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Metoandeckue ykazaHus st 1a00paTOPHBIX pabOT MO AUCHUIUINHE « DU3UKa
cocraBiieHbl B cooTBeTCTBUH ¢ TpeOoBaHussMu OI'OC CIIO, npenHa3HaueHsl 1Jis
CTYACHTOB, o0yuatonuxcs o cnenuaabHoctu CIIO: 38.02.08 Toprosoe nemno



MeToauveckue yKa3aHus 1JIs1 JJa00OPaTOPHBIX padoT
Metoauyeckre peKOMEHJAllMU TMPU3BaHbl OKa3bIBaTh MOMOIIbL CTYJECHTAM B
VW3yYCHUHU OCHOBHBIX IIOHATHH, WJEW, TEOPUM W TMOJOKEHUN IJUCHHUIUINHBI,
M3Y9aeMBbIX B X0JI¢ KOHKPETHOTO 3aHSATHS, CIIOCOOCTBOBATh PA3BUTHIO UX YMEHUH,
HABBIKOB U IPO(ECCHOHATTLHBIX KOMITCTCHITHM.
B nmanHoM y4eOHOM TMOCOOMHM COTJIaCHO CHEIU(pHUKE AUCHUIUIMHBI U
MPOTIUCHIBAKOTCS:
1. MosicHUTENbHAS 3aNIMCKA

B pe3ynbTaTe ocBOEHUS yUeOHOM JUCHUILITUHBI 00yUYarOIIUNCS T0TKEH YMETh:
1) ommchiBaTh U OOBIACHATH (PU3MUCCKUE SIBIICHUS M CBOWCTBA TEJ. JBMXKCHUC
HEOECHBIX T€J U UCKYCCTBEHHBIX CIIyTHUKOB 3€MJIM; CBOMCTBA ra3oB, KUAKOCTEN U
TBEPJIBIX TEN; AIEKTPOMAarHUTHYIO HHIAYKIIUIO, PACTIPOCTPAHEHUE 3JIEKTPOMArHUTHBIX
BOJIH; BOJIHOBBIE CBOMCTBA CB€TA; W3JIyYCHHE U IIOIVIOLIEHHE CBETA aTOMOM;
dboToaddexr;
2) OTIINYATh THIIOTE3bI OT HAYYHBIX TCOPUH;
3) menath BHIBOJBI HA OCHOBE IKCIIEPUMEHTAIBHBIX JaHHBIX;
4) TPUBOAUTH TPUMEPHI, MOKA3bIBAIOIINE, YTO: HAOIIONEHUS W DKCICPHUMEHT
ABJISIFOTCSI OCHOBOW JUISl BBIABVIKEHHSI THUIIOTE3 U TEOPHUH, MO3BOJSAIOT IPOBEPUTH
VUCTUHHOCTh TEOPETUYECKHX BBIBOJIOB; (pU3MUECKass TEOpUsl AAET BO3MOMXKHOCTb
OOBSICHATH U3BECTHBIE SIBICHUS MPUPOJIbI U HAy4UHbIEC (PAKThl, IIPEICKA3BIBATD EIIIE
HEU3BECTHBIC SIBJICHNUS;
5) NpUBOIUTH MPHUMEPHI MPAKTHYECKOTO HCIONB30BaHUS (PU3MYCCKUX 3HAHHM:
3aKOHOB MEXAHUKHM, TEPMOJMHAMUKM W DJJIEKTPOAUHAMUKH B DHEPIETHUKE;
pa3IMYHBIX BHIOB JJIEKTPOMATHUTHBIX H3JIYYEHUH JUIsl Pa3BUTUA paguo MU
TEJICKOMMYHUKAIINA, KBAaHTOBOM (PU3UKM B CO3MAHUM SJICPHOM DHEPIreTHKH,
J1a3€pOB;
6) MPUMEHSITh TIOJTYYCHHBIC 3HAHUS [T PeIIeHHs (PU3NICCKHX 3a/1a4;
7) u3MepATh psaa (U3HYECKUX BEIMYHH, TPEACTABISAS PE3yJIbTaThl H3MEPEHHN C
YYETOM MX MOTPENTHOCTEMN;
8) wucnonp3oBaTh TPUOOPETCHHBIC 3HAHWS W yMEHUS B IMPAKTHYCCKOM
NEATEIbHOCTH U ITOBCEIHEBHOM KU3HU;
B pe3ynbrare ocBoeHUs yueOHOM NUCHUIUIMHBI 00Y4arOIIUNACS T0JKEH 3HATh:
1) cmbict noHsATHI: (QU3MYEecKOe SBICHUE, TMIIOTE3a, 3aKOH, TECOPHs, BEIIECTBO,
B3aMMOJICUCTBHE, AIEKTPOMATHUTHOE MOJie, BOJIHA, (DOTOH, aTOM, aTOMHOE SIZIpO,
MOHU3UPYIOIINE U3ITyUEHUs, IJIAHETA, 3B€3/1a, FaJakThKa, Becenennas;
2) cMbICT (PU3UYECKHMX BEIUYHMH: CKOPOCTh, YCKOpPEHHE, Macca, Cuja, MMITYJbC,
paboTta, MexaHH4ecKasi SHEpIrusi, BHYTPEHHSs1 SHEpTrusi, a0CONIOTHAs TeMIEparypa,
CpEelHssl KWHETHYECKAas DJHEPTUsl 4YacTUL[ BEUIECTBA, KOJIUYECTBO TEIUIOTHI,
DJIEMEHTAPHBIN JIEKTPUUYECKUN 3apsif;
3) cMBICHT PU3MUECKUX 3aKOHOB KJIACCUYCCKONH MEXaHUKH, BCEMHPHOTO TSATOTCHUS,
COXPAHEHUs] HHEPIUH, HMIIYJIbCA M DJIEKTPUYECKOrO 3apsiia, TEPMOJWHAMMKH,
AIIEKTPOMArHUTHOU MHAYKIMHU, (OTOdD(DEKTa;
4) BKJIQJ pOCCUHCKUX M 3apYOEIKHBIX YUCHBIX, OKa3aBIINX HAOOJIIbIIIEee BIUSHIE HA
pa3Butue GU3NKHY;



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

Ilenb padoThl: CPaBHUTH JBE BEIMYUHBI — YMEHBUICHUE MOTCHIHAIBHON SHEPTUH
IIPUKPEILICHHOTO K IIPYXKUHE TeJla IIPU €ro MaJCHUU U YBEJIIMUYECHHE I0TEHIINAIbHOM
DHEPI'UH PACTIHYTOU NPYKUHBI.

IlepeyeHb HUCMOIB3YeMOro 0GOPYAOBAHUSI: TUHAMOMETP, KECTKOCTh MPYKHHBI
KoToporo paBHa 40 H/M; nuHeiika u3mMepuTenbHasi; rpy3 U3 Habopa 1Mo MEXaHUKE;
Mmacca rpy3a passa (0,100 £0,002) kr; ¢ukcaTop; mTaTuB ¢ My()TOM U JAITKOMH.

TeopnaneCKaﬂ qacTb

MexaHuueckasi JHEPTUsA TeJIa — 5710 CKANAPHAS BeTUUUHA, PABHAS
MAKCUMATLHOU pabome, KOMOopasi Moxcem Oblmb CO8EPULCHA 8 OAHHBIX YCIOBUSIX.
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, Ha3bleaemcs KHHEeTHYeCKOM 3Heprneifl TeJa:

Kunetnueckas OHCPIUA — 3TO SOHCPI'UA ABHIKCHUA. Kunetnueckas OHCPIruAg TCjia

—
Maccoi M, IBMKYIIETOCS CO CKOPOCTRIO 7 paBHA paboTe, KOTOPYIO JOJDKHA
COBEPIIUTH CUJIA, MPUIIOKEHHAS K MOKOSIIIEMYCS TETY, YTOOBI COOOIUTH EMY 3Ty
CKOPOCTB:

P?Z'Ug

ey

Hapsiny ¢ xuneTnueckoi SHeprueu wim dHeprueit IBMKEHUs B (U3UKE 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.

IoTeHnuaJbHAs JHEPTHS TeJIAa B M0JIe CHJIbI TsKecTH (TTOTEHIIUAIbHAS
SHEPrus Teja, MOJHATOrO Haj 3eMJIIEN).

Ep = mgh



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

Pactsnayras (wnm cxxaras) mpy>KHHa CIIOCOOHA TPUBECTH B JBUKCHUE
MPUKPEIUICHHOE K HEeH TeJ0, TO €CTh COOOIIUTh 3TOMY TeTy KUHETHYECKYIO
sHepruro. CiieoBaTeNbHO, TaKkasl Mpy>KHUHA 00J1a/1aeT 3a11acOM SHEPIUU.
[ToTeHImanbHONU SHEPTUEH MPYKUHBI (I JTF000TO YIPYyro AepOopMUPOBAHHOTO

T€Ja) Ha3bIBAlOT BEITUYHHY

i’
B, =
, T1e K — %KeCcTKOCTh PYKHUHBI, X - a0COJIOTHOE YNTMHEHHUE TeIa.
IHoTeHuua bHast JHepPrus ynpyro 1egopMIUpoOBaHHOIO Tejla pasHa pabome
CUTIbL YNPY2OCIU NPU nepexooe U3 OAHHO20 COCMOSIHUS 8 COCIMOAHUE C HYN1e80U
oeghopmayueil.
[ToTenmmanpHas SHEPTHUS TIPH YIIPYTO# AePopMaruu — 3TO SHEPTUS

B3aMMOJICUCTBHS OTJEIbHBIX YaCTEH Tea MEKy COOOW CHUIaMU YIIPYTOCTH.

CyMMa KHHETHYeCKO# U OTEHIHAJIBbHON IHEPIUM TeJI, COCTABJISIIOLINX
3aMKHYTYI0 CHCTEMY M B3aHUMO/IeiiCTBYIOIIMX MEKIAY C000i cHiIaMu
TATOTeHHUs U CUJIAMHU YIIPYTOCTH, OCTAETCH HEM3MEHHOM.

DTO YTBEPKIAECHUE BBIPAKACT 3AKOH COXPAHEHUA IHEP2UL B MEXAHUIECKUX
nporeccax. OH SABIIAETCS CIEACTBAEM 3aKOHOB HproTOHA.

Cymmy E = Ek + Ep Ha3bIBalOT NOJHOH MeXaHMYeCKOM IHEeprueii.

IHoHas MexaHnM4YecKasi JHEPIrUus 3aMKHYTOM CUCTEMBbI Tel,
B3aMMO/CCTBYIOLIUX MEKAY CO00H TOJBKO KOHCEPBATUBHBIMHU CHJIAMM, IIPH
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 COXpPaHCHUA MEXaHMYECKOU OHCPI'MH BBIIIOJHACTCA TOJBKO TOrJ1a, Koraa

TeJla B 3aMKHYTOM CHCTEME B3aUMOJICHCTBYIOT MEX1y OO0 KOHCEpBAaTUBHBIMU
CUJIaMU, TO €CTh CHUJIAMH, JUIsl KOTOPBIX MOYKHO BBECTH MOHSATUE MMOTEHINAIBHOM
DHEPI'UH.

Onucanue yCTAaHOBKH.



J11st paboThI UCTIOJIB3YETCS YCTAaHOBKA, MOKAa3aHHas Ha pucyHke. OHa

MPECTABIISIET COOOM YKPETUICHHBIN Ha IITATUBE TUHAMOMETP C Ppukcatopom 1.
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HPY)KI/IHa JAWMHAMOMCTpa 3aKaHIMUBACTCA IIPOBOJIOYHBIM CTCPIKHEM C KPHOYKOM.

®dukcarop (B yBEIMYCHHOM MAacCIITa0€ OH MOKa3aH OTJAEIbHO — IMOMeUeH Iudpoit
2) — 9TO JIeTKas IIacTUHKA 13 mpoOku (pasmepamu 5 X 7 X 1,5 mm),
IIpOpe3aHHasi HOYKOM JI0 e¢ IeHTpa. Ee Haca)XKBarOT Ha MMPOBOJIOYHBIN CTEPIKCHD
nuHaMomeTpa. PUKcaTop AOHKEH MepeMeniaThCs BI0JIb CTEPKHS ¢ HEOOIBIITNM
TPEHUEM, HO TPEHHUE BCE K€ JIOJKHO OBITh JJOCTATOUYHBIM, YTOOBI (PUKCATOP CaM Io
cebe He majan BHU3. B 9TOM HY>KHO yOeauThes iepea HayainoM pabotsl. s aToro
(buKCcaTOp YCTaHABIMBAIOT Yy HMKHETO Kpas IITKAJIbl Ha OTPAaHUYUTEIIBHON CKOOE.

3areMm pPacCTATUBAIOT U OTITYCKAIOT.

Xoxa padoTbi

1. I'py3 u3 Habopa Mo MEXaHUKE MPOYHO YKPEMUTE Ha KPIOUKE JUHAMOMETPA.

2. [TogauMuTE pyKOH TPY3, pa3rpysxas NpyKUHY, 1 YCTAHOBUTE (PUKCATOP BHU3Y Y
CKOOBL.

3. Oriyctute rpy3. [lagas, rpy3 pactsaer npyxxkuny. CHUMHTE TPY3 U 110
MOJIOKEHHIO (PrKcaTopa u3MephTe JTMHEHKOM MaKCUMaIbHOE YIJTMHEHHUE X
MPY>KUHBI.

4. TloBTOpuTE OMBIT IATH pa3. Halioute cpennee 3HaueHue h u x

5. Tloxcuuraiite E;,=mgh u E>,,=kx?/2

6. Pesynbrarel 3aHecure B TaOIHILY.

7. CpaBHute oTHOIIEHUE £/ E>rep C EAUHNLIEN U CETANTE BBIBOJ O

MOTPENIHOCTH, C KOTOPOU OBbLII MPOBEPEH 3aKOH COXPAaHEHUS SHEPTHH.



8. OTBeThTE HA KOHTPOJIbHBIE BOIPOCHI.
Conep:xanue oruera, Gpopma u npaBujia oGopmMiIeHUS 0THYETA O

BBINIOJIHEHHOI padoTe: TabHIIA.

Ne h=Xmax, hcp=ch, Elcp, EZcp,
Elcp/ EZcp
onbITA M M JIx JIx
1
2
3
4
5

3amanus u Bompochl Aasi  (GOpPMHUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIETEH M SIMH.
KonTpoabHbIE BONPOCHI

1.PackpoiiTe NOHATHE MEXaHUYECKON IHEPTUU?

2.Kaxkas sHeprus Ha3piBaeTcsi kKuHetnueckoi? [1o kakoi hopmyse oHa HaxoauTcs?
3.Kaxkas sHeprust Ha3piBaeTcsi noTeHuanbHon? [1o kakoi popmyse ona
HaXOJIUTCS?

4.ChopMynupyiTe 3aKOH COXpaHEHUS MEXaHHUYECKON IHEPTHH.

5.KakoBbI rpaHUlIbl TPUMEHEHUS 3aKOHA COXPAHEHHSI MEXaHUYECKOW SHEPrUuun?

JlaGopaTopHasi padora Ne 2 Tema 3ansTusi: CBolicTBa napos.

eab padoThI: OCBOUTH MPUEM OINPEICIICHUS OTHOCUTEILHON BIAKHOCTH
BO3/1yXa, OCHOBAaHHBIN Ha UCIOJIb30BaHUU TICUXPOMETA.

Ilepeyenb ucnosib3yemMoro ooopynoBanus: [lcuxpomerp

Teopurnuyeckasi 4acThb

B atMocdepHOM Bo3ayxe Beeraa MPUCYTCTBYIOT Maphbl BOBI, KOTOPAst HCIIAPSCTCS
C MIOBEPXHOCTH MOPEH, peK, OKEaHOB H T.II.

Bo3zoyx, codeparcawuii 600sH0t nap, Hazvléaom BIAAKHBIM.

BnaxHOCTB BO31yXa OKa3bpIBaeT OTPOMHOE BIIUSTHUE HA MHOTHE TTPOIIECCHI Ha
3emuie :Ha pa3BUTHE QIIOPHI U (hayHbI, HA ypOKail CebX03. KyIbTyp, Ha

MNPOAYKTUBHOCTD ) KUBOTHOBOACTBA U T.. BnaxnocTth BO3ayXa UMCCT OoJIBIIIOE



3Ha4YeHHE IS 37I0POBbS JIOJEH, T.K. OT He€ 3aBUCUT TEINIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpyskarolen cpenoil. [Ipu HU3K0# BIaXXHOCTH MPOUCXOAUT OBICTPOE
UCTIapEHHUE C MMOBEPXHOCTH U BBICHIXaHUE CIIM3UCTON 000I0YKH HOCA, TOPTAaHH, YTO
MPUBOIUT K YXYIIICHUIO COCTOSTHUS.

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

AOCOJIIOTHAS BJIAKHOCTD — 8eIUYUHA, NOKA3bIBAIOWAS, KAKAS MACCa NApos
600bl Haxooumcs 6 1 m? 6030yxa (T.e. 3TO IIIOTHOCTh BOJSIHOTO Napa). Ona pasHa
napyuanbHoOMy 0asieHuro napa npu OaHHOU memnepamype.

IMapumnanbHoe 1aBJIeHUE MaPa — 3mo ddglleHue, KOmopoe OKa3blea Obvl
B00SIHOU NAP, HAXOOAWUICS 8 8030YXe , eciu Obl 8Ce OCMAIbHbIE 2A3bl
0Omcymcmaeo8anu.

OTHocHUTeIbHAS BJAKHOCTD BO3YXa — 310 8eIUUUHA, NOKAZbIBAIOWAS, KAK
oanek nap om HacvlueHus. Imo omHoueHue NapyuaibHo20 0ABIeHUsl P B00SIHO20
napa, cooepicaue2ocs 8 86030yxe npu OAHHOU memnepamype, K 0Ae1eHUIO

HacvlyeHHo2o napa Po IPU TOH K€ TEMIIEPATYpE, BBIPAXKEHHOE B IIPOLIEHTAX:

o=-2.100%.

2y

Ecnu Bo3ayx HE COMEPIKHAT MapoB BOJBI, TO €0 a0OCOFOTHAS M OTHOCUTEIbHAS
BIIaXKHOCTh paBHbI 0. [IpenenpHOE 3HaueHne oTHOCUTEIBLHOM BiaxkHocTH — 100%.,
HopwmaibHol A1 4enoBeuecKoro opranm3Ma CuuTaeTcs BlaxxHocTh 60%.
Jl1st m3MepeHus BIaXKHOCTH BO3/IyXa HCIIOIB3YIOT MTPUOOP TICUXOMETP.
IIcuxpometp. (OT rped «rcuxpua» - Xoyioja). CoOCTOUT U3 IBYX OJIMHAKOBBIX
TepMOMETPOB. Pe3epByap 01HOTO U3 HUX 00EPHYT MapJeH, OMyIIEHHON B COCY/T C
BOJI0i. Bosia cmMaunBaeT Mapiito Ha pe3epByape TepMOMETpa U Mpu € NCTapeHUH
OH oxJIaxxaaeTcs. [1o pa3HOCTH TeMIepaTyp CyXoro M BIaKHOTO TEPMOMETPOB TI0

MICUXPOMETPUIECKON TaOIHIIE OMPEACIIIOT BIaXKHOCTh BO3TyXa.



Xoa padoThi:

1) TloaroToBUTH TAOIHILY ISl 3AIUCH PE3YJIHTATOB U3MEPEHUH U BBIYMCICHHIA
2) PaccMoTpeTh yCTpOMCTBO MICUXPOMETPA.

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

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

5) Boeraucnuth pa3HOCTh MOKa3aHUH TEPMOMETPOB At = teyxoro - Lananuoro

6) Ilo ncUXpOMETPUUECKOM TAOIHUIIEC ONPEICIIUTh BIAKHOCTh BO3yXa (0

7) Pe3ynbTaThl U3MEPEHHIA M BEIYHUCIICHUH 3aHECTU B TAOJUILY.

8) CnenaiiTe BBIBOJ O TOM, HOpMAJIbHAS JI BJIAKHOCTH BO3/[yXa B IOMEIICHHUH.

9) OtBeThTE HA KOHTPOJIBLHBIC BOTIPOCHI.

Coaep:xanue or4era, popmMa 1 nNpaBuia opopMJICHUS 0TIYETA O

BBINOJIHEHHOI padoTe: TabiuIIa.

Ne ombITal  teyxoro, °C tasanoro, °C At,°C 0, %



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

1. Ilouemy nmpu npoayBaHUM BO3]yXa yepes 3(up, Ha NOJUPOBAHHOM
MOBEPXHOCTH CTEHKU KaMepPbl THTPOMETpa NosiBisieTcst poca? B kakoi
MOMEHT MOSBIISIETCS poca?

2. IloueMy moka3zaHus «BJIXKHOT0» TEPMOMETPA MEHBIIIE MTOKA3aHUN «CYXOT0»
Tepmomerpa’?

3. MoryT 11 B X0/1€ OIIBITOB TEMIIEPATYPHI «CYXOT0» U «BIIAXKHOTO»
TEPMOMETPOB OKA3aThCs OJJUHAKOBBIMU?

4. Tlpu KakoM YCJIOBHHU Pa3HOCTU NOKa3aHUN TEPMOMETPOB HauOOIbILIAsA?

5. Mosxer 11 Temneparypa «BJIaKHOT0» TEPMOMETPA OKa3aThCs BBILLE
TEMIIEPATypPbl «CYXOro» TEpMOMETpa?

6. Cyxoi 1 BIaXXHBI TEPMOMETP NICUXPOMETPA MMOKA3BIBAIOT OJIHY U TY XK€
temneparypy. KakoBa oTHOCUTENbHAS BJIaXKHOCTh BO3yXa?

7. Kaxum MoXkeT ObITh MpeebHOE 3HAY€HUE OTHOCUTEIBHON BIAKHOCTH

BO3yXa?

JlabopaTtopnasi padora Ne 3 Tema 3ansaTusi: CBoOMCTBA KUIKOCTEH.

Heab padoTel: onpeaeanTh KO3(PPUIUEHT MOBEPXHOCTHOTO HATSIKEHUS BOJIbI
METOJIOM OTPbIBA Kameb.

IlepeyeHb MCOJIBL3YEeMOT0 000PYAOBAHMS: COCY/]T C BOJIOM, IITPHIL, COCYT IJIS
cOopa Kamemb.

Teopurnuyeckasi 4acThb

MoJieKyibl TOBEPXHOCTHOTO CJIOSI KUJIKOCTH 00J1aat0T U30BITKOM
MOTEHIMAIBHOW YHEPTUU 10 CPABHEHUIO C SHEPTUEH MOJIEKYJI, HAXOAIINXCS
BHYTPH KUIKOCTH

Kaxk u mo6as Mexanndeckasi CHCTeMa, IIOBEPXHOCTHBIN CIIOM JKHIKOCTH
CTPEMUTCS YMEHBIINUTh TOTEHIIMAJIBHYIO SHEPTUIO U coKpamaercs. [Ipu stom

coBepiaercs padbora A:



A= ahy

e 6 - K03 GUIMEHT NOBEPXHOCTHOTO HATsKeHUs. EauHuisl u3mepenus Jx/m?

i H/m
A ra
a=— a=—
AS wm !

rie F — cruia moBepXHOCTHOTO HAaTsDKEHUS, | — JuTMHA TpaHUIbl TOBEPXHOCTHOTO
CJIOSI YKUIKOCTH.

[ToBepXxHOCTHOE HATSHKEHUE MOYKHO OIPEACIATh Pa3InIHBIMKA MEeToAaMu. B
Ja60paTopHOI paboTe UCIIOIB3YETCS METO OTPhIBA KalleJlb.

ONBIT OCYIMIECTBIIIOT CO MITIPUIIOM, B KOTOPOM HaXOIUTCS UCCIIeayeMast
KUJIKOCTh. HaxkuMaroT Ha TIOPIIIeHp IIMPHUIIA TaK, YTOOBI U3 OTBEPCTHUS Y3KOTO
KOHIIa IITIPHITA MEIJICHHO Ma1aay Karu. [leper MOMEHTOM OTphIBa KaIluld CHJIa
TSOKECTH F 00 =MyiannJ paBHA CHJIE TTIOBEPXHOCTHOTO HATsDKEeHMS F, rpaHuiia
CBOOOTHOM MOBEPXHOCTH — OKPYKHOCTH KaIljIl

Z =TT 'dxanfzu

CrienoBaTeibHO:

B My
!

nNaxnu

a=

OnbIT OKa3bIBaCT, YTO Uiy =0,9d, rme d — nuameTp KaHaza y3KOro KOHIIA
HITpULA.

Maccy karim MOXHO HalTH, TIOCYMUTAB KOJMYECTBO KaIlellb N U 3Hasi MacCy BCEX
Kamneiab M.

Macca kanenb m OyZeT paBHa Macce KUJIKOCTU B IITpUIIE. 3Has 00beM
YKUJIKOCTH B IIIPULIE V U INIOTHOCTH )KUAKOCTHU P MOKHO HAUTHU Maccy m=p-V
Xoxa paboThi:

1) Hauepture Tabmuiy.

2) IMoxcraBbTe MO IIITIPHI] COCY/T AJIsE COOpa BOJBI U, IJIABHO HAXKUMas Ha
MOPIICHB MIMpHUIIA, 100eHTeCh MEIJICHHOTO OTPHIBAHUS Kallellb.
[TopcunTaiiTe KOTMYECTBO Kameinb B 1 MJI M pe3ysIbTaT 3alUIINTE B TAOIHILY.

mg

g=——-—
»70,9d
3) BprunciauTe MoBEpXHOCTHOS HATSKCHHE O hopmyIie

Pesynprat 3anuimvre B TaOIHILY.



4) TloBTOpHTE OMBIT C 2 MJT U 3 MJT BOJIBI.

5) HaiimuTe cpenHee 3HAYCHUE TTOBEPXHOCTHOTO HATSDKEHHSI 3

Pe3synpTaT 3anuiivre B TaOIHILY.

6) CpaBHHUTE OJYYCHHBINA PE3yIbTaT ¢ TAOJUIHBIM 3HAYCHUEM
ITOBEPXHOCTHOTO HATSIKEHUS C YIETOM TEMIIEPATYPHI.

7) OnpeneiauTe OTHOCUTEIIBHYIO TIOTPEITHOCTh METOJIOM OIEHKH Pe3y/IbTaToOB
W3MEPEHUM.

o

+ T
.

MabR

=

8) Pesynprar 3anuiinre B TaOIUILY.
9) Cremnaiite BBIBOI.
Conep:kanue oryera, popmMa U NpaBu/Ia opopMiIeHUA OTUYETA O

BBINOJIHEHHOI padoTe: TabiHIIA.

Ne |Macca Uucao [Auamer | [ToBepxHocT Cpennee Taoanmunoe | OTHOCHUTEIBHA
KamneJ | KaneJ p -HOE 3HAYEHHE 3HAYEeHHUEe |§1 MOrPelIHOCTh
ONBIT
b KaHAJIa | HATSIKEHHEe MOBEPXHOCTHOT MOBEPXHOCT
a )
HINpHIA 0 HATSI’KEHHSA -HOI'0
m, Kr n o, H/m
HATSI’KEHHS
d, M Gcp, H/m
G126, H/M
1 1*10°3 2,5%103 0,072

3aganma u  Bompochl A (GOPMHUPOBAHMS M KOHTPOJIA  BJIAJCHHUS
KOMIIETCHUMAMH.
KonTpoabHbIe BONPOCHI

[ToueMy MOBEPXHOCTHOE HATSHKEHUE 3aBUCUT OT POJA JKUIAKOCTH?
[Touemy 1 Kak 3aBUCUT NOBEPXHOCTHOE HATSXKEHUE OT TEMIIEPATYPbI?
W3MeHUTCS JIN pe3ynpTaT BBIYMCICHHS IOBEPXHOCTHOTO HATSKEHUS, €CIIN

OIBIT IPOBOAUTH B APYTOM MecTe 3eMiIn?



4. VI3MeHuTCs U pe3yabTaT BBIUUCICHUS, €CIIM IUAMETP Karlelib TPyOKU OyaeT
MeEHbIE?

5. Tlouemy canegyer 4oOMBaTHCS MEAJIEHHOTO NAJECHUS Karesb?

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

Leab padoThl: MPOBEPUTH CHPABELIMBOCTh 3aKOHOB ITOCJIEI0BATEIBHOTO U
NapaJyIeIbHOTO COEAUHEHUS TPOBOJHUKOB.

IlepeyeHb HCIOJIB3YeMOI0 000PYI0BAHMSA: AMIIEPMETP, BOJILTMETP, JIAMITOUKA,
MIPOBOJIOYHAS CIIUPaib, OaTapeiika, KIItod, peocTaT

Teopurnueckasi 4acThb

HpOBOI[HI/IKI/I B DJICKTPHUYCCKUX LCIIAX MOT'YT COCANHATBHCA ITOCICOAOBATCIIBHO U
mapaJuICJIbHO.

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

; 3 A
e N S I
| & | £ |
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Pucynok 1.9.1.
IlocienoBaTenbHOE COETUHEHME
MIPOBOJHUKOB

[To 3akony Oma, Hanpsixenust U; u U, Ha mpoBOAHMKAX PaBHbI

U1 = |R1, U2 = |R2

Oo6mee Hampsixkenue U Ha 000UX POBOJHUKAX paBHO cymMe HanpsukeHuit U
U2:

U=U1+U2=|(R1+R2)=|R,
rjae R — anekTpudeckoe conpoTuBieHue Bee nenu. OTcroaa cieayer:
R=R; +R..

le/l mocjaea0oBaTecJIbHOM COCAUHCHHUH IMOJIHOC COIIPOTUBJICHUE LICIIA PABHO
CyMME COHpOTl/IBJIeHI/Iﬁ OTJA€¢/IbHBIX IPOBOAHUKOB.



OT1O0T peE3yabTaT ClIpaBCAJINB JJIA JF000T0 YMcia MIOCJICA0BATCIIBHO COCAMHCHHBIX
IIPOBOJHHUKOB.

IIpu napanneasHom coenruenum (puc. 1.9.2) nanpsoxenus Uy u U, Ha 06oux
IIPOBOJIHUKAX OJIMHAKOBBI:

U1 = U2 =U.
CymmMa TokoB |1 + |2, mpoTekaromumx mo 000uM MPOBOJAHUKAM, PaBHA TOKY B
HEPA3BETBIICHHOM LCTIN:
=11+ 1o

DTOT pe3yabTaT CIEAYET U3 TOT0, YTO B TOUKAX pa3BETBIICHUsS TOKOB (Y316l A 1 B)
B 11T ITOCTOSTHHOTO TOKAa HE MOTYT HAKAIUTMBAThLCSA 3apsabl. Hanpumep, k y3my A
3a BpeMs At moarekaet 3apsn IAt, a yrekaeT ot y3i1a 3a To e BpeMs 3apsi

1At + 1,At. CnenoBarensHo, | =11 + |,

Pucynox 1.9.2.
[TapannensHOE COeIMHEHUE TTPOBOTHUKOB

3amnuceiBasg Ha OCHOBaHUHU 3akoHa Oma

L=e L= n1=2
TR TR TR

rae R — anexTpudeckoe COMpPOTUBIICHNE BCEH 1IETIH, TIOTyYUM

IIpu napaJieJibHOM COeIMHEHNH NTPOBOJHNKOB BeJIMUYMHA, 00paTHas 001IeMy
CONPOTHUBJICHUIO IIeNH, PABHA CYMMe BeJIMYNH, 00PATHBIX CONPOTHBJIECHUAM
NapaLieJibHO BKIKYEHHBIX IPOBOJTHUKOB.

Xoxa padoThl.
3amanue 1. MzyyeHue nocneqoBaTeIbHOIO COSTUHEHMUS.

1. CobGepure 1enb o0 pucyHKy Hke. BonsTmerp npucoenunute k Toukam N u K
ueny. OH B 3TOM Cily4ae NOKaXXeT HalpsHKEHHE HAa PE3UCTOPE U JIAMIIOYKE BMECTE
(Uosw). @oTO cobpaHHOI 1eTn oKka3aHo Ha GoTorpaduu HIKe. 3aMKHHTE [IETh |



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

2. [TonkirounTe BOJBTMETP K TOUK
pesucrope Rj.

Hanpspkenue Up Ha

\\vm Hanpspbkenue Uy Ha

3. HOI[KJ'IIOLII/ITG BOJIBTMCTP K TOYK o

JJaMITOYKC.

4. ITo popmynam Ri=U4/l, Ry=U/l, Rosm=Uoew/] moaCUMTANITE CONPOTUBIICHHS
pe3ucTopa, IaMITOYKH, yJacTKa, BKIFOUYAIOIETO PE3UCTOP U JIAMITOYKY.
Pe3ynbpTaThl OKpYTIASHTE 10 TECATHIX.

5. I3mMepeHHbIe 1 TIOICYNTAHHBIC 3HAUCHHSI 3aHECUTE B TAOJHITY.

6. Crenaiite yCTHO BBIBOJI, ITOATBEPKIAIOTCS JIH OIBLITOM (hOPMYJIbIL:
Uos= U1tU2  Rosn= R1tR2

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

1. Cobepute 1emnb Mo puCyHKY Hibke. POTO cOOpaHHOM 1Ienu MoKa3aHo Ha
dboTorpaduu HIKE.

ConpoTHuBJIEHHE peocTaTa cliejIaiTe MaKCUMaJIbHBIM. 3aMKHUTE LIETb U 3aMUIITUTE
B TAOJIMITY TTOKa3aHUs CHIIbI TOKA logy 1 U. Llenb pazoMKHHUTE U TOKAXKUTE €€
YUUTEITIO.

e

N

. Rz




2. OTcoeuHUTE BOJIBTMETP, a aMIIEPMETP IPUCOETUHUTE B BETBb C PE3UCTOPOM.
ConpoTHBIEHHE PEOCTAaTa ITyCTh OCTAETCS MAKCUMAJIBHBIM. 3alUILNTE B TAOIHUILY
3HaYeHue cuibl Toka I1, mporekaromeit uepes pesuctop Ri. Cxema nienu cmMotpute
Ha PUCYHKE 2.

®otorpadus 2

PucyHok 2
-

b L <

— @

3. AMIiepMeTp IPUCOSANHUTE B BETBH C JJAMITOUYKOW. 3aNUIITNTE B TAOIUITY
3HA4YEHUE CUJIbI TOKa [, mpoTekaromen yepes3 JaMnouyky. Cxema 1enu CMOTPUTE Ha

dboTorpaduu 2.
4. ITo popmynam Ri=U/l1, Ry=U/l3, Ros=U/l o6, OaCUMTANTE CONPOTUBICHHS

pe3nucTopa, JJaMIIO4KH, y9aCTKa, BKIIOYAIOIICTO PE3UCTOP U JIAMIIOYKY.
PGSYJII)TaTBI OprrﬂﬂﬁTe J0 ACCATBIX.

5. 3MmepeHHbIe U TOACUNTAaHHbIEC 3HAYEHMSI 3aHECUTE B TAOJHILY.
6. CnenaiiTe yCTHO BBIBOJ, TIOJTBEPKIAIOTCS JIK OMBITOM (DOPMYIIBIL:
R, xR,

R,,= 1~ 2
oM™ R IR,

loom= 11+ 12

Conep:xkanue ordyera, gpopmMa U npaBujia opopMiIeHUs 0TUYETA O

BBINIOJIHEHHOM padoTe: TabiHIIA.

I, U, U, Uo6m, Ri, Ra, Ro6us Ui+U,, | Ri+Ry,
A B B B OMm OMm OMm B OMm

U1 |11 |21 |06LL11 Rl) RZ) ROGIJ.U |1+|21 RZL>< RZ
B A A A Om Om Om A R, +R,
3aganuss u  Bompochl s (GOPMHUPOBAHMST M KOHTPOJIS  BJIajeHHs
KOMIIEeTeHIIUAMM.

1. MaiiTe onpeneneHre NOHITHI «BETBbY, KKOHTYP», «Y3€ID».

KoHTpoJibHBIE BONIPOCHI




2.Yemy paBHO oOlIee CONPOTHBIEHUE LENU TNPU MOCIETOBATEIBHOM
COEIMHEHUH COIPOTUBIICHUN?

3. UeMy paBHa 0011asi MPOBOJMMOCTD I[ENU MPHU MapaICIbHOM COCAMHEHUU
CONPOTHUBJICHUI?

4. Yemy paBHO 00111€€ CONPOTUBIIEHUE LENU IPU CMEIIAHHOM COEIMHEHHUH
CONPOTHUBJIECHUI?

5. Kak nonumaetcs u unraercs 3akoH Oma JiIsl 3aJaHHBIX 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 Y OLICHUTH MPaBI0NO0A00HOCTD MOJYUYEHHBIX PE3YIbTATOB.
Ilepeuenb ucnosib3yemoro ooopyaosanusi: nictounuk JJ[C, kirou, amnepmerp,
BOJIETMETP, TPU PE3UCTOPA C U3BECTHBIMU CONIPOTUBIICHUSIMH, COCUHUTEIIBLHBIC

IIPOBOJHUKH, PCOCTAT.

Teopurnueckasi 4acThb

PaboTa BBITIOTHSAETCS ¢ MIOMOIIBIO JIEKTPUICCKOMN 1IETIH, COCTOSIISH U3
MOCJIEI0BATEIbHO COCAUHEHHBIX JIEMEHTOB: ucTouHuka JJ[C, kiatoua,
aMIiepMeTpa U pe3ucTopa ¢ U3BECTHBIM CONMPOTUBIICHUEM. M3MepsieTcs cuiia ToKa
B LIENIY [PU 3aMKHYTOM KJTFOYE.

IIpumeuanue: VIcnionp30BaTh PE3UCTOPHI C MATIBIM COIPOTUBIIEHUEM HE
pEeKOMeHyeTcsl, T.K. OyeT cKa3bIBaThes 3(hPEeKT HarpeBaHus pe3UCTOPOB U
VU3MEHEHUE X CONPOTUIICHUS.

Jlanee B enu pe3ucTOp 3aMEHSETCS JPYTUM M U3MEPSIeTCS CUIIa TOKA B IIETH B
HOBOM ciy4ae. st o6oux ciydaeB 3akoH OMa 1715t 3aMKHYTOH 1ienu OyeT
BBINJIAICTH ciieaytonmM oopazom: £ =11 (Ry + 1), E = 13(Rz +r).

KoMmOuHUpyst TpeMst pe3ucTopamMu ¢ H3BECTHBIMH COTIPOTUBIICHUSIMH, MOYKHO
NPOBECTH TPH TMAPhI OJJOOHBIX U3MEPCHHU.

Xoxa padoThl.

1. I[ToAroTOBBTE JIUCTHI IJIs OTYETA O PAOOTE C MPEABAPUTCIIBHBIMU 3aITUCSIMH.
2. CobepuTe dMEeKTPUIYECKYIO 11eTb, COCTOSIIYIO U3 MOCIEA0BATEIHHO
COEIMHEHHBIX 3JIeMEHTOB: ucTouHrka DJIC, Kitoua, aMIepMeTpa U pe3ucTopa ¢
W3BECTHBIM CONPOTHUBIICHHEM. V3MephTe CHITy TOKA B IEIH MPU 3aMKHYTOM
KITIIOYE.



3. 3amMeHuTe pe3UCTOP HOBBIM U U3MEPHTE CUITY TOKA B LIEMH B IAHHOM CJIy4ae.
[IpoBeanTe aHamOTUYHBIE NEUCTBUSI C TPETHUM PE3UCTOPOM. Pe3ysbTaThl

U3MEPEHUI 3aHECUTE B TAOIUILY.
4. IIpoBeaute BeruncaeHuss J/]C ucToUHMKA TOKA U BHYTPEHHETO COMPOTUBIICHUS
MCTOYHHUKA JJIs1 IEPBOTO U BTOPOTO, JJIs IEPBOTO U TPETHETO, /ISl BTOPOTO U

TpeThero ciaydaes 1o cieayromumM Gopmynam: I = (I1Ry — LbR)/(1, — 1), E =

l112(R2 — R1)/(11 — 1).
5. [loxcuunTaiiTe BeTMYMHBI OTHOCUTEIILHOM U a0COTIOTHOM MOTPEIIHOCTEMH,
00paboTaB BHIYUCIIEHUSI METOJJOM CPEIHETO apU(PMETHUECKOTO.
6. CnenaiiTe BBIBOJIBI O TIPOJICTIaHHOM padoTe.

Conep:kanue or4yera, GpopmMa U npaBujia 0(poOpMIICHUS 0TYETA O

BBINOJIHEHHOI padoTe: TabiHIIA.

wia BHuyTrpenHee AGcomoTHas
C DIC | Abcomornas| BHYTP
toka| ConmpoTHBIICHHE COIIPOTHBIICHHE| TTOIPEITHOCTH
NO HCTOYHHUKA HOFpeHIHOCTB
0 B pesucropa ToKa IC HUCTOYHHMKA | BHYTPEHHETrO
j1(S20070 TOKa COHpOTI/IBJIeHI/Iﬂ
OnbITa I R E AE r Ar
A Om B B OMm Om
1
2
3
3ajannss M BONPOCHI A (POPMHUPOBAHHUS W KOHTPOJS BJAJAEHUSA
KOMIIeTEeHIIUSIMHU.

KoHTpoJibHBIE BONIPOCHI

1. IToueMy noka3zaHusi BOJIbTMETPA PHU PA3OMKHYTOM U 3aMKHYTOM KJIIOU€

pa3JINYHbI?

2. Kak nmoBwicuTh TOUHOCTH M3MepenHus DJ]C ucrtoununka Toka? Pe3ucTopsl ¢

KaKMMH CONPOTHUBJICHUAMHU y100HEE UCIIOIb30BaTh B JAHHOM padore?

3. [Touemy abGcomoTHas U OTHOCcUTEbHAs norpemHocTd DIC 1 BHYTpEHHETO
CONMPOTHUBJICHUS! UCTOYHMKA TOKA B JAHHON pabOTe CTOIb 3HAYUTENIbHbIE?

4. Kak BiuseT U3MEHEHUE TEMIIEPATYPhI PE3UCTOPA MPU HATPEBAHUU HA
pe3ynbTaThl U3MEPEHUI B TaHHOU paboTe?

JlaGoparopHasi padora Ne 6 Tema 3ausitusi: MarHuTHoe moJie.
DJIEKTPOMATHUTHASI MHAYKIHS.

Heab padoThl: u3yuums yCcio8us 603HUKHOBEHUsL UHOYKYUOHHO20 moka, I/C

UHOYKYUU.




IlepeyeHb HCOJIB3YeMOT0 000PYIOBAHMSA: 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 MHAYKIMH.

MHorounciieHHbie onbIThl Papajes NOKa3bIBAKOT, YTO C MTOMOIIBK) MATHUTHOTO
IOJIS1 MOKHO MOJIYYHTh SJIEKTPUUYECKHUI TOK B IPOBOJHUKE.

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

Tox, 6o3nuxalowull npu s1671eHUU INEKMPOMASHUMHOU UHOYKYUU, HA3bLBATOM
HHAYKLIHOHHBIM.

B snexkTpudeckoit enu (pucyHOK 1) BOZHMKAET MHAYKIIMOHHBIN TOK, €CIIU €CTh
JIBIKEHHE MarHUTa OTHOCUTEIBHO KaTYIIKU, Wi Hao0opoT. Hanpasienue
MHIYKIIHOHHOTO TOKa 3aBUCHUT KAaK OT HAMPABJICHUS JBUKEHUSI MATHUTA, TAK U OT
PACIIOJIOKEHUS €T0 MOIOCOB. IHAYKIIMOHHBINA TOK OTCYTCTBYET, €CIU HET

OTHOCHUTCIIBHOI'O IICPEMCIUICHU A KaTYIIKHN U MarauTa.

Pucynox 1.

Crporo roBops, Ipu IBUKEHUHA KOHTYpa B MATHUTHOM I10JIE TEHEPUPYETCS HE

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

— _(mA)
o

) :fMawO
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>)) B,

Pucynok 2.



dapaeit SKCIepUMEHTATLHO YCTAHOBHII, UTO NPU USMEHEHUU MACHUMHO20
nomoxa 6 npogooswem koumype eoznuxaem I/[C unoykyuu E,,o, pasnas
CKOPOCMU USMEHEHUsL MACHUMHO20 NOMOKA Yepe3 NOBEPXHOCb, 02PAHUYEHHYIO
KOHMYPOM, 839MOU CO 3HAKOM MUH)C'
X

Pt

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

3HaK MUHYC B popMyJie oTpaxkaeT npasuiio Jlenua.

B 1833 roay JIeHI[ ONBITHBIM IyTEM J0Ka3ajl yTBEPKICHUE, KOTOPOE
Ha3bIBACTCS MPABWIOM JIeHNa: uHOYKYUOHHBLIL MOK, 8030)HCOAEMDBLIL 6
3AMKHYMOM KOHMYPe NPU USMEHEHUU MAZHUMHO20 NOMOKA, 6Ce20a HANPA6/1eH
mak, umo co3oagaemoe um MAZHUMHoe noJjie NPEenAmCcmeyen UsmMeHeHuIo
MAZHUMHO20 NOMOKA, 8bI3b16aI0WL€20 UHOYKUUOHHbLIL MOK.

IIpu Bo3pacTaHuM MarHuTHOro nmoroka ®>0, a &,,; <0, T.e. 3. 1. C.
WHIYKIUHU BbI3bIBAET TOK TAKOT'O HAIIPABJIEHUS, IPU KOTOPOM €r0 MAarHUTHOE MOJIe
YMEHBIIAET MArHUTHBIN MOTOK YEPE3 KOHTYP.

IIpu ymeHb1IeHHM MAarHUTHOTO MOTOKA D<0, a g4y, > 0, T.€. MATHUTHOE TIOJIE
MHIYKIIMOHHOTO TOKA YBEJIMUYMBAET YOBIBAIOIINN MAarHUTHBIM OTOK Yepe3 KOHTYP.

IpaBuio Jlenna nmeet riryookuil pu3nUecKrid CMBICI — OHO blpadicaem
3aKOH COXpaHeHUs 3Hep2ul: €CIIM MATHUTHOE T0JI€ Yepe3 KOHTYP YBEINYUBACTCA,
TO TOK B KOHTYpE HalpaBJIeH TaK, YTO €r0 MarHUTHOE I0JI€ HAIIPABJIEHO MPOTHUB
BHEILIHET0, & €CJIM BHEIIHEE MATHUTHOE T10JIE YePE3 KOHTYP YMEHBILAETCS, TO TOK
HaIpaBJIeH TaK, 4YTO €ro MarHUTHOE I0JIE MOAIEPAKUBAET ITO YObIBAIOIIEE
MarHuTHOE I0JI€.

Xoa padoThl.

[ToaroroBbTe A1 OTYETA TAOJIMILY U 110 MEpE MTPOBEIACHHUS OIBITOB 3aMOJHUTE €€.

Hanpasienus
OTKJIOHECHH S
Ioka3zan | crpeiakn Hanpasienue
No JeucTBui C us MIJLJIMAMIIEpP-| HMHAYKIIMOHHOI'O TOKA

n/n MArHUTOM M MUJLIIM- 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 onpita 1

brICTpO BHITAIIUTH

MaravuT U3 KaTyIIKnu

BricTpo npubin3uth
KaTYIIKY K
CEBEPHOMY IIOJIFOCY

MargurTa

OcTaBuTh KaTylmKy
HETIOIBMYKHOU MOCJIE

onmwita 4

beIcTpo BBITAUTH
KaTYIIKYy OT
CEBEPHOIO IOJII0Ca

Mar"gurTa

MenjieHHO BCTaBUTH

—>
B KaTYyILIKy MarHuT — >
CEBEPHBIM IOJIFOCOM
MennenHo
%
BBITAIlIMTh MAIrHUT [ |
U3 KaTyIIKN
beicTpo BCcTaBUTH B
—>
KaTYIIIKy 2 MarHuTa ——

CEBEPHBIMU




IIOJK0CaMu

10 |bricTpO BCTaBUTH

MAarduT B KaTyIIKy | [ i ,L%J

IOJKHBIM ITOJIIOCOM

11 |BeIcTpO BHITALITUTH

MArouT U3 KaTyYUIKu S r— )
y - [ ;sz ; ]

mocJie onbiTa 10

12 |BbeIcTpO BCTaBUTH B

)
—_—_ 2
KaTyIIKy 2 MarHura — Y

FO)KHBIMHU OJFOCAMU
3anucarh 0OIIMI BBIBOJ 1O pabOTE HAa OCHOBE MPOBEIEHHBIX HAOIIOICHUM.

Conep:xkanue or4yera, GpopmMa U NpaBUJIA 0(POPMIICHUS OTYETA O

BBINIOJIHEHHOM padoTe: TabiHIIA.

3aganuss M Bonmpochl s (GOPMHUPOBAHMS M  KOHTPOJIS  BJIajeHHUS
KOMIIEeTEeHIUSIMHU.

KOHTpOJILHbIe BOIIPOCHI

1. B 4ewm 3akiroyaercs sIBJICHUE AJIEKTPOMArHUTHON UHYKIIMH?
2. Kaxko#t Tok Ha3bIBAIOT UHIAYKITMOHHBIM?

3. ChopmynupyiiTe 3aK0H dIEKTPOMAarHUTHON HHIYKIMU. Kakoit popmymoii

OH OIIUCHIBAETCS?
4. Kak popmynupyercs npasuiio Jlenua?

5. KakoBa cBs13b mpaBuiia JIeHa ¢ 3aKOHOM COXpaHEHUs! SHEPTUun?

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.

IlepeyeHb UCOJIB3YEMOr0 000PYI0BAHMSA: IIITATUB C MTEPEKIAANHON U MYy TOH,
HUTH C METIISIMU Ha KOHIIAX, TPY3 C KPIOUKOM, JIMHEHKA, JIEKTPOHHBIA CEKYyHIOMEP

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 KoJjebaTbcsa. CHavyasla MasiTHUK JABUXKETCS C
HapacTarolel CKOPOCTHIO BHU3. B M0JI0K€HNN paBHOBECUS CKOPOCTb LIapUKa 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
oeticmeuem 6HympeHHUX CUJl, NOCle MO20, KaK cucmema Oblia 6blee0eHa U3
NOJIOJHCEHUSL YCMOUYUBO20 PABHOBECUSL.

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

AMILUTUTYIA KOJIeOaHUil - 5TO HauOOJIbIIee CMEILIEHUE KOJEOIIOIIErocs Tejia OT
nosioxkeHus pasHoBecusi. O6o3nauvaercs A. Enunnia usmepenus - metp [ 1m].
Ilepuoa kosedanmii - 3TO BpeMsl, 32 KOTOPOE TEJIO COBEPIIAET OJTHO MOITHOE
koniebanue. O6o3navaetcs T. Enqunuiia uamepenus - cekynaa [1c].

YacToTa KoyedaHui - DTO YUCIIO KOJIeOaHM, COBEPIIAEMBIX 33 STUHUILY
BpemeHu. O6o3nauaercs v. Enunuia uzmepenus - repi [ 11].

Teno, noABEIEHHOE HA HEBECOMOW HEPACTSKUMOW HUTH Ha3bIBAIOT
MaTeMaTHYeCKUM MAsITHUKOM.

Hepno;l Koje0aHnii MaTeEMaTUYECKOr0 MasTHUKA OIIPCACIIACTCA

T=2n Jz
dhopmyIon: £ (1), rne | — nmna mozBeca, a § — yCKOpPEHHE CBOOOIHOTO
najicHUsI.



Xoa padoThl.

1. I[ToaroToBbTE TAOIUILY ISl 3aLIMCH PE3YJIBTATOB UBMEPEHUN U BBIYUCICHUN:

2. 3aKkpenuTe NepekyauHy B My(pTe y BEpXHEro Kpast crepkHs mrarusa. 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 JOKHO ObITh 25-30 cM.

3. [loAroToBETE 3JEKTPOHHBIN CEKYHIOMEDP K padOTe B pyUHOM PEXKHUME.

4. OTKII0HUTE TPYy3 Ha 5-6 CM OT MOJIOKEHNUSI PABHOBECHUS U 3aMEPbhTE BpEMs, 3a
KOTOpoe Tpy3 coBepiiuT 30 MONHBIX KOJIeOaHU (TIpH OTKIIOHEHUH I'py3a CIEIUTE,
4TOOBI YT0J1 OTKJIIOHEHUSI HE ObLT BEJIUK).

5. [loBropute n3mepenue 3-4 paza u ONpeIeIuTe CpeIHEE BpeMs
tcplz(t1+t2+t3+t4)/4

6. Berauciure meproa kosebanus rpy3a ¢ JmHOM nmoaseca 25-30 cm 1Mo

_
e L
dbopmyiie e

7. YBenu4ubTe JJIMHY IIOJIBCCAa B UCTHIPC pasa.

8. HOBTOpI/ITe CCPUIO OIIBITOB C MAsTHUKOM HOBOM JJIWHBI 1 BBIYHUCIIUTE €TI0

T, =22
nepuoJ1 Konedanuii mo popmyiie v
Vl =
. ¢
9. Beruucnure yacToThl KoeOaHuii yisi 00euX MasiTHUKOB 10 (popmyiam L
N
Vy,=—
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10. CpaBauTe nmepruoapl KOJICOAHUH TBYX MasITHUKOB, JUTMHBI KOTOPBIX OTJIUYAIIACH
B YETHIPE Pa3a, v ClIeJaiTe BHIBOJI OTHOCUTEIHHO CIpaBeauBOCTH Ghopmyisl (1).
VYkaxuTe BO3MOKHBIC IPUUUHBI PACXOXKICHUS PE3YJIHTaTOB.

11. OTBeThTE HA KOHTPOJIbHBIE BOIIPOCHI.

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

OIIbITA



30
30
30
30
30
30
30
30

o
|
Bl W DN W NP

3aganuss M Bonmpochl s (GOPMUPOBAHMS M  KOHTPOJIS  BJIaJeHHUS
KOMIIEeTEeHIUSIMHU.
KonTpoabHbIe BONPOCHI

1. Yto Ha3BIBAIOT MEPUOOM KOJICOaHUN MasSTHUKA?

2. YUTo Ha3BIBAIOT 4aCTOTON KoJicOaHu MasTHUKA? KakoBa e quHHUIIA 4aCTOTHI
KoieOaHuii?

3. OT KaKuX BEIMYMH U KaK 3aBUCHUT MEPHO KOJIeOaHUH MaTEMaTHICCKOTO
MasTHUKA?

4. OT KaKuX BEJMYUH U KaK 3aBUCUT NIEPHO/I KOJIEOAHUM MPYKUHHOTO MasiTHUKA?

5. Kakne xosie0anusg Ha3bIBaOT COOCTBEHHBIMU?

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

]_Ie.]'lb paﬁ()TLI: HU3YUYUTb 3aBUCHUMOCTb CMKOCTHOI'O U HHAYKTHBHOI'O
COHpOTI/IBJIeHI/Iﬁ OT 4aCTOTBI IICPEMCHHOT'O TOKA U IMapaMCTPOB 3JICMCHTOB.

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

Teopurnueckasi 4acTb

B nenu nepeMeHHOro Toka KpoMe pe3uCTOPOB MOTYT UCITOJIB30BATHCS KaTYILIKH
WHIYKTUBHOCTHU U KOHJIEHCATOpPHI. JlJI1 MOCTOSIHHOTO TOKA KaTyIlIKa
WHIYKTUBHOCTH UMEET TOJbKO aKTUBHOE COMPOTUBIIEHUE, KOTOPOE OOBIYHO
HEBEJIMKO (€CJIM KaTyIIKa HE COJAEPKUT OOJIBIIIOE KOJTMYECTBO BUTKOB).
KonaeHcaTop e B 1Ienu NOCTOSIHHOT'O TOKa MpeACcTaBiseT "pa3pbiB” (0OUeHb
00JBII0E AKTUBHOE COITPOTUBIICHUE). J[JI1 IEPEMEHHOT0O TOKA 3TH 3JIEMEHTHI
001a1al0T CHeU(PUIECKIM PEAKTUBHBIM COMPOTUBICHUEM, KOTOPOE 3aBUCUT KaK



OT HOMUHAJIOB JE€TaJIel, TaK U OT YaCTOThI IEPEMEHHOTO TOKA, MPOTEKAIOIIETO
yepes KaTyIlIKy U KOHJIEHCATOP.

1.1. KaTtyuika B enu nepeMeHHOro TOKa.

PaccmoTpum, 4TO IPOUCXOUT B EIH, COACPIKAILICH PE3UCTOP U KATYIIKY
WHIYKTUBHOCTHU. KoslebaHus CHiIbl TOKA, MPOTEKAOIIETO Yepe3 KaTyIIKY:

1= 1, -cos(wt)

BBI3BIBAIOT MMa/ICHUE HANIPSKEHUS Ha KOHIIAX KAaTYIIKH B COOTBETCTBUU C 3aKOHOM
CaMOMHAYKIHU U IpaBuioM JleHma:

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

T.€. KOJIeOaHUs HANIPSDKEHUS OTIEPEXKAIOT Mo (a3e KouedaHus CUIIbI TOKa Ha p /2.
[IpousBenenue W LIy, siBnsieTcs aMImuTy 104 KoiaeOaHsl HAPSYKEHUS :

U =wlil,

[IpousBeneHnE NUKINYECKON YaCTOThl HA MHAYKTHBHOCTb HAa3bIBAIOT
UHOYKMUBHBIM CONPOMUEIeHUeM KaTyIIKH:

X;=wl (1)

MOATOMY CBSI3b MEX/y aMIUTUTYJaMU HAIIPSIKEHUS U TOKA Ha KaTYIIIKE COBMAIaeT
o ¢opMme ¢ 3akoHOM OMa TSl yJacTKa ey MOCTOSTHHOTO TOKa:
UL =X1In(2)
Kax BumHO 13 BeipakeHus (1), MHIYKTUBHOE CONPOTUBIICHUE HE SIBIISICTCS
MOCTOSTHHOW BETMYMHOM ISl TAaHHOM KATYIIKH, a IPOMOPIHUOHATBHO YaCTOTE
MEePEeMEHHOr0 TOKa uepe3 KaTymky. [loaromy ammntyaa konedanuid cuibl Toka Iy,
B ITPOBOJIHUKE C MHIYKTUBHOCTHIO L Tipu mocTosiHHOM ammuintyae UL HanpsokeHus
yObIBaeT 00paTHO MPOMOPIUOHATIBLHO YACTOTE MIEPEMEHHOTO TOKA:

o
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1.2. Konnencarop B 1ieru NEPEeMEHHOTO TOKA.
[Tpu u3MeHeHnr HanPsHKEHUS Ha OOKJIaKaX KOHIEHCATOpa M0 TapMOHUYECKOMY

sakoHy: ¥C = 0, cos(wt)

3apsij (] Ha ero 0OKJIaaKaxX U3MEHSIETCS TAKXKE M0 TAPMOHUYECKOMY 3aKOHY:
g = Crip = CU, cos(wt)

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

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

BunHo, 4To kKone0aHus HaNpspDKEHUS Ha KOHJEHCATOpE OTCTAIOT 1o (pasze ot
KoJiebaHuit cuiibl Toka Ha p /2. [IpousBenennie w CUp, sBisieTCs aMIUIUTY10M
KOJIeOAHWM CHJIBI TOKA:

I, =wClU,,

AHaOTUYHO TOMY, KaK OBLIO CIIEJIaHO C MHAYKTUBHOCTBIO, BBEJIEM MOHSATHE
eMKOCMHO20 CONpOmueG/ieHusi KOHIACH caTopa:



1

Xp=——
o (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. CoGepurte 1iemnb MOKa3aHHYIO Ha pUcyHKe 1.

2. YcTaHOBUTE CIIENYIOIME 3HAYCHUS TapaMETPOB:

['enepatop — Hanpsoxenue (3¢pdexruroe) 100 B, gwacrota 100 I';

Konnencatop — pabouee nanpsbkenne 400 B, emxocts 10 MkD;

Pesucrop — pabouast momuocTs 500 BT, conpotusienne 100 Owm.

3. 3mensst eMkocTh KoHACHCaTopa oT 5 10 50 Mx®d (dyepe3 5 Mxd), 3anummre
MOKa3aHus BOJBTMETPOB (HANPSKEHUE HAa KOHJIEHCATOPE U Ha PE3UCTOPE).

4. PaccuuTaiite 3¢ (peKTUBHOE 3HaYEHHE TOKOB, TEKYIIHMX B LIENH, B 3aBUCUMOCTH
OT 3HaYEHUS] EMKOCTU KOHAEHCAaTOpa (I 3TOr0 Ha/l0 HANpSKEHUE Ha PE3UCTOPE
pa3JeNIuTh Ha €T0 CONPOTUBIICHUE).

5. Omnpenenute 3HaUE€HUSI EMKOCTHBIX COMPOTHUBIICHUN KOHIEHCATOpa st
COOTBETCTBYIOIINX 3HAYEHUN €r0 EMKOCTH U CPABHUTE UX C PACCUYUTAHHBIMH I10
dbopmyne (3).

6. YcranoBute eMkocTh KoHaeHcaTopa 10 Mx®. M3MeHsIst 9acToTy TeHeparopa oT
20 o 100 I'm uepes 10 ['u, moBTOpUTE H3MEPEHUS U PACUETHI EMKOCTHOTO
COMNPOTHUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA.

Cobepurte 1ielb MOKA3aHHYIO HA PUCYHKE 2.

Puc.1. Puc.2.

8. YcraHoBuTe Ciieqyromue 3HaYSHMsI TapaMeTpPOB:

['enepatop — Hanpsbkenue (3pdextuBnoe) 100 B, wacrora 100 I';

Karymika - uanykrusHocTh 50 MI'H;

Pesucrop — pabouas momuocts 500 BT, conporusnenne 100 Om.

9. U3mensia nHaykTuBHOCTD Katymku oT 50 1o 500 mI'H (uepe3 50 mI'n),
3aMUIIUTE MTOKA3aHUs BOJIETMETPOB (HAMpsHKEHUE HA KaTyIIIKEe U Ha PE3UCTOPe).

10. Paccuuraiite 3QpeKkTHBHOE 3HAUCHNE TOKOB, TEKYIIIUX B IICTIH, B
3aBHCHUMOCTH OT 3HAYE€HHsI UHAYKTUBHOCTH KaTyIIKH (IJ1 3TOTO HAJ0
HaAIpPsDKEHUE Ha PE3UCTOPE Pa3IeUTh Ha €ro CONPOTUBIICHHE).



11. Omnpeaenure UHIYKTUBHBIE CONPOTUBIICHUS KATYIIKHU JJIs
COOTBETCTBYIOIINX 3HAYEHUI €€ MHAYKTUBHOCTH U CPABHUTE UX C
paccuuTaHHbIMHU 110 popmyie (1).

12.  VYcranoBute uHAyKTHUBHOCTD KaTymiku 100 mI'H. M3Mensisa gacToTy
reneparopa ot 20 g0 100 I'y uepes 10 ', HOBTOpUTE U3MEPEHUS U PACUETHI
WHJIYKTUBHOTO COIIPOTHUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA..

13. IloctpoiiTe rpaduku 3aBUCUMOCTEN UHIYKTUBHOTO U EMKOCTHOT'O
CONPOTUBIIEHUH OT YAaCTOTHI IEPEMEHHOTO TOKA.

3aganus u Bompochl Aas  (GOpPMHUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIeTEHIUSIMU.
KoHTpoJibHBbIE BOIPOCHI

1. IToueMy €eMKOCTHOE COITPOTHUBIEHHE YMEHBIIAETCS C YBEIIMYEHUEM YaCTOThI
MIEPEMEHHOTO TOK a, MHAYKTUBHOE CONTPOTUBJIEHNE — YBEIUYUBACTCS ?

2. KakoBbl pa3Huiisl pa3 Mexay TOKOM U HAMPSHKEHUEM ISl KaTYIIKU U
KOHJeHcaTtopa?

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

4. Kak 3anuceiBaeTcs aHayior 3akoHa OMa Juist MakcUMalbHbIX (3¢ (HEKTUBHBIX)
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 COOMPArOUIEH JIMH3bI, FTEOMETPUUYECKUMHU MMOCTPOCHUSIMH ONPEAEIATh
ONTUYECKYIO CUITY JIMH3bI, TOJIb30BATHCS (DOPMYJIIO JIMH3BI.

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

Teopurnyeckasi 4acThb

OTHoOIIIEHHE CKOPOCTH CBETa B BaKyyMe€ C K CKOPOCTH CBE€Ta V B JaHHOMU
Cpelle Ha3bIBaeTCs a0COMIOTHBIM MTOKA3aTeNIeM MTPEIOMIICHUS ITOU CPEIbI:

C
L
3)16058 | T 9TO OTHOCHUTCIILHBIC JUIJICKTPHUUCCKAA J51 Mar"HuTHas

MPOHUIIAEMOCTHU cpenbl, L ~ 1 ana nedpeppomaruutheix cpea. g ao0oit cpespl,



KpoMe BakyyMa, € >1 u n>1. BenuuuHa €, a ciie10BaTE€IbHO U N 3aBUCUT OT YaCTOTHI
CBETa W COCTOSHMS cpeqbl (ee TUIOTHOCTH M Temmeparypsl). s ra3oB mpu
HOPMAaJIbHBIX YCJIOBUSIX 1T OJIM3KO K €IMHUIIBI. B aHU30TPOIHBIX cpe/lax n 3aBUCUT OT
HaNpaBJICHHS PACIIPOCTPAHEHUS CBETA U €TO MOJISAPU3ALINH.

OTHOCUTENBHBIM NTOKa3aTEIEM MPEJIOMIIEHHUS N21 BTOPOM CPeIbl OTHOCUTEIHHO
IIEPBOU HA3BIBACTCS OTHOIIEHUE CKOPOCTEN CBETA V1 K V2 COOTBETCTBEHHO, B IIEPBOMU
Y BTOPOM Cpenax:

rje Ny 1 Ny - abCONIOTHBIE MTOKA3aTeNN MPEJIOMIICHUS CBETA MEPBOM U BTOPOIL cpe.

Ecnu n1>1 , To BTOpas cpena Ha3bIBaeTCs ONTUYECKH O0JIee-TUIOTHOM, YeM
repBas cpena.

[Ipu mafeHny CBETOBBIX JIyYEH HA UIICAIBHO IUIOCKYIO TPAHUILy pas3ieia ABYX
Cpel, pa3sMepbl KOTOPOM 3HAYUTEIBLHO NPEBBIMIAIOT JJIUHY BOJIHBI, MPOUCXOISAT
ABJICHHS] OTPAXKECHUA U MpeoMIIeHUs cBeTa. HampaBieHnue pacnpocTpaHeHus CBETa
MU3MEHSAETCS NPHU IMEPEXOJe €ro BO BTOPYKO CpEAy, 3a HUCKIIOYEHUEM CIlydast
NEPIEHANKYJIIPHOTO TaJCHUS JIydedl Ha TpaHUIly pas3jiena. YTJIOM MajaeHus |
HAa3bIBACTCA YroJl MEXIy MaJarluM JIydOM M MEPHECHIUKYIAPOM K TIpaHULE
paszena, BOCCTAaHOBJIEHHBIM B TOUKe majieHus (puc.l).

N
¢ i
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al _ 2
puc.1

YoM oTpaxkeHUs |' Ha3bIBACTCS YroJI MEXIy OTPaKEHHBIM JIy4OM H TEM K€
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) Yrous oTpakeHHs paBeH yriy maaeHus i=i' (puc la).

3aKOHBI OTpaKEHUS CITPaBEIJIUBBI PU 0OPATHOM HAIIPaBJIEHUM X0]1a CBETOBBIX
ayyen. Jlyd, pacnpOCTpaHSAIOIMUKCS 10 MIyTH OTPAXKEHHOT0, OTPAKAETCS MO IyTH
najiarmiero gyya (00paTuMoOCTh X0J1a CBETOBBIX JTyueid) (puc 1 0).

OTtpakeHue CBeTa, yA0BIECTBOPSIONIEE ITUM 3aKOHAM, Ha3bIBACTCS
3epKaJibHbIM. Eciii yciioBHe 3epKaibHOCTU OTPAXKEHUS HE BBITIOJIHIETCS, TO 3aKOHBI
OTpaXEHUsl HECHPABEMJIMBBI M OTPAKEHHUE CBeTa Ha3bIBaeTCs TuDPy3HbIM.

3aKOHBI IPEJIOMJICHHSI CBETA:



a) Ty4u MaJarofii, MPETOMIICHHBIN U IEPIICHIUKYIIAP K TPAHHIIE pa3/iena ABYX
Cpell, BOCCTAaHOBIICHHBIN B TOUKE MAJACHUS JTy4a, JIeKAT B OJTHOH MIIOCKOCTH.

0) OTHolllEHWE CHUHYCOB YIJIOB MaJCHUSA WU MPEJIOMJICHUS €CTh BEJIWYMHA
MOCTOSIHHAS, paBHAs OTHOCHUTEIHLHOMY ITOKA3aTENI0 MPEIOMJICHUS JaHHBIX IBYX
cpen.

sini_n,

sinr n

n,,.
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[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. I3MepuTh B ME€Tpax paccTosiHUE 0 OT HICTOYHHMKA CBETA JIO JIMH3BI U PACCTOSTHHE
f ot MH3BI 70 PKpaHa.

3. [TocTpoeHreM 3HANTH MOJIOKEHNE TJIABHBIX (POKYCOB JIMH3BI M OIIPEICITUTE
(bOKyCHOE pacCTOSTHUE JIMH3BI U €€ ONITUYECKYIO CUITY.

4. Onpenenute GpokycHoe pacctosinue F u ontuueckyro cuny D nun3bI MO
bopmyie

[Ipu onpenesieH ONTUYECKON CUITBI JIMH3BI (POKYyCHOE (M BCE IpYyTHe)
pacCTOSIHUS ClIeyeT OpaTh B METPaX, JIMIIb TOTa ONTHYECKYIO CHITY MOXKO
OMPENICNIUTh B TUONTPHUSIX.

5. [MomyuuTs Ha 2KpaHe yBeTUYEeHHOE N300paKeHNE UCTOYHUKA CBETA U
BBITIOJIHUTD BCE JICHCTBUSI, KOTOPHIE OMMCAHBI B MMyHKTax 1 — 4 .

6. YcTaHOBUTS, TJIe HEOOXOAMMO PO3MECTUTh UCTOUYHUK CBETA, YTOOBI HA HKPAHE
OBLJIO €0ro U300pakeHUe TaKOTo ke pazMepa, Kak U UICTOUHUK. [IpoBeputh cBOM
BBIBO/JI Ha OIIBITE.

3aganus u  Bompochl Aas  (GoOpMUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIETCHMSIMH.

3ajjaHns K peleHunIo:
KoHTpoJsbHBIE BONIPOCHI



1. Ot yero 3aBUCAT XapaKTEPUCTUKU U300PAKEHUI, TOTyYaeMBbIX C TOMOIIBIO
coOuparoiei JUH3bI?

2. Kakue qyun yao0HO UCIIONIB30BATh AJIs TOCTPOCHUS N300paeHHUs,
MOJIy4a€MOT0 C MOMOILBIO JIMH3bI?

3. MOHO T TOTYYUTh ACHCTBUTEIHHOE N300paKEHHE C IIOMOIIBIO cCoOMparomen
JIMH3BI? pacceuBarONICH JTUH3bI?

4. MOHO J¥ OJIyYUTh MHUMOE U300pakKeHUE ¢ TTIOMOIIBI0 COOUpAIOIICHt
JIMH3BI? PACCEUBAIOIICH JIMH3bI?

5. C moMonibIo 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 kakoMm paccTosiHUM OT JIMH3BI JOJIKEH ObITh MIPEAMET, YTOOBI pa3Mephbl
caMoro MmpeaMeTa U ero n300pakeHue ObLUTH OJUHAKOBBIMU?

7. MOHO JI1 110 XapaKTepUCTUKaM U300paKE€HHUs, MOTYYEHHOTO C TOMOUIBIO
JMH3BI, OMpPENeInTh, Kakas 3TO JMH3a — COOHMparomias WM pacceuBaromas?

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

Hean padotsl. 3yueHue saBiaeHus audpakiiud CBETOBBIX BOJIH Ha
y3KOM IJIOCKOMApasieIbHON 1IeTu U Ha AUPPAKIIMOHHON pELIETKE;
AKCIIEPUMEHTAIBHAS MTPOBEPKA BBIITOJIHUMOCTH YCIOBUN IS
MaKCHMYMOB U MUHUMYMOB TU(PpaKINU; OTIPEACICHNE ONBITHBIM ITyTEeM
JUTUHBI BOJTHBI U3JTyYEHUs U iepruoaa AU(PaKIIMOHHON PEIIETKHU.

IlepeyeHb UCMOIBL3YEMOr0 000PYI0BaAHHUS: TEJINN—HEOHOBBIN J1a3ep,
ONTHUYECKUM CTOIHK, IepKaTelb, TU(MPaKIIMOHHAS PEIIETKA, IKPaH.

Teopurnyeckast 4acTb

JI1st 0ObsicHEHUS ABJICHUS TU(PPAKITUA MOXKHO BOCTIOJI30BAThCS
npuHIUIoM [ toiirenca — Openensa. CornacHO 3TOMY IPUHIIUITY,
BOJIHOBOW (DPOHT MpEACTaBIAETCS B BUJE COBOKYITHOCTH OOJIBIIIOTO
YHYCJIa BTOPUYHBIX KOTEPEHTHBIX UCTOYHUKOB, U3JTy4atOIUX BTOPUYHBIE
BOJIHBI B CTOPOHY PACIIPOCTPAHEHUsI BOJIHBI. B 3TOM ciyyae
oOpazoBanue AM(PPaKIUOHHOW KAPTHUHBI ABJISETCS PE3yIbTATOM
uHTep(PEpEeHIIUN U3TyICHUN OT BTOPUYHBIX HCTOYHUKOB, a
WHTEHCUBHOCTH B KaXJI0M TOUKE SKpaHa 3aBUCHUT OT pasHocTen (a3
MEXy BOJIHAMU, PUXOJAILIMMH B 3Ty TOUYKY OT BTOPUYHBIX
VCTOYHHUKOB.



Ha puc. 1 noka3zaHo xapakTepHOE pacipeaeIeHue HHTEHCUBHOCTH B
nudpaKIIMOHHOM KapTUHE OT Y3KOU IIEIU MpH MaJeHUU Ha HEe TIIIOCKOMN
CBETOBOI BOJIHBI B CJIy4dae, KOTAa pacCTOSTHUE OT IEU /10 dKpaHa L
3HAYUTEIBHO MPEBBINIACT MUPUHY 11esH b (mudpakuus Opaynrodepa).
Pesynbratr nuntepdepeHIiuu BOIH OT BTOPUYHBIX HCTOYHUKOB B
HEKOTOpOH Touke kpaHa O (puc. 2) 3aBUCHUT OT Pa3HOCTH (a3 MEKITY
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 JTydyamu. Hanpumep, st BTOPUYHBIX KICTOUHUKOB,
pacIoNioKEHHBIX B TOUKax A U B, ykazaHHasi pa3HOCTh X0/a paBHA

BC= ABsing =bsin

Crtporuii aHanu3 sIBICHUS] HHTEPPEPEHIINN U3ITYUEHUS OT BTOPUIHBIX
HMCTOYHUKOB MIPUBOJIUT K CIICIYIOIIEMY pacipeaeICHUI0 HHTEHCUBHOCTH
B TU(PAKIIMOHHON KapTHUHE OT Y3KOU IIEIH:

L | LHeHTpaIbHEI
_— MaKCHMYM

\ MHHHMYMBI

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

Xoa padoThl.

[ToaroToBka yCTaHOBKH K pabOTE (BBIMOJIHAET J1a00pAHT).

1. Bxirouuts nasep.

2. YCTaHOBUTH JieprKaTelb ¢ GoToAaTIYMKOM Ha jenenue 0" mo mikane
ONTUYECKON CKAMBH.

3. He BKItOUast MUKpOaMIepMeTp, PEryJIMPOBOYHBIM BUHTOM 5
COBMECTHUTH MPOpe3b (OTOAATUMKA C HYJIEBOM OTMETKOM Ha IIKaje
JKpaHa.

4. TTonp3ysch peryIMpOBOYHBIMU BUHTAMU Ha KOPITyCE Jia3epa,
COBMECTHUTB CBETSAIIECECS MSATHO C IIEHTPOM Mpope3u poTogaTIHKA.

5. PerynmupoBOYHBIM BUHTOM OTBECTH Mpope3b hoToaaTIMKa Ha 3 CM 110
TIKaje PKpaHa BIPaBO.

W3mepeHue 3aBUCUMOCTH TTOJIOKEHUS Xnmun TUDPAKITHOHHBIX
MUHUMYMOB OT PacCTOSHUS L MEXIy MIETbI0 U KPaHOM.

1. YcTanoBuTh aepkaTtensb TUPpaKMOHHON Ieu Ha nenenue "60 cm"
O IIKaJie ONTUYECKON CKaMbH (Mpope3b (POTOJATUNKA OCTACTCS
CMEIIIEHHOW Ha 3 CM BIPABO OT HYJIA Ha IIIKaJie SKpaHa).

2. [1pu momMo1y BUHTOB Pa3/IBUHYTh 32)KUMBI U 3aKPEIUTh
TudpaKIIMOHHYIO IeJNb B iepKaTesie TAKUM 00pa3oM, YTOObI TIATHO
Ja3epHOTO JTy4ya OCBEIAJIO CepeIMHY IIeNH, a AUPpaKIIMOHHAS KapTUHA
Ha HKpaHe OblIa HanboJIee OTUETIINBA.

3. OTperyaupoBath MUPHUHY IIEJIH b, Bpaliasi BUHT Ha KOPITyCe IIEJIH,
TaKUM 00pa3oM, 4TOObl MUHUMYM TPEThEro nopsiaka (n = 3) coBmaaai ¢
neneHreM "2 cMm" Ha mIKaje SKpaHa. 3anucath 3HadeHus Li1= 0,6 M, x1=2
cM 1 b B Tabimy 1.

4. He n3mMeHs sl IUPUHEI IIEJIH, U3MEPHUTH MOJI0KCHUS TUPPAKITHOHHOTO
MUHUMYyMa X5+ Xg TPeThero nopsaka (N = 3) 1ys 4eThipex



npyrux nonoxxkenuit aepxkares menad (L = 0,5 m; 0,4 m; 0,3 M; 0,2 m).
JlanHble 3anucaTh B Tabauiy 1.

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

L.m 0.6 0,

Km =
MM

L

0.4 0.3 0.2

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

3aiaHud K pelieHuIo:
KonTpoabHbIE BONPOCHI

1. B uem 3akmitouaercs sineHue qudpaxuuu? Kakum odpa3zom Ha
OCHOBaHMM NpuHLMNA [ tolirenca — ®peHenst MOKHO OObSICHUTD
oOpazoBanue UGPaAKIIMOHHON KapTUHBI IIPU MPOXOKIECHUU CBETOBOU
BOJIHBI YEPE3 Y3KYIO LIENb?

2. PaccunTaiite BeTMYMHY yIJia ¢ JAJIsI MUHUMYyMa MepBOTO MOPsIKa MpU
mudpakiuu cBeTa ¢ JIuHOM BoHbI A = 0,63 MKM Ha
TuIocKomnapamienbHo menu mupuHon d = 0,05 mm.

3. Paccuuraiite BenmuuuHy yria ¢ s TIaBHOTO MAaKCHUMyMa BTOPOTO
Nopsi/iKa B ciydae NTUPpaKIMOHHON pelieTku ¢ nepuoaom d = 8§ Mkwm,
ecau qirHa BOJTHBI A = 0,63 MKM.

4. Kak Oy1yT U3MEHSTHCS MOJIOKEHUSI MAKCUMYMOB Ha TU(PPaKIIMOHHON
KapTHUHE OT y3KOM IIEJIH, €CJIH MEePEIBUTaTh 1IEb OMKE K SKpaHy, HE
W3MEHSIS TTOJIOKEHUM SKpaHa U UCTOYHUKA?

5. OOBsICHUTE METO IKCTIEPUMEHTAIIBHOTO OINPEICIICHUS JJTMHBI BOJTHBI
U3JIyYeHHS U TIeprojia Tu(DpakiiMOHHON PEIIeTKH.
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HNHTepHET HCTOYHUKH:

www.alleng.ru/edu/phys.htm - o6pa3oBatenbHbBIE pecypchl HHTEpHETa —

du3suka.

www.nuclphys.sinp.msu.ru - simeprast hpu3uka B MHTEpHETE

www.school-collection.edu.ru - eaunas KoyuteKus UGPOBBIX 00pa30BaTEIBHBIX PECYPCOB.
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