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MeTtonunueckue ykazaHus Jisl JJaDOpaTOPHbBIX padoOT MO AUCHUILIUHE «DU3HUKa
cocTaBiieHbl B cooTBeTcTBUM ¢ TpeboBanussmu OI'OC CIIO, npegHazHayueHbl s
CTYJIEHTOB, oOy4arommuxcs no cnenuaibHoctu CIIO:

09.02.07 udopMaimoHHbIE CUCTEMBI M TPOrPaMMUPOBAHHUE



MeToauveckue yKa3aHus 1JIs1 JJa00OPaTOPHBIX padoT
Metoauyeckne peKOMEHJAllMU TMPU3BAaHbl OKa3bIBaTh MOMOIIb CTYJEHTaM B
VW3yYCHUHU OCHOBHBIX IIOHATHH, WJEW, TEOPUM W TMOJOKEHUN IJUCHHUIUINHBI,
M3Y9aeMbIX B X0JI¢ KOHKPETHOTO 3aHSTHS, CIIOCOOCTBOBATh Pa3BUTHIO UX YMCHHUA,
HABBIKOB U IPO(ECCHOHATTLHBIX KOMITCTCHITHM.
B nmanHoM y4eOHOM TMOCOOMH COTJIaCHO CHEIU(PHUKE AUCHUIUIMHBI U
MPOTIUCHIBAKOTCS:
1. MosicHUTENbHAS 3aNIMCKA

B pe3ynbTaTe ocBOEHUS yUeOHOM JUCHUILITMHBI 00YUYarOIIUNCS T0TKEH YMETh:
1) ommchiBaTh U OOBIACHATH (PU3MUCCKUE SIBIICHUS M CBOWCTBA TEJ. JBM)KCHUC
HEOECHBIX TeJ U UCKYCCTBEHHBIX CIIyTHUKOB 3€MJIM; CBOICTBA ra30B, )KMJIKOCTEH U
TBEPJIBIX TEN; AEKTPOMAarHUTHYIO HHIYKIUIO, PACIIPOCTPAHEHUE 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 NMPUPOJIbI U HAYUYHbIE (PAKThl, MPECKA3bIBATh €IlIE
HEU3BECTHBIC SIBJICHHUS;
5) NpUBOIUTH MPHUMEPHI MPAKTHYECKOTO HCIONB30BaHUS (PU3MYCCKUX 3HAHHM:
3aKOHOB MEXAHUKHM, TEPMOJMHAMUKM W DJJIEKTPOAUHAMUKH B DHEPIETHUKE;
pa3IUYHBIX BHIOB JJIEKTPOMATHUTHBIX H3JIYyYEHUH JUIsl Pa3BUTUA paguo MU
TEJICKOMMYHUKAIINA, KBAaHTOBOM (PU3UKM B CO3MAHUM SJICPHOM DHEPIreTHKH,
J1a3€pOB;
6) MPUMEHSITh TIOJTYYCHHBIC 3HAHUS [T PeIIeHHs (PU3NICCKHX 3a/1a4;
7) u3MepATh psan (PU3MUYECKUX BEIMYUH, NPEICTABISS PE3yJIbTaThl U3MEPECHUH C
YYETOM MX MOTPENTHOCTEMN;
8) wucnonp3oBaTh TPUOOPETCHHBIC 3HAHWS W YMEHUS B IMPAKTHYCCKOM
NEATEIbHOCTH U NMTOBCEIHEBHOM KU3HU;
B pe3ynbrare ocBoeHMs yueOHOM AUCHUIUIMHBI 00Y4arOIIUNACS T0JKEH 3HATh:
1) cmbicn noHsATHI: (QU3MYECKOe SBICHUE, THIIOTE3a, 3aKOH, TCOPHs, BEIECTBO,
B3aMMOJICUCTBHE, ANEKTPOMATHUTHOE I0Je, BOJIHA, (DOTOH, aTOM, aTOMHOE SJPO,
MOHU3UPYIOIINE U3ITyUEHUs, IJIAHETA, 3B€3/1a, FaJakThKa, Becenennas;
2) cMbICT (PU3UYECKHMX BEIHYHMH: CKOPOCTh, YCKOPEHHE, Macca, Cuja, MMITYJIbC,
paboTta, MexaHr4ecKasi SHEprusi, BHYTPEHHSI SHEPTUs, aOCOIIOTHAs TeMIlepaTypa,
CpelHssl KWHETHYECKas DJHEPTUsl 4YacTUL[ BEHIECTBA, KOJIMYECTBO TEIUIOTHI,
DJIEMEHTAPHBIN JIEKTPUUYECKUN 3apsif;
3) cMBICHT PU3MUECKUX 3aKOHOB KJIACCUYCCKONH MEXaHUKH, BCEMHPHOTO TSATOTCHUS,
COXPAaHEHMS DHEPIMH, UMILYJIbCAa M DJIEKTPUYECKOrO 3apsna, TEPMOAMHAMMKH,
AIIEKTPOMArHUTHOU MHAYKIMHU, (OTOdD(DEKTa;
4) BKJIQJ pOCCUHCKUX ¥ 3apyOeKHBIX YUCHBIX, OKa3aBIINX HAHOOJIbIIIee BIUSHIE HA
pa3Butue GU3NKHY;



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

Ilenb padoThl: CPaBHUTH JBE BEIIMYUHB — YMEHBUICHUE MOTCHIUAIBHON SHEPTUH
IIPUKPEILICHHOTO K IIPYXKUHE TeJIa IIPU €ro MaJCHUU U YBEIIMUYECHHUE IOTEHIIMAIbHOM
DHEPI'UH PACTIHYTOU NPYKUHBI.

IlepeyeHb HUCMOIB3YeMOro 0GOPYAOBAHUSI: TUHAMOMETP, KECTKOCTh MPYKHHBI
KoToporo paBHa 40 H/M; nuHeiika u3mMepuTeabHas;, Tpy3 U3 Habopa MO MEXaHHKE;
Mmacca rpy3a passa (0,100 £0,002) kr; ¢ukcaTop; mTaTUB ¢ My()TOH 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]
KuneTrnueckasi 3Heprusi — 5To SHEPIHs Telia, 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 ¢ kuHeTnueckoi SHeprueu Wim 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.

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

Ep = mgh



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

PactanayTas (wnm cxxatast) mpyXKuHa CocOOHA TPUBECTH B JBHUKCHUE
MPUKPEIUICHHOE K HEeH TeJ0, TO €CTh COOOIIUTh 3TOMY TeTy KUHETHYECKYIO
sHepruro. Ciie1oBaTeNbHO, TaKasl Mpy>KMHA 00J1a/1aeT 3a11acoOM SHEPIUU.
[ToTeHImanbHONU SHEPTUEH MPYKUHBI (I JTF000TO YIPYyro AepOopMUPOBAHHOTO

T€Ja) Ha3bIBAlOT BEITUYHHY

i’
B, =
, T1e K — %KeCTKOCTh MPYKHUHBI, X - a0COJIOTHOE YJTMHEHHUE 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 MOTEHIHAJIBbHOM JHEPTUH TeJI, COCTABJISIOIINX
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 Ha3bIBaloT m0JIHOM MeXaHN4YeCKOI IJHepruei.

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

E = Ex + Ep = const

3aKoH COXpPaHCHHUA MEXaHMYECKOM OQHCPI'MH BBIIIOJHACTCA TOJBKO TOrJa, Koraa

TeJa B 3aMKHYTOM CHCTEME B3aUMOJICHCTBYIOT MEXy CO00M KOHCEPBATUBHBIMU
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 MAacCIITa0Ee OH MOKa3aH OTJAEIbHO — IMOMeUeH Iudpoit
2) — 9TO JIeTKas IIacTUHKA 13 nmpoOku (pasmepamu 5 X 7 X 1,5 mm),
IIpOpE3aHHasi HOYKOM JI0 €€ MeHTpa. Ee HacakuBaroT Ha IPOBOJIOYHBIN CTEPIKEHD
nuHaMomeTpa. PUKcaTop AOHKEH MepeMeniaThCs BI0JIb CTEPKHS ¢ HEOOIBIITNM
TPEHUEM, HO TPEHHUE BCE K€ JIOJKHO ObITh JOCTATOYHBIM, UTOOBI (PUKCATOP CaM O
cebe He majan BHU3. B 9TOM HY>KHO yOeauThes iepea HayainoM pabotsl. s aToro
(dbuKCcaTOp YCTaHABIMBAIOT y HMKHETO Kpas IITKAJIbl Ha OTPAaHUYUTEIIBHON CKOOE.

3areMm pPacCTATUBAIOT U OTITYCKAIOT.

Xoxa padoTbi

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

2. [TogauMuTE pyKOH TPY3, pa3rpysxas IpyKUHY, U YCTAHOBHUTE (PUKCATOP BHU3Y Y
CKOOBL.

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

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)ep C €IUHULIEH U CLICTANTE 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, E2cp,
Elcp/ EZcp
onbITA M M JIx JIx
1
2
3
4
5

3amanuss 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
HAaXOJUTCS?

4.ChopMynupynTe 3aKOH COXpaHEHUS MEXaHHUYECKON IHEPTHH.

5.KakoBbI rpaHUlIbl TPUMEHEHUS 3aKOHA COXPAHEHHSI MEXaHUYECKOW SHEPruu?

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 Bo3Iyxe Beeria MpUCYTCTBYIOT Maphl BOBI, KOTOPast HCHapsIeTCs
C MIOBEPXHOCTH MOPECH, peK, OKEaHOB U T.II.

Bo3zoyx, codeparcawuii 600sH0t nap, Hazvléaom BIAAKHBIM.

BnaxHOCTBH BO31yXa OKa3bIBaeT OTPOMHOE BIIUSTHUE HA MHOTHE ITPOIIECCHI Ha
3emiie :Ha pa3BuTHe (JIOPHI U BayHbI, HA ypOXKal CeIbX03. KYJIbTYp, Ha

MNPOAYKTUBHOCTD ) KUBOTHOBOACTBA U T.. BnaxnocTth BO3ayXa UMCCT OoJIBIIIOE



3HAa4YEHHE TSI 37I0POBbS JIOJCH, T.K. OT HEE 3aBUCUT TEIIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpyskarolen cpenoil. [Ipu HU3K0# BIaXXHOCTH MPOUCXOAUT OBICTPOE
UCTIapEHHUE C MMOBEPXHOCTH U BBICHIXaHUE CIM3UCTON 000JI0YKH HOCA, TOPTAaHH, YTO
MPUBOIUT K YXYIIICHUIO COCTOSTHUS.

3HAUUT, BIAKHOCTH BO3/IyXa HAJIO YMETh U3MEPSATh. J{J11 KOJTMYIEeCTBEHHOM
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 MIIOTHOCTh BOJSIHOTO Napa). Ona pasHa
napyuarbHoOMy 0asieHur0 napa npu OaHHOU memnepamype.

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

OTHocHUTeIbHAS BJAKHOCTD BO3YXa — 310 8eIUUUHA, NOKAZbIBAIOWAS, KAK
oanexk nap om HacvluyeHus. Imo omHouleHue napyualbHo20 0asleHuUs: p 6005HO20
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 oTHOCUTEIbHOM BiaxkxHocTH — 100%.,
HopwmaibHo# A1 4enoBeuecKoro opranm3Ma CuuTaeTcs BIaxxHocTh 60%.
Jl1st m3MepeHus BIaXKHOCTH BO3/IyXa HCIIOIB3YIOT MTPUOOP TICUXOMETP.
IIcuxpomeTp. (OT rped «rcuxpua» - Xoyioa). 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) 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 KOTOPOro 0OMOTaH MapJieit
toancnoro

5) Beraucnuth pa3HOCTh MOKa3aHUN TEPMOMETPOB At = teyxoro - Lsnanuoro

6) Ilo ncUXpOMETPUUECKOM TAOIHUIIEC ONIPEICIIUTh 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 KOHTPOJILHBIC BOTIPOCHI.

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

BBINOJIHEHHOI padoTe: TabiuIIa.

Ne onbrtal  teyxoros °C | tonanaioros °C At,°C ¢, %



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

1. Ilouemy npu npoyBaHUM BO3/yXa yepe3 3(up, Ha NOJUPOBAHHOM
MOBEPXHOCTH CTEHKU KaMepPbl THTPOMETpa NosiBisieTcst poca? B kakoi
MOMEHT MOSBIISIETCS poca?

2. IloueMy mokazaHus «BIKHOTO» TEPMOMETPA MEHBIIIE TIOKa3aHUI «CyXOTO»
Tepmomerpa’?

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

4. Tlpu KakoM YCJIOBHHU Pa3HOCTU NOKa3aHUN TEPMOMETPOB HauOOIbILIAsA?

5. Moxer i1 TemnepaTtypa «BJIa)KHOI0» TEPMOMETPA OKAa3aThCsl BBILLE
TEMIIEPATypPbl «CYXOro» TEpMOMETpa?

6. Cyxoi U 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.

IlepedyeHb MCMOIB3YyeMOro 000PYA0OBAHUSA: COCY/T C BOJOM, IINPUIL, COCYT IS
cOopa Kamemb.

Teopurnuyeckasi 4acThb

MoJteKyibl MTOBEPXHOCTHOTO CIIOSI )KUJIKOCTH 00J1a1at0T N30BITKOM
MOTEHIMAIBHOW YHEPTUU 10 CPABHEHUIO C SHEPTUEH MOJIEKYJI, HAXOAIINXCS
BHYTPH KUIKOCTH

Kaxk u mo06as MexaHndeckasi CHCTeMa, IIOBEPXHOCTHBIN CI0M JKHIKOCTH
CTPEMUTCSA YMEHBIINUTH OTCHIIMAJIBHYIO SHEPTUIO U cOKpamaercs. [Ipu stom

coBepiaercs pabora 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.

[ToBepxHOCTHOE HATSHKEHUE MOYKHO OTNPEACIIATh Pa3INYHBIMU MeTo1aMu. B
Ja60paTopHOI paboTe UCIIOIB3YETCS METO OTPhIBA 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 00 =Myiann 0 paBHA CHJIE TTIOBEPXHOCTHOTO HATsDKEeHMS F, rpanuiia
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 karmim MOXXHO HAlTH, TIOCYATAB KOJIMYECTBO KalleJib N U 3HAsi MACcCy 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) IoxcraBbTe MO IIIIPHI] COCY/T AJIs COOpa BOJBI U, TUIABHO HAKMMAas Ha
MOPIICHB MIMpHUIIA, 100eHTeCh MEIJICHHOTO OTPHIBAHUS Kallellb.
[ToncumTaiiTe KOJMYECTBO Kamesb B | MJI ¥ pe3yJibTat 3aMuIlnTe B TA0IUILY.

mg

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

Pesynbrar 3anummTe B TaOIHILy.



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

5) HaiimuTe cpenHee 3HAYCHUE TTOBEPXHOCTHOTO HATSDKEHHSI 3

Pe3synpTaT 3anuiivre B TaOIHILY.

6) CpaBHUTE MOJTYYCHHBIN pe3y/IbTaT ¢ TAOJUIHBIM 3HAUCHHEM
ITOBEPXHOCTHOTO HATSIKEHUS C YIETOM TEMIIEPATYPHI.

7) OmpenenuTe OTHOCUTEIBHYIO TIOTPEITHOCTh METOIOM OIICHKH Pe3yIbTaTOB
W3MEPEHUM.

o

+ T
.

MabR

=

8) Pesynprar 3anuiinre B TaOIUILY.
9) Cremnaiite BBIBOI.
Conep:kanue ordyera, GpopmMa U NpaBuIAa 0(PpOPMIICHHUS OTYETA O

BBINOJIHEHHOI padoTe: TabiHIIA.

Ne |Macca Uucao [Auamer | [loBepxHocT Cpennee Taoanmunoe | OTHOCHUTEIBHA
KamneJ | KameJ p -HOE€ 3HAYEHHE 3HAYEeHHUEe |§1 MOrPelIHOCTh
ONBIT
b KaHAJIa | HATSIKEHHEe MOBEPXHOCTHOT MOBEPXHOCT
a 0 %
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.

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

IlepeyeHb HCIOJIB3YeMOI0 000PYI0BAHMSA: AMIIEPMETP, BOJILTMETP, JIAMITOUKA,
MIPOBOJIOYHAS CITUPaib, OaTapeiika, K4, 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!

; 3 A
e N S I
| & | £ |
A R —
| I -

Pucynok 1.9.1.
IlocienoBaTenbHOE COETUHEHME
MIPOBOJHUKOB

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

U1 = |R1, U2 = |R2

Oo6mee Hanpsixkenue U Ha 000UX MPOBOJHUKAX paBHO cymMe HanpsukeHuit U
U2:

U=U1+U2=|(R1+R2)=|R,
rjae R — anekTpudeckoe conpoTuBieHue Bee nenu. OTcroaa cieayer:
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 napanneasHom coenruenum (puc. 1.9.2) nanpsoxenus Uy u U, Ha 06oux
IIPOBOJIHUKAX OJIMHAKOBBI:

U1 = U2 =U.
CymmMa TokoB |1 + |2, mpoTekaromux mo 000uM MPOBOJHUKAM, 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 napaJuieJibHOM COeIMHEHNH TPOBOJHMKOB BeJIMUYMHA, 00pPaTHAA 001IeMy
CONPOTHUBJICHUIO IIeNH, PABHA CYMMe BeJIMYNH, 00PATHBIX CONPOTHBJIECHUAM
NapaLieJibHO BKIKYEHHBIX IPOBOJTHUKOB.

Xoxa padoThl.
3amanue 1. MzyyeHue nocneqoBaTeIbHOIO COSTUHEHMUS.

1. Cobepure nenb no pucyHky Huxke. BoapTmerp npucoeaunute k Toukam N u K
nenu. OH B 3TOM Cy4yae MOKaKeT HaNpsHKEHUE Ha PE3UCTOPE U JIAMITOUKE 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. [TonkitounTe BOJBTMETP K TOUK
pesucrope Rj.

Hanpspkenue Up Ha

\\vm HanpspkeHue U Ha

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

JJaMITOYKC.

4. ITo popmynam Ri=U1/l, Ry=U/l, Rosm=Uoew/] moaCUMTANITE CONPOTUBICHHS
pe3ucTopa, IaMITOYKH, yJacTKa, BKIFOYAIOIIETO PE3UCTOP U JIAMITOUKY.
Pe3ynbpTaThl OKpYTIASHTE 10 TECATHIX.

5. I3mepeHHbIe ¥ IOICYNTAHHBIC 3HAUCHHS 3aHECUTE B TAOIHUITY.

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

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

1. Cobepute 1iemnb Mo puCyHKY HIke. POTO cOOpaHHOI 1IeNu MOKa3aHo Ha
dboTorpaduu HIKE.

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

e

N

. Rz




2. OTcoeMHUTE BOIBTMETP, a AMIIEPMETP MPUCOETUHUTE B BETBb C PE3UCTOPOM.
ConpoTHBIIEHHE PeOcTaTa MyCTh OCTAETCSI MAKCUMAJIbHBIM. 3alUIINATE B TaOIUILY
3HaYeHue cuibl Toka I1, mporekaromeit uepes pesuctop Ri. Cxema nienu cmMotpute
Ha PUCYHKE 2.

®otorpadus 2

PucyHok 2
-

b L <

— @

3. AMniepMeTp MpUCOETUHUTE B BETBH C JAMIIOUYKOM. 3aNHIINTE B TAOIHILY
3Ha4YECHHE CHUJIBI TOKA [, MpoTekaromen yepes Jamnouky. Cxema 1nenu CMOTpUTE Ha

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

pe3nucTopa, JJaMIIO4KH, y4aCTKa, BKIIIOYAIOIICTO PE3UCTOP U JIAMIIOYKY.
PGSYJII)TaTBI OprrﬂﬂﬁTe J0 ACCATBIX.

5. 3mepeHHbIe U TOACUNTAaHHbIEC 3HAYCHUSI 3aHECUTE B TAOJIHILY.
6. CnenaiiTe yCTHO BBIBOJ, TIOJTBEPKIAIOTCS JIK OMBITOM (DOPMYIIBIL:
R, xR,

R,,= 1~ 2
oM™ R IR,

loom= 11+ 12

Conep:kanue or4yera, GpopmMa U NpaBuJIA 0(PpOPMIICHUS 0TYETA 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 MOCIEIOBATEIBHOM
COEIMHEHUH COIPOTUBIICHUN?

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

4. Yemy paBHO 00111€€ CONPOTUBIIEHUE LENU IPU CMEIIAHHOM COETMHEHHUH
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 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.

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

Jlanee B Ien pe3UCTOP 3aMEHSIETCS IPYTUM B U3MEPSIETCs CHJIa TOKa B IIETIN B
HOBOM ciy4ae. J{st o0oux ciydaeB 3akoH OMa AJist 3aMKHYTOH 11enu OyeT
BBINJIAICTH ciieaytonmM oopazom: £ =11 (Ry + 1), E = 13(Rz +r).

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

Xoxa padoThl.

1. I[ToAroTOBBTE JIUCTHI IJIs OTYETA O PAOOTE C MPEABAPUTCIIBHBIMU 3aITUCSIMH.
2. CobepuTe dMEeKTPUIECKYIO 11eThb, COCTOSIIYIO U3 MOCIEA0BATEIILHO
COEIMHEHHBIX 3JIeMEHTOB: ucTouHrka DJIC, Kitoua, aMIepMeTpa U pe3ucTopa ¢
W3BECTHBIM CONPOTUBJICHHEM. V3MephTe CHITy TOKA B IICTIH ITPH 3aMKHYTOM
KIIIOYE.



3. 3amMeHuTe pe3UCTOP HOBBIM U U3MEPHTE CUITY TOKA B LIEMH B IAHHOM CJIy4ae.
[IpoBennTe aHamOTUYHBIE IEUCTBUSI C TPETHUM PE3UCTOPOM. Pe3yrbTaThl

U3MEPEHUI 3aHECUTE B TAOIUILY.
4. IIpoBeaute BerunciaeHus J/]C uCTOYHMKA TOKAa U BHYTPEHHETO CONPOTUBICHUS
MCTOYHHUKA JJIs1 IEPBOTO U BTOPOTO, JJIs IEPBOTO U TPETHETO, /ISl BTOPOTO U

TpeThero ciaydaes 1o cieayromum Gopmynam: r = (1R — 1LbR)/(1, — 1), E =

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

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

BBINOJIHEHHOI padoTe: TabiHIIA.

wia BHuyTrpenHee AGcomoTHas
C DIC | Abcomornas| BHYTP
toka| CompoTHBIICHHE 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 M KOHTPOJS BJAJAEeHUA
KOMIIeTEeHIIUSIMHU.

KoHTpoJibHBIE BONIPOCHI

1. IToueMy noka3zaHusi BOJITMETPA PHU PA3OMKHYTOM U 3aMKHYTOM KJTIOU€

pa3JINYHbI?

2. Kak nmoBwicuTh TOuHOCTH M3Mepenus 3 /]C ucrtounnka Toka? Pe3ucTopsl ¢

KaKMMH CONPOTHUBJICHUAMHU yI00HEE NCIIOIb30BaTh B JAHHOHM pabore?

3. [Touemy abGcomoTHas U OTHOCcUTEbHAs norpemHocTd DIC 1 BHYTpEHHETO
CONMPOTHUBJICHUS! UCTOYHUKA TOKA B JAHHON pab0Te CTOIb 3HAYUTENIbHbIE?

4. Kak BusieT U3MEHEHUE TEMIIEPATYPhI PE3UCTOPA MTPU HATPEBAHUU HA
pe3ynbTaThl U3MEPEHUI B TaHHOU paboTe?

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

Hean padoThl: u3yuums yCcio8us 603HUKHOBEHUsL UHOYKYUOHHO20 moka, I/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 MHAYKIMH.

MHorouunciieHHbIe OnbIThl Papajes MOKa3bIBAOT, YTO C TOMOIIBI) 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 snexTpudeckoit ienu (pucyHOK 1) BOZHMKAET MHAYKIIMOHHBIN TOK, €CJIU €CTh
JIBIKEHHE MarHUTa OTHOCUTEIBHO KaTYIIKU, Wi Hao0opoT. Hanpasienue
MHIYKIIHOHHOTO TOKA 3aBUCHUT KaK OT HAMPABJICHUS JBUKEHUSI MArHUTA, TaK U OT
PACIIOJIOKEHUS €T0 MOIOCOB. IHAYKIIMOHHBINA TOK OTCYTCTBYET, €CIU HET

OTHOCHUTCIIBHOI'O IICPCMCIUICHU A KaTYIIKHW U MarauTa.

Pucynox 1.

Crporo roBops, Ipu IBUKEHUHA KOHTYpa B MATHUTHOM I10JIE TEHEPUPYETCS HE

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

— _(mA)
o

) :fMawO
\J

>)) B,

Pucynok 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
KOHMYPOM, 839MOU CO 3HAKOM MUH)C'
X

Pt

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

3HaK MUHYC B popMmyJie oTpaxkaeT npasuiio 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, 8bl3b16AI0WL€20 UHOYKUUOHHBLIL MOK.

IIpu Bo3pacTaHuM MarHuTHOro nmoroka ®>0, a &,,;; <0, T.e. 3. 1. C.
WHIYKIMHU BbI3bIBAET TOK TAKOT'O HAIIPaBJIEHUS, IPU KOTOPOM €0 MarHUTHOE I10JI€
YMEHBIIAET MArHUTHBIN MOTOK YEPE3 KOHTYP.

IIpu ymeHbmIeHUM MAarHuTHOT0 MOTOKa ®<0, a g4y, > 0, T.€. MATHUTHOE TIOJIE
MHIYKIIMOHHOTO TOKA YBEJIMUYMBAET YOBIBAIOIINN MAarHUTHBIM OTOK 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€ HANPABJIEHO MPOTUB
BHEILIHET0, & €CJIM BHEIIHEE MATHUTHOE T10JIE YePE3 KOHTYP YMEHBILAETCS, TO TOK
HaIpaBJIeH TaK, YTO €ro0 MarHUTHOE MOJIE MOAIEPKUBAET ATO YObIBAIOIIIEE
MarHuTHOE I0JI€.

Xoa padoThl.

[ToaroroBbTe AJIs OTYETA TAOIMILY U 110 MEpE MTPOBEIACHHUS OIBITOB 3aMOJHUTE €€.

Hanpasienus
OTKJIOHEHUS
Ioka3zan | crpeiakn Hanpasienue
Ne JeiicTBus ¢ usi MWJUIHAMIIEP-| HMHIYKIHMOHHOIO 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

Mar"gurTa

OcTaBuTh KaTylmKy
HETIOIBMYKHOU MOCJIE

onmwita 4

beIcTpo BBITAUTH
KaTYIIKYy OT
CEBEPHOIO IOJII0Ca

Mar"gurTa

MenjieHHO BCTaBUTH

B KaTYyILIKy MarHuT :-_3’ >
CEBEPHBIM IOJIFOCOM
MennenHo
%

BBITAIlIMTh MAIrHUT [ |
U3 KaTyIIKN
beicTpo BCcTaBUTH B

—
KaTyIIKy 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 NPaABUJIA 0(POPMIICHUS 0TUYETA 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. CdopmynupyiiTe 3aK0H dIEKTPOMAarHUTHON MHAYKIMU. Kakoit ¢popmymnoit

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 METIISIMHU 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 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 KOJIeOaHUil - 5TO HauOOJIbIIee CMEILIEHUE KOJEOIIOIIErocs Tejia OT
nosioxkeHus pasHoBecusi. O6o3nauvaercs A. Enunnia usmepenus - metp [ 1M].
Ilepuoa kosedanmii - 3T0 BpeMsl, 32 KOTOPOE TEJIO COBEPIIAET OJTHO MOITHOE
koJjiebanue. O6o3navaercs T. Enqunuiia uamepenus - cexynaa [1c].

YacToTa KoyedaHui - DTO YUCIIO KOJIeOaHM, COBEPIIAEMBIX 33 STUHUILY
BpemeHu. O6o3Hauaercs 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 | — nmHa mozBeca, a § — yCKOpPEHHe CBOOOIHOTO
najicHUsI.



Xoa padoThl.

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

2. 3aKkpenuTe NepekyIauHy B My(Te y BEpXHEro kpas crepkHs mrartusa. lltatus
pa3MecTUTE Ha CTOJIE TaK, YTOObI KOHEL NEPEKIIaUHbI BRICTYIIAN 32 Kpal
NOBEPXHOCTH cToJia. [lo/iBechTe K NepekinaiuHe ¢ MOMOILBIO HUTH OJUH IPy3 U3
HaOopa. PaccTosiHMe OT TOUKM MOBEca JI0 LIEHTPa rpy3a AOHKHO ObITh 25-30 cM.
3. [loAroToBETE 3JEKTPOHHBIN CEKYHIOMEDP K padOTe B pyUHOM PEXKHUME.

4. OTkoHUTE TPY3 Ha 5-6 CM OT NOJIOKEHUSI PABHOBECHUS U 3aMepbTE BpeMs, 3a
KOTOpoe Tpy3 coBepiiuT 30 MONHBIX KOJIeOaHU (TIpH OTKIIOHEHUH I'py3a CIEIUTE,
4TOOBI YT0J1 OTKJIIOHEHUSI HE ObLT BEJIUK).

5. [loBropute nsmepenue 3-4 paza v ONpeeaIuTe 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 JJINHY 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,=—
u ta2

10. CpaBHuTe nepuo bl KojaeOaHU IBYX MassTHUKOB, JJIMHBI KOTOPBIX OTIMYAIIUCH
B YETHIPE Pa3a, v ClIeJaiTe BHIBOJI OTHOCUTEIHHO CIpaBeauBOCTH Ghopmyisl (1).
VYkaxuTe BO3MOKHBIC PUUUHBI PACXOKICHUS 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, '
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3aganuss M Bompochl 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 BEJIMYMH U KaK 3aBUCHUT IEPUOI KOJICOaHUH MAaTEMAaTHICCKOTO
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.

He.]'lb paﬁ()TI)I: HN3YUYUTb 3aBUCHUMOCTb CMKOCTHOI'O 1 HHAYKTHBHOI'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 COMPOTUBIICHUE, KOTOPOE OOBIYHO
HEBEJIMKO (€CJIM KaTyIIKa HE COJAEPKUT OOJIBIIIOE KOJTMYECTBO 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. KaTtymika B enu nepeMeHHOro TOKa.

PaccmoTpum, 4TO IPOUCXOAUT B IETH, COACPIKAIICH PE3UCTOP U KATYIIKY
WHIYKTUBHOCTHU. KoslebaHus CHiIbl TOKA, MPOTEKAOIIETO Yepe3 KaTyIIKY:

1= 1, -cos(wt)

BBI3BIBAIOT MMA/ICHUE HANIPSKCHUSI HA KOHIIAX KATYIIKU B COOTBETCTBUHU C 3aKOHOM
CaMOMHAYKIHU U IpaBuioM JleHma:

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

T.€. KOJIeOaHUs HANIPSDKEHUS OTIEPEXaroT 1Mo ¢a3ze KoueOaHus CHIIbI TOKa Ha p /2.
[IpousBenenue W LIy, siBnsieTcs aMImuTy 104 KoiaeOaHsl HAPSYKEHUS :

U =wlil,

[IpousBeneHnE NUKINYECKON YaCTOThl HA MHAYKTHBHOCTb HAa3bIBAIOT
UHOYKMUBHBIM CONPOMUEIEeHUeM KaTYIIKH:

X;=wl (1)

MOATOMY CBSI3b MEX/y aMIUTUTYJaMU HAIPSKEHUS U TOKA Ha KaTYIIIKE COBIMAIaeT
o ¢opMme ¢ 3akoHOM OMa TSl yJacTKa ey MOCTOSTHHOTO TOKa:
UL =X1In(2)
Kax BumHO 13 BeipakeHus (1), MHIYKTUBHOE CONPOTUBIICHUE HE SIBIISICTCS
MOCTOSTHHOW BEJTMYMHOM JJIsl TAHHOW KATYIIKH, a TIPOMOPIIMOHATBHO YaCTOTe
MEePEeMEHHOr0 TOKa uepes3 KaTymiky. [loaromy ammiutyaa konedanuit cuibl Toka Iy,
B ITPOBOJIHUKE C MHIYKTUBHOCTHIO L Tipu mocTosiHHOM ammuintyae UL HanpsokeHus
yObIBaeT 00paTHO MPOMOPIUOHATIBLHO YACTOTE MIEPEMEHHOTO TOKA!

o
I,=—"=
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1.2. Konnencarop B 1ieru NEPEeMEHHOTO TOKA.
[Tpu u3MeHeHnn HanPsHKEHUS Ha OOKJIaAKaxX KOHIEHCATOpa 0 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. [IpousBenenne w CUy, siBJIsIETCS aMIUTUTY 01
KOJIeOAHWM CHJIBI TOKA:

I, =wClU,,

AHaOTUYHO TOMY, KaK OBLIO CIIETIaHO ¢ MHAYKTUBHOCTBIO, BBEJIEM MTOHSITHE
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 MKk®D (dyepe3 5 Mx®d), 3anummre
MOKa3aHus BOJBTMETPOB (HANPSKEHUE HAa KOHJIEHCATOPE U Ha PE3UCTOPE).

4. PaccuuTaiite 3¢ (peKTUBHOE 3HaYEHHE TOKOB, TEKYIIHMX B LIENH, B 3aBUCUMOCTH
OT 3HA4YEHMS EMKOCTH KOHAECHCATOpa (JIs1 TOT0 HAJl0 HAPsSKEHHUE HA PE3UCTOPE
pa3JeNIUTh Ha €r0 COPOTUBIICHHE).

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

6. YcranoBute eMkocTh KoHeHcaTopa 10 Mx®. M3MeHsIs 9acToTy reHepaTopa ot
20 o 100 I'm uepes 10 ', moBTOpHUTE U3MEPEHHUS U PACUETHI EMKOCTHOTO
CONPOTHUBJIEHUS 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 3QpeKTHBHOE 3HAUCHUE TOKOB, TEKYIIIUX B IICTIH, B
3aBHCHUMOCTH OT 3HAYeHHSI UHAYKTUBHOCTHU KaTyIIKH (IJI 3TOTO HAJ0
HaAIpPsDKEHUE Ha PE3UCTOPE Pa3IeUTh Ha €ro CONPOTUBIICHHE).



11. Omnpenenurte UHIYKTUBHBIE COMPOTUBICHUS KATYIIKU IS
COOTBETCTBYIOIINX 3HAYECHUN €€ MHIYKTUBHOCTH 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
WHIYKTUBHOTO CONIPOTHUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA..

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

3aganus u Bompochl Aas  (GOpMHUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIeTEHIUSIMU.
KonTpoabHbIE BONPOCHI

1. IToueMy €eMKOCTHOE COITPOTHBIIEHHE 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 COOMpPArOUIEH JIMH3bI, FEOMETPUUYECKUMHU MMOCTPOCHUSIMU ONPEAEIATh
ONTUYECKYIO CUITY JIMH3bI, TOJIb30BATHCS (DOPMYJIIO JIMH3BI.

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 a0COMIOTHBIM MTOKA3aTeNIeM MTPEIOMIICHUS ITOU CPEIbI:

C
L
3,[[60]38 H pu - 3TO OTHOCHTCIIBHBIC JUIJICKTPHUUCCKAA )51 MAarHuTHas

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 cpeabl (ee TUIOTHOCTH M Temmeparypsl). s ra3oB mpu
HOPMAaJIbHBIX YCJIOBUSIX 1T OJIM3KO K €IMHUIIBI. B aHU30TPOMHBIX cpefiax N 3aBUCUT OT
HaNpaBJICHHS PAaCIPOCTPAHEHUS CBETA U €TO MOJSAPU3ALINH.

OTHOCHUTENBHBIM MTOKA3aTEIEM MPEIOMIICHHUS Ny1 BTOPOM CPeIbl OTHOCUTEIBHO
IIEPBOU HA3BIBACTCS OTHOLIEHUE CKOPOCTEN CBETA V1 K V2 COOTBETCTBEHHO, B IEPBOMU
Y BTOPOM Cpenax:

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

Ecnmu np1>1 , To BTOpas cpena Ha3bIBaeTCS ONMTHUYECKH OO0see-TIOTHOM, 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
NEPIEHANKYJIAPHOTO 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

P 12 TIIL A,
2 r

al _ 2
puc.1

VYoM oTpaxkeHUs |' Ha3pIBACTCS YrOJI MEX1y OTPAKEHHBIM JIyYOM H TEM K
MEPIEHIUKYJIIPOM. YTIIOM NPEIOMIICHUS I HA3bIBAETCS YOI MEKIY
MPEJIOMIICHHBIM JIy4OM U TEM K€ NEPHEHAUKYISIPOM.

3aKOHBI OTPAaKEHUS CBETA:

a) Ilagaromumii y4, OTpakKE€HHBIN JIyd U NEPHEHAUKYISP K TPAHUIIE pa3ielia
JIBYX Cpe€ll, BOCCTAHOBJICHHBII B TOUYKE MaJ€HUA Jy4a, JIe)KaT B OAHOU IMIJIOCKOCTH.

0) Yrous oTpakeHHs paBeH yriy maaeHus i=i' (puc la).

3aKOHBI OTpaKEHUS CITPaBEIJIUBBI PU 0OPATHOM HAIIPaBJIEHUM X0]1a CBETOBBIX
ayyen. Jlyd, pacnpOCTpaHSAIOMIMUMCS M0 MyTH OTPAXKEHHOIO, OTPAXKAETCA MO IMyTH
najiarmiero gyya (00paTuMoOCTh X0J1a CBETOBBIX JTyueid) (puc 1 0).

OTtpakeHue CBeTa, yA0BIECTBOPSIONIEE ITUM 3aKOHAM, Ha3bIBACTCS
3epKajbHbIM. ECM yclioBHE 3€pKAIBHOCTH OTPAKEHUS HE BBIMOJIHAETCS, TO 3aKOHBI
OTpaXEHUsl HECHPABEMJIMBBI M OTPAKEHHUE CBeTa Ha3bIBaeTCs TuDPy3HbIM.

3aKOHBI IPEJIOMJICHHSI CBETA:



a) Ty4u MaJaroyii, MPEJTOMIICHHBIN U IEPIICHINKYIISP K TPAHUIIE pa3/iena ABYX
Cpell, BOCCTAaHOBIICHHBIN B TOUKE MAJACHUS JTy4a, JIeKAT B OJTHOH MIIOCKOCTH.

0) OTHollleHWE CHUHYCOB YIJIOB MaJCHUSA U MPEJIIOMJICHUS €CTh BEIWYMHA
MOCTOSIHHAS, paBHAas OTHOCHUTEIHHOMY ITOKA3aTENI0 TPEIOMIICHUS JTaHHBIX JABYX
cpen.

sini_n,

sinr n

n,,.
1

[Tapgaromumii ¥ NPEIOMIICHHBIH JIydd B3aUMHO OOpaTUMBIL: €CIIU NaJal0Iui Tyd
OyZeT MylleH [0 HaIpPaBJICHUIO 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 onpenesieHNU ONTUYECKON CUJTbI JIMH3bI (POKYCHOE (M BCE IPYTHE)
pacCTOSIHUS ClIeTyeT OpaTh B METpax, JIMIIb TOT/Ia ONTHYECKYIO CHITY MOXKO
OTIPEJICTATH B TUOTITPHSIX.

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

6. YcTaHOBUTS, T1Ie HEOOXOAMMO 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
KOMIIETCHMSIMH.

3ajjaHns K peleHunIo:
KoHTpoJibHBIE BOPOCHI



1. Ot yero 3aBUCAT XapaKTEPUCTUKU U300PAKEHUI, TOTYyYaEMBbIX C TTOMOIIBIO
coOuparoiei JUH3bI?

2. Kakue myun yao0HO UCIIOIB30BATh AJIs TOCTPOCHUS N300paxKeHHUs,
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 N300pakeHne KaKoro-To npeamMera. B kakom
clly4dae ero MOKHO YBUJIETh Ha dKpaHe — KOTJIa 3TO N300pakeHHE SIBIISICTCS
JEUCTBUTENBLHBIM HIIM KOT/Ia OHO MHUMOE?

6. Ha xakom paccTosiHUM OT JIMH3BI JOJIKEH OBITh MIPEAMET, YTOOBI pa3Mephl
caMoro MmpeaMeTa 1 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 padorsl. 3yueHue sBiaeHus qudpakiuuy CBETOBBIX BOJIH Ha
y3KOM MJIOCKOMAapasieIbHON 1IeTU U Ha AUGPAKIIMOHHON pElIeTKE;
AKCIIEPUMEHTAIBHAS MTPOBEPKA BBIITOJIHUMOCTH YCIOBUN IS
MaKCHMYMOB U MUHUMYMOB TU(PPaKIINKU; OTIPEACICHNUE ONBITHBIM ITyTEeM
JUTUHBI BOJTHBI U3JTyYEHUS U Ieproaa TUPPAKIIMOHHON PELIETKHU.

IlepeyeHb UCMOIB3YEMOr0 000PYI0BaHUs: TEJINN—HEOHOBBIN J1a3€eD,
ONTHUYECKUM 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, U3JIy4arOIIUX 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 3aBUCHUT OT pasHocTen (a3
MEXy BOJIHAMU, PUXOJAILIMMH B 3Ty TOUYKY OT BTOPUYHBIX
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 JTydyamu. Hanpumep, st BTOPUYHBIX KICTOUHUKOB,
pacIoioKEHHBIX B TOUKax A U B, ykazanHast 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 (BBIMOJIHIET Ja00OPAHT).

1. Bxirouuts nasep.

2. YCTaHOBUTH JiepKaTelib ¢ GoToAaTIYMKOM Ha jenenue 0" mo mkane
ONTUYECKON CKAMBH.

3. He Bximrouass MuKpoamIiepMeTp, peryJTMpOBOYHBIM BUHTOM 5
COBMECTHUTH MPOPe3b (PoTogaTIMKA C HYJICBOM OTMETKOM Ha IIKaJIe
JKpaHa.

4. TTonp3ysch peryIMpOBOYHBIMU BUHTAMU Ha KOPITyCE Jia3epa,
COBMECTHUTD CBETSAIIEECS MATHO C IICHTPOM Mpope3u (HOTOAaTIHKA.

5. PerynupoBoYHBIM BUHTOM OTBECTH MPOpe3b GOTOIaTUYMKA Ha 3 CM I10
TIKaje PKpaHa BIPaBO.

W3mepeHue 3aBUCUMOCTH TTOJIOKEHUS Xnmun TUDPAKITHOHHBIX
MHUHHUMYMOB OT PacCTOSIHUS L MEXy IMIETbI0 ¥ SKPaHOM.

1. YcTanoBuTh aepkaTtensb TUPpaKMOHHON Ieu Ha nenenue "60 cm"
O IIKaJIe ONITUYECKON CKaMbH (TIpope3b (POTOIaTUnKa OCTAETCS
CMEIICHHOM Ha 3 CM BIIPaBO OT HYJIS Ha ITKaJIe SKpaHa).

2. [1pu momoIu BUHTOB Pa3/IBUHYTh 3aKUMBI U 3aKPETTUTh
TudpaKIIMOHHYIO IeJNb B iepKaTesie TAKUM 00pa3oM, YTOObI TIATHO
Ja3epHOTO JIy4ya OCBEIAJIO CepeIMHY IIeNH, a AUPpaKIIMOHHAs KapTUHA
Ha ’KpaHe Obl1a Hanbosee OTUSTIUBA.

3. OTperynnpoBath MIMPUHY IIEJIH b, Bpalas BUHT Ha KOPITyCce IS,
TakKuM 00pa3omM, 4TOObl MUHHUMYM TPEThETO Mopsiika (n = 3) coBmaja C
neneHreM "2 cMm" Ha mIKaje SKpaHa. 3anucath 3HadeHus Li1= 0,6 M, x1=2
cM 1 b B Tabimy 1.

4. He v3MeHssl IUPHUHBI 1IEJIH, U3BMEPUTH MOJ0XKEHUS AUPPAKIIIOHHOTO
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 Bonmpochl 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 ¢ ajs rJIaBHOTO MaKCUMyMa BTOPOTO
Nopsijika B ciydae TUPPaKIUOHHON pemeTKy ¢ nepuoaom d = 8§ MK,
eciu qirHa BOJTHBI A = 0,63 MKM.

4. Kak Oy1yT U3MEHSTHCS MOJIOKEHUSI MAKCUMYMOB Ha TU(PPaKIIMOHHON
KapTHUHE OT y3KOM IIEIH, €CJIM MEePEIBUTaTh 1IETb OMKE K DKpaHy, HE
U3MEHSIS TTOJIOKEHUM SKpaHa U UCTOYHUKA?

5. OOBSICHUTE METO IKCTIEPUMEHTAIIBHOTO OMPECICHUSI JJIMHBI BOJIHBI
U3JIyYeHHS U TIeprojia Tu(DpakiiMOHHON PEIIeTKH.
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HNHTepHET HCTOYHUKH:

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

dusuka.

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

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