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1 BBEJJEHUE

BaxHylo yacTh TeopeTHdyeckod M NpodeccCHOHANBHON
MPaKTHYECKOH MOATOTOBKM OOYYarOUIMXCS COCTaBJIAIOT MPAKTHUECKHE
u 1abopaTopHbIE 3aHTHSL.

CocraB ¥ copep)KaHue NPaKTHIECKUX U J1abOpaTOPHBIX 3aHATHH
HampaBJCHBl HA  pealW3aldio  ACHCTBymomero  (QeaepaabHOTO
TOCYAapCTBEHHOTO 00pa3oBaTEIHHOTO cTaHmapTa CpemHero
PO eCCHOHATBHOTO 00pa30BaHus.

Benymeld aunakTHYeCKOM LENbI0 IPAKTHUYECKHUX  3aHATUH
sBIsieTcst (popMUpOBaHUE MPO(ECCHOHANBHBIX MPAKTHUECKUX YMEHHUH
(yMeHMII  BBIIOJHATH  ONpENENICHHbIE  JEHCTBHS,  ONEpalyy,
HEOOXOAMMBIE B MOCJIEAYIOUIEM B NMPOGECCHOHATIBHON JIESTEIbHOCTH)
WM y4eOHBIX MNPaKTHUYECKHX YMEHHUH yMEHHH pemiaTte 3ajadd 10
¢u3KKe, HEOOXOMUMBIX B IMOCIEAYIOIIEH y4eOHOH NesTeNbHOCTH MO
MaTeMaTHYeCKMM W €CTECTBEHHOHay4YHbBIM, O0O0IIenpodeccCnoHaIbHbIM
JUCHUIUINHAM.

Bemymedd qumakTH4eckoil Henbl0  JTaOOpaTOPHBIX — 3aHSATHHA
SBISIETCST ~ OKCIEPUMEHTAJTbHOE  MOATBEPXKICHHE W IPOBEPKa
CYIIECTBEHHBIX TEOPETHUECKUX ITOJ0KEHUH (3aKOHOB, 3aBHCUMOCTEH).

B cooTBercTBHE ¢ pabodeil mporpaMmoii yaeOHOW AUCIUTILTHBI
«Du3HuKa».mpeycMOTPEHO MPOBEIICHHUE MPaKTHYECKNX "
71a00paTOPHBIX 3aHATHH.

B pesynbTaTe UX BHINONHEHUS, 00yJaromuiics JODKEH:

ymembo:

Y1 paccuuTeiBaTh W H3MEPSITh OCHOBHBIE IIAPaMETPHl IMPOCTHIX
ANEKTPUYECKUX M MAarHUTHBIX IeTei

Y2 npuMeHATh OCHOBHBIE 3aKOHBI (PM3UKH I PEIICHUS aKTyaJIbHbBIX
WH)KEHEPHBIX 3a/1a4

Y3 pemars NpakTHUECKHE 3aJadd  [TOBCEJAHEBHOW  JKHM3HH,
panMoHaIBHOTO IPUPOIONIONB30BaHMUS U OXPAHBI OKPY KAIOIIEH Cpebl.

CopepxaHue NMPaKTHYECKUX W Ja00paTOPHBIX 3aHATHI OPHEHTHPOBAHO
Ha TIOJTOTOBKY OOYyYalomMXcs K OCBOSHHIO NPO(ECCHOHATFHOTO MO
TIPOTPaMMBI MOJITOTOBKH CIICIIHAIIFICTOB CPEIHEro 3BEHA MO CNENUAIbHOCTH 1
OBJIAJICHUIO HPOPECCUOHANLHBIMU KOMNEMEHUUAMU:

K 1.1 OCyIIeCTBIAT TEXHONOTWYECKHE OIepariy 110
MIPOM3BO/ICTBY YEPHBIX METAIIIOB,;

[IK1.3  OkcmryaTupoBaTh TEXHOJOTHYECKOE W MOIBEMHO-
TPaHCIIOPTHOE obopynoBaHue, obecrnieunBaromiee nporece
MIPOU3BOJICTBA YEPHBIX METAIIIOB;

IIK 1.4 Ananu3upoBaTb Kau€cTBO ChIPbsl U TOTOBOM MPOIYKLIUH;



OK 2 Oprann3oBath COOCTBEHHYIO JIESTEIEHOCTD, BRIOUPATh THUIIOBBIC
METO/IbI ¥ CIIOCOOBI BBIMOJHEHHS MPO(PECCHOHANBHBIX 3a/]ad, OLICHUBATh MX
3¢ heKTUBHOCTD 1 Ka4eCTBO;

OK 3 IlpuHnMars pemieHuss B CTaHIAPTHBIX W HECTAHAAPTHBIX
CHUTYyalLllIX Y HECTH 3a HUX OTBETCTBEHHOCTH;

OK 4 OcymectBiusaTh TOUCK M HCIONB30BaHHE HH(OpMAIH,
HeoOxXomuMoi 171t 3(h(EKTHBHOTO BBIOMHEHUSI TPO(PECCHOHANBHBIX 33/1ad,
TPOQeCcCHOHATBHOTO M IMIHOCTHOTO Pa3BUTHS;

OK 6 Pabotats B ko/uiekTHBE M KOMaHIe, dP(EeKTHBHO 0o0marTses ¢
KOJITETaMH, PyKOBOZICTBOM, TTOTPEOUTENISIMHE;

OK 7 Bparp Ha cebsi OTBETCTBEHHOCTH 32 PabOTy UICHOB KOMAaHIBI
(MOTYMHEHHBIX ), 32 PE3YJIbTAT BHITIOJHEHUS 3a1aHHH.

BrinonHeHre 00y4aromMXcsl MPaKTHYECKHX W J1abopaTopHBIX
pabor o yyeOHO# qucnuminHe «Pu3nKa» HarpasIeHO Ha:

- o0obmieHue, cucTeMaTH3alUIo, YIIIyOJeHHe, 3aKperieHue,
pasBUTHE M JETalIM3aIMI0 TOJYYCHHBIX TEOPETHYECKHX 3HAaHUM IO
KOHKPETHBIM T€MaM Y4e€OHON ANCIUIUTHHEL;

- (opmupoBaHHe yMEHMI NPUMEHITH MONYyYCHHBIC 3HAHMS Ha
MIPaKTHKE, pPealu3annio eIUHCTBA WHTEIUIEKTYaJIbHOW M MPaKTHIECKON
JeATEeIbHOCTH;

- opMHpOBaHHNE U Pa3BUTHE YMEHMI: HaOJIONATh, CPABHUBATH,
COIOCTaBIISITh, AHAIM3UPOBATh, JENaTh BHIBOABI M 0000IICHHS,
CaMOCTOSITETIBHO BECTU HCCJIEOBaHMs, IOJIb30BAaThCS Pa3IMYHBIMU
npueMaMH U3MepeHui, opopMIIsITh pe3ysbTaThl B BHJE TaOIHI, CXEM,
rpa¢uKoB;

- IpUOOpeTeHrne HaBBIKOB PabOTHI C Pa3MUYHBIMH IpHUOOpaMH,
anmaparypoi, yCTaHOBKaMH M JPYTUMH TEXHUYECKUMHU CPEACTBAMH IS
IIPOBEICHUS OIBITOB;

- pa3BUTHE WHTCIUIEKTYaJIbHBIX YMEHMH y  Oymymmx
CHELHUATNCTOB: AHAJUTHYECKHUX, MPOCKTHPOBOYHBIX, KOHCTPYKTHUBHBIX
uIp.;

- BBIPa0OTKY TIpM  pENICHWH  IIOCTABJIEHHBIX  3a]ad
IpoQeCCHOHANBFHO 3HAYMMBIX Ka4eCTB, TAKUX KaK CaMOCTOSTEIbHOCTD,
OTBETCTBEHHOCTb, TOYHOCTh, TBOpUYECKAst MHUIIMATHBA.

[paktideckne ¥ 1abOpaToOpHBIE 3aHATHS TPOBOAATCS TIOCIE
COOTBETCTBYIOIIEH TEMBI, KOTOpas OOecrednBacT HaIMYMe 3HAHHH,
HEOOXOMMBIX JUIS €€ BBITIOJTHEHHSL.



2METOJUYECKHUE YKA3AHUS
Tema 1.1. KnnemMaTHKa MaTepHaJILHON TOYKH
IIpakTuyeckas padora 1

Pemenue 3aga4 no teme: «/IBuzkeHue Tesia, 0pOIIEHHOT0 MO/ YIJIOM
K TOPU30HTY. /IBH:KeHHE 10 OKPYKHOCTID

eab:

1. [loBTOpHUTH OCHOBHBIE TEPMHHBI H (QOPMYIBl paszena
«Kunematukay.

2. CoopmupoBars yMeHHE NPUMEHATH (OPMYIBI IIPU PELICHUH
3ajad.

3. Pa3BuBaTh J0rMyeckoe MbIILUICHUE, TaMsATh, BHUMaHUE; YMEHUE
pacCyxJaaThb U BbIACIIATH I''TaBHOC.

4, Pa3BuBaTh HaBBIKU CaMOKOHTPOJIA U B3AUMOKOHTPOJIA.

BeimosinuB padoty, Bel Oynere ymern: pemare 3aiadd Io
KHHEMaTHKe, KaK Ka4eCTBEHHOT'0, TaK U PacCYETHOTO XapaKTepa.

MarepuanabHoe ofecrieyeHHe: CIIPABOYHBIC MATEPHATIBI

3aganue:
|. Omeemumev na éonpocet:

1. MOXHO 7M TpPUHATH 3€MIII0 3a MaTepHalIbHYI0 TOUYKY MpHU

pacuere:

— paccrosiHus oT 3emiu 10 ConHIa;

— TyTd, npolaeHHoro 3emsed mo opbute Bokpyr ComnHia 3a
MeCHII,

— JUIMHBI 3KBaTtopa 3emun?

1. MOXHO 1M TpPUHATH 3€MJII0 32 MaTEepPHANBHYI TOYKY MpHU
pacueTe: CKOPOCTH JBIKCHHS TOYKH SKBAaTOpa MPH CYTOYHOM
BpalleHHH 3eMJId BOKPYT OCH;CKOPOCTH JABIDKCHHS 3E€MIIH TI0
opbure Bokpyr COJHIA;pacCTOSHHUS OT 3KBaToOpa IO IOJIOca
3emim?

1. Peuuums 3a0auu:

2. BeOCHIeNCT ABIKETCS TOX YKIOH ¢ yckopermeM 0,3 wm/c.
Kakyto cxopocts mpuobperer Bemocumeauct gepes 20 c, ecnn
€ro HadaJbHas CKOPOCTh paHa 4 m/c?

3. 3a KaKoe BpeMs aBTOMOGHIb JBHTasCh ¢ yckoperneM 0,4 m/c?,
YBEJIMYIHT CBOIO CKOPOCTH ¢ 12 1o 20 m/c?
4. [Mepunon Bpamenus 6apadana quamerpom 300 MM pasen 0, 023 c.

Haiinure cropocTh TOUeK, Jekamux Ha oboxe OapabaHa, u MX



LEHTPOCTPEMUTEIBHOE YCKOPEHHUE.

5. Koneco nmuamerpom 7,5 M Bpamaercsi ¢ yactotod 93,8 06/MuH.
KakoBBl CKOPOCTB M LIEHTPOCTPEMUTEIHHOE YCKOPEHHE TOYEK
Jexanux Ha odoe?

Kpartkue TeopeTnueckne cBeJeHUsl

PaBHOMepHOE ABMXKEHHE MaTepUaAIbHON TOYKH MO OKPY>KHOCTU
— 3TO ABWXKEHHE, IIPU KOTOPOM MaTepualibHas TOYKa 3a paBHbIC
MIPOMEXXYTKH BPEMEHH IPOXOAUT PaBHBIE IO JUIMHE TYT'H OKPYKHOCTH.
PaBHOMEpHOE IBIDKEHHE Tela IO OKPYKHOCTH — 3TO YacTHBIH H
HamboJee MPOCTOH ciay4ald KPHBOJWHEHHOTO IBIDKEHHUS. XOTSA IIPHU
TaKOM J[BIDKCHHH MOXYJIh CKOPOCTH OCTAa€TCA IIOCTOSIHHBIM, 3TO
JBIDKEHHE C YCKOPEHHEM, KOTOpOE€ SBISETCS CIEACTBHEM H3MEHEHUS
HaIpaBJIeHUs BEKTOPa CKOPOCTH. B okpyskaromieM Hac MHpe MBI 4acTo
CTaJIKUBAa€MCs C HOI[O6HI)IM JABWKCHUEM — IIpH JII000M BpalicHUU
TBEPOIO TeJa BOKPYT HEKOTOPOH 3aKpEMJIEHHON OCH BCE TOYKH 3TOTO
TEJIa ABUKYTCA MO OKPYKHOCTAM.

OCHOBHBIE XapaKTEPUCTUKH U (OpMyIIbI:

[Tycte marepuanpHas TO4YKa M JBIDKETCS 1O OKPYKHOCTH
pammyca R (puc. 1). Hawamo pnexapTroBoil CHCTEMBI KOOPIMHAT
NIOMECTUM B IEHTP OKPY)XHOCTH. Toraa IOJ0XKEHHE TOYKH Ha
OKpPYXXHOCTH OIHO3HAYHO OIPEACIACTCS YTJIOM IIOBOPOTAa ¢ MEXIY
OCBIO X U paJINyC-BEKTOPOM TOUKH.

.
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Puc.1. PaBHOMepHOE BMXKEHUE TENa MO OKPYKHOCTH
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VCIOBUINCH MOJIOXKUTEIIBHBIM CUHTATh HallpaBJICHUEC BpalllCHUSA
poOTUB 4acoBOU CTPCJIIKH.

HeKapTOBLIe KOOpAUHATBI TOYKHM OJHO3HAYHO OHNPEACIAIOTCI
YIJIOM IMOBOPOTA TOYKM:

X =Rcos¢p
y=Rsing

IIpu nBM>KEHHM TOYKU IO OKPY>KHOCTH €€ KOOpJAMHATa, TO €CTh
YTOJl TIOBOPOTa (), M3MEHSACTCA WIN CTAaHOBUTCS (YHKIMEH BPEMEHH.
ITosTOMy 3aKOH JOBIDKEHHS B 3TOM Cllydae — 3TO 3aBHCHMOCTH YTia
MOBOpOTa OT BpeMeHu: p=(t).

Enunuueld uamepenust yriaa nosopora B cucreMe CU sBisiercs
panuas.

IMeprnon Bpamenust T — 310 BpeMs, 3a KOTOPOE TOYKa COBEPILIACT
OJIMH TIOJIHBIH O0OPOT MO OKPY>KHOCTH, T.€. OBOPAuUBAETCS Ha YroJl
2m.

Yactora BpameHus N — 3TO YUCIO TIOJHBIX OOOPOTOB,
COBEpIIIaeMBIX TOUKOM NPU paBHOMEPHOM JBIDKEHHUHU IO OKPYKHOCTH, B
€IMHUILY BPEMECHHU:

-1
B cucreme CU wacroTa usmepsercs B ¢
YactoTa 1 mepuo/ CBsI3aHbl MEXKIY co00# Gopmymoii:

HOpﬂ)IOR BbITNIOJIHCHU A paﬁOTLIZ

1. Brimmcats (popMyIisl o MpoiiieHHOMY MaTepHay.

2. XapakTtepucTuka (U3MYECKMX BEJIMYMH W HMX  EIUHHUI
N3MEpeHusl.

3. Pemenne 3aga4 mo BapuaHTam.

Xoa padotbl:

1. BHumaTensHO mpouuTath 3aAady, NPOAaHAIU3UPOBATh YCIOBHE,
BBISICHUTB XapakTep JBYDKEHUS (paBHOMEpHOE,
PaBHOYCKOPEHHOE, IPSIMOJIMHENHOE, KPHUBOJHMHEHHOE).
BrimmcaTs yMCIOBBIE 3HAYCHNS 3aaYHBIX BETHIHH.

2. Crnenatb cXxeMaTHYEeCKUI YepTek, 0TOOpaKAIOIINA ONMCAaHHOE B

3amade ABIKeHHe. M300pa3uTh Ha HEM TPAEKTOPHUIO ABHKCHHUS,
BEKTOPHI CKOPOCTH, YCKOPEHUS, TEPEMEIIICHUS.
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BriOpaTh cucTteMy KOOpIMHAT, IPU 3TOM KOOPIMHATHBIE OCH
HAIpaBUTh TaK, YTOOBI IPOSKIMN BEKTOPOB Ha HUX BHIPAXKAJIHCH,
BO3MOXXHO, Oojiee mpocTbiM 00pa3oM. OTMETHTh KOOPAWHATHI
JBIDKYILEToCs Tela B 3aJJaHHbIe U MHTEPECYIOle HaC MOMEHTHI
BPEMEHH, CIIPOEKTUPOBATh BEKTOPBI CKOPOCTEH M yCKOpEHUil Ha
0oCH KOOpJUHAT.

CocTtaBuTh AL AAHHOTO ABW)KCHHS YPAaBHEHHUS, OTPa)KAIOIIUE
MaTEMaTHYECKYI0 CBS3b MEKAY MPOCKIMSIMH BEKTOPOB Ha OCH
KOOpJHHAT. CocTaBuTh ypaBHEHHUS, OTpaXKaIoIINe
JOTIOJIHUTENBHBIE YCIOBHUS 3agadd. UHcIo ypaBHEHUH IOJKHO
OBbITh PaBHO YHCITy HEM3BECTHBIX BEIHIHH.

Pemmte COCTaBICHHYIO CHCTEMY YpaBHEHHUH OTHOCUTEIBHO
HCKOMBIX BEJIMYHUH U MOJIYYUTh OTBET CHauaJla B aHATUTHYECKOM
BU/IC (T.C. MOJIYYUTh PacUCTHBIC (HOPMYJIBI).

IMoacraBute B pacueTHble (QOPMYJIBI BMECTO 00O03HAUCHUH
¢usnyeckux BenuuuH oOo3HaueHus wux enuauy B CU,
MPOU3BECTH TPEOOpa3oBaHus U yOEAUTHCS, MOIYYalOTCS JH B
pe3ynbTaTe eUMHUIBI HCKOMBIX BETHYHUH.

IMoacraBute B pacueTHble (OPMYNIBI YHCIOBBIE 3HAYCHUS
¢u3MYeCKNX BEIWYMH W TIPOU3BECTH BBIUMCICHHA. OLEHHUTH
PEaTbHOCTH MOTYYECHHOTO PE3yIbTaTa.

®opma npeacTaBIeHUs pe3yJbTaTa: BBIOJHEHHAs padoTa.



Tema 1.2. 3akonbl Mexannkn HeroToHa

IIpakTnyeckas padora 2

Pemenue 3a1a4 no teme: «3akonbl HploToHa. CHcTeMa CBS3aHHBIX

TeJ. IlBl/DKEHI/le Teja M0 HAKJIOHHOH IJIOCKOCTHY

Henb padorbl: HAayyUTHCS OMNPENENATH PABHOACHUCTBYIOLIYIO

CHJI JISHCTBYIOIIMX Ha TENO, CHIYy HATSDKCHHS HHUTH MEXIY TelaMH,
YCKOpPEHHE, CKOPOCTb.

Beimosinue padoty, Bel Oyaere ymerb: pemaTh 3aJaud Ha

3aKkoHBI HeroTOHA.

ALY

MaTepnaJleoe odecmeueHne: CIIPaBOYHBIC MaTCPUAJIbL

3ananme:

|l. Omeemumuv na éonpoce:

UYro u3yvaeT qUHAMHKA?

Omnpenenerne MOHOCTH. DOPMYITBI MOIITHOCTH.

Kaxue cuinpl Ha3pIBalOT BHYTPEHHUMU? BHEIIHUMUA?

Uro Takoe abCOMOTHOE TBEPIOE TEI0?

Yrto Takoe JIUHUSA JEUCTBUS CUIIBI?

Uro Takoe yrioBas CKOpocTb? B kakux eIuHUIAX OHa
n3mepsiercs?

Il. Pewsumo 3a0auu:

K uentpy mapa npunosxkena cuna F (puc. 1). Kyna nanpasneno
yckopeHue mapa? B kakoM HanpaBieHUH JBIKETCS m1ap?

-

F

Puc. 1.

Ha mnomy mnmudra nHaxomurcs Tteno wmaccod 50 kr. Jludr
IIOJTHUMAETCsl TaK, 4TO 3a 3 € €ro CKOpPOCTh U3MEHsIETCS OT & 10 2
M/c. Onpenenure cuty AaBIeHUs Tela Ha 1oJ JudTa.

TennoBo3 Ha TOPU3OHTANBHOM YdacTke HyTd AnuHON 600 M
pa3BuBaer moctosiHHyIo cmiry Taru 147 kH. Ckopocts moesna
Bo3pacraer mpu 3ToM OT 36 1o 54 km/4. Ompenenure CUiIry
CONPOTHUBJICHUSI ABW)KEHUIO, cuuTasg €€ IOoCTOsSHHOW. Macca
noe3zaa 1000 T.
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3. Kéctkuil crepxenp IMHOM 1 M C NPHUKPEIIEHHBIM K HEMY
mapukoM Macco 100 T Bpamaercs paBHOMEpHO B
BEPTUKAIBbHOH MockocTu. Onpenenure MOAyIb U HallpaBICHUE
CHJIBI, C KOTOpPOH CTep’KEeHb AECUCTBYeT Ha IIApUK B BEpXHEH
TOYKE, IPU CKOPOCTAX LIapuka 2 M/c u 4 m/c.

4. JlBa rpy3a MaccamMu 2 Kr U 4 KI, CBSI3aHHbIE HEpPacTSKUMOMH
HUTHIO, IOJHUMAIOT BEPTHKAIBHO cwioi 84 H, mpumoskeHHOH K
nepBoMy rpy3y. Omnpenenure yCKOpeHHE, C KOTOPBIM ABHXKYTCS
TPY3bI, ¥ CHITy HaTSDKEHHUS HUTH.

KpaTkue TeopeTuueckue cBeJeHUs:

OcHoBHas 3ajjaua TUHAMUKU — OTIpeJIeJIeHHE MOJ0XKEHUS Tela B
NPOCTPAaHCTBE B JIIO0OH MOMEHT BpPEMEHH, KOTJa H3BECTHBI
JecTByIONMEe HAa TeJO CHIBl M 3aJaHbl HayalbHble KOOPAMHATHI U
CKOPOCTB TeJIa.

Cuna — BekTopHas (U3MUYecKas BEIWYMHA, SBISIOLIASCS MEpOi
B3auMojeiicTBua Ten. Cuina XapakTepU3yeTcs YHCIOBBIM 3HAYCHHEM
(Momynem), HaIIpaBIICHUEM JICHCTBHA U TOYKOHM NMPHUIIOKEHHS K TEIy.

IMpn neficTBMM Ha TEIO HECKOJBKHX CHJI MX MOKHO 3aMEHHTh

paBHOzeWcTByromet cwiot F p — , mpexacraBnsromei coboit
BEKTOPHYIO CYMMY 3THX CHII:
Macca (mHepTHas) — CKadsdpHas (U3NUECKas BEJIMYMHA,

XapaKTepU3yIollasi  CIIOCOOHOCTh  Tella  COXPAHATh  IOCTOSIHHYIO
CKOPOCTb, €CIIH TeJI0 He 23 B3aMMOJEHCTBYET C APYTMMH TEJIAMH HIH
JeHCTBUE IPYTHUX TEJI CKOMIIEHCHUPOBAHO.

Macca obnamaer ciegyoommmu cBodcTBamu: 1) Macca Tena
paBHa CyMMe Macc BC€X YacTHI], U3 KOTOPBIX OHO coctout. Ilpu
COCIMHEHUH JBYX Tel B OJHO MAaCChl 3THX TeJl CKJIaJbIBAIOTCS
(cBOiicTBO anmuTUBHOCTH); 2) JInsi JaHHOW CHCTEMBI TE CIpaBeIJINB
3aKOH COXPaHEHHUs MAacChl: TMPH JIFOOBIX IpoIeccax, MPOUCKOMIIINX B
CHCTEME TeJI, €€ Macca OCTAaeTCsl HEM3MEHHOH (Impu L << C).

Macca (rpaBuTalliOHHAs1) — CKaysipHas (u3nyeckasl BeNUYMHA,
OTIpeieTIsIIoNIas CHITy B3aUMHOTO IIPUTSKEHNUS TeNI U 00J1alatomasi TeMU
e CBOMCTBaMHM, YTO M MHEpTHast Macca. VIHepTHast W rpaBUTalMOHHAsS
MAaccChl XapaKTepU3YyIOT pa3lIM4Hble CBOMCTBA Tel, HO, KaK MOKa3bIBAaeT
OIIBIT, OHU BCET/Ia SKBUBAJICHTHBI (MHEPTHAS! U TPAaBUTALIMOHHAS MacChl
OJIHOTO U TOTO K€ TeJa PAaBHEI).

OCHOBHBIMH 3aKOHAMH KJIACCHYECKOM ITUHAMUKU SIBIIAIOTCS
3akoHsl HproToHa. 3akoHsl HpiOTOHa clemyloT W3 OIBITA,
B3aMMOCBSI3aHBI JPYT C JpyroM, HE MOJYMHEHBI Jpyr ApPYyry |
CIIPaBEeTUBBI TOIBKO B MHEPIIMAIBHBIX CHCTEMaX OTCUETA.

WNueprmansusie cucremsl orcuera (MCO) — 3T0 cucTeMsbl, B
KOTOPBIX Teno (TPYIIBI Tel), He MOABEP)KEHHOE ACHCTBHIO CHil (WIIH
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JCUCTBHSL CHJI CKOMIICHCHPOBAHBI), HAXOIUTCSl B TIOKOE WM JIBHXKETCS
paBHOMepHO u mpsMmonuHeiiHo. Cucrema oTcdera, ABHXKYIIAACS
oTHOocuTenbHO AaHHOW MCO paBHOMEpPHO U MPSIMOJIMHEHHO, TaKke
sBIIsieTcd MHepuuanbHOW. CHUCTeMy OTcueTa, CBA3aHHYIO ¢ 3emiei, ¢
0O0JIBILION CTETIEHBIO TOYHOCTH MOYKHO CYMTATh HHEPIUAJIBLHOM.

IlepBblit 3axkoH HploTOHA: B MHEpIUAIBHBIX CHUCTEMax OTcyeTa
TEeNO  COXpaHAET  COCTOSIHME  IIOKOS ~ WMIM  PaBHOMEPHOIO
MIPSMOJIMHEMHOTO JIBUKEHUS, €CIIM Ha HETO He NEHCTBYIOT IpyTrHe Tela,
00 IEHCTBYIOT, HO 3TO JIeiiCTBHE CKOMIIEHCHPOBAHO: 3HAYUT, —> V =
const, > a=0.

Bropoii 3akoH HploTOHa: yckopeHue, MOJy4YEHHOE TEJIOM B
HCO, npsmo nporopIuoHANEHO PaBHOACHCTBYIOMICH MPHUIOKEHHBIX K
HEMy cwI, O00paTHO TPONOPHMOHANBHO Macce Tena: Ecmm xe
paccMaTpuBaTh ACHCTBUE KaKIOW CHIIBI B OTAENBHOCTH, UMEET MECTO
NPUHONI HE3aBHCUMOCTH JCHCTBHS CHI (MPUHLOWI CYNEpHO3UINN
neiictBus). B aTOM ciydae pe3ynbTHpYIOIEE YCKOpEHHE Tela
MIPEJCTaBIsIeT COOOH BEKTOPHYI0 CYMMY YCKOPEHMH, BBI3BIBAEMBIX
KaKJOU CHWJION B OTAEIBHOCTU: B cilydae paBHOMEPHOIO JBUXKCHMS 10
OKPY)KHOCTH  TE€JI0O HMEET LEHTPOCTPEMHUTENbHOE  YCKOpEHHE,
HalpaBJIEHHOE COTJAaCHO BTOpPOMY 3akoHy HplOTOHa K IIGHTPY
OKpPY>KHOCTH:

Tpetuii 3akoH Hetorona: B UCO cuinbl B3aUMOJEHCTBUS MEXKIY
JIBYMsI TEIaMH MMEIOT OAWHAKOBYIO (PU3MUECKYIO MPUPOIY, PABHBI IO
MOIYJII0 M HAalpaBlIeHbl BIOJIb OJHOHM NPSMOH B NPOTHBOINOJIOMKHBIE
CTOPOHBI: OTH CHJBl NPUIOKEHBI K PAa3HBIM TelaM U IO3TOMY HeE
YPaBHOBELIUBAIOT Jpyr Jpyra. B 3amaduax MeXaHUKH BCTpedaroTcs
CJEYIOIINE BUBI CHII: TSATOTEHHS (TPaBUTALMOHHBIE CHJIBI), YIPYTOCTH
" COIIPOTUBJICHUA.

HOpﬂ)lOR BbIIIOJIHCHU A paﬁOTLIZ

1. BHuUMaTenThHO NPOYUTATH TEOPETHUYECKYI0 YacTh M IUIaH
pereHus 3aaay

2. PaccmoTpeTs npuMeps! pelieHus 3a1au.

3. OTBeTHUTHh Ha KOHTPOJIBHBIE BOIIPOCHI.

4. [omy4ynTs U BEINOIHUTH UHIUBHyaIbHbIE 3aJaHUS.

Xoa padotbl:

1. IlpoaHanu3upoBaTh yCIOBHE 3aJaud, IMOHATH (U3HMYECKUIH
MPOIIECC, pACCMATPUBAEMBbIM B HEW, BBISICHUTDh, KAKUE CUJIbI ACHCTBYIOT
Ha UHTEPECYIOIINE HaC Tea.

2. Cpenate CXeMaTHYeCKHMH pPHCYHOK, H300pa3sMB Ha HEM
KMHEMATHYEeCKHE XapaKTePUCTHKH ABIKEHUS (YCKOPEHHS W CKOPOCTH),
HapHCOBATh BEKTOPHI BCEX CHJI, ACUCTBYIONINX Ha KaXXI0€ TEIO.

3. Jlnga xaxnoro Tena B OTACIBHOCTH HA OCHOBAaHHUH BTOPOTO
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3akoHa HblOTOHa 3amucaTh YpaBHEHHUsS [BUXKEHUS, CBA3BIBAIOILNE
NPOEKLMH CHJI M YCKOPEHHWil, BBIOpaB NpPEABAPUTEIIHLHO CHUCTEMY
orcuera. [Ipu nBrXEeHUM Tena 1o MpsIMOU BTOPOH 3axk0oH HeroToHa 11t
Tena MMeeT BUA: TIe — CyMMa IpOEKIUil Bcex Cuil, JeHCTBYIOUIUX Ha
TeNno, Ha NPsAMYIO, 1O KOTOPOH MHpoHCXOoAuT JBmkeHue. Ilpu stom
MOJIOKUTEIBHOE  HampaBJIeHHE  OoTcyera  yAoOHO  BEIOMparth
COBMAJAIOIIUM C HalpaBlieHMEeM YyckopeHus. Ecimu HanpaieHne
COCTaBIAIOLIEH CHJIBI COBINAAAET C HAMpPaBICHHEM YCKOPEHHUS, TO
COOTBETCTBYIOIAs MPOEKIUsI CWIIBI OEpeTcss CO 3HAaKOM IUTIOC, B
IIPOTUBHOM CIy4ae — CO 3HAKOM MHHYC.

4. Tlpu penreHnn 3aga4, B KOTOPBIX pacCMaTpUBAETCs] ANHAMUKA
PaBHOMEPHOTO JIBHJKEHUS IO OKPYKHOCTH, TaKKe LeIecooOpa3Ho
MOJIOXKUTEJBHOE  HallpaBJeHHE  KOOPJAMHATHOW  OCH  BBIOMpaTh
COBIAJIAIOIIMM C HANPaBICHUEM YCKOPEHHs, T.€. K LICHTPY BPALLECHUS.
CornacHo BTOpoMy 3akoHY HbloTOHa , rie — cymMMma IpOeKIHil Bcex
cui, NEHCTBYIOIIMX Ha TeJlo, Ha paauyc BpaweHus. Ilpu artom, eciu
MIPOEKIMsI CHJIBI HalpaBlieHa K IIGHTPY BpAIllEHUs, ee HYXKHO CUUTaTh
MOJIOKUTEIBHOM, €CIIN OT LIEHTPA - OTPULATENBHOM.

5. B 3ama4ax o OBMJKEHMH CHUCTEMBI CBS3aHHBIX APYT C IPYroM
TeN OJHUX YpaBHEHHMH ABIKEHMS OKa3bIBAE€TCS HEJOCTAaTOYHO. B aTOM
cilyyae HEOOXOAMMO 3ammcaTh eIle KHHEMAaTHYeCKHE YCIOBHA,
BBIpaKafoIINe COO0H COOTHOMICHHUS MEKAY YCKOPEHHUSIMH TNl CUCTEMBI,
00yCIIOBIICHHBIE CBA3IMH MEXIY HUMH.

6. Ecniu B 3amaue TpeOyercs HallTH HE TOJNBKO CHIBI U
YCKOPEHHs, HO TaKke KOOPAMHATHI (MM NMPOWACHHBIE MyTH) TEI U UX
CKOPOCTH, TO KpOME YpaBHCHMH MABIDKCHHMsS HYXHO HCIOJIb30BaTh
KMHEMaTHYEeCKHe YPaBHEHUS AJIsI KOOPIAMHAT U CKOPOCTEHt.

7. B 3amauax, rae yuuTBIBAaeTCA TPEHHUE, HYKHO HaXOJUTh CHITY
HOPMAaJIbHOW PEAKLUH OIIOPBI, OIPEAEIIIONLYI0 CUIly TpeHus. [t atoro
COCTaBIIAIOT YPAaBHEHUE HA OCHOBAHHH TOTO, YTO BJOJIb KOOPAMHATHOMN
OCH, MEPHEeHAUKYISIPHON K HANpPaBICHUIO CKOPOCTH HPSIMOJIMHENHO
JBIDKYILIETOCsl TeNa, YCKOPEHHE OTCYTCTBYET, M IO3TOMY CyMMa
MIPOEKIUH CUJI Ha 9TY OCh PaBHA HYIIIO.

8. TlomydeHHble ypaBHEHHS JIONOJHUTH, €CIM HEOOXOIUMO,
BBIPAKEHUSIMH 7151 KOHKPETHBIX BHIOB CHUI (CHJIAa TPEHUS CKOJIBXKEHUS,
CHJIa TPEHHS TOKOS, CHJa YNPYTOCTH, CcHia ApXWMeAa) W PEeLINTh
MOJyYCHHYI0 CHUCTEMY YypaBHEHHH B o00meM BHIE, T.e. IOIY4HUTh
pacueTHble (HOPMYIIBL.

9. Y6enutbcs, MOMYYaroTCs JIU B PE3YIIbTaTe €IUHHIIBI HICKOMBIX
BennuuH. [lojcTaBuTh B pacueTHble (OPMYJIBI YHCIOBBIE 3HAYECHUS
(U3MYECKNX BEJIMYMH U TPOU3BECTH BBIYHCIICHHS.

®dopma npeacTaBiIeHns Pe3yJbTaTa: BBINOJHEHHAs padoTa.
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Tema 1.3
3aKoHBI COXpaHEHHS] B MEXaHHKE

IIpakTnueckas padora 3
Pemenne 3aga4 no teme «3aKOHbI COXpAHEHHS B MEXaHUKE)

Ieabr paboThl: HAYYUTHCS NPUMEHSITH OCHOBHBIE (HOPMYIIBI
pasnena «3aKOHBI COXPAHEHUS B MEXaHHUKE) IPH PELICHUH 3a7ad.

Beimosinue padoty, Bel Oyaere ymerb: pemaTh 3aJaud Ha
3aKOHBI COXPAHEHHS MEXaHUUECKOI SHEPTHH 1 UMITyIIbCa.

MaTepnaJleoe odecmeueHne: CIIPaBOYHBIC MaTCPUAJIbI.

3ananue:
1. Axmyanusayus 3nanuil.
3amucaTh Ha JOCKe (DOPMyNBL: MEXaHWYECKOH paboTHl,
MOIIHOCTH, TMOTEHIMAJTbHONW OJHEPIWH, KHHETHYCCKOH OJHEpTHH,
UMITyJIbCa CHJIBI, MMITYJIbCa TENa, 3aKOHa COXPAHEHUs HMMITYJbca Ul
YIPYTOTO U HEYIPYTOTro YAAPOB.
2. Pewumps 3a0auu ¢ UCHONb306AHUEM AN20PUMMA
3aKoH coXpaHeHHs UMIyJbca.
AJITOPUTM pelieHHs 32124 Ha 3aK0H COXPAHEHHUsI HMITYJIbca:
3anucaTh KpaTKoe yCJIOBHE 3aJ1auu.
[lepeBecTr eauHuUIB! H3MepeHHs B cuctemy CU.
Bri6pats cucremy orcuéra.
CuuTarh CUCTEMY TEJ 3aMKHYTOH.
HapucoBare Tema 10 B3aMMOAEHCTBUS M TIOCIE, YUYHUTHIBAs
YOpYruii yjnap WM HEyNpyruid, yKasblBas HalpaBlICHUS HX
CKOpOCTEH.
Bri6paTh ocu KOOpIUHAT.
3amucaTh 3aKOH COXpaHEHHS MMITYJIbca B BEKTOPHOU (opMe.
8. CropoennpoBaTh 3aKOH COXpaHEHHS HMITyJbCca Ha OCH
KOOpAMHAT.
9. Pemmts cuctemy ypaBHEHUH.
10.  OueHHUTH NOJTYUCHHBIN PE3yIIbTAT.
3aKoH coXpaHeHHs SHeprum.
AJITOPUTM pellleHns 32124 HA 3aKOH COXPAHEHHS JHEePrum:
3anucaTh KpaTKOe YCIOBHUE 3aJ1a4u.
IlepeBectu eauHuIB! H3MepeHus B cuctemy CH.
BriOpaTh cucremy orcuéra.
OmnpenenuTts HauaJIbHOE U KOHEYHOE MOJIOKEHHUS Tell, a TaK XK€,
€CIIM HE00X0IMMO, TO TIPOMEXKYTOUYHBIE TTOJIOKEHUS, O KOTOPBIX

agrwnE

~No

el NS
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UAET peyb B 3aJ1aue.

BriOpaTh HyneBol YpOBEHb IIOTEHIMAIBHOM SHEPTHH.

Ecnu Ha Tena AeicTBYIOT TOJIBKO MOTEHIMAIBHBIE CUJIBI,
3anucaTh 3aKOH COXpaHeHus1 MexaHnyeckou sHeprun: E;= E;
Ecnu B cucteme Ten IeHCTBYIOT Tak)Ke U HEMOTEHIIUAIbHBIE
CHJIBI, TO 3aKOH COXPAaHEHUS YHEPTUH 3aMUCaTh B CIEIYIOIIEM
Buze: AE =E,- E; = A, rne A — paboTa HETOTEHIIHAIHHBIX CHII.
BrIpa3uTh HEU3BECTHOE.

[IpousBecTu pacuér YMCIEHHOTO 3HAUYEHUS U €IUHULL
HU3MEPEHUSL.

O1eHUTH TTOTyYeHHBIH pe3yIbTar.

3amaum:

Tenexka maccoil 0,1 xr ABMKETCS PAaBHOMEPHO IO CTOJY CO
CKOPOCTBIO 5M/C, Tak Kak U300pakeHO Ha pucyHke. Uemy paBeH
e UMIYJIbC U KaK HAIIPaBJICH BEKTOP UMITyJIbCa?

ABTOMOOWIF Maccoil | TOHHa, ABIDKETCS MHPSIMOIMHEWHO CO
ckopocTbio 20M/c. Haiiti ummynbc aBTOMOOWMIIS ...
ABTOMOOMITB, NEPBOHAYAIBHO JBUTABIIMHCS €O cKopocThio 20
M/C, TOCJE BBIKIIOYEHHsI JBUraTels OCTaHOBWICSA 4epes
3cekynnsl. Cuna  CONpOTHBJICHUs, JeiicTBOBaBIas  Ha
aBTOMOOMIb Tpu TOopMoxkeHuH paBHa 6000 H. Haiitu maccy
aBTOMOOMJIA. . .

UeMy paBHa CKOPOCTh TIOPOXOBOH pakeThl Maccoi 1 Kr mocie
BBUIETA W3 Hee TPOIYKTOB cropanus Maccoit 0,1 krco
ckopocthio 500 m/c.

C noaxu wmaccoit 240 kr, qBMxkymeiicss 0e3 rTpebma co
ckopocTbio 1 M/c, Bbiman rpy3 Maccoit 80 xr. Kakoi crana
CKOPOCTD JIOJIKHU?

OT AByX CTYIIEHYaTON pakeThl, 00Ias mMacca KOTOpoil paBHa 1
TOHHa, B MOMEHT JOCTHKEHHs cKopocTu 171 wm/c ormenmiach
BTOpas cTynens Maccoit 0,4 ToHHBI. [Ipr 3TOM CKOPOCTH pakeTs!
yBenmmumnack 1o 185 m/c. Haiftu ckopocTh, ¢ KOTOpO#l cTana
JIBUT'aThCS TIepBast CTYIIEHb PaKeThI.

I'panara, nereBmas TOPH3OHTAIBHO CO CcKopocThio 10 wm/c,
pasopBayach Ha JBa OCKojKa. Macca mepBoro 1 kr, macca
BTOpOro ockonka 1,5 xr. bompiiodl OCKONOK Hocie B3pbIBa
TIPOJIOJIKA JIETETh B TOM YK€ HallpaBJIEHHH, HO CO CKOPOCThIO 25
M/C, OTIPENeNTUTh HAIIPaBICHUE JBIKEHUS I CKOPOCTh MEHBIIIETO
OCKOJIKA.

Kamens OpomieH BepTHKaIbHO BBEpX. B MOMeEHT Opocka OH
nmen kuHetmyeckyto sHepruio 30 /[x. Kakyro moTeHnmanpHyIO
SHEPTHIO OH Oy/eT NMETh B BEpXHEH Touke?
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9. Teno OpomieHO BEPTHKANBHO Bepx co ckopoctblo 20 m/c. Ha
Kakoi BBICOTE €ro KHHETHYecKass OJHeprus OyneT paBHa
MOTEHIUAIbHOI?

10. Teno cBoboano manmaer ¢ BeicoThl 21M. Ha kakoif BeicoTe ero
KMHETU4YecKast SHeprus B 6 pa3 OoJble NOTeHIUAIbHONW?

11.  Ilpwm BbICTpENE M3 NPYKUHHOTO IHCTOJIETA BEPTUKAIBLHO BBEPX
mapuk Maccoil 100 r momHumaercss Ha BblcoTy 2 M. Kakosa
KECTKOCTh IIPYKHHBI, €CIIM IO BBICTpesia OHa OblIa c)kaTa Ha
5 cm? ComnpoTHBICHAEM BO3yXa IMPEHEOPEUb.

Kparkue Teopernyeckue cBeieHU:

dusnueckas BeIMYUHA, paBHas MPOU3BEACHUIO MAcChl Tejla Ha
CKOpOCTb €ro JBH)KGHHUS, Ha3bplBae€TCs MMIYJIbCOM Tena (WiIx
KOJIMYIECTBOM [IBIKCHHS).

HNMnynsc Tena — BEKTOpHas BenuurHa. EqunHuMned U3MepeHus
umnyibca B CU sBisieTCs KMIOrpaMM-MeTpP B CEKYHAY (KT M/c).

p=mv

dm3uyeckas BCJIMYMHA, paBHAs MPOU3BCACHUIO CHUJIBI HA BPEMA
€C HeﬁCTBI/ISI, Ha3bIBACTCA UMITYJIbCOM CHUJIBI.

p=F.t

B 3aMKHYTOH cuCTeMe BEKTOpHAs CyMMa HMIIYJIbCOB BCEX Tell,
BXOJSIIIMX B CHCTEMY, OCTAaeTCs TOCTOSIHHOM Tmpu  JIOOBIX
B3aUMO/JIEHCTBUSIX TEJ dTOU CUCTEMBI MEXKIY COOOM.

OT10T (DyHAAMEHTAIBHBIA 3aKOH TPHPOIBI HA3bIBAETCS 3aKOHOM
COXPAHEHHUs UMITYJIbCA.

AOCOIIIOTHO Heynpyzum yIapOM Ha3bIBAIOT TakKoe YAapHOE
B3aMMO/ICHCTBHE, IPU KOTOPOM Tella COSAMHSIOTCS (CIUMAITCs) IPYT C
JPpYroM U ABWXXYTCS JalIbIlIe KaK OQHO TEJIO.

AOCOIIIOTHO ynpyzum yHapoM Ha3bIBaeTCS CTOJIKHOBEHHE, IPH
KOTOPOM COXPaHACTCA MEXaHUYCCKAA DOHEPTUA CUCTEMBI TCII.

HO)I PCAaKTUBHBIM JBWXCHHUEM IMOHUMAIOT JIBHXKCHUE TEIIA,
BO3HHKAIOIIee [IPU OTAEIEHUH OT TeJla C HEKOTOPOI CKOPOCTBIO KAaKOH-
mmbo ero dactH. B pesymprare uero camo Teno mpHOOpeTaer
MIPOTUBOIIOJIOKHO HANPABJICHHBIH UMITYJIbC.
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SEN

Ilopsinox BBINOJTHEHHS PA0OTHI:

BHuMaTenpHO NpPOUYUTATh TEOPETHUECKYI0 4YacTh M IUIaH
peleHus 3agau

PaccmoTpeTs npuMeps! pelieHus 3a1a4

OTBETUTh Ha KOHTPOJIBHBIE BOIIPOCHI.

ITomy4yuTs U BBINOIHUTL HHAUBHUyaJIbHbIE 3alaHUL

®opMa npeacTaBIeHNUs pe3yJbTaTa: BBINOJHEHHAs padoTa.
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Tema 1.4 KoJsiedaTebHOE IBHKEHHE

IIpakTnueckas padora 4
Pemienne 3aga4 no teme «Ilapamerpnl KoJ1e6aTEIbHOTO ABUKEHUM

Heab padoThI:

- 3HaTh W TOHMWMATH MOHATHS «CBOOOAHBIE W BBIHYXKICHHBIC
KoJe0aHns, MaTeMaTHIeCKUH MasTHHUK, TPYKUHHBIH MasSTHHK,
MIEPHO]T, YACTOTa, AMILIUTY A

- MIPOBEPUTH 3HAHWS, YMECHUS M HABBIKA TI0 TeME MEXaHHYECKHE
KoJIeOaHus;

- €03/1aTh U 0TPabOTaTh AJITOPUTM MPOBEACHUS IKCICPUMEHTA TIO
OTPENICICHUIO Tepuoja KojcOaHWid MATEeMaTHYECKOTO U
MIPY>KUHHOTO MasTHUKOB;

- BbIBeCcTH  (popMynbl JJIsI  pacyera mepuoaa  KojeOaHWi
MaTeMaTHYeCKOTo U MPY>KUHHOTO MasiTHUKOB;

- 3aKpENHUTh HABBIKM pacyera IepHoia KoJeOaHWil Mo JaHHOU
TEeMe.

BemmosinuB  padory, Bbl Oyaere ymerb: IPUMEHATH
TIOJTyYCHHBIE 3HAHUS Ha MTPAKTHUKE.

MarepuaibHoe oGecniedeHHe: CIPABOYHbIE MaTEPHAIIbI

3ananue:
1. Omeemums na éonpocel:

1. Kakas kosjeOaTenbHas cHCcTeMa Ha3bIBACTCS «MaTEMaTHUYCCKUM
MasTHUKOM»?

2. Jdnst naHHOoro ciydasi, B 4éM (DU3UUECKMH CMBICT TOHITHS
«MaTepuasbHas TOUKa»?

3. Kakas xoneOaTenmpHast cucTeMa Ha3BIBACTCS «IIPYKHHHBIM
MasITHUKOM»?

4, Kaxkoe JIBHJKEHHE MBI Ha3bIBacM «KOJIEOAHHMSIMI)»
MaTEeMaTHIECKOTO U TPYKUHHOTO MasTHHKOB?

5. Kakas  ¢usnyeckas BelMYMHA  HA3BIBACTCS  «IICPHUOJOM
KOJIeOaHUsD»?

6. Kakas  ¢usndeckas  BelWYMHA  HA3BIBAeTCSI  «JaCTOTOM
KOJIeOaHUsM»?

7. Kakass ¢Qmsudeckas BenMuMHAa HA3BIBACTCS  «AMILTUTYIOM
KOJIe0aHus»?

8. ITox neficTBMEM KaKWX OCHOBHBIX CHJI MPOUCXOMIST KOJeOaHUS

pr)KI/IHHOFO U MaTEMaAaTHU4YCCKOI' O MaﬂTHI/IKOB?
2. Pewuumo 3a0auu:
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[Mpy>kKHMHHBII MasSTHUK COBEpIIAET TapMOHUYECKHE KOJEeOaHus ¢
ammmatynoi 20 cMm. Kak m3menuTcs nepuona koneGaHU 3TOrO
MasTHUKA [PY YMEHBIICHUU aMIUTUTY 16l KojeOanuii 1o 10 cm?
Teno maccoii 0,5 kr, npUKpeIUIeHHOE K MPYKUHE KECTKOCTHIO
10 H/m, COBEpIIaeT  TapMOHHYECKHE KoJleOaHus B
TOPU3OHTAJIbHOW IockocTu. Haiitn nepuon konebanuii. OTBer
MIPUBECTH C TOYHOCTBHIO IO JECATHIX.

Matematiaeckuii MastHukK mHOW 0,99 M comeprmaer 50
moNHEIX KoJjeOanmit 3a 1 muH. 1 40 c. YeMy paBHO ycKopeHHE
CBOOOIHOTO TMAZICHUs B JAHHOM MECTE Ha IIOBEPXHOCTH 3eMIIHn?
Hutsaao#t mastHuk 3a 1,2 MuHYTH coBepmmi 36 IIONHBIX
konebanuii. Haliure nepuos u yactoTy KojeOaHuil MasTHUKA.
AMIIIMTya HE3aTyXalolluX KoyieOaHWH TOYEeK CTpPYHbI 4 MM,
yacToTa Kojebanuit 2 k['u. Kakoii myTh mpoiieT Touka CTpyHbI
3a 0,8 cek. Kakoe nepemMelieHne COBEpIIUT 3Ta TOUKA 3a MEPUOT
KoJieOaHui?

Ha kakoe paccTosiHHE Ha/l0 OTBECTH OT IOJOKEHHS PaBHOBECHUS
rpy3 maccoil 320 r, 3aKpeIUIEeHHBIN Ha MPYKUHE KECTKOCThIO 0,6
kH/M, 49TOOBI OH TIPOXOAWI TIOJNIOXKCHHE PABHOBECHUS CO
CKOpOCTEIO 2M/c?

KakoBa macca rpysa, KoieOomerocs Ha IPYXHHE )KECTKOCTBIO
0,6xkH/M, ecnmm mpm amIumATyne KoieOaHWA 8cM OH HMeeT
MaKCHUMAaIIbHYIO CKOPOCTh 4M/c?

3a 0IHO M TO k€ BpeMs OJIMH MaTeMaTHYeCKUi MasTHUK JelaeT
50 xonebanwmii, a apyroi 30. Haligure ux JUIMHBI, €CIM OJIUH U3
MasTHUKOB Ha 32 CM KOpoOYe JPYyTroro.

3a 0IHO M TO K€ BpeMs OJIMH MaTeMaTHYeCKUi MasTHUK Jiefaer
25 xonebanuii, a npyroi 15. Hailimute ux IIWHBI, €CIU OJWH U3
MasTHUKOB Ha 16 cM KOpoue JApyroro.

Kparkue Teopernyeckune cBe1eHHU:

Ly (il {75717

Puc. 1. IIpeBpatienust 3HEPruM NpH KoJeOaHUIX TPYKUHHOTO
MasITHUKA
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OCHOBHEIE YpaBHCHUSA TAapMOHHUYCCKUX KoJIeOaHui

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

MaremaTtuueckuii MasTHUK

o

T=2n \ g
[Ipy>KUHHBIA MasTHUK

m

T=2n 1“ k

Iopsiaok BpINoIHEHUs PadOThI:

Ilepen pemenmeM 3amad 1O  BapuaHTaM, Ha  JIOCKE
BBIITUCHIBAIOTCS (DOPMYJIBI IO TAaHHOW TEMe.

[TpoBecTn aHaNM3 BENMYNH, BXOJSAINX B (HOPMYJIBL.

Pemenne 3amau o BapuanTaM (caMoCTOSTENbHAS paboTa).

Xoxa pa0oTsI:

BaumarenbpHo MpoYnTaTh YyCJIOBUE 3aJa4n u YBUACTH
MBICJIEHHBIM B30POM KOHKPETHYIO CHTYaI[HIO, MPE/ICTABICHHYIO
B 3aj1aue.

3anucarh KpaTKO yCIOBHUE 3a/1a4H, IEPEHTH, €CITH HEOOXOANMO B
cucremy CU.

[Tpoananu3upoBaTh yciIOBHE 33/a4d HA MPEIMET, YTO M3BECTHO
B 33/1a4€ M 4TO HAJ0 HaTH.

CocTaBUTh CHCTEMY YpPaBHEHHH M PELINTh €€ OTHOCHUTEIHHO
HEHU3BECTHBIX.

BeiBecTn pa3sMepHOCTh B TONY4YEHHBIX (opMynax, caenaTh
pacueT OTBETOB.

HpoaHannanpOBaTL OTBECTHI (3Ta YacCTb PCHICHUA 3aJla4u XOTb U
3aKJIIOYUTENbHAs, HO HE camas Jerkas: Heo0X0aAuMo
paccMoOTpeTh, Uil KakuxX ciydaeB paboTaer IoJydeHHas
(dbopmyna, Kora OTBeT He UMeeT (PU3MIECKOro CMbICIA U pealieH
JIM TIOJTyYCHHBIN YMCIICHHBIA OTBET).

®dopma npeacTaBIeHNns pe3yJbTaTa: BBINOJHEHHAs padoTa.
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Tema 2.2 TepmoanHaMuka

Ipakruyeckas padora 5
Pemenne 3anau no teme: «Ilpumenenue 1 Hayaaa TepMOAUHAMUKHI
K M30IpoLeccaM B ra3ax». «YpaBHeHHe TeIJIOBOro 0ajaHcay,
«KIIJI TenJioBBIX ABUTATEJIE»

Hens padoThl: HAYYUTHCA OINpeNeNiaTh padoOTy ra3a mpHu
Pa3INYHBIX M30IPOLEcCaX, HAXOIWTh BHYTPEHHIOIO SHEPIHIO Ta3a,
MIPUMEHATH | Hagaio TepMOJMHAMHKH K H30TpOIlEccaM B ra3ax.

Beinonnus patoty, Bel Oynere ymerb: pemaTh 3ajadud C
UCTONb30BaHUEM | Hauanma TepMOJMHAMUKM B MPUMEHEHHH K
U30IIPOIIECCaM.

MarepuajbHoe oGecnedeHue: CIPABOYHbIE MaTEPHAIIbI

3aganue:
. Omeemums na 6onpocet, 6b10pas npasuILHBLIL OMeEeEm:
1. Kak wu3MeHsieTCss BHYTPEHHSISI SHEpPIus HACANBHOrO Tasza MNpu
HU30TEPMHUYECKOM CHKATHHN?
a) YBEJINYHBACTCS; B) HE U3MCHSETCS
0) yMeHbIIaeTCs; ') OTBET HEOTHO3HAYCH.

2. Kakoe BbIpa)keHHE COOTBETCTBYET EPBOMY 3aKOHY
TEPMOJIMHAMUKHU B H30XOPUYECKOM Tporecce?
a) AU=0. B) AU=0.
0) AU=A. r)Q =-A.

3. UeMy paBHO H3MCHEHUE BHYTPEHHEH SHEPTHH T'a3a, €CIIH eMy
nepenaHo koauuectBo TeroTsl 300 Ik, a BHEIIHUE CHIIBI
coBepIwd Hax HUM padoty 500 Ix?

a) 200 JIx. B) 500 Ix.
6) 300 [Ix. r) 800 Ix.
4. Uemy paBHa paboTa, COBepIIEHHAas ra30M P Iepexo.ie U3 Co-

cTostHusA 1 B cocrostume 27
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®

P Ila

4 -

3

2

1

o 10 20 Ve
a) 10 JIx. B) 30 JIx.
0) 20 Ix. r) 40 JIx.

5. CocrosiHUE MIEATBHOTO ra3za U3MEHWIOCh B COOTBETCTBHHU C
rpapukamu Ha P-V muarpamme. B kakoMm ciiyyae W3MEHEHHE
BHYTpPEHHEH SHepruu Oosibie?

P, 14 P11
2 2
1 1»_»J
0 1 2 VM o 1 A
a) B mepsom B) Bo BTOpOM
0) B o0oux cirygasx oIMHAKOBO r) OTBeT HEOTHO3HAYCH

Ot 4ero 3aBucut KIIJI TenmoBoro asurareis?

[Mouemy pacmupeHue pabodero Tena HAAO MPOBOIUTH MpPHU
OoJiee BBICOKOH TeMIlepaType, 4eM cxaTue?

Kak MoxHO monmyuuth nBurarens ¢ MakcumanbHbiM KIT/1?
IIpo6aemusiif Bonpoc: Korzma (3uMoif wiau jJeToM) y ABUTATENs
mamuHbl  KITJ[ BeIme (pacxod TOIUIMBA HUXKE) W Todemy?
(Obcyxnenue).

Il. Pewuumo 3a0auu 1:

UneanpHBIA Ta3 MepeBed W3 COCTOSIHHUS C JIaBICHHEM C
nasierreM P; = 204 kIla u oobeMoMm V = 90 1 B COCTOSIHHE C
nasneHueM P, = 170 xIla u o6vemom V, = 108 n. Onpenenure
HM3MEHEHHE BHYTPEHHEH HEpPTUu Ta3a B 5TOM MPOLIecce.

Ha numarpamme moka3an mpoliecc H3MEHEHHS COCTOSIHUSA
(UKCUPOBAHHOTO KOJIMYECTBA BEIICCTBA HJICATLHOTO
oaHoaTOMHOTO ra3a. Ommpasich Ha CBOM 3HAaHUA TIO
MOJIEKYJISIpHOH (pr3mKe, 0OBsICHUTE, KaK U3MEHseTCs 00BbeM rasa
10 Mepe €To MPOXOXKIEHHUS U3 COCTOSIHUS | B cocTOsTHUE 2.

24



0 T

Ha pucynke mpuBeneH rpaduk 3aBUCHMOCTH KOHIEHTpPAIMH
MOJIEKYJT B HACBHIIIEHHOM BOJSHOM Iape OT Temmeparypel. Bo
CKOIBKO pa3 H3MEHHTCS BHYTDSHHSSL OHEPrus 2 M
HACBIIIEHHOTO Mapa MpU U3MEHEHHUHU ero Temmepartypsl oT 0 go
40°C?

n, 10%n-?

24 {—iemi—
20 {14 P
16 /
/

8
4 -

0 10 20 30 40¢.°C

Bozaymaernit map oosemom 2500 M 1 Maccoit 06omouku 400 Kkr
UMeeT BHHU3Y OTBEpCTHE, 4Yepe3 KOTOpoe BO3AyX B Iape
HarpeBaercsi ropenkoil. Jlo kakoil MUHHMAaJbHOW TemIepaTyphl
HYXXHO Harpetb BO3JIyX B Ilape, YTOObI OH B3JICTE] BMECTE C
rpyzom maccorr 200 xr? Temmeparypa OKpYXarollIero BO3ayXa
7°C, ero mmotHocth — 1,2 kr/M®. OGOMOYKY miapa CuMTATH
HEpacTKUMOM.

1. Pewuums 3a0auu 2:

Jns npurotoBieHust BaHHbl cMerand 40 1 X0nogHOH BOJBI IPH
10°C c ropsueit Bonoit npu 60 °C. Kakoit 00beM ropsiuei BoJb
HaJIO B3ATh, YTOOBI TeMIiepaTypa ycraHoBuiach 40 °C?

B Bony, oosemom 0,5 11, Temneparypa koropoit 80 °C, omyckaror
AIIOMUHHUEBYIO JIOKKY Maccoil 20 I. omnpenenuTs TeMIeparypy
ATIOMMHUEBOM JIOKKH, €clIM B pe3ylbTare TelIooOMeHa
ycTaHoBuiach temmepatypa 40 °C.

Cmemanu 100 r. cBUHIOBBIX ommIok mpu Temmepatype 50 °C ¢
50 r. amroMuHHEBBIX omwiIok pu Temmneparype 70 °C. Kakosa
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TeMmIepaTypa Nody4uBLIelcs cmecu?

B cocyn, conepsxamuii 1,5 kr Boasl mipu 15 °C, Boyckatot 200 r
BoasHoro mapa mpu 100 °C. Kakas oOmias Temmeparypa
YCTAHOBUTCS B pe3yJIbTaTe 3TOro?

B cocyn, conepxammuit 2,8 1 Boasl mpu 20 °C, 6pocaroT Kycok
cranu Maccoit 3 kr, Harperbii go 160 °C. Ompenenutere
MIEpaTypy, yCTAHOBHUBIIYIOCS B Pe3yJIbTaTe TEIUIOOOMEHA.

B cocyn, comepsxamuii 3,5 1 Boabl, monuBaroT 150 T criupra npu
temnepatrype 20 °C. Ompenenure TeMmmepaTypy BOABI, €CIH B
pe3yibpTaTe CMEMIMBAaHUS YCTaHOBIIIACh Temmeparypa 18 °C.

Beuwiecmeo Yoenvnaa mennoemrxocmo K/[oc/(k2-K)é

AroMUHAN 0,88
Mens 0,38
CBuHeEI 0,13
Crains 0,46
Bona 4,2
Crupt 2,4

10.

11.

KII[] TeruoBoit mammHbl, paboraromei 0e3 HOTEpb DHEPTHH,
SIBJISIETCS. MAKCUMAJIbHBIM, €CJIU €€ pabouuil UK BKIIIOYAET:

a) nBe ananabatsel, JBE U30XOPHI,

0) 1Be N300aphl, IBE U30XOPHI;

B) JIB€ U30XOPBI, IBE U30TEPMBI;

T) JIBE U30TEPMBI, IBE ainabaThI.
Tennosoit neurarens ¢ KITJ, paBubim 40%, 3a MK cOBEpIIAET
mone3Hyto pabory 200 J[Ikx. Kakoe KOIMHYeCTBO TEILIOTHI
MOJTy4yaeT ABHTaTeIb OT HATPeBaTENs?
TenmoBas MammHa TOXy4aeT 3a [UKI OT HarpeBaTels
koauuecTBO TertoTel 100 [k U oTAaeT XoJoAWiabHUKY 75 k.
UYemy paser KIIJ] mammub1?
KakoBo MakcumanbHO BO3MOXKHOe 3HaueHue KIIJI TterutoBoii
MallIHBI, KCIOJIB3YIOllel HarpeBarens ¢ TeMmneparypoid 427°C u
XOJIOAWIBHUK C TeMiepaTypoi 27°C?
Temmneparypa HarpeBaTels UealbHOW TEIIOBOM MalluHbl B 2,5
pa3za Ooiblle TeMOepaTypbl XOJNOAWIbHUKA. UYeMy paBeH
makcuManbHbIi KITJ] Mammab1?

Kpartkue Teopernueckue cBeieHUs:

[Mpumenum k ra3y I HauaI0 TEPMOANHAMUKH:
Q=AU+A

rae Q — remioTa, cooOmEHHAs ra3y,

AU — u3MeHeHne BHyTpEHHEH SHEepPTUH rasa,

A — paborta, coBepIIEHHAs Ta30M.
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[To ycnoBuro 3a1a4u ra3 CKMMaETCsl BHE3aHO. JTO 3HAYUT, YTO
TeTI000MEH ¢ OKpYyKatoleit cpenoit He npoucxomut, u Q=0.

[Mpouecchl, mpoTekalomuii NMpU OTCYTCTBUU TEIFIOOOMEHa C
OKpYXKaIoIIeH cpeloi, Ha3bIBAIOTCS a0UAOAMHbIMU.

Torma AU+A=0

Iepenumem paBeHncTBo B Buae: AU-A'=0 roe A'=-A — pabora,
COBEpIICHHAsI HAO Ta30M IIPH €TO CHKATUH.

ITonyuaem: AU=A'

CrnemoBaTenbHO, MpU  GHE3ANHOM  CHCAmMUU 234 €20
GHYMPEHHAA IHEPZUSA YBETUUUMCA.

BHyTpeHHsT 3HEprus UACATbHOTO Ta3a OIpeAenseTcs Mo

dbopmye:
U=[1/(y-1)]*v*R*T

rJie Y - IoKa3aTenb aauabarel rasa,

V - KOJIMYECTBO BEI[ECTBA I'a3a,

R - MonpHAS Ta30Bas MOCTOSTHHASA,

T - Temmeparypa rasa.

O0 yBenwueHWH  BHYTpEHHEW OSHeprum Taza  Oyner
CBUICTEIECTBOBATH TIOBHIIIICHHUE €T TEMIIEPATYPHL.

Tennogvie mawunsl u pazeumue MexHuKu.

Pa3zButne »sHepreTuku sBIASETCA OJHOM M3  Ba)KHEUIIUX
MIPENOCHIIOK HAayYHO-TEXHHYECKOro Iporpecca. MOIIHBINH pacuBeT
MPOMBINUICHHOCTH M TpaHcmopTa B XIX Beke ObIT cBs3aH ¢
n300peTeHNeM 1 YCOBEPIIEHCTBOBAHIEM TEIIJIOBBIX IBUTAaTEIIEH.

TemnmoBele  gBUTATENM —  YCTPOMCTBa, mpeoOpasyromme
BHYTPEHHIOIO YHEPTHUIO TOIUIMBA B MEXAHUYIECKYIO.

[MpuHIMT padoTHI TEIIOBBIX JBUTrAaTEINCH.

B pabore Bcex nBurareseii MOXHO BBIJEIUTH CIIETYIOLINE
o0I1IMe YepThl: SHEPIHs TOIIMBA —> MEXaHUYECKasi SHEPTHsl.

IIpn oTOM oHeprus TOIUIMBA CHAYajga MPEBPAIIACTCS BO
BHYTPEHHIOIO JHEPrHi0 Ta3a WIM T[apa, HarpeTelx /0 BBICOKOH
TEMIIEPaTypHlI.

Heob6xoanmo Hanu4me ABYX TeI ¢ pa3IndHBIMH TEMIIEpaTypaMH.
OHm Ha3BIBAIOTCS HAarpeBaTeleM MU XOJOAWiIbHHKOM. Kpome Toro,
HeobxoauMo pabodee Teno (map Win ra3).

B mpomecce paboTel TEmIOBOTO JBUTATeNs paboyee TeIo
3a0upaeT y HarpeBarelii HEKOTOPOE KOJIMYECTBO TEIUIOTHI Qp
IpeBpam@aer dYacTh €ro B MEXaHHYeCKyl0 »JHepruio A, a
HEMpPEeBPaLICHHYIO YacTh TEINIOTh Q, MepeaaeT XoNoIUIbHUKY.

ITo 3akoHy coxpaHeHus 1 npeBpaieHns suepruun A=Q;-Q,
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Pabora 1r060ro TEmIOBOro ABUraTess UKINYHA.
- Kaxap1ii HUKIT COCTOUT U3 Pa3HBIX MPOLECCOB:
- MOJTyYCHHE SHECPTUH OT HArPEeBATEIIS,
- pabodero xoma (pacumMpeHuss pabo4yero Tela W NPEBPALICHUS
YaCTH MOJIYUYCHHOMN SHEPTHH B MEXaHHUYCCKYIO);
- repeadi HEUCIIONb30BaHHOM YaCTH XOJIOMMIbHUKY.

Hamnume HarpeBatens, pabodero Tema W XOJOIMIBHHKA —
MPUHIUIIHATEHO ~ HEOOXOIMMOEe  YCIIOBHE Ui HETNPEephIBHOMN
OUKITAYECKON pabOTHI JIF0OO0TO TEIUIOBOTO JBUTATEIIS.

KIIJ] TemuioBoro aBurarens

n=i=Q1_|Q2|_
Q Q

:—Tl _T2 :1—T—2

n
T1 T1

KonnuecTBo TemiaoTel, Kak W BCE JPYrUe BUIBl DHEPrHH,
mmepsiercst B cucteme CU B Jxoymax: [Q] = JIx. (3mecr u B
JaTbHEHIIeM eIHHUIIBI H3MepstoTcs B cucteme CH.)

Hazpesanue unu oxnaxcoenue

[Ipu HarpeBaHWM WK OXJIAXKACHUH Tella KOJIMIECTBO TEIUIOTHI,
MTOTJIOIIAEMOE FITH BEIIEISIEMOE UM, PACCUUTHIBACTCS 110 POpMYyIIe:

Q = Cm(tz _tl)

rie m— macca Teia, Kr;

(t2—t1) — pasnocts Temmeparyp tena,® C (wiu K);

C— ylelbHas TEIIOEMKOCTh BEIECTBA, M3 KOTOPOIO COCTOMT
TesIo,

Lo Lo

ke-°C ke K

Yoenvnas mennoéuxocms  gewjecmea — 3TO  KOJIHMYECTBO
TEIUIOTHI, KOTOPOE HY)XHO COOOIIMTH OJHOMY KHJIOIPaMMy JaHHOTO
BeIlecTBa, YTOOBI YBENMYUTHh ero Temreparypy Ha 1° C (wmm 310
KOJIMYECTBO TEIUIOTHI, KOTOPOE BBLACISIECT OJHMH KHIIOTPAMM JITAHHOTO
BellecTBa, ocThiBast Ha 1° C).

Hampumep,
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. —4200-2PC_ _2100-22<

60 Ko- oC b0, 6005HO20NPA K- °
Crome _140- .. —380-4%
ke -°C i xe-°C
Colce/zem emanu 460& | Cgmomu”uﬂ = 920&
' ke-°C xe-°C

3HaveHHs YACNbHBIX TEINIOEMKOCTEH IPYTHX BEIIECTB MOXKHO
HAWTH B COPAaBOYHHKAX, a TaK)KE B [IKOJIGHOM Y4eOHUKE WIH
3aJ[a4HUKE.

[pu HarpeBaHWU Teja €ro BHYTPSHHSS JHEPIHsI YBEIUUUBACTCSL.
310 TpeOyeT MPHUTOKA SHEPTUM K TEIy OT APYTrUX Tel. 3HAYHUT, OHO
MOTJIOIAET HEKOTOPOE KOJIHUUYECTBO TEIUIOTHI, IPUHUMAS €r0 OT JPYrHX
TeJ, y4acTBYIOIUX B TETJIOOOMEHeE.

IIpu oxJylaxkAE€HUU Tela ero BHYTPEHHSS DHEPrUsl YMEHbUIACTCS.
[TosTOMy OCTBIBaIOIIEE TEIO OTAAET KOMY-THO0 HEKOTOPOE KOJIMYECTBO
TCIIJIOTHI.

OOBIYHO  KOHEYHYIO TEMIlepaTypy, YCTaHOBUBIIYIOCS B
pe3yabTare Teroo0MeHa, 0003HaUalT IrpeuecKoi OyKBoi @ (T3Ta).

[opsinok BbINoIHEHUs PadOThI:
1. BHuMaTenbHO TNpPOYMTATh TEOPETHUECKYI0 4YacTh W IUIAH
pemeHus 3a1a4d

2. PaccmoTpeTs npumMeps! pemieHus 3a1a4
3. OTBETUTH Ha KOHTPOJIBHBIE BOIPOCHI.
4. [Tomy4uTh U BEINOIHUTH HHAUBHIYaJIbHbIC 3aJaHUS.

Cnocoovt  pewienus 3adau (u  anzopumm #
Oeiicmeuii) Ha nocmpoenue zpagurKos U3ONPoOYeEccos 6
ocax PV,PT VT, eciu npedcmasnen o00un u3
epagpukos
Juis kaKoi 3a1a4u XapaKTepeH CBOM aJrOpUTM PEIICHHS !
1. 3anucats ypaBHeHHe MeHnneneeBa-Knanelipona -

2. Amnanus rpaduka. ¢

3. Havate mocTpoeHWe ¢ TOYKH TakuM oOpa3oM, 4TOOBI OT Hee
MOJKHO OBUIO «HIITH» CBOOOJHO B JIFOOOM HAIIPaBICHUU
I'paduk ¢ JOTTOTHUTETHHBIMU YCIOBHSIMH
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Fpaq)nquKHe 3a7a4M Ha CPABHCHHUE MAKPOCKOMUYECCKUX BEJIMYHH:

Cpagnenue MAKpOCKORUYECKUX RAPAMEMPO8  UCHONb3YS
epagpuxu (uzobapa, uzoxopa, uzomepma,).

AJropuTMm:
1. BriOpaTh 0/1HY M3 BETMYUH MOCTOSTHHON
2. IIpoBecTH NTHHUIO COOTBETCTBYIOIIYIO 3TOMY 3HAYEHHIO,
3. Tam rae umuHHMA nepecekaeTcs ¢ TpaduKaMH, OITyCTHUTh
MEPIEHANKYIISP Ha BTOPYIO OCh.
4, CpaBHUTH 3HAUECHHS BEITUYHH.
5. U noxacraButk B ypaBHeHHe MeHneneeBa—KianelipoHa BEISIBUTH
3aBUCUMOCTbD JJI1 HCKOMBIX 3HAUCHUN
v Py
/ P2
s
© T

Pewenue 3a0au na cpasnenue napamempos 2aza

1. Ha pucyHke npuBe/ieHbl TpaduKu JBYX H30METPHUYECKUX
MIPOIIECCOB, MPOBOJUMBIX C OJHON M TOH ke Maccoii raza. Cys mo
rpadukam,

1. oba mpomecca AT P OJHON U TOI Ke TeMIepaType;

2. Bmporecce 1 ra3 HauaJl pacIIMPSTHCS MO3KE, YEM B

nporecce 2;
3. mpouecc 1 uner npu Goiee BHICOKOH TEMIIEpaType;
4. mpouecc 2 naer npu OoJee BBICOKOM TeMIieparype.
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p,klla

R Y I
800
600 wdf-eete
400 B L
200 i S
0 1 2 3 4 Vn
Ha VT—nmmarpamMe m300pa)XeH TPOIECC, MPOU3BOIUMBIA HAal
OZIHAM MOJIEM HJI€aJIbHOTO ra3a. W 5
2. B kakoM wu3 4YeThlpeX 0003HAUCHHBIX 1;"'
v + +3
COCTOSIHUH ra3a ero JaBJicHHE 00JbIe? ' i .
. S
4

®opma npeacTaBIeHHs Pe3yJIbTaTAa: BBIIOIHEHHAs paboTa.
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Tema 3.1 DuiekTpocTaTHKa

IIpakTnueckas padora 6
Penienne 3aga4 1o teme: «JeKTPOCTATHKA

Heab padoThI:

1. [loBTOpHUTH OCHOBHBIE TEPMHHBI H (QOPMYIBl paszena
«DNMEKTPUIECKOE ITOTIEH.

2. CthopmMupoBate yMeHHE HPUMEHSTH (OPMYNIBI MPH pPEIICHUH
3aj1ad.

3. Pa3BuBaTh JOrHUecKoe MBILIUICHNE, TaMATh, BHUMaHHE, YMCHUE
paccyxnaTh ¥ BBIJIEISATD TJIaBHOE.

4. Pa3BuBaTh HaBBIKM CAMOKOHTPOJISI U B3aUMOKOHTPOJIS.

BeinonHus padotry, Bl Oynere ymerb: pemaTh 3ajadd Ha
3aKOH COXpPaHEHHUS IEKTPUUIECKOro 3apsijia Ha IBUKEHUE U paBHOBECHE
3apsDKEHHBIX YaCTHIl B JIEKTPUYECKOM II0JIe, pacyeT HaIpsDKCHHOCTH,
HalnpspKeHNUs, MOTEHINANA, 3JIEKTPOEMKOCTH KOHICHCATOPOB.

MarepuanbHoe o6ecniedeHHe: CIIPAaBOYHBIC MAaTEPHAIIbI

3aganue:
|. Pewuums 3a0auu:

1. Hanpsokenue Mexay monrocamu 0atapen akkymynsatopos 40 B.
KaKoOH 3apsa MONy4HT KOHAeHcaTtop eMkocThio 500 Mx®, ecnu
€r0 COeIMHUTH C ITOJIF0CaMHM 3ToH OaTapen?

2. JlBa OIMHAKOBBIX MaJICHBKUX IIApHKa, 00JaJaloNINX 3apsAaaMu
6*10° Kot u -12*10° Ku, naxomstes Ha paccrosiaum 60 cM apyr
oT apyra. OnpenenuTe CHITy B3aUMOJICHCTBUS MEXAY HUMHU.

3. [pu mepemeriennu 3apsga 2 Kii B 21eKTpHUECKOM IIOJIE CHIIEL,
JEHCTBYIOIIUE CO CTOPOHBI 3TOTO TOJS, COBEpIIMIH paboty 8
Ix. Uemy paBHa pa3HOCTh ITOTEHIIMAJIOB MEXIy HAYalIbHOH U
KOHEYHOU TOYKaMU MyTu?

4. [Ipu mepeMeneHn  AMEKTPUISCKOTO 3apsiia MEXIy ¢ TOYKaMH C
Pa3HOCTHIO TIOTEHIIMAIOB 8 B cuitbl, IelcTByOMME Ha 3apsia Co
CTOPOHBI AIEKTPUIECKOTO IO, coBepIIiin padoty 4 [Ix. Uemy
paBeH 3apsia?

5. Hanpspkenne Mexay ABYMs TOPH30HTAIBHO PACHOIOXKEHHBIMU
miactuaaMu 600 B. B mome 3TUX TIacTHH HaxXOIUTCS B
paBHOBECHUU 3apsHKEHHAas MbUIMHKA Maccoi 3*10°® r. Paccrosiame
Mexy tiactaaaMu 10 cMm. OnpenenuTe 3apsit NUTHHKH.

6. Konpnencarop emkxoctpio 0,02 MK® COEIMHWIM C MCTOYHUKOM
TOKa, B pe3yJlbTaTe dYero OH Ipuobpen 3apsn 10° K.
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OnpeaenI/ITe 3HA4YCHUC HaOpsiPKEHHOCTH 110JI4A MCKIY
IJIaCTUHKaMU KOHJACHCATOpPa, €CJIN paCCTOAHUE MCEKIAY HUMU 5
MM.

KpaTKHe TCOPETUYECCKUE CBEACHUA: 3akoH KyJ’IOHa B BaKyyM€:

= =kq1_(32= qlq22
r 4rg,r

3akon KynoHa B cpene:

F — k iquZZ — qqu

Az r°

HaHp?[)KeHHOCTB DJICKTPHUYICCKOI'O MOJIA:

E =

o | T

HaHp?[)KeHHOCTB QJICKTPHUYICCKOIO MOJISI TOYCHYHOTI'O 3apsiaa:

o LA
Areee, ¥ &r

3akoH COXpaHCHUA DJICKTPUICCKOIO 3apdaa:

9=9,+0; +..+0,

Pa3HOCTB IIOTEHIMAJIOB.
A
o -, =Ap= a
HOTGHL{I/IaJ‘I TOYCYHOI'O 3apﬂ)1a:

p=—0 -k

= 9
Aree |1 e
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CBs3b IMOTCHIIMAJIa U HAIIPSAKCHHOCTU:

c_de
d

SHGKTpoeMKOCTL KOHACHCAaTOpa:

C= q
D =@,

DHeprus 3apsHKEHHOT0 KOHAEHCATopa:

W = q(e — ;) :ﬂ
2 2

Hopsaok BpInoIHEeHUs PadoThI:

Ilepen pemenmeM 3agad MO  BapWaHTaM, Ha  JOCKE
BEITACHIBAIOTCS (POPMYIIBI ITO TAHHOH TeMe.

[IpoBecTn aHaMM3 BETUYNH, BXOSAIINX B (POPMYIIEL.

Pernienue 3amayd mo BapuanTaM (caMoCTOsTEIbHAS paboTa).

Xona pa0oTsI:

PaccraBute cuiibl, JAEHCTBYIOLIME HA TOYEUHBIM  3apsf,
TIOMEIIEHHBI B 3JIEKTPUUECKOE TMOJe, W 3amucaTh sl HEro
YCJIOBHUSI PaBHOBECHS WM ypaBHEHUE TWHAMHMKU MaTepUalibHOM
TOYKH.

BrIpa3uTh cUiIbl 31IEKTPUYECKOTO B3aUMOIEHCTBUS Yepe3 3apsi bl
1 XapaKTEPUCTHUKH IOJISI U NTOJICTAaBUTh B UCXOJHOE YpaBHEHHE.
Eciu mpu B3auMOAEHCTBHM NPOUCXOAMT IEpepacipeleeHue
ANEKTPUUYECKUX 3apsAloB, TO cJlenyeT I00aBUTh ypaBHCHHE
3aKOHA COXPaHEHMsI AJIEKTPUUYECKOTO 3apsijia.

IlonyyeHHyl0 cuCTEeMy YpaBHEHUM pEUIUTh OTHOCHUTEIIbHO
HEU3BECTHOW BEJIMYMHBI.

II Tun. 3amauym Ha pacyeT MOJIeH, CO3JAaHHBIX TOYCUYHBIMU

3apsaaaMi, peHarTCd € Y4YE€TOM MNpHHOUIIA CYIICPIO3UITNN TOJICH.
Ocoboe BHHUMaHHWE cieqyeT oOpamarh Ha BEKTOPHBIH XapakTep
HaNpsDKeHHOCTH W TIOMHUTh, 4YTO 3HaK TIepe]] IOTEHIHAJIOM
OTIpEIeIISIETCS 3HAKOM 3apsi/ia, CO3/IAfOIIETro TIOJIH.

II Tun. 3agaun o 3apsHKEHHBIX TelaX, pa3MepaMU KOTOPBIX

HCJIb35 HpCH€6p€‘{I>. Ecimm peUb UACT O IJIOCKUX KOHACHCATOPAX, TO:
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1) ciemyer YCTaHOBUTb THI COCIOMHEHHMS: BBIICHHTb, KaKHE
KOHJICHCATOPBI COEIMHEHBI 110CIIE0BATEIbHO, KaKHe — MapajuIeNIbHO.

2) COCTaBHUTh YpaBHEHUsI, CBSI3bIBAIOLIHME 3apsi/ibl M HANPSDKCHUE
Ha KoHJeHcaTopax. CliefyeTr y4ecTb, 4TO, €CIH IUIOCKUI KOHIICHCATOp
TOJIKJIFOYHTH K UCTOUYHHUKY IIUTaHMUS, 3apSIUTh €ro, a 3aTeM OTKIIIOUHUTb,
TO MPU M3MEHEHUH €M KOCTH KOHJIEHCATOpa BCIEICTBUE Pa3ABHIKECHHS
(cOmmxeHns1) TIACTHH, BHECEHHs (yHaJCHUS) MUAIICKTPUKA, 3aps Ha
KOHJEHCaTope He MeHsercs. Eciam KOHIEGHCATOp TOIKIIOUEH K
UCTOYHHKY TTOCTOSIHHOTO HANPSDKEHHSA, TO NPH BCEX yKAa3aHHBIX BBIIIC
N3MEHEHHSAX €MKOCTH, HAIPSHKEHUE MEXIy OOKIagKkaMH KOHICHCAaTopa
ocTaeTcsi HEM3MEHHBIM. B ciydae, ecmm MexIy OOKIaakamu
KOHJIeHCaTopa BCTaBJISIIOT (BBIHMMAIOT) He3apsUKEHHYIO
METAUTMYECKYI0 IUIACTUHY, HE 3aMbIKaloUlyl0 KOHJEHCATop, 001acTb
JMDJICKTPUKA MEXIy OOKIIaJKaMu yMeHbluaercsi (yBeJIMYMBaeTcs) Ha
00beM 3TO#l TIACTHHBI, Kak ecid Obl MbI CcONMXKamM (pa3IBUraliu)
00KIJTaZIKK KOHJICHCATOPa;

3) B TIIJIOCKOM KOHJEGHCATOpPE OJHY IUIACTHMHY MOXHO
paccMaTpuBaTh Kak TEJIO C 3apsAAoM (, MOMEIICHHOE B OJHOPOJHOE
NIEKTPUUYECKOE TI0JIE C HEKOTOPOH HaNpsDKCHHOCTBIO, CO3JIaHHOE
JIpYroM IIacCTUHOM.

IV tun. CMemaHHele 3a0a4H.

®opma npeacTaBIeHHs Pe3yJbTaTa: BBINOJHEHHAs padoTa.
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Tema 3.2. 3aK0OHBI NOCTOSTHHOI'0 TOKA

IIpakTnueckas padora 7
Penienne 3aga4 no teme «CMeIIaHHOE COeJUHEHHE IIPOBOHUKOBY,
«3axonbl Kupxroga»

Ieab padoThbl: HAYINTHCS «IUTATB) CXEMBI, IPH CMEIIAHHOM
COCAMHEHUH; OINpPENENATh OOIee CONPOTHUBICHHUE IICMH; HAXOIUTh
paciipeseneHre TOKOB M HAaNpsDKCHWH TIPH  Pa3lMYHBIX  BHAAX
COCIMHEHNSI.

Beinonnus padory, Bel 6ynere ymern:

- pelaTh 3a/1a4d Ha CMEIIaHHOE COeAMHEHNE TIPOBOIHUKOB.

- paccuuThIBaTh MapaMeTpsl OTHCIBHBIX M KOMOMHHPOBaHHBIX
LETIEH.

MarepuajbHoe oGecniedeHue: CIPABOYHbIE MaTEPHAIIbI

3aganue:
|. Omeéemumo na sonpocwi:

1. CohopmynupyiiTe 3aKOHBI TAPALICIFHOTO U ITOCIIEIOBATEIHHOTO
COCTUHEHUS POBOJTHIUKOB U 3alTUIITUTE Ha TOCKE.

2. HadepTuth cxemy 3JeKTpHUUECKON [ETH, COACPKAIINN
JIAMTIOUKY, KJIF0Y, UCTOYHHUK TOKA.

3. Kak W3MEHHTCS CONPOTHBIIEHHE 3JICKTPUYECKOH IenH, ecnu
MOAKIIIOUUTh K JIOOOMY 3BEHY IeNH elle OJHY JIaMIIOUYKY:
a) MOCJIeI0BATENbHO; 0) mapaienbHO?

4, IIpu mocienoBaTeNnbHOM COEAWHEHUH JIBYX MPOBOJHHUKOB,
COTIPOTHUBIICHUS KaXKJIOT0 M3 KOTOpHIX 2 OM, cria TOKa B IETH
coctapisier 0,2 A. CKOJIbKO aMIep COCTaBUT CHUJla TOKa B
HEPa3BETBICHHOW YACTH LM, €CIH Te JK€ IPOBOAHUKU
COCIUHHTH TmapajuienbHo? HampsbkeHne B 000MX  Caydasx
OJIMHAKOBO.

5. Conpotusienue nepBoit sammsl 10 Om, BTopoit tammsl — 20 Owm,
TPETbEeH  JIaMIIbl 30 Om. UYemy paBHO CyMMapHOe
COTIPOTHUBJICHUE JTAMIT?
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1.

=

Il. Pewuumo 3a0auu:
Omnpenenure CONPOTUBICHUE YYACTKA LEMH, TPH COCIUHCHUH B
Toukax B u [I, ecnmu R1I=R2=R3=R4=2 Om

B [TRZ | c
I B

R R3

A | R4 | a

Wsmenutcs au COIIPOTUBJICHUC Y4YaCTKa LCHU IIPHU COCIUHCHNU B

Toukax A u C?

2.

UYeTslpe OIMHAKOBBIE JIAMIBI COMpOTHBIEHHEM 15 Om kaxkpas
COEIMHEHBI TaK, Kak IMOKa3aHO Ha PHUCYHKE, W, MOJKIIOYEHBI K
HWCTOYHUKY MOCTOssHHOTO Hampsbkenus 20 B. Kak wusmenurcs
HaKaJl KaXK/10M U3 JIaMIl, €cJid J1amna 4 neperopur?

VY4acTok UenH, KOTOPBIH COCTOMT U3 UETBIPEX PE3UCTOPOB,
NOAKIIOYEH K HCTOYHHMKY ¢ HampspkeHuem 40 B (cm. Puc. 2).
Bpruncanre cuiry Toka B pe3uctopax 1 W 2, HamnpsbKeHHe Ha
pesuctope 3. ConpoTuBieHUE NEPBOro pesucropa paBHO 2,5 Owm,
BTOpOro u Tperbero — no 10 Om, uerBéproro — 20 Om.

Hdano: R1=2,50m; R,=R3=100m; R4=200m; U=40B
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Haiitu: Il! |2, U3

R2
[ 1 [
- LI
1 R3 R4
4. Haiinute nonnoe comportusieHue nenu (cMm. Puc. 3), ecnn

COTIPOTHBIICHHUE PE3UCTOPOB
R1=R2=R5=R6=3OM, R3=200M, R4:24OM

Haiinure cunmy Toka, MAYILIEro yepe3 Kaxkablid pe3ucTop, eciid K
LETNH MPUII0KEHO HanpshkeHue 36 B.

Jdano: Ri=R,=Rs=Rs=30M, R3=200mMm, R,;=240Mm, U=36B
HaiiTn: Il! Iz, |3, |4, |5, |6v R

R R2
R3 R4
-~ 1 1
R6 RS
KpaTkue TeopeTuueckue cBeeHUs:

1. IIpu mnocnenoBaTeNbHOM COCAMHEHWH IPOBOJAHUKOB 0OIIee
CONPOTHBIICHHE y4YacTKa pPaBHO CyYMME CONPOTHBIICHHUH
MIPOBO/IHUKOB!

R=R;+Ry+...
2. [Tpn mocnenoBaTeIbHOM COEIMHEHNH MPOBOIHUKOB CHIIBI TOKA B

KaXXJ10M M3 IMPOBOAHUKOB PaBHbI U PABHBI 06m€ﬁ CHJIE TOKa Ha
YYaCTKE LCIu:
1=l 1= |2: .

3. Ilpu mocCIeIOBaTEIPHOM COCAMHECHUHM IPOBOAHUKOB CyMMa
HanpsHKEHUH paBHa 00IIEMY HAMPSYKEHHIO HA YYACTKE EIH:
U:U1+ |2+ cee
4, HpI/I napajJjieJIbHOM COCIMHCHHUHN MIPOBOAHUKOB 06H1a${
MIPOBOAUMOCTDb ydacTKa paBHa CymMMme HpOBO,Z[I/IMOCTeI;'I

IIPOBOAHUKOB:
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6.

11,1
R R R,
HpI/I napajjicejibHOM COCAMHCHUU TMPOBOJHHUKOB CyMMa CHI
TOKOB paBHa O6IlIeI‘/II CHJIC TOKAa Ha Yy4aCTKE LCIIN:
1=l 1+ |2+ el
Ipu mapasesbHOM COEIHHEHHH MPOBOJHUKOB HATPSUKCHUS B

Ka)XJOM U3 IPOBOJHHKOB PaBHBI M PaBHBI OOIIEMY HANpsDKCHUIO Ha
y4acTKe Lenu:

N

U=U=I=...

IMopsinok BeINOJIHEHHUsST PA0OTHI:

Ilepen pemeHweM 3amad O  BapuaHTaM, Ha  JIOCKE
BBIITUCHIBAIOTCS (DOPMYJIBI IO TAHHOW TEMe.

[TpoBecTr aHanM3 BEMUYNH, BXOISMIINX B (DOPMYJIBL.

Pemenne 3amau mo BapnanTaM (CaMOCTOSATEIbHAs paboTa).

Xox padoThl:
[Ipu pemieHnK 3a7a4 HA CMEIIAHHOE COCTUHEHHUE MPOBOIHUKOB

00BIYHO COCTABIISIOT TaK HA3bIBAEMbBIE DKBUBAJICHTHEIC CXCMBI, BBIJCIIAA
Y4aCTKH € OCJICA0BATCIbHBIM U NAapaJJICJIbHBIM COCTUHCHUEM.

Ilpumep 1

Ay=6 Ay Ay

B e T S S B
-

Comnportusnenue R;, 3aMeHMIIO BBIIEIEHHBI y4acTOK IeNH, B

KOTOPOM JABa MPOBOAHUKA COCAUHCHBI ITapalICJIbHO.

TOFI[& MBI MOXKEM HaWTH COIIPOTHUBJICHUEC JOTOr0 YyYacTKa C

napajjieJibHbIM COCIMHCHUCM IIPOBOJHUKOB!

0 RR, 6-12
** TR, +R, 6+12

A Temepp BHAHO, YTO TPOBOAHMKHU R;, 1 R; coegmueHs!

mociueoBatensHo. ObIIee COPOTHBIICHIE PABHO

R:R1’2+R3:4+2:6.

Ilpumep 2.
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B nanHOM ciiydae Hy)XHO pa3BepHYTh CXEMY, IBUTASICh OT TOUKH
K Touke. BugHo, yto B Touke b cxema pasBeTBisercs, a B Touke B
BETBU COCIOMHAIOTCSA. TakuM 00pa3oM, SKBHBAJICHTHBIE CXEMBI OYIyT
HMETh BU/:

R», Rz u R4 coennHeHsI moCIe10BaTeaLHO.
H03TOMy R2’3'4 = Rz + R3 + R4 =1+10+1=120m.
R, 34 11 Rs coenunens! mapamiensHo. [loatomy

R2,3,4R5 12 . 8

R, o= = =438
R, +Rs 12+38
3akonnl Kupxroda npu pemennn 3agav
3ananue:
Pewiums 3a0auu:
1. CKOJIBKO y3JI0B, BETBEH U KOHTYPOB UMEET dJIEKTpUUYECKas LEb,

n300paxeHHas! Ha pUCYHKe?
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| o |
d
-::. R: Ru
2. Hanumure YPpaBHCHUE COTJIAaCHO MEPBOMY 3aKOHY KI/IpXF 0(1)3

JUTSL y371a, I300paKCHHOTO Ha PHCYHKE.

h
4 5

iy

3. Hapucyiite smekTpudeckuid y3el, i KOTOPOTO COTJIACHO
nepBoMy 3akoHy Kupxroda cocrariieHo ciieayroriee ypaBHEHHUE:
11+12-13+14—-15-16=0
4, Hanwumire ypaBHEHHUs COTTIAaCHO BTOpoMY 3akoHy Kupxroda s
KOHTYpa 0-B-T-11.

R1 p R2
— — g
—_—
Bl R3 B2 ==
T 1'%-—]—
e ] 2
5. B snextpuueckoii enu, cxemMa KOTOpOoM NMpUBE/IEHa Ha PUCYHKE,

pe3uctopbl UMeroT conpotuBieHus R1 =2 Om, R2 =3 Owm, R3 = 6 Owm,
R4 =10 Om. Onpenenute oOMMNA TOK B IIETIH, €CJIA HATIPSDKEHUE MEXTY
Toukamu A u b paBHo 24 B.
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Kpartkue TeopeTnueckue cBeieHUs:

Jlnst pacueTa TOKOB B Pa3jIMYHBIX BETBSX JIIOOOH pa3BETBICHHOMN
LeN C TPOU3BOJIBHBIM YHCIOM MCTOYHMKOB U TOTpeduTeneit
HE00XOIMMO 3HATh U MPUMEHSTh 3aKkoHbI OMa u Kupxroda.

OnpenenuM, 4TO Takoe BETBb U y3ed. Todka 3JIeKTpHUECKOH
LIEH Ha3bIBaeTCs Y3J0M WM TOYKOM pa3BETBIEHHUSA, €CIM B HEH
COCIUHEHBI TPU WK OOJIBIIIee YHCIIO TIPOBOOB (BeTBel). (puc.1).

BerBb 3/1eKTpUYECKOH Lenu — 3TO Y4aCTOK, PacHOJIOKEHHBIN
MEXITy IBYMS y3JIaMH.

2 3w

S

-

I
"/

) fj* ry
X
s a e
.
5
Puc. 1

IIpy nOCTOSHHBIX TOKax B L€ HU B OJHOW M3 €€ TOUEK HE
MOTYT HaKarlJIMBaThCs JIEKTPUUECKHUE 3apsi/bl, TAK KaK 3TO BBI3BAIO ObI
HM3MEHEHHE MOTEeHIHAIOB To4YeK Lenu. CIeoBaTebHO, JEKTPUUECKIE
3apsiapl, NPOTEKAaoNMe K KAaKOMY-THOO Y31y B €IUHUIY BpPEMEHH,
paBHBI 3apsAfaM, YTEKaloIUM OT 3TOr0 y3da 3a Ty XK€ EIUHHUILY
BPEMEHU. OTO TOJNOXKEHUE BbIpakaeT mNepBblii 3axoH Kupxroda,
KOTOpBIH (popMynupyercst Tak:CyMMa TOKOB, HalpaBJICHHBIX K Y3Iy,
paBHa CyMMe TOKOB, HAIIPaBJIEHHBIX OT HETO.

Hanpumep, s y3ma A MOXXHO HalMCaTh:

l1+15=13+14+ls,
WY IPUAB YPABHEHHIO IPYTOM BUI, TIONYIHM:
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l1+15+(-13)+(-12)+ (-15)=0,

a B obmem Buae X1=0, T.e. anreOpanyeckas cyMMa TOKOB B y3JI€ paBHa
Hymo. Ilpy 3TOM TOKM, HampaBjeHHBIE OT Yy3Jla, CUUTAIOTCA
OTPHIATEIEHBIMH.

BcroMHEM  OCHOBHBIE — CBOWCTBA — TOCJIEHNOBAaTENIBHOIO U
NapaJIeIbHOTO COSIMHEHUH IPOBOAHUKOB, IIPHEMHUKOB YHEPTHH.

IocaenoBaTe bLHBIM coeIMHEeHHEM NPOBOTHUKOB —
NPUEMHUKOB 3JEKTPHYCCKONH SHEPrHH Ha3bIBACTCS COCAMHEHHE, IPH
KOTOPOM  3JIGKTPOIPHEMHUKH COCIOMHEHBl OIOMH 3a JpyruM 0Oe3
Pa3BeTBICHUI W MPH HAINYUU MCTOYHUKA MUTAHUS 110 HUM NPOXOAUT
OJIUH U TOT )K€ TOK:

|:|1:|2:|3 (pI/IC2)
LIE ] ez [k
— - | L
wl 1 ri ri rl
L .
Puc. 2

Ilo 3akoHy coOXpaHEHUWsI JHEpPTWH, SHEPrHs, 3aTpayeHHas Ha
nepeMelIeHne eIMHUYHOTO 3apsja BJOJNb BCEH IENu, paBHA CyMMe
SHepruil. 3aTpaueHHBIX Ha IIEpeMEIIeHHe TOrOo K€ 3apsjga Ha BCexX
ydacTKax IeNH, T.C.HalpsDKeHHE Ha 3aXHMaxX LEeNHd paBHA CyMMe
HampsbKeHu’ Ha Bcex yuacTtkax ee: U=U;+U,+U3

ConpoTtuBneHue I Ha3pBaeTCsd 3JKBHBAJEHTHBIM (00IIIM)
CONPOTHBIEHHEM LEMH, T.e. TAaKUM, 3aMEHa KOTOPBIM  BCEX
COTIPOTHUBIEHUHM IENM TPH HEU3MEHHOM HANpsSKEHWH HE BBI3BIBAET
CHJIBI TOKAa.DKBHBAJCHTHOE CONPOTHBIIEHHE psa IOCIEI0BATEIbHO
COCAMHEHHBIX CONPOTHUBICHUH PaBHO CYMME 3THX CONPOTHBIICHHUH:
r=ry+ry+rs

IIpuMepoM mnoCIENOBATENBHOTO COECAUHEHUS MOXET CIYXKHThb
LeNb, PAacCCMOTPEHHAas Ha PUCYHKE 3, coCTosIas U3 MPOBOAOB U
IIPUEMHHKA SHEPTHH.
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L LLF.

| L ]
Puc. 3

Ilapannensnvim  coedunenuem  NPUEMHUKOS  IHepuU
Ha3bIBACTCSl COCJMHEHHE, NpPU KOTOPOM OJMH 3&KHM KaXIOro u3
MIPUEMHUKOB TPUCOETUHEH K OJHOW TOYKE SJIEKTPUYECKOH LemH, a
JPYTOH 32)KHM Ka)KIOr0 U3 TeX K€ MPUEMHHUKOB IPHCOSIUHEH K IPYyroif
TOYKH nermd. TakuMm o0pa3oMm, MexAy IBYMsS Yy3JaMH HPHEMHUKH
00pa3yroT napasuienbHbie BeTBU (puc. 4).

Ham/mne y3na B CXEME€ — DJ3TO HpI/ISHaK HapaHHEHBHOFO
COCOUHCHUS.
L"'\.
—
|
L1
r 1
-
i

Puc. 4

HanpsokeHne Ha IpHEMHHKAaX OJMHAKOBO M PABHO IOJO0KEHUIO
MEXIY Y3JIaMHU:

u=u 1= U 2= U 3
Toku B BeTBIX pactpeaeisitoTCsa 06paTHO MpONOPIUOHAIIBHO

COIMPOTUBJICHUAM BETBEH Z010%¢ npsaMo IpoNnoOpuUUOHATIBHO ux
IIPOBOANMOCTAM:

. L .
|1'|2’|3__'_'_:gl'92'g3
nnon
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3aMKHYTBIIl IIyTh, TPOXOMSIIMI 10 HECKOJIBKHM BETBSM,
Ha3bIBAIOT KOHMYPOM INEKMPUYECKOIl Uenu.

[lpexxae uem mpucTymaTh K pacCMOTPEHUIO (PU3NUECKOTO
CMbICIIa M BBIBOJIa BTOpOro 3akoHa Kwupxroda, BCIIOMHUM IOHSTHS
pabOTHI ¥ MOIITHOCTH 3JICKTPHYECKON IICTIH.

Kak BblumcisieTcs, KakuM TNIPHOOPOM H3MEpSIETCS M Kak
MOJICYNTHIBACTCS TOJIE3HAss paboTa WM pacXod 3HEPrHU? B KaKUX
eIMHALIAX U3MEPSAIOTCS PaOdOT U MOLTHOCTH B ANIEKTPHUECKOI Hern?

MOIIHOCTD XapaKTepU3yeTcs Kak CKOPOCTb COBEPIICHHS PabOTHI
B MCTOYHUKE NMUTAHUS WIN B TPUEMHHUKE SHEPTHH:

P= T — o0muit BUI (OPMYIIEL,
P=E-| — mommocts ucTounmka smexTpudeckoii SHEPIUM;

P=U+Uy)Il =Ul+U,l,rze P=Ul - mommocts
moTpeOuTENeH;

2
PO = UOI = I ro — IMOTEPSA MOITHOCTHU B UICTOYHHKE.

YPaBHeHI/Ie OanaHca MOIITHOCTH MOJXHO 3aIikucaTbhb Ha OCHOBaHHUHU
3aKOHa COXpPAaHCHU SHCPI'UU TAKUM 06p330MZ

P=P+P,

CnenaeM HeKOTOpble IPeoOpa3OBaHUS: B BEIPAXKEHHE I
OanaHca MOIIMHOCTEH TMOJCTAaBUM  BBIPQKEHHS Ul MOIIHOCTH
HCTOYHHMKA M MOLIHOCTEH NMOTpeOUTEIel, MPU ITOM IMOJTY4UM:

P=P+PF. p_g.|. P=UI. R =U,l =1,

2 2
El =1°r+1°r,. Ecnu pasnenuts 06e yacti paBeHcTBa Ha TOK

Lo E=Ir+1r,.

B nanHOM ciydae BCsikas 2JIEKTpUYEcKas LENb U €€ OTICNIbHBIE
9JIEMEHTHI SIBISIIOTCSI TIpeoOpaszoBaressiMu sHepruu, a 9J]C ucroynnka
OAACPKMUBACT 3HeKTpI/I‘-IeCKI/H71 TOK B SHCKTpI/I‘ICCKOﬁ OCIIn.

9Hepm;1, noiaxydyaemMas OJHHUM KYJIOHOM DOJICKTPpHUYCCTBa B
QNEKTPUYECKON IENH IIOJHOCTBIO PAcXOXyeTcsi MOTPEOUTEISIMH W B
COCIUMHMUTENBHBIX TPOBOJAX. Takoe BBIPAXEHHE YAaCTHOTO Cirydas
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BCEOOLIET0 3aKOHA COXPAHEHHS SHEPIUM M HA3bIBAETCS BTOPHIM
zakonoM Kupxropa: 2E =ZIr

B m1000M 3aMKHYTOM 3JICKTPHYECKOM KOHTYpe anreOpandeckas
cymma DJIC paBHa anreOpanyueckoil CymMMe MaJCHUI HANPsSKCHUN Ha
COTMPOTHUBJICHUSIX, BXOIAIINX B 3TOT KOHTYP.

Ecmu stoT 3aKoH 3anucath kak 2E = 2Ir =0, 1o on BeIpaxkaer
yCJOBHE, YTO aireOpanyeckas cyMMa W3MEHEHHMH IOTEHIMaNa IpH
00Xx0/1e 3aMKHYTOI'O KOHTYpa paBHa HYJIIO.

IIpu cocraBneHun ypaBHeHHH 1o 3ToMy 3akoHy DJIC m TOKM
CUHTAIOTCSI TIOJIOKUTENBHBIMM, €CITM HaIlpaBJIeHHs HMX COBHANaloT C
HaTpaBJICHWEM TIPOW3BOJIIFHO BEIOpaHHOTO 00X0Aa KOHTYpa, B
NPOTHBHOM CJIydac OHH CYUTAIOTCS OTPHLATEIBHBIMH M B ypaBHEHHU

>E =ZIr zanmcriBarorcs co 3HAKOM «-».
Hanpumep, mis xontypa ABBT'A (puc. 5), o0xoms ero mo
HAaIPaBJICHUIO ABM)KCHUS 10 YaCOBOW CTPEJIKE, MOYKHO HAIHCATh!

E+CE)=Ir+Ir,+Ir,

e

wtl 02

L2 B L ¥

opsinok BbINOIHEHUS PadOThI:
1. Ilepen pemenmeM 3amad MO  BapWaHTaM, Ha  JIOCKe
BEIITHCHIBAIOTCS (POPMYIIBI ITO TAHHOM TEMe.
[IpoBecTn aHaNMM3 BETUYNH, BXOSAIIUX B (POPMYITEL.
3. Pemenue 3am1a4 mo Bapuantam (camocTosITebHas padoTa).

N

Xox padoThl:
1. OnpenenuTs YUCIIO Y3JI0B, BETBEH U KOHTYPOB B JIEKTPHUECKON
LETIH.
[Ipou3BOIBEHO PACCTABUTH HANIPABIICHHE TOKOB B BETBSX.
3amucaTh nepBbIi 3akoH Knupxroda s y3ios.
[TpousBosibHO BBIOpATh HampaBieHue 00X0/1a B KOHTYPaX.
3amrcaTh BTOpoit 3akoH Kupxroda asst KOHTYpoOB.

akrwn

®dopma npeacTaBIeHNs pe3yJbTaTa: BHINOJHEHHAs padoTa.
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Tema 3.3. MarauTHoe moJie
IIpakTnyeckas padora 8

Pemenne 3aga4 mo teme: «MarauTHoe moJie ¥ ero
XapakTepucTHKN», «Cuna Amnepa. Cuia Jlopenna»

Heabr padoThl: pacmMPUTh 3HAHMSA YYAIIUXCS O MAarHUTHBIX

B3aHMO}1617[CTBPIS[X, pa3BUBATH YMEHUA 0606IlIaTI), CpaBHHBATh,
HCIOJIb30BATh MOJYUYCHHBIC 3HAHWA IPU PCIICHWUU 3a1a4.

BeinonHus padotry, Bel Oynere ymerb: pemaTh 3ajadd Ha

¢GbopMynBl  HamNpSDKEHHOCTH, MArHUTHOW WHAYKIWH, MAarHUTHOTO
MOTOKA.

MarepuanbHoe o6ecrniedeHHe: CIIPAaBOYHBIC MaTEPHAIIbI

3ananme:
|. Peruums 3a0auu:
[IpsmonuueiiHpli npoBogHUK anuHOW 10 cM HaxomuTcs B

OJHOPOJIHOM MarHUTHOM TIIoJie ¢ MHAYKIueH 4 T u pacronoxeH
nox yriaom 30° Kk BeKTOpy MarHMTHON MHmyKiuH. UeMy paBHa
cuila, JEHCTBYIOINAs Ha MPOBOJHHMK CO CTOPOHBI MarHUTHOIO
T10JIs1, €CJIM CUJIa TOKa B IPOBOJIHUKE 3 A?

DJIEKTPOH, POl YCKOPSIOIIYIO pa3HocTh noTeHuanos U=400
B, monan B ogHOpPOJHOE MarHMTHOE Iojie ¢ MHAyKumed B=1,5
Tn. Omnpenmenuts: 1) pammyc R KpUBH3HBI TpaekTopuu; 2)
YacTOTY BpAalIEHHUs 3JEKTpOHa B MAarHWTHOM TIone. BekTop
CKOPOCTH 3JIEKTPOHA TIEPICHIUKYIISIPEH JTMHNSM WHITyKINH.
[IpotoH €O CKOpOCTHIO 2:10" m/c Bueraer B OJIHOPOJHOE
MarHuTHoe nosie ¢ u"aykuued 8 Ti mox yriom 45% x nuHEAM
nHaykuu. Halltu cuity, nefcTByrolyto Ha MPOTOH.
[IpsiMONMHEHHBIM NPOBOAHMK JUIMHOW 15 cM HaxomuTcs B
OTHOPOJTHOM MAarHUTHOM ToJie ¢ HHAyKIuel 4 T u pacmonoxeH
nox yriom 60° Kk BeKTOpy MarHWTHO# MHIyKImH. UeMy paBHa
cwila, JEHCTBYIOIIAs Ha TPOBOJHHWK CO CTOPOHBI MarHUTHOTO
TI0JIsA, €CJIA CHJIa TOKa B MPOBOJTHUKE 2,5 A?

3apsoxeHHBIN mapuk maccoit 0,1 mr u 3apsgom 0,2 MKit Bneraer
B 00JacTh OJTHOPOJHOTO MarHUTHOTO moisi mHAyKIuenr 0,5 T,
uMesl UMIyJbC 6 10 krm/c, HaMpaBJIEHHBIN NEePNEeHAUKYISIPHO
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10.

JUHUSAM ~MarHuTHOM wmHnyknmu. C  kakod cwiod  Oyner
JeMCTBOBATh MarHUTHOE MOJIE HA 3aPSKEHHBIN MIapHuK?
Onpenenuts cuily, ¢ KOTOPOW OIHOPOJHOE MArHUTHOE II0JIe
JefcTByeT Ha MPOBOAHUK ANMHOM 20 cM, eclu cuila TOKa B HEM
300 MA, pacnonokeHHbII mox yriaoMm 45 rpagycoB K BEKTOPY
MarHuTHOM MHAyKUuU. MarHuTHas MHAyKuus coctasiseT 0,5
T.

IIpoBogHuKk ¢ TOKOM 5 A HaXoguTCA B MarHUTHOM IIOJIe C
nanykmwer 10 Tiu. OmnpenenuTh NIUHY NPOBOJHHUKA, €CIIH
MarHuTHOE ToJje nelctByer Ha Hero ¢ cwiod 20H wu
NEPIEHIUKYISIPHO IPOBOJHUKY.

IIpoBoguuk jauHoM 0,15 M TNepneHAUKYISpeH BEKTOPY
MarHuTHON MHAYKLIUU OZHOPOJHOTO MarHUTHOTO IOJIS, MOAYJIb
kotoporo B=0,4 Tn. Cuna toka B mpoBogHuke8A. Haiigure
paboTy, KoTopas OblIa COBEpLICHa MpH IepeMeLCHUU
mpoBonHuka Ha 0,025 M 1O HampaBleHHIO AEUCTBHUS CHIIBI
Awmmnepa.

Onpenenuts LEHTPOCTPEMUTENBHYIO CUILY, ACHCTBYIOLIYIO Ha
MPOTOH B OAHOPOJHOM MarHuTHOM Tonie ¢ uHaykmued 0,01 Tn
(BEeKTOp MAarHUTHOM WHIYKIMH TEPHCHIUKYIAPEH BEKTOpY
CKOPOCTH), ECIIU PaANyC OKPYKHOCTH, TI0 KOTOPOU OH JBIDKETCH,
paBeH 5 cM.

C KakuM YCKOPEHHEM JIBUXKETCS JJIEKTPOH B OJHOPOIAHOM
MarHuTHOM nojue (BekTop MarHuTHOMN HHAYKIUH
MEPIICHANKYJIAPEH BEKTOPY CKopocTH) ¢ mHaykimed 0,05 T,
eciu cuia JlopeHia, nedcTByromias Ha Hero, paBHa 5x10-13 H.
(Tax xak cuna JlopeHma sSIBISI€TCS  OJHOBPEMEHHO H
LIEHTPOCTPEMUTENBHOU CUJION, M JJIEKTPOH [JBMIXKETCS IO
OKPY>KHOCTH, B 3agade TpebyeTcs paccuuTarh
LHEHTPOCTPEMUTEIBHOE  yYCKOPEHHE, KOTOpOE IPHOOpeTaeT
AJIEKTPOH B Pe3yJbTaTe NECHCTBHUS IEHTPOCTPEMHUTEIBHOMN CHIIE).
Il. Omeéemums na eonpocot mecma:

1. hUcmounukom MazHumHo20 nosis A610MCs (A61emcsl). ..

1) gBIKyIIHECS MEKTPUICCKHE 3aPSIIBL;
2) 3apsOKEHHBIA TEHHUCHBIN MIApHK;
3) mMoJI0COBO¥ MarHuT.

2.06napysicums macHumuoe nojie MOACHO no...

A) 10 neicTBUIO Ha 000 MPOBOIHIIK;

B) meficTBuIO Ha MPOBOAHUK, TI0 KOTOPOMY TEYET JIEKTPUIECKUNA TOK;
B) 3apskeHHBI TEHHUCHBIM IIAapHWK, IOIBEIICHHBIA Ha TOHKOM
HEpPaCTsHKUMON HUTH;

I') Ha BYKyIIMECS IIEKTPUYECKHE 3apsiibl.
1)Aub,2)AuB,3)buB,4)bul.
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3.3axonuume ¢pa3zy: «Eciu snexmpuueckuii 3apsio HenoO8UICEH,
Mo 80Kpy2 He20 Cyujecmeyem...
1) marauTHOE MoONTE,
2) 3JIEKTPUUECKOE TI0JIE,
3) aMeKkTpuUecKoe U MarHUTHOE THOJIE.
4. 3axonuums @pasy: «Ecnu snexmpuueckuii 3apao osudicemcs,
Mo BOKpY2 He2o cyujecmsyem...
1) MarauTHOE 1MOJIE,
2) BIIeKTpUIECKOe T0JIe,
3) 3NMEeKTpUIECKOe U MAaTHUTHOE TTOJIE.
5.3akoH4nTh Ppa3y: «BOKpyr IPOBOIHHUKA C TOKOM CYIIECTBYET...
1) MarauTHOE TOJIE,
2) 3JIEKTPUUECKOE TI0JIE,
3) BJIeKTpUYECKOe U MarHUTHOE TI0JIE.
6. Kaxue cunvl nposenssiomcsi 60 63auMOOCUCMEUU  08YX
NPOBOOHUKOE C MOKOM?
1) cuIIBI MarHUTHOTO ITOJIA,
2) CHIIBI JIIEKTPUIECKOTO OIS,
3) cuitbl TPaBUTAMOHHOTO MOJIA.
7. Kakue ymeepoicoenus A61ar0mcs 6epHuimu?
A) B npupoje CymecTBYIOT IEKTPUIESCKUE 3aPSIIbI.
b) B npupozne cymecTByIOT MarHUTHBIE 3apsi/Ibl.
B) B npupozne He cyniecTByeT MIEKTPHUECKUX 3apsI0B.
I') B npupoae He cymiecTByeT MarHUTHBIX 3apsI0B.
1)Aub,2)AuB,3)Aul,4)5,Bul.

Kpartkue TeopeTnuyeckue cBeieHUs:
BekTop MarHuTHOM MHIYKIIVH:

__Fa
llsinx
HaHp?[)KeHHOCTB MArHuTHOTI' O I10JIs:

B
Hity

H=— B=uB,. B=puu,H

Ecmm —L TO YacTuIla OyJeT ABUTaThCS MO OKPY>KHOCTH U CHIIA
Jlopenna Oyet cooOmaTs eif HEHTPOCTPEMUTEIHFHOE YCKOpEHUe =>
Fu=ma, =

MaruauTHbIH oTok: @ = Bs cos (£
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MarHuTHOE T0JIe COJICHOU/IA:

N
B=yonl.n = T

3axon Amnepa: Fa=Bll sin (£,

o

Hanpasnenue cuisl AMiepa onpeensercs o MpaBUily «JI€BOH PyKH»:
e  MAarHWTHBIE CHJIOBBIE TMHUU BXOJAT B JIaJJOHB;
e 4 manplia yKa3bIBaIOT HAIIPABJICHHUE CHJIBI TOKA B TIPOBOIHUKE;
e  OTOTHYTHII OOJBIION MaJel] yKaXeT HalpaBJIeHHE CHIIBI
Awmriepa.

Cuna Jlopenna: Fy; = gBv sin £,

Hanpasnenue cunsl JlopeHia onpenensercs N0 NpaBuily «JI€BOH
PYKI» IJid TMOJIOKHUTCIIBHBIX 3apsaA0B; IJIAd OTPULATCIBHBIX 3apsIoB -
3epKaibHOE 0TOOpaKEHHE.

Cua JlopeHIia Bceraa neprneHAnKyYIIpHa MII0CKOCTH, B KOTOPOH
HaxonsATcs BeKTopel V u B =>cuna JlopeHna paboThI He COBEpPILACT, T.C.
HE MOYXET H3MECHUTh KHHETUYECKOW YHEPTUU CBOOOIHBIX 3apsIIOB.

Iopsinox BeINOJTHEHHs PA0OTHI:

1. Ilepen pemieHmeM 3agad MO BapWaHTaM, Ha  JIOCKE
BEIITHCHIBAIOTCS. (POPMYIIBI ITO TAHHOM TEMeE.

2. [IpoBecTu aHaNMN3 BEIMYWH, BXOAAIIUX B (OPMYJIBL.

3. Pemenne 3ama4 mo Bapuantam (camocTosITeIbHas padoTa).
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4. OTBeTHTH HA BOIPOCHI TECTA.
dopma  mpencTaBieHHs]  pe3yJbTara: BBITIOJTHEHHAS
camocTosTeNbHas padora.

Tema 1.4 KoJjed0aTeabHoe IBHKEHHE

JlaGopaTopHas padora 1
Omnpenenenne 3aBUCUMOCTH MepHOIa KoJedaHUil 0T Macchl

rpysa

Lean padorsl: MccnenoBars 3aBUCUMOCTD TIEpHOJia KOJieOaHUH
MIPY>KUHHOTO MasiTHUKA OT )KECTKOCTH MPY>KUHBI.

MartepuaibHoe ofecneyeHHe. INTaTUB C 2-Ms JIAaKaMH,
npyxuna Nel (k1=6,4 H/m), npyxuna Ne2 (k2=21,6H/m), HaGop rpy30B
maccoit mo 100r, nuHeika, ceKyHI0Mep, THHAMOMETD.

KpaTtkue TeopeTuueckue cBeaeH

OnHOI M3 BaKHBIX XapaKTEPUCTHK KOJEOATEIHFHOTO IBHKCHUS
SIBIISIETCSI IEPHOA KOJIeOaHNsI — MHTEPBAJI BPEMEHH, B TCUCHHE KOTOPOTO
MIPOUCXOIUT OJHO TNonHOoe Koiebanme. CBs3p mepuoaa KoseOaHWH
NPYKHHHOTO MAasTHAKA OT MacChl TIpy3a M XECTKOCTH HPYKHHBI
n3BectHa: Ilepron cBOOOHBIX KoyleOaHMH TIPY)KWHHOTO MasTHHKA
ompenemnsieTcst o popmyie:

iy

HOpﬂ)IOR BbITNIOJIHCHU A paﬁOTbI

1. Cobepure HU3MEPUTENBHYIO YCTAaHOBKY B COOTBETCTBHH C
PHUCYHKOM.

2. IlogBecbTe K MITATUBY NpPYXKHHY, a K HEHd — OJHY THUDIO.
OTBenuTe THUPIO BHM3 OT IOJIOKEHMS PaBHOBECHS Ha 2CM U
OTITyCTHTE.

2.M3mepbTe TPOMEKYTOK BPEMEHH t, 32 KOTOPBII IPOUCXOMISAT
30 monueix koneOanuii. Haiinmre mepwox T wactory v KoyeOaHUIA.
Pe3ynbraThl n3MEpeHNi U BBIYUCIICHUH 3aHECHUTE B TaOJIHUILY.

3.IloBTOpHTE OMBIT, OTBENs TUPIO Ha 4CM OT IOJOXKEHHS
paBHOBECHSL.

4.CpenaiiTe BBIBOJ O TOM, KaK 3aBHCHT NepHOA KojeOaHWUH OT
aAMIUTUTYABI U 3aIUIIUTE €r0 B TETPaIb.

5.IToBTOpHuTE OMBIT (11.2), MOABEMMBAA K THpe Hoodepeano 2,3,4
rupH. Pe3ynpTaTel m3MepeHnii ¥ BEIYUCIICHUH 3aHECUTE B TAONIHITY.

6.Beibepure  ymoOHbI  Maciitad u  mocTpoiite  rpaduk
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3aBUCHMOCTH KBaJipara Iepuoja KojaeOaHuil 0T Macchl rpysa.

7. nst 3TOrO MOCTaBBTE HA TpaUKe TOYKH, COOTBETCTBYIOIIUE
pe3ynbraraM Bamux u3MepeHuil. IIposenure yepes Hayalo KOOPAMHAT
OTpPE30K MpPsIMOU, OJM3KO MPOXOASIIUNA K KaXKIOH M3 IMOCTAaBIEHHBIX
BAMHU TOYEK.

8.CrenaiiTe BBIBOJ O XapakTepe 3aBUCUMOCTH KBajpara Ieproa
KoeOaHni W Teproia KoJieDaHuil MPYKUHHOTO MASITHHKA OT €ro
MaccChl U 3allULINTE €r0 B TETPALb.

KoHTposbHBIE BONIPOCHI AJIs1 CAMOINIPOBEPKH

1. JaiiTe onpeaeneHne MEXaHMIECKIX KOJIeOaHMi.

2. Kakne xonebanusa Ha3sIBarOTCAI CBOOOIHBIMHA?

3. MaiiTe ompenencHue aMIUTUTYIBI, MEPHOMA, IMKINYCCKON
4acTOTHI, (ha3bl.

4. 3amumure (GOpMyTdy CBS3M LUKIMYECKOW YacTOTHI C

MEPUOIOM KOJICOaHHUH.

5. Jaiite onpeneneHue Npy>KMHHOIO MasiTHUKA.

6. Sanuimre (GOpMyNTy IMKINYECKOH YacTOTHI KOJIcOaHUM
MIPY>KUHHOTO MasiTHUKA.

7. Sammmmure QopMmyny mepuona KoleOaHWH MPYKUHHOTO
MasTHHKA.

®opma npeacTaBiIeHHs pe3yJbTaTa: 3al0JHEHHAs TaOInIa U
BBIBOJ TI0 pabore.

Kpurtepuu onenku:

Ouenka «5» (OTJMYHO) CTaBUTCS, €CIU OOyJaroIIUHACS
BBINOJIHAET Pa0oTy B IOJHOM 00beMe ¢ COONIOAEHHEM HE0O0XOJUMON
MOCTIEIOBATENbHOCTH  TPOBENEHHS ~ ONBITOB W H3MEPEHHil;
CaMOCTOATENIFHO W pAIlOHAJIFHO  MOHTHPYET  HEoOXOoauMoe
000pyIOBaHHE, BCE ONBITHI MNPOBOJUT B VYCIOBHAX H PEKUMAX,
00eCIIeYnBaIOIINX TOTYYCHHE IPABUIBHBIX PE3yIbTATOB W BBHIBOJIOB,;
cobOmromaer TpeOoBaHMSA TMpaBHI OE30IaCHOTO TPyHa; B OTYETE
MPAaBUJIBHO W aKKypaTHO BBITIONHSET BCE 3aIlUCH, TAOJHIIBI, PUCYHKH,
4epTeKH, TpaduKW, BBYUCICHUS, TPABIIFHO BEITIONHSACT AaHAJM3
NIOTPEIIHOCTEN.

Ouenka «4» (XO0poII0) CTABUTCS, €CITH BBHIITOJIHEHBI TPEOOBAHUS
K OIICHKE 5, HO OBLIO JIOMYIIEHO [Ba-TpHW Heaodera, He OoJiee OHON
HEeTpyO0Ooii OIMMOKN U OJTHOTO HEeJ[0YeTa.

Ouenka «3» (yIAOBJIETBOPUTEJILHO) CTaBUTCS, €clu pabora
BBITIOJTHEHA HE TIOJHOCTBHIO, HO 00BEM BBIITOJHEHHOW YacTH TaKOB, YTO
TIO3BOJISIET TOJIYYHUTh NMPABUIbHBIE PE3YyJIbTaThl M BBIBOJBI; €CIIH B X0/€
MIPOBE/ICHUS OTIBITA U U3MEPEHUH OBUTH JOMYIIEHBI OIIHOKH.

Onenka «2» (HeyA0BJIeTBOPHTEJIBHO) CTAaBUTCS, eciau padora
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BBIMOJIHEHA HE IIOJIHOCTHIO M O0OBEM BBIIOJHEHHOM YacTH pa6OTI>I HC
MO3BOJIACT CACJIATh IMPAaBUJIbHBIX BBIBOAOB; €CJIM ONbIThI, U3MCPCHUA,
BBIYUCIICHUS, Ha6J'HO,HeHI/IH MMPOU3BOANINCH HETIPABUIIBHO.
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Tema 1.4 KoJsiedaTebHOE IBHKEHHE

JlaGopaTopHas padora 2
Omnpenenenne 3aBHCHMOCTH NepHOJa KOJeOaHUH OT KeCTKOCTH
NPYKHHBI

Heas padorsl: VccnenoBaTh 3aBUCUMOCTD IIeproa KoeOanuit
MIPYKHHHOTO MAasTHUKA OT JKECTKOCTH MPY KUHBL

MartepuanbHoe of0ecrmeyeHHe. INTATHB C 2-Ms JIAIKaMH,
npyxwuHa Nel (k1=6,4 H/m), npyxunaa Ne2 (k2=21,6H/m), Habop rpy3oB
maccoit mo 100r, nuHeika, ceKyHI0Mep, THHAMOMETD.

Kparkue TeopeTrnyeckune cBeleHH:

OnHOI M3 Ba)KHBIX XapaKTEPHCTHK KOJEOATENbHOTO JBIIKEHUS
SABJIIACTCA MCPUO/ KOHe6aHI/Iﬂ — UHTEpBAJI BpEMCHU, B TCUHEHUE KOTOPOT'O
MPOMUCXOIUT OJHO TNonHOe Koyebanue. CBs3p Inepuoaa KoyieOaHWH
OPY)XHHHOTO MAasATHHKA OT MAacChl Ipy3a H JKECTKOCTH MPYKHHBI
usBecTHa: Ilepron CBOGOOHBIX KOJEOAHWH MPYKUHHOTO MAasTHHKA
ompenensiercs mo Gopmye:

Hi
[opsaaok BbINOJTHEHUS PA0OTHI
3aKkpenuTh Npy>KUHY B INTATHBE U MTOJBECUTH K HEHl OIUH IPy3.
2. Uzmeputs Bpems 20 koneOaHUi.
3.BrIyucIuTh Iepuo/.
4.11oBTOPUTH OMBIT, MEHSSI YUCIIO MOBEIIEHHBIX I'PY30B.
5. OcTaBUB OOWH TPYy3 U MEHAS NPYKUHBI Pa3HOH KECTKOCTH,
HM3MEpUTH TIepHO KonebaHuii rpysa .
6. Bce u3MepeHus 1 BEIUNCIICHUS 3aHECTH B Ta0IHILy.

k — INOCTOsSTHHAA BCJIMYMHA M — MOCTOSIHHAas BEJIMYHUHA
Ne N t,c | T,c [ m, [ Ne N t,c | T,c k, H/m
OTIBIT | YUJIO | BPEM |HIEPHO | KI' |OMBIT [YKCIO| BPEM | IIEPHO | KECTKOCT

a [komed| s o [macc| a |komed| s I b
Koue0.|koneb.| a . |koneb|koneO. [py>KHHBI
rpysa
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KoHTpobHBIE BONPOCHI 1151 CAMONPOBEPKH

1. JaiiTe onpeaeneHne MEXaHIIECKUX KOJIeOaHH.

2. Kakne xonebanusa Ha3sIBarOTCSI CBOOOIHBIMK?

3. Jaiite ompeneneHue aMmIUIMTYIbpl, NEPUOAA, LUKIMYECKON
9acTOTHI, (ha3bl.

4, Samumute GopMyIry CBA3M IHUKINIECKON YaCTOTHI C TIEPHOIOM
KoJieOaHHH.

5. JaiiTe onpeseneHue NpyKMHHOTO MasiTHUKA.

6. 3amumure  GOpMyNy  LMKIMYECKOW 4YacTOThl  KoJjeOaHWit
MPY>KUHHOT'O MasiTHUKA.

7. 3amumure  QopMmydy mepuoga  KosiebaHMHW  TPYKMHHOTO
MasgTHHUKA.

®opma npeacTaBiIeHHs pe3yJbTaTa: 3al0JHEHHAs TaOInIa U
BBIBOJ TI0 pabore.

Kpurepuu oneHku:

Onenka «5» (OTJMYHO) CTaBHUTCS, €CIM OOYYAIOIIMUACS
BBINIOJIHSAET PaboOTy B IOJHOM 00beMe ¢ COOJII0ICHHEM Heo0XOUMOH
MOCTIEIOBATENbHOCTH  MPOBENEHHs ~ ONBITOB WU H3MEpEHuil;
CaMOCTOSTENIbHO W pallMOHAaJbHO  MOHTHUPYET  HE00XOJuMoe
0o0Opy/OBaHUE; BCE OMNBITHI NPOBOAUT B YCIOBHSAX U PEKUMAX,
O6eCHe‘IHBaIOH_II/IX MOJYYCHUC TPABUIIbHBIX PE3YJILTATOB W BBIBOJIOB,
coOmomaer TpeOoBaHUS TpaBWiI 0OE30IacHOrO TpyAa; B OTYETe
MIPAaBMJIBHO U aKKYPaTHO BBINOJHSET BCE 3aIMCH, TaOJIMIIBI, PUCYHKH,
4epTeXH, TpadyKH, BBIYUCICHHS; MPABWJILHO BBIOJIHICT aHAIN3
MOTPELIHOCTEMN.

Ouenka «4» (X0pOII0) CTABUTCS, €CIIH BBHITIOTHEHBI TPeOOBaHUS
K OIEHKE 5, HO OBUIO JIOIYIIEHO J[Ba-TPH Hepouera, He Oosiee omHOU
HEerpyO0oii OIMOKM U OJTHOTO HEeJI0YeTa.

Ouenka «3» (yAOBJIETBOPUTEJIBLHO) CTaBUTCS, €clu pabora
BBITNIOJIHCHA HC IMOJIHOCTHBIO, HO 00bEM BBIIOJHEHHOM YaCTH TaKoOB, 4TO
TIO3BOJIACT MOJYUYUTHh MPABUIBHBIC PE3YJILTAThI U BBIBO/IbI; €CJIN B XOA€
MIPOBEACHUS OMBITA U U3MEPEHHUH OBUIN JTOIYIIEHBI OITHOKH.

Ounenka «2» (Hey/10BJ1eTBOPUTEIbHO) CTaBUTCA, €CIH paboTa
BBINIOJIHEHA HE MOJHOCTHIO W O0O0BEM BBIIOJIHEHHOW YacTu paboThl He
MO3BOJSIET CIENaTh MPaBUIbHBIX BBIBOJOB; €CIU OIBITHL, U3MEPEHUS,
BBIYHCIICHUS, HA0JI01€HHS IPONU3BOIMIIICH HENIPABUIIBHO.
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Tema 1.4 KojiedaTebHOE IBHKEHHE

JlaGopaTopHas padora 3
Omnpenenenne ycKOpeHHs CBOOOAHOIO NMa/ieHNUs ¢ OMOIIbIO
HUTSAHOI0 MasiTHHUKA

Heas paGoTbI: COCTOMT B SKCIIEPUMEHTAJIBHON MpOBEpKe
(hopMyIIBI, CBSI3BIBAIOIICH IEpHO KOJICOAaHWH MasTHUKA C JITHHOHM ero
MOJIBECA U B OMPEACICHNH YCKOPEHHS CBOOOIHOTO MaJCHUS HAa OCHOBE
3aBUCHMOCTH TEpHOJa KoleOaHWH MasTHHKAa Ha IOABECE OT JJIMHBI
oJIBECA

MatepuanbHoe ofecredyeHHe IITAaTUB CO INTATUBHOM Janmod u
My TOH,

HUTH C NETJEIMU Ha KOHIAX, I'Py3 C KPIOYKOM, J'II/IHGFIK&,

3JIEKTPOHHBIN CEKYHIOMED

Kpartkue TeopeTnueckue cBeieHUs:

Teno, moaBenieHHOE Ha HHUTH, MOXKET COBEpIIaTh KoJjieOaHWs,
MIepHOJ KOTOPBIX onpeaenseTcs GopMyoii:

T=2rxllg

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

HyXHO NOMHHTB, 4TO 3aBUCHMOCTh NEpHOAA KOJIEOAHUHA OT
JUTMHBI, BbIpakeHHast (opmymnoit (1), crpaBemnmBa JHMIb IS TaKUX
MasTHUKOB, Y KOTOPBIX [UIMHA MOJBECa 3HAYNTEIHHO (HE MEHEEe YeM B
JeCSATh pa3) IPEBOCXOJNUT pa3Mep ITOJIBEIICHHBIX IPY30B (AJIMHONW HUTH
CIIE[yEeT CUUTATh PACCTOSHHE OT TOUYKHM II0JIBECA 0 IIEHTpa TSHKECTH
rpys3a).

W3 stoit popmymsl cienyer, HampUMep, YTO MEPHUOJ] KoJeOaHmi
HU3MCHUTCA BABOC IPpU U3MECHCHUUN NJIMHBI TIOABECA B YETHIPE pasa.

OT0 CclIeACTBHE U TpoBepsAoT B paborte. Iloouepeano
HCHBITHIBAIOT JIBa MAasdTHUKA, JUIMHBI IIOABECOB KOTOPBIX OTINYAIOTCA B
YCTBIPE pasa. Ka)KL[be/’I U3 MAasATHUKOB TIPUBOJAAT B JBHIKCHUE U
U3MEpPSIOT BpeMs, 32 KOTOPOE OH COBEPIINT OIPEAEICHHOE KOJINIECTBO
koeOannii. YTOOBI YMEHBIIUTD BIHSHUEC MTOOOYHBIX (PAKTOPOB, OIIBIT C
KaXJbIM MasTHHUKOM IIPOBOJSIT HECKOJBKO pa3 M HAXOMAT CperHee
3HAQUEHWE BpPEMEHH, 3aTpadyeHHOe MAasSTHUKOM Ha COBEpIICHHE
3aJ]aHHOTO 4Kcia KoJieOaHWH. 3aTeM BBIYUCISIFOT HEPHOIbI MAsTHUKOB
1 HaXOJST UX OTHOILIECHHE.

Ecnu rpy3, NOJBENICHHBIN HA HUTH, KOJIEOJIETCS, a er0 pa3Mepsl
3HAYUTCIIBHO MEHBLIIC, YEM JJIMHA HUTH, TO TIEPUOTL KOJIEOQHUH MOKET
OBITH OmpeneseH U3 GOPMYIIBL:

T =2r\l1g (),
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rae | — minHa HUTH (TOYHEE PAacCTOSHUE OT TOYKHU MOIBECA JI0
LEHTpa TSHKECTH TPy3a), § — YCKOPEHUE CBOOOIHOTO Ma/ICHHS.

3Has mepuoj KonebaHWH M JUIMHY HHUTH, Ha OCHOBAaHHM O3TOH
(OpMyJIBI MO’KHO ONIPE/ICNIUTD YCKOPEHNE CBOOOIHOTO TTaJICHUS:

g=417%1T? (2)

JUIMHY HUTH U3MEPSIOT JIMHEHKOM, a Iepuo — 10 BpeMeHu t, 3a
KOTOpPOE€ MasiTHUK COBEPLIMT ONpPEeSICHHOE KOJIIMUeCcTBO KojeOanuii N:
T=t/N.

ITpuuém yrom OTKIIOHEHHSI HUTH OT BEPTHKAIH NPH KOJIECOAHMUIX
rpy3a HE JOIDKCH OBITh CIHIIKOM BeIHK (IO 5-7 TrpamycoB), WHadYe
(dopMyna Ui onpeeseHus yCKOPEHNsT CBOOOTHOTO MaIeHNs IepecTaéT
OBITH BEPHOIL.

Ilopsinok BHINOJHEHHUSA PAGOTHI

1. VYcTaHOBUTE Ha Kpar CTOJIA IUTAaTUB. Y €ro BEPXHEro KOHLA
YKpenuTe TpH HOMOIIM MY(THl KOJBIO U IOJBECETE K HEMY
nrapuk Ha HuTH. [lapuk nosmkeH BHCETh Ha pacCTOSHUU 3—5 cM
oT mona.

2. OTKIIOHUTE MasTHHK OT IIOJIOXKEHHS PaBHOBECHS HA 5—8 cM U
OTITyCTHTE €TO0.

3. W3mepbTe AnuHy noaseca MEPHOM JIGHTOM.

4, Wsmepste BpeMs At 40 monHbIX Konebanuit (N).

5. IMoBropute m3Mepenuss At (He H3MEHSAA YCIOBHH OIBITA) U
HaiinuTe cpegHee 3HaUeHUE At

6. Berunciaure cpenHee 3HaueHwe nepuoga Kosiebanuit T, mo
CpeIHEMY 3HAuUeHHIO At

7. Brruncnure 3Ha4eHUE gy,

8. [Tomy4yeHHBIE pe3yNbTaTHl 3aHECUTE B TAOIHILY:

9. CpaBHHTE TOJIYYEHHOE Cpe/iHee 3HAYeHHUE AT Z¢p CO 3HAUYCHUEM
g = 9.8 m/c°M paccunTaiiTe OTHOCHTENBHYIO MOTPELIHOCTH
N3MEpeHNsI.

KoHTpoabHBIEe BONIPOCHI:

1. W3MeHuTCcs 1 iepuo/ KojaeOaHust MasTHUKA [TPY IEpEHECEHUH C
3emuu Ha JIyHy?

2. MOHO 7M1 TpH ONPEAETICHUH IIEPHOJa OTPAaHWYUTHCS JIBYMS,
Tpems, JecsaThio Konebanusamu? B kakom ciydae mepuon Oyner
OTIpENETATECS Oosiee TOYHO?

3. I'ne npumensiercs MasiTHUK?

4. [Mpumensiercss nmu MasTHUK B Bamed npodeccun? Ecnm ga, To
MIPUBEIUTE TIPUMEPBI.

5. UYro Ha3bIBaeTCsI MEXaHWYECKUM KoJiebaHueM?
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6. Kakwue xonebaHus Ha3bIBAIOTCSI TAPMOHUYCCKUMU?

7. Kak onpenenuts nepuo; koineOaHuii Ipy>KUHHOTO MasiTHUKA?

8. Yro Ha3bpIBaETCS 4YACTOTOH, mepuojgoM konebanuit? [IpuBemaure
(hopMYIIBI ISl UX OTIPE/ICIICHUS.

9. Uto Ha3bIBaeTCS IUKIMYECKOM YaCTOTOM?

10.  Yro mokaspiBaeT HauaybHas (a3a KoueOaHun?

11.  Yro Takoe k03¢ (HUIHEHT KECTKOCTH NPYKUHBI? Kakumu nByms
crocobaMi MOXKHO OIIGHHTh 3TOT KO3(D(HUIIMEHT B JaHHOU
pabote?

12. Kaxumu aByMs crnoco6amMH MOMKHO OIEHHTh MaKCHMabHOE
3HAQUEHWE  BO3BpallalONIeld  CHJIbI, BO3HHUKAOUIEW  MNpHU
OTKJIOHEHUH TI'py3a OT MOJIOKEHUS] PABHOBECHS M CTPEMSIIEHCS

BEPHYTH I'Py3 B IEPBOHAYAIHHOE MOJIOKCHNE PABHOBECHS.

®opma npeacTaBiIeHHs pe3yJbTaTa: 3al0JHEHHAs TaOiuIa U
BBIBOJ TI0 pabore.

Kpurepuu onenku:

Onenka «5» (OTJMYHO) CTaBHUTCS, €CIM OOYYAIOIIMUACS
BBINOJIHAET Pa0oOTy B MOJHOM 00BbeMe ¢ COONIOAEHHEM HE0O0XOJUMON
MOCTIEIOBATENbHOCTH  MPOBENEHHs ~ ONBITOB WU H3MEpEHuil;
CAMOCTOATENIFHO W paliOHATFHO  MOHTHPYET  HEOOXOaMMOe
000pyIOBaHHE, BCE ONBITHI IPOBOJUT B VYCIOBHAX H PEKUMAX,
00eCIIeYNBaIOIINX TOTYYCHHUE IPABUIBHBIX PE3yIbTATOB W BBHIBOJIOB,;
coOmromaer TpeOoBaHMSA TMpaBHI OE30IacCHOTO TPyHa; B OTYETE
MPAaBUJIBHO W aKKypaTHO BBITIONHSIET BCE 3aIlUCH, TAOJHIIBI, PUCYHKH,
YepTeKH, TpaduKW, BBYUCICHUS, TPABIIBFHO BEHITIONHSACT AaHAJM3
NIOTPEIIHOCTEN.

Ouenka «4» (X0pouI0) CTABUTCS, €CITH BBHIIIOJHEHBI TPEOOBAHUS
K OIICHKE 5, HO OBbLIO JIOMYIIEHO JBa-TpH HejodeTa, He OoJiee OJHON
HEerpyO0oii OIMOKM U OJTHOTO HEeJI0YeTa.

Ouenka «3» (yAOBJIETBOPUTEJIBLHO) CTaBUTCS, €clu pabora
BBIITOJIHEHA HE TOJHOCTBIO, HO 00BEM BBIIOJHEHHOW YacTH TaKOB, YTO
MTO3BOJISCT TOYIUTh MIPABHIBHBIC PE3YIIbTAThl U BBIBOJIBL; €CIIH B XOJIE
MIPOBEICHUS ONBITA X U3MEPEHHIA OBUIN TOMYIICHBI OLTHOKH.

Onenka «2» (HeyA0BJIeTBOPHTEJIBHO) CTAaBUTCS, eciau padora
BBINIOJIHEHA HE MOJHOCTHIO W O0O0BEM BBIIOJHEHHOW YacTH paboThl He
MO3BOJISICT CIENIaTh MPABUIBHBIX BBIBOJOB; €CIIM OIBITHI, H3MEPCHUS,
BBIUMCIICHUS, HAOIFOIEHUS TPON3BOANINCH HETIPABIIIBHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOTO TOKA

JlaGopaTopHas paGora 4
Omnpenenenue ko3GGpUIUNEHTA M0JIE3HOT0 1eHCTBUA
JIEKTPUY€ECKOI0 HarpeBaTeJs

Heas padorsi: HayanuThcs paKTUIECKH OMPEEIIATh TEIIOBYIO
0OTIady DSJIEKTPUIECKOTO HarpeBaTelrs Tr000Tro THTIa.

MartepuanbHoe obecrmedyeHue: DICKTPUIECKHI HarpeBaTeib
(oneKTpUUeCKUi YaHWK W DJEeKTpUYecKas IUINTKA), COCYA s
KHIITICHUS BOJIBL, BO/Ia, TEPMOMETp, CEKyHIOMep (Yachl), CIIpaBOYHUK
1o usmke.

Kparkue TeopeTrndeckue CBeIeHUs:

MoiHocTh TOKa BBIUHCIISIECTCS o OJTHOM u3
CIEIYIOUINX (POPMYITL:

P=I*U

3necs P — TemoBass MOIIHOCTH Toka, U — HampsikeHue Ha
MIPOBOJHUKE, R — ero conmpoTuBIcHHE.

TenmoBas MOITHOCTh TOKa CBs3aHAa C KOINMYECTBOM TEIUIOTHI,
BEIICIUBIINMCS B TIPOBOJHHKE 32 ONpEICIEHHOE BpPEeMs, CICAYIOIINM
COOTHOIIICHUEM:

P=Q/t, rne P — TemnoBas MOIIHOCTL TOKa, Q — KOINYECTBO
TEIUIOTHI, {- BRIACTISAIONIEECS B TPOBOTHHUKE 32 BPEMS .

KII/[I HarpeBaTeabHOI0 3JEMEHTa OMPEACIeTCs Mo GopMyJie:

J=Q,/Q., tre J — KIIJI Harpesaress, Q, — KOJIMYECTBO TEILIOTHI,
nornmoméHuoe TeiaoM, Q, — KOJMYECTBO TEIJIOTHI, BBIACICHHOE
HarpesatesieM. KI1/l o0bI9HO M3MepsieTcst B POICHTAaX.

Ecnu snepretndeckux noreps HeT, To KIIJ pasen 100%.

[opsaaok BbINOJTHEHUS PA0OTHI

1. IMoaroroBuTs  Tabuuiy A8~ 3alACH  Pe3yJIbTaroB,
onpeJesiEMBIX B X0J€ paboThI.
Cp PB Vg T To P t K.ILA.
Iocl kelv® MS K K Br c %
ke K

2. 3aHectd B Ta0mHMIly  CIpAaBOYHBbIE  JIAHHBIE  YIEIBHOM

TCIIJIOCMKOCTHU U TINIOTHOCTH BOJBI.

3. 3anucath B TaONHIly HOMUHAJIBHYIO MOITHOCTH 3JIEKTPHYECKOTO
HarpeBareJs, yKa3aHHyIo Ha mproope.

4. B cocya Ul KUIIAYCHUS BOJblI HAJIUTh OHpeHeJ’ICHHHﬁ 00BeEM
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BOJBI. 3aHeCTH 00hEM B TAOJNHITY.

5. OnpenenuTts HauaNbHYIO TEMIEpPATypy BoAbL. Pe3ynbrar 3aHecTu
B Ta0HITy.

6. Bxmrounts HarpeBaTenbh OJHOBPEMEHHO C CEKYHIOMEPOM
(vacamm).

1. OcTaHOBHUTH CEKyHIOMEp (4achl) B MOMEHT OypHOrO KHIICHHUS
BoJbI. Bpems, 3a koTopoe 3akuIiena Bosia, 3aHECTH B TAOIHILY.

8. Beruncnute K.IIJI. 37€KTpUUYECKOTO HarpeBaTesss U pe3yibTat
3aHECTH B TaOJHILY.

9. Paccunrarh aOCOJNIOTHYI0O W OTHOCHTENBHYIO IOTPEIIHOCTB

N3MEPEHNS, UCTIONB3Ysl METO]] TPAHHIIL.
10. TIloBToputs ONEIT ¢ APYrEM HArpeBaTEIEM.

11.  Vuureas morepu sHepriuu copMyIHPOBATH BEIBOA.

KoHTpoJibHbIe BONPOCHI

1. VBenuuutrcs wnu  ymenbmres  KUILJ[.  anexTpuyeckoro
yalfHUKa, €CJIM Ha ero CTeHKax MOsBIJIAch HAKUIb (OTJIOKEHHE
coueit)?

2. 3aucut mu KIIJ| anexTpudeckoro yaHMKa OT TOTO OTKPBIT

OH WIN 3aKpbIT?

dopma mpeacTaBiIeHUs pe3yabTaTa: 3al0JTHEHHAs TAOIUIa U
BEIBO/I 11O padorTe.

Kpurtepuu onenku:

Ouenka «5» (OTJMYHO) CTaBUTCS, €CIU OOyJaroIIHHACS
BBINOJIHAET Pa0oOTy B MOJHOM 00beMe ¢ COONMI0AEHHEM HEe0O0XOJUMOM
MOCTIEIOBATENbHOCTH  NPOBENEHHs ~ ONBITOB W H3MEPEHHil;
CaMOCTOATENIFHO W pAIiOHAJIPHO  MOHTHPYET  HEoOXoauMoe
o0Opy/iOBaHUE; BCE OMNBITHI NPOBOAUT B YCIOBHSAX U PEKUMAX,
00eCIIeYMBAIOIINX TOIYYCHUE IMPABUIBHBIX PE3yNbTATOB W BBHIBOJIOB,;
cobOmromaer TpeOoBaHMSA TMpaBHI OE30IacCHOTO TPyHa; B OTYETE
MPAaBUJIBHO M aKKYypaTHO BBITIOJHSET BCE 3aIlUCH, TAOJHIBI, PUCYHKH,
4epTeXu, rpadyKy, BBIYUCICHHS; MPABWILHO BBIIOJIHICT aHAIN3
MOTPEIIHOCTEH.

Onenka «4» (XOpoII0) CTaBUTCS, €CIIN BBIIOJIHEHBI TPEOOBaHUS
K OIICHKE 5, HO OBLIO JIOMYIIEHO [Ba-TpHW HeaodeTa, He OoJiee OHON
HEeTpyO0Ooii OIMMOKM U OJTHOTO HEeJ[0YeTa.

Ouenka «3» (YA0BJIETBOPUTEILHO) CTaBUTCS, €clu pabora
BBIINIOJIHCHA HC ITOJIHOCTHIO, HO 00BEM BBIITOJIHEHHON YacTH TaKoOB, 4YTO
TIO3BOJIACT MOJYUYUTHh MPABUJIBHBIC PE3YJILTAThI U BBIBOJIbI; €CJIN B XOO€
MIPOBE/ICHUS OTIBITA U U3MEPEHUH OBUTH JOMYIIEHBI OIIHOKH.
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Onenka «2» (HeyA0BJIeTBOPHTEIBHO) CTAaBUTCS, eciau padora
BBINIOJIHEHA HE MOJHOCTHIO W OOBEM BBIIOJIHEHHOW YacTu paboThl He
MO3BOJISIET CIeNaTh NMPaBIIBHBIX BBIBOJOB; €CIIM OIBITHI, M3MEPEHUS,
BBIYHCIICHUS, HAOJIOIEHHS IPOU3BOIMIINCH HENIPABUIIBHO.
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Tema 3.2. 3aK0HBI HOCTOSTHHOI'0 TOKA

JlaGoparopnas padora 5
«HccneqoBanue 3aBHCHMOCTH CONPOTHBJICHUS MeTAJLJIA
MOJIYNPOBOJHUKA OT TeMIIEPaTypPbD»

Iesab padoThI: N3MEPSITH CONPOTUBIICHHE IPOBOAHIKA OMMETPOM;
YCTaHOBHTB 3aBHCHMOCTb COIIPOTHBIICHHE METAUIA U TIOIYIIPOBOAHUKA OT
TEMIEpaTypelL.

MaTtepuanabHoe o0ecniedeHUe: OMMETp, TIPHOOPHI IS H3yUCHUS
3aBHCHMOCTH  CONPOTHBICHHMSA METaUIa W  IOJYHNPOBOAHHMKA  OT
TeMIepaTypbl, TEPMOMETp, ONeKTpUdeckas IUIMTKA, INTaTHB C
MIPUHAATIEKHOCTAMH, KOJIOA C BOJIOH.

Ilopsinok BBINOJIHEHUS PadOThI

1. TloaroToBbTe K paboTe OMMETp:

a) BCTaBbTE IITHIPHKU MPOBOJHUKOB B THE3/a, 0003HAUEHHBIE «(2»
M «O00I1.»;

0) nocTaBbTe HepeKIroYaTeNsb Ha HUdpy «10»;

B) COEIMHUTE CBOOOAHBIC MITHIPEKU MPOBOJHUKOB M PYUKOH «YyCT.
0» moctaBHUTb CTpeNKU Ha «0».

2. Ha smexTpudecKkyro IUTUTKY TOMecTHTe KoilOy ¢ Bomoi. Jlis
n30eKaHus MaJeHNs KOO0y MOMECTHTE B KOJIBIIO, YKPEIUICHHOE B IITATHBE.
B x0110y omycTrTe IpoOUpKy, C TIOMEIICHHOH B HEH KaTyIIKOH U3 METHOTO
npoBozia. OCTOPOXKHO OIyCTUTE B TPOOUPKY TEPMOMETP.

3. CpoOomHble IITHIPEKH OMMETpPa COEAMHUTE C KIeMMaMU
MEIHOM KaTyUIKH.

4. BxirounTe IIHYpP IUTMTKH B PO3ETKY M U3MEPhTE CONPOTUBIICHHE
KaTYIIKH TIPH Pa3INYHbIX 3HAYCHUSIX TEMIIEPATypHI.

5. BHecute nu3MepeHus B TaOJHILy.

IIpoBoanuk (Me/nb)

6. Ha ocHOBe m3MepeHuii mocTpoiite rpaduk.

R, Om

t°,C

7. TlocTaBbTe mepekiouaTe oMMerpa ¢ mudpsl «10» Ha 1Mppy
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«100» n nocraBbTe cTpenky ommerpa Ha «0» (CM. IyHKT 1-B).

8. 3amenute B KOJNOE MPOOMPKY C METAUIOM Ha INPOOUPKY C
TIOJTYTIPOBOTHUKOM (TepmucTopoMm). Omycrute B MpoOHpKy Tepmomertp. K
KJIEMMaM TEPMUCTOPA MOJICOSTMHUTE OMMETP.

9. U3mepbTe CONPOTHUBJIECHHE MOIYHNPOBOAHMKA TIPU PA3IHIHBIX
3HAYEHUSIX TEMIIEPATYPHIL.

10. Brecure m3MepeHust B TaOIHILy.

IoynpoBoaHHUK

t'C

R, Om

11. Tloctpoiire rpapuk R(t).

R, O\

t’,C

.
>

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

Teoperuyeckue 000CHOBAHUS:

Ecnu mporrycTHTh SIEeKTPIYIEeCKHiA TOK Yepe3 CTaJbHYIO CIHpPAIb, a
3aTeM ee HarpeTh, TO aMIIePMETpP MOKaKEeT YMEHBIICHHE CIJIBI TOKA. JTO
03HAa4YaeT, YTO C HM3MEHEHHWEM TEeMIIepaTypbl COMPOTHBICHUE METalia
MEHSIETCS.

Bce Meramnmel  —  KpUCTaNIMUeCKWe — Tejla, B y3Jax
KPUCTANTUYECKONW PEHIETKH KOTOPBIX PACIOIaraeTcsl MOJOXKHUTEIBHO
3apsOKEHHBIE HMOHBL. MeXay KOJeOTIOMMMUCS HOHAMHU JIBUTAIOTCS
CcBOOONHBIC JJICKTPOHBI. BenmuunHa SJIEKTPUYECKOTO COMPOTUBICHUSI
METa/ula 3aBHCHT OT 4YMCJIa CTOJKHOBEHHMH KOJIEOIIOIMXCS HOHOB U
CBOOOMHBIX 3JEKTPOHOB. [IpW yBeNWYCHHH TEeMIIEpaTypsl MeTaluia
YBEIMYMBACTCS AMIUIATYJa KOJeOAaHWA WOHOB. DTO NPUBOIUT K
YBEJIMYEHUIO  CTOJKHOBEHUH, a 3HAUUT MU K  YBEJIUYCHHIO
CONPOTHUBJICHUS METaJIa.

B MOJNYIIPOBOJIHUKE ~ TPH  YBEIMUYEHUW  TEMIIEPaTyphl
YBEITMYNUBAETCS YMCIIO CBOOOIHBIX HOCHUTEIEH 3apsiia, TTOSIBUBIIUXCS TIPH
Ppa3pbiBe KOBAJICHTHBIX CBSI3ei. DTO MPUBOAUT K YBEJIMYEHHIO CHITBI TOKA B
TIOJTYTIPOBOTHUKE (I _A 1 eciu qT) U K YMCHBIICHHIO
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COTIPOTHUBJICHUSI TIPOBOTHUKA (I _ U, ecmm 1T, o RY).

R
KonTtpoJibHbIe BONIPOCHI
1. DJEeKTpUYECKU TOK B MeTalax — 0JTO YIOPSAOYSHHOE
JIBHIKCHHUE ... .
2. C TOYKM 3peHHS DIEKTPOHHOH TEOPHH  BIIEKTPHYECKOE
COIPOTHBIICHUE O0YCIIOBJICHO COYAAPEHUSAMH ... .
3. C NOBBIILICHHEM TEMITEPATyphl CONPOTUBICHHUE METAIA ... .
4, [Ipu aGCOMIOTHOM HyJE YUCTHIN HOJIYNPOBOJHHUK oOmajanm Obl

CBOMCTBaAMU HAEAIBHOIO ... .

®opMa npeacTaBiIeHHs pe3yJbTaTa: 3aI0JHEHHAs TaOIuIa U
BEIBO/I 10 pabore.

Kpurepnu ouenku:

Onenka «5» (OTJMYHO) CTaBHUTCS, €CIH OOYYAIOIIHHACS
BBINOJIHAET Pa0oOTy B MOJHOM 00beMe ¢ COONIOAEHHEM HE0O0XOIUMON
MOCNIEIOBATEILHOCTH ~ TNPOBENEHHUST  ONBITOB U M3MEPEHHH;
CaMOCTOSATENIbHO W pallMOHaJbHO  MOHTHPYET  HE00XOJuMoe
o0Opy/sOBaHUE; BCE OMNBITHI NPOBOAUT B YCIOBHSAX U PEKUMAX,
o0ecrieunBarONIMX MONTyYeHHE MPaBUIIBHBIX PE3YJIbTaTOB M BBIBOJOB;
coOmoaeT TpeOoBaHMS MpaBWwiI 0E30HaCHOrO TpyAa; B OT4YeTe
MPaBIJIBHO U AKKyPaTHO BBINOJHSET BCE 3alMCH, TaONHIBI, PUCYHKH,
4epTeXH, TpadyKW, BBIYUCICHHS; MPABIJILHO BBIOJIHICT aHAIN3
MOTPEIIHOCTEM.

Ouenka «4» (X0pOII0) CTABUTCS, €CIIM BBHITIOTHEHBI TPeOOBAHNUS
K OIEHKE 5, HO ObUIO JIOIYIIEHO J(Ba-TPH Hepouera, He Ooiyee omHON
HerpyOoi OIMOKK 1 OJJHOTO HeJloYeTa.

Ounenka «3» (YIOBJIETBOPHUTEJIbHO) CTaBHUTCS, eciu padora
BBINIOJIHEHA HE MOJHOCTBIO, HO 00BEM BBINIOJIHEHHOW 4acTH TaKOB, YTO
MO3BOJISIET MOJIYYUTh MPABUIbHbBIE PE3yJIbTaThl  BBIBOJIbI; €CIIH B XOJ€
MIPOBEICHUS ONBITA U U3MEPEHUH ObLTH JOMYIIEHbI OIIHOKH.

Onenka «2» (Hey/JA0BJIeTBOPHTEIBLHO) CTAaBUTCS, eciu padora
BBINIOJTHEHA HE MOJHOCTHIO W OOBEM BBIIOJHEHHOW YacThu paboThl HE
TIO3BOJISIET CAEJATh TPABWIBHBIX BBIBOJIOB; €CIIM OIBITHI, M3MEPEHHS,
BBIYHCIICHUS, HAOII0A€HHS IPONU3BOIMIINCH HETIPABUIIBHO.
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Tema 3.2.3aK0HBI IOCTOSTHHOTO TOKA

JlaGopaTopHnas pa6ora 6
OnpegeneHue TeMIepaTypHOro ko3gguuueHta Meau

Heas padoTbl: BRIMOTHUTE U3MEpPEHHsS] INEKTPUUECKOrO
COIIPOTUBIICHHUS MEIAHOW NPOBOJOKH IPH ABYX PAa3IMYHBIX 3HAYCHUSIX
TEMIIEpaTypbl WM BBUUCIHTH  TEMIEpAaTypHbIH  Kod(dummeHT
NIEKTPUUECKOTO  COMPOTUBIECHHS  MEOW, IOCTPOUTH  rpaduk
3aBUCHMOCTH CONPOTHUBIICHHS OT TEMIIEPATYPHI.

MartepuanbHoe obGecneuyenue: 1. Ilpubop i ompeneneHus
TemrepaTypHoro ko3d¢unuenra conporusieHus. 2. Owmmerp. 3.
Tepmomertp. 4. CtakaHbl C BOJIOHM U TAIOUIUM CHETOM. 5. DIIeKTpUUecKast
IUTUTKA.

Kpartkue TeopeTnueckue cBeieHUs:

B MeTamiMyeckux MpoBOJHHUKAX AJICKTPUYECKOE COPOTUBIICHHE
00YCIIOBJICHO CTOJIKHOBEHHEM  CBOOOZHBIX  DJIEKTPOHOB €
KOJICOMIOIMMICA MOHaMH B Y3JIaX KpUCTAIIM4YecKod pemerku. Ilo
Mepe TIOBBIICHHWS TEMIICpaTypbl pa3Max KoyieOaHMH  HOHOB
YBEIMYUBACTCA, YTO CIIOCOOCTBYET OOJBIIEMY PAcCEsSHHIO 3JIEKTPOHOB,
YYacTBYIOUIMX B YHNOpSJOYeHHOM mBmwkeHMH. Kpome Toro c
TIOBBIIICHHEM TEMIICPATyphl YBEIMIMBACTCA CKOPOCTh XaOTHYECKOTO
(TemIoBOrO) MBM)KEHHS 3JICKTPOHOB W OHHU HCIIBITHIBAIOT OOJbIIEe
YHCJIO CTOJIKHOBEHUH ¢ MOHAMU KPUCTAIUIMYECKOHN PELIETKU.

Bce 3T0 mpHBOAWT K TOMY, YTO C IHOBBIMIEHHEM TEMIIEPATypHI
COTPOTHUBIEHUS] NPOBOJHMKA, a CIEJOBaTeNbHO U  yAEIbHOE
compoTHBiIeHne yBenuuuBaercs. (06o3HaunM R compoTuBieHuE
npoBojHuKa rmpu t C, a RO mpu t=0.

Bemnunny o= R-RO / (RO t) Ha3bBaoT TemmepaTypHbIM
koapdunuentom conporuBieHus (TKC). YUncineHHO TemmeparypHBINA
K03()(PMIMEHT COMPOTHUBIICHHUS MOKA3bIBAET OTHOCHTEILHOE N3MEHEHHE
COTIPOTHBIICHUS TIpH HarpeBaHum mpoBomHuka Ha 10C (1K) u
u3mepsiercs B 0C -1 wim K-1 , yTo 0HO 1 TOXeE.

Y GoJIbIIMHCTBA XUMUYIECKH YHCTHIX METAIIOB TEMIIEpaTypHbIC
KO3 punueHTsl conpotuBieHus onmsku kK 1 /273 K-1 , a y HEKOTOpPhIX
CIUTAaBOB OHM HACTOJIBKO MAJIBI, 9TO BO MHOTHX MPAKTHYECKHUX CIydasx
MU MOKHO TIpeHeOpedb.

Iopsinok BHINOJHEHHUS PadOTHI

1. Omnyctutes mnpubOp, Ui ONpEAETCHHS TEeMIepaTypHOTO
KO3 HUIHEHTa COMPOTUBICHHUS B TAIONINI CHET M BBLAECPKATH €r0 TaM
B TEYCHWH HEKOTOPOrO BPEMEHH, MOKa TeMIeparypa NpOBOJHHKA HE
oynet pasHa 00C.

2. U3mepurts conporusienue RO ¢ momomisio ommerpa.
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3. Ilepenectu mnpuGOp Il ONpENENICHHS TEMIEpaTypHOTo
Ko3(h(uLKeHTa CONPOTHBIECHUS B CTakaH C BOAOH W, Harpesas BOXY,
u3MepsITh conpoTtusieHue R uepes kaxasie 20 - 40 rpagycos.

4. BpMuCINTE U1 KOKAOTO HW3MEPEHUS TEMIIEpaTypHBIH
KO3 unueHT conpotusieHus mo Gopmyne (1).

5. Onpenenuts aOCOMIOTHYIO OMIMOKY M3MepeHus Ao = | oTadn -
o |, s meau aradn =0,0042 K-1 .

6. OmpenenuTs OTHOCHUTENBHYIO OIIHOKY m3MepeHus da = (Aa /
arad) 100%.

7. Pe3ynpTaTel N3MEPEHUI U BRIYUCICHAN 3aHECTH B TAOIHUILY .

8. TMoctpouts rpaduk 3aBHCHMOCTH CONPOTHBICHHS R oOT
TEMIIEpaTyphI t.

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

Tabnuma 1

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

OTIBITA )

1 0

2 20

3 40

4 60

5 80

6 100

Konmponwnsie sonpocwi:

1. B dWeM cocrout paznumume TeMmmepaTypHOro ko3 ¢uireHTa
COTIPOTHUBIICHUS METAIUIOB ¥ MOTYIIPOBOIHIUKOB?

2. B 4em cocroWT OTIMYHME  JNEKTPUYECKAX  CBOWCTB
MTOJYTIPOBOTHUKOB U METAJIIOB?

3. SanummmTe BEIpaKCHUE, MTOKa3BIBAIOIIEe 3aBHCHUMOCTh
COMPOTHUBJICHUS] METAJIOB OT TEMIICPATYPHI.

4, 3anuiimMre BBIPAXKECHHE IS TeMIeparypHoro kodhduimenra
COMPOTHURJICHUS METAJIJIA M YKAXKUTE €r0 Pa3MEPHOCTh B CUCTEME
ennunt CH.

CI)opMa MpeaCcTaBJICHUA Pe3yabTaTa: 3all0JIHCHHASA Ta6nnua u
BBIBO/I 11O pa60Te.

Kpurepnu onenku:

Onenka «5» (OTJAMYHO) CTaBHTCS, €CIH OOYYAIOIIHKACS
BEITIOJTHSACT PaboTy B MOJHOM OOBEME C COOJFOIECHHEM HEOOXOIUMOI
[IOCJIEI0BATELHOCTH TPOBEACHHS OIILITOB H HU3MEPEHHIA,
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CaMOCTOSTENIbHO W pallMOHaJbHO  MOHTHPYET  HE0O0XOJuMoe
o0opy/noBaHUE; BCE OINBITHI HPOBOAUT B YCIOBHAX WU PEKUMAX,
o0ecrieunBarONIMX MONTYyYSHHE MPAaBHIBHBIX PE3YJIbTaTOB M BBIBOJOB;
coOmomaeTr TpeOoBaHMS MpaBWiI 0E30HAacCHOrO TpyAa; B OTYETe
MPaBWJIBHO U aKKypaTHO BBIMOJIHSAET BCE 3alKCH, TaOIHIBI, PUCYHKH,
4epTeXu, TrpadyKy, BBIYUCICHHS; MPABHJILHO BBHIOJIHICT aHAIN3
MIOTPEIIHOCTEM.

Ouenka «4» (X0poII0) CTABUTCS, €CIIM BBHITIOTHEHBI TPeOOBAHNUS
K OIleHKe 5, HO OBLIO JOMYIICHO ABAa-TPHU Hexodera, He Oojee OTHOMN
HerpyO0oii OIMMOKN U OJTHOTO HEI0YeTa.

Ounenka «3» (YAOBJETBOPUTEJBHO) CTaBHUTCS, eClIH paboTa
BBINIOJIHEHA HE MOJHOCTBIO, HO 00BEM BBIIOJIHEHHOW YacTH TaKOB, YTO
MIO3BOJISIET MOJIYYUTh NMPABUIbHBIE PE3yJIbTaThl M BBIBOJBI; €CIIH B X0/€
MIPOBECHUS ONBITA U U3MEPEHUH ObUTH JOMYIIEHBI OIIHOKH.

Ouenka «2» (Heyl0BJETBOPUTEIBLHO) CTaBHUTCA, eclid paboTa
BBIINIOJIHEHA HE IIOJHOCTBIO U O6T)CM BBITTOJTHEHHOM 4acTH pa6OTI)I HEC
TIO3BOJIACT CHACJIATh IMPaBUJIBHBIX BBIBOAOB; €CJIMU OIIBITHI, U3MCPCHUA,
BBIYHCIICHUS, HAOIIOACHHS IIPON3BOIMIINCE HENIPABHIIBHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOTO TOKA

JladopaTopnast paGora 7
Omnpenenenne TeMnepaTypbl HUTH JAMIIbl HAKAJIMBAHUSA

Leanr padoTBI: ONpeNenuTh TEMIEPaTypy CBETSIIEHCS HUTH
JaMITbl HakanuBaHUs. lcciemoBaTh 3KCIIEPUMEHTAIHHO 3aBHCHMOCTH
ANEKTPHYECKOTO COMPOTHBIICHISI HUTH HaKajia JIAMITBI OT TEMIIePaTypPHL.
Pe3ynbraThl mpencTaBuTh rpadUuecKu.

MarepuajibHOe o0ecriedeHHe: WCTOYHUK dekTporTanus BC-
24M, namma HakanuBanus (6.3 B. wmm 3.5 B.), Bomet™metp (o 15 B.),
aBomerp ABO-63, wmwumammepmerp, peocrtar  J1abOpaTOpHBIM,
COeIMHUTENBHBIE IPOBOA.

Kpartkue TeopeTnueckue cBeieHUs:

3aBUCUMOCTh JJIEKTPUYECKOTO COMPOTUBJICHUs R; MeTamioB ot
TeMIIEpaTyphl BeIpaxkaeTcs hopmyion

R =R,1+a-t)
rae R;— anekTpuyeckoe CONpOTHBICHUE METANIMYECKOro 00pasua mnpu
Temnepartype t; Ry — anekrpuueckoe compotusieHue ero npu 0°C; o -
TEMIIEPaTYPHBIH KOA(PQUIMEHT 3IEKTPUUECKOTO COMPOTHBICHUS IS
JAHHOTO BemiecTBa. ECNIM W3BECTHBI 3HAYCHUS DIICKTPUIECKOTO
conpoTtuBiieHus oopasia Ry mpu 0°C u Ry B HarpeToM COCTOSIHUY, a T.XK.
TEMIIEPaTYPHBIH KOI(PGHUIUEHT JIEKTPUUYECKOTO CONPOTHBICHUS OL, TO
TeMIepaTypy t MOKHO BEIYUCIUTH IO (hopMyIe:
t=| R 4] L
R, a

Bripakast Temneparypy B rpaaycax KenbBuHa, monydaem

Ipyryto Gopmyity Uit onpeseseH s TeMIeparypbl:

T= —R‘ ,
Ry &

rae T-abcomoTHas Temmeparypa.

COHpOTI/IBJ'IeHI/Ie Rt MOXHO Ol'IpeI[CJ'II/ITL, I/ICHOHLSYS[ IIOKa3aHUA
MI/IHHI/IaMHCpMCTpa nu BOJ'II)TMCTpa, HpI/IMGHI/IB 3aKOH OMa JUIA y‘laCTKa
SHCKT‘pH‘leCKOﬁ LCIIN. TaKI/IM 06pa30M, JJIsT CHATHS 3aBUCHUMOCTHU
3J'ICKTpI/IquKOFO COHpOTI/IBHeHI/IH HUTHU JIaAMIIbI HaKaJIMBaHUA oT
TeMnepaTypH HeO6XOJII/IMO I/IBMepI/ITI) HaHpﬂ)KeHI/Ie Ha y‘IaCTKe eI,
coaepmameM HaMHy, HpI/I pa3n1/1qm)1x 3HAYCHUAX CHUJIBI TOKA.

Iopsinox BHINOJHEHHUS PadOTHI
1. I/I3Mep1)Te COHpOTI/IBHeHI/Ie HHUTHU JIaMIIbI B XOJIOOZHOM COCTOSSHUHN

C IIOMOIIBHO TeCTepa. 9TO JaCT BO3MOXHOCTb BBIYHUCIUTH
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CONMPOTUBJICHUEC HUTU TIpU HYJIC

rpaaycoB Henbcust. Hns
BBIYHCIICHUS BOCIIOJIB3YHTECH
3HaUCHUEM TEPMHUUECKOTO

Kod(pHIHEHTA OL;.

Cobepure Lenb COryIacHO CXEMe.

3. Cuumurte BAX, nepemernast IBIKOK
peocrara (MuaEMyM 10 3amepoB).
Pe3ynbrars! 3aHEcHTE B TAOIMITY.

4. Bbrunciante CONMpoTHBIEHHE W TEMIIEpATypy Uil Kaxk[Joro
3amepa, UCTIOJIb3Ysl 3HAYCHUEM TEPMHYECKOro K03 dHuureHTa o,
M BEIYMCIEHHBIM Ry.

N

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

6. CrenaiiTe BBIBOJIBI.
KonTpoabHbie Bonpochl:

1. [Touemy 37IEKTpHUYECKOE CONPOTHUBICHHUE METAJIOB 3aBHCUT OT
TeMnepaTypsl?

2. KaxkoBbl OCHOBHBIE HCTOYHHMKHM IOTPEUIHOCTEH H3MEpeHuil B
JTAHHOM DKCIIepUMeHTe?

3. ITouemy B maHHOH paboTe 3IEKTPHUUECKOE CONMPOTUBICHUE HUTU

JaMIbl  TpM  KOMHATHOM  TeMmepaTrype MOXXHO CUHTaTh
MPUOIM3UTENHPHO PABHBIM €€ 3JIEKTPHIECKOMY CONPOTHBICHUIO
ipu 0°C?

®opMma npeacTaBIeHHs pe3yJbTaTa: 3al0JHEHHAs TabiIna n
BBIBOJI 110 pabore.

Kpurepnu ouenku:

OueHka «5» (0TJIHYHO) CTABUTCS, €CITH 00YJAIOIINICS BEITTOTHSICT
pabory B TONHOM oO0beMe C  COOJNIOJIEHHMEM  HEOOXOIUMOM
TIOCIIe/IOBATEIbHOCTH MIPOBEACHHS OITBITOB M M3MEPEHHI; CAMOCTOSITEIIHHO
U PAlMOHAIBHO MOHTHPYET HE0OXOAMMOe OOOpYIOBaHHE, BCE OIIBITHI
MPOBOJUT B YCIOBHSX U PEXHMAaxX, OOECHECYMBAIONINX MOIy4YEeHHE
MPaBWIbHBIX PE3YJIFTaTOB M BBIBOJIOB; COOJIIOAAET TPeOOBaHWS MPaBUI
0€301acHOr0 Tpyla; B OTYETEe MPABUIBHO U aKKypaTHO BBINOJHSET BCE
3ammcy, TaOJINIbI, PUCYHKH, YEPTEXH, TPapUKH, BBIYUCICHUST; [IPaBUIILHO
BBINOJIHSIET aHAIN3 OTPELTHOCTEN.

Onenka «4» (XOpoII0) CTaBUTCS, €CIIN BBIIIOJIHEHBI TPEOOBaHUS
K OIEHKE 5, HO OBUIO JIOIYIIEHO J(Ba-TPU Hejpouera, He Ooiyiee OpHOU
HerpyOoi OIMOKK 1 OJTHOTO HeJloYeTa.

Onenka «3» (yIOBJETBOPHUTEJIbHO) CTaBHUTCS, eciu pabdora
BEITIOJTHEHA HE TOJHOCTBHIO, HO 00BEM BBIITOJHEHHOW YacTH TaKOB, YTO
MTO3BOJISIET TIOJIYYUTh MIPABUIIBHBIE PE3YNbTAThl U BBIBOJIBI; €CIIH B XOJI€
MIPOBEACHUS OMBITA U U3MEPEHHH OBUIN TOMYIIEHB! OITHOKH.

Ounenka «2» (Hey/10BJ1eTBOPUTEIbHO) CTaBUTCA, €CIH paboTa
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BBIMOJIHEHA HE IIOJIHOCTHIO M O0OBEM BBIIOJHEHHOM YacTH pa6OTI>I HC
MO3BOJIACT CACJIATh IMPAaBUJIbHBIX BBIBOAOB; €CJIM ONbIThI, U3MCPCHUA,
BBIYUCIICHUS, Ha6J'HO,HeHI/IH MMPOU3BOANINCH HETIPABUIIBHO.
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Tema 3.2.3aK0HBI MOCTOSTHHOTO TOKA

JladopaTopnasi paGora 8
OnpeneneHue 3JIeMEHTAPHOTO 3apsiia METOOM 3JIEKTPOJIN3a

Hean padoThI: HaY4UTbCS OIpEeAEeITh 3HaUCHHE
JIEMEHTAPHOTO 3apsila METOJOM DJIIEKTPONIN3a; H3YIUTh METOJIBI
OIIpEIEIICHHS 3aps/a HIICKTPOHA

MarepuaibHoe obecnedeHue: IWITMHAPUYECKHH COCYIl C
pPacTBOPOM MEIHOTO KyNopoca, JaMIa, 3JIEKTPOJbI, BECHI, aMIIEPMETD,
UCTOYHHMK IIOCTOSHHOTO  HANpsDKEHUS, peocTaT, dYachl, KIIOY,
COC/IMHUTEIIbHBIC IIPOBOJIA.
Kpartkue TeopeTnueckue cBeieHUs:

[Ipu npomyckaHuM yepe3 pacTBOp MEIHOro Kymnopoca Touka | B
TedeHHWH BpeMeHW Al Ha KaToje BBIIETHTCS MeAb Maccod M = KAQ
=KkIAt, rae k — snektpoxumudeckuii skBuBaneHT Mean. O603HaUnM 3a
Hero N umcio moHoB Menmu, mepenécmux 3apsa Ad. Torma MoxHO

3aIMcaTh: Aq = enN,
m = m;N , rae e — 3HauYeHHe JEMEHTAPHOT0 AIEKTPUUECKOTo 3apsiia,
N- BaJIEGHTHOCT, Me€OW,M; — Macca OLHOTO HOHA MeEIu.

[Moacrasnsst nBe nocnenHue GOpMysbl B BhIpaKEHHE JUIS M, HOTYyYUM:

m;N = kenN. Orcrona Haxonum: € = % . 3aTeM BbIpakaeM 3HaueHue K

m
u3 3akoHa Mapames i dnekTpoimsa: K = T [ToncraBnss ero B

mi
BBIDQKEHHE €, ToTyuaem: & = —— I1At.

Ilopsaook evinonnenus padbomol

[Tpu momory BeCOB M3MepUM Maccy katoaa: m; = S0r.

3.CobepeM DIICKTPUYECKYIO IIE€lb KW MPOBEAEM HEOOXOIUMBIC
N3MEPECHUS. HpI/IMe HBIC YMCJICHHBIC TAHHBIC IPOBCJICHLI B Ta6n1/1ue.

m; KT My, KT m,Kr At,c LA | kkelKn | n | mxr

0,0541 | 0,05452 | 0,0005 | 1200 |1 3,67-100 | 2 | 1,06-10°
7 25

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

m 0,00044 k2 -7 Ke
= =2 r37. 107 =
IAt  14-1200c¢ 25 Kn
mi 1,06 - 107 “°ke-14-1200c¢ -19
4. e=—IAt= ~1,45 - 10~ Ku.
mn 0,00044«ke -2

Takum obOpasom e = 1,45 - 10% Ki, yto ¢ TOYHOCTBIO 11O
MOTPEIIHOCTH COBMAJaeT C JaHHBIMH, MOJIYYEHHBIMH B ApPYTUX
SKCIIEPUMEHTAX, U TEOPETUUECKUMHU OLIEHKAMHU.

KoHTpoibHbIE BONIPOCHI:
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=

Uem 06YCJ'IOBJ'ICH 3J'I€KTpOXPIMPI‘IeCKPIﬁ TOK B 3J'I€KTpOJ'II/ITaX?

2. Kak paccuutath Maccy BBIICIUBINEIOCS BCIISCTBA HA
anexTpoae?

3. OT 4ero 3aBUCUT NEKTPOXMUMUYCCKHUN SKBUBAJICHT?

4, Kakoii pu3nyeckuii CMBICI AIIEKTPOXUMHUYCCKOTO YKBUBAICHTA?

5. Kakoe o00opynoBaHHE W U3MEPHUTCIBHBIC MPHOOPHI HYKHO

HUMCTB, YTOOBI BEIYUCIIHTH BHCKTPOXI/IMPI‘IeCKI/Iﬁ 9KBUBAJICHT?

6. HaszBatp pabouyro bopmymy JUTS BEIYUCIICHUS
JNIEKTPOXUMHYECKOTO SKBHBAJICHTA.

7. Ha xakoM M3 3JIEKTPOJOB BBEIIEIACTCS MEOb B YHCTOM BHAE H
mouemy?

8. B 371eKkTponuTHUECKYI0 BaHHY HMOMECTHM MEIHYIO IUIACTHHKY,

cIyallyro aHogoM. IlnacTuHKa MOKpBITa BOCKOM, Ha KOTOPOM

HallapanaH pUcyHOK. UTo MoJyyuTcs IOoCie NPOIyCKaHUs ToKa U

yAaneHus BOCKa C MIaCTUHBI?

9. Uro Takoe rajJbBaHOCTETH, FAJIbBAaHOIUIACTHKA.

®opma npeacTaBIeHUs pe3ybTAaTa: 3a0JHEHHAs Tabiuma u
BBIBOJ TI0 pabore.

Kpurepnu ouenku:

Onenka «5» (OTJMYHO) CTaBHUTCS, €CIH OOyYAIOIIHHACS
BEITIONTHSACT PaboTy B MOJTHOM 00BEME C COOJIOIEHHEM HEOOXOTUMO
MIOCJIEIOBATENIFHOCTH ~ TIPOBEICHHUS ~ ONBITOB W HM3MEPEHHH;
CaMOCTOATENIBHO W PAlMOHAIBHO  MOHTHUPYET  HeoOXoammoe
o0Opy/sOBaHUE; BCE OMNBITHI NPOBOAUT B YCIOBHSAX U PEKUMAX,
o0ecreunBamIIMX MONTyuYeHHEe MPaBUIIBHBIX PE3YJIbTaTOB M BBIBOJOB;
coOmomaeTr TpeOoBaHMSA TMpaBHI O€30IACHOTO TPyAa; B OTYETE
MIPAaBUIBHO M aKKypaTHO BBITIOJHSET BCE 3aIlUCH, TaONHIIBI, PUCYHKH,
4epTexu, rpadKH, BBIYUCICHHS; MPABUILHO BBIIOJIHIET aHAJIN3
NIOTPEIIHOCTEN.

Ouenka «4» (X0pOII0) CTABHUTCS, €CIIH BBHITIOTHEHBI TPeOOBaHNUS
K OIEHKE 5, HO ObUIO JIOIYIIEHO J(Ba-TPH Hepouera, He Ooiyee omHON
HerpyOoi OIMOKK 1 OJJHOTO HeJloYeTa.

Ounenka «3» (YAOBJETBOPUTEJIBbHO) CTaBHUTCS, €CIH padoTa
BBINIOJTHEHA HE MOJHOCTBIO, HO 0OBEM BBIIIOJIHEHHOW YacTH TAaKOB, YTO
MIO3BOJISIET TOIYYUTh MIPABUIBHBIE PE3YNbTAThl U BBIBOJBI; €CIIH B X0/
MIPOBEACHUS OMBITA U U3MEPEHHH OBUIN TOMYIIECHB! OITHOKH.

Ounenka «2» (Hey/10BJ1eTBOPUTEIbHO) CTaBUTCA, €CIH paboTa
BEITIOJIHEHA HE TIOJIHOCTBIO M 00BEM BBIIIOJHEHHOW YacTH paboThI He
MO3BOJISIET CIENaTh NMPABIIBHBIX BBIBOJIOB; €CIIM OIIBITHI, W3MEPEHUS,
BBIUMCIICHUS, HAOIFOIEHUS TPON3BOANINCH HETIPABIIIBHO.
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