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MeTtonuueckue ykazaHus Jisl JJaDOpaTOPHbBIX padoOT MO AUCHUIUIUHE «DU3HUKa

cocTaBiieHbl B cooTBeTcTBUM ¢ TpeboBaHussMu OI'OC CIIO, npegHazHayeHbl 15

CTYJIEHTOB, oOy4arommuxcs rno cneruaibHoctu CIIO:

29.02.10 KoHcTpyHpOBaHHE, MOJCIMPOBAHUE M TEXHOJOTHUS HW3TOTOBJICHUSA
U3JIeTTUH JIETKOW MTPOMBIIINIEHHOCTH (TI0 BUJ1aM)



MeToauveckue yKazaHus 1JIs1 JJa00OPaTOPHBIX padoT
Metoauyeckre peKOMEHJAllMU TMPU3BAaHbl OKa3bIBaTh MOMOIIb CTYJIEHTaM B
VW3yYCHUH OCHOBHBIX IIOHATHH, WJEW, TEOPUM U TMOJOKEHUN JUCHHUIUINHBI,
M3Y9aeMbIX B X0JI¢ KOHKPETHOTO 3aHSATHS, CIIOCOOCTBOBATHh PA3BUTHIO UX YMEHUH,
HABBIKOB U TIPO(ECCHOHATTLHBIX KOMITCTCHITHN.
B nmanmHOoM y4eOHOM TMOCOOMHM COTJIaCHO CHEIU(pHUKE AUCHUIUIMHBI U
MIPOIUCHIBAIOTCA:
1. IHosicHuTeIbHAA 3aIMCKA

B pe3ynbTaTe ocBOEHUS yUeOHOM JUCHUIITMHBI 00yUYalOIIUNCS T0TKEH YMETh:
1) omuchiBaTh U OOBACHATH (PU3MUECKHUE SIBJICHHUS M CBOMCTBA TEJ: JBUKCHHE
HEOECHBIX TeJ U UCKYCCTBEHHBIX CIIyTHUKOB 3€MJIM; CBOICTBA ra30B, )KMJIKOCTEHN U
TBEPJBIX TEN; AIEKTPOMAarHUTHYIO HHAYKIHIO, PACIIPOCTPAHEHUE 3JIEKTPOMArHUTHBIX
BOJIH; BOJIHOBBIE CBOMCTBA CB€TA; W3JIyYCHHE U IIOIVIOLIEHHE CBETA aTOMOM;
dboToaddexr;
2) OTIAMYATh TUIIOTE3BI OT HAYYHBIX TEOPUH;
3) nenatb BHIBOJBI HA OCHOBE SKCIIEPUMEHTAIIbHBIX JAHHBIX;
4) NpUBOIUTH MPUMEpPHI, MOKA3bIBAIOIINAE, YTO: HAOIIOAEHUS MU SKCHEPUMEHT
ABJISIIOTCSI OCHOBOW JUISl BBIABVIKEHHSI THUIIOTE3 W TEOPHUH, MO3BOJSAIOT IPOBEPUTH
VUCTUHHOCTh TEOPETUYECKHX BBIBOJIOB; (pU3MUECKas TEOpUsl AAET BO3MOMXKHOCTb
OOBSICHATH U3BECTHBIE SIBICHUS NMPUPOJIbI U HAYUYHbIE (PaKThl, MPEICKA3bIBATh €IlIe
HEU3BECTHBIC SIBJICHUS,
5) npuBOAWUTH MNPUMEPHl MPAKTUYECKOTO HCIOJIb30BAHUSA (U3NYECKUX 3HAHUM:
3aKOHOB MEXaHUKHM, TEPMOJMHAMUKM W DJJIEKTPOAUHAMUKH B DHEPIETHUKE;
pPa3IUYHBIX BHIOB JJIEKTPOMATHUTHBIX H3JIYYEHUH [UIsl Pa3BUTUA paguo MU
TEJICKOMMYHUKAIINA, KBAaHTOBOM (PU3UKKM B CO3MAHUM SICPHON DHEPIreTHUKH,
J1a3€pOB;
6) NpUMEHSATH NOJIYYCHHbIC 3HAHUS JIJIS pelieHus: (PU3NUECKUX 3a7ad4;
7) u3MepsTh pAl (PU3NUECKUX BEIMYMH, MPEACTABISIS Pe3yJbTaThl U3MEPEHUN C
Y4ETOM MX MOTPENTHOCTEMN;
8) HCHoab30BaTh MNPUOOPETEHHbIE 3HAHUS M YMEHUS B IPAKTHUECKON
NEATEIIBHOCTH U IIOBCEAHEBHON KU3HU;
B pe3ynbrate ocBoeHMs yueOHOM AUCHUIUIMHBI 00YYarOIIUNACS T0JKEH 3HATh:
1) cMmbicn moHATUN: (U3HYECKOE SIBICHUE, TUIIOTE3a, 3aKOH, TEOPHs, BEIIECTBO,
B3aMMOJICUCTBHE, AIEKTPOMATHUTHOE I0Je, BOJIHA, (DOTOH, aTOM, aTOMHOE SPO,
MOHU3UPYIOIINE U3ITyUEHUs, IIAHETa, 3B€3/1a, FaJakThKa, Beenennas;
2) cMmbIch (PU3MYECKUX BEIMYUH: CKOPOCTb, YCKOpPEHHE, Macca, CHUJIa, WMITYJIbC,
paboTta, MexaHH4ecKasi SHEprusi, BHYTPEHHSsI SHEprusi, a0CONIOTHAs TeMIEparypa,
CpelHssl KWHETHYECKas DJHEPTHUsl 4YacTULl BEUIECTBA, KOJIUYECTBO TEIUIOTHI,
AJIEMEHTAPHBIN SJIEKTPUUYECKUAMN 3apsl;
3) cMbica (PU3UYECKUX 3aKOHOB KJIACCUYECKON MEXaHUKH, BCEMUPHOTO TSITOTEHUS,
COXpPAaHEHMS DHEPIUMHM, UMIIYJIbCAa M DJIEKTPUYECKOrO 3apslaa, TEPMOAMHAMMKH,
AIIEKTPOMArHUTHOU MHAYKIMHU, (OoTOdh(DEKTa;
4) BKJaJ pOCCUMCKHUX U 3apyOEKHBIX YUCHBIX, OKa3aBIINX HanOOJbIIIEE BIUSIHNAE HA
pa3Butue GU3NKHY;



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

Ileab padoThl: CPaBHUTH JBE BEIMYUHBI — YMEHBUICHUE MOTCHIHAIBHON SHEPTUH
IIPUKPEILICHHOTO K IIPYXKUHE TeJla IIPU €ro MaJCHUU U YBEJIIMUYECHUE IOTEHIIMAIbHOM
DHEPI'UH PACTAHYTOU NPYKUHBI.

IlepevyeHsb UCMOJB3YyeMOro 00OPY/IOBAHUSI: JHHAMOMETP, KECTKOCTh TPYKUHBI
koToporo paBHa 40 H/M; nuHelika u3aMepuTenpHas; Tpy3 U3 Habopa Mo MEXaHHKE;
Mmacca rpy3a pasHaa (0,100 £0,002) kr; pukcaTop; mTaTuB ¢ MyQTOH U JTAITKOH.

TeopnaneCKaﬂ qacTb

MexaHuueckasi JHEPTUsA TeJIa — 570 CKANAPHAS BeTUUUHA, PAGHAS
MAKCUMATLHOU pabome, KOMopasi Moxcem Oblmb CO8EPULCHA 8 OAHHBIX VCIIOBUSIX.
O6o3nauaercs E Enununa suepruu B CU [11x = 1H*M]
KuneTnueckasi 3Heprusi — 5T0o SHEPIus Teja, 00yCIOBICHHAS €T0 JBMKECHUEM.
Qusuueckas eUHUHA, PABHASL NOJIOBUHE NPOU3BEOEHUSL MACCbL Meld Ha

Keadpam €co CKopocnu, Has3vleaemcs KHHEeTHYeCKOM 3Heprne171 TEJAa:

Kunetnueckas OHCPIUA — 3TO SOHCPI'UA ABHIKCHUA. Kunetnueckas OHCPIru:g TCjia

—
Maccoi m, NBUKYIIETOCs CO CKOPOCTBIO 1 paBHA paboTe, KOTOPYIO JOJDKHA
COBEPIIUTH CUJIA, MPUIIOKEHHAS K MOKOSIIIEMYCS TETY, YTOOBI COOOIIUTH MY 3Ty
CKOPOCTB:

P?Z'Ug

ey

Hapsiny ¢ xuHeTnueckoi SHeprueu wim dHeprueit IBMKEHUS B (PU3UKE BAKHYIO
pOJIb UTPAET MOHSATHUE MOTEHUUAIbHON JHEPrUuM WIK IHEPTUH B3aUMOACHCTBUS
TeJl.

I[MoTeHumnanbHast SHEPIrUs — SHepeus meia, 00yclo61eHHAsL 83AUMHBIM
PAcnonodcenuemM 3aumoo0eliucmayioumux mexicoy cooo men unu yacmetl 00H020
meina.

IoTeHuuaJIbHAs JHEPI U TeJa B M0JIe CUJIbI TS2KeCTH (MOTEHIUAbHAsS
SHEPrusl Teja, MOJHATOrO Haj 3eMJIIEN).

Ep =mgh



Omna paBHa paboTe, KOTOPYIO COBEPIIAET CHJIA TSXKECTU IIPU OITyCKAHUM TeJia Ha
HYJIEBOW YPOBEHb.

Pactsnryras (wnm cxaras) mpy>KHHa CIIOCOOHA TPUBECTH B JBHUKCHUE
MPUKPEIUICHHOE K HEH TeJ0, TO €CTh COOOIIUTh 3TOMY TeTy KUHETHYECKYIO
sHepruro. Ciie1oBaTeNbHO, TaKasl Mpy>KMHA 00J1a1aeT 3a11acOM SHEPIUU.
[ToTeH1manbHONU SHEPTUEH MPYKUHBI (M JTF000TO YIPYyro AepOpMUPOBAHHOTO

T€Ja) Ha3bIBAlOT BETUYHHY

i’
e~
, Tie k — %ecTKOCTh IPYXKUHBI, X - a0COJIFOTHOE YAJIMHEHUE TENa.
IoTeHuuaJbHas 3Heprus ynpyro 1e¢opMiupoBaHHOIO TeJla pagHa pabome
CUTIbL YNPY20CIU NPU nepexooe U3 OAGHHO20 COCMOSAHUS 8 COCMOSIHUE C HY1e6Oll
oeghopmayueil.
[loTeHumanbHas 3HEPrUs P YIPYroi aegopMannu — 3TO SHEPTU

B3aMMOJICUCTBUS OTJEIbHBIX YACTEH Tea MEKy COOOW CHUIaMU YIIPYTOCTH.

CyMMa KHHETHYeCKO# U MOTEHIHAJBHON IHEPrUM TeJI, COCTABJISIOLINX
3aMKHYTYI0 CHCTEMY M B3aHUMO/IeiCTBYIOIIMX MEKAY CO00i cHiIaMu
TATOTeHHUs U CUJIAMHU YIIPYTOCTH, OCTAETCH HEM3MEHHOM.

DTO YTBEPKIAEHUE BBIPAKAET 3AKOH COXPAHEHUA IHEP2UL B MEXAaHUUECKUX
npoueccax. OH SBIAETCS CIEACTBUEM 3aKOHOB HbIOTOHA.

Cymmy E = Ek + Ep Ha3bIBalOT m0JIHOH MeXaHN4YeCKOM IHepruei.

IHoHas MexaHM4YecKasi JHEPIrUs 3aMKHYTOM CUCTEMBbI TeJl,
B3aMMO/ICHCTBYIOIIUX MEKIY 000 TOJBKO KOHCEPBATUBHBIMHU CHJIAMHM, IIPH
JIIOOBIX IBH/KEHUSIX ITHX TeJl He u3MeHsercs. [Ipoucxoasit muimb B3auMHbIe
NpeBpalleHusi NOTCHUMAJBbHOM JHEPIUH TeJl B UX KHHETHYECKYI0 JHEPIrUI0, U
HA000pOT, WIH NEePexX0/] IHEPIUU OT OIHOIO0 TeJia K IPyromy.

E =Ex + Ep = const

3aKoH COXpPaHCHUA MEXaHMYECKOU OHCPI'MH BBIIIOJHACTCA TOJBKO TOrJia, KOoraa

TeJa B 3aMKHYTOM CHCTEME B3aUMOJICHCTBYIOT MEXy CO00M KOHCEPBATUBHBIMU
CUJIaMU, TO €CTh CUJIaMU, JJIs1 KOTOPBIX MOKHO BBECTH NOHSATHE MOTEHIIMATBHON
DHEPI'UH.

Onucanue yCTAaHOBKH.



J171st paboThI UCTIOJIB3YETCS YCTAaHOBKA, MOKa3aHHas Ha pucyHke. OHa

MPECTaBIIIECT COOON YKPETUICHHBIN Ha IITaTUBE TMHAMOMETP € (prukcaTopom 1.
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HPY)KI/IHa JAWMHaAMOMCTpa 3aKaHUYMBACTCA IIPOBOJIOYHBIM CTCPIKHEM C KPIOUKOM.

®dukcarop (B yBEIMYCHHOM MAacCIITa0€e OH MOKa3aH OTJAEIbHO — IMOMeUeH udpoit
2) — 9T0 Jerkas IacTuHKa u3 npooku (pazmepamu 5 X 7 X 1,5 mm),
MpOpe3aHHasi HOKOM JI0 €€ IleHTpa. Ee HacaKuBaroT Ha MPOBOJIOYHBIN CTEPKEHD
nuHaMomeTpa. PuKcaTop A0HKEH MepeMeniaThCs BIOJIb CTEPKHS ¢ HEOOIBIITUM
TPEHUEM, HO TPEHHUE BCE K€ JIOJKHO OBITh JOCTATOUYHBIM, YTOOBI (PUKCATOP CaM 1o
cebe He majan BHU3. B 9TOM HY>KHO yOeauThes iepea HadanoM pabotsl. s aToro
(buUKCcaTOp YCTaHABIMBAIOT Y HXKHETO Kpasl IIKaJIbl Ha OTPAaHUYUTEIIBHOM CKOOE.

3areMm PacTATUBAIOT U OTITYCKAIOT.

Xoa padoTbl

1. I'py3 u3 Habopa 1Mo MeXaHWKe MPOYHO YKPEIMUTE Ha KPIOUKE THHAMOMETPA.

2. [TogauMuUTE pYKOU TPY3, pasrpyxas IPYKUHY, U YCTAHOBUTE GUKCATOP BHUBY Y
CKOOBI.

3. Ornycrtute rpy3. [lanas, rpy3 pactaaet npyxuny. CHUMUTE Ipy3 U 1O
MOJIOXKEHHIO (PrKcaTopa u3MephTe TMHEHKOM MaKCUMaIbHOE YIJTMHEHHUE X
MPY>KUHBI.

4. TloBTOpuTE OMBIT MAATH pa3. HalioguTte cpennee 3HaueHue h u x

5. Tloncuuraiite E;,=mgh n E>q,=kx’/2

6. Pesynbratel 3aHecure B TaOIHILY.

7. CpaBHuTe OTHOLIEHUE E}(¢p/ E>cp © €AMHULIEN U CHIETANTE BBIBOJ O

MOTPENIHOCTH, C KOTOPOU OBbLII MPOBEPEH 3aKOH COXPAaHEHUS SHEPTHH.



8. OTBETHTE HA KOHTPOJIbHBIE BOIIPOCHI.
Conep:xanue oruera, Gpopma u npaBujia oGopmMiIeHUs 0TYETA O

BBINIOJIHEHHOI padoTe: TabHIIa.

Ne h=Xmax, hep=Xcp, E1cp, Esep,
ONbITA M PM ' I[?IZ Iblz E1cp/ Eaep

1

2

3

4

5

3aganuss u  Bonmpochl s (GOPMUPOBAHMS M KOHTPOJIS  BJIaJeHHUS
KOMIIETEHIUSIMH.

KoHTpobHbIE BONPOCHI
1.PackpoiiTe NMOHATHE MEXAHUYECKON SHEPTUU?
2.Kakas sHeprus Ha3piBaeTcsi kunetuueckon? [1o kakoi hopmyse oHa HaxoauTcs?
3.Kaxkas sueprust Ha3piBaeTcsi noTeHuanbHon? [1o kakoi popmyre ona
HAXOJUTCS?
4.ChopMynupyiTe 3aKOH COXpaHEHUS MEXaHHUYECKON DHEPTHH.

5.KakoBbI rpaHUIIbl IPUMEHEHHS 3aKOHA COXPAHEHUS MEXaHUYECKON YHEPTUH?

JlaGopaTopHas padora Ne 2 Tema 3ansaTusi: CBoiicTBa NapoB.

esab padoThI: OCBOUTH MPUEM OIPEICIICHUS OTHOCUTEILHON BIAKHOCTH
BO3/1yXa, OCHOBAHHBIN Ha MCIIOJIb30BaHUU TICUXPOMETPA.

Ilepeuyenb ucnosib3yemMoro ooopynoBanus: [lcuxpomerp

Teopurnueckasi 4acThb

B armocdepHoM Bo3ayxe Bcerjia MpUCyTCTBYIOT Maphl BOJIbI, KOTOPasi UCIIAPSAETCS
C IOBEPXHOCTH MOPEM, PEK, OKEAaHOB U T.II.

Bo3zoyx, cooepoicawuti 600510t nap, Hazviéarom BAAKHBIM.

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

MNPOAYKTUBHOCTD ) KUBOTHOBOACTBA U T.. Bnaxnocth BO3ayXa UMCCT OoJIBIIIOE



3HAYCHHUE JUTSI 370POBBS JTIOJCH, T.K. OT HE€ 3aBHCHT TEIJIOOOMEH OpraHu3Ma
YeJioBeKa ¢ OKpy»karolen cpenoil. [Ipu HU3K0# BIaXXHOCTH MPOUCXOAUT OBICTPOE
UCIIaPCHUE C MIOBEPXHOCTH U BBICBIXaHUE CIIM3UCTOM 000JI0YKH HOCA, TOPTAHH, YTO
MIPUBOJNT K YXYJIIICHUIO COCTOSHUS.

3HAYUT, BIAXKHOCTH BO3AyXa HAJI0 YMETh H3MEPATh. [ KOJTMYeCTBEHHON
OILICHKH BJIQAYKHOCTH BO3/IyXa UCIOJIb3YIOT MOHITHS a0COIOTHOW M OTHOCUTEIILHOM
BJIQYKHOCTH.

AOCOIOTHAS BJIAKHOCTD — 8eIUUUHA, NOKAZLIBAIOWASA, KAKASL MACCA NAPO8
600bl Haxooumcs 6 1 m? 6030yxa (T.e. 3TO IIIOTHOCTh BOJSIHOTO Nlapa). Ona pasHa
napyuaibHoOMy 0aeleHuto napa npu OaHHoU memnepamype.

IapuuaabHOe JaBJEHHE Mapa — 51mo OasjieHue, KOmopoe OKa3wbléa vl
B00SIHOU AP, HAXOOAWUICS 8 8030YXe , eCliu Obl 8ce OCMAIbHbIE 2A3bl
Omcymcmeo8an.

OTHocHTEIbHAS BJAKHOCTD BO3IYXA — 9110 8eUYUHA, NOKA3bIBAIOWAS, KAK
oasiex nap om Hacvlyeruss. Imo omHoueHue napyuaibHo20 0AeIeHUs. P 600IHO20
napa, cooepicaue2ocs 8 86030yxe npu OAHHOU memnepamype, K 0Ae1eHUI0

HACLIWEHHO20 napa po IPU TOM K€ TEMIIEPATYPE, BIPAXKEHHOE B ITPOLIEHTAX:

o=-2.100%.

2y

Ecnu BO31yx HE COIEPKUT MApOB BOJIbI, TO €r0 a0COJIFOTHASL U OTHOCUTEIIbHAS
BJIaYKHOCTH paBHbl 0. [IpeaenbHOe 3HaUeHHE OTHOCUTENBbHOM BiiaxkHOCTH — 100%.
HopmanbHO# 1151 4eTOBEUECKOr0 OpraHru3Ma CUYuTaeTcs BIaxXHOCTh 60%.
J{nst u3MepeHus BIaXKHOCTU BO3/yXa UCTIOIB3YIOT IPUOOP MCUXOMETP.
Ilcuxpometp. (OT rped «rcuxpua» - Xxosioa). CoOCTOUT U3 IByX OJMHAKOBBIX
TepMOMETPOB. Pe3epByap 0JIHOTO U3 HUX 0OEPHYT MapJieH, OMYIIEHHOU B COCY/I C
BOJI0i. Bojia cMaunBaeT Mapiito Ha pe3epByape TEpMOMETPA U NP €€ UCTIApEHUN
OH oxJaxjaaetcs. [1o pa3HOCTH TeMnepaTyp CyXoro v BjIaKHOTO TEPMOMETPOB 10

MICUXPOMETPUIECKON TaOIHIIe OMPEACISIOT BIaXKHOCTh BO3yXa.



Xoa padoThI:

1) IloaroroBuTh TaONUILY AJIS 3aUCH PE3YIBTATOB U3MEPEHUIN U BBIUMCICHUI
2) PaccMOTpeTh yCTPONCTBO MCUXPOMETPA.

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

4) 3anucarh MOKa3aHUs TEPMOMETPA, PE3EPBYap KOTOPOro 0OMOTaH Mapeu
tananuoro

5) BblYMCIUTB Pa3HOCTH MOKA3AHUNA TEPMOMETPOB At = teyxoro - tanauoro

6) Ilo ncuxpomeTpuueckoil TabauIle ONPeNeTUTh BIAKHOCTb BO3/IyXa ()

7) Pe3ynbrarThl M3BMEPEHU U BBIUUCICHUHN 3aHECTU B TAOJIHILY.

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

9) OtBeThTE HA KOHTPOJILHBIE BOIIPOCHI.

Coaep:xxanue or4era, popmMa 1 npasuia oGpopMICHUsI 0TYETA O

BBINOJIHEHHOI padoTe: TabiuIa.

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



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

1. IloueMy npu npoayBaHuU Bo3Ayxa uepes 3(pup, Ha MOJIUPOBAHHON
MOBEPXHOCTH CTEHKU KaMepbl TUTpOMeETpa nosiBisieTcs poca? B kakoi
MOMEHT MOSBIISIETCS poca?

2. Ilouemy moka3aHus «BJIAXKHOTI'0» TEPMOMETPA MEHBIIIE MOKA3AHUMN «CYXOT0»
Tepmomerpa’?

3. MoryT 11 B XOZ€ OIIBITOB TEMIIEPATYPHI «CYXOT0» U «BJIAKHOIO»
TEPMOMETPOB 0KA3aThCs OJJUHAKOBBIMU?

[Tpu kakoM yCJIOBUU pa3HOCTH MOKa3aHUM TEPMOMETPOB HAMOOJIbLIAs?

5. Moxer nu TeMieparypa «BJIa)KHOT0» TEPMOMETPA OKa3aThCs BBIIIE
TEMIIEpaTypPbl «CYXOro» TEpMOMETpa?

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

7. Kakum MOXeT ObITh TIpeIeIbHOE 3HaUYE€HNUE OTHOCUTEIHLHOMN BIAKHOCTH

BO3yXa?

JlaGoparopHasi pabora Ne 3 Tema 3ansaTusi: CBOMCTBA JKUIKOCTEH.

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

IlepedyeHb MCMOIB3YyeMOro 000PYI0BAHUSA: COCY/T C BOJOH, IINPHIL, COCYT IS
cOopa Kanemb.

Teopurnuyeckasi 4acThb

MoJieKyibl TOBEPXHOCTHOTO CJIOSI JKUJIKOCTH 00J1aat0T N30BITKOM
MOTEHIMAIBHOW YHEPTUU IO CPABHEHUIO C SHEPTUEH MOJIEKYJI, HAXOAIINXCS
BHYTPH KUIKOCTH

Kak u mo0ast Mexanuyeckasi cCuctema, MOBEPXHOCTHBIN CIIOM KUIKOCTH
CTPEMUTCS YMEHBIINUTH MOTEHIIMAJIBHYIO SHEPTUIO U cOoKpamaercs. [Ipu stom

coBepiaercs pabora A:



A= ahy

/e 6 - KO3 QUIMEHT IIOBEPXHOCTHOTO HATsHKeHMs. Eaunune! usmepenus [/ m>

i H/m
A ra
a=— a=—
AS wm !

rae F — cuma moBepXHOCTHOTO HATSHKEHUS, [ — ITTMHA TPAHUIIBI TOBEPXHOCTHOTO
CJIOSI YKUIKOCTH.

[ToBepXxHOCTHOE HATSHKEHHE MOYKHO OTPEACTIATh Pa3InIHBIMA MeToAaMu. B
JabopaTopHOI paboTe HUCIIOIB3YETCS METO OTPhIBA KalleJlb.

OMNBIT OCYIIECTBIIIOT CO MITIPUIIOM, B KOTOPOM HaXOIUTCS UCCIIeayeMast
KUJIKOCTh. HakuMaroT Ha TIOpIIIeHb IIMPHUIIA TaK, YTOOBI U3 OTBEPCTHUS Y3KOTO
KOHIIa IITIPHIIA MEIJICHHO Ma1aay Karu. [leper MOMEHTOM OTphIBa KaIluld CHJIa
TSOKECTH F e =Myann-€ PABHA CUJIE TTIOBEPXHOCTHOTO HATSHKEHUS F, rpaHUIia
CBOOOTHOM MOBEPXHOCTH — OKPYKHOCTH KaIlJIl

Z =TT 'dxanﬂu

CienoBaTeibHO:

B My
!

nNaxnu

a=

OMnBIT MOKA3bIBACT, YTO dygnnm =0,9d, THe d — TnaMeTp KaHaa y3KOro KOHIIa
HITpULA.

Maccy karmim MOXHO HalTH, TOCYMTAB KOJMYECTBO KaIlellb N U 3Hasi MacCy BCEX
Kareiab m.

Macca kanenb m OyJeT paBHa Macce KUJIKOCTU B IITpUIIE. 3Hast 00beM
KUJIKOCTH B IIIPULIE V U ITIOTHOCT )KUAKOCTHU P MOKHO HAUTH Maccy m=p-V
Xoxa paboThi:

1) Haueprtute Tabmuiry.

2) IloacTaBbTe MO MITIPHUIL COCYT JIJIsi COOpa BOJIBI U, TIJIABHO HAXKMMas Ha
MOPIICHB IIMpHUIIA, 100eHTEeCh MEIJICHHOTO OTPHIBAHMS Kallellb.
[ToncumTaiiTe KOJIMYECTBO Kamnesb B | MJI ¥ pe3yJbTat 3aMuIlInTe B TA0IUILY.

mg

g=——-—
»70,9d
3) BbruuciauTe NoBEpXHOCTHOE HATSDKEHUE TI0 (hopmyJie

Pesynbrar 3anummTe B TaOIHILy.



4) TloBTOpUTE OMBIT C 2 M U 3 MJI BOJIBI.

5) Haiinute cpenHee 3HaU€HHE MTOBEPXHOCTHOTO HATSKEHUS 3

Pe3ynpTaT 3anuiivre B TaOIHILY.

6) CpaBHUTE NOJYYECHHBIN pPE3yJbTaT C TAOJUYHBIM 3HAUEHUEM
ITOBEPXHOCTHOTO HATS)KEHUS C yUETOM TEMIIEPATYPHI.
7) Omnpenenute OTHOCUTENBHYIO MOTPEIHOCTh METOIOM OLIEHKH PE3yJbTaTOB
W3MEPEHUM.
o

+
5=M_|.100%
fa

MabR

8) PesynpTaT 3anummTe B TAOJIUILY.
9) CnenaiiTe BBIBO/I.
Conep:kanue oryera, gpopmMa U nNpaBujIa opopMiIeHUA OTUYETA O

BBINOJIHEHHOI padoTe: TabiuIIA.

Ne |Macca YUucao [Auamer | [loBepxHocT Cpennee Taoanmunoe | OTHOCHUTEIbHA
KarmneJ | KameJ p -HOE€ 3HAYEHHE 3HAYeHHUEe |§1 MOrPelIHOCTh
ONBIT
b KaHAJIa | HATSIZKEHHEe MOBEPXHOCTHOT MOBEPXHOCT
a 0 %
HINpHIA 0 HATSI’KEHHSA -HOTO
m, Kr n o, H/m
HATSI’KEHHS
d, M Ocp, H/m
Gra6, H/M
1 1*1073 2,5%107° 0,072

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

[ToueMy MOBEPXHOCTHOE HATSKEHUE 3aBUCUT OT POJAa KUJIKOCTH?
2. TloueMy M Kak 3aBUCUT ITOBEPXHOCTHOE HATSXKEHUE OT TEMIIEPaTyphl?
3. HM3MmeHuTcs nu pe3ynbTaT BHIYUCIEHUS IOBEPXHOCTHOTO HATSIKEHUS, €CIU

OIBIT IPOBOAUTH B APYTOM MecTe 3eMiIn?



4. VI3MeHUTCs JIK pe3yJbTaT BRIUUCIICHHS, €CIIM TUAMETP Karlelib TPyOKU OyaeT
MeEHbIE?

5. Tlouemy ciegyet 1OOMBATHCS MEIJICHHOTO MAICHUS Kareb?

JlaGopaTopHnasi padora Ne 4 Tema 3ansiTusi: 3aKOHBI IOCTOSTHHOTO TOKA.
DJIeKTPUYeCKHid TOK B MOJYNPOBOHUKAX.

Leab padoThl: MPOBEPUTH CHPABENIMBOCTh 3aKOHOB ITOCIEI0BATEIBHOTO U
NapaJyIeIbHOTO COEUHEHUS TPOBOHUKOB.

IlepeyeHb UCIOJIB3YEeMOr0 000PYI0BAHMSA: AMIIEPMETP, BOJILTMETP, JIAMITOUKA,
IIPOBOJIOYHAS CIIUPaib, OaTapeiika, KIItod, peocTaT

Teopurnuyeckasi 4acTb

HpOBOI[HI/IKI/I B OJICKTPHUYCCKUX LECIIAX MOT'YT COCANHATHCA ITOCICAOBATCIIBHO U
mapaJuICJIbHO.

IIpu nocJienoBaTe IbHOM COeIMHEHUHU TPOBOIHUKOB (puc. 1.9.1) cuna Toka Bo
BCEX MMPOBOJHUKAX OJUHAKOBA!

]1 :]2 :].
; h 2
—
| & | & |
A e R ——
| I -

Pucynok 1.9.1.
IlocaenoBaTenbHOE COETUHECHHIE
MIPOBOJTHUKOB

[To 3akony Oma, Hanpsixenust Uy u U, Ha TpOBOJAHUKAX PaBHbI

Ul :[Rl, U2 =1R2.

Oo6mee Hanpsikenue U Ha 000UX TMPOBOJHUKAX paBHO cyMMe HampsikeHuit U u
Us:

u=UuU,+ U2=1(R1 +R2) = IR,
rae R — peKTpuueckoe conpoTHBIIeHHUe Beeil enu. OTcroaa ciemyer:
R=R,;+R,.

le/l nocJIcAI0BaTCJIbHOM COCAUHCHUH ITOJTHOEC COIMMPOTUBJICHHUE LICIIK PaBHO
CyMME COHpOTl/IBJIeHI/Iﬁ OTJA¢/IbHBIX IPOBOAHUKOB.



OT1OT peE3yabTaT ClIpaBCAJINB JJIA JF000T0 YKcia NOoCJICA0BATCIIBHO COCAMHCHHBIX
IIPOBOJHHUKOB.

IIpu napanneabHom coenuenum (puc. 1.9.2) nanpsoxenus U; u U, Ha 06oux
IIPOBOJHUKAX OJNHAKOBBI:

U, 1= Uz =U.
CyMma TOKOB [} + [, TpOTEKAIOIIUX MO0 000MM ITPOBOIHUKAM, paBHA TOKY B
HEPA3BETBICHHOM LCTIN:
=1+ L.

OTOT pe3ynpTaT CleAyeT U3 TOT0, YTO B TOUKAX Pa3BETBICHUS TOKOB (y311bl A U B)
B LIETIH [TOCTOSTHHOTO TOKAa HE MOTYT HaKaIrIMBaTheA 3apsiabl. Hanpumep, K y3iy A
3a Bpems At moarekaet 3apsan /At, a yrekaeT OT y3J1a 3a TO K€ BpeMs 3aps

1At + LAt. CnenoBarensHo, [ =1 + .

Pucynok 1.9.2.
[lapannensHOE COeIMHEHUE TTPOBOTHUKOB

3amnuceiBasg Ha OCHOBaHUHU 3akoHa Oma

L=e L= n1=2
TR TR TR

rac R— QJICKTPUICCKOC COIIPOTUBIICHUC BCcel [CTIN, ITOJIYIUM

IIpu napaJieJibHOM COeIMHEHNH NTPOBOAHNKOB BeJIMUYMHA, 00paTHas 001IeMy
CONPOTHUBJICHUIO 1IeNH, PABHA CYMMe BeJIM4YNH, 00PATHBIX CONPOTHBJICHUAM
NapaLieJibHO BKIKYEHHBIX IPOBOJTHUKOB.

Xoxa padoThl.
3amanue 1. M3yyeHue nocneqoBaTeIbHOIO COSTUHEHMUS.

1. Cobepurte 1iens no pucyHky Huxke. BonbtmeTp npucoeaunute k Toukam N u K
uenu. OH B 3TOM Cily4ae NOKaXeT HalpsHKEHHE Ha PE3UCTOPE U JIAMIIOYKE BMECTE
(Usem). PoTO coOpanHOil 1ienu mokazaHo Ha ¢poTorpaduu HIDKE. 3aMKHUTE LENb U



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

2. IloakmtounTe BOJBTMETP K TOUK
pesucrtope R;.

Hanpspkenue U Ha

3. [loaxmrouute BOJIBTMCTP K TOYK
JJaMITOYKC.

\\v@, Hanpsbkenue U; Ha

4. TTo dopmynam R=U /I, R;=U>/I, Rosu=Uoew/l moacumTaiiTe cCOonpoTuBICHUS
pe3ucTopa, IaMITOYKH, y4acTKa, BKIFOUYAIOIETO PE3UCTOP U JIAMITOYKY.
Pe3ynbTaThl OKpYTIASHTE 10 TECATHIX.

5. 3mepeHHbIe ¥ OCYNTaHHBIC 3HAUCHUS 3aHECUTE B TAOJIHILY.

6. Caenaiite ycTHO BBIBO/I, TOATBEPIKAAFOTCS JIH OMBITOM (hOPMYIIBI:
Uoow= U1+U2  Rosm= Ri1+R2

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

1. CoGepuTe nens Mo pUCYHKY HiKe. DoTO cOOpaHHOM Menu MoKa3aHo Ha
dboTorpaduu HIKE.

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

e

N

. Rz




2. OTcoeMHUTE BOJIBTMETP, @ AMIIEPMETP NPUCOEAUHUTE B BETBb C PE3UCTOPOM.
ConpoTHBIIEHHE PEOCTaTa IyCTh OCTAETCS MAKCUMAJIBHBIM. 3alUIINUTE B TAOIHILY
3HaueHue cuibl Toka I, mporekaromeit yepes pesuctop R;. Cxema nienu cmMotpute
Ha PUCYHKE 2.

®ortorpadus 2

PucyHok 2
-

b L <

— @

3. AMniepMeTp IpUCOEANHUTE B BETBb C JJTAMIIOYKOM. 3aMUIIUTE B TAOJIUILY
3HA4YEHUE CUJIbI TOKa [, mpoTekarome yepes3 JaMnouyky. Cxema nenu CMOTpPUTE Ha

dbotorpaduu 2.

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

pEe3UCTOpA, TAMIIOYKH, YYACTKa, BKIIOYAIOIIETO PE3UCTOP U JAMIIOUKY.

Pesynbprarel OKpyrisinTe 10 AECATHIX.

5. 3MepeHHbIE U TOACYUTAHHbIC 3HAUEHUSI 3aHECUTE B TAOJIHILY.
6. CnenaiiTe yCTHO BBIBOJI, IOJTBEPKAAIOTCS JIU OMBITOM (DOPMYJIBI:

R, xR
oou= 111 12 Ro6us RIR,

Conep:kanue oruyera, gpopmMa U npaBujia opopMiIeHUsS 0TUYETA O

BBINIOJIHEHHOM padoTe: TabnuIIA.

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

U, I, I, To6uw, Ry, Ro, Ro6u, I,+1,, R/ xR,
B A A A 0)Y 0)Y Om A R +R,
3aganuss W BONPOCHI s (POPMHPOBAHMST M KOHTPOJSI  BJIAJAEHHS
KOMIIeTeHIUSIMH.

1. aiiTe onpeaeneHne MOHSATUN «BETBbY», KKOHTYP», «y3€I».

KonTpoabHbIe BONPOCHI




2.UYemy paBHO oOmiee COMPOTHUBICHHE 1€MW TPU MOCIEI0BATEILHOM
COCIMHEHUU COMPOTUBIICHUIA?

3. Yemy paBHa 0011asi MPOBOJAUMOCTh IIENHU MPU MAPALICTFHOM COSAMHECHUN
CONPOTUBJIECHUI?

4. Yemy paBHO 00I111€€ COMPOTUBIICHUE IIETU NPU CMEIIIAHHOM COEIMHEHUHU
CONPOTHUBJICHUI?

5. Kak nonumaercst 1 untaercsa 3akoH Oma J1J1s1 3aJIaHHbIX cXeM?

JlaGopaTopHasi padora Ne 5 Tema 3ansiTusi: 3aKOHBI IOCTOSTHHOTO TOKA.
DJIeKTpU4ecKHid TOK B MOJYNPOBOIHUKAX.

Hean padorel: onpeaenuts I/C 1 BHyTpEHHEE COMTPOTUBIEHNE UCTOYHUKA
MOCTOSTHHOT'O TOKa Y OLICHUTh MPaBI0NOA00HOCTD MOJYUYEHHBIX PE3YIbTATOB.
Ilepeyenb ucnosb3yemMoro ooopyaosanusi: nictounuk JJ1C, kirou, amnepmerp,
BOJIETMETP, TPU PE3UCTOPA C U3BECTHBIMU COIIPOTUBIICHUSIMH, COCUHUTEILHBIE

IIPOBOJIHUKH, PCOCTAT.

Teopurnueckasi 4acThb

PaboTa BBITTOTHSAETCS ¢ ITOMOIIBIO JICKTPUICCKOM 1T, COCTOSIISH U3
MOCJIEI0BATEIbHO COCAUHEHHBIX JIEMEHTOB: ucTouHuka JJ[C, kioua,
aMIiepMeTpa U pe3ucTopa ¢ U3BECTHBIM CONMPOTUBIICHUEM. M3MepsieTcs cuiia Toka
B LIENIY [PU 3aMKHYTOM KJTFOUE.

Ipumeuanue: VIcnionp30BaTh PE3UCTOPHI C MATIBIM COIPOTUBIIEHUEM HE
pEKOMeHayeTcsl, T.K. Oy/IeT cKa3bIiBaThes 3(PEKT HarpeBaHus pe3UCTOPOB U
VU3MEHEHHUE X CONPOTUIICHUS.

Janee B Lenu pe3ucTop 3aMEHsIETCA JPYTUM U U3MEPSETCs CUJla TOKa B LIETHU B
HOBOM citydae. [t o6onx ciyyaeB 3akoH Oma /i 3aMKHYTOM 11eru OyIeT
BBITISIICTH clieaytomuM oopazoM: £ =11 (R +r), E = L(R, +r).

KoMmOuHuUpys TpeMs pe3sucTopamMmu ¢ U3BECTHBIMU COTIPOTUBIICHUSIMU, MOYKHO
MPOBECTU TPH MAPhI MOIOOHBIX U3MEPEHUM.

Xoxa padoThl.

1. [loAroToBHTE JIUCTHI I OTYETA O pabdOTe C MPEeABAPUTEIHHBIMU 3aIUCIMHU.
2. CobepuTe 2JIeKTPUUYECKYIO 1IETIh, COCTOSIIYIO U3 MOCIEA0BATEIHLHO
COEJIMHEHHBIX 3JIeMEHTOB: uctounuka JJIC, kiroua, aMmnepmMeTpa U pe3ucTopa ¢
U3BECTHBIM CONPOTHUBICHUEM. 3MephTe Crily TOKa B IIETIH MPU 3aMKHYTOM
KITIOYE.



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

4. IlpoBeaute BorunciaeHuss J/]C ucToUHMKA TOKA U BHYTPEHHETO COMPOTUBIICHUS
MCTOYHUKA JIJIS IEPBOTO U BTOPOTO, JIs IEPBOTO U TPETHETO, ISl BTOPOTO U
TPETHEro ciyyaes 1o cienyomum dopmynam: r = (LR, — LR)AL - 1)), E =
LiL(R, — R — ).

5. [loxcuunTaiiTe BEIMYMHBI OTHOCUTEIILHON U a0COIIOTHOM MOTPEIIHOCTEMH,
00paboTaB BEIYUCIIEHUSI METOJIOM CPETHETO apU(PMETHUECKOTO.

6. CnenaiiTe BBIBOJIBI O TIPOJICIaHHOM padoTe.

Conep:kanue ordyera, GpopmMa U npaBujIa 0(poOpMIICHUS 0TYETA O

BBINOJIHEHHOI padoTe: TabiuIIa.

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

3amanuss u Bompochl Aasi  (GOpPMHUPOBAHMS W KOHTPOJS  BJIAJCHUS
KOMIIETEHUMSIMM.
KoHTpoJibHBIE BONIPOCHI

1. ITouemy mokazaHusi BOJIbTMETPA MIPU PA30MKHYTOM U 3aMKHYTOM KJTIOUE
pa3JINYHbI?

2. Kak nmoBwIcuTh TOUHOCTH U3MepeHus DJIC ncrtounuka Toka? Pe3uctopsl ¢
KaKUMU COTIPOTUBIICHUSIMU yI00HEEe UCTI0JIb30BaTh B TAHHOU paboTe?

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

4. Kak BIuseT U3MEHEHUE TEMITEpaTyphl PE3UCTOpA NMPU HarpEeBaHUU Ha
pe3yJbTaThl U3MEPEHUN B TaHHOU padoTe?

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

Heab pabdoThI: u3yuums ycio8us 603HUKHOBEHUS UHOYKYUOHHO20 moka, 3/[C
UHOYKYUU.




IlepeyeHb HCIOJIB3YeMOT0 000PYIOBAHMSA: KAMYUIKA, 084 NOIOCOBLIX MACHUMA,
MULTUAMNEPMEMP.

Teopurnueckas yactb

B3anMHas cBsI3b 2JEKTPUUECKUX M MATHUTHBIX 1OJI€H ObLTa yCTaHOBJICHA
BBIAIONTUMCS aHTIIMHACKUM Gu3ukoM M. @apaaeem B 1831 r. OH OTKpBUT SBJICHHE
3JIEKTPOMATHUTHOW MHAYKIHH.

MHorounciieHHble onbIThl Papajes MOKa3bIBAKOT, YTO C MTOMOIIBK) MATHUTHOTO
I10JIS1 MOYKHO MOJIYYUTb JJIEKTPUUECKUM TOK B IPOBOJHUKE.

SBJIeHMe JIEKTPOMATHUTHON MHAYKIUU 3AKA10YAemCs 8 603HUKHOBEHUU
9NIEKMPUUECKO20 MOKA 8 3AMKHYMOM KOHMYpe Npu U3MEeHEeHUU MACHUMHO20
NOMOKA, NPOHU3LIBAIOULE20 KOHMYP.

Tox, 6o3nuxalowull npu s671eHUU INEKMPOMASHUMHOU UHOYKYUU, HA3bLBATOM
HHAYKIHOHHBIM.

B snexkTpudeckoit nenu (pucyHOK 1) BOZHMKAET MHAYKIIMOHHBIN TOK, €CJIU €CTh
JIBI>KEHHE MarHUTa OTHOCUTENIBHO KaTYIIKU, WK Hao0opoT. Hanpasnenue
MHIYKIIHOHHOTO TOKa 3aBUCHUT KAaK OT HAMPABJICHUS JBUKEHUSI MATHUTA, TaK U OT
PACITIOJIOKEHUS €T0 MOM0COB. THAYKIIMOHHBIN TOK OTCYTCTBYET, €CIU HET

OTHOCHUTCIIBHOI'O IICPECMCIHICHU A KAaTYIIKKW U MarauTa.

Pucynox 1.

Crporo roBopsi, Ipyu IBUKEHUHA KOHTYpa B MATHUTHOM I10JIE T€HEPUPYETCS HE

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

— _(mA)
o

) :fMawO
\J

>)) B,

Pucynox 2.



dapaeil 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, 838MOU CO 3HAKOM MUH)C:
X

Pt

Orta (popmyna BeipakaeT 3akoH Dapajesi: 3. 0. ¢. UHOYKYUU PAGHA CKOPOCMU
U3MEHEHUs MACHUMHO20 NOMOKA Yepe3 NOGEPXHOCMb, 02DAHUYEHHYIO
KOHmMYypom.

3HaK MUHYC B popMyJie oTpakaeT npaBuiio Jlenua.

B 1833 roay JIeHI[ ONBITHBIM IyTEM J0Ka3ajl yTBEPKICHUE, KOTOPOE
Ha3bIBACTCS MPABWIOM JIeHa: uHOYKYUOHHBLIL MOK, 8030)H#COAEMbLIL 6
3AMKHYMOM KOHMYPe NPU USMEHEHUU MAZHUMHO20 NOMOKA, 6Ce20a HANnPae/ieH
mak, umo co30agaemoe um MAZHUmHoe noJjie NPEenAmCcmeyen UsMeHeHuIo
MAZHUMHO20 NOMOKA, 8bl3b16aI0WL€20 UHOYKYUOHHDLI MOK.

IIpu Bo3pacTanuu MarHuTHOrO nNoroka ®>0, a g,,, <0, T.€. 3. 1. C.
WHIYKIUHU BbI3bIBAET TOK TAKOT'O HAIIPaBJIEHUS, IPU KOTOPOM €r0 MAarHUTHOE MOJIe
YMEHBIIAET MArHUTHBIN MOTOK YEPe3 KOHTYP.

IIpu ymeHbmieHUM MarHuTHOT0 mMoToka ®<0, a g, > 0, T.€. MATHUTHOE TOJIE
MHAYKIIMOHHOTO TOKA YBEJIMUYMBAET YOBIBAIOIIUNA MAarHUTHBIM OTOK Yepe3 KOHTYP.

IpaBuio Jlenna nmeet riryookuil pu3nUecKrid CMBICI — OHO blpadicaem
3aKOH COXpaHeHUs 3Hep2ul: €CIIM MATHUTHOE MO0JI€ Yepe3 KOHTYP YBEINYUBAETCA,
TO TOK B KOHTYpE HalpaBJIeH TaK, YTO €r0 MarHUTHOE I0JI€ HAIIPaBJIEHO MPOTUB
BHEILIHET0, & €CJIM BHEIIHEE MATHUTHOE T10JIE€ YEPE3 KOHTYP YMEHBILAETCS, TO TOK
HaIpaBJIeH TaK, YTO €ro MarHUTHOE I0JIE MOAIEPAKUBAET ITO YObIBAIOIIIEE
MarHuTHOE I0JI€.

Xoa padoThl.

[ToaroroBbTe AJIst OTYETA TAOJIMITY U 110 MEpE TMTPOBEIACHHUS OIBITOB 3aMOJHUTE €€.

HanpasJiienus
OTKJIOHEHUS
Iloxasan | crTpeaku HanpagJienue
Ne JeicTBus ¢ usi MWJUIHAMIIEP- MHIYKIHMOHHOIO TOKA

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



KaTyIIKoi

aMIepMeTr

pa,
MA

(Bmpaso,
BJICBO WJIM HE

OTKJIAHSIETCH)

bricTpo BCTaBUTH
MarHuT B KaTylIKy

CCBCPHBIM ITIOJIIOCOM

OcCTaBUTh MarduT B
KaTyIIIKe
HETIOABUKHBIM

mocJie onbita 1

brICTpO BHITAIIUTH

MaravT U3 KaTyIIKnu

BbricTpo npubim3uTth
KaTYIIKY K
CEBEPHOMY IIOJIFOCY

MardgurTa

OcTaBuTh KaTylmKy
HETIOIBMYKHOU MOCJIE

omnbiTa 4

beIcTpo BBITAUTH
KaTYIIKY OT
CEBEPHOIO IOJII0Ca

Mar"gurTa

MenyieHHO BCTaBUTH

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

BBITAIlIMTh MAIrHUT [ |
U3 KaTyIIKA
beicTpo BCcTaBUTH B

—
KaTyIIKy 2 MarHuTa — -

CEBEPHBIMU




IIOJr0CaMu

10 |bbICTpO BCTaBUTH

MarduT B KaTyIIKy | [ i ,L%J

IO’KHBIM ITOJIIOCOM

11 |bbICTPO BBITAIIUTH

MArduT U3 KaTyYUIK1u e )
y - [ ;sz ; ]

nocJie onbiTa 10

12 |bbICTpO BCTaBUTH B

o
—_—_ 2
KaTyIIKy 2 MarHura — Y

I0’KHBIMU MOJTIOCaMU
3anucarh 0OIIMI BBIBO 1O pabOTE HA OCHOBE MPOBEIEHHBIX HAOIIOICHUM.
Conep:kanue or4yera, GpopmMa U NpaBUJIA 0(POPMIICHUS OTYETA O

BBINIOJIHEHHOM padoTe: TabiHIIA.

3aganuss M Bompochl i (GOPMUPOBAHMS M  KOHTPOJIS  BJIaJeHHUS
KOMIIETEHIUSIMH.

KoHTpoJsbHBIE BOIPOCHI

1. B dem 3akirovaercs sIBJICHUE 3JIEKTPOMArHuTHOW HHAYKIINK ?
2. Kakoii Tok Ha3bIBalOT UHAYKIIMOHHBIM?

3. Chopmynupyiite 3aKOH dJIeKTpoMarHuTHOW uHAyKIuu. Kakoi popmyoit

OH OIKCHIBAETCA?
4. Kak dhopmynupyercs npasuio Jlenma?

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

JlaGoparopHasi pabora Ne 7 Tema 3anusitusi: MexaHn4eckue KoJe0aHus U
yIpyrue BOJIHbI.

eab paGoThl: COCTOUT B 3KCIIEPUMEHTAIILHON TTPOBEPKE (POPMYIIHI,
CBSI3BIBAIOIICH TIEPHO,T KOJIeOaHMM MasTHUKA C JUTMHOM €ro MojiBeca.

IlepeyeHb UCIOJIB3YEMOI0 000PYI0BAHMSA: IIITATUB C MEPEKIAANHON U My TOH,
HUTH C METJIIMU Ha KOHLIAX, IPYy3 C KPIOYKOM, JIMHEWKA, dJIEKTPOHHBIA CEKYHIOMED

Teopurnyeckas yacrtb



Paccmotpum KosiebaHust HUTSHOTO MasiTHUKA, T.€. HEOOJIBIIOrO Tela (Hanpumep,
HIapyKa), MoABEUIEHHOr0 Ha HUTH, JUIMHA KOTOPOW 3HAYUTEIBLHO MPEBBIIIAET
pa3Mepsl camoro Teia. Ecny mapuk OTKJIOHUTE OT MOJIOKEHUSI PABHOBECUS U
OTIIyCTUTb, TO OH HaYHET KoJjiebaTbcsa. CHavyalla MasiTHUK JABUXKETCS C
HapacTarollel CKOPOCThIO BHU3. B M0I05K€HNN paBHOBECUS CKOPOCTb IIapUKa HE
paBHa HYJIIO, U OH 110 UHEPLIUU ABMXKETCs BBepX. [10 TocTHKeHnn HauBBICIIETO

IMMOJIOKCHHS IIAPpHUK CHOBA HAYHMHACT JABUI'dThCsA BHU3. 9T0 6y,HYT CBOGOI[HI)IC

KoJICOaHMS MasSTHUKA.
0

CBo0oaHBIE KOJTICOAHUS — IMO KOAeOAHUS, KOMOPble BOZHUKAIOM 8 Cucmeme Hoo
oeticmeuem 6HympeHHUX CUJl, NOCle MO20, KaK cucmema Oblia 6blee0eHa U3
NOJIOJHCEHUSL YCMOUYUBO20 PABHOBECUAL.

KonebarenbHoe ABIKEHHE XapaKTEPU3YIOT aMIUIUTY/I0H, TEPHUOIOM U YaCTOTON
KOJIeOaHMIA.

AMILUTUTYIA KOJIe0aHUil - 5TO HauOOJIbIIee CMEIIEHUE KOJEOIIOIIErocs Tejla OT
nosioxkeHus paBHoBecusi. O6o3Hnauaercs A. Enunnia usmepenus - metp [ 1M].
Ilepuoa kosedanmii - 3TO BpeMsl, 32 KOTOPOE TEJIO COBEPIIAET OJTHO MOJTHOE
kojiebanue. O6o3navaercs T. Enunuiia uamepenus - cekynaa [1c].

YacrtoTa Koy1edaHuii - TO YUCIIO KOJIeOaHM, COBEPIIIAEMBIX 33 STUHUILY
BpemeHu. O6o3nauaercs v. Enunuiia uzmepenus - repi [ 11].

Teno, noABEIEHHOE HA HEBECOMOW HEPACTS)KUMOW HUTH Ha3bIBAIOT
MaTeMaTHYeCKHUM MAasITHUKOM.

Hepnoz: KoJICOAHMI MaTEeMaTHYECKOTO MasTHHUKA OIIPCACIIACTCA

T=2n Jz
dbopmyion: £ (1), rne [ — numHA IOfIBECA, @ g — YCKOPEHHE CBOOOIHOTO
najicHUsI.



Xoa padoThl.

1. IToaroroBeTe TAOJIMILY JIJISl 3aIIUCH PE3YJIBTATOB U3MEPEHHI U BBIYMCIICHHIA:

2. 3akpenure NepeKyIauHy B My(pTe y BEpXHET0 Kpasi cTepkHs mrartusa. LltaTus
pa3MecTUTE Ha CTOJIE TaK, YTOObI KOHEL EPEKIIauHbI BEICTYIIA 32 Kpal
NOBEPXHOCTH cToJa. [lo/iBechTe K nepekinaiuHe ¢ MOMOILBIO HUTH OJUH IPy3 U3
Habopa. PaccTosiHue OT TOUKM MoBeca J10 LIEHTpa rpy3a A0HKHO ObITh 25-30 cM.
3. IToaAroToBbhTE IAEKTPOHHBIN CEKYHAOMED K pabOTE B PyUYHOM PEXUME.

4. OTKJIOHUTE TPy3 Ha 5-6 CM OT IOJIOKEHUSI PABHOBECHS U 3aMEPBhTE BpeMs, 3a
KOTOpoe Tpy3 coBepiiuT 30 MONHBIX KOJIeOaHU (TIpH OTKIIOHEHUH I'py3a CIEIUTE,
4YTOOBI YT0J1 OTKJIIOHEHUSI HE ObLT BEJIUK).

5. IloBTopute n3mepenue 3-4 pasa 1 ONPENEIIUTE CPETHEE BPEMS

tept =(tHy+t3+ty)/4

6. Beruncnute nepuoj KojiebaHust rpysa ¢ JyiMHoU nojseca 25-30 cM 1o

_
e L
dbopmyie e

7. YBenuubTe JUIMHY MOJABECA B YETHIPE pasza.

8. [loBTOpUTE CEPUIO OMBITOB C MAITHUKOM HOBOW JJIMHBI U BBIYUCIIUTE €TO

T, =22
nepuoJ1 Konedanuii mo popmyiie v
V= S
. ¢

9. Brruncnute 4acToThl KOJIEOAHMI 7151 00€UX MAasITHUKOB 10 (hopmyiam L

N

V2 —

u L2

10. CpaBHute niepuosl KojieOaHUM IBYX MasTHUKOB, JIJTMHBI KOTOPBIX OTJINYAINCH
B YETHIPE Pa3a, v clIeJaiTe BHIBOJI OTHOCUTEIHHO CIIpaBeaiuBOCTH Ghopmyisl (1).
VYkaxuTe BO3MOKHBIC IPUUUHBI PACXOXKICHUS PE3YJIHTaTOB.

11. OTBeThTE Ha KOHTPOJIBHBIE BOITPOCHI.

Conepsxkanue oruera, Gpopma u npaBujia o(popmiIeHUs1 0TYETA O
BBINOJIHEHHOM padoTe: TabiuIIa.
Lm Ne N t, ¢ tep, € T, c v, I'n

OIIbITa



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

3aganuss M Bompochl s (GOPMUPOBAHMS M  KOHTPOJIS  BJIaJeHHUS
KOMIIETCHLIUSIMH.
KonTpobHbIE BONPOCHI

1. UTo Ha3bIBAIOT MEPHOIOM KOJIeOaHNUN MasiTHUKA?

2. Y10 Ha3BIBAIOT 4aCcTOTOU KoJicOaHmii MmasTHUKA? KakoBa eqMHNIIA YACTOTHI
KoiaeOaHuii?

3. OT KaKuX BEJIMYMH U KaK 3aBUCUT MEPUOJ KOJIeOaHUN MaTeMaTHYECKOTO
MasTHUKA?

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

5. Kakue kosie0aHus Ha3bIBAOT COOCTBEHHBIMU?

JlaGopaTopHasi pabora Ne 8 Tema 3ansiTusi: DJIEeKTPOMATHUTHBIE KOJIeOaHMSI
U BOJIHBI.

He.]'lb paﬁoTLI: HN3Y4YHUTb 3aBUCHUMOCTb CMKOCTHOT'O 1 HHAYKTUBHOTO
COHpOTI/IBJ'IeHI/Iﬁ OT 4aCTOTBI IICPEMCHHOT'O TOKA U IMapaMCTPOB 3JICMCHTOB.

IlepeyeHb HCNOJIB3YeMOT0 000PYI0BAHMSA: KOHICHCATOP, KATYIIKa, UCTOYHHUK
MUTaHUs, TeHEPaTOp, PEOCTAT, BOJIBTMETD.

Teopurnueckasi 4acTb

B nenu nepeMeHHOro Toka KpoMe pe3uCTOPOB MOTYT UCIOJI30BAThCS KaTYIIIKU
WHIYKTUBHOCTH U KOHJIEHCATOPHI. JJIs MOCTOSIHHOTO TOKA KaTyIIKa
WHIYKTUBHOCTH UMEET TOJBKO aKTUBHOE COMPOTUBIICHHUE, KOTOPOE OOBIYHO
HEBEJIMKO (€CJIM KaTyIlIKa He COACPKUT OO0JbIIOE KOTMUYECTBO BUTKOB).
KonneHncaTop e B 1IeMH MOCTOSIHHOTO TOKa MpeCTaBisIeT "pa3pbiB” (0O4CHB
00JIbIIIOE AKTUBHOE CONPOTHUBIIEHUE). JJIsl IEpEeMEHHOI0 TOKa 3T 3JIEMEHTHI
o0namaroT cnenupuIeCKUM PEaKTUBHBIM CONTPOTHUBIIEHUEM, KOTOPOE 3aBUCHUT KaK



OT HOMUHAJIOB JE€TaJIel, TaK U OT YaCTOThI IEPEMEHHOT0 TOKA, MPOTEKAIOIIETO
yepes KaTyIlIKy U KOHJIEHCATOoP.

1.1. Karymika B nenu nepeMeHHoro ToKa.

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

1= 1, -cos(wt)

BBI3BIBAIOT MMa/ICHME HANIPSKEHUS HA KOHIIAX KAaTYIIKH B COOTBETCTBUHU C 3aKOHOM
CaMOMHAYKIWH U IpaBuioM JleHma:

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

T.€. KOJIeOaHUsl HANIPSDKEHUS OTIEPEXAIOT Mo (a3e KouedaHus CUIIbI TOKa Ha p /2.
[IpousBenenue w LI, sBIs€TCA aMILTUTY10M KOJI€OaHUs HAPSYKEHUS :

U =wlil,

IIpousBeneHne HUKIMYECKON YaCTOTHI HA UHAYKTUBHOCTD Ha3bIBAOT
UHOYKMUBHBIM CONPOMUEIEeHUEM KaTYIIKH:

X = L (1)

II03TOMY CBSI3b MEXKJY aMIUIMTYJaMH HaIPsDKEHUS M TOKA HA KATYIIKE COBIIAIAEeT
1o ¢popme ¢ 3akoHoM OMa 1l ydacTKa ey NOCTOSHHOTO TOKa:
UL =X1In(2)
Kaxk BuaHO 13 BeipaxkeHus (1), ”HIYKTUBHOE CONTPOTHBIIEHUE HE SIBJISIETCS
ITOCTOSIHHOM BEJIMYMHOM JUIsl JAHHOW KATYIIKH, a MPOIIOPLUHUOHAIBHO 4YaCTOTE
MEePEeMEHHOT0 TOKa uepe3 KaTymky. [loatoMmy amruintyaa KoineOaHuii CUibl TOKa 1y,
B IPOBOJHUKE C MHAYKTUBHOCTBIO L IIPU NOCTOSIHHON aMIunTyne U HanpsHKeHUs
yObIBaeT 00paTHO MPOMOPIUOHATBLHO YACTOTE MIEPEMEHHOTO TOKA:

o)
I,=—"=

oL .
1.2. KonaeHcaTop B LIeNH IEPEMEHHOTO TOKA.
[Tpu u3MeHeHnn HanPsHKEHHS Ha OOKJIaAKax KOHICHCATOpa 10 TapMOHUYECKOMY

saKoHy: ¥C = 0, cos(wt)

3apsii ¢ Ha ero 0OKJIaaKaxX U3MEHSIETCSl TAKXKE 0 TAPMOHUYECKOMY 3aKOHY:
g = Crip = CU, cos(wt)

DJIEKTPUYECKHUM TOK B LIETIH BO3HUKAET B PE3YyJIbTAaTe U3MEHEHUS 3apsiaa
KOHJIEHCATOpa, 03TOMY KO0JIeOaHUs CUJIbI TOKA B LIETIH Oy1yT MPOUCXOIUTH IO
3aKOHY:

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

BunHo, 4To kKone0aHus HaNpsHDKEHUS Ha KOHJEHCATOpE OTCTAIOT 1o (pasze ot
KoJiebaHui cuiibl Toka Ha p /2. [IpousBenenne w CU,, SBJISIETCS aMILUTUTY0M
KOJICOAHMI CHITBI TOKA:

I, =wClU,,

AHaOTUYHO TOMY, KaK OBLIO CIIETIaHO ¢ MHAYKTUBHOCTBIO, BBEJIEM MTOHSITHE
eMKOCMHO20 CONpOMuG/ieHusi KOHIACHCATopa:



1

Xp=——
o (3)

JI1s KOHIeHCaTopa MOoJTy4aeM COOTHOLIEHHE, aHaJIOTHYHOE 3aKoHy OMa:

Ue = Xeln (g

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

Xoa padoThl.

1. CobepuTe 11enb NOKa3aHHYIO HA PUCYHKE 1.

2. YCTaHOBHUTE CIEAYIOIINE 3HAYCHHMSI TapaMETPOB:

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

Konnencatop — pabouee nanpspxkenue 400 B, emxocts 10 MkD;

Pesuctop — pabouas momHocTs 500 BT, conporusienue 100 Om.

3. 3mensiss eMKOCTh KoHJieHcaTopa oT 5 110 50 MkD (uepe3 5 mx®d), 3anummmre
NOKa3aHus BOJTMETPOB (HANPSKEHUE HAa KOHJIEHCATOPE U Ha PE3UCTOPE).

4. PaccuuTaiite 3¢ (peKTUBHOE 3HaYEHHE TOKOB, TEKYIIMX B LIENH, B 3aBUCUMOCTH
OT 3HaYEHUS] EMKOCTU KOHAEHCcAaTopa (J1s 3TOr0 Ha/l0 HANpSKEHUE Ha PE3UCTOPE
pa3JeNIuTh Ha €T0 COIPOTUBIICHHUE).

5. Onpenenure 3Ha4€HHUsI EMKOCTHBIX CONPOTUBJICHUI KOHAEHCATOPA IS
COOTBETCTBYIOIINX 3HAYEHUN €r0 EMKOCTH U CPABHUTE UX C PACCUYUTAHHBIMHU I10
dbopmyne (3).

6. YcranoBute eMKkocTh KoHeHcaTopa 10 mx®. M3MeHss yacToTy reneparopa ot
20 o 100 I'm uepes 10 ['u, moBTOpUTE U3MEPEHUS U PACUETHI EMKOCTHOTO
CONPOTHUBJIEHUS B 3aBUCUMOCTH OT YaCTOThI IEPEMEHHOTO TOKA.

Cobepurte 1ierb MOKAa3aHHYIO HA PUCYHKE 2.

Puc.l. Puc.2.

8. YcTaHOBUTE CEAYIOIIUE 3HAYCHHUS TAPAMETPOB:

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

Karymika - nagyktuBHOCTH 50 MI'H;

Pesuctop — pabouas momuocts 500 BT, conporusnenue 100 Om.

9. U3Mmensast uHayKTUBHOCTH KaTymku oT 50 1o 500 mI'H (uepe3 50 mI'H),
3aMUIIUTE TOKA3aHUs BOJIbTMETPOB (HANpsKEHUE HA KAaTyIIKE U Ha PE3UCTOPE).

10.  Paccuwuraiite 3¢(peKTUBHOE 3HAUEHUE TOKOB, TEKYIIMX B LIEIHU, B
3aBUCUMOCTH OT 3HAYEHUS WHIYKTUBHOCTH KATYIIKHU (IJI1 3TOTO HAJ0
HaIpSDKEHUE HAa PE3UCTOPE Pa3AeiiuTh HA €r0 CONPOTUBIIEHUE).



11. Onpenenure MHAYKTUBHBIE CONPOTUBIICHUS KATYILIKH JJIS
COOTBETCTBYIOIINX 3HAYECHUN €€ MHAYKTUBHOCTH M CPABHUTE UX C
paccurTaHHbIMHU 110 popmyie (1).

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

13. Tloctpoiite rpaduku 3aBUCUMOCTEN UHAYKTUBHOTO U EMKOCTHOTO
CONPOTUBIIEHUH OT YAaCTOTHI IEPEMEHHOTO TOKA.

3aganus u Bompochl Aasi  (GOpPMHUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIETEHIUSIMH.
KoHTpobHbIE BONPOCHI

1. IToueMy EMKOCTHOE COMIPOTUBIICHUE YMEHBIIAETCA C YBEIUYEHUEM YACTOTHI
MIEPEMEHHOTO TOK 4, UHAYKTUBHOE COMPOTUBIICHUE — YBEIIMUUBACTCS?

2. KakoBbl pa3Huilsl Ga3 Mexay TOKOM U HAIPSHDKEHUEM ISl KaTYIIKU U
KOHJeHcaTropa?

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

4. Kak 3anuceiBaeTcst aHajior 3akoHa OMa Jij1si MaKCUMAaJIbHBIX (9()(PEKTUBHBIX )
3HAYCHUU TOKA M HAIPSHKCHUS ISl PEAKTUBHBIX DJICMEHTOB — KOHCHCATOpa 1
KaTYIIKA WHTYKTHBHOCTH?

JlaGoparTopHasi pabora Ne 9 Tema 3ansaTus: IIpupona csera.

Heab padoThl: HAYYUTHCS NOTYYaTh YMEHBIICHHbIE H300paKEHUS IPEIMETOB C
MOMOILBIO COOMPArOUIEH JIMH3bI, TEOMETPUUYECKUMH MMOCTPOCHUSIMH ONPEAEIATh
ONTUYECKYIO CUITY JIMH3BI, TOJI30BATHCS (DOPMYJIIOH JIMH3HI.

Ilepeyennb UCMOIB3yeMOTro 000pPyI0BaHUsI: cOOMparOIIas JIMH3a HA TOJCTABKE;
Jamma Jijisl KApMaHHOTO (POHApUKa Ha TMOJCTaBKE C HCTOYHUKOM MUTAHUS; OCIbIi
9KpaH; U3MEpPUTETbHAS TUHEHKA.

Teopurnuyeckasi 4acThb

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

TR
L

3necbe U, - 9TO  OTHOCHUTEJNIbHBIE NIUAJIEKTpUYECKas W  MarHuTHas
MPOHUIIAEMOCTHU cpenbl, L ~ 1 ana HedpeppomarHuTHeix cpea. g ao0oil cpespl,



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

OTHOCHUTENBHBIM MTOKA3aTEIEM MPEJIOMIICHHUS Ny BTOPOM CPeIbl OTHOCUTEIBHO
IIEPBOU HA3BIBACTCSI OTHOLIEHUE CKOPOCTEN CBETA V| K V2 COOTBETCTBEHHO, B IEPBOMU
Y BTOPOM Cpenax:

r7ie N; U Ny - a0COJIOTHBIE MTOKA3aTeNN MPEJIOMIICHUS CBETA MEPBOI U BTOPOI cpe.

Ecnu np>1 , To BTOpas cpena Has3bIBaeTCs ONTUYECKH O00JIee-TUIOTHOM, YeM
repBas cpena.

[Ipu mafeHuy CBETOBBIX JIyYEH HA UJICAIBHO IUIOCKYIO TPAHMILy pas3zieia ABYX
Cpel, pa3sMepbl KOTOPOM 3HAYMTEIBLHO NPEBBINIAIOT JJIMHY BOJIHBI, MPOUCXOIAT
ABJICHHS] OTPAXKECHUA U MpeoMIIeHUs cBeTa. HampaBieHnue pacnpocTpaHeHus CBETa
MU3MEHSAETCS TNPHU IMEPEXOJe €ro BO BTOPYKO CpEAy, 3a HUCKIIOYEHUEM CIlydast
NEPHEHANKYJISPHOTO TMaJieHUs JIyde Ha TpaHuIly paszjena. YoM MaJeHHs 1
HAa3bIBACTCA YroJl MEXIy MaJarlUM JIydOM M MEPHCHIUKYIAPOM K TIpaHULE
paszena, BOCCTAaHOBJIEHHBIM B TOUKe MajieHus (puc.l).

N
¢ i

P 12 TIIL A,
2 r

al _ 2
puc.1

VYriaom otpaxeHust i’ Ha3bIBAETCS YTOJl MKy OTPAKCHHBIM JIYYOM U TEM Ke
MEPIEHIUKYIIIPOM. YTJIIOM MPEIOMIICHUS I HA3bIBAETCS YOI MEKIY
MPEJIOMIICHHBIM JIy4OM U TEM K€ NEPHEHAUKYISIPOM.

3aKOHBI OTPAKEHUS CBETA:

a) Ilaparommii y4, OTpakKEHHBIN JIyd U NEPHEHAUKYISAP K T'PAHUIIE pa3ielia
JIBYX Cpe€ll, BOCCTAHOBJICHHBII B TOYKE MaJ€HUA Jy4a, JIeKaT B OAHOU IMIJIOCKOCTH.

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

3aKOHBI OTpaKEHUS CITPaBEIJIUBBI IPU 0OPATHOM HAIIPaBJIEHUH X0]1a CBETOBBIX
ayyen. Jlyd, pacnpOCTpaHSAIOIIMUMCS TI0 MIyTH OTPAXKEHHOT0, OTPAXKAETCS MO IyTH
najarIiero gyya (00paTuMoCTh X0/1a CBETOBBIX JTyueid) (puc 1 0).

OTtpaxeHune CBeTa, YIOBIECTBOPSAIONIEE ITUM 3aKOHAM, Ha3bIBACTCS
3epKajbHbIM. ECM yciioBHE 3€pKaIbBHOCTH OTPAKEHUS HE BBIMOJIHAETCS, TO 3aKOHBI
OTpaXEHUsI HECHPABEMJIMBBI M OTPAKEHHUE CBeTa Ha3bIBaeTcs TudPy3HbIM.

3aKOHBI IPEJIOMJICHHSI CBETA:



a) JIy4u naJarouui, mpeJIoMICHHBINA 1 EPIICHIUKYJIISp K TPaHULIE pa3/iesa JByX
Cpell, BOCCTAaHOBJICHHBIN B TOUKE IMaJICHUA JIy4a, JIeKaT B OJIHON TUIOCKOCTH.

0) OTHoIllEHWE CHUHYCOB YIJIOB MaJCHUS U MPEJIIOMJICHUS €CTh BEJIWYMHA
MOCTOSIHHAS, paBHAs OTHOCHUTEIHLHOMY ITOKA3aTEI0 MPEIOMJICHUS JaHHBIX IBYX
Cpel.

sini _ n,
T T =y
S r n,

[Tapgaromumii ¥ NPEIOMIICHHBIH JIydd B3aUMHO OOpaTUMBIL: €CIIU NaJal0Iui Ty
OyZeT IylIeH [0 HaIpaBJICHUIO IPEIOMIICHHOIO 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 MeTpax paccTosiHue d OT UCTOYHUKA CBETA JI0 JIMH3bI U PACCTOSIHUE
f OT IMH3BI A0 SKpaHa.

3. [locTpoeHreM 3HANTH MOJ0KEHUE TJIABHBIX (POKYCOB JIMH3BI M ONIPENEITUTE
($oKyCHOE pacCTOSIHUE JIMH3bI U €€ ONTHYECKYIO CHITY.

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

[Ipu onpenesieH ONTUYECKON CUITBI JIMH3BI (POKYCHOE (M BCE ApYyTHe)
paccTosiHUS ClieyeT OpaTh B METPaX, JIMIIIb TOTa ONTHYECKYIO CHITY MOXKO
ONPENICNUTh B TUONTPHUSIX.

5. [MomyuuTs Ha PKpaHe yBeTUUEHHOE M300paKeHNE UCTOYHUKA CBETA U
BBITIOJTHUTB BCE JIEUCTBUSL, KOTOPHIE OMUCAHBI B TyHKTax 1 —4 .

6. YCTaHOBUTB, 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 s (GoOpMHUPOBAHMS W KOHTPOJS  BJIAJACHUS
KOMIIETCHLIUSIMH.

3ajjaHns K peleHmIo:
KoHTpoJbHBbIE BOIPOCHI



1. Ot 4ero 3aBUCAT XapaKTEPUCTUKU U300paKEHUH, MOTYyYaEMbIX C TOMOIIbIO
coOuparoiei JUH3bI?

2. Kakwue myuyu y00HO HCIIOJIB30BATh JJIs TOCTPOCHUS N300paKeHHUs,
MOJIy4a€MOT0 C MOMOILBIO JIMH3bI?

3. MOHO ¥ TOTYYUTh ACHCTBUTEIHHOE N300paKEHHE C IIOMOIIIBIO CoOOMparomen
JIMH3BI? pacceuBarONICH JTUH3BI?

4. MOHO 71 TIOJIyYUTh MHUMOE U300pake€HUE ¢ MTOMOIILI0 COOUparONIeit
JIMH3BI? PACCEUBAIOIICH JIMH3bI?

5. C moMouibIo JUH3bI OJYYEHO U300pakeHne KaKoro-To npeamMera. B kakom
cllydae ero MOKHO YBUJETh Ha dKpaHE — KOTJIa 3TO NU300paKeHHE SIBIISIETCS
JEUCTBUTENBLHBIM HIIM KOT/1a OHO MHUMOE?

6. Ha xakoM paccTOsIHUM OT JIUH3bI JOJKEH OBbITh MIPEIMET, YTOObI pa3Mephbl
CaMoro NpeaMeTa U ero n300pakeHune ObUIM OTMHAKOBBIMU?

7. MOHO JIM 110 XapaKTepUCTUKaM U300paKE€HHUs, MMOTYYEHHOTO C TOMOUIBIO
JIMH3bI, ONPENENUTh, Kakas 3TO JIMH3a — coOuparolas WIH pacceuBaroas?

JlaGopaTopnas pabora Ne 10 Tema 3ansaTusi: BosiHOBbIe CBOMCTBA CBeTA.

Hean padorsl. U3yueHue sBiaeHus qudpakiuy CBETOBBIX BOJH Ha
y3KOM IJIOCKOMApasieIbHON 1Ieu U Ha AUGPAKIIMOHHON pElIeTKE;
AKCIIEpUMEHTANIbHAS ITPOBEPKA BBIMOJIHUMOCTH YCIOBHH IS
MaKCUMyMOB U MUHUMYMOB TU(PPaKIIUU; ONIPEACICHUE ONBITHBIM ITyTEM
JUTMHBI BOJIHBI U3JyYEHUS U TIEPHOJIa TU(PPAKIIMOHHON PEIIETKY.

IlepeyeHb UCMOIB3YEMOro 000PYI0BaHUs: TEJIUN—HEOHOBBIN J1a3€eD,
ONTHUYECKUM CTOIHK, IepKaTelb, TU(PPaKIIMOHHAS PEIIETKa, IKpaH.

Teopurnyeckast 4acTb

Jl1s1 0ObsicHeHUS ABICHUS TU(PPAKITUA MOYKHO BOCTIOJIB30BAThCS
npuHIUIoM [ toiirenca — Openena. CornacHO 3TOMY IPUHIIUITY,
BOJIHOBOW (DPOHT MpEACTABIAETCS B BUJE COBOKYITHOCTH OOJIBIIIOTO
YHUCJIa BTOPUYHBIX KOTEPEHTHBIX UCTOYHUKOB, N3JIy4arOIIUX BTOPUYHBIE
BOJIHBI B CTOPOHY PaCIIPOCTPAHEHUsI BOJIHBI. B 3TOM cityyae
oOpazoBanue AM(PaKIUOHHON KAPTHUHBI ABJISIETCS PE3YyIbTATOM
uHTepPEepPEHIINHN U3TYyICHUNH OT BTOPUYHBIX HCTOYHUKOB, a
WHTEHCUBHOCTH B KaXJI0M TOUKE SKpaHa 3aBUCUT OT pasHocTen a3
MEXKIY BOJIHAMHU, IIPUXOIAIIMMHU B 3TY TOYKY OT BTOPAYHBIX
VCTOYHUKOB.



Ha puc. 1 nokazaHo xapakTepHOE pacnpeaeIeHne HHTEHCUBHOCTH B
TudpaKIIMOHHON KapTUHE OT Y3KOU IIEIU MPH MaJeHUU Ha Hee TIIIOCKOMN
CBETOBO BOJIHBI B CIy4dae, KOT/Aa pacCTOSTHUE OT IEU /10 dKpaHa L
3HAYUTEIBHO MPEBBIIIACT MUPUHY 11eH b (mudpakuus Opaynrodepa).
Pesynbratr nuutepdepeHIiuu BOIH OT BTOPUYHBIX HCTOYHHUKOB B
HEKOTOPOH Touke kpaHa O (puc. 2) 3aBUCHUT OT Pa3HOCTU (a3 MEKITY
MPAKTUYECKU NapasUIeIbHBIMUA CBETOBBIMU JIy4YaMH, UAYIIIUMHU OT
BTOPUYHBIX UCTOYHUKOB, PACIIOJIOKEHHBIX HA OTKPBITOM YYaCTKE IIEJIH
AB. Dta pa3HocTb (a3, B CBOI0 04epe/ib, ONMPEACISAETCS Pa3HOCThIO X0/1a
MeXy JTydamu. Hanpumep, 1Jisi BTOPUYHBIX KICTOUHUKOB,
pacIoNioKEHHBIX B TOUKax A U B, ykazanHasi pa3HOCTh X0/a paBHA

BC= ABsing =bsin

Crtporuii aHanu3 sBICHUS] HHTEPPEPEHIINN U3ITYUEHUS OT BTOPUIHBIX
HMCTOYHUKOB MIPUBOJIUT K CIICIYIOIIEMY pacIpeaeICHUI0 MHTEHCUBHOCTH
B TU(PAKITMOHHON KapTHUHE OT Y3KOMU IIEH:

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

Xoxa padoThl.

[ToaroToBka yCTaHOBKH K pabOTE (BBIMOJIHIET JJa00OPAHT).

1. BkirouuTs nazep.

2. YcTaHoBUTH AepkaTeib ¢ hoTogaTyukoM Ha AeneHue "0" mo mkanie
ONTUYECKON CKAMBH.

3. He BrItOUast MUKpOAMIepMeTp, PEryJIUPOBOUYHBIM BUHTOM 5
COBMECTHUTH MPOpe3b (GOTOAaTUMKA C HYJIEBOM OTMETKOM Ha IIKaJe
JKpaHa.

4. TTonb3ysiCh peryaIupOBOYHBIMU BUHTAMH Ha KOpPITyCce Ja3epa,
COBMECTHUTB CBETSAIECECS MSATHO C LIEHTPOM Mpope3u poTogaTIHKA.

5. PerynupoBOYHBIM BUHTOM OTBECTH ITpope3b PoTomaTurKa Ha 3 CM MO
IIKaJie 3KpaHa BOpPaBo.

N3MepeHne 3aBUCUMOCTH TTOJIOKEHUS Xvun JUPPAKITMOHHBIX
MUHUMYMOB OT PacCTOSAHUS L MeX 1y MIETbI0 U 9KPaHOM.

1. YcranoButs aepxarensb AM(pakIMOHHON 1enu Ha aenenue "60 cm"
O IIKaJie ONTUYECKON CKaMbH (TIpope3b (POTOJaTUMKA OCTACTCS
CMEIIICHHOW Ha 3 CM BIIPABO OT HYJIA Ha IIIKaJie dKpaHa).

2. ITpu momMoII¥ BUHTOB Pa3IBUHYTh 3aKHUMBbI U 3aKPETUTh
Tu(paKkIIMOHHYIO IIENb B epKaTesie TAKUM 00pa3oM, YTOObI MIATHO
JIA3€pHOTO JIyya OCBEIAI0 CepeIUHY Ield, a JudpaKkIiMOHHAs KapTHHA
Ha HKpaHe ObLIa HanboJIee OTUETIINBA.

3. OTperyaupoBath MUPHUHY 1M b, Bpalias BUHT Ha KOPITyCe IIEIIH,
TaKiUM 00pa3oM, 4TOObl MUHUMYM TPEThETo nopsiaka (n = 3) coBmaaan ¢
nesneHreM "2 cMm" Ha mikane skpaHa. 3anucarh 3HadeHus L1= 0,6 M, x;=2
cM 1 b B Tabnuy 1.

4. He u3MeHssI IUPUHBI 1IEJIH, U3BMEPUTH MOJ0KEHUS AUPPAKIITOHHOTO
MUHUMYMa X5+ Xg TPEThEro nopsijika (n = 3) 1Jis 4eTblpex



npyrux nonoxxenuit gepxkarens menan (L = 0,5 m; 0,4 m; 0,3 M; 0,2 m).
JlaHHbIC 3amKcaTh B Ta0aUIy 1.

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

L.m 0.6 0,

Km =
MM

0.4 0.3 0.2

L

3aganuss u  Bonmpochl s (GOPMHUPOBAHMS M  KOHTPOJIS  BJIaJeHHUS
KOMIIETEHLIUSIMH.

3aiaHud K pelieHuIo:
KonTpoabHbIE BONPOCHI

1. B yem 3akirovaetcs siBiienue audpakinuu? Kakum odpazom Ha
OCHOBaHMM NpuHIMNA [ tolirenca — OpeHenst MOKHO OObSICHUTD
oOpazoBanue AUGPaKIIMOHHON KapTUHBI IIPU MPOXOKIECHUHU CBETOBOU
BOJIHBI YE€pE3 y3KYIO MIEIb?

2. PaccumnTaiiTe BENMYMHY yIia ¢ AJIsi MUHUMYMa IIEPBOTrO MOPSAKa IpU
nudpakuu cBeta ¢ JIMHOW BOJTHBI A = 0,63 MKM Ha
MJI0CKOMapaieTbHOU menu mupuront d = 0,05 mm.

3. PaccunTaiite BENMYMHY yria (¢ s TJIABHONO MAKCHMyMa BTOPOTO
nopsijika B ciaydae AUGPaKIMOHHON PeIIeTKH ¢ nmepuoaoM d = 8 MKM,
eclM JjnHa BOJHEI A = 0,63 MKM.

4. Kak Oy1yT U3MEHSTHCS MOJIOKEHUSI MAKCUMYMOB Ha TUPPaKIIMOHHON
KapTUHE OT Y3KOMW IIIeJIH, €CJIM TIEPEABUTATH IIEJIh OJIMKE K dKpaHy, HE
V3MEHSA MOJIOKEHUM KpaHa U UCTOYHUKA?

5. OOBSICHUTE METO/1 SKCIIEPUMEHTAIBHOTO OMPEICTCHUSI JJIUHBI BOJIHBI
U3JIyYeHHS U TIeprojia Tu(QpakiiMOHHON PEIIeTKH.
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HHTEpHET HCTOYHUKH:

www.alleng.ru/edu/phys.htm - oOpa3oBarenbHbIe pecypchl HHTEpHETa —

dusuka.

www.nuclphys.sinp.msu.ru - sinepHast ¢pu3nuka B MHTEpHETE

www.school-collection.edu.ru - enunas komnekus HUGPOBBIX 00Pa30BATEIBLHBIX PECYPCOB.
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