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OneKTpOoHHbIe NPUOOPLI ANs LWKONLHOro y4e6GHOoro
OEeMOHCTPaLMOHHOro 3KCrnepuMeHTa no cgpusmke

AHHOMauyus. B cmamee nodaHa uHhopmayusi 0 CO8PEMEHHbIX MPOMbIWIIEHHbIX y4EebHbIX
npubopax (deMoHCMpayUuoHHOM Myrnbmumempe O] u wkarnbHoM deMoHCmpauUuOHHOM U3-
MepumeribHom ripubope muna U[-2) u camoOesibHOM Ma2HUmMoMempe Ha ocHoge Oam-
qyuka Xonna muna SS495A. O3Ha4eHbl B03MOXHOCMU UX MPUMEHEHUS 8 y4ebHOM OeMOH-
cmpayuoHHOM 3KcriepuMeHme o ¢husuke 8 obweobpaszosameribHoOU WKore.

Knroyeeble crioea: 351eKmMpPOHHbIE NpuUbopbI, WKOMbHbIU OeMOHCMpaUuUOHHbIU 3KCrepu-
MeHm o pu3uke, MemoouKa oby4YeHuUs1 hu3UKU 8 WKore.

Ha cerogHs, B cuny 06 beKTUBHbBIX M CYOBbEKTUBHbLIX MPUYNH, U3yYeHne oumamnkmn B 60nb-
wnHcTBe wkon CHI™ ocywecTenseTca Ha 0CHOBE 000pyA0BaHUS, KOTOPbIM LUKOSbI LeHTpa-
nmn3anpoBaHo obecneumBanuch eule B 70—80-x rogax XX CTONeTus, U KOTopoe B TEXHUYE-
CKOM N MeTOOMYEeCKOM acnekTax ucyepnano CBOM pecypcbl. TO co3aarno npeanocbiku K
TOMY, 4YTO Ans GOMbLUMHCTBA yYalUMXCcsa y4ebHbIn Matepuarn, nsydaembli Ha ypokax u-
3MKW, U OKpYXaloLUN MUP, HAMOSHEHHbLIN COBPEMEHHbIM 0BopyLOBaHMEM U pa3BUTLIMU
TEXHOMOrMsAMU, — pasHble MUPbI, MUPbI, KOTOPblE MEXAy COO0M He nepecekatTCs.

B okpyxatoLem mMupe MHpopmaumio 0 3Ha4YEeHUN (PU3NYECKUX BENNYUH (MacCChl, TEMMe-
paTypbl, BPEMEHMW, BAXXHOCTW, AABIEHNS U OPYTNX) YYEHUKN NPEUMYLLECTBEHHO NOMy4aloT C
MOMOLLIbIO Pa3fMYHbIX LMGPOBBLIX NPUBOPOB 1 KOMMBIOTEPHOM TEXHUKW. Ha ypokax e dounsnku
— C NMOMOLLIbIO paBHOIMIEYNX BECOB, METPOHOMOB, raribBAHOMETPOB 1 APYrMX aHasroroBbIX 13-
MepuTenbHbIX Npnbopos, obpa3ua cepeauHbl NPOLUSIOro Beka, YacTb U3 KOTOPbIX NpeacTas-
NsieT CKOpee papuUTET, HeXenu CPpeacTBO MaMepeHus. bonblUMHCTBY 3TMX NpMbopoB 4aBHO
nopa pasgenutb cyabby norapndmMmyeckon nuHenku, ewe net 30—40 Ha3ag n3yyaBLLencs Ha
ypoKax MaTemMaTuKM 1 O KOTOPOW CErofHs HUYErO He 3HAKT AaXe yunTens ¢ ABaguaTuneTHum
cTaxem paboTbl. Nnn, Hanpumep, HY>KHO NN YY4EHWKY YMEeTb MONb30BaTbCA MEXaHUYeCKUM
LUTAHrEHUMPKYNeM, eCinn pPbiIHOK TOBAPOB HAMOSTHEH 3NEKTPOHHBLIMU, TOYHOCTb U3MEPEHNS KO-
TOPbIX B AECATb pa3 BbllUe, a LeHa HbKEe MeXaHUYeCKnX?

Mbl cynMTaem, 4To BbIBOA OAHO3HAYeH — ydYebHble 3aBedeHUs OOSMKHbI OCHaLlaTbCS
yHMBEpCanbHbIMU UM(POoBbIMM Npubopamun, KOTOpble OTBEYAOT YPOBHIO Pa3BUTUS COBpE-
MEHHOW TEXHUKN, CAHUTAPHO-TMIIMEHNYECKUM U METOOMYECKUM TpeboBaHMsAM, a Takke, Kak
nokasblBaeT OnbIT, TPebYOT MUHMMarbHbIX 3aTpaT BPEMEHN HA X NOArOTOBKY K paboTe.

Mpumepom Takoro npubopa MoOXeT OblTb AEMOHCTPAUMOHHBLIA MynbTumMeTp P, npo-
n3BogMmbin pupmon «YvebHasa TexHuka» (r. PoBHo). MNMpnbop npeaHasHavyeH ons namepe-
HUS NOCTOSIHHOIO U NEPEMEHHOrO HanpPsPKeHUs, MOCTOAHHOIO U NePeMEHHOro anekTpuye-
CKOro TOKa, 3NEeKTPUYECKOro CONpOTUBIIEHUS N SNEKTPUYECKON eMKOCTU, TemnepaTypbl U
4YacTOTbl ANEKTPUYECKNX KoNnebaHun, TeCTUPOBAHUSA NONYNPOBOAHUKOBLIX AMOO0B U TpaH-
31MCTOPOB, NPOBOAMMOCTU AIIEKTPUYECKUX CXEM.

OTnnYnTEnNbLHOM 0COBEHHOCTLIO 4aHHOro Npubopa sABnseTcs ABOMHASA MHOAUKAUMS: Ha
nepegHen naHenu (4Ns y4EHMKOB) pasMeLLEH YeTbipexpaspsaaHbIn XXUAKOKPUCTaNINYECKUI
WHOMKaTOP C BblcOTOM LMdp 55 MM, a Ha obpaTHOM (4Ns yYUTENs) — MHOMKATOP C BbICOTON
undp 20 mm (puc. 1).
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Puc. 1. lemoHcmpayuoHHbIl mynbmumemp Of]

Ha Tow e naHenn pasmelleH nepeknioyaTens Boibopa dyHKunn npnbopa n gnana-
30HOB U3MEPEHUN pusndecknx senmyuH. K otnnumtensHblM OCODEHHOCTSAM OTHOCUTCA
Takke Bbicokas YyBcTBMTENBHOCTL (100 MKB), aBTOMaTMyeckast HgukKaums NoNsipHOCTM No-
CTOSIHHOIO 3NEKTPUYECKOro Toka 1M HanpsxeHus (pexum DC), aBToMaTnyeckast nHaukaums
neperpysku ¢ o6o3Ha4YeHMeM Ha gucnnee «1», BO3MOXHOCTb KOHTPONSA TemnepaTypbl BO3-
ayxa 6e3 ncnonb3oBaHUA BHELHEN TepMonapbl.

Mpnbop KomnnekTyeTcs ABYyMS ONMHHBIMU Pa3HOLBETHBIMW MPOBOgAMU, TEPMONapown
N OBYMS 3aXumamu Tuna «kpokoauny». MNutaHne npubopa ocyLiecTBNsSeTcs OT aBTOHOM-
HOro MCTOoYHMKa Tuna 6F22 («KpoHa») mnu ceTteBoro agantepa CTabunmnanpoBaHHOMO
HanpsbkeHus 9 B.

Mcnonb3oBaHne B y4ebHOM npouecce NogoOHbIX MHOMO(YHKUMOHANMbHbLIX U MHOrO-
npegenbHbIX NpnbopoB co3gaeT onTUMarsibHble YCNoBUA O5si NPoBeAEeHUsA NPAMbIX U3Me-
pPeHNn PU3NYECKUX BENNYMH N COOTBETCTBEHHO, CO34aeT BO3MOXHOCTb U3bexaTb MHOXe-
CTBa KOCBEHHbIX U3BMEPEHUIN, MaTEMATUYECKUX PACYETOB U BbIYUCIEHNIA NOTPELUHOCTEMN.

Hanpumep, npy n3ydyeHnn TeMbl «NEKTPOEMKOCTb NSI0OCKOro KOHAEHcaTopay UCnorb-
30BaHue MynbTuMeTpa O[] no3sonseT gokasatb aMNUpuYeckn opmMyny aAns onpegeneHns
3NEKTPOEMKOCTU NNOCKOro koHaeHcaTtopa. Obuwaa metogmka NnpoBeAeHns AoKa3aTeNbHbIX
AEeMOHCTpaLUm Npyu 3TOM MOXET ObITb CrieayoLLen.

1. NMnacTtnHbl pa3bopHOro 4eMOHCTPALMOHHOIO KOHAEHCaTopa Heobxo4MMOo pacnono-
XWUTb Ha pacCcTosHUM 4 cMm Apyr OT Apyra U NOACOeANHUTb UX NPOBOAHMKaMKN K Npubopy.
Bkntoums npnbop, onpenenvtb 3Ha4YeHUe 3NeKTPOEMKOCTU. YMEHbLUMB pacCToaHME nocne-
AoBaTesibHO B 2 1 4 pa3a, 3apmKcupoBaTb YBENNYEHNE 3HAYEHNSA 3MEKTPOEMKOCTU B TOXE
Xe uncno pas. To ecTb, y6eamTbCcsa B TOM, YTO 3HAYEHUE INEKTPOEMKOCTN 0BpaTHO nponop-
LUMOHanNbHO pacCTOAHNIO MexXay NnacTuHaMM.

2. YCTaHOBMB paccTosiHie Mexay nnactMHamu KoHOeHcaTtopa comsMepumoe C Tor-
LWMHOW NNacTUHbl ANaneKTpuka, ybeamTbca B TOM, YTO NOCHe BHECEHUS OMINEKTpUKa Mno-
KaszaHus npnbopa ysenuuusarTcs. [1pn 9TOM yBenuyeHne nokasaHumin npubnnuanTensHoO oT-
BeYaeT 3HaYeHUI0 ANINEKTPUYECKON NMPOHMLAEMOCTU OAaHHOro AManekTpuka. B kayectse
ANanekTpuka LenecoobpasHo B3ATb ABe NacTUHbL: OAHY U3 0O6bIKHOBEHHOrO (€ = 6-10), a
APYryro U3 opraHu4eckoro ctekna (€ = 3,6—3,9).

3. [1na NnpoBepKM 3aBUCUMOCTU ANIEKTPOEMKOCTU OT Nowaan nnacTuH cnegyeTt naro-
TOBUTb Ba caMoferbHbIX ANCKOBLIX KOHOeHcaTopa 13 ABYXCTOPOHHEro o0rbrmpoBaHHOroO
reTMHakca unm Tekctonuta gunametpom 14,0 n 9,9 cm (nnowaam oTnuyarTes B 2 pasa) u
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npunaaTb K HUM coeauHuTenbHble NpoBoaa. [loacoeamHss noodYepegHo Takme camonenb-
Hble KOHAeHcaTopbl K nNpubopy, MOXHO ybeanTbCs B NPOMNOPUMOHANbHOM 3aBMCUMOCTU
31IEKTPOEMKOCTI OT NroLwaan nriacTuH.

lMocne pgokasaTtenbHbIX 4eMOHCTpaUnin, criegyeTt 3anucatb U TeopeTuyeckn ob6ocHo-
BaTb bopmyny Ans onpeaeneHns eMKOCTU KoHgeHcaTopa.

YacTo Bo BpeMs NpoBeaeHNs IKCNnepuMeHTanbHbIX UCCIeA0BaHUN BaXKHa He Konu4ye-
CTBEHHasa nHopmauusa, a eé nameHeHme Bo BpemMeHu («bornblue — MeHbLUe», «BbbicTpee —
MeAarneHHee», «BO3pacTaeT — yMeHbLUaeTCs», «HarpeBaeTcs — oxnaxagaertcs» u 1. n.). B
cuny cneumguKkn NCUXoNorndecknx n msmonornyecknx pakTopoB, OUCKPETHbBIN XapakTep
paboTbl NPMOOPOB C UNMPPOBON UHAMKALMEN NPAKTUYECKN UCKIIOYAET CYMTbIBAHME UHOP-
MauMM AMHaMU4YEeCKMX napameTpoB. 34eCb NPEMMYLLECTBO 3a aHarloroBbiMM Npudopamu.
CoBpeMeHHble TEXHOMOMMKU peLunnu 3Ty npobrnemy nytem BbiBoga MH(opmauun Ha ceeT-
nognogHble NUHenkn. NMpumepom MoxeT BbiTb YHMBEPCANbHbIN 4EMOHCTPALMOHHBIA n3me-
puTenbHbIN Nprbop WwkanbHoro Tvna V-2, Beinyckaembln TOM XXe prupMOon.

Mpnbop cocTonT N3 namepuTenbHOro 6roka n NnaHenn NHAMKaLMM CO CMEHHbIMM LLKa-
namu (puc. 2). C nomoLubto npubopa MOXHO NPOBOANTb U3MEPEHUSA HAMNPSXKEHUI, CUMbI MO-
CTOSIHHOIO TOKa, CONPOTUBIIEHUSI N €r0 N3MEHEHUS B nNpeaenax, ykasaHHbIX B cregyoLllen
Tabnuue (tabn. 1).

Tabnuya 1
Mpepenbl U3aMepeHnN WKanbHOro AeMOHCTpaLMoHHOro npubopa UM-2

lMocTosiHHOE HanpskeHue, B 0,01;0,1; 1,0; 10,0; 100; 1000
0,005 - 0 -0,005; 0,056 -0 -0,05;
05-0-0,5,5-0-5;

50 -0-50; 500 — 0 — 500
Cuna nocTosiHHOro Toka, MA 0,001;0,01;0,1; 1,0; 10,0. 100; 1000
0,0005 - 0 - 0,0005; 0,05 -0 -0,05;

05-0-0,5,5-0-5.
50 -0-50; 500 — 0 - 500
ConpotuneHune, kOm 0,01;0,1; 1,0; 10; 100
MpupocT conpoTnBneHus 5— 0 -5 geneHunn wkanbl NPy N3MEHEHNAX CONPOTUBIIEHNS
1,2R-R-0,8R

Puc. 2. U[J-2 — anekmpoHHbIlU OeMOHCMpayUuOHHbIU UsMepumernbHbIl npubop wkanbHO20 muna

B npubGope npegycMOTpeHO perynupoBaHve NpeaBapuTeNibHOro 3HauyeHust oT4yeT-
HOro yCTpoWcTBa Ha «0» LuKanbl.
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MpakTnyeckoe ncnonb3oBaHve npubopa nokasano LenecoobpasHoCTb ero NnpumMeHe-
HWA MPU BbINONTHEHNN AMNUPUYECKNX JOKa3aTeNbCTB:

- 3aBWCUMOCTU 3MEKTPUYECKOrO COMPOTUBIEHUS MeTannmMyeckux npoBOOHUKOB OT
TemnepaTypbl;

- 3aBWCUMOCTU 3NEKTPUYECKOro COMPOTUBNEHUS MOSYNPOBOLAHMKOBBLIX PE3MCTOPOB
OT TemnepaTypbl;

- 3aBMCMMOCTM 3NEKTPUYECKOro CONPOTUBIIEHNS (DOTOPE3NCTOPOB OT OCBELLEHHOCTH;

- 3aBUCUMOCTU 3NEKTPUYECKOrO COMPOTUBIIEHUS JANEKTPOSIMTOB OT KOHLEHTpauuu
HOCUTEnewn;

- SIBNEHWNs TEPMOINEKTPOHHOM aMUCCUU;

- BO3HMKHOBeHMEe OPC NHAYKLMKN B NPOBOAHMKE NPY €ro ABWKEHUN B MAarHUTHOM Mose;

- BO3HMKHOBeHMe OPC MHAyKuuKM B KaTyLLKe;

- WHAOYKLMM TOKa B KOHTYPE C MOMOLLbIO KaTyLKN C TOKOM;

3aBUCUMMOCTN 3HaYeHnsa OPC nHOyKuumn B KaTyLlike OT MHAYKUMA MarHUTHOrO Mons,
CKOPOCTM U3MEHEHMS MarHUTHOIO NOTOKA, AfMHbI (KONMYecTBa BUTKOB);

- nNpaswua NpaBon pyKku Ans onpeaeneHns HanpasneHus UHOYKLMOHHOMO TOKa;

- npaswuna JleHua ans anekTpoMarHMTHON UHOYKUUK.

dakTndecku, npnbop cnocobeH cTaTb 3aMEHON aHanoroBoMy rasiLBAHOMeTpy, MeTO-
AVKa MCNoNb30BaHNA KOTOPOro AeTanbHO onucaHa B MeToamyeckon nutepatype [1, 2].

Hannuyme onncaHHbIX Bbile NpnbopoB B KabuHeTe hun3nkm cosgaeT ycrnosus ans npo-
BeAEeHNs1 y4eBHOro akcnepmMMeHTa no 3NeKTpoanHaMmKe C UCNONb30BaHNEM COBPEMEHHbIX
n3mepuTeribHbIX CPEACTB, CO34aloWmMX B yYaLUMXCs AMOLMOHaNbHoe BOCNpUsTMe MaTepu-
ana n yéexaeHne B N03HaBAaeMOCTUN PUINYECKUX SABITEHUI.

CnefnyeT oTMETUTb, YTO NpenogaBaHve OU3NKM He OorpaHnyYnBaeTCca nepevHem obs-
3aTerbHbIX JeMOHCTpauMi, a camu EMOHCTPAUNN HEMNb3a «YNOXUTb» B TOYHO O3HAYeH-
Hble paMKKn NepeyHsa TMnoBoro obopyaosanHund. B psage cnyyaes ucnonb3oBaHue caMmoerb-
HbIX NPUBOPOB M YCTPOMCTB NO3BOMSET HE TOSNTbKO BO3MECTUTb HEAOCTaoLLME NPOMbILLSIEH-
Hble U3genus, HO U 3aMeTHO MOBLICUTb Ka4yeCTBO NpoBeAeHUst y4eOHOro aKcnepuMMeHTa,
pacLmpas Npu 3TOM MeTogndeckne BO3MOXHOCTU yuUTENS.

CeroaHsi 3 oyHKUMOHANbHbIX Y30B 3NEKTPOHHOM TEXHMKWN, KOTOPbIMU HACbILLEH pbl-
HOK paguoToBapoB (ycunutenu, reHepartopbl, AL, nHankatopbl 1 T. 1n.), MOXHO cobpaTb
HECNOXHble AEMOHCTPaLMOHHbIE NPUBOPbI, KaKk C aHaNoroBon, Tak 1 LMdpPOBOM UHOUKA-
unen. OpraHnsaums e BHeKrnaccHom paboTbl No cbopke TakMx YCTPOWCTB Bbl3blBAET MNOBbI-
LLUEHHbIN MHTEpPEC Y yYalumxcs, GoOpMUPYET Y HUX HAYYHYIO N COLMAanbHO-TEXHNYECKYIO KOM-
NMOHEHTbI >XU3HEHHOW KOMMNETEHTHOCTMW.

Hanpumep, coBpeMeHHble TeXHONOrMM obecneynnn mMaccoBoe NpMMEHEHUE BbICOKO-
YyBCTBUTENbHbIX NOMYNPOBOAHMKOBBIX 4aTYMKOB HA OCHOBE raribBaHOMarHUTHbIX ABMEHUA —
AatyunkoB Xonna. LUKonbHbIN e 3KCNepMMEHT Npu U3y4YeHnn anekTpoMarHeTnama npaktunye-
CKun ocTaeTcs 6e3 KONMYECTBEHHbIX 3MepeHnini. PopMMpoBaHME NOHATUS UHOYKUUN MarHuT-
HOro Nons, Kak NPaBMno, NPOUCXOAUT C MOMOLLbIO « MENOBbLIX TEXHONOMMINY.

Ha Haw B3rngaa, NnepcnekTMBHbIMU A1 LUKOSNIbHOTO AEMOHCTPALMOHHONO 3KCNepuMeHTa
ABMSAOTCA MHTErpanbHble Npeobpasosatenu cepumn SS490 ¢ aHanoroBbiM BbIXOAOM. OTK AaT-
YUKW COCTOSAT M3 MONynpOBOOHUKOBOrO anemeHta Xonna B1, audpdepeHumnansHoro ycunu-
Tena DA1 n AByXTakTHOro BbIXOAHOMO Kackaga Ha TpaH3ucTopax pasHon npoogmmocti VT1
n VT2 (puc. 4). QuanasoH n3mepeHnin nHaMkauum MarHUTHOrO Nomns 3aBMCUT OT TUMNa gaTymka
n ona SS495A nexut B npegenax ot -0,064 Tn go +0,064 Tn [3]. B ykasaHHbIX npegenax
BbIXOOHOE HanpshkeHue ¢ npeobpasoBaTensi MIMHENHO 3aBUCUT OT 3HAYEHUS MHOYKUUN MarHuT-
HOro MOns N NP AOCTWKEHUM NPeAeribHbIX 3HAaYEHUN, AaTYMK BbIXOOAUT B HacbilweHune. Mpu
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OTCYTCTBWUW BHELLIHETO MOSIS, HAaNPSXKeHME Ha BbIXO4e PaBHO MOSIOBUHE HaMNPSHKEHUS MUTaHUS.
3aB/CMMOCTb BbIXOLHOMO HaMNpPsKeHUs1 OT UHAYKLUMW BHELLUHEro MarHUTHOrO Mo npu Hanps-
XeHun nutanua 4,5 B (ranbBaHmdeckun anemeHT Tnna 3R12), nsobpaxeHa Ha puc. 5. Yys-
CTBUTENBbHOCTb TaKOro JaTymka npu 3ToM NuTaHum coctaenset 31,25 B/Tn.
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DA1 VT2 I -
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MoaxnoumnB OaTYMK K UCTOYHUKY NUTAHUS U MYNbTUMETPY (BONbTMETPY), MOXHO onpeae-
NUTb 3HaYEeHWe NHAOYKUUN MarHUTHOTO nons, ncnonb3ys rpaduk 3asucumoctn U = f(B) [4].

Ha ocHoBe Takoro gatymka u MMKpokoHTponnepa Atmega8 [5], Hamu paspaboTaH mar-
HUTOMETp (TecnameTp) ¢ UMdPOBOM MHAMKALUMEN, NPUHLMNMANBHAA CXemMa KOTOPOro noka-
3aHa Ha puc. 6. BbIxogHOe HanpskeHne ¢ AaTtynka NnogaeTcs Ha BXo4 MUKPOKOHTpOepa,
KOTOPbIV 3anporpaMM1MpoBaH Ha npeobpa3oBaHne HanNpsPKeHUs B eANHULbI MHOYKUMK Mar-
HUTHOro nond. MHgopmMauunsa BbIBOAUTCA Ha YeTbipexpaspsaaHbii CBETNIOANOAHBIN UHOVKA-
TOp (TPY MHAMKaTopa npegHasHadeHbl ONs MHAMKAUMK 3HAYEeHMS MHOYKUUU MarHUTHOro
nons B rayccax, YeTBepTbi — ANg HopMaumm 0 HarnpasNeHUN JIMHUA UHOYKLMK).
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C nomoubto npm6opa MOXXHO BbIMOSIHUTb UCCNeAOBaHUS MarHUTHbIX NOSen Nonoco-
BbIX, I'IO,EI,KOBOOGpa3HbIX N KepamMmnyecknx MmarHmMtoB, coJieHomnaoB, KaTtylek MHOYKTUBHOCTHU,
npon3BeCTn OLUEHKY MHOYKLUNA MarHMUTHOW COCTaBNSAOLLEN ANEeKTpOMarHMTHOro nons pa6o—
TaoWwmx MOBUBbHbIX TeJ'IeC*)OHOB.
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Electronic devices for educational school demonstration experiment in physics

Abstract. The article provides information about modern industrial study devices ISSN 2304-120X
(demonstration multimeter FD and demonstration bar-graf measuring device of the Lé
ID-2 type), as well as a self-made magnetometer based on the Hall's sensor of the

SS495A type. It describes the possibilities of their application in the educational

demonstration experiment in physics in a secondary school.
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