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MeToauveckue yKa3aHus 1JIs1 JJa00OPaTOPHBIX padoT
Metoauyeckne peKOMEHJAllMU TMPU3BAaHbl OKa3bIBaTh MOMOIIb CTYJEHTaM B
VW3yYCHUHU OCHOBHBIX IIOHATHH, WJEW, TEOPUM W TMOJOKEHUN IJUCHHUIUINHBI,
M3Y9aeMBbIX B X0JI¢ KOHKPETHOTO 3aHSATHS, CIIOCOOCTBOBATh PA3BUTHIO UX YMEHUH,
HABBIKOB U TIPO(ECCHOHATLHBIX KOMITCTCHITHN.
B nmanHoM y4eOHOM TMOCOOMH COTJIaCHO CHEIU(PHUKE AUCHUIUIMHBI U
MIPOIUCHIBAIOTCA:
1. IHosicHuTeIbHAA 3aIMCKA

B pe3ynbTaTe ocBOEHUS yUeOHOM JUCHUILITUHBI 00yUYarOIIUNCS T0TKEH YMETh:
1) omuchiBaTh U OOBACHATH (PU3UUECKHUE SIBJICHHUS U CBOMCTBA TEJ: JBUKCHHE
HEOECHBIX T€J U UCKYCCTBEHHBIX CIIlyTHUKOB 3€MJIM; CBOICTBA ra30B, )KUJIKOCTEHN U
TBEPABIX TEJ; IIEKTPOMAarHUTHYIO UHAYKIHIO, PACIIPOCTPAHEHUE DIIEKTPOMArHUTHBIX
BOJIH; BOJIHOBBIE CBOMCTBA CB€TA; W3JIyYCHHE U IIOIVIOLIEHHE CBETA aTOMOM;
dboToaddexr;
2) OTAMYATh TUIOTE3Bl OT HAYYHBIX TEOPUU;
3) nenatb BHIBOJBI HA OCHOBE SKCIIEPUMEHTAIBHBIX JJAHHBIX;
4) NpUBOIUTH MPUMEpPHI, MOKA3bIBAIOIINAE, YTO: HAOIIOAEHUS MU SKCHEPUMEHT
ABJISIFOTCSI OCHOBOW JUISl BBIABVIKEHHSI THUIIOTE3 U TEOPHUH, MO3BOJSAIOT IPOBEPUTH
VUCTUHHOCTh TEOPETUYECKHX BBIBOJIOB; (pU3MUECKas TEOpUsl AAET BO3MOMXKHOCTb
OOBSICHATH U3BECTHBIE SIBICHUS NMPUPOJIbI U HAYUYHbIE (PaKThl, MPEICKA3bIBATh €IlIe
HEHU3BECTHBIC SBJICHUS,
5) npuBOAWUTH MPUMEpPHl MPAKTUYECKOTO HCIOJIb30BAHUSA (U3UYECKUX 3HAHUU:
3aKOHOB MEXaHHUKH, TEPMOJMHAMUKM U DJJIEKTPOAUHAMHUKUA B DHEPIETHKE;
pa3IMYHBIX BHIOB JJIEKTPOMATHUTHBIX H3JIYYEHUH JUIsl Pa3BUTUA paguo MU
TEJICKOMMYHUKAIINA, KBAaHTOBOM (PU3UKM B CO3MAHUM SJICPHOM DHEPIreTHKH,
J1a3€pOB;
6) NpUMEHSATH NOJIYYCHHbIC 3HAHUS 1S pelieHus: (PU3NUYECKUX 3a7ad4;
7) u3MepsTh pAl (PU3NUECKUX BEIMYMH, MPEACTABISIS Pe3yJbTaThl U3MEPEHUN C
Y4ETOM HX IOTPELIHOCTEM;
8) HCHoib30BaTh NPUOOPETEHHbIE 3HAHUS M YMEHUS B IPAKTHUECKOH
JEATEIIbHOCTH U IIOBCEAHEBHOM KU3HU;
B pe3ynbrare ocBoeHUs yueOHOM NUCHUIUIMHBI 00Y4arOIIUNACS T0JKEH 3HATh:
1) cmbicn moHATUN: (U3HYECKOE SIBICHUE, TUIIOTE3a, 3aKOH, TEOPHs, BEILIECTBO,
B3aMMOJICUCTBHE, IIEKTPOMArHUTHOE TOJ€, BOJHA, (DOTOH, aTOM, aTOMHOE SJIpO,
MOHU3UPYIOIINE U3ITyUEHUs, IJIAHETA, 3B€3/1a, FaJakThKa, Becenennas;
2) cMmbIch (PU3MYECKUX BEIMYMH: CKOPOCTb, YCKOpPEHHE, Macca, CHUJIa, WMITYJIbC,
paboTta, MexaHu4ecKasi SHEprusi, BHYTPEHHSsI SHEprusi, a0CONIOTHAs TeMIepaTypa,
CpelHssl KWHETHYECKAas DJHEPTUsl YacTUL[ BEUIECTBA, KOJIUMYECTBO TEIUIOTHI,
AJIEMEHTAPHBIN SJIEKTPUUYECKUAMN 3apsl;
3) cMbich (PU3NYECKUX 3aKOHOB KJIACCUYECKON MEXaHUKH, BCEMUPHOTO TSITOTEHUS,
COXPAaHEHMS DHEPIMH, UMILYJIbCAa M DJIEKTPUYECKOrO 3apsna, TEPMOAMHAMMKH,
AIIEKTPOMArHUTHOU MHAYKIMHU, (OTOdD(DEKTa;
4) BKJaJ pOCCUMCKHUX U 3apYOEKHBIX YUCHBIX, OKa3aBIINX HAaNOOJIbIlIEee BIMUSIHNE HA
pa3Butue GU3NKHY;



JlaGopaTopHuasi padora Ne 1 Tema 3ansaTusi: 3aKoHbI COXpaHEeHHsI B MEXaHUKE.

Ileab padoThl: CPaBHUTH JBE BEIMYUHBI — YMEHBUICHUE MOTCHIHAIBHON SHEPTUH
IIPUKPEILICHHOTO K IIPYXKUHE TeJIa IIPU €ro NMaJCHUU U YBEJIIMUYECHUE IOTEHIINAIbHOM
DHEPI'UH PACTIHYTOU NPYKUHBI.

IlepevyeHsb UCMOJB3YyeMOro 00OpPYIOBaHUsI: JHHAMOMETP, KECTKOCTh MPY>KHUHBI
koToporo paBHa 40 H/M; nuHelika u3sMepuTenbHas; Tpy3 U3 Habopa 1Mo MEXaHHKE,
Mmacca rpy3a pasHa (0,100 £0,002) kr; pukcaTop; mTaTuB ¢ MyQTON U JAITKOH.

TeopnaneCKaﬂ qacTb

MexaHuueckasi JHEPTUsA TeJIa — 570 CKANAPHAS BeTUUUHA, PAGHAS
MAKCUMATLHOU pabome, KOMOpasi Moxcem Oblmb CO8EPULCHA 8 OAHHBIX VCIIOBUSIX.
O6o3nauaercsa E Enununa suepruu B CU [11x = 1H*M]
KuneTnueckasi 3Heprusi — 5To SHEPIHs Tela, 00yCIIOBICHHAS €T0 JBMKECHUEM.
Dusuueckas eUYUHA, PABHAsL NOJIOBUHE NPOU3BEOEHUSL MACChL Melld HA

Keadpam €20 CKopocmu, Ha3vleaemcs KHHEeTHYeCKOM 3Heprneﬁ TEJAa:

Kunetnueckas OHCPIUA — 3TO SHCPI'UA ABHIKCHUA. Kunetnueckas OHCPIUA TCJIa

—
Maccoi m, IBIKYIIETOCS CO CKOPOCTBIO 1 paBHA paboTe, KOTOPYIO JOJDKHA
COBEPIIUTH CUJIA, MPUIIOKEHHAS K MOKOSIIIEMYCS TETY, YTOOBI COOOIUTH EMY 3Ty

CKOpPOCTh:

Hapsiny ¢ kuHeTrueckoi SHeprueu Win dHeprueit IBMKEHUs B (PU3UKE BAXKHYIO
pOJIb UTPAET MOHSATHUE MOTEHUUAIbHON JHEPrUM WIK IHEPTUH B3aUMOACHCTBUS
TeJl.

IMoTeHumnanbHast FHEPrus — sxHepeus meia, 00yclo61eHHASL 83AUMHBIM
PAcCnonodceHuemM 3aumo0eucmayioumux mexicoy cobo men uiu yacmetl 00HO20
meina.

IoTeHuuaJIbHAs JHEPI U TeJIa B MOJIe CUJIbI TS2KeCTH (MOTEHIUAbHAs
SHEPrusl Teja, MOJHATOrO Haj 3eMIIEN).

Ep =mgh



Omna paBHa paboTe, KOTOPYIO COBEPIIAET CHJIA TSXKECTU IIPH OMyCKAHUU Tejla Ha
HYJIEBOW YPOBEHb.

Pactarytas (wnm cxxartast) mpyXKuHa CiocOOHA IPUBECTH B JBUKEHUE
MPUKPEIUICHHOE K HEeH TeJ0, TO €CTh COOOIIUTh 3TOMY TeTy KUHETHYECKYIO
sHepruro. Ciie1oBaTeNbHO, TaKasl Mpy>KHUHA 00J1a1aeT 3a11acOM SHEPIUU.
[ToTeHImanbHONU SHEPTUEH MPYKUHBI (I JTF000TO YIPYyro AepOopMUPOBAHHOTO

T€Ja) Ha3bIBAlOT BEITUYHHY

fox
E =—

¥ 2 rae k — KecTKOCTb IPYKHHBI, X - a0COIOTHOE Y/UIMHEHHE TeIa.

IMoTeHunaabHasi JHePrus ynpyro 1e¢opMIUpoOBaAHHOTO TeJIa pasHa pabome
CUTIbL YRPY20CTU NPU Nepexooe U3 OAHHO20 COCMOSIHUSL 8 COCMOSIHUE C HY1e6Ol
oeghopmayueil.

[ToTenmmanpHas SHEPTHUS TIPH YIIPYTO# AePopMaruu — 3TO SHEPTUS

B3aMMOJICUCTBHS OTJEIbHBIX YaCTEH Tea MEKy COOOW CHUIaMU YIIPYTOCTH.

CyMMa KHHETHYeCKO# U MOTEHIHAJIBbHON JHEPTUM TeJl, COCTABJIAIOLINX
3aMKHYTYI0 CHCTEMY M B3aHUMO/IeiiCTBYIOIIMX MEKIAY C000i cHiIaMu
TATOTeHHUs U CUJIAMHU YIIPYTOCTH, OCTAETCH HEM3MEHHOM.

DTO YTBEPKIAECHUE BBIPAKACT 3AKOH COXPAHEHUA IHEP2UL B MEXAHUIECKUX
npoueccax. OH SBIAETCS CIEACTBUEM 3aKOHOB HBIOTOHA.

Cymmy E = Ek + Ep Ha3bpIBaloT moJIHOMH MeXaHN4YeCKOM IHepruei.

IHoHas MexaHnM4YecKasi JHEPIrUus 3aMKHYTOM CUCTEMBbI Tel,
B3aMMO/IECTBYIOIIHUX MEKAY C000H TOJIbKO KOHCEPBATUBHBIMM CHJIAMM, IIPHU
JIIOOBIX IBH/KEHUSIX ITHX TeJl He n3MeHsercs. [Ipoucxoasit muimb B3auMHbIE
NpeBpalieHusi NOTEHUIMAJBbHONU JHEPIHUH TeJI B X KHHETHYECKYI0 JHePrHI0, U
HA000pOT, WIH NePexXo/] FHEPIUU OT OTHOIO0 TeJla K APyromy.

E =Ex + Ep = const

3aKoH COXpPaHCHHA MEXaHUYECKOM OHCPI'MH BBIIIOJHACTCA TOJBKO TOrJa, Koraa

TeJa B 3aMKHYTOM CHCTEME B3aUMOJICHCTBYIOT MEXy CO00M KOHCEPBATUBHBIMU
CHJIAMM, TO €CTh CWJIAMH, JUIsl KOTOPBIX MOYKHO BBECTH IOHATHE ITOTEHIIUAIBHOU
DHEPI'UH.

Onucanue yCTAaHOBKH.



J171st paboThI UCTIOJIB3YETCS YCTAaHOBKA, MMOKAa3aHHas Ha pucyHke. OHa

MPEICTaBIIIET COOOM YKPETUICHHBIN Ha IITaTUBE TMHAMOMETP ¢ (prukcaTtopom 1.

L, i il ) i |

[IpyxuHa quHAMOMETpa 3aKaHYUBAETCS MPOBOJIOYHBIM CTEPIKHEM C KPIOUKOM.
®dukcarop (B yBEIMYCHHOM MAacCIITa0€ OH MOKa3aH OTJAEIbHO — IMOMeUeH Iudpoit
2) — 9T0 Jerkas IiacTuHKa u3 npodku (pazmepamu 5 X 7 X 1,5 mm),
MpOpEe3aHHasi HOKOM JI0 €€ IleHTpa. Ee HacaKuBaroT Ha MPOBOJIOYHBIN CTEPKEHD
nuHaMomeTpa. PUKcaTop A0HKEH MepeMeniaThCs BIOJIb CTEPKHS ¢ HEOOIBIITNM
TPEHUEM, HO TPEHHUE BCE K€ JIOJKHO ObITh JOCTATOYHBIM, UTOOBI (PUKCATOP CaM IO
cebe He majan BHU3. B 9TOM HY>KHO yOeauThes iepea HayainoM pabotsl. s aToro
(buUKCcaTOp YCTaHABIMBAIOT Y HXKHETO Kpas IIKaJIbl Ha OTPAaHUYUTEIIBHOM CKOOE.

3areMm pPacCTATUBAIOT U OTITYCKAIOT.

Xoxa padoTbi

1. I'py3 u3 Habopa Mo MeXaHHUKE MPOYHO YKPEIUTE Ha KPIOUKE JUHAMOMETPA.

2. [TogauMUTE pYKOU TPYy3, pasrpyxast IPYKUHY, U YCTAHOBUTE (GUKCATOP BHUBY Y
CKOOBL.

3. Otniycrute rpys. [lagas, rpy3 pactaser npyxxuny. CHUMHTE T'py3 H 110
MOJIOKEHHIO (PrKcaTopa u3MephTe JTMHEHKOM MaKCUMaIbHOE YIJTMHEHHUE X
MPY>KUHBI.

4. TloBTOpuTE ONBIT MATH pa3. Halioute cpennee 3HaueHue h u x

5. Tloncuuraiite E;,=mgh n Esq,=kx’/2

6. Pesynbratel 3aHecure B TaOIHILY.

7. CpaBHuTE OTHOLIEHUE E}(¢p/ E>ep © €AMHMLIEN U CHIETANTE BBIBOJ O

MOTPENIHOCTH, C KOTOPOU OBbLII MPOBEPEH 3aKOH COXPAaHEHUS SHEPTHH.



8. OTBETHTE HA KOHTPOJIBHBIE BOIIPOCHI.
Conep:xanue oruera, Gpopma u npaBujia oGopmMiIeHUS 0THYETA O

BBINIOJIHEHHOI padoTe: TabHIIA.

Ne h=Xmax, hep=Xcp, E1cp, Esep,
ONbITA M PM ' I[?IZ I[?IZ E1cp/ Eaep
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3aganuss M Bonmpochl s (GOPMUPOBAHMS M  KOHTPOJIS  BJIajeHHUS
KOMIIETEHUSIMH.

KonTpoabHbIE BONPOCHI
1.Packpoiite NOHATHE MEXAHUYECKON SHEPTUU?
2.Kakas sHeprus Ha3piBaeTcsi kunetuueckon? [1o kakoi opmyse ona HaxoauTcs?
3.Kaxkas sHeprust Ha3piBaeTcsi noTeHuanbHon? [1o kakoi popmyse ona
HAaXOJUTCS?
4.ChopMynupyinTe 3aKOH COXpaHEHUS MEXaHHUYECKON YHEPTHH.

5.KakoBbI rpaHUILIbl IPUMEHEHHS 3aKOHA COXPAHEHUS MEXaHUYECKON YHEPTUH?

JlaGopaTopHasi padora Ne 2 Tema 3ansaTusi: CBoiicTBa NapoB.

Ieqab padoThI: OCBOUTH MPHUEM OMPEICIICHHUS OTHOCUTEIHLHOW BIAXKHOCTH
BO3/1yXa, OCHOBAaHHBIN Ha MCIOJIL30BaHUHU TICUXPOMETpA.

Ilepeyenb ucnosib3yemMoro ooopynoBanus: [lcuxpomerp

Teopurnuyeckasi 4acThb

B armocdepHoM Bo3ayxe Bcerja MpUCyTCTBYIOT Mapbl BOJIbI, KOTOpasi HCHapseTCs
C IOBEPXHOCTH MOPEM, pEK, OKEaHOB U T.II.

Bo3zoyx, cooepoicawuti 600510t nap, Hazviearom BAAKHBIM.

BraxxHocTh BO3/TyXa OKa3bIBAET OTPOMHOE BIIMSIHUE HA MHOTHE MPOLIECCHl Ha
3emuie :Ha pa3BUTHE QIIOPHI U (hayHbI, HAa ypOKail CeIbX03. KyJIbTYp, HA

MNPOAYKTUBHOCTD ) KUBOTHOBOACTBA U T.. BnaxnocTth BO3ayXa UMCCT OoJIBIIIOE



3HA4YCHUE TSI 37I0POBbS JIHOJICH, T.K. OT HEe€ 3aBUCHUT TEIIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpyskarolen cpenoil. [Ipu HU3K0# BIaXXHOCTH MPOUCXOAUT OBICTPOE
HCITApEHUE C IOBEPXHOCTH Y BBICBIXaHUE CIIM3UCTON 000JI0UYKH HOCA, TOPTaHH, YTO
MIPUBOJUT K YXYAIICHUIO COCTOSHUSI.

3HAUUT, BIAKHOCTH BO3/IyXa HAJIO YMETh U3MEPSATh. J[J1 KOJTMYIEeCTBEHHOM
OIICHKH BJIQXKHOCTHU BO3/IyXa UCIIOIB3YIOT MOHSATHUS a0OCOIIOTHON U OTHOCHUTEIHLHOM
BJIQYKHOCTH.

AOCOIOTHASI BJIAKHOCTD — 8eIUUUHA, NOKA3BIBAIOWAS, KAKASL MACCA NAPO8
600bl Haxooumcs 6 1 m? 6030yxa (T.€. 3TO IIIOTHOCTh BOJSIHOTO Nlapa). Ona pasHa
NapyuaIbHOMy 0a8leHUI0 napa npu OAHHOU memnepamype.

IMapuuagbHOe AaBJeHHE MAPA — 510 OdsjleHUe, KOMOPoe OKA3bLEAl Obl
B00SIHOU NAP, HAXOOAWULCS 8 8030YXe , eCiid Obl 8Cce OCMAIbHbIE 2A3bl
OMCymcmeo8au.

OTHocHUTeIbHAS BJAKHOCTD BO3YXa — 310 8eIUUUHA, NOKAZbIBAIOWAS, KAK
oasnex nap om HacvlyeHus. Imo omHoueHue napyuailbHo20 0a8iIeHuUsl p 800HO20
napa, cooepicauie2ocs 8 8030yxe npu OAHHOU memnepamype, K 0de1eHUI0
HACLIUWEHHO20 napa po IPH TOU Ke TeMIepaType, BRIpaXKCHHOE B MTPOIICHTAX:

i L S
£

Ecnu Bo3ayx HE COMEPIKHAT MapoB BOJBI, TO €0 a0OCOFOTHAS M OTHOCUTEIbHAS
BJIaYKHOCTH paBHbl 0. [IpeaenbHOe 3HaUeHHE OTHOCUTENBbHOM BiiaxkHOCTH — 100%.
HopmanbHOH 4151 4eTOBEUECKOr0 OpraHru3Ma CUYUTaeTcs BIaxXHOCTh 60%.

JIst m3MepeHus BIaXKHOCTH BO3/IyXa HCIIOIB3YIOT MIPUOOP TICUXOMETP.
IIcuxpomeTp. (OT rped «Icuxpua» - Xxosioa). COCTOUT U3 IByX OJMHAKOBBIX
TepMOMETPOB. Pe3epByap 01HOTO U3 HUX 00EPHYT MapJeH, OMyIIEHHON B COCY/T C
Boz0i. Bosa cmMaumnBaeT mapiito Ha pe3epByape TepMOMETpa U MpH €€ NCTTapCHHUH
OH oxJIaxxaaeTcs. [1o pa3HOCTH TeMIepaTyp CyXoro M BIaKHOTO TEPMOMETPOB TI0

MICUXPOMETPUIECKON TaOIHIIE OMPEACIISIOT BIaXKHOCTh BO3TyXa.



Xoa padoThi:

1) IloaroroBUTh TAONUILY AJIS 3aAUCH PE3YIbTATOB U3MEPEHUIN U BBIUMCICHUI
2) PaccMOTpeTh yCTPONCTBO MCUXPOMETPA.

3) Ilo noka3aHusIM CyXOro TEpMOMETPaA U3MEPUTH TEMIIEPATYPY BO3AYXa teyxoro
B IIOMEIICHHH.

4) 3anucarb MOKa3aHUs TEPMOMETPA, Pe3epByap KOTOPOro 0OMOTaH Mapiei
tanancoro

5) BblYMCIUTB Pa3HOCTH MOKA3aHUNA TEPMOMETPOB At = teyxoro - tanauoro

6) Ilo ncuxpomeTpuueckoil TabauIe ONPeeTUTh BIAKHOCTb BO3/IyXa ¢

7) Pe3ynbrarThl M3MEPEHUI U BRIUUCICHUM 3aHECTU B TAOJIHILY.

8) CrenaiiTe BBIBOJ O TOM, HOpMaJIbHAs JIU BJIQKHOCTh BO3/1yXa B MTOMEIIECHUH.

9) OtBeThTE HA KOHTPOJILHBIE BOIIPOCHI.

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

BBINIOJIHEHHOI padoTe: TabiuIIa.

0
Ne onbiTa thxoro; °C tanasuoros °C Ata C 0, %



3aﬂaHHﬂ U BOIIPOCHI JIsA (l)OpMPIpOBaHI/ISI H KOHTPOJA BJaJdCHUA
KOMIICTCHIIUAMMA.
KOHTpOJILHI)Ie BOIIPOCHI

1. IloueMy npu npoayBaHuU Bo3Ayxa uepe3 3(pup, Ha MOJIUPOBAHHON
MOBEPXHOCTH CTEHKU KaMepPbl THTPOMETpa NosiBisieTcst poca? B kakoi
MOMEHT MOSBIISIETCS poca?

2. Ilouemy moka3zaHus «BJIAXKHOT0» TEPMOMETPA MEHBIIIE MIOKA3AHUN «CYXOTO»
Tepmomerpa’?

3. MoryT 11 B XOZ€ OIIBITOB TEMIIEPATYPHI «CYXOT0» U «BJIAKHOIO»
TEPMOMETPOB OKA3aThCs OJJUHAKOBBIMU?

[Tpu kakoM yCIIOBUM pa3HOCTH MOKa3aHUM TEPMOMETPOB HaMOOJIbLIAs ?

5. Moxer i1 TeMneparypa «BIaXKHOT0» TEPMOMETPA OKa3aThCs BBILLIE
TEMIIEPATypPbl «CYXOro» TEpMOMETpa?

6. CyxoM U BIQKHBIA TEPMOMETP IICUXPOMETPA MOKA3BIBAIOT OJHY U TY XK€
temneparypy. KakoBa oTHOCUTENbHAS BJIaXKHOCTh BO3yXa?

7. Kakum MOxeT ObITh IPeIeIbHOE 3HaUYE€HNUE OTHOCUTEILHOM BIAKHOCTHU

BO3yXa?

JlaGoparopHasi pabora Ne 3 Tema 3ansaTusi: CBOMCTBA *KUIKOCTEH.

Heab padoTel: onpeaeanTh KO3(PPUIUEHT MOBEPXHOCTHOTO HATSIKEHUS BOJIbI
METOJIOM OTPBIBA KameJb.

IlepedyeHb MCMOJIB3YyeMOro 000PYA0OBAHUSA: COCY/T C BOJIOM, IINPHIL, COCYT ISt
cOopa Kamemb.

Teopurnuyeckasi 4acThb

MoJteKyibl MTOBEPXHOCTHOTO CIIOSI )KUJIKOCTH 00J1a1al0T N30BITKOM
MOTEHIMAIBHOW YHEPTUU 10 CPABHEHUIO C SHEPTUEH MOJIEKYJI, HAXOAIINXCS
BHYTPH KUIKOCTH

Kak u mo0ast Mexanuyeckasi CucTeMa, MOBEPXHOCTHBIN CIIOM KUIKOCTH
CTPEMUTCSA YMEHBIINUTH OTCHIIMAJIBHYIO SHEPTUIO U cOKpamaercs. [Ipu stom

coBepiaercs padbora A:



A=

/€ G - KO3 QUIMEHT ITIOBEPXHOCTHOTO HATSHKEHUs. EuHuie! m3mepenus [/ m>
i H/m
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rae F — cuna moBepXHOCTHOTO HATSHKEHUS, [ — ITTMHA TPAHUIIBI TOBEPXHOCTHOTO
CJIOSI YKUIKOCTH.

[ToBepxHOCTHOE HATSHKEHUE MOYKHO OTNPEACIIATh Pa3INYHBIMU MeTo1aMu. B
Ja60paTopHOI paboTe HUCIIOIB3YETCS METO OTPbhIBA KalleJlb.

OMBIT OCYIMIECTBIIIOT CO MITIPUIIOM, B KOTOPOM HaXOJIUTCS UCCIEayeMast
KUJIKOCTh. HaxkuMaroT Ha TIOPIIIeHp IIMPHUIIA TaK, YTOOBI U3 OTBEPCTHUS Y3KOTO
KOHIIA IITIPHIIA MEIJICHHO Ma1aau Kariu. [lepeq MOMEHTOM OTphIBa KaIlIk CHJIa
TSOKECTH F e =Myann-€ PABHA CUJIC TTIOBEPXHOCTHOTO HATSHKEHMS F, rpaHUIia
CBOOOTHOM MOBEPXHOCTH — OKPYKHOCTH KaIljIl

Z =TT 'dxanﬂu

CrenoBaTeibHO:

_ P
T« S

OMNBIT OKA3bIBACT, YTO dygnn =0,9d, THe d — mnaMeTp KaHada y3KOro KOHIIa
HITpULA.

Maccy karmim MOXXHO HAlTH, TIOCYATAB KOJIMYECTBO KalleJib N U 3HAsi MACcCy BCEX
Karesb m.

Macca karmnenbp m OyeT paBHa Macce KUJIKOCTH B IIIpuIle. 3Has 00beM
YKUJIKOCTH B IINPULE V U INIOTHOCTH )KUAKOCTHU P MOKHO HAUTH Maccy m=p-V
Xoxa paboThi:

1) Haueprtute Tabmuiry.

2) IloacTaBbTe MO MITIPHUIL COCYT 71l COOpa BOJBI U, TIJIABHO HA)KUMas Ha
MOPIICHB MIMpHUIIA, 100eHTeCh MEIJICHHOTO OTPHIBAHUS Kallellb.
[TopcunTaiiTe KOTMYECTBO Kameinb B 1 MJI M pe3ysIbTaT 3alUIINTE B TAOIHILY.

mg

g=——
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3) BrruuciauTe NoOBEpXHOCTHOE HATSDKEHUE TI0 (hopmyJie

Pesynbrar 3anummTe B TaOIHILy.



4) HOBTOpI/ITe ONBIT C 2 MII U 3 MII BO/JbI.
O+ &0, + T
[EAR== —1 2 =

5) Haiinure cpenHee 3HaU€HHE TOBEPXHOCTHOTO HATSKEHUS 3

Pe3synpTaT 3anuiivre B TaOIHILY.

6) CpaBHUTE NOJYyYECHHBIN Pe3yJIbTaT C TAOJIUYHBIM 3HAUYEHUEM
ITIOBEPXHOCTHOTO HATSKEHMS C YUETOM TEMIIEPATYPHI.
7) Omnpenenute OTHOCUTEIBbHYIO OTPEITHOCTh METOJIOM OLIEHKH PE3yJbTaTOB
W3MEPEHUM.
o

+ T
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8) PesynpTaT 3anummTe B TAOIUILY.
9) CnenaiiTe BBIBO/I.
Conep:kanue ordyera, GpopmMa U NpaBuIAa 0(PpOPMIICHHUS OTYETA O

BBINOJIHEHHOI padoTe: TabHIIa.

Ne |Macca Uucao [Auamer | [ToBepxHocT Cpennee Taoanmunoe | OTHOCHUTEIBHA
KamneJ | KaneJ p -HOE€ 3HAYEHHE 3HAYEeHHUEe |§1 MOrPelIHOCTh
ONBIT
b KaHAJIa | HATSIKEHHEe MOBEPXHOCTHOT MOBEPXHOCT
a 0 %
HINpHIA 0 HATSI’KEHHSA -HOTO
m, KI n o, H/m
HATSI’KEHHS
d, M Ocp, H/m
Gra6, H/M
1 1*1073 2,5%107° 0,072

3aganua u  Bompochl A (GOPMHUPOBAHMS M KOHTPOJIA  BJIAJCHHUS
KOMIIETCHLIMSIMH.
KonTpoabHbIe BONPOCHI

[ToueMy MOBEPXHOCTHOE HATSKEHHUE 3aBUCUT OT POJa KUJIKOCTH?
2. TloueMy M Kak 3aBUCUT TOBEPXHOCTHOE HATSXKEHUE OT TEMIIEPaTyphI?
3. HM3MmeHuTcs nu pe3ynbTaT BBIYMCIECHUS IOBEPXHOCTHOTO HATSIKEHUS, €CIIU

OIBIT IPOBOAUTH B APYTOM MecTe 3eMiIn?



4. V3MeHUTCs JIK pe3yJbTaT BRIUUCIICHUS, €CIIM TUAMETP Karlellb TPyOKU OyaeT
MeEHbIE?

5. Tlouemy cnegyet m1OOMBATHCS MEIJICHHOTO MAICHUS Karelb?

JlaGopaTopHasi padora Ne 4 Tema 3ansiTusi: 3aKOHBI IOCTOSTHHOTO TOKA.
DJIeKTPU4YeCKHid TOK B MOJYNPOBOHUKAX.

Heab padoThl: MPOBEPUTH CIPABEAJIMBOCTD 3AKOHOB MOCIEA0BATEIBHOIO U
NapaJyIeIbHOTO COEAUHEHUS TPOBOJHUKOB.

IlepeyeHb HCIOJIB3YeMOr0 000PYI0BAHMSA: AMIIEPMETP, BOJILTMETP, JIAMITOUKA,
MIPOBOJIOYHAS CIIUPaib, OaTapeiika, KIItod, peocTaT

Teopurnueckasi 4acThb

HpOBOI[HI/IKI/I B DJICKTPHUYCCKUX HCIIAX MOTYT COCANHATLCA ITOCICAOBATCIIBHO U
mapaJuICJIbHO.

IIpu nocJienoBaTe IbHOM COeIMHEHUHU MPOBOIHUKOB (puc. 1.9.1) cuna Toka Bo
BCEX MPOBOJHUKAX OJUHAKOBA!

]1:]2:].
; i L
—
| & | & |
SR N
| I -

Pucynok 1.9.1.
IlocaenoBaTenbHOE COETUHECHHIE
MIPOBOJTHUKOB

[To 3akony Oma, Hanpsixenust U, u U, Ha TPOBOJAHUKAX PABHbI

Ul =[R1, U2 =1R2.

Oo6mee Hampsikenue U Ha 000UX MPOBOJHUKAX paBHO cyMMe HampsbkeHuit U u
Us:

U=U,+U, =1(R1 +R2) = IR,
rae R — 21eKTpuueckoe conpoTHBIIEHHUE Beeil enu. OTcroaa cemyer:
R=R,;+R,.

le/l nocJIcAI0BaTCJIbHOM COCAUHCHUH MMOJTHOEC COMIPOTUBJICHUE LICIIH PABHO
CyMME COHpOTl/IBJIeHI/Iﬁ OTJA€¢/IbHBIX IPOBOAHUKOB.



OT1O0T peE3yabTaT ClIpaBCAJINB JJIA JF000T0 YMcia MIOCJICA0BATCIIBHO COCAMHCHHBIX
IIPOBOJHHUKOB.

IIpu napanneabHom coennuenum (puc. 1.9.2) nanpsoxenus Uy u U, Ha 000ux
IIPOBOJHUKAX OJMHAKOBBI:

U, 1= Uz =U.
CyMma TOKOB /| + [, TPOTEKAIOITUX IO 000OMM ITPOBOJIHUKAM, paBHA TOKY B
HEPA3BETBIICHHOM LCTIN:
=1+ L.

OTOT pe3ynpTaT cleAyeT U3 TOT0, YTO B TOUKAX Pa3BETBICHUS TOKOB (y311bl A U B)
B LIETIH [TOCTOSTHHOT'O TOKAa HE MOT'YT HaKaIrIMBaTheA 3apsiabl. Hanpumep, K y3iy A
3a Bpems At moarekaet 3apsan /At, a yrekaeT OT y3J1a 3a TO K€ BpeMs 3apsj

1At + LAt. CnenoBarensHo, [ =1 + .
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Pucynok 1.9.2.
[TapannensHOE COeIMHEHUE TTPOBOTHUKOB

3amnuceiBasg Ha OCHOBaHUHU 3akoHa Oma

=2 =L =t
TR 2R TR

rac R— QJICKTPHUICCKOC COIIPOTUBIICHUC BCcel ICTIN, ITOJIYIUM

IIpu napaJuieJibHOM COeIMHEHNH TPOBOJHMKOB BeJIMUYMHA, 00pPaTHAA 001IeMy
CONPOTHUBJICHUIO IIeNH, PABHA CYMMe BeJIMYNH, 00PATHBIX CONPOTHBJIECHUAM
NapaLieJibHO BKIKYEHHBIX IPOBOJTHUKOB.

Xox padoThl.
3amanue 1. M3yyeHue nocneqoBaTeIbHOIO COSTUHEHMUS.

1. Cobepurte nienpb no pucyHky Huxke. BonbtmeTp npucoeaunute k Toukam N u K
uenu. OH B 3TOM clly4ae MOKaXXeT HANPSKEHUE Ha PE3UCTOPE U JITAMIIOUYKE BMECTE
(Usem). PoTO coOpanHOil 1lenu mokazaHo Ha ¢poTorpaduu HIDKE. 3aMKHUTE LENb U



3anuImMTe B Ta0auIly nokazanus cuiibl Toka [ u Ugey. Llens pazomkHuTE 1
MMOKAXKUTE €€ YUUTEIIIO.

2. IloakmtounTe BOJBTMETP K TOUK
pesucrtope R;.

Hanpspkenue U Ha

3. [loaxmrouute BOJIBTMCTP K TOYK
JJaMITOYKC.

. Yuanpsokenue U Ha

4. TTo popmynam R=U /I, R;=U/I, Rosu=Uoew/l moacumTaiiTe conpoTuBICHUS
pe3ucTopa, IaMITOYKH, yJacTKa, BKIFOYAIOIIETO PE3UCTOP U JIAMITOUKY.
Pe3ynbTaThl OKpYTIASHTE 10 TECATHIX.

5. 3mepenHHbIe ¥ MOCYNTaHHBIC 3HAUCHUS 3aHECUTE B TAOJIHILY.

6. Caenaiite ycTHO BBIBO/I, TOATBEPIKAAFOTCS JIH OMBITOM (hOPMYIIBI:
Uoow= U1+U2  Rosm= Ri+R2

BaHaHne 2. I/ISY‘ICHI/IC ImapaJuiCJIbHOI'O COCIUHCHUA.

1. CoGepuTe menb Mo PUCYHKY HIKe. POoTO cOOpaHHOM MEmu MoKa3aHo Ha
dboTorpaduu HIKE.

ConpoTuBJIEHHE peocTaTa cliejIaTe MaKCUMaJIbHBIM. 3aMKHHUTE LIETb U 3aMUIITUTE
B TAOJIMITY TTOKa3aHUs CHIIbI TOKA logy 1 U. Llenb pazoMKHHUTE U TTOKaXKUTE €€
YUUTEITIO.

e

. R?




2. OTcoeMHUTE BOJIBTMETP, a AMIIEPMETP IPUCOEAUHUTE B BETBb C PE3UCTOPOM.
ConpoTHBIIEHHE PeocTaTa MyCTh OCTAETCSI MAKCUMAJIbHBIM. 3alUIINATE B TAOJIUILY
3HaueHue cuibl Toka I, mporekaromeit uepes pesuctop Ri. Cxema nienu cMotpute
Ha PUCYHKE 2.

dortorpadus 2

PucyHok 2
-

3. AMniepMeTp IpUCOCAUHUTE B BETBb C JAMIIOYKOW. 3aNUIIUTE B TAOJIUILY
3HA4YEHUE CUJIbI TOKa [, mpoTekarome yepes3 JaMnouyky. Cxema 1enu CMOTpPUTE Ha

dbotorpaduu 2.

4. ITo dopmynam R1=U/I;, Ro=U/I1, Ro6u=U/l 6 MOACUUTANTE COIIPOTUBICHUSI
’ s jits 1

pe3UCTOpa, TaAMIOYKH, YYACTKa, BKIIOYAIOIIETO PE3UCTOP U JAMIIOUKY.

Pesynbprarel OKpyrisnTe 10 AECATBHIX.

5. 3MepeHHbIe U TOACYNTAaHHbIE 3HAUEHUSI 3aHECUTE B TAOJIHILY.
6. CnenaiiTe yCTHO BbIBOJI, TOJTBEPKAAIOTCS JIU OMBITOM (DOPMYJIBI:

R, xR
oou= 11t 12 Ro6us R IR,

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

BBINIOJIHEHHOM padoTe: TabiHIIA.

I, Ui, Uy, Uos6m, Ry, Ro, Ro6u, U;+U,, | Ri+Ry,
A B B B OMm OMm OMm B OMm

U, I, I, To6uw, Ry, R,, Ro6u, I,+1,, R xR,
B A A A Om Om Om A R +R,
3aganusi W BONPOCHI s (QOPMHPOBAHMS W KOHTPOJS  BJaJeHHs

KOMIIETCHIIUAMM.

KonTpoabHbIe BONPOCHI

1. aiiTe onpeeeHne MOHSATUN «BETBbY», KKOHTYP», «y3€J».




2.UYemy paBHO o0O1Iiee COMPOTHUBICHHE 1€MW TPU MOCIEI0BATEILHOM
COEIMHEHUU COMPOTUBIICHUIA?

3. Yemy paBHa 0011asi MPOBOJAUMOCTD IIENU MPU MaPALICTHHOM COSAMHECHUN
CONPOTHUBJICHUI?

4. Yemy paBHO 00I111€€ COMPOTUBIICHUE 1EU MPU CMEIIIAHHOM COEIMHEHUU
CONPOTHUBJIECHUI?

5. Kak nonumaercst u untaercs 3akoH Oma /115 3aJIaHHbIX cXeM?

JlaGopaTopHuasi padora Ne 5 Tema 3ansiTusi: 3aKOHBI IOCTOSTHHOTO TOKA.
DJIeKTPU4YeCKHid TOK B MOJYNPOBOHUKAX.

Heab padorel: onpeaenuts I/]C 1 BHyTpEeHHEE CONTPOTUBIECHNE UCTOYHUKA
MOCTOSTHHOT'O TOKa M OLICHUTh MPaBI0NOA00HOCTh NOJYYEHHBIX PE3YyJIbTAaTOB.
Ilepeuenb ucnosib3yemoro ooopyaosanusi: nictounuk JJ[C, kirou, amnepmerp,
BOJIETMETP, TPU PE3UCTOPA C U3BECTHBIMU CONPOTUBIICHUSIMH, COCTUHUTEIILHBIE

IIPOBOJHUKH, PCOCTAT.

Teopurnueckasi 4acThb

PaboTa BBITIOTHSACTCS ¢ ITOMOIIBIO JIEKTPUUSCKOM 1IETTH, COCTOSIICH 13
MOCJIEI0BATEIbHO COCAUHEHHBIX JIEMEHTOB: ucTouHuka JJ[C, kiatoua,
aMIiepMeTpa U pe3ucTopa ¢ U3BECTHBIM CONMPOTUBIICHUEM. V3MepsieTcs cuma Toka
B LIENIY [PU 3aMKHYTOM KJTFOYE.

Ipumeuanue: VIcnionp30BaTh pE3UCTOPHI C MAIIBIM COIPOTHBIIEHUEM HE
pEeKOMeHyeTcsl, T.K. OyeT cKa3bIBaThes 3(hPEeKT HarpeBaHus pe3UCTOPOB U
VU3MEHEHUE X CONPOTUIICHUS.

Janee B uenu pe3ucTop 3aMeHSIETCS IPYTUM U U3MEPSAETCS CUjla TOKa B LIETIH B
HOBOM citydae. st o6onx ciyyaeB 3akoH Oma /i 3aMKHYTOM 11eTH OyIeT
BBITVISIICTH clieaytomuM oopazoM: £ =11 (R + 1), E = L(R, +r).

KoMmOuHuUpys TpeMst pe3sucTopamMu ¢ U3BECTHBIMU COTIPOTUBIICHUSIMU, MOYKHO
MPOBECTU TPH MAPhI MOIOOHBIX U3MEPEHUM.

Xoxa padoThl.

1. [loAroToBHTE JIUCTHI U1 OTYETA O pabOTe C MPEeABAPUTEIHHBIMU 3aITUCIMHU.
2. CobepuTe EKTPUUYECKYIO 1IEMb, COCTOSIIYIO U3 MOCIIEI0BATEIIBHO
COEJIMHEHHBIX 3JIeMEHTOB: uctounrka JJIC, kiroua, aMmnepmMeTpa U pe3ucTopa ¢
U3BECTHBIM COMPOTUBICHUEM. MI3MephTe cuily TOKa B IIEH MPH 3aMKHYTOM
KITIOYE.



3. 3aMEHUTE pE3UCTOP HOBBIM U U3MEPHTE CUILY TOKA B LIENN B IAHHOM CJIyYae.
[IpoBenuTe aHAIOTMYHbBIE IEUCTBUS C TPETBUM PE3UCTOPOM. Pe3ynbTaThl
U3MEPEHUI 3aHECUTE B TAOIUILY.

4. IIpoBeaute BorunciaeHus J/1C ncTouHrKa TOKa 1 BHYTPEHHETO COITPOTHUBIICHUS
MCTOYHUKA JIJIS IEPBOTO ¥ BTOPOTO, JIs IEPBOTO U TPETHETO, ISl BTOPOTO U
TPETHEro ciyyaes 1o cienytomum hopmynam: r = (LR, — LR)AL - 1)), E =
LiL(R, — R — ).

5. llopcuunTaiiTe BEITMYMHBI OTHOCUTEIILHON U a0COIIOTHOM MOTPEIIHOCTEM,
00paboTaB BHIYUCIIEHUSI METOJJOM CPEIHETO apU(PMETHUECKOTO.

6. CnenaiiTe BBIBOJIBI O TIPOJICIaHHOM padoTe.

Conep:kanue oruera, gpopma U npaBujia 0popMIeHUA OTUETA O

BBINOJIHEHHOI padoTe: TabiHIIA.

Cuia Buyrpennee AOconroTHas
DAC | A6comornas yIP
toka| CompoTusieHue CONPOTHUBIICHHUE| MOTPEITHOCTD
No HMCTOYHHUKA| TOTPEIIHOCTD
2 B pesucropa ToKa SIC UCTOYHUKA BHYTPEHHETO
enu TOKa COTIPOTHUBIICHUS
OnbITa Ji R E AE r Ar
A Om B B OMm Om
1
2
3

3amanuss u Bompochl Aasi  (GOpPpMHUPOBAHMS W KOHTPOJIS  BJIaJCHUS
KOMIIETEHUMSAMM.
KoHTpoJibHBIE BONIPOCHI

1. ITouemy mokazanusi BOJIbTMETPA IPU PAa30MKHYTOM U 3aMKHYTOM KJTIOUE
pa3JIMYHbI?

2. Kak nmoBwIcuTh TOUHOCTH U3Mepenust DJ1C ucrtounuka Toka? Pe3ucTopsl ¢
KaKUMU COTIPOTUBIICHUSIMU yI00HEEe UCTI0JIb30BaTh B TAHHOU paboTe?

3. [Touemy aGconroTHas 1 oTHOCUTENbHAs norpemHocTy J/]C u BHyTpeHHETO
COTNPOTUBJICHUSI UICTOYHUKA TOKA B JaHHOU pabOTe CTOIh 3HAUUTEIIbHBIC?

4. Kak BIuseT U3MEHEHUE TEMITEpaTyphbl pe3UCTOpa MPU HArPEBaHUU Ha
pe3yJIbTaThl U3MEPEHUN B TaHHOU padoTe?

JlaGoparopHasi padora Ne 6 Tema 3ausitusi: MarHuTHoe moJie.
DJIEKTPOMATHUTHAS MHAYKIIUSI.

Heab pabdoThI: u3yuums ycious 603HUKHOBEHUS UHOYKYUOHHO20 moka, 3/[C
UHOYKYUU.




IlepeyeHb HCIOJIB3YeMOT0 000PYIOBAHMS: KAMYUIKA, 084 NOIOCOBLIX MASHUMA,
MULTUAMNEPMEMP.

Teopurnyeckas yacTb

B3anMHas cBs3b 2JEKTPUUECKUX U MATHUTHBIX 10JI€H ObLTa yCTaHOBJIEHA
BBIAAIONTUMCS aHTIIMHACKUM Gu3ukoM M. @apaaeem B 1831 r. OH OTKpBUT SBJICHHE
3JIEKTPOMATHUTHOM MHAYKIHH.

MHorouunciieHHbIe OnbIThl Papajes MOKa3bIBAOT, YTO C TOMOIIBI) MATHUTHOTO
I10JIS1 MOYKHO MOJIYYUTb JJIEKTPUUECKUM TOK B IPOBOJHUKE.

SBJIeHMe 2JIEKTPOMATHUTHON MHAYKIUU 3AKA10YAeMCs 8 B03HUKHOBEHUU
NIEKMPUUECKO20 MOKA 8 3AMKHYMOM KOHMYpe Npu U3MEeHEeHUU MACHUMHO20
NOMOKA, NPOHU3LIBAIOULE20 KOHMYD.

Tox, 6o3nuxalowuli npu s1671eHUU INEKMPOMASHUMHOU UHOYKYUU, HA3bLBATOM
HHAYKLIHOHHBIM.

B snexTpudeckoit ienu (pucyHOK 1) BOZHMKAET MHAYKIIMOHHBIN TOK, €CJIU €CTh
JIBIKEHNE MarHUTa OTHOCUTEBHO KaTYIIKU, WK Hao0opoT. Hanpasnenue
MHIYKIIHOHHOTO TOKA 3aBUCHUT KaK OT HAMPABJICHUS JBUKEHUSI MArHUTA, TaK U OT
PACIIOJIOKEHUS €T0 MOIOCOB. IHAYKIIMOHHBINA TOK OTCYTCTBYET, €CIU HET

OTHOCUTCIIBHOT'O nepeMemeHHH KaTYHIKI/I U MAr"dura.
. . i‘\kj t IIL\--I
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Pucynox 1.
Ctporo roBopsi, IpH JIBWKEHUH KOHTYpa B MArHUTHOM TI0JI€ TEHEPUPYETCS HE

OHpC)]eJIeHHBIfI TOK , a OIMPCACIICHHAA 3. 1. C.

) ;;F\Q]
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Pucynox 2.



dapaeit SKCIepUMEHTATLHO YCTAHOBHII, UTO NPU USMEHEHUU MACHUMHO20
nomoxa 6 npogoosawem koumype oznuxaem I/[C unoykyuu E,,o, pasnas
CKOPOCMU USMEHEHUsL MACHUMHO20 NOMOKA Yepe3 NOBEPXHOCb, 02PAHUYEHHYIO

KOHmMypom, 8351MOU CO 3HAKOM MUHYC:

pitesy

Gom =

Ota (popmyna BeipakaeT 3akoH Dapajesi: 3. 0. ¢. UHOYKYUU PAGHA CKOPOCMU
U3MEHEHUs MACHUMHO20 NOMOKA Yepe3 NOGEPXHOCH b, 02DAHUYEHHYIO
KOHmMYypoMm.

3HaK MUHYC B popMyJie oTpakaeT npaBuiio Jlenua.

B 1833 roay JIeHI[ ONBITHBIM IyTEM J0KAa3aJl YTBEPKAECHUE, KOTOPOE
Ha3bIBACTCS MPABWIOM JIeHNa: uHOYKYUOHHBLIL MOK, 8030)HCOAEMDBLIL 6
3AMKHYMOM KOHmMYPe NPU USMEHEHUU MAZHUMHO20 NOMOKA, 6Ce20a HANPA61eH
mak, umo co3oagaemoe um MAZHUMHoe noJjie NPEenAmCcmeyen UsmMeHeHuIo
MAZHUMHO20 NOMOKA, 8bl3b16aI0WLE20 UHOYKYUOHHBLI MOK.

IIpu Bo3pacTanuu MarHuTHOrO noroka ®>0, a g,,, <0, T.€. 3. 1. C.
WHIYKIMHU BbI3bIBAET TOK TAKOT'O HAIIPaBJIEHUS, IPU KOTOPOM €0 MarHUTHOE I10JI€
YMEHBIIAET MArHUTHBIN MOTOK YEPE3 KOHTYP.

IIpu ymeHb1IeHHM MAarHUTHOTO MOTOKA D<0, a g4y, > 0, T.€. MATHUTHOE TIOJIE
MHAYKIIMOHHOTO TOKA YBEJIMUYMBAET YOBIBAIOIIUN MAarHUTHBIM MOTOK Yepe3 KOHTYP.

IpaBuio Jlenna vnmeet riryookuii pu3nUecKnid CMBICI — OHO blpadicaem
3aKOH COXpaHeHUs 3Hep2ul: €CIIM MATHUTHOE T0JI€ Yepe3 KOHTYP YBEINYUBACTCA,
TO TOK B KOHTYpE HalpaBJIeH TaK, YTO €r0 MarHUTHOE I0JI€ HAMPABJIEHO MPOTUB
BHEILIHET0, & €CJIM BHEIIHEE MATHUTHOE T0JIE YePE3 KOHTYP YMEHBILAETCS, TO TOK
HaIpaBJIeH TaK, YTO €ro0 MarHUTHOE MOJIE MOAIEPKUBAET ATO YObIBAIOIIIEE
MarHuTHOE I0JI€.

Xoa padoThl.

[ToaroroBwTe A1 OTYETA TAOJIMILY U 110 MEpE MTPOBEIACHUS OIBITOB 3aMOJHUTE €€.

Hanpasienus
OTKJIOHEHHS
Iloxasan | crTpeaku HamnpagJienue
Ne JeiicTBus ¢ usi MWJUIHAMIIEP- MHIYKIHMOHHOIO TOKA

n/n MArHUTOM M MUJLITH- MeTpa (mo mpaBuity JleHna)



KaTyIIKoi

aMIepMeTr

pa,
MA

(Bmpaso,
BJICBO WJIM He

OTKJIAHSIETCH)

bricTpo BCTaBUTH
MAarHuT B KaTylIKy

CCBCPHBIM ITIOJIIOCOM

.

OcCTaBUTh MarduT B
KaTyIIIKe
HETIOABUKHBIM

mocJie onbita 1

brICTpO BHITAIIUTH

MaravuT U3 KaTyIIKnu

BricTpo npubin3uth
KaTYIIKY K
CEBEPHOMY ITOJIFOCY

Mar"gurTa

OcTaBuTh KaTylmKy
HETIOIBMYKHOU MOCJIE

ormnbiTa 4

beIcTpo BBITAUTH
KaTYIIKYy OT
CEBEPHOIO IOJII0Ca

Mar"gurTa

MenjieHHO BCTaBUTH

B KaTYyILIKy MarHuT :__3" 5
CEBEPHBIM IOJIFOCOM
MennenHo
1:_

BBITAIIUTh MarouT _— |
U3 KaTyIIKN
beicTpo BCcTaBUTH B

[ |
KaTyIIKy 2 MarHuTa —

CEBEPHBIMU




MOJIOCAMU

10 |bbICTpO BCTaBUTH
MAarHuT B KaTYIIKY E a jj E i |
F0’KHBIM TOJIFOCOM

11 |bbICTpO BBITAIIUTH

MArouT U3 KaTyYUIKu T )
y - [ ;LE: ; }

nocJie onbiTa 10

12 |bbICTpO BCTaBUTH B

—_— \ ~
KaTylIKy 2 Marsura —— [ g j?@

I0’KHBIMU MTOJTIOCAMU
3anucarh 0OIIMI BBIBOJ 1O pabOTE HAa OCHOBE MPOBEIEHHBIX HAOIIOICHUM.
Conep:xkanue or4yera, GpopmMa U NPaABUJIA 0(POPMIICHUS 0TUYETA O

BBINIOJIHEHHOM padoTe: TabiHIIA.

3aganuss M Bonmpochl s (GOPMHUPOBAHMS M  KOHTPOJIS  BJIaJeHHUS
KOMIIETEHUSIMH.

KoHTpoJsbHBIE BONIPOCHI

1. B dem 3akiro4aercs sSIBJICHUE 3JIEKTPOMArHUTHOW HHAYKIINU?
2. Kakoii Tok Ha3bIBalOT UHAYKIIMOHHBIM?

3. Chopmynupyiite 3aKoH JIeKTpoMarHuTHo uuaykuuu. Kakoit popmymnoit

OH OIHUCHIBAETCA?
4. Kak dhbopmynupyercs npasuio Jlenma?

5. KakoBa cBs3b npaBuiia JIeHna ¢ 3akOHOM COXpaHEHUS YHEPTUU?

JlabGoparopHasi pabora Ne 7 Tema 3anusitusi: MexaHn4eckue KoJae0aHus U
yIpyrue BOJIHbI.

Leab paGoThl: COCTOUT B 3KCIIEPUMEHTAIILHON TTPOBEPKE (POPMYIIHI,
CBSI3BIBAIOIICH TIEpHO,T KOJIeOaHMM MasTHUKA C JUTMHOM €ro mojiBeca.

IlepevyeHb UCMOJB3yeMOro 000py/A0BaHHUSA: IITATUB C NIEPEKIATUHON U My(PTOIA,
HUTh C NETJIAMU Ha KOHIIAX, IPY3 C KPIOUKOM, JTUHEHNKA, SJIEKTPOHHBIN CEKYHIOMED

Teopurnyeckas yacrtb



PaccmoTpum KosiebaHust HUTSHOTO MasiTHUKA, T.€. HEOOJIBIIOro Tela (Hanpumep,
HIapyKa), MoABEUIEHHOr0 Ha HUTH, JUIMHA KOTOPOW 3HAYUTEIBLHO MPEBBIIIACT
pa3Mepsl camoro Teia. Ecny mapuk OTKIOHUTE OT MOJIOKEHUSI PABHOBECUS U
OTIIyCTUTb, TO OH HaYHET KoJjiebaTbcsa. CHavyala MasiTHUK JABUXKETCA C
HapacTaroLel CKOPOCThIO BHU3. B M0I05K€HNN paBHOBECUS CKOPOCTb IIapHUKa HE
paBHa HYJIIO, U OH 110 UHEPLIMU ABMXKETCS BBepX. [10 ToCTHKEHUU HAUBBICIIETO

IMMOJIOKCHHS HIAPpHUK CHOBA HAYMHACT JABUI'daThCsA BHU3. 9T0 6y,HYT CBOGOI[HI)IC

KoJICOaHMS MasSTHUKA.
0

CB000IHbIE KOJIEOAHUSA — 310 KOJIeOAHUS, KOMOPble B03HUKAIOM 8 cucmeme noo
oeticmsuem 6HYympeHHUX CUJl, NOCle M0o20, KAK cucmema Oblia 6bleeoena us
NOJIOJHCEHUSL YCMOUYUBO20 PABHOBECUSL.

KonebarenbHoe ABMKEHHE XapaKTEPU3YIOT aMIUTUTY/I0M, TEPHUOJIOM U YaCTOTON
KOJICOaHMIA.

AMILUTUTYIA KOJIe0aHUIl - 5TO HauOOJIbIIee CMEILIEHUE KOJIEOIIOIIErocs Tejla OT
nosioxkeHus pasHoBecusi. O6o3nauaercs A. Enunnia usmepenus - metp [ 1m].
Ilepuoa kosedanmii - 3T0 BpeMsl, 32 KOTOPOE TEJIO COBEPIIAET OJTHO MOTHOE
kojiebanue. O6o3navaetcs T. Enqunuiia uamepenus - cekynaa [1c].

YacTtoTa Koy1edaHui - TO YUCIIO KOJICOaHM, COBEPIIAEMBIX 33 STUHUILY
BpemeHu. O6o3nauaercs v. Enunuiia uzmepenus - repi [ 11].

Teno, noABEIEHHOE HA HEBECOMOW HEPACTSKUMOW HUTH Ha3bIBAIOT
MaTeMaTHYeCKUM MASITHUKOM.

Hepnoz: KoJICOaHMI MaTEeMaTHYECKOTO MasTHHUKA OIIpCACIIACTCA

3= EJ‘TJI
dhopmyIon: £ (1), rae | — anuHA TIOJBECA, 4 g — YCKOPEHUE CBOOOIHOTO
najicHUsI.



Xoa padoThl.

1. IToaroroBeTe TAOJIMILY JIJIS 3aIIMUCH PE3YJIHTATOB U3MEPEHHI U BBIYMCIICHHIA:

2. 3akpenuTe NepeKyIauHy B MypTe y BEpXHETo Kpasi cTepkHs mratusa. [lltatus
pa3MecTUTE Ha CTOJIE TaK, YTOObI KOHEL NEPEKIIaUHbI BRICTYIIAN 32 Kpal
NOBEPXHOCTH cToJia. [lo/iBechTe K NepekinaiuHe ¢ MOMOILBIO HUTH OJUH IPy3 U3
Habopa. PaccTosiHMe OT TOUKM ITOBECA 10 LIEHTPA Ipy3a AOKHO ObITh 25-30 cM.

3. IToaAroToBbTE IAEKTPOHHBIN CEKYHAOMED K pabOTE B PyUYHOM PEXUME.

4. OTKJIOHUTE Ipy3 Ha 5-6 CM OT IOJIO)KEHUSI PAaBHOBECHSI U 3aMEPBTE BpEMs, 3a
KOTOpoe Tpy3 coBepiiuT 30 MONHBIX KOJIeOaHU (TIpH OTKIIOHEHUH I'py3a CIEIUTE,
4TOOBI YT0J1 OTKJIIOHEHUSI HE ObLT BEJIUK).

5. IloBTopute n3mepenue 3-4 pasa v ONPEACIUTE CPETHEE BPEMS

tept =(tHy+t3+ty)/4

6. Berunciute nepuoj KojiebaHust rpy3a ¢ JyiMHoU nojaseca 25-30 ¢M 1o

dbopmyiie
7. YBenuubTe JUIMHY MOJBECA B YETHIPE pasza.
8. [loBTOpUTE CEPUIO OMBITOB C MAITHUKOM HOBOW JJIMHBI U BBIYUCIIUTE €TO

£

e R
o TN
nepuoJ1 Konedanuii mo popmyiie .
v = £—
9. Brruncnute 4acToThl KOJIEOAHMI 7151 00€UX MAasITHUKOB 10 (hopmyiam 1
M
Uy =—
151 o

10. CpaBHute niepuobl KojieOaHUM IBYX MasTHUKOB, JIJTMHBI KOTOPBIX OTJIUYATUCH
B YETHIPE Pa3a, v ClIeJaiTe BHIBOJI OTHOCUTEIHHO CIpaBeauBOCTH Ghopmyisl (1).
VYkaxuTe BO3MOKHBIC PUUUHBI PACXOKICHUS PE3YJIHTATOB.

11. OTBeThTE Ha KOHTPOJIBHBIE BOITPOCHI.

Conep:xkanue oruera, Gpopma u npaBujia o(popmiIeHUs1 0TYETA O
BBINOJIHEHHOI padoTe: TabiuIIA.
Lm Ne N t, ¢ tep, € T, c v, 'l

OIIbITA



I = 1 30
2 30
3 30
4 30
I>= 1 30
2 30
3 30
4 30

3aganuss M Bonmpochl s (GOPMUPOBAHMS M KOHTPOJIS  BJIajeHHUS
KOMIIETCHIUSIMH.
KonTpoabHbIe BONPOCHI

1. UTo Ha3bIBAIOT MEPHOIOM KOJeOAHNUNH MasiTHUKA?

2. Yo Ha3BIBAIOT 4acTOTON KoJicOaHmii MmasTHUKA? KakoBa equHNIIA YACTOTHI
KoieOaHuii?

3. OT KaKuX BEJIMYMH U KaK 3aBUCUT MEPUOJ] KOJIeOaHU MaTeMaTHYECKOTO
MasgTHUKA?

4. OT KaKuX BEJMYUH U KaK 3aBUCUT NIEPHOJ1 KOJIEOAHUI MPYKUHHOTO MasiTHUKA?

5. Kakue kose0aHus Ha3bIBAOT COOCTBEHHBIMU?

JlaGopaTopHas pabora Ne 8 Tema 3ansiTusi: IJIeKTPOMATHUTHBIE KOJIeOaHMSI
U BOJIHBI.

He.]'lb paﬁoTLI: HU3Y4YHUTb 3aBUCHUMOCTb CMKOCTHOI'O 1 HHAYKTUBHOT'O
COHpOTI/IBJ'IeHI/Iﬁ OT 4aCTOTBI IICPEMCHHOT'O TOKA U IMMapaMCTPOB 3JICMCHTOB.

IlepeyeHb HCNOJIB3YeMOr0 000PYI0BAHMSA: KOHICHCATOP, KATYIIKa, UCTOYHHUK
MUTaHUs, TeHEPaTOp, PEOCTAT, BOJIBTMETD.

Teopurnueckasi 4acTb

B nenu nepeMeHHOro Toka KpoMe pe3uCTOPOB MOTYT MCIIOJIH30BAThCS KATYIIKH
WHYKTUBHOCTH U KOHJIEHCATOPHI. J[JIs MOCTOSIHHOTO TOKA KaTyIlKa
WHIYKTUBHOCTH UMEET TOJbKO aKTUBHOE COMPOTUBIIEHUE, KOTOPOE OOBIYHO
HEBEJIMKO (€CJIM KaTyIlIKa He COACPKUT OO0JbIIOE KOTMYECTBO BUTKOB).
KonneHncaTop e B 1€ MOCTOSIHHOTO TOKa MpecTaBisieT "pa3pbiB" (04eHb
00JIbIIIOE AKTUBHOE CONMPOTHUBIIEHUE). JJ11 MepeMEHHOT0 TOKA 3TU SJIEMEHTbI
o0namaroT cnenupuIeCcKUM PEaKTUBHBIM CONTPOTUBIIEHUEM, KOTOPOE 3aBUCHUT KaK



OT HOMUHAJIOB JE€TaJIel, TaK U OT YaCTOThI IEPEMEHHOT0 TOKA, TPOTEKAIOIIETO
yepes KaTyIlIKy U KOHJIEHCATOP.

1.1. Karymika B nenu nepeMeHHoro Toka.

PaccMoTpum, 4TO MPOMCXOUT B LIENH, COAEPKALIEH PE3UCTOP U KATYIIKY
WHIYKTUBHOCTHU. KoslebaHus CHiIbl TOKA, MPOTEKAOIIETO Yepe3 KaTyIIKY:

i=1, -cos(wr)

BBI3BIBAIOT MMaJICHUE HANIPSPKEHUS Ha KOHIIAX KAaTYIIKH B COOTBETCTBUU C 3aKOHOM
CaMOMHAYKIHU U IpaBuioM JleHma:

el ) .
i = LaT =—Lood,, s X ) = eol.0,, cos(a¥ + 7/ 2)

T.€. K0JIeOaHUs HaIPSDKEHUS ONIEPEkKaloT 10 (haze KoJieOaHusl CUIIbl TOKa Ha p /2.
[IpousBenenue w LI, sBIs€TCA aMILTUTY10M KOJI€OaHUs HAPSYKEHUS :

U =wlil,

[IpousBeneHnE NUKINYECKON YaCTOThl HA MHAYKTHBHOCTb HAa3bIBAIOT
UHOYKMUBHBIM CONPOMUEIEeHUeM KaTyIIKH:

X = L (1)

II03TOMY CBSI3b MEXKY aMIUIMTYJaMH HaIPsKEHUS U TOKA Ha KATYIIKE COBNAIAaeT
1o gpopme ¢ 3akoHoM OMa i1l yJacTKa UENu NOCTOSHHOTO TOKa:

UL =X1In(2)

Kaxk BuaHO 13 BeipaxkeHus (1), ”HIYKTUBHOE CONTPOTUBIIEHUE HE SIBJISIETCS
ITOCTOSIHHOM BEJIMYMHOM JUISl JAHHOM KATYIIKH, a MPOINOPLUHUOHAIBHO YaCTOTE
MePEeMEHHOTr0 ToKa uepe3 KaTymiky. [loaromy ammintyaa koneGaHuid CUiibl ToKa 1,
B IPOBOJHUKE C MHAYKTUBHOCTBIO L IIPU NOCTOSIHHON aMIunTyne U HanpsHKeHUs

yObIBaeT 00paTHO MPOMOPIUOHATHHO YACTOTE MEPEMEHHOTO TOKA!
o

I, =—"
L .
1.2. KonaeHcaTop B LIENH IEPEMEHHOTO TOKA.
[Tpu u3MeHeHnr HanPsHKEHUS Ha OOKJIaKaX KOHIEHCATOpa M0 TapMOHUYECKOMY

3aKoHy: “C = U, cos(wt)

3apsii ¢ Ha ero 0OKJIaaKaxX U3MEHSIETCSl TAKXKE 0 TAPMOHUYECKOMY 3aKOHY:
g = Cup = CUT, cos(wit)

DJIEKTPUYECKHUM TOK B LIETIH BO3HUKAET B PE3yJIbTaTe U3MEHEHUS 3apsiaa
KOHJIEHCATOpa, 03TOMY K0JIeOaHHUs CUJIbI TOKA B LIETIH Oy1yT MPOUCXOIUTH IO
3aKOHY:

i= i—? = — L7, s o) = w17, cos(of + m/2)

BunHo, 4To kKone0aHus HaNpspDKEHUS Ha KOHJEHCATOpE OTCTAIOT 1o (pasze ot
KoJiebaHu cuiibl Toka Ha p /2. [IpousBenenne w CU,, ABISIETCS aMIUTUTY10M
KOJICOAHMI CHITBI TOKA:

I, =wCU,,

AHaOTUYHO TOMY, KaK OBLIO CIIETIaHO ¢ MHAYKTUBHOCTBIO, BBEJIEM MTOHSITHE
EeMKOCMHO20 COnpOmueieHuss KOHIEHCAaTOpa:



1

Xp=—
ol (3)

JI1s KOHIEHCATOpa MOJTy4aeM COOTHOLIEHHE, aHAJIOTHYHOE 3aKoHy OMa:

Ue = Xl (g)

®opmyisl (2) u (4) cripaBeyIUBBI U 7151 9Q(PEKTUBHBIX 3HAYEHUH TOKA U
HaNPSDKEHUSI.

Xoa padoThl.

1. CobepuTe 11enb NOKa3aHHYIO HA PUCYHKE 1.

2. YCTaHOBHUTE CIEAYIOIINE 3HAYCHMSI TapaMETPOB:

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

Konnencatop — pabouee nanpspxkenne 400 B, emxocts 10 MkD;

Pe3uctop — pabouas momHocTs 500 BT, conporuiienue 100 Om.

3. N3mensis eMKoCTh KoHieHcaTopa OT 5 10 50 MxD (uepe3 5 Mx®d), 3anummmre
MOKa3aHus BOJBTMETPOB (HANPSKEHUE HAa KOHJIEHCATOPE U Ha PE3UCTOPE).

4. PaccuuTaiite 3¢ (peKTUBHOE 3HaYEHHE TOKOB, TEKYIIHMX B LIENH, B 3aBUCUMOCTH
OT 3HA4YECHMS EMKOCTH KOHAECHCATOpa (JJIs1 TOT0 HAJI0 HAPsSKEHUE HA PE3UCTOPE
pa3JeNIUTh Ha €r0 COPOTUBIICHHE).

5. Onpenenure 3Ha4€HUsI EMKOCTHBIX CONPOTUBIIEHUI KOHAEHCATOPA IS
COOTBETCTBYIOIINX 3HAYEHUN €r0 EMKOCTH U CPABHUTE UX C PACCUYUTAHHBIMH I10
dbopmye (3).

6. YcranoBute eMKoCcTh KOHeHcaTopa 10 mx®. 3MeHss yacToTy reneparopa ot
20 o 100 I'm uepes 10 ', moBTOpHUTE U3MEPEHHUS U PACUETHI EMKOCTHOTO
COMNPOTHUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA.

Cobepurte 1ielb MOKAa3aHHYIO HA PUCYHKE 2.

Puc.1. Puc.2.

8. YcraHoBuUTE ClielyolIMe 3HaYEHUS TapaMeTPOB:

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

Karymika - uagyktuBHOCTh 50 MI'H;

Pesuctop — pabouas momuocts 500 BT, conporusnenue 100 Om.

9. U3smensis uHAYKTUBHOCTD KaTymiku oT 50 10 500 mI'H (uepes 50 mI'H),
3aMUIIATE TOKA3aHUS BOJBTMETPOB (HAMPSHKEHNE HA KaTYIIKE U Ha PE3UCTOPE).

10.  Paccuwuraiite 3QeKTHBHOE 3HAUEHUE TOKOB, TEKYIIUX B IIENH, B
3aBUCUMOCTH OT 3HAYEHHUS WHIYKTUBHOCTH KATYLIKHU (IJI1 3TOTO HAJ0
HaIpSHKEHUE HAa PE3UCTOPE Pa3eiuTh HA €r0 CONPOTUBIIEHUE).



11. Onpenenure MHIAYKTUBHBIE CONPOTUBIIEHUS KATYIIKU IS
COOTBETCTBYIOIINX 3HAYECHUN €€ MHIYKTUBHOCTH U CPABHUTE UX C
paccuuTaHHbIMHU 110 popmyie (1).

12.  YcranoBure nuHIyKTUBHOCTH KaTymku 100 mMI'H. I3MeHss yacToTy
reneparopa ot 20 g0 100 I'y uepes 10 ', HOBTOpUTE U3MEPEHUS U PACUETHI
WHJIYKTUBHOTO CONIPOTHUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA..

13. Tlocrpoiite rpaduku 3aBUCUMOCTEN MHAYKTUBHOTO U €MKOCTHOTO
CONPOTUBIIEHUH OT YAaCTOTHI IEPEMEHHOTO TOKA.

3aganus u Bompochl Aasi  (GOpMHUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIETEeHIUSIMH.
KonTpoabHbIE BONPOCHI

1. IToueMy EMKOCTHOE CONPOTUBIICHUE YMEHBIIAETCA C YBEIUYEHUEM YACTOTHI
MIEPEMEHHOTO TOK a, UHAYKTUBHOE COMPOTUBIICHUE — YBEIIMUUBACTCS?

2. KakoBbl pa3Huiisl Ga3 Mexay TOKOM U HAIPSHKEHUEM U1l KaTYIIKU U
KOHJeHcaTtopa?

3. B kakux CANHHNLAX U3MCPAIOTCA CMKOCTHOC U MHAYKTHUBHOC COHpOTI/IBJIeHI/IH?

4. Kak 3anuceiBaeTcst aHaior 3akoHa OMa Jij1s1 MaKCUMAaJTbHBIX (9 (PEKTUBHBIX )
3HAUYCHUU TOKA M HAMPSHKCHUS ISl PEAKTUBHBIX DJIEMEHTOB — KOHICHCATOpa 1
KaTYIIKA WHTYKTHBHOCTH?

JlaGoparopHasi pabora Ne 9 Tema 3ansatus: I[Ipupona csera.

Heab padoThl: HAYYUTHCS NOTYYaTh YMEHBIICHHbIE H300paKEHUS IPEIMETOB C
MOMOILBIO COOMpPArOUIEH JIMH3bI, FEOMETPUUYECKUMHU MMOCTPOCHUSIMU ONPEAEIATh
ONTUYECKYIO CUITY JIMH3BI, TOJIb30BATHCS (DOPMYJIIOH JINH3HI.

IlepeyeHsb UCMOIB3YeMOro 000PYI0BaHUsI: cOOMpArOIIasl JIMH3a HA TOACTABKE;
Jamma Jijisl KApMaHHOTO (pOHApUKa Ha TOJCTaBKE C HCTOYHUKOM MUTAHUS; OebIi
9KpaH; U3MEpUTETbHAS TUHEHKA.

Teopurnyeckasi 4acThb

OTHoOIIIEHHE CKOPOCTH CBETa B BaKyyMe€ C K CKOPOCTH CBE€Ta V B JaHHOMU
Cpelle Ha3bIBaeTCs a0COIOTHBIM MTOKA3aTeNIeM MTPEIOMIICHUS ATOU CPEIbI:

n="= fen~ -
L

3necbe U, - 3TO  OTHOCHUTEJIbHBIE NUPJIEKTpUYECKas W  MarHuTHas
MPOHUIIAEMOCTHU cpenbl, L ~ 1 ana HepeppomarHuTHbeIX cpea. g ao0oil cpeapl,



KpoMe BakyyMa, € >1 u n>1. BenuuuHa €, a ciie10BaTE€IbHO U N 3aBUCUT OT YaCTOTHI
CBETa W COCTOSHMS cpeabl (ee TUIOTHOCTH M Temmeparypsl). s ra3oB mpu
HOPMAaJIbHBIX YCJIOBUSIX 1T OJIM3KO K €IMHUIIBI. B aHU30TPOMHBIX cpefiax N 3aBUCUT OT
HaNpaBJICHHS PACIIPOCTPAHEHUS CBETA U €TO MOJISAPU3ALINH.

OTHOCHUTENBHBIM TOKA3aTEIEM MPEJIOMIICHUS Ny; BTOPOM CPEeIbl OTHOCUTEIBHO
IIEPBOU HA3BIBACTCS OTHOLIEHUE CKOPOCTEN CBETA V| U V2 COOTBETCTBEHHO, B IEPBOMU
Y BTOPOM Cpenax:

r7ie N; U Ny - a0COJIOTHBIE MTOKA3aTeNN MPEJIOMIICHHUS CBETA MEPBOI M BTOPOI cpel.

Ecnu np>1 , To BTOpasi cpena Ha3bIBaeTCS ONMTUYECKH OO0Jee-IIOTHOM, YeM
repBas cpena.

[Ipu mafgeHnun CBETOBBIX JIyYEH HA WUJICAIBHO IUIOCKYIO TPAHHUILy pasjena JABYX
Cpel, pa3sMepbl KOTOPOM 3HAYUTEIBLHO NPEBBIMIAIOT JJIUHY BOJIHBI, MPOUCXOISAT
ABJICHHS] OTPAXKECHUA U MpeoMIIeHUs cBeTa. HampaBieHue pacnpocTpaHeHus CBETa
MU3MEHSAETCS NPHU IMEPEXOJe €ro BO BTOPYKO CpEAy, 3a HUCKIIOYEHUEM CIlydast
NEPHEHANKYJIAPHOTO TMaJieHUs JIyde Ha TpaHuIly paszjena. YoM MaJeHus 1
HAa3bIBACTCA YroJl MEXIy MaJarluM JIydOM M MEPHECHIUKYIAPOM K TIpaHULE
paszena, BOCCTAaHOBJIEHHBIM B TOUKe majieHus (puc.l).

e

¢ i

Ve (132G TIILE A,
2 r

al _ 2
puc.1

VYriaom oTpaxeHust i’ Ha3bIBAETCS YTOJl MEXKy OTPAKCHHBIM JIYYOM U TEM Ke
MEPIEHIUKYJIIPOM. YTIIOM NPEIOMIICHUS I HA3bIBAETCS YOI MEKIY
MPEJIOMIICHHBIM JIY4OM U TEM K€ NEPHEHANKYISIPOM.

3aKOHBI OTPAaKEHUS CBETA:

a) Ilagaromumii y4, OTpakKE€HHBIN JIyd U NEPHEHAUKYISP K TPAHUIIE pa3ielia
JIBYX Cpe€ll, BOCCTAHOBJICHHBII B TOYKE MaJ€HUA Jy4a, JIeKaT B OAHOU IMJIOCKOCTH.

0) Yron oTpakeHus paBeH yriy najaenus i=i' (puc la).

3aKOHBI OTpaKEHUS CITPaBEIJIUBBI PU 0OPATHOM HAIIPaBJIEHUM X0]1a CBETOBBIX
ayueit. Jlyu, pacnpocTpaHsIOMUiCs MO MyTH OTPAKEHHOTO, OTPAXKAETCS MO IYyTH
najiaroIiero gydya (00paTuMoOCTh X0/1a CBETOBBIX JTyueid) (puc 1 0).

OTtpakeHue CBeTa, yA0BIECTBOPSIONIEE ITUM 3aKOHAM, Ha3bIBACTCS
3epKaJibHbIM. Eciii yciioBHe 3epKaibHOCTH OTPAKEHUSI HE BBITIOJIHSIETCS, TO 3aKOHbI
OTpaXEHUsl HECHPABEMJIMBBI M OTPAKEHHUE CBeTa Ha3bIBaeTCs TuDPy3HbIM.

3aKOHbBI TPEJOMJICHUS CBETA:



a) JIy4u naJarouiui, mpeJIOMICHHBIA U MEPIIeHIMKYJIISp K TPaHULIE pa3ena JByX
Cpell, BOCCTAaHOBJICHHBIN B TOUKE IMaJICHUA JIy4a, JIeKaT B OJIHOM TUIOCKOCTH.

0) OTHolllEHWE CHUHYCOB YIJIOB MaJCHUSA WU MPEJIOMJICHUS €CTh BEJIWYMHA
MOCTOSIHHAS, paBHAs OTHOCHUTEIBHOMY ITOKA3aTENI0 TPEIOMIICHHS JTaHHBIX JABYX
Cpel.

sini _ n,
T =y
S r n,

[Tapgaromumii ¥ NPEIOMIICHHBIH JIydd B3aUMHO OOpaTUMBIL: €CIIU NaJal0Iui Tyd
OyZeT IMylleH [0 HAaIpPaBJICHUIO IPEIOMIIEHHOIO Jy4a, TO Jy4Y IIPEJIOMJICHHBIN
MOMJET IO HAIIPABJICHUIO NAJAOIIETO.

Xoxa padoThl.

1. HOHY‘-IHTB Ha 5KpaHC YCTKOC YMCHBIIICHOC I/I306pa)K€HI/I€ HCTOYHHKA CBCTA.

2. VI3MepuTh B MeTpax paccTosiHUE d OT UCTOYHUKA CBETA JIO JIMH3bI U PACCTOSIHUE
f OT IMH3BI A0 SKpaHa.

3. [locTpoeHreM 3HANTH MOJ0KEHUE TJIABHBIX (POKYCOB JIMH3BI M ONIPENEITUTE
(boKyCcHOE pacCTOSIHUE JIMH3BI U €€ ONTHYECKYIO CHUITY.

4. Onpenenute GOKYCHOE PacCTOSIHUE F' M ONITUYECKYIO CUITy D JIMH3BI TI0
bopmyie

[Ipu onpenesieHNU ONTUYECKON CUJTbI JIMH3bI (POKYCHOE (M BCE IPYTHE)
pacCTOSIHUS ClIeTyeT OpaTh B METpax, JIMIIb TOT/Ia ONTHYECKYIO CHITY MOXKO
OTIPEJICTUTh B TUOTITPHSIX.

5. [MomyuuTs Ha 2KpaHe yBeTUYEHHOE N300paKeHNE UCTOYHUKA CBETA U
BBITIOJTHUTD BCE JIEUCTBUSL, KOTOPHIE OMMCAHBI B TyHKTaxX 1 —4 .

6. YCTaHOBUTB, TJIe HEOOXOAUMO PO3MECTUTh UCTOYHHUK CBETA, YTOOBI HA dKpaHe
OBLJIO €0ro U300pakKeHNe TaKOTo ke pazMepa, Kak U UICTOYHUK. [IpoBepuTh CBOI
BBIBO/JI Ha OIIBITE.

3aganus u  Bompochl s (GopMUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIETCHLIUSIMH.

3ajjaHns K peleHmIo:
KoHTpoJibHBIE BOPOCHI



1. OT 4ero 3aBUCAT XapaKTEPUCTUKU U300paKEHUH, MOTYyYAEMbIX C TOMOIIIbIO
coOuparoiei JUH3bI?

2. Kakwue myuyu yao0HO HCIIOJIb30BATh AJI MOCTPOCHUS N300paXKeHHUs,
MOJIy4a€MOT0 C MOMOILBIO JIMH3bI?

3. MOHO T TOTYYUTh ACHCTBUTEIHHOE N300paKEHHE C IIOMOIIIBIO CoOOMparomen
JIMH3BI? pacceuBarONICH JTUH3bI?

4. MOHO JU IOJIyYUTh MHUMOE U300pakeHUE ¢ MMOMOIIBI0 COOUpAONIEH
JIMH3BI? PACCEUBAIOIICH JIMH3BI?

5. C moMouibIo JUH3bI OJYYEHO U300pakeHUEe KaKoro-To npeamMera. B kakom
clly4dae ero MOKHO YBUJIETh Ha dKpaHe — KOTJIa 3TO N300pakeHHE SIBIISICTCS
JNEUCTBUTENBLHBIM HIIM KOT/Ia OHO MHUMOE?

6. Ha xakoM paccTosIHUM OT JIMH3bI JOJDKEH OBbITh IPEAMET, YTOOBI pa3Mephbl
CaMoro NpeaMeTa U ero n300pakeHne ObUTM OTMHAKOBBIMHU?

7. MOHO JI 110 XapaKTepUCTUKAM U300paKE€HNUs, MOTYYEHHOTO C TOMOUIBIO
JIMH3bI, ONpPENENuTh, Kakas 3TO JIMH3a — coOuparolias WIH pacceuBaroas?

JlaGopaTopnas padora Ne 10 Tema 3ansaTusi: BosiHOBBIE CBOMCTBA CBeTA.

Hean padorsl. U3yueHue sBiaeHus: qudpakiuy CBETOBBIX BOJH Ha
y3KOM MJIOCKOMAapasieIbHON 1IeTU U Ha AUGPAKIIMOHHON pElIeTKE;
HKCIIEpUMEHTANIbHAS TPOBEPKA BHIMOIHUMOCTH YCIOBHH IS
MaKCUMyMOB U MUHUMYMOB JTU(PPaAKIMU; ONIPEACICHUE ONBITHBIM ITyTEM
JUTMHBI BOJIHBI U3JTyYE€HUS U IEPHOJIa JU(PPAKIIMOHHON PEIIETKH.

IlepeyeHb UCMOIBL3YEMOr0 000PYI0BaAHHUS: TEJINN—HEOHOBBIN J1a3ep,
ONTHUYECKUH CTOIHK, IepKaTelb, TU(MPaKIIMOHHAS PEIIETKa, IKpaH.

Teopurnyeckast 4acTb

st 0ObsicHeHUS ABICHUS TUGPAKITUA MOKHO BOCTIOJIH30BaTHCS
npuHIUIoM | roiirenca — @penensa. CorinacHO 3TOMY NPUHIIUITY,
BOJIHOBOW (DPOHT MpEACTaBIAETCS B BUJE COBOKYITHOCTH OOJIBIIIOTO
YHYCJIa BTOPUYHBIX KOTEPEHTHBIX UCTOYHUKOB, U3JTy4atOIUX BTOPUYHBIE
BOJIHBI B CTOPOHY PaCIPOCTPAHEHUs BOJIHBIL. B 3TOM ciyyae
oOpazoBanue AM(PPaKIUOHHOW KAPTHUHBI ABJISETCS PE3yIbTATOM
uHTepPEpEeHIIUN U3TyICHUN OT BTOPUYHBIX UCTOYHUKOB, a
WHTEHCUBHOCTH B KaXJI0M TOUKE SKpaHa 3aBUCUT OT pasHocTen (a3
MEXIY BOJIHAMHU, IIPUXOIAIIMMHU B 3TY TOYKY OT BTOPAYHBIX
VCTOYHUKOB.



Ha puc. 1 noka3zaHo xapakTepHOE pacnpeaeIeHue HHTEHCUBHOCTH B
TudPpaKIIMOHHOM KapTUHE OT Y3KOM IIENH MPHU MaIeHUHN Ha Hee TUIOCKOM
CBETOBOI BOJIHBI B CJIy4dae, KOTAa pacCTOSTHUE OT IEU /10 dKpaHa L
3HAYUTEIBHO MPEBBINIACT MUPUHY 11esH b (mudpakuus Opaynrodepa).
Pesynbratr nuntepdepeHiuu BoJIH OT BTOPUYHBIX HCTOYHUKOB B
HEKOTOPOH Touke dkpaHa O (puc. 2) 3aBUCHUT OT Pa3HOCTHU (pa3 MexKIy
MPAKTUYECKU NapasUIeIbHBIMUA CBETOBBIMU JIy4YaMH, UAYIIIUMHU OT
BTOPUYHBIX UCTOYHUKOB, PACIIOJIOKEHHBIX HA OTKPBITOM YYaCTKE IIEIIH
AB. Dta pa3HocTb (a3, B CBOIO 0Yepe/ib, ONMPEACISAETCS Pa3HOCThIO X0/1a
MEXy JTydamu. Hanpumep, st BTOPUYHBIX KICTOUHUKOB,
pacIoyioKEHHBIX B TOUKax A U B, ykazanHast pa3HOCTh X0/a paBHA

BC= ABsing =bsin

Crtporuii aHanu3 sIBICHUS] HHTEPPEPEHIINN U3ITYUEHUS OT BTOPUIHBIX
HMCTOYHUKOB MIPUBOJIUT K CIICYIOIIEMY pacIpeaeICHUI0 MHTEHCUBHOCTH
B TU(PAKIIMOHHON KapTHUHE OT Y3KOU IIEIH:

L | HeHTpaIbHBIH
_— MAKCHMYM

\ MHHHMYMEI

—Eym 0 Fyrmrm 8
Puc. 1. PacnpeneneHHe HHTEHCHBHOCTH HA SKpaHe IpH
AHQpPaKIHH IUIOCKOH BOIHEL HA V3KOH menH (aud paknna
Dpayrrodepa)
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Puec. 2. VHTepdepeHIINT BTOPHYHEIX BOIH B HEKOTOPOH
To4Ke 3KpaHa O

Xoa padoThl.

[ToaroToBka yCTaHOBKH K pabOTE (BBIMOJIHIET J1a00OpAHT).

1. BkirouuTs aazep.

2. YcTaHoBUTH AeprkaTeib ¢ hoTogaTyukoM Ha aeneHue "0" mo mkanie
ONTUYECKON CKaMBbH.

3. He BrIItOUast MUKpOaMIepMeTp, PEryJIMPOBOUYHBIM BUHTOM 5
COBMECTHUTH MPOpe3b GOoTOAaTUMKA C HYJIEBOM OTMETKOMN Ha IIKaje
JKpaHa.

4. TTonb3ysCch peryaupoOBOYHBIMU BUHTAMH Ha KOpPITyce Jla3epa,
COBMECTHUTB CBETSAIIECECS MSATHO C IIEHTPOM Mpope3u poTogaTIHKA.

5. PerynupoBOYHBIM BUHTOM OTBECTH Mpope3b ¢GoToAaTIMKA HA 3 CM TIO
IIKaJie 3KpaHa BOpaBo.

N3MepeHne 3aBUCUMOCTH TTOJIOKEHUS Xvun JUPPAKITMOHHBIX
MUHUMYMOB OT PacCTOSHUS L MEX Ty MIETbI0 U DKPAHOM.

1. YcranoButs aepxarens AM(pakMOHHON 11y Ha aenenue "60 cm"
IO IIKaJie ONTUYECKON CKaMbH (TIpope3b (POTOIaTUnKa OCTAETCS
CMEIIIEHHOW Ha 3 CM BIIPABO OT HYJIA Ha IIIKaJie dKpaHa).

2. ITpu momoIIu BUHTOB Pa3IBUHYTh 3aKHUMbI U 3aKPEITUTH
TudpaKIIMOHHYIO IeJNb B iepKaTesie TAKUM 00pa3oM, YTOObI TIATHO
JIA3€pHOTO JIyya OCBEIAI0 CepeIUHY Ied, a AudpaKkiuOHHAs KapTHHA
Ha HKpaHe OblIa HanboJIee OTUETIINBA.

3. OTperyaupoBath MUPHUHY IIEJIH b, Bpalias BUHT Ha KOPITyCe IIEJIH,
TakKuM 00pa3omM, 4TOObl MUHHUMYM TPEThETO Mopsiika (n = 3) coBmaja C
neneHueM "2 cMm" Ha mikane skpaHa. 3anucarb 3HadeHus L1= 0,6 M, X;=2
cM 1 b B Tabnuiy 1.

4. He n3MeHssl IUPHUHBI 1IEJIH, U3BMEPUTH MOJ0XKEHUS AUPPAKIITOHHOTO
MUHUMYMa X5+ Xg TPEThEro nopsijika (n = 3) 1 4eTblpex



npyrux nonoxxkenuit aepxkares menad (L = 0,5 m; 0,4 m; 0,3 M; 0,2 m).
JlaHHbIC 3anKcaTh B TaOaUIy 1.

Conep:xanue oruera, Gpopma u npaBujia oGopmMiIeHUS 0TYETA O
BBINIOJIHEHHOI padoTe: TabiHIIA.
Tabmuma 1

L.m 0,6 0,

Km =
MM

0.4 0.3 0.2

L, |

3aganuss M Bompochl s (GOPMUPOBAHMS M KOHTPOJIS  BJIajeHHUS
KOMIIETCHLIUSIMH.

3aiaHud K pelieHuIo:
KonTpoabHbIE BONPOCHI

1. B yem 3akirovaetcs siBiienue audpaknuu? Kakum odpasom Ha
OCHOBaHMM npuHLMNA [ tolirenca — ®peHenst MOXKHO OObSICHUTD
oOpazoBanue UGPaAKIIMOHHON KapTUHBI IIPU MPOXOKIECHUU CBETOBOU
BOJIHBI Ye€pe3 y3KYIO MIEIb?

2. PaccumnTaiiTe BENMYMHY yIia ¢ AJisi MUHUMYMa IEPBOTrO MOPSAKa IpU
nudpakum cBeta ¢ JJIMHOW BOTHBI A = 0,63 MKM Ha
MJI0CKOMapaieTbHON menu mupuront d = 0,05 mm.

3. PaccunTaiite BeNMYMHY yria (¢ s TJIABHOTO MAKCUMYyMa BTOPOTO
nopsijika B ciydae AUGpaKkImOHHON peleTku ¢ nepuooM d = 8 Mk,
eclim JnHa BOJHEI A = 0,63 MKM.

4. Kak Oy1yT U3MEHSTHCS MOJIOKEHUSI MAKCUMYMOB Ha TUPPaKIIMOHHON
KapTUHE OT Y3KOM IIeJIH, €CJIM TIEPEABUTATh IIEJIh OJIMKE K dKpaHy, HE
V3MEHSA MOJIOKEHUM KpaHa U UCTOYHUKA?

5. OOBSICHUTE METO/1 SKCIIEPUMEHTAIBHOTO ONPEJIETICHUSI IJIUHBI BOJIHBI
U3JIyYeHHS U TIeprojia Tu(DpakiiMOHHON PEIIeTKH.
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www.alleng.ru/edu/phys.htm - oOpa3oBarenbHbIe pecypchl HHTEpHETa —

dusuka.

www.nuclphys.sinp.msu.ru - sinepHast ¢pu3nuKa B MHTEpHETE

www.school-collection.edu.ru - enunas komnekus TUGPOBBIX 00pPa30BaATEIBLHBIX PECYPCOB.
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