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1 BBEJAEHUE

Baxxnyto gacTh TeopeTHYECKON M MPOPECCHOHATBHOW MPAKTUYECKONW TMOATOTOBKH OOYJarOITUXCS
COCTABIISIFOT PAKTUYECKUE U Ta0OpaTOPHBIE 3aHATHUSI.

CoctaB M cozepkaHHe MPAKTHUYECKUX M JAOOPAaTOPHBIX 3aHATHHM HalpaBiCHbl HA pPeaIn3aLUI0
@denepanbHOTO TOCYIApPCTBEHHOIO 00pa30BaTENILHOTO CTaHAApTa CPEAHEro MNpOQecCHOHATHHOTO
o0Opa3oBaHus.

Benymieii  qupakTU4ecKOM — IENbI0  MPAKTUYECKUX — 3aHATHHA  sABIseTcs  (OpMUpOBaHHE
Ipo(eCCUOHATIBHBIX MPAKTUYECKUX YMEHHUH (YMEHMH BBINOJIHATH ONpE/eNeHHbIe NEHCTBUSA, ONepaluH,
HEOOXOAMMBIE B TOCIEAYIOUEM B MPO(ECCHOHAIBHOW NEATENFHOCTH) WM y4eOHBIX MPAKTHUYECKHX
YMEHUH pemiaTth 3a1a4u 1o (Gpu3nke, HEOOXOAUMBIX B MOCIEAYIOIEH Yy4eOHO! AeATeIbHOCTH.

Benymieid QunakTH4eckoil 1enbi0  JIAOOPATOPHBIX  3aHATUH  SBISETCA HKCIEPUMEHTAIbHOE
IIOATBEPKICHUE U POBEPKA CYIIECTBEHHBIX TEOPETUUECKUX TOJI0KEHUH ,3aKOHOB, 3aBUCUMOCTEH.

B coorBerctBUM ¢ paboueil mporpamMmoil y4eOHOW IuCHMIUIMHBI «DPU3MKa» MPETYCMOTPEHO
IIPOBE/ICHUE NPAKTUUECKUX U JJAOOPATOPHBIX 3aHATHUI.

B pe3yinbrare ux BBIIOJHEHMS], 00Y4arOIUNCs JOKEH:

ymemb:

paccuuThIBaTh U U3MEPSATh OCHOBHBIE [TAPAaMETPhI IPOCTHIX AEKTPUUECKUX U MAarHUTHBIX IeNel

IIPUMEHSATh OCHOBHBIE 3aKOHbBI (PU3UKH JUISl PELLICHUs aKTyalbHbIX HHKEHEPHBIX 3a/1a4

pelarh NpakTUYECKHUE 3aJaud IOBCEJIHEBHOM XW3HHU, PAlMOHAJIBLHOTO IPUPOJOIOIb30BAHUS U
OXpaHbl OKPYKaIOLEN Cpelbl

ConepxaHne MPaKTUYECKUX U JIJAOOPaTOPHBIX 3aHATHI OPUEHTHPOBAHO HA TIOATOTOBKY O0yJarOIUXCs K
OCBOEGHHIO TPO(ECCHOHAIBHOTO MOAY/S IMPOrpaMMbl IOATOTOBKU CIIELMAINCTOB CPEIHEro 3BEHa II0
CIIELIMATIBHOCTH U OBJIA/ICHUIO HPOeCcCUOHAIbHBIMU KOMNEMEHUUAMU:

I1K 1.1 OcymecTBiATh TEXHOJIOTMYECKHUE OIEPALIMU 10 IPOU3BOJICTBY YEPHBIX METAILIOB;

[1K1.30kcmnyatupoBaTh ~ TEXHOJOTMYECKOE M MOJIBEMHO-TPAHCIIOPTHOE  00OpYIOBaHUE,
obecreynBarolee MPoru3BOACTBO YEPHBIX METAIIJIOB;

[1IK 1.4 Ananu3upoBaTb Kaue€CTBO ChIPbsl U TOTOBOM MPOYKIUY;
A Taxoke GOPMHUPOBAHUIO 0OUAUX KOMNEMEHYUIL:

OK 2 OpranusoBaTbh COOCTBEHHYIO J1€ATEIbHOCTb, BEIOUPATh TUIIOBBIE METO/IBI U CIIOCOOBI
BBINOJIHEHUS TPO(ECCHOHANIBHBIX 3a/1a4, OLIEHUBATh UX 3(P(PEKTUBHOCTh U Ka4ECTBO;

OK 3 IlpuHuMaTh penieHysl B CTaHAAPTHBIX U HECTaHAAPTHBIX CUTYalUsSIX U HECTH 33 HUX
OTBETCTBEHHOCTH;

OK 4 OcymiecTBasTh HOUCK U UCIIOJB30BaHUE HHPOPMAIIHN, HEOOX0IUMOM 1S 3P PEKTUBHOTO
BBINOJIHEHUS TPO(ECCHOHAIBHBIX 33/1a4, TPOPECCHOHATBHOTO M IMYHOCTHOT'O PAa3BUTHUS;

OK 6 PabGoTatb B KOJUIEKTHBE U KOMaHe, 3p(HEKTUBHO 00LIaThCS ¢ KOJIETaMU, PYKOBOJICTBOM,
MOTPEOUTENSAMU;

OK 7 bpatp Ha ce0st OTBETCTBEHHOCTH 3a paObOTy YJICHOB KOMaHIbI(TIOJYMHEHHBIX ), 32 PE3YJIbTAT
BBITIOJTHEHUS 3a/1aHUH.

BeinmonHenue oOydaromuxcs MPAaKTUYECKHX U JIAOOPATOPHBIX PabOT MO y4yeOHOH IUCIMIUTMHE
«®Pu3uKa» HaIpPaBJICHO Ha:

- 000011IeHNE, CUCTEMATU3ALUIO, YITTyOJIeHUE, 3aKpEeIUIEHUE, pa3BUTHE U ACTATU3AIMIO TOTYyYEHHBIX
TEOPETUYECKUX 3HAHUN IO KOHKPETHBIM TeMaM Y4eOHOI THUCUUIIINHBI;

- (hopMUpOBaHME YMEHHUH MPUMEHSATH MOJyYCHHbIE 3HAHUS Ha MpaAKTUKE, peau3alfio eJUHCTBA
MHTEJJIEKTYaJIbHOM U MPaKTUYECKON JAESITeTbHOCTH;

- (hopmMHpoBaHHE U pa3BUTHE YMEHH: HaOIIOJaTh, CPAaBHMBATh, COIOCTAaBIISATh, AHAJIM3UPOBATH,
JenaTh BBIBOABI U OO0OOIIEHUS, CaMOCTOSITEIbHO BECTH MCCIEIOBaHMS, IMOJIb30BAThCAd Pa3TUUHBIMU
preMaMy U3MepeHuit, opopMIIATh pe3yIbTaThl B BUAE TabJHIl, CXeM, IpaduKoOB;



- mpuoOpeTeHHe HAaBBIKOB PabOTHl C Pa3IMYHBIMH HPUOOpaMH, amnmaparypod, yCTaHOBKAMHU U
APYTHMHU TEXHUYECKUMH CPEICTBAMU JUIS IPOBECHNUS OIBITOB;

[pakTryeckne W J1aOOpPAaTOpHBIC 3aHATHS TPOBOJSITCS IOCIE COOTBETCTBYIOIICH TEMBbI, KOTOpas
o0ecreunBacT HAJIMYKME 3HAHUM, HEOOXOIUMBIX JIJIS €€ BHITOJIHCHMS.



el NS =

2METOAUYECKUE YKA3AHUSA
Tema 1.1. KnnemaTuka MaTepuaabHON TOYKH
IIpakTuyeckas padora Nel
Pemenne 3aga4 mo teme: «/[BuzkeHune TeJjia, OpoIIeHHOr0 MO/ YIJIOM K TOPU30HTY. /[BU:KeHne
10 OKPY’KHOCTH

Hean:

[ToBTOPUTH OCHOBHBIE TEPMUHBI U (hopMyIIbl pasznena «KunemaTukay.

CdopmupoBaTh yMEHHE IPUMEHATH (YOPMYJIBI IPH PEIICHUH 3a/1a4.

Pa3BuBaTth jJoruueckoe MBIIIJICHUC, ITaMATh, BHUMAHUEC, YMCHUC PACCYKIATh U BBIACIIATH I'NTABHOC.
Pa3BuBaTh HaBBIKU CAMOKOHTPOJIS X B3AaUMOKOHTPOJIS.

Borinosinus padory, Bbl Oyaere ymeTh: pemarh 3a/1aud M0 KWHEMAaTHKE, KaK KaueCTBEHHOTO, TaK

U PacYETHOI'O XapakTepa

el A

MaTtepuajbHoe o0ecniedeHre: CliPaBOYHbIC MaTEPUAITBI
3aganue:
l. Omeemumo na eonpocwi:

Kak onpenenuth aabHOCTb MOJIETA TEJa

Kak omnpenenuth BpeMs mogbeMa ¥ BpeMs ToJieTa Teja.

Kax OMPCACIINTh MAaKCUMAJIbBHYIO BBICOTY IIOABbCMA.
3anucarb YpaBHCHHA ABUXKXCHUS PABHOMCPHOI'O 1 HCPABHOMCPHOI'O, ITOSACHUTD BCIIMYNHBI.

. Pewsums 3a0auu:

Mstu GporreHn o yriom 60 rpaaycoB K TOPU30OHTY ¢ Ha4allbHOW CKOpocThio 30 M/c. OnpenenuTh:
1. ckopocTh Msiua 4epe3 2 CEeKyHbI MOCJIe Havyaia MojieTa; 2. KOOPAUHATHI Ms4ya dyepe3 2 CEKyH/Ibl
mocJie Havana moJjera; 3. mojgHoe Bpems mnosera (1); 4. makcumanbHyo aanbHocTh monera (I); 5.
MaKCHUMaJIbHYI0 BbIcOTy mosiera (H).

B anuHHOM M IMPOKOM CHOPTHUBHOM 3aje ¢ BbIcOTOW mortonka H= 12 M GackerGomuct Opocaer
M4 TOBApUINy IO KOMaHAE C HavaubHOW cKopocThio V= 25 wm/c. KakoBa MoxeT OBITH
MakcUMajbHas JaJbHOCTh €ro rmnepeaayud 1o ropu3oHTanu? CoONpoTUBICHHEM BO3AyXa U
pa3mMepamMu Msiua MOXHO TIpeHeOpeyb, OPOCOK JieaeTcsl U MPUHUMAETCS pyKaMu Ha ypoBHe h =2 M
OT TOPU3OHTAIIBHOTO MOJA.

[Ipubop HaOmroneHUST OOHAPYXKHJI JETANIUN CHapsiA W 3aQUKCUPOBAT €ro TOPU3OHTATHHYIO
koopauHaTy U BbicoTy 1600 M Ham 3emnéii (cMm. pucyHok). Uepe3 3 ¢ cHapsa yman Ha 3emMilio U
B3opBasics Ha paccrosanu 1700 M oT Mecta ero oOHapyxkeHwus. VMI3BeCTHO, YTO CHApsABl JAHHOTO
THUIIa BBUIETAIOT M3 CTBOJIA MYIIKH cO ckopocThio 800 m/c. Ha kakoM pacCTOSHUM OT TOYKU B3pHIBA
CHapsJa HaxOJWJIach MYIIKa, €CIM CYUTATh, YTO COMPOTUBIICHHE BO3JyXa MPEHEOPEKUMO Masio?

. Mpudop
IR . HalmIeHHS

;N [

HYH_IKa 1 MCCTO B3pPbIBa HAXOJAATCA Ha OJIHOM TOPU3OHTAIHU. i

KpaTlme TCOPETHUYCCKUEC CBCICHUSA
I[BI/DKCHI/IC TeJa 1o YIJIOM K NrOPM30HTY, KaK U ABMXXCHUC TCJIA, 6DOH_I€HHOFO TOPU3OHTAJIBbHO —

9TO CJIOXKHOC KpHBOHHHCﬁHO@ ABHKCHHUEC, KOTOpPOC MOXHO IIPCACTaBUTL B BHAC CYMMbI JOIBYX
HE3aBUCUMBIX JIBI/I}KGHI/II\/'I — PaBHOMEPHOTO HDHMOJ’[I/IH@ﬁHOFO JABWXCHUS B TOPHU30HTAJIbHOM
HaIlpaBJICHUU U CBO6OZ[HOFO MaaACHUA 110 BEPTHUKAJIH.

OCHOBHBIE XapPAKTEPUCTUKHU U (POPMYJIbI
Bribepem cucteMy KOOpJMHAT, KaK MOKa3aHO Ha pHC.l, U 3amuiieM 3aKOHbl H3MEHEHHs OCHOBHBIX

KHMHEMATUYCCKUX BEINYNH JJIA o0oux HaHpaBJ'IeHI/II\/'I.

5
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Puc.1. JIBmwxkenue Tena, OpOIeHHOTO MOJT YIIIOM K TOPU30HTY

Kunemarnueckue XAPAKTCPUCTHUKU ABUKCHUS IMO3BOJIAKOT ONPCACIINTD MAKCUMAJIBHYHO BBICOTY IIOABEMA
TCJIa, BpEMs II0JICTA, BPEMA IMOAbEMA, HOAJIBHOCTH II0JICTA. HpI/I JOCTHXKCHHUH MaKCHMAaJIbHOM BBICOTEI
nmoab€Ma —— COCTaBJArOIIasA CKOPOCTH TCJia 06pau1aeTc;1 B HYJIb:

CKOpOCTI) V— TOYKHU B IPOCKIMHU HA OCU X M Y UBMCHACTCA 110 3aKOHY:

Bpewms nogbsema:

MakcumanbsHas BLICOTa IIOIbEMA:
JlanpHOCTB moJera:

YPaBHeHI/IC TPACKTOPUU:

Xoa paGoTsI:

1. BuaumarenbHO MPOYUTATh 33/4a4y, TPOAHAIU3UPOBATH YCIOBUE, BBISICHUTD XapaKTep JABHKEHUS
(paBHOMEpHOE, paBHOYCKOPEHHOE, MPSAMOJIUHENHOE, KPUBOJIIMHEWHOE). BhITncaTs 4ncioBbie
3HAYEHMS 33JJaHHBIX BEJIMYUH.

2. CnenaTh cCXeMaTHYECKHI YePTEXK, OTOOPAKAIONIUI OIMMCAHHOE B 33]1a4€ JBUKCHHE.
N300pa3uth Ha HEM TPAESKTOPUIO TBUKEHHS, BEKTOPBI CKOPOCTH, YCKOPEHUS, TIEPEMEIICHHUS.

3. BwIOpath cucTeMy KOOpJUHAT, IIPH 3TOM KOOPIWHATHBIC OCH HAIIPABHUTH TaK, YTOOBI IPOSKIINU
BEKTOPOB Ha HUX BBIPAXKAINUCH, BO3MOXKHO, 00Jiee IPOCTHIM 00pa3zoM. OTMETUTHh KOOPIUHATHI
JIBIDKYIIETOCS TeJa B 3aJJaHHBIE U MHTEPECYIOIINE HAC MOMEHTHI BpEMEHHU, CITPOCKTUPOBATh
BEKTOPBI CKOPOCTEN U YCKOPEHHI Ha OCH KOOP/IMHAT.

4. CocTaBuTh JUIsl JTAHHOTO JBIKEHUS YPaBHEHUS, OTPAKAIOIINE MAaTEMATHIECKYIO CBSI3h
MEXy MPOEKLIUSIMU BEKTOPOB Ha OCU KOOpAUHAT. COCTaBUTh YpaBHEHHUS, OTPAXKAIOIINE
JOTIOJTHUTEIBHBIC YCIOBHS 3a1a4i. UnCo ypaBHEHUH JOHKHO OBITh pABHO YHCITY HEM3BECTHBIX
BEJIMYMH.

5. PemuTh cocTaBIECHHYIO CUCTEMY YPaBHEHUM OTHOCHTEIIBHO MCKOMBIX BEIMYHH U TIOJIYIHUTh
OTBET CHAYaja B aHATUTHYECKOM BUJIE (T.€. MMOJIYIUTh pacueTHbIC (POPMYIIBI).

6. IloactaBuTh B pacueTHble (HOPMYJIBI BMECTO O0O3HAYEHUW (UUYECKUX BEITUYHMH
obo3Havuenus ux eaunull B CU, mpousBectu npeoOpa3oBaHust U yOSIUTHCS, MOTYIAOTCS U B
pe3yibTaTe €AMHUITBI UCKOMBIX BEJTHMYHH.



3agauu A9 CaMOCTOSITEILHOTO PellleHus :
1.Cuapsan BbuIeTEN M3 CTBOJIA CO CKOpocThio 200 M/c moJ yriioM K IUIOCKOCTH TOPH30HTA.
Onpenenuts JalbHOCTD MMOJIETA CHAPSAA.
2.Bparapb,BpIONBasi M9 OT BOPOT (C 3eMJIH), COOOIINI eMy CKOpocTh 20 M/C, HampaBICHHYIO
nox yriom 50° k ropusonty. HaiiTi BpeMs molera Msua, MAKCHMAJIbHYIO BBICOTY HOABEMA H
JAJIbHOCTb MOJIETA.
3.Jluck. OpOIICHHBIA MOJ yrioM 45° TOPHU30HTY, JOCTUT Hambosbmeii BeicoThl h/ Kakosa
MaabHOCTDH €ro moJjera?
4.HaiiTu BBICOTY U TaJIbHOCTH IOJIETa CUTHAIIBHOW PaKeThl, BBIMTYIIIEHHON CO CKOpOCThIo 40 M/c
Mo/ YIrJioM 60° k TOPU3OHTY.
5.13 crapuHHOM MYIIKH, CTBOJ KOTOPOH YCTAHOBJIEH MO yIioM 30° k TOPU30HTY BBIYIIEHO
a1po co ckopocthio 140 m/c. HaiiTu mpoekumu HadaapHOW CKOPOCTH HAa TOPU30HTAIBHOE U
BEPTHUKAIbHOE HAMpaBIEHUS, BpeMs MoJIeTa s1/1pa,albHOCTh MOJIeTa A/Ipa.

dopma npeacTaBJieHUs pe3yJbTAaTAa: BHIIIOJIHEHHAs CAMOCTOsITeNIbHAs padoTa.

Tema 1.2.

JIMHAMHKa MaTepHATbHON TOYKH
IIpakTuyeckas padora Ne 2

Pemenne 3agay mo teme: « CucreMa CBA3aHHBIX TeJ. /[BMikeHHe Tesla IO HAKJIOHHOM
IJIOCKOCTH.

Hean:

Brinosinus padorty, Bl Oynere:

YMCTh: pC€IaTh 3aja4r Ha IBUKCHHUC 110 HaAKJIOHHOH MIIOCKOCTH U JBHXXCHUEC CBA3aHHBIX TCJI

MarepuajibHoe obecneyeHne:
-[10CaI0YHBIE MECTA 110 KOJIUYECTBY 00YUarOIINXCS;
- pa31aTOYHBIN MaTepHa ¢ 3aaHUsIMHU;
- cOOpHUKH 33124
-CIIPABOYHBIC MaTCpHaJIbI

KpaTKue TECOPETHYECCKUE CBCACHUSA:




BekTopHas cymma 3TUX Tpex cuil OymeT paBHAa TMPOHW3BEIACHHIO MAacChl Ha YCKOpPEHHE.
KoopaunatHas oce Oyner HampaBiieHa B CTOPOHY YCKOPEHUS BIOJb HAKJIIOHHOM TJIOCKOCTH — BHHU3, OCh
OyZeT MepHeHIUKYIsIpHA OCH X, COOTBETCTBEHHO, OHA COBMAJAeT MO HANPABIECHUIO C CHIIOW pEeakiuu
OIOPBI
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HOpﬂIlOK BbIIIOJTHCHU A paGOTLI .

1. BHuMaTEIbHO MPOYUTATH TEOPETUUCCKYIO YACTh U TUIAH PEIICHUS 3a/1a4
2. PaccMoTpeTs mpuMepsI pemieHus 3a1a4

3. Peumnts 3amaun

Xoa pa0doThI:

1. Ilpoananu3upoBaTh yCIOBHE 3aJlauM, MOHATh (PU3NYECKUI MPOLIECC, pacCMaTpUBaeMblii B HEH,
BBISICHUTH, KAKUE CUJIbI ICHCTBYIOT Ha MHTEPECYIOIIME HAC Tea.

2. Cpenarb cxeMaTHYECKMH pPHUCYHOK, H300pa3uB Ha HEM KHHEMAaTHYECKHE XapaKTePUCTHKHU
IBUKEHMSI (YCKOPEHUS M CKOPOCTH ), HAPUCOBATh BEKTOPHI BCEX CUJI, NEHCTBYIOIIMX HA Ka)KJ0€ TEJO.

3. Jlyia Kakaoro Tena B OTACIBHOCTH Ha OCHOBAaHUU BTOPOro 3akoHa HproTOHA 3anMcarh ypaBHEHUS
JIBUKEHMSI, CBSI3bIBAIOLINE IIPOSKIIMU CUJI U YCKOPEHUH, BEIOpaB MpeIBapUTENbHO CUCTEMY oTcueTa. [1pu
JBIDKEHUHU TeJa 10 IPSIMOM BTOPOM 3akOH HBIOTOHA 1iI Teila MMeeT BUA: , [A€ — CYMMa IIPOEKIUN BCEX
CWJI, JEHCTBYIOIIMX Ha' Telo, Ha NpsIMyl0, IO KOTOPOW HPOUCXOAUT ABMkeHue. Ilpu sTom
MOJIOKUTETIbHOE HaMpaBJiIeHUE OTCYeTa yI00HO BBIOMpPATh COBMAAIONIMM C HANPABICHUEM YCKOPEHHS.
Ecnn HampaBieHne COCTABIIAIOIIEH CHIIBI COBIANAET C HAIIPABICHUEM YCKOPEHHMSI, TO COOTBETCTBYIOIIAS
IIPOEKIUS CUJIBI OEPETCs CO 3HAKOM IUTIOC, B IPOTUBHOM CIIy4ae - CO 3HAKOM MUHYC.

4. Ilpu pemeHuM 3agad, B KOTOPHIX pacCMaTPUBAETCS IMHAMUKA PAaBHOMEPHOIO JBUKEHUS II0
OKPY’KHOCTH, TaKXe LeJIeco00Opa3HO IOJO0XKHUTENbHOE HAIpaBICHUE KOOPJMHATHOW OCH BBIOMpAThH
COBIMAJAIOLIMM C HAINpaBICHUEM YCKOPEHMs, T.e. K LEHTpy BpamieHusd. CoriacHO BTOPOMY 3aKOHY
HeroTona , rie — cymMMa IpoeKkIuid Bcex CWII, AEMCTBYIOLIMX HA TEJO, HA paauyc BpameHus. [Ipu stoMm,
€CJIM NPOEKLMs CHUJIBI HAIPABJICHA K LICHTPY BPAILECHUS, €€ HYKHO CYUTATh IOJIOKHUTEIIBHOU, €CIIM OT
LIEHTpA - OTPULATEIILHOM.



5. B 3amauax o IBMIKEHMM CUCTEMBI CBS3aHHBIX APYI C APYTOM TE€l OJHUX YPABHEHUU JBHUKCHUS
OKa3bIBAaeTCsl HEAOCTaTOYHO. B 3TOM ciydyae HEOOXOIMMO 3amucaTh €lle KUHEMaTHYeCKUe YCIIOBUS,
BBIpa)KarolIre co00i COOTHOIICHUSI MEKY YCKOPEHUSMH TEJ CUCTEMBbI, 00YCIOBICHHBIE CBS3SIMH MEXTY
HUMH.

6. Eciiu B 3amaue TpeOyercs HalTH HE TOJBKO CHIIBI U YCKOPEHHS, HO TaKKe KOOPIMHATHI (MU
IPOI/IEHHBIE IyTH) TE€JI U HUX CKOPOCTH, TO KPOME YpPAaBHEHMH JBUKEHUS HYKHO MCIIOJIb30BaTh
KMHEMaTHYeCKHE ypaBHEHUs I KOOPJIMHAT U CKOPOCTEH.

7. B 3agadax, e y4UTBIBA€TCA TPEHHE, HYKHO HAXOAWTH CHIly HOPMAJIBHOW PEaKIUU OIOpHI,
ONIPEACIAIONIYIO CHIIy TpeHHus. i1 3TOro COCTaBISAIOT ypaBHEHHE Ha OCHOBAHMU TOTO, YTO BIOJb
KOOPJAMHATHOW OCH, IEPIECHIUKYIISIPHONW K HAIPABJICHUIO CKOPOCTU IIPSAMOJIMHEMHO JBHIKYILETOCS TEIa,
YCKOPEHHME OTCYTCTBYET, M II09TOMY CyMMa IIPOEKLMI CUJI HA 3TY OCh paBHA HYJIIO.

8. Ilony4yeHHble ypaBHEHUS JIOMOIHUTD, €CIIM HEOOXOIUMO, BEIPAXKEHUAMM JUIsl KOHKPETHBIX BUJIOB
cw (cujla TpEHUs CKOJIbKEHHUS, CUJIa TPEHUs IOKOs, CWJIa YNPYroCTH, CUiIa ApXHMMeNa) U PELIUTh
MOJTyYCHHYIO CUCTEMY YPaBHEHHUH B 0OIIEM BUJE, T.€. OJIYYUTh PacyeTHBIC (POPMYIIBI.

9. y6e,I[I/ITbCH, IMOJIy4aroTCd JIM B PE3YJIbTATC CAWHHUIIBI HCKOMBIX BCJIWYHH. IToacraButh B
PaCUYCTHBIC (bOpMy.]'IbI YU CJIOBBIC 3HAYCHUA (1)I/I3I/I‘16CKI/IX BCJIMYMH W IIPOU3BCCTHU BBIYUCIICHUS.

3agauu aJ1sl CaMOCTOATEILHOI0 PpeUICHUA:

1.Kakyro cuity HaJio IPHIOKUTH K Telekke Maccor 200 Kr, 4TOOBI OHA JABUraiach BBEpX 1O HAKIIOHHOM
I0CKOCTH ¢ yckopenueMm 0,5 m/c2, ecim kodddumment tperus paBed 0,2, a HaKJIOHHAS IUIOCKOCTh
COCTAaBJISIET C TOpU30HTAIIBIO yrod 3007

2.C KakuM yCKOpeHHeM OYAeT CKOJb3UTh BHHU3 AWK 0 HAKIOHHOW IIOCKOCTH, €ciau KO3 UIIUEHT
TpeHus paseH 0,9, a yroa HaKJIOHHOM IUIOCKOCTH OTHOCHUTEIBHO ropu3oHTaNIu cocTasiser 600? 3anaya 3
Kakyto cwity Hajo mpuiioxuTh K Tenexke Maccoi 200 Kr, 4roObl OHa JIBUTAJIACh BBEPX IO HAKJIIOHHOM
II0CKOCTH ¢ yckopenueMm 0,5 m/c2, ecnm kodddumnment tperus paBeH 0,2, a HAKJIOHHAS TUIOCKOCTH
COCTAaBJISIET C TOPU30HTAIIBIO yrod 3007

3.Kakyro cuiy Halo MPHIOKHTH K Tenexke Maccoi 200 Kr, 4ToOBI OHA JBUTAIAch BBEPX MO0 HAKJIOHHOMN
IIocKocTU ¢ yckopenuem 0,5 m/c2, ecnn ko3dduuuent tperus paseH 0,2, a HaKJIOHHAs IJIOCKOCTb
COCTaBJISIET C TOPU30HTAIBIO yroi 3007

4.Ha uuTH, nepeOpoIIeHHON Yepe3 HeMOABUKHBIN OJIOK, TOJIBEIIEHHI TPy3bl MaccamMu m U 2m. C KakuMm
YCKOpPEHHEM OYIyT IBUTATHCS TPY3bI, €CIU UX OTIYCTUTH? TpeHuemM B OJ0Kke IpeHeOpedb.

5. Ha HakJIOHHOM MJIOCKOCTH C yIJIOM HakjioHa 45° nexuT Opyckok maccoil 6 kr. I'py3 maccoit 4 kr
MPUCOEANHEH K OpPYCKY NpH MOMOIIM HUTH U MEPEKUHYT uepe3 Oyok. Onpenenure HATSHKEHUE HUTH,
ecnu KodppuuueHT TpeHust opycka o miockocts | = 0,02. Ilpu kakux 3Ha4yeHUsAX W cucrema OyneTr B
paBHOBECHH?

®opma npeacTaBiaeHus pe3yJbTaTa: BbIIIOJIHEHHAsS CAaMOCTOSATENIbHAsS paboTa.

Tema 2.1.0cHoBbel MKT
IIpakTnyeckas padora Ne3
Pemenue 3aJaav 1o Treme «OCHOBBI MKT»

Heasb padorbl: HayunThcsi MpUMEHSTh OCHOBHBIE (OpMyNbl pasznena «MosekynspHas (pusnka»
IIPU pacyeTe MapaMeTpoB COCTOSHUS HICATTLHOTO ra3a.
Beinosinus padory, Bel Oyaere:



yMeTh:

- pemaTh 3aJa4i Ha MapaMeTpbl UI€aJIbHOIO ras3a.

MarepunanbHoe obecrnieyeHue:

-10CaJI0YHbIE MECTA MO0 KOJUYECTBY 00yUaIOUINXCS;

- pa3IaTOYHbBIN MaTepuai C 3aJaHUSIMU;

- cOOpHUKH 3a/1a4

-CIPaBOYHbIC MaTEPUAIIbI.

Teopemuueckue ceedenus:

[TycTh ra3z maccoit m 3anumaet o0beM V npu temneparype T u naBnenuu p, a M- mosisipHas macca
raza. [lo onpeneneHuto, KOHIIEHTpaIKs MOJIeKy ra3a: n = N/V, rae N-4ucio MoJeKyII.

W=y, mne M
M VM

HOI[CTaBI/IM 9TO BBIPAXKXCHHUE B OCHOBHOC YPABHCHUEC MOJICKYHHPHO'KHHGTH‘IGCKOI;'I TCOPHHU:

mh 4 m
= nkT = kT = pV = —kN.T
i Vi PV =g

R=kN, =831 Jocf/{aone £)
Bennunny R Ha3bIBalOT yHUBEPCAIBHOM I'a30BOM IOCTOSHHOM, @ YPAaBHEHHE, 3aIIMCAHHOE B BUJE
p¥="_ BT umu pV =vRT
AL Ha3bIBAlOT YPaBHEHHUEM COCTOSHUS MJI€AIBHOIO ra3a WM ypaBHEHHEM
MenneneeBa-Knaneiipona. HopmanbHbie ycinoBus - naBiieHue ra3a paBHo armochepuomy ( p = 101,325
klla) npu Temneparype TasHus ipja (T =273,15 K).

IHopsaok BbINOJIHEHUS Pa0OTHI:

1. BuumarenbHO MPOYUTATh TEOPETUUECKYIO YaCTh U IIJIaH PEIICHUs 3a1a4

2. Pemwurh 3amaun

Xoa paGoThI:

Jlns pemieHus 3a1a4u MOKHO PEKOMEHI0BATh CIEAYIOLLYIO [TOCIIEI0BATEIbHOCTD JCHCTBUM:
1. TlpouuTaB ycioBue 3ajJaud, 3anMcaTh JaHHbIE, SICHO IPEACTaBUTh KakWe W3 MapaMeTpoB rasza
MEHSIOTCS, KAKUE OCTAOTCSI TOCTOSIHHBIMH.
2. 3anmcath ypaBHeHus Kiamedpona-MeHnmeneeBa i KaXJOTO COCTOSIHHUS, TPHUIUCHIBAs
COOTBETCTBYIOIINE UHAEKCHI N3MEHSAIOINUMCS ITapaMeTpaM.
3. 3amucaTh MAaTeMaTH4YEeCKH BCE BCIIOMOTAaTENIbHbIE YCIOBUS M PEIIUTh TMOIYYEHHYIO CHCTEMY
YPAaBHEHUII OTHOCUTEJIBHO HEW3BECTHOW BeNWYMHBI. lIpyn pelmeHun CcUCTeMbl ypaBHEHHUH, MOXHO
HCIIOJIb30BaTh JIEJIEHWE OJHOI0 YpaBHEHHUS Ha JIPyroe, BHIYMTAHUE, CIOXKEHUE ypaBHEHUH U T. A. Ecnu
JlaHa CMECh ra3oB, TO ypaBHeHue Kianeipona-MeHJeneeBa 3aluChIBalOT Ul KaXJA0r0 KOMIIOHEHTA.
JlaBieHre cMecH ra3oB ycTaHaBiIuBaeTcs 3akoHOM JlainbToHa. B 3amauax Ha ra3oBble 3aKOHBI CIIETYET
MOJIb30BaThCsl TOJBKO A0OCONIOTHON TeMIepaTypod M cpa3dy MepeBOAMTH 3HAYEHHs TeMIepaTyphl IO
wkaine Llenscud B 3HaueHus no mkaine KenapuHa.

Pemutnb 3agaun:

1. Temneparypa Bo3ayxa B KOMHare u3MeHmiacb oT 7 no 27 °C. Ha CKOJbKO MpOLIEHTOB
YMEHBIINIOCH YUCIO MOJIEKYJ B KOMHATe?

2. Ilox kakuM JaBJI€HUEM HaXOAMTCS Ta3 B COCYJIE, €CIIU CPEIHUI KBaJpaT CKOPOCTH €r0 MOJIEKYJ
KOHIIeHTpauus Mojekyn n = 3 ¢ 1025 m-3, Macca kaxaoi Mosekysbl m0Q =5 ¢ 10-26 xr?

3. B xonbe obOwvémom 1,2 n comepxurcs 3 e 1022 atomoB renus. YeMy paBHa cpeaHsist
KMHETHYEeCKas dHeprus kaxxaoro aroma? /lapnenue rasa B konbe 105 Ila.

4. BerunuciauTe cCpeaHUN KBagpaT CKOPOCTH JBUKEHHSI MOJICKYJ Tra3a, €Clid €ro macca m = 6 KT,
00béM V = 4,9 M3 u nasnenue p = 200 xIla.

5. Kakoe naBnenue pabodeil cMecH yCTaHABIMBAETCS B IMIIMHApAX JABUTaTeNss aBToMoowmts 3MJI-
130, ecnu K KOHILy TakTa ckaTus Temnepatypa nossimaercs ¢ 50 1o 2500C, a 06beM yMeHbIAeTCsS OT
0,75 no 0,12 n? IlepBonauanbHOe AaBieHue pasHo S0kI]a.
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®opma npeacTaBIeHUs pe3yJbTaTa: BHIIIOJHEHHAS CAaMOCTOSITEbHAsA padoTa.

Tema 2.2CBolicTBa TBEPABIX TeJI
IIpakTnueckas padora Ne4
«Pemenne 3aga4 Ha 3aKkoH ['yka»
Mean:
1.1OBTOPHUTH OCHOBHBIE TEPMHUHBI U (DOPMYJIBI
2.ChopMupoBaTh yMEHHE IPUMEHSITH (POPMYIIBI IPH PEIICHUU 3a]1a4.

3.pa3BUBATh JOTUYECKOE MBIIUICHUE, TAMSITh, BHUMaHUE; YMEHHUE PACCYKIATh U BBIJCIATH [JIABHOE.
Bbinosinus padory, Bl Oyjaere:
YMETh:
- pelath 3aJa4u ¢ UCIOoIb30BaHUEM 3aKkoHa ['yka
MarepunanbHoe obecrnieyeHue:
-1I0CaJI0YHbIC MECTA M0 KOJIUYECTBY 00yUYaIOLINXCS;
- pa3gaTOYHBIA MaTepUa C 3aJaHUSIMU;
- cOOpHUKH 3a/1a4
-CIIPAaBOYHBIC MATEPHAITBI
Ilopsinok BbINOJIHEHHS PadOTHI:
1. BHMMaTepHO MPOYUTATh TUIAH PEIICHUS 331a9
2. PaccMoTpeTh mpuMepsl pelieHus 3aaa4
3. [ToyrydnTh U BBIOTHATH WHINBUIYAIBHBIC 33 TaHHSI
Xox pabdoThI:

HpI/I PCUICHUMU 3aaa4d II0 ITOH TeMme Hago0 UMCTb B BHAY, UYTO 3aKOH FYKa CIIpaBCIJINB TOJIBKO IIpH
YIIpYrux I[C(I)OpMaI_II/IHX ten. Cuna YHOpyroctu HE 3aBUCUT OT TOI'O, KakKasl IPOUCXOIAUT z[e(bopMauHﬂ:
CKaTtusad MWK pacCTsKCHUSA, OHAa OJHWHAKOBA IIPU OJMHAKOBBIX Al KpOMC 9TOro, CU4MuTacTCsia, 4TO0 CHJlia
YIIpYroctu BOOJIb BCeH I[IPpY>XUHbl OAWHAKOBA, TaK KaK MaCCa IMNPYKHUHbI
OOBLIYHO HE YUUTBIBACTCA.

3a0aua 1. llpy TIOMOIM TPYKHHHOTO JIMHAMOMETpPA IOJHUMAIOT C
yckopeHuem a = 2.5 M/Cz, HaIMpaBlIEHHBIM BBEpX, IPy3 Maccoil m = 2 KT.
Onpenenure MOIyNdb Y/UIMHCHUS TPYXKHHBI JTUHAMOMETpa, eciu e
sxéctrocth k = 1000 H/m.

P e mr e H u e. CornacHo 3akoHy ['yka, BeIpaxkarolieMmy CBSI3b MEXIY

g
MOJyJIeM BHEIIHeH cuibl F | BHI3BIBAIOIIEH PacTSKEHHE MPYKUHBI, U €€

Ko

ymmHeHnem, umeeM F = kAl Otcrona k OJ

—

Jlnst HaxosxkaeHus cuabl F - Bocmonb3yemcs BTOpsIM 3akoHoM HeroTona. Ha
—

rpy3, KpoMe cuiibl TskecTd m & | nelicTByeT cuia YmpyrocTd MpYsKUHBI,

paBHas o moaynto F u HampaBineHHas BepTUKanbHO BBepX. CoryiacHo BTopoMy 3akoHy Hetorona m@ =
—

F+m& .

Hampasum ock OY BepTHKaIbHO BBEPX TaK, YTOOBI MPYKMHA ObLIa PACIIONOkKEHA BIOJb 3TOH OCH (pHC.
3.16). B mpoekunn Ha ock OY BTOpoii 3aKk0H HpI0TOHA MOKHO 3amucarh B BUJE may = Fy + mgy.

Tak kakay=a, gy =-gu Fy=F, To F =ma + mg=m(a + g).

11



CnenoBarenbHO,

m(a+g)
Al = —— = 2,5 cm.
k
3aoaua 2. Onpenenure, Kak U3MEHSIETCS CUJIA HATSHXKEHUS TIPY>KUHBI, j
MPUKPEIVIEHHOW K OpycKy Maccod m = 5 Kr, HaXoIsaIemycs y\ g 7oy
HETMOJBMKHO HAa HAKJIOHHOM MOBEPXHOCTH, NMPU H3MEHEHUU Yria N
HaksoHa oT 30° no 60°. TpeHue He yUUTHIBAMTE.
. X)/ ~Q
P e e nue. Ha Opycok AeiCTBYIOT CHIIa TSKECTH, CUJIa HATSKEHUS e "m@

IIPYKHUHBI U CUJIAa peakuuu onopsl (puc. 3.17).
YcnoBue paBHOBecHs Opycka: m ? + K'. + Fynp =0.

mgsina — F,. = 0;

N — mgcosa = 0.
3anuiiem 310 yciaoBue B npoekuusx Ha ocu OX u OY:

13 MEpBOro ypaBHCHUA CUCTEMBbI ITOJIYUIUM Fynp = mg Sina.

[Ipu n3MeHeHUHU yriia HaKJIOHA MU3MEHEHHE CHIIbl YIPYrocTH HaWnéM u3 BblpaxkeHus AF,, = mg(sinoy -
sinog) =5+ 10« (0,866 - 0,5) (H) = 18,3 H.

3a0daua 3. K MOTONKY MOABEIIEHBI MOCIEIOBATENILHO JBE HEBECOMBIE MPY>KUHBI
xéctkoctamu 60 H/m u 40 H/m. K HmokHEeMy KOHILy BTOPOH MPYXKHHBI MPUKPEIIEH
rpy3 maccoit 0,1 kr. Onpenenure kECTKOCTh BOOOpakaeMoil MPYKUHBIL, YIJIMHEHUE
KOTOpOi1 ObLIO ObI TAKUM K€, KaK U JBYX IIPYXKUH P MTOIBEIIMBAHUHU K HEH TaKOTO ks % 2y

xe rpy3a (3¢ heKTUBHYIO KECTKOCTB). Fynp2
P e m e H u e. Tak Kak BECOM NMPYKUH MOXXHO IpeHeOpeyb, TO OYEBUIHO, UTO CHUJIBI n

-
HaTsKeHMsI IPYKUH paBHbI (puc. 3.18). Toraa cornacHo 3akony ['yka 'mg

Fynpt = Fynp2; KiX1 = Koxa. (1) A
Ha mo/BeIeHHbIi Tpy3 AeHCTBYIOT IBE CHITBI — CHJIA TSKECTH U CHJIA HATSKEHHS BTOPOH MPYKHUHBL

YcaoBue PaBHOBECH I'py3a 3alliIlIeM B BUAC m(J = k2X2.

m
X, = 75 = 0,025 () = 2,5 cm.
N3 »TOr0 ypaBHEHHUS HAWIEM YIUTMHEHHE 2

IToncraBus BBIP@KEHUE JUTSL X2 B ypaBHEHHE (1), HOJTYYIUM TUTS
m
X, = k—g = 0,017 (M) = 1,7 em.
YITTUHEHUS 1

Onpenenum Tenepb 3G PeKTHBHYIO KECTKOCTD. 3amuiieM 3akoH ['yka 171 BooOpakaeMOon Py KUHBIL:

mg
= mg, mm X = X + X5 = 7/ (2)

k .
Ry

sy

12



IToncraBus B bopmymy (2) BBIPaXKCHUS JUIS YIJIMHEHUH X1 ¥ XoIPY’KVH,
kg
=—025—="24 H/u.
Roor = Tk By /M
HOJTyYUM

mg  mg _ mg

N k. k
JUitst 5 PEKTUBHOM HKECTKOCTH MONTYIUM BBIPOKCHHE | 3 s

3a0aua 4. Yepe3 010K, 3aKpeIIEHHBIM Yy Kpas CToja, N
MEepEeKUHYTa HEpacTsHKUMas HHUTb, K KOHIAM KOTOpOM
NMpUBS3aHbl OpPYCOK Macco mjp= 1 Kr, HaxoJsAmuics Ha
TOPU30HTAIILHON ITOBEPXHOCTU CTOJA, U IPYKUHA KECTKOCTHIO
k = 50 H/m, pacnonoxxeHHas BepTukaibHO. Ko BTOpoMy KOHITY mi&
IIPYXUHBI NpuBA3aHa Tupss Maccod my= 200 r (puc. 3.19). Fyup
Omnpenenure yaauHEHUE MPYKUHBI Npu IBUKEHUH Ten. Cuiy

TPEHHUSI, MACCHI IPYKUHBI, OJIOKA ¥ HUTH HE YUUTHIBAITE.

=)

P A

"y

P e m e H u e. Ha Opycok neHCTBYIOT cuia TSDKECTH, CHIIA
PeaKIMK ONOPhI U CUJIa HATSHDKEHUS HUTH.

Puc. 3.19
Ha rupio nedCTBYIOT cuia TSXKECTH W CHJIAa HATSKEHUS
NIPY>XKUHEIL.

CornachHo BTOpPOMY 3aKOHY HeroTona nns 6pyc1<a H T'MpHU 3aIlIUIICM:

I
3
0
+
bi
+
>

mld-.l
— — —
m.a m& + F

ynp:
B npoekuusx Ha BRIOpaHHBIC OCH KOOPAWHAT 3anuiieM: Ha ock OX: mia; = T;

m202=ng—F.

(1)

np*
Ha ock OY:

Tak Kak HUTh HEPACTSKUMA, TO MOAYJIM YCKOPEHHUH PaBHBL: a1 = az = a.
B cuny ycnoBus Manelx Macc Mpy>KMHBI, HUTH M 0710Ka MOHO 3anucate: To = Fypou T1 =T, =T.

VYurs nocnegHue paBeHCTBa, cucTeMy ypaBHeHMH (1) 3anuiieM B Buje

Jm,a =T
|mqa = myg - T.

BelpazuB  yckopeHuMe W3 IIEPBOTO  YpPaBHEHHs CUCTEMBI MW  IOJACTAaBUB €ro BO  BTOPOE,

/ i
mzm—l —— fnzg = T.

MOITYYHM U3 3TOTO ypaBHEHHS Haiiiém CHITY HATSDKEHUS
T - mo& mymyg
l { EZ ml + m'Z 5
m

HUTH:
13



myms&

kx = ;
Tak kak cornacHo 3akony I'yka Fy,, = kx, T0 my + my
mym,g
= —1_2Z_ _ 0,033 m ~ 33 Mm.
(ml +m2)k

Torna ynnmHeHue NpyKUHBI
3agauu AJ5 CaMOCTOSITEILHOTO PelIeHus!

. 2
. K nuramomeTpy mpuBsizan rpy3 maccoi 2 kr. J[uHaMOMeTp ¢ TPy30M OITyCKaloT ¢ YCKOpeHHueM 3 m/c”.
JKEcTkocTh MpyKUHBI 10% H/m. Onpenenute MOYJIb PACTSKEHUS IPYKUHBI TMHAMOMETPA.

m
v 1 2. K Opycky w™accoir 1 Kr, Haxomsmemycs Ha TIJIaJKOH
7 TOPU3OHTAIILHON MOBEPXHOCTH, MPUKPEIICHBI JIBE MPYXKUHBI (pUC.
3.20). X)KécTtkocTh MpaBoOi MPY>KUHBI 2 10° H/m, neBoit — B 2 paza
MeHbllle. YeMy paBHO OTHOILIEHUE YJJIMHEHUN NPYXKHUH B Cllydae,
Kor/1a OpyCOK HEMOABHKEH?
m

3. Summk maccoit 100 kr yaep:kuBaeTcsi Ha HaKJIOHHOM IJIOCKOCTH
/ h Ha BblcoTe 0,5 M 3aKkpermyiéHHOM Yy OCHOBAaHUS MPYXKUHOM,
KEcTKOCTB KoTopoii pasra 10* H/m (puc. 3.21). Onpenenure JUTUHY
MIPYXXUHBI B HEJIeOPMUPOBAHHOM COTOSHUHU. YTOJI Y OCHOBaHUS
HaKJIOHHOM 1iockocTH paBeH 30°. TpeHrnem MOkKHO peHeOpeyb.

4. K HmxHEMY KOHIYy JIETKOM NPYKUHBI MOJBEIICHbI CBA3aHHbIE HEBECOMON HUTBIO I'PY3bl: BEPXHHM
Maccol mp= 0,5 kr u HWKHUNA Maccod my= 0,2 xr. Hutb, COeNMHSIOUIYIO Tpy3bl, NEPEKUTAIOT.
Ornpenenure MPOEKIMI0 YCKOPEHUS Ha HampaBiieHHYI0 BHM3 ocbh OY, ¢ KOTOpBIM HAuHET IBUTATHCS
BEpXHUH IPY3.

CbopMa NMpeaAcTaBJICHUSA PE3YyJabTaTa: BLIIIOJTHCHHAA CAMOCTOATCIIbHAA pa60Ta.

Tema 3.1 DuexkTpocraTnka

IIpakTnueckas padora NeS
Pemenne 3agau «CoeqnmHeHNe KOHICHCATOPOB B 0aTapero»

He.]'lb: pacCUUTaTh HAIPSAKCHUEC, 3apAd, EMKOCTb KOHACHCATOPOB U UX SHEPIUIO B SJICKTPUUICCKUX LCIIAX
MOCTOSIHHOTO TOKA C TMOCJeI0BaTeNbHBIM, MapalljIeIbHBIM U CMEIIaHHBIM COSTUHEHUEM KOHJIEHCATOPOB.
Xoa padoTsl

1. V3yuuTh KpaTKue TEOPETUIECKUE CBEICHUSI.

2. PaccmoTpeTh mpuMepHI BBITIOTHEHUS 3a/1aHUSI.

3. BBIMOTHUTH HHAUBUAYATBHOE 3aJaHHE.

1. Kparkue TeopeTuuecKkue cBeJeHUs

Konpaencarop — 31eKTpOHHBIA KOMIIOHEHT, TPeIHA3HAYCHHBIN JUISI HAKOIIJICHHSI DJIEKTPUYECKOTO 3apsia.
CrocoOHOCTh  KOHJCHCATOpAa HAKAIUTMBATh AJICKTPUYCCKUH 3aps)l 3aBUCUT OT €ro IJIABHOH
XapaKTepUCTHKU — eMKOcTH. EMKkocTh koHAeHcaTopa (C) ompenensercs Kak COOTHOIICHHE KOTUYeCTBa
anexTpudeckoro 3apsaa (Q) k Hanpspkenuto (U).
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C=—
U

rae C eMkocTh KOHAEHcaTopa, @
Q —3apsix koHaeHncaropa, Ki
U — HanpskeHMe Ha KOHJeHcaTope, B

3Hepr1/151 KOHACHCATOpa 3aBUCUT OT €ro C€MKOCTH. HOBTOMy Inpru HU3MCHCHHH CMKOCTHU 3aps’KCHHOT'O
KOHJCHCATOpa 6y,Z[CM HU3MCHATBCA €TI0 SHEPTHU:

cus z U
W= —= Q _Q
2 20 2

rae W — sHeprus KoHaeHcaropa, Jx

B SJICKTPUYCCKUX LCIAX NPUMCHAKOTCA pa3JIMYHbIC Ccnocoovl coeouHenus KOHOQHCCII’I’IOPOG.

Hapa.lme.nbﬂoe COCAUHCHHUEC KOHICHCATOPOB.

B A
o
C1 C2 C3 Cobuy
= = umu ==
3 8

g //sxematetinihe . ru

Pucynok 2. [TapannensHoe coequHEHNE KOHEHCATOPOB.

HpI/I 3apsAac€  Tpynnbl KOHACHCATOPOB, COCAWMHCHHBIX MapaJlUICIIbHO, MCXKAY IUIACTUHAMH BCEX
KOHACHCATOPOB 6y21€T OJlHa M Ta K€ Pa3HOCTb NOTCHIHWAJIOB, TaK KaK BC€ OHHU 3apsKar0oTCd OT OJHOI'0O U

TOT'O K€ HCTOYHHKA TOKaA.

U=Ul=U2=U3=...
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OOmiee ke KOJIMYECTBO JJIEKTPHUECTBA Ha BCEX KOHAEHCATOpax OyAeT paBHO CyMME€ KOJHMYECTB
JJIEKTPUYECTBA, MMOMEINAIIUXCS HAa KaKIOM H3 KOHACHCATOPOB, TaK Kak 3apAl KaXAOro ux
KOHJIEHCATOPOB IIPOMCXOAUT HE3aBUCUMO OT 3apsia ApYrMX KOHAEHCATOPOB JAHHOM IPYIIIBL:

Q=Q1+Q2+Q3+...

Hcxons u3 3T0ro, BCIO CUCTEMY MapaiieIbHO COSAMHEHHBIX KOHACHCATOPOB MOXKHO paccCMaTpUBaTh Kak
OJIMH SKBUBAJICHTHBIN (paBHOLIGHHBIN) KOHAeHcaTop. Torna obuias emkocmov KoHOEHcamopoe npu
napanieibHoM cOeOUHEeHUU PAGHA CyMMe eMKOCHell 6CeX COeOUHEHHBIX KOHOCHCAMmOopos.

O603HauYUM CyMMapHYK €MKOCTh COEIMHEHHBIX B OaTapero KoHaeHcaTopoB OykBoi CoOIl, eMKOCTb
nepBoro konjaeHcatopa Cl emkocts Broporo C2 m eMkocth Tperbero C3. Toraa mjis mapauielbHOTO
COEIMHEHUS KOHJICHCATOPOB OY/AET CrpaBeinBa cienyomas Gopmyna:

Cobm=Cl1+C2+C3+...

[Tocnennuil 3HaK + ¥ MHOIOTOYME YKa3bIBAIOT HA TO, YTO 3TOH (OPMYJIOH MOXKHO HOJB30BATHCS INPH
YEThIPEX, IISITU U BOOOIIIE MTPH JIF0OOOM YHUCIIE KOHAEHCATOPOB.

IHocnenoBaTenbHOE coeIMHEHNE KOHACHCATOPOB.

Ecnu e coenquHeHNEe KOHICHCATOPOB B OATapero MPOU3BOAUTCS B BHJIE IIETIOYKH U K TOYKAM BKITFOUCHUS
B LIETIb HEMOCPEACTBEHHO MPHUCOEIMHEHBI TUIACTUHBI TOJIBKO MEPBOIO U IMOCIEIHEr0 KOHAEHCATOPOB, TO
TaKoe coeIMHeHNe KOHIEHCATOPOB HA3bIBACTCA MOCJIe10BATEIbHBIM (PUCYHOK 3).

& 61 e 63

i | (O |
Ml | P | P |
unu
A CO‘M” ' 6
muf//:,xa-mou-hhm.;IIL =

PI/ICYHOK 3. IlocnenoBarenbHOE COCIUHEHHUE KOHACHCATOPOB.

0=01=02=03~=..

U=UCl+UC2+UC3 + ...

Yem MEHBIIIE €MKOCTh KOHACHCATOpa, TEM OoublIce HAIps>KCHUEC HGO6XO)]I/IMO JJIs1 TOTO, YTOOBI
3apAAUTb 9TOT KOHACHCATOP Tpe6yeMLIM KOJMYCCTBOM JJICKTPUUCCTBA, U HaO60pOT.

Takum oOpa3zom, mpu 3apsie TpYIIbl KOHIEHCATOPOB, COEAMHEHHBIX IIOCIENOBATEIbHO, Ha
KOHJIEHCATOpax MaJlol eMKOCTH HarpspKeHHs OyyT Oofiblie, a Ha KOHJIeHcaTopax OOJBIION eMKOCTH —
MEHBIIIE.
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Anroputm pacuera UMEeT BUI:

1. Onpenenﬂ}oT OKBHUBAJICHTHYIO €EMKOCTH YYaCTKOB C IMOCJICAOBATCIbHBIM COCIMHCHUEM KOHACHCATOPOB.

2. Ecimm st Y4aCTKH COACPKAT IMMOCIICA0BATCIIbHO COCAMHCHHBIC KOHACHCATOPbI, TO CHa4YaJia BbIYHUCIAIOT
nX €EMKOCTb.

3. Ilocne pacu€Ta SKBUBAJCHTHBIX €MKOCTEH KOHACHCATOPOB IICPEPHUCOBBIBAIOT CXEMY. OOBIYHO
MOJIYy4acTCd UCb U3 MOCICA0BATCIIbHO COCIMHCHHBIX S5KBUBAJICHTHBIX KOHIACHCATOPOB.

4. PacCUMTHIBAIOT €MKOCTb MOJTYYEHHOU CXEMBI.

3aganmue:

Onpenenuth SKBUBAICHTHYIO éMKOCTh C, 3apsin Q Gatapeu u sHeprur0 W, HaKOIIJICHHYIO OaTtapeci.
Boluncnute HampspkeHuE W 3apsa] Ha KaxAoM KoHaeHcartope. Kak M3MEHSTCS HalJIeHHbIE BEJIUYMHBL,
€CJIM OJIMH U3 KOHJIEHCATOPOB 3akopoTuth? Hanpspkenue Ha 3axkumax nenu U, B3sSTh U3 TaOauibsr Nel

Cs

(2 11

v € C;== Cy P —

&
Tabnuua Ne1
Ne BapuaHTa | U C. C, Cs C, Cs 3aKkopoTuTb

B MK®D KD MK®D MK® MK®D KOHAEHCaTop

1 150 10 20 30 60 - C4
2 60 20 - 90 15 30 C3
3 150 15 15 30 20 40 C5
4 60 - 20 90 40 5 C3
5 150 20 10 30 - 60 C5
6 60 10 10 90 45 - C4
7 150 30 - 30 10 50 C3
8 60 - 20 90 25 20 C5
9 150 - 30 30 30 30 C4
10 60 15 20 90 - 45 C5
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11 150 10 5 45 25 15 C3

12 60 15 45 15 10 20 C4

®opma npeacrabieHUs pe3yJbTaTa: BbIIIOJIHEHHbII BaprUaHT.

Tema 3.2.3aK0HBI IOCTOSTHHOTO TOKA
IIpakTuyeckas padora Ne6
Pemenne 3aga4 no «Coenunenue norpeduresei. [lpasuiaa Kupxroga.»

Ieab padoThI: HayuyuTbCSd «UUTATh» CXEMbl, NPU CMEIIAHHOM COEJMHEHHM; OIpEelesATh oollee
CONPOTHUBIICHNE LENU; HAXOIUThb PpACIPEACICHUE TOKOB U HANPSDKCHUM IPU  PA3IMYHBIX BHUAAX
COCIMHEHUS.

Beinosinus patdory, Bel Oyaere:

yMeThb:

- pelmaTh 3aJ1a4i Ha CMEIIAHHOE COCAMHEHUE IIPOBOJHUKOB.

- pacCYMTHIBATh NapaMeTPhl OTJEIBHBIX U KOMOMHUPOBAHHBIX IIETIEH.

MarepunanbHoe obecrneyeHue:

-[10CaI0YHBIC MECTA 110 KOJIUYECTBY 00yUarOIINXCs;
- pa31aTOYHBIN MaTepHa C 3aaHUIMHU;

- cOOpHUKH 33]1a9

-CIIPaBOYHBIC MaTEpPUAJIbI

3ananue:

OTBETHUTEL Ha BOIIPOCHI:

1. CdopmynupyiiTe 3aKOHBI NApaUIETBHOTO M IIOCIEIOBATEIBHOIO COEIUHEHUS INPOBOJHUKOB H
3aIUIINTE Ha JOCKE.

2. HauepTuTh cxemMy dJIEKTPUUYECKOH 1IN, COACPIKAIINN JIAMIIOUKY, KITF0Y, HCTOYHUK TOKA.

3. Kak n3MeHUuTCs CONPOTHBIIEHUE AIIEKTPUUYECKON LIEMH, €CIIU MOJKIIOYUTh K J000MY 3BEHY LU elle
OJIHY JIaMIIOUKY: a) OCIIe0BATENbHO; 0) napaiienbHo?

4. ITpu nocien0oBaTeNbHOM COEIMHEHUHN ABYX ITPOBOJIHUKOB, COMPOTUBIICHUS KaXI0T0 U3 KOTOPBIX 2 OM,
cwia Toka B 1enu cocrasiseT 0,2 A. CKoJIBKO ammep COCTaBUT Cujla TOKa B HEPa3BETBICHHOW 4acTH
LIETH, €CIIU T€ K€ MPOBOJHUKHU COeTMHUTD NapanensHo? HanpsikeHue B 000uX cilyyasx 0JIMHAKOBO.

5. Conpotusnenue nepsoii gammnsl 10 OM, BTopoit namnel - 20 OM, TpeTbelt namisl - 30 Om. Yemy paBHO
CYMMapHO€ CONPOTUBIICHUE JIamMIT?

Basd

Pemnte 3a1aun:

1. Omnpenenute cONMpOTHUBICHHWE Yy4yacTKa IIeNH, OpU CoeauHeHMH B Toukax B u I, ecim
R1=R2=R3=R4=2 Om
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MN3MeHuTCs 1 CONPOTUBIIEHUE YYacTKa LENU MPU COeTUMHEHUH B Toukax A u C?
2. UeTplpe OJMHAKOBBIC JIAMITBI COMpOTHBIeHHEeM 15 OM Kaxkaas COeAMHEHBI TaK, KaK MOKa3aHO Ha
PUCYHKE, U, MOJKIIOYEHbI K MUCTOYHUKY MOCTOSTHHOTO HampsbkeHus 20 B. Kak uzmenurtcs nakai
KaXJ0M U3 JIaMII, €Civ JlaMiia 4 neperopur?

3. Y4acTok 1enu, KOTOPbIi COCTOUT U3 YETHIPEX PE3UCTOPOB, MOAKIIOUYEH K UCTOUHUKY C HAIpsiKe-
HueMm 40 B (cm. Puc. 2). Beiuncnure cuiny Toka B pesucropax 1 u 2, HanpsbkeHUe Ha pesucrtope 3.
ConpoTuBiieHUE TIEPBOro pe3ucropa paBHo 2,5 OM, BTroporo u Tpetbero — mno 10 Om, yeTBéproro —

20 Om.
Nano: R = 250m, Ry = R =100m. R, = 20 One. U = 40 B
Haiitn: 1t IE, Us
Rz
R1 R3 R4

4. Haiinure mosHoe conpoTuBiieHue 1enu (cM. Puc. 3), eciu conpoTUBICHUE PE3UCTOPOB
R1=R2=R5=R6=3GM R3=200M R4=24‘GM

Haiigute cuiny Toka, ayIiero uepe3 KaxxIabplidi pe3sucTop, eCiu K ey MPUII0KEeHO HanpshkeHue 36 B.

Jano: RlzR::RE:RE_:BGM; REZZGOM;R4=24OM; =368
HaiiTu: fl’ fg’ ’ fg, L;’ f5’ IE,; R
1} 1
R R2
R3 R4
R6 R5

Kp ATKHE TCOPETHYECCKUEC CBCACHUSA

1. [Ipu mocen0BaTeIbHOM COSIMHEHHH POBOJHUKOB 00IIee COMPOTUBICHHUE yJacTKa PaBHO CyMME CO-
HpOTHBJ’IeHHI’I IMPOBOAHUKOB!

R = Rl + R: +...

2. HpI/I I10CJICA0BATCIIBHOM COCAMHCHUN HpOBOlIHI/IKOB CHJIBI TOKAa B KaXXIOM U3 HpOBO}IHI/IKOB paBHI)I "
PpaBHBI 06H_ICI>'I CHJIC TOKA HAa Y4aCTKC LCIINU:

jl' = .irl = .irz =

3. HpI/I MMocCJICH0BATCIIbHOM COCANHCHUN ITPOBOAHUKOB CyMMa HaHp)DKeHI/Iﬁ paBHa OGH.[CMy HaNps>KCHUTO

Ha Y4aCTKE€ LCIIN:
U = Ul + U2+. u

4. Ilpu napannenbHOM COeTMHEHUH MPOBOIHUKOB 00II1asi MPOBOJAUMOCTh Y4acTKa paBHA CyMM€ IIPOBOIH-
MOCTEW MPOBOJHUKOB:
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1 1 1

S=— 4+

R Ry Eo

5. Tlpu mapasnienbHOM COCIMHEHUH TTPOBOJHUKOB CyMMa CHJI TOKOB paBHA OOIIEH CHJIe TOKA Ha y4acTKe
ICIu:

jl' = jl'l + jl': +..

6. HpI/I HapaJIJIeJIbHOM COCINMHCHUHN HpOBOI[HI/IKOB HaHpﬂ)KeHI/IH B KaXIOM U3 HpOBO[[HI/IKOB paBHbI )41
PaBHBI 06H_[6My HAIps>KCHUIO Ha YYaCTKE LCIIN:

U = Ul = U: =

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTBl:

1. Tlepen peunienuiem 3aad 1o BapuaHTaM, Ha JOCKE BBIITUCHIBAIOTCS (POPMYJIBI IO TAHHOM TeMe.
2. IIpoBectu aHaW3 BETUYHH, BXOISAIINX B (DOPMYIIBL.
3. Pemenne 3agad mo BapuaHTam (camMoCTOsITEIbHAs paboTa).
Xon paboThr:
[Ipn pemeHun 3amady Ha CMEIIAHHOE COEIUHEHUE MPOBOAHUKOB OOBIYHO COCTaBISIOT TakK
HA3bIBAEMbIC SKBUBAJICHTHBIC CXEMBI, BBIJIEISISI yYYACTKUA C IOCIIEIOBATCIbHBIM U TapauIelhbHBIM

COCAUMHCHUCM.

[Tpumep 1

COHpOTI/IBHeHI/IC Rj_’g 3aMCHUIIO BI)II[CJ'ICHHI)II71 Y4aCTOK ILCIIKM, B KOTOPOM JiBa IPOBOJHHUKA COCIAWHCHLI
HapajuIeIbHO.

Torma MBI MOXeM HalUTH COIIPOTUBJICHUEC 3TOTO Y4aCTKa € MapaJICIAbHBIM COCANHCHUCM ITPOBOAHUKOB:

_— R,R;,  6-12
TR +R, 6+12°

A Temepb BUAHO, YTO MNPOBOAHUKHU Rio u Rz coenunensl mocnenoBarenbHo. OOIee cONpOTUBIECHUE
paBHO

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

[Tpumep 2.
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B nanHoM ciyyae HY»HO pa3BEpHYTh CXEMY, IBUTasich OT TOUYKHU K Touke. BuaHo, uto B Touke b cxema
pa3BeTBIsieTcs, a B Touke B BeTBu coeaunstorcs. TakuM 00pa3oM, 3KBHUBAJIEHTHBIE CXEMbI OyIyT UMETh
BU/I:

Ry Ras Rs

—

R,, R3 u R4 coequHenbl ocaeI0BaTelLHO.

Tostomy Rp34 =Ry + Rs+ Ry=1+ 10+ 1 =12 Om.

R234 1 Rs coenunensl napamiensHo. [loatomy

R _ R2’3’4R5 _ 12 * 8 _
= Ry;.t+Rs 12+8

3akonbl Kupxrodga npu pemennu 3aga4
3aganue:

Pemnte 3a1aun:

1. Ckonbko ¥y3J10B, BETBEH U KOHTYPOB UMCCT 3JICKTPUYICCKAs LCIIb, I/I306pa)KeHHa$[ Ha pI/ICYHKe?
R

2). Hanumure ypaBHEeHUE corjlacHO nepBoMy 3akoHy Kupxroda ans ys3na, n300pakeHHOTO Ha pUCYHKE.
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3). Hapucyiite snexTpudeckuii y3el, Il KOTOPOTO COTJIacHO mepBoMy 3akoHy Kupxroda cocraBiieHo
cnenyromee ypapHenue: I[1 +12-13+14-15-16=0
4). Harumure ypaBHEHUS COTIACHO BTOpoMy 3akoHy Kupxroda s koHTypa 6-B-T-1.

~ R p R2
=g = s
B R3 E2. =,

'L [ R4 ’

¢
5). B snexTpuueckoil 1emnu, cxema KOTOpOoi MpUBEAeHa HA PUCYHKE, PE3UCTOPHI UMEIOT CONPOTUBICHUS

R1 =2 Om, R2 =3 Om, R3 = 6 Om, R4 = 10 Om. Onpenenute oOIMIMI TOK B 1IN, €CIIU HANPSKEHUE
Mexay ToukamMu A u b pasno 24 B.

I R, R3
‘:LI I
R, | [|%
\I

KpaTKue TECOPETHYECCKUEC CBCACHUSA:

Jlns pacdera TOKOB B pa3jIMYHBIX BETBAX JIHOOOH pa3BETBICHHOW LENH C MPOU3BOJIBHBIM
YKCJIOM UCTOYHHUKOB U OTpedUTEIe HE0OX0IMMO 3HATh U MPUMEHATH 3akoHbl OMa u Kupxroga.

Omnpenenum, 4To TaKoe BETBb M y3€il. TOYKa 3JIEKTPUYECKON LENU Ha3bIBAcTCA Y3J10M WIN
TOYKOM pa3BETBIICHUS, €CIIM B HEW COCIMHEHBI TPU WK OOJIBIIIEE YUCIIO MPOBOAOB (BeTBEH). (puc.1).

BeTBb 3HeKTpI/I‘IeCKOﬁ enmu — 9TO y4acCTOK, paCHOJ'IO)KeHHHﬁ MCKAY ABYMA y3JIaMHU.
. n 13w
: w e
W
o
N
)
PUCYHOK 1
HpI/I IIOCTOSHHBIX TOKaX B LOCIIM HHU B O)IHOﬁ N3 €€ TOYCK HC MOI'yT HAaAKaIlIMBATBHCA
QJICKTPHUYICCKUC 3apAibl, TAK KaK 3TO BbI3BAJIO 6]:1 U3MCHCHHUEC ITOTCHIIMAJIOB TOYCK IICIIN. CJ'ICI[OBB.TCJIBHO,
QJICKTPHUYCCKUEC 3apAdbl, MPOTCKAIOIIHUE K KaKOMy-J'H/I6O y3]1y B €IUWHHUIY BPEMCHH, paBHBI 3apsaaam,
YTCKAOMIUM OT 3TOIO y3Jjia 3a Ty K€ CAWHUIY BpPCMCHHU. DTO MOI0KEHHUE BbIpaxXacT HepBLIi/'I 3aKO0OH
Knpxrodm, KOTOpI)IfI q)opMmepyeTcs[ TaK:CyMMa TOKOB, HaIIpaBJICHHBIX K Yy3J1y, paBHa CyMME TOKOB,
HaITpaBJICHHLIX OT HETO.

Hanpumep, s y3ma -{MOXHO HalMcaTh:

",/

fif=h+ L+l gy mpuaB ypaBHEHUIO TPYTOH BU,

MOJIy4YnM:
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i H-n)+ L4120 g g oGmeM BHae 2@ =", T.e. anreGpandecKas CyMMa TOKOB B y3Je paBHA
Hy10. [Ipy 3TOM TOKH, HapaBJIEHHbIE OT Y3114, CAUTAKOTCS OTPULIATEIILHBIMHU.

BcnoMHMM  OCHOBHBIE CBOMCTBAa TMOCJIEAOBATEIBHOIO W MApaUIeIbHOTO COCIMHEHUI
HpOBOI[HI/IKOB, HpI/IeMHI/IKOB 3Hepr1/11/1.

IlocnenoBaTeIbHBIM  CO€IMHEHHEM TPOBOAHMKOB — TPUEMHHKOB DSJICKTPUUECKON
3H€pI‘I/II/I Ha3bIBACTCA COCAHMHCHUC, HpI/I KOTOpOM SHGKTpOHpI/IeMHI/IKI/I COCANMHCHBI OJHWH 3a I[pyTI/IM 663
pPa3BETBICHUH W TMpU HAIMYAM HWCTOYHMKA TUTAHUA 110 HHUM TPOXOJUT OJUH W TOT IXKeE

Tok: ' === (puc.2).

e w e
— -
e—- b
ul 1 i e d rl
i 1

PUCYHOK 2

Ilo 3akOHY COXpaHEHHs HJHEPrUH, DHEPIUs, 3aTpaycHHas Ha IMEPEMEIIECHUE €IUHUYHOIO
3apsijia BA0Jb BCEH LIENH, paBHA CyMME 3HEPIUil. 3aTpaueHHbIX Ha NIEPEMEILEHUE TOTO XKe 3aps/ia Ha BCEX
y4acTKax LENH, T.C.HanpsHKEHUE Ha 3aXHMax LENM paBHA CyMME HANpsOKEHUH Ha BCEX YydacTKax
ee: U=0 +00 +1L7,

ConpoTuBieHUE - Ha3bIBACTCA IKBUBAJIEHTHBIM (O0IIMM) CONPOTHUBJICHUEM LENH, T.C.
TaKuM, 3aMEHA KOTOPBIM BCEX CONPOTUBIICHUH LN IPU HEU3MEHHOM HAIPS)KEHUH HE BBI3BIBACT CHUJIbI
TOKa.OKBUBAJIEHTHOE COINPOTUBIECHUE PsZia IOCIENOBATEIbHO COEAMHEHHBIX CONPOTUBICHUH PaBHO
CyMME€ 3THX COIPOTHUBIICHHM: ~ =15

IIpuMepoM 1OCIIENOBATEIBHOTO COCAUHEHUS MOXET CIY)KUTh LI€Ib, PACCMOTPEHHAs Ha
pHUCYHKE 3, coCcTOsLIasi U3 IPOBOIOB U IPUEMHUKA YHEPTHH.

]
u4l , IIIu.':

e
£l L "

PUCYHOK 3

MapanajenbHbIM cOeIHHEHHEM TPHEMHHKOB JHEPrUH HAa3bIBACTCS COCAMHEHHE, NPU
KOTOPOM OJIMH 32)KHM KaXIOTr0 W3 NMPHUEMHUKOB MPHUCOCTUHEH K OJHOW TOYKE AJIEKTPHUYECKOW LIEMH, a
APYroi 3aKUM KaXKJI0TO M3 TeX XK€ MPUEMHUKOB IMPUCOEIUHEH K JAPYroi TOYKH Lenu. Takum oOpazom,
MEX1y IBYMs y3J1aMU IPUEMHHUKHU 00pa3yloT MapajiesbHble BETBU. (puc.4).
Hanuuue y3na B cxeme — 3T0 MPU3HAK NAPAJUIEIBHOTO COCTUHEHHUS.

[}
L

1 12 13
'I‘I_' 1

J R

L

PUCYHOK 4

Hanpsbkenue Ha IPUEMHUKAX OJMHAKOBO U PABHO MOJIOKEHUIO MEKIY Y3IaMHu:

U=, =u, =t

ToKH B BETBAX PacIpeNeNsoTcss 0OpaTHO MPONOPLIHOHAIEHO COMPOTUBIIECHHUAM BETBEH MM

111

IPSMO TIPONOPIHOHATBHO HX MPOBOIMMOCTSIM: ST

3aMKHYTBIH  IyTh, IPOXOASIIMI IO HECKONLKUM BETBSAM, HA3bIBAIOT KOHTYPOM
JIEKTPUYECKOM LeMH.

[Ipexie 4eM NPUCTYIATh K PACCMOTPEHUIO (DHU3MYIECKOTO CMBIC/IA U BHIBOJIA BTOPOTO 3aKOHA
Kupxroda, BCHOMHHMM TIOHATUS pabOThl X MOIHOCTHU 3JIEKTPHYECKOH IIETH.

Kak BbIYHMCISETCS, KAKUM NPUOOPOM M3MepseTcs M Kak MOJCUMTHIBAETCS T0JIe3Has paboTa
WJIM PacXo/l SHEPIMH? B KAKHX €IMHUIAX M3MEPSAIOTCS PaOOT M MOIIHOCTh B 3JIEKTPHYECKOM 11emu?

MoLIHOCTh XapaKTepu3yeTcsl Kak CKOPOCTh COBEPLIECHHS pabOThl B UCTOYHUKE MUTAHHUS UM

M |

-II__ ~ i3 - v
B MPUEMHHUKE DHEPTUH: ! - oOmui BUA GopMyisl, ™~ = - MONIHOCTP MUCTOYHHKA AIICKTPUUCCKOM
sHepruy; v SN EUEL B pre p=ti- MoOmIHOCTE  TIOTpeOuTeneit; =Y/ =1 - moTepss MOIIHOCTH B
HCTOYHUKE.

23



VYpaBHenne OanaHca MOIIHOCTH MOXKHO 3alucaTh HO OCHOBAHHMH 3aKOHA COXPaHEHUS
SHEPTUH TaKuM obOpazom: - =F+f,
CrnemaeM HEKOTOpBIC TPEOOPA3OBaHUs: B BBIpaKEHHUE IS OajmaHca MOIIHOCTEH MOJICTaBUM

BBIPXEHUS 711 MOLITHOCTH UCTOYHHMKA M MOUIHOCTEH MOTpeOuTeNne, Ipyu 3TOM HOTydUM:

B o=PeB P =Ed popypeB=U0 =i
’ ’ ’

& =rr+i'n, Ecnm pa3neauTh 00€ 4acTH PaBEHCTBA HA TOK /, TO &=+

B nanHom cnydae BesKkasi 3JIEKTpUYECKasl LETIb M €€ OTHAENbHBIC 3JIEMEHTHI SIBIISIFOTCS
npeoOpazoBarensiMu 3Heprun, a IJ[C ucToyHNKA MOAIEPKUBACT AIEKTPUUYECKUI TOK B AJIEKTPUUYECKOM
LENH.
DHeprus, nojixyyaemas OJHUM KYJIOHOM JIEKTPUYECTBA B 3JEKTPUUECKOMN LIEMHU MOJTHOCTHIO PACXOAYyeTCs
NOTPEOUTENSIMU U B COETUHUTENBHBIX TPOBOJaX. Takoe BhIpaKEHHE YaCTHOTO CIIydasi BCEOOIEro 3akoHa
COXPAaHEHHs SHEPTHH U HA3bIBACTCA BTOPHIM 3aK0oHOM Kupxroga: & =2+
B n11000M 3aMKHYTOM SJEKTpUYECKOM KOHType anreOpanmueckas cymma DJIC paBHa anreOpanyeckoin
CyMMe€ MaJICHUI HapsDKEHU Ha COMPOTUBIICHUSX, BXOASAIINX B 3TOT KOHTYP.
Ecii 3TOT 3aKOH 3ammcaTh Kak 2% 27 =0 To OH BbIpa)kaeT YCJIOBHE, 4YTO aireOpamdeckas CyMMa
M3MEHEHHM OTEHIMaa P 00X0/1€ 3aMKHYTOT0 KOHTYPa paBHA HYIIO.
[Ipu cocraBienuun ypaBHeHHH 1O 3ToMy 3akoHYy OJ[C M TOKHM CUMTAIOTCS MOJIOKHUTEIbHBIMH, €CIH
HaIpaBJICHUS MX COBIIAJIAIOT C HAINIPaBJIECHUEM MPOU3BOJIBLHO BHIOPAHHOTO 00X0/1a KOHTYpa, B MPOTUBHOM
CIIydae OHH CYUTAIOTCS OTPHLATEIHBIMI M B yPABHEHHH 2 © =2 3aIIHCHIBAIOTCS CO 3HAKOM «-».
Hanpuwmep mist koutypa ABBI'A (puc.5), 00X0/s1 €ro mo HarpaBJICHUIO JBH)KEHUS 110 YaCOBOM CTPEIIKE,
MOYHO HamucaTh: ©*' &l =t +iredn.

r
L3 L]

Doenir

"t (3 2
|

L3 I "2

Ilopsinok BbINOJIHEHHS PadOTHI:

4. Tlepen peuieHuem 3a7ad Mo BapuaHTaM, Ha JOCKE BHIMUCHIBAIOTCA (DOPMYIIBI TIO JAaHHOU TEME.
5. [IlpoBecTu aHann3 BEIWYUH, BXOJIAIINUX B (DOPMYJIBI.
6. Pemenwue 3amad o BapuaHTaM (CaMOCTOSTEIbHAS padboTa).

Xoa paGoThI:

OnpenenuTts YUCIIO Y3J10B, BETBEW U KOHTYPOB B JIEKTPUUECKOH LIETIH.

2. TIpon3BOIBHO pacCTaBUTh HAMIPABICHHE TOKOB B BETBSX.

3. 3anwucats nepBblit 3akoH Kupxroda amns y3ios.

4. ITpon3BoJbpHO BHIOpATh HaNpaBiIeHHE 00X0/1a B KOHTYpax.

5. 3anwucats BTOpoii 3akoH Kupxroga asst KOHTYpOB.

®opma npeacTaBieHus pe3yJbTaTa: BHIIOIHEHHAS CaMOCTOsITEIbHAs padoTa.

Tema 3.4 MaruurtHoe moJie
IIpakTuyeckas padora Ne7

Pemenne 3agau «Cuna Amnepa. Cuia Jlopennay»

Ieas paldoThl: paclIMpUTh 3HAHUS YYAIIUXCS O MAarHUTHBIX B3aMMOJCHCTBUSAX, PA3BUBATh yMEHUS
0000111aTh, CpaBHUBATh, UCIIOJIb30BATh MTOJIyYE€HHbIE 3HAHUS TIPU PELICHUH 3a]1a4.
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BbinosinuB padory, Bel Oyaere:

YMETB:

- pemath 3a1a4n Ha opMynsl cuiiel Amnepa u Jlopenna

MarepunanbHoe obecrnieyeHue:

-IIOCAA0YHBIC MECTA 110 KOJINYCCTBY 06yLIaI-OH_II/IXCSI;

- paSI[aTO‘lHHﬁ Mart€purall C 3aJaHUAMU;

- cOOpHUKH 3a/1a4

-CIIPABOYHBIC MaTCpHaJIbl

3aganmue:

Pemute 3a1aun:

10.

[IpssMonuHeHpII TPOBOAHUK JIMHOM 10 CM HaxXoAWTCS B OJHOPOJHOM MAarHUTHOM IIOJIE C
uHaykiuend 4 Tin v pacmosokeH Mo yriiom 30k BEKTOPY MarHUTHOW MHIAyKIuu. YeMy paBHa
cuiia, IEUCTBYIOIIAs Ha MPOBOJHUK CO CTOPOHBI MArHUTHOIO T0JIs1, €CJIM CUJIA TOKA B MPOBOJIHUKE
3A?

DNEKTPOH, MPOWAS YCKOPSIOUIyl0 pa3HocTh mnoreHuuanoB U=400 B, moman B oxHOpoaHOE
MarautHoe noje ¢ unaykuue B=1,5 Tn. Onpenenuts: 1) paauyc R KpuBU3HBI TpaekTopuu; 2)
4acToTy BpalleHUsl D3JIGKTpPOHA B MArHUTHOM 1oje. Bekrop ckopocTH 3IEeKTpoHa
MEePIEHIUKYISIPEH TUHUAM UHIYKIIUH.

[IpoToH co ckopocThio 2 10" m/c Bieraer B OJIHOPOJIHO€ MarHUTHOE ToJie ¢ uHAyKuuei 8 Ti mox
YIJIOM 45° k nuHEIM nHaykuuu. Halitu cuity, 1efdCTBYIONYIO HA IIPOTOH.

[IpssMonMHENHBIM MPOBOJHUK JJIMHOM 15 cM HaXxoguTcss B OJHOPOJHOM MarHUTHOM IIOJIE C
uHaykiuend 4 Tin v pacmosokeH Mo yriom 60° k BEKTOPY MarHUTHOW MHIyKIuu. YeMy paBHa
CWJIa, AEUCTBYIOLIAsl HA IPOBOJHUK CO CTOPOHBI MAarHUTHOI'O OJISA, €CJIM CHJIA TOKA B IPOBOJHUKE
2,5 A?
3apspkeHHbId mapuk Maccoit 0,1 mr um 3apsgom 0,2 mMKi Bieraer B 06jacTb OJZHOPOIHOTO
MarHutHoro noss wuHaykouedr 0,5 Tin, umed wummynsc 6 10 krm/c, HaIlpaBJICHHBII
MEPHeHIUKYIAPHO JIMHUAM MarHuTHoW wuHAykiuu. C kakoll cuioil Oyaer nelcTBOBaTh
MarHMTHOE M0JI€ Ha 3apsKEHHbIN apuK?

Onpenenuts cuily, ¢ KOTOPOM OJHOPOIHOE MArHUTHOE I0JIE AEMCTBYET HA MPOBOJHUK JIMHON 20
cM, ecnu cujia Toka B HeM 300 MA, pacrosioKeHHBIH 1oj yrioMm 45 rpaaycoB K BEKTOPY
MarHUTHOW MHIAYKIIMK. MarauTHast uHAyKus cocrasiser 0,5 Th.

[IpoBomHUK C TOKOM 5 A HaxoguTcs B MarHuTHOM moje ¢ wuHAyknuedr 10 To.
Onpenenuts AMMHY NPOBOJHMKA, €CIM MArHUTHOE TOJ€ AecTByeT Ha Hero ¢ cuinod 20H wu
MEPIEeHIUKYIISPHO TPOBOIHUKY.

[IpoBonuuk mmuHou 0,15 M nepneHIuKyIsIpeH BEKTOPY MAarHUTHOMW HMHIYKUUU OJHOPOIHOTO
MarHuTHOro mousist, Mmoayinp koroporo B=0,4 Tn. Cumna TOoka B  NpOBOJHMKESA.
Haiinute paboty, xoTopas Oblga coBepllieHa NpU INepeMelieHuu npoBoaHuka Ha 0,025 M mo
HaITpaBJICHUIO IEWCTBUS CHIIBI AMIIepa.

Onpenenuts HEHTPOCTPEMUTEIBHYIO CHITY, IEHCTBYIOIIYIO HAa IPOTOH B OJHOPOJHOM MAarHUTHOM
none ¢ wHaykmued 0,01 Ti (BeKTOp MAarHUTHOW WHAYKIIMH TEPICHIUKYISIPEH BEKTOPY
CKOPOCTH), ECIIN PAINYC OKPYKHOCTHU, IO KOTOPOU OH JIBUIKETCSI, PaBEH 5 CM.

C KakuM YCKOpPEHHMEM JBHXKETCS IJIEKTPOH B OJHOPOJHOM MArHUTHOM IoJie (BEKTOP MAarHUTHOM
MHAYKIUHM TIEPIEeHIUKYISIpeH BeKTOpy ckopocTH) ¢ muaykuueil 0,05 Tn, ecnu cuna Jlopenna,

25



JefcTByIoIas Ha HEro, paBHa 5x10-13 H.

Kparkue TeopeTuueckue cBeeHHA:

3akon Amnepa: Fa= BIl sintt,

g

HampaBnenue cuitbl AMIiepa orpeaessieTcst Mo MPaBuily «I€BOH PYKH»:

e MarHUTHBIC CHJIOBBIC JJMHUH BXOJIST B JIaJ0Hb;

e 4 manblla yKa3bIBalOT HAIIPABJIEHUE CHIIBI TOKA B IPOBOIHUKE;

e OTOTHYTHIH OOJIBIION MaJel YKaKET HalPaBJICHUE CHIIBI AMITEpa.
Cuua Jlopenna: Fy = gBv sintt,

Hamnpasnenue cuiel JIopeHua onpenensercs no MpaBHIly <JIEBOM PYKM» JUISl TTOJIOKHUTEIBHBIX 3apsI0B;
JUIsL OTPULIATENIBHBIX 3apsAA0B - 3epKalbHOE OTOOpakEHUeE.

Cuna JlopeHnia Bcerja NepreHANKYIISIpHA MIIOCKOCTH, B KOTOPON HaxoasTcs BeKTOpsl V u B =>cuna
JlopeH1ia paboThI HE COBEPILAET, T.€. HE MOYKET U3MEHUTh KUHETUYECKOM SHEprUr CBOOOTHBIX 3apsi/I0B.

HOpﬂ}IOK BbIITOJTHCHU A paﬁon:

1. Tlepen pemenuem 3afad MO BapuaHTaM, Ha JOCKE BHIMUCHIBAIOTCS (OPMYIBI MO JaHHON
TeMe.

2. TlpoBecTu aHanM3 BEIUYUH, BXOASIIUX B POPMYITHL.

3. Pemenue 3a1a4 o BapuaHTam (CaMOCTOSITeNIbHAS PaboTa).

(I)opMa NpeaACTaBJICHUA PE3yJabTaTa: BEIIIOJIHCHHAA CaMOCTOATCIIbHAasA pa60Ta.

Tema 3.5 SIBj1eHHe 3JIEKTPOMATHUTHOM HHAYKIUHU
IIpakTnyeckas padora Ne8
Pemrenue 3aga4 no reme «IllepeMeHHBIN TOK»

eab padoThI: HAYYUTHCA peLIaTh 3aa4u IS ENel NEPEMEHHOT0 TOKa
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Beinosnus patdory, Bel Oyaere:
yMeThb:
- pemarhb 3aa4u AJs IePeMEHHOT0 TOKa

MarepunanbHoe obecrnieyeHue:
-[10CaJI0YHBIE MECTA 110 KOJUYECTBY 00yUaroIInuXcs;
- pa3gaToO4YHbIN MaTepual ¢ 3aJaHUsIMU;
- cOOpHUKH 3a/1a4
-CIIPaBOYHbIE MAaTEPHAJIbI
3aganue:
OTBETUTH Ha BOIIPOCHI
1.ITouemy B nenwu, coxeprxauieil KOHIEHCATOP, MOXKET IPOTEKATh TOJIbKO EPEMEHHBIH TOK?
2. JlomycTuMO 1M B LENb MEPEeMEHHOTO TOoKa HampsokeHuem 220 B BKIIOYHTH KOHAEHCATOD,
npoOoiiHoe HanpsbkeHue koToporo 250 B?

3.Ilouemy B pamKe, paBHOMEPHO BpallalomIeics B MarHUTHOM 1oJjie, Bo3Hukaer DJIC? Yewm
OTJIMYAKOTCSA IPOMBIIIJICHHBIE TI'€HEPAaTOpPbl OT IMPOCTEHIIEH MOJEINU-pPAMKH, BpalllalolIeics B
MarHuTHOM MoJie?

4. Kakum o0pa3oM MoiydyarT CTaHAAPTHYIO YacTOTY MEPEMEHHOr0 TOKa MPHU MEJIEHHOM BpalleHUU
pamku?

KpaTRne TCOPETHYECCKUEC CBCACHUSA

IlepeMeHHBIN TOK, MPOTEKAOIIAN YEPE3:

[Tpubopsl Pesucrop Karymky Kounnencarop
conpoTuBieHreM R WHIYKTUBHOCTBIO | eMKOCThIO C
L
Cxema B L ¥

[ v] | Led

Hanpspkenne U=Uncos ot U=o L Ym cos C:Y_m oS o t
ot c
Tox i=Y =Un o5 o t=Y,, | F¥m cos (o t- | I=Ym cos (o t-
R R Ty Y=dn 7
cosmt 277 ML 2
Jwnarpamma tady : Cely p i
L Ve U =l . 2 o
aMIUTUTYTHBIX \/ I ‘ o — [ -
A 0 v, - 1: " ;
3HAUEHUN Yy | == % : S S o=l l,\/ // T
Unm
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Cagur ¢a3 »=0 Y,U usmensierca B | Hanpsoxenne Hanpsokenue
ONMHAKOBBIX (hasax, a o1, | ONEPEKACT  TOK | OTCTAeT oT
PHEPTHA PACXOIUTHCA HA | Ha o =2~ =90" TOKa Ha
TEIJIOBOE JEHCTBUE TOKA 2 o =2=90°
2
ComnpoTtuBieHne X =o L x=1
¢ e
1. popmyna 7, Re &
/«. e
0 mn
2. 3aBUCUMOCTh
CONPOTHBIICHUIO | R= pTOE (1+at)
OT 4acToTa R
EmkocTHOE — —
0 - WHIYKTUBHOE — (ompoTuBieHHue,
CONPOTHUBIICHHUE,  oGycII0BICHHOE
OOYCIOBIEHHOE  |yammuneM
ABJICHUCM EMKOCTH B LIEIH
CaMOMHTYKITHH
PeaktuBHOE —  CONpPOTHBIICHHE
3 noTpeOuTes, HE
-OUPEACICHIC | ApryBHOE — | mpeoOpasyIoNero MnoABOIUMYIO K
COIIPOTHBIICHUE HEMY OSHEPrui0 B JpPyrue BUJIBI
oTpeouTeIs, SHepruM (H-p pakeTa)
IIpeoOpasyrouiero :
MOJIBOIUMYIO K HEMY 1
SHEPIUI0 B JPyrue BUIbI X=XH-XC=OJL-E
SHEPIrUn
XL:XC -
pEe30HaHC
X|_>XC -
WHIYKTUBHBIN XX -
Xapakrep E€MKOCTHBII
XapaxkTep
MomHocTb cos0=1; cos 90°=0 c0s90°=0
<P>=YUcoS ¢ )
<P>=Yq Ug=Yq P=0 P=0
R Uqg?
COSp=— K=—-
77 K
koopdunuent | <p>"' Y=ym Um cos® o
MOIIIHOCTH t=Yn’ Rsin ot
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AKTyanu3amus:
[TepemMeHHBIN AIEKTPUUECKUNA TOK.

i=l, sinwt

MrHOBeHHBIG_  U=Uy, sin(ot+e)

3HAYCHUS e=¢em Sin(ot+y)

Um — MakcuMallbHOE 3HAUYEHUE

U - MTHOBEHHOE 3HaYCHHE

U, - AeiCTByIOlIEE 3HAYECHHE

AD o
ce=—"_—Se= _q)/(t)— MI'HOBCHHOC 3HAUYCHHUC PAaBHOMCPHO BpallatonICUuCsa paMKHU.

At

po’
R="—"(1Q+at
S( ot)

P=1-Ucosp=I*R
X =L X, = X, — pe3oHaHc
X, =1

o-C

1,=0,707 1,
JENCTBYIOLIE U,=0,707-Uy,

3HAUECHHE €4=0,707-em

-1 — mocTOSHHEIH TOK g _ 2
|

o U
~| mepeMeHHbIH TOK X =T2 =X —Xc

2_~n2
Z=X (;,|_+R2 — PE3yJIBTUPYIOLIEE CONPOTUBIIEHUE
112
EHOTepB_kI Rt
3agauu 1151 CaMOCTOSITEIbHOIO PeIICHHSI.

1.Yemy paBHa aMIiuTyJda CHJIbI TOKa B LM IepeMeHHOoro Toka yactoroil 50 I'm, comepikamieit
IIOCJIEZI0BATENBHO COEJUHEHHBIE AKTUBHOE conpoTuBieHue 1 kOMm u konaeHcarop emkoct C = 1 Mk®D,
€CJIN ACHCTBYIOLIEE 3HAUEHNE HANIPSKEHUS CETH, K KOTOPOM MOJKIIIOYEH y4acTOK 1enH, paHo 220 B?

2.3/1C uHAYKIMH, BO3HUKAIOLIAst B paMKe MPH BPAIIEHUN B OJHOPOJHOM MarHWTHOM MOJIE, U3MEHSAETCS
o 3akoHy e = 12sin100xnt B. Onpenenute ammuryny J/(C, neiictByromee 3nauenue 3JC, KpyroByio
4acToTy KoseOaHWi 1 HavallbHYIo (hazy KojeOaHuil.
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3. B nens nmepemennoro toka ¢ wactotor 50 '] BKIItOUEHO aKTUBHOE conmpoTuBicHne 5 OM. Ammepmerp
nmokaseiBaeT cuiay Toka 10 A. Ompenenute MrHOBEHHOE 3HaueHue Hampspkenusi depe3 1/300 ¢, ecnu
KoJe0aHusl CHIIBI TOKA ITPOUCXOIST 10 3aKOHY KOCHHYCA.

4 Konpaencatop eMKocThi0 250 MK®D BKIIIOYAETCS B CETh MEPEMEHHOTo Toka. OmpeneanuTe eMKOCTHOE
CONPOTHUBIICHUE KOHAEHcaTopa mpu yactore 50 .

5.. Hampsbxkenue MeHseTcs ¢ TedeHHMEM BpemeHu 1o 3akoHy U= 40sin(10nt + m/6) B. Omnpenenure
aMIUTUTYAY, JCHCTBYIOILEe 3HAUYEHHE, KPYroBYIO YacTOTy KoJjeOaHW M HaudaibHyr0 a3y KojieOaHui
HaTIPSOKCHHUS.

6.Hanpspkenue B 11enu U3MEHSETCS 10 3aKOHY U = Unsin®™/Tt, npudeM amiuiutyna Hanpsbkerus 200 B, a
nepuoj 60 mc. Kakoe 3HaueHre mpuHUMAaeET Hampsikenue yepes3 10 mc?

7.Karymka WHAYKTUBHOCTBIO 75 MI'H mociemoBaTenbHO C€ KOHJIEHCATOPOM BKJIIOYEHA B CETh
IepeMeHHoro Toka ¢ HanpsbkeHueM 50 B u wacroroil 50 I'i. YUeMy paBHa eMKOCTb KOHJE€HcCAaTopa MHpu
pE€30HaHCe B MOJIYYEHHOU ceT?

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Tlepen peuieHueM 3a7ad MO BapuaHTaM, Ha JJOCKE BBIMUCHIBAIOTCS (OPMYIIBI MO JAHHOM
TeMeE.

2. IlpoBecTu aHAU3 BEIUYHH, BXOASIIUX B (DOPMYIIBI.

3. Pewmwurs 3apaun

(I)opMa npeacTraBJICHUs pe3yjabTaTa: BhIIIOJTHCHHAA CaMOCTOATEIIbHAA pa60Ta.

Tema 1.1. Kunemarnka MaTepuajbHOM TOYKH
JlabopaTopnas padora Nel

«3aBHCHMOCTDH nepuoaa KoJIeOaHu i NPYXXUHHOI0 MAasAITHUKA OT MAaCChI U )KECTKOCTHU
NPYXUHbD>

Henap padoThl: SKCIEPUMEHTAILHO YCTAaHOBUTH 3aBHCHUMOCTH NEpHUOAA KOJIEOaHHM  MPYKHMHHOIO
MasiTHUKA OT KECTKOCTH IIPYKUHBI U MACChI IPpy3a.

OO0opynoBanme: mratuB ¢ My(QpToi 1 Jankoi, HAOOP NPYKUH Pa3HON JKECTKOCTH, HAOOp IPy30B pa3HOM
MAacChl, CEKyHJIOMEP

IHopsinok BbINOJIHEHHUS PA0OTHI

Onpedenenue 3agucumocmu nepuooa Ko1eoOanuil om mMaccuvl py3a

1.  CobGepure npyXMHHBIA MasiTHUK, UCIIOJb3Ys BbIAAHHOE 000pYI0BaHHE.

2. BeiBenure MasTHUK W3 TOJIOXKEHUS PABHOBECHUS, BKIIFOUUTE CEKYHIOMEP U OTCUUTANUTE IECAThH
KoeOanuid. VICTionb3ysl MoKa3aHusi CEKyHIOMEpa, PacCUMTAWTE MEpPHOja KOJIeOaHWW M 3aroJIHUTE
TIEPBYIO CTPOKY TAOIHIIBIL.

Ne N t,c T, m, Kr mllz,Krl/2 k ,m/M
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OTIBITA 3. Tloropute
SKCIIEpUMEHT eme 4
paza, yBEJINYHBAsI
Maccy HO, HE MCHSs
IIPYKHUHBI. ITo
MOJTYYCHHBIM JTAHHBIM
3aroJTHUTE TaOMHITy.

4.  Tloctpoiite Tpaduk

3aBHCUMOCTH

gl B WD

niepuoia kosebanuit (T) oT KBagpaTHOrO KOPHS U3 MacChl (mllz).

5. Tlo ¢opme rpaduka ompemenute BUi 3aBUCUMOCTH MEXIY MEPUOJIOM M KOPHEM BaJpaTHBIM W3
MAacCCBl.
Onpeodenenue 3a8ucumocmu nepuooa KoIeOaHUL 0m HceéCmKoCMuU NpPy*HCUHbL

1. ColepuTe npy>KUHHBII MaTHUK, UCTIONB3YS BRITAHHOE 000PYIOBAHUE.
2. BoiBeuTe MasTHMK W3 IOJIOKEHHS PABHOBECHS. BKIIIOYHUTE CEKYHAOMEpP U OTCUMTAMTE JECATh
KOJIeOaHHIA.
3. Hcnonp3ys nmokazanusi CEKyHIOMEPA, PaCCUUTANTE MEPHOJ KOJICOaHU 1 3alIOJTHUTE TIEPBYIO CTPOK
TaOJIULIBL.
Ne N t,c Tc m,xr | kn/m K" (1/m) "
OIbITa
1
2
3
4
5
4. [ToBTOpHTE 3KCIIEpUMEHT ellé 4 pa3a,yBennunBas K03((UIMEHT KECTKOCTU HO, HE MEHAsS Maccy
rpy3a. I1o mosy4yeHHbIM TaHHBIM 3aIIOJTHUTE TAOIHUILy.
5. [Toctpoiite rpaduk 3aBucuMocTd mnepuoaa koneOanuii (T) or KBaagpaTHOro KOpHS — U3
K03 PUILINEHTA )KECTKOCTH. (kllz).
6. ITo dpopme rpaduka onpenenute BUJ 3aBUCUMOCTH MEXKAY NEPHUOAOM M KOPHEM KBAJpaTHBIM M3
K03 uIieHTa KECTKOCTH.
7. Crenaiite BBIBOJ O 3aBHCHMOCTH TIepuoja KojeOaHuil OT Macchl rpy3a W KodduimeHra
JKECTKOCTH.

KoHTpoJ/ibHbIE BOMPOCHI:

1.B kakoM MoJIOKEHUH MasiTHUKA CKOPOCTh Oy/eT MaKCUMalbHOU?

2.B kakoMm IoI0XeHNN MasTHUKA CKOPOCTh PaBHA HYJTIO.

3.YBenuuuau Wik YMEHBIININ MacCy TPpy3a, MOABEUICHHOTO K MPYKUHHOMY MasiTHUKY, €CITU: a) MePHO/T
ero xojiebanuii caayana Ow1 0, 4 ¢, a mociie n3MeHeHus maccel cran 0, 2 ¢;

0) yacroTa ero koiebaHuii BHavalne Obuta paBHa 6 11, a moTom ymeHbImuiaach 10 5 I'i?

Kpurtepun onenkmn:

Onenka «5» (O0TJIIMYHO) CTaBUTCS, €CIM OOYYaIOUIUICS BBINONHIET paboTy B IMOJHOM OOBEME C
cOO0JII0/ICHEM HEOOXOIMMOM MOCIIeI0BaTEIbHOCTH IPOBEIECHUS OMBITOB M U3MEPEHUH; CAMOCTOATEIBHO
U paloHalIbHO MOHTHPYET HE0OX01MMOe 000pYyI0BaHUE; BCE OMBITHI IPOBOJUT B YCIOBUSAX U PEKUMAX,
o0ecreynBaOIUX MMOJy4YeHHE MPAaBUIbHBIX PE3YyJIbTaTOB M BBIBOJIOB; COOJIOJAeT TPeOOBAaHUS MPABUI
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0e30macHOTO TPyZa; B OTYETE MPABMIBHO M AKKYpPAaTHO BBINOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTekH, rpaduKu, BBIYUCICHHUS; TIPABUIBHO BBITIOIHSIET aHAJIHN3 MOTPEIIHOCTEH.

Ouenka «4» (X0poOI0) CTaBUTCS, €CJIH BBIITOJIHEHBI TPEOOBAHUS K OIIEHKE S5, HO OBUIO JOIMYIIEHO JBa-
TpH HeJoueTa, He Oosee OHON HerpyOol OMMOKY U OJJHOTO HEJ0YeTa.

Onenka «3» (yI10BJIeTBOPUTEJIBHO) CTaBUTCS, €CJIM PabOTa BBIOJHEHA HE IOJIHOCTBIO, HO 00beM
BBIITOJIHEHHOM 4aCTH TAaKOB, YTO ITO3BOJISIET IOJYYUTh NIPABUIIBHBIE PE3YJIbTaThl U BBIBOJBL; €CIIM B XOl€
MIPOBE/ICHUS OIBITA M U3MEPEHUH OBLTH TOMYIEHbI OLITHOKH.

OHCHKa «2» (HeyIIOBJIeTBopI(ITe.HbHO) CTaBUTCs, CCIIH pa60Ta BBIIIOJIHEHA HE ITOJHOCTBIO M 00BEM
BBIIIOJIHEHHOM YacTH pa6OTBI HC IMO3BOJACT CACIIATh MNPAaBUJIBHBIX BBIBOAOB, CCJIM OIILITHI, USMCPCHMU,
BBIYHCIICHHUA, Ha6JIIOHeHI/ISI MMPOU3BOJNIMCH HCIIPABUIIBHO.

Tema 2.1.0cnoBbl MKT
JlabGopaTtopHasi paGora Ne2
«Onpeaenenue 4Yncjia MOJIEKYJ B METAJINYECKOM TeJsie»

Heap padoThl: 3KCHIEPUMEHTAIBHO ONPEAEIUTh YUCIO MOJIEKYJI B METAININYECKOM TeJle
OOopynoBanmue: MeTaUIMYECKUE MPEAMETHI MPABUIBHONW IeOMETPUUYECKON (POPMBI, IITAHTCHIIUPKYIIb,
CIIpaBOYHbIE TAOJIHUIIBI.

HOpﬂIlOK BbITIIOJITHCHU A paﬁoTI)I

1. H3meputh HEOOXOAUMBIE pa3Mepbl MEPBOTO TeJIa C TOMOIIBIO IITAHT CHITUPKYJIS.
2. PaccumTaTh 00BEM MEPBOTO TEJA, ISl 3TOTO HEOOXOAUMO HAWTH (hopMyITy 0OBeMa.
3. Paccumrath Maccy mepBoro tena, noaoOparsh (Gpopmyily mMacchl Tena. (i OmpeAeIeHUs] MacChl
3anucaTh (OopMyITy 3aBUCHMOCTH MacCChl OT IZIOTHOCTH BEIIECTBA)
4. 3amucath (popmyiy 4YHMCIIa MOJIEKYJ JIFOOOTO KOJIMYECTBA BEIIECTBA MACCOM M M MOJISIPHOU
Maccor M.
5. IlepeBectu Bce enunuuibl B cuctemy CH.
6. [IpousBectu pacd€T YncIa MOJIEKYII
7.I10BTOPUTBH OIIBIT C APYTUM TEJIOM.
8.Bce manuble 3anucaTh B TAOIHILY:

Ne O6neMm Tena, | Macca tema, | MossipHast Mmacca, Yucno monekyn

/11 3
M KT KT/MOJIb

dopMa npeacTaBICHUS pPe3yJbTaTa: 3all0JHEHHAs TaOJIMIA U BBIBOJ 110 padoTe.
Kpurepum ouenku:

Onenka «5» (OTJIMYHO) CTaBUTCS, €CIM OOYYaIOLIUICS BBINONHSIET paboTy B IMOJHOM OOBEME C
cOO0JII0/ICHEM HEOOXOIMMOH MOCIIe10BaTeIbHOCTH IPOBEICHUS OMBITOB M U3MEPEHUH; CaMOCTOATEIBHO
U paloHalIbHO MOHTHPYET HE00X0IMMOe 000pYI0BaHUE; BCE OMBITHI IPOBOJUT B YCIOBUSAX U PEKUMAX,
o0ecreynBaoIUX MMOJyYeHHE MPaBUIbHBIX PE3yJIbTATOB M BBIBOJIOB; COOJIOJaeT TPeOOBAaHUS MpPaBUII
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0e30macHOTO TPyZa; B OTYETE MPABMIBHO M AKKYpPAaTHO BBINOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTekH, rpaduKu, BBIYUCICHHUS; TIPABUIBHO BBITIOIHSIET aHAJIHN3 MOTPEIIHOCTEH.

Ouenka «4» (X0pOI0) CTaBUTCS, €CJIM BBIIIOJIHEHBI TPEOOBAHUS K OIIEHKE S5, HO OBLIO JOIMYIIEHO JBa-
TpH HeJoueTa, He Oosee OHON HerpyOOl OMMOKY M OJJTHOTO HEJ0YeTa.

Onenka «3» (yI10BJIeTBOPUTEJIBHO) CTaBUTCS, €CJIM PabOTa BBIOJHEHA HE IOJIHOCTBIO, HO 00beM
BBIITOJIHEHHOM 4aCTHU TAaKOB, YTO IO3BOJISET IOJYYUTh IIPABUIIBHBIE PE3YJIbTaThl U BBIBOJBL; €CIIM B XOJ€
IIPOBEJICHUS OIbITa U U3MEPEHUM ObUIN AOMYILIEHBI OIINOKH.

OHeHKa «2» (HeyIIOBJIeTBOPI(ITe.HbHO) CTaBUTCs, CCIIH pa60Ta BBIIIOJIHEHA HE ITOJHOCTBIO M 00BEM
BBIIIOJIHEHHOM YacTH pa6OTBI HC IMO3BOJACT CACIATh HPAaBUJIBHBIX BBIBOJOB; C€CJIM OIIBITbI, U3MCPCHUA,
BBIYHCIICHHUA, Ha6JIIOI[eHI/ISI MMPOU3BOJANIIMCH HCIIPABHUIIBHO.

Tema 3.2.3aK0HBI MOCTOSIHHOI0 TOKA
JladbopaTtopnasi padora Ne 3

Onpenesienue Ko3(ppumeHTa NMOJE3HOI0 AeiiCTBHUSA JIEKTPUUECKOT0 HATPeBaTeJIsl.

Leas padoTbi: HayauThCsl TPaKTUYECKH OMPEACISATH TEIUIOBYIO OTAAUy ANEKTPUIECKOTO
HarpeBartes JJI0oro Tuma.
MarepunanbHoe obecnedyeHue: DnexTpuyecKuit HarpeBaTeslb (RJIEKTPUUECKUM YalHUK U

JIEKTPUYECKas IJIMTKA), COCYA JUIsl KHUIISIYEHMs BOJbI, BOJA, TEPMOMETp, CEKyHAOMep (4achl),
CIPaBOYHMK I10 (PU3HKE.

KpaTkue TeopeTnyeckne cBe1eHH:

MOIIHOCTh TOKa BBIYUCIISICTCS TI0 OJHON U3 CICTYIOIIHUX (OPMYIL:

P=I*U

3mece P — TemmoBas MoOIIHOCTH Toka, U — HampspkeHHMEe Ha MPOBOJHUKE, R—  ero
COIIPOTHBIICHUE.

TemoBast MOIIHOCTh TOKA CBfI3aHA C KOJUYECTBOM TEILIOTHI, BBIICIMBIIMMCS B IPOBOJHHKE 3a
orpeeNIEHHOE BPEMS, CIIAYIONTUM COOTHOIIICHHEM

P=Q/t, tne P — TemaoBass MOIIHOCTh TOKa, Q — KOJMYECTBO TEILIOTHI, {- BBIIEISAIONICECS B
MIPOBOJTHUKE 3a BPEMSI .

KII/I HarpeBaTeIbHOTO 3JIEMEHTa OnpeesseTcs mo Gopmyie:

J=Qn/Q;, rne J— KIIJI narpeBarensi, Q, — KOJMYECTBO TEIUIOTHI, MOTNIOMIEHHOE TeloM, Q, —
KOJIMYECTBO TEILIOTHI, BhiieeHHOe HarpeBaTeneM. KI1/] oObIuHO M3MepsieTcs B MPOICHTAX.

Ecnu snepretuueckux noreps Het, To KIIJ] paBen 100%.

HOpﬂ}IOK BbIITOJTHCHU A paﬁoTbI

1. [ToaroroBuTh TabmMIy [UIs 3amUCH  PE3YJIBTATOB, ONpENEIsIeMbIX B XO7e
paloTHI.
Cp O0g VB T T2 P t KIL.
Joc Ke MS K K Bt c %

2. 3asectd B TaONMIly CIPaBOYHBIE JaHHBIE YIAEIBHON TEIJIOEMKOCTH M IIOTHOCTH BOJIBI.

3. 3ammcaTh B TaONKIy HOMHHAIBHYI MOIIHOCTH JEKTPHUYECKOTO HAarpeBarells, yKa3aHHYIO Ha
npuodope.

4, B cocya s KUISIYCHHS BOJBI HAIWTh OIpEAETICHHBIH 00BeM BOMABL. 3aHECTH 00bEM B
TaOIHILy.

5. Ompeenuth HAYATBHYIO TEMIIEPATYPY BOJBL. Pe3yabTar 3aHeCTH B TAONIHILY.
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6. BriIOYNTE HArpEBATEI b OJJHOBPEMEHHO C CEKYHIOMEPOM (Yacamu).

7. OcraHOBUTH CeKyHIAOMEp (4ackl) B MOMEHT OYpHOIO KHUIIEHHs BOIBI. Bpems, 3a KoTopoe
3aKuIIeNa BOJa, 3aHECTH B TAOJIHUILY.

8. Bsrumciute K.IIJ[. 3IeKTPHUECKOro HarpeBarels M pe3yibTaT 3aHeCTH B TaOJIHUIy.

9. Paccunrarh abGCONIOTHYIO M OTHOCHTEIBHYIO MOIPEHIHOCTh H3MEPEHUsI, UCIONB3YS METO/
TPaHMII.

10. TToBTOPHUTH OMBIT C APYTHM HATPEBATEIIEM.

11. YuuteiBast moTepu sHEPTUU CHOPMYIUPOBATH BHIBO/.

KOHTpOJ’[LHLIe BOIIPOCHI

1. Veenuunrcs unn ymenbutes K.ILJ[. anekTpuyeckoro yallHMKa, €CIM HAa €ro CTEHKax
MOSIBUJIACH HAKUIIb (OTJIOKEHUE COIeil)?
2. 3aBucut au KIIJl snekTpuyeckoro 4dailHMUKa OT TOTO OTKPBIT OH WJIM 3aKpBIT?

dopma npeacTaBJieHus pe3yJbTaTa: 3aM0JIHeHHas Ta0IuIla U BBIBOJI IO padoTe.

Kpurtepuu ouenku:

1. Ouenka «5» (O0TJIMYHO) CTAaBUTCS, €CIM OOYUYAIOUIMHCS BBIMOIHSAET PabOTy B IMOJHOM
o0beMe ¢ coOMIoIeHnEM HEOOXOAUMOMW MOCIET0BATEILHOCTH POBEICHUS ONBITOB U M3MEPEHUH;
CaMOCTOSITENILHO M PAallMOHAILHO MOHTUPYET HEOOX0ANMMOe 000pyI0BaHUE; BCE OMbBITHI POBOIUT B
YCIOBHSIX W PEXKHMAax, OOCCIEUYMBAIOUINX IOJYyYCHHE MPABUIBHBIX PE3YJIbTATOB U BBIBOJOB;
coOmroaet TpeOboBaHUs MpaBuil 0€30MACHOTO TPY/Ia; B OTYETE MPABUIIBHO U aKKYpPaTHO BBITIOTHSET
BCE 3aIKCH, TAOIHUIbI, PUCYHKH, YEPTEXKH, TpaUKH, BHIYUCICHNUS; TPABUIBHO BBHITIOIHIECT aHATIN3
MOTPEIIHOCTEN.

2. Ouenka «4» (XOpOILNO) CTAaBHUTCS, €CJIM BBITOJIHCHBI TPEOOBAHHS K OICHKE S5, HO OBLIO
JOTIYIIIEHO JIBa-TPH HeJoueTa, He Oosiee 0HON Herpy0oii OIMUOKH U OJJHOTO HEeJ0UYeTa.

3. Ounenka «3» (yA10BJIETBOPUTEJIBLHO) CTaBHUTCS, €CIIM padOTa BHINOJIHEHA HE MOJIHOCTHIO, HO
00BbEM BBINMOJTHEHHON YacTH TAaKOB, YTO IO3BOJISIET MMOJYYUTh IPABWIbHBIE PE3YyIbTaThl H
BBIBOJIBI; €CJIM B XOJI€ ITPOBEACHUS OIbITa M M3MEPEHHUI OBLTN JIOMYIIEHBI OITHOKH.

4. OueHka «2» (HeyJAOBJIeTBOPUTEJIbHO) CTAaBUTCS, €CJIM paboTa BBHIOJHEHA HE MOJIHOCTHIO U
00BEM BBITIOTHEHHOW YacTH padOTHI HE TIO3BOJISIET CAETATh MPABHIBHBIX BHIBOJIOB; €CIIH OMBITHI,
U3MEPEHUs], BRIYHCIICHUS, HAOIOJCHHUS TPON3BOIMIIACH HETIPABIIIBHO.

JlabopaTtopHasi padota Ne4
«HcciienoBanne 3aBUCUMOCTH COTPOTHBJICHUS] METAILIA U
MOJIyIPOBOTHUKA OT TEMIIEPATYPbD»

He.l'lb paﬁoTbI: HN3MEPATL CONPOTUBJIICHHUE ITPOBOAHHMKA OMMETPOM; YCTAHOBHUTH 3aBUCHUMOCTH COITPOTHUBJICHUC
MCETaJlJIa U MOJIYIIPOBOAHHUKA OT TEMIICPATYPbI.

MarepuanbHoe ofecrmedeHHe: OMMETP, NMPHOOPHI JUIS HM3YYEHUs] 3aBUCHMOCTH COINPOTHUBJIIEHUS MeTalla U
MIOJTYTIPOBOAHUKA OT TEMIIEPaTyphl, TEPMOMETP, IJIEKTPHUECKas IUIUTKA, IITATHB C MPUHAUISKHOCTAMH, Kojiba ¢
BOJIOIA.

Iopsinok BbINOJTHEHUS PA0OTHI
1. IloarotoBeTe K paboTe OMMETD:
a) BCTaBbTE MITHIPHKH MIPOBOAHUKOB B THE3/1a, 0003HAYEHHBIE «{2» U «OOIIL.»;
0) mocTaBbTe TIEpeKITFOYaTeNb Ha udpy «10»;
B) COEJIMHUTE CBOOOHBIC IITHIPHKH TIPOBOJHUKOB U PYUKOH «yCT. 0» MOCTaBUTH CTpenKu Ha «0».
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2. Ha snekTpuyecKyro IINTKY IOMECTUTE Kooy ¢ Bomo. [l n3bexanus nagaeHus Kooy OMECTUTE B
KOJIBIIO, YKpEIUIEHHOe B INTaThuBe. B KOMOy omycTuTe mMpoOUpKY, ¢ MOMEIICHHOW B HEH KaTyIIKOH W3
MeIHOTO MPoBoia. OCTOPOIKHO OMYCTUTE B IPOOUPKY TEPMOMETP.

3. CBOOOHBIC MITHIPHKA OMMETPA COESAMHUTE C KJIEMMaMU METHOM KaTYIIKH.

4. BrirouuTe MHYpP TUIMTKH B PO3ETKY U U3MEPHTE COMPOTUBIICHUE KATYILIKH MPU PA3TUUHBIX 3HAYCHUSIX
TEMIIEPaTyPHhI.

5. Buecure usmepeHus B TaOIHUILy.

IIpoBogHuK (Meb)
t’,C
R,
Om

6. Ha ocHOBe n3mepenuii nocrpoiite rpadux.
RAOM

.
>

t°, C
7. IlocraBbTe nepekimodarenb ommeTpa ¢ 1udpsl «10» Ha udpy «100» u mocTaBbTe CTPENKY OMMETpa Ha

«0» (Cm. myHKT 1-B).

8. 3amenuTe B K0j10€ MPOOUPKY C METAJUIOM Ha IPOOUPKY C MOITYIIPOBOIHUKOM (TepMUCTOpoM). OmycTure
B 1podupky TepmomeTp. K kiiemMmmam TepmMucropa noacoeAMHUTE OMMETD.

9. i3amMepbTe CONPOTHUBIICHUE ITOTYIIPOBOIHHUKA P PA3JIMUHBIX 3HAYCHHUSAX TEMIICPATYPHI.

10. Buecure n3MepeHus B TaOJHILY.

IHosrynpoBoaHuK
t°C
R,
Om

11. TToctpoiite rpadux R(t).
R, OMA

.
>

t°,C
12. CnenaiiTe BBIBOJ M 3aIIUIIIUTE €TI0 B TETPAb.

Teoperuueckne 000CHOBAHMS:

Ecmu mpomycTuTh AIIEKTPHUYECKUil TOK Yepe3 CTAIbHYIO CIHUpaib, a 3aTeM €€ HarpeTh, TO aMIIEPMETP TMOKaKET
YMEHBLIECHUE CHJIbI TOKA. JTO O3HAYAET, UTO C U3MEHEHUEM TEMIIEPATYPhl COMTPOTUBIIEHUE METAIIIIa MEHSIETCS.

Bce Meramibl — KpHUCTaJUIMYECKHE Tela, B Yy3JIax KPUCTAIIMYECKOM pEIIeTKH KOTOPBIX pacrojiaraercs
MOJIOKUTETFHO 3apsKEHHBIE HMOHBL. MeXay KOJEOTIOMIMMICS HOHAMH JBUTAIOTCS CBOOOJHBIE AJIEKTPOHBI.
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BenuunHa 31eKTpUYECKOro COMPOTUBIICHHS METallIa 3aBUCUT OT YUCJIa CTOTKHOBEHHH KOJICOIIOMIUXCS HOHOB U
CBOOOJHBIX 3JEKTPOHOB. [Ipu yBennyYeHHH TeMIlepaTypbl MeTajljla yBENWYHMBAeTCSd aMIUIUTyJda KosieOaHuil
HMOHOB. JTO MPUBOJUT K YBEIUUYCHHUIO CTOJIKHOBEHUH, a 3HAYUT U K YBEJIMUEHUIO COMTPOTUBIICHUS METaJLjIa.

B monynpoBoiHMKE MpH YBEIMUYEHUU TEMIIEpaTyphl YBEIMYMBACTCS YUCIO CBOOOAHBIX HOCHUTENEH 3apsina,
MOSIBUBILIMXCS TIPU Pa3phIBE KOBAICHTHBIX CBSA3CH. DTO MPUBOJAUT K YBEIMUYCHHMIO CHJIBI TOKA B TOJYIPOBOJHHUKE

(I _d_ 4 cCm ™) ¥ K yMCHBIIICHHIO COMPOTHBICHHS IPOBOIHIKA (,_Y,ecm 1T, T0 RY).
R

KoHnTpo/ibHbIe BONIPOCHI
1. DnexTpuuecKkuii TOK B METAJUIaX — 3TO YIOPSI0YCHHOE IBHKEHUE ... .
2. C TOYKM 3peHHS OIIEKTPOHHOW TEOPHUU DIIEKTPUYECKOE CONPOTHBICHHE OOYCIOBICHO
COYIapEHUSIMH ... .
3. C NOBBIILIEHUEM TEMIIEPATypPhl COMPOTUBICHUE METAILIA ... .
4. I1pu aOCcoIIOTHOM HYyJI€ YUCTBIN NOTYIPOBOJHUK 007121471 ObI CBOMCTBAMHU UCATBHOTO ... .
dopma npeacTaBJieHus pe3yJbTaTa: 3aM0JIHeHHas Ta0IuIla U BBIBOJI IO paboTe.

Kpurepun onenkmn:

Ouenka «5» (O0TJIMYHO) CTaBUTCS, €CIU OOYYAIOLIUICS BBINONHIET PaboTy B IMOJHOM OOBEME C
COOJTFOICHHEM HEOOXOUMOM TIOCIICIOBATEIIBHOCTH MIPOBEICHUS OMBITOB U H3MEPEHUI; CAMOCTOSITEIILHO
U palroHaIbHO MOHTHPYET HE0OX0AUMOE 000pYI0BAaHUE; BCE OMBITHI MPOBOJIUT B YCIOBUSAX U PEKUMAX,
00eCTIeUNBAOIINX TOJyYEeHUE MPABHIBHBIX PE3yJbTATOB M BBIBOJOB; COOJIFOJAaET TPeOOBAHUS TIPABHII
0€30MacHOr0 TpyJa; B OTYETE MPABHIBHO M aKKypaTHO BBHIMOJHSET BCE 3aMUCH, TaOJIHUIIbI, PUCYHKH,
YEPTEKHU, TpaUKH, BBIYUCICHHS; IPABUIIHBHO BBITOJHICT aHAJIU3 TIOTPEITHOCTEH.

Ouenka «4» (XOpoII0) CTaBUTCS, €CJIN BHITOJIHEHBI TPEOOBAHMUS K OIEHKE 5, HO OBUIO JOMYIIECHO JBa-
TPH HEJloYeTa, He 0oJiee OHON HerpyOoid OIMOKY U OJTHOTO HEJI0YeTa.

Onenka «3» (yA0BJIETBOPHUTEJIBHO) CTaBUTCS, €CIM padOTa BBHINOJIHEHA HE IOJHOCTHIO, HO 00bEM
BBITIOJTHEHHON YaCTH TAaKOB, UYTO MO3BOJISIET MOMYYUTh MPABUIILHBIE PE3YNbTAThl U BBIBOJBI; €CIIA B XOJI€
MIPOBEICHUS OIbITa U U3MEPEHHH ObLITN AOMYIIEHBI OIIHUOKH.

Ouenka «2» (Heya0BJETBOPUTEJIBHO) CTAaBUTCS, €CJIM pabOTa BHITIOJIHEHA HE TOJHOCTHIO U 00BEM
BBITIOTHEHHON 4YacTU pabOThl HE MO3BOJSET CIeNaTh MPAaBUIBHBIX BBIBOJOB; €CIU OIBITHI, H3MEPEHHUS,
BBIYHCIICHHS], HAOIIOICHUS TPOU3BOIMINCH HEMTPABUIBHO.

JlabopaTtopHasi padora 5
OnpenesieHue TeMnepaTtypHoro ko3¢ duumuenra Meau.

Ienp padoTbl: BEINOIHUTE U3MEPEHNUS MIEKTPUUECKOIO CONPOTHUBIIEHUS MEAHON MPOBOJIOKU IIpU
JIBYX Pa3JINYHBIX 3HAUEHUAX TEMIIEPATYpbl U BBIYUCIUTD TEMIEPATYPHBIM KO3()(PUIIMEHT 3JIEKTPHUECKOTI0
COIPOTHUBIIEHUSI ME/IU, IOCTPOUTH I'pauK 3aBUCUMOCTHU COIIPOTUBIIEHHUS OT TEMIIEPATYPHI.

MarepuanbHoe obecnedenue: 1. [Ipubop ans ompeneneHus TemmepaTypHoro koddduimenta
conporuBieHus. 2. OmMmerp. 3. Tepmometp. 4. CTakaHbl C BOJOW U TAIOIIUM CHETOM. 5. DJIEKTpUYECKas
IIJINTKA.

Kparkne Teopernyeckne cBeeHHs:

B Merannnueckux MPOBOJHUKAX DJIEKTPUYECKOE CONPOTUBIIEHUE OOYCIOBIEHO CTOJIKHOBE- HUEM
CBOOOJHBIX 3JIEKTPOHOB C KOJEOJIIOMMMUCS HMOHAMHU B y3Jax KpucTauiMueckod pemtetku. Ilo mepe
MOBBILIEHUST TEMIIepaTypbl pa3Max KoJieOaHWH HMOHOB YBEJIMYUBAETCS, YTO CIIOCOOCTBYET OOJbIIEMY
PacCestHUIO DJIEKTPOHOB, YYaCTBYIOIIMX B YIHOPSAOYEHHOM JBMXKEHMHM. Kpome TOro ¢ mnoBBIIEHHEM
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TEMIEPATypbl YBEJINYUBAETCSI CKOPOCTh XAOTUYECKOrO (TEIJIOBOIO) IBUXKEHHS AJIEKTPOHOB M OHHU
UCTIBITHIBAIOT OOJIBIIIEE YHCIIO CTOJIKHOBEHHI ¢ HOHAMU KPUCTANTHYECKOM PEIICTKH.

Bce »To npuBOIUT K TOMY, YTO C MOBBIIICHUEM TEMIIEPATypbl CONPOTUBIICHUS MPOBOAHUKA, a CJie-
JIOBAaTeJIbHO U YAENbHOE CONpPOTUBIEHHE yBeianuuBaercs. O603HauuM R compoTuBieHune mpoBOJHUKA
npu t C, a RO nipu t=0.

Bennuuny
a=R-R0O/ (RO t) (1)

Ha3bIBAlOT TeMmmepaTypHbiM Koddduuuentom comportusienus (TKC). UYwucneHHO TemmeparypHbIid
KO3 (UIIMEHT COMPOTUBIICHUS MTOKA3BIBAET OTHOCUTEIFHOE H3MEHEHHE COMTPOTUBIICHHSI TIPU HAIPEBAHUU
npoBoauuka Ha 10C (IK) u uzmepsiercs B 0C -1 wiu K-1 , 9T0 0gHO U TOXKE.

VY GOJBHIMHCTBA XUMUYECKH YHCTHIX METANIOB TEMIEpaTypHble KOI(PHUIUEHTHI COMPOTHBICHUS
omusku k 1 /273 K-1 , a y HEKOTOpBIX CIUIABOB OHU HACTOJBLKO MaJbl, YTO BO MHOTHUX IMPAKTUYCCKHX
CIIy4asiX UMHU MOYKHO ITPEHEOpEYb.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI

1. Onyctuth npubOp, I ONpEACTCHHUS TEeMIEepaTypHOTO Ko3(QHIMeHTa CONMpPOTHUBICHHUS B
TaIOHII/Iﬁ CHCI' YU BBIACPIKATH €0 TaM B TCUHCHHUH HEKOTOPOIr'o BPEMCHHU, IMOKa TEMIICpaTypa IIPOBOAHUKA HC
oyzner pasHa 00C.

2. UsmepuTs comporuneHre RO ¢ momoribio oMMeTpa.

3. Tlepenectn mpuOOp I OIpENENCHUS TEMIEPAaTYpHOTO KOX(PQUIMEHTAa CONPOTUBICHUS B
CTaKaH C BOJOW U, HarpeBasi BOAY, U3MEPSTh conpoTuBieHue R yepes kaxasie 20 - 40 rpamycos.

4. BBIYHCIUTH JUIS KaXJIOTO HW3MEPEHUs TEMIIepaTypHbId KOA()(OUIMEHT COMPOTUBICHUS I10
b6pMmyne (1).

5. Onpenenuth aOCONMIOTHYIO OMMOKY U3MepeHust Ao = | arad:i - o |, ;s meau aradn =0,0042 K-1 .
6. OnpenenuTh OTHOCUTENBHYIO OMOKY M3MepeHus oa = (Ao / atadi) 100%.

7. Pe3ynbTaThl U3MEpEHUH U BBIYUCIICHUH 3aHECTH B TaOJIUILY .

8. ITocTpouts rpaduk 3aBUCHMOCTH CONPOTHUBIEHHS R OT Temmeparypsi t.

9. C,Z[eJ'IaTL BBIBOJ O XapaKTepe 3TOM 3aBUCUMOCTH.

Tab6muna 1

Ne t(0C) | RO(Om) R(Om) a(K-1) | Aa(K-1) da(%)
OIbITa

1 0

2 20

3 40

4 60
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6 100

KOHTpOJ’IbHLIe BOIIPOCHI:

1. B ueM COCTOMT pa3nmuyue TeMIepaTypHoro Kod()QHIMeHTa COMPOTHBICHUS METALIOB U
MTOJTYITPOBOTHUKOB?

2. B 94eM coCTOUT OTIUYHE ANEKTPUUECKUX CBOWCTB MOTYIPOBOHUKOB U METALIOB?

3. 3anummTe BhIpayKEHHE, TOKA3bIBAIOIIEE 3aBUCHMOCTh COITPOTHRIICHHUS METAIJIOB OT TEMITEPaTYPHI.

4. 3anumuTe BHIpAKEHUE JJI TEMIIEPATYpPHOTO KO3 (UIIMEHTa COMPOTUBICHUS METalllla M YKAKUTE
€ro pasMepHoOCTb B cucteme eaunui CHU.

dopma npeacTaBJieHUs pe3yJbTaTa: 3aM0JIHeHHas Ta0IuIla U BBIBOJI IO paboTe.
Kpurepun oneHku:

Ouenka «5» (O0TJIMYHO) CTaBUTCS, €CIU OOYYAIOLIUICS BBINONHIET PaboTy B IMOJHOM OOBEME C
COOTFOICHHEM HEOOXOMMOM TIOCIIeIOBATEIILHOCTH MTPOBEICHUS ONBITOB M U3MEPEHUI; CaMOCTOSTEIIHHO
U palroHaIbHO MOHTHPYET HE0OX0AUMOE 000pYI0BaHUE; BCE OMBITHI MPOBOJIUT B YCIOBUSAX U PEKUMAX,
00eCTICUNBAOIINX TOJyYEeHUE MPABWIBHBIX PE3yJbTATOB M BBIBOJOB; COOJIFOJAaET TPEOOBAHUS TIPABHII
0e30MacHOro Tpyda; B OTYETE NMPABWJIBLHO M aKKypaTHO BBINOJHSET BCE 3alKCU, TAOJUIIbI, PUCYHKH,
YEPTEKHU, TpaUKH, BHIYUCICHHS; TIPABUIIHHO BBITOJIHICT aHAJIU3 TIOTPEITHOCTEH.

Ouenka «4» (XOpoII0) CTaBUTCS, €CJIN BHITOJIHEHBI TPEOOBAHMUS K OIEHKE 5, HO OBUIO JOMYIIECHO JBa-
TPH HeJlo4ueTa, He 0oJiee OAHON HerpyOoi OMMMOKH U OJTHOTO HEI0YeTa.

Onenka «3» (yI10BJIeTBOPUTEIbHO) CTaBUTCS, €CJIM PaboOTa BBIOJHEHA HE IOJIHOCTBIO, HO 00bEeM
BBIITOJIHEHHOM 4aCTH TAaKOB, YTO ITO3BOJISIET IOJYYHUTh NIPABUIIBHBIE PE3YJIbTaThl U BBIBOJBL; €CIIM B X0
IIPOBEJICHUS OIbITa U U3MEPEHUH ObLIN AOMYILIEHBI OIINOKH.

Ouenka «2» (Heya0BJETBOPUTEIBLHO) CTABUTCS, €CJIM pabOTa BHITIOJIHEHA HE TOJHOCTHIO U 00bEeM
BBITIOJITHCHHOW YacTH pabOTHl HE MO3BOJISIET CAENaTh MPABWIBHBIX BBIBOJIOB; €CJIM OMBITHI, H3MEPEHUS,
BBIYHMCIICHHS], HAOJIOICHUS IPOU3BOIUINCEH HEMTPABUIIHHO.

JlabopaTopnasi pabora Ne6
«OnpenesieHne HOMHHAJTBHOIO CONNPOTHBJICHHUS PE3UCTOPOB METO0M MapKHPOBKH

Heanb pabdoTbl: omNpenenuTh HOMUHAIBHOE COMNPOTUBIECHUE PE3UCTOPOB METOJOM MAapKUPOBKU;
OTIPENICTUTh JOMYCTUMOE 3HAYEHWE CUJIBI TOKAa JJIsi JAHHBIX PE3UCTOPOB NPHU HM3BECTHOM HOMUHAJE
MOIIIHOCTH.

O6opyaoBanue: HaOOp PE3UCTOPOB PA3HBIX COMPOTHBIICHUH, TAOIUIIA 3HAKOB MAPKUPOBKH.

Teopernyecknii marepua:

[Tpu onpenenenuyn pexxnuma padOTHl PE3UCTOPA CIEAYET YIUTHIBATH MAKCUMAJIBHO JOMYCTUMOE J1JIs1
Hero 3Ha4YeHHe CHJIbI TOKAa, KOTOPOE OIPEIEIsAETCS 3HAYEHUEM €0 CONPOTHUBIIEHUS U MOIIHOCTHIO.
MapkupoBKa HOMHHAJA PE3UCTOPA OCYIIECTBIISIETCS IBETOBBIM KOJIOM B BHJI€ YETHIPEX LBETHBIX IMOJIOC,
HAHECEHHBIX Ha €ro KOpIyce.
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IIpu 3TOM 3HaUEHHE CONMPOTHUBIIEHUS PE3UCTOPA yKa3biBaeTcsl B OMax JByMs MEPBBIMH 10JIOCAMH U
MHOKHTENEeM (TpeThs mosioca) 10n, rae n - 1r060e 1ennoe Yucio ot - 2 10 + 9.

MapKupoBOYHBIE 3HAKH CIBHTAlOT K OJHOMY M3 TOPIIOB PE3UCTOpa, HAmpHUMep, K JIEBOMY, U
3aTeM pacmojarator cieBa HaIpaBo B CIIeTyIOIEeM HOpsIKE:
nepBas mojoca - neppast uuppa HOMUHAA, BTOpas 1MoJjioca - BTopas nudpa HOMHUHANA, TPEThS MOJOCA -
MHOXKUTEJb, YETBEPTas M0JIOCa - JOMYCK HA OTKJIOHEHHE (PAKTUUECKOTrO COMPOTHUBIICHUS OT HOMHUHAJIA.
Ecnu pazMepsl pe3ucTopa He MO3BOJISIIOT Pa3MECTHTh IBETHBIC MMOJIOCHI HECUMMETPUYHO, T. €. OJIIKe K
OJTHOMY U3 TOPIIOB PE3HCTOPA, TO MEPBas MOJ0CA BBHITOIHAETCS O0JIee IMUPOKOA.

I[BeTa 3HAKOB MapKUPOBKH HOMHUHAIBHOTO CONMPOTHBJIEHU B OMaxX U IOIYyCKOB B % MpUBEICHBI
B Ta0IHIIE:

IlBer 3HaKa Mepsasi uugpa | Bropas unppa | Muoxkurens Aomyek B %
Cepebpuctblii -- - 1072 10
30J0TUCTBIN -- - 10" 5
YepHsbiit -- 0 1 —
Kopuunessiit 1 1 10 1
Kpacusbrit 2 2 102 >
OpaHn>KeBbIii 3 3 10° —
Kenrsrii 4 4 107 —
3eeHbIin 5 5 10° 05
Tomy6oit 6 6 10° 0.25
DuoIETOBLIH 7 7 107 0.1
Cepprit 8 8 10° 0.05
benwrit 9 9 10° -

IIpuMep MapKUPOBKH pe3ucTopa

gy
'

[ ]

1

ITopsinok BbINOJHEHHS Pa0OTHI
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1.Pa3noxuth Ha paboueM cToJIe KOMIUIEKT PE3UCTOPOB.
2.BHuMarenpHO MpOYUTaTh YKa3aHue K padoTe.
3.0¢opMHUTh MApPKUPOBKY PE3UCTOPA B TETPAAU MO 00pa3ILy

7 8 10°
SRRk
: Sk
7, 8 k OM nimm 7800 Om 5%
4.3anonHuTH Ta0NUILY:
Pesucrop | Homunanbnoe MormHoCTh pesuctopg Cuna toka (A)
conporusiieHne R (B1)
1. 0,25
2. 0,25
3. 0,25
4, 0,25
5. 0,25
6. 0,25
7. 0,25
8. 0,25

5.Paccunrars cuiny ToKa npu M3BECTHOM MOIIHOCTH TOKA.

6.CnenaTh BBIBOJ IO paboTe.

KoHTpoJibHBIE BONIPOCHI:

1.B geM 3akirodaeTcst METOl MAPKUPOBKH.

2.J171s1 9ero Hy>KHO 3HATh COMPOTHBIIEHUE PE3UCTOPA TPU BKIFOUEHUH €r0 B CXEMY?
3.0t 4ero 3aBHCUT MOIIHOCTh TOKA, TEKYIIETO 10 PE3UCTOPY?

Tema 3.3 Tok B pa3jiM4YHBIX cpeaax
JlaGopaTopHnasi pabora Ne 7
«OmnpenesieHne 31EMEHTAPHOI0 3apsiia METOAOM YICKTPOJIH32)»

Henap paGoTbl: HAYUUTHCS ONMpPEAETATh 3HAYCHHE DJIEMEHTApHOTO 3apsijia METOJO0M 3JIEKTPOJIN3a;
M3Y4YUTh METOJIBI OTIPEICTICHUS 3aps/ia MIEKTPOHA
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MatepuajbHoe o0ecniedeHue: IIMIMHAPUYECKUI COCY/ C pacCTBOPOM MEIHOTO Kyrlopoca, JaMIia,
AJIEKTPOJBI, BECBhI, AaMIIEPMETP, WCTOYHUK TIIOCTOSHHOTO HAIPSDKEHHsI, pPEoCTaT, 4Yachl, KIIIOY,
COCMHUTEIIbHBIC POBOJIA.
Kparkue TeopeTuueckue cBeJeHHA:

[lpu mpomyckaHuu dYepe3 pacTBOp MEIHOro Kymopoca Toyka | B TeyeHuu Bpemenu At Ha karone
BBIJICITUTCS Meib Maccoit M = KAQ =KIAt, rne K — anekrpoxumuueckuii skBuBasieHT Meau. O003HAUUM 3a
Hero N yucno nonoB meau, nepeHéciumx 3apsan AqQ. Torna moxno 3anucatb: Ag = enN, m = m;N , rae e —
3HAYEHHE HJIEMEHTAPHOTO IEKTPUIECKOTO 3apsa,

N- BaJIEHTHOCTb MeIU,M; — Macca oaHoro uoHa wmenu. IloncraBnss aBe mocineanue (opMyssl B
mi

BeIpakeHue it M, noaydum: MiN = kenN. Otcrona Haxonum: € = Py 3atem BbIpakaeM 3HaueHue K u3
mn

m mi
3dKOHAa (Dapaz[eﬂ JJIA DJICKTPOJIN3a: k = E . HOI[CTaBJ'IS[S[ €T'0 B BBIPAXCHUE e, moJrydyacm: e = — |At,
mn

IMopsiiok BbINOJIHEHUS PA0OTHI
[Ipu nomoru BecoB U3MepuUM Maccy karoga: m; = 50r.

3.CobepeM IJIEKTPUYECKYIO IeTh W IMPOBEeIEM HEOOXOMuMbIe H3MepeHHs. [IpuMepHbIE YHCICHHBIC
JTaHHBIC MPOBEJICHBI B TAOIUIIE.

My KT My, KT m,Kr At c 1,4 K kel Kn n m; KT

0,0541 0,05452 | 0,0005 1200 1 3,67-107 |2 1,06-10°%

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

_ m _ 000084 k2

- .7 Kz
=—=— ~37-10" —
Iae 14 -1200c¢ Kn

4e= ﬂlﬂt - 106 - 10725,z .14. 1:uucz1’45 . 10-19 Ko

mn 0,00044k2 -2

1
Takum ob6pazom e = 1,45 - 10 o Ki, 9T0 ¢ TOYHOCTBIO 10 TOTPEIIHOCTH COBIAJAET C JIAHHBIMHU,
MOJIYYEHHBIMH B IPYTHX YKCIEPUMEHTAX, U TCOPETHUSCKUMHU OTICHKAMH.

KOHTpOJIbHLIe BOIIPOCHI:

UYem 00yCIIOBIIEH 3JEKTPOXUMHUECKUI TOK B 3JIEKTPOJIUTAX?

Kak paccunrare Maccy BBIAEIMBUIETOCS BEILIECTBA HA dIEKTPOAE?

OT yero 3aBUCHUT AJIEKTPOXUMHUYECKHI SKBUBAIECHT?

Kakoit ¢pusnueckuii cMbIC 3J1€KTPOXUMHUECKOTO SKBUBAJIEHTA?

Kakoe oOopynoBanue u u3MepHUTENbHbE NPUOOPHI HYKHO HMETh, UTOOBI BBIYHUCIUTH

NEKTPOXUMHUYECKUI SKBUBAJIEHT?

Hazpatb pabouyro hopmyiy Asisi BBIUUCICHUS 3JEKTPOXUMHUUECKOr0 SKBUBAJICHTA.

Ha xakoM u3 2J1eKTpO/I0B BBIIEISAETCS MEb B YUCTOM BUJE U ToueMy?

8. B nanekTponuTHYecKyr0 BaHHY IOMECTHM MEIHYIO IUIACTHHKY, CIy)Kallylo aHomoM. l[lmacthHka
IIOKpBITa BOCKOM, Ha KOTOPOM HalapamnaH PUCYHOK. UTO MOIyduTcs MOCIIE MPOMYCKAHHUA TOKA U
yIaJ€HUs BOCKA C MIACTUHBI?

9. Yro Takoe raJbBaHOCTETHSs, FaJIbBAHOIIIACTHKA.

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

ko

~No

Kpurepun onenkmn:
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Ounenka «5» (OTIMYHO) CTaBUTCSA, €CIU OOY4YaIOLIMIiCA BBINOJHSAET pabOTy B IMOJHOM OOBEME C
COOJII0IEHIEM HEO0O0XOIMMOM TOCIIEI0BATEIIEHOCTH POBEACHUS ONBITOB M U3MEPEHUI; CAaMOCTOSITEIIHHO
U PallMOHATIBHO MOHTHPYET HEOOX0AUMOE 000PYI0BaHHE; BCE ONBITH IPOBOIUT B YCIOBUSIX U PEKUMAX,
00eCIeunBaONINX TONTyYCHHE MPaBHIBHBIX PE3yJIbTaTOB M BBIBOJOB; COOJIOAAET TPeOOBAHMS IMPAaBUII
0€30MacHOTO TpPyZa; B OTYETE MPABMIBHO M AKKYpPATHO BBIMOJIHSAET BCE 3alUCH, TAOJIUIIBI, PUCYHKH,
4epTekH, rpaduKu, BBIYUCICHUS; TPABUIBHO BBHITIOIHIET aHAJIHN3 MOTPEIIHOCTEH.

Ouenka «4» (XOpOIIO) CTaBUTCA, €CJIM BBINOJHEHBI TPeOOBaHUS K OIIEHKE 5, HO ObLIO JOIYIIEHO JBa-
TpH HeJoueTa, He Oosee OJHON HerpyOOl OMMOKY U OJJHOTO HEJ0YeTa.

Onenka «3» (yA0BJIETBOPUTEJBHO) CTAaBUTCS, €CJIM PadOTa BBIIOJHEHA HE IOJHOCTbIO, HO 00BEM
BBIITOJIHCHHOM 4aCTHU TAaKOB, YTO ITO3BOJISET IOJIYYUTh IIPABUIIBHBIE PE3YyJIbTaThl U BBIBOABL; €CIIM B XOl€
IIPOBEJICHUS OIbITa U U3MEPEHUH ObUIN AOMYILIEHBI OIINOKH.

OHeHKa «2» (HeyIIOBJIeTBOpHTeJIbHO) CTaBUTCA, €CJIH pa60Ta BBLIIIOJIHEHA HE ITOJHOCTBIO UM 00BEM
BBIIIOJIHEHHOM YacTH pa6OTBI HC IMO3BOJACT CACIATh HNPAaBUJIBHBIX BBIBOAOB; C€CJIM OIIBITbI, U3MCPCHUA,
BBIYHCIICHHUA, Ha6JIIOI[eHI/ISI MMPOU3BOJAUIIMCH HCIIPABHUIIBHO.

Tema 3.5 SIBjieHue 3JIEKTPOMATHUTHONH MHAYKINH

JlaGopaTopHas padora Ne§
«U3yuyeHue sIBJIeHUsI 3JIEKTPOMATHUTHOM HHIYKIIHI

Ilesib: ONBITHBIM IIyTEM YOEAUTHCS B MOSABICHUN UHIYKIIMOHHOI'O TOKA U IPOBEPUTH 3aK0oH JIeHna
OOopynoBanme: MUUIMAMIEPMETP, MCTOYHUK IHUTAHUS, KAaTyIIKU C CEpACYHUKAMH, TyrooOpa3HbIi
MAarHuT, BBIKJIIOUATeNb KHOIIOYHBIN, COeIMHUTEIbHbIE IPOBO/Ia, MAlHUTHAS CTpEJIKa (KoMIac), peocTar.

Teopernyeckasi 4acTh:

SIBIIeHUE BJIEKTPOMArHUTHOW MHIYKIIMU 3aKJII0YAETCS B BO3HUKHOBEHHUM JJIEKTPUUYECKOTO TOKA B
MPOBOASAIIEM KOHTYpE, KOTOPBIN OO MOKOUTCS B MEPEMEHHOM BO BPEMEHHM MAarHUTHOM ToOJe, OO
JBIDKETCS B TIOCTOSTHHOM MAarHUTHOM I10JI€ TaKUM OOpa3oM, YTO YUCIO JTUHUWA MAarHUTHOW WHIYKIIWH,
MIPOHU3BIBAIOIINX KOHTYp, MeHseTcs. B Hamem ciydae pazymHee ObUIO OBl MEHSATH BO BpPEMEHH
MarHuTHOE T0JIe, TaK KaK OHO CO3JaeTcsl ABMXKYIIUMHUCA (CBOOOaHO) MarHUTOM. COTrJIacCHO MpaBHITY
JleHna, BO3HUKAKOWIMK B 3aMKHYTOM KOHTYpe WHIAYKUHMOHHBIM TOK CBOMM MArHUTHBIM I10JEM
MPOTUBOJIEUCTBYET TOMY U3MEHEHHIO MAarHUTHOTO MOTOKAa, KOTOPHIM OH BbI3BaH. B 1aHHOM ciydae 3To
MBI MO’KEM Ha0JI0IaTh MO OTKJIOHEHHUIO CTPEIKU MUJLTHAMIIEpMETpa.

Xoa paGoTsI:

1. BcTaBbTe B OJJHY U3 KaTyLIEK JKEJIE3HbIN CEPACUHUK, 3aKPENHB €ro raiikoil. [lonkmtounre 3Ty Karymky
yepe3 MWUIHAMIIEPMETpP, PEeOCTaT M KUY K UCTOYHUKY THUTAaHUA. 3aMKHUTE KIIOY M C TOMOIIBIO
MarHMTHON CTpenKku (KoMIlaca) OIMpeleluTe PacIoIoKEHHEe MArHUTHBIX TMOIIOCOB KATYIIKU C TOKOM.
3agukcupyiTe, B KaKyl0 CTOPOHY OTKJIOHSIETCSI IIPU 3TOM CTpejika MUJUIMaMIiepmerpa. B nanpHeimem
MIPU BBIMIOJHEHUH PAOOTHI MOKHO OyJeT CYAUTh O PACIMOJIOKEHUH MAarHUTHBIX IOJIIOCOB KATYIIKHU C
TOKOM I10 HAIIPAaBJICHUIO OTKJIOHEHMS CTPEIKH MUJUITMAMIIEPMETPA.

2. OTkIr0unTe OT LENU PEOCTaT U KIH0Y, 3aMKHUTE MUJUIMAMIIEPMETP HA KaTYLIKY, COXPAHUB MOPSIOK
COCMHEHHS UX KJIEMM.

3. [IpucraBpTe cepleYHUK K OJHOMY U3 TOIIOCOB AYrooOpa3HOro MarHuTa ¥ BABHUHBTE BHYTPH
KaTyIIKH, Ha0JI10/1as OTHOBPEMEHHO 3a CTPEJIKON MUJUIMaMIIEpMETpa.

4 TloBTOpUTE HAOMIOCHUE, BBIIBUTAS CEPACUHUK U3 KATYIIKH, a TAK)KE MEHSS TOJI0CA MarHUTa.

5. 3apucyiiTe cxemy OIbITa U MPOBEPHTE BHINOJIHEHNE MpaBuia JIeHIIa B KaX10M ciiydae.

6. Pacnonoxwute BTOpYIO KaTyIIKY PSIOM C MIEPBOi TaK, YTOOBI MX OCH COBIAIATH.
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7. BceraBeTe B 00€ KATYIIKHM JKENE3HBIE CEPJCYHUKH M TPUCOSAMHUTE BTOPYIO KATYIIKy depe3
BBIKJIIOYATEh K UCTOYHHUKY MTUTAHUSI.

8. 3ampbIKas ¥ pa3MbIKas K04, HaOIr01aliTe OTKIIOHEHUE CTPENIKU MIJLTHAMIIEpMETpa.

9. 3apucyiiTe cxeMy OmnbITa U POBEPHTE BBIMOJHEHUE TpaBuiia JIeHa.

KoHTpoJibHbIE BOIPOCHI:
1.B dem 3akiitouaercs SBJICHUE 3JIEKTPOMArHUTHOM UHTYKIIUU?
2.Kak MOKEeH NIBHUTaThbCs 3aMKHYTHIM TPOBOAIIMN KOHTYp B OAHOPOJAHOM MArHMTHOM IIOJIEM . HE
3aBHCSIIEM OT BPEMEHH, MOCTYIATEILHO WIIM BPAIIATEIbHO, YTOOBI B HEM BO3HUK MHYKITHOHHBIN TOK?
3.MeTaum4ecKoe KOJIBII0O MOXKET CBOOOHO JBUTATHCS IO CEPIACYHHKY KATYIIKH, BKIIOYCHHOW B IICTIh
MOCTOSIHHOTO TOKa. YTO OyJeT MPOUCXOIUTh B MOMEHT 3aMBIKAHUS U Pa3MBIKAHUS 1[N ?

Kpurepun oneHku:

Ouenka «5» (OTJMYHO) CTaBUTCSA, €CIU OOYYarOITUICS BBITIOJHICT pabOTy B IOJHOM O0BEME C
COOIOICHHEM HEOOXOMMOM TOCIEeIOBATEILHOCTH MTPOBEICHUS ONBITOB M U3MEPEHUI; CaMOCTOSTEIIHHO
U palroHaIbHO MOHTHPYET HE0OX0AUMOE 000pyI0BaHUE; BCE OMBITHI MPOBOAUT B YCIOBHIX U PEKHUMAX,
00eCTICUNBAIOIINX TOJyYECHUE MPABWIBHBIX PE3yJbTATOB M BBIBOJOB; COOJIFOJAET TPEOOBAHUS TPABHII
0€30MacHOro TpyJa; B OTYETE NPABHIBHO M AaKKypaTHO BBIMOJHSET BCE 3alMCHU, TAOJIHIIBI, PUCYHKH,
YepTEXKH, TPa(QUKH, BEIYHCICHUS; TIPABHILHO BBITIONHSIET aHAIIN3 MTOTPEITHOCTEH.

Ounenka «4» (XOpoOIIO) CTaBUTCS, €CJIHM BBIIOJHEHBI TPEOOBAHUS K OIIEHKE 5, HO OBLJIO JOMYILEHO JBa-
TPH HeJloYeTa, He 0oJiee OAHON HerpyOoi OMMMOKH U OJTHOTO HEI0YeTa.

Ouenka «3» (yI10BJIETBOPHUTEJIBHO) CTaBUTCS, €ClIM pabOTa BBINOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOM YaCTH TAaKOB, YTO IMO3BOJISIET MOJYYUTh MPABUIIBLHBIE PE3YIbTAaThl U BBIBOJBI; €CJIH B X0JI€
MIPOBEICHUS OIbITa U U3MEPEHHH ObLITN AOMYIIEHBI OIIUOKH.

Ouenka «2» (HEYIOBJIETBOPUTEIHHO) CTaBUTCA, €CIM padoTa BBHINOJHEHA HE TMOJTHOCTBIO U 00BEM
BBITIOJTHEHHON 4YacTU pabOThl HE MO3BOJSET CHENaTh MPABHIBHBIX BBIBOJOB; €CIH OMBITHI, U3MEPEHHUS,
BBIYHCIICHH S, HAOJTFOICHUS TPOU3BOIMIINCH HENIPABHIIBHO.
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