi CKBaXKHHEL C YUETOM 3alaHHBIX 3HAUCHUI CKOPOCTH
kapoTaxa V M BpeMeHH MNeHCTBHA MMIYIBCHON MOC/IENOBATENBHOCTH T, a cymmapHOe
jHaueHHe TOKA B  KATYIIKAX MOIMArHWYMBAHMA,  OOECIeUHBAIOLICE KOMICHCALMIO
TeMIIepaTYpHO! 3aBMCHMOCTH MATHHUTHON HHIYKIMH IOCTOAHHBIX MArHHTOB, B TEUCHHC
npornecca HaGopa NAHHBIX COXPAHSIOT MOCTOAHHEIM MM M3MCHSIOT ACHHXPOHHO IIO
OTHOWIGHHIO K WMIYILCHOH MOC/IEIOBATENEHOCTA ONMpasch HAa JIaHHbBIS, HAIpHMep,

TEeTeMeTPHY.

2. YerpoiicTBo Ut AIEPHOTO MarHUTHOTO KapoTaka, conepxaiee I (hOopMHEPOBAHUS B
pecnenyeMol  OONAcTH IMOPOABI HMOCTOAHHOIO MArHHTHOIO MOJUL, IMOJSPH3OBAHHOIO B
HepIeHIUKY/IIPHOM HAlpaBlIeHuH K MPONONBHOM OCH, JBa OCHOBHBIX COOCHBIX NMOCTOAHHBIX
MarHWTA, COPHEHTHPOBAHHBIX OJHOMMEHHBIMH IIOJMIOCAMH JpYyr K [Ipyry, NPHEMHO-
IIepeAloNIyIo KATYIIKy Ul BO30yXIOeHHs CHCHANOB CIHHOBOTO 3X0 SAMP u BX npueMa BO
BpeMsi IeiiCTBHS IIOCTENOBATENBHOCTH DAJMOYACTOTHBIX HMIIYJIBCOB, DPACIONOKCHHYIO B
3a30pe MEXIy MarHuTaM# TaK, YTOObl MarHHTHas KOMIIOHCHTZ PajMO4acTOTHOrO IOJA B
uccenyemoit obnactu ObUIa EPIEHMKYJIAPHA HANPABJICHUIO MOCTOSHHOTO MArHUTHOTO IO,
SNMeKTPOHHBIe O0KHM, BKIOYaOmpe B cebsi NepefaTuMK, NPUEMHHK, HPOLECCOp, AATIHKA
TeNEMETPUH, B KaTYIIKHM IOJMAarHHYMBAHUA, YCHIMTCIB TOKa, CBs3aHHBIN vepe3 mmbpo-
aHanoroBp  mpeofpaszoBarens ¢ TPOLECCOPOM, — IPOrpaMMarop HMITYIBCHOM
HOCIeNOBATENPHOCTH W JBE TMOJAMATHHYMBAIOIIME KATYIIKH, JKECTKO (PHKCHPOBAHHBIC
HEIOCPE/ICTBEHHO Ha IOJIOCAX MOCTOSHHBIX MATHUTOB MM HAMOTAHHBIX HETIOCPEICTBCHHO Ha
HEX, OTIAMYAIOINEecs TEM, UTO C LeNbio ofecredeHus KOMICHCALMH BIMSHUS CKOPOCTH
JBHKEHHS YCTPOHCTBA SIEPHOr0 MArHHTHOTO KapoTaxa BIONb CTBOJNA CKBAXMIBL Ha
PETHCTpHpYEMble  CIEKTPHl BpEMEH pelakcallud M pacllupeHHd AuanasoHa CKOpOCTEH
KapoTaxa TpPH COXPAHSHHH CHOCOOHOCTH pEeryTMpOBaHMS B NPOLECCE KApoTaka SHAYCHIA
(OKyCHPOBaHHOTO ~MAarHUTHOTO TOJA B o0NacTH  HCCAeNOBaHMA JJA  KOMICHCALUH
TEMIIEpaTypPHOH 3aBHCHMOCTH OCTATOYHOM MHAYKIMM HOCTOSHHBIX MarHHTOB Oe3 yxyaIueHus

XapaKTePHCTHKH TIIyGHHHOCTH MCCIENOBAHNS JOMIONHATENLHO BBEICH BTOpO} ympasisieMblit
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reHepaTop TOKa, coexuHeHHBIH depes Bropod LIAIl ¢ obmel mmHOH npoueccopa, u
NOAKIIOYEHA OfHA W3 MOAMArHMYMBAIOMIMX KATYIUEK K BBIXOAAaM IEepBOro, a Bropaid — K
BEIXOJIAM  BTOpPOTO  YCHIIMTENS TOKAa M  OCYIIECTBJIEHO  yHpaBleHHE TOKaMH B
MOAMATHUYMBAIOIIMX KATYIIKAX, HpPH 3TOM CYMMapHBIA TOK B KaTymkax obecreuuBaet
KOMITEHCAIHIO TEMITEPAaTYPHOH 3aBHCHMOCTH MAarHMTHOH MHAYKIMH IIOCTOSHHEIX MArHUTOB, &
PasHOCTHBIH TOK H CKOPOCTH €ro H3MEHEHHs BO BpeMeHH o00ecneduBaloT aKCHAIBHOE
cMelleHHe OTHOCHTENLHO Kopiyca ycTpoiicrBa o0nmacTH BHIIOJHEHHS YCIOBHH #IEPHOTO
MarHMTHOTO PE30HAHCA CHHXPOHHO € ACHCTBHEM MMIYJIBCHOM NOCIENOBATENBHOCTH TaK,
qro6El 06J1ACTE NOPOJEL, B KOTOPOM B Hauane HMITYJIECHON MOCIeNoBaTeNbHOCTH OBIT CO3/aH
curnan SIMP, ocraBamack MOCTOSHHOH (HEMOABIDKHOM) BO BpeMA pPErHCTpalMy BeeH
MOCIIENOBATENILHOCTH CHTHAJIOB 9X0, HE3aBHCHMO OT CKOPOCTH [BIDKEHMA YCTpOHCTBA

ANCPHOTO MAalrHHTHOTO KapoTaxa BIOJb CKBAJKHHEL
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Crioco6 s1epHOro MarHHTHOTO KapoTaxka
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Crocob smepHOro MarHUTHOTO KapoTaxa
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Crioco6 sIepHOro MATHHTHOTO KapoTaxa
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OBIIECTBO C OTPAHUYEHHOH OTBETCTBEHHOCTBIO "THI-I'PYIIIT"

D HekoTtoprie myHKThI GOPMYIBI He NMOATEKAT NoucKy (cM. pasgena I AoNoJRHTENILHOFO JTHCTR)
Enunctno uzobperenus ne cobarogero (cm. pasgen II RonoJHHTeILHOr0 JTHCTA)

MIIK: GO1V 3/14 (2006.01)

A. KITACCHOUKATIMA NIPEIMETA U30BPETEHHA:

CIIK: GO1V 3/14 (2013-01)

CornacHo MexayHapoaHo# nareHTHoH wiaccudpuxanun (MIIK) uin HaumMoHansHoM knaccupukanny u MITK

b. OBJIACTD ITOUCKA:

A61B 5/00, 5/05, 5/055, 6/00

MuHEMYM IPOCMOTPEHHOMN JOKyMeHTaluH (cucTeMa Kiaccudukanuyu 1 uaaexcsl MITK)
GO01V 3/00, 3/14, 3/18, 3/32, GOIN 24/00, 24/08, GO1R 33/00, 33/20, 33/28, 33/32, 33/36, 33/44-33/50, E21B 47/00,

Jpyras nposepeHHas JOKYMEHTALUs B TOH Mepe, B Kako# OHa BKJIIOYEHA B 06,1acTh NOMCKa:

B. JOKYMEHTbDI, CHUTAIOILMECA PEJIEBAHTHbBIMH

Kareropus* CCBUIKH Ha JOKYMEHTHI C YKa3aHHEM, I7I€ 3T0 BO3MOXKHO, PEIeBaHTHBIX 9acTel OTHOCHTCS K IyHKTY Ne
A,D RU 2645909 C1 (OEEPAJIBHOE 'OCY JAPCTBEHHOE ABTOHOMHOE 1,2
OBPA3OBATEJIbHOE VYPEXJIEHHWE BbICHIEI'O OBPASOBAHHA
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A,D RU 2230345 C1 (CTAPUKOB BJIAJJMCJIAB IIETPOBHY) 10.06.2004, pedepar 1,2
A US 5471140 A (OXFORD INSTRUMENTS LIMITED) 28.11.1995 1,2
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D JaHHBIC O MATCHTAX-AHAJIOraX yKa3saHbl B MPHIIOKCHHHA

% NOCNEAYIOMME NOKYMEHTHI YKa3aHbl B IPOJIOJDKEHIH rpadel B

COOblE KATErOPHH CCHUTOYHBIX AOKYMEHTOB!

"A" ROKYMEHT, Onpeaesioui obLmif ypOBEHb TEXHHKH

"E" Gonee paHHWI TOKYMEHT, HO OITYGIMKOBAaHHBINA HA NaTy
NOJA4H €BPAZHICKON 3a4BKH HITH NOCNIE Hee

"O" HOKYMEHT, OTHOCAIIMIHCA K YCTHOMY PAcKpPbITHIO, SKCIIOHH-
POBAHMIO H T.1.

"P" NOKYMEHT, OIYOTHMKOBAHHBIN A0 AaThl MOJAYHM €BPa3HHCKOM
3a4BKH, HO NOC/IC JAaThl UCTIPALIHBAEMOTO IIPHOPUTETA

"D" AOKYMEHT, NIPUBEJCHHbIN B eBpasuiicKoOH 3a1BKe

bonee no3aHUY NOKYMEHT, OIyOIHKOBAHHBIH NOCHE AATHl
NMPUOPHUTETA M PHBECACHHBIN U1 NOHUMAHUA H300pETEHHS

"X" NOKYMEHT, HMeIoInit HauGonee GNU3KOE OTHOIICHUE K NIPEAMETY
MOKCKA, NOPOYalIKA HOBU3HY HITH H306pETATENECKUNA YDOBEHD,
B3AThI#l B OTACNBHOCTH

"Y" NOKYMEHT, MMetomuiis Haubonee GNHU3KOE OTHOWCHUE K MPEAMETY
TMOHCKa, l'lOpO'-lB.lIlHﬁ HSOGDCT aTeNbCKui YPOBEHDb B COYECTAHHHU C
APYTHMH JOKYMEHTAMH TOH Xe KaTeropum

"&" HOKYMEHT, ABIAIOMMIACSA NMaTCHTOM-aHaloroM

"L" JOKYMEHT, NPHBECHHbIN B IPYIUX LEIX
Jlara fAelCTBUTEILHOrO 3aBEPIICHAS NATEHTHOTO IIOMCKA: 27 wmons 2019 (27.06.2019)
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