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NabopaTopHasna paboTta 1

VICCJIEJOBAHVE JIBVDKEHUS TEJIA IO JEMCTBUEM ITIOCTOAHHOM CUIbI

Ilesb paboThI: U3YUUTh [BYDKEHUE TeJla o7 AeHCTBHEM TIOCTOSTHHOM CH/Ibl Ha TIPUMEpE JTBMDKEHUS Tea,
OpOIIIEHHOT0 TOPU30HTAJIBHO B TI0JIe TSHKECTH 3eMIIH.

O0OopypoBaHue, Cpe/ICTBA H3MEPEHH:
1) mratuB ¢ MyQTOI1 U 1aNIKOM,

2) >xey106 AyroodpasHbIi,

3) mapuK CTaJbHOU,

4) nuct 6ymarw,

5) KonupoBasibHas Oymara,

6) “3MepuUTe/ibHas JIMHEelKa,

7) CKOTU.

TeopeTnueckoe 000CHOBaHHe

IIBrKeHue Tesa, OPOIIIEHHOTO TOPU30HTA/ILHO, SIB/ISIETCS IPUMEPOM KPUBOJTMHEHHOTO [IBM>KEHMSI.
[Tpu pgeWCTBMM CWJI, 3aBUCSIIMX OT BPEMEHH, KOOP/AWHAT, W CKOPOCTH peIlleHWe 3aJjaud sBJISeTCS
JOCTaTOYHO CJIOKHBIM. JTO peIIeHWe YIMpPOIIAeTCs s Caydasi [JeHCTBUS TIOCTOSHHOW cuibl. B
YAaCTHOCTH, eC/TM JIabHOCTh U BBICOTA I0JIeTa Tejla MaJsbl 10 CPaBHEHHIO C PajiyCcoM 3eMJIH, TaKoi
TIOCTOSTHHOM CUJION SIB/ISIETCS CHJIA TSDKECTU. TIprueM 3TO MOCTOSIHCTBO OTHOCHUTCS KaK K BeJTMUMHE, TaK U
K HarpaB/IEHUIO IEWCTBUS CUTTBI TSDKECTH.

Ecmu Teno OpOCHUTh C HEKOTOPOH BBICOTHI TOPU30HTAIbHO, TO €ro [BW)KEHHE MOXXHO
paccMaTpuBaTh, KaK /BIDKEHHWE TI0 WHEPIUH 0 TOPU30HTAM M PaBHOYCKODEHHOE [BIDKEHHE TI0
BEpPTHUKAJTH.

[To ropw30oHTa/NM TENO [JBWXKETCS TI0 WHEPLMU B COOTBETCTBUHU C MEPBbIM 3aKOHOM HBIOTOHA,
TIOCKOJIbKY KPOME CWJ/Ibl COTMPOTHBJIEHHSI CO CTOPOHBI BO3/lyXa, KOTOPYI0 He YUMTBLIBAIOT, B 3TOM
HarpaB/eHUHd Ha Hero HUKaKWe Jpyrye CWibl He JeHcTBYrOT. CHION COMPOTUB/IEHUs BO3/JyXa MOXXHO
npeHeOpeub, Tak KaK 3a KOPOTKOe BpeMs IojieTa Tesa, OpOIIeHHOTo C HeOOJIbINON BLICOTHI, JeHCTBHE
9TOM CUJIBI 3AMETHOTO BJIUSIHUS Ha [IBDKEHUE He OKaXKeT.

[To BepTHMKa/ud Ha TeJO [JEHCTBYeT CWUIa TSDKECTH, KOTopas cooOljaeT emy yckopeHwe &
(yckopeHHe CBOOOZHOTO TIa/IeHNs).

PaCCMaTPI/IBaH nepeMeiieHre Tejla B TdKHUX YCIOBHAX KdK pe3yjbTaT [ABYX HEe3dBUCHMbBIX
I,ZLBI/I)KEHI/II‘/JI M0 TOPHU30HTA/IM U BEPTUKA/IM, MOXHO YCTAHOBUTL 3dBUCHUMOCTH [1d/IbHOCTH I10JI€Td Tejld OT

BBICOTBI, C KOTOPO# ero 6pocaroT. Ec/ii yuecThb, UTO CKOPOCTh Tesla © B MOMEHT OpPOCKa HarpasjieHa

TOPU30HTA/IBHO, ¥ BepTUKa/IbHasi COCTaBJISAIOLIAsl Haua/IbHOW CKOPOCTU OTCYTCTBYeT, TO BpeMs IaJleHusl
MO>KHO HalTH, UCII0/Ib3ysl OCHOBHOE ypaBHeHHe PABHOYCKOPEHHOI'0 JBYKEHUSI:
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3a 3TO ke BpeMmsl TeJIO yCIieBaeT MPOJeTeTh M0 TOPU30HTA/IM, JBUrasiCb pABHOMEPHO, PACCTOSTHHE
S=qvt

[TopcraBuB B 3Ty (pOpMyJy y>Ke HaiileHHOe BpeMsl 1oJjieTa, U MOay4yatoT NCKOMYIO 3aBUCHUMOCTb
JANIbHOCTH T1071eTa OT BBICOTBI U CKOPOCTH:
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W3 monyyeHHoU ¢GopMy/sbl BHUAHO, UYTO JAadbHOCTh OpOCKa HaxXOAUTCs B KBaJpaTUUHOU
3aBUCUMOCTH OT BBICOTBI, C KOTOPOM Opocarot. Haripumep, Tpu yBeJMUE€HUM BLICOTHI B UETHIPE pa3a,
JA/IbHOCTh TIOJIeTa BO3pacTaeT B/ABOE; TIPU yBeJWUeHUM BBICOTHI B JIEBSITh pa3, JalbHOCTb BO3PACTaeT B
TPH pas3a u T. [i.

OTOT BbBIBOJI MO>XHO TOATBEPAUTH 6osiee CTpOro. HYCTB pu 6pOCKe C BBICOTHI H

5 H, = 4H S,

1 Ja/IbHOCTh

COCTaBWT -1, IPU OPOCKe C TOM )Ke CKOPOCTBIO C BBICOTHI 1 1a7TIbHOCTb COCTaBUT



ITo dpopmysne (1):
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HO'Z[GJH/IB BTOpPO€ PABEHCTBO Ha IIe€pBOeE:
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OTy 3aBUCUMOCTh, TOJY4YeHHYI0 TeOpeTHUeCKUM IIyTeM W3 ypaBHeHWl paBHOMEPHOrO U
PaBHOYCKOPEHHOT'O IBWKeHMsI, B paboTe MPOBepSIIOT IKCIIepUMeHTabHO.

B pabote ucciepyercs: ABWKeHUe 1IapyKa, KOTOPBIM CKaThiBaeTcsi ¢ »xenoba. Kemob 3akpervisiior
Tak, 4T0OBI ero MU30THYyTast YaCTh pacrioiarajgach FOPU30HTAJILHO Ha HEKOTOPOU BBICOTE HaJl CTOJIOM. JTO
obecrieunBaeT TOPU30HTAIbHOE HarlpaB/ieHWe CKOPOCTH IapMKa B MOMEHT Hadaja ero CBOOOJHOTO
nosieta (puc. 1).

ITpoBOJAT ABa OIbITa, B KOTOPBHIX BBICOTHI TOPHU30HTA/BHOTO yuacTKa >Xejoba OT/IMUaroTCs B

4YeTbIpe pd3d, U HU3MEPAKT PaCCTOAHHUA 511/1 53, Ha KOTOpbIe YyAa/isdeTCd I[MapuK OT Keymoba 1o

TOpHU30HTAJIN.
CpaBHI/IBaﬂ PaCCTOAHUA 51 u 53, AeJ/1Ial0T BBIBOJ O TOM HACKOJIBKO CIIpadBe/INBO PABEHCTBO (2)

Puc. 1

ITopsifoK BhINO/THEHHs Pa00ThI

1. VYxkperute enob Ha CTep)KHe INTAaTHBA TaK, YTOObI ero W30rHyTas YacTh pacriosiaranach
TOPU30HTA/ILHO Ha BbICOTe OKO0JI0 10 C¢M OT MOBepXHOCTU CTO/]Aa. B MecTe mpeprosiaraeMoro
Ta/leHyst apyKa Ha CToJie TIOMEeCTUTe JIUCT Oesioi, a CBepXy JIMCT KOMTUPOBAIbHOU OyMaru.

2. Tlpou3sBeauTte MpoOHBIN MyCK IIapyuKa OT BepxHero Kpasi >kenoba. Oripefie/iiTe MeCTO MaJieHUs
mapuka Ha cros. Illlapuk Ao/mKeH TomacTe B CPeIHIOID 4YacThb JwcTa. [Ipu HeoOxoaumocTH
CKOppEeKTHPYHTe MojioKeHue yiucTa. [IpuKieiTe MUCT K CTO/Ty KyCOYKOM CKOTYA.

3. V3mepbTe BBICOTY TOPHU30HTAIBHOM YacTH Ke00a HaJ CTOIOM:

4. OTMeThbTe Ha TIOBEPXHOCTH CTOMa TOUKy «O», HajZi KOTOPOW pacriojiaraeTcsi OKOHYAHHe
rOpH30HTa/ILHOM YacTy kesoba.

5. TlyctuTe mapuK OT BepXHero Kpasi >keso0a v u3MepbTe Ha TIOBEPXHOCTH CTOJIa PaCCTOsSTHUE 31 or

Touku «0», HaXOAsIecs 10/, TOPU30HTAIbLHBIM KpaeM >keno0a, 0 OTMeTKH, OCTaB/ieHHOW Ha
KOIUPKe [IapUKOM IpH MaJ|eHUU:
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1
6. YBenuubTe BLICOTY Xesoba B ueThipe pasa. [I[poBephTe rOPU30HTAILHOCTE €T0 OTOTHYTOM YaCTH.
7. VI3MepbTe M IPH HEOGXOJMMOCTH CKOPPEKTHPYHTe BHICOTY FOPH30HTATBHOrO yuacTka 12, (mpu
yenopum: 2 = 4 Hy)
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8. IlycTurTe mapyk OT BepXHero Kpasi )kenoba ¥ u3MepbTe PacCTOsTHUE Ss
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9. TIpoBepbTe, HACKOJIBKO BBITIOJTHSAETCS PABEHCTBO

52
S,
10. CpaBHuTe T[I0/IyUeHHOe OTHOLIeHWe C yucsiom 2. CpenaniTe BbIBOJ, OTHOCUTEIBHO
CIpaBeJ/IMBOCTA  paBeHCTBAa  (2).  YKaKuTe  BO3MOXKHbIe  TIPUYMHBI  PaCXOXKIEHHUs.
11. Kak 3aBUCHT [Ja/IbHOCTD I10JIeTa TOPU30HTa/IbHO OPOIIIEHHOTO Tesa OT BhICOTHI OpPOCKa, C KOTOPOH
TeJIO Havyasio IBUTraTbCs?
BeiBoj:

KoHTpo/ibHBIE BOIIPOCHI:
1. Tlouemy mipy Oa/UTMCTUYECKOM [IBI)KEHWU TeJIO ABWKETCS T0 TOPU30HTAIMd pPaBHOMEPHO, a TIO
BepPTUKA/IA PaBHOIIEPEeMEeHHO?

2. UYto Takoe cuia TKeCTu?

3. B KdKOM HpHGJII/I)KEHI/II/I MO>XHO CUHNTATb CHUJ1y TsDOKeCTH TTOCTOSTHHOM?

CnMCOK HUCI0/1b30BaHHBIX HCTOUHUKOB
1. OmurpuveBa B.®. ®dusuka: YueOHUK fA7s cCTyf. oOpa3oBar. yupeXX[eHHil cpef. Tpod.
obpa3oBanus. - M.: "Akagemusi”, 2010.
2. mutpueBa B.®. ®usmka a5 npodeccuii ¥ criequasbHOCTeH TeXHUUeCKoro npodurs: YueOGHUK
JUIs CTyZ. 00pa30BaT. yupeXkaeHui Hau. U cpefi. ipod. obpa3zoBanus. - M.: "Akagemus"”, 2010.
3. Kabapaun O.®., OpnoB B.A. DkcriepuMeHTanbHble 3aiaHus Mo ¢usuke. 9—11 knaccol: yueGHOe
rocobue [/ yyarumxcs o01ieo0pa3oBaTe/ibHbIX yupexaeHui. — M., 2001



OTuer cTypeHTa

JTaGopaTopHas padota Nel
Tema: UcciefpoBaHue ABH)XKeHHSA Tesla MO/ ieHCTBHEM MOCTOSAHHON CHJIBI
[{esib: Ha MpaKTHUKe UCC/Ie[BaTh 3aKOHOMEPHOCTH PaBHOYCKO-PEHHOTO JBM)KeHus1 0e3 HauabHOU
CKOPOCTHU U OTIpe/ie/ITh ero OCHOBHbIE XapaKTePUCTUKU — yCKOPeHHe U MTHOBEHHYIO CKO-POCTb.
3ajlaya: pacCMOTpeTh U pa300paTh, KaK MOXKHO OTIPe/Ie/IUTh YCKOPeHUe TPH ABWKEHUH TeJla 10
HaK/IOHHOMY >KE7100y.
O6opynosanue: Illtatu ¢ mydToit u manko , Hak/ioHHbIM »kE100 , MeTanmnuecKuit
Lumuupp, Ilapuk, M3smMepuTesnbHas seHTa , MeTpOHOM.
PacueTHble pOpMyJIBI
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Mopsaok BbiNonHeHUs paboTsbl

1. Bakpenure ayroo0pasHblil E100 B Janke mraTupa Ha BeicoTe 10—12 cm
OT IMOBEPXHOCTH CTOJIa TaK, YTOOBI €r0 OTOIHYThIA KOHEI] pacrnoJjarajiacs ropu-
30HTAJBLHO (cM. puc. 1).

2. HaHecuTe Ha IMOBEPXHOCTH »KE100a METKY, OT KOTOpPOH OyJeT IpOu3BO-
IUThCA MYyCK IIapukKa. Ero Heo6XoauMo MycKaTh ¢ OJHOTO U TOTO Ke MecTa,
4yTOOBI 06ecreYuTh IMapUKy OANHAKOBOE 3HaYeHe Ha4aJIbHON CKOPOCTH.

3. ITosoxkuTe IuCT GymMaru Ha To MECTO CTOJIA, I'/Ie OXKUJAaeTCs NaJeHe Iapu-
Ka, IIPDUKJIelTe ero CKOTYEeM M HAKPOWTe JHUCTOM KOIMPOBAJILHONH Oymaru.
Tlocne nagenus niapuka Ha 6ymMmare ocTaHeTCSA YETKAA METKA.

4. IIpousBeauTe MycK MIapuKa OT MeTKM, HAHECEHHOU Ha »KEJo0e.

5. sMepbTe JMHEHKOUN BBICOTY HMXKHEI'0 Kpas »Kéyjgoba H 1 1aJbHOCTh I0JI6-
Ta IMapukKa S. PedysbTaTel BceX M3MEPEHHUH M BLIUHCJIEHMH 3alucChiBaiiTe B
Tabauny 6.

MrHoB
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yAapo b YckopeH
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€ CpenHe iKa 5—7 pa3 U HaUNUTE cpeaHee 3HaAYleHHe PACCTOS
L e




7. IlpoBeguTte 2—3 cepum o 5—7 NyCKOB, yBeJIUUYHUBas BBICOTY ’KéJ00a Ha

5 cM B KaxKJ0if cepuu, 1 HAgUTe Sep

- S
8. BeruucanTre 1y1s KayKa0i cepuu IycKoB «/H u orHomienue C = —£,

JH

KoHTporsnbHbIe BONpoCki

1. Kak 3aBUCUT JaJIbHOCTD ITOJIETA TeJa S OT BbICOTHI H, ¢ KOTOpPO#l OHO Opo-

mieHo?

2. Kakyro poJib B pellleHuH IIOCTABJIEHHOM B 9KCIIePUMEHTE 3aJauu UrpaeT co-
IMpOoTHUBJIeHHE Bo3ayxa? UTo 1 KaKk UBMEHUTCS, €CJIU ero YYUTHIBATD 7

3. B uéM nmpuuMHa IOrpelHoCTe BBIITOJIHEHHBIX udaMepeHnit? Kak MOXKHO ux
yMeHbIIUTH? Kak U3MeHsAeTCA TOYHOCTh U3MEPEHUI C N3MEHEHHEM BBICOTHI,

C KOTOPOiIl HAUMHAaeT maaaTh rpys?

A d S ir]
9. CpaBHHUTe 3HAYEHUS OTHOIIEHUH ch_‘; , IOJTYy4eHHBbIE IJIA KaXKJA0A cepuy my-

ckoB. CnesaiiTe BbIBOJ.

BbiBoa:

Cpe,que 3HAUeHue MO,Z[yJIH HEpEMQH.[EHHH n HpOM@)KYTKa BpEMEHI/I
X1 + X2 + X3

A= 3

CpeHee 3HaUeHKE MOJY/IS1 YCKOPEHUSI
ESI._p

Bep = 2

CpegHee 3HauUeHUe MO/yJ/Isl MTHOBEHHOM CKOPOCTU
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Ul“‘[l"ﬁ
TMoepewHocmu usmepeHuti

TouHocmb npubopoe

H3mepumenbHas nenma: As = £ 0,005 m
IIpomedscymok epemeHu: At = £ 1 ¢
AbcoomHble no2petHoCmu:

As; = |3.:p— si‘
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ITpomedsicymka epemeHu
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Aty =t —t| AM=—7—

Bbruucnsiem abcomomHyro U 0mHocumenbHyo
nozpewHocmb KOC8eHHbIX U3MepeHUll
YckopeHue
Eg = 3—3 +2 ?

F F omHocumesnbHAsA N02pewHoOCmMb
Aa=ag &,

¥ abcoomHas nozpewHocmb

MzHogeHHas ckopocmb
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“®  F omHOCumebHAsA NO2PewHOCMb
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abcomomuas noepewHoCcmb

Pe3yabmam 3anucbigaem 8 uHmeps8a/abHoll ¢popme:
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BbiBoj:



JIaboparopHasi padoTa Ne2

Mpunbopsl n maTepunanei: TpybKa ¢ KpaHAMU Ha KOHIlaX U3 Habopa «I'asoBble
3aKOHBI»; TEPMOMETD; BHEIIIHUM CTaKaH KaJOpUMeTpa; u3MepuTeJIbHasA JEeH-
Ta; 6apoMeTp-aHEePOU; COCY [ C TEMJIOM BOAOM; COCY/ C XOJIOAHOM BOJOIA.

OnucaHve npnbopa v MeToANKM BbiNONHEHNS paboTsi

OcHoBHOI yacTbi0 Habopa «I'a3oBble 3aKOHBI» ABJISAETCA NIPO3padyHasd dJac-
THUYHadA TpyOKa ¢ KpaHaMU Ha KOoHLax. McciieqyeMbIM rasom sABJIAETCA BO3AYX,
HaXOOALIUMNCA BHYTPH 9TO npo3pauHoil Tpyoxu. MamepeHusa o6 b€Ma U TeMIIe-
paTyphbl Bo3yXa BHYTPH TPYOKH IPOBOASAT B CJEAYIOIIEM HOPAIKE.

TpyOKy NJIOTHO, BUTOK K BUTKY, VKJIAALIBAIOT BHYTPb CTAKaHAa KaJIOPUMeET-
pa. KpaH, KOTOpBIi1 pacmojIoO’KUTCSA IPHU 9TOM BOJIM3M IHA, IPeABapPUTEJIbHO
3aKpbIBalOT. BepXHHII KPaH OCTaBJISIOT OTKPBITHIM. 3aTEM B CTaKaH KaJIOpH-
MeTpa HaJuBaloT Harperyio a0 55—60 °C Bogy Tak, 4TOOBI OTKPBITHIN KpaH
okKasaJjics Obl MOrPpY>KEHHBIM B He€ He OoJjiee ueM Ha 5—10 MmM.

Bosayx B TpyOke m1pu HarpeBaHMHM HAYHET PACHIMPATHCA, U U3 OTKPBITOIO
KpaHa OYAYT BBIXOAUTHL NMY3bIPhKH BO3AyxXa. B MOMeHT, Korjga Temmneparypa
BO3AyXa CPaBHAETCA C TeMIOEpaTypoi TENJOM BOAbI, BblAeJIeHNE NY3bIPbKOB
npexkpaturca. CocTosiHue BO3AyxXa B TPyOKe B ITOT MOMEHT IIPUHUMAIOT 3a Ha-
yaJbHOE U ONIpede/IsIIOT ero napaMeTpsl — TeMIlepaTypy u 06béM. Temnepary-
pa BO3AyxXa B Ha4aJbHOM COCTOAHMM T; paBHa TeMIlepaType BOAbl, KOTOPYIO

u3MepAT TepmomerpoM. Ero o6wém V,; paBeH 06 b€MY BHYTPEHHEH II0JIOCTH

TPYOKH.

O0BEM B 3TOM 3KCIEPUMEHTE YAOOHO BBLIPAXKATH B YCJOBHBIX €IMHHUIIAX.
ITockonbKy BHYTPEHHS A MTOJIOCTH TPYOKH MMeeT (GopMy HUJINHAPA U €€ 06BbEM
V = Sl, a nioiaab MonepevyHoro ceueHus S oJMHaKOBa 110 BCeil AJIMHe, TO 3a
YCJIOBHYIO eJUHUINY 00/b€éMA IPUHUMAIOT €IUHUIY AJUHBLI BO3AYIIHOrO CTOJI-
6a. Takum o6pasom, 06’'bEM BO3yXa B IIEPBOM COCTOSAHUH OIIPEAeIAIOT 10 AJIN-
He [, Bo3aymHoOro crojiba B Tpy6ke (puc. 10) ¢ momoIIp0 M3MEpPUTETbHOMN

JINMHENKHU.

ITocne uamepeHus TeMIepaTyphl TEILJION BOABI BO3AYX IIEPEBOAAT B pyToe
cocrosiHue. [[J1a 9TOro 3aKphIBalOT KpaH, TEMJYIO BOAY CJAMBAIOT U 3aIIOJHAIOT
CTaKaH XOJIOAHOU BOJOH, cjelnsd 3a TeM, UTOObI €€ YpOBEeHb HaJ BEPXHUM Kpa-
HOM OKa3aJiCA TAKMM Ke, Kak B IlepBoM cayudae. [Tocse aToro kpaH onaTe oT-
KkpbiBaloT. IIpu oxnaxkaeHnu o6H€M Bo3yxa B TPyOKe YMEHbUIUTCA, U depe3
OTKPBITHIII KPAaH B Heé€ IIOCTYIIUT HEKOTOPOe KOJHYeCTBO BOAbI. Korma tem-
IepaTypa BOAbI M BO3AyXa B TPyOKe ONAThH CTAaHET OAUHAKOBOM (uepes
1—2 MuH), U3MepAIOT NapaMeTphl ra3a BO BTOPOM COCTOSHUU.

TemnepaTypy Bo3ayxa T, BHOBb ONPEAENAIOT 110 TeMIIEpaType BOAbI. UTOObI
HU3MEPUTh ero o6'bEM Iocye OXJIAXKAEHUS, 3aKPHIBAIOT BEPXHUI KpaH, TPYyOKY
M3BJIEKAIOT U3 CTaKaHa KaJlopuMeTpa M, yAep KUBas BEPTHUKAJIBLHO, PE3KO
BCTPAXUBAIOT HECKOJILKO pa3. IIpu aTom kaniaum Boawl, IIONaBIIKEe BHYTPb, CO-



JIIOTCA ¥ 00pa3yioT Hepa3phIBHbIN CTOJIOMK AauHOM Al (puc. 11). O6BéM Bo3ay-
Xa BO BTOPOM COCTOSHUM V), paBeH QJIKMHe BO3AYIIHOro cTosba 1, =1, — Al.

HaBnenue Bo3gyxa B TpyOKe B IEPBOM U BTOPOM COCTOSAHUAX PABHO CyMMe
aTMOC(GEepPHOro AaBJIEHUA U JaBJeHUA HeOOJIbIIOTO cT0Ji0a BOABI HaJ OTKPHI-
ThHIM KpaHoM. IIockoJbKy ypPOBHUM TENJIOM M XOJIOAHOM BOABI OBLIM OAMHAKO-
BbI, TO 3Ta CyMMa B XO/i€ OTIbITa He MeHAJIAacCh, a 3HAUUT, U AaBJeHHe BO3AyXa B
TPyOKe NpH ero oxJiaXKJIeHUHN OCTaBaJ0Ch IIOCTOSAHHBIM.

3aBepIIUB 3KCIIEPUMEHT, CPABHUBAIOT OTHOIIEHUA 00bEMa BO3AYXa K €ro
abcoI0THON TeMnepaType B IIePBOM U BTOPOM COCTOSIHUAX .

B coorBercTBUM ¢ 3akoHOM Ieii-JIroccaka 3aBUCHMOCTbL 06bEMA rasa OaH-
HOM MaccChl OT TeMIIepaTypPhl IPU NIOCTOAHHOM JaBJI€HUU NIMeeT BU:

V1/T1= Vz/Tz

rae V, n V, — 06b€MBI, 3aHNMaeMble ra30M B IBYX COCTOAHUAX, a Tyu b —
ero TeMIepaTypsl.
CrpaBeaTMBOCTE 3TOrO PABEHCTBA M IPOBEPAIOT SKCIIEPUMEHTAJNBHO.
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Puc. 10 Puc. 11

Mopsanok BbinonHeHus paborsl

1. UamepbTe AauHy [, BO3AYIIHOro cronba B TpyOKe (06BbéM BO3Zyxa v,

B yCJ. en.). PesysibraTel Bcex usaMepeHU M BbIYMCJIeHUI 3anuchiBaiiTe B Tab-
guny 11.

Taoauma 11
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2. 3akpoiiTe OOUH KPaH U YJIOKUTE TPYOKY BUTOK K BUTKY B CTAKAH KaJOpH-
MeTpa. KpaH Ha BepXHEM KOHIIE OCTABbTE OTKPBITHIM.

3. 3aroJIHHUTEe CTaKaH TEIJION BOAOM 1 IIOMECTHUTE B HEro TEPMOMETP.

4. HabGurogaiiTe 3a BblAeJIEHHEM NY3bIPbKOB BO3yXa M3 OTKPLITOIO KpaHa.
Kak ToJBKO OHO IIpPEKpaTHUTCs, ONpeJesuTe ITOKa3aHue TeEpMOMeETpa U 3alu-
mure B Tabnuiy 11 snauenue remnepatypsl T B KeJIbBUHAX.

5. 3akpoiiTe KpaH, CJeiTe TENJIYIO BOLY, 3alIOJJHUTE CTAKAH XOJOAHOM BOIOM
10 IPEXKHEro YPOBHA ¥ CHOBA OTKPOMTE KPaH.

6. Yepea 1—2 muH onpepaenute Temneparypy T,.

7. 3akpoiiTe KpaH, CJeiiTe BO4Y, U3BJIEeKUTe TPYOKY U3 CTaKaHa, BCTPSAXHUTE

eé U uaMepbTe AJUHY Al cToisba BOAbI, Bouiealiei B TpYOKY (00BbEM Boabl AV
B YCJ. e1.).

8. Beruucaute OauHY [, BO3AYIIHOro cTojfa B TpPyOKe IOC/IEe OXJIaXKJEeHUA
(o6vém BO3myxa V, B yciI. ex.).




v, V,

9. BBIYMCJIUTE OTHOLICHUS — U —=

Tl T2 )

10. Ykaxxure IIPHUYUHBI, IOBJIUABIIINE HA TOYHOCTH IIOJIYYEHHBIX PE3YJIbTATOB.

BbiBoA:

Teopernueckoe 000CHOBaHHe:
M3006apHbIii npouecc (Ip.-rped. 100G, iS0S — «OJUHAKOBLIN» + Bapog, baros —
«BeC») TePMOJMHAMUYeCKUN MPOLIeCC, MPOUCXOASMIINN B CUCTeMe TIPU MOCTOSSHHOM

BHEIITHEM AdBJ/IEHWH.

IIpumep n3006apHoOro mporecca paciivpeHue rasa B LIUINH/Pe CO CBOOOIHO XOAAIIUM Ha

IpPy>KeHHBIM MOPIIHEM.

KoHTpo/IbHEBIE BONIPOCHI:

Ha mnockoctu (V, T) w3obapHble MpOIeCChl MPUA Pa3HbIX
3HaueHUSX [laBjeHUs p W300pakatoTCsl CeMEeNCTBOM TMPSIMBIX
i (puc.  2.3), KOTOpble Ha3bIBAalOTCS M300apamu.
3aBUCMMOCTh OOBeMa Tra3a OT TemrepaTypbl TIpH
HEU3MEeHHOM JlaBJIeHUH ObuTa 9KCIepPUMEHTATbHO
vccienoBaHa (Ppaniy3ckum ¢usukom K. [eli-JIroccakom
(1862 r1.). TloaTOMy YypaBHeHMe u300apHOr0o TIpoljecca
Ha3biBatoT 3akK0HOM I'eii-JTroccaka.. Vi/ T1 = V,/ T,

1. ITouemy mpolecc OXJaXAeHUs BO3AyXa B JaHHOH paboTe MOXXHO CUHUTATh

nuzobapHbBIM?

2. Kakue ycaoBusi [OOJIPKHBI BBINOJHATHBCA, 4YTOOBI IIPH OIpeZesIeHUuN
mapaMeTpoOB COCTOAHHUS Tras3a MOXXHO OBIJIO BOCIOJIB30BAaTHCA 3aKOHOM

Teii-JIroccaka?

3. Kak onpeaesinTs MOMEHT BbIPaBHHBaHUSA TeMIIepaTyphbl Bo3ayxa B TpyOke
U TeMIIepaTyphl TEILJION BOALI B CTaKaHe KaJjopumeTpa?



http://dic.academic.ru/dic.nsf/ruwiki/7338
http://dic.academic.ru/dic.nsf/ruwiki/16331
http://dic.academic.ru/dic.nsf/ruwiki/1254743

JIaGopaTopHas pa6ora Ne3
Tema: «/I3MepeHHe NOBEePXHOCTHOI'0 HATSHKEHHUSI XKH/JKOCTH»

| Ax
Ilesb padoTei: V3MepuTh KOG OUIIMEHT MOBEPXHOCTHOTO HATSHKEHUS |
KOCBEHHBIM ITyTeM. Y CBOUTh (hPM3MUeCKUl CMbIC/ KO3 duiieHTa = )
TOBEPXHOCTHOT'O HAaTSKeHUs. Fros Foew
OGopyaoBaHHe: BeCbl M Pa3HOBECHI, CTAaKaHUMK /i7ist cOOpa BO/IbI, TIUTIETKA,
JIMHEeWKa.
Teopernueckoe 000CHOBaHMe: -
Ecnu nop, gelicTBrieM BHeLIHEN CUJIbI ITepeKiajiHa repeMecTUTCs Ha iy e
paccrosirie 8% To 9Ta BHEII SIS Cia COBepIIUT paboTy F s
A=F Ax=2F _Ax

(*).EcTecTBeHHO, UTO 3a CUET COBEpIIeHUs 3TOM PabOThl TUIOMIA/b
TOBEPXHOCTH TUIEHKU YBeJIMUUTCS, a 3HAUUT, YBeJTMUMUTCS U TIOBEPXHOCTHASI SHEPTHsi, KOTOPYIO MbI

MOKEM OTIPE/IENUTh uepe3 K03 (ULIMEHT TTOBePXHOCTHOrO HaTshkeHust: A& — 8Wpoe = TAS,
3MeHeHuMe TUIOLIa/id, B CBOIO OUepe/ib MOXKHO OTPEeIe/IUTh CIeAYIOMM 00pasoM:
, .

rzie L JITMHA TIO/IBU)KHOM YaCTH MPOBOJIOYHOM paMKH.

YuHTBIBas 3TO, MOKHO 3aIICATh, YTO paGoTa BHeLH e crbl papHa 4 — 214X,
T[pupaBHMBast TpaBbie YacTH B (*) U (**), Mo/yurM BhIP@KEHHE JIJisi CUJTbI [IOBEPXHOCTHOTO
F__=ual

HaTsDKeHHs: = moEe

TakuM o6pa3om, K03 hHUI[HeHT TOBEPXHOCTHOTO HaTSDKEHHMST UMC/IEHHO PaBeH CUJIe TIOBEPXHOCTHOTO

HaTsDKeHUs1, KOTopasi IeCTBYeT Ha eJUMHUL]y [JIUHBI JIMHAW, OTPaHUYMBAIOLLIEel IOBEPXHOCTb.
Ko3(pdHLUMEHT MOBEPXHOCTHOTO HATSHXKEHUSI ¢ MOXeT ObITh ONpeneneH

no gopmyie

o = Lo, (1)
/
rae F,,, — CHJa MOBEPXHOCTHOTO HATSKEHMS, /| — IUTMHA IPAHHLIBI KOHTAKTa

TBEPAOro Tesla M XuIKocTU. B paGoTe UCronb3yeTcs sIBICHHE OTPbIBA BOAS-
HO#i Kamu oT weiky nmunetkd. OTpeIB MPOUCXOOUT B MOMEHT, KOraa cuia
TSOKECTH M CWJIa TMOBEPXHOCTHOTO HATSXKEHMS, NEHCTBYIOLIHE Ha Karulo,
paBHBI M0 MozyMio. ['paHuLel KOHTAKTa B JIAHHOM Cly4ae sIBISIETCSA OKPYX-
HoCcTh — oTBepcTHe nunetku. [Tosromy dopmyna (1) 3anuiueTcs Tak:

< Bk ()
° nd

rae m, — macca Karu; d — JAMaMeTp WEeHKHU MUMETKH.

Xoj padoThl.

MeToaMKa H3MEPEeHHM:




xd,

g =1k
Xy
m 7. Paccuyutath 1o ¢popmyie (3) KoadbHULMEHT NOBEPXHOCTHOTO HATSXKEHUS
G = B BOIb! G

Nnd

8. Pacuer norpemiHoCTH H3MepeHHi
1. Paccuntarh abCONMOTHYIO MOTPELIHOCTh

Ac =|0 — 0 6] =
2. PaccyuTaTh OTHOCHTENLHYIO TIOTPEIIHOCTh ONpPEAE/ICHUS &
Ao

o Tabn

. H/m , M/c?
MocTroanubie Sraen H/ & M/

BEJIHYHHBI

52 N m, Kr o | X, M di, M
3MepeHHbIe |

BEJIHYHHBI

d, M o, H/m g, - 100, %
PaccunraHHbie :

BEJTHYHHBI

BeiBoj:
KoHTpo/1bHBbIE BOIIPOCHI:

3ano/iHUTe MPOIyIeHHbIe C/I0Ba YTBEP)KAeHUs:

KoaduijeHT moBepxHOCTHOTO HATsHKeHUs 7 3aBUCUT OT:

| (V «IeTyumx» >XUJKOCTeH, TakKuX Kak 3¢up, cnupT u OeH3WH, TOBEPXHOCTHOE
HaTsDKeHWe MeHbllle, YeM y «HeJIeTYUUX» — BO/IbI, PTYTU U KUJKUX MeTasljioB).

2 (ueM BblllIe TeMIiepaTypa, TeM MeHbllle TTOBEPXHOCTHOE HaTsDKEHUe).

3. Hamuuue, ........ooovviiiiinn. YMEHbIIIaIo[UX TTOBEPXHOCTHOe HaTshKeHWe, HarpuMep Mblia WU
CTHUPaJIbHOTO TIOPOILIIKa.

KosdduiieHT MOBEpXHOCTHOTO HATSHKEHUSI HE 3aBUCHT OT ..eueeeeevereneenennn. , TaK Kak JJil OJHOMN
OT/Ie/IbHO B3SITOM IPUIIOBEPXHOCTHOM MOJIEKY/IbI abCOIFOTHO HEBa)KHO, CKOJBbKO TaKUX K€ MOJIEKYIT
BOKpyr. OOpaTtuTe BHMMaHHWe Ha TaO/WIly, B KOTOPOW TNpuBeJeHbl KO3((UIMEeHTb MOBEPXHOCTHOTO

— 0
HaTsKeHUA PA3/IMUHBIX BEIeCTB, [IPU TEMIIEPAType t=20 .

JKugkocTb o, MH/
Bopa 73
bensuH 21

MpuibHBIM pacTBop 40
Mosoko 46
Hedtb 30
Pryts 472



Cnupt 22

Odup sTunoBeii 17

Tabmuna 1. KosdduiimeHTs TOBEPXHOCTHOTO HAaTSKEHUSI )KUAKOCTeH Ha TPaHULIe C BO3ZYXOM,
mpu £ = 20°

CnpaBouHbIil MaTepuas nepej NpoBeAeHNeM padoT Mo 3/IeKTPHYECTBY
OneKTpor3MepUTesbHble TPUOOPhI
Onsi  w3MepeHWsT  pa3NWYHBIX  XapaKTePUCTUK  3JIeKTPOMAarHUTHOTO  TIOJIST  KCIIOJ/IB3YHOT
3/IeKTpOM3MepuTe/ibHble TMpubopbl. Harpumep, culy 3/1eKTPUUECKOT0 TOKAa U3MepSItOT aMIlepMeTpOM,
HarpspkeHre (Pa3HOCTh MOTEHIMANI0B) — BOJIETMETPOM, 3JIEKTPHUECKOe COTTPOTHUBJIEHHE — OMMETPOM,
MOIITHOCTb TOKa — BaTTMeTPOM M T. [I.
B ornmune oOT AMMHBL, HENOCPeJCTBEHHO, BH3yalbHO M3MepsieMod HaOsrofiaTesieM, XapaKTepPUCTUKU
3/IeKTPOMAarHUTHOTO TIOJIi He BOCIPUHUMAIOTCSI OpraHaMM 4YyBCTB W TI03TOMY [IO/DKHBI  OBITh
npeoOpa3oBaHbI.
OnekmpousmepumesbHble Nnpubopbl — CPe/iCTBA W3MepeHU XapaKTepUCTHK 3/1eKTPOMarHUTHOTO MOJIs,
BbIpabaThIBaKOIIe CUTHAM B JOpMe, TOCTYITHOM //1si BOCTIPUSITHS HabJIFo/1aTesIst.
[To Tuny BbIpabaTbIBAEMOT0 CHMrHaja 3/1eKTPOr3MepUTe/bHbIe TIPUOOPHI MO/Ipa3zesitoTcs Ha Yyugposble
Y aHA/10208ble.
Lludpossie mpubOPLI BEIpabaThIBaIOT CUTHAIBI, TIPe/CTaB/isieMble B LM(PoBO (hopMe Ha AuCILIee.
AmnaoroBeie TIpUOOPBI TIPEACTAB/ISIOT CHUTHAJ, SIBJSIOIIMNACS HENpepbhIBHOW (GYHKLMEH W3MepsieMOoi
¢usnyeckoit BenuuuHbl. Haripumep, B amriepMeTpe Yrosa OTK/IOHEHWs CTpeJIKM Ha IlKajie Tipubopa
TIPOTIOPIIOHAJIEH CHJIe TOKa.
B anHasoroBbix rmpubopax, Haubojiee YacTO WUCIO/b3yeMbIX B IIKOJIbHON J1abopaTopuu, SHeprus
3/IEKTPUUECKOTO WM MarHWTHOTO II0Jisi TIpeoOpa3yeTcs B MeXaHMUeCKyH SHEPrHI0 TepeMeleHus
TIO/IBWKHOM yacTu ripubopa.
[To criocoby mpeoOpa3oBaHMsl 3HEPTMA W MO KOHCTPYKTUBHBIM OCOOEHHOCTSIM aHAIOTOBbIe MPUOOPHI
noZipasziefstoT Ha cleflytolye cucteMsl (Tabi. 1).

Tabnuimal
Ne | Cucrema npubopa YcnoBHOe 0603HaueHHe CUCTeMBI
1 | DyekTpocTaTruyeckas =l=
2 | DyieKTpoAMHaMUUeCKast %
3 | D/eKTpoMarH1uTHast ﬁ
4 | MarHuTo3/IeKTprUYecKast ﬂ
=

YcnoBHoe 0003HaueHWe CHUCTEMbl W3MEPUTENBHOTO TpPHUOOpa CXeMaTHUeCKW ITOKa3biBAaeT TPUHLIMIT
npeoOpa30BaHUsl SHEPTMM 3JIEKTPOMArHUTHOTO TIOJST B MeXaHWUeCKYH) JHEpPrui0 TepeMel|eHUs
TIOJJBM>KHOM YacTH npubopa.

[Mpuniun fgeiictBus mipubopa 31eKmpocmamuueckoli cucmembl OCHOBAaH Ha 3JIEKTPOCTaTUYECKOM
B3aUMO/IEHICTBUY 37IEKTPO/IOB, MEXK/1y KOTOPBIMH CYIL[eCTBYeT Pa3HOCTh MOTEHLMA/IOB (HampsDKeHHe).

B nipubope 3snekmpoduHamuueckoli cucmembl MarHUTHOE TIOJe, CO3/laBaeMOe TOKOM B HETIO[[BM>KHOM
KaTyIIKe, eMCTBYeT Ha TOK, MPOTeKalOIIMi B TIOABWKHOM KaTyIlke. B3auMoeiicTBHe TOKOB MPUBOJUT K
TIOBOPOTY TIOZBM)KHOM KaTYIIKH.

B npubope 31ekmpomazHUmMHOU cucmeMbl U3MepsieMblii TOK TPOTEKaeT IO HEMOJBWIKHOM KaTyIIKe.
Bo3zelicTBe MarHUTHOTO TIO/SI KaTYIIKU Ha (heppOMarHUTHBINA Cep/IeUHUK TPUBOAUT K ero MOBOPOTY,
YT'0J1 KOTOPOTO 3aBUCHT OT CHJIbI U3MepsieMOTr0 TOKa.

OcTtaHOBUMCSI TI0/IpOOHEe Ha YCTPOMCTBe TTPUOOPOB MazHUMO3/1eKmpuUueckoli cucmembl, Hanbosee 4acTo
WCTI0/Tb3yeMBIX B IIKOJILHOM JTabOpaTOpHH.


http://interneturok.ru/ru/school/physics/10-klass/undefined/poverhnostnoe-natyazhenie#videoplayer

IIpuHIMNIHA/IbHOE YCTPOHCTBO 3/IeKTPOU3MePHTeTbHOr0 IPHO0pPa MarHMTO3/IeKTPHYECKOH
CHUCTEeMBbI
B sneKkTpon3mMepHuTenbHBIX TPUO0pax MarHUTOIEKTPUYECKOW CCTEMBI

(ammepmeTpax, BoJbTMETpax) UCHO/Ib3YIOT OBOPOT PAMKH C TOKOM B
MarHuTHOM 10j1e. B MarHMTHOM 110J1e TOCTOSIHHOI'O MarHuTa
pacrio/iaraeTcsi KaTylllka, HAMOTaHHasl Ha LIWJIMH/AP U3 MATKOro
Kesie3a, CriocobHasi BpalaTbCsi BOKPYT TOPHU30HTAILHOM 0CH
(puc. 1). ITpu Takoi KOHCTPYKLIMU YTOJI @ MEXY COOCTBEHHOM
Y BHellIHel MHAYKLMel paBeH 90°, Tak 4TO BpaljaTe/bHbIN
MOMEHT, JelICTBYIOLMI Ha KaTyIIKY, MaKCUMaseH.
Ha karyuiky geicTByeT BpaljaTebHbII MOMEHT,
TIPOTOPLIMOHA/IbHBIN cuje Toka I u uuciay BUTKOB N : M = ISBN
. KaTymka ¢ TOKOM I0BOpauMBaeTcs 10 TeX Mop, I0Ka MOMEHT
cun Amriepa, JeMCTBYIOLMX Ha KaTyILIKy CO CTOPOHbI
MarHMTHOTO 110J1s1, He YPaBHOBECUTCSI MOMEHTOM CHIJI
YOPYTOCTH MPY’KMHBI, BO3BPaI|alOIIMX KaTYLIKY B MOJI0)KEHUEe
paBHOBecHs1. MOKHO CUMTaTh, YTO MOMEHT CUJI YIIPYTOCTH

RKamywrxa
c MoKoMm

MPY>KUHBI TIPOTIOPLIMOHAIEH YTy ITOBOPOTA @ IIpyxuna MHenesuwiil
KaTyIIKH: yuau Hﬂp
M = Cle Puc. 1

rze C1 — nocTosiHHBIM K03((UL{MeHT PONOPLIMOHATBHOCTH.
PaBeHnctBo MoMeHTOB C1lg = NISB no3Bo/isieT HAaUTH
n3MepsieMyr0 CUIy TOKa:
1 = Cl9/(NSB),

M3mepsieMasi cr/a TOKa MpsIMO MPOTIOPL{MOHA/IBHA YITy OTK/IOHEHHS CTPeNKH, T. €. IaHHbIM prubop
MO>KHO UCII0/Ib30BaTh Kak amrnepMeTp. Eciv K KaTyl1ike ¢ cConpoTUB/ieHHeM R NPU/IO)KeHO HalpsyKeHre
U, To u3 3akoHa Oma noJjiyyaem:

U = CIR ¢/NSB. .
[Tpuno>xeHHOe HarpspKeHHe MPSIMO NIPONOPLIMOHAIBHO YIJIy IIOBOPOTa KAaTyILKH, C/leloBaTe/bHO, TAKOU
npruOOp MO>KHO MCII0/Tb30BaTh B KAUeCTBe BOJIbTMETPaA.
B Tabnurie 2 npuBeieHbI HEKOTOPbIe 0003HaYeHNsT Ha 1IKasie MPUO0POB, XapaKTepPU3YIOIUX TOK, U
TpebyeMoe MpOCTpaHCTBEHHOe PacIio/IoXKeHHe IIKajbl pubopa.

Tabauya?
Tok Obo3HaueHue IMonoxceHue wKabl Obo3HaueHue
IocmosHHbIll - BeprukanbHoe
ITepemennbiil,50I'y e I"opu30HTa/TbHOE 11
TpexcgasHblii L HaknonHoe noz yriiom K
% TOPU30HTY e
ﬁs“

IleHna aesieHHs1, YyBCTBHTETbHOCTD 3/IEKTPOM3MEPUTE/IHHOr0 Mpubopa
TOYHOCTb U3MEPEHUsI XapaKTePU3yeTCsl LIEHOH [ie/ieHusI IKabl prubopa.
[TpeamnonoxxuM, 4To IIKaia npubopa, HarpuMep amriepmeTpa, HacuutbiBaer N = 100 geseHuid, a mpejen
V3MepeHUsl CWIbl 371eKTpyuyeckoro Toka I max = 10 A cOOTBeTCTByeT MaKCHMajJbHOMY OTK/JIOHEHHIO
cTpesiku ripubopa. Tor/ia OTKIOHEeHHUIO CTPesiKY Ha 1 fiesieHre COOTBETCTBYeT CHJjla TOKa
10A =0,1 A.
100 pen men
Takum 06pa3oM orpefesnsieTcs IieHa AeneHus npudopa:

C= Imax/N.
Yem MeHbIIIe 3Ta BeJIMYMHA, KOTOPasi MOXKeT ObITh U3MepeHa PUbopoM, T. e. ueM MeHblle YyeHd OeneHusl
WKa/bl, meM 8blllle MOYHOCMb u3MepeHusi npubopa. B paccmoTpeHHOM Bhiiile ipumepe S=10 gen/A.
Kiacc TOUHOCTH, MOrPeIIHOCTE U3MEePEeHHUs 3/IeKTPOHM3MepUTeTbHOTo TIprubopa




[TorpenrHOCTb U3MepeHusi 31eKTPOU3MEePUTETBHOTO TTPUO0pa CK/Ia/[bIBaeTCsl U3 TIOTPELTHOCTH OTCUéTa U
VHCTPYMEHTA/IbHOW MOrpelHocTy. HanprMep, MOrpeHocTe U3MepeHrst CUIbl TOKa amrepmerpom AAT
paBHa CyMMe MOIPeLIHOCTH OTCYéTa [I/0T M1 MHCTpYMeHTalbHOM NorpeluHocTy Aly :

Al = Alom +A 1y .

IIpenenbHOe 3HaUEHKe MOrPELHOCTU OTCYETA MPUHUMAKOT PaBHBIM 1/4 1jeHbl [je/IeHus IIKabl:

Al = C/A.

WHcTpymMeHTa/IbHasl IOTPeIIHOCTh — ONpefiesiieTCsl  KAACCOM — MOYHOCMU  3/1eKMpOU3MepumesbHo20
npubopa.

Knacc mouHocmu  snekmpousmepumenbHo20 npubopa — OTHOCHTeNbHass HWHCTPyMeHTasbHast
MOTPeLlHOCTb, COOTBETCTBYIOIIAsA Npesiely M3MepeHus IMax 1iKasibl, BbIpa)keHHasi B IPOLieHTax:

k = Al; / Inax100% . (1)

Hanpumep, knacc TtoyHoctu 1,5 03HauaeT OTHOCUTENBHYHO morpemHocTh 1,5% . Kak cnemyer w3
dopmynbr (1), WHCTDyMEHTa/bHasi  TOTPEIIHOCTh  OfpefessieTcsi  KAacCOM — TOUHOCTHU
3/IeKTPOM3MepPHUTETbHOTO TIprubopa:

AII/I = IMAX max °k/100

Ilpumep pacuéra MOrpemHOCTH 3/IEKTPOU3MepPHTE/ILHOI0 Npudopa
IIpeanosioxum, 4To amriepMeTp u3MepsieT cuy Toka ot 0 o 2 A.
[Tkana nmeet 40 fgenenuii, Kaacc TouHocTy ipubopa 4 % .

Torza LieHa fe/ieHUs: amriepMeTpa:

c =0,05A/gen.

IIpenenbHOe 3HaueHue rorpettHocTy orcuéra Alom = 0,0125 A.
WHcTpyMeHTa/IbHas NTOrPelHOCTh:

Aly =0,08 A

AGcosroTHas TOTPEITHOCTh U3MePeHHsI CHITbI ToKa Al :

Al = Al,n + Al; = (0,0125 + 0,08) A = 0,0925 A =0,1 A.

JlabopaTopHasi pabora 4
Tema: «/3mepenue 3/IC ¥ BHYTPeHHEro CONMPOTHUB/IEHUsI HCTOYHHUKA TOKa»

Henb: usmeputs 3/1C 1 BHyTpPeHHee COMPOTHBI/IEHNE UCTOYHUKA TOKa.

OGopyaoBaHue: 1) UCTOUHVK MUTaHUS, 2) POBOJIOYHBINA Pe3UCTOP corpoTuBieHneM 2 Owm, 3)
amriepmeTp, 4) K/tou, 5) BOMbTMeETp, 6) coeilMHUTETbHbIE TIPOBO/IA.

Teoperuueckoe 000CHOBaHUE

OKcrepUMeHTaIbHast yCTaHOBKA M300paykeHa Ha prucyHKe 1. K UCTOUHMKY TOKa 1 MOAK/IIOUaeTCst
pe3uctop 2, amrepmeTp 3 U Ktou 4. 3/]C uCcToOYHMKA TOKa HerocpeCTBEHHO U3MePSIeTCsI BOJIbTMETPOM
5.

Puc. 1

OJeKTprUecKasi cCxeMa JJaHHOM 1ieru MpuBe/ieHa Ha pUCYHKe 2.
CoryiacHo 3akoHy OMa cusia Toka I B 3aMKHYTOM 1ely C OJHUM UCTOYHUKOM & A
ornpefensieTcsi mo (opmyiie




W3 570i1 hopMysibl MOXKHO NOyuuTh Gopmyny Ir + IR = E (2).
W3 popmyrbl (2) MOXKHO HaWTH BHYTPEHHee COTIPOTUBJIEHME I UCTOYHMKA ToKa, J/JC KoToporo
TIIpe/iBapUTe/IbHO U3MEPSIOT BOJIbTMETPOM:
r = (E- IR)/I= E/I-R. (3)
Cuia ToKa I B Ljeru u3MepsieTcst aMIiepMeTpoM.
ITopsajoK BHINOTHEHUs padoThI
1. CobepuTe 3/1€KTpHUECKYIO IieMb (CM. puc. 2).
2. N3mepbTe BosibTMeTpoM J[IC UCTOUHMKA TOKA IIPU pa30MKHYTOM Kitoue K.
E=U-=
3. 3anuiumTe K/1acC TOYHOCTH BO/IbTMeTpa kv 1 mpeien h3MepeHusi ero LiKasibl.

k\' = 2 Umax -
ky

4. Havizyte abCOJTIOTHYTO MTOrPeIHOCTh 3MepeHnst 3/1C NCTOUHHMKA TOKa. salur g
max 100

=

o

A

5. 3anuimTe OKOHUYaTe/NbHbIN pe3ysbrar u3Mepenus J/1C UCTOYHMKA TOKa.
& L AE =

6. OTkmrounTe BoJbTMeTp. 3aMKHUTe K/tou K. VM3mepbTe amrniepMeTpoM CUIy TOKa I B Ljenu.
I=

7. 3anMILIMTe KIacC TOYHOCTU amriepmeTpa KA U ripejies1 u3MepeHust

Imax ero mkKassl.

kq= A 4 =

. max
8. PaccuuraiiTe BHyTpeHHee COMPOTUB/IEHUE I KICTOYHUKA TOKa 110 Gopmyiie (3).

9. YuuTbiBasi, UTO COMPOTUB/IEHNE R pe3uCcTopa N3BECTHO C OTHOCHUTEIbHON

TIOTPeITHOCTBIO 3%, T. e. € =AR/R = 0,03, olieHUTe abCOMIOTHYIO MOTPeITHOCTh AR ero u3MepeHwusl.
AR=Ree=

10. HaiiguTe abCO/MIOTHYIO MOTPEITHOCTh A T ?I:IBME%EHI/IH ZH}ITpeHHero COMNPOTHUBJIEHUSI UCTOYHUKA TOKa.

ar=Z(F+T) +ARS

11. 3armuIrTe OKOHYATeIbHbIN pe3y/abTaT u3MepeHrd BHYTPEHHEro COIpoOTHUBJ/IEHUA NCTOYHKMKA TOKd.

rtAr=

JlabopaTopHasi pabora 5
Tema: «V3yueHHe siBJIEHUA Y/IEKTPOMArHUTHON HHAYKLIUH»

Ilesib pabOTHI: U3yUUTH SIBJIEHHME 3/IEKTPOMArHUTHON UHAYKIIMH, a TAK>Ke TIPOBEPUTH MpaBwIo JIeHIja.
"YesroBeKa, yMeIOI[ero HabroAaTh ¥ aHa/IM3UpOBaTh, 0OMaHyTh HEBO3MOJKHO. "

A. K. Join
O6opypoBanue: CoelMHUTe/TbHBIE TIPOBOZA , peocTaT, Kirou, MarHuTHasi cTpesika,
Munnuamnepmetp, MictouHuk Toka, [1osiocoBoit MarHuT, KaTyiku ¢ cepieuHUKOM

Xop paboTsI
TeopeTnueckoe 000CHOBaHHe.
MarHuTHBIN NOTOK uepe3 TUI0CKYH0 MTOBEPXHOCTb — 3TO CKajIsipHast Gu3nuecKast BeJIMUrHa, YAC/IeHHO
paBHast TIPOM3Be/JeHHI0 MO/ /ISl MAarHUTHOM MHIYKLMY Ha TJIONa/[b TOBEPXHOCTH, OTPaHUYeHHOM
KOHTYPOM, ¥ Ha KOCUHYC yTJIa MeXX/ly HOPMasblo K TIOBEPXHOCTH U MarHUTHON WHAYKIMEH.

® = BScosa [®]=[B6]
sIBNIeHre BOSHUKHOBEHHMSI TOKA B 3aMKHYTOM KOHTYpe IPY W3MEeHEHUH MarHUTHOT'O ITOTOKa,
TIPOHU3BIBAIOIIET0 KOHTYD, HAa3bIBAETCs ABJICHHEM 3/IEKTPOMAarHUTHON HH/YKIHH.



3aKoH 3/IeKTPOMarHuTHOW MHAYKI[UM:

3HayeHre D/]C UHAYKLMU B MTPOBO/SAIIIEM KOHTYPe TPONOPLMOHATBHO CKOPOCTHU W3MeHeHUst MarHUTHOTO
TOTOKA uepe3 MOBePXHOCTb, OTPAHUUEHHYI0 KOHTYPOM.

IIpaBusio JIeHnja: 3/1eKTpOMarHuTHast MHAYKLUS CO3/aeT B KOHTYPe UHAYKLMOHHBIA TOK TaKOTo
HaripaBJieHHs], UTO CO3/JaHHOe UM MarHUTHOe T10Jie TIPeNsSTCTBYeT U3MeHeHUI0 MarHUTHOTO TT0TOKa,
BBI3BIBAIOIIIET0 3TOT TOK.

MeToauKka u3MepeHu#i 3a/laHa B BU/le TaOMULIbI:

beicTpo BCTaBUTh
Mar"ur B KaTyILIKY
CeBePHBIM I10/IFOCOM

OcTaBUTL MarHuT B
KaTyIlIKe
HeTIOIBM)KHBIM
rocJe onbIiTa 1

BLICTpO BBITAII[UTb
MArHuT M3 KaTYIIKH

OcTaBuUTh KaTyLIKy
HETOABWXHOU MOC/Ie
ombITa 3

Onucanue yCTAHOBKH:

[MopsifoK BBIMOTHEHUS pab0Thl M 00pabOTKM pe3ysIbTaToOB M3MepPeHUI:



1. 3apucyliiTe cxeMy OmnbITa ¥ IPOBepbTe BLINIO/IHEHUS MpaBuia JleHna.
2. TTomBeiMTe UTOT O TIPO/IE/IAaHHOM paboTe, c/esiaB OOLHI BBIBOJ, He 3a0bIB OTPAa3WTh B HEM YCJIOBHSI,
TIPY KOTOPBIX B KaTyLIKe BO3HWKa/]1 MHAYKIIMOHHBIM TOK.

BeiBoj;: (3anuimTe BBIBOJ 110 paboTe Ha OCHOBe MPOBeAEHHBIX HaOmoqeHnid. OOBsICHUTE pas3inuue B
HarpaB/ieHWY UHAYKLMOHHOTO TOKa C TOYKHY 3peHus rnpaBua JleHiia.)

KoHTpo/ibHBbIE BONIPOCHI
1. B uem 3ak/itouaeTcs siBJieHHWe 3/1eKTPOMAarHUTHOW MHAYKLIUA?
2. Kakoii TOK Ha3bIBalOT UHYKLIMOHHBIM ?
3. ChopmynupyiiTe 3aKOH 371eKTpOMarHuTHoOM uHAykiuu. Kakoit opmyroli oH onucbiBaeTcsi?
4. Kak popmynupyeTtcst mpaBuso JleHija?
5. KakoBa cBs3b npaBu/ia JIeHIia ¢ 3aKOHOM COXpaHeHUs SHepruu?

JTaGopaTopHas pa6orta Ne 6
Tema: «/3yueHue 3aBHCHMOCTH MePHOJa Ko/1e0aHNii HUTAHOT0 MAasiTHUKA OT A/IMHBI HUTH»

«BepxoeHbiM cyobell ecsikoll (puzuuecKoli meopuu s6/15emcsi onbim. . .»
Jlee /laeudoeuu Jlanoay

Henn:
1) Ha MpaKTHKe BBISICHUTD, KaK 3aBUCAT ME€PUO/] ¥ YaCTOTa CBOOOIHBIX KO/iebaHW HUTSIHOTO MasTHUKA OT
€ro0 JI/TUHBI;
2) BBISICHUTD, CYIIIeCTBYeT JId MaTeMaTHuecKasi 3aBUCUMOCTb MY JJTMHON MasTHUKA W TTePUO/IOM ero
KosebaHui
O0OopypoBaHue: ITaTUB C My(TOM U JIATIKOU , IAPUK C HUTBIO, CEKYH/IOMEp, JIAaCTHK, JTUHEHKa.

1. Teopernueckasi 4acCThb.
[Tpy>kuHHBIM MasiTHUK - CUCTeMa, COCTOSALAast U3 MaTepyuaJbHOM TOUKY MacCOM M U NIPY>KUHBI,
KOTOpasi CoBepILiaeT KosiebaHusl B BePTUKATbHOW TJIOCKOCTH.
MareMaTrueCcKUi MasiTHUK - MaTepUa/ibHasi TOUKa, Mo/IBellleHHasi Ha HeBeCOMOW HepacCTsHKUMOM
HUWTH, IPUKPETUIEHHOU K MO/BEeCY Y HaXOASLLeNCs B TI0JIe CUJIbI TSDKECTH.

Boruncienus:

(3
T=— v =

1
ITepuon: N Yacrora: T,

2. IIpakTueckKas 4acTb.

HomMmep onbiTg
dusmnyeckan 1 2 3
BeJIMYMHA

Mniaua

Yuncno
KosniebaHun
0.05 0,20 0,45 0,80 1,25

Rnana r

30 30
I'Iepvlo,uT,c 30 30 30

YacTtoTa

ITops 10K BBINOJHEHUS PAOOThI:
1. CobpaTh yCTaHOBKY U 3apHUCOBATh ee ( CM. PUCYHOK)




2. AMIuMTy/ia mapuKa JJo/bkHa ObITh 1 — 3 cm.

3. IIpoBecTy u3MepeHusi, BEIYUCIEHUS] U 3alI0JHUTH Tab/HLLy.

4. 3anucaTtb BbIUMC/IEHUS T107] TabuLiei.

5. UccnepytiTe, KaK 3aBUCAT MEPHO/, U YaCTOTa CBOOOAHBIX KOIeOaHMI MasiTHUKA OT ero JJTHHBI.

BBIBOA: OTpa3uTe, KakK 3aBUCAT II€pHUOJ U YaCTOTa CBOGOAHLIX K0J1e0aHWI MasiTHUKA OT ero JJINHBI.

,Z[OHOJIHI/ITEIII)HOE 3a/iaHHue
OHPE,E[E]'II/ITE, KaKdsd MaTeMATUUYECKAA 3dBUCUMOCTD CYLIECTBYET MEXAY ,[[J'IPIHOﬁ MasiTHUKA U T1IEPUOJ0M

ero KoJyiebaHui.
Ty 1

T

T, :

rje, k — HoMep ombITa, HAUWHAasi CO BTOPOTO.
Cdopmynupyiite o01myii BEIBOA, TIO pe3y/ibTaTaM Bceid paboThI.

JIabopaTopHasi pabora Ne 7
Tema: «Onpe/eeHne MoKa3aTe/s MPeIOM/IeHUs CTEK/Ia»

HEJ'lb pHGOTbIZ Ha6JII'0,E[EHI/Ie MpeyioMJ/ieHUsd CBE€Ta Hd I'PdHULIE Pa3eid Cpe BO3AyX-CTEKIIO. I/IBMGPEHI/IQ
MMOKa3aTeJid IMpeIoMJ/IeEHUA CTeK/Id.

O0opypoBaHuMe: T/I0OCKOTIapasie/ibHasi CTeK/ITHHasI TIaCTHHA, JIMHelKa, 4 0y/1aBKy, KOBPUK.

Teoperuueckoe 000CHOBaHHUE:

sina

sinf8

Pu3NUeCKUN CMBIC/ Ko3(duieHTa nmpeyioMaeHuss N = c/v

3aKOH TpeioM/IeHHs CBeTa:

MeToauKa W3MepeHUit:



CyTh OnbeITa 3aKJIO4YaeTcsd B TOM, YTO Ha
OOHY M3 TNapalieNbHbIX IpaHel IUIaCTUHHKH
HaTIpaBISAIOT TIYHOK CBE€Ta IOA ITPOH3BOJIb-
HBIM yrJIoM o. OTMeuaroT Touku A, B u C no
xony nyda. IlpoBoasiT nmeprneHaAuKynsap B TO4Y-
Ke B K rpaH¥ IUlacTMHBI M CTPOSIT ABa NMPsSMO-
yronbHbIX TpeyroibHuka ABD u BCE. Torna
opmynay (1) MOXKHO 3anucaThb Tak:

,.AD.CE _AD CB
AR E€B  AB CE”

(2)

N3mepur paccrosinvsg AD u EC Mo)KHO HalTH 1.

Xoj padoThl.
1. 3anucath B TaOMMLYy 3HAYEHUE TTOKA3aTe/IsA NPEJTOMIECHUA CTEKIIA M 4.

2. TIlonoXxuTh IUIacTUHY Ha JIUCT OyMard U o4epTHTh €e rpaHu. HamnpaBuThb
JAy4 ja3epa Ha OJHY NapajUleNIbHYK T'paHb M OTMETUTB TOYku A, B, C
(CM. PMCYHOK).

3. VYOpap IUIacTHHY, TMPOBECTH NeprneHOIHKyIsAp BD UM mocTpouTts TIpsiMO-
YIOJIbHBIH TPeyrojibHUK ABD.

4. WisMmepuThb MMHelKo# paccrosaHusa AD, AB, CB, CE.
5. PaccumTaTh nmoxasaTenb TIpeaOMIIEHUd CTeKia 1o ¢opmyne (2):

_A4D CB _
AB CE
6. Pacyer norpemiHOCTH M3MEpEHHH

1. PaccuuTare aOCOJNIIOTHYIO TTOrpelIHOCTh OIMPEACICHUS TMoKa3aTrenasa
MpelToMIIEHHWUA

.EII“ An = |f‘! — M a6

2. PaccyuMTaTh OTHOCHMTENBHYIO TIOIrPELIHOCTE




n
 IocToaHMbIe veln

AD, Mmm AB, MM CEB, MM CE, MM
HamepeHnbie

BEJIMYHHBI

n en - 100, %

PaccunTaHHbie

BENHYHHB

KoHTpo/bHbIE BOIIPOCHI

Tect. 3aK0H Npe/IOM/IEHUSA CBeTa

3aganue Nel

AGcomoTHBIN TI0Ka3aTesb rpeyioMyieHus Bogsl 1,33. C KakKoi CKOPOCTBIO PACIIPOCTPaHSIeTCs CBET B 3TOM
JKUAKOCTHU?

Bblbepume oduH u3 4 eapuaHmos omeema:

1) 3,99 - 10® m/c

2) 2,26 - 10° m/c

3)3-10%m/c

4) 2,83 - 10° m/c

3aganue No2

YTou najieHust Jiydyeil Ha CTeK/ISIHHYIO TUIacTUHKY 60°, a yrout rpesiomsieHus B 2 pasa MeHBbIIIe.
OrnpeziesiviTe 110 5TUM [JaHHBIM [10Ka3aTeJsib IIpeJIOMJ/IeHUs CTeKJIa.

Bblbepume oduH u3 4 eapuaHmos omeema:

1)2

2) 0,58

3) 1,73

4) 2,73

3aganue Ne3

JIyud 13 Bo3ayxa nepexoAuT B aniMas. [Ipy KakoM yC/1I0BUM yroJl aZleHus: paBeH YTy MpeioMJIeHust?
Bbibepume o0uH u3 4 eapuaHmos omeema:

1) JIyu naziaeT napasuiesibHO IpaHulie pa3jena JByX cpe[

2) Jlyu nagaet noz, yrjom 45°

3) Jlyu najiaeT neprneHUKY/ISIPHO TPaHuULIe pa3zesia ABYX Cpej

4) Jlyud magiaeT noj, it00bIM YT/IOM

3aganue Ned

JIyu cBeTa IpesioM/Is1eTCsl Ha FPaHULie CTeK/I0 BO3AyX. YTOJI IafieHusl IIpY 3TOM

Bblbepume oduH u3 4 eapuaHmos omeema:

1) GosibItie yriia ipesIOMIeHusT

2) paBeH yTJ1y TNpe/ioMJ/IeHuUsI

3) MeHbllie yrJjia mpeioM/IeHust

4) MoxeT ObIThH 0OJIbIIIe WJIK MEHBIIIe yTJia TIPeIoM/IeHuUs

3aganue Ne5

Uemy paBeH abCO/IOTHBIN MOKa3aTe b MPeIoMJIeHHs BaKyyMa?

Bbibepume o0uH u3 4 eapuaHmos omeema:

N1

2)0,5

3) 1,12

4)0

3aganue Neb

ITokasaTesu rpeoM/IeHHUst OTHOCUTE/IBHO BO3/yXa [/I1 BOZbI, CTeK/Ia U ajiMa3a COOTBeTCTBEHHO paBHbI
1,33; 1,5; 2,42. B KakoM BellleCTBe CBeT pPaclpOCTPAHSIeTCs C MUHUMAa/IbHOM CKOPOCTBIO?



Bbibepume o0uH u3 4 eapuaHmog omeema:

1) B Boge

2) B anmaze

3) Bo Bcex Tpex BelllecTBax CKOPOCTb paClpOCTPaHeHUs] OMHAKOBa

4) B cTekne

3aganue Ne7

[Tokasarenu rpesoM/IeHNs OTHOCUTE/ILHO BO3/lyXa [JIs1 BOZbI, CTeKJIa U alMa3a COOTBETCTBEHHO PaBHBI
1,33; 1,5; 2,42. B KakoMm BellleCTBe CBET UMeeT MaKCUMaJIbHYO [IJIMHY BOJTHBI?

Bbibepume o0uH u3 4 eapuaHmog omeema:

1) B creksne

2) OyHaKoBa BO BCeX BelljeCTBax

3) B Boze

4) B anmasze

3aganue Ne8

B kakoli cpefie CBeT pacIipoCTpaHsieTCsl C MaKCUMaIbHOM CKOPOCTBIO?

Bbibepume o0uH u3 4 eapuaHmos omeema:

1) B cnroge

2) B anmase

3) B Bakyyme

4) B crekne

3aganue Ne9

Ecu iyu nafaet Ha rpaHuLly paszesf AByX Mmpo3pauHbIX cpeJ Moz, yriaoM 45°, To yroJi mpenomieHust
coctasssteT 60°. Orpe/ie/uTe Mo ITUM [JAHHBIM OTHOCHTEJTbHBIN TOKA3aTe/lhb MPeIOMIIEHHSI.
Bbibepume o0uH u3 4 eapuaHmos omeema:

1) 0,82

2) 1,73

3) 1,22

4) 1,62

3aganue Nel

[Tokasatenb rpesioM/ieHUst CTeksia Oosiblile TToKa3aTess rpeyioMseHust Bojbl. [1py nepexo/e 13 BoJbl B
CTeKJIO YroJI [IPe/IOM/IeHUst

Bbibepume o0uH u3 4 eapuaHmos omeema:

1) paBeH yriy najieHust

2) 6orbiiie yria rnazieHuu

3) MoskeT ObITb OOJIBIIIe ¥ MEHBIIIe YIJia MafieHus, B 3aBUCUMOCTH OT yTJ1a Ma/|eHust

4) MeHbl1le yrJia najileHust

OT1BeThI:
1) (1 6.) BepHbie oTBeTHI: 2;
2) (1 6.) BepHble oTBeTHI: 3;
3) (1 6.) BepHble oTBeTHI: 3;
4) (1 6.) BepHble oTBeTHI: 3;
5) (1 6.) BepHble oTBeTHI: 1;
6) (1 6.) BepHble OTBeTHI: 2;
7) (1 6.) BepHble OTBeTHI: 3;
8) (1 6.) BepHble oTBeTHI: 3;
9) (1 6.) BepHble oTBeTHI: 1;
10) (1 6.) BepHble oTBeTHI: 4.

JIabopaTopHasi paboTa Ne8
Tema: «IIpoBepka )opMyJibl TOHKOMN JIMH3bI»

Ilenn: [IpoBeputh hOpMyJTy TOHKO# JIMH3BI OTBITHBIM ITyTEM.

Oo6opynoBanue: ToHKasi cobuparoiijasi IMH3a, KpaH ,CBeua, JuHelKa Ha 40 cm.



Xop paboTbr:
1. Teopernuyeckas 4acTb.
1.1. Ompepenenue (poKyca JUH3bI ONBITHBIM IyTEM C TIOMOLLbIO
MOTy4eHHst U300pa>keHHs yJa/IeHHOTO TIpe/iMeTa.

1.2. ®opMysia TOHKOH JIMH3BL. .

2. IIpakTHyeckas 4acTb.
2.1.  3amnumwure 3HaueHue Pokyca F= CM

2.2.  Tlo 3HaueHuto Gokyca JMH3BI 3a/jaiiTe BeIMUMHY PACCTOSTHUS
OT TpeAMeTa /10 JIMH3bI B COOTBETCTBUM C YC/I0BUEM TO/TyYeHUsT
YBEJIMUEHHOT'0 U300paXKeHHUsI

( F<d<2F).d= ™M

2.3.  Cobpathb ycTaHOBKY C 3afjaHHbIM d. [To/lyuuTh Ha 3KpaHe
yeTKOe U300pakeHHe, TIPUO/IMIKas U y/jasis ero oT JIMH3bL. [1pu 3TOM
He MeHSITb pacCTOsSIHKE OT CBEYM JI0 JINH3BI.

Vi3mepbTe U 3amnuiiure pacctosiHue f= CM.

2.4.  TIpoBepbTe BePHOCTb (POPMYJIbl TOHKOM JIMH3BI.
11

F - ¢hokycC NUH3bI

dopmyna TOHKOW NUH3bI

1+1 é

T n

®opmyna TOHKOi JIMH3bI
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1+1_+1 1+1—D F_Z_E
ad=15 —Fr d=F d h

CpaBHM no/1y4yeHHbIe pe3y/IbTaThl U CAe/Iall BHIBOJ 0 BePHOCTH (pOPMYJIbl TOHKOH JIMH3BI.

BeiBoj:
Jlono/iHUTe/IbHOE 3a/JaHue
JIun3a. [TocTpoeHue W300pakeHUH B JIHH3E
3aganue Nel

@DoKyCHOe paccTosiHue JIMH3bI u3Mepsiercs B CU
Bbibepume o0uH u3 4 eapuaHmog omeema:

1) protp

2) HeT eJUHULIBI U3MEpeHUs

3) cMm

4)m

3aganue No2

Jlyuu, uzyiye rnapasuienbHO I71aBHOM ONTUYECKOM OCH MepreHAUKY/ISIPHO TJIOCKOCTH paccerBaroLeit

JIUH3BI, 3a TMH30M1

Bbibepume o0uH u3 4 eapuaHmog omeema:
1) pacxopsTcs

2) coOUparOTCs B OJTHOM TOUKE

3) cxomATcs

4) He MeHSIOT HalrlpaB/IeHUs

3aganue No3

CKo/bKO (pOKYCOB y paccerBarolllei JIMH3bI?
Bbibepume o0uH u3 4 eapuaHmos omeema:
1)2

2)1

3)3



4) 4
3aganune Ned
B kakom ciyyae cobuparoliasi IMH3a ZlaeT yBenueHHOoe U300pakeHue?
Bbibepume o0uH u3 4 eapuaHmos omeema:
1) Korza rpeiMeT HaXOAUTCS MeXAY (POKYCOM U JIMH30M
2) cobuparolijasi iMH3a HUKOT/|a He ZlaeT YBeIMUeHHOT 0 U300pakeHusi rpeiMeTa
3) Kor/ia npeZiMeT HaXOJUTCA 3a JABOMHBIM (POKYCOM JIMH3bI
4) Korja npegMeT B (pOKyCe JIMH3bI
3aganue Neb
JIuH3a - 310
Bbibepume o0uH u3 4 eapuaHmog omeema:
1) onTryecku TIpo3payHoe Tejio, OrpaHUUeHHOe OZHOM cepruueckol TOBePXHOCThIO
2) mpo3payuHoe TeJio Orpe/ieieHHON (PopMbl
3) onTUUeCKH Mpo3pavyHoe Tesio, OrPaHUUYeHHOe JABYMs CepruueCKUMU MTOBePXHOCTSIMU
4) moboe TIpo3payHOe Teso
3aganue No6
dokyc cobuparoliiei TMH3bI - 3TO
Bbibepume o0uH u3 4 eapuaHmos omeema:
1) Takoro noHsATHS AJ1s1 cCOOMparoIeit IMH3bI He CyIeCTBYeT
2) TouKa, B KOTOPOU coOMparoTcs BCe Ty4d, UAYILLMe Mapauie/ibHO I7IaBHOM ONTHYeCKON 0CH, Toc/e
NIPOXO’KJeHUsI Uepe3 JINH3Yy
3) npsimasi, TI0 OTHOLLIEHUIO K KOTOPOM, Mapasiie/bHbl BCe JTy4d T0C/Ie TIPOXOXKIeHUsl yepes JINH3Y
4) IJIOCKOCTh, HAa KOTOPOW COOMPAIOTCS BCe JIYUM TIOC/Ie TIPOXOXK/EHHUS uepe3 JIMH3Y
3aganue Ne7
Jly4, uayliyy BAO/b FJIABHOM ONTUUECKOW OCH, 3a JIMH30M...
Bbibepume o0uH u3 4 eapuaHmos omeema:
1) He MeHsieT HarpaB/eHUs
2) OTKJIOHSIETCSI OT OCH BBEPX
3) BezieT cebs HeTIpeICKa3yeMo
4) OTKJIOHSIeTCSI OT OCU BHU3
3aganue Ne8
Eciu n3o6pakeHue 1osiyueHo Ha repeceyeHry Jiyuei, TO OHO
Bbibepume o0uH u3 4 eapuaHmog omeema:
1) HU MHUMOe, HU JIeHCTBUTETbHOE
2) U MHUMOE, U IelCTBUTeTbHOe
3) MHMMOE
4) nelicTBUTE/IbHOE
3aganue Ne9
PaccrostHue oT TipeZiMeTa /10 JIMH3BI cocTaBsisieT 0,5 M, a oT JIMH3bI 10 n306pakenwus - 1,2 M. OnpegenvTe
NMHeWHOe yBe/MueHue JTMH3bI.
Bbibepume o0uH u3 4 eapuaHmog omeema:
1) 1,2
2)2,4
3) 0,6
4) 1,7
3aganue Nel0
Ecnu n3obpakeHre NomyueHo Ha TiepecevueHNH TIPO/J0/KeHNH JIydeld, TO OHO
Bbibepume o0uH u3 4 eapuaHmos omeema:
1) melicTBUTENBHOE
2) HU MHUMO€, HU [IeICTBUTE/IbHOE
3) U MHUMOEe, U JIeCTBUTeTbHOe
4) MHUMOE
OtBernI:
1) (1 6.) BepHbie oTBeThI: 4;
2) (1 6.) Bephble oTBeTHI: 1;
3) (1 6.) BepHble oTBeTHI: 1;



4) (1 6.) BepHble OTBETHI:
5) (1 6.) BepHbie OTBeTHI:
6) (1 6.) BepHble OoTBeTHI:
7) (1 6.) BepHble OTBeTHI:
8) (1 6.) BepHble OTBeTHI:
9) (1 6.) BepHble OTBeTHI: 2;

10) (1 6.) BepHble oTBeTHI: 4.

-

-

bl

NhRENE

JIabopaTopHasi paboTa Ne9
Tema: «V3yuenune uaTepdepeHiu v JupaKiud CBeTa»

ITesb paboThI: U3yUUTh XapakTepHble 0COOEHHOCTU MHTepdepeHINH U AU paKLUY CBeTa.

Yacrs I
Habsroaenue nuarepgepeHijuu cBera
OGopyaoBaHue, CpeACTBA H3MepeHHs: 1) CITMUKY, 2) CTIMPTOBKA, 3) Ha TIPOBOJIOKE B TIPOOUPKe
KOMOUEK BaTbl, CMOUEHHBIM paCTBOPOM XJIOpH/ia HaTpus, 4) MPOBOJIOUHOE KOJIbL[O C PYYKOU, 5) CTaKaH C
pacTBOPOM MbIna, 6) TpyOKa CTeK/siHHasA, 7) MIaCTUHKU CTeKIssHHbIe — 2 1T., 8) CD-zucK.

[nst HabmoieHust UHTepdepeHLH TTPU
MOHOXPOMAaTUYeCKOM U3/TyYeHUH B I/IaMsl CITUPTOBKU BHOCAT
KOMOUEK BaTbl, CMOUEHHOU pacTBOPOM xjiopyza HaTtpus. [1pu
3TOM IUIaMs OKpalllMBaeTCs B XKENThIN 1jBeT. Omnyckas
TIPOBOJIOYHOE KOJIbL[0 4 B PaCTBOP Mbl/a 5, M0/Iy4aroT
MBUIBHYIO [/IEHKY, PacIiojlararoT eé BepTUKaJIbHO U ; Puc. 2
paccMaTpuBaroT Ha TEMHOM (DOHe TIPU OCBeLLleHUH XKENTHIM
CBeTOM CrpTOBKH. HabsozaroT oOpa3oBaHe TEMHBIX U JKEITHIX TOPU30HTAIBHBIX 110JI0C (PUC. 2) U
Vi3MeHeHUe UX LIVMPUHBI [10 Mepe YMeHbIIIeH!s TOJLUHBI TI/IEHKU.

B Tex MecTax niéHKY, rJie pasHOCTb X0/ja KOTePeHTHBIX JIyuel paBHa YETHOMY YMCITy [TOTYBOJIH,
HabJ1I0/1at0TCs CBeT/Ible MOJIOChI, a TP HEUETHOM UKCJie TTI0/TyBOJH — TEMHBIe 1oJ10ckl. [1py ocBellleHUN
TUIEHKY OesbIM CBeTOM (0T OKHA WJ/TM JIaMIIbl) BO3HHUKAeT OKpallliBaHKe CBETJIBIX 10JI0C: BBEPXY — B
CUHUH 1IBeT, BHU3Y —B KpacHbIA. C MOMOILIbI0 CTeK/ISTHHOM TPYOKU 6 Ha MOBEPXHOCTU MbITbHOTO
pacTBOpa BBIAYBAIOT HeOObIION MBUTBHBIN Ty3bIph. [Ipy ocBeljeHnu ero 6esibiM CBeTOM HaOJIIOAAIOT
oOpa3oBaHUe 1[BeTHbIX UHTep(epeH-LIMOHHBIX KoJiell. [To Mepe yMeHbIlIeHUs! TOJIIUHBI TIJIEHKU KOJIbLa,
pacIupsisich, TiepeMelnarTcst BHU3. VIHTepdepeHiyst HabmojaeTcst ¥ IPU paCCMOTPEHUH KOHTAKTHOW
MOBEPXHOCTH JIBYX C’KaThIX PYT C IPYTOM CTeK/ISTHHBIX MJIACTUHOK 7. VI3-3a HenzieanbHOCTH (POPMBI
COTNPUKACAIOIIUXCSI TIOBEPXHOCTEN MKy MIaCTUHKaMH 00pa3yroTCsl TOHUAMIIIe BO3/yIIIHbIe
TIPOCJ/IONKH, Jarolijue sipKue pajly>KHble KOJbLjeoOpa3Hble Wi 3aMKHYThle HelpaBUIbHOU (hOpMBI
1o/10ckl. I1py U3MeHeHUU CU/bl, CKUMaOLLel M1aCTUHKY, PaciioyioykeHue U opma MoJioC U3MeHSIFOTCS
KakK B OTPa’KEHHOM, TaK U B MPoxo/siiieM cBeTe. OcobeHHO HarIsJHO siB/ieHre UHTepdepeHLInN
OTPa)XEHHBIX CBETOBBIX JIyueil Ha0JIr0aeTcst py pacCMOTpeHuH ToBepxHocTH CD-zncKa.

Yacrs 11
Ha6/mroeHne fudpakium cBera
m OOopyaoBaHMe, CpeiCTBA U3MepeHHs: 1) IITaHTeHI[UPKY/Ib, 2) JlaMIIa C TIPSIMOU HUTBIO HakKana, 3)
paMKa KapTOHHasi C BbIpe30M, B KOTOPOM HaTsiHyTa MpoBoJjioka fuameTpom 0,1— 0,3 MM, 4) KaripoHOBast
TKaHb Y€pPHOI'O LIBeTa.
Teoperuueckoe 060cCHOBaHHe

Oudpakius cBeTa MposIB/IsieTCsl B HapPYIIeHUU MPSIMOJIMHEHOCTH
pacripocTpaHeHUst CBETOBBIX Jiyuell, orhbaHuy CBETOM IPeNsTCTBUM,
B IPOHUKHOBEHHUHM CBeTa B 00/1aCTh reOMeTpUUYeCKOl TeHH.
[IpocTpaHcTBeHHOe pacripe/ie/ieHye UHTeHCMBHOCTH CBeTa 3a
HEeO/JHOPO/HOCTBIO Cpe/ibl XapaKTepu3yeT AU(PaKIMOHHYI0 KapTUHy. B
KayecTBe HeOZHOPO/IHOCTH Cpe/ibl B paboTe MCTIOJb3YIOT 1{e/Tb MEXY
ryOKamu IITaHTeHIUPKY/is. CKBO3b 3TY I1e/Ib CMOTPST Ha BEPTUKA/IBLHO
PacII0/I0’KeHHYI0 HUTb Topsiiijed mamribl. [Ipy 3ToM 110 06e CTOPOHbI /
OT HWTH, NTapalyieJIbHO ei, BU/IHbI PaJly>KHbIe M00CkI. [Ipr yMeHblIeHnH P
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IIVPUHBI 1€/ TI0JIOChI PAa3/IBUTAIOTCSI, CTAHOBSTCS IIMPe U 00pa3yroT SICHO Pa3/InUMMble CTIeKTPbL. JTOT
3¢ dekT Hab/oaeTCs 0COOEHHO XOPOIII O TIPY T/IABHOM TTOBOPOTE IIITAHT€HI[UPKYJIst BOKPYT
BePTUKAIbHOM OCH. JIpyryto AudpaKIMOHHYI KapTUHY HaOJII0Jal0T HA TOHKOW HUTU. PaMKy C HUTBIO
pacriosiararoT Ha (hoHe ropsiiijeii 1amIibl rapajuie/lbHO HUTH Hakasa (puc. 3). Yaanss v npyub/ikasi paMKy
K IJ1a3y, IOoayvaroT AU(pakLMOHHYO KapTHHY, KOT/la CBeT/ble U TEMHBIe 110JI0Chl PACIIOIaratoTCs Mo
CTOpPOHAM HUTH, a B cepe/iuHe, B 00/1aCTH e€ reoMeTpUUeCKOi TeHH,
HabsroaeTcs cBeTsias mosioca (puc. 4). Ha KarpoHOBOM TKaHU MOXKHO
Hab/roaTh AUGPAKIIMOHHYIO KapTHHY. B KanpOHOBOM TKaHU UMEEeTCsI JiBa
BbI/Ie/IeHHBIX B3aWMHO TepreHuKYy/IspHbIX HanpasieHus. [loBopaunBas
TKaHb BOKPYT OCH, CMOTPSIT CKBO3b TKaHb Ha HUTb TOPSILLiel JIaMIIbI,
JN0OMBasiCh YETKOM TUGMPAKIIMOHHON KApTUHBI B BUJIE IBYX CKPEIIeHHBIX MO
MPSIMBIM YTJIOM JU(PaKLMOHHBIX M0J10C (AudpaKLMOHHbIN KpecT). B 1jeHTpe
KpecTa BUjieH Au(hPaKIIMOHHBIN MaKCUMYyM 0eJioro IBeTa, a B KaXK/I0H 1oJioce
— I10 HECKOJIbKY L|BETOB.

ITopsAjoK BHINOTHEHUs padoThI Puc. 4
Yacrs I

1. 3aKruTe CMpTOBKY.

2. BHecuTe B 1y1aMsl KOMOY€K BaTbl, CMOY€HHOU paCTBOPOM XJIOpH/ia HATPUSI.

3. OnycTuTe MpPOBOJIOUHOE KOJ/BLIO0 B PACTBOP MbLjia /Jisl IOyUYeHUsI MbUIbHOW TIJIEHKU.

4. 3apucyiiTe UHTep(epeHLIMOHHYIO KapTHHY, MOy4YeHHYI0 Ha IJIEHKe [TPU OCBeLLeHUU XKETbIM CBeTOM

CIUPTOBKHU.

5. OOBsicHUTE TOPSIZIOK Yepe/[0BaHMs L[BETOB Ha MHTepGepeHLIMOHHOMN

KapTHHE TIPU OCBelleHUH TUIEHKU OesTbiM CBETOM.

6. BoiziyiiTe C IOMOIIIBIO CTEK/ISTHHOW TPYOKH HeOO0/IbIION MbUIbHBIN

TMy3bIPb Ha MIOBEPXHOCTH MBITLHOTO pacTBopa. OOBsICHUTE IPUUYUHY

nepeMellleHHUs1 UHTep(epeHLMOHHBIX KOJiel] BHU3.

7. OnuimTe UHTeppepeHLMOHHYI0 KapTUHY, Ha0J/II0ZaeMyto OT JBYX

CKaTbIX CTEK/ISTHHBIX IJIACTUHOK.

8. Kak n3meHsieTcst Hab/mr0/jaeMasi KapTUHA TIPU YBEeJTMYEHUH CHJTBI,

CKHAMaIOLLer TU1IaCTUHKA BMecTe?

9. Onummre MHTep(epeHMOHHYI0 KapTUHY Npy ocBelljeHun CD-zaucka.

Yacrs 11
1. 3apucyiite aBe AndpaKLMOHHBIE KAPTHUHBI, HAO/FO/jaeMble TIPY PpaCCMOTPEHUN
HUTH TOPSILLeN JIaMITbl Yepe3 1eslb ITaHreHUpKYJ/Is (1pu wrpuHe wenu 0,05 u 0,8 mm).
a =0,05mmMm a = 0,8 MM
2. OnuiMTe U3MeHeHHe XapakTepa UHTepdepeHIIMOHHOM KapTHUHBI TPH IJIaBHOM TTOBOPOTe
LITaHTeHL{UPKY/Isl BOKPYT BepTHUKaIbHOM ocH (a = 0,8 mm).
3. PaMKy € HUTBIO pacrno/ioKuTe Ha (poHe ropsiliei 1laMIlbl [apasiie/lbHO HUTH Hakasa (CM. puc. 3).
[Tepemeriiasi paMKy OTHOCHUTE/BHO T71a3a, Ao0elTech TOro, 4To0Obl B cepefiviHe, B 00/1acTu
reoMeTpUYeCKOW TeHW HUTH, Hab/ro/1aiack CBeT/Iast 1ojioca. 3apucyiTe AudpaKkLMOHHYIO KapTHHY,
HabJr0jaeMyt0 3a TOHKOM HUTBIO.
4. ITocMOTpUTe CKBO3b UEPHYIO KallpOHOBYIO TKaHb Ha HUTb ropsiiijeii jamrbl. [ToBopaunBasi TKaHb
BOKPYT OcH, jo0eiTech YETKOW AM(PaK{MOHHOM KapTHHBI B BU/Ie ABYX CKPEIeHHbIX M0/ TIPSIMBIM YTTIOM
I(paKIMOHHBIX TIOJI0C. 3apucyiiTe HabM0jaeMblii TUGMPAKI[UOHHBIM KPECT, OMUIINTE eTo.
BeiBoj:

JIaGoparopHas pa6orta Nel0
Tema: "H3mepeHue /IMHbI CBETOBOM BOJIHBI C MOMOLIBI0 AN(PPaKI{MOHHOM PeIéTKH "

Iles1b paboOTHI: U3MEPUTD JJIMHY CBETOBOM BOJIHBI C TIOMOII[bIO AUGMPAKIIMOHHOMN PEIETKY.

O0OopypoBaHue, cpeiCTBa U3MepeHHs: 1) IPOEKIMOHHBIN arapar, 2) npubop /st u3MepeHus AJTUHbI
CBETOBOU BOJIHBI.



Teopernueckoe 000CHOBaHHUe

[JndpakMOHHY0 PeléTKY MCIO/b3YIOT AJIs1 pa3/ioyKeHUsl CBeTa B CIIeKTP U M3MepeHUs IJIMHbI CBeTOBOMN
BosiHBL. [Ipy majeHuy Ha AUQpakLUMOHHYH pemétky P ¢ mepuogoM d MOHOXpOMAaTHUeCKOM MJIOCKOMN
BOJIHBI JyIUHOU A (puc. 1) MakCUMyMbl MHTEHCMBHOCTH CBeTa Ha JIMHelKe-3KpaHe, pacrio/ioyKeHHOW Ha
paccrosiHuu L oT permétky OyyT Hab/r0AaThCS TIOZ, YT/IOM O K TJIaBHOM ONTUYeCKOW OCH TIPU YCIOBUU
dsina=mA, rae m=0, +1, +2, ... (1)

Lenoe uncio m omnpejenser nopsfaok Makcumyma. Ilpy m = 0, a= O Ha ocu CUMMeETpPUM peIIETKU
BO3HMKaeT L|eHTPa/IbHbI MAaKCUMYM [i/1s1 TFOOBIX /I/TMH BOJIH.

Kak cnenyet u3 dopmyisi (1),

m\

@ €)

Yewm Gosibitie m, TeM Gosibllle Yoyl OTKJIOHEHUs o TIPH OJHOM U TOM >Ke JJIMHe BOJIHBI A. DTO O3HayaerT,
cornacHo ¢opmyre (2), uto Tem Oosbiie u sina. Yem Bbllle TOPSZOK MakCHMMyMa, TeM Jasibliie OH
HaxoJMUTCS OT och cuMMeTpud. [103TOMy BHOMb OCH X, MepHeHJVKY/ISPHON Npope3sM Au(pakLXOHHON
PEeIéTKH, OyAyT Hab/MIOAATbCS MAKCUMYMbl HHTEHCUBHOCTH

Pa3UUHBIX TOPSJKOB.

CrieKTp u3/yueHusi WCTOUHUKA CBeTa  COJEP)KUT H3/yueHue MOHOXPOMAaTUUeCKOM [JIMHBI BOJIHBI
(Haripumep, ¢duosieToBoe WM KpacHoe). Kak BugHO 13 hopmysbl (2), uemM 6osbliie

A, Tem Oosbiie o .. CrenoBaTesbHO, [JiI COOTBETCTBYIOIIETO TIOPSiIKA M CIIEKTPAa MAaKCUMYyM
WHTEHCUBHOCTH KPAaCHOro cBeTa Oy/eT HaXOAWUThCS Jajbllie OT OCH CHMMETPHHM, UeM MaKCUMyM
WHTEHCUBHOCTHU (PHOJIETOBOTO.

Inst puonerosoro ceera A = 0,4 MmrMm. CriefoBaTesibHO, U3 Gopmysibl (3) mpu d = 10 MKM

1-0,4 _ e —
=5 =0,04, a0, =2,29°. o

sin O(m ==

S1Il 0(1 =

111 TIpu stom tg = 0,04003, T. e. IpU TaKUX MasbIX Yrjax Sin & m = tg o .
Pa3penuB nouneHHo paBeHcTBa (1) u (2), momyyaeMm Gopmysty Ajsi oripefiesieHus JJIMHbI CBETOBOM BOJIHBI
C TIOMOLbIO TU(PPAKIIMOHHOW PeIETKU:

X, d

mL (@)
B panHol pabote Hab/Mr0IeHHSI TIPOBOSATCS HETIOCPeCTBEHHO r/1a30M (puc. 2). ITpu 3ToM Hab/ro1aTe o
KaXkeTCsl, UTO U3/Iy4eHue, romnazatoiiee B TOUKy F'm , MoXKeT UCIyCKaThCsl B OJHOM U3 TOUYek oTpe3ka O
P.
HawuboJiee rpeimouTUTeTbHOM TOUKOM JIOKaIM3aliid MHUMOTO UCTOYHHKA sIBJIsieTCst Touka P (c
KoopAuHaTo X m), HaXxoAsI[asicsl Ha 3auepHEHHOM (/17151 60/bIlIero KOHTpACcTa) MOBEPXHOCTH IITKaIbI, TaK
KaK pacCTOsiHUe OT PeLléTKU [0 1iKa/bl L u3BecTHO. puc.3

[TpuHLMNUanbHAs cxema 3KCIepUMeHTalbHOW YCTaHOBKM Ipe/icTaB/ieHa Ha pucyHke 3. M3nyueHue OT
VCTOYHMKA CBeTa 1, MPOXO/isl uepe3 IMpULIe/bHYIO Mpope3b 2 IIKasibl 3, MomnaZaeT Ha JU(PPaKLMOHHYHO
PelIéTKy 4, YCTaHOB/IEHHYIO B Jlep)Karesie 5, KOTOPbIM MPUKPEVIEH K KOHLy vHelku 6. 1llkana moxer
nepeMellaTbCsl BAO/Ib JUHEWKH, 3aKpelyieHHOW B MydTe 7 1uTaTMBa 8, MO3BOJSOLEN (PUKCHPOBaTh
pasnuuHble paccTosHUAAL OT AUPPAKLIMOHHON PEeIIETKU [0 LIKabl.



Ecnn cMOTpeTh CKBO3b PelLléTKY U MPULIe/IbHYI0 NIPOpe3b Ha UCTOYHUK CBeTa, TO B BePXHEeM YaCTH IKaJlbl
(Ha uépHOM (oHe) MOXXHO Hab/oAaTh 1O 00e CTOPOHBI OT TPOpe3W MAaKCUMyMbl WHTEHCUBHOCTH
W3/yyeHUsi TIepBOr0 M BTOPOrO TMOPSAJKOB pasnuuHoro npera (puc. 4). Ecm  wucnons3dyercs
MOHOXpOMaTUuecKasi BOJIHA, TO MOKHO Hab/ofaTh 1Mo o0e CTOPOHBI OT TpPOpe3rd MaKCHUMYMBI
VHTEHCUBHOCTHU U3/Iy4eHUsI [1epBOr0 U BTOPOrO NMOPSAJLKOB OJHOIO LiBeTa.

1. 3armcartsb paccrosinve L=

2. OnpeieIUTh M0JI0’KeHWe MaKCUMYMOB 11epBOro nopsigka Xm =

ni=c2 m=-1 s =1 m
K G K & b K b K

Puc. 4
3. Haiigurte A/iuHy BOJTHBI UICTOUHUMKA CBeTa 1o ¢opmyre (4). A= HM.
4. Tlo 1BeTOBOM 1IKajie ONpeenTh LIBeT CBeTOBOM BOJIHbI
BuiBoj:

Jlono/iHUTeIbHOE 3a/jaHue
Tect. Indpakius ceera. [JudppaknoHHas pemierka.
3aganue Nel
Yron pudpaximu B criekTpe k-oro mopsigka 0osbliie st Tydei. ..
Bbibepume o0uH u3 4 eapuaHmog omeema:
1) kpacHoro 1BeTa
2) ¢uoneToBoOro 1|BeTa
3) )KenTOro 1iBeTa
4) 3e51€HOro L|BeTa
3aganue Ne2
[wudpakioHHas pelleTKa M03BOJISIeT ONpe/ie/UTh
Bbibepume o0uH u3 4 eapuaHmog omeema:
1) yacToTy BOJIHBI
2) CKOPOCTb BOJTHBI
3) AudpakLMOHHAas pelleTKa He [103BOJISieT HUYero orpezensTh
4) AJIVHY BOJTHBI
3aganue Ne3
Eciu nepuog qudpakimoHHoi peteTku 10 MKM, TO, KaKOe UMC/I0 JU(PPaKLMOHHBIX MAKCUMYMOB MOYXHO
Ha0J/Ir0/1aTh /IJIs1 CBeTA C JJIMHOM BOJIHBI 671 HM?
Bbibepume o0uH u3 4 eapuaHmog omeema:
1)5
2) 15
3) 14
4) 10
3aganue Ned
Ha pucyHke nipe/icTaBieHa cxema pa30veHust BOJTHOBOM
1oBepxHOCTH D Ha 30HbI PpeHensi. Pa3HOCTh X043 MeXay S
nyuyamu N;P u N,P paBHa ...
Bbibepume o0uH u3 4 eapuaHmog omeema:
1A
2)0
3) N2
4) 3N2

3aganue No5



[Tpu nomotiy AudpakLMoHHOM pelleTKU ¢ nepruoom 0,02 MM nomy4yeHo nepBoe AudpakLoHHOe
n300pakeHe Ha pacCTOSIHUM 3,6 CM OT LIeHTPa/lbHOTO MakCMMyMa M Ha PacCTOsSIHUM 1,8 M OT peLleTKH.
Ornpepenure AyIMHY BO/IHBI [TaJA0LLEr0 CBeTa.

Bbibepume o0uH u3 4 eapuaHmos omeema:

1) 2 MKM

2) 4 MKM

3) 0,4 MKm

4) 0,2 MKM

3apanue Neb I /\~~_
Ecv 3akpbITh N OTKPBITHIX 30H DpeHests, a OTKPBITh

TOJILKO TI€PBYIO, TO aMILIUTYy/la B TOuke P ... S
Bbibepume o0uH u3 4 eapuaHmog omeema:
1) yBenmuuTcs B n pas

2) He U3MeHUTCS

3) yBeuuTcs B 2 pasa \
4) yMeHbILIWTCS B 2 pasa

3aganue Ne7
Ha pucyHke nmpezacraB/ieHa cxema pa30ueHUs BOJTHOBOM A

noBepxHocTH @ Ha 30HbI DpeHens. AMIUIUTY/BI KoJiebaHUH, E+3E
B030yK7aemMbix B Touke P 1-if, 2-ii, 3-i U T.J. 30HaMH, ® &2
0603HauuM Aj, Ay, Az U T.[. AMIUIUTYZA A pe3y/bTUPYIOIIero E+x
KosiebaHusi B Touke P oripesienisieTcsi BbIDaKEHUEM ... 2
Bbibepume o0uH u3 5 eapuaHmog omeema:
1)A:A1+A2+A3+A4+

L 2

Z)A:Al-Az-A3-A4-...
3)A:A1-A2+A3-A4+...
4)A:A1+A3+A5+A7+... 2-1 30Ha
5)A2A2+A4+A6+AB+... 3-9 30Ha

1-A 30Ha

3aganue No8

Oudpakius - 3T0

Bbibepume o0uH u3 4 eapuaHmos omeema:

1) oTK/I0HEHWe OT MPSIMOJIMHEMHOT0 PacripoCTPaHeHHsl CBETOBBIX BOJIH

2) vicue3HOBeHUe Tpe/IOMJIeHHBIX JTyueit

3) 3aBUCHMMOCTH 0Ka3areJisi Ipe/ioM/IeHUs BellleCTBa OT YaCTOThI NaZarollero cBera
4) pa3fio)keHue CBeTa B CIIEKTP

3aganue Ne9
[Tpu kakoM ycsioBuM OyzieT HabroAaThCs [UdPaKLIMs CBEeTa, /IJTMHA BOJTHBI KOTOPOTO A, a pa3Mep

oTBepcTus b?

Bbibepume o0uH u3 4 eapuaHmog omeema:

1)b=2A

2)b>>A

3) Judpakuys TpOUCXOUT TIPU TH0OBIX pa3Mepax OTBepCTUS
4)b << A

3aganuie Nl
['1laBHBIE MAKCUMYMBI TIPU AU(dPaKIMK Ha pelieTke HaO/I01al0TCs M0/ YT/IOM y/I0BIeTBOPSIOIIIEMY

yCJIOBUIO
Bbibepume o0uH u3 4 eapuaHmos omeema:

1)sinqp=k}{ 2)cosqp=k£{ S)dsinqu:kl 4)dcosqp=k}1

OTBeThI:



1) (1 6.) BepHbie oTBeTHI:
2) (1 6.) BepHble OTBeTHI:
3) (1 6.) BepHble OTBeTHI:
4) (1 6.) BepHble OTBeTHI:
5) (1 6.) BepHsie oTBeTHI:
6) (1 6.) BepHbie OTBeTHI:
7) (1 6.) BepHsie oTBeTHI:
8) (1 6.) BepHbie OTBeTHI:
9) (1 6.) BepHble oTBeTHI:

- - - .

-

- -

-

i A i -l

10) (1 6.) BepHble oTBeThI: 3.

10.

11.
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