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BBEJIEHUE

BaxHyio yacTh TeopeTHUecKo M TpOQPecCHOHATBHON MPAKTUYECKOH MOATOTOBKHM OOYyYaroIIUXCs
COCTaBJIAIOT IPAKTUYECKHUE U JTaOOPATOPHBIC 3aHATHUS.

CoctaB M cojepkaHHe NPAKTUYECKUX M JIAOOPAaTOPHBIX 3aHATUH HANpaBJICHbl Ha pPeAN3aLUI0
denepanbHOr0  roCyJapCTBEHHOIO  00pa30BaTENbHOTO  CTaHJApTa CPEQHEro  Mpo(ecCHOHANIbHOTO
o0OpazoBaHusl.

Benymeld — aupakTudyeckod — LeNbl0  MPAKTMYECKUX — 3aHATUH  sBIsercs  (hopMuUpOBaHHE
npoeCCHOHATIBHBIX TMPAKTHUYECKUX YMEHHMH (yMEHHUI BBINOJHATH OIpPEICIICHHBIC ICHCTBUS, OIEpaluy,
HE00XO0/IMMBIE B MOCIEAYIOIIEM B MPO(ECCHOHAIBHON 1eATETbHOCTH) UM Y4eOHBIX IPAKTUYECKUX YMEHHH
(ymMeHuit pemath 3a1a4u 1o  (hu3MKe), HeOOXOMMBIX B IOCIEAYIOUIeH yueOHOM e TeTbHOCTH.

Benymelh gupakTudyeckod  1enbl0  Ja0OpAaTOPHBIX — 3aHATUH  SABIAETCS  HKCIEPUMEHTAIBHOE
MOJTBEPK/IEHUE U NIPOBEPKA CYLIECTBEHHBIX TEOPETUUECKUX MOJOKEHHUH (3aKOHOB, 3aBUCUMOCTEN ).

B coorBerctBHM C pabodeil mnporpamMmoil y4eOHOW IHCHUIUIMHBI «Du3nuKa» NPerTyCMOTPEHO
IIPOBEJCHHUE NPAKTUYECKUX U J1a0OPAaTOPHBIX 3aHATHUH.

B pe3ynbraTe ux BBIIOIHEHUS, 00y4aIOUIMNICS JOJKEH:

ymembp:
V¥ 1paccunuThIBaTh U U3MEPATH OCHOBHBIE ITaPaMETPBI MIPOCTHIX IEKTPUUYECKUX U MAarHUTHBIX LIETICH;
V2. npuMeHsITh OCHOBHBIE 3aKOHBI (DU3UKH ISl PEIICHUS aKTYAIbHBIX HH)KCHEPHBIX 3a]1a4;
V3. pemars NpakTUYECKUE 3aJa4yd MOBCEAHEBHOW JKM3HHU, PALMOHAIBHOIO IPUPOAOIOIB30BaHUSA U
OXPaHbI OKPYKAIOUIEH CPEBI;
¥02.2 onpenensate HEOOXOUMbIE HCTOYHUKH HH(POPMALIUU;
Y02.4 cTpyKTypupOBaTh MOJydyaeMyro HHPOPMAIHUIO;
VY01.2 ananu3upoBath 3a7auy W/WiIM IpoOaeMy U BbLIEIATh €€ COCTaBHbIE YacTH;
VY01.3 onpenenars Tansl pelIeHUs 3a1a4u;

ConepxaHue NPakTHYECKUX U J1a0OPaTOPHBIX 3aHATUI OPUEHTHPOBAHO HA MOATOTOBKY OOYYarOLIMXCS K
OCBOCHHIO MPO(ECCHOHAIBHOTO MOJYJISl TPOTPAMMBbl  TIOJITOTOBKH ~ CIICLMAIMCTOB CPEIHEr0 3BEHa IO
CIEUMAIBHOCTH U OBJIAJICHUIO HPOPeCcCUOHATbHBIMU KOMNEMEHUUAMU:

I1IK 1.1. BeinonHsTh HaNAAKY, PETYIMPOBKY U MPOBEPKY AIEKTPUUYECKOTO M AIEKTPOMEXAHUYECKOIO
00opymOBaHus ;

[1IK 1.2. Opranu3oBbIBaTh U BBINOJHATH TEXHUYECKOE OOCIYKUBAHUE M PEMOHT 3JIEKTPUYECKOIO U
JJIEKTPOMEXaHUYECKOT0 000pyI0BaHNUS |

[IK 2.1. Opranu3oBbIBaThb U BBIIOJHATH PaOOTHI MO SKCIUTyaTalMd, OOCITYXKHUBAaHUIO U PEMOHTY
OBITOBOM TEXHUKH .

A Taxoke GOPMHUPOBAHUIO 0OUAUX KOMPEMEHYUIL:
OK 01 BoiOupare crnocoObl pemieHusi 3aaad  NpoPEecCHOHANbHOM JIEATEIbHOCTH MPUMEHHUTENBHO K
Pa3IUYHBIM KOHTEKCTAM.
OK 02 OcymiecTBasTh MOUCK, aHATU3 U UHTEPHpETali0 UHPOpMAIMK, HEOOXOAUMON /sl BBINOJIHEHUS
3aJ1a4 NpoQecCuoHaIbHOMN e TeTbHOCTH.

BrimonHeHne o0ydJaronuxcsl MPaKTHYECKUX M Ja0OpaTOpHBIX paboT Mo y4eOHOU aucuuruimHe «Dusukan
HAINpaBJICHO Ha:

- 0000WeHue, cucmemamuzayuio, yenyonerue, 3aKkpenjienue, pazeumue U 0emanu3ayuio noayYeHHbiX
meopemuyecKux 3HaHUull O KOHKPEMHbIM MeMam Y4eOHOU OUCYUNTUHbL,

- (opmuposanue u pazeumue YMeHUll: HAONIOOAMb, CPABHUBAMb, CONOCMAGIAMb, AHATUZUPOBAMD,
oenamov 6616006l U 000OUWEHUsL, CAMOCMOSIMENbHO GeCmU UCCLe008AHUs, NONb306AMbC  PA3IUYHBIMU
npuemamu usmepenutl, 0hopmasms pe3yibmamsl 8 suoe madiuy, cxem, epapuros;

- npuobpemenue HABLIKOS PAOOMbBL C PAIUYHLIMU NPUOOPAMU, ANNAPAMYPOU, VCMAHOBKAMU U
OpyeumMu mexHUYeCcKUMU cpedcmeamu 01 npo8edeHUs ONblmos,

- 8bLIPAOOMKY NPU PeueHuU NOCMABIEHHbIX 3A0ay NPOPECCUOHANLHO 3HAYUMBIX KA4eCme, MaKkux KaK
CamocmosmenbHOCHb, OMEEeMCMEEeHHOCHb, MOYHOCMb, MEOPUECKas UHUYUAMUEA.
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[TpakTrueckren 1abOpaTOpHBIE 3aHATUS TPOBOIATCA IIOCIE COOTBETCTBYIOIEH TEMbI, KOTOpas
o0ecreunBaeT HAJTMUKME 3HAHUH, HEOOXOAMMBIX ISl €€ BBIIOTHEHUS.



2METOANYECKHUE YKA3ZAHUSA

Tema 1.1.
Kunemaruka MaTepuaJbHON TOYKH

IMpakTnyeckas padora Ne 1
Pemenue 3agau no teme: «BpamarensHoe nBu:xenne. CBo00HOE MaIeHHE)

Henn:
1.MOBTOPUTH OCHOBHBIE TEPMUHBI U (DOPMYIIBI BPAILATEIILHOTO JABHKEHUS
2.chopMupoBaTH YMEHUE MPUMEHSATH (OPMYJIBI IIPH PEIICHUH 33]1a4.
3.pa3BUBaTh JOTMYECKOE MBIIJIEHUE, TIaMsATh, BHUMAHUE; YMEHHUE PACCYKIATh U BBIICIATH IJIABHOE.
Boinosinus pa6orty, Bl Oynere:
YMETB:
peniaTh 3aJja4y Ha BpaIllaTeIbHOE ABUKCHUE
MarepuasibHoe o0ecrieuyeHue:
-II0Ca/I0YHBIE MECTA MO0 KOJUYECTBY O0yUJaIONTUXCS,
- pa3IaTOYHBIA MaTepUal C 3aIaHUSIMU;
- COOpHMKH 3a/1a4
-CIPaBOYHBIE MATEPUATIBI

3aganue:

PemmnTn 3amaun:

1.Teno OporieHO BepTHUKAIBHO BBEpX cO ckopocThio 30 M/c. Ha kakoil BRICOTE U Yepe3 KaKkoe Bpems
CKOpPOCTH Tena (110 MOyJi0) OyaeT B 3 pa3a MEHbIIIE, YeM B Hayalle noabema?

2.Ctpena, BbITyIIEHHAS U3 JIyKa BEPTUKAJIBHO BBEPX, ynaia Ha 3emunio uepe3 6 c. KakoBa naganbHast
CKOPOCTh CTpEJbl 1 MaKCHUMallbHasl BBICOTA MOoAbeMa?

3.KakyroHauanbHyI0 CKOPOCTb Ha/10 COOOUINTH KaMHIO MPU OPOCAaHUM €ro BEPTUKAJIbHO BHU3 C MOCTA
BbICOTOM 20 M, YTOOBI OH JIOCTHUT MOBEPXHOCTU BOJBI uepe3 1 ¢? Ha ckonbko monblie AIuiaoch Obl aJieHne
KaMH$I C 9TOH K€ BBICOTHI IIPH OTCYTCTBUU HAYAIILHOM CKOPOCTH?

4.I'py3, MOABEIICHHBIN Ha HUTH AMUHON 60 CM, ABUTasACh paBHOMEPHO, OMUCHIBAET B TOPHU3OHTAIBHOM
IUIOCKOCTH OKPY>KHOCTh. C Kakoil CKOPOCTbIO ABUKETCS IPY3, €CIIM BO BPEMsI €r0 JBUKEHHSI HUTh 00pa3yeT
C BEPTUKAJIBIO YIOJI 30%2

5.Benotpek umeet 3akpyriaeHue paaunycom 40 M. B 3Tom MecTe OH HaKJIOHEH Ha 40° k ropu3oHty. Ha
KaKyI0 CKOPOCTh €3/1bl pACCUYUTaH TaKOW HaKJIOH?

KpaTrkue TeopeTnyeckue cBeieHUs:

JIroboe KpHMBOJMHEHHOE JBM)KEHHE MOXHO NPEACTaBUTh Kak I10CIEI0BaTEIbHOCTh JBH)KEHUI,
MPOUCXOSIINX M0 AYraM OKPY>KHOCTEH.

TaHreHuuanbHas COCTAaBIAIONIAS YCKOPEHHUS XapaKTepu3yeT ObICTPOTY M3MEHEHHUS CKOPOCTH I10
MOJyJItO (HampaBJieHa MO KacaTelbHON K TPACKTOPHH )

Puc. 5.

Hopmanbphas cocTaBisiiomias YCKOPEHHUS XapaKTepu3yeT OBICTPOTY H3MEHEHHUS CKOPOCTH IO
HaIpaBJIeHUIO (HampaBieHa K LIEHTPY KPUBU3HBI TPACKTOPUH):



ITonHOE yCKOpeHME PU KPUBOJIUHEWHOM JBUKECHUU:

Yacrora Bpamenus — v [l/c — I'm, I'epr] ymcno nonHbIx 000pOTOB, COBEpIIAEMOW TOYKOW IpH
PaBHOMEPHOM €€ JIBU)KEHUU 110 OKPYXHOCTH B €IMHUILY BPEMEHH.

[Tepuon Bpamenus — T [c] Bpemss 3a KOTOpoe TOYKa COBEpUIAET OJUH IOJHBIH 00OpPOT, T.€.
IIOBOPAaYMBAETCS HA yTOJ 27.

CBo00aHOE IaJeHHe - OTO JBI)KEHHUE Teja MO JEHCTBUEM TOJIBKO CHIIBI TSKECTH.

Ha Tteno, magatomiee B BO3AyXe, KpOME CHIIbI TSKECTH JACUCTBYET CHJIa CONPOTUBIICHUS BO3/1yXa,
CJIEZIOBATENIbHO, TAKOE JIBUKCHUE HE SBJISIETCS CBOOOIHBIM MageHneM. CBOOOIHOE MajeHne — 3TO MaJeHue
TEN B BaKyyMe.

YCKOpeHI/IC, KOTOpOE coo6maeT TEy CUJIa TSAXKCCTH, HA3bIBaAIOT YCKOPCHHUEM CBO6OI[H01"O ImagcHUs.
Ono IMOKAa3bIBACT, Ha KAKYIO BCIWYHMHY HU3MCHACTCA CKOPOCTb CBOGOIIHO nagaroumero Tejaa 3a CIUHUIY
BpPCMCHHU.

YCKOpeHI/Ie CBO6OI[H01"O MMaJiCHUA HaIIpaBJICHO BEPTHKAJIbHO BHHU3.
I'amuneo I'ammnei YCTaHOBUII (3aKOH FaJ'II/IJ'ICH)Z BCC TCJIa IIagarOT Ha ITOBCPXHOCTb 3emnu Ion
I[GﬁCTBHGM 3CMHOI'0 MPUTAKCHHUA IIPU OTCYTCTBUU CHJI COIIPOTUBJICHHA C OJUHAKOBBIM YCKOPCHHUCM, T.C.

YCKOpEHUE CBOOOJTHOTO MaJeHUs HE 3aBHCUT OT Macchl Tena.JlJisi ero omumcaHusi MOXHO HCIOJIb30BaTh
(GbopMyJIIbl PABHOYCKOPEHHOTO JIBHYKCHUSI:

-+ — -+
ypaBHeHHe ckopoctu: V= Vgt gt

KHMHCMATUYCCKOC YPAaBHCHUC, OIMMCHIBAIOIICC CBO6OI[H0€ naacHuc TCJI.

ayt”
Y = Yo+ vopt + -
B IIPOCKIHUU HA OCh . 2

ITopsinok BbINOJIHEHUS PadOTHI:
1.Beinucars (GopMysbl IO IPOIIEHHOMY MaTepHally, XapaKTepUCTUKH (PU3MYECKUX BEIMYMH M UX €JUHMIL
U3MEpEeHHUS.
2.Pemienue 3a/1a4 o BapuaHTaM.

(I)opMa NpeacTaB/IEeHUs pe3yJbTaTa: BLIIIOJHCHHAA CAaMOCTOATCIbHAs pa60Ta.

Tema 1.1.
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KunemaTnka MaTepuaJbHON TOYKH
IMpakTnyeckas padora Ne 2
Pemenue 3a1a4 mo teme: «/[BH:keHHMe Tejia, OPOLIEHHOr0 MO YIJIOM K TrOpU30HTY. /IBM:keHHMe mo
OKPYKHOCTH

Hean:
1 TloBTOpUTH OCHOBHBEIE TEPMUHBI U (hOpMYIIBI pazaena «Kunemarnkay.
2 CdopmupoBaTh yMEHHE IPUMEHSTH (POPMYJIBI IIPU PEIICHUH 3a]1a4.
3 Pa3BuBarh JIOTMUECKOE MBIIUICHHE, TAMITh, BHUMAaHNE; YMEHHUE PACCYXKIATh U BBIICIATH TIIaBHOE.
4 Pa3BUBaTh HAaBBIKM CAMOKOHTPOJISI © B3AUMOKOHTPOJIS.

Boinosinus pa6ory, Bel Oynere:

YMETB:

- pemaTh 3aJa4M 10 KHUHEMATUKE, KaK KaUeCTBEHHOT'0, TAK U PACUETHOT'O XapaKTepa.
MarepunanbHoe obecrieyeHue:

-II0Ca/I0YHBIE MECTA MO0 KOJUYECTBY 00yUarONINXCS,
- p%ﬂaTOqHBIﬁ Marepurall C 3aJlaHUAMU;

- COOpHHKH 3a/1a4

-CIIPaBOYHBIE MaTEPHUAIIBI

3ananue:

3amanue:

OTBETHTH HA BOIIPOCHI:

1.KakoBa TPAeKTOPHUs MMOJIETA TEIa, 6DOIJ_ICHHOFO 1OJT YIJIOM K TOPH30HTY?

2.Ha xakne ABM>KEHHS pacKiIagbIBACTCS DTO ABIKCHHUE ?

KpaTkue TeopeTnyeckue cBeIeHHA:



ABWXeHUe TeAq, 6pou.|e|-|Horo NMNOoA YITAOM K TOPUIOHTY

¥
zjﬂy +
> > ét2 Yoy
Kunemamuue- r=vptt+ S, :
CKUe ypasuerus s o . ]
d6uncerua e 0
a=g L 6 i
Ocs
Ipoeruyuu Ocz x y .
Kunemamuye- x = Up,t, Y =ug,t~ 52_ ,
CKUX YpasHeHull
HQ 0CU KOOpOU- Ve = Vgyr v, = Uy, ~ 81,
Ham - -
a,= a, =g
Ilpoexyuu Ocs x Och ¥
HAYAAbROU :
= =
exopocmu na ocu| Yox ™ PoCOSC Ugy = UgSIN Q.
Koopounam s

ITopsinok BbINOJIHEHHA PadOTHI:

1. Beoinucats popmybl IO NPOMIEHHOMY MaTepuay.
2. XapakTepucTHKa PU3NYECKUX BEIMYUH U UX €AUHUL] U3MEPEHUSI.
3. Pemenue 3a1a4 no BapuaHram.

Xon paboTsi:

1. BauMmarenbHO NPOYMTATH 33Jady, MPOAHATU3UPOBATH YCIOBUE, BBISICHUTH XapaKTep JBHXKEHUS
(paBHOMEpHOE, PAaBHOYCKOPEHHOE, MPSMOJMHEITHOE, KpUBOJWHEWHOE). Brimucarh YMCIOBBIC
3HAYCHUS 33JaHHBIX BEIMYHH.

2. CpenaTh CXeMaTHYECKUH YepTEXk, OTOOpaKAIOIIMIA ONMMCAHHOE B 3ajaye JABWKeHHE. M300pa3uth
Ha HEM TPACKTOPUIO ABUKEHUS, BEKTOPBI CKOPOCTH, YCKOPEHUSI, IEPEMEIICHHUS.

3. BriOparh cucteMy KOOpAWHAT, IPU 3TOM KOOPAWHATHBIE OCH HAIPABUTh TaK, YTOOBI MPOEKIUU
BEKTOPOB HAa HUX BBIPAXKAIHNCh, BO3MOXKHO, Ooliee MPOCTHIM 00pazoM. OTMETUTh KOOPAHWHATHI
}IBI/I)KyHIeFOCSI TC€j1a B 3aJaHHBIC U HHTepecy}omHe HAaC MOMCHTHI BpeMeHI/I, CHpO@KTI/IpOBaTI)
BEKTOPBI CKOPOCTEN U YCKOPEHHI Ha OCU KOOPJIMHAT.

4. COCTaBI/ITB JIs1 JAHHOT'O ABUXKCHUS ypaBHeHI/ISI, 0Tpa>1<a}011me MaTeMaTI/IquKy'IO CBSI3b Me>1<)1y
MPOEKIUSAMH BEKTOPOB Ha OCH KoopauHaT. COCTaBUTh YpaBHEHUs, OTPAXKAIOIINE TOTIOJTHUTEIbHbIE
YCJ'IOBI/IX 3aa4un. LII/IC.]'IO ypaBHeHI/II\/’I JOJIPKHO 6BITB paBHO qI/ICJ’I}’ HCU3BCCTHBIX BCIIMYNH.



5. PemnTh COCTaBIIEHHYIO CHUCTEMY YPAaBHEHUI OTHOCHUTEIHHO MCKOMBIX BEIWYMH U TMOIYYHTbH
OTBET CHavaJla B aHAJIUTUYECKOM BHUJIE (T.€. TOJTYYUTh pacueTHbIE (OPMYJIBI).

6. [ToncraButh B pacueTHble (POPMYIIBI BMECTO 0003HAYCHUH (PU3MUECKUX BETMUMH 0003HAUCHUS
ux emuann B CH, mpomsBecTd npeoOpa3oBaHMsA M yOEIUTHCS, MONY4aroTCs JIH B PE3yJbTaTe
€/IMHUIIBI UICKOMBIX BEJIMYHH.

3agaum 1018 CaMOCTOSITEILHOTO PeLIeHHs:
1.CHapsg BbUIETENT W3 CTBOJIa cO cKopocThio 200 M/C moa yriioM K IUIOCKOCTH TOPH30HTA.
Onpenenuts JaIbHOCTH M0JIETA CHAPAIA.
2.Bpartapp,BpIONBas M4 OT BOPOT (C 3€MJIM), COOOIIIII €My CKOpocTh 20 M/C, HallpaBIECHHYIO O]
yrmom 50° K ropumsonty. HaifTi Bpemst momera Msda, MaKCHMAJIBHYIO BBICOTY IOABEMA H
JAJIBHOCTH TOJIETA.
3.Jluck. OpOIIEHHBI TOJ YIIIOM 45% k TOPU30HTY, JAOCTUT HamOoubiueil BbicoThl h/ KakoBa
JTAIBHOCTH €ro mnojera’?
4.HaiiTi BBICOTY M JabHOCTH IOJIETa CUTHAJIBHON PAKEThI, BBHIMYIIIEHHOW CO CKOpocThio 40 m/c
MOJ] yIioM 60° k TOPU30HTY.
5.13 ctapyHHOM MYIIKH, CTBOJI KOTOPOW YCTAHOBJIEH IO YIJIOM 30% & TOPHU30HTY BBIITYLIEHO SJIPO
co ckopocteio 140 wm/c. HaifTu mnpoeknuu Ha4yalbHOH CKOPOCTH Ha TOPU3OHTAIBHOE H
BEPTHUKAJIbHOE HAIPaBJICHUS, BpeMs I10JIeTa s1/1pa,lajlbHOCTh IoJIeTa sipa.

®opma npeacTaBieHus pe3yJbTaTa: BbIIIOJIHEHHAs CaMOCTOsITeNIbHAs padoTa.

Tema 1.2. 3akousl Mexanukn HoiloToOHA

IIpakTuyeckas padora Ne 3
Pemenne 3aga4 no treme: «3akonsl HoloToHa. CHcTeMa CBA3aHHBIX TeJI»

esap padoTbI:HAYUUTHCS ONPENETATh PABHOACHCTBYIONIYIO CHJT JEHCTBYIOIINUX HA TEJIO, CUITY HATSKECHHS
HUTHU MEXIY TEJIaMH, YCKOPEHUE, CKOPOCTb.

Boinosinus pa6ory, Bel Oynere:

YMETh:

-peuars 3a1a4n Ha 3aKkoHbl HproTOHA.
MarepuaabHoe o0ecrieyenue:

-[10CA/I0YHBIC MECTA 10 KOJMYECTBY O0YUAIOIINXCS;
- pa3/IaTOYHbBIN MaTepUa ¢ 3aJaHUsIMHU;

- cOOpHUKH 33724

-CIIPaBOYHbIC MaTEPHUAIIBI

KpaTrkue TeopeTn4yeckue cBeieHUS:

OcHoBHas 3a7jaua JUHAMHUKN — OIpPEJIEIICHHUE MOJI0KEHHSI Tella B IPOCTPAHCTBE B JIFOOOH MOMEHT BpEMEHH,
KOI'Ia U3BECTHBI ACUCTBYIOLINE HA TEJIO CWJIBI U 3aJaHbl HAYaJIbHbIE KOOPAUHATBI U CKOPOCTH TEJIA.

[Ipu neicTBUM Ha TENO HECKOJIBKUX CHJI MX MOXHO 3aMEHUTH paBHOACUCTBYOLIEH criion F p —
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OCHOBHBIMU 33aKOHAaMHU KJIACCMYECKOM AMHAMUKM SBJIAIOTCS 3akoHbl HprotoHa. 3akonel HeroToHa
CJIIENYIOT M3 OIIbITA, B3AMMOCBS3aHbl APYr C IPYroM, He MOJYMHEHBI IPYTr APYTY U CIPaBEUIMBBI TOJIBKO B
MHEPLUUAIbHBIX CUCTEMAX OTCYETA.

Wnepuuaneueie cucremsl otcuera (MCO) — 3T0 cuctembl, B KOTOPBIX Telo (Ipymmbl Tel), HE
IMOABCPIKCHHOC I[CflCTBPIIO CHJI (I/IJII/I I[GﬁCTBH?I CHJI CKOMHGHCI/IpOBaHLI), HaxXxoauTCs1 B ITIOKOC HJIM ABHKETCA
PaBHOMEPHO U NpsAMoIMHEHHO. CucTema oTcuera, ABMXKYIascs oTHocuTeabHo qaHHoi MCO paBHOMEpPHO U
IPSIMOJIMHENHO, TaKkKe SBJISETCS MHepUuaibHON. CHCTeMy OTCUeTa, CBSI3aHHYIO C 3emiied, ¢ OoJbLIon
CTCIICHBIO TOYHOCTHU MOKHO CUHUTATh HHGpIIPIZUILHOfI.

ITepBblii 3ak0H HprOTOHA: B MHEPIMATBHBIX CHCTEMAX OTCUETA TEJIO COXPAHSAET COCTOSIHUE TTOKOS WU
PaBHOMEPHOTO MIPSIMOJIMHEMHOTO JIBHXKEHHS, €CJIM Ha HEro He JEHCTBYIOT JIpyrue Tena, 100 NeUCTBYIOT, HO
3TO JIEUCTBHE CKOMIIEHCUPOBAHO: 3HAYHUT, —V = CONst, - a = 0.

Bropoii 3akon HploToHa: yckopeHue, nonydeHHoe TenoM B HMCO, mpsiMo mOponopuuoHaIbHO
PaBHOJICHCTBYIOIIEH MPHIOKEHHBIX K HEMY CHJ, OOpaTHO NpPOMOPIMOHAIbHO Macce Tena: Ecmu ke
paccMaTpuBaTh JIEUCTBUE KAXKJIOM CHIIBI B OTIEIBHOCTH, UMEET MECTO MPUHLUI HE3aABUCUMOCTH JACHCTBUS
cu (IPUHIUI CYNEPIIO3ULIUU AeUCTBUA). B 3TOM ciydyae pe3ynbTupyollee YCKOpEeHUe Tella MPeACcTaBIIseT
co00Ol BEKTOPHYIO CyYMMY VYCKOPEHHH, BBI3BIBAEMBIX KaXKIOM CHJIOH B OTIAEIbHOCTH: B ciyuae
PaBHOMEPHOTO JABHKEHUS MO OKPYKHOCTH TEJI0 UMEET LIEHTPOCTPEMHUTEIBLHOE YCKOPEHUE, HAINPABICHHOE
COTJIaCHO BTOPOMY 3aKOHY HbIOTOHA K IEHTPY OKPY>KHOCTH:

Tperuit 3akon Hptotona: B UCO cuiibl B3auMoIeHCTBUSL MEXYy JBYMS T€JIaMU UMEIOT OJIMHAKOBYIO
¢u3nyecKyo NpUPOY, PaBHBI [0 MOAYNIIO W HampaBieHbl BAOJIb OAHOM MPSMON B HMPOTUBOMOJIOMKHBIE
CTOPOHBI: DT CUJIbI IPWIOKEHBI K Pa3HBIM TEJlaM U MO3TOMY HE YPaBHOBEIIMBAIOT IPYT Japyra. B 3agadax
MEXAaHUKH BCTPEYAIOTCS CJENYIOIIMEe BHUIbl CUJI: TATOTEHUS (TPaBUTALMOHHBIE CHWIIBI), YIPYTOCTH U
COIPOTHUBIICHUS.

Xox paboTsrI:

1. HpoaHaanpOBaTb YCJIOBUC 3adavu, INOHATH (I)I/ISI/I‘-ICCKI/Iﬁ rpomnecc, paCCManHBaeMBIﬁ B Heﬁ,
BBISICHUTDH, KAKHEC CHJIbI ,HCIZCTBYIOT Ha UHTCPECYIOMUEC HAC TCJIA.
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2. Cnenatb cxeMaTHUECKUN PUCYHOK, 1300pa3uB HA HEM KHHEMATHUECKHUE XapaKTePUCTUKU JBHKEHUS
(YCKOpEeHHUS U CKOPOCTH ), HApUCOBaTh BEKTOPHI BCEX CHJI, IEUCTBYIOIIMX Ha KaXJ10€ TEJO.

3. i Kaxooro Tena B OTAESIBHOCTH HA OCHOBAHMM BTOPOro 3akoHa HploTOHa 3anmucaTth ypaBHEHUS
JIBYDKEHUS, CBS3bIBAIOILME MPOEKLUN CWJI M YCKOPEHUH, BbIOpaB MpeABApUTEIbHO cucTeMy orcuera. [Ipu
JBHKEHHUHU TeJla 110 NMPAMOM BTOPOH 3aK0H HpI0TOHA [uIs Tena uMeeT BUL: , TIe — CyMMa IIPOEKIUI BCEX CHUIL,
JNEHCTBYIOIMX HA' TEJIO, Ha NPSIMYIO, IO KOTOPOM IMpoucxoauT JBuxkeHue. llpu 3ToM nosoxurtenbHOE
HarpaBJIeHUE OTCYeTa yJ00HO BBHIOMpATh COBMAJAIOMIMM C HalpaBJIeHHWEM ycKopeHus. Ecinu HampaBieHue
COCTABJISIIOLIEH CHIJIBI COBIIAJAET C HAMPABICHUEM YCKOPEHHUs, TO COOTBETCTBYIOLIAS IIPOCKLUS CHUJIBI
OepeTcs CO 3HAKOM ILIIOC, B IPOTUBHOM CJIy4ae - CO 3HAKOM MHUHYC.

4. Tlpu pemeHun 3amad, B KOTOPBIX paccMaTpPUBAETCS IUHAMUKA PAaBHOMEPHOTO JBUXKEHHUS 10
OKPYKHOCTH, TakKe IIeJIeCOO0pa3HO TIOJOKUTEIBHOE HAMPaBICHHE KOOPAWMHATHONH OCH BBIOMpATH
COBIIA/IAIOIIMM C HAMpPaBJICHUEM YCKOPEHUS, T.€. K IEHTPY BpaieHus. CoriacHo BTopoMy 3akoHy HeroToHa
, TJIe — CyMMa MPOEKIU BCEX CUJI, IEUCTBYIOIIMX Ha TEJIO, HAa paauyc BpaieHus. [Ipu sTom, eciau npoeKius
CWJIbl HampaBji€Ha K LEHTPY BpalleHUs, €€ HYKHO CUUTaTh IIOJIO)KUTEIIbHOM, €Cli OT LEeHTpa -
OTpHUIIATENBHOM.

5. B 3ajauax o JBMXKEHHUM CHUCTEMbI CBSI3aHHBIX Apyr € ApyromM TeEil OAHHX ypaBHeHPIfI JABUXXCHUA
OKa3pIBaeTCAd HeAOCTaTO4HO. B 3TOoM cirydac HeO6XOI[I/IMO 3alucaTb CHc¢ KHHCMATHYCCKUC YCJIIOBUS,
BbIpaXaromue c000lf COOTHOIIEHUS MCKAY YCKOPCHUSAMHU TCJI CUCTCMBI, 06YCJ'IOBJICHHLIC CBA3SAMU MCKIY

HHUMMU.

6. Ecim B 3aJa4dc Tpe6yeTCH HaWTH HE TOJBKO CHJBI U YCKOPCHUSA, HO TAKIKE KOOPAWHATHI (I/IJ'II/I
HpOfI)I@HHLIC HYTI/I) TCI MW HUX CKOPOCTH, TO KpOMC ypaBHeHHfI ABWIKCHUSA HYXHO HCIIOJIb30BATh
KMHCMATUYCCKUC YPABHCHHUA IJIA KOOPAHUHAT U CKOpOCTCfI.

7. B 3apmayax, rie yduThIBacTCAd TPEHUE, HY)KHO HAXOIUTh CHUJIY HOPMAJIbHOW PpEaKLHU OIOpHI,
ONPEIEIAIYI0 CWIy TpeHus. JlIg 3TOro COCTAaBIAIOT YpaBHEHHE Ha OCHOBAaHMM TOIO, YTO BJOJIb
KOOPJMHATHON OCH, NEPIECHAUKYJIAPHOM K HAIIPABICHUIO CKOPOCTH IPSMOJIMHEMHO ABMXKYILIErocs Telna,
YCKOPEHHE OTCYTCTBYET, M IIOATOMY CyMMa IIPOEKIUI CHJI HAa 3Ty OChb paBHA HYIIIO.

8. IlomyueHHbIE ypaBHEHMsI JONOJIHHUTh, €CIM HEOOXOIMMO, BBIPAKEHUSAMHU ISl KOHKPETHBIX BHJOB
cuil (Cuila TPEHMsI CKOJBXKEHMs, Cuja TPEHHUs IOKOs, CWJIa YIPYrocTH, cuia ApXuMena) U peluThb
MOJIyYEHHYIO CUCTEMY YpaBHEHHI B 00111eM BUJIE, T.€. MOJIYYUTh pacueTHble (POPMYIIbL.

9. Y6enutnbcs, MOTy4yaroTCs U B pe3yabTaTe eAMHHUIIBI HCKOMBIX BeNUYuH. [lo/icTaBUTh B pacyeTHBIC
(GbopMyJIBI YUCTOBBIC 3HAUCHHS (PU3UUECKUX BEJIMUMH U TPOU3BECTH BHIYUCIICHHS.

Pemutnb 3agaun:

1. Yepes HENOABMKHBIN OJIOK EPEKUHYTHI HUTh, K KOTOPOH MOABEIIEHBI TPH OMHAKOBBIX Tpy3a (J1Ba C
OJTHOW CTOPOHBI M OJIMH ¢ ApYyroi) Maccoit 5 kr kaxablii. Halitu yckopenue cucremsl. Kakoil myTh
IPONAYT TPY3bl 32 EPBBIE 4 ¢ ABUKECHUS?

2. JlBa rpy3a Maccamu 4 KT U 6 KI' COETUHEHBI JIETKON HepacTsHKUMOHN HUTHI0. KoaddurmenTs! Tpenns
MEXIy Tpy30M H cTojoM U = 0,2. Onpenenure yCKOpeHHue, ¢ KOTOPBIM OyayT ABUraThCs IPy3bl.
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3.K koHIIlaM HHTH, TIEPEKUHYTOH Yepe3 HEMOJBIIKHBIN OJIOK, mojBemeHbl nBa rpy3a 90 T u 110 .
[lepBoHauaIbHO OHM HAXOIATCS Ha OJHOM ypoBHe. C KakuM yckopeHuem ABuxkyrtcs tena? Ha ckonbko
OITYCTHUTCSI OOJNbIINi Tpy3 3a 2 c?

4. Ha KoHUAX HUTH, NMEPEKUHYTOM depe3 OJIOK, MOJBEIIEHbI Tena pa3Hbix Macc. Ilon neiicTBuem cuiibl
TSKECTH KaXKIbIH M3 TPY30B IMPOXOIUT 3a 2 € IOCJIE Hayajla JABMKEHUS MyTh B 2 M. Omnpenenurb Maccy
MEHBILETO0 IPy3a, €CIIM Macca OONBIIETro paBHa S KT.

5.Teno maccol 2 KT CKOJIB3UT IO TOPU30HTAIILHOM MOBEPXHOCTH CTOJIA MO AelicTBUEM Tpy3a maccoi 0,5 kr,
IPUKPEIJICHHOTO K BEPTHUKAJIbHOMY KOHIy IIHYpa, IPHUBS3aHHOTO K TEIy M IEPEKMHYTOro 4epes
HEMOJIBIKHBIA OJIOK, 3aKkperyieHHbIH Ha Kpato. C KakuM YCKOpeHHeM JABIbKeTcs Teno? TpeHue He
YUUTHIBAT.

6. Ha ropn30HTaIBHOM CTOJIE JIEXKHUT JIEPEBIHHBINA Opycok Maccoit 500 T, KOTOPBIN PUBOAUTCS B ABHKCHHE
rpy3oM Maccoil 300 T, MOABENICHHBIM Ha BEPTUKAJIbHOM KOHIIE HUTH, IMEPEKMHYTOH uepe3 OJIOK,
3aKperyieHHbl Ha KoHle ctoja. Koad¢uuumeHnt Tpenus npu aBmkeHun Opycka paBeH 0,2. C kakum
YCKOpPEHHEM OYIET ABUTATHCS OPYCOK?

(I)opMa npeacraBjJdeHus pedyjabTaTa: BbIIIOJTHEHHAA CaMOCTOATEIIbHAA pa60Ta.

Tema 1.2. 3axkounl Mexanukn HebloTOHA
IIpakTuyeckas padora Ne 4
Pemenne 3axa4 mo teme: «/[BU:KeHne Teia MO0 HAKJIOHHOU TIOCKOCTID).

I_Ie.]'le Hay‘{I/ITBCSI ONpCACIIATh paBHOﬂeﬁCTBYIOIHYIO CHIJI HeﬁCTBYIOHlHX Ha TEeJI0 Ha HaKJIOHHOM
IIJIOCKOCTH

Boinosinus padory, Bel Oyaere:
yMeTh:
pemiaTh 3a7a4i Ha IBIKCHHE 110 HAKIIOHHOW TTOCKOCTH

MarepuaabHoe o0ecrieyenue:
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-IOCAJOYHBIC MECTA 11O KOJIMYCCTBY OGY‘-IaIOH_[I/IXCSI;
- pa3aaToOuYHbIl MaTepHa ¢ 3aJaHUsIMH;

- COOpHUKH 337124

-CIIPAaBOYHBIC MATEPUAITBI

Kparkue TeopeTnyeckue cBeIeHH:

Bekropnas cymma 3TuUX Tpex cui OyAeT paBHa MPOM3BEIICHUIO MacChl Ha yckopenue. Koopaunarnas
ocb OymerT HampaBlieHa B CTOPOHY YCKOPEHHS BJOJb HAKIOHHOM IJIOCKOCTH — BHH3, OCh  OyIeT
MEPIICHIMKYJISIPHA OCH X, COOTBETCTBEHHO, OHA COBMAAAET MO HAIIPABIICHUIO C CUJION PEAKIIMU ONIOPbI

mF+ N+ fp =ma

noox: mg-sina- E,

nooy: —mg -cosa+N= 0

=ma

Fp=uN=pmg - cosa

ma = mg - sine — uymg - cosa a = g(sinad — u - cosa)

3amanue:

1.BHUMATEIBHO IPOYHUTATH TEOPETHUSCKYIO YaCTh U TIJIAH PEIICHUS 331a9
2.Pemnts 3amaun
Xoa padoTsi:

1. Ilpoananu3upoBaTh yCIOBHE 3a/JayH, MOHATh (U3NYECKUN MPOLECC, pacCMaTPUBAEMBbIi B HEH,
BBISICHUTD, KAKHE CUJIBI JICHCTBYIOT HAa MHTEPECYIOIINE HAC Teja.

2. Chenatb cXeMaTUYECKH pUCYHOK, H300pa3uB Ha HEM KHHEMATUYECKUE XapAKTEPUCTUKH JBUKCHUS
(YCKOpEHHUS B CKOPOCTH ), HAPUCOBATh BEKTOPHI BCEX CHJI, ICHCTBYIOIIMX HA KaXKIO€ TEIIO.

3. g Kakaoro Tena B OTAEIBHOCTH Ha OCHOBAHMM BTOPOro 3akoHa HplOTOHa 3amucaTh ypaBHEHHS
JBUKEHUSI, CBA3BIBAIOIINE MPOEKIUU CUJI U YCKOPEHMH, BbIOpaB MpeaBapUTeIbHO cucTeMy oTcuera. [lpu
JBUKEHHUHU TeJla 10 NPSAMOM BTOPOU 3aKOH HbIOTOHA U1 Tela uMeeT BUL: , T/Ie — CyMMa IIPOEKIUN BCEX CUIL,
JICHCTBYIOIIMX HA' TEJIO, Ha NPSIMYI0, 10 KOTOPOM IMPOMCXOAMT JBMKEeHHE. [Ipn 3TOM MOJI0XKHTEIBHOE
HalrpaBJIeHHE OTcYeTa yJ00HO BHIOMpATh COBHAJAIONIMM C HampaBJeHHEM ycKopeHus. Eciu HampaBieHue
COCTABJISIFOIIEN CHJIBI COBIIQJAET C HAMPABICHHEM YCKOPEHHUs, TO COOTBETCTBYIOLIAS IPOEKLUS CHJIBI
OepeTcs co 3HAKOM IUIIOC, B IPOTUBHOM CIIy4ae - CO 3HAKOM MHUHYC.
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4. Tlpu pemeHun 3anad, B KOTOPBIX paccMaTpPUBACTCS TUHAMHMKA PABHOMEPHOIO JBHXKEHUS IO
OKPYKHOCTH, TakKe I[eJIeCOOOpa3HO TIOJIOKUTEIbHOE HAaNpaBieHHEe KOOPAMHATHON OCH BBIOMpATH
COBMAJAIOLIMM C HApPABJICHUEM YCKOPEHHUs, T.€. K LIEHTpY BpaiieHus. CoriacHo BTopomy 3akoHy HbroToHa
, TJIe — cyMMa IpOeKLUN BCceX CuJl, JEHCTBYIONIMX Ha TEJO, Ha paauyc BpaieHus. [Ipu aTom, eciiu mpoekuus
CWJIbl HampaBjieHa K LEHTPY BpalleHUs, €€ HYKHO CUUTaTh IOJIOXKUTEIIbHOM, €ClM OT IeHTpa -
OTPULATEIBbHOM.

Pemuts 3agaun:
1.Ha HaKJIOHHO# TJIOCKOCTH JUTMHOM 13 M M BBICOTON 5 M JIeXKHT rpy3 Maccoit 26 kr. KoadduuueHt tpenus
pasen 0,5. Kakyro cuily HaZ0 MPUIOKHUTH K TPY3y BIOJb IJIOCKOCTH, YTOOBI BTALUTH TPYy3; YTOOBI CTALTUTH

rpy3?

2.C KaKHM YCKOPEHHEM CKOJNB3HT OpYyCOK [0 HAKIOHHOH IuTocKocTHe yrmom Haktona 30° mpu
koaduruente Tpenns 0,27

3.ABTOMOOMIIb Maccoii 4 T JBMXKETCS B TOpy ¢ yckopeHuem 0,2 m/c?. Haiitu CUJLy TAT'H, €CIIU YKIIOH PaBEH
0.02 u ko3 dunment conporusienus 0,04.

4 Kakyro CHIly HaJ0 TIPHJIOKHTH JUIS TOXbEMa BATOHETKH Maccoii 600 KT 1o scTakaze ¢ yrioM Haktona 200,
ecnu koddduimeHT conpotusienus pasel 0,05.

5.IMoe3n maccoii 3000 T mBwxkercs BHU3 moj ykioH, paBbii 0,003. Koadpdumment conporuBieHus
neuxennto paseH 0,008. C kakuM yCKOpEeHHEM JIBUKETCS TTO€3/1, €CIM CHJIa TSIrd JOKOMOTHBA paBHa :a)300
kH; 6)150 xH ;)90 kH.

(I)opMa NnpeacraBjJdeHus pe3yjabTaTa:BhIIIOJIHCHHAA CAMOCTOATCIIbHAA pa60Ta.

Tema 1.3
3aKoHbI COXpaHEHHS B MEXaHHKe
IIpakTuyeckast padora Ne 5§
Pemenue 3aga4 no teMe «3aK0HbI COXPAHEHHSI B MEXaAHUKE)

Heap padorsi: HayunTthcs npuMeHSATh OCHOBHBIE (hOpMYIIbI pa3zenia «3aKOHbl COXPAHEHHS B MEXAaHUKE»
IPY PELICHUH 3a/1a4.

Boinosinus pa6orty, Bel Oynere:

YMETh:

- pelaTth 3aJ1a4y Ha 3aKOHbI COXPAHEHHUSI MEXaHUYECKOM YHEPTUHU U UMITYJIbCA.
MartepuanbHoe o0ecrieyenme:

-[10CaJ0YHBIC MECTA 10 KOJHYECTBY 00YJIarOIINXCS;
- pa3/1aTOYHbBIN MaTepua ¢ 3aJaHUsIMHU;

- cOOpHUKH 337124

-CIIPaBOYHbIC MaTCPHAIBI.

3amanmue:

1. AxTyanusanus 3HaHUH.
3amucarh Ha 10cKe (POPMYIIBIL:
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MEXaHUYeCKON paboThl, MOIIHOCTH, MOTEHUUATbHON IHEPIHH, KUHETUYECKOW HHEPrUH, UMITYJIbCA CHIIBI,
UMITyJIbCa TeJla, 3aKOHAa COXPAaHEHUS UMITYJIbCa JUIsl yIPYTOro ¥ HEYIpyroro yiapos.

2.Pemmnthb 3aa49M C MCIT0JIb30BAHHMEM AJIrOPHUTMA

3aKOH coOXpaHeHUs UMITYJIbCA.
AJITOPUTM pelleHus 32/1a4 HA 32AKOH COXPaHeHHMs UMILYJIbCa:

3anucarb KpaTKOE YCIOBUE 3aJa4H.

[lepeBectu enquHuIbl U3MepeHus B cuctemy CU.

BeiOpatk cucremy orcuéra.

CuutaTh cucTEMY TEN 3aMKHYTOM.

HapucoBate Tena n0 B3aUMOIEHCTBUS M IIOCIE, YYMTHIBAs YNPYI'MH yJap WIM HEYNPYTHH, yKas3blBas
HaIIPaBJICHUS UX CKOPOCTEN.

BriOpate ocu koopauHar.

3amucarh 3aKOH COXpaHEHUs UMITYJIbCa B BEKTOPHOM (hopme.
CrnpoennpoBaTh ypaBHEHHE COXPAHEHMsI HMITYJIbCA HA OCU KOOPAMHAT.
Pemnts cucremy ypaBHEHUH.

. OLleHUTD NTOJTYYEHHBIHN pe3yJIbTaT.

3aK0H COXpaHeHHsI JHePTrUM.

A.]'[I‘OpI/ITM peuicHUA 3aa9 HAa 3AKOH COXPAHCHHUSA SHECPIrun:

1.3anucark KpaTkoe yclOBUE 3a/lauH.

2.IlepeBectu enuHUIBI U3MepeHus B cuctemy CH.

3.BeiOpath cuctemy orcuéra.

4.0mpenenuTh Ha4YaJIbHOE W KOHEYHOE TOJIOXKEHHUS Tell, a TaK Ke, eCIM He0OXOAMMO, TO MPOMEKYTOUHbIE
II0JIO’KEHUS, O KOTOPBIX UJET peub B 3a7aue.

5.Bb1OpaTh Hys1€BOM ypOBEHb NOTEHIMAIBHON SHEPTUH.

6.Ecnn Ha Tena NEHCTBYIOT TOJBKO MOTEHLMAIbHbBIE CHUJIbI, 3aIIUCATh 3aKOH COXPAHEHUs MEXaHUYeCKOH
sHepruu: E1= E; Eciu B cucteme Ten IeMCTBYIOT TAKXKE U HEMOTCHIMAIBHBIE CUJIbI, TO 3aKOH COXPaHEHUS
sHepruu 3anucats B crneaytomeM Bujie: AE=E;- E;=A, rzae A - pabota HENOTEHIIMAIbHBIX CHIL.
7.BbIpa3uTh HEU3BECTHOE.

8.IIpousBecTy pacy€T YMCICHHOTO 3HAUEHHS U €IUHUL] U3MEPEHHUS.

9.011eHUTH TTOTYYEHHBIN Pe3yNbTaT.

1. Tenexka maccoii 0,1 Kr IBM)XETCSI paBHOMEPHO IO CTOJIY CO CKOPOCTHIO SM/C, TaK KaK M300pakeHO Ha
pucyHKe. UeMy paBeH €€ UMITYyJIbC U KaK HallpaBJIeH BEKTOP UMITYJIbca?

2. ABToMOOWMIL Maccoil | TOHHa, IBIDKETCS TPSIMOJMHEWHO CO CKOpocThio 20M/c. Haiitm wumimyibe
aBTOMOOWIIA ...

3. ABTOMOOWIIb, TEPBOHAYAIBHO JBUTABIIMKCS CO CKOPOCTHIO 20 M/C, TOCIE BBIKIIOUYEHUS JBHUTATEIS
ocraHoBuJICS uepe3 3 cekyHIpl. Cuia CONPOTHUBICHMS, JEHCTBOBAaBIIAsS Ha AaBTOMOOWIb TIpU
topmokeHuu pasHa 6000 H. Haiitu maccy aBToMo6mIs. . .

4. Yemy paBHa CKOpPOCTh MOPOXOBOH pakeThl Maccoil 1 Kr mocie BbUIETa W3 Hee MPOJIYKTOB CrOpaHUs
maccoit 0,1 xr co ckopocThio 500 M/c.

5. C nonku maccoit 240 kr, aBwxKymielcss 6e3 rpebua co ckopocThio 1 M/c, Bbiman rpy3 maccoi 80 Kr.
Kaxkoii crana ckopocTh JIOJKU?

6. OT AByX CTymeH4YaTodl pakeTbl, o0mas Macca KOTOpoil paBHa | TOHHa, B MOMEHT JOCTHXKEHHS
ckopoct 171 wm/c otnenunace Bropas cryneHb Maccoil 0,4 ToHHBL. IIpu 3TOM CKOpPOCTH paKeThbl
yBenuuuiack 10 185 m/c. HaliTu ckopocTh ¢ KOTOpO# CTajia IBUTATHCS MEpBasi CTYNEHb PAKETHI.
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7. TI'panara, nereBmas TOPU3OHTAIBHO CO CKopocThio 10 M/c, pa3opBajach Ha JBa OCKojKa. Macca
nepBoro 1 kr, macca BTOporo ockojka 1,5 xr. bonbioil 0CKoJIOK Mmociie B3pbIBa MPOAOJIKAI JIETETh B
TOM K€ HalpaBJIEHUH, HO CO CKOPOCTBHIO 25 M/C, OINpENe/uTh HAINpaBICHHUE ABWKEHHS U CKOPOCTb
MEHBIIIETO OCKOJIKA.

8. Kamenp OpomieH BepTHKanbHO BBepX. B MoMeHT Opocka oH mMMen KuHeTHuyeckyro sHepruro 30 Jx.
Kakyto noTeHnuansHyo 3HepTruio oH Oy/eT UMEeTh B BEpXHEH ToUKe?

9. Teno OpoIIeHO BEPTHKAIHHO BepX cO CKOpocThio 20 M/c. Ha kakoli BRICOTE €r0 KHHETHUYECKast SHEPTHUs
OyzeT paBHaA MOTCHITUATBHONU?

10. Teno croboaHO ManaeT ¢ BeICOTH 2 1M. Ha kakoii BBICOTE €ro KHHETHYecKas J3Heprus B 6 pa3
OOJIBIIIE  IMOTEHIIMAIHLHON?

11. IIpu BeICTpEINIE U3 NPYKMHHOI'O IUCTOJIETa BEPTUKAIBLHO BBEpX wapuk maccoil 100 r mogHumaercs Ha
BbicOTy 2 M. KakoBa J’KeCTKOCTb NpPYKHUHBI, €CIU J0 BBICTpeJa OHa Oblia cxkara Ha 5 cMm?
ConpoTuBieHHEM BO3lyXa MPEHEOPEUb.

KpaTKne TCOPETUYECCKHUE CBCACHUA

®dusnyeckas BEIMYMHA, paBHAs MPOU3BEICHHUIO MACCHI T€lla HAa CKOPOCThb €ro ABWKCHUS, HA3bIBACTCS
UMITYJIECOM Telia (MM KOJMYECTBOM JIBHIKCHUS).
Nwmnynbe Tena — BekTopHas BenuunHa. Exununeil nsmepenus umnyisca B CU aBnsercs kuiaorpaMMm-MeTp B
CeKyHay (Kr-m/c).
p=mv
duznyeckas BEIMUMHA, paBHAs IPOM3BEICHUIO CUJIBI HA BPEMS €€ JEICTBUS, Ha3bIBACTCS UMITYJIbCOM CHIIBL.
p=F:t

B 3aMKkHyTOW cHCTEME BEKTOpHas CyMMa HMMIIYJIbCOB BCEX TeEJ, BXOISIIMX B CUCTEMY, OCTAacTCA
MOCTOSTHHOM TIPH JTIFOOBIX B3aUMOACHUCTBUAX TEJ 3TOW CUCTEMBI MEXy COOOM.

9TtoT (bYH,Z[aMCHTaHBHHﬁ 3aKOH IIPpUPOAbl HA3bIBACTCS 3dKOHOM COXPAaHCHHA UMITYJIbCA.
— — — —

Py vy, =m1u1'+m2u2'.

AOCOIIOTHO HEYIIPYTHM y/IapOM Ha3bIBAIOT TaKO€ YAAapHOE B3aUMOJCHCTBHE, TPH KOTOPOM  Tela
COCONHSAKOTCSA (CHI/IHaIOTCSI) szyr C ,[[perM 158 ,Z[BI/I)I(YTCSI JAJIBIIC KaK OJHO TCIIO.

A6COJHOTHO YH[)YI M YI[aPOM Ha3bIBA€TCA CTOJIKHOBCHMUE, HpI/I KOTOpOM COXpaHerTCSI MEXAaHHNUYCCKas

3HepFI/I$I CUCTCMBI TCII.

HO,I[ pCaKTI/IBHBIM JBHMXKCHUEM ITIOHUMAIOT ABHXKXCHHE TCJIa, BO3HHUKAIOIICC HpI/I OTACJIICHUU OT TCJIa C

HeKOTOpOﬁ CKOpOCTLI'O KaKOﬁ — J'II/I6O €ro 4acCTu. B pe3y.]'IBTaTC qyero camMo TeIlIo HpH06peTaeT

HpOTI/IBOHOHO)KHO HaHpaBJ’IeHHBIfI I/IMHy.TH)C.

IMopsiioK BHINOJHEHUS PA0OTHI:

1. BHUMaTenbHO IPOYUTATh TEOPETUUECKYIO YacTh U IIJIaH PEIIeHuUs 3a1au

2. PaccMOTpeTh pUMeEpHI pelieHus 3a/1a4

3. OTBCTI/ITB Ha KOHTpOJ'IBHBIe BOHpOCBI.

4. HOHy‘II/ITB W BBITIOJIHUTH I/IH,I[I/IBI/II[yaJ'IBHBIC 3aJaHuA

(I)opMa l'lpe)_]CTaB.TleHI/Iﬂ pe3yﬂbTaTa: BBITTIOJIHCHHAA CaMOCTOSATCIIbHAA pa60Ta.

17



Tema 1.4
KoaedaTeanHoe nBUkeHHe
IIpakTyeckas padora Ne 6

Pemenne 3ana4 no reme «Ilapamerpsbl K0J1€0aTEIBLHOTO ABUKEHH S
Lean padoThi:

- 3HaThb W INOHMMATh IOHATUS «CBOOOJHBIC U BBIHYXJEHHbIE KOjeOaHMs, MaTeMaTHMYECKUIl MasTHUK,
OPYXKUHHBIA MasTHUK, IEPUOJ, YacTOTa, aMIUIMTY/a»; IPOBEPUTHh 3HAHMS, YMEHHS M HaBBIKM IO TEME
MeXaHUYeCKue KojaeOaHus;

co3AaTh M OTpadOTaTh AITOPUTM IPOBEICHHS AKCIEPHUMEHTA I10 ONPEACICHUI0 Tephoja KoiieOaHui
MaTEMAaTHYECKOT 0 U NPYKUHHOI'O MASTHUKOB;

* BBIBECTH (hOPMYJIBI IS pacueTa rnepuoaa KoyieOaHuii MaTeMaTHYecKoro U MPYKMHHOTO MasiTHUKOB;

* 3aKPENUTh HaBbIKM pacuyeTa nepuo/ia KojaeOaHuil no JaHHOH TeMe.

Boinosinus pa6ory, Bel Oynere:
YMETh.

- IPUMCHATH IIOJTYUYCHHBIC 3HAHHWA HA IIPAKTUKE.
MaTepI/IaJIbHOC o0ecneueHnue:

-[10CaJI0OYHBIE MECTA 10 KOJMYECTBY 00YJArOIIUXCS;
- pa3JaToOYHBIA MaTepUal C 3aJaHUSIMU;

- COOpHMKH 3a/1a4

-CIIPAaBOYHBIC MATEPHAITBI

3aganue:

1. OrBeruTh HA BOIPOCHL:

Kakas kosebarenbHas crcTeMa Ha3bIBaeTCs «MaTeMaTHYECKHUM MasiTHUKOM»?

Jlns nanHoro ciaydvasi, B 4éM (U3NYECKUIN CMBICI MOHATHS «MaTepUabHas TOUKa»?

Kakas kosebarenbHas crcTeMa Ha3bIBaeTCA IPY>KUHHBIM MassTHUKOM»?

Kakoe aBuxeHHne Mbl Ha3bIBa€M «KOJIEOAaHUIMU»MATEMATUYECKOTO U IPYKUHHOTO MasiTHUKOB?

Kakas ¢usndeckas BenMUrMHa HA3bIBAETCS IIEPUOAOM KOJIeOaHUS»?

Kakas ¢pmsndeckas BenmnurHa HAa3bIBACTCI «J4AaCTOTON KOJIEOaHMS»?

Kakas ¢usndeckas BenMUMHA HAa3bIBAECTCI«AMIUIUTYI0U KOJICOaHU»?

[Ton nelicTBHEM KaKWX OCHOBHBIX CHJI IPOUCXOAST KojeOaHUs MPYKMHHOTO M MaTeMaTHUYeCKOIo

MasiTHUKOB?

2. Pemmts 3a1aum:

1. TlpyxuHHBII MasTHUK COBEpLIaeT rapMOHNYeckue konebanus ¢ ammuutyaou 20 cm. Kak nzmenurcs
neproJT KojieOaHuil 3TOT0 MasiTHUKA TP YMEHBIIEHUHN aMIUTHTY/I6I Konebannii 10 10 cm?

2. Teno maccoit 0,5 kr, npukpemieHHoe K npyxkuHe kectkocThio 10 H/M, coBepiiaer rapmoHndeckue
Kosie0aHusl B TOPU30HTAIbHON MIockocTu. Haiftu nepuos xonebanuii. OTBET IPUBECTH ¢ TOYHOCTHIO
JI0 IECSTBIX.

3. Marematnuecknii MasTHUK jmuHONW 0,99 M coBepraer 50 mosHBIX KoyeOanwit 3a 1 muH. u 40 c.
YeMmy paBHO yCKOpeHHE CBOOOIHOTO MaJCHUs B JAaHHOM MeCTe Ha MOBEPXHOCTU 3eMin?

4. HurtsaaoW masTHUK 3a 1,2 MUHYTHI coBepumul 36 TOJHBIX Kojebanuii. HaliquTe mepuon u 9actoTy
KOJIEOAaHU MasTHUKA.

5. AwmmmTyna He3aTyxarommx Kojie0aHWW TOYeK CTpyHBI 4 MM, dacTota konebanuii 2 k1. Kakoit
nyTh mpoiiner Touka cTpyHbl 3a 0,8 cek. Kakoe mepemelnieHne COBEPIINT 3Ta TOUYKA 3a MEPHOL
Kosie0aHuit?

NN E
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6. Ha xakoe paccTosiHHE HAJI0 OTBECTH OT TOJIOKEHUSI paBHOBECHS rpy3 Maccoi 320 r, 3aKperieHHBIH
Ha TpyXuHEe XecTKoCcThio 0,6 kKH/M, 4TOOBI OH MPOXOIWI MOJOKEHHUE PABHOBECHUS CO CKOPOCTHIO
2m/c?

7. KakoBa Macca rpy3a, KOJeOJIOIIEerocss Ha MpykuHe x)ecTkocThio 0,6kH/M, ecnu mpu amruiuTye
Kosie0aHui 8CM OH UMEET MAaKCUMAIBHYIO CKOPOCTh 4M/c?

8. 3a 0HO W TO ’X€ BpeMs OJIMH MaTEeMaTHYECKHH MasATHHK jaenaeT 50 konebanuii, a apyroi 30.
Haiinure ux AuHbI, €Clii OJMH U3 MasiTHUKOB Ha 32 CM KOpOYE IPYToro.

9. 3a 0HO W TO ’X€ BpeMs OJIMH MaTEMaTHYECKHM MAasATHHK JejlaeT 25 KoyiebaHui, a apyroi 15.
Haiinure ux AyuHbI, €ciiv OIMH U3 MasiTHUKOB Ha 16 cM Kopode JIpyroro.

Kparkue TeopeTnieckue cBeIeHH:

OcCHOBHBIE YPAaBHEHHS TAPMOHUYECKUX KOJIeOaHMI

X = Asin (ot + @o )
X =A cos (ot + ¢p )

Maremarnueckuii MasSTHUK

o

T=2n 1" E

IIpyXUHHBIA MasATHUK
m

T=2n Ik

ITopsinok BbINOJIHEHHA PadOTHI:

1. Ilepen peuieHuem 3agay 1o BapuaHTaM, Ha JOCKE BBIMUCHIBAIOTCA (DOPMYIIBI IO JAHHOU TEME.
2. TlpoBectn aHaM3 BENWYHH, BXOASIIUX B (DOPMYITHI.
3. Pemenue 3a1a4 o BapuanTam (CaMoCTOATENbHAs paboTa).

Xoa pa0dorsI:
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1.

BHEMaTenpsHO IPOYHTATE YCIOBUE 33/1a4U U VEUOenb MblCIeHHbIM 630pOM KOHKPETHYIO CUTYAIIHIO,
MIPE/ICTABJICHHYIO B 3ajaye.
2. 3ammcaTe KpaTKO  YCIOBME 3aJaud, MEpedTH, ecnu HeoOxoaumMo B cucremyCH.
3. IlpoaHanu3upoBaTh YCIOBHUE 3a/laud Ha MPEIMET, YTO M3BECTHO B 337a4y€ M UYTO HAJA0 HAWTH.
4. CocTaBUTh CHCTEMY YpaBHEHHW UM  PEHIUTh €€  OTHOCUTEIbHO  HEU3BECTHBIX.
5. BeiBecTm  pa3smMepHOCTh B TOJYYECHHBIX  (opmyiax, claelaTh  pacdyeT  OTBETOB.
6. Ilpoananu3upoBath OTBETHI (3Ta YACTh PEILICHUS 3aJa4l XOTb U 3aKJIIOYUTEIbHAs, HO HE camas
JIeTKast: HEOOXO0IMMO pacCMOTPETh, IS KaKUX CIIy4aeB paboTaeT mojydeHHast popMyiia, Korja OTBET
HEe UMeeT (PU3MIECKOTr0 CMBICTIA U PEaJICH JIM MOJIYICHHBIN YUCIICHHBIN OTBET).

dopma npeacTaBlIeHUs pe3yJbTaTa: BRIIIOJTHCHHAS CAMOCTOsTEeNIbHAs paboTa.

Tema 2.1.2yekTpocTaTRKA

IIpakTuyeckas padora Ne 7
Pemienne 3a1a4 no reme: «JIeKTPHYeCKOe 110JIe U er0 XapaKTePUCTHKN.

Hean paGoThI:

Mwnpe

[ToBTOPUTH OCHOBHBIE TEPMHUHBI B (HOPMYIIBI paznena «DIEKTPUIECKOE TTOJIey.
CdopmupoBaTh yMeHHE TPUMEHSTH (POPMYJIbI IIPU PELICHUH 3a/1a4.
Pa3BuBaTh jJormueckoe MBINJICHUE, MTaMATb, BHUMAHUC, YMCHHUEC PACCYKIATh U BBIACIIATD INNTaBHOC.
Pa3BuBaTh HABBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.
BBIIIOJIHI/IB paboty, Bel Oynere:

yMeThb:

peuiath 3aaadu Ha 3aKOH COXPAHCHUA JJICKTPHUYCCKOI'O 3apdZla Ha IABUXKCHUC U PABHOBCCUC

3apPsKCHHBIX YaCTUL B JJICKTPUUYCCKOM TIOJIC, PACUCT HAIPSIKCHHOCTH, HAIIPAKCHHUA, TTOTCHIHAJIA,

QJICKTPOCMKOCTHU KOHJACHCATOPOB.

1.

1.

MarepuanabHoe o0ecnieyeHue:

-[10CaI0YHbBIE MECTA 10 KOJMYECTBY 00YJarOIIUXCS;
- pa3/IaTOYHBIN MaTepual ¢ 3aJaHUsIMHU;

- cOOpHUKH 33724

-CIIPaBOYHbLIC MAaTCPHAJIbI

3ananue:

Pemmuth 3a1aun:

Hanpsbxkenue Mexay nomntocamu 6arapen akkymyssitopoB 40 B. kakoit 3aps/ Moy4uT KOHIEHCATOP
emMKocThIo 500 MKD, eciu ero CoeMHUTD C MOII0CaMU 3Toi Oatapen?

JIBa OTMHAKOBBIX MAJICHBKUX IMIApUKa, 00JAJAIONINX 3apslaMU 6*10° K u -12*10°° Kn, saxonggarcs
Ha paccTosgHuU 60 cM apyr ot Apyra. OnpenennTte Cuily B3auMOJECHCTBUS MEXTY HUMH.

IIpn nepememennn 3apsaa 2 Kir B 3JIEKTpUYECKOM IOJIE CUIIBI, JIEUCTBYIOIIME CO CTOPOHBI 3TOIO
noJsi, coBepinin padoty 8 Jlx. Uemy paBHa pa3HOCTb MOTEHIMAIOB MEXAY HAYaJIbHOW U KOHEYHOMH
TOYKAMU TTyTH?
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2. Tlpu nmepeMerieHnH IEKTPUUECKOTO 3apsiia MEXIY C TOYKAMH ¢ Pa3HOCTHIO TOTEHITUAIOB 8 B cHIbI,
JIEHCTBYIOIIME HA 3apsj CO CTOPOHBI AIEKTPUUECKOTO MOJIsi, coBepiuian padory 4 JIx. Uemy paBeH
3apsin?

3. Hampsbkenne Mexay IByMs TOPHU3OHTAJIBHO PACMOIOKEeHHBIMU TactTuHamMu 600 B. B mone aTtmx
IJJACTUH HAxXOJMUTCA B PABHOBECUH 3apPSKCHHAs MBUIMHKA MacCOM 3*10® r. PaccrosiHue MEKY
mactuHamu 10 cm. Onpenenute 3apsig NbUIMHKH.

3. Konnencarop emkocthio 0,02 Mk® coeAMHIIN C UICTOYHIUKOM TOKA, B PE3yJIbTaTe Yero OH MPHOOpeT
3apsij 10° K. Onpenenure 3HAYEHUE HAMPSHKEHHOCTH TOJIS MEXIY IUIACTUHKAMU KOHJAEHCATopa,
€CJIM PaCCTOSTHUE MEXAY HUMU 5 MM.

Kparkue Teopernueckue cBegeHusi: 3akoH Kynona B Bakyyme:
4149, 4,49-

B e 5
r-  4me r
3akon KynoHa B cpene:
F= ’(l;qf _ q.9> ;
er-  A4meE yr-

HaHpH)KeHHOCTL QJICKTPHUYCCKOI'O ITOJIA:

F
q

|

=4

HaHpﬂ)KeHHOCTI) QJICKTPHUYCCKOTO ITOJIAA TOYCHYHOI'O 3apsja:

£ 1 ¢ q

2 2
47r€€0 r Er
BaKOH COXpaHCHI/IH SJ'ICKTpI/I‘ICCKOFO 3ap51z[a:

g=01+ 02t ... +Qn

Pa3HOCTh mOTEHIINATIOB:

A
@Qr- @2 =4¢ = —
q

IToTeHnman ToueyHOroO 3apsjaa:
G

—_q =k _{

dmee,r  €r

CBs3b MOTCHIMAJIa U HAIIPAKCHHOCTU:

_Ag
d
DIIEKTPOEMKOCTh KOHIEHCATOPA:
4
C=—=Z_
@0, -,

OHeprus 3apsyKEHHOT0 KOHJIEHCATOpa:
qg(Q, — o, qU
W e I .(p] q)_) o !
R4 2

IHopsinok BbINMOIHEHHs PA0OTHI:
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1. Tlepen pemieHreM 3aaay 1O BapuaHTaM, Ha JOCKE BBITUCHIBAIOTCS (POPMYITBI ITO JAHHOH TeMe.
2. TlpoBectn aHaIW3 BEIMYMH, BXOASAIINX B (POPMYIIBL.
3. Pemenue 3aa4 o BapranTaM (caMoCTOsITENbHAs paboTa).

Xoxa padoTbI:

1. PaccraButh Cuiibl, JEMCTBYIOLIUE HA TOUYEUHBIH 3apsijl, IOMELICHHBIN B AJIEKTPUYECKOE IMOJE, U
3alACaTh AJI HETO YCIIOBHS PAaBHOBECHS MM YPABHEHUE JUHAMUKU MaTEPUAIbHON TOUKH.

2. BbIpa3uTh CHUIIBl AJIEKTPUYECKOTO B3aUMOJEHCTBUS 4YEpe3 3apsabl M XapaKTEPUCTUKHU TOJS U
MIOJICTABUTh B UCXOAHOE YPaBHEHHUE.

3. Ecnum npu B3auMOAEWCTBUM NPOUCXOAMT IEpepaclpeesieHue 3JIEKTPUUYECKUX 3apsiioB, TO
cienyeT 100aBUTh ypaBHEHHE 3aKOHA COXPAHEHUs 3JIEKTPUUYECKOro 3apsa.

4. Ilony4eHHYIO CUCTEMY YPaBHEHUI PELINTh OTHOCUTEIBHO HEU3BECTHON BETMUHHBI.

IT Tun. 3agaun na pacuer noJied, CO31aHHbBIX TOYCYHBIMU 3apSAAMH, PEIIAIOTCA ¢ YY€TOM IPHUHLUIA
cynepno3unuu noneil. Ocoboe BHMMaHME cieayeT oOpallaTh Ha BEKTOPHBIM —XapakTep
HAIpPsDKEHHOCTH M TIOMHHTB, YTO 3HAK IIepel IOTEHIHUAJIOM ONpEeAeAeTCs 3HAKOM 3apsija,
CO3AOILErO MOJIN.

IIT Tan. 3anaun o0 3apsKEHHBIX TeslaX, pa3MepaMu KOTOPBIX Helb3s npeHeopeus. Eciau peus uaer o
IJIOCKUX KOHJEHCATOpax, TO:

1) cnenyer yCTaHOBUTh THUIl COEAMHEHMS: BBUICHUTh, KaKHe€ KOHJEHCATOPbl COEJAMHEHbBI
IIOCJIEI0BATENBHO, KAKHE — I1apaAJIJICIIBHO.

2) cocTaBUTh ypaBHEHHMs, CBA3BIBAIOIIME 3apsibl U HaIpsDKEHHE Ha KoHJeHcaTopax. Cuenyer
Y4€CTb, YTO, €CJIM IUIOCKUM KOHACHCATOP NOAKIIYUTh K HICTOYHUKY IIUTaHUs, 3apIUTh €T0, a 3aTeM
OTKJIIOYHUTh, TO MPU MU3MEHEHUU €M KOCTH KOHJEHCATOpa BCIEJACTBHE pa3ABMXKEHHs (COIMKEHUS)
IUIACTUH, BHECEHHUs (ydaJieHus) IUAJIEKTpUKA, 3aps] Ha KOHJeHcaTope He MeHsercs. Ecnu
KOHJICHCATOP MOAKIIYEH K MCTOYHHUKY IOCTOSIHHOI'O HAIPSDKEHMs, TO IPU BCEX YKa3aHHBIX BbILIE
M3MEHEHUAX €MKOCTH, HANpsHKEHHE MEXAy OOKJIaJKaMH KOHJIEHCaTopa OCTaeTcsd HEeU3MEHHbIM. B
cllyyae, €ClIM MeXJy OOKJIagKkaMH KOHIEHCATOpa BCTaBISIOT (BBIHUMAIOT) HE3apsDKEHHYIO
METAJIMYECKYI0 IIJJaCTHHY, HE 3aMbIKAIOIIYI0 KOHJEHCAaTop, o00JacTb JUAJIEKTPUKA MEXIY
o0KJIa/IKaMu yMeHbIIaeTcsl (YBEJIMUMBACTCS) Ha 00bEM 3TOM IIIACTUHBI, KaK €CIM Obl MBI COMMKAIN
(paznBuranu) oOKJIaAKU KOHIEHCATOPA;

3) B IJIOCKOM KOHJEHCATOpE OJHY IUIACTUHY MOXXHO paccMaTpuBaTh Kak TeJo C 3apsjoM (,
IIOMEUICHHOE B OJHOPOJHOE DJJIEKTPUYECKOE IIOJIE C HEKOTOPOM HAIPSIKEHHOCTBIO, CO3/IaHHOE
JIPYroW IUIaCTUHOM.

IV tun. CMmemaHHbIe 3a1a4H.

(I)opMa npeacraBjJdeHus pedyjabTaTa: BbIIIOJTHEHHAA CaMOCTOATEIbHAA pa60Ta.

Tema 2.1.2s1ekTpOCcTAaTHKA
IIpakTnyeckas padora Ne 8
Pemenue 3aga4 no reme: «CmeliaHHoe coeiMHeHHEe KOHAEHCATOPOBY.

Heab: HAyuYUTHCA «UUTATHY» CXEMBI, TIPH CMEIIAHHOM COCIMHEHHH KOHIACHCATOPOB; OMPEIEIATh
00IIyI0 3MEKTPOEMKOCTh TN, HAXOAUTh pacrpeiielieHue 3apsAa0B U HAMPsDKEHUN MPHU Pa3IMYHBIX BHUIAX
COEIUHEHHUS.

Boinosnus padory, Bel Oyaere:
yMeTh:
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-peliaTh 3aJa4 Ha CMCIIAHHOC COCAMHCHUC KOHACHCATOPOB

MarepunanbHoe obecnieyeHue:

-II0CaI0YHBIC MECTA MO KOJUYCCTBY 00 yUJaIONTUXCS;
- pa3JaToOYHbBIA MaTepUal C 3aJaHUSIMU;

- COOpHHKH 3a/1a4

-CIIPAaBOYHBIC MATEPHAIIBI

3aganue:
OTBeTbTE HA BONPOCHI:
1.0t 4ero 3aBUCUT EMKOCTb KOHAEHCATOPa?
2.Kak BiusieT AMAIEKTPUK Ha EMKOCTh KOHJIEHCATOPOB?
3.B kakom ciyyae He0OX0AMMO NMPUMEHSATH IOCIIEA0BATENLHOE COEAMHEHUE KOHIEHCATOPOB?
Pemurs 3a1auu:

1.0mpenenure OOIIYI0 EMKOCTh COCIUHEHUSI KOHICHCATOPOB, CXeMa KOTOPBIX MpPUBEICHA HA PUC. 3, eCliu
BCE KOHJICHCATOPBI HIMEIOT EMKOCTh 110 5 MKD.

C1 C2
——i—
o—— ——o0
C3 C4

=i

2. Konnencarop umeer iBe miuactuHbl. [Inomans kaxmoi mactuueilS cM2. Mexy miacTHHaAMH TIOMEIIeH
JURIIEKTpUK —croAa TonmuHon 0,02 cM. Beruucnure eMKOCTh 3TOT0 KOHJIEHCATOPa.

3. Omnpenenute OOIIYI0 €MKOCTh KOHIEHCATOPOB, CX€Ma BKJIIOUEHHUS KOTOPBIX MPUBEACHA Ha puC. 4, eclu
BCE KOHJIEHCATOPHI UMEIOT eMKOCTh 10 10 MKD.

C1 2 8
bEiT =
: T_Jr
—— Lk
C4 5 Cs Co

4. OmpenenuTe Kakoi 3apsij CIOCOOHBI HAKOMHUTHh KOHEHCATOPHI, BKIIFOUEHHBIE M0 cXeMe™ MoKa3aHHOW Ha
puc. 5, ecu U =350 B, a eMKOCTH BCcexX KOHIEHCATOPOB PaBHBI MEX 1y co00# 1 cocTtaBisitoT 0,5 MkD?
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5. Kak n3MeHuTCst eMKOCTh OaTapen KOHJEHCATOPOB, BKJIIOYEHHOHU 110 CXeMe Ha pHc. 6, eClIM OJUH U3 HUX
3aMKHYTb HAaKOPOTKO?

Ci C2 C3

i

Puc. 6
IMopsiiok BHINOJHEHHUST PA0OTHI:
1. [lepen pemenuem 3a1a4, Ha JOCKE BBIMUCHIBAIOTCS (POPMYJIBI 1O TAHHOUN TeMe.
2. [IpoBecTr aHATN3 BEIUYHH, BXOASIIUX B (POPMYIIBI.
3. Pemrenue 3amay mo BapuanTam (caMoCTosITEIbHAs paboTa).
4. OTBETUTH HA BOIIPOCHI

(I)opMa NnpeacTaBJIeHUs Pe3yJibTaTa BbINIOJHCHHAS CaMOCTOATCIIbHAA pa60Ta.

Tema 2.2.
3aKOHBI OCTOSIHHOTO TOKA
IIpakTuyeckas padora Ne 9
Pemenne 3aga4 no reme: «CMelIaHHOE coeJUHEHHE MTPOBOIHUKOB)

He.]'lb paﬁoTbI: HAayYUThCA «UUTATb» CXCEMbI, IIPHU CMCIIAHHOM COCAWHCHUU; OIPCACIIATH 061uee
COIIPOTUBJICHHUC LICIIN; HAXOAUTL paClpCACICHUC TOKOB U HaHp}I)KeHI/Iﬁ IIpU pa3JIMYHbIX BUAAX COCAUHCHU.

Beinosnus padory, Bel Oyaere:
YMeETh:

- peuiaTth 3aaa4u Ha CMEIIaHHOC COCIMHCHUEC ITPOBOJIHUKOB.
- paCCUUTHIBATH MMApaMETPhI OTACIIBHBIX U KOM6I/IHI/Ip0BaHHLIX LICTIEH.
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2.

MarepuajbHoe o0ecrieyeHue:

-II0CaI0YHBIC MECTA MO KOJUYECCTBY 00 yUJaIONTUXCS;
- pa3JaTOYHBIN MaTepHall C 33JaHUSIMU;

- COOpHHKH 3a/1a4

-CIIPaBOYHBIC MATEPHAIIBI

3amanmue:

OTBETHTE HA BOIIPOCHI:

1. ChopmynupyiiTe 3aKOHBI MAPAICIBHOTO U TOCIEI0BATEILHOTO COSAMHEHUS IPOBOAHUKOB M 3aITUIIINTE
Ha JIOCKE.

2. HauepTuth cxemy 3J1€KTPUUYECKOM 1IENH, COJAEPKALIUNA JTaMITOUKY, KJIF0Y, HICTOYHUK TOKA.

3. Kak u3MeHHUTCS CONMPOTUBIICHUE IIEKTPUUYECKOM IEMH, €CIM MOAKIIOYUThH K JII0OOMY 3BEHY LIEMHU ellle
OJIHY JTAMIIOUKY: @) MOCIIeIOBATEIbHO; 0) MapaieIbHO?

4. Tlpu mocneaoBaTeIbHOM COEIMHEHUU ABYX IMPOBOJHUKOB, COMPOTHBICHUS KaXJIOT0 U3 KOTOPBIX 2 Owm,
cuia Toka B 1ienu coctapisieT 0,2 A. CKOJIBKO aMIiep COCTaBUT CHJIa TOKA B HEPA3BETBJICHHOM YacTH IIETIH,
€CJIU Te K€ MPOBOJAHHUKYU COSANMHUTD MapasijiesnbHo? HanpsokeHrne B 000uX ciaydasx 0JAMHAKOBO.

5. Conpotusnenue nepsoit namnel 10 Om, BTopoit nammsl - 20 Om, Tpetbeit gammnsl - 30 OM. Yemy paBHO
CYMMapHO€ COTPOTHUBIICHUE JIAMIT?

B

Pemwnts 3a1auu:

1. Ompenenute CONpOTUBICHHUE yYacTKa LENH, MPH coeAnHeHn: B Toukax B u JI, ecnu R1=R2=R3=R4=2
OMm

- R c

W3MeHuTCs U CONPOTUBIEHUE YYaCTKA LIETIH MPU COETUHEHUH B Toukax A u C?
UeTpipe OoAMHAKOBBIE JaMIbl COMpPOTUBIeHHWEM 15 OM Kaxmas COEIMHEHBI TaK, KaK IMOKa3aHO Ha
PUCYHKE, U, IOJIKJIIFOYEHbl K HICTOYHUKY OCTOSIHHOTO HanpsbkeHus 20 B. Kak u3aMeHHUTCs Hakall Ka 101
U3 JlaMIl, €CJIM Jammna 4 neperopur?

Y4acTok 1enu, KOTOPbIA COCTOUT U3 YETBIPEX PE3UCTOPOB, MOAKIIOYEH K UCTOUHUKY C HAIPSKECHUEM
40 B (cm. Puc. 2). Boruncnure cuity Toka B pe3uctopax 1 u 2, HanpsibkeHue Ha pesuctope 3. ConpoTus-
JIEHUE TIEPBOT0 pe3ucTopa paBHoO 2,5 Om, BTOporo u Tpetbero —mno 10 Om, yerBépToro — 20 Om.
Ry =250mM. R;=R;=100M. Ry=200M. U=40B

; ; ;

L I, U

Jano:

HaiiTu:
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R2

R1 "R} R4

4. Haiinure noaHoe conpotusieHue nenu (cMm. Puc. 3), ecnu conpoTuBiieHne pe3sucTopoB
R,=R,=R.=R.,=30mM Ry;=200m R,=240m

Haiinute cuny Toka, Hayliero uepe3 KaxxJaplii pe3sucTop, €Ciu K LEeNH IPUII0KEHO HanpsbkeHue 36 B.
R1=R2=R5=R5=30M R:;::ZGGM R4:24‘GM U=368

Haiitn: 1t 12 fa, Iy IE', IE'; R

s} 1
R1 R2
RsrL‘ Ra’J“

R6 RS

Jlano:

Kparkue TeopeTnueckue cBeIeHHS:

1. ITpu mocneI0BaTEIbHOM COSAMHCHHUH ITPOBOIHIKOB O0IIIEE COMPOTHRIICHUE YJaCTKa PABHO CyMME COTIPO-
THUBJIECHUN IIPOBOIHHUKOB:

R = Rl + R: +...

2. HpI/I MocCJICA0BATCIIbHOM COCAMHCHHUU ITPOBOJHUKOB CHUJIBI TOKAa B Ka)XIAOM H3 IPOBOJHUKOB PAaBHBI U
PpaBHBI O6H.I€I‘/'I CHJIC TOKA Ha Y4aCTKC LICIIN:

jl' = .irl = .irz i

3. [Ipu mocnenoBaTeIbHOM COSAMHEHUH MPOBOAHUKOB CyMMa HANpsHKCHUN paBHA OOIIEMy HANPSHKEHUIO Ha
Y4acCTKE LCIIH:

U = Ul + U: +...

4. Ilpu mapasiebHOM COeTMHEHUH MTPOBOTHUKOB 001I1asi MPOBOAMMOCTD y4acTKa paBHa CyMME ITPOBOIUMO-
cTen IMPOBOAHUKOB:

1

11
e e
R Ry Rs

5. HpI/I napajijieJIbHOM COCAWUHCHUHN TTPOBOAHHUKOB CyMMa CHUJI TOKOB paBHa 06meﬁ CHJIC TOKAa Ha YY4aCTKCE

eru:
jl' == fl + f:+

6. HpI/I napajiieJibHOM COCAMHCHUUN ITPOBOJAHUKOB HAIIPSIPKCHUA B KAXKAOM U3 IMIPOBOAHUKOB PABHBI U PABHEIL

00111eMy HanPsHKEHUIO HA y4acTKe IeTu:
U = Ui = U: —

HOpﬂ)IOK BbIIIOJTHCHHUA paﬁDTI)I:

1. Ilepen peuenuem 3agau o BapuaHTaM, Ha JOCKE BBIIUCHIBAIOTCA (DOPMYIIBI IO JAHHOU TEME.

N

[IpoBecTn aHanM3 BETUYHH, BXOJAIIUX B (POPMYIIBIL.
3. Pemrenue 3amad 1o BapuaHTaM (CaMOCTOSITEIIbHAS padoTa).
Xoa pa0dorsi:
[Tpu pemienuu 3a1a4 Ha CMENIAHHOE COEITMHEHUE MPOBOJIHUKOB OOBIYHO COCTABISIOT TaK HAa3bIBAEMbIE
HKBHUBAJICHTHBIE CXEMBI, BBIJICIISS YUACTKU C TIOCTIEI0BATENbHBIM U MaPAIIEIbHBIM COSHHEHHUEM.

[Tpumep 1
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COHpOTI/IBJIeHI/Ie R]_’z 3aMCHHJIO BBII[CHCHHblﬁ y4aCTOK 0OC€IH, B KOTOPOM JABa HPOBOJAHHWKA COCAUHCHBLI
HapajuIeIbHO.

Torz[a MbI MOKEM HAaMTH COIIPOTHUBJICHUE 3TOI'O Y4acCTKa C napajiCIbHBIM COCAMHCHUEM IIPOBOJHNKOB!

_ RR, 612
2R, +R, 6+12

R,

A Temepb BHAHO, 4YTO NPOBOAHHMKH Ri, u R3coennnensl mocnegoBatensHo. OOImiee COMpoOTUBICHUE
paBHO

R:R1,2+R3:4+2:6.

[Ipumep 2.

B nmanHOM ciyyae HYKHO pa3BEpPHYTh CXE€MY, ABHUrasCh OT TOYKM K TO4ke. BuaHo, yTto B Touke b cxema
pa3BeTBIseTCSA, a B TOUke B BeTBUM coeauHs0oTCS. TakuMm 00pa3oM, SKBUBAJICHTHBIE CXEMbI OYIyT MMETh
BUJL:
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R>, R3; u R4 coenmHeHsI ITOCIE10BATENLHO.

[ToaTomy R234 =R+ R3+Rs=1+10+1=12 Om.

R334 1 Rs coequnens! napamwiensHo. [lostomy

R R2’3’4R5 12 . 8
= Ry, +Rs 12+8
d)opMa HpeIlCTaBJIeHI/ISI pesyanaTa: BBIITOJIHCHHAS CaMOCTOATCIIbHAA pa60Ta

»

Tema 2.2.
3aKOHBI NOCTOSTHHOI'O TOKA
IIpakTnueckas padora Ne 10
Pemienue 3agau no reme: «3akonsl Kupxroga»

esan padoThi:
pacCcUMTHIBATh CIOKHBIEC AIEKTPHUUECKUE LIETH, HCIOb3Yys npaBuia Kupxroda

Boinosinus pa6ory, Bl Oynere:
yMeThb:
- pemarp 3a7a4uu , UCNoib3ys npaBuia Kupxroga

MarepuanabHoe obecnedyenne:

-[10CAI0YHBIC MECTa 110 KOJMYECTBY 00YUAIOIINXCS;
- pa3I[aTO‘-IHBII>i Marepurall C 3aJlaHUAMU;

- cOOpHUKH 33724

-CIIPaBOYHBIC MAaTCPHAJIbI

KpaTkue TeopeTnyeckue cBeIeHHA:

Jlns pacdyera TOKOB B pa3IWYHBIX BETBAX JIIOOOH pa3BETBICHHOM LENU C IMPOU3BOJIBHBIM
YHCIIOM UCTOYHUKOB M MOTpeOuTeNe HeoOX0AUMMO 3HATh M MPUMEHATH 3akoHbl OMa u Kupxroga.

OnpenenuM, 4TO Takoe BETBb U y3esl. Touka 3IEKTpUYECKOM LeNMu Ha3bIBAeTCs y3J10M WIH
TOYKOM pa3BETBIIEHUS, €CJIM B HEW COEAMHEHBI TPU MM OOJIbIIIEe YHUCIIO MPOBOAOB (BeTBeH). (puc.1).

BeTBb 3J1eKTPpHUYECKO#M HENMU — 3TO Y4aCTOK, PACTIOJIOKEHHBIN MEXIY TBYMS y3JIaMHU.
12 13w,

-

PUCYHOK 1

IIpy TOCTOSHHBIX TOKax B LENM HU B OJHOM M3 €€ TOYEK HE MOrYyT HaKaruIMBaThCS
ANEKTPUUYECKUE 3apsA/bl, TaK KaK 3TO BBI3BAIO Obl M3MEHEHHE MOTEHIMANOB Touek Iernu. CienoBaTenbHO,
AJIEKTPUYECKUE 3apsijbl, MPOTEKAIOIINE K KAKOMY-THOO Y31y B €IWHUILY BPEMEHH, DPAaBHBI 3apsjiaM,
YTEKAIOIIUM OT ATOr0 y3jla 3a Ty JK€ €AMHHUIy BPEMEHU. DTO MOJIOKEHUE BbIPAXKAET MEPBbIH 3aKOH
Kupxroga, xotopeiii dhopmynupyercs Tak:CyMMa TOKOB, HANpaBlICHHBIX K Y371y, paBHa CyMME€ TOKOB,
HAIpaBJICHHBIX OT HETO.

Hanpumep, nis y3na -« MOXHO Hamucarb: '+ =H+i.*L  ynu npunaB ypaBHEHUIO APYrol BUJ,
MOJIYYUM:
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fet+l-nl+l-nl4l-10=0 9 B ofmeM BHme 2 '=", T.e. anrebpamueckas CyMMa TOKOB B y3J¢ paBHa
HYJIIO. HpI/I 9TOM TOKHU, HAITPABJICHHLIC OT Yy3JId, CHUTAOTCA OTPULATCIbHBIMU.

3aMKHYTBII ~ TyTh, OPOXOASIIMM 1O  HECKOJbKMM  BETBSIM, Ha3bIBalOT KOHTYPOM
3JIEKTPUYECKOM LeNnu.
Bropoii 3akon Kupxrogpa: 2 £ =2
B 11r060M 3aMKHYTOM 3JIEKTPUUYECKOM KOHTYpe anreOpanueckas cymma DJIC paBHa airedpandeckoi cymme
naJeHUN HANPSKEHUN Ha CONMPOTHUBJICHUSX, BXOISIINX B 3TOT KOHTYP.
IIpu cocrtaBieHun ypaBHEHUH 1O 3TOoMy 3akoHYy OJIC M TOKM CUHUTAIOTCS TMOJOXKUTEIbHBIMHU, €CIIU
HATPABIICHUSI MX COBIAJAIOT C HAMPABICHHEM IPOW3BOJILHO BHIOpAHHOTO 00X0Ja KOHTYpa, B IPOTUBHOM
cllydyae OHM CUMTAIOTCS OTPHIATEIBHBIMA M B yPaBHEHHH 2 £ =L 3aIHCHIBAIOTCS CO 3HAKOM «-.

3aganue:

Penmte 3agaun:

1. Ckonbko ¥y3J10B, BETBEH U KOHTYPOB UMCCT JJICKTPUUCCKas LCIIb, I/I306pa)KeHHaﬂ Ha pI/ICYHKC?
R

3). HapucyiiTe 3neKTpuYecKkuidl y3em, Ui KOTOPOTO COTJIacHO IMepBoMy 3akoHy Kupxroda cocraBieHO
creayromiee ypasuenue: [1 +12-13+14-15-16=0

4). Hanumure ypaBHEHUS COTJIacCHO BTOpoMy 3akoHy Kupxroda /it KoHTypa 6-B-T-1.
R1 R2

a — 3 —
l | S |  =—==; sl

Bl R3 E2. ==

T [ R4 I

¢ e

5). B anekTpuueckoii 1enu, cxeMa KOTOpoi MpHUBEJEHA Ha PUCYHKE, PE3UCTOPBI UMEIOT conpoTuBieHus R1
=2 OMm, R2 =3 Om, R3 =6 Om, R4 = 10 Om. Onpenenure oOmMii TOK B LEMHU, €CIH HAMPSHDKEHUE MEXKITY
Toukamu A u b pasHo 24 B.
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R, Ry
\I

HOpﬂ)IOK BbIIIOJTHCHHUA paﬁoTbI:

1.Ilepen pemenueM 3aa4 1o BapUaHTaM, Ha JIOCKE BHITUCHIBAIOTCS (DOPMYIIBI IO JAHHOH TeMe.
2.IIpoBecTy aHAJIN3 BETUYHH, BXOIAIIUX B (DOPMYITHL.
3.Pemenue 3a1a4 o BapuanTam (caMoCTosITeNIbHAs paboTa).

Xon paboTsi:

1. Onpenenutp YUCIO y3710B, BETBEH U KOHTYPOB B JIEKTPUUYECKOM LIETIH.
2. TIpon3BONBHO pacCTaBUTh HAIIPABICHUE TOKOB B BETBSIX.

3. 3ammcats nepBbii 3akoH Kupxroda mist y3moB.

4. Tlpou3BoabHO BBIOpATh HaIlpaBieHHE 00X0/1a B KOHTYpax.

5. 3amnucath BTOpoii 3akoH Kupxroga ais KOHTYpOB.

dopma npeacTaBieHus pe3yabTaTa: BHIIOIHECHHAS CaMOCTOATENIbHAsS padoTa.
Tema 2.2.
3aKOHBI MOCTOSIHHOTO TOKA
IIpakTnyeckas padora Nell
Pemienue 3a1a4 Ha 3aBHCHUMOCTDH CONPOTHBJIEHNSI MPOBOAHNUKA OT TEMNEPATYPbI

Hean padoThI:
1.IToBTOPUTH OCHOBHBIE (POPMYIIBI 1O TEME
2.CopmupoBaTh yMEHHE IPUMEHATH (POPMYJIBI IPU PELICHUH 3a/1a4.
3.Pa3BuBath OTMYECKOE MBINUICHUE, TAMSITh,BHIMAHHE; YMEHUE PACCYKJIaTh U BBIJIENATH TJIaBHOE.

Beinosnus patdory, Bel Oyaere:
YMEThIPCUIaTh 3aa4i Ha 3aBUCHUMOCTE COITPOTHUBIICHUA OT TEMIICPATYPhbI
MarepuaiabHoe odecnedyenue:

-TI0CaI0YHBIE MECTA MO KOTUYECTBY 00 yUaIOLTUXCS;
- pa3JaTOYHBIN MaTepHall C 33 JaHUSIMU;
- COOpHHKH 3a/1a4

-CIIpaBOYHBIE MaTEePHAIbI
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KpaTkue TeopeTnyeckue cBeieHUS:
[IpakTruecku B 3JIEKTPOTEXHUKE BBLIO BBISBIICHO, YTO C YBEJIIMUEHUEM TEMIIEPATYpPhI COMPOTUBICHUE
MIPOBOJHMKOB M3 METaJlIa BO3PACTAET, a C MOHMKEHNEM yMeHbInaeTcs. [l Bcex MpoBOIHUKOB U3 MeTaia
9TO U3MEHEHUE COMPOTUBIICHHUS MMOYTH OJJUHAKOBO U B cpeanemM pasHo 0,4% na 1°C.
Ecnu ObITH TOYHBIM, TO HA CAMOM JieJie IPYU U3MEHEHUHU TeMIIepaTyphl IPOBOAHUKA U3MEHSETCS €T
YIIE€IbHOE COMPOTUBIIEHUE, KOTOPOE UMEET CIIEIYIOLIYIO 3aBUCUMOCTb!

P =p,(2+0t) R=R(1+0t)

rzie p ¥ po, R 1 Ro - COOTBETCTBEHHO y/i€IbHbBIE CONPOTUBIICHUS U COIPOTUBIIEHUS IPOBOHHUKA IIPH

temmneparypax t u 0°C (mkana Llenbcus), o - TeMnepaTypHblil KO3 GHUIMEHT CONPOTUBIICHHUS, [0] = rpan'l.
V3MeHeHue yebHOro CONPOTUBIIEHUS POBOAHNKA IPUBOAUT K U3MEHEHUS CaMOr'0 CONIPOTUBIIEHUS,

YTO BUJHO U3 CJIEIYIOIIETO BhIPAKEHUS:

pucyHke 1.

Lo
R—-PE-

C noHM)xeHUEeM TeMIiepaTypbl HAIIPAaBJIEHHOE JBUKEHHUE 3JIEKTPOHOB
obOerdaercs (yMEHBIIAETCS BOZMOKHOCTh CTOJIKHOBEHHSI CBOOOIHBIX 3JICKTPOHOB C aTOMaMH), U
COIIPOTHBIIEHUE ITPOBOIHUKA YMEHbIIAETCA. DTUM OOBSCHIETCS HHTEPECHOE SIBJICHUE —
CBEPXIPOBOAUMOCTH MeTALJI0B. CBEPXIIPOBOJUMOCTb, T. €. YMEHBIICHUE CONPOTUBIIEHNS METAJIJIOB J10
HYJIsI, HACTyMaeT IpU OIPOMHOI oTpunatenbHoi Temneparype —273° C, Ha3bIBaeMOil aOCOTIOTHBIM HYJIEM.
ITpu Temneparype aOCOIOTHOIO HyJIsl AaTOMBI METaJlIa KaK Obl 3aCTHIBAIOT HAa MECTE, COBEPIIEHHO HE

MIPETSTCTBYS ABHKEHUIO 3JIEKTPOHOB.
I'paduk 3aBUCUMOCTH CONPOTUBIIEHUSI METAJUIMUECKOTO IIPOBOIHUKA OT TEMIIEPATYpPhI IPEACTABIIEH Ha

p

Po

A

g X
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Pucynok 1. I'padpuk 3aBUCHMOCTH YA€IbHOTO CONNPOTHBICHHUSA METANIMYECKOT0 MPOBOJHUKA OT
TeMIepPaTyphbl

3amanmue:
Pemmts 3apaun:

1./l wW3roToBieHUs chnupaieil 3IEKTPUYECKOM IUIMTKA MacTepcKas IOodyduiaa MOTOK HHUXPOMOBOM
MIPOBOJIOKU, Ha OMpKe KOTOpoM ObLI0 HamucaHo: "Macca 8,2 kxr, auametp 0,5 mMm". OnpenenuTh, CKOIBKO
CIHUpAJICd MOYKHO U3TOTOBUTH U3 3TOW IMPOBOJIOKH, €CJIU CONPOTUBICHUE CIIUPAJIH, HE BKIIOUYECHHOW B CETbh,
JOJKHO OBIT 22 oma. IlnoTHOCTE HUXpOMa 8200 Kr/m3.

2.IIpu Temmnepatype 20° C Bomb(pamoBasi CiHpaab JICKTPUUESCKOW JaMIIOUYKH MMEET compoTuBieHue 30
OM; npu BKJIIOYEHHM €€ B CETh IOCTOSHHOIO TOKa ¢ HampspkeHueM 220 B mo cnupanu uzper tok 0,6 A.
Onpenenuts TeMIepaTypy Hakajia HUTH JIAMIIOYKH .

3.Comnpotusnenue meanoro nposoaa npu 0°C pasHo 4 Om. Hailinute ero conpotusienue npu 50 °C, ecnu
TeMIeparypHbii ko3 duuueHt conporusienus meau a = 4,3 « 10 -3K -

4. ComporuBnenue mnpooguuka npu 20°C paBHo 25 Owm, a mpu 35 °C — 25,17 Om Haiigute
TEMIEPATYPHBIN KO3)PHUIIMEHT COTPOTHBIICHUS.

5. ComnpotuBieHHE CTaIbHOTO NpoBOoAHUKA npu Temneparype t1 = 10°C R1= 10 Om Haiigute, npu xakoit
TEMIEpaType ero compoTuBieHue yBenuuutcs Ha 1%. TemneparypHblii KO3(QQHUIHMEHT CONMPOTUBICHUS
ctanu 6 « 10-3 K-1.

6. IIpu xakoii TeMrepaType COpoTHBIEHUE CepeOPsIHOrO MPOBOIHUKA CTaHET B 2 pa3a Oosblie, yem npu 0
0C?

7. Ha CKOJBKO NMPOLIEHTOB M3MEHHUTCS MOIIHOCTh, MOTpedisseMas 3JEKTPOMAarHUTOM, OOMOTKa KOTOPOTO
BBITNOJIHEHA U3 MEIHOW ITPOBOJIOKM ITPH U3MEHEHHH Temneparypsl ot 0 go 30 0 C?

8. Ha Oannone snextpuyeckoil mammsl Hanucano 220 B, 100 Br. [lng u3aMepeHus: cOnpoTUBIECHUS HUTH
HakaJla B XOJOJAHOM COCTOSIHUM Ha JIaMIy IMojajiM HampsbkeHue 2 B, mpu sTtoMm cuia Toka Obuta 54 MA.
Haiitu npubin3urenbHo TemMneparypy Hakajia BoJb(ppaMOBOIl HUTH.

(I)opMa NpeacTaBJdeHUs pedyJjbTaTa: BbIIIOJTHEHHAA CaMOCTOATEIIbHAA pa60Ta.

Tema 2.4.
MaruuTHoe 1moJie
IIpakTHyeckas padora Ne 12
Pemenne 3aga4 no teme: «MarauTHoe 110J1e M €r0 XapaKTepPUCTHKID).
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Heasn

paﬁoTbI: paClliipuTh 3HAHUA YyYallluXCd O MAarHHUTHBIX BSaHMOHCﬁCTBHHX, pa3BUBAaTh YMCHUA

0000111aTh, CpaBHUBATH, UCIIOJIH30BATh MTOYY€HHbIE 3HAHUS MPU PEUICHUH 3a/1a4.
Boinosinus padory, Bl Oyaere:

YMETB:

- peuiaTth 3aaa41 Ha (1)OpMy.]'IbI HAIps’KCHHOCTH, MarauTHOM HHAYKIIUU, MArHUTHOT'O IIOTOKA.

MarepunanbHoe oGecnieyeHue:

-I1I0CaAJOYHEBIC MECTA 110 KOJIMYECTBY o6yqa10mnxc>1;
- pa3,I[aTO‘IHI)II71 Marcpuall C 3aJlaHUAMU;

- COOpHHKH 3a/1a4

-CIIPaBOYHBIC MAaTCPHAJIbI

3amanmue:

Pemunts 3a1auu:

10.

[TpsimonuHENHBIA NPOBOAHUK AauHOW 10 c¢M HaxoauTcs B OJHOPOAHOM MArHUTHOM IIOJ€E C
uHAyKuuen 4 Ti 1 pacnonoxeH noj yrioM 30% k BEKTOPY MarHUTHOW MHAYKIMH. YeMy paBHa cuia,
JEICTBYIONIAsl HA IPOBOJIHUK CO CTOPOHBI MAarHUTHOT'O MOJIsI, €CIM CUJIAa TOKA B IPOBOAHUKE 3 A?
DNEeKTPOH, MPOHAS YCKOPSIOMYyl0 pa3HocTh mnoreHmuanioB U=400 B, mnomam B oxHOpOIHOE
MarHutHoe noje ¢ uaaykuumed B=1,5 Tn. Onpenenuts: 1) panuyc R kpuBu3HBI TpaekTopuu; 2)
4acTOTy BpalIEHMsI 3JIEKTPOHA B MArHUTHOM I10J1€. BEKTOp CKOPOCTH 3JIEKTPOHA NMEPIEHAUKYISIPEH
JUHUAM UHIYKLUH.

[IpoToH co ckopocThiO 2 10" m/c BieTaer B OJIHOPOJIHOE€ MarHUTHOE moJie ¢ uHaykuuen 8 Tu mox
YIJIOM 45° k muHISIM UHAyKOuu. Haltu cuiy, A€MCTBYIONIYIO HA IIPOTOH.

[TpsiMonMHENHBIH NPOBOAHUK JUIMHOM 15 cM Haxoaurcs B OJHOPOJHOM MAarHUTHOM TIOJE C
uHAyKIMen 4 Ti 1 pacnonoxeH moJ yriaoMm 60° k BEKTOPY MarHUTHOW MHAYKIMH. YeMy paBHa cuia,
JefCTBYIOMAsl HA MMPOBOJIHUK CO CTOPOHBI MAarHUTHOT'O TIOJIS, €CJIU CHJIAa TOKA B MPOBOJHUKE 2,5 A?
3apspkeHHbld mapuk Maccoit 0,1 mr u 3apsgom 0,2 MKn Bneraer B 00nacTh OJHOPOJHOTO
MarHuTHoro mois uHaykoued 0,5 Tn, wumes wumnynsc 6 10" krm/c, HaIlpaBJICHHBII
NEePIEHINKYIISAPHO JIMHUAM MarHUTHON MHIyKuuu. C Kakod cwiioil OyneT 1eHCTBOBaTh MarHUTHOE
10JIe Ha 3apsKEHHBIN mapuk?

Onpenenurs cuily, ¢ KOTOPOH OJHOPOAHOE MarHUTHOE IOJIE JAEMCTBYET HA IIPOBOAHMK JUIMHON 20

cM, eciu cujia Toka B HeM 300 MA, pacnoioskeHHbIN o1 yrioM 45 rpaaycoB K BEKTOPY MarHUTHOMN

WHAYKIUU. MarautHas uaaykuus coctasiuset 0,5 To.

[IpoBomHuk ¢ TOKOM 5 A HaxoauTcs B MarHUTHOM Tmione ¢ uHAaykouwen 10 To.

Onpenenuth UIMHY HPOBOJAHMKA, €CIM MarHUTHOE Ioie AecTByeT Ha Hero ¢ cwiod 20H nu

NEPIEeHIUKYISIPHO TPOBOJHUKY.

ITpoBoguuk muHOM 0,15 M nepneHauKyIsspeH BEKTOPY MAarHMTHOM HHIYKIHMH OJHOPOJHOIO

MarHuTHOTO  Mmojs, Moxyias kotoporo B=0,4 Tn. Cwia Toka B NpOBOJHHUKESA.

Haiinute paboty, koTopas Obula coBepllieHa Hpu TmepemenieHud npoogHuka Ha 0,025 M mo

HaIlpaBJIEHUIO JIEHCTBUS CHIIbI AMIepa.

Onpenenutb HEHTPOCTPEMUTENBHYIO CHILY, NEHCTBYIOIIYI0 HAa IPOTOH B OJAHOPOJHOM MarHUTHOM

nosie ¢ uaaykuuen 0,01 Tin (BekTop MarHUTHOW MHIYKIMHU HEPHIEHIUKYISIPEH BEKTOPY CKOPOCTH),

€CJIM PainyC OKPYKHOCTH, ITO KOTOPO! OH ABMXKETCS, PABEH 5 CM.

C KakuM yCKOpPEHHEM JBIXKETCS JIEKTPOH B OJHOPOAHOM MAarHMUTHOM IoJie (BEKTOp MarHUTHOMN

MHAYKIMH TEPHNEHAUKYISAPEH BEKTOpy ckopocTH) ¢ uHaykuuen 0,05 Tn, ecnm cuna JlopeHua,
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JIeViCTBYyIOIIAs Ha Hero, paBHa 5x10-13 H.
(Tak xak cmia JlopeHna sBIsSE€TCS OAHOBPEMEHHO W IIEHTPOCTPEMHUTEIBHOW CHIION, M AJICKTPOH
JIBUXKETCS TIO0 OKPYXKHOCTH, B 3aJadye TpeOyeTcs paccuuTaTh IIEHTPOCTPEMHUTEILHOE YCKOPECHHE,
KOTOpOE MPHOOPETAET SJEKTPOH B Pe3ybTaTe JCHCTBUS LIEHTPOCTPEMHUTEIBHOM CHJIBI.)

OTBETUTH Ha BOIPOCHI TECTA:

1. cmounuxom MacHumHo20 Noas AGNAI0MCA (AGNAEMCH). ..

1) ABMOKyIIMECS NEKTPUUYECKUE 3apsiibl;

2) 3apsKEHHbIA TEHHUCHBIH 1IapUK;

3) OJIOCOBOI MarHwmr.

2.06Hapyscums MacHUmMHoe noje MONHCHO NO...

A) 10 1eCTBUIO Ha JTH000W MPOBOIHUK;

b) neiicTBuIO Ha MPOBOJHUK, IO KOTOPOMY TEUET 3JIEKTPUUECKHUM TOK;

B) 3apspkeHHBIN TEHHUCHBIH IIApUK, MTOABEIICHHBIN HA TOHKOW HEPACTsHKUMOW HUTH;
I') Ha #ABMKYyIIKECS DIIEKTPUYECKHUE 3apsiIbI.
1)Aub,2)AuB,3)buB,4)bul.

3.3axonuums ¢pa3zy: «Ecau snexmpuueckui 3apao HenoosudiceH, mo 80Kpy2 He2o Cyujecmeayen. ..
1) marauTHOE MOJIE,

2) BIIEKTPUYECKOE TOJIE,

3) 2NeKTpUYECKOe U MarHUTHOE TOJIE.

4. 3axonuums @pasy: «Ecau snekmpuueckuii 3apsao 08UNCEMCsl, MO 80KpPy2 He20 CYujeCmayemn...
1) marauTHOE MOJIE,

2) BIIEKTPUYECKOE TOJIE,

3) 2NeKTpUYECKOe U MarHUTHOE TOJIE.

5.3akoH4nTH ppazy: «BoKpyr mpOBOTHUKA C TOKOM CYIIECTBYET...

1) maruuTHOE MOJIE,

2) BIIEKTPUYECKOE TOJIE,

3) 2NeKTpUYECKOe U MarHUTHOE TOJIE.

6. Kakue cunvl nposgnaiomcs 80 83aumooeticmsuu 08yx NpOBOOHUKO8 C MOKOM?
1) cusbl MAarHUTHOTO TOJIA,

2) cuIibl 3JIEKTPUUECKOT0 MOJIs,

3) CHUITBI TPABUTAIIMOHHOTO TIOJIS.

7. Kakue ymeepotcoenus A615110mcs 6epHulMu?

A) B pupojie cyIecTByIOT 3JIeKTPUUYECKHE 3apsi/ibl.

b) B npupose cymecTBytoT MarHuTHbIE 3apsiibl.

B) B npupose He cylecTByeT 3IeKTpUIECKUX 3apsiioB.

I') B npupoze He CyliecTBYyeT MarHUTHBIX 3apsii0B.
1)Aub,2)AuB,3)Aul,4)b,Bul.

KpaTKne TCOPETUYCCKHUE CBCACHUA .

BexTop MarHUTHOM MHIYKIUU:

F
B=—2—
Ilsina
B - - = -
H = .B=uB,. B=puuH
HaHpﬂ)KeHHOCTI) MAar"dsmMTHOTI'O ITOJIA: Hiy

Ecmu U—L B TO 4YacTuia OyIeT JBUTAThCA 1O OKpyXHocTH u cuia JlopeHma Oyaer cooOmath ei
HEHTPOCTPEMUTENBHOE YCKOPEHHE =>
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Fi=ma, =

- BR
4BV m” 4

r m

Maruautaeii notok: @ = Bs cos £ .
MaruutHoe noJjie cojieHouaa:

N
B=onl. n = T

HOpﬂ}IOR BbIIIOJTHCHHUA p360TLI:

1.Ilepen pereHremM 3a/1a4 MO BaprHaHTaM, Ha JIOCKE BBIMUCHIBAIOTCS (POPMYIIBI 110 TAHHOH TeMe.
2.IIpoBecTy aHAIIN3 BETWYHH, BXOIAIIUX B (DOPMYITHL.

3.Pemienue 3a1a4u o BapuanTam (CaMOCTOSITeNIbHAS PaboTa).

4.0TBeTUTH HA BOIIPOCHI TECTA.

(I)opMa NnpeacraBJdCeHus pe3yjabTaTa: BhIIIOJIHCHHAA CaMOCTOATCIIbHAA pa60Ta.

Tema 2.4.
MarbauTHoe nmoJie
IIpakTnueckas padora Ne 13
Pemenmne 3apa4 no reme: «Cujia Amnepa u cujia Jlopenma»

Hean:

1IloBTOPUTH OCHOBHBIE (POPMYJIBI TEMBI, TPABUIIA.

2 ChopMupoBaTh YMEHHE IPUMEHSATH (DOPMYJIbI IIPU PELICHUH 3a/1a4.

3Pa3BuBarh JOrmueCcKOe MBIILIICHHE, TAMATH, BHUMAaHUE; YMEHUE PACCYKIAaTh U BBIIEIATH TJIaBHOE.

Boinoanus padory, Bel 6yaere:
yMeTh:
peuarth 3aa4u Ha crity Amnepa u cuiny JlopeHna

MarepuanabHoe obecnedyenue:

-[10CaI0OYHBIE MECTA [0 KOJMUECTBY 00YYarOIIUXCS;
- pa3/1aTOYHBINA MaTepHal ¢ 3aaHUIMHU;

- cOOpHUKH 337124

-CIIpaBOYHbBIC MAaTCPHAJIbI

3ananue:

1.Pemuts 3amaun:

1. B HampaBneHuu, NEpHeHAUKYIIPHOM JIMHUSM WHIYKIIMH, BJIETAET B MATHUTHOE T0JI€ JIEKTPOH CO
ckopocThio 10 Mwm/c. HaliTu MHAYKITMIO MOJISA, €CIIU DJIEKTPOH OMHUCAI B TIOJIE OKPYKHOCTH PAAHYCOM 1 cM.

2.IlpoToH ¥ 0-4acTWIla BJETAIOT B OJHOPOJHOE MATrHUTHOE TIIOJI€ TMEPIEeHIUKYISIPHO JIMHUSIM
uHAyKIud. CpaBHUTH PAUyChl OKPYKHOCTEH , KOTOPHIE OMHCHIBAIOT YACTHUIIBI, €CIM Y HUX OJMHAKOBHI :
a)CKOPOCTH ;0) PHEPTHUH.

35



3.B mpoBoaHMKE C JUIMHOW akTUBHOM 4acTH 8 cM cuia Toka paBHamMuS0 A. OH Haxomutcs B
OJIHOPOJTHOM MarHuTHoM Tmosie mHAykiued 20 mTn. Kakyro paboTy coBepmimyl MCTOYHHUK TOKA, €CIH
IIPOBOAHMK NepeMecTuiics Ha 10 cM nepneHauKynspHO JIMHUSAM UHAYKLINN?

4.B 0IHOPOAHOM MarHUTHOM moJie ¢ uHayknuen 0,25 Tin HaxoguTcs NpSIMOJMHEWHBIA MPOBOIHUK
mHoi 1,4 M, Ha kotopbiil nelictByer cuia 2,1H.Onpenenuts yron Mexay HamnpaBlI€HHUEM TOKa B
MPOBOJHMKE U HAIIPaBJICHUEM MarHUTHOTO MOJIs, €CJIM CUJjla TOKa B MPOBOJHUKE paBHA 12 A.

5.B BepTHUKaTBLHOM OJHOPOJAHOM MAarHUTHOM II0JI€ HA JBYX TOHKHMX HUTSX MOJBEHICH TOPU30HTAIBHO
npoBoAHUK anuHou 0.2 M 1 Maccoit 20,4 r. MUuaykuus marautHoro noJiga paBHa 0,5 Tin. Ha kakoi yron ot
BEPTUKAJIA OTKJIOHSTCS HUTH, €CJIM CUJIa TOKA B IPOBOJIHUKE paBHa 2 A?

Kparkue Teopernyeckue cBeieHUS:

JleiicTBre MarHUTHOTO MOJISl HA POBOJIHUK C TOKOM

Cuna, nelicTByoIIas Ha IPOBOAHUK C TOKOM, IIOMEIIEHHBIM B MarHUT-HOM I10JI€, HA3bIBAETCSI CUIION
Awmrepa.

BenuuuHy 3T0OM CUIIBI OIIPEENSIOT 110 3aKOHY AMIlepa:

F=B-1-Asina

rae { — JuinHa NpOBOJHUKA, M;

0L — YTOJI MEKy BEKTOPOM MarHUTHON MHAYKIIUU U IIPOBOTHUKOM.

Hanpasnenue cuiibl AMiepa ornpenensieTcs 1o IpaBuily J€BOU PYKH:

Ecnu neByto pyKy pacmnoloXWUTh TakK, 4YTOObI NEPHEHAMKYISpHAas K IMPOBOJHUKY COCTaBJIAIOLIAsS
BEKTOpPa MAarHUTHOW MHIYKIMM  BXOJWJIA B JIaJOHb, a 4 BBITSHYTHIX Majiblla ObUIM HAIPaBJIEHbI IO
HalpaBJIEHUIO TOKa, TO OTOTHYTHIA Ha 900 GobIION Masel MOKaXXeT HalpaBIeHNUe CUIIbI, IeHCTBYIOLIEH Ha
OTPE30K IIPOBOJHUKA

JlelicTBME MarHUTHOTO TOJIS HA JBUXKYILLIUKCS 3aps]L

Cuna, ¢ KOTOpOl MarHUTHOE MoJie AEUCTBYET HA JBMKYLIUICS 3JEKTPUUYECKUM 3aps]l, Ha3bIBaeTCs
cunou Jlopenua.

Mopynp 3TOU CHIIBI paBEH:
Fu=7"V5 sin a,

rze |q| — Moayib 3apsiia yacTuusl, Ki;

V — CKOPOCTh YaCTHIIbI, M/C;

o — yTrouI .

Hanpagnenue cumnsl JlopeHna onpeaensercs 1no npaBuily J€BON pyKH:

Ecnu neByro pykKy pacroioXuTh TaK, YTOOBI COCTAaBISIONMIAsi BEKTOpa MArHUTHOW WHIYKIIUH,
NEPICHIUKYIsApHAss CKOPOCTH 3apsja, BXOAWJIA B JIaJOHb, a YEThIpe Maiblla ObUIM HAMPaBICHBI IO
AOBMKCHUIO ITOJOXXHUTCIBHO 33p5[)K€HHOI7[ YJaCTHUIIbI (HpOTI/IB OBHUXXCHUA OTpI/IHaTeJ'H)HO Sapﬂ)KeHHOI\/'I
YacTHUIIbI), TO OTOrHYThIM Ha 900 OomnbIIOi Majen MOKaXET HalpaBICHHUE IACHCTBYIONIEH Ha 3apsji CHUJIbI
Jlopenua .
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Iopsaok BbINOIHEHUS Pa0OTHI:

1.Ilepen pemenuem 3aaad 1o BapuaHTaM, Ha JIOCKE BBIMUCHIBAIOTCS (DOPMYJIBI 11O JaHHOW TEME.
2.IIpoBecTu aHAIK3 BEIMYUH, BXOASIIUX B POPMYIIBL.

3.Pemenue 3aa4 no BapuantaM (caMocToATeIbHas paboTa).

(I)opMa NnpeacraBJCHUs PE3yJabTaTa:BbIIIOJIHECHHAA CaMOCTOATCIIbHAA pa60Ta.

Tema 2.5
DJIEKTPOMATHUTHASI HHAYKIUSI

IIpakTnueckas padora Ne 14

Pemenne 3aga4 mo teme «J.1.Cc. HHAYKIUH U CAMOUHYKIIUID).

Hean:

1IloBTOPUTH OCHOBHBIE (HOPMYJIBI TEMBI.

2 CpopMupoBaTh YMEHHE IPUMEHATH (HOPMYJIbI IIPU PELICHUH 3a/1a4.

3Pa3BuBarh JOrmuecKoe MBIILUICHHE, TAMATH, BHUMAaHUE; YMEHUE PACCYKIATh U BBIIEIATH TJIaBHOE.
4 Pa3BuBaTh HaBbIKM CAMOKOHTPOJIS U B3aMMOKOHTPOJIS.

Beimosiaue padory, Bel Oynere:
yMeTb:
pelaTh 3aJauu Ha 3aKOH 3JeKTPOMAarHUTHOW MHAYKIIUH

MarepuanbHoe obecrieyeHue:

-I10CaJOYHBIE MECTA 110 KOJMYECTBY O0YJArOIINXCS;
- pa3aToOYHbBIN MaTepual ¢ 3aJaHUsIMU;

- COOpHHKH 3a/1a4

-CIIPaBOYHBIE MaTEPHUAIIBI

3aganue:
OTBeThTE HA BONPOCHI:

1.CxopocTb W3MEHEHHUs TOKa, MPOXOMAIIEr0 4Yepe3 KaryllKy, Bo3pocia. Kak wu3MmeHuTCa 31C
CaMOWHIAYKITUU?

2.BHYTpb KaTyLIKH BCTaBJIEH CTAIbHON cepedyHUK. Kak M3MEHUTCS MHIYKTUBHOCTD 3TOM KAaTYIIKH?

3.He MeHsis JUIMHY ¥ AMaMeTp AJIMHHOW LMIUHAPUYECKON KaTYIIKH, YBETUYMIU YHCIO BUTKOB €€ B
TpH paza. Kak mpu 5ToM U3MEHUTCA NHIYKTUBHOCTD KaTyIIKN?

4. B kakoM ciryyae IpH MepeMelleHny MPOBOJHIKA B MATHUTHOM I10JI€ C OYE€Hb OO0JIBIIION CKOPOCTHIO,
BEJIMYMHA UHAYLIUPOBAHHOW B POBOJHUKE 37C Oy/€T paBHA HYIIO?
Pemnts 3apaun:

1.ITpoBouuK anmuHOM 0,3 M nepeMeniaercs NeprneHIuKyAIpHO MAarHUTHBIM CHJIOBBIM JIMHUAM 11015 (B
=10 B6) co ckopocthio 1 mM/c. OnpenenuTe 3/1C MHAYKIIUN B POBOTHUKE.

2 IIpoBonnuk amuHoit 0,5 M jaBmxkercs co ckopocTeio 1 m/c mox yrimom 60" Kk HampaBieHHUIO
MarHuTHOTO ToJis1. MarauTHas uHAyKIws nosst 5 BO. Onpenenure BeTUINHY 37C CAMOWH/TYKITHH.

3.0npenenure BeIMYMHY 3/]C, BO3HUKAIOUIEW BO BTOPUYHOH OOMOTKE TpaHchopmaTopa IpH
W3MEHEHUU MarHUTHOTO TTOTOKA, CO31aBAEMOTO TTEPBUYHON 0OMOTKOM, C paBHOMEPHOU cCKOopocThio 1,4 BO/c
IpU YCIOBUH, YTO OOMOTKa UMeeT 296 BUTKOB.
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4.0Onpenenure MHAYKTUBHOCTh KAaTYILKH, €CIM IPU CKOPOCTH M3MEHEHHMs TOKa Ha 2 A 3a 1 ¢ B Hel
WHIYKTUPYETCS 3/1C camouHaykuuu 1,5 B.

5.Ha 3axumax karymku ¢ L = 180 MI'H npu paBHOMepHOM M3MeHeHuHu Toka B Helt ot 0,1 mo 1,1 A
Bo3HUKIIA 371¢ 310 MB. Onpenennte CKOPOCTh U BpeMsl U3BMEHEHHS TOKA B KaTyIIKE.

6.0mpenennTe SHEPTUI0 MArHUTHOTO OJIS KaTyIIKU ¢ MHAYKTUBHOCTHIO 0,6 MI'H 1 BEIMYMHOM TOKa B
Helt 12 A.

7.0mnpenenuTte, BO CKOJIbKO pa3 yBEIUUYMUTCS SHEPrUsl MATHUTHOIO MOJI KaTYIIKU C UHYKTUBHOCTBIO
0,6 I'n, ecnu yBenIMYUTh B HEW BEJIMUMHY TOKa OT 5 10 10 A.

Kparkue Teopernyeckue cBeleHHs:

3aKOH 3JIEKTPOMAarHUTHON MHIYKIIUH:

OJ1C MHAYKIMY B 3aMKHYTOM KOHTYpE paBHa IO MOAYJIO0 CKOPOCTH M3MEHEHHS MAarHUTHOTO MOTOKa
yepe3 NOBEPXHOCTh, OTPAHUYEHHYIO KOHTYPOM:
AD
At

g =
|

i)
rae €t — 31C unnykuuu, B;
AD= ©2-P1 — u3MeHenre MariUTHOro NoTokKa, BO;
At — IPOMEKYTOK BPEMEHH, B TEYCHHE KOTOPOTO MPOU3OIILIO0 JAHHOE U3MEHEHHE, C;

AD
At — CKOpPOCTb U3BMCHCHUA MArHUTHOI'O ITOTOKA.
AD
C y‘{eTOM HaIIpaBJICHUA I/IH,Z[YKI_[I/IOHHOFO TOKaA 3aKOH 3aIIMChIBACTCA TAK: ! At
Ecin SaMKHyTbIﬁ KOHTyp cocTout m3 N IIoCJaCa0BaATCIIbHO COCAMHCHHBIX BUTKOB (HaHpI/IMep, B

COJICHOUJIE)

AD
(c;i = — —_—
At
ITopsinok BbINOJIHEHHS PadOTHI:

1.Ilepen pemenuem 3a7a4 Mo BapuaHTaM, Ha JOCKE BHIMUCHIBAIOTCA (DOPMYJIBI IO JTAHHOU TEME.
2.IlpoBectu aHamU3 BEJIMYMH, BXOASIINUX B (DOPMYIIBIL.
3.Pemenue 3ana4 mo BapuaHTaM (caMoCToATEIbHAs paboTa).

(I)opMa npeacraBjJdeHus pedyjabTaTa: BbIIIOJTHEHHAA CaMOCTOATEIIbHAA pa60Ta.

Tema2. 6
JIEKTPOMAarHMTHbIE KoJIeOaHus

IIpakTnueckas padora Ne 15
Pemenue 3a1a4 mo teMe «JIeKTPOMATHUTHBIE KOJIeOaHUSD)
Hean:
1T1oBTOPUTH OCHOBHBIE TEPMUHBI U (POPMYIIBI TEMBI
2 CpopMupoBaTh YMEHHE IPUMEHSATH (DOPMYJIbI IPU PEIICHUH 3a/1a4.
3Pa3BuBarh JOrmuecKoe MBIIIICHHE, TAMSTh, BHUMaHUE, YMEHUE PACCYXKIaTh H BBIIENATh TJIaBHOE.

Boinosnus padory, Bel Oyaere:
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yMeTh:
peliaTh 3a1a4n

MarepunanbHoe obecnieyeHue:

-II0CaI0YHBIC MECTA MO0 KOJUYECTBY 00 yUJaONIUXCS;
- pa3JaToOYHbBIN MaTepUal C 3aJaHUSIMU;

- COOpHHKH 3a/1a4

-CIIPAaBOYHBIC MATEPHAIIBI

3amanmue:

Penmte 3agaun:

1.Pe3onanc B xonebaTensHOM KOHTYpe HacTymaeT npu yactore 4.4 k. Onpenenuts HHAYKTUBHOCTh
KaTYIIIKH, €CJIM EMKOCTh KOHJIeHcaTopa paBHa 2,2 MKD.

2.KonebarenbHblll KOHTYp M3JIydaeT B BO3YyXE 3JEKTPOMarHUTHbIE BOJHBI uiHOM 150 M. Kakosa
€MKOCTh BKJIFOUEHA B KOHTYp, €CIM €ro MHAYKTUBHOCTh paBHa 0,25 MI'H? AKTHUBHBIM CONPOTHBIIEHUEM
npeHedpeys.

3.BbruucnuTh 4acTOTy COOCTBEHHBIX KOJeOaHUN B KOHTYpE C aKTHUBHBIM CONPOTHUBIIEHUEM PaBHBIM
HYJIIO, €CJIM UHAYKTUBHOCTh 3TOr0 KOHTYypa paBHa 12 mI'H,a ero emkocTh cocraBisieT 0,88 MxD.

4.Kakoil AMUHBI SJIEKTPOMAarHUTHbIE BONHBI M30IMydaeT B BaKyyMme KoJyieOaTeNbHBIM KOHTYp C
eMkocThio 2,6 nd u ¢ uaayktuBHOCTHIO 0,012 MI'H, KOT/Ia B HEM TIPOUCXOAAT KOJeOaHUsI C COOCTBEHHOU
4acTOTOM?

5.KonebaTenbHblil KOHTYP COCTOMT M3 KaTYIIKH MHIYKTUBHOCTHIO 1| MI'H U KOHAEHCaTOpa eMKOCTBIO
10 Mx®. Konnencarop 3apsikeH 10 MakcumanbHoro Hanpsbkenus 100 B. OnpenenuTs MakCUManbHBINA 3apsii
KOHJIEHCATOpa M MAKCUMAaJIbHYIO CUJTy TOKA B KOHTYpE.

ITopsinok BbINOJIHEHUS PadOTHI:
1.Bemmucate ¢GopMysbl O MPOWIECHHOMY MaTepualy, XapaKTEPUCTUKH (PU3NYCCKUX BEIUYMH M HX
€IMHUI] U3MEPEHHUSI.
2.Pemienue 3aa4 1o BapuaHTaM.
®opma npeacTaBlieHUs: pe3yJbTaTa:BHINIOTHEHHAs] CAMOCTOsATENbHAs paboTa.

Tema2. 6
DJIeKTPOMArHUTHBIE KoJIeOaHusl

IIpakTnueckas padora Ne 16
Pemenue 3apa4 no reme «llepeMeHHBINH TOK»

Hean:

1IToBTOPUTH OCHOBHBIEC (DOPMYIIBI .

2 CdhopMupoBaTh YMEHHE TPUMEHSTH (POPMYIIBI IPU PEIICHUH 3aau.

3Pa3BHBaTh JOrMYECKOE MBIIUICHUE, TTAMSITh, BHUMAaHUE; YMEHUE PACCYKIATh U BBIJICIIATH IJIABHOE.

Beinosinus padory, Bel Oyaere:
YMeETh:
pelaTh 3a/1a4uu 10 NePEMEHHOMY TOKY

MarepuaabHoe o0ecrieyenue:
-[10CaJOYHBIE MECTA 110 KOJMUYECTBY 00yJarOIUXCS;
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- pa32[aTO‘IHBII>'I MaTCpI/IaJI C 3alaHUAMMU,
- COOpHHKH 3a/1a4
-CHpaBOIIHBIC MaTepI/IaJIBI

3aganue:

OTBeTUTH HA BONPOCHI:

1.B kakux enununax cucrembl CU usmepsiroTcs:

* [IEPUO/J] IEPEMEHHOTO TOKA

* YaCTOTa MEPEMEHHOr0 TOKa

2.Yem 00bsACHSAETCS yBEINYEHUE COIIPOTUBIICHNS IPOBOAHUKOB IEPEMEHHOMY TOKY?

3.Kak u3meHsieTcsi akTHBHOE COMPOTHUBIICHNE TPOBOHUKOB MPH YBEIMUEHUU YaCTOTHI TOKA?

4.1lenb IEpEMEHHOIO TOKA COAEPIKUT AIEKTPUUECKUE JIAMITOUKH.

Kaxk nsmenstores 1o ¢a3e TOK 1 HapspKeHUE B ATOU 1eTH?

Pemurs 3a1auu:

1.DnekTpoaBIXKyIIas CHUJia, pa3BUBaeMasi F€HEpaTOpOM B KaXKIblii MOMEHT BpPEMEHH, BBIPAXKACTCS
dbopmyoii:

e=29sin(314t+xa/8)[ B ]. Onpenenute HavanbHyto ¢a3y 3¢ u 3HaueHue ee npu t = 0,15 c.

2.0npenenute MrHOBeHHOE 3HaueHue Toka depe3 0,001 cek.mocie Havana nepuoja, €Civ aMILUIUTyAa
ToKa 5 A, yactora 50 ', a HavanbHas (a3a paBHA HYIIO.

3.Tok 1 HampspKEHUE B LIEMH ONPEIEIISIOTCS YPaBHEHUSIMU:

u=32sin(314t-90) [B]; i=24sin(3141-90) [A].

Onpenenure AeicTByIOLEE 3HAUEHUE TOKA, HAIIPSHKEHUS, MOLIHOCTD U 4acTOTY.:

4 VIHIyKTUBHOCTh OOMOTKU »dyieKTpomarHuTHoro pene 2 [I'H. Omnpenenure ee HHIYKTHUBHOE
COINpOTHUBIIEHUE NpU yacToTe Toka 50 I'm.

5.0mpenenuTe HamnpsHKEeHHE CETH, B KOTOPYIO JIOJDKEH ObITh BKIIIOUEH KOHAEHCATOpP €MKOCThIO 3,9
MKD, yTo0bI mpu yactote 50 'y Tok B Hem coctaBmi 210 MA.

6.ONMeKTpOJABIKYIIasl CHJIa Ha 3aXKMMax TIeHeparopa, Hu3MepeHHas ocuuuiorpadoMm, HMeeT
MakcuManbHOe 3HaueHue 217 B, cunycommanpHyto ¢opmy, wacrtory 200 ['m m HavambHyto dazy 2/3.
Hanumure BolpakeHue 111 MTHOBEHHOTO 3HAYEHHUS 3/IC.

KpaTkue Teopernyeckue cBeIeHHA:
IMousiTHE 0 MEpEeMEHHOM TOKe

CB0OOIHBIE AIEKTPOMArHUTHBIE KOJIEOAHUSI OBICTPO 3aTyXalOT W B MPAKTHUKE HCIIOIB3YIOTCS PEAKO,
MO3TOMY CO3/Ial0T BBIHYKJIEHHBIE TAPMOHMUYECKUE KOJIeOaHus 3apsiia, TOKAa U HAIPSDKEHUSI.

HepeMeHHHﬁ TOK — BBIHYXJICHHBIC TAPMOHUYCCKUEC IJICKTPOMAIrHUTHLIC KoJIeOaHHS B IIPOBOAHUKE.

[TomecTuM pamKy Momagy S B OJHOPOAHOE MarHUTHOE moiie . [IoTOK MarHUTHOW MHIYKIIUH Yepe3
pamky @ = BxSXxcosa.

Ecnu pamky paBHOMEpHO BpamiaTh BOKpYr ochu AA ¢ YrjaoBOM CKOPOCTBIO W, TO a = Wt © @ =
BxSxcoswt.

BcenenctBue 3meKTpOMarHUTHOW MHIYKIIMM B paMKe BO3HUKaeT rapMoHuuecku Mmenstomascs 3/C
wmm ¢ = eOxsinwt (e0 = BSxw — ammuuryna OJIC WHAYKIIMH) W MOXXHO TOBOPHTH, YTO TOJYYCH

HCpCMCHHHﬁ TOK.

* B obmem cinyyae (Hanpumep, B MHAYKTUBHOCTH WM eMKOcTH) ToK 1 DJIC
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MOTYT HE COBIMaJaTh o (paze u ux ypaBHeHus Oynyt: e = e0xsinwt; I = [0sin(wt + j), r1ie j — casur ¢a3
Mexnay e u L.

* [lepemeHHBIN TOK OBITOBOM 3JIeKTpoceTH uMeeT yacToTy n = 50 I'mu w = 2pn = 100p [pazn/c]

Iopsinok BbINOJIHEHHUS PA0OTHI:
1. Beimucatb hopMysisl IO IPOiIEGHHOMY MaTepHaiy.
2. JlaTh Ha3BaHME, XapaKTEPUCTUKY (PU3HUYECKUX BEITUYMH U UX €JUHULl U3MEPEHHUSL.
3.PemmnTsb 3a1auu o BapuaHTam
4.0TBETUTH HA BOIPOCHI.
Xox paboTsi:
1. Heo6xonumo paccMOTpeTh psii KaUeCTBEHHBIX 3a/1a4 U Jajiee PeIuTh HECKOJIbKO PacueTHBIX 3a/1a4
10 MEPE BO3PACTaHUS UX CIOKHOCTH.

2. Ilpu pemeHuM 3ajad Ha 3aKOHbBI IIEPEMEHHOIO0 TOKAa HY)KHO HAUYE€PTUThb 3JEKTPUUECKYIO LENb U
POAaHAJIU3UPOBaTh, KaK COCIMHEHbl PE3UCTOPbl, MCTOYHUKUM TOKA, KaTyIIKU HMHIYKTUBHOCTH,
KOHJICHCATOPBI.

3. Cuenyer mNOMHHUTb, YTO CHJa TOKa, HANOpsDKEHUWE HA pa3jMuYHbIX »JJEMEHTax Lenu |
JIEKTPOJBIDKYILAS CHJIa COBEPILAIOT I'apMOHUYECKUE KoyieOaHus ¢ pa3nuuHbiMU (asamu. ITostomy npu
IIOCJIEIOBATEIIbHOM COEIUHEHUN 3JIEMEHTOB 1IEIIM CHJIa TOKA Ha BCEX y4acTKaX LENU OJMHAKOBA B KaXKJbII
MOMEHT BpeMeHU. OJIHaKO HampsHKeHHE BO BCEll LleNU He PaBHO CyMMe apu(METHUECKUX HalpspKeHUH Ha
OTIENbHBIX y4yacTKaX. OHO HaxXOAUTCS MO IPaBUIYBEKTOPHOIO CJIOXEHHUS C IOMOUIbIO BEKTOPHOM
JyarpamMmsl, IIpY 3TOM YUYUTBHIBACTCS HAIWYME B LENU NEPEMEHHOIO TOKAa, aKTUBHOI'O, WHIYKTUBHOIO U
€MKOCTHOI'O COIIPOTHUBIICHHM.

(I)opMa NpeACTaBJICHHUSA PE3yJAbTAaTa BbIIIOJHCHHAA CAMOCTOATEIIbHAA pa60Ta.

Tema2. 6
DJIeKTPOMArHUTHBIE KoJIeOaHusl

IIpakTHyeckas padora Ne 17
Pemenne 3aga4 mo teme «3akon Oma s kourypa RLC»

Hean:
1IloBTOPUTH OCHOBHBIE TEPMUHBI U (hOpMYIIbI paznena «KnHemaTukay.
2 ChopMupoBaTh YMEHHE MIPUMEHSITH (POPMYIIBI IPU PEIICHUH 3a7au.

Beinosnus padory, Bel Oyaere:
yMeThb:
pemaTs 3aJa4n Ui Lenei nepeMeHHoro Toka ¢ R,L,C .

MarepunanbHoe obecrieyeHue:
-IT0CaJOYHBIE MECTA 110 KOJMYECTBY 00YJarOIINXCS;
- pa3/1aTOYHBIN MaTepua ¢ 3aaHUsAMHU;
- COOpHHKH 3a/1a4
-CIIPaBOYHbIE MaTEepHAIIbI

3aganue:
Penmmrn 3amaun:

41



1. B anexrpuueckyro 1emns ¢ HanpspkenrneMm U = 100 B mocnenoBaTenbHO BKIFOUEHBI: COIPOTUBIICHUE 5
OM, KaTylnlka HWHAYKTUBHOCTH C AKTUBHBIM COIPOTUBJIICHUCM 3 OM u UHAYKTUBHBIM
conpoTtuBiiecHreM 4 OM U KOHJEHCATOP ¢ €MKOCTHBIM comnpoTuBieHrneM 10 OM. Onpenenure TOK B
LCIHU U HAIMPSXKCHUA HAa OTACIIBHBIX 3JICMCHTAX LICIIN.

2. Onpenennure HANPSOKEHUE CETH, KOTOPOE HEOOXOIMMO MPHIIOKUTh K 3aXKMMaM KaTYIIKH,

4TOOBl B HEW MpOTEKal TOK B 2 A, €CiM aKkTUBHOE colpoTuBieHue R karymku paBHo 6 Owm, a
WHIYKTUBHOE cornpoTuBiieHre XL paBHo 8 Om.

3. TlocnemomatensHo coequHeHsl R, L u C, kotopsie coorBercTBeHHO paBHbl: L = 0,1 T'n; Xc = 31,4
OMm, R =10 Om u =50 I'i. BemmonHsroTCs T ycaoBusl pe3oHaHca?

4. B nens nepemenHnoro toka uactotoil 50 I'm u Hanpsbkenuem 220 B mocienoBaTenbHO BKIIOUYEHBI
namna conpotusieHueM 48,4 Om u koHjeHcatop eMKocThio 50 Mk®. Omnpenenuts MOIHOE
COTIPOTHUBIICHHUE 1IETIH, CUITY TOKA B 1IN, HAIIPSHKECHUE HA JIAMITE U KOHJICHCATOPE.

5. B cerb nepemennoro toka yactoroil 50 I'm u Hanpsikenuem 220 B mociienoBaTtenbHO BKIIFOUEHBI
pe3ucrop conporusieHueM 12 O, Karymika MHAYKTUBHOCTbIO 64 MI'H M KOHAEHCATOp €MKOCTBIO
88,5 Mk®. OmnpenenuTs culy TOKa B IENM, HANPSHKECHHME HA EMKOCTHOM U HMHIYKTMBHOM
COIIPOTHUBIICHUSX.

Iopsinok BbINOJIHEHUS PAOOTHI:

1.Boimucats ¢GopMynbl MO MPOWAESHHOMY MaTepualy, XapaKTepPUCTUKH (PU3NYECKUX BEIUYMH M HX
€IMHUI] U3MEPEHUS.

2.Pemienue 3a1a4 Mo BapHaHTaM.

(I)opMa NpeacTaBJIeHUs Pe3yJibTaTa BbIIIOJHCHHAS CaMOCTOATCIIbHAA pa60Ta.

Tema 3.1
ATOMHOE s1IPO

IIpakTnyeckas padora Ne 18
Pemienne 3aga4 no teme «3aKOH paji0OaKTHBHOIO pacnana
Hean:
1I1oBTOPUTH OCHOBHBIE TEPMUHBI U (POPMYIIBIL.
2.CchopMupoBaTh yMEHHE MPUMEHSTH (DOPMYJIBI IIPU PELICHUH 3a/1a4.

Beinosnus padory, Bel Oyaere:
YMeETh:
- pemarth 3aJauu Ha 3aKOH paJIMOaKTHUBHOTO pacraja

MarepuajibHoe obecrieyenue:

-[10CaJOYHbBIE MECTA [0 KOJMUECTBY 00YJArOIIUXCS;
- paS]IaTO‘—IHBIﬁ MaTr€purall C 3aJaHUAMU;
- COOpHUKH 33724
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-CIIPaABOYHBIC MAaTCPHAJIbI

3amanmue:

Pemute 3agaun:

1.Haiitu mepuoj momypacnaaa pagloaKTUBHOTO LI€3Us , €clu 3a 3|4 roja A0is pachaBIIUXCS SAEp
cocrasuia 0173.

2.00pa3zern paInoaKTUBHOTO PaJids HAXOAUTCS B 3aKPBITOM COCYJIE, U3 KOTOPOTO OTKa4aH MOJTHOCTHIO
BO3/yX. Slapa pamus MCHOBITBIBAIOT O-pacraj ¢ nepuoioM noaypacnaga 11,4 cyrok. Onpenenuts 4ucio
MOJIb TETHUsl B cocye uepe3 22,8 cyTok, eciu oOpa3el] B MOMEHT IMOMEIICHUS B COCY conepxkan 2,4 #1022
aTOMOB pajusl.

3.Ilepuon momypacnaga M30TOoNa HaTpus paBeH 2,6 rona. M3navansHo O6buto 208 r 3TOrO HM30TOMA .
Ckoubko ero Oyzaer uepes 5,2 rona?

4 Haiitn IOCTOSAAHHYIO pacniaga paaoHa, €CJIM U3BECTHO, YTO YMCJIO aTOMOB paJloHa YMEHBIIACTCA 3a CYTKH Ha
18,2 %.

5.BBIUuCIUTD IMOCTOAHHYIO PAAWOAKTHBHOI'O pacnanaa, Cpe€aHee BpEeMd KU3HU U IIEpUod IoJypaciaga
PaZMoOaKTUBHOTO HYKIIM/A, aKTUBHOCTH KOTOPOTO yMeHbImaercs B 1,97pa3a 3a 100 cyToxk.

6.B o6pasue nmeercst 2*10 ° syxep paaHOAKTHBHOTO M30TOINA LE3Us , UMEIOLIETO IIEPHO moirypacmnana 26 er.
Uepes CKOIBKO JIeT ocTanyTest Hepacmasmmmucs 0,25%10™ sixep mannoro usororma?

KpaTkue TeopeTndecKue cBeIeHUs:
3aK0H paJMOAKTHBHOIO paciana
[Ipy pajMOaKTHBHOM pAaclaje 4YHCIO pPaJHOAKTUBHBIX (HEPACIABIIMXCS) aTOMOB YOBIBAET CO
BpPEMEHEM T10 3aKOHY:
N=Ng*2""";,
rae N — umciI0 HepaclaBIIHXCs sep B JAHHbI MOMEHT BPEMEHH t,
NO — YHUCJI0 HepaCHaBHII/IXCSI ﬂﬂep B HaanII)HBIf/i MOMCHT BpeMeHI/I
Tip — mepuoa Mojypachajga — MPOMEKYTOK BPEMEHH, B Te€YEHHE KOTOPOTO HHCJIO PaJHOAKTHBHBIX

AACP YMCHBIIACTCA BABOC.
'

Mg

Mg/ 3

Y

IMopsinok BbINOJIHEHUS PadOTHI:
1.Boimucats ¢GopMynbl MO MPOWIEHHOMY MaTepualy, XapaKTepUCTUKH (PU3NYECKUX BEJIMYMH M HX
€IMHUII U3MEPEHHUSI.
2.Pemienue 3aa4 1o BapuaHTaM.

®opma npeacTaBiaeHus pe3yJbTaTa:BbIIIOJHEHHAs CAMOCTOSTENbHAs padoTa.
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Tema BBenenue

JlabopaTopHasipadora Ne 1
CeeneHusi 0 NpuOJINKEHHBIX BBIYMCIEHUAX. SHAKOMCTBO ¢ U3MEPUTEJIbHBIMH NPUOOPaAMM)

esab padoThI: MOBTOPUTH MPHOIMKEHHBIC BBIYMUCICHHS, TO3HAKOMUTHCSA C OCHOBHBIMH MPUOOpaMH ISt
BBITIOJTHCHHMSI TAOOPATOPHBIX PaboT.

BeimosinuB padory, Bel Oyaere:
YMeThb:0JIb30BaThCSl U3MEPUTEIBHBIMU NTPHOOpaMU
O6opyaoBaHue: MTAHTCHIUPKYIIb, MUKPOMETP, aBOMETP.
Teopernyeckuii maTepuaJ:
Ipu pabGote ¢ NpUOIMKEHHBIMH YHCIAMU HEOOXOIUMO COONIIOATh CIIEIYIOIHNE IpaBHJIa:

1.ITpu cno>kxeHU ¥ BBIYUTAHUN TPUOTMKEHHBIX YUCEN B KOHEYHOM pe3yJbTaTe CielyeT COXPaHITh CTOIbKO
JECATUYHBIX 3HAKOB, CKOJBKO HMX HMMEET HauMeHee TOYHOE JaHHOE(YHMCIO C HAMMEHBIIMM YHUCIOM
JECSITUYHBIX 3HAKOB).

2.B pe3yibTaTe, MOJYUYCHHOM ITOCIIC YMHOXKCHUA U ACICHUS, CJICAYCT COXPAHATH CTOJIbKO 3HAYAIHUX I_[I/I(l)p,
CKOJIBKO UX UMCCT HAUMCHEC TOYHOC JaHHOC.

3HpI/I BO3BCACHHUU HpI/I6HI/I)KeHHOFO qucjia B KBaJpaT U KY6 CICAYCT COXPAaHATH B PE3YJIbTATC CTOJIBKO
3Ha4Yalmux LII/I(l)p, CKOJIBKO UX UMECT BO3BOAUMOC B CTCIICHD HpI/I6J'II/I)KeHHOe YHUCJIO.

4HpI/I H3BJICUCHUN KBAaJAPATHOI'O U KY6I/I‘{eCKOFO KOpHCI\/'I nus3 HpI/I6J'II/I)KeHH01"O qucia CIeayeT COXpaHATb B
PE3yiabTaTe CTOJILKO 3HAYAIUX I_II/I(I)p, CKOJIBKO UX UMECT MOAKOPCHHOC BBIPAKCHHUC.

5.Ilpu BBIMOJHEHUHM TPOMEXKYTOUHBIX PE3YIbTATOB HEOOXOAMMO OpaTh ogHOW IMdpoi Oonblie, yeMm
PEKOMEHIYIOT NPEABIAYIIUE TPaBUIIa.

BrimonHenue 1abopaTopHbIX pabOT CBSI3aHO C M3MEPEHUSIMHU (QU3MYecKHX BeduyuH. M3Mmepenust He
JTAI0T BO3MOXXHOCTH TOJYYUTh a0COJIOTHO TOYHBIE pe3yibTarhl. OmMOKH (MOTPEemIHOCTH), BOSHUKAIOIINE
OpU HU3MEPEHUS X OOBICHSAIOTCS HECOBEPIIEHCTBOM METOIOB M3MEpPEHMs, H3MEPUTENBHBIX MPHOOPOB,
YCIOBUAMU OMBITA. J[7Is1 MCKIIIOUEHHS CIYyYalHBIX OIMIMOOK M TMOBBIIICHHUS CTENEHW TOYHOCTH HEOOXOAMMO
IPOM3BOJIUTH BCET/1a HECKOJIBKO U3MEPEHUI (MUHUMYM TPH), a 3aTeM HalTH cpeHee apu(dMeTHUECKOE.
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Pa3HoCTh MEXly HICTUHHBIM M U3MEPEHHBIM 3HaYCHHUSIMH UCKOMOM BEJIMYMHBI Ha3bIBA€TCS a0COIIOTHOM
MOTPENTHOCThI0. OTHOIIEHHE AOCOMIOTHOW IOTPEIIHOCTH K JACHCTBUTEILHOMY 3HAYEHHUIO H3MEPEHHOMN
BEJIMYUHBI HA3BIBACTCSI OTHOCHUTEIBHOMU MOrpCIIHOCTBIO U3MCPCHUS.

Ecnu ucTMHHOE 3HAaYeHHWE MCKOMOW BEIMYMHBI HEM3BECTHO, TO JUIS OIPEICIICHUS IMOTPEIIHOCTEH
MO’KHO BOCIIOJIb30BAThCSI METOJIOM CPEITHETO apU(PMETUUECKOTO:

1.IIpousBomAT H3MepeHUE HUCKOMOW BENWYMHBI X HECKOJIbKO pa3 M cpeaHee apudMeTudyeckoe
PE3yJbTATOB 3TUX U3MEPEHUHN MPUHUMAIOT 32 HCTUHHOE 3HaYCHHE U3MEPEHHOM BETMUUHbI

2.HaXO,I[5[T a0COJIIOTHBIE IOrpC€IIHOCTHU KAXXA0I'0 U3MCPCHUS:

OmpenensioT cpernHee apUPMETHYECKOE ATUX IOTPENIHOCTEH W NPUHHMAIOT €ro 3a abCONIOTHYIO
HOTPEIIHOCTh U3MEPEHUSL.

3.HaxoaaT OTHOCUTEIBHYIO IOTPEILIHOCTbD.
HN3mepurtenbHble NpuOOpHI

1.Muxpometp (puc. 1) cocTout u3 ynopa,MUKpOMETPUUECKOr0 BUHTA , HEMTOJIBUKHOM BTYJIKH CO ILKaJIOH B
MUJUJIMMETPAX, FOJIOBKM BUHTA coO HiKanol .Ilpu m3MepeHur MHUKPOMETPOM IMpPEAMET MOMEUIAIOT MEXIY
yIIOpOM U BUHTOM. Bpaias BUHT 3a TOJIOBKY, JOBOJST €0 10 CONPUKOCHOBEHHUS C MPEIMETOM. 3aTeM I10
IIKaJI€ OTCUMTHIBAIOT LI€Jble MWUIMMETPHI, a IO IIKaJe TOJIOBKM BHMHTa- JAECATHIE M COTbIE JOJH
MUJUTUMETPA.

Myrpomempuvecnsd _ Cmedens _
Tmeg Surm o wnanod  Toegomia

Sepalan
¢ HONLYyTOWw

2.1ITaHreHIMPKYJIb
[ranrenuupkynem (puc. 1.4) HazpiBaeTCst MPUOOP, MPUMEHSIOLIUICS IS
W3MEpEHMS JINHENHBIX pa3MepoB ¢ ToUHOCTHIO OT 0,1 10 0,02 Mm.

I/ISMepHCMHI\/’I npeaAMET IMMOMEIIAOT MCKAY HOKKaMHU IITAHTCHIUPKYJIATAK, YTOOBI npeamMeT OBLI cllerka
3axKarT, U 3aKpCIUIAIOT HOHNYC BUHTOM.
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[To mkane AMHEHKH OTCUUTHIBAIOT 1I€JI0€ YKCIIO MUJUTMMETPOM JI0 HYJISl HOHUYCA (TIEpBOTO JIeJeHus). 3aTeM

THIATCIIBHO OIMPECACIIAIOT, KAKOC ACIICHUC MIKAJIbl HOHHYCAa TOYHO COBIAAACT C HCKOTOPBHIM JACJICHUCM IIKAJIbI

JIMHENKHU. ITO ACJIICHUE HIKAaJIbl HOHUYCa COOTBETCTBYCT ACCATHIM AOJIAM MUJIJIUMETPA.

3.ABoMeTp-TipuOOp, MpEeAHAHAYCHHBIA A1 U3MEPEHUs CHIIBI TOKa, HANpsDKeHUH U conpoTuBieHH. OH

HMCCT TPU HIKAJIBI. OI[Ha N3 HUX — BCPXHAA — HIKaJIa OMMCTpaA.

Ji1s u3MepeHus CONpOTHUBICHUN HEOOXOIUMO:

1)

2)
3)

4)

5)

ABOMETp YCTaHOBUTH B palouee (TOPU30OHTAJIBHOE) IOJIOKEHUE; OTKPBITH KPBIIMIKY, BBIHYTbH
COEMHHUTENIbHBIE IPOBOAA(2 IIT) U ONPEACTUTH LIEHY JIJCHHUS Kbl OMMETpa

[Mepekroyaresib yCTAHOBHUTH TaK, YTOOBI €r0 YKa3aTelb ObLT PACIION0KEH MPOTUB 0003HAUCHUS
KopoTkuil HakOHEYHHK OJJHOTO MPOBOJIa BCTABUTh B I'HE3/10, 0003HAYEHHOE «OOII» B pAAY THE3/ CO
3HAKOM «§2 *». A Ipyroro mpoBoja-B OJHO U3 THE3/ ATOro psjaa ¢ MuoxkuteasiMu 1, 10, 100, 1000
CB00OOHbIE KOHIIBI COEAMHUTENBHBIX MPOBOJOB (ILIYNbl) 3aMKHYTh HAaKOPOTKO M, Bpamias pydky
NEPEMEHHOTO COIPOTHUBIICHUS, YCTAHOBUTH CTPENKY MpUOOpa Ha HYJIEBOE JIeJIEHUE BEPXHEH IIKabl.
HyneBoe nenenue 31oil mKkasl cpasa

Hlynbl pa3oMKHYTh, MOAKIIOYUTh HUX K PE3UCTOPY. COIMPOTHBIEHHE KOTOPOro HEOOXOAMMO
U3MepuTh. MI3MepeHus: npou3BOIUTH TOJIBKO IPH 00€CTOUEHHBIX HEMIX

46



6) CHATh MOKa3aHUs MPUOOPA C YIETOM BBIOPAHHOTO MHOMHTEJIS.
IHopsaok BbINOJIHEHUS PA0OTHI

1.3yunts TeopeTndeckuii MaTepuall.

2.CnenaTh 3alIUCH B TETPAJIb.

KonTposbHbIe BONPOCHI

1. Kakune npucnoco0ieHus Ha3bIBAIOTCSI HOHUYCAMHU, JUISL YeTO OHU HYXKHBI?
2. O0bsicHUTE, KaK ONPEICIUTD LIEHY JAeJIeHUs], TOUHOCTh HOHUYCA.

3. PacckaxuTe, Kak IPOM3BOIUTH U3MEPEHHUS C IIOMOUIBIO IITAHTCHIIUPKYJIIS U
MHUKpPOMETpA.

4.00BsICHUTE, YTO HA3BIBAIOT A0COFOTHOM, OTHOCHUTEIIBHON MOTPEITHOCTHIO.

®opma npeacTaBieHUs pe3yJabTaTa: 3aKCH B TETPaIu
Kpurepum ouenku:
Onenka «5» (OTIMYHO) CTABUTCS, €CIU OOYUYAIOUIMICS BBINOJHIET paboTy B HOJIHOM 0oOBEME C
coOnrofeHreM HEOOXOAMMOM  IOCJIEJOBATEIbHOCTA IPOBEACHUS ONBITOB U HM3MEPEHU;
CaMOCTOSITENIFHO U PAIllMOHAIbHO MOHTHPYET HEOOX0MMOe 000pyI0BaHHE; BCE OIBITHI MIPOBOJIUT B
YCIOBUSIX M pexuMax, OO0eCHeuMBaIOIIUX MOJyYeHUE MPAaBUIBHBIX pE3YyJIbTaTOB U BHIBOJIOB;
cobmoiaeT TpeOOBaHMS MPABWII 0€30MACHOTO TPY/A; B OTUYETE MPABUIBHO M aKKYPATHO BBITIOJIHSIET
BCE 3aIUCH, TAaOJIUIbI, PUCYHKH, YEPTEXH, TpadUKH, BHIUUCICHUS, TPABIIILHO BBIMIOIHSAET aHAJIU3
IIOTPEUIHOCTEM.
Ornenka «4» (XOpOILO) CTaBUTCS, €CJIHU BBIMOJIHEHB TPEOOBaHUS K OLEHKE S5, HO ObUIO IOMYIIEHO
JIBa-TpH HeJo4YeTa, He 00siee OAHOM HETpyOoil OMTMOKHM U OAHOTO HEI0YeTa.
Onenka «3» (yIOBIETBOPUTENHHO) CTaBUTCS, €ClIM paboTa BBHINOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBIITOJIHEHHON YacTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPABUIIbHBIC PE3YJIbTATHl U BBIBOJBI; €CIIH B
X0JIe IPOBEACHHUSI ONbITA U U3MEPEHUN OBLIN JIOMYIICHBI OITUOKHU.
Orenka «2» (HEYIOBICTBOPUTEIIEHO) CTABUTCS, €CJIM PadOTa BBHIMOJIHEHA HE IMOJHOCTHIO B 00BEM
BBITIOJTHEHHOM YacTU padoThl HE TO3BOJISET ClielaTh IPAaBWIBHBIX BBIBOJIOB; €CIIM  OIBITHI,
U3MEPEHUs], BBIYMCIICHUS, HAOIIOICHHUS TPON3BOIMINCH HETIPABUIIBHO

Tema 1.2. 3akonbl mexanuku HeroTona
JlabopaTopnasi padora Ne 2
«H3MepeHne CHJI U YCKOPEeHUii»

Heanb: paccunTaTh YCKOpPEHHUE TeJa TP JICUCTBUU HA HETO CHIIBIL.
Beimosinue padory, Bel Oynere:

yMeTh:

H3MEPSTH CUILY U YCKOPEHHE.

OobopynoBanue:

CEeKYHJIOMEp, HM3MEpHUTENbHAs JICHTa, JIEPEBSIHHBIM OpPYCOK, BECHI, Pa3HOBECHI, HUTh, OJIOK, HalIka Ha
Io/IBECE.

Teopernyeckunit maTepuaJ
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IlepBoiii 3akoH HproToHa. Eciii Ha Teno He AEHCTBYIOT CHJIBI WM HMX JCHCTBHE CKOMIIEHCUPOBAHO, TO
JTAHHOE TEJIO HAXOAUTCS B COCTOSIHUH MOKOS MJIM PAaBHOMEPHOTO MPSIMOJIMHEHHOTO TBUKECHHUS.

CBOHCTBO Te€N COXpaHATh CBOIO CKOPOCTh MPH OTCYTCTBUHM JEHCTBUS HAa HEro JPYruX Tell Ha3blBaeTcs
uHepuuen. Macca Tena — konuuecTBeHHast Mepa ero uHeptHoctu. B CU ona u3MepsieTcst B Kujiorpammax.
Cucrtembl OTCcueTa, B KOTOPBIX BBINOJHSAETCS MEPBBbIM 3akoH HbIOTOHA, HA3bIBAIOTCS HHEPIUATbHBIMHU.
Cucrembl OTCueTa, JBIKYIIMECS OTHOCHTEIIBHO HMHEPLUHUAIBHBIX C  YCKOPEHUEM, Ha3bIBAlOTCA
HEHWHEPIUATbHBIMHU.

Cuna — xosiMyecTBEHHass Mepa B3aumojeicTBus Ten. Cuila — BEKTOpHAs BEJIIMYMHA U U3MEPSIETCS B
HptoToHax (H). Cuia, koTopas MpOU3BOJIUT Ha TEJIO TAKOE K€ JCHCTBUE, KaK HECKOJIBKO OJHOBPEMEHHO
JIEHCTBYIOIUX CHJI, Ha3bIBACTCS PABHOJAEHCTBYIOIIEH ITUX CHIL.

Bropoii 3akon HbroTOHAa. VYCKOpeHHE Tela MNpSIMO NPONOPUMOHAIBHO PABHOJCUCTBYIOIIECH CHIL,
MPHUIOKEHHBIX K TETY, U 00paTHO MPOMOPIHUOHAILHO €T0 Macce.

Xoxa padoThI:
1.U3meputh Maccy 6pycka ¢ MOMOIIBIO BECOB.
2.BbIYucnuTh yCKOpEeHHe, ¢ KOTOPBIM OyaeT NBUraThesi Opycok nmon aeiicreuem cuisl 0,5 H.

3.IlpuBsizath K Kprouky Ha Opycke HMTb. YKpENUTb Ha Kparo cToja Oyiok. IIpomycTuTh HUTH uepe3
OJIOKIIpUBS3aTh K €€ KOHIy 4YalllKy Ha nojsece. Hutb noimmkHa OBbITH MapajijielibHa TOPU30HTAJIbHOU
IIOBEPXHOCTU CTOJIA.

4 Vcnonb3yst pa3HoBecC, Moao0paTh TakoW Tpy3 B YalllKe€ Ha IOJBECE, KOTOPBIM co3daBail Obl CHITY
HATSHDKCHUST HUTH, PABHYIO 110 MOJIYIIO CHJIE TPEHUsS Opycka O MOBEPXHOCTH cToja. [lociie MATrKoro Toirdka
Ipy3 IOJKEH JABUTaThCsSl PABHOMEPHO IO MMOBEPXHOCTHU CTOJIA.

5.YcTaHoBUTH OpyCOK Ha MPOTHBOIOJIOXKHOM OT OJi0Ka Kparo ctoja. M3meputs paccrosiHue ot Opycka 10
Onoka. YjaepkuBasi OpycoK, IMOJIOKUTh Ha YalIKy JONOJHHUTENbHbIN rpy3 maccoi 0.05 kr. OTmycTHTb
OpYCOK U B TOT K€ MOMEHT 3aIlyCTUTh CEKYHA0MED.

6.B MOMeHT cTosIKHOBEHHUS OpycKa ¢ 0JJOKOM OCTaHOBUTBH CEKYHJIOMEp. 3anucaTh OKa3aHUs CEKyHIOMepa.
7.110 U3MEpEeHHBIM 3HAUEHUSIM YT U BPEMEHHU BBIUNCIUTh YCKOPEHUE.

8.O1IeHUTh IPaHUIIbl OTPEIIHOCTEN U3MEPEHUI YCKOPEHUS B 000UX ONBITaX M ONPEAETUTh COIIaCyIOTCs JIN
9TU 3HAYEHHUS] YCKOPEHUSI.

9.Pe3ynbTaThl U3MEPEHU U BBIYMCICHUN 3aHECTH B TaOJIHUILY.
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KOHTpOJ’[LHbIe BOITIPOCHI:

1. PaBHOAeHCTBYIOMIAs BCEX CHJI, JCMCTBYIOIIMX Ha TEJIO, paBHA HY/I0. JIBMXKETCS JU 3TO TEIO WU
HAXOIUTCSA B COCTOSHUU IOKOSA?

A. Teno JABWKETCS paBHOMCPHO U HpﬂMOJ’IHHCﬁHO WX HaXOJHUTCA B COCTOSHHH ITOKOA. b. Teno JABUKETCA
pPaBHOMEPHO HIIN HpﬂMOJ’IPIHCfIHO.B. Teno HaxoauTCsa B COCTOAHHUH ITOKOA.

2. Kak Oyner ABUTaThes TEJNO Maccoit 5 Kr noj aevicteueM cuuibl 10 H?
A. PaBHOMEpHO co ckopocThio 2 M/c. b. PaBHOyCcKOpeHHO ¢ yckopeHueM 2 m/c2. B. Byaer mokoutscs.

3. Ha pucynke a , yka3aHbl HallpaBJICHUS BEKTOPOB CKOPOCTH M YCKOpeHMs Tena. Kakoil M3 BEKTOpOB,
n300paKEHHBIX HA pUCYHKE O, YKa3bIBaeT HaIpaBICHHE BEKTOpa pPaBHOACHCTBYIONIEH BCEX CHII,
IPUJIOKEHHBIX K TELy?

Ef

-

o
B A

\L?

a)

B

6)

4. Ha Teno maccoit 1 xr pgeiictByror cunel Fl= 9 H m F2= 12 H, HampaBneHHble Ha IO U 3amnaj
COOTBETCTBEHHO. YeMy paBHO yCKOpeHue Teia’?

A. 15 m/c2. b.30 m/c2 . B. 5 m/c2.

5. V4eHUK TSHET 3a OAMH KPIOUoK AMHaMoMeTp ¢ cuioi 40 H, npyroii kprouok JuHaAMOMETpa MPUKPEIIEH K
creHe. OnpeennTe MoKa3aHusl TMHAMOMETPA.

A.80HB.0B.40 H
®opma npeacTaBiIeHus pe3yJbTaTa: 3aM0JHEHHAs Ta0lInIa U BBIBO/J 110 paboTe.
Kpurepun onenkn:

Onenka «5» (OTIMYHO) CTaBUTCS, €CIAM OOYYarOIIMHCS BBHINONHAET paboTy B TOJIHOM OOBEME C
coOJIr0/IeHEeM HEeOO0XOAUMOMN MOCIIeI0BATEIbHOCTH MTPOBEACHUS ONBITOB U U3MEPEHHI; CaMOCTOATENbHO U
palMOHATIBHO MOHTUPYET HeoOXxoaumoe 0o0OpyIOBaHHE; BCE OMBITHI MPOBOJUT B YCIOBHAX U PEKUMAX,
o0ecreynBaoIuX MOJyYeHUE MPaBUIBHBIX PE3yJIbTaTOB W BBIBOAOB; COOJNIIOJAeT TpeOOBaHHS MPAaBUI
0e30MmacHOro TpyJa; B OTYETE€ NPAaBUIBHO W aKKypaTHO BBINOJHSET BCE 3alWCH, TaOIMIIbI, PUCYHKH,
YyepTexH, rpaduku, BHIYUCIECHUS; IPABUIILHO BBIIOJIHSAET aHAJIU3 MOTPEIIHOCTEH.
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OneHka «4» (XOpOII0) CTaBUTCS, €CIIM BBHIMOJHEHBI TPEOOBAHUS K OIEHKE 5, HO OBLJIO JOMYIIEHO IBa-TPH
HesoueTa, He 6os1ee 0JHOM HerpyOoi OmMMOKN M OJJHOTO HEAOYETa.

Onenka «3» (yIOBIETBOPUTEIBHO) CTABUTCS, €CIM paboTa BBIMIOJIHEHA HE IMOJTHOCTHhIO, HO 00BEM
BBIITOJIHEHHON YacTH TAaKOB, YTO TO3BOJISET IMOJYYUTh MPABHIBHBIC PE3YJIbTATHI U BBIBOJBI; €CIIH B XOJIE
IPOBEICHUS ONBITA U U3MEPEHUI OBLIN TOMYIIEHBI OTHOKH.

Onenka «2» (HEyIOBJIETBOPUTEIBHO) CTaBUTCS, €CIM paboTa BBHINOJIHEHA HE MOJHOCTBIO U 00beM
BBIMIOJTHEHHOM 4YacTuW pabOThl HE MO3BOJSET cliejaTh NMPaBUIbHBIX BBIBOJOB; €CIH OIBITHI, U3MEPEHUS,
BBIYHCIICHUS], HAOJI0IEHUSI IPOU3BOIUIIUCH HEMTPABUIBHO

®opma npeacTaBiIeHus pe3yJabTara:

Kpurepum ouenku:

Onenka «5» (OTJIMYHO) CTaBUTCS, €CIM OOYYAIOUIMICS BBHIMONHAET Pa0OTy B IMOJHOM O0BEME C
coOJII0/IeHEM HE00XOAUMOMN MOCIIeI0BaTENbHOCTH MIPOBEACHUS ONBITOB U U3MEPEHMI; CAMOCTOATENIbHO U
pPalMOHAJILHO MOHTUPYET HE00X0IuMoe OOOpYy/IOBAaHUE; BCE OIBITHI MPOBOJAUT B YCIOBUSAX U PEXKHUMAX,
o0ecrneuynBarIUX MOJy4eHHE MPaBWIBHBIX pe3yJIbTaTOB U BBIBOJOB; COOJIOAAET TpeOOBaHMS IPaBUII
0e30MacHOro TpyJa; B OTYETE NPAaBUIBHO W aKKypaTHO BBIIOJHSET BCE 3alUCH, TAaOIUIBl, PUCYHKH,
YepTeKu, rpauKy, BBIYMCICHUS; IPABUIBHO BBIIOJIHIET aHAJIU3 MOIPEIIHOCTEH.

Omnenka «4» (XOpOII0) CTaBUTCS, €CIIN BHITIOIHEHBI TPEOOBAHNUS K OLIEHKE 5, HO OBUIO JIOITYIIEHO J1Ba-
TpU HejroueTa, He 0oJiee 01HOM HerpyOoi olMOKY U OHOTO HEJ0YeTa.

Ouenka «3» (yIOBIETBOPHUTEIBHO) CTaBUTCS, €CIM padOTa BHIIIOJIHEHA HE MOJIHOCTHIO, HO 00bEM
BBINIOJIHEHHOM YacTH TAKOB, YTO IO3BOJIAET MOJIyYUTh MPABUIIbHBIC PE3YJbTAThl U BBIBOJBI, €CIIM B XOJ€
IIPOBE/ICHUS ONBITA U U3MEPEHUI OBLIN JTOMYIIEHB! OUTHOKH.

Onenka «2» (HEyIOBJIETBOPUTEIBHO) CTABUTCSA, €CIM PabOTa BBINOJIHEHA HE MOJHOCTBIO U 00BEM
BBIMIOJTHEHHOM 4YacTu pabOThl HE IMO3BOJISET cliejaTh NPaBUIbHBIX BBIBOJOB; €CIM OIBITHI, U3MEPEHUS,
BBIYMCIICHHSI, HAOJII0ACHUS IPOU3BOMIIUCH HENIPABUIBHO

Tema 1.3
3aKoHBI COXpaHEHUsI B MEXaHUKE
JlaGopaTopHas padora Ne3

HN3mepenue nmnyJnbca. [Iposepka 3akoHa cOXpaHEHHS UMITYJIbCA
Ienb: n3MepuTh UMIYIBC TEIA U IPOBEPUTH 3aKOH COXPAaHEHUS UMITYJIbCa
Beimosiaue padory, Bel Oynere:

YMETh:

HU3MEPATH UMITYJIBC

IIPOBEPUTH BBHIITOJIHEHUE 3aKOHA COXPAaHEHUS UMITYJIbCa

OO6opynoBanue: HaKJIOHHAS TUIOCKOCTb, MOJIOca OyMard, JIMHeHKa U3MEpPHUTENbHasl, MOHETHI IOCTOMHCTBOM
5 KOII ¥ 3 KOII.
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TeopeTuveckuii MaTepuaJl

Umnynec Tena - 3T0 Qu3nyeckass BEKTOpHAs BEJIMYMHA, pPaBHAs MPOU3BEIECHUIO MAacChl Tejla Ha €ro
CKOpOCTh. BekTop ummysbca Tena HalpaBieH TakK ke Kak U BEKTOP CKOPOCTH ATOTO Tela.

3aKOH COXpaHEHUS UMITYJIbCa: BEKTOPHAs CyMMa MMITYJIbCOB B3aMMOJCHCTBYIOIIUX TEN, COCTABIISIOLINX
3aMKHYTYIO CHUCTEMY, OCTAeTCsl HEM3MEHHOW. 3aMKHYTOM Ha3bIBA€TCSA CHUCTEMA Tell, B3aUMOACHCTBYIOIINX
TOJIBKO JPYT C IPYTOM U HE B3aUMOJACHUCTBYIONINX C IPYTUMH TeIaMHU.

Iopsinok BbINOJHEHHUS PA0OTHI:

1.ITonoXuUTh Ha HAKIIOHHYIO TUIOCKOCTH MOJIOCY OymMaru TakuM o0pa3oM, 4ToObI YacTh ee JuHoi 25-30 cm
HAaxXoJWjach Ha TOPU3OHTAIBLHOM MHOBepxHOCTU cTona. IlogoOparh Takue yron HakJIOHA IUIOCKOCTH U

HAYaJIbHOE MOJIOXKEHHUE 3aITyCKa MOHETBI, YTOOBI ITyTh MOHETHI HA TOPU30HTAILHON TOBEPXHOCTH COCTABJISII
15-25 cm.

2.0TMeTUTh HayalbHOE IMOJOXKEHHE MOHETHhl Ha HAKJIOHHOW IUIOCKOCTH U €€ KOHEYHOE MOJIOKEHHE Ha
TOPU30HTANILHOM MIOCKOCTU. [IpoBenuTe HAa TOPU3OHTATIBLHO PACIONOKEHHOM yYacTKe OyMa>KHOM MOJIOCHI
OPSIMYIO. 110 KOTOPOW JBUTAJICS LEHTP AUCKa MOHEThl. OTMETUTD IMOJIOKEHHUE LIEHTPa MOHETHl B Hayale u
TOPU30HTAIILHOTO Y4acTKa MyTH(Touka A) U B ero koHue(touka B).M3meputs Topmo3Hoit myTh. S=AB.

3.IlocTaBbTe HA MyTH JBUXKEHMS MEPBOW MOHETHI BTOPYIO MOHETY TaKMM 00pa3oM, 4TOObI CTOJKHOBEHHE
IIPOM30LUIO B TOT MOMEHT, KOTJa LEHTP IUCKA IIEPBOM MOHETHI IPOXOAUT 4epe3 TOUKy A. Yiap AOKeH
ObITb HELIEHTPAJIbHBIM, T.€. LEHTP IUCKAa BTOPOW MOHETHI JOJDKEH ObITh PACIOJIOKEH Ha HEKOTOPOM
paccTosiHuu OT npsAMor AB, 110 KOTOPO¥ ABUKETCS LIEHTP JUCKA [IEPBOA MOHETHI.

4.0TMETUTh HayaJIbHOE MOJIOKEHHE IIEHTpa JUCKa BTOpoi MoHeThl(Touka C).3amyCcTUTh MEPBYI0 MOHETY C
TOTO K€ MECTa Ha HAKJIOHHOM IUIOCKOCTH , KaK M B IEpBOM OIbITE. OTMETUTh KOHEYHOE IIOJIOKEHUE
LEHTPOB AUCKOB nepBoii (Touka E) u Bropoii (Touka D) MoHer.

5.Coenunure Touku A u E orpeskom AE, touku C u D orpeskom CD. U3smeputs paccrosnusa S1=AE u
SZZCD.

6.11010XUTH MOHCETY Ha HAKJIOHHYIO IJIOCKOCTH C 6YMaX(HOﬁ MOJIOCOM U MOCTEIIEHHO YBGJII/I"II/IBaI\/’ITe yroi
HAKJIOHA 0 TEX MOp , IOKAa MOHETA HEC HAYHET CKOJIL3UTH I1O 6yMare.

7.M3mepuTh 1IMHBI KaTeToB h 1 b KaTeTOB HAKIOHHOH MJIOCKOCTH.
8.BbIUnCINTD TaHT'€HC MPEIEIbHOTO yIila HAKJIOHA. paBHBIM KO3 (DULIMEHTY TpeHHUs.

9.I1o W3BECTHBIM 3HAUEHUSM MacC Mi=5 I' ¥ Mp=3 I MOHET, TOPMO3HbIX MyTell U Ko3(PUIIMEeHTa TPEHUS

BBIUMCIIUTH 3HaUeHUs ckopocTH V, Vi, V2 1 MOAyTeil uX UMITYJIbCOB (V=/2ugs
p=m V)

10. OTnoXkUTH Ha IPSAMBIX . poxoasanmx yepe3 Touku A u B, A u E., C u D, orpe3ku nponopuuoHaibHbie
MOJYJISIM UMITYJIbCOB MOHET. [I0CTpONUTH BEKTOPHI P, P1, P2. [[pOBEpUTE BBINIOJIHEHNE YCIOBHUS P= p1+P:2.

11. Bee u3mepeHnus 3aHeCTH B TaOJIHILY:
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S, M Si, M Sy, M h, cm b, cm p, KT M/C | p1, KT M/C | P2, KT M/C

12. CaenaTh BBIBOJ 11O padoTe.

KonTpoJ/ibHbIe BONPOCHI:

1.Kakas cucrema Ten Ha3bIBa€TCS 3aMKHYTOM ?

2. B yeM 3akiro4aeTcsi 3aKOH COXpaHEHUs UMITyJIbca?

dopmMa npeacTaBjieHusi pe3yJabTaTa: 3aloJHeHHAs TabuIIa U BEIBOJ 1O paboTe.
Kputepun onenku:

Ouenka «5» (OTIMYHO) CTaBUTCS, €CIM OOYYAIOMIMIICS BBIMOJMHAECT PAOOTy B IMOJTHOM OO0BEME ¢
coOroicHMeM HEOOXO0IMMOM MOCIe10BAaTEIbHOCTH MPOBEACHUS ONBITOB U U3MEPEHMI; CAMOCTOATENbHO U
palMoOHaIBbHO MOHTHPYET HEOOXOIMMOE OO0OpYAOBAHHUE; BCE OMBITHI MPOBOAUT B YCIOBUSAX M PEKUMAX,
o0ecreunBarOMIUX TMOJYyYeHHE MPaBWIBHBIX PE3yJbTAaTOB W BBIBOJOB; COOJIO/aeT TpeOOBaHUS MPABHI
0e30MacHoOro Tpyaa; B OTYETEe NPAaBUIBHO W aKKypaTHO BBIMIOJNHSET BCE 3alUCH, TAaOIHIIBI, PUCYHKH,
YyepTexH, rpaduku, BBIYUCICHUS; TPABIIILHO BBITOJIHSAET aHAIIU3 MOTPEIIHOCTEH.

Ornenka «4y» (XOpoOIlI0) CTaBUTCS, €CJIA BBIMOJHEHBI TPeOOBAaHUS K OIEHKE 5, HO ObUIO JAOMYIIEHO JBa-TPU
Hejo4eTa, He Ooliee 0JTHOM HerpyOoil OIMOKH M OHOTO HEJA0YeTa.

Ouenka «3» (yIOBIETBOPUTEIBHO) CTABUTCS, €CIM paboTa BBIINOJHEHA HE TOJHOCTBIO, HO O0BEM
BBIMIOJTHEHHON YacTH TAKOB, YTO IMO3BOJISET IMOJYYUTh MPAaBUIBHBIE PE3yIbTaThl M BBIBOJBI; €CIU B XOJE
MIPOBEJICHUS OMbITa U U3MEPEHHM OBLITH JOMYIIEHBI OIINOKH.

OLIGHKa «2» (Hey,[[OBJ'ICTBOpI/ITCJIbHO) CTaBHUTCA, CCIIN pa60Ta BBIIIOJIHEHA HE IIOJHOCTHIO U 00BEM
BBIIIOJITHEHHON YacTH pa6OTI>I HC MO3BOJIACT CACIIAaTh INPABUJIBHBIX BBIBOHOB; €CJIA OIIBIThI, U3MCPCHUA,
BbBIYMCIICHUA, Ha6J'IIO,Z[eHI/I$I MMPOU3BOAUIINCH HETIPABUIIEHO

Tema 1.4
KoJjeoaTeanbHoe IBHIKEHHE

JlaGopaTopHnas padora Ned

HccnenoBanue 3aBUCMMOCTH NIepHOAa KOJIeOaHW NPY’KMHHOTO
MAasITHUKA OT MACChI IPY3a U AKECTKOCTH NPYKUHBI
Heap padoThl: SKCIIEPUMEHTAIBHO YCTAHOBUTH 3aBUCUMOCTD MEpPHOJa KOJIeOaHUH NMPYKUHHOTO MasTHHKA
OT ECTKOCTH IPYKUHBI U MacChl Ipy3a.

Beinosnus padory, Bel Oyaere:
yYMeThb: UCCIIEIOBATh 3aBUCUMOCTH TEPHOa KOJIeOaHU! OT MAacChl TPy3a U KECTKOCTH MPYKUHBI

OO6opyaoBanue: mTaTuB ¢ MyQpTOH M Jankoil, HAOOp MPYKUH pa3HOM KECTKOCTHU, HAOOp TPy30B pa3HOU
Macchl, CEKyHJIOMED
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IHopsaok BbINOJIHEHUS PA0OTHI

Onpeoenenue 3a8ucumocmu nepuooa KoiebaHuii om Maccol 2py3a

1. ColGepute NMpyXMHHBIN MAasITHUK, UCIOJIB3YS BEIIAHHOE 000PYI0BaHHUE.
2. BBIBGI[I/ITG MasATHUK M3 TIIOJIOKCHHA PaBHOBCCUA, BKIIOYUTC CCKYHAOMCp H OTCUUTANUTE JCCATH
koneOanmii. Mcronb3yst Moka3aHHsi CEKyHIIOMepa, PAaCCUMTATe IEpUOja KOJeOaHWH ¥ 3allOJHUTE

HIEPBYIO CTPOKY TaOJHIIBL.

No N t,c
oIbITa

m, Kr

77
M~ ,Kr

172

k v/™M

gl B~ W DN

KBaJIpaTHbIM U3 MACCBI.

Onpeoenenue 3agucumocmu nepuooa KoJ1ebaHuti 0m H#ECMKoCmu NPYHCUHbL

N

1. Cobepure npyKMHHbBII MAaTHUK, UCTOJIB3YsI BbIITAHHOE 000PY/A0BaHHUE.
2. BbiBeauTe MasATHUK U3 NOJIOKEHUS PABHOBECHS. BKIIIOUUTE CEKYHJIOMEP U OTCUUTANTE J1eCATh KoJleOaHui.
3. Hcmonp3yst moka3aHHsS CEKyHIOMEpa, pacCUMTaiTe MEpPHOJ] KOJICOAaHWH W 3aloJIHUTE TEPBYIO CTPOKY

3. TloBropure
skcnepuMeHT emé 4 pasa,
YBEJIMYMBAsI MacCy HO, HE MEHSISI
npyxusel.  [lo  ToIy4eHHBIM
JTaHHBIM 3aITOJTHUTE TAOJIHILY.

4.  Tloctpoiite rpaduk
3aBHCUMOCTH neprosa
konebanmii (T) or kBampaTHOTrO
KopHst 13 Maccsl (m*2),

5. Tlo d¢opme rpaduka
ONPENICITUTE BHJ 3aBUCHMOCTH
MEXIy T[EpHOIOM U KOpHEM

TaOJINLIBI.

No N t,c m, Kr k,H/mM K2 (m/m)"
OITbITa

1

2

3

4

5

4. TloBTopure 3KcriepuMeEHT eié 4 pasa,yBenrnuuBas KodhdOUIMeHT KECTKOCTH HO, HE MEHssl Maccy Tpy3a. [o
MIOJTYYEHHBIM JJAHHBIM 3aII0JIHUTE TaOJUILY.
5. Tlocrpoiite rpaduk 3aBucumocTu mnepuona konedanuit (T) oT kBagpaTHOro KopHs U3 KoddduimeHra

xécrkoern. (kM2).

6. Tlo dopme rpaduka ompenenuTe BHJ 3aBUCHMOCTH MEXAY TEPHOJOM M KOPHEM KBJIpaTHBIM W3

K03 PHILIEHTA )KECTKOCTH.

7. CpenaiiTe BBIBOJI O 3aBUCHMOCTH IIEpHOAA KoJieOaHUH OT Macchl rpy3a U Kodduiimenta xECTKOCTH.

KoHTpoJibHbIE BONIPOCHI:

B xakoM monokeHnu MassTHHKA CKOPOCTh Oy/IeT MaKCUMaTbHOM?
B xakoM 1onoxeHun MasiTHUKa CKOPOCTh paBHA HYIIO.
VBenuuuian Ui yMEHbIIWIN MAccy Ipy3a, MOABEHIEHHOTO K MPYKMHHOMY MasiTHUKY, €CIIU: a) MEePUo]] €ro
KoyieOanmii cHavana Owl1 0, 4 ¢, a mociie u3MeHenus maccel ctaa 0, 2 c;
0) yactoTa ero kojebaHuii BHavyane Obuta paBHa 6 ['11, a motom ymensImiacek a0 5 ['?
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®opma npeacTraBiaeHus pe3yJabTaTa: 3al0JIHEHHas TaOJIUIA U BBIBOJ IO padoTe.
Kpurepun onenkn:

Onenka «5» (OTIMYHO) CTaBUTCS, €CIAM OOYYAlOIIMKCS BBHINONHAET paboTy B TOJHOM OOBEME C
co0JII0IeHNEeM HEeoOXOAMMON TOCIIEIOBATEIFHOCTH MIPOBEICHHUS OIBITOB M U3MEPEHUH; CAaMOCTOSTEIBHO U
palnMoHaTbHO MOHTHPYET HEoO0XoIuMmoe 00OpyIOBaHME; BCE OMBITHI MPOBOJUT B YCIOBHSX U PEKUMAX,
00ecCIeunBaONNX IOJyYeHHUE NPABIIBHBIX PE3YIbTaTOB M BBIBOJOB; COONIONAET TPeOOBAaHHS IPABHII
0€30MacHOr0 TpyAa; B OTYETE MPAaBUJIBHO M AaKKypaTHO BBIMIONHSET BCE 3allUCH, TAOJMIBI, PUCYHKH,
4epTexkH, rpauKH, BEIYUCICHUS; TPABWIBHO BBIOIHACT aHAIU3 ITOTPEIIHOCTEH.

Onenka «4» (XOpOIIO) CTaBUTCS, €CIIM BBINOJHEHBI TPEOOBAHMS K OLEHKE 5, HO ObUIO JOMYIIEHO JBa-TPU
HezoueTa, He 6oJiee 0IHOM Herpyooil OMMOKY M OTHOTO HeA0YeTa.

Onenka «3» (yIOBIETBOPUTEIbHO) CTaBUTCS, €CIU padOTa BBIIOJHEHA HE IMOJHOCThIO, HO 00BbeM
BBITIOJIHEHHOM YacTH TAKOB, YTO IO3BOJIAET IMOJYYUTh MPABWIBHBIC PE3YJbTAThl U BBIBOJBI; €CIH B XOJ€
MIPOBEJICHUS OIBITa U U3MEPEHUM ObLITN JOMYIIEHBI OIINOKH.

Onenka «2» (HEYIOBJICTBOPUTEILHO) CTAaBUTCS, €CIUM paboTa BBHINIOJHEHA HE IOJIHOCTHIO M O0BEM
BBIMIOJTHEHHOM 4YacTu pabOThl HE MO3BOJSET cliejaTh NMPABUIBHBIX BBIBOJOB; €CIH OIBITHI, U3MEPEHUS,
BBIYHCIICHUSI, HAOJIOICHUS POU3BOIUIINCH HEMTPABUIHHO

Tema 1.4
KoJjeoaTeanbHoe IBHIKEHHE

JlaGopaTopHas padoraNe5S
«OmnpenesieHue yCKOpPeHUsI CBOOOHOI0 NMAaleHNsl ¢ MOMOIIbI0 HUTSIHOTO MASITHUKA»

eab pabdoThI: COCTOMT B SKCIEPUMEHTAJIBHON TMpoBepke (OpMYJbl, CBA3BIBAIOIIEH MEPHO]
Kosie0aHUI MasiTHUKA C JUIMHOM €ro MoJIBeca U B ONPEAETICHUH YCKOPEHUsI CBOOOIHOTO NaICHNUs Ha OCHOBE
3aBHCUMOCTH NepHOAa KosleOaHni MasTHUKA Ha MOJBECE OT JUIMHBI IOJBECA

Boinosinus pa6ory, Bel Oynere:

yMeTb:

MPAKTUYECKH OMPEENIATh YCKOPEHUE CBOOOIHOTO MaIeHus
MarepunanbHoe obecrniedeHue ITAaTUB CO IITATUBHOM J1anoi U My(dToii,

HHTH C ETISIMU Ha KOHIAX, IPYy3 ¢ KPIOYKOM, JIMHEHKa, SIEKTPOHHBIN CEKYHIIOMEp
KpaTkue TeopeTnyeckue cBeIeHHA:

TCJ'IO, MOABCIICHHOC HA HUTH, MOXKET COBCPIIATH KOJ'IC6aHI/I$I, Iepruoa KOTOPBIX OMPCACIIACTCA (I)OpMYHOﬁI

T=2rx\llg

rie |- mmHa noaBeca, a §— yckopeHne CBOOOTHOTO TTaICHUSI.

HyxHO MOMHUTB, YTO 3aBUCHMOCTH NepuoAa KojeOaHUN OT IJIUHBI, BhIpakeHHas Gopmyinoit (1),
CIpaBe/IMBa JIMIIb JJIs TaKUX MasSTHUKOB, Y KOTOPBIX JUIMHA IOJBECa 3HAYUTEIHHO (HE MEHEE YeM B
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JECSITh pa3) MPEeBOCXOIUT pa3Mep MOJBEUICHHBIX I'PY30B (AJIMHOM HUTH CIEAYET CUHUTATh PACCTOSIHHE OT
TOYKH MOJABECA JI0 LIEHTPA TSKECTH I'Py3a).

W3 stoit popmynbl crieayeT, HampuMep, 4To Mepuo KoiaeOaHui U3MEHHUTCS BJIBOE MPU U3MEHEHUU
JUIMHBI TIOJ[BECA B YETHIPE pa3a.

9T0 CJICACTBUEC U ITPOBEPAIOT B pa60Te. HOO‘ICpCI{HO HUCIBITHIBAIOT JBa MasgTHHKA, JJIMHBI IIOABECOB
KOTOPBIX OTIIMYAKOTCA B UETHIPEC pasa. Ka)K,Z[I:Iﬁ N3 MAasATHUKOB ITPUBOJAT B ABHXKCHUC U USMEPAIOT BpEMs, 3a
KOTOPO€ OH COBEPIIUT OIPEACTICHHOEC KOJIHYECTBO Konebanuii. UTtoObl YMCHBIIUTh BJIMAHHUC MOOOYHBIX
(l)aKTOpOB, OIIBIT C KAXABIM MadTHHUKOM IIPOBOJAT HCCKOJIBKO Pa3 U HAXOAAT CPCAHCC 3HAUCHUC BPCMCHU,
3aTPa4YCHHOC MAATHHUKOM Ha COBCPIICHHUC 3aJaHHOI'0 YHCJIa KoJieOaHMi. 3aTeM BBIUMCIISIIOT NepruoabI
MAasATHHKOB U HAXOAAT UX OTHOIICHUC.

Ecnu rpys3, moaBelIeHHbIM HA HUTH, KOJIEOJIETCS, a ero pa3Mepbl 3HAUUTEILHO MEHBIIIE, YeM JJIMHA
HUTH, TO MEPUOJ] KOJICOAHUI MOXKET OBITH OTpeiesieH U3 (hOPMYIIbI:

T =2z 119 (1),

rae | — anuHa HUTH (TOYHEEe PACCTOSIHME OT TOYKHM IOJBECA JIO LEHTpPa TSDKECTH rpysa), § —
YCKOpEHHE CBOOOJHOIO HajieHus. 3Has nepuoj KoieOaHWi U JAJUHY HUTH, HA OCHOBAHUM 3TOH (OpPMYIIbI
MOYKHO OIIPEJICNIUTh YCKOPEHHE CBOOOIHOTO MaACHUS:

g=47*IT? (2)

JIIMHY HUTH HM3MEpPSIOT JIMHEMKOM, a MEpPHOJ — IO BpEMEHH t, 3a KOTOPOE€ MAasTHHUK COBEPLIUT
omnpeeneHHoe KonnyectBo konebanmii N: T=t/N.

[Ipruém yros1 OTKIOHEHHUS HUTH OT BEPTUKAJIU IPU KOJeOaHUSAX Ipy3a HE JODKEH OBITh CIMILKOM
BeJUK (10 5-7 rpanycoB), uHaue (GopMyia A ONpeseNeHus] YCKOPEHUs: CBOOOHOIO MaJCHUsl MepecTaér
OBITH BEPHOM.
ITopsinok BbINOJHEHHS PadOThI

1. VYcraHoBuTe Ha Kparo CTOJA MITATUB. Y €ro BEPXHEro KOHIIA YKPEMHUTE MPU MOMOIIU MY(PTHI KOJIBIO
Y TIOJIBECHTE K HEMY IIapuK Ha HUTH. [llapuk H0KeH BUCETh HA pacCTOSTHUU 3—5 €M OT 1oJa.
OTKJIOHUTE MasITHUK OT MOJIOKEHUS PABHOBECHS HA 5—8 CM U OTITYCTUTE €TO.

N3mepbTe 1uHy oaBeca MEpHOM JICHTOM.

WzmepwTe BpeMsa At 40 monubix konebanuit (N).

[ToBropuTe n3mepenus At (He U3MEHsIsl yCIOBUH OIBITA) U HAMIUTE cpeHee 3HadeHue Atp,.
Beruucnute cpenHee 3HaueHue nepuoja koiedanuii T, M0 cpeiHeMy 3HaUE€HUIO At,p.

Brruucnure 3HaueHue gep.

[Tony4yeHHbIe pe3ynbTaThl 3aHECUTE B TAOJIHUILY:

CpaBHMTE MOJy4YCHHOE CpEIHEE 3HAYCHHE U1 gcp CO 3HAUeHHeM g = 9,8 M/c? 1 paccuuTaiiTe
OTHOCHUTEIIBHYIO MIOIPEUTHOCTD U3MEPEHMUSL.

CoNoORWN

KoHnTpoJsbHbBIE BONIPOCHI:
1. H3menutcs nu nepuo KojaebaHusi MasTHUKA MpU nepeHeceHuu ¢ 3emin Ha JIyny?
MO>KHO 71 TIpH OIpEeJeNICHUH MEePHoa OTPaHUUYUThCS IBYMS, TpeMs, JecsAThio Koiebanusmu? B
KaKoOM clIydae rmepuo OyJeT onpeaensaThes 00aee TOUHO?
I'ne npuMeHnsieTcs MassTHUK?
[TpumeHnsieTcs a1 MasgTHUK B Batel npodeccun? Ecnu na, To npuBeuTe NpuMeEpHI.
Yo Ha3pIBaeTCS MEXaHMYECKUM KoseOaHueM?
Kakue xonebanust Ha3pIBalOTCA FTApMOHHUYECKUMHU?
Kak onpeznenuts nepuos kojaebaHuil Mpy>XMHHOTO MasiTHUKA?
Uto Ha3BIBae€TCs 4acTOTOM, mepruoaoM kosiebanuii? [IpuBeaure hopMysbl I1sl ©X ONPEACTICHNUS.
Yro Ha3pIBaeTCA HUKINYECKONH 4YaCTOTON?
10 Urto moka3siBaeT HavadbHas (pa3a KojaeOaHmii?
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11. Yro Ttakoe K03(h(PUIHEHT KECTKOCTH NPy HUHBI? KakuMu AByMs crioco0amMu MOXKHO OLIEHUTH 3TOT
Koa(uimeHT B JaHHOU padoTte?

12. KakumMu AByMsI criocoOamMHM MOKHO OIICHUTh MaKCHMaJbHOE 3HAu€HHE BO3BpAILAIOIICH CHIIBL,
BO3HHKAIOIIEH NP OTKJIIOHEHHUH TPY3a OT TOJIOKEHHS PABHOBECHSI M CTPEMSIIEHCS] BEPHYTH T'Py3 B
NEPBOHAYAILHOE TOJIOKEHHUE PABHOBECHSI.

dopma npeacTaBieHus pe3yJbTaTa: 3aMoJIHeHHas Ta0IKIla U BBIBOJI IO padoTe.
Kputepun ounenku:

Ounenka «5» (OTJIMYHO) CTAaBUTCS, €CIM OOYYAIOLIMIICA BBIMOJHSAET PabOTy B IMOJHOM OOBEME C
coOuro/IeHeM HEe0O0XOAUMOMN MOCTIEeIOBATEIBHOCTH MPOBEJACHUS ONBITOB U M3MEPEHHIA; CaMOCTOSTENbHO H
palnMoHaTbHO MOHTHPYET HEeoOXoIumMoe 00OpyIOBaHME; BCE OMBITHI MPOBOJUT B YCIOBHAX U PEKUMAX,
o0ecrneuynBarIUX MOJyYeHHE MPaBWIBHBIX pE3yJIbTATOB U BBIBOJOB; COOJIOAAET TpeOOBaHMS IPaBUII
0e30I1aCHOTO TPYAa; B OTYETE NPABMIBHO M AKKypaTHO BBINOJHSET BCE 3alMCH, TaOJUIbl, PUCYHKH,
YepTeKu, rpauKy, BBIYMCICHUS; IPABUIbHO BBIIOIHSIET aHAJIU3 MOIPEIIHOCTEH.

Ounenka «4» (XOpOIIO) CTAaBUTCSA, €CJIA BBHITIOJHEHBI TPEOOBAHUS K OLIEHKE 5, HO OBLIO AOMYIIEHO JBa-
TpH HeJoueTa, He OoJiee OAHON Herpy0oil OMMOKH U OJTHOTO HEJIOYeTa.

Onenka «3» (yI[OBJIeTBopI/ITeJIbHO) CTaBHUTCs, €CJIU pa60Ta BBINIOJIHEHA HE ITOJHOCTBIO, HO 00beM
BBITTOJTHEHHOM 4YacTH TAKOB, 4YTO IMO3BOJIACT IOJYYHUTb HNPABUIIBHBIC PE3YJIbTATBI U BBIBOJbLI; €CJIIM B XO/C
IMPOBCACHUS OIIbITA U HBMCPCHI/Iﬁ ObLIH AOMMYIICHBI OIIINOKH.

Onenka «2» (HOyIlOBJIETBOpI/ITeJIbHO) CTaBUTCs, €CIIN pa60Ta BBIIIOJIHEHA HE IMOJIHOCTBIO U 00BEM
BBLITTIOJTHEHHOM YacTH pa6OTI>I HC IIO3BOJIACT CHACJIAaThb IIPABUJIbHBIX BbLIBOAOB; €CJIM OIIbITbl, U3MCPCHH,
BBIYUCICHUA, Ha6J'IIO,Z[eHI/I$I IMPOU3BOJUIINCH HCIIPABUIIBHO.

Tema 2.2.
3aKOHBI MOCTOSTHHOTO TOKA
JlaGopaTopuas padora Ne6

CMeliaHHoe coeUHeHHe TPOBOIHUKOB
Heab padoThl: DKCIEPUMEHTAIBHO NU3YYUTh XaPAKTEPUCTUKU CMEIIAHHOTO COEUHEHNUS TPOBOIHUKOB.
Boinosnus padory, Bel Oyaere:
yMeTh:
IMPOBEPATH 3aKOHBI CMCHIAHHOT'O COCIUHCHUA

OO6opynoBanue, cpeacrBa u3MepeHus: 1) UCTOYHHWK TUTaHWs, 2) K04, 3) peocrtaT, 4) ammepMmeTp, 5)
BOJIbTMETP, 6) COeAMHUTEIbHBIE MPOBO/IA, 7) MPOBOJIOYHBIE PE3UCTOPHI conpoTuBieHusMu 1 Om, 2 Om u 4
Om

Ilopsinok BbIMOIHEHHs PadOThI:

1. CoGepuTe 37EKTPUUECKYIO LIENb (CM. pHC. 2).
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2. IIpu noMo1u peocraTa yCTAHOBUTE B LIEMH ONPEIEICHHYIO CHily ToKa 1, n3mepsemyro amrnepmMeTpom.

3. 3anumuTe Ki1acc TOYHOCTH ammepMmerpa ka , yka3aHHBIM Ha IIKajge npudopa, U Mpeaen U3MEPEHUs CUITBI
ToKa Imax

4. HaiinuTte abCONMIOTHYIO MOTPEITHOCTh M3MEPEHHS CHITBI TOKa

5. 3anuiuTe pe3yabTaT u3MepeHus cuibl Toka I1. [1+Al=

6. [loaxirounTte BOJBTMETP K TOUKaM 1 1 2 1 usmepbTe HanpskeHue Ul2 Mexay STUMH TOUKaMHU.

7. 3anumMre Kiacc TOYHOCTH BOJbTMETpa Kv, yka3aHHBIM Ha IKajge mpudopa, M mpenen U3MepeHus
HanpsbkeHus Umax

8. Haiinure abCcoMOTHYIO OTPELIHOCTh U3MepeHus HanpspkeHust AU.

9. 3anuuuTe pe3ynbrar u3Mepenus Hanpsokenus U12.

10. Paccuutaiite conpotusienue R1.

11. Haiigute aOCOMIOTHYIO OTPEIIHOCTD U3MepeHus conpotuBieHns AR 1

12.3annmmuTe pe3ynapTaT n3MepeHus conporusieHus R1 u cpaBHuTe ero ¢ comporusiaeHuem pesucropa Rl
(HOMHHaI CONPOTUBIIEHUS yKa3aH Ha pe3uctope). R1+ARI1

13. IoakmrounTe BOJABTMETP K TOUKaM 2 U 3 U u3MeppTe HanpsikeHnre U23 Mexay 3TUMU TOUKAMU.

14. 3anummre pe3ynbTaTr n3mMepenus Hanpsbkenus U23. U23+AU

15. Paccunraiite conporusienne R23

16. Haiinnte aGCOMIOTHYIO MOTPEIIHOCTD U3MEpEHHsI conpoTuBiIeHns AR23.

17. 3anummTe pe3yiabTaT U3MepeHus conpotuBiieHust R23 u cpaBHuTe ero ¢ conporuBienneM R23

18. Ilogknrounte BONbTMETP K TOUKaM 1 1 3 1 uzMepbTe HanpspkeHne U3 Mexy STUMU TOYKaMHU.

19. 3anummre pe3ynbraT uzmepenus Hanpspkenus U3, U13+AU

,20. Paccunraiite conporusnenue R13. R13=U13/11

21. IIpoBepspTte cnpaBeanuBocTs popmyn .U13=U1+U23.R13 =R1+R23

BeiBon:

®opma npeacTaBIeHUs pe3yJbTaTa: 3aM0JTHEHHAas TAaOIUIIa U BBIBOJ MO padoTe.

Kpurepun onenkn:

Onenka «5» (OTIUYHO) CTaBHUTCS, €CIAU OOYYArONIUICS BBHIMOJHAET pPabOTy B TMOJHOM OO0BEME C
coOuIt0/IeHEeM HEeO0O0XOAUMOMN MOCIIEeI0BATEIbHOCTH MTPOBEACHUS ONBITOB U U3MEPEHHIi; CaMOCTOATENbHO U
palMoOHAIbHO MOHTHUPYET HEo0X0IuMoe 000pyIOBaHME; BCE OMBITHI MPOBOJUT B YCIOBHSX U PEKUMAX,
o0ecreynBaroIuX MOJyYeHUEe MPaBWIBHBIX PE3yJIbTaTOB M BBIBOJOB; COOMIOJAaeT TpeOOBaHMS MpPaBUII
0e30I1aCHOTO TPyZAa; B OTYETE NPAaBUIBHO M AKKYpaTHO BBINOJHSAET BCE 3alMCH, TAOJIUIBI, PUCYHKH,
YepTeku, rpaduKy, BEIYMCICHUS; TPABUIBHO BBHIIOIHIET aHAJIN3 MOIPEIIHOCTEH.

OrneHka «4» (XOpOIO) CTaBUTCS, €CIIM BBITIOJHEHBI TPeOOBaHUS K OIEHKE S5, HO OBLIO MOMYIIEHO ABA-TPH
HezjoudeTa, He 0oJiee 0/1HOM Herpy0Ooii olMOKK U OHOTO HEJ0YeTa.
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Onenka «3» (yZOBJIETBOPUTENBHO) CTAaBUTCS, €CIM paboTa BBHINOJHEHA HE IOJIHOCTBIO, HO 00BEeM
BBIMOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISET MOJYYUTh MPABHIIbHBIE PE3YNIbTAaThl U BBIBOJBI; €CJIU B XOE
IPOBE/ICHUS ONBITA U U3MEPEHUI OBLIN TOMYIIEHBI OTHOKH.

OneHka «2» (HEYIOBJICTBOPUTEIHLHO) CTABUTCS, €CIM padoTa BBHINOJHEHA HE TIOJTHOCTHIO U 00BEM
BBITIOJIHEHHOM 4YacTH paOOThl HE TO3BOJISIET CHENaTh IPABWIBHBIX BBIBOJOB; €CJIM OIBITHI, W3MEPEHUS,
BBIUMCJICHHUSI, HA0JII0IEHUSI TPOU3BOIMINCH HEPABUIBLHO

Tema 2.2.
3aKOHBI MOCTOSTHHOI'O TOKA

Jlaboparopuas pabora Ne 7

Onpenenenne k03GGUUMEHTA M0JE3HOTO0 AeHCTBUS JIEKTPUIECKOTr0 HArpeBaTeJIs
LeabpaGoThl: HAYYUTHCS MPAKTUYECKU OMPEACNIATH TEIUIOBYIO OTAAdy 3JIEKTPHUUECKOT0 HarpeBaTeis JIFoOOro
THUIIA.
Beimosinus padorty, Bel Oyaere:
yMeTh:
OIpeAENATh KIIJ1 HarpeBaTelis
O6opynoBanue:
2 IJICKTPHUICCKUX HarpeBarclisd, coCcya i KHUITTYCHU A BOJBI, BOJa,
TEPMOMETP,CEeKyHI0MEP(HaChI ),CIIPAaBOYHUKITO(DU3HKE.
IMopsinok BbINOJIHEHHUS PadOThI
HOI{FOTOBI/ITB Ta6JII/IIIy JJIA 3allMCHU PE3YJILTATOB, OIPEACIACMBIX B XO/1€ pa6OTBI

1. 3Banmectu B Ta6nnuy CIIPAaBOYHBIC OAHHBIC y,Z[eJIBHOﬁ TCIIIIOCMKOCTH BOHI.

3amucarh B TAOMUIly HOMHHAJIBHYIO MOIIHOCThH DJIEKTPUYECKOTO HarpeBaTels, yKa3aHHYIO Ha TpuOope.

B cocyn s xunsiuenuss Boawsl HanuTh 200 r BOMBL
Onpenenutb HaYaJlbHYIO  TEMIEPATYpy BOJBI.

BxmrounTh HarpeBaTeNb OJJHOBPEMEHHO C CEKYHIOMEPOM (Jacammu).

o 0~ w

. OctaHoBUTH ceKyHIOMEp (4achl) B MOMEHT OYypHOTO KHUIEHHS BOJbL. Bpewms, 3a KoTOopoe 3akurena Boja,
3aHECTH B TAOJHUILY.

7. Boruaucnute K.I1. /1. anekTprueckoro HarpeBartess.
8. TIoBTOpHTH OMBIT C IPYTHM HarpeBaTeyeM.

9. VwuuthiBas oTepu SHEPruu chopMynupoBaTh BBIBOJI.
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Ornpenenurb Brranciurthb

Ca m T [, Pk KILIL
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KoHTpo1bHBIEBONIPOCHI:
1.VBenmnuurcannuymenpmuteaK.I1. [l.anexTpuueckoroyaiiHika,ecImHaerOCTEHKaxX10sI BUIAChHAKUIIB(0O
TIIOKEHUEeCcoei)?
2.3aBucut au KIIJ] a1eKkTpryeckoro yalHuka OT TOrOOTKPBITOHMIIN3AKPHIT?

®opma npeacTaBieHus pe3yJbTaTa: 3all0JIHEHHas Ta0IMIa U BBIBOJ IO padoTe.

Kpurtepuu ouenku:

Onenka «5» (OTJIIMYHO) CTAaBUTCS, €CIAM OOY4YarOIIMKCS BBINOJHAET padOTy B MOJHOM OOBEME C
coONO/IeHeM  HEOOXOIUMOW  TIOCNIENOBAaTEIbHOCTH  TNPOBEJCHHUS  OINBITOB W W3MEPEHHIi;
CaMOCTOSITENIFHO M PAIlIOHAILHO MOHTHUPYET HEo0XoammMoe 00OpYIOBaHHUE; BCE OIBITHI MPOBOJIUT B
YCIOBHAX M PEXHMax, OO0ECHeUMBAIOMIMX TOJTYYEHHE TPABWIBHBIX pPE3YJIbTaTOB W BHIBOJIOB;
coOuo1aeT TpeOoBaHuUs PaBUII OE30MaCHOTO TPY/Ia; B OTUYETE MPABHIIBHO U AaKKYPAaTHO BBITTOJIHSET BCE
3aMucH, TaOJMIBI, PUCYHKH, YEPTECKH, Tpa(uKH, BBHIYUCICHUS; MPABUIBHO BBHIMOJIHSACT aHAIHN3
IIOTPEUIHOCTEM.

Omnenka «4» (XOpOIIO) CTABUTCS, €CIIU BHIMOJIHEHBI TPEOOBaHMS K OIICHKE 5, HO OBUIO JOMYIICHO JBa-
TpU HeJoueTa, He 0osiee OHOM HerpyO0oil OMMOKHM U OJHOTO HEeI0YeTa.

Ouenka «3» (yIOBJIETBOPUTEIBHO) CTABUTCS, €ClIM paboTa BBIMIOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBINTOJIHEHHON YacTH TaKOB, YTO TO3BOJISET TOIYYUTh TPABUIBHBIE PE3YJIbTaThl M BBIBOJBI, €CIIH B
XOJIe TPOBECHHUS OIBITAa M M3MEPEHHUI OBUIN JOMYIIEHBI OITHOKH.

Onenka «2» (HEYIOBIECTBOPHUTEIBHO) CTaBUTCS, €CJIM paboTa BBIMOJHEHA HE TMOJHOCTHIO M 00BbEM
BBITTOJIHEHHON YacTh paboThl HE MO3BOJISET CAeNaTh MPABUIIBHBIX BBIBOJIOB; €CIIH OIBITHI, H3MEPEHHUS,
BBIYHUCIICHSI, HAOIOACHUS TIPOU3BOIMIINCH HEMTPABUIHLHO

Tema 2.2.
3aKOHBI MOCTOSTHHOI0 TOKA

JlabopaTopnasi paGora Ne8
«McciienoBanme 3aBMCMMOCTH COTIPOTHBJICHUS] MeTAJIa
MOJIYIIPOBOJHUKA OT TeMIIEpaTypbD)

I_le.m, paﬁoTbIZ U3MEPATb CONPOTUBJIICHHUC IIPOBOJHHMKA OMMCTPOM; YCTAHOBUTH 3aBUCHUMOCTH
COIIPOTHUBJICHUEC MCTAJIJIA U TTOJTYIIPOBOAHUKA OT TCMIICPATYPHI.

Bobinosinus padory, Bel Oyaere:
yMeThb:

ONpE€ACIATh 3aBUCUMOCTb COITPOTUBJICHUS METAJIJIA U MOJIYIIPOBOAHHUKA OT TEMIICPATYPEI
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O0OopynoBaHne. MYyJIbTHMETP, MPHOOPHI I W3YYCHHS 3aBUCHMOCTH COIPOTHBIICHUS MeTalla U
MOJTYIIPOBOTHUKA OT TEMITCPATypPhl, TEPMOMETP, SJCKTPHUYCCKAs IUIMTKA, ITATHB C MPHHAIICKHOCTSIMH,
KO0J10a ¢ BOJIOM.

Teopernuecknii MaTepuaJ:

Ecnu nponyCTUTh 31€KTpUUYECKUN TOK Yepe3 CTaJIbHYIO CIIUpAllb, a 3aTEM €€ HarpeTh, TO aMIIEPMETP
MOKA)KET YMEHbLIEHUE CHJIbI TOKA. DTO 03HAYAET, YTO ¢ U3MEHEHHEM TEMIIEpaTyphbl CONPOTHBIIEHUE METalIa
MEHSETCSL.

Bce Mertaqnel — KpHUCTaJUIMYECKHE Tela, B y3/1aX KPUCTAUIMYECKOM pPEIIeTKH KOTOPBIX
pacrioyiaraercsi MOJIOKUTEJIBHO 3apsKEHHblE HOHBL. Mexay KOJEOMIOIMMUCS HOHAMM JIBUTAIOTCS
CBOOO/HBIE AJIEKTPOHBI. BenuuuHa 3JIEKTPUYECKOrO CONPOTUBIEHUS MeTajljla 3aBHCUT OT 4YHCIa
CTOJIKHOBEHHH KOJEOMIOMUXCS HWOHOB M CBOOOAHBIX 3JEKTPOHOB. [IpW yBennyeHHH TeMIeparypsl
MeTajula YBEIMYMBACTCS aMIUIUTYla KoJeOaHHi HOHOB. DTO MPUBOIUT K YBEIMYCHHUIO CTOJIKHOBEHHH, a
3HAYUT U K YBEJIMYECHUIO CONIPOTUBIICHHS METAILIA.

B MOJIYIIPOBOAHUKE IMPU YBCIMYCHUN TCMIICPATYPhI YBCIUYNUBACTCA YUCIIO CBO60,Z[HBIX HOCHUTEJICH
3apsia, IOABHUBIIUXCS IIPU Pa3pbIBE KOBAJICHTHBIX cBs3en. IT1o OPpUBOAUT K YBCIIMYCHUIO CUJIBI TOKa B
TMOJIYIIPOBOAHHUKE U K YMCHBIIICHUIO COITPOTUBJICHHUS ITIPOBOJHHKA.

IMopsiiok BbINOJTHEHUsT PpA0OThI

1. IloarotoBeTe K paboTe OMMETD:

a) BCTaBbTE IITHIPHKH MIPOBOAHUKOB B THE3/1a, 0003HaUeHHBIE «(2» U «0011 COM.»;

0) mocraBbTe MepekitovaTens Ha nudppy «10»;

B) COC/IMHUTE CBOOOTHBIC IITHIPHKH IIPOBOTHUKOB U PYUKOM «yCT. 0» MMOCTAaBUTh CTPEIKH Ha «0».

2. Ha »neKkTpu4ecKylo IIIMTKY HOMECTUTE KOOy ¢ BoAoi. Bo n30exxannu mnasieHust Koiobl MMOMECTUTE
B KOJIbLIO, YKPEIUICHHOe B HITaTuBe. B konly omycTtute MpoOMpPKY, C MOMEIIEHHOW B HEll KaTyIIKoW u3
MeHOrO MpoBojia. OCTOPOKHO ONYCTUTE B IPOOUPKY TEPMOMETP.

3. CBOOOHBIE MITHIPHKA OMMETPA COESAUHUTE C KJIEMMaMU METHOM KaTyIIKH.

4. BximouuTe IMIHYp IUIMTKA B PO3ETKY M H3MEPHTE CONPOTHBICHHWE KAaTYIIKU TPH Pa3IHYHBIX
3HAYEHUAX TEMIIEPATYPBIL.

5. BHecute u3MepeHus B TaOIHILy.

IIpoBoanuk (Menn)

t,C

R, Om

6. Ha ocHoBe m3mepenuii moctpoiite rpaduk. Chenaiite BBIBOA, KaK COMPOTHUBICHHE MPOBOIHHUKA
3aBUCHUT OT TEMIIEPATYpBhI.

R, OM
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t’,C
7. IloctaBbTe nepekimouaresis ommeTpa ¢ dpsl «10» Ha mmdpy «100» 1 mocTaBbTe CTPENKY OMMETPa

Ha «0» (Cwm. myHKT 1-B).

8. 3ameHHTe B KOJIOE MPOOMPKY C METAUIOM Ha MPOOUPKY C MOIYHNPOBOAHHUKOM (TEPMHCTOPOM).
Ormyctute B mpoOUpKy Tepmomerp. K KiieMmaM TepMUCTOpa MOACOSTMHUTE OMMETP.

9. U3amepbTe COMpOTUBIICHHE OITYITPOBOAHUKA IIPH PA3TUYHBIX 3HAYCHUSIX TEMITEPATyphl.
10. Buecure n3mepeHust B TaOJHILY.

IHosynnpoBoaHuK

t°’C

R, Om

11. Iocrpoiite rpadux R(t).
R,

t°C

12. Cz[enaﬁTe BbIBO/I, KaK COIIPOTHUBJICHUE TTOJTYIIPOBOAHUKA 3aBUCUT OT TECMIICPATYPhI

KoHTpoabHbIe BONPOCHI:
1. DNeKTpUYeCcKuil TOK B METANIaX — 3TO YINOPSA0UYEHHOE ABUKECHUE ... .

2. C TOYKM 3peHHs DJIEKTPOHHOM TEOpUM JJIEKTPUYECKOE COMPOTHUBICHHE OOYCIIOBIEHO
COYIAPEHUSIMY ... .

3. C NOBBILLIEHUEM TEMIIEPATYPHI CONIPOTUBIIEHUE METAJLIA ...
®opma npeacTaBaeHus pe3yJbTaTa: 3aM0JHEHHAs Ta0JMIa U BBIBOJ 110 padoTe.
Kpurepun onenkmn:

Onenka «5» (OTIIMYHO) CTAaBUTCA, €CIM 00Yy4YarOLUiics BBINOIHSAET paboTy B MOJHOM 00BEME C
coOMIoicHueM  HEOOXOAMMOM  IOCJIENOBaTeIbHOCTU  NPOBEACHUS  ONBITOB U HU3MEpEHUl;
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CaMOCTOSITEJIPHO M PAallMOHAJIBHO MOHTUPYET HEOOXO0auMoe 00OpyIOBAaHUE; BCE ONBITHI MPOBOAMT B
YCIOBHMSIX M pEXUMaX, O0ECHeYMBAIOUIMX TOIY4YE€HUE MPaBHIBHBIX pPE3YJIbTaTOB U BBIBOJOB;
cobmoaer TpeOboBaHMs MpaBuil 0E30MacCHOrO TPyJa; B OTYETE MPABUIBHO U AKKYpPATHO BBIMOJIHSET
BCE 3aIlMCH, TAOJIMIbI, PUCYHKH, YEPTEXH, IpauKy, BBIUMCICHUS; NMPABUIHHO BBINOJIHSACT aHAIHU3
IIOIPELIHOCTEM.

Onenka «4» (XOpoIIO) CTaBUTCSA, €CIIH BHIIIOJHEHBI TPEOOBaHUSA K OIICHKE 5, HO OBLJIO JOMYIICHO
JIBa-TPU HejloueTa, He 0oJiee 01HOM Herpy0Ooi OIMOKK U OAHOTO HeAO0YEeTa.

Onenka «3» (yI10BIETBOPUTENIHLHO) CTABUTCS, €CIIU padoTa BHIMOJIHEHA HE MOJHOCTHIO, HO 00beM
BBITIOJTHEHHOW YacTH TaKOB, YTO MO3BOJISET MOJYYHUTh MPABUIbHBIE PE3YNbTAaThl U BBIBOJBI, €CIIH B
X0/JIe MPOBEACHUSI ONbITA U U3MEPEHUN OBLIH JIOMYIIEHBI OLTUOKH.

Onenka «2» (HEyIOBICTBOPUTEIHLHO) CTABUTCS, €CITM pab0Ta BHITIOJHEHA HE MOJTHOCTHIO U 00BEM
BBITIOJIHEHHOW YacTH pabOoThl HE MO3BOJISIET CIeiaTh MPABUIIBHBIX BBIBOJIOB; €CJIU OIBITHI, U3MEPEHHUS,
BBIYHCIICHU S, HAOFOICHUS TTPOU3BOIMIIHCH HEITPABUIILHO

Tema 2.2.
3aKOHBI MOCTOSTHHOTO TOKA
Jlaboparopnasi padora Ne 9
«OmnpenesieHue TeMIepaTypHoro Ko3ppuiuueHTa Meam»

Henr palGorbl:  packpeITh  BIWSHUE  TEMIEpaTypbl Ha  3JIEKTPUYECKOE  CONPOTUBIICHHE
METAJUIOB;OIBITHBIM IIYTEM OTPENeTUTh KOI(GUIIMEHT TEPMUUYECKOTO COIPOTHUBIICHUS MEIU; MTOCTPOUTH
10 SKCIIEPUMEHTAIBHBIM JAaHHBIM IpaduK 3aBUCUMOCTH COTIPOTUBIICHUS OT TEMIIEPATYPHI.
O6opynoBanue: MPUOOP UIS ONpPEACICHUS TeMIIepaTypHOro Kod((HUIIMEHTa CONMPOTHUBICHUS MEJH,
tepmomeTp TexHuueckuit ot 0 1o 100°C ¢ uenoii nenenus 1°C, ommeTp, BHEITHUN COCY/ KaJIOPUMETPA C
BOJIOM, DJIEKTPOILJINTKA, KJIIOY, COEMHUTENbHBIE TPOBO/IA, IITATUB ¢ My(PTOH U JTaNIKOI.

Boinoainus padorty, Bel Oynere:

yMeThb:

OTIpeeNsATh TeMIEPaTypHBI KO3 (HULIMEHT MeTasuIa

Teoperuyeckunii marepuas:

DJNEeKTpUYECKOe CONPOTUBICHHWE 3aBUCUT OT TemmoepaTypbl. OObsCHAETCS 3TO TeM, 4YTO
YIOPAJOYCHHOMY JBM)KEHUIO CBOOOJHBIX JJIEKTPOHOB HJIEKTPUYECKMH TOK JTO YIOPSI0YEHHOE
JBYDKEHUE 3apsKEHHBIX YACTHIL - 3JIEKTPOHOB) OKA3bIBAIOT MPOTUBOJICHCTBHE (CONMPOTUBIICHNUE) aTOMBI
KPUCTAININYECKON PEIIETKH, NHTEHCUBHOCTD TEIUIOBOIO JBUKEHHS KOTOPBIX U3MEHSETCS C N3MEHEHHUEM
TEMIIEPATYPHI.

Y XMMHYECKH YHUCTBIX METAJIJIOB C IIOBBILIEHUEM TeMIiepaTypsl Ha 1°C conpoTUBIEHHE BO3PAaCTaET
npumepHo Ha 0,004 (1/273) conpotusnenus rnpu 0°C 1 BeIpaskaeTcs JIMHEHHOMN 3aBUCUMOCTBIO

Ri=Ro(1+0aAt), rae

Ro—conpotusnenue merasmia npu 0°C,

At- pa3HOCTH TeMIiepatyp (KOHEYHOH 1 HayaJIbHOI);

Ol - TeMIepaTypHbIi KOA(pGUIMEHT COMPOTUBIICHHS, MOKA3bIBAIOLINMA, HA KaKyl0 4acTh HA4YaJbHOTO
conpotusieHus nposoanuka mnpu 0°C (273K) usmensiercs conpotuBiieHne npu HarpeBanuu Ha 1°C wim
1K.

a=AR/ RoAt mmu a=AR/ RoAT
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AR = R~ Ry.

OnBITHBIM MYTEM MOXHO ONpEAENTUTh O, He mpuderas K U3MepeHuto conpoTtusieHus Ro. s sroro
HEO0OXOIMMO JIBaXKIbl W3MEPUTH COMPOTUBIEHUE HccieayeMoro marepuaina R; m Ry mpu passbix
TeMmreparypax t u to.

IMopsaa0K BHIMOJTHEHUS PaGOThI

1. Cocyx ¢ BO/IOM TOCTABUTH Ha 3JIEKTPOILUIUTKY M BKJIKOUUTE €€ B CETh.

2. OnpenenuTp HEHY JIEIEHUS OMMETPA.

3. Usmeputs conporuBicHre Ry MeIHON MPOBOIOKU IIPH KOMHATHOM TemIepaType ty.

4. Omyctuth pudOp B BOJY, YCTAHOBUTH B HEM TepMoMeTp. [Ipu HEKOTOPO# Temmeparype t, H3MepuTh
conpotusiieHre Ry vccieyeMoi IpoBOJIOKH.
OnpIT HOBTOPUTH HECKOJIBKO pa3s.
Boranciuts 2 — 3 pasa o, ucrnonb3ys cootHomenne: o= Ry - Ry/ (Ritz — Roty ).
7. OmpenenuTh CpeHES 3HAUYCHUE O, U CPABHUB IOJYYCHHBIA PE3yJbTaT ¢ TAOIMYHBIM 3HAYCHHEM

TEMITEPATYPHOTO KO3 GHUIIMEHTA COMPOTUBIICHHUS MEH, BEIYUCIUTH OTHOCHTEIBHYIO MOTPEITHOCTD.

8. Pe3ynbTaThl K3MEPEHHUI U BHIYMCIICHHIA 3aMcaTh B TAOJIHILY.

ISl

9. MUcnonssys TaHHBIC
AKCIIEPUMEHTA, TTOCTPOUTH rpaduk
3aBUCcHMMOCTH R:oT t, oTkiIagbiBast
o ocu abcuucc — TEMIEPaTypy B
°C Ha ocH OpAvHAT -
COIPOTHBIICHUE.

10. Cpnenatb BbIBOJ 1O padoTe.
KoHTpoJibHbIE BOIPOCHI:

KaxkoBa (I)I/I3I/I‘ICCKEI$[ CYIIHOCTb

3HAYCHHUEC
3HAYCHUEC

MEJIHOU IMPOBOJOKHA

MEeTHOU MTNOROLTOKN
TemnepaTypHbIid
TeMIepaTypHoOro
TeMIepaTypHoro

COTMTNATARITAUIICO
OTHOCHUTEIbHAS

CONMPOTHUBJIEHUS
To.

K03 puumneHTa
NMOTPEelIHOCTh

ConporuBiieHue
Ko3pguuuenrta

Temneparypa
K0P punment

Cpennee

QJICKTPHUYCCKOIO COHpOTI/IBHeHI/IH?

2. Kak OOBSACHUTH yBETUYEHUS
CONPOTUBIIEHUS METAIJIOB  IIpH

HarpeBaHuu?
3. OObsicauth  (Gopmyny, 1O

KOTOPOH ONpeensaeTCs

TEMIIEpaTypHbIN KO3 ULUEHT
COIIPOTHBIICHUS.

4. ITouemy TEMIIEpaTypPHbIN
KO3 (GUIIMEHT COMPOTUBICHUS TSI

JIEKTPOJINTOB OTPULIATEIbHBIN?
5. KakoBo conpotusnenue 0,5 Kr MeAHON poBoJIOKU AuaMeTpoM 0,3 mm?
6. YKka3zarh NpaKkTH4YeCKOe IPUMEHEHNE 3aBUCHMOCTH COMPOTHUBIICHUS TPOBOIHUKA OT TEMIIEPATYpPhI

®opma npeacTaBiaeHus pe3yJbTaTa: 3aloJIHEHHas TabIUIa U BBIBOJ O padoTe.
Kpurepun onenkmn:

Onenka «5» (OTIIMYHO) CTAaBUTCS, €CIU OOYYAIOIIMKCS BBIMONHAET PabOTy B MOJHOM OOBEME C
co0JII0/ICHMEM HEOOXOIMMOM MOCIIe10BaTeIbHOCTH IPOBEICHUS OMBITOB M U3MEPEHUH; CaMOCTOATEIBHO
U PallMOHATBHO MOHTHPYET HE00X0AUMOE 000PYI0BaHHE; BCE OIBITHI IPOBOJUT B YCIOBUSIX U PEKHUMAX,
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o0ecreunBaIIUX MOJy4YeHHUE MPABHIBHBIX PE3yJIbTAaTOB M BBIBOJOB; COONIOAAeT TpeOOBaHUS IPABHI
0€30MacHOro Tpyda; B OTYETE NPABWJIBHO M aKKypaTHO BBINOJHSET BCE 3alMCH, TAOIMIbI, PUCYHKH,
YepTeXH, TpadUKy, BHIYUCICHUS; TIPABUIBLHO BBITIONHSET aHATU3 TOTPEITHOCTEH.

OreHka «4» (XOpOIII0) CTAaBUTCS, €CJIM BBIIIOJIHEHBI TPEOOBAHUS K OIICHKE 5, HO OBLIO JOMYIICHO Ba-TPH
Hezjo4eTa, He O6osiee 0IHOM HerpyOoi OMMOKU M OJHOTO HEJ0YeTa.

Onenka «3» (yIOBIETBOPUTENIBHO) CTaBUTCS, €ClAM paboTa BBINOJIHEHA HE MOJIHOCTHIO, HO 00BEM
BBIITOJIHEHHOW 4aCTH TAaKOB, YTO IMO3BOJISIET MOJYYUTh MIPABUIIBHBIE PE3YJIbTaThl U BBIBOJBI; €CIIH B X0OJI€
IIPOBEJICHUS OIbITa U U3MEPEHUM ObUIN AOMYILIEHBI OIINOKH.

Onenka «2» (HEyIOBIETBOPUTEIBHO) CTaBUTCS, €CIM Pa0OTa BBHINOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHOW 4YacTU pabOThl HE MO3BOJSET CJENaTh MPABWJIBHBIX BBIBOJOB; €CIHM OIBITHI, U3MEPEHUS,
BBIYHCIICHU S, HAOFOICHUS TTPOU3BOIMIIHCH HEITPABUIILHO

Tema 2.2.
3aKOHBI MOCTOSITHHOTO TOKA
JlabopaTopnas padora Ne 10
«OmnpenesieHue TeMNepaTypbl HUTH JIAMIbl HAKAJIMBAHU»

Heap padorbi: Onpenenutb TeMIEpaTypy CBETALICHCS HUTU JIaMIIbl HaKaJlUMBaHUS; HCCIEIOBATH
JKCIIEPUMEHTAIBHO  3aBUCHMOCTb  JIEKTPUYECKOIO  CONPOTHUBIICHHWS HUTHM Hakajga JIaMIIbl  OT
TEMIIEPATYPbI; Pe3yIbTAThl IPEACTABUTH IPAPUUECKHU.

Boinosinus padorty, Bl Oynere:
yMeThb:
ONpeNeATh TEMIIEPATYPy HUTH HaKaJIUBaHUS

OOopyaoBaHMe: HICTOUHUK 3JIEKTPOIIUTAHUS, JlaMiia HakainuBaHus (6.3 B. unu 3.5 B.), BoasT™merp (10 15
B.), aBomeTp, MIILIMaMIIEpMeTp, peocTaT Ja00paTOPHBI, COEJMHUTENbHBIE TIPOBOIA.

Teopernyeckuii marepua:

3aBHCHMOCTD QJICKTPHUYICCKOI'0 COIIPOTUBJICHUA I MCTAJJIOB OT TEMIICPATYPhI BbIPAXKACTCA (1)0pMy.]'IOI>i:

R =RQ+a-t) re R . ANEKTPUYECKOE COTMPOTUBIICHHE METAJUIMYECKOro 00pasiia mpu TeMIeparype

t; Fo. aneKkTpuyeckoe conpotusieHue ero npu 0°C; o - remnepaTypHbIi KOAQOHUIMEHT 3JIEKTPUIECKOTO

CONMPOTUBJICHUA JIsI OAHHOTO BCHICCTBA. Eciu u3BeCTHBI 3HaYEHUS QJICKTPHUYCCKOI'O0 COIPOTUBJICHUA

oOpasna Ro mpu 0°C wu R g HarpeToM COCTOSIHUM, a T.K. TeMIepaTrypHbli KkoddduumeHt

ANEKTPUYECKOTO CONPOTUBJIEHHUS O, TO TEMIEeparypy t MOXKHO BBIYHCIUTH 10 (opmye:

R 1

)

Bripakass temmeparypy B Tpanycax KenbBuHa, monydaeM JApyryio (opmyny s onpenenceHus
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TEeMIIEpaTyphl:
R

T

R,-a rae

T—abcomoTHasTemneparypa.

COHpOTI/IBHeHI/Ie R, MOXHO OHNpEACINTb, HCIIONB3Yyd IIOKAa3aHUA MUIUIMAMIICPMETpa M BOJBTMETPA,

npuMeHUB 3akoH OMa Juis y4yacTKa 3JIEKTpHYeCKOW mernu. Takum oOpas3om, Ui CHITHUS 3aBUCUMOCTH
JIEKTPUUYECKOTO CONPOTUBJICHUS HUTH JIaMIIbl HAKaJUBaHHUs OT TEMIIEpPaTypbl HEOOXOAMMO H3MEPUThH
HaIIpsDKEHUE HA yYacTKE LIETH, COACPIKALLEM JIaMITy, IIPU PA3IMYHbIX 3HAYCHUAX CUJIBI TOKA.

HOpﬂ)IOK BbIIIOJTHCHHUSA paﬁ()T])I

1. U3mepbTe CONMPOTUBICHHE HUTHU JIAMIIBI B XOJIOJHOM COCTOSIHUU C MOMOILBIO TecTepa. ITO JacT
BO3MOYXHOCTh BBIYUCIIUTH COIPOTUBIICHUE HUTHU MPHU HyJe rpaxycoB Llenbcus. [l BEIUUCICHUS
BOCHOJIb3YITECh 3HAUEHUEM TEPMUUECKOr0 KA (HUILIMEHTA 0.
2. CobepuTe 1IEIb COTJIACHO CXEME.
3. Cuumure BAX, nepememas aABmxok peoctara (MuHumyMm 10 3amepoB). PesynbraThl 3aHecuTe B
Tabnuiy.

4. BpluncnuTe COMPOTUBIECHHWE M TEMIIEpaTypy I KaXKIOTO 3amepa, HUCIOJIb3ysl 3HAYCHHEM
TEPMHUECKOr0o KO3 dUIIMEHTa 02 ¥ BBIYUCIEHHBIM Ry.

5. IMocrpoiite BAX u 3aBucumocts R = f (t).

6. CremaiiTe BEIBOJIBI.

(<) (<

()

KOHTpOJ’IbHLIe BOIIPOCHI:

1. Kakum cnoco6om ObuTa orpesiesieHa TeMIiepaTypa HUTH HaKaJIMBaHUs?
2. Kaxk compoTuBIIeHHE TIPOBOIHAKA 3aBUCHUT OT TEMITEPATypPhI?
3. Ot 4ero 3aBUCHT SPKOCTH JIAMITHI?

®opma npeacTaBiaeHus pe3yJbTaTa: 3aloJIHEHHas TabIUIa U BBIBOJ O padoTe.

Kpurepun onenkmn:

Onenka «5» (OTIIMYHO) CTAaBUTCS, €CIU OOYYAIOIIMKCS BBINONHAET PabOTy B MOJHOM OOBEME C
COOJIFO/ICHHEM HEOOXOMMOM MOCIIe10BaTEIbHOCTH IIPOBEIECHUS ONBITOB M U3MEPEHUH; CaMOCTOATEIBHO
U paloHaJIbHO MOHTHPYET HE00X01MMOe 000pYyI0BaHUE; BCE OMBITHI IPOBOJUT B YCIOBUSAX U PEKUMAX,

O6€CH€‘II/IBaIOH_[I/IX MOJIYYCHHUE IPABUJIBHBIX PE3YJIBTATOB W BBIBOJOB, co6n}0)1aeT Tpe6OBaHI/I${ IMpaBujI
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0e30MacHOro Tpyda; B OTYETE MPABWJIBHO M AaKKYypaTHO BBHIMOJHSET BCE 3alHCH, TaOJIHIIbI, PUCYHKH,
YepTexH, rpaduKu, BHIYUCICHUS; IPABUIBLHO BBHIIOIHSAET aHAJIU3 MOTPEIIHOCTEH.

OneHka «4» (XOpOIIO) CTaBUTCS, €CIIM BBIITOJIHEHBI TPEOOBAHMS K OLIEHKE 5, HO OBUIO OIYIEHO JBa-TPU
Hezo4eTa, He Oosiee 0JIHOM HerpyOoit OMOKU M OJJHOTO HEJ0YeTa.

Onenka «3» (yIOBJIETBOPUTEIHHO) CTaBUTCS, €CIM padoTa BBINOJHEHA HE IMOJTHOCTHIO, HO 00BEM
BBIIIOJTHEHHON YacTH TAaKOB, YTO MO3BOJISIET IOJYUYUTh NPABUIIbHBIE PE3YJIbTATHI U BBIBOJBL; €CIIU B XOJ€
IIPOBEJICHUS OIbITA U U3MEPEHHH ObUTN AOMYIIEHBI OIIHUOKH.

Onenka «2» (HEYAOBIETBOPUTEIBHO) CTaBUTCS, €CIM PadOTa BBHINOJIHEHA HE IOJHOCTHIO M 00BEM
BBITIOJTHEHHON 4YacTH paboOThl HE MO3BOJSET CIeNIaTh MPAaBUIBHBIX BBIBOJOB; €CJIU OIbBITHI, U3MEPEHUS,
BBIUHCIICHHS, HAOII0ICHUS TPOU3BOIMINCH HEMTPABUILHO

Tema 2.2.
3aKO0HBI NIOCTOSTHHOI'0 TOKA

JlaGoparopHasi padoraNell
«H/3yueHune pe:kMMoOB padoThl MyJIbTHMETPA»

Heab padoThl: HAYYUTHCA MOJIB30BATHCS MYJIBTUMETPOM JJISI Pa3HBIX PEKUMOB PabOTHI
Boinosinus padorty, Bel Oynere:

yMeThb:

M0JIb30BAThCS MYJIBTUMETPOM

Oo0opynoBanmne:

MYJIbTUMETDP, Ha60p PE3UCTOPOB, AUOAbLI, TPUOAbLI, HCTOYHHUK TOKa, p€oCTaT, COCAMHUTCIIbHBIC IIPOBO/JA,
KJII04.

HHCprKHI/Iﬂ 110 MIPUMECHECHUIO MYJILTHMETPA

Ilepexkiaroyaresnb pexumMa U JUANA30HA H3MEPEeHUil.

[lepexmtouarens pexxuma U TManazoHa U3MEPEHUM UCTOIb3yeTcs s BKIIOUEHHUs pudopa, a Takxe JJs
BBIOOpA JKETAeMOTO pekuMa paboThI U TMpesena u3Mepenus. [ yBemudeHus cpoka ciykO0bl OaTapeu,
MepeBOIUTE MepeKIoYarens B nojaoxkenue «OFF», mocine BHIMONHEHUS U3MEPEHHIA.

N3mepenne HanpsizkeHUsI MOCTOSTHHOTO M MePeMEHHOI0 TOKA.
1.IToaxntounte KpacHbI pa3beM B rHE310 «VQMAY, yepHblil pazbeM B rHe310 «COM»

2.YCTaHOBUTE MEPEKIIOYATENb PEKUMA U3MEPEHUI HA KEJIaeMbIi THANa30H U3MEPEHMS HAIIPSKEHUS , B
Cllydae €CJId HEU3BECTHO IIPUMEPHOE 3HAYEHUE HANPSHKEHWS , YCTAHOBUTE IEPEKII0YaTeNb Ha
MAaKCUMaJIbHOE 3HAYCHUE U CHIKAUTE MPEEN U3MEPEHUS 10 MOIYYEHHUS ONTUMAJIBHOIO 3HAYCHUS .

Pexxum [Tar uzmepenus [Torpemnocts

200 mB 100 MB +0,5 % nna 3ro 3Haka
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2000 mB 1 MB +0,8 % mag 2ro 3HaKa

20B 10 MB

200 B 100 MmB +1,0 % nsa 2ro 3HaKa

3. IlpukocHutrech NMpOOHMKAMU K YCTPOMCTBY WJIM TOUKAM 3JIEKTPUUECKON CXEMbI . Iie Tpedyercs
U3MEPUTH HaNpsKEHUE.

4. B ciiydae HaJIM4us HANPSDKEHUS TPHOOP MOKAXKET HANPSHKEHUE U TOJSIPHOCTb.
HN3mepenue NOCTOAHHOIO TOKA

1.Ionkmounre kpacHbIi MPoOHHUK K pazbeMy «VQMAY». Uepnsiid k pazbemy «COM»(is u3mepeHus
TokOB OT 200MA 10 10 A ucnomns3yiite pazbem «10A»)

2 VYcraHOBHUTE NEpEKIOYaTeNIb BbIOOpPA pEXHMMa HM3MEPEHMH Ha JKENAaeMblil Mpenen H3MEpeHHUs
IIOCTOSIHHOT'O TOKA .

3.PazpeiuHuTE HU3MEPSEMYIO JIEKTPUUECKYIO LI€Nb U IOJCOEAMHUTE MPOOHUKU MOCIEIOBATENBHO C
Harpy3Ko.

4. Ha JUCIIICC IOABUTCA 3HAYCHU A TOKA.

6. Pazbem «10A» mpeaHa3Ha4yeH JUIsI HEYACTOrO HCIOJIB30BaHUS. BpeMs H3MepeHHs HE OJDKHO
MpPEBBIATh 15 CEKyHI, a MEKIY H3MEPCHUSIMH HEOOXOJMMO BBIICPKHBATH HECKOJIBKO CEKYH] BO
n30exaHue MOBPEXKACHUS Tprbopa.

H3mepenue conpoTuBIeHNs
1.IIpucoenuuuTe KpacHblii MpoOHUK K pazbemy «VQOMAY. Uepnslit k pazbemy «COM».

2.YcranoBure MEPCKIOYATCIIb BLI60pa peKUMa I/ISMepeHI/Iﬁ Ha JKellaeMbIi npeacii U3MCpCHUA
COIIPOTUBJICHHA.

3. Ilpunoxure npoOHHMKH K u3MepseMoMy oOpa3ly, AHUCIIEH OTOOpasuT MpH 3TOM 3HAUEHUE
COIIPOTHBIICHUS .

Pexnm MHoxuTENb ITorpemuocTs
20002 0,1 +(1.0% s 10ro 3HaKa)
2000Q2 1
20KQ 10

+(1.0% nns 4ro 3HaKa)
200K 100
2000KQ 1000

67



IIpoBepka n1uoa0B

1.IonkmounTte KpacHbId NPOOHUK K pazbeMy «VQMAY., uepHsblil k pazbemy «COM».

2. YcTaHOBHTE MEPEKIIIOUaTENb BHIOOpA pekMa U3MEPEHUH Ha 3HAUOK |Aroaa

3. CoeMHUTE KPACHBIA TPOOHHUK C AaHOJIOM (p) TECTUPYEMOTO JAMO/IA, @ YEPHBIN NIPOOHUK C KaTOI0M (Nn)

4. Jlucrineil mokakeT 3Hau€HUE HalpspKeHHs B MB. ecnu mosisspHOCTh 1MojAa NepemyTaHa , JUCIUIeH
oToOpazut «1».

N3mepenue Temnepatypsl

1.Ilpucoeauuure Tepmornapy k pazbemy «VQMA» 1 k pazbemy «COM».

2.YcTaHOBHUTE MEPEKII0YaTeNb BHIOOpa pexnMa U3MepeHuid Ha u3mepenue temnepatypsl « TEMID»
3. Qucnuieii oToOpa3utT 3HaYeHHE TeMIepaTypsl B rpaaycax Llenbcus.

3ByKoBasi IPO3BOHKA

1.IToaxntounte KpacHbIi IPOOHUK K pazbeMy «VQMAY. UepHblil k pazbeMy «COM».
2.YcTaHOBUTE MEPEKII0YATENb BIOOpA pexruMa U3MEPEHNH Ha 3BOHOK

3.Ilpucoenuuute nNpoOHUKH K MPO3BAaHUBAEMOW cxeme, npu comporuBieHun meHee 30 Om monaercs
3BYKOBOM CUTHAIL

Teopernueckuii MmaTepua:
Tonynpoeoonukoswiii 0uoo

Jluon comepKUAT P-N-TIepexof, 3aKJIIOYEHHbI B TIE€PMETMYECKUH KOPIYC M COCAUHEHHBIN C
METAIJINYECKUMHU BbIBOJAAaMU. BbIBO/I OT P-00s1acTi HA3bIBAIOT aHOJOM, OT N-00JIACTH — KaTO/I0M.

Jlnoa- mOIYNpPOBOJHUKOBBIA MpUOOp, NpeAHAa3HAYCHHBIM JJs YCWIEHUS IpeoOpa3oBaHus
TeHEPUPOBAHUS IEKTPUUECKUX KOJIeOAHUH pa3InYHON YacTOTHI.
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TpaH3ucTOp COCTOUT U3 TPeX 00JIACTEH C Pa3TUYHOM MPOBOAMMOCTHIO. PasnmuuaioT TpaH3UCTOPHI
Ttuna p-n-p u N-p-n. Cpennsist 30Ha Ha3biBaeTcs Oazou. TommuHa 6a3bl JOHKHA OBITH MEHBIIE JIJTHHBI
cBOOOIHOTO Tpobera 3MekTpoHa. B TpaH3ucTope mMeroTcss aBa P-N-mepexoma. JleBwlid p-n mepexon
SBJISIETCS TIPSIMBIM M OTJENsAeT a3y OT 00IacTH ¢ MPOBOJUMOCTBIO P-THIIA, HA3bIBAEMYIO 2mummepom. B
3TOM 00JIaCTH aKIENTOPHOIN MPUMECH B COTHH pa3 OoJbllie, YeM JIOHOPHOM mpumecH B 0ase, T. €. JIBIPOK B
OMUTTEpPE 3HAYUTEIBHO OOJNbIIE, YeM 3JIEKTPOHOB B Oase. IlpaBblii mepexon sBisiercss OOpaTHBIM M
otaensier 6a3zy OT 001acTU C POBOIUMOCTBIO P-THIIA, HA3BIBAEMOMN KOLIEKIOPOM.

R

- 1 x| ¥V e 4 n PR e
3 K 3 K

HOpﬂ}IOK BbIITOJTHCHU A paﬁoTI)I

1.M3yunTh MHCTPYKIMIO 1O IKCIUTyaTallMK pUOOpa.

2. I/I3MepI/ITB COMMPOTUBJICHUA PE3UCTOPOB, JAHHBIC 3allUCATH B Ta6n1/1uy

Ne nn/m Conporusiaenne, Om

3.Co0parthb 1emns 1o cxeme

4.3aMKHYTL [CIb, TPHU HEUCIIPABHOCTHU LCIIU IPO3BOHUTH LCIIb, HalTH HCHUCIIPABHOCTD.
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5.M3meputh HanpspKeHHE Ha OaTapeiike U peocrare.
6. PazoMkHyTh 11Ienb. I3MEpUTh TEMIEepaTypy pe3UCcCTOpa U peocrara.

7.13MepuTh CONPOTUBIIEHUE PE3UCTOPA U PEOCTATA, IaHHBIE 3allMCaTh B TAOIUILY

HaumeHoBaHue Conporusienne, Om | Hanpsi:kenue, B Temneparypa, °C

Pesuctop

Peocrtat

Ucroynuk Toka | -----

8. [ToBTOpUTH TEOPETUUECKUI MaTEPHaJI IO TOJIYIPOBOJHUKOBBIM MTPUOOpaM: JUO1Y U TPAH3UCTOPY.
9. [IpoBepuTh AMOIBI (UCTIPABHOCTD, TIOJIIPHOCTH ).

10. Tpanzucropsl. OmnpenenuTs BBIBOJLI TpaH3UCTOpa (KOJUIEKTOp, 06a3a, SMUTTEP) U TUI TPAH3UCTOPA

(p-n-p) mmn (n-p-n)

11. 3anucarp BBIBOA IO paboTe, OTBETUB HA BOMPOCHI.

KOHTpOJIbeIe BOIIPOCHI:

1. Kak BBISICHUTB, YTO AUOJ HEHCIIPaBEH?

2. Kak BBISICHHTB p- ¥ N- KOHTAKTHI 1ruoaa?

3. Kak onpenenuts 6a3y y TpaH3UCTOPA.

4. Ha3zoBute rinaBHbIE CBOMCTBA JU0Ja U TPAH3UCTOPA.

5. Ycrpo#cTBO 1M0/a U TPAH3UCTOPA.
®opma npeacTaBiaeHus pe3yJabTaTa: 3aloJIHEHHas TabauIa U BbIBOJ MO padore.
Kpurtepun onenkn:
Onenka «5» (OTIMYHO) CTaBUTCS, €CIM OOYYaIOUIMMHCS BBIMOJHAET paboOTy B IOJHOM 00bEME C
COOIIIO/ICHIEM HEOOXOIMMOH MOCIIEI0OBATEILHOCTH MTPOBEACHHUS ONBITOB U U3MEPEHUHN; CaMOCTOSITEIIHHO
Y pallMOHAIBHO MOHTHUPYET HEOOXOAMMOE 000PYIOBAHKE; BCE OMBITHI TPOBOJUT B YCIOBUSAX U PEKHMAX,
00ECTIeYNBAONINX TOJIyUYSHHE MPABIIBHBIX PE3yJbTaTOB M BBIBOJIOB; COONIONACT TPeOOBAHUS IMPABHI
0e30macHOro TpyJa; B OTYETE MPaBHJIBHO M aKKypaTHO BBIMOJHSET BCE 3alMCH, TaOJIMIIbI, PUCYHKH,
4epTexku, rpaduKu, BBIYMCICHUS; TPABUIIHHO BBIOJIHIET aHAIU3 OTPEIIHOCTEH.
Onenka «4» (XOpOII0) CTaBUTCS, €CJIN BBINOJIHEHBI TPEOOBAaHUS K OLIEHKE 5, HO OBIJIO JOMYIIEHO J1Ba-TPU
Hezo4eTa, He Oosiee 0JIHOM HerpyOoil OMOKU M OJHOTO HEJ0YeTa.
Onenka «3» (YIOBJIETBOPUTENBHO) CTaBUTCS, €CIM pabOTa BBHINOJHEHAa HE IMOJHOCThIO, HO 00BEM
BBITTOJIHEHHOW YaCTH TAaKOB, YTO TO3BOJISET MOJYYUTh MTPABHIIBHBIE PE3YIbTATHI U BBIBOJIBI; €CITH B XOJI€
MIPOBE/ICHUS OTBITA M U3MEPEHUH OBLIN JIOTYIIEHBI OITHOKH.
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Onenka «2» (HEYIOBIETBOPHUTEIBHO) CTaBUTCS, €CIM paboOTa BBHIMOJHEHA HE TOJHOCTBIO W 00BEM
BBITTOJIHEHHOW 4YacTH pa0OThI HE TO3BOJISIET CHIENATh MPABWIBHBIX BBIBOJIOB; €CIIM OMBITHI, H3MEPEHHUS,
BBIYMCIICHUA, HaGJIIO,Z[eHI/IH MPOU3BOAMNIINCH HCTIPABUIIBHO

Tema 2.2.
3aKO0HBI MOCTOSTHHOI'0 TOKA

JlabopaTopnasi paGora Nel2
«OnpeneneHne HOMHHAIBHOIO CONIPOTUBJICHHUS Pe3HCTOPOB METOI0M MAPKHPOBKH.»

He.ﬂb paﬁoTbl: OINPCACIINTE HOMHHAJIBHOC COIIPOTHUBIICHUEC PE3HUCTOPOB METOAOM MAPKHPOBKHU,
OIPCACIIUTL AOMYCTUMOC 3HAYCHHUC CHJIbBI TOKA I JAHHBIX PE3UCTOPOB IpPpU HM3BECTHOM HOMMUHAJIC
MOIIHOCTH.

Boinosinus padorty, Bel Oynere:

yMeTh:

ONpEIEATh CONPOTUBIIEHUE PE3UCTOPA € TIOMOILIBI0 MAPKUPOBKU

O0opynoBanue: HaOOp PE3UCTOPOB PA3HBIX COMPOTHBIICHUH, TaOIHIIa 3HAKOB MAaPKUPOBKH.
Teopernuyeckuii Mmarepua:

[Ipu onpenenennu pexxuMa pabOThl PE3UCTOPA CIAEAYET YUYUTHIBATH MAKCHMAJILHO 0y CTHMOE IS
Hero 3HaYeHue CWJIbl TOKA, KOTOPOE OIpPENEsieTCsl 3HAUEHUEM €ro CONPOTHUBIIEHUS U MOILHOCTHIO.
MapkupoBka HOMHUHAJIA PE3UCTOPA OCYIIECTBIISICTCS IBETOBBIM KOJIOM B BHJI€ YETHIPEX I[BETHHIX IOJIOC,
HAHECEHHBIX Ha €ro KOopIIyce.

[Ipu 5TOM 3HAaUEHUE COMPOTHUBIICHUS PE3UCTOpa yKasbiBaeTcsi B OMax JByMs MEpPBbIMH IOJIOCAMU U
MHOXUTENEeM (TpeThs mosioca) 10n, rae n - 1r06oe 1enoe Ynucio ot - 2 10 + 9.

MapkupoBOUHbIE 3HAKU CABHMralOT K OJHOMY M3 TOPLIOB PE3UCTOpa, HANpUMEp, K JIEBOMY, U
3aTtemM pacronararT cieBa HaITpaBo B CIIeAYIOIIEM TOpSI/IKE:
nepBas Tojoca - rneppasi nudpa HOMUHAIIA, BTOpast 1MoJioca - BTopas nudpa HOMHUHANA, TPEThS MOJ0CA -
MHOHUTEJb, YETBEPTAs MOJIOCA - OMYCK HAa OTKJIOHEHUE (PAKTHYECKOTO COMPOTHBIICHUS OT HOMHHAIA.
Ecnu pazMepsl pe3ncTopa He TO3BOJISIFOT Pa3MECTUTh IIBETHBIE MOJIOCHI HECHMMETPUYHO, T. €. OJImKe K
OJTHOMY U3 TOPLIOB PE3HCTOpA, TO MEPBas MOJ0CA BBIOIHAETCS O0ee IMUPOKOii.

HBCTa 3HAaKOB MapKUPOBKU HOMUHAJIBHOI'O COIIPOTHUBJICHUA B Omax u J0ITYCKOB B % MMPUBCACHBL

B Ta0IUIIE:

1)
IIBeT 3HaKa IHepBas ungpa Bropas uudpa MHEOKHTEID Homyck B Yo
CepebpucToiii -- - 1072 10
30JI0TUCTBIN -- . 107 5
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UYepHbiit -- 0 1 -
Kopuunessbrit 1 10 1
Kpacheprit 2 10° 2
OpaHXeBbIii 3 10° --
Kenrorii 4 10* --
3emneHslit 5 10° 0,5
Toy6oi 6 10° 0,25
DuoJ1eTOBEIN 7 10’ 0,1
Cepbiit 8 10° 0,05
benprii 9 10° -
IIpumep MapKHUPOBKH pe3ucTOpa

3

1 2

Ilopsinok BbINOJIHEHHS Pa0OTHI

1. Paznoxuth Ha pabodeM CcToJie KOMILJIEKT PE3UCTOPOB.
2. BHuMaTenpHO mpoYMTaTh yKa3zaHHE K padore.

3. OdopMUTE MAPKHPOBKY PE3UCTOPA B TETPAIH 110 00PA3ILY

102 5%
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S g e 9
Q =c E =
8 c Q
7, 8 k Om unu 7800 Om 5%
4. 3anoyHUTH TAOIUILY:
Pesuctop | HomunansHoe MoutHocTb pesuctopgd Cuma Toka (A)
conpoTuBiieHrne R (B1)
1. 0,25
2. 0,25
3. 0, 25
4. 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0, 25

5. PaccuuTaTh cuily TOKa Mpy U3BECTHOM MOIIHOCTH TOKA.
6. Caenatp BBIBOJ 1O paboTe.
KoHTpoJ/ibHbIE BONPOCHI:
1.B 4em 3akiIro9aeTcs METOT MapKUPOBKH.
2.J1y1s 9eTo Hy»XKHO 3HATh COMPOTHBIICHUE PE3UCTOPA IIPH BKITFOUCHUH €0 B CXeMYy?
3.0T "ero 3aBUCHUT MOIIIHOCTh TOKA, TEKYIIETO TI0 PE3UCTOPY?
®opma npeacTaBJieHUs pe3yJbTATAa: 3al0JHEHHAs TabIUIa U BBIBOJ IO padoTe.
Kputepun onenkn:
Onenka «5» (OTIMYHO) CTaBUTCS, €CIM OOYYArOIIHMIICS BBIMONHAET pabOTy B MOJHOM O0BEME C
COONIOICHUEM HEOOXOAMMOHN TOCTEIOBATENBHOCTH TMPOBEJCHHUS ONBITOB W H3MEPEHHIA;
CaMOCTOSITEITLHO M PAIMOHATEHO MOHTHPYET HE0OOX0IMMOE 000PY/IOBAaHKE; BCE OIBITHI IIPOBOJIUT B
VYCIIOBUSAX W PEKAMaxX, OOCCIICUYMBAIONIUX IOJIYYCHHE IPABUIBHBIX pPE3yJIbTaTOB W BBIBOJOB;
coOmro1aeT TpeOOBaHMS MPaBUJI OE30MACHOTO TPY/IA; B OTYETE MPABUIBLHO U AaKKYPAaTHO BBITIOJTHSIET
BCE 3aITCH, TaOJIHIIBI, PUCYHKH, YEPTEKH, rpaQ KN, BEIYUCIICHHUS, TTPABIIIBHO BBIITOHICT aHAIN3
IIOIPELIHOCTEM.
Ornenka «4» (XOpoIlI0) CTaBUTCS, €CIIA BHITIOTHEHBI TPEOOBAHUS K OICHKE S5, HO OBUIO JOMYIIEHO
JIBa-TPHU Helo4veTa, He 0oJiee 0JHOM Herpy0Ooil OITMOKN 1 OJTHOTO HEI0YEeTa.
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Ornenka «3» (yIOBIETBOPHUTEIIBHO) CTABUTCS, €CJIM pabOTa BBHIMIOJHEHA HE TOJHOCTHIO, HO 00BhEM
BBITIOJTHEHHON YacTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPAaBUIbHBIE PE3YNIbTAThl U BHIBOJbBI; €CIIU B
XOJIe MIPOBEACHUS OIBITAa U U3MEPEHUIN ObUIN JOMYIIEHBI OITHOKH.

Onenka «2» (HEYAOBIETBOPUTEIBHO) CTABUTCA, €CIM paboTa BBIMOJIHEHA HE MOJHOCTHIO U 00BEM
BBIMIOJIHEHHONW YacTH pabOTbl HE TMO3BOJSET CAETaTh MPABUIBHBIX BBIBOJOB; €CIIA OIIBITHI,
M3MEPEHUsl, BBIYUCIICHNUS, HAOIIOICHHS TPOU3BOIMIINCH HETIPABHIBHO

Tema 2.3
Toxk B pa3JM4YHBbIX cpeaax
JlaGoparopHnasi padora Nel3
«OmnpenesieHue 3J1eMEHTAPHOI0 3aps/ia METOA0OM IJIEKTPOJIN3a»

He.ﬂb paﬁoTbIZHay‘lI/ITBCSI ONpCACIIsITb 3HAYCHHUC JJICMCHTAPHOI'O 3apsa MCTOJOM OJJICKTPOJIU3a,
HU3Yy4YUTb MCTO/JbI OIIPCACIICHUA 3aps/ia 3JICKTPOHA

Bobinosinus padory, Bol Oyaere:
yMeThb:

OTIPEIEIATh AIEMEHTAPHBIN 3apsi/
MarepunanbHoe obecrnieyeHue:

L[I/IJII/IH,Z[pI/I‘leCKI/Iﬁ cocya € paCTBOpOM MCIHOI'O KYyIIOpocCa, JiaMIia, 3JICKTpOAbl, BCCbl, aMIICpMETp,
UCTOYHUK IOCTOAHHOI'O HAITPsSPKCHU S, peocrar, 4achl, KJIIO4, COCIMHHUTCIIBbHBICIIPOBO/IA.
KpaTlme TCOPETHYECCKUEC CBCACHUSA .

[lpn mpomyckaHuM Yepe3 pacTBOP METHOTO Kymopoca TOYka |B TeyeHHMH BpeMeHHAt Ha Karone
BhIIeUTCS Meab Maccoit M= kAq =kIAt, roe k — anekrpoxumuueckuii 3kBuBaieHT Meau. O003HaYUM 3a

Hero N uncino noHoB Menu, ieperécmmx 3apsn 4. Torma moxHo 3anmucath: Ag = enN, m = mN , ree —

SHAYCHHUE SJICMCHTAPHOTI'O JJICKTPHUICCKOI0 3apsaa,

N- BAJEHTHOCTh MeEIU,Mi— Macca ofHoro wuoHa Mmenu. l[loacraBnas naBe mocneanue (HOpMynbl B
mi
BeIpaskenue it M, moiaydum: MiN = kenN. OTcroa HaxoauM: € = P 3arem BbIpakaeM 3HaueHHE K w3

m

mi
3aK0OHa q)apa):[eﬂ JUIA QJICKTPOJIM3a: k= TAL" HOL{CTaBJ'DI}I €ro B BBIPAXKCHUE €, TIOJTy4YacM: € = %|At .

IHopsiioK BbINOJIHEHUS PA0OTHI
[Tpu momoiu BeCOB M3MEpUM Maccy karoga: my = S0r.

3.CobepeM 2JIEKTPUYECKYIO IIelh W IMPOBEIEM HEO0OXOIuMbIe W3MepeHUus. [IpuMepHbIC YHCIICHHBIC
JaHHBIC MIPOBEJICHBI B TAOTHUIIE.

My Kr My, KT m,Kr At,c 1,4 K kel Kn n m; KT
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0,0541 0,05452 | 0,0005 1200 1 3,67-107 |2 1,06-10°%

m =m, - my = 0,05454xr-0,0541xr = 0,00044xr;

mi 1,06 - 10™25ke-1A- 1200c -19
4, e=—JAt = ~1,45 - 10~ Ki.
mn 0,00044K2-2

-19
Takum obpazom e = 1,45 - 10 Ki, 94TO0 ¢ TOYHOCTBIO 10 TOTPEIIHOCTH COBIAJTAET C JIAHHBIMHU,
MOJIYYEHHBIMH B IPYTHX YKCIEPUMEHTAX, U TEOPETHUECCKUMU OIICHKAMH.

KOHTpOJ’IbHLIe BOIIPOCHI:

Uem 00yCIIOBIIEH AJIEKTPOXUMUYECKUM TOK B SJIEKTPOJIUTAX ?

Kak paccunraTh Maccy BbIIEIMBIIETOCs BELIECTBA HA 1eKTpoe?

OT yero 3aBUCHUT AIEKTPOXUMHUYECKHUI SKBUBAJIECHT?

Kakoit ¢pusnueckuil cMbICi 3J1€KTPOXUMHUECKOTO SKBUBaJIEHTa?

Kakoe oOopynoBanue M U3MEpHUTENbHbIE NPUOOPHI HYKHO HMETh, YTOObI BBIYHUCIUTH

JIEKTPOXUMUYECKHI SKBUBAJIECHT?

HasBatp pabouyro ¢popmyity [UIst BRIYUCICHUS SJIEKTPOXUMUYECKOTO SKBHBAJICHTA.

Ha xakoM u3 351eKTpO0B BBIAEISAETCA ME/Ib B YUCTOM BUE U IOYeMy?

8. B nanexTponuTHYecKyr0 BaHHY TOMECTHM MEIHYIO IUIACTHHKY, CIY)Xallylo aHoaoMm. llmactmHka
IIOKpPbITa BOCKOM, Ha KOTOPOM HallapanaH PUCYHOK. UTO MOJIydyuTCs IOC]Ie MPOIYCKAaHUS TOKa U
yAQJICHHs] BOCKA C TUTACTHHBI?

9. Yro Takoe rajJbBaHOCTETHs, raJIbBAHOIIACTUKA.

®opma npeacTaBieHus pe3yJbTaTa: 3al0JIHEHHas TabauIa U BbIBOA 10 padoTe.

ko E

~No

Kpurtepun onenkn:

Onenka «5» (OTIMYHO) CTaBUTCS, €CIU OOy4YaroLIMiicsd BBINOJHSAET paboTy B IMOJHOM OOBbEME C
COOJIIOICHEM HEOOXOIMMOMH MOCIIe10BaTeIbHOCTH IPOBEICHUS ONBITOB M U3MEPEHUH; CaMOCTOATEIBHO
U pallMOHATIbHO MOHTHPYET HE00X0AUMOE 000PYI0BaHKE; BCE ONMBITH IPOBOIUT B YCIOBUSAX U PEXUMAX,
o0ecreynBaoIUX MOJy4YeHHE MPaBUIbHBIX PE3YJIbTATOB M BBIBOJIOB; COOJIOJAeT TPeOOBAaHUS MpPaBUII
0e30macHOro TpyZa; B OTYETE MPAaBMIBHO M AKKYpPAaTHO BBINOJIHSAET BCE 3alUCH, TAOJIUIIbl, PUCYHKH,
4epTexH, rpadKH, BHIYMCIECHUS; IPABUIBHO BBIIOJIHSAET aHAJIU3 MOTPEIIHOCTEN.

Ounenka «4» (XOpoOIIO) CTaBUTCS, €CJIM BBIMOIHEHBI TPeOOBAHUS K OIIEHKE 5, HO OBLJIO JOMYILIEHO JBa-
TpHU HejoueTa, He 6os1ee 0JHOM HerpyOol OMMUOKH 1 OJJHOTO HEI0YeTa.

Ounenka «3» (yA10BJIETBOPUTEIBHO) CTAaBUTCS, €CJIM PabdOTa BBHIOJHEHAa HE IMOJHOCTHIO, HO 00BEM
BBIITOJIHCHHOW 4aCTH TAaKOB, YTO ITO3BOJISAET IOJYYUTh NIPABUIILHBIE PE3YJIbTaThl U BBIBOABL; €CJIM B XOl€
MIPOBEJICHUS OIbITa U U3MEPEHHH ObLTN JOMYIIEHBI OIIHUOKH.

Ouemca «2» (HCYIIOB.TICTBOPI/ITG.]'ILHO) CTaBHUTCA, €CIU pa60Ta BBINIOJIHEHA HE IOJHOCTBI0O U 00BEM
BBIIIOJIHEHHOM YacTH pa6OTLI HC IMO3BOJACT CACIIATh MPABUJIBHBIX BBIBOAOB; CCJIM OIIBITHI, U3SMCPCHU,
BBIYHCIICHHA, Ha6J'II021€HI/I$I MMPOU3BOJUIMCH HECTIPABHUIIBHO.
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Tema 2.3
Tox B pa3sIMYHBIX cpeaax
JlabGoparopHnas padora Nel4 «McciaenoBanue CBOMCTB MOJYNIPOBOIHUKOBOIO MO0

Iesab padoThI:KccieI0BAaTh CBOMCTBA AUO01A

Beinosinus patdory, Bel Oyaere:

yMeThb:

HCCJIEIOBATh CBOKCTBA AUOJ0B

OobopynoBaHue:noJIyIpOBOJHUKOBBIE JUOAbI, ICTOYHUK TOKa HampsbkeHuem 4,5 B, mamna Hakana 2,5-
3,5 B Ha mojAcTaBke, KJI04, COeAMHUTENIbHBIE TPOBO/IA.

Teopernueckunii Marepuall.

DJIEKTPOHHO-/ILIPOYHBIIi Mepexos

OOnacTe KOHTAaKTa MEXIY MOJIYIPOBOJHUKAMHM N-THUIIA M P-TUIA HA3bIBAIOT 3JIEKTPOHHO-IBIPOYHBIM
nepexogoM (n-p-mepexoxom) (puc. 27). B oOmacte KOHTaKTa JABYX IOJYIPOBOIHHUKOB OyneT
IPOUCXOUTh B3auMHasg Iuddy3us, B pe3yiabTare 4ero oOpaszyercs 3aluparolluil CIIOH, KOTOpbIH
MPEIATCTBYET JaJIbHEHIIIEMY IepEeMEIICHHUIO 3JICKTPOHOB M IBIPOK Yepe3 MePexXo/l.

%] h
@'4__ L
¢@+—.@i
@ @+ E‘J@
@.@I: "l

Puc. 27

@
.

— AEIDKHK

a)

BxomtounM nomynpoBOAHUK C P-N-TIEPEXO0M B IIEKTPUUECKYIO 1€, n300pakeHHy0 Ha puc. 27 a. [lox
JCHCTBHEM DJIEKTPUYECKOTO TOJI HANPSHKEHHOCTH  DJEKTPOHBI M3 00JacTH h HAYHYT JBUTATHCA B
o0yacTh p U, MEePexXos MepPeXo, «3aMoNHITh» IbIpkH. [lepemenienne apIpok U3 06JacTu p B 00J1acTh n
MPUBEAET K HEHTpaTu3alluu JIEKTPOHOB B 00J1aCTh P-N- mepexoa.

Puc. 28

TonmuHa 3amuparomiero cios, a, CJIeI0BaTeNbHO, W €ro CONPOTUBJICHHE, OyIyT HEMpPepbhIBHO
yMeHbIaThes. [Ipu 3TOM TOK depe3 p-N-mepexo] OCYIIECTBIIICTCS OCHOBHBIMHA HOCHUTEIISIMH 3apsijia, H C
yYBEJIMYEHUEM DPA3HOCTH TMOTEHIMAIIOB CHUJIa TOKAa BO3pacTeT. Takoil Tepexoj] Ha3bIBaeTCS MPSMBIM.
BonbT-amriepHast XxapakTepHUCTHKA TAKOTO Iepexoa Moka3ana Ha puc. 28 (CIIonTHas JIMHUSA).

Ecnu tenepr nepeKiItounTh MONMIOCH HCTOUYHUKA TOKA (pHUC. 27 0), TO HAaIpaBlieHNWE JBIKEHUS OCHOBHBIX
HOCHTEJICH 3apsiia MOMEHICTCS Ha MPOTHUBOIONIOKHOE. B pe3ynbrare yBEIMUUTCS 3aUPAIONINA CJIOW U
ero compotuBieHue. [log MeHCTBHEM AIEKTPUYECKOTO TOJS HAYHYT IMEepPEeMelIaThCsl 4Yepe3 Mepexol
HEOCHOBHBIC HOCHUTENIM 3apsia. Tak Kak WX YHCIO0 HHUYTOKHO MaJlo, TO CHJIa TOKA B IIETIH OKaXeTCs
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HE3HAYUTENIbHONW. DTOT Mepexo/] Ha3bIBaeTCss 0OpaTHRIM (Ha puc. 28 MyHKTUPOM H300pakeHa ero BOJIBT-
aMIiepHasi XapaKTEPUCTHKA).

p-n-mepexox 007amaeT OJAHOCTOPOHHE MPOBOJUMOCTBIO: B TPSIMOM HAIpPABICHUU CONPOTHBIICHHUE
epexofa Majo M OH MpOIyCKaeT TOK, B OOpPaTHOM — TOK IPAaKTUYECKU HE MPOXOIUT, T. K.
COIIPOTHBIIEHUE NIEpexoja BeNMKo. JlaHHOE CBOMCTBO p-N-Iiepexoja HCIOJIb3YIOT JUIsl BBIIPSMIICHUS
IIEPEMEHHOT'0 TOKA.

ITonynpoBOXHUKOBBIN U0

Jluox comepKUT p-N-TIepexoi, 3aKIIOYCHHBIM B TIepMETHYECKUH KOPIYC U COEIMHEHHBIH C
METaJUINYECKUMHU BBIBOAAMU. BBIBO/I OT p-00:1acTH HA3BIBAIOT aHOIOM, OT N-00J1aCTH — KaTOJOM.
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ITopsinok BbINoOJIHEHUs padoOThI:

1.PaCCMOTp€TI) JAUO0J, O3HAKOMHUTLCA C HAAIMUCAMHU W YCIOBHBIMU 0003HaYEHNSIMH Ha €ro KopiIyce,
o0paTuB 0co00e BHUMaHKE Ha HAIIPABJICHUE CTPEIIOYUKH.

2.CocTaBUTD AMEKTPUYECKYIO LIETIb 10 CXEME:!

Hanpaanenue TOKa
s

—®:

Hanpasneﬂwe TOxa

h 4

- -

|

OOparuTh BHUMaHHE HA CBEUEHHUE JIAMIIOYKH TPU 3aMbIKaHUU Iienu. He pa3mbikas 1enu, 3aKOpOTUTE
nuon. Uto Oynere HabmonaTh?

3.Pa3oMKHYTH 11€T1b, TOMEHSTH MOJISIPHOCTH AHOa. 3aMKHYTh 1enb. Uto Oyzaere HaOmoaaTh? 3aMKHYTh
JMOJ1 POBOJAHUKOM. UTO U3MEHUIIOCH C MPEABIIYIINM Cllydaem?

4.Cnenath BBIBOJ] O MPOBOJIUMOCTH TIOCTOSIHHOTO TOKa qu0a0M. Kak cBs3aHBI MeXIy COOO0M MOJSIPHOCTD
BKJIFOYEHUSI ICTOYHMKA TOKA, HAMPABIIEHUE CTPEJIKU Ha JUOJIE U CBEUEHUE JIAMITbI?

5/1o6aBuTh B cxeMy MmmuamiepMmerp llpu 3amplkaHuW e MUJUTHAMIIEPMETP JOJDKEH MOKa3bIBaTh
HE3HAYUTENIbHOe 3HA4YeHHE Toka. MeJUIeHHO HarpeBaTh IUOJ C TMOMOIIbIO CBEYH M HaONIoJaiTe 3a
W3MEHEHUSAMH MOKa3aHU MIuIHamIiepMerpa .Pa3oMKHYTh LIEeTb U CAENaTh BBIBOI.

6.Bmecto auon BKIOUYUTH B 1enb (GOTOaMOA. 3aMKHYTH 1emnb.[Ipu 3aMbIKaHUM 1IeMH MIJUTHAMIIEPMET]
JOJDKEH TIOKa3bhIBaTh HE3HAYUTENbHOE 3HaueHWe Toka. OcBeTuTh (GOTOAMOA U HaOMIOAaTh 3a
M3MEHEHUSAMH MOKa3aHui MUunamnepmeTpa. Pa30MKHYTh LEMb U CeNaTh BBIBO/I.

dopma npeacTaBjeHusi pe3yJabTaTa: CXeMbl ONBITOB U BBIBOJ IO padoTe.

Kpurepun onenkmn:
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Onenka «5» (OTIMYHO) CTAaBUTCS, €CIU OOYYAIOIIMKCS BBIMONHAET PadOTy B MOJHOM OOBEME C
COOJIIO/ICHEM HEOOXOIMMOM MOCIIEe10BaTEIbHOCTH IPOBEIECHUS OMNBITOB M U3MEPEHUH; CAMOCTOATEIBHO
U PallMOHATIBHO MOHTHPYET HE00X0AUMOE 000pYIOBaHHE; BCE OIBITHI IPOBOIUT B YCIOBUSAX M PEXKUMAX,
o0ecrneynBaoIUX MOJy4YeHHE MPABUIbHBIX PE3YJIbTATOB M BBIBOJIOB; COOJIOJAET TPeOOBAaHUS IPaBUII
0€30MacHOTO TpPyZa; B OTYETE MPABMIBHO M AKKYpPATHO BBIMOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTeku, rpaduKy, BBIYUCICHUS; IPABUIBHO BBIIIOJIHIET aHAJIU3 MOIPEIIHOCTEH.

Onenka «4» (XOpoIl0) CTaBUTCS, €CJIN BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE 5, HO ObUIO TONYILEHO /1BA-TPU
HejoueTa, He 0oJiee 01HOM HerpyOoi olMOKY ¥ OAHOTO HEJ0YeTa.

Onenka «3» (yIOBJIETBOPUTEIHHO) CTaBUTCS, €CIM padoTa BBINOJIHEHA HE IMOJTHOCTHIO, HO O0BEM
BBINOJIHEHHON YacTU TAKOB, YTO MO3BOJIAET MOJYyYUTh IPABUIbHBIE PE3YJIbTAThl U BBIBOABI; €CIIU B XOJ€
IIPOBEJICHUS OIbITA U U3MEPEHUM OBLIN TONYLIEHBI OLIMOKH.

Onenka «2» (HEyIOBIETBOPUTENbHO) CTABUTCS, €ClIM padOTa BBIIOJHEHA HE IOJIHOCTBIO U 00BEM
BBITTOJIHEHHON 4YacT pabOThl HE MO3BOJISIET CHAENATh MPABHIBHBIX BBIBOJOB; €CIH OIBITHI, U3MEPEHUS,
BBIUMCIICHUS, HAOJOCHUS IPOU3BOIMIINCH HETTPABUIILHO

Tema 2.4.
MarnutHoe moJie

Jladoparopnasi padora Ne 15 «HabaroaeHue 1eiicTBMSI MATHUTHOTO MOJISI HA IPOBOJHUK € TOKOM))

Leab padoThI: ONBITHBIM MYTEM YOEAUTHCS B TOM, YTO OJHOPOJHOE MAarHUTHOE IOJIE€ OKa3bIBaeT Ha
paMKy C TOKOM OpPUEHTHPYIOIIEE JCHCTBHE M OINPEACIUTh HANPABICHUE JUHUA MATHUTHOW WHAYKIUHU
KaTyILIKH C TOKOM.

Boinosinus padorty, Bel Oynere:
yMeTh:
HaOII01aTh ACMCTBHE MATHUTHOTO TOJIS Ha MMPOBOJHUK C TOKOM

OOopynoBanme: mTaTUB ¢ MYy(QTOH M JIANKOW, MCTOUYHUK 3JIEKTPOIHEPIUH, MPOBOJIOYHAS KaTyIlIKa-
MOTOK, TyrooOpa3Hblif MarHUT, K104, COeIMHUTEIbHBIE TPOBO/IA.

Teoperuyeckunii MmaTepual.

MarautHoe TmoJe JAEHCTBYeT C HEKOTOpoll cuioil Ha 1000 NPOBOJHUK C  TOKOM,
HaxomsImuicss B HeM. EciM mpoOBOJHUK, IO KOTOPOMY IPOTEKAET 3JIEKTPUYECKUH TOK IOJBECUTH B
MAaroMuTHOM IIOJIC, HAIIPUMEP, MCKAY IMOJIIOCAMU MAarHuTa, TO MarHuTHOC II0JIC 6YZ[CT ﬂCﬁCTBOBaTL Ha
IMPOBOAHHUK C HCKOTOpOfI CHJION W OTKJIOHSTEL €ro. HanpaBneHHe JABWOKCHUSA IIPOBOJHHUKA 3aBUCUT OT
HaIpaBJICHUs TOKa B IPOBOJHMKE M OT  PAclOJOXEHUS TMOJICOB MarHuta. Ecim momecTtuts
IIPOBOJIOYHYIO PAMKY , [0 KOTOPOM MPOTEKAET JIEKTPUUECKUN TOK, B MATHUTHOE TI0JIE, TO B PE3YNbTATE
JeWCTBUS CUITBI MATHUTHOTO T10JIs, paMKa Oy/1eT OBOPaYMBaThHCS.

Ilopsinok BbINOJHEHHS padOThI:
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1.IToaBechTe MPOBOJIOYHBIN MOTOK K IITATUBY, MOJCOETUHUTE €T0 K UCTOYHHUKY TOKa MOCIIE0BATEIHHO C
peocraToM U KiodoM. [IpeaBapuTenbHO K04 JOKEH ObITh Pa30MKHYT, ABM)KOK PEOCTaTa yCTaHOBJICH

Ha MaKCUMaJIbHOC COIMPOTHUBIICHUC.

2. Ilognecure I[erO6p8.3HLII>i MAar"HuT K BI/ICHH_Ieﬁ Ha IITaTHuBC HpOBOJ’IO‘IHOﬁ KaTyHIKEe-MOTKY. 3ambIKast
KJIHO4, Ha6J'IIo,Z[aI>iTe 34 JABUKCHHCEM KAaTYIIKH-MOTKA. O6paTI/IT€ BHHMAHHUC Ha XaApaKTCP MArHUTHOI'O
B3aHUMOJICHCTBHU KaTyYIIKU-MOTKa U MarauTa.

3. Ilognecure K KaTylmKe-MOTKY MAarHuT APYI'UM IIOJIFOCOM. Kax n3menucs XapaKTep B3aHMOHeﬁCTBHH
KaTylIKHU-MOTKa U Maramra’?

4, HOBTOpI/ITe OIIBITBI, PACIIOJIOKUB MArHuT C ,Z[perﬁ CTOPOHBI KaTYIIKHU-MOTKA.

5. 3apucyiiTe 4 BapuaHTa pacrojoKeHUs KaTyIIKU-MOTKa OTHOCUTEIHFHO MarHuTa, yka3aB HallpaBJeHUE
JJIEKTPUYECKOIO0 TOKA, HANPABJICHUE JIMHUKA MAarHUTHOW WHIAYKIMH, PACIOJIOKEHHUE IIOJHOCOB
CO3/1aBa€MOI'0 MarHUTHOT'O I10JISL U XapaKTEP JABUKEHUS KaTyIIKM-MOTKA OTHOCUTEIBHO MarHuTa.

6.Hp0BepLTe Ha OIIbITC MPAaBHUIIBHOCTb Hpe,[[HOJ'IO)KCHI/Iﬁ 0 XapaKTEepeC U HAIIPABJIICHUU ABUXKXCHUA MOTKA.

7. Pacnoyio:KuTe MPOBOJIOYHBIA MOTOK MEX]Y IOJIFOCAMU MarHuWTa Tak, Kak 3TO MOKa3aHO Ha PUCYHKE.
3aMKHYB 11IeTib, HaOIo1aiTe sipneHre. CrenaiTe BHIBOJIBI.

KoHnTpoJsbHbIe BONPOCHI
1. YeMm co3gaéTcst MarHUTHOE IoIe?

2. Yro sBiseTCSI OCHOBHOM XapaKTepUCTHUKOW MarHuTHoro nois? B kakux emununax B cucreme CU
nsmepsiercs?

3. YUto mo3BOJISET ONMPEETUTh IPABUIIO OypaBunKa?

4. Kak B3auMOJEHCTBYIOT JIBa MapauIedbHBIX MPOBOAHUKA ¢ TOKOM. CAenaiTe MOACHSIOMIMNI PUCYHOK.
Uem pyKOBOJCTBOBAIUCH IIPU PACCYKACHUAX?
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5.B 1820 r. X. Dpcren oOHApy U ACHCTBHE MIEKTPUIECKOTO TOKA Ha ...

6. B 1820 r. A. Amriep ycTaHOBWJI, YTO ABa MapaljI€IbHbIX MPOBOJIHUKA C TOKOM....
@opMma npeacTaBJIeHNs Pe3yJbTaTa  PUCYHKH OIBITOB U BBIBOJI TI0 padoTe.
Kpurtepun onenku:

Onenka «5» (OTIMYHO) CTAaBHUTCS, €CIU OOYYAIOMIMKCS BBHIMONHAET PadOTy B MOJHOM OOBEME C
COOJIIO/ICHEM HEOOXOIMMOH MOCIIeI0BAaTEIbHOCTH IPOBEICHUS OMBITOB M U3MEPEHUH; CAMOCTOATEIBHO
U PallMOHATIBHO MOHTHPYET HE0OX0AUMOE 000PYIOBAaHHE; BCE ONBITH IPOBOIUT B YCIOBUSIX U PEKUMAX,
00eCTIeYNBAIONIUX IOJyYCHHE MPABUIBHBIX PE3YyJIbTaTOB M BBIBOJIOB; COOIOAET TPEOOBAaHUS MPABUI
0€30MacHOTO TPyZa; B OTYETE MPABMIBHO M AKKYpPATHO BBIMOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTeku, rpaduKy, BBIYUCICHUS; IPABUIBHO BBIIIOIHSET aHAJIN3 IOIPEIIHOCTEH.

Onenka «4» (XOpoIl0) CTaBUTCS, €CJIN BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE 5, HO ObUIO TOMYLIEHO /BAa-TPU
HezloueTa, He 0oJiee 01HOM Herpy0Ooi oMOKY ¥ OAHOTO HEJ0YeTa.

Onenka «3» (yIOBJIETBOPUTEIHHO) CTaBUTCS, €CIM padoTa BBINOJIHEHA HE IOJTHOCTHIO, HO 00BEM
BBIIIOJIHEHHOHN 9acTH TAaKOB, YTO MMO3BOJIACT IMOJYYHTH IMPABUJIBHBIC PE3YJIbTAThl U BBIBOJbLI; €CJIKM B XO/C
MIPOBEJICHUS OIbITa U U3MEPEHHM ObLITU JOMYLICHBI OIIUOKY.

Onenka «2» (HEYIOBICTBOPUTEIIHHO) CTaBUTCS, €CIM PAdOTa BBHIMOJTHCHA HE IOJHOCTHIO M 00BEM
BBITIOJIHCHHONW YacTH pabOThl HE MO3BOJISIET CAENaTh MPABWIBHBIX BBIBOJIOB; €CJIIM OMBITHI, H3MEPEHUS,
BBIUHCIICHUS, HAOIIOICHUS TTPOU3BOIMINCH HEIIPABUIBHO

Tema 2.5
DJIEeKTPOMATHUTHASI MHAYKIUS

JlabopaTopnasi padora Ne 16«3yyenue siBJIeHUsI 3JIEKTPOMATHUTHOH MHAYKIIHI

Leap padoThl: ONBITHBIM MyTeM YOEIUTHCS B TMOSBICHUHM WHIYKIIMOHHOTO TOKA U MPOBEPUTH 3aKOH
Jlenra.

Beinosinus padorty, Bl Oynere:

YMeETh:

-HaOIOAATh SBJICHUE DJIEKTPOMAarHUTHON MHAYKIIUH;

-ONpPENEIIATh TapaMeTPhl, OT KOTOPBIX 3aBUCUT UHIYKIIMOHHBIN TOK.

OO6opynoBanmne: MUIMAMIIEPMETP, MCTOYHUK MHUTAHHS, KATYIIKU C CEpACYHUKAMH, TyrooOpa3HbIN
MarHuT, BBIKJTIOYATEIh KHOTIOYHBIN, COSTMHUTEIBHBIC POBO/Ia, MAaTHUTHAS CTPEJIKa (KoMIIac), peocTar.

Teopernyeckas 4acTh!

SIBnenue 3HCKTp0MaFHHTHOﬁ HHAYKOHUUN 3aKJIH04YacTCd B BO3HHKHOBCHHU JBJICKTPUYCCKOI'O TOKa B
IMpoBOAAIIEM KOHTYPC, KOTOpBIfI 1100 TOKOUTCS B NEpEeMCHHOM BO BPEMCHU MArnvuTHOM IIOJIC, 0o
ABHOKCTCA B IIOCTOAHHOM MAarHMTHOM IIOJI€E TaKUM 06p330M, YTO YMCJIO JUHUM MarHUTHOH HWHAYKIHU,
IMPOHU3BIBAOIINX KOHTYpP, MCHICTCA. B namem cJIydac pa3symMHCC ObUIO OBI MEHSATH BO BpPEMCHU
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MarHMTHOE MoJIe, TaK KaK OHO CO3JaeTcs ABMKYIIMMHCS (cBOOOIHO) MarHUTOM. COTrjacHO MpaBUiLy
JleHma, BO3HMKAIOUIMM B 3aMKHYTOM KOHTYpPE WHIYKIMOHHBIH TOK CBOMM MAarHUTHBIM TIOJIEM
MPOTUBOJAECUCTBYET TOMY M3MEHEHHIO MAarHUTHOTO MOTOKA, KOTOPBIM OH BbI3BaH. B gaHHOM ciiydae 3TO
MBI MOKEM Ha0JFOIaTh MO0 OTKJIOHEHHUIO CTPEIKH MUJLTHAMIIEpMETpa.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. BcraBbTe B 0/IHY M3 KaTYIIEK JKEJIE€3HbIN CEpJICUHUK, 3aKPENUB €ro raikoi. [loakiirouuTe 3Ty KaTyuky
yepe3 MUIUIMaMIIEpMETp, PEocTaT W KII0Y K HCTOYHHKY MHUTAHUA. 3aMKHUTE KIOY U C I[OMOUIBIO
MarHUTHON CTpenKu (KoMIlaca) OIpelesuTe PacIoIoKEHHE MATrHUTHBIX IOJIOCOB KATYIIKH C TOKOM.
3adukcupyiiTe, B KaKyl0 CTOPOHY OTKJIOHSETCS MPH 3TOM CTpelika MILInamrnepmerpa. B nanpheiiem
MIPU BBITIOJHEHUH PA0OTHI MOKHO OYyJET CYAUTh O PACIOJOKEHWU MArHUTHBIX TOJIOCOB KATYIIKH C
TOKOM IO HAMPAaBJICHUIO OTKJIOHEHHUS CTPEIKU MUJUIMAMIIEPMETpa.

2. OTKIIIOYHTE OT HOemnu peocrar U KIIOY, 3aMKHUTC MUJUIMAMIICPMETP Ha KATYIIKY, COXPAHUB HOPAIOK
COCIMHECHU UX KICMM.

3. HpI/ICTaBbTC CCPACUHHUK K OAHOMY H3 IIOJIFOCOB z[yroo6pa3H0ro MaravTa U BJABUHBTC BHYTPb
KaTylIKH, Ha6m0z[a;1 OJHOBPCMCHHO 34 CTpCJ’IKOfI MWUIIHaAMIICPMETpa.

4, HOBTOpI/ITC Ha6JHO,Z[CHI/IC, BBIIBUTI'asA CECPACUHUK U3 KATYIIKH, a4 TAKKC MCHA I1IOJIF0OCA MArHUTA.

W

3apucyiTe cxemy ONbITa U POBEPHTE BINOJHEHUE ITpaBuia JIeHIa B KaXI0M ciydae.
6. PacrnosioxuTe BTOPYIO KaTYyIIKY PSOM C MEPBOM TakK, YTOOBI KX OCH COBIAIAJIH.

7. BceraBpTe B 00€ KaTylIKu >KEJIE3HbIE CEPACUYHUKH U TPUCOCTUHUTE BTOPYIO KATYIIKy 4Yepes
BBIKJIIOYATEIb K UCTOYHUKY MMUTAHUS.

8. 3ambikas ¥ pa3MbIKas KJIIOY, HAOII0JaliTe OTKJIOHEHUE CTPEJIKU MUJUIHAMITIEpMETpa.

9. 3apucyiiTe cxemy OIbITa U IPOBEPHTE BHINIOJIHEHME NTpaBuiIa JIeHna.

KoHTpoJsibHbIE BONIPOCHI:
1.B uem 3akitouaeTcs sIBICHHUE AIEKTPOMArHUTHOW MHAYKIIMU?

2.Kak JOJDKCH ABHUTIAaTbhCA 3aMKHYTLII>’I HpOBOI[fIH_II/Iﬁ KOHTYp B OJHOPOAHOM MArduTHOM IIOJIEM. HE
3aBUCAIIEM OT BpEMCHHU, ITOCTYIIATCIIbHO WM BpalllaTCIbHO, YTOOEI B HEM BO3HUK HHHYKHHOHHLIﬁ TOK?

3.Merammdeckoe KOJIbIIO MOXKET CB060,I[HO ABUT'aTbCA IO CECPACYHHUKY KATYIIKH, BKJIIOYECHHOH B Oe1b
IMOCTOSIHHOTO Toka. YTo 6y,ZIeT MMPOUCXOJUTh B MOMCHT 3aMBbIKaHUA U Pa3MbIKaHU A uerm?

(I)opMa NnpeacTaBJICHUsA pe3yabTaTa: CXEMBI OIIBITOB U BEIBO 110 pa60Te.

Kpurtepun onenkmn:
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Onenka «5» (OTJIIMYHO) CTAaBUTCS, €CIM OOYYaIOIIMIACS BBITIONHIET pabOTy B IMOJHOM OOBEME C
COOITIO/ICHIEM HEOOXOIMMOH MOCIIEIOBATEILHOCTH IPOBEICHUS OTBITOB M U3MEPEHUH; CAMOCTOSATEIIBHO
U PallMOHATIBHO MOHTHPYET HEOOX0AUMOE 000PYI0OBaHHE; BCE ONBITH IPOBOIUT B YCIOBUSIX U PEKUMAX,
o0ecTeYnBaOIUX MOJyYeHHE MPAaBHIBHBIX PE3yJIbTaTOB M BBIBOJIOB; COOMIONAET TPeOOBaHMS IMPAaBHI
0€30MacHOTO TPyZa; B OTYETE MPABMIBHO M AKKYpPATHO BBINOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTekH, rpaduKu, BBIYUCICHUS; TPABUIBHO BBHITIOIHSIET aHAJIHN3 MOTPEITHOCTEH.

Onenka «4» (XOpOIIO) CTaBUTCS, €CIIM BBIITOJIHEHBI TPEOOBAHMS K OLEHKE 5, HO OBLJIO JOMYIIEHO J1Ba-TPU
Hezjo4eTa, He 6osiee 0IHOM HerpyOoi OMMOKU M OJHOTO HEJ0YeTa.

Onenka «3» (YHZOBIETBOPUTEIBHO) CTABUTCS, €CIM pPabOTa BBINOJIHEHA HE MOJIHOCTHIO, HO O0BEM
BBIIIOJTHEHHON YacTH TAaKOB, YTO MO3BOJISIET NOJYYUTh NPABUIIbHBIE PE3YJIbTATHI U BBIBOJBI; €CIIM B XOJE
IIPOBEJICHUS OIbITa U U3MEPEHUH ObUIN AOMYILIEHBI OIINOKH.

Onenka «2» (HEYIOBIETBOPUTEIIBHO) CTaBUTCS, €CIH PA0OTa BBHIMOJIHEHA HE IMOJHOCTHIO W 00BEM
BBITIOJIHEHHOW YacTH pabOThl HE MO3BOJISIET CAENaTh MPABWIBHBIX BBIBOJOB; €CJIIM OMNBITHI, H3MEPEHUS,
BBIYHCIICHUS, HAOJTFOICHUS TPOU3BOIMIIMCH HEITPABIIIEHO

Tema 3.1
ATOMHOE S1IPO

JlabopaTopHas padora Nel7 «M3yuyeHne TPeKOB 3apsizKeHHBIX YaCTHID)

Henap pabGoThbl: yCTAHOBUTH TOXKJIECTBO 3apsKEHHOM YacTUILIBI [0 pe3yJibTaTaM CPaBHEHUS €€ TpeKa ¢
TPEKOM IIPOTOHA B Kamepe BuibCoHa, MIOMENIEHHON B MarHUTHOE IOJIE.

Boinoinus padorty, Bel Oynere:
yMeThb.!
OOBSICHATH TPAEKTOPUIO TBUKEHHUS 3aPSKEHHBIX YaCTHUI]

OoopynoBanue: poTtorpadpuu 3apsKEHHBIX YaCTHUL, TUHEWKa, KapaHJall, JUCT KalbKH.

Teoperuuyeckuii MmaTepuaJ

Wnentudukanus HeM3BECTHONW YaCTUIbI OCYIIECTBIISIETCS MIyTEM CPABHEHMSI €€ YJEeJIbHOTO 3apsiia ¢
YAETbHBIM 3apsA0M IPOTOHA. DTO MOXKHO CJieNaTh, U3MEPUB U CPAaBHUB PAIUyChl TPEKOB YACTHUI] Ha
HayaJlbHBIX y4yacTKax TpekoB. Ha 3apsokeHHYI0 yacTHIly, ABMXKYIIYIOCS B MAarHUTHOM IOJie, JIEHCTBYET
cuia Jlopenna. Fini=B q V sin a . [{yig yacTuiibl, 1BHKYILENHCS TEPIEHIUKYISPHO CUIOBBIM JIMHUSM, CHIIa
JlopeHua ABieTCs HUEHTPOCTPEMUTEIILHOM.

2

B g V=mV?/R . Orcioga ¢/m= V/BR . OTHOIIEHNE yAeTbHBIX 3apsI0B YaCTHUI] pABHO 0OpaTHOMY

OTHOIICHUIO paanycoB TpekoB. Hampasnenue cuibl Jlopenna ompenensieTcst Mo npaBuily JIEBOH PYKU:

CWJIOBBbIE JIMHUM MAarHATHOTO TIOJS BXOASAT B JaJ0Hb, 4 Tajblla [0 HAIMpaBICHUIO CKOPOCTH
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TTOJIOKUTEIIBLHOTO 3apsijia, OONBIION Majel] 0 HampaBIeHUIO CHIbl JIOpeHIia, 171 OTPUIIATEILHOTO 3apsi/ia
4 mayipIia B CTOPOHY IMIPOTHBOTIOIOKHYIO CKOPOCTH JIBUKCHHUSI.

IMopsiiok BbINOJTHEHUSI PA0OTHI

1.IToBTOpPUTH TEOPETUUECKUI MaTepHall.

2.Ha ¢oTorpaduro HalOKUTh JTUCT KaJTbKU U TIEPEBOASIT HA HEe TPEK.

3.BI)I‘~I€p‘~II/IBaIOT ABC XOpAbl MU BOCCTABJAIOT K 3THM XOpJAaM B HX CCPCAMHAX IMCPICHAHUKYIIAPLI. Ha

NepeceyeHny NepueHANKYISPOB JIEKUT LIEHTP OKPY>KHOCTH. Puc. 2
4.13MepUTh pasnyc OKPYKHOCTH.

5. CpaBHUTB yAENBHBIE 3aps/ibl HEU3BECTHON YaCTHUIIbI U IPOTOHA.
6.MlneHTuduImpoBaTh 4YacTHILy 110 pe3yabTaTaM U3MEpEHU.

7.Pe3ynbTaThl ©13MEpEeHUI 3aHECTU B TaOJIHILY.

YacTuma Pagnyc VY nenbHblil 3apsay | Y IETbHBIA 3apsij
OKPY>KHOCTH, M MPOTOHA JACTHUIIBI
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8.ITo BTOpOI (hoTOoTpachun

(Tpeku sipep Nerkux JeMEHTOB. Slpa ABUTANUCh B MAarHUTHOM Mosie ¢ uHaykiue B=2,17 Tu.
HavanpHbie ckopocTu BceX fep OAMHAKOBBI U MEPICHAUKYIISIPHBI TUHUSM TIOJIS)

OmnpenenuTts HaMpaBlIeHUE BEKTOpa UHAYKIIUA MAarHUTHOTO M0Js .O0BSCHUTD , TOUYEMY TPACKTOPUU
YaCTHUII IPEJICTABIISIIOT COOOM TYT'H OKPY>KHOCTEH.

9.13mepuTh paanyc KpUBU3HBI OKPYXHOCTH Tpeka | YacTUllbl IPUMEPHO B Hayajle U B KOHIE
npobera M ONpeleNuTh, Ha CKOJIBKO M3MEHHWJIaCh HEPrusl YacTHUIIbl 32 BpeMsl Mmpolera, €ciii U3BECTHO,
YTO yacTUla 1 UAEHTUPHUIUPOBAHA KaK IPOTOH.

10.3mMeputh panumyc KpUBU3HBI TpeKa yacTULbl 3 B Hauaine mnpobera. 3Has. UTo HauvaiabHas
CKOpOCTB TOM YaCTHIIbI PaBHA HA4aJIbHON CKOPOCTH MPOTOHA(HMKHUN TPEK) BBIUMCIUTD JJIs YaCTHUIIBI 3
OTHOIIIEHHE 3apsia K Macce U ONPENEIUTD SIPOM KaKOTrO JIEMEHTA SIBJISIETCS 3Ta 4aCcTULA.

KoHTpoJibHbIE BONIPOCHI

1. Kak HampaBiieH BEKTOp MarHUTHOW MHAYKIIMM OTHOCUTENBHO IJIOCKOCTH (hoTOrpadguu TpeKOB 4acTHIl?
2. IloueMy paguychl KpUBU3HBI HA Pa3HBIX y4acTKaxX TpeKa OQHON M TOM ’K€ YaCTULIbI Pa3JIU4HbI?
3.Ha3Batb BUABI TPACKTOPHUI 3apsKEHHBIX YaCTHI] B MATHUTHOM IIOJIE.

4.0O0BSACHUTH MPUUYUHBI PA3TINYMSl B TOJNIIUHE TPEKOB Pa3HBIX YaCTHII.

®opma npeacTaBiaeHus pe3yJbTaTa: 3al0JIHEHHas TabIUIa U BBIBOJ O padoTe.

Kpurepun onenkmn:
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Onenka «5» (OTJIIMYHO) CTAaBUTCS, €CIAM OOYYaIOIIMIACS BBIONHIET pabOTy B MOJTHOM OOBEME C
COOITIO/ICHIEM HEOOXOIMMOH MOCIIEIOBATEILHOCTH IPOBEICHUS OTBITOB M U3MEPEHUH; CAMOCTOSATEIIBHO
U PallMOHATIBHO MOHTHPYET HEOOX0AUMOE 000PYI0OBaHHE; BCE ONBITH IPOBOIUT B YCIOBUSIX U PEKUMAX,
o0eCTeYnBaONIUX IMOJyYeHHE MPAaBUIBHBIX PE3YyJIbTaTOB M BBIBOJIOB; COOMIOJAET TPEOOBAHUS MPABUI
0€30MacHOTO TPyZa; B OTYETE MPABMIBHO M AKKYpPATHO BBINOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTekH, rpaduKu, BBIYUCICHUS; TPABUIBHO BBHITIOIHSIET aHAJIHN3 MOTPEITHOCTEH.

Onenka «4» (XOpoIl0) CTaBUTCS, €CJIN BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE 5, HO ObUIO TONMYLIEHO /1BA-TPU
Hezjo4eTa, He 6osiee 0IHOM HerpyOoi OMMOKU M OJHOTO HEJ0YeTa.

Onenka «3» (YHZOBIETBOPUTEIBHO) CTABUTCS, €CIM pPabOTa BBINOJIHEHA HE MOJIHOCTHIO, HO O0BEM
BBIIIOJTHEHHON YacTH TAaKOB, YTO MO3BOJISIET NOJYUYUTh NPABUIIbHBIE PE3YJIbTATHI U BBIBOJBI; €CIIU B XOJ€
MIPOBE/ICHUS OIBITA U N3MEPEHUH OBLITN TOMYIEHbI OLTHOKH.

Onenka «2» (HEYIOBIETBOPUTEIIBHO) CTaBUTCS, €CIH PA0OTa BBHIMOJIHEHA HE IMOJHOCTHIO W 00BEM
BBITIOJIHEHHOW YacTH pabOThl HE MO3BOJISIET CAENaTh MPABWIBHBIX BBIBOJOB; €CJIIM OMNBITHI, H3MEPEHUS,
BBIYHCIICHUS, HAOJTFOICHUS TTPOU3BOIUIIHCH HETIPABUIBHO

Tema 3.1
ATOMHOE SIAPO
JlaGoparopnas pabora 18
MopenupoBaHue paJMoaKTHBHOIO pacnajaa
Leas padothl: [IpoBepuTh 3aKOH PaIMOAKTUBHOTO pacHaaa M MOCTPOUTH rpaduK pacmajaa.
O6opynoBanune: MoHeTku, 6aHKa, MOJIHOC.
Teopernyeckunit marepuan:

HepI/IO,Z[ nojrypaciiaga paauoOakTUBHOI'O 3JICMEHTA — 3TO BPEM:, HA IPOTAKCHUUN KAKOI'0O pacCriaaacTcs
IOJIOBMHA PaAUOAKTHUBHBIX 4aTOMOB. HaanMep, ectp 100 PaauOaKTUBHBIX ATOMOB. VY nangemeHTa C
NEpuoaAOM Ha IoJiypacrazc 1 CYTOK 3a CYTKHU pacIaacTcCs 50 aTOMOB, U YILICJICCT 50 aTomoOB.

3aKkoH paarO0aKTUBHOIO pacliafa €CTb CTATUCTUYCCKUM. OH BBHITIOJTHAETCS AJIA OOJIBIIIOr0 KOJINYCCTBA
aTOMOB. KpOMe TOro, npeaycMmarpuBarb, KAaKHE CaMbI€ aTOMBbI pPACIIaalOTCA, HEBO3MOXKHO. Mo:xHO
TOJIBKO YKa34aTb, KakKasd 4aCTb (I/IJ'II/I CKOJIBKO HpOLIeHTOB) PaaAOaKTUBHBIX aTOMOB pacClaaacTcs.

3a Bpems T kaxnoe W3 paauOAaKTHBHBIX SIEp pacmazaercs ¢ BeposTHocThio Y2, Ilpomecc
PaZlMOAaKTUBHOTO PacHajia MOKHO MPOMOJEIMPOBATH MMOA0PACBIBAHUEM MOHET, MPU KOTOPOM C TOW ke
BEPOATHOCTBIO )2 BBINANAIOT WIM «OPEI» WUIU «pelika». [IpeamnonokuM, 4To €ciau BBINAAET «OpPEl» -
AIpO YLEJNeNIo, €ClIM «pelka» - pacnanoch. Kaxkmoe OpocaHme MOHET COOTBETCTBYET ISl siapa
MPOTEKAHUIO TPOMEXKYTKa BPEMEHH, PaBHOTO MEPUOTY MOIypacnaja.

Ilopsinok BbINOJHEHHS PadOTHI:
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1.0TcunTaTh HavaabHOE KOJIMYECTBO MOHET 128, mepeMemiaTh X B 0aHKE W BBICBHINIATh HA MOJHOC.
[TocunTail YMuCIO MOHET, UTO «HE PACHAIHMChY», CIIOXKHUTh UX B 0aHKY, MepeMelaTh, BBICHIIATh HAa TIOJTHOC
Y CHOBA MOCUMUTATh YUCIIO MOHET YTO «HE pacnaiuchky. OnbIT npoeaute 10 pas.

2.3aroMHUTh TaOIHUILY.

KomnuecTBo 6pocanuii, n

KomanuectBo
«HEpACIaBIINXCS» MOHET, N

KonnuectBo
MoHeT, No-N

«pacClraBIInXxcCcsa»

128

10

3.IloBTOpU cepuro OPOCKOB IBAXK/IbI, HAUMHAS BCcera ¢ 128 MOHeT.

Cepus 2.

KonnyectBo Opocanuit, n

KoanuectBo
«HepacnaBIIKUXCA» MOHET N

KonnuectBo
moHeT NO-N

«pacHIaBUInXCAo»

128
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10

Cepus 3.

KomuuecTBo 6pocanuii, n KomanuectBo KomnuectBo «pacnaBmimxcs»
«HepacnaBmuxcs» MoHeT N | moHeT NO-N

0 128

10

4.IlonoOpaB ymoOHBIM MacmTad, MOCTPONTE TpaduK 3aBUCUMOCTH  COOTBETCTBYHIOIIECH (opmyre
N(n)=No/2" . Ha Toii %e KOOpAMHATHOM MIOCKOCTU HAYePTUTE rPaQUKU KaxkI0i cepur SKCIEpPUMEHTA.
VY noOHee 4epTUTh TpadUKH JJIs Pa3HbIX CEPUH pa3HBIMH [[BETAMH.

5.Cnenatb BbIBOJ IO pabdoTe.
KoHTpoJibHBIE BONIPOCHI:

1. Kakoii a1eMeHT cunTaroT HauboJiee palMOaKTUBHBIM: C TIEPHOOM Ha noiypacmnaze 1 cyrok win 1
yaca? [louemy?
2. Yrto Ha3BIBAIOT PaIHOAKTUBHOCTHIO?
3. KakoBbI cBoiiCTBa M IPUPO/IA 0~ U3ITYICHUS, 3- H3ITyUSHHS, Y- U3TyICHHUS?
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4. CdopmynupyiTe 1 3aMUAIIUTE TpaBUIa CMEIICHUS IJIs O- pacIaja.
5. CdopmynupyiiTe v 3anUIITUTE TPaBUIa CMEIISHUS IS [3- pacmaja.

Kpurepumn oneHku:

Onenka «5» (OTJIIMYHO) CTAaBUTCS, €CIAM OOYYaOIIMICS BBIONHAET pabOTy B IOJTHOM oOOBEeMe C
COOJIIO/ICHHEM HEOOXOIMMOH MOCIIeIOBATEIbHOCTH MIPOBEICHUS OMBITOB M U3MEPEHUH; CAMOCTOSATEIBHO
U pallMOHAIBHO MOHTHPYET HEOOXOAUMOE 000PYIOBAaHKE; BCE OBITH IPOBOIUT B YCIOBUSX H PEKUMAX,
00ECIIeYNBAOIINX TOJyYCHHE MPABHIBHBIX PE3YJIbTATOB M BBIBOJIOB; COOJIOJACT TPEOOBAaHUS TPaBUII
0€30MacHOTO TPyJa; B OTYETEe MPABWJIBHO M aKKypaTHO BBHITIOJIHSET BCE 3aIMCH, TAONHIIBI, PUCYHKH,
4epTEeXkH, TpadUKH, BHIYUCICHUS; TIPABHIBLHO BBITIONHSIET aHATN3 TOTPEITHOCTEH.

Orerka «4» (XOpOIII0) CTAaBUTCS, €CJIM BBIIIOJIHEHBI TPEOOBAHUS K OIICHKE 5, HO OBLIO JOMYIICHO Ba-TPH
Hezjo4eTa, He 06osiee 0IHOM HerpyOol OMMOKY U OJJHOTO HEJJ0YeTa.

Onenka «3» (yIOBIETBOPUTENBHO) CTaBUTCS, €CIM paboTa BBINOJIHEHA HE MOJIHOCTHIO, HO 00BEM
BBIITOJIHEHHOW YaCTH TAaKOB, YTO MO3BOJISIET MOJYYUTh MPABUIIbHBIE PE3YJIbTaThl U BBIBOJBL; €CJIM B XOJI€
IIPOBEJICHUS OIbITA U U3MEPEHUM OBLIN TOMYLIECHBI OLIUOKH.

OI_IeHKa «@» (Hey,I[OBJ'IeTBOpI/ITeJILHO) CTaBUTCA, C€CIIHU pa60Ta BBLIIOJIHEHA HE IOJHOCTHIO U 00BEM
BBIITOJIJHEHHON YacTH pa6OTI>I HC IIO3BOJIACT CACJIATH IMPABUJIBHBIX BBIBOJAOB; €CJIM OIIBITbI, U3MCPCHMUA,
BBIYHCIICHHA, Ha6JIIOII€HI/I$[ IMPOU3BOANIMCH HETIPABUIIbHO
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