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ITpoBeneHbl TeOpEeTUUECKUE U DKCTIEPUMEHTATbHbIC MCCIENOBAaHUS pacnpeneleHuss MarHUTHOTO TI0JIsT B
MMPOCTPAHCTBE MEXIY IBYMsI IOCTOSTHHBIMM MarHUTAMU LIMJIMHIPUIECKON (DOPMBI CO CKBO3HBIMU OTBEP-
CTUSIMHU B LIeHTpe. B cepenyHe npocTpaHCTBa pasMepaMu 2 X 2 X 2 MM> BOIM3M OCH CUMMETPUU 0GHApy-
3KEHO MarHUTHOE OJIe ¢ HEOIHOPOIHOCTBIO He Gosee ueM 3%, a B obmactu 1 X 1 X 1 mm® — menee 1%.
Ha ocHoBe pacueTHBIX 1 3KCITEpUMEHTAJIBHBIX Pe3y/IbTaTOB pa3paboTaHa U M3TOTOBJIEHA YCTaHOBKA IS
omnpeneyieHus nmocrosiHHoit Bepae (V) ¢ mpuMeHeHreM ITOCTOSTHHBIX MAarHUTOB 13 HeoauMa. OnpeneneHbl
MarHUTOONTUYECKUE ITOCTOSTHHBIE UIS1 06pa3loB onTH4ecKoil kepaMuku us Tb,05 u Tb3GasO, Ha nu-

Hax BoJH 0.628 u 1.06 MKM.

DOI: 10.31857/5003281622306006X, EDN: WWVDAG

1. BBEAEHUE

B coBpeMeHHOI1 ONTORJIEKTPOHUKE 1 CBETOBOJIO-
KOHHOM TeXHUKE HeMAaJIOBAaXKHYIO POJIb UTPAIOT Mar-
HUTOONTUYECKUE BJIEMEHTBI, MCIOJb3yeMble ISl
YIpaBJIeHUS JJIMTEbHOCTBIO U YaCTOTOM UMITYJILCOB
usnydyeHusi. B mocnenHee BpeMst IJisl 3TOM LIEJIU M-
pOKO paszpabaTbiBaeTCss MarHUTOOITHYECKash Kepa-
MUKa, o0anato1as 00Jblioi Mo CpaBHEHUIO C Mar-
HUTOONTUYECKUMHU CTEKJIaMU BEJIMYMHON MOCTOSTH-
Hoii Bepne. Tak, mna kepamukm u3 Tb;Gas0,,
rmoctossHHast Bepme Ha mimHe BoaHBI 1.06 MKM co-
crasisier 40 pan/(Txa - M), a y 06pa3LoB U3 OKCHUIA
tepb6ust (Tb,05) Ha Toi1 ke NJIMHE BOJHBI MOCTOSIHHAS
Bepne yBenmuuuBaetcst no 140 pan/(Tn - M), 4TO 1103-
BOJISIET YMEHBIIWUTh JJUHY MarHUMTOONTHYECKOTO
aJieMeHTa 0oJiee 4yeM B Tpu pasa [1].

Kak u3BecTHO, mocTosiHHasi Bepne xapakrepu3sy-
€T MarHMTHOE BpallleHUe MIOCKOCTU MONsIpU3auu B
BemiecTBe. OOpa3sel, HOMEIIeHHbIM B MATHUTHOE T10-
Jie, TIOBOpauyMBaeT IJIOCKOCTDb IMOJIIpU3aliiM CBeETa,
pacrnpocTpaHsoLIerocs Mo HalnpaBjJeHUIO TOJisl, Ha
yron @ =V - /- B, rne / — nauHa nytu Jy4ya B oopasue
(M), B — nHnykuust MaruutHoro noss (Tn), V — no-
crostnHas Bepne (pan/(Tn - m)). [1pu aTOM BenuuamHa
V He 3aBUCUT OT HaIlpaBJIeHUsI PACIPOCTPaHEHUs
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CBeTa BA0JIb OCU MAarHUTHOTO IT0JIsI, HO CUJIBHO 3aBU-
CUT OT TeMIIepaTyphbl 00pa31ia v JJIMHBI BOJTHBI U3JTy-
yeHus [2, 3].

B TtexHonorum npousBOACTBA MarHUTOONTHYE-
CKOM KepaMUKU CYILLIECTBEHHYIO pOJIb UTPAIOT arma-
paTypa U METOOMKa I OIpeaeeHUsI IIOCTOSIHHOMN
Bepne. HeoO0xonuMbIM 3JIEMEHTOM TIPU U3MEPEHUN
MAarHUTOOITUYECKOM MOCTOSIHHOI SIBJISIETCS UICTOUHUK
MMOCTOSTHHOTO MAarHUTHOTO ITOJIsI, B KAYECTBE KOTOPOTO
WCIIOJIBb3YIOTCSI COJISHOMIBI, DJIEKTPOMArHUThI C 3a30-
POM MexK1y MOJIIocaMU U PENKO MOCTOSTHHBIE MArHUThI
W3 pa3HbIX MaTepuasoB. [leppoHavyaibHO HAMM B yCTa-
HOBKE IUIsI omnpenesieHusI TocTossHHo# Bepme Obin
MPUMEHEH 2JIEKTPOMAarHUT MaHIMPHOTO TUIIA C UC-
TOYHMKOM CTaOMJIM3UPOBAHHOTO ToKa 10 10 A 1 Ha-
npsckenneM 10 60 B [1]. YcranosiaeHo, 4To cyle-
CTBEHHBIMUM HeA0CTaTKaMU 3JIEKTPOMarHuTa siBJisi-
IOTCSl OOJIblIIME radapuTHHIE pa3Mephl, HaJu4ue B
W3MEPUTETbHOM YCTAaHOBKE TOCTATOYHO MOIIIHOIO
MCTOYHUKA CTAaOWUJIM3MPOBAHHOTO TOKA M OBICTPHIiA
HarpeB ero 00OMoTOK. B 1aHHO#1 paboTe onuchiBaeTCs
METOJMKA MJISI OIpeaesieHus MocTossHHOI Bepne ¢
MCTOYHUKOM MArHUTHOTO TIOJISI Ha TTOCTOSIHHBIX
HEOIMMOBEIX MarHuTax. XoTs B psiie pabOT yIIOMU-
HaeTcs IMIPUMEHEeHUEe MOCTOSTHHBIX MarHUTOB B Kaue-
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Puc. 1. 'eomeTpus pacyeTHO 00JIaCTH B LMJIMHAPUYECKUX KOOPAMHATAX U 00I1ast KAPTUHA paciipeaeaeHIUs MAarHUTHOM MH-
IYKIUW MEXAy IByMsi MarHUTaMu. Och cUMMETpUM (OCh Z) TIPOXOIUT Yepe3 HEHTPbl OTBEPCTUI B HEOTMMOBBIX MarHUTax
(1, 2). OT nepeMelleHUsI MAarHUTOB APYT K APYTY U3-3a ACUCTBUS CUJIbI IPUTSKEHUSI MAarHUTHI 3aDMKCUPOBAHbI OTPpaHUYM -
TeJIbHBIMMU 11aki0amu (3, 4), 3aKpeIieHHBIMU K CTaJIbHOMY OCHOBaHUIO (5, 6). CTpenkaMy ITOKa3aHbI JIOKaJIbHbIE HaIlpaBJie-
HUS BEKTOpa MarHUTHOM MHAYKLMU. [Toka3zaHbl TakKe CUJIOBBIE TMHUY MarHUTHOTO TIOJIS.

CTBE€ MCTOYHMKOB MATHUTHOTO MOJSI (CM., HaIpu-
Mep, [4]), B HUX OTCYTCTBYIOT CBEASHUS O XapaKTEepU-
CTHMKaX MAarHUTHOTO IT0JISI B 3a30p€e MEXAY MOJIIocaMu
MAarHUTOB U HOTPEITHOCTH U3MEPEHUIA, 00YCITOBJIEH-
HBbIe ero HeogHopoaHOCThIO. [ToaToMy mjist 060CHO-
BaHMSI IMPABOMEPHOCTU IPUMEHEHUSI ITOCTOSHHBIX
MarHUTOB HaMM ObUI TIPOBEIEeH YKMCICHHBINA pacyer
MarHUTHON WHIYKLMU C MCIOJb30BAaHUEM IIPO-
rpammHoro makera COMSOL, a Takske ObLJIO 9KCIIe-
PUMEHTAILHO U3MEPEHO pacIpeaeicHe NHIYKINU
MarHUTHOTO TMOJISI B 00JIACTU pa3MeEIleHUS UCCIIeay-
eMOoro obpasiia MeXIy ITOJIIDCaMU MarHUTOB.

2. YUCJIIEHHBIN PACYET MATHUTHOMU
WHAVKLIUU MEXIY ABYMS
MOCTOAHHBIMU MATHUTAMU

Hamu OblT mpoBeneH pacyeT HampsKEHHOCTH
3JIEKTPOMArHUTHOTO TIOJNSI B MaKCUMaJIbHOM IIpU-
ONIMXEHUN K pealbHOM TeOMETPUM BKCIEPUMEH-
TaJIbHOI ycTaHOBKU. PacueThl MPOBOAWINCEH B LM~
JIMHIPUYECKOM CHCTEME KOOpAMHAT. [eoMerpus
pacdeTHOM 00JIACTM M KayeCTBEHHasl KapTHWHA pac-
MpeaeIeHs] MAarHUTHOTO TOJISI [IPUBEAEHBI Ha puc. 1.

BBuny oTCyTCTBUS 3J1€KTPUUECKOTO TTOJISTI M TOKOB
JIJISI paCYETOB 1OCTATOYHO TOJIBKO OOHOTO 13 YpaBHE-
Huil MakcBesa:

VB =0. (1)

OHO pelajaoch YUCIEHHO B IPOrpaMMHOM MaKe-
e COMSOL. B 3TOM makere oHO nmpeoOpasyercs K
BULY

Ao, =0, 2)
rme
B =Vo,,. 3)

BuaHO, YTO B LIEHTPE CUCTEMbBI MATHUTHOE I10JIC Ha-
MPAaBJICHO BAOJb OCU Z U MOCTATOYHO OIXHOPOIHO
(puc. 1). DTa HanmpaBJIEeHHOCTb HApYIIAETCs TOJILKO
py NPUOIMKEHUN K IMOBEPXHOCTU MArHUTOB WJIU
yIaJeHUU OT LIEHTPaJIbHOM ocu cucTeMbl. Pacripese-
JIEHV€ BEJIMYMHBI (AMIUIMTYAbl BEKTOpPA) MAarHUTHOTO
TTOJIsI IpUBeneHo Ha puc. 2. Ha puc. 1 u 2 BUgHO, 4TO
pacropenejacHre MarHUTHOM MHOYKLIMKA OTOCTATOYHO
OIHOPOIHO TOJBKO B LIEHTPaJIbHOM 00JaCTU MPO-
CTPaHCTBa MEXIY MarHUTAMMU.

Takum 06pa3oM, Kak IMOKa3bIBAIOT pacyeThl, LICH-
TPaIbHYIO 00JIaCTh ITPOCTPAHCTBA MEXKAY MATHUTAMU
MOXHO HMCIOJIb30BaTh IJIsl ONPEACICHUS MOCTOSH-
Hoit Bepne. 71t BEISICHEHUSI peaIbHOTO pacrpeaesie-
HUSI MArHUTHOM MHAYKIIMU B 3a30p€ MKy MarHu-
TaMH OBIJIA MPOBENEHBI SKCIIEPUMEHTATbLHBIEC U3Me-
peHusl.
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Puc. 2. Pactipenenenue MarHuTHOM MHIYKIIUM B 3a30peE.

3. ODKCITEPUMEHTAJIBHOE
NCCIEOJOBAHUE PACITPEIEIIEHUA
MATHUTHOUW MHAYKLUWUUN
B ITPOCTPAHCTBE MEXOY
[NTOCTOAHHBIMH MATTHUTAMU

Ha ocHoBe noJjiydeHHbIX pe3yJIbTaTOB pacueTa co-
OpaHa M3MepuTelbHasi YCTAHOBKA CO CIEAYIOIIMMU
aJIeMEeHTaMu U TlapaMeTpaMmu. [1ocTossHHOe MarHuT-
HO€ MOoJie CO3[AaBajoCh JABYMS LIWJIUHAPUYECKUMU
MarHuTamMu auamMeTpom 15 MM U BbICOTOiT 9 MM, ycTa-
HOBJIEHHBIMY COOCHO Ha paccTosiHuM 8 MMm. B marHu-
Tax ObUIM MTPOJIEJIaHbl CKBO3HBIE OTBEPCTUSI AUAMETPOM
2 MM (cM. puc. 1). DKcIiepUMeHTaIbHOE U3MEPEHUE Be-
JIMUMHBI MArHUTHOM MHIYKIIMW B MPOCTPAHCTBE MEX-
Iy HUMU TIPOBOJAMIIOCH HA OTpe3Ke +2.5 MM OT IIeH-
Tpa. B 3a30pe Mexay MarHUTaMy Ha pacCTOSTHUU 110
1.5 MM OT MX TIOBEPXHOCTEHA MarHUTHOE II0Jie He
OIPENESIIOCH.

PacrnipeneneHue MarHUTHOTO TIOJIST B TPOCTPaH-
CTBE MEXIY MarHUTamMyd W3MEPSUIOCh C TOMOIUIBIO
TPEXKOOPJIMHATHOTO CTOJIa C BO3MOXHOCTBIO Tepe-
MEIIEHUS JaTYMKa MarHUTOMETpa Mo TpeM ocsIM X,
Y, ZB ipenenax 15 MM ¢ TOYHOCTBIO 10 5 MKM. Omnpe-
JieJieHUe BEJTMYMHBI MAarHUTHOTO T10JIS1 OCYIIECTBIISI -
Jioch ¢ momolpio Mmarauutomerpa NOVOTEST M®-
1. UamepuTenbHbIH LIy ¢ JaTYUKOM XoJiia (UKCU-
poBaJicsl Ha BEPTUKAJIbHOM M1aThopme TpEeXKOOpAr-
HATHOTO CTOJIMKA.

Ha puc. 3 npencrasnenbl rpaduku pacnpeaese-
HUS MATHUTHOTO TIOJIS BAOJIbL OCU Z U TEPIIEHINKY-
JIIPHO HaIIPaBJICHUIO MATHUTHOTO TTOJISI BIOJIb OCH X.
BunHo, 4TO MarHUTHOE MOJie BIOJIb U MOMNEPEK OCHU
pacrpocTpaHeHUs] U3JTyUYEeHUsI CUIILHO HEOOHOPO.I-
Ho. Ho B eHTpanbHOI 001acTh 3a30pa MeXIy Mar-
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HUTaMU pa3MepamMu npumepHo 1.5 X 1.5 X 1.5 mm3
HEOAHOPOJHOCTh MArHUTHOMW MHIYKIIMU HE MPEBBI-
maer 2.5%. DTo HanIsIIHO MTOKa3aHo Ha puc. 3, 4.

Ha puc. 4a, 6 xaxnplit oTOEIbHEIN TpaduK, 000-
3HAaYEHHBI TeOMETPUUECKOI (PUTYPOI1, MOKA3bIBAET
3HaYeHWEe MAaTHUTHOM MHAYKIIUU BIOJb MATHUTHOIO
noJist. [1pu 3ToM pasHbie TpadUKU MOJIyYeHBI Ha pa3-
HBIX PACCTOSIHUSIX OTHOCHUTEIBHO OCH MarHUTHOTO
nossi. JlaHHBIe TT0 BETWYMHE MATHUTHOM MHIYKIINU
B monydyeHs! cieqyommuM oopa3oM: ITpu GUKCUPO-
BaHHOM MOJIOXEHUM AaTyrKa XoJjjia Ha onpeaeieH-
HO BBICOTE U3MEpEeHNEe MATHUTHON MHAYKILIU TTPO-
BOIMJIOCH KaK BIIOJIb, TAK U TTOTIEPEK MATHUTHOM OCH.
Hanee natyrk XoJuia ycTaHAaBIWBAJICS HA IPYTYIO BbI-
coTty (BrICOTa MEHsIach o BepTukaau Ha 0.5 MM) u
BHOBb IIPOBOIWINCH U3MEPEHUST MATHUTHOM MHIYK-
LIMU BAOJIb U TTIOTMIEPEeK OCM MAarHUTHOTO TTOJIsI.

Pacnpenenenvie MAarHUTHOM MHAYKIIMU 110 BEPTU-
KaJIbBHOMY CEYeHUIO Ha Iulowanu 6.5 X 6.5 MM2 Ha
paccTossHUM 4 MM OT TOBEPXHOCTM MarHuTa Mpe-
CTaBJIeHO Ha puc. 5. B nmpenenax BeIOpaHHO 061acTH
HEOMHOPOAHOCTh MAarHUTHOTO TIOJISI TI0 €T0 BEPTHU-
KaJIbHOMY CEUYEHUIO aHaJOrM4yHa pachpenacaicHUuIo
BIOJIb TTOJIST, OHA COCTAaBIISIET MpuMepHO 30% oT Mak-
CUMAaJILHOTO 3HAYCHMUSI.

Ha puc. 5, 6 BUunHoO, 4TO pacrpeaeieHue MarHuT -
HOW MHAYKIMU B IEHTPAJIbHOI 00J1aCTU Ha pacCTosI-
HuU 4 £ 0.75 MM OT ITOBEPXHOCTU MOCTOSTHHOTO Mar-
HUTa IOCTATOYHO PAaBHOMEPHOE, U HEOITHOPOAHOCTD
BEJIMYMHBI MAarHUTHOI MHAYKILIMM COCTaBJISIET HEe 60~
nee 2.5%. Ha pacctostHum 4 £+ 1 MM OT TOBEpXHOCTH
MOCTOSIHHOTO MarHuTa HEOAHOPOJHOCTh MAarHUTHOM
WHAYKLIWU He npeBbimnaeT 3%. TakuM oOpa3oM, ieH-
TpajibHasi 00JaCTh OKOJIO OCH MarHMTHOIO TIOJisSl B
npeneiax 1.5 MM BITOJTHE PpUTOAHA IJIST U3MEPEHUS
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Puc. 3. PacnipeaeneHue BeIMUYMHBI MATHUTHOM MHIYKIIMY BOOJb (Z) 1 NepeHAUKYISIpHO (X) 0CM MarHUTHOTO I10JIs B 3a30pe

MECXIYy MarHUTaMM.

mocTosTHHOM Bepne o6pa3noB TonmmmHoM 1o 1.5 MM ¢
TOYHOCTBIO 110 2.5%.

4. CPABHUTEJIbHbIM AHAJIM3 PACUETHBIX
N BSKCITEPMMEHTAJIbHBIX PE3YJILTATOB

Hnst ynobcTBa cpaBHEHMSI PacCUYETHBIX IJAaHHBIX
(puc. 1, 2) ¢ akcnepuMeHTanbHBIMU (puC. 3, 5) ObLIO
cAeIaHO CUMMETPUYHOE OTOOpaXkeHUe pacnpeaesie-
HUSI mo paguycy. B pesynbrare, JaHHBIII PUCYHOK
MOXHO UHTEPIPETUPOBATh KaK pacnpeaeieHUe Mar-
HUTHOTO TI0JISI 10 CeYEHUIO MJIOCKOCTH, CoIepXKalleit
OCb CUMMMETPUU CHUCTEMBI, KOTOpPAsi COOTBETCTBYET
r=10. 3a HyJIb TT0 OCH Z IpUHSTA ITOBEPXHOCTH OTHO-
ro u3 MarHUTOB. YepHble CTPEJIKU Ha TOBEPXHOCTHU
IMOKA3bIBAIOT JIMHUM, OrpaHWYMBAIOIIME OO0JIACTh
SKCIIEPUMEHTAIbHBIX 3HAUCHUI, MPUBEICHHBIX Ha
puc. 3. beaxbiMu cTpeikaMu IoKa3zaHa ILeHTpaJabHas
JIMHUSL pacIlipelcieHUs, COOTBETCTBYIOIAsl puC. 5
(BepTHUKaIbHOE CeUYeHMEe IO LEHTPY Ha PacCTOSTHUU
4 MM oT noBepxHoCcTU MarHuTa). ITockonbKy pacue-
Thl IPOBOIWINCH B HWIMHAPUICSCKUX KOOpAMHATAX,
LIEHTpaJbHasl KPUBasl Ha pUC. 2 COOTBETCTBYET pac-
MpeneIicHUI0 BO BCeil LIEHTpaJIbHOM IJIOCKOCTU Ha
puc. 5.

Bunxo, uyro xon muHuM npu Z = 5.5 MM XOpOIIIO
COOTBETCTBYET JIMHUM Z = 5 MM Ha puc. 3 B HanpaB-
JIEHUU TIepHNEeHAUKYISIPHOM MATHUTHOMY MOJIO.
Takxe xopoliee COOTBETCTBME HAOJIOJACTCS Y JIM-
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HAW TIpU » = —3.5 MM Ha puc. 2 ¢ iuaueit X = 7.0 Mm
Ha puc. 3 TI0 HAIIPaBJIEHUIO BIOJIb MATHUTHOTO TTOJIS.
PacripenenieHue BOOJb LEHTPaAJbHOI JIMHUU (OTMe-
YeHHOI OeJIbIMM CTpeJIKaM1) TakKKe XOPOIIO COOT-
BETCTBYET paclipelelIeHUIO B LIEHTPAITbHOM TIJIOCKO-
CTU, IPUBEACHHOMY Ha pucC. 5.

IManeHue HaMPsSXKEHHOCTU MarHUTHOTO MOJIST MTPU
MPUOIVKEHUY K TIJIOCKOCTHU TTOBEPXHOCTU MAarHUTOB
M K LICHTPAJIILHOW OCU OOYyCJIOBJIEHO OMdypKauei
CWJIOBBIX JIMHUI (puc. 1), 00yCIOBIEHHOI CMEHOM
HalpaBJI€eHUIl BEKTOpa MAarHUTHOW WHAYKIIWM.
Ilpu nBUCKEHUU TIO # OT OCHU HaOJIodaeTcsl Pe3Kuit
pPOCT TI0JIsI, OOYCJIOBIEHHBIN BIWSHUEM OTpaHU4IN-
TEeJIbHOM I1aii0OBI, 00JIamalonieil Ipyroii MarHMTHOM
MPOHULIAEMOCTBIO L, YTO XOPOILIO BUAHO Ha puc. 1.

VYBenuueHue UIMHBI 3a30pa MeXIy MoJocaMmu
MarHUTOB MPUBEIET K YBEJIMUYESHUIO 00JIaCTU OTHO-
POIHOCTH MaTHUTHOTO TTIOJIS B 30HE pa3MelleHUs 00-
pasua. (Co3gaHue OTHOPOMHOIO pacHpeicIcHUS
MarHUTHOM MHAYKIUU MEXIY IBYMS MTOCTOSTHHBIMU
MarHuTaMu JUIS U3MEpeHUs TIOCTOosIHHOU Bepne 06-
pasnoB TOMIMHON no 10—15 MM SBIISIETCS TIpeaMe-
TOM OTAENLHOTO paccMoTpeHus.) [1pu 3Tom, K coxa-
JICHUIO, yYMEHbIIIAaeTCsl BeJMYMHA HAIpPSIKEHHOCTHU
MarHUTHOTO MOJIsI B 30HE U3MEPEHUsI, HO TTOBOPOT
yrJla IUIOCKOCTH MOJISIpU3aluu OyaeT IpUMEpHO Ta-
KO Xe 3a CUeT YBeJIMYEHUs TOJIIMHBI 00paslia.
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Puc. 4. PactipenenieHrie MAarHUTHOTO TIOJISI BIOJIb M MIEPTIIEHANKYJISIPHO OCM MAarHUTHOTO TT0JIST B TIPOCTPAHCTBE MEXKIIY IMOCTO-
SITHHBIMU MarHUTaMu: a — B uHTepBaje 1.0—7.5 MM no ocu X, 6 — B uHTepBaie 1.3—3.7 MM 1o ocu X.

JuameTp OTBepCTUSI B MarHuTax 3HAYMTEIbHO
BJIMSIET Ha paclpeaeieHre MarHUTHOTO T0JIs B 3230~
pe. YeM GoJibllie IEHTpaTbHOE OTBEPCTHE, TEM MEHb-
111 OMHOPOAHOCTb. Tak, MpU OTBEPCTUU BETUUYNHOMN
5 MM HEONHOPOJHOCTb B LIEHTPaJbHOM 30HE cocTa-
BIa 6ojsiee 5%. Ilostomy B Haleit pabore Takue
MarHuTbl He MNpUMEHsUIMCh. BecbMa XejaTejibHO
YCTaHABJIMBATh HWJIMHAPUYECKNE MAarHUTHI C OTBEP-
CTHUeM MeHbIIe 2 MM (Harmpumep, 1 MMm).

B cooTBeTCTBUM ¢ MOJMYYEHHBIMU PACYETHBIMU U
SKCHEPUMEHTABHEIMA TaHHBIMUA JUIST M3MEPEHUs
nocTOosTHHOM Bepae pasHbIX 00pa3lioB OITUYECKOMN
KepaMUKU OblIa cOOpaHa 3KCIIepUMEHTaIbHAs ycTa-
HOBKAa.
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5. OIIMCAHHE BKCHEPI/IMEHTAHI)HOI;IU
YCTAHOBKH U METOAMKA M3MEPEHNI

M3 kepaMI4eCcKMX 3aTOTOBOK OBITM M3TOTOBJICHBI
0o0pa3upl ¢ MaockonapajiebHbIMU MOJIMPOBAHHBI-
MU MOBEPXHOCTSIMU TOJIIMHON oKoyio 2 MM. Omnpe-
IeJleHne 3HadeHUs TMOCTOSHHOM Bepme mist o6pas-
II0B KEpaMHUKU MTPOBOIMIIOCH HA yCTAaHOBKE HYJIEBOTO
tuna. O6paszel] ycTaHaBIUBAJIU MEXIY IBYMSI [IOCTO-
STHHBIMW MarHUTaMH, C 00EMX CTOPOH OT HETO Ha OTl-
TUYECKOM OCH pa3MelleHbl TOJIIpU3allMOHHbIE
npusmbl Inmana—Teitnopa. B HyJleBoMm moJie (CKpe-
IIEeHHBIC TTOJIAPU3aTOPHI) MHTEHCUBHOCTH TTPOXOISI-
IIero yepes odpasell cBeTa ObUIU IpUpPaBHEHBI HYJTIO.
B kauecTBe MCTOUYHMKA U3JIYyYEHUS UCTTOJIb30BAIUCH
TeNii-HEOHOBBIN JT1a3ep Ha JUIMHE BOJHEI 633 HM 1
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Puc. 5. BepTI/IKaJ'[I)HOe Y TOPU3OHTAJIbHOE paCIipeacjICHUsA MarHUTHOM MHIAYKIUN B1io TNEPICHANKYIAPHOMY CEYCHUIO OTHO-

CHUTEJIBHO OCU cUMMeTprH OZ Ha pacCTOSTHUU 4 MM OT TOBEPXHOCTH MarHWTa Ha Tutonianm 6.5 X 6.5 Mm% X — TOPU3OHTAJIBHOE
nepeMeLieHre JaTyruKa Xojia B MM, ¥ — BepTUKaJIbHOE NepeMellieHue AaTurKa Xoia B MM, B — MarHUTHasi UHAYKLUS B BbI-

OpaHHOI TOYKeE.

B, MTn
290
———
/ il ‘x
—
20 ?’::«“—4 :Q“
.
/i/ —HE—2.5MM \
270 —@®— 3.0 MM
—A—3.5Mm 0%
—v¥— 4.0 mm
260 —@— 4.5Mm
—dq— 5.0 MM
e e S e

Puc. 6. PactipeneneHre MarHUTHOTO TTOJIsI TTO CEYEHWIO MAaTHUTHOTO TIOJIS B LICHTPAJIbHOI 00JIaCTH Ha paCCTOSTHUU 4 MM OT TT0-
BEPXHOCTM MarHuTa: X u Y — ocu nepeMelleHMs] aTiyruKa XoJla COOTBETCTBEHHO B BEPTUKAJIbHOM M FOPU30HTAJIbHOM Ha-
MpaBJIeHUsIX NePHEHAUKYISIPHO OCU Z B MM, B — MarHUTHast UHIYKILIMSI.

HEOJMMOBBIN Jla3ep ¢ AUMOJHOM HAaKA4yKOW Ha AJIMHE
BoiHbl 1060 HM. M3nydeHne gasepa MOIYIMpPOBa-
JIoch oOTIOpaTopoM Ha yactoTe 1515 T, B mpoiiecce
pa3BepTKM MarHUTHOIO I10Jis ¢hapageeBCcKoe Bpallle-
HHUe oOpaslia KOMIIEHCUPOBAJIOCh OOpaTHBIM Bpallle-
HMEM BBIXOITHOM IPpU3MBbI (aHAIM3aTOpa) 10 MOIyde-
HUSI THTEHCUBHOCTH CBeTa paBHOM HyT10. I3MepeHne
yIJIa BpallleHMs MJI0CKOCTH ITOJISIPU3allKi CBETA OCY-

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

IIECTBJISIJIOCHh TI0 TUMOY aHaim3aTopa. Ommnbka nus3-
MEpPEeHMUsI yIiia BpallleHUsI COCTaBJIsijia IPUMEPHO 2—
3 yo1. MUH. MarHuTHAasI MTHOYKIWS MEXIY IBYMSI IO~
CTOSIHHBIMM HEOJIMMOBBIMU MArHUTAMM OIIpEIeIsi-
Jnacb MarHutToMerpoM NOVOTEST M®-1.

B usMmepeHMsiX ObUIM MCHOJAB30BaHbI MPU3MBI
Imarna—Teitmopa, KOTOpble B HACTOSIIEE BPeMs SIB-
JISTIOTCSl HanboJiee 9acTo MCITOIb3YEMBIMU U3 TTOJISI-
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Puc. 7. Biok-cxema usmepurenbHoit yctaHoBku: I — doroauon GAK-24K ¢ ycunurenem, 2 — 610K MUTaHus K (OTOOUOLY
DAK-24K, 3 — ananuzaTop; 4 — MOCTOSTHHBIE MATHUTHI U3 HEOAMMA, 5 — UCCIeAyeMbIil 0Opas3el] MeXIy AByMsI MarHUTAMH,
6 — TIONSAPU3ATOP, 7 — MOLYIIATOP-O0TIOPATOP, & — reNnii-HeOHOBHIH J1asep (A = 633 HM) WM HEOAMMOBEII JTazep (A = 1060 HM),

9 — OJIOK TUTaHUS K HEOMUMOBOMY (MU TeINii-HEOHOBOMY)

PUM3ALIMOHHBIX MPU3M, OHM TIpeIHA3HAYSHBI IS
MpeoOpa30oBaHUsI U3TYYEHUS C TPOU3BOJIBHOM MOJISI-
pu3anyeil B IMHEIHO-TIOISIPU30BaHHOE.

Ha puc. 7 npencrasieHa OJOK-cxeMa HU3MEpU-
TeabHOI ycTaHOBKU. M3mydeHue 1a3epa § ¢ 0JIOKOM
nUTaHus 9, IpOMOIYIMPOBAHHOE MOIYJIITOPOM-00-
TIOPATOPOM 7 M IMHEITHO MOJIIPU30BAaHHOE MTPU3MOI
I'mana—Teiimopa 6, magaeT Ha UcCaeayeMblii oOpa3el
5. lannee u3tydeHue Jlazepa, IIPOXoIs Yepe3 U3Mepr-
TeNbHBIN 00pa3el] S 1 aHaau3aTop 3, perucTpupyeTcs
dotoguonom I. IloctossHHOe HampstkeHue 27 B Ha
doronnon ®1-24K momaeTcss OT UICTOYHUKA MOCTO-
SIHHOTO HaIPSDKEHUS 2. DIEKTPUUECKUEe CUTHAJIBI OT
¢doTonprueMHUKA OCJe YCUICHUS TTOCTYMAalOT Ha OC-
mutorpad TDS5034B ¢dupmer Tektronix 70.

MeTonurka n3MepeHuii MOBOPOTA yrJjia MOoJIsIpr3a-
LIMM 3aKJIlovaeTcs B cienytoiieM. Mccienyemblit 00-
pasell ToMeIIaeTCst MKy MOI0CAMU IBYX ITOCTOSTH-
HBIX MarHUTOB. [1710CKOIOJISIpU30BaHHBIN CBET MPO-
MMycKaeTcsl Yepe3 BelleCTBO TakK, YTOObI HallpaBJIeHUE
pacrpocTpaHeHUsI CBeTa COBITAJIO C HAIlpaBJIeHUEM
MarHUTHOTO TI0JIS (U1 3TOTO B MOCTOSIHHBIX MAarHu-
Tax MO LEeHTPY MPOCBEPJICHbI OTBEPCTUSI TUAMETPOM
2 MMm). TTomgpusyiomye npusMbl 3 U 6 BbITTOJTHSIIOT
00ObIYHbIE PYHKLUU: 3 — aHAJIU3aTop, 6 — NOJsIpu3a-
Top. OHU yCcTaHaBIMBAIOTCS TaK, YTOOBI SJIEKTpUUEC-
ckuit curHain ot ¢oroanemenra MAK-24K 6bu1 pa-
BeH Hymo. [Ipu momenieHnnm odbpasiia MexXay OABYyMsI
MarHuTaMu BHOBb TOSIBJISIETCSI DJEKTPUYECKUIA CUT-
Haj. [ToBopoToM aHanmm3atopa 3 Ha onpeaeeHHBIH
YTOJI BJIEKTPUYECKUI CUTHAJI YMEHBIIAIOT BHOBb JI0
HYJIsI, YTO O3HAYyaeT, YTO B MAarHUTHOM T0JIe UCClie-
JyeMO€e BEIECTBO MOBOPAYMBACT IJIOCKOCTh ITOJISI-
pHM3ali Ha HEKOTOPHIH yToJl.

st Toro 4ToOBl OTMMILTPOBATH IIOJIE3HBINA CUT-
HAaJl OT TIoMeX U (DOHOBOTO U3ITydeHUs, ObLIT IIpUMeE-
HeH MonyJisiTop-ooTiopaTop 7 (puc. 7). IlepemMeHHBII

TTPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 6

nazepy, 10— undponoii ocuuiorpad Tektronix TDS5034B.

BJIEKTPUYECKUIN CUTHA MOCTIe YCUIUTEIISI PETUCTPU-
poBaics 1MdpoBeIM ocHwuiorpadoMm Tektronix
TDS5034B. st 5T01 XK€ eI MOKHO MCITOTb30BaTh
J000if MWUIMBOJBTMETP. B KadecTBe uCTOUYHMKA
nuTtaHus 111 GoTosaeMeHTa ObLIM KCIOJb30BaHbI
Tpu 3jieMeHTa 110 9 B.

Mg n3MepeHunii moctostHHoU Bepnoe Bmonb Ha-
NpaBjIeHUs] MarHUTHOIO IIOJISI NPUMEHSUIMCH [IBa
HEOOMMOBBIX MarHurta B (hopMe LMIMHIpA TUaMET-
poM 15 MM, TOJIIIMHO 9 MM 1 C OTBEPCTUEM IUAMET -
poM 2 MM. JlaHHBbIE MAarHUTHI O3BOJISUIA CO3IaBaTh
MarHUTHOE I10Jie BeuuuHoii 1o 0.34 To.

B u3aMmepeHmsix ObUIM NCIIOIB30BaHKI IBa 00pasia
13 okcuaa Tepobust u onuH obpaseu U3 Tb;GasO,.
IToBopoT yriia nmojasspyu3alny U3MepsIIcs Ha JJIUHAX
BOH 628 1 1060 uM. [1pu BeTUMHE MATHUTHOM MH-
nykuuu B = 0.28 Ti yrasl ToBopoTa IMJIOCKOCTH MO~
JSIpY3alUy () Ha JUTMHE BOJTHBI U3IydeHUst 628 HM OT
BO3IECTBUSI MATHUTHOTO IT0JIsl HA JaHHbIE 00Opa3IIbl
cocrasmm 10°9°, 12°17, 6°20” u koaddunmeHTs Bepne
COOTBETCTBEHHO coctaBuiu 452, 471, 138 pan/(Ti - M).
Ha pnuxe BonmHBI usnyyeHus 1060 HM mOCTOSTHHAs
Bepme mo BenmuumHe 3HAYMTEIBbHO MeHbIe. [lnsa
MpenbIayIuX oO0pas3loB BEJIWYUHBI MOCTOSIHHOI
Bepae, onpenenenHsbie o dopmyne ¢ = V- /-B, co-
OTBETCTBEHHO paBHsuMCh 138, 142, 41 pan/(Tn - m).
IMonyyeHHbIe 3HaUeHUsI TOCTOSTHHOM Bepne B npene-
JIaX TIOrPEIIHOCTY U3MEPEHUI COBHAAAIOT C JIMTepa-
TYPHBIMU CBEAECHUSMH |5, 6], YTO CBUIAETENLCTBYET O
11eJ1eCO00pPa3HOCTU MPUMEHEHUSI TTOCTOSIHHBIX Mar-
HUTOB 11 CO3JaHUsI OMHOPOAHOTO MATHUTHOTIO IO~
Jist. YacToTa MOIYISIIMY JIa36PHOTO U3JTyYeHUSsI, BbI-
YUCJIEHHAsI M0 OCUMJUIOTpaMMe UMITYJIbCOB U3JTyue-
HUSI TBEPIAOTEJILHOTIO jia3depa & (Ha puc. 7), cocTaBujia
1515 T

N3 dopmynsr V = ¢@/(/ -B) cnenyer, 4TO NOrpeL-
HOCTbB OIIpenesieH!s ITOCTOSTHHOM Bepre 3aBucuT ot
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TOYHOCTH U3MEPEHUI yIjIa ITOBOPOTA INIOCKOCTH I10-
JISIpPU3allMU @, TOJIIMHBI 00pa3ua / v BEJIMYUHBI Mar-
HUTHOM MHAYKIMU B. OCHOBHYIO NOTPEIIHOCTH B
BBIYKCIICHHE V BHOCUT HEOOTHOPOIHOCTD pacrpee-
JIEHUSI MAaTHUTHOM MHIYKIIMY B IIPOCTPAHCTBE MEXKITY
MarHUTaMU.

6. 3SAKJIFOYEHUE

ITokazaHa BO3MOXHOCTb HCITOJIb30BaHMSI MOCTO-
STHHBIX MarHUTOB BMECTO TPOMO3IKOTO 3JIEKTPOMar-
HUTA JJIS1 OIpeleseHusl MoCTOosTHHOU Bepae MarHu-
TOOINITHYECKUX MAaTEPUAJIOB C TOYHOCTHIO 10 1% mpu
3HAUYCHUSIX HANPSDKEHHOCTH MArHUTHOTO — TTOJIST
0.28—0.3 Tn. TonuuHa oOpas3ia Mpy 3TOM He J0JK-
Ha TIpeBbIIaTh | MM.

Ecau xe TomimHa o6pasia paBHa 2 MM, TO IIpU
OUaMeTpe M3MEPUTENBHOIO IIydKa MU3IYyIeHUs 2 MM
TOYHOCTh M3MEPEHMS MOCTOSTHHOM Bepme cocraBur
3%, 4TO TOXE SIBJISICTCS BIIOJIHE AOIYCTUMOM ITO-
IPEIIHOCTBIO JaHHON METONMKM u3MepeHus. Ilpu
nuacdparMUpOBaHUM  U3MEPUTEIBHOIO CBETOBOTO
myyka A0 1 MM I JaHHBIX OOpasIoB TOYHOCTH
OIIpeIe/IEHNS TTOCTOSTHHOM Bepie GymeT HaxoquThCs
B ripeneiax 1—2.5%.

TiartenpHas 3KpaHu3alysl, MPUMEHEHUE aBTO-
HOMHBIX ICTOYHUKOB MUTAaHUs 151 OTORJIEMEHTA U
YCUJINTENSI, MONYJISIINS W3JIydeHUs, COCIMHEHUE
doTonrona B pexkxruMe oOpaTHOIO BKIIIOUSHUSI, MU-
HUMM3aLUs IJIUHBL COSAUHUTEbHBIX IIPOBOIOB B
cxeMe ycwiieHUs (oTocuTHaja M psim IPYTUX Mep
MMO3BOJIMJIM HAM B METOOUKE M3MEPEHUSI IMOCTOSTH-
Hoil Bepne oGxomutbest 6e3 muddepeHInaTbHOIO
HaHoBoJbTMeTpa. IIpm 3TOM ypoBeHBL IMOMeX CHH-
swicd 1o 200—300 MkB, uyto coctaBuio okosio 0.1%
OT YPOBHSI OOBIYHOIO MOJIE3HOTO CUTHAJIA aMILIUTY-
noit 0.2—0.3 B u BoIIE.

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 6

Kak nokazanu npenBapuTeabHbIE pacyeThl, MO-
CTOSIHHbIE MAaTHUTHI MOTYT 00pa30BaTh OAHOPOIHOE
MarHUTHOE TT10JIe ¢ GOJIBIION MPOTIKEHHOCThIO. [1o-
3TOMY CO3[JaHM€e OOHOPOIHOIO pacHpenejeHnus Mar-
HUTHOM MHAYKUMU MEXIY ABYMS IOCTOSTHHBIMU
MarHuTaMU JJIs U3MepeHMs ITOCTOSIHHOM Bepae npo-
3payHBIX 00pa31I0B TOMIMHOM 10 10—15 MM sgBaseT-
CSl UHTEPECHON 3a1ayueid.

PMHAHCHUPOBAHUE PABOThHI

HccnenoBanue BBITIOJTHEHO TP Moepxkke Poccuii-
cKkoro Hay4yHoro ¢onmaa (rpant Ne 22-23-00658, https://
rscf.ru/project/22-23-00658/).
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