YciaoBue

Sagaya 11-1 HamarandyeHHbIN IBO3Ib

g n3MepeHus MHIYKIIME MAarHUTHOTO TIOJIA IIMPOKO UCIOIB3YIOTCA JaTduku XoJuta. [[punmm
paboThI 3TUX TPUOOPOB OCHOBAH Ha 3P dEKTE, OTKPHITOM aMEPUKAHCKUM (DU3UKOM DJIBUHOM XOJI-
JoM B 1879 r 1 Ha3BaHHBLIM €I'0 UMEHEM.
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Kparko nosicaum cyThb 3Toro apdekra. [lycTs npsiMmoyrobHast IpoBO/IsIas IIACTHHKA HAXOTUTCS
B MarHUTHOM IIOJI€.

[Ipu npornyckaHuu 3JEKTPUIECKOrO0 TOKA BJIOJb IJIACTUHKHU Ha JIBUXKYIIUECT 3apsJibl OyaeT eii-
cTBOBaThH cuiia JIopentia, 00yCc/IOBIEHHONW HOPMAJIHHOW COCTABJIAIONIENl BEKTOPA WHLYKIINN B..9ra
CHUJIa TIPUBEJIET K CMEIEHNI0 TPAEKTOPHIl YacTUIl K TOPIAM IUIACTUHKNA U BO3SHUKHOBEHUIO HA HUX
MOBEPXHOCTHBIX JIEKTPUUECKHX 3apsAJioB 0. B crammonapHoM pexkuMe 3JIeKTPUIECKON o€, CO-
3/IaHHOE STUMHU 3apsaMu OyIeT KOMIICHCUPOBATD JjleiicTBre cuibl JIopenna. Takum odpazoM, MexK-
qty Topriamu tactTuHky BosHukHeT DJIC Xosuta. Bemmauna sroit 9/1C (koTopyto GyjemM Ha3bIBATH
BBIXOJ[HBIM HAIIPsIZKEHUEM, 1 0603HAYaTh Uy ) MPOMOPIMOHAJIbHA CHJIE TOKA B IJIACTHHKE U HOD-
MaJILHOI COCTABJISIONIEN HHIYKIIMA MArHuTHOrO 1mojid. [Ipu u3menennn HarpaB/ieHus BEKTOPa UH-
JYKIINU U3MEHSeTCs 3HAK BBIXOJIHOTO HanpsizkeHus. Koadduiment mpornopimonasbHOCTH 3aBUCHT
OT CBOHMCTB INIACTUHKYU — MAaTepUaJja U 'eOMEeTPUIECKUX pa3MepoB. Kcm cuity Toka B IJIACTUHKE
IO/I/TIEP?KUBATDH ITOCTOSIHHOM, TO BBIXOHOE HampszkeHne Uy, OKa3bIBAETCs MPOIOPINOHATLHBIM

HOPMAaJIbHOHN COCTABJIAIONIE BEKTOPa UHAYKIIMU MArHUTHOI'O I1OJIA.
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[IpeiocraBiiennnlit Bam gaTuuk XoJuTa MIPEJICTAB/IsIeT COO0M MMEHHO TaKyIO IJIACTUHKY Pa3MepOM
IpUOJIM3UTETHHO 1MM X 2MM C YeThIPbMS IIBETHBIMU BBIBOJIAMU, IPUKPEILIEHHBIMU K TOPIIAM ILTa-
CTUHKI: KPACHBII U KEJITBIN JIJIs CO3/[aHNsT TOKA B JaTUnKe (MX CJIejIyeT MOJK/IIoUaTh K HGarapee
[UTAHUsT — CJIEIUTE 3a MOJFAPHOCTHIO MOJK/IIOUeHNs! ); 1Ba JKeITHIX sl H3MEPEHUs BBIXOHOIO Ha-
npsizkeHnst (UX CJIejyer MOJK/II0UYaTh K MyJIbTUMeTDY ). MyJbTUMeTp J0/I2KeH paboTaTh B PEsKIMe
n3MepeHns Halpskenud B auanazone 200 mB.

Jarunk XoJ1a HO/r0TOBJIEH JIJIs TPAlyHPOBKH 1 IIPOBE/ICHNS U3MEPEHHUI B KADTOHHON YIIaKOBKE
(Ha CAMOM KPar KapMoOHKU MEMHAA MAACHOKAA NAGCTIUNKG, 00XCAMAA CKOMYEM — IMO U eCNY
damuux Xoana).



Jlaxke B OTCYTCTBUM BHEITHETO MATHUTHOI'O IIOJI IIPYU MOIK/TIOYEHUN UCTOYHUKA ITUTAHUS K JIaTIH-
KY, MIJJINBOJIBTMETD (bUKcHpyeT HeKoTopoe (poHoBoe HanpsazKenne Uy, KOTOpoe HECKOJIBKO MeHs-
eTcs IPU PA3JINIHON OPUEHTAINH JIATINKa. ITO (DOHOBOE HampsizkeHue (0T JecsaThiX JT0Jeil MuJi-
JIMBOJIBT JI0 HECKOJIbKUX MUJUIUBOJIBT) OOYCJIOBIEHO TEXHOJOTUIECKUMU OCOOEHHOCTSIMU M3TOTOB-
JIeHust TaTInKoB. Pacriosioykenne BOIM3M METATUIMIECKUX TIPEJIMETOB (HAIPUMED, IITATUBA), BJIHS-
HUE MArHUTHOT'O TOJIs 3eMJIM U3MEHsIeT 3HadeHne «(OOHOBOTO HAIPSXKEHUs», TAK KaK TOSBJISIETCS
BHEIITHEeEe MarHUTHOE TI0JI€.

[IpencraBbre, 9TO y JIMHEHKN HET YE€TKOIO Hadaja OTCUYETa, J1a K TOMY K€ 9TO Ha4aJI0 CMEIaeTCs
TO B CTOPOHY yBeJHYEHHUs, TO B CTOPOHY yMeHbIenus! Bor Takoil aymecHblil (6e3 Hy/Is1) 1 0YeHb
YyBCTBUTEIbHBIN NU3MEPUTEIbHBIN TPUOOP B BAIINUX PYKaX. . .

ITpubopbl m MaTepuasIbl: JaTUYNK XOJUIA C BBIBOJAME IIPOBOJIOB, MYJILTUMETD, JBE Darapeiku

4,5 B, kjto4 ssekTpudeckuit, peoctat 15 OM, coeIuHUTE/IbHBIE TPOBO/IA, aMIIEPMETP MIKOJIbHbBII Ha
2 A, coseHON T ¢ U3BECTHBIME TTApAMETPAMU, KYCOK TBO3/IsI JJIMHOM 5,5 CM U JIHAMETPOM ITPUMEPHO
4 MM, TJIACTUJIMH JIJIA U3TOTOBJIEHUSA JIepyKaTeeH.

Kapronnyio miacTuHKy ¢ JaTIUKOM XOJLIa 3aKpeluTe BEPTUKAJIBHO Ha CTOJIe HA KYCKe ILIaCTH-
JINHA U He CMeIaiiTe ero BO BpeMs BBINOJIHEHUs Beex 3ajanuii. [lognocure npubopsl K J1aTInKY,
a He jardnk K npubopam! [lep:kure mojasibine OT jJaTdnKa BCe YKeje3Hble (KJ0UN, PYUKH ...) U
HUKeJIeBble (HampuMmep, MOHeThl) npeamMeTsl. CobepuTe 3JeKTPUIECKYTO Telb JAaTINKa: HCTOTHUK
nuTaHug u MyabTuMeTp. [locrapaiitTech He cMemaTh TaTIYNK U U3MEPUTETHHYIO TIellh.

Yactse 1. I'paagyupoBka gatamka (Mau M3roTOBJI€HUE TECJIOMETPA).

[Togmecure cosleHon 1 TOPIIOM K jJarduky XoJsuia. Ock cojeHonIa J0/KHA ObITh MePIeH UK YIIpPHA
IJIOCKOCTH JIATYUKA U IPOXOJUT depe3 ero cepeauny. Vcmoib3yiiTe miacTuinH Jjisd HAJIEXKHOTO
kperieruns cojeHonia. Cobepure 3JIEKTPUIECKYIO TEIb U3 MTOC/IeI0BATEIbHO COEIMHEHHBIX OaTa-
pefiku, 3JIEKTPUIECKOrO KJII0Ua, COJIeHON A, MEPEMEHHOTO PEe3UCTOPa M aMIIePMETPA.
Ob6s13aTeJIbHO BKJIIOYHUTE B 1Iellb 3JIeKTpu4iecKuili Kjiad. Bo n3bexkanue ObIiCTpoOii pas3-
pPaIKM OaTapeiliku MOAKJIIOYaliTe ee K Ielld TOJIbKO BO BpeMs m3MepeHuii!

1.1 IIpuBeauTe MOJHYIO JIEKTPUIECKYIO CXEMY, UCIIOJIb30BAHHYIO BaMU /I U3MEPEHMIA.
Maznummoe noae na mopue corenouda paccuumul8aemcs no Gopmyie:
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e d = 1,3 cm - puametp coserongia, L = 4,0 cm - ero jumna, N = 100 - 9uc/io BATKOB 0OMOT-
KN COJIEHOUJIa, fto = 4T - 10*7% - MarHUTHasl [IOCTOSHHAas; [ - cujIa TOKa depe3 cojieHomm; A -
[IOCTOSTHHASI COJIeHOUIa (PEKOMEHIyeM Cpa3y PacCUUTaTh ee YUCAEHHOEe 3HAYEHHE).

1.2 Ipoeeure mamepennst 3apucumoctu DJIC Xomrna (Upyy, ) OT HHIYKIME MAPHATHOTO TIOJISI HA
TOpIIEe coJieHonIa By.

He 3a6ydvme uamepums u yuecms Ponosoe nanparcernue Uy **

1.3 TlocTpoiiTe rpaduk 3aBucuMocTu® HHIYKIMN 10719 By OT BBIXOIHOIO HANPsKeHNT Up, . .

1.4 Ob6ocHyiiTe, MOXKHO JI CUATATH IOJYIEHHYIO 3aBHCHMOCTD IIPSIMO IIPOIOpIHMOHAIbHONE. Pac-
cYuTalTe TIOCTOSHHYO (TyBCTBUTEIHHOCTD) BAIEro JaTdnKa
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B paspneitmem cuurtaiiTe 9Ty BeJIMYNHY HEU3MEHHON W MCHOJIB3YHTE ee Jijid pacydera WHIyKIUN
MarHATHOI'O MOJIS.
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6 Komeuno, ¢ Toukn 3penus (bU3NKH BLIXOIHOE HAPSKEHNe 3aBUCHT oT nHrykimu nosa! Ho soc-
HNPUMUTE 3aJIaHAs B MaTEeMaTUIECKOM CMBICJIE: MTOCTPOiiTe 00paTHYIO (DYHKIHIO.



Yacts 2. MarauTHble cBoOiicTBa I'BO3/151.

He pasbupasi yctaHOBKM, aKKypaTHO BCTaBbTE I'BO3/Ib B COJIEHOUI.

BaM HeO6XO/:LI/IMO nuccjaeJ0BaTb 3aBUCUMOCTD NHTY KITUN MaTrHUTHOI'O II0JIdA, CO3/JaBaeMOIro Irs031€M
By, oT BeTMYnHbI UH/IYKIIMA MArHAUTHOTO TI0JIsA, CO3/IaBA€MOI'0 TOKOM B cojieHouje By.
MarauTHOe 110J1€ TBO3/Id CJI0XKHBIM 00Pa30M 3aBUCHUT OT BHEIITHEI'O MArHUTHOT'O TI0JIfA, CO3/[aBaeMOI0
costeHon1oM. [ToaTomy 1ipu IIpoBeieHNN U3MEPEHN U3MEHANTe CUJIy TOKa MOHOTOHHO: MOHOTOHHO
YBEJAUYUBANTE 1 MOHOTOHHO yMEHbIIIANTE.

«ITorpenupyiiTe» Tpm pasza T'BO3/b B MArHUTHOM II0JI€, YBeJIMIUBasA CHJIy TOKa ;10 1 A m moTom
YMEHbIIas ee JI0 MUHUMYMA.

2.1 Uccneayitte 3aBUCUMOCTD UHYKIIMA MArHUTHOTO TI0JIsA B, CO3/1aBAeMOro I'BO3J/IEM, OT MHJIYK-
U MarHUTHOTO 110Jis1 By, cO3/1aBaeMOro COJIEHOMIOM.

He 3ab6ydvme uamepums u yuecms gornosoe nanpsscenue Uy ™

HOHEITHO, YTO HEIIOCPEACTBEHHO MOXKHO HU3MEPUTH TOJIBKO HMHAYKIHWIO CYMMapHOI'O IIOJIA B =
By + By. Ho mnayKnuio MarHuTHOTO TOJIS cojieHoujia By BbI MOKeTe paccuuTaTh. V3mepenue
PEKOMEHJTIyeM IPOBOJIUTH B CJIEIYIONIEH TOC/Ie/I0BATE/IbHOCTU. . YCTAHOBUTE TOK Yepe3 COJICHOW/T
+1 A u ymeHbIaiiTe TOK JI0 HyJIsI, 3aTeM ITOMEHSANTe HAIIpaBJIeHIe TOKA U U3MEHsIiTe ero oT HyJIsd
10 —1 A, cHOBa W3MeHsifiTe 3HAYEHUE CHJIBI TOKAa OT —1 A 710 HyJIsl ¥, HAKOHEIl, TOMEHsIB HAIpaB-
JIEHEe TOKa, yBeJudnBaiiTe ero ot Hyss 10 +1 A. Pekomenyembril mar n3MeHeHUsI CHJIBI TOKa,
Al =0,5A.

2.2 Tloctpoiire rpaduk mojydennoit 3apucumoctu. 2.3 Mcnomb3ys mosydeHHblit rpaduk, OleHn-
Te: Boer. - MHIYKIIUIO OCTATOYHOTO ITOJIsI TBO3/IsI IIPH IIOJTHOM OTKJ/IIOYEHUU BHEITHEro IoJist; By -
KO3PUUTUBHYIO CUJIy — 3HaAYCHNEC MHAYKIUN BHEIIHEr'O I10JId, KOTOPOE IIOJTHOCTBIO pa3MalrHUYINBaeT
I'BO3/1b.

Yactb 3. MarauTHoe 11oJie BHYTPHU I'BO3/5.

Haee Bam meoOxouMo mccIe0BaTh MArHUTHOE II0JIE, CO3/IaBaeMOe HAMATHUICHHBIM TI'BO3/IEM.
Jlis HaMarHUYIMBaHUA IIOMECTHUTE TI'BO3Jb CHMMETPUYHO BHYTph coseHouja. IIpomycrure depes
coJleHOMJ TOK cujioif B 1 A B Tedenme 5 cekyHJ, IOCI€ 4Yero OTKJounTe TOK. IloBropure 31y
IPOLELypy 5 pas.

HOMeCTI/ITb JaTYnK XOJIJI& BHYpr 2KeJIESHOI'O I'BO3 1 3&pr;[HI/ITe.HbHO, HO C ero rmoMombIio MOZKHO
U3MEpPUTD I10JIe BOJU3U TTOBEPXHOCTH COJICHOU/IA.

J171s1 TIOBBITIIEHUST TOYHOCTU U3MEPEHUs JIaTINK JOJIKEeH OBITh HElmoABMKHBIM. [losToMy Hamarau-
YEHHBII TBO3/Ib C IOMOIIBIO KYCOUKa IIJIACTUIMHA 3aKPEINTe Ha MOJ0CKe MUJIJINMETPOBOI OyMaru,
KOTOPYIO MOXKHO WCIIOJIb30BaTh KaK IMKAJIy JjId U3MepeHus paccrosuuii. [lepemermaiite 1BOo3/1H
OTHOCUTEJIbHO HEIIOABHU?KHOI'O JaTYNKa.

" Tounee, MATHUTHOTO TI0JIsl, CO3/IABAEMOT0 HAMAHUYEHHOCTHIO (M1 TOKAMHI HAMATHUYeHHs) Ma-
TepraJja I'BO3JA — HO... COIKOHOMHUM MeCTO!

Bam B oMot — Teoperndeckas mojckaskal!
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Comectum ock Oz ¢ ocbio rnHIpa (Barr 06pe3ok rBo3ist TAKOBBIM U SIBJISIETCSI ), HAYAJIO OTCIETa



COBMECTHM C JIEBBIM TOPIIOM MIJIMHPA. Byjiem cauTaTh, 9T0 HaM N3BECTHBI 3HAYEHUsT HOPMaJIbHBIX
COCTABJIAIONINX WHJIYKIINU MArHUTHOTO TOJI Y HapPYKHOU MTOBEPXHOCTH IUJINH/IPA: Ha OCHOBAHUAX
s10 B, (0) u éx(l) Bynem cunTarh, 9TO 9TH BEJIMYIMHBI IIOCTOSHHBI Ha BCeM TopIie. ¥ OOKOBOI Io-
BEPXHOCTHU IUJINH/IPA HOPMAJIbHAs COCTABJISIONIAS OIS Er(x) ABJgeTcd (PyHKIMeHl KOOp/IMHATHI.
OTrmeTnM, 9TO TIpU MIEPexXo/ie depe3 IPaHUIly MArHETUKOB HOPMaJbHAS COCTABJIAIONIAST WHIYKITAN
nojig He m3MeHsiercs. MarauTHoe moJie sABJISIETCS BUXPEBBIM, MMO3TOMY MATrHUTHBIN TOTOK Yepe3
JEIOOYI0 3aMKHYTYIO TIOBEPXHOCTH PaBeH HYJO (TeopemMa O MAlHUTHOM IIOTOKE).
3.1 PaccmoTpum 9acTh NUIMHJIPaA OT €T0 JIEBOT'O TOPIIA /10 HOPMAJIbHOTO K OCH CeYeHUs, HaXOsIIe-
rocst Ha PACCTOSTHUU X OT HEero. SalullinTe BbIPaKeHue JIjIs MAarHUTHOT'O TIOTOKA e€Pe3 IIOBEPXHOCTD
9TOW YaCcTH IUIMH/PA. SAIUIATe BhIPaXKeHUe JJIsi MArHUTHOTO 1ortoka P(x) depes cedenune 1u-
JIMHJIPA, MTEPIIEHUKYJIAPHOE €I0 OCH U HaXOJIdIIeecs Ha PACCTOAHUH T OT JIeBOTO TopIia. Mcmomb3ys
9Ty (PYHKIINIO, 3aIUIIATE BhIpaXKeHne JJIsi WHIYKITUH MarHITHOTO TIOJIs Ha OCHU IUJINH/IPA, B TOYKE
C KOODIMHATON T
3.2 IlpoBeuTe M3MepeHns HOPMAJILHONW COCTABJLIONIEN BEKTOpa WHJIYKIIMA MArHUTHOTO OIS Y
HIOBEPXHOCTH I'BO3/Is. 3HadeHus B,(x) m3Mepbre ¢ IBYX CTOPOH I'BO3/sd. JlocTtaTodno mpoBecTH
m3meperus ¢ marom 0,5 cm. V3mepbre Takke WHIYKIINIO 1OJIsT Y TOPIOB rBo31sa. He 3ab6ydvme
u3MepuUmMs u yuecms Pornosoe nanpastcerue Ugy!™®
st ynobcrBa peKOMeH/ IyeM JaHHbIe 3aHECTH B CJICYIONLYI0 TabJuily (B KOTOPOil KJIETKH yKa3bl-
BAIOT IMOJIOZKEHUE JIATYNKA OTHOCUTEIBHO T'BO3Ad VHIyKIMs 1101 Yy MOBEPXHOCTU T'BO3/IS.
0511015120 (25|30|35]40]45|50]5,5
B.(0) B ()
3.3 Tlocrpoiite rpaduk 3aBUCHMOCTH PaJMAILHON cocTapstiomieil nosst B, () 0T KOOpIMHATHL .
Ucnonb3yitTe cpejinee 3HaUeHne WHIYKIIMU C JIBYX CTOPOH TI'BO3/d. 3.4 [l mpoBepku TeopeMbl
O MArHUTHOM IIOTOKE PacCUYUTafiTe MArHUTHBIH TOTOK 4epe3 ceuenne numbiapa P (r) kak QyHK-
o x. Haligure MarHUTHBIN ITOTOK Uepe3 MpaBblil Topell rBo3/si. CpaBHHUTE MOy YeHHOe 3HAYUEHIEe
C MArHUTHBIM TIOTOKOM, DACCYMTAHHBIM 10 m3MepeHHoMy 3Haudenuto B, (l). 3.5 Tloctpoiite rpa-
(UK 3aBUCHMOCTH WHJIYKIIMH MAIHUTHOTO MOJIsl BHYTPU TUIMHAPa Ha ero ocu B, (). Ilpepioxure
poCcTyIo (DYHKIUIO, OMUCHIBAIONLYIO MOJYYeHHYIO0 3aBUCUMOCTD (yKaKuTe BUJL 9TOH (DyHKIMH, ee
napamMeTpbl PaCCIUTHIBATD HE HYZKHO).
3.6 Hapucyit cxeMaTH4ecKy0 KapTUHY CUJIOBBIX JIMHUI WHIYKIIUU MATCHUTHOTO IIOJIsT BOJIU3U I10-

BEPXHOCTH IWJIHHJIPA.
X B x(x)

>

Yactp 4. MarauTHoe 11oJjie BHe I'BO3/.

4.1 Nsmepb 3aBUCUMOCTH WHJIYKIIMA MACHUTHOTO TOJIA HAMATHUYEHHOTO T'BO3/d HA €r0 OCH KaK
dyHKIMIO paccTosinus 10 ero Kpad. 4.2 Iloctpoit rpaduk noxydennoit 3aBucumoctu. Jlait ero Ka-
JeCTBEHHOE O0bICHEHNE — T.€. YKayK1, KaK 9Ta 3aBUCHMOCTb MOXKET ObITh PACCUNTaHa Ha OCHOBAHUU
NPEIbLIYIINX U3MEpeHnit. 3

Bangaya 11-2 Yupyruii MasTHUK.

ITpubopsl 1 MaTepuasIbl: JBOHHON DE3MHOBBIN IIHYD, Ha MOJICTaBKe (B KAadeCcTBe KOTOPOW HC-
HOJIb3YIOTCST HOXKKY CTyJIa) JinHelika jgepessaHas 40 oM, jmHeiika namepureabaas 40 ¢M, CeKyHJI0-
Mep.




6U0 COOKy

Harstau qBO#HOI pe3MHOBBIN IITHYP MeXK Ty HOTaMU IepeBepHyToro crysia. MexX Ty niHypaMu pOBHO
OCpeIMHE TTIOMECTH JIEPEBAHHYIO JIMHEHKY. e 3akpyTUTh MIHY D, Bpallas JUHEHKY, TO CHJIbI TPe-
HUsI CMOTYT YIEpPKaTh JUHEHKY B IOJBEIIEHHOM COCTOSTHUH, 10T HEKOTOPBIM YIJIOM K BEPTHKAJIM.
s emuro0bpasust BBEJAEM ciiemytomue obosnadenus: O - 0Cb BpAIEHUs JUHEHKH (COBIIAACT C
MeCTOM KDEIUIeHUsT MeZK/Iy Pe3UHOBBIMHE IHypamu); C' - TIEHTP Mace JIMHEHK; ¢ - YIOJI 3aKpy IrBa-
HUsI PE3UHOBOIO TTHYPa (YroJ MoBOpOTa JMHEHKH, JIJIs ONPe/IeJIeHHOCTH Beer/ia 6y/1eM OTCIUThIBATh
OT BEPTUKAJIM TI0 YaCOBOIi CTPEJIKe), MOKET COCTABJISITH HECKOJIBLKO 000poToB (6osiee 10); n - uucso
HOJIHBIX 00OPOTOB 3aKPYYMBAHUS IHYPA (g - YIOJI OTKJIOHEHUsI JIMHEHKN OT BepTUKAJU (MEHbIIIE,
4eM 5 ), OTCUUTLIBACTCA HPOTUB YACOBOM CTPEJIKH; OYEBHIHO, UTO 0 = 27N — g; | - paccTognme ot
KOHIIA JIMHEHKI JI0 € TIeHTpa Mace (CJIe0BaTeIbHO, JJINHA TMHEHKY - 2]); & - paccTosiHIe 0T KOHIA,
JIMHEHKH JI0 OCH BpalleHust; H - BbicoTa ocu BpallieHusl (PEe3HHOBOIO IIHYPa) HaJl, MOBEPXHOCTHIO
croJia (uym JIEobOro JPpyroro HyJIeBOro ypoBHs); h - BbICOTa HUXKHErO KOHIA JIMHEHKU HaJl TTOBEPX-
HOCTBIO CTOJIA. YCJIOBUMCsI CIUTATh €INHUIECH m3MepeHust MOMeHTOB cuil Benuanny My = mgl. To
ectb Bce MOMeHTHI cuit (B cucreme CU) ciiejryer jiesinTh Ha 5Ty BEJUUUHY.



Yactp 1. Ilonoxkenusi paBHOBecCHUs.
1.1 Teoperumueckuii. [Tpe/oioKuM, 9TO0 MOMEHT CHJI YIIPYTOCTH JBOMHOIO PE3UHOBOIO HIHYDPa
M, nponioprimonalieH yrity 3akpydnBanus (3akoH ['yka)

Ml = —k% (]‘)

rie k - koaddurmenT Kpydenus. *3ameruM, 9TO yIiIbl U3MEPSIIOTCS B pajuanax (To ecThb, 6e3pas-
MEpHbI), €CJIN MOMEHTBI CHJI U3MEPIOTcst B eunumax My, 10 KoahduImenr k Takxke sBsiercs
Ge3pasMepHbIM. *
Banurimre ypaBHeHUE, TO3BOJISIIONIee HANTH BCe BO3MOYKHBIE [IOJI0ZKEHUsI PABHOBECHST JINHEHKH (TIpH
IPOU3BOJILHOM 4HucsIe 000POTOB 3aKpyunBanus n). [laiire rpadudeckyto HTIOCTPAIMIO BO3MOK-
HBIX PEIeHUl 3TOro ypaBHeHHd. Y KaXKUTe, KAKMe U3 3TUX 3HAUYEHUN MOT'YT ObITh PeaIM30BaHbI B
skrcriepuMenTe. OleHnTe MAaKCUMAJIbHOE YUC/I0 BOSMOXKHBIX TIOJIOYKEHUI PaBHOBECHs! (DU U3BECT-
HBIX Tlapamerpax [, z, k).
1.2 NI3amMepuTeabHBIIi.
V3mepbTe Bce 3HAUEHUS YIVIOB P, IPU KOTOPBIX JINHEIIKA HAXOJIUTCS B IOJIOKEHUH PABHOBECHS.
Namepenns nposeaure g x ~ 100 M.
1.3 PacuerHbiii.
1.3.1 Ucnonb3ys nmorydeHHble SKCIepuMeHTaIbHbIE JIAHHbIE, TTIOCTPOiiTe rpadUKN 3aBUCHMOCTHU MO-
MeHTa CUJI YIPYTOCTH JABOIHOrO 1mHypa M; oT yria 3akpyunBanud ¢ mid x ~ 100 mm. 1.3.2 IIpo-
BepbTe MPUMEHNMOCTh 3akoHa ['yka (1) jyist aBoiiHOTO pesmHoBOro ImHypa. [lpn HEOGXOIUMOCTH
M3MeHUTe MpHUBeIeHHYI0 dhopmyiy. Oupesenure Kodpdunuent kpydenus muypa k (He 3aby/ib-
Te o morpemHocTsx). He cmpemumecs mouwHno onucams NOAYUEHHYIO 3A8UCUMOCTIL —
evtdeaume aumetinblli yuacmox u pabomatime ¢ Hum! 1.3.3 IlpoBepbre crpaBe IMBOCTD
MOJTYICHHOM BaMU ONEHKH JIJIS 9HC/Ia BO3MOXKHBIX ITOJIOXKEHUI paBHOBECHA. Y KayKUTE MTPUINHBI
BO3MOYKHBIX PaCXOXKJEHWI pacyeTHOr0 W M3MEPEHHOI'O YMCJIa BO3MOYKHBIX ITOJIOYKEHWI paBHOBeE-
cug. [laiite ynydriennyio ¢popMyJly 3TON OIEHKU.
YHactp 2. Konebanuns.
Eciu iuneliky BhIBeCTH U3 TOJIOZKEHUST PABHOBECHsI, TO OHa HadHeT KojiebaTbes. Ceitaac Bam HEOO-
XOJIUMO UCCJIe0BATh 3T Kosiebanud. Bee m3mepenus nposogure ipu © ~ 110 mm u jyta n > 5. B
amotli Ywacmu paccuumseams nozpewHocmu we mpebyemcs!
2.1 Teoperuueckuii. 2.1.1 [TokaxxuTe®, 4To meproaEr Korebanuil Bo3jie pa3HbIX MOJOKCHIH PaB-
HOBECHS P, OIUCHIBAIOTCA (DOPMYJIOit

T,= )

VCOS Py — 7

— 8 He TpaTbTe MHOTO BPeMeHH Ha BLIBOJL 3TOH (DOPMYJIbI, €C/IM He HOJIydaeTcs OLICTPO, TO Iepe-
XOJIUTE K u3MepeHusim!
2..1.2 Vkaxure cdusndeckuii cmpic mapamerpa Ty (1osydaTh $IBHOE BBIDAYKEHHE JJjisi HEIO He
HY?KHO).
2.1.3 TlosyunTe aHaIuTHYECKOE BbIPAXKEHUE JIJI ITapamMeTpa 7.
2.2 NzamepuTesibHBIIA.
2.2.1 IlpoBeure m3Mepenusi MepHOIOB MaJIbIX Kojebanuit T, mpu pasinydHbIX 3HAYEHUSX YUCIIA
00OpPOTOB 3aKPYUMBAHUS IITHYPA.
2.2.2 Tlocrpoiite rpaduk MOJIyIeHHONR 3aBUCUMOCTH.
2.3 PacuerHbilii.
2.3.1 Ilpoanasmsupyiite mpuMeHIMOCTb (bOpMyIIbl (2).



2.3.2 Ompejiesiure 3uavdenus mapamerpos Ty u v B opmyiie (2).

Penienue

3agauda 11-1 Hamaram4deHHbI T'BO3/b.

1.2 PezysibTaThl m3MepeHunii 3aBUCUMOCTH OT PACCUUTAHHOIO 3HAYEHUS WHTYKITUT MArHUTHOTO TIOJIS
By npusenennr B Tabymie 1 u Ha rpaduxe.

Tabmuma 1. I'pajrynposka raTyanka.

TR AT [ RRB) M TR | RO, MB¥F
0,45 0,70 1,70
0,65 1,01 2,40
0,80 1,24 2,90
0,90 1,40 3,30
1,00 1,55 3,70
1,20 1,86 4,40
1,40 2,17 5,10
1,55 2,40 5,50
B,, mTn

: : : : 6L
0.0 T T T T T ¥

MmB

0.0 1,0 2,0 3,0 4,0 5,0 6,0

[Tostyaennast 3aBucuMOCTb siBJsgercs guneitnoit. [lapamerpot aroit saBucuMocTit By (U ) = aUpgyy +
b, paccanrannunie o MHK okazasmch paBHBIMEI

T
a= (0,44i0,01)M—]_§ (1)

)
M

b = (—0,047 & 0,049)m T

Benuunna casura b majia, ee TOrPENIHOCTD IPEBBIIIAET €€ MOJIYJIb, IIO9TOMY ODOCHOBAHO MOXKHO
CYNTaTh, YTO OHA paBHA HYJIIO, a, CJIeJ0BATEIbHO, 3aBUCHMOCTD IIPSIMO ITPOTOPIMOHAIBHOIA.
Yacts 2. MarauTHble CcBOiicTBa I'BO3/51.



Pesysibrarhl u3Mepenuii 3aBUCUMOCTH MHAYKIUHU I0JI, CO3JaBaeMOro rBo3jaeM B, 0T MHIyKIUK
TI0JIsI, CO37[aBaEMOr0 TOKOM B cosieHonjie (paccantannoro mo ¢gopmyde (1)) npusenensl B Tabiuie
1 u na rpaduke.
Tabauna 2. MarautHble cBolicTBa I'BO3.
I,A | UynMB | B,vmTn | Bo,mTn | By,mTn | I,A | Uy MB | B,MTn | Byg,mTur | By,mTn
1,00 | 66,70 28,70 1,55 27,20 -1,00 | -67,50 -29,00 | -1,55 -27,50

0,85 | 59,50 | 25,60 | 1,30 2430 | -0,00 | 62,60 |-26,90 |-1,40 | -25,50
0,75 | 53,30 | 22,90 | 1,20 21,70 | -0,80 | 57,40 | -24,70 |-1,24 | -23,50
0,65 | 49,00 | 21,10 | 1,00 20,10 | -0,70 | 51,90 |-22,30 |-1,10 | -21,20
0,55 | 42,70 | 18,40 | 0,85 1760 | -0,60 | 46,30 |-19,00 |-0,03 | -19,00

0,45 | 37,00 15,90 0,70 15,20 -0,50 | -40,90 -17,60 | -0,78 -16,80
0,35 | 31,00 13,30 0,54 12,80 -0,40 | -34,60 -14,90 | -0,62 -14,30

0,25 | 2390 |10,30 | 0,39 9,90 0,30 | 27,50 | -11,80 | -0,47 | -11,30
0,00 | 6,30 2,70 | 0,00 2,70 0,20 | 20,50 | 8,80 |-0,31 | -8,50
70,20 | -9,00 300 |-031 |-3,60 |0,00 |-6,60 2,80 | 0,00 2,30
0,30 | -16,70 | -7,20 | -0,47 | -6,70 | 0,20 | 8,30 3,60 0,31 3,30
0,40 [ 23,10 |-990 |-0,62 |-930 |030 | 16,10 |6,90 | 047 6,40

-0,50 | -30,30 -13,00 | -0,78 -12,20 0,40 | 22,20 9,60 0,62 9,00
-0,60 | -38,90 -16,70 | -0,93 -15,80 0,50 | 29,80 12,80 0,78 12,00

0,70 | -46,70 | -20,10 | -1,10 | -19,00 | 0,60 | 37,20 | 16,00 | 0,93 15,10
0,80 | -52,80 | 22,70 | -1,24 | -21,50 | 0,70 | 46,00 | 19,80 | 1,10 18,70
-0,90 | -61,30 -26,40 | -1,40 -25,00 0,80 | 51,10 21,80 1,24 20,60
-1,00 | -67,50 -29.00 | -1,55 -27,50 0,90 | 57,90 24,90 1,40 23,50
B, mTIn
s :

ITo rpacduky ormpejenaseM OCTATOYHYI0O HAMATHUYEHHOCTb Bioer ~ 3MTJT M KOIPIUTUBHYIO CHITY
Bokosp. ~ 0,15MT01.

Yacts 3. MarauTtHoe 11os1e BHyTpH I'Bo344. 3.1 PazoObem muinnap Ha MaJjible CJIOU TOJIIITHON
Ax. Mbl MOXKEM U3MEPUTH



UH/LYKIIUIO 1I0JII Y OOKOBO# IMOBEPXHOCTH IMMJIMHAPA B, U WHIYKIUIO II0JIs1 Y €ro TOpIoB. Maruut-
HBII ITOTOK Yepe3 MOBEPXHOCTH IUINHIPa, OIPAHNIEHHOIO cedeHneM Ha PACCTOTHUU X OT JIEBOI'O
TOpIA PacCIuThIBaeTCs 1o dhopmysie (I paBeH HYJIO [0 TeOpeMe 0 MArHUTHOM IIOTOKe)

—B,(0)7R’> + > By2rRAx + By(z)wR* = 0. (2)
k

[Ipu 3ammcu 3TOro BhIPaXKeHUA Mbl CIUTAEM BEJIUYNHY WH/IYKIINNA B KayKJIOM IIOIIEPEYHOM CEeYEeHUN
noctosiHHOM. U3 9TOr0 ypaBHeHus moJjydaeMm (GOpMYJIY il pacdera WHIIYKIIMA MarHUTHOTO TI0JIst
BHYTPU I'BO3/I

Bu(r) = B.(0) ~ 225" B Q

Pezysibrarhl nu3Mepennii HHLyKIIUA MATHUTHOTO TI0JIA Y IIOBEPXHOCTU I'BO3/IA IIPUBE/ICHBI B TAOJIUIIE
3.
Tabauna 3 UHaAyKIus moJisi rBO3/4.

T, CM 0 0,5 1 1,5 2 2,5 3
B, mTn -1,98 -1,80 | -1,58 | -1,14 | -0,70 | -0,22
B, mTn |-1,67 | TBO3/b

B,, MTn -1,85 -1,45 | -1,36 | -0,97 | -0,66 | -0,26
B,, mTin | 21,0 | 141,3 243,6 | 336,2 | 402,5 | 4454 | 460,6
®,, MmxB6 | 1,67 | 11,24 19,382 | 26,75 | 32,0 | 35,442 | 36,65
T, CM -2,75 | -2,25 -1,75 | -1,25 | -0,75 | -0,25 | 0,25
By, mTn | 1,67 | 11,24 19,38 | 26,75 | 32,03 | 35,44 | 36,65
3,5 4 4.5 5 5,5

0,26 0,57 | 1,06 | 1,50 | 2,24

I'BO3/1b 2,99

0,18 0,70 | 1,14 | 1.45 | 220

446,8 406,7 | 337,6 | 244,9 | 105,3 | 67,7

35,55 32,36 | 26,82 | 19,49 | 8,38

0,75 1,25 | 1,75 | 2,25 | 2,75

35,55 32,36 | 26,86 | 19,49 | 8,38

B sroit xe Tabuie NpuUBEEHbI PE3YJIBTATHl PACYETOB MArHUTHOTO IOTOKA Yepe3 MOBEPXHOCTH
nuHapa P, U UHIYKIUA MAarHUTHOTO TOJIA Ha ocu muaunapa B,. [xa pacdera mocreaneii mpo-
BEJICHO TI0CJIeI0BAaTE/IbHOE cyMMUpoBaHue cjaaraembix B,.. ['pacdukm 3aBucumocTeit pajmaabHOMN
U OCEBOI COCTABJIAIONINX MArHUTHOI'O TIOJIs MMOKa3aHbl Ha pUCYHKaxX. J[JId HATISIHOCTH HAYaJI0
OTCYeTa CMEIEHO K IEeHTPY I'BO3JId.



SaBI/ICI/IMOCTB oceBoOt COCTaBHHIOH.[efI MarHUTHOI'O II0JIA OT KOOPAMHATBLI - KBaJApaTUIHasd 1 MOXKeT
OBITH omnucana (popMyJIoit

B(x) = By — B(x — 550)2

Q(_)

B Tabnurne 3 npuBeieHbl 3HAYEHUST MATHUTHOT'O MTOTOKA. BUIHO, 9TO MakCcUMaJbHOE ero 3HavUeHue
coctaysger 460 MkB0, a «ocrarounoe» 3uadenune 67 MxB6. To, 4To mocienaee OTJIMIHO OT HYJ/Isd
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BIIOJTHE OYKYKeT OBITh OObSICHEHO MOTPENTHOCTIMU u3Mepenuit. V3 ycioBus paBeHCTBa HYJIIO Mar-
HUTHOT'O TOTOKA, WHJIYKIINS MArHUTHOT'O TOJIS Ha IIPaBOM TOPIE T'BO3/IA JIOJIZKHA paBHATHCS 8,4
M. CxemaTudeckast KapTUHA CUJIOBBIX JIMHUI ITOKa3aHa Ha PUCYHKE.

X Ex(x)

e ———

Yacts 4. MarauTHoe 1oJsie BHe TBO3/is. VHIyKInsd MArHUTHOI'O TIOJIsI BHE T'BO3JIA SBJIAETCH
ObIcTpO yOBIBatoIieil dpyuknueit. B mpunnuie oHa MOXKeT ObITh pacCunTaHa KaK Pe3y/bTaT Cylep-
MO3UITUH TT0JIel, CO3aBaEMbIX OT/IEJILHBIMI KOJIBIIEBBIME TOKAMH Ha TIOBEPXHOCTH I'BO3/1s. Pe3y/ib-
TaThl U3MEPEHUI 3aBUCUMOCTU MHIYKIIMH IIOJIA OT PACCTOSIHUSA [0 IEeHTpa T'BO3Jd IIPUBEIEHBI B
Tabsuie 4 u Ha rpaduke.
Tabmuna 4. IHaykinda moJjigd Ha OCU TBO3/4.
x, MM | B, mTn
0 2,9
2
1,3
0,9
0,6
0,5
0,4
0,3
0,3
0,26
0,2
0,17
0,17
0,13
0,09
0,09
0,09
0,04
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6 1 KoneuHocTouKu3peHnspU3HKIBLIXOIHOCHAIIPAKEHIe3aBUCATOTUH Iy KInu ot HoBocipuMuTesa 1ans

B MaTEMATHIECKOM CMBICJIE: TIOCTPOITE 0OPATHYIO (PYHKIIUIO.

7, () — TouHeeMarHuTHOTOIIO/IICO3/IaBAeMOrOHAMAT HIYeHHOCTBIOMTUTOKAMIHAM AT HI Y€ HUAMATEePUAIATBO3I;
HO. .. CO9KOHOMHM MecTO!

3 O4eBHIHOYTOKAYK JOMYIOJIOKUTETHLHOMYKOPHIOITOI Oy PABHEHUSCOOTBETCTBYeTPABHbBIAEM Y TTOMO/LY.IIO
OTpUIATE/IbHBII KOpeHb. Ou3ntecKuit CMbICII TOTO — MOYKHO 3aKPYYIUBaThH B 00€ CTOPOHBI, OT 3TOI0

Huvero He uaMmensiercs! 4 | Anostoxkenne mHeAKnO/IM3KOKTOPHU30HTATBHOMY
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