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MeTtoauyeckue yKa3aHus AJIs J1a00paTOPHBIX padoT

Metonnueckne peKOMEHAAUWHM MPU3BAaHbl OKA3bIBATH MOMONIb CTYJCHTaM B
W3YYEHUU OCHOBHBIX MOHATHUU, HUIAEU, TECOPUU U TIOJOKECHUW JTUCLMUIUIUHBI,
M3y4aeMbIX B X0JI€ KOHKPETHOTO 3aHATHS, CIIOCOOCTBOBAThH PA3BUTUIO UX YMEHUH,
HaBBIKOB U PO ECCUOHATILHBIX KOMITETCHITUH.

B nganHOoM y4eOHOM 1OCOOMM COTJIaCHO cHeUM(PUKEe JUCHUIUIMHBL U
MPONUCHIBAIOTCS:

1. IMosicHuTeIbLHAS 3aIIHCKA

B pe3ynbTaTe ocBoeHMs y4eOHOM JUCITUTIIMHBI 00YUYaAIOIIUNACS JOJDKEH YMETh:
1) omuceiBaTh M OOBACHATH (DU3MYECKUE SIBICHUS W CBOWCTBA TEN:. JIBHKEHUE
HEOECHBIX T€JT U UCKYCCTBEHHBIX CITyTHUKOB 3€MJIM; CBOMCTBA Ta30B, JKUIKOCTEH U
TBEPJIBIX TEJI; AIEKTPOMArHUTHYIO MHJIYKIUIO, PACIPOCTPAHEHHE DJIEKTPOMArHUTHBIX
BOJIH, BOJIHOBBIE CBOWCTBA CBETA; W3JIYYCHHE M TIOTJIONICHHE CBETA AaTOMOM;
dborodddexr;
2) OTAM4aTh TUIOTE3bl OT HAYYHBIX TCOPHUH;
3) nenaTh BBIBOJBI HA OCHOBE IKCIIEPUMEHTAIBHBIX JIAHHBIX;
4) TPUBOAWTL TPUMEPHI, IMOKA3BIBAIOIINE, YTO: HAOIIOJCHUS W DKCIEPUMEHT
SIBJISIFOTCSI OCHOBOMW JISl BBIJIBUKEHUS THUIIOTE3 U TEOPHM, MO3BOJISIIOT MPOBEPUTH
UCTUHHOCTh TEOPETHUECKUX BBIBOJIOB; (hu3nMueckasi TeOpus JaeT BO3MOKHOCTH
OOBSICHATD U3BECTHBIC SIBIICHUS MPUPOJLI U HAy4dHbIE (PaKThI, MIPEACKA3bIBATD EIIle
HEU3BECTHHIE SIBJICHUS;
5) NpUBOIUTH MPUMEPHI MPAKTUYECKOTO HCIOJIb30BaHUS (PU3MUYECKUX 3HAHUM:
3aKOHOB MEXaHUKH, TEPMOJMHAMHKHA U DIJIEKTPOJWHAMUKH B DSHEPIrETHUKE;
pPa3IMYHBIX BHUJOB D3JEKTPOMATHUTHBIX W3IYyYECHUH ISl Pa3BUTUS pPAAHO H
TEJICKOMMYHHMKAIIMK, KBAaHTOBOW (U3MKU B CO3JaHUU SJICPHON DHEPTETHKH,
J1a3€pOB;
6) IpUMEHSTH TIOJYYCHHbIE 3HAHUS JIJISl pelieHns (PU3nYecKux 3a1ay;
7) u3MepATh psaa GU3HMYECKUX BEIUYUH, MPENCTABISA PE3ybTaThl U3MEPEHUM C
YYETOM UX MOTPEIIHOCTEM;
8) WCHoNb30BaTh NPHUOOPETCHHBIC 3HAHUS W YMEHHUS B MPAKTUYECKOU
NEATEIIbHOCTU U MMOBCEIHEBHOM KU3HMU;
B pesynbrare ocBoeHHs Y4eOHOM TUCIMIUIMHBI 00YYaIOMIUNUCS T0HKCH 3HATh:
1) cMbicn moHATUN: (U3MYecKoe SBICHWE, THIOTE3a, 3aKOH, TEOpHs, BEIIECTBO,
B3aMMO/JICHCTBHE, AIEKTPOMAarHUTHOE T0JIe, BOJIHA, (DOTOH, aTOM, aTOMHOE PO,
MOHU3UPYIOIINE U3TyYeHUs, IIJIaHETa, 3B€3/1a, rajJakThka, Beenennas;
2) cMmbIca (PU3UYECKUX BEIWYUH: CKOPOCTb, YCKOPEHHE, Macca, CUjia, UMITYJIbC,
paboTa, MeXaHHUYECKasi SHEPIHsl, BHYTPEHHSISI SHEPTHs, a0CONIOTHAsS TeMIEepaTypa,
CpelHsisi KWHETUYECKass DSHEpPrusi 4YacTHUI] BEIIEeCTBa, KOJUYECTBO TEILIOTHI,
3JIEMEHTAPHBIN AIEKTPUUECKUH 3apsi;
3) cmbIch (HU3NYECKHUX 3aKOHOB KJIACCHUUYECKON MEXaHUKHU, BCEMUPHOTO TITOTEHUS,
COXpaHEHHMsI DHEPTHM, UMITyJIbCA U DJIEKTPUUECKOrO 3apsifia, TEPMOJMHAMUKH,
AJIEKTPOMArHUTHON MHAYKUUH, PoTodrdPekTa;
4) BKJIaJl pOCCUMCKUX U 3apyOEKHBIX YUEHBIX, OKA3aBIIMX HAWOOJIbIlIEEC BIUSHUE
Ha pa3BUTHE (DU3UKU;



JladopaTopHasi padora Ne 1 Tema 3ansiTusi: 3aKOHBI COXPAHEHHUS B MEXaHUKE.

Ileap padoTBLI: CpPaBHUTH [BE BEIMYMHBI — YMEHBIICHUE MOTECHUUAIBHON
DHEPrUU IPUKPEIUICHHOTO K IPYXXUMHE Teja NPU €ro NaAeHUWU U YBEIMYECHUE
IIOTEHIIUATIBHOW S3HEPTUHU PACTAHYTOU IIPYKUHBI.

IlepeyeHb MCMOIB3yeMOro 00OPYAOBAHMS . JUHAMOMETpP, KECTKOCTh MPY>KUHBI
kotoporo paBHa 40 H/M; nuHelika uamMepuTenbHas; rpy3 U3 Habopa 1Mo MEeXaHUKE;
macca rpysa pasHa (0,100 £0,002) kr; ¢bukcarop; mrTaTuB ¢ My(TO U JIAMKOM.

TeopuTHyeckas 4acTb

Mexann4yeckasi JHEPIrusl TeJIa — 310 CKANAPHASL GeIUYUHA, PABHASL
MAKCUMATBHOU pabome, KOMopas Modxcem 0blmb COBEPUIeHA 8 OAHHBIX YCI0BUSIX.
O6o3navaercs E Enununa suepruu B CU [11x = 1H*M]
KuneTuueckasi 3Heprusi — 5T0 SHEPTUsI TeJia, O0YCIOBJIEHHAS €TI0 JIBHYKCHUEM.
Dusuyeckas eeIUUHA, PABHAS NOJOBUHE NPOU3BEOCHUS MACCbL Meaa Ha

Ke8aodpam e20 CKOpOCMU, HA3bl8aemcs KUHeTHYeCKOil JHeprueii Tea:

mvg

B=y

Kunernueckas OHCPIUA — 3TO SHCPI'UA IBHIKCHUA. Kunetnueckas OHCPTUS TCJIa

—

Maccoil M, IBUXKYIIIETOCS CO CKOPOCThIO v paBHA paboTe, KOTOPYIO JOJDKHA
COBEPIIUTH CUJIA, MPUIIOKEHHAS K TOKOSIIEMYCS TETy, YTOOBI COOOIUTH EMY 3Ty

CKOpPOCTh:

Hapsiny ¢ xuHeTnyeckoi sHeprueit Win SHeprueil IBIKeHNs B (U3HKE BAXKHYIO
POJIb UTPAET MOHATHE MOTEHUHAJIBLHOM YJHEPIrUH WM JHEPIrUU B3aUMOAECTBH S
TeJl.

IMoTeHuuanbHAsi JHEPTUS — IHepeus meia, 00YCl081eHHA 83AUMHBIM
PACnoNodHCeHUEM 83AUMOOCICMBYIOWUX Mexcdy cobotl mel Uy yacmeli 00HO20
meia.

IHoTeHuManbHAS FJHEPTHUS TeJIa B MOJIe CUJIbI TAXKECTH (MMOTCHINATbHAs
SHEPrus Teja, HOJHITOro Haj 3eMIIEH).

Ep = mgh



Omna paBHa paboTe, KOTOPYIO COBEPILAET CUJIa TSHKECTH MPU ONMyCKAaHUU Tesa Ha
HYJIEBOU YPOBEHb.

PactanyTas (wim cxatasi) IpyuHa CIOCOOHA IPUBECTH B IBHIKEHHE
MPUKPETUIEHHOE K HEW TEJI0, TO €CTh COOOIIUThH ITOMY TEYy KUHETHYECKYIO
sHepruto. CrenoBaTenbHO, Takasi MpyKUHA 00J1a1aeT 3a11acoM SHEPIHUH.
[ToTeHnnanbHOM SHEpPrUeh NPyXKUHbI (WIK JIFOO0TO ynpyro 1eGopMUpPOBaHHOTO

TEJa) HAa3bIBAIOT BEJIMYUHY

, T71e Kk — 5)KeCTKOCTh MPYKHUHBI, X - a0COIIOTHOE YAJIMHEHUE Tea.
IoTenuunanbHasi JHePrusi ynpyro ae)OpMUPOBAHHOIO TeJla pasHa pabome
CUTIbL YNPY20CMU NPU nepexooe uz 0AHH020 COCMOSHUS 8 COCIOAHUE C HYNe801
oepopmayuetl.
[lorenuuanbHas HEprus Npu ynpyrou aedopmary — 3T0 SHEPrust

B3aMMO/JICHCTBUS OTACIBbHBIX YaCTEH TeJIa MKy cO00M CUilaMU yIIPYTOCTH.

CyMMa KHHeTHYeCKOH M NMOTEeHUHAJIbHONH SHEPTUH TeJl, COCTABJISIONIUAX
3aMKHYTYI0O CHCTEMY M B3aUMO/IECTBYIOIIMX MEKIY c000ii cuiiamMu
TATOTEHHUS U CHJIAMM YIIPYTOCTH, OCTA€TCHA HeU3MEHHOI.

OTO0 YyTBEPKICHHUE BHIPAKACT 3AKOH COXPAHEHUA IHEPZUU B MEXAaHUYECKUX
npoueccax. OH sBIsE€TCS CIEICTBUEM 3aKOHOB HbIOoTOHA.

Cymmy E = EK + Ep Ha3bIBaloT MOJIHONH MeXaHHYECKOI YJHEPrHei.

IMosHasi MexaHU4YecKasi JHEPrus 3aMKHYTOI CHCTEMBbI TeJl,
B3aMMOJECTBYIOIIUX MeKAY CO00H TOJIBKO KOHCEPBATUBHBIMHU CHJIAMH, IIPH
JIIOOBIX IBUKEHHUSIX ITHX TeJl He u3MeHseTcs. [lpoucxoasaT Jumb B3anMHbIe
NnpeBpalieHNsi MOTEeHUNAIbHOI JHEPTUHU TeJI B X KHHETHYECKYI0 SJHEPruio, u
HA000pOT, WIH NepPeXo/ IHEPruM OT OJHOIO0 TeJIa K IPyromy.

E = Exk + Ep = const

3aKoH COXpaHCHHUA MEXaHMYECKOU OHCPI'MH BBIITOJIHACTCA TOJBKO TOT'Zd, KOTrAa

TeJa B 3aMKHYTOM CUCTEME B3aUMOJAECHCTBYIOT MEXAY CO00Il KOHCEPBATUBHBIMU
CUJIaMH, TO €CTh CHJIAMH, JJI1 KOTOPBIX MOYHO BBECTH MOHATHUE MTOTEHIIMATBHOU
SHEPIUHU.

Onucanue YCTAaHOBKM.



Ji1st paboThI UCIOJB3YETCSl YCTAHOBKA, IOKa3aHHAs Ha pucyHke. OHa

MPEACTaBIIAECT COOOM YKPEIUICHHBIN Ha IITATUBE TUHAMOMETP C PuKcatopom 1.
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[IpyxuHa nMHAMOMETpa 3aKaHUYUBAETCS ITPOBOJIOYHBIM CTEPIKHEM C KPIOUKOM.
®dukcarop (B yBEIMYEHHOM MaciuTabe OH MOKa3aH OTAEIbHO — MoMeyeH U poit
2) — 3TO JierKas IIacTuHKa 13 npooku (pazmepamu 5 X 7 X 1,5 mm),
[Ipope3aHHasl HOXXOM JI0 €€ LIEHTpa. Ee HacakuBaroT Ha IPOBOJIOYHBIN CTEPIKEHb
AuHaMoMeTpa. PUKCATOp TOJKEH MEePEMEIIATHCS BJOJb CTEPIKHS ¢ HEOOIbIIUM
TPEHUEM, HO TPEHHUE BCE K€ JOJDKHO OBITh 1OCTATOYHBIM, YTOOBI (pUKcaTop caM 1o
ceOe He mazaji BHU3. B 3ToM Hy)XHO yOeauTbes nepes HadaaoM padboTsl. i 3Toro
(uKcaTOp yCcTaHaBIMBAIOT Y HIXKHErO Kpasi IIKaJIbl Ha OTpaHUYUTENIbHON cKoOe.

3aTeM pacTArUBaIOT U OTIYCKAIOT.

Xoxa padoThl

1. I'py3 u3 Habopa 1o MexaHUKe MPOYHO YKPENMUTE HA KPIOUKE TUHAMOMETPA.

2. IlogauMuTe pyKOH TPy3, pasrpyxas NpyKUHY, U YCTAHOBUTE (PUKCATOP BHU3Y Y
CKOOBI.

3. Otnycture rpy3. [lagas, rpy3 pactsHet npyxuny. CHUMUTE Ipy3 U 10
MOJIOKEHUIO (PUKCATOpa U3MEPHTE JIMHEHKOM MaKCUMaIbHOE YJJIMHEHUE X
MPY>KHUHBI.

4. TloBTopuTe OMBIT NIATH pa3. Haliqute cpennee 3Hauenue h u x

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

6. Pe3ynbTaThl 3aHEeCUTE B TAOJIHUILY.

7. CpaBHUTE OTHOLIEHUE E/p/ Erep C EAMHULIEH U CIETANTE BBIBOJ O

MOTPEIIHOCTH, C KOTOPOU ObLII MIPOBEPEH 3aKOH COXPAHEHUS SHEPTUU.



8. OTBETHTE HA KOHTPOJIbHBIE BOIPOCHI.
Conepxanue ordyera, gpopmMa U npaBuia opopMJICHUS 0TYETA O

BBINIOJIHEHHOM padoTe: Tabnuia.

Ne h=Xmax, hcp=ch, Elcp, EZcp,
Elcp/ EZcp
oneiTa M M o Hox
1
2
3
4
5

3aganusi M BoOmpochbl IA (POPMHMPOBAHMST M KOHTPOJS BJIaJCHUA
KOMIIETEHUMSIMH.
KoHTpoabHbIE BONIPOCHI

1.PackpoiiTe MoHsATHE MEXAHUYECKOM SHEPTUU?

2.Kakas sHeprus Ha3zbiBaeTcs kuHetnueckoi? [1o kakoi opmysne oHa HaxoauTcs?
3.Kakas sHeprus Ha3bIBaeTCsl MoTeHIHaIbHOM? 1o kakoit hopmysie oHa
HaXOIUTCS?

4.ChopmynupyiiTe 3aKOH COXpaHEHUS] MEXaHUYECKON YHEPTHUH.

5.KakoBbI rpaHullbl MPUMEHEHUS 3aKOHA COXPAHEHUSI MEXaHUYECKOW YHEPTruu?

JlabopaTtopHas paGora Ne 2 Tema 3anusitusi: CBolicTBa IapoB.

eab padoThl: OCBOUTH MPUEM OTPEIEIECHUS] OTHOCUTEIbHON BIIa)KHOCTU
BO3/yXd, OCHOBAaHHBIM Ha UCIIOJIb30BAHUHU IICUXPOMETPA.

Ilepeyenb ncmosib3yemMoro odoopyaoBanus: [lcuxpometp

TeopuTHyeckast 4acThb

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

Bo30yx, codeporcawuti 600sm01 nap, Hazvieaom BIAKHBIM.

BraxxHOCTh BO3yXa OKa3bIBa€T OTPOMHOE BIIMSIHUE HA MHOTHE ITPOIICCCHI Ha
3emiie :Ha pa3BuTHE (JIOPHI U (DayHBI, HA YpOXKal CelIbX03. KYJIbTyp, Ha

MNPOAYKTUBHOCTD ) KUBOTHOBOACTBA U T.[. BnaxHocTb BO3JyXa UMCCT 0obIIOE



3HAUEHWE TSI 370POBBS JTIOACH, T.K. OT HE€ 3aBHCHUT TEIJIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpy»karomieil cpenoil. [Ipu HU3KO0M BIIa)KHOCTH MPOUCXOJUT OBICTPOE
HCIIapeHUE C TIOBEPXHOCTH U BBICBIXaHUE CIU3UCTON 000JIOYKH HOCA, TOPTAHU, YTO
MIPUBOJIUT K YXYIIIICHUIO COCTOSTHUS.

3HAYUT, BIAKHOCTh BO3/IyXa HAJI0 YMETh U3MEPATh. [|JIsl KOJIMYECTBEHHOM
OIICHKH BJIQXKHOCTH BO3IyXa MCIIOIB3YIOT MOHATHUS A0COIIOTHON M OTHOCUTEIIBHOU
BJIQYKHOCTH.

AOGCOTIOTHAS BJIAXKHOCTD — 8eIUUUHA, NOKA3LIBAIOWASl, KAKASL MACCA NAPO8
600bl Haxooumcs 6 1 m? 6030yxa (T.e. dTO MIIOTHOCTh BOJSHOTO mapa). Ouna pasua
NapyuaibHOMy 0a8leHulo napa npu OAHHOU memnepamype.

IMapumnajgbHoe AaBJIeHUE MAPA — 9MO JdsleHUe, KOMOpPoe OKA3bl8al Dbl
B00AHOL NAP, HAXOOAUWUICS 8 8030YXe , eCiu Dbl 8Ce OCMANbHbLE 2A3bl
OMCymcmeo8anu.

OTHocHTEeJBbHAs BJAKHOCTH BO3AYXA — 210 8eIUUUHA, NOKA3bIBAIOWAS], KAK
oaneKk nap om HAcvlueHus. Imo OmHouleHue NapYUaIbHO20 0ABIeHUs P 800SIHO20
napa, cooepicawe2ocs 8 8030yxe npu OAHHOU memnepamype, K 0aeieHUuo
HacvluyeHHo2o napa Po MPU TOU Ke TEMIIEpaType, BHIPaKEHHOE B MPOIEHTaX:
0= -100%.

Py

Ecnu Bo31yx HE cOAEpKUT apoOB BOJIBI, TO €r0 a0COTIOTHAS U OTHOCUTEIbHAS
BIaXHOCTH paBHbI (. [IpenenbHOe 3HaUeHNE OTHOCUTENLHOM BiaaxHOCTH — 100%.
HopmanbHo# A1 4eI0BEUECKOro OpraHrn3Ma CUuTaeTcs BIaXKHOCTh 60%.

Jyist u3MepeHus BIaXKHOCTH BO3/TyXa UCIIOJIB3YIOT IPUOOP TICUXOMETP.
IIcuxpomerp. (0T rpeu «rcuxpuay - xoioxa). COCTOUT U3 ABYX OJIMHAKOBBIX
TEpMOMETPOB. Pe3epByap 0HOTO U3 HUX 0OCPHYT MapJiei, OIMyIEHHOW B COCY/T C
Bo/OM. Boma cmaunBaeT Map:iio Ha pe3epByape TEPMOMETpa U IpU €€ NCTIapEHUHN
oH oxJyaxxaaeTcs. [1o pa3HOCTH TeMmepaTyp CyXoro U BIaXHOTO TEPMOMETPOB 10

NICUXPOMETPUUECKOI TabJINIIe ONPEETSAIOT BIAXKHOCTh BO3/1yXa.



Xox padoThI:

1) TToaroToBUTH TAOMILY IS 3aIIMCH PE3YJIBTATOB U3MEPEHUI U BBIUUCIICHU
2) PaccMoOTpeTh yCTpOMCTBO IICHXPOMETPA.

3) Ilo moka3aHUsM CyXOTo TEPMOMETPA U3MEPUTH TEMIIEPATYPY BO3IYXA teyxoro
B [IOMEILICHHH.

4) 3amucaTh MoKa3aHUs TEPMOMETPA, Pe3epByap KOTOPOro 0OMOTaH MapIieit
tBJ'Ia)KHOFO

5) BeauciuTh pa3HOCTh MOKAa3aHUN TEPMOMETPOB At = teyxoro = Lanaxuoro

6) Ilo mcuxpomeTpuvecKor TabIUIe ONPEISITUTD BIAYKHOCTh BO3IyXa @

7) Pe3ynbTaThl N3MEpEHUH M BHIYMCICHUI 3aHECTH B TAOJIHUILY.

8) Crnenaiite BEIBOJI O TOM, HOpMaJIbHAs JIM BIQXKHOCTH BO3/IyXa B IOMEIICHUH.

9) OTBeThTEC Ha KOHTPOJIBHBIC BOITPOCHI.

Conepxanue or4era, gpopma u npapuia opopmMJieHUs 0TYETA O

BBINOJIHEHHOI padoTe: TabnuIa.

Ne ompiTa 1:cyxoro, OC Tanasaoros OC Ata OC 0, %o




3aganusi M Bompochbl I (POPMHMPOBAHMS M KOHTPOJS BJIaJCHUA
KOMIIeTCHMSIMH.
KoHTpoJibHBIC BONPOCHI

1. Tlouemy mpu NpoAyBaHUH BO3AYyXa yepe3 3(pup, Ha NOJIUPOBAHHOU
NOBEPXHOCTH CTEHKH KaMepbl THTPOMETpA NosBIsAeTCs poca? B kakoii
MOMEHT TMOSIBJISIETCS poca?

2. Ilouemy nmokaszaHusi «BJIaKHOTO» TEPMOMETPA MEHBIIIE OKa3aHUN «CyXOT0»
Tepmomerpa?

3. MoryT 11 B X0/i€ OIBITOB TEMIIEPATYPhI «CYXOr0» U «BIAKHOTO0)
TEPMOMETPOB OKA3aThCsl OJJUHAKOBBIMU ?

[Tpu kakOM yCIIOBUM PA3HOCTH MOKa3aHUM TEPMOMETPOB HauOOIbIIAs?

5. Moxer nu Temmeparypa «BJIaKHOT0» TEPMOMETpa OKa3aThCs BhIIIE
TEMIIEPATYPhl «CyXOIro» TepMOMeETpa?

6. Cyxol 1 BIaXXHbII TEPMOMETP IICUXPOMETpPA IMOKA3bIBAIOT OJIHY U TY K€
temueparypy. KakoBa oTHOcHTENbHAs BIaXXHOCTh BO31yXa?

7. Kakum MOXeT ObITh IIPEeIbHOE 3HAUEHNE OTHOCUTEIbHON BIaXKHOCTH

BO3/1yXa?

JlabopaTtopHas paGora Ne 3 Tema 3ausitusi: CBOMCTBA KUAKOCTEN.

Iean padoTel: onpeacnuTh KOAHPUIIMEHT MOBEPXHOCTHOT'O HATSHKCHUS BOJIBI
METOJIOM OTphIBA KaIleJib.

IlepeyeHb MCOIB3YeMOr0 000PYAOBAHMSI: COCY/I C BOJOM, IITIPHII, COCYT JJIs
cOopa KarmeJb.

TeopuTHyeckasi 4acThb

MoJteKybl TOBEPXHOCTHOTO CJIOS KUJIKOCTH 001aaf0T H30BITKOM
MMOTEHIIMAIBHOW YHEPTUU 10 CPABHEHHUIO C SHEPTUEN MOJIEKYJI, HAXOAAIINXCS
BHYTPH KUIKOCTH

Kak u mo0as mexaHnudeckas cucTemMa, TOBEPXHOCTHBIN CIION KUAKOCTH
CTPEMHUTCS YMEHBIIUTH NOTEHIHAIBHYIO S3HEPTUIO U cokpaiaercs. [Ipu atom

coBepliaeTcsi padora A:



A=a\s

7€ G - KO3 HIMEHT MOBEPXHOCTHOTO HATsHKEHUs. Eauanupl usmepenus Jx/m?

i H/m
A &
ao=— o=

riae F — cuma moBepXHOCTHOrO HATSHKEHHMS, | — MiTMHA TpaHMIIBI TOBEPXHOCTHOI'O
CJI0SI KUIKOCTH.

[ToBepXHOCTHOE HATSHKEHHE MOYKHO OIPEIC/IATh pa3IUIHBIMU MEeTO1aMu. B
7a00paTOPHOM paboOTE MCIONB3YEeTCS METOX OTPHIBA Kalellb.

OMnBIT OCYIIECTBIISIIOT CO IIMPHUIIOM, B KOTOPOM HAXOIUTCS MCCIeayeMas
KHUJIKOCTh. HOKMMAIOT Ha MOPIIEHD IIMPHUIA TaK, YTOOBI U3 OTBEPCTHS Y3KOTO
KOHIIA [IIPHUIIA MEJICHHO Majany Kariu. [lepex MOMEHTOM OTphIBa KaIlIk CHjia
TSOKECTU Fygoe=MianJ PaBHA CHIIE MOBEPXHOCTHOTO HATSKEHUS F, rpaHuia
CBOOO/IHOM MOBEPXHOCTH — OKPY>KHOCTh KaIUIH

=1 dwanm
Clie1oBaTeNbHO:

_F _ M8

R

naxnau

OmnbIT OKa3bIBAET, UTO Uigny =0,9d, e d — muameTp KaHajaa y3KOro KoHIa
IITpULA.

Maccy Kamii MOKHO HalTH, MIOCYUTAB KOJIMUECTBO KaIleb N U 3Hasi Maccy BCex
Karfeyib m.

Macca kamens m Oy/ieT paBHa Macce XHUAKOCTU B IITIPHIIE. 3HAs 00beM
KUJKOCTH B IINPHULE V U IUIOTHOCTH XKUJIKOCTU P MOXKHO HAUTH Maccy m=p-V
Xoxa paboThI:

1) Haueprtute Tabumiry.

2) TMoacraBbTe MO/ MITPHIT COCY/ Il COOpa BOABI U, INIABHO HAXUMas HA
MOPILIEHb MINPHULIA, T0OEHTECh MEIJICHHOTO OTPBIBAHMS Kallellb.
[ToacunTaiiTe KOIMYECTBO Kamnedab B | MJI ¥ pe3ysbTaT 3aMUILINATE B TAOJIHILY.

g

g=——"-——
770,94
3) BbluncanTe MOBEPXHOCTHOE HATSKEHUE 10 (popmyJie

Pesynbrar 3anumiure B Ta0IuUILy.



4) TloBTOpPHUTE OIBIT C 2 MJ M 3 MJI BOJIBI.

_Gtata
3

o
5) Haiigute cpenHee 3HAUEHHE MOBEPXHOCTHOTO HATSKCHUS

Pe3yHbTaT 3aIllMIINTC B Ta6J'H/IHy.

6) CpaBHHUTE MMOJIyYEHHBIN Pe3yJIbTaT ¢ TAOJIMYHBIM 3HAUCHHECM
NIOBEPXHOCTHOT'O HATS)KEHHSI C yUETOM TEMIIEPATYPHI.
7) Ompenenute OTHOCUTEIBHYIO MOTPEIIHOCTh METOIOM OIICHKU PE3YJIbTaTOB

U3MEpPEHUN.

+
5=w.100%
Fay

mabR

8) Pesynbrat 3anumIuTe B TAOJHILY.
9) CnenaiitTe BBIBO/I.
Conepxanue or4yera, gpopma u npaBuiaa opopmMJIeHUs 0TIETA O

BBINOJIHEHHOM padoTe: TabnuIa.

Ne |Macca Yuciao duamer IloBepxHoct Cpennee Taoauunoe OTHOCHTEIbHA
KameJs | KameJj p -Hoe 3HaYeHHe 3HaYeHHe |f MOrPelIHOCTh
ONBIT
b KAaHAJa HATSKEHHE TMOBEPXHOCTHOI MOBEPXHOCT
a 0 %
Hnpuna 0 HATSI’KEHU A -HOTO
m, Kr n ¢, H/m
HATSKEHU S
d, m Gcp, H/M
Graﬁ, H/M
1 |1*10°% 2,510 0,072

3aganuss M BONpochbl Jisi  (OpMHUPOBAHUST W KOHTPOJSI BJAJeHUs
KOMIETEeHIUSIMHU.

KoHTpobHBIE BONIPOCHI
[ToyeMy NOBEPXHOCTHOE HATSIKEHUE 3aBUCHUT OT POJIA KUJIKOCTH?
[Touemy 1 Kak 3aBUCUT OBEPXHOCTHOE HATSX)KEHUE OT TEMIIEPATYPHI?
N3MenuTcs Jn pe3ynbTaT BBIYUCIEHUS] TOBEPXHOCTHOTO HATSIKEHUS, €CIIN

ONBIT IPOBOAUTH B APYTOM MECTE 3eMIIN?



4. V3MeHuTCS N1 pe3yabTaT BHIUYMCICHUS, €CJIU TUAMETP Kareab TpyOKku Oyert
MEHbIIE?

5. Tlouemy cnenyer qoOMBATHCS MEAJIEHHOTO MAJEHUS Karesb?

JlaGoparopHasi pabora Ne 4 Tema 3ausiTusi: 3aKOHBI IOCTOSIHHOTO TOKA.
DJIeKTPUUYECKHU i TOK B MOJIYNIPOBOHUKAX.

Heab paboThl: NPOBEPUTH CIPABEATUBOCTh 3AKOHOB MOCJIEA0BATEIBHOTO U
napajiyIeIbHOrO COSAMHEHHS IPOBOJHUKOB.

IlepeyeHb MCMOJIB3yeMOro 000PYA0BAHUS . aMIIEPMETP, BOILTMETP, JTAMITOUKA,
POBOJIOYHAS CIIMpallb, OaTapeiika, KoY, peocTaT

TeopuTHyeckas 4acTb

HpOBO}IHI/IKI/I B QJICKTPHUUCCKUX HICIAX MOI'YT COCAUHATHCS MMOCICA0OBATCIIBHO U
InapauijiciIbHO.

IIpu nocJienoBaTe ILHOM COeUHEHUH MTPOBOAHUKOB (puc. 1.9.1) cuna Toka Bo
BCEX MPOBOJHUKAX OJJMHAKOBA:

; I A
| L | & |
S N
= U -

Pucynoxk 1.9.1.
[locnenoBaTenbHOE COETMHEHUE
IPOBOJIHMKOB

ITo 3akony Oma, Hanpsxkenust U; u Uy Ha IpOBOJIHUKAX paBHBI

Ui =1R;, Uz=1IRo>.

Oo6mee nanpspkenne U Ha 000WX MPOBOIHUKAX PABHO CyMMe HampspkeHuid Uy u
Uo:

U=Ui+U,=I(R:1+R2) = IR,
rae R — anekrpuyeckoe conpoTuBiieHre Beeil nenu. OTcroaa cieayer:
R =R1 + Ro.

le/l nmocJea0oBaTe/JIbHOM COCAMHCHHUH MMOJTHOEC COIMMPOTHUBJICHUC LHECIIU PABHO
CYMME COl'[pOTI/IBJIeHI/Iﬁ OTAC/IbHBIX NIPOBOJIHUKOB.



OTOT pe3yabTaT CHPABEAIUB I JIFOOOr0 YUCIA MOCIEA0BATEIbHO COEUHEHHBIX
MIPOBOTHUKOB.

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

U1=U2=U.

Cymma TokoB |1 + |2, mpoTekaromux no 000uM NMpoOBOJIHUKAM, PaBHA TOKY B
HEPA3BETBJICHHOMN LIETIHU:

=1+ 1.

DTOT pe3yabTaT CISAYEST U3 TOr0, YTO B TOYKAX pa3BETBJICHHS TOKOB (y3ibl A 1 B)
B 1IETIM MIOCTOSIHHOTO TOKA HE MOT'YT HaKarIuBaThCs 3apsaasl. Hanpumep, k y31y A
3a BpeMst At monrekaer 3apsn IAt, a yrekaeT ot y3ia 3a TO e BpeMs 3apsl

1At + I,At. Caenosarensno, | = 11 + 1o
4
H
1 1 1
— 44 Be—
f
—
| 5 |
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Pucynoxk 1.9.2.
[NapannenbHOE coeAMHEHNE TTPOBOIHUKOB

3anuckiBag Ha OCHOBaHNM 3akoHa OMa

Ilpu napa/uleJilbHOM COeIMHEHUHU NMPOBOTHUKOB BeJIUYHHA, 00paTHAasl 001eMy
CONPOTHUBJICHHUIO LENH, PABHA CYyMMe BeJIMYMH, 00PATHBIX CONPOTUBJIEHUSIM
napauleJibHO BKIKYEHHBIX IPOBOAHUKOB.

Xoxa padoThl.
3ananue 1. M3ydyeHue nociie0BaTeIbHOTO COCAUHEHUS.

1. CobGepurte iens Mo pUCYHKY Hibke. BonbT™merp npucoennnute k Toukam N u K
ren. OH B ATOM cTydae TOKaXeT HAMPSOKEHUE Ha PE3UCTOPE U JIAMIIOYKE BMECTE
(Uosw). PoTO cOOpaHHOM IIenu 1oka3aHo Ha ¢oTorpaduu HIKe. 3aMKHHUTE LIEThb U



3amuImuTe B Ta0auIly nokazaHust cuiibl Toka | u Ugey. Llens pazomkauTe 1
MOKAXXUTE €€ YUUTEIIO.

2. TTogkrouuTe BOJBTMETP K TOUK
pesuctope Ri.

Hanpspkenue Ur Ha

3. [MoaxnrounTe BOJBTMETP K TOUK \"gg, Hanpspkenue U; Ha

JJaMITO4YKC.

4. ITo popmymnam Ri=U1/l, Ry=U/l, Rosm=Uosw/| mogcunTaiite conpoTuBieHus
pe3HCTOpa, JIAMITOYKH, YIaCTKa, BKITFOUAIOIIEr0 PE3UCTOP U JTAMITIOUKY.
Pe3yabTaThl OKPYIJISHTE 10 JECATHIX.

3. I/I?)MepeHHBIe U IIOJCUYHNTAHHBIC 3HAUYCHUA 3aHCCUTC B Ta6J'II/II_[y.

6. Caenaiite yCTHO BBIBOJ, TIOATBEPIKIAIOTCS JIU OIBITOM (DOPMYJIBL:
Uos= U1tU2  Rosu= R1+R2

3auaHne 2. I/IsyquI/Ie ImapauIiCJIbHOI'0 COCIUHCHUA.

1. CoGepute 1enb Mo pUCYHKY HIKe. POTO cOOpaHHOM 1IeTH MOKa3aHO Ha
dboTorpaduu HUKE.

CompoTuBieHne peocrarta cAenaiTe MaKCUMaIbHbIM. 3aAMKHUTE 1ETb U 3aIHIINATEe
B TaO/IMIly NOKa3aHUsl CUIIbI TOKA logy, 11 U. Llenb pa3oMKHUTE U OKaKUTE €€
YUUTETTIO.

-r———:J'--——l}+

/

. . R 2




2. OTcoequHuTe BOJBTMETP, & AMIIEPMETP NPUCOETUHUTE B BETBb C PE3UCTOPOM.
ConpoTuBiieHrE peocTaTa MyCcTh OCTAETCA MAKCUMAIbHBIM. 3alUIINTE B TAOIHILY
3Ha4YeHMe CUJIbI TOKa |1, mpoTekaromei yepes pezuctop Ri. Cxema nenu cMoTpure
Ha PUCYHKE 2.

®ortorpapus 2

PucyHok 2
-

3. AMmepMeTp NMPUCOSTUHHUTE B BETBH C JTAMIIOYKOW. 3alHIIUTE B TAOIHITY
3Ha4YeHHE CUJIBI TOKA |z, MpoTekaromeil yepes mamMmnodky. Cxema 1ernu CMOTPUTE Ha
dbotorpadum 2.

4. TTo dopmynam R1=U/l1, Ro=U/l5, Rysu=U/ly6u OACUUTANTE COMPOTUBICHUS
Ji1 Ji1

pe3UCTOpa, JaMIIOYKH, y4acTKa, BKITIOYAIOIIETr0 PE3UCTOP U JIAMIIOUKY.

Pe3ynbTarsl OKpyIIIsSiTe 10 ACCATHIX.

3. I/ISMGPGHHLIG " IIOJCYNTAHHBIC 3HAUYCHUA 3aHCCHUTC B Ta6JII/ILIy.

6. CnenaiiTe yCTHO BBIBO/I, TOJITBEPKAAOTCS JIU OMBITOM (POPMYJIBI:
R, xR,

R +R,
Conepxanue or4yera, gpopma u npapuia opopmMJIeHUS 0TIETA O

loow= 11+ |2 Rosw=

BBINOJITHEHHOM padoTe: TabnwuIa.

I, U, U, U o6, Ru, Ro, Ro6us Ui+U,, | Ri+Ry,
A B B B Om Om OMm B OMm

Ul Ill |2! I06H.[l Rll RZ! ROGLLU |1+|21 Rlx R2
B A A A Om Om Om A R +R,
3agaHnusi W BoONMpochbl I (POPMHUPOBAHHMSI MW KOHTPOJS BJIaJeHUSA
KOMIIeTeHIUAMH.

KOHTpOJIbHLle BOIIPOCHI

1. JlaiiTe onpeiesiecHUE MOHATUI «BETBbY, KKOHTYP», «y3€ID».




2.UYemy paBHO oOOlIee COMNPOTUBJICHUE LENMU TMPU TOCIETOBATEILHOM
COEIMHEHUU COMPOTUBIICHU?

3. UeMy paBHa 00111asi TPOBOJMMOCTb LIEH NP MapaJijIeIbHOM COEAMHEHUU
CONPOTUBIICHUI ?

4. Yemy paBHO OOIl[ee COMPOTHBJICHHE LIEMH MPU CMEIIAaHHOM COCIMHEHUU
CONPOTUBIICHUN ?

5. Kak moHnMaeTcst 1 uutaeTcs 3akoH OMa 11 3aJaHHbBIX cXeM?

JladopaTopHasi padora Ne 5 Tema 3anHsiTusi: 3aKOHBI OCTOSIHHOTO TOKA.
DJIeKTPUYECKH i TOK B MOJIYNPOBOIHUKAX.

Hean padorsl: onpeaenuts J/]C u BHyTpEeHHEE CONTPOTUBIEHNE NCTOYHUKA
MOCTOSIHHOTO TOKA U OLIEHUTb MPABIOMNO0I00HOCTh MOJIYYEHHBIX PE3yJIbTaTOB.
Ilepeyenb ucnonb3yeMoro ooopyanoBanusi: uctounuk JI/1C, kiroy, aMmnepmerp,
BOJIbTMETP, TPU PE3UCTOPA C U3BECTHBIMH CONPOTUBICHUSIMHU, COSTUHUTEIbHBIC

IMPOBOAHUKH, PCOCTAT.

TeopuTHyeckas 4acThb

PaGoTa BeImomHsIETCS C ITOMOIIBIO BHGKTqueCKOﬁ OCIIn, cocm;nueﬁ H3
IMOCJICOOBATCIIBHO COCIMHCHHBIX 3JICMCHTOB: HCTOYHHKA QI[C, KJIro4ga,
aMIICPMCTpa U PE3UCTOPa C U3BCCTHBIM COIIPOTHUBJIICHHUCM. I/I3Mep}IeTCSI CHJIa TOKa
B IOCIIA ITPHU 3aMKHYTOM KIJIIO4YC.

Ipumeuanue: VIconp30BaTh pE3UCTOPHI C MAITBIM COTIPOTHBIICHUEM HE
peKOMeHayeTcsl, T.K. OyJeT cKa3biBaThes A (PEKT HarpeBaHus Pe3UCTOPOB U
M3MEHEHHUE HX COMPOTUIICHUS.

Jlanee B 1IeTIH PE3UCTOP 3aMEHSASTCS APYTUM U H3MEPSCTCS CHIa TOKA B IICTIH B
HOBOM citydae. i oboux cirydaeB 3akoH Oma JiIsl 3aMKHYTOH 1enu Oyaer
BRITJISIETH cienyromuM obpazom: E =11 (R1+ 1), E = DL(R2 +1).
KoMOuHHpYsI TpeMs pe3ucTOpaMu ¢ U3BECTHBIMH COTIPOTHBIICHUSMH, MOYXKHO
MIPOBECTH TPH TAPHI MOJTOOHBIX H3MEPEHUH.

Xoxa padoThl.

1. [ToAroTOBBTE JIUCTHI AJIsE OTYETA O PAdOTE C MPEABAPUTEILHBIMH 3aMHICIMHU.
2. CobepuTe MEKTPUUECKYIO IIETh, COCTOSIIYIO M3 IMOCIeI0BATEIbHO
COEIMHEHHBIX 3JIEMEHTOB: uctouHnka JJ1C, kiroya, aMmnepmerpa u pe3ucropa ¢
M3BECTHBIM COMPOTHUBJIECHUEM. I3MepbTe CHly TOKA B LIEMU TPU 3aMKHYTOM
KIIIOYe.



3. 3aMEHUTE PE3UCTOP HOBBIM U U3MEPHTE CHILY TOKA B LIEIIN B TAHHOM CJIyYae.
IIpoBenuTe aHAJIOrMYHBIE NEUCTBUS C TPETBUM PE3UCTOPOM. Pe3ynbpraTsl

M3MEPEHUI 3aHECUTE B TAOIUILY.
4. Ilposenute BeruncieHus J/]C MCTOUHMKA TOKA U BHYTPEHHETO CONPOTUBIICHHUS
MCTOYHUKA JIJIS IEPBOTO M BTOPOT0, IS IEPBOTO U TPETHETO, ISl BTOPOrO U

TpeThero ciyvaes no ciaeayomum popmynam: I = (11R1 — LR2)/(I2— 1), E =

l112(R2 — R1)/(11 — 1).
5. [loacunTaiiTe BEAMUYUHBI OTHOCUTEIBHOM 1 a0CONMIOTHON MOTPEUTHOCTEMH,
00paboTaB BHIYMCICHHS] METOJIOM CPEIHEr0 apu(hMETUYECKOTO.
6. Cnenaiite BBIBOJBI O MPOJIETaHHON padoTe.

Conepxanue or4yera, gpopmMa u npaBuia opopMJIeHUS 0TYETA O

BBINOJIHEHHOM padoTe: TabnuIa.

Cuna Bayrpennee AOcomroTHas
2J1C AOGcomoTHas yIp
Toka | ConmpoTHUBIICHUE COTIPOTHBIICHHE| TOTPEITHOCTH
No HCTOYHUKA| TTOTPEIITHOCTh
0 B pe3ucropa ToKa SIC WCTOYHHUKA BHYTPEHHETO
e TOKa COTIPOTHBIICHUS
OHBITa| I R E AE ; AT
A Om B B Om Om
1
2
3
3aganuss M BoOmpochbl A (POPMHPOBAHMST M KOHTPOJS BJIaJeHUA

KOMIICTCHIIUAMM.

KonTposibHbIE BONIPOCHI

1. TloueMy noka3aHus BOJIbTMETPA MPHU PA30OMKHYTOM U 3aMKHYTOM KIJIFOUYE

pa3IUYHbI?

2. Kak noBwicuTh TOUYHOCTh M3MepeHust 3/]C nuctounnka Toka? Pe3uctopsi ¢
KaKUMU COTMPOTUBIICHUSIMHU yI00HEE HCTIOIB30BaTh B IaHHON padoTe?

3. IloueMy abcontoTHas U OTHOCUTENbHAs norpemHocTy J/]C u BHyTpeHHETO
COTPOTHBIICHHS] ICTOYHUKA TOKA B TAHHOM pabOTe CTOJbh 3HAYUTEIbHbIE?

4. Kak BiusieT U3MEHEHHUE TeMIIepaTyphbl PE3UCTOpa MIPU HArpeBaHUU HA
PE3yNbTaThl U3BMEPEHUN B TAaHHOM paboTe?

JlabopaTtopHasi pa6ora Ne 6 Tema 3ausitusi: MarHuTHoe moJie.
JJIEKTPOMATHUTHAS UHAYKLMSL.

Heab pabdoThI: u3yuums yCio8us 603HUKHOBEHUS UHOYKYUOHHO20 moka, I{C

UHOVKYUU.




IlepeyeHb McNOB3yeMOro 000PYAOBAHUSA: KAMYUiKd, 084 NOJOCOBbIX MACHUMA,
MULTUAMIEPMEMP.

TeopnaneCRaﬂ qacTb

B3anMHas cBsI3b 3JIEKTPUUECKUX U MATHUTHBIX MOJIeH OblIa yCTaHOBJICHA
BBIJIAIOIIUMCS aHTIMHCKUM (u3ukoMm M. @apazneem B 1831 r. OH OTKpBLUI SABICHUE
3JIEKTPOMATHUTHON MHAYKIUH.

MHorouucneHnbie onbIThl Dapaies MoKa3bIBalOT, UTO € MOMOIIBIO MArHUTHOTO
MOJIS1 MOKHO MOJYYUTh 3JEKTPUUECKUN TOK B MPOBOIHUKE.

SBJieHME YJIEKTPOMATHUTHOM UHAYKIMH 3aKIH0UAEMCsl 8 603HUKHOBEHUU
NIEKMPULECKO20 MOKA 8 3AMKHYMOM KOHmMYpe Npu U3SMEHeHUU MACHUMHO20
NOMOKa, NPOHU3BLIEAIOUL€20 KOHMYD.

Toxk, 6o3HUKaAOWUL NPU SGTIeHUL DTIEKMPOMALHUMHOU UHOYKYUU, HA3bIBAIOM
HHAYKIHOHHBIM.

B snextpuueckoii nenu (prucyHoK 1) BO3HUKAET MHAYKIIMOHHBIN TOK, €CITU €CTh
JBIDKCHHE MarHuTa OTHOCHTENIFHO KaTYyIIKU, WK Hao0opoT. HampaBnenue
WHIYKIIMOHHOT'O TOKA 3aBUCUT KaK OT HAINpPABJICHUS ABUKCHUSI MarHuTa, Tak U OT
PAaCTOJIOAKEHHS €r0 MOHOCOB. HIYKIIMOHHBIM TOK OTCYTCTBYET, €CIU HET

OTHOCHUTCIIBHOTO IICPEMCIUICHNA KAaTYIIKH U MardHuTa.

Pucynox 1.

Crtporo roBopsi, Ipu IBU>)KEHUU KOHTYpa B MArHUTHOM I10JI€ TEHEPUPYETCS HE

OHpeI[eHeHHBIﬁ TOK , 4 OIIPCACIICHHAA 3. 1. C.

— _(mA)
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Pucynox 2.



dapajneit IKCIEpUMEHTANIBHO YCTAHOBUIL, YTO NPU USMEHEHUU MACHUMHO20
nomoka 6 npogoosiujem konmype goznuxaem I/C unoykyuu E.o, pasnas
CKOPOCMU USMEHEHUSI MACHUMHO20 NOMOKA Yepe3 NOBEPXHOCMb, 02PAHUYEHHYIO

KOHmMYypom, 8351MOU CO 3HAKOM MMHyC:
Y

At

Orta hopmyna BelpaxaeT 3akoH Papanesi: 3. 0. ¢. UHOYKYUU PAGHA CKOPOCMU
U3MEHEHUA MAZHUMHO020 NOMOKA uepe3 N0GEPXHOCHb, 0ZPAHUYEHHY IO
KOHmMypom.

3HaKk MUHYC B (popMyJie OTpakaeT npaBuiio Jlenua.

B 1833 roay JleHu onbITHBIM TyTEM JIOKa3al YTBEPKACHUE, KOTOPOE
Ha3bIBACTCS MPABWJIOM JIeHUa: uHOYKUUOHHBLIL MOK, 8030YHcOaeMblil 6
3AMKHYMOM KOHMYpPe npu U3MEHEeHUU MAZHUMHO20 NOMOKA, 6ce20a Hanpae/iex
mak, 4mo co30asaemoe UM MazZHumHoe nojie nPensancmeyem UIMeHeHuIo
MAZHUMHO20 NOMOKA, bI3b16AIOULE20 UHOYKUUOHHBLI MOK.

IIpu Bo3pacTannu MarHuTHOro moToka ®>0, a g,,; < 0, T.€. 7. 1. C.
MHIYKUIHUH BBI3bIBAET TOK TAKOTO HANPABIECHUS, IIPU KOTOPOM €r0 MarHMUTHOE T0JIe
YMEHBIIIAET MATHUTHBINA IIOTOK Yepe3 KOHTYP.

IIpu yMeHbIIEHMH MATHUTHOTO MoToKa P<0, a g4y, > 0, T.€. MATHUTHOE TTOJIC
MHAYKIIMOHHOTO TOKA YBEIMYMBACT YOBIBAIOIIMN MAarHUTHBIN MMOTOK Ye€pe3 KOHTYD.

IIpaBuio Jlenua nmeet riayookuii puaMmuecKuii CMbICI — OHO 8blpadicaem
3AKOH COXpaHeHusi SHep2ul: €CIIM MAarHUTHOE T0JIE Yepe3 KOHTYP YBEIUYUBAETCS,
TO TOK B KOHTYpE HaIlpaBJIeH TaK, 4YTO €ro MarHUTHOE MOJI€ HAIPaBIIEHO MPOTUB
BHEILIHETO, & €CJIM BHEIIHEE MAarHUTHOE T0JI€ Yepe3 KOHTYP YMEHBIIAETCS, TO TOK
HaIlpaBJIEH TaK, 4YTO €r0 MarHUTHOE T0JIE MOAAEPKUBAET 3TO YObIBaIOIIEE
MarHuTHOE MOJIE.

Xoa padoThl.

[ToaroToBhTE MMt OTUETA TAOJIHUITY M TIO MEpE MTPOBEICHUS OMBITOB 3aMIOJHUTE €€.

Hanpasienus
OTKJIOHEHHSI
Iloka3an  cTpeJku HanpasJiienue
Ne JeiicTBHuA ¢ us MULJIMAMIIEP-| HUHAYKIMOHHOI0 TOKA

n/n MArHMTOM U MHUJLIIH- MeTpa (mo mpaBuJy Jlenua)



KATYUIKOMI

brICTpO BCTaBUTH
MAarHMT B KaTYyIIKY
CEBEPHBIM ITOIIOCOM
OcTaBUTH MarHuT B
KaTYIIKE
HEMOABMKHBIM
1ocJje omnpiTa 1
BrICTpO BHITAIIUTH

MAarHuT U3 KaTyIIKH

bricTpo mpubiu3uTh
KaTYIIKY K
CEBEPHOMY TTOJTIOCY
MarHuTa

OcCTaBUTH KaTYIIKY
HETIOABHKHOM IT0CJIE
orpITa 4

bricTpo BBITAIIUTH
KaTYIIKY OT
CEBEPHOTO MOJIF0CA
MarHuTa

MenjaeHHO BCTaBUTh
B KaTYIIKy MarHuT
CEBEPHBIM ITOJTOCOM
MeniaeHHO
BBITAIIIUTh MAarHUT
13 KaTyIIK{

brICTpO BCTaBUTH B
KaTyIIKy 2 MarHuTa

CEBEPHBIMU

aMnepmer

(Bmpaso,
pa, BJICBO MJIM He

MA OTKJIAHSAETCH)
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IIOJIIOCaMH

10 BbeICTpO BCTaBUTH )

X
MArHHUT B KaTYIIKY - uxu,J
HOKHBIM ITOJIFOCOM

11 BeicTpo BHITAIIUTH

MArduT U3 KaTVIIKN ]
y . [;LE: ;J

mocJie omnbiTa 10

12 BeICTpO BCTAaBUTH B

== Lo
KAaTyLIKy 2 MarHura —— 5

FOKHBIMH ITOJIFOCaAMH

3anucarb 001IMIA BBIBOJ MO paboTe HA OCHOBE MPOBEAEHHBIX HAOIIIOICHUIA.
Conepxanue or4yera, gopma u npaBuia opopmMJIeHUs 0TIETA O

BBINOJIHEHHOM padoTe: TabnuIa.

3aganuss u Bompochbl UIst (OPMHPOBAHMST M KOHTPOJIHA BJAACHUS
KOMIIeTCHIMSIMH.
KonTpoJsibHbIE BONIPOCHI

1. B yeM 3akiroyaeTcs ABJICHUE DJIEKTPOMArHUTHON MHIYKIIAN?
2. Kakoif Tok Ha3bIBalOT UHIYKIIMOHHBIM ?

3. Chopmynupyiite 3aKOH 3JIEKTpOMarHuTHOM HHAYKIMU. Kakoi hopmyoi

OH ONHUCHIBACTCSA?
4, Kak dhopmymupyercs npapuio Jlenma?

5. KakoBa cBsi3b npaBuiia JIeH11a ¢ 3aKOHOM COXpaHEHUsI SHEPTUuu?

JlaGopaTopHasi pabora Ne 7 Tema 3ansiTusi: Mexanudeckue Kojae0aHus u
ynpyrue BOJIHBI.

Leab padoThI: COCTOUT B IKCIIEPUMEHTAIBHOM MPpOBEpKe (POpPMYIIHI,
CBSI3BIBAIOIIICH TIEPHO/T KOJICOAHHMI MasTHHKA C JITTHHOM €ro ImojBeca.

IlepeyeHb MCMOJIB3YyeMOro 000PYA0BAHHUSA : IITATUB C MEPEKIAUHON U MY(PTOI,
HUTH C METJISIMU Ha KOHIIAX, TPY3 C KPIOUKOM, JIMHEHKA, JIEKTPOHHBIA CEKYHIOMEDP

TeopnaneCKaﬂ qacTb



PaccMmoTpuM Kosie0aHusi HUTSHOTO MasATHUKA, T.€. HEOOJIbUIOrO Teja (Hampumep,
1iapyKa), MoABEIIEHHOrO0 Ha HUTH, JJIMHA KOTOPON 3HAYUTEIBHO MPEBBIIIAET
pa3Mepsl camoro Tena. Eciiy mapuk OTKIOHUTH OT MOJIOKEHUS pAaBHOBECHUS U
OTIIYCTUTh, TO OH Ha4YHET Kojebarbcs. CHayana MasiTHUK JBUKETCS C
HapacTarolel CKOPOCThIO BHU3. B 10J10KeHUU paBHOBECHUSI CKOPOCTD LIapHUKa HE
paBHa HYJIIO, U OH 110 UHEPLUU ABMKeTCs BBepX. [10 1OCTHKEHUN HAUBBICIIETO

IMOJIOKCHUA INapHUK CHOBA HAYMHACT ABUTATHCA BHUS. 910 6yI[YT CBO6OI[HBI€

KOJIcOaHUS MasTHUKA.
0

CBo0OoaHbIe KOJIEOAHUSI — 970 KOeOaHUsl, KOMopble 03HUKAIOM 8 cucmeme noo
oelicmauem GHYMpPEeHHUX CUT, NOCLe MO20, KAK CUcmema Oblla 6blee0eHd U3
NOJIOJHCEHUS YCMOUYUBO20 PABHOBECUSL.

KonebarensHoe ABMIKEHHE XapaKTEPHU3YIOT aMIUTUTY/I0H, IEPHUOIOM M YaCTOTOM
KoJIeOaHuH.

AMILTMTY/Ia KoJ1e0aHMi - 5TO HauOoJIbIIIee CMEIIIEHUE KOJICOIOMIEerocs Tejia OT
nosiokeHust papHoBecusi. O6o3Hauaercs A. Enxuauna namepenus - metp [ Im].
Ilepuona konedaHmii - 3TO BpeMs, 32 KOTOPOE TEJIO COBEPIIAET OJTHO MOJIHOE
konebanue. O6o3navaercs T. Eqununa namepenus - cekynnaa [Ic].

YacroTa KoJedaHuii - 3TO YUCII0 KOJIcOaHUH, COBEPIIAEMBIX 32 CAUHUILY
BpeMeHu. O0o3Hayaercs v. Enuanima namepenus - repi [ 11].

Teno, noABEIEHHOE HA HEBECOMOW HEPACTSX)KUMOM HUTHU HA3bIBAKOT
MAaTeMATHYeCKUM MASITHUKOM.

Hepnon KoicOaHMil MaTeMaTUUECKOT0 MasTHHKA OIIpCACIIACTCA

!
T=2r J:
dbopMmynoii: g (1), roe | — nviHa moaBeca, a § — yCKOPEHUE CBOOOIHOTO

nmagcHMs.



Xoxa padoTsl.

1. [ToaroToBbTe TAOAUIY JJIS1 3AMKMCH PE3YJIBTATOB U3MEPEHUI U BBIYMCICHUI:

2. 3akpenuTe nepekyiaguHy B MypTe y BEpXHEro Kpas cTepkHs mraTusa. [lltatus
pa3MecTUTE Ha CTOJIE TaK, YTOOBI KOHEII MEePEeKIIaIuHbI BBICTyNAN 3a Kpan
MOBEpXHOCTH cToja. [logBechTe K nmepekyiainie ¢ MOMOILBIO HUTU OJMH TPY3 U3
HaOopa. PaccTosiHue oT TOUKM MOBeca J10 LIEHTpa rpy3a A0HKHO ObITh 25-30 cMm.
3. [loAroToBbTE AEKTPOHHBINA CEKYHIOMEP K pabOTe B PYyUHOM PEKHUME.

4. OTkoHUTE TPY3 HA 5-6 CM OT MOJIOKEHUSI PABHOBECHS M 3aMEPHTE BpPEMS, 3a
KOTOpoe Ipy3 coBepmiuT 30 MOJHBIX KOJeOaHu (ITPU OTKJIOHEHUU I'py3a CISAUTE,
YTOOBI YTOJI OTKJIOHEHUS HE ObLT BEJIHK).

5. I[loBTopuTe M3Mepenue 3-4 pa3a u onpeaenuTe cpeaHee Bpems

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

6. Beruncnure nepuo KoiebaHus rpysa ¢ JJIMHOU mojaseca 25-30 cm 1o

dbopmyme
7. YBenuubTe UIMHY TIOJIBECa B YETHIPE pasa.

8. HOBTOpI/ITG CCPHUIO OIIBITOB C MaATHUKOM HOBOM JJIWHBI 1 BBIYHUCIIUTEC €TI0

LEZ
. TN
nepuo/1 koyiebanuii mo Gpopmysie .
N
Vl .
9. Beruncnure yacToThl KoebaHui 1isi 00enx MasTHHKOB 110 (hopMynam *
N
Vg -
u fa2

10. CpaBHuUTE TIEPHOBI KOJIEOAHUHN ABYX MAaSTHUKOB, IJTUHBI KOTOPHIX OTINYAIIUCH
B YETHIPE pasa, U ClIeJaiTe BBIBOJ OTHOCUTEIHHO CIipaBeyiuBoCcTH Ghopmydsl (1).
VYKaxunuTte BO3MOXKHBIE TPUUMHBI PACXOXKJICHUS PE3YIIBTATOB.

11. OTBeThTE HA KOHTPOJIbHBIE BOMPOCHI.

Conepxanue or4yera, Gpopma u npapuia opopmMJieHUs 0TIETA O
BBINOJIHEHHOM padoTe: TabnuIa.
L m Ne N t, c tep, € T, ¢ v, I'n

onbITa
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3aganusi M Bompochl I (POPMHMPOBAHMS M KOHTPOJS BJIaJCHUA
KOMIIETEHUMSIMH.
KoHTpoabHBbIE BONIPOCHI

1. Yro Ha3bIBAIOT NEPUOOM KOJIEOAHUN MasTHUKA?

2. Yto Ha3bIBAIOT YacTOTOM KoneOanuii masiTHuka? KakoBa euHMIA 4aCTOTHI
Kosie0aHuii?

3. OT KaKuX BEJIMYMH U KaK 3aBUCHUT MEPUOJ KOJIeOaHUN MAaTEMAaTHYECKOTO
MasTHHUKA?

4. Ot KaKvX BEJIMYMH U KaK 3aBUCHUT MEPUOJ KOJIEOAHUN IPYKUHHOTO MasiTHUKA?

5. Kakue xoyie0aHusa Ha3bIBAKOT COOCTBEHHBIMM?

JlabopaTtopnas pa6ora Ne 8 Tema 3ausiTusi: DJIeKTPOMATrHUTHbIE KOJIeOAHUS
U BOJIHBI.

]_[e.]'lb paﬁoTI)I: N3Yy4UTb 3aBUCUMOCTb CMKOCTHOT'O U MHAYKTHBHOI'O
COHpOTI/IBJIeHI/Iﬁ OT 94aCTOTHI IICPCMCHHOI'O TOKA U ITIapaMCTPOB 3JICMCHTOB.

IlepeveHb MCMOJIB3yeMOro 000pyA0BaHUS . KOHJEHCATOP, KaTyIlIKa, ICTOYHUK
MUTaHUs], TEHEPATOP, PEOCTAT, BOJBTMETP.

TeopuTHyeckast 4acThb

B nenu nepeMeHHOro Toka KpomMe Pe3uCTOPOB MOT'YT UCIIOIb30BAThCS KATYIIKU
WHIYKTUBHOCTHU U KOHJIEHCATOPBI. [[J151 MOCTOSTHHOTO TOKa KaTyIlIKa
WHIYKTUBHOCTH UMEET TOJIHKO aKTUBHOE CONIPOTUBIIEHUE, KOTOPOE OOBITHO
HEBEJIMKO (€CJIM KaTYIIKa HEe COAEPKUT OObIIOE KOTUYECTBO BUTKOB).
KonnencaTop e B 11y NOCTOSHHOTO TOKa MpeCcTaBiseT "pa3pbiB" (OUCHb
00JIbIIIOE AKTUBHOE COMPOTUBIICHUE). J[J1 MepeMEeHHOr0 TOKa 3TH AJIE€MEHTHI
o0saaT cienudUUecKuM PeaKTUBHBIM COIIPOTUBIIEHHEM, KOTOPOE 3aBUCHUT KaK



OT HOMMHAJIOB JIETAJIEN, TAK U OT YaCTOThI IEPEMEHHOIO TOKA, IPOTEKAIOIIETO
4yepe3 KaTylKy U KOHAEHCATOP.

1.1. Karymka B ienu nepeMeHHOro TOKa.

Paccmotprm, 94TO IPOUCXOIUT B LENH, COAEPIKAIIEH PE3UCTOP U KATYIIKY
MHAYKTUBHOCTH. KonebaHus cuiibl TOKa, MPOTEKAIOIIET0 Yepe3 KaTyIIKY:

1= 1, -cos(wt)

BBI3BIBAIOT I1aJICHUE HANIPSKEHUS HA KOHUAX KaTyIIKH B COOTBETCTBUM C 3aKOHOM
CaMOMHAYKLIMU U ITpaBuiioM Jlenua:

el . .
Uy =L—=—Leol, sy o )= eold,, cos(aé+ 7/ 2)
dt

T.€. KOJIcOaHus HaIpsKCHUA OIICPCIKAIOT 110 (l)a3e KoJIcOaHMs CHJIbI TOKA Ha p /2.
HpOI/IBBeIIeHI/Ie w LIy sBisteTcs aMHHI/ITyI[Ofl KoJIcOaHus HaIpsXKCHUA

U =wlifl,

HpOI/IBBeIIeHI/Ie LIUKJINYECKOM YaCTOThI HA HHIOIYKTUBHOCTH Ha3bIBalOT
uH@meu@HblM conpomuejieHuem KaTyllKH:

X = L (1)

TI09TOMY CBSA3b MEXJy AMIUIUTYIaMU HANPsHKEHUs M TOKA HA KAaTYIIKE COBNAAeT
o gopme ¢ 3akoHoM OMa JuIsl ydacTKa LEeMH TOCTOSHHOTO TOKa:

U =X1ln(2)

Kak BuHO U3 BhIpaxkenus (1), MHIYKTHBHOE COMPOTUBIICHNE HE SBIISETCS
TTOCTOSTHHOM BETMYNHOMN IS JaHHON KaTyIIKH, a TIPOMOPIHOHATBHO YaCTOTE
TIEpEMEHHOr0 TOKa 4yepe3 KaTymky. I103ToMy aMIuTyna KojaebaHuii CHitbl Toka Iy
B IIPOBOJIHMKE C MHIYKTHBHOCTHIO L 1pu mocTosHHO# ammuTyae Ul HanpsKeHus

Y6I>IBaCT 06paTHO MMPOIOPHUOHAIBHO YaCTOTC IICPEMCHHOI'O TOKA!
oy

Io—m
m
ol
1.2. KongencaTop B 11eM IEPEMEHHOIO TOKA.
[Tpu n3MeHeHnn HanpsHKEHUS HAa O0KIIaIKaX KOHACHCATOPA TI0 TapMOHUYECKOMY

sakomy: % = U, cos(wt)

3apsia g Ha €ro 06Knam<ax HU3MCHACTCSA TAKIKC I10 TAPMOHHUYCCKOMY 3aKOHY:
g = Cup = CU L, cos(it)

DNEeKTPUUECKU TOK B IIENIM BOSHUKAET B PE3YJIbTAaTE U3MEHEHHUS 3aps/ia
KOHJIEHCATOpa, I0ITOMY KOJIeOaHUs CHIIBI TOKA B IIEMU OYTyT MPOUCXOAUTH TIO
3aKOHY:

i= i—? = — 07, sinf o) = w17, cos{ax + m/2)

Bunno, uTo xonebaHus HaNpsHKEHUST HAa KOHASHCATOPE OTCTAIOT 1o (haze ot
Kosebanuii cuitel Toka Ha p /2. [IpousBenenne w CUn, sBIseTCS aMIuinTy 10
KOJIeOaHUW CUJTBI TOKA!

I, =wllU,,

AHAIOTUYHO TOMY, KaK OBLIO CIEaHO C HHIYKTUBHOCTHIO, BBEJCM TIOHITHE
eMKOCIMHO20 CONPOMuUG/ieHus KOHIEHCATopa:



1
X,

¢
ol (3)
JIyist KOHEHCATOpa MOJIy4aeM COOTHOLIEHHE, aHAIOTHYHOE 3aKkoHy OMma:
Ue =Xt 4y

®opmyisl (2) u (4) cripaBeasiuBbI U 7151 SQPEKTUBHBIX 3HAYECHUN TOKA U
HaIpPSHKEHUS.

Xox padoThlI.

1. Cobepurte 11enb MOKa3aHHYIO Ha PUCYHKE 1.

2. YCcTaHOBUTE CIIEIYIOUIUE 3HAYEHUS TapaMETPOB:

I'eneparop — Hanpspkenue (3¢ dextusnoe) 100 B, vactora 100 I'n;

Konnencatop — pabouee nanpspkenne 400 B, emxocts 10 MkD;

Pesucrop — pabouas momnocts 500 BT, conpoTtusnenue 100 Om.

3. M3Mensist eMKOCTh KOHZIeHcaTopa oT 5 10 50 MkD (depe3 5 MxdD), 3anuimmure
MOKa3aHUs BOJBTMETPOB (HANpPsKEHUE HAa KOHACHCATOPE U Ha PE3UCTOPE).

4. Paccuuraiite 3¢ peKTUBHOE 3HAUYEHUE TOKOB, TEKYIIHUX B IIETH, B 3aBUCUMOCTH
OT 3HAYEHUS €MKOCTH KOHJIEHCATOpa (ISl 3TOr0 HAJI0 HANPSKEHUE HA PE3UCTOPE
pa3ze’anTh Ha €T0 COMPOTUBIICHHUE).

5. Omnpenenurte 3HaY€HUS EMKOCTHBIX COITPOTHUBIICHUI KOHJIEHCATOPA JIJIs
COOTBETCTBYIOIINX 3HAYEHUIN €r0 EMKOCTH M CPABHUTE UX C PACCUMUTAHHBIMU IO
dbopmyie (3).

6. YcranoBute emkocTh KoHAeHcaTopa 10 Mk®d. M3meHsis yacToTy renepaTopa oT
20 1o 100 I'y yepes 10 'y, mOBTOpUTE U3MEPEHUS U pACUETHl EMKOCTHOTO

COIMPOTHUBJICHHUA B 3aBUCUMOCTH OT HaCTOTHI IICPEMCHHOI'O TOKaA.
/\?L

[
© "] | @Y k|| D
1.
Cobepure 11e1b MOKA3aHHYIO Ha PUCYHKE 2.
Puc.1. Puc.2.

8. YcranoBuTe cienyronue 3Ha4eHUs TapaMeTPOB:

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

Karymika - ungykruBaocts 50 Ml 'H;

Pesuctop — pabouas momuocTs 500 BT, conmpoTtusnenue 100 Om.

9. M3meHss nHIYKTUBHOCTH KaTymiku ot 50 mo 500 mI'H (uepe3 50 mI'H),
3aMUIINTE TTOKa3aHUsl BOJbTMETPOB (HAMPSHKEHUE HA KATYIIKE U HA PE3UCTOPE).

10. Paccuwmraiite 3 dekTUBHOE 3HAUCHHUE TOKOB, TEKYIINX B IICTIH, B
3aBUCUMOCTHU OT 3HAYEHUS] MHIYKTUBHOCTH KaTYIIKH ([ 3TOTO HAJl0
HaIpsDKEHHE Ha Pe3UCTOPE Pa3eInuTh Ha €ro COMPOTUBIICHHUE).



11. Omnpenenurte UHAYKTUBHBIE COPOTUBIICHUS KATYIIKH JIJIS
COOTBETCTBYIOLMX 3HAYEHUH €€ UHAYKTUBHOCTH U CPABHUTE UX C
paccuuTaHHbIMU IO popmyiie (1).

12.  VYcranoBute MHAYKTUBHOCTH KaTymiku 100 MI'H. MI3MeHss yactoTy
renepaTopa ot 20 no 100 ' uepes 10 [', mOBTOpUTE U3MEPEHUS U PACUETHI
MHIYKTUBHOTO COMPOTUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA..

13. TloctpoiiTe rpaduku 3aBUCUMOCTEN UHIYKTUBHOT'O U €MKOCTHOT'O
COMPOTHUBJIEHUH OT YaCTOThI IEPEMEHHOTO TOKa.

3aganussi u  Bompochl A (GOPMHPOBAHHA M KOHTPOJHA  BJAJACHHUS
KOMIIeTCHMSIMH.
KoHTpo/bHBIC BONPOCHI

1. Hoquy CMKOCTHOC COIIPOTUBJIICHUC YMCHBIIACTCA C YBCIIMUCHUCM YaCTOTHI
MEPEMCHHOI'O TOK a4, HHAYKTUBHOC COIIPOTUBJICHUC — YBCJII/I‘II/IBaeTCSI?

2. KakoBsl pa3Hutisl ¢a3 Mexay TOKOM U HAPsHKEHUEM ISl KaTYIIKU U
KOHJIeHcaTopa?

3. B kakux CANMHHULAX U3MEPAOTCA CMKOCTHOC H MHIYKTHUBHOC COHpOTI/IBHeHI/ISI?

4. Kak 3anuceiBaeTcst aHasor 3akoHa Oma i MakcuMasibHbIX (3 EeKTUBHBIX)
3HAUYEHUN TOKA U HANPSDKEHUSI 111 PEaKTUBHBIX 2JIEMEHTOB — KOHJIEHCATOpa U
KaTYIIKHd UHAYKTHBHOCTH?

JladopaTopHasi pa6oTa Ne 9 Tema 3ausitus: Ilpupoaa cBera.

Heab padoThl: HAYYUTHCS MMOTYYaTh YMEHBIICHHBIE U300PaKEHUS MMPEAMETOB C
MOMOIIBI0 COOMPAIOIIEH JTUH3BI, TEOMETPUUYECKUMU TOCTPOCHUSIMU OTIPEIETISTh
ONTUYECKYIO CUITY JIMH3BI, TTOJIB30BATHCS (DOPMYIION JTNH3HI.

IlepeyeHb ncnmob3yeMoOro 000py10BaHMs: cOOMpAroIIas JIMH3a Ha TOJICTABKE;
JamIa JJis KapMaHHOTO (pOHApWKA Ha MOJCTaBKE C MCTOUHUKOM ITUTAHMS; OCIbIi
AKpaH; U3MEpPUTEIIbHAS JIMHEHKA.

TeopuTHyeckast 4acThb

OTHoOIIEHUE CKOPOCTH CBETa B BaKyyM€ C K CKOPOCTH CBeTa U B JIaHHOU
cpelne Ha3bIBaeTCs a0COMIOTHBIM MTOKA3aTeNIeM MPETIOMIICHUS dTON CPEIbI:
n="=Jeux~e.
v
31eCbs U 4, - OTO OTHOCHUTEJIbHBIC NIWAJIEKTPUYECKAass W  MarHUTHAs
MPOHUIIAEMOCTHU cpefbl, L ~ 1 1 HedeppomarHuTHbIX cped. s moboi cpenpl,



KpoMme Bakyyma, € >1 u n>1. BenuuuHa €, a ciie1oBaTENbHO U N 3aBUCUT OT YACTOTHI
CBETa WU COCTOSIHUSL Cpelpl (€€ IUIOTHOCTH M Temmeparypsl). s ra3oB mnpu
HOPMAJIBHBIX YCIIOBHSX I OJIM3KO K €AUHUIBL. B aHM30TPOMHBIX cpeaax N 3aBHCUT
OT HaIlpaBJEHUs PACHPOCTPAHEHUSI CBETA U €0 MOJISIPU3ALINH.

OTHOCHUTENBHBIM noKasareyeM npesioMJIeHus N1 BTOPOM  Cpenbl
OTHOCHUTEIIBHO IIEPBOM HAa3bIBA€TCS OTHOIIEHUE CKOPOCTEH CBETa V1 M V2
COOTBETCTBEHHO, B IIEPBOM U BTOPOU cpenax:

pobi_m

21
v, n

rjae N1 1 N2 - abCOIOTHBIE MOKAa3aTEeNH MPEJTOMIICHUS CBETa MEPBOM U BTOPOH Cpe/l.

Ecau ny1>1 , To BTOpast cpena Ha3bIBaeTCsl ONTUYECKH OoJee-TIJIOTHOM, YyeM
nepBas cpefa.

[Ipy maseHun CBETOBBIX Jy4YEH Ha UACATBHO IJIOCKYIO TPAHUIlYy pa3jeiia ABYX
Cpel, pa3Mepbl KOTOPOW 3HAYMUTENIBHO MPEBBIMIAIOT JJIWHY BOJIHBI, MPOUCXOAST
SIBJICHUSI OTPAXKEHUS U TIpesiomyieHus cBeta. HampaBineHue pacripocTpaHeHus: CBETa
U3MEHSETCS TpU TEPEXOJE €ro BO BTOPYIO Cpeldy, 3a MCKIIOYEHHUEM cllydas
HEPIEHANKYIAPHOrO MaJACHUS JIydeld Ha TpaHUIly pasjeia. YIJIOM NajcHus |
Ha3bIBACTCS YroJl MEXKAY NaJaolUM JIy4OM W MNEPHEHIUKYISIPOM K TpPaHUIE
pasnerna, BOCCTAaHOBJICHHBIM B TOUKe TajieHus (puc.1).

1

e
¢ i

P o {122 A
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a) _ 8.
puc.1

Yriom oTpaxeHust |' Ha3bIBACTCS YTOJ MEXKIY OTPaKCHHBIM JIYIOM U TEM XKe
MEPHEHUKYIAPOM. YTIIOM NPETOMIIEHUS I Ha3bIBAE€TCS YIOJl MEXKIY
MPEJIOMJICHHBIM JIYYOM U TEM K€ NEPIEHIUKYIIIPOM.

3aKOHBI OTPA’KEHHUSI CBETA:

a) Ilagaromuii ay4, OTpa)KEHHBIA Jy4 M NEPHEHAUKYISAP K T'PAHUIIEC pa3jelia
JBYX Cpell, BOCCTAHOBJICHHBII B TOYKE MaJCHUS Jydya, JIEKAT B OJTHOM IJIOCKOCTH.

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

3aKkOHBI OTpPaKECHHsI CIPaBEUIMBHI TIPU OOpPaTHOM HANPABICHUU X072
CBETOBBIX JIyuel. Jlyd, paClipOCTPaHSIOIUICSA MO MYTH OTPAKEHHOI0, OTPAKAECTCSA
0 TYTH MIAIOIIET0 Jyda (00paTUMOCTh X0J1a CBETOBBIX Jyueii) (puc 1 0).

OTtpaxkeHue cBeTa, yJOBICTBOPSIOIIEE ITUM 3aKOHAM, Ha3bIBACTCS
3epkaibHbIM. Eciii ycroBHe 3epKalbHOCTH OTPAKEHUSI HE BBITOJHSAETCS, TO 3aKOHBI
OTPa)KEHUsSI HECHpPaBEIJIMBBI W OTpPaXXE€HHWE CBeTa Ha3bIBaeTca AU Py3HbIM.

3aKOHBI IPEJIOMJICHUS CBETA:



a) Jy4d TaJarolIuiA, TPETOMJIICHHBIH W TEPICHIUKYISP K TPAaHMIIEC pa3zeiia
JIBYX CpeJI, BOCCTAHOBJICHHBIN B TOUKE MAJACHUS JTyda, JIeXKaT B OJTHOM TUIOCKOCTH.

0) OTHOIlIEHHE CUHYCOB YIJIOB MaJCHUS U TNPEIIOMJICHHUS €CTh BEJIMYMHA
MOCTOSIHHASI, pPaBHAs OTHOCUTEIBHOMY ITOKA3aTEeTI0 MPETOMIICHUS JaHHBIX JBYX
cpen.

sini _ n,

21°

sinr  n,

[Tagarouuii ¥ NpenOMIIEHHBIN JIy4d B3aUMHO OOpaTUMBbI: €CIIU NaJalouui Jy4
OyZeT MylleH 0 HaNpaBICHUIO NPEJOMJIEHHOIO JIyda, TO JIyd IPEJIOMIICHHBIH
IOMET 10 HAPABJICHUIO MTAJAOLIETO.

Xoxa padoThlI.

1. [Tomy4yuTh Ha PKpaHe YETKOE YMEHBIIIEHOE N300paKeHNEe HCTOYHHUKA CBETA.

2. U3meputh B MeTpax pacctosiiue d OT HCTOYHHKA CBETA 0 JIMH3BI U PACCTOSTHHE
f oT MMH3BI 10 PKpaHa.

3. HOCTpOGHI/IeM 3HAWTHU MOJ0KECHHUE TJIaBHBIX q)OKYCOB JIMH3bI U OIIPCACIINTC
(1)OKYCHO€ PacCTOAHUC JIMH3BI U €€ OIITUYCCKYIO CUITY.

4. Onpenenute GpokycHoe paccTosHue F u ontudeckyro cury D nuH3BI MO
dbopmyne

[Tpu onpeneneHn ONTUYECKON CHIIBI IMH3BI (POKYCHOE (M BCE IPYyTHUE)
PACCTOSIHHS ClIeTyeT OpaTh B METpPaX, JIMIIb TOTJa ONMTHUYECKYIO CHITY MOXKO
ONPEAECIUTH B JUONTPUSX.

5. [lony4unTh Ha 3KpaHE YBEIUYEHHOE N300paKeHNE UCTOYHHUKA CBETA U
BBITIOJIHUTH BCE JICMCTBUSA, KOTOPBIE OMUCAHbI B TyHKTax 1 —4 .

6. YCTaHOBUTH, TJi¢ HEOOXOIUMO PO3MECTHTH HCTOYHUK CBETA, YTOOBI Ha SKpaHE
OBLIO €0Tr0 N300paKeHNEe TAaKOTo JKe pa3Mepa, Kak ¥ UCTOYHHK. [I[poBepuTh CBOM
BBIBOJ] Ha OIIBITE.

3aganus M BONpochl Jisi  (POpMHUPOBAHUST W KOHTPOJSl BJAJeHUS
KOMIETEeHIUSIMHU.

3agaHus K pelIeHUI0:
KoHTposibHbIE BONIPOCHI



1. Ot 4ero 3aBHCAT XapaKTEPUCTUKH H300paKEHHUH, MOTYy4aEMBIX C ITOMOIIBIO
coOuparonieit JUH3bI?

2. Kakue nyun yao0HO MCTOIB30BATH JIJIsl HOCTPOCHUS M300paKeHus,
MOJIY4a€MOI0 C TOMOIUIBIO JINH3BI?

3. MOXHO 11 TOJy4YUTh ACHCTBUTEIBHOE H300pAKEHHE C TIOMOIIBIO COOMparoIIei
JIMH3bI? paccenBaroUIeh JIMH3bI?

4. MOHO JU TIOJIyYUTh MHUMOE U300pakKeHUE C TOMOIIBIO cOoOMparomieit
JMH3bI? pacceuBarOUICH JIMH3bI?

5. C moMouIpi0 JIMH3BI TONTYYeHO H300pakeHHE KaKOro-To MpeameTa. B kakom
cllydae €ro MOYKHO YBUAETh Ha DKpaHe — KOT/Ia 9TO U300paKEHHE SIBIIACTCS
JCHCTBUTEIHHBIM WIJIM KOTJIa OHO MHUMOE?

6. Ha kakoM pacCTOSIHUM OT JIMH3BI JJOJDKEH OBITh IPEIMET, YTOOBI pa3Mepsbl
caMmoro MmpeaMera 1 ero n300pakeHue ObLUTH OJUHAKOBBIMU ?

7. MOXHO ¥ 10 XapaKTePUCTHKAM M300pakKeHUs, MOIyYEHHOTO C MOMOIIBIO
JIUH3bI, OMNpPEAeNIUTh, Kakas 3TO JMH3a — coOuparouiasi Wik pacceuBaromias?

JladopaTopHasi padoTa Ne 10 Tema 3ansitusi: BoiHoBbIe cBOlicTBa cBeTA.

Hean padorel. M3yueHue siBiaeHus Tudpakiyuyd CBETOBBIX BOJH Ha
y3KOM MJIOCKOMApaIeIbHOM 1IeNM U Ha JU(PAKIIMOHHON PElIETKE;
AKCIEPUMEHTAIbHAS IPOBEPKA BBIITOJIHUMOCTH YCIOBUM IS
MaKCUMyMOB U MUHHUMYMOB JIU(PaKIMU; ONPE/IETICHUE ONBITHBIM MyTEM
JUTMHBI BOJIHBI U3JTy4YEHUS U TIeproia TU(PPaKIIMOHHON PEIIeTKH.

IlepeyeHnb UCMOIBL3YEMOro 000pyI0BaHUs: TEIMM—HEOHOBBIN JIa3ep,
ONTUYECKUI CTOJHUK, epKaTeNb, TU(PaKIIMOHHAS pPEIIeTKa, SKPaH.

TeopuTHyeckasi 4acThb

Jl1s1 0OBsiCHEHUS SIBJICHUS TUGPAKIIIA MOYKHO BOCIIOIB30BaTHCS
npuHIIoM I 'toitrenca — @penens. CoryiacHO 3TOMY MPUHIIUITY,
BOJTHOBOW (PPOHT MPEACTABIISICTCS B BUI€ COBOKYITHOCTH OOJBIIIOTO
YHCJ1a BTOPUYHBIX KOTE€PEHTHBIX UCTOYHUKOB, U3Ty4arOIIUX BTOPUYHBIC
BOJIHBI B CTOPOHY PACIIPOCTPAHEHUS BOJIHBI. B 3TOM ciydae
o0pa3oBaHue AUPPAKIIMOHHON KapTUHBI SBJISECTCS PE3yIbTaTOM
UHTEepPEPEHIINHN U3TYICHUN OT BTOPHYHBIX HCTOYHHUKOB, a
MHTCHCUBHOCTH B KaXKJI0M TOYKE dKpaHa 3aBUCHUT OT pa3HOCTeH a3
MEXIy BOJIHAMU, MPUXOIAIIMMHU B 3Ty TOYKY OT BTOPUYHBIX
MCTOYHHKOB.



Ha puc. 1 noka3zano xapakTepHOE pacupeieeHNe UHTEHCUBHOCTH B

T (PPpaKIIMOHHON KapTUHE OT Y3KOU IIeY MPU NaJ€HUH Ha HEe TIIIOCKOU
CBETOBOM BOJIHBI B CIIy4ae, KOrJ1a pacCTOSIHUE OT LIEU J10 dKpaHa L
3HAYUTENIBHO MPEBBIIAET IUPUHY 1Ienu b (audpakuus OpayHrodepa).
Pe3ynbrat uHTEpQEpPEHIIMN BOJIH OT BTOPUYHBIX HCTOYHUKOB B
HEKOTOpOi Touke 3kpaHa O (puc. 2) 3aBUCUT OT Pa3HOCTH (Pa3 MEKTY
NPaKTUYECKHU NapajuIeIbHBIMUA CBETOBBIMM JIy4aMH, UIYIIUMHU OT
BTOPUYHBIX UCTOYHUKOB, PACIIOJIOAKEHHBIX HA OTKPBITOM YYACTKE LIEIH
AB. Ota pa3HocTb (a3, B CBOIO 0UEpE/lb, ONPEETAETCS Pa3HOCTHIO X01a
Mexay JTydamu. Hanpumep, 111 BTOpUYHBIX HCTOYHHUKOB,
PacIOJIOKEHHBIX B TOUKax A U B, yka3aHHas pa3HOCTh XOJa paBHa

BC= ABsing =bsing

Crporuii ananu3 siBjieHUs] UHTEP(HEPEHIIUH U3TYUEHUS OT BTOPUYHBIX
MCTOYHUKOB MPUBOJIUT K CIICAYIOLIEMY PacipeiesIeHUI0 MHTEHCUBHOCTH
B TU(PpaKIMOHHOIN KapTUHE OT Y3KOM LIEH:

L \ LOeHTpaIbHEI
_— MaKCHMyM

\ MHHHMYMEI

—Xymm 0 Famrg X
Puc. 1. PacnpenencHHe HHTEHCHBHOCTH Ha 3KpaHe IpPH
auQpPaKIHH IUIOCKOH BOIHEL Ha Y3K0ii menn (qudpakumni
Dpaynrodepa)
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Pue. 2. VHTepdepeHINA BTOPHYHBIX BOTH B HEKOTO PO
Togke 3kpaHa O

Xoxa padoThlI.

[ToaroroBka ycTaHOBKH K paboTe (BBIOJIHSET JIAOOPAHT).

1. BkarouuTs s1azep.

2. YcTaHOBUTH AepkaTeib ¢ porogatyukoM Ha aenenue "0" mo mkane
ONTUYECKON CKaMbH.

3. He BkJTt0Uast MUKpoaMIiepMeTp, peryJIMpOBOYHBIM BUHTOM 35
COBMECTUTH MpOope3b POTOJATUMKA C HYJIEBOM OTMETKOW Ha IIKaje
AKpaHa.

4. ITonb3ysCh PEryIMPOBOYHBIMUA BUHTAMHU Ha KOPITyCE JIa3epa,
COBMECTUTDH CBETAILIEECA MSATHO C LICHTPOM MPope3u (HOTONATUHKA.

5. PeryiupoBOYHBIM BUHTOM OTBECTH MPOpe3b POTOJATUMKA HA 3 CM IO
IKaJjie HKpaHa BIPABO.

N3mepeHune 3aBUCUMOCTH MOJIO0KEHUS Xvun TAPPAKIMOHHBIX
MHUHHUMYMOB OT PacCTOSIHUS L MEXKy 1IeJIbI0 U SKPAHOM.

1. YcranoBuTh Aepkarenb TUPpakimoOHHOMN 1mienu Ha aenenue "60 cm"
1O IIKaJIe ONTHUYECKON CKaMbu (pope3b PoTogaTIMKa OCTACTCS
CMEILIEHHOM Ha 3 CM BIPaBO OT HYJISI HA IIKAJIE SKPaHA).

2. Ilpu noMonu BUHTOB Pa3ABUHYTh 38KUMbI U 3aKPEIIUTh
nudpakIMOHHYIO IIENb B JAeprKaTesie TAKUM 00pa3oM, 4TOObI MATHO
JIA3€pHOT0 JyYa OCBEIAJIO CEPEANHY IIEIH, a TU(PPAKIIMOHHAS KAapTHUHA
Ha AKpaHe ObLIa HanboJee OTUETIUBA.

3. OtperynupoBath MIKUPHUHY IIEJIU b, Bpallias BUHT Ha KOPITyCe eI,
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 Tabmuy 1.

4. He u3MeHsisl IIUPUHBI 1IN, U3MEPUTH MOJIOKEHUS TUDPaKITHOHHOTO
MUHUMYMa X5+ Xg TPETHEro nopsiaka (n = 3) it 4eThIpex



Ipyrux nojoxenui aepsxkareins menu (L = 0,5 m; 0,4 M; 0,3 Mm; 0,2 m).
JlaHHbI€ 3anucaTh B Ta0UIy 1.

Conepxanue ordyera, gpopmMa u npaBuia opopMJICHUS OTYETA O

BBINIOJITHEHHOM padoTe: TabnuIa.

Tabmuna 1
L, M 0.6 0.5 0.4 0.3 0.2
. S—
MM
b= A=

3aganusi M Bompochl I (POPMHMPOBAHMS M KOHTPOJIS BJIaJCHUSA
KOMIIETCHMSIMH.

3anaHus K pelIeHuIo:
KoHTpoabHbIE BONIPOCHI

1. B yem 3akntovaercs siBiienune nudpakuun? Kakum odpasom Ha
OCHOBaHUU NpuHLUMNa ['toiirenca — @penenst MOXHO O0OBSICHUTD
oOpaszoBaHue qU(PaAKIIMOHHON KaPTUHBI PU MPOXOKIECHUN CBETOBOI
BOJIHBI Y€pE3 Y3KYIO HIEINb?

2. PaccuuTaiiTe BeTUUYMHY yIJia @ JUisi MUHUMYMa IEpBOTo MOpsJiKa IpH
nudpakimu cBeTa ¢ JJIMHOM BOIHBI A = 0,63 MKM Ha
iockonapauieabHou menu mupuHoit d = 0,05 mm.

3. PaccuuTaiiTe BeIMUMHY yIJia @ JJisl IIIaBHONO MaKCUMYyMa BTOPOTO
nopsiika B ciiydae TUuPpakiiMOHHON pelieTky ¢ nepuoaom d = 8 Mk,
ecJIM JuIrHa BOJIHEL A = 0,63 MKM.

4. Kak OyayT U3MEHSATHCS MOJO0KEHUSI MAKCUMYMOB Ha JU(PaKIIMOHHOM
KapTUHE OT y3KOM ILEJH, €CIIM MEPEIBUTATh 111eJIb OJIMKE K dKpaHy, HE
M3MEHSIS MOJI0KEHHU M SKpaHa U UCTOYHUKA?

5. OOBACHUTE METO]T SKCIIEPUMEHTAILHOTO ONPEACIICHUS! JJIUHBI BOJTHBI
U3JIY4CHUS U Tiepruoaa TUPPaKIMOHHON PEIIETKH.
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c. — 978-5-4488-0331-4. — Pexxum mocrtyma: http://www.iprbookshop.ru/86155.html

2. Jleryra, C. H. ®u3uka [ OnexTpoHHbBIA pecypce] : yaedHnoe mocodue / C. H. Jletyra, A. A.
Yakak. — DJeKTpOH. TEKCTOBbIe JaHHbIe. — OpeHOypr : OpeHOyprckuil rocyjapCcTBEHHbIN
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nocobue / B. B. PomanoBa. — DnekTpoH. TEKCTOBbIE AaHHbIE. — MuHck : PecniyOnukanckuit
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[TpodoOpazoBanue, 2017.— 219 c— Pesxxnm JOCTyTA:
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