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COOpHMK NMPaKTHYECKUX 3aJaHMil I MOATOTOBKH K OCHOBHOMY JK3aMeHy mo ¢u3uke 7-9
kJaccsl/ coctasurens [1. B. Muponenko — Kpacnonap: 'BOY MPO Kpacnomapckoro kpas. — 2026.
- 150 c.

Hacrosmuii cOOpHUK MpencTaBiIseT co0O NPaKTUKO-OPUEHTHPOBAaHHOE YyueOHoe mocobue,
MpeJHa3HauYeHHOEe sl CUCTEMAaTHU3alliul 1 3aKpeIUIeHHs 3HaHUH yyamuxcs 7-9 K1accoB Mo Kypey (U3UKH.
W3nanve HampaBieHO Ha KadyeCTBEHHYIO IOATOTOBKY IIKOJIBHHUKOB K IPOXOXACHUIO TOCYAapCTBEHHOU
utoroBoi arrectaiuu (OI'D). B mocobun mpencTaBieHbl pa3HOYPOBHEBBIE 3aJ[aHHs, OXBATHIBAIOIINE BCE
TEMbl OCHOBHOT'O Kypca ¢usuku ¢ 7 mo 9 xmacc. CTpyKTypa cOOpHHMKAa BBICTPOCHA B COOTBETCTBHHU C
KOAN(PUKATOPOM 3JIEMEHTOB COJCPKaHUs U TPeOOBaHUH K YPOBHIO IIOATOTOBKH BBITYCKHUKOB, YTO TI03BOJISIET
LIEJICHANPABICHHO OTpabaTeiBaTh HEOOXOAMMBIE HAaBBIKM M yMeHMs. M3gaHume agpecoBaHO ydyalluMCS
00111e00pa3oBaTeNbHBIX OpPraHU3alri JJisi CaMOCTOSITETIbHON TOATOTOBKH, a TakXKe Y4YHTeNsM (QU3UKH U
pemeTuTopaM JUIS  MCIOJIB30BaHMS Ha YypOKax, (aKkyJbTaTUBHBIX 3aHATHAX W TPU OPraHU3aLUH
WHAWBUAYaIbHON paboThl ¢ yueHnkamu. [locoOue siBisiercs 3¢ heKTUBHBIM HHCTPYMEHTOM JUIS AUATHOCTUKH
3HaHUH U OTPAOOTKH 33aJJaHNH, aHAIOTUYHBIX IK3aMEHAITUOHHBIM.

Mamepuaﬂbl npedcmaeﬂeHbl 6 aemopcxoﬁ pedakuuu. OmeemcmeeHnocms 3d UCHOIb308AHUE
HA36AHULL U UHBIX 066067-”/”2, 6 moM yucie cobnoenue 3aKoHa 00 uHmeﬂJleKmyaﬂbHOﬁ
CO6Cm€€HHOCWlM, Hecem aemop ny6]luKy€Mle mamepuanos.

© MuHHCTEpCTBO 00pa30BaHUs U HAYKU
Kpacnonapckoro kpas, 2026
© I'bOY HUPO Kpacnoaapckoro kpas, 2026
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[MTPEANCIIOBUE

[Ipu moAroTOBKE yyaluxcsa K TOCyJapCTBEHHOW UTOTOBOM aTTECTalluy 9 Kiacca
no ¢u3MKke HEeoOXOAMMO  YIENATh JOJKHOE BHUMaHue (QOPMUPOBAHUIO
AKCIIEPUMEHTAIIbHBIX YMEHUIN U HABBIKOB BBIITYCKHUKOB OCHOBHOM IIKOJIBL. B TaHHOM
cOOpHUKE cojiepKaTcs 3aJaHusl, ONMKMCAHUE PKCIEPUMEHTOB, BO3MOKHBIE PEIICHUS C
OTBETaMH, MaKCUMAaJIbHO OpPUEHTHUPOBAHHBIE Ha KOAUDPHUKATOP H3IMEPUTEIbHBIX
MaTepuajoB OCHOBHOIO TOCYIapCTBEHHOIO »HK3aMeHa. B Hacrosmiee BpeMs Ha
sk3amene 3aganue Ne 17 6asupyercs Ha KoMmruiekTax obopynoBanust Ne 1, 2, 3, 4, 6,
MO3TOMY B ATOM BBINIyCKE COOpHHKAa COOpaHbl 3aJaHMsl, COCTaBJICHHbIE Ha 0aze
BbIIIE€yKa3aHHbIX KoMILIeKTOB OI'D no ¢usuke.

3agaHus pacrmpeieneHbl Mo rpynmnaMm, cHOpPMUPOBAHHBIM Ha OCHOBaHHUU
000pyI0BaHUsl, BXOJSILIETO B OMNPEIEICHHBIM KOMIUIEKT, YTO IO3BOJUT YUUTEIIO
OpraHu30BaTh KAYECTBEHHOE IOBTOPEHUE M 3aKPEIUICHUE IMPAKTHYECKUX HABBIKOB
BBIITYCKHUKOB JIJISl YCIIEIIIHOTO BBIMIOJIHEHUS 3KCIIEPUMEHTAIBHOTO 3a1anus. Kaxnoe
3a/laHAE COJICPKUT JOIOJHUTENIBHBIE BOIIPOCHL, YKa3aHUs, KOTOPbBIE IIOMOTYT
ydyalemycsi pa3o0paTbCsi € CYThbIO (PU3MYECKOrO SKCIEpPUMEHTa U 3aKOHAMU
(3aKOHOMEPHOCTSAMH ), TOATBEPKAAEMBIMHU HM.



NHCTPYKIUA
10 MPaBUJIaM 0e30MACHOCTH TPYAA MJIS yYALUMXCH
NPH pellieHUuH NMPAKTHYECKUX 3aJaHull B KaOuHeTe PU3UKH

1. ByapTe BHUMATEIbHBI U JUCHUIUIMHUPOBAHHBI, TOYHO BBITIOJIHANTE YKa3aHUS
YUHUTEIS.

2. He npuctymnaiite K BBIIOJHEHUIO SKCIIEPUMEHTA 0€3 pa3penieHust yunuTes.

3. Pa3memnaiite mpuOOpsI, MaTepHaIbl, 000PYI0BaHNE HA CBOEM paboueM MeCTe
TaKuM 00pa3oM, 9TOOBI UCKITFOUNUTh UX TAJCHUE WIIA ONIPOKHIBIBAHHUE.

4. Tlepen BbINOJIHEHUEM Pa0OThl BHUMATEIBHO HU3YyUYHUTE 3aJlaHUE U MOPSJIOK
BBITIOJTHEHUS.

5. Ilpm mpoBeneHMH ONBITOB HE JOMYCKaWTe NPEACIBHBIX HArpy30K
M3MEPUTENBHBIX TPUOOPOB.

6. Ilpu cOopke 3KCHEpPUMEHTANIBHBIX YCTAHOBOK HCIOJIB3YWTE IMpoBoja (C
HAKOHEYHUKAMH M TMPEJOXPAHUTEIBHBIMU YEXJIAMH) C TMPOYHON H30JsAIuen 0e3
BUJIUMBIX MOBPEKICHUN. 3aMpeniaeTcsi Moab30BaThCs MPOBOJHUKOM C W3HOIIECHHOM
U30JISIUEH.

7. Ilpu cOopKe PAESKTPUUECKOM IIenu n30eraiTe nepecedeHus MpoBOIOB.

8. HMCTOYHMK TOKa K OJJIEKTPUYECKON LENH MOJKIIYANTe B IOCIEIHIO0
ouepenb. CoOpaHHYIO 1I€Th BKIIIOYANWTE TOJBKO MOCIE MPOBEPKU U C pa3pelieHUs
YUUTENS.

9. He mpous3BoauTE MEPECOCAMHEHUS B LEMAX A0 OTKIIOYEHUS MCTOYHHKA
AJEKTPONUTAHUS.

10. I[Tonp3yliTeCh MHCTPYMEHTAMH C U3OJIMPYIOIIUMHU PYyYKaMHU.

11. ITo okoH4aHUU pabOTHI OTKIIOUYNUTE UCTOYHUK JIEKTPOIUTAHUS, TIOCIIE YETO
pazdepuTe IEKTPUIECKYIO LETh.

12. He yxonute ¢ pabodero mecta 6e3 pa3peiieHus yauTers.

13. O6GHapyUB HEUCTIPABHOCTD B JEKTPUUECKUX YCTPOUCTBAX, HAXOISAITUXCS
0] HAIIPSKEHUEM, HEMEJJICHHO OTKJIIOYUTE UCTOYHHUK JICKTPOIUTAHMS M COOOIINUTE
00 3TOM YUYHUTEIO WK JaOOpaHTy.



3agaHus K KOMILIEKTY o0opyaoBaHusi Ne 1

O6opynoBaHMe U MaTepualibl, BXOJAIINE B KOMIUIEKT oOopymoBanHus Ne 1,

cornacHo crienudukanuu KUM OI'D 2026 roga, mpuBOASTCS HUXKE B TaOJIHUIIE.

KommiaekTt No 1

JJ1eMeHTEI 00 opyaoBaHusl

PEKOMEHAYEMbIC XAPAKTCPUHCTHKH

® BCCHI DJICKTPOHHELIC

rpejien u3mepenus He meree 200 r

L4 H'E)-IepHTefIbHBIﬁ OWIMHIP

npenen mmepenust 250 v (C = 2 M)

(MeH3ypKa)
® CTaKaH

IIpO3pavyHble CTEHKH, BHICOTA HE MEHee
120 vy, nuaMetp He MeHee S0 MM
npeaen mmepenus 1 H (C' = 0,02 H)
npenen m3mepenus 5 H (C = 0,1 H)

e unamomerp No 1

e muHamomeTp Ne 2

® [IOBAapEHHAS COJIb, IIAJI0YKA
U1 IEpEMENTUBaHUA

® IMIMHIP CTAIBHOM; 0003HaunTh No |

® [WJIMH/IP aTFOMUHUERBBIIL;
0003HaIUTE Ne 2

® [UIACTUKOBBIN HUIMHID;
0003HauNTEL Ne 3

V=(25,0+03)em, m=(195+2)r
F=250+0,7Y)em”, m=(70£2)r

V=(56,0+1.8)cem, m= (66 +2)T,

HMMeeT MIKaTy BJI0TIb o0pa3yroleit ¢ reHoi
neiaeHud 1 MM, 1mHa He MeHee 80 MM
V=034,0£07) M, m=(95+2)T

® IMIMHIP aTIOMUHUACBEIN;
0003HauuTE No 4

® HHUTH

Ha 6a3e nepeuncieHHOTO 000pyAOBaHUSI MOKHO MPOBECTU IKCIIEPUMEHTHI Ha
KOCBEHHbIE H3MepeHUs] (U3UYECKUX BEIUYUH: HU3MEPEHUE CPEAHEH TIJIOTHOCTH
BEIllECTBA TBEPAOTrO Tena, Ccuibl Apxumena. Takke BO3MOXHO MPOBECTH
MCCJIEIOBAHMS 0 OMNPEACIICHUIO 3aBUCMMOCTH BBITAJKHUBAIOUIEH CHIIBI OT 00bema
MOTPYKEHHOW YacTW Teja, OT IUJIOTHOCTH BBITAJIKHUBAIOIICH cpelbl (KHUAKOCTH) M
HE3aBUCUMOCTH CUJIbI ApXHUMe/ia OT MaccChl Teja.

3agaHus pacupenesieHbl Mo (HOPMUPYEMBIM SKCIIEPUMEHTAIBHBIM YMEHUSIM U
HaBblkam. CHavana 3amanuwe B ¢dopmare mpaktudeckoro 3amanus OI'D, a moTom
MpakTU4YecKoe 3amaHue (pabora), KOTOPOE MOXKHO HCIIOIh30BaTh MPHU H3yUYCHUU
COOTBETCTBYIOIIEH TeMbI Kypca (PU3UKN OCHOBHOM IITKOJIBI KAK MHIUBHUIYaTbHOE WA
(dbpoHTaTBEHOE IKCTIEPUMEHTAIBHOE 3a/I1aHNUE.

N3mepeHue cpeaHei MJIOTHOCTH BelleCTBA

3agaua Ne 1

Hcnonb3ys 3MEKTPOHHBIE BECHI, U3MEPUTENbHBIM LIUJINHIP, CTaKaH C BOIOM,
muauHap Ne 4, cobeputre HKCIEPUMEHTAIBHYIO YCTAaHOBKY I10 OIPEIASICHHUIO
IJIOTHOCTH Marepuajia, M3 KOTOpPOro u3rotoBiieH uuiauuap Ne 4. AOcomtoTHas
MOTPEIIHOCTh U3MEPEHUS MacChl Tea =1 1, a a0COMIOTHYIO TOTPEITHOCTh 00beMa Teja
MPUHSTH +2 MJI.



OT4eT O BBINOJIHEHUHU 3KCHEPUMEHTAIBHOIO 3a/IaHUsl CAENANTE B CIAEAYIOLIEM
BUJIE:

1)  CphenaiiTe pUCYHOK, OTPaXKarOIIUH XOJ SKCIICPUMEHTA: OIpPEICICHUE
MacChl IUJIMHIPA, MEH3YpKa C HA4aJIbHBIM YPOBHEM BOJbl U LIWJIMHIP B MEH3YpKE C
KOHEYHBIM YPOBHEM BO/IbI.

2)  3Banumute GopMyJIbl ONpeieCHUs 00beMa IWINHAPA U €r0 TUNIOTHOCTH.

3)  YkaxkuTe pe3yabTaThl K3MEPEHHsI MACChI TeJIa, HAYAIBHOTO U KOHEUYHOTO
00BEMOB KUAKOCTH B MEH3YPKE U 00BEMa Telna.

4)  TlpoBemuTe pacyeT IUIOTHOCTH BEIIECTBA, M3 KOTOPOTO H3TOTOBJICH
UUJIUHAP. 3aNHIINATE OTBET.

bopmomosa Onvea Braoumuposna,
yuumenv gusuxu MAOY MO Junckou pation
COLL Ne 10 umenu 6pamves Henamoguix

IIpakTnueckas padora Ne 1
«/3mepenne cpeaHeil JIOTHOCTH BellleCTBA (TBEPAOIO TeJIa)»
B pPaMKAaX U3y4YeHUs TeMbl «/|BU:KeHNe U B3aUMO/IeiiCTBHE TeJD)
B Kypce «®@u3uka» B 7 kjacce

OKCHEPUMEHT TMOMOXKET OO0y4arolUMCs TMOHATh, KaK C  IOMOIIbIO
71a00paTOPHBIX METOAOB Y3HATh (PU3MUECKHE CBOWCTBA MaTEpUaJIOB.

IIpoOonemnass  curyauusi.  COBpPEMEHHBIE  TEXHOJIOTMM  IO3BOJISIOT
M3TOTaBJIMBATh U3 TUIACTUKA MPEIMETHI, BHEIIHE MTOX0KUE HA U3AENHS U3 IPUPOIHBIX
MaTEpHUAJIOB, B TOM YHCJIE APArOLEHHBIX U MOy IParoleHHbIX KaMHEN.

JleBymika npuobOperna Ha MapkeTiUielce W3yMpyaHbld Opacier. B omucanuun
IIPOJABELl YTBEPXKAAECT, YTO M3AEIME M3MOTOBJICHO W3 YKMCTOIO M3yMpylaa, HO Y
NEBYIIKM MOSBWINCH COMHEHHs B IOJJIMHHOCTM MHHEpana. BHemHe ykpalieHue
II0X0K€ HAa U3yMPY., HO COMHEHUS OCTAIOTCH.

MopenupoBanue curyauuu. B sabopaTopuu MIKOJBHUKAM Tpeasiaraercs
U3MEPUTH IJIOTHOCTH TEJIA U3 HEU3BECTHOIO BEUIECTBA.

IIpo6aemusbliii Bonpoc. Kak mpoBepuTh MOJIMHHOCTh MaTepurana’?

Bonpocwl 0ns uccnedosanus.

1. Kakas ¢usnueckas BenmuunMHa U3 M3YYEHHBIX B 7 Kjacce pa3iuyHa s
pPa3HbIX BEIIECTB?

2. Kakue ¢usnueckue BENMYMHBI HYXXHO 3HATh, YTOOBI BBIYHCIIUTH
IUIOTHOCTB Tena?

3. C momouIbI0 Kakoro npudopa 1 Kak MO’KHO U3MEPUTh Maccy Tena?

4, C momoripio Kakoro mpubopa W Kak MOXKHO H3MEPHUTh O0BEM Tela
MIPOU3BOJIBHON (HOPMBI?

S. [To xaxoit popmyse MOKHO BBIUMCIUTD IJIOTHOCTH?

6. Kak MOXHO pOBEpUTH pe3yNbTaT Ha MOUIMHHOCTH?



Ilepeuensy neobxooumozo obopyoosanus, mamepuanos. INEKTPOHHBIE BECHI,
U3MEpPUTETbHBIN IMIIMHIP, CTAKaH C BOJIOH, LIMIIUHIP.

[InoTHOCTH — ¢U3MUecKasi BEJIMYMHA, paBHAs OTHOILIECHHUIO MAcChl Tella K €ro
00beMy.

p= % p — IUIOTHOCTS, % m — Macca, KT, V — 00beM, M.

JI1si KOCBEHHOTO HM3MEpeHusi o0beMa Tella ¢ MOMOUIBI0 MEH3YPKH C BOJAOU
ucnoJib3dyercs Gpopmya:

V =V, — Vi, Vi — 00beM BoJIbI B MEH3YpKE JI0 MOrpyxeHus, Vo — o0beM
BOJIbI B MEH3YPKE MOCJIE MOTPYKEHUS.

[I1oTHOCTH BelllecTBa MOKAa3bIBAECT, UEMY paBHa Macca BELIECTBA B €IUHUIIC
o0bema. UToObI ornpeeuTh IIOTHOCTh BEIIECTBA, HYKHO MaccCy Teja pa3AeiuTh Ha
€ro o0beM.

[I1OTHOCTH TBEPABIX TEJN, XKUIKOCTEM M Ta30B 3aHECEHbI B CIEIHATIbHBIC
Ta0JIUIbI, YTO MO3BOJISET CPABHUTH PE3YyJIbTAT U3MEpEHUs ¢ TabauyHbIM. Ha ocHOBe
COTIOCTAaBJICHUSI U3MEPEHHOTO M TAOJMYHOrO0 3HAYEHUN MOXKHO clieslaTh 1) BBIBOA O
KOPPEKTHOCTH MPOLEAYPbl KOCBEHHOTO U3MEPEHHUS MIIOTHOCTH M3BECTHOTO BEIIECTBA,
2) npeAnoIoKeHHe 0 MaTepualie, u3 KOTOPOro U3roTOBJICHO TEJO.

Buo sxcnepumenma: yaeHU4eCKuu.

Dopma opeanuzayuu yuebHOU OesmelbHOCmY: UHANBUyalIbHAS U TPYIIIOBAs.

Onucanue npogeoenusi IKCnepumenma

Heap 3kcnmepuMmenta. OnpeAenuTs IUIOTHOCTh Tela W3 HEU3BECTHOTO
Marepuarna.

3apaum 3xkcnepumenTta. M3meputs maccy tena. M3mMeputh 00beM BOJIBI 10 U
Mocje MOTPyKeHUs: B BoAY. BbIUMCIUTh 00bEeM HWIUHIPA. BBIYHUCIUTH MIOTHOCTh
Tena.

Xo/a 3KcnepuMeHTa

M3mepenne cpenHeil IIOTHOCTH BeliecTBa. CxemMamuyeckutl pUcyHox .

g
V 1
o 3anuiute GopMyIIbl onpeesieHus: o0beMa UJINHAPA U €r0 MIIOTHOCTH:
V = V2 — V1
_m
=y
o VYkaxure pe3ynbTaTbl U3MEPEHUS MACChI T€Ja C YYETOM NOTPEIIHOCTH
U3MEPEHNM.
o Ykaxure pe3ynbTaThl U3MEPEHHsS] 00beMa Tela C YYETOM MOrPELIHOCTH
U3MEPEHNN.



o [IpoBeauTe pacdeThl IUIOTHOCTH BEUIECTBA, W3 KOTOPOTO HM3rOTOBJICH
UUJIMHAP. 3aluIInTE OTBET.
Ilepeuenv 6onpocog k 06cysHcOeHUo pe3yibmamos IKChepumMeHma

o B uewm 3akimogaeTcst KOppeKTHAsI MPoIeypa N3MEPSHHS MacChl?

o B uem 3akimrodaercs KOppeKTHas MpoIeaypa U3MEpEeHHsl 00bema
KUJKOCTH?

o Kakue gaxTopsl BIUSIOT HA TOYHOCTH U3MEPECHHSI ITIOTHOCTH?

o W3 kakoro marepuaia MOKET ObITh H3TOTOBIIEHO TEJI0?

o JlocratrouHo 7w wHGOPMAIMK O IUIOTHOCTHA ISl TOTO, YTOOBI

C/IeNaTh BBIBOJ] O COCTaBe Tena?

O:xunaemMble pe3yJbTaThl IKCIIEPUMEHTA

[TnoTHOCTH Tena OnM3Ka K IUIOTHOCTH MaTepHalia IHIWHApA, 3asBICHHOTO B
OTIMCaHUHU K JJaOOpaTOPHOMY 000PYI0BAHHUIO.

OO0cy:kneHue u aHAJIN3 pe3yJIbTaTOB

[Tocne npoBeaeHUs FKCIIEPUMEHTA 00yUaIOUIUeCs] MOTYT OOCYAUTh Pe3ybTaT U
MHOT000pa3ue IUIOTHOCTEM pas3Iu4HbIX BelecTB. MOryT CpaBHUTH IUIOTHOCTH
TBEPABbIX TEJ, )KUIKOCTEH, ra3oB U c(HOPMYJIUPOBaTh OOIIYI0 TEHACHINIO. BBIABUTH
BEIIECTBA, KOTOPbIE HE BIIUCHIBAIOTCS B 001yI0 TeHAeHIMI0. 1o nToram obcyxnenus
oOydaroniecss JOJDKHbI OBITh CHOCOOHBI  COPMYIMPOBATH M  OOOCHOBATH
PEKOMEHIAllMU TI0 OMPEEICHUIO TUIOTHOCTH Tella U yCTAaHOBJICHUIO BEIECTBA, U3
KOTOPOTO OHO MOXXET OBITh U3TOTOBJICHO.

N3mepenne apxumMea0BOH CHIIbI
3amaya Ne2
Ucnonb3ys aunamometrp Ne 1, crakan ¢ Bogoiu, munuuap Ne 2, coOepute
AKCIIEPUMEHTAJIbHYIO YCTAaHOBKY I10 OIPEAEICHUIO BBITAJKUBAIOIIEH CHIIBI (CHUJIIBI
Apxumena). AGCOIOTHAS MOTPEITHOCTH U3MepeHus cuibl paBHa £0,02 H.
OT4eT O BBINOJIHEHUHU 3KCIEPUMEHTAIBHOIO 3a/IaHMsI CIETIANTE B CIEAYIOIIEM
BUJIE:
1)  CpenaiitTe  pPHCYHOK, OTpP@KalOUIMA  XOJ  3KCIIEPUMEHTA:
OINpEJETICHUE BECA TEJIA B BO3/IyXE U B BOJIE.
2)  3anummre GOpMYITy ONPEIEICHUS BBITAIKHBAIOIICH CHJIBI.
3)  VYkaxwure pe3ysbTaThl U3MEPEHUS Beca TeJia B BO3IyXE U B BOJIC.
4)  TlpoBeauTte pacyeThbl CHIIBI ApXuMea. 3amuIlInuTe OTBET.



bopmomosa Onvea Braoumuposna,
yuumenv gusuxu MAOY MO Hunckoii pation
COIlI Ne 10 umenu b6pamves Uenamogvix

IIpakTnueckasi padora Ne 2
«A3mMepeHune apxumMeI0BOH CHJIBI» B paMKax M3yuyeHus TeMbl «/laBiienue
TBEPABbIX TeJl, dKMJAKOCTel U ra3oB» B Kypce «Pu3zuka» B 7 kiiacce

OKCIEpUMEHT TOMOXKET 00YUaIOIIUMCS MIOHSATh, IOYEMY Y Tela, TOTrPy>KEHHOTO
B KUJKOCTh, YMEHBILIAETCS BEC.

IIpob6aemnas curyamus. [llxonpHuna mwa OOCMKOM IO KaMEHHCTOMY
MOpCKOMY Oepery, MOTOMY YTO Y Hee MOpBajJuch 00COHOXKKU. KaMHU K001 HOTH U
BBI3BIBAJIM HEMNPUITHBIE OLIyIIEHHs. Torja IeBOYKa 3aluia Mo KOJEHO B MOpE H
IpOAOJIKUIIA ITYTh B Bojie. OHA € paJIoCThIO 3aMETUJIIA, YTO TUCKOM(OPT OT XOIbOBI 1O
KAMHSIM YMEHBIIIUIICS.

MopeanpoBanue cutyanuu. B nabopaTopuu MIKOJBHUKAM TMpeaJiaracTcs
IPOBECTH IKCIIEPUMEHT, YTOOBI MPOBEPUTD BIMSHHUE KUJAKOCTH HA BEC TIOTPY>KEHHOTO
Tena.

ITpo6semublii Bonpoc. [loueMy npu norpyXeHUM B )KUJIKOCTh U3MEHSIETCS BEC

Tena’?
Bonpocwi 0ns uccnedosanus.
1. KakoB MexaHN3M MOSIBICHUS BBITAJIKUBAIOIIECH CUIIbI B )KUAKOCTH U ra3e?
2. [Touemy BhITATKMBAIOLIAs CUJIA HAMPABJIECHA BBEPX?
3. [ToueMy nipu U3MepeHUH Beca HEOOJIBIIUX TEJl B BO3AyXe MPEeHEOperaT
BBITAJIKABAIONIEH CUJION, IEUCTBYIOIIEH CO CTOPOHBI OKPYKAIOIIET0 BO3ayXa?
4, Urto rnacut 3akoH Apxumena?

Ilepeuenv neobxooumo2o 0b60pyoosarus, mamepuanios. JJuHaMoOMETp, ITUITUHID,
COCY/l C BOJOM.

Cuna ApxuMmena — BbITAJKHBAIONIAs CHIIA, JICMCTBYIOIIAs Ha TEIO,
HOTPY>KEHHOE B YKUIKOCTh WIIH Ta3.

BrITajkuBaroIias cujia HarnpaBJIeHa BBEPX BCIICJACTBHE TOr0, YTO Ha BEPXHIOO
YacTh TeJla B JKMJIKOCTH WM Tra3e OKa3bIBaeTCS JaBJICHUE MCHBIIECE, YeM Ha €ro
HUKHIOIO YacCTh.

Teno, morpyeHHoe B JKHUIKOCTh, BCIUIBIBACT, €CJIM CHiia Apxumena OOJbIie
CHIIBI TsDKeCTH. Tello MOKET HaXOJUThCS B PABHOBECHHU B JIFOOOM MECTE JKHUIKOCTH,
eClIv cujia ApXrUMe/ia paBHa CHIIe TshKecTH. Teso TOHET, eciii cujia ApXuMmesia MEHbIIIe
CHUJIBI TSKECTH.

JIIs  KOCBEHHOT'O HM3MEPEHHsS  BBITAJIKUBAIOMICH CHJIBI  JUHAMOMETPOM
MIPUHUMAEM BO BHUMaHHE CIICAYIONTNE PAaBSHCTBA.

P1= Fmﬂ-?lc’ P2= FmﬂJfC _ EabIT-

P, — Bec Tena B Bo3ayxe, H

P, — Bec Tena B kuakoctu, H

F,..,— BBITaJIKUBaromas cuna, H
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Taxum 00pa3om, Ha IPAKTUKE BHITAJTKABAIOIIAS CHJIA MOKET ObITh Hal/IeHa KaK
Pa3HOCTh Beca MOKOSIIETOCA TeJla B BO3IyX€E U BECa MOKOAIIETOCS TeIa B dKUJIKOCTH.

Fopre= P — P,

CornacHo 3akoHYy ApXHUMena, Ha TEJO, MOTPYKEHHOE B KUIKOCTb, IEUCTBYET
BBITAIKMBAIONIAsl CHJIA, paBHAs BECYy JKHUAKOCTH B OOBEME 4YacTH H3TOro Teja,
NOTPY’KEHHOM B XKuakocTb. Ha Tenmo, Haxonsmeecs B Ta3e, JIEUCTBYET
BBITAJIKMBAIOIIIAsI CUJIA, paBHAs BECYy rasa B 00beMe 3TOro Tena.

F;3bIT: pmgvnoepyofc

E.. — cuna Apxumena, H

Py — TIOTHOCTBH JKUJIKOCTH (B 00IIIEM ClTydae MJIOTHOCTh OKPY Karoien
cpesmI), —

Vi02pyse — 00BEM MOTPY>KEHHOM YacTH Tela, M

Buo sxcnepumenma: yaeHU4eCKuu.

Dopma opeanuzayuu yuebHOU desimelbHOCmU: UHANBUTyalbHas U TPYIIOBAs.

Onucanue npogeoenusi IKCnepumenma

Heab 3xcnepuMenTa. BBIIBUTh U HCCIIEIOBATh 3aBUCUMOCTh WM J0Ka3aTh
HE3aBHUCUMOCTb apXUME0BOM CUJIbI OT 00beMa MOTPYKEHHON YacTH TeJa.

3agaum 3xkcnepumenrta. M3meputs Bec nmnmHApa B Bo3ayxe. M3meputh Bec
UUJIMHAPA, MOrPY>KEHHOro B Boay Ha 1/4 yacte oObema, Ha 1/2 yactb oObema u
MOJIHOCTBIO. BeruncinTs cuity Apxumena aiis Kaxxaoro cirydast. CpaBHUTb PE3YIbTaThI
u3mepeHuid. Crenarb BbIBOJ HA OCHOBE CPABHEHHUSI PE3YJIbTATOB.

Xoa 3KcnepuMeHTa

HccnenoBanne 3aBUCUMOCTH apXHUMEIOBOM CHJIBI OT 0O0beMa MOTPY>KEHHOMN
yactu Tena. Cxemamuyeckuil pUCyHoK.

3

| e l_c_l
 IN— —  IN— —
v
\/ P,
Py
o W3meppTe Bec HMIMHIPA B BO3AYXE P; U yKaXUTE pe3yibTaT U3MEPEHU
C y4eTOM aOCOMFOTHON MOTPEIIHOCTH.
J W3mepbTe Bec UMIMHApPA B BOJE P, U YKaXHUTE Pe3yibTaT U3MEPEHUIl ¢
Y4€TOM a0COJIFOTHOM MOTPEITHOCTH.
o 3anumute  QopMyibl, HEoOXOauMble IS BbIBOAA  (HOPMYIIbI

BBITAIKMBAIOIICH CHIIBI, U pacUeTHYIO (popmyIry:
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P 1: Fmﬂ.’)fc‘
PZ: Fm;zafc - F]'3bIT

Fopre= P — P,
° Breruucnure cuny Apxumena. He 3a0ynpre B OTBETE yKaszaTh €IMHHILY
U3MEPECHMUSI.

Ilepeuensv 60npocos Kk 06CyrHcOeHUI0 pe3ynbmamos SKCnepumMenma

° B dem 3akntouaercs KOppeKTHas Mpoleaypa u3MepeHust Beca?

° [Touemy oTnmuaercs Bec Teaa B BO3MYXE M BEC ITOTO XKE Tejla B
BoJsie?

° [Touemy mpu MOCTENEHHOM IMOTPYKEHHWU B BOJY BEC LWJIMHApPA
YMEHBIIIAETCS?

° [ToueMy mpu MOCTENIEHHOM MOTPY>KEHUU B BOAY BBITAJTKUBAIOIIAS

CUJIa YBEJIIMYMBAETCA?

O:xuaemMble pe3yabTaThbl IKCIIEPUMEHTA

KoppekTtHoe 3HaueHue criibl Apxumesia Juisl HCIIOIb3yeMOT0 IIHH/IPA.

OO0cy:kneHue u aHAJIN3 pe3yJIbTaTOB

[Tocne npoBeaeHUs SKCIIEpUMEHTA 00yJaIOIKeCss MOTYT OOCYIUTh PE3yiIbTaT U
IIPOAHAIM3UPOBATh 3aBUCHMOCTh Beca OT Cpeibl, B KOTOpOH Haxomutcs Teno. Ilo
UTOTaM 00CYKICHHS 00yUarOIINeECs I0KHBI OBITh CIOCOOHBI OOBSICHUTB, TOYEMY TIPH
NepeBIKCHUN B MOPCKOM BOJIE BO3/ICMCTBUE JIHA HA HOTH YMEHBIIIAeTCS.

HccnenoBanue 3aBMCMMOCTH APXUMEI0BOM CUJIBI OT 00bemMa
MOIPY’KEHHOM YACTH Tesia
3agaua Ne 3
Ucnons3yst nunamometrp Ne 1, mumuuap Ne 3, cocya ¢ Bojoil, cobepute
AKCIIEPUMEHTAJIbHYIO YCTAHOBKY JJISI MCCIIEIOBAHUS 3aBUCUMOCTH BBITAJIKUBAIOIICH
CUJIBI OT 00bEMa MOTPYKEHHOM YacTH Tena. J[Jig AToro mociienoBaTesibHO OTPY3UTE
IIUJIUHAP B Boay Ha 1/4 dacth oObema, Ha 1/2 yacTh 00beMa M MOJIHOCTHIO. JIjist
KaXKJIOTO MOTPY>KEHUS U3MEPHTE BHITATKABAIOIIYIO CHITY. AOCOIIOTHYIO MTOTPEUTHOCTh
M3MEpEHU Beca [WINHAPA B BO3AYXE U )KUIKOCTU C TOMOIIBIO TMHAMOMETPA MIPUHATH
paBHoii + 0,02 H.
OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIBHOTO 33JjaHus ClIeNIaliTe B CIEAYIOUIEM
BUJIE:
1)  CpenaiitTe  pPHCYHOK, OTpP@KaIOUIMA  XOJ  3KCIIEPUMEHTA:
OTIpeJIeJICHHE Beca Tejla B BO3AyXE U B BOJIC.
2)  YKaxuTe I KaKI0ro MOTPY)KEHUsST pe3ysIbTaThl H3MEPEHHUS Beca
TeJia B BO3/IyX€ U B BOJIE, BEIYMCIIMTE BHITAIKUBAIOIIYIO CHITY B KOKIOM ClTydae.
3)  CdopMmynupyiiTe BBIBOJ O 3aBUCUMOCTH BBITAIKWBAOIIEH CHIIBI OT
o0beMa OTpy>KEHHOM YacTH Teja. 3anuIlIuTe OTBET.
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bopmomosa Onvea Braoumuposna,
yuumenv gusuxu MAOY MO Hunckoii pation
COIlI Ne 10 umenu b6pamves Uenamogvix

IIpakTnueckast padora Ne 3
«HUccaenoBanme 3aBUCUMOCTH ApXUMeT0BOM CHIIbI OT 00beMa MOTrpPysKeHHOH
YAaCTH TeJIa» B PaMKaxX U3ydeHUs TeMmbl «/laBjieHue TBepaAbIX TeJl,
JKUAKOCTEH U ra3oB» B Kypce «Pusuka» B 7 Kiacce

OKCIEpUMEHT MOMOXKET 00YydYaronuMcsl TMOHSATh, OT YEero 3aBUCUT BEJIMYHUHA
JNEUCTBYIOIIEN Ha TEJO, IIOTPYKEHHOE B )KUIAKOCTD, BBITAJKUBAIOIIECH CUJIBL.

IIpo6saemnas cutyanus. Bo Bpems kynaHusi B MOpe IKOJIbHUIA coOMpana Ha
JTHE KpacuBble LBETHbIe KaMmemku. OHa 3aMeTWiia, 4TO JIErKO MOJHSTh CO JHA
ITIOHPABUBIIMICS KaMYIIEK, €CJIU IIPOCTO OIMYCTUTh B MOpe pyKy. Ho eciiv HBIpHYTH 3a
TEM K€ KaMyIIKOM, TO HEOOX0IUMO MPHIIOKUTh YCUITUS JUISl TIOTPYKEHUSL.

MopeanpoBanue cutyanuu. B jabopaTopuu MIKOJRHUKAM IpeajiaraeTcs
IIPOBECTH CEPUIO IKCIIEPUMEHTOB, YTOOBI MPOBEPUTH BIUSHUE 00BhEMa MOrPYKEHHOM
B KUJIKOCTb YAaCTH TeJIa Ha BEJIMUYUHY CHIIBI ApXUMEa.

IIpo6aemusblii Bonpoc. MimeeTcs a1 3aBUCUMOCTD, a €CJIM UMEETCS, TO Kakas,
MEXJy O0bEMOM TOTPYKEHHOM B JKHUJIKOCTh YacCTH TeJa U BEJIUYMHOW CHIIBI
Apxumena?

Bonpocwi 0ns uccnedosanus.

1. KakoB MexaHU3M MOSIBJICHUS BHITAIKUBAIOIIEH CUJTBI B KUIKOCTU U raze?

2. Tloyemy BhITaJIKHUBArOIIas CUJIa HAMpaBJieHA BBEPX?

3. Tlouemy mpu m3MepeHUU Beca HEOOIBIIMX TS B BO3AyXe MpeHeOperaror
BBITAJIKUBAIOIIEA CHJIOW, JEHCTBYIOIIEHM CO CTOPOHBI OKPY>XKAaKOIIETO
BO3ayxa’?

Urto riacut 3akoH Apxumena’?
Kakas dopmyna mis pacdera cuiibl ApxuMesna BbIBeJleHA Ha OCHOBaHUU
3TOro 3aKoHa?

6. [IpemnoxuTe TUMOTE3y O 3aBUCHUMOCTA WM HE3aBUCUMOCTH MEXIY
00bEMOM TIOTPYKEHHOW B JKHJIKOCTh YaCcTH Tela W BEIUYHMHOU CHIIBI
ApxuMe/ia Ha OCHOBaHHUM JaHHOUW (HOPMYJIBIL.

Ilepeuenv neobx00uM0o20 060pydosarus, mamepuanios. JJuHaMoMeTp, TUIUHID,
COCYJl C BOJOM.

Cuna ApxuMena — BbITAIKMBAIONIAs CWJIA, JCWCTBYIOIIAs Ha TeJo,
MOTPY>KEHHOE B )KUAKOCTh UJIU Ta3.

BriTankuBaromias cujia HampaBJieHa BBEPX BCIIEICTBUE TOTO, UTO HA BEPXHIOKO
4acTh Tejla B KUJIKOCTUM WJIM Ta3e OKAa3bIBACTCS JABJICHUE MEHBIIEE, YEM Ha €ro
HIKHIOKO YacCTh.

Teno, morpy’eHHOE B XKHUIKOCTh, BCIUIBIBACT, €CJIM CUiIa Apxumena OoJbie
CUJIBI TSDKECTH. Telo MOKEeT HaXOIWUTHhCSI B PABHOBECUU B JTIOOOM MECTE >KHJIKOCTH,
eciu cuiia Apxumezaa paBHa CUJIe TSKeCTH. Teno TOHET, ecinu cuiia ApXuMeaa MEHbIIIe
CHUJIBI TSKECTH.

ok
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JInsi KOCBEHHOTO M3MEPEHUSI BBITAJIKUBAIOIICH CHIIBI JIUHAMOMETPOM
IPUHUMAEM BO BHUMAaHUE CIEAYIONIME PABEHCTBA.

P1: Fm;mfc

PZ: Fm;zafc - F]'3bIT

P, — Bec Tena B Bo3ayxe, H

P, — Bec Tena B )kujakoct, H

FE,,,.— BBITAJIKUBaromas cuna, H

Taxum 00pa3om, Ha IPAKTUKE BHITAJTKUBAIOIIAS CHJIA MOKET ObITh HaICHA KaK
Pa3HOCTh BECA MOKOSAIIETOCS TENA B BO3/IyXE U BECA TEJIA B )KUIKOCTH.

Fpr= P — P,

CornacHo 3ak0oHy ApXHMena, Ha TeNO, MMOTPYKEHHOE B KUIAKOCTb, TEUCTBYET
BBITAJIKMBAIOIIAsl CUJIA, PaBHasi BeCy KUIKOCTU B OObEME 4YacTH JTOTO Teda,
MOTrPYy’)KEHHOW B KUAKOCTh. Ha Temo, Haxoasmieecss B rasze, JICUCTBYET
BBITAJIIKMBAIOIIAsI CUJIA, paBHAs BECYy rasa B 00beMe 3TOro Tena.

F;BIJIT: p)KgV

E,... — cuna Apxumena, H

Py — TUIOTHOCTD KHUAKOCTH (B O0IIEM clydae MIOTHOCTh OKPY Karolen
cpenbl), —

V02pyse — 0OBEM MOTPYKEHHOHN YacTH Tea, M3

Buo sxcnepumenma: yaeHU4eCKuu.

Dopma opeanuzayuu yuebHOU OesmenbHOCmuy: MHANBUyallbHAS U TPYIIIOBAs.

Onucanue npogedeHusi IKCnepUMeHmda

Heab 3xcnepuMenTa. BBIABUTH U HCCIIENOBAaTh 3aBUCHUMOCTh WM J0Ka3aTh
HE3aBUCUMOCTH apXUMEJI0BOM CUITBI OT 00BhEeMa MOTPY>KEHHON YacTH Tela.

3amauu ’3xcnepuMenTa. M3Mmeputs Bec LUIMHIpaA B Bo3ayxe. M3Mmepurts Bec
WIMHAPA, TOTPYKEHHOTo B Bony Ha 1/4 wacth oObema, Ha 1/2 yacth oObema u
MOJHOCTHI0. Beruncnuts crity Apxumena ajist Kaxaoro ciaydast. CpaBHUTH pe3yIbTaThl
n3MepeHui. Crenarb BBIBOJ HA OCHOBE CPABHEHHUSI PE3YJIBTATOB.

Xo/a IKcnepuMeHTa

HccnenoBanre 3aBUCUMOCTH apXUMEJIOBOM CHJIBI OT O0ObeMa MOTPYKEHHOMN
yactu Tena. Cxemamuyueckuil puCyHoKx.

] M P oo

B Bozyxe \/

—

P

o W3meppTe BeC LWIMHIAPA B BO3AYXE Pyyoinye M YKOKUTE PE3yIbTAT
M3MEPECHHUI C YI€TOM a0COFOTHON MOTPEITHOCTH.
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o VsmepbTe Bec uiaMHApa Py ., NMOIPYKEHHOTO B BOAY Ha 1/4 4acts
o0beMa, U yKa)XKUTE Pe3yJIbTaT U3MEPEHUN C YUETOM aOCOIIOTHONW MOTPEIHOCTH.

° I/IzMepre BCC IMUIIMHApPA PZBBOLLG’ IMOTPYKCHHOI'O B BOAY Ha 1/2 4gacTth
O6’beMa, H YKAKUTC PC3yJibTaT I/I3MepeHI/Iﬁ C yu€TOM a0COJIFOTHOM IMOrpCHIHOCTH.

° I/IzMepre BCC NUJIMHIApPA P3BBOLLe’ IMOTPY>KCHHOI'O B BOAY IIOJHOCTBIO, U
YKaXXUTC PC3YyJIbTAaT I/IBMepeHI/Iﬁ C YUCTOM a0COJIIOTHOM IMOTPCUIHOCTH.

° 3anuIimre q)OpMy.HI)I, H€O6XOI[I/IMI)I€ PRI | BBIUMCJICHUM.

I BBosgyxe: Fmﬂofc

PBBOAE: Fm}l.?IC - EgblT

F]'BbIT: PBBo3ayxe _ PBBO,E[e

° Breruuciute Cuiy ApXI/IMeI[a I KaXKA0ro Cliy4dasd.

EabIle PBBOS[LyXF.‘ - PlgBOAe

EsbITzz PBBosgyxe - PZBBO[{E

F;3b1T3: PBBOS[LyXE - P3BBO,£[€

° CpaBHHTC PE3YJIbTaThL H3MepeHHﬁ.

Ilpumeuanue. Pe3zynomamol cuumaiomcs pasiuyHblMU, eciu Ouana3oHvl
B03MOJICHBIX 3HAYEHUU USMEPEHHOU BETUYUHB] HE NePEeCeKarOmcsl.

B cnyyae pasnuuHBIX PE3yJbTATOB ONMIIMTE XapaKTEp 3aBUCHUMOCTH
apXUMEJOBOM CUJIbI OT 00beMa MOrPYKEHHOW yacTh Teia. B ciaydae oJMHaKOBBIX
pEe3yNbTaTOB CHAEJIaiTe BBIBOJ O HE3aBUCMMOCTH apXHMMEIOBOM CHJIBI OT oO0beMma
IIOIPYKEHHOW YacCTH Tena.

Ilepeuenv 6onpoco k 00CysHcOeHuIo pe3yibmamoes SKCnepumMenma

. B uyeM 3akimroyaeTcss KOppeKTHasi IpoLeaypa U3MEPEHHUs Beca?

o IToyeMy npu NOCTENEHHOM IOTPYKEHUU B BOAY BEC LUIMHIpPA
YMEHbIIIAETCS?

o [ToueMy npu MOCTENEHHOM MOTPYKEHUHU B BOJIY BBITAJIKWBAIOILAS
CUJIa yBEIUYUBAETCS?

. [ToaTBEpAUIACE I NPEUIOKEHHAS TUIIOTE3a?

O:xuaemMbie pe3yJabTaThbl IKCIIEPUMEHTA

BeiBog 00 yBenmuueHWH Cwibl ApXWMena TpH  yBEIWYEHWU O0BeMa
IIOIPYKEHHOM YacCTH TeJa.

OO0cy:kaeHue U aHAJIU3 pe3yabTaTOB

[Tocne npoBeaeHUs FKCTIEpUMEHTA 00yJaIOIHUECs: MOTYT OOCYIUTh PE3ybTaT U
POAHAM3UPOBATH 3aBUCUMOCTh apXUMEI0BOM CHIIBI OT 00beMa MOTPYKEHHON YacTH
tena. [lo uroram oOCyxaeHUsT 00ydaronuecst A0JMKHbBI ObITh CIIOCOOHBI OOBICHUTD,
novemy, 3aiJis B MOpe, MPoIIe MOTPYy3UTh YaCTh CBOETO TeJia B BOJY, YeM HBIPHYTH B
HEe IETUKOM.

HccaenoBanue He3aBMCHUMOCTH BBITAJIKHMBAKOILEH CHJIbI OT MacChl TeJia

3agaua Ne 4
Hcnons3ys nuaamometp Ne 2, numuuapsl Ne 1 u Ne 2, cocyn ¢ Bogoii, codepute
AKCIIEPUMEHTAIIbHYIO YCTaHOBKY TUISL UCCJIEI0BAHMUS HE3aBUCUMOCTH
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BBITAJIKUBAIONIEH CUJIBI OT Macchl Tena. JlJisi 3TOro mocjaeAoBaTEIbHO MOTPY3UTE
uumuHap Ne 1 m Ne 2 B Bogy momHOCTBIO. JlJIsI Ka)XAOTO MOTPYKEHUS HU3MEPHTE
BBITAIKUBAIONIYIO CUJTY. AOCOJIIOTHYIO MOTPEIIHOCTh U3MEPEHUsl Beca LUIMHApPA B
BO3/IyX€ U KUAKOCTH C IOMOIIbIO JUHAMOMETpa MpUHATH paBHoM + 0,1 H.
OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIIBHOTO 33JaHUs CIIENANTE B CIEAYIOIIEM
BUJIE:
1)  CpenaiiTe  pHCYHOK, OTpP@KAIONIMA  XOJ  SKCIICPHUMEHTA!
ONpeJesIeHUE BEca Tejla B BO3YyX€E H B BOJIE.
2)  YKaxuTe I KaKJI0ro MOTPYKEHUS pe3ysIbTaThl H3MEPEHUS Beca
TeJla B BO3/IyX€E U B BOJIE, BEIYMCIIUTE BHITAIKUBAIOUIYIO CUITY B KOXKIOM CITydae.
3)  CdopmynupyiiTe BBIBOJ, O 3aBHCHMOCTH WU HE3aBUCUMOCTH
BBITAJIKUBAIOIIEH CUJIBI OT MaCChl IMTOTPYKEHHOTO TeJia. 3alUIlUTe OTBET.

bopmomosa Onvea Braoumuposna,
yuumens gusuxu MAOY MO Junckou pation
COL Ne 10 umenu 6pamves Henamoguix

IIpakTnueckasi padora Ne 4
«HccnenoBanne He3aBUCHMOCTH aPXMMeI0BOii CHIIBI OT MACChHI TeJIay
B paMKax u3y4deHusi TeMbl «/laBjieHue TBepAbIX TeJl, KUAKOCTEH U ra3oB)
B Kypce «@Pu3uka» B 7 Kjacce

DKCMEPUMEHT TTOMOXKET 00Y4alOIUMCs YBUIETh, 3aBUCUT JIK OT MAaccChl Tela,
MOTPYKEHHOTO B KUJIKOCTh, BRITAJTKUBAIOIIAs CUIIA.

IMpo6aemuas cutyanus. OJHUM U3 CIOCOOOB MEXAHUYECKON OYMCTKU pycia
peK  ABISETCS NPUMEHEHHE HKCKaBaTopa-fapariaiiHa. KoBm  »skckaBaTopa
packauMBaeTcs Ha KaHaTax M 3a0pachiBacTcsi B 3200l MasTHUKOBBIM JBUKCHUEM.
[ToTom OH morpyXx)aeTcsi B TPYHT O COOCTBEHHBIM BECOM, IMOCJI€ YETO BKIIIOYACTCSA
TsAroBas JieOeaka. TATOBBINM KaHAT MOATATUBACT KOBII K AKCKaBaTOPY, MPU STOM 3yObs
PEXKYILIEH KPOMKH CPE3AI0T PEYHOM TPYHT U HAITOJIHSIOT KOBILL.

[Ipu cOopke nparmaiiHa Ha 3aBOJIe BO3HMK BOINPOC O COCTaBe CIUIABA,
UCIIOJIB3YEMOTO MPU HU3TOTOBJICHUM KOBIIA. [[OMUMO MPOYHOCTH, TOJATOBEYHOCTH U
JIPYTUX BaXKHBIX MapaMeTPOB HYKHO y4eCTh JEUCTBHE BBITAJIKHBAIOIICH CHUJIBI CO
CTOPOHBI PEYHOM BOJIBI.

MopeanpoBanue cutyanuu. B nabGopaTopud IMIKOJbHUKAM MpeAJiaraeTcs
MPOBECTU CEPHUI0 AKCIEPUMEHTOB, YTOOBI MPOBEPUTH BIMSHUE MAacChl Tejla Ha
BEJIMYMHY CUJIbI ApXuUMena.

IIpo6saemubIii Bonipoc. MimeeTcst i 3aBUCUMOCTD, a €CJIM UMEETCS, TO Kakas,
MEK]ly MacCoM Tela U BeIMYMHOM cuiibl Apxumena?

Bonpocwi 0nsa uccredosanus.

1. KakoB MexaHH3M MOSIBJICHUS BBITAIKHUBAIOLIEH CUJIBI B )KUJIKOCTH U raze?

2. [ToueMy BbITaIKUBAIOIIAs CUJIa HAIPaBJeHa BBEPX?
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3. [Touemy npu U3MepeHnu Beca HEOOBIINX TEN B BO3yXe MPEHEOPEraroT
BBITAJIKUBAIOIIEH CUIION, IEHCTBYIOIICH CO CTOPOHBI OKPY>KaIOIIET0 BO3Ayxa?

4, UYro riacut 3akoH Apxumena?

5. Kaxkast popmyna nns pacuera cuiabl ApxuMe/ia BEIBEICHA HA OCHOBaHUH
9TOr0 3aKOHA?

6. [Ipenioxxure TUMOTE3y O 3aBUCUMOCTH WJIM HE3aBUCHMOCTH MEXKTY

Maccoi Tejla ¥ BEJIMYMHON CUJIbI ApXuMeaa Ha OCHOBAHUM JIAHHOU (POPMYJIBI.

Ilepeuenv  Heobxoo0umoeo  obopyoosanus, mamepuaios. JlmHAMOMETD,
UWIMHAPBL, COCYJl C BOJOM.

Cuna ApxuMmena — BbITAJKHBAIOIIAsS CHIIA, JCHCTBYIOIIAss Ha TeJo,
MOTPYKEHHOE B JKUJIKOCTh WJIM T'a3.

BriTankuBaromias cuia HampaBieHa BBEPX BCJIEACTBUE TOTO, YTO HA BEPXHIOKO
YacTh TeJla B JKUJKOCTH MM Ta3e OKa3bhIBaeTCs JaBJICHHME MEHBIIES, YeM Ha €ro
HMKHIOIO YacThb.

Teno, morpyeHHOe B KUJIKOCTh, BCIUIBIBACT, €CIIU cujla Apxumena OoJbIie
CHJIBI TSDKECTH. Teo MOXKeT HaXOJUThCS B PABHOBECHHU B JIFOOOM MECTE JKUIKOCTH,
ecny cuia ApxuMme/ia paBHa CUJIE TSHKECTH. Tello TOHET, eCiii cuijia ApXuMeaa MEHbIIIEe
CHJIBI TSHKECTH.

JInd  KOCBEHHOTO M3MEPEHHUsI BBITAJKUBAIOIICH CHJIBI JUHAMOMETPOM
MIPMHUMAEM BO BHUMAHUE CIICIYIOIIME PABEHCTRBA.

P1: Fmﬂ[)fC

P2: Fm}l?fc - EabIT

P, — Bec Tena B Bo3nyxe, H

P, — Bec Teja B xxuagkoctu, H

E,. .. — BRITaIKuBaromas cuia, H

Takum 00pa3om, Ha MPAKTUKE BHITAIKHWBAIOIIAS CHJIa MOXKET OBbITh HallZieHa KaK
Pa3HOCTh BeCa MOKOSAIIETOCS Teja B BO3/IyXE 1 Beca TeJia B )KUKOCTH.

P;3bIT: P 1 P 2

CornacHo 3akoHy ApxuMena, Ha TeJo, MOTrPYy>KEHHOE B JKUJIKOCTb, JICHCTBYET
BBITAJIKMBAIOIIAS CHJIa, paBHAs BECYy JXHUAKOCTH B OOBEME YacTH JTOro Tea,
MOTPY’)KEHHOW B KUAKOCTh. Ha Temo, Haxomsmeecs B rasze, JIEUCTBYET
BBITAJIKMBAIOIIIAs CHJIa, paBHAs BECY Ta3a B 00beMe ITOTO Tela.

Fopr= pmgv

E,.. —cuna Apxumena, H

Py — TUIOTHOCTH XUAKOCTH (B OOIIEM Ciydae IJIOTHOCTh OKPY KaIOIIeH
cpesml), —

V02pysc — 00bEM MOTPYKEHHOW YaCTH Tena, M3

Buo skcnepumenma: yaeHU4eCKHil.

Dopma opeanuzayuu yueOHOU OesmenbHOCmuY: MHANBUyalTbHAS U TPYIIIOBAsL.

Onucanue nposedeHus SKCnepumeHma

Heab 3xcnepuMenTa. BBIIBUTH U UCCIENOBATH 3aBUCUMOCTh WJIM JIOKA3aTh
HE3aBUCHUMOCTh apXUMEJI0BOM CUJIBI OT MACChI TeJa.

3amayu 3kcnepuMenTa. M3ameputs Bec IBYX HWJIMHAPOB OJMHAKOBOM (POPMBI
U 00beMa, HO Pa3IMYHOM Macchl B BO3ayxe. M3MepuTh BeC 3THUX K€ ITUIMHIPOB,
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MOJTHOCTBIO MOTPYKEHHBIX B BOAY. Beiunucnuth cuity Apxumesa s KaxXa0ro ciydasl.
CpaBHuTh pe3ynbTaTbl u3MepeHuil. Craenarb BBIBOJ Ha OCHOBE CpPABHEHHUS
pe3ybTaTOB.

Xoa 3KCrepuMeHTa

HccnenoBanre 3aBUCUMOCTH  apXMMEIOBOM CHJIBI  OT MacChl  Tena.
Cxemamuueckuti pucyHoK.

— —
I — —
ya
Vv P B BOJIe
P B BO3/1yXe
o Msmepste Bec upnHapa Nel B Boszgyxe Py, . 1 YKaKHUTE pe3yibTar

I/IBMepCHHﬁ C YUCTOM a0COJIFOTHOM IMOTPCHIHOCTH.

° Wsmepete Bec umnnapa Nel Py o, OTPY>KEHHOTO TIOJHOCTBIO B BOALY,
U YKaXUTE Pe3yJbTaT U3BMEPEHUN C yUeTOM a0COMIOTHON MOTPEIIHOCTH.

o V3mepeTe Bec upmnHapa Ne2 B Bosayxe Py, . M YKaXHTE pe3ysbTaT
U3MEPEHUH ¢ y4eTOM abCOTIOTHOM IMOTPEITHOCTH.

° W3mepsTe Bec ummmaapa Ne2 P, . MOTPY)KEHHOTO TIOJHOCTBIO B BOALY,
Y YKaXXUTE Pe3yJbTaT U3BMEPEHUN C yUeTOM a0COMIOTHON MOTPEIIHOCTH.

o 3anummre GopmyJIibl, HEOOXOIUMBIE J1JIs1 BBIYMCIICHHIA:

PBBOB/I[yxe = Fm;zofc

"ol

BBO,Z[e: FMﬂOfC - F]'3blT
P;3bIT: PBBo3ayxe - PBBo,qe
Beraucinre CI/IJ'Iy ApXI/IMelIa IJIA KaxKI01ro CJIyLIaSIZ

P;3bIT1= PBBOSAyXE - PlBBoae
F;3bIT2= PBBosgyxe - PZBBoae
° CpaBHI/ITe PE3YyJIbTAThI I/I3MepeHHﬁ.

Ipumeuanue. Pe3ynbmamul cuumaromcs coenaoarowumu, eciu Ouanas’oHbvl
B03MOIICHBIX 3HAUEHUU USMEPEHHOU 8ETUYUHBL NEPECEKAIOMCHL.

o B cnydae oAMHAKOBBIX PE3yNbTATOB CAENANTE BBIBOJ O HE3aBUCUMOCTHU
apXKMMEJIOBOM CUJIBI OT Macchl Tena. B ciydae pasnvuHbIX pe3yJbTaTOB OMUIIUTE
XapakTep 3aBUCMMOCTH apXUME0BOUM CHITbI OT 00bEeMa MOTPY>KEHHOW YacTH Tela.

Ilepeuenv 6onpoco k 006CysHcOeHUIo pe3y1bmamo8s IKChepumMeHma

o B ueM 3akiroyaeTcss KOppeKTHasi IpoLeaypa U3MEPEHHUs Beca?
o [Touemy mpu NOrpy’>KEHNUU B BOJY BEC LIMJIMHIPOB YMEHBIIAECTCS?
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o [louemy mpu MOrpyEHUU B BOAY BEC LIMJIMHIPOB OJAMHAKOBOMN
GopMbl MU 00BEMa, HO pa3IMYHOM Macchl YMEHBIIAETCS Ha OJMHAKOBYIO
BEJIMYUHY?
. [TonTBepanace Jiv NpeyIoKEHHAs TUIoTe3a?
O:xuaemble pe3yJbTaThbl IKCIIEPUMEHTA
BbIBO O HE3aBUCHUMOCTM CWJIbl Apxumena OT MacChbl MOTIPY>KEHHOTO B
KUJKOCThH Tela.
OO0cy:kaeHue ¥ aHAJIU3 pe3yabTaToB
[Tocne mpoBeaeHUs FKCIIEPUMEHTA 00yYaIonIrecss MOTYT OOCYAUTh pe3yabTaT U
J0Ka3aTh HE3aBUCUMOCTb apXUMEN0BOM CUIIBI OT Macchl Tena. [1o ntoram odcyxnenus
oOyuyarouuecs: T0JKHbI ObITh CIIOCOOHBI OOBSICHUTD, TOYEMY BBITAJIKUBAIOIIAs CUJIA
HE 3aBHCHUT OT MaccChl TeJa.

HccaenoBanue 3aBUCUMOCTH AaPXUMEI0BOM CHJIBI OT IVIOTHOCTH KUAKOCTH
3agaya Ne 5
Hcnone3ys nuaamometp Ne 1, mumuuap Ne 3, cocynmbl ¢ BOOOW W BOIHBIM
pacTBOPOM TIOBAapeHHOW COJIM, COOEpPUTE SKCIEPUMEHTAIBHYIO YCTAaHOBKY Jis
HCCIIEIOBAHNS 3aBUCUMOCTH BBITAIKUBAKOMIEH CUIIBI OT IJIOTHOCTH BBITAJIKUBAIOLIEN
cpensl (kunakoctu). s 3TOro moOCHEAOBaTedbHO morpy3utre IwmHap Ne 3
ITIOJTHOCTBIO B BOAY U B BOJHBIN pACTBOP MOBAPEHHOM COMM. /{7151 Ka)Ka0r0 MOrpyKEeHUs
M3MEPHTE BBITAJKUBAIOUIYIO CHIIy. AOCOJIOTHYIO MOTIPEIIHOCTh M3MEpPEHHUs Beca
LUJIMHAPAa B BO3AyXE M XKUIAKOCTH C IIOMOIIBIO JMHAMOMETpPA IIPUHATH PABHOMN
+0,02 H. (Conenyto Boay npurotoBuTh u3 pacuera 10 r noBapenHoi coiau Ha 100 mi
YUCTOMN BOJIBI).
OT4eT O BBINOJIHEHUHU 3KCIEPUMEHTAIBHOIO 3a/IaHMsI CIETIANTE B CIEAYIOIIEM
BHJIE:
1)  CpenaiitTe  pPHCYHOK, OTpP@KaIOUIMA  XOJ  JKCICPUMEHTA:
OIIPEZICJICHHUE BECa Tejla B BO3AYXE U B BOJIE.
2)  VYkaxwure Ul KaXI0TO MOTPYKCHUsSI pe3yJIbTaThl U3MEPCHUS Beca
TeJa B BO3AYXE U B KUJKOCTH, BBIUUCIUTE BBITAIKUBAIOLIYIO CHUJY B KaXKJIOM
cirydJae.
3)  CdopmynupyiiTe BHIBOJ O 3aBUCUMOCTH BBITAJIKMUBAIOIICH CHJIBI OT
IJIOTHOCTH JKUJIKOCTH. 3AIUIIUTE OTBET.

19



bopmomosa Onvea Braoumuposna,
yuumenv gusuxu MAOY MO Hunckoii pation
COIlI Ne 10 umenu b6pamves Uenamogvix

IIpakTnueckas padora Ne 5
«HMccaenoBanne 3aBHCUMOCTH apXHUMeEA0BOI CHJIbI OT IJIOTHOCTH KHUAKOCTID)
B PaMKaXx U3y4YeHUs TeMbl «/laBieHue TBepaAbIX TeJl, dKMIAKOCTEHl U ra3oB»
B Kypce «@Pu3uka» B 7 Kjacce

DOKCIEPUMEHT TOMOXXET O0O0Yy4YaloIMMCA YBUAETh 3aBUCUMOCTH BEIUYHUHBI
BBITUIKUBAONIEN CHUJIbI, JIEUCTBYIOLIEH HA TMOTPYKEHHOE TEI0, OT IUIOTHOCTH
KUJIKOCTH.

IIpo6aemnas curyauusi. Bo Bpems jieTHero ornapixa y 0aOyIiku B ceje U B
Jarepe Ha MOPCKOM MOOEpEeXbe MIKOJIbHUK 3aMETHJ, YTO NPH IJIaBaHUU TPYyJAHEE
Jep>KaThCs Ha BOJIE B peUKe, ueM B Mope. [ToueMy MopcKkast BoJia «IIOMOTaeT» IJIaBaTh?

MopeanpoBanue cutryanuu. B nabGopaTopuu MIKOJbHUKAM TMpEAJiaracTcs
IIPOBECTH CEPUIO IKCIIEPUMEHTOB, YTOOBI MPOBEPUTH BIUSHHUE TJIOTHOCTHU >KUJIKOCTHU
Ha BEJIMYMHY CUJIbI ApXumeza.

IIpo6aemusblii Bonpoc. MmeeTcs a1 3aBUCUMOCTD, a €CJIM UMEETCS, TO Kakas,
MEXK/y TUIOTHOCTBIO KUAKOCTH U BEJIMYMHON CHIIbI Apxumena’?

Bonpocw 0ns uccnedosanus.

1. KakoB MeXxaHM3M MOSIBIICHUS BHITAIKMBAIOIIECH CUJIbI B )KUIKOCTH U raze?

2. [Touemy BhITATKMBAIOLIAs CUJIA HAMPABJIECHA BBEPX?

3. [Touemy nipu U3MepeHUH Beca HEOOJIBIIUX TEJI B BO3AyXe MPEeHEOperaT
BBITAJIKABAIONIEH CUJION, NEUCTBYIOIIEH CO CTOPOHBI OKPYKAIOIIET0 BO3ayXa?

4, Yem pacTBOp COJIM OTIIMYAETCSA OT YUCTOU BOJIBI?

5. [Touemy MIIOTHOCTH pacTBOpa OOJBIIE TUIOTHOCTH YHUCTOM BOJIBI?

6. Urto rnacut 3akoH Apxumena?

7. Kakast dopmyna st pacuera cuiibl Apxumesia BbIBEIeHa Ha OCHOBAaHUU
3TOTO 3aKOHa?

8. [Ipenyoxure TUIOTE3Yy O 3aBUCUMOCTH MM HE3ABUCUMOCTH MEXKIY
IJIOTHOCTBIO KUAKOCTA M BEJIMYMHOW CUJIBI ApXUMeJa Ha OCHOBAaHUM JaHHOM
bopMyIbL.

Ilepeuensv neobx00uMo20 060pydosarus, mamepuanios. JJuHaMoMeTp, TUITUHID,
COCYZbI C BOJOM U PACTBOPOM COJIH.

Cuna ApxuMena — BbITAIKMBAIONIAs CWJIA, JCWCTBYIOIIAs Ha TeJo,
MOTPY>KEHHOE B )KUAKOCTh UJIU Ta3.

BriTankuBaronias cujia HampaBJieHa BBEPX BCIIEICTBUE TOrO, UTO HA BEPXHIOIO
YacTh TeJjla B KUIAKOCTH HJIM Ta3e OKa3bIBACTCs JaBJICHHME MEHBIIIEE, YeM Ha €ro
HIDKHIOIO YacCTh.

Teno, morpy’eHHOE B XKHUIKOCTh, BCIUIBIBACT, €CJIU CUila Apxumena OoJbiie
CUJIBI TSKECTU. Teo MOKET HaXOJUThCSl B PABHOBECHUU B JIIOOOM MECTE >KHJKOCTH,
ecnu cuia ApxuMe/ia paBHa CHJIE TSKECTHU. €10 TOHET, eClii Crhjla ApXuMeIa MEHbIIEe
CHJIBI TSDKECTH.
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JIni  KOCBEHHOTO M3MEPEHUS BBITAJIKHUBAIOIIEW CHJIBI JIUHAMOMETPOM
IPUHUMAEM BO BHUMaHUE CIEAYIONIME PABEHCTBA!

P1= Fm;mfc

PZ: Fm;zafc - F]'3bIT

P, — Bec Tena B Bo3ayxe, H

P, — Bec Tena B )kuukoctu, H

FE,,,r — BBITAJIKUBaromas cuna, H

Takum 06pa3om, Ha MPAKTUKE BBITAIKMBAIOIIAS CHJIa MOKET OBITh Hail/leHa Kak
Pa3HOCTB BeCa MOKOSIIETOCA TEJIa B BO3yX€E U BECA MTOKOAIIETOCS TeIa B )KUJIKOCTH.

Fopr= Py — P,

CornacHo 3ak0oHy ApXHMena, Ha TENO, MOIPYKEHHOE B KUIAKOCTb, IEUCTBYET
BBITAJIKMBAIOIIAS CHJIa, PaBHAs BeCy >XUAKOCTH B OOBEME 4YacTH 3TOro Tea,
MOTrPYy’)KEHHOW B KUAKOCTh. Ha Temo, Haxoasmieecss B rasze, JICUCTBYET
BBITAJIIKMBAIOIIIAs CUJIA, paBHAs BECYy rasa B 00beMe 3TOro Tena.

F;BIJIT: p)KgV

E,..r — cuiia Apxumena, H

Py — TUIOTHOCTb XHUAKOCTU (B OOILIEM Cilydae MJIOTHOCTh OKPY’Karollen
cpenbl), —

V02pyse — 00BEM MOTPYKEHHON YaCTH TENA, M

Buo sxcnepumenma: yaeHU4eCKuu.

Dopma opeanuzayuu y4ebHou dessmeabHOCmu: UHAUBUyadbHas U TPYIIIOBast.

Onucanue npogedeHus IKCnepUMeHma

Heap 3xcnepuMenTa. BBIABUTH U HUCCIENOBATH 3aBUCUMOCTh WM J0KAa3aTh
HE3aBUCHUMOCTb apXUMEI0BOM CUJIbI OT IJIOTHOCTH KUJIKOCTH.

3amauu ’3xcnepuMenTa. M3Mmeputs Bec LUIMHIpaA B Bo3ayxe. M3Mmepurts Bec
HAJIAHAPA, TOTPYKEHHOTO MOJIHOCTHIO B BOJY U B PACTBOP COJU. Beruuciuts cuity
Apxumena as Kaxaoro ciydas. CpaBHUTh pe3yibTaThl n3MepeHnid. CaenaTh BIBOA
Ha OCHOBE CPABHEHUS PE3YJIbTATOB.

Xo/a IKcnepuMeHTa

HccnenoBanre 3aBUCUMOCTH apXUMENOBOM CHIIBI OT TUIOTHOCTH YKHUJKOCTH.

3

Cxemamuueckuti pucyHoK. — —
I — —
/I
v P B XKHJIKOCTH
P B BO3/1yXe
J W3smepbTe BeC UMIMHApPA B BO3AYXE Pyyoinxe M YKOKUTE pE3yJbTaT

M3MEPECHHUI C YI€TOM a0COFOTHON MOTPEITHOCTH.
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° I/I3MepBTe BCC MUJIMH/pA PleI/mKOCTM’ IMOIPYKCHHOTI'O ITOJIHOCTBIO B BOAY, 1
YKaXXUTC PC3YyJIbTAaT I/IBMGPGHI/Iﬁ C YUCTOM a0COIIOTHOM IMOTPCUIHOCTH.

° HpPIFOTOBBTe pacTBOp COJIH.

° H3MCpBTe BCC MNIUIMHApPA PZB)KI/ILLKOCTI/I’ I[IOTPYKCHHOI'O IIOJIHOCTBIO B
COJISTHOM pacTBoOp, M YKaXUTC PpPE3yJibTaT H3MepeHHﬁ C YUCTOM a0CcoIIOTHOM
IMOTPCITHOCTH.

° 3anuimre q)OpMy.]H)I, H€O6XOI[I/IMI>I€ PRI | BBIUMCJICHUM.

PBB03/I[yXE= Fmﬂofc

PB)KI/IAKOCTI/Iz FmﬂJfC - F'BbIT

F;3bIT: Pssos/:[yxe - PB)KI/I[[KOCTI/I

° Breruuciute Cuiy ApXI/IMeI[a I KaXKA0ro ClIy4dasd.

Fl;b“"l: PBBO3AYXE o PlB)KI/I,C[KOCTI/I

Fy

L CpaBHI/ITe PE3YyJIbTAaThI H3MCpCHHI>i.

HpuMeanue. Pe3y/zbmambl cuumaromcAa  pasiudHsuiMu, eciu ouanaszoHvl
B03MOINCHBIX 3HAUECHUT u3M€p€HHOZZ 6E/IUYUHDBL HE NEepPeCceKarnicA.

B CIydac pas3IMIHbBIX PE3YyJIbTATOB OIMMIIUTC XapaKTCp 3aBUCHUMOCTH
apXHMCHOBOﬁ CHWJIBI OT IINIOTHOCTHU KUIAKOCTH. B ClIy4ac OJHHAKOBLIX PC3YJILTATOB
CI[CJ'I&fITG BBIBO/JI O HE3aBHMCHUMOCTHU apXHMeﬂOBOﬁ CHJIBI OT IIJIOTHOCTH KUAKOCTH.

HepetteHb 80NpocCos6 K 06cy9fcdeHu10 pesyiomamaoe IKCnepumenna

BITD l:)BBo3,cLyxe - PZ BXKUKOCTH

o B yem 3akitouaeTcst KOppeKTHas MMpoleaypa u3MepeHus seca’?

o [loueMy Tmp TOTPY)KEHUHM B IKUAKOCTh BEC LUIMHIAPA
YMEHbILIAETCS?

o [Touemy u3MeHEHHE Beca OTIIMYAETCSI IPU TIOTPY>KEHUU B BOAY U B
pacTBop conu?

o [ToueMy B COJISTHOM pacTBOpE BbITAJIKUBAIOLIAs cuiia 00JbIe?

o [TonTBepauIace Jiv NpeaIokKeHHast runoresa?

O:xunaemMble pe3yJbTaThl IKCIIEPUMEHTA

BeiBon 00 yBenmueHuWu CHibl ApxuMmena TpH YBEIHMYECHUH ITUIOTHOCTH
KHUIKOCTH.

O0cy:kaeHue U aHAJIU3 Pe3yJIbTATOB

[Tocne npoBeaeHUs FKCIIEPUMEHTA 00yYaloUIecss MOT'yT OOCYAUTh pe3ybTaT U
MIPOAHAIM3UPOBATH 3aBUCUMOCTb apXUMEA0BOM CUIIBI OT 00bEMa MOrPYKEHHOH YacTH
tena. [lo uroram obcyxaenust oOyyarouecs: J0KHbBI ObITh CIIOCOOHBI OOBSICHUTD,
nouemMy JUJIsl MJIaBaHUs B MOPCKOM BOJIE HYKHO MEHbIIIE YCHIIMMA, YeM ISl TJIaBaHus B
PEUYHOU.
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3agaHus K KOMILIEKTY 00opyaoBaHusi Ne 2

O6opynoBaHHe U MaTepualibl, BXOJAIINE B KOMIUIEKT oOopymoBaHus No 2,
cornacHo crienudukaiuy KUM OI'D 2026 roga, mpuBOASTCS HUKE B TaOJIHUIIE.

KommiaekT Ne 2

3JIeMEHTHBI 0601))’[[ OBaHHA PEROMEHAYEMBIC XapaKTePHCTHRH

® ITATHB 1a00PaTOPHBIIT
C JeprKaTeriIMII

e IIHaAMOMeTp 1 npenen mMmepenns 1| H (C= 0,02 H)
® IITHAMOMETP 2 npenen m3mepenns S H (C = 0,1 H)
e npyxiHa | Ha IaHIIEeTEe &KécTkocTh (50 +2) H/m

¢ MIUITIIMETPOBOII MKamoii
e IIpyKIHA 2 Ha IUIAHIIETE KécTkocTh (10 +£2) H/m

C MIULTIIMETPOBOIT MIKAIOIT

e Tpi rpy3a. 0603HaunTE Ne 1, Ne 2 | Maccoill mo (100 + 2) r Kax sl
n Ne 3

e HaOOpPHBIII IPy3 I HAOOP HaOOPHBIIT TPY3, MTO3BOILTFOMIIIT
rpy30B, 0003HaunTh Ne 4, Ne 5 YCTAHABIIIBATE MacCy I'PY30B:
1 Ne 6 Ne 4 maccoii (60 = 1) T, Ne 5 maccoii

(70 £ 1) r m Ne 6 maccoit (80 = 1) T i Habop
OTJENBHBIX IPY30B

e IHeiiKa I TPaHCIIOPTHP amiHa 300 MM, ¢ MIUTIIIMETPOBBIMIT
JeIEeHILIMII

e OpYCOK JepeBsSHHEBII ¢ KPIoUKoM | Macca Opyckam = (50 £5)r

¢ HallpaB/IAIOImMasn IUIITHOII HE MeHee I{O’Bq)(l]IIHIICHT TPCHIIA OCPCBAHHOT O GPYCI{Q

500 MM (TTOBEPXHOCTB «A») 1o Hamnpagirgroeii 0,2
e T0KAdA [MoIoca JIIHOI He MeHee | KOd(IIIIEHT TpeH s IepeBIHHOro OpycKa
500 MM (TTOBepXHOCTH «b»), 1o nomoce 0.6

KOTOpasi KpeIIuTCA
Ha HaIIpaBJLIIOMTYIO

® 3a)KIIM KaHIEIAPCKUIT obecrmeunBaeT KpervieHIe TIOKOI MTOTOCH
HAa HaIPaBISIONIEI

JlaHHBIM KOMIUIEKT OOOpYZOBaHUS TMO3BOJSET BBIMOJHUTH OMbBITHI 110
U3MEPEHUIO KECTKOCTH MPYKUHBI, KOA(DPUITMEHTA TPEHUS CKOJBKEHUS, pA0OThI CUJIbI
TPEHUS U CHJIbl YIIPYTOCTH; Ha UCCIIEIOBAHUE 3aBUCUMOCTH CHUJIbI TPEHUS CKOJIbKEHUS
OT CHJIbl HOPMAJILHOTO JaBJIEHHS U OT POJIa MOBEPXHOCTH; CHJIBI YIPYTOCTH,
BO3HUKAIOILEH B MIPYXKUHE, OT CTeNeHu aedopmanuu npyxxunsl. PaccMorpum 3agauu
JUIA TIPOBEJEHHS 3KCIIEPUMEHTOB € 3TUM Habopom obopynoBanusi. Paccmorpum
IIPUMEPHI TAKUX 3aJaHUM.
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HN3mepeHue KeCTKOCTH NPYKUHBI

3agaya Ne 6

Hcnone3ys mratuB ¢ My(pToil u sankoi, npyxuHy Ne 1 Ha miaHmere c
MHJUTUMETPOBOM TIKasoi, JuHamoMeTp Ne 2 u tpu rpy3a (Ne 1, Ne 2 u Ne 3) cobepure
YCTaHOBKY [UIsl H3MepeHus ko3dduumenra sxectkoctu npyxkunHbl Ne 1. Ilpu
OIPEIEIICHUM KECTKOCTHU IPYKUHBI UCIIOJIB3YWTE BCE TPU I'PY3a, @ KX BEC ONPEACIIUTE
npu nomomu guHamoMerpa Ne 1. AOCOJIOTHYIO MOTPEIIHOCTh H3MEPEHHUs
auHamoMeTpa Ne 2 mpumute paBHoit 0,1 H, aGcomroTHYI0 MOTpEeHOCTh U3MEPEHUS
YUIMHEHUS NIPYKUHBI CYUTANTE PABHOM +2 MM.

OT4eT O BBINOJIHEHUHU 3KCHEPUMEHTAIBHOIO 3a/IaHUsl CAENANTE B CIAEAYIOLIEM
BHJIE:

1)  Cpenaiite  pHCYHOK, OTpPKAIONIMA  XOJ  JKCIICPUMEHTA!
ONpeaeeHre Beca TPEX IPy30B, MPYKUHA JI0 M TOCIE MOABEIIMBAHUSA TPEX
I'PY30B C YKa3aHUEM YJUIMHEHUS IIPYKUHBI.

2)  3Banmmmre GOpMYIIBI ONPEACTICHUS KECTKOCTH PYKUHBI.

3)  VYkaxwure 3HaYCHHUS BECa ITPY30B U Y/UIMHCHUS MPYKHUHBIL.

4) [IpoBeauTe pacyeT )KECTKOCTH MPYKUHBI. 3aIIUIINTE OTBET.

bopmomosa Onvea Braoumuposna,
yuumenv gusuxu MAOY MO [unckou pation
Ccoll Ne 10 umenu bpamves Henamoguix

IIpakTnuyeckas padora Ne 6
«M3mepeHne KeCTKOCTH NMPYKUHbD)
B PaMKax U3y4YeHHs TeMbl «MexaHn4ecKkue siBJICHUS»
B Kypce «@Pu3nka» B 9 kiacce

DKCHEepUMEHT TOMOXKET 00yUaIoIUMCS TIOHSITh, TOYEMY TeJla B pa3HOU CTETICHH
PEMSATCTBYIOT I1eOpMaIlnu.

IIpo6aemuas curyanusi. /[eBouka BeiOMpana pe3nHKH JJIs BOJIOC B Mara3uHe.
Kpome 1iBeta oHM paznuyainch pa3MepoM (IMaMeTpOM OKPY>KHOCTH) M TOJIITUHOM.
JleBouka UX aKKypaTHO pacTsATUBaJia, YTOOBI MPOBEPUTH: PE3WHKA TyTash WM XJIUIIKasl.
Ona 3ameruiia, 4YTO TOJICTBIE PE3UHKHU [JII BOJOC CHJIBHEE COIMPOTHUBIISIIOTCS
PACTSDKEHUIO U, CIIE0BATEIBHO, OYIYT JIyUIlle Aep>KaTh BOJIOCHI.

MopaenupoBanue cutyanum. B naGopaTtopuu IIKOJBHUKAM TMpejiaraeTcs
MIPOBECTH IKCIIEPUMEHT Ha OIpeeeHNE KECTKOCTH YIPyTo aepopMupyeMoro Tena.

IIpo6aemublii Bonpoc. [Touemy Tena conpoTUBIsOTCS Aedopmanuu?

Bonpocwi ons uccreoosanus.

Urto Takoe gedopmarius?

Kaxkue O6b1BatoT BUIbI ehopmarum?

Yewm ympyrue aedopManuu OTINIAIOTCS OT HEYIPYTuX?
YTto Takoe cuia ynpyroctu?

Yro rnacut 3akoH ['yka?

oW E
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6. Kak Ha3bIBaeTCs ¥ OT Yero 3aBUCUT KO3()PHUIIMEHT MPONOPIIMOHATBLHOCTH
B 3akoHe ['yka?

Ilepeuenv Heobxooumozo obopyoosanus, mamepuanog. llltatuB ¢ MmydToi u
JANKOM, MPYKUHA HA IJIAHIIETE ¢ MILIUMETPOBOU IIKAJIOW, TUHAMOMETP U HAa0Op

TPYy30B.

Hedbopmanms — mrob6oe wu3MeHeHue ¢opmbl u/miu obbema Tena. Bumapl
nedopMaIiu 1Mo croco0y BO3ICHCTBUS HA TENO: paCTHKEHHE, C)KaTHE, N3THO, CIIBUT U
Kpy4YCHHE.

Ecnu mocne mpekpaiieHus BHEIIHETO BO3AEUCTBUA J1e(OPMUPOBAHHOE TEJIO
BOCCTAHABIIMBAET CBOIO (pOpMY M pasMmepsl, TO AePOpMAIMIO HA3BIBAIOT YIPYTOil.
Cuity, AEUCTBYIOUIYIO CO CTOPOHBI yHpyro Ae(OpMHpPOBAHHOIO Tejla Ha TeJo,
BBI3BIBAIOIIIEE JIePOPMAIINIO, HA3BIBAIOT CUJIOW YIIPYTOCTH.

Cuna ynpyroctu — cuiia, BO3HUKAIOIIAsl B TeJl€ MPU ynpyro aepopmManuu u
CTPEMSIIIASICS BEPHYTh €r0 B UCXOJHOE cocTostHME. Cuila yrpyrocTd HalpaBj€Ha B
CTOPOHY, IPOTHUBOIOJIOKHYIO CMEIIEHUIO YaCTHIL TeJa MpH ehopMalnu.

3akon ['yka. Bosnukaromas npu naedpopmanuu cuiia YHOPYrocTd HPSIMO
IPOINOPLHMOHAIIBHA YIJIMHEHUIO TENA.

Fyup= KX,
F,np — cuita ynpyrocru, H
K — skecTKOCTh (K03 GUIIMEHT MPOTIOPIIMOHAIEHOCTH B 3aKoHE ['yKka), E
X — yanuHeHue (MOJIyJib pPa3HOCTH JUIMH Tela B JA€(QOPMHUPOBAHHOM U
HeZ1e(pOPMHUPOBAHHOM COCTOSIHHUSX ), M
x= |l-lo |,
| — koHeuHas mIMHA Tea, M
lo— HavanmbHas ATMHA TEa, M

KecTkocTh XapakTepu3yeT ClIOCOOHOCTh TeJa MPEMSITCTBOBAThH Ae(POPMALIHH.

Buo sxcnepumenma: yaeHU4ECKU.

Dopma opeanuzayuu y4ebHOU OesmenbHOCmU: UHANBUIYalIbHAs U TPYIIOBas.

Onucanue npogedenus IKCnepuUmMeHma

Heab 3xcnepumenTa. ONpenesnTh ) KECTKOCTb MPYKUHBI.

3amaun Ikcnmepumenrta. M3mepute Bec Trpy3a. M3mMepuTh ymIMHEHUE
MPYKUHBI. BEIUUCINTE KECTKOCTh IPYKUHBI.

Xoa IKcnepuMeHTa

N3mepeHune )KeCTKOCTU MPYKUHbL. Cxemamuyeckull pucyHoKx.

yap

mg
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o W3meppTe BEC Ipy30B M YKAXKHUTE PE3YyJbTaT M3MEPEHHM C y4ETOM
a0COIOTHON TIOTPEIIHOCTH.

. W3meppTe yAJIMHEHUE NPYKUHBI U YKAXKHUTE PE3yJIbTaT MU3MEPEHUN C
Y4E€TOM a0COJIFOTHOM MOTPEITHOCTH.
o 3amumute GopMyIibl, HEOOXOAUMBIE I BBIBOAA (OPMYIIBI )KECTKOCTH
MPYXHUHBI, U paCUETHYIO GOPMYITy.
Enp= Fmane = P
Fynp= KX
=2
X
. Brruncnute ko3 uIUEHT KeCcTKOCTH NpykuHbl. He 3a0yabTe B oTBETE

yKa3aTh €AUHUIY U3MEPEHUSL.
Ilepeuenv 6onpocog k 06cyHcOeHUO pe3yibmamos IKChepumMeHma

J B ueM 3akiroyaeTcss KOppeKTHas IpoLeaypa U3MEPEHHUs Beca?

o B 4em 3akmoudaerca KOpPpEKTHas IpoueAypa H3MEpPEHUs
YJIMHEHUSA?

o [Touemy Ipu NMOJBEIMIMBAHUM I'Py3a NPYKUHA YIIIUHACTCS?

o Ha ocHOBaHum 4ero MOXHO czenaTb BBIBOJ O BO3HUMKHOBEHUU
CHUJIBI YIIPYTOCTH B IIPYXKUHE?

o Kaxkue ¢pakTopbsl MOTYT MOBJIMATH HA YIIPYTHUE CBOMCTBA IPYKUHBI?

O:xuaemMble pe3yabTaThl IKCIIEPUMEHTA

KoppekTHoe 3Ha4YeHHE )KECTKOCTH ISl HCTIONB3YEMOM TIPYKUHBI.

OO0cy:kneHue U aHAJIU3 pe3yJabTaTOB

[Tocne mpoBeaeHMs SKCIEPUMEHTA 00yJaroIuecs MOTYT OOCYIUTh PE3YJIbTAT U
IPOAHATU3UPOBATH CBOMCTBO MPYXKUHBI MPENITCTBOBaTh aegopmanuu. [lo mroram
0o0cyXneHus: oOydJaromuyecs: JOKHBI OBITh CIIOCOOHBI OOBSICHUTH, IOYEMY Telia
OTJIMYAIOTCA 110 CIIOCOOHOCTH MPEMSATCTBOBATH JiehopMaIuu.

N3mepenne ko3(pPpuumeHTa TpeHUs1 CKOJIbKEHHS

3agaua Ne 7/

Hcnonb3ys kapeTky (Opycok) ¢ kproukoMm, auHamoMmeTpbl (Ne 1 u Ne 2), nBa
rpy3a (Ne 1 u Ne 2), cobepute yCTaHOBKY Jisi M3MEpEHUS KOA(PQUIMCHTA TPCHUS
CKOJIBKEHUS MEXKIY KapeTKON U TOBEPXHOCTHIO A peiiku. AGCOIIOTHYIO TOTPEIIHOCTh
u3Mmepenus auHamomerpoM Ne 1 mpumure paBHoit +0,02 H, abGcomoTHyro
NOTPELIHOCTh U3MepeHus fuHamomeTpom Ne 2 cuuraiite pasHoit £0,1 H.

OTueT O BBINMOJIHEHUH IKCIEPUMEHTAIBHOTO 33aJaHusl CleNalTe B CIAEAYIOLEM
BUJIE:

1)  CpenaiitTe  pPHCYHOK, OTpP@KaIOUIMA  XOJ  3KCIIEPUMEHTA:
Olpe/ieNieHue Beca JIBYX IPYy30B C KapeTKOM M H3MEpPEHUE CUJIbI TPEHHS
CKOJIbKEHUS IIPH PABHOMEPHOM JIBUYKEHUH KAPETKHU C TPy3aMH IO TTOBEPXHOCTH
A penku.

2) 3Banummre GOpMyIbl  onpeaeieHus Kod(pQUIMEHTa TPEHHUS
CKOJIbKEHUSI.
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3) VYkaxuTe 3HAUCHUSI Beca TPy30B C KApeTKOM W CHUJIbI TPEHHS
CKOJIb)KECHUS.

4) [IpoBenure pacyeTsl KodpdUIIMEHTa TPEHUS CKOJbKCHHUS.
3anuIImTe OTBET.

bopmomosa Onvea Bnaoumupoena,
yuumens guszuxu MAOY MO Junckou pation
COL Ne 10 umenu 6pamves Henamoguix

IIpakTuyeckas padbora Ne 7
«H3mepenne k03GGUIMEHTA TPEHUS CKOJIbKECHU»
B paMKaXx U3y4eHus TemMbl «MexaHn4eckue siBJaeHUsD
B Kypce «@Pu3uka» B 9 kiacce

OKCIIEPUMEHT MOMOXKET 00YyYarolMMCsl MOHATh, TOUYEMY MTOBEPXHOCTU TeNl B
Pa3HOM CTENEHU NPEISITCTBYIOT OTHOCUTEIBHOMY JABUKEHUIO, CKOJIBKEHUIO.

IIpoGaemnas curyanusa. Penop pemna Ha KaHUKYJIAX  YCTPOMUTHCS
O(UIIMAHTOM B pECTOpaHHbIN ABOPHK. J{J1s1 paboThl eMy BbIIANN (PUPMEHHYIO OJIEKIY
1 00BSCHWIN, KaK IPABUIBHO MOA00paTh 00yBb. BajkeH He TOJIbKO BHEIIHUHN BU, HO
n Oe3omacHocTh. OOYBb JOMKHA OBITh 3aKphITOM Ha Clydyaid TEXHUYECKUX
CIIy4alHOCTEW U YCTOMYHUBOM K CKOJIbKEHUI0. Deop Halea Ha MAPKETIUIENCE JIETKUE
CTUIIbHBIE TyQuu aepou. OcTanoch BHIOpATh MEXKY I1aAKOW U pU(IIEHONU MOAOUIBOM.

MoaenupoBanue curyanuu. B naGopaTtopuu IIKOJBHUKAM TpejjiaraeTcs
MIPOBECTH SKCIEPUMEHT Ha OIpeaesieHne KodhPuiimeHTa TpeHus KapeTKu Mo peike.

IIpo6aemubliii Bonpoc. [louemy Tenna ¢ mepoxoBaToil NOBEPXHOCTHIO CUIIBHEE
CONPOTUBJISAIOTCS OTHOCUTEIIBHOMY JIBHXKEHHIO, CKOJIBKEHHIO?

Bonpocw 0ns uccredosanus.

YTo Takoe TpEeHHE MOKOs, TPEHUE CKOJIbKEHHUS?
BcniencTere 4ero OHO BOZHUKAET?
Kaxue ObIBatOT BUIBI TPEHUS U UX OCOOCHHOCTH?
[IpuBenuTe TpUMeEpHl TOJIE3HOTO TpeHus. Pacckaxkure 0 crmocobax ero
YBEJIMYEHHUS.
5. B kakux cinydasx c tpeHuem Ooprotrcsi? Kakumu crocoO0amMu MOKHO €ro
YMEHBIINTH?

6. Urto Takoe cuia TpeHus MOKOsl, CUJIa TPEHUSI CKOJIbXKEHUS?

/. Kak cuna TpeHus CKOJbXEHUs CBsSI3aHa C CUIIOM HOPMAaJIbHOTO AABJICHUS?

8. Kak Ha3pIBaeTCs M OT 4ero 3aBUCUT KO3(PPUIMEHT MPONOPLHUOHATEHOCTH B

3aKOHE CYyXOr'0 TPEHHUA?

Ilepeuenv Heobxooumozo obopyoosanus, mamepuanog. Kaperka (Opycok) c
KPIOUKOM, HAIpaBJsOlIas pedka, IUHAMOMETPBl C PAa3JIMYHBIMU IpeaeIaMU
M3MEPEHHUsI U LIEHOM JeJIeHUs], Ha0Op rPpy30B.

Tpenne — B3aMMOJEHCTBHE COINPUKACAIOUIMXCS TEN, MPOSBISAIOIEECS B
MPENSATCTBUN UX OTHOCUTEIBHOMY JBUKEHUIO.

~wn e
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[lpyurHBl  TpEeHHMS: HEPOBHOCTH M IIEPOXOBATOCTH  TOBEPXHOCTEH
COTIPUKACAIOIUXCS TN, TPUTHKEHUE MOJICKY .

Buer TpeHHsI: TPEHHUE MTOKOS, CKOJBKCHHS U KaueHUSI.

Cuna TpeHUs — cuja, TPEMATCTBYIONIas OTHOCHUTEIHLHOMY JBUKCHHIO
compukacaronuxcs Ten. Cumia TpeHHs CKOJNBKEHHs HampaBiIeHa B CTOPOHY,
IIPOTUBOIIOJIOXKHYIO CKOPOCTH Tella (HApaBICHHUIO IBIKESHUS TEJa).

3aKOH CyXOro TPEHHUSI.

E,= uN

Fy, — cujia TpeHus CKoIbKeHus, H

1 — ko3 pummeHT TpeHus

N — cua HopmanbHOU peakuuu onopsl, H

I[I/IHaMI/IKa PAaBHOMCPHOI'O ABUXXCHMUA 110 FODI/ISOHTaJIBHOﬁ IHOBEPXHOCTH.
PaCCMOTpI/IM CHIJIBI, IIGIZCTBYI-OIHPIG Ha 6pYCOK IIpU paBHOMCPHOM JIBHKCHHH.
YA

vy TATH

TTTLIILIA ST 77777777

Ymg

CornacHo BTOpoMy 3aKkoHY HbroTOHA
Ma = mg +N+ Frp+ me

[Ipy paBHOMEPHOM JBHKEHUU

a=0

B npoexuusix Ha KOOpIMHATHBIE OCH
0= _Frp + FI‘HI‘I/I

0=—mg+N
Fl‘szl‘HI‘I/I
N=mg=P

OOpatuTe BHHMMAaHHE, 4YTO MPU3HAKOM pPAaBHOMEPHOTO JBIDKEHUS B
DKCIIEpUMEHTe OyAeT TOKOW YyKa3aTens MNPYXKHHBl OTHOCHTEIBHO JIMHAMOMETpA
(cTpenka He CKayverT).

Buo sxkcnepumenma: yaeHU4ECKHiA.

Dopma opeanuzayuu y4ebHoU desmenbHOCmU: UHAUBUyadbHas U TPYIIIOBast.

Onucanue npogedenust SKCnepumMeHma

Heab 3xcnepumenta. Onpenenuts Ko3GUIUEHT TPEHUS CKOIBKECHHUS.

3agauu 3xkcnepumenTta. M3Meputs Bec kapeTku ¢ rpy3amu. 3meputs cuiy
TSTH NIPU PABHOMEPHOM JIBIKEHUU. Beraucinuth K03 HUIUEHT TPEHUS CKOJIBKECHHUS.
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Xoa IKcnepuMeHTa
N3mepenue koaduunenta TpeHus CKobxeHus. Cxemamuueckutl pucyHox.

—5
A N
- -
Frp Frarm W
—3
v mg
° N3meprTe nuHaMmoMeTpoM c rnpenenaom usmepenust 5 H Bec P kapetku c
rpy3aMu U YKOKHUTE pe3yJIbTaT U3MEPEHUS C yU€TOM aOCOIIOTHON MOTPEITHOCTH.
o N3meppTe 1uHAMOMETPOM C mpenenom usmepenusa | H cuiy taru E,p,

IPY PABHOMEPHOM JIBHJKEHHM KapETKH M YKAXKUTE PE3yNbTaT U3MEPEHHUS C YUETOM
a0COJIIOTHOM TTOTPEITHOCTH.
o 3anummute  QopMyJbl, HEOoOXOAuMble NI BBIBOAA  (hOpPMYIIbI
K03 duUlIeHTa TPEHUS CKOJIbKECHUS, U pacUeTHYIO (hopMyITy.
Erary= Frp TIPY PABHOMEPHOM JIBUKCHUMU.
FEp= uN, N = Fpc = P, Fp= uP, H:%-
o Boruncnute k03 PUIMEHT TPEHUS CKOJIbKEHUS.
Ilepeuens 6onpocos k 0bcyrHcOeHuIo pesyibmamos IKChepumMenma
. B ueM 3akiroyaeTcss KOppeKTHas IpoLeaypa U3MEPEHHUs Beca?
o B dyem 3akitoyaeTcsi KOppeKTHas Npoueaypa H3MEpPEHUs CHJIbI
TATH?
. [loueMy 1uIsi paBHOMEPHOTO IBMXKEHMS KapeTKH HEOOXOAMMO
MPUKJIAJIbIBATH CHILY?
. Ha ocHOBaHMM 4Y€ro MOXHO CI€JaTh BBIBOJ O BO3HUKHOBEHHH
CUJIBI TPEHHUS IIPU IBUKEHNUN KApPETKH 110 HAIMIPABIISIIOLIEH PEUKE?
o Kakue ¢akroppl MOTyT MOBIMATh Ha KOXPOUIMEHT TPEeHUs
CKOJIbYKEHHUS ?
O:xupaembie pe3yabTaThl IKCIIEPUMEHTA
KoppekTHoe 3Hauenune ko HuumeHTa TPeHHUsI CKOJIbKEHUS JITIs1 UCIIOJIb3YEMBbIX
MMOBEPXHOCTEHN KapeTku (OpycKa) W HAMIPABJISIONICH PEIKH.
OO0cy:kneHue U aHAJIU3 Pe3yJbTaTOB
[Tocne npoBeaeHUs SKCIIEPUMEHTA 00yYaloUIecss MOT'yT 0OCYAUTh pe3yabTaT U
MIPOAHAIM3UPOBATh IIOJIE3HBIE W BPEOHBIE CTOPOHBI  SIBJICHUS IPEMSATCTBUSA
OTHOCUTEJIbHOMY JIBJKEHMIO compukacatoumxcs Ten. [lo uroram o0cyxaeHus
oOyyJaronuecss JOHKHBI OBITh CIIOCOOHBI OOBSACHHUTH, IMOYEMY TMpPU MOKYIKE
NOBCEAHEBHOM, paboyell U COPTUBHOM OOYBH HY>KHO BHUMATEIBHO OTHOCHUTBCS K
BbIOOpPY MOJOIIBBI.
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HN3mepenue padoThl CHJIbI TPEHUS
3agaya Ne 8
Hcnonb3ys kapeTky (Opycok) ¢ kproukom, qruHamomeTp Ne 1, nBa rpy3a (Ne 1 u
Ne 2), cobepurte ycTaHOBKY U U3MEPEHHUS paOOThI CHITBI TPEHHUST CKOJIBKCHUS MEXKITY
KapeTKOM M IOBEPXHOCTBIO A peHKHM IpU INEPEMEIICHUM KAPETKU C IPy30M Ha
paccrosiHue 40 cM. AOCOJIOTHYIO MOTPEIIHOCTh M3MepeHus auHamomeTrpoMm Ne 1
npumute paBHO +0,02 H, aOGCOMIOTHYIO MOTPEIIHOCTh W3MEPEHUsS NEPEMEIICHUs
CUMTANTE PABHOU +2 MM.
OT4eT O BBINOJIHEHUH 3KCHEPUMEHTAIBHOIO 3a/laHUsl CAENANTE B CIEAYIOLIEM
BHJIE:
1)  Caenaiite puCYHOK, OTPaXKAIOUIHIA X0 IKCTICPUMEHTA: U3MEPEHUE
CUJIBI TPEHUS CKOJIbKEHUS P PABHOMEPHOM JIBHXKEHHH KapETKH € TPy3aMH 110
ITIOBEPXHOCTU A PENKU U POUJIEHHOTO MIEPEMELIEHNS.
2) Banmmwmre Qopmyiny ompeneneHUs PpabdOThl  CHIIBI  TPEHHS
CKOJIbXKCHHUS.
3)  VYkaxwure 3HAYCHUE CUIIBI TPSHUS CKOJILKCHUSL.
4)  TlpoBenute pacdeTsl pabOTHI CUIIBI TPEHUS CKOJIBKEHHUS. 3aIUIINTE
OTBET.

bopmomoesa Onvea Braoumuposena,
yuumenv gusuxu MAOY MO [unckou pation
CcoLlI Ne 10 umenu bpamves Henamoguix

IIpakTnuyeckas padora Ne 8
«H3Mepenne padoThHI CHJIbI TPEHHUS»
B PaMKax U3y4YeHHs TeMbl «MexaHu4ecKkue siBJICHUS»
B Kypce «@u3nka» B 9 kiacce

OKCIIEpUMEHT MOMOXKET 00YyYaroIIUMCs MOHATh, KaK CHJIbI, MPEMSATCTBYIOLINE
OTHOCHUTEJILHOMY ABM)KCHUIO T€JI, COBEPILAIOT paldoTy.

IIpo6aemnas curyanusa. Ha Kpaitnem CeBepe B TyHAPOBOW KIMMaTHYECKOM
30H€ B KQUE€CTBE TPAHCIOPTA UCTIOIB3YIOTCS HAPThl. DTO CAaHU C OJEHBEH YIPSIHKKOM.
Ha Haprax MOXHO nepeMenaTbCs Ha JallbHUE PACCTOSHUSL MPU OTCYTCTBUM JOPOT:
3UMO MO CHETY, JIETOM 10 MXY U Tpase. OJIeHH B TyTH HY>KJAIOTCS B OTABIXE, TOITOMY
Kalopbl NEPUOJUYECKUA 3aMEHSIOT YIPSKKY. Bpems, 3a KOTOpoe OJIeHH yCTaroT, H,
COOTBETCTBEHHO, 3HEPIUsi, KOTOPYIO OHM 3aTPavyMBaIOT, 3aBUCAT OT 3arpy>KEHHOCTHU
HapT U MOKPOBA MECTHOCTH B JIaHHOE BpEMS TOJ1a.

MopeaunpoBanue cutryanuu. B nabGopaTopuu MIKOJbHUKAM TMPEAJIaracTcs
MIPOBECTU IKCIIEPUMEHT 0 OMPEECICHNI0 padOThl CHIIbI TPEHUS NMPU PABHOMEPHOM
JBYKEHUU KAPETKH C TPy3aMH.

IIpobaemublii Bonmpoc. Kakyio paOoTy BBINONHAET cuUlla TPEHUS TpU
CKOJIb)KEHUH OJTHOT'O TeJIa [0 OBEPXHOCTH JIPYroro?

Bonpocwi onsa uccnedosanus.
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Yro Takoe paBHOMEPHOE NPSIMOJUHENHOE IBHXKEHHE?
[Ipu KakoM yCJIOBHHM TeJa ABUKYTCS PABHOMEPHO U MPSIMOJIMHEUHO?
3adeM Hy)KHa CWJIA TATH TIPU 3TOM JABUKCHUU?
Ot Kakux (PaKTOpOB 3aBUCUT CUJIA TPEHUS CKOTBKCHUS?
OnummuTe MEXaHU3M JACUCTBUS CUIIbI TPEHUS CKOJIbKEHHUS.
[lo xakoit ¢opMyne MOXKHO BBIYUCIUTH pPaOOTy CHUJIBI TPEHUS
CKOJIbYKEHHUS ?
7. Kak onpenenuts 3HaK pabOThI CUIIBI TPEHUS CKOJIBKEHUA?
Ilepeuenv Heobxodumozo obopyoosanus, mamepuanog. Kapetka (Opycok) ¢
KPIOYKOM, HaIpaBJIstoIas peiika, Habop Trpy30B.
JluHaMyKka paBHOMEPHOTO JIBMYKCHHS IO TOPU30HTATLHON MTOBEPXHOCTH.
PaccmoTtpum cuitel, AeiicTByromme Ha OPyCOK Py PaBHOMEPHOM JBUKCHUU.
YA

onhkowdrE

NA

Rp TATH

B S —
V4 iz

Ymg
CornacHo BTopomy 3akoHy HbroTOHA

Ma = Mg tN+ Frp+ me

[Ipu paBHOMEPHOM JBUKEHUU

a=0

B npoeknusax Ha KOOpAUHATHBIE OCU

0=- Frp + FI‘HFI/I

0=—mg+N

Erpz Frsiru

N =mg

CornacHo TpeTrbemy 3akOHY HproTOHA

N=P

OOparure BHHMMaHHWE, UTO MPU3HAKOM PABHOMEPHOIO JBM)KEHUS B
AKCIIEpUMEHTE OyJeT MOKOW yKa3aTens MPYKUHbl OTHOCUTEIBHO JIMHAMOMETpa
(cTpenka He cKauer).

PabGota mOCTOSIHHOM CHUJIBI TPU TNPSAMOJIMHEWHOM JIBUKEHHHM Tejla — 3TO
¢usnyeckass BeNIWYMHA, paBHas MPOU3BEICHUIO MOMAYJEH CHIIbI, MEpEeMEUICHUS U
KOCHHYCa YIJIa MKy HUMHU.

A = Fscosa, A—paboTta cuiibl, F—Momynb Cuibl, S—MOIYJIb MTepeMEILEeHus,

0—YyT0JI MEK/ly HaPaBJICHUSIMU BEKTOPOB CHJIBI M IEPEMEILIEHUS.
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Ecmm 0° < a0 <90°, To cos a > 0 u paboTa MojI0KUTEIHHA.

Eciau 90° < a < 180°, To cos o < 0 u paboTa oTpHIaTeIbHA.

Ecmm o = 90° (cuna meprieHauKysipHa IEPEMEINIeHHI0), TO cos o = 0 u padoTa
HE COBEPILAETCA.

Buo sxcnepumenma: yaeHU4eCKUU.

Dopma opeanuzayuu yuebHOU OesmelbHOCmY: MHANBUyalIbHAS U TPYIIOBas.

Onucanue npogeoenus IKCnepumenma

Heas 3xcnepumenta. OnpenenuTs padoTy CUJIbI TPEHUS CKOJIbKEHUS.

3agaum  3kcnmepuMeHTa. V3MepuTh CUIy TpPEHHS CKOJBXKEHHUS IpHU
PaBHOMEPHOM JIBH>KEHUU. BBIYUCIUTH pabOTy CHIIBI TPEHHS CKOJIbKEHHUS.

Xoa IKcnepuMeHTa

N3mepenune paboThl cuitbl TpeHus. Cxemamuyeckutl pucyHoKx.

N
N

o n: - T 2> JIBUXKEHUU KapeTKu C
Ipy3aMH H yKa F p { F’ TAT W OJTyJTIO 3HAYEHUIO CHIIBI
TATH, C Y4ETOM L

J 3a l mg © y4eToM aOCONIOTHOMI
HOTPELIHOCTH.

J 3anuimmute GopMybl, HEOOXOAUMBIE JIs1 BEIUNCICHUM.

Fp= EpryIIPU PABHOMEPHOM JIBUKECHUU
A = F,,S cosa, cosa = — 1, Tak kak o = 180°, A =—F,s.
o Boruncnure paboty cuiibl TpeHUsi ckoibkeHus. He 3a0yabTe B oTBETe
yKa3aTh €IMHUILY U3MEPEHHUS.
Ilepeuens 6onpocos k 0bcyHcOenuIo pe3yibmanmos IKCnepumenma
e B yem 3akirouaercs KOppEeKTHas NpoLEaypa U3MEPEHUS CUIIbI TATH?
e  Kakue ¢pakTopsl MOTyT MOBIUSATH HA MOJYJIb paOOThI CUJIbI TPEHUS
CKOJIbYKEHHUS ?
e Dbyger nu cuna TpeHUs CKOJIBKEHHSI COBEpILIATh padoTy, €cCiH
KapeTKa CIIeJaeT KPYT MO CTOJIY U BEPHETCS B UCXOJIHYIO TOUKY?
e  MOoXeT JIM cuia TPEHHs CKOJIBKEHHSI COBEPLIAThH MOJIOKUTEIIbHYIO
padoty?
O:xuaemblie pe3yibTaThl IKCIIEPUMEHTA
KoppekTHoe 3HaueHue padoThl CUIIbI TPEHUSI CKOJIBXKEHUS I UCIOJIb3yEeMbIX
KapeTku (Opycka), Tpy30B U TOBEPXHOCTU HAIIPABJISIOLIEH PEUKH.
OO0cy:kaeHue U aHAJIU3 pe3yabTaTOB
[Tocne npoBeaeHUs: SKCIEPUMEHTa 00yUaroluecss MOTYT OOCYIUTh pe3yJIbTaT
Y, HE BBITIOJIHSAS JTOTOJHUTENbHBIX U3MEPEHUN, ONIPEACIUTh padOThl OCTAJIbHBIX CHUII,
MIPUWIOKEHHBIX K KAPETKE C IPy3aMHu, a TAK)KE PAaBHOAECUCTBYIOIIEH cuiibl. OHU CMOTYT
OOBACHUTH, IOYEMY CHJIa TPEHHS CKOJIBKEHHUS COBEpIIAEeT pabOTy M MOYEMY 3Ta
paboTa Bcerja oTpulaTeabHasl.
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HN3mepenue padoThl CHJIBI YIIPYTOCTH
3amauya Ne 9
Hcnonb3ys kapeTky (Opycok) ¢ kproukom, qruHamomeTp Ne 2, nBa rpy3a (Ne 1 u
Ne 2) u HuTh, coOepuTe YCTaHOBKY JUIS M3MEPEHHUs paOOThI CHIIBI YIPYTOCTH IPH
NepeMENIeHUH KapeTKu ¢ Tpy3aMH Mo MoBepXHOcTU b peliku Ha paccrosinue 50 cM.
AGCOIIIOTHYIO MOTPEIIHOCTh U3MepeHus: AuHamoMeTpoM Ne 2 npumute paBHou 0,1
H, aGcomoTHYI0 MOrpenrtHoCTh U3MEPEHUS TIEPEMEIICHUS CUUTAUTE PABHOM +2 MM.
OT4eT O BBINOJTHEHUH 3KCHEPUMEHTAIBHOIO 3a/laHUsl CAEIANTE B CIEAYIOLIEM
BHJIE:
1)  Caenaiite puCYHOK, OTPaXKAIOUIHMA X0 IKCTICPUMEHTA: U3MEPEHUE
CWJIbl YNPYrOCTH IpPU PABHOMEPHOM JBWKEHUU KAPETKH C Tpy3amMHu IO
IIOBEPXHOCTU b pelKu ¥ MPONIEHHOTO NTEPEMEILICHHUS.
2)  3amummre GOpMYITy ONpeeIeHUs] padOThI CHIIBI YIIPYTOCTH.
3)  VYkaxuTe 3HAYCHHUE CUJIBI YIIPYTOCTH.
4)  TlpoBenute pacueTbl pabOTHI CHIIBI YIPYTOCTH. 3aITUIIUTE OTBET.

bopmomosa Onvea Braoumuposna,
yuumens gusuxu MAOY MO Junckou pation
COL Ne 10 umenu 6pamves Henamoguix

IIpakTnuyeckas padora Ne 9
«H3mepenne padoThbl CHIIbI YIIPYTOCTH
B PaMKax u3y4yeHus TeMbl «MexaHu4ecKue siBJICHUS»
B Kypce «@Pu3uka» B 9 kiacce

OKCIIEpUMEHT MOMOXKET 00Y4arOIIUMCS IOHATD, IOYEMY JJIs IEpEMEIICHUS Tell
B IIPOCTPAHCTBE OOBIYHO TPEOYETCS COBEPIIUTH padoTy.

IIpoboaemuas curyanusi. Kons ¢ oruoM exanu Ha Mamuee. [lo mopore oHu
3aMETUJIM aBTOMOOWJIb, CTOSIIIMN Ha 000YMHE, U MOXWIYIO napy psaoMm. Boautens
CUTHAJIM3UPOBaJ pyKoi mpock0y o nmomomu. Otery Koan octaHoBUIICS M TIPEITOKIIT
O0TOYKCHPOBATh aBTO JI0 OJIM>KalIel CTaHIUKA TEXHUYECKOTo o0cmyxuBanus. [1o mytu
K Mactepckorl Konst cmoTpen B 3agHee OKHO M 3aMETHWJI, YTO NPU PABHOMEPHOM
JBUYKEHUU aBTOMOOWJIEH MO POBHOM JOPOre TPOC OCTAETCA HATSHYTHIM BCE BpeMs
JNBWKEHUS, @ HE TOJIBKO IIPU YBEJIMYEHUU CKOPOCTH.

MopeanpoBanue cutryanuu. B nabGopaTopud IMIKOJbHUKAM MpeAJiaraeTcs
IIPOBECTH IKCIIEPUMEHT IO OMPEICTICHUIO pa0OThI CUJIBI YIIPYTOCTH TPU PABHOMEPHOM
JIBHKEHUU KapETKHU C TPy3aMH.

IIpobaemublii Bompoc. Kakyio pa®oTy BBINOJMHSET CHJIa YHPYTOCTH NpU
JBVYKEHUU OJTHOT'O TeJa 110 MOBEPXHOCTH APYroro?

Bonpocwi onsa uccnedosanus.

1. Yro Takoe paBHOMEPHOE NPSIMOJIUHENHOE IBHXKEHHE?
2. [Ipu KakOM yCIIOBHH T€Ja ABUXKYTCS PABHOMEPHO U MPSMOJIUHENHO?
3. Kakue cuibl, HanpaBiaeHHbIE BEPTUKAJIBHO, KOMIEHCUPYIOT JApPYT Ipyra

IpY PaBHOMEPHOM MPSAMOJIUHENHOM JBHXKEHHUH 110 TOPU30HTATBHOU MOBEPXHOCTHU?
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3auyeM Hy>KHa cuja TSATU IPU 3TOM JIBUXKEHUU?
Kakas cuia BBIOJHSAET POJIb CUIIBI TATH MPU OYKCUPOBKE?
OnummTe MEXaHU3M JCUCTBUS CUJIbI YIPYTOCTU MPU OYKCUPOBKE.
[To xakoit popmyse MOKHO BBIUMCIUTH PabOTY CHITBI YIIPYTOCTH?
Kak ompenenuth 3HaK pabOThI CUITBI YIIPYTOCTH?
Hepeqeﬂb Heobxo0umo20 obopyoosanus, mamepuanos. Kaperka (Opycok) c
KPIOYKOM, HaIlpaBJISIONIas peiika, Habop rpy30B.

o N OA

JlMHaMuKa paBHOMEPHOTO ABUKEHUS 10 TOPU3OHTAIBLHON NOBEPXHOCTH.
Paccmotpum cuiibl, neiicTByromye Ha OpyCcOK MpU paBHOMEPHOM JIBUKCHHH.
YA

NA

Rp TATH

< > >
ST/ LTSI 1777777777

Ymg
CornacHo BTOPOMY 3aKOHY Hprotona

Ma =Mg + N + E,+ Frapy

[Ipu paBHOMEPHOM JBUKEHUU

a=0

B npoeknusix Ha KOOpAUHATHBIE OCH

0=- Frp + FI‘HFI/I

0=—mg+N

F = FI‘HI‘I/I

N =mg

CornacHo TpeTbemy 3akOHY HproTOHA

N= P

OOparure BHHMMaHHWE, UTO MPU3IHAKOM PABHOMEPHOIO JBMXKECHUS B
JKCIIEpUMEHTE OyJeT MOKOW yKa3aTensl MPYKUHbl OTHOCUTEIBHO JUHAMOMETPA
(cTpenka He cKauer).

Ecnu Teno TSHyT ¢ MOMOIIBIO PYKUHBI, IIHYPA, BEPEBKH, TPOCA U T. 1., TO CUJIA
YOPYTOCTH BBITIOIHSET POJIb CHJIBI TATH B 3TOM JBUXKCHUH.

PaGoTa mOCTOSIHHOW CHJIBI TIPU TMPSMOJIMHEHHOM JBWKEHHWU Teja — 3TO
¢usnyeckass BeNIWYMHA, paBHasg MPOU3BEICHUIO MOMAYJEH CHIIbI, MEpPEeMEUICHUS U
KOCHHYCa YIJIa MKy HUMHU.

A = Fscosa,

A—pabota cunsl, [k
F—wmonyne cunbl, H
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S—MO/yJIb EPEMENICHUS, M

0—YyT0JI MEK/Ty HapPaBJICHUSIMU BEKTOPOB CHUJIbI U TIEPEMEILICHUS
Ecau 0° < 0. <90°, 1o cos a > 0 1 paboTa MoJI0KUTEIbHA.
Ecmm 90° < o < 180°, To cos a < 0 u paboTa oTpHUIlaTEIbHA.

Ecau o = 90° (cuna nepneHIuKyJIspHa IepeMeEIIeHuIo), To cos o = 0 u padota
HE COBEpIIIaeTCsl.

Buo skcnepumenma: yaeHUUECKUM.

Dopma opeanuzayuu yuebHOU OesmenbHOCmUY: MHANBUyalIbHAS U TPYIIIOBAs.

Onucanue npogeoenus IKCnepumerma

Hean 3xcnepumenta. OnpenenuTts paboOTy CUITBI YIIPYTOCTH.

3amaunm J3kxcnmepumenTta. M3Mmeputs cuily YHOpyrocTd MpU PaBHOMEPHOM
JIBKEHUU. BrauciuTh paboTy CHIIBI YIIPYTOCTH.

Xoa 3KcnepuMeHTa

N3mepenne paboThl CHITbI yIpYyrocTu. Cxemamuueckuti pucyHox.

—
mg

o U3meppTe cuiny TATH E,,, TOpU PaBHOMEPHOM JBMXKEHMHM KapeTKH C
IPy3aMHU M YKa)KUTE 3HAUEHUE CUIIBI YIIPYTOCTHU F,,, PABHOE 3HAUYEHUIO CUIIBI TATH, C
Y4€TOM a0COJIFOTHOM MOTPEUTHOCTH.

° 3anumuTe 3HAYCHUS MOJYJIA TEPEMEIICHHUS C Y4eTOM aOCOJIFOTHOM
MOTPEITHOCTH.

° 3anumure GopMyIIbl, HEOOXOIUMBIC JIJIs1 BEIYUCICHUH.

P;/np: Emru

A = F,,,SCOS0

cosa = 1, Tak kak o = 0°

A = F,,,S

° Beraucnure pabdoty cuibl ynpyroctu. He 3a0ynbre B OTBETe yKas3aTh

€AVHHUIY U3MEPEHHUS.
Ilepeuenv 6onpocoe k 00CysHcOeHUIo pe3yibmamos IKChepumMeHma

o B dem 3akmiogaeTrcs KOppeKTHas Mpoleaypa W3MEpPEHHUS CHIITBI
TATH?

o [Ipennoxute npyroi cnocod MPUBECTH KapETKy B ABMKCHHE.

o Kakoii 3Hak Oyner y paOOThI CHIIBI TSTH B 3TOM citydae?

J Kakue ¢akrtopsl MOTyT NOBIMATH HAa BEIMYMHY pabOTHI CHIIbI
yopyroctu?

O:kugaeMble pe3yJabTaThl IKCIIEPUMEHTA
KoppekTHoe 3HaueHue paboThl CHIIBI YIPYTOCTH JUIS UCIIONB3YyEMbIX KapeTKH
(Opycka), rpy30B M HOBEPXHOCTH HANPABIISIOIIECH PEHKH.
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OO0cyxneHHe M aHATU3 Pe3yJIbTATOB

[Tocne mpoBeeHNS SKCIIEPUMEHTa 00yUYaloIUecss MOTYT OOCYIUTh Pe3yIbTar
Y, HE BBITIONHSS TOTIOJTHUTEIHHBIX U3MEPEHUH, OPEACIUTh PaOOThI OCTAIBHBIX CHII,
PUIOKEHHBIX K KAPETKE C IPy3aMu, a Tak:Ke paBHOJIEUCTBYIOMEH cuitbl. OHU CMOTYT
OOBSICHUTH, TTOYEMYy Ha MPAKTUKE ISl PABHOMEPHOTO MPSMOJMHEHHOTO JBHKEHUS
HEO0OXOJIMMO COBEpIIIEHHE PAOOTHI.

HccaenoBanue 3aBHCMMOCTH CHJIBI TPEHHUS CKOJIBKEHHUSI OT CHJIbI
HOPMAJIBHOTO JABJICHUS

3agaua Ne 10

Hcnone3yst kapeTky (Opycok) ¢ kproukom, quHamoMmeTpsl (Ne 1 m Ne 2), Tpu
rpy3a (Ne 1, Ne 2 u Ne 3), cobepure yCTaHOBKY TSl UCCIICIOBAHUS 3aBUCHMOCTH CHUTBI
TPEHUS CKOJIBKCHUS MEKIY KApETKOM M TNOBEPXHOCTBKO PEMKUM A OT CHIIBI
HOpPMaJIbHOTO JaBJICHUS, JEUCTBYIOIIEH Ha KapeTky ¢ Tpy3amu. AOCOIIOTHYIO
HOTPEIIHOCTh M3MepeHus auHamomeTpoM Ne 1 mnpumute paBHoir +0,02 H,
aOCOJIIOTHYIO MOTPEIIHOCTh U3MEpeHus: AuHaMmoMeTpoM Ne 2 cuuraiite paBHO# 0,1
H.

OT4eT O BBINOJIHEHUHU 3KCIEPUMEHTAIBHOIO 3a/IaHMsI CIEIANTE B CIEAYIOIIEM
BUJIE:

1)  CpenaiiTe = pUCYHOK,  OTPaXKAlOIIUHA  MOOYEPEHHBIA  XOJ
AKCIIEPUMEHTA: OINPEACIICHUE BECa KAPETKHU C OJHUM, ABYMsI, TPEMsI TPy3aMHU U
MU3MEPEHUE CUJIbI TPEHUS CKOJIBKEHUS IIPU PABHOMEPHOM JIBUKEHUU KAPETKH C
rpy3aMu 10 TOBEPXHOCTHU PENKH A.

2)  VYkaxWTe 3HAUCHHs Beca TIPy30B C KApeTKOW W CHJIBI TPCHUS
CKOJIBKEHUS U1 TPEX IKCIIEPUMEHTOB.

3)  CdopmynupyiiTe BBIBO O 3aBUCUMOCTH CHIIBI TPSHUS CKOJIBKEHHSI
OT CHJIBI HOPMAJIBHOTO JIaBJICHUS. 3alUIINTE OTBET.

bopmomosa Onvea Braoumuposna,
yuumens guszuxu MAOY MO Junckoul pation
COLI Ne 10 umenu 6pamves Henamoguvix

IIpakTnueckas padora Ne 10
«HcciienoBanne 3aBUCMMOCTH CHJIbI TPEHUS CKOJIbKEHHUS OT CHJIbI
HOPMAJILHOIO JABJIEHUSD» B pAMKaX U3y4YeHHs TeMbl «MexaHuveckue siBJIeHUSD
B Kypce «@Pu3uka» B 9 kiiacce

OKCIIEpUMEHT MOMOXKET 00YUarOIIMMCSI YBUAECTh 3aBUCIMOCTD BEJIMYUHBI CHITBI
TPEHUS CKOJIBKEHUS OT CUJIbI HOPMAJIBHOIO JTaBJICHUS.

IIpodaemuas cutyanus. Ponurenn Makapa u BepoHuku 00T aKTUBHBIN
OTIbIX Ha Oepery pexku. OHU HayduJIu pedAT CTaBUTh NMANATKY, YAUTH PbIOY, TOTOBUTH
eny Ha KocTpe. bpat u cectpa yBepeHHO InaBaroT. M BOT HacTynuia o4epeb OCBOUTH
rpe6utro Ha candop/ie U MPOTYJISATHCS Ha HUX 110 BOAHOM I1au. ABTOMOOWIIb Harpy>XeH
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BCEM HEOOXOJIUMBIM, U CEMbSI TOTOBA K 0The3ny. U TyT BepoHuka BCrioOMHMIIA, YTO
oOelana JaTh MOJAPYre ¢ APYroro KOHIA ropoja CBOM Benocurien. JJoM moapyru mno
IyTH K MECTY OTJbIXa, U ObLIO OBl 310pOBO 3aBe3TH Bejocuren. OQHaKO 0Ka3anoch,
YTO Mana KaTerOpu4eCcKy MpOTHUB.

MopeanpoBanue cutyanuu. B nabGopaTopuu MIKOJbHUKAM MpEAsiaracTcs
IIPOBECTU CEPUIO SKCIIEPUMEHTOB IO TPOBEPKE BIAUSHUS CUIIbl HOPMAJIBHOTO JABIICHHUS
Ha CUJTy TPEHHS CKOJIbKEHUS.

IIpo6aemublii Bonpoc. MmeeTcs a1 3aBUCUMOCTD, a €CJIM UMEETCS, TO Kakas,
CHUJIbI TPEHHUSI CKOJIBXKEHUS OT CHUJIbI HOPMAJIBHOTO JaBJICHUSA?

Bonpocwi onsa uccnedosanus.

1. YTo Takoe TpEHUE MOKOS U TPEHUE CKOJIBKECHUS?

2. BcnencrBue uero oHO BO3ZHHKAET?

3. Kakue ObIBatoT BUIBI TPEHUS?

4. [TpuBenute nmpumepsl nosue3Horo TpeHus. Pacckaxure o crnocobax ero
YBEJIMYECHHUS.

S. B kakux cimyuasix ¢ TpeHuem 6oprorca? Kakumu cnocodamMu MOKHO €ro
YMEHBIIUTH?

6. Yro Takoe cuina TpeHus?

7. Kak cuiia TpeHHs CKOJIbKEHHUS CBSI3aHa C CHIION HOPMAJIBHOTO JTABJICHUS?

8. Kak Ha3bIBaeTCs ¥ OT Yero 3aBUCUT KO3 PUIIMEHT NPONOPIHUOHATBHOCTH

B 3aKOHE CyXOTr'0 TpeHUs?

Ilepeuenv Heobxoodumozo obopyoosanus, mamepuanos. Kaperka (Opycok) ¢
KPIOYKOM, HaIpaBISIONIas peiika, IWHAMOMETPHI C PAa3NIUYHBIMH I[peaeamMu
M3MEPEHUS U LIEHOU JeeHns, Habop rPy30B.

Tpenne — B3aUMOACWCTBHE COMPUKACAIOMIUXCS TEJ, MPOSBISAIONICECS B
MPENSATCTBUN UX OTHOCUTEIIBHOMY JBHKCHHUIO.

[lpyurHBl  TpeHMS: HEPOBHOCTM M HIEPOXOBATOCTH  IMOBEPXHOCTEH
COTIPUKACAIOUTUXCS TeJl, IPUTSHKEHUE MOJICKYIL.

Bunbl TpeHus: TpeHue MOKOs, CKOJIBKEHUS U KaueHHUS.

Cuna TpeHus — CwWiIa, TPEMSITCTBYIOMIAsS OTHOCHUTEILHOMY JBHIKEHUIO
compukacatomuxcsi Ten. Cwia TpeHHs CKOJBKEHUS HampaBjieHa B CTOPOHY,
MIPOTHUBOIIOJIOKHYIO CKOPOCTH TeJia (HAmpaBIICHUIO IBIKCHHS TEJa).

3aKOH CyXOro TPEHHS.

Fp=uN

F,, — cuiia TpEHHs CKOJIbXKeHus, H

1 — KO3 HULIMEHT TPEHUS

N — cuia HopMmanbHOU peakiuu onopsl, H

JlMHaMuKa paBHOMEPHOTO JABUKEHUS 10 TOPU3OHTATBHON NOBEPXHOCTH.
Paccmotpum cuiibl, neiicTByromue Ha OpyCOK IpyU paBHOMEPHOM JBUKECHUU.
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P TATH

TTTLIILIA 777777777777

Ymg
CornacHo BTopoMy 3aKkoHy HbroTOHa

Ma = Mg tN+ Erp+ Emm

[Ipu paBHOMEPHOM JIBUKEHUU

a=0

B npoeknusx Ha KOOpAUHATHBIE OCH

0 - Erp + Emm

0=—mg+N

Erpz Emrn

N =mg

CornacHo TpeTtbemy 3akOHY HproTOHA

N= P

OOparure BHHMMaHHWE, YTO MPU3HAKOM PABHOMEPHOIO JBH)KEHUS B
JKCIIEpUMEHTE OyJeT MOKOM yKa3aTensl MNPYKUHbl OTHOCUTEIBHO JUHAMOMETPA
(cTpenka He CKayverT).

Buo skcnepumenma: yaeHUUECKHI.

Dopma opeanuzayuu y4ebHot desmenbHocmy: UHIAUBUyadbHas U TPyIIIOBast.

Onucanue npogedeHus IKCnepUMeHma

Heap 3xcnepuMeHTa. BBIABUTE U HMCCIIENOBATh 3aBUCHMOCTb WM J0Ka3aTh
HE3aBHCUMOCTD CUJIbl TPEHMS CKOJIBKEHHUS OT CHJIbI HOPMAJIBHOTO TABJICHUS.

3amauyu 3xcnepumenTa. 3mMepuTe BeCc KapeTKu C OJHUM, ABYMS U TPEMS
rpy3amu. I3MepuTh CUITy TATH IPU pABHOMEPHOM JIBH>)KEHUU KAPETKH C OJHUM, IBYMSI
U Tpems Tpy3aMd N0 YKa3aHHOMW B 3aJaHUM Hampapiswomen perke. CpaBHUTH
pe3yabpTarsl n3mMepeHuid. Crenars BbIBOJ HA OCHOBE CPABHEHHUS PE3YJIbTATOB.

Xoa 3KCrepuMeHTa

HccenenoBanrie 3aBUCUMOCTH CHIIBI TPEHUS CKOJIBKEHUS OT CUIIbl HOPMAJIBHOTO
nasiieHus. Cxemamuyeckuti pucyHoKx.
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o N3mepbTe BeC P; KApEeTKH C OJHUM TIPY30M U YKaXKUTE PE3yJIbTAT
U3MEPEHHUS C y4eTOM a0COJIIOTHOM MOrpemHOCTH. JlJis u3MepeHus: Beca UCIOJIb3yHTe
JTUHAMOMETD ¢ TpeaesioM usmepenus S5 H.

o W3smeppTe cumy Taru F; . TPU PaBHOMEPHOM JBMKEHUM KApETKH C
OIHUM IPY30M U YKa)XUTC 3HAYCHHC CUJIBI TPEHWS Fy , PaBHOC B JaHHOM Clyyae
3HAYEHUIO CHJIBI TATH, C YY€TOM aOCOTIOTHOW MOTPEIIHOCTH. [T U3MEpEeHus CUJIbI
TSATH UCTIOJIb3YHTE JTUHAMOMETP ¢ mipenesiom uzmepenus 1 H.

o N3mepbTe Bec P, KapeTKU C JIByMs Tpy3aMH U YKaXHTE pPe3yJbTatr
U3MEPEHUS C YYETOM a0COJIFOTHON MOTPEITHOCTH.
o M3mepbTe cuily TArU F, _ TIpM PABHOMEPHOM JIBUKEHUH KaPETKHU C ABYyMS

I'py3aMi U YKAKHUTC 3HAYCHUC CUJIbI TPCHUA FZTp’ PaBHOC B 1aHHOM CJIy4aC 3HAa4YCHUIO
CUJIBI TATH, C YICTOM a0COJIFOTHOM IMOTPCHIHOCTH.

o N3meppTe BeCc P; KapeTKU C TpeMsl Ipy3aMH M YKOKHUTE Ppe3yJbTaT
U3MEPEHHUS C YY€TOM a0COJIFOTHON MOTPEITHOCTH.
o W3mepbTe cuily TAru F;  IPU PABHOMEPHOM JBHIKCHUHU KAPETKU C TPEMS

I'py3aMi U YKAKHUTC 3HAYCHUC CUJIbI TPCHUA F3Tp, PaBHOC B 1aHHOM CJIy4aC 3HAa4YCHUIO

CWJIBI TATH, C Y4ETOM a0COJIFOTHON MOTPEITHOCTH.
o 3anuimmre GopMyIibl, OTPAKAIOIINE PABEHCTBO CUJIbI TPEHUS U CUJIBI TSTH
IPY PABHOMEPHOM JIBH>)KEHHH, PABEHCTBO CUJIBI PEAKIIMK OIIOPHI U BECA.
Erqry= Frp TIPU PABHOMEPHOM JIBHXKCHUU
N=mg=P
o B ciydae pasnuyHBIX pE3yJbTaTOB OIMUIIMTE XapaKTEp 3aBHCHUMOCTU
CUJIBI TPEHHSI CKOJIBKEHUSI OT CHJIbI HOPMAJIBHOTO AaBieHUs. B ciydyae oMHAKOBBIX
pE3yNbTATOB CHEIaiiTe BHIBOJ O HE3aBUCUMOCTH CUJIbI TPEHUSI CKOJIBKEHHSI OT CHJIBI
HOPMAJIBHOTO JJaBJICHUS.
Ilepeuens 6onpocos k 0bcydHcOeHuIo pe3yrbmamos IKCnepumenma
e B yeM 3akiroyaeTcsi KOppeKTHas mpoueaypa u3MepeHus Beca?
e B yem 3akirouaercs KOppeKTHas NpoLEaypa U3MEPEHUS CUIIbI TATH?
e Jlouemy myis paBHOMEPHOTO JBMKEHHMS KapeTKH HE00XO0IuMO
NPUKJIABIBATH CUILY?
e [louemy TsAroBo€ ycuine yBeJIMUUBAETCA MPU 100ABICHUU TPY30B?
O:xuaemble pe3yibTaThl IKCIIEPUMEHTA
BriBon 00 yBenMYEHUM CHUJIBI TPEHMSI CKOJBKEHHS IMPH YBEIUUYECHUU CHIIBI
HOPMAJIBHOTO JaBJICHUS.
OO0cy:kneHue U aHAJIN3 Pe3yJbTaTOB
[Tocne npoBeaeHUs HKCIIEPUMEHTA 00yUaloUIecss MOT'YT 0OCYIUTh pe3yabTaT U
IIPOAHAIIM3UPOBATH 3aBUCHUMOCTb CHJIBI TPEHUS CKOJIBKEHUS OT CHJIBI HOPMAJIBHOIO
nasienusa. Ilo wurToram oOcCyxkaeHus oOydarommecs IODKHBI OBITh CIIOCOOHBI
OOBSICHUTB, IOUEMY HE PEKOMEHAYETCS OTIPABIIATHCS B IIyTELIECTBUE HA AaBTOMOOMIIE
C MEepErpy30M.
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HccaenoBanue 3aBHCHUMOCTH CHJIbBI TPEHHSI CKOJbMKEHHS OT Ppoaa
NMOBEPXHOCTH

3amaua Ne 11

Hcnonb3ys kapetky (Opycok) ¢ kproukom, auHamometp Ne 2, tpu rpy3sa (Ne 1,
Ne 2 u Ne 3), cobepure yCTaHOBKY JUIsl UCCIICAOBAHHS 3aBHCUMOCTH CHJIBI TPCHHUS
CKOJIb)KEHHSI MEXIYy KapeTKOM W Pa3HOro poAa MNOBEPXHOCTSIMU peek A u b
JEUCTBYIONIEH Ha KapeTKy ¢ rpy3amMu. AOCONIOTHYIO MOTPENIHOCTh W3MEpPEHUs
nuHamoMmeTpoM Ne 2 mpumure paBHou +0,1 H.

OT4eT O BBINOJIHEHUH 3KCHEPUMEHTAIBHOIO 3a/laHUsl CAENANTE B CIEAYIOLIEM
BU/JIC:

1)  Cphenaiite  pHCYHOK,  OTpaKarOIIMi  IOOYEPEHAHBIA  XOJI
AKCIIEPUMEHTA: OTPE/ICTICHUE BECa KAPETKU C TPEMS ITPy3aMH U U3MEPEHUE CUITbI
TPEHUS CKOJILKEHUSI MPU PABHOMEPHOM JIBMOKEHUU KapeTKU C Tpy3aMu IO
MOBEPXHOCTH PEVKU A U MO MMOBEPXHOCTH peiiku b.

2)  VYkaxWuTe 3HAUCHHUS Beca IPY30B C KapeTKOH W CHJIBI TPEHHS
CKOJIbKEHHS I IBYX SKCIIEPUMEHTOB.

3)  CdopmynupyiiTe BBIBO O 3aBUCUMOCTH CHIIbI TPEHHS CKOJIbKCHHUS
OT poJla TMOBEPXHOCTEW IPU OJUHAKOBON CHJIE HOPMAJIBHOIO JIaBJICHUSI.
3anuummTe OTBET.

bopmomosa Onvea Braoumupoena,
yuumenv pusuxu MAOY MO [unckou pation
CoLlI Ne 10 umenu bpamves Henamoguix

IIpakTnueckas padora Ne 11
«HMccnenoBanne 3aBHCUMOCTH CIJIbI TPEHHUS CKOJIbKEHUS OT POJa
NMOBEPXHOCTH» B PAMKAX U3yYeHUs TeMbl «MexaHn4eckue siBJCHUD)
B Kypce «®@u3nka» B 9 ki1acce

OKCIIEpUMEHT MOMOXKET 00YHaIOIINMCSl YBUIETh 3aBUCUMOCTb BEJIMUUHBI CHJIBI
TPEHUS CKOJIBXKEHHUS OT POJIa CONPUKACAIOLINXCS TOBEPXHOCTEH.

IIpobaemuas curyanmsi. irops ¢ cembell Ha 3MMHUX KaHUKYJIaX OTAbIXAJ Ha
TOPHOJBDKHOM KypopTe. OH HE CUHMTaI 3TO OTABIXOM, IIOTOMY 4YTO POAUTEIH
HACTauBaJIM Ha PEryJISIPHBIX TPEHUPOBKAX Ha JIbLKaxX. EMy OoJbIIe HpaBUIIOCh BECETIO
CKaThIBAThCS HA BaTpyIIKE MO THOOMHTOBOM Tpacce. Bepnysumchk nomoii, Uropb
HallleJI B COCEIHEM JIECONMAapKE MOXOXKYK BO3BBILIEHHOCTh U PELIMII IMOKATaThCH.
Opnako BaTpylIKa MOYTH HE Pa30rHajach M OBICTPO OCTAHOBUJIACH Y TMOAHOMXKHUS
TOPKH.

MopenupoBanue curyauuu. B jabopaTopuu HIKOJBHUKAM Tpeasiaraercs
IIPOBECTH CEPHUIO IKCIIEPUMEHTOB 110 NPOBEPKE BIMSAHUSA POJAa NOBEPXHOCTU HA CUILY
TPEHUS CKOJIbKECHUS.

IIpo6aemublii Bonpoc. liMeeTcs 11 3aBUCUMOCTD CHIIBI TPEHUSI CKOJIBKEHUS OT
pOJia CONPUKACAOIINXCS TOBEPXHOCTEMN?
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Bonpocwi onsa uccnedosanus.

1. Urto Takoe TpeHue?

2. BcenencrBre uero oHo BO3HUKAET?

3. Kakue ObIBaroT BUJIBI TPEHUS?

4, [IpuBenuTe MpuUMeEphbl MOJIE3HOTO TpeHHUs. Pacckaxure o crocobax ero
YBEJTUYCHUS.

5. B kakux ciaydasx ¢ TpeHueM 6oprotcsa? Kakumu crioco6amu MOKHO €ro
YMEHBLIUTH?

6. Yro Takoe cuia TpeHus?

7. Kak cwra TpeHus CKOJIbKEHUS CBSI3aHa C CHIION HOPMAIBHOTO JTABJICHUS?

8. Kak Ha3bIBaeTcs 1 OT 4ero 3aBUCHT KOAI(DPHUITUEHT MPOTOPIIMOHATBHOCTH

B 3aKOHE CYXOTI'O TPEHUsA?

Ilepeuenv Heobxodumozo obopyoosanus, mamepuanog. Kaperka (Opycok) ¢
KPIOUKOM, HaIpapJsionas peilka ¢ M3MEHSIEMBIMU MOBEPXHOCTSIMHU, HAOOp T'PY30B,
JTUHAMOMETD.

Tpenne — B3aMMOJIEHCTBHE COIMPHUKACAIONIMXCS TeEJ, MPOSBISIONIeecS B
MPENSTCTBUU UX OTHOCUTEIIBHOMY JIBHUKEHHUIO.

[lpyurHBl ~ TpeHMsS: HEPOBHOCTM M IIEPOXOBATOCTH  IOBEPXHOCTEH
COTPUKACAIOUTUXCS TeJl, IPUTSHKEHUE MOJIEKYIL.

Bunbl TpeHus: TpeHre MOKOs, CKOJIbKEHUS U KaUeHHUS.

Cuna TpeHUs — CuWIa, TPEISITCTBYIOMAS OTHOCHTEILHOMY JBHIKEHUIO
compukacaronuxcs Ted. Cuma TpeHHS CKOJIBKCHUS HalpaBjieHa B CTOPOHY,
MIPOTHBOIIOJIOKHYIO CKOPOCTH TeJia (HampaBICHUIO IBYKCHHS TEJa).

3aKOH CyXOro TPEHHS.

E,= uN

F,, — cuia TpeHus CKoabxenus, H

1 — KO3 HUITMEHT TPeHUS

N — cuna HopMmanbHOU peakiuu onopsl, H

JlunaMyka paBHOMEPHOTO JIBUYKEHHS IO TOPU30HTAIBLHON MOBEPXHOCTH .

PaccMmoTpum cuitbl, IeicTBYIONIME HA OPYCOK MPU PAaBHOMEPHOM JBUKCHUH.

YA

vy TATH

TTTLIILIA ST 77777777

Ymg

CornacHo BTOpoMy 3akoHy HbroToHa

Ma = Mg TN+ Frp+ Fraru
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[Ipy paBHOMEPHOM JIBHKEHUHN

a=0

B npoekuusax Ha KOOpJAUHATHBIE OCU

0=- Erp + FI‘HI‘H

0=—mg+N

Frpz FFHI‘I/I

N =mg

CornacHo TpeTbeMy 3akOHY HbroTOHa

N=P

OOparure BHHMMaHHWE, UYTO MPU3HAKOM PABHOMEPHOIO JBIKEHUS B
JKCIIEpUMEHTE OyJeT NOKOW yKa3aTens MNpYKUHbl OTHOCUTEIBHO JUHAMOMETPA
(cTpenka He cKauer).

Buo sxcnepumenma: yaeHU4ECKU.

Dopma opeanuzayuu y4ebHOU OesmenbHOCmUY: UHANBUAYalIbHAs U TPYIITIOBAs.

Onucanue npogeoenusi IKCnepumenma

Heap 3xkcnepuMeHTa. BBIIBUTH 3aBUCMMOCTD WJIM JOKAa3aTh HE3aBHUCHUMOCTH
CHUJIBI TPEHHSI CKOJIBKEHHUS OT POJIA CONPUKACAIOIIMNXCS TOBEPXHOCTEMN.

3apaum 3xkcnepumenTa. M3MepuThs BEC KapeTKu ¢ Tpems rpy3amu. M3Meputs
CUJIY TSTH IIPY PABHOMEPHOM JIBH>)KECHUU KAPETKU C TPEMSI TPYy3aMHU 110 HAITPaBJIAIOIIEH
peliKke C MOBEPXHOCTBhIO A, 3aT€M IO HAaIpaBISIONIEH pPEHKE C MOBEPXHOCThIO b.
CpaBHuTh pe3ynbTaThl u3MepeHuil. Craenarb BBIBOJ Ha OCHOBE CpPABHEHUS
pe3yJIbTaToB.

Xoa 3KcnepuMeHTa

HccenenoBanne 3aBUCUMOCTH CUIIBI TPEHUS CKOJIBKEHUS OT poJa MOBEPXHOCTH.
Cxemamuueckuil pucyHox.

N
A
FTP FTHT“ )[- T nnpm
< r wl—"‘,ﬂ.-*.'\“ﬁ.".'" )

ymg

L HSMepLTe Bec P Kap€TKu C TpEMA IpPy3aMUd M YKAXUTC pPE3YJbTar
HN3MCPCHUA C YUCTOM a0COJIFOTHOM MMOTPCIIHOCTH.

L] HBMCpBTC CUIIy TATHU FlTHI‘I/I IIpU paBHOMCPHOM JIBH)XCHHWHN KapCTKH I10

HAIPABIISIOIICH PEHKe C MOBEPXHOCTBIO A M YKaXKHTE 3HAYCHHUE CHIIBI TPCHHUS Fy
pPaBHOE 3HAYEHUIO CUJIbI TATH MPU PABHOMEPHOM JBIKEHUU, C YIE€TOM aOCOTIOTHOMN
MOTPEUTHOCTH.

o W3smeprTe cuiy TAru F, TIPA PaBHOMEPHOM JBKXKEHUH KapeTKH II0
HANPaBJHIOIIECH PEUKE C MOBEPXHOCTHIO b M yKaXuTe 3HAYECHHE CHIIBI TPEHUSA Fy
pPaBHOE 3HAYEHUIO CUJIbI TATU NPU PABHOMEPHOM JBHKEHUHU, C YUETOM aOCOIIOTHOMN
MOTPEUTHOCTH.
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o 3anummre GOpMYITbl, OTPAKAIOIINE PABEHCTBO CHUJIBI TPEHUS U CUJIBI TSTH
IIPY PABHOMEPHOM JIBUYKEHUU, PABEHCTBO CUJIbI PEAKLIMU ONIOPHI U Beca.

F1 TATH Fl Tp

FZTHFPl: FZTp IIpU paBHOMCPHOM ABUKXCHHUU
N=mg=P
° B CJIy4ac pas3JIndHbIX PC3YyJIbTATOB CﬂeﬂaﬁTe BBIBO/JI O 3aBUCUMOCTHU CHUJIbI

TPEHHsI CKOJBXKEHHs OT pOJa COINPHUKACAIOIMXCA NOBEpXHOCTEUM. B  cirywae
OJIMHAKOBBIX PpE3YyJbTAaTOB CJIEJIATE BBIBOJ O HE3aBUCHUMOCTUM CHJIBI TPEHUS
CKOJIBJKEHUS OT POJia COPUKACAIOIINXCS TIOBEPXHOCTEM.

Ilepeuens gonpocos k 0bcyHcOenuIo pe3yrbmamos dIKCnepumenma

o B ueM 3akirouaeTcst KOppeKTHas IpoLeaypa U3MEpEeHUs Beca?

J B d4em 3akiroyaeTcss KOppEKTHas NpOLENypa H3MEPEHUS CHJIbI
TATU?

o [louemy mjis paBHOMEPHOTO [BHXKEHUS KAPETKHM HEOOXOIUMO
MIPUKJIAIBIBATH CUILY?

o [louemy TsroBO€ ycuUIM€ M3MEHAETCS IPU  U3MEHEHUU

OBEPXHOCTH PEUKU?

O:xupaembie pe3yabTaThl IKCIIEPUMEHTA

BBIBOJ 0 3aBUCMMOCTH CHJIBI TPEHHSI CKOJIBKXEHHUS OT POJIa CONPUKACAFOLIUXCS
IIOBEPXHOCTEMN.

OO0cy:kneHue u aHAJIU3 pe3yJabTaTOB

[Tocne mpoBeaeHMs SKCIEPUMEHTA 00yUaIOIUECS MOTYT OOCYIUTh PE3yJIbTaT U
MPOAHAIM3UPOBATh  3aBUCUMOCTh  CHJIBI  TPEHHUA  CKOJBXEHUs OT  poja
conpukacaromuxcs nopepxtHocreil. [lo uroram o6cyxaeHus odydaroumecs AOIKHbBI
OBITh CHOCOOHBI OOBSICHUTBH, MOYEMY MPU JABMXKEHHUH IO PA3HBIM MOBEPXHOCTSIM
OTJIMYAIOTCA XapAKTEPUCTUKH (YCKOPEHUE MPHU Pa3roHe, yCKOPEHUE MPU TOPMOKEHUH,
TATOBOE YCHJIME€ NPH PAaBHOMEPHOM M PAaBHOYCKOPEHHOM IBMXKEHHUHM U T.H.) ITUX
JIBUKCHUH.

HccaenoBanue 3aBUCUMOCTH CHJIbI YIIPYTOCTH, BOSHUKAIOLIEH B MPY:KUHe,
0T CcTeneHu aedopManum NpPyKUHbI

3agaua Ne 12

Hcnonp3ys mratuB ¢ mMy(dToil u nankod, mpyxuHy Ne 1 Ha muianmere c
MUJTUMETPOBO# 1IKamo, ruHamoMetp Ne 2 u tpu rpy3a (Ne 1, Ne 2 u Ne 3), cobepuTte
YCTAHOBKY MJIi HCCIEAOBaHUS 3aBUCUMOCTH CHJIBI YNPYTOCTH, BO3HUKAIOLIEH B
npyXKuHe, oT ymiuHeHus. Onpeaenure yaIMHEHUE MPYKUHBI, MOJBEIINBAs K HEH
noouepenHo 1, 2 u 3 rpy3a, a UX BeC OMpeAeauTe Npu nmoMouy guaamomerpa Ne 1.
AOCOIOTHYIO IOTPEUTHOCTh U3MepeHus nuHamomeTrpa Ne 1 nmpumute paBHoi +0,1 H,
aOCOJIIOTHYIO MOTPEIIHOCTh U3MEPEHUsl YIUIMHEHUS MPY>KUHbI CYUTAWTE paBHOM +2
MM.

OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIBHOIO 3aJJaHUsI CIEJIAUTE B CIEIYIOLIEM
BHJIE:
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1)  Cpenaiite  pHCYHOK, OTpaXKalOUIMid  XOJ  JKCIEPUMEHTA:
ONpEeNEICHUE Beca I'Py30B, IPYKMHA J0 U IOCJIE IMOJBEIIMBAHUSA I'PY30B C
YKa3aHUEM YJUIMHEHUS IPYKUHBI.

2)  Ykaxure 3HAUCHHS Beca TPY30B M YAJIHHEHUS MPYKUHBI IS TPEX
U3MEPEHUM.

3) CdopmynupyiiTe BBIBOA O 3aBHCUMOCTH CHJIBI YIPYTOCTH,
BO3ZHHKAIOIIEH B IIPY)KUHE, OT YUIMHEHMS. 3aIIUIINTE OTBET.

bopmomosa Onvea Braoumuposna,
yuumens guszuxu MAOY MO Junckou pation
COL Ne 10 umenu 6pamves Henamoguix

IIpakTnueckas padora Ne 12
«HMccnenoBanne 3aBHCMMOCTH CIJIbI YIIPYTOCTH, BOSHUKAKOLIEH B Py KUHE, OT
cTeneHu ae)opMaNiy NPYKUHbD) B PAMKAX M3y4YeHus: TeMbl «MexaHnyeckue
sIBJICHUSD B Kypce «Pu3uka» B 9 kiaacce

OKCIIEpUMEHT IOMOXET O0OydYaloIIMMCsS YBHUJIETh, Kakas CYyIIECTBYET
3aBUCUMOCTh MEXJY BEIMYMHOM CHJBI YIPYTrOCTH, BO3HUKAIOIIEH B Tele NpH
nedopmalviu, U BEIMYMHON caMoi AeOopMaLIiH.

IIpo6aemnas cutyauus. PeOsita HanyBanu BO3AyIIHbIE MIAPKI TS IPa3AHUKA.
OHu 3aMeTHIIN, YTO CHaYaJIa [map JErKo yBEJIMUYMUBAETCS B pa3Mepe, HO YeM O0JIbIlIe OH
pazyBaeTcs, TEM CHJIbHEE COINPOTHUBIISIETCS yBeIWYEeHHIO oObema. llers
MIPEANOJIOKUI, YTO TaK TOJIBKO KaxeTcs. Ha caMom ziene mpocTo cTpauiHo, 4To MapuK
nonHeT. Ho Bce-Taku, ecTb 11 00BEKTUBHAS B3aUMOCBSI3b MEX/1y pa3MepOM IIapuKa 1
€ro COTMpPOTUBIIEHUEM JedopManuu?

MopenupoBanue curyanuu. B nabGopaTopum IIKOJBHUKaM Mpeasiaraercs
IPOBECTH CEPUI0 3KCIEPUMEHTOB IO BBIABICHHIO 3aBUCUMOCTH MEXIYy CHIION
YIOPYTOCTU U yJUIMHEHUEM TENA.

IIpo6aemubIii Bonpoc. iMeeTcst 11 B3aUMOCBSI3b, a €CJIM UMEETCs, TO Kakas,
MEX/1y CTETIEeHbIO JehopMalliu Tella U CUJION YIPYTrOCTH, BOZHUKAIOIIEH B HEM?

Bonpocwl 0ns uccnedosanus.

1. Yrto takoe nedopmarus?

Kaxkue ObiBaroT BUjbI Aehopmanuu?

Yem ynpyrue aedopMaivivi OTIMYAIOTCS OT HEYIPYTrux?

Yro Takoe cuia ynpyroctu?

Yro rimacut 3akoH ['yka?

Kak Ha3bIBaeTCs ¥ OT Yero 3aBUCUT KO3 PUIIMEHT MPONOPIHOHATBLHOCTH
B 3akoHe ['yka?

Ilepeuensy neobxooumozo obopyoosanus, mamepuanog. llltatus ¢ Mmyproit u
JIANKOM, MPYKUHY Ha TUIAHIIETe ¢ MUJUIMMETPOBOM IIKaJIOW, JUHAMOMETP M Habop
IPY30B.

ok wn
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Hedpopmarmuss — mrob6oe u3MeHeHwe ¢GopMbl W/min obObema Tena. Bunel
nepopMaiuu 1o crnoco0y BO3AECHCTBUS Ha TENO: pacTKEHHE, C)KATUE, U3THO, CABUT U
Kpy4YEHHE.

Ecnn mocne npekpaiieHus BHEIIHErO BO3JAEHCTBUA J1e(OpPMUPOBAHHOE TEJO
BOCCTAHABIIMBAET CBOIO (HOpMYy M pa3Mephbl, TO JAe()OpPMAaLMI0O HA3bIBAIOT YIPYIOM.
Cuny, JOEHCTBYIOIIYIO CO CTOPOHBI YIPYro Je(OpMHpPOBAaHHOIO Tejla Ha TEJo,
BbI3bIBalOIIEE Je(POPMALUIO, HA3BIBAIOT CUJION YIPYTOCTH.

Cuna ynpyroctu — cuiia, BO3HUKAIOIIAsl B TEJ€ MMPU yOpyro aepopmManuu u
CTpEMSIIIAsICs BEPHYTh €ro B UCXOAHOE cocTosiHue. Cuila ympyrocTd HampaBieHa B
CTOPOHY, MMPOTHUBOMOJIOKHYIO CMEIICHUIO YaCTHII TeJa MpH AedopMaluu.

3akon I'yka. BosHukaromas npu nedopmanuy cuia yOpyrocTd MpsSMO
MPONOPIUOHANIbHA YAJIMHEHUIO Tela.

Eup= KX
E,,p, — cuia ynpyroctu, H
k — xecTkocTh (K03(pPHUIIMEHT MPONOPIIMOHAIEHOCTH B 3aKOHE ['yKa), g
X — yuIMHeHHe (MOAYJb Pa3sHOCTH JUIMH Teja B J1e(OPMUPOBAHHOM U
HeIe(POPMHUPOBAHHOM COCTOSIHUSIX ), M
X=|[l-lo |
| — koHeuHas ATMHA Tena, M
lo— HavanmbHas ATMHA TEa, M

XKecTkocTh XapaKTepu3yeT CIOCOOHOCTD Tea MPENsITCTBOBATH Ae(POpPMAIIUH.

Buo skcnepumenma: yaeHUUECKH.

Dopma opeanuzayuu y4ebHou dessmeabHOCmu: UHAUBUyadbHas U TPYIIIOBast.

Onucanue npogedeHus IKCnepUMeHmda

Henb 3xcnepumMenTa. BBIIBUTH M MCCIIEIOBAaTh 3aBUCUMOCTH WM JI0Ka3aTh
HE3aBUCUMOCTh CHJIBI YIIPYTOCTH OT YAJIMHEHUS TeJla P PaCTSHKEHUU.

3agayu dxcnepumenTa. Mzmeputs BeEC OTHOTO, IBYX U TpeX rpy30B. M3meputs
YAJIMHEHHE MIPYKUHBI B KAKJIOM citydae. CpaBHUTh Pe3ysibTaThl u3MepeHuid. CrenaTth
BBIBOJ] HA OCHOBE CPaBHEHUS PE3YJIbTATOB.

Xoa 3KCrepuMeHTa

HccnenoBanre 3aBUCUMOCTU CHUJIbI YIIPYTOCTH, BO3HUKAIOUIEH B MpPY>KUHE, OT
cTeneHu aedopManuu npyxkunbl. CxemamuuecKuii pucyHox.
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o N3meppTe BeC OMHOrO Tpy3a P; M YKaXuTe pe3yJdbTaT U3MEPEHUIl C
y4eTOM a0COJIOTHON MOTPEIIHOCTH.

. W3meppTe yIMHEHNE IPYKUHBI X; C OJTHUM IPY30M U YKAXKUTE Pe3yJIbTar
MU3MEPEHHI C y4eTOM a0COFOTHOM MOTPENTHOCTH.

o N3mepbTe BeC IBYX IPy30B P, U YKAXKUTE PE3yIbTaT U3MEPEHH C YUIETOM
abCOIOTHON TOTPEITHOCTH.

. W3MmeppTe yAJMHEHWE MPYXKUHBI X, C JByMS TIpy3aMH U YKaKWUTE
pe3ysbTaT U3MEPEHUN C YYETOM a0COIOTHON MOTPEIIHOCTH.

. N3meppTe Bec Tpex rpy30B P; M yKaXKUTE PE3yJIbTaT U3MEPEHUH C yIETOM
a0COIOTHON OTPEIIHOCTH.

o W3mepbTe yMJIMHEHHE TPYXHHBI X3 C TPEeMsA Tpy3aMd M YKaXKHUTE
pe3yabTaT U3MEPEHUM C YU4ETOM a0COIIOTHON MOTPEITHOCTH.

J CpaBHHTE PE3yNIBTATHI U3MEPEHU.

o B ciydae pasnuyHBIX pPE3yJbTaTOB OIMIIMTE XapaKTEp 3aBHCHUMOCTU

CWJIBI YIIPYTOCTH OT YJUIMHEHUS. B cilydae 0IMHAKOBBIX pe3yJIbTAaTOB CIEIANTE BBIBO
0 HE3aBUCHMOCTH CUJIbI YIIPYTOCTU OT YAJIUHEHHUS.
Ilepeuenv 6onpoco k 00CysHcOeHUIo pe3yrbmamo8s SKChepumMeHma
e B yeM 3akiroyaeTcs KOppeKTHas Npoueaypa U3MepeHus Beca?
e B d4yem 3akimrouaercss KOPpPEKTHas Mpoueaypa HU3MEpPEHHs
yIJIMHEHUSA?
e Tlouemy npu MOABEIIMBAHUY TPy3a NPYKUHA YIJTUHSAETCS?
e  Ha ocHOBaHMM 4€ro MOXHO CJI€JaTh BBIBOJI O BOSHUKHOBEHHUH CHJIBI
YIOPYTOCTH B NPYyXKUHE?
e [TloarBepaunack Jiv NpeJIOKEHHAs TUIIOTE3a?
O:xunaembie pe3y/ibTaThbl IKCIIEPUMEHTA
BriBo1 00 yBeNMUEHUU CUJTBI YIPYTOCTH MPU YBEIMUYEHUH yITTUHEHUS Tea.
OO0cy:xkneHue U aHAJIU3 pe3yJbTaTOB
[Tocne mpoBeaeHMs SKCIEPUMEHTA 00yUaIOIUecs MOTYT OOCYIUTh Pe3yJIbTaT U
MPOaHaIU3UPOBATh 3aBUCHUMOCTh CHJIBI YIIPYTOCTU NPYXKUHBI OT €€ yaauHenus. [1o
UTOTaM 0OCYKJICHHS 00YUaIOIIUECs TOJKHBI OBITh CIOCOOHBI 0OBSICHUTD, KaK CTEIICHb
nedopMaliu Tejia BIUsSET Ha BOZHUKAIOUIYIO B HEM CUJTYy YIPYTOCTH.
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3agaHus K KOMIUIEKTY 00opyaoBanusi Ne 3

O6opynoBaHMEe U MaTepualibl, BXOJAIINE B KOMIUIEKT oOopymoBaHus Ne 3,
cornacHo crienudukaiuy KUM OI'D 2026 roga, mpuBOASTCS HUKE B TaOJIHUIIE.

Kommaekt Ne 3

3J1eMeHTbI 000pY10BAHNSA peKOMeHIyeMble XapaAKTePHCTHKH
® JICTOYHIIK IMITAHIA BBINPAMIITE/TH ¢ BXOJIHBIM HanpsukeHneM 36+42 B
MOCTOAHHOI'O TOKa 101 GatapeiiHslil 0710K, MO3BOIAIONIIIIT

CTYNEHYATO MEHATH BBIXOIHOE HAIIPS/KEHIIE
or1.5Bno75B

e BONBTMETP ABYXIpeAenbHEIT | Ipenern m3Mepennd 3 B, €= 0.1 B:

npeaen mMepeHis 6 B. C=0.2 B

® amMrepMeTp ABYXIpelenbHsii | mpeaen mmeperns 3 A, C=0.1 A:

npezaen m3mepenna 0.6 A, C=0.02 A

e pesnctop, 0603HAuUNTHL R1 conpotusiexne (4.7 £ 0.5) Om

e pesncrTop, 0003HaYNTh R2 conpotugienne (5.7 = 0.6) Om

e pe3ncrop, 0003HaYNTh R3 conpotnsieHne (8.2 £ 0.8) Om

e Ha0Op MPOBOIOYHBIX Pe3NCTOPBI 00eCTeTIBaOT MPOBE/ICHIE
pe3ncTopoB plS IICCTIeTOBAHIIA 3aBICIMOCTI CONPOTIBIICHIIA

OT JUNIHBI, TUTOIIAII MIONIEPEYHOTO CEUSHNA
1 VIEIBHOIO CONMPOTHBIICHISA IIPOBOIHIIKA
® JIaMITOUKA HOMITHATTbHOE HanpsikeHie 4.8 B, civa Toka 0.5 A

® [epeMEeHHBII pe3lcTop conpotusienie 10 Om
(peocTar)

® COeMIHNTENbHBIC IIPOBOJIA,
10 miT.

® KIIOY

JanHplii HaOOp 00OpYyAOBaHUS OOECIEYMBACT BBIMOJHEHUE CIEAYIOITUX
OTBITOB: HU3MEPEHUE JJIEKTPUUECKOTO COMPOTHUBJICHUS PE3UCTOPA, MOIIHOCTU W
paboThl  AJEKTPUYECKOTO TOKA; HCCIENOBAHME 3aBUCUMOCTH  CHJIBI  TOKa,
BO3HUKAIOIIETO B TMPOBOJHUKE (PE3UCTOPHI, JIAMIIOUKA), OT HAIpPSPKEHUS Ha €ro
KOHIIaX; MCCIIEIOBAHUE 3aBUCUMOCTH COMPOTHUBJICHUS MPOBOJHUKA OT €ro JJIMHBI,
IJIOIIAIM TONIEPEYHOT0 CEUCHHS U YJIEIbHOIO COMPOTHUBIIEHUS MaTepuaia; MpoBepKa
MPaBUJIA CJIIOKEHUS HANIPSKEHUI TP MOCIEA0BATEILHOM COECIMHEHUH MTPOBOJHUKOB
M MpaBWwiIa CIOXEHUS CWI TOKa MpU MNapauieIbHOM COECIUHEHUU MPOBOAHUKOB
(pe3ucTopsl 1 Jlamrnouka). PaccMOTpuM npuMepbl TakuX 3aJaHui.

HN3mepeHue 3JIeKTPUIECKOT0 CONPOTUBIEHHS Pe3UCTOpa

3agaua Ne 13

Vcronb3yst ICTOYHUK TOKA, BOJIBTMETP, aMIIEpMETP, KITFOY, PEOCTaT,
COCIMHUTEIILHBIC TIPOBOIA M PE3UCTOP R1, coOEpHTE IICKTPUICCKYFO TIETTh IS
U3MEPEHHUS JICKTPUICCKOTO COMPOTUBIICHUS pe3uctopa Ri. [Tpu momoru peocrarta
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ycTaHoBUTE B 1enu cuity Toka 0,4 A. AOCOMIOTHYIO TOTPELIHOCTD U3MEPEHMS
AIIEKTPUYECKOTO HamnpshkeHus MpuHATh +0,1 B, a0CoMI0THYIO OTPEITHOCTD
WU3MEpPEHMS CUJIBI TOKAa cUUTaTh paBHor 0,02 A.
OT4YeT 0 BBIMOJHEHUH 3KCIIEPUMEHTAIBHOTO 3aJaHus CIIETIAUTE B CIIECIYIOIIEM
BUJIE:
1) HapucyiiTe 2JIeKTpHUSCKYIO CXEMY 3KCIICPUMECHTA.
2) anuimte GopMyITy OnpeesieHHs SJICKTPUIESCKOTO COMPOTUBIICHHS
pe3ucropa.
3) VkaxuTe 3HAUCHUE CHIIBI TOKA M AJIEKTPUYECKOTO HAIIPSDKEHMSI HA KOHTAKTaX
pe3ucropa.
4) TlpoBeauTe pacdeThl MIEKTPHUECKOTO COMPOTUBIICHUS pe3uctopa Rj.
3anuummTe OTBET.

Apnaymosa Tamvana Muxaiinoéna,
Yyumenov gpusuxu MAOYCOLL Ne 3 umenu C.B. /Jyounckoeo cm. Bepezanckoii,
MO Bvicenxogckuii pation

IIpakTuyeckas padora Ne 13
«A3mMepeHHUe 2JIEKTPUYECKOT0 COMNPOTUBJIEHHS PE3UCTOPA»
B PaMKaXx M3y4YeHUsl TeMbI «DJIeKTPUYECKUEe ABIEHUS
B Kypce «®@u3uka» B 8 kiacce

B Xxone skcnepuMeHTa ydallMecs OCBOAT KOCBEHHBIA METOJ H3MEpPEHUs
CONIPOTHBJIEHUSI MPOBOJHUKA C IPUMEHEHUEM aMIIEpPMETPa U BOJBTMETPA, Peaau3ys
OpuHIMI pacuera mo 3akoHy Owma. Ilpaktuueckas paGoTa TO3BOJIUT HATJISAIHO
NOATBEPAUTh (PYyHIAaMEHTATbHOE CBONCTBO COMNPOTUBIICHUS KaK BHYTPEHHEU
XapaKTepUCTHKN MAaTepHalia: €ro HE3aBUCUMOCTh OT TEKYIIUX 3HAUYCHHUI CHJIbI TOKA U
MPUJIOKEHHOTO HampsikeHus. OOydatomuecs: yoenstcs, yto mdmenenne U u I (B
JTOMYCTUMBIX Tpejieiax) He BIUAET Ha BEJIMUUHY R, ecinu He MeHAIOTC hu3nyecKkue
napaMeTphl MPOBOJIHUKA (JJIMHA, CEUCHHUE, MaTepHuaJl, TeMIepaTypa).

IIpo6aemunas cutyamusi. BaMm HYXHO CpPOYHO H3MEPUTH COMPOTHUBIICHUE
pe3ucTopa Jyisi COOPKH CXeMbl, HO OMMETp BbIlea u3 cTpos. Kak pemuth 3amauy,
UCIIOJIBb3Ysl TOJBKO 0a30BbIe MPUOOPHI IIKOIBHON Jabopatopuu? DTOT SKCIEPUMEHT
MOKaXET, 4TO Jaxke 0e3 CIenHalu3UpPOBAHHOTO OOOPYIOBAHUS MOYKHO TOJTYYUTH
JIOCTOBEPHBIE PE3YJIbTATHI.

MopeaunpoBanue curyamuu. CoOepuTe 2IeKTPUUECKYIO TEMb I H3MEPEHUS
CUJIbI TOKA U HANPSIKEHHUS HAa PE3UCTOPE, UCTOJIb3YsI HCTOYHHUK TOKA, KJIKOY, pEOCTaT,
COEMHUTEbHBIE TPOBOIA, PE3UCTOP R, BOIBTMETp, aMIiepMeETp.

AOGCOIOTHYIO TOTPEITHOCTh U3MEPEHUS DJIEKTPUUECKOTO HATIPSHKCHUS U CHITBI
TOKa OTPEICTUTH TI0 IPHOOpaMm.

IIpobaemublii Bonpoc. Kak onpenenuTs 3JIEKTPUUECKOE CONMPOTUBIICHUE
IPOBOJHUKA B YCJIOBUSIX IIKOJbHOM 1a00paTopuu, €clid MoJA PYKOH €CTh TOJIBKO
MCTOYHHUK TOKA, aMIIEpPMETP U BOJBTMETP — 0€3 UCIOIb30BaHUs OMMeETpa?
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Bonpocw onsa uccnedosanus

1. KakoBa npupojia B3aUMOCBSI3U MEX]y HaIpsHKEHUEM, CUIJION TOKa |
COMNPOTHUBJIICHUEM B JJIEKTpHUEcKOW Ienu? ONUIIUTE €€ C TOYKU 3PECHHUS
byHIaMEHTAIBHBIX 3aKOHOB (DU3UKH.

2. [Touemy mpsiMO€ U3MEpEHHE COMPOTHBJICHUS 0€3 CIeIUaTbHbBIX
nmpuOopoB HEeBOo3MOXXHO? Kakue ¢yHIaMEHTaIbHBIE OTPaHUYCHHS 3TOMY
MearT?

3. Kakue  u3MeputenbHble  OpUOOpPHI  MO3BOJSIOT  ONPEIAECIHTH
CONPOTUBIIEHUE KOCBEHHO? OOBSCHUTE NPUHLIMI UX PAaOOTHI B 3TOM 3aJa4e.
4, Kak n3menurcs ob1iee cornpoTUBICHUE LIETIH, €CITH I0OABUTH €Ille OJIUH
MPOBOJIHUK?

5. UYTo mpoucxoauT ¢ OOIKUM CONMPOTUBIICHUEM IEMU MPU MapalieIbHOM
MOAKJIFOUEHHUH JIOMIOJTHUTEIbHBIX MPOBOAHUKOB? Kak M3MEHATCS MOKa3aHUs
aMIIEpMETpPa U BOJIbTMETpA?

6. CymiecTByeT 1M 3aBUCUMOCTb MEXAY JJIMHON TMPOBOJHUKA W €r0
conpoTtuBieHueM? BriBenuTe U 0O0BSICHUTE (POPMYIY, OMUCHIBAIOIIYIO ATY
CBSI3b.

1. CymiecTByeT M 3aBUCUMOCTh  MEXKIY TOJIIMHON  (TUIOLIAbIO
MONEPEYHOT0 CEYEHMs1) MPOBOAHUKA U €r0 CONPOTUBIEHUEM?

8. OOBsicHUTE, MMOYEMY NPOBOJAHUKM W3 PA3HBIX MaTEpPUAJIOB HMEIOT
pa3HoOE COMPOTUBJIEHUE?

llepeuenv neobxooumoeo 060pyoosaHus: UCTOUHUK TOKa, pe3ucTopel Ri u Ry,
aMIiepMeTp, BOJIBTMETP, PEOCTAT, KIIF0UY, COCIMHUTEIBHBIE POBO/IA.

dnekmpuueckoe conpomueienue — O3TO  (U3MUECKas ~ BEJIMYMHA,
dbyHIaMeHTalIbHAasl XapaKTEPUCTHKA MaTepuasa, KOJMYECTBEHHO OTpaKarolas ero
CIIOCOOHOCTH MPEMSATCTBOBATh HAMPABJICHHOMY JIBUKEHHUIO DJICKTPUUYECKUX 3apsIO0B.
[Ipupoma conpoTHBIEHHS KPOETCA B MHMKPOCKONMMYECKHMX IMpOLEcCCaX BHYTPH
Marepuana. JIBWXKymuecs mMoJa JEUCTBHEM SJICKTPUUECKOIO MOJISI 3JIECKTPOHBI
CTaJKUBAIOTCS ¢ MOHAMHU, O0pa3yIOIMMMU KPUCTAJUTMYECKYIO PEIIETKY MPOBOIHUKA.
OTH CTOJIKHOBEHMSI CHIDKAIOT CPEJHIOI CKOPOCTh YIOPSI0YEHHOTO Jpeida
HOCHUTEJEN 3apsifa, U3MEHSIOT HANpPaBJICHUE WX JABWKECHUS, PACCEUMBAIOT SHEPTHIO
3apsSHKCHHBIX YACTULL.

B pesynbrare yepes MmonepeyHoe CeYeHue MPOBOAHUKA 33 €IUHUIY BPEMEHHU
MPOXOJUT MEHbIIE 3apsna — To ecTh cuia Toka (I) ymenepmaercs. Yem warne
MPOUCXOJAT TAKUE B3aUMOJICVCTBHS, TEM BBIIIE COTPOTUBIICHUE MATEPHUAJIA.

Enununa udMepeHust 3J1eKTPUYECKOro conporusBjieHusi — OM — Ha3BaHa B
yecTh yueHoro ['eopra Oma.

OcHOBHbBIE XapAKTEPUCTUKHU

Ha conpoTuBneHne npoBOJHUKA BIUSIOT:

o  Marepuai npoBOJIHHKA,
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o Jlnuna mnpoBomHuKa (TeM OOJbIIE COMPOTHUBICHUE, YEM JJIMHHEE
IPOBOJIHUK);

o Ilnomaar momepedyHoro cedeHus (TemM OOJIbIIE COMPOTHUBICHHE, YEM
MCHBIIIE CCUCHHUE).

3axon OMa yCcTaHaBIMBAET CBSI3b MEXKIY OCHOBHBIMU BEJIMUMHAMU: CHIJION TOKA
I(A), nanipsixenuem U(B) u conportuiienuem R(Om)

dopmyia:

Kuaaccuduxanusi marepuajio

[To cmocoGHOCTH IPOBOAUTH TOK MaT€pHAIIbI IEISTCS Ha:

IIpoBOAHMKH — UMEIOT MAJIOE CONPOTUBIIEHUE (METAILIBI);

JIM3JIeKTPUKH — 00J1a1at0T OYEHb OOJIBIIUM CONPOTUBIIEHUEM;

ITorynpoBOAHUKH — IPOMEXKYTOYHAS TpyMIa.

IIpakTH4Yeckoe NpMMeHeHUEe CONPOTUBJICHHUI

Pe3uctopbl — npubOpsl C MOCTOSHHBIM COMPOTHBIIEHUEM, HCIIONb3YIOTCS BO
BCEX

JIEKTPOHHBIX YCTPONCTBAX.

PeocTaThl — npuOOpHI C IEPEMEHHBIM CONPOTUBIIEHUEM IS YIIPABIECHUS CHUIIOH
TOKA B LIETH.

[ToHnMaHue TEOPUH IEKTPUUECKOTO COMPOTUBIIEHUS KPUTUYECKH BAKHO IS
pacueToB JJIEKTPUYECKUX Ilemei, BbIOOpa MaTepuajoB MJii KOHKPETHBIX 3ajad,
oOecrnieueHus 6€30MacHOCTH MpHU PadboTe C IEKTPUUECTBOM.

HN3mepuresbHbIie NIPUOOPHI

AMInepMeTp — 9TO CHEUUAIU3UPOBAHHBINA BJIEKTPOUZMEPUTENBHBIN TIPUOOP,
MpeAHa3HAYEHHBIN U1 KOJMYECTBEHHOM OLIEHKU CHJIBI TOKA B 3JIEKTPUYECKOM LIETIH.
Ero mokazanus BeIpakaroTcs B ammepax (A), a Takke B JOJbHBIX (MUJIJTUAMIIEDHI,
MUKpOaMIIephl) €IUHUIAX B 3aBUCHUMOCTM OT Juana3oHa u3mepenuil. Ha cxemax
AIIEKTPUYECKUX LIeTel amrepMeTp MPUHATO 0003Ha4YaTh B BUJE Kpyra ¢ BOUCAaHHON
OYKBOM «A».

IIpaBuia nogk/I0YeHus aMmnepMmerpa. BkiroueHue B Lielb NOCIEA0BATEIEHO
— IpUOOP TOJIKEH HaXOJUTHCS Ha ITyTH OCHOBHOTO TOKA, TO €CTh IIeMb pa3pblBaeTcs, B
pa3pblB BKIJItouaeTcsi ammepmeTp. llpu paboTre C MOCTOSHHBIM TOKOM BayKHO
cOOMIOAaTh MOJSPHOCTh: TMOJIOKUTENBHBIA BBIBOJ MPUOOpa COEIUHSETCS C
MTOJIOKUTENBHBIM TIOJFOCOM HMCTOYHHMKA. 3alpelieH0 MMOAKIIYaTh aMIIEpMETP
HampsIMyl0 K KJIeMMaM MCTOYHMKA TUTaHUS — U3-32 HU3KOTO BHYTPEHHEIO
COMPOTHUBJIEHUS MPUOOPA ITO MPUBEIAET K KOPOTKOMY 3aMbIKaHUIO U MOXET BBIBECTU
000pyI0BaHUE U3 CTPOS.

BoJsbTMeTp, B CBOIO 0Yepe/lb, CIYKUT JIsl U3BMEPEHUS Pa3HOCTU MOTEHIIMAIOB
(HampspKEeHUsT) MEXAY ABYMsI TOUKAMHM AJIEKTPUUECKOU 1enu. EnunHnia usmepenus —
BosibT (B). Ha snexTpuueckux cxemax OoH 00O3HayaeTcsi KpPyrom ¢ OykBOM «V»
BHYTpH.

IIpaBuna moakouyeHuss BoJibTMeTpa. [Ipubop BkiIIOUaeTcs mMapauieaIbHO
TOMY YYacTKy LI€[IM, HA KOTOPOM TpeOyeTcst n3MepUTh HanpskeHue. [1pu n3mepennn
MOCTOSIHHOTO HAMpsKEHUS HEOOXOIUMO COOI0AaTh MOJSPHOCTH IMOAKIIOUEHUS:
IUTIOC K IUTIOCY, MUHYC K MUHYCY.
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Buo sxcnepumenma’ yaeHUUECKH.

Dopma opzanuzayuu yuebHou dessmeabHoCcmu: UHIUBUAYyalbHasl U TPYNIOBas.

Onucanue npogedeHusi IKChepumeHma

eab 3kcniepumeHTa:

OneITHOE  OmpenesieHue  INEKTPUYECKOrO  CONPOTHBIIEHUS  ITPOBOJHUKA
KOCBEHHBIM CIIOCOOOM C TIOMOIIIbIO aMIIEPMETPA U BOJILTMETPA.

3anava s3xkcnepumenTa. OnpeneauTh JIEKTPUYECKOE CONPOTHUBIICHUE.

Xoa IkcnepuMenTa

1. HavepTure cxemy 3iaekrpuuyeckoil menu. CobOepure 1enb,
[IOCJIEOBATENBHO COECIMHUB MCTOYHMK ITUTAHUS, aMIIEPMETP, UCCIIELYyEMBI
MIPOBOJIHUK, PEOCTAT U KIIFOY.

= —
= R1

A

L 75
i—4)

2. Onpenenure NOrpelIHOCTE U3MEPEHUs aMIIEpMETpa M BOJBTMETpa Kak
ITOJIOBUHY LIEHBI JIEJICHHUS.

3. N3meppTe aMIIepMeTPOM CUITy TOKA B LIETIH.

4. N3meppTe BOJIBTMETPOM HANPSHKEHUE HA KOHIIAX MPOBOJHUKA.

5. W3mMeHnTE CONMPOTUBIEHHE B LEMH C NOMOIIBIO peocTaTa M CHOBA

U3MEpPhTE CHJIy TOKa MW HaANpsDKCHHE HAa HCCICIyeMOM IPOBOJTHHKE.
[Iponenaiite 310 2-3 pasza, 4TOOBI MOJTYYUTH HECKOIHKO HAOOPOB JTaHHBIX.
6. Pe3yabTaThbl H3MepeHHii 3aHeCHTE B TAOJIHUILY.

Ne ombita Cuna Toka |,A Hanpsioxenue U,B Comnporusnenue R, Om
1
2
3
7. Beryuciaure conmpoTruB/IeHHME NPOBOAHMKA IO JAaHHBIM KaXJ0ro
omnbITa, Ucnoib3ys 3akoH Oma: R=U/I. Pe3ynbTaThl BIYUCICHUI 3aHECUTE B
Ta0IuILy.
8. Cnenaiite BpIBoA. CpaBHUTE MOJIYYEHHBIE 3HAYEHUS CONTPOTUBIIEHUS.

OHu JOKHBI  OBITh TPUMEPHO OJMHAKOBBIMHU, YTO MOATBEPKIACT
HE3aBUCHUMOCTD COIPOTUBIIEHUS IPOBOJHUKA OT CUJIbI TOKA U HAIIPSIKEHUS.
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O:xuaemble pe3yJIbTaThl IKCIIEPUMEHTA
ITosryuyeHHbIe 3HAYEHHUSA CONPOTHUBJICHHUS I0JKHBI OBITH OJNHAKOBBIMH.

IlepeyeHnb BOMPOCOB K 00CYKIEHUIO Pe3yJIbTATOB IKCIIEPUMEHTA

Brinonusercs iu 3akoH Oma B X0/1€ KCIIEpUMEHTa?
N3MEeHUIIOCH JTU CONPOTUBJICHUE TTPU U3MEHEHUH CHJIBI TOKA?
W3MeHnI0Ch 11 CONPOTUBIICHHUE NMPU U3MEHEHUH HANPSKEHUs?
['1ie B TeXHUKE UCIIONB3YETCS U3MEPEHUE COMPOTUBIICHUS?

Kak nosrydeHHble 3HaHHSI MOTYT [TOMOYb B ObITY?

B kakux npodeccusix HeoOX0AMMBI TOA0OHBIE U3MEPEHHUSI?

ok owdE

O0cyxaeHue U aHAJIN3 Pe3yJIbTATOB

Ilocsie mpoBeneHUsI IKCIIEPUMEHTA 00yUYaKOIIMECs MOTYT 00CYIMTh, YTO MPH
yYBeJIMYEeHNH HATIPSKEHUSA HAOJII01aeTCsl MPONOPUMOHAIbHOE YBeJINYeHne CHIIbI
TOKA.

ConporuB/ieHHe MPOBOJHUKA 0CTAETCH MOCTOSTHHBIM NPH PA3JIMYHbIX
3HAYCHUSIX TOKA.

HN3mepenne MOIHOCTH 3JIEKTPHUYECKOr0 TOKA
3agaua Ne 14
Hcnonp3yss HMCTOYHUK TOKA, BOJIBTMETP, AaMIIEPMETp, KIKOY, PEOCTarT,
COEIMHUTEIbHBIE MPOBOAA M pe3uctop Ry, cobepute 3IEKTpUYECKYO0 LEnb s
M3MEPEHUSI MOIITHOCTH JIEKTPUUECKOT0 TOKa Ha pe3uctope Ro. [Tpu momomm peocrara
yctaHoBuTe B 1ienu cuiy Toka 0,3 A. AOCOJIOTHYIO MOTPEUIHOCTh H3MEPEHUS
ANEKTPUYECKOro HampsbkeHuss npuHsaTh +0,1 B, a0coioTHyr0 MOrpeunHocTb
M3MEPEHUS CUIIBI TOKA cunTaTth paBHou £0,02 A.
OT4eT O BBINOJIHEHUHU 3KCIEPUMEHTAIBHOIO 3a/IaHMSI CIEIANTE B CIEAYIOIIEM
BHJIE:
1)  Hapucyiite 31eKTPHUECKYIO CXEMY KCIIEPUMEHTA.
2)  3anummre GOPMYITy OINPEICTICHUS MOIIHOCTH JJICKTPHUECKOTO
TOKA Ha PE3UCTOPE.
3)  VYkaxuTe 3HAUYCHHE CUJIbI TOKA M AJICKTPUYCCKOTO HANPSIKCHUS HA
KOHTAKTax pe3nucTopa.
4)  TIlpoBeawte pacyeTbl MOIIHOCTA JJIGKTPHYECKOTO TOKA Ha
pesucrope Rp. 3anumimre oTBeT.
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Apnaymoesa Tampana Muxaiinoena,
Yuumenv ¢pusuxu MAOYCOLL Ne 3 umenu C.B. [[youncrxoco cm. bepesanckoi,
MO Buicenxosckuti patiox

IIpakTuyeckas padora Ne 14
«H3MepeHne MOITHOCTH 3JIEKTPHYECKOI0 TOKAa»
B PAMKAaX U3yYeHHUS TeMbl «JIeKTPHYECKHe SBJICHUD)
B Kypce «Pu3uka» B 8 kiacce

OKCHEpUMEHT TOMOXKET OO0y4alolUMcsl 3aKpenuTh 3HaHUS O padoTe H
MOIIIHOCTHU 3JIEKTPUYECKOTO TOKA, a TAKXKE PA3BUTh HABBIKU COOPKHU AJIEKTPUUECKUX
uenen u paboThl ¢ U3MEPUTEIBHBIMU TPUOOPAMU — aMIIEPMETPOM U BOJIBTMETPOM.

IIpo6aemnas curyanus. [IpencraBere, 4TO Bbl BIAAENblbl KBAPTUPHI U BaM
HEO0OXOJMMO KOHTPOJUPOBAaTh pacXoJpl Ha 3JEeKTposHepruto. Kak ompenenuts,
CKOJIbKO 3HEPTUU NOTPEOIISIET TOT WIIM UHOM 3JIEKTPONpruoop?

Onucanue curyanmu. IlpencraBbre, 4TO BBl KMBETE B KBapTUpE, TI€
YCTaHOBJICHBl PA3JIMYHbIE JJIEKTPONpUOOphl. Poautenun mpocisT Bac MOMOYb
pazo0patbcsl ¢ pacTyUIMMHU CUETaMH 3a 3JIEKTpPOdHEpruio. Bel 3amedaere, 4to Ha
HEKOTOPBIX MPUOOpPAX CTepiach MapKUPOBKA MOIIHOCTH, & HEKOTOpPbIE paboTaloT HE
Tak 3(QPEeKTUBHO, KaK paHbIIIE.

IIpoboaemubiii  Bompoc. Kak  ompenenuTs  peaibHylO  MOIIHOCTh
AIEKTPONPUOOpPA, €CIIH:

1. Ha xopmyce ycTpoiicTBa HET HMKAaKMX JaHHBIX O MOIIHOCTH — HH
HaKJIEHKU, HU TPaBUPOBKH, HU YKA3aHUS B HUHCTPYKLIUU.

2. [TokazaHus 2JIEKTPOCUETUUKA OTPAKAIOT CyMMapHOE MOTpeOIeHue BCe
KBapTUPBI, M BBIACIUTH BKJIaJ KOHKPETHOTO MPUOOPa HEBO3MOXKHO.

3. Bbl mopo3peBaeTe, 4TO 3asBIEHHAs MPOU3BOJUTEIEM MOIIHOCTH HE
COOTBETCTBYET JCWCTBUTEIBHOCTH — KaK MOATBEPAWTh WM OMPOBEPTHYTH 3TO
AKCIIEPUMEHTAIBHO?

Bomnpoce! AJ1s1 Mcciie10BaHNS.

1. JlaiiTe pa3BepHyTO€ OINpEIEIeHHEe MOIIHOCTH TOKa (00O3HAUYeHHeE,
(u3UYECKUl CMBICI, EAMHHUIIBI U3MEPEHHUS).

2. OT KakuX (pU3NUECKUX BETMYHMH 3aBUCUT MOIIHOCTh TOKa? Harmuiute Bce
(opMyIIBI sl ONIpEIeICHUS] MOIIIHOCTH.

3. Kakumu nmprubopamMu MOKHO U3MEPUTH MOIIIHOCTh JIEKTPUUECKOTO TOKa?

4, Kak npaBuibHO NOJIKIIOYUTH U3MEPUTETbHbIE TPUOOPHI B LIETIH?

5. Kakue norpenHocTi MOryT BO3HUKHYTh IIPU U3MEPEHUSX ?

6. Kak u3mepuTh MOMIHOCTH OBITOBBIX JIEKTPONPUOOPOB?

7. Kak omnpenenutrs sHepromorpebieHrne mpubopa 3a OmpeacIeHHbIN
nepuon’?

Ilepeuenv Heobxo00uM020 060pY006aHUs. UCTOUHUK TOKA, PEOCTaT, JaMIIOUKa,
aMIIepMETP, BOIBTMETP, KIIFOU, COSTMHUTEIHHEIE TIPOBO/IA.
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MomHOCTh  JIEKTPUYECKOT0 TOKAa — 3To (Qu3nMyeckas BeIWYMHA,
XapaKkTepu3ywIas CKOPOCTh MpeoO0pa3oBaHUs WIM Tepefadyd dJICKTPUUECKOM
SHEPTUH.

ExuHuusi uzaMepeHus

Bart (BT) — OCHOBHAasi €IMHUIIA U3MEPEHUS MOIITHOCTH

Hcnonb3yroTcs KpaTHbIE €AMHUIIBL:

IrBr=100BT

1kBt=1000BT

IMBT1=1000000BT

DopMmyJibl ISl pacyeTa MOLIHOCTH

1. OcHoBHas popmy.a:
P=U-l, rne P — momnocts (BT), U — Hanpspxkenue (B), [ — cuina Toka (A)
2. Yepe3s conpoTuBIeHHE:

P=12-R umu P=U%R, rne R — conporusnenue (Om).

PaboTa 3/1eKTpHYeCKOro ToKa

PabGora Toka cBsizaHa C MOIIIHOCTHIO CIAEAYIOIIUM COOTHOILICHUEM:
A=P-t, rne A —pabora (/Ix), t — Bpems (c).

Buo sxcnepumenma:’ yaeHUUECKUIA.

Dopma opeanuzayuu yuebHOU OesmelbHOCmuy: MHANBUIYyallbHAS U TPYIIIOBasl.

Onucanue npogedeHusi IKCNepuMeHma

Heas 3xcnepumenTa: cHOpMHpPOBATH MPAKTUYECKUE HABBIKM H3MEPEHUS
MOIIIHOCTU 3JIEKTPUYECKOTO TOKa M TIOHMMaHUs B3aWMOCBS3€M CHJIBI TOKa,
HaMpsHKEHUS, COMPOTUBIICHUSI U MOIITHOCTH B PEaIbHBIX YCIOBUSX.

3agaua 3kcnepumenta. OnpenenuTh MOIIHOCTh 3JEKTPUYECKOTO TOKa B
BJIEKTPUYECKOM LIETIH.

Xo/ 3KcrnepuMeHTa

1. ColepuTe I1emb: BKJIOUYHATE IOCICAOBATEIBHO HWCTOYHUK ITUTAHUS,
peocTart, JaMIly, aMIIepMETp, KIII0Y; MOAKIIOUYMUTE BOJIBTMETP MapaJUICIbHO JaMIIe.
3amkHUTE KIIOY. 3aduKCUpyHTe BpeMs Hadajga uaMepeHuil. CHUMUTE IMOKa3aHUS
aMIIepMETpa U BOJBTMETPA.

2. BbrunciieHHe MOITHOCTH:

Hcnonwsyitte popmyiny P=U-l, orpenennre MOITHOCTb.

3aHecuTe pe3ybTaThl B TAOIUILY

[Tapamerp O6o3HaueHne 3HaueHUE
Cuna Toxa I, A

Hanpspkenune UuB

MoImHOCTh P, Bt

Bpewms t,c

PaboTa Toka A, IIx
3. Pacuer paboTsbI TOKA:

. Breruucnure paboTy Toka, ucnoiib3ys dhopmyny A=P-t

. [IpoBepbTE COOTBETCTBUE EMHUL U3MEPECHMUS.

. 3aduKcupyiTe UTOTOBBIC 3HAUCHHS.

54



4. BoiiBUTE BO3MOKHbI¢ NPUYUHbI OTKJIOHEHHMS U CpOpMyJHpyiTe
OCHOBHBIE pe3yJibTaTbl. OOBSCHUTE IPUUNHBI PACXO0XKICHUH.

5. OTkirounTe HWCTOYHHUK nuTaHuA. Pa3Oepute wens. VYO6epure
000py10BaHUE Ha MECTO.

Ilepeuens 6onpocos k 0bcysHcoenuIo pe3yrbmamos IKCcnepumenma

1. Hackonbko OnM3KM BallM NPAaKTHUUECKHUE 3aMEpbl MOIIHOCTH K
TEOPETUUECKUM IporHo3am? Eciu ecTh pacxokieHus, NonpooyinTe OObSICHUTD UX C
TOYKH 3PEHUS PEATBHBIX YCIOBUN dKCIIEPUMEHTA.

2. Kakoli «dusnueckuii 3akOH B JCWCTBUM» BBl HaONIONaId BO BpeMs
omnbITa? ONUIINTE, KAK IMEHHO BaIlld JaHHBIE TTOJITBEPKIAIOT €r0 CIPABEIMBOCTb.
3. ITlouemy pnsi pacueTra MOIIHOCTH MBI HCHOJB3YEM MPOU3BEICHUE

HanpsoKeHUsT M CUJIbl TOKA, a HE Kakou-nubo npyrod mapametp? Packpoiite
(u3ruecKuil cMbICT 3TOU (POPMYJTBI HA MPUMEPE BALIETO HKCIIEPUMEHTA.

4. CoBnanu J11 Balll U3MEPEHUs C MaCOPTHBIMU JaHHBIMU ITprodopa? Eciu
HET, HACKOJIbKO BEJIMKA pa3HUIA U MOXKET JIM OHA MOBJIUATH HA pabOTy yCTpOICTBa B
peanbHBIX yCIOBUAX?

S. UYro MOryo «COUTH» TOYHOCTh 3aMEPOB — OT KaueCTBa KOHTAKTOB IO
TEeMIIepaTypbl OKpyxatomehd cpenbl? CocTaBbTe KpAaTKUMM CIMCOK  KIIFOUEBBIX
(aKkTOpOB M OLIEHUTE UX BO3MOYKHOE BIIUSHUE.

6. KakoBa peanpHas TOYHOCTh BamIMX HU3MEpEeHHU? OT 4YEro 3aBHUCHUT
MOTPEUTHOCTh — OT MPUOOPOB, METOIUKHU WJIM BHEIIHUX yCIoBHi? Kak MOKHO ObLIO
OBl €€ YMEHBIINUTh?

OO0cy:kaeHue U aHAJIU3 pe3yJabTaTOB

[Tocne mpoBeAeHUs SKCIEPUMEHTa 00yUYaroIIuecss MOTyT OOCYIUTh

pe3yNbTaThI:

1. O COOTBETCTBUM U3MEPEHHOUN MOIIIHOCTY HOMUHAJILHOMY 3HAYEHUIO Ha
puodope.

2. Ectb 11 pacxoxaeHue pe3ysibTaToB B IpeAeiaax JOMyCTUMOU
MOTPEIIHOCTH U3MEPEHUI?

3. Cornacyrorcs U Iokazanusi mpuOopoB ¢ 3akoHoM Oma?

N3mepenune padoThI 3JIEKTPUYECKOI0 TOKA

3agaua Ne 15

Hcnonb3yss HMCTOYHUK TOKA, BOJIBTMETP, AaMIIEPMETp, KIKOY, PEOCTaT,
COEIMHUTENbHBIE TMPOBOAA U pe3uctop Rz, cobepute 31eKTpUYECKYO LEnb s
u3MepeHus padboTel Toka B pe3uctope Rz 3a 2 munythl. Ilpu momomm peocrara
ycraHoBuTe B Henu cuiy Toka 0,3 A. AOCONIOTHYIO MOTPEIIHOCTh H3MEpPEHUS
ANEKTPUUECKOro HampsbkeHuss npuHsaTh +0,1 B, aOcoioTHy0 MOTrpenrHocTb
U3MEPEHUS CUJIBI TOKA cunTaTh paBHou 0,02 A.

OT4eT O BBINOIHEHUH 3KCHEPUMEHTAIBHOIO 3a/IaHUsl CAENANTE B CIAEAYIOLIEM
BHJIE:

1)  Hapucyiite 3MeKTPUYECKYIO CXeMY IKCIIEPUMEHTA.

2)  3Banuwmute QGopMyiy ompeneieHus pabOThl AIEKTPHYECKOTO TOKa B
pesucrope Ra.
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3)  VYkaxuTe 3HAUCHHWE CHJIBI TOKA W JJIEKTPHUYECKOTO HAIPSDKEHHS Ha
KOHTaKTaxX pPe3ucTopa.

4)  TlpoBemuTe pacdyeTbl pabOTHI IEKTPUYCCKOIO TOKa B pe3ucrope Rj 3a 2
MUHYTBHI. 3alUIIATE OTBET.

Apunaymoesa Tamvana Muxaiinogna,
Yuumenwv ¢pusuxu MAOYCOIL Ne 3 umenu C.B. [lyounckoeo cm. bepesanckot,
MO Buvicenxogckuii pation

IIpakTuyeckas padora Ne 15
«M3mepenne padoThl JIEKTPHUYECKOI0 TOKAa»
B paMKax u3y4YeHHs TeMbl «PadoTa 1 MOIHOCTD JIEKTPHYECKOT0 TOKA»
B Kypce «®u3nka» B 8 ki1acce

OKCHEpUMEHT MO H3MEPEHUI0 pPadOThl JJIEKTPUUECKOTO TOKA TMOKaXeT
00y4aronMmMcs, Kak MOKHO OIBITHBIM ITyTEM U3MEPHUTH PA0OTY 3JIEKTPUUECKOTO TOKA
Y KaKOBA CBA3b 3TOM (hU3NUECKON BETMUMHBI C APYTHUMHU [TapaMeTpamMu 3IEKTPUIECKOM
LEIIH.

IIpob6aemuas curyanusi. lHxeHepy KOMMYHAIIbHON CITY>KOBbI yIpaBIISIFOIIECH
KOMITAHUW Hayall MOCTYNaTh KaJoObl OT JKHJIBIIOB HA CIMIIIKOM BBICOKHE CYETa 3a
aneKTpodHepruo. Emy TpeOyercss pa3zoOpaThCcsi B CHUTyallMH: HU3MEPUTh, CKOJIBKO
SHEPTUU PEeATbHO MOTPEOSET TUMOBOW MpuOOp (Hampumep, jJamia HaKaJuBaHUS);
CPaBHUTH C 3asBJICHHOM MOIHOCTBIO M3 MAacropTa Mpuodopa; MPenIoKUTh KUITbIIaM
CIO0COOBI 3KOHOMUMU.

MoaenupoBanue curyanum. B naGopatopuu IIKOJBHUKAM TMpejjiaraeTcs
U3MEPUTH PabOTy JIEKTPUUECKOrO TOKA.

IIpo6aemubiii Bonpoc. Kak, He nMesi OBITOBOrO 3JEKTPOCUETUMKA, OLICHUTh
paboTy 3JEKTPUYECKOrO TOKa (pacxojl JIEKTPOIHEPTrMy) Ha KOHKPETHOM Yy4YacCTKe
LENA — HAIpUMeEp, B HACTOJIBHOM JIaMIIE WU DJIEKTPUYECKOM YallHUKE?

Bonpocs 17151 ncciaeq0BaHus.

1. Kpatko onpenenure paboTy anekTpudeckoro Toka (1-2 mpemnoxenus). B
4geM ee (hr3uueckas CyTh — YTO UMEHHO «JIeJaeT» TOK?

2. 3anummre GOpMyIIBI I ONMPEISTICHHUST pabOThl AJIEKTPUUECKOTO TOKA.
[Tepeuncnure BXOASIINE BETUINHBI U UX €IUHUIIBI U3MEPEHUS.

3. HazoBute enunuity padbotsl Toka B CU. Ckonbko mxoyineit B 1 kBt-u?

4, Kakue mnpubopsl HYXHBI i1 W3MepeHus padboTbl Toka? Hapucyiite
MPOCTYIO CXEMY MX MPaBUILHOTO TOKIIFOUCHHUS.

5. 3anummrte GopMyiry paboThl Yepe3 MOIIHOCTh W Bpems. Paccumraiite
paboty uaiinuka (2 kBT) 3a 5 MuHyT.

6. [IpuBenute 2 nonoiaHUTEIbHBIE (HOPMYIIBI JJIs1 pacyera paboThl ToKa (C

conpotuBieHueM). Korjga ux yao0HO UCTIOIB30BATH?
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7. [Touemy BOJBTMETP MOAKIIOYAETCS MapajyIeibHO, a aMIepMeTp -—
nmocienoBareabHo? YTo Oyner, ecim TOMEHSITh uX Mectamu (KpaTko: 1-2
MOCIICICTBUS)?

Ilepeuenv HeobXxoOoumoeo 060pyoosanus, Mmamepuanog: WCTOYHHK TOKa,
BOJITMETP, aMIIEPMETP, KIII0Y, PEOCTaT, COCIMHUTEIbHBIE MPOBOJIA, pe3ucTop Rs,
CEKyHIOMep.

Anekmpuueckuii moK — HapaBJICHHOE (YIIOPSIIOYECHHOE) ABMKEHHUE 3apsKEHHBIX
4acTHI] (3JIEKTPOHOB, HOHOB) MO/ ACHUCTBUEM DIIEKTPUUECKOTO MOJIS.

Paoboma snekmpuueckozo moka (A) — 310 SHEPTUsI, KOTOPYIO IIEKTPUUECKOE MOJIe
MepeaacT 3apsHKEHHBIM YacTUIlaM (3JIEKTPOHAM) TIPH WX HAIIPaBJICHHOM JBHIKCHUU B
npoBoAHuKe. HBIMH CJIOBaMH, 3TO Mepa PHEPruu, 3aTPAuCHHOW Ha MEpPEMEIlCHHE
3apsja Mo y4acTKy LeNu IMOJ JACHUCTBUEM HanpsbkeHus. [IposiBisieTcss B JEUCTBUAX
AJIEKTPUUYECKOTO TOKa: TeIIoBOM J(dekTe (HarpeB); MEXaHUUYECKOM JEHCTBUU
(ABMXKEHHUE); XUMUYECKUX TTpoIieccax (JIEKTPOIIU3).

Pabota snextpruueckoro Toka onpeaensiercs mno hopmyne: A=q-U,

rje:

q — 3apan (Kn);

U — nanpspxenue (B).

Cuia Toka | onpenensieTcs Kak OTHOLIEHUE 3apsiia KO BPEMEHH:
=0=I-t.

[TonacraBissem B hopMyry pabOThI:

A=U-I-t.

Bce BennuuHbl B GopMyIie TOCTYITHBI ISl IPSIMOTO U3MEPEHUS:
| — amnepmeTpom (mocaea0BaTENbHO);

U — BoapTMETpOM (TIapajliesibHO);

t — cexyHOOMEPOM.

Ucnionp3ys 3akon Oma 17151 y4acTKa MENH, TOJTYyYHM JTOMOJHUTETbHBIE ()OPMYJITBI
115 onpenenenus paboter: A=12Rt, rie R — conporusnenue nposoguuka (Om).

PaGora Toka uzmepsiercs B KOyIsX (:k):

1 Ox=1B-1A-1c.
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Buo sxcnepumenma’ yaeHUUECKH.

Dopma opzanuzayuu yuebHou dessmenbHoCcmu: UHAUBUAYyalbHasi U TPYNIOBasl.
Onucanue npogedeHusi IKChepumeHma

Heab 3xcnepumenTa. M3mMeputs paboTy 3JEKTPUUECKOTO TOKA.

3anaum 3kcnepumenta. HauepTuTh cxeMy 53JE€KTpUUYECKOW IIeNMU M cOOpaTh
ANEKTPUYECKYIO IIETh MO ATOW CXeMe, M3MEPUTh CHJIy TOKa Ha Y4acTKe IIENHU C
MTOMOIIIBIO aMTIEPMETPA, U3MEPUTH HAMPSHKEHUE C TIOMOIIBIO BOJIBTMETPA, U3MEPUTD
BpEMSI TIPOXOXKICHUS TOKA Yepe3 PE3UCTOP C TMOMOIIBIO CEKyHIOMEPA, PacCCUUTATh
paboTy AIEKTPUUECKOTO TOKA 1Mo (hopMmyIie.

Xoa 3KcnepuMeHTa

1. Cobepute 11€1b, BKIIOYUB IOCJIEI0BATEIHLHO: UCTOUYHUK MUTAHUS, PE3UCTOD,
peocTar, amIiepMerp, Kiaod. [logxirounTe BOJBTMETP MAPAIIIENBHO PE3UCTODPY.
3amkHuTE KIIOY. 3aduKCUpYWTe BpeMs Hadana u3MepeHuil. CHUMUTE TOKa3aHUs
amriepMeTpa u BoJbTMeTpa. OLIEHUTE OTPEITHOCTU. 3aHECUTE PE3yIbTaThl B TAOJIHUILY.

ITapamerp O6o3HaueHne 3HaueHue
Cua Toka LA

Hanpsokenue U,B

Bpewms t,c

Pabora Toka A, JIx

1. Pacuer padoTsI TOKA:

Ucnons3ys popmyny A=IUt, Beraucinre padory.
[IpoBepbpTe COOTBETCTBUE €AMHUIL U3MEPEHUS.
3adukcupyiiTe UTOTOBbIE 3HAUCHUS

2. BbisiBUTEe BO3MOKHbI€ NMPUYUHBI OTKJIOHEHHUSI M C(OPMYJIUPYHTE
OCHOBHBI€ pe3yabTaTbl. O0BICHUTE MPUYUHBI PACXOXKICHHI.
3. OTkJ0uYuTe HCTOYHMK mnuTaHusi. Paszbepure wemb. YOepurte

o0opy0BaHUE HA MECTO.
Ilepeuenv 60npocos Kk 00CyIHCOeHUIO Pe3yTbmamo8 IKCHepUMeHmd

1. Uto HazpiBaeTcs paboTol siekTpuueckoro toka? ladte Qusznueckoe
OTIpEZICIICHHUE.

2. Kakue npubopsl ucnosib30BauCh A1 u3MepeHus: pabotsl Toka? Kakoa
POJIb KaXKJI0TO U3 HUX B LENU?

3. Bnuser nu conpoTHBIEHHE COEIUHUTENBHBIX MPOBOJAOB HA TOYHOCTH
u3MepeHus padoThl Toka? MOKHO JIU €ro He YUYUTHIBATH?

4. Kak u3menuTcst paboTta TOKa, €ClIM yBEIUYUTh HANPSIKEHHE HA yYacTKe
LIENHU B 2 pa3a, OCTaBUB COIIPOTHUBIIEHHE HeU3MEHHBIM? [loaTBEepanTE pacuerom.

S5. CpaBHHTE M3MEPEHHYIO padOTy TOKAa C pACYETHBIM 3HAYECHHUEM PaOOTHI

TOKa MO MAacHOPTHOM MOIIHOCTH HCIHOJb3yeMoro mpubopa. [louemy moryt ObITH
pacxoxaenus? Hazosure 3-4 BO3MOKHbIE IPUYUHBI.
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6. Ha npakTtuke 4acTh SHEpPrHUM TOKa TEpsieTCs B BHJE TeIUla H3-3a
CONPOTHUBIICHUS INPOBOJOB M IUIOXOIO KOHTaKkTa B coequHeHusAX. Kak 3t morepu
BIMSIIOT Ha peajbHyl0 pabory nenu? ONMIIMTE HPOCTON CHOCOO0 H3MEPUTh WIIU
OLICHUTh TAaKHE€ IMOTEPU B JOMAIIHEH CETH — HaAmpuUMep, s YAJIUHHUTENIS C
HNOJKIIIOUEHHBIM oOorpeBaTesneM. Kakue mpuOopbl MOHAAOOSATCS M Kakue 3aMepbl
caenarn?

7. IIpencraBpTe, 4TO y Bac €cTh ABe oauHaKoBble Jiammbl o 40 Br. Kak
U3MEHUTCS 001as padoTa TOKa, €CIAM MOAKIIOUUTh MX IOCIEN0BAaTENbHO BMECTO
napajuleIbHOro coenuHeHus? PaccuuraiiTe: OOIIyI0O MOIIHOCTH LIEM B 00OMX
ciydasx; paboTy Toka 3a 30 MHHYT; CpaBHHUTE Pe3yJbTaThl U OOBSICHUTE, TOUYEMY TPU
OJTHOM CII0CO0€ COEMHEHMSI JIaMIIbl CBETAT TYCKJIEE.

O:xuaembie pe3yabTaThl IKCIIEPUMEHTA

[lomyyeHHOE B pe3yibTaTe MPOBEAEHUS ONbITA HKCIIEPUMEHTAIBHOE 3HAUCHHE
paboThI TOKa B pe3uctope R3 3a 2 MUHYTHI B ipeienax norpemnocrei coctaBut 90 [x
MIPU UCTOJb30BAHUH CTAHIAPTU3UPOBAHHOTIO 000PYIOBaHUS.

OO0cy:kaeHue U aHAJIU3 pe3yabTaToOB

[Tocne npoBeaeHUs HKCIEPUMEHTA 00yUaIOUIUeCs] MOTYT OOCYAUTh Pe3ybTaT U
IpOoaHAIU3UPOBATh €ro JOCTOBEPHOCTh. llocne oOCykaeHHs OHU JOIKHBI YMETh
pelaTth 337a4u ¢ UCHOIb30BaHUEM (POPMYII, CBA3BIBAIOIINX PA0OTY TOKA U BEIMUYHHBI,
HEOOXOAMMBIE Ul €€ pacuera, a TaKKe J1aBaTh MPaBHJIbHBIE OTBETHI HAa BOIIPOCHI O
TOM, YTO TaKo€ paboTa TOKa, Kak MOKHO IIPOU3BECTU €€ KOCBEHHOE n3MepeHue. Taxxke
ydaniuecsl JA0KHbI MPUOOPECTH HaBBIK M3MEPEHHS] HANpPsOKEHUS U CUJIbl TOKa Ha
ydactke nend. /s 0onee npeaAMETHOTO aHAIN3a Pe3yIbTaTOB dKCIIEPUMEHTA MOYKHO
c(hopMyIUpOBaTh OTBETHI Ha PsiJl BOITPOCOB.

1. Kak nzmenutcst paboTa ToKa B LIETIH, €CITU 3aMEHUTh PE3UCTOP HA DJIEMEHT
¢ OOJIBIIIUM COMPOTUBIIEHUEM, COXPAHUB MPEKHEE 3HAUCHUE HAPSIKEHUS?

2. Kak ontumuzupoBaTh »sHepromnorpedieHue mnpubdopa (Hampumep,
AIIEKTPOYAHHUKA), YTOOBI YMEHBIITUTEL pa0OTy TOKA IIPH BBHITOTHCHUH TOM Ke 3a1a9n?

3. Kyna pacxonyercst paboTa 3JIeKTpUYECKOro TOKa B jJamrie?

4, [ToueMy 1amnia HarpeBaeTcsi IpU MPOXOKICHUH TOKa?

5. Kak 310 cBsizano ¢ paboToit Toka? MOXKHO JI CUMTATh JaMITy UJIeaTbHBIM

MOTpeOUTEIEM DIIEKTPOIHEPTUHN?

HccaenoBanue 3aBUCUMOCTH CHJIbI TOKA, BOBHUKAKIIET0 B NMPOBOJHUKE
(pe3ucTOpBbL, JJAMIIOYKA), OT HANPSIKEHUS HA KOHIIAX IPOBOJIHUKA

3agaua Ne 16

Hcnonb3ysi HMCTOYHUK TOKA, BOJIBTMETP, aMIlIepMETp, K04, peocTar,
COCIMHUTEIbHBIE TIPOBOJA U pe3ucTop Ri, cobepute 3JIEKTPUYECKYIO ILEMb IS
UCCIIEJIOBAHUSI 3aBUCUMOCTH CHJIBI TOKa Ha pe3uctope Rji OT aleKkTpuyeckoro
HaAMpPsHDKEHUS Ha €ro KOHIAaX. AOCOIIOTHYIO MOTPEITHOCTh U3MEPEHHUS JIEKTPUUECKOTO
HanpspkeHus: npumute paBHoi £0,1 B, aGCOMOTHYIO TOTPENTHOCTh U3MEPEHUS CUJTBI
TOKa cuutaite paBHoit £0,02 A.

OT4YeT O BBINMOJHEHUH SKCIEPUMEHTAIIBHOTO 3aJJaHUsl ClIeJIaliTe B CIEIYIOLIEM
BU/JIE:
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1. Hapucyiite 31€KTpUUECKYIO CXEMY IKCIIEPUMEHTA.

2. [Ipu nomoiu peoctata yCTAaHOBUTE MMOOYEPEAHO B LENHU cuity Toka 0,2 A,
0,3 Au 0,4 A uB KaxIoM CiIydae U3MEPhTE JICKTPUUECCKOE HANIPSIKEHHE HA KOHIIAX
pesuctopa. Pe3ynbrarsl npesicTaBbTe B BUAE TAOIUIBI WU Tpaduka.

3. Crenaiite BIBOJ O 3aBUCMMOCTH BEJIMYMHBI CUJIBI TOKA HA pe3uctope Ry
OT HaIPsKEHUS HAa €r0 KOHIAX. 3alUIINTE OTBET.

Apnaymoesa Tamvsana Muxaiinosna,
Yuumenwv ¢pusuxu MAOYCOIL Ne 3 umenu C.B. [Iybunckoeo cm. bepesanckot,
MO Buvicenxogckuii pation

IIpakTunyeckas padora Ne 16
«HccnenoBanne 3aBUCHMOCTH CHJIbI TOKA, BOSHHKAIOILIEr0 B IPOBOIHUKE,
OT HANPSKEHUs HA KOHLAX MPOBOIHUKA
B paMKax u3ydeHusi TeMbl «CHiIa TOKA. DJIeKTPUYECKOe HANIPSIKEHUE»
B Kypce «®@u3uka» B 8 kiacce

B xoze skcnieprMenTa 00ydaromuecss CMOTYT SKCIIEPUMEHTAIBHO ONPEICIUTh
3aBUCHUMOCTh MEXKIY CHJIOM TOKAa M HaNpSKEHUEM. OKCIEPUMEHT HarjIsigHO
MIOKa3bIBACT, UTO MPU YBEIMUYCHUN HANPSHKEHUS HA KOHIAX MMPOBOJAHUKA CUJIA TOKA B
HEM BO3pACTaeT MPONopHHoHaNbHO. Hanpumep, ecian HanpsiKeHUe YBEIUYUBAETCS B
IBa pa3za, TO M CHJIa TOKA TOXE YBEJIMYMBACTCS B JIBa pa3a MNpH HEU3MEHHOM
CONPOTHUBIICHUM.

IIpobaemnas curyaums. [1IkoapHUK 3aMeTHII, YTO €ro TenedoH 3apsKaeTcs ¢
Pa3HOM CKOPOCTBIO MPU MOAKIIOUEHUHN K CETEBOMY 3apsTHOMY yCcTporcTBY U K USB-
MopTy KoMIbloTepa. B 00oux ciyyasx HanpskeHue coctasisieT 5 B. Kakue
(u3HUECcKUE U TEXHUYECKHUE MMapaMeTPhl, TOMUMO HANPSKEHUS, ONPEETSIOT
JUTUTEIILHOCTD 3apSAKUA aKKyMyJisiTopa?

MopeanpoBanue cutyauuu. B pamkax pabopaTopHoil pabOThl MIKOJbHUKAM
NPEICTOUT IKCIIEPUMEHTATIBHO HCCIIEI0OBATh 3aBUCUMOCTh CUJIbl TOKA, BOSHUKAIOIIIEH
B IIPOBOJHUKE, OT HAMPSIKEHUS HA €ro KOHIAX.

IIpo6aemublii Bonpoc. Beerma iu Habmo1aeTes mpsiMasi IporopIHOHATEHOCTh
MEXy HaIllPSKEHUEM U CHIION TOKA, MPOoXoasIero yepes3 Hero? Ilpu kakux yciaoBusix
ATa 3aBUCUMOCTh MOXeT Hapymartbes? I[lpuBenute 2—3 mnpumepa peaibHBIX
YCTPOMCTB WM MAaTE€PHAIOB, I KOTOPBIX XapaKTEPEH HEIMHEWHBIN XapakTep
BOJIbTAMIIEPHOM XapaKTEPUCTUKH, U KPATKO OOBICHUTE, YEM 3TO 00YCIIOBIICHO.

Ilepeuenv HeobX00UM020 000pYO0OB8aAHUS, Mamepualos: WCTOYHUK TOKa,
BOJIbTMETP, aMIIEPMETP, KIII0Y, PEOCTaT, COEIMHUTENbHbIE MPOBOAA U pe3uctop R.

Inekmpuyeckuii moK - 3TO HaNpaBICHHOE (YMOPSIOUYECHHOE) JBHKCHUE
3apsKEHHBIX YaCTHII.

Cuna moka | (A) - Pusnueckas BeNWUYMHA, KOTOpas IOKa3bIBACT, KAKOE
KOJIMYECTBO JJIEKTPUUYECKOrO 3apslla MPOXOAUT YEepe3 IMONEPEUHOE CEUCHHE
IPOBOJIHUKA 32 €AMHULLY BPEMEHH.

60



Inekmpuueckoe nanpaxcenue U (B) — 310 (usnueckas BeIWYWHA, paBHas
paboTe AMEKTPUIECKOTO TOJIS TI0 TIEPEMEICHUIO SAMHUYHOTO 3aps/ia U3 OJHON TOUKH
noist B apyryto. HampspkeHue xapakTepu3yeT BO3MOKHOCTb BJIEKTPUUECKOTO OIS
coBepiiath paboTy, HO caMO IO ce0e He BBIMOJHIET PaboTy, a JUIlb CO3/1aeT
MOTEHIINAJ JJIsI HEee.

B 1826 romy Teopr Om cdopmymupoBan 3akoH Owma s ydacTka
ANEKTPUYECKOM IIeNH: CHJIa TOKa Ha YydYacTKe IeNu NpsIMO MPONOpIUOHAIbHA
HAMpsDKEHUI0 HAa KOHIAX ATOr0 ydacTka W O0paTHO MpONOpLMOHANIbHA €ro
COMPOTHUBJICHUIO.

JlaHHas mpakThyeckasi padoTa MO3BOJISIET IPOBEPUTH 3aBUCUMOCTb CHJIBI TOKA
OT HaANPSIKEHUS.

Buo skcnepumenma: yaeHUYECKUM.

Dopma opeanuzayuu yuebHOU desimelbHOCmU: UHANBUyalbHas U TPYIINOBasl.

Onucanue npogeoenusi SKCnepumMeHma.

Heab 3xciepuMenTa. VccinenoBars 3aBUCUMOCTD CUIIBI TOKA, BO3HUKAIOUIEH B
MIPOBOJAHUKE, OT HAMPSIKEHUS HA KOHIIaX MPOBOHUKA.

3agaum 3xkcnepuMenTta. HauepTuTh cxemy 3JIEKTPUYECKOM IIemU U coOpaTh
ANEKTPUUYECKYIO LIETH I10 3TOM CXEME, U3MEPUTH C TOMOILBIO BOJIbBTMETPA HANPSIHKEHUE
Ha KOHI[AX 3a/IaHHOT0 y4YacTKa ILEeNnu Il TPEX pPa3HbIX 3HAYEHUM CHIIBI TOKA,
POAHANN3UPOBATH MMOJTYUYECHHBIE JAHHBIE U CAENATh BBIBOJ O 3aBUCUMOCTH CUJIBI TOKA
Ha yYaCTKE LENH OT HAMPSXKEHUS HAa €ro KOHIAX.

Xo/a 3KcnepuMeHTa

\ ®
i

1. HauepTute B Oj1aHKE OTBETOB CXEMY DJICKTPUYECKOM €U, COCTOSIICH
U3 TIOCJIEI0BATEIbHO COSIMHEHHBIX HICTOUHHUKA TOKA, aMIIEpMETpa, KJIro4a, peocTara,
pesuctopa R u, nmapannenbHO MOAKIIOUYEHHOI0 K pe3ucTopy R, BosbT™MeTpa.

2. Colepute »lEKTpUYECKYIO IIenb 1o cxeme. Ilpu cOopke cxembl u
nocjieaywmeil pabore ¢ HeW THIATEILHO COOJIOaiTe TMpaBwia padoThl C
AIEKTPOU3MEPHUTEIILHBIMUA TpUOOpaMu W TIpaBUJia TEXHUKH O€30MacHOCTH TIPH
paboTe ¢ AMEKTPOOOOPYIOBAHUEM.

3. [Tocne mpoBepKH CXEMbI YYUTEIEM 3aMKHUTE KJIIOY U yCTAaHOBUTE B
nenu cuity Toka I1 = 0,2 A ¢ momompto peoctara. [Ipu 1aHHON cuie TOKa CHUMUTE
nokasanus BoibT™MeTpa Us.

61



4. Ycranosure B nenu cuny toka I = 0,3 A. Ilpu nanHoil cune Toka
CHUMUTE MoKa3aHus BojapTMeTpa Uo.
5. VYcranoute B 1ienu cwry Toka Iz = 0,4 A. Ilpu manHOM cuile Toka

CHUMUTE TMoka3aHusi BoiabTMeTpa Usz. Ecim oOopynoBaHue He MO3BOJSET BaM
yCTaHOBUTH cuiny Toka 0,4A (cwia Toka MPU MHUHMMAJIBHOM COINPOTHUBIICHUH
peocTara HUXKE) U 3aMeHa 000py/I0BaHUsI HEBO3MOXKHA, C/IeNIaiiTe MOMETKY 00 3TOM
B OJlaHKe OTBETa U MPOU3BOJUTE MU3MEPEHUS MPU MAKCUMAJIbHO BO3MOXXHOW CHIIE
TOKa.

. 3anuiuTe B OJaHK OTBETOB TpU HAOOpa MOTy4eHHbIX 3HadeHui: [1 u Uy;
|2 u Uz; |3 u Us.
No ombiTa I£ALA U+AU,B
1 0,20 £0,02
2 0,30 +0,02
3 0,40 + 0,02
6. [Moctpoiite rpaduk 3aBucumoctu 1(U).
7. Ha ocHOBaHMM H#aHHBIX pe3yJIbTATOB M3MEPEHUSA CUibl ToKa | m

Hanpspkenuss U, clenaiTe BBIBOJ O XapaKTepe 3aBHCHMOCTH CHIIBI TOKa,
NPOTEKAIOMIETO dYepe3 pe3ncTop R, OT HampsbkeHHWs Ha KOHIAX 3TOTO
pesucTopa.

Ilepeuenv 6onpocoe Kk 006cyHcOeHuIo pe3yaibmamos IKCnepumenma

1. OnummTe XapakTep N3MEHESHUS CHITBI TOKA IMPY YBEITUUCHUHN HATIPSKCHUS
Ha BBIBOJIAX PE3UCTOpA.

2. Kaxkoit Bum umeer rpaduk 3aBucumoctu [(U)? Kakyro duzmdeckyro
3aKOHOMEPHOCTh OTpakaeT ero popma?

3. [Ipennoxkute  crmoco0  AKCHEPUMEHTAIBHOTO  JOKAa3aTeIhCTBa
MIOCTOSIHCTBA COIIPOTUBJICHUSI PE3UCTOPA.

4. O6ocHyliTe ~ HEOOXOTUMOCTH  TOCJIENOBATEILHOTO  BKJIIOUYCHUS

aMIiepMeTpa 1 NapajjieIbHOro BKIIOUCHHS BOJbTMETpA. UTO M3MEHUTCS, €CIIN
UX TIOMEHATH MECTaMU?

5. ITpennoxure criocol pacyera CONPOTUBIIEHUS PE3UCTOPA IO Pe3yJbTaTam
u3MepeHuit? [IpuBeau cCOOTBETCTBYIOUTYIO (POPMYITY.
6. Ilepeuniciure W KpaTKO OXapakTepU3yd BO3MOXHBIE HCTOYHUKU

HOFpeIHHOCTCﬁ B JaHHOM 3KCIICPHUMCHTC.

OxugaeMbie pe3yJibTaThbl IKCIEPUMEHTA

Pe3ynpTarel M3MEpPEHUN CUJIBI TOKA W HANPSDHKEHUS HA PE3UCTOPE IOJLKHBI
NOATBEpkAaTh 3aKkoH OMa: cujia TOKa Ha y4acTKe LENH MPSAMO MPONOPIIMOHAIbHA
HampsDKEHUI0 Ha €ro KOHIAX — TMpH COOJIOJEHUU CIEAYIOIIUX YCIOBHIA:
NOTPENIHOCTh HAXOAUTCS B Mpeiesiax MaCHOPTHBIX IaHHBIX MPUOOPOB; UCIOIB3YETCS

62



CTaHIapPTU3UPOBAHHOE 0OOPYIOBAHME; 3aMepPhl MPOBOATCS B KOPOTKHE BPEMEHHbBIE
UHTEpBaJbI (1711 MUHUMH3AIIMU HArpeBa pe3ucTopa 1 KoJieOaHu ceTn).

O0cy:kneHue U aHAJIU3 Pe3yJIbTATOB

[Tocne mpoBeaeHMs SKCIIEPUMEHTa 00yUaroIuecs MOTYT OOCYIUTh Pe3yJIbTaT U
IPOAHATU3UPOBATh €r0 JIOCTOBEPHOCTh. [locie oOCykaeHus OHU JOJIKHBI YMETh
pemarh 3anadd, Ucnoyb3ysd 3akoH Oma g ydacTKa UENU, a TAaKXKEe BIAAECTh
HNOHATUSMU «3JIEKTPUUECKUN TOK», «CUJIA TOKA», «AJIEKTPUUECKOE HanpspKeHne». OHu
JOJDKHBI OIMCATh XapaKTep 3aBUCUMOCTHU CHUJIbI TOKA OT HAIIPSHKEHUS [TPU MOCTOSIHHOM
CONPOTHUBJIEHUU U CUJIBI TOKA OT CONIPOTUBIIEHUS MTPU NOCTOSHHOM HarpspkeHuu. Jis
0ojiee MpPEeIMETHOTO aHallu3a PEe3yJIbTaTOB IKCIEPUMEHTAa MOXHO CPOPMYIUPOBATH
OTBETHI Ha Psii BOIIPOCOB.

1. Tlouemy maHHBIE JUIsI OAHOTO PE3UCTOPA HE JOKA3bIBAIOT YHUBEPCAIBHOCTH
3akoHa Oma? [IpuBenure 2 nmpumepa 3JIEMEHTOB, ISl KOTOPBIX BBIIOJHSIETCS
cootHoueHue [=U/R (niam onummure ycaoBHs €ro IPUMEHUMOCTH).

2. HazoBuTe Marepuanbl WJIM KOMIIOHEHTHI, HE MOAUYUHSIOUIMECS 3akoHy Oma.
Kpartko ykaxure npuyuny.

3. Kak marpeB pesucropa mensier rpaduk [(U)? Ykaxure HampaBiieHHE CABUTA
TUHUY (BBEPX/BHU3/BIEBO/BIIPABO).

4. byner nmu rpaduk [(U) cTtporo nuHeHBIM AJ14 peasibHOTO pe3uctopa? Eciu Her,
OTMETHTE JUANA30H HAMIPSKEHUM, II€ OTKJIOHEHUS 3aMETHBI.

5. HazoBute 2 pusnueckux Qaxropa, Bei3biBaromux HeauHeitHocTh [(U). KpaTko
MosSICHUTE Kax bl (5—10 cioB).

6. Cpasaute rpaduku [(U) mns pesuctopa mpu —50 °C u +100 °C. B yem
KJIFOUEBOE pa3inuue?

/. MOXHO 71U HCMOJB30BaTh PE3UCTOP KakK AaTyvk Temmeparypol? Kpartko
OIMUIIATE TPUHIUN pa0oThl (1—2 mpeIokeHus) u yKaxuTe, KakKoi mapameTp
pe3ncTopa MEHSIETCS IIPU HArpeBe.

HccnenoBanue 3aBHCHMOCTH CONPOTHBJICHHMSA OT /UIMHbI TNPOBOJAHHMKA,
IUIOIIA/IM MONIEPEYHOr0 CeYEeHHS U Y/1eJIbHOI0 CONPOTUBJICHUS

3agaua Ne 17

Hcronb3yss MCTOYHHMK TOKA, BOJBTMETP, aMIIEpMETp, KIIOY, PEOCTar,
COCJMHUTENIbHBIC TPOBOJA W HAOOp MPOBOJIOYHBIX PEe3UCTOpoB p, |, S, cobepure
ANEKTPUUECKYI0  LeMb JJIS  WCCIAEAOBAHUS  3aBUCUMOCTH  JJIEKTPUUYECKOIO
COMPOTHUBJIECHUS OT IUIOUIAAM MONEPEUHOT0 ceueHusl poBoaHuKa. Pesuctopel 1(A) u
[(b) u3roroBieHBl U3 OJUHAKOBOIO MaTepuajga M OJUHAKOBOW UIMHBI, HO Pa3HOIO
nomnepeyHoro cedeHus (Sp = 2S,). AOCONIOTHYIO TMOTPEIIHOCTh HW3MEpPEHUS
ANEKTPUUECKOro HampsbkeHuss npuHsaTh +0,1 B, aOcoioTHy0 MOTrpenrHocTb
U3MEPEHUS CUJIBI TOKA cunTaTh paBHou 0,02 A.

OT4eT O BBINOJIHEHUHU 3KCHEPUMEHTAIBHOIO 3a/IaHUSI CIEJIANTE B CIECIYIOLIEM
BHJIE:

1)  Hapucyiite 3MeKTpUYECKHE CXEMBI IBYX KCIIEPUMEHTOB.

2)  Ilpum momomm peoctata yCTaHOBUTE B 000MX OmbITax cuty Toka 0,4 A u B
KQKJIOM CIIy4ae U3MEphTE IEKTPUUECKOE HAIIPSHKEHUE Ha KOHIAX PE3UCTOPOB.
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3) Bblumcnure CONpOTUBICHHWE PE3UCTOPOB U CHETAWTE BBIBOI O
3aBUCUMOCTH AJIEKTPUYECKOTO COMPOTUBIIEHUS OT IUIOIIAIN IONEPEYHOIO CEUECHMS.
3anuIInTe OTBET.

Apunaymoesa Tamvana Muxaiinogna,
Yuumenv ¢pusuxu MAOYCOILI Ne 3 umenu C.B. [youncxoeo cm. bBepesanckoii,
MO Buicenxogckuii pation

IIpakTuyeckas padora Ne 17
«McceaenoBanne 3aBUCUMOCTH CONPOTUBJICHUS OT IVIOIIAAY MONIEPEYHOT0
CeYeHUsI MPOBOJHUKA» B PaMKax H3y4eHHus TeMbl «CONpoTHBICHHE
IPOBOAHMKA. Y/IeJIbHOE CONPOTHBJICHUE BEIIECTBA»
B Kypce «@Pu3uka» B 8 ki1acce

B xome skcmepuMeHTa YYCHHKH HCCIEAYIOT, KakK IUIOMIAh IOIMEPEIHOTO
CEYCHHS TPOBOJHUKA BIMSICT HA €r0 COMPOTUBJICHUE. JTO TOMOXKET UM IOHSTH
BKHBIN (PH3NYCCKUNA TPUHIIHIT: COTIPOTUBIICHUE 3aBUCUT HE OT TOKA WJTH HAMPSDKESHUS
B IIEMHM, @ OT COOCTBEHHBIX CBOWCTB MPOBOJHMKA (MaTepuasa, JJIMHBI, MUIOMIAaN
MOTIEPEYHOT0 CEUCHHUS). YUEHUKH CMOTYT yOEIUTbCS B TOM, YTO CONPOTHBIICHUE
MIPOBOJHUKA OOpPaTHO MPOMOPIHMOHATIBHO TUIOMIAJAN €r0 IMOMEPEYHOr0 CEUYECHHsS, TO
€CTh UueM OO0JIbIIe TIOMAb, TEM MEHBIIIE COMPOTUBIICHNE MPOBOAHUKA (TIPU MPOUHX
PaBHBIX YCIIOBUSIX).

IIpo6aemuas curyanusi. CeMbs UCIIOJIb30BaAIA CTAPbIN YIJIMHUTEND (CeUEHUE
0,75 mwm?) s moakmrodeHus: meiiecoca (1,5 kBt), oborpeatens (2 kBT) u
anekTpoydaitnuka (2,2 kBt). [Ipu moouepennom BkiroueHUU mpodieM He Obio. Ho
OJTHOBpEMEHHasi paboTa Bcex MprOOPOB BhI3bIBAJIa HArpeB Kabems 1 3amax nmeperpeTon
M30JALMU. 3aMEHA Ha yJIMHUTENb C CEYEHHEM 2,5 MM? IpUBEJa K MUHUMAJIbHOMY
HarpeBy, CTaOWJIbHOM M Oe30macHoM paboTe BCEX BKIHOYEHHBIX OJHOBPEMEHHO
YCTPOMCTB.

MoaenupoBanue cutyanum. B naGopatopuu IIKOJBHUKAM TpejjiaraeTcs
MCCJIEIOBATh 3aBUCHUMOCTH COINPOTHBIICHHUS] OT IUIONIAIA TIOTIEPEYHOTO CEUEHUS
MIPOBOJTHUKA.

IIpoGsemublii Bonpoc. [ToueMy yIMHUTEND C MaJIbIM ITONIEPEYHBIM CEYEHUEM
MIPOBOJIOB YPE3MEPHO HArpeBaeTCs MpU OOJIBIION HArpy3Ke, a aHAJIOTHYHBINA, HO C
OOJIBIIMM TIOTICPEYHBIM CEYCHHUEM TIPOBOJIOB, paboTaeT crabuinbHOo? Kak mommanpb
MOTIEPEYHOTO CEYEHHUsS TPOBOJA BIUSET HA DJIEKTPHUUYECKOE COMPOTHBIICHUE
IPOBOJIHUKA?

Ilepeuenv HeobX00UM020 000pYO0OBaHUS, Mamepualos: WCTOYHUK TOKa,
BOJITMETP, aMIIEPMETpP, KIIOY, PpPEocTaT, COEIUHUTEIbHBIE MPOBOAA U HAOOP
MIPOBOJIOYHBIX Pe3UCTOPOB p, 1, S (pesuctopsl I(A) u I(B)).

Inekmpuyeckuii moK - 3TO YHOPSAOYEHHOE (HAMPABICHHOE) JBHXKCHUE
3apsKEHHBIX YaCTHII.
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Cuna moka I (A) - dusnyeckas BeIMYMHA, KOTOpas MOKAa3bIBAET CKOPOCTH
MIPOXO0KJICHUS AJIEKTPUUECKOTO 3apsa yepe3 MONepeyHOe CEUEHHE MPOBOIHHKA.

Inekmpuueckoe nanpaxcenue U (B) — 510 (u3nyueckas BeIWYWHA, paBHas
paboTe IEKTPUUECKOTO MOJIS 10 MEPEMEIICHUIO IUHIYHOTO 3aps/ia U3 OJHOU TOUYKU
OJISI B IPYTYIO.

Inekmpuueckoe conpomuenenue R (Om) - >T0 (Dusnyueckas BeIUYUHA,
XapakTepusyomiass CHOCOOHOCTh TMPOBOJIHMKA MPEMSITCTBOBATh MPOXOKICHUIO
ANEKTPUYECKOrO 3apsijia.

B 1826 romy Teopr OM cdopmymupoBan 3akoH Owma [s ydacTka
ANEKTPUYECKOM IIEeMH: CHJIa TOKAa Ha Yy4YacTKe IeNd MpsSMO MPOMOPIMOHANIbHA
HAmpsDKEHUI0 HAa KOHIAX ATOr0 ydacTka W OOpaTHO MpONOpIMOHANIbHA €ro
CONIPOTHUBJIEHUIO.

W3mMepuB cuily TOKa Ha y4acTKE LEMU U HAIPSHKEHHE Ha KOHIAX 3TOr0 y4acTKa,
MOHO, MOJIB3YysSCh 3aKOHOM Oma, ONpenenauTh 3JIEKTPUUYECKOE COMPOTUBIICHHE
JAHHOTO YYacTKa LEIH.

[Ipr >TOM 2JIEKTPUYECKOE COIMPOTUBICHHUE TMPOBOJHUKA HE 3aBUCUT OT
BEJIMYUHBI CHJIBI TOKA, TPOTEKAIOIIETO Yepe3 HEro, M OT HAMPSHKEHUS HAa €ro KOHIAX.
JlaHHasi BeTWYMHA 3aBUCUT TOJBKO OT CBOMCTB CaMOIr0 MPOBOJIHUKA: OT €ro JIJIUHBI,
IJIOIIAU TIOTIEPEYHOr0 CEYEHUS U MaTepuaa, U3 KOTOPOTrO OH U3TOTOBJIEH.

PaccuuTaTh 35I€KTpUUYECKOE COMPOTUBIEHUE TPOBOJHUKA MOXKHO 110 (hopmysie:

['ne p-ynenbHOE CONPOTUBIEHUE MaTepualia, M3 KOTOPOTO H3rOTOBJIEH
IIPOBO/IHUK;

L —mirHA IpOBOIHUKA;

S —monIaab MONMEPEYHOro CEYEHUs TPOBOAHHKA.

Buo skcnepumenma: y4aeHUUECKUI.

Dopma opeanuzayuu y4ebHou dessmenbHOCmu: UHIUBUAYyalbHasi U TPYNIOBasl.

Onucanue npogedeHus IKCNepuUMeHma

Heab 3xcnepumenta. ONBITHBIM MyTE€M TOJYYUTh U ONMHCATh 3aBUCHUMOCTh
ANEKTPUYECKOr0 COMPOTUBIEHUS MPOBOJHMKA OT IUIOLAAM €ro IOMNEepPEeYHOro
CEUYCHMUSI.

3anaum 3kcnepuMenTa. Pa3paboTarh cxeMbl 3JIEKTPUUYECKUX LIeNel U coOpaTh
AJIEKTPUYECKUE IIeMd 10 OSTUM CXeMaM, aMIepMEeTPOM W3MEpPUTh CUJIy TOKa,
nporekatouiero uyepes pe3uctopsl [(A) u [(B), BonbTMeTpoM U3MEPUTH HAIPSIKEHUE HA
KOHIIaX PE3UCTOPOB, ONIPEACIIUTH COTPOTUBIICHUS PE3UCTOPOB, CPABHUTH IMOJTyUCHHBIC
pe3yabTaThl U CHENAaTh BBIBOJ O 3aBUCUMOCTH JJIEKTPUUYECKOTO COMPOTHUBIICHUS
MIPOBOAHUKA OT IJIOIIAN €r0 MONEPEYHOTO CEUEHUS.

Xo/ 3KcnepuMeHTa

1. Haueptute B 611aHKE OTBETOB CXEMY DJICKTPHUUECKOM IIEMTH, COCTOSIIIEH U3
MOCJIEA0BATEIbHO COCIMHEHHBIX MCTOYHMKA TOKA, aMIIEpMETpa, KIo4a, PeocTaTa,
pesuctopa I(A) u, napamienbHO MOAKIIOUYEHHOTO K pe3uctopy I(A), BoibTMmeTpa.
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) O
.

[ToBTOpHUTE YepTE)K cxembl 11 pesuctopa I(B).

2. Cobepurte 37eKTpUUECKYIO 1IeMb 0 nepBoi cxeme. [Ipu cOopke cxembl u
nocienymomnieil pabore ¢ HeW TIIATENbHO coOMIofaiiTe mpaBuia padOThl ¢
AIEKTPOU3IMEPUTEIILHBIMU IPUOOPAMU U TIpaBUiIa TEXHUKHU O€30ITaCHOCTH MPHU paboTe
C DJIEKTPOOOOPYI0BAHUEM.

3. [Tociie mpoOBEpPKH CXEMBI YUYUTEIIEM 3aMKHUTE KUY U C IMOMOIIBIO
peoctara yctaHOBUTE B 1ienu cuity Toka [; = 0,4 A. CHuMHTE TIOKa3aHUS BOJIBTMETPA
Ui. Eciin 06opynoBaHue He MO3BOISET BaM YCTaHOBUTH cuity Toka 0,4 A (cuiia Toka
pM MHUHUMAJILHOM COINPOTHUBJIEHHWU pEOCTaTa HUXKE) W 3aMeHa O00O0pyJOBaHUS
HEBO3MOXHA, C/ICJIANTE MOMETKY 00 3TOM B OJIaHKE OTBETA U MPOU3BOIUTE U3MEPECHHUS
P MaKCUMaJIbHO BO3MOKHOW CHUJIE TOKA.

4, PazomkHuuTe KIit04 ¥ 3aMeHuTe pe3uctop [(A) va pesuctop I(b). 3amkuute
K04 U C TIOMOIIBIO peocTaTa CHOBAa YCTAaHOBUTE B Ilenu cuiy Toka [ = 0,4 A.
Cuaumure nokazanus BoiabT™MeTpa Uo.

5. 3anummre B 6JJaHK OTBETOB JIBa HAO0Opa MOMyYeHHbIX 3HadeHuit: [1 u Uy;
I, u U, He 3a0bIBaiiTe BCe PE3yNbTAaThl MPSMBIX HU3MEPEHUN YKa3bIBaTh C YYETOM
IIOIPETHOCTHA U3MEPEHUM.

Pe3ucrop I=ALA U=£AU, B R, Om
I(A)
I(b)

6. 3anummre B OJaHK OTBETOB (POpMYINTy IJisi pacdyeTa IJICKTPUUECKOTO
CONPOTHUBJICHUS TPOBOJHUKA.

7. Paccunraiite conpotunenust pe3uctopoB I(A) m I(b) m 3anummre
pe3ynbTaThl B O1aHK OTBETOB. He 3a0yapTe yKazaTh €IMHULIBI U3MEPEHUSI.

8. CpaBHUTE MOJyYCHHBIC 3HAYEHHUS COMPOTHUBICHUN pe3uctopoB [(A) u
I(b), comoctaBuB ux ¢ coorBercTByromuMu miomanimMu SI(A) u SI(b), cnenaiite
BBIBOJT O TOM, KaK H3MEHSIETCS COMPOTHUBJICHHE MPOBOJHUKA TPH YBEIUYECHUU
TJIOIIAIA €T0 MOMEPEUHOr0 CeUeHUS (TIPU MPOYUX PABHBIX IMapaMeTpax).

llepeuenv 6onpocoe k 006CysHcOeHuIo pe3yibmamos IKCnepumenma

1. Kakue Be1M4nHbI B X0/€ SKCIEPUMEHTA Bbl U3MEPSIIN HETOCPEICTBEHHO,
a KaKue — KOCBEHHO?

2. Kakue npubops! ucnosiap3zoBanuch B padote?

3. [loueMy BaX€H OJIMHAKOBBIM MaTepHan, W3 KOTOPOTO HM3TrOTOBJIEHBI
MIPOBOJTHUKU?
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4. [Touemy nnwHA TPOBOJHUKOB TMPH ATOM HMCCIEIOBAHUU JIOJDKHA OBITH
oJuHaKoBa?

5. [TocTpoiiTe rpaduk 3aBUCUMOCTH CONPOTHBJICHUS R oT momaau
nonepevyHoro ceuenus S. Kakoii xapakrep y 3toil 3aBucumoctu? [Touemy?

Oxupaembie pe3yJibTaTbl IKCIIEPUMEHTA

[lonyueHHOE B  pe3yibTaTe MPOBEACHUS  SKCIEPUMEHTA  3HAYCHHUE
conpotuBieHuss pesuctopa [(A) gomkHO OBITH B 2 pa3a OoJbllle 3HAYCHUS
conpotuBieHusi pesucropa I(b) B mpenenax MOrpemiHOCTEW MpU HMCHOJb30BAHUU
CTaHAAPTU3UPOBAHHOIO 000PYIOBAHUS.

O0cy:kaeHHue ¥ aHAJIU3 Pe3yJIbTATOB

[Tocne mpoBeaeHHs SKCIEPUMEHTA 00yYaIOLMecs MOTYT OOCYIUTh pe3yJIbTaT U
MpOaHAIU3UPOBATh €ro JOCTOBEpHOCTh. [lociie oOCyXJAeHUs OHU MOKHBI YMETh
pemaTh 3aJ1Ja4yi Ha pacyeT CONPOTUBIICHUS IPOBOAHUKA 110 €0 MapaMeTpaM, a TaKkxKe
3HaTh ONPEACIICHUE TMOHSITUN: BJIEKTPUUECKUN TOK, CHJIa TOKA, BJIEKTPUYECKOE
HaIpsHKEHHE, SJIEKTPUYECKOE COMIPOTUBJIEHUE, YMETh OTBEYATh HA BOIPOCHI:

1. [IpencraBbTe, YTO BBl MPOBOAUTE AKCHEPUMEHT € pe3uctopom 100 Om.
Kak n3amMeHuTCs cuiia Toka, €CJIM YBEJIMUUTh Harpsbkenue ¢ S B o 15 B? A ecnu nipu
HanpsbkeHun 10 B 3amenuts pesucrop Ha 300 OM? Tloctpoiite nBa rpaduka: I(U) u
I(R), u onummTe XapakTep Kaxa0ui 3aBUCUMOCTH (JIMHEWHas, oOpaTHas U T.]I.).

2. Y Bac ecTh TpU NpOBOJAA OAUHAKOBOM JUIMHBL: MEIHBIN, AIFOMUHUEBBIN U
cTanbHOMU, ceueHueM 1 mm?. Kakoii U3 HuX OyJ1eT UMEeTh HanOoJIbLIEE CONPOTUBRIIEHNE?
PaccuunTaiiTe cOnpoTUBIEHHE KAXKIOTO (MCIONb3Yys TaOJIMYHbIE 3HAYEHUS YAEIbHOIO
CONPOTUBJICHUS) U OOBICHUTE, KaK JIJTMHA U TUIOLIAb CEUCHUS BIUSIIOT HA UTOTOBBIN
pe3ynbTar.

3. [loyeMy TOHKHMI TPOBOJ HArpeBAETCS CHIIBHEE TOJICTOIO TPH
oauHakoBoi cuie Toka? Mcnonb3yiite hopmyny Jxoyns—Ilenia, 4ToObl mokasarh,
KaK U3MEHEHHME CEUeHUs BIMAET Ha TeruioBbleneHue. [IpuBenure ObITOBON TpuMep
(Hanmpumep, ciupalib yTIOTa WK YJIUHUTENH), T1e 3TOT 3G (HEKT 3aMeTeH.

4. IIpencraBpTe, 4YTO 3JEKTPOHBI — 3TO JIOAUM B Kopuuope. B y3kom
KOpHUJIOpe (Majloe CEYEHHE) OHU Yalle CTaJIKUBAIOTCS APYT C APYTOM M CO CTEHAMH,
3amemisas aBmkeHue. Kak 3Ta aHanorus oOBSICHSAET CHIKEHHUE COMPOTHBIICHHS TPH
YBEJIMYEHUH TUIONaAN ceueHus1? ONUILNTE, YTO MPOUCXOAUT C SIEKTPOHAMHU B TOJIIIE
MIPOBOJAHUKA HA MUKPOYPOBHE.

5. [loueMy Ha BBICOKOBOJBTHBIX JMHHUSAX OJJIEKTPOIEpPEaad HCIONb3YIOT
TOJICTbIE MHOTOXWIbHbIE Kabenu? PaccuuraiiTe majieHWe HANpsOKEHUSI Ha y4acTKe
muHun 1auHou 1 kv ipu Toke 200 A u ceuenuu 100 Mm?. OObsICHUTE, KaK YBETUUCHHUE
CEUYEHMS CHIDKAET MOTEPH SHEPTUH U MOBBIIIAET 0€30MaCHOCTh CUCTEMBI.

3agaua Ne 18

Hcnonb3yss HMCTOYHUK TOKA, BOJIBTMETP, aMIepMETp, KIKOY, PEOoCTarT,
COCIMHUTEIIbHBIC MPOBOAA W HAOOP IMPOBOJIOYHBIX pe3nucTopoB p, |, S, cobepure
ANEKTPUYECKYI0  1elb  JJI1  HUCCJIEAOBAaHUS  3aBUCUMOCTH  DJIEKTPUUYECKOTO
CONPOTHUBJIEHUSI OT AUHBI poBogHUKA. Pesuctopsl III(A) u III(B) usroroBneHsr u3
OJIMHAKOBOTO MaTepHajia U OJJMHAKOBOTO MOTIEPEYHOTO CEUeHUs1, HO pa3Hoi JHBI (4
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= 2l5). AOCOMOTHYIO TOTPEIIHOCTh HM3MEPEHUS JIIEKTPHUYECKOTO HAIMPSHKEHUS
npusaTh 0,1 B, a0CoM0THYI0 MOTPENIHOCTh U3MEPEHHUSI CUIIb TOKA CUUTATh PaBHOU
+0,02 A.

OT4eT O BBINMOJIHEHUHU SKCIEPUMEHTAIBHOTO 3a/IaHUsl ClIeJaiiTe B CIEAYIOIIEM
BUJIE:

1)  Hapucyiite 3JeKTpUYECKHE CXEMBI IBYX 3KCIICPUMECHTOB.

2)  Ilpu momorum peocTata yCTaHOBUTE B 000MX OMbITax cuity Toka 0,3 A u B
KQKJIOM CIIy4ae U3MEphTE IEKTPUUECKOE HAMIPSHKEHUE Ha KOHIAX PE3UCTOPOB.

3) Bbumcnure CONpPOTUBICHHE PE3UCTOPOB U CHAEJAWTE BBIBOJ O
3aBUCUMOCTH JIEKTPUYECKOTO COMPOTUBIIEHUS OT IJIMHBI. 3alIUIIUTE OTBET.

Apnaymosa Tambsana Muxaiinosna,
Yyumenov gpusuxu MAOYCOLL Ne 3 umenu C.B. JJyounckozo cm. Bepezanckoii,
MO Bvicenxosckuii pation

IIpakTuyeckas padora Ne 18
«HMccnenoBanne 3aBUCMMOCTH CONPOTUBJIEHHS OT JUTHHBI TPOBOTHUKA)
B paMKax u3ydeHusi TeMbl «ConpoTHBJIeHHE MPOBOIHUKA. Y 1eJIbHOE
CONMPOTHBJIEHUE BellleCTBa» B Kypce «@Pu3uka» B 8 Kiiacce

B xoxe skcmepumenTa oOydaroniuecsi MCCIEAYIOT, Kak JJWHA IMPOBOJIHUKA
BJIUSICT HA €ro COMPOTUBIICHHE. DTO TMOMOXKET UM TOHATh BaKHBIM (PU3MUeCKuii
INPUHLHUIL: CONPOTHUBJICHUE 3aBUCUT HE OT TOKA WM HANpsDKEHUsS B LENU, a OT
COOCTBEHHBIX CBOMCTB MpPOBOJHMKA (Marepuala, JJIUHBI, TUIOHMIAIU TMOMEPEUHOTrO
CeUYEeHUs). YUCHUKU CMOTYT YOEIUTHCS B TOM, UTO CONPOTUBIICHUE ITPOBOIHUKA MPSIMO
MPONOPIIMOHAJIBHO €ro JJIMHE: 4YeM OHa OoJjblie, TeM OOoJibllie COMPOTHUBICHUE
MIPOBOJIHMKA (TIPU IPOYUX PABHBIX YCIOBHSIX).

IIpo6aemnas curyanus. Konernr XIX Beka sBUICS 3MOXON 3IEKTpUPUKALIIN.
Tomac AnBa DAMCOH MOBCEMECTHO MPOJBUTal CUCTEMbI MOCTOSIHHOTO TOKA, Aenast
yIop Ha UX 0€30MacHOCTh B CPAaBHEHHUH C CHCTEMaMU IEPEMEHHOI0 TOKa, C KOTOPHIMU
paboranu Hukona Tecma u [Ixopmx Bectunrays. KmroueBas mpobiiema, KOTOPYIO
HY)KHO OBLJIO pEeIINTh, — KaK MepefaBaTh JJIEKTPUUYECTBO OT DJICKTPOCTAHIIMH K
MOTpeOUTENSIM,  HAXOASIIMMCS  HAa  PACCTOSHUM  JICCSITKOB  KHIJIOMETPOB?
DNEKTPOCTAHIIMN TOCTOSIHHOTO TOKa DAMCOHA MOTJM CHa0XaTh dHEPTUEH TOJBKO
pation B paamyce 1-2 kM. [lombITKM mepenaTh SJIEKTPOIHEPTUIO HA OOJBIIHE
paccTostHUSI ObUTH O€3yCTEITHBIMU — JIAMIIBI y TTOTPEOUTENICH TOpeny TYCKIIO U HE
3aropaiauch BoBce. OYEBHIHO, YTO HA KayeCTBO IEPENABAEMOMN DBJIEKTPOIHEPIUHU
BJIUSIJIO PACCTOSTHUE, TO €CTh JIJIMHA TPOBOAOB.

MopeanpoBanue cutyanuu. B nabGopaTopuu MIKOJbHUKAM MpEAJiaraeTcs
UCCIIEN0BATh 3aBUCUMOCTh COIIPOTUBJIEHUS OT JJIMHBI IPOBOAHUKA.

IIpo6aemubiii Bonmpoc. Eciy B3STh ABa MPOBOAHUKA M3 OJHOTO MaTepuasia u
OJIMHAKOBOT'O CEYEHUsI, HO Pa3HOU JJIMHBI, OYAET U OTHOIIEHHUE UX CONPOTHBIICHUM
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TOYHO PaBHO OTHOmEHWIO uX JuuH? Kakue skcnepumeHTanbHbIC (PAKTOPHI MOTYT
UCKA3UTh 3TY MPOIMOPINIO?

Ilepeuenv HeobXo0O0UM020 000pYOOBaHUs, Mamepuaios: WCTOYHUK TOKa,
BOJITMETP, aMIIEpPMETpP, K04, PeocTaT, COCIUHUTEIbHBIE MPOBOJA U HAOOP
IIPOBOJIOYHBIX PE3UCTOPOB p, 1, S (pesuctopst III(A) u I11(B)).

Inekmpuyeckuii moK - 3TO YHOPSAOYEHHOE (HAMPABICHHOE) JIBHKCHUE
3apsKEHHBIX YaCTHII.

Cuna moka I (A) - dusnyeckas BeIMYMHA, KOTOpask MOKA3BIBAET CKOPOCTH
IPOXOK/ICHHUS IEKTPUUECKOTO0 3apsia uepe3 MOoNepeuHoe CEUeHUE MPOBOTHUKA.

Inexmpuueckoe nanpaxcenue U (B) - 510 Qusuveckas BeIMUWHA, paBHAS
paboTe ANMEKTPUUECKOTO MOJIS MO MEPEMENICHUIO €AMHUYHOTO 3aps/ia U3 OJHON TOUKH
1oJIsl B APYTYIO.

Inekmpuueckoe conpomuenenue R (Om) - >T0 (Dusnueckas BeIUYUHA,
XapaKTepu3yoIias CHOCOOHOCTh MPOBOJIHUKA TMPEMSITCTBOBATh MPOXOXKIICHUIO
AIEKTPUUYECKOTO 3apsia.

B 1826 romy Teopr Om cdopmymupoBan 3akoH Owma s ydacTka
ANEKTPUYECKON IEMU: CHJIa TOKAa Ha Yy4YacTKEe IENu MpsAMO MPONOPIUOHATIbHA
HalpsOKEHUI0 Ha KOHIAX ATOr0 ydyacTka M 00paTHO MPOMOPLMOHANIBHA €ro
CONIPOTUBJICHUIO.

W3mepuB cuily TOKa Ha y4acTKe IENU 1 HaPsHKeHHE Ha KOHIAX 3TOr0 y4acTka,
MOXHO, TOJIb3ysCh 3akoHOM Owma, ONpeneNuTh SJIEKTPUUECKOE COMPOTUBJICHUE
JTAHHOTO Y4acTKa IIeu.

[Ipr >TOM 2JIEKTPUYECKOE COMPOTUBIECHUE TMPOBOJHUKA HE 3aBUCUT OT
BEJIMYMHBI CUJIBI TOKA, TPOTEKAIOIIETO YE€PE3 HEro, M OT HAIPSKEHUS HA €ro KOHIAX.
JlaHHasi BETMYMHA 3aBUCHUT TOJBKO OT CBOMCTB CaMOIr'0 MPOBOJHUKA: OT €ro JIJIMHBI,
IJIOIIA TN TTONIEPEYHOT0 CEUYEHUS U MaTepuaia, i3 KOTOPOro OH U3rOTOBJIEH.

PaccuuTaTh 25eKTpruecKoe COMPOTUBIIEHNE TPOBOIHUKA MOXKHO 110 (popmysie.

['me p — ynenpHOE CONPOTUBIEHHWE MaTepuaia, U3 KOTOPOro HU3rOTOBJIEH
IIPOBO/THUK;

L — qyimHa MpoBOIHYKA,;

S — oAk MONEePEeYHOro CeYEHUs MPOBOIHUKA.

Buo skcnepumenma. yaeHUYECKUM.

Dopma opeaHuzayuu yuebHOU dessmelbHOCuU: UHANBUIyalbHas U TPYIINOBasl.

Onucanue npogeoenusi IKCnepumMeHma

Hear dxcnmepumenta. MccinenoBaTb  3aBUCUMOCTh  QJIEKTPUUYECKOIO
CONPOTUBJICHUS MMPOBOJHUKA OT €r0 JIJIUHBI.

3anaum 3KkcnepuMenTa. HauepTuTh CXeMbl SJIEKTPUUYECKUX Ienel U coOpaTh
ANEKTPUYECKUE 1€MW MO0 OSTUM CXEMaM, aMIEepMETPOM H3MEpPUTh CUIIy TOKa,
npoTtekarouiero uepes peauctopsl [II(A) u III(B), BoIbTMETPOM U3MEPUTH HAIPSIKEHHE
Ha KOHI[aX PE3UCTOPOB, PACCUUTATh COMPOTHUBJIEHUS PE3UCTOPOB, CPABHUTH
MOJYYEHHbIE pE3yJbTaThl M CAEJaTh BBIBOJ O 3aBUCHUMOCTH 3JIEKTPUUYECKOTO
CONPOTUBJIEHUS MPOBOJHUKA OT €r0 JJIUHBI.
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Xoa IxcnepuMenTa

1. Haueptute B 6J1aHKE OTBETOB CXEMY AJIEKTPUUECKON €M, COCTOSIIEH U3
MOCJIEN0BATENBHO COCAMHEHHBIX MCTOYHHMKA TOKA, aMIIEpMETpa, KJIK4a, pPeocTara,
pesuctopa III(A) u, mapaensHo noAkI0UYeHHOTO K pesuctopy I11(A), BoasT™MeTpa.

®
) £
- I

2. [ToBTOpUTE YepTex) cxembl 11 pesuctopa II(b).

3. CobepuTte 37EKTpUUYECKYIO IIETb MO nepBout cxeme. [Ipu cOopke cxemsbl u
nocieAywmnieil pabore ¢ HEH TIIATEIRHO COOMIOJAalTe mMpaBuia padOThl C
AIEKTPOU3MEPUTEIHHBIMU TPUOOPAMHU U TIPABUIIA TEXHUKHU 0€30MaCHOCTH P paboTe
C DJIEKTPOOOOPYI0BAHUEM.

4. [Tocne mpoBEpKU CXEMbl YUHMTEJIEM 3aMKHHUTE KJIOU U C TOMOIIBIO
peoctara yctaHoBUTe B 1ienu cuity Toka [1 = 0,4 A. CHuMHTE noKa3aHUs BOJILTMETpA
Ui. Eciun 06opyioBaHue He MO3BOJISIET BaM YCTaHOBUTH cuity Toka 0,4 A (cuia Toka
Ipy MHUHUMAJIHHOM CONPOTUBIICHUM pEOCcTaTa HWXKE) M 3aMeHa 000pyIoBaHUs
HEBO3MOXKHA, C/IeJIaiiTe MOMETKY 00 3TOM B OJIaHKE OTBETA U IPOU3BOIUTE U3MEPEHUS
IPY MaKCUMaJIbHO BO3MOXKHOM CHJIE TOKA.

5. PazomkauTe kmou m 3amenute pesuctop III(A) ma pesuctop III(B).

3aMKHUTE KITFOY U C IIOMOIIBIO PeocTaTa CHOBA YCTAHOBUTE B 1ieTu cuity Toka [, = 0,4
A. CHumute nokaszanus BoaptMmetpa Uo.

Pesucrop I=AL A U+AU, B R, Om
11(A)
11(B)
6. 3anumuTe B OJIaHK OTBETOB JIBa HA0Opa MOJy4eHHBIX 3HaueHui: I u Uy,
|2 n U2.

BriOpaB y100HBINM J711 Bac BUJ MPEACTABICHUS PE3YyJIbTaTOB MU3MEPEHUM, HE
3a0bIBaliTe BCE PE3YNIHTATHI MIPSIMBIX U3MEPEHUN YKa3bIBaTh C YUETOM MOTPEITHOCTH
W3MEPEHU.

7. 3anummre B OJAaHK OTBETOB (PopMylly Juisi pacuera d3JIEKTPUYECKOTO
conpoTuBieHus mpoBogauka R=U/I.

Paccunraiite conporusnenus pe3uctopos III(A) u ITI(b) u 3anummure
pe3ynbTaThl B O1aHK OTBETOB. He 3a0yapTe yKazaTh eIMHULIBI N3MEPEHUSI.

8. [Ipoananu3upoBaB MOJyYeHHbIE 3HAUYECHUS CONPOTUBIECHUN PE3UCTOPOB
III(A) u 11I(B), cnenaiiTe BRIBOA O TOM, KaK U3MEHSETCSI COMPOTUBJICHUE MPOBOTHUKA
IPY YMEHBIIEHUH €ro JUIUHBI (TIPU MPOUYUX PABHBIX MapaMETPax).
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Ilepeuenv 6onpoco k 00CydHcOeHUIo pe3yrbmamos SKChepumMeHma
1. Kakue BeJUYMHBI B XOJI€ DKCIEPUMEHTa Bbl U3MEPSIIM HEMOCPEACTBEHHO, a
KAaKH€ — KOCBEHHO?
[lepeunciure mpudOPHI, UCIIOIB30BAHHBIE B padoTe.
3. Tlouemy BakHO, YTOOBI BCE MPOBOJHMKU B JAaHHOM HCCIEAOBAaHUU ObUIH
U3TOTOBJIEHBI U3 OJHOTO U TOTO k€ Marepuana’?
4. O6ocHyiTe HEOOXOIUMOCTh UCTIOIH30BATh MPOBOAHUKY U3 OJIHOTO MaTepuasa
U C OJMHAKOBOW IUIOMIA/bI0 IONEPEYHOIO0 CEUEHHsS INpPH HCCIEI0BaHUU
3aBUCUMOCTH COIPOTHUBIICHHS IPOBOAHUKA OT €T0 JJIUHBI.
5. TlomyuyuTe 3aBUCHMMOCTb HAIpPsDKEHUS HA KOHILIAX MPOBOJAHHUKA OT €r0 JJIMHBI
(ipu paBHOI#1 cuiie Toka). OObsICHUTE HAOII0IAEMYIO 3aKOHOMEPHOCTb.
6. ITocTpotiTe rpadwik 3aBHCUMOCTH COTPOTUBIICHUS R OT mimHBI TpoBoIHUKA |.
Kaxkom xapakrep y 3toii 3aBucumoctu? [louemy?
O:xupaembie pe3yabTaThl IKCIIEPUMEHTA
[losmyyueHHOE B pe3yibTaTe MPOBEICHUS  OKCIEPUMEHTA  3HAYCHHE
conpotuBieHusi pesucropa III(A) momkHO OBIT B 2 paza OOJbIIE 3HAYCHUS
conpotusieHusi pesucropa IlI(b) B mpenenax morpemrHocTed MpU KCIOIb30BAHUU
CTaHIapTU3UPOBAHHOTO 00OPYIOBAHMUSL.
OO0cy:kneHue u aHAJIU3 pe3yJIbTaTOB
[Tocne npoBeaeHUs HKCIEPUMEHTA 00yUalOUIUeCs] MOTYT OOCYAUTh Pe3yJbTaT U
MPOAHAIIM3UPOBATh €ro JOCTOBEPHOCTh. [locne oOCykaeHus OHU JOJIKHBI YMETh
pemaTh 3aJ1la4yi Ha pacyeT COMPOTHUBIICHHS IPOBOJHUKA MO €r0 apamMeTpam, a TaKxKe
3HaTh ONPEACIICHUS NOHATHUW: DJIEKTPUYECKHA TOK, CHJIA TOKA, DJIEKTPHUYECKOE
HaIpsOKEHUE, AJIEKTPUYECKOe cOompoTHBIeHHE. OHU JOJKHBI OMHUCHIBATH XapaKTep
3aBUCUMOCTH CHJIBI TOKA OT HAINPSKEHUS MPU MOCTOSHHOM CONPOTUBIIEHUU U CUJIBI
TOKa OT CONPOTUBJIEHUS NpPU TIOCTOSHHOM HAINpPSIKEHUU, a TaKXKe XapakTep
3aBUCUMOCTH COINPOTHUBJIEHUS ITPOBOJHUKA OT €ro JUIMHBI, IUIOMIAJNA IONEPEYHOIO
CEYEHMS U poJia MaTepuasa, U3 KOTOpOro OH U3TOTOBJIEH.
Jlis  Gonee MPEAMETHOrO aHalIM3a pe3yJIbTaTOB HJKCHEPUMEHTa MOYKHO
chOopMyIIMPOBATh OTBETHI Ha PsiJ] BOIIPOCOB:
1. Tlouemy HHUTH B JIamIe HaKaJWBaHHUS WUMeeT (OpMYy CIHUPATH C OOJBIIUM
KOJINYECTBOM BUTKOB?
2. Kak Boirnsaut rpaduk 3aBucumoctu R(1)?
3. Kak cooTHOCSTCS 3HAaYy€HUs COMPOTUBICHUS JJI MPOBOJHUKOB, JJIMHBI
KOTOPBIX OTJIMYAOTCA B 2 pasa?
Kakune ucTouyHuKH NOrpenIHoCTed MOTIIM MOBIUSATh Ha PE3YJIbTaThl U3MEPEHUI?
Mor 11 HarpeB NPOBOJAHUKA BO BpeMsI U3MEPEHHM HCKa3uTh 3aBUcUMOCTb R(1)?
Kak  nomydenHwble  pe3ynbTaTbl  OOBSCHSIOT  MpOOJEMBI  Mepeaadyu
ANEKTPOIHEPTUH Ha OOJIBLINE PACCTOSHUSA?

no

o 0k

3amaua Ne 19

Hcmonb3yss WCTOYHHMK TOKA, BOJBTMETP, aMmIepMeTp, K04, pPEocTar,
COCIMHUTELHBIE TPOBOAA W HAOOP MPOBOJIOYHBIX pe3ucTopoB (p, 1, S), cobepute
DNEKTPUYECKYIO0  IeMb NIl WCCIAEAOBAHHUS  3aBUCUMOCTH  JJICKTPHUUYECKOTO
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CONPOTHUBJIEHUS OT yJEJIbHOr0O conpoTuBieHus: Mmarepuana. Pesucropsl 1I(A) u II(B)
UMEIOT OJMHAKOBYIO JUIMHY M OJMHAKOBYIO IUIONIAAb IONEPEYHOTO CEUYEHHs, HO
U3TOTOBIIEHBI M3 pa3HbIX MarepuanoB (pA=2pb). AOCOIIOTHYIO NOTPENIHOCTD
U3MEpPEHHUS AJIEKTPUUECKOro HampsbkeHus npumute paBHod +£0,1 B, abcomoTHyto
MOTPEITHOCTh U3MEPEHUS CHIIbI TOKA cunTaiite paBHoit £0,02 A.
OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIBHOTO 3aJJaHUsl CIEJIAUTE B CIIECIYIOIIEM
BUJIE:
1. Hapucyiite 3neKTpuYeCKre CXEMBI IBYX 3KCIIEPUMEHTOB.
2. Ilpu momoiu peocTara ycTaHOBUTE B 000X ombiTax cuiy Toka 0,4 A u B
KQKJIOM CIIy4ae U3MEPHTE JIEKTPUUECKOE HANPSIKEHUE HA KOHLIAX PE3UCTOPOB.
3. BorumcnuTte compoTHUBIEHUE PE3UCTOPOB M CHETIAMTE BBHIBOA O 3aBUCHUMOCTH
ANEKTPUYECKOr0 COMPOTUBIICHUSI OT YAEIbHOTO CONPOTHBIIEHUS Marepuaa.
3anummTe OTBET.

Apnaymosa Tamvana Muxaiinoena,
Yuumenwv ¢husuxu MAOYCOLL Ne 3 umenu C.B. [{younckoeo cm. bepesanckot,
MO Buicenxogckuii patioH

IIpakTuyeckas padora Ne 19
«HccenoBanne 3aBUCMMOCTH CONPOTHUBJIEHHS OT YAeJIbHOI0 CONMPOTUBJIEHUS
MaTepuaJa MPOBOAHUKA» B paMKaX u3yuyeHusi TeMbl «CONPOTHBIIEHHE
NMPOBOAHMKA. Y/IeJIbHOE CONPOTHBJIEHUE BENIECTBA»
B Kypce «@u3uka» B 8 kiiacce

DKCHEPUMEHT IO UCCIICIOBAHUIO 3aBUCUMOCTH COMPOTUBIICHUSA OT YAEIBHOTO
CONPOTHUBJICHUSI MaTepuaia MPOBOJHHUKA IMOMOXET OOY4YaroIIUMCSI TOHSTh, YTO
COITPOTHUBJICHUE MPOBOIHUKA HE 3aBUCHUT OT CHJIBI TOKA, MPOTEKAIOLIETO YEPE3 HETO, U
HANpPSDKEHUST HA €ro KOHIAX, a OMNPEAENsieTCs CBOWCTBAMHM CaMOro IPOBOJHHKA
(MaTepuanaoMm, JJIMHOM, IUIOMIQJABI0 TIOTIEPEYHOTO CEUEHUsI). YUYEHUKH CMOTYT
yOenuThCcsi B TOM, YTO COIMPOTHUBIICHHE MPOBOJHUKA TMPSMO MPOMOPIUOHATHHO
VACIbHOMY COINPOTHBJIICHHIO MaTepHuasia: dYeM OHO Oonblile, TeM OOJbIle
CONPOTHUBJIEHUE MTPOBOAHUKA (IIPU MPOUYHNX PABHBIX YCIIOBHSX).

IIpo6aemuas curyauus. [lpuns nomoii u3 mkonsl, Hukura pemmn caenaTth
ce0Oe yail, HO PJICKTPUIECKUI YallHUK HE HarpeBaJl BOJy — OH BhbIIeN U3 cTpos. Korma
BeuepoM HukuTta BMeEcCTe ¢ OTIIOM pa300paiu YalHUK, 9YTOOBI OOHAPYKUTH MOJIOMKY,
OHM YBUJIEJIU, YTO HArPEBATENbHBIN 3JIEMEHT Cropesl: CIUPallb MOTEMHENA, @ B OJHOM
MecTe axe neperopena. [Ipu aTom npoBoaa, moABOASIIME TOK K CIUPAIIA, BBITJISACTN
UCIIpaBHBIMH, 0€3 Clie/IoB TeperpeBa. HukuTa yIMBUIICSA: TOK MPOXOIUT Yepe3 Bce
AJIEMEHTHI JJIEKTPUUECKON LEMH YaHHUKA, [I0YEMY K€ IIEPETrOpesia UMEHHO CIIMPAJIb, a
HE MpoBoa?

MopeanpoBanue cutyanuu. B nabGopaTopuu MIKOJbHUKAM MpEAJiaraeTcs
UCCIIEN0BATh 3aBUCUMOCTh COIPOTUBIIEHUS OT YJIEIBHOIO COMPOTUBIICHUS MaTepraia
MIPOBOJIHUKA.
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IIpo6semublii Bonmpoc. Kak 1 mouemy cOIpOTHBIEHHE TPOBOJHUKA 3aBUCUT OT
YAEIBHOTO CONPOTHUBIICHUSI €ro MaTephala M KaKoe€ MNPAKTUYECKOE 3HAYEHHUE 3TO
uMeer?

Ilepeuenv HeobXo00UM020 000pYO0OBaAHUS, Mamepualos: WCTOYHUK TOKa,
BOJITMETP, aMIIEpPMETp, K04, PeocTaT, COCIUHUTEIbHBIE MPOBOJA U HAOOp
IIPOBOJIOYHBIX PE3UCTOPOB P, 1, S (pesuctopsl II(A) u II(B)).

Inekmpuueckuii mox - 3TO YIOPSIJAOYEHHOE (HAIMPaBICHHOE) ABUKEHUE
3apsKEHHBIX YaCTHII.

Cuna moka I (A) - dusnyeckas BeIMYMHA, KOTOpask MOKA3bIBAET CKOPOCTH
MPOXOKIACHUS PIEKTPUUECKOTO 3apsiia uepe3 MOMEPEUYHOE CEUYEHNUE MPOBOJHUKA.

Inekmpuueckoe nanpsaxycenue U (B) — 510 Pusnueckas BeIUUYWHA, paBHas
paboTe ANMEKTPUUECKOTO MOJIS MO MEPEMENICHUIO €AMHUYHOTO 3aps/ia U3 OJHON TOUKH
1oJIsl B APYTYIO.

Inekmpuueckoe conpomuenenue R (Om) - 310 (Du3nyueckas BeIUYUHA,
XapaKkTepu3ymoImasi CrHoCOOHOCTh MPOBOJHUKA MPEMATCTBOBATh MPOXOXKIECHUIO
AIEKTPUUYECKOTO 3apsa.

B 1826 romy Teopr Om chopmymupoBan 3akoH Oma s ydacTka
AJEKTPUUYECKON IIeMU: CHjia TOKa Ha y4YacTKe IeNU MPsSMO MPONOpPIHOHATbHA
HalnpsOKEHUI0 Ha KOHIAX dATOr0 ydyacTka M 00paTHO MPOMOPLMOHANIBHA €ro
CONPOTHUBJIEHUIO.

N3mepuB cuily TOKa Ha y4acTKe IENU U HaMPsHKEHUE Ha KOHIIAX 3TOT0 y4acTKa,
MOXHO, TOJIb3ysCh 3akoHOM Owma, ONpeneNuTh SJIEKTPUUECKOE COMPOTUBJICHUE
JAHHOTO YYacTKa LEIH.

[Ipy 3TOM 3JIEKTPUYECKOE COMPOTUBIECHUE MPOBOJHUKA HE 3aBUCUT OT
BEJIMYMHBI CUJIBI TOKA, TPOTEKAIOIIETO YE€PE3 HEro, U OT HAIPSIKEHUS HAa €ro KOHIAX.
JlaHHasi BEeTMYMHA 3aBUCHUT TOJBKO OT CBOMCTB CaMOro MPOBOJHHUKA: OT €ro JIJIMHBI,
IJIOIA/IM MTONIEPEYHOT0 CEUEHHUS U MaTepuaia, i3 KOTOPOTrO OH U3rOTOBJIEH.

PaccuuTaTh 251eKTprUecKoe COMPOTUBIIEHNE TPOBOIHUKA MOXKHO 110 (popmysie.

rie p — YIEIbHOE CONPOTUBJIEHHWE MaTepuasna, U3 KOTOPOTrO H3rOTOBJIEH
MIPOBO/IHHUK;

| — nIMHA MPOBOIHUKA;

S — oAk MONEPEYHOr0 CeYEHHUS MPOBOIHUKA.

Buo sxcnepumenma: yaeHUYECKUH.

Dopma opeanuzayuu yuebHOU OesmelbHOCmUY: MHANBUIYallbHAs U TPYIIIOBasl.

Onucanue npogeoenusi IKCnepuUmMeHma

Ieap »3xcnepumentra. lccienoBarb 3aBUCUMOCTb CONPOTHUBIIEHUS  OT
YAEIBHOTO COMPOTUBJIEHUS MaTepHaia MPOBOHUKA.

3anaum 3xkcnepumMenTa. HauepTuTh CXeMbl SJIEKTPUUECKUX Ienel u coOpaTh
ANEKTPUYECKUE 1€MW MO0 OSTUM CXEMaM, aMIEepMETPOM H3MEpPUTh CUIIy TOKa,
nporekatoero yepe3 pezuctopsl 1I(A) u I1(b), BonbTMETPOM H3MEPUTH HAIPSHKEHUE
Ha koH1ax pesuctopos II(A) u II(B), paccuurars conporusneHus: pe3uctopon [I1(A) u
II(B), cpaBHUTH NOJy4EHHBIE PE3YJbTAThl M CHAEIATh BBIBOJ O 3aBHCHUMOCTU
CONPOTHUBJIECHUS MPOBOJHUKA OT YAECIBHOTO COMPOTUBIIECHUS MaTepHalia MPOBOHUKA.
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Xoa IxcnepuMenTa

1. HauepTute B O11aHKE OTBETOB CXEMY IEKTPUUYECKON LIENH, COCTOSIIIEN U3
[OCJIEI0BATENbHO COEAMHEHHBIX HCTOYHMKA TOKa, aMIEpMeETpa, KJoda, peocTara,
pesuctopa II(A) u, napamienbHO NoAKIIOUEHHOTO K pesuctopy 1I(A), BospT™eTpa.

@
) ®
- I

2. [ToBTOpHUTE YepTek cxembl st peauctopa |(b).

3. Cobepure 37eKTpUUECKYIO LNk o nepBoi cxeme. [Ipu cOopke cxembl u
nocieayrouel pabore ¢ Hel TIIATENbHO coONroAaiiTe mpaBwia paboOThl €
AJIEKTPOU3MEPUTEIBHBIMU IPUOOpPAMU U IIPAaBUJIa TEXHUKU O0€30I1aCHOCTHU MpHU paboTte
C 3JIEKTPOOOOPYIOBAHUEM.

4. [Tocie MpoBEpKM CXEMBI YUHUTEIEM 3aMKHHATE KIHOY WU C IOMOLIBIO
peocraTta yctaHOBUTE B 1lenu cuity Toka [1 = 0,4 A. CHuUMUTE NTOKa3aHusl BOJIbTMETpa
Ui. Eciun 06opyioBaHue He MO3BOJISIET BaM yCTaHOBUTH city Toka 0,4 A (cuia Toka
IpM MHUHUMAJIbHOM COINPOTHUBICHUH PEOCTaTa HUXKE) M 3aMeHa 00OpyJIOBaHUs
HEBO3MOJKHA, ClIeJIaliTe MOMETKY 00 3TOM B OJJaHKE OTBETA M MPOU3BOJAUTE UBMEPEHUS
MPU MaKCUMAaJIbHO BO3MOXHOM CHJIE TOKA.

5. PasomkHuTe kimou u 3amenure pesuctop II(A) nHa pesucrop II(B).
3aMKHHUTE KIF0Y M C TTIOMOIIBIO peocTaTa CHOBAa YCTAHOBUTE B 1ienu cuity Toka [, = 0,4

A. CHumute nokaszanus Boaptmerpa Uo.
3anumuTe B 0JaHK OTBETOB JiBa HaOopa mojydeHHbIX 3HaueHuit: [1 u Uy o u

U,.
Pesucrop I=ALA U=AU,B R,Om
1(A) 0,22 +0,02 2,0+0,1
II(B) 0,22 +0,02 1,0 £0,1

He 3a0piBaiiTe Bce pe3ysibTaThbl MPSIMBIX HW3MEPEHHUH YKa3blBaTh C YYETOM
IIOI'PEITHOCTHA U3MEPEHUM.

6. 3anummre B OJAaHK OTBETOB (POpMyIly JJIsi pacueTa 3JIEKTPUUECKOIro
CONPOTHUBJIEHUS TPOBOJHUKA.

7. Paccuuraiite conpotuBnenus pesuctopoB II(A) u II(B) m 3anumure
pe3ynbTaThl B O1aHK OTBETOB. He 3a0yapTe yKazaTh €IMHULIBI N3MEPEHUSI.

8. [Ipoananu3npoBaB MOJyYEHHBIE 3HAUYCHHS COMPOTUBIICHUI PE3UCTOPOB
I1(A) u II(B), caenaiite BEIBOJ O TOM, KaK U3MEHSICTCS COMPOTUBIICHNE YIaCTKa ICTIH,
COJIEpIKAILETO TPOBOJHMK, IMPU 3aMEHE €ro APYruM MPOBOJHUKOM C MEHBIIUM
YAEIbHBIM CONPOTUBJICHUEM (IIPU MIPOUYUX PABHBIX MapamMeTpax MPOBOJHUKOB).

Ilepeuenv 6onpoco k 006CysHcOeHUIo pe3yIbmamo8s IKChepumMeHma

1. Kakue BenM4MHbBI B X0/1€ SKCIIEPUMEHTA Bbl U3MEPSIIN HEMOCPEICTBEHHO,
a KaKue — KOCBEHHO?

74



2. [lepeuncnure mpubOpHI, UCMOIB30BaHHBIE B paboTe.

3. [ToueMy BaskHO, YTOOBI BCE MPOBOAHUKH B JAHHOM MCCJICIOBAHUHU ObLIH
OJIMHAKOBOMW JINHEI?
4, [ToueMy mpu HCClIEIOBAaHUM 3aBUCHMOCTH COMPOTHUBIICHHUS MPOBOIHUKA

OT YAEJIBHOTO CONPOTHUBIIEHUS MaTepHalla HEOOXOIHMMO COXPAHSTh IOCTOSHHON
IUIOLIAb TOTIEPEYHOr0 CEUYEHHUs IPOBOJHUKOB U UX JUIHHY?

S. [ToueMy mpOBOAHMK U3 Kelie3a MPU TEX K€ pa3zMepax MMeeT OoJbliee
CONPOTHUBIIEHUE, YEM METHBII?

6. Kak n3menurcs RR, ecnu miiomiaap ceyeHus MpoOBOIHUKA YBEIUYUTD B 2
pasa, a p OCTaBUTh MPEKHUM?

7. [TocTpoiiTe rpaduk 3aBUCHMOCTH CONPOTHBJIEHUS R 0T ynenpHOrO
conpoTHuBiIeHU Marepuaia p. Kakon xapakrep y atou 3aBucumoctu? Ilouemy?

O:xuaembie pe3yJbTaThbl IKCIIEPUMEHTA

[lomyyueHHO€ B pe3yibTaTe  MPOBEICHUA  OKCIEPUMEHTA  3HAYCHHE
conpotuBneHusi pesucropa II(A) momkHOo ObIT B 2 pa3a Oojbllle 3HAYCHUS
conpotusnieHus pesucropa II(b) B mpeaenax morpemHocTed mpu HCHOJIb30BaHUU
CTaHIapTU3UPOBAHHOTO 00OPYI0BAHMUS.

OO0cy:kneHue u aHAJIU3 pe3yJabTaTOB

[Tocne npoBeaeHUs FKCIEPUMEHTA 00yUalOUIUeCs] MOTYT OOCYAUTh Pe3ybTaT U
IpOoaHAIU3UPOBATh €ro JOCTOBEpHOCTh. llocine oOCykaeHHs OHU JOIKHBI YMETh
pemaTh 3aJJa4yi Ha pacyeT CONPOTHUBICHHS IPOBOJHUKA MO €ro MapaMeTpaM, a TaKkxKe
JaBaTh MPABUIIbHBIE OTBETHI HA BOMPOCHI O TOM, YTO TAKOE AJIEKTPUUECKHM TOK, CHJIa
TOKa, 3JIEKTPUUYECKOE HANPSHKEHHUE, JJIEKTPUUYECKOe CONpoTHBICHHE. OHU JOJIKHBI
OMKCHIBATH XapaKTep 3aBUCHUMOCTH CHJIbI TOKa OT HANpPsDKEHHS MpPU MOCTOSHHOM
CONPOTUBJIECHUU U CUJIbI TOKA OT CONPOTHBJIEHHS NMPU MOCTOSHHOM HANpPSHKEHHH.
KakoB xapakTep 3aBUCUMOCTH COIPOTHUBIICHHS IPOBOJHUKA OT €r0 JJIUHBI, MO
NIONEPEYHOr0 CEYEHMSI M pOJia MaTepuaia, U3 KOTOpOTO OH U3TOTOBJIEH?

Jlis Gonee mNPEAMETHOrO aHalIMu3a pe3yJIbTaTOB HJKCHEPUMEHTa MOYKHO
c(hOopMyIIMPOBATH OTBETHI Ha PsiJ] BOIIPOCOB:

1. Kak Beirnsaut rpaduk 3aBucumoctu R(p)?

2. Kak cooTHOcATCS 3HA4Y€HHs] CONPOTUBIEHUS UL MPOBOJHUKOB,
YZEJIbHBIE COMPOTUBJIEHUS MAaTEPUAIOB KOTOPBIX OTIIMYAIOTCS B 3 paza?

3. Kakue HMCTOYHMKHM NOTPEIIHOCTEd MOIJM IOBIUATH Ha PE3YJbTaThl
U3MEPEHU?

4. Mor 51 HarpeB NpOBOJAHUKA BO BpEMsI H3MEPEHUIN UCKA3UTh 3aBUCUMOCTb
R(p)?

S. I'me Ha mnpakTHKe yYUTHIBAIOT 3aBUCUMOCTL R oT Marepuaina
IPOBOJIHUKA?

6. Kak MOXXHO yMEHBIIMTH CONPOTHUBJICHHE MPOBOJHHMKA, HE MEHSS €ro
Marepuana?
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IIpoBepka npaBuia AJs J1eKTPUYECKOT0 HANIPSIKEHUs IPH
NOCJIe/I0BATEILHOM COCINHEHUH NPOBOAHUKOB

3amaua Ne 20

Hcronb3yst MCTOYHHK TOKA, BOJBTMETP, aMIepMETp, KIKOY, pPEocCTar,
COEMHUTENbHBIE TPoBOJa U pe3ucTopsl R1, R2, cobepure anekrpuyeckyro nenb Ais
OPOBEPKU IIpaBWia I DJIEKTPUYECKOIO HANpPsKEHHs IPH  IOCIEH0BATEIBHOM
COETMHEHHUH MPOBOJHUKOB. AOCOTIOTHYIO MOTPEITHOCTh U3MEPEHHSI DIIEKTPHUUECKOTO
HanpspkeHus: npuHATh £0,2 B, aGCOMOTHYIO0 MOTpemHOCTh U3MEPEHUs CHIIBI TOKa
cuutath paBHou 0,02 A.

OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIBHOTO 3aJaHUsl CIEJIAWTE B CIEAYIOLIEM
BHJIE:

1) HapucyiiTe 31eKTpUYECKYyI0 CXEMY SKCIIEPUMEHTA.

2)  Ilpum momormm peocrara ycTaHOBUTE B Iienu cuiy Toka 0,3 A u3MepbTe
AJIIEKTPUYECKOE HANpsKEHHE Ha KoHUax pesuctopa R1, Ha xoHmax pesucropa R2 u
oOl1ee HalpsHKEHUE Ha JIBYX PE3UCTOpax.

3) CpaBHuTe oOImee HaNpsDKEHHE HA JIBYX pE3UCTOpaXx C CYMMOM
HaIPsHDKEHUM Ha HUX 110 OTAENBHOCTH U CAEIIAUTE BBIBOJ. 3aIIUIIUTE OTBET.

Apnaymosa Tamvsana Muxaitnosna,
Yuumenov gpusuxu MAOYCOLL Ne 3 umenu C.B. /Jyounckozo cm. bBepezanckoii,
MO Buicenxosckuii pation

IIpakTuueckas padora Ne 20
«ITpoBepka npaBuJja 1Js JIEKTPHIECKOT0 HATIPSIKEHHS
MPH MOCJIeI0BATEILHOM COeITHHEHUH MPOBOTHUKOB
B paMKax u3y4deHus Tembl «IlociienoBaTesibHOe H MapaielbHOe COeTUHEHHS
NMPOBOJAHUKOB» B Kypce «Pu3uka» B 8 kiiacce

B xome skcnepumeHTa MO MPOBEPKE MpaBUiia CIOXKEHUS HAIPSHKEHUH TMPU
MOCJIEIOBATEILHOM COCIMHEHUH TTPOBOTHUKOB O0YUYaAOIIHUECS] CMOTYT BBISICHUTH, UTO
P TAKOM COEJUHEHUW OOIee HANpsHKEHWE Ha Y4YacTKe IeMd PaBHO CyMMe
HANPsOKEHUM HAa KOHIAX Ka)KI0TO M3 IMPOBOJHUKOB, a CHJIAa TOKA OJMHAKOBA BO BCEX
ydacTkax 1emnu. Takke o0yuaromuecs: yBUIAT, Kak 3akoH OMa paboTaeT Ha MPaKTUKE:
HANPSDKEHUE HA KAXJIOM YYacTKE 3aBHUCHUT OT €ro CONPOTHUBIIEHUS IMPU MOCTOSHHOM
CUJIC TOKa.

IIpodsaemuas curyauusi. Cembsi ykpamaer 1oM kK HoBomy roay. B ognoit u3
KOPOOOK € YKpaIIeHUSIMA OHU HaXOAAT CTapyI0, HO OY€Hb BCEMU JIIOOMMYIO TUPJISHITY.
JlaMIIO4KM B THUPJSHAE COCIMHEHBI IMOCIeA0oBaTeNbHO. [IpU TmpoBepKe TUPISHIBI
BBISICHSIETCS, UTO OHA HE ropuT. OTIy yJaeTcsi HAalTH HEUCIIPaBHYIO JIAMIIOYKY, U OH
3aMEHSIeT €€ Ha MOoXO0xXyro. Ilociie BKIOYEHHS] THPJISAHAA TOPUT, HO HEKOTOpHIE
JIAMIIOYKH CBETATCSA OYEHb TYCKJIO, @ HEKOTOPbIE — CIHUIIKOM SIpKO. OUeBUIHO, YTO
MCIIOJIh30BATh TAKYIO TUPJITHY HEOE30IacHO.
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MopenupoBanue curyanuu. B pamkax 1abopatopHoil paboThl MIKOIbHUKAM
IpeAJIaraeTcsl MPOBEPUTH HKCIEPUMEHTAIBHO MPABUIIO JJISI PACUETA JIEKTPUUYECKOTO
HaIPsHKEHMS TIPU TIOCIIEIOBATEIBHOM CO€IMHEHUU ITPOBOJIHUKOB.

IIpoOoaemubiii  Bompoc. IloueMy 1mociaegoBaTENbHOE COEOUHEHHE HE
UCIIOJIb3YeTCs JIJIsl OOJIBIIMHCTBA OBITOBBIX AJIEKTPOCETEN?

Ilepeuenv HeobXo0OUM020 000pY0OBaAHUS, Mamepuaios: WCTOYHUK TOKa,
BOJIBTMETP, aMIIEPMETP, K04, PEOCTAT, COEAUHUTEIbHbBIE MPOBOAA U pe3ucTopsl R1,
R2.

Inekmpuueckuii mox - 5TO HampaBiieHHOE (YMOPSAOYEHHOE) JBUXKEHUE
3apsHKEHHBIX YaCTHILl — HOCUTEIIEH AJIEKTPUYECKOTO 3apsiia.

Cuna moka I (A) — dusnueckas BeJIMUUHA, KOTOPAsi TTOKA3bIBAET KOJUYECTBO
AIEKTPUYECKOTO 3apsia, MPOXOSIIEro Yepe3 MOMEPEYHOE CEUYECHHE MPOBOJAHUKA 3a
€IUHUIlY BPEMEHH.

Inekmpuueckoe nanpsaxcenue U (B) — 510 Qusnyueckas BeIWYWHA, paBHas
paboTe ANEKTPUUECKOTO MOJIS MO MEPEMENICHUIO €AMHUYHOTO 3aps/ia U3 OJHON TOUKH
noyisi B Apyrytwo. HampsbkeHue XxapakTepus3yeT BO3MOMXKHOCTBH AJIEKTPUUYECKOTO MOJIS
coBepiiath paboTy, HO caMoO IO ce0e He BBIMOJHIET PaboTy, a JUIlb CO3/1aeT
MOTEHIIUAII JIsl Hee.

Onekmpuueckoe conpomuenenue R (Om) - Pusnueckas BeTUUYUHA,
XapakTepu3yromiass CBOMCTBO  MPOBOJAHUKA  MPEMATCTBOBATH  IMPOXOKICHUIO
AIEKTPUUYECKOTO TOKA.

COBOKYMHOCTh YCTPOWCTB M 3JIEMEHTOB, MPEIHA3HAYCHHBIX IS MPOTEKaHUs
AJIEKTPUUYECKOTO TOKA, Ha3bIBAIOT DJIEKTPUUECKOM 1ETIHIO.

B 1826 romy I'eopr Owm cdopmymupoBan 3akoH Oma s ydacTka
AJIEKTPUUYECKOM IIeMu: CWjia TOKa Ha Yy4YacTKe IeNU MpsSMO MPONOpPIHOHATbHA
HalpsOKEHUI0 Ha  KOHIAX ATOr0  y4yacTka M OOpaTHO  MpOMOpIMOHAIbHA
CONPOTHUBJIEHUIO 3TOTO y4YacTKa.

DNEeMEHTHI AJIEKTPUUECKOM I[EMU MOTYT OBITh COCIUHEHBI ABYMS CIIOCOOAMM:
MOCJICIOBATEIBbHO WM MapajuienbHo. g Kaxkaoro w3 crnocoOO0B COETUHEHUS
AJIEMEHTOB AJIEKTPUUECKOMN LEMU CYHIECTBYIOT CBOM 3aKOHOMEPHOCTH:

ITocnedosamenvroe Ilapannenvnoe

coeouHeHue coeouHeHue

R,

L =L=1 I=1+1,
U:U1+U2 U1:U2:U
1 1 1
—_——-=— 4 —
R R;: R

=

[
7~
_I_
&
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[Tpu mocJienoBaTeJIbHOM COSIMHEHUU CHJIA TOKA BO BCEX MOCIEAOBATEIIHLHO
COCIMHEHHBIX JIEMEHTAaX IeMH B KaX bl TAHHBIII MOMEHT BPEMEHH OJMHAKOBA.

Hanpsixenue ske Ha KOHI[aX KaXKI0Tro U3 MPOBOAHUKOB OyJieT pa3nudHo. [1ycTsb
| — 310 cuma toka B nenu, R1 u R2 — compoTtuBnenus npoBogHukoB, a U u U, —
HaIPsDKEHHS Ha KOHIIAX 3TUX MPOBOJHMKOB. Torma u3 3akona Oma: U= IRz, U= IR,

Pa3nenuB nepBoe paBeHCTBO HA BTOPOE, MOITYUHUM:

[Ipy mnocienoBaTeNbHOM  COCIWHEHUM  HANpPSOKEHWS Ha  MPOBOJHUKAX
MIPOTIOPITMOHAIBHBI MX COMPOTUBIICHHSIM.

A HampspDKEeHHE Ha YYaCTKE IETH paBHO CYMME HANPsDKEHHU Ha KOHIAX KaXKI0To
13 MPOBOTHUKOB:

U=U:+U.,

Buo skcnepumenma: yaeHUYECKUM.

Dopma opeanuzayuu yuebHoU dessmelbHOCmU: UHANBUyalbHas U TPYIINOBasl.

Onucanue npogeoenuss IKcnepumMerma

Heab 3xcnepuMeHTa. DKCIEPUMEHTATBLHO TMPOBEPUTH MPABUIIO CIIOKCHUS
HaAMPSDKEHUM TMPU MOCTIEA0BATEIbHOM COEIUHEHUN MPOBOJHUKOB: YOCIAUTHCS, YTO
oOlliee HaMpsOKEHHE Ha YYacTKe IEMU PAaBHO CyMME HANpsDKEHWM Ha OTIEIbHBIX
MOCJIEIOBATEIHLHO COCTMHEHHBIX DJIEMEHTAX.

3apaum 3xcnepuMenTta. HaduepTuTh cxemy 3JEKTPUYECKOM Ienu U coOpaTh
ANEKTPUUECKYIO LIETIh M0 ATOM CXeMe, U3MEpPUTh HamlpsbKeHHe Ha pesuctope Ri, Ha
pesuctope Ry 1 ob111ee HanpsbKeHUE Ha y4acTKe 1enu ¢ AByMs peauctopamMu R u Ry ¢
MTOMOILIBIO BOJIBTMETPA, CPABHUTH CYMMY HaIlpsKEHUH Ha pe3rctopax Ry u Ry n obmiee
HaIpsHDKEHUE Ha YIaCTKe IETMH ¢ ABYMS Pe3UCTOPaMH, CACIIaTh BHIBOJI.

Xo/ 3KcrnepuMeHTa

1. HauepTute B O0J1aHKE OTBETOB CXEMY JIEKTPUUECKOM IEIH, COCTOAIICH 13
MOCJICTIOBATEILHO COCIMHCHHBIX MCTOYHMKA TOKa, aMIlepMeTpa, KJIroda, peocTarta,
pesuctopoB Ri, Rz 1, mapaiienbHO MOAKIIOYEHHOTO K pe3ucTopy Ri, BoibTMeTpa.

2. Cobepute 2JIEKTpUYECKYIO Iiemb Mo cxeme. Ilpum cOopke cxeMbl H
nocienymomneii pabore ¢ HeW TIIATENbHO COOMIofaiiTe mpaBuiaa padOThl ¢
AIEKTPOU3IMEPHUTEIILHBIMU IPUOOPAMH U TIpaBUiIa TEXHUKHA OE30MACHOCTH MPHU paboTe
C 3JIEKTPOOOOPYIOBAHUEM.

3. [Tocie mpoBepKU CXEMbI YUUTEIEM 3aMKHHUTE KJIFOY U YCTAHOBUTE B LIETIN
cuny Toka | = 0,3 A ¢ momomnisio peocrara. CHuMuUTE noka3anus BosbTMeTpa Ui, Ecnu
o0opynoBaHuE HE TO3BOJSICT BaM YCTaHOBUTH cuiy Toka 0,3 A (cuja Toka mpu
MUHHUMAJIbHOM  COTIPOTHBJICHUM peocTaTa HIKE) W 3aMeHa 000pyIoBaHUS
HEBO3MOYKHA, CIIeJIaiTe MOMETKY 00 3TOM B OJJaHKE OTBETa U IPOU3BOIUTE U3MEPEHHUS
IPY MaKCUMaJIbHO BO3MOYKHOMW CHJIC TOKA.

4, Pa3zoMKHUTE KIIFOY M TEPENOAKIIOUUTE BOJBTMETDP IMapajuIeIbHO K
pe3uctopy Rz. 3aMKHUTE KITFOY M C TTOMOIIBIO peOCTaTa CHOBA YCTAHOBUTE B IIETIH CHITY
toka 1=0,3 A. Caumure nokazanus BosbT™MeTpa Uo.

5. Pa3zoMkHUTE KIIOW W TEPENOAKIIOYUTE BOJBTMETP MAPAUICTBHO K
YYaCTKy IIETH, COIepKaIeMy 00a pe3rucTopa. 3aMKHUTE KITFOY U C IIOMOIIBIO peocTaTa
CHOBa ycTaHoBHUTE B 1ienu cuiy Toka | = 0,3 A. CaumuTe nokazanus BoIbT™MeTPpa Uopu.
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6. 3anummrTe B OJaHK OTBETAa 3HAYEHWE CHJIBI TOKA, TPU KOTOPOM
IIPOU3BOAUIIMCH U3MEPEHUS HANIPSKEHUM, C YYETOM IOTPEIIHOCTH U3MEPEHUM.

7. 3anumuTe B OJaHK OTBETa pe3ynbTaThl U3MepeHus HanpspkeHuit: Ui, Uz
u Uoﬁm'

U+AU, B Ux+AU, B Uosu =AU, B U=U1+U;,

8. Paccunraiite cymmy Hanpspxeruit U=U1+U>.

9. CpaBHHTE 3HAYCHHE OOINETO HANPSHKCHHS, H3MEPEHHOTO BOJBTMETPOM

Ha ydacTKe Ienu, cojepxkamieMm oOa pe3uctopa, Uesy M pacCUMTaHHOE 3HAUYCHUE
CyMMBbI HallpsOKEHUM Ha KaxkaoMm u3 pesuctopoB U. [lo pesynbrataM cpaBHEHUS
CIellaiiTe BBIBOJ O CHPABEMJIMBOCTH TMpPaBUIA CIOXKCHHUS HANPsHKEHUW MpuU
MOCJIEIOBATEILHOM COEAMHEHUHN TTPOBOHUKOB.

Ilepeuenv 6onpocos k 006CyHcOeHUO pe3yibmamos IKChepumMeHma
1. ChopmynupyiiTe TpaBuUiIO JJIST  AJIEKTPUUECKOTO  HANPSDKEHHS — TIPH
MOCJIETOBATEILHOM COCTMHCHUH IPOBOJHUKOB. Kak moTydeHHbIE BAMH JaHHBIC
ITOATBEPKIAOT 3TO IIPABUIIO?
2. Ilouemy HampspkeHHE Ha ydacTKe IIEMd paBHO CyMME HaNpsDKCHWA Ha
OTIETBHBIX 3JIeMeHTax? OOBSCHUTE ATO C TOYKU 3PECHHS 3aKOHA COXpPaHEHHS
SHEPTHH.
3. Kak m3MeHutcs oOliee HampspkKeHHE, eclii J00aBHTH €IIe OJUH PE3NCTOP B
MOCJICIOBATEIBHYIO 1IETh?
4. Kakue HCTOYHUKHU MOTPEITHOCTEH MOTJIM MOBIUSATH HA PE3YJIbTATHI?
O:xuaemble pe3yJabTaThbl IKCIEPUMEHTA
[Tonmy4yeHHsie B pe3yibTaTe MPOBEACHHS DKCIEPUMEHTA 3HAYEHUs OOIIero
HAMpsDKCHHUS,, W3MEPEHHOTO0 BOJHTMETPOM HA Y4YacTKe IIeMH, COJeprKalieM
crangaptHbie pe3uctopbl R1IR1 u R2R2 (Ugey), U paccurTaHHOE 3HAUYCHHE CYMMBI
HanpsHDKeHUH Ha KaxaoM u3 pe3ructopoB (U1+U2) nomkHbI OBITH paBHBI MEXTY COOOM
B Tpemenax IOTPENIHOCTEH TIPU  HWCIOJB30BAaHWM  CTaHAAPTU3MPOBAHHOTO
000pyI0BaHUS U TIPH MPOBEJACHUN U3MEPEHU B KOPOTKHE BPEMEHHBIC HHTEPBAJIBI.

OO0cy:kaeHue U aHAJIU3 pe3yabTaTOB

[Toce mpoBeeHHSI SKCTICPUMEHTA 00YJarOITUEeCcss MOTYT OOCYIUTh Pe3yJIbTaT U
IIPOAHAJIU3UPOBATh €r0 JIOCTOBEPHOCTh. Ilocie oOCykneHus OHU JOJIKHBI YMETh
pemaTh 3aJ1a4yu Ha pacyeT Iernel ¢ MoCIe0BaTeIbHO COSTMHEHHBIMU JICMEHTAMHU, a
TaK)Ke JaBaTh MPABWIbHBIE OTBETHI HA BOIIPOCHI O TOM, YTO TAKOE IIEKTPUICCKUH TOK,
CUja TOKa, DJJEKTPUYECKOE HAaIpsSKEHUE, JJIEKTpUueckoe comportuBieHrne. OHuU
JOJDKHBI TIOHUMAaTh XapaKTep 3aBUCUMOCTH CHJIBI TOKAa OT HAIPSOHKEHUS TIpH
MMOCTOSTHHOM COIIPOTUBJICHMM M CHJIBI TOKa OT COMPOTHUBIICHUS TPHU MOCTOSHHOM
HaIpsHKECHUU.

Jlnst  ©onee TPEIMETHOTO aHaau3a pPe3ylabTaTOB DJKCIEPUMEHTAa MOXKHO
chopMyIUPOBaTh OTBETHI Ha PSJT BOIIPOCOB:

1. Kak mpaBwiio cliokeHusi HanpsDKeHWM MpU MOCIeA0BaTeIbHOM COEIUHEHUU
coryiacyercs ¢ 3akoHoM Oma?
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2. I[OKa)KI/ITe, qTo IIpH 1IOCJIICAJ0BATCIbHOM COCAMHCHUN CHUJIa TOKA OJWMHAKOBA BO
BCCX yHaCTKaXx ICIIN.

3. MOXHO JIM HCIIOJIB30BaTh IMPpaBHJIO CJIOKCHUA HaHpH}KeHI/Iﬁ, yTOOBI HAWTH
HCU3BCCTHOC COIIPOTHUBJICHUC B HGHI/I?

IIpoBepka nmpaBuiIa NJisi CHIIBI JJIEKTPHYECKOr0 TOKA NPH NMAPaJlJIe1bHOM
COeIMHECHUH NPOBOJIHUKOB
3agaua Ne 21
Hcrnonb3yss MCTOYHHUK TOKA, BOJBTMETP, aMIepMETp, KIKOY, pPEocTarT,
COeMHUTENbHBIE MPOBoJa U pe3ucTopsl R1, R2, cobepurte sneKTpuyecKyro 1enb 1is
MPOBEPKU TMpaBWjia CJIOXKEHUA CWJI TOKa TpU NapaJyIeIbHOM COEIWHEHUU
IIPOBOJTHUKOB. AOCOJIIOTHYIO MOTPEIIHOCTh U3MEPEHUS ANEKTPUUECKOr0 HANPSIKEHUS
npumute paBHoi 0,1 B, aOCOMOTHYI0 NOTPEMIHOCTS U3MEPEHUS CHIIBI TOKA CUUTANTE
paBHoii £0,02 A.
OT4eT O BBINOJIHEHUHU 3KCIEPUMEHTAIBHOIO 3a/IaHMsl CIIEIANTE B CIEAYIOIIEM
BUJIE:
1. HapucyiiTe 31eKTpUUYECKYIO CXEMY IKCIIEPUMEHTA.
2. Ilpu nmomo1u peocTara yCTaHOBUTE CHIIy TOKAa B HEPA3BETBICHHON YacTH LENHU
paBHoii 1,2 A. U3mepsbTe cuiny Toka B pesuctope R1 u B peaucrope R2.
3. CpaBHHUTE CWIIy TOKAa B HEPA3BETBJIECHHOM YacCTH LIETIH C CYMMOMN CHJI TOKOB B
OTZIETIbHBIX BETBSIX U CAENaiTe BHIBOJ. 3aMUILINUTE OTBET.

Apnaymoesa Tambsana Muxaiinosna,
Yuumenov gpusuxu MAOYCOLL Ne 3 umenu C.B. /Jyounckozo cm. bBepezanckoii,
MO Buicenxosckuii pation

IpakTuyeckas padora Ne 21
«IIpoBepka nmpaBuIa IJIs1 CHJIBI DJIEKTPHUYECKOT0 TOKA NMPHU MapaLieJIbHOM
coeITMHEHUH MPOBOIHUKOB» B paMKax u3yueHus Tembl «IlocienoBarenbHoe
U mapaulejJibHOe cCOeIMHEHUsI MPOBOIHUKOB» B Kypce «Pu3nka» B 8 Kiacce

OKCHEpUMEHT IO NPOBEPKE MpaBHia I CHJIbl TOKa MpPU MapauieIbHOM
COCIMHEHUHM TMPOBOJHMKOB HampaBieH Ha (GOpMHUpPOBAHUE Yy OOy4aroluxcs
LEJIOCTHOTO MPEICTABICHUS O 3aKOHOMEPHOCTAX MPOTEKAHUS JJIEKTPUUECKOrO TOKA!
[IPY [TapaJuIEIbHOM COCIUHEHUH HAPSUKEHHUE HA BCEX PE3UCTOpPax OJAMHAKOBO, & CHIIA
TOKA B HEPA3BETBJICHHOM YaCTH LIETIM PaBHA CYMME CHJI TOKOB B OTHEJIbHBIX BETBSX.
Taxxe oOyuarouiuecs: yBUIAT, Kak 3akoH OMa paOoTaeT Ha MpakTUKE: CUJIa TOKa B
Ka)KJIOM BETBU LIEIIU 3aBUCUT OT €€ CONPOTUBIICHUS.

IIpobGaemnas curyanusi. Buta BepHylicd Be4yepoM AOMOW M 3aMETHII, YTO B
JIIOCTPE B TOCTUHOM IEPEropena OJlHa U3 JJaMIIO4YeK. /[Be Ipyrue npoaoKaau ropers.
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Oterr BuTum 3aMeHMJI TMEperopeBIIyl0 JaMIIOYKy Ha HOBYKD C TEMH K€
XapaKTePUCTUKAMHU, U JIAMITOYKH CBETUJIMCh HE3aBUCUMO APYT OT JIpyra.

MopaenupoBanue cutyanum. B naGopatopuu IIKOJBHUKAM IIpejyiaraeTcs
IIPOBEPUTH IKCIEPUMEHTAIBHO TMPABUIIO CIOKEHHS CHJI TOKa IPHU TapauieIbHOM
COCMHEHUHU MMPOBOHUKOB.

IIpo6aemubiii Bompoc. IloueMy mpu mapauieIbHOM COCIMHEHUU JBYX
PE3UCTOPOB C Pa3HBIM COINPOTUBIICHUEM CHJIa TOKa B HHUX HEOJWHAKOBA — U Kak
MMEHHO OHA PacCIpeiessIeTCs MEKTy BETBIMHU?

Ilepeuenv Heobxo00umoeo 060py008anus, mamepuanlos: WCTOYHHK TOKa,
BOJILTMETP, TPU aMIIEPMETPA, KITIOUY, PEOCTaT, COEAUHUTEIbHBIE POBOJIA U PE3UCTOPHI
R1, R2.

Inekmpuueckuii moK - 5TO HampaBlIeHHOE (YIOPSIOYEHHOE) JIBUKEHUE
3apsHKEHHBIX YaCTULl — HOCUTEJIEH AJIEKTPUUYECKOTO 3apsiia.

Cuna moka I (A) - pusznueckas BeJIMUYMHA, KOTOPAsk MOKA3bIBAET KOJIUYECTBO
AIEKTPUUYECKOTO 3apsijia, MPOXOSIIEro yepe3 MoMepeyHoe CEUCHHE MPOBOJAHUKA 3a
SIMHUITY BPEMCHH.

Anekmpuueckoe nanpsxycenue U (B) — 510 Pusznyueckas BeIWUYWHA, paBHas
paboTe IEKTPUUECKOTO MOJIs IO MEPEMENIEHUIO SAMHUYHOTO 3apsJia U3 OJTHOM TOUKHU
moyisi B Ipyryro. HampspkeHue XxapakTepusyeT BO3MOXKHOCTH AJICKTPUYCCKOTO TOJIS
coBepmatb paboTy, HO caMoO MO ce0e He BBINOJHIET paboTy, a JUIIb CO3/1aeT
MTOTEHITUAI JIJIS HEe.

Inekmpuueckoe conpomuenenue R (Om) - Pusnueckas BeIUYUHA,
XapaKTepHU3ymoIIas CBOWCTBO  MPOBOJHHMKA  MPEMATCTBOBATH  MPOXOXKICHUIO
AIEKTPUYECKOTO TOKA.

COBOKYITHOCTh YCTPOMCTB M 3JIEMEHTOB, MPETHA3ZHAUYCHHBIX ISl MPOTEKAHUS
AIEKTPUYECKOTO TOKA, Ha3bIBAIOT AJIEKTPUUECKON IIETIBIO.

B 1826 romy Teopr Om chopmymupoBan 3akon Owma nais  ydacTka
ANEKTPUYECKOM IIeTMH: CHJIa TOKAa Ha YydYacTKe IeNd MPSIMO MPOMOPIIMOHAIbHA
HAmpsDKEHUI0 Ha KOHIAX dJTOr0 ydacTka ¢ OOpaTHO  MpOIMOPIIMOHANIbHA
COTIPOTUBJICHUIO 3TOTO Y4acTKa.

DJIEMEHTHI JJICKTPUYECKOM IIEMM MOTYT OBITh COCIUHEHBI IBYMS CIIOCOOAMMU:
MOCJIEIOBATEILHO WM MapajienabHo. JIJIsi KaXaoro u3 crnocoOOB COCAUHEHUS
AJIEMEHTOB DJIEKTPUUECKOH IETH CYIIECTBYIOT CBOM 3aKOHOMEPHOCTH:

ITocnedosamenvHoe Ilapannenvroe
coeouHeHnue coeouneHue

R

I=1,+1L
U =U,=U
1 1 1
—_— = 4 —
R R:i R




HpI/I nmapauieJibHOM COCAMHCHHN HAINPHKCHHE Ha KaXIOM IapaljICIIbHO
COCOINMHCHHOM VYYaCTKC OJHHAKOBO MW PABHO HAIIPSKCHUIO HA BCCM YYACTKC

nmapajjiciibHO COCIUHCHHEBIX ITPOBOTHUKOB!
U= U1=U2,

Cuita TOoKa Npy napajyieIbHOM COCIMHEHUU PACIIPEEIsETCS M0 BETBSAM TakK XK€,
KakK IIOTOK BOJBI, Pa3BETBISAIOIIMICSA HA J1Ba NapaJulelbHbIX KaHana. KomndecTsBo
BOJIbI, MPOTEKAIOIIEE €KECEKYHIHO 4Yepe3 HEPA3BETBICHHYIO YacCTh IOTOKA BOJBI,
PAaBHO CyMMe€ KOJIMYECTB BOJBI, IPOTEKAIOIINUX E€KECEKYHIHO 4epe3 KaXAbld W3
KaHaJOoB.

I=11+1,

[Ipy nmapamwieNTbHOM COEIMHEHHMM CHJIA TOKa B  BETBIX 0O0OpPaTHO
NMPONOPIHOHAIBHA UX CONPOTUBJICHUSIM.

Buo sxcnepumenma:’ yaeHUUECKUA.

Dopma opeanuzayuu yueOHOU OesmelbHOCmuy: MHANBUIYallbHAS U TPYIIIOBasl.

Onucanue npogeoenus IKcnepumMerma

Heap »3KcnepuMeHTa. OKCIHEPUMEHTAIBHO MOATBEPAUTH MPABHIO IS
CJIOKEHUSI CWJIbl TOKa MpHU MapajyieIbHOM COEIWHEHHH MPOBOJHUKOB: YOEIHUThHCH,
YTO CHJa TOKAa B HEPA3BETBICHHOW YACTH LENU NPU NAPALIEITBHOM COCIWHEHUHU
IIPOBOJHUKOB paBHa CyMME CHJI TOKAa B OTAEJIBHBIX IAPAUICIbHO COEIUHEHHBIX
MPOBOJIHUKAX.

3agaum 3kcnepumenta. HauepTuTh cxeMy 3JEKTpUYECKOW LENu M coOparth
ANEKTPUYECKYIO LIETb IO ATOM CXEME€, U3MEPUTh CUJIY TOKA, MPOTEKAOLIEr0 Yepe3
pesuctop R1, depes pesuctop R2 u cuily Toka B HEpa3BETBJICHHOM YacTH LIETH C
MOMOIIBIO aMIIEPMETPa, CPABHUTh CYMMY CHUJI TOKOB 4epe3 pe3ucTopbl R1 u R2 u
3HAYEHUE CUJIbI TOKA B HEPA3BETBICHHOW YacTH 1IENH, CAENaTh BEIBOJ.

Xoa 3KkcnepuMeHTa

1. Haueptute B 611aHKE OTBETOB CXEMY AJIEKTPUUECKOM IIEMH, COCTOSIIEH U3
MOCJIEI0OBATEIbHO COEJMHEHHBIX MCTOYHMKA TOKA, aMIIEpMETpa, KI04a, peocTara,
napajuieIbHO COEIMHEHHBIX Pe3ucTopoB R1, Rz ¢ moakitoueHneM B KaxKyro U3 BETBEH
aMIIEpMETpa MOCIEAOBATEIBHO C PE3UCTOPOM.
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2. CobOepute 3JIeKTpUUYECKYIO Ilenmb 1o cxeme. [Ipu cOopke cxembl u
nocienymomnieil pabore ¢ HeW TIIATENbHO coOMrofaiiTe mpaBuiaa padOThl ¢
AIEKTPOU3IMEPUTENILHBIMU IPUOOPAMU U TIpaBUila TEXHUKHU O€30MaCHOCTH IPHU paboTe
C DJIEKTPOOOOPYIOBAHUEM.

3. [locne mpoBepKH CXEMbl yUUTENEM 3aMKHUTE KIIOY U C MOMOIUIBIO
peocTara yCTaHOBUTE B HEPA3BETBICHHOM YacTH 1enu cuity Toka losn=0,5 A. CHUMUTE
nokaszanus amrepmeTpoB I1 u [o. Ecu 060pynoBanre He O3BOJISIET BaM YCTaHOBUTD
cuny Toka 0,5 A (cuiia Toka Mpu MUHUMAJIBHOM COINPOTHUBIICHUHM PEOCTATa HIKE) U
3aMeHa 00OpyIOBaHUS HEBO3MOXHA, CACNANTEe MOMETKY 00 3TOM B OJIaHKE OTBETa H
MIPOU3BOANTE U3MEPEHUS TIPH MAKCUMAJILHO BO3MOYKHOW CHJIE TOKA.

4. 3anummre B OJAHK OTBETa 3HAYEHHE CHIIBI TOKa losy, MpH KOTOPOM
ITPOU3BOIWIINCH U3MEPEHHUS, C YUETOM MOTPEIIHOCTH H3MEPEHUM.
S. 3anummre B ONaHK OTBETa pe3yJbTaThl U3MEPEHHUs cuil TOKOB I1 u Iy,

IMPOTCKAIIUX YCPEC3 PC3UCTOPLBI, C YUCTOM IIOI'PCIIHOCTH I/I3MepeHI/II>’I.

I1+AL A I£AL A Toow£AL A 1=11+12, 4
7. PaccuuTaiite cymmy cui TokoB 1=l1+12,
8. CpaBHUTE 3HAYEHUE CUJIBI TOKA B HEPA3BETBICHHOM 4YacTU LENU logy U

pacCUMTaHHOE 3HAYEHHWE CYMMblI CHJI TOKOB uepe3 Kaxaplii u3 pesuctopoB |. Ilo
pe3yibTataM CpaBHEHHMS CHENAaiTe BBIBOJ O CIPAaBEIJIMBOCTH IpaBWIIA [JI CHIIbI
ANEKTPUYECKOr0 TOKA IPY NMapaJIEIbHOM COEAMHEHUH TIPOBOJHUKOB.

Ilepeuens 6onpocos k 0b6cyHcOeHuIo pe3yaibmanmos IKCnepumenma

1. JlaiiTe omnpeneneHre NapajUIEIbHOMY COEAMHEHUIO IPOBOJHUKOB
aneKTpudeckoi nenu. Hapucyiite cxemarnunoe n300paxxeHue Takou Iemnu.

2. Kakumu  gopMymnamu  ommchIBaeTCsl NapajieIbHOE  COCIUHEHHE
(OTHOCHUTENBHO HANPS)KEHUS, CUITbI TOKA U COPOTUBJICHUS)?

3. JlokaxuTe, YTO HANPSDKEHHE HA KaXJAOM U3 NapajljIeIbHO COEIMHEHHBIX
MPOBOJIHUKOB OJJMHAKOBO U PABHO HAIPSKEHUIO HA BCEM YYaCTKE LIETIH.

4. Kak dhopmynupyercs npaBuiio i CHIIbI TOKa B HEPA3BETBICHHON YacTH
LEeNY IpU MapauieIbHOM COeIMHEHUN? 3aUIINTEe COOTBETCTBYIOULYIO (OPMYIY.

S. Kakue HMCTOYHMKM TOTPENIHOCTEH MOTJM IMOBIUATH Ha PE3yJbTaThl
AKCIIEPUMEHTA?

O:xunaembie pe3y/ibTaThbl IKCIIEPUMEHTA

[TonyueHHbIe B pe3ysibTaTe MPOBEICHUS SKCIEPUMEHTA 3HAYCHUS CHJIBI TOKA B
HEpa3BETBJICHHON YaCTH LENH losy M PACCUMNTAHHOE 3HAYEHUE CYMMBI CHJI TOKOB Y€pe3
Kaxapiii 3 pe3uctopoB (Ii+l2) momkHBI OBITH paBHBI MEXITy CO00M B mpemenax
MOTPEIIHOCTEN MPU UCTIOJIB30BAHUN CTAHIAPTU3UPOBAHHOTO 000PYIOBAHMS.

OO0cyxneHHe M aHATIU3 Pe3yJIbTATOB

[Tocne mpoBeaeHUs IKCIIEPUMEHTA 00yYaIoUIecss MOTYT OOCYAUTh pe3yabTaT U
POAHATM3UPOBATh €r0 JIOCTOBEPHOCTh. [locie oOCykaeHus OHU JOJIKHBI YMETh
pelaTh 3aJ]a4M Ha pacyeT LEINen C MapajulelIbHO COETMHEHHBIMU 2JIEMEHTaMU, a TAKKE
JaBaTh MTPABUJIBHBIE OTBETHI HA BOIIPOCHI O TOM, YTO TAKOE AJIEKTPUUECKUI TOK, CUia
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TOKA, JJIEKTPUYECKOE HAMPSHKEHHE, JJIEKTpuueckoe cornpotuBieHne. OHU JOJKHBI
MOHUMATh XapaKTep 3aBUCHUMOCTH CHJIBI TOKAa OT HAMPSOHKEHHS] TPHU TTOCTOSHHOM
COTIPOTUBIICHUH H CHJIBI TOKA OT COMTPOTUBIICHHSI IIPH TIOCTOSTHHOM HAIPSIKCHHH.
Jlis  OGonee TPEAMETHOTO aHaiIM3a pPE3yJbTaTOB JKCIEPUMEHTa MOYKHO
chOopMyIMpPOBAaTh OTBETHI Ha PsIJT BOIPOCOB:
1. IlpuBenute OBITOBBIC MPUMEPHI TAPATIICTHHOTO COCTUHEHUS TTOTPEOUTEICH.
2. TloueMy UMEHHO Takas cXxeMma HCIOIb3yeTCs B KBapTUpax?
3. Kak m3menwntcs o0mas cuia Toka B IETH, €CII T00aBUTh €IIe OJUH PE3UCTOP
napajuiebHO B Pa3BETBICHHBINA yUaCTOK?
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3aganus K KOMILUIEKTY 00opyaoBaHusi Ne 4
Paccmotpum  oOopynoBaHMe U Marepualbl, BXOMSIIHME B  KOMIUICKT
o6opynoBanus Ne 4, cornacuo cnenudukanuu KM OI'D 2026 rona.

Kommiaekr Ne 4

3JIeMeHThI 000pY10BAHHSA peKoMeHlyeMble XapaKTepHCTHKH
® IICTOYHIIK IITAHIA [IOCTOSHHOTO | BBIIPAMITEIE C BXOIHBIM HallpsKEHIIEM
TOKa 36+42 B i GaTtapeitHbIIT OTIOK,

IIO3BOJIAFOIIIIIT CTYIIEHYATO MEHATH BEIXOHOE
HanpsokeHne or 1.5B 10 7.5 B

e coOnparomas miH3a 1 okycHoe paccrosane F;= (100 £ 10) mm

e coOmparormas mmH3a 2 ¢okycHoe paccrosHITe F>= (50 £ 5) MM

® paccemnBarInas JIIH3a 3 ¢oxycHoe paccrosHIte F3=— (75 £5) MM

e JHEIKa mmHa 300 MM, ¢ MITUTHMETPOBBIMIT
JeTeHILIMIT

® SKpaH

® HaIpaBJAIONMIAA onTHueckas ckaMbs He MeHee 700 MM

® JepiKaTelb 3KpaHa YCTAHABIIBAETCA HA ONTIUECKYIO0 CKaMbIO

C BIIPECCOBAHHBIMII MArHUTAMII

e ocBeTHTENb 1 YCTAHABIIIBACTCSA HA ONTITIECKYIO CKAMBIO
11 00eCIIeUIBaeT ONBITHI C JIITH3aMIT

® OCBETHTENH 2 YKIaBIBAETCS HA CTOI I 00ECTIeUIBaeT

BO3MOKHOCTD IIOJTYUCHILIA Y3KOI'O ITYUKa
AT OIIBITa C IMOMYIITIITHIPOM

® TIONYIIUIIHAP mmametp (50 + 5) Mm, moKazaTelb
IIPENOMIEHIA ITpUMepHO 1,5
e IUTAHIIET HA INIOTHOM JIIICTe Ha ILTaHIIeTe 0003HAYeHO MECTO
C KPYTOBBIM TPAHCIIOPTIPOM JUTA TIOMYIIIIHIPA

O1oT Habop 000pyAOBaHUs 00ECTICUMBACT BBIMOJHEHHUE CICAYIOIINX OIMBITOB:
U3MEpPEHUE ONTHUYECKOW Cuibl coOuparomeid JuH3bI, (POKYCHOTO pacCTOSHUS
coOuparolel JUH3bI (M0 CBOWCTBY PaBEHCTBA pa3MEPOB MpEaMETa U U300paKeHHUs,
KOI'/Ia IPEeIMET PACMOJIOKEH B IBOMHOM (POKYyCE), TOKA3aTeNs MPETOMIICHHS CTEKIIa;
UCCJIEIOBAHUE CBOMCTB HM300pa’KE€HHUS, MOJYYEHHOIO C TMOMOUIBI0 CcOOMparolen
JIMH3bI, U3MEHEHUSI (POKYCHOTO PACCTOSHUS CHUCTEMbI M3 JABYX CJIOXKEHHBIX JIMH3;
3aBUCUMOCTH yTIJIa MPEJIOMJIEHHS OT yIJla NaJeHUs Ha T'PAHMIE BO3IyX — CTEKIIO.
PaccMmotpum nmpuMepsl TakuX 3aJaHUM.

N3mepenne onTuYeCKO CUJIBI COOUPAIOLIEH JTUH3BI

3agaua Ne 22

Hcnone3yst cobupatomryro nuH3y Ne 1, skpaH M nuHEHKy, coOepure

SKCIIEPUMEHTAJIbHYI0 YCTAHOBKY [UISl ONPENETEHUS ONTUYECKOW CHJIBI

coOuparomield JuH3bl. B KadyecTBe HCTOYHMKA CBETa HCIOJB3YHTE CBET OT

yIAJEHHOTO OKHAa WM YJaJeHHOTo OoO0ObeKTa 3a OKHOM. AOCOJIOTHAS

NOTPEIIHOCTh U3MEPEHHUSI PACCTOSIHUS PaBHA 12 MM.
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OTyeT O BBINOJHEHUU OHKCHEPUMEHTAIBLHOIO 3aJaHus CHeJlaiiTe B
CIICAYIOIIEM BUJIC:

1. Hapucyiite cxemy 3KCIEpUMEHTAIbHON YCTAaHOBKM C YKa3aHHEM XOJa
JIy4el B JINH3E.

2. 3anummre Gopmyy A onpeieIeHUs] ONTUYECKOU CUITbI TUH3HI.

3. VYkaxurte 3HaueHHE POKYCHOTO PacCTOsIHUS coOuparoiei JuH3bI No 1.

4, [IpoBenuTe pacyeThl ONTHYECKON CUIIbI JIMH3BI. 3AMUIINTE OTBET.

Hanauna Examepuna AnexcanopoeHa,
yuumenv guzuxu MAOY COL Ne 15
umenu B.U. I'pasxcoanxuna MO unckoii pation

IIpakTnueckas padora Ne 22
«/3mMepeHne ONTHYECKOIN CHIIbI COOMPAKOIell JIMH3bD»
B paMKaXx u3y4eHus TemMbl «/ImH3bl. OnTuvyeckas CuJjia JUH3bD)
B Kypce «®Pu3nka» B 9 kiacce

OKCIEpUMEHT OMOXKET 00yUYaIOUIMMCS YBUIETh, KaK ONBITHBIM IIyTEM MOXHO
ONPEIEIUTh XaPAKTEPUCTUKH JIMH3bL: (DOKYCHOE PACCTOSHHE U ONTHYECKYIO CUIIY, a
TAaK)K€ Ha MPAKTUKE IMPOBEPUTH CIPABEIJIMBOCTh TEOPETHUUYECKUX YTBEPKICHUU O
crnoco0ax MojgyyeHus n300pakeHus IPU MOMOIIH COOUPAOIIEH JTMH3BI.

IIpoOsiemHass cutyaumsi. YUYEHUK TOTOBUTCS K 3aIIUTE WHIUBUAYAIBHOTO
IIPOEKTA, B pAMKAX KOTOPOU OH 3aAyMaJl CO3/TaHUE MMPOCTON ONTUYECKON CUCTEMBI IS
JEMOHCTPALUHA BO3MOKHOCTEN U MPUHIMIIOB PabOThI JIMH3. Y HEro ecTh cTapas Jyma
C HEU3BECTHOM ONTUYECKOM CHWJIOW, KOTOPYKO OH Hamesn jaoma. Uit mpoBeneHus
UCCIIEIOBaHUNH €My HEOOXOJUMO TOYHO 3HATh XapaKTEPUCTUKH JIMH3bI, YTOObI
IIPAaBUJIBHO PACCYUTATh €€ IPUMEHEHNE B CBOCH YCTAaHOBKE.

MopeanpoBanue cutyanuu. B nabGopaTopun MIKOJbHUKAM TMPEAJIaracTcs
U3MEPUTh ONTHYECKYIO CHITY COOMpPArOIIel JTUH3BIL.

IIpo6siemubIii Bonpoc. Kak onpenenuTs ONTHYECKYIO CUITY UMEFOIIEICS TMH3bI
0e3 crenuanbHOTO 000py/MOoBaHMA? YUYEHHUK 3HAET, YTO ONTHUYECKas CHJIa JIMH3BI
U3MepsAETCs B IUONTPUSAX U 3aBUCHUT OT €€ (DOKYCHOTO paccTosiHus. EMy HeoOxoaumo
U3MEpPUTDH (POKYCHOE paCCTOSHUE JTUH3BI.

Bonpocuw 0ns uccnedosanus.

1. Kakue MeToabl U3MEpPEHUs ONTUUYECKON CUIIbI JIMH3BI CYIIECTBYIOT?

2. MOXHO JIM KUCIIONB30BaTh MOJAPYUYHbIE CPEICTBA AJIA ONpeaeiaeHus] POKYCHOro
paccTosiHus?
Kak cBsizaHo OKyCHOE pacCTOSIHUE JIMH3bI C ONTUYECKON CUIION?
Kakue ¢opmysbl MOMOTYT pelInTh OCTABICHHYIO 3a/1a4y?
B kakux cdepax neqareabHOCTH MOTYT Ha MPAKTUKE MPHUTOAUTHCS HABBIKU IO
AKCIIEPUMEHTAJILHOMY OMPEICICHNI0 (POKYCHOTO PACCTOSHUSA M ONTHUYECKOM
CHJIBI COOMpArOLEH JINH3bI?

a ks w
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Ilepeuens Heobxo0umozo obopyodosanus, mamepuanos: coorparomas JnH3a Ne
1, 5KpaH 1 NUHEeMKa (WM ONTHYECKask CKaMbsi C MUJUTMMETPOBOM IIKAJION ).

JInH3amMM Ha3bIBAIOT MPO3payHbI€ TeJla, OTPaAaHUYCHHBbIC KPUBOJWHEHHBIMU
(daie Bcero chepuyecKUMM) UM KPUBOJIMHEWMHON U TIIIOCKOW MOBEPXHOCTAMH.

[Ipsimas, mpoxoasinas yepe3 HEHTPbI C(HepuIECKUX OBEPXHOCTEH, Ha3bIBACTCS
IJIABHOM ONTHYECKOH 0ChIO JIMH3bI (CM. PUCYHOK).

CyniecTByIOT BBbINYKJIbIe U BOTHYTbI€ JIMH3bI. BbiMykiias JMH3a TOJIIE B
IIEHTPE M TOHBIIE MO KpasM. Bormyras nmH3a (pacxonsimascs JMH3a) B IICHTPE
TOHBIIIE, YeM IO KpasMm. B BO31IyXe BBIMYKIIbIC JIMH3BI SBISIIOTCS COOMPAIOIMMHU, 2
BOTHYTHIC PACCENBAIOIIUMH.

Ecnmm Ha nuH3Y mamaeT MydoK CBETA, JIYYM KOTOPOTO IMapajuieIbHbI TJIABHOM
ONTHUYECKON OCH, TO MOCTIE MPEJIOMIICHUS B JIMH3€ OHU NepeceKaroTcs (coOuparoTcs) B
OJIHOM TOYKe, JIeXKalllell Ha TJIaBHOM ONTUYECKON OCHM B COOMparomieil JUH3E, WIH
MEPECEeKAIOTCs UX MPOJIOJKEHUS B PACCEUBAIONICH JIMH3E.

Touka, B KOTOpPO#l MEpeceKaroTCsi MPEJOMIICHHbIE JIMH30U JIy4H, Majaroiiue
napaJijieIbHO TJIABHON ONTUYECKOM OCH, WIIH UX MPOJOJIKEHUS, Ha3bIBACTCS IVIABHBIM
(dokycom nuH3bI. OO03HAYACTCS OH OOJIBIIION JaTHHCKOM OyKBO# F.
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PaccrosiHue oT ONTHYECKOro LIEHTpa JIMH3BI 10 €€ TJIABHOro (hOKyca Ha3bIBACTCs
(dpoxycHbIM paccrosiHueM. Ero Toke mpuHATO 0003HAYaTh JAaTHHCKON OykBOi#l F, a
equHuLen ero uamepenus B CU asnserca metp:

Kpome Toro, paznudHbie JIMH3BI OYIyT MO-pa3HOMY MPEIOMIISATH JIY9H CBETA.
Hampumep, Oosiee BRITSHYTast TUH3A MPEJIOMIISET JTy4u ciadee, yem Oosiee BhIMyKIIas,
TakK KaK y moclieqHell MeHbinne (OKycHOe paccTostHue. JIJIsi KOTUYECTBEHHOW OTCHKU
MIPEIOMJISTIOIIEH CIIOCOOHOCTH JIMH3BI BBOJSIT BEJIMYMHY, HA3bIBAEMYIO ONTHYECKOMH
CIJI0# JIMH3BI, KOTOpast 0OpaTHO MPOIMOPLMOHATIbHA (POKYCHOMY PACCTOSHUIO:
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B 3anmcannoit popmyiie 3HAK «+» OepeTcs AT COOMPAIOIIEH JTUH3HI, a «—» —
JUTSl pacCcerBaroNiei, Tak Kak ee POKyc MHUMBIH.

Enununei nsmepenus: ontuueckoi cuibl B CU cityxut M L. BHecucTeMHOI ke
€MHUIECH U3MEPEHUS SIBIIICTCS TUOITPHS.

Buo skcnepumenma: yaeHU4ECKUIA.

Dopma opeanuszayuu y4ebHou dessmeabHOCmu: UHIUBAyaabHas U IPYIIIOBasl.

Onucanue npogedenus SKCnepumMeHma

Heab 3xcnepumenTa. M3MepuTh ONTHYECKYIO CHITY COOMPAIOLLIEH JIMH3BI.

3agaum s3xcnepuMenTa. CoOpaTh IKCIIEPUMEHTAIBHYIO YCTAHOBKY, U3MEPUTH
(pOoKyCHOE pacCTOSHUE JIMH3bI U PACCYUTATh ONTHUYECKYIO CHITY JIMH3HI.

Xoa IKcnepuMeHTa

o Hauyepture B OnaHke OTBETOB CXEMY JKCIIEPUMEHTAJIbHOM
YCTaHOBKH. 1300pa3uTe ABOSIKOBBITYKIYIO COOMPAOIy0 JIHH3Y. OTMEThTE €€
ONTHUYECKHUM LEHTP U YEPE3 HETO MPOBEAUTE TIIABHYIO ONTUYECKYIO OCh JIMH3BI.
Ha Hell ykaxuTe MOJ0KEHHE TJIaBHOTO (pOoKyca JIMH3bL, B KOTOPOM U OyayT
coOuparbcs TNpEJOMJICHHBbIE JIMH30M Jy4d CBeTa, NaJalollde Ha Hee
[IapaJUIEIbHO ITIaBHOM ONTUYECKOU OCH.

o B kadecTBe UCTOYHMKA CBETA MPEJIOKEHO HCIOJIb30BaTh CBET OT
yaaleHHOro okHa. [louemy? /Ieno B TOM, 4TO B 3TOM Cily4ae JIydd, HAYyLIUE K
JIMH3€E OT KaXJA0W €ro TOUYKU, MOKHO CUUTATh NapaJljIeIbHBIMU JIPYT PYTY, TO
ecTh M300pakeHue MpeameTa mnoiydaercss B (OKambHOM MmiuockocTH. U uem
Janplie OT JIMH3bl HAXOIUTCS MpEeIMeT, TeM TO4Hee OyneT H3MepeHHe
(OKYyCHOTO pacCTOSHUS.

o 3anummuTe B ONaHK OTBETOB (opMydy, KOTOpod Oynere
MOJIb30BATHCS MPHU BBIMOJIHEHUU JaHHOW paboThl. OnTHYecKasi CUila JIMH3bI —
3TO BEJIMYMHA, 00paTHask (POKyCHOMY PaCCTOSHUIO:
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o J11 TOro 4yTOOBI HAWTH (POKYCHOE PACCTOSHUE COOUPAIOIIEH JIMH3BI
YCTaHOBUTE JIMH3Y M IKpaH BJIOJIb OJHOM OCH JMHEHKH TakK, 4TOOBI KpaH
HAXOIWJICA OKOJIO HYJeBOW OTMETKHM IIKajibl JuHeWku. [lpu Hamuumun
OINITUYECKOM CKaMbH JIMH3Y M 9KpaH yCTAaHOBUTE HA HEH BIOJIb OHOM OCH, DKpaH
TaKXKe JOJDKEH HaXOIUTHCS OKOJIO HYJIEBOM OTMETKM IIKalIbl ONTUYECKON

CKaMbH.

o Pa3BepHuTE YCTaHOBKY TakK, 4TOOBI CBET M3 OKHa ayAUTOPUHU
IoIajajl Ha JIUH3Y.

o Tenepb, MENJICHHO TepeMenias JHUH3Y BIOJb JIMHEWKU WIIA

ONTUYECKOM CKaMbH, OTBHIIIATE TAKOE €€ MOJO0KEHUE, IIPU KOTOPOM HA dKpaHe
MOJIy4aeTcsl YeTKOoe M300pakeHne okHa. Kak TOJIbKO OKHO momajeT B ¢GoKyc,
3a(UKCUPYITE TOJOXKEHUE JIMH3BI U OIpPEACNIUTE PACCTOSHHE, Ha KOTOPOM
HAXOJUTCS JIMH3a OT dKpaHa (MMEHHO JIMH3a, a HE MOJICTaBKa, HA KOTOPOW OHa
pacriojaraercs).

o 3anumure B 6JIaHK OTBETOB U3MEPEHHOE 3HAYCHHE JJIs1 POKYCHOTO
pacCTOSIHUS JIMH3bI, BBIPAXKCHHOE B MWJUIMMETPAX U B METpPax, C Y4YETOM
MOTPEMTHOCTH U3MEPEHUS.

J [IpsiMble uW3MEpeHHsT Ha STOM 3aBEPIICHBI, MPUCTYNAEM K
HaXO0XJICHUIO ONTHUYECKOW CWJIbI JIMH3BI. JIJisi 3TOro B pacueTHyr (popmyrny
MOJICTaBbTE 3HAUEHWE HAWJIEHHOTO BaMU (DOKYCHOTO paCCTOSHUS JIMH3BI U
paccuYuTaiTe ONTUYECKYIO CHUITY JUH3bI. Pe3ynbTar 3anuimmTe B 6J1aHK OTBETOB.
UtoObl TOMy4YUTh BEPHOE 3HAYEHUE ONTUYECKON CHIIBI JIMH3BI, HEOOXOIUMO
UCIIOJIb30BATh JIJIsl PACYETOB 3HAaUEHHE (POKYCHOTO PACCTOSHHSI B CUCTEMHBIX
euHUIIaX — B MeTpax. B oTBeTe He 3a0ybTe yKa3aTh €IUHUIBI U3MEPEHHUSI.

Ilepeuenv 6onpocoe k 00CysHcOeHuIo pe3yaibmamos IKChepumMeHma
e Urto Takoe NMH3a U KaKWe BUJbI JIMH3 U3BECTHHI?
o Kaxkas nuH3a Ha3bIBaeTCSI COOMpPAOIICH?
e Yto Takoe onTuyecKas Cuiia JMH3bI?
e (OOBsSICHUTE, TPU KAKOM YCIIOBUM U300paKEHHE MPEIMETa, MOTydaeMoe C
MTOMOIIIBI0 COOMPAIOIIEH JIUH3BI, SIBJSETCS MHUMBIM.
o [locTpoiiTe n3oOpakeHue MpeaMeTa, TOMEIIEHHOTO MEXKITY ONTHYCCKUM
IEHTPOM U (POKycoM coOuparoiei JTHH3bI, U 0XapaKTepU3yHUTe ero.
o Kakue eme CymecTBYyIOT CMOCOOBI OMPENEICHUS ONMTHYECKOW CHIIBI
JIAH3BI?
O:xuaemble pe3yabTaThl IKCIIEPUMEHTA
[TonyyeHHoe B pe3yibTaTe MPOBEAEHUS OMbITA HKCIIEPUMEHTAIBHOE 3HAYEHUE
ONTHYECKOW CUJIbI COOMPAIOIIEH JTMH3BI B MpeJiesax nmorpeurHocreit coctaBut 10 qnp
IPU UCTIOJIb30BAHUM CTAaHIAPTU3NPOBAHHOTO 00OPYAOBAHMUS.
OO0cyxneHHe M aHAIU3 Pe3yJIbTATOB
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[Tocne mpoBeaeHUs FKCIIEPUMEHTA 00yYaIoUIecss MOTYT OOCYAUTh pe3yabTaT U
pOaHaJIN3UPOBATh €ro JOCTOBEpHOCTh. llocie oOcykiaeHus OHM IOJKHBI YMETh
pemaTh 3aJa4d C UCHOJIb30BaHHEM (POPMyYII, CBS3BIBAIOMIUX (POKYCHOE PACCTOSHUE
JMH3BI ¥ €€ ONTUYECKYIO CHITYy, a TaK)Ke J1aBaTh MPABUWIbHBIE OTBETHI HA BOIIPOCHI O
TOM, YTO TaKO€ ONTHYECKUM LIEHTP JIMH3bI, IJIaBHAs ONTHYECKas OCh, (POKyCHOE
paccTosiHUe U ONTUYECKasi CHJIa JIMH3bI; KaKue JIMH3bl HAa3bIBAIOTCA COOUPAIOIINMHU, a
KaKHe — pacCcenBaloOUIMMHU. Takxke ydaniuecs JOJDKHBI IPHOOPECTH HaBBIK N3MEPEHHUS
(OKYCHOTO pPACCTOSHUS M ONTUYECKOM CHJIBI JIMH3BI TPHU TOMOIIU MOAPYYHBIX
CPEACTB.

N3mepenne GoOKyCHOro pacCcTOSTHUS COOMparouIeil JUH3bI
(110 cBOIICTBY paBeHCTBA MpeAMeTa U U300paKeHusl,
KOI'Ia NpeAMeT PaciojioKeH B IBOHOM oKyce)
3agaua Ne 23
Ucnone3ys coOuparomryro JnuH3y Ne 2, »skpaH, JuHeliky, coOepure
AKCIIEPUMEHTAJIbHYIO YCTAaHOBKY JUIsl ONIpeleleHHs (POKYCHOTO pacCTOSHUS
coOuparomiel JIMH3bl [0 CBOWCTBY pPaBEHCTBAa IpeaMeTa M H300pa)kKeHMs, KOraa
IpeaMeT pacrojioKeH B IBOMHOM (oKyce. B kauecTBe HCTOUHMKA CBETA UCTIOIb3YHUTE
OCBETHUTEJb C MOJEIIBIO NpeaMeTa. Pazmecture 3kpaH Ha paccTossHUA 10 ¢M OT JTMH3BI
Ne 2 u, mepemerniast UCTOYHUK CBETa, MOJIYUUTE PE3Koe M300pakeHUE MpeaIMeTa Ha
sKpaHe. AOCOJIOTHAS MOTPEITHOCTh U3MEPEHUS PACCTOSHUS paBHA +2 MM.
OT4eT 0 BBINMOJIHEHUHU SKCIEPUMEHTAIBHOIO 3a/IaHUsl CIIETANTe B CIEAYIOIIEM
BUJIE:
1)  HapucyiiTe SKCHEpUMEHTAIBHYIO YCTAaHOBKY C YKa3aHHEM XOJa
Jy4eu B JIUH3E.
2)  3amummre CBA3b (POKYCHOTO pACCTOSHHSI M PACCTOSIHHS OT
OpeaMeTa JI0 JIMH3bI WK OT JIMH3bI 10 3KpaHa, KOraa pa3Mepsl IIpeAMETa U €ro
JIEHUCTBUTENLHOTO U300paKEHUs PaBHbIE.
3) U3mepbTe paccTOSHUE OT MPEaMETa 0 JIMH3bI U PACCTOSIHUE OT
JIMH3BI 70 KpaHa; U3MEPbTE Pa3MeEPhI IIpeIMeTa U ero U300pakeHus Ha SKpaHe.
4)  VYkaxurte 3HauCHHE (POKYCHOIO PACCTOSIHUS COOMPAIOIICH JIMH3BI
Ne 2 Ha ocHOBaHMM X0Aa JTy4ya. 3alUIIUTE OTBET.

Iannuna Examepuna Anexcanoposna,
yuumenv guzuku MAOY COILI Ne 15
umenu B.U. I'pasxcoanxuna MO Huncxoil pation

IIpakTnueckas padora Ne 23
«M3mepenne POKYyCHOro paccTOSIHUSI COOUPAIONIEH JTUH3bD)
B paMKax u3y4deHust Tembl «JIun3pl. Onruyeckas cujia JMH3bI.
IHocTpoenne n3odpaxkeHni B JIUH3aX» B Kypce « Pu3uka» B 9 Kiacce

OKCIIEpUMEHT TOMOXKET OOydaromumcs cHopMHpOBaTH yYMEHHE OIBITHBIM
MyTeM OMPEAENATh XapAaKTEPUCTUKH JUH3bI: (POKYCHOE PACCTOSHUE M ONTHYECKYIO
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CUJLY, 4 TAK)KE Ha IIPAKTUKE IIPOBEPUTH CIIPABEIINBOCTh TEOPETUUECKUX YTBEPKIACHUM
0 croco0ax TOJIy4eHHS H300pakeHHs TPU TMOMOIIM COOUpArOIIel JIMH3BI U O
XapaKTEPUCTUKAX MOJYYSHHBIX M300paxkeHui. BhIMOTHSS NpakTHYECKy0 paboTy Mo
onpeneieHr0 (OKYCHOTO PacCTOSHUSA COOMparouieil JMH3bI, MIKOJbHUK Y3HAET,
KakuM 00pa3oM MOXHO MOCTPOUTH M300pakeHue, laBaeMoe coOUparolel JIMH30M,
KaKk paccuuTaTh (POKYCHOE paCCTOSHUE M KCCIIEIOBAaTh CBOMCTBA H300paKEHUM,
MOJIYYa€MBbIX C TIOMOILBIO JIUH3HI.

IIpobGaemHass cuTyanusi. YYEHUK TOTOBUTCA K HAy4YHO-IIPAKTUYECKON
KOH(pEepeHIInM, Ha KOTOpOH OH 3aayMan MpPEACTaBUTh MPOEKT IO CO3JaHUIO
ONTHYECKOW CUCTEMBI JUIsl JEMOHCTPALIMHM BO3MOYKHOCTEN U IPUHLIMIIOB PaOOTHI JIUH3.
[IkonbHUK MpuoOpen Ha MapKeTIuieiice Habop cOOMparoUIUX JIMH3, HO, MOJIYYUB UX,
3aMEeTWJI, 4YTO JIMH3bl HE MPOMAPKUPOBAHbI, MX ONTHYECKHE XAPAKTEPUCTUKHU
Heu3BeCTHBI. JlJI1 TpOBENEHHsS] HCCIEAOBAHMI €My HEO0XOJUMO TOYHO 3HATh
XapaKTEPUCTHUKH JINH3, YTOOBI IPAaBUIBHO COOpPATh CBOIO YCTAHOBKY.

MopeanpoBanue cutyanuu. B nabGopaTopuu MIKOJbHUKAM MpEAJIaracTcs
U3MEPUTh (POKYCHOE pacCTOSHUE COOMparoliell JIMH3bI (110 CBOWCTBY paBEHCTBA
pa3MepoB MpeamMeTa M H300pakeHUs, KOIJa MPEeAMET pacloiOKEH B JIBOHHOM
dokyce).

IIpobaemusblii Bonpoc. Kak onpenenuts GOKyCHOE pacCTOSHUE U ONTHYECKYIO
CIIIy HUMEIOILENCs JIMH3bI 0€3 CIenualbHOro 00OpynoBaHUA? YUEHUK 3HAET, UYTO
(OKyCHOE paccTOSTHUE JIMH3bI MU3MEPSETCSs B METpax, a ONTHUYECKasl CHJIa JIMH3bI
U3MEpSIeTCs B AUONTPUSAX U 3aBUCUT OT €€ (POKYCHOro paccTosiHus. EMy Heo0xoaumo
AKCIIEPUMEHTAIILHO ONPEAEIUTh (POKYCHOE pACCTOSIHUE JIMH3BI.

Bonpocuwi 0ns uccnedosanusi.

1. Kaxue MeTonbl uamMepeHus (pPOKyCHOTO pacCTOSIHUS JIMH3BI CYIIECTBYIOT?

2. MOHO ¥ UCIOJIb30BaTh MOJAPYYHBIE CPEACTBA AJIs OnpeaeneHus poKycHOTo

paccTosiHus?

3. KakoBbl cBolcTBa M300pakKeHUM, JaBaeMbIX COOHpAlOIIeH JIMH30HM, B
3aBUCUMOCTH OT PACCTOSIHHSI OT IIPEIMETA 10 JINH3BI?
Kax cBs3aH0 OKYyCHOE pacCTOSIHHE JIMH3BI C ONITHYECKOU CHUIION?
Kakue ¢opmysbl MOMOTYT pelIUTh MOCTAaBICHHYIO 3a1a4y?
B xakux cdepax gesTenbHOCTH MOTYT HA MPAKTUKE MPUTOIUTHCS HABBIKH 110
HKCIIEPUMEHTAJILHOMY OMPECICHNI0 (POKYCHOTO PACCTOSHUSA M ONTHUYECKOM
CHUJIBI COOMpAarOIIeH JIMH3bI?
Ilepeuenv neobxooumoeo 0b6opyoosarus, mamepuaios: coouparomias Jua3a No
2, 9KpaH U JUHEeWKa (UK ONITUYECKask CKaMbsl ¢ MUJUTUMETPOBOI IITIKAJION ), OCBETUTEIb
C MOJEJBIO MPEAMETA, UCTOYHUK TOKA.

JIuH3amMu Ha3bIBAlOT MPO3PAYHBIE TEJA, OIPAHUYEHHBIE KPHUBOJUHEWMHBIMHU
(darre Bcero chepuuecKUMH) I KPUBOJIMHEHHOMN U TIJIOCKON MTOBEPXHOCTSIMH.

[Tpsimasi, mpoxosiias uepe3 HEHTPhI cPepruIecKrX MOBEPXHOCTEH, Ha3bIBACTCA
IJIABHOM ONTHYECKOM OChIO JTMH3BI (CM. PUCYHOK).

Cy1liecTByIOT BBINYKJIbIe M BOTHYTbIE JIMH3bl. Bpimykias jvH3a TOJIIE B
LEHTPE M TOHbIIE MO KpasM. Boramyras nuH3a (pacxoasiuascs JHMH3a) B LEHTpPE

o ok
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TOHBIIIE, YEM MO KpasiM. B BO3/lyXxe BBIMYKIIbIE JUH3bI SABJISIOTCS COOMPAIOIIUMH, A
BOTHYTHIC PacCeHBAIOIINMH.

Ecnyu Ha nuH3Y majgaeT mydoK CBETA, JIydd KOTOPOrO MapajjieibHbl TJIaBHOM
ONTHUYECKON OCH, TO MOCJIe PEJIIOMJICHUS B JIMH3€ OHU TIepecekaroTcs (coOuparoTcs) B
OJIHOM TOUKe, JIeXKAlllel Ha IJIaBHOM OINTUYECKOM OCH B COOMparOIIeH JUH3E, WIH
MIEPECEKAIOTCS UX MPOJAOJIKEHUS B paCCEUBAIOIIEH JIMH3E.

Touka, B KOTOpOW MEpeceKaroTCs MPEIOMIICHHBIE JIMH30M Jy4H, MaJaroliue
MAPAJUICITBHO TJIABHOW ONTUYECKOM OCH, UJIU UX MTPOJAOJKEHHUS], HA3bIBAETCA IVIABHBIM
(phoxycom nuH3bl. O003HAYACTCS OH OOJIBINON JIATUHCKOU OyKBO# F.
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PaccrosiHue OT ONTHYECKOro IIEHTpa JUH3bI J0 €€ TIJIaBHOro (okyca,
Ha3biBaeTcs (pOKyCHbIM paccTosiHueM. Ero Toxe mpuHsATO 0003HAYaTh JIATUHCKOM
oykBoii F, a eqununeit ero usmepenus B CU siBnsercs Mmetp:

Jlis  mocTpoeHUs W300paKeHW B COOMPAIOMIMX JIMH3aX HCIOJIB3YIOTCS
CTaHJApPTHHIE («OTIOPHBIE») JIYUH (CM. CXEMY).

mouka 4 A
A

F N u3zobpaxeHue
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1. Jlyd, mnapamienbHbId TJaBHOM  ONTHYECKOM  OCH, TOCIE
IPEJIOMIICHHS B cOOMparolei JuH3e mpoxoauT yepe3 dokyc (1).

2. Jly4, mpoxonsiiuid uyepe3 ONTUYECKUA LEHTP JIMH3bI B JIIOOOM
HaIpaBJICHUH, HE MCIBITHIBACT MPEIOMIICHHUS M MPOXOJUT 03 M3MEHEHUs
HarpaBJieHus (2).

3. Jlyu, mpoxoasuiui yepe3 nepeaHuid (okyc coOuparomiel JMH3HI,
NOCJIE€ MPEJIOMIICHHS B JIMH3€ UJET NapajuleJbHO TJIaBHOW ONTHYECKON OCH
(3).

OOBIYHO TPH MOCTPOCHUHM H300pAKEHUM, JAaBAEMbBIX JIMH3aMHU, JOCTATOYHO
HCIIOJIb30BATh TOJIBKO MEPBHIE JBA JIyya.

B 3aBHCHMMOCTM OT pacCcTOsSHUS OT IpeaMeTa [0 COOMparoled JHMH3BI
IIOJIy4E€HHOE C IIOMOIIBIO JINH3bI U300pakeHne OYJET UMETh PA3JINYHbIE CBOMCTBA.

Ha cxemax HUXE:
d — paccrossHHE OT IpeaMETa 10 COOUPAIOIICH JTUH3BI

F — dokycHoe paccTosiHUE JTMH3bI

A'p o
HN300paxenue : R
1. MEUMOE - d<F
2. yBEJIMYECHHOE , , :
3. npsamoe >or B g B F 9
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M300paxeHus HeT B

3o00paxenue :

1. neiicTBuTenbHOE B F<d<?F
2. yBEJIMYEHHOE
3. TIlepeBepHyTOE : : . B
oF 4 F 2F
\
A!
N300paxeHue :
L roi A d = 2F
. ICHCTBUTENILHOE
2. paBHOE 110 pa3MepaM : : 5
3. nepeBepHyTOE 2B F N
AJ‘
\
H300paxkenue :
1. nefictButenpnoe A d>2F
2. yMEHBLIEHHOE B’
3. nepeBepHyTOE Bop r oF
A

CTouT OTMETUTh, YTO B Clly4yae, €ClM MNpeaMeT HAXOAWUTCS Ha JBOMHOM
(GokycHOM paccTossHUU OT JIMH3BI (cxema 4, d=2F), To u300paxkeHHe, IaBaeMoe
JINH30M, SBISIETCA JCUCTBUTEIIBHBIM, MMEET PaBHbIe € MNPeAMETOM JIMHEHHBbIE
pa3Mepsbl U pacnoynaraercs Ha pacctossuuu 2F oT aTuH3bL

Buo sxcnepumenma: yaeHU4eCKUU.

Dopma opeanuzayuu y4ebHoU dessmenbHOCmu: UHAUBUyadbHas U TPyIIIOBasl.

Onucanue npogeoenus IKcnepumenma

Heab s3xcnepumenta. M3meputs GoKyCHOE pacCcTOSIHUE COOMPAIOIIEH JTUH3HI,
MCIIOJIh3Ys CBOMCTBO PaBEHCTBA Pa3MEPOB MpeIMeTa U M300paKeHHsI, KOTJa TIPEIMET
pacIiojio’keH B ABOMHOM (hokyce.

3apaum s3xcnepuMenTa. CoOpaTh SKCIIEPUMEHTAIBHYIO YCTAaHOBKY, MOJTYYUTh
YETKOE PaBHOE IO pa3Mepy C MPeaIMETOM H300paKe€HUue NperIMeTa, U3MEPHUTh
HEO0OXOIUMbIE PACCTOSHUS, ONIPEIETUTh (DOKYCHOE PACCTOSTHUE JIMH3BI.

Xoa 3KCrepuMeHTa

o Hapucyiite B OiaHKe OTBETOB CXEMY 3KCHEPUMEHTAIbHON
ycTaHOBKH. M300pa3zure cxemaTuyHo cobOuparouyo jauH3y. OTmeTbTe ee
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ONTUYECKUU IIEHTP U Yepe3 HEro MPOBEAUTE TIIABHYIO ONTUYECKYIO OCh JIMH3BI.
Ha Heli ykaxxute mosno)keHue riaBHOro ¢okyca JIMH3bI M JBOWHOTO (Pokyca
muH3bl. 300pasute npeamMer Ha IBOMHOM (POKYCHOM pacCTOSTHUU OT JIMH3BI.
[TocTpoiiTe n300pakeHne MpeaAMeTa, 1aBaeMOro JTUH30H.

[Ip 4 tet BALIBZOII;'IHOM doxkyce

. - s
\\\\\\ S
T N - \ H

T T S
\:\\ \
2F F g 2F

o 3anumure B O6JIaHK OTBETOB (hOPMYITY, CBSI3BIBAIONIYIO (DOKYCHOE
pPacCTOSIHME U PACCTOSIHUE OT MPEAMETA 10 JIMH3bI WM OT JIMH3BI 0 AKpPaHa,
KOT'/Ia pa3Mephl MpeIMeTa U ero JACHUCTBUTEIHHOTO N300paskeHus paBHbl. Eciu
0003HAYUTh PACCTOSHHUE OT MpeaMeTa A0 JIMH3bI OykBoll d, TO 3Ta CBS3b
COTrJIaCHO CXEME HKCIIEPUMEHTA BbIpaxkaeTcs (popMyioi:

d =2F,
OTKyJa:
=4
2
J B kauecTBe uctouHuka cera (mpeamera) UCTOoJIb3yHTe OCBETUTEh

C Mojaenblo mnpeaMera. [ns Toro 4TtoObl HaWTH (POKYCHOE pPACCTOSHHE
cobuparome JMH3bl YCTAHOBUTE JIMH3Y, SKPaH U OCBETUTEIb BJIOJIb OJTHOU OCH
BJIOJIb JTMHEUKHU TaK, YTOOBI SKpaH HAXOJAUJICS OKOJIO HYJIEBOU OTMETKH IIKAJIbI
JMHEWKH, a nH3a Ha pacctodHuu 10 cm oT 3kpaHna. [Ipu Hanuuuu onTU4YecKon
CKaMbH JINH3Y, 9KPaH U OCBETUTENIb YCTAHOBUTE HA HEW BJI0JIb OJJHOM OCH, SKpaH
TaKXe€ JIOJKEH HAXOJUThCS OKOJIO HYJIEBOM OTMETKHM IIKaJIbl ONTHYECKOU
cKaMbH, a TuH3a B 10 cM OT 3KpaHa.

o [TonkirounTe OCBETUTENH K UICTOYHUKY TTUTAHHUS.

o MenneHHo miepemMenias OCBETHTENb BJAOJb JIMHEUKH WM
ONTHUYECKON CKaMbH, OTHIIIIUTE TAKOE €T0 MOJIOKEHHE, IIPU KOTOPOM Ha dKpaHe
MOJIy4aeTCsl YeTKOE PaBHOE IO pa3Mepy H300paKeHUE MOJCIH MpeaMeTa.
3adukcupyiTe 1aHHOE TTOJIOKEHUE OCBETUTEIIS.

o N3mepbTe paccTosiHME OT OCBETHUTENs (MpeameTa) A0 JUH3HI d,
paccTostHUE OT JIMH3BI 10 dKpaHa f, JIMHEWHbIE pa3Mepsbl npenMera h u ero
n300pakeHus Ha 3kpane H.

° 3anuimuTe B OJJaHK OTBETOB M3MepeHHble 3HaueHus 11 d, f, h u H
C YYETOM MOTPEMIHOCTH U3MEPEHHUS.
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o B pacuetnyio gopmyny moactaBpTe 3HaYCHHE HaiJIEHHOTO BaMHU
paccTOsHUS OT OCBETUTEINA A0 JIMH3bI d U paccunTaiite GOKYyCHOE pacCTOsSHUE
auH3bl F. PesynpraT 3anumuTe B 6J1aHK 0TBETOB. B 0TBETE HE 3a0yAbTe yKa3aTh
€IUHULIBI U3MEPEHUSL.

Ilepeuenv 6onpocog k 00CysHcOeHUIo pe3y1bmamos IKChepumeHma
e Yro Takoe JIMH3a ¥ KaKWe BUJIbI JIMH3 U3BECTHBI?
Kakast 1uH3a Ha3bIBaeTcst coouparonieit?
Urto Ha3bIBatOT (POKYCOM JIMH3BI?
Yrto Takoe (OKyCHOE PacCTOSIHUE JIMH3BI?
OOBsicCHUTE, TTPU KaKOM YCIIOBHH H300pakKCHHE MPEMETA, TTOTydaeMOe C
MOMOIIBIO COOMPAIOIIEH JIMH3BI, ABJISETCS MHUMBIM.
e [locTpoiiTe n3oOpaxkeHue MpeaMeTa, MOMEIIEHHOTO MEXKIY ONTHYECKUM
HEHTPOM U (DOKYCOM COOMpAIOIIeH JIMH3bI, U OXapaKTePU3yITe €ro.
o Kakue elre CymecTBYIOT crocoObl orpeieieHusi JOKYCHOTO pacCTOSTHHUS
JIAH3BI?

O:xuaemMble pe3yabTaThl IKCIIEPUMEHTA

[TomyyeHHoe B pe3yibTaTe MPOBEJCHUS OMbITA HKCIIEPUMEHTAIBHOE 3HAUCHHE
(dhOoKyCHOTO paccTosiHUSI coOUparoliei JTMH3bI B Ipe/eax MorpenrHocTei coctaBuT S0
MM TIPH UCTIOJIB30BAHUH CTAHIAPTU3UPOBAHHOTO 000PYIOBaAHUSI.

OO0cy:kneHue U aHAJIU3 pe3yJabTaTOB

[Tocne mpoBeaeHMs SKCIIEPUMEHTA 00yUaIOIUecs MOTYT OOCYIUTh PE3YJIbTAT U
IPOAHATU3UPOBATH €r0 JIOCTOBEPHOCTh. [locie oOCykneHus OHU JOJIKHBI YMETh
CTPOUTH M300paKCHUS, JaBA€MbIC JIMH30M, a TaKXKE JaBaTh MPaBUILHBIC OTBETHl HA
BOIIPOCHEI O TOM, YTO TAaKOE ONTHYECCKUN IIEHTP JWH3BI, TJIABHAs ONTHUYECKAas OCh,
(GOKyCHOE pacCTOSIHME W ONTHYECKas CHWJIa JIMH3bI, KaKWe JIMH3bI Ha3bIBAIOTCS
coOMparomyMu, a KakKue — pacCEHBAIONIMMH; KaKOBBl  XapaKTCPUCTUKH
M300paKCHHM, JaBa€MbIX COOMpAIOIIel JTMH30HM, B 3aBUCUMOCTH OT PAaCCTOSHUS OT
mpeaMeTa J0 JUH3BL. Takke ydammuecs JODKHBI MPUOOPECTH HABBIK W3MEPCHHS
(OKYyCHOTO pacCTOSHUS JTUH3BI AKCIIEPUMEHTAIBHBIM CITIOCOOOM.

HcciienoBanue cBOiiCTB H300PaKeHNs], OJTYYEHHOT 0 ¢ IOMOLIbIO
coOuparei JUH3bI

3apaua Ne 24

Hcnone3yss cobuparomryro JnuH3y Ne 2, »skpaH, nuHeiiky, coOepure
OKCIIEPUMEHTAILHYI0 YCTAHOBKY IS HCCJEJAOBAaHMS CBOWCTBA M300paxeHUs,
MOJIYYEHHOTO C TIOMOLIBI0 coOuparouieil JuH3bl. B KadyecTBe MCTOYHMKA CBETa
UCIIOJIB3YHUTE OCBETUTEND C MOJIEIIBbIO IpeAMeETa. Pa3mecTrure npeaMeT Ha pacCTOSHUU
18 cM oT nauH3Bl Ne 2 W mojayduTe pe3koe M300pakeHue MpeaMeTa Ha dKpaHe.
AOGcoII0THas! TOTPEIIHOCTh U3MEPEHUS PACCTOSTHUS paBHA £2 MM.

OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIIBHOTO 33JaHus CIIEJAalTe B CIEAYIOLIEM
BU/JIE:
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1)  HapucyiiTe SKCHEpUMEHTATBHYIO YCTAaHOBKY C YKa3aHHEM XOja
JIy4el B JIUH3E.

2)  H3mepbTe paccTOsHUE OT MpEaMeTa 0 JIMH3bI U PACCTOSIHUE OT
JIMH3BI 10 SKpaHa, pa3Mepsbl ITpeaMeTa (CTPEIKU) U ero n300pakeHUs Ha SKpaHe.

3) Cpenaiite BBIBOJA O CBOMCTBaX MOJYYEHHOTO HM300paKeHHS
(MHMMOE WM AEUCTBUTEIBHOE, YMEHBIIEHHOE WIN YBEIMUEHHOE, IPSIMOE WIN
IEPEBEPHYTOE). 3AMUILIUTE OTBET.

Hanauna Examepuna Anexcanopoena,
yuumens puzuxu MAOY COLL Ne 15
umenu B.U. I'pasxcoanxuna MO qunckoii pation

IIpakTnueckas padora Ne 24
«HMccneqoBanne CBOMCTB M300pasKeHNs], MOJLy4Y€HHOI0 ¢ IOMOIIbIO
coOuparomeii JUH3bD> B paMKax u3y4eHus TemMbl «JInH3bl. Onruyeckas cuia
Jun3bl [locTpoenne n3o0paxeHuii B JIMH3aX» B Kypce «Pu3uka» B 9 kiacce

DOKCHEpUMEHT MOMOXKET 00yJarouUMCs MOHATh, KaK 3aBUCAT XapaKTEPUCTUKH
M300paKeHUsl, 1aBaeMOT0 JIMH30M, OT PaCCTOSIHUS OT MPEIMETA JI0 JIMH3bI, a TAKXKE Ha
MPaKTUKE TPOBEPUTH CIPABEAJIMBOCTh TEOPETUUYECKUX YTBEPXKACHUH O crocobax
MOJTyYeHUs] U300paKeHUs MPU TOMOIIM COOMpArOIIel JIMH3BI U O XapaKTePUCTUKAX
MOJYYEHHBIX U300pakeHUU. BBIMOMHAS MpakTU4YeCKyr padoTy, MIKOJIBHUK Y3HAET,
KakUM 00pa3oM MOKHO MOCTPOUTH U300paKeHHE, JaBaeMOe COOUpAarOIIeH TUH30M, 1
HCCIIeTyeT CBOMCTBA N300paKEHUH, TTOJTy4aeMbIX C TTIOMOIIBIO JTUH3HI.

IMpo6aemuas curyanus. [IkonpHUK Ha MpakTUYeCKOW pabote Mo ¢GuU3HKe B
paMKax u3ydeHus paznena « ONTUKa» B3TJISTHYJ HA BUCAILINN HA cTeHe nopTpet Mcaaka
HproTOoHa CKBO3b JyIy ¥ OOHAPYXKWJI, YTO M300PAKEHHUE BEIMKOIO0 YYEHOTO CTaJlo
MaJICHbKUM U MEPEBEPHYTHIM. Y YCHUK 3aMHTEPECOBAJICS JAHHBIM (PaKTOM.

MopeanpoBanue cutyanuu. B nabGopaTopuu MIKOJbHUKAM TMPEAJIaracTcs
MCCJIEI0BATh CBOMCTBA M300paKeHM S, TOJYYSHHOTO C TOMOIILI0 COOMPAIOIIEH JTHH3BI.

IIpo6aemublii Bompoc. Kak Oymer M3MEHSThCS H300pakeHUE MpeaMera,
JlaBaeMoe JIMH30M, MPYU U3BMEHEHUU PACCTOSHUS OT MpeaAMETA JI0 JIMH3BI U OT JIMH3HI J10
U300paxeHus, a TAKXKe IPU U3MEHEHUU XapaKTEPUCTHUK JIUH3BI?

Bonpocuw 0ns uccnedosanusi.

1. Kak wu3Mensercss wuzo0pakeHHME B 3aBUCUMOCTH OT PaCIMOIOKEHUs
peIMeTa OTHOCUTENIbHO JIMH3bI?
2. Ha xakoMm paccTosiHMM OT cOOuparonieil JUH3bl HY>KHO PaCIOJIOKUThH

MPEAMET, YTOOBI TIOMYYUTh H300paKeHNe: a) YMEHbBIIICHHOE, 0) paBHOE MIPEAMETY, B)
yBEJIMUEHHOE (MIPSIMOE U MEepEeBEPHYTOE)?

3. Bnuser nmu ¢poxycHOE paccTOsIHHE TUH3bI HA XapaKTEPUCTUKH 1aBA€MOT0
MU300pakeHUs?
4.  Kak onpenenuts POKYCHOE pPacCTOSHUE JIMH3BI SKCIIEPUMEHTAIBHO?
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Ilepeuenv Heobx00uMo20 060py008anUs, Mamepuaios: coouparomas JuHa3a Ne
2, 9KpaH U JUHEeWKa (MK ONTUYeCKask CKaMbs ¢ MUJUTUMETPOBOH IITIKAJION ), OCBETUTEIb
C MOJICJIBIO TIpeMEeTa, HCTOYHUK TOKa.

JIuH3amMu Ha3BIBAIOT MPO3pAayHbIC TeJla, OrPAaHUYCHHBIC KPHUBOJIUHEHHBIMHU
(darre Bcero chepuuecKUMH) I KPUBOJIMHEHHON U TIJIOCKON MTOBEPXHOCTSIMH.

[Ipsimast, mpoxoasiias yepe3 HeHTPHI chepruuecKux MOBEPXHOCTEH, HA3bIBACTCS
IJIABHOM ONMTHYECKOH 0ChIO JIMH3bI (CM. PUCYHOK).

CyliecTBYIOT BBINMYKJIbI€ U BOTHYTbI€ JIMH3bL. Bbimykias auH3a TOJIIE B
LIEHTPE U TOHbIIE MO KpasMm. BorHyras nuH3a (pacxoismiascs JUH3a) B ILEHTPE
TOHBIIIE, YeM MO KpasiM. B BO3myxe BBINMYKIIbIC JTUH3BI SIBISIOTCS COOMPAOIIMMHU, A
BOTHYTHIC PACCeUBAIOIIUMM.

Ecnu Ha nuH3Yy magaeT mydoK CBETA, JIydd KOTOPOTro MapaijieidbHbl TJIaBHOU
ONTHUYECKON OCH, TO MOCTIE MPEJIOMIICHHUS B JIMH3€ OHU NepeceKaroTcs (CoOuparoTcs) B
OJTHOM TOYKE, JIe)KAIlleH Ha IJIaBHOW ONTHYECKON OCH B COOMpArOIIeH JUH3E, WIH
MIEPECEKAIOTCS UX MPOJAOJIKEHUS B paCCEUBAIOIIECH JIMH3E.

Touka, B KOTOpOM MepeceKaroTCs MPEIOMJICHHBIC JIMH30M Jy4M, MaJaroliue
NapaJijIeIbHO TJIABHOM ONTUYECKOM OCH, UJIU X ITPOJAOJKEHHUSI, HA3bIBACTCA IJIABHBIM
(doxkycom nuH3bI. OO03HAYACTCS OH OOJIBIIION JaTHHCKOM OyKBO# F.

[nasHbIA
dokyc
>
"
F 0
_ o = ‘; B
V‘ F
‘ v
> -
OnTuyeckuit MnasHas
LeHTP onTUYeckas ocb
L4
~—.
F Y :
b b— 7
.y > g '
lnasHbIV 2
$okyc

PaccTossHMe OT ONTHYECKOrO IEHTpa JHMH3BI JO €€ IJIaBHOro (oKyca,
Ha3bIBaeTCsd (POKYCHbIM paccTrosiHMeM. Ero Toxe mpuHATO 0003HAYaTh JIATUHCKOU
OykBoil F, a eqununeit ero usmepenus B CU sipnsiercs Metp:

Jis moctpoeHUs U300pakeHW B COOMPAIOMIMX JIMH3aX HCIOJIb3YIOTCA
CTaHAAPTHBIE («OMOPHBIEM) JIYUH (CM. CXEMY).
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E\\\\‘ u3obpaxeHue
\ 4
1. Jlyy, TmapamienbHBIM  TJABHOM  ONTUYECKOM  OCH, IOCIE
MIPEJIOMIICHHS B COOMparoIe InH3e MpoxoauT yepe3 dokyc (1).
2. Jlyy, mpoxoasimuii depe3 ONTUYECKHM IIEHTP JIMH3BI B JIIOOOM

HaIlpaBJICHUHU, HE WCHBITHIBACT MPEJIOMIICHUS U MPOXOAUT 03 H3MEHEHHUS
HarpaBieHus (2).
3. Jlyu, npoxoasimuii yepe3 nepeaHuii Gpokyc coOuparomieil TuH3HI,
MOCJIe MPEJIOMJICHHUSI B JIMH3E UJIET MapaJIIeIbHO TJIaBHOM onThuueckoit ocu (3).
OOBIYHO MpPH TOCTPOCHUM H300pPAXKEHUM, NaBAEMbIX JIMH3aMH, JOCTATOYHO
HCMOJIb30BaTh TOJBKO NEPBBIC /IBA JTyYa.

B 3aBHCHMMOCTM OT paccTOsHUS OT MNpeAMeTa [0 COOUparoIied JIMH3BI
MOJIyYE€HHOE € IOMOIIBIO JINH3bI U300pakeHne OyJET UMETh PA3JINYHbIE CBOICTBA.

Ha cxemax HUXE:
d — paccrostHHE OT IpeaMETa 10 COOMPAIOIICH THH3EI

F — dokycHoe paccTosiHUE JIMH3bI

H3o00paxenue : ARG
1. MaUMOE
2. yBeIIMUEHHOE

3. paoe 2r BT P

99



M300paxkenust HeT . B l
2F F PN
H300paxenue : /
1. nelicTBUTENBHOE B F<d<?2F
2. YBEJIUUEHHOE
3. nepeBepHyTOE , : , B
oF A F 2F
\
/1!
N300paxkeHue :
. PANE d = 2F
. AEHCTBUTEIBHOE
2. paBHOE I10 pazMepaMm : : B
3. epeBepHyTOE 2B F | 2F
A’
\
H300paxkenue :
1. nefictBuTteneHoe A d>2F
2. yMEHBLIEHHOE B’
3. nepeBepHyTOE Bop F oF
A

Buo sxcnepumenma: yaeHU4ECKU.

Dopma opeanuzayuu y4ebHou dessmeabHOCmu: UHAUBUyadbHas U TPyIIIOBast.

Onucanue npogedeHus IKCnepUMeHma

Hean 3xcnepuMmenTa. VccnenoBaTh CBOMCTBA M300paX EHUs, MOTYYEHHOTO C
ITOMOIIBI0 COOMPAIOIICH JIMH3HI.

3agauu 3xkcnepumenta. CobpaTh SKCIIEPUMEHTANIBHYIO YCTAHOBKY, MOJIYYUTh
YeTKOE M300pakeHHe MPEAMETa, PACIIOIOKEHHOTO Ha pacCTOSTHUU 18 ¢M OT JHMH3BI,
OXapaKTepu30BaTh NOJYUYEHHOE N300paKEHHE.

Xoa IKCrIepuMeHTa

o Hapucyiite B OiaHKE OTBETOB CXEMY 3KCIEPHUMEHTAIbHON
ycTaHoBKH. M300pa3uTe cxematwuuHO coOuparonryro nuH3y. OTmeTsTe ee
ONTHUYECKUU LEHTP U YEPE3 HErO MPOBEAUTE TNIABHYIO ONTUYECKYIO OCh JIMH3BI.
Ha neil ykaxkute moyioskeHue riaaBHoro (okyca nua3bl. M300pa3ute npeamer.
[Toctpoiite nm3o00pakeHue mpeameTa, AaBaeMoro JuH30i. B manHoit pabote
CXEMY OKCIIEpUMEHTa CTOMT CKOPPEKTHpPOBATh, COIrJacys IIOCTPOCHHS C
pe3ynbTraramu JKCIIEPUMEHTA, YUUTBIBAs peanbHO IIOJIyYCHHBIE
XapaKTePUCTUKHN U300paKEeHUSI.
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H3o6pakeHnue: AeﬁﬂB“Teﬂbm “

nepeBepHyTOE

o Cobepute  HKCHEPUMEHTAJIbHYIO  YCTAHOBKY. Y CTaHOBUTE
OCBETUTEJb, TUH3Y U SKPaH OJHOW OCH BJIOJIb JTUHEHKHU TaK, 4TOObI OCBETUTEID
HaXOJWJICS OKOJIO HYJIEBOM OTMETKH IIKAJIbI JINHEMKH, a JJUH3a HAa PACCTOSHUU
18 cm ot oceerutens. IIpu HaMYMK ONTUYECKON CKAMbH OCBETUTEIND, JINH3Y U
DKpaH yCTAaHOBHUTE HA HEW BIOJIb OJHOM OCH, OCBETUTEIb TAKKE HOJDKEH
HaXOJUTHCS OKOJIO HYJIEBOW OTMETKHU IIKAJIBI ONTHYECKOW CKaMBH.

o [ToaxirounTe OCBETUTENH K ICTOYHUKY ITUTAHHUS.

o MenneHHo nepemenias 3KpaH BIOJb JIMHEWKHA WM ONTHYECKON
CKaMbH, OTBIIIUATE TAKOE €r0 IOJIOXKEHUE, IIPU KOTOPOM Ha HEM I0JIy4acTCs
YEeTKOE M300pakKeHHe MOJENH NpeaMeTa. 3adUuKCUpylTe JaHHOE MOJIOXKEHHUE

OCBETHUTEI.

o N3mepbTe paccTosiHME OT OCBeTUTENs (Mpeamera) A0 JUH3bI d,
paccTosTHUE OT JIMH3HI 10 dKpaHa f.

° 3anummTe B 0J1aHK OTBETOB PE3yJIbTAaThl U3MEPECHHS PACCTOSIHUS OT
npeaMeTa 0 JMH3bI d ¥ OT JIMH3BI 10 u300pakeHus f ¢ yueToM ImOrpenrHoCcTy
U3MEPCHUS.

° 3anumuTe B OJaHK OTBETAa XapaKTEPUCTUKH IOJYYCHHOTO
M300paKeHHUS:

1. JlelicTBUTEIBLHOE U MHUMOC;

N

[Ipsimoe unu nepeBepHyToe (oOpaTHoOE);
3. YBenu4ueHHOE WM YMCHBIIICHHOE,

° B HexoTophIX BapuaHTaxX MaHHOW MPAKTUUECKOW pabOThI, TOMUMO
XapaKTepUCTUK TPEIMeTa, TaKXe TpeOyeTcs OMNpeleuTh €ro TMOJIOKEHUE
OTHOCUTEIHHO (OKyca U TBOMHOTO Pokyca JnH3bl. CHaenarb 3TO MOXKHO, 3Has,
KaKOMY TOJIOKEHHUIO MPEeIMETa COOTBETCTBYIOT T€ WJIM WHBIC XapaKTEPUCTUKHU
n3o0paxeHus. A poBepUThH celsl BCerja MOKHO MOCTPOSHUEM H300pakeHUs
MpeaMeTa B JIMH3E.

Ilepeuenv 6onpocog k 00CyHcOeHUIo pe3yrbmamos SKChepumMeHma

. Kakue cBoiicTBa n300pakeHHsI MOKHO HCCIIe10BaTh B 10100HOM padore?
. Kak pacnonosxenue npeamMera OTHOCUTENIBHO JIMH3bI BIMAET HAa CBOMCTBA
MU300pakeHUs?
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. Kak mnpm ynmaneHnn mnpenMera OT JIMH3BI MEHSIOTCS  CBOMCTBA
nu300paxeHus?

O:xupaembie pe3yabTaThl IKCIIEPUMEHTA

[TomryueHHOE B pe3yibTaTe NPOBEACHHUS ONbITa H300pakeHue Oyner
JENCTBUTEIILHBIM, IIEPEBEPHYTHIM U YMEHBIICHHBIM.

O0cy:kneHue u aHaJIU3 pe3yabTaTOB

[Tocne npoBeaeHUs HKCIEPUMEHTA 00YUaIOLIUECS MOTYT OOCYIUTh PE3YJIbTaT U
MIPOAHAIM3UPOBATh €ro JOCTOBEPHOCTh. Ilocie oOCy)IeHus OHU JOJKHBI YMETh
CTPOUTH U300paKEHUs], JABAEMbIE JIMH30M, a TAKXXE JaBaTh MPABUJIbHBIE OTBETHI HA
BOIIPOCHI O TOM, YTO TAKOE€ ONTHYECKUU LIEHTP JMH3bI, TJIABHAS ONTHYECKas OCh,
(OKyCHOE pacCTOSIHME W ONTHYECKas CHJIa JIMH3bl; KaKWe JIMH3bl Ha3bIBAIOTCSA
coOMparolllMMH, a KaKue — pacCEeUBAIOUIMMH; KAKOBbl  XapaKTEPUCTUKH
M300paKeHH, JaBaeMbIX COOMpAIOIIEH JIMH30M, B 3aBUCUMOCTH OT PACCTOSHUS OT
peaMera 10 JIMH3BIL.

HccaenoBanue n3MmeHeHusi GOKYCHOr0 pacCTOAHMS JABYX CJI0KEHHbIX JTMH3
3agaua Ne 25

Ucnonb3ys cobuparomue nun3bl No 1 u No 2, skpaH W JIMHEWKY, coOepuTte
AKCIIEPUMEHTAJIFHYI0 YCTaHOBKY JUIsl HCCIENOBaHUS M3MEHEHHsI (POKYCHOTO
pPacCTOSIHUSL CHCTEMBbI U3 JIBYX CJIOKEHHBIX JIMH3. B KayecTBe HMCTOYHUKA CBETa
UCIIOJIb3YWTE CBET OT YAAQJIEHHOIO OKHA WM YJAJE€HHOTO OOBEKTa 3a OKHOM.
AOCOII0THAS TOTPELTHOCTh U3MEPEHUS PACCTOSIHUS paBHA +2 MM.

OT4eT O BBINMOJIHEHUHU SKCIEPUMEHTAIBHOIO 3a/IaHUsl CIIETATe B CIEAYIOIIEM
BUJIE:

1) HapucyiiTe cXeMbl SKCIIEPUMEHTAIBHBIX YCTAHOBOK C YKa3aHUEM X0/ Jy4cii B
JIMH3aX.

2) TlonyuuTe yeTkoe n300pakeHHE yIAICHHOTO OKHA WM YIAJIEHHOTO 00BhEeKTa 3a
OKHOM Ha »KpaHe mpu mnomoimud JuH3bl Ne 1 u um3mepbre ee GOKycHOE
paccrosinrie. Bo BTOpOM OmbITe UCMONB3YyWTe cpa3y naBe JUH3bI (Ne 1 u Neo 2),
PacIoJIOKEHHBIC BIUIOTHYIO IPYT K JIPYTY, U onpeieuTe HOKYyCHOE pacCTOsTHUE
MOJTYYE€HHOU CHUCTEMBI JINH3.

3) CpaBuute (HOKYCHBIE PACCTOSHHUS OJHOW JHMH3BI W CHCTEMBI H3 JBYX
coOuparomux auH3. CrenaiTe BBIBOJ O XapakTepe HM3MEHEHUs: (POKYCHOro
paccTosiHUSL. 3alUIINTE OTBET.
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Hanauna Examepuna AnexcanopoeHa,
yuumenv guzuku MAOY COILI N 15
umenu B.U. I'pasxcoankuna MO Huncxoil pation

IIpakTuyeckasi pabora Ne 25
«HUccaenoBanne u3MeHeHNs1 GOKYCHOT0 PACCTOSIHUA IBYX CJIOKEHHBIX JIMH3»
B paMKax u3y4eHus Tembl «JIuH3bl. OnTHYecKas cujia JUH3bD)
B Kypce «@Pu3uka» B 9 kiacce

DKCIEPUMEHT MOMOKET O0yYarolUMCS MOHATh, KaK OMBITHBIM ITyTEM MOXHO
OTIPECTUTh XAaPAKTEPUCTUKU JMH3BI WM CHUCTEMBI JHH3: (POKYCHOE PACCTOSHHUE U
ontuyeckyro cuiy. IIIKOJbHUKKM CMOTYT Ha MpPAKTHUKE MPOBEPUTH, KaK BIUSET Ha
XapaKTePUCTUKU ONTUYECKOW CUCTEMbl U3MEHEHHE KOJWYECTBA JIMH3, BXOMSIINX B
Hee, a TakKe NIPOBEPUTH CIPABEAJIUBOCTh TEOPETUUECKUX YTBEPKIACHUHN O criocobax
MOJIYYCHHS U300paKEHUs TIPU IIOMOIIN COOUPAIOIICH JIMH3BI.

IIpo6aemuas curyanus. llIkonbHUK Ha MpakTHYECcKoi paboTe Mo OUOIOTUU
HAO0JII0Ia€T B MUKPOCKOII CPe3 JIMCTA PACTEHUSI, HO €My HUKaK HE yJaeTcs MOJy4YUTh
YeTKOEe M300pakeHne MaTepuaiia. B rooBe y yueHHKa BOZHUKAET UJIesl MOJCTAaBUTh
noJi 00OBEKTUB MHUKPOCKONA OYKH COCela MO MapTe, YTOOBl YIYUIIUTh KadeCTBO
M300paKeHHS.

MoaenupoBanue curyanum. B naGopatopuu IIKOJBHUKAM TMpejjiaraeTcs
CpaBHUTH (POKYCHOE pacCTOSTHUE COOMPAIONIEH JTMH3bI U CUCTEMBI U3 JIBYX CJI0KEHHBIX
BMECTE COOMPAIOIINX JIUH3.

IIpo6semublii Bonpoc. Kak uzmensiercss GOKyCHOE pacCTOSTHUE CUCTEMBI JIBYX
JIMH3, CIIO)KEHHBIX BMECTE, IO CPaBHEHUIO C (DOKYCHBIM pPACCTOSHUEM OIHOU
cobuparorei JTMH3bI?

Bonpocuw 015 uccredosanus.

1. Kakue MeToabl U3MEpEHUs ONTUYECKOMN CHUIIbI JIMH3BI CYIIECTBYIOT?
2. MOXHO JIM HUCIIONB30BaTh MOJIPYUYHbIE CPEJCTBA I ONpeaeiaeHus] POKYCHOTO
paccTosiHus?
Kax cBs3aH0 OKyCHOE pacCTOSIHHE JIMH3BI C ONITHYECKOU CHUIION?
Kaxue hopmysel TOMOTYT PEeIIUTh MOCTABICHHYIO 33124y ?
Kak wm3menutcsi (pokycHOE pacCTOSIHME CHUCTEMBI JIBYX JIHMH3, CJIOKEHHBIX
BMECTE, 110 CPABHEHUIO C (DOKYCHBIM PACCTOSTHUEM OJJHOM coOMparole JMH3bI?
6. B kakux cdepax AesTEILHOCTH MOTYT Ha MPAKTHUKE MPUTOAUTHCS HABBIKU TIO

AKCIIEPUMEHTAILHOMY OINpEIEIeHUI0 (POKYCHOTO PACCTOSIHUS U ONTHYECKOU

CHJIBI COOMpaIOIIeH JIMH3bI?

Ilepeuenv Heobx00uMo20 000pPY00BaHUS, MAMEPUANOs: COOUPAIOIINE JTUH3BI
Nel u Ne2, skpan u nuHeMKa (MU ONTHYECKAs] CKaMbsl ¢ MIJIJTUMETPOBOM HIKAJION).

JIuH3amMu Ha3bIBAIOT MPO3PAYHBIC TEJd, OrPAHMYEHHBIE KPHUBOJUHEHHBIMHU
(dame Bcero chepuuecKrMM) UM KPUBOJTMHEWHON U TIFIOCKOM MOBEPXHOCTSIMHU.

[Tpsimasi, mpoxosiias uepe3 HEHTPhI cPepruuecKrX MOBEPXHOCTEH, Ha3bIBACTCA
IJIABHOM ONTHYECKOM OChIO JTUH3BI (CM. PUCYHOK).

ok~ w
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CyliecTBYIOT BBINMYKJIbI€ U BOTHYTbIe JIMH3bL. BbiMykinas auH3a TOJIIE B
IIEHTpe W TOHbIIE MO KpasM. BorHyras nmH3a (pacxojsiascs JIMH3a) B IIEHTPE
TOHBIIIE, YEM IO KpasMm. B BO3ayXe BBINYKIIBIC JIMH3BI SBISIOTCS COOMPAIOIIMMHU, a
BOTHYTHIC PacCeHBAIOIIMMH.

Ecnyu Ha nMH3Y majgaeT mydoK CBETA, JIyYd KOTOPOro MapasjieiabHbl TJIaBHOM
ONTHUYECKON OCH, TO TTOCJIE MPEJIOMJICHHUSI B JIMH3€ OHU NIEpeceKaroTcs (CoOuparoTcs) B
OJIHOM TOUKe, JIeXKalllell Ha TJIaBHOW ONTHYECKON OCH B COOMpArOIIEH JUH3E, WIH
MEPECEKAIOTCS UX MPOJOJLKEHUS B PACCEUBAIOLIECH JIMH3E.

Touka, B KOTOPOW MEPECEKAIOTCA MPEIOMIICHHBIE JIMH30U Jy4H, MAaJAr0lIne
MApAJLICIIBHO TJIABHOW ONTUYECKON OCH, WJIU UX ITPOJAOJKEHUS, Ha3bIBACTCS IVIABHBIM
(poxkycom nun3bl. OO03HAYAETCS OH OOJIBIIION JaTUHCKOM OyKkBO#t F.
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PaccTossHME OT ONTMYECKOrO LEHTpa JMH3BI 1O €€ INIaBHOro (oKyca,
Ha3bIBaeTCsd (POKYCHbIM paccTrosiHMeM. Ero Toxe mpuHATO 0003HAYaTh JIATUHCKOU
oykBoil F, a eqununeit ero uamepenus B CU siBnsiercs Metp:

[F1=[m].

Kpome Toro, paznuunsie JIMH3BI OYIyT MO-pa3HOMY MPEIOMIISATH JIyYH CBETA.
Hanpumep, Oosiee BBITSIHYTas JIMH3a NPEJIOMIISIET JIyuH ciiabee, yeM 0osiee BbITyKIIas,
TaK Kak y moclieIHel MeHblle GoKycHOe paccTosiHue. J1Jig KONUyecTBEHHON OLEHKU
MPEIOMIISIONIEH CIOCOOHOCTH JIMH3bI BBOJST BEIMUMHY, HAa3bIBAEMYIO ONTHYECKOM
CHJION JIMH3BI, KOTOpasi 0OOpPaTHO MPONOPLHMOHAIbHA (POKYCHOMY PacCTOSIHUIO:

1

D=+
~F
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B 3anmcannoit popmyiie 3HAK «+» OepeTcs Aig COOMPAIOIIe TUH3HI, a «—» —
JUISl pacCEMBAIONIEH, TaK Kak ee (POKYyC MHUMBIN.

Enunaunei nsmepenust ontuueckom cuiibl B CU cirykut M 1. BHeCHCTEMHOM ke
EIMHUIICH U3MEPEHUS SIBIIACTCS TUONTPHUS.

I[J'I)I CUCTEMBI U3 IBYX MJIH 0oJ1ee coﬁnpaloumx JIMH3, CJIOKCHHBIX BMCCTC,
COBOKYIIHAsA OIITUYCCKAA CUJId paBHA anreﬁpanquKoﬁ CYMME€ OIITUYCCKUX CHII OTHUX
JIUH3.

Buo sxcnepumenma: yaeHU4eCKUU.

Dopma opeanuzayuu y4ebHOU OesmenbHOCmY: UHANBUAYalIbHA U TPYIITIOBAs.

Onucanue npogedenus SKCnepumMeHma

Heas 3xcnepumenta. lccienoBaTh U3MEHEHHE (POKYCHOIO PACCTOSIHUS
CUCTEMBI JBYX JIMH3, CJIOKEHHBIX BMECTE, B CPAaBHEHHH C (DOKYCHBIM paCcCTOSTHUEM
OJIHOM cOOMparoIieu JIUH3HI.

3agauu 3xcnepuMenTa. CoOparh SKCIIEPUMEHTAIbHbIE YCTAHOBKU, U3MEPUTH
(oKycHOE paccTOsIHUE OJHOM JIMH3bI, U3MEPUTH (POKYCHOE PACCTOSTHUE CUCTEMBI ABYX
JIMH3, CPAaBHUTH ITOJIyYCHHBIE 3HAUCHHUS.

Xoa IKcnepuMeHTa

o HauepTute B Oj1laHKE OTBETOB CXEMY MEPBOMl AKCIIEPUMEHTAILHOMN
YCTaHOBKH. 1300pa3uTe ABOSIKOBBITYKIYIO COOMpAOIyto JUH3Y. OTMEThTE €€
ONTHUYECKHUM LEHTP U YEPE3 HETO MPOBEAUTE TIIABHYIO ONTUYECKYIO OCh JIMH3BL.
Ha neil ykaxuTe Moyio)KeHHE TJIABHOTO (POKycCa JIMH3bI, B KOTOPOM U OyIyT
coOuparbcs TNpEJOMJICHHBbIE JIMH30M Jy4d CBeTa, NaJalollde Ha Hee
[IapaJuIEIbHO IJIaBHOM ONTUYECKOU OCH.

° HauepTute B G651aHKE OTBETOB CXEMY BTOPOU IKCIIEPUMEHTAILHOMN
ycTaHOBKHU. M300pasute cucremy u3 AByX coOuparomux JuH3. OTMEThTEe UX
ONTHUYECKUE IIEHTPhl M YE€PEe3 HUX MPOBEAUTE TIJIABHYIO OINTHUYECKYIO OCh,
eAuHyl0 s obenx auH3. Ha Hel ykakuTe MoJIoKEHUE TIaBHOTO (pokyca
CUCTEMBI JIUH3, B KOTOPOM U OyIyT cCOOMpPaThCs MpeOMIIEHHbIE CUCTEMOM JIMH3
JIy4M CBETA, MAJIA0IINE HA CUCTEMY NApaJUIEIbHO IIIaBHOM ONTUYECKON OCH.
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J B kauecTBe HCTOYHMKA CBETA MPEIOKEHO UCIIOIB30BaTh CBET OT
yaajieHHoro okHa. [Touemy? /leno B TOM, 4TO B 3TOM Clly4ae Jy4H, UIYIIHE K
JIMH3€E OT KaXJOW €€ TOYKH, MOKHO CUHATATh MapaJUICIbHBIMUA IPYT APYTY, TO
€CThb M300pakeHHE MpeaMeTa Mojy4yaeTcsl B (oKalbHOM 1uiockocTH. M yem
Jajplie OT JMH3bl HAXOJIUTCS MpeIMeT, TeM TOYHee OyleT H3MepeHHe
(hOKYCHOT'O pacCTOSIHUSI.

J J1J1 TOro 4yTOOB! HAWTH (POKYCHOE PACCTOSIHUE COOUPAIOLIEH JINH3BI
Ne 1, yctaHOBUTE TMH3Y M SKpaH BOJIb OJHOM OCH JIMHEMKHU TaK, 4YTOOBI SKpaH
HAXOJIAJICS OKOJIO HYJICBOM OTMETKH LIKaJbl. [[pyr HanmuumMu onTHYeCKOr CKaMbU
JIMH3Y W 3KpaH yCTAaHOBUTE HA HEW BJOJIb OJHOW OCH; PKPaH TAKXKE JIOJIKEH
HaXOJUTHCS OKOJIO HYJIEBOW OTMETKHU IIKAJIBI ONTHYECKOW CKAMBH.

o Pa3BepHuTE yCTAaHOBKY Tak, 4YTOOBI CBET M3 OKHA ayJUTOPUHU
II0IT1a1aJ1 HA JIMH3Y.
J Tenepb, MEMNJIEHHO IepeMellas JWH3Y BIOJb JIMHEMKUA WIIH

ONTHYECKOW CKaMbH, OTBILIUTE TAKOE €€ MOJIO)KEHHUE, TPU KOTOPOM Ha 3KpaHe
MOJIy4aeTcsl YeTKOe M300pakeHne okHa. Kak ToJIbKO OKHO momnajer B (OKyc,
3a(UKCUpPYITE MOJOXKEHUE JIMH3BI U OIpPEACNIUTE PACCTOSHUE OT JIMH3BI 0
JKpaHa.

o 3anummTe B OJaHK OTBETOB HM3MEPEHHOE 3HAYCHHE (POKYCHOTO
paccrostaus iuH3bI Ne 1 (F) ¢ yuerom nmorpeniHoctv usmMepenus.
o JIsist Toro 4ToOBl HAUTH (POKYCHOE PACCTOSTHUE CHUCTEMBI U3 JIBYX

CJIOKEHHBIX JIMH3, YCTAHOBUTE JIMH3bI BIUIOTHYIO APYT K APYTY U KpaH BIIOJIb
OJTHOM OCH JMHEWKH TaK, 4TOOBI dKpaH HAXOJWJICS OKOJIO HYJIEBOW OTMETKU
wkasel. [Ipy HaTMYMKM ONTUYECKON CKAMBH JIMH3BI U OKPaH YCTAHOBUTE HA HEU
BJIOJIb OJTHOM OCH; 3KPaH TAKXKE JOJDKEH HAXOIUTHCS OKOJIO HYJIEBOU OTMETKHU
IIKaJIbl ONTUYECKON CKaMbH.

o Pa3BepHHTE yCTaHOBKY Tak, 4TOOBI CBET M3 OKHA ayJUTOPUH
MOIA/1aJ1 HA CUCTEMY JIMH3.
o Teneps, MensieHHO TiepeMenias 00e JUH3bI BIOJIb JMHEUKH WIIH

ONTUYECKOW CKaMbH, OTBIIIUTE TAKOE MOJIOKEHUE CUCTEMBI JINH3, IPU KOTOPOM
Ha DKpaHe MOoJy4aeTcsl 4eTKoe n3o0pakeHune okHa. Kak Toapko OKHO MOTmaieT B
doxyc, 3apuKCUpPyITE MOJT0KEHNE CUCTEMBI JIMH3 U ONIPEIEITUTE PACCTOSTHUE OT
CUCTEMBI JIMH3 JI0 dKpaHa.

o 3anumure B OJaHK OTBETOB M3MEPEHHOE 3HAYeHHE (POKYCHOIO
PACCTOSIHUSI CUCTEMBI IBYX JIMH3 F12 ¢ yueTOM MOrpeniHOCTH U3MEPEHHUS.
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o CpaBHuTE U3MEpPEHHBIE 3HAYEHUS (POKYCHBIX PACCTOSHHUI OJHOMN
JIUH3Bl U CUCTEMBI JIMH3 U ClIeNIaliTe BBIBOJ O TOM, KaK U3MEHMWIOCH (DOKYCHOE
PACCTOSIHUE CHUCTEMBbI JIBYX CIIO)KCHHBIX JIMH3 IO CPaBHEHHUIO C (DOKYCHBIM
paccrostHueM JiH3bI No 1. 3anumuTe BbIBOJ B OJIAaHK OTBETOB.

Ilepeuenv 6onpocog k 06cysHcOeHUo pe3yIbmamos IKChepumMeHma

o Kak m3mensiercss oOKycHOE pacCTOSHHUE IBYX JIMH3, CIOKCHHBIX
BMecTe?

o 3aBucuT M (POKYCHOE PACCTOSIHHE CHCTEMBI JUH3 OT TOpsIKa
PaCIOJIOKEHUS JIMH3?

o Kax o11eHUTh NOrpemHocTs n3MepeHuid (HOKyCHOTO PacCTOSHUS?

o IToueMy B KayecTBe HMCTOYHMKA CBETAa HCHOJB3YIOT CBET OT
YIAJIEHHOTO OKHA?

o [ToueMy oOmias onTUYecKas cujia AByX TOHKUX JIMH3, CIIOAKEHHBIX
BMECTE, paBHA alre0pandeckoil CcyMMe ONTHUYECKUX CUJT ATUX JTUH3?

J [Touemy (QoKycHOE€ pacCTOSHHE CHCTEMbl JIMH3  MEHBIIE

HaWMEHBILETO U3 (POKYCHBIX PACCTOSHUN JBYX JIUH3?

O:xuaemMble pe3yabTaThl IKCIIEPUMEHTA

[TorydeHHOE B pe3yibTaTe MPOBEACHUS OMbBITA DKCIIEPUMEHTAIBHOE 3HAUCHHE
ONTHYCCKONW CHJIBI CHUCTEMBI JBYX CIOKEHHBIX JIMH3 JIOKHO OBITh MEHBIIE, YeM
(dhoKkyCcHOE paccTosiHUE coOrparomiei JTuH3bI Nel.

OO0cy:kneHue u aHAJIU3 pe3yJabTaTOB

[Tocne mpoBeaeHMs SKCIEPUMEHTA 00yJaIoUuecs MOTYT OOCYIUTh Pe3yJIbTaT U
POAHATU3UPOBATh €ro  JOCTOBEPHOCTh. MOXKHO TIPOBECTU JOTOJHUTEIHHBIC
uccienoBanusi ¢ JuH30M No 2 m ¢ yuH3amu Ne 1 u Ne 2, u3MEHMB UX TOPSIOK
yctaHoBkH. [locnme oOCykaeHHS ydamuecs IOJDKHBI yMETh peIIaTh 3aJaqd C
WCITOJIb30BaHUEM (OPMYII, CBS3BIBAIONINX (DOKYCHOE pPACCTOSHHE JIMH3BI U €¢
OTITHYECKYIO CHJTY, a TAK)KE JaBaTh MPABIIIBHBIC OTBETHI HA BOIIPOCHI O TOM, YTO TaKOE
ONITHYCCKHUI IIEHTP JIMH3BI, TIaBHAS ONTHYECKAsT OCh JTUH3bI, (JOKYCHOE PacCTOSHUC U
ONTHYECKass CHWJIa JIMH3BI, KaKWe JIMH3Bl HaA3bIBAIOTCS COOMpPAIONIMMHU, a KaKue
pacCeuBAOIIMMH, TaKKe ydYalluecs [OJDKHBI TMPUOOPECTH HABBIK H3MEPCHHS
(GOKYCHOrO  pacCTOsiHMSI  coOMparomield JIMH3bI M CUCTEMBbI  JIByX  JIMH3
AKCIIEPUMEHTAIILHBIM METOIOM.

HN3Mmepenne moxkasaressi NpeIoMJICHUS CTEKJIa
3amaua Ne 26
Hcnonb3ysa MCTOYHHUK TOKA, OCBETUTEND, CTEKJISIHHBIA NOJXYLIWINHAID, IUIAHIIET
Ha TJIOTHOM JIMCT€ C KPYTOBBIM TPAHCIIOPTUPOM, COOEPHUTE IKCIEPUMEHTATHHYIO
YCTAHOBKY JIJIi HW3MEPEHUs TIOKa3aTelisi TMpejloMyeHus crekna. AOcotoTHas
TIOrPEITHOCTh U3MEPEHHs yria pasHa +1°,
OT4YeT O BBINOJHEHUH SKCIEPUMEHTAIIBHOTO 33JaHus CIEJAaliTe B CIEAYIOIIEM
BU/JIE:
1)  Hapucyiite cxemMy 3KCIIEpPUMEHTA.
2)  3anumnimre 3aKOH MPEJIOMJICHUS CBETA.
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3)  VYcranosure yron nagenus 60° 1 n3MeEPBTE YIoOJ MPENTOMIIEHHS.
4)  BerumcanTe aOCONIOTHBIN MMOKAa3aTeNb MPEIOMICHHS CTEKIIa 1O
pe3ynbTaraM OIbITa. 3alUIIUTE OTBET.

Hanauna Examepuna AnexkcanopogHa,
yuumenv ¢uzuku MAOY COILI Ne 15
umenu B.U. I'pasxcoanxuna MO unckoii pation

IIpakTnuyeckas padora Ne 26
«M3MepeHne noka3areJisi MPeJOMJICHHUS CTEKJIA»
B paMKax usydenusi temsl «IIpenomiienue cBera. 3aKoH NpeJIOMJIEHUS] CBETA
B Kypce «@u3nka» B 9 kiacce

DOKCHEpUMEHT MOMOXKET 00YYaroIMMCS MOHATh, KaK MEHSIETCSl X0 CBETOBOTO
Jy4a Mpy Mepexojie U3 Cpebl ONTUYECKU MEHEe IIIOTHOU (BO3/1yX) B ONITUYECKHU OoJiee
IUIOTHYIO ~ (CTEKJIO), W3y4YUTh SIBIICHWE TPEJIOMJICHHS  CBETa, IPOBEPUTH
CIIpaBeUIUBOCTh 3aKkoHa mnpenomiieHus. llkonbHukN yOenarcs, 4To NpHU Mepexojie
CBETa U3 CPe/Ibl ONITUYECKU MEHEE IUIOTHON B Cpely ONTUYECKU 00Jiee MIIOTHYIO YTroJl
MpPEJOMJICHUS MEHBIIE YIja MaJeHUs, U YCBOST, YTO €CJM Jyd CBeTa NajaeT
MEePIICHIUKYJISIPHO Ha TpaHUIly pasjielia JABYX Cped, TO MPEJIOMIICHHS OH HE
HCTIBITHIBACT.

IIpo6aemuas curyauusi. Buts roctun y 6a0ymiku B coiHeuHoM KpacHonape.
OH nomoran eil nmoauBath oropo. EMy oueHb HpaBWJIOCH pa3OphI3rUBaTh BOJY Ha
nuctouyku pacteHuid. Kammu Bosabl kpacuBo Osectenu Ha conHie. Muorma Buts naxe
Bunen paayry. Ho 6a0ymika, yBUaIeB 3TO, CTpOTO-HACTPOro Bejena Bute moauBarth
OTOpOJI TOJIBKO IO BEUYEepaM, TaAK KaK JTHEBHOM MOJIMB MOKET IMMPUBECTHU K «OKOraM» Ha
JIUCTBSX PACTCHUMU.

MopeanpoBanue cutyanuu. B jabopaTtopuu MIKOJRHUKAM TpeaiaraeTcs
U3YUYUTH SBJIECHUE MIPEIOMIICHUS CBETA U U3MEPUTH MIOKA3aTEIb IPEJIOMIICHHS CTEKJIA.

IIpobaemublii Bonpoc. biarogaps kakoMy (u3MUecKOMY SIBJICHHIO Karuis
BOJIBI MOXET C(HOKYCHPOBAThH COJIHEUHBIN cBET? UTO MPOM30MALT C TUCTOM PACTCHHUS
IIOJ] TAKOM «KarjIeH-TuH301»?

Bonpocuw 0ns uccnedosanus.

1. Kak cooTHOCSTCS yroj najeHus U yroJ NpeJoMIIeHUs IIPU Mepexojie CBETOBOTO
Jyda W3 ONTUYECKHM MEHee TUIOTHOM cpeabl (BO3ayX) B ONTHYECKU OoJiee
IJIOTHYIO cpeay (CTekno)?

KakoMy 3akoHy MOQUMUHSIETCS COOTHOIIICHUE YTJIOB MaJAeHUS U TIPEIOMIICHUS ?
3. Kak MeHsieTcst yroi npeoMJIeHHs PU IEPECCUCHUH TPAHMIIBI ABYX CPEl Yyepe3
UWJIMHJIPUYECKYIO TOBEPXHOCTH (HAIIpuMep, Yepe3 NOIyUUIuHIp)?

Kak u3MeHsieTcst Xo/1 peaoMIIEHHOTO JTy4a MPY Pa3HbIX yriax najaeHus?
[Touemy qHO BoOEMA Ka)KeTCs HaM OJIFKe, YeM OHO €CTh Ha caMoM Jiefie?
[Touemy cTebnu IBETOB B MPO3PAYHON Ba3e KaKYTCS «ITOJTOMAHHBIMI ?

N

o ok
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Ilepeueny mHeobxooumoco o06opyoosanus, mamepuanog:. WCTOYHHUK TOKa,
OCBETHUTENb 2, CTEKJISIHHBIN MOTYUUIUHIP, TUTAHIIET Ha MJIOTHOM JIUCTE C KPYTOBBIM
TPaAHCIIOPTHUPOM.

IIpesioMieHne cBeTa — 3TO U3BMEHEHUE HAIIPABJICHUS PACTIPOCTPAHEHUSI CBETA,
BO3HUKAIOIIIEE HAa TPaHMIIE pa3fena ABYX MPO3PAayHBIX CPell WM B TOJIIE CPEIbl C
HEMPEPHIBHO U3MEHSIOIIMMUCS CBONCTBAMHU.

[IpyurHa mpenoMiieHUsI CBETa — HEOAMHAKOBas CKOPOCTh PaclpOCTpaHEHUSs
CBETa B pa3IMYHBIX cpenax. Eciau rpaHunia AByX pa3HbIX Cpel BbIpaXKeHa B PE3KOil
dopme, TO TIpU MEpexo]e CBETa M3 OJHON CPEAbl B JAPYTYI0 CKOPOCTH CBETA PE3KO
M3MEHSETCS — YMEHBIIIACTCS WU YBEIUYMBACTCS.

3akoH npesiomiieHns cBeta (3akoH CHeJuIMyca) TJIaCUT, YTO MaJarolui JIyd,
MPEJOMJICHHBI JIyd M TEPHEHIUKYJSp, BOCCTAHOBJICHHBIM B TOYKE MaJACHUS K
IpaHUILIE pa3jiena IByX Cpel, JexkaT B OJHOU MII0CKOCTH. OTHOLIEHUE K€ CHHYCa YIJIa
NaJICHUs K CUHYCY YyTJjia MPEJIOMJIEHUS €CTh BEJIMUMHA ITOCTOSTHHAS JJISI JAHHBIX ABYX
cpen, He 3aBHCSIIas OT yria NaJeHus.

[Ipn mepexone CBETOBOTO Jiyda W3 ONTHYECKHM MEHEE IUIOTHOW Cpeabl B
OoNnTHYECKH 00Jiee IUIOTHYIO YToJl ajeHus 00JIbIIe yTria MPeIOMIICHHUS.

sina  no,

: = =N
siny ny

rac 0 — yroJ nagcHusa CBCTOBOI'O J1yda,

Y — YroJl NpeJOMJIEHHs CBETOBOIO Jy4a, YIVIBI 0 M P OTMepsoTcs OT
NepHeHINKYJIsipa, BOCCTAHOBICHHOTO K IPaHULE pa3/iesia ABYX CPEd B TOUKE
NaJIcHNsl CBETOBOTO JIy4a;

N2 — abCOMIOTHBIN MOKa3aTeIb NPETOMIICHUS CPEABI 2 — TOKA3bIBAET BO CKOJIBKO
pa3 CKOpOCTh CBETAa B BaKyyMe OOJIbIIIE CKOPOCTH CBETa B cpeje 2 (TabiauuHas
BEJINYMHA);

N1 — aOCOMIOTHBIN MOKA3aTENh MPEJIOMIICHUS CPEIbI | — TOKa3hIBae€T BO CKOJIBKO
pa3 CKOpOCTh CBETA B BaKyyMe OOJbIIIe CKOPOCTH CBeTa B cpeae 1 (TabmuyHas
BEJINYMHA);
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N — OTHOCUTEJIbHBIN MOKA3aTellb MPEIOMIIEHUS CPEbl 2 OTHOCUTEIBLHO CPEIbl
1 — oTHOI1IEHHE aOCOMIOTHBIX MOKa3aTeNIel MPETOMIICHUS IBYX CPEl.

Tabnauunoe 3HaUeHUE aOCONIOTHOTO MOKA3ATENs IIPETOMIIEHHS IS BO3LyXa:
Npozayxa = 1,0002926 ~ 1.

[loaTOMy mpu mepexojie CBETOBOTO Jiyda U3 6030yXa B ONTUYECKH OoJliee
IUIOTHYIO CpEeAy OTHOILIEHUE % paBHO aOCOJIOTHOMY IOKAa3aTeN0 MPEeOMIICHUS

BTOPOU CPEIBI.

Takum 00pa3om, U3MEPUB yTOJ MAJEHUS U YroJl MPEJOMIICHUS TIPU TIEPEXOIe
CBETOBOTIO JIy4a M3 BO3JyXa B CTEKIIO U PACCUMUTAB OTHOIIEHUE CUHYCOB 3THX YIJIOB,
MOYKHO ONPEEIUTD ITOKA3aTEIb IPEJIOMIIEHUS CTEKJIA.

Buo sxcnepumenma: yaeHU4ECKU.

Dopma opeanuzayuu y4ebHOU OesmenbHOCmY: UHANBUAYalIbHAS U TPYIIIOBas.

Onucanue npogeoenus: 3Kcnepumenma

Heapb 3xcniepuMenTa. M3MepuTh 1okas3aresb MpeIOMIICHUS CTEKIIA.

3anaum s3xcnepumenTa. CoOpaTh SKCIIEPUMEHTAIIbHYIO YCTAHOBKY, HAIIPABUTH
CBETOBOM MyYOK Ha MJIOCKYIO FPaHb NOJYLIUIUHIPA MO 3aIaHHBIM YTIIOM 0., U3BMEPUTH
yTOJI MPEJIOMIICHHUS, PACCUUTATh MOKA3aTe b MPETOMIICHUSI CTEKIIA 10 (hopMyIIe.

Xoa IKcnepuMeHTa

e Hauepture B OJaHKE OTBETOB CXEMY DKCIIEPUMEHTAIBLHON YCTaHOBKH.

a
B03AYX

cTekno

e 3anummuTe B OJIaHK OTBETOB 3aKOH IMpCIIOMJICHHA CBECTA

sina__ n,

siny ng’

rae Ni— aOCOJIOTHBIM MOKa3aTelb MPEeIOMIICHUs BO3ayXa, N2 — aOCOJIIOTHBIH
IIOKAa3aTellb MPEJIOMIICHUS CTEKIIA;

ni=1

sina

n
2 siny

e Colepute H3KCHEPUMEHTANIbHYIO YCTaHOBKY. [loayuunuHap pa3mecTuTe Ha
IUTAHIIIETe C KPYTOBBIM TPAHCIOPTHUPOM COTJACHO pa3METKe Ha TPaHCIOPTHUPE.
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HarnpoTuB mI0CKON IpaHy MOJYUMIMHAPA YCTAHOBUTE OCBETHUTENb, IPEIHA3HAYCHHBIN
JUISL TIOJTyYEHUs Y3KOTO CBETOBOTO ITyYKa.

e [loAKIIOYUTE OCBETUTEID K UCTOYHUKY NUTAHUS. CKOPPEKTUPYUTE MOJIOKEHUE
OCBETUTENS TaK, YTOOBI €ro Jy4 ObLI TOPU30HTAIBHBIM U HAIIPABJICHHBIM Ha TPaHUILY
«BO3IYX — CTEKJIO», TO €CTh Ha LIEHTP IUIOCKOW I'PaHU MOIYLUIUHAPA.

e 3MeHss MON0KEHUE OCBETUTENS, HAIPABHTE NAJAOLIUI JyY TaK, YTOOBI yro
nasienus 6b11 paseH 60°,

e l3MmepbTe M0 MIKajie TPAHCIOPTHUPA BEIUYHHY yIrila NPeTOMIICHHS.

e 3anuummTe B OJAHK OTBETOB pE3YJIbTAaThl M3MEPEHUs YyIJla IPETOMIICHUS C
Yy4€TOM IOTPEIIHOCTH u3MepeHuil. He 3a0ynpre yka3zaTh € IMHULIBI U3MEPEHUS.

o [lonp3ysace pacdeTHO (OpMyIJION, OMpEACIUTEe TMOoKa3aTeldb MPEIOMIICHUS
cTekians.

e 3anumure B OJaHK OTBETOB MOJYYEHHBIN PE3yJIbTaT.

Ilepeuenv 6onpocos k 0bCyHcOeHUIo pe3yibmamos SKCnepumMenma

e B yeM CymIHOCTH SIBIICHMS IPEJIOMJICHHS CBE€TA U KAaKOBa MPUYHMHA 3TOTO
SIBJICHUSA?

e B kakux ciaydasix CBET Ha I'paHMIIE pa3jiesa ABYX MPO3payHbIX Cpell He
npeaomMisaeTcs?

e Uto Ha3pIBaeTCA MOKa3aTeaeM MPEIOMIICHHUS 1 B UeM pa3indre abCOIIOTHOTO
Y OTHOCUTEJILHOTO MOKa3aTesiel mpeoMiIeHUs?

e Kak mMeHseTcs yroi npesioMJIeHUsl PU Mepexoe CBETOBOIO Jiyda U3
ONTUYECKH MEHEE TJIOTHOM cpeJibl (BO3yX) B ONTHUECKU 00JIe€ MIIOTHYIO
cpeny (cTekio)?

e Kak npaBuUIbHO U3MEPUTH YroJ NaJCHUS U YTOJl MIPEIOMIICHUS?
OxxugaeMble pe3yJbTaThbl IKCIIEPUMEHTA
[TomydeHHOE B pe3yIbTaTe MPOBEICHUS OIbITA SKCIIEPUMEHTAILHOE 3HAUCHUE

noKazaTess MPeJIOMJICHHS CTEKJIa B Mpeienax norpemndocTeit cocrasut 1,51 npu
WCITOJIb30BaHUH CTAHIAPTU3UPOBAHHOTO 000PYAOBAHUS.

OO0cy:kaeHue U aHAJIU3 pe3yabTaTOB

[Tocne npoBeAaeHUs IKCIIEPUMEHTA O0yUYaIOIINECs] MOTYT OOCYIUTh PE3YJIbTAT
U TIPOAHAJIM3UPOBATh €ro JOCTOBEPHOCTH. /{1151 60see mpeaMeTHOTo aHaIl3a MOXKHO
CPaBHUTH MOJIYYEHHOE 3HAUCHHUE MTOKa3aTels MPEIOMIICHUS ¢ TAOJIUYHBIM 3HAYECHUEM
JUTSI CTEKIIA.

W3meHss yrisl ajieHus1, TPOU3BEIUTE €IIE PsJ U3BMEPEHUN yriia IPeIOMICHUS
Y, pacCUMTaB JJI KaXJ0ro cllyyas IoKa3aTelb MPeJIOMIICHUs, 00CYIUTe, HACKOJIBKO
pe3yNbTaThl COOTBETCTBYIOT 3aKOHY IMPEIOMJIEHUSI CBETa (OTHOIICHHE CHHYCa YIJIa
MaJ€HUsl K CUHYCY yrja MpeJOMIIEHUS — BEJIMYHMHA MOCTOSHHAS JUIS TaHHBIX JBYX
cpen).

OOcyauTe NpuYMHBl BOBHUKHOBEHUS MOTPEIIHOCTEN: HETOYHOCTh U3MEPEHHUS
VIJOB TPAaHCHOPTUPOM, KOHEYHAs TOJILHMHA CBETOBOIO IIy4yka (HE TOYEYHBIH
MCTOYHMK), HETOUHOCTb ITOCTPOEHMSI IEPIEHAUKYIISIPA K TIOBEPXHOCTH.
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[IpoBenuTe IOMOTHUTENBHBIC HKCIEPUMEHTHI, MO3BOJSIONMIME HAOIIOAATH
oOpaTHBIM MEpexo/i CBETOBOrO Jiyda («CTEKIIO» — «BO3IYX»), U CPABHUTE YyTOJ
nafeHus U YroJl MpeJOMIICHUS JJI JAHHOTO CiTyJasl.

HccaenoBanue 3aBUCUMOCTH yrija npeJJoMJIeHusd CBE€TOBOI0 Jiy4ya oT yrJjia
MagcHusd HA I'PAHUIE «KBO3AYX — CTCKJIO0»

3apaua Ne 27
Hcnonb3ysd HCTOYHMK TOKA, OCBETUTENb 2, CTEKJISIHHBIA MNOJYLIUIUH/ID,
IJAHIIET Ha IUIOTHOM JINCTE€ C  KPYTOBBIM  TPAHCIOPTUPOM  COOEpUTE
AKCIIEPUMEHTAIIBHYIO YCTAHOBKY JIJIsI KCCJIEIOBAHUS 3aBUCUMOCTH YTJIA MPEJIOMIICHUS
CBETOBOTO Jydya OT yrja MaJeHUss Ha TPAHUIE «BO3AYX-CTEKJIO». AOCOIIOTHAs
HOTPEIHOCT U3MepeHus yria papHa £1°,
OTueT O BBINOJHEHUN SKCIIEPUMEHTAIBHOTO 3aJJaHHS CAETAUTE B CIEAYIOIIEM
BUJIE:
1) Hapucyiite cxeMmy SKCIIEpUMEHTA.
2) Ycranosute yroa nagenus noodepeano 30°, 45° u 60° u usmepsTe B
KOKJIOM CJy4dae yroj MpesioMjeHusa. Pe3ynbraTel Tpex W3MEpeHUui
MPEICTaBbTE B BUJIE TAOJIHUIIBI.
3) CaenaiiTe BBIBOJ O XapaKTepe U3MEHEHHs yIiia MPEeOMJICHHS OT yriia
MaJIeHUsl. 3aluIlINTe OTBET.

Hanauna Examepuna AnexcanopoeHa,
yuumens gusuxu MAOY COLL Ne 15
umenu B.U. I' paxcoankuna MO JJuuckoii pation

IIpakTnueckas padora Ne 27
«HccnenoBanne 3aBUCMMOCTH YIJIa MPeJIOMJIEHUSI CBETOBOIO JIy4Ya
OT yIJia NaJIeHUsl Ha TPaHUIlEe «KBO3AYX — CTEKJI0»
B paMKax usydenus Tembl «IIpenomiieHue cBeTa. 3aKOH NpeIOMJIEHUS] CBETA)
B Kypce «®@u3unka» B 9 kiacce

DKCHEPUMEHT MOMOXKET 00y4aIOIUMCS MOHATh, KaK MEHSIETCSl XOJ] CBETOBOTO
Jy4da IpH Mepexo/ie U3 ONTUYECKU MEHEE TIJIOTHOM cpeibl (BO3IyX) B ONITUUECKU OoJiee
IUIOTHYIO  (CTEKJI0), H3Y4YUTh SBJICHHE TMPEJIOMIICHHUS CBETa U MPOBEPUTH
CIpaBEeIUBOCTh 3aKoHa mnpenomiieHus. LlkonbHuKkN yOenarcs, 4To NMpHU Mepexojie
CBETa U3 CPe/bl ONITUYECKU MEHEE IIOTHOW B Cpely ONTUYECKU 00Jiee MIOTHYIO YIroJl
OpEJIOMJICHUS] MEHbILE YIJIa MaJCeHHsl, U YCBOSAT, YTO €CJIM Jyd CBETa Majaer
NEPIEHAUKYJAPHO Ha TpaHUIy pas3Aena ABYX Cpel, TO MpPEIOMIIEHHMS OH He
UCIIBITHIBAET.

IIpobaemuas curyauus. [IIKOTbHUKN ¢ pOIUTENSIMH OTIBIXAIW Ha Oepery
’KUBOIHUCHOTO o3epa. Bo Bpemsi oTapixa pelsAra 3aMeTW/IM, YTO Ha JHE BOAOEMA
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OJIeCTUT 4YTO-TO MeTaunueckoe. Oka3anoch, YTO 3TO MOHETa, OY€Hb MOXOXKas Ha
ctapuHHyto. OIMH W3 pedsAT pelmsi JO0CTaTh €€, HO CTOJIKHYJCS C CEepbe3HOM
npo0eMoii: MOHETa, KOTOpasi Ha MEPBbIN B3I JIeKalla Ha MEIKOBO/bE, OKa3allach
JIOBOJIbHO ITy00KO. bojiee Toro, MoHeTa Ka)eTcsl pacloyioxKEHHON COBCEM HE TaM, Te
OHa HAXOJMTCS HA CAMOM JIeJIe.

MopeanpoBanue cutyanuu. B nabGopaTopuu IMIKOJbHUKAM MpEAJiaracTcs
UCCJIeIOBATh 3aBUCUMOCTD yTJjia MPEJIOMJICHHs] CBETOBOTO Jiy4ya OT yIJla MajeHusi Ha
rpaHuIle pasjiesna «BO3IyX — CTEKIION.

IIpoGsemublii Bonpoc. BiuseT 11 u3MeHEHUE yriia MaJeHus CBETOBOIO JIyda
Ha TPaHMILy pa3jena IByX Cpe/ Ha BEIMYMHY yria MpeIoMIeHUs?

Bonpocuwl 0ns uccnedosanusi.

[Touemy mHO BoJOEMa KaXKeTCsl HaM OJIFDKE, YeM OHO €CTh Ha CaMOM Jiee?
[Touemy cTeOnu MBETOB B MPO3PAYHON Ba3e KaKYTCS «ITOJTOMAHHBIMI ?

Kax MeHsieTcs x0/1 CBETOBOIO Jiy4ya MpH MaJICHUH HA CTEKIISTHHYIO IUIACTUHY?
Kax uzmensieTcst Xoj1 mpeIoMIICHHOTO JTy4ya P pa3HbIX yriax MnajaeHus?

Kax mensieTcst yroi npesomiieHus Ipu Mepexojie CBETOBOTO JIyya U3 ONITUYECKH
MEHee IUIOTHOM cpebl (BO3MyX) B ONTHYECKH O0JIee TUIOTHYIO cpeay (CTekno)?
Kax meHsiercs yron npejgomiieHus Mpu MepeceueHr TPaHuIIb IBYX Cpell 4epes
WIMHAPUYECKYIO TTIOBEPXHOCTD (HApUMep, Yepe3 MOTyHHIUHID)?

llepeuenv HeoOX00uMo20 000pyOO8aHUs, Mamepualog:. WCTOUYHUK TOKa,
OCBETHUTENb 2, CTEKIISTHHBIN MOTYIUIUHID, TUTAHIIET Ha TJIOTHOM JINCTE C KPYTOBBIM
TPAHCTIOPTHUPOM.

abrwh e

o

IIpesomiieHnne cBeTa — 3TO N3MEHEHUE HAIIPABIICHUS PACITPOCTPAHEHUS CBETA,
BO3HHKAIOIEE HA T'PAaHMIE pa3fena ABYX IPO3PayHbIX CPel WM B TOJILE CPENbI C
HEIMPEPHIBHO U3MEHSIOIMMUCS CBOWCTBAMM.

[IpyurHa TIpesioMJIEHUsI CBETa — HEOJUHAKOBAsI CKOPOCTh PAacCHpOCTPaHEHUS
CBETa B Pa3JIMYHbIX cpenax. Eciu rpanuna JByX pasHbIX Cpell BBIPAXKEHA B PE3KOU
dopme, TO IpH MEpPexoe CBETa U3 OJHOM Cpelbl B APYTYIO CKOPOCTh CBETA PE3KO
U3MEHSETCS — YMEHBIIAETCS WIH YBEITUYUBACTCA.

3akoH npesiomiieHns cBeta (3akoH CHeluimyca) IJIacuT, YTO MaJarolui JIyd,
MPEJOMJICHHBIN Jyd W TEPHEHIUKYJApP, BOCCTAHOBJIEHHBIM B TOYKE MAJACHUS K
rpaHule pa3fiena AByX CPe/l, JIEKAT B OJJHOM MIIOCKOCTU. OTHOIIEHUE KE CUHYyCa yria
MaJICHNUs] K CUHYCY yTJia MPEJIOMJIEHUS €CTh BEJIMYMHA MTOCTOSIHHAS JJIsl JAHHBIX ABYX
cpen, He 3aBHUCSIIas OT yria NaJeHus.

[Ipn mepexope CBETOBOTO Jy4ya W3 ONTHUYECKHM MEHEE IJIOTHOM Cpeibl B
ONTUYECKH O0JIee IUIOTHYIO Yo MajgeHus 00JbIe yria MpeIoMICHHUS.
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sina  no,

: = =N
siny ny

rac o — yroJj naacHusa CBETOBOIO Jiyda,
Y — YIroJI IpCIIOMJICHHA CBECTOBOIO JIy4ad.

Vel o u B OTMEPAIOTCA OT NEPIHCHIAUKYJIAPA, BOCCTAHOBJICHHOTO K I'PAHHUIIC
pasaciia ABYX CpE€a B TOUKE MaACHUA CBECTOBOIO JIy4da.

Buo skcnepumenma: yaeHU4ECKUA.

Dopma opeanuzayuu y4ebHou desimeabHOCmu: UHIUBAyaabHas U TPYIIIOBasl.

Onucanue npogedenus IKCnepuUmMeHma

Heab »3kcnmepuMeHTa. YCTaHOBUTH KAauyeCTBEHHYIO 3aBUCUMOCThH yrja
MPEJIOMJIEHUS HA TPAHULIE «BO3AYX — CTEKJIO» OT yrja NaJeHHUs.

3agaum s3xcnepuMenTa. CoOpaTh IKCIIEPUMEHTAIBHYIO YCTAHOBKY, U3MEPUTD
yrOJI IPEJIOMJIEHUS] CBETOBOTO JIy4a JUIsl TPEX 3HAUYEHUH yIJIa aJeHUs, CAENATh BBIBOJ
0 3aBUCHMOCTHY U3MEHEHMS YIJIa PEJIOMIICHNS OT U3MEHEHHUSI yIJIa MaJCHUS.

Xoa IKcnepuMeHTa

° Hauyepture B OnaHke OTBETOB CXEMY JKCIIEPUMEHTAIBHOM
YCTaHOBKU.
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BOZOYX

. Cobepure 3KCHEpUMEHTAIbHYIO  YCTaHOBKY. [lomyuumunap
Pa3MECTHUTE Ha IJIAHIIETE C KPYTOBBIM TPAHCIIOPTUPOM COIIACHO PA3METKE Ha
TpaHcnoptupe. HampoTUB IJIOCKOW TIpaHU NOJYLWIMHIpPA YCTaHOBHUTE
OCBETHUTEIb, TPEAHA3HAYEHHBIN JIJIS TIOJyYE€HHsI Y3KOTO CBETOBOT'O ITyUKa.

J IToaKIroYnTE OCBETUTENL K HICTOYHUKY MUTAHUS. CKOPPEKTUPYITE
MOJIOKEHUE OCBETUTENS TaK, 4YTOOBl €ro Jy4 ObUI TOPU3OHTAJIBHBIM U
HaIlpaBJIEHHBIM Ha TPAHUILy «BO3JyX — CTEKJIO», TO €CThb Ha IIEHTP IJIOCKOU
I'PaHH MOTYLUUIUHAPA.

o W3meHsis  1NOJIOKEHWE  OCBETHUTENS, M3MEphTE€ IO  IIKaje
TPaHCIIOPTUpPA BEIWYMHBI YIJIOB MPEJOMIIEHHMS NPHU TPEX 3HAYEHUSAX YIJIOB
magenust: 30°, 45° u 60°,

. Pe3ynbratel usmepenuii opopmMute B BUAE TAOIMIIBI, 3aHOCUTE B
TaOJIMIly 3HAYEHHUS YIJIOB MAJE€HUS U MPEIOMJIEHUS C YYETOM MOTPEUIHOCTU
U3MEPEHNUs, YKa3bIBasl €IMHUILIBI U3MEPEHUS.

NQ OIIbITa Yron nagcHusa, o Yroxa MPCIOMIJICHUS, Y
1
2
3
° CpaBHHTE U3MEPEHHBIE 3HAYEHUSI YTIIOB MPEJIOMIICHUS U CACTANTE

BBIBOJ O TOM, KaK M3MEHSETCS YyroJjl MPEJIOMIICHHS 110 MEPE YBEIUYEHHUS yriia
MaJICHKs. 3alUIINUTE BEIBOJ B OJIaHK OTBETOB.

HepelleHb 680NpoCos6 K 06cy9fcdeHur0 PE3Ybmanios IKCnepumennia

° B yeMm cymiHOCTb siBJIeHUSI TIPEJIOMIICHHS CBETA U KaKOBa MPUYUHA
3TOTO ABJICHUI?
° B kakux ciaydasx CBET Ha TpaHHMIIE pa3jielia AByX MPO3payHbIX Cpe

HE MPEeJIOMIISIETCA?
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o Yro Ha3bIBaeTCs KOI(PPHUIIMEHTOM MPEITOMICHUS U B YEM pazinine
a0COJIFOTHOT'O M OTHOCUTEIIBHOTO KO3()(PUIIMEHTOB MPETOMIIEHUS?

. Kak MeHsieTcs yroy npeaoMiIeHUs MPpHU MEPEXOAE CBETOBOTO Jydya
U3 Cpellbl MEHEE ONTHUYECKHU IJIOTHOW (BO3/yX) B 00Jie€ ONTHYECKHU IJIOTHYIO
(cTexno)?

o Kaxk npaBuiibHO U3MEPUTH YIOJl TAJAEHUS U YTOJl MPEJIOMIIEHUS ?

O:xupaembie pe3yabTaThl IKCIIEPUMEHTA

C yBenu4eHMeM yIUIa NaJeHus yroi NPEeJOMIICHHs TAKXKE YBEINIMBACTCA.

OO0cy:kaeHue ¥ aHAJIU3 pe3yabTaToB

[Tocne mpoBeneHNs DKCIIEPUMEHTA 00YUaIOLIUECS MOTYT OOCYUTh PE3YJIbTaT U
IIPOAHAIM3UPOBATh €ro JIOCTOBEpHOCTh. Jlyig Oojee NpPeaMETHOrO aHaiuu3a
pe3yNbTaTOB JKCIEPUMEHTA MOYKHO MOCTPOUTh TpauK 3aBUCUMOCTH yIja
MPEJIOMJIEHUSI OT YIJIa MajJieHusd. Takke MOYKHO OOCYAHThb, HACKOJIBKO PEe3ylbTaThl
COOTBETCTBYIOT 3aKOHY IPEIOMJIEHHs CBETa (OTHOLIEHHE CHUHYCa yrja NaJcHHs K
CUHYCY YIUVIa TPEJIOMJIEHUS — BEJIMYMHA IOCTOSIHHAS Il JTAHHBIX JABYX Cpen).
[IpoBecTr MOMONMHUTENBHBIE SKCIIEPUMEHTHI, MO3BOJIAIOIINE HAOMIOAAaTh OOpaTHBIN
IEPEX0]] CBETOBOTO Jyda («CTEKII0» — «BO3AYX») U CPAaBHUTh YIOJ NaJACHUS U yroil
IPEJIOMJIEHUS I JAHHOTO CIIy4dast.
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3anaHus K KOMILIEKTY 00opyaoBaHusi Ne 6

PaccmoTpum  oOopymoBaHWe W MaTEpHabl, BXOISAIIME B  KOMIUICKT
ob6opynoBanus Ne 6, cornmacHo cnienrdukannn KM OI'3 2026 rona

KommiaekT Ne 6

3JIEMEHTHRI 00 oOpYIOoBaHUSHA PEeROMEHAYEMBIE XapaKTEPUCTURH

e mITaTUB TabopaToOpHbIi
C JIepKaTeIsIMH

e poiuar nivHa He MeHee 40 cM, T0DKeH UMETh He

MeHee 2 IeTellb UL [TOIBEIIUBAHUS IPY30B

Ha KOKJI0H U3 CTOPOH OT OCH BPALIEHHUSI

¢ KPCIIJICHUC pBIYara K MTaTuBY

e 0JIOK IIOJIBIKHBINI

e (0JIOK HCIIOABHIKHBII

® HUTH
e TpHU Ipy3a Maccoit mo (100 + 2) r kaxJiblit

¢ TMHAMOMETP npesen m3mepenunst S H (C'= 0,1 H)
® JMHelKa mvHa 300 MM, ¢ MIJZTMMETPOBBIMH

JCJIICHUAMN

VYkazanHblii HabOp 000OpyJ0BaHUSI 00ECIIEUNBACT BO3MOXKHOCTH BBIMTOJTHEHUS
CIENYIONMX  OKCIICPUMCHTAIBHBIX  3aJaHUi: HM3MEPEHHE MOMEHTa  CHJIBI,
JEUCTBYIOIIEH Ha pbIuar, padoThl CHIIBI YIIPYTOCTH MPHU MOIBEME TPy3a ¢ TOMOIIBIO
HETOABMKHOTO OJI0Ka, pabOThI CHIIBI YNPYTOCTH TPH TMOIBEME Tpy3a C MOMOIIBIO
MTOABMYKHOTO OJI0KA M MPOBEPKa YCIIOBHS paBHOBECHSI phlvyara. PaccMoTpuM mpuMepsI
TaKWX 3aJaHUM.

HN3mepenne MOMEHTA CHJIBI, ACHCTBYIOLICH HA pblyar
3amaua Ne 28
Wcnonp3yss pbluar U Tpu Ipys3a, WTaTuB U guHamomerp Ne 2. colepure
YCTaHOBKY [UIsl MCCIEAOBAHUS YCIOBHSI PAaBHOBECUS pblyara. TpH Ipy3a MOBECHTE
CJIeBa OT OCH BpallleHHUs phluara CJIeIyIoImuM 00pa3oM: J1Ba rpy3a Ha paccTossHuM 14
CM M OJMH Ha paccTossHuu 7 cM oT ocu. OmpenenuTe MOMEHT CHIIBI, KOTOPYIO
HE0OXOUMO MPWIOKUTh K MPABOMY KOHILy pbluara Ha paccTosiHuM 14 cM OT ocu
BpalleHUs], YTOOBI pblYar OCTaBaJICAd B PABHOBECHUU B TOPU3OHTAIBHOM MOJIOKEHHH.
AOGcoitoTHas MOrpeiHocTs u3MepeHus cuibl paBHa +0,1 H, a uamMepenus pacctosHus
paBHa £2 MM.
OT4eT O BBIMOJIHEHUHU SKCIEPUMEHTAIBHOIO 3a/IaHUsl CIIETaiTe B CIEAYIOIIEM
BUJIE:
1)  Cphenaiite puCyHOK SKCTIEPHMEHTAIBHON YCTAaHOBKH.
2)  3Banmmmre GopMyIy A pacueTa MOMEHTA CHJIBI.
3)  VYkaxwure pe3ylbTaThl H3MEPEHUS CUJIbI M JUTMHBI TUIeYa CHITBI.
4)  TIpoBeauTte pacyeThl MOMEHTA CHJIbL. 3aIUIIIUTE OTBET.
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Hanauna Examepuna AnexcanopoeHa,
yuumenv ¢uzuku MAOY COILI Ne 15
umenu B.U. I'pasxcoankuna MO Huncxoil pation

IIpakTuuyeckasi pabora Ne 28
«A3MepeHne MOMEHTA CHJIbI, ICHCTBYIOILEH HA pblYar
B paMKax u3ydeHus Tembl «Pbruyar. PaBHoBecue cui1 Ha pbryare.
MomeHT cuibl» B Kypce «@usuka» B 7 Kiiacce

OKCIIEpUMEHT TOMOXKET OOyYaromMUMCS TOHSTh, KaK MOKHO TPOBEPUTH
YCIIOBHE PABHOBECHSl pblUara, HAy4WTbCS HU3MEPATHh IUIEYM CHJI WU YYUTHIBATh
MOTPEUTHOCTH U3MEPEHHM MPHU BBITIOJIHEHUH MTPAKTUYECKHUX PaldoT.

IIpobsemuas cutyauus. [lociae ypokoB ABO€ Ipy3el pemiaroT MOKayaThCs Ha
IIKOJIbHBIX Kauemsix-0anancupax. Macca Aprema — 45 Kr, OH CaAUTCS Ha OJIUH KOHEL
kaueneil, a JIuza maccoit 30 xr — Ha apyroi. Kauenu He ypaBHOBEMBAKOTCS: ApTeM
OIlyCKaeTcsl BHU3, JIn3a mogHUMaeTCs: BBEpX.

MopenupoBanue curyauuu. B jabopaTopuu HIKOJBHUKAM TpeAsiaraercs
U3MEPUTHh MOMEHT CHJIBI, ICUCTBYIOIIEH HA phIYAar.

IIpobaemublii Bonpoc. Kak onpenenuts MOMEHT CUIIbI, KOTOPYO HEOOXOAMMO
MPWIOKUTh K OJHOMY M3 KOHIIOB pblyara, 4roObl OH OCTAaBaJICS B PaBHOBECHM B
TOPU30HTATBHOM TOJIOKEHUN?

Bonpocuw 0ns uccnedosanusi.

1. Yro Ttakoe ™MoMeHT cwibl? 3anumure (OpMyJay U HA30BUTE E€IUHUIBI

M3MEPEHUS.

2. Kak nHaiitu 1uiedo cwiibl Ha yctaHoBke? [lokaxute Ha cxeme, Kak OIyCTHTh

NEPHEHANKYJIAP OT TOUYKH ONOPHI K JINHUUA JEHCTBUSI CHJIBI.

3. Kak u3MeHuTcs MOMEHT CHUIIbI, €CIIM YBEJIMYUTH CHITY B 2 pa3a (Ipyu HEN3MEHHOM
ieue)?
4. Kak u3MEHUTCS MOMEHT CWJbl, €CIM YBEJIMYUTh IJIe4o B 3 pasa (mpu

HEU3MEHHOU cuiie)?

5. Ilpu kakoM ycnoBuM pblYar HaxoAuTcss B paBHOBecuu? Cdopmynupyite

IIPaBUJI0O MOMEHTOB Ha OCHOBE BalllUX U3MEPEHUM.

6. Kak c momoiipto TuHaMOMETpa U3MEPUTD CUITY, HEOOXOUMYIO JIJIsl PABHOBECHSI
ppraara? OnummuTe NOpsSIAOK ACHCTBHIA.

Ilepeuenv Heobx00uM020 0060pY008aAHUS, MAMEPUAIOs:. PhlYar U TPU TPy3a,
ITaTUB U 1uHaMoMeTp Ne 2.

W3naBHa g oOJeryeHus COBEpUICHUS] MEXaHUYECKON paboThl 4eTOBEYECTBO
UCIIOJIb3YET MPOCThble MEXaHU3Mbl — YCTPOICTBA, B KOTOPBIX paboTa COBEpIIAETCA
TOJIBKO 34 CUET MEXAHUYECKON SHEPIUH.

[TpocTeie MexaHU3MBI CIyXaT AJIsl IpeoOpa3oBaHus CUIIbL. VX MpUMEHSIOT npu
COBEepIIEHMH pabOThl B TEX CIlydyasx, KOrJa Haa0 JEHCTBUEM OJHOM CHJIBI
YPaBHOBECUTH JIpyryto cuiy. OgHuM u3 Hanbosiee pacnpOCTPAHEHHBIX MNPOCTHIX
MEXaHU3MOB SBJIIETCS pblYar. IMEHHO OH MO3BOJSET MaJOW CUIION YpPaBHOBECUTH
OOJBITYIO.
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Ppruarom HazbeiBaeTcs J1I000€ TBEPIOE TEIO, KOTOPOE MOKET MOBOPAUYUBATHCS
OTHOCHTEIIFHO HEMOIBMYKHOW OCH WJIH OTIOPHI MO AeiicTBreM cuil. [Ipu aToM cregyer
IIOMHHUTB, YTO PE3yJbTaT NEHCTBUS CHIIBI HA phlUar ONpEIENsIeTCs HE TOJBKO ee
MOJTyJIeM, HO U JIJTUHOM TuIeya.

Il;1eyom cHiIbI Ha3pIBACTCS KpaTyaiiiiee pacCTOSTHAE OT TOYKH OTIOPHI 10 JIMHUU
JENUCTBUS ATOM CHIIBI (CM. PUCYHOK).

IInedo cuanl F,

YToObl HAMTH TJIEYO CUIIBI, HAJI0 U3 TOYKU OTOPHI OITYCTUTh NEPIIEHANKYJIISP Ha
JIMHUIO IEUCTBUS CUJIbL. [[T1MHA 3TOr0 NepneHauKysspa u OyAeT riiedyoM JaHHOU CHUIIBI.
[IpounsBeneHne MOYJIs CUIIBI HA €€ IUIEYO HA3bIBAETCS MOMEHTOM CHJIbI:

M = FlI
EnvHuIa n3MepeHus: [M] = [H- m].

Buo skcnepumenma: yaeHUUECKH.

Dopma opeanuzayuu y4ebHou dessmenbHOCmu: UHIAUBUyadbHas U TPYIIIOBast.

Onucanue npogedeHus IKCnepUMeHma

Heab 3xcniepuMenTa. M3MepuTe MOMEHT CHIIBL, IEUCTBYIOIIEH HA pbIYar.

3anaum s3xcnepuMenTa. CoOpaTh HKCIIEPUMEHTATIBFHYIO YCTAaHOBKY, U3MEPUTh
CWJIBI U TUICYH, PACCUUTATh MOMEHTHI CWJI, 3a(DUKCUPOBATh PE3yJIbTAThl B OTYETE 1O
MPaKTUYECKOM pabdoTe.

Xoa 3KCnepuMeHTa

o Haueptute B OnaHke OTBETOB CXEMY OSKCHEPUMEHTaIbHON
YCTaHOBKH.

o 3anummTe B OJ1aHK OTBETOB (POPMYJITY JUIsl pacieTa MOMEHTA CUJIbI

M = FlI

o Cobepure 3KCNEPUMEHTAIBHYIO YCTAHOBKY: 3aKpPEMUTE pblyar Ha

IITaTHUBEC 151 Inpu H€O6XO,Z[I/IMOCTI/I YPaBHOBCCHTC €ro, HCIIOJIb3Ys
PETYIUPOBOYHBIC BUHTLI. Pazmecture JABa I'py3a Ha JICBOM ILJICYC pblYyara Ha
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paccrossHMM 16 ¢cM OT OCH BpallleHUSI U OJUH TIPy3 Ha TOM K€ IUIeYe Ha
pacCTOssHMM 8 CM OT OCH BpalllCHUS. YPABHOBECHTE pbhlYar MpPU MNOMOILIU
JUHAMOMETpA, 3aKpPENUB €ro B OTBEPCTUM HA MPaBOM IUIeYe pblyara Ha
paccTosiHuM 16 cM OT OCH BpallleHUS.

o CHsB moKazaHWs  JWMHAMOMeETpa, omnpenenute cuny F,
HEOOXOJIMMYIO /I YPABHOBEIIMBAHUS pbluara.

° N3mepsbTe mredo | cumet F ¢ moMotipio THHEHKY.

J 3anummte B 6JJaHK OTBETOB M3MEPEHHBIC 3HAUCHUS TIJIeHa CUJIBI | 1
3HA4YE€HUs CUIIbI F ¢ y4eTOM MOrpenIHOCTH U3MEPEHUSI.

o [Tonb3ysick pacueTHOM (HOPMYJIO, ONpEeneTuTe MOMEHT CHIIBI,

NEUCTBYIOIIEM Ha MpaBoe Iuiedo phryara. i noirydeHus KOPPEKTHOIO
pe3ynbTaTa 3HaueHHe IJIe4a Cuiibl | 10 Havyasia pacueTa He0OXO0AUMO IEPEBECTU
B CUCTEMHBIE €JUHUIIBI (B METPHI).

o 3anumure B OJIaHK OTBETOB MOJIy4eHHBIA pe3ynbTaT. He 3a0yabTe
yKa3aTh B OTBETE €IMHUIIBI U3MEPEHUS.

Ilepeuenv 6onpoco k 00CysHcOeHuIo pe3yaibmamos IKChepumMeHma

o [louemy i1 paBHOBECHS Ba)XKHO, YTOOBI MOMEHT CHJI CII€Ba
PaBHSICA MOMEHTY CHJI cIipaBa’?

. Kak TpeHue B ocH BpallleHUs MOIJIO HCKa3UTh U3MEPEHHYIO CUITY?
[Ipennoxute cnocod OLEHUTH €r0 BIHUSHUE.

o UTO MpOMCXOAUT C phIUAroM, €CJIU JIMHUS JACUCTBUS CUJIBI HE
nepneHAuKysipHa miaedy? Kak 3to yuects B popmyie?

o B kakux TOuYKax MPUIIOKEHHS] CHUJIbl BBIMIPBIILI B  CHJIE
makcumasieH? [logTBepanuTe Ha MpUMEpPaxX U3 BalIEro 3KCIEPUMEHTA.

. [IpuBenure 2—3 mpumepa peiyaroB B ObITY WM TexHuke. Kak B
HUX HMCIIOJIB3YETCS MPaBUIO MOMEHTOB?

o MO>KHO M C MOMOUIBIO phluara MOJHATh IPy3, BEC KOTOPOTO B 5
pa3 Gouibiie puiIokeHHoM cuibl? [Ipy kKakoMm yciaoBuu?

O:xunaembie pe3yJibTaTbl IKCIIEPUMEHTA

[TonyyeHHoe B pe3yibTaTe MPOBEAEHUS OMbITA HKCIIEPUMEHTAIBHOE 3HAUCHHE

MOMEHTA CUJIbL, IEVCTBYIOIIEH Ha phIyar B Ipeesnax norpemuaocrei coctaBut 0,4 H-m
IPU UCTIOJIb30BAHUM CTaHIAPTU3UPOBAHHOTO 000OPYAOBAHMUS.

OO0cy:kaeHue U aHAJIU3 pe3yabTaTOB
ITocne npoBeneHNs FIKCIEPUMEHTA 00yUaIOLIUECS] MOTYT OOCYAUTh PE3YbTaT U

MpPOaHAIM3UPOBATh €ro JOCTOBEpHOCTh. [lns Oojee mpeaMeTHOro aHaiu3a
pPE3yNbTAaTOB HKCIEPUMEHTAa MOXHO C(QOPMYIUPOBATH OTBETHl HA PSAJ BOIPOCOB.
[ToaTBepaunocs au mpaBuino MoMeHTOB? Kakue (pakTopsl CHiIbHEE BCEro BIUSIU Ha
TOYHOCTh? Kak MOXHO yJnydlIuTh 3KCHEPUMEHT? 1 1€¢ NPUMEHSIOTCS W3Y4YEHHBIE
3aKOHOMEPHOCTH?
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N3mepenue padoThl CHJIBI YIIPYTOCTH IPH NOABEMe rpy3a ¢ OMOUIbI0
HENOABHKHOI0 0JIOKA
3agaua Ne 29
Hcnonp3ys mTatuB ¢ MyQpTOH, HETIOABHIKHBIN OJIOK, HUTh, 3 Tpy3a (Ne 1, Ne 2,
Ne 3) m muramomerp Ne 2, cobepurte YCTaHOBKY MJIsi M3MEPEHUS paOOTHI CHIIBI
YIPYTOCTH IIPY PAaBHOMEPHOM IOABEME I'PY30B C MCIIOJIB30BAHUEM HENOJBHKHOIO
os0ka. Onpenenute paboTy CUIIBI YIIPYTOCTH IPU MOABEME COETUHEHHBIX 3 TPy30B Ha
BeicOoTy 10 cm. Ilorpemnoctes u3mepenuss cunbl paBHa +0,1 H, norpemmsocts
M3MEPEHUS BBICOTHI IPUMUTE PABHOU +2 MM.
OT4eT O BBINOJTHEHUH 3KCHEPUMEHTAIBHOIO 3a/laHUsl CAEIANTE B CIAEAYIOLIEM
BHJIE:
1)  Cpaenaiite pUCYHOK SKCIICPUMEHTAIBHON YCTAHOBKHU.
2)  3amummre GopMyITy IS pacdera padoThl CHIIBI YIIPYTOCTH.
3)  VYkaxwure pe3yabTaThl U3MEPCHHUS CHIIBI H BBICOTHI.
4)  TlpoBenute pacueTbl pabOTHI CHIIBI YIPYTOCTH. 3aITUIIUTE OTBET.

Hanauna Examepuna Anexcanopoena,
yuumens ¢usuxu MAOY COLL Ne 15
umenu B.U. I'pasxcoanxuna MO Junckoii pation

IIpakTnueckas padora Ne 29
«M3mepenne padoThl CHIIbI YIIPYTOCTH IIPH NMOABEMeE IPy3a ¢ IOMOLILI0
HEMOJABUKHOI0 0/10Ka» B paMKax u3y4yeHusi TeMbl «IIpocTbie MexaHU3MBI.
IIpuMeHeHMe NpaBuWIa paBHOBECHS PbIYara K 0J10Ky»
B Kypce «Pu3uka» B 7 kjiacce

OKCIEpUMEHT MOMOXKET 00yUYaroIUMCs MOHATh, KaK MOXKHO U3MEPUTH paboTy
CHWJIBI, 3aKPEIUTh MOHATHS CHJIBI YIPYTOCTH (IIKOJBHUKHU HAIJSIIHO BUAAT, KaK CHJIA
yIPYrocTH BO3HUKAET B HUTH) U pabOThI CUJIBL. YUaliuecs U3ydaT NPUHIUN paOOThl
HEMOJIBYKHOTO OJIOKa M yOensATcs B TOM, YTO OH HE JaeT BBIMTPHIIIA B CHIIE, HO
MT03BOJISIET U3MEHUTH HANPABIICHHUE €€ JEHCTBU.

IIpob6aemnas cutyanus. Ha ypoke TEXHOJOrMH B OTBET Ha BHICKA3bIBAaHUE
KOTO-TO U3 YYEHUKOB O TOM, 4TO (PM3MKa — HEHYXKHas HayKa, yYUTEIb MPEAJIONKHI
pebsiTam norpoOoBaTh NOJHATH B OIMHOYKY SIIIMK C MHCTPYMEHTaMH MAacCOW OKOJIO
10 kr Ha BTOpPOW sIpycC cTeiiaxa B MacTepckou. Bricora cremaxa — okono 1,5 m.
Pebsta ObICTpO MOHMMAIOT, YTO 33/a4a MPAKTUYECKH HEMOoCUJIbHasA. Torna y4uTelb
npeajaraeT UM KUCIOJIb30BaTh BEPEBKY U 3aKPETUICHHbIA BBEPXY HEMOABUKHBIN OJIOK.

MopenupoBanue curyauuu. B jabopaTopuu MIKOJBHUKAM Tpeasiaraercs
U3MEPUTH pabOTy CHIIBI YIPYTOCTH MPHU MOAbEME Ipy3a C MOMOIIBI0 HEMOBUKHOTO
O10Ka.

IIpo6semublii Bonpoc. Kak onpenenuts padboTy CHIIBI yIPYTOCTH PU OABEME
rpy3a C MOMOIIBIO HETIOABIKHOTO 0JI0Ka ¢ MUHUMAaJIbHOW MOTPEIIHOCThIO?
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Bonpocwl ona uccnedosanus.

1. Yo Takoe paboTa cuiibl ynpyroctu? 3anumure GopMyIry Ajs ee
pacuera B KOHTEKCTE JaHHOW paOoThI.

2. [ToueMy HeNOABMKHBIN OJIOK HE AAa€T BHIMTPHIIIA B cuiie? B uem Torna
€ro MPaKTUYECKOE 3HaUYeHue?

3. Kak cBsi3aHbl cuja ynpyrocTd B HUTH U BEC IOJHUMAEMOI0 Ipy3a Ipu
PaBHOMEPHOM JIBUKECHUU?

4. [Tpu xaxom ycioBuu paboTa CHIIBI YIIPYTOCTH OYAET paBHA H3MEHEHHUIO

NMOTEHUMAIBHON 3Heprun rpy3a (A=mgh)?

Ilepeuenv Heobxoo0umoco obopydosanus, mamepuanos. MWTaTUB ¢ My(TOH,
HETIOJIBIKHBIN OJIOK, HUTB, 3 rpy3a (Ne 1, Ne 2, Ne 3) m muHamomeTp.

Mexannuyeckasi padora — 3TO CKaJisipHas (Qu3nyeckas BEIMYMHA, KOTOpas
XapaKTepU3yeT Mpollecc MepeMenieHus Tena noja aAeictBueM cuibl. OHa YUCICHHO
paBHA MPOU3BEICHUIO MOAYJIS ATOW CHIIBI, MOAYJISl MEPEMENICHUSI U KOCHUHYCa YTIJia
MEX Iy HaIllpaBJICHUEM BEKTOpA CHJIbI U BEKTOpA MEPEMEIIICHUS:

A = F|5| cos a.

B oOmem cnydae mepeMeleHds pa3HbIX TOYEK TBEPIOTO Tela PazIuyHbI.
[TosTomMy mpu omnpeneneHuu padbOTHI TMOJA TMEPEeMEIICHHEM OOBIYHO MMOHUMAIOT
NEPEMEILICHUE TOYKHU NPHUIIOKEHUS CUIIBI.

N3naBHa i oOJeryeHus COBEpPIICHUS MEXaHUYECKON paboThl YEIOBEUECTBO
UCIIOJIb3YET MPOCThbIe MEXaHU3MbI — YCTPOICTBA, B KOTOPBIX paboTa COBEpIIACTCA
TOJIBKO 32 CUET MEXaHUYECKOW SHEPIHUH.

[IpocThie MEXaHU3MBI CITyXaT JJIsl TpeoOpa3zoBaHusi CUibl. IX MPUMEHSIOT IpH
COBEpIIEHNH pabOThl B TEX ClydasX, KOrja Haao JEHCTBUEM OJHON CHJIBI
ypaBHOBECUTH APYTryto cuity. OQHUM U3 BUIOB MPOCTHIX MEXAHU3MOB SIBJISIETCS OJIOK.

Biok — 3T0 npocToil MexaHu3M, NPEICTABISIONINI COO0M KOJIeCco ¢ Kea000M,
yKperieHHoe B o0oiMme. [1o xkenoby 610ka MpomycKarT BEPEBKY, TPOC WU 1IETb.

[IpuHsATO pa3nuuath J1Ba BUJa OJOKOB: MOABHKHBIA 1 HEMOABUKHBIM.

Buabl 6nokos

N/ m

MoasuxHbBIA HenoasuxHbin
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IMoaBu:KHBIH 0JIOK — 3TO OJIOK, OCb KOTOPOTO TMOJHUMAETCS W OITyCKAaeTCs
BMECTE C IPY30M.

A HemoJBHMKHBIM OJIOKOM Ha3bIBAIOT TAaKOM OJIOK, OCh KOTOPOTO 3aKpeIlieHa U
IpU MOBEME TPY30B HE TIOJIHUMAETCS U HE OIYCKaeTCsl.

HenoaBm:kHblii 070K MOXXHO paccMaTpvBaTh Kak PaBHOIJIEYHbIH pblyar
NEPBOr0 poja, y KOTOPOro IUIEYH CHJI paBHBI paauycy koseca. Torma u3 ycinoBus
paBHOBECHUS pbluara ClieJlyeT, YTO HEeTOBMKHBIN OJIOK HE aeT BBIUTPHIIIA B CUIIE, HO
M03BOJISIET U3MEHUTH €€ HaMpPaBJICHUE.

F1=Fz

Buo sxcnepumenma: yaeHU4eCKuu.

Dopma opeanuzayuu y4ebHoU dessmeabHOCmu: UHAUBUyadbHas U TPYyIIIOBast.

Onucanue npogedeHus IKCnepUMeHma

Heab 3xcnepumenta. M3meputs paboTy CUIIBI YIIPYTOCTH MIPU MOABEME IPy3a
C MIOMOIIIBIO HEMOABUKHOTO OJIOKa.

3agaunm  3kcmepuMmeHTa. CoOpaTh  3KCIEPUMEHTANIBHYIO  YCTaHOBKY,
BBIMIOJIHUTh MPSAMbIE W3MEPEHUS CUJbl YOPYTOCTH M BBICOTHI NOIBEMA TIpy3a,
paccuuTaTh pabOTy CHIJIBl YHNPYroCTH, 3a(UKCUPOBATH PE3ydbTaThl B OTYETE IO
MpaKTUYECKON padoTe.

Xo/a IKcnepuMeHTa

. Hauepture B OnaHke OTBETOB CXEMY JKCIIEPUMEHTAILHOM
YCTaHOBKH.

L

v

F;'np
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o 3anummTe B OJaHK OTBETOB (hopMyity Ijisi pacuera paboThl CHIIBI,
YUUTBIBas, YTO B JaHHON paboTe BEKTOPHI CHJIBI M TEPEMEIICHUS TOYKH
HPUIOKEHUST CUJIBI COHAIPABICHBI, MOJTOMY KOCHHYC YIJla MEXIy ATUMHU
BEKTOpPaMH PaBEH €IMHUIIE.

A=F,,S

o Cobepute  JKCIMEPUMEHTAIbHYIO  YCTaHOBKY, 3aKpenuTe
HEMOJIBIKHBIM OJIOK HAa IITaTHBE, MEPEKUHbTE 4Yepe3 >kKeylod OJIoKa HUT,
3aKperuTe Ha OJHOM KOHIIE HUTH TPU Tpy3a, Ha CBOOOJHOM KOHIIE HUTH
c/eNaiiTe MeTIII0 ¥ HAKMHBTE €€ Ha KPIOUOK TUHAMOMETpa, yOeAUTeCh, YTO HUTh
HE MepeKpyyYeHa U CBOOOHO CKOJIB3UT MO OJIOKY.

o TstHUTE 32 AMHAMOMETP, PABHOMEPHO MOJHMMAs TPy3 Ha BBICOTY
15 cm, ompenenute 3HaYeHHE CHIbl ynpyroctw F,,, @O moKa3zaHUAM
JMHAMOMETDA.

o Omnpenenure MOaynb MepeMelieHus (BbICOTY HOJIbeMa) Ipy30B S
IpU TOMOIIM JUHEHKH, 3aUKCHPOBAB HAYaIbHOE M KOHEYHOE TMOJIOKEHHUE
TPYy30B.

o 3anmumuTe B OJaHK OTBETOB M3MEPEHHBIC 3HAYCHUS CHIIBI
ynpyrocta F,,, 1 Moxyns nepemelieHus rpy3oB S C y4eTOM IOTPEIIHOCTEN
HU3MEPEHHUSL.

o [Tonp3ysice pacueTHoi QopmyIoi, ompenenute pabOTy CHIIBI
yIpPYyrocTu MNpu MoabeMe rpy3oB. Jlyis moiaydeHus: KOPpEeKTHOTO pe3yJibTaTa
3HaYEHUE MepeMeIleHUs TPY30B S 10 Havajia pacyeTa HeoOX0JUMO NIEPEBECTU B
CUCTEMHBIE €IUHUILIBI (B METPBHI).

o 3anuiurte B OJIaHK OTBETOB MOJy4YeHHbIN pe3ynbrar. He 3a0ynpre
yKa3aTh B OTBETE €AMHUIIBI U3MEPEHUS.

Ilepeuenv 6onpoco k 006CyHcOeHUIo pe3yrbmamos IKChepumMeHma

° CoBnanu u u3MepeHHast padbota A,.., = F S u TeopeTrueckas Aoy
= mgh? Ecau HeT, TO B KaKyl0 CTOPOHY M Ha CKOJIKO MPOIEHTOB OTJINYAETCs
pe3ynbrar?

o Kyna «yxomut» u3bwsiTouHas pabora? HazoButre He MEHee IBYX
(U3HYECKUX IPUYHH.
o W3MeHsoch M TOKa3aHWE TWHAMOMETpa B MOMEHTHI CTapTa,

PaBHOMEPHOTO JIBMXKEHUSI M OCTAaHOBKU Tpy3a? Kak 3To cBsi3aHO € cuUjaMu
TPEHUS MMOKOSI U CKOJIbKEHUA?

o Brusiiia i ckopocTh orbeMa Ha u3MepeHHyro crty F? Onummre
Ha0II0AaeMYT0 3aBHCUMOCTb.
. [nme B peaibHOW JKU3HU MPHUMEHSIOT HEMOJBWKHBIC OJOKH?

HazoBute 2—3 npumepa u 00bSCHUTE, TOYEMY TaM Ba)KHO YUUTHIBaTh paboOTy
CHUJIBbI YIIPYTOCTH.
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O2xugaembie pe3yIbTaThbl IKCIIEPUMEHTA

[TonyueHHOE B pe3yJIbTaTe MPOBEACHUS ONbITA YKCIIEPUMEHTAIBHOE 3HAYCHUE
paboThl CWJIBI YHOPYTOCTH MO MOABEMY TPY30B Ha BBICOTY 15 cM B mpenenax
norpemHocterd coctaBut 0,45 JI)K Hpu HUCHONB30BAHUM CTaHAAPTU3UPOBAHHOTO
000py10BaHUS.

O0cy:kneHue u aHaJIU3 pe3yabTaTOB

[Tocne mpoBeaeHMs SKCIEPUMEHTA 00yYaIoLUuecs MOTYT OOCYIUTh Pe3yJIbTaT U
MpOaHAIM3UPOBATh €ro JOCTOBEepHOCTh. Jlng ©Oornee mpeaMETHOrO —aHamu3a
pE3yNbTAaTOB AIKCIEPUMEHTAa MOXKHO C(OpPMYIUpOBaTH OTBETHl HA PAJ BOIPOCOB.
Kakue ¢aktoppl cuibHEe BCEro MOBIWSIN HA TOYHOCTh M3MepeHmit? Kak MOkKHO
YIY4YIIUTh JKCIEPUMEHT? [ 716 NMPUMEHSIOTCS W3Y4YEHHBIE 3aKOHOMEPHOCTH? YTo
HOBOTO BbI Y3HAJIU O pabOTe CHJIbI YIIPYTOCTH M MPOCTBIX MEXAHU3MAX ?

HN3mepenue padoThl CHJIBI YIIPYTOCTH NPH MOABEME IPy3a ¢ OMOLIbI0
MOABUKHOT0 0J10KA
3amauya Ne 30
Wcnonp3ys mratuB ¢ MyQTOH, TIOBMKHBIN OJIOK, HUTh, 3 Tpy3a (Ne 1, Ne 2, Ne
3) u nuaamomeTp Ne 2, coOepHTe YCTaHOBKY JUIsi HF3MEPEHUS pabOThI CHIIBI YIIPYTOCTH
OpU pPaBHOMEPHOM IMOJBEME TPY30B C HCIOJb30BAHUEM IOJIBUKHOTO OJIOKA.
Omnpenenure paboOTy CUJIbl YOPYrOCTH NPU MOJBEME COEIWHEHHBIX 3 Tpy30B Ha
BbicOTy 15 cm. IlorpemnHoctes u3mepenus cunbl paBHa +0,1 H, norpemmnocts
M3MEPEHUS BBICOTBI IPUMUTE PABHOU +2 MM.
OT4YeT O BBINOJHEHUH dKCIEPUMEHTAIBHOTO 3aJJaHUSI CIEIIAUTE B CIEAYIOIIEM
BUJIE:
1)  Cpaenaiite pUCYHOK DKCIICPUMEHTAIBHON YCTAHOBKH.
2)  3amummre GopMyITy s pacdera padoThl CHIIBI YIIPYTOCTH.
3)  VYkaxwure pe3yabTaThl U3MEPCHHUS CHIIBI H BBICOTHI.
4)  TlpoBenute pacueTbl pabOTHI CHIIBI YIPYTOCTH. 3alTUIIUTE OTBET.

Hanauna Examepuna Anexcanopoena,
yuumens guszuxu MAOY COLL Ne 15
umenu B.U. I'pasxcoanxuna MO Hunckoil pation

IIpakTnueckas padora Ne 30
«HM3mepenne padoThl CHJIbI YIIPYTOCTH NP MOAbEMe IPy3a ¢ IOMOLIbI0
MOJABM/KHOT0 0JI0Ka» B paMKax u3ydeHus tembl «IIpocTbie MexaHU3MBI.
IIpuMmeHeHne NpaBuIa paBHOBECHS pbIYara K 0JI0Ky»
B Kypce «@Pu3uka» B 7 kjacce

OKCIIEpUMEHT MOMOXKET 00yJalOIIUMCS MOHATh, KaK MOXHO U3MEPUTh padoTy
CWJIBI, 3aKPENUTh MOHITHUS CHJIbI YIPYTOCTH (IIKOJBbHUKHU HAIJISIIHO BUASAT, KaK CHJIA
YOPYTOCTH BO3HUKAET B HUTH) U PaOOTHI CHIIBI. YUaliecs: u3y4ar IpUHIUI paboTh
MOJIBIKHOTO OJI0Ka U yOeIsSTCsl B TOM, UTO OH JIa€T BBIMTPHIII B CUJIE B 2 pa3a.
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IIpob6aemnas cutyanus. Ha ypoke TEXHOJOrMM B OTBET Ha BBICKA3bIBAHUE
KOTO-TO M3 YYEHUKOB O TOM, UYTO (pU3MKa — HEHYXHas HayKa, YUUTENb IPEIIOKIII
pedstaM nonpoOoBaTh MOAHATH B OJUMHOYKY SLIUK C MHCTPYMEHTAaMHU MacCoil 0KO0JIO
10 xr Ha BTOpOH sIpyc cTeiiaxka B MacTepckoil. Beicora cremnaxa — okono 1,5 m.
PeGsita OBICTPO MOHMMAIOT, YTO 33Ja4a NMPAKTUYECKU HEMOCWiIbHAsl. Torga yuyuTelb
peiaracT UM UCIOJIb30BaTh BEPEBKY U 3aKPEIJICHHBIN BBEPXY HETIOABMKHBIN OJIOK.
CrpaBisiTbesl ¢ 3ajayeil CTAaHOBUTCS NIpOIIE. YUHUTENIb A0000pYyAYyeT MOIbEMHBIN
MEXaHHU3M TOJBIKHBIM OJIOKOM U 3aKpeIuisieT MK Ha HeM. Pe0sita npu3HaioT, 4To
YCWIMKM MPUXOJUTCS MPUKIAIBIBATh TOPa30 MEHbIIE, HO PACCTOSHUE, HA KOTOPOE
MPUXOJUTCS NPOTATUBATH BEPEBKY, YBEIUUUIOCH.

MopeanpoBanue cutyanumud. B nabopaTopuy MIKOJbHUKAM IpeajiaraeTcs
M3MEPUTHh PadOTy CWJIbI YIPYTOCTU MPHU MOJBEME I'py3a C MOMOUIBIO MOABUAKHOIO
0J10Ka.

IIpobaemusblii Bonpoc. Kak onpenenuts paboTy CUIlbl yIPYTOCTH IPU IOABEME
rpy3a C MOMOILBIO MOABMXHOTO 0JI0KAa C MUHUMAaJIbHOW MOTPEIIHOCTHIO?

Bonpocw onsa uccreoosanus.

1.  Yro takoe pabota cuibl ynpyroctu? 3anumure GopMyiy Uil ee pacyeTa
B KOHTEKCTE JaHHOU pabOoThI.

2. [Toyemy moOABMKHBIN OJIOK JTa€T BHIMTPHIII B CUJIE B 2 pa3a?

3. JlaeT 11 MOABMKHBIN OJOK BRIMTPHIII B paboTre?

4, B yem npuHIMNHAIBHOE OTIMYKE TOJBUKHOTO 0JI0Ka OT HEMOABH>KHOTO?
Kaxk aT0 oTpaxkaercs Ha cuie, HeoOX0oAUMOM 1Jisl moJIbeMa rpy3a?

5. 3anumure GopMmyny ajis pacdyeTa pabOThl CUJIBI YIPYTOCTH B JTaHHOU
ycTaHoBKe. UeM OHa OT/In4YaeTcst OT (pOPMYJIBI JUIsl HEMTOABIKHOTO OJ0Ka?

6. Yto yTBEpKAAET «30J0TOE MpaBmiIo» MexaHuku? Kak oHO posBisieTcs B

paboTe MoABMXKHOTO OJI0Ka?

Ilepeuenv Heobxooumozco obopyodosanus, mamepuanos. MTATUB C MY(TOH,
HOJIBMOKHBIN OJIOK, HUTh, 3 Tpy3a (Ne 1, Ne 2, No 3) u tuHaMomerp.

Mexannveckasi padora — 3T0 CKajsipHas (pu3Mueckas BEIMYMHA, KOTOpas
XapaKTepu3yeT MPOIECC MEepEeMENICHUs Tella Mo JehHcTBUEeM cuiibl. OHa YHCIICHHO
paBHA TIPOU3BEICHUIO MOIYJIS ITOW CHIIBI, MOJIYJIS TEPEMEIICHUS W KOCHHYCa yTJia
MEKy HalpaBJICHUEM BEKTOPA CHJIBI M BEKTOPA TEPEMEIIICHHS:

A = F|5| cos a.

B oOmem cimydae mepememieHusi pa3HbIX TOYEK TBEPIOTO Tela pa3IHyHbL.
[TosToMy mpu ompeneneHud pabOThl TOJ TepeMEIIeHHeM OOBIYHO IMTOHHMAIOT
MIePEMEIICHIE TOYKU TPUITOKCHHUS CHIIBL.

W3naBHa st 00JIerdeHus] COBEPIICHHUS MEXaHUYECKOW PabOThI YeI0BEYECTBO
UCIIOJIb3YET MPOCThbIe MEXaHU3MbI — YCTPOMCTBA, B KOTOPBIX paboTa COBEpIIACTCS
TOJIBKO 32 CYET MEXaHUYECKOW SHEPTHH.

[IpocTeie MEXaHU3MBI CITYKaT I IPeoOpa3oBaHus CHIIbl. VX MPUMEHSIOT IpU
COBEpUICHWH padOThl B TEX CIy4yasX, KOIrJa HAJA0 JCHCTBHEM OJHON CHIIBI
YPaBHOBECHUTH APYTYI0 crty. OMHUM U3 BUIOB IMPOCTHIX MEXAHU3MOB SIBIISICTCS OJIOK.

BJ10K — 3TO MPOCTOIl MEXaHU3M, MPEJICTABISIIOIINI cO00 KOJIeco ¢ Keao0oM,
yKpermieHHoe B o6oiime. [1o xenody 610ka mpomycKaoT BEpPEBKY, TPOC WU 1I€Tb.
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[TpunsTO paznuyaTh ABa BUJA OJOKOB: MOABHKHBINA 1 HEMOABUKHBIM.

Buabl 6nokoB

N/ m

MoasuxHbBIA HenopasuxHbin

IoaBMKHBIH 070K — 3TO OJIOK, OCh KOTOPOTO IMOJHUMACTCS U OIYCKaeTCs
BMECTE C TPY30M.

A HemoABMKHBIM OJIOKOM Ha3bIBAIOT TAaKOH OJIOK, OCh KOTOPOTO 3aKpericHa 1
MU MOIbEME TPY30B HE MTOJHUMAETCS U HE OITYCKAETCS.

IoaBMKHBIH 0JIOK MOXKHO PaCCMaTpUBaTh Kak pblYyar BTOPOro poaa, KOTOPbIi
MMOBOPAYMBAETCS OTHOCUTEILHO MTHOBEHHOU ocH. [103TOMY MOJIBMXXHBIN OJIOK AaeT
BBIMI'PBILI B CUJIE B /IBA pa3a.

0

NP
Fi
F, =2F,

Tak Kak Tiedo Cuiibl YNpyroctu Fi oTHOcHUTEnbHO TOYKM BpaiieHus O mpu
NOJIbEME I'Py3a C MOMOUIBIO MOJBUKHOTO OJIOKA B JIBa pa3a OOJbIIE TUieYa CUJIbL, C
KOTOPOM Ipy3 AeUCTBYET Ha OJI0K F2 OTHOCHTENBbHO TOM ke Touku O, MOAYJIb CUIIbI Fp
OyJIleT B JiBa pa3a MEHbIIIE MOAYJISI CUJTBI Fa.

MHorue npocTeie MEXaHU3MBbI Jal0T BBIMTPHIIL B CUJIE, HO BBIMTPBILIA B padboTe
OHM He aaroT. Eiie ApeBHUMHU y4eHbIMU ObLIO C(HOPMYIHUPOBAHO «30J10TO€ MPABUJIO
MEXaHMKM», TMPUMEHSIEMOE€ KO BCEM IMPOCTHIM MEXaHW3MaM: BO CKOJBbKO pa3
BBIUTPBIBAEM B CHJIE, BO CTOJILKO Pa3 MPOUTPHIBAEM B PACCTOSHUU:

F;s, =F;s,.

[ToaTomy paccrosiHue, MpolIeHHOE TPy3aMu B IpoIecce MoabeMa, OyIeT B JBa
pasa MEHbIIIE PACCTOSHMSI, KOTOPOE MPOMUIET TOUKA MPUIIOKEHHS CHITbI YIPYrocTH Fi.

PaGoty cuibl 1o morbemMy rpy30B B KOHTEKCTE JaHHOW MPAaKTUYECKON pabOThI
CJIEIyeT paCCUUTHIBATh, UCIIOIb3Ysl B KaYecTBe MOAYJISl NepeMellleHIsl YABOECHHOe
3Ha4YeHHe BBICOTHI 110, IbEMA I'PY30B.
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Buo skcnepumenma: yaeHU4eCKUU.

Dopma opeanuzayuu yuebHOU OesmelbHOCmY: UHANBUyalIbHAS U TPYIIIOBas.
Onucanue npogeoenus IKCnepumMenma

Heab sxcnepumenTa. 3meputs paboTy CUIIbI YIPYTOCTH MPHU MOAbEME TPy3a

C ITIOMOIIBIO ITIOABUXKHOI'O OyoKa.

3agaunm  skcmepuMenTa. (CoOpaTh  IKCIEPUMEHTAIBHYI0  YCTaHOBKY,

BBIMIOJTHUTh TPSIMBIE W3MEPEHHS CHIIBI YIPYrOCTH M BBICOTHI TOJbEMa TIpy3a,
paccuuTath paboOTy CHIIBI YIOPYTOCTH, 3a(UKCHUPOBATH PE3YJIbTaThl B OTYETE IIO
MpPaKTHUECKOH paborte.

Xoa IKcnepuMeHTa

o Hauyepture B OnaHke OTBETOB CXEMY JKCIIEPUMEHTAILHOM
YCTaHOBKH.
o 3anumurte B OJJaHK OTBETOB (POPMYITy JIJIsl pacueTa padOThl CHUIIBI,

YUHUTBIBAsl, YTO B JAHHON paboTe BEKTOPHI CWJIbI M MEPEMEIIEHUS TOYKH
MIPUJIOKEHUSL CUJIBI COHAIIPABIICHBI, IOJTOMY KOCHMHYC YIVIa MEXAY 3THUMU
BEKTOPAMU PABEH €IMHHUIIC!

A=F,,s

o Cobepute HKCIEPUMEHTAIBHYIO YCTAaHOBKY, 3aKpENUTEe OJHMH
KOHELl HUTH Ha TIEPEeKIaIMHE IITaTUBA, MPOMYCTUTE IPYroi KOHELl HUTH Yepes
XKeno0 TOJBIKHOTO OJioka, K 00oiiMe OJoKa MpUKpENnUTe TPU Tpys3a, Ha
CBOOOZIHOM KOHLIE HHUTU CJieJaiiTe MNeTa0 M HAaKUHbTE €€ Ha KPIOYOK
JMHAMOMETpA, YOeIUTEeCh, UTO HUTh HE MEPEKPYUEHA U CBOOOHO CKOJIB3HUT IO
OJIOKY.

. TsaHUTE 32 TMHAMOMETpP, PABHOMEPHO IMOJHMMAs I'Py3 Ha BBICOTY
10 cm, ompenenute 3HaueHWE CWIbl ynpyroctw F,,, @O0 NOKa3zaHUAM
JUHAMOMETPA.

o Omnpenenute BHICOTY MOABEMa TPy30B h mpu momMomy JTUHEHKH,
3a()KCUPOBAB HAYAJIbHOE U KOHEYHOE TOJI0KEHUE IPY30B.

o 3anummMTe B OJIAHK OTBETOB HM3MEPEHHOE 3HAYEHUE CHIIbI
ynpyrocti F,,, ¢ ydeTOM MOrpenHoCTH H3MEPEHMUS.

o YuuThIBast, YTO BBIUTPHIII B CHJIE TPU UCIIOIB30BAHUHU MOJIBUKHOTO
0Ji0ka B 2 pa3a BJ€YET MPOUTPHILI B PACCTOSIHUM TaK)Xe B 2 pa3a, ONpeAesuTe
MOJAYJb TEPEMEIIECHUs TOYKH MPUIOKEHUS CHUJIbl YNPYrOCTH JIs pacueTa
paboTHI S KaK YJIBOCHHYIO BBICOTY MObeMa Ipy30B: S=2N. 3anuiiure B OJaHK
OTBETOB KpaTKoe OOOCHOBAaHME JII pacyeTa S M IMOJYYEHHOE 3HAYEHHE S C
YYETOM MOTPEIIHOCTH U3MEPEHHUI.

o [Tonb3ysice pacueTHOi QopMmysoii, ompenenure padOTy CHIIBI
YOPYIOCTH IpH NOAbEME Ipy30B. JlJIs MOJy4eHHs] KOPPEKTHOTO pe3yibTaTa
3Ha4YeHHe S 10 Hayaja pacuera HeoOXOIMMO MEPEBECTH B CUCTEMHBIE €IUHHIIBI
(B MeTpBHI).
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o 3anummTe B OJJaHK OTBETOB MOJY4YEHHBIN pe3ynbTaT. He 3a0yabTe
YKa3aTb B OTBETE €UHULIBI U3MEPEHUS.

Ilepeuenv 6onpocog k 06cysHcOeHUIo pe3yIbmamos IKChepumMeHma

° Cosnanu 1 u3MepeHHast padota A,.., = F S u Teopetrueckas Aoy
= mgh? Ecau Het, TO B KaKyr0 CTOPOHY M Ha CKOJIKO MPOIEHTOB OTJINYAETCS
pe3yabTar?

J Kyna «yxonut» u30biTouHas paborta? HazoBuTe HE MEHee IBYX
(bu3HYEeCKUX MPUYHH.

J Kak cootHOCcsTCS cuna ynpyroctd Fyq, u Bec rpy3a P?

J [TonTBEepaucCs U 0XXKUAAEMBIN BBIMIPHIII B cuiie B 2 paza? Eciu

HET, TO IToYeMy”?

O:xupaembie pe3yabTaThl IKCIIEPUMEHTA

[TosryueHHOE B pe3yibTaTe MPOBEACHUS ONbITA HKCIIEPUMEHTAIBHOE 3HAUCHHE
paboThl CUJBl YHOPYrOCTH MO MOABEMY Ipy30B Ha BbicoTy 10 cM B mpexaenax
norpemuocreir cocraBut 0,3 JK NpU HMCHOJIB30BAHMM CTaHAAPTU3UPOBAHHOIO
000pyI0BaHUS.

OO0cy:kaeHue U aHAJIU3 pe3yabTaToOB

[Tocne mpoBeaeHMs SKCIEPUMEHTA 00yUaIOLIMecs MOTYT OOCYIUTh Pe3yJIbTaT U
MPOAHAJIM3UPOBATh €ro JOCTOBEpPHOCTh. /[l Oojee mnpeaMeTHOro aHanu3a
pe3yNbTaTOB AKCIEPUMEHTAa MOXKHO C(OpPMYyJIHpPOBAaTH OTBETHI Ha PsJi BOMPOCOB.
Kakue daxtopsl cuiabHee BCEro MOBIUSIIM HAa TOYHOCTh M3MepeHuil? Kak MOXKHO
YIY4YIIUTh SKCIEPUMEHT? [ 716 NMPUMEHSIOTCS U3Y4YEHHBIE 3aKOHOMEPHOCTH? YTo
HOBOTO BbI Y3HAJIU O pabOTe CUJIbI YIIPYTOCTH U MPOCTBIX MEXAHU3MaX ?

IIpoBepka yc10Busi pABHOBECHSI pblYara

3agaua Ne 31

Hcnonp3ys peraar u pu rpy3a mo 100 1, mratus u quanamometp Ne 2, cobepute
YCTaHOBKY JIJIsl IPOBEPKH YCJIOBHS paBHOBECHS pblyara. J[Ba rpys3a noBechTe CJIEBa OT
OCH BpalleHMs pblyara Ha pacCcTossHUM 6 cM OT OocH. ONBITHBIM IIYTEM YCTAHOBUTE
pPAcCTOSIHUE OT OCH BpAILEHHUS, Ha KOTOPOM HYXHO Pa3MECTUTh TPETHHl Ipy3 Tak,
YTOOBI phIUar OCTaBaJICs B PABHOBECHU B TOPU30HTAIBHOM M0JIOKeHUH. V3MepbTe Bec
Ipy30B, TMOABEUICHHBIX Ha phluare, KOTJa pblUar HAXOJUTCS B PAaBHOBECHH.
AGcoII0THas MOTPEIIHOCTh U3MEPEHHUsI pacCTOsTHUS paBHa £2 MM, a Beca — +0,1 H.

OT4eT O BBINOJIHEHUH 3KCHEPUMEHTAIBHOIO 3a/IaHUsl ClIeTaiiTe B CIEAYIOIIEM
BUJIE:

1. Cpenaiite pUCYHOK SKCIIEPUMEHTAIbHON YCTaHOBKH.

2. 3anumute GOpMyITy YCIOBHUS paBHOBECHUS pblyara.

3. U3meppTe anuHBl Mjed Cuj, AEHCTBYIOIIMX Ha KakIoe IUIeYO pblyara.
N3mepbTe BEC IPy30B, MOJBELICHHBIX HA KaXJIOM ILI€4e pblyara. Pe3ynapTaTel
U3MEPECHUI TPEJCTaBbTe B BHUAE TaONuIbl. B TOW Xe Tabnuie yKaKuTe
paccUMTaHHbIE OTHOLUEHUS CUJI M OTHOIIECHHMS ILIEY.
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4. Cpenaiite BBIBOJ O BBIIOJIHEHUM YCIOBUS PaBHOBECHS pblUara. 3amuIluTe
OTBET.

Hanauna Examepuna AnexkcanopoeHa,
yuumenv ¢usuku MAOY COILI Ne 15
umenu B.U. I'pasxcoanxuna MO unckoii pation

IIpakTHyeckas padora Ne 31
«IIpoBepka yci10BHsI pAaBHOBECHS PbIYara» B paMKax udyuyeHus TeMbl «Pbruar.
PaBHoBecHe cui1 Ha pbryare. MoMeHT CWiIb» B Kypce « Pusuka» B 7 Kiaacce

OKCHEpPUMEHT TOMOXET O0O0yYaroluMcsa TMOHATh, KaK MOXHO IPOBEPUTH
YCIIOBUE PpAaBHOBECHS pbluara, HayduTbCS H3MEPATh IUIEYHM CUJI W YYHUTHIBATH
HOTPELIHOCTY U3MEPEHUM MPH BBIIIOJIHEHUHU MPAKTUYECKUX padoT.

IIpobdaemuas curyanusi. [lpiTascb OThICKaTh B SIIMKaX KoMmoAa HaOop
KapaHJallel, MKOJbHUK BBIIBUTAN UX [TOOYEpPENHO. B Kakoi-TO MOMEHT, Korja oH
BBIJIBUHYJI OJVH U3 SIIUKOB INPAKTUYECKU MOJTHOCTBIO, KOMOJ ITOKAYHYJICS U Hadall
nazaath Brepea. lkonpHUK ycren ObICTPO 3aIBUHYTh SIIIKMK, U KOMOJI BHOBb BCTall Ha
YEeThIPE HOXKKHU. A IIKOJBHHUK 33JyMajCsl O TOM, YTO € IPOU30LUIO0 U IMOYEMY
YCTOMUMBBIN C BULY MPEAMET MEOEIIN BBIIIEN U3 PABHOBECHS?

MopeanpoBanue cutyanuu. B nabopaTopuy MIKOJbHUKAM MpEAJIaraeTcs
MIPOBEPUTH YCIOBHE PABHOBECHS phluara.

IIpo6aemublii Bonpoc. Kakue ycioBusi JOJKHBI COOJIIOAATHCS, YTOOBI phluar
OCTAaBAJICA B PABHOBECHUU?

Bonpocuw 0ns uccredosanus.

1. Ilpu kakux yCIOBHSX pblYar HaXOAMUTCS B paBHOBecuu? Kak 3T0 onpenenuTsb

BU3yaJIbHO?

2. Kak cBs3aHbl MexXay coOOM cuiia, IpUJIOKEHHAas K pbluary, U JUIMHa Iuieya, Ha

KOTOPOE OHA JIEUCTBYET?

3. UTo mpoHCXOIUT C PAaBHOBECHEM, €CIM W3MEHHUTH MOJIOKEHHUE TOYKU OIOPHI
pbruara?
Kax npuHIMI paBHOBECHS pblyara UCIOIb3yeTCs] B HOKHUIIAX ?
Kak xkavenu-06amancup ¢ JA€TbMM pa3HOM MacCchl MOTYT OCTaBaThCsl B
paBHOBECUU?
6. Kak rpy3uuk UCONB3yeT pblyar, YToObI MOJHATh TSKEIbIA AIIUK?
/. B kakux uHCTpyMeHTax (Jionara, ra€yHblid KJt04, IIUIILbI) padoTaeT MPUHIIMI
ppruara?

o B

Ilepeuenv HeobOX00UMO20 000pYyO0OBaHUS, Mamepualog:. phl¥ar, TPHU Tpy3a,
IITaTUB U AUHaMoMeTp Ne 2.

C napeBHUX BpeMeEH il OOJIETYCHHS COBEPIICHUS MEXaHUYECKOW pPabOTHI
YeJIOBEYECTBO MUCIIOJB3YET MPOCThIe MeXaHU3Mbl — YCTPOHCTBA, B KOTOPBIX paboTa
COBEpIIIAeTCS TOJIBKO 33 CUET MEXaHHMIECKON SHEPTHUH.
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[TpocTeie MexaHU3MBI CITY>KaT AJIsl TpeoOpa3oBanus cuibl. VX mpuMeHstoT npu
COBEpILIEHUU paboOThl B TEX Ciy4asX, KOTJa Haao JCUCTBUEM OJHOW CHJIbI
YpaBHOBECUTH Jpyryro cuity. OaHuM u3 Hauboliee paclpOCTPAHEHHBIX MPOCTHIX
MEXaHU3MOB SIBJIsieTCS pblyar. FIMEHHO OH IMO3BOJISIET MAJIOM CUJIOW YPaBHOBECHUTD
OOJIBIIIYIO.

Pobruarom HazbiBaeTcs Jit000€ TBEPIOE TENO, KOTOPOE MOXKET MOBOPAUYUBATHCS
OTHOCHUTEJILHO HETIOABUKHOM OCH WJIM ONOPHI o1 AeiicTBUEeM cuil. [Ipu aTom cneayer
MOMHHTb, YTO PE3yJIbTAT JCUCTBUSA CWJIBI Ha pbIYar OIpeNessieTcsl He TOJbKO ee
MOJYJIEM, HO U JJIMHOM IIjIeYa.

Il;1eyom cuiIbI Ha3bIBACTCS KpaTyaiiiee pacCTOSHNUE OT TOYKU OMOPHI 10 TMHUU
JNEUCTBUS ATOM CHIIBI (CM. PUCYHOK).

IInedo cuanl F,

Ilnedo cunmr F,

F,
YT0oObI HAWTH TIJICYO CUJIBI, HAJIO U3 TOYKU OTIOPHI OMMYCTUTH MEPIEHANKYIISP Ha
JIUHUIO EUCTBUS CHIIBL. J[TMHA ATOro nepneHanuKyaspa u OyeT Ie4yoM JaHHOU CUITBI.
YciaoBue paBHoBecusi pbryara (GOpMyJIUPYETCs TaK: pbluar HAaXOAUTCA B
PaBHOBECHH, €CJIU MPOU3BEJICHUE CUJIBI Ha TIJIEYO 1O 00€ CTOPOHBI OMIOPHI OJIMHAKOBO,
TO €CTh
Fidi = Falo,
rie  Fi-m F2 — cuitbl, aeicTByromue Ha ppryar, a
I+ u I, — cooTBeTcTBYIOIIME UM IIJICUN CHIT (KpaTYaWIINe PACCTOSHUS OT
TOYKH OMOPHI 10 JIMHUUN TEUCTBUSI CHI).
N3 ycaoBusi paBHOBecHsl pblYara cJjeayer, 4YTO pblUar HAXOIHUTCS B
PaBHOBECUHU TOT]Ia, KOT/1a CUJIbI, IEUCTBYIONINE Ha HETO, 0OPAaTHO TIPOMIOPIIMOHATBEHBI

JJINHaM I1JICY 5TUX CHUJI:
Fl lZ

F, 1

Buo skcnepumenma: y4eHU4ECKUIA.

Dopma opeanuzayuu yuebrou oesimenbHocmu: AHAUBUTyaabHAsl U TPYIIIIOBAS.

Onucanue npogedenust SKCnepumMeHma

Heab 3xcnepumenTa. [IpoBeputs ycioBre paBHOBECHs pblyara.

3agauu 3xkcnepumMenta. CobpaTh SKCIIEPUMEHTAIBHYIO YCTAHOBKY, U3MEPUTH
CUJIBl W IUIEYM CHJI, PACCUMTATh OTHOLICHUS CWJI M IUIEYd CHUJI, CPAaBHUTH 3TH
OTHOILIEHUS, 3a()UKCUPOBATh PE3YJIbTAThI B OTUETE IO MPAKTUUECKOM paboTe.
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Xoa IKcnepuMeHTa

o Haueptute B ONaHKe OTBETOB CXEeMy OSKCHEPUMEHTATbHON
YCTaHOBKH.
J 3anummTe B O1aHK GOpMyJTy YCIIOBUSI PABHOBECHS pbhlyara
Fiy L
F2 L
o Cobepurte >KCEPUMEHTAIBHYIO YCTAHOBKY: 3aKpEMUTE pblyar Ha

mITaTMBE M I1PH  HEOOXOAMMOCTH  YpaBHOBECHTE  €r0,  HCIONB3YS
pEryJIMpOBOYHBIC BUHTHI. Pa3MecTHTe [Ba Irpysa Ha JIEBOM ILICY€ phluara Ha
pacCTOSHUK 6 CM OT OCH BPAIllEHHs, a OJUH I'Py3 — Ha IIPABOM III€Ye Ha TAKOM
pacCTOSHHM OT OCH, 4YTOOBI pblYar OKa3ajCs ypPaBHOBCIICHHBIM B
TOPU30HTAILHOM ITOJIOKEHHH.

. W3mepbTe [UIMHBI TUIEY CHII, ACHCTBYIOIINX Ha KaXIyl0 U3 CTOPOH
peryara ly u lo.

. Bhruncionre Bec Ipys30B, 3aKpEIUIEHHBIX Ha phlyare, MOJb3YsICh

dbopmynoii
P =mg.

Cutbl, IEMCTBYIOIINE HA pblYar, paBHbI BECY TPY30B, 3aKPEIUICHHBIX Ha
ppryare.

o PesynbraTel u3mepeHuil cui u mied opopmMute B OJ1aHKE OTBETOB B
BUJIC TaOJMIIbI, 3aHECUTE B TaOJNMIy W3MEpPEHHbIE 3HAUCHHUS TIUIeY CHJI,
JEUCTBYIOIIMX Ha pblYar, C y4YETOM MOTPEIIHOCTH HU3MEPEHHUs, YKa3bIBas
€MHUIbI U3MEPEHUS], U BBIYMCIICHHBIC 3HAYCHUS CUJI, ICMCTBYIOIUX HA phIYar,
yKa3bIBasi €AUHUIIBI U3MEPEHUS. PaccunTaiTe OTHOIIEHUS CUII U TJIEY 3TUX CHUJI
Y Pe3yJIbTAaThl TAK)KE 3aHECUTE B TAOJHILY.

Fq l 2
Fz I1
L4 CpaBHI/ITC IMOJIYYCHHBIC OTHOIICHUSA CHJI MW ILICY OTHUX CHIL

3anuimTe BBIBO/I 00 YCIIOBUAX BBIIIOJIHCHHA PAaBHOBCCHUA phIdara B OJaHK
OTBCTOB.

132



Ilepeuenv 6onpoco k 006CysHcOeHUIo pe3yIbmamos IKChepumMeHma

o Kak uH)XeHepbl yUWUTHIBAIOT YCIIOBUE PABHOBECHS phluara IpHU
MIPOEKTUPOBAHUU MOCTOB U KPAHOB?

o MoOXHO JI1 ypaBHOBECUTH pblUar, €CJIM OJHA U3 CUJI IPUIIOKEHA HE
NepneHANKYJIApHO mieuy? Kak nu3MeHuTs pacuer?

o Kak co3nath camonienbHbIN pbryar, 4To0bl MOAHATH Tpy3 B 10 kT,
IIPUKJIJIbIBAs CHITY HE Oosiee 2 Kr?

o MO>XHO 7T UCTIOJIB30BATh phIUar JJisi U3MEPEHUsI MacChl MpeaAMETa
6e3 BecoB?

o Kak wu3MeHHUTCS paBHOBECHE pbluara B BOJI€ WM B YCJIOBHUSX
MOHUKEHHOW rPaBUTALINU?

o Kak OBl Bbl OOBSICHWIIM YCJIOBHE PAaBHOBECHS pblyara y4CHHUKY
MJIQJIIITUX KJIACCOB, UCIIOJB3YS TOJIBKO OBITOBBIE TPEAMETHI?

O:xunaemMble pe3yJbTaThl IKCIIEPUMEHTA

[TomyuenHbie B pe3ybTaTe MPOBEICHUS OTBITA SKCIIEPHUMEHTAIbHBIC 3HAUCHUS
OTHOIICHUH M TOJKHBI OBITH MPUOIU3UTEIHHO PABHBI B MPeIeNiaX MOTPEIIHOCTEN TpU
UCIOJb30BaHUU CTAHJAPTU3UPOBAHHOIO 000PYAOBAHUS.

OO0cy:kneHue u aHAJIU3 pe3yJIbTaTOB

[Tocne npoBeaeHUs FKCIIEPUMEHTA 00yUaloUIecss MOT'YT 0OCYAUTh Pe3ybTaT U
OpoaHaJIM3UPOBaTh €ro JIOCTOBepHOCTh. [l Oonee npeaMeTHOro aHaiu3a
pe3yJbTaTOB HKCIEPUMEHTAa MOXHO C(OPMYIMpPOBaTH OTBETHl Ha psJl BOIPOCOB.
[TonTBepausoch au yciioBue paBHOBecusi pbruara? Kakue ¢axTopbl cuibHEE BCETO
BIMSUIM Ha TOYHOCTH? Kak MOXHO ylydmiuTh sKcnepuMmeHT? ['ne mpumeHstoTcs
M3y4YEHHbIE 3aKOHOMEPHOCTH?
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OT1BeThbI ¢ IpUMepaMH 0(p)OPMIICHUS pelieHUs

Agpanacvesa I'anuna Bacunvegna,
yuumens ¢uzuku MBOY « COLL Ne 7» um. I panosckoeo FO.A.
MO Téunucckuii pation

3agaua Ne 1 .

Pentenue: 1.

2. V:VZ—Vl,p:%.

3.m=(95+1)r,Vi=180cM®, Vo =214 cMm3, V = 214 — 180 = (34+2) cm®
4. p=2=2794 (=) = 2794 5 = 2800 =.

[ N

o

Q%zc\[ Ll ]
2|

P, v

3agaua Ne 2

Pemenue:

1.

2- EabIT = Pl - PZ

3. P, =(0,72+0,02) H
P,=(0,46+0,02) H

4. E..=0,72—0,46 =0,26 H.
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3agaua Ne 3

— —
Pewenue: = =]
—— ——
<
1.
L |
Vv P B BOJIe
P B BO3/1yXe
2.
P;BbIT = PB Bo3ayxe = PB BOJle

Py posayxe = (0,66 = 0,02) H

P1/4 s soze = (0,50 £ 0,02) H
Pinssore =(0,38+£0,02) H

P15 sone = (0,08 = 0,02) H

Feor 14 = 0,66 —0,50=0,16 H
Feor 12 = 0,66 —0,38=0,28 H
Fer1 =0,66 — 0,08 =0,58 H

3. BeiBoa: ipu yBenuueHNH 00beMa MOTPYKEHHOW YaCTH TEJIa BHITAIKMBAIOIIAS
CUJIa YBEIUYUBAETCS.

3agaua Ne 4
Pemrenue: 1. = =l
\% P B BOJIe
2. F]'Bbl'l‘ = PB Bo3ayxe PB BoJle P
P B BO3/iyXe \/
1p posgyxe - (2’0 + 0’1) H
Py = (L8 £ 0,1) H
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= (0,70, H

2p Bo3ayxe

2y soe = (0.6 0,1) H

Fpn, =20 — 1,8=02 H
Fl'abITz = 017 - 096 = 071 H

3. BbIBO/: BEITAIKUBAOIASA CUJIA HE 3aBUCUT OT MACChI TEJIA.
3agaua Ne 5
Penienue: 1. ' ' | '

MM
i

AARA

N

£\

—
[

\ P B BOJIE

F]'BI::IT = PB BO34yXxe PB KUOAKOCTHU

—_

P B BO3/1yXe

Py sosmgre = (0,66 £ 0,02) H

P 4 some = (0,06 + 0,02) H

P 4 pacraope comn = (0,02 £ 0,02) H

Faur s soe = 0,66 — 0,06 = 0,6 H

Faur 5 pacrsope comt = 0,66 — 0,02 = 0,64 H.

3. BBIBOIIZ IIpu YBCIWYCHHUHU IINIOTHOCTH JKHUJIKOCTH BBITAJIKUBAIOIIAA
YBCIMYHNBACTCA.

3agaua Ne 6

Penienue: 1.

F}ﬂp

TIE
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K

2. YW =F, .=P
FE"HP =kx
P
k=X
3. P=(3,0£0,)H
X = (60 £ 2) Mmm
4, k=-=50 2.
0,06 M
Epanoea Onvea Hukonaeena,
yuumenv guzuku MAOY «COLL Ne 5» um. B.U. Jlanunvuenko
MO Jlenunepadckuii pation
3agaua Ne 7
Pemenue: N
F T
| i
| l
mg?
Fpar = T
2. maru = P py paBHOMEPHOM JIBHOKCHUHU
Fip = WN, N = Fppppe = P, =22
3. P=(2,5+0,1)H,E,, = (0,52 £0,02) H.
4. pn=0,52/2,5~0,.2.
3agauya Ne 8
Peurenue:
JTATH -l O
-
2. Ep = ey TIPU PABHOMEPHOM JIBUKCHUH, A= E,, S COSa,
cosa =— 1, Tak kak a = 180°. A=—F, s.



3. s=(40,0£0,2) cM = (0,400 =+ 0,002) M, F,y, = (0,94 + 0,02) H.
4, A=-00940,4=—0,376 ik~ — 0,4 JIx.

3agaua Ne 9 R
A i?\'r
Penrenue: 1. N
-3
F T‘P Fr TATTL -l O
|
2- F;/np = FI‘HI‘H ' 1 mg—’?

A=E

vup S COSQ,

coso = I, Tak kak o. = 0°, A = E,, S.

3.5 = (50,0 £ 0,2) cm = (0,500 % 0,002) M, Foye = (1,1 £0,1) H.
4. A=1,1-05=055Tx.

3agauga Ne 10

Penienue: 1.
—>

Frp

T

JLATTI

{ Tl

—
vy mg

2. Fyary = F,, 1ipu paBHOMEpHOM JBMKeHMH, N = F 0 = P

Ne Fopen = Fopy H N=P,H
1 0,54 + 0,02 1,5+0,1
2 0,80 £ 0,02 2.5+0,1
3 1,00 = 0,02 35+0,1

3. BeIBOA: npy yBEIMYEHUH CUIIbI HOPMAIBHOTO IABJICHUS CUJIA TPEHUS
CKOJIbYKEHHMSI, BOZHUKAOIIAs MEXKy KAPETKOW U OBEPXHOCTHIO PEMKH, TAKKE

YBCIINYHUBACTCA.

3agaua Ne 11

Pemenue:

Tl

JTATTL

i

—
y mg

138

| N —



Frary = Fp, 1ipu paBHOMEpPHOM JBrKeHUH, N = F,000 = P

N
- =
Frp I rarn W]_\)
mg?
2.
IToBepxHOCTH FEogru = FTp, H N=P H
A 0,7+0,1 3,5+0,1
b 2,1+£0,1 3,5+0,1

3. BeIBO/: cHia TPEeHUs CKOJIBKEHUS, BOSHUKAIOIIAS MEXKTYy OpYCKOM H
ITIOBEPXHOCTBHIO HAIIPABJIAIOIIEN PEVUKH, 3aBUCHUT OT POJIA IIOBEPXHOCTH.

3agaya Ne 12 —_—

Penienue:

Ne Fmp=P,H X, MM :
1 1,0+0,1 20+ 2

2,0+0,1 40+2
3 3,0£0,1 60 +2

3. BeIBOA: NIpH YBEJIMYEHUH PACTSKEHUS MPYKUHBI CUJIa YIIPYTOCTH, BOZHUKAOIIAS
B HEH, TaK K€ yBEINYUBACTCH.
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3amaua Ne 13
1. DIIeKTpUYecKas cXxeMa YCTaHOBKHU

v

U
2. R=~
3. I=(0,40 +0,02) A; U=(1,9+0,1) B.
4. R==2=4,8(0m)
0.4

3agaya Ne 14 )
1. DnekTpHYecKas cXeMa YCTaHOBKH

—

(O~
2.P=I-U
3.

1=(0,30 +0,02) A; U=(1,7+0,1) B).
4.P=U-1=1,7-0,3=0,5 Bt

3agaua Ne 15

1. DnexTpudeckas cXxeMa YCTaHOBKH

v
(D~
2.A=U-I-t

3. 1=(0,30+0,02) A; U=(2,5+0,1) B), =2 mur=120 c.
4. A=2,5-0,3 - 120= 90 J[x.
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3agaua Ne 16

Pemenue:
1. DnexkTpuyeckasi cxeMa yCTAHOBKH

—

aioil

(D~

I(A) U(B) 2.
0,20+ 0,02 1,0+ 0,1
0,30+ 0,02 1,4+ 0,1
0,40+ 0,02 1,9+ 0,1

3. BbIBoA: ipy yBETWYEHUHU HAIPSKEHUS HAa KOHIIAX MTPOBOJIHMKA CHJIa TOKA
YBEJIIMYUBACTCS.

3agaua Ne 17
1. DekTpHYecKHe CXeMbl IKCIIEPUMEHTOB
Cxema 1 (¢ pesucropom Ri):

Cxema 2 (c pe3uctopom R2):

-
)i
ol

R ORN

2. TabOnuua 2.
[TapameTtp Pesucrop R: Pesucrop R:
I, A 0,40+ 0,02 0,40+ 0,02
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[TapameTtp Pesucrop R: Pesucrop R:
U,B 2,6+ 0,1 1,3+ 0,1
R=U/,Om 6,5 3,25

3. BeiBoA: TIpy OOJIBIIIEH TUTOMIAIN TTOTIEPEYHOTO CEUCHUS MMPOBOJHUKA €TI0
BJIEKTPUYECKOE COMPOTUBIIEHUE MEHBIIIE MIPU IMTPOUYUX PABHBIX XaPAKTEPUCTHUKAX.

3agaua Ne 18

1. DyekTpuYecKHne cXeMbl IKCIIEPUMEHTOB

Cxema 1 (¢ pesucropom Ri):

I

|
I
Cxema 2 (¢ pe3uctopom R2):

—

SORN

kel

2.
ITapamertp Pesucrop Ri Pesucrop R
LA 0,40+ 0,02 0,40+ 0,02
U,B 1,8+ 0,1 3,6+ 0,1
R =U/1, Om 4,5 9

3. BeiBoa: ueM OoJIbIle JUIMHA MPOBOIHUKA, TEM OOJIBIIIE €T0 AICKTPUUISCKOE

COITPOTHUBJIEHUE NPU MPOUYUX PABHBIX XAPAKTEPUCTUKAX.
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3agaua Ne 19
1. DuekTpUYecKkHne cXeMbl IKCIIEPUMEHTOB
Cxema 1 (¢ pesucropom Ri):

SORN

|
I
Cxema 2 (c pe3uctopom R2):

-
)i
o

2. TabOmuma 3.
ITapameTp Pe3ucrop R: Pe3ucrop R:
I, A 0,40+0,02 0,40+0,02
U, B 1,2+0,1 2,4+0,1
R =U/l, Om 3 6

3. BeiBoA: y TpOBOHUKA C OOJIBIIIUM YAEIBHBIM AJIEKTPHUUECKUM

COTIPOTUBIICHUEM DJICKTPUUECKOE COMPOTUBIICHNE OOJIBIIIE TPU MTPOUUX PABHBIX

XapaKTEPUCTHUKAX.

3agaua Ne 20

1. DuekTpHYeckasi cxeMa IKCIIEPUMEHTA

—

Rl R2.
ollia

—||——@—\

Vv

(

2. Tabnwua 4.
ITapametp 3HavyeHue
I, A 0,30+0,02
U, B 1,4+0,1
U., B 1,7+0,1
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U,B 3,1+0,1

U:i+U2, B 3,1

3. BI)IBO,Z[: I ITOCJICAOBATCIIBHO COCAHMHCHHBIX ITPOBOAHHMKOB BBIIIOJIHACTCA:
U=U:+U..

3agaua Ne 21
1. DJleKTpUUYecKasi cxeMa IKCIepruMeHTa

1, —

oS
()

\Y

(D)
2. Tabnuna 5.
[lapamerp 3Havenne
ILA 0,5+0,02
I, A 0,28+0,02
lo, A 0,20+0,02
1+, A 0,48

3. BeiBoa: cwia Toka | B Hepa3BEeTBICHHON YaCTH IIETTH paBHA CYMME TOKOB
l1+], B mapaienbHbIX BETBSAX.

3amaua Ne 23
Pemenue:

N300paxenue :

1. neiicTBUTENBHOE
2. paBHOE 10 pa3Mepam ) B
3. nmepeBepHyTOE 2B F | oF

1.

2. d=f=2F.

3. d=(10,0+0,2) cm, f= (10,0 £0,2) cm; mpeameT h = (2,0+0,2) cwm,
n300paxeHue
H=(2,0+0,2) cm.
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4. Tak Kak pa3mepsbl IPEAMETa U €ro IeHCTBUTENBHOTO N300pakeHUsI paBHbBIE,
o _d_ 10
IpeMeT HaXOXUTCS B IBOMHOM (okyce. F=-=—=5 cm.

OtBet: F=5 cm.

3agaua Ne 24

Pemenue:
N300paxkenue : A
1. nefictBurensnoe A d > 2F
2. YMEHBbILIEHHOE \ B’
3. IepeBepHyTOE Bop T oF
A
1. Y

2. d=(18,0+0,2) cm, f=(8,0+0,2) cM; pazmep npeameta h = (2,0+0,2 cm), pazmep
m3oopaxxenust H = (0,9+0,2) cm.
3. OtBeT: u300pakeHne ACHCTBUTENHLHOE, YMEHBIIIEHHOE, TIEPEBEPHYTOE.

3agaua Ne 25

Penienue:

2. Jlunza JIi: F1=(10,0+0,2) cm.
JIunzer JIp u JI; 6nmusko apyr k npyry: Fo=(3,1£0,2) cm.

3. OtBet: dokycHoOe paccTosiHuE JIH3BI JI; Oosbie POKYCHOTO PacCTOSIHHS IBYX
COOMPAOIINX JINH3, PACTIONOXKEHHBIX OJM3KO IPYT K APYTY.
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3agaua Ne 26
Pemenue:

8034yX

CTekno

1)

sina  n,
- =—=nNn
2) siny ny
3) a=(60+1)°, y=(36+1)°
_sin60 _,
4) "= Gnas" A
OrtBet: 1,47
3amauya Ne 27
Pemenune:
BO34yX
1)
2)
1 2 3
VYron magenus o , ° 30+1 45+1 60+1
Vron npenomnenus v, © | 20+1 28+1 36+1

3) OTBeT: Npy yBEIUYEHUHU YTJIa MMAJACHUS YO MPEJIOMIICHHS YBEIUYMBACTCS.
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3agaua Ne 28

Pemenue:
~ldem 14 o -
7 M
[ o . r |
AN
I —
F
2) M =FlI
3) F=(2,5+0,1) H
1=(14,0+0,2) cm

4) M =2,5-0,14=0,35 H'm
Otsert: 0,35 H'm

3agauya Ne 29
Pemmenue:

1)

2). A = Fypps-cosa, 0=0

3). Fynp=(3,0 +0,1) H, s=(15,0 £0,1) cm
4). A =3-0,15-1=0,45 Ix

Otser: 0,45 JIx
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3agaua Ne 30

Penienue:

D

)

ynp

2) A =Fyys-cosa, a=0°
3) Fynp=(3,0 £0,1) H, s = 2h, s=(20,0 +0,1) cm
4) A=1,6-0,2-1=0,32 [Ix

Otser: 0,32 JIx

3amaua Ne31l
Pemnenue:

12 cm

6CM

T

— —e

1).

F1_12
2). B2=t2
F2 11

3). Iy = (6,040,2) cm, |, = (12,0+0,2) cm; P; = F1 = (2,0+0,1) H,
P,=F,= (I,O:EO,I) H.

F1_12_2 12
4). T 2. OTHomIeHUE cHI 0OPaTHO MPOIOPIIMOHATIEHO OTHOIIICHHUIO

IJICY OTUX CHIJI.
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