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MeTtoauyeckue yKasaHus AJs1 J1a0OpaTOPHbIX padoT
MeTtonndeckne peKOMEHAALUU MPU3BAaHbl OKA3bIBATH MOMOIIb CTYJICHTAM B
W3YYEHUU OCHOBHBIX IIOHATHM, HWJEH, TEOPUHM U TIOJO0KECHUM JIUCUUIUIAHBI,
M3y4aeMbIX B X0JI€ KOHKPETHOTO 3aHSTHS, CIIOCOOCTBOBATh PA3BUTUIO UX YMEHUH,
HaBBIKOB U TPO(PECCUOHATLHBIX KOMIIETCHITUH.
B ngaHHOM y4eOHOM MOCOOMH COTJIACHO CHEHU(PUKE TUCUUIUIMHBI U
MPONUCHIBAIOTCS:
1. IosicHUTeIbHAS 3aITHCKA

B pesynbrate ocBOeHUSs Yy4eOHOM TUCITUTIITMHBI 00YYaAIOIIUICS T0KEH YMETh:
1) omuceiBaTh U OOBACHATH (PU3MUYECCKHE SBICHHS W CBOWCTBA TEN. JBH)KCHHE
HEOECHBIX TEJl U UICKYCCTBEHHBIX CITYTHUKOB 3€MJIH; CBOMCTBA ra30B, )KUIAKOCTEH U
TBEPABIX TEJT; JICKTPOMArHUTHYIO MHIYKIIUIO, PACTIPOCTPAHEHUE IIEKTPOMArHUTHBIX
BOJIH; BOJIHOBBIE CBOWMCTBAa CBETA; M3JIYYCHHE U TIOTJIOLICHUE CBETA aTOMOM;
doTodrddexT;
2) OTJIMYaTh TUIIOTE3bl OT HAYYHBIX TCOPHIA;
3) nenaTh BHIBOIBI HA OCHOBE DKCIIEPUMEHTAIbHBIX JTaHHBIX;
4) NPUBOIUTH HPHUMEPHI, IMOKA3BIBAIOIINE, YTO. HAOJIOMEHUS W DKCIICPUMEHT
SIBJISIFOTCS OCHOBOM JIsI BBIJIBUJKCHUS THUIIOTE3 U TEOPHUHM, MO3BOJISIOT MPOBEPHUTH
UCTUHHOCTh TEOPETUYECKUX BBIBOJOB; (pU3MUEcKas TEOopusi JAaeT BO3MOKHOCTH
OOBSICHATH U3BECTHBIC SIBJICHUS MPUPOBI U HAy4YHbIE (DAKThI, MIPEICKA3bIBATD EIIle
HEU3BECTHBIC SABJICHUS;
5) mpUBOAWUTH MPHUMEPHI MPAKTHUYECKOTO HCIOJIb30BaHUS (PU3UUCCKUX 3HAHHI:
3aKOHOB MEXaHWKH, TEPMOJWHAMUKH W DJJIEKTPOJAUHAMUKUA B DHEPIETHKE;
pPa3IMYHBIX BHJIOB DJJICKTPOMArHUTHBIX W3JIYYEHUH [Js pa3BUTHS paguo u
TEJICKOMMYHHMKAIIMK, KBAHTOBOM (U3UKM B CO3JaHUU SJICPHOW DHEPIreTUKH,
J1a3€pOB;
6) MPUMEHSATH MOJIyUYCHHBIC 3HAHUS [T PEIICHUS GU3NICSCKUX 3a/1aY;
7) u3MepATh psaa QU3HMYCCKUX BEIWYHH, MPEACTABISS Pe3yIbTaThl U3MEPEHUH C
YYETOM HUX IMOTPEIIHOCTEM;
8) wucnonp3oBaTh TPHOOpPETCHHBIE 3HAHWUS W yMEHHS B IPAKTHYCCKOU
NEATENBHOCTU U MIOBCETHEBHOW KU3HH;
B pe3ynbraTe ocBoeHHS yueOHON TUCITUIUTUHBI 00yUYaFOIINICS TOKEH 3HATh:
1) cmbicn moHATHIA: (QHU3UYecKoe SBICHHUE, TUIOTE3a, 3aKOH, TCOPHS, BEIIECTBO,
B3aUMOJICHCTBUE, JIEKTPOMArHUTHOE MOJIE, BOJIHA, (DOTOH, aTOM, aTOMHOE SJIpO,
VOHU3UPYIOIIUE W3TyUYCHUS, IUIAHETA, 3B€3/a, TalakThKa, Beenennas;
2) cMbIchT (U3HYECKUX BEIIMYUH: CKOPOCTh, YCKOPEHHE, Macca, CWJa, WMITYJIbC,
paboTa, MeXaHHUYECKasl SHEPIusi, BHYTPEHHSI SHEPrus, a0CON0OTHAA TEMIEepaTypa,
CpenHsAsl KHHETHMYECKash JHEpPrusi 4YacTUI] BEIIECTBA, KOJMYECTBO TEIUIOTHI,
3JIEMEHTAPHBIN JEKTPUUECKUN 3aps;
3) cMBICT (PU3UYECKHX 3aKOHOB KJIACCUYECKOW MEXaHHKH, BCEMHUPHOTO TSATOTCHHUS,
COXPAaHEHHUsI SHEPrUH, UMITYJIbCAa W DJIEKTPUUECKOrO 3apsija, TEPMOJAUMHAMHKH,
AJIEKTPOMArHUTHON MHAYKIMH, PoTodPdeKTa;
4) BKJIaJ] POCCUHCKHX U 3apyOeIKHBIX YUCHBIX, OKA3aBIINX HAKMOOJIbIIICE BIUSHUC HA
pa3BuTue (pU3MKY;



JlabopaTopHuasi padora Ne 1 Tema 3ansaTusi: 3aKoHbI COXpaHeHHsI B MEXaHUKE.

Ilesb padoThI: CPABHUTH JBE BEIMYMHBI — YMEHBIICHUE NOTEHUMAIBHON YHEPTUH
MIPUKPEIUIEHHOTO K MPYXXUHE TeJa MPH €ro NaJeHUU U YBEIIMYEHNUE MOTEHIIMAIBHOM
DHEPI'UM PaCTSIHYTOU MPYKUHBI.

IlepeyeHb MCMOB3YyeMOro 00OPYIAOBAHMS: TUHAMOMETp, JKECTKOCTh MPY>KUHBI
kotoporo paBHa 40 H/M; nuHeiika nusmeputenbHas; rpy3 U3 Habopa o MEXaHUKeE;
Mmacca rpy3a pasa (0,100 £0,002) kr; ¢ukcaTop; mTaTHB ¢ MyQGTOH U JTANKOM.

TeopuTHyeckas 4acTb

MexaHn4yecKasi JHEPIrus TeJla — 310 CKAIAPHASL 8eIUUUHA, PAGHAS
MAKCUMATbHOU pabome, KOMopas Modicem Oblmb CO8epuUleHa 8 OAHHbIX YCI0BUSIX.
O6o3navaercs E Enununa suepruu B CU [11x = 1H*m]
KuneTrnueckasi JHeprusi — 5T0 YHEPTUsl TeJia, 00YCIOBJIEHHAs €T0 JBUKCHHUEM.
Dusuyeckas eUYUHA, PABHASL NOJOBUHE NPOU3BEOEHUSI MACCLL mela HA

K68aodpam e2o0 CKOpOCmu, HA3bleaemcs KUHETHYeCKOoH IHepruei Teja:

Kunernueckas OHCPIUA — 3TO SHCPI'UA IBHUKCHHA. Kunetnueckas OHCPTUS TCJIA

—=

Maccoil M, MBUXKYIIETOCS CO CKOPOCThIO v paBHA paboTe, KOTOPYIO AOJHKHA
COBEPIIUTH CUJIA, MPUIIOKEHHAS K MOKOSAIIEMYCS TENIy, YTOOBI COOOITUTH EMY ATy
CKOPOCTB:

P?Z'Ug

ey

Hapsiny ¢ xuHeTndeckoit sHeprueii uiv SHeprueil ABMKEeHHU B (PU3UKE BAXKHYIO
POJIb UTPAET MOHATUE MOTEHUMATBbHOU YJHEPIUH VIV JHEPTUU B3aMMOAeUCTBUA
TeJl.

IMoTeHnuaabHasA SJHEPTUA — SHep2Usl meld, 00VYCI08IeHHASL 83AUMHBIM
PACnoN0dHCeHUEM B3AUMOOCICMBYIOWUX Mexcdy cobot mel Uy yacmeli 00HO20
meia.

IHoTeHunaabHAS IJHEPTHUA TeJIA B MOJI€ CUJIbI TAXKeCTH (TIOTeHI[MaIbHas
SHEPrus Teja, MOJHITOro Haj 3eMIIEH).

Ep = mgh



Omna paBHa paboTe, KOTOPYIO COBEpIIAET CHJIA TSKECTH IPU ONyCKAaHUU TeJa Ha
HYJIEBOU YPOBEHb.

Pactanyras (vim cxxatasi) IpykKMHa CIOCOOHA MPUBECTH B ABUKECHHUE
MPUKPETUIEHHOE K HEW TEJI0, TO €CTh COOOIIUTh ATOMY TEY KUHETHYECKYIO
sHepruto. Clie0BaTeNbHO, TaKkas MPYKUHA 00J1a/1aeT 3aacoM SHEPTUH.
[ToTeHnnanbHOM SHEPrUeh NPyXUHbI (WK J1I000r0 yrnpyro aeGopMUpoOBaHHOTO

TEJa) HAa3bIBAIOT BEIMUUHY

i’
B, =
, T71e K — )KeCTKOCTh MPYXKHMHBI, X - a0COJIOTHOE YIJTUHEHHE TeIa.
IMoTeHUAIBLHASI YHEPTHA YHPYTO0 Ae(h)OPMHUPOBAHHOIO TeJIA pasHa pabome
CUTIbL YNPY20CMU NpU nepexooe u3 OaHHO020 COCMOAHUS 8 COCINOSAHUE C HYNeB0l
Ooepopmayuetl.
[ToTeHIMAIBHASI SHEPTHUS TIPH YIPYToH JeopMaIiii — 3TO SHEPTHUs

B3aMMOJICHCTBUS OTACNIbHBIX YacTel Tela MKy COOON CHUlaMu YIIPYTOCTH.

CyMMa KHHETHYeCKOI U MOTEeHINAIbHOI YJHEPTUHU TeJl, COCTABJISIOIIHX
3aMKHYTYIO CHCTEMY M B3aUMO/JECTBYIOIIMX MKy 000 cuaammu
TATOTEHHUS U CHJIAMHM YNIPYTOCTH, OCTAETCSl HEM3MEeHHOM.

DTO YTBEPKIACHUE BHIPAKACT 3AKOH COXPAHEHUA IHEP2UU B MEXAaHNYECKUX
nporieccax. OH sIBIsIETCs clieIcTBUEM 3aKOHOB HploTOHA.

Cymmy E = Ek + Ep Ha3bIBatoT MOJHONH MeXaHUYeCKOH IHEpPrHei.

IMostHas MexaHU4YecKasi JHEPrusi 3AMKHYTOI CHCTEMBbI TeJl,
B3aMMOJECTBYIONIUX MeXKAY CO00H TOJBKO KOHCEPBATUBHBIMHU CHJIAMH, IIPH
JIIOOBIX IBUKEHHUSIX ITHX TeJl He u3MeHseTcs. [lpoucxoasaT Juimb B3anMHbIe
NpeBpanieHNs MOTEHUNAIbHO JHEPTUHU TeJl B X KHHETHYECKYI0 SJHEPrulo, u
HA000pPOT, WJIH MePeX0l FHEPIruM OT OJTHOIO TeJIa K APYyromy.

E = Ex + Ep = const

3aKoH COXpaHCHMUA MEXaHUYECKOU OQHCPI'UH BBIMTOJHACTCA TOJBKO TOrjaa, Koraa

TeJa B 3aMKHYTOM CHCTEME B3aUMOJECHCTBYIOT MEXIY COO0N KOHCEPBATUBHBIMU
CUJIaMH, TO €CTh CUJIAMH, JUIs1 KOTOPBIX MOKHO BBECTH MOHSATHE NMOTECHIIMAJIBHOU
SHEPIUHU.

Onucanmue YCTAaHOBKM.



Jl1st paGoTHI UCIIOJIB3YETCSA YCTAaHOBKA, MTOKa3aHHas Ha pucyHke. OHa

MPEACTaBIIAECT COOOM YKPEIUICHHBIN Ha MITATUBE TUHAMOMETP C Ppukcatopom 1.
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HPY)KI/IHa AWUHAMOMCTPA 3aKaHYNBACTCA ITPOBOJIOYHBIM CTCPKHCM C KPHOYKOM.

®dukcarop (B yBeIMYEHHOM MaciuTabe OH MOKa3aH OTAEIbHO — MoMeUeH U poit
2) — 93TO JIeTKas IIaCTHHKA U3 Mpooku (pazmepamu 5 X 7 X 1,5 mm),
IpOpe3aHHas HOXKOM J10 €€ LIeHTpa. Ee Haca)KuBaloT Ha MPOBOJIOYHBIN CTEPIKEHD
AuHaMoMeTpa. PUKcaTOp TOJIKEH MEePEMEIIATHCS BJOIb CTEPKHS ¢ HEOOIBIINM
TPEHUEM, HO TPEHHUE BCE )K€ JJOJKHO OBITh TOCTAaTOUYHBIM, YTOOBI (PUKCATOp caM MO
ceOe He mazaji BHU3. B 3ToM Hy)XHO yOeauTbes nepen HadaaoM padboTsl. i 3Toro
(uKcaTOp yCcTaHaBIMBAIOT Y HI)KHETO Kpasi IIKaJIbl Ha OTpaHUYUTENIbHOM cKkoOe.

3aTeM pacTATUBAIOT U OTITYCKAIOT.

Xoxa padoThl

1. I'py3 13 Habopa IO MEXaHUKE MPOYHO YKPEIUTE HA KPIOUKE AUHAMOMETpA.

2. IlonHuMuUTE pYKOIl Irpy3, pasrpysas NpyKuHy, U ycTaHOBUTE (PUKCATOP BHU3Y Y
CKOOBI.

3. Otniycrute rpys. Ilagas, rpy3 pacTsHer npyxkuny. CHUMHTE TPY3 U IO
MOJIOKEHUIO (PUKCATOPa U3MEPHTE IMHEMKON MAKCUMAIIBHOE YAJIMHEHHUE X
IPYKHUHBI.

4. TToBTropuTe ONBIT MIATH pa3. Haligute cpennee 3Hauenue h u x

5. Toxpcuwuraiite E;,=mgh u Es,=kx%/2

6. Pe3ynbraThl 3aHECHTE B TAOIUILY.

7. CpaBHuTE OTHOWIEHUE Ecp/ E2ep ¢ €AMHUALIEH U CHIETANTE BBIBOJ O

MOTPEIIHOCTH, C KOTOPOU OBbLI MPOBEPEH 3aKOH COXPAHEHUSI SHEPTHUU.



8. OTBeThTE Ha KOHTPOJIBHBIE BOMPOCHI.
Conepxanue ordyera, gpopmMa u npaBuia opopMJICHUS 0TYETA O

BBINIOJIHEHHOM padoTe: Tabiuua.

Ne h=xXmax, hcpzxcp, Elcp, EZcp,
Elcp/ E2cp
onbITa M M JIx Jox
1
2
3
4
5

3aganuss M Bompochbl IS  (OPMHMPOBAHUST M KOHTPOJIHA BJAJCHUA
KOMIIETEHUMSIMH.
KoHTpoabHbIE BONPOCHI

1.PackpoiiTe NOHATHE MEXaHUYECKOW SHEprun?

2.Kaxkas sueprus Ha3piBaeTcs kuHetuueckoit? Ilo kakoit popmyie ona HaxoaUTCs?
3.Kakas sHeprus HazbIBaeTcs noteHuanbHoi? [lo kakoi Gpopmyse ona
HaXOIUTCS?

4.ChopmynupyiTe 3aKOH COXpaHEHUS MEXaHUYECKOM SHEPTUH.

5.KakoBbI rpaHullbl IPUMEHEHHS 3aKOHA COXPAHEHUS MEXaHUYECKON YHEPTUH ?

JlabopaTtopHnas paGora Ne 2 Tema 3anusaTusi: CBoiicTBa napos.

eab padoThbI: OCBOUTH MPUEM OINPEIEICHNUS OTHOCUTEIbHON BIIA)KHOCTH
BO3/yXa, OCHOBAaHHBIN Ha UCIIOJb30BAHUU IICUXPOMETPA.

Ilepeyennb ncnoabzyemoro odopynoBanus: [lcuxpomerp

TeopuTHyeckast 4acTh

B armocdepHoM Bo3myxe Bceraa MpUCYTCTBYIOT Mapbl BOBI, KOTOpas HCTIAPSICTCS
C TTIOBEPXHOCTH MOPEH, peK, OKCaHOB U T.II.

Bo30yx, cooeporcawuti 600aHo01 nap, Hazvieaom BIAKHBIM.

BraxxHOCTh BO3/1yXa OKa3bIBaeT OTPOMHOE BIIMSTHAE Ha MHOTHE IPOIECCHI Ha
3emuie :Ha pa3BuTHE (JIOPHI U (DayHBI, HA yPOXKal CeIIbX03. KYJIbTYp, Ha

MNPOAYKTUBHOCTD ) KUBOTHOBOJACTBA U T.[. BnaxHocTh BO34yXa NMCCT 0oaBIIOE



3HAYCHUE TSI 37J0POBBS JTIOJCH, T.K. OT HE€ 3aBHCHUT TEIUIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpy»karomieit cpenoil. Ilpu HU3K0M BIIa)KHOCTH MPOUCXOIUT OBICTPOE
HCIIapeHHE C IOBEPXHOCTH U BBICHIXaHUE CIIM3UCTON 000JI0YKH HOCA, TOPTAHHU, YTO
MPUBOJIUT K YXY/IIICHUIO COCTOSTHUS.

3HAUYUT, BIAKHOCTh BO3/IyXa HAaJI0 YMETh U3MEPATh. J{JIs1 KOJTMYIeCTBEHHOM
OIICHKY BJIQXKHOCTH BO3IyXa MCIIOIB3YIOT MOHATHS a0COIIOTHON M OTHOCUTEIIBHOU
BJIQYKHOCTH.

AOGCOTIOTHAS BJAAXKHOCTD — 8eIUYUHA, NOKA3BIBAIOWAS, KAKASL MACCA NAPO8
600bl Haxooumcs 6 1 m? 6030yxa (T.e. 3TO MIIOTHOCTh BOJSHOTO mapa). Ona pasua
napyuarbHOMy 0asieHuI0 napa npu OaGHHOU memnepamype.

[MapuuanbHoe JaB/IeHHE MAPA — 910 OdgleHUe, KOMOpoe OKA3bl8al Dbl
B00AHOL NAP, HAXOOAUWUICS 8 8030YXe , eCiu Dbl 8Ce OCMANbHbLE 2A3bl
OMCYMCmeE08aluU.

OTHOCHTEJIbHAS BJIAKHOCTH BO3AYXA — 510 8eIUUUHA, NOKA3LIBAIOWASl, KAK
oanex nap om HacvliyeHus. Imo omuoueHue NapyuaibHO20 0A81eHUs. P B0OAHO20
napa, cooepicawe2ocsi 8 6030yxe npu OAHHOU memnepamype, K 0aei1eHUuo

HacvlyeHHo2o napa Po MPHU TOM Ke TeMIepaType, BHIpaXKEHHOE B MPOILICHTAX:

o=-2.100%.

Py

Ecnu Bo3myx HE COAEPKUT MApPOB BOJIbI, TO €r0 a0COMIOTHAS U OTHOCUTEIbHAS
BIaXHOCTH paBHbI . [IpenenbHOe 3HaUeHNE OTHOCUTENLHOM BiaaxHOCTH — 100%.
HopmanbsHo¥# 115 4emoBeuecKoro opranu3Ma curutaercs BiIaxHocTh 60%.
Jiist u3MepeHus BIaKHOCTH BO3/yXa UCIIOJIB3YIOT IPUOOP MICUXOMETD.
Ilcuxpomerp. (0T rpeu «rcuxpuay - xomo). COCTOUT U3 IBYX OJIMHAKOBBIX
TepMOMETPOB. Pe3epByap oaHOTO M3 HUX 00CPHYT MapJieH, OIMyIIIEeHHON B COCY/I C
Bo/0M. Boma cmaunBaeT Map:iio Ha pe3epByape TEPMOMETpa U IpU €€ UCTIapEeHUHU
oH oxJyaxxaaeTcs. [1o pa3HOCTH TeMmepaTyp CyXoro U BIaXXHOTO TEPMOMETPOB 10

NICUXPOMETPUUECKOI TaOJIHIIE ONPENIENAIOT BIaXKHOCTh BO3/1yXa.



Xox padoThI:

1) TToaroToBUTH TAOMILY [T 3aITUCH PE3YIbTATOB M3MEPEHHI U BBIYHCICHUN
2) PaccMoTpeTh yCTpOMCTBO IICHXPOMETpA.

3) Ilo moka3aHUsM CyXOro TEPMOMETPA U3MEPUTH TEMIIEPATYPY BO3AYXA teyxoro
B [IOMEILICHHH.

4) 3amucaTh MOKa3aHHs TEPMOMETPA, Pe3epByap KOTOPOro 0OMOTaH Mapiei
tBJ'Ia)KHOFO

5) BeauciuTh pa3HOCTH MOKa3aHUI TEPMOMETPOB At = teyxoro = tananioro

6) ITo nmcuxpoMeTpudecKkoi TabIUIe ONPEICIIUTh BIAKHOCTh BO3TyXa @

7) Pesynbrarhl N3MEpEHUN M BEIYUCICHUN 3aHECTH B TAOJIHILY.

8) Crnemnaiite BBIBOJI O TOM, HOpMAJIbHAS JIU BJIIAYKHOCTh BO3/yXa B MOMEIIICHUH.

9) OTBeThTEC HA KOHTPOJIBHBIC BOITPOCHI.

Conepxanue or4era, gpopma u npapuia opopmMJieHUs 0TYETA O

BBINOJIHEHHOI padoTe: Tabnuia.

Ne onbiTa 1:cyxoro, OC Tanasaoros OC Ata OC 0, %



3aganuss M Bompochl A (GOPMHUPOBAHMS W KOHTPOJSI  BJIAJCHUS
KOMIICTCHMSIMH.

KoHTpoJbHBIC BOIPOCHI

1. Tlouemy mpu npoaAyBaHUM BO3AYyXa uyepe3 3(pup, Ha NOJIUPOBAHHOU
NOBEPXHOCTH CTEHKHM KaMepbl TUHTPOMETpaA NosBIsAeTCs poca? B kakoii
MOMEHT TOSIBJISIETCS poca?

2. Ilouemy nokaszaHus «BJIaKHOTO» TEPMOMETPA MEHBLIE TOKA3aHUI «CYyXOTO»
Tepmomerpa?

3. Moryt a1 B X0/i€ OIBITOB TEMIIEPATYPhI «CYXOr'0» U «BIAKHOTO»
TEPMOMETPOB OKa3aThCsl OJJUHAKOBBIMU 7
[Tpu kakoM yCIIOBUM Pa3HOCTH MOKAa3aHUU TEPMOMETPOB HAaMOOJIbIIIAs?

5. Moxer nu Temmneparypa «BJIaKHOT0» TEPMOMETPa OKa3aThCs BBIIIE
TEMIIEPATYPBI «CyXOT0» TepMOMETpa?

6. Cyxol 1 BIaXHbII TEPMOMETP IICUXPOMETpPA MOKA3bIBAIOT OJIHY U TY K€
temmeparypy. KakoBa oTHOCHUTENbHAs BIaXXHOCTh BO3ayXxa?

7. Kakum MOXeT ObITh IPE/IeIbHOE 3HAUEHNE OTHOCUTEIbHON BIaXKHOCTH

BO3/1yXa?

JlabopatopHuas padora Ne 3 Tema 3ansaTusi: CBoMCTBA JKUIKOCTEIA.

Ieab padoTei: onpeaeauTh KOAHPUIIMEHT MOBEPXHOCTHOT'O HATSHKCHUS BOJIBI
METOJIOM OTPHIBA KaIleJlb.

IlepeueHb MCOIB3YeMOro 000PYAOBAHMSI: COCY/]T C BOJIOU, IIMPHUIL, COCY]T JIJIS
cOopa Karmenb.

TeopuTHyeckasi 4acTh

MouteKyibl TOBEPXHOCTHOTO CJIOS KUIKOCTH 00J1aat0T N30BITKOM
MMOTEHIIMATBHOW YHEPTUM 10 CPABHEHHUIO C SHEPTUEN MOJIEKYJI, HAXOAAIINXCS
BHYTPH KUIKOCTH

Kak u mro0ast MexaHuveckasi CUCTEMa, MOBEPXHOCTHBIN CIION HKUJKOCTH
CTPEMHUTCS YMEHBIIUTH NOTEHIUAIBHYIO SJHEPTUIO U cokpamaercs. [Ipu atom

coBepliaeTcsi pabora A:



A= ahy

1€ G - K09(QQHUIMEHT IIOBEPXHOCTHOTO HATSHKEHUS. Exunuisl usmepenus Jlx/m?

i H/m
A F
A8 WIH i

riae F — cuiia moBepXHOCTHOTO HATSHKEHUS, | — JITMHA TpaHUIIBI TOBEPXHOCTHOTO
CJI0S1 KUJKOCTH.

[ToBepXHOCTHOE HATSHKEHHE MOYKHO OINPEAENATh pa3IuYHbIMU MeTolaMu. B
1abopaTopHOM paboTe UCIIONIB3YETCSI METO OTPHIBA KaleJb.

OnpIT OCYIIECTBIISAIOT CO UIMPUIIOM, B KOTOPOM HaXOJUTCS UCCIeayeMas
KUAKOCTh. HakuMaroT Ha MOPIIEeHb MIPHUIA TaK, YTOOBI U3 OTBEPCTHUS Y3KOTO
KOHI[a IINpHUIIa MEJJICHHO najanu kamid. [lepeq MOMEHTOM OTpbIBa KAIUIH CHUJia
TAKECTH Fie=Myann-§ PABHA CHIIE IOBEPXHOCTHOTO HATSHKeHUs F, rpaHuiia
CBOOOJTHOM MOBEPXHOCTU — OKPYKHOCTH KaIlIH
[ :ﬂ‘dxan/m

CrnenoBartenpHO:

B My
!

nNaxnu

a=

OmnbIT OKa3bIBaeT, YTO Uignr =0,9d, rme d — nuameTp KaHama y3KOro KOHIIA
IITpULA.

Maccy karm MOKHO HalTH, IOCUUTaB KOJIUYECTBO KAIMelb N U 3Hasl MacCy BCEX
Kameiab M.

Macca kamens m OyeT paBHa Macce KUIKOCTH B IITMPHUIIE. 3HA 00beM
KUJKOCTH B IINPHULE V U IUIOTHOCTH XKUJIKOCTU P MOXKHO HAUTH Maccy m=p-V
Xoxa padoThI:

1) Haueprture Tabauiy.

2) IMoacraBbTe MO/ MITPHIL COCY/ Il COOpa BOJBI U, TUNIABHO HAKUMas Ha
NOPILIEHb MINPHULIA, T0OEHTECh MEIJIEGHHOTO OTPhIBAHUS Kallelb.
[ToacunTaiiTe KOJIMYECTBO Kamnesiab B | M1 ¥ pe3ysIbTaT 3alUMIINTE B TaOIUILY.

mg

g=——"——
»70,9d
3) BbluncauTe MOBEPXHOCTHOE HATSHKEHHE 10 (DOPMYJIC

Pe3ynbTat 3anuiinre B TaOJIUILY.



4) TToBTOpPHUTE ONBIT C 2 MJI M 3 MJT BOJIBI.

5) Haiigute cpenHee 3HAUEHHE MOBEPXHOCTHOTO HATSKCHUS 3

P€3y.IIBTaT 3allMIIHUTC B Ta6HI/IL[y.

6) CpaBHHUTE MMOJNyYECHHBIN PE3yJbTaT ¢ TAOJIMYHBIM 3HAUCHHEM
IIOBEPXHOCTHOI'O HATSXKEHHUSI C YUYETOM TEMIIEPATYPBHI.

7) Omnpenenute OTHOCUTEIBHYIO MOTPEIIHOCTh METOJIOM OIIEHKU PE3yJIbTaTOB
U3MEpPEHUN.

o

+
Dmasr %1 100%
fa

MabR

=

8) PesynbraT 3anuiiuTe B TAONHUILY.
9) Cnenaiite BBIBOI.
Conepxanue or4yera, gopma u npaBuia opopmMJIeHUS 0TIETA O

BBINOJIHEHHOI padoTe: TabiHIIa.

Ne | Macca|Yucao /Imamer | [loBepxHocT Cpennee Taoauunoe  OTHoOCHTEIbHA
KamneJj | kaneJ p -HOe 3HAYEHHUe 3HaYeHHe |s MOrPelIHoOCTh
ONbIT
b | KaHaja | HATs’KeHHe TIMOBEPXHOCTHOTI MOBEPXHOCT
a 0 %
mmpuna 0 HATSKEHU A -HOT'O
m, Kr n ¢, H/m
HATSKEHUST
d, M Gcp, H/m
0126, H/M
1 |1*10° 2,5%10° 0,072

3aganus M Bompochl i (GOPMHPOBAHMA M KOHTPOJA  BJIaJeHUA
KOMIETEeHIUSIMHU.

KoHTposibHBIE BONIPOCHI
[ToyueMy NOBEpPXHOCTHOE HATSKEHHE 3aBUCUT OT POJIA KUJIKOCTH?
[Toyemy 1 Kak 3aBUCUT NOBEPXHOCTHOE HATSKEHUE OT TEMIIEPATYPbI?
N3MenuTcs Jn pe3ynbTaT BBIYUCIEHUS] TOBEPXHOCTHOTO HATSIKEHUS, €CIIU

ONBIT IPOBOJAUTH B APYTOM MECTE 3E€MIIH?



4. VI3MeHuTCs 1 pe3yibTaT BBIYUCIICHUS, €CIIU TUaMeTp Kamneiab TpyOoku Oyaer
MEHbIIE?

5. Tlouemy cneayer 40OMBATHCA MEJIEHHOTO MaJACHUS Kaneib?

JlaGoparopHasi pabora Ne 4 Tema 3ansiTusi: 3aKOHBI NIOCTOSHHOI0 TOKA.
DJIeKTPUYECKHU A TOK B MOJIYNIPOBOHUKAX.

Heab padoThl: NPOBEPUTH CIPABEAIUBOCTD 3AKOHOB MOCIEA0BATEIBHOTO U
napajijieIbHOro COEAMHEHHS IPOBOJHUKOB.

IlepeyeHb MCMOJIB3yeMOro 000PYA0BAHUS: aMIIEPMETP, BOILTMETP, JTAMITOUKA,
IIPOBOJIOYHAS CIIMpalib, OaTapeiika, KoY, peocTar

TeopuTHyeckas 4acThb

HpOBO}IHI/IKI/I B SJICKTPHUUCCKHUX LCIIAX MOT'YT COCAUHATHCA MMOCICA0BATCIIBHO U
ImapaijicJIbHO.

IIpu nocjienoBaTeibHOM COeIMHEHUN MPOBOAHUKOB (puc. 1.9.1) cuna Toka Bo
BCEX MPOBOJIHUKAX OJIMHAKOBA:

; 3 A
e N S I
| & | £ |
S
| I -

Pucynok 1.9.1.
[TocnenoBaTenbHOE COCTMHEHHE
MIPOBOHUKOB

ITo 3akony Oma, Hanpsixenus Ur u U, Ha MpOBOHUKAX PaBHbI

U1 =1R;, Uz=1Ro>.

O6uiee Hanpsbkenre U Ha 000MX MPOBOAHUKAX PAaBHO cyMMe HanpsibkeHud Uy u
Uo:

U=Ui+U,=I(R:1+R2) = IR,
rae R — anekTpuueckoe conpoTuBiaeHue Beer nenu. OTcroa cienyer:
R =R1 + Ro.

le/l nmocJaeaoBaTe/JibHOM COCAMHCHNH IMMOJHOC COMPOTUBJICHUEC LCIIH PABHO
CYMME COIIpOTI/IB.]IeHI/Iﬁ OTAC/IBHBIX ITPOBOJIHUKOB.



OTOT pe3yabTaT CHPABEAIUB IS JIFOOOT0 YUCIIA MOCIEA0BATEIbHO COEIUHEHHBIX
MIPOBOTHUKOB.

IIpu napaieasHom coequuenuu (puc. 1.9.2) nanpsoxenus Uy u Uz Ha 06oux
MIPOBOJHUKAX OJIMHAKOBBI:

U1 = Uz =U.
Cymma TokoB |1 + |2, mpoTekaromux no 000uM MpoOBOIHUKAM, pPaBHA TOKY B
HEPAa3BETBJICHHOW LIEIIN:
=1+ 1.

DTOT pe3yabTaT ClIeAYyeT U3 TOr0, YTO B TOYKAX pa3BeTBICHUS TOKOB (y311bl A 1 B)
B IIETIM TTOCTOSIHHOTO TOKa HE MOTYT HaKarjauBathes 3apsabsl. Hanpumep, k y3ny A
3a BpeMst At nmoarekaet 3apsan IAt, a yrekaeT ot y3ia 3a To xe BpeMs 3apsij

1At + IbAt. CnenosarensHo, | = 11 + ).
4
—
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Pucynok 1.9.2.
[TapamiensHOE COeTMHEHUE POBOTHUKOB

3anuceiBasg Ha OCHOBaHMM 3aKkoHa OMa

L=e L= n1=2
TR TR TR

rae R — anekTpuyeckoe COMPOTUBIICHUE BCEH LIETTH, TTOTYYUM

IIpu napa/uieJibHOM COeIMHEHUHU NMPOBOTHUKOB BeJIUYHHA, 00paTHAasl 001eMy
CONPOTHUBJICHHUIO LeNH, PABHA CYyMMe BeJIMYMH, 00PATHBIX CONPOTUBJIEHUSIM
NnapauieJJbHO BKIKYEHHBIX IPOBOJHNKOB.

Xoxa pa0doThl.
3apanme 1. Mzyyenue nocineqoBaTeIbHOTO COCTMHEHMUS.

1. CoGepuTe 1ienb 1o pucyHKy Hibke. BonpTMmeTp npucoenunute k Toukam N u K
uenu. OH B 3TOM Cllydae MOKa)XeT HAIPSHKEHHE Ha PE3UCTOPE U JTAMIIOYKE BMECTE
(Uosm). @oTO coOpaHHOI IIenu ToKa3aHo Ha ¢oTtorpaduu HbKe. 3aMKHHTE TICTTh U



3anuIuTe B Ta0auIly nokazanust cuiibl Toka [ u Ugey. Llens pazomkauTe u
MOKAXKHUTE €€ YUUTEITIO.

2. ITonkIIFOUMTE BOJIBTMETP K TOUK
pesuctope Ri.

Hanpspkenue Up Ha

3. HOI[KJIIO‘II/ITC BOJIBTMCTP K TOYK
JJaMITOYKC.

HanpsokeHue Uz Ha

4. ITo popmynam Ri=U1/l, Ro=U/l, Rosm=Uoew/I OaCUMTANITE COTPOTHUBICHHUS
pe3ucTopa, TaMIOYKH, y4acTKa, BKITFOYAIOIIETO PE3UCTOP U JTaMIIOUKY.
Pe3ynbrarel OKpyTIISIATE 1O IECATHIX.

5. HSMepeHHBIe N IMTOACYUTAHHBIC 3HAYCHUA 3aHCCUTC B Ta6JIHLIy.

6. Crenaiite YCTHO BBIBOJ, TOJTBEPKIAIOTCS JIU OIBITOM (POPMYJIbL:
Uosu= U1tU2  Roew= R1tR2

SaHaHne 2. I/I3yquI/1e IMapauICJIbHOIr0o COCIUHCHUA.

1. Cobepure 1iens o pucyHky Hike. PoTo coOpaHHOI 1enH MoKa3aHo Ha
dboTorpaduu HIXE.

ComnpoTuBieHre peocTarta caelnanTe MaKkCuMaabHbIM. 3aMKHUTE 1IETh U 3alUIITUTE
B TaO/IMIly NOKa3aHMsl Cuibl TOKA logy, ¥ U. Llenb pa3soMKHUTE U MOKAXKUTE €€
YUUTETTIO.

e

N

. Rz




2. OTCcoeIMHUTE BOJIBTMETP, & aMIIEPMETP MPUCOEAUHHUTE B BETBb C PE3UCTOPOM.
CornpoTuBieHHE peocTaTa MyCcTh OCTAETCA MaKCUMaJIbHBIM. 3alUIIUTE B TAOIUILY
3Ha4YEHHUE CUIIBI TOKA 1, mpoTekaromeit uepes pezuctop Ri. Cxema nenu cMoTpure
Ha PUCYHKE 2.

®ororpadus 2

PucyHok 2
-

b L <

— @

3. AMmiepMeTp NMPUCOSTUHHUTE B BETBb C JIAMITOYKON. 3aMUIIUTE B TAOJIHUILY
3HA4YeHUe CUJIbl TOKa I, mpoTekaromieil yepes gamnouky. Cxema 1enu CMOTpUTE Ha
dotorpadum 2.

4. ITo popmymnam Ri1=U/l1, Ro=U/l2, Resm=U/losm OACUMTANTE CONPOTHUBICHHUS
pe3ucTopa, JaMIOYKH, y4acTKa, BKIFOYAIOIIEr0 PE3UCTOP U JIAMITOUKY.
Pe3ynbTaThl OKpYTIIHTE 10 JECSTHIX.

5. I/ISMepeHHLIG N IIOACUHNTAHHBIC 3HAUYCHUA 3aHCCUTC B Ta6HHHy.

6. CaenaiiTe YCTHO BBIBOI, TIOATBEPIKAAIOTCS JIK OMBITOM (hOPMYJIBI:
R, xR

logu= 11+ |> R6:—1 2

oo PR +R,

Conepxanue or4yera, gopma u npaBuia opopmMJIeHUS 0TIETA O

BBINOJIHEHHOI padoTe: TabiHIIa.

I, U, U, U6, Ru, Ro, Ro6us Ui+U,, | RitRo,
A B B B Om OMm OmMm B OMm

U’ Ill |21 |06H.[5 Rl; RZ! R06LLI1 Il+|25 Rl>< RZ
B A A A Om Om Om A R, +R,
3aganuss M Bompochl s (GOPMHPOBAHMA M KOHTPOJA  BJIaJdeHHSA
KOMIIETEHIMAMM.

1. MaiiTe onpenesieHHE MOHSITHI «BETBbY, «KKOHTYP», «Y3€J».

KOHTpOJIbHLle BOIIPOCHI




2.UYemy paBHO oOOlIee CONPOTUBJICHUE MENH TMPU TMOCIET0BATEILHOM
COEIMHEHUU CONPOTUBJICHUN?

3. UeMy paBHa oO1as MpoOBOAUMOCTh IEMU MPHU NapalieNbHOM COEIUHECHUU
CONPOTUBIICHUN ?

4. Yemy paBHO 00111€€ COMPOTUBIICHHUE IIEMU NMPU CMEIIIAHHOM COEIMHEHUU
CONPOTUBIICHUN ?

5. Kak nonnmaercs u untaercsa 3akoH OMa 11 3aJaHHBIX CXeM?

JlaGoparopHasi paGora Ne 5 Tema 3ansitusi: 3aKOHBI NOCTOSHHOI'0 TOKA.
DJIeKTPUYECKH A TOK B MOJYNIPOBOIHUKAX.

Hean padorsl: onpeaenuts J/]C U BHyTpEeHHEE CONTPOTUBIEHNE NCTOYHUKA
MOCTOSIHHOTO TOKA U OLIEHUTh MPABIONO0100HOCTh MOJIYYEHHBIX PE3yJIbTaTOB.
Ilepeuenb ncnonb3yemMoro ooopyaoBanmsi: uctounuk J/C, kirou, aMmnepmerp,
BOJIbTMETP, TPU PE3UCTOPA C U3BECTHBIMH CONPOTUBICHUSIMHU, COSTUHUTEIbHBIC

IMPOBOAHUKH, PCOCTAT.

TeopuTHyeckas 4acThb

PaboTa BeImonHsgETCS C ITOMOIIIBIO BHGKTqueCKOfI OCIIN, COCTOHHIGﬁ n3
IMOCJICOOBATCIIBHO COCIMHCHHBIX 3JICMCHTOB: HCTOYHHKA QI[C, KJIro4ga,
aMIICPMCTpa U PE3UCTOpPA C U3BCCTHBIM COIIPOTHUBJIICHHUCM. I/I3Mep}IeTCSI CHJIa TOKa
B OCIIN IIPHU 3aMKHYTOM KJIHO4YC.

Ipumeuanue: VIcoab30BaTh PE3UCTOPHI C MaJIBIM COMPOTHUBIICHUEM HE
peKOMEeHayeTcsl, T.K. OyJeT cKa3biBaThes A (PEKT HarpeBaHus PE3UCTOPOB U
M3MEHEHHUE MX COMPOTUIICHHUS.

Jlanee B 1IeTIH PE3UCTOP 3aMEHSASTCS APYTUM U H3MEPSCTCS CHIa TOKA B IICTIH B
HOBOM citydae. 1y o6oux cirydaeB 3akoH Oma Jij1sl 3aMKHYTOH 1ierd Oy1eT
BBITJISICTH cireaytonuM oopazom: E =11 (Ry + 1), E=12(R2 + ).
KomMOuHHpYs TpeMs pe3ucTOpaMu ¢ U3BECTHBIMHU COIIPOTUBIICHUSIMH, MOKHO
MIPOBECTH TPH TAPhI MOJTOOHBIX H3MEPEHUH.

Xoxa pa0doThl.

1. IloAroToBBTE JUCTHI AJIsl OTYETA O pabOTE C MPEIBAPUTEIILHBIMU 3AIUCIMH.
2. CobepuTe IEKTPUUYESCKYIO IIETb, COCTOSIIYIO U3 TTOCIICI0BATEIIFHO
COEIMHEHHBIX 3JIEMEHTOB: ucTouHnka JJ1C, kiroya, aMmnepmerpa u pe3ucropa ¢
M3BECTHBIM CONMPOTHUBJIEHUEM. VI3MepbTe CHly TOKa B LIEMU ITPU 3aMKHYTOM
KIIIOYe.



3. 3aMeHUTE Pe3UCTOP HOBBIM U U3MEPHTE CHITY TOKA B LIENH B IAHHOM CJIyYae.
IIpoBenuTe aHAJIOrMYHBIE NEUCTBUS C TPETHUM PE3UCTOPOM. Pe3ynbpraTsl

M3MEPEHU 3aHECUTE B TAOIULLY.
4. Ilposeaute Boiuncienus /1C ncTouHMKa TOKA U BHYTPEHHETO COMPOTUBIICHUS
MCTOYHHUKA JJIs1 IEPBOTO U BTOPOTO, AJI MIEPBOTO U TPETHETO, JIJIsl BTOPOTO U

TpeThero cinyvaes mno cieayrmuM popmynam: I = (11R1 — LR2)/(I2 — ), E =

l112(R2 — R1)/(11 — 1).
5. [loacunraiiTe BEAMYHMHBI OTHOCUTEIBHON M aOCOIIOTHOM MOrPEIIHOCTEMH,
00paboTaB BHIYMCICHUS] METOJIOM CPEJIHEr0 apu(hMETUYECKOTO.
6. Cnenaiite BBIBOJIbI O IPOJIEIaHHON padoTe.

Conepxanue or4yera, GpopmMa U npaBujia 0(popmieHUs: 0TYETA O

BBINOJIHEHHOI padoTe: TabiuIIa.

Cuna Bayrpennee AOcomroTHas
OJ1C AOGcommoTHas yIp
toka| CompoTuBieHNE COTIPOTHBJICHUE| MOTPEITHOCTh
No HCTOYHUKA| TTOTPEITHOCTh
0 B pe3ucTopa ToKa DIC UCTOYHUKA BHYTPEHHETO
e TOKa COTIPOTHBIICHUS
OIIbITa I R E AE r AI‘
A Om B B Om Om
1
2
3
3aganusi M Bompochbl Ui  (OPMHMPOBAHUST M KOHTPOJIA BJAJICHUA

KOMIICTCHIIUAMM.

KoHTpoJsibHBIE BOIPOCHI

1. I[louemy noka3zaHusi BOJIBTMETPA MPU PA3OMKHYTOM M 3aMKHYTOM KITFOYE

pa3IuYHbI?

2. Kak moBeicuTh TOuHOCTB M3MepeHus DJIC ncrounrka Toka? Pe3ucTopsl ¢
KaKUMU COTIPOTUBJICHUSIMHU yI00HEEe UCTIOJIb30BaTh B JAHHOU paboTe?

3. [louemy abcomoTHas u oTHOcUTeNbHas norpentHoctr JJ{C 1 BHyTpEeHHETOo
COTPOTHBIICHHS] UCTOYHUKA TOKA B TAHHOM pabOTe CTOJbh 3HAYUTEIbHbIE?

4. Kak BiIusieT U3MEHEHHE TeMIepaTypbl pe3ucTopa Mpu HarpeBaHUK Ha
pe3yabTaThl UBMEPEHUN B TaHHOW padboTe?

JlabopaTopHasi padora Ne 6 Tema 3ansitusi: MarautHoe moJe.
JJIEKTPOMATHUTHASI MHAYKIHS.

Heab padoThI: u3yuums yCio6us 603HUKHOBEHUS UHOYKYUOHH020 moka, I/[C

UHOVKYUU.




Ilepeyenb ncnoOB3yeMOro 000PYA0BAHMS: KAMYUWKd, 084 NOIOCOBLIX MACHUMA,
MULTUAMPEPMEMP.

TeopnaneCRaﬂ 4acTb

B3anMHas cBSI3b 3JIEKTPUUECKUX U MATHUTHBIX MOJIeH OblIa yCTaHOBJICHA
BbIIatomuMcs anruickum ¢pusukom M. dapaneem B 1831 r. OH OTKpBLI SIBJICHUE
3JIEKTPOMATHUTHON MHAYKIUH.

Muorouucnensasie onbIThl Dapajges NoKa3pIBAIOT, YTO C TOMOIIEI0 MATHUTHOTO
MOJIS1 MOKHO TOJYYUTh SJIEKTPUUECKUN TOK B TPOBOJHUKE.

SBJieHME JJIEKTPOMATHUTHON UHAYKUMH 3AKIAI0YAEMCS 8 B03HUKHOBEHUU
NIEKMPULECKO20 MOKA 8 3AMKHYMOM KOHMYpe NPpu USMEHeHUU MACHUMHO2O0
NOMOKa, NPOHU3bIEAIOU €20 KOHMYD.

Toxk, 6o3HUKAIOWUL NPU ABNEHUU DTIEKMPOMASHUMHOU UHOYKYUU, HAZbIBAIOM
HHAYKIHOHHBIM.

B snexTpudeckoit nienu (pucyHox 1) BO3HMKAET UHIYKIIMOHHBIN TOK, €CJTH €CTh
JBIDKCHHE MarHuTa OTHOCHUTENIFHO KaTYIIIKH, WK Hao0opoT. HanpaBnenue
WHIYKIIMOHHOT'O TOKA 3aBUCUT KaK OT HaNpaBJIEHUs ABUKCHUS MarHuTa, Tak U OT
PAaCTOJIOAKEHHS €r0 MOHOCOB. HIYKIIMOHHBIM TOK OTCYTCTBYET, €CIU HET

OTHOCHUTCIIBHOTO IICPEMCIICHNA KAaTYIIKW U MarouTa.

s

Crtporo roBopsi, pu JIBH>)KEHUU KOHTYpa B MATHUTHOM I10JI€ TEHEPUPYETCS HE

t&
Pucynox 1.

OHpeI[eHeHHBIﬁ TOK , a oIIp€AcCjaCHHad 3. 1. C.
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Pucynox 2.



®dapajiell SKCIIEPUMEHTAIbHO YCTAHOBUIL, YTO NPU USMEHEHUU MACHUMHO20
nomoka 6 npogoosuiem konmype eosnuxaem I/C unoyxyuu E,.o, pasnas
CKOPOCMU USMEHEHUSI MACHUMHO20 NOMOKA Yepe3 NOBEPXHOCHb, 02PAHUYEHHYIO
KOHMYPOM, 838MOU CO 3HAKOM MUHYC:
. AD

Pt

Orta hopmyna BelpaxkaeT 3akoH Dapanesi: 3. 0. ¢. UHOYKYUU PAGHA CKOPOCMU
U3MEHEHUA MAZHUMHO020 NOMOKA 4epe3 NOBEPXHOCHb, 02PDAHUYEHHYIO
KOHmMypom.

3Hak MUHYC B hopMyJie OTpakaeT npaBuiio Jlenma.

B 1833 roany JleH1] OnbITHBIM ITyTEM J10Ka3ajl YTBEPKICHUE, KOTOPOE
Ha3bIBAETCS MPABUJIOM JIeHUA: UHOYKYUOHHDBLI MOK, 8030y)coaemblil 6
3AMKHYMOM KOHMYpPe npu U3MEHEeHUU MAZHUMHO20 NOMOKA, 6ce20a Hanpae/iex
mak, 4mo co30asaemoe UM MaZHUmHoe nojie nPensanmcmeyem UIMeHeHuIo
MAZHUMHO20 NOMOKA, 6bI3b18AIOULE20 UHOYKUUOHHBLIL MOK.

IIpu Bo3pacTaHuu MAarHUTHOrO MoToka >0, a g, <0, T.e. 3. 1. C.
MHIYKUWH BBI3bIBAET TOK TAKOTO HAIPABIICHUS, IPU KOTOPOM €r0 MarHUTHOE T10JIE
YMEHBIIIAET MATHUTHBINA IIOTOK Yepe3 KOHTYP.

IIpn yMeHbIIEHUM MATHUTHOIO MOTOKAa P<0, a &y, > 0, T.€. MATHUTHOE TIOJIC
WHAYKIIMOHHOTO TOKA YBEJIMYMBAET YOBIBAIOIIMI MAarHUTHBIN MOTOK Yepe3 KOHTYP.

IIpaBuio Jlenna umeet riyOookuii pu3nuecKHid CMBICI — OHO 8bipadicaem
3aKOH COXpaHeHusi SHep2uu: €CIIM MarHUTHOE T0JIE Yepe3 KOHTYP YBEIUUYUBAETCH,
TO TOK B KOHTYPE HAIPAaBJICH TaK, YTO €r0 MArHUTHOE I0JI€ HAPABJICHO NPOTHUB
BHEIIIHET 0, a €CJIM BHEIIHEE MAarHUTHOE MOJIE Yepe3 KOHTYP YMEHBIIAETCS, TO TOK
HaIlpaBJIEH TaK, 4YTO €r0 MarHUTHOE T0JIE MOAEPKUBAET 3TO YObIBaIOIIEE
MAarHuTHOE MOJIE.

Xoa padoThl.

[TonroToBhTE NJIst OTUETA TAOIHUITY U ITO MEPE TPOBECHUS OITBITOB 3ATMOJIHUTE €.

Hanpasienus
OTKJIOHEHHH
Iloka3an | crTpesaku Hanpasienne
Ne JeiicTBud ¢ us MWLTHAMIIep-| HMHAYKIHOHHOIO TOKA

n/n MATrHUTOM M MUJLIU- MeTpa (mo mpaBuiy Jlenua)



KATYLIKOMI

aMiepmer

pa,
MA

(Bmpaso,
BJICBO MJIM He

OTKJIAHSIETCH)

beICTpO BCTAaBUTH
MarHuT B KaTyLIKy

CCBCPHLIM ITOJIHOCOM

|OCcTaBUTH MAarduT B
KaTyIIKe
HENOIBUKHBIM

nocJie onpiTa 1

beICcTpO BRITAUTH

MAarHuT U3 KaTyIIKH

bricTpo mpubiu3nTh
KaTyIIKy K
CEBEPHOMY TIOJIIOCY

MarauTa

|OcTaBUTH KaTyIIKy
HETOJIB)KHOM 1OCJIe

onbiTa 4

BBICTpO BHITAIIUTD
KaTYIIKy OT
CEBEPHOT0 MOJI0Cca

MaraHurTa

MenjieHHO BCTaBUTH

CEBEPHBIMU

—>
B KaTYyIIKy MarHuT e >
CEBEPHBIM IOIOCOM
MenjieHHO
%
BBITALIUTh MATHUT — ]
U3 KaTyIIK{
brICTpO BCTaBUTH B
—>
KaTyIIKy 2 MarauTa ——




IIOJII0CaMH

10 |beicTpO BCTaBUTH

MAarHuvT B KaTyHIKYy | [ ; ,L?,J

IOKHBIM ITOJTFOCOM

11 |BeicTpO BHITAIUTH

MATHUT U3 KATYIIKA o= )
y . [;sz;]

rocJie ombita 10

12 |beicTpO BCTAaBUTH B

P~
5 _
KaTyIIKy 2 MarHuTa —— [— A8

FO’KHBIMH ITOJTFOCAMU
3anucaTh 00IIMI BBIBOJ MO pabOTe HA OCHOBE NMPOBEIEHHBIX HAOIOICHUM.

Conepxanue oT4yera, popMa U NPpaBUIA 0(pOPMIICHHUS OTHYETA O

BBINOJITHEHHOI padoTe: TabiHIIa.

3amanuss M BONPOCHI A (POPMUPOBAHUSL U KOHTPOJSI BJAJAEHHS
KOMIIeTCHIMSIMH.
KonTpoJsbHbIE BONIPOCHI

1. B uyeM 3akiroyaercs sIBJICHUE 3JIEKTPOMArHUTHOW UHIYKITUU?
2. Kakoif Tok Ha3bIBaIOT HHAYKIIMOHHBIM?

3. Chopmynupyiite 3aKOH JIEKTPOMarHUTHOM HHAYKIMU. Kakoit hopmyoi

OH OMUCHIBACTCS?
4. Kak dhopmynupyercs npaswio Jlenna?

5. KakoBa cBs3b npaBuiia JIeHla ¢ 3aKOHOM COXPaHEHUS] SHEPTUU?

JlaGoparopHasi pabora Ne 7 Tema 3ausitusi: Mexanuveckue KoJieOaHus U
ynpyrue BOJIHBI.

Leab padoThbI: COCTOUT B AKCIIEPUMEHTAIBHON TPOBEpKE (HOPMYIIHI,
CBSI3BIBAIOIIICH MEpHOT KoJIeOaHWM MasTHHUKA C JUTMHOW €ro TojiBeca.

IlepeyeHb MCMOJIb3YyeMOro 000PYA0BaHUSA: IITATUB C NEPEKIAUHON U MY(PTOI,
HUTH C METISAMU Ha KOHIAX, TPY3 C KPIOUKOM, JTUHEHKA, JIEKTPOHHBIA CEKYHIOMED

TeopnaneCKaﬂ 4acTb



PaccMmoTpuM Kosie0aHusl HUTSHOTO MasATHUKA, T.€. HEOOJIbUIOrO Teja (Hampumep,
1iapyKa), MoABEIIEHHOr0 Ha HUTH, JJIMHA KOTOPOH 3HAYUTEIBHO MPEBBIIIAET
pa3Mepsl camoro Tesna. Eciiu mapuk OTKIIOHUTH OT MOJIOKEHUSI PAaBHOBECHUS U
OTIIYCTUTh, TO OH Ha4YHET Kojebarhcs. CHayana MasiTHUK ABUKETCS C
HapacTarolel CKOPOCThIO BHU3. B 10J10KeHNU paBHOBECHUSI CKOPOCTh LIapHUKa HE
paBHa HYJIIO, U OH 110 UHEPLUU ABMKeTCs BBepX. [10 1OCTHKEHUN HAUBBICIIETO

IMOJIOKCHUSA IMAapHUK CHOBA HAUYWMHACT ABUIaTbCA BHUS. 910 6YI[yT CBO6OI[HBI€

KOJIcOaHUS MasTHUKA.
0

CBo0OoaHbIE KOJIEOAHUSI — 970 KOIeOaHUsl, KOMopble BO3HUKAIOM 8 cucmeme noo
oelicmauem GHYMpPEeHHUX CUT, NOCLe MO20, KAK CUucmema Obllad 6bl8e0eHa U3
NOJIOJHCEHUS YCMOUYUBO20 PABHOBECUSL.

KonebarensHoe ABMKEHHE XapaKTEPHU3YIOT aMIUTUTY/ION, IEPHUOJIOM U YaCTOTOU
KoJIeOaHuH.

AMILTHTY/a KoJle0aHMi - 5TO HauOoJIbIIIee CMEIIEHUE KOJICOIOMEerocs Teja OT
nosioykeHus paBHoBecus. O0o3Havaercs A. Enuanma namepenus - metp [1M].
Ilepuona konedaHui - 3TO BpeMs, 32 KOTOPOE TEJIO COBEPILAET OJHO MOJIHOE
konebanue. O6o3navaercs T. Enunanna namepenus - cekysaa [1c].

YacroTa KoJedaHuii - 3TO YUCII0 KOoJIcOaHUH, COBEPIIACMBIX 32 CAUHUILY
BpeMeHu. O0o3Havaercs v. Enuanma namepenus - repir [ 117].

Teno, noABEIEHHOE HA HEBECOMOW HEPACTSKMMOM HUTHU HA3bIBAIOT
MAaTeMATHYeCKHUM MasiTHUKOM.

Hepnon KoJIeOaHMI MaTeMaTHYECKOro MasTHUKA OonpeaAcIsICTCA

!
T=2m J:
dbopmyoii: g (1), roe | — nviHa moaBeca, a § — YCKOPEHUE CBOOOIHOTO
TaJICHUsI.



Xoa padorhl.

1. IloaroroBbTe TAONMILY AJIA 3aIIUCH PE3YIBTATOB U3MEPEHUIN U BHIYUCICHUI:

2. 3akpenuTe nepekyaaguty B My(pTe y BepXHero Kpasi crep:kHs mratusa. Llltatus
pa3MecTUTE Ha CTOJIE TaK, YTOOBI KOHEII MEePEeKIIaJuHbI BBICTyNAN 3a Kpan
MOBEpXHOCTH cToia. [logBechTe K nepekyiainHe ¢ MOMOILBIO HUTU OJMH T'PY3 U3
HaOopa. PaccrositHue oT TOUkH MoBeca J10 LIEHTpa Ipy3a AOHKHO ObITh 25-30 cMm.
3. [loAroToBbTE PNEKTPOHHBIN CEKYHJIOMED K pabOTe B pyUHOM PEXHUME.

4. OTKIIOHUTE TPYy3 Ha 5-6 CM OT MOJIOKEHUSI PAaBHOBECHUS U 3aMEPbTE BpeMs, 3a
KOTOpoe rpy3 coBepiuT 30 MOJHBIX KoJieOaHUH (MPU OTKIOHEHUHU I'py3a CIEIUTE,
YTOOBI YTOJ1 OTKJIOHCHUS HE OBbLT BEJIUK).

5. [ToBrOpuTe M3Mepenue 3-4 pa3a U ONPEICIIUTE CPEIHEE BPEMs

tcp1 = (t1+t2+t3+t4)/4

6. Beruncnure nepuop konebaHus rpysa ¢ JmHoN noaseca 25-30 cM 1o

2 t‘?l

e L
dbopmyne e
7. YBenu4bTe UIMHY MOJBECA B UETHIPE pa3a.

8. HOBTOpI/ITG CCPHUIO OIIBITOB C MAsITHUKOM HOBOU JJIHWHBI 1 BBIYHUCJIIUTC CT'O

T, =22
nepuo/1 kojiebanuii mo hopmyiie v
V= S
. ¢
9. Beruncnure 4acToThl KoJiebaHul 11 00enx MasiTHUKOB 10 hopMysiam L
N
Vy,=—
u a2

10. CpaBuuTte neproanl KoieOaHui TBYX MasiTHUKOB, JJIMHBI KOTOPBIX OTINYAIUCH
B YETHIPE pasa, U CeaiTe BHIBOJ OTHOCUTENIBHO CIIpaBe N IUBOCTU (hopmys (1).
YKaxuTe BO3MOXKHBIE TPUUMHBI PACXOKIACHUS PE3YyJIbTATOB.

11. OTBeThTE HA KOHTPOJIbHBIE BOIPOCHI.

Conepxanue or4era, Gpopma u npapuia opopmMJieHUs 0TYETA O
BBINOJIHEHHOI padoTe: TabnuIa.
I, m Ne N t, ¢ tep, € T, ¢ v, '

onbITa
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3aganussi u Bompochl A (GOpMHPOBAHHA W KOHTPOJISA  BJIAJACHHUS
KOMIIeTCHIMSIMH.
KoHTpo/ibHBIC BONIPOCHI

1. Yto Ha3bIBAIOT MEPUOAOM KOJCOAHUI MasiTHUKA?

2. Uto Ha3bIBAIOT YacTOTOM KosneOaHuii MasTHUKa? KakoBa e1MHUIIa YaCTOThI
Kosie0aHuii?

3. OT KaKuX BEJIMYUH U KaK 3aBUCHUT MEPUOJI KOJIeOaHUI MaTeMaTH4YeCKOro
MasTHHUKA?

4. OT KaKuX BEJIMYMH U KaK 3aBUCUT NEPUOJ] KOJeOaHUN MPYKUHHOTO MasTHUKA?

5. Kakue kosedanus Ha3bIBaOT COOCTBEHHBIMHU?

JlabopaTopHasi padora Ne 8 Tema 3aHsITHA: DJIEKTPOMATHUTHBIE KOJIe0aHUSA
U BOJIHBI.

]_[e.]'lb paﬁoTI)I: N3Yy4UTb 3aBUCUMOCTb CMKOCTHOI'O U HHAYKTHBHOI'O
COHpOTI/IBJIeHI/Iﬁ OT 9aCTOThI IICPCMCHHOI'O TOKA U IMapaMCTPOB 3JICMCHTOB.

IlepedeHb MCMOJIb3yeMOro 000pyA0BaHHSA: KOHJEHCATOP, KaTYIIKA, HCTOUYHUK
MUTaHUsl, TEHEPATOP, PEOCTAT, BOJILTMETP.

TeopuTHyeckasi 4acTh

B nenu nepeMeHHOro Toka KpoMe pe3UCTOPOB MOT'YT MCIOJIb30BAThCS KATYIIKH
WHIYKTUBHOCTHU U KOHJIEHCATOPBI. [[J151 MOCTOSTHHOTO TOKa KaTyIlIKa
WHIYKTUBHOCTH UMEET TOJIBKO aKTUBHOE COMPOTHUBIIEHUE, KOTOPOE OOBIYHO
HEBEJIMKO (€CJIM KaTYIIKa HE COJEPKUT OOJIBIIIOE KOJIMUYECTBO BUTKOB).
KonnencaTop *e B 1€l NOCTOSSHHOTO TOKa MpeCTaBiseT "pa3pbiB" (OUCHb
00JIbIIIOE AKTUBHOE COMPOTUBIICHUE). J[J1 MepeMEeHHOr0 TOKa 3TH AJIEMEHTHI
o0naarT cnenuduueckuM peakKTUBHBIM COITPOTUBIEHUEM, KOTOPOE 3aBUCUT KaK



OT HOMMHAJIOB JIETAJIEN, TAK U OT YaCTOThl IEPEMEHHOIO TOKA, TPOTEKAOIIETO
4yepe3 KaTylIKy U KOHJIEHCATopP.

1.1. KaTymika B uenu nepeMeHHoro Toka.

PaccmoTpuM, 94TO IPOUCXOAUT B LEIHN, COACPIKAIIEH PE3UCTOP U KATYIIKY
MHAYKTUBHOCTH. KosiebaHus cuiibl TOKa, MPOTEKAIOIIEro Yepe3 KaTyIIKy:

1= 1, -cos(wt)

BBI3BIBAIOT I1aJICHUE HANIPSKEHUS HA KOHIAX KaTyIIKH B COOTBETCTBUU C 3AKOHOM
CaMOMHIYKLHWU U IIpaBuiIoM JIeHua:

i ) .
i = LE =—Lood,, s 0¥ ) = ol cos(of + 7/ 2)

T.€. KOJIcOaHus HAIIPSKCHUS OIICPCIKAKOT 1O (1)2136 KoJIcOaHMs CUJIbI TOKA Ha |y /2.
HpOI/ISBeIIeHI/Ie W le ABJIIACTCA aMHHI/ITyI[Oﬁ KoJIcOaHus HaIIPSXKCHUSA

U =wlil,

HpOI/ISBeIIeHI/Ie HHKHquCKOﬁ JaCTOThI HA UHAYKTHUBHOCTb HA3bIBAIOT
UHOYKMUBHBIM CONPOMUELEHUEM KATYILIKU:

X;=wl (1)

TI09TOMY CBSA3b MEXJy AMIUIUTYIaMU HANPSHKEHUs M TOKA HA KAaTYIIKE COBMNAaeT
1o opme ¢ 3akoHoM OMa JUIS y4acTKa LENH ITOCTOSHHOTO TOKA:
UL =X1In(9)
Kak BuaHO 13 BbIpaxeHus (1), MHAYKTUBHOE CONPOTUBIIEHHE HE ABIISETCS
TIOCTOSHHOMN BEIMUYMHOI 171 TaHHOM KaTYIIKH, a IPONOPIHOHATIBHO YaCTOTeE
IepeMEHHOr0 TOKa Yepe3 KaTylKy. I109ToMy aMInTy/aa KonebaHuii cuibl Toka Iy
B IPOBOJIHMKE ¢ MHIYKTUBHOCTHIO L mpu mocrosHHOM ammmutyae U, HanpskeHus
yOBIBaeT 0OPATHO MPONOPLUOHATBHO YACTOTE IEPEMEHHOTO TOKA
1~ Ym

" oL )
1.2. KoHyieHCcaTop B LieNU HEPEMEHHOT0 TOKA.
ITpu n3MeHEHUH HaNpsKeHHUs Ha 00KJIaKaX KOHAEHCATOPa O FAPMOHUYECKOMY

sakomy: ¥C = 0, cos(wt)

3apsia ( Ha ero O6KHaI[KaX HN3MCHACTCSA TAKIKC I10 TaPMOHHUYCCKOMY 3aKOHY:
g = Crip = CU, cos(wt)

DNEeKTpUYECKU TOK B IIENM BOSHUKAET B PE3yIbTaTE U3MEHEHHUS 3aps/ia
KOHJIEHCATOpa, TI0ITOMY KOJIeOaHUs CHIIBI TOKA B I[EMU OYIyT MPOUCXOAUTH TI0
3aKOHY:

i= i—? = —T7, s o) = 07, cos(af + 7/ 2)

Bunno, uTo xonebaHus HAMPsHKEHUST HAa KOHAEHCATOPE OTCTAIOT 10 (ha3e oT
Kosebanuii criel Toka Ha p /2. [IpousBenenne w CUn, ABI€TCS aMIuIUTy 101
KOJIeOaHU CUJIBI TOKA!

I, =wCU,,

AHAIOTUYHO TOMY, KaK OBLIO CIIETaHO ¢ MHAYKTHBHOCTHIO, BBEJIEM MTOHSATHE
eMKOCIMHO20 CONPOMuU/ieHUs KOHACHCATOpa:



1

Xp=——

o (3)
JIJ1st KOHZIEHCATOpa MOJTy4aeM COOTHOIIEHHUE, aHAJIOTHYHOE 3aKoHy OMa:
Ue = Lol (4)

®opmyisl (2) u (4) cipaBeasuBbI U 17151 SQPEKTUBHBIX 3HAYECHUN TOKA U
HaIpPSHKEHUS.

Xox padoThl.

1. CobGepure Lemnp MoKa3aHHyo Ha pucyHke 1.

2. YcTaHOBUTE CIIEYIONINE 3HAYSHUS TapaMeTPOB:

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

Konnencatop — pabouee nanpsbkenne 400 B, emxocts 10 MkD;

Pesuctop — pabouas mounocts 500 BT, conporusnenue 100 Om.

3. M3Mensist eMKOCTh KOHIeHcaTopa oT 5 10 50 MkD (depe3 5 MxdD), 3anuimure
MOKa3aHUsI BOJILTMETPOB (HANpPsHKEHUE Ha KOHACHCATOPE U HAa PE3UCTOPE).

4. Paccuuraiite 3¢ peKTUBHOE 3HaAUYECHUE TOKOB, TEKYIIHUX B IIETH, B 3aBUCUMOCTH
OT 3HAUYEHUS €MKOCTH KOHJIEHCATOpa (7151 3TOr0 HaJl0 HaMpsXKEHHUE Ha PE3UCTOpe
pa3zeanTh Ha €ro CONMPOTUBIICHHUE).

5. Omnpenenurte 3Ha4€HUS EMKOCTHBIX COITPOTHUBIICHUI KOHIEHCATOPA JIJIS
COOTBETCTBYIOIINX 3HAYEHUHN €r0 EMKOCTU U CPABHUTE UX C PACCUUTAHHBIMU 110
dbopmyne (3).

6. YcranoBute emkocTh KoHAeHcaTopa 10 Mk®. M3MeHsia yacToTy TeHepaTopa OT
20 no 100 I'y uepe3 10 ', HOBTOpUTE U3MEPEHUS U PACUETHI EMKOCTHOTO
CONPOTHUBIICHUS B 3aBUCUMOCTH OT YACTOThI IEPEMEHHOTO TOKA.

Cobepure 11e1b TOKA3aHHYIO Ha PUCYHKE 2.

Puc.1. Puc.2.

8. YcraHnoBuTe cienyronye 3HaueHUs TapaMeTPOB:

I'eneparop — nHanpspkerne (3ddexruBnoe) 100 B, gactota 100 I';

Karymika - nagyktusHOCTH 50 MI'H;

Pesucrop — pabouas momtaocts 500 BT, conporusiaenne 100 Om.

9. Usmensist uHAYKTUBHOCTH KaTymku ot 50 1o 500 mI'H (vepes 50 mI'H),
3aMUIINATE TTOKA3aHUS BOJIFTMETPOB (HAMPSDKEHNE HA KATYIIKE U HA PE3UCTOPE).

10. Paccuwmraiite 3¢ (heKTHBHOE 3HAYCHUE TOKOB, TEKYIINX B IETH, B
3aBUCUMOCTH OT 3HAYCHUS WHAYKTUBHOCTHU KATYIIKH (I 3TOTO HAJIO
HaIpsHKCHUE Ha PE3UCTOPE Pa3IeuTh HA €r0 COMPOTUBIICHUE).



11. Omnpenenurte UHAYKTUBHBIE CONMPOTUBIICHUS KAaTyILIKHU JJIs
COOTBETCTBYIOLIMX 3HAYEHUH €€ NHAYKTUBHOCTH U CPABHUTE UX C
paccurTaHHbIMU 110 Gopmyiie (1).

12.  VYcranoBute MHAYKTUBHOCTH KaTymiku 100 MI'H. I3MeHss yactoTy
reHepaTopa oT 20 1o 100 'y uepes 10 ', MOBTOPUTE U3MEPEHUS U PACUETHI
UHAYKTUBHOT'O COIPOTHUBIICHHS B 3aBUCUMOCTU OT YaCTOThI IEPEMEHHOI'O TOKA..

13. TloctpoiiTe rpaduku 3aBUCUMOCTEN UHIYKTUBHOT'O K €MKOCTHOT'O
COMPOTHUBJICHUH OT YaCTOTHI IEPEMEHHOTO TOKA.

3aganussi u Bompochl A (GOpPMHPOBAHHA W KOHTPOJISA  BJIAJACHHUS
KOMIIETCHMSIMH.
KoHTpo/bHBIC BONIPOCHI

1. Hoquy CMKOCTHOC COIIPOTUBJICHUC YMCHBIIACTCA C YBCIIMYCHHUCM YaCTOTHI
MMEPEMCHHOI'O TOK 4, HHAYKTUBHOC COIIPOTUBJICHUC — YBGJII/I‘H/IBEICTCSI?

2. KakoBbl pazHuIlbl a3 MEXITy TOKOM U HANPSOKEHUEM ISl KaTyIIKU U
KOHJIeHcaTopa?

3. B kakux CANHHUILAX UBMEPAOTCA CMKOCTHOC U MTHAYKTHUBHOC COHpOTI/IBHCHI/ISI?

4. Kak 3anuceiBaeTcs aHanor 3akoHa Oma a1 MakCUMaibHBIX (9()PEKTUBHBIX )
3HAUEHUN TOKA W HAIPSHKEHUS JUIsl PEaKTUBHBIX 3JIEMEHTOB — KOHAEHcaTopa U
KaTyIIKHd UHAYKTUBHOCTH?

JlabopaTopHas padora Ne 9 Tema 3ansaTusi: llpupona csera.

Heab padoThl: HAYYUTHCS MMOTYYaTh YMEHBIICHHBIE N300PAKEHUS PEIMETOB C
MOMOIIBI0 COOMPAIOIIEH JTUH3BI, TEOMETPUUYECKUMHU TTOCTPOCHUSIMU ONIPEIETISAThH
ONTUYECKYIO CHITY JIUH3bI, TIOJIB30BATHCS (POPMYIION JTUH3HI.

Ilepeyenb UCIOIB3YyeMOro 000pYA0BaHUs: cOOMparoIas JTUH3a Ha MOJICTABKE;
JamIa JJis KapMaHHOTo (JOHapUKa Ha MOJCTABKE C UICTOYHUKOM MTUTAHUS; OeIbIi
AKpaH; U3MEpUTEIbHAS JIUHEHKA.

TeopuTHyeckasi 4acTh

OTHoOLIEHNE CKOPOCTH CBETa B BaKyyM€ C K CKOPOCTH CBETa VL B JIaHHOU
Cpelie Ha3bIBaeTCA a0COFOTHBIM MTOKA3aTelIeM MPETOMIICHUS ATOW CPEJIbI:

C
n:_:@z\/g.
L

3necbe Uy - 3TO  OTHOCUTEJIbHBIC [UAJIEKTpUYECKass M  MAarHUTHAas
MPOHUIIAEMOCTHU cpefbl, L ~ 1 s HepeppomarHuTHeix cpen. s mo0oi cpeasl,



KpoMe Bakyyma, € >1 u n>1. Benuunna €, a ciie10BaTEIbHO U N 3aBUCUT OT YaCTOTHI
CBE€Ta M COCTOSIHUS cCpelbl (€€ IJIOTHOCTH W Temmeparyphl). g ra3oB mpu
HOPMAaJIbHBIX YCIIOBUSIX I OJIM3KO K €IMHULIBI. B aHU30TPOMHBIX Cpeax n 3aBUCUT OT
HAIpPaBJICHUS PACIIPOCTPAHEHHUS CBETA U €r0 MOJSAPU3ALUH.

OTHOCHUTENBHBIM MTOKA3aTENEM IPETOMIIEHUS N21 BTOPOMl CPEABI OTHOCUTEIIHHO
MIEPBOM HA3BIBAETCS OTHOIIEHUE CKOPOCTEU CBETA V1 M V2 COOTBETCTBEHHO, B IIEPBOM
Y BTOPOU cpenax:

rae N1 1 Ny - abCONIOTHBIE TOKA3aTeNU MPEJIOMIICHUS CBETA MEPBOM U BTOPOU Cpejl.

Ecnmu n1>1 , To BTOpas cpeda Ha3bIBae€TCs ONTHYECKH OOJee-TUIOTHOM, ueM
nepBas cpena.

[Ipu nageHun CBETOBBIX JIy4el Ha UJICATBHO IUIOCKYIO TPAHMILY pa3ziesia ABYX
cpel, pa3Mepbl KOTOPOM 3HAYUTEIBHO MPEBBIMIAIOT JIMHY BOJIHBI, MPOUCXOMST
SABJICHUSI OTPAYKEHMSI U MpEJOMIIEHUsl cBeTa. HampaBiieHre pacrpoCcTpaHEHUs CBETa
U3MEHSETCS TMpPU MEpPEeXOoJie €ro BO BTOPYK Cpeay, 3a HCKIKYEHHUEM cllydas
HNEPICHIUKYJISPHOTO TAJCHUsS JIydel Ha TpaHUIly pasfesa. YoM MajaeHus |
HA3bIBAETCS YroJl MEXAY NAJalIIMM Jy4OM M MEPHEHIHUKYISIPOM K TpPaHHUIIC
pazzeia, BOCCTAaHOBJICHHBIM B TOUKE nafeHusd (puc.l).

P
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puc.1

Yriom oTpakeHHs |' Ha3bIBACTCS YroJl MEXKY OTPAKSHHBIM JTYIOM U TEM JKE
MEPHEHIUKYIAPOM. YTIIOM MPETOMIIEHUS I' HA3bIBAE€TCS YTOJI MEXKITY
MPEJIOMIICHHBIM JIYYOM U TEM K€ NEPHEHIUKYISIPOM.

3aKOHBI OTPAXKEHUS CBETA:

a) Ilaparouuit 1y4, OTpakeHHBIN Jyd U NEPHEHAUKYISP K TpaHULIe pa3iena
JIBYX CpeJl, BOCCTAHOBJICHHBIN B TOYKE MaJICHUs JIy4a, JIe)KAT B OJTHOM IMIOCKOCTH.

0) Yron orpakeHus paBeH yriy najaenus i=i' (puc 1a).

3aKOHBI OTPAXKEHUS CIIPABEIUBEI P OOPATHOM HAMPABICHUU XOJ1a CBETOBBIX
ayuen. Jlyd, pacnpoCTpaHSIOUIUICSA MO MyTH OTPAKEHHOI'O, OTPAXKAETCS MO NYTH
TMaIaroIero jJyda (00paTUMOCTh X0/4a CBETOBBIX Jyuei) (puc 1 0).

OTtpakeHue cBeTa, yJOBICTBOPSIOINIECE STUM 3aKOHAM, Ha3bIBAETCS
3epkaibHbIM. Eciii ycroBUe 3epKajJbHOCTH OTPaKEHUSI HE BBITOJIHAETCS, TO 3aKOHbI
OTPa)KEHUSI HECIPAaBEJIMBBI W OTpa)K€HUWE CBeTa Ha3bIiBaeTcs AU Py3HbIM.

3aKOHBI PEIOMJICHHUS CBETA:



a) JIy4u MaJaroInii, MPEJIOMIICHHBIN 1 IEPIICHANKYJIISP K TPAHUIIE pa3iena ABYX
Cpell, BOCCTAaHOBJICHHBIN B TOUKE MaCHUs JTy4a, JIe)KaT B OJTHOM MIOCKOCTH.

6) OTHoOIlIEHWE CHHYCOB YIJIOB MaJCHUS M NPEJIOMJICHUS €CTh BEJIWYMHA
MOCTOSTHHAs, paBHAs OTHOCUTEIBHOMY IIOKa3aTei0 MpPeIOMIICHUS JaHHBIX IBYX
cpen.

sini n,

sint n

n,.
1

[Tagaromuii ¥ NpeIOMIICHHBIHN JTy4d B3aUMHO 0OpaTUMBbI: €CJIM TaJal0IIUM JIyd
OyJeT mylleH MO HANpaBJICHUIO MPEJIOMJIEHHOrO Jyya, TO JIyd HpPeIOMICHHBIN
IIOMJET 10 HAIIPABJICHUIO MaJArOLIETO.

Xox padoThlI.

1. Ilony4uTh HaA PKpaHE YETKOE YMEHBIIEHOE N300pakeHe HICTOYHUKA CBETA.

2. 3meputhb B MeTpax pacctossure 0 OT MCTOYHMKA CBETa JI0 JIMH3BI U PACCTOSHUE
f oT AMH3BI 10 dKpaHa.

3. HOCTpOGHI/IGM 3HAWTHU NOJIOKEHHUE TTIaBHBIX q)OKYCOB JIMH3bI U OIIPCACIUTC
(1)OKYCHO€ PaCCTOAHUC JIMH3bI U €€ OIITUYCCKYIO CUITY.

4. Onpenenure GoxycHoe paccTosare F u ontudeckyro cwry D nuH3BI MO
dbopmyne

[Tpu onpeneneHn ONTUYECKON CHITBI IMH3BI (POKYCHOE (M BCE APYTHE)
PACCTOSIHHS ClIeTyeT OpaTh B METpPaX, JIMIIb TOTJa ONMTHUYECKYIO CHITY MOXKO
ONPEAECIUTH B JTUONTPUSAX.

5. [Nony4ynTs Ha 3KpaHe yBETUUCHHOE N300pakeHHEe HCTOYHUKA CBETA U
BBITIOJIHUTH BCE JICMCTBUSA, KOTOPBIE ONMKCAHBI B MyHKTax 1 —4 .

6. YcTaHoBUTH, re HEOOXOIUMO PO3MECTHTH UCTOYHHUK CBETA, YTOOBI HA DKpaHe
OBLJIO eoro u300pakeHNe TAKOTO Ke pazMepa, Kak U UCTOUHUK. [IpoBepuTth cBO
BBIBOJI Ha OTIBITE.

3aganus M Bompochl i (GOPMHPOBAHMA M KOHTPOJA  BJIaJeHHUSA
KOMIETEeHIUSIMHU.

3agaHus K pelIeHUI0:
KoHTpoJsibHBIE BOIPOCHI



1. Ot 4ero 3aBUCAT XapaKTEPUCTUKU N300paKEHUH, TOTYyIaeMbIX C TOMOIIBIO
cobuparonieit TMH3b1?

2. Kakue jyun ya00HO HCIOIB30BATH JIJIsl IOCTPOCHUS M300paKeHus,
MOJY4a€MOI0 C TOMOIIBIO JIMH3BI?

3. MOXHO JI1 MOMY4YUTh ACHCTBUTEIBHOE U300PAKEHHE C TIOMOIIbIO COOUparoIieit
JIMH3bI? pacCcenBarOUICH JIMH3BI?

4. MOHO 11 TOJIYYUTh MHUMOE U300pa’KeHHE ¢ MOMOIIBI0 COOUpPAIOIIIE
JMH3bI? paccenBarouIei JIMH3bI?

5. C moMonIbio JIMH3BI IOMYYEHO H300pakeHNEe KaKoro-To mpeamMera. B kakom
Cllydae e€ro MOYKHO YBUETh Ha DKpaHe — KOT/Ia 3TO U300paKeHHE SIBIISCTCS
JCHCTBUTETHHBIM WIIH KOT/1a OHO MHUMOE?

6. Ha kakoM paccTOSIHUM OT JIMH3BI JOJDKEH OBITh TIPEMET, 4TOOBI pa3Mephl
camoro MmpeaMeTra U ero n300pakeHue ObUTH OJTMHAKOBBIMU?

7. MOXHO JIH TIO XapaKTePUCTHKAM N300pakeHHUs, MTOJYICHHOTO C TIOMOIIBIO
JIMH3bI, OMpPENeNuTh, Kakas d3TO JIMH3a — coOuparolas Wik pacceuBaroas?

JlaGoparopHuasi pabora Ne 10 Tema 3ansaTusi: BosiHOBbIE CBOliCTBa CBeTa.

Hean padorel. M3ydenue sBiaeHust AMppakiii CBETOBBIX BOJIH HA
y3KOM MJIOCKOMApaIeIbHOM 1IeNH U Ha JU(PAKIIMOHHON PELIETKE;
AKCIEPUMEHTAIbHAS IPOBEPKA BBIITOJIHUMOCTH YCIOBUM IS
MaKCUMyMOB U MUHUMYMOB JU(DpaKIun; ONPEACIICHUE ONBITHBIM MyTEM
JUTMHBI BOJIHBI U3ITyYEHUS U TIeproJia Ju(PaKIIMOHHON peleTKH.

IlepeyeHnb UCMOIBL3YEMOro 060pya10BaHus: TEINM—HEOHOBBIN JIa3ep,
ONTHUYECKUI CTOJIUK, JIepKaTelb, MU paKkIuoOHHAs PEIIeTKa, IKPaH.

TeoputHuyeckasi 4acThb

Jl1s1 0OBsicCHEHUS SIBICHUS AUGPAKIIMA MOYKHO BOCIIOIB30BATHCS
npuHIIoM I 'toitrenca — @penensa. CoryiacHO 3TOMY MPUHIIUITY,
BOJTHOBOW (PPOHT MPEACTABIISICTCS B BU€ COBOKYITHOCTH OOJBIIIOTO
YHCJ1a BTOPUYHBIX KOTEPEHTHBIX HCTOYHUKOB, U3JTYYAIOIINX BTOPUYHBIC
BOJIHBI B CTOPOHY PACIIPOCTPAHEHUS BOJIHBI. B 3TOM Cciiydae
o0pa3oBaHue AUPPAKIIMOHHON KaPTUHBI SBJISETCS PE3yIbTaTOM
UHTEepPEPEHIINHN U3TYICHUNU OT BTOPHYHBIX HCTOYHHUKOB, a
WHTCHCUBHOCTH B KaXKJIOM TOYKE dKpaHa 3aBUCHUT OT pa3HOCTeH (a3
MEXIy BOJIHAMU, MPUXOIAIIMMHU B 3Ty TOUKY OT BTOPUYHBIX
MCTOYHHKOB.



Ha puc. 1 noka3zaHo xapakTepHOE pacnpeiesieHue UHTCHCUBHOCTH B

T (PPpaKIIMOHHON KapTUHE OT Y3KOU IIeNY MPU NaJ€HUH Ha HEEe TIIIOCKOU
CBETOBOM BOJIHBI B CIIy4ae, KOrJ1a pacCTOSIHUE OT LIEU J10 dKpaHa L
3HAYUTENIHBHO MPEBBIIAET UPUHY 1Ienu b (audpakuus OpayHrodepa).
Pe3ynbrat uHTEpPEpEHIIMN BOJIH OT BTOPUYHBIX HICTOUYHUKOB B
HEKOTOpOi Touke 3kpaHa O (puc. 2) 3aBUCUT OT Pa3HOCTH (Pa3 MEKITY
NPaKTUYECKHU NapajlIeIbHBIMUA CBETOBBIMM JIydaMH, UIYIIUMHU OT
BTOPUYHBIX UCTOYHUKOB, PACIIOJIOAKEHHBIX HA OTKPHITOM YYACTKE LIEIH
AB. Ota pa3zHocTb (a3, B CBOIO 04epe/ib, ONMPEALISIETCS Pa3HOCTHIO X0Aa
Mexay JTydamu. Hampumep, 111 BTOpUYHBIX HCTOYHHUKOB,
PacIIOJIOKEHHBIX B TOUKax A v B, ykazanHas pa3HOCTb X0/a paBHa

BC= ABsing =bsing

Crporuii ananu3 gBjeHUS UHTEP(HEPEHINH U3TYyUEHHUSI OT BTOPUUYHBIX
MCTOYHUKOB MPUBOJUT K CIEAYIOIIEMY PaclpeAeICHHI0 MHTEHCUBHOCTH
B TU(PaKIIMOHHON KapTHUHE OT Y3KOMU IIEIH:

L | LHeHTpaIbHEI
_— MaKCHMYM

\ MHHHMYMBI

—Xymm 0 Famg x
Puc. 1. PacnpenencHHe HHTEHCHBHOCTH Ha 3KpaHe IpH
AuQPaKIHH IUIOCKOH BOIHEL Ha Y3K0i menn (qudpakmma
Dpaynrodepa)
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Puec. 2. VHTepdepeHIINA BTOPHYHEIX BOIH B HEKOTOPOH
To4Ke 3KpaHa O

Xox padoThl.

[ToaroroBka ycTaHOBKH K pabOTe (BBINOIHSAET 1a0OPaAHT).

1. BxirouuTs nazep.

2. YcTaHOBUTH JepKaTenb ¢ (oTonaryukoM Ha jeneHue 0" mo mikane
ONTUYECKON CKaMbH.

3. He Bxittouast MukpoamriepMeTp, peryJIMpOBOYHBIM BUHTOM 5
COBMECTUTH MPOPE3b POTOJATUMKA C HYJIEBOM OTMETKOM Ha IIKaje
AKpaHa.

4. TTonp3ysch perylMpoBOYHBIMUA BUHTaMU Ha KOPITyCe Jia3epa,
COBMECTUTDH CBETSAILIEEC MATHO C IEHTPOM Mpope3n PoTogaTunka.

5. PerynupoBOYHBIM BUHTOM OTBECTH MPOpe3b GOTOJATUMKA HA 3 CM IO
IKaJjie HKpaHa BIPABO.

N3mepeHune 3aBUCUMOCTH MOJIO0KEHUS Xmun TAPPAKITHOHHBIX
MHUHHUMYMOB OT PaccTOsIHUA L Mex 1y 11esbio U SKpaHOM.

1. YcranoButh nepxatenb AMPpaKkiMOHHON 1Ienu Ha neneHue 60 cm"
1O IIKaJIe ONTHYECKON CKaMbH (pope3b PoTogaTIMKa OCTACTCS
CMEIIEHHOM Ha 3 CM BIIPaBO OT HYJISl Ha IIKAJIC SKPaHA).

2. [1py moMoIIM BUHTOB Pa3/IBUHYTh 32)KUMBbI U 3aKPEIUTh
TudpakIMOHHYIO IIENb B JAeprKaTesie TAKUM 00pa3oM, 4TOObI MATHO
JIA3€pHOTO Jyya OCBEIAJIO CEPEIUHY IIeNH, a TudpaKkImoOHHas KapTUHA
Ha ’KpaHe ObL1a Hanbosee OTYETINBA.

3. OTperynupoBath MIUPHUHY IIEJU b, Bpallias BUHT Ha KOPITyCe IIEJIH,
TaKuM 00pa3oM, 4TOObl MUHUMYM TPEThET0 Mopsiaka (n = 3) coBmaaas ¢
neneHueM "2 cMm" Ha miKaje sKpaHa. 3anucarh 3HadeHus L1= 0,6 M, x1=2
cM 1 b B Tabmmy 1.

4. He u3MeHssI IIUPUHBI NI, U3MEPUTH MOJOXKEHUS TUPPAKITTOHHOTO
MHUHUMYMa X5+ Xg TpeTbero mopsiaka (N = 3) 11 94eThipex



Ipyrux nojoxxenui aepxkarens menu (L = 0,5 m; 0,4 M; 0,3 Mm; 0,2 m).
JlaHHbIe 3anucaTh B Ta0auny 1.

Conepxanue ordyera, GpopmMa U npaBuiIa 0pOpMJICHUS 0TYETA O

BBINIOJIHEHHOM padoTe: Tabiuua.

Tabmuna 1
L.um 0.6 0.5 0.4 0.3 0.2
)
MM
b= A=

3aganussi u Bompochl A (GOpMHPOBAHHMA W KOHTPOJISA  BJIAJACHHUS
KOMIIETCHMSIMH.

3anaHus K pelieHuIo:
KoHTpoabHBbIE BONPOCHI

1. B gyem 3akimouaercs sBienne qudpaxmun? Kakum odpazoM Ha
OCHOBaHWH NpuHIHMNa [ toirenca — @peHesns MOXKHO OOBSICHUTH
oOpa3oBanue TUGPaKIMOHHON KapTHHBI ITPH MPOXO0KICHUH CBETOBOM
BOJIHBI Y€pe3 Y3KYIO IIEIb?

2. PaccunraiiTe BeMUMHY yIiia ¢ JJIsi MUHUMYyMa IIePBOT0 IMOPSIKA MPH
nudpakimu cBeTa ¢ JJIMHOM BOIHBI A = 0,63 MKM Ha
TUIOCKOIapauieabHoM meau mupunoi d = 0,05 mm.

3. PaccuuraiiTe BeMuUnHy yria ¢ s TIABHOTO MAaKCHUMyMa BTOPOTO
nopsiika B ciiydae TuPpakiiMOHHON pelieTky ¢ nepuoaom d = 8 Mk,
eciu airHa BOIHBI A = 0,63 MKM.

4, Kak Oy1yT U3MEHSTHCS MOJI0KEHUS MAKCUMYMOB Ha TU(GPaKIIMOHHON
KapTHHE OT y3KOM IIENIH, €CJIM IIEPEABUTATH IIENIb OJIMKE K dKpaHy, HE
M3MEHSS TTOJIOKEHHH dKpaHa U UCTOYHHKA?

5. OOBSICHUTE METO/I IKCTIEPUMEHTAIFHOTO ONPEACICHUSI JIMHBI BOTHBI
U3IIY4eHUS U TIepruoJia TU(PpakImOHHON PEIICTKH.



Jlureparypa

OCHOBHbIE UICTOYHUKH
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Maryc. — DneKTpoH.TeKCTOBbIe AaHHble. — HoBocubupck: HoBocuOupckuit
rOCyJapCTBEHHBIN apXUTEKTYPHO-CTPOUTENbHBIN yHIBepcuTeT (Cubdctpun), 2019. — 146 ¢. —
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HHTEepHEeT NCTOYHUKH:

www.alleng.ru/edu/phys.htm - oGpa3zoBarenbHbIe pecypchbl HHTEpHETA —

dusuka.

www.nuclphys.sinp.msu.ru - simepHast Gpu3uka B UHTEpHETE

www.school-collection.edu.ru - enmunas kosuiekius nuGPOBBIX 0Opa30BaTEIBHBIX PECYPCOB.
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