3.3.4A DOPEKT XOJI1A B NMOJIYMNPOBOAHNKAX

Iesns paboThI: n3MepeHne MOABUZKHOCTH W KOHIEHTPAIMY HOCUTE el 3apsia B MOJLYIIPO-
BOJTHUKAX.

B pabore ncnoab3y0Tcsd: 3JeKTPOMATHAT € PETYJIRPYEMBIM HCTOTHUKOM TUTAHUS; BOJTBT-
MeTp; aMIIepMeTDP; MUJTHAMIIEPMETD; MUJLTUTECTaMeTP; HCTOYHUK TUTAHUA, 00Pa3Ibl JIETHPO-
BaHHOI'O I'epMaHus, IIPOrPaMMHOe 0DeCcIIeYeHue.

[Tepest BoimotHEHIEM PAOOTHI HEOOXOIUMO O3HAKOMUTHLCSA C OCHOBAMU 3JIEMEHTAPHOI Teopun
JIBUZKEHWsT HOCHTe el 3apsijia B MeTa/iaX W HOJIyPOBOAHUKAX (1. 4 BBEJEHHUS K pasieny).

Bo BHemHaeM MarauTHOM ToJie B Ha 3aps/pl JeiicTByeT cuia Jlopenna:

F=qgE+quxB (1)

DTa crmJia BBI3BIBAET JIBUKEHUE HOCUTE e, HAITPABJIeHIE KOTOPOIO B 00IEeM CJIydae He COB-
najaer ¢ E. JleficTBUTE/NBHO, TPACKTOPUU YacTUIl OyyT JinOO UCKPUBIATHCH, JIHOO, €CJIH Te0-
MEeTPHUs MPOBOJIHUKA ITOTO HE IMO3BOJILIET, BOZHUKHET JOTOJHHUTEILHOE JEKTPUUECKOe ToJIe,
KOMITEHCUDPYIOIee MarHATHYIO COCTABJILAIONIYIO ciiibl JlopeHta. Bo3HUKHOBEHME MOTEPEYIHOTO
TOKY JIEKTPUIECKOTO TOJIsI B 00pasiie, MOMENIEHHOM BO BHeITHEe MArHUTHOE TOJIe, HA3bIBAIOT
acpdpekTom Xonna.

Puc. 1: Cupl, geiicTByOIIKMe Ha MOJOKATEIbHBI HOCUTEIb 3apsiia B IPOBOAAIIEH cpele MpH
HAJIMYUU MarHATHOI'O I10JIsI

[TycTtb cucremMa COMEPKUT HOCHTEIHM TOJBKO OJHOIO THIA (HAIPHMED, 3JeKTPOHBI, KaK B
OOJIBITMHCTBE METAJIOB). PaccMOTpuM cjiydail mI0CKOH reoMeTpHH: MyCTh TOK TeYET BJOJIb
OCH T, a MAPHUTHOE TI0JIe HAIIPABJIEHO BJOJIb OcH T (cM. puc. 1). MarHuTHOe noste jeficTByer Ha
JBUKYIHecd 3apdaipl ¢ cuIoi [y, = —qu, B, 1o ocn y. Tox cMoXkKeT Tedb CTPOro BJIOJb OCH T,
ecJI 3apsiJibl B CpeJie epepacipeiesaTcs TaKuM 00pa3oM, 9T00bl TTOJTHOCTHIO CKOMIIEHCHPOBATH
MarHUTHYIO CHJIy, CO3/aB B HANPABJIEHUH Y JJIEKTPHIECKOE T10JIE:

Ey,=u,B, = Jz. . (2)
nq
Ha3bIBAEMOE XOJIOBCKMM (371eCh n — KOHIeHTpalusi Hocuresteii). Ilo ocu x HOocuTesn GyayT
JBHTATLCH TAK, KAK €CJIH Obl MAUHUTHOIO 110/ He ObLI0: j, = 09E,(j, = j, = 0), tne ¢ = qnp
— yJeJIbHAd IPOBOAMMOCTL CPeJbl B OTCYTCTBHE B.
Jliig uccsieJoBaHns 3aBUCUMOCTH TPOBOJMMOCTH CPEJIbl OT MArHHTHOTO HOJIs B JaHHOI pabo-
Te UCTIOIB3YeTcst MOCTUK Xonna (puc. 2). B gaHHO# cxemMe TOK BBIHYZKIAIOT Te4b 10 OCH T BJOJIb
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PI/IC. 2: CxeMa AJId UCCJICA0BaHUA BJANAHNUA MAT'HUTHOI'O IIOJIA Ha HpOBO,ZLHH_[I/Ie CBOfICTBa - MO-
CTUK XOJLJIa

IJIOCKOH MIACTHHKHA (IMUPUHA [IACTHHKE a, Toamuua h, nmmaa [). Cuna Jlopenna, geiicrBy-
IOIast CO CTOPOHBI TEPITEHINKYISPHOTO TIACTUHKE MATHUTHOTO TOJIS, «[TPUOMBAET» HOCUTEN
3apsaa K KpasM o0pasia, 9To CO3MaET XOLIOBCKOE JIEKTPUIECKOe T10/1€, KOMIIEHCHPYIOIIee 3Ty
cuty. Tlonepednoe HalpsizKeHHe MKy KpasMU I[UTACTHHKE (XOJIOBCKOE HANPsDKEHWE) PABHO
U, = Ey,a, rje, COIIACHO ypaBHEeHHIO (2):

Jo

E,=u,B, = — (3)

ng
[LiorHOCTH TOKA, TeKyllero depe3 obpasen, pasua j, = [/ah, rume I — nojuslii 10K, ah —
nomnepevHoe cederue. Takum 0Opa3oM, st XOJJIOBCKOTO HAIPSIZKEHUS TMeeM

B B
U =2 =Ry -2.1 4
+ ngh B 0 (4)
rae KOHCTaHTy
1
Ry = — 5)
"= (5)

HA3BIBAIOT NOCTOsAHHOW Xonna. 3HaK MOCTOSHHOM XO0J1I1a ompeessieTcss 3HAKOM 3apsiaa HOCUTe-
geii. [TpogoabHasg HANPAXKEHHOCTD 3JICKTPUYECKOTO TI0JId PaBHA,

E:v = jx/UO (6)

U 1ajienne Hanpszkenns U = E,l B1oJIb IUTACTHHKA ONPE/IeISeTCs OMIYECKHM CONPOTUB/ICHN-
eM obpasna Ry = l/(cpah):
Uy = 1Ry (7)

Pabora BBIIOIHAETCA TPU IIOMOIIU IIPOrPAMMHOI0 obecliedeHusl, CBI3b ¢ IpubopaMu OCy-
mecTBasgeTcs depes muponoit unrepdeiic RS-232 npu nomomun USB-mopros.

B pabote nzyuaiorcs 0coOeHHOCTH MPOBOIUMOCTH TOTYTPOBOIHAKOB B TEOMETPUH MOCTHKA
Xosna. Tok mporyckaercsd 1o IJIOCKOH MOJIyIPOBOJAHUKOBON IJIACTUHKE, TTOMEIIEHHONR B Tep-
HNEHIUKYIIPHOE MJIACTUHKE MarHuTHoe 1nojie. Vzmepsgercs pa3HocTb MOTEHIIHAIOB MEXKIy Kpa-
JdMU ITACTUHKY B TOTIEPEYHOM K TOKY HampabyeHuu. 11o uamepennsm onpeiensgeTcsd KOHCTAHTA
XoJ1a, TAT TPOBOAUMOCTH (3JI€KTPOHHbINA WM JABIPOYHBIH) W BHIYUCISIETCS] KOHIEHTPATIUS OC-
HOBHBIX HOCHUTEJEH 3apsajga Ha OCHOBE COOTHOIIEHUS:

Ry =—, (8)



rJie M- KOHIEHTpalus OCHOBHBIX HOcuTeselt 3apsjia, Ry -nocrosnnas XoJuia, ¢ - 3aps)i HOCHU-
TeJid.
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Puc. 3: Cxema ycranoBKu jitst uccienoBanusa 3pderra Xoia B MOTyTPOBOTHIKAX

DuiekTpuUecKas cxema ycranoBku s udmepenus /1C Xosura mpesgcrasiena na puc. 3. B
3a30pe JEKTPOMArHuTa (PHUC. 3) CO37a6TCs MOCTOSTHHOE MATHUTHOE MOJIe, BEJIHINHY KOTOPOTO
MOYKHO MEHSITh C MOMOIIBIO PEryJIATOpa MCTOYHMKA MUTAHUS JEKTPOMarHuTa. TOK MUTaHUs
JIEKTPOMArHUTA U3MEPSeTCsI BHEITHUM amiiepMeTpom Al.

['pajiyupoBKa 9JI€EKTPOMArHATA (CBSA3b TOKA ¢ WHIYKIHEH MOJIs) TPOBOJIUTCS MPH HOMOTITH
MIJLJIATEC/IAMETPA Ha OCHOBE JATYNKa XOJLIA.

[MpstmoyronbHBIT 00pasern U3 JIErHPOBAHHOTO T€PMaHUsl, CMOHTHDOBAHHBIH B CIENUAJTBHOM
Jaepxkarese (puc. 3), MOAKIIOYAETCS K HCTOYHWKY MUTaHUs 00pasna. Brob AJHHHON cTOpO-
Hbl 00pa3ia TeYéT TOK, BEJUYUHA KOTOPOTO PEryJIUPYeTcd Ha HCTOYHUKE MUTAaHUs 00pasia u
U3MepsieTcst MEJLIHaMIiepMeTpom A2,

B obpastie, moMeméHHOM B 3a30p 3JIEKTPOMATHUTA, MEKIY KOHTAKTaM¥W 3 u 4 BO3HUKAET
Pa3HOCTh MOTEHIMAJIOB 34, KOTOpasi U3MePSeTCsl C MOMOIIBI0 BOJbTMETpa V.

KonTakThl 3 u 4 BCJIeCTBAE HETOYHOCTH MOANANKH MOT'YT JIe’KATh HE HA OJHONH 3KBHIIO-
TeHnuaau. 'Torna HampsizkKeHue MexKJay HHUMHU CBI3aHO He TOJbKO ¢ 3ddekTom Xosuia, HO U C
OMHYECKHUM TAJeHIEeM HANPAKEHUs BJIOJb IACTUHKU. VICKIIOUUTD 3TOT 3 hekT MOoXKHO, ecin
IpH KAayKJIOM 3HAUEHWH TOKa depe3 00pasell U3MepsiTh HANPsIKeHHEe MeKJIy ToukamMu 3 u 4 B
OTCYTCTBHE MarHuTHOTO 1oJisi. [lpu dhukcupoBaHHOM TOKe depe3 oOpazer 3TO JOMOTHUTE b
Hoe k DJIC Xonna nanpsizkenune Uy octaérest HensmenHbIM. OT Hero ciaeayer (¢ y4éToM 3HAKA)
orcuuThiBaTh Besmunay I/1C Xomna:

U, =Usy — U 9)

[Ipu TakoMm criocobe u3MepeHus: HET HEOOXOUMOCTH ITPOBOJUTH IOBTOPHBIE U3MEPEHUS C HPO-
THUBOIIOJIOYKHBIM HallpaBjeHNeM MAIHHUTHOTO IOJIS.

ITo 3naky U MOKHO OTIPEJEUTH XapaKTep MPOBOJUMOCTHU — JIEKTPOHHBIN UJIN JIHIPOYHBIIA.
g sToro HeOOXOMMMO 3HATH HAIPABJIEeHUE TOKA B 00pa3Ile U HalpaBIeHne MarHUTHOTO MOJIS.



Nsmepus Ttok I B obpasne u nanpskenue Uss Mexk/ly KOHTAKTaMu 3 U O B OTCYTCTBUE
MarauTHOI'O MOJIs, MOYKHO, 3Hasd MapamMeTpbl 00pa3ia, PacCUYuTaTh MPOBOJAUMOCTL MATEPUATIA

obpasma 1o dhopmyie
. U356Lh

£o 7l

rje | — paccrosdnue MexKIy KOHTaKTaMu 3 U 5, @ — IupuHa obpasua, h — ero rojiuna.

(10)

3AJAHUE

B pabore npeniaraercs nccrenoBarh 3aBucuMocTh D/1C Xosuta 0T BeIHIrHB MArHITHOTO MOJIS
[IpHU Pa3HIHBIX 3HAUEHUSIX TOKA depe3 o0paserr sl Olpe ieJIeHnsl KOHCTAHThI XO0J11a; OIpeie-
JINTHh 3HAK HOCHUTEJEeH 3apsma M IpOBOIMMOCTD MaTepHaJa o0pasia.

1. Pabora Oymer cocrosaTh u3 4 dacrTeil: TpaJynpOBKa dIeKTpoMarauTa, uamepenne /10
XoJu1a, oIpe/ie/ieHre 3HaKa HOCHTe ell, u3MepeHue yae/IbHOM TPOBOIUMOCTH.

2. Cobepure yCTaHOBKY COIJIACHO CXEMe Ha PHUC. 3, MOAKIIUATE K BOJHBTMETPY KOHTAKTHI 3
u 4. YoeuTech, 9TO HCTOYHUK MUTAHUA SJEKTPOMATHUTA BBIKJIIOYEH, BKJIIOYUTE aMIIep-
MeTPBl U BOJIBTMETP.

3. Banycrtute nmporpaMmy «ddderTt Xorias.

4. BBenure pamuine B nose «Breaure dbamunnioy, naxmure kiaasuinry ENTER.
1. I'padyuposka srexmpomazruma.

5. st mpoBeieHns rPaIynPOBKY 3JIEKTPOMATHUTA O3HAKOMBTECH € YCTPORCTBOM U MPUHITH-
oM paborsl u3mepuresst MaranTHOi nHayKiun ATE-8702. Texunveckoe onucanue (TO)
PacCIIOIOZKEeHO Ha ycTaHOBKe. BKriounTe nuaMmepure/ib unayknuu knonkoir « POWER»; qe-
pe3 2-3 ceKyHIB MocjenoBaTe bHbIM HaxkaTneM KHOMKH «MODE» ycranoBuTe pexkum
M3MepeHusl B MIOCTOSTHHOM moJie «ap» (M. puc. 2 TO).

CHumure SaH_[I/ITHbeI KOJIIIAYOK C CeHCOpHOIU/I T'OJIOBKHN JaTYHUKa U KOCHHUTECH T'OJIOBKOM
IIOBEPXHOCTH MaTl'HHTa B 3a30pe.

Jlns ynepxkanusi mokazanuit guciiest naxkmure kKHonky «HOLDs: noBroproe makarme
9TOl KHOIKYU BO3BpAIaeT NprOOP B PEKUM U3MEPEHHIT.

6. YcranoBure pydyKH PEryJIMPOBKU MCTOYHUKA NMUTAHUS JIEKTPOMATHUTA B MHHUMAJIbHOE
NOJIOYKEHUE U HAKMUTE Ha KHONKY «['panynpoBka ajmekrpoMarnutay. g nadana sxce-
pUMeHTa HaXKMUTe KHONKY «Ctaprs.

[Tosyunre KagMOpOBOUYHYIO KPUBYIO 3JIEKTPOMAIHUTA: U3MePbTe MAIHUTHYIO WHJLYKIIUIO
MUIJLIUTECIaMeTPOM, MTOJyYeHHOe 3HaYeHne BreuTe B noje «Muayknusy, naxxkMure Kia-
punty ENTER, usmenure Tok nmranust snektpomarauta (Ha b — 7 B). Tlopropure s
15-20 3navenunii ToKka TUTAHUS IJTEKTPOMATHUTA.

7. Tlocne okoHuanus rpalyupoBKu ybepuTe MUJLIUTECTAMETP B KOPOOKY, BHIHINTE B MEHIO
IpPOTrPaMMBbI ¢ TOMONIBIO KIaBUIH «MeHo».

11. Onpedenenue I/1C Xoana.

8. Bcrasbre obOpasern B 3a30p saekTpoMaruauTa. llepeiinnre K onpemenennio DIC Xosra
knonkoit «Onpenenenne I 1C Xosras.
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Bsejure a B mnosie «Bpegure ay, naxkmure kjaapuiry ENTER. Ycranosure pyuku pe-
I'YJINPOBKY UCTOYHUKA MUTAHUS 3JEKTPOMArHUTa B MUHUMAJILHOE MOJIOKEHUE, HAKMUATE
kHOTKY «Ctapry. [logoxkanre, moka ¢ npubopos Oymer mosydeno 15 3nadenwmii.

HeobxoanMo cienTsb 3a X0[I0M NPOrPaMMBbI: MOy YeHUe JTAHHBIX MOZKET OCTaHOBJIEHO TTPU
CJIVIIIKOM OOJIBIIAX 3HAYEHWs TOKA WJIHM MOCJe MOJIydeHus 15 Todek.

Octanosute nponecc KHONKOH «CTony, N3MEeHUTe TOK Ha MCTOYHUKE NUTAHUA ITEKTPO-
marauTa (Ha 8 — 12 B). Bamycrure mosydenne JaHHBIX KHOMKON «HoBoe Hampsizkenmes.
[Tosropure jijist 10-12 3navenuit Toka HA UCTOYHUKE NUTAHUS JJIEKTPOMAIHUTA.

1II. Onpedesenue snaxa Hocumened.

[Tocne okOHYaHWST OCHOBHOTO 3KCIIEPUMEHTA BBIIiIeTe B OCHOBHOE MeHIO ITPOTrPaMMbl KHOITI-
koit «Memntoy. [lepeiiure K onpesesieHnio 3HaKy HOCUTEIEH 3apsiga KHOMKON «3HAK HO-
cuTeseiy.

Onpenenure 3HAK HOCUTeJNeH 3apsiaa B obpasme. s 31oro HeoOXOANMO 3HATH HAIIPAB-
JIEHWEe TOKa 4depe3 obpasell, HalmpaB/IeHne MarHnTHOro mojs u 3Hak 91C Xosa.

Hanpassienne Toka B 0Opa3ie noKa3aHO 3HAKaMu «+» U «-» Ha puc. 3. Hamupasienue
TOKA B OOMOTKAX 3JIEKTPOMATrHUTA IPH YCTAHOBKE paszbéMa K B nosoxkenue 1 mokazaHo
CTPeJIKOH Ha TOpLe MarHuTa.

13mepbre pa3HOCTDb MOTEHIMAIOB 6€3 MATHUTHOIO HOJIsI (YCTAHOBUTE DYUYKU PEryIHPOBKA
MCTOIHHKA MUTAHUSA 3JEKTPOMArHUTA B MEHIMAILHOE MOJ0KEeHHEe, HAXKMUTE KHONKY «be3
noJist» ). T[omaiite HeGosbIoe Hanpsizkenne Ha saekTpoMaranT ( 10 B), HaxMuUTE KHOMKY
«C mosem». 3adukcupyiite pe3ybTaThl.

1V. Hzmepenue ydeavroti nposodumocmau.

BBIK.HIO‘H/ITG UCTOYHUK MMUTaHUA 3JICKTPOMaruuTa, Hepeﬁ):mTe B OCHOBHO€ MEHIO TPpOrpaM-
MBI KHOTIKO#T «Mento». [lepeliiuTe K W3MepeHUIO YAeAbHON IMTPOBOTUMOCTH COOTBETCTBY-
IOITell KHOIKOMH.

Vianure gepKaresb ¢ 00Pa3oM U3 3a30pa JIEKTPOMATHUTA; IMOJKII0UYNTE K Kaemma «U»
u «0» BosibrMeTpa HpoBoJia 3 U 5; BBeAuTE Hapamerpbl 00pa3iia B COOTBETCTBYIOIIHE OIS
(mocsie BBoJa obsizaresibro HaxkaTh Kiaasuity «ENTER»). Beenure L B mosie «Benure
L» u [ B moste «Breaure 1y, nakmure kHonky «Crapts.

V. Obpabomxa pesysvmamos.

[TepeituTe B 0cHOBHOE MEHIO IIporpamMMbl. [Ing nosydenus rpachuKOB U MOCTOSHHBIX U3
9KCIMEPUMEHTa HAKMUTe Ha KHONMKY «O0paboTKa JaHHBIX».

Pazbepurte ycranoBky, Bce MOJydeHHbIE JIaHHbIE W TPaUKN XPAHITCHd B MalKke ¢ Balei
damuneit, coxpanuTe ux cede, HAIPUMeED, HA (DJICIIKY.

VI Bweodu.

Onpeennre XapakTep MPOBOAMMOCTH 00pa3ia (JABIPOYHBI WM SJEKTPOHHBIN) MO Ha-
MpaBJEHNIO TOKA U MO 3HAKY HMOCTOSHHON XoJuia.



19.

Caenaiite BbIBOJ 00 aJIEKBATHOCTH IOy Y€HHBIX KOHCTAHT. [Ipn HeobxomumocTn 0bpabdo-
TaliTe TAHHBIC CAMOCTOSTEIBLHO.

KOHTpOJ’IbeIe BONPOChHbI.

Kakue BeriecTBa Ha3bIBAIOT JIMIJICKTPUKAMHE, ITPOBOJHUKAMH, IIOIyHpOoBOHUKaMu? Yem
00'bsICHACTCS pa3udne UX JIEKTPpHUIeCKHX cBoicTB? Kak 3aBHCUT OT TeMIepaTyphl IMpo-
BOJIUMOCTD METAJLIOB H MOJIYITPOBOJIHIKOB?

. JlaiiTe ompenesierne KOHCTAHTH XoJ/1a. Kak 3aBUCUT KOHCTaHTa XO0JL1a OT TeMIepPaTypPhl

Yy MeTAJLIOB ¥ MOJIYIIPOBOJIHUKOB?
3aBHUCHUT iU Pe3y/IbTaT U3MepeHUs KOHCTAHTHI XO0J/1a OT reoMeTpun obpasia’
3aBHUCHT JIH CONPOTHB/AEHNE 00pa3Ia OT MATHHTHOIO MOJISI B YCJIOBHAX OIBITA!

Kaxk ycrpoen muauBedbepMerp? 3aBUCAT JIU €r0 MOKA3aHWS OT COMPOTHUBJICHWUS W3MEPU-
TeJIbHON KaTymKn! Kakum J0/I2KHO OBITH 9TO COMPOTHUBJIEHHE 110 CPABHEHUIO C COMPOTUB-
JIEHHeM KaTyIIKu npudopa?

ITo pesyabraTaM m3MepeHHii OMEHUTE YaCTOTY CTOJIKHOBEHUI, IIUHYy mpobera u Ko3ddu-
nuenT auddy3un HOocuTe el TOKa B 0Opa3sIie.

HOJIy‘II/ITe BbIpazKeHne KOHCTaHTBI XoJs1a AJId MaTepHuaJioB ¢ ABYyMdA THUIIaAMU HOCHUTEJEN.
Vkazanue: BOCHOJ’IbSyﬁTer ycJjioBuEeM paBeHCTBa HYJIIO IIOIIEPEYHOI'0 TOKA.



