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MeToanuyeckue yKazaHus

T10 BBIIIOJIHEHHUIO J1TA0OPAaTOPHBIX PadoT
T10 IUCIHIUINHE < PUIUKA »

JJIA CTYACHTOB HAlIpaBJICHUA TOATOTOBKU /CHGI.[I/IEU'IBHOCTI/I

09.02.07 THOOPMAITMOHHBIE CUCTEMbBI U ITIPOTPAMMUWPOBAHUE



MeTtonnueckue ykazaHus A Ja00paTOpHBIX padboT Mo AUCHMILUIMHE «DU3nKa»
cocTaBlieHbl B cooTBeTCTBUU ¢ TpeboBanusiMu ®I'OC CIIO, npenHazHauyeHbl s
CTyJIeHTOB, oOy4Jaromuxcs no crnenranbHocTu CI1O: 09.02.07 MudopmanronHbie
CHUCTEMBI U ITPOTPaMMHUPOBAHUE



MeToauveckue yKazaHus 1Jisl JIA0OPaTOPHBIX padoT

MeTtonuueckre peKOMEHJAlMK MPU3BaHbl OKa3bIBaTh MOMOIIL CTYJACHTaM B
U3YYCHUU OCHOBHBIX TMOHSTUHM, W, TEOPUH M TMOJOKEHUN JUCIUILIUHBI,
M3y4aeMbIX B X0Jle KOHKPETHOTO 3aHSITHS, CIOCOOCTBOBATh PA3BUTHUIO UX YMEHUH,
HABBIKOB U MPO(ECCUOHATIBHBIX KOMIIETCHIIHH.

B nganHoM y4yeOHOM TmOCOOMH COTJacHO creuuuke AUCHUILUIUHBL U
MPOMUCHIBAIOTCS:

1. MosicHuTeNbHAS 3aNNCKA

B pe3ynbTaTe ocBoeHUS YdeOHON TUCIIUTIIMHBI 00yJaIOIIUNACS JODKEH YMETh:
1) omuchiBaTh U OOBACHATH (DU3UYECKUE SIBJICHHS W CBOMCTBA TEJ: JIBIXKECHHE
HEOECHBIX Tel U UCKYCCTBEHHBIX CITyTHUKOB 3€MJIM; CBOMICTBA Ia30B, >KUIKOCTEH U
TBEP/BIX TEJI; AIEKTPOMArHUTHYIO MHIYKIUIO, PACIIPOCTPAHEHUE JIEKTPOMArHUTHBIX
BOJIH, BOJIHOBBIC CBOWCTBA CBETA; HW3JIyYCHHWE U TIOTJIOIIEHHE CBETa AaTOMOM;
botoapdekr;
2) OTaUYaTh TUIIOTE3bI OT HAYYHBIX TCOPHUIA;
3) nenaTh BBIBOJIBI HA OCHOBE AKCIIEPUMEHTAIbHBIX TaHHBIX;
4) TPUBOAUTH MPUMEPHI, IMOKA3BIBAIOIINE, YTO: HAOIIOJCHUS W SKCIEPUMEHT
SABJISIFOTCSI OCHOBOM JIJISI BBIABW)KCHUS THUIIOTE3 UM TEOPHUH, MO3BOJISIOT MPOBEPUTH
MCTUHHOCTh TEOPETUYECKUX BBIBOAOB; (PU3MUECKas TEOpUsl JAeT BO3MOXKHOCTH
OOBSICHSITh U3BECTHBIC SIBIICHUSI IPUPOJIbI U Hay4dHbIE (PaKThl, IPEACKA3BIBATD €IIIe
HEHM3BECTHBIC SIBJICHHUS;
5) TmpUBOAUTH MPUMEPHI MPAKTUYECKOTO HCMOJb30BAHUS (PU3MUECKUX 3HAHMI:
3aKOHOB MEXAHWKH, TEPMOJMHAMHKUA U DJICKTPOJUHAMUKU B DHEPIETHUKE;
pPa3JIMUHBIX BUJIOB DJIEKTPOMATHUTHBIX W3IYYEHUM ISl Pa3BUTHS PaaU0 WU
TEJICKOMMYHUKAIINM, KBAaHTOBOM (U3UKM B CO3JAHUU SACPHONM DHEPTETUKH,
JIa3€pOB;
6) NIPUMEHSATH MTOTYUYCHHBIC 3HAHUS JIJIS PEIICHUs (PU3HUCCKUX 3a]1a4;
7) u3MepATh pan PU3MUESCKUX BEIWYUH, MPEJACTABIISAS PE3yJIbTaThl U3MEPECHHU C
YYETOM HUX MOTPEIIHOCTEM;
8) wucmoib30BaTh MPUOOPETEHHBIC 3HAHWUS U YMEHUS B TMPAKTHYECKOM
JEeSITEILHOCTH M TTIOBCETHEBHOM JKU3HU;
B pesynbrare ocBoeHUs y4eOHOM TUCHUIUIMHBI 00YYaIOUNACs TI0JKEH 3HATh:
1) cmbicn moHATHI: (U3NYECKOE SIBIEHUE, THUIIOTE3a, 3aKOH, TEOpHs, BEIIECTBO,
B3aMMO/ICHCTBHUE, JIEKTPOMArHUTHOE T0JI€, BOJIHA, (DOTOH, aTOM, aTOMHOE SO,
MOHU3UPYIOIINE U3TyYeHUs, TIJIaHeTa, 3Be3/1a, rajJakThka, BeenenHnas;
2) cMbIca (DU3WYECKUX BEJIUYMH. CKOPOCTh, YCKOpPEHHE, Macca, CUjia, UMITYJIbC,
paboTa, MeXaHUYeCKasi SHEPTuUsl, BHYTPEHHsISI SHEPrusi, abCO0THAsI TeMIlepaTypa,
CpelHss KHHETHYEeCKas »JHEpPrus YacTHIl BEIIECTBAa, KOJHUYECTBO TEIJIOTHI,
AJIEMEHTAPHBIN AJIEKTPUUYECKUUN 3apsl;
3) cMBICH (PUBUYECKUX 3aKOHOB KJIACCHYECKON MEXaHHKH, BCEMUPHOI'O TATOTCHMS,
COXpPAHEHUSI HHEPIUM, UMIIyJbCAa U DJIEKTPUUECKOTO 3apsiga, TEPMOJMHAMUKH,
AIIEKTPOMArHUTHOU MHAYKIMH, (OTOdD(DEKTa;



4) BKJaa POCCUNMCKHUX U 3apyOeXHBIX yUEHBIX, OKa3aBIIUX HAUOOJIbIIEe BIMSHHUE
Ha pa3BUTHE (PU3HKY;

JlaGopaTopHnasi padora Ne 1 Tema 3ausiTusi: 3aKOHbI COXPAHEHUS B MEXaHUKE.

eab padoOTBI: CPaBHUTh JBE BEIMYMHBI — YMEHBIICHUE ITOTECHIIMAIBHON
DHEPIUM TPUKPEIUIEHHOTO K NPYKHWHE Tela MPU €ro IaJCHUH U YBEIUYECHHUE
IIOTEHIUAJIBHOW DHEPTUU PACTAHYTOMN IIPYKHUHBI.

IlepevyeHsb UCMOJbL3YeMOT0 00OPYIOBAHMS: THUHAMOMETP, KECTKOCTh MPYKUHBI
koToporo paBHa 40 H/m; nuHelika nu3aMepuTenpHas; Tpy3 U3 Habopa 1Mo MEeXaHHKE;
Macca rpy3a paBHa (0,100 £0,002) kr; ¢pukcaTtop; mtaTuB ¢ MyQGTOH U JaKOM.

Teopurnyeckasi 4acTb

MexaHn4veckasi JHEPIrus TeJaa — 3/Mo CKAIAPHAS BeTUUUHA, PABHAS
MAKCUMANbHOU pabome, KOMopas Modicen Oblmb CO8ePULEHA 8 OAHHBIX VCIIOBUSIX.
O6o3nauaercsa E Enununa sueprun B CU [11x = 1TH*M]
Kunernueckasi 3JHeprusi — 3To SHEpPrus Tena, 00yCIoBICHHAs €r0 JBUKCHHUEM.
Duszuueckas 8eIUYUHA, PABHASL NOJIOBUHE NPOU3BEOEHUSI MACCHL Mead Ha

Keadpam €20 CKopocmu, Ha3obleaemcs KHHETHYEeCKOM 3Heprue171 TeJIa.

Kunetnueckas OHCPI'UA — 3TO SQHCPIUA IBUIKCHUA. Kunernueckast OQHCPIUA TCJIa

—_—
Maccoi M, IBMKYILErocs CO CKOPOCThIO v paBHA paboTe, KOTOPYIO TOJIKHA
COBEPILIUTH CUJIA, MPUIIOKEHHAS K MOKOSILEMYCS TETY, YTOOBI COOOIIUTH EMY 3Ty

CKOpPOCTh:

Hapsiny ¢ kuHeTrnueckoil sHeprueil Wi sHepruen IBUKeHus B (PU3MKe BaXKHYIO
POJIb UTPAECT MOHATHE MOTEHIUAJIBHOM YJHEPr UM WUIU IHEPrud B3aUMOAEHCTBUSA
TeJl.

IHoTeHuuanbHasi 3HEPTUs — SHepaus mend, 00yCI08NEeHHAS B3AUMHBIM
PACnoNodcenuem 83auUMo0eucmayrouux Mexicoy coboi mei uiu 4acmei 00HO20
meia.

IoTeHUMaJIbHAS 3JHEPIUS TeJa B M0JIe CHJIbI THXKECTH (IOTEHIHAIbHAS

SHEPrus Teja, MOJHIATOrO Haj 3eMJIEH).



Ep = mgh
Omna paBHa pa0oTe, KOTOPYIO COBEPIIAET CHIIA TSYKECTU IIPH OITyCKAaHWU TeJa Ha
HYJIEBOI YPOBEHb.

Pactanyras (mim cxxaras) npyKMHa CliocCOOHA MPUBECTU B JBUKEHUE
IPUKPEIJIEHHOE K HEH TEJ0, TO €CTh COOOIIUTh 3TOMY T€l1y KUHETUYECKYIO
sHepruto. Cle10BaTeNbHO, TaKas PYKUHA 00J1aJaeT 3a11aCOM SHEPIHUH.
[ToreHunanbHON PHEPrUEH MPYKUHBI (WK JTF0O0T0 yrpyro 1eOpMUPOBAHHOTO

T€Ja) Ha3bIBAlOT BEJTUYUHY

i’
=
, T1e k — eCcTKOCTh MPYKHUHBI, X - A0COIMIOTHOE YUIMHEHHE TENa.
IoreHunaJbHasA 3Heprus ynpyro 1e¢opMupoBaHHOIO TeJla pasHa pabome
CUTIbL YNPY20CU NPU nepexooe U3 OAGHHO20 COCMOSAHUS 8 COCIOSIHUE C HY1e6Ol
odeghopmayueii.
[loTeHumanpHas 3HEPrus MpH YIpyrou aeGopManuu — 3TO SHEPTU

BSaHMOﬂCﬁCTBHH OTACJIbHBIX yacTeH Tela MCIXKIOY co0OoM cuIamMu YIPYTOCTH.

CyMMa KHHETHYeCKO# U OTEHIHAJBHOM IHEPrUH TeJI, COCTABJISIOLINX
3aMKHYTYI0 CHCTEMY U B3aMMOJAEHCTBYIOIIMX MKy CO00M CHIIaMU
TATOTeHHUs U CHJIAMHU YIIPYIOCTH, OCTAaeTCH HEU3MEHHOM.

DTO yTBEPKIAECHUE BBIPAKAET 3AKOH COXPAHEHUA IHEPZUU B MEXaHUUECKUX
npoueccax. OH sBIsSeTCs ClaeACTBUEM 3aKOHOB HproTOHA.

Cymmy E = EK + Ep Ha3bIBaloT MoJIHOM MeXaHMYeCKOH IHeprueii.

IHoHas MexaHu4YecKasi JHEPIrusi 3AMKHYTOM CHCTEMBI TeJl,
B3aUMO/IEHiCTBYOIIMX MEKAY CO00il TOJBKO KOHCEPBATHBHBIMH CHJIAMHU, IIPH
JIIOOBIX IBUKEHHUSAX ITHX TeJl He u3MeHsiercs. [IpoucxoasT auib B3auMHbIe
NpeBpalieHus NOTEHUMAJbHOM JHEPIUM TeJl B UX KHHETHYECKYI0 JHePIruio, 1
HA000pPOT, WK NepPexXo/] IHEPrUuM 0T OHOIO0 TeJla K APpyromMy.

E = Ex + Ep = const

3aKoH COXPAaHCHUA MEXaHUYECKOM DHCPI'UHU BBIIIOJHACTCS TOJBKO TOrad, Koraa

TeJa B 3aMKHYTOH CHCTEME B3aMMOCHCTBYIOT MEXKIYy CO00M KOHCEPBATUBHBIMU
CUJIaMU, TO €CTh CUJIAMH, JJIS1 KOTOPBIX MOKHO BBECTH MOHATUE MOTEHIUAIIBHON
DHEPIHUU.

Onucanue yCTAaHOBKH.



Jliis paboThl UCHIONB3YETCS YCTAaHOBKA, MMOKa3aHHAs Ha pucyHke. OHa

IpeCTaBiIsieT COO0M YKpPEIUICHHBIN Ha MITaTUBE TUHAMOMETP ¢ pukcatopom 1.

B B s R et o Jok |
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Hp}I}KHHa AUHaAMOMCTpPA 3aKaHYUBACTCA IIPOBOJIOYHBIM CTCPKHCM C KPIOUKOM.

dukcaTtop (B yBeIMUEHHOM MacllTabe OH MOKa3aH OTAEIbHO — MOMEUEH LU POt
2) — 9TO JIeTKas MIaCTHHKA 13 mpoOku (pasmepamu 5 X 7 X 1,5 Mm),
IIPOpE3aHHAasi HOKOM JI0 €€ IeHTpa. Ee HacakuBaroT Ha IPOBOJIOYHBIN CTEPIKEHb
nuHaMmoMmeTpa. DUkcaTop N0HKEH NepeMeIaThCs BJ0JIb CTEPKHSI C HEOOJbIIUM
TPEHUEM, HO TPEHHUE BCE K€ JIOJDKHO OBITH JJOCTATOYHBIM, YTOOBI (PUKCATOP CaM T10
ceOe He majan BHU3. B 3ToM HY)XHO yOeauThes nepea HadyanoM padboTsl. J1jist aToro
(dbuKcaTOp YCTaHABIMUBAIOT Y HUXKHETO Kpasl MIKaJIbl HA OTPAaHUYUTENLHOM CKOOE.

3aTem PACTATrUBaIOT U OTITYCKAIOT.

Xox padoTbI

1. I'py3 u3 Habopa o MexaHUKe MPOYHO YKPEMUTE Ha KPIOYKE TMHAMOMETpA.

2. [logauMUTE PYKOU TPYy3, pasrpyxast Mpy>KUHY, U YCTAHOBUTE (GUKCATOP BHU3Y Y
CKOOBI.

3. Otniyctute rpys. [lapas, rpy3 pactsHer npyxxuHy. CHUMHTE Ipy3 U O
MOJIOKEHHIO (PrKcaTopa u3MephTe JTMHEHKOM MaKCUMaIbHOE YIJTMHEHHUE X
MPY>KUHBL.

4. IToBTOpUTE OMBIT NATH pa3. Halinure cpeanee 3HaueHue h u x

5. loacuuraiite E;,,=mgh u Es.,=kx?/2

6. Pe3ynbTaThl 3aHecuTe B TAOJIHUILY.

7. CpaBHuTe oTHOWEHUE £/ Ercp C €AMHULIEN U CIETIANTE BBIBOA O

HOTPEIIHOCTH, C KOTOPO# ObLT MPOBEPEH 3aKOH COXPAHEHUS SHEPTUU.



8. OTBEThTE Ha KOHTPOJIbHBIE BOIPOCHI.
Coaep:xxanue or4era, popmMa 1 npaBuaa oGopMiIeHUs 0THETA O

BBINIOJIHEHHOI padoTe: TabnMIIa.

Ne h=Xmax, hcp=ch, Elcp, Ech,
Elcp/ EZcp
onbITa M M Jx Jx
1
2
3
4
5

3amanuss M Bompochl s (GopMUpPOBAHMS W KOHTPOJS BJaJdeHUs
KOMIIETEHMSIMH.
KoHTpobHbIE BONPOCHI

1.PackporiTe moHATHE MEXAaHUYECKON SHEPTUU?

2.Kakas sHeprus Ha3zbiBaeTcsa kuHeTnueckoit? [lo kakoit ¢popmye oHa HaxoauTcs?
3.Kakas sHeprus Ha3bIBaeTCs noTeHuuanbHOU? 1o kakoit popmyse oHa
HaxoauTcs?

4.ChopmynupyiTe 3aKOH COXpaHECHHS] MEXaHUYECKOU SHEPTUH.

5.KakoBbI rpaHulibl TPUMEHEHUS 3aKOHA COXPAHEHUSI MEXaHUUECKON IHEPTUH?

JlabopaTtopHasi pad6ora Ne 2 Tema 3ausitusi: CBoiicTBa mapos.

Leab padoThI: OCBOUTH MPHUEM ONPEIEIICHHUS] OTHOCUTEIBHOW BIAXKHOCTH
BO3/yXa, OCHOBAHHBIN HA WCIOJIb30BAHUH IICUXPOMETPA.

Ilepeyenb ucnosb3yemoro odopynosanus: [lcuxpomerp

Teopurnueckass yacTb

B atmocdepHOM Bo3IyXxe Beeraa MPUCYTCTBYIOT ITAphl BOABI, KOTOPAst HCIIAPSICTCS
C MIOBEPXHOCTH MOPEH, PeK, OKEaHOB | T.II.

Bo3zoyx, cooeporcawuii 6o0sanotl nap, Hazblaom BIAAKHBIM.

Bra)xHOCTBh BO31yXa OKa3bIBaCT OIPOMHOE BIIMSIHME HA MHOTHE TIPOIIECCHI Ha
3emiie :Ha pa3BuTue (HI0psl U GayHbI, Ha ypoXKail CeabX03. KyJIbTyp, Ha

MPpOAYKTUBHOCTD JKUBOTHOBOACTBA U T.A. BnaxnocTh BO3yXa UMECT 0obIIOE



3HAYCHUE TSI 3[0POBBS JTIOJEH, T.K. OT HE€ 3aBUCHUT TEIJIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpyskarolen cpenoil. [Ipu HU3K0# BIaXXHOCTH MPOUCXOAUT OBICTPOE
UCTIapEHUE C TIOBEPXHOCTH M BBICBIXaHHE CIM3UCTON 000JI0YKH HOCA, TOPTAaHH, UYTO
MPUBOJNT K YXY/IICHUIO COCTOSTHUSI.

3HauUT, BJAKHOCTh BO3/1yXa HAJI0 YMETh U3MEPSATh. J{JIs KOTM4eCTBEHHOM
OIICHKH BJIQXKHOCTH BO3/IyXa UCIIOIB3YIOT MOHSATHUS a0OCOMIOTHON U OTHOCHUTEITHLHOM
BJIQKHOCTH.

AOCOJIIOTHAS BJIAKHOCTD — 8eTUYUHA, NOKA3bIBAIOWAS, KAKAS MACCA NAPO8
600bl Haxooumcs 6 1 m? 6030yxa (T.€. 3TO IIIOTHOCTh BOJSIHOTO Nlapa). Ona pasHa
napyuarbHOMy 0asieHuro napa npu OaHHOU memnepamype.

I[MapuuanbHoe 1aBJeHHe MIAPA — 91O OdglieHue, KOmopoe OKazvleal Obvl
B00SIHOU NAP, HAXOOAWUICS 8 8030YXe , eCii Obl 8Cce OCMAIbHbIE 2A3bl
Omcymcmaeo8anu.

OTHoCHTEIbHAS BJIAKHOCTD BO3YXa — 510 8eIUYUHA, NOKAZbIBAIOWAS, KAK
oanexk nap om HacvluyeHus. Imo omHoueHue NapyuaiIbHo20 0ABIeHUsL P 800STHO20
napa, cooepicane2ocs 8 86030yxe Npu OAHHOU memnepamype, K 0Ae1eHUI0

HacblyeHHo2o napa Po NPU TOU XKe TEMIIEpaType, BEIPAXKEHHOE B IIPOLIEHTAX:

Ecnu Bo3ayx HE COEp>KUT MapoB BOJBI, TO €0 a0COIIOTHAS M OTHOCUTEIbHAS
BJIaXXHOCTH paBHbI 0. [IpenensHoe 3HaueHne 0OTHOCUTENbHOM BiaxHocTH — 100%.
HopmanbHOH 1151 4eT0BEUECKOT0 OpraHnu3Ma CUUTaeTcsl BIaxHOCTh 60%.

J{nst u3MepeHus BIaXKHOCTU BO3/yXa UCTIOIB3YIOT TPUOOP MCUXOMETP.
IIcuxpometp. (OT rped «rcuxpua» - Xxosioa). CoCTOUT U3 IByX OJMHAKOBBIX
TepMOMETpOB. Pe3epByap o1HOTO U3 HUX 00EpHYT MapJieH, OMyIIEHHOU B COCYI C
BoOI. Boja cMaunBaeT Mapiito Ha pe3epByape TepMOMETpa U NMpH €€ UCTapeHUH
oH oxJjaxaaetcs. [1o pa3HOCTH TeMnepaTyp CyXOoro v BiIaKHOTO TEPMOMETPOB 110

HCPIXpOMGTpH‘IGCKOfI Ta6J'II/IIl€ OIIPCACIAOT BJIIAKHOCTDb BO31yX4aA.



1 A et
A
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Xox padoThI:

1) TloaroToBUTH TAOIUILY JIJIS 3AIMCH PE3YJIbTATOB U3MEPCHUN M BRIYUCIICHUN
2) PaccMoOTpeTh yCTPOMCTBO IMICUXPOMETA.

3) Ilo moka3aHHsM CyXOro TEPMOMETPA U3MEPUTH TEMIIEPATYPY BO3IYXa teyxoro
B IIOMEILCHUH.

4) 3ammcaTh MOKa3aHUS TEPMOMETPA, pe3epByap KOTOPOTO OOMOTAH MapJieit
tonanioro

5) Beruncianuthk pa3HOCTh MOKA3aHUI TEPMOMETPOB At = teyxoro = tananoro

6) ITo ncuXpoMeTpUUECKO# TaOIUIIe ONPEACTUTh BIAKHOCTD BO3IyXa @

7) Pe3ynbTaThl U3MEPEHHIA U BBIYUCICHUN 3aHECTU B TAOJIHILY.

8) CnenaiiTe BBIBOJI O TOM, HOPMAJIbHAS JI BJIAYKHOCTh BO3/[yXa B TIOMEIICHUU.

9) OTBeTbTE Ha KOHTPOJILHBIC BOITPOCHI.

Coaep:xanue or4era, popmMa ¥ npaBuaa oGopMICHUS 0TYETA O

BBINIOJIHEHHOI padoTe: Tabiua.

Ne onbiTa tCYXOI‘O! OC tenancuoro, OC At: OC 0, %o




3aganuss u Bompochl Aasi  (GOpMHUPOBAHMS W KOHTPOJS BJIAJACHUS
KOMIIeTEHIUSIMU.
KoHTpoJibHBIE BOIPOCHI

1. Tlouemy mpu npoyBaHUH BO31yXa yepes 3¢up, Ha MOTUPOBAHHOM
MOBEPXHOCTH CTEHKU KaMepbl THTPOMETpa NosiBisieTcst poca? B kakoi
MOMEHT HOSBIISIETCS poca?

2. IloueMy moka3zaHus «BIXKHOTO» TEPMOMETPA MEHBIIIE TIOKA3aHUH «CYXOT0»
TepMomeTpa?

3. MoryT 71 B X0/i¢ OTIBITOB TEMIIEPATYPHI «CYXOTO0» U «BIIAKHOTO)
TEPMOMETPOB OKa3aThCsl OJIMHAKOBBIMU?

[Ipu KakOM yCJIOBHH Pa3HOCTH MOKa3aHUI TEPMOMETPOB HAHOObILIAs?
MoskeT 11 TeMneparypa «BIaXKHOT0» TEPMOMETPA 0KA3aThCS BBIIIIE
TEMIIEPATYPBI «CYXOT0» TEPMOMETpaA?

6. Cyxoi u BIaXHBI TEPMOMETP MICUXPOMETPA TIOKA3BIBAIOT OJHY U TY )K€
teMriepaTypy. KakoBa oTHOCHTENIbHAS BIIa)KHOCTh BO3yXa?

7. Kakum mMoxeT ObITh IpeiesIbHOE 3HaYE€HUE OTHOCUTEIBHOMN BIAKHOCTH

BO3yXa?

JlaGopaTopHasi padora Ne 3 Tema 3ausitusi: CBoiicTBa KMIKOCTEM.

Lean padoTel: onpeneanTs KO3GGUIUEHT TOBEPXHOCTHOTO HATSKEHUS BOBI
METOJIOM OTPbIBA KaIlellb.

IlepedyeHb HCMOB3yeMOro 000PYAOBAHMS . COCY/] C BOAOM, IITPULL, COCY IS
cOopa Kaneb.

Teopurnyeckasi 4acTb

Monekybl MOBEPXHOCTHOTO CJIOS KUJIKOCTH 001a1at0T U30BITKOM
MOTEHIUAIBHOW SHEPTUU MO CPABHEHHIO C SHEPTUEN MOJIEKYJI, HAXOIAIIUXCS
BHYTPH KUJKOCTH

Kak u nmro6as MmexaHudeckasi CUCTEMA, OBEPXHOCTHBIN CIIOM KUIKOCTU
CTPEMUTCS YMEHBIIUThH MOTEHIIUAIBHYIO SHEPTHIO U cokpaiaercs. [Ipu atom

coBepiaercs pabora A:



A=as

e 6 - Ko3QQUIMEHT MOBEPXHOCTHOIO HATsKeHUs. EauHuibsl nsMepenus JIx/m?

wi H/m
A F
a=-—— a=—
AS pm !

rie F — cria moBepXHOCTHOTO HAaTsDKCHUS, | — JyIMHA TpaHUIBI TOBEPXHOCTHOTO
CJIOSI YKUIKOCTH.

[ToBepXHOCTHOE HATSHKCHUE MOYKHO OINPEACISITh Pa3IMYHBIMU MeToIaMu. B
Ja60paTopHOit paboTe UCIOIB3YETCS METO OTPhIBA KalleJlb.

ONBIT OCYIIECTBIISIOT CO MITTPUIIOM, B KOTOPOM HAXOJHUTCS HCCIIECTyeMas
KUJIKOCTh. HaxkuMaroT Ha TOPIIIeHp IIMPHUIIA TaK, YTOOBI U3 OTBEPCTHS Y3KOTO
KOHIIa IITIPHIIA MEIJICHHO Ma1aay Karu. [leper MOMEHTOM OTphIBa KaIluld CHJIa
TSOKECTH F e =Miannd paBHA CHJIC TTIOBEPXHOCTHOTO HATsDKEeHMsI F, rpaHuiia
CBOOOJTHOM IMOBEPXHOCTH — OKPY>KHOCTh Karljn

I=r 'dKan/zu

CrienoBaTeiIbHO:

= E— = —mwkg

i

naxau

OnbIT OKa3bIBaeT, YTO Uiany, =0,9d, Tie d — nuameTp kaHaa y3Koro KOHIIa
IITPUIIA.

Maccy Kariu MOYKHO HalTH, IOCYUTAB KOJMUECTBO Karellb N M 3Hasi MacCy BCeX
Karejab m.

Macca kanenb m OyZIeT paBHa Macce KUJIKOCTU B IITIPUIIE. 3Hast 00beM
YKUJIKOCTH B IIMPHUIE V U IIOTHOCTD KUAKOCTH P MOKHO HaTH Maccy m=p-V
Xoa padoThi:

1) HauepTute Tabmuiry.

2) TloxcraBbTe MO IITPHI] COCYT AJIsE COOpa BOJBI U, INIABHO HAKUMAs Ha
MOPIICHD MINPHUIIA, T00eHTeCh MEJICHHOTO OTPBIBAHHUS KaIlelb.
[ToxcunTaiiTe KOJIMYSCTBO Kareb B | MJI B pe3yJIbTaT 3aIUIIATE B TaOIHUILY.

mg

g=—
nn0,9d
3) BeluncauTe NOBEPXHOCTHOE HATSHKEHUE 110 PopMyIie

PGSYJII)TaT 3allUIIUTE B Ta6HI/IHy.



4) TToBTOpPHUTE OMBIT C 2 MJI U 3 MJT BOJIBI.
3

a
5) HaiimuTe cpeaHee 3HAYCHUE TTIOBEPXHOCTHOTO HATSDKEHHUSI

Pe3ynpTaT 3anumure B TaOIHILY.

6) CpaBHHTE MOJTYYCHHBINH PE3YJIbTAT C TAOJUYHBIM 3HAYCHUEM
MTOBEPXHOCTHOTO HATSKEHUS C YUETOM TEMIIEPATYPHI.
7) Omnpenenute OTHOCUTENBHYIO MTOTPEITHOCTH METOJIOM OIICHKH PE3YJIhbTaTOB

W3MEPEHUM.

+
5:'63-”“‘“—%.100%
Fay

mabR

8) Pesynbrar 3anummTe B TAOIUILY.
9) Cremnaiite BBIBO/I.
Conepsxkanue ordyera, GpopmMa U npaBuja 0(popMIICHUS 0TYETA O

BBINIOJIHEHHOI padoTe: TabnMIIA.

Ne 'Macca Yucio Auamer IloBepxHoct Cpennee Tabauunoe OTHOCHTEJbHA
KameJ | KameJs p -HOe 3HAYeHHUe 3HAYeHHUe § MOrPelIHOCTh
ONbIT
b KAHAJIa | HATSKEHHE TOBEPXHOCTHOI IMOBEPXHOCT
a 0 %
HnpUIa 0 HATSIZKEeHUSs -HOT'0
m, Kr n o, H/m
HATSKEHU S
d, M Ocp, H/m
Orad, H/m
1 [1*10°% 2,5%10°3 0,072

3ajannss M BONPOCHI A (POPMHUPOBAHUA W KOHTPOJS BJAJACHUA
KOMIIeTeHUSIMU.
KoHTpoJibHBIE BONIPOCHI

HO‘ICMy MMOBCPXHOCTHOC HATSXKCHHUC 3aBUCHUT OT poaa )KI/IJIKOCTI/I?
Hoquy M KaK 3aBHUCUT IMOBCPXHOCTHOC HATAKCHHUC OT TeMnepaTprI‘?
N3meHuTcs nu PE3YIbTAT BBIYUCICHUA ITOBEPXHOCTHOI'O HATSAKCHU A, CCIINU

OIBIT IPOBOJAUTH B APYTOM MecTe 3eMIIH?



4. VI3MeHHUTCS U Pe3yJIbTaT BRIYUCIICHHUS, €CITU AUAMETP Kareinb TpyOKu OyaeT
MeEHbIe?

5. Tlouemy cnemnyeT 10OMBATHCS MEIJICHHOTO MaJCHUS Karesb?

JlabopaTopHuasi padora Ne 4 Tema 3aHsTHAA: 3aKOHBI IOCTOSTHHOTO TOKA.
DJIEKTPUYECKNH TOK B MOJYNPOBOJIHUKAX.

He.]'[b paﬁoTbli IMPOBCPUTH CIIPABCAIMBOCTD 3daKOHOB ITIOCICAOBATCIIBHOI'O U
mapaJuiCJIbHOI'O COCANHCHUA IIPOBOJHHUKOB.

IlepeyeHb UCIOJIB3YeMOT0 000PYA0BAHMS . AMIIEPMETP, BOJIBTMETP, JIAMIIOUKA,
IIPOBOJIOYHAS CIIUpaib, OaTapeiika, K4, peocTar

TeopnaneCKaﬂ 4acCTb

HpOBOI[HI/IKI/I B DJICKTPHUYCCKUX LCIIAX MOT'YT COCANMHATHCS IMOCJICAOBATCIIbHO U
mapaJuICJIbHO.

IIpu nocienoBaTeIbHOM COeIUHEHMH TPOBOAHUKOB (puc. 1.9.1) cumna Toka Bo
BCEX MPOBOJHUKAX OJJMHAKOBA!

I L
f 1 2
—
| & | & |
B R —
| 7 =]

Pucynok 1.9.1.
ITocnenoBarenrHOE COEUHEHUE
MIPOBOIHUKOB

[To 3akony Oma, Hanpspkenust Ur u Up; Ha MpOBOAHUKAX paBHbI

U1 = |R1, U2 = |R2

Oo6mee Hanpspxkenue U Ha 000MX MPOBOIHUKAX PAaBHO CyMMe HampspkeHuid Uy u
U2:

U=U1+U2=|(R1+R2)=|R,
rae R — anexrpuueckoe conpoTuBiieHune Beel nenu. OTcro1a clieayer:
R=R; +R,.

IIpu nocJienoBaTe IbHOM CO€IMHEHUHU MOJTHOE CONPOTUBJIEHNE e PABHO
CyMMe CONPOTHUBJIEHUH OTeJbHbIX IPOBOIHUKOB.



OTO0T pe3yibTaT CIPaBCJINB 1A J1000r0 UYKcia IoCJacaA0BaTCIbHO COCAMHCHHBIX
IMPOBOJHUKOB.

IIpu napaaieabHoM coeannennu (puc. 1.9.2) nanpsbxkenust U u U, Ha 06oux
MIPOBOTHUKAX OJTMHAKOBBI:
Ui=U;=U.
Cymma TokoB |1 + |2, mpoTekaromux mo 000uM MpOBOJHUKAM, paBHA TOKY B
HEPa3BETBJICHHOH IETIH:
=1+ I

DTOT pe3yybTaT CIeAYeT U3 TOr0, YTO B TOYKAX Pa3BETBIICHUS TOKOB (Y316l A u B)
B LIEIM [TOCTOSIHHOT'O TOKAa HE MOT'YT HaKariuBaThes 3apsaasl. Hampumep, k y3imy A
3a BpeMst At noarekaer 3apsin IAt, a yrekaeT ot y37a 3a To ke BpeMs 3apsij

I;At + I,At. Caenosarenbno, | = 11 + o,
&
e
i, : 1
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Pucynok 1.9.2.
[TapannensHOE COeIMHEHUE TTPOBOTHUKOB

3amuceiBas Ha OCHOBaHUHU 3akoHa Oma

IIpu napa/siesibHOM COeIMUHEHUU NTPOBOIHUKOB BeJIMYUHA, 00paTHasA 001IeMy
CONPOTHUBJICHHUIO LIeNH, PABHA CyMMe BeJIUYMH, O0PAaTHBIX CONPOTUBJICHUM
napajuie/ibHO BKJIKYEHHBIX IPOBOJHUKOB.

Xoxa pa6oThl.
3aganme 1. M3ydyeHnue nocienoBaTeIbHOTO COCIMHEHUS.

1. CoGepure 1emnp o pUCyHKy Hike. BoabtMerp npucoenuuute k Toukam N u K
nenu. OH B 3TOM CiIy4ae MOKaXeT HaIpsDKeHHUE Ha PEe3UCTOPE U JIAMIIOUKE BMECTE
(Uosm). @oTO cobpanHOM 1enn oKa3aHo Ha (GoTorpaduu HUKe. 3aMKHUTE LEb |



3aMUIIATE B TAOIUILY MOKa3aHus cuibl ToKa | 1 Ugey. Llenb pasoMkHUTE U
MMOKAXKUTE €€ YUUTEIIIO.

2. [TogkmrounTe BOJIBTMETP K TOUK
pesucrtope R;.

HanpsbkeHue U; Ha

3. IloaknroyuTe BOJIBTMETP K TOUK \\'@w Hanpsbkenue U, Ha

JJaMITO4YKC.

4. ITo dpopmynam Ri=U4/l, Ry=U/l, Ros=Uoew/| mOICUHTAITE COTPOTUBICHUS
pEe3UCTOPA, JAMIIOYKH, YYACTKA, BKIIFOYAIOIIETO PE3UCTOP U JIAMIIOUKY.
Pe3ynbTaThl OKpYriasiTe 10 AECATHIX.

5. I3MepeHHbIe U MOJCYMTAHHBIC 3HAUCHUS 3aHECUTE B TaOJUILY.

6. CnenaiiTe yCTHO BBIBOJI, MOATBEPKIAIOTCS JIK OMBITOM (DOPMYJIbI:
Uoen= U1tUz  Ros= R1+R;

3aganme 2. M3ydyeHue napauieibHOrO COCTMHEHHUS.

1. CobepuTe 11emnb 10 pUCYHKY HUKE. POTO COOpaHHOI LIeny MOKa3aHo Ha
dboTorpaduu HUXKE.

ConpoTHBIIEHHE peocTaTa ceslaiiTe MaKCUMaIbHBIM. 3aMKHUTE 1I€Tb U 3alUILIUTe
B TaOJUILy MMOKa3aHUs CUIIbI TOKA losy ¥ U. Llenb pa3oMKHUTE U MOKaXKUTE €
YUUTENIO.

'r-———'i'-———l}'*
N
@ R2




2. OTcoeMHUTE BOJIBTMETP, @ aMIIEPMETP MPUCOETUHUTE B BETBb C PE3UCTOPOM.
ConpoTuBIIEHHE PEOCTaTa MYyCTh OCTAETCS MAKCUMAILHBIM. 3alUIIUTe B TAOIUILY
3Ha4Ye€HHE CUJIBI TOKa |1, mpoTekaromen yepe3 pesuctop Ri. Cxema nenu cMoTpure
Ha PUCYHKE 2.

®otorpadus 2

PucyHok 2
-

3. AMnepMeTp IpPUCOCAMHUTE B BETBb C JAMITOYKON. 3aIUIITUTE B TAOIUIY
3HAYCHHUE CUJIBI TOKa o, MpoTekaromeil yepes JaMnouky. Cxema menu CMOTPUTE Ha

dbotorpaduu 2.
4. ITo popmynam Ri=U/l;, R=U/l;, Rosu=U/losy IOACUMTANTE COTPOTUBICHHS

pe3ucTOopa, JaMIOYKH, YYACTKa, BKIFOYAIOLIETO PE3UCTOP U JIAMIIOUKY.
Pe3ynpTarsl OKpyriasiTe 10 AECATHIX.

5. I3MepeHHbIe U NMOJCYUTAHHbBIEC 3HAUCHUS 3aHECUTE B TaOJUILY.

6. CnenaiiTe yCTHO BBIBOJI, MOATBEPKIAIOTCS JIK OMBITOM (DOPMYJIbI:

xR
Ro6m: L
R +R,

Conep:kanue or4yera, GpopmMa U NpaBuJIA 0(PpOPMIICHUS 0TYETA O

loom= 117+ 12

BBINOJIHEHHOI padoTe: TabnuIa.

I, Uy, U, Uo61m, Ru, Ro, Rosu, Ui+U,, | Ri+Ry,
A B B B Om Om Om B Om

U1 |11 |21 |06H11 Rl! RZ! R06H11 Il+|21 RlXRZ
B A A A Owm Owm Owm A R +R,
3ajannss M BONPOCHI A (POPMHUPOBAHHUA W KOHTPOJS BJAJACHUA
KOMIIETEHIIUSIMHU.

KoHTpoJibHBbIE BOIPOCHI

1. aiiTe onpeneneHue MOHATUN «BETBbY, KKOHTYPY, «y3€ID».




2.Yemy paBHO o00IIee CONPOTHUBICHHWE IIEMU TPU IOCICIOBATEIHLHOM
COEJIMHEHUU CONPOTUBIICHUMN?

3. Uemy paBHa oOmasi IpOBOJUMOCTh ILIETIH MPU MapajlIeIbHOM COCIMHEHHUH
COIIPOTHUBIICHUI?

4. Yemy paBHO oOlIee COMPOTHBJICHHE ILIEMH MPU CMEIIAaHHOM COCAUHEHUU
COIIPOTUBIICHUI?

5. Kak nonnmaercs u ynraercs 3akoH Oma Uil 3aJTaHHBIX CXeM?

JlabopaTtopnasi pa6ora Ne 5 Tema 3ansitusi: 3aKOHBI NOCTOSIHHOTO TOKA.
DJIEKTPUYECKNH TOK B MOJYNPOBOJIHUKAX.

Heab padorsl: onpeaenuts J/C 1 BHyTpEHHEE COITPOTUBIIEHNE NCTOYHUKA
IOCTOSTHHOTO TOKa M OLEHUTH MPABONOA00HOCTh NOJYyYEHHBIX PE3yIbTaTOB.
Ilepeuenb ucnosib3yemoro ooopyaosanusi: nictounuk JJ[C, kirou, amnepmerp,
BOJIBTMETP, TPU PE3UCTOPA C U3BECTHBIMU COIIPOTUBIICHUAMU, COCTUHUTEIILHBIE

IIPOBOJHHKH, PCOCTAT.

TeopnaneCKaﬂ 4acCTb

PaboTa BBITIOTHAETCS ¢ MOMOIIBIO JIEKTPUUYECKON LIETIH, COCTOSIIEH U3
MOCJIEI0BATEIbHO COCAUHEHHBIX JIEMEHTOB: ucTouHuka JJ[C, kitoua,
aMIiepMeTpa U pe3ucTopa ¢ U3BECTHBIM CONMPOTUBIICHUEM. V3MepsieTcs cuma Toka
B IICIM MPU 3aMKHYTOM KJTIIOYE.

Ipumeuanue: Vcrionb3oBaTh PE3UCTOPHI C MAIBIM COTIPOTUBIICHUEM HE
peKOMeHyeTcsl, T.K. Oy/neT cka3biBaThes 3(DPEeKT HarpeBaHUs pe3UCTOPOB U
U3MEHEHHUE X COTPOTUIICHHUS.

Janee B ienu pe3ucTop 3aMEHSIETCS IPYTUM U U3MEPSETCS CUjla TOKa B LIETIH B
HOBOM ciydae. [{ist oboux cimydaeB 3akoH OMa Jij1sl 3aMKHYTOM 1ienu Oyiet
BBITJISLIIETH cienyromum oopazom: £ =11 (Ry + 1), E = [(Rz +1).
KoMmOuHupys Tpems pe3ucTopaMu ¢ U3BECTHBIMU CONPOTUBIICHUSIMU, MOMKHO
MPOBECTU TPH TMAPhI MOIOOHBIX U3MEPEHUMN.

Xox paboThI.

1. IToaroTOBBTE AUCTHI IJI OTYETA O pabOTE C MPEABAPUTEIHLHBIMU 3aITUCSIMHU.
2. CobepuTe 2NIEKTPUUYECKYIO 1IETIh, COCTOSIIYIO U3 TOCIEA0BATEILHO
COCIMHEHHBIX 2JIeMeHTOB: ncrounuka IJ1C, kiroua, aMriepMeTpa U pe3ucTopa ¢
W3BECTHBIM COMPOTUBIICHUEM. V3MephTe CHITy TOKA B IETH MPU 3aMKHYTOM
KITFOYE.



3. 3amMeHuTE pe3UCTOpP HOBBIM M U3MEPHTE CHIIy TOKA B LIENU B JAHHOM ClTy4ae.
[TpoBenuTe aHaIOTMYHBIE IEHCTBUS C TPETHUM pe3UCTOpOM. Pe3ynbTaTsl

U3MEPEHUI 3aHECUTE B TaOIULLy.
4. IIposenute Beruucnenus J/]C ncTouHnKa TOKa U BHYTPEHHETO CONPOTUBIICHUS
MCTOYHMKA JJIs1 IEPBOIO U BTOPOTO, JUIsl IEPBOTO U TPETHETO, 1JI1 BTOPOIO U

TpeThero ciaydaes 1o cieayromuM Gopmynam: I = (I1R1 — LbR)/(1, — 1h), E =

l112(R2 — R1)/(11 — 1).
5. I[loacunTaiiTe BETMYMHBI OTHOCUTEIBHON U a0COMIOTHOM NOTPEIIHOCTEH,
00paboTaB BHIYUCIIEHUSI METOJIOM CPETHETO apU(PMETHIECKOTO.
6. Cnenaiite BRIBOJBI O MPOICTaHHON padoTe.

Conepskanue ordyera, GpopmMa U npaBujia 0(popMIICHUS OTYETA O

BBINIOJIHEHHOI padoTe: Tadinua.

Cuna Bayrpeunee AOcoirroTHas
DAC | A6comorHas yp
tToka | COnpoOTHBIICHHE COINPOTHBIICHUE| MMOTPEIIHOCTb
No MCTOYHHUKA| MOIPEITHOCTh
2 B pe3ucropa ToKa DJIC HUCTOYHHUKA BHYTPEHHETO
LEu TOKA COIPOTHUBIICHUS
OHI)ITal | | R E AE r Ar |
| A | Om B B OMm OMm |
1
2
3
3agjanuss M BOHNpPOCHI A (POPMHUPOBAHUA W KOHTPOJS BJAJACHUA

KOMIICTCHIIUAAMM.

KoHTpoJsbHBIE BONIPOCHI

1. ITouemy nmokazaHust BOJIbTMETPA IPU PA3OMKHYTOM U 3aMKHYTOM KJIIOUE

pa3JInYHbI?

2. Kak noBsicuTh TOUHOCTH U3Mepenns DJIC ncrounuka Toka? Pe3uctopsl ¢
KaKUMU COTIPOTUBIICHUSIMU yI00HEE UCII0JIb30BaTh B JaHHOU paboTe?

3. [louemy aGcostoTHast U OTHOCUTENbHAs norpemHocT J/1C 1 BHYyTpeHHETO
CONPOTHUBJICHUS! UCTOYHMKA TOKA B IaHHOM pabOTe CTOJb 3HAYNTEIbHBIE?

4. Kak BiIAsieT U3MEHEHUE TEMIIEPATYPBI PE3UCTOPA IIPU HAIPEBAHUM HA
pE3yNbTaThl UBMEPEHUM B TaHHOW paboTe?

JlabopaTtopHnasi pa6ora Ne 6 Tema 3ausitusi: MarHuTHoe 1mo.ie.
DJIEKTPOMATHUTHAS MHAYKIHA.

Heab padoThl: u3yyums yciosus 603HUKHOG8EHUSL UHOYKYUOHH020 moka, I/[C

UHOYKYUU.



IlepedyeHb UCNOJIBL3yeMOro 000PYAOBAHMS: KAMYUIKA, 084 NOJOCOBLIX MASHUMA,
MUTLTUAMNEPMEMD .

Teopurnyeckasi 4acTb

B3anMHas cBsI3b 2JIEKTPUYECKUX M MATHUTHBIX MOJICH ObLTa yCTaHOBJICHA
BBIJIAIOIIMMCS aHTIuiCcKUM u3ukom M. @apaieem B 1831 r. OH OTKpBUI SABICHUE
3JIEKTPOMATHUTHOM MHAYKIIHH.

MHorouuciieHHbIe onbIThl dDapajiest MoKa3pIBalOT, YTO C IMOMOIIBI0 MAarHUTHOT'O
MOJIS1 MOYKHO MOJYYUTH DJIEKTPUUYECKHUIM TOK B TPOBOJIHUKE.

SBJIeHUE IEeKTPOMATHUTHON UHAYKIIUM 3AKTI0UAEMCsl 8 6O3HUKHOBEHUU
INEKMPUYECKO20 MOKA 8 3AMKHYMOM KOHMYpe Npu UsMeHeHUU MAZHUMHO20
NOMOKA, NPOHU3LIBAIOULE20 KOHMYP.

Tox, so3nuxaowull npu AGIeHUU INEKMPOMASHUMHOU UHOYKYUU, HA3bIBAIOM
UHIYKIUOHHBIM.

B anexTpudeckoii nienu (pucyHOK 1) BOZHMKAeT MHAYKIITMOHHBIN TOK, €CITH €CTh
JIBH)KCHUE MarHuTa OTHOCUTENIBHO KaTYIIKH, WK Hao0opoT. HanpasieHue
MHIYKIIMOHHOTO TOKa 3aBHUCHUT KaK OT HaMpaBJICHUS JBU)KEHUSI MarHUTa, Tak U OT
PACITOJIOKEHUS €T0 MOM0COB. IHAYKIIMOHHBIN TOK OTCYTCTBYET, €CIU HET

OTHOCHUTCIIbHOT'O IICPEMCIICHUA KaTYIIKW U MAarHuTa.

Pucynox 1.

CTpOFO roBOps, IPU JIBMKCHUHU KOHTYPA B MAIrHUTHOM I10JIC TCHCPHUPYCTCA HEC

OHpC)]eJIeHHBIfI TOK , a OIMpCACIICHHAs] 3. . C.

-
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;'.gt >» B \v

Pucynox 2.



dapajeil SKCIepUMEHTAIBHO YCTAHOBUII, YTO NPU USMEHEHUU MACHUMHO20
nomoxa 6 npogoosawem koumype eoznuxaem I/[C unoykyuu E,,o, pasnas
CKOPOCMU USMEHEHUsL MACHUMHO20 NOMOKA Yepe3 NOBEPXHOCTb, 02PAHUYEHHYIO

KOHmMypom, 8351MO1l CO 3HAKOM MUHYC.
Y

Pt

Ota opmyna BeipakaeT 3akoH Dapajesi: 9. 0. ¢. UHOYKYUU PABHA CKOPOCHLU
U3MEHEHUA MACHUMHO20 NOMOKA Yepe3 NOBEPXHOCH b, 0ZPAHUYEHHYIO
KOHmMypom.

3Hak MUHYC B (hopMmylie OTpaxaeT mpaBuio JleHua.

B 1833 roay JleH11 ONBITHBIM ITyTEM A0Ka3all YTBEPKICHHUE, KOTOPOE
HA3bIBACTCS MPABWIOM JleHa: uHOyKyuoOHHbII MOK, 8030YHCOAEMbLIL 6
3AMKHYMOM KOHMYPE NPU USMEHEHUU MAZHUMHO020 NOMOKA, 6Ce20a HANPAaéieH
mak, umo co3oagaemoe um MAZHUMHoe noJie NPEenAmCcmeyen UmMeHeHuIo
MAZHUMHO20 NOMOKA, 6bI3bl6AIOULE20 UHOYKUUOHHDLIL MOK.

IIpu Bo3pacTannu MarHuTHOro moroka ®>0, a g,,; <0, T.€. 7. 1. C.
WHJIYKIIMHU BBI3BIBACT TOK TAKOT'O HANPaBJICHUS, IPU KOTOPOM €r0 MarHUTHOE TOJIe
YMEHBIIIAET MAarHUTHBIN OTOK Yepe3 KOHTYP.

IIpu ymeHb1IeHUM MArHUTHOTO NTOTOKA D<0, a &, > 0, T.€. MATHUTHOE TOJIE
WHYKITMOHHOTO TOKA YBETUYMBACT YOBIBAIOIINI MAaTHUTHBIN MMOTOK Yepe3 KOHTYP.

IpaBuio Jlenna nmeer rry0okuil (pM3NUecKU CMBIC — OHO 8blpadcaem
30KOH COXPAHEeHUs dHep2ul: €CJIM MarHUTHOE TI0JI€ Yepe3 KOHTYP YBEJIUYUBAECTCS,
TO TOK B KOHTYpE HalpaBJIeH TaK, YTO €r0 MarHUTHOE T0JI€ HAIIPABJIEHO MPOTHUB
BHEIIIHETO, a €CJIM BHEIIHEE MAarHUTHOE T0JI€ Ye€PE3 KOHTYP YMEHBIIIAETCS, TO TOK
HaIpaBJIeH TaK, 9YTO €r0 MAarHUTHOE TOJIE MOIEPKUBACT ATO YOBIBAOIIICE
MarHUuTHOE TOJIe€.

Xoa padoThl.

[ToaroroBbTe AJIs OTYETA TAOIUILY U IO MEPE MPOBEICHUS OTIBITOB 3aIMIOTHUTE €.

HanpasJienust
OTKJIOHEHH S
IMokazan  crpeiaku HanpasJienue
Ne HeiicTBus ¢ us MIJLIHAMIIEP-| HHAYKIHMOHHOIO TOKA

n/n MATHUTOM U MUJLJTH- MeTpa (mo mpaBuity JleHua)



KaTYIIKOH

BBICTPO BCTAaBUTH
MArHuT B KaTyIIKY
CEBEPHBIM IOJIOCOM
OcTaBUTH MarHuT B
KaTyIIIKE
HENOJIBUKHBIM
rocJie omnbITa 1
BBICTPO BHITAIIUTH

MAaravuT U3 KaTYIIKH

bricTpo npubIM3uTh
KaTYIIKY K
CEBEPHOMY TOJIFOCY
Mar"HuTa

OcCTaBUTh KaTyILIKY
HEIOABM)KHOM MOCIIE
onbITa 4

bhICTpO BBITAIIUTH
KaTYyIIKY OT
CEBEPHOTO IMOJIFOCA
Mar"HuTa

MenjieHHO BCTaBUTD
B KaTYyIIIKy MarHUT
CEBEPHBIM TOJFOCOM
MeieHHo
BBITAIIIUTH MAarHuT
13 KaTYIIKA

bpICTpO BCTABUTH B
KATYyLIKy 2 MarHura

CCBCPHBIMHA

aMrepmeTr

pa,
MA

(Bmpaso,
BJIEBO WJIM HE

OTKJIAHSIETCS)

=

e



ITOJIIOCaMH

10 bsicTpo BCTaBUTH

MAarHuT B KaTyIIKYy .

IO’KHBIM ITOJIIOCOM

11 BsicTpo BHITAIUTH

()

=
5 8

MArHUT U3 KATYIIKHA < ;
y . [ ;JLE: ; ]

nocJie onbiTa 10

12 BeicTpo BCTaBUTH B

S 3
KaTyIlIKy 2 MarHuTa ——[— [ ;z ,L?Jj

FO>KHBIMU ITOJIFOCaMU

3anucaTh OOUIMIT BBIBOJI IO pabOTe Ha OCHOBE MPOBEIEHHBIX HAOIIOACHUM.

Conepsxkanue ordyera, GpopmMa U npaBujia 0(popMiICHUS 0TYETA O

BBINIOJIHEHHOI padoTe: Tadinua.

Sauamm H BOIIPOCHI JIsA q)Ole/IpOBaHl/IH U KOHTPOJA BJIaJICHUA

KOMIIETCHLMSIMH.
KoHTpoJsibHBIE BONIPOCHI

1. B yeM 3akiro4aeTcs sIBJICHUE JICKTPOMArHUTHOM UHIYKITAN?

2. Kaxko#t Tok Ha3bIBalOT UHTYKIIUOHHBIM?

3. ChopmynupyiTe 3aK0H dJIEKTPOMArHuTHON MHAYKIuU. Kakoit popmynoit

OH OIUCKHIBAETCS?

4. Kak popmynupyercs npasuiio Jlenma?

5. Kakona cBs13b npapuia JIeHIIa ¢ 3aKOHOM COXpaHEHUsI DHEpTrun?

JlaGopaTopHnasi padora Ne / Tema 3ausitusi: MexaHuveckue Kojie0aHUs U

yIpyrue BOJIHbI.

eab padoThI: COCTOUT B SKCIIEPUMEHTAIILHON TIPOBEPKE (POPMYIIHI,
CBSI3BIBAIOIICH TIEpHO/I KOJIcOaHMI MasSTHUKA C JITTHHOM €ro ImojBeca.

IlepeyeHb UCIOJIB3YEMOT0 000PYI0BAHMSA . IIITATUB C NTEPEKIAANHON U MYy TOH,
HUTH C METJISIMU HA KOHIIAX, TPY3 C KPIOUKOM, JINHEKA, SJIEKTPOHHBIA CEKYHIOMEDP

Teopurnyeckas 4acrTb



Paccmotpum KonebaHust HUTSHOTO MasiTHUKA, T.€. HEOOBIIOTO Tena (Hanpumep,
HIapyKa), MoABEUIEHHOrO Ha HUTH, JUIMHA KOTOPOW 3HAYUTEIBHO MPEBBIIIACT
pasMepsl camoro Tena. Eciii apuk OTKIOHUTH OT IOJIOKEHUS PAaBHOBECUS U
OTILYyCTUTh, TO OH HA4HET KoJjiebaThcs. CHavana MasiTHUK JBUYKETCS C
HapacTarolIe CKOPOCTHIO BHU3. B M0JI0)KEHUH paBHOBECUS CKOPOCTH LIIApUKA HE
paBHA HYJIIO, U OH 10 UHEPLUHU IBHKETCS BBEPX. [10 JOCTMKEHNN HaWBBICIIETO

IMMOJIOKCHMA IIaPUK CHOBA HAYMHACT ABUTI'AaTbCA BHU3. 210 6y,HYT CBO6OI[HI>I€

KOJIcOaHMs MasSTHHUKA.
0

F, F-mgVF
CB000HbIE KOJIEOAHUS — 910 KONeOAHUsl, KOMOPble BOZHUKAION 8 cucmeme noo
delicmeuem 6HYMpPEeHHUX CUJL, NOCJle MO20, KaK cucmema Oblla 6bl86e0eHa U3
NOJIOHCEHUSL YCMOUYUBO2O PABHOBECUSL.

KonebarenbHoe IBUKEHUE XapaKTEPU3YIOT aMILUTUTYA0U, IEPUOOM U 4aCTOTOM
KOJICOaHMIA.

AMILUTUTY/IA KOJIe0aHUIl - 5TO HauOOJIbIIee CMEILIEHUE KOJIEOIOIIErocs Tejla OT
nosiokeHus paBHoBecHs. O0o3Havaercs A. Enununa nsmepenus - Metp [1m].
Ilepuoa kosedanmii - 5TO BpeMsi, 3a KOTOPOE TEJIO COBEPIIAET OJIHO MOJTHOE
kosnebanne. O6o3nauaercs T. Eqununa nzmepenus - cexkynaa [1c].

YacrtoTa KoedaHMi - HTO YUCIIO KOJIeOaHH, COBEpIIAeMbIX 33 EUHUILY
BpemeHu. O6o3nauaercs v. Enunanima nsmepenus - repi [ 117].

Teno, moABEIIEHHOE HA HEBECOMOM HEPACTSKUMOU HUTH HA3BIBAKOT
MaTeMaTHYeCKUM MASITHUKOM.

[Tepron xonebaHuii MaTeMaTHICCKOTO MasTHUKA OTIPEICIIICTCS

T=2nm Jz
bopmyIIoi: £ (1), rne | — nuna mozBeca, a § — yCKOPEHHE CBOOOIHOTO

MaJICHUS.



Xox padoThI.

1. ITonroroBeTe TaONMILY /715 3AMIUCH PE3YIbTATOB U3MEPEHUM U BBIYUCIICHUN:

2. 3akpenure nepekIaanuHy B My(Te y BEpXHEro Kpas crepxkHs mrarusa. [lItatus
pa3MecTUTE Ha CTOJIE TaK, YTOObI KOHEL EPEKIIaUHbI BEICTYIIAN 32 Kpal
NOBEPXHOCTH cToJa. [lo/iBechTe K NepeknaiuHe ¢ MOMOILBIO HUTH OJUH IPy3 U3
Habopa. PaccTosiHMEe OT TOUKM 1MOBEca /10 LIEHTpa Irpy3a JOJKHO ObITh 25-30 cMm.
3. [loaroToBbTE SAEKTPOHHBIN CEKYHAOMEDP K paboTe B pyYHOM PEKUME.

4. OTkyI0oHMUTE TPYy3 Ha 5-6 CM OT MOJIO’KEHUSI PABHOBECHUS U 3aMEpbTE BpeMs, 3a
KOoTOpoe rpy3 coBepiuT 30 MoJIHBIX KoseOaHul (MIpU OTKJIOHEHUH Tpy3a CIEIUTE,
YTOOBI YT0Jl OTKJIOHEHHUS HE OBbLT BEJIUK).

5. IloBTopute n3mepenue 3-4 pasa U OpeneIuTe CPEIHEE BPEMS
tcplz(t1+t2+t3+t4)/4

6. Beruucnure nepuoa kosiebaHus rpys3a ¢ JJIMHOM nojiBeca 25-30 cm 1o

bopmyie
7. YBenuubTe JJIMHY NIOABECA B YETHIPE paza.

8. HOBTOpI/ITe CCPHUIO OIIBITOB C MAATHHUKOM HOBOU JJIWHBI 1 BBIYUCIIUTC CI'O

R
Sanui S
nepuo Koiedbanuit mo popmye :
N
Yy =—
9. Beluucnure 4acToThl KOJeOaHUM 1711 00€MX MasiTHUKOB 10 (opMysiam a3l
N
Vy=—
U a2

10. CpaBHuUTE TIEpHOJIbI KOJIEOAHUN ABYX MATHUKOB, JJIMHBI KOTOPBIX OTINYAIHUCH
B UCTHIPE pa3a, U CIENIAiiTe BBIBOJI OTHOCHTEIBHO CIPABEIIMBOCTU (Gopmylbi (1).
VYKaxuTe BO3MOKHbIE IPUYUHBI PACXOKICHUS PE3YIIHTATOB.

11. OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI.

Conep:xkanue oruera, Gpopma u npaBujia o(popmiIeHUs1 0TYETA O
BBINOJIHEHHOI padoTe: TabnwuIa.
L m Ne N t, c tep, € T, ¢ v, I'n

OIIbITA
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3amanuss M Bompochl s (GopMUpPOBAHMS W KOHTPOJISl BJIaJdeHUs!
KOMIIETCHIMSIMH.
KoHTpobHbIE BONPOCHI

1. Yto Ha3bIBAIOT NEPUOJIOM KOJIEOAHU MAITHUKA?

2. YT0 Ha3BpIBAIOT 4aCTOTON KoJicOaunuii MasiTuuka? KakoBa eqrMHHIIa YaCTOTHI
KOJICOaHM1?

3. OT KaKuX BEJIMYMH U KaK 3aBUCHUT MEPUOJI KOJICOaHUN MaTEMaTUYECKOTO
MasiTHUKa?

4. OT KaKuX BEJIMYMH U KaK 3aBUCUT MEPUOJ KOJIEOAaHUHN TIPYKUHHOTO MasiTHUKA?

5. Kakue kosie0anusa Ha3bIBAIOT COOCTBEHHBIMMU?

JlabopaTtopHasi padora Ne 8 Tema 3aHsTHSI: DJIeKTPOMATHUTHBIE KOJIEOAHMS
U BOJIHBI.

HCJIB paﬁoTBI: HN3Y4YHUTb 3aBUCHUMOCTb CMKOCTHOT'O 1 HHAYKTUBHOT'O
COHpOTI/IBJIeHI/Iﬁ OT 4aCTOThI IICPCMCHHOI'O TOKA 1 IIapaMCTPOB 3JICMCHTOB.

IlepedyeHb NCMOIB3yeMOro 000PYA0BAHMS . KOHJIEHCATOP, KaTyIIKa, UICTOYHUK
MUTAHUS, TEHEPATOP, PEOCTAT, BOJIbTMETP.

Teopurnyeckasi 4acTb

B nenu nepeMeHHOro Toka KpoMe pe3uCTOPOB MOTYT UCIIOJIH30BAThCS KATYIIIKU
WHYKTUBHOCTH U KOHJIEHCATOPHI. JJIsI MOCTOSIHHOTO TOKA KaTyIlKa
WHIYKTUBHOCTH UMEET TOJBKO aKTUBHOE COMPOTUBIICHUE, KOTOPOE OOBIYHO
HEBEJIMKO (€CJIM KaTyIIKa HE COJECPKUT OOJIbIIIOE KOJUYECTBO BUTKOB).
KonneHncaTop e B 1IeH MOCTOSIHHOTO TOKa MpeCcTaBisIeT "pa3pbiB” (0O4CHB
0O0JIBIIOE AKTUBHOE COMPOTUBIICHKE). J{JI TEPEMEHHOTO TOKA 3TH SJIEMEHTHI
o0naaroT cnenuuIecKuM PEaKTHBHBIM COITPOTUBIICHHEM, KOTOPOE 3aBUCUT KaK



OT HOMUHAJIOB JIETaJIeH, TAK U OT YaCTOThI IEPEMEHHOTO TOKA, IPOTEKAIOIIETO
4yepes3 KaTyLIKy U KOHAEHCATOP.

1.1. Karymika B ienu nepeMeHHOro ToKa.

PaccmoTpum, 4TO MPOUCXOUT B LIETH, COJAEPKAIIEH PESUCTOP U KATYLIKY
UHIYKTUBHOCTHU. KonebaHus cuiibl TOKa, MPOTEKAIOIIETO Yepe3 KaTyIIKY:

i=1, -cos(wt)

BBI3BIBAIOT MMA/ICHUE HAIIPSKEHUS HA KOHIAX KATYIIKU B COOTBETCTBUU C 3aKOHOM
CaMOMHIYKIMH U TipaBuiioM JleHua:

d ) .
iy = L—I =—Loof,, s ok ) = w1, cos(oé + 1/ 2)
ot

T.€. KOJIeOaHUs HANPSDKEHUS OTIEPEXaroT 1Mo ¢a3ze KoueOaHus CHIIbI TOKa Ha p /2.
[IpousBenenue w Ll siBisieTcs aMIinTy 101 KojaeOaHusl HanpsyKEHUS :

U =wlifl,,

[IpousBeneHnEe NUKIMYECKON YaCTOThl HA MHIYKTUBHOCTH HA3bIBAIOT
UHOYKMUBHBIM CONPOMuUGIeHueM KaTyIlIKu:

X;=wl (1)

MIOATOMY CBSI3b MEXY AMIUIUTYIAMU HAIPSKEHUS U TOKA HA KaTYIIKE COBIAIAET
1o gpopMme ¢ 3akoHOM OMa ISl yJacTKa LEMH MOCTOSIHHOTO TOKA:
UL =Xl (2)
Kaxk BumHO 13 BeipakeHus (1), MHIYKTUBHOE COMPOTUBIICHUE HE SIBISIETCS
ITOCTOSIHHOM BEJIMYMHOM ISl JAHHOW KaTYIIKH, a MPOIIOPLUHUOHAIBHO 4YaCTOTE
NEPEMEHHOT0 TOKa yepe3 Karymiky. [loaromy ammmryaa konebanuit cuibl Toka Iy
B ITPOBOJIHUKE C MHIYKTUBHOCTHIO L Tipu mocTosiHHOM ammuintyae UL HanpsokeHus
yOBIBa€T 00PAaTHO MPOMOPLUOHATIBHO YACTOTE MEPEMEHHOIO TOKA:

o
I,=—=

L .
1.2. KoHzieHcaTop B LIETIH EPEMEHHOTO TOKA.
[Tpu n3MeHeHnn HanpsHKEHUs Ha 00KIJIaIKaX KOHIEHCATOPa M0 TapMOHUYECKOMY

3aKony: “C ~ U, cos(wt)

3apsia ( Ha ero O6KJI3I[KaX HU3MCHACTCA TAKIKC I10 'APMOHHNYCCKOMY 3aKOHY:
g = Cup = CU, cos(t)
DJIEKTPUYECKHI TOK B LIETIH BOBHUKAET B PE3YJIbTATE U3MEHECHUS 3apsiia

KOHJIEHCATOpa, 03TOMY K0JIeOaHHUs CUJIbI TOKA B LIETIH Oy1yT MPOUCXOIUTH IO
3aKOHY:

d . -
i= T — U, sl of ) = l'UT, cos(of +m/2)

BunHo, 9T0 KOIe0aHNs HANPsDKEHUS Ha KOHIAECHCATOPE OTCTAIOT 1O (pase ot
KoJiebanuii cuitbl Toka Ha p /2. [IpousBenenne w CUp, siBIseTCS aMIUIATY 10U
KOJICOAHHI CUITBI TOKA:

I, =wClU,,

AHaOTUYHO TOMY, KaK OBLIO CIENIaHO C UHIYKTUBHOCTHIO, BBEJEM TIOHSITHE
eMKOCMHO20 COnpomusieHus KOHAeHcaTopa:



1

XYoo=

(08 (3)
JIIs KOHJEHCATOPa MOJTy4aeM COOTHOILICHHE, aHAJIOTUYHOE 3akoHy OMma:
Ue =Xl (g)

dopmyisl (2) u (4) cripaBeNIUBBI U 17151 2)GEKTUBHBIX 3HAYCHUM TOKa U
HaNPSDKEHUSI.

Xoxa padoThI.

1. CobGepurte 1ienb NOKa3aHHYIO Ha PUCYHKE 1.

2. YCTaHOBHUTE CIEIYIOIINE 3HAYCHUS TapaMETPOB:

I'eneparop — Hanpspkenue (3¢ dextunoe) 100 B, vacrora 100 I'ny;

Konnencatop — pabouee namnpspkenue 400 B, emxocts 10 MkD;

Pesuctop — padbouas momnocth 500 BT, conpotusienue 100 Om.

3. U3mensia emxocth koHAeHcaTopa oT 5 10 50 Mx®D (depes S mx®d), 3anumure
IOKa3aHus BOJIbTMETPOB (HaNpsKEHUE Ha KOHACHCATOPE U Ha PE3UCTOPE).

4. Paccunraiite 3¢(hpeKTHUBHOE 3HAUEHHUE TOKOB, TEKYIIHUX B IIETH, B 3aBUCUMOCTH
OT 3HaYEHUS] EMKOCTU KOHAEHCcAaTopa (J1s 3TOr0 Ha/l0 HANpsKEHUE Ha PE3UCTOPE
pa3zIeaUTh Ha €r0 CONPOTHUBIICHHUE).

5. Onpenenute 3HaUEHUS] EMKOCTHBIX CONPOTUBIIEHUH KOHIEHCATOpa IS
COOTBETCTBYIOIIMX 3HAYEHUN €r0 EMKOCTH U CPABHUTE UX C PACCUYUTAHHBIMH I10
dbopmyne (3).

6. YcranoBute eMkocTh KoHaeHcaTopa 10 Mx®. M3MeHsIst 9acToTy TeHeparopa oT
20 o 100 I'y uepes 10 ', moBTOpHUTE U3MEPEHHUS U PACUETHI EMKOCTHOTO

COIIPOTHUBJICHUA B 3aBUCUMOCTH OT 4aCTOTHI ICPEMCHHOT'O TOKaA.
m

[
© " | @Y k|| ®
Zf06epHTe LEIb [TOKa3aHHYIO Ha PUCYHKE 2.
Puc.1. Puc.2.

8. YcTranoBuTe ciieayromue 3HaYCHUS MapaMeTpOB:

['eneparop — Hanpspkenue (3¢ dextusnoe) 100 B, vacrora 100 I'ny;

Karymika - uagyktuBHOCTH 50 MI H;

Pesuctop — pabouas momnocts 500 BT, conpoTtusienue 100 Om.

9. U3mensia nHaykTUBHOCTD Katymku oT 50 1o 500 mI'H (uepe3 50 mI'n),
3aMUIITUTE MOKa3aHUs BOJIBTMETPOB (HAMPsDKEHNE HAa KATYIIKE U Ha PE3UCTOpPE).

10.  Paccuwmraiite 3pdekTUBHOE 3HAaUEHUE TOKOB, TEKYIIIUX B IIETH, B
3aBHCHMOCTH OT 3HAYEHHS UHIYKTUBHOCTHU KaTYIIKU (AJ1s1 3TOTO HA/10
HaNpPsDKEHUE Ha PE3UCTOPE Pa3AETUTh HAa €r0 COMPOTUBIICHUE).



11. Onpenenure UHAYKTUBHBIE CONMPOTUBIICHMS KATYIIKHU IS
COOTBETCTBYIOIINX 3HAUYCHUN €€ UHAYKTUBHOCTH U CPABHUTE UX C
paccunTaHHbBIMH TI0 popmysie (1).

12.  VYcranoBute MUHAYKTUBHOCTH KaTymku 100 mI'H. 3MeHss yactoTy
reneparopa ot 20 g0 100 I'y uepes 10 ', HOBTOpUTE U3MEPEHUS U PACUETHI
UHAYKTUBHOTO COMPOTUBJICHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOI0 TOKA..

13. TloctpoiiTe rpaduku 3aBUCUMOCTEN HHIYKTUBHOTO U EMKOCTHOTO
CONPOTHUBIIEHUH OT YAaCTOTHI IEPEMEHHOTO TOKA.

3aﬂaHHH H BOIIPOCHI JIsA q)Ole/IpOBaHl/Iﬂ H KOHTPOJA BJAACHUA
KOMIICTCHIIUAMM.
KOHTpOJILHI)Ie BOIIPOCHI

l. HO“IGMY CMKOCTHOC COIIPOTHUBJICHUC YMCHBIIACTCS C YBCIIMYCHUCM 1aCTOThI
MICPCMCHHOI'O TOK a, THAYKTHBHOC COIIPOTHUBJICHHUC — YBGJII/ILII/IBaeTCH?

2. KakoBbl pa3Huiisl pa3 Mexay TOKOM U HAPSDKEHUEM ISl KaTYIIKU U
KOHJeHcaTropa?

3. B kakux CAMHHUIAX U3MCPAIOTCA CMKOCTHOC 1 HHAYKTHBHOC COHpOTHBHeHHH?

4. Kak 3anuceiBaeTcst aHayior 3akoHa OMa juist MakcUuMalbHbIX (3¢ ()EKTUBHBIX)
3HAYEHUH TOKA U HAMPSHKEHUS JUIsl PEAKTUBHBIX 3JIEMEHTOB — KOHJIEHCATOPA U
KaTYIIKU UHTYKTUBHOCTHU?

JlabopaTtopnasi pa6ora Ne 9 Tema 3anustus: Ilpupona csera.

Heab padoThl: HAYYUTHCS NOIYYaTh YMEHBIICHHbIE HU300paKEHUS IPEIMETOB C
MOMOILBIO COOMpPArOUIEH JIMH3bI, FEOMETPUUYECKUMHU MMOCTPOCHUSIMH ONPEAEIATh
ONTUYECKYIO CUITY JIMH3BI, I0JIb30BAThCS (POPMYIION JINH3HI.

Ilepeyens ucnoJib3yeMoro o0opyaoBaHusi: coOuparoias JTMH3a Ha MOCTABKE;
Jammna Jiisi KApMaHHOTO (pOHApHKa Ha MOACTaBKE C UICTOUHUKOM MUTaHUsI; OebIi
DKpaH; U3MEPUTEIIbHAS JIMHENKA.

Teopurnueckass yacTb

OTHoOIIIEHHE CKOPOCTH CBETa B BaKyyM€ C K CKOPOCTU CBE€Ta U B JaHHOU
cpelie Ha3bIBaeTCsl a0COIOTHBIM MOKa3aTEeIeM MPEIOMIICHHSI 3TON CPEJIbI:
c
n="=\Jeu~e.
v
3necbs W , - OTO OTHOCUTEJbHBIE ITUAJIEKTpUUYECKass M  MarHuUTHas

IPOHUIIAEMOCTH cpefbl, L ~ 1 s HedeppoMarHuTHBIX cpef. s moboi cpensl,



KpoMe BakyyMa, € >1 u n>1. BenuuuHa €, a cienoBaTebHO U N 3aBUCUT OT YACTOTHI
CBETa U COCTOSHUSL cpefbl (€€ MIOTHOCTH M Temmeparypsl). [ns razoB mnpu
HOPMAJIBHBIX YCJIOBUSIX I OJIU3KO K €AMHMIIBI. B aHU30TpOMHBIX cpefax N 3aBUCHUT
OT HANpPAaBJIEHUS PACIIPOCTPAHEHUS CBETA U €0 MOJISIPU3ALUU.

OTHOCUTENBHBIM NOKa3aTeaeM NpEJIOMIIEHUS. Np1  BTOPOWM  CpPEIb
OTHOCHUTEJIBHO TIEPBOM HA3bIBAETCS OTHOILLICHHE CKOPOCTEM CBE€Ta V1 H 1
COOTBETCTBEHHO, B IEPBOI U BTOPO Ccpellax:

pobi_m

21
v, n

re N1 u Ny - abCOMOTHBIE TTOKA3aTENN MPETOMIICHUS CBETa MIEPBOIl U BTOPO cpel.

Ecau ny;>1 , To BTOpast cpena Ha3bIBaeTCsl ONTUYECKH OO0Jee-TIJIOTHOM, YyeM
repBas cpena.

[Ipu mageHun CBETOBBIX JIy4ell HA MIEAJIbHO IUIOCKYIO TPaHUIly pas3fiena JBYX
cped, pa3Mepbl KOTOPOM 3HAYMTEIBHO MPEBBIIAIOT JJIUHY BOJHBI, MPOUCXOIAT
ABJICHUSI OTPAKECHUS U MPEIOMIICHUS cBeTa. HarmpaBiieHne paciipoCTpaHEHUsI CBETA
VU3MEHSETCST NPU MEPEXOJE €ro BO BTOPYI Cpedy, 3a MCKIKOYECHHEM Ciydast
NEPIEHANKYJIAPHOTO TaJCHUS JIydell Ha TpaHHIly pasfena. YTJIOM HaacHUs |
Ha3bIBACTCA YroJ MEXIAy MNaJalolluM Jy4OM M MEPHEHIUKYJISIpOM K TpaHULEe
paszesnia, BOCCTAHOBJICHHBIM B TOYKE MajieHus (puc.1).

1
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puc.1

VYoM oTpakeHust |' Ha3bIBACTCS YroJl MEXKIY OTPAKESHHBIM JIYYOM U TEM Ke
MEePICHAUKYJISIPOM. YTIIOM NPEIOMIIEHUS I HA3bIBACTCS YTOJ MEXKITY
MPEIIOMJICHHBIM JIY4YOM U TEM K€ MEPIEHIUKYIISIPOM.

3aKOHBI OTPAKEHUS CBETA:

a) Ilagaromuii ay4, OTpa)KEHHBIA Jy4 W MEPIECHAUKYJSIP K TpaHUlle pa3aena
JIBYX Cp€J, BOCCTAHOBJICHHBI B TOYKE MaJEHUA JIyya, JIe)KAaT B OJHOU MIOCKOCTH.

0) Yron oTpakeHus paBeH yriay najgenus i=i' (puc la).

3aK0oHBI OTpPaKCHHS CIPaBEUIMBBI TPU OOpPAaTHOM HAIMpPaBICHUH XOJa
CBETOBBIX JIyuel. Jlyd, paclpOCTpaHSIOIMICA O MYTH OTPAXKEHHOIO, OTPAKAETCS
M0 IyTH MaJaroNIero Jiydya (00paTuMOCTh X0/1a CBETOBBIX Jyueit) (puc 1 0).

OTpaxeHue CBeTa, YJIOBIECTBOPSIONIEE ITUM 3aKOHAM, Ha3bIBACTCS
3epKajbHbIM. ECM yclioBHE 3€pKAIBHOCTH OTPAYKEHUSI HE BBINIOJIHIETCS, TO 3aKOHBI
OTpaXEHUs HECHPABEMJIMBbl M OTPaKEHUWE CBETa Ha3bIBaeTCs UG Y3HBIM.

3aKOHBI IPEJIOMJICHHUSI CBETA:



a) Jy4d NaJarolIMid, MPEJOMIICHHBIA U MNEPIEHIUKYJSP K I'paHULE pasjena
IBYX Cpell, BOCCTAHOBIICHHBIH B TOYKE TaJICHHS JIy4a, JIekKaT B OJJHOM IIOCKOCTH.
0) OTHOILIEHUE CHHYCOB YIJIOB TMaJCHHUS M IPEJIOMIICHHS €CTh BETMUMHA
NIOCTOSTHHAsI, PaBHAs OTHOCHTEIFHOMY ITOKA3aTeI0 MPETOMIICHHS TaHHBIX JBYX
cpen.
sini _ n,

. - - e
Smr n
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[Tamaronuii ¥ NpeaOMICHHBIN JTy4d B3aUMHO OOpaTUMBbIL: €CJIM MaJatoIINM JTyd
OyJeT NylleH MO HANPaBJICHUIO NPEJIOMJIEHHOTO JIy4a, TO JIyd NPEJIOMIICHHBIN
MOMJET IO HAIIPABJICHUIO NAJAOIIETO.

Xox padoThI.

l. HOHy‘-IHTB Ha 5KPaHC YCTKOC YMCHBIIICHOC H306pa}K€HI/Ie HCTOYHHKA CBCTA.

2. 3meputh B MeTpax paccTossHrie d OT HCTOYHHKA CBETA JIO JIMH3BI U PACCTOSTHHC
f oT TuH3BI 10 SKpaHa.

3. [TocTpoeHneM 3HAMTH MOJIOKEHUE TJIaBHBIX (DOKYCOB JIMH3BI U OMPEICTTUTE
(OKyCHOE pacCTOSTHUE JIMH3bI U €€ ONTHYECKYIO CUITY.

4. Onpenenute dhokycHoe paccrosinue F u ontuueckyro cuny D nuH3bI 1O
bopmyie

[Tpu onpeaeneHny ONTUYECKON CHIIBI JIMH3BI (POKYCHOE (M BCE APYTHE)
pPaCCTOSIHUS ClIeTyeT OpaTh B METpax, JIMIIb TOT/Ia ONTHYECKYIO CHIIY MOXKO
ONPEAETUTH B JUONITPUAX.

5. IlonyunTh Ha PKpaHE YBEIUUCHHOE U300paKEHUE UCTOUHUKA CBETa U
BBITIOJTHUTB BCE JICMUCTBUSI, KOTOPBIE OMUCAHBI B MTyHKTax 1 —4 .

6. YCTaHOBUTS, TJIe HEOOXOAMMO PO3MECTUTh UCTOYHUK CBETA, YTOOBI HA DKPAHE
OBLJIO €0Tr0 N300pAKEHNE TAKOTO K€ pa3Mepa, Kak U UCTOYHUK. [IpoBeputh cBoi
BBIBO/I Ha OIIBITE.

3aganuss M Bompochl s  (GOPMHUPOBAHMS M  KOHTPOJIS  BJIaJeHUS
KOMIETEeHIUSIMHU.

3ajaHus K peleHmnIo:
KonTpoabHbIe BONPOCHI



1. Ot 4dero 3aBHCAT XapaKTEPUCTUKH H300paKE€HHUI, MOIy4aeMbIX C IMOMOIIBIO
coOuparoiei JUH3bI?

2. Kakue ny4yn y100HO UCIIOJIB30BaTh JIs1 MOCTPOEHUS U300pasKeHMUs,
MOJIy4aeMOr0 C IIOMOIIbIO JTUH3bI?

3. MOHO J11 TOJTY4YUTh ACHUCTBUTEIBHOE U300paKEHUE C MOMOIIBIO COOMparoIen
JIMH3bI? paccenBaroLICH JIMH3bI?

4. MOHO JIM OJTYyYUTh MHUMOE U300paKEHHE C TIOMOIIBI0 COOMparoIen
JIMH3BI? PaCCEUBAIOIICH JIMH3bI?

5. C moMouIpl0 JMH3BI MOMY4YeHO H300pakeHHE KaKoro-To mpeameTa. B kakom
Clly4ae ero MOKHO YBUJETh Ha 3KpaHE — KOTIJa 3TO N300paKeHHE SIBIISIETCS
JNEUCTBUTEIBHBIM WJIA KOIIa OHO MHUMOE?

6. Ha kakom paccTosiHUM OT JIMH3BI JOJKEH OBITh IPEAMET, YTOOBI pa3Mepbl
CaMoro NpeaMeTa u ero n300pakeHne ObUIM OTMHAKOBBIMU?

7. MOXHO 11 10 XapaKkTEepUCTUKAM U300paXeHUs], MOJIYyYEHHOTO C MOMOIIbIO
JIMH3BI, ONpPEAENIuTh, Kakas 3TO JIMH3a — coOMparolas Wi pacceuBarolas?

JlabopaTtopnasi pad6ora Ne 10 Tema 3anusTusi: BosiHoBbIe cBOlicTBa cBeTA.

Heab padotsl. M3ydeHue sBieHus Tu(pakiiuyu CBETOBBIX BOJH Ha
y3KOM MJIOCKOMApasieIbHON 1IeTu U Ha AUGPAKIIMOHHON pElIeTKE;
AKCIIEPUMEHTAIBHAS MTPOBEPKA BBIITOJIHUMOCTH YCIOBUN IS
MaKCHMYMOB U MUHUMYMOB JTH(PAKIUU; ONPEICICHUE ONBITHBIM ITyTEM
JUTUHBI BOJIHBI U3JIYYEHHUS U TIepruoaa JU(DPaKIIUOHHON PEIIeTKH.

IlepeyeHb UCMOIBL3YEMOr0 000PYI0BaHHUS . TEJIMN—HEOHOBBIN J1a3eD,
ONTUYECKUHN CTOJUK, JIepKaTelb, MU PaKIIMOHHAS PEIIeTKa, SKpaH.

Teopurnyeckast 4acTb

JI1s1 0ObsicHeHUS ABICHUS TU(PPAKITUA MOYKHO BOCTIOJIB30BAThCS
npuHIUIoM | rolirenca — @penensa. CorinacHO 3TOMY MPUHIIUITY,
BOJIHOBOW (DPOHT MpeACTaBIACTCS B BUJE COBOKYITHOCTH OOJIBIIIOTO
YHMCJIa BTOPUYHBIX KOT€PEHTHBIX UCTOYHUKOB, U3JIYYAIOIIUX BTOPUYHBIE
BOJIHBI B CTOPOHY PACIIPOCTPAHEHUsI BOJIHBI. B 3TOM ciydae
oOpazoBanue AM(PaKIUOHHOW KAPTHUHBI ABJISETCS PE3yIbTATOM
uHTep(PEpPEeHIIUN U3TyICHUN OT BTOPUYHBIX HCTOYHUKOB, a
WHTEHCUBHOCTH B KaXJI0M TOUKE SKpaHa 3aBUCHUT OT pasHocTen (a3
MEXKIY BOJIHAMU, MPUXOIALIMMH B 3Ty TOYKY OT BTOPUUYHBIX
VCTOYHUKOB.



Ha puc. 1 noka3zano xapakTepHoOe pacnpe/ieieHie UHTEHCUBHOCTH B
nudpaKIIMOHHOM KapTHUHE OT Y3KOM IIEIH MPH MaJeHUU Ha HEe TIII0OCKON
CBETOBO BOJIHBI B CIy4dae, KOT/Aa pacCTOSTHUE OT IEU /10 dKpaHa L
3HAUUTEJILHO MPEBBIIACT MUpUHY eiu b (mudpakus Opaynrodepa).
Pesynbrat untepdepeHIiuu BOJIH OT BTOPUYHBIX HCTOYHUKOB B
HEKOTOpOH Touke kpaHa O (puc. 2) 3aBUCHUT OT Pa3HOCTH (a3 MEKITY
MPaKTUYECKHU MapaieTbHBIMUA CBETOBBIMH JIy4YaMU, UYIIIUMHU OT
BTOPUYHBIX UCTOYHUKOB, PACIIOJIOKEHHBIX Ha OTKPHITOM y4aCTKE IIEIH
AB. Ota pa3HocTb ¢a3, B CBOIO 04€pe/ib, OMPEACISIETCA Pa3HOCTHIO X0/1a
Mexy Jiydamu. Hampumep, 11 BTOpUYHBIX HCTOYHUKOB,
PacCIOIOKEHHBIX B TOUKax A u B, yka3aHHas pa3HOCTh XOJla paBHA

BC= ABsing =bsing

Crtporuii aHanu3 sIBICHUS] HHTEPPEPEHIINN U3ITYUEHUS OT BTOPUIHBIX
HMCTOYHHUKOB MPUBOJIUT K CIEAYIONIEMY pacipeaeICHII0 MHTEHCUBHOCTH
B TU(PPaKIIMOHHON KapTUHE OT Y3KOM IIEJIN:

L \ OeHTpaIbHEI
_— MaKCHMyM

\ MHHHMYMEI

—Em 0 Famrm X
Puc. 1. PacnpeneneHHe HHTEHCHBHOCTH Ha 3KpaHe IpPH
Iu(PAKIMHE IIOCKOH BOIHEL HA V3KOH INenH (Iudpakund

®payrrodepa)
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Pue. 2. VnTepdepeHnd BTOPHYHEIX BOTH B HEKOTOPOH
Togke 3KpaHa O

Xoa paéoThI.

[ToaroroBka ycTaHOBKHU K paOOTe (BBIMOJHSAET JJA0OPAHT).

1. BkirouuTs nazep.

2. YcTraHoBUTH Aepikarenb ¢ porogaTdynkoM Ha aeieHue "0" mo mkane
ONTUYECKON CKAMBMU.

3. He BKJItOYas MUKpOAMIIEPMETP, PETYJIUPOBOYHBIM BUHTOM 5
COBMECTHUTH MPOPe3b POTOJATIUMKA C HYJIEBOM OTMETKOW Ha IIKaJIe
SKpaHa.

4. Tlonb3ysCch peryaIUpOBOYHBIMY BUHTAMH Ha KOpPITyCe Jla3epa,
COBMECTHUTH CBETAIIEECS MATHO C LIEHTPOM IIpope3u (PoTomaTumKa.

5. PerynupoBOYHBIM BUHTOM OTBECTH MPOPE3b (OTOAATUMKA HA 3 CM TIO
IKaJje PKpaHa BOPABO.

N3MepeHne 3aBUCUMOCTH TTOJIOKEHUS Xvun JUPPAKITMOHHBIX
MUHUMYMOB OT pacCTosiHUs L MEeX 1y MIeNbIo U SKPaHOM.

1. YcranoButh aepsxatensb AudpakIiMOHHON mienu Ha aeneHue "60 cm"
O IIKaJie ONTUYECKON CKaMbH (Mpope3b (POTOJATUMKA OCTAETCS
CMEIIEHHOM Ha 3 CM BIIPaBO OT HYJISl HA LIKAJIe SKPaHA).

2. Ilpu momo1I BUHTOB Pa3IBUHYTh 3aKHUMBI U 3aKPETUTh
TU(PpaKIIMOHHYIO IETb B IEpKATENIC TAKUM 00pa30M, YTOOBI MSITHO
Ja3epHOT0 Jyya OCBEILANIO CEPEANHY LIEH, a TUPPAKIIMOHHAS KApTHUHA
Ha ’KpaHe OblIa HanboJee OTYETIIMBA.

3. OTperynupoBath MUPUHY 1M b, Bpalliasi BUHT Ha KOPITYCE IIEJIH,
TaKuM 00pa3oM, 4TOObl MUHHUMYM TPEThETO Mopsiika (n = 3) coBmajai c
nenenueM "2 cMm" Ha miKaje sKpaHa. 3anucath 3HadueHus Li1= 0,6 M, X1=2
cM 1 b B Tabnuny 1.

4. He u3MeHsisi IIMPUHBI LIETN, U3MEPUTD MOJOKEHUS AUDPAKIITOHHOTO
MHHUMYMa X5+ Xg TPEThEro nopsjaka (n = 3) ajs 4eTbipex



npyrux nonoxkenuit gepxarens menu (L = 0,5 m; 0,4 m; 0,3 M; 0,2 m).
JlanHbIe 3amucaTh B TabIuIy 1.

Coaep:xxanue or4era, popmMa ¥ npaBuaa oGopMIeHUS 0THETA O
BBINIOJIHEHHOM padoTe: TadiuIa.

Tabmumna 1
L, m 0,6 0,

Km-
MM

0.4 0.3 0.2

L ]

3aganuss u  Bonmpochl s (GOPMHPOBAHMS M  KOHTPOJIS  BJIaJeHUS
KOMIIETEeHIUSIMHU.

3ajaHu K pelleHUIo:
KoHTpobHbIE BONPOCHI

1. B yem 3akirouaercs siBenue audpaknuu? Kakum odpazom Ha
OCHOBaHMM npuHLMNA [ tolirenca — OpeHenst MOKHO OObSICHUTD
oOpa3zoBanue AUGPAKIIMOHHON KAPTUHBI MPU MPOXO0KJACHUN CBETOBOM
BOJIHBI Ye€pPE3 Y3KYIO MIEIb?

2. PaccumnTaiiTe BEIMYMHY yIJa ¢ 1JIsi MUHUMYMa IIEPBOTO MOPSAKa IIPU
nudpaxkuuu cBeta ¢ JIMHOM BOIHBI A = 0,63 MKM Ha
MJI0CKOMapaiebHoN menu mupunout d = 0,05 mm.

3. PaccunTaite BEIMUMHY yIJia ¢ ISl TIIABHOTO MAKCUMYyMa BTOPOTO
nopsijika B ciaydae AUGPaKIMOHHON pelIeTKy ¢ nepuojioM d = 8§ MM,
ecl JjirHa BOJIHEI A = 0,63 MKM.

4. Kak Oy1yT U3MEHSTHCS MOJIOKEHUSI MAKCUMYMOB Ha TU(PAKIIMOHHON
KapTUHE OT y3KOM IIeJIH, €CJIM TIEPEABUTATh IIEJIh OJIMKE K dKpaHy, HE
V3MEHSA MOJIOKEHUN KpaHa U UCTOYHUKA?

5. OOBSICHUTE METO/1 SKCIIEPUMEHTAIBHOTO ONIPEEICHUS IJTUHBI BOJIHBI
U3JIyYEHHS U Tleprojia Tu(PpakiiMOHHON PEIIeTKH.



Jlurepartypa

1. OcHoBHas JuTEparypa:

1. IMTaneiruna, A. B. ®uszuka [DnekTpoHHBIN pecypc] : madopaTopublii mpakTukyMm st CITO / A.
B. [Nanpirmaa. — DnEKTpOH. TeKCTOBBIE naHHbie. — CapatoB : [IpodobpaszoBanue, 2019. — 84
c. — 978-5-4488-0331-4. — Pexxum mocryma: http://www.iprbookshop.ru/86155.html

2. Jleryra, C. H. ®usuka [DnekTpoHHbli pecypce] : yauedHoe mocodue / C. H. Jleryra, A. A.
Yakak. — DJIEKTpPOH. TeKCTOBbIE AaHHBIe. — OpeHOypr : OpeHOYyprcKuii rocy1apCTBEHHBIN
yauBepceutet, ObC ACB, 2016. — 307 ¢. — 978-5-7410-1575-9. — Pexwum nocryna:
http://www.iprbookshop.ru/78852.htmi

3. ®usuka. Mexannueckue koyebanus. COOpHHK 3a/1a4 C pEHICHUSIMH [ DIIEKTPOHHBINA pecypc] :
3amaunuk s CIIO / coct. b. K. JlanTeHKOB. — DNEKTpPOH. TeKCTOBBIC AaHHBIE. — CapartoB :
[TpodobpazoBanue, 2019. — 164 c. — 978-5-4488-0391-8. — Pexum gocryma:
http://www.iprbookshop.ru/86468.htmi

4.PomanoBa, B. B. ®u3uka. [Ipumeps! pemenus 3aaau [ DNeKTpOHHBIHN pecypc] : yueOHOe
noco6ue / B. B. PomanoBa. — DneKTpoH. TEKCTOBbIE TaHHbIe. — MUHCK : PeciyOnukanckuit
UHCTUTYT npodeccruonanpHoro oopasosanus (PUIT0), 2017. — 348 ¢. — 978-985-503-737-9.
— Pexxum gocryma: http://www.iprbookshop.ru/84903.html

2. JlonoJIHUTEIbHAS JIUTEpaTypa:

1. Ky3nenor C.W. CnpaBounuk 1o ¢usuke [DIeKTpOHHBIA pecypc]: ydeOHoe mocolOue yist
CIIO/ C.M. Kysneno, K.M. Porosun— DOnekTpoH. TeKcToBble naHHble.— (Caparos:
[TpodobpazoBanue, 2017.— 219 c— Pexum J0CTyHa:
http://www.iprbookshop.ru/66399.html.— 5BC «IPRbooks»

2. HukepoB, B.A. ®u3uka 1isi By30B: MEXaHMKa M MOJCKYyJspHas gu3nka : yueOHUK / B.A.
Hukepos. - Mocksa : M3narenscko-Toprosast kopnopauus «Jlamkos u K°», 2017. - 136 c. :
Tabmn., rpad., cxem. - ISBN 978-5-394-00691-3 ; To xe [DnexrponHsiii pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=450772

3. Ky3pmuueBa B.A. Kypc nexuuit mo obmeit ¢usuke. Yacts 1. MexaHuka u MonekynspHast
busuka [Dnexkrponuslil pecype] / B.A. Ky3smuuesa, O.A. [ToHOMOpeB. — DIEKTPOH. TEKCTOBBIE
naHHble. — M.: MocKoBCKasi TOCYAapCTBEHHAs akaJieMusi BOJAHOro TpaHcnopra, 2019. — 107 c.
— 2227-8397. — Pexwum nmoctyna: http://www.iprbookshop.ru/65845 . html

3. UHTepHeT-pecypcehl:

www.alleng.ru/edu/phys.htm - o6pa3oBarensHble pecypcbl nHTepHEeTa — Dusnka.
www.nuclphys.sinp.msu.ru - saepHas ¢pu3uka B MHTEPHETE

www.school-collection.edu.ru - eauHas KOJUTEKIHS TU(PPOBBIX 00pa30BaTEIBHBIX PECYPCOB.



http://www.iprbookshop.ru/86155.html
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