-1 Moaynab KpyUdeHus

VYciioBue

Banaya 10-1 Moayns KpydeHus.

Bo Bpems Teoperndeckoro Typa Ber perrasu 3aaay mpo onbitel O. Kysona. Ceiidac BaM mpeicTonT
poJiesiaTh paboTy, KOTOpas IIPeIIIecTBOBa/Ia CO3/IaHUI0 KPYTUIBHBIX BECOB, &, UMEHHO HCCJIEI0-
BaTh yIIPYT'Ue CBONCTBA 3aKPYUEHHBIX ITPOBOJIOK.

ITo pesynbraTraM cBOMX mccaenoBaHuii Kpyduenns nuteil u npososok O. Kynon mokaszas, 9To, BO-
IEePBLIX, MOJLY/Ib CUJIBI YIPYTOCTH, BOSHUKAIOMICH U 3aKPyIUBAHIN IIPOBOJIOKHI IPOIOPIHMOHAICH
yIJLy KpydeHus ¢ (BBIIOJHAETCS 3aKOH ['yKa)

M=Ky (1)

rie K - mocrosiHHAsI, KOTOpasi Ha3bIBAeTCA MOJYJIb Kpydenns. OH 3aBUCHT OT MaTepuaJia IIPOBO-
JIOKH U €€ TeOMETPUYECKUX Pa3MEPOB - JIMHBI [ U pajiuyca r, MPUYEeM 3Ta 3aBHCHMOCTb HOCHUT
CTEIEHHOI XapaKTep

K =Cl*r? (2)

B nmannoit pabore BaM HEOOXOMMO MPOBEPUTH BhIMOTHEHNE 3akoHa ['yka (1) 1 onpenesmTsb moka-
sareu creneneii B popmyie (2).

[Tpubopsr u obopynosanue: [llraTus ¢ aByMst Jiarrkamu, HAOOP U3 TPEX MEIHBIX ITPOBOJIOK P3N~
HBIX JINAMETPOB, 3a2KUM JIJII ITPOBOJIOKHU C 3aKPEIJIEHHON UTJIONH, OTBEPTKA, OJHOPA30BBIN CTaKaH-
YUK, HAOOP Pa3HOBECOB, YIJIOMEPHAs IKaJIa, JHHENKA.

Uccnenyemast mpoBoJIOKa HATATHBAETCS MeXK Ty JlankaMu ImTatuBa. LIItaTus ¢ mpoBosiokoil pacro-
JlaraeTcs TOpu30oHTaJIbHO. Ha 1MpoBoJIoKe 3aKperisgeTcs 3a2KIUM ¢ UTOJIKOM. XOPOIo 3aKpyvYuBaiiTe
BUHTBI 3a2KIMa, 9YTOOBI OH HE ITPOCKAJIb3bIBAJI 110 IPOBOJIOKe. 7Kemarebuo, 4Todbl IPU HE 3aKpYy-
YEeHHO ITPOBOJIOKE WT'0JIKA PACIIO/IArajaach MOYTH BEPTUKAJILHO. B yIITKO UTOJIKM BCTaB/IeHa HUTKA,
Ha KOTOPYIO MOXKHO TIOJIBECUTHL HEOOJIBINON CTAKAHIUK, B KOTOPBIH IMOMEIAIOTCI THPLKH 13 HabO0-
pa. YTOJI OTKJIOHEHUS UTOJIKU CJIe/yeT U3MepATh ¢ MOMOIIbIo MKaabl. He 3abbiBaiiTe pacnosaraTh
€€ BEPTUKAJILHO, UCIIOJIb3YUTE JJId 9TOT'O OTBEC.

[Tpu usyvenun jedopmaruii 0O6LITHO U3MEPEHUs TPOBOJATCS B JIBYX <«HAIPABICHUAX — IPHU Ha-
Ipy3Ke U IPU pasrpysKe» IOCJEe Yero BBIMUCIACTCS CpefHee 3HadeHue jedopmanun (B JaHHOM
cllydae yria KpydJeHus ).

Yacte 1. Hooke niau ve Hooke?

B sroit wactu paboThl ncmob3yiiTe MPOBOJIOKY MIHIMAJIBHOTO JUaMeTpa. 3aXKUM C UTOJIKON pac-
ITIOJIOZKUTE POBHO Ha CEPEANHE IIPOBOJIOKH.
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1.1 Uccnemyere 3aBUCUMOCTD YTJIa 3aKPYyUUBAHUSA ITPOBOJIOKU OT MACCHI TIOJIBEIIIEHHOIO I'PY3a.

1.2 TlocTpoiiTe 3aBUCUMOCTD yIJIa KPYYeHHd OT MOMEHTA CHUJIbI, ITPUJIOXKEHHON K 1poBoJioke. He
3a0y/IbTe TIPUBECTU BCE pacdeTHbIe (POPMYJIbI U PE3YJILTATHI PACUETOB 110 HUM.

1.3 MokHO i canTarhb, 4To 3aK0H ['yKa (1) BbinosHseTcs?

1.4 Oupenenure MOILY/Ib KPYUeHHUsI IIPOBOJOKU B JaHHOM sKcrepuMenTe. OIEeHUTe MOrPEITHOCTD
HalJIECHHOI'O 3HAYEHUI.

B ocmaavnvir wacmax zadauu oueHUBAMDb NOPEWHOCTNU HE mpe6yemc.ﬂ!

**Yacrp 2. Yemy pasen nokazaresb of**

N3mepenust B JJaHHON YacTU MPOBOJUTE C TOM 2Ke MpoBOJIOKoit. He cauMaiiTe 1mpoBoJioKy co mira-
THBa — U3MeHSITe MOJIOYKeHne 3aKnMa. Kro mosoykenne 3ajgaBaiiTe ¢ MOMOIIBIO KOOPJIUHATHI X -
paccToAHUSA OT OJHOI'O U3 KOHIIOB IIPOBOJIOKU 1O MeCTa KpEeIJIeHUd 3arKUMa.

2.1 Iomy4nre TeOpeTUIeCKyIO 3aBUCUMOCTD MOJIYJ/I KPYYEHUd OT KOOP/IMHATHI TOYKHU KPEIJIEHUs
3aKAMa.

2.2 UccnenyiiTe 3aBUCHMOCTH MOJY/IS KPYyUYeHHUS CHCTEMBI OT KOODJWHATHI TOYKH KPeIIeHUs 3a-
xxuMma x. [IpuBeuTe pe3yabraThl BalllnxX U3MepeHuil u pacueros. Hanomunaem — eduruynwvie us-
Meperus He JONYCTUMDL, USMEPUMb MOOYAL KPYUeHUA No 00Hol «mouke» (npu 0dnotll macce
nodeewennozo 2py3a) neavas!

2.3 IlocTpoiiTe rpaduK 3aBUCHMOCTHU MOJLYJI KPYUEHUA OT KOOP/IMHATHI TOUKH KPEILICHUS 3a2KUMa.

2.4 BpIcKazkuTe TpEJINoJIoKeHne O ToKa3aTese crerneHn «. Ha oCHOBaHWM SKCIepUMeHTATbHBIX
JIAHHBIX (C TIOMOIIBIO TpaduKa JTMHEAPU30BAHHO 3aBUCHMOCTH ) OJITBEP/IUTE CBOE TIPEJIITOIOKEHUE
0 TIOKa3arese . Kcam Bbl HATPAMYIO MPABUILHO OIPEJIESIUTE ITOT MOKA3aTe/ b C IOMOIbIo Bareii
3aBHCUMOCTH, TO IIOJIyUNUTE 3a ITOT IIyHKT BBICIIUI OaJLI.

**Yacrp 3. YeMy pasen nokasarenn [37%*
JInaMeTphl IPOBOJIOK BaM OYIyT YKa3aHbl, HX U3MEpATh He TpeOyercs.

3.1 zmepbTe MOy Ib KpyUeHUs JJIsd JBYX JAPYTHUX MPOBOJIOK. VX JIUHBI JOJIKHBI OBITH OJMHAKO-
BbI. PeKoMen 1yeM 3a2KUM KpeIHuTh Ha cepejinHe MPOoBOJIOKH. 3.2 Vcrob3ysd moJiydeHHbIe JTaHHble
OlpeJie/IuTe MoKazaTe/ib crernenn (. Bamr orBer o0ocHYyTe pe3ysibTaTaMyu U3MEPeHuil u ux obpa-
6OTKH. (TeopeTHYecKre BbIBOJbLI HE TPEOYIOTCS U He OIEHUBAIOTCH ).

Yacts 2. Kunemaruka n AMHAMMUKA IMOPIIHA

IIpubopst u o6opyIOBaHME: MITATUB, MIIPHUIL 0HOPa30BbIil (50 — 100MII), IPy3bl ¢ KPIOYKAMH C
obenx cropon (100r, 10mmT), KOJIBIO U3 aJTIOMUHUEBO TIPOBOJIOKHU JIjisi KPEILJIEHUs IPY30B K HOPIII-
HIO (CAMOJIEJIbHOE), CEKYHJIOMED 3JIEKTPOHHBIN ¢ MaMsThio 3Tanos, juHeiika (20 — 30cM), ckoTd,
HOYKHUIIBI, BECHI (2I1T. Ha KaOUHET).
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Yacrpl. Tpenue nopruH4.

Ecan 3akpbITh 0TBEpCTHE MIIPUTIA U BJIBUTATH, NJIK BbIIBUTATH ITOPIIEHD, TO OCJIE eI0 0CBODOXK 1e-
HUs OH OyJIeT HEMHOT'O cMemaThes. [[poBeuTe 1mo00HbIE UBMEPEHUA U ONPEJIEIUTE CUIY TPEHUs
HOPIIHA O CTEHKH IIMIPHUIA IPU ero JIBUKEHUsIX B IPOTUBOIIOJIOXKHBIX HalpaBjeHusx. OieHure
[TOTPENTHOCTD HAMJIEHHOTO 3HAYEHUSI.

ArmocdepHoe aBiieHre B JIeHb IIPOBEJICHUS SKCIIEPUMEHTa BaM OyJIeT yYKa3aHo.

Yactp 2 /IBu>keHue IIOPILHS.

B nmannoit wactn Bam mpejicTouT uccienoBaTh JBUKEHUE TOPIITHS IIIIPHUILA IT0J JIEHCTBUEM II0-
CTOAHHOI BHeImHeil cuabl. Cobepure SKCIEePUMEHTAIbHYIO YCTAHOBKY KakK ITOKAa3aHO Ha PUCYHKe 1
(ITocrapaiitTech 0GORTHCH OJHUM MITATHBOM).

[ToaBecbTe K MOPIIHIO 3a KOJIBIIO HECKOJIBbKO rpy3oB. Habsoaiite 3a jBukenuneM nopinasg. [Tom-
BECbTE CTOJIBKO I'PY30B, YTOOBI IMOPIIEHb OIYCKAJICS U3 KpalHero BepXHEro B KpaifHee HUXKHEe
ITOJIOYKEHHUE.

2.1 Ompegemure MUHAMAJIbHOE KOJHIECTBO TIOIBEITHBAEMBIX K IOPITHIO
IPY30B, IIPU KOTOPBIX IIOPIIEHb OIyCKAeTCs B KpaliHee HUYKHEE I10JI0XKe-
Hue. AKKypaTHO U3BJIEKUTE TOPIIeHb n3 nuaunHapa. Onpejennre cyMMap-
HYIO MAacCCy IOPIIHS C KOJIBIIOM U I'Py3aMU.

2.2 UcenemyiiTe 9KCIEPUMEHTAIHLHO 3aBUCUMOCTD KOOPIUHATHI MOPIITHS OT
spemenn X (7). Ioctpoiite rpaduk mosrydeHHOH 3aBUCHMOCTH.

2.3 I1o sKcriepuMeHTaIbHBIM JaHHBIM TOCTPOiiTe rpaduK 3aBUCUMOCTH CKO- 5
POCTHU TIOPIIHST OT BpeMeHu v(T).

2.4 Onpegenure MaTeMaTUIeCKUI BUJI 3aBUCUMOCTU KOOD/IMHATHI TOPIITHS
oT Bpemenn X (T), OUpesieiuTe ee mapaMeTphl.

2.5 ITlocTpoiiTe rpaduK 3aBUCUMOCTU PABHOJEHCTBYIONIEH CHIIbI, JIeHCTBY-
[olIell Ha HOPIIeHDb, 0T KoopauHatsl F,(X).

3agaua 1 «JIumoHKa»

Bce nep:kanm B pykax u Jlake HCIIOJIb30BaJd BCEBO3MOYKHBIE T'aJIbBAHUYECKUE IJIEMEHTBI — JIJIs
donapukoB, gacos, ... myabrumerpoB! Ho mamo kro Bujesn ux u3nyrtpu. A tam Bce mpocTo, JiBa
MeTasL1a ¥ JUMOH. He mblTafiTech OCTPOUTH TEOPETUUECKYIO MOJETb U TeM, D0jiee PACCUUTATH
OKIJIaeMbIe PE3Y/IbTAThl N3MEPEHUl. DTa TeOpUsi CIUIINKOM CJIOXKHa/!

[Tpubopsl u 060pyIOBaHUEe: CBEKUI JTMMOH, MYyJIbTUMETD, HAOOP PE3UCTOPOB (UX COMPOTUBJIEHUE
BBl MOYKETE W JIOJIZKHBI M3MEPUTH), COEIMHUTE/IbHBIE TPOBOJIA, HAOOP 9JIEKTPOJIOB: yTOJbHBIN (He
omubeTecs), rBo3/u (KeJIe3HbIN, OIMHKOBAHHBIN, OMEJIHEHHBIH — JIEMKO OTJIMYUTH 110 IIBETY ), OJI0-
BSIHHBII (O9eHb TuOKa IIPOBOJIOKA), cepeOpsHbIil (JTank pe3sncTopos).

[Ipu mpoBegeHNN U3MEPEHUIT HE TOPOIUTECH, HEOOXOIUMO JIOXKIATHCS YCTAHOBJICHUST TIOCTOSTHHOT'O
3HAYEHUST U3MEPSIEMOTO HAIPSXKEHHUA. DJIEKTPOIbI BCOBbIBANTE B JIMMOH Ha PACCTOSTHUN HE MeHee
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2 cM. Merajumaeckue 3/I€KTPOJIbI BCTABJISITE B JIMMOH TOJIBKO Ha BpeMs U3MEPEHHl (OHU MOTyYT
OKHCJISITHCS ¥ PACTBOPSTHCS ). Ficim m3mepsieMble HAIIPsIZKeHNsT UCITBITAIN Pe3KHil ckatdek (0COOeHHO
9TO KacaeTcst OIMHKOBAHHOIO IM'BO3/IsT) obpalnaiitech K OpraHu3aTopaM — BO3MOXKHO. UTO MOKPBITHE
pPa3pymImiaoch - 31ektpoji 3ameanm! CTporo cobsojaiite mopsa0K MOAKIIOUEHNS B COOTBETCTBAN
C YKa3aHUAMHU B JIAHHON 3ajade.

Yactp 1. DIeKTPOXUMUYECKUN Psi[i METAJIJIOB.

[Tpu norpyzKeHnu JIBYX Pa3IMIHbIX METAJLIOB B PACTBOD JIEKTpoJUTa (B JIAHHON 3a/1a9e — BHYTPb
JINMOHA) MexK 1y HuMHU BosHuKaeT D/IC, uccresoBarh KoTopyo Bam u mpejicronT B JaHHON 4acTu
9TOTO 3a/IaHUSI.

1.1 smepbTre 3HaUYeHUSA HANPSZKEHUST MEKIY YTOJBHBIM U METAJIINIECKAM 3JIEKTPOJIOM. Y TOJIbHBIII
9JIEKTPOJT IOJKTI0UaiiTe Ko Bxomy myabrumerpa «COM».

O603HaunM u3MepenHoe Harnpsizkenue @ x, rie unjeke X oboznadaer cumpos metasuia (Fe, Cu, Zn, Sn, Ag).
1.2 O1eHnTe MOrPeIrHOCTh U3MEpPEeHNs BeJTnIntbl Pz, /I IIHHKA.

1.3 IlpoBenure m3mepenust Hanpszkeans Uy x, BOSHHKAIONIIETO IPK MOJAKJIIOYEHUN K IBYM MeTaJ-
mraeckuM ssektpogaM (Y, X)) juist Beex nap uMerornuxcst MeTasioB. [lpu srom merasr Y jioken
OBITH MOJKII0UEH KO BxoLy «COM>».

Obpawaem srumanue, wmo Uy x u Uxy He 00HO u mooice!

Pesysibrarhl m3mepennii pejicraBbre B TaOJIATIE.

Xy | Xy | Xs | Xy | X5

by —
}/1 -
}/2 -
Y:? -
}/;1 -
}/:,) -

B stueiiku BTOPOI CTPOKH 3aHeCHTe W3MepeHHble 3HaueHnst BeaundnH Py (HAmpsizKeHUs! B mape ¢
YTOJIBHBIM 3JIEKTPOJIOM ), B ocrasibible sueiiku — 3uadenus Uy .

1.4 Ha omnom 6ianke nocrpoiite rpadguku 3apucumocts Beauant Uy y ot Py s KaxK1oro sJie-
menTa Y (Bcero 5 rpadukos).

1.5 Haityiure 3aBucumocts Besimant Uy x oT Besimaud O x, Py . Bamr BeiBoj1 0b0cHYiTEe pe3ysibTaTaMu
U3MePEeHNl U IMOCTPOEHHBIX IPadUKOB.

YHacts 2. Harpy3ouyHasi xapakKTepUCTUKA JIMMOHHOTO 3JIEMEHTA.

B pannoit yactu uccieayiite raabBaAaHUYICCKUN 9JIEMEHT € TIAPOW yIJIEPOJ — M€/Ib.

[MopkrouaiiTe K BaIlleMy 3JIEMEHTY PE3UCTOPBI PA3JIMIHBIX COIPOTUBJICHUT (He 3abbiBaiiTe 1Ipo
KOMOWHATOPHKY ).

2.1 lzmepbTe 3aBUCUMOCTD HAIPIKEHUS Ha MOJIKIIOYEHHOM PE3UCTOPE OT €ro COIMPOTUBJICHUSI.
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2.2 TlocTpoiiTe rpaduk 3aBUCUMOCTU HAIIPSKEHUS HA PE3UCTOPE OT CUJIbI TOKA U€pe3 Hero.

2.3 ObocHOBAHHO OTBETHTE Ha Bompoc: «MoxkHo u cuntarh D/1C u BHyTpeHHee COIpPOTHUBIIEHNE
JINMOHHOTO TaJIbBAHIIECKOTO 9JIEMEHTa TTOCTOSTHHBIME ! »

2.4 Ha ocHoBaHuM TPOBEJIEHHBIX M3MEPEHUil OIEHUTE, B KaKuxX Ipejenax msmensiorcs I/1C u
BHYTpEHHEE COITPOTUBJIEHNE dJIEMEHTA ITPU U3MEHEHUU CUJIBI TOKa depe3 Hero.

2.5 Kparko (B 3-4 mpe/yioyKeHnsIx) BBICKasKUTe CBOU I'HITOTE3bI O XapaKkTepe HabII0IaeMbIX 3aBU-
CAMOCTEIA.
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