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Excnepumenmansui 00cnioycenna iHOYyKmMoOpHUX cucmem 01 (pOpmMysanna Kymie 6 i32ibax nucmosux mMemaneeux 3a20mieok,
AKi Oynu npoeedeni, niomeepounu 00CmoGipHicmy pe3yibmamie meopemusyHux 00Ci0HceHb U ,cOOMEEMCMEEHHO, NPAKMUYHY
Ppobomoszoamuicmy 3anponoHO6ARHUX KOHCMPYKUIL IHCMPYMEHMi6 011 6UKOHARHA 3A0AHHOT MEXHON02UYHOT onepayii. Ypaxy-
6aHHA KOHEYHOU NOnepeHol NPOMANCHOCII NOKA3ATl, W0 PeanbHa WUPUHA MOKONPOE000E 3HAYUMEIbHO 3HINCYe aMNIUmMyOu
30y0rcenux noneil ma muckie.

Ilpoeedennvle IKCnepumenmanbiovle UCCIE008AHUA UHOYKMOPHBIX CUCHIEM O (POPMUPOSAHUA Y2108 8 U32UOAX JTUCHIOGLIX
Memanau4yecKux 3a20mo6oK noOmeepounu 00CHO8EPHOCHYy Pe3yibmanoe meopemuyeckux uccie008anuii u, cOOmeemcmeeH-
HO, NPAKMUYECKyI0 0eliCmEeHHOCHb NPEOI0HCEHHBIX KOHCIMPYKUUIL UHCMPYMEHMO0G 0/l 8bINOTIHEHUA 3A0aAHHOI MeXHoI02UuYe-
CKoll onepayuu. Yuém KoneuHoii nonepeynoil npomaA3cEHHOCMU NOKA3al, YMo PeanbHas WUPUHA MOKORPOB80O06 3HAYUMENbHO

CHUCAem amnaumyosl 6030ycoaemplx nojeil u 0aeieHul.

Ipocteie u 3PPeKTHBHBIE KOHCTPYKIHUU HHCTPY-
MEHTOB JJI1 MarHUTHO-HMITYJbCHOH (DOPMOBKH YETKHUX
VIJI0B B HM3TH0AaX METAIUTMYECKUX IJIMCTOB TIPEATIOKCHBI
aBTopamu pabotsl [1]. IIpoBencHHBIE BBIYUCICHHS I10-
3BOJIIJIM TEOPETHYECKH OOOCHOBATH NIEHCTBEHHOCTH O/I-
HOBHUTKOBBIX COJCHOWIOB NPSIMOYTOJIBHON (OPMBI B HX
Pa3NAIHBIX MOJU(PHUKAINA.

Teopernueckne wuccieqoBaHUS TPEOYIOT AKCIEPH-
MCHTAJIbHOT'O MMOATBECPKACHUSA.

Kpome Toro, B mutupyemoii paboTe TOKOMPOBOJIBI
HH}IyKTOpHOﬁ CHUCTEMBI II0Jarajuchb JOCTATOYHO TOHKMH-
MH, XOTA U3 (PCHOMCHOJIOTUYECKUX COOOpaKeHH oue-
BHJHO, YTO IIONCPEYHBIC pa3Mepbl HCTOYHHKOB OIS
JIOJDKHBI BIIMSITH HAa TIPOLECCHl BO3OYXKAEHHS 3JIEKTPO-
MarHUTHBIX ToJiel. OYeBHIHO, YTO JOJDKHBI H3MEHUTHCS
AMIUTUTYABI HAIPSDKEHHOCTH U JABIICHHUH, TOJDKHBI M3Me-
HUTBCS (DOPMBI pacmpeneneHuid U T.4. Beé ato Tpebyer
JOTIOJTHUTEIHHBIX OLIEHOK.

Lenpto HacTosme pabOTHI SBJISAETCS 3KCIIEPUMEH-
TAJIBHOC UCCIICIOBAHUEC OJHOBUTKOBBIX MHAYKTOPHBIX CHUC-
TEM TPSIMOYTOJILHOM reoMeTpuH s (POPMOBKH YIJIOB B
JIMCTOBBIX 3arOTOBKAax M 00OOIIEHHE paHee IOJy4YeHHBIX
pelIeHni I TOHKHX TOKOIPOBOJIOB Ha CIIydaid, Korna
TIoCIIeTHHAE 00J1aJat0T KOHEYHOH POTSHKEHHOCTHIO.

HcTOYHHUK MOIIHOCTH — IKCIIEPUMEHTAIBHBINA CTCH]I,
CHENHANEHO CO3JAHHBIA IS aJeKBATHOTO MOICITHUpPOBA-
HUS pealbHBIX JICKTPOMAarHUTHBIX TporeccoB. Dakrude-
CKH, CTCH] MPEICTaBIseT COO00H MOJIEIBFHYI0O MarHUTHO-
HMIYJIBCHYI0 CHUCTEMY, DPabOTalOmyl0 B CIA0OTOYHOM
pEeXMME MHOTOKPAaTHOTO IIOBTOPEHHUS pa3psIHBIX HM-
ITyJIECOB, CIEAYIOUINX C 9aCTOTOW, KpaTHOH paboueii yac-
TOT€ HaIpSKEHUs [UTAIOMIE MPOMBIIUIEHHONW CEeTH
(50Tm, 25 T'u u 1.1.). [lepuonnyecku MOBTOPSIOMIASCS
KapTUHKA pa3psiaa GOpMHUpYeTCs B yCTOWYHMBOE CTalMO-
HapHOe n300pakeHWe Ha 3KpaHe ocuwuiorpada (anano-
rust co crtpobockormmueckuM 3 dexrom!). CTeHI TO3BO-

JISIET TPOBOJUTH HEOOXOTUMBIC M3MEPCHHS IMPH HU3KHX
HATIPSOKCHUSAX U OTHOCHTEIBHO MaJbIX TOKaX B 00BEKTaX
nccienoBanus [2].

W cTOYHUK MMITyJTBCHOTO MAarHHTHOTO TOJNS — TIpO-
TSOKEHHBIM  OJIHOBUTKOBBIM COJIEHOMZ MPSMOYIOJIbHOU
hopmer. OmHOI M3 CBOMX CTOPOH OH OOpaméH K yriy B
JINCTOBOM AQJIIOMUHHUEBOM 3arOTOBKE C OJIHHUM HM3THOOM
(puc. 1). E€ Tommmua — 0.001m. Pa3mepsl mimockocrteit
OJIMHAKOBHI M paBHBI, cooTBeTCTBEHHO 0.2 % 0.06 M.
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Puc. 1. DxcnepumeHTanbHas CHCTEMA!

a) CXeMaTH4ecKoe N300pakeHHE HCCIeayeMOoil HHIYKTOPHOH
CHCTEMBI B aKCOHOMETPHH; 0) TIONIEPEYHOE CEUCHHE
HHIyKTOPHON CHCTEMBI B 30HE H3MEPEHHH;

1 — u30THYyTas JINCTOBAsI 3aTOTOBKA, 2 — COOCTBEHHO HHAYKTOP,
3 — reHepaToOp CHHYCOHJAIBHOIO TOKa, 4 — M3MEpHUTENIbHbIC
KaTyIICYHbIC 30H/BbI, 5 — ocuIorpad

Jns 0HO3HAYHOCTH BBIBOZOB B M3MEPEHHUSX Mep-
BOHAYaIbHBIA yron OblI BeIOpaH cTporo mpsmeiM. [lo-
CJIEAYIOIINE SKCIEPUMEHThI MPOBOAMUINCH C JIHCTOBBIM
METaJIOM, MEPHEHAMKYISPHBIE IIOCKOCTH KOTOPOTO B
o0xacty u3rnba COWICHSUTUCH C 3aKPYTIICHHEM II0 PaIHy-
cy = 0.01 m.

OKCrepUMEeHTalIbHas MOJETb HHAYKTOpa ObLIa BBI-
MOJHEHa W3 MenHoro mposofgHuka auamerpoM 0.0015 m.
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Pa3meps! BUTKa BBEIOMPATIMCH TaK, YTOOB! HCKITIOYUTD BITHS-
HHUE KpacB JHMCTOBOTO METAUIa M KJIEMM IOIKIIFOYEHHUS TO-
KOIIPOBOJIAa K MCTOYHHKY IMTAHHS Ha PE3yJbTaThl UCCIICIO-
Bammit. Pasmepsr comenomma: 0.15 x 0.02 M*. Vi3smeperus
NPOBOJIMJIMCH B 00JIACTH, COOTBETCTBYIOIICH CpeIHEN YacTh
ATIOMHHHEBOT'0 JIUCTA (M, COOTBETCTBCHHO, BUTKA).

Ha Bx0J WHIyKTOpa mMomaBajics TOK C BPEMECHHOM
3aBHCHMOCTBIO B BHJIC IKCHOHCHIMAIBHO 3aTyXaromeit
CUHyCOHUBI ¢ 4acToToi f ~ 33 k['l ¥ OTHOCHTEIBLHBIM
JeKpeMeHTOM 3aTyxaHus o ~ 0.15.

W3mepurenbHbIe 30HIBI MPEACTABILIM COOOH Ka-
TYIIKA U3 JOCTATOYHO TOHKOTO ITPOBOJIAa, HAMOTAHHBIC HA
JURJIEKTpUYeckue moJjiockl ¢ mupuHod g0 ~ 0.01 M u
tommuuHoH 10 ~ 0.00025 M. CoOTBETCTBYIOIIKE PACUETHI
U KOHCTPYKTUBHBIE OCOOCHHOCTH H3MEpPUTEIHHBIX 30H-
JIOB OITUCaHBI B [2].

Karymkn pacrnomaranuch MepreHANKYIAPHO Kaca-
TEJNBHOW KOMIIOHEHTE BEKTOpa HANPsHKEHHOCTH MAarHHT-
HOTo 1oJisi, BOOJIb oceil OY u OZ, COOTBETCTBEHHO, MEXK-
Iy TOKONPOBOJAMHM BHTKAa M IIIOCKOCTSMH JINCTOBOTO
Metaia. B 30He u3MepeHus nomnepeyHblil pa3Mep HaMOT-
ku He nipeBbimal = 0.001 m.

CI/IFHaJ'l C O6MOTKI/I HU3MEPUTCIIBHBIX 30HAOB I1OJa-
BaJICs Ha BXOJ ocIimiuiorpada.

KoHkpeTHO! 1e/bl0 NMPOBOAUMBIX 3KCIIEPUMEHTOB
SIBIIOCH ONPEICTICHUE XapaKTEPUCTHUK ITOJI U, COOTBET-
CTBCHHO, IUIOTHOCTH TOKa Ha IMOBEPXHOCTSAX JIMCTOBOW
3aroToBku. [1o TaHHBIM ITUX H3MEPCHHUN MOXKHO CYIUThH
0 TIPOCTPAHCTBEHHOM pACIPENCIICHNH CHJI MAarHUTHOTO
JTABJICHUS B YTIOBOM 30HE M30THYTOTO METAJlIA.

[lepBas rpymma 3KCTIEPUMEHTOB OBLTAa IOCBSIICHA
HM3MEPEHUSAM B Cllydae, KOT/Ia INIOCKOCTh BUTKAa MHIIYKTO-
pa CTpOro KOMIUIaHApHA IUIOCKOCTH TOPU3OHTAIBHOM
IUIOCKOCTH yTJIa.

Pe3ynbraTsl U3MepeHuii IpeACcTaBIeHbl Ha pucC. 2.
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Puc. 2. IlpocTpancTBEHHOE pacHpeAeIeHus] MOy
OTHOCHTEIBbHOM BEMUMHBI KaCaTeNbHOH KOMIOHEHTEI
HanpsHKEHHOCTH MarHUTHOTO TIOJIS HA YTIIOBBIX ITOBEPXHOCTSIX
H30THYTOTO JIMCTA, (HOPMHUPOBKA IIPOM3BOAMIACE HA
MaKCHMAaJbHOE 3HAUCHUE HAIPsHKEHHOCTH BOJIN3M yTiIa):

a) TOPH30HTAJIbHAS TOBEPXHOCTH; 0) BepTUKAIbHAS
[IOBEPXHOCTb.

W3 pe3ynbTaToB U3MEPEHUH ClIEyET.
e B nanHoM BapuaHTe MHIYKTOPHOW CUCTEMBI Ha
TOPH30HTAIFHON IJIOCKOCTH M3TH0a IUIOTHOCTH BO30YXK-

JTaeMOTO TOKa MMEET JBa JIOKAJIbHBIX MaKCHMyMa: Iep-
BBI M3 HHUX PACIIOJIOXKEH BOJHM3M yIiia IMOJ COOTBETCT-
ByfomuM "OmmkHUM" TOKOmpoBogoM (mo3uimst Ne2 Ha
puc. 2a), BTOpoid — moJ "ganbHUM" TOKOTPOBOJIOM TIpsi-
MOYTOJIBHOTO BUTKA (mmo3umms Ne9 puc. 2a).

e Bemuuuna BTOPOro MakCMMyMa IMpEBBIIACT IEp-
BbId B 1.25 pasa, 4To MOXKHO OOBSICHUTBH PACCESTHUEM DJIEK-
TPOMarHWTHOW SHEPrHU MEPBOrO BUTKA Ha BO30YXKICHHE
TIOJIS1 B METaJIe OPTOrOHAIBHOM TIOBEPXHOCTH M3TH0a.

e MaxkcumyMm B030yXJaeMOro Iosst Ha BEPTHKAIIb-
HOM rutockocTH (mo3unmst Ne2 puc. 26) cocrasisier 70% ot
aHAJIOTUYHOTO TTapaMeTpa I moist "'OimpkHero" yria.

YcnoBus IPOBOJMMOTO SKCIIEPUMEHTA NMPAKTHIECKH
COOTBETCTBYIOT PEXHMMY PE3KOr0 IMOBEPXHOCTHOTO 3(-
(exta. I B oOmeHKax 3IEKTPOIMHAMUYECKUX YCHIIHH
MOXHO CYUTATh, YTO AMIUIUTYAbI BO30YXKIAeMbIX CHII
JTABJICHUs] OYAyT IPOMOPLIHUOHANBHBI KBaJpaTaM aMILIH-
Ty COOTBETCTBYIOIIUX KOMIIOHCHT HaHpﬂ)KéHHOCTI/I mar-
HHUTHOT'O TI0JISI.

[pumeyanue. OTHOIIEHHE MAKCUMYyMOB HANPSDKEHHOCTH ITOJIS
mpu yrie HakinoHa = 15° u = 0° cocraBisiet ~ 0.84.

Takum 00pa3om, B yrJIOBOI 30HE Ha FOPHU3OHTAIIb-
HYI0 W BEPTHKAJIBHYIO IUIOCKOCTH OYIyT IeHCTBOBAThH
CUJIBI, OTJIMYAIOIIMECS TI0 aMIUTUTY/IE TToUTH B 2 pasa. Mx
PaBHOJICHCTBYIOIIAS C TOYKOH INPHIIOXKEHHS, COOTBETCT-
ByIOIIIEH MakCUMyMaM HaInpsHKEHHOCTH (IiepecedeHre
npsMBIX 110 no3utmsiM Ne2 Ha puc. 2 a,0), Oyaer Hamnpas-
JIeHa HE B CTOPOHY COOCTBEHHO YIJIa, a CO 3HAYNTEIbHBIM
CMEIICHUEM B/I0JIb TOPU30HTAILHOM INIOCKOCTH.

Ha metann ropu3oHTaNBHOM MOBEPXHOCTH B O0JIaC-
Tn "manpHEro" ToKompoBoaa (mo3umms Ne9 puc. 2a) Oy-
JIeT AEeWCTBOBATh JABJIICHHWE C aMIUIMTYAOM, NPEBBIIIAO-
I MaKCUMYM B YTJIOBOH 30He (mo3unins Ne2 puc. 2a ) B
1.56 pas.

B nenom, Hambonee CymIeCTBEHHBIM HEIOCTATKOM
WCCJIEOBAaHHOW KOHCTPYKIIMM HWHIYKTOPHOM CHCTEMBI
SIBJISIETCSI BO30Y KAE€HHE CHJI IaBJICHHS Ha JINCTOBYIO 3aro-
TOBKY BHE 30HBI, I'71e TpeOyeTcsi opMOBKa YETKOTO yria.

YceTpaHuTh NaHHBIM HENOCTAaTOK NHPU COXPAaHEHUH
MMEHHO OZIHOTO COJIGHOM/IA, TO €CTh, CHU3UTh aMILTHTYIbI
CHJI JaBJIECHUs BHE 3aJaHHOM O0JacTH, MOXKHO, €CIH
IUIOCKOCTh BUTKA MHAYKTOpPA PACIOJIOKHUTH MOJ HEKOTO-
PBIM YTJIOM K TOPHU30HTAJIBHON IIOBEPXHOCTH U3THOA.

Kak cnenyer u3 ¢u3nyeckux COOOpaKkeHUi, mnpu
YBEJIMYEHUU DPACCTOSHUSA OT TOKONPOBOAA 10 MeTajuia
JOJDKHa MaJaTb aMIUIMTYyJa MarHuTHOIO IoJjid Ha €Tro I10-
BEepXHOCTH. JIeHCTBUTENBHO, 3TOT (DAKT MMOATBEPKAACTCS
Ha npakTuke. B 30He mox "nansHuM" TOKOTIPOBOJIOM (T10-
sunus Ne9 puc. 3a) BennurHa HaNpPsDKEHHOCTH CHUKACT-
cs1 Oosee ueM B 4 pasza. A cuia JaBJIE€HHS yMEHbIIAeTCs,
COOTBETCTBEHHO, B 16 pa3. OTMeuaeTcss TakKe CABHT I10-
JIOKEHUH MaKCHMyMOB BOJIM3H yIia K €ro LEHTPY.

AMIITUTYJa KacaTeJIbHOM KOMIIOHEHTBI BEKTOpa
MarHuTHOTO TOJII Ha BEPTHKAIBHON IUIOCKOCTH HM3ruda
Bo3pacTaet moutu B 1.15 pa3 (puc. 30).

PesynbpraThl NpOBEACHHBIX H3MEPEHUM HHAYKTOPA
WHUIUHUPOBAIN OKCIICPUMEHTHI C ﬂaﬂbHeﬁLﬂHM yBEJIH4C-
HUEM YyTJia HaKJIOHaA IJIOCKOCTHU BUTKA. ECTeCTBeHHO, 4qTo
€ro yBEIMYEHHE OIPaHHMYEHO 3HaueHueMm ~45°. Jlamb-
HEWIIMHA POCT NPUBOJMUT IIPOCTO K IEPEMEHE MecTaMu
ponel TOpPU3OHTAIBbHOW U BEPTUKAIBHOM IIOCKOCTEH
n3ruba B mpouecce Bo30YXKJICHUS! BUXPEBBIX TOKOB B Me-
TaJlIe JINCTA.
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Puc. 3. Monynb OTHOCUTETIBHOM BEIMYHUHBI KacaTeNbHOMN
KOMITOHEHTHI HANPSHKEHHOCTH MArHUTHOTO TOJIS TIPH YT7Ie
HaKJIOHA MIOCKOCTH BUTKA K TOPU3OHTAIBHOM MOBEPXHOCTH
~15°, (HOpMHPOBKA MPOU3BOIIIIACH HA MAKCUMAJILHOE
3HAUCHNE HANPSHKEHHOCTH BOJIN3M yIJIa): a) TOPU3OHTANbHAS
TIOBEPXHOCTH; 0) BEpTHKAIbHAS IIOBEPXHOCTD

He npuBozas rpaduyeckux WILIFOCTpAlMi, TPOKOM-
MCHTHUPYEM IOJTYUCHHBIC PC3YyJIbTAThI.

Kak cnenyer u3 m3MepeHuil, mpakTU4ecKH AEUCT-
BEHHBIMH OCTAIOTCS JIMIIb CHJIBI MarHUTHOTO JIaBJICHUS
TOJBKO B 00JIaCTH COOCTBEHHO YTIila, XOTS MX aOCOJIOT-
HBIE BEIWYHMHBI 110 CPABHEHMIO C TOPU3OHTAIBHBIM pac-
MTOJIO’KEHNEM BUTKa CHIDKatoTcsi Oonee gem B 2 pasza. Ho
TMIOJI0KEHHUST MAKCUMYMOB TOJISL M CHJI CIBUTAIOTCS K IIEH-
TPy yIila, a UX BEIMYHHBI BBIpaBHHMBAIOTCA. B nmanHOM
KOHCTPYKTHBHOM HCIIOJIHEHUH HWHIYKTOPHOH CHUCTEMBI
MOXHO OXKHAaTh, YTO PABHOJECHCTBYIOIIAs IMOHIECPMO-
TOPHBIX CWJI, JCUCTBYIOIUX HA OPTOTOHAJIbHBIE IOBEPX-
HOCTH u3ruba, OyJeT HarpaBiieHa CTPOro B ero LeHTp. B
KOHEYHOM HTOre, BO3MOXHO MPAKTUYECKOE IIeJICHAINpaB-
JICHHO€ MarHWTHOE JIaBJICHHE MMEHHO B YTOJI M, KaK pe-
3yJIBTAT, €ro 4éTkas GopMOBKa.

HenocratkoM OJHOBUTKOBOW HMHIYKTOPHOW CHCTe-
MBI C HAaKJIOHHBIM COJICHOWIOM SIBISETCA JOCTATOYHO
ciabasi 3JIEKTpOANHAMHUYECKAs CBSI3b TOKA BUTKA M TOKA,
MHIyIUPOBAHHOTO B MeTayuie jucra. Kpome Toro, roctu-
pOBKa COJIEHOH]1a, 00ECIIEUNBAIOIIETO MATHUTHOE [aBlic-
HHE CTPOTO 10 LEHTPY yIJia u3ruda, JOCTaTOYHO CIIOXKHAS
IpaKkTU4ecKas 3agaya.

Heob6xoaumMocTh FOCTHPOBKH OOYCIIOBIIEHA HEOOXO-
JMMOCTBIO CUMMETPHHU KaK TeOMETPUYECKOU, TaK U dJIeK-
TPOIMHAMHUYECKOM, OTHOCHTENIBHO OucceKTpucchl (op-
MyeMoro yrina usruba. Hapymenue stoli cummerpun
MIPUBEAET K MEPEKOCY aMIUIUTY/ BUXPEBBIX TOKOB, BO3-
OyXIaeMbIX B METajUle YIJIOBBIX INIOCKOCTEH, KaK Clea-
CTBUE, K MU3MEHEHHIO HalpaBJICHUS PAaBHOAECHCTBYIOLIEH
3NEKTPOANHAMUYECKOTO JIABJICHNUS W K HCKaKCHHIO pe-
3yJIbTaTa MarHUTHO-UMITYJIbCHOTO BO3IEHCTBUSI.

Bonee ycroilunBOi IO OTHOILIEHUIO K IOJIO)KEHHUIO
HUCTOYHWKA TOJS M Oosee 3PPEKTUBHON C TOYKU 3PEHUS
BO3MOJXHBIX aMIUIMTYJ CHUJIOBOTO B03ﬂeﬂCTBHH SABJISACTCA
HHAYKTOpHasA CHUCTEMAa CO CHApCHHBIMU HAKJIOHHBIMU
cosieHouaamHu (puc. 4, morepevyHoe ce4eHHe BBEPXY).

KoHCTpyKTHBHO, Takasi CUCTEMa BBINOJIHSIETCS B BU-
Jie IByX IpPOTSHKEHHBIX NMPSIMOYTOJBHBIX BUTKOB, PAacIio-

JIOKEHHBIX MO 3aJaHHBIM YIJIOM APYT K ApYTYy (COOTBET-
CTBEHHO, KaXIbIi BHTOK OyJeT MMETh ONpeAeIEHHBIH
HaKJIOH K CBOEil moBepxHOCTH u3ruda). Baoss onHoii u3
JJIMHHBIX CTOPOH BUTKH COCAUHAIOTCA MCEXaHHUYCCKU.
DJIEKTPUYECKUI KOHTAKT MOXET ObITh, 2 MOXET U He
ObITh. B 3aBHCHMMOCTH OT cItoco0a NX BKIIOUSHUS (MEXIY
co00i1!) 1 MoKIIIOYEHHsI K NCTOYHUKY MOIITHOCTH, BUTKU
MOTyT 00Opa3oBBIBaTh IapajUle]ibHbIE MM IOCIIEI0Ba-
TEJIbHBIE KOHTYpa.

[Ipn mocnenoBaTenbHOM NOACOEIWHEHUH BHTKOB
BEJINYMHA TOKAa B IIEHTPAJIHHOM TOKOIPOBOJIE y/IBAHBACT-
cs1. [To mpoTsKEHHBIM MapauIeNbHBIM BETBSIM OyJeT Mpo-
TeKaTh TOKOBBII UMILYJIbC C aMIUIMTYAOM, PABHON aMILIH-
TyJe TOKa UCTOYHMKa. B 1enom, adpdexTuBHOCTS HHIYK-
TOpHOﬁ CHUCTEMbI ITPU TaKOM COCIUHCHHWU BUTKOB CYIIEC-
CTBEHHO BoO3pacTaeT (MoYTH B 4 pa3a MO CPaBHEHMIO C
MPEAbLIY MM BAPHAHTOM UX BKJIIOYCHUS).

Crenyer OTMETUTb, YTO HEYTO MOJIO0HOE B BHJE OT-
JISNIBHBIX TPSMOYTOJNBHBIX KOHTYPOB, HMEIOIINX OJIHY
0O0IIyI0 CTOPOHY, TPeIaraiochk aBTopamu [2] A mram-
TTOBKHU M3JIENINH W3 TOHKOCTEHHOW MemHoW Qonpru. UH-
CTPYMEHTHI TaKOTO poja OBLTH MMU Ha3BaHBI KaK "MHIYK-
TOPHBIE CHCTEMBI CO CTIApEHHBIMH TOKOTIPOBOJIaMH ",

PesynbpraThl M3MEpEHUH HANPSKEHHOCTH MAarHUTHO-
TO MOJIS B IIPOCTPAHCTBE MEXIY TOKOIIPOBOAAMH HMHIYK-
TOpa U MOBEPXHOCTAMU JIMCTOBOM 3arOTOBKH MMPUBCACHBI
Ha puc. 4. BUTku BKIIIOYaJIHCh MOCIEIOBATENBHO U Ma-
payienbHO. YTOJ HMX HAakKJIOHA K COOTBETCTBYHOIIUM
IUIOCKOCTSIM COCTaBIIsII ~15°.
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o 1 2 3 4 5 6 7 8 9 W0 11 12 13 14
Puc. 4. UanykropHas cructemMa M MOy Ib OTHOCHUTEIBHON
BEJINYMHBI KAacaTENbHO KOMIOHEHTHI HANPSHKEHHOCTH
MarHUTHOTO TIOJISI Ha YTJIOBBIX TIOBEPXHOCTSIX M3rnoda
METaJUINYECKOTO JIUCTa (HOPMUPOBKA IIPOM3BOMIACE HA
MaKCUMYyM HanpspKEHHOCTU BOIM3HU yriia, Ho3uLus Ne2)

W3 u3mepenuil cienyer, 4To B MCCIEAOBAHHON WH-
JIyKTOPHOM cucreme

® MPOCTPAHCTBEHHOE pacHpe/esieHre KacaTeIbHOM
COCTaBJISIONICH HANPSHKEHHOCTH MArHUTHOTO MOJiss o0ec-
MEYMBACT pacIpeielIeHUe CWII JIaBJICHUS, HEOOXOIMMOE
Ut (QOPMOBKH JTOCTATOYHO YETKHUX YIJIOB B 30HE M3ruba
JINCTOBOW METaJUTMYECKOM 3arOTOBKHU;

® PaBHOJAEWCTBYIOLIAsl CUJI MarHUTHOI'O JaBJCHHUS,
BO30YXkIaeMbIX B paboueii 30He, OyneT HampaBlieHa CTPO-
TO B IEHTP (OPMYEMOro yriia, a €€ aMIUIUTya IIPEBhIIIa-
eT 0ojiee yeM Ha TOPSAJOK aHAJOTWYHBINA MOKa3aTelb CH-
JIOBOT'O BO3IICHCTBHUS BHE paboUeii 30HBI;
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® TpU TIOCIEIOBATEIILHOM COCIMHEHHH BHTKOB
HHJIyKTOPHO#M CHCTEMbI CYILIECTBEHHO BO3pacTaeT dpdek-
TUBHOCTbh CUJIOBOT'O BO3JIEMCTBUS 3a CUET yABOCHUS TOKa
B IIEHTPAILHOM TOKONPOBOJE, PACIOJI0KEHHOM BIOJIb
JIUHUK U3ruoa.

Kak Oputo paHee yka3aHO, B TEOPETHUYCCKOM pac-
CMOTpPEHHUH, BBIOJHCHHOM aBTOpaMu pabothl [1], Toko-
MPOBOJIBI MHIYKTOPHOW CHCTEMBI IOJIATaIiCh JOCTATOY-
HO TOHKHIMU.

Js Gonplei MIUTFOCTPAaTUBHOCTH B OTIMCAaHHUH Clie-
IYIOIIMX SKCIIEPUMEHTOB NPUBEAEM PE3YJIbTaThl pacyé-
TOB JJIEKTPOMATHUTHBIX XapaKTEPUCTHK, YIUTHIBAIOIINE
HX BO3MOXKHYIO KOHEUHYIO IPOTSDKEHHOCTH [3].

He ocranaBnuBasch Ha IMOBTOPEHUUN TPHUBHUAJIBHBIX
nporenyp BeruucicHus Dypbe-00pa3oB BO30YKIAFOIINX
TOKOB BBHINUILEM U3 paboThl [3] aHATUTHYECKOE BBIpaXke-
HUE JJIs KacaTeIbHOW KOMIIOHCHTHI HANPsHKEHHOCTH Mar-
HUTHOTO TIOJISI HA TOPU30HTAIBHON MOBEPXHOCTH U3ruba
JIUCTOBOW 3arOTOBKH Iipu [ = /.

© —x
Hg(y,z=0):£ex.{sin(y[l+2ahj}sin(y.2ahj_
il D H
a *}(;jsmoc ) a+b D . b
N sin| y| 1+ +=cosa ||-sin| y-— | |dx
b 2h  h 2h

Hy(t,y,z =0)

(o)
n-a

MarHuTHOE JaBlIeHHE Ha TOPU3OHTAIBHYIO TTOBEPX-
HOCTB IIJIOCKOTO YTJIa TaKXKe MOXeET OBITh pacCYMTaHO C
TOMOIIBIO BBIpakeHus (1).

Ha puc. 5 npuBeneHsl rpapuuecKue WILTIOCTPAIMH
SKCIICPUMEHTAIBHBIX M PACUETHBIX PE3YJIbTATOB IIPO-
CTPAHCTBEHHOT'O pPACHpPEACICHHUS HANPsHKEHHOCTH YIS
uHAyKTOpHOU cucteMsl ¢ a = 0.005, D =0.02, b= var,
o =var. 3HaucHUs HANPsHKEHHOCTH HOPMHPOBAJKCH Ha
BEIMYUHY €€ pacyéTHOTO MaKCHUMyMa [T TaHTCHIHAJIb-
HOW KOMITOHEHTHI Mol "OmmkHero" TokompoBoga. To
€CTh, Ha IpauKaxX MPUBEICHBI 3aBUCUMOCTH IS

g0 My
».z :

»(1)

rue Hg(y,z:O)z

Puc. 5. Pacnipenenenue TaHreHIIMAIbHOW KOMIIOHEHTBI
HaIpsHKEHHOCTH MAarHUTHOTO T10JISL BJIOJIb TOPU3OHTAILHON
[MOBEPXHOCTH YIJIOBOT'O M3ruba JIMCTOBOM 3aroTOBKH,

paccunurtanHoe 1o popmye (1),
—® " pe3ynbTaThl U3MEPEHUH.
a)a=0°%b=2a;0)a=0°%bh=3-a;B)a=15°,b=3-a.

Ha ocHOoBaHMM pe3ynbTaToB pacyeTa M 3KCIEPHMEH-

Ta MOYKHO CKOPPEKTUPOBATh BBIBOJBI MPEAbIAYIIEH Haca-
JM3alUK, CHCNaHHBIX 0e3 y4yéra KOHEYHOH MomepevyHon
MPOTHKEHHOCTH TOKOIIPOBOJIOB UHYKTOPA.

o  AMIUTMTY/BI BO30YXKIAEMbIX TOJICH U ABJICHU,
JIEHCTBUTENIBHO, CHUIKAIOTCA C POCTOM IPOTSKEHHOCTH
ToKomnpoBoaa. OUeBUAHO, YTO O ¢ OoJiee BBHICOKHMHU
HATPsOKEHHOCTSAMHU BO30YXKIAIOTCA TPU CTPEMIICHUH K
HYJIIO OTHOILLEHUS! IIHPUHBI U PACCTOSHUSA 10 HPOBOIS-
IIEH IIOCKOCTH.

e DKCIIEPUMEHTATBHO TOATBEPKICHO, YTO B CITy-
yae KOHEYHOM IIMPHUHBI TOKOIPOBOJIOB IPEBBIIICHUE
BTOPOI'O0 MakCHUMyMa HaJ IEPBbIM KakK JUIsl HalpsKEHHO-
CTH, TaK U JIaBJICHUS CYILECTBEHHO HIKE, YEM B Cllydae
TOHKHX MPOBOJTHUKOB (puc. 5a).

e Pe3ynbraThl U3MEPEHUN IOKA3bIBAIOT, YTO IIPH
HEU3MCHHOU mupuHe "OJIMKHEro" TOKOMPOBOJA YBEIH-
YeHHe IHUPUHBI "JallbHEro" NpUBOJUT K BeCbMa OLLYTH-
MOMY CHMKEHMIO HAINpPSKEHHOCTH U CUJI JABJIEHUSI C €ro
cTOpOHBI (puc. 50).

® JleiicTBUTENIFHO, KOMOMHUPOBAHUE YIJla HAKIIO-
HAa IUIOCKOCTH, B KOTOPOH PACHOIOKEHBI TOKOIPOBOABI, U
HIMPHUHBI "NaNbHEro" TOKONPOBOJAA MO3BOJSET PEan3o0-
BaTh JIOBOJIBHO BBICOKUIN YPOBEHb KOHIIEHTPALUH HOJIS U
CHJI MAarHUTHOTO JIABJICHHS B YIJIOBOM 30HE M30THYTOTO
METaJUIMIECKOTO JTUCTa (pHC. SB).

BbIBO/IbI

1. TIpoBeneHHBIE SKCHEPUMEHTANBHBIE HCCIIEIOBA-
HUSI MHIYKTOPHBIX CHUCTEM Iyl (POPMHUPOBaHHs YIIIOB B
M3rudax JHMCTOBBIX METAIIMYECKUX 3aroTOBOK IMOJTBEP-
JIAII  IOCTOBEPHOCTh PE3YJIbTATOB TEOPETHYECKUX HC-
CJICZIOBaHUI M, COOTBETCTBEHHO, MPAaKTHUECKYIO IEHCT-
BEHHOCTh TPE/IOKECHHBIX KOHCTPYKIMA HHCTPYMEHTOB
JUTSL BBITIOJTHEHYSI 33JAHHOM TEXHOJIOTHYECKOH OTIepaIyy.

2. Kak mokazanu W3MepeHus, MpH IOCIeI0BATEIIb-
HOM COEIMHEHHH BUTKOB MHIYKTOPHOW CHCTEMBI CO CIia-
PEHHBIMH HAKJIOHHBIMH COJICHOMJIaMH CYIIECTBEHHO BO3-
pacraet 3G GEKTHBHOCTh CHIIOBOTO BO3ICHCTBHS 3a CUET
YABOEHHSI TOKAa B LEHTPAIFHOM TOKOIPOBOE, PACIO0-
KCHHOM BJOJIb JIMHUU H3TH0A.

3. Yuér KoHeuHO! MonepeyHoi NPOTSKEHHOCTHU I0-
3BOJIIET CKOPPEKTHPOBATh BBIBOJBI [UIS HICaln3alun
JIOCTaTOYHO TOHKHX TOKOIIPOBOZOB MHIyKTOpa. VX pe-
aNbHas MIMPUHA 3HAYUTEITHHO CHIDKACT aMIUTUTYABI BO3-
OyXK1aeMbIX MOJICH U TaBJICHUH.
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