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1 BBEJJEHUE

BaxHyio 9acTh TeOpeTHYeCKO# U MpodecCHOHATBHON MPaKTHYECKOH
MIOJITOTOBKKA O0YYaIOIIMXCSl COCTAaBIISIIOT IPAaKTHYECKHE M J1abopaTOpHBIE
3aHATHSL.

CocraB M colepkaHHE IPAKTUUECKUX M JIaOOPAaTOPHBIX 3aHSITHIM
HAaIpaBJICHBI Ha peanu3amuo JEUCTBYIOIETO (enepanpHOTO
TOCYAapCTBEHHOTO 00pazoBaTenbHOTO CTaHAapTa CpemHero
PO eCCHOHATBHOTO 00pa30BaHus.

Benymelh nuaakTUUecKON LENb0 NPAKTHUUECKUX 3aHATUH SBISIETCS
¢dopmupoBaHre TPOPECCHOHATIBHBIX TPAKTHUSCKUX yMEHHHA (yMEHUH
BBHIIIOJIHATL ~ ONPEJENICHHBIE  JICHCTBHSA, OIEpaluy, HeoOXOAUMble B
MOCNEAYIOMEM B NPO(ECCHOHANBHON JEATENIbHOCTH) WM  y4eOHBIX
MPaKTHYECKUX YMEHUI YMEHUIl pelats 3a1auu 1o GU3uKe, HeOOXOAUMBIX B
mocienymomeil  ydeOHOH  JCATENbHOCTH M0  MaTeMaTUYeCKHUM U
€CTECTBEHHOHAYYHBIM, 0011enpodeCcCHOHAIBHBIM AUCIUILTNHAM.

Benymedd numakTH4eckoi LeNbl0 Ja00OpaTOPHBIX 3aHATHI SBISETCS
SKCIIEPUMEHTAIbHOE  ITOATBEP)KICHHE W TNPOBEpKa  CYIIECTBEHHBIX
TEOPETHUYECKHX MOJOKEHHH (3aKOHOB, 3aBHCUMOCTEH).

B cootBercTBHHM C pabodell mporpaMMoN YUeOHOH IHCHIUILTHHBI
«DPu3HuKa».MpelyCMOTPEHO TIPOBEACHUE NPAKTUYECKUX M JTa0OPaTOPHBIX
3aHATHH.

B pesynbraTe MX BBIIOIHEHNUS, 00yJalOmuiics JODKEH:

ymemp:

Y 1 paccuuThIBaTh M H3MEPSTh OCHOBHBIE MapaMeTPhl IMPOCTHIX
ANEKTPUYECKUX M MAaTHUTHBIX IeTIeH;

Y 2 npumeHSTh MONy4YeHHbIE 3HAHUS TO (u3uke A 0OBACHEHUS
pa3HooOpa3HbIX  (PU3MYCCKHX  SBJICHUHA W CBOWCTB  BCIIECTB,
MPaKTHYECKOT0 UCTIONb30BaHMsl (PU3NYECKUX 3HAHUIL;
VY 3 ucronb30BaTh NMPHOOPETEHHBIC 3HAHMUSA M YMEHUS IJISI PELICHHS
MPaKTHYECKUX ~ 33/a4  TOBCEJHEBHOM  JKM3HH, pPAalMOHAJIBHOTO
TIPUPOJIOTIOIB30BAHNUS M OXPAaHBI OKPYXKAIOIIEH Cpebl.

CopepxaHne HPaKTUYECKUX W J1aOOpPAaTOPHBIX 3aHATHUH OPHEHTHPOBAHO Ha
TIOJITOTOBKY OOYYaIOIIMXCSI K OCBOCHHIO NMPO(ECCHOHAIBHOTO MOJYJISI IIPOTrPaMMBbI

TIOATOTOBKU CHEUATIMCTOB CPEIHETO 3BC€HA IO CIICHUAJIBHOCTH W OBJIAACHUIO

npogheccuOnanbHLIMU KOMNEMEHYUAMU:
IIK 4.3. YyacTBOBaTh B pacyeraXx OCHOBHBIX TEXHHKO-DKOHOMHYECKHX
MOKa3aTesen.
[1K 4.4 O6ecrieunBath COOIIOCHNE IPABIII TEXHUKH O€30ITaCHOCTH MIPH
BBINIOJHEHHH 3JIEKTPOMOHTAXHBIX U HAJIAJIOYHBIX padoT.
A Takxe GOPMUPOBAHUIO 0OULUX KOMPEMEHYUIL



OK 2 Opranu3oBsiBaTh COOCTBEHHYIO JIESTEIBHOCTb, BBIOUPATH
TUIOBBIE METOJBl W CHOCOOBI BBINOJHEHHS TNPO(PECCHOHAIBHBIX 3ajad,
olLeHUBaTh UX 3P (HEKTUBHOCTH U KaYeCTBO.

OK 4 OcymecTBisare TIOUCK UM UCIONIb30BaHHE WH(opManumy,
HeoOxoauMoN s 3(QQEeKTUBHOrO BBINOJHEHNS NPO(ecCHOHANBHBIX 3ajad,
IPpoQeCCHOHANBHOTO U JINYHOCTHOTO Pa3BUTHSI.

OK 6 PaboTatp B KOJUIEKTHBE W B KOMaHZE, 3((eKTUBHO oOmaThcs ¢
KOJUIETaMH, PyKOBOJCTBOM, TOTPEOUTEISIMH.

OK 8 CaMOCTOSATENTHHO OIpEeNeNaTh 3aadd Npo(ecCHOHAIBFHOTO U
JUYHOCTHOTO  Pa3BHUTHA, 3aHUMAaTbCi  CaMOOOpa3OBaHMEM, OCO3HAHHO
IUTAHUPOBATh TOBBIIICHUE KBATHU(DHUKAIIH.

BrinonHenne 00y4aromuXcsl MPaKTUIECKUX M J1a00paTOPHBIX PadoT
1o y4eOHoi aucuuiuimHe «Pu3KuKa» HanpaBIeHO Ha:

- 006001IeHre, cCUCTeMaTH3alltIo, YTIIyOJIeHHe, 3aKpeieHne, pa3BUTHE
U IeTAIU3ALUIO MTOJTYUYEHHBIX TEOPETUUECKUX 3HAHUI 110 KOHKPETHBIM TeMaM
yueOHOM TUCIIUILINHBL;

- (opMHpOBaHHE YMEHUWH MpPUMEHSATH IOJyYEHHbIE 3HAHUS Ha
NPaKTHKE, PEaTH3alHI0 CIMHCTBA HWHTEJUIEKTYaIbHOH W TPAKTHYECKOMH
JeATEeIbHOCTH;

- (opmupoBaHme ¥ pa3BUTHE YyMEHMI: HaOIIONaTh, CPAaBHHUBATH,
CONOCTaBISITh,  AHAIM3MPOBaTh, JAENaTh  BBIBOABI W 000OIIEHHS,
CaMOCTOSITETIFHO BECTH MCCIIEAOBAHUS, TTOJIB30BATHCS PA3TMIHBIMU MIPHEMaMHU
N3MEpEeHNH, 0QOPMIIATH pe3yIbTaThl B BHJE TaOIHII, cXeM, Tpadukos;

- npuoOpeTeHHe HaBHIKOB pabOThl C pPa3IMYHBIMU IMPUOOpaMHy,
anmapatrypoi, YCTaHOBKAMHU M JPYTMMH TEXHUYECKUMHU CPEICTBAMH IS
MIPOBEICHUSI OIIBITOB;

- pa3BHTHE WHTEIUIEKTYaJbHBIX YMEHHH y OYAyLIMX CIELHANCTOB:
AQHAJIMTHYECKUX, IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY TPH PEIICHWH IOCTABJICHHBIX 33/1a4 MPOQeCcCHOHAIBHO
3HAQUMMBIX KayecTB, TaKMX KaK CaMOCTOSTEIBHOCTb, OTBETCTBEHHOCTS,
TOYHOCTB, TBOpPUYECKAsi HHUIIMATHBA.

IMpaktnueckne ©  jabopaTopHble  3aHATHS — HPOBOIITCS  TOCIE
COOTBETCTBYIOIIEH TeMBbI, KOTOpast 00eCTIeYNBaET HATMYNE 3HAHHH, HEOOXOMMBIX
TS €€ BBITIOJHEHMSL.



2METOJUYECKHUE YKA3AHUSA
Tema 1.1. KnuneMaTnka MaTepuaJbHON TOYKH
IIpakTuyeckas padora 1

Pemenne 3aga4 no teme: «/IBuskeHue Tesia, 5poIEHHOr0 MO YIJIOM K
TOPU30HTY. /IBHKEeHHEe 10 OKPY:KHOCTH

eab:
1. IToBTOPHUTH OCHOBHBIE TEPMHUHBI U POPMYIIBI paznena «Kuaemarnkay.
2. CdhopmupoBaTh yMeHHE MTPUMEHATH (HOPMYITBI IPH pEIICHUH 3a1ad.
3. Pa3zBuBarh JOrMYecKoe MBIIUIEHHE, NaMsiTh, BHUMAaHUE, YMEHHE
paccyXIaTh ¥ BBIIEISATD TJIaBHOE.
4, Pa3BuBaTh HaBBIKU CaMOKOHTPOJIA U B3aUMOKOHTPOJIA.

BeinmonHus paGory, Bbel Oyaere yMerTh: pemaTh 3aJaud o
KMHEMaTHKe, KaKk KaueCTBEHHOT0, TaK M pacCUeTHOTO XapakTepa.

MarepuanabHoe ofecrieyeHHe: CIPAaBOYHBIC MAaTEPHAIIBI

3aganue:
|. Omeemumo na sonpocwi:
1. MOKHO I IPUHATH 3eMITIO 32 MAaTCPUATBHYIO TOUKY IIPH pacydeTe:
— paccrosiaus ot 3emiu 10 ConHIA;
— TyTHU, IpoiIeHHOTO 3emMJei mo opoute Bokpyr ColHIIa 3a MeCHIIT,
— JUIMHBI 5KBaTopa 3emin?

1. MOKHO 11 TPUHATH 3€MJTI0 32 MaTepHaIbHYIO TOYKY MpPH pacdere:
CKOpPOCTH JIBH)KEHHsI TOYKM OKBaToOpa IPH CYTOYHOM BpalleHUH
3eMi BOKPYT OCH;CKOPOCTH IBH)KCHHUS 3eMIIM 10 OpOUTE BOKPYT
CorHIIa;paccTOSIHAS OT 3KBATOPa A0 MoIroca 3eMin?

1. Pewuums 3a0auu:

2. BenocunenucT nBuxeTcst noJ yKIOH ¢ yckopenueM 0,3 M/c?. Kakyro
CKOpPOCTB MPHOOpeTeT Berocureauct dyepe3 20 ¢, eciu ero HadaibHas
CKOpOCTh paHa 4 m/c?

3. 3a kakoe BpeMsi aBTOMOOWIb JBHrasch ¢ yckopenuem 0,4 m/c?,
YBEITMUHUT CBOKO CKOPOCTH ¢ 12 10 20 m/c?
4, IMepuon Bpamenus Gapabana aumamerpom 300 MM paBen 0, 023 c.

Haiinute ckxopocTs TOYek, nexammx Ha obome OapabaHa, W HX
LEHTPOCTPEMHUTEIBHOE YCKOPCHHE.

5. Koneco mmamerpom 7,5 M Bpamaercs ¢ dactotod 93,8 o06/MuH.
KakoBel CKOpPOCTP W LEHTPOCTPEMHUTEIBHOE YCKOPEHHE TOYEK
JIeKalux Ha 00oe?

Kparkue TeopeTnueckue cBeJeHHUsI



PaBHOMepHOE NBIKEHHE MaTEPHAILHON TOUKHU 110 OKPY)KHOCTH — 3TO
JBIDKCHUE, NPU KOTOPOM MaTepHasibHas TOYKa 3a pPaBHBIC MPOMEXKYTKU
BPEMEHH MPOXOJHUT pPaBHBIE MO JUIMHE IOYI'M OKpPYXKHOCTH. PaBHOMepHOe
JBIDKCHHUE TeJla TI0 OKPY)KHOCTH — 9TO YaCTHBIW U HauboJiee MpoCTON cirydai
KPHBOJIMHEHHOTO ABMXEHUs. XOTS IPU TaKOM JBI>KEHUH MOJYJb CKOPOCTH
OCTaeTCsl MOCTOSHHBIM, 3TO JABH)KEHHE C YCKOPEHHEM, KOTOpOE SIBIISETCS
CJICICTBHEM W3MEHEHUs HalpaBlICHHUsS BEKTOpa CKOPOCTH. B okpyxkaromem
HAac MHpPE MBI 4acTO CTAIKUBAaeMCs C MOZOOHBIM ABH)KCHUEM — IPH JIOO00M
BpAIleHUH TBEPIOTO Teja BOKPYr HEKOTOPOH 3aKPEINICHHOI OCH BCE TOYKU
3TOTO Tela ABUKYTCS 110 OKPY)KHOCTSIM.

OCHOBHBIE XapaKTEPUCTUKU U (HOPMYJIHL:

[TycTp MarepuanbHas Touka M JBHKETCS 1O OKPYKHOCTH panuyca R
(puc. 1). Hauamo nexapToBOH CHCTEMBI KOOPAMHAT IOMECTHM B LIEHTp
OKpYXXHOCTH. Torjma TIOJIO)KEHHE TOYKM Ha OKPY)KHOCTH OJHO3HAYHO
ompezieNsieTcs YriIoM II0BOPOTa ¢ MEXAY OCBIO X U PaJHyC-BEKTOPOM TOUKH.

.
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Puc.1. PaBHOMepHOE ABMXEHHUE TEA MO0 OKPYKHOCTH
VCI0BUIUCH MOJOXKUTEIbHBIM CUUTAaTh HAIIPABJICHHUE BpAallCHUS
IIPOTUB YaCOBOH CTPEJIKHU.
JlexapToBble KOOPAMHATHI TOUYKH OJHO3HAUHO OIPEIEISIOTCS YIJIOM
IIOBOPOTA TOYKH:


http://ru.solverbook.com/spravochnik/mexanika/kinematika/materialnaya-tochka/
http://ru.solverbook.com/spravochnik/mexanika/kinematika/skorost/
http://ru.solverbook.com/spravochnik/mexanika/kinematika/uskorenie/

X =Rcos¢
y=Rsing

ITpn nBWKEHNU TOYKH MO OKPY)KHOCTH €€ KOOPAWHATA, TO €CTh YOl

MOBOPOTa (¢, U3MEHSIETCS WM CTaHOBHTCS (yHKUHeH BpemeHH. [loaTomy
3aKOH [BIDKCHHS B JTOM CIy4ae — 3TO 3aBHCHMOCTH yIjla MOBOPOTa OT
BpeMmeHH: O=@(t).

Enununeid usmepeHus yria mnosopoTa B cucreme CU gpnsercs

panuaH.

[Mepuon Bpamenust T — 310 BpeMsl, 3a KOTOPOE TOYKA COBEpIIACT OIUH

TTOJTHBIN 000POT MO0 OKPYKHOCTH, T.€. TOBOPAYMBACTCS HA YTOI 27.

YacToTa BpameHusi N — 3TO YUCIO MOJHBIX 000POTOB, COBEPIIAEMbIX

TOYKOM Ipu paBHOMCPHOM ABWIKCHHU IO OKPYKHOCTH, B €AUMHUILY BPEMCHMU:

N

-1
B cucreme CH vacrora usmepsercs B ¢
YacroTa u miepro1 CBsI3aHBI MEXIY c000# hopMymoi:

Iopsaok BpInoIHEeHUs PadoThI:

Brimucars GopMyItsl o IpoiiieHHOMY MaTepuainy.
XapakrepucTika GU3MIECKUX BEINYNH U UX €AWHHIl H3MEPEHHSL.
Pemenve 3aga4 o BapuaHTam.

Xona paboTsI:

BHuMarenbHO NpouyuTaTh 3ajady, IPOAHAIU3UPOBATL YCIOBHUE,
BBIICHUTh XapakTep IBIDKEHHS (paBHOMEpPHOE, pPaBHOYCKOPEHHOE,
MIPSIMOJINHEHHOE, KPUBOJMHEHHOE). BhIMucaThs 4HCIOBBIE 3HAYCHHS
3a/1a4HbIX BEJIUYMH.

Crnenath cXeMaTH4eCKHH dYepTexX, OTOOpaKarolm[Mi OINHCAHHOE B
3ajade ABWKeHHE. V300pa3nTh Ha HEM TPAEGKTOPHIO JIBIDKCHMS,
BEKTOPBI CKOPOCTH, YCKOPEHUS, IIEPEMELLCHHUS.

BriOpaTe cucTeMy KOOpAMHAT, IPH 3TOM KOOPJIMHATHBIE OCH
HaNpaBUTh TaK, YTOOBI NPOEKIMH BEKTOPOB HAa HUX BBIPAXKAJIKCH,
BO3MOXXHO, Ooyiee TIPOCTBIM 00pa3oM. OTMETUTh KOOPJIUHATHI
JBUXKYLIETOCST Tejla B 3aJlaHHble M HMHTEPECYIOLUE HAac MOMEHTHI
BPEMEHU, CIIPOEKTUPOBATh BEKTOPbI CKOPOCTEN M YCKOPEHHUM Ha OCHU
KOOpZAMHAT.

CocTaBUTh A MAAaHHOTO [IBIDKGHHS YPaBHEHHUS, OTPAXKAIOIINE
MaTeMaTHUYECKYI0 CBSI3b MEXIy INPOEKUUSIMU BEKTOPOB Ha OCHU

9



koopauHaT. COCTaBUTH ypaBHEHHS, OTPaXKAIOIIME JOIOJIHUTEIbHBIE
yciaoBUs 3amayd. Yucino ypaBHEHHH JODKHO OBITH PaBHO YHCILY
HEHM3BECTHBIX BEJIUYHH.

Pewmnth cocraBiieHHYIO CHCTEMY YPaBHEHHUH OTHOCHTEIEHO MCKOMBIX
BEIIMYMH W IOJYYHUTh OTBET CHayaja B aHAJUTHYECKOM Buje (T.e.
MIOJIYYUTh pacueTHbIC GOPMYIIbI).

[oncraBute B  pacdeTHble  (QOpPMYyNBI BMecTO  00O3HaYCHHI
¢u3ndecknx BenmuunH 0003HaueHWs ux enmHull B CU, mpomssectu
mpeoOpa3oBaHusl H yOCAWTHCS, TONYJAOTCA IJIM B pe3yibTare
SIIMHULIBI HICKOMBIX BEJIHYHH.

[ToxcTaBUTh B pacueTHbIE (HOPMYIIBI YUCIOBBIC 3HAYCHHS (PU3UUCCKUX
BEIMYNH ¥ TPOW3BECTH BblYMCIEHHA. ONEHUTH  peajbHOCTh
TIOJIYYEHHOTO pe3yJIbTaTa.

®dopma npeacTaBIeHHs pe3yJbTaTa: BBIIOJIHEHHAs paboTa.

10



Tema 1.2. 3akonnl mexannkn HoloToHa

IIpakTHuyeckas padora 2

Pemenue 3a1a4 nmo reme: «3akonnl HeloToHa. CucTeMa cBSI3aHHBIX TeJl.

ﬂBI/I)ReHI/le TeJia 10 HAKJIOHHOM IJIOCKOCTHY

Henb padoThbl: HAayyUTHCS ONPENENATH PABHOACHCTBYIOLIYIO CHII

JIEHCTBYIOINX HA TEJO, CHIy HATSDKCHWS HUTH MEXIY TelaMH, YCKOpEHHE,
CKOPOCTb.

BeinotHuB padoty, Bl Oyaere yMeTb: pemaTh 3a4a4d Ha 3aKOHBI

HrroTona.

ALY

MaTepnaJleoe obecmeueHne: CIIPABOYHBIC MaTCPUAJIbL

3ananme:

|l. Omeemumuv na éonpoce:

UYro u3yvaeT qUHAMHKA?

Omnpenenerne MOMIHOCTH. DOPMYITBI MOIITHOCTH.

Kaxue cuibl Ha3bpIBalOT BHYTPEHHUMU? BHEILIHUMUA?

Uro Takoe abCOMOTHOE TBEpAOE TeI0?

Yto Takoe JIUHUSA JEUCTBUS CUIIBI?

UYro Takoe yrioBas ckopocTh? B kakux equHHUIIAX OHA U3MepsieTcs?
1. Pewuumo 3a0auu:

K uentpy mapa mpunoskena cunma F (puc. 1). Kyna nampasneno
yckopeHue mapa? B kakoM HanpaBiIeHUH JBIKETCS map?

——-

4

Puc. 1.

Ha mony mudra maxomurest Teno maccoit 50 kr. JIudr noganmaercs
TakK, 4To 3a 3 ¢ €ro CKOpocTh u3Mensiercst ot § 1o 2 m/c. Onpenenure
CHUITY IaBJICHHS TeJla Ha 1oJ JIHQTa.

TennoBo3 Ha TrOPU3OHTAIBHOM YdacTke myTd JuuHOM 600 M
pasBuBaeT mocTosHHyo cuiny Taru 147 xH. Cxopocts mnoesna
Bo3pacTtaeT mIpu 3ToM OT 36 1o 54 km/u. Omnpenenure CHIY
CONPOTHUBJICHUSI IBUKEHUIO, cuuTasg €€ MOCTOSIHHOM. Macca moesna
1000 T.

JK€ctkmii cTepxkeHb NIMHOW | M ¢ IPUKPEIIEHHBIM K HEMY HIAPHKOM

11



Maccoit 100 r Bpamaercst paBHOMEPHO B BEPTHUKAJIBHON ILIOCKOCTH.
Omnpenenure MOIydb U HAIpaBIEHUE CHUIBI, C KOTOPOH CTEp)KEHb
JICUCTBYET Ha IIApUK B BEpXHEH TOYKE, IPU CKOPOCTAX IIapuKa 2 M/c
u4 m/c.

4. JlBa Tpy3a MaccaMu 2 KT M 4 KT, CBSI3aHHbIE HEpPacTSXKUMON HUTEHIO,
MOJHUMAIOT BepTUKalIbHO cuioit 84 H, mpunoxeHHOH K HepBOMY
rpy3y. Onpenenure yckopeHHe, ¢ KOTOPBIM JIBIKYTCS TPY3BI, U CHITY
HATSDKCHUSI HUTH.

Kparkue TeopeTruyeckue cBeeHUs:

OcHOBHas 3amada AWHAMHUKH — OIIPEIeNICHHE IIOJIOKCHHUA Tella B
MIPOCTPAHCTBE B JIFOOOW MOMEHT BPEMEHH, KOT/Ia M3BECTHBI JICHCTBYIOIUE HA
TEJIO CUJIBI ¥ 33/1aHbl HaYaJIbHbIE KOOPAUHATHI U CKOPOCTH Tea.

Cuna — BekTOopHas (usuyeckas BeJIMYMHA, SIBJISIOLIASCS MEpOii
B3auMojeiictBua Ten. Cuia XapaKTepU3yeTCs UHCIOBBIM 3HauCHHEM
(Momynem), HampaBJIeHHEM ACHCTBUS U TOUKON IPUIIOXKEHUS K TEIy.

Ilpu pelicTBUM Ha TENO HECKOJBKHMX CHJI HMX MOYHO 3aMEHUTH
paBHOJCHCTBYOIICH cuoit F p — , mpencrasistomieii co60il BEKTOPHYIO
CYMMY 3THX CHI:

Macca  (mHepTHas) — cKamdpHas ~ Qu3WUYECKas ~ BEIMYUHA,
XapaKTepu3ymoomas CIocOOHOCTh Tella COXPAHATH IOCTOSHHYIO CKOPOCTb,
€CITH TeJI0 He 23 B3auMOJICHCTBYET C APYTUMH TeJIaMH WIIN ACUCTBHE APYTHX
TEJ CKOMIICHCHPOBAHO.

Macca obnamaeT ciemyromuMu cBodicTBamu: 1) Macca Tema paBHa
CyMMe€ MacC BCEX YaCTHII, U3 KOTOPBIX OHO cocTouT. Ilpu coennHeHnn nBYX
Tel B OJHO MAcChl ATHX TeJI CKJIAJBIBAIOTCS (CBOWCTBO aJJUTUBHOCTH); 2)
JUis [aHHON CHCTEMBI TeNl CHpAaBEMJIMB 3aKOH COXPAaHEHHS MAacChl: IpHU
JMOOBIX TpoIeccax, NMPOUCXOMAIINX B CHCTEME Tell, €€ Macca OCTaeTcs
HEM3MEHHOM (TIpH L << ¢).

Macca (rpaBUTallMOHHAs) — CKalsApHas (U3UUCCKas BEIHUYUHA,
orpeJeNsionas CUITy B3aUMHOTO NPUTSHKEHUS TeJl U 00JaJaomias TeMHU Ke
CBOMCTBaMH, YTO M MHEpPTHas Mmacca. IHepTHas M TpaBUTALIMOHHAS MAacCCHI
XapaKTepU3yIOT Pa3lIMIHbIC CBOWCTBA TEN, HO, KaK MOKAa3bIBaeT OIBIT, OHU
BCerJla SKBUBAJICHTHHI (MHEPTHAsI W TPaBUTAIIMOHHAS MAacChl OJHOTO U TOTO
’Ke TeJa PaBHBbI).

OCHOBHBIMHU 3aKOHaMH KJIaCCUYECKOW JMHAMUKH SIBISIFOTCS 3aKOHBI
Hrerorona. 3akonsl HproTOHa ciieqyroT W3 OMbITa, B3aMMOCBS3aHBI APYT C
IpyroM, HE TOMYWMHEHBI JpYyr Jpyry MW CHOPaBeUIUBBI TONBKO B
HMHEPIUATBHBIX CHCTEMaX OTCYETa.

WNueprmansasie cucteMsl orcueta (MCO) — 3TO CHCTEMBI, B KOTOPBIX
Teno (Tpynmbl Tell), He MOABEPKEHHOE ACHCTBHIO CHJI (WM JEHCTBHS CHIT
CKOMIIGHCHUPOBAHbI), HAXOTUTCA B IIOKOE WM ABIDKETCS PaBHOMEPHO U
npsMosmHeHo. CuctemMa oTcueTa, ABIKYIIAsCS OTHOCHUTENFHO JaHHOU
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HNCO paBHOMEpPHO U NPSIMOJUHEHHO, TaKXKe SBISAECTCS HWHEPLUHUAIBHOM.
CucrteMy OTCueTa, CBA3aHHYIO C 3eMJICi, ¢ OOJBIION CTENCHBID TOYHOCTH
MOXHO CUUTaTh MHEPLUUATHHOH.

IlepBeiii 3akoH HploTOHA: B MHEpLUHUATIBHBIX CHCTEMAX OTCUYETa TEJIO
COXpaHSeT COCTOSIHME TOKOS WM PaBHOMEPHOTO MPSIMOJUHEHHOIO
JIBIDKCHUSI, €CJIM HA HErO He JCHCTBYIOT APYrHe Tena, 00 JACUCTBYIOT, HO
9TO JeHCTBUE CKOMIIEHCUPOBAHO: 3HAYUT, — vV = CONSt, - a = 0.

Bropoii 3akoH Hrrorona: yckopenue, moiyderHoe tenmom B MCO,
NPSIMO IPONOPLHUOHAIBHO PAaBHOAECHCTBYIOLIEH MPUIOKEHHBIX K HEMY CHUII,
00paTHO MPONOPIHOHATIRHO Macce Tena: Eciu ke paccMaTpuBaTh IeHCTBHE
KOKIOW CHJIbl B OTACIBHOCTH, MMEET MECTO MPHUHLMII HE3aBUCHUMOCTH
JneicTBus Cui  (IPUHIMIT CYNEPIO3UINH JIedcTBHA). B 3TOM citydae
pe3yIBTHPYIONICE YCKOPEHHE Tela IPEICTABISIET COOOH BEKTOPHYIO CyMMY
YCKOPEHHUH, BBbI3bIBAEMBIX KaXKIOW CHUJIOW B OTHenbHOCTU: B ciydae
PaBHOMEPHOTO JIBHOKCHHSI o OKPYXXHOCTH TEJIO HMEeT
LIEHTPOCTPEMUTENBHOE YCKOPEHUE, HaIPaBJICHHOE COTJIAaCHO BTOPOMY
3aKoHy HbIOTOHA K IEHTPY OKPYKHOCTH:

Tpetnii 3axkon Hptotona: B8 MCO cunbl B3aUMOJCUCTBUS MEKAY
JIBYMs TeJaMH HMEIOT OJMHAKOBYI (U3UYECKYIO NPHUPOIY, PAaBHBI IO
MOAYJII0 U HampaBi€Hbl BJOJb OAHOM NPSAMOH B MPOTUBOIOJIOKHBIE
CTOPOHBI: OTH CHJIbl NPUIOKEHB K Pa3HbIM TeJaM U IO3TOMY HE
YpaBHOBEIIMBAIOT Jpyr JApyra. B 3agayax MeXaHUKH BCTpEYaroTCs
CIeYIONINe BHIBI CHJI: TATOTCHUS (TPaBUTAIMOHHEIC CHIIBI), YIIPYTOCTH U
CONPOTHUBIICHUS.

HOpﬂ)lOK BbITNIOJIHCHU A paﬁOTLIZ

1. BHUMaTenpHO NpPOYMUTATh TEOPETUYECKYIO YacTh U IUIAH PELLIEHUs
3a1a4

2. PaccMoTpers npuMepsl peleHus 3aaad.

3. OTBeTHUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

4. [omy4ynTs U BEINOIHUTH MHAUBHyaIbHbIE 3aJaHHS.

Xoa padotbl:

1. [Ipoananu3upoBaTh yCIOBHE 33/1a4H, ITOHATH (PU3NUECKHIA TpoIiecc,
paccMaTpuUBaeMbli B HEW, BBIACHUTb, KaKHe CHJIBI JI€HCTBYIOT Ha
HMHTEPECYIOLINE HAC Tella.

2. Cpenatb CXeMaTHUECKMH pPHCYHOK, HW300pasMB Ha HEM
KMHEMATHYECKHE XapaKTepUCTHKH IBIDKEHHUS (YCKOPEHHS W CKOPOCTH),
HapHCOBaTh BEKTOPHI BCEX CUJI, JEMCTBYIOIUX HA KaX10€ TEIO.

3. Jlnsg KaxJoro Tenla B OTAEIBHOCTH Ha OCHOBAaHHHM BTOPOTO 3aKOHA
HeroTOHa 3amucarh ypaBHEHUS [IBUJKEHUS, CBSI3bIBAIOIIME NPOEKLUU CHII U
YCKOpEHHH, BEIOpaB IpeABAPUTEIBHO cUCcTeMy oTcueTa. [Ipu nBmkeHun Tena
0 NpsMOM BTOpoW 3akoH HploToHa U1 Tena uMMeeT BHI: TIe — cyMMa
MPOEKIUH BCEX CHJ, ACHCTBYIOLUIMX Ha TelIO, HAa MPSMY0, IO KOTOPOH
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MIPOUCXOAUT JBUXKeHUe. IIpu 3TOM MNOJO0XKUTENBHOE HAIpaBICHUE OTCYETa
yIoOHO BHIOMpaTh COBMNAJAIOUIMM C HampaBiIeHHEM YcKopeHus. Eciu
HAIIPABJICHUE COCTABIAIOLICH CHUJIBI COBIAJACT C HAIPABIECHUEM YCKOPCHUS,
TO COOTBETCTBYIOIIASl IPOEKIHMS CHIIBI Oepercst CO 3HAaKOM IUIIC, B
IIPOTUBHOM CIy4ae — CO 3HaKOM MUHYC.

4. Ilpu pemeHun 3amad, B KOTOPBIX paccMaTpUBaeTCs JUHAMUKa
PaBHOMEPHOTO  JBIDKCHHS 10 OKPY)KHOCTH, TaKkKe IeIecoo0pa3Ho
MIOJIOKUTETHHOE HANPaBJICHUE KOOPAMHATHON OCH BBIOMPATh COBIIAAAIOIINM
C HampaBICHUEM YCKOPEHUs, T.€. K HEHTpYy BpameHusa. CoriacHo BTOPOMY
3akoHy HploTOHa , rje — cyMMa MpOeKUMH BCeX Cuil, IEHCTBYIOIUX Ha TEJIO,
Ha paanyc BpameHus. IIpu 5ToM, eclii MPOeKI s CUIIBI HAIIPaBIIEHA K LHEHTPY
BpallleHHUs, €€ HYXHO CUUTaTh IOJIOKUTEIbHON, eclu OT LeHTpa -
OTPULIATEIIBHON.

5. B 3agadax 0 JBHUXKCHUM CUCTEMBI CBSI3aHHBIX JAPYr C APYTOM Tel
OJIHUX YpPaBHEHUH JABW)KCHUS OKa3bIBae€TCs HEAOCTAaTOYHO. B 3TOM cCitydae
HE00XOIMMO 3amKcaTh elle KHHEMaTHUeCKUe YCIOBUS, BEIpaXaronue coooi
COOTHOUICHHS MEXy YCKOPEHUSIMH TEJI CHCTEMBI, 00YCIOBICHHBIE CBS3SIMHU
MEXy HUMH.

6. Ecnn B 3amave TpeOyeTcsi HAWTH HE TOJIBKO CHIIBI M YCKOPEHHS, HO
TaKke KOOPAWHATHI (MM NPOWIEHHBIE ITyTH) TEI U UX CKOPOCTH, TO KPOMe
YpaBHEHMH IBID)KEHUS HYKHO MCIOIb30BaTh KHHEMATHYECKHE ypaBHEHUS
JUISL KOOPJIUHAT U CKOPOCTEH.

7. B 3ama4ax, rae Y4YWTBHIBA€TCS TPEHHE, HYKHO HAXOIUTh CHUILY
HOPMaJIbHOW pEeakLUUU OIOPBl, ONPEICIAIOINYI0 CUIy TpeHus. s 3Toro
COCTABJISIIOT YPaBHEHUE HAa OCHOBAHMM TOr'0, YTO BJOJb KOOPAMHATHOM OCH,
NEPIECHIUKYIISIPHOMI K HaIIPaBJICHUIO CKOpPOCTH IPSIMOJIMHEUHO
JBUXKYIIETOCS TeJa, YCKOPEHUE OTCYTCTBYET, U IO3TOMY CyMMa IPOEKLMH
CHIJI Ha 3Ty OCb PaBHa HYIIIO.

8. Tlomy4yeHHble ypaBHEHMs JIOMNOJIHUTh, €CIH HEO0OXOJUMO,
BBIP@KEHUSIMHU 11 KOHKPETHBIX BUIOB CHII (CHJIA TPEHUS CKOJBXKEHUS, CHIla
TpPEeHUsI TOKOsI, CHJIa YNPYTOCTH, cWila ApXMMEAa) W PEeIIUTh IOJIy4EHHYIO
CHCTeMY ypaBHEHHI B 001IeM BHJIE, T.€. OIYyYUTh pacyeTHbIE (POPMYIIBL.

9. Ybeantbecs, MONYdYArOTCs JH B PE3yJbTaTe EIMHUIBI HMCKOMBIX
BenmunH. [logcraButh B pacdeTHble (OpMynbl  YHCIOBBIE 3HAYCHHS
(U3MYECKUX BEJIMUUH U TPOU3BECTH BBIYHCIICHHS.

®opMa npeacTaBIeHNs pe3yJbTaTa: BBINOIHEHHAs padoTa.

14



Tema 1. 3 3akonnl mexannkn HoloToHa

IIpakTnuyeckas padora 3
Pemenue 3aga4 no treme «3aKOHbI COXpAHEHUS] B MEXaHHKE»

Leab paGoThl: HAyYUTHCS MPUMEHATH OCHOBHBIE (DOPMYJIBI pasjerna
«3aKOHBI COXpaHEHHS B MEXaHHUKE» IIPH PEIICHUH 3a1ad.

BoinotHuB padoty, Bl Oyaere yMeTb: pemaTh 3a4a4d Ha 3aKOHBI
COXpaHEHMA MEXaHWYECKOH YHEPTUH U HMITYJIbCA.

MaTepnaJleoe obecmeueHne: CIIPaBOYHBIC MaTCPUAJIbI.

3anaHue:

1. Axmyanuzayusa 3Hanuil.

3amucaTh Ha J0cKe (POpMyNbI: MEXaHHYECKOH pPabOTHI, MOIIHOCTH,
MOTEHIWAIbHON SHEPruM, KHHETUYECKOW JSHEPIHH, UMIIYJIbCa CHIIBL,
HMIIyJlbca Tella, 3aKOHAa COXPAHEHUs MMITyJIbca JJI YIPYTroro U HEYNpyroro
YZAapoB.
2. Pewumps 3a0auu c ucnoivzoganuem anzopumma
3aKoH coXpaHeHHs UMIYJbCa.
AJITOPUTM pelieHHs 32124 HA 3aKOH COXPAHEHHUsI HMITYJIbCa:
3anucaTh KpaTKoe YCJIOBHUE 3aJIauu.
IlepeBecTu eauHuUIB! H3MepeHus B cuctemy CU.
Bri6pats cucremy orcuéra.
CunraTh CHUCTEMY TeJ 3aMKHYTOIL.
Hapucosare Tena 10 B3aUMOJEHUCTBUS WM IOCNE, YYUTBIBAs YNPYTHi
yAap WM HEYNPYTUi, yKa3blBasi HAIIPaBJICHUS UX CKOPOCTEN.
BriOpaTh ocu KOOpIUHAT.
3amrcaTh 3aKOH COXpaHEHHS MMITYJIbCa B BEKTOPHOU (opMe.
CropoennpoBaTh 3aKOH COXpAaHEHHS UMITYJIbCA HA OCH KOOPUHAT.
Pewnts cucremy ypaBHEHMIA.
10.  OueHHUTH NOJTYUCHHBIN PE3yJIbTAT.
3aKoH coXpaHeHHs JHeprum.
AJITOPUTM peleHHs 32124 Ha 3aKOH COXPAHEHUs JHepPIruu:
3anmcaTh KpaTKOe yCIIOBHE 3aJ1a4uH.
[lepeBecTn exuHUIBI M3MepeHHs B cuctemy CU.
Bri6paTh cucremy orcuéra.
OmnpenenuTts HauaJIbHOE U KOHEYHOE MOJIOKEHHUS Tel, a TaK XKe, eCln
HEO0OX0MMO, TO IPOMEXXYTOYHbIE TIOJIOKEHHUS, O KOTOPBIX UIET pedb
B 3ajaue.
BriOpaTh HyneBol ypoBeHb MOTEHINAIBHOM YHEPTHH.
6. Ecnu Ha Tena nefCTBYIOT TOJIBKO MOTEHIHAIBHBIE CUJIBI, 3aIIUCATh
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10.

11.

3aKOH coxpaHeHus mexanuueckoi sneprun: E;= E, Ecnu B cucteme
TeJ IEUCTBYIOT TaKk)Ke U HEMOTEHIUAIbHbIE CUJIbI, TO 3aKOH
COXpaHEeHHsI SHEPTUH 3anucaTh B cieaytomemM Bujie: AE =E,- E;= A,
rae A — paboTa HEMOTCHITUAILHBIX CHIL.

BsIpasuth HeU3BeCTHOE.

[IpousBecTu pacuét YMCACHHOTO 3HAYCHUS U €UHUIL U3MEPEHUS.
O1CHUTH TTOTyYeHHBIH pe3yIbTar.

3agaum:

Tenexxa wmaccoit 0,1 Kr HIBIKETCS PaBHOMEPHO IO CTONy CO
CKOpPOCTBIO SM/c, Tak Kak W300pa’keHO Ha puCyHKe. Uemy paBeH eé
UMITYJIbC U KaK HaIpaBJICH BEKTOP UMITysbca?

ABTOMOOMIBE Maccoil 1 TOHHA, JABWXKETCS MPSIMOJIMHEHHO CO
ckopoctbio 20Mm/c. Halitn mMITyIisCc aBTOMOOHIIA ...

ABTOMOOWIIB, NEPBOHAYAIBHO JIBUTABIIHMKCS €O CKOpocThio 20 m/c,
TIOCJIE BBIKJIIOYEHUS IBUTATEIsl OCTAHOBHIICS depe3 3 ceKyHaIpl. Cua
COIIPOTHBIICHHS, ACHCTBOBABIIAs Ha aBTOMOOWIIbL MPU TOPMOKCHUH
pasHa 6000 H. Haiitu maccy aBTOMOOMIIS. . .

Uemy paBHa CKOPOCTb IOPOXOBOM pakeThl Maccoi 1 Kr mocie BbLIETa
U3 Hee MPOAYKTOB cropanus Maccoit 0,1 kr co ckopocTthio 500 M/c.

C nonpku maccoit 240 xr, aBmKymelics 0e3 rpedua co ckopocThio 1
M/c, BbIman rpy3 Maccoit 80 kr. Kakoii ctana ckopocTs 101Ku?

OT mByX CTyIeHUaTON paKeThl, 00mIast Macca KOTOpoil paBHa 1 TOoHHa,
B MOMEHT [OCTIXKEHHS CcKopoctu 171 M/c oTmenmmace BTOpas
crynedb  Maccoif 0,4 ToHHBL. Ilpm 3TOM CKOPOCTH  pPaKeThI
yBenuuminack 10 185 m/c. Haiitu ckopocTh, ¢ KOTOpOH cTajna
JIBUTaThCS MEPBasi CTYIEHb PAKETHI.

I'panara, seTeBmIas TOPU3OHTANIBHO CO  CKopocTeio 10 wm/c,
pasopBajach Ha JiBa OCKoJlKa. Macca mepsoro 1 Kr, Macca BTOPOTO
ockoJka 1,5 xr. BoJbIIoi 0CKOIOK Iociie B3phIBa MPOA0IIKAI JIETETh
B TOM JK€ HaIlpaBIEHHH, HO CO CKOPOCTBIO 25 M/C, ONpEeneIHuTh
HaTpaBJIeHHE TBUKEHUS H CKOPOCTh MEHBIIETO OCKOJIKA.

Kamenp OpomieH BepTHKaJbHO BBEpX. B MoMeHT Opocka OH MMen
kuHeTnyeckyto sHepruo 30 Jix. Kakyio noTeHunanbHyo SHEPTHUIO OH
OyzmeT MMeTh B BepXHell Touke?

Teno OpomieHo BepTHKaIBHO Bepx co ckopocThio 20 m/c. Ha kaxoit
BBICOTE €r0 KMHETHYeCKast SHeprust Oy/ieT paBHa MOTCHINAIBLHOM?
Teno cBobGomHo mamaer ¢ BbicoThl 21M. Ha kakoil BbicoTe ero
KMHETHYECKast SHEPTHs B 6 pa3 0oJbIlle TOTeHINAIBHOW?

[Ipu BeICTpETIE U3 IPYKUHHOTO MUCTOJIETa BEPTUKAIHHO BBEPX LIAPUK
maccoit 100 r mogHmMaeTcs Ha BBICOTY 2 M. KakoBa »XecTKOCTB
NpYXWHBI, €CIM [JI0 BBICTpeNla OHAa Obla cXata Ha 5 cm?
ComnpoTuBIeHHEM BO3AyXa IpeHeOpeys.
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KpaTkue TeopeTuueckne cBeeHUs:

®dusnueckas BeNMYMHA, paBHAs MPOM3BEJCHUIO MAacChl Teja Ha
CKOPOCTh €T0 JIBU)KCHHMs, Ha3bIBACTCSl MMITYJICOM Tella (MM KOJMYECTBOM
JIBHDKCHUSI).

Wmnynec Tenma — BeKTOpHas BelNWYMHA. EnuHUNEH W3MepeHUus
nmnynbca B CU saBriseTcs KUuiorpaMM-MeTp B CEKYHAY (KT M/c).

p=m v

dm3ryeckas BEJIMYMHA, paBHasg MNPOU3BEACHUIO CHUJIBI Ha BPEMA €€
):[eﬁCTBHS[, Ha3bIBACTCS UMITYJILCOM CHUJIBI.

p=F.t

B 3amKHyTOH cucTeMe BEKTOpHas CyMMa HUMIIYJIbCOB BCEX Tell,
BXOJAIIMX B CUCTEMY, OCTAETCSl TIOCTOSIHHON MpHU JIOOBIX B3aUMOJIEHCTBUIX
TEJ ATOH CHCTEMBI MEXIY COOOiA.

OTOT (QyHAaMEHTANBHBIN 3aKOH MPHPOIBl HA3BIBACTCSA 3aKOHOM
COXpaHEHHUs UMITYJIbCA.

AOGCONIOTHO  Heympyeum  yIapoM Ha3bIBalOT Takoe  yIapHOE
B3aMMOJIEHiCTBHE, MIPU KOTOPOM TeJa COEAMHAIOTCS (CIUMAIOTCsA) APYT C
JPYrOM U JIBHXKYTCSI JTaJibllie KaK OHO TeJIO.

AOGCONIOTHO ympyeum ynapoM Ha3bIBaeTCA CTOJIKHOBEHHE, IIPH
KOTOPOM COXPaHSETCsl MEXaHU4eCcKasi YHEPrHsi CUCTEMBI TeJl.

[lom  peakTHBHBIM  [BH)KCHHEM IMOHMMAIOT  JBIDKCHHE  TeJa,
BO3HUKAIOIIIEE MIPH OTACICHUH OT TeJla ¢ HEKOTOPOH CKOPOCTHIO KaKOH-THOO
ero Jactu. B pesympTare 4ero camo Telo HMpHOOpPETaeT MPOTHBOIOJIOKHO
HaTIpaBJICHHBIH IMITYJIBC.

[opsiaok BpINoIHEHUs PadOThI:

1. BHUMAaTenpHO NpPOYMTATh TEOPETUYECKYIO YacTh U IUIAH PELLEHUs
3a1a4

2. PaccMoTpeTs npuMepsl peleHus 3anaad

3. OTBeTHUTH Ha KOHTPOJIBHBIE BOTIPOCHI.

4. [Tony4uTh U BBINOIHUTE UHAUBUAYAJIbHBIE 3a1aHUS

®dopma npeacTaBIeHNs pe3yJbTaTa: BHINOJHEHHAs padoTa.
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Tema 1.4 KojiedaTeIbHOE IBHKEHHE

IIpakTnuyeckas padora 4
Pemenue 3aga4 no reme «Ilapamerpnl koJ1e6aTeJbHOI0 IBUKECHUID)

Heab padoThI:

- 3HaTh W TIOHUMATh TIOHATHS «CBOOOMHBIE W BBIHYKICHHBIC
KoneOaHns, MaTeMaTHYeCKHl MAasTHUK, NpPYXHHHBIH MAasSTHUK,
TIEPHO]T, YACTOTa, AMILIUTY A

- MPOBEPUTh 3HAHWSA, YMEHHUS M HaBBIKH [0 TeME MEXaHWYECKHe
KoJIeOaHus;

- co3/aTh W OTPabOTaTh AJITOPUTM MPOBEJCHUS SKCICPUMEHTA IO
ONpeJIENICHUIO TIepuoa KojaeOaHni MaTeMaTH4ecKoro U Mpy>KMHHOTO
MasiTHUKOB;

- BhiBecTH  (GoOpMyJIBl IS pacdyera  Iepuoia  KoJjeOaHwi
MaTeMaTHYeCKOTo U MPY>KUHHOTO MasiTHUKOB;

- 3aKpENHTh HABBIKU pacyeTa Iepruoia KojeOaHuii Mo JaHHOU TeMe.

BoinosinuB padory, Bbl Oyaere ymerb: NpUMEHSATh NOJyYEHHBIE
3HAHMS Ha TIPAKTHKE.

MarepuanbHoe o6ecrniedeHHe: CIIPAaBOYHBIC MaTEPHAIIbI

3ananue:
1. Omeemums na sonpocwi:

1. Kakas xomnebarenpHas cHcTeMa HAa3bIBAeTCAd «MaTeMaTHYECKHM
MasITHUKOM»?

2. Jns  nmawHOro cmy4as, B 4éM (U3MYECKUH CMBICT TOHATHA
«MaTepuasbHas TOUKa»?

3. Kakas  konebaTenpHas  CHCTeMa  HA3bIBACTCS  IPYXHHHBIM
MasSTHHKOM»?

4. Kakoe nBmxeHne Mbl Ha3bIBaeM «KOJICOAHHMSAMI» MaTeMaTHIECKOTO U
MIPY>KUHHOTO MasiTHUKOB?

5. Kaxkas ¢uznueckast BenmanHa Ha3bIBAETCS «IIEPUOJIOM KOJICOaHMS»?

6. Kaxkas ¢usnueckas BesMunHa Ha3bIBACTCS «HaCTOTON KOJICOAHMS»?

7. Kakas ¢uznueckas BesMunHa Ha3bIBACTCS «aMIUTUTYION KOIEOaHMs»?

8. IMong pedicTBHEM KaKMX OCHOBHBIX CHJI IPOUCXOJAT KOJIEOaHHs

MPY>KHHHOTO M MaTeMaTHYECKOTO MasiTHUKOB?
2. Pewtums 3a0ayu:
1. [IpyXMHHBII MasATHUK COBEpIIaeT T'apMOHMYECKHE KOIeOaHHsI C
ammntynoii 20 cm. Kak wu3menutcss mnepuoa  KoieGaHuil ITOrO
MasITHUKA [PY YMEHBILIEHUH aMIUTUTY bl KojeOoanuit 1o 10 cm?
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Teno wmaccorr 0,5 Kkr, NpHUKpEINICHHOE K TPYKUHE IKECTKOCTHIO
10 H/m, coBepiiaer rapMOHMYECKHE KOJEO0aHUS B TOPU3OHTAJILHOM
wiockoctu. Halitu nmepuon konebanuii. OTBET NPUBECTH C TOYHOCTHIO
JI0 AECATHIX.

Maremarnueckuii MasTHUK 1uuHoW 0,99 M coBepmiaer 50 mosHBIX
konebanuii 3a 1 mun. u 40 c. Uemy paBHO yCKOpEHHE CBOOOIHOTO
TIaICHUS B TAHHOM MECTE Ha TIOBEPXHOCTH 3eMIIH?

Hutsasoit MasTHHK 32 1,2 MEHYTHI cOBEepIIMI 36 MOITHBIX KOJEOAHMIA.
HaiinuTe mepron 1 9acToTy KoJeOaHM MasSTHHKA.

AMIUIATY]a HE3aTyXAIOIINX KOJIEOaHNH TOYEK CTPYHBI 4 MM, 4aCTOTa
konebannii 2 x['m. Kakod myTh mpoiizer Touka cTpyHsl 3a 0,8 cexk.
Kakoe nepemMenieHre coOBepIIUT 3Ta TOYKA 33 NEPHOJ KojeOaHuit?

Ha kakoe paccTosiHEE HaJI0 OTBECTH OT IMOJIOKCHHS PaBHOBECHUS IPy3
Maccoit 320 T, 3aKpeluleHHBI Ha MpYXUHE kecTKocTblo 0,6 xkH/M,
YTOOBI OH MPOXO/IMJI MOJIOKSHIE PABHOBECHS CO CKOPOCTHIO 2M/C?
KakoBa Macca rpysa, KoJeOMIONmIETOCS Ha IPY)KHHE KECTKOCTBHIO
0,6xkH/M, ecnu mpu aMmIudTyle KojecOaHuii 8cM OH HMeeT
MaKCHUMAaIIbHYIO CKOPOCTH 4M/C?

3a OIHO U TO € BpeMs OAMH MAaTeMaTUYECKUU MasTHUK aenaer 50
koneOannii, a apyro#t 30. Haiimure WX MANMHBI, €CIH OOWH U3
MasTHHKOB Ha 32 cM KOpode IPyroro.

3a OIHO U TO € BpeMsl OAUH MAaTEMATUYECKUH MasTHUK Aenaer 25
Konebanuii, a apyroit 15. Haiimure WX MANWHBI, €CIM OOWH U3
MasTHUKOB Ha 16 cM Kopoue Apyroro.

KpaTKue TEOPETUYECCKUE CBCACHUSA:

Llgidls il Ll

‘jl\-) Y t) v

\t max W — max it max

Puc. 1. IIpeBparenus 3Heprur Ipu KoJIeOAHUSX IPY>KIHHOTO MasTHHKA

OCHOBHEIE YpaBHCHUSA TapMOHUYCCKUX KoJIeOaHuM

X =Asin (ot+ @)
X =Acos (ot + ¢g)
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MaremaTnueckuii MassTHUK

o

T=2n 1” g
IIpyXUHHBIN MasiTHUK

m

N

IMopsnok BeINOJIHEHHUST PA0OTHI:

Ilepen pemenneM 3aja4y 1O BapHaHTaM, Ha JOCKE BBIITUCHIBAIOTCS
(bopMyJIBI IO JaHHOH TeMe.

[IpoBecTr aHaMM3 BEIUYKH, BXOIAIIUX B (HOPMYJIBL.

Permienue 3amayd mo BapuaHTaM (CaMOCTOSITEIbHAS paboTa).

Xoa padotbl:

BHuMaTenpHO MpOYMTATh YCIOBUE 3aJaud U YBUAETHh MBICIEHHBIM
B30pOM KOHKPETHYIO CUTYaLHI0, IPEACTABICHHYIO B 331a4e.

3ammcaTth KpaTKO YCJIOBHE 3aladd, MEPEeHTH, €c HEoOXOOMMO B
cuctemy CH.

[Ipoananu3upoBaTh yCIOBHE 3aJadyd Ha IPEAMET, YTO H3BECTHO B
3aJ1a4e U YTO HaJO HAMTH.

CocTaBuTh CHUCTEMY YpaBHEHHH W pENIMTh €€ OTHOCUTEIHLHO
HCU3BCCTHBIX.

BbIBecTH Pa3MEpPHOCTh B MOJYYCHHBIX (POPMyJax, CAeIaTh pacyer
OTBETOB.

[IpoaHamm3upoBaTh OTBETHl (3Ta YACTh pEIICHHUS 3aJa4dl XOTh W
3aKIIIOYHTENbHAS, HO HE camas JieTKas: HeoOXOINMO pPacCMOTpPETb,
JUI1 KaKUX cliydaeB paboTaeT moirydeHHas (GopMyia, KOrja OTBET He
nMeeT (PU3UIECKOTO CMBICNIA M PeajeH JIM MOJNyYeHHBIH YHCICHHBIN
OTBET).

®opMa npeacTaBIeHNA pe3yJbTaTa: BBINOIHEHHAs padoTa.
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Tema 2.2 TepmoanHaMuKa

IIpakTHyeckas pa6ora 5
Pemenue 3an1a4 no teme: «Illpumenenue 1 Hayaia TEpMOIUHAMUKH K
H30MpoLeccaM B ra3ax». «YpaBHeHHUeE TelJI0BOro 0ajaHcay,
«KII TenJioBbIX ABUTATEJIEH»

Hesab padoThl: HAYIUTHCS ONPENCIATH pabOTy rasa IpH Pa3IMIHBIX
M30TIPOIIECCaX, HAXOANTh BHYTPEHHIOI SHEPTHUIO I'a3a, IPUMEHATh | Hadaio

TEPMOJANHAMHUKH K U30IIPOIECCaM B rasax.

Beinmonnue paGory, Bbel Oyzere ymersn: pemars 3amaud  C
HCTONb30BaHUEM | Hadajga TePMOJMHAMUKY B IPUMEHEHUH K M30IPOIIeccaM.

MaTepnaﬂbﬂoe o0ecneueHne: CIIPaBOYHBIC MaTCPUAJIbL

3ananme:
|. Omeemumo na éonpocwi, 6610pae npasuivHbvlii omeem:
1. Kak wu3MmeHseTcss BHYTPCHHSI DSHEpPrUs WICANBHOIO Tra3a MpH
HM30TEPMHIYCCKOM CHKaTHH?
a) yBEITMINBaCTCH; B) HE M3MCHSECTCS
0) yMeHbIIaeTcs; T') OTBET HEOTHO3HAYCH.
2. Kakoe BbIpakeHHE COOTBETCTBYET MIEPBOMY 3aKOHY TEPMOJIMHAMHUKHI
B M30XOpPHUYECKOM Iporiecce?
a) AU=Q. B) AU =0.
0) AU=A. r)Q=-A.
3. Uemy paBHO U3MEHEHUE BHYTPEHHEH SHEPTUU rasa, eClld eMy

nepenaHo koaudectBo TermnoTsl 300 [k, a BHEIIHUE CHIIbI
coBepImwd Hax HUM padoty 500 Ix?

a) 200 Ix. B) 500 Ix.
6) 300 [Ix. r) 800 k.
4, Yemy paBHa paboTa, COBEpIICHHAs Fa30M TP MEPEXO0JIC U3 COCTOSHHUS

1 B cocTostame 27

o 10 20 V,wm?
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a) 10 JIx. B) 30 dx.
6) 20 Ix. r) 40 Ix.

5. CoctosiHMEe HJEAIBHOTO ra3a H3MEHWIOCh B COOTBETCTBUHM C
rpapukamu  Ha P-V quarpamme. B kakoM ciydae HM3MEHEHHE
BHYTpEHHEI sHepruu Oosbie?

P, Ia
2 2
1 1._»J
0 1 2V, Q 1 2 VW
a) B mepBom B) Bo BTOpOM
0) B o0oux cirygasx oIMHAKOBO r) OTBeT HEOTHO3HAYCH

Ot 4ero 3aBucut KIIJI TenmoBoro asurareis?

[Mouemy pacmmpenne paboyero Tena HaJO MPOBOAWTH TpH Oojee
BEICOKOH TeMIIeparype, 4eM cxatue?

Kax MOXHO MOJy4uTh ABHUraTeib ¢ MakcuManbHeM KIT/1?
[MpoGnemubiii Bonpoc: Korma (3uMoif WM JIeTOM) y JABUTATENs
mamuabel - KIIJ Belie (pacxod TOIJIMBAa HWXKE) U modyemy?
(Obcyxnenue).

1. Pewuums 3a0auu 1:

VneanbHblii ra3 nepeBend M3 COCTOSHUS C JAaBJICHHEM C JIaBJICHUEM
p1 = 204 xITa u o6seMoM V = 90 11 B cocTosiHHUE ¢ IaBieHueM P, = 170
k[la u obvemom V,= 108 1. Ompenenure W3MEHEHUE BHYTpEHHEH
SHEPTHH Ta3a B 3TOM IpoIecce.

Ha nmarpamme ToOKa3zaH TpoOLECC  M3MEHEHHUS  COCTOSHUS
(DMKCHPOBAaHHOTO KOJIMYECTBA BEIECTBA MACAIBHOTO OJHOATOMHOTO
raza. Onupasicb Ha CBOM 3HaHHsI [0 MOJIEKYJISIpHOH (u3uKke,
00BSICHUTE, KaK M3MEHSIETCsl 00bEeM ra3a 1o Mepe ero IpOX0XKACHUs
u3 cocTosHuUA 1 B cocTosiHueE 2.
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Ha pucynke npuBeneH rpadyk 3aBUCUMOCTH KOHICHTPAIIMUA MOJICKYIT
B HACHIIICHHOM BOJSHOM Iape OT TemIeparypsl. Bo ckoibko pa3s
M3MEHHTCSL BHYTPCHHSSI SHEprusi 2 M° HACBHIICHHOTO Mapa IpH
HM3MEHEHUU ero TemmnepaTypsl ot 0 1o 40°C?

n, 10%n?
'S ¥
24 |— : :
20 i

16 § ,/
V.
12 7
8

4 : -
0 10 20 30 407%.°C

Bo3nymseiit map o6semom 2500 M® 1 maccoit oGomoukn 400 Kr
UMeeT BHU3Y OTBEPCTHE, 4epe3 KOTOPOe BO3AYX B IIape HarpeBacTcs
ropenkon. Jlo kakol MHUHUMAJIBLHOM TeMIIEpaTypbl HY)KHO HarpeTh
BO3/IyX B Ilape, 4ToObl OH B3JIETEN BMecTe ¢ Tpy30oM Maccoit 200 kr?
Temneparypa okpyxaromero Bosayxa 7°C, ero miotHocth — 1,2
kv, O06070UKy 11apa CYUTaTh HEPACTSHKUMOH.

Il. Pewsums 3a0auu 2:

s mpuroTtoBienus BaHHbI cMemany 40 1 xonoaHo# Boasl mpu 10°C
¢ ropstaeit Bogoit mpu 60 °C. Kakoit 00beM ropstaeid BOIBI HalO B3STh,
9TOOBI TeMneparypa ycranoBuiach 40 °C?

B Bomy, oosemom 0,5 1, temmeparypa kotopoit 80 °C, omyckarot
ATOMHMHHUEBYIO JIOKKY Maccod 20 T. ONpelenuTh TeMIepaTypy
AMOMMHUEBOM  JIOXKKHM, €CIM B  pe3yilbTare  TeIuIooOMeHa
ycraHoBuiach temmepatypa 40 °C.

Cwmemanu 100 1. cBUHIIOBBIX onuiiok npu temmeparype 50 °C ¢ 50 r.
TIOMUHHUEBBIX ONMUJIOK Ipu Temmeparype 70 °C. Kakosa Temmeparypa
noy4uBILeiics cmecu?

B cocyn, comepxkamuii 1,5 kr Boxel mpu 15 °C, Bmyckaror 200 T
BoasgHoro mapa mpu 100 °C. Kakas obmas Temmeparypa yCTaHOBHTCS
B pe3ysbTaTe 3TOro?

B cocyn, conepxamuit 2,8 11 Boasl mpu 20 °C, OpocaroT Kycok cTaln
Maccoi 3 kr, Harpereiii no 160 °C. Omnpenenutere Mmeparypy,
YCTaHOBMBLIYIOCS B pe3yJIbTaTe TEII00OMEHa.

B cocyn, comepxkammit 3,5 1 Bonbl, gonuBaioT 150 r cnupra npu
temnepatype 20 °C. Omnpenenure TeMmmeparypy BOIbL, €CIH B
pe3ynbTare CMENMBaHus yCTaHOBUIIach Temmeparypa 18 °C.
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Beuwecmeo Yoenvnaa mennoemrxocmo K/loc/(k2-K)é
ANIOMUHAN 0,88
Mens 0,38
CBuHEI 0,13
Cranp 0,46
Bona 4,2
Crupt 2,4
7. KII[l rteruoBo#f MammHbl, paboTatomeil 0e3 NOTeph JHEPTHH,

SIBIISIETCSI MAKCUMAJIBHBIM, €CJIH €€ PaO0UMii IIMKII BKIIIOYAET:
a) ZBe anuabarsl, 1BE H30XOPBbI;
0) aBe n300apbl, IBE H30XOPHI;
B) JIBE U30XOPBI, IBE H30TEPMBI;
T) IBE U30TECPMBI, 1BE anadaThL.

8. TennoBoit nBurarens ¢ KIIZ, paBubiM 40%, 3a LMKI COBEpIIAET
mone3Hyto pabory 200 JIx. Kakoe KOMTHYECTBO TEIUIOTHI IMOIydaeT
JBUTATENIb OT HarpeBaTeys?

9. TennoBasg MamIMHa IMOJyyaeT 3a LUK OT HarpeBarens KOJIHYECTBO
ternoTsl 100 Ix u otaaer xomomwibHUKY 75 k. Uemy pasen KIT/I
MalIuHbI?

10. KakoBo MakcuManbHO BO3MOKHOe 3Hauenwe KIIJ[ TtemmoBoii
MalllHbI, MCIOJIB3YIOLIeH HarpeBarenb ¢ Temmeparypoir 427°C u
XOJIOAWIBHUK ¢ TeMmepaTtypoi 27°C?

11.  TemmepaTypa HarpeBaTels HICATBFHON TEIUIOBOW MAIIMHEI B 2,5 pasa
OounpIie TEMHEpaTypsl XOJNOAUIbHUKA. UYeMy paBeH MaKCHMallbHbIH
KII mamuab?

Kparkue Teoperndeckue cBeIeHUs:
[IpumennMm k ra3zy | Hadaa0 TEPMOIMHAMUKY:
Q=AU+A

rae Q — remioTa, cooOEHHAs ra3y,

AU — n3MeHeHne BHyTpEHHEN SHEeprum rasa,

A — paborta, coBepIIEHHAs Ta30M.

Ilo ycnoBuro 3amauM Ta3 CXKMMAeTCs BHE3amHO. DJTO 3HAYHUT, YTO
TEIUI0OOMEH C OKPYIKAFOIIEH cpenoi He mpoucxoaut, 1 Q=0.

IMpouecchbl, mpoTekaromMii MpH OTCYTCTBHM TEIIOOOMEHa ¢
OKpPY’KaloIIel Cpenol, Ha3bIBAIOTCS A0UAOAMHbIMU.

Torma AU+A=0

[epermmem pasencrBo B Buge: AU-A'=0 rme A'=-A — paborta,
COBEpIIICHHAS Ha0 Ta30M IPH €T0 CKATUH.

IMomyuaem: AU=A"

CrenoBaTenbHO, HPU GHE3ANHOM CHCAMUU 2A34 €20 GHYMPEHHAS
IHepus yeenuuumc.
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BHyTpeHH?[H OHEPrus UACAJIbHOTO I'ada onpeAeIsICTC 110 (bopMlee:
U=[1/(y-1)]*v*R*T

TJIC Y - MOKa3aTelb anuadaThl rasa,

V - KOJIMYECTBO BEICCTBA I'a3a,

R - MonbHast ra30Bas MOCTOSIHHAS,

T - Temrieparypa rasa.

OO0 yBenudyeHNN BHYTPEHHEH YHEPTUU Tra3a OyneT CBUAETEIECTBOBATh
MOBBILIICHUE €r0 TEMIIEPATyPhl.

Tennoevie Mauwiunbl u pazeumue MexXHUKU.

PasBuTHe SHEPTETUKHU SBJISCTCS OJHOW M3 BaXKHEHIINX MPEANOCHUIOK
HAY4HO-TEXHHUYECKOro mporpecca. MOUIHBIA paciBeT NPOMBIIUICHHOCTH U
Tpancropta B XIX Beke ObL1  CBS3aH C  HM300pETCHHEM |
YCOBEPILICHCTBOBAHUEM TEIUIOBBIX JIBUTATEIICH.

TensioBble IBHUraTeNd — yCTPOMCTBA, MpeoOpasyroniue BHYTPEHHIOKO
SHEPTHIO TOIUIHBA B MEXaHHYECKYIO.

[puHIMI paboTH TEIIOBBIX ABUTATEICH.

B pabote Bcex mBurateneid MOXKHO BBIACIUTH CICAYIONINE OOIIHe
YEePTHI: IHEPTUS TOILUTUBA —> MEXaHHUYECKAs SHCPTHSL.

[Ipu 3TOM PHEprUs TOILIMBA CHAadYalla MPEBpAIacTCs BO BHYTPEHHIOKO
SHEPTHIO T'a3a WIH Napa, HarPeThIX 10 BRICOKOH TeMIepaTyphl.

Heo0xonnmo Hanm4we ABYX TeJ ¢ pa3IMIHBIME TeMueparypamMu. OHu
Ha3bIBAIOTCS HarpeBaTelieM M XOJOAWIbHHUKOM. Kpome Toro, HeoOXoaumo
pabouee Teno (map wim ras).

B nporecce paGoThl TEMIOBOTO ABUraTeNs padodee Teno 3abupaer y
HarpeBaress HEKOTOpOe KOJIMYECTBO TEILUIOTH Q; M MpeBpaliaeT 4acTh ero B
MEXaHMYECKYI0 DJHEprul0 A, a HeNpeBpalleHHYI0 YacTh TeIoTel Q,
nepeaeT X0JIOAUIbHUKY.

[To 3akoHy coxpaneHus u npespaieHus sHeprun A=Q1-Q,

Pabora mo60ro TErIoBoro ABUraTeNs MUKITHIHA.

- Kaxp1if UK COCTOUT M3 Pa3HBIX MPOIECCOB!
- MTOJTyYCHHE SHEPTUH OT HarpeBaTels;
- pabodero xona (pacmmpeHus paboduero Teia W MPEBPANICHUS YACTH

MTOJYYCHHOM YHEPTHU B MEXaHHYECKYIO);

- nepeiaui HeUCII0JIb30BaHHOW YaCTH XOJIOANIbHHUKY.

Hannume HarpeBatens, paboudero Tena ©  XOJNOAWIBHUKA —
MIPUHIUIIHATBHO HEOOXOIUMOE YCIOBHE I HEMPEPHIBHOW ITUKIMYSCKON
paboThI THOO0TO TETUIOBOTO IBUTATEIIA.

KII[ remioBoro nuratess
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KonuuectBo TCIUIOTHI, KaK U BCC APYTrUe€ BUABI SOHCPIUU, UBMEPSICTCA B

cucreme CU B Ixoymax: [Q] = k. (3mech m B manbHEHIIEM €XWHUIIBI
m3Mepsrores B cucteme CH.)

Hazpesanue unu oxnaxcoenue
[lpu HarpeBaHWHM WM OXJAXKICHUH TelNa KOJHMYECTBO TEIUIOTHI,
TIOTJIOIIAEMOE FITH BEIICISIEMOE UM, PACCUMTHIBACTCS 110 POpMyIIe:

Q= Cm(tz _tl)

rJe M — Macca Tea, Kr;
(t,— t;) — pasHocTh Temmepatyp tena,’ C (umu K);
C — yeNbHas TEIIOEMKOCTh BEIIECTBA, U3 KOTOPOTO COCTOUT TENO,

Lo Lo

ke-°C ke K

Yoenvnas mennoémxocmo eewecmea — 3TO KONWYECTBO TEIUIOTHI,
KOTOpPOE€ HYKHO COOOIINTH OJHOMY KHJIOTPaMMy JIQHHOTO BEIECTBA, YTOOBI
YBEIMUYUTh ero Temmeparypy Ha 1° C (WM 3TO KOJMYECTBO TEIUIOTHI,
KOTOPOE BBIICISICT OJJMH KWJIOTPAaMM JaHHOTO BelecTBa, ocTeiBas Ha 1° C).

Hanpuwmep,
Csodbl = 4200 ﬂo}c ' 60a, 600SHOZONP A = Zlooﬂ—gfc
ke-°C e cococone ke-°C
C. e =140 A , C,, =380 Hore
Ke-° “ ke-°C
C‘)IC‘@/I@.?(I emam 460& ! Camommmﬂ = 920&
( ' xe-°C xe-°C

3HaueHus YACITBbHBIX TEINIOEMKOCTEH APYTUX BEIIECTB MOKHO HaWTH
B CIIPABOYHUKAX, 4 TAKKC B IIKOJIbHOM y‘l€6HI/IKC WK 3aJa4YHUKE.
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[Tpn HarpeBaHuy Tena ero BHYTPEHHSS SHEPIHs YBEIMYUBAETCS. DTO
TpeOyeT MPUTOKA YHEPIHH K TEIy OT APYTUX Tes. 3HAYUT, OHO IOIJIOIIAET
HEKOTOpPOE KOJIMYECTBO TEIUIOTHI, TpPHHUMas €ro OT JpYrux Tell,
Y4YacTBYIOIINX B TEILIOOOMEHE.

Ilpn oxnakaeHWW Tena ero BHYTPEHHSSI JHEPrHsl yMEHbIIACTCS.
ITosTOoMy ocThIBatomee Teino OTAAET KOMY-THOO HEKOTOPOE KOJIMYECTBO
TEIIOTHL.

OOBIYHO KOHEYHYIO TEMIIePaTypy, YCTAaHOBHBINYIOCS B pe3yJIbTaTe
TEII000MeHa, 0003HAYAIOT rpeuecKol OyKBoii @ (TaTa).

ITopsinok BbINOJIHeHHsT padoOThI:

1. BHuMaTensHO NpoOuYUTaTh TEOPETHYECKYI0 YacTh U IUIAH PELICHUS
3a1a4y

2. PaccMmoTpeTs npuMeps! pelieHus 3a1a4

3. OTBeTUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

4. [Tomy4yuTh U BEINOIHUTH UHIUBHIyaJIbHbIC 3aJaHUS.

Cnocobwt  pewenus 3adau (u  anzopumm @
deiicmeuii) Ha nocmpoenue 2pagurKos u3onpoyeccos 6
ocax PV,PT ,VT, ecau npeocmagénen ooun u3

epagukos

JUnst Kaxx1oH 3a/1aui XapaKTePEeH CBOW aJITOPUTM PEIICHHS ! 3
1. 3anucate ypaBHeHUe MenneneeBa-Knanelipona -

2. Amnanus rpaduka. ¢ 4
3. Hauate mocTpoeHne ¢ TOYKM TakKUM 00pa3oM, 4TOOBI OT Hee MOXKHO

OBUIO «UATH» CBOOOJHO B JIFOOOM HaIlpaBiICHUH
I'paduk ¢ JOTIONHUTETHHBIMU YCIOBUSIMHU

v

;-
d o
it

I'padnueckue 3a7aun Ha CpaBHEHNE MAaKPOCKOITMYECKUX BEJTUIHH:

CpasHenue MAKpOCKONUYECKUX RAPAMEMPOS UCHOJIb3YA ZPaguKu
(usoodapa, usoxopa, usomepma,).
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Anroputm:
BriOpaTh 0/1HY M3 BEMYUH NOCTOSIHHON
IIpoBecTH NTMHUIO COOTBETCTBYIOIIYIO 3TOMY 3HAYEHHUIO,
Tam rme JsumHHA 1mepecekaeTcs ¢ rpadUKaMu, — OIYCTHTh
MEePIEeHANUKYIIP Ha BTOPYIO OCh.
CpaBHUTH 3HAUCHUS BEJIUYHH.
N nopcraBute B ypaBHeHue MenneneeBa—KianelipoHa BBISBUTH
3aBUCHMOCTD JJISl ICKOMBIX 3HaUCHHH

\ 4

Pewenue 3a0au na cpagnenue napamempos 2a3a
1. Ha pucyHke npuBeneHs! rpaduKH JBYX H30METPHIECKUX

MIPOLIECCOB, MPOBOJUMBIX C OJHOM M TOH k€ Maccoi raza. Cyns no
rpadukam,

MOJIEM UACAJIBHOT'O rasa. e

COCTOSIHUY Ta3a €ro JIaBJIeHUe 60mbIIe?

1. o0a mpouecca UIYT NPH OJHOW U TOM jXe TEMIepaType;

2. Bmpouecce 1 ra3 Hauax pacIIUpsThCs MO3KE, YEM B Iporiecce 2;
3. mpouecc 1 uner npu Gosee BHICOKOW TeMIEpaType;

4. mpouecc 2 uaer npu Ooiiee BBICOKOH TeMIieparype.

p,klla

800
600
400}.-
200 ;
0 2 3 4 Vn

Ha VT—nuarpamme n3o0paxeH Mpoiecc, MPOU3BOJAUMBIN Haj OJHUM

2. B kakoM wu3 4YeThlpex 0003HAYEHHBIX / i

0 T
®dopma npeacTaBiIeHNns pe3yJbTaTa: BHIIOJHEHHAs padora.
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N

Tema 3.1 JuekTpocTaTuKa

IIpakTHuyeckas padora 6
Pemenue 3a1a4 o teme: «JIEKTPOCTATHKA»

Heab padoThI:

IloBTOpUTH  OCHOBHBIE  TEpMHHBI H  (GOPMYyIBl  paszena
«DNMEKTPUIECKOE TTOTIEH.

CdhopmupoBaTh yMeHHE IPUMEHATH (HOPMYITBI IPH PEIICHUH 3a1ad.
Pa3zBuBaTh JOTHMYECKOE MBIIUICHHE, NaMsATh, BHUMAHHUE; YMEHHE
paccyxaTh ¥ BBIICIAT TTIaBHOE.

Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.

BeinonHus padoty, Bel Oyaere yMern: pemiarth 3ajJadd Ha 3aKOH

COXpaHCHHUA  JJICKTPUYCCKOTO 3apsdia Ha JABMXKCHUE W PAaBHOBECHUC
3apsHOKCHHBIX YacCcTUILl B DJBJICKTPUYECKOM II0JIC, PpacCUCT HaIpPAKEHHOCTH,
HapsKECHU, IOTCHIMAJa, 3JICKTPOCMKOCTH KOHACHCATOPOB.

MarepuanbHoe o6ecrniedeHHe: CIIPAaBOYHBIC MaTEPHAIIbI

3aganue:

|. Pewuums 3a0auu:

Hanpspxerne mexay nonrocamu 06atapen akkymystopos 40 B. kakoit
3apsAn  MONYYUT KOHAeHcatop eMkocTeio 500 Mx®d, ecnu ero
COEIMHUTH C MOJFOCaMHU 3Toi OaTapen?

JlBa OOMHAKOBBIX MAaJIEHBKMX IIapuKa, OONAaloIUX 3apsAgaMu
6*10° Ko u -12*10° Ki1, naxomsres Ha paccrosHuu 60 cM Apyr OT
npyra. OnpenenuTe CITy B3aUMOAEHCTBUS MEXIY HUMH.

IIpu nepememniennn 3apsina 2 Kin B 31IeKTpruecKoM IOJI€ CHJIBI,
JICUCTBYIOIME CO CTOPOHBI 3TOTO IOJs, coBepmnian padory 8 JIxk.
Yemy paBHa pa3HOCTH MOTEHIIMAIOB MEXJy HadyaJbHONH M KOHEYHOH
TOYKaMH IMyTU?

Ilpn mepemerneHNM 3IEKTPUYECKOTO 3apsiia MEXIy C TOYKaMH C
Pa3sHOCTBIO MOTEHIMAJIOB 8 B cmibl, nefcTBylomue Ha 3apsii co
CTOPOHBI 3JIEKTPHUYECKOT0 MOJIsA, coBepurmiu pabory 4 JIx. Yemy
paBeH 3apsia?

HanpsokeHnne Mexay [OByMs TOPH3OHTAJIBHO —PACIOJIOKEHHBIMU
mwractuaaMu 600 B. B mose 3TuX miacTWH HaXOJUTCSA B PaBHOBECHU
3apsOKEHHasl MBUIMHKA — Maccoi 3*10®r. Paccrosmue MEXIY
mwractuaaMu 10 cMm. OmnpenenuTe 3apsi NBUTHHKH.

Konnencarop emkoctsio 0,02 Mk® coeaMHUIN ¢ UCTOUHUKOM TOKa, B
pe3ynbTaTe 4ero OH MpHOOpeN 3apsm 10° K. Onpenenure 3HaYeHUE
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HaPpsOPKECHHOCTHU 1OJId MCEXKAY I[UIACTUHKAaMWU KOHACHCATOpa, €CJIr
pacCTosIHUEC MEKAY HUMU 5 MM.

KpaTKne TCOPETUYECCKUE CBCACHUSA 3akoH KyJ’IOHa B BaKyyMe€:

Fokdd __ Gl
r’ Az’

3akon KymnoHa B cpene:

£y % _ G0,

ar? 472'680I’2

HaHpH)KeHHOCTL QJICKTPHUUCCKOI'O MOJIA:

E=

o |

HaprDKeHHOCTB DJICKTPHUUICCKOIO MOJISL TOYCHYHOT'O 3apsaja:

SR S B
Areeg, ¥ &r

3aKoH coXpaHEeHHUsI STEKTPUUECKOTO 3apsiia:
g=0,+0,+..+0,
PasHocTh MOTEHIIMAIIOB!
A
P -, =Ap=—
q
IToreHunan ToueyHoOrO 3apsa:
_ a4y

4ree ¥

CBs3b MOTCHIIMAJIa U HAIIPSXKCHHOCTU:

a
er

30



DIIEeKTPOEMKOCTb KOHJIEHCATOPa!

C= q
O, =P,

DHeprus 3apsHKEHHOT0 KOHAEHCATopa:

W = Ao, —9,) _ qu

2 2
Iopsaok BpInoIHEeHUs PadoThI:
1. [lepen pemeHHeM 3amad IO BapHaHTaM, Ha IOCKE BBIUCHIBAIOTCS
(bOpMyIIBI IO TaHHOU TeMe.
2. [TpoBecTH aHAIN3 BEJINYHH, BXOISAIIHX B GOPMYIIBL.
3. Pemenne 3amad mo BapuaHTaM (CaMOCTOSITEIbHAS paboTa).

Xona paboTsI:

1. PaccraButh cuibl, IEUCTBYIOLIME HA TOUYEUHBIH 3apsijl, IOMELICHHbIN
B JJIEKTPUYECKOE IIOJIE, M 3alUCATh U1 HETO YCIOBUS PaBHOBECHUS
WJIM YPAaBHEHHE JUHAMUKU MaTEPUAIbHON TOUKU.

2. BbIpa3uTe CHIIBI 3JEKTPHUUECKOTO B3aUMOACHCTBHS dYepe3 3apsibl U
XapaKTEePUCTHUKH MO U OJCTaBUTh B HCXOJHOE ypaBHEHNUE.
3. Ecimm  npu  B3auMOJEHCTBUM  NPOUCXOOUT  HEpepacHperescHue

ANEKTPHUYECKUX 3apsiOB, TO CJIEIyeT AOOAaBUTh ypaBHEHHE 3aKOHA

COXpaHEeHMs FJEKTPUUECKOTO 3apsija.

4, [lonydyeHHyro  cucTeMy  YpaBHEHMH  PEIIUTh  OTHOCHUTENIBHO

HEW3BECTHOH BEITUYHHEI.

II Tun. 3agauu Ha pacyeT MoJiel, CO3aHHBIX TOUYEYHBIMU 3apsaaMu,
pemarTcsl ¢ y4eToM TPHHIHUIA cyrneprno3unuu mnoyeil. Ocoboe BHUMaHHUE
clenyeT oOpaliaTh Ha BEKTOPHBIN XapaKkTep HAMPSKEHHOCTH U IIOMHUTh, Y4TO
3HaK Iepe;] NOTeHIINAIOM OTPeIeNsieTCs 3HAKOM 3apsijia, CO3/Ial0IEero MOJu.

IIT Tun. 3amgauu o0 3apsHKSHHBIX TeJlax, pa3MepaMH KOTOPBIX HENb3s
npenedpeus. Eciu pedys uaerT o IIoCKuX KOHJICHCATOPAaX, TO:

1) cremyer YCTaHOBUTh THII COCIAWHEHUS: BBIACHUTH, KaKHE
KOHJIEHCATOPBI COEMHEHBI MOCIEN0BATEIBHO, KaKHE — NapaJJIEIbHO.

2) COCTaBUTh YpaBHEHUs, CBS3BIBAIOIIUE 3apsapl U HANpPsHKCHUE Ha
KoHZeHcaropax. CregyeT ydecTb, 4YTO, €CIM IUIOCKMM KOHAEHCATOp
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MOJIKIIFOYUTh K UCTOYHUKY TTHUTAHUS, 3apSJAUTh €ro, a 3aTeM OTKIIOYHUTh, TO
IpH W3MEHCHHH €M KOCTH KOHJCHCATOpa BCICJACTBHC PAa3IBHKCHUS
(cOnmeHus) TIACTHMH, BHECEHMs (yOAJCHUs) IMIJICKTPUKA, 3apsja  Ha
KOHJICHCATOpe He MeHseTcs. Eciu KOHICHCATOp MOAKIIIOYCH K HCTOYHHKY
MMOCTOSIHHOTO HAIpPSDKEHHUS, TO TMPH BCEX YKA3aHHBIX BBIINIC HM3MEHCHHSIX
E€MKOCTH, HAaNpsOKCHHE MEXIy OOKIagKkaMH KOHJCHCATopa OCTacTCs
HEM3MEHHBIM. B ciydae, eciau Mexmy oOKJIaAKaMH KOHIEHCATOpa BCTABISIOT
(BBIHIMAIOT) HE3apsDKEHHYI0 METAJUIMYECKYIO IUIACTHHY, HE 3aMBIKAIOIIYIO
KOHJICHCATOp, OO0JIAaCTh IUIJICKTPUKA MEXKIY OOKIagKaMH YMEHBIIAeTCs
(yBenmmumBaetrcsi) Ha O0BEM 3TOW IUIACTHHBI, KaK €CIM OBl MBI COMIDKaIN
(pazaBuranm) oOKIaAKA KOHIEHCATOPA;

3) B IJIOCKOM KOHJICHCATOPE OJHY IUIACTUHY MOXKHO paccMaTpUBaTh
KaK TeJI0 C 3apsJoM (, MOMEIIEHHOE B OJJHOPOJHOE JJIEKTPUYECKOEe MOoJe C
HEKOTOPOH HAIIPSHKEHHOCTBIO, CO3IaHHOE JPYTOM TUIACTUHOM.

1V Tun. CMmemanHbIe 3aJa4u.

®dopma npeacTaBIeHHs pe3yJbTaTa: BBIIOIHEHHAs paboTa.
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Tema 3.2. 3aKOHBI IOCTOSTHHOIO0 TOKA

IIpakTnuyeckas padora 7
Pemenue 3ana4 no reme «CMelIaHHOE COeJHHEHHE IPOBOTHUKOBY,
«3axonsl Kupxroga»

Heabr padoThI: HAYYUTHCS «UUTATh» CXEMBI, HPH CMEIIAHHOM
COCAWHEHUH; OMNpEeNeNATh OoOIlee CONpPOTHBICHHE IENH; HAaXOIWUTh
pacIpeseneHe TOKOB U HaPsDKCHNUH NTPH Pa3INYHBIX BUAAX COSTUHEHUSL.

BoinotnuB padory, Bel 6yaere ymerb:
- pelaTh 3a/1aud Ha CMEIIaHHOE COeAMHEHNE TIPOBOIHUKOB.

- pacCUUTBIBATh NapaMETPbl OTACIBHBIX U KOM6I/IHI/IpOBaHHI>IX LeIei.

MarepuaibHoe oGecniedeHue: CIPAaBOYHbIE MaTEPHAIIbI

3ananme:
. Omeemums na eonpocut:

1. ChopmynupyiiTe 3aKOHBI TAPATLIICTHHOTO U MOCIEA0BATEILHOTO
COCIMHEHUS TPOBOIHMUKOB U 3aITUIIIUTE HA JIOCKE.

2. HauepTtuth cxemy 3JIeKTPUIECKOM IIETTH, COACPIKAIIHIA IAMITOUKY,
KJIIOY, HICTOYHUK TOKA.

3. Kak W3MEHHTCS CONPOTHBJICHHE DICKTPUYCCKOW IICMH, ECIH

MOIKIIOYUTh K JFOOOMY 3BEHY II€MM CIIe OHY JIAMIIOYKY:
a) MOCJIeI0BaTeNbHO; 0) mapaienbHO?

4, HpI/I II0CJICA0BATCIIBHOM COCIUHCHUU ABYX IMPOBOJHUKOB,
COTNPOTHBJICHUST KaXIOTO0 M3 KOTOpbIX 2 OM, cuia ToKa B IIENH
cocraBmger 0,2 A. CKOJIBKO aMIep COCTaBHUT CHJIa TOKa B
HEpPa3BEeTBJICHHOW YaCTH IIEMH, €CIIA Te K€ MPOBOTHUKH COCIUHHUTH
napaiensHo? HampspkeHue B 000HX cydasx OQHHAKOBO.

5. Conporusnenue nepoi ynammnel 10 Owm, Bropoit nammel — 20 Ow,
TpeTheil nammnel — 30 OM. Yemy paBHO CyMMapHOE COIPOTUBIIEHHE
nammn?

~
l 2
J
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1.

1. Pewuume 3a0auu:
Onpenenure CONMPOTUBICHUE Y4YacTKa IICMH, MPU COCAWHCHHU B
toukax B u I, ecnmu R1=R2=R3=R4=2 Om

Wzmenures COINIPOTHUBJIEHUE YyYacTKa OENH IPU COCAWHCHHUU B

Toukax A u C?

2.

4,

UeTblpe OIMHAKOBBIE JIaMIIBI CONpPOTHBIECHHEM 15 OM kaxnas
COCOMHEHBI TaK, KaK II0Ka3aHO Ha pPUCYHKE, W, MOJKIIOYEHBI K
HCTOYHUKY MHocTosiHHOro HampspkeHus 20 B. Kak u3meHuTCs Hakan
KaXJI0M U3 JIaMII, eciu Jamna 4 neperoput?

Y4acTok IerH, KOTOPIH COCTOUT U3 YETHIPEX PE3UCTOPOB, TMOAKIIOUEH
K UCTOYHHKY ¢ HampspkeHueMm 40 B (cm. Puc. 2). Beraucaure cuiry Toka
B pesuctopax | um 2, HampspkeHune Ha pesuctope 3. CompoTuBieHHE
nepBoro pesucropa paBHO 2,5 Om, BTOporo u tperbero — mo 10 Owm,
yeTBEépTOTo — 20 OM.

Hdano: Ri=2,50m; R,=R3z=100m; R,;=200m; U=40B

HaiiTn: |1, |2, U3

R2

- [ 1

R R3 R4

Haiinute momHoe compotuBiaenne nenu (cm. Puc. 3), ecmm
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CONPOTHUBIICHUE PE3UCTOPOB
R1:R2:R5:R6:3OM, R3:2OOM, R4:24OM

Haiinure cuny Toka, uaymero 4yepe3 Kaxablii pe3ucTop, eciu K Lenu

MIPUIIOKEHO HampskeHue 36 B.

Jano: R1=R,=Rs=Rs=30M, R3;=200Mm, R;=240Mm, U=36B
Haiirn: Ila |2, |3, |4, |5, |61 R

6.

R1 R2
R3 R4
T} 1
R6 RS

Kparkue Teopernueckue cBeieHU:
IIpn  mocienoBaTenbHOM — COENMHEHWHM — NPOBOJHUKOB  oOIee
COTIPOTHUBJIEHUE yYacTKa PaBHO CyMME COTIPOTHBIICHHUH MIPOBOTHUKOB:

R=R;+R,+...
IIpu mocnenoBaTeNbHOM COEAWHEHHM MPOBOJHUKOB CHIIBI TOKa B
Ka)XJOM M3 IPOBOJAHUKOB PaBHbI M paBHBI OOIIEH cmie TOKa Ha
Yy4acTKe LEeNu:

1=l 1= |2= e

I[Ipy mocnenoBaTenbHOM  COEAMHEHMHM  MPOBOJHMKOB — CyMMa
HaNpsKCHUH paBHA 00IIeMy HAMPSDKEHHUIO HA YJacTKe IIeTIH:

U=U1+ |2+ .
[Ipu mapasniensHOM COSMHEHUH MPOBOIHUKOB 001I[asi MPOBOAUMOCTH
y4acTKa paBHa CyMMe€ IPOBOAMMOCTEN MPOBOJHUKOB!

1.1,
R R R,
IIpu mapannenbHOM COEJUHEHUHM NPOBOJHHUKOB CyMMa CHJI TOKOB
paBHa 001Iel cule TOKa Ha y4acTKe LIEIH:
=1+ 1+, ..
IIpy mnapamienbHOM COEIMHEHUM IPOBOJHUKOB HAIPSDKEHUS B

KaXXJ10M U3 NPOBOJHUKOB PABHBI U PABHBI 06meMy HaIIpSPKCHUIO Ha YYacCTKE

IIEITH:

U=U=1,=...
ITopsA0K BBINOJIHEHUS] PpadOThHI:
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1. Ilepen pemreHweM 3a7ay MO BapUaHTaM, HA JIOCKE BBIMHCHIBAIOTCS
(hopMyIIBI IO TAaHHOH TeMe.

[IpoBecTr aHaMKM3 BETUYMH, BXOJIAIIUX B (HOPMYJIBL.

3. Pemienue 3amay mo BapuaHTaM (CaMOCTOSITEIbHAS paboTa).

N

Xoa padotbi:

[lpu pemennn 3amad Ha CMEIMIAHHOE COENWHCHHWE IPOBOJHHKOB
OOBIYHO COCTAaBJIIOT TaK Ha3bIBAEMbIE DKBHUBAJIEHTHBIE CXEMBI, BBIACIISS
YYaCTKH C TOCJIEOBATEIEHBIM U MMAaPaJUICITbHBIM COCIMHEHUEM.

Ilpumep 1
fiy= 6 iy fty
— R+
—__F

Comporusinenne R;, 3aMeHWIO BBIACICHHBIA Yy4YacTOK IIeTH, B
KOTOPOM J1Ba MPOBOJHUKA COECUHEHBI NapaliIebHO.

Torma MBI MOXEM HAaWTH CONPOTUBJIEHUWE JTOTO YydacTka C
TapajuiesIbHbIM COEAMHEHUEM MTPOBOIHUKOB:

_ Rj_R: _6'12_
“ R, +R, 6+12

R

A Tenepb BHUJIHO, 4TO npoBoIHUKH R;, 1 R3 coenunens!
mocienoBarenbHo. O0IIee COMpOTHBIICHIE PABHO
R=R;;+R3=4+2=6.

Ilpumep 2.

B nanHoM ciydae HY»HO pa3BEpHYTh CXEMY, JABUTAsChb OT TOYKH K
Touke. BunHo, yto B Touke b cxema pa3BerBisercs, a B Touke B BeTBuH
coequHSIOTCS. TakuM 00pa3oM, SKBUBAIICHTHBIC CXEMbI OYIYT HMETh BH/I:
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1

R, Rz u R4 coennHEeHBI 1oCie10BaTeIbHO.
H03TOMy R2,3,4 = Rz + R3 + R4 =1+10+1=120m.
R, 34 11 Rs coenunens! mapamiensHo. [loatomy

R,

-5

R2,3,4R5 12 * 8

Ry.s+Rs 12+8

3akonbl Kupxroga npu pemennu 3agayq

3aganue:

Pewums 3a0auu:
CKONBKO Y3JI0B, BETBEH M KOHTYPOB HMEET JJICKTPHUYECKas Ielib,

n300pakeHHast Ha pUCyHKe?

|

| S
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2. Hamummmre ypaBHeHHE corjiacHo IepBoMy 3akoHy Kupxroda mis
y3J1a, U300pa)KEHHOTO Ha PUCYHKE.

L
4 JA

iy

3. Hapucyiite anekTpudeckuil y3ein, Ajii KOTOPOIO COIJIACHO NEPBOMY
3akoHy Kupxroda cocraBneHo ciemyrouee ypaBHCHHE:
I1+12-13+14-15-16=0
4. Hammmure ypaBHEHHs corjlacHO BTOpoMy 3akoHy Kwupxroda mis
KOHTYpa 0-B-T-1.

RI . R2
g
| Sy | I 1
E 1—: R3 b-z_.__.'
T R4 T
: —
¢ d e 2
5. B aieKTpuuecKoi Iemn, cxemMa KOTOpPOM TNpHBEIeHa Ha PUCYHKE,

pe3ucropbl uMeroT conpotuBiaeHust R1 =2 Om, R2 =3 Om, R3 =6 Om, R4 =
10 Om. Ompenenute OOLIHIT TOK B HENH, €CITH HAMPSDKEHHE MEKIY TOUKAMHU
A u b paBHo 24 B.

]

I

- 1
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KpaTtkue TeopeTuueckune cBeeHUsI:

Jlnst pacyera TOKOB B Pa3IMYHBIX BETBSX JIF000H pa3BETBICHHON 1IETTH
C TIPOU3BOJIBHBIM YUCIIOM UCTOYHUKOB U ITOTPEOHTEINICH HEOOXOAMMO 3HATh U
puMeHsTh 3akoHbI OMa u Kupxroda.

OmpenenyM, 4TO Takoe BETBb M y3el. ToYKa BIIEKTPUYECKOH Lenu
Ha3bIBACTCS Y3JIOM MM TOYKOW Pa3BETBIICHUS, €CIIM B HEW COEIMHEHBI TPU
i OoJbIIee YHCIIO IPOBOAOB (BeTBeit). (puc.1).

BerBb 3JIeKTpHYecKOil WLeNnM — 3TO YYacTOK, pPacHOJIOKEHHBIN
MEXITy IBYMS y3JIaMH.

2 13w

Puc. 1

[Ipu MOCTOSHHBIX TOKaxX B LEMM HU B OJHOW M3 €€ TOYEeK HE MOTYT
HaKaIUIMBaThCs DIIEKTPUYECKUE 3apsibl, TaK KaK 3TO BBI3BAJIO Obl U3MEHEHUE
MOTEHIMANOB ToueK wnend. ClenoBaTenbHO, HISKTPHUYECKUE 3apsjbl,
MIPOTEKAIONINE K KaKOMy-JIHOO y31y B CAMHMILy BPEMEHH, PaBHBI 3apsjaaM,
YTEKaIOIUM OT 3TOTO y3JIa 3a Ty XK€ CAWHHILy BPEMEHH. JTO IOJO0KEHHE
BEIpa)kaeT mepBblii 3akoH Kupxroga, kotopsrii popMymupyercs Tak:cymma
TOKOB, HallpaBJICHHBIX K Y311y, paBHa CyMME TOKOB, HAIIPABJIEHHBIX OT HETO.

Hanpuwmep, st y3ma A MOXXHO HalmcaTh:

I+ 1=13+14+s,
WY TIPUJIAB YPABHEHHIO IPYTOM BUJ, TIOJTYYHM:
[1412+(-13)+(-15)+ (-15)=0,

a B obomem Bupe XI=0, T.e. anreOpamdeckas cymMMa TOKOB B y3Jie paBHa
Hymo. Ilpp 5TOM TOKHM, HampaBJeHHbIE OT Yy3J1a, CUYHTAIOTCS
OTPHIATEIEHBIMH.

BcnomHrM  OCHOBHBIE CBOHCTBA  IOCJIEIOBATeIbHOIO W
TapauIeIbHOTO COCJMHEHNH NTPOBOIHNUKOB, IIPUEMHHKOB HEPTHH.

IMocnenoBaTeIbHBIM COETUHEHUEM NPOBOAHMKOB — TPHEMHHUKOB
JNIEKTPUYECKO  JHEPTMM  HA3bIBACTCS  COCNUHEHHE, TMPH  KOTOPOM
ANIEKTPONPUEMHHUKH COEJMHEHbI OJIMH 32 JIPYruM Oe3 pa3BeTBICHUI M NpHU
HAJTMYUK UCTOYHMKA MMUTAHUS 110 HUM IIPOXOJUT OJIH M TOT XK€ TOK:
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|:|1:|2:|3 (pI/ICZ)

LIL ] Lz w3
=l
]
- = |
“l i ri ri ra
i fn—
Puc. 2

I[lo 3akoHy COXpaHCHHs JSHEPrHM, OJHEPTUsA, 3aTpavycHHas Ha
TepeMeIIeHie eIMHIYHOTO 3apsiia BIOJb BCEil IenH, paBHAa CyMMe SHEpPTHH.
3aTpaueHHBIX Ha TEpEeMEIIeHHe TOTO K€ 3apsla Ha BCEX y4JacTKax IIeTH,
T.C.HAaNPSDKCHUE Ha 3aXMMax [eNH paBHa CyMME HANpsKCHHH Ha BCeX
yaactkax ee: U=U;+U,+U;

CompoTtuBieHHe I  Ha3plBaeTCs  AKBUBAJEHTHBIM  (0OIINM)
COMPOTHUBJICHUEM IICTIH, T.C. TAKUM, 3aMCHa KOTOPBIM BCEX COMpPOTHBICHHMA
end  Npd  HEM3MEHHOM  HANpsOKCHHMM  HE  BBI3BIBACT  CHUIBI
TOKa. DKBUBAJICHTHOE COMPOTUBJICHUE Psifa MOCICIOBATEIBHO COCIUHCHHBIX
COIPOTHUBJICHUH PaBHO CYMME 3TUX COMPOTUBJICHUI: =I1+I+I3

[IpuMepoM TOCIEI0BATEIBHOIO COCTUHECHUS MOXKET CIY)KHUTh IICTb,
paccMOTpEHHass Ha PHUCYHKE 3, coCTosIas W3 TMPOBOJOB M IPUCMHHUKA
SHEPTHH.

U-!l . LLF
._E.

of L L

Puc. 3

Ilapannenvuvim coedunenHuem nPUeMHUKOE IHep2UU HA3ZBIBACTCS
COEIMHEHUE, IPH KOTOPOM OAMH 3aXHM Ka)XJ0ro M3 IPUEMHHUKOB
IIPUCOEAUHEH K OAHOM TOYKE DJJIEKTPUYECKOHM NENH, a APYyrol 3axkum
Ka)XKJOT0 U3 TEX K€ IPUEMHHUKOB IIPUCOECINHEH K APYTOi TOUKHU Lenu. Takum
00pa3oM, MeXIy ABYMS y3JIaMU IPUEMHHKH 00pa3yloT MapajuieNbHbIe BETBU

(puc. 4).
Hanuuwe y3ia B cxeMe — 9TO IPU3HAK [APAJIeIbHOTO COSANHCHHS.
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Puc. 4

HanpsokeHne Ha NpHEMHUKaX OJMHAKOBO M PAaBHO IOJOXKEHUIO
MEXIY Y3JIaMH:

U:U1:U2:U3

Toku B BeTBIX pacnpeacisoTes O6paTHO IponopuruoOHaIbHO
COIMPOTUBJICHUAM BETBEH nim npsaMo IponopuruoHaIbHO nux
IIPOBOANMOCTAM:

AL NP
1-72273 rl'rz'rs 192" 93

3aMKHYTBII MyTb, MIPOXOAAIIMNA MO HECKOJIBKUM BETBSIM, HA3bIBAIOT
KOHMYPOM INEKMPU1ecKoul yenu.

[Ipexae wem mpucTynaTh K pacCMOTPEHHIO (PU3MUECKOTO CMBICTA H
BBIBOJIAa BTOpOro 3akoHa Kupxroda, BCIIOMHHUM TOHSTHS pPabOTHl U
MOIIHOCTH 3JIEKTPUYECKON LIETIH.

Kak Bbluncngercs, KakuM HOpuOOpoM  m3MepseTcs U Kak
MOJICYMTBIBAETCS MOJIE3HAs paboTa WM PacXoJl SHEPruu? B KaKUX eIUHUIAX
H3MEPSIOTCS pabOT M MOILTHOCTH B AJIEKTPUIECKOM 1enu?

MOUTHOCTh XapaKTepH3yeTcs] KaK CKOPOCTh COBEpIICHHS paboThI B
UCTOYHUKE MUTAHUS UIH B IPUEMHHUKE SHEPIHH:

P= T — o0mwuit Bua GpopmMyIIsr;

P = E ‘ I — MOIIHOCTb UCTOYHHUKA 3HeKTqueCKOﬁ OHEPIUU,

41



P=U +U,)Il =Ul +U,l ,rze P =UI - mommocts norpe6ureneii;

2
P, =U,l =171, — noteps mommoctu B ucrounnxe.

VYpaBHeHHe OanaHca MOLIHOCTH MOXKHO 3alicaTb Ha OCHOBaHUU
3aKOHa COXPAHEHHs SHEPIHU TaKUM 00pa3oM:

P=P+P,

Crenaem HeKOTOpble TpeoOpa3oBaHuWs: B BBIpaKEHHE JUIs OanaHca
MOIIHOCTEH TIOACTaBUM BBIP@XEHUS [UIS MOIIHOCTH HCTOYHHKA U
MOIIHOCTEH OTpeOUTENEH, TPU STOM MOIY4HM:

P=P+P,. p_g.|. P=UI. R=Ul=1

2 2
El =1°r+1°r,. Ecnu pasnenuts 06e yactn pasenctsa Ha Tok |, To

E=Ir+lr,.

B nanHoM cnyyae Bcsikas SJEKTpUYECKas IeNb U €€ OT/AeTbHbIC
9JIEMEHTHI SBJLIFOTCS TpeoOpaszoBarensiMu dHeprud, a IJC wucrouHnka
MOJACPKUBACT JEKTPUUYECKHUI TOK B 3JIEKTPUUECKOU LenH.

OHeprus, TofyyaeMmasi OJIHUM  KYJIIOHOM  DJJIEKTpUYEeCTBA B
JNEeKTPUYECKONH IeMH IOJIHOCTBIO pacXofyeTcss IMOTpeOuTeNsIMH U B
COCTUHHUTENBHBIX TIPOBOAAX. Takoe BEIpaKeHUE YaCTHOTO CIy4asi BCEOOIIEro
3aKOHAa COXPaHCHHs YHEPTUH W Ha3bIBacTCs BTOPHIM 3aKOHOM Kwupxroda:

YE=XIr

B moboM 3aMKHYTOM 3JIEKTPHYECKOM KOHType aireOpandeckas
cymma JJIC paBHa anreOpamdyeckoll CymMMe TIaJcHHWN HamnpsDKeHUH Ha
COIIPOTHBIICHUSX, BXOJSIIUX B 9TOT KOHTYD.

Ecmm stot 3akon 3ammcath kak XE =2IF =0, to o Bepaxkaer
yCIIOBHE, YTO anrebpanyeckas CyMMa H3MEHEHMH MOTEHIHala MpHu o0Xxone
3aMKHYTOTO KOHTypa paBHa HYJIIO.

IIpu cocraBieHun ypaBHeHuil mo 3Tomy 3akoHy OJIC u TOKHM
CUMTAIOTCSl TOJOXKHUTEJIBHBIMU, €CJIM HANpaBIEHUS HX COBHAJAlOT C
HarpasJeHUEM IPOM3BOJILHO BBIOPaHHOrO 00X0/1a KOHTYpa, B NMPOTHBHOM
cllydae OHHM CUMTAIOTCS OTPHMIATENBHBEIMH M B ypaBHenmn XE =XIF
3aIUCHIBAIOTCS CO 3HAKOM «-».

Hanpumep, mms kontypa ABBI'A (puc. 5), obxoms ero mo
HaTIPaBJICHUIO IBWXCHHS 110 YaCOBOM CTPEJIKE, MOKHO HAIMCATh:

E+(E)=Ir+Ir,+Ir,
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"t L

IMopsoK BHINOJIHEHHUSI PA0OTHI:

Iepen pemienneM 3aja4 MO BapHaHTaM, HA JOCKE BBITHUCHIBAIOTCS
(b opMyIIEI IO TaHHOH TeMe.

[IpoBecTr aHAMM3 BEITUYXH, BXOIAIIUX B (HOPMYJIBL.

Permienue 3amayd mo BapuaHTaM (CaMOCTOSITEIbHAS paboTa).

Xox padoThl:

Omnpenenuts YUCIO Y3JIOB, BETBEH M KOHTYPOB B AIIEKTPUYECKOM
LeTH.

IIpon3BoIBHO PacCTaBUTH HANIPABICHHUE TOKOB B BETBSAX.

3anmcatp niepBhIit 3akoH Kupxroda ams y3mos.

[TpousBossHO BBIOpATH HampaBieHNE 00X0/1a B KOHTYPaX.

3ammcath BTOpoii 3akoH Kupxroda 11t KOHTYpOB.

®opma npeacTaBIeHNs Pe3yJbTaTa: BHINOJHEHHAs padoTa.
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Tema 3.3. MarHuTHoe 1moJie

IIpakTnuyeckas padora 8
Penienne 3aga4 no teme: « MarHuTHOE 1oJie U €r0 XapaKTepPUCTHKH,
«Cunna Ammnepa. Cuia Jlopennay

Heabr paGoThl: pacmMpUTh 3HAHWA YYAMHUXCS O MArHUTHBIX
B3aUMO/ICHCTBUSX, pa3BUBaTh YMEHUs 000011aTh, CDABHUBATH, HCIIOJIL30BATh
MOJIydEeHHbIE 3HAHUS IIPU PELICHNUN 3a/1a4.

Boinosinus padory, Bl 6yaere ymeTn: peniars 3a1aui Ha GOPMYIIbI
HaNpsDKEHHOCTH, MArHUTHOW MHIYKIMH, MAaTHUTHOTO TTOTOKA.

MarepuanbHoe o6ecrnieyeHHe: CIIPaBOYHBIC MaTEPHAIIbI

3aganue:
|. Peruums 3a0auu:
1. [IpsmonuueiHpli  npoBogHuK iMHOM 10 oM  Haxogurcs B

OIHOPOJHOM MAarHUTHOM Noje ¢ MHAyKnued 4 T u pacnonoxkeH mox
yrmom 30°k BexTopy MarHWTHON HHAyKuuH. UeMmy paBHA CHIa,
JecTByomasi Ha MPOBOJHUK CO CTOPOHBI MAarHUTHOTO IIOJISA, €CJIU
cuia TOKa B IPOBOAHUKE 3 A?

2. DNEKTPOH, MPOWJI YCKOPSIOUIYI0 pa3HocTh moteHuuaioB U=400 B,
momajn B OJHOPOJHOE MAarHWTHOE mojie ¢ wmHAyknued B=1,5 T
Ompenenuts: 1) pamuyc R KpHBU3HBI TpaeKkTopHHu; 2) YacToTy
BpallleHHs DSJIEKTpOHA B MAarHUTHOM Tone. BekTtop ckopoctu
JJIEKTPOHA NMEPIEHANKYIAPEH THHUSAM HHIYKIUU.

3. [IpotoH co ckopocThiO 2:10" m/c Buetaer B OJIHOPOJHOE MarHuTHOE
noJsie ¢ uaaykuueit 8 Ti nmox yriaom 45%  muHMAM uHaykuuu. Halitu
CHITy, IEWCTBYIOLTYIO Ha IPOTOH.

4. [IpsiMonuHEHHBIH NPOBOAHUK JIMHOM 15 cM HaxomuTcs B
OJTHOPOJTHOM MAarHUTHOM Tojie ¢ MHAyKnuei 4 Ti u pacnonoxeH mox
yriaom 60° K BeKkTOpy MarHWTHOHM WHIyKIMH. UeMy paBHAa CHIla,
JIeHCTByIOMasi Ha MPOBOJHHUK CO CTOPOHBI MAarHUTHOTO IO, €CIH
CuJla TOKa B MPOBOAHUKE 2,5 A?

5. 3apspkeHHbId TIapuk Maccout 0,1 mr u 3apsgom 0,2 MKn Bieraer B
00J1aCTh OJHOPOJHOTO MAarHUTHOTO moist mHaAyknued 0,5 Ti, umes
ummyise 6 -10™ kr-M/c, HanpaBIEHHBIA MEPICHANKYIAPHO JTHHUAM
MarHuTHOM wuwHOykimu. C Kakod cwiod Oyaer JeicTBOBaTh
MarHUTHOE MO0JI€ Ha 3apsSKeHHbIN MapUK?
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10.

Onpepenuts cuily, C KOTOPOM OJHOPOAHOE MArHUTHOE IIOJIE
JeHcTByeT Ha MPOBOIHUK AauHOM 20 cM, ecnu cuna Toka B HeM 300
MA, pacroJIOKEeHHBIHN Mo yriaoMm 45 rpaaycoB K BEKTOPY MarHUTHON
UHAYKIUU. MarautHas uaaykuus coctasnset 0,5 Ti.

IIpoBOgHMK ¢ TOKOM 5 A HaXOAWUTCS B MarHUTHOM TOJI€ C MHAYKIUEH
10 Tn. OmnpepenuTh UIMHY NPOBOJHHKA, €CIM MArHUTHOE IIOJIe
nefcTByeT Ha Hero ¢ cwiok 20H u mepneHInKyIsIpHO TPOBOTHHUKY.
IIpoBognuk nmuuo# 0,15 M meprneHIUKYJISpEH BEKTOPY MarHUTHOU
WHAYKIUH OJHOPOJHOTO MAarHUTHOTO TOJIS, MOIyls KoToporo B=0,4
Tn. Cuna Toka B mpoBogHuke8A. Haiimute paboTy, koTopas Obuia
COoBepIleHa TIpW TepeMenieHnH TnpoBogHnka Ha 0,025 M mo
HaIpaBJICHUIO JEHCTBUS CUITBI AMIIEpa.

OmnpenenuTts HEHTPOCTPEMUTEIbHYIO CHITY, JEHCTBYIOILYIO HAa IPOTOH
B OJHOPOJHOM MarHuTHoM moje ¢ uuaykmuwe 0,01 Tn (BexTop
MarHUTHOM WMHIYKIUH TMEPHEeHIUKYISIPEH BEKTOPY CKOPOCTH), €Cld
palnyc OKpYXHOCTH, 10 KOTOPOU OH JABUKETCS, PaBEH 5 CM.

C KaKkuM YCKOPEHHUEM JBHKETCS DJIEKTPOH B OJIHOPOJTHOM MarHUTHOM
moyie (BEKTOp MArHUTHOH WHIYKIHWH TEPICHIUKYISIPEH BEKTOPY
ckopocty) ¢ mHaykuei 0,05 T, ecim cuna Jlopenna, aeicTByromas
Ha Hero, paBHa 5x10-13 H. (Tak kak cwia JlopeHna sBiseTcs
OIHOBPEMECHHO ¥ ICHTPOCTPEMHUTEIBHON CHIIOW, H SJICKTPOH
IOBIDKETCSI IO OKPY)XKHOCTH, B 3agade TpeOyeTcs paccuuTarh
LIEHTPOCTPEMUTETHHOE YCKOPEHUE, KOTOPOE MPHOOPETACT AIIEKTPOH B
pe3ynbpTaTe IeHCTBUA HEHTPOCTPEMHUTEIBHOM CUIIBI).

1. Omeemums na eéonpocol mecma:

1.Mlcmounukom MazHumno20 nosis A6HAI0MCA (A61Aemcs). ..

1) ABKyIIHECS MEKTPUIECKHE 3apsIbl;
2) 3apsKEHHBIN TEHHUCHBIH IAPUK;
3) moII0COBOM MarHurT.

2.0bnapysicums MazHumHoe noae MOICHO No...

A) 10 IeiicTBUIO Ha 000 MPOBOIHIIK;
B) neficTBHIO Ha POBOJIHKK, IO KOTOPOMY TEUET IEKTPHUECKUI TOK;

B)

3apsOKEHHBIA  TEHHHUCHBIM  IIApHUK, [OJBELIEHHBIA HAa  TOHKOM

HepacTsHKUMOI HUTH;
I') Ha nBIKyIIHECS NIEKTPUIECKHE 3aPs/IbL.
1)Aub,2)AuB,3)buB,4)bul.

3.3axonuums @pazy: «Eciu anekmpuyeckuil 3apsao HenoOB8UICEH, MO

B0KDpY2 HE20 Cyujecmeyen...
1) MmarHUTHOE TIOJIE,

2) BIIeKTpUIECcKoe ToJIe,

3) a1eKTpuYecKoe 1 MarHUTHOE TOJIE.

4. 3axonuums ¢pasy: «Ecau sanexmpuyeckuil 3apad 0sudicemcs, mo

60KpY2 HE20 Cyujecmeyem...
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1) MarauTHOE TOJIE,
2) 3JIEKTPUYECKOE T10JIE,
3) aMeKTpuYecKoe U MarHUTHOE HOJIE.
5.3akoHunTh Ppa3y: «Bokpyr MPOBOJAHUKA C TOKOM CYIIECTBYET...
1) MarauTHOE TOJIE,
2) 3JIEKTPUUECKOE TIO0JIE,
3) aIeKTpHUYECKOe U MATHATHOE ITOJIE.
6. Kaxue cunvl nposasgiaiomes 60 63aumooeticmauu 08yx npo8oOHUKOG
¢ mokom?
1) cuyIBI MAarHUTHOTO TIOJIS,
2) CHIIBI IIEKTPUIECKOTO TI0JIA,
3) cuItbl TPaBUTALIMOHHOTO MOJIA.
7. Kaxue ymeeporcoenus agnsiromcst gepHuoimu?
A) B nmpupoze cymecTByIOT 3JIeKTPUUECKUE 3apsabl.
B) B npupone cymecTByIOT MarHUTHBIE 3apsiIbl.
B) B npupoae He cymiecTByeT 3IeKTPUIECKUX 3apsI0B.
I') B npupone He cymiecTByeT MarHUTHBIX 3apsI0B.
1)Aub,2)AuB,3)Aul,4)b5,Bul.

KpaTtkue TeopeTuueckue cBeJeHUs:
BekTop MarHuTHOW MHAYKIUH:

__F,
Ilsinc
HaHpﬂ)KeHHOCTI) MArHuTHOTI'O I10JIA:
B - - = -
H=—— B=uB,. B=uu,H
Hik,

Ecnu —L TO YacTHIia OYAET IBUraTHCS [0 OKPYKHOCTH U CHJIA
Jlopennia Oyzet coo0mate eif HEHTPOCTPEMUTEIHFHOE YCKOpEHUe =>
Fu=ma, =

mv’® gBR
qQBU=—= UV ==—
r m

MaruuTHbl#i oTokK: @ = Bs cos (£
MarHuTHOE MOJIe CONCHOHUIA:

N
B=ynl. n = T

3axon Amnepa: Fa= Bll sin (£,
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Hanpasnenue cuisl AMiepa onpeJensercs 1o MPaBULy «JIeBOH PyKH»:
e  MAarHWTHbIC CHJIOBBIC JINHUHU BXOZAT B JIaJJOHb;
e 4 manbna yKa3bplBalOT HAIPAaBICHUE CHIIBI TOKA B IPOBOIHUKE;
®  OTOTHYTHIH OOJIBIION Maner] yKakeT HallpaBIeHHE CHIIBI AMIIEpa.

Cuna Jlopenna: F; = gBv sin (£,

Hampasnenue cunsl JlopeHua ompezpensercs No NpaBUIy «IEBOU
pyKu» A TOJNOXHUTENBHBIX 3apsaloB; [UIsl OTPULATENBHBIX 3apsaoB -
3epKaJbHOE 0TOOpaKCHHE.

Cuna JlopeHua Bceraa MNEpHEHAMKYJSPHA IUIOCKOCTH, B KOTOPOM
HaxoJsaTcs BekTopel V U B =>cuna JlopeHna paboTsl HE coBepIIaeT, T.€. He
MOYET U3MEHUTh KNHETUYECKOW YHEPTHUH CBOOOTHBIX 3apsIIOB.

HOpﬂ)lOK BbITIIOJIHCHU A paﬁOTbI:

1. Ilepen pemeHueM 3afay MO BapHaHTaM, Ha JIOCKE BBHIMHCHIBAIOTCA
(opMyIIBI IO TaHHOH TeMe.

2. [MpoBecTr aHann3 BENUYUH, BXOSIINX B (DOPMYJIBL.

3. Pemenve 3amau no Bapuanram (camocTosiTeNbHas paboTa).

4. OTBeTUTH Ha BOIIPOCHI TECTA.
®opma NpeACTABJICHUS pe3yJabTara: BBITOJIHEHHAS

CaMOCTOATCIbHAA pa60Ta.

Tema 1.4 KoJiedaTebHoe IBHKEHHE
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JlaGopaTopHas padora 1
Omnpenenenne 3aBUCHMOCTH MepHoAa KoJe0aHUIT 0T MacChl Ipy3a

Heanr paGorbi: lccnemoBaTh 3aBHCHMOCTH IepHoja KojieOaHMH
MIPY>KUHHOTO MasiTHUKA OT )KECTKOCTH NPY>KUHBI.

MarepuanbHoe odecreyeHne. IITATHB C 2-Ms JIANKaMH, MPYKHHA
Nel (x1=6,4 H/m), npyxuna Ne2 (k2=21,6H/m), Habop rpy30B Maccod mo
100r, nuHelika, CEKyHAOMED, TUHAMOMETD.

KpaTtkue Teopernueckue cBeeH

OnmHOIl W3 BaXHBIX XapaKTEPUCTHUK KOJEOATENbHOTO JABM)KCHHS
SIBJISIETCSI IEPUO/ KoJieOaHUsl — MHTEpPBajl BPEMEHHM, B TEUCHHE KOTOPOTO
MPOMCXOJIUT OJHO ToOJHOe KosnebaHnue. CBs3p mnepuoga KoyieOaHUN
NIPY’KUHHOI'O MAasiTHUKA OT MACChl I'Py3a U XKECTKOCTU IPY>KUHBI U3BECTHA:
Iepuon cBoOOAHBIX KoJEOAaHWH NPYKMHHOIO MasTHHKA ONPENENseTCs IO

dbopmye:

i
=2 |—
k

Iopsaok BbINOJIHEHUs PadOThI
CobepuTe H3MEPUTEIBHYIO YCTAHOBKY B COOTBETCTBUH C PUCYHKOM.
2. IloxBecpTe K MITATHBY NpYKUHY, a K HEll — onHy rupro. OTBenute

THPIO BHU3 OT MOJIOKEHHS PABHOBECHS Ha 2CM U OTIYCTUTE.

2.M3MepbTe MPOMEXKYTOK BpPEMEHH t, 3a KOTOpHIH mpowmcxoxar 30
moNHEIX KoyeOanuit. Haiinute nepuon T wactoty v konebanuid. Pe3ynbraTe
M3MEPEeHUH U BRIYUCICHUH 3aHECUTE B TaOJIHILY.

3.IToBTOpHUTE OMBIT, OTBEAS TUPIO HAa 4CM OT MOJIOKEHUSI pAaBHOBECHSI.

4.CnenaiiTe BBIBOJ, O TOM, Kak 3aBHCHUT MepHOA KoiebaHUil ot
aAMIUTUTYABI U 3aIUIINTE €r0 B TeTPajb.

5.IloBTopute ombIT (1m.2), moxaBemMBas K Trupe moodepeaHo 2,34
rupH. Pe3ynpTaTel HU3MepeHUit 1 BEIYUCICHUH 3aHECUTE B TAOIHUILY.

6.Br1bepure yooOHBIH MacmTad W MOCTPOHTE TpaduK 3aBHCHMOCTH
KBajipara Ieproja KojeOaHui OT Macchl Ipys3a.

7. Anst 3TOrO TmOCTaBbTE HA TIpaUKe TOUYKH, COOTBETCTBYIOIHUE
pe3ynpTaTaM Bamux u3MepeHud. I[IpoBegure uepe3 Hayano KOOPIUHAT
OTPE30K TNPSIMOM, ONM3KO MPOXOMIMHA K KaKAO0H M3 IMOCTABJICHHBIX BaMHU
TOYEK.

8.CrernaiiTe BBIBOZ O XapakTepe 3aBUCUMOCTH KBajpaTa MHepHOJa
KoJIeOaHNi M IeproAa KoJieGaHUil NPYKUHHOTO0 MAasITHUKA OT €r0 MacChl U
3aIUIINTE €r0 B TeTPab.

KoHTpoabHbIe BONPOCHI 1JIs1 CAMONIPOBEPKH
1. JaiiTe onpeneneHne MEXaHUIECKUX KOJIeOaHHH.

=
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2. Kakwe xonebaHus Ha3bpIBArOTCSI CBOOOTHBIMU?

3. Jaiite onpenesieHHe aMIUIUTYIbl, IEPUOAA, LUKJINYECKON
4acTOThI, (ha3bl.

4. 3amumure GopMyiy CBA3M LMKIMYECKOW YacTOTHI C MEPUOJOM
KOJICOaHUH.

5. MaiiTe onpeseneHue NpyKMHHOTO MasiTHUKA.

6. 3ammmmure  QOpMyIly  OHUKIHMYECKOW  YacTOTHI  KOJeOaHWH
MPYKUHHOTO MasTHUKA.

7. 3ammmmre  QopMyny mepuoAa  KojeOaHHH — IPYKHHHOTO
MasITHUKA.

dopMa mNpeaCTABJIECHUS] Pe3yJbTATA: 3alOJHEHHAs TabnuIa u
BEIBO/I 11O padorTe.

Kpurepuu oneHku:

Ouenka «5» (OTJIMYHO) CTaBUTCS, €CIU OOYYAIONIMIICS BBIMTOJHSET
pabotry B  mMONHOM  o0OBeMe ¢  COONMIOJEeHMEM  HEOOXOAUMOit
MIOCTICTOBATEIEHOCTH TIPOBEACHHUS OTBITOB M M3MEPEHHI; CAMOCTOSTEIBHO U
pallMOHATBHO MOHTHpPYET HeoOXoauMoe O00OpyZOBaHHE;, BCE OMBITHI
MPOBOIUT B YCIOBUAX MW pPEXKHAMAaX, O0OCCHEUMBAIOMINX IONyUCHHE
MPAaBUJIBHBIX PE3yNFTATOB W BHIBOAOB; COOMIOAAaeT TpPeOOBAaHUSA IIPABHII
0e30macHOr0 TpyZAa; B OTYSTE NIPABMIBHO W aKKYpPaTHO BHITONHSET BCE
3aIuCH, TAONUIBI, PUCYHKH, YSPTEXKH, TPapUKH, BBIYUCICHUS; MPABHIHLHO
BBINOJIHAET aHAIU3 MOTPELIHOCTEN.

Ouenka «4» (XOpoOIIO) CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAaHUS K
OIIEHKE 5, HO OBUIO TOMYIIEHO ABa-TPH HEJ0UeTa, He Oojee oJHONW HerpyOon
OINUOKH U OJHOTO HEJ0YEeTa.

Ouenka «3» (yI0BJIeTBOPUTEIbHO) CTaBHUTCSA, €clid pabora
BBIIIOJIHCHA HC IIOJIHOCTBIO, HO O6’I)CM BBIITIOJIHEHHON 4YacTH TaKOB, 4YTO
MMO3BOJISICT TOJNYYUTh NPABWIBHBIC PE3yNbTaThl M BHIBOIBI; €CIH B XOJHE
MIPOBEICHUS ONBITA ¥ U3MEPEHHI OBLIN TOMYIICHBI ONTHOKH.

Onenka «2» (HeyIOBJETBOPHUTEIbHO) CTaBUTCA, eciu pabora
BEIMIOJTHEHA HE TIIOJIHOCTBIO M OOBEM BBHIIONHEHHON dYacTh paboOTHl HE
MO3BOJISICT CHENATh MPABIIBHBIX BBIBOJOB, €CIH ONBITH, H3MEPEHHUS,
BBIYUCIICHUS, Ha6J'IIOI[eHI/I$I IIPOU3BOANINCH HETIPABUIIBHO.
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Tema 1.4 KojiedaTeIbHOE IBHKEHHE

JlaGopaTopHas pa6oTa 2
Omnpenenenne 3aBUCHMOCTH NepHOAAa KOJe0aHHI OT XKeCTKOCTH
NPYKUHBI

Hens padorsr: VcciaenoBaTe 3aBUCUMOCTh ITIEPHOAA KoOJeOaHMMA
MPYKHHHOTO MasiTHUKA OT )KECTKOCTHU NPY>KUHBI.

MarepuanbHoe odecreyeHne. IITATHB C 2-Ms JIANKaMH, MPYKHHA
Nel (x1=6,4 H/m), npyxuna Ne2 (k2=21,6H/m), HabOp Tpy30B Maccod mo
100r, nuHelika, ceKyHIOMep, JUHAMOMETD.

KpaTkue TeopeTuueckue cBeeHHUsI:

OnmHOIl M3 BaXHBIX XapaKTEPUCTUK KOJEOATENbHOrO JBHIKECHHS
SABJIIACTCA MCPUO/ KOHe6aHI/I)I— HUHTEpBAJI BPEMCHU, B TCUCHHUC KOTOPOIro
MPOMCXOIUT OJHO TMoNHOe Konebanue. CBs3p mepuona KoyebaHHi
NPYXUHHOTO MasTHUKA OT MAacchl Ipy3a M JKECTKOCTH NPY)KUHBI M3BECTHA!
[Tepron cBOOOAHBIX KOJEOAHHH NPYKHHHOTO MAasTHHKA ONpenessieTcss Mo

bopmye:

Hi
F=23a_|—

Hopsaok BbINoJIHEHUS PA0OTHI

3aKkpenuTh NpyKUHY B INTATUBE U MTOJBECUTH K HEHl OUH Ipy3.

2. N3meputs Bpems 20 koebaHui.

3.BeruucnuTh nepuo.

4.11oBTOPUTH OMBIT, MEHSS YUCIIO MOJBEIIEHHBIX I'PY30B.

5. OcraBuUB OAMH Tpy3 M MEHSS TPYXHUHBI PAa3HON IKECTKOCTH,
HM3MEPUTH TIepHO KonebaHuii rpysa .

6. Bce m3MepeHus 1 BEIUNCIICHUS 3aHECTH B Ta0IHITy.

K — mocTostHHas BenuunHa M — MOCTOSIHHASL BEJTMYHHA
No N t,c T,c |m,kr| Ne N t, ¢ T, c k, H/™m
OIIBITa| YHMJIO | BpEMsI|IepHOI|Macca|oIbITa| YUCIIO0 | BpeMs| IIEPHUOIKECTKOCTh
ko1e0.| kouied. | kosed. [rpy3a ko011e0.[k011e0. | KoJ1el. | mpyKuHBI
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KonTpoabHbIe BONPOCHI 1JIsl CAMONIPOBEPKH

1. MaiiTe onpeseneHre MEXaHUUECKUX KOJIeOaHHH.

2. Kakue konedanust Ha3bIBalOTCS CBOOOAHBIMU?

3. JaiitTe onpeseneHHe aMIUIUTYABI, IE€PHUOJA, IHUKIMYECKOH YacTOTEHI,
¢asbl.

4. 3amumure (OpMyNy CBS3HM LUKINYECKOH YacTOTHl C IEPUOAOM
KosicOaHHH.

5. [aiite onpeneneHne Npy>KMHHOIO MasiTHUKA.

6. Sanummre GOpMYITy IMUKIAIECKON JacTOTH KOJNEOAHUH HPYKUHHOTO
MasITHHKA.

7. Sammmute Gopmyiry neprona KojiebaHUi MPpy>KHHHOTO MasiTHUKA.

dopMa mNpeaCTABJICHUS] Pe3yJbTATA: 3alOJHEHHAS TabnuIa u
BBIBO/I 11O padorTe.

Kputepuu oueHnku:

Ouenka «5» (OTJIIMYHO) CTaBUTCS, €CIU OOYYAIONIMIICS BBIMTOJHSET
pabory B TIOJTHOM o0BeME C COOJIFOIEHAEM HEOOXOUMOI
MOCTICIOBATEIBHOCTH TIPOBEACHHUS ONBITOB M M3MEPEHHIA; CAMOCTOSTEIBHO U
pallMOHATBHO MOHTHpPYET HeoOXoauMoe O0OpyZOBaHHE;, BCE OMBITHI
MPOBOIUT B YCIOBUAX U pEXKHAMAX, OOCCMEUYMBAIOMINX IOTyUCHHE
MPAaBUJIBHBIX PE3yNITATOB W BHIBOAOB; COOMIOAaeT TpeOOBAaHMS IIPABHII
0e30macHOr0 TpyJAa; B OTYSTE NPABMIBHO W aKKYpPAaTHO BHINTONHSET BCE
3aMUCH, TAOJHUIbl, PUCYHKH, YCPTEKHU, TPAPHUKH, BBIYMCICHHUS; MPABHIHHO
BBINOJHSET aHAIU3 MOTPEIIHOCTEN.

Ouenka «4» (XOpoOIIO) CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAaHUS K
OIIEHKE 5, HO OBUIO IOMYIIEHO ABAa-TPHU HEJ04eTa, He Oojee oHONW HerpyOon
OINUOKH U OJHOTO HEJ0YEeTa.

Ouenka «3» (YyI0BJIETBOPUTEIbHO) CTaBHUTCSA, €cld pabora
BBITIOJTHEHA HE TIOJIHOCTBIO, HO OOBEM BBIMOJHEHHOW YacTH TaKOB, YTO
MMO3BOJISICT TOJNYYUTh NPABWIBHBIC PE3yIbTaThl M BHIBOIBI; €CIH B XOJHE
MIPOBEICHUS ONBITA ¥ U3MEPEHHIA OBLIN TOMYIICHB! OITHOKH.

Onenka «2» (HeyIOBJETBOPHUTEIbHO) CTaBUTCA, eciu pabora
BEIIOJTHEHA HE TIOJHOCTBIO W OO0BEM BBIIONHCHHOW dYacTH paboTHl HE
MO3BOJISIET ClIeNaTh TPABUIBHBIX BBIBOJIOB; €CJIHM OIBITHl, W3MEPEHUS,
BBIYHCIICHUS, HAOIOICHUS TTPOU3BOIUIINCH HEMTPABUIILHO.
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Tema 1.4 KojiedaTeIbHOE IBHKEHHE

JlaGopaTopHas pa6orta 3
Omnpenenenne ycKOpeHUus1 CBOOOHOI0 NaleHUs ¢ MOMOUIbI0
HUTSAHOIO MasiTHHKA

Heas paGoThl: COCTOUT B 3KCIIEPUMEHTAIBHOM MPOBEPKE (POPMYIIBL,
CBSI3BIBAIOIEH IepHonx KoJieOaHW MasTHHKAa C IJIMHOH ero IrmojaBeca W B
OTIPENECTICHUN YCKOPEHUSI CBOOOJHOTO MAJCHUS Ha OCHOBE 3aBHCHMOCTH
neprosa KojaeOaHui MasTHUKA Ha IOABECE OT JJIHMHBI TTO/IBECA

MarepuajibHoe oOecnedyeHHe IUTATUB CO LITATUBHOM Jamod H
My TOH,

HUTH C NETISIMU Ha KOHI[AX, IPy3 C KPIOYKOM, JIMHEHKa,

3JIEKTPOHHBIN CEKYHIOMED

Kpartkue TeopeTnueckue cBeieHUs:

Teno, nmojBenIeHHOE HA HUTH, MOKET COBEPILATh KOJICOaHHs, IEPUOL
KOTOPBIX OIpeaesseTcs GopMyIoi:

T=2r\l/g

rae | — nmuHa mozBeca, a g — yCKOpeHHe CBOOOTHOTO TMaACHHUS.

HyXHO MOMHMTB, YTO 3aBHCHMOCTH IIepHOJa KoJeOaHUH OT JIMHEL,
BbIpakeHHast (opmysoi (1), cripaBeanyBa JIMIIb JUIS TAKUX MasTHUKOB, Y
KOTOpBIX JUIMHA TIIO/IBECa 3HAYMTENBHO (HE MEHee YeM B JecATh pa3)
MIPEBOCXOUT pa3Mep MOABEHICHHBIX I'PY30B (JUIMHON HHUTH CIIEAYET CUNTATh
paccTosiHHE OT TOYKH MOABECA JI0 IIEHTPa TSDKECTH Ipy3a).

W3 osroif ¢dopMynsl cienyer, HampuMep, 4YTO TEpHoJ] KoJjeOaHWi
W3MEHUTCS BABOE NIPH N3MEHEHHH JUIMHBI TT0JIBECA B YETHIPE pasa.

OTO cieacTBHE U NMpOBepsAoT B pabote. [loodyepenHO HCHBITHIBAIOT
JBA MasATHMKA, JUIMHBI MOJBECOB KOTOPBIX OTIMYAIOTCS B UETHIPE pasa.
Kaxnaprii ¥3 MasTHHKOB NPUBOJAT B JBIKECHHE M H3MEPAIOT BpeMms, 3a
KOTOpO€ OH COBEPIIUT OIpPEJEJICHHOE KOJMYeCTBO KojebaHui. YToOb
YMEHBIUIUTh BIUSHUE MOOOYHBIX (DAKTOPOB, OMBIT C Ka)IbIM MasTHUKOM
MIPOBOAAT HECKOJBKO pa3 M HaxoIAT CcpelHee 3HaueHHE BPEMEHH,
3aTpadyeHHOEe MasTHHKOM Ha COBEpIICHHE 3aJaHHOTO YHWCia KOJIeOaHWH.
3aTeM BBIYHCISIOT NEPUOJIbl MASTHUKOB M HAXOAAT UX OTHOIIECHUE.

Ecnu rpy3, monaBemeHHBIH HAa HUTH, KOJeOJETCS, a €ro pa3mepbl
3HAUUTEIBHO MEHbIIE, YeM JUIMHA HUTH, TO MEpHOJ KOJIeOaHUH MOKET OBbITh

orpesiesieH U3 (POpMYJIBI:
T =2x1/9g (1),

rae | — anvHa HUTH (TOYHEe paccTOSHUE OT TOYKHM IOJBEca 10 LEHTPa
TSDKECTH Tpy3a), § — YCKOpEHHE CBOOOIHOTO Ma/ICHHS.
3Has mepuox KoJieOaHMH W JUIMHY HHUTH, Ha OCHOBAaHMM JTOH
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(OpMyJIBI MO’KHO ONIPE/ICIIUTD YCKOPEHNE CBOOOIHOTO TTaJICHUS:
2 T2
g=4z"1T° (2

JUIMHY HATH U3MEpSIOT JIMHEHKOH, a Iepuoj — 1o BpeMmeHu t, 3a
KOTOpO€ MAasTHHK COBEpIIUT OIPENCIICHHOE KOJIMYecTBO KojeOanuil N:
T=t/N.

[Tpnuém yron OTKJIOHEHHUS! HUTH OT BEPTHKAJIH NP KOJNEOAHUSIX Ipy3a
HE JIOJDKEH OBITh CIIMIIKOM BelHK (10 5-7 rpamycoB), nHade Qopmyna Juist
OTIPEJETICHUS YCKOPEHHSI CBOOOIHOTO MaIeHNS IepecTaéT OBITh BEPHOM.

ITopsiiok BBINOJHEHUSI PAGOThI

1. YcTaHOBUTE Ha KPAlo CTOJIA IITATHB. Y €ro BEpXHero KOHL@A YKPEIHTe
[P ITIOMOIIM MY(THI KOJIbLIO U MOJBEChTE K HEMY LIAPUK HAa HUTH.
[Iapuk JoMKeH BUCETh Ha PACCTOSHUU 3—35 CM OT IoJna.

2. OTKIIOHUTE MAasTHUK OT TIIOJIOKEHHs paBHOBecHs Ha 5—8 cM u
OTITYCTHUTE €rO0.

3. W3mepbTe AuHy mojiBeca MEPHOM JIGHTOM.

4. Wzmepste BpeMms At 40 nonnbix konebanuit (N).

5. IToBTopuTe M3MepeHust At (He M3MeHss yCIOBUN OMNbITa) M HaWguTe
cpenHee 3HaUCHHE At

6. Brruncnnre cpepHee 3HaueHne nepuoaa xonebdbanuii T, o cpeaHemy
3HA4YEHUIO At,.

7. Brruncnnre 3HauCHHE L.

8. [TomyaeHHBIE pe3yabTaThI 3aHECUTE B TAOIHILY:

9. CpaBHHTE TTOJTy4eHHOE CpeljHee 3HAUeHHE ISl ¢, CO 3HAUCHHEM g =
9,8 M/c? 1 paccumTaiTe OTHOCHTENBHYIO MOTPEIHOCTD H3MEPEHHSL.

KonTposabHbie Bonpock:

1. W3menunTes i iepro; KosieObaHus MassTHUKA IIPH EPEHECEHUH C
3emuu Ha Jlyny?

2. MO>KHO JIU TIpH OTPE/IEIEHHH TIEpHOJia OTPAHUIHUTECS ABYMs, TPEMH,
JecsThlo  KosebaHmaMu? B kakom cimywae mepuon  Oynmer
onpeneaTbes 6onee TouHO?

3. I'ne npumeHsieTcst MasTHUK?

4. [Mpumensiercss nu MasTHUK B Bameil npodeccun? Ecnu nma, To
MIPUBEIUTE IPUMEPBI.

5. Uro Ha3pIBaeTCsA MEXaHHYECKUM KoylebaHnem?

6. Kakne konebanust Ha3bIBAIOTCS TAPMOHUYECKUMU?

7. Kaxk onpenenuts neproa KoiaebaHuii Mpy>KMHHOTO MasiTHUKA?

8. Uro Has3bpIBaeTCs 4YacTOTOM, nepuoxoM kosiebanuid? IlpuBenure

(opMyIIBI JUTS MX OpEISIICHHS.
9. Y10 Ha3BIBaETCS IUKIMYECKOM YaCTOTOM?
10.  Yro mokaspiBaeT HauayIbHas (a3a KoueOaHUH?
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11.  Yro Takoe kodpuIMEHT >KecTKOCTH NpYXuHbI? Kakumu aByms
CHoco0aMH MOXHO OLIEHHTh 3TOT KO3()(HULMEHT B TaHHOH pabore?

12. Kaxumu aByMs coco6aMH MOXKHO OIEHHTh MaKCUMAIbHOE 3HAUCHHE
BO3BpalIaloed CHUJIbl, BO3HUKAIOIIEW IPU OTKIOHEHHM TIpy3a OT
MOJIOKEHUST PaBHOBECHS M CTpEMSINEHCs BEpHYTb Ipy3 B

NEPBOHAYAIBHOC IMMOJIOKECHUE PABHOBECHU .

dopMa mNpeICTABJIECHUS] Pe3yJbTATA: 3alOJHEHHAs TabnuIa u
BEIBO/I 11O padoTe.

Kpurtepnu ouenku:

Ounenka «5» (OTIMYHO) CTaBUTCS, €CIH OOYUYAIOMIUKCS BBIMOIHSIET
pabory B moimHOM o0OBeMe€ C  COONIOZCHHEM  HEOOXOIUMOU
MOCTICIOBATEIBHOCTH TIPOBEACHHUS ONBITOB M M3MEPEHHI; CAMOCTOSTEIBHO U
pallMOHATBHO MOHTHpPYET HeoOXoauMoe O0OpyZOBaHHE;, BCE OMBITHI
MPOBOIUT B YCIOBHSAX M PEKUMax, OOCCICUYMBAIOIINX ITONyYCHHE
MPaBUJIBHBIX PE3YJILTATOB M BBIBOAOB; COOIOAaeT TPeOOBaHUS TMPABHI
0e30MacHOro TpyAa; B OTYETE INPABWIBHO M aKKypaTHO BBINOJHSET BCE
3aMUCH, TAOJHUIbl, PUCYHKH, YCPTEXKHU, TPAPHUKH, BBIYMCICHHUS; MPABHILHO
BBINOJIHAET aHAIU3 MOTPELIHOCTEN.

Omnenka «4» (XOpOINO) CTABUTCS, €CJIM BBIMOJHEHB TPEOOBAaHUS K
OIICHKE 5, HO OBUIO MOITYIICHO ABa-TPH HeJo4YeTa, He Ooiee 0THON HerpyOoit
OIINOKY M OJHOTO HEZO0YeTa.

Onenka «3» (yIOBJIETBOPUTEJIBHO) CTaBHUTCSA, ecid pabora
BEITIOJTHEHA HE TMIOJIHOCTBIO, HO OOBEM BEINOJIHCHHOH YacTH TaKOB, YTO
MMO3BOJISICT TIONYYUTh NpPAaBWIBHBIC PE3yNbTaThl M BHIBOIBI; €CIH B XOJE
MIPOBEICHUS ONBITA ¥ U3MEPEHHI OBLIN TOMYIICHBI ONTHOKH.

Ouenka «2» (HeyIOBJIETBOPUTENbHO) CTaBUTCS, €cld padora
BBITIOJTHEHA HE TMOJIHOCTBIO M O0BEM BBIMOJHEHHONW YacTH paboThl HE
MO3BOJISIET ClIeNaTh TPABUIBHBIX BBIBOJIOB; €CIH OMBITHI, H3MEpEHUs,
BBIYHCIICHUS, HAOTIOCHUS TPOU3BOIUINCH HEMTPABUIILHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOI'0 TOKA

JlaGopaTopHas pa6oTta 4
Omnpenenenne ko3¢ puuHeHTa N0TE3HOI0 e CTBUSA JJIEKTPUYECKOT 0
HarpeBaTeJIf

Hens padoTbl: HayuwTbcs MPaKTUYECKH ONIPEACTATH TEIUIOBYIO
0OTIady DSJIEKTPUIECKOTO HarpeBaTels Jr00Tro THTIa.

MartepuanbHoe o0ecrmedyenue: DJICKTPHUYCCKUH  HarpeBaTelb
(omexTpuUecKuil YaifHUK W JEKTPUYECKas TUTUTKA), COCY/ U KHUTLTICHUS
BOJIBI, BOJIA, TEPMOMETp, CEKyHAOMEp (Jachl), CIIPABOYHHUK MO (PHU3HKE.

KpaTkue TeopeTuueckue cBeIeHUs:

MOIIHOCTH TOKA BBIYUCIISIETCS 110 OJJHOM U3 CIEAYIOMUX (GOpPMYIT:

P=1*U

3mece P — TeroBas MomHOCTh TOKa, U — HampsikeHue Ha
MIPOBOJIHUKE, R — €ro CONMpOTHBICHHUE.

TemsoBas MOIIHOCTH TOKa CBsi3aHa C KOJWYECTBOM TEILIOTHI,
BEIICTUBIIMMCS. B TIPOBOJHUKE 3a OIpPEOeIIEHHOE BpeMs, CICAYIOIINM
COOTHOIIICHUEM:

P=Q/t, rme P — temnoBas MOIMHOCTH TOKa, Q — KOIMYECTBO TEILIOTHI,
t- BBIIETIATOIIEECs B TPOBOTHUKE 32 BPEMS .

KII[I HarpeBaTeIbHOTO 3JIEMEHTa OTPEIEISICTCS 10 POopMyIIe:

J=Q./Q, rme J— KIIJ] narpeBartensi, Q, — KOJMYECTBO TEILIOTHI,
nornoménHoe  TenoM, Q, —  KOJMYECTBO  TEIUIOTHI,  BBIJECICHHOE
HarpesatesieM. KI1/] o0bI9HO M3MepsieTcst B POICHTAX.

Ecnu snepretndeckux noreps HeT, To KII/ pasen 100%.

HOpﬂ)lOK BbITIIOJIHCHU A paﬁOTbI

1. IToaAroToBUTh TAOMUIY ISl 3alUCH PE3YJIbTATOB, OIMPEACIAECMBIX
B Xoze paboTHI.
Cp PB Vg T1 To P t K.IL.
Morcl kelv® M3 K K Br c %
ke K

2. 3aHecT B TAOJUIly CIpPABOYHBIC JAaHHBIC YACIHHON TEIJIOEMKOCTH U
IUIOTHOCTH BOJIBI.

3. 3amucath B TaONHMIly HOMHHAIBHYIO MOIIHOCTH 3JCKTPUYECKOTO
HarpeBaresl, yKa3aHHyIo Ha mpuoope.

4, B cocyn misi KUNSYCHHST BOJIbBI HAIATH ONPEICICHHBIA 00BEM BOJIBI.
3aHecTH 00bEM B TaOIHUILY.

5. OmnpenenuTes HAYANBHYIO TEMIEpaTypy BOABL. Pe3ynbrar 3aHecTH B

55



TabaMLy.
. BximtounTts HarpeBarelb 0JIHOBPEMEHHO C CEKYHAOMEPOM (d4acaMu).

1. OcTaHOBHUTH CEKyHAOMEp (Yachl) B MOMEHT OYPHOTO KHIICHUS BOJBI.
Bpewms, 3a koTOpOE 3aKuIeNa BoJa, 3aHECTH B TaOJIHUILLy.

. Boemuncnants KJILJI. amekTpuyeckoro HarpeBaTelss M pe3yibTaT
3aHECTH B TaOJIUILY.

. Paccunrate  aOCONMIOTHYIO M OTHOCHTENBHYIO  IOTPEIIHOCTH
N3MEPEHNUS, UCTIONB3Ys METO]] TPAHHIIL.

10 HOBTOpI/ITL OIIBIT C APYTUM HArpeBaTeCICM.

11.  VuureiBas motepu sHepruu copMyIHPOBATH BEIBOA.

KoHTpoJibHBIe BONPOCHI

1. VYeenuuutcss win ymenbmutess KILJ[. snexTtpuueckoro uaiHuUKa,
€CJIM Ha ero CTeHKaXx MOsSBUIACH HAKUIIb (OTJIOKEHUE COJeit)?

2. 3aucut nu KIIJ] snekTpudyeckoro yalHMKa OT TOTO OTKPBIT OH WU
3aKpBIT?

dopMa TpeACTABJIECHHS pe3yJbTaTa: 3aloJIHCHHAs Ta0iuna u
BBIBO/I 11O padorTe.

Kputepuu oueHku:

Ouenka «5» (OTJIMYHO) CTaBUTCS, €CIM OOYYAIOUIMICS BBITOJHSET
pabory B TIOJTHOM o0BeME C COOJIFOIEHAEM HEOOXOUMOIT
MOCTICTOBATEIEHOCTH TIPOBEACHHUS OTBITOB M H3MEPEHHI; CAMOCTOSITEIIFHO H
pallMOHATBHO MOHTHPYET HeoOXoAuMoe O0OpyHOBaHHE;, BCE OMBITHI
MPOBOIUT B YCIOBUAX U pPEXKHAMAX, OOECHCUYMBAIOMINX IONyUCHHE
MPAaBUJIBHBIX PE3YNIFTATOB M BHIBOAOB; COONMOAAaeT TpeOOBAaHMSA IIPABHII
0e30MacHOr0 TpyJAa; B OTYETE NPABWIBHO W aKKYpPaTHO BBITONHSET BCE
3aMUCH, TAOJUIBI, PUCYHKH, YCPTEKHU, IPadUKH, BBIYMCICHUS; MPABHIHLHO
BBINOJIHAET aHAIU3 MOTPELIHOCTE.

Ouenka «4» (XOpoOIIO) CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAaHUS K
OIIEHKE 5, HO OBUIO TOMYIIEHO ABa-TPH HEJ04eTa, He Oojee oHONW HerpyOon
OINUOKH U OJHOTO HEJ0YEeTa.

Ouenka «3» (yIOBJETBOPUTEIBLHO) CTaBUTCSA, €cld pabora
BEIIOJIHEHA HE TMIOJIHOCTBIO, HO OOBEM BEINOJHCHHONH YacTH TaKOB, YTO
MO3BOJISICT TOJIYYUTHh NPABWIBHBIC PE3yNbTaThl M BBHIBOIBI; €CJIM B XOJHE
MIPOBEICHUS ONBITA X U3MEPEHHIA OBUIN TOMYIICHBI OLTHOKH.

Onenka «2» (HeyAOBJETBOPHTENBHO) CTaBUTCSA, e€ciId paboTa
BEIMIOJIHEHA HE TMOJIHOCTBIO M OOBEM BBIMIONHEHHON 4YacTh pabOTHl HE
MO3BOJISIET ClIeaTh TPABUIBHBIX BBIBOJIOB; €CJIHM OIBITHl, W3MEPEHUS,
BBIYHCIICHUS, HAOIOACHUS TTPOU3BOIUINCH HEMTPABUIILHO.
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Tema 3.2. 3aK0HBI MOCTOSTHHOT'O TOKA

JlaGoparopHnas pagora 5
«HcenenoBanue 3aBHCHMOCTH CONPOTHBJICHUS MeTaJIa H
NMOJYNPOBOJHHUKA OT TeMIIEPaTypPhbD)

Heabr padoThl: W3MEPSTh CONPOTHBICHHE IPOBOJHHKA OMMETPOM;
YCTaHOBHTH 3aBHCHMOCTH COTPOTHBICHHE METalla U IOIYNPOBOAHHWKA OT
TEMIEpaTypelL.

MartepuaiabHoe o0ecrmedyeHne: OMMETp, TNPHOOPHl UL W3YUCHUS
3aBHCHMOCTH COTIPOTHBJICHHSI METa/lla M MOJYNPOBOJHUKA OT TEMIIEPATYPBHI,
TEPMOMETp, JIEKTPHYECKasi IUINTKA, IITaTHB C IPHUHAIICKHOCTIMH, Koyiba C
BOJIOH.

Ilopsinok BHINOJIHEHUS PadOThI

1. TloaroToBbTe K paboTe OMMETp:

a) BCTaBbTC INTHIPHKH IIPOBOAHWKOB B THE37a, 00O3HAUCHHbIE «(Q» U
«o0IIL.»;

0) nocTaBbTe HepeKIroYaTens Ha HUdpy «10»;

B) COCIMHUTE CBOOOJIHBIE IITHIPHKU MPOBOAHMKOB M PYYKOH «ycT. 0»
TIOCTaBUTH CTPEJIKH Ha «0».

2. Ha onekTpuueckyro IUIMTKY IOMECTHTe KOOy ¢ Bomoil. Jlms
n30eKaHNs TaICHU KOJIO0y IIOMECTUTE B KOJIBLO, YKpEIUICHHOE B IuTatuse. B
KOJIOy OImycTHTEe NPOOHMPKY, C IIOMEHICHHOM B HEH KaTyIIKOH M3 MEIHOTo
npoBozia. OCTOPOXKHO OITyCTUTE B TPOOUPKY TEPMOMETD.

3. CBoOOJIHBIE HMITHIPPKA OMMETpA COCAUHHUTE C KIEMMaMHU MEIHOM
KaTyIIKH.

4. BxmouuTte IIHYp IUIUTKH B PO3ETKY M HM3MEphTE COMNPOTHBICHHE
KaTYIIKU IPH pasjInYHbIX 3HAYCHUAX TEMIICPATYPHI.

5. BHecuTte n3MepeHus B TaOJHILy.

IIpoBoanuk (Me/b)

6. Ha ocHOBe m3MepeHuii mocTpoiite rpaduk.

R, Om

t°,C

7. TloctaBbTe nepeKouaTes oMMeTpa ¢ udps «10» Ha wdpy «100» u
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HOCTaBbTE CTpesKy ommerpa Ha «0» (CM. myHKT 1-B).

8. 3amenure B KonOe mPOOMPKY C METAUIOM Ha TNPOOUPKY C
TIOJTYTIPOBOTHUKOM  (TepMmucTopoM). Omycture B mpoOupky Tepmomerp. K
KJIEeMMaM TEPMUCTOPA MOJICOSTUHUTE OMMETP.

9. M3MepbTe COMpOTHUBIICHHUE NMOTYNPOBOAHUKA IIPH PA3INYHbIX 3HAUCHUSIX
TeMIepaTypsl.

10. BrecuTe m3MepeHust B TaOIHILy.

IosiynpoBoaHHMK

t'C

R, Om

11. Tloctpoiire rpapuk R(t).

R, OM

t’,C

>
>

12. Caenaiite BBIBOJ U 3aIUIINTE ETO B TETPA/Ib.

Teoperuyeckue 000CHOBAHUS:

Eciu npomycTHTh IIEKTPHIECKII TOK Yepe3 CTABHYIO CITUPallb, a 3aTeM
€e HarpeTh, TO aMIIEPMETP IMOKKET YMEHBIIICHUE CHJIBI TOKA. JTO 03HAYAET, YTO
C I3MEHEHUEM TeMITEpaTyphl CONPOTUBIICHNE METAJIIa MEHSIETCS.

Bce metamnbl — KpuCTalUIMUECKHE Tela, B y3JaX KPUCTALTUYECKOU
peleTK KOTOPBIX pacrojaraeTcs TMOJIOKUTEIHHO 3apsDKEHHBIE HWOHBI.
Mexny KONeOMIOMMMHACS HOHAMHU JBUTAIOTCSI CBOOOJHBIE JIJIEKTPOHBI.
Benuunnaa 371€KTPUYECKOTO COMPOTUBICHHSI METaJlla 3aBHUCHT OT YHCIIa
CTOJKHOBEHHUH KOJEONIONINXCS HOHOB M CBOOOIHBIX JJIEKTPOHOB. [lpm
YBEJIMYCHUH TEMIIEPaTyphl METaIa YBEIUYMUBACTCS aMIUIUTYyIa KoieOaHun
HOHOB. DTO TPUBOJUT K YBEIMYCHHUIO CTOJKHOBEHHH, a 3HAYAT M K
YBEJIMYEHUIO CONPOTUBIIEHUS METAaJLIA.

B nonynpoBogHUKE MpH yBEIWYEHUM TEMIIEPATYpbl YBEIHMYUBAETCS
YHCIO CBOOOMHBIX HOCHTENCH 3apsiga, TMOSBHBIIMXCS TIPH  pa3phIBE
KOBQJICHTHBIX CBS3€H. OTO TPUBOAWT K YBEIMYEHHWIO CHJIBI TOKa B
eciau qT) Y K YMEHBIIICHUIO COTMPOTHUBIICHHUS

TIOJTYTIPOBOAHUKE (I A
At
MPOBOTHHKA (I _U,ecmm IT, ToRY).

R
KoHTpoJibHBIE BONIPOCHI
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SHCKTpI/I‘IeCKI/Iﬁ TOK B MC€TaJlJIaX — 3TO YINOPAAOYCHHOC ABUKCHUC ... .

2. C  ToukM  3peHMs  DJEKTPOHHOM  TEOPHUH  DIIEKTPHUYECKOE
COIPOTHBIIEHUE O0YCIOBIICHO COYAAPEHUSIMH ... .

3. C NOBBIILICHUEM TEMITEPATYpPhl CONPOTUBIICHUE METAIA ... .

4. IIpn aOcomoTHOM HyJe YHCTBHIH IOJYNPOBOAHUK 00nanan Obl

CBOMCTBaMH UEATBHOIO ... .

@®opMa mnpeacTAaBJIEHHs] pe3yJbTAaTa: 3allOJHEHHAs TaOnuma W
BEIBO/I 10 pabore.

Kpurepnu ouenku:

Ounenka «5» (OTIMYHO) CTaBUTCS, €CIH OOYYAIOMIUNCS BBHIOJHSET
pabory B moimHOM o0OBeMe C  COONIOZCHHEM  HEOOXOIUMOHU
MOCTIEIOBATENBHOCTH NIPOBEACHUS ONBITOB M U3MEPEHHI; CAaMOCTOSTEIbHO U
palMoHAILHO MOHTHUpPYET HeoOXoIuMoe o00OpyIOBaHHE, BCE OIBITHI
NPOBOAWUT B YCIOBUSX W pEeXKHMaX, OOECICUMBAONIMX IOJy4YCHHE
NPaBWJIBHBIX PE3YJNbTATOB M BBIBOJOB; COONIOJAaeT TPeOOBaHUS NPaBHI
0e30MacHoOro TpyAa; B OTYETE INPABWIBHO M aKKypaTHO BBINOJHSET BCE
3amucu, TaONHIbl, PUCYHKH, YePTEekKH, Ipaduky, BBIYUCICHUS; MPABHILHO
BBINOJTHACT aHAJIN3 MTOTPEITHOCTEH.

Ounenka «4» (XOpOIIO) CTAaBUTCS, €CJIM BHIIIOJHEHB TPEOOBaHUS K
OIIeHKE 5, HO OBLIO JIOITYIIEHO JBA-TPH HEAOUYETa, HEe Oosiee OMHON HerpyOoi
OWIMOKH 1 OJHOTO HEAOUETA.

Onenka «3» (YyIOBJETBOPUTEJIBHO) CTaBHUTCSA, ecid padorta
BBIIIOJTHEHA HE TIOJIHOCTBIO, HO OOBEM BBHIIIOJHEHHOM YacTH TaKOB, YTO
MO3BOJISIET TOJIYYUTh HpPaBUIBHBIE PE3yIbTaThl M BBIBOIBI; €CIH B XOJE
IIPOBEACHUS OMBITa U U3MEPEHHH OBUIN TOMYIIEHB! OLUTHOKH.

Ouenka «2» (HeyIOBJIETBOPUTENbHO) CTaBUTCS, e€cid padora
BBIMIOJIHEHA HE TIOJIHOCTBIO M OO0BEM BBINMOJHEHHON dYacTh paboTel HE
MO3BOJISIET CIENaTh MPAaBWIBHBIX BBIBOJOB; €CIH OIBITBI, H3MEpPEHHUS,
BBIUNCIICHUS, HAOIIOIEHUS TPON3BOAUINCH HETIPABIIIBHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOI'0 TOKA

JlaGopaTopHas padorta 6
OnpeneneHue TeMIepaTypHOro ko3gguuueHTa Meau

Hear  paGorbl:  BHIONHUTE  M3MEpEHHs  JNEKTPUYECKOTO
COIIPOTUBIICHUS MEIHOW MPOBOJIOKH MpPH [BYX Pa3IMUHBIX 3HAYECHHUIX
TEMIIEPaTyphl ¥ BBIYUCIUTD TEMIEPATYPHBIH KO3()(OUIMEHT 3IEKTPUIECKOTO
COIIPOTUBIICHHUS MEAH, TIOCTPOUTH I'pa(uK 3aBHCHMOCTH COIPOTHBICHUS OT
TEMIIEPaTypHl.

MartepuanbHoe o0ecnedyenue: 1. IIpubop mnsa omnpeneneHus
TemrepaTypHoro  koaddunuenta comnporusiaeHus. 2.  Owmmerp. 3.
Tepmomerp. 4. CrakaHbl ¢ BOJOH U TAaIOIIMM CHEroM. 5. DIeKTpuyeckas
TUTUTKA.

Kpartkue TeopeTnueckue cBeieHUs:

B Meraqndeckux NPOBOAHUKAX AJIEKTPUUYECKOE CONPOTHUBIICHHE
00yCIJIOBJICHO CTOJIKHOBEHHEM CBOOOIHBIX DJIEKTPOHOB C KOJIEOIIOIIUMHUCS
WOHAMH B y37ax KpUCTalmIndeckod pemeTku. Ilo Mepe mOBBIMICHUS
TEMIIepaTyphl pa3Max KoJieOaHWH MOHOB YBEIMYHMBACTCS, YTO CIIOCOOCTBYET
OoNbIIEMY pACCESHHWIO 3JIEKTPOHOB, YYAaCTBYIOIIMX B YHOPSIOYEHHOM
IBIKECHUH. KpoMe TOro ¢ TOBBILICHHEM TEMIICPaTyphl YBEINYHMBACTCS
CKOpPOCTh XaOTHYECKOTO (TEIUIOBOTO) JBM)KEHHS JJIEKTPOHOB W OHH
UCTIBITHIBAIOT OOJBIIEE YHCIO CTOJKHOBEHHWH C MOHAMH KPHCTaJUIMYECKOH
PEIeTKH.

Bce 3TO mpuBOAMT K TOMY, YTO C IIOBBIIIEHHEM TEMIIEPATYpHI
COTIPOTHUBIIEHUS MPOBOJHUKA, a CIEJOBATEIBHO U YJEIbHOE CONPOTHBICHHUE
yBenuuuBaeTcs. O6o3HaunM R comporusienne nposoanuka mpu t C, a RO
mpu t=0.

Bemmunny o= R-RO / (RO t) Ha3piBaloT TeMIiepaTypHBIM
koapdunmentom comnporuieHuss (TKC). UwmcinenHo TemmeparypHBIN
KO3()(UIMEHT CONMpPOTUBIICHHUS IIOKa3bIBACT OTHOCHTEIBHOE W3MEHEHHE
COTPOTHUBIICHU TIpH HarpeBaHuu npoBoxHuka Ha 10C (IK) u m3mepsercs B
0C -1 umm K-1 , 94T0 OHO M TOXKE.

Y OONbIIMHCTBA XMMHYECKH UYHCTBIX METAIOB TeMIIepaTypHbIe
KO3 puIUEHTH compoTuBicHus Omu3ku Kk 1 /273 K-1 , a y HEKOTOphIX
CIUIAaBOB OHM HACTOJIKO MAJIbl, YTO BO MHOTHX IPAKTHUYECKHX CITydasX UMHU
MOJKHO TIpeHeOpeys.

Iopsinok BHINOJIHEHUsT PadOThI

1. Omnyctute npubop, Ui  ONpEeneleHus  TeMIepaTypHOro
k03(p(ulMeHTa CONPOTUBIICHHUSI B TAMOLIMI CHEr M BBLIEPKATh €ro Tam B
TEYEHUH HEKOTOPOro BpPEMEHH, IOKa TeMIlepaTypa NpOBOAHWKAa He Oyaer
pasHa 00C.

2. U3mepurts conpotuienue RO ¢ momomisio ommerpa.
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3. Ilepenectn mnpubop st OIpEAEIEHHS TEMIEpaTypHOro
Ko3((uLMeHTa CONPOTHUBIIEHUS B CTakaH C BOJOH U, HarpeBas BOLY,
u3MepsITh conpoTtusieHue R uepes kaxnsie 20 - 40 rpagycos.

4. Boluucoute  UIL KaXJIOr0  W3MEPEHUS  TeMIlepaTypHbIH
KO3 unueHT conpotusieHus mo Gopmyne (1).

5. Onpenenuth aOCOMIOTHYIO OIMIMOKY M3MepeHus Ao = | atabn - o |,
st meau araba =0,0042 K-1 .

6. OmpenenuTs OTHOCHTENBHYIO OMMOKY m3MepeHHs oo = (Aa /
aradi) 100%.

7. Pe3ynpTaTel N3MEPEHUI W BRIYUCICHAN 3aHECTH B TAOIHUILY .

8. Iloctpomts rTpaduK 3aBUCUMOCTH CONPOTHUBICHHS R  oT
TEMIIEpaTyphlI t.

9. Cnenatb BBIBOJ] O XapaKkTepe 3TOH 3aBUCUMOCTH.

Tabnuma 1

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

1 0

2 20

3 40

4 60

5 80

6 100

Konmponsnuie eonpocwi:

1. B dWem cocrour pa3nmmume TeMmIepaTypHOro KoddduuueHTa
COTIPOTHUBIICHUS METAIUIOB ¥ MOTYIIPOBOIHIUKOB?

2. B 4gem cOCTOMT OTIIMYHE AIEKTPUYESCKIX CBOWCTB MOIYIPOBOJHHKOB
1 METaJIJIOB?

3. 3anummuTe BRIpasKeHHE, MOKA3BIBAIOMIEE 3aBUCUMOCTDh CONPOTHBIICHHUS
METaJUIOB OT TeMIEePaTypHI.

4, 3anumuTe BBIpAKEHHE JUIS  TEMIEpaTypHOTo  Kodduimenrta
COTNPOTHBJICHUSI MeTajula M YKKHUTE €ro pPa3MEepHOCTh B CHCTEME
equaun CH.

(I)opMa npeacraBjgeHUs pe3yjibTara: 3all0JITHCHHAA TabIuIA U
BBIBO/I 11O pa60Te.

Kpurtepnu onenku:

Ounenka «5» (OTIMYHO) CTaBUTCS, €CIM OOYYAIOMIMNCS BBHIOIHSET
pabory B  moinHOM  o0BeMe ¢  COONIOZACHHEM  HEOoOXOIUMOU
MOCTICTOBATEIEHOCTH MIPOBEACHUS OIBITOB M H3MEPEHHI; CAMOCTOSITEIIFHO U
palMoOHAaPHO MOHTHpPYET HeoOXoauMoe O00OpyZOBaHHME; BCE OIBITHI
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NPOBOANUT B YCIOBUSIX W PEXKUMaX, OOECICUMBAIONIMX IOJyYCHHE
NPaBWIBHBIX PE3YJBTATOB M BBIBOJOB; cOOMIONaeT TPeOOBaHUS NPaBHI
0e30macHOro TpyAa; B OTYETE INPABWIBHO M aKKypaTHO BBINIOJHSET BCE
3aIKcu, TaOMHIbl, PUCYHKH, YEPTEkKH, IpaduKu, BBIYUCICHHS; NPAaBHUILHO
BBIMOJIHSET aHAIU3 OTPELIHOCTEH.

Ounenka «4» (XOpoII0) CTaBUTCS, €CIIM BBINIOJIHEHBI TPEOOBaHHS K
OIIeHKE 5, HO OBUIO MOIYIICHO ABA-TPH HEJO4YeTa, He Ooiee 0HON HerpyOoit
OIIMOKY M OJHOTO HELOYETA.

Onenka «3» (YIOBJIETBOPUTEJNBHO) CTaBHUTCS, ecid pabora
BBIIIOJTHEHA HE IIOJIHOCTBIO, HO OOBEM BBIIIOJHEHHOW 4YacTH TaKOB, UYTO
MO3BOJISIET TOJMYYHTHh TNPABHUIBHBIE PE3YIbTATHl M BBIBOJIBI; €CIH B XOIE
MIPOBEICHUS OTBITA U U3MEPEHUH OBUTH JOMYIIEHBI OIIHOKH.

Ounenka «2» (HeyIOBJIETBOPHTENBHO) CTaBUTCSA, €clIH paboTa
BBIMIOJIHEHA HE TIOJIHOCTBIO M OOBEM BBINMOJHEHHON dYacTu paboThl HE
MO3BOJISIET CIENaTh MPaBWIBHBIX BBIBOJOB; €CIM OIBITHl, H3MEpPEHHUS,
BBIYKCIICHUS, HAOJIOICHHS IPOU3BOIUIIICH HEIIPABUIIBHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOI'0 TOKA

JladopaTopHasi pagora 7
Omnpenenenne TeMnepaTypbl HUTH JAMIIbI HAKAJIMBAHUS

Leab paGoThI: ONPEAEIUTh TEMIIEPATYPY CBETSILEHCS HUTH JIaMIIbI
HaKaJIWBaHUSL. HccrenoBath 9KCIEPUMEHTAIBHO 3aBHCUMOCTD
ANEKTPUYECKOTO COMPOTHBICHUS HUTH HaKala JIaMIOBl OT TEMIIEPATYPHL.
PesynbraThl mpencTaBuTh TpadUuecKu.

MarepuajibHOe o0ecmedyeHne: WCTOYHUK dekTpormTanus BC-24M,
namria HakanmaHus (6.3 B. wma 3.5 B.), Bome™etp (10 15 B.), aBomerp ABO-
63, MIITHaMIIEpMETp, PEOCTaT JIa00PAaTOPHBIH, COSTMHUTEIBHBIE IPOBO/A.

KpaTkue TeopeTuueckue cBeeHHUsI:

3aBUCHMOCTbh DJIEKTPHYECKOTO CONPOTHBJICHUS R; MeTa/uloB OT
TeMIIepaTyphl BeIpaxkaeTcs (Gopmyion

R =R,(01+a-t)
rae Ry — anekTpuyeckoe CONPOTHBICHUE METAIMYeCKOro obpasua npu
Temneparype t; Rp — amekrpuyeckoe comportuBieHue ero mpu 0°C; o -
TEMICPATYPHBIH  KOAIPQPHUIUEHT 3JICKTPUYCCKOTO COMPOTHBICHHUS IS
JaHHOTO  BemiecTBa. EcioM  M3BECTHBI  3HAYEHHsI  JJIEKTPUYECKOTO
compotuBieHuss obpasna Ry mpu 0°C u R; B HarpeToM COCTOSIHHH, a T.X.
TEMIIEpaTypHbI KO3(D(UIMEHT 3JIEKTPUYECKOTO CONPOTHBICHUS O, TO

TeMIIepaTypy t MOXKHO BBIYHUCIIUTD IO popmyote:

o L

R, a

Bripakasi temnepaTypy B rpaaycax KenbBuHA, moiydaeM ApYTyro
(bopMyIy JUIs OIIpeAesIeHHs TeMIIepaTyphbl:

T=_ R
Ry &

rae T-abcomoTHas Temmeparypa.

COHpOTI/IBJ'IeHI/Ie Rt MOXHO OHpe,IleJ'II/ITB, I/ICHOJ'IL3in ITOKa3aHUuA
MI/IJ'IJ'II/IaMHepMeTpa nu BOJ'ILTMCTpa, l'IpI/IMeHI/IB 3aKOH OMa 1L y‘IaCTKa
SHCKT‘pH‘lCCKOﬁ LCIIN. TaKI/IM 06pa30M, JJIsL CHSTUS 3aBUCUMOCTHU
QJICKTPHUIECKOIO COIIPOTHUBJICHUA HUTU JIAMIIbI HaKaJIMBAHUS oT
TeMnepaTypH HeO6X0)II/IMO I/ISMCpI/ITB Hal'[prKeHI/Ie Ha y‘IaCTKe oe1u,
coaepmameM HaMHy, HpI/I pa3n1/1qm)1x 3HAYCHUAX CHUJIBI TOKA.

Iopsinok BHINOJHEHUSA PAdOTHI
1. I/I3Mep1)Te COHpOTI/IBHeHI/Ie HUTHU JaMIIbl B XOJIOOZHOM COCTOSSHHUH C

IIOMOIIBIO TeCTepa. 3TO aacT BO3MOXHOCTH BBIYUCIINTH

COIPOTUBJIEHUE HUTHU NpHU HyJie rpaaycoB Llenbcus. s BelUucCIeHUs
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BOCIIOJIb3YHTECH 3HA4YCHHEM
TePMUIECKOTr0 KO3 UIIneHTa o;.
Cobepure Lenb COTJIACHO CXEME.

3. Caumurte BAX, nepemernast I1BIKOK
peocrara (MuHumyM 10 3amepo).
Pesynbrarsl 3aHecuTe B TaOIHILY.

4. BbluncinTe compoTHBIEHHE M TEMIIEpaTypy Al KaXJIOoro 3amepa,
UCTIONB3Ysl  3HAYCHHEM TepMHuYeckoro koadduunmeHnra o, u
BBIYHMCIICHHBIM Ry.

N

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

6. CremaiiTe BBIBOJIBI.
KoHnTposabHbIe BONIpOCHI:

1. IToueMy 3JEKTPUYECKOE COIPOTUBICHHE METAJUIOB 3aBUCHT OT
TeMIeparypbl?

2. KakoBBI OCHOBHBIC MCTOYHUKH MOTPELIHOCTEI M3MEpEeHHH B TaHHOM
JKCHepuMenTe?

3. IMoyuemy B nmaHHOW paboTe AIEKTPUYECKOE CONPOTHBICHUE HUTH

JaMmbl ~ OpU  KOMHATHOM  TeMIepaType  MOXHO  CUMTaTh
NPUOJIM3UTEIHLHO PABHBIM €€ DJICKTPUYECKOMY CONPOTHUBIICHUIO TPH
0°C?

®opma npeacTaBIeHUs pe3ybTAaTa: 3al0JHEHHAs Tabiuma u
BBIBO/I 11O padorTe.

Kpurepnu ouenku:

OueHka «5» (OTJIMYHO) CTaBHUTCS, €CIM OOYYArOUIHHCS BBITIONHSICT
paboTy B mosHOM 00beMe ¢ COOIIIO/ICHIEeM HEOOXOANMON TOCIIeI0BaTeNIbHOCTH
TIPOBEJICHUS OITBITOB M M3MEPEHHMIT; CaMOCTOATENHHO U PAIIMOHAIBHO MOHTHPYET
HEoO0XoMMoe 000pY/IOBaHME; BCE OINBITHI MPOBOAKUT B YCIOBHSX M PEXHMAX,
o0ecreurBaOIMX —TOJyYeHHEe NpaBWIBHBIX PE3YJbTaTOB U BBHIBOJIOB;
cobmoaeT TpeOOBaHUA MpaBMI OE30IIACHOTO TPyJa; B OTYETE MPABHIIBHO U
AKKypaTHO BBINOJHSIET BCE 3allMCH, TAOJIMWIIBI, PUCYHKH, YEPTEXH, TpaduKH,
BBIYHCIICHNS;, TIPABMIIBHO BBITIONTHSET aHAIN3 ITOTPEIITHOCTEH.

Ouenka «4» (XOpOIO) CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAHUS K
OIIEHKE 5, HO OBUIO IOMYIIEHO ABa-TPHU HEJ0UeTa, He Oojee oHON HerpyOon
OWIMOKH U OJHOTO HEAOUYETA.

Onenka «3» (yIOBJETBOPUTEJIbHO) CTaBUTCS, eciau paboTa
BBHINIOJTHEHA HE TIOJIHOCTBIO, HO OOBEM BBIIIOJHEHHOW 4YacTH TaKOB, YTO
MO3BOJSIET MOJIYYUTh NpPAaBUIBHBIE PE3yIbTaTbl U BBIBOJBI; €CIM B XOHE
MIPOBE/ICHUS OTIBITA M U3MEPEHUH ObUTH JOMYIIEHBI OIIHOKH.

Onenka «2» (HeyAOBJeTBOPHTENBHO) CTaBUTCSA, e€clIu paboTa
BEIMIOJTHEHA HE TIOJIHOCTBIO M OOBEM BBINIOJHEHHON dYacTh paboTHl HE
MO3BOJISIET CIENaTh MPABWIBHBIX BBIBOJOB; €CIH OIBITHL, H3MEPEHHUS,
BBIUMCIICHUS, HAOIFOAEHUS TPON3BOANINCH HETIPABIIIBHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOI'0 TOKA

JladopaTopHasi pagora 8
OnpeneneHue 31eMEHTAPHOI0 3apsiia METO/I0OM YJIeKTPOJIN3a

ear padoThl: HAYYUTHCS OIPEACNATh 3HAYCHHUE SJIEMEHTAPHOTO
3apsga METOJIOM DJISKTPOJIHM3a; HM3YyYUTh METOABI ONpPENeICHHs 3apsaa
2JIEKTPOHA

MarepuajbHoe o0ecrneyeHue: HAJMHIPUYECKUH  COCyA  C
pacTBOPOM MEIHOTO KyIopoca, JaMIia, 3JCKTPOIBI, BECH, aMIIEPMETD,
HNCTOYHWK  IIOCTOSTHHOTO  HANpsDKCHHs,  pEocTaT,  d9achl,  KIIIOY,
COCIUHUTCIIbHBIC mpoBoa.

KpaTkue TeopeTuueckue cBeIeHUs:

IIpu npomyckaHuM uepe3 pacTBOp METHOro Kymopoca Touka | B
TeueHUH BpeMeHH At Ha karojie BeiaenuTcs Meap Maccoit m = KAQ =kIAt, roe
k — anmektpoxumudeckuii 3kBuBajieHT meau. O6o3Haunm 3a Hero N gwmcio
noHoB Menw, nepenécmmx 3apsn AJ. Torma moxHo 3ammcats: Ag = enN,
m = m;N , Tae e — 3HauYeHHe 3JIEMEHTapHOT O JIEKTPHUECKOTO 3apsia,

N- BaJIGHTHOCTh MEIH,M; — Macca OZHOTO MoHa Meau. [loncrasmnsas ase

nocneqaue GopMyIsl B BeIpaxkeHue aas M, moayaum: MiN = kenN. Orcrona

mi
HAXOMMM: € = -— . 3aTeM BBIPaKACM 3HAYCHHE k u3 3akona ®apazest s

m mi
saeKTpoinsa: K = — IToncraBiisist ero B BRIpa)kKeHHE e, rmojyyaeMm: € = —
IA

t’ mn
IAt.

Ilopsaook evinonnenus padbomol

[Ipu nomo1u BecoB U3MepuUM Maccy karoaa: m; = 50r.

3.CobepeM BIIEKTPUYECKYIO IENb W HPOBEeAEM HEOOXOIMMBIC
n3mepenus. [IpumMepHbIe YnCIeHHbIE JaHHBIC TPOBECHBI B TA0JHIIE.

mp Kr My, KT m,Kr At,c 1,4 k,xelKn n | mxr

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

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

m 0,00044 k2 _7 K2
== e37 107 2
IAt  14-1200c¢ 25 Kn
mi 1,06 - 107252 -14 - 1200¢ R
4.e="IAt = ~1,45-10™ K.
mn 0,00044k2 -2 o
Takum obOpasom e = 1,45 - 10 Kn, uyro ¢ ToOwHOCTBIO [0

TIOTPEITHOCTHU coBnanacT C JaHHBIMHU, TIOJTY4YCHHBIMU B ApyTux
OKCIICPUMEHTAX, U TCOPECTUICCKUMU OILICHKAMH.
KOHTpOJ’l]:HLIe BOIIPOCHI:

1. Uem 00yCIIOBICH 3IEKTPOXUMHUUECKUI TOK B 3IEKTPOIUTAX?
2. Kak paccunraTh Maccy BBIJICIIUBIIETOCS BEIIECTBA Ha 3JIEKTpoe?
3. OT 4ero 3aBUCHUT NEKTPOXUMUIECKHUI SKBUBAJICHT?
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4. Kaxkoii ¢puzndeckuii CMbICI 3IEKTPOXMMUYECKOT0 SKBUBaIeHTa?

5. Kakoe obOopynoBanne M W3MEpHUTENbHBIC NPHOOPHI HYXHO HMETH,
YTOOBI BBIYUCIUTD 3JIEKTPOXUMHYECKUIT SKBUBAJICHT?

6. HasBarpe pabouyio Qopmyny Uit BEIYUCICHUS DIIEKTPOXHMHUECKOTO
9KBUBAJICHTA.

7. Ha kakoM u3 3JeKTpOJOB BBLAEISETCA MEAb B YHCTOM BHIE HU
mouemy?

8. B oanexTponuTHUYECKyI0 BaHHY IIOMECTHMM MEIHYIO IUIACTHHKY,

CIy)Kalyl0 aHoAOM. IImacTHHKAa IOKpHITa BOCKOM, Ha KOTOPOM
HallapamaH PHUCYHOK. UTO MONYYHTCS MOCIE IMPOMyCKaHWUS TOKa U
yZAaJeHns BOCKA C IIACTUHBI?

9. Yro Takoe raJbBaHOCTEIHs, TaIbBAHOILIACTHKA.

®dopmMa npeacTaBIeHAs pe3ybTaTa: 3aMoJHCHHAS Ta0IuIa U
BBIBO/I 11O padorTe.

Kpurepuu oneHku:

Ouenka «5» (OTJIMYHO) CTaBUTCS, €CIU OOYYAIONIMIICS BBIMTOJHSET
pabotry B  mMONHOM  o0OBeMe ¢  COONMIOJEeHMEM  HEOOXOAUMOit
MOCTICIOBATEBHOCTH TIPOBEACHHUS ONBITOB M M3MEPEHHIA; CAMOCTOSTEIBHO U
pallMOHANIBHO MOHTHPYET HeoOXoauMoe OOOpYIOBaHHWE, BCE OIBITHI
MPOBOIUT B YCIOBUAX MW pPEXKHAMAaX, O0OCCHEUMBAIOMINX IONyUCHHE
MPAaBUJIBHBIX PE3yNFTATOB W BHIBOAOB; COOMIOAAaeT TpPeOOBAaHUSA IIPABHII
0e30macHOr0 TpyZAa; B OTYSTE NIPABMIBHO W aKKYpPaTHO BHITONHSET BCE
3aIuCH, TAOIMUIIBI, PUCYHKH, YEPTEKH, TPAQUKH, BHIYACICHUS; MPABIIHLHO
BBINOJIHAET aHAIU3 MOTPELIHOCTEN.

Ouenka «4» (XOpoOIIO) CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAaHUS K
OIIEHKE 5, HO OBUIO TOMYIIEHO ABa-TPH HEJ0UeTa, He Oojee oJHONW HerpyOon
OINUOKH U OJHOTO HEJ0YEeTa.

Ouenka «3» (yI0BJIETBOPUTEIbHO) CTaBHUTCSA, €cld pabora
BBITIOJTHEHA HE TMOJHOCTBIO, HO OOBEM BBITIOJHEHHOW YacTH TaKOB, UTO
MMO3BOJISICT TOJNYYUTh NPABWIBHBIC PE3yNbTaThl M BHIBOIBI; €CIH B XOJHE
MIPOBEICHUS ONBITA ¥ U3MEPEHHI OBLIN TOMYIICHBI ONTHOKH.

Onenka «2» (HeyIOBJETBOPHUTEIbHO) CTaBUTCA, eciu pabora
BEITIOJTHEHA HE TIOJNHOCTHIO W OOBEM BHINOJNHEHHON dYacTH paboTHl He
MO3BOJISICT CHENATh MPABIIBHBIX BBIBOJOB, €CIH ONBITH, H3MEPEHHUS,
BBIYHCIICHUS, HAOIIOICHUS TPOU3BOIUINCH HEMTPABUIILHO.
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