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1 BBEJJEHUE

BaxHyto dacte TeopeTHYeCKOH W  MPOQPECCHOHATIBHON  IPaKTHIECKOU
MOATOTOBKU OOYYaIONINXCSI COCTABIISIIOT IIPAKTUYECKUE U Ta00PAaTOPHBIC 3aHATHA.

CocraB 1 cofiep)kaHHe NPAaKTHIECKUX U JJAOOPATOPHBIX 3aHATHI HAIpaBICHBI HA
peann3anyio JeHCTBYIOIETO (heNepalbHOTO TOCYJapCTBEHHOTO 00pa30BaTEIbHOTO
CTaHIapTa CPeTHETO MPOoPECCHOHATHHOTO 00pa30BaHN.

Benymeld  1MOakTU4ECKOM — LEJIBIO  IPAKTUYECKUX  3aHATUM  SABISETCS
¢dopmupoBaHue NPOPECCHOHATBHBIX MNPAKTHYECKUX YMEHUH (yMEHHMH BBINIOJIHATH
ONpejieJIeHHble  JCWCTBHS,  ONEpaluy, HEoOXOAMMBIE B  MOCIEAYIONIEM B
npodecCHOHANBHOIM NIESITENIbHOCTH) WM y4eOHBIX NPaKTHYECKUX YMEHHH YMEHUH
pemars 3a1a4u 1o Gpusrke, HEOOXOAUMBIX B MOCIEAYIOIIEH Y4eOHOH NesITeIbHOCTH O
MaTeMaTHYECKUM M €CTECTBEHHO-HaY4IHBIM, 00IIenpodhecCHOHATBHBIM AUCIAIUINHAM.

Benymeld  aupmakTHYecKoW — IeNMbI0  JTAOOPAaTOPHBIX — 3aHATHH  SIBIACTCS
9KCIIEPUMEHTAILHOE TOJATBEP)KACHHE W TPOBEPKA CYMIECTBEHHBIX TEOPETHYECKUX
TIOJIO’KCHNH (3aKOHOB, 3aBHCHMOCTEH).

B cootrBerctBHm ¢  paboueil mporpamMmoil  y4eOHOH  AWCIMILIMHEI
«Du3HUKa».MPeyCMOTPEHO POBEACHHE IPAKTUIECKUX M JJAOOPATOPHBIX 3aHATHH.

B pesynbraTe UX BBINOJIHEHUS, 00YYaIOMINIICS JOJDKEH:

ymembp:

V1. paccuuThBaTh M H3MEPATH OCHOBHBIE NapaMeTphl MPOCTBIX AIEKTPUUYECKHX U
MarHUTHBIX LIETICH;

V2. IpUMeHATh OCHOBHBIC 3aKOHBI (DU3UKHU JUIS PEIICHHs aKTyaJlbHBIX WHXXCHEPHBIX
3a/1ad;

CopnepaHue TPaKTHYECKUX M J1a00paTOPHBIX 3aHATHUH OPHEHTHPOBAHO Ha TOATOTOBKY
00yJaromuxcsi K OCBOGHHIO MPO(ECCHOHAIBHOTO MOIYIsl HPOrpaMMBI  IIOJTOTOBKH
CHICLMATINCTOB ~ CPEIHEro 3BEHa II0 CIECIMAIbHOCTH UM OBJNAJCHUIO OOIMMH |
npogheccuonanbHbIMU KOMREMEHYUAMU:

[IK 2.6 TIpomBoauTh pacyeThl S3HEPrOCHIOBHIX MapaMeTPOB 000PYIOBAHHSL.

OK 2. OprannzoBbIBaTh COOCTBEHHYIO JESTEILHOCTD, BRIOMPATh THUIIOBBIE METOJIBI M CIIOCOOBI
BBINOJIHEHUS IPO(ECCHOHAIBHBIX 3314, OLIEHUBATH NX Y()(PEKTUBHOCTH U KAYECTBO

OK 3. [lpuHnMaTth pemieHus B CTaHAAPTHBIX W HECTAaHJAPTHBIX CHUTYAIMsIX W HECTH 3a HUX
OTBETCTBEHHOCTb

OK 4. Ocy1iecTBiIsTS HOXCK U UCTIONb30BaHKE HH(OpMaIK, He0OX0MUMO U1 3 (HEKTHBHOTO
BBITIOJTHEHUSI TTPO(hECCHOHATBHBIX 33,129, TPO(PECCHOHAIBHOTO ¥ JITYHOCTHOTO PA3BUTHS

OK 6. Pabotats B KOJUIEKTHBE U KOMaHE, 3P (EKTHBHO 00IIATHCS C KOJUIETaMH, PyKOBOJICTBOM,
MOTPEOUTEIISIMH

OK 7. Bparb Ha ce0st OTBETCTBEHHOCTH 32 padOTy YIEHOB KOMaH/Ib! (TIOYMHEHHBIX ), PE3YJIbTaT
BBITIOJTHEHUS 3a1aHUM

Brimonnenue oOy4aronmxcst NpakTHYECKUX U JIAOOPATOPHBIX PaboT 10 yuyeOHOH
qucnuiuirHe «@u3KKa» HaNpaBIeHO Ha!



- 00o0IIeHHe, CHCTEMAaTU3alUI0, YIIIyOJCHUE, 3aKPCIUICHHE, pa3BUTHC U
JICTANM3aIMI0 TTOJyICHHBIX TEOPETHYECKUX 3HAHMN MO0 KOHKPETHHIM TeMaM y4eOHOU
JUCHUTUIAHEL,

- (dopmupoBaHHe yMEHHI NPUMEHSATH MOJYYCHHbIC 3HAHUS Ha TMPAKTHKE,
peanu3aluio eIMHCTBA HHTEIJICKTYalbHON U MPAKTHICCKON EATEIbHOCTH;

- (opMupoBaHUE W pa3BUTHE YMEHHIi: HAOIIONATh, CPABHUBATH, COMOCTABISATh,
AHAN3UPOBATh, JIETaTh BHIBOJBI U 000OIIEHHS, CAMOCTOSATEIHLHO BECTH HCCICIOBAHUS,
MOJIb30BaThCSI PA3IUYHBIMU TPHUEMaMH H3MEPCHUH, OGOPMIIATh pPE3yJbTATHl B BHUJC
TabIuII, cXeM, rpaduKOB;

- MPHOOPETEHUE HABBIKOB PabOTHI C pa3IMYHBIMH MPUOOpaMH, ammmaparypow,
YCTaHOBKAMU M JAPYTHMH TEXHHUCCKUMHE CPEJCTBAMU JIJIsl TPOBEACHUS OIBITOB;

- pasBUTHC WHTCIUICKTYAIbHBIX YMCHHHA Yy OyAyIIUX CICIHAIUCTOB:
AHAJMTHYECKUX, TIPOESKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY TPH PEUICHHH MOCTABICHHBIX 33734 MPO(eCCHOHAIBLHO 3HAYMMBIX
Ka4eCTB, TAKUX KaK CaMOCTOSTEIbHOCTb, OTBETCTBEHHOCTb, TOYHOCTh, TBOPYECKAsS
MHHUIHATHBA.

[pakTuyeckue 1 1ad0paTOpHbIE 3aHSITHSI TIPOBOJISTCS MOCIIE COOTBETCTBYIOLICH TEMBI,
KOTOpasi 00ECTeYNBACT HAITMYUE 3HAHMI, HECOOXOIMMBIX JUTSI €€ BBIOIHEHHS.
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2METOANYECKHUE YKA3AHUS

Tema 1.1.
KunemaTruka MaTepuajbHOi TOYKH
[pakTuyeckas padora Ne 1

Pemenne 3anau no reme: «/IBu:keHue Tesia, OpoLIeHHOI0 MOA YIJIOM K
TOPHU30HTY. JIBH:KEHHE N0 OKPYKHOCTI)
Hean:

IToBTOpPHUTH OCHOBHBIE TEPMUHEI U (hopMyIsl pazaena «Kunemarnkay.
CcopmupoBaTh yMEeHUE IPUMEHATH (POPMYITBI IPH PEIICHNH 3a1a4.
Pa3BuBaTth noruueckoe MBIIIJICHUE, ITaMATh, BHUMAaHHUC, YMCHHUEC pacCCyKIaaTh U
BBIACJIATH T'JIaBHOC.
Pa3BuBaTh HaBBIKU CaMOKOHTPOJISA U B3AUMOKOHTPOJIA.

Beinosinus padoty, Bol Oyaere:

YMETE:

- pemiate 3aJa4M IO KWHEMAaTHWKE, KaK KadeCTBEHHOIO , TaK M PaCcYEeTHOTO

Xapakrepa.

PPRWONPE PP

D w ™

MarepuanbHoe o0ecnieyeHue:

-TI0Caf0YHBIE MECTA IT0 KOJIMYECTBY 00YJaIOIIIXCS;

- pa3gaTOYHBIN MaTepUal ¢ 3aJaHUSMU;

- cOOpHHKH 3a7a4

-CIIPpaBOYHBIC MaTCpHAJIbI

3ananue:
MO>KHO JI IPUHSATH 3EMITIO 32 MAaTEPUAIBHYIO TOUKY IIPU pacyere:
pacctosiaus ot 3emun g0 CoJHIa;
MyTH, TPOHAEHHOTO 3emMIieil mo opoute Bokpyr ColHIIa 3a MECHII,
JUTMHBI 9KBaTOpa 3eMITn?
MOo>KHO T IPUHATH 3eMJTIO 32 MaTepHAITFHYIO TOUKY TIPH pacdere:
CKOpPOCTH JIBIYKCHUS TOYKH YKBATOPA MPU CYTOYHOM BpAIICHUH 3eMJIIH BOKPYT
ocu;
CKOpPOCTH IBIKEHUS 3eMin 110 opOute Bokpyr ColHIa;
PaccTOSIHUS OT 3KBAaTOpa JI0 MOJIF0ca 3eMITH?
BesocHIeIuCT IBHKETCS IO YKIOH ¢ yekoperuem 0,3 m/c’. Kakyro ckopocTh
npuoOpeTeT Beocuneauct yepes 20 ¢, eciu ero HadalbHas CKOPOCTh paHa 4
Mm/c?
3a KaKoe BPeMsi aBTOMOOHITH IBHTAsCh ¢ ycKopeHneM 0,4 M/c2, yBEIHUHT CBOIO
ckopocTh ¢ 12 mo 20 m/c?
ITepuon Bpamenus 6apadana quamerpom 300 mm pasen 0, 023 c. Haiigure
CKOPOCTB TOYEK, JIeXKANIUX Ha 000/1¢ OapabaHa, 1 UX HEHTPOCTPEMUTEIHHOE
YCKOpCHHE.



3. Koneco nuamerpom 7,5 M Bpamaetcs ¢ yacToToi 93,8 06/mMuH. KakoBs
CKOPOCTB ¥ IEHTPOCTPEMHUTENFHOE YCKOPEHHE TOUEK JIekKAIUX Ha 000ae?

Kparkue Teopernueckue cBefeHusi: PaBHOMEpHOE NBM)KEHHE MaTEpUANIbHON TOUKHU
10 OKPY)XHOCTH — 3TO ABW)KEHHE, TPH KOTOPOM MaTephaibHAas TOYKA 32 PaBHBIC
MPOMEXXYTKH BPEMEHH NPOXOAWT PaBHbIC IO JUIMHE TYTH OKPYKHOCTH. PaBHOMepHOE
IBIDKEHHE TeJa II0 OKPYKHOCTH — 93TO YaCTHBIM M Hamboiee MpPOCTOH ciydaid
KPHUBOJMHEITHOTO IBI)KEHHSA. XOTS IPHU TAKOM JBIDKCHHH MOJIYJb CKOPOCTH OCTaeTCs
MOCTOSIHHBIM, 3TO ABMXXEHHE C YCKOPEHUEM, KOTOPOE SABJSETCS CIECTBUEM U3MEHEHUS
HalpaBJIEHUs] BEKTOpa CKOPOCTH. B okpy’karomieM Hac MHpe MBI YacTO CTAJKUBAEeMCs C
NOAOOHBIM JABHXKEHHEM — IpH JF0OOM BpalleHUH TBEPJOTO Tejla BOKPYI HEKOTOPOH
3aKpEIUIEHHON OCH BCE TOUKH 3TOTO Tejla JBIKYTCS IO OKPY>KHOCTSIM.
OCHOBHBIE XapaKTEPUCTHKH 1 (HOPMYJIBI:
[Tyctp MaTepuanbHas TO4YKa JBIDKETCSI 10 OKpYXXHOCTH pamuyca  (puc.l).
Hagano nexapToBoii cHCTEMBI KOOpIHMHAT IIOMECTUM B LEHTP OKPYKHOCTH. Torma
MOJIO)KCHHE TOYKH Ha OKPY)KHOCTH OJHO3HAYHO OINpPENEIseTCsl YIJIOM MOBOPOTa
MEXIY OCBI0 W pafilyC-BEKTOPOM TOUKH.
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Puc.1. PaBHOMepHOE IBMKEHNME Tea MO OKPYKHOCTH

YCIOBIINCH TOJIOKUTEIBHBIM CYHTATh HANPABICHHWE BPAIICHUS TPOTHB YacOBOH
CTPEIIKH..
JlexapToBble KOOPAUHATHI TOUKH OJJHO3HAYHO ONPEAEISIOTCS YTIOM OBOPOTA TOUKH:


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

IIpu nBM>XKEHUM TOUKU IO OKPYXKHOCTH €€ KOOpJIUHATa, TO €CTh Yroi MOBOpOTa
M3MEHSCTCS WM CTaHOBUTCS (yHKIHMEH BpeMeHH. 1103TOMy 3aKOH ABMKEHHSA B 3TOM

Cllydae — 3TO 3aBUCHMOCTbH yTJIa IIOBOPOTA OT BPEMEHH. .
Emuauneii namepenus yria mosopora B cucreme CU sBnseTcs paguaH.

Ilepuon BpalleHUs: — 3TO BpeMs, 3a KOTOPOE TOUYKA COBEPIIACT OJUH MOJHBIN
000pOT MO OKPYKHOCTH, T.€. TOBOPAYNBAETCS HA IO
Yacrora BpallleHHss — 3TO YHCJIO MOJHBIX 00OPOTOB, COBEPIIAEMBIX TOYKOH MpH

PAaBHOMCPHOM JABUKCHUU MO OKPYKHOCTHU, B €AMHUIY BPECMCHU!

HOpﬂIlOK BbINIOJIHCHHU A paﬁOTLI:

1.
2.
3.

Beimucats hopMyIisl O pOiIEHHOMY MaTepuairy.
XapakTepucTuKa (GH3HMIECKUX BEIMUUH U UX €ANHHIL U3MEPEHHUS.
Pemmenne 3aau mo BapuaHTam.

Xoa padorsi:

1.

BHumartenbHO HpOUYUTATh 3ajady, MPOaHAIU3UPOBATH YCIOBHUE, BBISCHUTH
XapakTep IBIDKCHHsS (paBHOMEpPHOE, PaBHOYCKOPEHHOE, MpsIMOJMHEIHOE,
KpHUBOJIHMHEIHOE). BrImrcaTh 4icIoBbIe 3HAYCHNUS 3aTaHHBIX BETHYUH.

2. CnenaTh CXeMaTHUECKUI YepTEeK, OTOOPaKAIOUINIA OMMCAHHOE B 3aade
nIBIbkeHue. M300pa3uTh Ha HEM TPaeKTOPHIO TBUKECHUS, BEKTOPEI CKOPOCTH,
YCKOPCHUS, IePEMEIICHUS.

3. BeiOpate cucTeMy KOOPIMHAT, IPH 3TOM KOOPIAMHATHBIE OCH HAIPaBUThH
TakK, 4TOOBI NMPOEKIMH BEKTOPOB HAa HHUX BBIPaKaJIHCh, BO3MOXHO, Oonee
MPOCTHIM 00pazoM. OTMETHTh KOOPIMHATHI IBIKYILErOCs Tesla B 3a/1aHHBIC
U HHTEpPECYIOIMEe HAaC MOMEHTHl BpPEMEHHM, CIPOCKTHPOBATH BEKTOPHI
CKOpOCTEHN M YCKOPEHUU Ha OCU KOOPIUHAT.

4. CoctaBuTh [UIi JaHHOTO JBIDKCHUS YpPaBHEHMS, OTpaKaroIiue
MaTEeMaTHYECKYIO CBSI3b MEXAY MPOCKIHUIMHU BEKTOPOB Ha OCH KOOPIMHAT.
CocTaBUTh ypaBHEHHsS, OTPaXKAIOIIHE IOMOIHUTEIBHBIC YCIOBHS 3alayu.
Ywciio ypaBHEHUH JODKHO OBITH PABHO YHCITy HEU3BECTHBIX BEIIMYHH.

5. PemmuTh COCTaBICHHYIO CHCTEMY YpaBHEHHHA OTHOCHTEIBHO HCKOMBIX
BEJIMYHH W MOJIyYUTh OTBET CHaYajla B aHATUTHYCCKOM BHJIC (T.C. MOTyYUTh
pacueTHbIe HOPMYIIBI).

6. IToacraButh B pacueTHble (POpPMYIBI BMECTO 0003HAUCHHH (PUIUIECKUX
Benn4uuH 00o3HaueHns mx enuHul] B CU, mpomsBecTH mpeoOpa3oBaHUS H
yOeIuThCS, TOTYJAlOTCS JIU B PE3YJIbTaTe €JUHMIIBI HCKOMBIX BEJIMYHH. /.
IloxcTaBute B pacdeTHble (GOPMYIBI UYHCIOBBIE 3HAYCHHUS (PU3MUECKUX
BEJIMYUH U MPOU3BECTH BBIYUCIEHUS. OLEHUTh PEabHOCTH MOIYYEHHOI'O
pe3yJbrara.


http://ru.solverbook.com/spravochnik/mexanika/kinematika/sposoby-opisaniya-dvizheniya/

(I)opMa npeacTaBJdeHUs Pe3yJabTaTa: BhIIIOJTHCHHAA CaMOCTOATCIbHAA pa60Ta.



Tema 1.2. 3akonbl Mexanuku Hoiorona
[pakTuyeckas padora 2

Pemenue 3a1a4 no teme: «3akonnsl HploToHa. CucremMa CBSI3aHHBIX TeJl.
JIBM:KeHHe TeJia 10 HAKJIOHHOM MJI0CKOCTH.

Heas  pabGorbi: HayuuTscs  ompefensTs  paBHOACHUCTBYIOUIYIO — CHUI

Z[eflCTByIOHII/IX Ha TCJIO, CUJTY HATAKCHUA HUTU MCKAY TCJIaMU, YCKOPEHUE, CKOPOCTD.

pNO R @ e

Beinosanus padory, Bel Oynere:
YMETb:
-pemaTh 3a1a4M Ha 3akoHbl Hpl0TOHA.

MarepuanbHoe o0ecnieyeHue:
-TI0CaI0OYHBIE MECTA IT0 KOJIMYECTBY 00YUAIOMINXCS;
- pa3gaTOYHBIN MaTepUal ¢ 3aJaHUSMU;
- cOOpHHKH 3a7a4
-CTIPaBOYHbBIE MATEPUAITBI
3aganne:
OTBETUTHL HA BOMPOCKHI:
Uro n3ydaeT qTuHaMUKa?
Omnpenenenre MOMHOCTH. POPMYITBI MOIITHOCTH.
Kakwne cuibl Ha3bpIBAaIOT BHYTPEHHUMHU? BHEITHUMHU?
Uro Takoe abCOMOTHOE TBEPIOE TEI0?
Yro Takoe JIUHUS JEUCTBUS CUIIBI?
Uro Takoe yriaosasi ckopocTb? B Kakux euHHIIax OHA U3MepsieTcs?
PemmTs 3a1aun:

—
1. K ueHtpy mapa mnpuioxeHa cuiia F (puc. 2.23). Kyna HampaBieHO
yckopeHue mapa? B xakom HampaBIeHUH JBIDKETCS map?

2. Ha oy miudra Haxomutes Teno maccoit 50 kxr. JIndt mogHNMaeTcs Tak, 94To
3a 3 ¢ ero ckopocTh u3MeHsiercst oT 8 70 2 m/c. Onpezenure CUIly AaBieHUs
TeJa Ha moJ JudTa.

3. TennoBo3 Ha TrOPU3OHTAILHOM YydacTke MyTH minHOH 600 M pa3BuBaeT
nocTosHHYI0 cuity Tsru 147 kH. CkopocTs moeszia Bo3pacTaeT mpu 3ToM OT 36
o 54 xM/4. Omnpenenure CUIy COTPOTHBIICHUS JBUXKEHHWIO, cuuTas o€
noctostHHON. Macca moesna 1000 T.

10



4. JXKéctkuil cTepkeHb ANMHON 1 M C NPUKPENIEHHBIM K HEMY IIApUKOM
Maccoi 100 T Bpam@aercss pPaBHOMEPHO B BEPTUKAIbHOM IJIOCKOCTH.
Omnpenenure MOIYIb U HAPABJICHUE CHUIIBI, C KOTOPOU CTEPXKEHb ICHCTBYET Ha
IIapHK B BEpXHEH TOYKE, P CKOPOCTAX mIapuka 2 m/c u 4 m/c.

5. JIBa rpy3a MaccaMu 2 Kr U 4 KI, CBSI3aHHbIE HEpacCTSDKUMON HUTHIO,
MOJHUMAIOT BEPTHKANbHO cwioli 84 H, mpuiokeHHOH K ImepBOMy TPy3y.
Omnpenenure yCKOpPEeHHE, ¢ KOTOPBIM JBMIKYTCSI TPY3bl, M CHIIYy HaTSKECHUS
HUTH.

Kparkue Teopernyeckue cBejeHUs:

OcHOBHas 3ajada AWHAMHKA — OIPEACICHHE IIOJOXKEHHA Tena B
MPOCTPAaHCTBE B JTI0O00OH MOMEHT BPEMEHHM, KOTAA HM3BECTHBI ACHCTBYIOIIME Ha TEJO
CHJIBI U 33/1aHBI HauaJIbHbIE KOOPIMHATHI U CKOPOCTH TeJa.

Cuna — BekTopHas (Qu3nyeckas BeNMYMHA, SBIIOIIASCS MEpoi B3au-
MmojneifictBus  Ten. Cumia  XapakTepu3yeTcs UHCIOBBIM 3HA4YeHHEM (MOJIyJieM),
HaIPAaBJICHUEM JCUCTBUS U TOYKOM NPUIIOKEHHUS K TEILy.

IIpu peiicTBuM Ha TENO HECKOJBKMX CWJI HX MOXHO  3aMEHMTb
paBHOAeHCTBYyowIeH cuioi F p — , mpeacraBnsonieil co6oi BEKTOPHYIO CyMMY 3THX
CHII:

Macca (uHepTHast) — cKajsipHas (DU3MUECKas BEIMYMHA, XapaKTEpU3yOIas
CIOCOOHOCTh ~ Te€JIa COXPAHATh IIOCTOSHHYIO CKOpOCTb, €CIIM Telo He 23
B3aUMOJIEICTBYET C IPYTMMU TEIaMHU HIIU JEHCTBHE APYTHX T€N CKOMIIEHCHPOBAHO.

Macca obmamaer ciexyrommuMu cBoicTBamu: 1) Macca Tenma paBHa cymMMe Macc
BCE€X YaCTUL], U3 KOTOPBIX OHO COCTOMT. IIpy coeqHEHUH IBYX TENI B OJHO MACChI ITHX
Tel CKIAAbIBAIOTCA (CBOMCTBO aAMUTHBHOCTH); 2) Jlng [aHHON CHCTEMBI Tel
CIpaBeIMB 3aKOH COXpPAHEHHS Macchl: IpH JIOOBIX MpoIieccax, MPOUCXOAAIUX B
CHCTEME TeJl, €€ Macca OCTaeTcss HeM3MEeHHOH (Ipu L << ¢).

Macca (rpaBUTalMOHHas) — CKaJsipHas (Qu3MYecKass BeJIMYMHA, OIpe-
JIeTSIFOIast CHITY B3aMMHOTO MPUTSDKEHHS TeJ U 00J1ajato1ias TeMH JKe CBOHCTBaMH, Y4TO
U MHepTHas Macca. lHepTHas M rpaBUTAllMOHHAS MAcChl XapaKTEPH3YIOT pasziIHMYHBIC
CBOWCTBa TeN, HO, KaK IOKa3bIBACT OIBIT, OHM BCErJa SKBHBAJCHTHBI (MHEpTHAs U
TPaBUTALMOHHAS MACChl OJJHOTO M TOTO )K€ TeJla PaBHbI).

OCHOBHBIMHU 3aKOHaMH KIaCCHYECKOH NMHAMUKHU SABISIOTCS 3aKOHBI HbIOTOHA.
3axkoHbl Hbl0TOHA CIIEAYIOT M3 OMBITA, B3aUMOCBSI3aHbl IPYT C APYrOM, HE MOJYMHEHBI
JpYyT APYTY U CIPaBEUIUBBI TOJIBKO B MHEPIHATIBHBIX CUCTEMAaX OTCUETA.

Wnepunansueie cucremsl orcuera (MMCO) — 3TO cHcTeMbl, B KOTOPBIX TEJO
(rpymmsl - Tey), HE TOJBEpXKEHHOE JAeHCTBUMIO cuil (WM JEHCTBUSL  CHIJI
CKOMIICHCHPOBAHBI), HAXOAWUTCS B IIOKOE€ WJIM JBIXKETCS paBHOMEPHO M TIps-
MosmHelHO. CucTeMa oTcYeTa, IBIKYIAscs OTHOCUTeNbHO nanHoi MCO paBHOMEpHO
¥ TPSIMOJIMHEWHO, TaKXe SBISIeTCS MHepluansbHOH. CHCTeMy OTcYeTa, CBS3aHHYIO C
3emJieid, ¢ GOIBIION CTENEHBIO TOYHOCTH MOKHO CYHTATh HHEPIIUATBHOM.
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Iepsbiil 3axoH HploTOHA: B MHEpLMATBHBIX CHCTEMaX OTCYETa TEIO COXPaHSET
COCTOSIHUE IOKOS WIIM PaBHOMEPHOTO NPAMOJIMHEWHOTO ABIKEHMSA, €CIM Ha HETO HE
JIEHCTBYIOT Npyrue Tena, JH00 NeHCTBYIOT, HO STO ACHWCTBHE CKOMIICHCHPOBAHO:
3HA4YUT, — Vv = const, > a= 0.

Bropoit 3akon HproToHa: yckopenme, moiydeHHoe Temom B HCO, mpsmo
NPOTIOPIIMOHAIIFHO  PABHOJACHCTBYIOIICH TMPHIOKEHHBIX K HEMY CHII, O0OpaTHO
MIPOMOPLMOHAILHO Macce Tena: Ecnm ke paccMarpuBaTh NEMCTBHE KaxXAOH CUJIbI B
OTAETBHOCTH, HMMEET MECTO IPHHIMI HE3aBUCUMOCTH JCHCTBHSA CHII (IIPHHIMII
CyNepmno3unuu JeicTBusd). B 3ToM ciaydae pe3yapTHpYIOLIEe YCKOpPEHUE Tena
NPE/ICTABISIET COOOH BEKTOPHYIO CyMMY YCKOPEHMH, BBI3BIBAEMBIX Ka)KIOW CHIIOW B
OTJENBHOCTH: B ciyuae paBHOMEpHOro ABIDKCHMS MO OKPYKHOCTH TEJIO UMEET IeH-
TPOCTPEMHUTENBHOE YCKOPEHHE, HANpaBICHHOE COTJIacHO BTOpOMYy 3akoHy HbroToHa k
LEHTPY OKPY>KHOCTH:

Tperuii 3axkoH HetoToHa: B MCO cuibl B3aUMOAEHCTBHS MEXIY IBYMsI TellaMH
MMEIOT OANHAKOBYIO (DPM3MUYECKYIO NMPHUPOAY, PABHBI 10 MOIYJIO W HANpPaBJIECHBI BAOIb
OJIHOM NPSMOW B MPOTHBOMOJIOKHBIE CTOPOHBL: DTH CHIIBI IPUIOKEHBI K Pa3HBIM TEIaM
U IMOSTOMY HE YpaBHOBEIIMBAIOT ApPYyr Apyra. B 3amadax MeXaHUKU BCTPEYAIOTCS
CIIENyIONINe BHABI CHJI: TATOTCHUS (TPaBUTALMOHHBIC CHJIBI), YIPYTOCTH U
COIIPOTHBIICHHS.

IMopsanoxk BbIMoJIHeHUS PadoThl: BHHMaTenbHO MPOYHUTATH TEOPETHUECKYIO
9acTh U IUIaH peuieHus 3aaa4 2. PaccMoTpeTs mpuMeps! penieHus 3aaad 3. OTBeTUTH Ha
KOHTPOJIbHbIE BONPOCHL. 4. [10Ty4nUTh U BBINONHUTG HHAUBUYAIbHbIE 3aJaHUS.

Xoa padoTsI:

1. Tlpoanamu3upoBaTh YCIOBHE 3ajJa4d, IOHATH (HU3MYECKUIl THpolecc,
paccMaTpUBaeMblil B HEH, BBIACHUTH, KAKHE CHIBI JEHCTBYIOT HAa MHTEPECYIOIUE HAC
Tena.

2. Cpenatb CXeMaTHYeCKHH PHUCYHOK, M300pa3WB Ha HEM KHHEMaTH4eCKHe
XapaKTEePUCTHUKHU JIBIKEHHS (YCKOPEHHUsSI U CKOPOCTH), HApHUCOBATh BEKTOPHI BCEX CHII,
JEHCTBYIOIUX Ha KaXK10€ TelNO.

3. Jlns KaXkJI0To Tena B OTJAENIHOCTH Ha OCHOBAaHHMU BTOPOro 3akoHa HeroToHa
3anucaTh YpaBHEHUS IBIDKCHHS, CBA3BIBAIOIINME NMPOEKIUMH CHJ U YCKOPEHHH, BHIOpaB
[IPEIBAPUTEIILHO CUCTEMY OTcueTa. [Ipu NBHXKEHMM Tejla IO MPsSMON BTOPOM 3aKOH
HeroToHa ans Tena uMeeT BUJ: , T/Ie — CyMMa MPOEKIMA BCeX CHJI, AEMCTBYIONMX Ha'
T€J0, HAa NPSIMYIO, IO KOTOPOW NPOUCXOAMT JBMKEHUE. [Ipu 3TOM IOJIOKUTEIBHOE
HalpaBJIeHHE OTCUeTa YAOOHO BHIOMPATh COBIAJAIOMIMM C HANPABICHHEM YCKOPECHHS.
Ecnu HampaBiieHHE COCTaBISIIOLIECH CUIIBI COBNAJAET C HANPABIECHUEM YCKOPEHUS, TO
COOTBETCTBYIOIIAS POESKIIMS CHIIBI OEpeTcsi CO 3HAKOM ILTIOC, B IIPOTHBHOM CIIy4ae - CO
3HAKOM MUHYC.

4. Ilpu pemeHnu 3aaa4, B KOTOPBIX PacCMaTPUBAETCS TUHAMUKA PAaBHOMEPHOTO
JBIDKCHUSI TI0 OKPY>KHOCTH, TaKXKe 11eJ1eco00pa3HO IOJIOKHUTEIHLHOE HaIpaBIeHHEe
KOOPJMHATHOH OCH BBHIOMpPATh COBHAJAIONIMM C HAIIPAaBIEHHEM YCKOPEHHS, T.e. K
HeHTpy BpameHus. CormacHo BTOpoMy 3akoHy HbloTOHa , rie — cymMma IpOeKIui Beex
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CHUJI, ACUCTBYIOLINX HA TEJIO, Ha paauyc BpaiueHus. IIpu 3ToM, eciu MpOeKLHUs CUIbI
HaIpaBjIeHa K EHTPY BPAILICHUs, €€ HY)KHO CUNTATh MOJOKUTEIBHOM, €CITH OT LICHTPA -
OTpULATEIBHOM.

5. B 3amagax 0 ABWKEHHHM CHCTEMBI CBA3aHHBIX Pyl C APYTOM Tel OJHHX
YpaBHEHHWH [BIDKCHHS OKAa3bIBACTCSI HEJOCTATOYHO. B 3TOM ciydae HeoOXomumo
3amMcaTh emie KHHEMAaTH4eCKUE YCIOBHS, BBIPAXKAOIMINE COOO0M COOTHOIICHMS MEXIY
YCKOPEHHSIMH TEJ CUCTEMBI, 00YCIIOBICHHBIE CBA3IMHU MEXIY HUMH.

6. Ecin B 3amave TpeOyeTcsi HallTW HE TOJNBKO CHIIBI M YCKOPEHHs, HO TaKKe
KOOpAMHATHI (WM NpPOMJACHHBIE IMyTH) Tel M HX CKOPOCTH, TO KpPOME ypaBHEHUI
JBIDKEHUSI HY)KHO HCIHOJb30BaTh KUHEMAaTHUECKUE YPABHEHUS ISl KOOpAMHAT H
CKOpOCTeil.

7. B 3ajmaudax, rie y4UTHIBAE€TCS TPEHHME, HYXKHO HAXOJUTh CUIY HOPMalbHOM
PEAKIIH OMOPHI, ONPEACIAIONIYIO CIIY TPEeHHUs. [ 3TOro COCTaBIIIOT ypaBHEHHE HA
OCHOBaHHHU TOTO, YTO BJOJb KOOPIUHATHOW OCH, NEPICHIUKYIIPHOH K HAIPaBICHUIO
CKOPOCTH TIPSIMOJIMHEHHO IBIJKYIIErocsl Tella, YCKOPEHHE OTCYTCTBYET, W IMO3TOMY
CyMMa IPOEKINHA CHJI Ha 3TY OCh PaBHA HYIIIO.

8. Ilosmy4yeHHbIE ypaBHEHUs JOTIOIHUTD, €CIM HEOOXOAMMO, BBIPKCHUAMH JUIS
KOHKPETHBIX BHJOB CHJI (CHia TpEeHHUs CKOJBKCHHUS, CHJa TPEHHS TIIOKOs, CHIIa
YOPYroCTH, cuia ApxuMena) U peIlIuTh MONTYyYEeHHYI0 CHUCTEMY YpaBHEHHHA B 0OIIeM
BUJIE, T.€. IOJYYUTh PacueTHbIC (POPMYJIBI.

9. Ybeautbecs, MONY4ArOTCS JIM B pe3yibTare €AWHHIBI MCKOMBIX BEJIHYHH.
[TogcraButh B pacueTHbie (HOPMYJIBI YHCIIOBbIE 3HAYCHUS (U3MYECKUX BEIMYHMH U
MPOU3BECTH BBIYHCIICHHUS.

®opma npeacTaBIAeHUs pe3yJbTaTa: BHIIOJIHEHHAS CAaMOCTOsITeIbHAsA paboTa.

13



Tema 2.1.0cnoBbl MKT
[pakTuyeckas padora 3
Pemenne 3anau no reme: «OcnopHoe ypapuenne MKT, razoBbie 3aKOHBI».

Heas paborsi: HayunTecs TpUMEHATH OCHOBHBIE (DOPMYNBI pasiena
«MonekynsapHast GU3HKa» IIPH pacyeTe NapaMeTPOB COCTOSHUS HICATBHOTO Ta3a.
BoinosinuB padory, Bol Oynere:
YMETh!
- pemaTh 3aa4d Ha apaMeTphl UACANBHOTO rasa.
MatrepuanbHoe obecredenne:
-110CaI0YHbIE MECTA 110 KOJMYECTBY 00YUaIOIINXCS;
- pa3aTOYHBII MaTepual ¢ 3a1aHIIMHY;
- cOOpHHKH 3a7a4
-CIIPaBOYHbIE MaTepHAaIbI.
3ananue:
1. Pemuts 3anauu:
1. Temnepatypa Bo3ayxa B KoMHaTe u3MeHmwinach or 7 go 27 °C. Ha ckonbko
MPOIIEHTOB YMEHBIIUIIOCH YUCIIO MOJIEKYJ B KOMHaTe?
2. Tlox xakuM JIaBIC€HHEM HAXOAMTCS ra3 B COCyZIe, €CIM CpelHUil KBajpaT

CKOPOCTH €r0 MOJIEKYIl v = 10° (m/c)?, KOHLICHTPALKs MOJIKYI n = 3 * 102 M
3, Macca Kaxa0i MoJeKysibl mg =5 © 10-26 kr?

3. B konbe o6vémom 1,2 m comepxwurcs 3 ¢ 10% atomoB renusi. Uemy paBHa
CpeIHssI KHHETHYeCcKas SHeprus Kaxaoro aroma? JlaBieHue rasa B Koide 10° Ia.

4. Berumcnure cCpeIHHH KBaJpaT CKOPOCTH ABIDKCHHS MOJICKYIN Ta3a, €CIH ero
Macca m = 6 kr, 00béM V =49 MU nasienue p = 200 klla.

5. Kakoe nmaBiieHme paboueil CMeCH yCTaHABIIUBACTCS B IFIIHHPAX TBUTATEIS

aBromoOwmis 31JI-130, ecnu K KOHITY TakTa CyKaTHs TeMIepaTypa nossimaetcs ¢ 50 1o
250°C, a 06bem ymenbIraercst ot 0,75 10 0,12 n? TlepBoHauanbHOE AaBJICHHE PABHO
80kl Ta.

2. OTBETUTH HA BOMIPOCHI:
1. Kakue siBIeHUs paccMaTpUBaeT MOJIEKYJIIPHO — KHHETHYECKasi Teopus?
2. [IpokommeHTHpYHTE OCHOBHBIE NonoxeHust MKT.
3. Kakumu onbiTamu OBITH JOKA3aHbI 3TH TTOJIOKEHUS ?
4. Mopens kakoro BemecTBa ucnoib3yercss B MKT? Oxapaktepusyiite 3Ty MOJIETb.
5. Ilouemy ra3bl OKa3bIBAIOT JABJICHUE HA CTEHKH COCYIIOB J000H (pOpMBI M pasmMepoB?
OOBACHHUTE 3TO C TOUKH 3PEHISI MOJICNN «UACATHHOTO Ta3a.
6. ITonyante ocHoBHOE ypaBHeHne MKT mpeansHoTO rasa.
7. BeiBectn popMyiTy CBS3H AJIS NABJICHUS U CPEeTHEH KHHETHUECKOW SJHEPTUH MOJIEKYIL.
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8. CocrosiHUS TEIUIOBOTO PABHOBECHS, XapaKTEepU3yeTcd MAaKpPOCKOMUYECKOM
BesmauHOM. UTo 3T0 32 BenmuunHa?

9. Uem ynoOHee aOCONIOTHAS IIIKaJa TEMIIEPAaTyp IO CPAaBHEHHIO C IPYTHMH IIKaIaMu?
10. 3Has Temmeparypy t mo mkane Llempcws, kak HalWTH TeMmepaTypy IO IIKaje
KensBuna?

11. Yro morMMaeTe 1oz TeMIepaTypoii abcomoTHOTO HyIS TeMueparyp?

12. Kak TpaBHIIBHO BBIPA3UTH C TIOMOIIIBI0 GOpMYITbl CBsi3b Mexay E u T?

13. U3 ocHoBHoro ypaBHeHus MKT, BbIBecTH ypaBHEHUE COCTOSHHS rasa. YacTHble
cilydaw Uil M30TEPMHUYECKOro, HM300apHOTr0, M30XOPHOTO IIPOIIECCOB IOJIYYUTH W3
YpaBHEHHS COCTOSHUSL.

14. Tloryuuts B Tpadudeckoi (opMe ra3oBbIe 3aKOHBL.

15. C mnoMoOmplI0 KakWX OMNBITOB JOKa3all CIPaBEUIMBOCTh MOJEKYISIPHO —
KHUHETUYECKOW Teopun?

3. CamMocTOATENEHOE PEIICHHE.
1. Yemy paBHa MonekyJsipHas Macca azota? ( 28-10-3 kr/mous).

2. Haiitu yncno modeii B 42 rpammax a3ota. (1,5Morst)

3. Hmeercs a30T B KoJuuecTBe 42 rpaMMOB. PaccunTarh YKCIIO MOJEKYI B HEM. (
9-1023)

4. H3MmeHUTCS 1M ABJIECHUE, €CIM KOHICHTPAIUA MOJIEKYJI ra3a yBeIHMYmIach B 2
pasa, a cpeHssI KHHETHUECKast SHEPT sl IBYKCHUS MOJIEKYJT YMEHBIIMIACH B 2
paza? (Her)

5. JlaBnenue a3ora B cocyne 100 kIla mpu remnepatype 27°C. Haiftn mioTHOCTB
aroro rasa. (1, 1 xr/ m3)

6. Hauepture rpaduk wu3MeHEHHs COCTOsHHs wuaeaipHoro rasa, B ( P,T)
KOOpJAMHATaX.

7. Haiitu Temnepatypy ra3a B ropsimei Jamie, eciii AaBjeHHe yBeIndmiIocsh ¢ 80
k[la go 100 xIla mocie BkIIOYEHHS Jamnbl. Temrmeparypa B BBIKIIOUEHHOMN
namre 6buta 7°C.( 77° C).

8. Kaxoii 06bem 3aiiMyT 200 T. BOZOPOIaA, €CITH €ro CKATOCTh 0 AaBieHus 2-10°
Ila npu Temmeparype 27° C?

9. KaxoBa Temmeparypa a3ota B Ga/uione eMkocThio 25,6-10° M°, ecim ero macca
1,4 kr, a naBnenue 35-10°I1a?

10. KakoBa TIIOTHOCTh KHCIOpPOAa TPH TEMIIEpaType 27° u HOpPMAJBEHOM aTtMochepHOM
JTaBIeHNN ?

11. Onpenenure 4mCIO Moneif BO3AyXa B KOMHATe 5X6x3 M mpu Temmeparype 27° C u
nasnennu 10° Ia.

HOpﬂI[OK BbITNIOJTHCHUSA paﬁOTbI:
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1. BHMMaTenbHO IPOYHTATh TEOPETUUECKYIO YacTh U IUIaH PEIICHHs 3a/1a4
2. PaccMoTpeTh IpUMepHI peLIeHUs 3aaa4

3. OTBEeTUTH Ha KOHTPOJIEHBIE BOIIPOCHI.

4. Ilony4uTs U BBIIOJIHUTD HHOUBHIYAIbHbIC 3a1aHUS

Xopa padorsr:

[nst  pemeHus 3ajgayd  MOKHO PpPEKOMEHAOBATh CIEAYIOLIYIO IIOCIIENOBa-
TEJILHOCTh JEHUCTBUM:

1. IlpounTtaB yciaoBue 3adauu, 3anucaTh JaHHbBIE, SICHO MPEICTaBUTh KaKue U3
rapaMeTpoB I'a3a MEHSAIOTCS, KAKUE OCTAIOTCS NOCTOSTHHBIMM.

2. 3anucate ypaBHeHus Kiamneiipona-MeHzaeneeBa Uisi KaXXIAOTO COCTOSHHUS,
MIPUIIUCHIBAsA COOTBETCTBYIOLME NHIEKCHI N3MEHSAIOIINMCS TTapaMEeTPaM.

3. 3amucaTb MaTeMaTHMYECKH BCE BCIOMOTIaTelbHBIE YCIOBUS U PELIUTH
MOJIyYUEHHYI0 CHCTEMY YpPaBHEHHHA OTHOCUTENBHO HEU3BECTHOM BenuuyuHbl. [Ipu
PELICHNN CUCTEMBI YPaBHEHHM, MOXHO HCIIOJIb30BATh JAEJIEHUE OIHOTO ypaBHEHUS Ha
JIpyroe, BbIUMTAHUE, CIOXXEHHE YypaBHEHMM M T. Nn. Ecim jgaHa cmech rasoB, TO
ypaBHeHue Kunanelipona-MeHnzaeneeBa 3amuchIBalOT Uil KaXJOIO KOMIIOHEHTA.
JlaBineHue cMmecHu ra3zoB ycTaHaBIMBaeTcs 3akoHOM JlanbToHa. B 3amavax Ha rasoBble
3aKOHBI CIIEAYET TOJb30BATHCS TOJBKO AOCOJIIOTHOW TEeMIepaTypoll U cpasy
MEepeBOAUTh 3HAYEHUsl TemIepaTypbl Mo mikane Llenbcus B 3HAUEHHs MO IIKale
KenbBuna.

(I)opMa npeacraBJacHus pedyJbTaTa: BbIIIOJHCHHAA CaMOCTOATEIIbHAA pa60Ta.

Tema 2.2. TepmoauHamMuKa
[Ipakruyeckas padora 4
Pemenne 3anau no reme: «Padora rasa B usonpoueccax. [lepsoe Hauaso
TePMOTUHAMHUKN.
Heas padoThI: HAYYUTHCS ONpPEHCTATH pPa0OTy Ta3a TIPU  Pa3IAIHBIX
H30TIPOIIECCax, HAXOAUTh BHYTPEHHIOIO SHEPTHIO rasa.
Boinosinus padoty, Bol Oyaere:
YMETE:
- pemiath 3aJ]auu C U CIOJb30BaHUEM | Hauana TEPMOJWHAMHKH B MPUMEHEHUU
K U30IpOoIIeccam.
MarepuanbHoe o0ecnieyeHue:
-II0CaIOYHBIC MECTA IO KOJIHMYECTBY O0YUAIOIIHXCS;
- pa3laTOYHBIM MaTepHal C 3a1aHUsMU;
- cOOpHHKH 33724
-CIPaBOYHbBIE MATEPUAIIbI
3aganue:
OTBeTHUTH HA BOIIPOCHL, BBIOPAB IPaBHJILHBIN OTBET:
1. Kak m3MmeHseTcst BHyTPEHHSS YHEPTHUS HICAIBFHOTO Ta3a Ipu
M30TEPMHUYECKOM CIKATHH?
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2.

No

A. VBemnuuBaetrcs. b. YMmensmaercsa. B. He usmensiercs. I'. Otser
HEOHO3HAYEH.

P,z 3. 2. Kakoe BeIpakeHHE
" L3 COOTBETCTBYET MEPBOMY 3aKOHY TEPMOIMHAMUKH B
3 M30XOpHYECKOM Mporecce?
2 4, A . AU=0.b. AU=A.B. AU=0.T.
! Q=-A.
0 0 WV 5. 3. YeMy paBHO U3MEHEHHE

BHYTpEHHEH 3Hepruu rasa, eciii eMy NepeaaHo KoaudecTBo TerioTs! 300
JIx, a BHEIIHME CHJIBI COBEPIIIIIN HaJl HUM paboty 500 [Ix?

A. 200 Ix. b. 300 Ix. B. 500 Ix. I'. 800 JIx.

4. Yemy paBHa paboTa, COBEpIICHHAS Ta30M MPH MEPEX0e U3 COCTOSHMA | B
cocrosHue 27?

P11 ! Pl z 8. A. 10 Ix. b. 20 Ix. B.

2 2 2 2 30 Ix. I'. 40 Tx.
1 ,J o 9. 5. CocrostHTE

HJICaJbHOTO T'a3a U3MEHWIOCH B COOTBET-
75 CTBHH C Tpadukamu Ha P-V nuarpamme.
B xakoMm cityuae ©3MEHEHUE BHYTPEHHEH

0 1 2V, M 0 i

sHepruu OoJbiIe?

10. A. B nepBom. b. Bo Bropom.
11. B. B o0oux ciay4asx oguHakoBo. I'. OTBET HEOJHO3HAYEH.

PemmTs 3a1aun:

1.

WneanpHbI Ta3 mepeBelr U3 COCTOSHUS C JIAaBJICHHEM C JIABJICHHEM P =
204 xIlawm oobemMom V = 90 1 B cocrostHue ¢ AaBiieHHeM P, = 170 klla u
oosemoM V;, = 108 1. Onpenenure u3MeHEHEe BHYTPEHHEH SHEPTUHU ra3a B
3TOM TIpOLIECcCe.

Ha nmarpamme mokaszaH Npoliecc U3MEHEHHs] COCTOSHHS (PMKCHPOBAHHOTO
KOJINYECTBA BEIIECTBA HJICATHOIO OJHOATOMHOrO rasza. Omupasich Ha CBOU
3HAHMS [0 MOJIEKYJISIpHOW (hu3MKe, 0OBSICHUTE, KaK U3MEHSIETCsl 00beM Tasa
M0 Mepe ero MPOXOKIEHU U3 COCTOSIHUA | B cocTOsTHHE 2.
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3. Ha pucyHke mpuBeneH rpaduk 3aBHCHMOCTH KOHLEHTPALMH MOJEKYJI B
HACBIIIEHHOM BOASHOM Iape OT TeMIlepaTypbl. Bo CKOJBKO pa3 H3MEHUTCS
BHYTPCHHSISL SHEPIHsl 2 M° HACHIICHHOTO Tapa MNP H3MEHEHHH €ro
temnepartypst ot 0 mo 40°C?

n, 10#n?
i
24 f—ii
20 1 ;
16 i 3 + i

12 =Y 4

= /

8
4 : 20

0 10 20 30 407¢.°C

LR L I8

4. BosaymHeli map obsemoM 2500 M° i Maccoil oGomoukn 400 Kr mMeer
BHHU3Y OTBEPCTHE, Yepe3 KOTOPOE BO3AYX B IIape HarpeBaeTcs ropenkoit. o
KaKoil MUHIMaJbHOH TeMIepaTyphsl HYXKHO HarpeTh BO3AYX B IIape, YTOOBI
OH B3IIeTeN BMecTe ¢ Tpy3oM Maccoi 200 kr? TemmnepaTypa oKpy»Karoiero
Bosayxa 7°C, ero miotHocts — 1,2 kr/m’. OO0omouky mIapa CYHTATh
HEpaCTSKUMOM.

KpaTkue TeopeTHuecKkune cBeIeHH:
IIpuménum k razy I Hagaso TepMOIUHAMUKU:
Q=AU+A
rae Q - remnora, coOOOMEHHAs razy,
AU - u3MeHeHne BHyTpEeHHEH YHEepTuH rasa,
A - paGorta, coBepII€HHAs Ta30M.
[To ycnoButo 33124 ra3 CKMMAETCS] BHE3AIMHO. DTO 3HAYUT, YTO TEILIOOOMEH C
OKpYyXaromiei cpenoit He nmpoucxoaut, u Q=0.
[Ipoueccel, npoTekaronuii Ipu OTCYTCTBUH TEIUIOOOMEHA C OKpYXKatoliel cpeoi,
Ha3BIBAIOTCS A0UAOAMHBIMU.
Torma AU+A=0
[epemumrem paBerctBo B Buae: AU-A'=0
rne A'=-A - paboTa, coBepIlIeHHas #a0 T'a30M IPH €ro CXKATHH.
ITonyuyaem: AU=A'
CrenoBarenbHO, IPU BHE3AITHOM CKATHU ra3a ero BHYTPEHHS S SQHEPIUs YBEIIUUUTCS.
BryTpeHHASISHETpHUA NACATHHOTO ra3a onpeaesnsercs no popmyne:
U=[1/(y-1)]*v*R*T
T/Ie Y - TIOKa3aTenb aanadaTsl rasa,
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V - KOJIMYECTBO BEILIECTBA a3a,
R - MonpHAs ra3zoBas mocTosHHAS,
T - remriepatypa rasa.
OO0 yBenmueHNN BHYTPEHHEW SHEPIUH ra3a OyAeT CBUICTENbCTBOBATE HOBBIMICHHUE €TO
TEMIIEPaTYPHL.

Iopsaok BbINOIHEHHS Pa0OThI:

1. BHMMaTeNnbHO MPOYNUTATh TEOPETUUECKYIO YacTh M IUTAH PEIICHHS 33134

2. PaccMoTpeTs puMeps! pelieHus 3aa4

3. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

4. ITony4uTh ¥ BBINOJHUTD UHIUBHYIbHbIC 33/1aHUS

®opma npeacTaBiIeHns pe3yJbTaTa: BBIIOJHEHHAs CaMOCTOsTEIbHAs paboTa.

Tema 3.2. 3aKOHBI IOCTOSTHHOI'0 TOKA
[pakruyeckas pa6ora 5
Pemenue 3axa4 no reme: «3akonnl Kupxroga».

Heas paGoThl: HAyYWTHCA TPHUMEHATH 3akoHBI Kupxroda s pacuera
CJIOJKHBIX JIEKTPUUYECKHUX LIeTeil.

Boinosinus padoty, Bul Oyaere:
YMETE:
- IPUMEHsTH 3akoHbl Kupxroga [uist pacyera TOKOB;
- YACHUTEC MOHATHUA «Y3€JI» U «BETBb»,
MarepuajnbHoe obecnedeHnue: -
-110CaI0YHBIC MECTA 110 KOJMUYECTBY 00YJaIOIINXCS;
- pa3gaTouYHbIN MaTepua ¢ 3alaHUSIMH;
- cOOpHHKH 33724
-CIIpaBOYHbIE MaTEpHUAIIbI
3ananue:
Pewmnts 3agaun:
1. CKOMbKO y370B, BeTBEil W KOHTYPOB HMMEET DJIIEKTPUYECKAsi IIellb,

n300paKeHHAsT Ha PUCYHKE?
R,

| e
d
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2). Hamummmre ypaBHEHHME COIJIaCHO NepBOMY 3akoHy Kwupxroda s ysna,
n300pakeHHOTO Ha PUCYHKE.

|
h

3). Hapucyiite sneKTpuYecKuil y3ed, Ui KOTOPOTO COTJIACHO MEepBOMY 3aKOHY
Kupxroda cocrasneno cienyromee ypapaenue: [1 +12 - 13+ 14 -15-16=0
4). Hanumure ypaBHEHHS COTIAcHO BTOpoMy 3akoHy Kupxroda st koHTypa 6-B-r-1I.

RI R2
a o — g
_
El— R3 E2—
T R4
’s [ w—
e . =

5). B anextpudeckoit 1ienu, cxeMa KOTOpoil mpuBeieHa Ha PUCYHKE, PE3UCTOPBI UMEIOT
compotuBiieHust R1 =2 OMm, R2 =3 Om, R3 = 6 Om, R4 = 10 Om. Onpenenure oOmuit
TOK B LI€IIH, €CJIN HaIlpsDKeHUE MeX Ty ToukaMu A u b paBHo 24 B.

R, R,

=0

I
R\

Kparkue Teopernyeckue cBeleHUs:
Jlst pacdeTa TOKOB B pa3jIMUHbIX BETBSIX JHO0OW pa3BEeTBICHHOMN IS C

MPOU3BOJIbHBIM YUCJIOM UCTOYHUKOB U norpe61/ITeneI71 H€06XO,Z[I/IMO 3HATb U MNPUMCHATH

3akonbl Oma u Kupxroda.
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OnpenenuM, 4TO Takoe BETBb U y3ell. Todka 3JIEKTpUUECKOM wLemu
Ha3bIBACTCS Y3JI0M WJIM TOYKOI pa3BETBICHUS, €CIM B HEH COCOMHCHBI TPU WIIH
Oosplee YUCI0 IPOBOIOB (BeTBel). (puc.1).

BeTBb 3j1eKTPUYECKO#l LeNM — 3TO Yy4acTOK, PACIOIOXKEHHBIA MEXAy

JBYMS y3JIaMH.

PUCYHOK 1

IIpy MOCTOSIHHBIX TOKaxX B IIENMM HU B OJHON M3 ee TOYEK HE MOTYT
HaKaIUIMBaTbCSl 3JEKTPUYECKHE 3apsAlpl, TaK KaK 3TO BbI3BAJO OB H3MCHEHHE
HNOTEHIMAI0B To4ek Ienu. ClenoBaTesbHO, JIEKTPHUUECKHUE 3apsiibl, IPOTEKAIoNe K
KakoMy-nr0o y31Iy B €IUHHUILY BPEMEHH, PaBHBI 3apsijaM, YTEKAlOIIMM OT 3TOTO y3JIa 3a
Ty JK€ eIMHHUI[y BpEeMEHU. DTO TOJIOKEHHE BhIpaxkacT mepBblii 3akoH Kupxroga,
KOTOpBIH (pOpMyNUpyeTcsl TakiCyMMa TOKOB, HAIPaBICHHBIX K Y31y, paBHa CyMMe
TOKOB, HAaIIPaBJICHHBIX OT HETO.

PRSI R ey

HaanMep, JUIA y3i1a -f MOXKHO HAIIUCaTh: , WIN IpuaaB

YPaBHEHHUIO IPYrOW BUJ, IOJIyYHM:

Bod 1))+ 1) =0 =0

, a B o0meM Buie X , T.e. anreOpamdeckas
CyMMa TOKOB B y3Ji¢ paBHa Hy 0. [Ipr 3TOM TOKH, HampaBJICHHbBIC OT y3Ja, CYUUTAIOTCS
OTPULATENILHBIMH.

BcrnoMHEM OCHOBHBIE CBOMCTBA IMOCIIEIOBATEILHOTO M MAPaUICIbHOTO
COE/IMHEHUH POBOIHUKOB, IPUEMHUKOB YHEPTHU.

IMocaenoBaTeJbLHBIM COETHHEHHEM NPOBOJIHUKOB — [PUECMHHUKOB
JNEKTPUYECKON SHEPTUH HA3BIBACTCS COCJMHEHHE, MMPU KOTOPOM 3JIEKTPONPHEMHUKH
COCJIMHEHBI OJIMH 3a APYTruM 0€3 pa3BeTBICHUI U MPU HATHYUU HCTOYHUKA MTUTAHUS I10

HUM MPOXOIUT OJMH 1 TOT %e Tok: ' =" =% =\ (puc.2).
i w2z L1k

::|_P|_| ‘J_ ‘_
ul 1 r ri ra

PUCYHOK 2
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[lo 3akoHy COXpaHEHWs OHEpPrWH, DOHEPrus, 3aTpaycHHas Ha
nepeMelleHne CIUHUYHOrO 3apsja BAOJb BCEH LN, paBHA CYMME JHEPrHi.
3aTpadyeHHBIX Ha [EpeMElIeHHe TOro JKE€ 3apsja Ha BCEX YydacTKax LeIH,
T.C.HAMPSHKCHUE Ha 3aKUMax IIEMU paBHA CyMME HANpsDKCHHH Ha BCEX ydacTKax
ce: U=U+LL+T,

ConpoTuBJIeHHE r Ha3BIBACTCA IKBUBAJIEHTHBIM (00IINM)
CONPOTHUBJICHUEM LIENH, T.€. TAKUM, 3aMEHa KOTOPBHIM BCEX CONPOTHBICHUH LENMH MpPU
HEM3MEHHOM HANpPSDKEHUH HE BBI3BIBACT CHIII TOKA.JKBHBAJICHTHOE COMPOTHUBIICHHE
psina  IMOCIENOBAaTElIbHO  COEAWHEHHBIX CONPOTHBICHHWH paBHO CyMME  OTHX
COTIPOTHBIICHMI: © =+ +

[TpumepoM MOCIIEIOBATENLHOTO COEANHEHUS] MOXKET CIIYXKHTh Lellb,
paccMOTpEeHHAs HA PUCYHKE 3, COCTOSINAs U3 TIPOBOJIOB M MPUEMHHUKA YHEPTHUH.

A

i l . Lu:

PUCYHOK 3

MMapannensHbIM coelMHEHHEM NPHEMHHUKOB JHEPrHU Ha3bIBAaCTCS
COCMHEHUE, NMPU KOTOPOM OJWH 3a)KHM Ka)KAOTO M3 NPHEMHHKOB IPHCOSIUHCH K
OJTHOI TOYKE 3JIEKTPUYECKON 1IeTH, a APYTroil 3a)KUM Ka)J[0T0 M3 TeX e NPUEMHHKOB
NPUCOSAMHEH K Jpyroi Toyku uenu. Takum oOpa3oM, MexIy HABYMs y3JIaMu
MPUEMHHKH 00pa3yIoT MapajuiesbHble BeTBU. (puc.4).

Hanmmuue Yy3Jia B CXEMC — 3TO MPHU3HAK IMapaJiyICJIbHOTO COCIMHCHM .

K

[ —
PUCYHOK 4
Hanpﬂme}me Ha NPUCEMHUKAX OJUHAKOBO U PABHO MOJIOKCHUIO MECKIY
y3j1aMu:
=i =i, =i,
Toxkm B BeETBAX pacupeaciaroTCa O6paTHO MMpONMOPUIHNOHAIBHO
COIIPOTUBJICHUSAM BETBEI nim npsamMo MNponopuruOHAJIBHO nux
[V S =.l- II—.=:' IR,
MMPpOBOAUMOCTSM: E E
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3aMKHYTBI ~ IyTh, NPOXOASAIIMH  TO  HECKOJbKHM  BETBSIM,
Ha3bIBAIOT KOHTYPOM 3JIeKTPUYECKOI LenH.

[Ipexnae 4yeM mpUCTynaTh K PAacCMOTPEHHIO (M3MYECKOTO CMBICIA U
BBIBOZa BTOPOTO 3aKkOHa Kwupxroga, BCIIOMHHM IOHATHS pPabOTBl M MOILHOCTH
INEKTPUUECKOIT LieTH.

Kak  BemCnsercs, KakuM IpHOOpOM  H3MepseTcss U Kak
MOJACUYNTHIBACTCS IOJIE3Hass pPabdoTa WIM pacxod »HHEpPruM? B KaKUX CIUHUIAX
U3MEPSAIOTCS pabOT U MOIITHOCTD B SJIEKTPUIECKOH menu?

MoIIHOCTh XapaKkTepu3yeTcss Kak CKOPOCTh COBEpIIEHHS pPabOThl B

YICTOYHHKE TUTAHUS WM B IPUEMHHKE SHEPrUM: ! - o0IMit Buj popmyisr, - =&

P =(UHUNI =V UL e Pid

- MOIIHOCTH WMCTOYHMKA DJJICKTPUYECKOW SHEPTHH;
MOIITHOCTH IOTpeduTenel; =t =% - moTepss MOIHOCTH B HCTOYHHKE.

VpasHeHune OGananca MOIUIHOCTH MOYKHO 3aIlMCaTh HO OCHOBAHHMHU 3aKOHA
COXpPaHEHUs SHEPTUU TaKUM obpasom: - =F+f,

CrenaeM HEKOTOpBIE MPEOOPa30BaHMs: B BBHIPAKEHUE A Oananca
MOIIHOCTEH MOACTABUM BBIPAXKEHUsS JUIA MOLIHOCTM MCTOYHMKA W MOIIHOCTEH

HOTpe6I/ITeHeﬁ, IIpY 3TOM IIOJTyYUM:
B, =P+B . B =Ed. popy- B =UJ =1,

E =I'r+I'r, Ecnu pa3fenuTs 00e yacTy paBeHcTBa Ha TOK {, To &=+

B naHHOM ciyuae BCsKas DJIEKTpUYECKas LENb U €€ OTACIbHbIC
3JIEMEHTHI SIBIISIIOTCS TIpeoOpa3oBarensiMu sHepruy, a 3JIC ncToYHMKa TOAIEP)KUBAET
JNEKTPUYECKUHI TOK B JJIEKTPUUECKON LIEIN.

OHeprus, NolydaeMmas OJHUM KyJIOHOM OJJIEKTPUUYECTBA B IJIEKTPHUUECKOH Ienu
MOJTHOCTBIO PACcXOJyeTcsl MOTPeOUTENIMH M B COCIUMHMUTENBHBIX NpoBOAax. Takoe
BBIPAXEHUE YaCTHOTO CIIydas BCEOOINEro 3aKOHa COXPAHEHWS! YHEPIMU W Ha3bIBACTCS
BTOpHIM 3aKoHOM Kupxroda: = & =27

B mo0oM 3aMKHYTOM 3JIEKTpHYECKOM KOHType anreOpamueckas cymma OJIC paBHa
anreOpanvyecKkoil cymMMe HaJeHHH HanpspDKeHHH Ha CONMPOTHUBICHHAX, BXOISAMIUX B 3TOT

KOHTYD.
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Ecan 5TOT 3aKoH 3amhcaTh Kak &° 20 1o OH BHIpakaeT yC/OBHE, HTO
anreGpanyeckas CyMMa H3MEHEHHMil TOTEHIMAna Mpu 006Xole 3aMKHYTOTO KOHTYpa
paBHa HYJIIO.

IIpu cocrtaBneHmn ypaBHeHHH 10 »dToMy 3akoHy OJC W TOKM CUHTArOTCA
TIOJIOKUTENBHBIMH, €CIIH HATPAaBIEHU MX COBNAJAKOT C HATPABICHUEM MPOU3BOJBHO
BEIOPAHHOTO 06X0/1a KOHTYpa, B MPOTHBHOM CJIydae OHH CUMTAIOTCS OTPUIATETHHBIMH
1 B ypaBHEHUH = & =X " 3anucEIBAIOTCA €O SHAKOM «-».

Hanpuwmep ans xortypa ABBI'A (puc.5), 00Xoas ero mo HampaplICHHIO IBUKCHHS I10
4acoBOi CTpeNKe, MOKHO Hamucarp: +l- £l =i virtin.
& ‘ "

el

IMopsigox BeIMOJIHEHHS] PAGOTHI:
1. Tlepen pemeHueM 3amad IO BapuaHTaM, Ha JOCKE BBIIHCBHIBAIOTCS (HOPMYIIBI
10 JaHHOH TEME.
2. IlpoBectu aHaNIM3 BENUYNH, BXOIIIMUX B (HOPMYIIBL.
3. Pemenwne 3a1a4 1o BapraHTam (CaMOCTOSATENbHAS paboTa).

Xoa padoTsI:
OnpenenuTs YUCI0 y3JI0B, BETBEH U KOHTYPOB B 3JIEKTPUIECKOH LIEITH.
2. TIpou3BOJIEHO pacCcTaBHUTh HANPABICHNUE TOKOB B BETBSIX.
3. 3ammcats nepBrIi 3akoH Kupxroda mis y3mos.
4. TIpom3BOJBHO BEIOpATh HaNpaBlieHHE 00X0/1a B KOHTYpax.
5. 3ammcats BTOpoii 3akoH Kupxroda mis KOHTypoB.

®opma npeacTaBIeHHs Pe3yJIbTATa: BBIIOIHEHHAS CAMOCTOsTEeIbHAS paboTa.
Tema 3.3. MaruutHoe 1oJie
IpakTuyeckas padora 6

Pemenue 3aga4 no teme: «MarHuTHoOeE 1oJie M €ro XapaKTepUuCTUKU, CWJIbI B
MAarHuTHOM I10JIe».
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Henp paloThl: paclIMpUTh 3HAHUS Y4YallMXCSl O MArHUTHBIX B3aUMOJEHCTBHSAX,
pa3BuBaTh yMEHHS 0000maTh, CpaBHHWBAaTh, WCIIOJIb30BATh IOIYyYEHHBIC 3HAHHS INIPH
pelIeHNH 3a1ay.
Beinoinus padory, Bel Oynere:

YMETB!

- pemath 3amadd Ha (OPMYJIBl HANPSDKCHHOCTH, MArHUTHOHW WHAYKINH,
MarHUTHOTO MOTOKA.

- OIPUMEHATHh MPaBUJIO JICBOW M MpPaBOil pyK A ONpeAeneHUs cuil Ammepa U
Jlopenna.

- penrath pacueTHble 331a4n Ha GopMy:1y cuiibl Amrepa u JlopeHna.

MatrepuanbHoe obecreuenue:

-TI0CaIOYHBIE MECTA IT0 KOJIMYECTBY 00YUAIOMINXCS;
- pa3gaTOYHBIN MaTepUal ¢ 3aJaHUSMI;

- cOOpHHKH 3a7a4

-CTIPaBOYHEIC MaTEPHAIIBI

3aganue:

Pemmts 3a1aun:
1. TlpsamonuHEeHHBI NpoBOmHUK muHOW 10 cM HaxXoguTCs B OTHOPOIHOM

MarHuTHOM TMoJie ¢ uHAYKIuen 4 Ti u pacmnonokeH moj yriioMm 30%k BEKTOPY
MarHuTHOM mHAykuuu. Yemy paBHa cuia, ACUCTBYIOLAs Ha IPOBOJHUK CO
CTOPOHBI MAarHUTHOTO MOJISl, €CNY CHJIa TOKa B MIPOBOJHUKE 3 A?

2. DIJeKTpoH, NpOWAs YCKOPSIOIIYI0 pa3sHOCTh moTeHimanos U=400 B, moman B
OJIHOPOJHOE MarHuTHoe nosyie ¢ naayknue B=1,5 Tn. Onpenenuts: 1) paguyc
R kpuBHM3HBI TpaekTOpuM; 2) YacTOTy BpAICHHS 3JIEKTPOHA B MArHUTHOM
nosue. Bektop ckopocTH 351eKTpOHA NEPIEHANKYIISIPEH IUHUSAM HHIYKIUH.

3. TIpoToH co cKOpOCTEIO 2 ‘10" m/c Breraer B OJIHOPOJHOE MAarHUTHOE I0JIE C
uHaykuuen 8 Tn mox yriom 45%  nuHEAM uHaykoud. Haita  cuoy,
JIEHCTBYIOILYIO HA TIPOTOH.

4.  TlpsMonMHEHHBIM NPOBOIHUK AIMHOM 15 cM HaxomuTcs B OJHOPOJHOM
MarHuTHOM ToJie ¢ MHAYKIuen 4 Ti u pacmonokeH o yriioMm 60° k BEKTOPY
MarHuTHOM mHAykuuu. Yemy paBHa cuia, ACUCTBYIOLIash Ha NPOBOJHUK CO
CTOPOHBI MArHUTHOTO TOJISI, €CJIM CHJIa TOKa B IPOBOJIHUKE 2,5 A?

5. 3apspkennsiii mapuk maccoit 0,1 mr u 3apsimom 0,2 MKi Bneraer B o0nacth
OJHOPOJHOr0 MarHuTHoro noisiss uHAyknueit 0,5 Tn, umes ummynsc 6 -10°
* Kr-M/c, HATpaB/ICHHBI NEPIIEHINKYIAPHO THHMSM MATHUTHOH MExykiuu. C
Kakoi cuioi OyzeT neicTBOBaTh MAarHUTHOE TI0JIE HA 3apsDKEHHBIN MapHuK?

6. Ompenenuth cuily, ¢ KOTOpPOH OZHOPOJHOE MarHUTHOE MOJE ASHCTBYyeT Ha

npoBOIHUK JnuHOM 20 cM, ecnu cuia Toka B HeM 300 MA, pacmosioskeHHBIIH
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mox yrioM 45 rpamycoB K BEKTOPY MArHUTHOW HWHAYKIWW. MarHuTHas
uHaykuus cocrasiser 0,5 Ti.

7. TIpoBOOHUK C TOKOM 5 A HaxXxOIWUTCS B MarHWTHOM roie ¢ uHAyknueit 10 T
OnpenenuTs ATUHY IPOBOJHUKA, €CIIM MarHUTHOE TOJIE JEHCTBYET Ha HETo C
cuoii 20H u mepneHIuKyIIpHO TPOBOIHUKY.

8. TIlpoBomnuk mmuHo#M 0,15 M MEPHICHANKYISIPEH BEKTOPY MATHUTHON UHITYKIMH
OJTHOPOJHOTO MAarHUTHOIO MOJs, MOAydb koToporo B=0,4 Tn. Cuna Toka B
MPOBOJHUKESA.

Haiinure paboty, koTopast OblIa COBEpLIEHA MPH MEpEeMENICHHH MPOBOIHUKA
Ha 0,025 M o HampaBIeHUIO ASHCTBUS CHUIIBI AMIepa.

9. OmpenenuTh IEHTPOCTPEMHUTENBHYIO CHIY, ACHCTBYIONIYI0O Ha IIPOTOH B
OIHOPOOHOM MarHWTHOM moje ¢ mHayknued 0,01 Tn (BexkTOop MarHUTHOH
WHAYKINH TIEPIICHANKYISAPEH BEKTOPY CKOPOCTH), €CIH PaANyC OKPYKHOCTH,
0 KOTOPOH OH JABMKETCS, PAaBEH 5 CM.

10. C xakuM yCKOpPEHHEM IBIDKETCS AJIEKTPOH B OJHOPOJHOM MAarHUTHOM TIOJE
(BEKTOp MAarHUTHOW WHAYKUMW TEPHEHIUKYISPEH BEKTOPY CKOPOCTH) C
uaaykiuei 0,05 T, eciu cuna JlopeHia, AelicTByrolas Ha Hero, paBHa SX10-
13 H.
(Tak kak cuna JlopeHua sBisieTCS OJHOBPEMEHHO M IIEHTPOCTPEMUTENHLHOM
CHJION, ¥ SIEKTPOH JABMXKETCS IO OKPYKHOCTH, B 331a4de TpeOyeTcsl pacCUUTaTh
[HEHTPOCTPEMHUTEIBHOE YCKOpPEHHE, KOTOpOe MpHOOpeTaeT »3JICKTPOH B
pe3ynbTate IeHCTBHS IIEHTPOCTPEMHUTEIBHOMN CHIIEL. )

OTBEeTHUTH Ha BONIPOCHI TECTA:
1. Hcmounukom MazHUmMHo20 Nos A6IAIOMCA (A67151emCsl). .
1) mBIKyIIHECS STMEKTPUICCKUE 3apsIbl;
2) 3apspKEHHBIN TEHHUCHBIN IIapHK;
3) mMoJIOCOBOM MarHurT.
2.06Hapys’cums MAZHUMHOE ROl MOJNCHO NO...
A) 1o neiicTBUIO Ha 000 MPOBOTHIIK;
B) neficTBHIO Ha MPOBOIHUK, IO KOTOPOMY T€UET IEKTPHIECKHUI TOK;
B) 3apspxeHHBIN TEHHUCHBIN IAPHK, TOABEIICHHBIN Ha TOHKOW HEPaCcTsHKUMOH HUTH;
I') Ha OBWKYyIIHECS IEKTPUIECKHE 3apsIIbL.
1)Aub,2)AuB,3)buB,4)bul.
3. 3axonuums ¢pazy: «Ecau snexmpuueckuil 3apsao HenoOBUMICEH, MO BOKpYe He2o
cywecmayem...
1) MarHuTHOE MOJIE,
2) BIEKTPUIECKOE TI0JIE,
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3) aneKTpUYecKoe U MarHUTHOE MOJIE.

4. 3axonyums ¢hpaszy: «Ecau snekmpuueckuti 3apsao 08udcemcs, mo GOKpyz He20
cywecmeyem...

1) MarauTHOE IOJIE,

2) 3neKTpUIecKoe TmoJe,

3) 37EeKTpUIECKOe U MarHUTHOE MOJIE.

5.3akoHunTH Ppazy: «BoKpyr IpOBOIHHUKA C TOKOM CYIIECTBYET...

1) marHuTHOE TOJIeE,

2) anekTpUdecKoe moJe,

3) anexTpudecKkoe U MarHUTHOE IOJIE.

6. Kaxue cunvl npoasnaomes 80 63aumo0eticmeuis 08yx npoSOOHUKOE ¢ MOKoM?
1) cuibl MAarHUTHOTO TOJIA,

2) CHIIBI AJIEKTPUUECKOTO OIS,

3) cuIIbl TPaBUTAIMOHHOTO TOJIS.

7. Kakue ymeepoicoenus A61a0mcs 6epHbIMU?

A) B npupoie CymecTByIOT 3JEKTPHIESCKUE 3apsbl.

B) B npupoae cymecTByIOT MarHUTHBIE 3apsIIbL.

B) B npupoze He cyniecTBYeT JIEKTPHIECKUX 3apsI0B.

I') B npupoze He cymiecTByeT MarHUTHBIX 3apsIIOB.
1)Aub,2)AuB,3)Aul,4)b5,Bul.

Kpatkue TeopeTrnyeckue cBeieHUs:
BexTop MarHuTHOM UHAYKIIUHU:

__F,
Ilsinx

B
H =

)
HaHpH)KCHHOCTL MAar"HuTHOTI'O IIOJIA: ‘u’l 0

,B=uB,. B=uu,H

v_| B
Ecin - TO YacTuIa OyJeT ABUraThCs [0 OKPYKHOCTH U cuiia Jloperna Oymet
€000MmAaTh eif HEHTPOCTPEMHUTEIBLHOE YCKOPEHHE =>
Fu=ma, =
n’ _ gBR

gBU=——=2V =
r m

MarnuTHsl# notok: ® = Bs cos (£
MarauTtHoe 10J1e COJICHOU/IA:

N
B= yonl. n = 7

3axon Amnepa: Fa=Bll sin £
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HanpaBneHHe CHIJIBI AMnepa OIPCACIIACTCA 110 IMMpaBUITy «JIeBOU

PYKI»:
e  MAarHWTHbIC CHJIOBBIC JINHUHU BXOAAT B JaJI0Hb;
e 4 manpla yKa3blBalOT HANIPABICHUE CHIIBI TOKA B IIPOBOJHHUKE;
®  OTOTHYTHIN OOJBIION Mayel] YKakKeT HallpaBJIeHUE CIIIBI AMIepa.

Cuna Jlopenna: Fy = qBv sin (£,

Hanpasnenne cuinsl JlopeHma onpeaenseTcs 10 IPaBuLy «JICBOH PYKH» I
TMIOJIO>KUTENBHBIX 3apSA0B; U OTPUIIATEIBHBIX 3apsI0B - 3epKabHOE OTOOpaKEHHE.
Cuuia JlopeHna Beerzia epneHIUKYJISIPHA IIOCKOCTH, B KOTOPOH HAaXOATCS BEKTOPHI V
u B =>cuna JlopeHiia paboThsl He COBEpIIAET, T.€. He MOXXET U3MEHUTh KHHETHYECKOM
SHEPTUU CBOOOIHBIX 3apSAI0B.

ITopsiok BbINOTHEHHsI Pa0OTHI:
1. Tlepen pemenueMm 3agad IO BapHaHTaM, Ha JOCKE BBIIHCBHIBAIOTCS
(hopMyIIBI TIO TaHHOH TeMe.
2. IlpoBectu aHanM3 BENNYNH, BXOAIIUX B (YOPMYIIBL.

w

Pemenne 3a4a4 110 BapuaHTaM (CaMOCTOHTCJ’IBHaﬂ pa60Ta).
4. OTtBeTHUTH HA BOIIPOCHI TECTA.

(I)opMa NpeaACTaBJCHUA PE3YJAbTATA: BLIITOJIHCHHAA CaMOCTOATCIIbHAsA pa60Ta.

Pasznen 4
Tema 4.1 JekTpoMaruuTHbie Kojaebanus IlepemeHHbIii TOK.
IIpakTnueckas padora 7
Penienne 3aga4 mo teme: «JIeKTPOMArHUTHBIC KOJIeOaHHU»
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Hean padorei: ChopMupoBaTh YMEHUE NMPUMEHATH (GOPMYJIBI IPH PEIICHUN
3amad.

BeinoJsinus padory, Bl Oyaere:

YMETb:

- IPUMEHATH (JOPMYJIBI IIPH PELICHHUH 337124 110 TEME,

-pemaTh pacdeTHbIEe 3a/1a9u Ha (GOpPMyITy IEPHOJMUECKOTO U3MEHEHNUS 3apsiaa U
Toka, popmyny Tomcona.

MatrepuanbHoe obecreuenue:

-II0CaIOYHBIC MECTA MO KOJIMYCCTBY O0YUAIOIIMXCS;
- pa3aaTOYHbBIN MaTepUa C 3aIaHUSIMH;

- cOOpHHKH 3a7a4

-CIIPaBOYHbIC MaTEPUAIIbI

Hesaryxaromiue koje6aHusi, BO3HUKAIOIIME MO/ ASHCTBUEM BHELIHEH MEPUOIMISCKU
m3menstoteics 3/(C £=goCOSmt

Hpouecc, Ipu KOTOPOM JJICKTPOMArHUTHOC TIOJIE NCPHUOAUYCCKH H3MCHSACTCA 110
BpPEMCHU

OnucelBalOTCA  BEJIMYMHAME,  XapaKTepPU3YIOUIUMH  3JIEKTPOMAarHUTHOE  IIOJIE:
nanpsokerne U, cuna Toka |, 3apsin (, HanpsokeHHOCTH 2nektp £ u marautaoro H

T0JIeH, MATHUTHAS MHAYKIHs B

[ocnenoBaresnsHOE COEAMHEHNE:

1) KoH/IeHCaTOPa, HAKATIIIMBAIOIIET0 SHEPTHIO JICKTPUUECKOTO MOJIS;

2) KaTyIIKH HaKaIIMBAIOIIEH YHEPTHI0 MarHUTHOTO TOJIST;

3) BO3HHKHOBEHHE CBOOOJHBIX KOJEOAaHMM B KOHType OOYCIIOBJICHO SIBJICHHEM
CaMOMHAYKIHH

Konebanus cuibl TOKa B LIEMU IEPEMEHHOTO TOKa

3aKphITHIH KoJIe0aTesIbHbII KOHTYp -
OneKTpuUecKas Ierb, COCTOSINAs 3 KOHACHCATOPA M KaTyIIKH, B KOTOPOH 3HEPTHUs
3JIEKTPHYECKOTO TOJISI TPEBPAINAETCS B 3HEPTHUIO0 MATHUTHOTO IOJIST K 00paTHO

3JIeKTpI/I‘{eCKaH oenb, COCTOAIIAA U3 KOHACHCATOPA U KAaTYIIKH
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1. Bemyxaennsie konebanus. Kimou B «1» — 3apsbkaeTcss KOHASHCATOP.

2. CobOctBenHpie KonebaHus. Kimou «2» sleKTpUdeckoe IMojie = MAarHUTHOE IOJIe.

YacTp 3HEprUX TPATUTCS HA HarpeB MpoBoaoB R—Q kosebaHus 3aTyxaronye.
Jns moanepKaHUsT HE3aTyXaloUMX KojeOaHWH MepeBOAMM K04  «1», 3aTeM B «2».
BeIHyXIeHHBIE — He3aTyXaloliue KoJieOaHus

T=27zVyL-C _ ¢dopmyna Tomcona (anri. ¢. 1853)
1 1

Vy=——: Wy = —F7—
° 27r\/L_C ° vLC

IIpeobpazoBaHue SHEPTUU DIEKTPHUUECKOTO TOJISI B YHEPTHUIO MATHUTHOTO TOJIS U

HA000POT 10 rapMOHNYECKOMY 3aKoHY E,;E,

AKTyanuzanmus

1. MexaHnueckue KoeOaHus.

X=Asinot=Asing — TosraKoM X(t) = A sinot
X=AC0S®ot=AC0S® — OTTATUBAHUEM X(p) = Asing
V=A®MCOSOL; Viax = AW

a=-A0’SiNot; dma=A®’

A=Xmax, M
tmax E _kx_z- E _mvz
(p:?1 pan: » 5 ’ K 5
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: P
T_2% c KA“=muv‘| — 3aK0H cOXpaHEeHHsI

® x =A SHEpruu
S L E=E+E,
T t 5
m:va:Z—n;@ b= KA -4 k
c = =
m m

MatemMaTu4eCKUi MassTHUK: T — 9 L F=ma
g9

m
[pyxunHelii MasTHEK: T = 2, /7; F =—kx
k  ymp

2. DIeKTpOMarHUTHEIE KOJICOaHHS.

CU2 LI2
=== E =——

an 2 "M 9

E,;=E, — |CU=LI“| — 3ak0oH coxpaHeHHs SHEPIUU

E')ﬂ‘M:E3ﬂ+EM

E

T=2;;\/E
n 1 1
V=—=—=

t T 2n/LC

2n 1

T +L-C
pe30oHaHC: Vo=V-=>lmax
CoeiHeHNE KOHJICHCATOPOB

0=2nVv=

napauieabHOe MOCJIEI0BATENBHOE
C1 Cs=C1+Cy=nC; g_{ H H
C
E, = qu C, 2
2
G=CU 11,1 n
c 6 CL o G
cs-Ci
n

IIpumepsl pemienns 3aaa4

1. VpaBHenne rapmonndeckux Konebanuii Touku x=0,4cosnt. Haiitn amruutyy, mepuos
¥ cMelIeHre Touku uepes 0,5 c.
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2n
Jano: M. T. x=Acosot  |A=0,4 m; o=r; T =— =2(C)
x()=0,4cosnt ool o2 X n
t=0,5 ¢ T olv-1_05ra
2
1
AT T=2x(L)=7 v=2 VET x(0,5) = 0,4- cosT - % —0,4cos X =0

2. 3amumuTe ypaBHCHHE TapMOHHYECKOTO KOJIECOAHUs MAasTHUKA, BBIBEJACHHOTO W3
TTOJIOXKCHUST PABHOBECHSI, €CIIM aMIUTUTY/1a KoJieOaHui 5 ¢cM | 3a 1 munyty coBepmaercs 120
TOJTHBIX KOJeOaHui.

JaHo: M. MasiTHUK ®= 27{,% = 4 pan.

A=5cm=0,05 m x=Asinot
t;=1 Mur=60 ¢ n x(t)=0,05sin4nt, m
n=120 0=2n1v=2n—
@o=0 b
X(t)=? ypaBHEeHHE |
3. Tlpu ONBITHOM OIpPEIEIEHHH YCKOPEHHs CBOOOIHOrO MajeHHs 3a 5 MHHYT

HacyuTanu 150 MOJHBIX KoyieOaHWii MasTHHKA. OmpeaeinTe 3HaYCHUE YCKOPCHUS CBOOOIHOTO
MaJIeHus], €CIM JUIMHA MasiTHUKA | M.

JlaHo: M. MasiTHUK ) 300
n =150 Tzzn\/Z; oAt T=""=2¢
g g

£=300 ¢ 150

f:lM 4n2£ t 43,1421 M
= C T=— =—" ~-986—

g=? |g T? n g c?

4. I'py3 maccoii 0,4 kT coBepIIaeT KojaeOaHus B TOPH30HTAIBHON INIOCKOCTH Ha IPYXKHUHE
JKecTKOCThI0 250 H/M. ammiuTynma koyeOanuii rpy3a 15 cMm. HaiiTu moyiHyr0 MeXaHHUYECKYHO
SHEPrHI0 KoeOaHuit 1 HanOOJIBIIYI0 CKOPOCTD JIBIDKeHUS. TpeHrneM npeHeopeys.

Hauo: 2 250-0,152
npyxurmeii | E = kA , Ex =0, E=f=2’sﬂm
MAasTHHK
m=0,4 kr E=E,+E=E, v =0,15 }@ =0,15.-25 =
k=250 1/m K 0.4
A=0,15m ml)2 kA2 =>v=A|—= :3,75z3,8ﬂ

= m c

3aﬂaHI/IH I CaMOCTOSATCIBHOI'O PEIICHUA

Bonpocsl no teme «DJIEKTPOMAI'HUTHBIE KOJIEBAHU .

1. U3 xakux 37€MEHTOB COCTOUT KojebaTeabHbIi KOHTYp? MoryT n
BO3HHMKHYTH K0JIeOaHHS B KOHTYpPE, CO/IepXKallleM KOHJIEHCATOp U pe3ucTop?
UHIYyKTHUBHOCTb U pe3uctop?

2. Kakwue pusnyeckre BeJIMYUHBI H3MEHSIOTCS IIPU KOJIEOAHUIX B
KoJebaTeJbHOM KOHType?
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10.

11.

12.

13.

14.

15.

16.

YeM oTan4aroTCs KoxeOaHUs SJIEKTPUUIECKOTO 3apsiia U TOKa B KosebaTeIbHOM
koHType? Kak mo rpaduky u3MeHeHHs 3apsaga co BpeMEHEM IMOCTPOUTH rpaduk
3aBUCHUMOCTH CHJIBI TOKa OT BpeMEHH?

Ot yero 3aBUCHT Iepuo] Koiebanmii B KoHTYpe? MokeT iu nepuos KoieOaHmii B
KOHTYpPE OCTaBaThCS IOCTOSIHHBIM NTPH U3MEHEHHH HHAYKTUBHOCTH M €MKOCTH?
5. Kak usmMeHHuTCS nepuox KoiaedaTeIbHOro KOHTYpa, eclii YBEIHIUTh

YUCIIO BUTKOB KaTyIIKKU? BHECTH B KaTYIIKY JKEJIE3HbIH CepaeUHUK?

Kakue npeBpaieHust SHEPTHH MPOUCXOAAT B KojebarenbHOM KoHType? ['ne
COCpeloTOYEHa YHEPTHS IIPU CBOOOIHBIX KOJeOaHHUsIX B KOHTYype 4yepe3 1/8, 1/4,
1/2 neprona nocie Havasia pa3psiKu KOHIEeHcaTopa?

MoryT 11 ObITh CBOOOHBIE KOJIEOaHUS B pEalbHOM KOHTYpPE HE3aTyXaromuMu?
UeM OoTIMYAIOTCS APYT OT Apyra cBOOOJHBIE KoJIeOaHUS B BYX KOHTYpax ¢
O/IMHAKOBBIMH ITapaMeTpaMH, €CIIM UX KOHJECHCATOPHI ObUIM 3apsi>KEeHBI OT OaTapel
¢ pazabsimu D1C?

Kak meiicTByromee 3HaUeHHE CHIIBI TOKA (HAIPSKEHUS) CBS3aHO C aMIUTUTYIHBIM
3HaueHneM? Kakoe 3HaUeHHE CHIIBI TOKA M HANIPSDKEHUS NU3MEPSIOT aMIEPMETPHI U
BOJBTMETPHI B LIENIH MIEPEMEHHOTO TOKa?

Ha xatymky nogaercs oJMHaKOBOE HAaNpsKEHUE — CHadaja OT CeTH
MOCTOSHHOTO, a 3aTeM IIepEMEHHOTO ToKa. B kakoMm ciyuyae oHa HarpeBaeTcs
cuibHee?

ITouemy B nenu, comepskamei KOHIEHCATOP, MOXKET MPOTEKATh TOIbKO
MepeMeHHBIH TOK?

JomycTuMo 7u B 1IeTh MEPEMEHHOT0 TOKa HampspkeHueM 220 B BKIIFOYUTH
KOHJIEHCATOP, MpoOoitHOe HalpsDKeHHe KoToporo 250 B?

[Touemy B pamKe, paBHOMEPHO BpalIalonieiicss B MarHUTHOM TIOJI€,
Bo3HuKaeT DIC? UeM oTAMYaIOTCS NPOMBILIJIEHHBIE T€HEPATOPHI OT NMpOCTENHIIEH
MO/IeNIN-paMKH, Bpallaromeicss B MAarHUTHOM 11oJie?

Kakxnum 00pa3oM mosryqaroT CTaHIapTHYIO YaCTOTY IIEPEMEHHOTO TOKA MPH
MEJUICHHOM BpalleHNH PaMKH?

s wero ciyxut Tpanchopmarop? Kakue ero ocHoBHbie uacTu? Kakos
NPUHIIKI eicTBUS TpaHnchopmaTopa?

KakuMm 06pa3zoM mpou3BOAAT IpeoOpa3oBaHus HANPSHKEHUS U CHIIBI TOKA B
[EeMsIX IepeMeHHOro Toka? MOXHO JIM COBEpIIaTh TaKue MpeoOpa30BaHMs B IEMAX
MOCTOSIHHOTO TOKa?

[lepemeHHBIN TOK, TPOTEKAIOLINI Uepes:

[Tpubopst Pesucrop Karymky Kongencarop
cornpoTuBieHHeM R WHAYKTUBHOCTBIO | emKocThio C
L
Cxema R I | C
T l L'
U v ) = Ot _|
~ o—1 E p :I
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Hampsokenue U=Upncos ot U=oL Yn,cos Ym
i U,=—cos »
® @C
t
Tox u_u 7 | 1I=Yycos (o t-
i=—=-""cos 0t=Yy | I=Yncos (ot-= m €os (
R R 2 | 7 )
cosot U 2
); Yo=—
oL
Huarpamma Ut ’ ; o .
AMIUTATYAHBIX ! Ugmoll, =, 3 ‘
sHaveHnit  Yp | L . 0\/4, : 1 (.L,,.\/ i
e U = AT { Oy [ wla ) [
UITI - . - - |
Cnsur ¢a3 ¢ =0 Y,U mmensercs | Hanpsoxenue Hampsoxkenue
B OJMHAKOBBIX (hazax, a | CTIEPEIKACT TOK OTCTaeT OT
bia TOKa Ha @ =
3L SHEPIUA | ya o =2 =900 @
pacxXoauThCs Ha 2 T _90°
TEILUIOBOE neiicTBue 2
TOKa
ConpotusieHne X =oL B
1. popmyma R, X=

2. 3aBUCHUMOCTb
COTMPOTHBIICHHIO
OT YacToTa

3.onpenenexnue

R= ”Tog (1+at)
Ry

" I

w

AKTHBHOE —
COTIPOTHBJICHUE
noTpeduTes,
IpeoOpasyromero
MOJIBOJUMYIO K HEMY
SHEPTUIO B Jpyrue
BUJIBI SHEPTHH

1
C
R,
0 m K
0 —

HUunykruBHOE —

-
o

EMkocTHOE — —
COMPOTHBICHNE, |60 rirp ermre,
00YCIIOBJICHHOE 0GYCITOBIEHHOE
SIBJICHUEM HaTuuueM
CaMOMHIYKIIUH

€MKOCTHU B IICITH

PeakTHBHOE — CONPOTHBIICHHE
moTpeOUTENs, He MPeoOPa3yIOIIero
MTOJIBOJTUMYIO K HEMY SHEPTHIO B

JPYTHe BUJIbI SHEPTUU (H-p paKera)
|

1
X=Xy-X=oL-—
aC
XL:XC -
X >X, — pe3oHaHC
WH{yKTHBHBIH X>X —
XapakTep EMKOCTHBIN
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Xapakrep
MorHoCTb cos0=1, cos 90°=0 c0s90°=0
<P>=YUcos¢ | <P>=YqUqg=Yq°K= | P=0 P=0
z K
kodpdumment | <P>"''=Ym Um cos® ®
MOIIHOCTH t=Y’Rsin ot
<p>=
Y. R YU U
2 2 2R
AKTyanusanus:
IlepemeHHBIH 3JIEKTPUUECKUI TOK.
i=l,, sinot
MrHoBeHHble < U=Up, sin(ot+¢)
3HAYEHHS e=gn Sin(ot+y)

Um — MaKCHUMaJIbHOC 3HAYCHUC
U - MTHOBCHHOC 3HAa4YCHHEC

Uy - melicTByIoLiee 3HaUCHUE

AD

£= _E = e= —®/(t)_ MI'HOBCHHOC 3HAa4YCHHC PABHOMCPHO Bpau_[afomeﬁcsl

paMKu.

Pof
R=—"—(1+at
S (1+at)

P=1-Ucosp=I1*R
Xi=orL X, = X, — pe3oHaHc
x -1

¢ w-C

14=0,707-1,
JIeHCTBYIOILIEE Uy=0,707-Up,

3HaYEHNE £¢=0,707-gp,

o U
-| — MOCTOSIHHBIN TOK R=—
|

. U
~1 mepemennbiii Tok X =—2 =X, — X¢
|

ZZZXZC'L+ R? — pe3yIbTHpYIOIIEe CONPOTUBIICHHE
Enoreps =KI°RY

IIpumeps! penienus 3anaqy
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Cuia Toka B CeTH HM3MeHseTcsi 1o 3akoHy i=4,2 sinot. Kakoe KONHYECTBO TEMmIOTHI
BBIJICTIUT ICKTPOKaMUH 3a 1 4 paboTsl, ecim ero conpotusienue 70 Om?

I[aHO: QzlzgRt Im:4,2A

?J’ICKTp-OKaMI/IH i=l,sinet |9:0,7074,2:3A

i=4,2 sinot | Q=3%70-3,6-10°%2,3-10° 1=
t=3,6-10° ly=—==0,707-1, =2,3 M/Ix

R=70 Ou V2

Q=?

Karymxka nanyktuBHOCTBIO 0,1 I'H M akTHBHBIM compoTuBieHHeM 25 OM BKIIIOYEHa B
CeTh INPOMBINUICHHOTO IEPEeMEHHOT0 TOKa CO CTaHAAapTHOM dwactoToi. Omnpenenure TOK B
KaTylIKe, €CIM HallpsbkeHHe Ha ee BBojax 120 B.

Hato: katymika =Y. x =+/25% +(4-3,14-50-0,1) =

L=0,1TH X’
R=25 OM x - JRZ ¥ Xﬁ _ =/ 6;;6986 =+/1611 = 40,10Mm

v=50 I'g _ JR? 7 (wl)? = lg=="" ~34
U=120 B =VR™ +(@b)” = 401
—JRZ ¥ @rn)?

HpI/IMCpHBIe 3aJaHud 4Ji1 CaMOCTOATCIIBHOTO PCIICHUA.

Karymka uHaykTuBHOCThIO 20 MI'H BKIJIIOYEHAa B CETh IEPEMEHHOTO TOKa C
gacroroi 50 I't. Onpenenute HHIYKTUBHOE CONPOTHBIICHHE KAaTYIIKH.

Kouzercatop emxoctsio 8-10™ BKIIoUeH B ceTh MepeMeHHOro Toka ¢ 4actoToit 50
I'n. OnpenenuTh cUTy TOKa Ha y4YacTKe LIENMU C KOHJEHCATOPOM, €CIIH COINPOTUBIIEHHE
TIOABOISIIITUX TIPOBOIOB 5 OM, a HanpshKEeHHWe Ha BceM ydacTke renu 12 B.

Onpenenute SHEPTUIO AIIEKTPUIECKOTO TOJIsI KOHASHCATOpa eMKOCThI0 6 MKD,
€CIIM HallpsDKeHHe Ha ero ooxmankax 400 B.

OnpenennTe MakCUMallbHOE U JEUCTBYIOLIEE 3HaueHue nepeMerHon IJ(C,
BO3HUKAIOIICH B paMKe TP €€ paBHOMEPHOM BpAIICHUH B OJJHOPOJAHOM MAarHUTHOM IIOJIE,
€CJIY IIPHU YTJIe IOBOPOTa paMKH Ha 45~ MrHoBeHHoe 3Hauenue D/1C 156 B.

Onpezenure Mepuol U YaCTOTY COOCTBEHHBIX 3JCKTPOMATHUTHBIX KOJeOaHMA
KOHTYpa, €ClIi ero MHAYKTUBHOCTH | MI'H, a emkocTh 100 HD.26.

Onpexnenure cuiIy ToKa B KojeOaTeTFHOM KOHTYPE B MOMEHT ITOJTHOW pa3psaku
KOHJIEHCATOpa, €CIIM YHEPTHUs MAarHUTHOTO MOJA KaTymku 9,6 M, a HHIyKTUBHOCTh

0,12 T

IMopsok BINOIHEHHS PA0OTHI:
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1. Tlepen pemeHueM 3amad IO BapHaHTaM, Ha JOCKE BBHIHCHIBAIOTCS
(hopMyTBI IO TaHHOH TeMe.

2. TlpoBectu aHANN3 BEIWYHH, BXOJAIINX B (POPMYITBL.

Pemenne 3amau mo BapuaHTaM (CaMOCTOSITETIbHAS padoTa).

4. OTBeTH Ha BOIPOCHI.

w

(l)opMa npeacTaBJICHUs pedyJbTaTa: BbIIIOJHCHHAA CaMOCTOATCIIbHAA pa60Ta.

Paszpen S
Tema S.19neKTpuvecKuil TOK B pa3TUuYHbIX
cpeaax
IIpakTuyeckas padora 8
Pemenne 3anau no reme: «OnpenejieHue TeMIIePaTypHOIo
Ko3(ppunmenTa Meau», «3aK0H JeKTPOJIN3a»

Hear padorsl: BemmonauB 3Ty paboTy, BBl pacIIMpHUTe 3HAHUS W YMEHUS IO
HN3MEPCHUIO DJICKTPUICCKOTO COMPOTUBJICHUS IMMPU PA3JIMIHBIX 3HAYCHUAX TEMIICPATYPhI
H HAYYUTECh BBIUUCISITE TEMIEPATypPHBIH  KOI(POHUIMEHT  3JIEKTPUYECKOTO
COIIPOTUBJICHUA, CTPOUTH rpa(an 3aBUCUMOCTHU CONIPOTUBJICHUA OT TEMIICPATYPhbI.
Boinosnus padory, Bbl Oynere:

YMETb:

- pemarb 3amadd  Ha  (QOPMYJIBI  JJIEKTPUYECKOTO  COIPOTUBIICHHS,
TeMITepaTypHbIH K03()(HPUIIMEHT CONPOTUBIICHNS.

MarepuajibHoe ofecrneyeHne:

-[0CaJ0YHBIC MECTA TT0 KOJIUYECTBY 00yUaIOIINXC S
- pa3aTOYHbIi MaTepua ¢ 3a1aHusIMU;

- cOOpHHKH 33724

-CIIPaBOYHBIE MAaTEPUAIbI

Kparkue Teopernueckue cBejeHUs:

B Merainmmdeckux MpOBOAHUKAX JIEKTPUUECKOE COINPOTHBIICHHE OOYCIOBICHO
CTOJIKHOBEHHEM CBOOOJHBIX JJIEKTPOHOB C KOJICONIONIMMHUCS HMOHAMH B  Y37ax
KpHCTaINUecKol pemeTky. [1o Mepe MOBBIMIEHUS TeMIIEPaTypsl pa3Max KoJeOaHWH
WOHOB YBEJIMYMBAETCS, 4YTO CIOCOOCTBYET OOJBIIEMY PACCESHUIO SJIEKTPOHOB,
YYacTBYIOIIMNX B YIOPSAOYEHHOM JBIKEHHH. KpomMe TOro ¢ MOBBIIICHHEM
TEMIEpaTypbl YBEIWYHBAETCS CKOPOCTh XaOTHYECKOTO (TEIUIOBOrO) JABHIKCHHS
9JIEKTPOHOB ¥ OHHU WCHBITHIBAIOT OOJNBIIEE YHCIO CTOJKHOBEHHWH C HMOHAMH
KPUCTAJUIMYECKON PELIETKHU.

Bce 3T0 npuBOAUT K TOMY, YTO C HOBBIIIEHHEM TEMIEPATypbl CONPOTHBICHUS
OPOBOJHMKA, a CIEAOBAaTeIbHO U YAEIbHOE CONPOTHUBICHUE YyBEIMYUBAETCS.
O603naunm R conporusnenne nposoguuka mpu t C, a RO mpu t=0.

37



R
3aBUCHMOCTD DJIEKTPHYECKOTO CONPOTUBIICHHUSI ¢ METAUIOB OT TEMIIEPaTyphl
BEIpaXkaeTcs opmMymon

R =R, (1+a-t) ),

R
rac ! - DJICKTPUYCCKOE CONPOTHUBIICHUE METAJLIIMICCKOI O o6pa3ua npu TeMIeparype

R .
t; 7 - smekTpudeckoe conpoTuBieHUE ero npu 0°C; o - TeMIepaTypHbIi
K03(HULUEHT 3JICKTPUIECKOr0 CONPOTHBIICHUS TSl TAaHHOTO BelecTa. Ecnu

R, o R
M3BECTHBI 3HAYCHHSI JJICKTPHUECKOTO COIIPOTUBIICHUS 00pasia mpu 0°Cu "t B
HarpeToM COCTOSHHH, a T.)K. TEMIIEPaTYPHBIH KO3 OUIIMEHT dIIEKTPHYECKOTO
COIPOTHUBJICHHS O, TO TEMIIEPATYPy t MOJKHO BBIYUCIHUTH 110 (OopMyIIe:

~R_)1
[ (“u 1]‘-'2'(2).

Beipakast remrniepatypy B rpagycax KenbBuHa, moirydaeM Ipyryo GopMyiy i
OTIpEeZIEICHNS TEMIIEPaTypPHI:

r- R

Ry @ (3 e

T—abcounoTHas TemMmepaTypa.

COHpOTI/IBHGHI/Ie R‘* MOJXHO OIIPEACIINTD, UCIIOJIb3Y ITOKa3aHUA MUJIIIMAMIICPMETPA U
BOJIBTMETpA, IPUMCHUB 3aKOH Owma U ydaCTKa SHCKT‘pH‘{eCKOﬁ OCIIn. Taxum 06pa30M,
JJIA CHATHSA 3aBUCUMOCTHU DJICKTPHUUICCKOT'O COMPOTUBJIICHUSA HUTH JIaMIIbl HAKaJIMBAHUA
OT TEMIIEPATYPbI HCOGXOI[I/IMO N3MEPUTH HANIPSHKEHUE HA YUACTKE IICIH, COACPKAIEM
JIaMITy, IIpU pa3JINnYHbIX 3HAYCHUAX CUJIBI TOKA.

KoHTpoabHbIe BONIpoCHI:
1. Tlouemy >neKTpHUIECKOE COMPOTHUBICHNE METAJUIOB 3aBUCHT OT TEMIIEPATyPHI?
2. KakoBbl OCHOBHBIE HCTOYHHKH MOTPENTHOCTEH U3MEPEHNUI B TaHHOM
JKcrepuMeHTe?
3. Iloyemy B naHHO# paboTe JIEKTPUIECKOE CONPOTHBICHUE HUTH JIAMIIBI TIPH
KOMHATHOW TeMIIepaType MOXKHO CUUTATh PUOIM3UTENILHO PAaBHBIM €
3NEKTPUUECKOMY conpoTuBieHuto npu 0°C?

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

Ha3BIBAIOT TeMmIepaTrypHeIM Kodddumumentom comportusienus (TKC). YwucnenHo
TEeMOepaTypHbId  KO3()(UIMEHT  CONPOTHUBIICHUS  IOKa3bIBACT  OTHOCUTEIBLHOE
W3MEHEHNE COTPOTHUBICHNUS npu HarpeBannu nposoganka Ha 10C (1K) u u3mepsercs B
0C -1 i K-1 , 9T0 OHO M TOXKE.

Y  OonpLIMHCTBA  XMMHYECKM  YHCTBIX  METAUIOB  TeMIIepaTypHbIe
ko3 PunmeHTsr conporuBieHns Omm3ku K 1 /273 K-1 , a y HEKOTOPHIX CIUTABOB OHU
HACTOJIBKO MaJIbl, YTO BO MHOT'HX IIPAKTHYECKHX CIIydasiX UMH MOKHO IpeHeOpeyb.

Dnexkmponu3zom Ha3bIBAIOT MPOLIECC BBIZCTICHUS Ha JIEKTPOJIax BEIIECTB,
CBSI3aHHBIN C OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIMH PEAKIMSIMU.

KonmuecTBeHHBIE XapaKTEPUCTHKH AIIEKTPOIIN3a OIPENEIISIOTCS 32aKOHOM
anekTponusa (3akoHom Papanes):

Macca ewecmaa, gbi0enusuie20cs Ha INEKMpPooe, NPAMONPONOPYUOHANbHA
3apAady, npoweouwemy yepes INeKmpoIum.

m=Kk-q,
rae M — macca BEIIECTBA, BBIACIUBIICTOCS HA 3JIEKTPOJE, KT,
g — 3apsij, IpouIenni yepes saeKTponurt, Ki;

K — sJ1eKTpOXMMHUYECKHI SKBUBAJICHT BENIECTBA (XapaKTEPUCTHKA BEIECTBA,

ornpezensercs no rabmune), X .
Kn

Tak kak | = & =q=1-s4t=>m=kI4 —3axon ®dapages,

at
rae | — cuia Toka B BIEeKTpoIHTE, A;

At — IPOJOIDKUTEIBHOCTD IEKTPOJIN3A, C.

Benvuuny K — _H naspisator onexkmpoxumuueckum sxeueanenmom [k]= ke |
F-n Kn
IpuMephI peleHns 3a1a49

[pu cepebpennu u3menus Ha Katox 3a 30 MUH. OTIIOKIIIOCH cepedpo Maccoid 4,55
r. Onpenenure cuily TOKa IPH IEKTPONIN3e. DIEKTPOXUMHUYECKUN 3KBUBATIECHT

cepebpa 1,12+ 10825
Kn

Jlano: Pemenne:

m=4,55r=4,55-10"kr 3ammmreM 3akoH 3nnekTponnza Papanes:
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At=30 mun. = 1,8-10%

m
m=xlAt= | = —
=1,12-10° %

K ’ Ki xAt

| o 1~2,26A

2. DHeprus HOHU3AKMK aTOMOB pTyTH paBHa 10,4 3B. Kakoii HauMeHbIIIeit CKOPOCTHIO
JOJDKEH 00J1aiaTh SJIEKTPOH, YTOOBI IPOU3BECTH HOHU3AMMUIO aTOMa PTYTH yaapom?

Jano: Pewmenue:
W; = 10,4 5B = 16,64-10"°Jxx 19B=1,6-10""1Ixx
m=9,1-103kr Jlist TOrO, 9TOOBI HOHN3UPOBATh ATOM PTYTH,
5 3NIEKTPOH AOIDKEH 00J1aJaTh KWHETHIECKON
Omin— ¢

sHeprueu E,, paBHOM SHEpruy HOHU3ALUNU:
2 -
E. =W, um wzwi,
2
T7ie M — Macca dIEKTPOHa;

Umin — HAUMEHbIIIAass CKOPOCTh JJIEKTPOHA, IPU KOTOpOﬁ BO3HHUKACT MOHU3ALHA.

A M
OTtKyna omin = ZWI } Omin= 1,9'106€'

m

1. Tlepen peuieHueM 3agad MO BapHaHTaM, Ha JOCKE BBIIHCBHIBAIOTCS
(hopmyIIBI IO JAHHOH TeMe.

2. TIpoBoauTcs aHANHU3 BEIUYUH, BXOSIIUX B (DOPMYJIBL.

3. PemaroTcs 3amauu 1mo BapuaHTaM (CaMOCTOsTENbHAs paboTa).

(I)opMa NpeACTaBJCHUA PE3YJAbTATA: BLIIIOJIHECHHASA CaMOCTOATCIIbHAsA pa60Ta.
KOHTpOJ’ILHbIe BOIIPOCHI:

1. B 4eM cOCTOHMT pa3muuue TEMIEPaTypHOTO KO3((QUIMEHTa CONPOTHUBICHUS
METAJIJIOB U MOJYIPOBOJIHUKOB?

2. B 4YeM COCTOMT OTIWYHE OJIIEKTPUICCKHX CBOWCTB IIOJYIPOBOAHUKOB U
METaJUIOB?

3. 3anummnTe BBIPAKCHUE, MOKA3bIBAIOIICE 3aBUCHMOCTh COIPOTHUBJICHUS METAJIIOB
OT TEMIIEPATYPHI.

4. 3anummuTe BBIPAKCHHE IS TEMIICPATypHOTO KO3 QHIMEHTa COMPOTUBICHUS
MeTalljla U YKaXXUTe ero pa3MepHOCTh B cucteMe enunun CH.

5. UTo Takoe 3NEeKTPOIH3, KaTO, aHO?
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6.Kaxkue nporneccsl IpONCXOAT Ha KaToie U anoje?
7.Yem oTiM4aeTCs paciuiaB OT pacTBopa?
8.IlepeuncinTe npaBuia 3IEKTPOIN3A B PACTBOPaX.

Kpurepuu ouenku:

Ouenka «5» (OTJIMYHO) CTAaBUTCA, €CIM OOYYAIOIIMICS BBIOTHSICT PabOTy B
MOJTHOM 00BeMe C COONIOACHHEM HEOOXOIWMOW IOCIEAOBATEIFHOCTH IPOBEACHUS
ONBITOB U W3MEPEHHUI; CaMOCTOSTEIBHO M PalMOHAIBLHO MOHTHPYET HEoOXoanmoe
0o0opyoBaHHNe; BCE OMNBITHI NMPOBOJMT B YCIOBUSIX M PEXKHMMaxX, 00ECIEYHMBAIOIINX
MOJyYeHHE TPaBHJIBHBIX PE3YJIbTaTOB M BBHIBOJIOB; COONIONAET TpeOOBaHMS MNPaBHII
0e30macHOr0 TpysAa; B OTYETE IPAaBWJIBHO M AaKKypaTHO BBIIOJIHSET BCE 3alllCH,
TaONUIBI, PUCYHKH, YEPTEKH, rPpaMKH, BBIYMCICHUS; NPABUIBHO BBITIOJIHSIET aHAIIU3
MOTPEIHOCTEN.

Ouenka «4» (X0poOII0) CTAaBUTCA, €CIIM BHIIIOJIHEHBI TPEOOBAHMS K OLICHKE 5, HO
ObLIO JOIYIIEHO [Ba-TPW HelodeTa, He Oomee OJHOM HErpy0oil OmmMOKH M OXHOTO
HeJloveTa.

Ouenka «3» (YIOBJIETBOPHUTEIbHO) CTaBHUTCS, €CIM padOTa BBIMIOJHECHA HE
MOJTHOCThIO, HO OOBEM BBINIOJHEHHOW 4YacTH TAaKOB, 4YTO IIO3BOJLSIET IIOJYIHTh
MpaBUIbHBIE Pe3yJbTaThl U BBIBOJBI, €CIM B XOZAE MPOBEACHUS ONBITA M U3MEPEHUH
OBUTH JIOIYIIEHBI OLIHOKY.

Ouenka «2» (Hey10BJETBOPHUTEIBHO) CTaBUTCS, €CIU paboTa BHIMIOJIHEHA HE
TIOJIHOCTBIO M 00bEM BBITIOJIHEHHOW YacTH pabOThl HE MO3BOJISIET CAENATh NPaBHIBHBIX
BBIBOJIOB; €CIM OIIBITHI, HM3MEpPEHHs, BBIYHCICHMSA, HAOIIONEHUsS IPOU3BOIUINUCH
HETIPaBUIIBHO.

Tema 1.1 KunemaTnka marepuajbHOH TOYKH.
JladopaTopHas paGora Nel.
OmnpenesieHne yCKOpeHUs1 CBOOOIHOIO MA/IEHUSI C TOMOIIBI0 MATEMATHYECKOI 0
MasiTHHKA.
Iesan padoThI: DKCMEPUMEHTAIBHO ONPeeTUTh YCKOPeHHe CBOOOIHOT0
NaJeHNsl, CPABHUTH C TA0JMYHOI BeJTUYMHOI, c/1eJJaTh BLIBOA 10 NPOAeTaHHOI
padore.

Ob6opynoBanue:
= Yacsl ¢ CeKyHIHOU CTpeNKoil

=  V3mMepurenbHas J€HTa C IOTPELIHOCTHIO
= [Mapuk c oTBEpCTUEM

= Huts

= IlltaTuB ¢ My(hTOH U KOJIBLIOM

TeopeTnueckas 4acThb:
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Jnst n3MepeHnst yCKOpeHUst CBOOOAHOTO MaACH!s IPUMEHSIIOTCS pa3HOOOpa3HbIe
TPaBUMETPHI, B YACTHOCTH MasITHUKOBBIE MPUOOPEL. C MX MOMOIIBIO YAAETCs H3MEPUTD
YCKOpEHHe CBOGOIHOTO TaICHMs ¢ aGCOMOTHOM OrPeIIHOCTRI0 mopsiaka 107 m/c?.

B pabote ucnons3yercs npocTeHmnii MasTHUKOBBIM MPHOOpP — mapuk Ha HATH. [Ipn
MaJlbIX pa3Mepax IapyuKa M0 CPaBHEHHIO C JUIMHOW HUTH U HEOONBIINX OTKIOHEHHAX
OT ITOJIOXKEHUS PABHOBECHS IIEPHOJ KOJIeOaHUs paBeH

T =4 j—

£

I[J'I?[ YBCIIMYCHUA TOYHOCTH U3MCPCHUSA NIEPUOJAA HYKHO UBMCPUTH BPEMA t ocTato4yHO
6oubmoro yucia N MmoaHeIX KojieOaHU MasTHHKA. Torz[a nepuon

L
q

T=t/N
U ycxopeHue cBOOOTHOTO M CHHUS MOXKET OBITh BBIYUCIICHO 10 (hopMyJie

! 4?1 N2

2

L

=

IIpoBeneHue 3KCIEpUMEHTA:!

=  YCTaHOBWTH Ha Kparo CTOJIa IITATUB.

® VYV ero BEpXHEro KOHIA YKPEMUTh C MOMOIIBIO My(ThI KOJIBIO U MOBECUTH K
HeMy mapuk Ha HUTH. lIlapuk nomkeH BUCETh HA pacCTOSHUM 1-2 ¢M OT moJa.

= U3mepurth JeHTol quny | MasTHHKA.

=  Bo30yauTh KosieOaHHs MasTHUKA, OTKJIOHUB IIAPHUK B CTOPOHY Ha 5-8 cM U
OTITyCTUB €TO0.

=  ]I3MepuTh B HECKOJBKHX SKCIEpHMeHTax Bpemst t 50 konebaHnit MasTHUKA 1
BBIYMCIINTD {,

/[ -+ (2 "... I ’"

!C]’ o
n

BrrancnnTh cpenHio abCoMOTHYIO OTPEITHOCTE H3MEPEHHS
BPEMEHH M PE3yNIbTaThl 3aHECTH B TAOIHILY.

I’l "(?PI 3 I’z "(:PI"---" I"n "CPl

)l’
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No /. ¢ icp. C Al ¢ Alep. © M
| 59 |

2 60 0

3 60 60 0 | 0.56
4 61 |

5 58 2

6 62 2

Zep =4t

Brruucnnuts yckopeHne cBOOOIHOTO MaieHus 110 GpopmyIie

> (N > 0,563 -402

6022

= 45T

~ 9, 83x/c?.
‘cp

OnpenenuTs OTHOCUTEIBHYIO MOTPEIIHOCTh U3MEPEHHUS BpEMEHU

I'ne

= Af Ic
&, e 28

e =017
i 60¢

OHpeZ[eJ'II/ITL OTHOCUTCIIbHYIO MOTPEINHOCTh U3MEPCHUS JJIMHBI MAATHUKA

ALy + Alpre  0,05M 40,053
g =S oTC ol 0,18

BbIYHCIATE OTHOCHTEIBHYIO TOIPEITIHOCTh U3MEPEHUs J 1o hopMmyJie

&= 6126128
5 =5126=0,18120017%0.2.

Onpenenuts A gg °b Pe3yNbTaT U3MEPEHHUSI.

g=Ecp"

Ag = gep €y m 1,97mic,

Takum obpazos: 9,83m/c? — 1,97w/c? £g < 9,83mic? I 1,97mic? .




BeBon: [Toygaercs, 4To ycKopeHHe CBOOOAHOTO HaJeHHs1, H3MEPEHHOE IIPU TOMOIIN
MAasTHHKA, IPUOIM3UTEIBHO PAaBHO TAOINIHOMY YCKOPEHHUIO CBOOOIHOTO TaICHUS
(2=9,81 m/c?) npu mmuHe HuTH 1 MeTp.

®opma npeacTaBIeHHs pe3yJibTaTa: 3aI0JHEHHAS TaOJINIA U BBIBOJ IO padoTe.

KpunTepuu onenku:

1.  Ouenka «5» (OTJIMYHO) CTaBUTCS, €CIM OOYYAIOLIMICS BBINOJHSIET
paboTy B MOJHOM 00BEME C COOITIOICHUEM HEOOXOIUMOMN MOCICHOBATCIBHOCTH
TIPOBE/ICHUS OMBITOB M U3MEPEHHUH; CAMOCTOSTEIIHFHO M PAIlIOHAIEHO MOHTHUPYET
HeoOXxommuMoe 00OpYyIOBaHUE, BCE OMBITHI MPOBOJUT B YCIOBHSX U pPEKHMAaX,
00eCTIeYnBarOIINX MOTYYCHNE TIPABIIIFHBIX PE3yIbTaTOB H BEIBOJIOB; COOMIOIACT
TpeOOBaHUS TPaBWIJI OE30MACHOTO TPYHa; B OTYETE IMPABHIBHO M aKKypPaTHO
BBITIOJTHSCT BCE 3aIUCH, TaOJNHIBI, pUCYHKH, YEPTEIKH, TPaPUKH, BBIUUCICHUS;
MIPAaBUJIBHO BBHITIOTHSAET aHAINU3 TOTPEUTHOCTEH.

2. OueHka «4» (XOpOII0) CTABUTCSI, €CJIM BBIMOJHCHBI TPEOOBAHMS K OICHKE 5,
HO OBUIO JIOMYIIEHO JBa-TPU HEAOUeTa, He OoJiee 0JHOI1 HerpyOol OMmMOKH U
OJIHOTO HeJl0YeTa.

3. Omenka «3» (YAOBJETBOPUTEIbHO) CTABHUTCS, €CIM PabOTa BBHIOJHCHA HE
MTOJTHOCTHIO, HO 00BhEM BEIIOTHEHHOH YacTH TaKOB, YTO IMO3BOJISET MOTYIHTh
MIpaBUJIBHBIC PE3yIbTAaThl W BBIBOJBI, €CIIM B XOJC MPOBEICHUS OIBITA U
M3MEpeHUH OBLIH JOIMYIICHBI OIIHOKH.

4. OueHka «2» (HeyIOBJIETBOPUTEJIBHO) CTaBHUTCS, CIIM paboTa BHITIOJTHEHA
HE MOJTHOCTHIO U 00BEM BBIITOJHEHHONW YacTH paOOTHl HE MO3BOJISET CHIENATh
MPaBUJIBHBIX BBIBOJIOB; €CJIM OIBITHI, N3MEPEHHsI, BEIYUCIICHHS, HAOII0IeHNS
IIPOU3BOIMIINCEH HEIIPABUIBHO.

Tema 2.2 OcHOBBI TEPMOAMHAMUKH.
JladopaTopHas padora Ne 2.
Onpenenenue KIIJ HarpeBaTes.

]_lem, paﬁOTLI! Hayqpm,cx MMPaKTUYCCKU OIpeACATh TCIJIOBYIO OTAAYy
QJICKTPUYCCKOTO HArpeBaTesa JII000r0 THIIA.
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MarepuajibHoe o0ecmedeHWe:  DJEKTPUYECKUH  HarpeBarenb (DIEKTPUUECKUI
YaWHUK W DJJEKTpUYecKas IUIUTKA), COCyA JAid  KUIAYCHUs  BOJBI,  BOJA,
TEPMOMETp, CEKyHAOMEp (Jachl), CIPaBOYHUK MO (pr3HKe.

Ilopsaaok BbINOJHEHUsI pad0ThI

1. IMoaroroBuTh  Tabnuiy Ui 3allCH  PE3YJbTATOB,
OMpPENENIIEMBIX B XOJ¢ PabOTHL

Yoenvuasn |[Inomnoc|0O6wem [Temneparypa BMacca |[Mowno| Bpems [K.ILI.

menioemk | mb 6006l |800bI, [Hayale W BBOJABL, |cmb, P |HarpeBan

ocmb p, N KOHIIE OTIBITa m us, t
60001, C T Ty
[orc*ke/K | ke/m3 M3 K K KT Bt c %

2. 3aHecTH B Ta6n1/1uy CIIPAaBOYHBIC JAaHHBIC y,Z[eJ'IBHOﬁ TCIIIIOCMKOCTH
" IINIOTHOCTH BOJBI.

3. 3amucarh B TabiHIly  HOMHHATBHYIO MOLIHOCTb IEKTPHUECKOr0
Harpesares, yKkazaHHyI0 Ha Iproope.

4. B cocyn mis KHIAYEHHsS BOABI HANMTH OINPEEICHHBIH 00beM
BOJIBI. 3aHECTH 00BbEM B TAOIUILY.

5. Ompenenuts HavATBHYIO TEMIIEPATypy BObL PesyIbTar 3aHecTn B Ta0IHILY.
6. Bxmounts HarpeBaTesh OJHOBPEMEHHO C CEKYHIOMEPOM (Yacamu).

7. OcraHoBuTH ceKyHZOMEp (4achl) B MOMEHT OypHOTO KHIICHHS
BOJBI.  Bpewms, 3a KoTopoe 3aKurena Bojia, 3aHECTH B TaOIIHILY.

8. Bouncauts K.IL. aneKTpuueckoro HarpeBaTeNss M pe3yibTaT 3aHECTH
B Ta0IuILy.

9. Paccunrars abCOIIOTHYIO u OTHOCUTEIIBHYIO HOIPEIIHOCTD
M3MEpEHUS, UCTOJb3YsI METO I'PaHULI.

10. Toeroputs ombIT ¢ APyrUM HarpeBaTeTEM.

11. VuureBas norepu sHepruu chopMyIHPOBATH BHIBOL.

KOHTpOJ’l])Hl)le BOIIPOCHI

45



1. VBenmuuutest unu ymensiures KILJ[. snexTpudeckoro uaiiHuka,
€CJIM Ha €ro CTeHKax MOSBHJIACH HAKUIIH (OTJIOKESHUE COJIei)?

2. 3apucut mm KIIJ[ s1exTpmdeckoro dYaiHHKAa OT TOTO OTKPHIT
OH WJHM 3aKpbIT?
®opma npeacTaBiIeHns pe3yJbTaTa: 3a0JHEHHAs TabIMLA U BBIBOJ 110 padoTe.

Kpurepuu ouenku:

5. Ouenka «5» (OTJIMYHO) CTAaBUTCA, €CIM OOYYAIOIIMICS BBITOJHSICT
paboty B moIHOM 00BEMe C COOMIOIEHHEM HEOOXOIUMOHN ITOCIeI0BATEIFHOCTH
TIPOBE/ICHUS OMBITOB M U3MEPEHHUH; CAMOCTOSTEIIHFHO M PAIlIOHAIEHO MOHTHUPYET
HeoOxoxuMoe 00OpyIOBaHKE; BCE OIBITHI IPOBOJIUT B YCJIOBHSX M PEXKHUMaXx,
o0ecreynBaroIuX MOJyYeHNe IPAaBIIIBHBIX PE3yIbTaTOB U BBIBOJIOB; COOMIIOAET
TpeOoBaHUs MpaBWJl OE30MacHOTO TpyJa; B OTYETEe MNPABHIBHO M aKKypaTHO
BBITIOJIHSIET BCE 3aIUCH, TAOJMIBI, PUCYHKH, YEPTEIKH, rpadMKH, BBHIUHCICHUS;
MIPAaBUJIBHO BBHITIOTHSAET aHAINU3 TOTPEUTHOCTEH.

6. OunenHka «4» (XOpoOII0) CTAaBUTCS, €CIIN BBHITIOIHEHBI TPEOOBAHUS K OICHKE 5,
HO OBLIO JIOMYIICHO IBa-TPH HeAoYeTa, He Ooyiee 0HOM Herpy0oil omuoKe u
OJTHOTO HeloYeTa.

7. Ounenka «3» (YAOBJIeTBOPHUTEIbHO) CTABHUTCS, €CIIH PadOTa BBHIIOJTHEHA HE
MTOJTHOCTHIO, HO 00BhEM BEIIOTHEHHO! YacTH TaKOB, YTO IMO3BOJISET MOIYIHTh
NPaBUJIbHbIE PE3yJbTaThl M BBIBOJbI; €CIIM B XOJE IIPOBEICHHS OIBbITA U
M3MEepeHUl OB JOMYIIEHBI OMINOKH.

8. Omenka «2» (HeyJIOBJETBOPUTEILHO) CTaBUTCS, €CJIU PaboTa BBIMOJIHEHA
HE MOJTHOCTHIO M 00BEM BBINTOJHEHHOHN 4acTH pabOTHl HE MO3BOJISET ClIENaTh
MPaBUJIBHBIX BHIBOJIOB; €CJIM ONBITHI, N3MEPEHHsI, BEIYUCIICHHS, HAOII0IeHUS
MIPOU3BOIMIIACH HETIPABMUIBHO.

Tema 2.3 CBoiicTBa :KMIKOCTeH U TBEPABIX TeJ.
JlaGopatopnas paGora Ne 3.
OnpeneneHue ynpyroctu TBepaoro reja.

Iesan padoThI: ONPEAETUTH MOIYITH YIPYTOCTH PE3UHEI.

BrimonnuB 31y pabdoty, Ber cmoxere:

— CaMOCTOSITENIbHO ONPENEIUTh a0COMIOTHOE YIIMHEHUE YIIPYTOro TeNa;

— CaMOCTOSITEJIbHO ONPENEINTh OTHOCUTENIFHOE yIUIMHEHUE YIIPYTOro TENa;
— CaMOCTOSITENIEHO BBIYUCIISATE MOAYJIb YIIpyrocTd (Moaynb FOHra).
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MatepuanbHoe o0ecniedeHne: MOJIOCKA PE3UHBL, IPY3bl, JIUHEHKa,
IITAaHT€HIIUPKYJb, IITATHB C IPHHAUIC)KHOCTSIMH.

MexaHn4YeCKHE CBOICTBA TBEPIOTO Tela PACCMOTPHM Ha IIpuUMepe AehopManun
pacTspkeHns. B mobom cedennn 1eopMHIpOBaHHOTO Tea ACHCTBYIOT YIPYTHE CHIIbI,
HPEMATCTBYIONINE Pa3pbIBy 3TOro Tesa Ha yacTH. CocTossHUE 1eOpPMUPOBAHHOTO Tesa
XapaKTepU3yeT MEXaHHMIECKOE HAMIPSIKCHHUE:

F
o =—1
S
T€ 6 — MEXaHNYCCKOEC HAIPSXKCHUEC Ila (Hj ;
2
M

F — cuna ynpyrocrtu H;
S — myIoIa Ak MONEPEYHOr0 CEYCHHs, TIEPIIECHIUKYIIIPHOTO JINHUN JICHCTBUS
CHITBE, M.

3axon I'yka:

IIpn manslx ynpyrux neopMarysx MEXaHHYECKOe HANPSDKEHHE G MPsSMO
MPONOPIMOHAIEHO MOYTI0O OTHOCHTENBHOTO YUTHHEHHUS Tea.

o =E- |E |,

rae £ — OTHOCHTEJIBHOE Y/UTMHEHHE;

E  —wmogmyms ynpyroctu (Moxyns FOnTa).
Ompexnenum Moxyins FOHTa 1S pe3nHEL

{o — HavaJbHAas JUIMHA PE3UHBI, M;

{ — IMHA Pe3nHBI M0]1 ISHCTBUEM Ipy3a, M;
AL — abcomotHoe yymaenne AL = { - €.

—=> F_,./ L

F
S s 5, Y]
E.

Tlopsdok evinonuenus pabomoi
1. Ykpenute Ha mITaTUBE MOJIOCY PE3UHBI (CM. PHC.).

47



2. V3mepbTe HayalbHYIO JUIMHY IIOJIOCKH (PAacCTOSIHME MEXIY OTMETKaMHu,
HAaHECCHHBIMH Ha TTOJIOCKE).
3. Cwuoif, neopMHPYIOMIEH TONOCKY, SBISETCS BEC TPy3a, IMOJIBEIICHHOTO Ha
TIOJIOCKE.
F=mg,

e M— Macca rpysa, Kr, § — yCKOpeHHe cBo6oaHoro nagenns (g~ 10 m/c?).

4. W3mepbTe pa3Mephl, MO3BOJSIONINE ONPENSIUTh IIIOMAAb IONEPEIHOTO
CEUYCHUS MTOJIOCKH, TIEPIICHANKYIISIPHOTO INHUHN IEHCTBUS Beca Ipy3a.

5. Beruucnure mionaas NONEPEYHOTO CEYECHUS ONOCKH.

6. IlonBecbTe K MOJOCKE IPy3, ONPEAEIUTE ETO BEC.

7. W3mepbTe KOHEUHYIO MJHHY IOJOCKH (paccTOsHHME MEXIY OTMETKaMH,
HaHECEHHBIMH Ha IOJIOCKE, KOTJa Ha TMOJIOCKE BUCUT I'PYy3).

8. Berunciure MOIyIb yIPYrOCTH PE3UHBI.

9. V3mMepeHnus ¥ BEIYKCIICHUS BHECUTE B TAOJIHILY.

lo, ™ !, m Al M & m, KT S, M F,H E, I1a

BriBon;:

Buumanme! Bo n3bexanne TpaBM He JOMyCKalTe MaJeHUs rpys3al

KoHTpomsHBIE BOIIPOCH
1. Kak wu3MeHHWTCS yAJUHEHHWE MPOBOJIOKH, €CIM HEe MEHss Harpys3Ku, ee
3aMEHHUTh JIPYrol W3 TOTO € MaTrepuaya, TOW K€ IJIMHBI, HO C BJIBOE OOJBITUM
nuameTpom?
2. Kakoll 1rameTp MMeEeT CTep)KeHb, €CJIM I0J] JEUCTBHUEM CHIIBI 2.10°H B Hem
BO3HHUKAET MeXaHN4ecKoe Hanpsbkerue 160 MITa?

Kpurepuu ouenku:

1. Ouenka «5» (OTJIMYHO) CTABHUTCS, €CITH 00YUYAIOIINICS BBITIOIHSET padoOTy B
MOJHOM o00BbeMe C COOJNIIOAEHHEM HEOOXOANMOHN IOCIIeI0BATENILHOCTH
MIPOBEACHUS OINBITOB M M3MEPEHUH; CaMOCTOATENBHO M  PalMOHAIBHO
MOHTHpPYET He00X0MMOe 000pyI0BaHHE; BCE OTBITHI IIPOBOJUT B YCIOBHIX
U peXuMax, OOECIeUMBAIONINX IIOJIyYCHHE TPABHIBHBIX pE3yJIbTaTOB M
BBIBOJIOB; COOIIOaeT TpeOOBaHMS TpaBuil OE30MacHOTO TPyAa; B OTYETE
MPaBUIBHO M AaKKypPaTHO BBINOJHSET BCE 3alWCH, TaONHWIBI, PHUCYHKH,
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4epTexu, Tpadukn, BBYHCICHHSA; TNPABWIBHO  BBINOJHSIECT  aHAIN3
MIOTPEIIHOCTEM.

2. OuneHka «4» (X0poOI0) CTaBUTCS, €CIIN BBHITIONHEHBI TPEOOBAHHS K OICHKE 5,
HO OBLIO JIOMYIICHO ABa-TPH HeAoYeTa, He Ooiee 0HOM HerpyOoi omuoKe n
OJTHOTO HEJlOYEeTa.

3. Ouenka «3» (yA0BJIeTBOPUTEJIBLHO) CTaBUTCS, €CJIM paboTa BHINOJHEHA HE
MIOJTHOCTBIO, HO 00BEM BBIIIOJIHEHHOH YaCTH TAKOB, YTO [TO3BOJISIET HOIYYUTh
NIPaBWJIbHBIE PE3yNbTaThl M BBIBOIBI; €CIIM B XOJAE IIPOBEACHHS OIBITA U
n3MepeHnit ObUIN JOMYIIEHBI OIIHOKH.

4. Ouenka «2» (HeyJI0BJIeTBOPUTEIbHO) CTaBUTCS, eciu paboTa BBIMNOIHEHA
HE TIOJIHOCTBIO M 00BEM BBIIIOJIHEHHOH 9acTH pabOThl HE TO3BOJIIET CAEIATH
MIPaBWJIBHBIX BBIBOJIOB; €CJIH OIBITHI, N3MEPEHHMS], BEIYHCICHHS, HAOMIOJCHUS
MIPOU3BOIMIINCH HETIPABUIIBHO.

Tema 2.3 CBolicTBa :KUAKOCTEH M TBEPABIX TeJl
JlabopaTopHas paGora Ne 4.
M3yyeHnue cuji MOBEPXHOCTHOI0 HATSKEHHUS] JKUIAKOCTH (BOABI).

Hesn: onpeaenuts k03 GUIMECHT TOBEPXHOCTHOTO HATSKEHHUS BOJBI METOIOM OTPHIBA
Karenb.

MarepuajbHOe o0eciedeHue: COCYJ C BOJOMW, IITPHUII, COCY AJisi cOopa Kareib,
BECHI, PAa3HOBECHI.

Teopusi.

MOHeKyHH TIOBEPXHOCTHOT'O CJIOA KUAKOCTH O6J'Ia£[aIOT H30BITKOM HOTCHHHaHBHOﬁ
OHEPIruu 1Mo CPpaBHEHUIO C SHGPFHeﬁ MOJICKYJI, HAXOAAINXCA BHYTPH KUJIAKOCTH

Kak u mobast MexaHn4ecKasl CHcTeMa, TOBEPXHOCTHBIN CIION XUAKOCTH CTPEMUTCS
YMEHBIINTH TOTCHIMAIBHYIO SHEPTHIO U coKpamaercs. [Ipu 3ToM coBepimaeTcs padora
A:
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A=ahs , TIe G - KOOPPUITUESHT MOBEPXHOCTHOTO HATSHKEHUS. EMHUIIBI

F
J:i O=—

m3mepenus Jlx/m? win H/im AS WA {

rae F — cama TIOBEPXHOCTHOT'O HATSHKCHUS, - JUINHA TPaHUIBI IOBEPXHOCTHOT'O CJIOA
KUOKOCTH. HOBerHOCTHO@ HaTsHKEHUE MOYKHO ONIPEACIIATE PA3JIMIHBIMA METOTAMH.

B nmabGopatopHoii paboTe HCIOTIB3yeTCsI MeTOX 0TPhIBA KaMeb.

OMBIT OCYLIECTBISIIOT CO MIMPULIOM HIIH KaWUIIPaMH, B KOTOPOM HaXOAUTCS
UccliefyeMasi XKHAKOCTh. Ha)knMaroT Ha IOpIIeHb MINPULNA WK OTKPHIBAIOT KAITMIUISP
TaK, YTOOBI M3 OTBEPCTHS Y3KOTO KOHIIa MEAJICHHO Naajin Kamiu. [lepex MoMeHTOM
OTpbIBA KaIlUIH CHJIa TSDKECTH F =My, -d paBHA CHIIE TIOBEPXHOCTHOTO
HaTspkeHus F, rpanuia cBoOOIHO# MOBEPXHOCTH

I=nd

CrenoBaTenbHO:

Maccy KaIim MOXKHO HaﬁTH, MOCYUTAB KOJIMYECTBO KaIllCJib N U 3Hasl MAaCCy BCCX
Karejb m.

Macca kanenb m OyzeT paBHa Macce JKHIKOCTH B IIMNpUIle. 3Has 00beM KHUAKOCTH B
mnpuue V U IIOTHOCTb XKUAKOCTU p MOKHO HAMTH Maccy

m=p-V

Xoa paboTbl.
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1. IoxroroBsTe 000pynoBanue: CoOpaTh yCTaHOBKY ,H300paKEHHYIO Ha PUCYHKE 1.

w
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[

- Puc. 1
HauepTure Tabmuiy:
Ne | Macca |Ymcao| Macca | Jlmamerp | IToBepxHocTHOe Cpennee  Taduumuynoe |(OTHOCHTENLH
Kamnelb |Kamejab| Kamiu KaHaja HaTSKeHHe 3HAYeHHe 3HaYeHHE ast
mnpuna TOBEPXHOCTHOT | TIOBEPXH.  |MOTrPEeHIHOCTh
OIIbI 0 HATSIKEHMs1 HATSIKeHHUs
m, KT n m,, KT o, Hm
Ta d, M 4 %
Gepy H/M Grag, H/M
1
2
3 0,072
Omnpbit 1

2. HaGepure B mmpui 1 M BoJibl («OAMH KyOUK»).
3. TloxacraBbre moj WINPHIl COCYA AJIsl cOOpa BOJBI U, INIABHO HAXKMUMas Ha
MOPILIEHB IITPHNA, J0OeHTeCh MEAJICHHOTO OTphIBaHuUs Karneuss. [Togcunraiite

KOJIMYECTBO KaIellb B 1 M1 u pe3yJIbTaT 3allMIINUTE B Ta6m/1uy.

4. BoruucnauTte MOBEPXHOCTHOE HATSDKEHHUE 110 hopmylie

Pe3yJ'IBTaT 3allMIIUTC B Ta6.]'II/II_[y.

F
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5. TloBropuTe ONBIT ¢ 2 MJI ¥ 3 MJI BOABI.
6. Haiigure cpenHee 3HAYCHHE TOBEPXHOCTHOTO HATSHKCHUS

a, +a, + &
P R K
3

PesynpraT 3anummure B TaOIUITY.

7. CpaBHUTE MOIYYCHHBIA PE3YIbTAT C TAOIHMIHBIM 3HAYCHHEM TIOBEPXHOCTHOTO
HaTSDKEHUS C yUYETOM TeMIepaTyphl.

8. Ompenenure OTHOCUTENBHYIO IOIPEIIHOCTh METOJOM OLICHKHU Pe3yJIbTaToB
U3MEpEHU.

__TabsuyHoe—snabopaTopHOe

*100%

TaGIMIHOE

9. PesynpraT 3anummuTe B TAOIHUILY.
10. CpenaiiTe BBIBOI.

I(oumponbubte eonpocol

1.Kakue cuiibl Ha3bIBalOTCS CUJIAMU [MOBEPXHOCTHOTO HATSKEHUS?

2. O0OBsCHUTE IPUYUHY BO3HUKHOBEHHS CHJI TOBEPXHOCTHOTO HATSIKCHUS C
MOJIEKYJISIPHOM TOUKH 3PEHHUS.

3.Kak HanpaBieHa cujia TOBEPXHOCTHOTO HATSXKEHUA?

4. Tlpy Kakux YCJIOBHSX KarlIsl >KUIKOCTH MPUHUMAET (HopMy mapa?

5. Kakumu pU3MIECKUMU SBICHUSIMH MOXKHO OOBSICHUTH MOSIBIICHHE PAyTH.

6. MOXHO JT IPHHECTH BOAY B permeTe?

7.Yto Ha3pIBaeTCs KOA(PGHUIMEHTOM TOBEPXHOCTHOTO HATSDKEHUS C YJHEPTeTHYECKON
TOYKH 3pEHUs. 3alHIINTe SIUHAUIY H3MEPEeHU K0d(D(QHUITEeHTa ITOBEPXHOCTHOTO
HaTSDKEHHUS. .

8. Kakue sBeHHS MOXKHO HAOJNFOIaTh HA TPAHUIIE KUIKOCTH C TBEPIBIM TEJIOM?
9.Kakas BeauunHa SIBJISIETCS T1aBHOM XapaKTEPUCTUKON SIBICHUM cMayuBaHUS U
HeCMauMBaHUs?

10. TTox melicTBre KaKO¥ CHIIBI TOJHUMACTCS KUAKOCTh B KAMMJUIAPHBIX TPYOKax

1. [Touemy ManieHbKHE KAIlJIK POCHI HA JINCThAX HEKOTOPHIX PACTEHUH UMEIOT GopMy
MIAPUKOB, TOT/Ia KaK JINCThS IPYTUX PACTCHHUH POCa MOKPHIBAET TOHKUM CIIOEM?

2. Kak 00BSICHUTH IPOUCXOKICHNE HAPOJHOI moroBopku: «Kak c rycs Boma»?
3.ITouemy, mpex/ie YeM MOKPBITh IITYKATypPKYy MACIISIHONH KPACKOM, NpeIBapUTeIbHO
MPOM3BOJAT TPYHTOBKY OJTU(ON?
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4. ITouemy ocTphble Kpasl CTEKJIa IPU HarPEeBaHUU A0 IJIABJICHUS CTAHOBATCS
3aKpYTIICHHBIMHU?

5. C moMo1Ipio y3K0i TpyOKH BRIAYHTE MBUIBHEIH ITy3BIPh U TIOAHECUTE APYTOU ee
KOHEI[ K TUTaMEHH ropsmei ceeun. [logemy mmaMs cBeun OyA€T OTKIOHITHCS IIPH 3TOM
B CTOpOHY?

6. Kakas 3yOHast macta jgydmie — ¢ OOJBIINM HITH MaJIbIM IIOBEPXHOCTHBIM
HaTsDKEHHEM (TIPH MPOYHX PaBHBIX ycioBusax)? Ilogemy}

7.MpblnbHas IUIEHKA, 3aTATMBAONIAs OTBEPCTHE BOPOHKH, IOJHUMAETCS BBEPX, €CIIH
Jiep&KaTb BOPOHKY OTBepcTHEeM BHU3. [Touemy?

8.Eciu MBITIO yMEHBIIAeT MOBEPXHOCTHOE HATSXKEHHUE BOJIBI, TO TIOYEMY MBI BBITyBaeM
MBIIbHBIE ITy3BIPH, a HE BOJSHBIE?

9.Boga nerue necka. IloueMy ke BeTep MOXKET HOJHATH Ty4H IECKa, HO OYEHb MaJIo
BOJISTHBIX OpBI3T?

10.ITouemy BoseiibopHAs CeTKA CHIBHO HATATHBACTCS MTOCTIE OMKIS?

11.Kakyto ¢popMy nIpHHUMAET BOJa B OYTBIIKE B KOCMHYECKOM Kopabie?

12.TTocie BBIXO/Ia KOCMHUYECKOTO KOpadiisi Ha OpOHUTY OKa3aloch, YTO B 3aKYIIOPEHHOM
YHCTOM CTEKJITHHOM COCYZE C BOJIOH BECh BO3yX cOOpaics BHYTPH BOJIBI B BUAE Iapa.
ITouemy?

13.IIpuBeuTe MpUMeEphI MPOSABICHUS KaWIIIPHBIX ABJICHUN B IPUPOJIE.

14. TlpuBenuTe MpUMEPHI UCTIOIH30BAHMS KATMILISIPHBIX SBICHUH B OBITY .

15. TlpuBenute npuMepsl MPUMEHEHHS KaIMUIAPHBIX SBJICHUIN B TEXHUKE.

3agaum 1J151 CAMOCTOSITEILHOTO PelleHHsl.

1.C xakoif cHII0i JeiicTByeT MBUTbHAS TUICHKA Ha TIPOBOJIOKY (pHc.3), eciu JTnHa
nposoiiokn 5 cM? Kakyto paboTy HaJj0 COBEpIIUTE, YTOOBI IEPEMECTUTH POBOJIOKY Ha
2 cM?

2.ITonoxxuTe Ha MOBEPXHOCTH BOJIBI CIMYKY M KOCHUTECH BOJIBI KYCOYKOM MBLIA O
OJIHY CTOpOHY BOmm3M crimuku. OObsicHUTEe HabmoaeMoe spnenne. Haitaure cuiy,
MPUBOJIAIIYIO CIIMYKY B ABMKEHHE, €CIIH JUINHA CITUYKH 4 CM.

3.KaxoBa mMacca Karii BO/bI, BEITEKAIOIEH U3 IUIETKH, B MOMEHT OTPBIBA, €CIIH
JUaMeTp OTBEPCTHS MUIMETKH paBeH 1,2 Mmm? CunuTaTh, 9YTO THaMETp MIEHKH KaIuln
paBeH AuaMeTpy OTBEPCTHUS IHUIETKH.

4. OnpenenuTs NOBEPXHOCTHOE HATSKEHHE Macia, INIOTHOCTh kKoToporo 0,91 r/em®,
€CJIU TIPH NIPONYCKAaHUH Yepe3 MUINETKy 4 cm® Macra nonydyeHo 304 xammu. {uamerp
MIEeHKY MUNETKH 1,2 MM.

5. Kakyto Maccy nMmeer Karuis BOJbl, BRITEKArONIas U3 CTEKIITHHOW TPYOKH pajnycoM
0,5 Mmm? CunTaTth qUaMeTp Kaluld paBHBIM JHaMETpy MIEHKH TPyOKH.

6. Haiitn BbICOTY cTOJ0MKA BOJIBI, ITOTHSIBIIEHCS 110 KAIIMJUIIPHON TpyOKe 1naMeTpoM
0,5 MMm.
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7. ConoMHHKa ATHHOI § cM IIaBaeT Ha MOBEPXHOCTHU BOJBI, TEMIIEpaTypa KoTopoi 18
C. Ilo omHy CTOpPOHY OT COJIOMHHKH HAJIMBAIOT MBUIBHBIA PAcTBOP, U COJIOMUHKA
NPUXOJNT B ABIDKeHNUE. B kakyto cropoHy? KakoBa cuia, ABMKymas COTOMUHKY?
8. Kakyro cmiry HaZio TIPHIIOKUATH YTOOBI ¢ UX MOMOIIBI0 MOXHO OBLIIO OBI OTOPBATh
MPOBOJIOYHOE KOJIBIIO OT BOJBI, €CIIM JHAMETP KOJIbIIa paBeH O cM?
9. Kamuist BOZIBI BRITEKAET U3 BEPTUKAIBHOM CTECKITHHOW TPYOKH JHaMeTpoM 1 MM.
Haiinure Maccy xarumm, eciu temreparypa Bogst 20 "C.
10. Inst onpenenenust ko3(h(UIHMEHTa TOBEPXHOCTHOTO HATSHKEHHS )KUAKOCTH METOI0M
OTpBIBA KaIlJIU MOJIyYMIIN CIEAYIOIMe AaHHbIe: 318 kanemnb )KUAKOCTH UMEIOT Maccy 5
T, JUaMeTp HMIeHKH KaIluli B MOMEHT OTpbIBa paBeH 7 ¢ 10 “ M. HaiiguTe 1o 5TiM
JAHHBIM K03((QUIIMEHT TOBEPXHOCTHOTO HATSKEHHS )KUAKOCTH.
11. C nomorupto nuneTky otMepmin 152 xarmnu MuHepanbHoro macia. Mx macca
okazanach paBHOH 1820 mr. Haiinure k03¢ HUIIHEHT TOBEPXHOCTHOTO HATSHKCHUS
MacJia, eciy AUaMeTp MIEUKH MUIETKU 1,2 MM.
12. B xammsipHoit TpyOke pagmycoM 0,5 MM KHUAKOCT mogHsuachk Ha 11 MmM. Hadti
IUIOTHOCTB IAHHOM )KHUAKOCTH, €CIIH € K03 QUIMEeHT NOBEpXHOCTHOTO HATSHKEHHS 22
MH/M.
[IpoBonouHast pamMKa 3aTsIHyTa MBUIBHOH TUIeHKOH. Kakyio paboTy Hy»KHO COBEpPIINTS,
9TOOBI PaCTAHYTH IUICHKY, YBEIMYUB €€ IIOBEPXHOCTH Ha 6,0 eM? ¢ KakIoi CTOPOHBI?
13. CnupT noAHsUICS B KaMMUIIpHOU TpyOKe Ha 1,2 cm. Halitu paanyc TpyOKH.
14.YeM 0OBSCHUTB, YTO COJIOMEHHAsE KPOBJISL Ha KPBILIE, COCTOSIIAsI U3 OTICIBHBIX
CTe0EIBKOB, MEXTy KOTOPBIMH UMEETCS MHOXKECTBO CKBAYKUH, HAJIS)KHO 3alHIAET OT
JoxIs?
15. Ecnu Ha HOBEPXHOCTH BOJBI TIOOXKUTh HUTKY U C OTHOM CTOPOHBI OT Hee KalHyTh
a¢upom, To HUTKa OyzaeT nepemeniarscs. [logemy 3To nponcxoaut? B kakyro ctopony
nepemernaercs HuTka? Koadduuent noBepxHocTHOTO HaTshKeHMs ddupa ¢ = 0,017
H/m.

Kpurtepuu onenku:

1. Ouenka «5» (OTJIMYHO) CTABUTCS, €CIIM O0YHAIOIIUIICS BBIOIHAET PaboTy B
HOJHOM o00beMe ¢ COOMIOJeHHEM HEOOXOIUMOH IIOCIEeA0BATEIbHOCTU
MIPOBEACHUS OIBITOB M M3MEPEHHH; CaMOCTOATENBHO M  PAaIMOHAIBHO
MOHTHpPYET He00X0IMMOE 000PYIOBaHHE; BCE ONBITHI POBOIUT B YCIOBHUIX
U pexnMax, 00ecreuyMBaIOMNX MOJIyYeHHE NPaBWIbHBIX pPE3yJIbTaTOB M
BBIBOJIOB; COOJIIO1aeT TpeOOBaHUS INpaBWiI OE30MacHOTO TPyHa; B OTYETE
NPaBWJIBHO M aKKypaTHO BBINOJNHSET BCE 3alicH, TaOJMIBI, PHCYHKH,
4yepTexu, Tpadukn, BBYMCIEHHS; INPABWIBHO  BBIIOJNHSET  aHAIU3
MIOTPEIIHOCTEN.

2. OueHka «4» (X0pOIL0) CTABUTCSI, €CJIU BBIMOJHEHBI TPEOOBAHMS K OICHKE 5,
HO OBLJIO JIOMYIIECHO ABa-TPH HeJoYeTa, He Oosiee 0HOM HerpyOoi omuoKy
OJIHOTO HEJl0YeTa.
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3. Onenka «3» (YI0BJETBOPHUTEIbHO) CTABUTCS, €CIIM pabOTa BHIIOIHEHA HE
MIOJTHOCTBIO, HO 00BEM BBIIIOJTHEHHONW YaCTH TAaKOB, YTO MO3BOJISET MOIYINUTh
MIPaBUJIBHBIE PE3yNbTAaThl W BBIBOIBI; €CIIM B XOAE IIPOBEACHHS OIBITA U
HM3MEpeHul OBLIH JOIMYIICHBI OITHOKH.

4. OueHka «2» (HeyIOBJIETBOPUTEJIBHO) CTaBHUTCS, eCiii paboTa BHIIIOTHEHA
HE TIOJIHOCTBIO M 00BEM BBIIIOJIHEHHON 4acTH pabOoThl HE TIO3BOJIIET C/ENaTh
MIPaBUJILHBIX BBIBOJIOB; €CJIM ONBITHI, N3MEPEHHMs], BEIYUCIICHHS, HAaOIIOJCHUS
MIPOM3BO/IMIINCH HETIPABUIIBHO.

Tema 3.3 MaruutHoe noJie
JladopaTopHas padora Ne S.
HccenoBanue siBJIEHUS YJI€KTPOMATHUTHOMH HHIYKIHH.

Hean:

. HCCIICOBATh 3aBHCHMOCTH CHJIBI MHAYKIHOHHOTO TOKAa OT CKOPOCTH
M3MEHECHHSI MATHUTHOTO TTOTOKA;

. uccrnenoBaTh 3aBUCHMOCTE JOJIC HWHAYKIMH OT MOXYISA CKOPOCTH
JBIDKEHUSI POBOTHUKA, €0 TMHBI U MOAYJISI MAaTHUTHOM WHAYKITUH,

. MIPOBEPUTH SKCIIEPUMEHTATIBHO TIpaBmio JIeHa.

MarepuajbHoe ofecrniedyeHne: JBe IPOBOJIOYHBIC KATYIIKH PA3HOTO AUAMETPA,
MWUINaMIIEPMETP, IBa MariuTa, UICTOYHUK TOKaA, p€oCTar, K04, )IJ'H/IHHI)II‘/'I
IIPOBOJIHUK.

SIBneHue AIIEKTPOMArHUTHOM WHIYKIIMM 3aKII0OYaeTcs B BO3HUKHOBEHHH
AJIEKTPUYECKOTO TOKa B 3aMKHYTOM IPOBOJHHUKE NMPH W3MEHEHWH MarHUTHOTO
MOTOKA Yepe3 IUIONa (b KOHTYypa MPOBOAHHUKA.

3aKOH 3JIEKTPOMarHUTHOM WHITYKIIUH:

3/1C uHAYKIMK B 3aMKHYTOM KOHTYpPE paBHa 10 MOAYJIIO CKOPOCTH M3MEHEHUS
MarHMTHOTO MOTOKA Yepe3 IIOBEPXHOCTb, OTPAHUYCHHYIO KOHTYPOM:

OCHOBBIBasICh Ha 3aKOHE COXpaHEHWs dSHeprud, pycckuii ¢usnmk 3.X. JleHn

MPCAJIOKUT IPABUIIO, IO KOTOPOMY OIIPEACIACTC HAIPABJICHUE MHAYKIHMOHHOI'O TOKA:
I/IH,HyKIII/IOHHHﬁ TOK, BOBHI/IKaIOIIII/Iﬁ B 3aMKHYTOM IIPOCTPAHCTBE, HAIIPABJICH TaK, 4YTO
CO3HaBaeMLII>i MM MAarHHTHBIH IIOTOK qucepe3 miomaab, OTpPpaHUYCHHYHO KOHTYPOM,
CTPEMUTCH NPCIATCTBOBATh TOMY U3MCHEHHUIO ITIOTOKA, KOTOPOC BbI3bIBACT HaHHLIﬁ TOK.

Tlopsodok evinoanenusi pabomol

1. HO}IKJ’IIO‘H/ITC KaTyImKy-MOTOK K 3a)KUMaM MUJITTMaMIIEpMETpa.
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2. Berapnstiite ¥ BBIHUMaiTe AyrooOpa3HbIi MarHUT M3 KaTYIIKH C Pa3JIM4HON
CKOPOCTBIO M JUISl KaXXIOTO CIydas 3aMedyaliTe MakCHMAalbHYIO CHIYy WHAYKIIMOHHOTO
TOKa.

B kxakoM citydae cKOpoCTh H3MEHEHHMSI MAarHUTHOTO TIOTOKA Yepe3 KaTyIIKY,
COETMHEHHYIO C MAJUIMAMIICPMETPOM, ObLTa OOJIBIIIE: TIPH MEAJICHHOM I OBICTPOM
JBIDKCHIN MarHuTa? YTO MOXKHO CKa3aTh O 3aBHCHMOCTH CHJIbI HHIYKIIHOHHOTO TOKA H
OJIC MHAYKUUH OT CKOPOCTH M3MEHEHHSI MArHUTHOTO ITOTOKA Yepe3 KaTyIIKy?

3. HapeBaiite M cHuUMaiiTe KaTymKy C HOJNIOCa JTyrooOpasHOro MarHuTa C
pa3nuuHOM CKOpOCThIO. [yt KakJIoro ciydas 3amedaiiTe MaKCHUMalbHYIO CHITY
MHJYKIIUOHHOTO TOKA.

3asucut s D/1C MHIYKIMH, BO3HUKAIOLIAS B TPOBOIHUKE, IBUKYIIIEMCSI B MATHUTHOM
ToJIe, OT MOJLYJIsl CKOPOCTH IIPOBOTHUKA?

4. HapneBaiiTe M cHHMaiiTe ¢ TOJIOCa IyrooOpa3sHOrO MarHUTa IMPHMEPHO C
OITHOW W TOM K€ CKOPOCTBIO W 3aMeyaiiTe MaKCHMaJbHYIO CHJIY HHIYKIHOHHOTO TOKA.
3areM ONBIT TOBTOPHUTE C JABYMS MarHuTaMu (TIOJOCOBEIM HW IyrOOOpa3HBIM
CJIO’KEHHBIMH BMECTE OJJHOMMEHHBIMH ITOJIFOCAMH, PHC.).

3aucut a1 DJIC UHIYyKIMY, BO3HUKAIOLIAs B IPOBOJHUKE, ABMXKYIIEMCS B
MarHUTHOM II0JIe, OT MOJyJIsl BEKTOpa MATHUTHON HHIYKIAN?

5. HagenpTe KaTymky Ha TOJIOC AYrooOpa3HOTO MarHuWTa W JBHUTaiiTe ee ¢
OJIHOHM | TOH k€ MO MOJIYJI0 CKOPOCTHIO MOJ Pa3HBIMH YITIaMU K JIUMHHUSM MarHUTHOM
WHAYKIMM 10T  MarHurta. s KakJoro JABIDKEHUS KATYIIKH — 3aMedaiiTe
MaKCUMaJIbHYIO CUITy UHAYKIIHOHHOTO TOKA.

3aBucut au DJIC MHAYKIMK, BO3HHUKAIONIAs B TPOBOJHUKE, JBIXKYIIEMCS B
MarHuTHOM TI0JI€, OT yTIJia, MO KOTOPHIM OH TepeceKaeT JIMHUY MarHUTHOW WHAYKIHH?

6. IloxkmouuTe K 3aXUMaM MMJUIMAMIEPMETpa BMECTO KAaTYILIKH-MOTKA
JUIMHHBII NpPOBOJHUK, CBEPHYTBHIH B HECKOJbKO BUTKOB. HaneBas M cHuUMash BUTKU
MpoBOJa C TIONIOCA OYrooOpa3sHOTO MarHWTa, 3aMedaiiTe MaKCHMAlbHYI CHITY
MHAYKUMOHHOTO TOKa. CpaBHUTE €€ ¢ MakCHUMajlbHOW CHJIOM MHAYKIMOHHOIO TOKa,
MOJIyYEHHOM B OMBITE C TEM KE MArHUTOM U KaTyIIKOH-MOTKOM.

3aBucut au DJC MHAYKIMM, BO3HMKAIOIIAash B IPOBOAHMKE, NBIKYLIEMCS B
MarHuTHOM TI0JI€, OT JUTUHBI POBOTHUKA?

7. HanenbTe KaTylIKy Ha I0KHBIN [IOJIFOC MAarHUTA, @ [IOTOM HA CEBEPHBIH IOIIOC
MarHuTa U JJIsl KaXI0TO CIIydasi 3aMeduaiTe HalpaBIeHHs CTPEIKH
MUJUTIAMTIEPMETpa.

Onpenenute HampaBleHHE BEKTOpa MAarHUTHOW WHAYKIHUUA. B KaXXJ0M OIbITE
cliealiTe BBIBOJI.

8. ColOepuTe 3JEKTPHYECKYIO IIeMb, B KOTOPOH MOCIEIOBATEIHHO COCIHHHTE
MPOBOJIOYHYIO KaTyIIKy MEHBIIIEr0 JUaMeTpa, PeocTaT, K04 U HCTOUHUK TOKa.

9. BcraBbTe OIHY KaTyIIKY B APYT'YIO, COEIMHEHHYIO C MUJUIMAMIIEPMETPOM.

HabmomaiiTe moka3aHus MIUIAAMIEpPMETpa B MOMEHTHI 3aMBIKAHUS H
pa3MbIKaHUs KITIOYa.
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Kak ymenpimnachy cuiia Toka B Masiod karymke? [Touemy B Oosnbleil kaTymke
TOSIBUJICST JIEKTPUUECKHUN TOK?

10. 3amMKHHTE K104 B HAaOJIIOMaliTe MOKa3aHUS MIJUTHAMIIEpMETpa.

[Touemy cmycTs KOPOTKOE BpeMsI CTpeNIka MHJUTHAMIEPMETPa YCTaHABIUBACTCS
Ha HyJIeBOE AeJcHue?

11. Tlepememiass ABMXKOK peocTaTa BICBO M BIIPaBO, HAONMIOHalTe IMOKa3aHHA
MIJUTHAMIIEPMETPA.

12. CnenaiiTe 1 3anUIIUTE OOIIUI BBIBOJ B TETPAIh.

KOHTpOJ’ILHLIe BOIIPOCHL
1. Kak n3MeHsICSI MAarHUTHBIN ITOTOK Yepe3 KaTyuKy:

2. MarHuTHBIH TIOTOK uYepe3 KOHTYp 3a 50 Mc paBHOMepHO yMeHbmmics ot 10
MB6 o 0 MB6. Ompenenute 3aauenne 9/]C B KOHType B 3TO BpeMs.

3. B Metammdeckoe KOJIbIIO B TEYEHHUE MEPBBIX ABYX CEKYHJ BIBHIAIOT MarHMT,

B TE€YEHHE CIEIYIOIUX BYX CEKYHI MAarHUT OCTABJIAIOT HEMOABMXHBIM BOKPYT

KOJIbIIa, B TEUYEHHE IOCIEAYIOMNX JIBYX CEKYyHJl €ro BBEIHMMAIOT M3 Kosbla. B

KakKue MPOMEXYTKH BPEMEHH B KaTyIIKe TE€UeT TOK?

4. Kpyrislil npoBOJIOYHBIA BUTOK IUIOIIAAN 2 M’ PpacmoioKeH NEPIEeHIUKYISAPHO

JUHUAM MAarHUTHOM MHIYKUMH OJHOPOAHOro Iojsi. BennmunHa BekTopa

MarauTtHOM uHaykiuu paBHa 0,04 TA. 3a Bpems 0,01 ¢ marHuTHoe moJie

paBHOMeEpHO crmaaaet A0 Hyils. Yemy paBHa DJIC MHIYKIIMU, BO3HUKAIOIIAS B

BUTKE:

Kpurepnu ouenku:

1. Ouenka «5» (OTJIMYHO) CTABHUTCS, €CITH 00yUJAIOIINIACS BBITIOIHSET padoOTy B
MIOJHOM 00BEME C COOJNIIOAEHHEM HEOOXOANMOH IOCIIeI0BATENLHOCTH
NIPOBEJICHUSI ONBITOB M HW3MEPEHUH; CaMOCTOSTEIIFHO M palMOHAIbHO
MOHTHPYET HeoOXoquMoe 060py10BaHNE; BCE OIBITHI MIPOBOJUT B YCIOBHSIX
U pexuMax, OOECIeUMBAIONIMX IIOJIyYE€HHE NPaBIIBHBIX PE3YyNbTaTOB H
BBIBOJIOB; COOMOaeT TpeOOBaHMs TMpaBuil O€30MacHOTO TPyAa; B OTYETE
MPaBUIBHO ¥ AaKKypaTHO BBINOJHSET BCE 3alKCH, TaONHUIBI, PUCYHKH,
4yepTeXkH, TIpaduKu, BBUKCIEHHUS, TPAaBIJIBHO  BBINOJNHSAET  aHAIU3
MOTPELIHOCTEMN.

2. Ouenka «4» (X0poII0) CTaBUTCS, €CIIN BBITIOIHEHBI TPEOOBaHMUS K OLIEHKE 5,
HO OBUIO JIOIYIIEHO JBa-TPU HEJ0UYeTa, He Ooiiee 0JHOI HeTpyOoii OmmMOKH 1
OJIHOTO HEJIOUEeTA.

3. Omuenka «3» (yA0BJIeTBOPUTEJNBLHO) CTaBUTCS, €CJIM paboTa BHINOJHEHA HE
MTOJTHOCTHIO, HO 00BEM BEIIIOJIHEHHOHN 9acTH TaKOB, YTO MO3BOJISIET MOIYIHUTh
MIPaBHUJIBHBIE PE3yJbTAThl M BBIBOJBI, €CIM B XOJ€ MPOBEIEHHS ONBITA U
M3MEpEeHUH OB JOIMYIICHBI OINOKH.
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4. Ouenka «2» (Heyl0BJIETBOPHUTEJIBHO) CTABHUTCS, €CIIM paboTa BHITIOJHEHA
HE TOJIHOCTBIO M 00BEM BBITMIOIIHEHHON 4acT paboThl HE TIO3BOJISIET C/ACIATh
MPaBUIIBHBIX BHIBOJIOB; €CJIM OMbBITHI, K3MEPEHHSI, BEIYUCIICHHS, HAOIIOICHUS
MPOM3BOINIINCH HETIPABUIIBHO.

Tema 4.1 KosieOanusi 1 BOJIHBI.
JlaGopaTopuas padora Ne 6.

HcciienoBanne 3aBUCUMOCTH MEPHOIA KOJIEOAHUH MPYKMHHOTO MASTHUKA OT

Hean

MAacChl H %KECTKOCTH NPYKHHBI.
padoTHI: BBISICHUTH, KaK 3aBHCUT MEPUOA KOJIeOAaHMH HUTSHOTO MasTHHKa OT

MAacCChI U ’KECTKOCTHU TPY>KUHBI.
MaTtepuanbHoe o0ecrnedeHue: IITaTUB ¢ My(TOH W JIanKo#, NMpyxkuHa, HAOOP
IPY30B, 4acChl C CEKYHIHOU CTPEJIKOI UM METPOHOM.

Xo00 pabomepi.

3aoanue 1.
Hccneoosanue 3asucumocmu nepuooa Koaedanuii RPyHCUHHO20 MAAMHUKA OM

1.
2.
3.

4,
5.
6.

maccer T(M).
3aKkpenuTh NPYXHUHY B IITATHBE U MOJABECUTH K HEH ONH IPY3.
Omnpenenute Bpems t 20 MONHBIX KOJIEOaHU.
Beruncnure nepuoa kosiebanus mo popmyne T=t/N, rme N — qncio moiaHsIx
KoJyie0aHnH.
Pe3ynbpTaThl H3MepeHnit 1 BEIYNUCIICHUH 3aHECHTE B TAOJIHUILY.
YBenuusTe Maccy rpysa M IpojenaiTe MyHKTHI 2,3,4.
Tocrpoiite rpaduk 3aBucumoctu T(mM).

3aoanue 2.
Hccneoosanue 3aeucumocmu nepuooa Koaeoanuii RPyHCUHHO20 MAAMHUKA OM

1.
2.

acecmkocmu npyscunst T(K).
3aKkpenuTh NpyKUHY B IITATUBE U MOJIBECUTH K HEIl OMH Ipy3.

Omnpenenurte Bpems t 20 MONHBIX KOJICOAHUM.

Brruucnure

e nepuon kojebanus mo popmyise T=t/N, rae N — grciio moaHbIx
KosreOaHui.

e  Ko3(duumeHT )KecTKOCTH , BEIPA3UB €ro u3 GopMyisl T =211:\/%

Pe3ynpTaThl H3MepeHnit 1 BEIYUCIICHUH 3aHECUTE B TaOIHILY.
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W3MeHnTe KeCTKOCTb NPYKHUHBI (3aMEHUTE IPYXKHUHY) U TPOJICTalTe IIyHKTHI
2,34

6. Tlocrpoiite rpaduk 3aBucumoctu T(K).
3aoanue 1 3aoanue 2
Ne m, tc N T, c Ne tc N T,c K, H/m
Ombl | K2 om

Ta bITA
1 1
2 2
3 3
4 4

T. €~ T. ¢

-m, 1 k, H/m

Cnenafz’ne BBIBO/] O TOM, KaK 3aBUCHUT IIEPUOT KoJieOaHui I'py3a OT MacChbl
IMOJABCHICHHOI'O I'Py3a U OT KCCTKOCTU NPYIKUHBI.

P ow

KOHTpOJ'IbeIC BOIIPOCHI 1 3a1a4H.

UYro mpeacraBusgeT coOOOH MPY>KUHHBIA MasSTHAK?
B xaxux enununax B cucteme CU u3mepsiercst 1 kak o003HavyaeTcs:
HCECMKOCMb, NEPUOO .

B xaxoM moo)keHHUN MasTHAKAa CKOPOCTh Oy/IeT MaKCUMaIbHOW?
B xaxom nosioxeHun MasiTHUKa CKOPOCTh PaBHA HYIIIO.
YcTaHOBHTE COOTBETCTBUE CHUMBOJIOB O0O3HAYeHUs] (DU3MUYECKUX

BCIIMYMH.
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1) ammunryaa; a) ¢;

2) IUKJINYECKas 4acToTa; 0) F;
3) daza; B) L;
4) mepuon; r) C;
5) CKOpOCTh; m A,
6) cuna; e)v;
7) MHIYKTHUBHOCTB; K) o,
8) eMKOCTh 3)T
IIpu OnBITHOM OTpENeIEHUH YCKOPEHHUsI CBOOOIHOTO MaICHHs 3a 5 MHHYT

Hacuutany 150 momHbIX KoneOaHuii MasTHHMKa. Omnpenenure 3HaYeHHE
YCKOpEHHsI CBOOOTHOTO Ma/ICHHsI, €CIIN JUIMHA MasTHUKA | M.

I'py3 maccoii 0,4 xr coBepmaeT KojaeOaHUI B TOPH3OHTAIBFHON IUIOCKOCTH Ha
MpYXHHE KEeCTKOCThI0 250 H/M. amIumTyna konebanuii rpys3a 15 cm. Haiitn
MOJNIHYI0 MEXaHWYECKYI0 JHEPrHi0 KoieOaHWH M HauOONBIIyI0 CKOPOCTb
IBKeHus. Tpernem npeHeOpeds.

Onpenenure X€CTKOCTh NMPYKUHBI, eciid rpy3 Maccoil 100 kr xavaercsa Ha
HnpyXuHe ¢ yactoroi 2 I'm.

Haiiti Maccy rpysa, KOTOpPBIi Ha MpYyXHHE, skecTkocThio 250 H/m nemaer 20
konebaHuii 3a 16 c.

Kpurtepnu onenku:

1.

OneHka «5» (OTJIMYHO) CTaBUTCS, €CIIM 00y4aloIIuiics BBIOJHSIET paboTy B
MOJHOM 00BEME C COOJNIIOAEHHEM HEOOXOANMOHN IOCIIe0BATELHOCTH
NIPOBEJICHUSI ONBITOB M HW3MEPEHUH; CaMOCTOSTEIFHO M palMOHAIbHO
MOHTHpPYET He00X0MMOe 000pyI0BaHHE; BCE OTBITHI IIPOBOJUT B YCIOBHIX
U pexnMax, 00eCNedyMBaIOINX IOJIyYeHHE NPaBIIBHBIX PE3YJIbTATOB H
BBIBOJIOB; COOJIIOaeT TpeOOBaHWS NpaBWi OE30MMacHOTO TPynHa; B OTYETE
MPaBUIBHO M AaKKypaTHO BBINOJHSET BCE 3alKCH, TaONHUIBI, PUCYHKH,
YepTeXkH, TIpaduKu, BBUKCIEHHUS; TPABIJIBHO  BBINOJNHSAET  aHAIU3
NIOTPEIIHOCTEN.

OueHka «4» (X0po110) CTaBUTCS, €CJIM BBITIOTHEHBI TPeOOBAHUS K OIIEHKE 5,
HO OBLJIO JIOMYIIECHO JBa-TPH HEJoYeTa, He Oosiee 0HOM HerpyOoi omuoKy n
OJIHOTO HEJIOUEeTA.

Onenka «3» (yI0BJIETBOPHUTEJIbHO) CTABUTCS, €CIIM padoOTa BBHIIIOJIHEHA HE
MIOJTHOCTBIO, HO 00BbEM BBIIIOJIHEHHOH YaCTH TAKOB, YTO ITO3BOJISIET HOIYYUTh
MIPAaBUIIbHBIE PE3YIbTAaThl U BBIBOABI, €CIM B XOAE IPOBEIEHHS ONbITA U
n3MepeHnit ObUIN JOMYIIEHB! OIIHOKH.

Ounenka «2» (HeyI0BJIETBOPUTEJIBHO) CTaBHUTCS, eCiii paboTa BBIIOTHEHA
HE MOJTHOCTHIO M 00BEM BBIITOJHEHHOHN YacTH pabOTH HE MO3BOJISET CHIENaTh
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TIPpaBUJIBHBIX BBIBOJAOB; €CJIN OIIBITBI, U3MECPCHUA, BBIYUCIICHUA, Ha6JHO,Z[eHI/I}I
TIPOU3BOANIINCH HETIPABUIIBHO.

Tema 5.1 DiIeKTpHYECKHIi TOK B Pa3IMYHBIX cpeaax.
JlaGopaTopuas pagora Ne 7.
OmnpenesieHne 3J1eKTPUUECKOT0 3apsi/ia MeTOA0M JIEKTPOJIN3a.

Leab padoThI:

MarepuanbHoe ofecrieyeHHe.  MCTOYHUK IIOCTOSHHOTO TOKa, KIOBETA C
3JEKTPOIaMHU U3 Habopa «DIEKTPOIUTY», BOIBTMETP JTa00PATOPHBIN, PE3UCTOP, BECHI C
THPSIMU WJIH 3JIEKTPOHHBIE, KIII0Y, COETHHUTEIbHBIC TPOBOJA, PACTBOP MEIHOTO KY-
nopoca, ceKyHoMep (MU 4achl C CEKyHIHON CTPEIIKOi).

Xo0 pabomul

Jlns onpenenenus 3apsaa 3J€KTPOHA MOYXKHO BOCIIOJIb30BATHCS 3aKOHOM
anekTponusa Dapanes

Mx=IxAt
e [a—

mx+nx*Ng

rue:
M — Macca BEUIEeCTBA, BBIAEIMBIIETOCA HA KaTOJE;
M — MmousipHas Macca BELIECTBA;
N — BaJICHTHOCTb BEILECTBA;
€ — 3apsiJi DIIEKTPOHA;
Na — nocrostHHast ABoraapo;
| — cuna Toka B ANEKTPONINTE;
At — BpeMsl IPOXOXKJIEHHS TOKA Yepe3 IEKTPOIIHT.

W3 310i1 popMyIBI BUTHO, UTO IS TOCTHXKEHUS LIENH paboThl HEOOXOJUMO 3HATH
MOJIIPHYIO MacCy BEILIECTBA, BBIIEIMUBILErOCs HA KaTOJIE, €T0 BaJIEHTHOCTD U
NnocTosiIHHY10 ABorazpo. Kpome Toro, B Xo/1e onbITa Hy>KHO U3MEPUTH CUITYy TOKa U
BpPEMSI €0 MPOTEKaHMUsI, a IOCIE OKOHYAHUS JIEKTPOJIN3a — Maccy BEIIEeCTBa,
BBIIEJIUBIIETOCS HAa KaTOJE.
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Jlis mpoBeIeHN s ONbITA UCTIONB3YETCS HACHIILEHHBII BOJAHBIN pacTBOP MEIHOTO
KyTopoca, KOTOPBIi HATMBAIOT B KIOBETY C IBYMsI MEIHBIMH 3eKTpoaamMu. OuH
3JIEKTPO/] KECTKO 3aKPEIUICH B IIEHTPE KIOBETHI, & IPYroi (CheMHBIH) — Ha €€ CTCHKE.

B BogHOM PacTBOPC MPOUCXOAUT AUCCOoUAaUA MOJICKYJI HC TOJIBKO MCITHOI'O Kynnopoca

e

(CuS04 = Cu2+ + 50, ), Ho 1 Boxsl (H20 = H+ + OH - ), x0T u B cnaboit cTeneHu.
Takxum o6pa3om, B BogHOM pactBope CuS04 comeprkaTcs Kak IMOJIOKUTEITFHBIC HOHBI
Cu2+ u H+, tak n orpunarensHaeie HoHsI SO2- 1 OH-. Ecim Mmexay 3iexTpogamu
CO37aTh 3JIEKTPUUYECKOE M0JIe, TO IOJIOKUTEIIbHBIC HOHBI HAYHYT JIBUTaThCs K KaTOMYy, a
oTpHunaresnsHble — K aHoay. K katony monxonsar nonsl Cu2+ u H+, Ho paspspkarorcs
He BCE U3 HUX. DTO 0OBICHIETCS TEeM, YTO aTOMBI MEIU U BOJOPOJIA JICTKO IEPEXOIAIT B
TMOJIOKUTECIIbHO 3apsP)KEHHBIC MOHBI, TEPSASA CBOM BHECIIHUEC DJICKTPOHDI. Ho non Meau
jerde IPUCOSIUHAET IEKTPOH, YeM HOH Bofopoaa. [losToMy Ha KaToze pa3psKaroTcs
HWOHBI MCJIH.

a2
K anony OyayT IBUTATHCS OTPUIIATEIEHBIC HOHBI 4 y OH-, HO HU OZIMH U3 HUX
paspsbkatbes He Oyaet. [Ipu 3ToM Meib HauHEeT PacTBOPATHCS. DTO OOBICHIETCS TEM,

YTO aTOMBbI MM JIeT4e OTAAI0T 3JEKTPOHBI BO BHEIIHUN YYAaCTOK 3JIEKTPUUYECKOU LIEeTIH,
2

YeM UOHBI 4 u OH - u, cTaB MONOKUTEILHBIMUA HOHAMH, OyIyT EPEXOIUTH B
pactBop: Cu = Cu2+ + 2e-.

®

T Anoo
Kmrmquu.,. Ano
- 7] -

- :!m:ouu —

Kamad

) 11
|
THRRIRN

Takum 00pa3oM, MpH MOIKITFOYCHUH IEKTPOJOB K HICTOUHUKY ITOCTOSTHHOTO TOKA B
pacTBOpe MEITHOTO KyIMOpoca BO3HUKHET HAMPABICHHOE IBHYKCHUE HOHOB, CJICJICTBUEM
KOTOpOro OyJeT BhIIeNeHNe Ha KaTOAe YHCTOW MeIu.
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st Toro 4TOoObI CIIOH BBIAEIMBLICHCS MeIY ObUT TUIOTHBIM M XOPOILO YAEPKUBAJICS Ha
KaTOE, NEKTPOIN3 PEKOMEHAYETCS IPOBOANTH IPH HEOOJIBIIION CHIIE TOKa B PACTBOPE.
A Tak Kak 3TO MPHUBEIET K OONBIION NOTPEITHOCTH H3MEPEHHS, TO BMECTO
71a00paTOPHOTO aMIIEpMETPa B pabOTE UCTIONB3YIOT PE3UCTOP U BObTMETP. [1o
MOKa3aHMIo BoabTMeTpa U M COMPOTHBIEHUIO pe3ucTopa R (0HO yKa3aHO Ha eTo
KOpITyce) ONpeAeysioT cruty Toka 1/ [TpuHIImuransHas cxemMa SKCIepUMEHTAIBHOM
YCTaHOBKH I0OKa3aHa HA pUCyHKe 12.

Cuita TOKa B 3JIEKTPOJIUTE B XOZIE OIBITA MOXKET U3MEHSTHCS, TIO3TOMY B (QOPMYITY JUIs
OTIpEICTICHNS 3apAa MOACTAaBIIIOT ee cpeanee 3HaueHne 1cp. CpenHee 3HAUCHNE CHITBI
TOKa OMPEEeINAIOT, 3aIHUChIBas yepe3 Kaxkaple 30 ¢ mokazaHus BOIBTMETPA HA MPOTSIKE-
HHH BCETO BPEMEHH HAOIIOZCHUS, 3aTEM HX CYMMHPYIOT U TIOJTydCHHOE 3HAUCHHUE ACIAT
Ha yHcio 3aMepoB. Tak HaxoaaT Ucp. 3aTeMm 1o 3akoHy OMa I y9acTKa LenH
HaxozAT Icp. 3anucu pe3ybTaToB U3MEPEHUI HANIPSKEHUs y100Hee 3aHOCUTh BO
BCIIOMOTATEJbHYIO TaOHILy.

BpeMs mpoTekaHust TOKa U3MEPSIOT CEKYHIOMEPOM.
HOPSAJOK NOATOTOBKU K PABOTE

1. Vxaxwure, kakue (hU3NUECKHIE BETUYMHBI NOJIEKAT IPSIMOMY U3MEPEHHIO JIJIs
OTIpEICTICHUS 3apa/a HIEKTPOHA METOJIOM, UCIIONIB3yEMBIM B TaHHOH padoTte. C
MIOMOIIBIO KaKMX U3MEPUTEIBbHBIX MPHOOPOB OyIyT NMPOBEICHBI N3MEPEHNUS?
Omnpenenure U 3aNMIIATE TPAHUIIBI A0COTIOTHBIX MTOIPEITHOCTEH 3THX MPHOOPOB.

2. OnpeuenHTe 1 3aIMIITNATE T'PaHULIbI a0COFOTHBIX HOFpeHlHOCTeﬁ OTCUCTA ITPU
HCIOJIb30BAaHUN MEXAHUYCECKOI'0 CCKYHAOMEPA, BOJILTMETPA U BECOB.

3. 3anumure GopMyIIbl Ui pabOThI

4. TloarotoBbTe TaOIMILY I 3aIIUCH PE3YIbTATOB N3MEPEHUH, TIOTPEIIHOCTEH U
BBIYUCIICHUM.

[ToaroroBbTe BcrioMoraTeabHYO TaONUILy JUIS 3aIMCH TOKa3aHUH BOJIBTMETpA.
MMOPAJOK BBIITOJITHEHUSA PABOTbBI

1. Onpenenure Ha Becax Maccy CbeMHOTO JJIEKTPOIa.
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2. 3akpenuTe dJIEKTPO Ha KIOBETE U COOEPUTE IEKTPUUECKYIO 1IeTTh, OKAa3aHHYIO Ha
pucyske. IIpocienure, 9T00bI CHEMHBII IEKTPO]], OKA3aJICsl MOJKIIOYEHHBIM K
OTPUIATEIFHOMY TIOJIIOCY HCTOYHUKA HANPSKCHHUS.

3. 3amosHHTE KIOBETY paCTBOPOM MEIHOTO KYNOpPOCa, 3aMKHHUTE KIIFOY U Yepe3 KaxIbIe
30 ¢ Ha pOTsKEHUM 15 MUH 3anuchIBaiiTe IOKA3aHUS BOIBTMETPA.

4. Yepes 15 MuH pa3oMKHHUTE KII0Y, pa30epuTe [eTb, CHUMUTE JIEKTPOJ, BEICYIIUTE U
OTIPEZIETINTE €r0 Maccy BMECTE C OCEBIIECH Ha HEM MEABIO.

5. Boruucnure Maccy BbIJETUBIICHCS MeIU: M— U rpaHUIly a0COIFOTHON
HOTPEIIHOCTU €€ U3MEPEHUs.

6. Boruucnure cpeaHee 3HaU€HHE HaNpsDKEHUs Ha pesuctope Ucp U cpeaHee 3HaYeHHe
CHJIBI TOKa B 3JIeKTposuTe lcp.

7. BpruucnuTte 351eKTpOXUMUYECKUN 3KBUBAJICHT ME/IU.

8. Brrumcnure 3apsiz 371€KTpOHA €.

9. Brruuncnure rpaHuily abCOMIOTHOI MOrPEITHOCTH OMPEISIICHHS 3apsi/ia SIEKTPOHA
Ae.

10. 3ammmuTe pe3yapTaT ONpEACTICHUS 3apaia ¢ yIeTOM I'PaHUIIbl aOCOTIOTHON
MOTPELTHOCTH.

CremnaiiTe BBIBOA IO TIPOACTAHHON padoTe.

KOHTpOJIbeIe BOIIPOCHI U 3a1aHUA.

1. Tlouemy BpeMs IPOTEKAaHUS TOKA B SJIEKTPOJIHUTE BIMAET HA TOTPEIIHOCTh
pe3ynbTaTa U3MepeHHs 3apsiaa JIeKTpoHa?

2. Kak KoHIEHTpalMs pacTBOpa BIMSCT Ha PE3yJIbTaT U3MEPEHHS 3apsiaa

3JeKTpoHa?

Uemy paBHa BaJIEHTHOCTh Men?

Uemy paBHa MoJsipHasi Macca Meu?

Uemy paBHa ocTosiHHAsE ABOTagpo?

ok w

Tema 5.3 DieKTpHUYeCKHil TOK B Pa3JIMYHBIX Cpeaax.
JlaGopaTopHuas paGora 8.
Onpenesenue TeMnepaTypHoOro ko3gpuuuenra Meau.

Heas paOoThl: BeIMOMHUT, U3MEpPEHHsS INEKTPUUYECKOTO  COMPOTHUBICHHUS
MEIHOH NPOBOJOKU IIPU JBYX PA3JIMYHBIX 3HAYEHMSIX TEMIEpPaTypbl M BbIYHUCIUTH
TEMIEPATypPHBIH KOA(POHUIMEHT 3IIEKTPUYECKOIO COMPOTHUBICHUS MEAH, ITOCTPOUTH
rpauK 3aBUCHMOCTH COIIPOTHBIICHHUS OT TEMIIEPATYPHI.
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MatepuanabHoe odecneuenne: 1. [IpuGop /it onpenencHus TeMIIEPaTypHOro
koddunmenta comporusieHus. 2. Ommerp. 3. Tepmomerp. 4. CtakaHbl ¢ BOOOH U
TAIOIINM CHETOM. 5. DIEKTpHYecKasl IUINTKA.

KpaTkue TeopeTHYecKHe CBeJeHH:

B Merannmdeckux MpOBOAHUKAX JEKTPHUECKOE COIMPOTUBICHHE OOYCIOBIECHO
CTOJIKHOBE- HHEM CBOOOJHBIX JJIEKTPOHOB C KOJICOMIONIMMHUCA HOHAMH B Y371ax
KpHCTAUIMYECKO pemeTku. [1o Mepe MOBBIMICHHSI TeMIepaTyphl pa3Max KoieOaHui
MOHOB YBEJIMYMBAETCS, YTO CIIOCOOCTBYET OOJbBIIEMY pPACCESIHUIO JJICKTPOHOB,
YYacTBYIOIIMX B YNOPAAOYEHHOM JBWXEHMH. KpoMe TOro ¢ MOBBIIIEHUEM
TEeMIepaTypbl YBEIMYMBAETCS CKOPOCTh XaOTHYECKOro (TEIIOBOrO) JABMXKEHHS
9JIEKTPOHOB W OHHU MHCHBITHIBAIOT OOJbILIEE YHCIO CTOJKHOBEHHWH C HWOHAMHU
KPHCTaTINUECKON PELIeTKH.

Bce 3T0 npuBOANT K TOMY, YTO C MOBBIIICHHEM TEMIICPATyphl CONPOTHUBICHUS
NPOBOJHKKA, a Clle- JOBaTeIbHO W YJCIbHOE CONPOTHBICHUE YBEIHMUMBACTCH.
O6o3HaunM R conporusnenne npoognauka npu t C, a RO mpu t=0.

Bennunny

a=R-R0O/(ROt) (1)

Ha3bIBAIOT TeMmepaTrypHbIM Ko3¢p¢unuentom comnportusieHus (TKC). Yucnenno
TEeMIIepaTypHbIil ~ KOAX(QQUIMEHT  CONPOTHUBIEHUsI  IOKAa3bIBAET  OTHOCHUTEIHHOE
W3MEHEHHE CONPOTUBIICHHs NpH HarpeBaHuu npooanuka Ha 10C (IK) u usmepsiercst B
0C -1 nim K-1 , 9T0 OZHO U TOXKE.

Y  OOJBLIMHCTBA  XUMHYECKHM  YHCTBIX  METAJIOB  TEMIIepaTypHbIC
k03¢ dunneHTs conpoTuBieHus Onu3ku kK 1 /273 K-1 , a y HEKOTOpBIX CIUIAaBOB OHU
HACTOJIKO MaJibl, YTO BO MHOT'HX MPAaKTHYECKUX CIIydasX HMH MOXHO NpeHeOpeyb.
IMopsaok BbINOJIHEHUSI PA0OTHI

1. Onyctuts mnpubOp, AN OIpEAeNeHHs TeMIepaTypHOro Kodgh¢uunenra
CONPOTHBJICHHSI B TAIOIIMH CHET W BBLIEPXKATh €0 TaM B TEYCHWH HEKOTOPOTO
BpPEMEHH, [I0Ka TeMIIepaTypa NpoBoHKUKa He OyneT paBHa 00C.

2. Usmepurs conporusnenue RO ¢ nomoripio oMmmerpa.

3. Tlepenectn mpubop JuId ompeneNieHHs TeMrepaTypHoro koaddumnmenra
COTIPOTHBIICHHS B CTaKaH C BOJOI M, HarpeBas BOIy, U3MEPATH CONpoTHUBIeHHE R depes
kaxeie 20 - 40 rpagycos.

4. BbUHCIUTH U KaXJIOTO H3MEPEHHs TeMIlepaTypHbIi K03 HUIUEHT
comnpoTusieHus 1o Gpoé6pmye (1).

5. Onpenenuth abCONIOTHYIO OMUOKY U3MepeHus Ao = | atabm - o |, A7 Meau
arada =0,0042 K-1 .

6. OrpenienIMTh OTHOCUTENBHYIO OIINOKY M3MepeHus da = (Aa / aradim) 100%.

7. Pe3ynbTaThl U3MEpEeHUH ¥ BEIYMCIICHUH 3aHECTH B TaOJIHILY .

8. [Toctpouts rpauik 3aBUCHMOCTH COIPOTHUBIICHUS R 0T TemMnepartypst t.

9. Cnenatb BBIBOJ O XapaKTepe 3TOi 3aBUCUMOCTH.

Tabimma 1

[ Ne [t(0C) [ROOmM) [ROwm) [aK-1) [AaK-1)[8u(%) |
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KOHTpOJIbeIe BOIIPOCHI:

1. B 9eMm cocTOWT pa3nuune TEMIEPaTypHOTO KO3((HUIMEHTa CONPOTHUBICHUS
METaJUIOB H ITOJIYIPOBOAHUKOB?

2. B uYeM COCTOMT OTJIHYHE OSJICKTPUYECKUX CBOMCTB MOJYNPOBOJAHUKOB U
MeTaJuIoB?

3. 3anumuTe BhIpa)XXCHUE, MOKA3bIBAIOIEE 3aBUCHMOCTD CONPOTUBIICHHSI METAILIOB
OT TeMIIepPaTypHI.

4. 3anuiuuTe BBIpAXCHUE IUISI TEMIICPAaTYpPHOrO KO3((HIHMEHTa CONPOTUBICHUI
MeTajlla ¥ yKaXKUTEe ero pasMepHOCTh B cucteMe exuHul CU.

dopMa npeacTaBIeHUs pPe3yJbTaTa: 3aMoJHCHHAS Ta0JIMIa U BBIBOJ IO paboTe.
Kpurepuu ouenku:

Ounenka «5» (OTJIMYHO) CTaBUTCS, eciu OOy4aloUIMHCs BBINOJHIET pPaboTy B
MOJTHOM 00BeMe C COONIOACHHEM HEOOXOIWMOW IOCIEAOBATEIFHOCTH IPOBEACHUSI
OTBITOB W W3MEPEHUH; CaMOCTOATENFHO W PAIOHAIFHO MOHTHPYET HEOOXOquMoe
000pyIOBaHWE, BCE OMBITHI NPOBOAUT B YCIOBUSAX M PEXHMaxX, OOCCIICYMBAOIIIX
MOJY4YCHHE TPABWIBHBIX PE3YJNbTAaTOB W BEIBOJOB; COONIONAET TPEOOBAHHS TIPABHII
0e30macHOTO Tpyna; B OTYETE MPAaBHIBHO W AKKypaTHO BBIMIONHSAET BCE 3aIlNCH,
TaOIUIIBI, PUCYHKH, YEPTEXH, TpadUKH, BEIYUCICHUS, MIPABIIBFHO BBITIONHICT aHAIH3
HOTPEIIHOCTEH.

Ouenka «4» (XOpOIIO) CTaBUTCS, €CIU BBHIMOJIHEHB TPeOOBaHMS K OIEHKE 5, HO
OBUIO JIOIYLIEHO [Ba-TPU Helo4era, He Oosiee OJHOM HErpy0oil omMOKM M OJHOTO
Hejo4eTa.

Ouenka «3» (YA0BJIETBOPUTENbHO) CTAaBUTCSA, €CIM paboTa BBHITIOJHEHA HE
MOJHOCThIO, HO O0O0BEM BBIMOJIHECHHONW YAacTH TaKOB, YTO II03BOJIACT IIOJIYYUTh
MpaBWIbHBIE PE3YyJbTAaThbl M BBIBOJBL, €CIM B XOAE MPOBEACHHUS ONbITA U M3MEPEHUI
OBUTH JOIYIIEHBI OITHOKH.

Ouenka «2» (HEyIOBJETBOPUTEJIBHO) CTAaBHUTCS, €CIM paboTa BBIMIOJHEHA HE
TOJTHOCTBIO U 00BEM BBIIIOJIIHEHHOHN YacTh pabOThI HE MO3BOJISET CHENATh MPABHIbHBIX
BBIBOJZIOB; €CIIM OIBITHl, H3MEPCHHS, BBIYHCICHHS, HAOIIONCHUS IPOU3BOIMINCH
HETPaBUIIBLHO.
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