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1 HOACHUTEJIBHASA 3AIIMCKA

CocraB u copeprkaHue MPaKTHUECKUX U JTa00PaTOPHBIX 3aHATHI HAIPABJICHBI HA PEAIN3ALUI0
denepanbHOr0 rocyJapCTBEHHOIO 00pa30BaTEIbHOIO CTAHAAPTAa CPEAHEro MPO(ecCHOHATBHOTO
oOpa3oBaHwUsI.

Benymell naupakTHueckod I1ENbI0 NPAKTUYECKUX 3aHATUH  sBiseTcss (opMupoBaHUe
npo(ECCUOHATBHBIX NPAKTUYECKUX YMEHUH (YMEHUIl BBINONHATH ONpEICNCHHBIE eHCTBUS,
olepaluy, HEOOXOAUMBbIE B IOCIEAYIOIEM B NMPO(ECCHOHAIBHOW NeATeIbHOCTH) WM y4eOHBIX
NPAaKTUYECKNX yMEHHH (yMEHHUH pemarh 3afaudl 1mo (U3UKe), HEOOXOAWMBIX B TMOCIEAYIOMICH
yueOHO e TeTbHOCTH.

Benymieid aumakTHUecKkoi 1enpio J1a0OpaTOPHBIX 3aHATUN SBISETCS SKCIEPUMEHTAIbHOE
MNOJATBEPXK/IEHUE U  IPOBEpKAa  CYIIECTBEHHBIX  TEOPETUYECKUX  IIOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

B cooTtBercTBHM ¢ pabodyeit mporpaMmoi yu4eOHOW MUCHMIUIMHBI «DU3HUKa» MPETyCMOTPEHO
MIPOBE/ICHUE MPAKTHYECKUX M J1a0OpaTOpHBIX 3aHATHH. B paMkax mpakTHdeckoro/aabopaTopHOTro
3aHATHS OOYy4Yaroluecs MOTYT BBINOJHATh OJHY MJIM HECKOJBKO IMPaKTHYECKHUX/1abopaTOPHbBIX
pabor.

B pe3ynbrare ux BBIOIHEHHUS, 00YYAIOLIUICS JOKEH:

ymemb:

VY 1paccunuThIBaTh U U3MEPATH OCHOBHBIE I1APAMETPhI IPOCTHIX MIEKTPUYECKUX U MAarHUTHBIX
Heneun;

VY 2 npuMeHsTh NOJy4YeHHbIE 3HaHUS 110 PU3MKe 11 00BSICHEHUS pa3HOOOpa3HBIX
(U3NYECKUX SIBIICHHUI U CBOHCTB BEIIECTB, MPAKTHIECKOTO MCIIOIB30BaHUS (PM3NIECKUX 3HAHUH;

V3 ucnonb30BaTh NPUOOPETEHHbIE 3HAHUS M YMEHUS /7S pEIIeHUs TPAaKTUYECKUX 3a7a4
[IOBCEIHEBHOM JKU3HU, PallMOHAIBHOIO IPUPOIONOIB30BAHUS U OXPAaHbl OKPYXKAIOIIEH CPEJIbI.

CozxepxaHue NpPaKTUUECKUX M JIAOOpaTOPHBIX 3aHATUM OPUEHTHPOBAHO Ha IOArOTOBKY
0o0yyaroluxcsi K OCBOEHUIO IMPOPECCHOHAILHOTO MOAYJS MpPOrpaMMbl TOATOTOBKH CIIEIMAIMCTOB
CpPEIIHEr0 3BEHA M0 CIEUUATIBHOCTH U OBJIAZICHUIO NPOpeccuonaIbHbIMu KOMNEMEHYUAMU:

IIK 1.1 OcymecTBiaTh IUAarHOCTUKY CHCTEM, Y3J0B M MEXaHHU3MOB aBTOMOOMIBHBIX
JIBUTaTeENCH.

IIK 1.2 OcymiecTBasTh TEXHUYECKOE OOCIYKMBAHUE aBTOMOOWJIBHBIX JIBUraTeliel COrIacHO
TE€XHOJIOTUYECKON JOKYMEHTALUH.

OK 01 BgeiOupars cnocoObl pemieHuss 3agad  Mpo(ecCHOHATBHOM  1eATEeIbHOCTH,
IIPUMEHHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.

OK 02 OcyuiecTBisiTh NOUCK, aHAIW3 U UHTEPIPETALNI0 MH(OpPMALIUK, HEOOXOAUMOMN IS
BBINOJIHEHUS 3a/1a4 TPO(PECCUOHATIBHON 1EATEIbHOCTH.

OK 04 PabGotarh B KOJIJIEKTUBE U KOMaHAE, 3(Q(PEKTUBHO B3aUMOJIEHCTBOBATH C KOJUIETaMH,
PYKOBOJCTBOM, KJIMEHTAMH.

Brinonnenue o6y4daronuxcsi pakTHYeCKUX U J1a00paTOPHBIX paboT 1Mo y4eOHOH IUCIUILTIHE
«®Pu3nKa» HaIpPaBJICHO Ha:

- 00o00mieHre, cUCTeMaTU3alIo, YIIIyOJeHHe, 3aKpeljieHWe, pa3BUTHE M JAETaU3alluio
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUI 110 KOHKPETHBIM TeMaM y4eOHOW JUCIMUILTUHBL,

- (opMHpOBaHHE yMEHUH NPUMEHSTH IOJIyY€HHbIE 3HAHUS Ha NPAKTUKE, pPeaTU3alUIo
€IMHCTBA MHTEIJIEKTYaJIbHOM U MPaKTUUECKOMN JeATeIbHOCTH;

- (opmupoBaHMe W pa3BUTHE yMEHWI: HaOMOAaTh, CpaBHUBATh, COIMOCTABIIATH,
aHaJIM3UpOBaTh, JeiaTh BBIBOABI M  O0OOIIEHHS, CaMOCTOSITEIbHO BECTH HCCIEIOBaHUS,
MOJIb30BATHCS PA3IMYHBIMU TIPUEMAMU U3MEPEHHUH, 0OPMIIATh PE3yJIbTaThl B BHJIE TAOJUI, CXEM,
rpauKoB;

- mpuoOpeTeHre HaBBIKOB PabOThI C Pa3IMUHBIMU NMPHOOpaMH, anmnapaTypoi, yCTaHOBKaMH U
APYTUMH TEXHUYECKUMU CPEICTBAMHU JUIs IPOBE/IEHUS OIIBITOB;
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- pa3BUTHE HHTEJUICKTYaJbHBIX YMEHUH Yy OyIylmIMX CHEIHAJINCTOB: aHAIUTHYECKUX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpAaOOTKY NpHU PEIICHUHM IOCTABJICHHBIX 3aJad MPO(ECCHOHANTBHO 3HAYMMBIX KadyecTB,
TaKMX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTD, TBOPYECKAsI HHULIUATUBA.

[paktiueckue u 1abOpaTOpPHBIC 3aHATHS MPOBOJSTCS TOCIE COOTBETCTBYIOIEH TEMBI, KOTOPas
obOecrieurBaeT HaJIMYKe 3HAHUIM, HEOOXOIMMBIX /ISl €€ BBIIIOJIHEHMSI.



2 IEPEYEHb IPAKTUYECKUX/JIABOPATOPHBIX 3AHATHUI

Paspnennl/Temsl TeMbl NPAKTHYECKUX/JIA00PATOPHBIX Komu | TpeboBanus ®I'OC
3aHATHI yec- CIio
TBO (ymeTn)
4acoB
Pa3zgen 1. OCHOBbI MEXAHUKUA 8
1. 1. 3aKOHBI JlaGopaTopHas paboTa 2 V1,VY2,
PABHOBECHSI Tell. Nel «M3yueHust yCIIOBUSI pABHOBECHSI phIyaray. V01.2,¥01.3, V02.4,
3aKkoHbI ABMKEHHSI y04.8
Jlab6opatopHas pabora Ne2 «Omnpenenenue KI1J] 2 V1,V2,
NpHY MOABEME TeJa MO HAKJIOHHOM MIIOCKOCTH. Y01.2, Y01.3, Y02.4,
V04.8
[IpakTnaeckas padora Ne 1«/[BrkeHue Temn mox 2 Vi1, V2,
JIIEHCTBUEM HECKOJIBKUX CHII» V01.2,¥01.3, ¥02.4,
V04.8
[IpakTuueckas pabora Ne 2«3aKOHBI CTATHKNY 2 Vi1, V2,
V01.2,¥01.3, ¥02.4,
V04.8
Pa3znes 2. OCHOBBI MOJIEKYJISIPHO-KUHETUYECKOM 2
TEOPUU
Tema 2.1 Arperatubie | JlaGoparophas pabora Ne3 «Onpenenenne 2 V1,V2,
COCTOSIHMS BemiecTBa | Ko umreHTa MmoBEepXHOCTHOTO HATSKEHUS V01.2, Y01.3, Y02.4,
U (a3oBbie mepexoabl. | KUIKOCTH». V04.8
Pasznen 4. JIEKTPOIUHAMUKA 34
41 [Ipaktuueckas padota Ne3 «3akon Kymnona. 2 Vi1, V2,
JueKTpocTaTHKA, | B3auMoJeHcTBHE 3apATI0BY V01.2,V01.3, Y02.4,
3akon KyJiona. Y04.8
4.2. IMpakTuyeckas pabora Ned 2 Vi1, V2,
«CunoBast XapaKTepUCTHKA JIEKTPUUECKOTO VY01 .2’ y01,3, y02,4,
DaeKkTpuUecKoe noJis1. Hanpsoxk€HHOCTE» V04.8
noJie. Ero [IpakTudaeckas padora Ne5 «[Ipuniun 2 Vi1, VY2,
XapaKTepucTHKH. | CYTCPTIOSHIIN dICKTPHYECKIX TOJIEH». V01.2, V01.3, V02.4,
V04.8
ITpaktuueckas padora Ne6 «IToTeHimai. 2 V1,V2,
Pasuocts norenmanos. Padora IICKTPUUIECKOTO Y01 _2, Y01 ,3, y02,4,
TTOJIS TIO TIEPEMEIICHHUIO IEKTPUIESCKOTO V04.8
3apsar.
[IpaxTnueckas padora Ne7 «Konmencatops! u 2 Vi1, V2,
BH/IbI MX COCIIMHEHUSD) Y01.2,¥01.3, ¥02.4,
V04.8
4.3, Jlaboparopras padora Ne4 «CmernranHoe 2 Vi1, V2,
COeIMHEHNE TIOTpeduTenei V01.2,V01.3, ¥02.4,
3akoHbI V04.8
TTOCTOSTHHOTO ToKa [pakTuueckas pabora Ne8 «3akoHbI 2 Vi1, V2,

IIOCTOSAHHOI'O TOKa».

Y01.2,¥Y01.3,¥02.4,
V04.8




[Tpaxtuueckast padora Ne9 «Bunbl coetHeHUS 2 V1, V2,
HPOBOJAHUKOBY. Y01.2,V01.3, ¥02.4,
Y04.8
[Ipaxtraeckas padora Ne 10 « CmemanHoe 2 Vi1, VY2,
9KOMOMHUPOBAHHOE) COCTUHCHHE TTPOBOTHUKOB) V01.2,V01.3, ¥02.4,
YV04.8
[IpakTuueckas padora Ne 11 «Pabora Toka. 2 Vi1, V2,
TemtoBoe aeiicTBre Toka. 3akoH Jxoyis- V01.2,V01.3, ¥02.4,
JleHnay. V04.8
4.5. MarauTHoe JlaboparopHuas pabora No5 «l3yueHue sBneHMU 2 Vi1, VY2,
moJie OMW» Y01.2,VY01.3,¥02.4,
YV04.8
[IpakTuueckas padora Nel2 «MarautHoe moJe. 2 Vi1, V2,
Cuibl, TEHCTBYIONIUE B MATHUTHOM ITOJIC HA y01.2, y01,3, y02,4,
MIPOBOIHUK W DIIEKTPUIECKUHN 3apsi» V04.8
[IpakTudaeckas padora Nel3 «31C uHayKIHH, 2 Vi1, V2,
CaMOUHTyKITHID v01.2,¥01.3,v02.4
4.6 IepemMeHHbIIT [IpakTuueckas padora Nel4 «XapakrepucTUKu 2 Vi1, V2,
TOK MIEPEMEHHOTO TOKay. V01.2,Y01.3,¥02.4
[IpakTuaeckas padora Nel5 «Comnporusienue B 2 Vi1, V2,
LIETIA TIEPEMEHHOTO TOKa. v01.2,¥01.3,¥02.4
[IpakTidaeckas padora Ne 16 «Konebanus B cetn 2 Vi1, V2,
MIEPEMEHHOTO TOKa) V01.2,Y01.3,¥02.4
4.7 Ilousitue 00 JlaboparopHas pabora Ne6 «3yueHue 2 Vi1, V2,
ycTpoiicTBe YCTPOJCTBa M IPUHIKIA PabOTHI reHepaTopa v01.2,¥01.3, V02 .4,
MHIYKIHOHHBIX MIEPEMEHHOTO TOKa) vV04.8
reHepaTopos,
TpaHcGopMaTopoB.
Pazpnen 5. OnTtuka 2
Tema 5.1. JlaboparopHusie paboter No7 «OmpeneneHue 2 Vi1, VY2,
OCHOBHBIE 3aKOHBI (hOKYCHOTO pACCTOSHUS COOMPAIOIIICH JIMH3BD) V01.2,¥Y01.3, ¥02.4,
ONTUKH. yo4.8
Paznen 6. dusuka aTtoMma 4 AaTOMHOIO /IpPa 2
Tema 6.1. Paszpurue | Jlaboparopusie paGoThI 2 V1,V2,
NpexcTaBIeHNii 0 No§ «M3yueHue TpEeKOB 3apsKEHHBIX YACTHUI] IO v01.2,V01.3, V02.4,
rOTOBBIM (hoTOrpadusim» V04.8
Nnpupoje aromMa
48




3SMETOANYECKHE YKA3AHUS

Tema 1.1. 3akoHbI paBHOBeCHSI TeJI. 3aKOHbI IBUKEHUS.
IIpakTnyeckas padora Ne 1
Pemienue 3ana4 no reme: «JIBuskeHune TeJ moj JeCTBHEM HECKOJbLKHX CHJD.

Heab padorbi: HayunThes onpenensaTh paBHOJACHCTBYIOUIYIO CHJI, AEHCTBYIONIMX Ha TEJIO,
CHITy HATSKEHUSI HUTH MEXKIY TellaMU, YCKOPEHHE, CKOPOCTb.

Beinosinus patdory, Bel Oyaere:
yMeTh:
-pemiath 3a/1a4u Ha 3aKOHBI HhIOTOHA.
MarepuanbHoe ofecrnieyeHue:
-TI0CaI0YHBIC MECTA MO KOJIUYECTBY O0yUaIONITIXCS;
- pa3gaToOYHBIA MaTepual ¢ 3aJaHUSIMU;
- cOOpHUKH 33]1a9
-CIIPAaBOYHbIE MAaTEePHAIIbI
3ananue:
OTBETUTH HA BOMIPOCHI:

1. Yro uzyuaer nuHamuka?

2. OrmpeneneHue MEXaHUIECKOH MOITHOCTA. DOPMYITHI MOIITHOCTH.

3. Kaxkue cunbl Ha3pIBalOT BHYTPEHHUMHU? BHEITHUMHU?

4. Yro Takoe abCOIOTHOE TBEPAOE TEI0?

5. Uro Takoe IUHUA NEWCTBUSA CHUIIBI?

6. Yro Takoe yrioBasi CKOpOCTh? B Kakux eauHUIIaX OHA HU3MepseTCs?
Pemmth 3agaun:

—

1. K uenrpy mapa npuioxkena cwia F . Kyna nHampasieHo yckopenue miapa? B kakom
HanpaBJICHUU JIBUXKeTcs 1map?

2. Ha nony nu¢ra Haxoautces teno maccoit 50 kr. JIudt nogHumaercs Tak, 4To 3a 3 ¢ €ro CKOpocTh
u3MeHsietrcs ot 8 70 2 M/c. OnpeaenuTe Cuily 1aBieHUs Tella Ha oJ JUQTa.

3. Termyi0oBO3 HAa TOPU3OHTAIBLHOM y4yacTKe MyTH AnuHONW 600 M pa3BUBAET MOCTOSHHYIO CHITY TATH
147xH. CxopocTh moe3zna Bo3pacTaeT mHpu 3ToM oT 36 no 54 km/u. Omnpexpenurte cuiry
COTIPOTHUBIICHUS IBIKEHHUIO, cuuTas e€ moctosHHou. Macca moe3na 1000 T.

4. )KEcTkui cTepKeHb IIMHON 1 M ¢ MPUKPEIUIEHHBIM K HEMY mapukoM maccoi 100 r Bpamaercs
PaBHOMEPHO B BEPTUKAIBHOMN MmockocTu. Onpenennte MOIyb U HapaBlIe€HUE CUIIbI, C KOTOPOH
CTEp)KEHb JIEHCTBYET Ha IIApPUK B BEpXHEH TOUKe, IPU CKOPOCTSX Iapuka 2 M/c u 4 m/c.

5. JIBa rpys3a Maccamu 2 Kr W 4 KI, CBI3aHHbIE HEPACTS)KUMON HHUTHIO, IOJHUMAKOT BEPTUKAIBHO
cwioi 84 H, npuiiokeHHOHN K nepBoMy rpy3y. Onpenenure yCKOpeHue, ¢ KOTOPhIM JIBHXKYTCA
Ipy3bl, U CHITy HATSXKEHUS! HUTH.

6. DieKTpoCBaplIMK YPOHUI OrapoK 3IeKTpoaa. B MOMEHT ynapa o 3eMilto Orapok MMej CKOPOCTh
28m/c. Ha kakoil BeicoTe paboTaeT 31eKTpOoCBapIIuK?

7. Kakyto cuiy TSru JOJKEH pa3BUBATh JABUraTelb, 4ToObl aBToMOOMIIL Maccoit 1000 kr qBuraics:
a) paBHOMEpHO; 0) ¢ yckopenuem 0,2 M/c?.

Kparkune Teopernyeckue cBeieHUs:
OcHoBHas 3a7aya JAMHAMHUKU — OIpEJAENICHUE TMOJOKEHUS Tejla B MPOCTPAHCTBE B
m000i MOMEHT BPEMEHH, KOTJla M3BECTHBI JEHCTBYIOIIME Ha TEJIO CHIIBI M 3aJaHbl HayallbHbIE

KOOP/AMHATBI U CKOPOCTH Tea.



Cuita — BekTOpHas Gu3HUecKas BEIHMYMHA, SBIIAIONIAsCS Mepor B3aummoaercTBus Ten. Cuia
XapaKTEepPU3yeTCsl YHUCIOBBIM 3HAuYeHHEM (MOJYJEeM), HampaBiICHUEM JIEUCTBUST U TOUYKOU
MIPUJIOKEHUS K TEIy.

IIpu neficTBUM HA TEJIO HECKOJIBKUX CHJI UX MOXKHO 3aMEHUTH PaBHOJEHCTBYIOLIEH cuitoil Fp,
MIPEJICTABJISIONICH COO0 BEKTOPHYIO CYMMY 3TUX CHJI:

Macca (uHepTHasi) — ckaisipHas ¢u3MyYecKash BEIMYHMHA, XapaKTepU3ylolas CIOCOOHOCTh
T€Ja COXPaHATh ITOCTOSHHYIO CKOPOCTb, €CJIM TEJIO HE 23 B3aUMOJEHCTBYET C JPYTUMHU TEIaMH WU
NeMCTBUE IPYTUX TEJl CKOMIIEHCUPOBAHO.

Macca obnanaer cieayromuMu cBoiictBamu: 1) Macca Tena paBHa cyMMe Macc BCEX 4acTHlI,
U3 KOTOPBIX OHO cocTouT. Ilpu coeauHeHMM OBYX Te€l B OJHO MacChl 3THX TE€J CKJIAJbIBAIOTCS
(CBOMCTBO aIIUTUBHOCTH); 2) [l 1aHHOW CHCTEMBI TEJl CIPABEUIUB 3aKOH COXPAaHEHUS MACChI:
IIPU JHOOBIX MpOLECcCcax, MPOUCXOASIIUX B CUCTEME Tell, €€ Macca OCTaeTCsl HEM3MEHHOH (1pH v <<

c).

Macca (rpaBUTallMOHHas) — cKausgpHas (uU3MUYecKas BEIUYMHA, ONPEACISAIoNas CUILY
B3aMMHOIO TPUTSHKEHUS Teld W olnajaromias TeMU K€ CBOMCTBaMM, YTO M HWHEpPTHAas Macca.
WNueptHas W TpaBUTAIMOHHAs MAacCChl XapaKTEPU3YIOT pa3MyHbIe CBOMCTBA Tel, HO, Kak
MTOKA3bIBAET OIBIT, OHU BCETJa YKBUBAJICHTHBI (MHEPTHAS U TPAaBUTALIMOHHAS MACChl OJHOTO U TOTO
JKE TeJla paBHBI).

OCHOBHBIMH 3aKOHaMH KJIaCCUYECKOM JUHAMUKH SBIISIOTCA 3aKoHbI HpIOTOHA. 3aKOoHEBI
HrrotoHa CICAYIOT M3 OIIbITa, B3aUMOCBA3aHbI APYTr € APYroM, HE HNOJYUHCHBI APyl APYyry "
CIIpaBCAJIUBLI TOJIBKO B MHEPIHHUAJIIBHBIX CUCTEMAX OTCUCTA.

Nneprmaneuble cuctemsl otcuera (MCO) — 3T0 cUCTEMBI, B KOTOPBIX TeJO (TPYIIBI TEN), He
MOJIBEP’KEHHOE JIEMCTBUIO CUJ (WM JIeHCTBUS CUJI CKOMIIEHCHPOBAHbI), HAXOJIUTCS B MOKOE WU
JBUKETCS PaBHOMEPHO M MpAMOIMHENHHO. CUCTeMa OTcueTa, JABMKYLIAsICsl OTHOCUTEIBHO JTaHHOU
NCO paBHOMEpHO M TPSMOJIMHENHO, TakXke sBiseTcd HHepHuanbHoi. CucreMy oTcyera,
CBSI3aHHYIO C 3eMJICH, ¢ OOJIBIIION CTETIEHHIO TOUHOCTH MOKHO CUHTATh HHEPIIMATILHOM.

IIepBbiit 3ak0H HprOTOHA: B MHEPUMAIBHBIX CHCTEMAaX OTCYETA TEJIO COXPAHSET COCTOSHHUE
IMOKOsA UJIKM PAaBHOMCPHOI'O pr[MOJ'IHHGfIHOFO JABMIKCHUS, €CJIIM HAa HECI'O HE HeﬁCTBYIOT Apyruc Teia,
100 MEUCTBYIOT, HO 3TO JACHCTBHE CKOMIIEHCUPOBAHO: 3HAYUT, —> V = CONSt, — a = 0.

Bropoii 3akon HetoToHa: yckopenue, noiydeHHoe teaom B UCO, npsMo nponopiruoHaIbHO
paBHOIEHCTBYIOIIEH MPUIOKEHHBIX K HEMY CHJI, 00paTHO MPOIMOPIHUOHATEHO Macce Tena: Ecnu ke
paccMaTpuBaTh JEHCTBUE KaKJIOM CHIIBI B OTJEIBHOCTH, UMEET MECTO IMPHUHIIUI HE3aBHCHUMOCTU
JercTBUs cuil (MIPUHIIUII CYHEePIIO3UIIUU JeHCTBHsI). B 3TOM cilydae pe3ynbTUpyroliee YCKOpEeHue
Tela TPEJCTAaBIAeT COOOW BEKTOPHYIO CYMMY YCKOPEHHH, BBI3BIBAEMBIX KaXJIOH CHIION B
OTIETFHOCTH: B Clydyae paBHOMEPHOTO JBWXKEHHUS 110 OKPYKHOCTH TEJIO HWMEET IIeH-
TPOCTPEMHUTEILHOE YCKOPEHHE, HaIlpPaBICHHOE COIJIACHO BTOPOMY 3akoHY HblOTOHa K LeHTpY
OKPY>KHOCTH:

Tperuii 3akoH Hptorona: B MCO cuibl B3aMMOACHCTBHS MEXKIY IBYMSI TEJIaMU HMEIOT
OJIMHAKOBYIO (PM3MYECKYIO MPUPOIY, PABHBI TIO MOJIYJIO W HAIpaBJICHBI BIIOJb OJHOW MPSMON B
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IIPOTUBOIMOJIOKHBIE CTOPOHBI: OTH CHJIBI TIPWIOXKEHBI K Ppa3HbBIM TelaM W I0ITOMY He
YPAaBHOBEUIMBAIOT Jpyr Apyra. B 3agadyax MeXaHUKH BCTPEYAOTCA CIEAYIOIIME BHIBI CHIL
TATOTE€HUs (TpaBUTALIMOHHBIE CUJIbI), YIIPYTOCTH U COPOTHUBIICHUS.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. BHUMaTeabHO NPOYUTATE TEOPETUUECKYIO YaCTh U IUIAH PEIICHUs 3a1a4
2. PaccMoTpeTh IpUMeEpBI pelIeHus 3a1a4

3. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

4. Ilony4nThb U BBINOJIHUTD HHAUBUAYAJIbHbBIE 3aJaHUSL.

Xopn padoThr:

1. IIpoananu3upoBaTh yCIOBHE 3a]laud, HOHATh (U3NYECKUN MpOLecC, pacCMaTpUBAEMblil B
HEM, BBISICHUTh, KAKUE CUJIbI JICMCTBYIOT HA MHTEPECYIOIIUE HAC TENA.

2. Cnenarp cXeMaTHUECKUI PUCYHOK, U300pa3yB HAa HEM KMHEMAaTHYECKUE XapaKTePUCTUKU
JBUKEHUS (YCKOPEHHUS U CKOPOCTH), HapUCOBaThb BEKTOPHI BCEX CUJI, JIEHCTBYIOIIMX Ha Kaxa10e
TENO.

3. Jlns xaxpaoro Tena B OTAEIBHOCTH HAa OCHOBAaHMM BTOpPOro 3akoHa HploToHa 3amucaTth
YpaBHEHMs JBMXKCHMs, CBS3bIBAIOLIME MPOCKIMM CHJI U YCKOPEHHH, BbIOpaB INpeiBapUTEIbHO
cucreMy otcuera. IIpu nBrkeHUHU Tea o npsiMo BTOpOoW 3akOoH HBIOTOHA I Tella umeeT BUA: ,
r7le — CyMMa IIPOEKIMM BCEX CUJI, JEHCTBYIOIIMX HA' TEJIO, HA MPSAMYIO, 10 KOTOPOH IPOUCXOAUT
nBukenue. [Ipu 3ToM NoJoKUTENbHOE HAaIpaBJIEHUE OTCYETa YAOOHO BHIOMPATh COBIANAIOLIUM C
HaIpaBJICHUEM ycKopeHus. Eciu HampaBileHHEe COCTaBISAIOLIEH CHIIBI COBIANAET C HAIPABICHUEM
YCKOpPEHUS, TO COOTBETCTBYIOIIAs MPOEKIUs CUIIbI OEPETCSl CO 3HAKOM IUIIOC, B IPOTUBHOM Cilydae
- CO 3HAKOM MHHYC.

4. Ilpu perieHnu 3a1a4, B KOTOPbIX pacCMaTpUBaeTCsl JUHAMUKA PABHOMEPHOIO JBUKEHHUSI 110
OKPY>KHOCTH, TaKXe 11€J1eCO00pa3HO MOJI0KUTEIbHOE HalpaBiIeHUe KOOPAWHATHON OCH BBIOMpATh
COBIIAJIAIOLINM C HaIlpaBJIEHUEM YCKOPEHHMs, T.€. K LIeHTpy BpaiieHusa. CoriacHo BTOPOMY 3aKOHY
Herorona, rie — cymma NpoeKLMi BCeX CUII, AEUCTBYIOIIMX HA TEJIO, HA paauyc BpawieHus. lpu
9TOM, €CJIM ITPOEKIMs CUIIBI HAMPABIICHA K LICHTPY BPAILLEHHUs, €€ HY>KHO CUMTATh MOJIOKUTEIbHOM,
€CJIM OT LIEHTpPA - OTPULIATEIILHOM.

5. B 3amauax O JIBM)KEHMHM CHUCTEMBI CBSI3aHHBIX IPYr C APYIOM Tell OJHUX YpPaBHEHUU
JBIDKEHUSI OKa3blBaeTCs HEAOCTaToyHO. B 3ToM cinyyae HeoOXOQMMO —3amucarh  ele
KMHEMAaTUYEeCKUE YCIOBUSI, BHIPAXKAIOILUE COOOM COOTHOIICHUS MEXAY YCKOPEHUSIMU TEJl CUCTEMBI,
00YCIIOBJIEHHBIE CBA3IMU MEXKAY HUMHU.

6. Ecnu B 3amaue TpeOyercs HalTH HE TOJBKO CHUJIBI M YCKOPEHHS, HO TaKKe KOOPIHWHATHI
(WM IpOMAECHHBIE ITYTH) TEJ U UX CKOPOCTH, TO KPOME YPaBHEHUH JBUKEHMSI HY>)KHO MCIIOJIb30BaTh
KMHEMaTU4YECKNE YPaBHEHUS ISl KOOPAUHAT U CKOPOCTEM.

7. B 3aja4ax, re y4UTBIBACTCS TPEHUE, HY’KHO HAXOAUTh CHILY HOPMAJIBHON PEaKLUU OIOPHI,
ONPEIENAIONIYI0 CUTy TpeHUs. JlJI1 3TOro COCTaBIIAIOT YPaBHEHHE HA OCHOBAHUHU TOTO, YTO BIOJIb
KOOPJAMHATHOU OCH, NEPIECHIUKYIAPHON K HAIIPABICHUIO CKOPOCTHU NMPSAMOIUHENHO IBHXKYIIETOCs
TeJa, YCKOPEHNE OTCYTCTBYET, M TO3TOMY CyMMa MPOEKINI CHJI Ha 3Ty OCh PaBHA HYJIIO.

8. ITomyueHHbIE YpaBHEHUS JIOTOJHUTH, €CIIM HEOOXOJMMO, BBIPAKEHUSAMH JUISI KOHKPETHBIX
BUJIOB CHJI (CHJIa TPEHUS CKOJBKEHHUS, CUJIa TPEHUS MOKOS, CHJIa YIPYTOCTH, CHila ApXUMena) U
PELIUTH MOJYYEHHYIO CUCTEMY YpaBHEHUH B 00IIEM BHJIE, T.€. IOJYYUTh pacyeTHbIE (hOPMYIIBI.

9. Yb6enuthcs, MOMy4yarOTCs JIM B pe3ysbTare €AMHHIIBI UCKOMBIX BenuuyuH. [loactaButh B
pacueTHble (POPMYJIIbI YMCIOBbIE 3HaYCHUSI (PU3NYECKUX BETUYMH U TPOU3BECTH BBIUMCIICHUS.

®opma npeacTaBIeHus pe3yJbTaTa: BHIIIOTHEHHAS CaMOCTOsITEbHAs padoTa.
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Kpurtepun ounenku: cm. ctp. 90



Tema 1.1 3akoHbI paBHOBeCHS TeJl. 3AKOHBI ABUKEHUS

IMpakTnyeckas padora Ne 2

Pemenne 3ana4 no teMe: «3aK0HbI CTATUKH.

Lean paboThi:

N

ChopmupoBaTh yMeHUE
3. PasBuBarh joruyeckoe
IJIABHOE.

[ToBTOPUTH OCHOBHBIE TEPMUHBI K (hOpMyIIbI paznena «CTaTHKa.

MPUMEHSTH (POPMYJIBbI IPU PEILICHUH 3a]au.
MBIIUICHUE, TTaMATh, BHUMaHUE; YMEHHE PACCYXKIaTh U BBIACIATH

4. Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.
Beinosnus patdory, Bel Oyaere:

yMeThb:

- peuiaTh 3a1a41 Ha 3aKOHBI CTATUKH U YCJIIOBUSA PABHOBECHUSA TCII

MaTtepuajbHOe o0ecneyeHue:

-IIOCAAOYHBIC MECTA 11O KOJINUYCCTBY 06yqa}om1/1xc;l;

- pa3aToO4YHbIA MaTepuail
- cOOpHUKH 3319
-CHPAaBOYHbIE MaTePUAIIbI
3ananue:

Pemnte 3a1aun:

C 3aJaHHSIMU,

Buumanue! Ilpu mnpencraBneHuM pemieHUsl 3afaHuil TpeOyeTcs pa3BepHYThIi oTBeT. B Hem
00s13aTeNbHO JTOJKEH OBbITh MOSCHSIOUUI 4YepTeX (PUCYHOK), CChIIKAa Ha (PU3MUYECKHE 3aKOHBI
(mpaBuiIa, MOCTYNATHI U T.J.), CUCTEMa YpaBHEHUH, IPUBOJAILIAS K IPABUIBHOMY areOpanyeckoMy
OTBETY, U YMCIIOBOM OTBET C YKa3aHUEM €JINHHII.

1. Omnopoxnast Gayka AJIMHOW 6 M CBOMMH KOHIIAMHU OTUPACTCS A

nojBelieH rpy3 maccod m = 750 ke. Macca 6anku /20 xe. C

C B D
Ha JBe onopel. K Oanke Ha paccTostHMM 2 M OT MPABOro KOHIA A i A
m

KaKoi cuJIoi 6anka ¢ Tpy30M JaBUT Ha MPaByO onopy?
2. Ha 3emute sexutr Oanka Maccoit 90 ke. Kakyro cuiny HEOOXOJMMO TPHIOKHUTH, YTOOBI

MIPUIIOIHATH OAJIKY 32 OJIMH U3 €€ KOHIIOB?

3. banka maccoii /40ke oaBeIIeHa Ha ABYX
kaHatax. Ompenenure CHIbI HATSDKCHUS L L2
KaHaToB, eciiv Li=3m, Lo=1m.

A o B C
4. Ecnu 3aKpEnUTh IiBa rpy3a

MaccaMu 2M ¥ M HA HEBECOMOM CTEp)KHE JUIMHON L=3m, Kak
MOKa3aHO Ha PUCYHKE, TO, JUUISl TOTO YTOOBI CTEPIKEHb OCTaBaJCs B
PaBHOBECHH, €0 CJIENYyeT MOJBECUTh B Touke O, Haxomsuieics Ha
paccTosiHUU X OT rpy3a maccoi 2m. Haiinute paccrosiHue X.
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5. [loxg npeiictBUeM cuibl TSKECTH MQ Ipy3a M CUibl F ppluar, mpencTaBleHHBIA HAa PHUCYHKE,
HaxoJUTCs B paBHOBecHH. BexTop cuibl F neprnennukynspen peraary. PaccTosiHust MeXay TOUKaMu
IIPWJIOXKEHHUS CUJI U TOUKOHM OIOpPBI, a TAKXKE MPOEKIUH ITUX PACCTOSHUN Ha
BEPTUKAIBHYIO M TOPU3OHTAIBHYIO OCH YKa3aHbl Ha pucyHke. Haligure
MOJYJIb  CHJIBI  TSDKECTH, JCHCTBYIOIIEM Ha TIpy3, €CIHM MOIYJb
cunbl F paBen 120 H.

6. K xoHIlaM pbluara NpuIIOKEHBI HaNpaBiIeHHbIE BHU3 CHIbl 6 Hu 4 H.
Touka omopbl HaxXoIUTCS HA 5 cm ONMKEe K OJHOMY KOHILY pbluara, 4em K
npyromy. Kakosa qymHa (cMm) pblyara, €Ciid OH HaXOJUTCSI B pABHOBECUU?

7. K nerxkomy peruary ciaokHou (Gopmbl ¢ TOUKOW BpareHus: B Touke O (cM.
PUCYHOK) TMOJIBELIECH I'Py3 Maccoil 2 xe U MpHUKpEIieHa MpYy>KUHa, BTOPOil
KOHEL| KOTOPOW MPUKPEIUIEH K HEMOABUKHOM CTEHE. Phryar HaxoauTcs B
paBHOBECHMH, a CHUJIa HATSXKEHUs NpyxkuHbl paBHa /5 H. Ha kakom
paccTOSHUU X OT OCU BpALLEHUS MOJBELIEH I'Py3, €CIIU PACCTOSIHUE OT OCU

r v+ » ¥
M F :
M ;
sl 8. UToObl ypaBHOBECHTh Ha JIETKOW peiike ¢

JI0 TOYKHU KPEIUIeHUs NPYKUHbI paBHO /0 cm?
MOMOIIBIO JIBYX HEBECOMBIX OJIOKOB OJMHAKOBBIE
Tpy3bl Maccoil M Kaxblid, K HUTH, TIEPEKUHYTON Yepe3 JeBbIi OJ0K, U K
ocu  mpaBoro  0Oyoka  HEOOXOIUMO  HPUIOXKHUTH  BEPTUKAJIbHBIE
cwibl F1 u F, (eMm. pucynok). PaccrosiHuss mexay 4€pHbBIMM TOYKaMHU Ha
peiike OIMHAKOBBI, TPEHUE OTCYTCTBYET, HUTH HEPACTSHKUMBL. YTO MOKHO
yTBEpKAaTh 1po cuibl F1 u Fs.
9. Cuctema u3 rpy3oBMu M u cBs3bpiBaromieil ux JErkod HEpacTsLDKUMOW HUTH B HadaabHbBIN
MOMEHT IOKOUTCSI B BEPTUKAJIbHON IJIOCKOCTH, IMPOXOISAIIEH Yepe3 LEHTP 3aKperI€HHON cephl.
I'py3 m HaxonuTCst B Touke A Ha BepiinHe cepsl (CM. pUCYHOK). B Xo/1e BO3HHKILETO JBUKEHUS
rpy3 M OTpbIBaeTCs OT TIOBEPXHOCTH cdeprl, mnpoias mno Hed ayry 30°. Haiigure
m maccy M, eciu M=1002. Pa3zmepbl TIpy3a M HUYTOKHO MaJbl IO CPaBHEHHUIO C
/-\ paauycom chepsl. TpeHneMm npenedpeys.
I'\ _,/‘ w 10.K xoHuam HuTH, TIEPEKUHYTON Yepe3 1Ba OJI0Ka, MOJABENIECHBI [1BA OJMHAKOBBIX
rpy3a maccamu 5 ke kaxapld. Kakoil wmaccoit oOnmamaer rpy3 Mji, €cau TpH
paBHOBecuu 0=120°?

Kparkue Teopernyeckue ceeaenusi: Crarnka
PaBHOBecHe — 0JHO U3 COCTOSIHUU:

1) mokoi;
2) paBHOMEpHOE MPSIMOJUHEIHOE ABMKCHUE;

3) paBHOMEpHOE BpallleHne BOKPYT HETIOABHKHOM OCH.

PaBHoBecue HEBPAIIAIOIIHUXCH TEJI

CormacHo BTOpoMy 3akoHYy HploTOHA, ajis TOro, YTOOBI HEBpAIIAIOIICECS TEJNO HaXOJWJIOCh B
paBHOBECHH, HEOOXOIUMO, YTOOBI PaBHOACHCTBYIONIAS BCEX MPHIIOKEHHBIX K HEMY CHJI PaBHSIACh

1

n -
HyII0: | >, F; = 0|— ycJIOBHE PAaBHOBECHSI.
i=1

PaBHoOBecue TeJ1, HMEIOIIMX 0Ch BPALICHUS
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[TycTh TENO 3aKPEIUIEHO Ha HEMOABMIKHOM OCH M K HEMY IPHIOXKEHA CHIa F OJHHM H3 IBYX
CII0CO0OB:

1) nuHus nedcTBus F IIPOXOOMT YEPE3 OCh BpalleHHWs. F OyleT ypaBHOBELIEHA peakuued N u
TEJI0 HAXOAUTCS B PABHOBECHUHU;

2) IMHUS IEHCTBHSA F HE IPOXOIUT Y€PE3 OCh BPAICHHs, YTO NPUBOAUT K BPALICHUIO TEJA.

A

AN
DT

[ o | [t =

[IpuiioKUM K Telly Cuily T, BBI3BIBAIONIYIO €r0 BpAlIeHHWE B IPOTHBOIOJIOKHYIO CTOpoHy. [Ipu
OIpeIeNIEHHBIX YCIIOBUSAX BpAIICHUE MOXET CTaTh PaBHOMEPHBIM JIMOO IpeKpaTtutcs coBceM. M3

OIIBITOB U3BECTHO, YTO 3TO HPOM30MJIET, ECIIHU ‘17"‘ -d, = ‘f‘ -d,,tne dyudy —nrevucun F u T .

Iliieyo cuibl (d) OTHOCHTENIBHO OCHM — KpaTyaiflliee PAacCTOSHUE OT JIMHUM JCHUCTBHS CHJIBI IO
3TOM OcCH.

MomenT cuisbl (M) — npou3sBeieHre MOYJISl CUIIBI Ha €€ TIeyO.

M =|F-d| [M]=1Hum

e B nanHoMm maparpade MOMEHT paccMaTpUBAaeTCs KaK CKaJspHas BEJIMYUHA, a CUJIBl U UX IUICYH
JIeKaT B MJIOCKOCTH, MEPIEHIUKYISIPHON OCH BpaILICHHS.

e MoMeHT cuiibl, BpalllaloIUi TE€JIO MO YacOBOM CTpENKe, CYMTAIOT OTPULATEIbHBIM, MPOTHB —
MOJIO)KUTEIbHBIM.

VYcioBue paBHOBECHS HM3BECTHO KAaK NPAaBHJI0O MOMEHTOB: TEJIO, MMEIOLIEE HEMOABMKHYIO OCh

BpallleHUs, HAXOJIUTCSl B PaBHOBECUH, €CJIN ajreOpandeckas CyMMa MOMEHTOB BCEX MPUIIOKEHHBIX

K HEMY CHJI paBHa HYJIIO.

n n
S M, =0 $F =0
i=1 i=1
n
ITomHoe YCJIOBUC paBHOBCCHUS (I[J'IH JIIO6BIX TCH) Z M i = 0
i=1
Temo HaxoauTcsAa B paBHOBECHU, €CJIIN paBHOﬂeﬁCTBymmaﬂ BCEX

IMPUIIOKCHHBIX K HEMY CHJI paBHA HYJIIO U CYMMa MOMCHTOB 3TUX CHUJI OTHOCHUTCIIBHO OCH BPAllICHU
TAKIKC paBHA HYJIIO.

Buasl paBHOBecHst

1. YcroiiunBoe paBHOBecHMe — PaBHOBECHE, MPHU BBIXOJE U3 KOTOPOTO BO3HUKAET
cuia F,, BO3BPALIAIONIAs TEJIO B HCXOIHOE TTOJIOKCHUE.
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2. HeycroitunBoe paBHOBeCHe — PaBHOBECHUE, IIPU BBIXOJE M3 KOTOPOTO BO3HUKAET CHJA F,

OTKI. !

emré 0oJIbIIIE OTKJIOHAIOIIasA TCJIO OT UCXOAHOI'O ITOJIOXKCHHA.

3. Be3paznuuHoe paBHOBecHe — paBHOBECHE, MPH BBIXOJE M3 KOTOPOTO HE N
BO3HMKAET HU BO3BpAILAOLIAsl, HU OTKJIOHSIOIIAs CHIIA. -
Ipumep. nmuaap maccoit m = 150 xr ynepuBaeTcs Ha HAKJIOHHOW IJIOCKOCTH € F, F.

IIOMOILBIO JICHTBI, C OJHOW CTOPOHBI 3aKPEIUICHHOW HAa HAKJIOHHOMU
IUIOCKOCTH, a C JpYrod HaIpaBJICHHOM MNapajule]bHO ILIOCKOCTH.
HaiiTu cunmy HaTsKEeHMs! JIEHThI. YTOJI HAaKJIOHA IIJI0CKOCTH o = 30°.
Pemenune. 3anauy MOXXHO peIINTh, NMPUMEHAS JIMOO TOJBKO IEPBOE
YCIIOBHE PaBHOBECHS, JINOO TOIBKO BTOPOE.

1 cioco6. Mcnonbs3yeM nepBoe ycaoBHE paBHOBECHUS. 3alUILIEM CYMMY
BCEX JEHCTBYIOIIUX CWI: , Iie T — cuila HaTsKEeHUs JIEHThI, N — cuia
peaxkuuu ONopbl, mg — CUJIA TSHKECTU LUIMHIPA. — Ve
Bozbmem mpoekuuu cun Ha ocu OX u OY. HanpaBum ocs OX B1oJib '
CWJIBl HATsDKEHUs JIeHTbl, a ock OY MNepneHAuKyIsIpHO BBIOPAaHHONH OCHM M IO HAIPABICHHIO
IercTBUs cIIbl N.

Ha ocy OX: 2T — mg sina=0

Ha oce OY: N—mg cosa =0

Pemas nony4deHHyro cucteMy ypaBHEHUH OTHOCUTENBHO T momyyum: H.

Ilopsinok BbINOJTHEHHS Pa0OTHI:

1. Ilepen pemennem 3anad (NeNe 1-10) Ha 1OCKe BBIMKUCHIBAIOTCS (DOPMYIIBI 10 JAHHON TEME.

2. [IpoBecTu aHanM3 BETUYHH, BXOJAIINX B (DOPMYIIBIL.

3. Pemuth 3amaum, coOnrofasl aaropuTM pelIeHHUs, YOeTUThCS B MPABUIBHOCTU TMOTYYEHHBIX
BEJIMYUH U UX €IMHULl U3MEPEHHUS.

Xoxa padoThl.
1.B kaxnoil 3amade caenaThb PUCYHOK, MOKa3aTh BCE CHJIBI, JECWCTBYIOLIME Ha Teno (WK Tena
CHCTEMBbI), HaXOJSIIMECs B MOJ0KEHUU PABHOBECHS, BBIOpATh CUCTEMY KOOPIUHAT U ONPENENIUTh
HaIlpaBJICHUE KOOPINHATHBIX OCEH.
2. Jlns Tena, HE MMEIOLIETO OCH BPALIEHMS, 3allUCaTh NIEPBOE YCIOBHE PABHOBECHUS B BEKTOPHOMN
¢dbopMme, 3aTeM 3amucaTh 3TO YCJIOBHE PABHOBECHS B MPOEKUMSIX HAa OCH KOOPAMHAT U MOJYyYUTh
ypaBHEHHE B CKaJIIpHOI popme.
3. Jlns Tena, ¢ 3aKpEIUIEHHON OCBIO BPAILEHUS], CIIEAYET ONPEAEIUTh IIEYH BCEX CHUJI OTHOCUTENBHO
3TOW OCH U UCIOJIB30BaTh BTOPOE YCIOBUE PABHOBECHS (IIPAaBUIIO MOMEHTOB).
Ecnun u3 ycnoBus 3agaud cienyeT, 4TO OChb BpAIIEHUS Tella HE 3aKpeIuleHa, TO HEeO0OXOIUMO
UCMOJb30BaTh 00a ycioBusi paBHOBecus. Jlyii 3TOro BbIOpaTh OCh, OTHOCHTEIBHO KOTOPOH
1e1ecoo0pa3Ho ONpeAesssTh MOMEHT CHUJI (IIPU 3TOM MOJIOKEHHUE OCH BpallleHUs cleayeT BbIOUpaTh
Tak, 4yTOOBl 4Yepe3 Hee MPOXOIMJIO HauOOoJbIIee YUCIO JUHUN JEHCTBHS HEM3BECTHBIX CHII),
OTIpEAETUTH IJIEYH CUJI M HallMcaTh YpaBHEHHE, BbIpaXkarollee BTOPOE YCIOBHE PAaBHOBECHS.
4. PemmuTh MONTYYEHHYIO CUCTEMY YPAaBHEHUH U ONIPEJEIUTH HCKOMBIE BETUUYHHBI.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOIHEHHAS CaMOCTOsITEIbHAs padoTa.

Kpurepuu onenku: cm. crp. 90
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Tema 4.1. DuexkrpocraTuka. 3akon Kysnona

IMpakTnyeckas padora Ne 3
Pemenue 3agau no teme: «3axkon Kysona. BzanmogeiicrBue 3apsiioBy».
Lean padoThi:

1. TloBTOPUTH OCHOBHBIE TEPMHUHBI H (HOPMYIIBI pazena «DIESKTPUIECKOE TTOJIey.
2. CdopmupoBaTh yMEHHE IPUMEHATH (HOPMYJIbI IIPU PELICHUH 3a/1a4.
3. PasBuBarp mormueckoe MBINIJICHUC, TIIaMATb, BHHUMAHHUC, YMCHHUC pPaCCYyXIaTb U
BBIJICJIATH TJIaBHOE.
4. Pa3BuBaTh HaBBIKH CaMOKOHTPOJIA U B3aUMOKOHTPOJIA.
Boinoainus padorty, Bel Oynere:

yMeThb:

- peulaTh 3aaa4r Ha 3aKOH COXPAHCHHA IJICKTPHUYCCKOI'O 3apiaaa Ha ABUXKCHHC U PAaBHOBCCHC
3apsAKCHHBIX YaCTUII B 3JICKTPHUYCCKOM I10JI€

MaTtepuajbHoe o0ecneyeHue:

-[10CaI0YHBIC MECTA 110 KOJUYECTBY 00yUarOIINXCs;
- pa3IaTOYHBINA MaTepHa ¢ 3aJaHUsIMHU;

- cOOpHUKH 33124

-CIIPAaBOYHBIC MaTCpHaJIbI

3ananue:

Pemnte 3a1aun:

1. C xakod cuwJioOM B3aMMOACHCTBYIOT JBa 3apsia mo 9HKN kaxaplil, Haxojsmmecs Ha
paccTosiHuu 6 cM Apyr oT Apyra?

2. C KakoWl CWJIOM B3aMMOJACHCTBYIOT B BakyyMe 1Ba paspsga mo 0,4mMKn kaxislii Ha
paccrosiuuu 0,5 M apyr ot apyra? (g=1)

3. Ha xakom paccrostauu apyr ot apyra 3apsiabl 10MxKn u 200K B3anMoAeHCTBYIOT ¢ CHITOM
6MH?

4, HaiiTu BenWYMHY KaXKIOTO W3 JBYX OJWHAKOBBIX 3apsioB, €ciau B Macie (£€=6) Ha
paccTosHUU 5 ¢M ApYT OT Apyra OHM B3aUMOJEHCTBYIOT ¢ cuioi 0,9MH?

5. JlBa mrapuka, pacrosioxxeHHbie B Boje (€=81) Ha paccrosiHuu 20 cM JIpyr OT Apyra, UMeEeT
OJIMHAKOBBbIE OTPULIATENbHBIE pa3psibl U B3auMoAeucTByroT ¢ cuioil 10MH. Onpenenuts
3apsi]] KaXJI0TO IapHKa.

Kparkue Teopernueckne cegeHus: 3akoH KyioHa B Bakyyme
5 q4,49- 4,49
1_ — k l5' — 1'12 .

r- 4me.r

3axoH KynoHa B cpene:
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F=k ‘/l‘{l _ q.49>

er’  4mee gr’

DJIeKTPUYeCKAas MOCTOSTHHAS.

.. 1
B psage ciaydaeB mis ynpoiieHus pacuétoB K yno0HO mpeactaBisaTh B Buie: (k= 2 Toraa
&y
FK =k ql '2q2 — 1 . ql '2q2 .
r drgy v
12 KJ’I2
DJieKTpUYecKasi MOCTOTHHASL — KOADPHUITHEHT | &, = 8,85-10 vl
‘M

e (Cuua B3aMOJICICTBUS 3apsI/IOB B CPE/IE MEHbIIIE, YEM B BaKyyMe.
OTHocUTeIbHAS IHYJIEKTPHYECKAasi POHULAEMOCTb cpebl (&) — BEJIMYMHA, TIOKA3bIBAIOIIAs, BO

CKOJIBKO Pa3 CuiIa B3auMoeicTus 3apsioB B cpene (F.) menbine, uem B Bakyyme ( F).

DJIeKTpHYeCKOe ToJie — OCOOBIi BHJ MaTepHH, TMPOSBISIOMIMICSI BO B3aWMOJICHCTBUU C
ANCKTPUICCKUMU 3apsIIaMH.

DNEKTPUUECKOE T0JIE HEMPEPHIBHO B IPOCTPAHCTBE, CYLIECTBYET BOKPYT Ka)A0I0 3apsia U 3apsiibl
B3aUMOJICHCTBYIOT JIPYT € APYrOM IOCPEICTBOM TOrO MOJIS.

DJIEKTPOCTATHYECKOE T0JI€e — TT0JI€, CO3/IaHHOE HEMOABIKHBIM 3apsiIoM (3apsiiamMH).
Okazajochk, 4To:

1) 6onpIIMii IO BeMUYHHE 3aps] co31aéT Ooyee CUIbHOE TOJIE;

2) 6omnee cUIBHOE TI0JIe OKA3bIBAET Ha 3apsij Oojiee CHIIbHOE JICHCTBUE;

3) oAHO U TO e ToJie Ha OOMNBIINI MO BENWYMHE 3apsij, MOMEMIEHHBIM B Ty K€ TOYKY MO,
JeHCTBYET C OOJNbIIEH CUITOM.

IIpumMepkl peneHus 3aaa4

1. Bo ckompko pa3 M3MEHHUTCS CHUja B3aUMOJCHCTBUS MEXIY
JIBYMS TOYEUYHBIMU 3apsIKEHHBIMU TEJIAMU, €CIIN: F=k1%
a) pacCTOSIHUE MEX/1y HUMHU YBEIUYHTH B 3 pa3a;
0) 3apsia OAHOTO U3 HUX YBEJIUYUTH B 5 pas?

A) llano: L 99

r=r Fo_ r’_ kqg-9r* 9r?
r,=3r F, ( qq)2 r’-kqq r’
. 3r

01=02=q

-2 5
F1/F2 ! F =kCIl(32 :k_z
Pemenne: r r
OTBeT: cuiia yMEHbIIUTCS B 9 pas. ok 09 _ 459 _ 5q°
b) Hano: r’ r’ r’
r=r 1 24
01=02=¢ F " 2 5kq’r® _ .
ql*:q F kq_2 kq’r?
02 =5¢ re
F/F-?
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Pemenue:
OTBeT: cuia yBeIUYUTCS B 5 pas.

2. Onpenenure CUily B3auMOJICUCTBUA 2 OJMHAKOBBIX TOUEUHBIX 3apsaoB no 1 MkKii, Haxoagmuxcs
Ha pacctosauu 30 cM Apyr OT Apyra.

Hano: )
et L
k=9+10° Hem*/Kir? 107%)2

MR F=9.10° Y19 )" _100.10 = 0,01(H)
F-? 2
CH: .
1410° Kx Fl= 2 K g
0,3 M L
Pemenue:

Orser: F=0,01 H
3. Cua B3auUMOJEHUCTBUSA IBYX OJIMHAKOBBIX TOYEUHBIX 3apsA0B, HAXOASMIUXCS HA paccTosHuu 0,5
M, paBHa 3,6 H HaiignTe BETMUUHBI ATUX 3apsI/IOB.

aHO: 2
| F:kmcjz’q]:%:qz}}::kq;:}
r=0,5 M r r
F=3,6 H q* =1
9 20,2 K
k=910" Hem“/Ku 5 2 36 057
q_’_) g— H - m? 7\/H2-M2-Kﬂ27mim
Pemenue: H - m? H - m?
Ki®

Otser: q=0,1 10" Kn

4. Ha xakoM pacCTOSTHUU HYXXHO DPACIOJOXHUTH ABa 3apsaa S5¢10 K u 6210 Ku, uroGbl oHu
OTTAJIKMBAIUCH APYT OT APYyra ¢ CUIOU 12+10° H.?

Hano:

F=12:10"H

k=9+10° Hem*/Kn’

01=5°10 °Kun

02=6°10 ° Kn

r-2

Pemenne:

rZ

= lka,q,
F

9 -9 -9
‘":JQ 10°-5-107°-6-10 =22,5.10° =15-10" = 0,15(m)

12-107
2
r_\/H " KK
Kn H
Otser: q=0,1+10™ Kn

Fohd _, 2 _kaa,
F

5. OHpCI[eJII/ITC pacCcTtosaHue MCEKAY [JABYyMd OJUHAKOBBIMU JBJICKTPUYCCKUMU  3apssaaMu,
HaxXOoJAIMMMHUCA B KEPOCUHE, C JII/ISJIGKTpI/I‘—IeCKOfI IMPOHUIACMOCTBIO €, €CJIN CUJIa B3aI/IMO)IeI\/'ICTBI/I${
MCKIY HUMHU TaKad K€, KaK B BAKYYMC Ha paCCTOSIHUU 30 cm.
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q° q’
HaHO Flzk_2’F2=k_2’F1:F2:>
e=2.5 1 Iy
01=0>=q ka* _ka* _ . _ka _ 2T 5 000
Fi=F, : = .2 = =—F=r, =I5 = ry =100(m")
r=5m r_z
rp-7? ?
Pemienmue: r, =100 =10(m)

OtBeT: r=10m

HOpﬂ)IOK BbIITOJTHCHHU A paGOTLI .

1. Tlepen perenremM 3a/1a4 Ha JOCKE BBITUCHIBAIOTCS (JOPMYJIBI IO TAHHOM TEMe.
2. IIpoBecTn aHAN3 BETUYHH, BXOSAIINX B (DOPMYIIBL.

3. PemuTh 331241 CaMOCTOSATEIBHO.

1.

Bo ckonbko pa3 HaJl0o U3MEHUTh PACCTOSHUE MEXY 3apsAAaMHU, YTOObI IIPU MOTPYKEHUHU UX
B KEPOCHH CHJIa B3aUMOJECHCTBUS MEXy HUMU OblIa Takas e, Kak B Bo3ayxe? (Ot1B.: B 4,5
pasa).

C kaxoii cusoi B3auMOJENCTBYIOT B BakyyMme 2 paspsiia o 0,2mMKut kaxapiii Ha pacCTOSIHUM
0,2 m opyr ot npyra? (OtB.: 90MH)

JIBa paBHBIX MOJOXKHUTEIBHBIX 3apsijia OTTAJKUBaIOTCS B Bojxe ¢ cwiodl 1,6MxH Ha

paccrosiHuu 3 cM apyr ot Apyra. OnpeaenuTs BeIHUUHY KaXI0ro 3apsia, eciu € = 81,
JIBa miapuka, pacroyioKeHHbIE Ha paccTosHUU 10 cM JIpyr OT apyra, UMEEeT OJUHAKOBBIE
OTpULIATENIbHBIE pa3psiibl W B3auMojaeucTByroT ¢ cwiod 0,23mMH. Haiitu  yucno
«M30BITOYHBIX» NIEKTPOHOB Ha KaxaoM mapuke. (OTB.: 1011).

NmeroTcs 2 0IHOMMEHHO 3apsKEHHBIX [IApHUKa, MACChl KOTOPBIX PaBHbI COOTBETCTBEHHO 10

-14
v 1 rpamm. 3apsix Broporo mapuka 310 Ki | Kakos momkeH GbITH 3apsia mEpBOro

1IapuKa, 4YTo0bl CUJIa TATOTEHUS MEXAY HUMH ypaBHOBEINBAJIACh 3JIEKTPUUYECKON CHIION?
(OtB.: 258K).
Bo ckonbko pa3 cuia 31eKTpUUECKOTro OTTAIKUBAHUS MEXKIY ABYMs AJIEKTpOHaMHU OoJibliie

CHJIBI MX TPABUTALMOHHOTO MPUTSKEHHs APYT K Apyry? (OTB.: B 42 107 pas ).

Xoa paGoTsI:

1.

2.

PaccraButh CHIJIBI, HeﬁCTByIOIHHC Ha TOYECYHBIN 3apsn, HOMCIJ_IGHHLII\/'I B DJICKTPUYCCKOC II0JIC,
" 3armucaTh JJId HErO YCIIOBHA PAaBHOBECHA UJIW YPABHCHUC JTUHAMUKU MaTepI/IaHI)HOfI TOYKH.
BLIpaSI/ITB CHJIBI BJICKTPUYCCKOT'O B3aHMOﬂCﬁCTBHH qepe3 3apabl U XapaKTCPUCTHUKHU TI0JIA U
MoACTaBUTH B HCXOJHOC YPaBHCHHC.

. Eciu npu B3aHUMOJICHCTBUH MMPOUCXOAUT IMECPCPACIPEACIICHUC JJICKTPUICCKUX 3apsAd0B, TO

cienyer J00aBUTh ypaBHEHUE 3aKOHA COXPaHEHUS SJIEKTPUUECKOro 3aps/a.

. HonyquHon CUCTCMY ypaBHeHI/Iﬁ PCIIUTL OTHOCUTCIILHO HEU3BECTHON BEIIMYHHLI.

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOTHEHHAs CaMOCTOSITENbHAs paboTa.

Kpurepuu onenku: cm. crp. 90
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Tema 4.2. DuexTpudeckoe nmojie. Ero xapakrepmcruku

IIpakTnyeckas padora Ne 4

Pemenne 3aga4 mo teme: «CHII0Basi XapaKTEPUCTHKA JJIEKTPHYECKOT0 MOJIs.
Hanpstxkénnocrs»

Hean:

1. TloBTOPUTH OCHOBHBIE TEPMUHBI U (OPMYJIBI pa3zaena «DIEKTPOCTATHUKAY.

2. CchopmupoBaTh yMEHUE IPUMEHATH (POPMYIIBI TP PEILICHUH 3aj1a4.

3. Pa3BuBath noruyeckoe MbIIIJICHUE, TAMATh, BHUMaHUE; YMEHHE PACCY)KIAaTh U BBIICIATH
IJIaBHOE.

4. Pa3BUBaTh HABBIKM CAMOKOHTPOJISI U B3aMMOKOHTPOJISL.

Brinosinus padorty, Bl Oynere:

YMETb:

- pfliaTh 3aga4dd Ha HaHp?DKéHHOCTB QJICKTPHUYCCKOI'O II0JIA, KaK Ka4CCTBCHHOI'O, TaK U
pacyeTHOro xapaxkTepa.

MarepuanabHoe odecrneyeHue:
-II0CaJI0YHbIE MECTA MO KOJIUYECTBY 00yUaIOLINXCS;
- pa3IaTOYHBIA MaTepuai C 3aaHUSIMU;
- cOOpHUKHM 3a/1a4
'CHpaBOLIHBIG MaTepI/IaJ'II)I
3aganue:
Pemutnb 3agaun:

HaiiTi HanpskeHHOCTh TOJIS B TAKOM TOUKE, I/ie JeHCTBYeT AlekTpudeckas cuia B 10MH Ha
npoOHbIif 3apsia B SKit.

Kakas cuna Oyner neiictBoBath Ha 3apsig B 15 HKII, ecniu ero moMecTuTh B Takylo TOUKY
T0JI51, HAPSKEHHOCTh KOTOpOoi paBHa 3B/m?

HaiiTi HampskeHHOCTDH 10JIs, 00pa30BaHHOTO ToUeUHBIM 3apsiioM B 20HKI Ha paccrosiHUM
5cm B Boze. (e=81)

HamnpsokeHHOCTh  T0J1sI, 00pa30BaHHOTO TOYCYHBIM 3apsAaoM B KepocuHe(e=2,5) Ha
paccTostHUU 2M OT 3apsja, paBHa 90B/M. Onpenenuts BeIWYUHY 3apsija.

Ha paccrosaun 6 cm ot 3apsga 8HKI, Haxondmierocs B JKHAKOM JIHDJIEKTPHUKE,
HanpspkeHHOCTh mois paBHa 20 kB/m. KakoBa nuanexrpuyeckas NPOHUIIAEMOCTh
JUBJIEKTpUKA?

KpaTkue Teopernyeckue cBeIeHHA:
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HanpsokéHHOCTH 3JIEKTPHYECKOro most ( £ ) — BeKTopHas (U3MyYecKas BeIMUNHA, YHCICHHO
paBHas cujie, ¢ KOTOPOH 1MoJie IEUCTBYET HAa €IMHUYHBIN TOUCUHBIA TOJIOKUTEIIbHBIN 3aps/l,
IMOMEIIEHHBIN B JAHHYIO TOUKY I1OJIA.

. F H B
E=— [E]=1—=1=
q Kn M
L] E — CWJIOBasl XapaKTEePUCTUKA TOYKH IJTCKTPUIECCKOI'O IMOJIs. Q
e Hanpsyk€HHOCTH MOJIsl TOUEYHOT o 3apsaaa Q Ha pacCTOSHUU I OT HETO: . E =k —
KapTunsl 251eKTpuyecKuX MoJiei pa3HbIX HCTOYHUKOB: e-r

N AL
TN TS W s

W= =N =
INCE SHE o

Jliig GompIIel HArJIHOCTU JIMHUN HAPSKEHHOCTH MOJISL PUCYIOT C Pa3HOU MIIOTHOCTHIO
(KOJIMYECTBOM JIMHUH, IPUXOIAIINXCSA HA SITUHUILY TUTOIIA TH NEPICHMKYIAPHO PacIoI0KEHHOM
HOBerHOCTI/I) B O6J'IaCT$[X HpOCTpaHCTBa rac HaHp?I)KeHHOCTL E BbIIIC, INIOTHOCTH JII/IHI/II/I
OoJIbIIIE.

N——

HOpﬂ)IOK BbIITOJTHCHU A paﬁon:

1. Bsmmcats GopMyIbl IO TPOHICHHOMY MaTepuay.
XapakTepHucTiKa (PU3NIECKUX BEITMYUH U X €AMHUII U3MEPEHUSI.
3. Pemenue 3ama4 o BapuaHTam.

no

Xoa pa0doThI:

1. BhumarenbHO ImpoOYMTaTh 3ajady, IPOAHAIU3UPOBATH YCIOBUE, BBIICHUTH 00JACTh NEHCTBUS

ANEKTPUYECKOTO 3apsa. BelnmucaTe 4ncI0BbIe 3HAYEHMSI 3a1aHHBIX BEJIUYHH.

Crnenatp cxeMaTUYECKUHN YepPTEK, 0TOOpAKAIOIIUN AIMEKTPUUYECKOE M0JIe BKPYT 3apsja.

3. ToxcraButh B pacueTHble (HOPMYIIBI BMECTO 0003HAUEHUH (PU3NUECKUX BEIMYMH 0003HAUYECHUS
ux egunun B CU, mpousBectu npeoOpa3zoBaHus U yOeIUTHCS, MOIY4YaArOTCS JIU B pe3yJbTaTe
€IMHULIBI HICKOMBIX BEJIMYHH.

4. TloncraBuTh B pacueTHbIE (POPMYJIBI YUCIOBbIE 3HAUECHUS (PU3NUYECKUX BEJIMYMH U MPOU3BECTU
BbIYKCcIeHHUs. OLIEHUTD PEaTbHOCTh MOJyYEHHOIO PE3YJIbTaTa.

®opma npeacTaBaeHus pe3yJibTaTa: BHIIIOIHEHHAS CaMOCTOsITebHAs padoTa.

no

Kpurepuu onenku: cm. crp. 90
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Tema 4.2. DuexTpudeckoe nmojie. Ero xapakrepmcruku
IIpakTnyeckas padora Ne 5

Pemenne 3ana4 no reme: «[IpuHIMI Cynepno3uuuM 3JIEKTPUYECKUX MOJIE».

Hean:
1. [ToBTOPUTH OCHOBHBIE TEPMUHBI B (POPMYJIBI paziena «DIEKTPOCTATUKAY.
2.  CdopmupoBaTh yMEHHE MPUMEHATH (OPMYJIBI IIPU PEIICHUH 3a/1a4.
3. Pa3BuBaTth J0oruueckoe MBIIIJICHUEC, ITaMATh, BHUMAHUC, YMCHUC PACCYKIAaTh U BBIACIIATH

IJIaBHOE.
4.  Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJISL.
Beinosnus patdory, Bel Oyaere:

YMETb:

- pemartp 3aJa4yy 10 IPUHLUITY CYIEPIIO3UIMY MOJIeH, KaK KaYeCTBEHHOTO, TaK H Pac4eTHOTO
Xapakrepa.

MaTtepuajbHoe o0ecneyeHue:

-[10CaI0YHBIC MECTA 110 KOJUYECTBY O0yUarOIINXCs;
- pa3gaTOYHBIA MaTepUal C 33JaHUSIMU;

- cOOpHUKH 3a/1a4

-CIIPaBOYHBIC MAaTEPHAITBI

3ananmue:

[Tpu pemeHuyn 3agad C HUCHOJIB30BAHUEM IOHATUS HANPSDKEHHOCTH AJIEKTPUYECKOTO IMOJIS
HY)KHO TPEXJI€ BCEro 3HaTh (POPMYJIbI, ONPEAESISIIONINE CUITY, JEHCTBYIONIYIO Ha 3apsiji CO CTOPOHBI
IEKTPUYECKOTO TIOJIA, W HANpsHKEHHOCTh IMOJII TOYEUHOro 3apsaa. Ecmm mone co3naércs
HECKOJIbKUMHU 3apsiiaMu, TO I pacuéra HanpsHKEHHOCTU B JAHHOW TOYKE HAJ0 CAENaTh PUCYHOK U
3aTeM OINPEACIUTD HANPKEHHOCTh KaK T€OMETPUUECKYIO0 CYMMY HalpsyKEHHOCTEN MOJIEN.

1. JIBa OJMHAKOBBIX MOJOXKHUTEIbHBIX TOYEYHBIX 3aps]a PaclojOKEHbl Ha PAcCTOSHUU T
Ipyr oT Jpyra B Bakyyme. Omnpenenure HanpsykKEHHOCTb 3JIEKTPUYECKOTrO IMOJii B TOUKE,
PacroI0KEHHOW Ha OJIMHAKOBOM PACCTOSIHUU T OT 3TUX 3aps10B.

2. IMpoBosimast cepa pagumycom R = 0,2 m, Hecymas 3apsag q = 1,8 ¢ 10™Ku1, HaxomuTes B
Bakyyme. Omnpenenure: 1) MOnysnb HaPSHKEHHOCTH E AIEKTPUYECKOTO TOJISI Ha €€ MOBEPXHOCTH;
2) MOJyJb HapsHKEHHOCTH E 19JIEKTPUIECKOTO TIOJISl B TOUKE, OTCTOSIIIEH Ha paccTossHuu 11 = 10
M OT LIEHTpa cdepsl; 3) MOAYIb HAPSHKEHHOCTH E B HeHTpe chepsl.

3. B ogHOpOIHOE A5MeKTpUYecKoe mosie HanpsbkéHHOCThI0 Eg = 3 kH/Kir BHecn TodyeuHbIi
3apan q = 4 ¢ 100 Ka. Onpenenure HaNpPsHKEHHOCTh AJIEKTPUUYECKOTO TOJISI B TOYKE A,
HaxoJSIIEHCs. Ha PacCTOSAHMM I' = 3 CM OT TOYEYHOro 3apsaa. OTpe30K, COeIUHSIONMN 3apsaa U
TOUYKY A, EpNEHAUKYISPEH CUIOBBIM JIMHUSAM OJHOPOJHOIO 3JIEKTPUYECKOIO MOJIS.

4. B BepummHax paBHOCTOPOHHEIO TPEYrOJbHHKA CO CTOPOHOM a = 3 CM HaxoIATCs TpH
TOYEUYHBIX 3apsfa qi1 = (2 = 10 K, qs = 2010 K. Onpenenure HaNpsHKEHHOCTD AIEKTPUIECKOTO
T0JIs B LIEHTPE TpeyroyibHUKa B ToUke O.

5. PaccTosiHMe MeXIy OBYMS HETOABM)KHBIMHU 3apsiaMu (q = 2:10°Kn u Q2 = 10° Kn
paBHO 1 M. B Kako# Touke HaANPsHKEHHOCTD 3JIEKTPUYECKOTO MOJISI paBHA HYJIIO?
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Kpartkue TeopeTuyeckue cBeleHUs:
[TpuHIIMT cynepno3uiuy moyiei
Ecnu B3s8Th N ToueUHBIX AneKkTpuyeckux 3apaaoB Q1, Qz, ... Qn, TO OHU co3manyT obiEe

anekTpudeckoe mosie. OMBITH MOKA3aIu: B TOYKE ATOTO MOJIS Ha MPOOHEIH 3apsy ( JeHCTBYeT
PaBHOJICUCTBYIOLLIAS:

-Q,
+Q R Fi
L 8
A
- k _ k
+Q3 +q ? IE st 2
R ky
B - F

o |;I'Il
Il
is
+
S
+
#

F =F +F _+.+F = E-=
K K1 K K

IpuHIMI cynepno3uuuu (HAJI0KEHHsI) MO0JIeii: HAPSHKEHHOCTh £ B JIAHHOM TOUKE
ANEKTPUYECKOTO T0JIsI, CO3JaHHOI0 CUCTEMOM N TOUEUHbIX 3apsA10B Qj, paBHAa BEKTOPHOI CyMMe

n
HANPHKEHHOCTEH E, , CO3JAHHBIX B 9TOH TOUKE KaX/bIM 3apsjioM |E =Y E;
t

I'padpnueckoe nzodpakenne 3JIEKTPUIECKOTO OIS

BHCKTpI/I‘leCKOC I10JI€ HEBUAUMO, €0 YCIIOBHO I/1306pa)KaI-OT B BUJC JUHUL HANPANCEHHOCMU.

JInnus HanpsKEHHOCTH (CHJI0Bast JIMHUA) JJIEKTPHYECKOI0 MOJIsl — JIMHUS, KacaTeabHas K
KOTOPOii B KXK/I0M TOYKE COBIAIAET C HATIPABIEHUEM BEKTOPA HANPSIKEHHOCTU £ B 3TOM TOYKE.

e JluHuu HanNpsKEHHOCTH TOJSI MOXKHO HOCTPOUTH, BHOCS B HETO HOI0MCUMENbHbIU 3aps0 (110
HATIPABJICHHUIO CHIIBI F, B KaXKIOM TOYKE MOJIA).

e JluHuu HanpsKEHHOCTU PAa3OMKHYTHI: OHM HAYMHAIOTCS Ha IMOJOXHUTENbHBIX 3apsaax (Wid B
OECKOHEYHOCTH) U 3aKaHYMBAIOTCSI HA OTPULIATENIbHBIX 3apsaax (UM B OECKOHEYHOCTH).

e JIMHUM HANPSPKEHHOCTU HE MIEPECEKAOTCS.

KapTuHsl 251eKTpUYeCKUX MOJIEN pa3HbIX HCTOYHUKOB:

<
D

.~

[l N\
/j\\ //1\\

W= =
INMCE D)) (E

Jlyis GombIIel HarJIAIHOCTH JIMHUN HAPsKEHHOCTH MOJIS PUCYIOT C Pa3HOM MIIOTHOCTHIO

=\

\\

E, >E,

i

(KOTMYEeCTBOM JIMHUM, IPUXOAIINXCS HA €IMHUILY TUIOUaId NEPIeHIUKYISIPHO PAaCOI0KEHH O
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MOBEPXHOCTH): B 00JIACTSX NPOCTPAHCTBA, I/I€ HANPSHKEHHOCTD £ BBIIIE, IUIOTHOCTH JIMHUI

OoJIbIIIE.

no

HOpﬂ)IOK BbIITOJTHCHU A paGOTLI .

Beimucats GpopmMyIibl 110 MPORACHHOMY MaTepUaIy.
JlaTh XapaKTepUCTUKY (PU3HMUECKUX BEIMYMH U UX CTUHHI] U3MEPEHUSI.
Pemnts 3a1aun caMOCTOSITENIBHO:

1. B HampaBieHHOM BEPTUKAJIbHO BHU3 OJHOPOIHOM 3JIEKTPUYECKOM I0JI€ HAMPSHKEHHOCTHIO
1,3 * 10° H/K kamernska xuakoct Maccoil 2 ¢ 10 r okasamach B paBHOBecuu. Onpenenure
3apsi]] KaneJIbKU U YUCIIO U30BITOYHBIX 3JIEKTPOHOB Ha HEH.

2. Toueunsiii 3apsin q=10HKn okxpyxEéH cdepuyeckoir 000JIOUKONH U3 IUAIIEKTPUKA C
OTHOCUTEIBHOU JAUAJICKTPUUYECKON MMPOHUIIAEMOCTBIO € = 2. BHEIIHUI U BHYTPEHHUI PauyChl
000JIOYKH paBHBI COOTBETCTBEHHO Ri= 5 cM, a Ro= 6 cM. Onpenenure HanpspkéHHOCTH E(T)
ANEKTPUYECKOTO MOl B 3aBUCMMOCTU OT PACCTOSHUS OT 3apsjia U HauepTute rpaduk 3Toi
3aBUCHUMOCTH.

3. Tpu konuentpudeckue chepsl paauycamu R, 2R u 3R HecyT paBHOMEpHO paciipeneinéHHbIe
M0 WX TOBEPXHOCTSM 3apsanasl 1= +2(, (2= -q ¥ (3= +q COOTBETCTBEHHO. M3BecTHO, YTO
TOYCYHBIN 3apsj q co3AaéT Ha paccTosSsHUM R anekTpuyeckoe mosie HanpsHk€HHOCThIO Ej= 63
H/Kn. Yemy paBHa HanpspkEHHOCTH TOJS B TOUKE, OTCTOSAIICH OT IEHTpa cep Ha pacCTOSHUH,
paBHOM 2,5R?

Xox pabdoThI:

BuumatenbHO mpouyuTaTh 3a/1a4dy, IpOaHAIU3UPOBATh YCIOBHUE, BBIUCATh YUCIOBBIE 3HAUEHUS
3a/IaHHBIX BEJIMYUH.

Cnenath cxeMaTHYeCKHIl YepTex, OTOOpa)karolvii OMHCAHHOE B 3ajlaye B3aMMOJICHCTBHE
3apsoB.

[ToncraBuTh B pacueTHble POpPMYIbl BMECTO 0003HAYCHUH (PU3UYECKUX BETHYUH 00O3HAYCHUS
ux emunul B CU, mpousBectu mpeoOpa3oBaHUsi U yOSAUTHCS, MOJYYAOTCS JIU B pe3yJIbTaTe
€AMHULbI HCKOMBIX BEJTUYHH.

[TonacraBuTh B pacueTHbie (POPMYIIBI YUCIOBBIC 3HAYEHUSI (PU3UUYECKUX BEJIMYUH M TPOU3BECTHU
BbIYMCIIEHHS. OILIEHUTh PeaJTbHOCTh OJIYYEHHOTO pe3yibTaTa.

(I)opMa npeacTaBJICHUsA pe3yabTaTa: BbIIIOJTHCHHAA CaMOCTOATEIIbHAA pa60Ta.

Kpurepuu onenku: cm. crp. 90
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Tema 4.2. DuexTpudeckoe nmojie. Ero xapakrepmcruku

IMpakTnyeckas padora Ne 6

Pemenne 3ana4 no reme: «llorenumas. PazHocrs morenumasios. Padora sj1iekrpuyeckoro

IMOJIA 110 IIEPEMEICHU IO JJICKTPUYECCKOI'0 3apsaaa».

Hean:

1. TloBTOpPUTH OCHOBHBIE TEPMUHBI K (POPMYIIBI pazena «DIEKTPUIECKOE TOTeH.

2. CdopmupoBaTh yMEHHE IPUMEHATH (YOPMYJIbI IIPU PELICHUH 3a/1a4.

3. PasBuBarh 10ruuecKoe MBIINIJICHUEC, ITaMATh, BHUMAHUC, YMCHUC PACCYKIAaTh U BBIACIIATH
IJIaBHOE.

4. Pa3BUBaTh HaBBIKM CAMOKOHTPOJISI M B3aUMOKOHTPOJIS.

Beinosinus patdory, Bel Oyaere:

YMETb:

peiaTthk 3aga4u I10 pa60Te QJICKTPHUYCCKOIr'0 I10JId, KaK Ka4€CTBCHHOI'O, TaK U paCdCTHOI'O

Xapakrepa.

MaTtepuajbHoe o0ecneyeHue:

-IIOCAAOYHBIC MECTA 110 KOJINYCCTBY 06y11a}0m14xc;1;

- pa3z[aT0qun71 MaTtcpuall ¢ 3aJlaHUAMMU,

- cOOpHUKHM 3a/1a4

-CIIPABOYHBIC MaTCpHaJIbI

3aganue:

[TomectuMm 3apsizt +q B ogHOpoaHOE Tosie £ . CO CTOPOHBI TI0JIs Ha 3apsijl

NeHCTBYeT dleKTprdeckas cua F, =q- E, oj AeiicTBIEM KOTOPOii OH

Pemnte 3amaun:
Kakyto paboTy Hazo coBepuuThb, nepemenias 3apsia 300Ki U3 Touku Mosis ¢ NOTEHIMaIoM
50B B Touky c noteHuuanom 25087
Onpenenuts pasHOCTh MOTEHIMATIOB MEX/Y ABYMs TOUKAaMU I10JIsI, €CIU Ul TIEPEMELICHMUS
3apsana 1,5 107Ko1 13 010 TOUKH B JPYTYIO HY’)KHO COBEPILUTH paboTy 107 7x.
IIpu nepemenieHnu 3apsia B 3JIEKTPUUYECKOM I0Jie coBepiieHa padora B 4/[x. Onpenenuts
BEJIMYMHY 3aps/ia, €CIIU €ro MepeMelleHne TPoucXoauio npu HanpsokeHuu 100B.
HanpspkeHne Mexay ToukamMM IO CUI0BOM JUMHMM paBHO 10kB, paccrosiHME MEXTy HUMH
10cm. KakoBa HanpsKeHHOCTb 1OJIA?
Omnpenenure HaIPsHKEHHOCTh MEXAY OO0JakoM M 3eMJieil BO BpeMsi I'pO3bl, €CIIU pa3HOCTh
MOTEHITMAIOB paBHa 15B, a paccrosare Mex 1y ob1akom u 3emiieir 200M.

KpaTkue Teopernyeckue cBeIeHHA:

PaboTa noJisi No nepeMeLIeHHIO 3apsiia

MEpEMECTUIICA BAOJIb CHJIOBO# IuHMH U3 T.1 B T.2. © =4
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PaGoramonst A=F,-AS=q-E-AS.

2 Ecnu TpaekTopus ABHKEHU 3apsiia — IPOU3BOJIBHASL KPUBAas, TO
AS. .. o
ﬁ% : pasznenuM e€ Ha MaJible Y4aCcTKH, CUMTAs] UX IIPAMOIMHEMHBIMU. Torna
AS, "
2 .. O L=
A§1/i i i = pabota Ha BCEM IYTH A4 =Y A4, , HO AA =F, -AS; =q-‘EHASi‘-COSai 150054
i=1
1 &3 F I = 5
——+ i A4, =q-E-AS;-cosq;, TOC a; — yToJd MEXKAY BEKTOpaMu F, U AS;.
— 1
0 X1 AXi Xy X

AZiAAzq-E-iASi~COSai :qEZn: Ax; = qQEAX U1H

i=1 i=1 n=1
rac AX — Pa3HOCTb KOOPAWMHAT KOHCYHOI'O U HAYaJIbHOT'O ITOJIOKCHUH 3apsaa.

Taxum o6pazom, paboma nos MO NEPEMEIICHUIO 3apsJia He 3a8UCUm Om Mpaekmopuu, d 3a8Ucum
MONILKO OM HAYATLHO20 U KOHEYHO20 NOJIOMNCEHUl 3apA0d.

Pabota mosist o nepemMeneHuIo 3apsaa
WT.IBT.2: 4,=q-E-(x, —x))=q-E-Ax;
MT2BT.l: 4)=q-E-(x,—x)=q-E-(-Ax)=—4,,;
10 3aMKHYTOMY KOHTYpY: A = A1 + A1 = 0.

IloTennuaabHoOE moJjie — I10JIC, pa60Ta KOTOPOr'o 3aBUCUT OT HAYAJIbHOI'O 1 KOHCYHOTI'O MTOJIOKSHUH
TCJIa U HC 3aBUCUT OT €TI0 TPACKTOPHH.

e PaboTa MoTEeHIMAILHOTO TOJI Ha 3aMKHYTOM KOHTYpE paBHA HYJIIO.
e DJEKTPUYECKOE MOJIe — MOTEHIHMAIBHOE TIOJIE.
Pa3HocTh MOTEHIIHAJIOB

M3BectHO (11.5.1.1.10), uT0 A=-AE, =E, —E,, =q- (¢, — ,) WIH
A=q-(p,—@,) |, TOE ¢, —@, - PAa3HOCTH IIOTEHIIUAIIOB. q ;”/ff/

e Pa3HOCTh MOTEHIUAIOB H3MEPSIOT JIEKTPOMETPOM  HIIU

BOJIbTMETPOM. ﬁ
e Pabora mons mnonoxurenbHa (€€ coBeplIaeT IoJse), Korjaa

MOJIOXKUTEIIBHBIN 3apsij ABUKETCS U3 T.1 B T.2 MOJs, IpudeM ¢, > ¢, . B ciayyae nBuxeHus 3Toro

3apsja NmpoTuB JWHUK ol (¢ <¢,), pabdoTa TOdsi OyAeT OTpHIlaTelbHa (COBEPIIACTCS
BHEIIHEH Ccwioil npotuB mons). [paduuecku pabora — IUIOMIAAL NPSIMOYTOJBHUKA CO
cTopoHaMu q U (¢, — ¢, ):

e B cnyyae orpunatensHoro 3apsaa (-q) pabora OyaeT MOJOKHUTENbHOM, €clau 3aps]l JBUXKETCS
IIPOTUB JIMHUN MOJIS.
e Jlns mOOBIX IBYX TOYEK SKBHITOTEHIIMAILHON TIOBEPXHOCTH ¢, — ¢, =0 1 padoTta 4=0.

Css3b HaANPAKCHHOCTH U PA3HOCTH MOTCHIUAJIOB

N3 A=FAduA=0-(p-9,) = FAd=0q-(p,—9,) umu gE-Ad = q- (¢, — ,) +4 E R
1 2 2 2 : :
e-aed U
= Ad [E]=1=, T. e. HANIPKEHHOCTH OTHOPOTHOTO S
M I |
3JIEKTPUYECKOTO MOJIsSI YHCIICHHO PAaBHA PA3HOCTH TIOTEHIMAIOB Ha CANHUIIE o < Ad — ©,
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JJINHBI CHJIOBOM JIMHUU.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1. Beinucatp (hopMyIibl IO TPOHICHHOMY MaTepuany.
2. JlaTb XapaKTepUCTUKY (PU3NUECKHUX BEIHYUH U UX €IUHUL] U3MEPEHHUS.
3. Pemnth caMOCTOSATENBHO 3a]a4H.

1)

2)

3)

4)

5)

Ibumska Maccoii 10 r Bucut MEXK]ly IUIACTHHAMHU IIJIOCKOr0 BO3AYIIHOTO KOHAEHCATOpa, K
KOTOpOMY TpUJIOKEHO HanpspbkeHue SkB. Paccrosinue mexnay mactuHamu ScM. KakoB 3apsig
MBLTUHKHU ?

B omnbite MuiiukeHa B OJAHOPOJHOM DJIEKTPHUUECKOM II0JIE MEXKIy HapaulelbHbIMU
OJHOMMEHHO HapsIKCHHBIMHM IUIACTUHAMU HAaxOAWIach NBUIMHKA MacCOu 108r. Pasnocts
MOTEHIMAJIOB MEXIYy IUIacTUHAMHU KoHjaeHcatopa -500B, a paccrosnue 10cm. Omnpenenute
3aps]1 BUTMHKY (, €CJIM OHA HAXOJUTCS B PABHOBECUU B AJICKTPUUYECKOM TI0JIE.

Mexy 1ByMsi OTHOUMEHHO 3apsHKEHHBIMU TIACTUHAMU KOHAEHCATOpa HAXOIUTCS KaresibKa
macia maccoil 107k, 3aps]l KOTOPO 10 K. PasHocTh IOTEHLMAIOB MEXIy TUIACTUHAMH
240B, a paccrosiHue Mexay HUMH 2,5cMm. HailiTu Bpemsi, B Te€UE€HUE KOTOPOTO KameiabKa
JIOCTUTHET IUIACTUHBI, €CJIM B HA4YaJIe OHA HAXOJWIACh HA PABHOM PACCTOSHHUH MEXIY HUMH.
(OtB.: 0,5¢).

DNEKTPOH BJIETACT B AJIEKTPUUYECKOE MOJIe B HAMPABIECHUHU, TPOTUBOIIOJI0KHOM HAIIPABICHUIO
JTUHUI HanpsHKeHHOCTH, uMest ckopocTh 2000kxm/c. Kakoit Oyaer ckopocTh AJIEKTpOHA B KOHIIE
ydacTKa IyTH, pa3HOCTb MTOTEHIIMAJIOB HA KOTOPOM cocTaiisger 15B?

me=9,1-10* kr, q.=1,6:10™"° Ku. (OtB.:3-10° m/c).

Onpenenuth 3apsii NBUIMHKKA Maccou 2:10° r, ecim oma YPAaBHOBELIMBAETCA B MOJE
KOHJICHCATOpa, pPa3HOCTh MOTEHIMAIOB KOTOPOro Ha MiacTuHax coctaBiger 600B, a
paccrosiHue Mexay riactuHamu 2cm. (OTB.: 6.5 101 Ku).

Xon pa6oTsl:

BHuMarenpHO nmpouuTaTh 3a7a4dy, MPOaHATIU3UPOBATh YCIOBHE, BEISICHUTH XapaKTep JABUKCHHS
3apsna (MO WM MPOTUB CHJIOBBIX JIMHUHM TO0Js1). BeIMUCaTh YMCIOBBIE 3HAYEHUS 3aJJaHHBIX
BEJIUYMH.
CrenaTh CXeMaTHMUECKHI 4YEPTEXK, OTOOPAKAIOIIMKI OMUCAHHOE B 3a/1aue JBI)KCHHE 3apsiia B
AIEKTPUYECKOM ToJie. M1300pa3uTh Ha HEM TPACKTOPUIO ABUKEHUS, IEPEMEIICHHS.
[ToncraBuTh B pacueTHbie (HOPMYIBI BMECTO 0003HAYCHHM (PU3NYECKUX BEIUYUH 0003HAUCHUS
ux egunuin B CH, mpousBectu mpeodpazoBaHusi U yOeAUTHCS, MOTYYArOTCS U B pe3yjbTare
€IMHUIIBI HCKOMBIX BETTHYHH.
[ToxcraBuTh B pacueTHbie (GOPMYIIBI YHCIOBbIC 3HAYCHUS (PU3MUECKUX BETUYUH U MTPOU3BECTH
BbIYMCIIEHHs. OIIEHUTh PeaTbHOCTh MOJIYYEHHOTO pe3ysbTaTa.

dopma npeacTaBieHusi pe3yJabTaTa: BBHITIOJHEHHAS CaMOCTOsITEIbHAs padoTa.

Kpurtepuu ouenku: cm. crp. 90
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Tema 4.2. DuexTpudeckoe nmojie. Ero xapakrepmcruku

IIpakTuyeckasi padora Ne 7
Pemenne 3a1a4 no teme: «KonaencaTopsl U BUABI UX COeTUHEHHSD)

Hean:

1. [ToBTOPUTH OCHOBHBIE TEPMUHBI M (POPMYIIBI paznena «DIEKTPOEMKOCTb.
Konnencaropsbi».

2. CchopmupoBaTh yMEHUE IPUMEHATH (POPMYIIBI TP PEILICHUH 3aj1a4.

3. Pa3BuBaTh 1I0rn4ecKoe MbIlIUIEHUE, aMsITh, BHUMAHUE; YMEHHUE PACCYKAATh U BbLAEIATH

IJIaBHOE.
4. Pa3BMBaTh HABBIKU CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.
Bbinosinus padory, Bel Oynere:

YMETb:
- pelaTh 3aJa4i Ha €MKOCTb JIEKTPUYECKOr0 IIPOBOJHUKA, KAK KAYECTBEHHOI0, TaK U

pacyeTHOro xapaxkTepa.
MarepuajibHoe obecnedyeHne:

-IOCaI0YHBIC MECTA IO KOJMUYECTBY 00YUAIOIINXCS;
- pa3IaTOYHBIH MaTepHa ¢ 3aJaHUsIMH;

- COOpHHKH 3a/1a4

-CIIPaBOYHBIE MaTCPHUAIIBI

3ananmue:

Penmmrn 3agaun:

KakoBa eMKOCTh POBOJHUKA, MOTEHIAJ KOTOporo u3Mensaercs Ha 10kB npu cooOumeHnn
emy 3apsga SuHKn?

Ha ckosibko yBenMUMTCS MOTEHLMAN IIapa pajiuycoM 3 CM IpU COOOIIEHUHU eMy 3apsia
208Kn?

JIBa MpOBOJHMKA UMEIOT OJIMHAKOBYIO (hOpMY M pa3Mepbl, HO OJUH W3 HUX CIUIOIIHOM, a
npyroi nosnsiid. Kakoe u3 e umeeT 00JbILIyI0 371€KTPOEMKOCTh?

IIpu cooOmenun npoBoaHuky 3apsnaa 0,1HKn ero morenuman ysenuumics Ha 1400nB.
Omnpenenure IEKTPOEMKOCTb TPOBOJHHKA.

Omnpenenure TONIMHY AWDIEKTPUKA KOHAECHCATOPA, 3JIEKTPOEMKOCTh KoToporo 1400nd,
TIOMA (b TIEPEKPHIBAIONINX APYT APYTa IIACTHH 14cM?, eCIi THAIeKTPUK-CITIOIA.

3apsin  KOHJIEHcaTopa 4-10" K, pa3HOCTh TOTEHIMAJIoB Ha ero oOkmaakax 500B.
Omnpenennure NOTEHUUATBHYIO SHEPTHIO KOHAEHCATOpa.

[Inomanp MaacTHHBI IUIOCKOTO BO3AYIIHOTO KOHJAEHCATOpa 60cm?, 3aps] KOHJEHcaTopa
18Kn, pa3HOcTh moTeHHUManoB MexAy ero miactuHamu 90B. OmnpenenuTs paccTosHHE
MEXy IIaCTUHAMH KOHJIEHCAaTOopa.

KakoBa €MKOCThP MNpPOBOAHMKA, IOTEHUIHAN KOTOporo wusmensercs Ha A@=20kB mnpu
coobmieHuu emy 3apsaa q=9uKn?

Omnpenenuts éMkocTh O0aTapen Cgar, eciiu KoHAeHCATOpHI ¢ EMKOocTIMU C1=5n®, C,=10nd

n C3=30n® coeauHWIM: a) TOCIEAOBATENbHO; 0) mapauienbHo. CXeMy COeIuHEHUS
KOHJICHCATOPOB HAYE€PTHUTb.

10. Tpu koHzaeHcaTopa coequHUIN napamiensHo. [Ipu atom ¢1=1,5MKk®D; c,=3MKD; cz=4MKD.
Hanpsioxenue B cetn U=220Bonbt. Kakoii 3apsi HakomieH BceMH KOHJieHcatopamu? Yemy

paBHa PHEPTHs BCEX KOHICHCATOPORB?
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KpaTkue Teopernyeckue cBeIeHHA:

Inekmpoémkocmo. Konoencamoput
DiekTpuueckas éMkocTh npoBoaHuka (C) — oTHomIeHUE 3apsaaa Q MPOBOAHUKA K €TI0
Q

norermuany ¢. |C=—| [c]=1 % =1®— apaa; EMKOCTb IPOBOHUKA 3aBUCHT OT:
4

1) ero pa3smepoB u (HOpMBI;

2) HaNU4uUs OKOJIO HErO APYTUX MPOBOHUKOB;

3) HaJIMYMs BOKPYT HEro JUAJIEKTPUUECKOM Cpe/ibl U €€ CBOMCTB.

. C =—=dng,e 1,
Emkocms wapoobpasnoco (chepuueckoeo) nposoonuxa m @

NPONOPYUOHANLHA €20 paouycy .

Konpaencarop — cuctema 1Byx NpOBOJAHHUKOB (0OKIIAZIOK), pa3AeN€HHBIX CII0OEM TUAIIEKTPUKA,
NpeAHa3HauYeHHas JUIsl HAKOTUICHHUS M XpaHEHUs 3aps/ia.

e EwmxocTs nnockozo xonnencaTopa (06KIaIKK — IUIOCKUE TIACTUHBI) ONPENEISIOT 110 (hopMyIIe:
& €S
d
HOCJIQIIOB?ITEJILHOQ COCIUMHECHUEC KOHACHCATOPOB — COCAMHCHUEC, ITPU KOTOPOM IIOCJIC 3apsAaAKU

C= , Tae S — miomans o0kanku; d — pacCTOSIHUE MEXIY OOKIIaIKaMHU.

OTPULIATENIBHO (TIOJI0KUTENBHO) 3apsKeHHast 00KJIaiKa MPebIAYIIero KOHIeHCaTopa COeIMHEHa ¢
MOJIOKUTETBHO (OTPULIATENBHO) 3apsHKEHHON 00K IKOM

TIOCIIEYIONIETO. P Py @5 D5 @ D5

‘ 0,0y

+
-+

Cl C2 C3 C4

Hapaﬂnenbnoe COCITMHCHME KOHACHCATOPOB — COCANHCHUE,

IIPHU KOTOPOM TIOCIIE 3aPSIKU BCE MOJIOKUTEITBHO 3apsyKEHHBIE " |
00KJTaIKu cCOOpaHbl B OJIUH y3€JI, BCE OTPUIATEIHHO .S |G, .G L|C,
3apsKEHHBIE — B IPYTOM. Q Q, Q, Q,
Com =C,+..4C " ]
6ar — l++ nl| nm C63T:ZCi
i=1

JHeprus 3J1eKTPUIECKOro moJis

3apPAXKCHHOT0 KOHIeHCaTOpa

O0bEéMHAasI NJIOTHOCTH JHEPTUHU NoJst (W) —
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otHouieHue >Heprun W noss k ero oosémy V. (w =

no

= wh e

<|s

] =125

M3

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

Beimmcats popMyIibl 110 MPORACHHOMY MaTepUaIy.

JlaTh XapaKTepUCTUKY (PU3NIECKUX BETUYHH U MX SAMHHI] U3MEPEHUS.

Pemnts 3a1a4u caMOCTOSITENTBHO.
KakoBa eMKOCTh MpPOBOJHHWKA, IOTCHIMAT KOTOporo wu3MeHsercs Ha 20kB mpu
coobmieHuun emy 3apsiaa 2uKn?
Ha ckonbKko yBEeTMYUTCS MOTCHIMAN IIapa paguycoM 2 CM IMPHU COOOIIEHUU eMy 3apsjaa
2uKn?
ITpu coobmenun npoBoauuky 3apsaa 0,2HKn ero morennman ysenuuwics Ha 400nB.
Omnpenenure IEKTPOEMKOCTb TPOBOIHHKA.
Ornpenenure TONIIMHY IUAJIEKTPUKA KOHACHCATOPA, SJEKTPOEMKOCTh KoToporo 1400nd,
IJIOLIA/Ib IEPEKPHIBAIOIIUX IPYT ApYyra MJIaCcTHH 16cM?, eci AUAICKTPHK-CIIO/IA.
3apssn  koHaeHcaropa 2MKi, pa3HOCT TOTEHIMAIOB HAa ero oOkimankax 220B.
Omnpenenure NOTEHUUATBHYIO YHEPTHIO KOHAEHCATOPA.
I170Mma1b TIACTHHBI TUIOCKOTO BO3LYIIHOTO KOHIeHcaTopa 20cM’, 3apsii KOHIEHCATOpa
2uK71, pa3HOCTh MOTEHIMANOB MEXIy ero miuactuHamu 4B. OmnpenenuTh paccTosiHHE
MEXy IJIACTUHAMU KOHJIEHCATOPA.
Ompenenuty Emkocth Oatapen Cgyp, €CIM  TpPU  KOHIEHCATOpPAa C  EMKOCTBIO

Sn®dcoenuHunu: a) TMoOcienoBarenbHO; 0) mapauienbHo.  CXeMy  COEIMHEHMS
KOHJIEHCAaTOPOB HAYEPTUTh.

Tpu xongeHcatopa c¢1=1,5Mk®; c;=3MKD; c3=4MKD. COECIMHMIN MAPAIETBHO.
Hamnpsbxkenne B cetm U=220Bonbst. Kakoil 3apsiq HakorjaeH BceMH KOHJAEHCATOpamu?

UYemy paBHA SHEPruUsi BC€X KOHJEHCATOPOB?

Xoa padoThi:

BaumarensHo IIpoOYnTaTh 3a4a4y, I[MPOAHAJIMU3UPOBATL YCJIOBUC, BBIACHUTH 00J1acTh
HeﬁCTBHSI QJICKTPHUYCCKOIO 3apsaa. BrimucaTh 4ncIOBBIC 3HAUCHUS 3aJaHHBIX BCIIMYHNH.

Crhenarb cXxeMaTUYECKUI YepPTEK, OTOOPAKAIOIINIA INEKTPUUYECKOE MOJI€ BKPYT MTPOBOAHHKA.
[ToacraBuTk B pacueTHbie (POPMYIIBI BMECTO 0003HAUECHUN (PU3MUECKUX BETMYMH 0003HAUCHUS
ux equnun B CH, mpousBectu mpeodpazoBaHusi U yOeAUTHCS, MOTYYArOTCS U B pe3yjbTare
€IMHUIIBI HCKOMBIX BEITUYHH.

[ToxcraBuTh B pacueTHbie (GOPMYIIBI YHCIOBBIC 3HAYCHUS (PU3MUECKUX BETUYUH U MPOU3BECTH
BbIYMCIeHHs. OIIEHUTh PeaTbHOCTh MOJIYICHHOTO pe3ysIbTaTa.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOTHEHHAs CaMOCTOSITENbHAs paboTa.

Kpurtepuu onenku: cm. crp. 90
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Tema 4.3. 3aK0OHELI HOCTOSIHHOI'O0 TOKA
IIpakTuyeckasi padora Ne 8
Pernenne 3axa4 mo teMe: «3aK0HbI MOCTOSTHHOI'O TOKA)
Hean:
1. TloBTOpUTH OCHOBHBIC TEPMUHEI B (POpMyIbI pazaena «[lapamMeTpsl AIEKTPUIECKOTO TOKAY.
2. CdopMupoBaTh yMEHHE IPUMEHATH (OPMYJIBI IIPU PEIICHUN 3a/1a4.
3. Pa3BI/IBaTb JJOIrN4Y€CKOC MBIIIJICHUC, ITIaMATh, BHUMAHHUC, yMeHI/IG paccyncz[aTL U BBIICIISTH
TJIAaBHOE.

4. Pa3BuBaTh HaBBIKM CAMOKOHTPOJIS U B3aHMOKOHTPOJIS.
Beinosnus patdory, Bel Oyaere:

YMETh:
- pemarhb 3aJ1a4u 10 3aKOHaM TOKa, KaK Ka4eCTBEHHOT0, TaK U pacueTHOI'O XapaKTepa.
MaTtepuajbHOe o0ecneyeHue:

-110CaI0YHBIC MECTA 110 KOJUYECTBY 00yUarOIInXCs;

- pa31aTOYHBINA MaTepUa ¢ 3aJaHUsIMHU;

- cCOOpHUKH 33719

-CIIPaBOYHbIC MaTCPUAIIBI

3ananue:

Pemuts 3a1aun

Kongnencarop émkoctsio 100Mk®d 3apsixaercs no HampsbkeHus 500 Boaer 3a 0,5c. Kakoso
CpelHee 3HaUeHHE 3apsAHOr0 ToKa?

CKOJIBbKO 2JIEKTPOHOB IPOXOAMT Yepe3 NMONEPEYHOE CEYEHNE TPOBOJAHMKA 3a 1HC IpU CHUJIEe TOKa
32MKA? (OtB.: 2-10°).

HaiiTn cKOpOoCTh yNOpsIOYEHHOTO ABUKEHMSI DJIEKTPOHOB B IPOBOJIE CEUECHHUS 5mm? IIpU CHJIE
Toka 10A, ecnmu  KOHIEHTpAIUS JJIEKTPOHOB TPOBOAUMOCTH 5-10 2 M3 (OtB.: 0,25- 10'3M/c).
HaliTu ckopocTh ynopsiiOYEHHOTO IBUKEHUSI DJIEKTPOHOB B MEIHOM IIPOBOJE CEUEHHUEM 25
MM npu cwie Toka S50A, cuMTas, YTO HA KaXKABIA aTOM MPUXOJIUTCS OJWH JJIEKTPOH

IMpOBOAUMOCTH.
O,ZII/IH IMMOJIFOC UCTOYHHUKA TOKa NPUCOCIUHHUIIN K BJ'IGKTpI/I‘IeCKOI\/’I JJaMIi€ MEIHBIM ITPOBOAOM, a
,Z[perﬁ moJIroC - QaJIOMHUHUCBBIM IIPOBOAOM TOro K€ JuaMeTpa. CpaBHI/ITB CKOpPOCTb

ynOpSII[O'-IeHHOFO JOBUXCHUS 3J'I€KTpOHOB B INOABOIALIINX HpOBO,Z[aX, cyurTasi, 4To Ha K&)K}IBIfI
aTOM MPUXOJUTCS OJIUH AIIEKTPOH MPOBOJIUMOCTH

Bo ckonpko pa3 M3MEHUTCS COMPOTUBIIEHNE TTPOBOTHNKA, €CITH €r0 CBEPHYTh MOMoam?
MenHblil U aTIOMHUHHEBBIM TPOBOJHUKH UMEIOT OJIMHAKOBBIE MAacChl U compoTuBieHusa. Kakoi
MPOBOJHUK JUIMHHEE U BO CKOJIBKO pa3?

. MoHO JI1 BKJIIOUUTH B c€Th ¢ HampsbkeHuem 220B peocrar, Ha koTopoM Hamucano: a) 300m,

5A; 6)2000 Owm, 0,2 A.
Haiitu cuny Toka B CTaIbHOM MpPOBOJHUKE JIMHOU 10 MeTpoB U ceueHuem 2 MMZ, Ha KOTOPBI
MOJIaHO HamnpspbkeHue 12mB.
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10. KakoBa Hanpsk€HHOCTb MOJISI B aIFOMUHUEBOM IIPOBOJHUKE cedeHHeM 1,4 MM IIpU CUJIE
Toka 1 Ammep?
Kpatkue Teopernueckue cBeJeHH:

duekTpudeckuii Tok. Hanpsxenue.

[Moaxmrounm npoBogHUK AB K akkyMynsiTopHO# Gatapee. A E@ B
o— E
B npoBojHMKE BO3HUKAET 3JIEKTpUUECKoe nojie E = % , KoTopoe .
- ot

JIBUKET AJIEKTPOHBI e OT noJitoca A K nonitocy B.

3JIeKTpI/I'IeCKI(II71 TOK — HAITPaBJICHHOC ABUXKCHUEC 3aPsXKCHHBIX YaCTHII IO ,HeﬁCTBHeM
SJICKTPHUYCCKOTIO ITOJIA.

VY ca0BuUS BOSHUKHOBEHHS JICKTPUICCKOTO TOKA!
1) Hamuume cCBOOOTHBIX HOCUTENICH 3apsia;

2) Hanu4ue 3IEKTPUIECKOro MOJIs.

1313

e DIIeKTpUYECKUI TOK MOTYT CO37aBaTh Kak HOCUTENH OAHOro 3Haka (“+ wiu ), TaK H
HOCHUTETH 000UX 3HAKOB.

e 3a HampaBl€HUE D3JIEKTPUUYECKOIO TOKAa IPHUHITO HANPABIEHUE JABWKEHUS HOJOMCUMENLHO
3apsOKEHHBIX YaCTHIL.

DJIeKTPUYeCcKoe HATIPSIZKEHHE MeKIY IBYMsl TOUKAMHU 3JIeKTpuyeckoi nenn (Hamnpspxerue) (U)

- pa60Ta o NECPEMECIICHUIO CIUHUYHOT'O ITOJIOKUTCIIBHOT'O 3apdaia U3 O):[HOI>'I HaHHOP’I TOYKHU B
JIpyTyIo.

U=

2 LB

Cuia Toka. Il1oTHOCTH TOKA

Cuaa Toka (1) — ckopocTh mpoxoxaeHus 3apsaa Q yepes MmornepeyHoe ceueHne MPOBOTHUKA.

I =1—=1A —ammep

_aQ K
= | (=17

e (Cuy TOKa U3MEPSIOT aMIIEPMETPOM.
IiioTHOCTH TOKA (j) — OTHOIIICHHE CHJIBI TOKA | K TUIONIAIU TOIEPEYHOTO CEUCHHUS S TIPOBOTHUKA

(H.IIOI_I_[a,Z[B CCUCHUA NCPICHAUKYIIAPHA K HAITPABJIICHUIO TOKa).

=g [j]=1M—

Bapsan  AQ, IPOXOIANIHI Yepe3 MONepeyHoe CEYCHHE MTPOBOIHIKA S 3a

BpeMs At, COCTOUT U3 3JIEMEHTAPHBIX 3aPsAI0B (, PACIOI0KEHHBIX
pPaBHOMEPHO 1O BceMy 00bEMY TTpoBOIHUKA V.

Torma AQ=qgN=qgnV=0gn-S-/,
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rae N — komruecTBo 3apsa0B ( B 3apsiae AQ;
N — 00BbEMHAsT KOHLIEHTPAIMS 3apsAI0B ( B IPOBOIHUKE;

¢ — niuna obnactu V.

rac vV — CKOpPOCTh HAIIPABJICHHOTO ABMXCHMUS 3apsI0B (] B IIPOBOAHUKCE,

] — BEKTOp, COHAMNPABJIEHHBIN C V.

HcTounuk 3JIeKTpI/I‘leCKOI7[ JHEPIruM — y4acCTOK IC€IIM, Ha KOTOPOM 3apsaabl ABUKYTCA MO
HeﬁCTBHeM CTOPOHHHUX CHIIL.

IloTpeduTeib 3JIEKTPUYECKOI IJHEPITUM — YYaCTOK 1EMH, HA KOTOPOM 3apsbl ABMXKYTCS MO
JEUCTBUEM CUJT AIEKTPUUECKOTO MOJIS.

Daexrpoasuxkymas cuia (C) ucrounnka (&) — oTHOIICHHE paOOThI CTOPOHHUX CHII Ay TIO
[IEPEMELEHUIO TI0JIOKUTEIBHOTO 3apsia ( O 3aMKHYTOW LIENU K BEIMUYMHE 3TOTO 3apsijia.

g= [5]:1&: 1 B — BosbT
K

I/IC ucmoynuxa Hado uzmepsamy npu Pa3oMKHYMOU Yenu Hazpy3Ku.

3akon Oma 1151 ydacTKa Henu

DJeKTpUUYecKoe conpoTuBienne npopoanuka (R) — BennunHa, XapakTepu3yromias CloCOOHOCTh
MIPOBOIHHUKA MPEMSATCTBOBATH MPOXO0KICHUIO TI0 HEMY JIEKTPUUECKOT0 TOKA.

—=R| [R]=1= =10m-om.

1

> | w

e 1 Om — conpoTuBIIEHNE IPOBOIHUKA, IO KOTOPOMY Ipy HanpspkeHuu 1 B Teu€r Tok B 1 A.
e ComnpoTuBIIEHUE IPOBOIHUKA U3MEPSIOT OMMETPOM.
3akon Oma 1151 y4acTKa LelNu: CUjla TOKA Ha YJacTKe LIEeTH MPsIMO MPOMOpIHMOHAIbHA

HAIPsXKCHUIO Ha KOHIIAX 3TOro ydactka u O6paTHO MponopuruoHajibHa €ro COImpPOTHUBJICHUIO.

I =

o

DeKTpUYecKasi MPOBOANMOCTH MPOBOIHUKA (J) — BETUUMHA, XapaKTEePU3YIOIIasi CIIOCOOHOCTh
MIPOBOJHHKA MPOMYCKATh ANEKTPUUECKUH TOK.

g=— [g]=lL =10M*'=CM-— cumeHc.
OMm

IlaneHue HaNpsiZKeHUsI HA y4yacTKe 1enu — npoussencuue | -R.
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e Hanpsxenne U Ha KOHIIAX yyacTKa LIENM paBHO NajeHuto HanpsbkeHus | R Ha HEM, ecin:

1) Ha yyacTke nenu HeT ucTOYHUKOB D/IC;

2) eqMHCTBEHHBIN pe3ysIbTaT IPOXOXKICHUS TOKA — HarpeBaHUE y4acTKa LEMH.

3akon OMa 1Jig Bced Henu

Cobepém 1enb U3 UCTOUHUKA £ C BHYTPEHHUM COMPOTHUBICHUEM I' 1 moTpedutens R

— NEKTPUYECKON SHEPTUU.
R o (V3
IT 3axon Oma 1151 Beeil Lenu: CUIIa TOKa B DJIEKTPUYECKOM LIENH <
N npsimo niponopuronansia 3/1C ucTouyHnKa U 00paTHO I = R+r
L=
A Te,r B IIPONOPLUOHAIEHA CYMME CONPOTHUBIICHUI UCTOYHHKA U

MOTpeOUTEIIsI.
Pe3ucTop — npoBOHUK, TpeTHA3HAUYCHHBIN TSI TPE0OpPa30BaHUs IEKTPUIECKON 7
SHEPrUU BO BHYTPEHHIOHO. R= Py

W3 onbITOB M3BECTHA 3aBUCHUMOCTD COIIPOTUBJICHUA R IMPOBOAHUKA IMTOCTOAHHOI'O CCYCHUA OT

Marcpuraiia, JJINHbI ! n IIomaay morIepeIHoOro CCYCHUs S:

rae p — Ko HULUEHT, 3aBUCIINIA OT MaTepHralia MPOBOIHUKA.

YeabHoe CONPOTUBJIEHNE MPOBOIHUKA () — CONPOTUBIICHHE TIPOBOIHUKA UTUHOM 1 M TIpH

norepedroM cedernn 1 M7 [p] = 1 OM-M.

e R 1poBOIHKKA 3aBUCHUT OT €ro reomerpuu (¢, S) u BerecTsa ().
3aBHCHMOCTDH CONPOTHBJIEHHS PEe3UCTOPA OT TeMIIEPATYPbI

TemnepaTypHblii K03 dUIIHEHT CONPOTUBJIEHUS () — OTHOIIIEHUE OTHOCHTEIBHOTO H3MEHEHUS

A
YACIBbHOTO COIIPOTUBJICHHUA ' K BBI3BABIICMY

Lo
[a] =1 rpaz(l UIH |p(t) =py(l+a- At)l,

rae p(t) — yaensHOe conpoTHBIeHue BemecTsa npu t°C.

€ro U3MEHEHUIO TeMIlepaTyphl At.

VYBenu4yeHue yJeabHOro COpOTUBIEHUS! METAILIMUECKOTO ITPOBOIHUKA C POCTOM TEMIIEPATYpPHI

OOBSICHSIOT BO3paCTaHUEM XaOTHYCCKOI'0 ABMKCHHUSA MOJICKYJT (aTOMOB) BCIIECTBA, YTO YBCIIMYNBACT

MPEIATCTBUC ITPOXOKACHUIO SJICKTPUYCCKOI'0 TOKA.

ConpoTHuBieHHE TPOBOAHUKA R = pé =pyl+a- At)é =Ry(l+a-Ar)

[R(®) = Ry(1+a-An)|

rae R(t) — conpoTuBIeHne npoBoaHIKa nIpu Temneparype t°C;

R — conpoTusienne mpoBoxunka npu t = 0°C.

1 _
e s YMCTBHIX METAIOB « ~ 273 oct,



ITopsinok BbINOJIHEHHSI Pa0OTHI:

1. BemucaTtb GpopMyIibl IO MPORACHHOMY MaTepUaIy.
2. JlaTb XapakTepUCTUKY (PU3NYECKUX BEJIMUYUH U UX €AUHUL] U3MEPEHHUS.
3. Pemmtb camocTOsTENHEHO 3aa4U:

1) KaGenb cocTOMT U3 JABYX CTaJbHBIX W ceueHreM 0,6 MM KaXKJasi, U3 YeThIPEX MEIHBIX KUJI
cedenneM 0,85 Mm® kaxnas. KakoBo najieHie HAIPSIKCHHS HA KaXIOM KHIOMETpE Kabes TpH
cwie Toka 1 Amnep? (OtB.: 133kB).

2) DieKTpUUECKYIO jaMity comportusienueM 240 OM, paccuntannyo Ha HanpsokeHue 120B, Hamo
IIUTaTh OT ceTu ¢ HampspkeHueM 220B, Kakoil 1iauMHbI HUXPOMOBBIN POBOAHUK ceueHueM 0,55
MMZ2 HaJ0 BKIOYUTh NOCIEI0BATENBHO € JAMIIOUYKON?

3) ConpotuBieHre 0OOMOTKH 3JIEKTPOMAarHHWTA, BBHIMOJHEHHOE M3 MEIHOW mpoBosiokH, mpu 20°C
Oob1o 2 OMma, a mocie JUIMTENbHON paboThl cTasio paBHO 2,4 Owma. Jlo kKakoil TeMriepaTypbl
Harpenach oomotka? (O1B.: 53°C).

4) Compotusienue BosbhpamoBoro npoBogauka mpu 20°C 6buto paBHO 80M. Omnpenenuts ero
conpotusienue mpu -40°C, ecnu 0=5-10-3 rpan'l. (OtB.: 58 Om).

5) Haiinute TOK KOPOTKOTO 3aMbIKaHUs B ceTH ¢ ucTodHHKOM, eciu DJIC pasHa 1,3B, a npu
BKJIFOUEHUHU BO BHEUIHIOIO LIENIb PE3UCTOpa CoNpoTuBiieHne paBHO 30M, cuiia Toka B uenu 0,4A.
(OtB.: 5,2A).

6) Mcrounnkom Toka B 1enu ciayxut 6arapes ¢ DJ1C 30B. Hanpsokenue Ha 3axumMax O6arapen 18B,
a cunma Toka B uenu 3 Awmmepa. Omnpenenute BHEUIHEe U BHYTPEHHEE COMPOTUBIICHHS
anektpudeckoit renu. (O1B.: 60M; 4 Om).

7) NmeroTest aBe TaMiibl Ha HanpspkeHue 127B, o7Ha U3 KOTOPBIX paccyrTaHa Ha MOITHOCTH 60 BT,
a apyras Ha 100Bt. ConporuBiieHne Kakoi JlaMIibl OoJibie U BO cKoibko paz? (OtB.: RI>R2 B
1,7 paz).

Xon pa6oTsi:

1. BHuMarenbHO MNPOYMTATh 3a7adyy, HPOAHAJIM3UPOBATh YCIOBHME, BBIICHUTH HCCIEyeMble
napaMmeTpsl. Beinucars 4YicioBble 3HAYEHUS 3aJJaHHBIX BEJIUYMH.

2. TlogcraBuTh B pacdeTHbIe (GOPMYIBI BMECTO 0003HAYCHHN (DU3NYECKUX BEIMYMH 0003HAUCHHS
ux equnul B CU, mpousBectu mpeoOpa3oBaHusi U yOSAUTHCS, MOJYYAOTCS JIU B pe3yJIbTaTe
€IMHUILIBI HICKOMBIX BEJTUYHH.

3. IloacraBuTh B pacyeTHble (POPMYIIBI YUCIIOBBIE 3HAYEHUSI (PU3MUECKUX BEJIMYUH U MPOU3BECTU
BbIYHCcIeHU. OLIEHUTD PEaTbHOCTh MOJyYEHHOTO PE3YJIbTaTa.

®opma npeacTaBieHus pe3yJbTaTa: BHIIOIHEHHAS CaMOCTOsITeIbHAs padoTa.

Kpurtepuu ouenku: cm. crp. 90
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Tema 4.3 3aK0HLI MOCTOSTHHOI'O0 TOKA
IpakTnyeckas padora Ne 9
Pemenue 3aga4 no reme: «Bujabl coeinHeHus MIPOBOTHUKOB»

Hean:

1. TloBTOpUTH OCHOBHBIE TEPMHUHBI H (HOPMYJIBI pasnena «Buasl coeMHEeHNs! IPOBOAHUKOBY.

2. CdopmupoBaTh yMEHHE IPUMEHATH (HOPMYJIbI IIPU PELICHUH 3a/1a4.

3. PasBuBath normdeckoe MBIIIJICHUE, [TaMATb, BHUMAHHUC, YMCHUC PACCYXKIATh U BBIACIATH
IJIaBHOE.

4. Pa3BuBaTh HaBbIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.

Beinosnus patdory, Bel Oyaere:

YMETb:

- pemaTh 3aJ1a4M 10 KHHEMATUKE, KaK KaueCTBEHHOT0, TaK M pacYeTHOTO XapaKTepa.
MartepuajibHoe obecriedeHmne:

-MI0CaI0YHBIE MECTa MO0 KOJIMYECTBY OO0 YyJaArOIINXCS;

- pa3IaTOYHbBIN MaTepua C 3aJaHUsIMU;

- cCOOpHUKH 33719

-CIIPaBOYHBIC MaTePUAIIbI

3ajanue: pemIuTh 321a41

1. Bocemb pe3ucTOpPOB IO [JBa IIOCIEIOBATEIIBHO COEIMHWIM B 4 mapasiesibHble BETBH.
ComnpotuBienue kaxaoro pesucropa 4 Om. Haiitu o0111ee conpoTHUBIIEHHE BCEX PE3UCTOPOB.

2. BoceMb pe3ucTOpoB 10 4 mocieoBaTelbHO COSIUHUIN B 2 MapajuieabHble BeTBU. OnpenenuThb
oO11ee COnMpOTUBIIEHUE BCEX PE3UCTOPOB, €CITH COMIPOTUBIICHHE Kaxa0ro pesuctopa 20 Om.

3. IBa mpoBoaHuka comnpotuBieHueM 2 Om u 3 OM coenuHeHsl mocienoBaTenbHo. Cuna Toka B
uenu 1A. OmnpenenuTb CONPOTHUBIIEHUWE BCEW IENM, HANpsHKEHUE Ha KaKJOM IPOBOJAHHMKE U
IIOJIHOE HAIIPSKEHUE BCErO yJacTKa LIETH.

4. llenb cOCTOMT W3 JBYX IIOCJIEIOBATEIbHO COEAMHEHHBIX MPOBOJAHUKOB, CONPOTHUBIICHUE
koTopbIX 4 1 6 OM. Cuna toka B nenu 0,2A. Haiinure HanpspkeHUE Ha KaXI0M U3 IIPOBOJIHUKOB
1 00111ee HATpsIKEHUE.

5. JIBa mpoBonHuka compotusieHueM 10 u 15 OM coearHeHbl MapaiieIbHO U MOJKIIOYEHBI K
HanpspkeHuto 12B. Onpenenute o0111yto CHITy TOKa U CHITY TOKa B KaXKZIOM ITPOBOHHKE.

6. Tpu norpedutens conpotusienueM 20,40 u 24 Om coenuHeHsl napajuienbHo. Hampsikenue Ha
KOHIIaX 3TOTo y4dacTka 1enu 24B. Onpenenure cuily TOKa B KaXJI0OM IMOTpeOHUTENe, OOIIYIO CHITY
TOKA B LIEMM ¥ COIIPOTUBJIEHHUE BCEU LIEMH.

Kparkue Teopernyeckue cBeieHU:

IlociaenoBareibHOE COETUHEHHE NMPOBOIHUKOB

U U U
IMocaenoBaTenbHOE coeJMHEHHNE MPOBOAHUKOB — COS/ITUHEHUE, IIPU KOTOPOM f—21 |L 2 |J4 SEN|
MPOBOJHHUKH 00pa3yrOT EAMHYIO LeTlb, pa3MbIKaHHE KOTOPOil B 1I000M MecTe n R R
NPUBOJIHAT K MPEKPAIIIEHHUIO TOKA BO BCEH LETIH. 1 2 8
[i
U
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[Ipu mocnea0BaTeI-HOM COSTUHEHUH TIPOBOIHUKOB:

n
U=U;+..+U, Uu=>U,
i=1
I = const WA I= const
n
R:R1+...+Rn R:ZRi I, R,
I, R,
=1 +—
MapaJiesbHOE cOeJUHEHHE IPOBOIHUKOB
u
Hapa.lmenbﬂoe COCIUHCHUE TPOBOAHHKOB — COCAUHCHHC, IIpU
KOTOPOM Hadajia BCE€X IMPOBOIHUKOB co6paHH B OOWH y3€JI, KOHIIBI — B ) ('_3 |:|R3 |
JIpYyrofi, W OTKIIOYCHHE OT 3JCKTPHYSCKOW IIeNM J00ro W3 3TUX 'l N
IMPOBOJHMUKOB HE NPHUBOJAUT K OTKIIIOYCHUIO OCTAJIbHBIX. ! I
ITpu mapannenbHOM COEAMHEHNH MPOBOJHUKOB:
U = const U= const
n
I=Il"'- +|n WA |:Z|i
i=1
1 1 1 1 11
—=—+..4+— —=) —
R R Rn R TR
CmellaHHOe coeguHEeHMne NPOBOAHMUKOB
CoeduHeHue pe3ucmopos
v V
lNMocnedosamenesHoOe COeOUHEeHUEe lMapannensHoe coeGuHeHue
R1 R2 R3 R4 R1 R2 R3 R4
— .| b — -

HpI/I pacqéTax SJICKTPUYCCKUX Lenei HCO6XOI[I/IMO 3HATbh 3aKOHBI MapaJlJICJIbHOI'0 U
MMoCJICA0BATCIIBHOTO COCAUHCHH A ITPOBOIHUKOB.

ITopsinok BbINOJHEHHS PadOTHI:

=

Beimucats Gpopmysibl o Mo IEHHOMY MaTepHay.
JlaTh XapakTepUCTUKU (PU3NUECKUX BETMUMH U UX €AUHUL] U3MEPEHMUS.
3. Pemmurs 3amaun NeNel- caMOCTOSITENIBHO:

N

Xon padoTsri:
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1. BHuMaTenbHO MpOUYMTATh 3a/ady, MPOAHATM3UPOBATH YCIOBHE, BBISCHUTH BHUJ COCIUHEHHS
PE3UCTOPOB, HAYEPTHTH DIIEKTPHUUYECKYIO CXeMy. BhImmcaTh YUCIOBBIE 3HAUCHHS 3alaHHBIX
BEJTMYHH.

2. IloncraBuTh B pacueTHble (GOPMYJIbI BMECTO 0003HAUYCHHI (PU3MUECKUX BEIMYUH 0003HAYCHUS
ux enunun B CU, mpousBecTu mpeoOpa3oBaHusi U yOSAWTHCS, MONYYAIOTCS JIM B PE3yNIbTaTe
€IMHUIIBI HCKOMBIX BEJIUYHH.

3. Hemy paBHO OOIIjee CcOoOIOpOoTHBJIEHHEe ydJacTKa, Hh300pa-
PHeHHOI'O Ha pPHMCcyHKe, ecoim 2, — 60 Om, Rs — 12 Onma,

4. TloacraBuTh B pacyeTHbIe (HOPMYIBI YHCIOBBIC 3HAUCHUS (PU3NUECKUX BETUYMH U MPOU3BECTU
BbIYMCIeHHs. OIIEHUTh PeaTbHOCTh MOJIYYCHHOTO pe3ysibTaTa.

) . T 2
2 1 2208 T
WA WA
0.1A >
4|:|—‘ —__1 ' |
L
10 Om 50 OmM 60 OM
3 20 OMm 150 T * * *
20 Om 2 A
A
L i A
& & [ (A
10 B 2 10 Om >

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOTHEHHAs CaMOCTOSITENbHAs paboTa.

Kpurepuu onenku: cm. crp. 90
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Tema 4.3 3aK0HBI IOCTOSAHHOI'0 TOKA
IIpakTuuyeckas padora Ne 10

Pemenue 3aga4 mo Teme: «CMmemanHoe COCAUHCHUEC ITPOBOJIHUKOB»

Hean:
1. TloBTOPUTH OCHOBHBIE TEPMHUHBI K (POPMYIIBI pa3jiena «3aKOHbI IOCTOSHHOTO TOKa.
2. CdopmupoBaTh yMEHHE IPUMEHATH (YOPMYJIbI IIPU PELICHUH 3a/1a4.
3. PasBuBarh 10ruuecKoe MBIIIJICHUEC, ITaMATh, BHUMAHUC, YMCHUC PACCYKIAaTh U BBIACIIATH
IJIaBHOE.
4. Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.
Beinosnus patdory, Bel Oyaere:

YMETh:

- pelarth 3aJa4M Ha PacyCT IJICKTPHUCCKUX IIeTIeH
MarepuanabHoe odecrneyeHue:

-TI0CaI0YHBIC MECTA MO0 KOJUYECTBY O0yUJaIONITUXCS;
- pa3gaTOYHBIA MaTepUa C 3aJaHUSIMU;

- cOOpHUKH 3a/1a4

-CIIpaBOYHbIC MaTCPHAJIbl

3ananmue:
R,=20m /

R1=10M R3=30M Roﬁu_,'z?

/ R;=40m

2. Jlecatb pe3UCTOPOB COEAMHWIM MO JBa
MIOCJIEIOBATEIbHO B MATh  NApaJUIEIbHBIX
BerBel.  Haueptute  cXeMy — coeauHEHHs.
Onpenenuts ob1Iee COMPOTUBIEHUE PE3UCTOPOB,
€CJIN KaKIbI PE3UCTOP UMEET CONPOTUBIICHUE 2
Om.

3. Haiitu MIOJIHOE COIPOTUBIICHUE R,

anekTpuyecko menu  (cM.  puc.l), ecau R,

BHYTPEHHEE COIPOTHUBIEHUE HCTOYHMKA TOKa 1

OM, a CONpOTHBIIEHHSI OPYIMX YYACTKOB LIETH :Ii

COOTBETCTBEHHO paBHbl 4,3,12 1 6 Om. Puc.1

R1

Rs
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Kparkue TeopeTnueckue cBeIeHHA:

CoeduHeHue pe3aucmopos |

Vv Vv
lMNMocnedosamensHoe coeSuHeHuUe MapannensHoe coeduHeHue
R1 R2 R3 R4 R1 R2 R3 R4
— L ] e |
Vv

CmewaHHoe coeduHeHue

http://www.el-inf

HpI/I pacqéTaX QJICKTPHUUYCCKUX uenel‘/i HCO6XOI[I/IMO 3HATb 3aKOHBI IMApaAJUICIIBHOTO U
IMOCJICA0BATCIIbHOI'O COCAMHCHUS ITPOBOJHUKOB.

HpI/I pemicHuKn 3aJa4 Ha CMCIIAaHHOC COCIMHCHUC IIPOBOIHUKOB OOBIYHO COCTaBJIAIOT TakK
HAa3bIBACMBIC 3KBHUBAJICHTHBIC CXEMBbI, BBIACIAA YYACTKU C IOCICAOBATCIBHBIM U IIapAJUICIIbHBIM
COCIUHCHUECM.

[Ipumep 1.

COHpOTI/IBHeHI/Ie R1,2 3aMCHUIIO BBIﬂGHGHHBIfI yY4aCToOK 0O€ru, B KOTOpOM JABa IIPOBOJHHKA
COCAUHCHBI ITapaJlJICIIBHO.
Torna MBI MOXEM HaHTH COIMPOTUBJICHUEC OJOTOIO YydYacTKa C TMapajjiCJIbHbIM COCIHUHCHUCM

IMPOBOAHUKOB:
R,R, 6-12

Riz "R, +R, 6+12
A Temepb BUAHO, 4TO MPOBOIHUKH R1 2 1 R3 coennuens nocienoBatensHo. OOIee cCOnpoTUBICHHE
paBHO R=Ri,+R3=4+2=6.
[pumep 2.
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B naHHOM ciydae HY»KHO pa3BEpPHYTb CXEMY, IBUIasChb OT TOYKU K TO4Yke. BunHo, 4t0o B TOuke b
cXeMa pa3BeTBIsIETCs, a B Touke B BeTBu coenuustorca. Takum oOpa3oM, S5KBUBAJIECHTHBIE CXEMBbI

OyIyT UMETh BUJI:

Ry Rs R4

I = I ——

Rz, R3 u R4 coequnens nocienoBatensHo. [Toatomy Ro34 =R+ R3+ Ry =1+10+1=12
R234 1 Rs coenunens! napaiensHo. [ToaTomy

R, 3 4Rs 12 -8
Ry..+Rs 12+8
W B mociieqHelt cxeMe MpOBOAHUKHN COSIUHEHBI MmocieaoBarebHo. R = Rys+ Rj+ Rg=1+4,8 + 1
=6,8.

R

A = =
= *

Ilopsinok BbINOJTHEHHS Pa0OTHI:

1. BsinucaTth popMyIibl 10 NPOMIEHHOMY MaTepUay.
2. JlaTh XapakTepUCTUKH (PU3NYECKUX BETUYMH U UX €AMHUL] U3MEPEHHS.
3. Pemmrs 3amaum NeNel-4 camoCTOSATENBHO:

1.
R2=6 Oom
R06u.|,=?
R
i Ri=R,=R3=8 Om; R,;=12 Om __°
. ~ Rs=R¢=40 O
R2 Rq | 5=Re= M
I —
Ro6u.|,= ?
R3 Re
3
R, =8 Om
Rl =16 Om R3 =16 Om U06Lu|=22

)
R, =30m logw=



Xox padoTbI:

1. BHuMarenpHO MPOYMTATh 3a/ady, MPOAHATU3UPOBATh YCIOBHE, BBIACHUTH BHJ COCAMHCHHUS
PE3UCTOPOB, HAYEPTHUTH AIEKTPHUECKYIO CXeMy. BhImucarh 4HCIOBbIE 3HAYCHHS 3aJJaHHBIX
BEJINYUH.

2. llogcraButh B pacueTHble (HOpMYyIbl BMECTO 0003HAUCHUH (HU3MUECKUX BEITHYUH
o6o3Hauenus ux eauuun B CH, npoussectu npeodpa3oBaHus U yOSIUTHCS, MOTYJalOTCs JH B
pe3yabTaTe eIUHUIBI HCKOMBIX BEJTUYMH.

3. [loncraButh B pacyeTHble (OPMYIBI YHUCIOBbIE 3HAYCHUS (U3NYECKUX BEIWYMH |
MIPOU3BECTH BbIUMCIIEHUS. OLEHUTH PEATbHOCTD MOJTYYEHHOTO PE3yibTaTa.

(I)opMa NMpeacTaBjJdcHusd pe3yjabTaTa: BbIIIOJIHCHHAA CaMOCTOATCIIbHAA pa60Ta.

Kpurtepun onenku: cm. ctp. 90
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Tema 4.3 3aK0HBI IOCTOSAHHOI'0 TOKA
IIpakTnueckas padora Ne 11

Pemenne 3ana4 no reme: «Padora toka. TensioBoe geiicrBue Toka. 3akoH Jxoysi-
Jlenma»

ean:

[ToBTOPUTH OCHOBHBIE TEPMUHBI U (HOPMYIIBI pazjiena «3aKOHbI IOCTOSHHOTO TOKay.

CdopmupoBaTh yMeHHE TPUMEHSTH (POPMYJIBI IPU PEIICHUH 3a]1a4.

3. Pa3BuBaTh JloruyecKkoe MbIILUICHUE, TaMATh, BHUMAaHUE; YMEHUE PACCYKJATh U BBIICTAThH
TJIaBHOE.

4. Pa3BuBaTh HABBIKU CAMOKOHTPOJISI U B3aUMOKOHTPOJISL.

Bbinosinus padory, Bel Oyaere:

N

YMETb:

- pewmaTh 3a/Ja4dl MO TEIUIOBOMY JIEHCTBUIO TOKA, KaK Ka4yeCTBEHHOTO, TaK M PacueTHOTrO
Xapakrepa.

MaTtepuajbHoe o0ecneyeHue:

-110CaI0YHBIC MECTA 110 KOJUYECTBY 00yUarOIInXCs;
- pa31aTOYHBIN MaTepHa C 3aaHUIMHU;

- cOOpHUKH 3319

-CIIPaBOYHbIC MaTCPUAIIBI

3ananue:

1. MouHocth 3nektpudeckoro yriora 1 kBt. KakoBo ero compoTuBieHue npu BKIIOYEHUH B
ceTb ¢ HanpspkeHneM 220B?

2. ComporuBienne pesuctopa 440 Owm, Hampsbkenwe B nenu paBaHo 220B. Omnpenenuth
MOIIHOCTb TOKA.

3. Ilo npoBoguuky compoTuBieHneM 200M 3a 5 MHHYT MPONUIO KOJIWYECTBO SJIEKTPUYECTBA
300 Kn. Beraucnute paboTy TOKa 3a 3TO BpeMsl.

4. B cerb ¢ HampsbkeHueM 220B BkitoueHbl mapayuieIbHO OJUHAKOBBIE JIAMIIOYKH C
conporuBieHneM 484 Owm kaxnad. CKOJIbKO JaMIOYEK BKJIKOYWIN B CETh, €CIM OHH
noTpebssAoT MomHocTh 800 B1?

5. I'anbBannveckuit 3nemeHtT ¢ 3JIC 6 B u BHyTpeHHUM conportuBieHneM | OM 3aMKHYT Ha
conporuBieHne S5 Owm. Kakoe KOJWYECTBO TEIUIOTHI BBIICIUTCS HAa TMPOBOJHUKE U
BHYTPEHHEM COIpoTHBIIeHuH 3a 10 c?

6. DJIC ucrounuka snekrpuueckoit sHeprun pasHa 100 B. Ilpu BHemHeM compoTtuBieHnu 49
OMm cuna Toka B nenu 2 A. HaliTu najieHrue HanpsKeHUs

BHYTpPHU UCTOYHHKA U €T0 BHYTPEHHEE CONPOTHUBIICHUE. R1 R2
7. Axkkymymsatop ¢ OJC 6 B u  BHyTpeHHUM =
conporuBieHneM 0,1 OM mnuTaeT BHENIHIOW LEMb
conpotusieHueM 12,4 Om. Kakoe Koam4ecTBO TETUIOTHI R3 R4
BBIZIETATCS 32 BpeMs 10 MUHYT BO Bcel 1ienu? <

8. Ha kakoM u3 cONpOTUBICHHWA OYyIET BBIACIATHCS
HanOOJIbIIIee KOJIMYECTBO TEIJIOTHI B €AMHHUIYY BpemeHH, eciu Rij=4 Owm; R,=2 Owm; R3=1
Owm; Ry=2 OM?
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9. Ilpu peMOHTE 3NMEKTPOIUIUTKU €€ criupaib yKopoTwin Ha 0,2 nepBoHadanbHOH 1muHbL Kak
IIPU ATOM U3MEHUTCSI MOIIHOCTh TUIUTKH?
Kpatkue Teopernueckue cBeJeHH:

Pabora u MOIIHOCTD MOCTOAHHOI'O TOKA. 3akoH I[)lcoynﬂ—JIeHua

[Tycth mon neiicTBHEM AJIEKTPUYECKOro TOJst 3apsin AQ 3a Bpemsi At mpomén dyepe3 pesucrop R.
Pa6ora momst A = AQ-U (1.5.1.1.13), rne U — Hanpsikenne Ha pesuctope. 13 U = R u Aq = IAt =

|A=12-R-Atl; [4=1-U- AN [4]=1 JIx.

L4 Pa60Ty ot A 1o MNEPEMECIICHUIO 3apsaaa IIPHUHATO Ha3bIBaTh pa60T0fI TOKa, a MOIIHOCTB ITOJIsA
P — MomiHOCTRIO TOKA.

2

_A4 2. —7 U -
p=2 = lp-r Al =T} | [P]=1Br.

R

Jbxoyne 1 Omuie Xpuctuanosuu Jlenn (1804-1865, Poccust) skcnepuMEHTanbHO YCTaHOBHIIN
3aBUCHMOCTh, U3BECTHYIO Kak 3aKkoH Jlkoynsi—J/leHma: eciu Ha ydacTKe IIENM BCS dHEPrus TOKa
MEPEXOAUT BO BHYTPEHHIOIO DHEPTUIO0 MPOBOJHHMKA (HE COBEpIIACTCS MeXaHWYeckas paboTa), TO

KOJIMYECTBO TEIIOTHI, BBIACIUBIICECS B IPOBOAHUKE: |Q =/ . R-M

Ilopsinok BbINOJTHEHHS Pa0OTHI:

1 BeinucaTs GpopMyIibl 110 MpoiAEHHOMY MaTepuay.

2. JlaTh XapakTepuCTHKH (PU3UUCCKUX BEMYHMH M UX SAMHULl U3MEPEHHSL.

3 Pemmuts 3agaun NeNel-5 camocTosTenbHO:

1)  OmnpenenuTh CONMPOTUBICHUE AIEKTPUIECKOTO MasiIbHUKA MOIIHOCTHIO 300 BT, BKITIOUEHHOTO
B ceThb HanpsbkeHuem 220 B.

2)  Ilo mpoBomHuKy compotusieHueM 20 OM 3a 5 MUH MPOIIO KOJIUYIECTBO dJekTpryectBa 300
K. Beruncnuts paboTy TOKa 3a 3TO BpeMsl.

3) CKOJBKO DICKTPOHOB TMPOXOAUT KXY CEKYHAYy 4epe3 TIONepeyHoe CEeuYeHUe
BOJIb()PAMOBOM HUTH JaMIIOUYKH MOILIHOCThIO 70 BT, BKJIIOUEHHOW B CeTh C HaIpsDKEHHEM
220B?

4) OHpeI[eJ'H/ITB CTONUMOCTD 3HeKTqueCKOﬁ OHEpPTHH, HOTpe6ﬂHeM0ﬁ JIaMIIOH MOIIIHOCTBIO 100
6

Bt 3a 200 1 ropenus (k =0,04 ﬁ

5) Kakoe compoTuBieHue HyHO BKJIIOUUTH B ce€Th ¢ HanpsbkeHueM 220 B, yToOsl B Hem 3a 10
MUHYT BbIAETUIOCH 66 KJ[>K TEroThI?

Xox pabdoThr:

1. BHuMarenbHO MPOYMUTATH 3a7ady, MPOAHAIU3UPOBATH YCIOBUE, BBIICHUTH 3aKOHBI
ANEKTPUYECKOTO TOKA, KOTOPBIM MOJAYMHAETCS U3MEHEHUE MapaMeTpoB. Brimucars yncioBbie
3HAYEHUS 3aJaHHBIX BEJTUYHH.

2. lloacraBuTh B pacueTHble (OpMYJBl BMECTO 0003HAUYEHUH (U3MUECKUX BEITHMUYUH
obo3HaueHus ux enuHul B CH, mpousBecTH npeodpa3zoBaHus U yOeIUThCs, MOITY4alOTCs JI B
pe3yJIbTaTe €ANHULIBI HICKOMBIX BEJTMYHH.

3. lloacraBuTh B pacueTHble (QOPMYJIBI YHCIOBbIE 3HAYEHUS (PU3UUECKUX BEIUYMH U
MIPOU3BECTH BblUHCIEHUS. OLIEHUTh PEaTbHOCTD MOJYYEHHOTO pe3ybTara.
dopma npeacTraBJieHus pe3y/bTAaTa: BHIIOJIHEHHAs CAMOCTOSITeNIbHAs padoTa.

Kpurtepuu onenku: cm. crp. 90
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Tema 4.5. MaruuTHoe moJjie

IIpakTuyeckasi pa6ora Ne 12

Pemenue 3aga4 no teme: «MarauTHoe 1moJie. CI/I.]'ILI, ):[ei/JICTBYIOIIIHe B MArHUTHOM I10J1€
Ha MPOBOIHUK U 3.]'[eKTpI/I‘leCKI/II71 3apdaa»

esab padoThi:
1. PaciimpuTh 3HAHMS Y4YaIIUXCS O MAarHUTHBIX B3aUMOJACHCTBHAX, pa3BUBATH YMEHHUS
0000111aTh, CPAaBHUBATH, UCIIOJIB30BATh MOJYYCHHBIC 3HAHUS NP PEILICHUH 33]1a4.
2. IToBTOpUTH OCHOBHBIE TEPMUHBI U (HOPMYIIBI pazena « DIEKTPOMAarHUTHBIC SBICHUS.
3. CchopmupoBaTh yMeHHE IPUMEHATH (OPMYIIBI TP PEILICHUH 3a]1a4.
Boinosinus padorty, Bel Oynere:

YMETb:

- pemarth 3a1a4u Ha (POPMYJIbI HANPSHKEHHOCTH, MATHUTHOW WHIYKIIMH, MAarHUTHOTO ITOTOKA.
- IPUMEHSTH MPABKJIO JICBOM M MTPABOM PYK JUIs onpenerneHus cuil Amrepa u Jlopenia.
- pemarh pacyeTHbIC 33aun Ha (hopMyy cuiibl Amnepa u JlopeHna.
MartepuanabHoe odecneyeHue:
-110CaI0YHBIEC MECTA 110 KOJUYECTBY 00yUarOIINXCs;
- pa3IaTOYHBINA MaTepHa ¢ 3aJaHUsIMHU;
- cOOpHUKH 337124
-CIIPAaBOYHBIC MaTCpHaJIbI
3ananue:

Pemuts 3agauu:

1. IlpsmonuHeHbI MPOBOAHUK MIMHOW 10 cM HAXOAMTCS B OJAHOPOJHOM MAarHUTHOM TOJE C
nHaykuuen 4 Ti u pacnonoxeH nojJ yriaiom 30° BEKTOPY MarHUTHOM MHAYKUMU. YeMy paBHa
cuia, JEWCTBYIOIIAs Ha IPOBOAHUK CO CTOPOHBI MAarHWUTHOTO IIOJS, €CJIIM CHJIa TOKa B
poBoAHUKE 3 A?

2. DIeKTpOH, TPOUIS YCKOPSIONIylo paszHocTh moreHnuanoB U=400B, moman B OJHOPOIHOE
MartuTHoe nojue ¢ uaaykuueit B=1,5 Tn. Onpenenuts: 1) pannyc R xpuBu3HbI TpaekTopuy; 2)
4acTOTy BpalleHUsl JJIEKTPOHA B MAarHUTHOM IOJ€. BEKTOop CKOpPOCTH 3JIeKTpoHa
MEPIEHIUKYIIAPEH JINHUSAM UHAYKLIHH.

3. TIpoToH CO CKOPOCTHIO 2 10" m/c BreTaer B OJIHOPOJHOE MarHMWTHOE MoJe ¢ UHAYKIuen 8 T
I10J{ yTII0OM 45° k miHIAM uHAyKuuu. Halitu cuny, A€CTBYIONTYIO Ha IIPOTOH.

4. TIpsMOIMHENWHBIH MPOBOAHMK JUIMHOM 15 CcM HaXxoAWTCS B OAHOPOJAHOM MAarHUTHOM IOJE C
nHaykuuen 4 T v pacronoxeH 1noj yriaiom 60° k BEKTOPY MarHUTHON MHAYKIuU. Yemy paBHa
CWia, JEHCTBYIOLAs Ha IPOBOAHMK CO CTOPOHBI MAarHUTHOIO TIOJS, €CIM CHJIa TOKa B
MpoBOJIHHUKE 2,5 A?

5. 3apsokennslii mapuk maccoit 0,1 mr u 3apsmom 0,2 MKn Bieraer B 00J1aCThb OZHOPOJHOTO
MarHuTHOro mojsa wuHAaykuuen 0,5 Tin, umes wumnynsc 6 10 krm/c, HaIMpaBJICHHbBIN

44



NEPIECHANKYIISIPHO JUHHUSAM MarHuTHOM uHaykiuu. C kakoil cuioil Oymer neicTBOBAaThH
MAarHUTHOE T0JIE Ha 3apsHKEHHBIN apuK?
OTBETUTH Ha BOOPOCHI TECTA:

1.Ucmounukom macHummno2o nos A61A0mcs (A6151emcs). ..
1) aBrKyIIMECs ANEKTPUUECKUE 3apsiibl;
2) 3apspKCHHBIM TEHHUCHBIN 1IApUK;
3) MoJI0COBOM MarHur.
2.0buapysicums MacHUMHOE Noae MONCHO NO...
A) 1o 1eicTBHIO Ha 000U MTPOBOIHHUK;
b) nelicTBuIO Ha IPOBOJHUK, IO KOTOPOMY TE€UET IEKTPUUECKUHN TOK;
B) 3apskeHHBIN TEHHUCHBIN 1IApUK, TOABEIIEHHbIM Ha TOHKOW HEPACTKUMON HUTH;
I') Ha OBMOKYyILMECS ANEKTPUUECKUE 3aps/Ibl.
1)Aub,2)AuB,3)buB,4)bul.
3.3akonuumo gpasy: «Ecnu snexkmpuueckuii 3aps0 HenoosUdICeH, mo 80Kpy2 He20 Cyujecmeyem...
1) maruutHoe nosne,
2) sneKTpUYecKoe Moe,
3) BAEKTPUYECKOE M MATHUTHOE TIOJIE.
4. 3axonyums ppasy: «Ecau snekmpudeckuii 3apsao 08UNCEMC, MO BOKPY2 HE20 CYyujecmeayem...
1) MmarauTHOE TIOJIE,
2) sneKTpUYecKoe MoJe,
3) BAEKTPUYECKOE M MATHUTHOE TIOJIE.
5.3akoH4uTh ppazy: «BoKpyr mpoBOJHUKA C TOKOM CYIIECTBYET...
1) marauutHoOe nosne,
2) sneKTpUYecKoe Moie,
3) BAEKTPUYECKOE M MATHUTHOE TIOJIE.
6. Kakue cunvl nposgnaiomes 60 63aumooeticmsuu 08yx npo8OOHUKOE C MOKOM?
1) cuibl MarHUTHOTO TOJIA,
2) CUJIBI JIEKTPUYECKOTO TOJI,
3) CUJIBI TPABUTAIMOHHOTO TOJISI.
7. Kaxue ymeepowcoenus sagnaomcs eepuvimu?
A) B npupoje cymecTByIOT 3IEKTPUUECKUE 3apsiIbl.
b) B npupoze cyiiecTByroT MarHUTHbIE 3apsi/Ibl.
B) B npupose He cyliecTByeT 3JIeKTpUYECKUX 3apsAI0B.
I') B npupose He cyniecTByeT MarHUTHBIX 3apsi/i0B.
1)Aub,2)AuB,3)Aul,4)b,Bul.

Kparkue Teoperudyeckue cBeleHUs:
F

BeKkTop MarHuTHON MHAYKIIWH: B = A

HanpsikeHHOCTh MATHUTHOTO TTOJIS: llsina

Ecn U - B 10 uactuma Gyner mpurarses no oxpyskrocTH u fe s T UB,. B = up,H
cuna Jlopenia 6yIeT cooOImaTh €if HEHTPOCTPEMUTEITBLHOE Hity
yCKOpeHHe =>

Fi=ma, =

v gBR
c{BU:'" —v=2

& m

MarnutHssii moTok: @ = Bs cos 4
MarauTHOE II0JIE€ COJIEHOUA:
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N
B= pyonl. n = T

3akon Amnepa: Fa= BIl sin ¢,
Hanpasnenue cuisl AMiiepa onpeaesseTcs o IpaBuily «JI€BOH pyKH»:

e MAarHMWTHBIC CUJIOBbIC JTMHUU BXOMST B JIAJIOHB;

e 4 majblia yKa3blBaIOT HANPaBJIEHUE CUIIBI TOKA B IPOBOJHUKE;

e  OTOTHYTHII OOJIBIION MaJel] yKaXXeT HallpaBJIeHHe CHIlbl AMIiepa.
Cuna Jlopenna: Fy = qBv sin ¢/,
Hanpasnenue cuiibl JIopeHua onpenensieTcs 1o npaBuily «JI1€BOH pyKu»
JUISl IOJIOKUTEIbHBIX 3apsi/I0B; Ul OTPULIATENbHBIX 3apsi/IOB - 3€pKaJIbHOE
0TOOpaxeHHE.

HOpH)IOK BbIINOJTHCHUSA paﬁoTbI:

1. Tlepen caMOCTOSITEIbHBIM PEIICHUEM 3aa4 Ha JJOCKE

BBIMKICHIBAIOTCA (DOPMYIIBI IO JAHHON TEME.

2. TlpoBectu aHaNM3 BEIMYUH, BXOISIINAX B POPMYIIBL.
3. Pemmts camocrosTensHo 3amaun NeNe 1-5:

1) Onpenenutb CHIy, C KOTOPOMl OJHOPOJHOE MAarHUTHOE TIOJIie
JIEUCTBYET Ha MPOBOJHUK JUTMHOMN 20 cM, eciu cuiia Toka B HeM 300 MA, pacrooXeHHbIN 1o
yriioM 45 TpalyCoB K BEKTOPY MarHUTHOW MHIAYKIIMUA. MarauTHas uHaykius coctasisiet 0,5 T

2) TIpoBOAHMK C TOKOM 5 A HaxomuTCs B MarHuTHOM moiie ¢ umuaykuueil 10 Ti. Ompenenutsb
JUIMHY TIPOBOJIHMKA, €CIM MAarHuTHOE Toje JeWcTByeTr Ha Hero ¢ cwiod 20H wu
MEePIEHIUKYISIPHO TPOBOJIHUKY.

3) Ipooauuk anuHO# 0,15 M MEPHEHIUKYIAPEH BEKTOPY MArHUTHOW HHAYKIUH OIHOPOIHOTO
MarHMTHOTO MoJist, MOayib kotoporo B=0,4 Tn. Cuna Toka B npoBoanuke8A. Haiinure paboty,
KOTopasi ObuIa COBEplIeHa MpH MepeMelieHud npoBogHuka Ha 0,025 M 1o HampaBiIeHHIO
NEUCTBUS CUITbI AMIIEpa.

4) OnpenenuTh [EHTPOCTPEMHUTEIILHYIO CHITY, JCHCTBYIOIIYIO Ha TMPOTOH B OJHOPOTHOM
MarHuTHOM Tmonie ¢ uHAayknueid 0,01 Tn (BekTop MarHMTHOW WHAYKUMU TMEPHEHIUKYISIPEH
BEKTOPY CKOPOCTH), €CIIA PAANYC OKPYKHOCTH, IO KOTOPOU OH JBMIKETCS, PABEH 5 CM.

5) C kakuM yCKOpPEHHEM JBHIKETCS SJICKTPOH B OJHOPOJTHOM MAarHUTHOM TOJe (BEKTOp MarHUTHOM
MHAYKIMHU TEepIEeHIUKYIIpeH BeKTopy ckopoctu) ¢ unayknueit 0,05 Tu, ecnu cuna Jlopenua,
JICHCTBYIOIAs Ha HETO, paBHa 5x1072 H.(Tak kak cuna JlopeHia sSBAseTCS OAHOBPEMEHHO U
LEHTPOCTPEMUTEIILHON CHJIOW, W DJIEKTPOH JIBIKETCS IO OKPYXKHOCTH, B 3ajade TpeOyeTcs
paccuuTaTh EHTPOCTPEMHUTEIHFHOE YCKOPEHHE, KOTOPOE MPHOOpPETaeT JIEKTPOH B pe3yibTaTe
NEHCTBUS LIGHTPOCTPEMUTEIBLHOM CHJIBL.)

Xoa paGoTsI:

1. BHuMaresnbHO TPOYMTATh 3a7ady, NMPOAHAIU3UPOBATH YCIOBHE, BBIICHUTH 3aKOHBI, KOTOPHIM
MOIYUHSETCS] U3MEHEHHE MapaMeTpoB. BelnucaTh YnCIOBbIE 3HAUEHUS 3a/JaHHBIX BEJIUYHUH.

2. TlogcraBuTh B pacdeTHbIe (GOPMYIIBI BMECTO 0003HAUCHHUH (PU3MUYECKUX BEIWYMH 0003HAUYCHUS
ux enunun B CU, npousBectu mpeoOpa3zoBaHUs M yOeAUThCS, MOJIyYalOTCA JIM B pe3yJjbTaTe
€IMHUILIBI HICKOMBIX BEJTUYHH.

3. IloacraBuTh B pacdeTHble (HOPMYIIBI YUCIOBBIE 3HAUEHUS (PU3NYECKUX BEIWYMH U MPOU3BECTH
BbIYKCcIeHNs. OLIEHUTh PEaIbHOCTh NOJYYEHHOTO PE3YJIbTaTA.

®opma npeacTaBieHus pe3yJibTaTa: BHIIIOIHEHHAS CaMOCTOsITebHAs padoTa.

Kpurtepuu ouenku: cm. crp. 90
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Tema 4.5. MarauTHoe noJie
IIpakTuyeckas padora Ne 13

Pemenne 3ana4 no reme: «3C HHAYKUMH, CAMOUHIY KIITHW

ean:
1. TloBTOpUTH OCHOBHBIE TEPMHUHBI U (YOPMYIIBI pa3iena « DNEeKTPOMAarHUTHAS MHTYKIIUS.
2. CdopmupoBaTh yMEHHE IPUMEHATH (HOPMYJIIbI IPU PELICHUH 3a/1a4.

3. Pa3BuBarh joruueckoe MbIIUICHUE, NaMATh, BHUMAaHHE, YMEHHE PAacCyXkJaTh U BBIICIATH
IJIaBHOE.
4. Pa3BuUBaTh HaBBIKU CAMOKOHTPOJISL U B3aUMOKOHTPOJIS.
Bbinosinus padory, Bel Oyaere:

YMETb:

- peuiath 3agavdu 1o SHCKTPOMaFHHTHOﬁ HHAYKIIMHU, KaK Ka4CCTBCHHOI'O, TaK U paCdCTHOI'O
Xapakrepa.

MaTepnaﬂbnoe odecmeyeHue:

-[10CaI0YHBIC MECTA 110 KOJUYECTBY 00yUarOIInXCs;
- pa31aTOYHBIN MaTepHa C 3aaHUIMHU;

- cOOpHUKH 3319

-CIIPaBOYHBIC MaTEpPUAJIbI

3ananue:

1. 3a 5mc B cozneHouze, conepxameM 500 BUTKOB MpPOBOJIA, MAarHUTHBI MOTOK PaBHOMEPHO
yobiBaeT ¢ 7 no 3mMB0. Haiitu Benuunny 3/1C uHAYKLIUU B COJICHOU/IE.

2. CKoJbKO BUTKOB IPOBOAA JIOJKHA conepkarb oOmotka, ecnu DJIC unaykuumm 20B, a
MarHMTHbIN MOTOK yObIBaeT Ha SMBO 3a 5 mc?

3. Ompenenuth Bpems, 3a kotopoe B karymke u3 50-tu ButkoB ¢ D/1C 20 BonbT MarHUTHBIN
MIOTOK BO3pacTaeT Ha SMBO.

4. Haittu Benmuumny OJIC WHAYKIIMKM B TPOBOJAHHUKE C JUIMHOM akTUBHOW wacTH 0,25M,
nepeMenarniemMcs B 0JHOPOJHOM MAarHUTHOM mosie ¢ uHaykuueil 8MTn co ckopocThio Sm/c
110, YIJIOM 30°k BEKTOpY MarHuTHON uHAyKuuu. (OTB.:5B).

5. KakoBa MHAYKTHBHOCTb COJICHOW/A, €CIIH MPHU CUJIe TOKa SA yepe3 Hero MpoXoAUT MarHUTHBIN
notok S0MB6? (O1B.: 10MI'H).

6. Kakoii Bemmuumabl DJIC caMOMHAYKIIMKA BO30YXHaeTcs B OOMOTKE DJJICKTPOMAarHura ¢
MHAYKTUBHOCTBIO 0,4]'H MpH paBHOMEPHOM M3MEHEHUH CHUJIBI TOKA B HEMl Ha SA 3a 0,02cekyHa.
(Ots.: 100B).

7. B xarymke uaayktuBHocThiO 0,61'H cuna Toka paBHa 20A. KakoBa sHeprust MAarHUTHOTO TOJIS
katymku? Kak u3aMeHuTCs sHeprus moJjsi, eciau cuiia Toka ymenbutes Basoe? (OTB.:120/1x;
YMEHBIIUTCS B 4 pasa).

8. Uepes coyleHOW I, HHIYKTUBHOCTH KOoTOoporo 0,4M['H M IIIomaas MOMEPEYHOTO CCUCHUS 10cM?,
npoxomuT Tok 0,5A. KakoBa MHAYKIUS TOJS BHYTPHU COJEHOMJA, €clIu OH conxepxut 100
ButkoB? [lose cunrate ogHOopoaHbIM. (OTB.:2MT).
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9. HaiiTu Heprur0 MarHUTHOTO TOJS COJEHOHJA, B KOTOpOM mpu cuie Toka 10A Bo3HMKaeT
MarHuTHbIN otok 0,5B6. (OTB.: 2.5/[x).
10. Kakoii MarHUTHBIA MOTOK BO3HHKAET B KAaTYIIKEe ¢ MHAYKTUBHOCTHIO 20MIH mpu cuie Toka

10A? (Ots.; 0,2 B6).
KpaTKI/Ie TCOPETUYCCKHUE CBCACHUHA

OneIT (I)apalleﬂ. 3ﬂeKTp0MaI‘HI/ITHaﬂ HHAYKIUSA

B 1831 r. ®apajeii mpoBOINI ONBITHI C KATYIIIKAMU U MarHUTaMH.
OpauH U3 ONBITOB: B IeMb U3 KaTYUIKU U TajJbBaHOMETPA BBOJST W

MMOCTOSIHHBIN MarHMuT. OKaSaJ'IOCB, YTO €CJIM MarHur: H

1) HenmoiBUKEH (HE3aBUCHMO OT TOTO, BBE/IEH OH B KATYIIKY WUJIH HET),
TOKa B KaTyIIKE HET;

2) nBwxkeTcs (BXOAUT B KaTYIIKY WM BBIXOJUT U3 HEE), TO B LIETIH @

KaTyHIKH ITPOTCKACT TOK.

JuekTpoMarautHass uHAYKuMs (OMMU) — siBeHre BOSHUKHOBEHUSI B
3aMKHYTOM KOHTYPE JIEKTPUYECKOTO TOKA, 00YCIOBICHHOE M3MEHEHUEM MAarHUTHOTO MTOTOKa,
MIPOHU3BIBAIOILETO JAHHBINA KOHTYP.

e Tokx DMMU Ha3piBatOT HHAYKIMOHHBIM (HaBenEHHBIM). OnbiThl Dapajest moka3aiH, YTO BMECTO
MIOCTOSIHHOTO MarHUTa MOYXHO HMCIOJIb30BaTh KaTYyIIKy C TOKOM, a BMECTO JABUKEHUS KAaTyIIEK
JIPYT OTHOCUTEIBHO Jpyra MOXKHO M3MEHSTh TOK B IEPBUYHOMN (CO3MAOIICH I0JI€) KaTYIIKE.
[Ipu 5TOM €€ MarHUTHOE MOJIe U3MEHSIETCS U BO BTOPUYHOM (KOHTPOJBHOM) KaTyIIKe HABOJAUTCS
TOK U, cienoBarenbHo, DJ1C uHIyKINUH.

e Ha ocHOBe M3MEHEHHUS TOKAa B MEPBUYHONW OOMOTKE M HABEIEHHUS €ro BO BTOPHUYHON MOCTPOEH
Tpancopmarop.

Ipasuiio JleHua: HHIYKIMOHHBIN TOK, BOSHUKAIOIIUN B 3aMKHYTOM KOHTYPE, UMEET TaKOe

HAIPABJIEHUE, YTO CO34AaBAEMBI UM MAarHUTHBIN MOTOK CKBO3b MIOBEPXHOCTh, OXBATHIBAEMYIO

KOHTYpPOM, CTPEMHUTCSI KOMIIEHCUPOBATh U3MEHEHUE MAarHUTHOTO IMOTOKA, BBI3BIBAIOIIETO IAHHBIN

TOK.

3akoH 31ekTpoMarHuTHON nHAYKUM: OJ1C nHAYKIIUMHN, BO3HUKAIOIIAs B KOHTYpE, paBHa CKOPOCTH
M3MEHEHUs] MarHUTHOTO TIOTOKA (4epe3 MOBEPXHOCTb, OTPAHNYEHHYIO JAHHBIM KOHTYPOM ), B35TOH €

AD
00OpaTHBIM 3HAKOM. |&€ = v
1 AD
e Ecnm karymika coaepkuT N BUTKOB (KOHTYPOB), TO & = —N ~

IHorokocuemsienue. UHAYKTUBHOCTD

_N'(I)Z_N'q)l
At

IPOHU3BIBAIONINN BCE BUTKH KATYIIKH [w]=1586.

IloTokocuenieHue (D) — BCJIMYNHA, XapaKTCPUIYIOIIAsa CBA3b MAHUTHOTO ITOTOKAa C KOHTYPOM.

AD o o
N3 e=-N N UHAD =Py - P1=> ¢ = . O603HaYNM OOIIMIT MATHUTHBIA OTOK,

Ay

Torna 3aK0H 3JIeKTPOMArHUTHOM MHIAYKIUH: |€ = N
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V3 OMBITOB H3BECTHO, YTO [ KOHTYpa MPONOPLMOHAIBHO TOKY | B HEM: [y = L-1|

HNuaykruBHocTh (L) — KOAQPHUIUEHT MPONOPLHHUOHATEHOCTH MEK/1y MOTOKOCIICIUIEHHEM H TOKOM

KOHTYpa. |L =% [L]=1 %6 =1 T'n — renpu

Camounaykuus. 3AC camouHayKIuu

MarHuTHbBI MOTOK, MPOXOIAIINK Yepe3 KOHTYP, MOXET OBITh CO3[JaH HE TOJBKO BHEIIHUM
HMCTOYHHKOM (HAIpUMep, MarHuTOM), HO M1 TOKOM B CaMOM KOHTYp€ (COOCTBEHHBIH TOTOK).

[Ipn w3MeHeHWM (HapacTaHWW WM YOBIBAHWM) TOKA B KOHTYpPE HW3MEHSIETCS COOCTBEHHBIN
MAarHMTHBIN TOTOK W Bo3HUKaeT D/JIC.

Camounaykuusi — siieHue BO3HUKHOBeHUs DJ[C WHIYKIIMHU, BBI3BAHHOE W3MEHEHHUEM TOKa B

KOHTYDE.
IAC camounaykumu (&) — 3/1C, BO3HUKAIOIIAS IPH CAMOUHTYKI[HH: Al
&, =—L—
= _Ay __AWLD _ AL (mmpu L = const). - At
At At At

e (CaMOMHIYKIMS B TEXHUKE ITO3BOJISET IUTABHO YBEIMYUBATH TOK. [IpW BBIKIIOYCHHWH IICTIH
CAMOMHJIYKIIHSI TIPUBOJIUT K BO3SHHUKHOBEHHIO WCKP M AJICKTPHUECKOW TYTH, YTO BPEIHO LIS
KOHTAKTOB BBIKIIFOUATENISI U DJIEMEHTOB IIeNU. B CBS3M ¢ 3THM NPUMEHSIOT HMCKPOTACUTEIIN
(MacIstHBIC U 1. ).

72
. _7%0
MarnuTHOe noje o01aaaeT SHEPTUei. W, =L 2|

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTbI .

1. BsinucaTth GpopMyibl 110 NPOIIEHHOMY MaTepUay.
2. JlaTp Ha3BaHUE, XapaKTEPUCTUKY (PU3NIECKUX BEITHMUUH U UX €IUHUI] H3MEPEHUSI.
3. PemmTs 31241 CaMOCTOSTENBHO.

1) 3a 10mc B comneHoune, coaepxamieM 100 BUTKOB MpPOBOJA, MATHUTHBIA MOTOK PaBHOMEPHO
yobiBaeT ¢ 5 1o 3mMB0. Haittu Benuuuny 3/1C uHAYKIMU B COJICHOU/IE.

2) CkonbKkO BHTKOB TMPOBOAA JOJDKHA COAEPXKaTh OOMOTKAa HAa CTAIBHOM CEpACYHUKE C
nornepeyHbM ceuenueM S0 CMZ, 9TOOBI B HEHM MPU M3MEHEHUH MarHUTHOW MHAyKIuu oT 0,1 1o
1,1Tn B Teuenue Smc Bo3Oyxkaanack J/1C nnaykuuu 100Bonbt?

3) C xakoli CKOPOCTBIO HAJIO MepeMeliaTh MPOBOIHKK, JJTHHA aKTUBHOW YacTH KOTOPOro 1merp,
IO/l YIJIOM 60° K JMHUSIM MATHWTHOTO OIS, YTOOBI B npoBojHUKE Bo30Oyxnanace DJC
naaykiuu 1Bonet? Maaykuus marautaoro noss 0,27,

4) HaiiTn MHIYKTUBHOCTH NMPOBOHHKA, B KOTOPOM PaBHOMEPHOE U3MEHEHHE CHIIBI TOKa Ha 2A B
teyenue 0,25 cekynz Bo3oyxnaer D/1C camounaykiun 20MB.

5) Karymka c jxene3HbIM CepICYHUKOM CCUCHHEM 20cM? mMeer unayktuBHocTh 0,02I'H. Kakoit
JIOJKHA OBITH CHJIa TOKA, YTOObI MHIYKIMS TMOJs B cepiaeyHuke Obwia 1MTu, ecnu kaTyinka
conepxut 1000 BUTKOB?

6) Kakoii 1oymKkHa OBITH CHJIa TOKa B OOMOTKE JPOCCessi HHAYKTHBHOCTBIO 0,5TH, 4TOOBI 3HEprus
0JIs1 OKa3anachk paBHOH 1/1x?

7) KakoBa MHIYKTUBHOCTB KATYIIKH, €CIIM NPH ITOCTCIIEHHOM M3MEHEHHHU B HEil CHJIBI TOKa OT 5
1o 10A 3a 0,1cexynn Boznukaer 9JIC camonnaykuuu, pasHas 20 Bonb1?
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Xox padoTbI:

1. BHuMaTenbHO NpounTaTh 3aj4ady, NpOaHAIW3UPOBATh YCIOBUE, BBIICHUTH 3aKOHbBI, KOTOPHIM
[IOIYMHSAETCS] U3MEHEHME [TapaMeTPOB. BrllucaTh YNCIOBBIE 3HAUEHUS 3a/JaHHBIX BEJIMYHUH.

2. IloncraBuTh B pacueTHble POpPMYJIbl BMECTO 0003HAYCHUN (PU3NUYECKUX BEIMYUH 00O03HAYCHUS
ux enunun B CU, nmpousBectu npeoOpa3zoBaHus U yOEOUTHCS, MOITYYArOTCS JIU B pe3yibTare
€IMHUILIBI HICKOMBIX BEJTUYHH.

3. [loxcraBuThk B pacueTHble (GOPMYIIbI YHCIOBBIE 3HAUCHUS (PU3MUECKUX BEITUYHMH U MPOU3BECTU
BbIuKciaeHUs. OLIEHUTh PeaIbHOCTh IOJYYEHHOIO pE3yJIbTarTa.

®opma npeacTaBieHus pe3yJbTaTa: BHIIIOJHEHHAS CAMOCTOSITENIbHAsE padoTa.

Kpurtepun onenku: cm. ctp. 90
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Tema 4.6. IlepeMeHHBbIH TOK
IpakTnyeckas padora Ne 14
Pemrenne 3aga4 no teme: «XapakTepucTUKH MePEMEHHOT0 TOKA»

Hean:

1. TloBTOPUTH OCHOBHBIE TEPMUHBI U (OpMYIIHI paszena «llepeMeHHbII TOK.

2. CchopmupoBaTh yMEHUE IPUMEHATH (JOPMYJIbI IPU PEILICHUH 3a]1a.

3. Pa3BuBaTh TOrMYECKOE MBIIIUICHUE, TAMITh, BHUMAHUE; YMEHHE PACCYKAATh U BBLICIATD
TJIaBHOE.

4. Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJISL.

Beinosnus patdory, Bel Oyaere:

YMETb:

- pemarp 3aJ1a4u 10 IePEMEHHOMY TOKY, KaK Ka4eCTBEHHOTO, TaK M PACUETHOTO XapaKTepa.
MaTtepuajbHOe o0ecneyeHue:

-110CaI0YHBIC MECTA 110 KOJUYECTBY 00yUarOIInXCs;

- pa31aToOYHBIN MaTepHa C 3aaHUIMHU;

- cCOOpHUKH 33719

-CIIPaBOYHbIC MaTCPUAIIBI

3ananue:

KauecTBenHsle 3a1aun

1. Broap KecTKoro nmpoBojia, N0 KOTOPOMY IPOITYCKAETC MEPEMEHHBIA TOK OT TOPOJCKON
CETH, pACIIOJIOKEHAa MArKas TOHKas MeTa/ulMdeckas HUTb. B OJZHOM ciydae 4epe3 HUTH
IIPOMYCKAETCSl TaKKe IMEPEMEHHBIM TOK OT TOPOJACKOM CeTH. B npyrom ciyyae yepe3 HHTH
MIPOMYCKAETCs MOCTOSIHHBIM TOK. UTO OyJeT NPOMCXOIUTh C HUTBIO B KaXJI0M ciiy4ae?

2. Kakyro TpaekTopuio ONUIIET 53JEKTPOH, MpojieTas MEeXAY IUIaCTUHAMU IJIOCKOTO
KOHJIEHCATOpa, K KOTOPBIM MOJBEAEHO: 1) MOCTOSIHHOE HaNpshKeHHE; 2) MepeMEeHHOe HampsKeHHue
BBICOKOU 4acTOTHI?

3. Kak U3MEHHUTCS CONPOTUBIIEHHUE, OKa3bIBAEMOE JIMHEWHBIM IIPOBOJHUKOM TOKY BBICOKOM
4acTOThI, €CJIM ATOMY NPOBOJHUKY NMPUAATh (popMy coieHouaa?

4. Yepes Kakyro JIOJIIO MEPUO/IA NTOCIIE 3aMbIKaHMSI 3apsDKEHHOTO KOHAECHCATOpa Ha KaTyIIKy
VMHJIYKTUBHOCTHU SHEPTUs B KOHTYPE PACIPEIEIUTCS MEXTY KOHAEHCATOPOM U KaTYIIKON MOPOBHY?

5. B Kakux sneMeHTax 3aKpbITOr0 K0JIeOAaTeNbHOr0 KOHTYpa (KOHAEHCATOPE WM KaTYIIKE)
COCpEIOTOYEHA OJHEPIrHsi B MOMEHTBI, €CIIM OTCYET BPEMEHM BECTM C Hadajla paspsnaa

r T T

t=0— =, =

KOHIeHcaropa? 4 2 B
Paccmorpers npuMepsl pelieHUsl pAcY€THBIX 3a/1a4

3aoaua 1. Onpenenute cusur da3 KoneGammii Hanpsokerns & = Up sitl (¢ +0) 1 cpmt
Toka { = £p S D 15 9TEKTPIYCCKON LEMH, COCTOSIIIEH H3 TI0CTIE[0BATETEHO BKITIOYEHHBIX
MIPOBOJHHUKOB C aKTUBHBIM corpotuBiaeHreM R = 1000 Om, kaTyuiku uHAYKTUBHOCTBIO L = 0,5 I'H
u KoHAeHcaTopa eMKocThio C = 1 Mk®. Onpenenute MOIHOCTb, KOTOpPask BBIAESAETCS B LIETIH, ECIIN
amrumutyna Hanpstkenus Ug = 100 B, a wactora v =50 I'mr.
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Pewenue:
Cnpur (a3 Mex Iy TOKOM M HANPsDKEHUEM B IIETISX TIEPEMEHHOTO TOKA OMPEIeIIsIeTCs
COOTHOILIIEHUEM

mﬁ—%
o

tgp= ——2=
A IO

30€eCh ¢ = 2T - MUKIn4YecKas yacrtora. CiaemxoBaTeabHo,
2wl —

Py Rt N
iop=— =5
2 z

MOH_[HOCTB, KOTOpas BbIACIIACTCA B LICIIU, OIIPEACTIUTCA 110 (bOpMyJ'Ie
I
P — o-='n

cosp.

HJ’IH LEIU IMMEPEMCHHOT'O TOKA CIIPaBCAJINMBO COOTHOUICHUEC

===
Z
rje Z - IOJIHOE CONPOTUBIICHUE (MMITEIAHC) TICTTH:

1 2
Z=|Rr? +(m£——] _
!
CrnenoBaTelbHO, MOIITHOCTh, KOTOPAS BBIACIISCTCS B IICTIH
P U2 cos

2R + [m_a: - LT
it )

I[lozcTaBuB uncleHHble 3Hadenus B (1), momyunm (89 = =3, ©=—72% (vunyc o3nauaer, 4To
HanpsKeHHe oTcTaeT 1o ¢ase). Torga Torda cosp= 03 [loxcTaBuB uncnenHble 3HaUEHHS B (2),

nonyyum P = 0,5 BrT.
T2 costp

2
2, |R? +[@L—L]
@

]

F= =0.5 Br.

Omeem:

3aoaua 2. KonaeHcatop HEM3BECTHON €MKOCTH, KaTyIIKa C
MHAYKTUBHOCTBIO L 1 conmpoTHBieHHeM R MoAKIIIOYeHbI K UCTOUYHHUKY ‘
TIepEMEHHOT0 HATIpshKeHus & = &y €05 ®Y(pyc. 1). Cua Toka B Henu

I=2 cos ot [
paBHa B . Onpenenute aMIUTUTYAY HANPSDKEHUS MEXKTY =
oOKJTaIkaMu KOHJIEHCATOpA. L
Pewenue: €
W3 ycnoBust 3a1a4u BUTHO, YTO CHJIA TOKA U HANIPSDKEHHE B IIETTH MEHSFOTCS Pue. 1

~

CI/IH(baSHO. 910 0O3Ha4acT, 4YTO COBIMAAaOT MHAYKTHBHOC U EMKOCTHOC COIIPOTUBJICHU. i

(3)

o
==,
HanpspokeHne Ha KOoHJIeHCaTOpe OyIeT paBHO ‘T 4)
=% g = — sin ot
[TockonbKy df, TO R (5)
o= Fort i
[MoacraBiss (5) B (4), mOTydHM: RaC (6)
C yuerom (3) cootHOmIEeHNE (6) TPUMET BU/I:
ol
U= gin @i = [F py siR 0L
o,
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[TosTOMy aMIUIUTYJHOE 3HAUEHUE HANIPSDKEHHS MEX Ty 0OKIIaJIKaMy KOHIeHcaTopa Oy1eT paBHO
oW
Omesem: ~ " R
3aoaua 3. B 351eKTpUYECKON 1NN U3 ABYX OJMHAKOBBIX KOHJICHCATOPOB
emMKkocTH C M KaTyIIKU C UHIYKTUBHOCTBIO L, coennHeHHbIX
IIOCJIEZI0BATENBHO, B HA4YaJIbHbI MOMEHT BPEMEHH OJMH KOHJCHCATOP
uMeeT 3apsiz (o, a BTopoii He 3apsikeH (puc. 2). Kak OyayT uaMeHsThCs CO
BPEMEHEM 3aps/ibl KOHIEHCATOPOB U CHJIA TOKA B KOHTYPE IOCJIE 3aMbIKaHUS
kioua K?
Pewenue: Puc. 2
Llens, mpuBeeHHAs HA PHC. 2, TIPEACTABIAET cO00H KonebaTenpHbIid KOHTYp. CHila TOKa B HEM

OyJeT MEHATHCS 110 3aKOHY
I=lyjsmai. (7)

UToObl OTBETUTH HA BOIIPOC 33]1a4M, HY>KHO HAWTH MaKCUMaIbHOE 3HAUYEHUE CUJIBI TOKA lg 1
9acToTy Kosebanui ¢, YacToTy KojeOaHuii MOKHO OIPEICIUTh 110 GopMyie

1
L (8)
r71e Cog - EMKOCTh CUCTEMBI U3 JIBYX IOCJIEI0BATEIILHO COCIMHEHHBIX KOHIEHCATOPOB
eMKocThI0 C:

0=

i
Csxs = E
[Toacrasnss 3HaueHue Cyyg B (8), MOTYIUM, UTO YacTOTa KOJIeOaHHI B KOHTYpe OyieT paBHa
2
on=.,]—.
LT (9)

[ToncraBuM 3HaueHHE YacTOTHI (9) B BbIpaxkeHHE JIJIs CHIIbI TOKa (7), TOTJa MOIYYHM, YTO CUIIa
TOKA B IIeTH Oy/IeT MEHITHCS 10 3aKOHY

f=dysan| .| —¢

(10)
Jlnst onpeaeneHust lo MOKHO BOCIIOIb30BATHCS 3aKOHOM COXpaHEHHs SHepruu. [1ycTh B HEKOTOPBIi
MOMEHT BPEMEHH 3apsiJi OJTHOTO U3 KOHJICHCATOPOB PaBeH (1 , TOT/A 3apsiji BTOPOTO KOHIEHCATOpa
Oymet 2 = (o - 1 . B HauaNbHBI MOMEHT BpEMEHH SHEPIHsl KOHTYpa COCPE0TOUCHA B
AJIEKTPUUYECKOM TIOJIC 3apsHKEHHOTO KOH/ICHCATOPa, B IPOU3BOJIBHBII MOMEHT BPEMEHH OHA
nepepacpeesaeTCss MEX Ty SHEprHei JIEKTPUIECKOTO OIS ABYX 3apsKEHHBIX KOHICHCATOPOB U
SHEpPruell MarHUTHOTO IOJIs, COCPEOTOUCHHOTO B KaTYyIIKe HHAYKTUBHOCTH. ClIeZIOBATEIBHO,
COTJIACHO 3aKOHY COXpPaHEHHUs SJHEPTHH,

2 2 2
g Lt g do — o
20 = 48 M
20 z 20 20
OTcro1a MOKHO HAWTH 3aBUCHMOCTB CHJIBI TOKA OT 3apsija (.
72 = 2qn ':'ii'cl —fi'l)
L
UToObl HAITH MaKCUMAaTbHOE 3HAUEHUE CHIIBI TOKA, HY>)KHO B3SITh MIPOU3BOHYIO OT | 10 Q1 1
MIPUPABHSATH €€ K HYIIO.
df 1
di 25@?1[@’0‘@'1
I/IS IIOCJICOIHET O BBIpa)KeHI/ISI BI/IJIHO, YTO MAKCUMAJIbBHOC 3HAYCHUEC CUJIBI TOKA JOCTUTACTCA

dn
g =

pu 2 . Cre/10BaTeNbHO,
40

Jg=—40_
T RIC

)[qn—2q1)=0-
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[Toacrasnsis mojlydeHHOE 3HAUEHHE [ MAKCUMAIbHOTO 3HaYeHus Cuiibl Toka B (10), momyunm,
YTO CHJIa TOKA B LIETIH OYJET MEHATHCA M0 3aKOHY

J= & : 2 .
= Six L
Joro NI

UToObI HANTH 3aKOH U3MEHEHUS 3apsAJI0B Ha IJIACTMHAX KOHJIEHCATOPA, BOCIIOJIb3YyeMCS
72 = 2@’1[@"0 —fi'l)
BBIPXKEHUEM LT . [IpeobpazoBas ero, moJy4uM KBajpaTHOE ypaBHEHUE IS (1
2
LOT
=10,

2
d1 —dod1 T
Pemas ypaBHeHHE, IOTy4UM:
g = %:'Izli oS @f) .

PasHble 3HaKM 03HAYAIOT, YTO B HAYAJIHHBII MOMEHT BPEMEHH JIF000H KOHJCHCATOP MOXKET JINOO
UMETb 3apsia (o, JINOO ObITh He3apsKeHHbIM. I1ycTh

g1 :%:'I:l+c:os @t
Torna
g2 =dp — 91 =%j[1_305 wi).

q_ | |2 dn do
I= 1% £l gy =—[1+cos@t), gy = —(1—cos wz).
Omeem: J2rc LC R P2

3aoaua 4. merotcs aBa KonedaTenbHBIX KOHTYPA C OJIMHAKOBBIMH KaTYIIKAMU M KOHJIEHCATOPaMH.
B kaTyiiky ogHOTO 13 KOHTYPOB BCTABWJIM JKEJIC3HBIN CEPICUHUK, YBETUIUBIIUHN €€
WHJYKTUBHOCTB B N = 4 pa3a. Haiinure oTHOIIEHHE PE30HAHCHBIX YaCTOT KOHTYPOB M X SHEPTHH,
€CJIM MaKCUMAaJIbHBIE 3apsi/Ibl HA KOHJIEHCATOPaxX OJANHAKOBBI.
Pewienue:
Pe3onaHCcHBIE YaCTOTHI KOHTYPOB MOT'YT OBITh OmpeneseHsl o popmyne TomcoHa:

1 1 Yy 1 1

=—; Vp=——. .
SJLT ~nLC Orcroma ™1 no 2
Wy

M

1
Omeem: V1 2

3aodaua 5. J[Ia conporusnenus R; u Ry v 1Ba quona moAKIIOYEHBI K
HMCTOYHUKY MEPEMEHHOT0 TOKa ¢ HanpshkeHreM U Tak, Kak MoKa3aHo Ha R Ry
puc. 3. Halimure cpeiHIOI0 MOIITHOCTb, BBIJEIISIFOLTYIOCS B LIETIH.
Pewienue:
Tox monoBUHY mepuoa UAET Yepe3 oOauH auoj (Harpumep, 1). 3a ato
BpEeMS Ha COMPOTHUBICHUH R BBIIENSIETCS CPEIHSIS MOIIHOCTh

2

1= Puc 3
2R,
B teuenue BTOpOro noaynepuoaa TOK UAET Yepe3 AUOJ 2, BBIAEIAS HA HEM CPEIHIOIO rie
MOIIHOCTh 2= —2 7
Taxum 00pa3om, 3a MOTHBIN MEPHO] BBIAEISIETCS CPEIHSIS MOIIIHOCTD 2
Ir* R +R
F=F+F=— L 2
RI‘RE
p U R+E
Omeem: 2 RR,

Kparkue TeopeTrnueckue cBeIeHH:
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ITonsiTHE 0 IEPEMEHHOM TOKeE

CB00OOIHBIE AIIEKTPOMArHUTHBIE KOJIeOaHHsI OBICTPO 3aTyXalOT U B PAKTUKE MCIIOIB3YIOTCS PENIKO,
MIO3TOMY CO3/1al0T BBIHYKJICHHbIE TApMOHUYECKHE KOJIeOaHus 3aps/a, TOKa U HaNpsDKEHUSI.

HepeMeHHbIﬁ TOK — BBIHYXXACHHLIC TAPMOHUYCCKHUEC SJICKTPOMArHUTHBIC KoJieOaHus B

MIPOBOJIHUKE. A
[ToMecTHM paMKy ILIOMAAX S B OAHOPOJHOE MArHUTHOE mojie B . [ToTok ;
MarHuTHON MHAYKIIMH Yyepe3 pamKky @ = B-S-COSa. N ; S
. A

Ecnu pamky paBHOMEpHO Bpamiath BOKPYT ocd AA C YIJIOBOM CKOPOCTBIO
w, T0 = ot 1 ® = B-S-CoSak.
BcnenctBue aneKTpOMarHuTHOM UHAYKIIMKM B paMKe BO3HUKAET TAPMOHUYECKU —
menstromasicst J1C |8 =—®’=B-S-a)-sincot| Wi €= gSinot (g =BS-w— E ]
ammuintyna 3/1C uHAYKIMKM) U MOXKHO TOBOPHUTb, YTO MOJTYYEH MEPEMEHHBIN %_}

h Y
TOK. "

e B o06mewm ciydae (Hanpumep, B MHAYKTUBHOCTH MM eMKOCTH) TOK 1 DJIC
MOTYT HE COBMajaTh 1Mo (aze u ux ypaBHeHHs Oynyt: & = gSinat; | = lgsin(at + @), rne ¢ —
casur ¢a3 mexay ¢u l.

e [lepemeHHbIl TOK OBITOBOM 3MekTpoceTu umeet 4yactoty v =50 T'uu o = 27v= 1007 [pan/c].

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTbI .

1. Brinucath GopMyIibl 110 NPOIICGHHOMY MaTepuay.
JlaTb Ha3BaHUe, XapaKTEPUCTUKY (PU3MUECKUX BEIUYUH U UX €IUHULl U3MEPEHHUS.

no

3. PemmTs 3a1aun caMOCTOSITENBLHO.

1. Tpu opuHakoBBIX pe3uctopa 1, 2, 3, wuMewmMUX 1
compoTHBieHHE R, BKIIOYEHbI B I€Nb C JHOAOM, KaK —0J ] L=y
nmokazano Ha puc. 4. Omnpeaenure  MOIIHOCTD, R
BBIICTIAOLIYIOCS Ha pesucTtope 3. HanpspkeHue MCTOYHUKA g u R
HEPEMEHHOTO TOKa paBHo U. 2 3 R
E
F=—
Omeem: 188 Prc A

2. Ha xakyro JUIMHY BOJIHBI HACTPOEH KOJICOATCIBHBIN KOHTYD, €CJIM OH COCTOHUT W3 KATYIIKH C
WHIYKTUBHOCTBIO L = 2:10°TH u mwiockoro KOHJeHcaTopa? PaccTositHue Mexay IUIaCTUHKAMHU

KoHmeHcaTopad = 1 cM, JUIJIEKTpUYECKas IMPOHHUIIAEMOCTh  BEINECTBA,  3AMOJHHUBIICTO
MPOCTPAHCTBO MEXKY muactuHamu, £ = 11. [Tnomanp kaxaoit miaactunsl S = 800 oM.
[; &8 3
A=2me JL—— h=24.10" m,
Omeem: Ak 37IECH C - CKOPOCTb pacpoCTpaHeHHs

3JIEKTPOMATrHUTHBIX BOJIH B BaKyyMe.
3. Dnexrporieds comnpotuBieHHeM R = 22 OM muTaeTcss OT TeHepaTopa IEepEeMEHHOr0 TOKa.

Omnpenenure KOJIMYECTBO TEIUIOTH Q, BhIAENsIeMOe Teublo 3a Bpemsit = 1 yac, ecnu amIuidTynaa
cwibl Toka lg =10 A.
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Omeem: 2

4, 3apsokeHHBIN KoHAEHCATOp eMKOCThio C = 0,2 MKD MOIKIIOYUIN K L &
KaTyllKe ¢ HMHAYKTUBHOCTHIO L= 8 MI'H. YUepe3 kakoe Bpems OT
MOMEHTA MMOJKIIIOUYCHUS YHEPTHUS JICKTPUUECKOTO TOJIsI KOHJIEHCATOpa

CTaHET PaBHOM SHEPrUU MArHUTHOTO OIS KaTYIIKU? ot S— —
T LT _
f=———=3.10" ¢ L
Omeem:
Puc. 5
5.B konebarenbHOM KOHTYpEe HMHIYKTHUBHOCTh KaTrymku L= 2,5 wMIH, a eMKocTH

konaeHcaropoB C; = 2,0 mx®, C, = 3,0 mx®. Konaencarops! 3apsaamim a0 Hanpsbkenus U = 180 B

u 3aMkHynu ko4 K (puc. 5). Onpenenute nepuof 7' coOCTBEHHBIX KoleOaHMM M aMIUIMTYJIHOE

3HaYeHHe CUJIbI TOKa lp gepe3 KaTymky. AKTHBHOE COIIPOTHUBIICHUE KOHTYpa IIPEHEOPERUMO MaJIO.
T=2m L0, +C,) =07 mc,

Cy +C K _'7
=0, 2——2=804

Omeem: L o—
6. KonebOarenbHbIlE ~ KOHTYp  4Yepe3 K04 K mOJIKIOYeH K_— &
HCTOYHUKY SJCKTPOABIKYIIEH CHIIBI C HEKOTOPHIM BHYTPEHHUM
conpotuBiieHueM I (puc. 6). IlepBoHauanbHo K104 K 3aMKHYT.
[Tocne ycTaHOBIEHHS CTALIMOHAPHOTO PEKUMA KITFOY PA3MBIKAIOT U
B KOHType BO3HHUKalOT KojiebOanus c¢ mepuojaom 7. Ilpu sTom
aMIUTUTYyJla HaIpsDKEHUS Ha KOHJEHcCATope B N pa3 OOJbIIE 3JIEKTPOJBIKYIICH CHIIBI OaTapeu.
Omnpenenure UHAYKTUBHOCTH L KaTymku U eMKOCTh C KOHAEHcAaTOpa. AKTUBHOE COMPOTHBICHUE
KOHTYpa MpeHeOpeKMMOo Mao.

Puc. &

nr T
L=—no,C= .
Omeem. 27 2T
7. 3apsHKCHHBIN KOHJICHCATOP emkoctd C 3aMBIKAHHEM |

KiIroua K OJKIIIOYaloT K JABYM NApaUIEIbHO COEIMHEHHBIM KaTyIIKaM C
MHAYKTUBHOCTSAMU L1 1 Lo (puc.7). MakcumanbHbli TOK, HPOTEKAIOLIUI
yepe3 KaTymky Li, pasen l;. Ompenenute nepBoHauanbHbIM 3apsj (o Ha
KoHZeHcatope. CoNpoTHBIEHHE KaTylmleK M MOABOJSALIMX IMPOBOJIOB Pue 7
MPEHEOPEKUMO MAJIO.

gy = f1 %C[Ll +L2) .
Omeem: 2

E

Xox padoTsri:

1. B xome paboThl HEOOXOAMMO pPACCMOTPETh PSAJl KAYeCTBEHHBIX 3aJad U Jajee pEelIuTh
HECKOJIBKO PacueTHBIX 3aa4 [0 Mepe BO3paCTaHHs UX CIOKHOCTH.

2. llpu pemnieHuu 3a1a4 Ha 3aKOHBI IEPEMEHHOTO TOKa HY)KHO HAYEPTUTh AJIEKTPUUYECKYIO IIeTh U
MPOAHAIU3UPOBATH, KaK COCAMHEHBI PE3UCTOPHI, UCTOYHUKU TOKA, KATYIIKA WHIYKTHBHOCTH,
KOH/JIEHCATOPBI.

3. Crnemyer mTOMHHTH, YTO CHJIa TOKa, HAaNpsDKCHWE Ha pa3UYHBIX OJJIEMEHTaX IIeld |
ANEKTPOABIIKYINAs CHJIA COBEPIIAIOT TapMOHHYECKHE KOJIeOaHUs C pa3iuuHbIMH (ha3amm.
[ToaTomy mpu mocienoBaTeIbHOM COEIMHEHUHU 3JIEMEHTOB LIEMM CHJIa TOKa Ha BCEX ydacTKax
LIENA OJJMHAKOBAa B K&K/l MOMEHT BpeMeHHU. OJHAKO HaINpsKEHHWE BO BCEH LIEMIU HE PABHO
cyMMe apu(pMEeTHUYEeCKUX HANpsDKEHUH Ha OTIENbHBIX ydacTKax. OHO HAXOTUTCS MO MPaBUILY
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BEKTOPHOI'O CIOXEHUS C ITIOMOILBIO BEKTOPHOW JUarpaMMBbl, IIPYU TOM YUUTBIBAETCS HAaJIUYNE B
LEMH IEPEMEHHOI0 TOKa, aKTUBHOT'0, UHAYKTUBHOI'O M EMKOCTHOT'O CONIPOTUBIICHUH.

Ecin akTUBHOE CONpPOTHMBIEHUE B ILENM OTCYTCTBYET, TO JUI PEIICHHs 3a7ad 4acTo
UCnoib3yroT Gpopmyiny TomcoHa.

Jlig pemieHus 3a1a4y Ha MpPEBpalleHNe 3JIEKTPUUYECKON 3HEPTUN B TEIIOBYIO U MEXAHUYECKYIO
HCIOJIb3YIOT 3aKOH COXPAHEHUs U IIPEBPAILEHHS SHEPIHH.

(I)opMa NMpeacCTaBJdCHUA pe3dyjabTaTa: BhIIIOJIHEHHAA CaMOCTOATCIIbHAA pa60Ta.

Kpurtepun ounenku: cm. ctp. 90
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no

Tema 4.6 IlepemeHHbII TOK
IIpakTuyeckasi pa6ora Ne 15
Pemenue 3aga4 no teme: «ConpoTuB/IeHHE B LENH NIEPEMEHHOI0 TOKA»
Hean:
[ToBTOPUTH OCHOBHBIE TEPMUHBI U (popmMyIbl pazzaena «IlepemenHbIl TOK. Buabl
COIIPOTHBIICHUI.
CdhopmupoBaTh yMEHHE IPUMEHATH (POPMYITBI IPH PEIICHUH 3a/1a4.
Pa3BuBaTh JIOTHYECKOE MBIIIIICHUE, TAMATh, BHUMAHKUE; YMEHUE PACCYKAATh U BBIICIATh
IJIABHOE.

Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.
BbinosinuB padory, Bel Oyaere:

YMETh:

- pemiaTh 3aa4u 1Mo KHHEMATHKE, KaK Ka4eCTBEHHOT'0, TaK M PaCYeTHOTO XapakTepa.
MarepuanabHoe odecrneyeHue:

-[10CaI0YHBIC MECTA 110 KOJIUYECTBY 00yUarOIINXCs;

- pa3gaTOYHBIA MaTepUal C 33JaHUSIMU;

- cOOpHUKH 3a/1a4

-CIIPaBOYHBIC MATEPHAITBI

3ananmue:

PaccmoTtpeTs npuMepsl penieHus 3aaad

1.

Jnst  pemeHust 3amadyd HEOOXOAMMO OMNPENETUTh TOK U HAMNPSHKEHHE KOMIIEHCHUPYIOIIETO
KOHJEHCAaTOpa, YTO II03BOJUT HAWUTU €ro pPEaKTUBHOE CONPOTHUBIIEHUE, A, CIEAOBATEIIBHO, U

DNEKTPOTEXHUYECKOE YCTPOHCTBO € MOTPeOIsieMOil MOIIHOCTRIO 50 Bm U HampsiKeHHEM
nutanus //0) B HYXHO BKJIIOYNTH B CETh INEPEeMEHHOro HampsbkeHus 220 B wacrtoroii 50
I'y. HaliTu eMKOCTh KOHJEHCATOpa, KOTOPBIH HEOOXOJUMO MOJAKIIOYUTH I0CIEA0BATEIbHO

JTAHHOMY YCTPOWCTBY, YTOOBI CKOMIIEHCHPOBATh N30BITOYHOE HAMPSKEHUE.
Penrenne:

€MKOCTbD. HO3TOMy TOK B €I HE JOJIKCH IMPEBLIIIATD

HaHpH)KCHI/Ie Ha KOHACHCATOPC HOJIZKHO OBITH paBHO BCKTOpHOﬁ pa3sHOCTHU HaHpH)KCHI/Iﬁ IUTaHUA U

P 50

Uum = 110 = 0,455 A.

Harpy3Ku:

Uc

= VUo, —US = 2207 -110° = jo; B

3Has HaIIPsPKCHUE U TOK KOHACHCATOpa, HAX0AUM €TI0 pCaKTUBHOC COIMPOTHUBIICHUC!

Xc

U, 191
= I =045 =0200n

[To u3BecTHOM opMyIie ISl OTIPEETCHIS EMKOCTHOTO COTIPOTUBIICHUS

Xc

1

= @C ; gaxoaUM UCKOMYIO EMKOCTh KOHIEHCATOpa
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1 1
C= @Xc = (293140500420) = 76470 @ = 7.6 uxD.

OTtBer: EMKOCTh KOH/IEHCATOPA, KOTOPBIA HEOOXOJUMO MOJKIIOUUTH MOCIEI0BATEIHHO JaHHOMY
YCTPOWCTBY, YTOOBI CKOMIIEHCUPOBATh M30bITOYHOE HarpspkeHue C = 7,6 ux®.

2. B anekTpruYecKyro 1enb IepeMEHHOro Toka Hanpsokearnem U = 220B, wacroroii f =

50y BxIOYEHA KaTyIIKa C UHAYKTUBHOCTBIO L = 0,01271'n 1 akTUBHBIM CONPOTHUBIIEHHEM R A
= 30m.

Ornpenenutsb:

1) peakTUBHOE CONPOTHBIICHUE KATYLIKH;

2) TOK B KaTyIIKE;

3) aKTMBHYIO MOIIHOCTb KaTyIIKH;

4) peakTUBHYIO MOIIIHOCTb KaTYIIIKH;

5) 3Hepruo, 3aMacaeMyro B MarHUTHOM I10JI€ KaTYIIKH.

Pemienne:
Xr=@L=27fL=2+3,14+50+0,0127 =4 Owm;
Z=VRi+X] -3 +4* 5oy

u 220
= Z = 5 =z4A;

UasI=1% +Ra =447 «3=1936+3 = 5808 Br;
X, 4
Sing= Z = 5 =0,8;
Q = Ul sing =220 » 44 + 0,8 = 7744 Bap;
W v = L1% =0,0127 + 44 % = 24,59 mx.

OtBer: X =4 0wm; Z=50wm; | =44A; P =5808 Bt; Sin ¢ = 0,8; Q = 7744 Bap; W £~ = 2459
UK.

3. K reneparopy nepeMeHHOT0 3JIEKTPUYECKOTO TOKA C HAPSHKECHUEM
U = 240B u vactotoii f = 50"l npucoeHEeH KOHJEHCATOP ¢ EMKOCTBIO

C =40 mMxd. Onpenenuts: 1) peakTHBHOE CONIPOTHBIIEHHE EMKOCTH X €
2) TOK B BJIEKTPUUYECKOH 1IETIH;

3) peakTHUBHYIO MOIIIHOCTH 1ernu Q L ;
4) MakCUMaJIbHYIO SHEPTHUIO, 3aIIacaeMyro B JIEKTPUUECKOM ToJie KoHIeHcaTopa W ¢
Pemenue:
1 10° 10°
27fC - 231450040 = 12500 = g0 OM.
240
| = Xc = 80 = 3A.
Qz =U-+1=240+3 =720 Bap.
Wem =CoU” =40+ 10240 ° = 2,7 JIx.
OrtBer: PeaktuBHOE conpoTuBiieHre eMKocTh X € = 80 Om.
Tok B anexTpudecko nemu | = 3 A,

Xc

c o

PeaktuBnast momtHocTs nienu Q £ = 720 Bap;
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MaxkcumannbHas SHEPIus, 3armacacMasd B 3JICKTPUICCKOM I10JIC

koHneHncaropa W cx =27 mxk.

4. B 2IEKTPUUECKYIO IIelb IMEpeMEHHOro Toka HampsbkeHuem U= 220 B, wacrorour f= 50

I'u BK/IrOYEHA KaTylIKa ¢ UHAYKTUBHOCTBIO L = 25,5 MI'H M akTMBHBIM CONpOTHUBIIEHHEM R A =
6 Om.
Ompenenutb: X £ ; Z; U a; U P ; coso.
Pemenue:
X1 =oL=274L =2+314+50«0,0255 =8 Om;
Z=JRa+Xi = 6" +8" =10 Oy
U 220

| = E :W =22 A;

Ua=1R=226=132B;

Up =UL =X =228=176B;
R, 6

COS([): Z = E :O'6_

OtBer: Xz =80M;Z2=100m;1 =22 A;UAa=132B;UPr =U <z =176 B;Cos ¢ = 0,6.

5. B anektpuueckyto ceth HampspkeHueM 220B BkitoueHo 16 0IMHAKOBBIX 3JEKTPUYECKHUX JIaMIT
MomiHocThio 10  100BT kakmas. Omnpenenutb HEOOXOJUMOE CEYEHHE MEIHOro IPOBOJA,
COEJIUHSIOIIETO 3TU AJNEKTPUUECKUE JIAMITOUKH.

[1nomane monepevyHoro ceyeHust Haubonee nomycTumbiii
MEJHOTO TIPOBOJIA, MM ? AIEKTPUICCKUN TOK, A
0,50 10
0,75 13
1,0 15
Pemenune:

ITonaas momtHOoCcTe P =P jmamm e 16 =100« 16 = 1600 Br.

P 1600
Tox Bmposome 1= U = 220 =7273 A,

[To Tabnuiie, mpuBeIEHHON B YCIIOBUY 3aJ1auH, BEIOMpaeM ceueHue MPOBO/Ia;
2
S=0,50mMm " .
OtBer: CeueHne MEOHOTO TIPOBOJAA, HEOOXOAMMOE Ui MOAKIIOYeHHUs  160aMHaKOBBIX
JJIEKTPUYECKUX JIaMII MOIIIHOCTBIO o 100BT kaxxnas B JIEKTPUUECKYIO CeThb

HanpspkeHueM 220B pasno 0,50 mm .

6. ['enepaTop mepeMeHHOTO TOKa, UCTIOIb3YEMbIH IS TOTYYSHHS IEPEMEHHOM AIIEKTPOABIKYIIEH
cuibl, uMmeeTr 4vactoty BpamieHus 2800 o6/mMuH. OmpenenuTh 4YacTOTy, MEPUO] U YIJIOBYIO
9acTOTY AJIEKTPUYECKOTO TOKA, BOZHUKAIOIIETO MIPH MOAKIIOUYEHUN TeHepaTopa K HarpysKe, eciiu
YHUCJIO TIap TMOJF0COB reHepaTopa paBHoO 6.

Pemenne:

Yacrora 31eKTpruueckoro Toka reaeparopa f=pn/60 =6 - 2800/60 =280 I'1.

[Mepuox T=1/f=1/280 = 0,0036 c

u yrioBas yacrora ® =2n/T=2nf=2-3,14-280=1750 1/c.

OrBer: Yacrora 3ekTpuieckoro Toka pasHa f = 280 I,
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nepuoJ daeKTpuueckoro Toka paseH T= 0,0036 c,

YTJIOBas 4aCcTOTa JIEKTPUUECKOTo TOKa paBHa ® = 1750 1/c.

7. B anexTpudeckyo 1ernb nepeMeHHoro toka Hanpsbkenuem U = 220 B, gactotoit T = 50
I'11 BKITIOUEHA KaTyIIKa ¢ MHAYKTUBHOCTHIO L = 25,5 MI'H 1 akTUBHBIM conpoTUBIIcHHEM R= 6
OMm; 1=22 A; U a=132B; Cos ¢ =0,6.

Ornpenenutsb:

1) MakCUMaIbHYIO MOIIIHOCTh B AKTUBHOM CONPOTUBIIEHUU P A ;

2) akTUBHYIO MOIIIHOCTb;

3) peakTUBHYIO MOIIHOCTB;

4) MOJIHYIO MOUTHOCTb.

Pemenne:

Paw=2UAal=2¢132+22=5808 Br.

P =Ul cos ¢ =220+ 22+ 0,6 =2904 Br.

Q = Ul sin ¢ =220+ 22 « 0,8 = 3872 Bap.

S =UIl= 220+ 22 =4840 BA.

OrBer: P A~ =5808 Br. P = 2904 Bt. Q = 3872 Bap. S = 4840 BA.

Kparkue TeopeTnueckue cBeIeHH:

Pe3ucTop B enu nepeMeHHOr0 TOKA

BrutrounM pe3sucTop conpoTuBiIcHus R B ceTh IEPEMEHHOTO TOKA HAPSIKEHUS
U(t) = Upsinat (*). B kaxaplii KOHKPETHBIH MOMEHT BPEMEHH IPOXO0KIECHUE U~
MEPEMEHHOT'0 TOKa B PE3UCTOPE KaYECTBEHHO HIUUEM HE OTIIMYACTCS OT

MPOXOKACHUA MOCTOAHHOI'O U TOAUYUHACTCS 3aKOHY Owma: 1(t)=——

U: 1 Uit

. Torma 1(r) :%sina)l i |1(¢) = I, sinet | (¥%). Uat7 A

I
U3 (*) u (**) BugHo, uto I(t) coBnagaer o ¢aze ¢ U(t). Tpaduxu I(t) I3| v S
1)

u U(t), B oiHOM crcTeMe KOOPAWHAT, UMEIOT BUJI:

e Bca nmogsoauMas K pe3sucTopy JEKTPUYECKas DHEPrHsl MPEBpaIlacTCsl B TEIUIOBYIO, T. €. OH
o0JaziaeT aKkmuHbIM CONPOMUBTIEHUEM.
AxTHBHOe (OMHYecKkoe) conporuBienue (R) — conpoTuieHne pe3ucTopa 6e3 ydéra ero EMKOCTH

U MHAYKTHBHOCTH.

e AKxTHBHOE COIIPOTUBJICHUEC PABHO COIIPOTUBJICHUIO IIPOBOAHUKA ITOCTOSIHHOMY TOKY.
EMKkocTh B Henu NMEPEMEHHOI0 TOKa

W3BecTHO, 4TO KOHJEHCATOP MOCTOSIHHBIN TOK HE MPOBOUT (LIETIh MEXIY OOKIaKaMH
Pa30OMKHYTA).

Bxitounm koneHcaTop emkoctu C B 1IeTb TIepeMEHHOT0 Toka HanpspkeHus U(t) T o
= Ugsinat (*). ITox aeficTBHEM rapMOHUYECKOTO HAMPSHKEHUS KOHICHCATOP

nepe3apsHKaeTCsi, MOJIIPHOCTH €ro 00KIaI0K MEHSIETCS M aMIIEPMET]P MOKa3bIBAET

TOK Tepe3apsiKu.
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[Ipenebperas moTepsiMu, TOTYIUM Ult)=¢, —¢, = % .

Torpa % =Uysinat, g=CU,sinar .

Cuna Toka: (1) =q = CUywcos o Win |I(t) = CUywsin(awt + %) (**).

U3 (*) u (**) BumHO, uto I(t) omepesxxaer no ¢aze U(t) Ha % .

I'paduxwu I(t) u U(t) B omHO#M cHCTEMe KOOPIMHAT, IMEIOT BH/I:

B MoMmeHT Havasa 3apsaKu TOK B KOHJICHCATOPE MaKCHMAJICH,
HarnpsDKCHUE Ha 00KIIa/IKax paBHO HYIIO. B KOHIIE 3apsiaku
HaANpPsDKEHHUE MAaKCUMANIbHO, TOK paBeH Hym0. YuTs (**), 0603HaunM

1 U,
lo=Up-C-wu — = x. Torma |1, = =>| (***) — ananorus 3akona
oC XC
OmMa jy1st IEpeMEeHHOTO TOKA.
1
Xc = —C |~ eMKOCTHOE ConpoTHBIIeHHE IIepeMEeHHOMY TOKY.

L4 XC YMCHBIIACTCA C POCTOM W U C. Bxmrouus JIaMITY HaKaJIuBaHHUs 4€pe3 KOHACHCATOP, YBUINM,
4TO IIpH YBCIUYCHUH €TO €MKOCTH APKOCTb CBECUYCHUS JIaMIIbl YBCIIMYHNBACTCA.
I/IHI[yKTI/IBHOCTI) B HENMH MEPEMEHHOI0 TOKAa

BximiourM KaTymiky nHAYKTUBHOCTH L B 1iens mepemennoro Toka Hanpspkenus U(t) = Ugsinat (*)

(aKTHBHOE CONPOTUBJIEHUE NMPOBOAA KaTylIKu R ~ 0).

ONEKTPUYECKOrO OIS B KATYIIKE HE JIOJKHO OBITh  1f., 1. (uHaue oHO co3zmaio Obl B
0ECKOHEYHO MaJIOM CONIPOTUBIIEHUHU MPOBOA KaTyIIKU OECKOHEYHO
00JIBLIION TOK), OIHAKO, K BHIBOJIaM KaTyILIKU npunoxeHo Hanpsokenue U(t),

CO3/1at011ee B HEM 3JIEKTPUUECKOE 1101, KOTOPBIM ITpeHeOpeub Henb3s. OTcyTCTBHE

U
QJICKTPHUYICCKOIO IT0JIA E= 7 (f — AJIMHa IIpoBOJa KaTYH_IKI/I) B KaTyLIKE OOBSCHSIOT TEM, 4YTO IIPpU

M3MEHCHMH MarHUTHOTO ITOJISE TOKA B HEHM BO3HUKACT (BCIICACTBHE CAMOMHIYKIHH ) BUXPEBOE
ANEKTPUYECKOE TOJIE, MPAKTHUECKH MOTHOCTHI0 KOMIICHCHPYIOIIEE JIEKTPHUYECKOE MOJIe,
CO3JIaHHOE B KaTYIIKE BHEIIHUM HCTOYHHKOM HanpspkeHus: U(t) (HeckoMIieHCupoBaHHOE Majioe
noJie E1 co3naér Tok katymku |(t).

[ —

[Monaras E; = 0, 3anummem U(t) + €= 0 = U(t) = — ¢ e £— DJIC camounaykiuu. £ =— @' = —

LI'(t) = U(t) = LI'(t) = I'(t):%sina)t. 1(t)=ﬁjsinwzdz=—ﬂcosmt 10171 1(t)=ﬂsin(a)t—f) (**).
L L ol ol 2

U3 (*) u (**) Buano, uro I(t) orcraér mo dase or U(t) Ha % :

I'paduxu 1(t) u U(t) B ogHO# crcTeMe KOOpAUHAT, UMEIOT BU/I:
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HpI/I MaKCUMaJIbHOM HaIIpsXKCHUK Ha BBIBOJAX KaTYHIKU TOK B 10

HEU paBeH HYJII0, 3 B MOMEHT HUCYE3HOBEHUS HAIPSKEHUS TOK Yot ==m Ui
MaKCHUMaJIeH. l
U, U,
Vurs (**), 0o603naunM /, =— u oL = X.. Torma [I, = =% ID"/.
- L X,
(***) — ananorus 3akona Oma Uit IEPEMEHHOT'O TOKA.

— HHIYKTHBHOE CONPOTHUBJIEHNE IEPEeMEHHOMY TOKY.

w N e

2)

3)

4)

XL pacteT ¢ poctoM @ u L. BxirouuB nammy HakaquBaHUsSl yepe3 KaTyIIKY,
YBUJIMM, YTO IIPU BBEAECHHUU CepleUHMKA B KaTyuiky (L Bo3pacTtaer) pkoCTb 1]~

CBCUCHMUA JIaMIIbl YMCHBIIACTCA.
EENESHELH E
CepIEHHE

HOpﬂI{OK BbIIIOJTHCHU A paﬁoTbI:

Beimmcats GpopMyIibl 1o MPOHACHHOMY MaTepUaIy.
JlaTh Ha3BaHME, XapaKTEPUCTUKY (PU3MUECKUX BEIMYNH U X EAMHUI] H3MEPCHHUS.
Pemuts 3amaun NeNel-4 camocTosTenbHO.

IIpu xonocToM Xxone reHepaTopa BosJbTMETp mokas3biBaeT E= 200B. OnpenenuTs mokazaHus
BosbT™MeTpa (U) mpu MOAKIIOYCHUH HArpy3KH, eciid 3HadeHue Toka paBHbl 11=10A, ;=40 A.
Haiitu TOK KOpoTKOro 3ambikanus(ly;), €ciu BHYTpPEHHEE CONPOTHBICHHUE TI€HEpaTopa
Ro=0,50mMm.

K ceru nepemennoro Hanpspkenus 220B noakiiroueHa KaTymika ¢
aKTUBHBIM compotuBieHneM 6 OM M HMHIYKTHUBHOCTBIO SOMI'H
(pucyHok 5.3). Ompenenuts JeiicTByrolee 3Hau€HHE TOKa,
MOJIHYIO, aKTUBHYIO U PEAKTUBHYIO MOIIIHOCTH.

B menu mnepeMEHHOro TOKa € aKTHBHBIM COINPOTHBICHHEM H
emMKocTbto npu yactore 100I'm wu3MepuTenbHble NPUOOPHI
MIOKa3bIBAIOT: ammepmerp — OA, BombT™erp — 180B, Bartmerp — 360 Brt. Omnpenenuts
IapaMeTpbl CXEMBbI 3aMelIeHUs (PUCYHOK 5.6) ¢ rmociieoBaTeIbHbIM COEAMHEHUEM JIEMEHTOB,
PEaKTUBHYIO U MOJHYI MOIIHOCTH LIEIIN.

B cerp  mepeMeHHOro  CHHYCOMJAJIBHOTO  TOKa

HaNpsHKEHUEM U=220B HE00X0INMO BKJIIOYUTD R

ANeKTpUYecKylo Jamny HampspbkenuneM U,=127B wu —

MOIIIHOCTBIO P,=100BrT. Onpenenutsb €MKOCTh —|:|7 c

o, 50y

b

PrcyHoK 5.3

koHnmeHcaropa C, KOTOpPBIH HEOOXOJUMO BKIIOYUTH -
MOCTIeIOBATENbHO C JIAMIOH, 4YTOOBI HANpsHKEHHWE Ha = Uy —

JamIie He mpeBbimano HomuuansHoro U,=127B. Ha kakoe
HanpsDKeHWe JIOJDKEeH OBbIThb pacCyMTaH KOHJAEHCATop
(pabouee HampspKeHHE), YTOOBI MMETh UYETBIPEXKPATHBIM PucyHoK 5.6
3anac npoyHoctu? Yacrora Toka cetu f=50 I'm.

Xox padoTsri:

[Ipu pemenuu 3a1a4 Ha 3aKOHBI IEPEMEHHOTO TOKA HY)KHO HAUYE€PTUTh YJEKTPUUYECKYIO IEeTh U

MPOAHAIU3UPOBATh, KAK COEAMHEHBI PE3UCTOPHI, UCTOYHUKU TOKA, KATYIIKA WHAYKTUBHOCTH,

KOHJICHCATOPHI.

Cnenyer MOMHUTH, YTO CHJIa TOKa, HAINpSHKEHUE HA PA3IUMYHBIX DJJIEMEHTax Lenu Hu

ANEKTPOABIIKYILAS CHJIa COBEPIIAIOT TapMOHHMYECKHE KOojeOaHUs C pa3iuuHbIMH (ha3amH.

[TosTOMy TIpH moOcCNEeq0BaTEIbHOM COSAMHEHUH BJIEMEHTOB LIETIH CHUJIa TOKA Ha BCEX Y4YacTKax
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LIENU OJIMHAKOBA B KaXK/Iblii MOMEHT BpeMeHH. OJIHaKO HaIpsDKEHUE BO BCEH LIENU HE PaBHO
cyMMe apu(pMEeTHYECKUX HANpsDKEHUH Ha OTIENbHBIX ydacTkaX. OHO HAXOIUTCS MO MPaBUILY
BEKTOPHOI'O CJIOXEHUS C IIOMOILBIO BEKTOPHOW JUarpaMMbl, IIPYU TOM YUUTBIBAETCS HAJIUYUE B
LMY IePEMEHHOT0 TOKa, aKTUBHOT0, MHAYKTUBHOT'O M €MKOCTHOTO COITPOTUBIICHHIA.

Ecin akTUBHOE CONpPOTHBIEHHWE B ILENM OTCYTCTBYET, TO JJs pEIIEHHUs 3a7ad YacTo
ucnoinb3ytot popmyny TomcoHa.

Jlig pemieHus 3a1a4y Ha MPEBpaIleHUe 3JIEKTPUUYECKON 3HEPTUN B TEIUIOBYIO U MEXAHUYECKYIO
HCIOJIb3YIOT 3aKOH COXPAHEHUS U MpPEeBpallleHUs YHEPTHH.

(I)opMa NMpEeacTaBJdCHUA pe3dyjabTaTa: BhIIIOJIHEHHAA CaMOCTOATCIIbHAA pa60Ta.

Kpurtepun ounenku: cm. ctp. 90
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N

Tema 4.6 IlepemeHHbII TOK
IIpakTuyeckas padora Ne 16
Pemenne 3ana4 no reme: «KoJsieOaHusi B ceTH NePEMEHHOT0 TOKA)
ean:

[ToBTOpUTH OCHOBHBIE TepMUHBI U GopMynbl pasfena «llepemenHblii TOK. Bumbl
CONIPOTUBJICHUI.

CdopmupoBaTh yMeHUE IPUMEHATH (HOPMYIIbI IPU PEILICHUH 3a/au.
PazBuBaTh jJormueckoe MBINJICHUE, ITaMsATb, BHUMAaHUC, YMCHHUC PACCYXIAThb U BBIACIATH
IJIaBHOE.
Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.
Beimosiaue padory, Bel Oynere:
YMETB!

- pemiaTh 3aa4u 10 KHHEMATHKE, KaK KaYeCTBEHHOT0, TaK U PacYeTHOTO XapaKTepa.
MarepuanabHoe odecrneyeHue:

-MI0CaJI0YHbIE MECTA M0 KOIUYECTBY 00yUaIOLINXCS;

- pa3IaTOYHBIA MaTepUal C 3aaHUSIMU;

- cOOpHUKH 3a/1a4

-CIIPaBOYHBIC MATEPHAITBI

3aganue:

Pemmnts 3agaumn

OT 4ero 3aBUCHUT NEPUOJ COOCTBEHHBIX HE3AaTYyXaIOIIUX AJIEKTPOMArHUTHBIX KoJeOaHUM B
KOHTYpe?

KonebarenbHbIll KOHTYp COCTOMT W3 KOHJAEHcaropa eMKocThio C = 1 Mk® M Karymku
uHaykTUBHOCTRIO L = 0,01 I'n. Berumcnaute nepuosn kosneGaHuii B KOHType. MOXXHO Jn
BO3HUKILIKE KOJIEOAHUS CUNTATh BBICOKOUYACTOTHBIMU?

KonebarenbHblil KOHTYp COCTOMT U3 JEWJEHCKUX OaHOK o0uieil anekrpoemkoctbio C = 6*
10~3 Mx® wu karymku wuHAYKTHBHOCTBO L = 1lMmk['H. Bseuucaute dacroty
9JIEKTPOMArHUTHBIX KOJIEOaHUH B KOHTYpE.

Karymky kakoil WMHIYKTMBHOCTM HaJ0 BKJIIOYHTH B KOJeOaTelnbHBIH KOHTYp, YTOOBI C
KOHIeHCaTOpoM eMKOCThi0 C =* 2 MK®D MONy4uTh 3JEKTPOMAarHUTHBIE KOJIEOAHUS YaCTOTON
v=1000 I'u?

Kakoif eMKOCTH KOHJEHCATOp HY)KHO BKJIIOUHUTH B KOJEOATeNbHBIH KOHTYP C KaTYIIKOU
UHAYKTUBHOCTH L — 0,76 I'H, 4TOOBI NOTYyYUTh B HEM 3JIEKTPUUECKHUE KOJIeOaHus 3BYKOBOI
4acTOTBI v = 400 I'u?

KpaTkue Teopernyeckue cBeIeHHA:

I[eﬁCTBleIHHe SHAYCHUA MOITHOCTH, CUJIbI U HANIPAKCHUA IIEPEMEHHOI'0 TOKA
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ITpu | = const Ha pe3uctope R paccenBaercst MOIITHOCTE P = >R u sHeprus Q = P-t.

ITpu 1(t) = lpSinat, pa3buBas Bpemst t Ha GECKOHEYHO MaJible HHTEpBaJbl Alj, moaraem, 4To
Ha At I(At) = I} = const u MmrHoBeHHas MomHocTs P(At) = =P =12(At)-R=1%-R;

. 1- 200t;
E ZIgRSII’lz a)[i :[gR(Lsa)‘) .

W3 rpadpukos P(t) u I(t) BUJTHO, 91O

KOJIMYECTBO TEIIOTHI Q =Y PAf; , BBIJICIIUBIIICECS Ha
i=1

pesuctope R 3a mepuon T = nAL;, paBHO TUTOIIATH

(burypsl, orpaHUYCHHOM KPHUBOM P(t) u oceio t Ha

untepBaie [0, T], npudeM Takoe XKe KOJIMYECTBO
IR
TEIUIOTHl (YMCICHHO PAaBHOE MIIOIIAIU MPSMOYTOJIbHUKA CO CTOPOHAMU - u T) BBIIETUIIOCH ObI
2
Ha pe3uctope R rmpu NpoTEeKaHUM MO HEMY MOCTOSHHOTO TOKAa MOITHOCTU Proer = | oer -R = —

JleiicTByIOllee 3HAYEHHE MOIIHOCTH MepeMeHHOro Toka (P) — BelWYMHA, YHCICHHO
paBHasi MOILIHOCTU IMOCTOSIHHOTO TOKA Ppocr, TIPH YCIOBHHM, YTO 00a TOKA 3a OJMHAKOBOE BpPEM,
paBHOE TEPHOY MEPEeMEHHOro TOKa 7, Ha PaBHBIX pe3ucTopax R BBLIEIAT paBHBIC KOJIMYCCTBA
TerIoThI Q.

I}R 1,U, U?
UsP=P =R = |p=20f _ L% _ Yo
3 HOCTHUO oR= B 5 R

e JlelicTByIOlIEE 3HAYEHUE MOIIHOCTHA MEPEMEHHOTO TOKA YaCTO HA3bIBAIOT AKTUBHOM
MOIIHOCTBIO.
JleiicTByIollee 3HAYeHHE CHJIbI mepeMeHHOro Toka () — BenWuMHA, YUCICHHO paBHAsA

CHJIE TIOCTOSTHHOTO TOKA lyoer, IPU YCIOBHHM, YTO 00a TOKA 32 OJJUHAKOBOE BPEMsI, paBHOE MEPUOAY
MepEMEHHOTO TOKa 7, Ha pPaBHBIX PE3UCTOpax R BBIACIAT paBHBIE MOIIIHOCTH.

I2R I
N3P =Pyer=1>.R=1>-R =2 T‘;

II0CT
2

=|I=

JleiicTBYyI01llee 3HAYEHNE HANPsIKeHHs] MepeMeHHoro toka (U) — BeiquymMHA, YHCICHHO
paBHas HANPSKEHUIO TOCTOSHHOTO TOKA Upoer, IPU YCIOBUH, YTO 00a TOKA 32 OJIMHAKOBOE BpeMs,
paBHOE MEePHOAY MEPEMEHHOT0 ToKa 7, Ha paBHBIX pe3UCTOpax R BBIIENAT paBHbIE MOIIHOCTH.

Uz U?
I/I3P=P|1OCT=_0=_:> U=
2R R

SIS

2
2, U N
Torpma |P=1"R =?=U 1|, 9TO aHAJNIOrM4YHO (popMysnaM pacu€ra MOIIHOCTH MOCTOSHHOTO

TOKa.
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Ecim niens coiep)XUT MHAYKTHBHOCTH U (HJTH) EMKOCTH, TO MKy TOKOM | ¥ HampspkeHUEM
U B HEHR AMEETCA CIBUT da3 0. Torma

17 17
P:-jl U-dt = —juosinwt-losin(wt+¢)dt=
T0 TO

T

1,U . .
00 J'smga-sma;t-coswtdtz
0

T

.
1,U .
=20 Ojcosasmza;t-du
T 0

T

IU - p
_lo OCOS§0I1 €os 2at

1WUg . i
0 05|n¢-JS'n:aﬁ.

dt +

0 2 T 0

3Hauurt, |P=1-U - cos |, r1e COS® — KO3 (PUIMEHT MOILIHOCTH.

e Ha mpakTuke Hac peaKo MHTEPECYIOT aMIUIUTYAHBbIE WM MTHOBEHHBIE 3HAUYCHMS
CWJIBbl, HAINpSDKEHUS WJIA MOIIHOCTH TIEPEeMEHHOTro ToKa. WHTepec MpeACTaBISIIOT HX
deticmeyiowue 3HaAYCHUS.
3akon OMa 1J1s1 IepeMeHHOr0 TOKa

1,U
dt = 02 % cos ¢ = IU cos ¢

I/I3B6CTHO, 4TO B OCILIX IIEPEMCHHOI'O TOKA:

U .. U
a) JUIsl akTUBHOTO comnpoTuBieHus R: I, =?°; 0) ana émkxoctu C: I, =X—°; B) IS
C

U,
UHIYKTHBHOCTH L. 1, = X_O :
L

Vurg, uro [,=1 V2 m U, =U~\/5 , momyuuMm 3akoH Oma sl TIEpeMEHHOTO TOKa st

pe3ucropa, EMKOCTH M UHIYKTUBHOCTH:

A el
R X, X,

Pe3onanc B menn NEPEMEHHOI'0 TOKa

Cobepém LENb u3 KaTyILIKH ;f—/wf\j_ UHIYKTUBHOCTH L,
KoHJeHcaTopa C, ammepMeTpa IEpeMEHHOTO U TOKa A W WCTOYHUKA
nepemenHoro Hanpspkeruss U = Upsinat ¢ c U3MEHSIEMON YacTOTOM
@. AKTHBHOE CONPOTHUBJICHHWE TIPOBOJOB U KaTyIIKA

WHIYKTHBHOCTH R ~ 0.

(DI/IKCI/IpySI Uo = const u u3MeHss 4aCToTy @ OT 0 J0 MaKCUMAJIbHO BO3MOKHOT'O 3HAYCHUAI,

CHUMEM 3aBHCHMOCTH CHJIBI JICHCTBYIOIIETO toka B 1mernud |(w).
1 I
Okazajmoch, 4YTO Ha 4YacTOTe w, :ﬁ | HaOIOaeTcsl  pe3Koe
L I
|
yBEJIMUYEHHUE TOKA. | .
Wl w
Pesonanc —  sBJIEHHE  PE3KOTO BO3pacTaHus
aAMILTUATY/IBI BBIHYKJICHHBIX AIEKTPOMArHUTHBIX
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KOJICOAHHMI TIPU COBIMAJCHUM YaCTOThI BBIHYKIAIOIIETO HAMPSDKEHHS C COOCTBEHHON YacTOTON
KojeOaHuil KOHTYpA.

ATT T Ur I
oL

v

C yuérom conporusierus R: U = Ug + U + Uc (Ugr, UL, Uc — nanenus Hanpsbkenus Ha R, L
u C). B akTUBHOM CONPOTUBJICHUH KoJieOaHus Toka | u mageHus HanpsbkeHuss Ur COBMAIAIOT 110

. T . T
daze, B uHAYKTUBHOCTH — | orcTaér ot U Ha 3 B émkoctu — | omepexaer Uc Ha 3 3HauwT,
NAadeHUsi HanNpsAHCeHUsi Ha UHOYKMUBHOCIMU U EMKOCMU KOeDIIomcsl 8 npomusoghazax, i ypaBHCHHE
i uenu ¢ yuérom Qa3 npumet Bua: U = Ug + ‘ UL | —| Uc ‘ .
Pe3onanc oOwscustor TeM, uro Ha @y UL um Uc paBHbl U npoTUBO(A3HBI:
UL + Uc = 0 wim, ¢ yuérom da3s, |UL‘—‘ Uc | = 0; Bce mpuiiokeHHOe Hampspkenne U mamaer Ha

u - —
aKTUBHOM cornpoTtuiieHnd R ~ 0 u cuia Toka B 1Ienu pe3Ko BO3pacTaeT: [ = = % M3 UL =X/ 1=

1
oLl 51 Uc = Xcl -— =
oC
= ‘ Xl ‘— | Xcl ‘ =0, T. . npu pe3oHance 3HaAUEHUsL UHOYKMUBHO20 U eMKOCIHO20 CONPOMUBIEHULL
1
nepemMenHoMy MoKy pasHul: |l = @.C (*). Ilpu pe3onance |UL| = @ll Moxer 6bith 3HaUMTEBHO
2

OoJibIlIe 3HAYEHHUS BHEIIHETO MpuiiokeHHoro Hanpsbkenus U = IR, T.x. ol >>R.

Tx |U.|=|Uc
emKkocmu p€3K0 603pacmaiom, SHAYUMmMEJIbHO npeeocxodﬂ 6€Jlu’~ltu BHEUIHEe20 I’lpMJZOcheHHOZO

, NPU pe30HaHCe GeNUYUHbl NAOEHULl HANPSHCEHUL HA UHOYKMUBHOCTU U

HANPAANCEHUAL.

DNIEKTPOMarHUTHBIM pe30HaHC (KaK U MEXaHUYECKHI1) HACTYIAeT MPU COBMAJACHUHN YacTOThI
BHEIIIHUX BO3JICMUCTBUH C COOCTBEHHOW 4YacTOTOMW KoJieOaHWW CHCTEMBI, MPU STOM aAKTHBHOE

COINIPOTHBIIEHUE JEHCTBYET AaHAJIOTMYHO CHJIE TPEHUST — TIEPEBOJIUT
SHEPIrUI0 KOJIEOAHWH B DHEPIUI0 TOTEpPh I (Tero).
Ey=Fa<R,
s pasubix R (npu moctosiaubIX L, C) kpuBbie |(w) wumeroT
BUJI:
i, i
e [lpu 3HaumTenpHBIX R pezoHaHC MOKET OBITDH

MIPAKTUYECKU HE3aMETHBIM.
e Pe30HaHC MIMPOKO MCHOJIB3YIOT B paAMOTEXHUKE (NpU HACTPOMKE KOHTYypa
panuonpuéMHUKa Ha YacTOTY BBIOPAaHHON paAMOCTAHIIUH U TIP.).
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Iopsinok BbINOJIHEHUSI PAa0OTHI:

1. Beimucath GpopmMyiibl 110 NPONHAEHHOMY MaTepuay.

2. JlaTh Ha3BaHME, XapaKTEPUCTUKY (PU3MUECKUX BEIUYMH U UX €IMHUIL] U3MEPEHUs.

3. Pemmts 3a1aun caMOCTOSITENBHO.

1) Bo ckombko pa3 W3MEHHWTCS TEpHOJ M YacToTa CBOOOJHBIX HE3aTyXaroIIuX
Kosie0aHUH B KOHTYpE, €CJIM €ro UHAYKTUBHOCTb YBEIMYHTH B 2 pa3a, a eMKOCTh — B 4 pa3za?

2) KonebarenbHbIi KOHTYpP COCTOMT M3 KaTYIIKH HHAYKTUBHOCTBIO L = 2,5% 10~6 I'n u

JIBYX KOHJICHCATOPOB, COSAMHEHHBIX MEXTy coO0H mapasienbHo, eMkocThio C = 5% 10"3 mx®d
Kaxablid. OnpeaenuTs Nepruos MEKTPUIECKUX KoJeOaHuil B KOHTYDE.

3) B kxonebarenbHOM KOHTYype YacToTa COOCTBEHHBIX Kojebanuit vl = 30 xl'1, mpwm
3aMeHe KoHJeHcaTopa dacToTa craima v2 = 40 kl'm. Kakoit Oymer uacrota kojeOaHHil B
KOHType: a) Tpd NapauleTbHOM COEIMHEHUH O0OUMX  KOHJEHCATopoB; ©) mpu
[IOCJIEI0BATEILHOM COEIUHEHUU?

4) KonebaTenbHbIit KOHTYP COCTOUT U3 BO3AYLIHOTO KOHJEHCATOPA, MJIOLIAAb KaXKI0M
miacTuHbl kotoporo S = 100 cm2, u katymku UHAYKTUBHOCTRIO L = 10~5 T'n. Ilepuon
kosebanuii B koutype T = 107 c. OnpenenuTs paccTosiHUE MKy IJIaCTHHAMU KOHJIEHCATOPA.

Xox padoTsri:

1. HpI/I pemieHun 3ajad  Ha 3aKOHbI IEPEMEHHOI'0 TOKAa HYXHO HAYCPTUTH
QJICKTPHUYCCKYIO LCIb W IMPOAHAJIM3UPOBATH, KaK COCAUHCHBI PC3UCTOPLI, MCTOUYHHWKH TOKa,
KaTylIKU UHAYKTUBHOCTHU, KOHACHCATOPHI.

2. CJIeIlyeT IIOMHUTB, YTO CHJIa TOKA, HAIIPSP)KCHUEC HA PA3JIMYHBIX 3JICMCHTAX LCIIU U
QJICKTPOABMIKYIIAA CHJIa COBCPIIAOT T'apMOHHUYCCKHC KoebaHus ¢ Pas3’InYHbIMU (1)333.MI/I.
HOSTOMy IIpu MOoCa€aA0BATCIIbBHOM COCAVMHCHUHN 3JICMCHTOB ILICIIM CHUJIa TOKAa HAa BCEX yUaCTKax
LI OJIMHAKOBA B KaXKJIbIii MOMEHT BPEMCHU. O,Z[HaKO HAIIPsSIZKCHUE BO BCEM LIETIM HE paBHO
CyMMC apI/I(l)MCTI/I‘leCKI/IX HaprDKCHI/Iﬁ Ha OTHACJIbHBIX YyYacCTKax. Ono HaxXoauTcCd 1O IpaBUITy
BCKTOPHOT'O CIIOXCHUA C TTIOMOIIIBIO BGKTOpHOI\/'I JuarpaMmebl, IIpyu 3TOM YYHUTBIBACTCA HAJITMYUC B
LETIHU IEPEMCHHOT'O TOKA, aAKTUBHOT'O, THAYKTUBHOTO U €MKOCTHOT'O COHpOTHBHGHHﬁ.

3. Ecnu akTMBHOE CONPOTUBIIEHUE B LIENIM OTCYTCTBYET, TO JUIS PELICHHs 3a7ad 4acTo
uCcnoib3yroT popmyiny TomcoHa.
4. Jins pemieHus 3aa4 Ha NPEBPALICHHE AIIEKTPUYECKOM SHEPIMM B TEIUIOBYIO H

MCXAaHUYCCKYIO NCTIOJIB3YIOT 3dKOH COXPAHCHHUA U ITPEBPAILCHUA SHECPTHUU.

(I)opMa npeacTaBJICHUsA pe3yabTaTa: BhIIIOJTHCHHAA CaMOCTOATCIIbHAsA pa60Ta.

Kpurtepuu onenku: cm. crp. 90
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Pazaen 1. OcHOBBI MeXaHUKH
Tema 1.1.
3akoHbI paBHOBeCHS TeJl. 3AKOHBI JIBHKEHUS
JlabopaTopHnas padora Ne 1
N3y4deHnue ycjioBUSI pABHOBECHUS pblyara

Ileb: IpOBEPUTH HA OINBITE, IIPU KAKOM COOTHOLICHUHU CUJI M UX IUIEY pblYar HaXOAWTCS B
PaBHOBECHM; IIPOBEPUTH HA OIBITE ITPABUIIO MOMEHTOB.

BbinonHus paborty, Bbl 6ypete:

YMETB:

- OIIpCACIIATh YCIOBUA paBHOBECUSA TEII
-HaXO0AUTh COOTHOIICHHUEC CUJI U IIJICY, ITPH KOTOPLIX pbldall HAXOJIUTCA B PaBHOBCCHHA

MarepuanbHoe obecriedeHue: ppluar Ha MTaTuBe, HAOOP TPy30B, U3MEPUTENIbHAS JIMHEHKA,
JTUHAMOMETD.

3aganue: OnpenenuTs yCIOBUS paBHOBECHUS pblyara.
KpaTkue TeopeTnueckue cBeIeHUs:
Poruar-teepoe Teo, CnocoOHOE BpamaThCs BOKPYT HEIIOABIKHOM OIOPHI.

PaznmuyaT aBa BHAAa pbIYaroB. Y pbluara NepBOro pojia TOYKa OMOPbl HAXOJUTCS
MEXKY JIMHUSAMHM JI€UCTBUSI MPUIOKEHHBIX CWJI. Y pblyara BTOPOrO poOJa TOYKA OIOPHI
pacIIOIOKEHA 10 OJHY CTOPOHY OT HUX.

Hcnonb3ys peryar, Mbl MOYKEM MOJYYUTh BBIMTPBINI B CHJIE U MOJHSITh HEMOIbEMHBIN
rpy3. PaccrosiHre OT TOUYKHM OIOpBI 10 TOYKM MPHUJIOKEHHS CWIbI HA3bIBAIOT IIJIEYOM CHIIBI.
[Ipruem, MOKHO paccUuTAThL PABHOBECHE CHJI HA pbluare mo cjieaywmei ¢gpopmyJie:

F1/F2: |2/|1,

rae F1u F, — cuiel, geiicTByromye Ha poiyar, a lp u 1 — ruieun stux cui.

3akoH paBHOBecHMsl PpbIYara: pbluar HAaXOAUTCS B PABHOBECHM TOTJa, KOraa
JENCTBYIOIIME HA HETO CUJIBI 0OPATHO MPOIMOPIIMOHAIILHBI TI€UaM dTUX CHJL.

DTOT 3aKOH OB YCTAaHOBIIEH APXHUMEIOM €Ille B TPETheM BeKe 10 Haiell spbl. 13 Hero
CJIeIyeT, YTO MEHBIIEH CHJIOW MOXHO YpaBHOBECUTH OoubIryro. s 3TOro HE0O0X0IUMO,
YTOOBI IJIEU0 MEHbINEH CUJIbl OBLIO OoMblie miieda OONbIIeH CHIIbI. A BBIMTPHINI B CHIIE,
MOJTy4aeMbIil C TOMOIIBIO phIyara, OnpeaesieTcsl OTHOIICHUEM ILJIeY MPUIIOKEHHBIX CHIL.
IMopsiiok BbINOJIHEHUS] PA0OTHI:

1. VpaBHOBecuTh pbluar, Bpaias railku Ha €ro KOHLAX TakK, YTOOBI OH PacIOJIOKHIICS
TOPU30HTAIBHO.
2. HW3mensist Maccy Tpy30B U pa3Mep Ijied, IPOBEPUTH 3aKOH PaBHOBECHS phlyara.
Xog, paborbi:

1. PaCCMOTpI/ITe HU3MCPUTCIIBHBIC HpI/IGOpBI, HaxoagmurecCs Ha CTOJIC. OHpeI{eJ’II/ITC LHCHY

ux jaeneHus. Pe3ynbrarhl 3anumuTe B Tadmuiy 1.
Tab6muna 1
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Hazpanwue mpubopa 1[eHA JIeTICHUS
Jluneiika
Hunamometp
2. VYpaBHOBecbTE€ C€ TOMOIIBIO TaeKk pblyar B
TOPU30HTAILHOM TOJIOKEHHH.
3. Jns 3TOro moaBechkTe 1Ba rpy3a Ha JIEBOM YacTH

pplyara Ha pacCTOSHHUM, MPUMEPHO PaBHOM 12 cM OT ocu
nyTéM YCTAaHOBUTE, Ha KakoOM
paccTOsiHUM BOPABO OT OCH BpalllEHUS HAIO IOJBECUTH: a)
OJIUH TPy3; 0) JBa rpy3a; B) TPH Ipy3a, YTOOI phluar MpUIIEN

BpalICHUS.

OIBITHBIM

B PaBHOBECHE.

4, Cunras, yTo Kaxablid rpy3 Becut 1H, 3anummure nanHble 1 U3MEPEHHBIE BEJIMYHUHBI B
Ta0IUILy
Taoauna 1
No Cuna Fraa [nevo 7, Cuna F, Ha ITneuo OTHOILIEHUE CUIT
JIEBOU JacTH cM MPaBOW 4acTu l,,cm
OIIBITa i M TIeY
pberuara, H peruara, H
R 4
FZ E 2
1.
2.
3.
5. Brruncaute OTHOLIEHWE CHJI M OTHOIIEHHWE INIEY JUIS Ka)KIOTro M3 OIBLITOB H
MOJTy4YeHHBIEC PE3YIbTAThl 3AMUIIUTE B MOCIECTHUI CTOJIOUK TaOIUIIBI.
6. [TpoBepbTe, MOATBEPKIAAIOT JIM PE3YyJIbTATHl OMBITOB YCIOBHE PABHOBECHE phluara
MO/ IEWCTBHEM MPUIIOKEHHBIX K HEMY CHJI U TPaBUII0O MOMEHTOB CHUJI.
1. JlononHUTENBHOE 3a1aHKE.

A) IlonBecsTe Tpu Ipy3a cHpaBa OT OCH BpallleHHUs pblyara Ha paccTossHuH S5 cM. C
MOMOUIbI0 JUHAMOMETpa OIpEeAENIUTe, KaKyl0 CHIy HYXHO NPUIIOKUTh Ha
paccTosHUU 15 cM OT ocu BpallleHHs IpaBee IPy30B, YTOOBI yIEPKUBATh pbluar
B paBHOBecHH. Kak HampaBlIeHBI B 3TOM CIydae CHJIbI, IUCTBYIOIINE HA pbryar?
3anumuTe JTMHY IUIed 3TUX cuil. Beraucaure otHomenue cui Fi / Fy m m nutew
I / 11, nnst aTOTO CiTydas u caenaiTe COOTBETCTBYIONIUI BHIBO/I.

b) C momomuipio yCTaHOBKHM, KOTOPYIO BBl HCIOJIB30BAJIHM B J1abopaTopHOM padore,
U3MEphTE MacCy KaKoro-HuOyAb Tena. ONUIINTE OIbIT.

dopma npeacTaBjieHUs pe3yJbTaTa

Taomauna 1

No

OIIbITa

Cuia Fy Ha
JIEBOU YacTHu

ITnevo 7,

, CM

Cuna F, na
IIPaBOM 4aCTH

IIneuo
l,,cM

OTHOIIIEHUE CUIT

U 11J1€4
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poryara, H pbryara, H F Ly

F, l,
1.
2.
3.

KOHTpOJ’IbHLIe BOIIPOCHI:

Y10 HA3BIBAIOT IJICYOM CHJIBI?

Kakyro pu3udeckyro BeTUIMHY HAa3bIBAIOT MOMEHTOM CHJIBI?

KakoBo ycioBue paBHOBECHS TeJla, HIMEIOIIETO 3aKPEIIEHHYIO OCh BpaIleHUSs?
Uro Takoe prryar? Kakoe cBOMCTBO pbyara Bbl SKCIIEPUMEHTAIBLHO BBISCHUIH?

MENE

Kpurtepun onenku: cm. ctp. 90
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Tema 1.1 3akoHbI paBHOBeCHS TeJl. 3AKOHBI ABUKEHUS
JlaGoparopHasi padora Ne 2
Omnpenesenne KII/I npu nogbéMe Tesia o HaAKJIOHHOM MJIOCKOCTH

Heab: SKCIEpUMEHTAIBHBIM IYTEM YOEAMTHCS, YTO TOJIe3HAas paboTa, BBIOJHEHHAS C
MIOMOIIIBIO TPOCTOr0 MeXaHU3Ma (HaKJIOHHOM TIOCKOCTH ), MEHBIIIE TOJTHOM.

Boinoinus padorty, Bl Oynere:

YMETb:

- OIIPEAEIIATh PUHLIUI JEHCTBUS IPOCTHIX MEXaHU3MOB;

- yuutbiBaTh KIIJ] mpu ucnosib30BaHUM IPOCTHIX MEXAHU3MOB.

MarepuajbHoe o0ecnedyeHHMe: HAKJIOHHAs IIOCKOCTH (JIOCKa), ITUHAMOMETp, JIMHEHKa,
OpyCOK, ITaTUB C My(PTOMN U JIANIKOH.

3ananmue:
1 U3y4UTHh NPUHIUN IEHCTBUS IPOCTHIX MEXaHU3MOB
Ilopsiiok BBINOJHEHUS PA0OTHI:

1. CoOpatb ycTaHOBKY /JIsl IPOBEACHUS SKCIIEPUMEHTOB.
2. IlpousBecTn HEOOXOAMMBIE U3MEPEHUS.
3. Caenath BBIBOJ IO paboTe.

Xog, paborbi:

Asry= s l

1. Onpenenuth ¢ NOMOIIBIO JAWHAMOMETpA
Bec Opycka.

2. 3akpenuTe JOCKY B JalKe MITaTHBa B
HaKJIOHHOM MOJIOKEHUH.

3. Tomoxxute Opycok Ha JOCKY, IPUKPETIUB

K HEMY JIUHAMOMETP.

[lepemenaiite OpycoK ¢ MOCTOSIHHOM CKOPOCTHIO BBEPX IO HAKJIOHHOM J10CKE.

W3mepbTe C MOMOIIBIO JHMHEHKH NYyTh S, KOTOPBIM mpojenanr OpycoK, U BBICOTY

HAKJIOHHOM TJIOCKOCTH h.

6. Wsmepbre cuy Taru F.

7. Beruncaute nonesHywo padory no gopmyne A, =P-h , a 3arpayennyro —1mo dopmyie
A,=F-S

E FE=gm=F (gec)

ok~

8. Ompenenute KI1/I HaKIIOHHON TUTOCKOCTH: 7] = A -100%
3
9. Pe3ynbraThl H3MEpPEHHIA U BBIYUCICHUI 3aHECHTE B TAOIUILY.
Tabnuna 1
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P, H

Ay, I

A, =Ph

FH

A,, i

4,=F-S

AH
= 21.100%
n=" 6

3

10. lonmotHUTEILHOE 3aaHHE:
1. Hcrnonb3ys «30J0TO€ MpaBUIIO» MEXAHUKH, PACCUMTANTE, KaKOMl BBIUIPHILI B CHIIE JNAET

HAaKJIOHHAas IJIOCKOCTD, €CJIN HC YUYUTHIBATH TPCHUC.

2. VI3MeHUTE BBICOTY HAKJIOHHOW TUIOCKOCTH W JJIsi He€ OMpEeNeNIUTe IOJIC3HYIO, IMOJHYIO

N GaRWDPE

paboty u KIIJI.
®opMa npeacTaBieHs pe3yJbTarTa:
Taoauna 1
h,m P,H Ay, Ik S, m F.H A,, JIx A
A, =Ph A, =F-S

KOHTpOJIbeIe BOIIPOCHI:

3aueM y MOIbEMHOr0 KpaHa AealoT IPOTUBOBEC?

Kaxkue IMPOCTBIC MEXAHU3MBI JalOT BBIMI'PHIII B cune?

Kakue npocTbie MeXaHU3MBbI Jal0T BBIMTPHINI B paboTe?
I'te 06bIYHO MPUKPEIUIAIOT ABEpHYIO pyuky? IloueMy He oKoI1o merensb?

3ayeM UCHOJb3YIOT HEMOABMKHBIN OJIOK, Beb BHIMTPHIIIA B CUJIE OH HE JaeT?
Kakoii BBIUTPBILI B CHIIE 1aeT MOABMXKHBIN 0710k? A B pabote?
Mosxet nu KITJI mexanuszma 6b1Th paBeH 120%, 200%, 0%? [Touemy?

Uro Ha3biBatoT peryaroM? YTo Ha3bIBAIOT MJIEUOM phluara?

Kpurtepuu ouenku: cm.ctp. 90

74



Pazgea 2. OCHOBBI MOJIEKYJISIPHO-KHUHETHYECKON TeOpUH
Tema 2.1 ArperaTtHble COCTOSIHHMSI BelllecTBA U (pa30BbIe MePexo/ibl.
JlaGoparopHasi padora Ne 3
Omnpenesenne K03(pPULIMEHTA MOBEPXHOCTHOI0 HATSIZKEHUS KIUIKOCTH

Llesb: ONBITHBIM ITyTEM OINPENEIUTh KO3((HUIIMEHT TOBEPXHOCTHOTO HATSHKEHUS KHUIKOCTH.

Boinosinus padory, Bel Oyaere:

YMETh:

- pas3jan4aTh XKUAKOCTH C PA3HBIM NOBECPXHOCTHBIM HATSXKCHUCM,

- YUUTBIBATDH CBOMCTBA CMAQUMBAEMOCTH U HECMAYNBAEMOCTU KUAKOCTHU B 6I)ITy.

MarepuaibHoe obecrneyeHune: MUIeTka, Or0Kca, BEChl M Pa3HOBECHI, BOJA, JIMHEHKA.

3aganue:
-I/I3yT-II/ITI) (PaKTOpI)I, BIIMAKOIIINEC HA HOBerHOCTHOG HATIOKCHUC ) KUIKOCTU
KpaTkue TeopeTnyeckue cBeIeHUS:

[ToBepXHOCTHOE HATSXKEHUE JKUKOCTH

PaccMoTpuM KHMIKOCTh B cOCyJie M MOJIEKYbl M1 u M, Ha e€ cBOOOAHOM
NOBEpXHOCTU. PaBHOJEHCTByOMME CHUJI, IPUIOKEHHBIX K M1 u Mp, Oynyt
COOTBETCTBEHHO R, =0 M R, #0.

Cuwia TNOBEPXHOCTHOIO HATsDKeHMsi kuakoctu (F,) — cuma, 0OYCIOBICHHAs

B3aHMO/ICIICTBIEM MOJICKYJI JKUAKOCTHM MW  BBI3BIBAIONIAA COKpallCHUE IUIomaau €€
TTOBCPXHOCTH.

OHyCTI/IM B JKHIKOCTb IIJIaHKY, TIOABCHICHHYIO Ha KpPIOYKE
ANHAMOMCTpaA. MenneHHo OIMyCTUM COCYA. MakcuManbHOE IIOKa3aHUe
ANHAMOMCTpa (B MOMCHT BbIXOJa IIJTaHKH U3 )KI/IIlKOCTI/I) YKaxXCT CUITY
MOBCPXHOCTHOT'O HATAKCHUSA KUIAKOCTH, HCﬁCTBymmyIO Ha IUIaHKY.

Ko3ppuuueHT NOBEPXHOCTHOIr0 HATSLKEHHMS JKMAKOCTH (0) — () _

OTHOMICHHUEC MOAYIA CHJIbI IIOBEPXHOCTHOI'O HATKCHUA K JIHHEC [-—— -
HaTsKCHUA.

F
o:TH:const [o—]:1ﬂ,
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e [lon MIMHON HATSKEHHs TIOHMMAIOT JUIMHY TPAHULBI KUIKOCTH, HA KOTOPOU IEUCTBYET CHJIA
ITOBEPXHOCTHOT'O HATSKEHUS.
Ecnum KanmHyTh HEMHOIO JKHMIKOCTM Ha TBEPIYyI0 IIOBEPXHOCTb, TO MOXHO HalOI0JaTh

CMayWBaHUE WA HeCMaduBaHHUE. JTO OIIPCACIIACTCA Kpaesvbim Y2i10M.

Kpaesoii yroa (0) — yroa mexnay
MIOBEPXHOCTHIO Tesa u

IJIOCKOCTBIO,  KAacaTeIbHOM K ;ﬂ%

IOBCPXHOCTU KHUIKOCTU B TOYKE

KaCcaHusg )KXKUIKOCTHU C TCIIOM.

IIpu O < 90° — cmaumBanue; 0 > 90° — HecmaunBanue.

HpHMep: BOJa CMAa4YuBACT CTCKJIIO, PTYTh €TI0 HC CMAaUUBaACT.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

1. Onpenenuts Maccy OIOKCHI (ml).
2. M3MepuTh qaMeTp OTBEPCTHS MUIETKH U OTPEACIUTh JHaMeTp MICHKH Karuti 1o Gpopmye:
d =0,9-d,, rae d, - uamerp oTBepcTHS NUMETKH.
3. HaGpatp B mumneTky BoJbl, OTCYHTATh B O10KCY 50 Kamemns.
Onpenenuts Maccy OIOKCHI ¢ KaIIIMU (m2 )

5. Omnpenenuts Maccy 50 kanens 1o gpopmyne: M, =M, —m,
6 O e . ml

. HpeeuTh Maccy OJIHOM Karu 1o gopmyne: m, = —

50
7. [TOBTOPUTH OIBIT ¥ BHOBH OIPEACIUTH MAcCy KarlIH.
. o My, + My,
8. Haiitu cpenHee 3HaueHne MacChl OHOM Karumi: My s = - 5 Fi
A8, o=
9. Beruncnuth k03¢ GUIUEHT TOBEPXHOCTHOTO HATSDKEHUS 110 (hopMyJIe: I
FH = mK.cp. : g

rae | - umHa rpaHuIEl TOBEPXHOCTHOTO CIIOS, M;

,rne F, —cunmna noBepxHoctHOrO HaTsKeHMs, H;

|=x-d mK.cp. - MacCa OJHOM KaIlJIu, KT,

d - quamMeTp MmeWKn Karuim, M;

10. PesynbTaThl M3MepeHuii 3aHecTH B TaOnuIy 1.
Tabmuna 1
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Ne | dj, dyy | My, | My, | My =m, —my m:%1 m,, | I, For | O A, ;9’
M M| K2 | K2 | K2 50 | xo M H H I-y %

H/H Ke M M

1

2

11.CpaBHUTH NOTYUYEHHBIN pe3yabTaT ¢ TAOIUYHBIM. BeiuucianTs abcontoTHyto (A) u
OTHOCHTEIBHYIO (€) MOTPEITHOCTH H3MEPEHUH TI0 (hopmMynam:

A
= -100%
A= IGTa6n = Ghnonyu | ¢ O 1471, ’
12.Pe3ynbpTaThl pacy€TOB 3aHECTH B TAOJIHILY.
13.Cnenatp BbIBOJ 110 paboTE.
(I)opMa NMpeacraBjJacHusd pedyjabTara:
Ta6nuna 1
Ne | d, dy, | My, | My, | My=m,—m mzﬂ, m,, l, Fus o A :,
M M | ke | ke | ke 50 | %o M H H 57 %
n/n Ke M M
1
2

KOHTpOsbHbIE BONPOCDHI

1. Yro Ha3piBatOT KO3(PPUIHMEHTOM MOBEPXHOCTHOTO HATSKEHHUS )KUKOCTH.
2. OT KaKuX BEJIMYUH 3aBHCUT KOA(D(PUIIHECHT TTOBEPXHOCTHOTO HATSHKEHUS KHUIKOCTH?

3. HpI/IBCIlI/ITC IMPUMCEPLI CMaYMBACMOCTU U HECMAYUBACMOCTH KUJKOCTH.

Kpurtepuu ouenku: cm. crp. 90
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Pasznea 4. diekTpoauHamMuka

Tema 4.3 3aK0HBI MOCTOSTHHOI'0 TOKA
JlabopaTopnasi pabora Ne 4

CMelnaHHoOe coeJUHeHNe OTpeduTeei

Leanb: HayyuTbcs COOMpPAaTh W PACCUUTHIBATH JIICKTPHUECKUE IIENMA TMPH CMEIIaHHOM
(KOMOMHUPOBAHHOM) COCIMHEHUH MPOBOIHUKOB (ITOTPEOUTEIICH ).

Bbinosinus padory, Bel Oyaere:

YMETh:
-cOOMpaTh IEKTPUUECKHE IIETTH CO CMEIIAaHHBIM COCIMHEHUEM MOTPEOUTEICH;
-pa3nuyaTth BUBI COCIMHEHUI HA KAXK/IOM y4aCTKE 3JIEKTPUUECKON LIETIH.

MaTepnaﬂbnoe o0ecreuenue: aMIICpMETPbl, BOJIBTMETPLI, COCIAWMHUTCIBbHBLIC IIPOBO/JA,
PE3UCTOPBLI, MCTOYHHUKH ITUTAHUA.

3aganue:

1. CoOpartb a51eKTpUUYECKHE LENH 10 CXeMaM CMEUIAHHOTO COEIUMHEHMS.
2. PaccuuTarh mapaMeTphl MEKTPHUIECKOTO TOKA.
3. IIpoBeputs cobOI0IeHHE 3aKOHOB IOCTOSIHHOTO TOKA MIPU PA3JIMYHBIX BUIaX COCTUHEHUH.
Kparkue Teopernyeckue cBeieHUA:

ITocnenoBaresibHOE COeIMHEHUE TPOBOJHNUKOB — COCIUHEHHE,

U U, U
IIPH KOTOPOM MPOBOIHMKH 00Pa3yloT €IMHYIO LIETb, PA3MBIKAHHE | IL J4
KOTOPOIi B IF0OOM MeCTe MPMBOMT K IIPEKPAIICHHIO TOKA BO BCEii LIETH. ~ R R
1 2 3
IIpu 10CIe0BaTENLHOM COEIMHEHUH HPOBOTHUKOB: T'
U
n
[ | [ | L 11 |
HU=Ur+—+Y; U=>.0,
i
| = const unu I= const
n
R=Ri+..+R, R=>R,

i=1

Hapa.n.ne.nbnoe COCIMHCHUE MPOBOAHMKOB — COCAMHCHHUE, IIPU KOTOPOM Hadajla BCEX
IIPpOBOAHUKOB COGpaHBI B OJMH Y3€JI, KOHIIBI — B IIperfI, U OTKIIFOUCHHUE OT BHCKTpI/I‘ICCKOﬁ OCIu
JII000r0 M3 ATUX MMPOBOAHUKOB HC MPUBOAUT K OTKIIFOYCHUIO OCTAJILHBIX. HpI/I napaljieJIbHOM
COCAUHCHUH ITPOBOAHUKOB:

U=—onst U= const

|=|1+---+|n WIn |ZZ|i




Iopsinok BbINOJIHEHUS PadOTHI

1. Cobpatp 3neKTqueCng LIENH 110 IPUBEAEHHBIM HUXKE CXEMaM.

a). 2
RO6U.L=?
6)
R4 R=
]
—
R> Ra I
R2
]
Ro6u, = ?
Rz
B)
R]_ R3

2. CxeMbl COeIMHEHUI HauepTUTh (3aJIJaHHYIO0, SKBUBAJICHTHYIO).

3. CHATh HEOOXOAWMBIC Ui Pacy€TOB MapaMeTpsl (CHITy TOKa, HAINpPsDKEHHE), MCIONB3Ys
3aKOHBI MAPAJUIENBHOIO U TOCIEI0BATEIBHOTO COEUHEHHH.

dopma npeacrasjeHus pe3yJbTara: OTYET B BUJIE 3a/a4.

Kpurepuu ouenku: Cm. crp. 90
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Pasznea 4. diekTpoauHamMuka

Tema 4.5 IlepemeHHbII TOK
JlabopaTopnasi paGora Ne 5

«M3yuyeHnne siBJIEHUSA JIEKTPOMATHUTHOM MHIYKIIHN»
Heab: u3y4yuTh sBIIEHUE 3JIEKTPOMArHUTHON UHAYKLIUN
Bbinosinus padory, Bel Oyaere:
YMETh:
- Ha0JII0/1aTh SIBJICHUE 3JICKTPOMArHUTHON MUHTYKIUY;
- OIIpCACIIATD MMApaMCTPhI, OT KOTOPBIX 3aBUCUT HHIIyKIIPIOHHBIﬁ TOK.
MarepuanbHoe o0ecrieyeHnne:
MUJUIMAMIIEPMETP, KaTYIIKa-MOTOK, MarHUT AYrooOpa3Hblil, MarHUT I10JIOCOBOM.
3ananue:

1. 1 Usyuuts siBnenue SMMU.
2. OnpenenuTs MapaMmeTpbl, OT KOTOPBIX 3aBUCUT UHAYKIIMOHHBIH TOK.
KpaTkue Teopernyeckue cBeieHUs:

OneIThl OpcTena NoKa3aiy, 4To 3JIEKTPUUYECKUM TOK CO34aeT BOKPYr ce0si MarHUTHOE IOJIE.
MOHO PEATON0KUTH, UTO U MOJIE CO3/IaET TOK.

B 1831 r. ®apazeit mpoBOIUI ONBITH ¢ KAaTyIIKaMHd U MarHUTaMmH. I
OmuH W3 ONBITOB: B IIENMb W3 KaTyIIKH M TajbBaHOMETpa BBOMIST i
L

MMOCTOSIHHBIN MarHuT. OKa3aJ'IOCI>, YTO €CJIM MarHur:

1) HemoBWXKEH (HE3aBUCHUMO OT TOTO, BBEJIEH OH B KATYIIKYy HJIM HET), £
TOKa B KaTYIIIKE HET;

2) nBukercs (BXOOUT B KaTYLIKy WM BBIXOAWUT W3 HEE), TO B IENH
KaTYIIKH MPOTEKAET TOK.

JuekTpoMarHuTHasi mHAYKuust (AMMU) — siBieHHEe BO3HUKHOBEHHS B 3aMKHYTOM KOHTYpE
IIEKTPUIECKOTO TOKA, O0YCIOBICHHOE U3MEHEHUEM MarHUTHOTO MOTOKA, MPOHU3BIBAIOIIETO
JTAHHBIA KOHTYP.

Tox ODMMU Ha3pIBalOT MHAYKUMOHHBIM (HaBeAEHHBIM). OnbiThl Dapanes mokasanu, 4To
BMECTO ITOCTOSSHHOTO MarHuTa MOYKHO HUCII0JIb30BaTh KATYIIKY C TOKOM, & BMECTO JIBUYKEHUS
KaTyIlIeK JIpyr OTHOCUTEIBHO Jpyra MOKHO U3MEHAThH TOK B IEPBUYHON (CO31ato1Iei mose)
karymke. [Ipu 3ToM €€ MarHUTHOE T0JIE U3MEHSETCS U BO
BTOPUYHOU (KOHTPOJIbHOI) KaTyIlIKe HABOJAUTCS TOK U,
cienosarensHo, DJ]C nHayKIMH.

IMpasuiao Jlenuma. Ilomectum Ha ocTpue NOACTaBKHU
KOPOMBICIIO C OJIMHAKOBBIMHM AJIOMHUHUEBBIMH KOJIbLIAMU,
OJTHO M3 KOTOPBIX MMeeT paspe3. OnbIT NOKa3bIBACT, YTO MPU
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BBCACHUN MarHurTa (JHOGLIM HOJIIOCOM) B CINIOIIHOC KOJIBIIO, OHO OTTAJIKMBACTCA OT MAarHura,
a NpU BbIBEACHUMM — nputaruBaercs. Komblo ¢ pa3pe3oM Ha JABHKEHHWE MarHuTa He
pearupyer. OTOT OIBIT MOATBCPIKAACT MACKHO HABCACHUA TOKAa B 3aMKHYTOM KOHTYPC IIpHU
W3MEHEHUH MarHUTHOTO MoToKa. [1o B3auMoaeiicTBUIO MOJIsi MarHUTa U MHAYKIIMOHHOTO TOKa
B KOJIbIIE€ MOXHO OIPEACIIUTh HANPaBJIECHUE TOKA.

Jlenny oOHapy>Kuji, YTO HANpaBlieHUE HHAYKIIMOHHOIO TOKa B KOHTYPE 3aBHCHUT OT: 1)
HanpapjeHus B TOJA 2) 3HaKa M3MEHEHWS MarHMTHOro nmotoka A® yepe3 KOHTYp («+» —
ecii AD Bo3pacTaert, «—» — yObIBaeT).

B 1833 roay oH cdopmyaupoBas NpaBWIO, HM3BECTHOE, Kak mpaBujo JleHma:
MHIYKIIMOHHBIA TOK, BO3HUKAIOIIUN B 3aMKHYTOM KOHTYpE, UMEET TaKoe HalpaBlIEHUE, YTO
CO3/]aBa€Mbli WM MArHUTHBIA TOTOK CKBO3b IIOBEPXHOCTb, OXBATHIBAEMYIO KOHTYPOM,
CTPEMUTCSI KOMIICHCUPOBATh U3MEHEHHE MarHUTHOT'O TOTOKA, BHI3BIBAIOIIETO JaHHBIN TOK.

3akoH 3jekTpoMarHuTHOM MHAYKUMH: DJ[C MHAYKIMM, BO3HHMKAIOLIAs B KOHTYpE, paBHA
CKOPOCTH W3MEHEHHsS MAarHUTHOTO TIOTOKa (Yepe3 MOBEPXHOCTh, OrPaAaHHUCHHYIO JaHHBIM
KOHTYPOM), B3ATOU C OOPATHBIM 3HAKOM.

_AD
At
AD
Ecnu karymka cogepkut N BUTKOB (KOHTYPOB), TO & =-N -~

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

|. BoissicHenue YCIIOBUM BO3HMKHOBEHHUS MHAYKIIMOHHOI'O TOKA.

1.H0I[KJ'II-OLII/ITC KaTylIKy-MOTOK K 3a’)KUMaM MUJUIMaMIICpMETPaA.

2. Habmronas 3a mokasaHUsIMH MWJUIMAMIEpPMETpa, OTMEThTE, BO3HUKAJ JIM MHIYKIIMOHHBIN
TOK, €CIIH:

* B HCTIOABUXKHYIO KATYIIIKY BBOAUTH MAlrHUT,

® 13 HCHOI[BH)I(HOﬁ KaTylIKW BbIBOAUTH MAarHuT,

® MArHUT pa3MCCTUTb BHYTPH KATYIIKHU, OCTABJIAA HCIIOABUKHBIM.

3. BBISICHI/ITC, KaK M3MEHSJICS MarHUTHBIA IOTOK CD, HpOHI/ISBIBaIOH_II/Iﬁ KaTyllKy B KaXXIOM

cnyyae. CpenaiiTe BBIBOJA O TOM, IpPU KaKOM YCIOBUM B KATyUIKE BO3HHUKAI
WHAYKIIMOHHBINA TOK.

l. HM3yuenue HalmpaBICHUS MHAYKIIMOHHOTO TOKA.

1.0 HaIlpaBJICHUU TOKa B KATYIIKC MOXHO CYJAUTH IO TOMY, B KaKyIO CTOPOHY OT HYJICBOT'O
ACJICHUA OTKIIOHACTCA CTPCIIKA MUJUITMAaMIICPMETPaA.

[IpoBephTe, OAMHAKOBBIM JIU OYJET HaNlpaBiICHHE WHIYKIIMOHHOTO TOKa, €CIIN:

¢ BBOJUTH B KaTYUIKY U YAAIATh MATHUT CEBEPHBIM I1OJFOCOM;
e BBOJUTH MAarHUT B KaTYIIKy MarHUT CEBEPHBIM MOJIOCOM U FOKHBIM MTOTIOCOM.
2.BBIACHUTE, YTO U3MEHSUIOCh B KakJI0M cirydae. CaenaiTe BBIBOJ O TOM, OT YEro 3aBUCHUT

HaIlpaBJICHUEC WHAYKIIMOHHOI'O TOKaA.

11l. U3yuenne BeIMunHbl HHAYKIIMOHHOTO TOKA.
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1.IlpubnmxaiiTe MarHUT K HEMOABMXHOM KaTyIIKEe MEUICHHO M C OOJBIIEH CKOPOCTHIO,
oTMmeuast, Ha ckoJibko feneHudt (N, N2) oTKJIOHsSeTC s cTpenKa MUJUTHaMIIEpMETpa.

2. [lpubnmxkaliTe MarHUT K KaTYyIIKE CEBEPHBIM MOIMOcOM. OTMEThTE, Ha CKOJBKO JICJICHUMN
N1OTKJIOHSIETCS CTpeNKa MULIMaMIIEPMETPA.

K ceBepHOMy mnostocy ayrooOpasHOI0 MarHUTa HNPUCTaBbTE CEBEPHBIN MOJIIOC MOJIOCOBOIO
Martura. BeIiCHUTE, Ha CKOJBKO JesleHHH Ny OTKJIOHSETCS CTpeIKa MUJUIMaMIIepMerpa
py IpUOIMKEHUN OHOBPEMEHHO JIBYX MarHUTOB.

3.BeisicHuTe, KaK U3MEHSJICS MarHUTHBIN MOTOK B KaXk10M cityyae. CaenaiTe BbIBOJI, OT YEro
3aBHCHUT BEJIMYMHA UHAYKIIMOHHOTO TOKA.

dopma npeacTaBiaeHus pe3yJabTaTa: MMCbMEHHBIA OTYET 0 MPEII0KEHHBIM BOITPOCAM.

KoHTpoJibHbIE BOIPOCHI:

1.B kaTymky w3 MEAHOTrO MPOBOJa CHauyana ObICTPO, 3aT€M MEJICHHO BIBUTAIOT MAarHuT.

OnMHaKOBBIM JIM AJIEKTPUYECKUH 3apsii MPU 3TOM IMEPEHOCHTCS 4Yepe3 CEeYeHHe MpoBoJa
KaTyIIKH?

2.Bo3HukHeT 11 I/IHIIYKHI/IOHHHﬁ TOK B PE3MHOBOM KOJIbIC IIPU BBCACHHUH B HCTO Maraura?

Kpurepuu ouenku: cm. crp. 90
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Pasznea 4. diekTpoauHaMuka
Tema 4.7 IlousiTue 00 ycTpoiicTBe MHAYKIMOHHBIX T€HEPATOPOB, TPaHCcHOPMATOPOB
JlaGopaTopHas padora Ne6
H3yuyeHue ycTpoiicTBa M NPUHIUINA PA00THI FeHEPaTOPa MepPeMEeHHOr0 TOKa

Llesb: pa3BUBaTh SKCIIEPUMEHTAIBHBIE METO/IbI TO3HAHMS, (OPMUPOBATH YMEHHS paboTaTh ¢
71a00paTOPHBIMH U KOHTPOJIBHO-HU3MEPUTEIBHBIMU IPHOOpaAMH.

Beinosinus padory, Bel Oyaere:

YMETh:

- pa3nIn4aTh reHepaTopbl HEPEMEHHOT0 U OCTOSIHHOTO TOKa,
- 3HaTh NPUHIMN pabOThl FeHepaTopa MEPEMEHHOr0 TOKa.

MaTepnaﬂbﬂoe o0ecneyeHnue: MOZACIIb  DJCKTPOABHUIATCIIA IMOCTOAHHOI'O TOKa CO
CTaTOpPHBIMU  KaTylIKaMHy, TaJIbBAHOMCTP, HOJIprOBOI[HHKOBI:IfI JUOJ Ha KOJOJKEC,
COCAMHUTCIIBHBIC IMTPOBOAA, HCTOYHHK TOKA, KJIIFOY, p€OCTaT, aMIICPMCTDP.

3ananmue:

W3yunth cTpoeHME reHepaTopa MNepeMEeHHOT0 TOKa,
W3yunTh NpUHIUT CTPOCHHS T€HEpaTOpa MEPEMEHHOTO TOKa.
Kpartkne Teopernyeckne cBegeHNs:

JuieKkTpoMaruuTHasi MHAYKOMA (OMM) — sBieHHE BO3HUMKHOBEHHUS B 3aMKHYTOM
KOHTYpE JJIEKTPHUUYECKOTO TOKa, OOYCIIOBIEHHOE€ HW3MEHEHMEM MAarHuTHOrO MOTOKa,
IIPOHU3BIBAIOIIETO JAHHBIN KOHTYP.

Tox DMMU Ha3pBalOT MHAYKONHOHHBIM (HaBeACHHBIM). OmbiTel Dapanes Mmokasaiau, 4TO
BMECTO [IOCTOSIHHOI'O MarHuTa MO>KHO HCIIOJIb30BaTh KATYIIKY C TOKOM, @ BMECTO JBHXKEHUS KaTyLIEK
JIpyT OTHOCHUTENIBHO JIpyra MOYKHO M3MEHSTh TOK B MEpBUYHOMN (cozmaromiei mose) karymke. [Ipu
5TOM €€ MAarHuTHO€ II0J€ HU3MEHSeTCSI U BO BTOPUYHOHU
(KOHTPOIBHON) KaTyIIKe HABOJUTCS TOK W, clemoBatenbHo, DJ1C
WHIYKITUH.

IIpaBuno Jlenna

npaBuio JleHuna: MHAYKIMOHHBIM TOK, BO3HMKAIOLIUN B
3aMKHYTOM KOHTYpE, UMEET TaKOe HaIlpaBJICHHE, YTO CO3[aBaCMBIi
UM MaTrHUTHBIH ITOTOK CKBO3b ITOBEPXHOCTh, OXBaTHIBAEMYIO
KOHTYPOM, CTPEMUTCSI KOMIIEHCHPOBAaTh H3MEHEHHE MAarHUTHOTO
MOTOKA, BEI3BIBAIONIETO JAHHBINA TOK.

IMopsiiok BbINOJIHEHHS PA0OTHI:

PaccMoTpuTe yCTpOMCTBO MOMAEIH 3JCKTPOJABHMraTeNisl, YKaXKUT€ OCHOBHBIC YacTH, OOBSICHUTE
MIPUHIIUII €T0 PaOOTHI.

IIpennoxute cmoco0 mpeodpa3oBaHUs OSIEKTPOABHUTaTENII B TEHEPATOp IEPEMEHHOTO TOKa.
[IpoBeprTe Barr crioco0 Ha ombITe.

Uccnenyiite, BnMseT JU Ha T[EPBOHAYAIBHOE OTKJIOHEHHE CTPEJIKM TalbBaHOMETpa, IpHU
MOJyY€HUH IEPEMEHHOIO TOKA, HAIIPaBJICHUs BpAlllCHUS SIKOps T'€HepaTopa.
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HccnenyiiTe, Kak 3aBHCUT aMILIMTYIa IEPEMEHHOTO TOKa OT YacTOTHI
BPAILCHUS SIKOPSI M BEJIMYUHBI TOKA BO30YKIICHUS.

Jns mpeoOpa3oBaHus 3JIEKTPOJABHUraTeNiss MOCTOSHHOTO TOKAa B
reHepaTop NEPEMEHHOr0 TOKa HEOOXOAMMO OTCOEIMHHUTH IIPOBOAA
KaTylIeK 3JIEKTpOMarHuTa OT WIETOK KoJulekTopa. YUepe3 mieTku
KOJUIEKTOpPa Ha SKOPb OT MCTOYHMKA IIOCTOSHHOTO TOKa Yepes3
peoctaT mojaeM TOK BO30OyxaeHus (cM. puc.). llpu BpameHun
SKOpsl, €r0 MarHUTHOE II0JIe, CO3/1aBaeMOE€ TOKOM BO3OYXKICHHUS
OyZeT co3aaBaTh B KaTYIIKax 3JIEKTPOMArHUTa MEPeMEHHBIH TOK.

[logcoenuHuuB K KaTylIKaM 3JIEKTPOMAarHuWTa TajlbBAHOMETp, a
yepe3 KOHTAaKTHbIE IIETKM KOJUIEKTOpa SKOpS TOJaeM TOK
BO30YKIICHHs, BEJIMYMHA TOKAa BO3OYXICHHS HE JOJDKHA
npeBbilaTh 1 A, cuily TOKa BO30YXACHUS PETYIUPYEM PEOCTATOM.

©

-— -~

Haunnaem Bpamarh sIKOpb B IEPBOM CJlydae [0 HANPABJICHUIO JBM)KEHUS YaCOBOH CTpEIKe, a
Apyroi pa3 mpoTuB Hero. [lo mepBoHauanbHOMY OTKJIOHEHHMIO CTPEJIKH TaJbBaHOMETpPA
YCTAHABJIMBAEM B3aUMOCBS3b MEXIY HaIpPaBIECHHWEM BpAIICHUS SIKOpS U NEPBOHAYAIBHBIM

HaIlpaBJICHUEM IICPEMCHHOI'O TOKaA.

HccnenoBanue 3aBUCUMOCTH MEXAY aMIUIMTYIOH IEPEMEHHOr0 TOKAa M YacTOTOM
BpALLEHUs SKOPs IPOBOAUTCS IPU IMOCTOSHHOM BeIMUMHE TOKa Bo30ykaeHus. Mccnenopanue
3aBUCHUMOCTH MEXAY aMIUIUTYJOM NEPEMEHHOI0 TOKa M BEIMYMHOM TOKa BO30YKICHUS
BBINOJIHAETCS. NIPU MOCTOSHHOM yacToTe BpauleHus sikops. IIpu BbIoOIHEHHMH 3TOH yacTu
71a00paTOpHOIl pabOTHI MOKHO BpAIIATh SKOPh T€HEPATOpa IPYyruM 3JIeKTpoaBurareneM. Jus
3TOr0 BajJ »3JIEKTPOABMUraTesst COEAMHAEM pPE3MHOBOM My(QTOH ¢ sKOpeM TreHepaTopa.
DneKTpoABUraTeab K HUCTOYHUKY TOKa IOJICOEAMHSIETCS Yepe3 peocTar, A TOro YTOOBI

MOXKHO OBUIO peryiupoBaTh YacTOTy

BpallleHUs Bajia 3JEKTPOABUTATES.
OTBeTUTH HA BOPOCHI:

Kakoe sBieHHE MOJ0XKEHO B OCHOBY
paboTel TeHepaTopa? TMOCTOSTHHOTO
(nepemenHoro) Toka. B uém oHO
3aKioyaeTcs?

VYkazarb OTJINYHE reseparopa
MIOCTOSIHHOTO OT 3JIEKTPOJIBUTaTEeNs
MTOCTOSIHHOTO TOKA.

Kakum mpeumymectBoM obOnamaet
IIEPEMEHHBI TOK IO CPABHEHUIO C
MTOCTOSIHHBIM?

Korga wame Bcero neperoparoT HMPEeJOXPaHUTENIM: NP BKIIOYEHHU DJIEKTPOJBUraresien

OBITOBOM TEXHUKHU WM NPH BbIKII0ueHUH? [Touemy?
[Toanucatek cocTaBHbIE YaCTH F€HEPATOPA.

(I)opMa NNpeacTaBJACHUsA pe3yjabTara: IMMCHbMEHHBII OTUYET 110 IpCAJIOKEHHBIM BOIIpOCaM.

Kpurepuu onenku: cm.ctp. 90
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Pa3gen 5. OnTuka
Tema 5.1. OcHOBHEIE 3aKOHBI ONTHKH.
JlabopaTopnasi paGora Ne /

OmnpenesieHue rJ1aBHOT0 (POKYCHOTO PACCTOSIHUS COOMPATEIbHOM JTUH3BI.
Heab: HayunuTHCS ONPEALIATH INIaBHOE (POKYCHOE PACCTOSHUE JIMH3BI ONBITHBIM TyTEM

Boinoainus padoty, Bel Oynere:

YMETh:

- pas3jan4aTb BUAbI JIMH3,

- OIpenenaTh (POKYCHOE PacCTOSTHUE TUH3BI

MarepuanbHoe obecrnedeHue: ICTOYHUK CBETa, COOMpaTENbHAS JIMH3a, KpaH, IMHEHKa.
3ananue:

1. [ToxyunTh Ha SKpaHe pa3InYHbIC BUbI H300pasKCHUH.
2. TlpumenuTs popMyny TOHKOH JIMH3BI AJIS1 ONIpeieNieHUs] POKYCHOTO PacCTOSHHS JTMH3HI.

Kparkue Teopernyeckue cBeieHUS:
JInH3a — npo3payHoe TeJI0, OrPaHUYEHHOE ABYMS C(HepUUECKUMH TOBEPXHOCTSIMH.

Tonkasi MMH3a — JMH3a, TOJIIMHA KOTOPOM MpeHeOpeKUMOo Majia Io
CPaBHEHHUIO C paJInycaMU KpPUBU3HBI €€ IIOBEPXHOCTEM. “ R /\ T

BoinykJiasi (BOrHyTasi) JUH3a — JIMH3a, TOJIIMHA KOTOPOW B cepeinHe ﬂ U \/ \LO
Oosblie (MEHbIIE), UeM 110 KPasiM.

CoOupawmas (paccemBawiias) JUH3A — JIMH3A, IpeoOpa3yromas napauieabHble Y9l B
cxojsmmecs (pacxosIecs).

e /I3 OmMBITOB HM3BECTHO, YTO BBHIMYKJIBIC JIMH3BI — COOHMPAIOIIHE, X\ T‘ v
BOTHYTHIE — PACCEUBAIOIITHE. Z/ A A /Lo
T'1aBHasg onTHYecKas OCh JIMH3bI — mpsaMasd, mpoxoadinas 4€pes3
LEHTPBI KPUBU3HBI CPEePHUUECKUX TOBEPXHOCTEH JTUH3HI.

OnTryeckuid HEHTP JHUH3bI — TOYKA TTTABHOW ONTHYECKOM OCH JIMH3bI, PABHOOTCTOSIIIASL OT

TOYCK HCPCCCUCHUS JaHHON OCH CO C(I)CpI/I‘-ICCKI/IMI/I
MOBCPXHOCTAMU JINH3BI.

N
I'naBuas IJIOCKOCTh JIMH3bI —  IJIOCKOCTD,
MEePNEHIUKYISIPHAST TJIABHOM ONTHUYECKOM OCH JIMH3BI U
MPOXOASAIIAs Uepe3 ONTUUECKUN LIEHTP JIUH3BI. F, 0 >
IloGounass onTHYeckass oOChb JHH3bI — JIUHHS,

vV

npoxoaduiada 4cpes3 ONTHYCCKUM LOCHTP JIMH3blI U HC
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COBMAAIONIAs C TJIABHOW ONTHUYECKOM OChIO (MX OECKOHEYHO MHOTO).

[Iycte Ha cobuparoulyto (pacceuBarollylo) JIMH3Y MagaeT My4oK

JTy4yel, mapajuieibHbIX TJIABHOM ONTHYECKOW Oocu — (CM. puC.). e
o Z
CBoiicTBa JMH3 TaKOBBI, YTO O3TH Jy4d (HUX HPOJOJIKEHHUS) Z-
coOuparoTCcsi B HEKOTOPOii Touke F. Frs 0 F,
N\
I'naBubiii  ¢oKyc JHH3BI — pacloOJOXKEHHas Ha IJIaBHOW —
OIITUYECKOM OCU TOYKA MEPECEUCHNUS NPEIOMIICHHBIX CXOAAINXCS

(mpomoyKeHusl pacxoIAlIuxcs) JIy4el, MOJIyYeHHBIX BCIIEICTBUE
[IaJICHU HA JIMH3Y I1y4YKa JIy4el, TapaJuIeIbHbIX [NIABHOW ONITUYECKON OCH.

®oxycHoe paccrosinue (f) — paccTosiHEE OT ONTHYECKOTO IIEHTPa JIHH3bI 110 e€ (oKyca.

@okajbHAs MJIOCKOCTH JUH3BI — TUIOCKOCTh, 00pa3oBaHHasi (OKycaMu JIMH3BI (TJIaBHBIM U
IMOOOYHBIMHU ).

CDOpMy'J'Ia TOHKOM  JIMH3BI: i+i:+i
A bl If]

ﬂeﬁCTBHTCHbHBIX TOYCK 6CPYTC$[ CO 3HAKOM «1», 10 MHHUMBIX — CO 3HAKOM «—».

ra€ mnpaBuji0 3HAKOB: pPAacCCTOSAHHUA 10

Onruyeckas cuiia JuH3bl (D) — Bennuuna, oopatHast e€ GOKYCHOMY pPaCCTOSIHHUIO.

D= J_rﬁ [D]= % =1ANTp — AUOITPHSL.

Ilopsinok BbINOJHEHHS Pa0OTHI
1. YcTraHOBUTE UCTOYHMK CBETA, JIMH3Y, YKPaH Ha OJTHOM MpAMOIL.

2. Tlepemeniasi UICTOYHHUK CBETA W JIMH3Y, HOOUTHCS YETKOTO YMEHBIIEHHOTO H300pa)KEeHUs
IIJJAMEHU CBEYM Ha DKpaHe.

3. I/I3MepI/ITL pacCToAHUC OT JIMH3BI 1O UCTOYHHKA CBETA U PACCTOAHUC OT JIMH3BI 1O 3KpaHa U
10 (bopMyJIe JIMH3bI BBIYUCIIUTDH q)OKYCHOG pacCTOSAHNC JINH3LL.

4. TlnaBHO mepenBuUTras JMH3Y, MOJIYYUTh Ha 3KpaHe YETKOE YBEIMUYEHHOE M300pa’keHue
iameHu cBeun. M3meputh paccrosiaue d (0T JUH3BI 10 cBeur) U pacctosiaue T (0T muH3bI 10
9KpaHa) U BEIYUCIUTH (POKYCHOE pacCTOSIHUE JIH3HI F.

5. IlnaBHO mepenBuras JMH3Y, MOJYYUTh Ha JKpaHe YETKOE YBEIMYEHHOE HM300pa)keHue
ruiaMenu ceeur. M3meputs paccrosiaust d u f. Beranciuts hokycHoe paccTosiHue JTMH3BI F.

6. Berauciuth cpenHee 3HaueHUE (OKYCHOTO PACCTOSHUS W ONPEICITUTDh ONTHYCCKYIO CHITY
JUH3BI TIO opMyIIe: 1 1 1.

_—_+_
F d f

7. BBIYHCITUTH ONTHYECKYIO BHJLTY JIMH3BI 10 hopmyie: D = —
cp

8. Pe3ynbpTaThl H3MEHEHHI W BBIYUCIICHUHN 3aHECTU B TaOJIHILY:
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Ne Wzobpa{ Paccrog Paccros-| I'naBnoe| Cpennee | MctunHoe | Onrtuuec-| Ilorpemnocts
OMBI-| KEeHHWe | ue HHE (doKycHO| 3HaueHWE| 3HAYEHHE Kasi cuiig
Ta JIMH3BI |  JIMH3BI pacctosi-|  TI.OKyC{ ONTHYECKOH| JIMH3BI
CBEUH 9KpaHa HUE, HOro pac-| cwisl uH3] D, morp.
d, m f,m F.m CTOSIHHS, Dy, AIITP. Abco-morHal OtHOCH-
FepoM D, naoTp. TeabHasS
€, %
1 YMeHb-
IIEHHOE
2 YBenu-
YEeHHOE
3 PaBHoe
Tabnuua
8.CpaBHI/ITB HOHy‘ICHHBIﬁ pe3yiabTaT C HCTUHHBIM.
9.BeIKCIuTh a6COJ'IIOTHYIO U OTHOCHUTCIIbHYIO IIOTPCHIHOCTDH I/ISMepeHI/Iﬁ 10 Q)OpMYHaMZ
A 0,
A=|D- Dyer. | £=———-100%.
Ducm.
10.Cnenath BbIBOJ 11O paboTe.
(I)opMa NpeacraBjJacHusd pedyjabTara:
Ne H3o06pa- Paccros Paccros-| [I'nmaBuoe| Cpennee | HUctunnoe | Omnruuec-| IlorpemHocts
or] KeHHe ue HHE (OKycHO| 3HaueHHWE| 3HAUCHHE Kas cuIa)
- JIMH3BI JIMH3BI pacctosi-|  TL.GOKYC- ONTHYECKOW| JIMH3BI
Ta CBeUH 9KpaHa HHE, Horo pac-| cuibl quH3y D, nnrp.
d, m f,m F.m CTOSIHMS, Dy, AOTP. Abco-motHa) OTHOCH-
FepsM D, arrp. TeNbHAS
€, %
1| VYwmens-
HICHHOE
2| VYsenu-
YEHHOE
3| PaBnoe

Kpurepuu ouenku: cm.ctp. 90
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Pa3zgen 6. ®usnka atoMma M1 aTOMHOI0 siApa.
Tema 6.1. Pa3zBurTne npeacTaBjeHuil 0 MPUPOIE aTOMA

JlaGoparopHasi pabora Ne 8

HN3ydyeHue TpeKkoB 3apsizKeHHbIX YACTHIL 110 TOTOBBIM (poTorpadpusm

Heab: 00BACHUTH TPAEKTOPUIO U XapaKTEP JABUKEHUS 3apSHKEHHBIX YACTHIL.
Bbinosinus padory, Bel Oyaere:
YMETb: OOBSICHITH TPACKTOPHUIO JBUKCHUS 3apSKCHHBIX YACTHII

MatepuaibHoe o0ecniedenue: Gororpaduu TPEKOB 3apsSHKEHHBIX YaCTHUII.

3ananmue:
1. W3yuuTh TPaeKTOPUU 3aPSHKECHHBIX YaCTHII.
2. [Ipoananu3upoBaTh XapaKkTep ABUKEHUS YACTULl U UX XaPaKTCPUCTUKHU.

KpaTKue TCOPETHYECCKUEC CBCACHUSA

1. Tpeku 3apspKEHHBIX YAcTHIl B KaMmepe BuibcoHa mpeacTaBisioT cOO0H LENoYKH
MHUKPOCKOIMMYECKHX KaleJaeK >XUAKOCTH (BOABI MM CHHpTa), 0Opa3oBaBIIMXCS BCIEACTBUE
KOHJICHCAllUM IIEPECHIIIEHHOIO0 I1apa 3TOW JKUIAKOCTM HA HOHAX, pPAacCIOJOKEHHBIX BJOJIb
TPACKTOPUU 3apsSDKEHHOW 4YacTHUILBl; B ITy3bIPbKOBOM KaMepe — LEHNOYKM MHUKPOCKOIMYECKHUX
My3bIPPKOB Tapa Meperperol KHUAKOCTH, OOpa30BaBIIMXCS Ha HMOHAX. TpeKH MOKa3bIBAIOT
TPAEKTOPHIO JBUKEHUS 3apsKEHHBIX YACTHII.

2. JlnmHa Tpeka 3aBUCUT OT HAa4yaJIbHOM HHEPrUM 3apsHKEHHOM YacTHULbI M IUIOTHOCTH
OKpY’KaroIIel Cpebl: OHa TeM OOJIbIe, YeM OOJIbIIEe YHEPTUS YACTHUIBI U YEM MEHBIIE IIOTHOCTh
cpenbl. 3. TonmmHa Tpeka 3aBUCUT OT 3apsia U CKOPOCTH YACTHIIBI: OHA TeM OOJIbIle, YeM OoJIbIie
3apsij] YaCTHIIBI U UYeM MEHBIIIE €€ CKOPOCTb.

4. Ilpn [BUKEHUM 3apsHKEHHOW YacTUIbI B MAarHMUTHOM TII0J€ TpeK €€ MoydaeTcs
HCKpUBJICHHBIM. Pasinyc KpUBU3HBI TPEKa 3aBUCUT OT MACChI, 3apsa, CKOPOCTH YACTHULIBI U MOIYJIS
MHAYKIIMM MarHuTHOTO TOJs: OH TeM Oojiblie, yeM OoJibllle Macca U CKOPOCTh YaCTUIBl U YeM
MEHBbIIIE €€ 3aps]l U MOAYJIb UHAYKIIUU MarHUTHOT'O MOJIS.

5. Ilo u3MeHeHHIO paauyca KpPUBHM3HBI TpPEKa MOXKHO
OIIPEAEIUTh HAIIPaBJIICHUE JIBUJKEHUS YaCTHUIbl U U3MEHEHUE €€
CKOpPOCTH: Hayajo e JBIKEHUS U CKOPOCTh OOJbILE TEM, TIe
OoubliIe paguyc KpUBU3HBI TPEKA.

ITopsinok BbINOJHEHHS PadOTHI:

1. [IpoBenuTe aHamM3 TPEKOB 3apsKEHHBIX
yactull o Qororpapuu Nel, oTBevas Ha cienyromIue
BOIIPOCHI:

B KkakoM HampaBieHUHM JBUTAIUCh ajb(a-yacTUII?
2) TIlouemy panuHa TpeKOB  aibda-dyacTHI] MPUMEPHO
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OJIMHAKOBO?
3) Ilouemy ToimmHa TPEeKOB aib(a —4acTUIl K KOHIly MpoOera HEMHOTO YBEIHYHUBACTCS?

; ’E! 4) TloueMy HEKOTOpBIC alib(pa-uyacTHIIbI OCTABIISIFOT TPEKH TOJIBKO B
|

KOHIIE CBOEero npobera?

2. [IpoBeauTe aHanu3 TPEKOB 3apSXKEHHBIX YACTHI] 10
¢dotorpaduu Ne2, oTBeyas Ha CIeAyIOIINE BOIPOCHI:
1) Ilowemy Tpek OoyeKTpoHa wuMeeT ¢GOpMy CIUpaTu?

2) B KaKOM HallpaBJICHUU JIBUTAJICS AIIEKTPOH?
3) Kak Obul HampaBieH BEKTOp MAarHUTHOW MHIYKIUU?

3. TlpoBeauTe aHaIM3 TPEKOB 3apSDKEHHBIX YaCTHI[ 10
dotorpaduu Ne3, oTBeyast Ha CICIYIOIIHE BOIIPOCHI:

1)[ToueMy Tpeku siiep aTOMOB UMEIOT Pa3HYIO TOJIIUHY?

2)Kaxkoil Tpek NMpuUHAANEKUT SJIPY aTOMAa MarHUsl, KaabIUsl
U xeesa?

3)Ka1<0171 BBIBOA MOXHO CACJIaTb HW3 CPABHCHHA TOJIIHWHBI
TPCKOB AJCP aTOMOB PaA3JIMYHbIX 9JIEMEHTOB?

4. YeM OTIMYAIOTCS TPEKU YACTHIL], MOJy4YE€HHbIE B (DOTOIMYJBCUHU, OT TPEKOB HYACTHUI[ B
KaMmepe BuibcoHa U my3bIpbKOBON KaMepe?

CDopMa NpeacTaBJCHUSA peE3yJabTara: IMMCHbMEHHBII OTUYET I10 IPpCAJIOKCHHBIM BOIIPpOCaM.

Kpurepuu ouenku: cm. crp. 90
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KPUTEPUM OLIEHKH ITPAKTUYECKOM PABOTBHI

OHeHKa «OTINYIHO» CTaBHUTCA 3a pa60Ty 0e3 omuboK u HEAOYETOB, UK UMCIOIIYIO HC boiee

OJHOI'0O HEJO0YECTA.

O1eHKa «XOPOI0» CTaBUTCS 3a pabOTY, BHIIIOJHCHHYIO IMOJIHOCTHIO, HO TIPY HAJIMYUHU B HEW:

a) He OoJiee OIHOM HerpyOoii OIIMOKK U OJTHOTO HEJ0YETa;

0) wim He OoJiee IBYX HEAOYETOB.

O1eHKa «y/0BJEeTBOPUTEIbHO» CTABUTCS B TOM CIliydae, €CJIU CTYACHT MPABUIBHO BBITOTHHI

HC MCHCC I10JIOBHHBI pa6OTBI WK JOITYCTHIIL:

a) He OoJiee IBYX rpyObIX OMIMOOK,

0) unu He OoJiee 0JTHOM TpyOOi OIMMOKU M OJTHOTO HEA0UETa,

B) WM He OoJjiee NBYX-TPeX HErpyObIX OMIHNOOK,

T') WIK OJHON HErpyOoii OMMUOKH U TPEX HEJIOUETOB,

1) W TIPU OTCYTCTBUHU OIIMOOK, HO MPU HATWYIHUH 4-5 HE0UYETOB.

OneHka «HEY/I0BJETBOPUTEIBLHO» CTABUTCS, KOTJIa YHCJIO OMIMOOK M HEOYETOB MPEBOCXOIUT

HOPMY, NpU KOTOPOH MOKET OBITh BBICTABJIEHA OLIEHKA «3», WM €CJIM MPAaBUIBHO BBINOJIHEHO

MEHe€ MOJIOBUHBI paOOTHI.

a)
6)

B)
r)

1)

a)
0)
B)
r)
1)

6)

B)
r)

1)

6)
B)

KPUTEPUHU OIIEHKH JIABOPATOPHOM PABOTHI

OLieHKA «OMIUYHOY» CTABUTCS, €CIIH CTY/ICHT:
BBINIOJIHMJI Pa0OTy B MOJHOM OOBEME C COOJIOJICHHEM HEOOXOIMMOM MOCIeI0BATEIEHOCTH
HPOBE/ICHHS OIBITOB U U3MEPCHHUIA;
B IMPCACTABJICHHOM OTYCTC IIPABUJIIBHO W AKKYPAaTHO BBIIIOJIHWII BCC 3alluCH, Ta6JII/IIIy,
BBIYMCIICHUS U CIeTIaJl BBIBOJIBI;
IMpaBHUJILHO BBIITOJIHWII aHAJIN3 HOFpCHIHOCTeI\/JI;
coburo1an TpeboBaHus 0€30MaCHOCTH TPYa;
OTBETHJI HA KOHTPOJIbHBIE BOMTPOCHI (YCTHO HJIM MMUCHbMEHHO).

OueHka «xopouio» CTaBUTCS B TOM CiIydae, €CIIM BBITIOJHEHBI TPEOOBAHUS K OLCHKE
«OTJINYHOY, HO:
OIIBIT MPOBOJIUIICS B YCIIOBHSIX, HE 00ECTIEYMBAIOIINX JOCTATOYHON TOYHOCTH U3MEPEHHIA;
JOITYIIECHO JBa-T

pH HeJloueTa, WK He 00Jiee OHOM HErpyOoil OMOKH U OJTHOTO HEJIOYETa;
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI (YCTHO WJIM MMHCEMEHHO).

O1eHKA «P0086/1€ME8OPUMENbHO) CTABUTCS, €Clii padoTa BBINOJIHEHA HE MOJIHOCTBIO, HO 00beM
BbIHOHHeHHOﬁ YacTHU TAaKOB, YTO ITO3BOJIACT HOJ'Iy‘II/ITI) HpaBI/IJ'II)HI)Ie peSy.HBTaTLI 1 BBIBOJbI, HJIX €CJIN
B XOJI€ TIPOBE/ICHUS OIBITA ¥ U3MEPEHHI OBLITHN JIOMYIIEHBI CIIETyFOIINe OITHOKH:

OTIBIT MIPOBOMIICS B HEPAIMOHAIBHBIX YCIIOBUSX, YTO MPUBEJIO K ITOIYUYESHUIO PE3YIbTATOB C OOIBIICH
MOTPEIIHOCTHIO;

WIK B OTYETE OBUIM JONYIICHBI B OOIICH CIOXHOCTH He Oojiee MBYX OMIMOOK (B 3allMCSAX CIAMHHUIIL,
M3MEPEHUSIX, B BBIUYUCIICHUSAX, TAOIUIaX, aHAJIN3€ MOrPENTHOCTeN U T.J.), He MPUHIUITUAIBHOTO IS
IIaHHOﬁ pa6OTI)I xapaKTepa, HO ITIOBJIMIABIINX HaA pe3ym,TaT BBITIOJTHCHUS

HNJIN HC BBIIIOJITHCH COBCEM HJIN BBIITOJIHCH HeBepHO aHaJINn3 HOFpeIHHOCTeﬁ;

WK paboTa BHITIOJHEHA HE TOJTHOCTHIO, OJTHAKO OOBEM BBHIMOJIHEHHOW YacTH TaKOB, YTO TO3BOJSET
MOJTyYUTh TPABUIIBHBIE PE3YJIBTAThI M BBIBOJBI MO0 OCHOBHBIM, NMPHUHIIMIIMAIBHO BAXKHBIM 3ajadam
paboThI;

YaCTHMYHO OTBETHJI Ha KOHTPOJIbHBIE BOMPOCHI (YCTHO WJIM MUCHMEHHO).

OreHKa «Hey0061emeopumeibHO» CTAaBUTCS B TOM CIIy4ae, eCliu:
paboTa BBIMOJTHEHA HE TOJHOCTBIO, U O0BEM BBHITIOJTHEHHOW YacTH pabOTHI HE TMO3BOJISIET CACNATH
HpaBI/IJ'IBHI)IX BBIBOIOB,

WJIM OTIBITHI, U3MEPEHUS, BBIYUCICHUS, HAOIIOICHHSI POU3BOIIIINCH HEPABUIILHO;
HE OTBETHJI Ha KOHTPOJIBLHBIE BOIIPOCHL.
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