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BBenenue

JIabopaTopHbIN MPAKTUKYM SIBISIETCS OJHOM U3 BakHEHIINX (popm oOyueHus
CTYACHTOB U €ro Lielb 3aKiIodaeTcs B 0ojiee riIyOOKOM H3yYeHUH TEOPETUYECKOIo
MaTepuallia BO B3aUMOCBSI3U € MIPO(ECCHOHANBHOMN AeATeNbHOCThIO; O3HAKOMIIEHUH C
MeTOoJIlaMU (PU3UYECKOTO IKCIEPUMEHTA M TMOJYYCHUH HABBIKOB PabOThI ¢ HU3MEPH-
TENbHBIMU TIPUOOpaMU; MPUOOPETEHUH HABBIKOB MO0 00pabOTKe Pe3ysbTaTOB JKCIIe-
PUMEHTOB U pacyéra MOTPEIIHOCTeH M3MEPEHHS U OKPYTJICHHS Pe3yJIbTaTOB MpH-
ONMMKEHHBIX BBIYUCICHUN.

Brinonnenne nabopaTopHoit paboThI BKIIOYAET B ce0sl: MOTy4YEeHUE HKCIEepU-
MEHTaJIbHBIX PE3yJbTaTOB, 00pabOTKa MX HAa OCHOBE YEro Jiejaercs BhIBOA U OoJjee

yrayOJaeHHO MpopadbaThIBAETCS TEOPETUUECKUNA MaTepral.



Paznen 1 O0pabdoTka pe3yjbTaTOB U3MEPEHU I

Ha Ha60paTOpHBIX pa60TaX CTYACHTHI OBJIAACBAIOT MGTOI[I/IKOﬁ CaMOCTOs-
TEJIbHOM pa6OTBI, MMpONU3BOIAT U3MCPCHUSA W BBIYHUCIICHHUA HCKOTOPLIX (bI/ISI/I‘-ICCKI/IX
BEJIMYMH. UMCIIOBBIC 3HAYCHUS (i)I/ISI/ILICCKI/IX BCIIMYMUH, C KOTOPBIMHU IIPUXOIAHUTCA
HUMCTb ACJIO0, B OOJIBIIMHCTBE ClIy4acB SABJIAKOTCA HpI/I6J'II/I}KéHHBIMI/I, HpI/ILIéM CTCIICHDb
l'IpI/I6J'II/I)KCHHH 3aBHCHUT KaK OT TOYHOCTH HpI/I60pOB, KOTOPBIMH HU3MCPAJIACh JaHHAA
BCJIMYMHA, TaK U OT HCKOTOPBIX CY6T>€KTI/IBHI>IX (baKTOPOB. TOYHOCTH KOHEYHOI'O pe-
3yJjbTaTa BBIUMCIICHUM 3aBUCHUT TOJBKO OT TOYHOCTHU I/IBMCpeHHﬁ U €€ HEBO3MOXKXHO
MOBBICUTH 3a CUET TOYHOCTHU BBIYMCIICHUM. I[J'IH OKPYIJICHUA pC3yjIbTaTa HCO6XOI[I/IMO

CO6JIIOI[aTB npaesua 0elucmeus Hao NPUOIUNCEHHBIMU YUCIAMU.

1. Ilpu crooxcenuu u evlyumanuu nDu6Jll/t9fCéHHle Hucei 6 pesyjibnianie HA00

OH’I6DClel6’amb no _npasujiam OKpPYSIEeHUA uud)pbl mex Da3l)ﬂ006 cnpaed, Komopuvlx

Hem xoms 0bl 8 00HOM U3 ciazaemulx. Tak, Hanpumep: 28 + 3,2 = 31,2 = 31. Jlecs-

ThIC O 0T6pOHIeHBI, T. K. ACCATUYHBIC 3HAKH IICPBOT0 CJIaracMoro HCU3BCCTHHI.

2. Ilpu ymuoorcenuu unu oeneHuu nDM6Jlu9fCéHHblx Huces 6 pesyirobmame HeoO-

X00UMO _OCMABISIMb _CMOAbKO Havawux uud)p, CKOJIbKO UX umeemci 6 uducie cC

HAUMEHRbUWUM KOJIUYEeCneoM 3HAdYauux uud)p. HpO‘-II/Ie HH(prI ABJIAIOTCA COMHH-

TCIBbHBIMU U OT6paCBIBaIOTC$I COorjJiaCHoO HpaBI/IJ'I OprrJ’IeHI/Iﬂ.
Hanpumep: 253 - 13 = 3289 =~ 33 - 10?
2,79:13=0,1246~0, 12

3Havaiye MUdpel — 3TO BCe BEpHbIC HMUGPHI YUCIIA, KPOME HYJIEH, CTOAIIUX

Briepeau yucia. ecau yuciao 0,00385, to uucno 3navamux mudp — 3, yuciao 120 to-

K€ UMEET TPU 3HAYalIue HUQPHI.



DusnvecKkre u3MepeHus: M NOrPelIHOCTH U3MepPeHu

HeoOxoaumoit oneparueit mpu npoBeAeHUH JI000ro (U3NYECKOro dKCIEPUMEH-
Ta sABJSIETCS nM3MepeHue. M3mepums Kakyro-mu00 (PU3UYECKYI0 BEIMYMHY - 3HAYUT
CPaBHUTH €€ C APYroi OTHOPOTHON (PU3MUECKON BETMIMHOMN, IPUHSITOH 32 €MHUILY.

N3mepenus noapasfessitoTes Ha npsMble U KOCBEHHBbIE. [Ipu mpsMbIx uzmepe-
HUSX ONpejelsieMasl BeJIMUYMHA HEMOCPEACTBEHHO CPAaBHUBAETCS C €IWHULIEH M3Me-
pEeHUs IPU MOMOIIN U3MEPUTENIBHOrO Mpudopa. IIpu KOCBEHHBIX U3MEPEHUSAX HCKO-
Masi BEJIMYMHA BBIYUCISIETCS U3 PE3YJbTATOB MPSAMBIX U3MEPEHUN IPYTUX BEIUYMH,
KOTOpbIE CBA3aHbI C HEM (PYHKIIMOHAIBHOU 3aBUCUMOCTBIO.

Bcesikoe yucno, moiaydyeHHOE B pe3ysibTaTe U3MEPEHHs, aeT JHIIb NpUOIu-
YKEHHOE 3HaYEHUE U3MEPSIEMON BEJIMYMHBI.

[IycTh Ipy OBTOPEHHH U3MEPEHHUSI B OAHUX M TE€X K€ YCJIOBHSIX U OJHHM U
TEM e CIocoOOM MBI MOJIy4aeM OJIMHAKOBBIN pe3ynbTaT. Takoe uamepenue Oynem

Ha3bIBaTh U3MEpeHueM 0e3 pazopoca. [lorpemHocTs U3MepeHns OnpeaesaeTcs To4-

HOCTBIO TPUOOPOB M HA3BIBAETCS MPUOOPHON MOrpemHocThio. JIroboi npudbop Mo-

JKET 1aBaTh U3MEPEHHUS JUIIb C ONPEAEIEHHON TOYHOCThIO. B COOTBETCTBUHU € 3TOU
TOYHOCTBIO MPOU3BOJUTCS pA3JCICHHE KAkl mpuOopa Ha neneHus. [Ipubopnas
MOTPENTHOCTh JTUOO PACCUHUTHIBACTCS MO €r0 TOYHOCTH, CIENUATbHO YKa3aHHOW Ha
npubdope, 100 paBHA TOJOBUHE IICHBI JACIICHHUS €TO.

Crnenyetr UMeTh B BHY, YTO MPUOOPHASI TIOTPEITHOCTh MOKET HE COOTBETCTBO-
BAaTh JCHUCTBUTEIIBHOM MOTPEINIHOCTH HAWJCHHOM BEJIWYMHBI, €CIIM HU3MEPEHUE CO-

ACPKUT CUCTCMATUYCCKYIO IMOT'PCIIHOCTD. HpI/I‘-II/IHaMI/I CHUCTEMAaTHUYECKOMU morpeui-

HOCTU MOTYT OBITh: HEMCIPABHOCTH MPHOOpa, OMMOOYHOCTh WM MPUOIMKEHHBIN
XapaKkTep METOoJa U3MEPEHHUS, OTKIIOHEHUSI OT HEOOXOIUMBIX YCIOBUN U3MEPEHHS U
T.A. Eciu UCTOYHHUK CHCTEeMAaTUYECKOM OMIMOKH M3BECTEH, TO €€ MOXKHO HCKIIOUYHUTD
WIH Y4€CTh BBEJICHUEM COOTBETCTBYIOIIUX MOMPABOK.

Ecnu npu u3mepeHnn Mbl MOJy4YaeM CEPHUIO HECOBMAAAIOIINX PE3YIbTATOB, TO

TAaKO€ M3MEPEHUE HA3BIBAIOT M3MepeHueM ¢ pasdpocoM. CirydaliHble IOTPEIIHOCTH




Ao TIOSABIIAIOTCA M3-3a HEM30€XKHBIX MOMEX MPU U3MEPEHUH, BCIEACTBHE HECOBEP-
LIEHCTBA OPraHOB YyBCTB OKCIIEPUMEHTATOPOB U T.J.

Binsgaue ciy4allHbIX MOMEX CBOJMTCS K MUHUMYMY HPH MHOTOKPAaTHOM IIO-
BTOPEHUM M3MEPEHUIN B OJTHUX M TeX K€ ycioBHsX. IlycTb moBTOpss M3MepeHus n
pa3, Mbl HALLIM PSAJ 3HAYEHUM BEJIMYMHBI A: a1,dp, ..., Ap.

Ha npaktuke ke 0OBIYHO MPOU3BOMASAT JHIb HEOOJBIIOE YUCIO HU3MEPEHHIA.
Torma scHO, 4TO pe3ynbTaT, MOJMYYCHHBIH NpPU yCPEAHEHHH, OyIeT HE BIIOJIHE
HaAEKHBIM. M3BECTHBI HECKOJBKO CIOCOOOB OLIEHKH TOYHOCTH PE3yNbTaTOB MpHU
HaJIM4#uH pa3opoca.

Hmeetcst Oosiee MpOCTOi B MAaTEMAaTUYECKOM OTHOIIEHUU METOJ pacuéra Ciy-
YalHBIX TOTPEIIHOCTEH, Ha3piBaeMblli MeTogoM KopHdeabaa, KoTopslil Oyner uc-
M0JIb30BaH B HalIeM JIabopaTOpHOM IpakTukyme. PaccmotpuM ero 6osee moapoOHo.

JIto6oe u3MepeHue (HU3MYECKON BEIUUYMHBI @ MOKET [aTh JIMIIb HWHTEPBAI

(@min,@max), B KOTOPOM COJICPKHUTCSI 3HAUCHUE dTOW BEJIMYUHEI (puC. 1).

N
Amin Acp Amax a

v

Pucynox 1- JloBepuTenbHbIi HHTEpBAI

Bennunny (amin,8max) Ha3bIBAIOT JOBEPUTEIILHBIM UHTEpBaIoM. CepenHy 10-

+a

ma X

BEPUTEJIBHOTO UHTEPBAJIA &, ,= T”“C‘-II/IT&IOT npuOIMKEHHBIM 3HAUEHUEM H3Me-

a7a‘m i

. a
psAeMOil BEIMYMHBI a.,, a MOJOBHHY €ro HMIMPUHBI Ad=—" Ha3bIBAIOT abco-

JIIOMHOU NOZPEUWIHOCMbIO U3MeHeHull. Pe3ybTaT n3MepeHus 3aIuChIBacTCs B BHJIC:
A=a,+Aa

TouyHOCTh M3MEpEeHUsT XapaKTEpU3yeTCs OTHOCUTENBHOM OIIMOKOM, MOKAa3bI-
BAIOLICH, KaKyl J0JI0 U3MEPEHHOM BEJIMYMHBI COCTaBJseT a0COJIOTHAs MOrpell-
HOCTb. OmHocumenvuaa nozpeuwtnocms ONPENEISIETCs, KaK OTHOIIEHHE abCONIIOT-

HOH MMOoTrpCmHOCTH K CPCAHCMY 3HAYCHHIO HSMCPHCMOﬁ BCIINYHHBI:
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gzﬁi 0%

ITo meToay Kopudeabaa pe3ynprar 3anMChIBAETCS TaK:
a=a,*4a

a‘m a_!? am i
3aech 4. . MPUOIIKEHHOE 3HA4YEHWE BEIWYMHBI (CpeaHee 1o

a, <&,
Kopudenpay), Aa= % - a0COIFOTHAS TOTPEITHOCTh H3MEPEHUS.

I'padpuyeckoe nzodpaxeHue pe3yJbTaToB U3MEPEHUIT

Jlist moctpoeHus: TpadUKOB MOJIB3YIOTCS OOBIYHO MPSIMOYTOJIbBHOW CHUCTEMOM
KoopauHar. [Ipu 3ToM He3aBUCUMYIO MEPEMEHHYIO OTKJIA/IBIBAIOT MO OCH abcIucce, a
3HauYeHMs (PYHKIMU - 110 ocu opAuHAT. Ha ocax koopAauHaT yKa3bIBaroTCs 0003Haye-
HUS BEJIMYUH U UX €IUHUIIBI U3MEPECHUSI.

OKcnepuMeHTalbHbIE TOYKM Ha Tpaduke MOHKHBI ObITh OTYETIMBO BUJIHBI.
Hano BbIOpaTh Hauamo OTcYeTa Tak, YTOObI KpUBas OJIM3KO MPOXOJauJia OT Hayalsia

KOOpAHWHAT U, CJICIOBATCIbHO, BCA IINIOITAAb rpa(bmca ITOJIC3HO HUCIIOJIB30BAJIaCh.

¥

2 0]

249 1

230

2904

£10 1

200 ‘- : '
80 100 120 140 t°C

Pucynok 2 - [Ipumep noctpoenus rpadpuka



He cnenyet Ha ocsx 0603HauaTh OY€Hb MEIKUE UHTEPBAIbI LHU(paMu, Tak Kak
u3NUIIHee ob0mnue mudp 3aTpyaHseT ureHue rpaduka. [IpomexxyTouHble 3HaUCHUS
JIETKO OTCUUTHIBAIOTCS HA KOOPJIMHATHBIX OCSIX IO MUJUIMUMETPOBON Oymare.

Kak npaBuio, ¢pusnyeckue 3aBUCUMOCTH - 3TO TJIAJKUE TJIaBHbIC JTMHUH, 0e3
PE3KUX U3JIOMOB. DKCIIEPUMEHTAIbHBIE TOYKU BCJIEJICTBUE OIIMOOK HM3MEpPEHUN He
JIOXKaTCsl HA KPUBYIO (PU3UYECKOM 3aBUCHMOCTH, a TPYNIUPYIOTCS BOKPYT HEE CIly-
qaitHeIM 00pa3oM. [loaToMy depe3 COBOKYMHOCTh MOJTYYEHHBIX TOUYEK HEOOXOIUMO
IPOBOANTH MJIABHYIO JIMHUIO TAKUM 00pa3oM, 4TOObI TOYKH, COOTBETCTBYIOIINE OT-
JIEIbHBIM U3MEPEHUSIM pacrojarajich CAMMETPUYIHO 1O 00€ CTOPOHBI MPOBEACHHON
KpHUBOM.

Ecnmu HeoOxoammo Ha rpaduke OTpa3uTh MOTPEITHOCTh, C KOTOPOW Mpojaesia-
HBI U3MEPEHUs, TO Yepe3 TOUKH MPOBOAT B TOM K€ MacIITade, YTO U OTIOKEHHBIC
U3MepsieMbIe BEJIMYMHBI, OTPE3KH, COOTBETCTBYIOIIME 3HAYCHHSIM aOCOIIOTHBIX

omuo6oK (puc. 2).

DJIeKTpOoN3MepHUTeIbHbIE MPUOOPHI U OLIEHKA UX MOTPEHIHOCTEeH

[Ipu BbITIOTHEHUHU PabOT 1a0OPATOPHOTO MPAKTUKYMa TPOU3BOIST U3MEPECHUS
PA3IIUYHBIX AIEKTPUUYECKUX BEIMYHUH C MOMOIIBIO JIEKTPOU3ZMEPUTEILHBIX MPUOO-
poB. Ilo npuHIMTY ACHCTBUSA DJIEKTPOUIMEPHUTENbHBIE TPUOOPHI HEMOCPEICTBEHHOM
OLICHKH JICJIITCA Ha CIEAYIOLIME OCHOBHBIC THIIBI: MarHUTOJIEKTPUYECKHUE, DIIECK-
TPOMArHUTHBIC, JJIEKTPOAMHAMUYECKHUE, JIIEKTPOCTATUYECKUE, WHIAYKIIMOHHBIE,
DIEKTPOHHBIE.

B npubopax MarHUTORJIEKTPUYECKON CUCTEMBI MCIIOJIB3YETCS NEUCTBUE Mar-
HUTHOTO TOJISi TIOCTOSHHOTO MarHuTa Ha TOJIBIKHYIO PaMKy ¢ TOKOM. [IpuGopsi
ATOW CHUCTEMBI UMEIOT PAaBHOMEPHBIC IIKAJIBI, 00JIaaf0T BHICOKOW YyBCTBUTEIHHO-
CTBIO ¥ TOYHOCTBIO, HO IIPUTOAHBI TOJIBKO ISl TOCTOSSHHOTO TOKA M 4YBCTBUTEJIbHBI
K IIEpErpy3KaM.

[Tpunuun neficTBus mpruOOPOB ANEKTPOMArHUTHON CHCTEMBI OCHOBAH Ha BTS-



rUBaHUU (EPPOMArHUTHOTO CEP/IEYHMKA B MATHUTHOE T0JI€ TOKA, MPOTEKAIOIIETO IO
00MOTKE HEeNoABIXKHOM KaTymku. K mocronHcTBaM mpuOOpoB 3TON CUCTEMBI MOKHO
OTHECTH MPOCTOTY KOHCTPYKUMHU, OOJBUIYI0 MEXaHHUYECKYIO MPOYHOCTh, BBIHOCIIH-
BOCTb K II€perpy3Kam, MIPpUrogHOCTh, KaK JUIsl IIOCTOSHHOTO, TaK U JUIsl IEPEMEHHOTO
TOKA; K HEAOCTaTKaM - HEPAaBHOMEPHOCTH IIKAJbI, 3aBUCUMOCTHb IOKa3aHUW OT
BHEIIIHUX MarHUTHBIX MOJIEW, HU3KYI0 YYBCTBUTEIBHOCTb.

[IpuHuun neicTBUs NpUOOPOB 3IEKTPOJIMHAMUYECKONM CHUCTEMBI OCHOBAaH Ha
B3aMMOJICICTBUU TOKOB, MPOTEKAOMINX MO OOMOTKAM HETOJBM)XKHOW W TOJIBHIKHON
karyiek. [Ipubopsl 3TOM cucTeMbl 00J1a1at0T BEICOKOW TOYHOCTBIO U TPUMEHSIIOTCS
JUIS U3MEPEHNS TOKA, HAIIPSDKEHUS M MOITHOCTH KaK IOCTOSIHHOTO, TaK U IEPEMEH-
HOro ToKa. Hemoctatku y 3Tux mpuOOpOB T€ e, YTO U Y TPHOOPOB SJIEKTPOMArHUT-
HOW CUCTEMBI.

Ha wixanax anekmpousmepumenvhvix nDM60D06‘ O0OBIYHO UMEIOTCS

YCJloBHblE 0003HaAYeHUSL.

0 - [Ipnbop MarHUTOIAEKTPUUECKON CUCTEMBI

¥

- [Ipu6Gop »IEKTPOMarHUTHOM CHUCTEMBI

- [IpuGop 3MeKTPOIMHAMUIECKON CHCTEMBI
== - [[pubop MOCTOSHHOTO TOKA
A - TIpuGop mepeMeHHOro ToKa

N [Tpubop Kak MOCTOSHHOTO, TaK U IEPEMEHHOT'O TOKa

m - PaGodee monoskeHME MIKAIBI — TOPHU3OHTAITHHOE

-L - Pabouee moytokeHue MIKaJIbl — BCPTHUKAJIBHOC

1,5 - Knacc rounoctu mpubopa

X

sxedueM 2 kB.

- I/ISMCpI/ITCHBHa}I LOCTIb M30JIMPOBaHA OT KOpPITyCa WM HUCIIbITaHa HaIllps-
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[Tpu n3mepeHus x GU3NIECKUX BEIIMYUH C TTOMOIILI0 IPHOOPOB BCETAa JOIMYC-
KaeTcsi HeKOoTopasi morpemHocTh. OaHOW M3 MPUYUH MOTPEITHOCTA U3MEPEHUS SIB-
JISIOTCS. HEIOCTAaTKH caMmoro mpubopa (TpeHue, pazdamanc u T.71.). [losTomy aiek-
TPOU3MEPUTENHHBIC TPUOOPHI CHAOKEHBI YKa3aHUSIMU O BHOCUMBIX UMH MTOTPEITHO-
CTSIX U3MEPEHUHL.

JIJ1st XapaKTepUCTUKU TOYHOCTH JICKTPOU3ZMEPUTEIIBHBIX PHOOPOB, KaK IMpa-
BUJIO, TIOJIB3YIOTCSI TIPUBEACHHON MOTPEIIHOCTBIO €,. [[pUBEIEHHON MOTPENTHOCTHIO
HA3bIBAETCS OTHOIIEHUE a0COJIOTHOM MOTPEMIHOCTH Ao K MpeneTbHOMY 3HAUYEHHUIO
U3MEPSAEMON BEIMYHUHBI Oyp, T.€. K HAaHOOJBIIEMY 3HAYEHHIO, KOTOPOE MOXKET OBITH

M3MEPEHO TI0 IIKaJie mpruoopa:

CrnenoBaTenbHO, aOCOIIOTHAS TIOTPEITHOCTH MPUOOpa paBHA:

Ao = oppén,

[IpuBenaeHHasT MOTPEITHOCTh JIEKTPOU3MEPUTEIIBHBIX MTPUOOPOB JICKUT B OC-
HOBE JICJICHUSI TPUOOPOB Ha KJacchl TOYHOCTH. CyIIeCTBYET BOCEMb KJIACCOB TOYHO-
CTH 3JIEKTpOU3MepUTeNbHBIX Mpudopos: 0,05; 0,1; 0,2; 0,5; 1; 1,5; 2,5;4. [lokazarenp
KJIacca TOYHOCTH OIpeJiesisieT MPUBEICHHYIO MOTPEITHOCTh MPUOOpa BRIPAXKEHHYIO B
nporeHTax. O003HAYMB IOKa3aTellb Kjacca TOYHOCTH 4Yepe3 K, BbIpaKEHHUE IS

OIIPCACIICHUSA a0COJIFOTHOM MMOTrpCIMTHOCTH 3aITUChIBACTCA B BUAC!:

Aa = o, 0,01k.

Hanpumep, 11s BoasTMeTpa Kinacca TouHOCTH 0,5 pacCUMTaHHOTO Ha U3Mepe-

Hue HanpspkeHuit 10 300B, abcomoTHast omrOKa COCTaBIIsIeT:
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AU =300-0,01-0,5B=15B.

VY CTpenoYHbIX 3NIEKTPOU3MEPUTETHHBIX MPUOOPOB aOCOTIOTHAS MOTPEUTHOCTD
OJIMHAKOBa I Bcel mKanbl. OTCIOa CIELyeT, YTO OTHOCHUTEIbHAs MOIPEIIHOCTD

HU3MCPCHH, OTIPCACIIACTCS BhIPAKCHUCM

U 3aBUCUT OT U3MepsieMol BenuuuHbl. C BO3pacTaHUEM 0. OTHOCUTEJIbHAs 110-
I'PEIIHOCTh YMEHBIIAETCS, JOCTUTast IPH ITOM O = Oyp 3HAYEHHA € = €np. TaKUM 00-
pa3oM, OTHOCUTEJbHASI NOTPEUIHOCTh B Hayaje IIKAJIbl 3HAYUTEIBHO BBIIIE, YEM B
koHIe. [losToMy pekomeHyeTcs Bcerja BeIOMpaTh Mpeneibl U3MepeHus mpudopa
TaK, 4TOObI OTCUUTHIBATh MMOKa3aHMs BO BTOPOW MOJOBHHE HIKAIbI, OMKe K €€ KOH-
1y. C 3TOH 1EeNbI0 MOJIb3YIOTCS MHOTOIIPEAEIbHBIMH PUOOPAMH.

Ecnu m3mepsemas BeIMYMHA O 3HAYUTEIBLHO MEHBIIE Oyhp, TO IPUOOpP mepe-
KJIIOYAlOT HAa MEHBIIUM Mpeies W3MEpPEHUs, YBEIMUYMBas TEM CaMbIM OTKJIOHEHHE
CTPEIKH M TOYHOCTh HU3MepeHud. [lepeximtodeHuss Ha HOBBIA IpeAesl HW3MEpPEHUus

03HA4YaCT OAHOBPCMCHHO U U3MCHCHHUC LCHBI ACIICHUA an60pa

cC= g
y u g & a !

Ecnu, Hanpumep, BoabT™MeTp uMeet 150 neneHunid, To neHa JeJaeHus Mpu rnepe-

kioueHuu ¢ npeaena 300B na 75B usmensiercs ¢ 2B na 0,5B, T.e. BO CTOJBKO ke

pas3, BO CKOJIbKO UBMCHACTCS IIPCACII.
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KOHTPOJIBHBIE BOITPOCHI

1. OxapakTepu30oBaTh NPUYUHBI BOSHUKHOBEHHSI MOTPEITHOCTEN Npu (u3nye-
CKHX U3MEPECHUSX.

2. laTtb onpeneneHusi abCOMIOTHON U OTHOCUTENIbHOM MOTPEITHOCTEH.

3. IlepeuncnuTh BUIBI IOTPEMIHOCTEN (MX TPH).

4. Kakue usmMepeHust Ha3bIBAKOTCS MPSIMBIMU U KOCBEHHBIMU?

5. Kak BBIUHCISAIOTCS a0COJIIOTHASI NOTPEUIHOCTh M NPUOJIMKEHHOE 3HAUYCHHE
BenU4IUHBI 10 MeToay Kopudenbaa?

6. Kak BpIUHCIAIOTCS aOCOMIOTHBIE M OTHOCUTENIbHBIE TOTPEIIHOCTH MPU KOC-
BEHHBIX U3MEPEHUSIX?

7. KakoBbl mpaBuia mocTpoeHus rpauko?

9. Uemy paBHa npuboOpHas MOrPeIIHOCTh?

10. Yemy paBHa nmpuBenEHHAS MOTPELMTHOCTD?

11. Yto Takoe Kjlacc TOYHOCTH mpudopa?

13



Paznen 2. JlabopaTopnasi paGora Ne 1

MN3MEPUTEJIBHBIE ITPUBOPHI U OITPEAEJIEHUE
IINIOTHOCTHU BEIIECTBA

esap padoThI: HAYYNUTHCS NMPOU3BOAUTH U3MEPEHUS IITAHTCHIIUPKYJIEM, MUK-
POMETPOM, B3BEIIMBATh HA TEXHHYECKHUX BECAX U IKCIIEPUMEHTAIBHO OINPENEIATH
IJIOTHOCTH TEJ MPABUIILHON T€OMETPUUYECKON (DOPMBI.
IIpuGopbl ¥ MPUHANJIEKHOCTH: ITAHTCHIUPKYJIb, MUKPOMETP, BECHI C pa3-
HOBECOM, TeJla MIUINHAPUIECKON (POpPMEI.
Teoperuuyeckoe BBegeHHE

l. M3MepeHne IMTaHT€HIUPKYIEM

[ITaHreHUUpPKYIb MO3BOJSET ONPENETUTh JIMHEIHBIE pa3Mepbl Tela C TOYHO-
ctbio 710 0,1MM mnu 0,05MM. OH COCTOMT M3 METAUTMYECKOW JIMHEHKHU (ITaHru)-|
(puc.1). I'yOku 2 MO3BOJIAIOT U3MEPSTH BHEIIHUE pa3Mephl Tela, ryOku 3-pa3mepsl
OTBEPCTHH, CTepKEHD 4 - TIIyOUHY.

[Io ocHOBHOW 1IKaje HAaHECEHHOW Ha IITAHTy, OTCUMTHIBAIOT CAHTUMETPHI U
MUJUTUMETPHI 10 HYJIEBOTO JIeJICHUS MMOJBUKHOM IIKaJbl (HOHUYca) 5.

[To HOHMYCY OTCUMTBIBAIOT JAECATHIE WIIM COThIE JOJIU MUJIJTUMETpa IPOTUB TO-
ro JICJICHHsI IIKAJIbl HOHUYCA, KOTOPO€ HAWJIYUIIUM 00pa3oM COBMAAAET C JIeTICHUEM

OCHOBHOM IIKAJIBI.

A

2\ &

Pucynok 3- OOmuii BUJ IITaHTEHIIUPKYJIS



Taxum 006pa3oM, HOHWYC TO3BOJIAET YBETUUYUTh TOYHOCTh OTCYETA ATOTO MPH-
oopa B 10 - 20 pa3. Honuyc Taxxe BcTpedaeTcs M BO MHOTHX APYTUX MpUOOpax,
HanpHUMep, yrioMepax, Mo3TOMy HEOOXOANUMO 03HAKOMUTHCS C MPUHIIUIIOM €ro JAeii-
CTBUSL.

[Tpu moMoIIM MITAaHTEHIUPKYISI K3MEPHUTH BBICOTY h IIMIIMH]Ipa HECKOJIBKO pa3
U 3aHecTH AaHHbIe B Tabnuity I. [1o momydeHHBIM JaHHBIM BBIUYMCIHUTH CpEIHEE 3Ha-
YyeHue BBICOTHI hep, abcomoTHyI0 morpemHocTs Ah 1 0OTHOCUTEIBHYIO MOTPEITHOCTD
€n - OKOHUATENbHBIN pe3ybTaT 3aucaTh B BUJE:

h=he = Ah

Tabnuua 3 - Pe3ynbratsl M3MEpEHUs BICOTHI LIHJIMH]IPA IITAHT€HIIUPKYJIEM

NoNe n/mt BricoTa Cpennee AOcoiroTHas

h, Mmm 3Ha4yeHue, Ny, M | MorpemHocTs, Ah, m

OKoHYaTeILHBIN

pesynbrar h = he, = Ah

2. I3mepeHne MUKPOMETPOM

Jliist 6o7ee TOUHBIX M3MEPEHHUI MPUMEHSIOT MUKPOMETPUYECKUE UHCTPYMEH-
Tbl. OHM OBIBAIOT HECKOJBKUX TUIIOB: MUKPOMETP JJIsi HAPYKHBIX U3MEPEHUH, MUK-

POMETPHUYECKUH TITyOMHOMETP U MUKPOMETPUUYECKUI HYTPOMETP.

15



Pucynok 4 - OOuuii BUg MUKpOMETpa

[Ipu u3MepeHUH MHUKPOMETPOM MPEAMET MOMEIIAeT MEXKIY HENOIBUKHBIM
CTEp>KHEM A U MOJBUKHBIM TOPLIOM B MukpomeTpuieckoro sunta (puc. 4). Ha xon-
116 MUKPOMETPUYECKOT0 BUHTA UMEETCs TpUciocoOIeHue // i1l BpalieHus, Ha3blBa-
eMOro TpeuloTkoil. Bpaiienue nepemaercst OT TPEUIOTKH K BUHTY MOCPEICTBOM Tpe-
HUS, BCJEACTBUE YEro MPHU JIOCTUKEHUHU OIPEICICHHOW CHJIbl Ha)kKMMa BUHTA HA
yIOp WIA Ha U3MEPSieMbIN MpeaMeT AalibHeillee BpallleHHe BUHTA MPEeKpalaeTcs.

Bpaiienue BUHTA U, B 0C06€HHOCTI/I, HaXXaTHC BMHTA HAa NpEAMET H606XOI[I/IMO IIpo-

HU3BOJUTH TOJbKO TPEIIOTKOM.

OTcY€T MO0 MUKPOMETPY BEAETCS MO TOPU30HTAIBHOW IIKAJIe U MO IIKaje Oa-
pabana. ['opusoHTanpHas mkana C mo3BOJSET OTCUUTHIBATH MepeMelieHre 0apabana
Ha 0,5 MM U1 4erOo Ha HUYKHEW YacTH LIKAJIbl OTMEUYEHBI JIEJICHHS, COOTBETCTBYIO-
nwe O, [, 2, 3 u T.4. MWJIJTUMETPOB, a Ha BEPXHEW YAaCTH LIKaJbI - AEJIEHUS COOTBET-
cteyromue 0,5; 1,5; 2,5 u T.4. mummumerpos. Illar MukpoBuHTa 00BIYHO paBeH 0,5
MM. [lena nenenust kpyrosoi mkansl paBHa 0,5/50 mm = 0,01 Mm, eciu yucio aene-
HUM KPYroBoH ikayibl 6apabaHa paBHo 50.

OTtcyeT nMpou3BOAUTCS CIEAYIONIMM 00pa3oM: MO TOPU3OHTAILHOM IIKajie OT-
CUMTBIBAETCS pa3Mep U3MEPSIEMOro MpeaMera ¢ ToUHOCThIO0 10 0,5 MMm. CoTbie nou
MUJUIMMETPA OTCYUTHIBAIOTCA 1O KPYroBoi mikaie OapabaHna. [lomydeHHble pesyb-
TaThl CKJIAJIBIBAKOTCA.

[Ipy momomm MHKpOMETpa U3MEPUTH JUAMETP OCHOBaHMS LHMHAPA. [Tomy-
YeHHBIE JaHHBIE 3aHECTH B Tabuuiy 4. Beruucanth cpeanee 3HaueHue /[, adbco-

JIOTHYIO OTPEUTHOCTh A/] M1 OTHOCUTEIBHYIO OTPEIIHOCTD €,
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Tabnuia 4 - Pe3ynbratel H3MEepeHUid uaMeTpa UInHAPa

NoNo ri/m JuameTtp Cpenuee AOcomoTHas
I, mm 3Hayenue /o, M NOrpentHocTb AJJ, m
1
2
3
4
5
OxkoHYaTeIbHBIN
pesynsratr [ = ([, = A), m

3. OnopeneseHne MIOTHOCTH BEIIECTBA

[110THOCTBIO BCIICCTBA HA3BIBACTCA (1)H3H‘-I€CKEI$I BCJIMYMHA, paBHasd OTHOINIC-

HUIO MACChI TeNa K €ro 00béMy.

v @)

racmu V - COOTBETCTBEHHO Macca U 00BEM TeJia.

Jna nqunmuaapa

_ A
v-Zlh, )

rjae /I - tnameTp ocHOBaHUS HWJIMHAPA, h- BEICOTA IIUIIMHIPA.

IToncrasisis (1) B (2) momyuum:

4m

A ©

P

®opmyna (3) sBasercss pacu€THOM (HOpPMyION s BBIYMCIECHHUS IUIOTHOCTHU

BCIICCTBA.

17




Iopsiiok BbINOJIHEHHUS PadOTHI

1. Onpenenuths Maccy UUIUHJPA, B3BECUB €ro. AOCOIIOTHYIO MOTPEIIHOCTh
B3SITh PAaBHOM MOJIOBUHE MAcChl CAaMOTO MEJKOTO pa3HOBeca, UMEIOIIErocs B Habope
pa3HOBECOB. BEIUHCINTL OTHOCUTETHHYIO TOTPENTHOCTD €y,

2. Beruuciauth mioTHOCTH BemiecTBa 1o (Gopmyine (10), moacrasmsist cpeaHue
3HaueHus hey, u [y

3. OnpenenuTb OTHOCUTENBHYIO MOTPEITHOCTh PE3ybTaTa:

£,=& +2, ¢, :A—h+2£+A—m
h J m
4. OnpeaenuTh aOCOMIOTHYIO MOTPEITHOCTh Ap = €p°Pep

5. 3anucarb OKOHYATEIbHBIA PE3yIbTAT B BUJIE:
K2
P=(peyp £AP)—
M

6. AHAJIOTUYHBIE U3MEPEHUS U PACUYETHI MPOU3BECTH ISl TPEX TEJ LWIMHAPU-
yecKol (OpMbI, WU IJIs TE CPEPUUECKON U MPIMOYTOJIbHON (HOpM.

7. Tlonp3ysich TabnuIEl MIIOTHOCTEW TBEPABIX BELIECTB, ONPEACIUTh PO Be-
HIECTB, U3 KOTOPBIX CIEIAHO KaXKI0€ TEJIO.

KoHTpo/bHBIE BONIPOCHI

1. YUto Ha3BIBacTCS IIOTHOCTHIO, BECOM, CHIION TsoKecTH? B KakMx eguHHIIaxX
CU onu uzmepsitorcsi?

2. Yro nHazbiBaercsa oo0beMom? Kak ompenensercs o0beM TBEPAOTO Teia Mmpa-
BUJILHOW M HEMPABUILHOUN (OPMBI?

3. Kak onpenenuts 00b€M KUJIKOTO BElIECTBA?

4. YTo TaKO€ HOHUYC U OT YETO 3aBUCUT TOUHOCTh CUETA 10 HOHUYCY?

5. C kakoM TOYHOCTBIO M3MEPSIOT IJIMHY, C IOMOIIBIO INTAHTCHIUPKYJIS U
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MUKpoMeTpa?

6. Uto Ha3bIBaeTCA aOCOMIOTHON U OTHOCUTEIHHON MOTPEIIHOCTIMU?

7. Kak onpeznensiercst abCOMOTHASI U OTHOCUTEJbHAS TOTPEILIHOCTH PE3yJIbTaTa
Ap megy?

8. Cchopmynupyiite mpaBuiia OKpYTJICHUS.

9. Kakue u3BeCTHbBI JPyrue METOIbl U3MEPEHHUS TIIOTHOCTH?

BriBOA:
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JlaGopaTtopHas pa6ora Ne 2

OITPEAEJIEHUE KO®PUIIUMEHTA TPEHUSA CKOJIB)KEHUA

Hean padoTsl: onpeaenuTb KO3PEGUIHUEHT TPEHUS CKOJBXEHUS ISl pa3iny-
HBIX Iap TPYUIUXCS TOBEPXHOCTEH.
IIpubopsl U NPUHAAIEKHOCTH: YCTAHOBKA JIJIS ONpeaesieHus: Ko puureHTa

TPCHUA, BCChI C Pa3HOBCCOM.

Teoperuyeckoe BBegeHHE

B TexHuke 3HauuTeNbHAs 4acThb DHEPIUH, NMOJABOAUMOM JUIsl pabOThl pa3iny-
HBIX MallnH, OecIoNe3Ho pacxoayercs Ha Tpenue. Hanpumep, npu pabore Meranio-
oOpabatpIBaronero ctaHka Tojbko 80% 3Heprum pacxoayercs rnouesHo. B nemom no
CTpaHEe B IPOMBIIUICHHOCTH Ha TPEHUE PACXOLyeTCsl MUJUIMAPABl KUJIOBATT-4acOB
eKTposHeprun. CiaenoBaTesbHO, TIOHMKEHUE 3aTpaT Ha TPEHUE MPEACTABISET CO-
0ol BakHy10 3aa4y. Ho TpeHre B TEXHUKE HE BCErJla UIPAET OTPULIATEIbHYIO POJlb.
3a cueTr TpeHUs paboTaOT pe3bOOBbIE COCIUHEHUS, TOPMO3HbIE CUCTEMBI, (PPUKIIU-
OHHBIE lepeiauu U T. . B 3TUX ciiyyasx nepea MHXEHEpOM CTOUT OOpaTHas 3ajada
— YBEJINYUTH TPEHHUE.

Cuubl BHeHIHEro TpeHus F,, BOSHUKAIOT NPM OTHOCHTENBHOM JBHKEHHH CO-
IIPUKACAIOIIMXCS OBEPXHOCTEN TBepAbIX Ten. HampasiieHne cuiibl TpeHMsI BCernaa
IPOTHUBOIIOJIOKHO CKOPOCTH OTHOCHTENILHOTO JBMKEHMA Tena. Benmumna F,p, 3aBu-
CUT OT POJA TPYLIUXCS MATEPHUAIOB, COCTOSIHUSI CONPUKACAOIINXCS ITOBEPXHOCTEN
(MX IIEpOXOBATOCTH) U OT HOPMAJIBHOW COCTaBIIAIOIIEH F, chibl, cxxumaronieil no-
BepxHOocTH. [Ipu yBennueHnn HOpMaIbHOW cocTaBisiolIend F, cuna TpeHus Bo3pac-

TaeT NPUOJIU3UTENBHO MPONOPLUUOHATBHO F\y

Frp=HFy 1)

Koaddunment p HazpiBaeTcss KOAPHUIIMEHTOM TPEHUS.
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KosddurmenT TpeHUs CKOJNBXKEHHS | YUCICHHO PaBeH OTHOIIECHUIO CHIIBI

TpeHI/I}I K CHJIC HOpMaJIBHOFO JAaBJICHUA .
Fm
H= 2= (2)
Fn

Bennuuna F,, (Ipu naHHOW HOPMaNbHOW coCTaBAromer Fn ) mus TBEpABIX
COIIPUKACAIOIINXCSA IMOBEPXHOCTEN B JOBOJIBHO IIMPOKHUX IpEAenax HE 3aBUCUT OT
BEJINYMHBI IIOMAAN CONPUKACAIOIINXCS IIOBEPXHOCTEM.

Tpenue He MpOIAIacT, ECIIM OTHOCUTEbHAS CKOPOCTh U MEXKITy HOBEPXHOCTSIMH
paBHa HyI0. UTOOBI TENIO HAYaIO CKOJIB3UTh MO KaKOW-IMOO MOBEPXHOCTH, K HEMY HAJI0
NPUJIOKUTh BHEIIHIOW CUly F, mapaiienbHyro MOBEpPXHOCTH U OOJBIIYI0 HEKOTOPOTO
ONPENENEHHOTO I JaHHOTO cirydas 3HaueHus F;. [loka Bremnssa cuna F < Fq, , Teno
OCTa€TCsl HEMOABWKHBIM, YTO O3HAYaeT, YTO MEKIYy HUM M IOBEPXHOCTHIO BO3HUKAET
Fmp, Ha3bIBa€Mask CHJIONM TPEHHUS IOKOs, ypaBHOBEINMBaloIas BHeHIO cuity F. Korna
BHEIIHAA cwia F IIpeBbIIIaeT MakCUMAJIbHYIO CWIy TPEHMs IIOKOs, TEJIO HAYMHACT
CKOJIB3UTh, IOSABIISIETCS CUJIA TPEHMSI ITPHU CKOJIBKCHHH.

Knaccuueckue 3akOHbI TpEeHUs OBbLIN MOJyYeHbl PPaHIly3CKUM Y4EHBIM AMOH-
ToHOM B XVYIUI Beke. OHM MOTryT OBITH CPOPMYJIUPOBAHBI CIEIYIOIIUM OOPa30OM:
Cuna TpeHMsI IpONOpLHMOHAIbHA HArpys3ke, KOd()QUIMEHT TpeHUs HE 3aBHCHUT OT
HOMMHAJIBHOM IJIOLIAAN KOHTAKTa; CTaTUYECKUN KOI(DPUIIMEHT TPEHHUS BBILLIE KUHE-
TUYECKOr0; KOOPPUIUEHT TPEHUS HE 3aBUCUT OT CKOPOCTHU CKOJIbKEHUSI.

OTH 3aKOHbl 0€3 3HAYMTENbHBIX M3MEHEHUH CUMTAIOTCSI CHpPABEIIMBBIMU U B

HaCTOAIICC BPCM:A 1A OIPpaHUYCHHBIX JHAITA30HOB HAI'PY30K, CKOpOCTeﬁ, TCMIICPATYP.

o

Pucynox 5- YcranoBka aiis onpeaenenus kKodgduiieHTa TpeHus
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Onucanue Metoaa onpenesieHusi Ko3ppuumeHTa TpeHus

CyIecTBYIOT pa3IMyHbIe CIOCOOBI ompeeneHus KodgduimenTta Tpenus. Pac-
CMOTPUM OJIUH W3 HHUX, OCHOBAaHHBIM Ha WCIIOJIb30BAHUH 3aKOHA COXpPaHEHHUS MeXa-
HUYECKOW dHEpruu. Peammsanus 3TOro MeTo1a OCyIIeCTBISCTCS TP TTOMOIIH yCTa-
HOBKH, CXeMa KOTOpO# n300pakeHa Ha pUCYHKE O.

[Tycth TpebyeTcs onpenenutb KodGPUIMEHT TpeHUs Tena A 0 HEKOTOPYIO TO-
BEPXHOCTh. [[OMECTHB 3TO TEIO Ha TOPU3OHTAIBHYIO MOBEPXHOCThH, MPUKPEILISIOT
HUTh, IEPEKUIbIBAIOT uepe3 010k b u 3akperistor konen Ha mtatuBe C. K cepenune
HaTssHyTOM HUTH O moxaBemuBaroT Tupro P. Huth nporubaercs u 3aHuMaeT nojoxe-
nue [. ['py3 A yzaepkuBaeTcst B COCTOSIHUU MOKOsI diekTpomarautoM JI. Cuia Tsike-
ctu rupu P ypaBHoBemmBaercs cuiamu HatspkeHus: HUTH Fi u Fp. Cuna HaTsbxkeHus
F, mpeBbIIaeT cuily TpeHHsI, BCIACACTBHE YE€TO TENO A MPUXOAWT B IBIKEHUE, €CIH
Pa30MKHYTH IIETIb AJIeKTpoMaruura. [Ipu nepeMenieHnuu Tena mo MoBepXHOCTH CHUIIa
F, yMeHbIaeTcsi 1 B HEKOTOPBIA MOMEHT JIeNlaeTcsl paBHOU cuie TpeHus. [Ipomon-
asi CBOE JIBIDKEHHUE 3a CYET CBOSH KMHETWYECKOW DHEPIHH THUPH, TEIO A OCTaHaB-
JWBAETCSl B TOT MOMEHT, KOT/Ia M3MEHEHHE TMOTCHIUAIbHOW SHEPTHH THUPH OyaeT
paBHO paboTe 1O MPEOAOICHUIO TPSHUS NIPpH JABMKeHUU Tena A. Temo 3aHuMaeT npu
stom nojoxkenue |l. Ecnu uameputh BeicOTy HadainbHOTO (h1) M KOHEYHOTO MOJI0XKe-

Hus (hy) rupu P, To Ha OCHOBaHUM 3aKOHA COXPAHEHUS SHEPTUU MOXHO 3aIUCaTh:
AW por = Asp., AW =mgh =Ph,, A, = Fpl = pFy |
TOraa Ph=pF, Iy (3)
rae P = mg cuna TsbkecTu rupu, m — e€ Macca,
h = h;-h; - mepememenwne rupwu,
Fn - criia HOpMaJIBHOTO JIaBJICHHUS, B IAHHOM CJTy4ae paBHas CHIIC TSDKECTH Tena

A, Fo=mg,

1 - KO3 PUIMeHT TpeHus
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Torna u3 (2) nonyunm

_Ph_ mgh mh
F.l m,gl m./

(4)

U

IHopsinok BHINOJIHEHUSI ONMBITA

I. OT™MeTUTH NOJIOKEHUS TUPH U TeNa A.

2. Pa30MKHYTb 1LI€TIb DJICKTPOMArHuTa.

3. OTMETUTH MOJIOKEHUS TUPH U T€JIa A B MOMEHT OCTAHOBKH Tejia A.

4. Beruucimte h m 1.

5. B3ecuts Teno A (Fp).

6. [To popmyne (4) BEIYUCIUTS L.

7. AHaJIOTUYHBIE OMBITHl MPOU3BECTH C PA3TUYHBIMU Harpy3kamu F, u pas-
JUYHBIMU TUPSMH.

8. PaboTy mpojenarts Jis pa3IMUHbBIX TIap MaTePUAJIOB:

a) IEPEBO IO JICPEBY;

0) 1epeBoO MO TEKCTOIUTY;

B) METAJLJI 110 JIEPEBY.

9. Pe3ynbTaThl SKCIIEPUMEHTA 3aHECTH B TAOJIHILY.

Tabnuua 5. Pe3ynbratsl uamMepenuii s onpeneneHus Kodppuimenta TpeHus

Ne i/t Matepuan P F., h ! U

1

W N P W NP W DN
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KouTtpoJibHbIe BONPOCHI M 3a/1aHUs
1. Jate onpeneneHue kKodhPuimeHta TpeHusl.

2. BeiBectu pacuétnyro popmyiy mis onpeaenenus (. Kakoi 3aKoH MCTOJb-

3yeTcs Mpu BbIBoje 3ToM hopmynbl? CHopMynupoBaTh €ro.

3. Ha ocHOBaHuu HpOIIGHaHHOfI pa6OTBI CACJIaTb BBIBO/J, OT 4CTrO 3aBUCHUT KO-

3 PUIUEHT TPEHUS.

4. Eciv MOMECTHTh TeJO Ha HAKIIOHHYIO IUIOCKOCTh M YBEIUYUTh Yroi e
HAKJIOHA (L, TO OT JIETKOTO TOJYKAa TO TEJIO CTAHET PABHOMEPHO CKOJIB3UTh BHU3 IIPU
yriae og. JJoka3are, uTo KO3()PHUIMEHT TpeHHs] paBEeH TAaHTEHCY yria HaKJIOHA IJIOC-

KOCTH IIPH KOTOPOM TEJIO CKOJIB3UT PABHOMEPHO (L = tg"alp).

BriBOA:
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JlaGopaTtopHas pa6ora Ne 3
INPOBEPKA OCHOBHOTI'O 3AKOHA ITUHAMUKHA
BPAIIATEJIBHOI'O ABUXEHUA

eab padoThI: NPOBEPUTH OCHOBHOM 3aKOH IMHAMUKHU BPAIIATEILHOTO JBUKECHUSL.

IIpuGops! 1 NPUHANJIEKHOCTH: YCTAHOBKA JIJIS1 TPOBEPKU OCHOBHOI'O 3aKOHA
BpAILATEIbHOTO IBUKEHHUS, DJIEKTPUUECKUI CEKYHIOMED.

Teopernueckoe BBeeHHE

OCHOBHOI1 3aKOH AMHAMHKHU BPAIIATEIHHOTO JBUKEHUS TBEPIOTO TEJIa BOKPYT

HETOJIBU>KHOM OCH 3alUChIBAETCS TaK:

M=I¢, (1)

rae |- MOMEHT UHepIUHU Tejla OTHOCUTEIBHO JaHHOU OCH,
M - MOMEHT CHJIBI OTHOCUTEIIBHO dTOM OCH,
€ - YIJIOBOE YCKOPEHHE.
MOMEHT HMHEpPIMKM MaTepUAbHOM TOYKH OTHOCHUTEJIBHO MPOU3BOJIBLHONW OCHU

Ha3bIBACTCA IMMPOU3BCACHUC €€ MACCHI HA KBaJApaT paCCTOSAHUSA 1O 9TOM OCH.

= mt (2)

MOMEHT MHEPLIUHU TE€JIa OTHOCUTEIBHO HpOI/ISBOJIBHOﬁ OCH HA3LIBACTCA CyMMa

MOMEHTOB MHEPIIUU BCEX TOYEK TeJla OTHOCUTEIILHO 3TOU ocH (puc. 5.).

Pucynok 5 - Cucrema maTepHalibHbIX TOYEK

MomeHT HHCPUUHU CUCTCMbI MaTCPpHUAJIbHBIX TOUCK

| :Zmiriz
i

3)
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MOMEHT CHUJIbI OTHOCHUTEIILHO TOYKH Ha3bIBACTCS BCKTOPHOC IIPOU3BCACHHC

paauyc-BekTopa f Ha BeKTOp cuibl F (puc. 6)

Mo = x F]

(4)

Pucynok 6 - MomeHT cuiibl OTHOCHTENBHO TOUKH O.

Benuunna momenTa cuiiel paBHa Mg = Frrsin o, rzie o — yron mexay Iu F.

—

BekTop pacnosyiockeH mepreHIuKyJIIpHO TUIOCKOCTH, B KOTOpO# jexar F u I,
Y HaIlpaBJIEH B Ty CTOPOHY, OTKYJa MOBOPOT, COBEPIIAEMBI CHIION, BUJIEH MPOTUB
4aCOBOU CTPEJIKH.

MOMEHTOM CHJIbI OTHOCUTEILHO OCH Ha3bIBACTCS IMPOCKIMA HAa 3Ty OCb BCKTO-

pa MOMEHTA CHJIbI OTHOCHTEIBHO JTF000M TOUKH, B3STOW Ha 3TOH ocu (puc.7).

M = npl\/l_(; =0C 5)

JInst mpakTHKM OCOOEHHO BAXKEH CIIydaii, KOTja CHjIa F JIEKHT B INIOCKOCTH
IIEPIICHIMKYJSIPHOM K OCHM BpalieHus. B aToM ciydae BennunHa npoekumu Mo Ha
OCb COBIIAJAeT ¢ CaMUM MOMEHTOM M. MOMEHT CUJIBl B 3TOM cily4yae OyJeT paBeH:

M=Frsina=Fh, rme h-mreudo cuisl.

1
s '
\ 7

Pucynok 7- MomeHT cuiibl M L F
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Pucynoxk 8- HaxoxaeHue yrira MeXIy CHION U TUICYOM

Onucanme IKCepUMeEHTa

DKCliepUMEHTalbHasl MPOBEPKAa OCHOBHOIO 3aKOHA JWHAMUKHU JUIsl Bpalia-
TEJLHOTO JIBUKEHUS 3aKJIIOYAETCSl B TOM, YTOOBI U3 JaHHBIX SKCIEPUMEHTA HAUTH
HE3aBUCUMO JIPYT OT JApyra BeIu4YuHbl M , | 1 € ¥ CpaBHUTH MOJyYEHHbIC 3HAYCHUS
MOMeHTa cwibl M co 3HaueHreM npousBeeHus le. B ganHoi pabote 3Ta mpoBepka

OCYILIECTBJIIETCS C TOMOIIIbIO YCTAaHOBKH, U300paKeHHOM Ha pUCyHKe 9.

Fram

[‘]ﬁ.mg

Pucynok 9 - YcranoBka 11 IpOBEPKH OCHOBHOTO 3aKOHA TMHAMHKHU

BpaliaTCJIbHOI0 ABHIKCHUSA

Ha BepTukanbHOI ocu mprubOpa HacaKeH IIKUB, KOTOPBIA MPH MOMOIIY HaMO-
TaHHOI'0 Ha HEro ILIHypa W Ipy3a M MOXXHO IPUBECTH BO BpauieHue. Ha 3toil ocu
YKPEIUIEHBI CTaJbHOM CTEPKEHb C rpy3oM myg. [lyre H, mpoiinenHslii rpysoM m,
MOXXHO OTMEYaTh I10 LIKAaJIE.

1) onpeneneHue yrioBoro yCKOpEHuUs: Bpalaoerocsi CTEPKHs € TPy3aMH.
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IIycTts rpy3 m mazgaer ¢ BeIcOTbl H yCKOpEHHO, pacKpy4uBas IpH 3TOM CTep-
XKEHb C Tpy3aMU. YTJIIOBOE YCKOPEHHE CTEP>KHS MOXKHO ONpPEAENUTh U3 (HOpPMYIIbI,

CBSI3BIBAIOILIEH YTIIOBOE M TUHEHHOE YCKOPEHUS.
a
&= (6)

r€ a - INTHEWHOE YCKOPEHHUE,

I - paguyc 6J10Ka, HA KOTOPHIN HAMATHIBAETCS HUTh.
Yckopenue a HaitnéM u3 GopmysibL:
2, (7)

rac H - BbICOTA4, HAa KOTOPYIO OITYCTUJICA T'PYy3 m IIPHU CBOCM IMAACHUU,

t - Bpems majzieHus rpysa.

N3 at0it popmysiel umeem

(8)

IToncrasinss (8) B (6), moaydum

tr (9)

2) OnpezeneHrne MOMEHTA CHITBL, BHI3BIBAIOLICH BpAIlIEHUE CTEPXKHS C TPY3aMHu.

— -

Ha rpy3 m npu najgeHnn AEMCTBYIOT JIB€ CHIIBI (pHC.S): cuia TsokecTn P=M9 ¢
CUJIa HATSHKEHUSI HUTH Fy,m [log meiicTBHEM 3TUX CHII TPY3 IBUKETCS YCKOPEHHO C

MaJIbIM YCKOPEHHUEM a

ma=P+F,, (10)

Ha mxuB neicTBYIOT CHIIBL Fyam B Feonp. VIX paBHOIEHCTBYIOIIAS paBHA

F = Fuam - Feonp. TaK xaKk paguyc IIKKMBA I' ABISAETCS IUIEYOM CHJIBI, TO MOMEHT,
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BBI3BIBAIOLINI packpyunBanue, paBeH M = Fr = (Fyuam - Feonp) I
MoxHO npuHATh F iy = P, Tak kak yckopeHue a majno.
Cuia conpOoTUBIIEHHS HAXOAUTCS HA OCHOBAHUM 3aKOHA COXPAHEHUS SHEPTHH.
[Tagast ¢ BeicoThl H, rpy3 mogHuMaeTcst mociae JOCTHXKEHUS caMOro HHU3KOIo
MOJIO’KEHUS Ha BBICOTY h. YObUTH moTeHnMansHoi suepruu P (H - h) mpu sTom paBna

paboTe MPOTUB CUJI CONMPOTUBIICHUS MPHU PACKPYUMBAHUH M 3aKPyYMBAHUU HUTHU Ha

IIIKHB. P (H-h)=Fenp (H+h)
P(H —h)
Fconp =T
OTKyJa H+h (11)
c_r _p _o_P(H-h) _2ph
Torﬂa - ram conp p H+h B H+h
M =Fr= 2Ph r
H+h (12)

OHpC,Z[CJ'II/IB M, | u €, MOKHO CPAaBHUTH 3HAYCHUC MOMCHTA CHUJIbI M co 3Haue-

HHUCM ITPOU3BCIACHUA € L.

IHopsinok BbINOJIHEHUSI PA0OTHI

1. YcTaHOBHUTH BEpXHHI KOHEII Tpy3a M MPOTUB JeseHus () mKabl.

2. OTmycTuTh TPYy3, MPEAOCTABUB €My BO3MOXKHOCTH Maaath. OITHOBPEMEHHO
BKIIFOUUTH CEKYHIOMED.

3. M3meputh Bpems majeHus Ipy3a t ¥ BEICOTY €ro majaeHus H, BeIKIIOUMB ce-
KyHJIOMEp B TOT MOMEHT, KOTJIa TPY3 OIyCTUJICS Ha BCIO IJTUHY HUTH.

4. TTo dbopmye (9) BEIYUCIUTS €.

5. PaccuntaTh MOMEHT UHEPIIUU CUCTEMBI 11O (hopmyIie:

= e + ler + 21 p.,

r71€ |y - MOMEHT MHEPIIUHU IIKHBA,
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m_I?
I, = 1’; - MOMEHT MHEPIIUH CTEPKHS,

| - nmuHa cTepKHS,
_ 2
Irp = M,R" - MOMEHT MHEPIIUMK BpalArOIIETrocs Ipysa,

R - paccTosiHME OT IIEHTpa Macc rpys3a J0 OCH BpaIICHHS.

6. Beruncnuts I €.

7. OTMETUTD JAENIEHUE MO IIKaJe, MPOTUB KOTOPOTO OCTAHOBUTCSA BEPXHUU KO-
HEI Ipy3a m, P MO IbeME BBEPX ONMPEAeTUTs h.

8. ITo popmymne (12) paccuutath M.

9. DKCIepUMEHT NOBTOPUTH C IPYTHM TPy30M M.

10. Tlony4yeHHble JaHHBIE 3aHECTH B TAOIHILY 6.

11. CpaBHuTh nOTy4eHHBIE pe3ynabTaThl M u 1 €

Tabnuua 6.3HaueHHs SKCIEPUMEHTATBHBIX JAHHBIX JIJIs1 IPOBEPKHU

OCHOBHOTI'O 3aKOHAa ITWHAMHWKH BPAIIATCIIbHOTI'O ABUKCHUSA

No /1t t H h £ | l.¢ M

1
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KoHTpoJibHBIE BOIPOCHI

1. Yto Ha3pIBaeTCSI MOMEHTOM MHEPLUH TBEPAOTO TEJIa OTHOCUTEIBLHO MTPOU3-
BOJIbHOM ocu? B Kakux equHUIIAX OH U3MepsieTcs?

2. Jlatb onpenenenre MoMeHTa Cuiibl. OT KaKUX BEJIMYUH OH 3aBUCUT?

3. 3anucath OCHOBHOM 3aKOH JMHAMUKHU BpaliaTeabHOro ABMKEeHUS. Kak 3TOT
3aKOH MPOBEpsIeTCs B JaHHOU paboTe?

4. Kak 3aBUCUT MOMEHT UHEPIIUU CUCTEMBI OT IUAMETPA IIKUBA U OT PACCTOs-
HUS IPY30B M, OT OCH BpaIlEHUS?

5. CpaBHUTH JOBEPUTENbHBIE MHTEPBAJIBI, B KOTOPHIX JiexkaT M u lg, oTioxuB

9TH UHTCPBAJIbI HA YHMCIIOBOM OCH. I[J'ISI 9TOI'0 BBIYUCIIUTD ITOTPCITHOCTHU M u le.

BeiBOA:
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JlaGopaTtopnas padora Ne 4

OITPEAEJIEHUE MOMEHTA UHEPIIUU OPUSUYECKOI'O MAATHHUKA

Ieab padoThbI: 03HAKOMUTBECS C METOJIUKON 3KCIIEPUMEHTAIBHOTO U3MEPECHUS
MOMEHTA UHEPLUU TEJI U SKCIIEPUMEHTAIBHO ONPEAEIUTh MOMEHT UHEPLIMU (pU3nyde-
CKOI'0 MasITHUKA.

IIpubopsl U NPUHANIEKHOCTH: PUINUECKUN MASITHUK, SJEKTPOHHBIM CEKyH-

JIOMEp, IPU3Ma I ONPEIEIICHNS LIEHTPA TSKECTH, JINHENKA.

Teoperuuyeckoe BBegeHHE

MoMeHTOM HWHCPpLINN MaTeDHaHBHOﬁ TOYKHM OTHOCHTCIBHO OCH HAa3bIBACTCIA

2 o
CKaJsipHas BCJIIMYKMHA Ami " paBHas MPOMU3BEIACHHIO MAaCChl MAaTCpHAJIbHON TOYKH
Ha KBaJApaT paCCTOAHUA €€ OT OCH.

MOMEHTOM HMHEPUMHU TeJIa OTHOCUTEIBHO OCH HA3bIBACTCS CyMMma IpOU3BEAC-

HHI DJIEMEHTAPHBIX MAcC Ha KBaJApaT UX PaCCTOSHUS OT OCH BpAIEHHUS.
n
I => Am;r?
1

MoOMEHT MHEepLUU OJHOPOIHBIX TBEPIABIX TEJl MPABUIBHON I€OMETPUUYECKOU
(GhOpMBI MOKHO OTNIPEACIUTH PACUETHBIM MTYTEM.

[IpuBeaeM 3HaUEHUS MOMEHTOB MHEPLIMU JJISI HEKOTOPBIX OJHOPOJHBIX TEJI:

1. MoMEHT WHepUuU CTEpKHS OTHOCHUTEIbHO OCH, MEPIEeHAMKYJISIPHON K
CTEPKHIO U IPOXOAIIEH YEpE3 €ro CepeInHY:

| = mi?
12
2. Jlng nucka M HWIMHIpA OTHOCHTEIBHO OCH, COBIAJAIOLIEH ¢ reoMeTpHYe-
CKOM OCBhIO IMJIMHAPA:

~ mR?
2
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3. MoMeHT nHepuuu 1mapa paguyca R oTHOCHTENBHO OCH, TPOXOASALIE yepe3

€ro UEHTP:

| =2 mR2
5
HaXO)KI[CHI/Ie MOMCHTAa HHCPUUHU IJI1 HCOAJHOPOAHBIX TCI U TECJI HeraBHHbHOﬁ
reoMeTpUYECKOr (OPMBI paCUETHBIM IMyTEM MPEJACTABIISIET TPYAHOCTH, ITIOATOMY JIJIS
9THUX TCJI MOMCHT MHCPIHHUH HAXOIUTCA IKCIICPUMCHTAJIBHO.
B nannoit paboTe HEOOXOAMMO OIBITHBIM MYTEM OMNpPEICTUTh MOMEHT HWHEp-
oun (1)1/131/1‘1601(01“0 MasTHHUKA.

POu3nYecKMM MAasSTHUKOM Ha3bIBacTCs aOCOJIFOTHO TBépI[OC TCJI0, KOTOPOE MO-

KET COBEpIIIaTh KOIeOaHUsI BOKPYT OCH, HE TIPOXOIAIICH uepes3 IIEHTP HHEPIIUH Tea.
Meton omnpeneneHus: MOMEHTA HHEPIIMU OCHOBAaH Ha M3MEPEHHUH Meprojia Ko-
neOanuii pusudeckoro MastHuka (puc. 10).
Eciy OTKIIOHUTH CTEp)KEHb OT BEPTUKAIU Ha MaJbli yroiy (MpUOIU3UTEIHHO
6°) ¥ OTIYCTHTh, TO CTEP)KEHb HAYHET COBEPIIATh KOJeOaHHs, KOTOPbIE MPH MaJIbIX

yrj1aX OTKJIIOHCHHA MOXHO CYUTATh TApMOHHNYCCKHUMU.

Puc. 10. ®usnueckuii MasTHUK

O06o3HaunM yepe3 | paccrosiHue MeXay HECHTPAMU WHEPIUH M HEIOIBHKHOM
OCBI0, Uepe3 ¢ - yroji, o0pa3oBaHHBIA OCBIO C BEPTHUKAJIbIO0. Toraa moaHbIi MOMEHT
CHJI TSDKECTH (OTHOCUTEIHHO OCH (), IPUIOKEHHBIX K OTASIBHBIM 2JIEMEHTaM MacChl

dm, cymma KOTOpBIX paBHa Macce MasiTHUKA m, Oy/IeT paBEH:

M =-mglsing (|)
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3anuieM OCHOBHOE YPaBHCHUC JUHAMUKHU BPAIIATCIbHOI'O JIBUKCHUS:

le=M, )

rac J - MOMeHT WHEPUIUN MAasdTHHUKA,

€ - YIJI0OBO€ YCKOpPEHUE

2
[ToncraBnss (1) B (2) 1 yuuTbiBasi, 4To €= (ZTZD MOJTYYHM:
d2p .
| ——=—-mglsin
dt’ gisine (3)

JIIst citydast MaieIx KoyieOaHuH (SiN @ = @) MOyYrM YpaBHCHHE:

2

de
| lp=0, 4
ot e (4)

2

KOTOpPOC, MOACIINB ITIOYJICHHO Ha |, 3aIIMIIIEM B BUJC:

2
—d (Zp+a)§(p:O

dt (5)

Bemnuuna

! (6)

HOCHUT Ha3BaHHWE IUKJIMYCCKON YaCTOTHI U CBS3aHA C nepuoaom KOJIeO0aHUH COOTHO-

MEHUEM

! (7)

CpaBnuBas Beipaxenus (6) u (7),Haiii€éM BbIpaKeHHS I Ieproaa Konebanu Qu-

SUYCCKOI'0O MasiTHHUKa

T=2n|—
" ®)

34



Otkyna 9)

Iopsaok BbINOJTHEHHUS PadoOThI

1. [IpuBecT MasTHHK B KoJieOaTeNbHOE JABM)KCHHE, JJIsl YETO OTBECTH MasiT-
HUK OT TOJIOKEHUSI PaBHOBECHUSI Ha Mallblii yrod (5-6°), n3meputsb BpeMs 50 moIHBIX
Kosie0aHui (T) ¥ BBIYUCIUTE Tiepuo T. DKCIIepuMEHT MMOBTOPHUTH HE MEHee TPEX pas.

2. CHATh QU3NYECKUN MAsITHHK C TIOJ(BECa, MOJIOXKHUTh HA MPU3MY U, TOOHB-
IIACh TIOJIOKCHUSI paBHOBECHUs, OompeAeauTh | (paccTosHME OT TOYKM IMOJABECa J0
IIEHTPA TAKECTH).

3. IlepeMecTuTh TPYy3 B HOBOE MOJIOKEHUE U TIOBTOPHUTH OTIBIT.

4. IIponenarh ONBIT C TPETHUM TIOJIOKEHHUEM TIOJIBIIKHOTO TPy3a.

5. [To dhopmyne (9) BBIUMCIUTE MOMEHT MHEPIIMY MATHHUKA.

6. Pe3ynbpTaThl U3MEpEHUHN U BHIYMCIICHUM 3aHECTH B TAOJIHILY.

7. BBIUUCINUTH OTHOCUTENBHYIO MOTPEIIHOCT MOMEHTA UHEPLIMH JIJIsi OJHOTO

N3 PAaCCMOTPCHHLBIX CJIYYA4CB II0 q)OpMYJIeZ

Al AT Al Am
PR N L L
| T 1

At u Al GepyTcst paBHBIMU TIOJIOBUHE IICHBI JISIICHUS Ipudopa, a

AT =27
n
8. Haiitu abCOIIOTHYIO MTOTPEITHOCTh Al =gl
9. 3ancaTh okoHYATENbHBIH pe3ynbTar B Buje: | = (I £ Al) KI*M°
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Tabnuna 7. DkcriepuMeHTaNbHbIE PE3yibTaThl AJI HaXOXKJICHUS MOMEHTa MHEPLUU

($u3nUecKoro MasiTHUKa

Ne I(m) T (C) n T(c) | =%7ng| (krm°)

KoHTpoJibHBIE BOIPOCHI
1. YUto Takoe pu3nueckuit MasiTHUK?
. Kakoe xonebanue Ha3pIBa€TCs rapMOHUYECKUM ?
. Uto Takoe nepuoj KojaeobaHu?

. BeiBectr popmMyity MoMeHTa MHEPIUU HU3UUECKOTO MASTHUKA.

o1 B~ W DN

. UTo Ha3bIBAIOT LHCHTpOM TSKECTH? HGHTPOM Macc.

BeiBOA:
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JlaGopaTtopnas paGora Ne 5

OITPEAEJIEHUE MOMEHTA UHEPIIUU
KPECTOOBPA3HOI'O MAATHUKA

Hean padorbi: OnpenenuTs MOMEHT MHEPIIMU KPECTOOOPA3HOTO MAasTHUKA,
BBISICHUTD, KAK OH 3aBUCUT OT PACCTOSIHUS 10 OCH BpAIlICHUS.
Oo6opynoBanue: KpecrooOpa3Hblii MasiTHUK C TPy3aMH, BEpTUKaJIbHAS IIKaJa,

HITAaHT€HIIUPKYJIb, CEKYHAOMED.

Onucanne YCTAaHOBKHM U ME€TOA U3MEPCHUA

KpecTooOpa3Hbiii MAITHUK COCTOUT U3 YETHIPEX CIUII, YKPEIUIEHHBIX Ha BTYJI-
K€ II0J MPSIMBIM YIVIOM APYT K Apyry. Ha Tou ke BTyJke HacakeHbl JBa LIIKWBA pas-

JUYHBIX paanycoB (puc. 11.).

Pucynok 11- KpectooOpa3Hblii MasgsTHUK

Bces aTta cuctema MoeT cBOOOAHO BpPAaIlAThCA C MAJIBIM TPEHHEM BOKPYT TO-
PU30HTANBHOM ocu. Ha ciuiel MOKHO HaJeBaTh OJMHAKOBBIE IPy3bl Maccod mj. K

OJIHOMY U3 IIKMBOB MPHUBsI3aHa HUTh, K KOTOPOU MpUKpEIUIeH Tpy3 Maccol m. Hamo-
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TaeM HUTh Ha OJIMH U3 IIKUBOB, a 3aT€M, OTIIYCTUB I'PY3, MPEIOCTABUM CUCTEMY Ca-
Moit cebe. ['py3 m OyaeT aBuUraThCs paBHOYCKOpEHHO. Ha 3TOT Tpy3 meicTByeT cuiia

TSDKECTH m§ W CHJIa HATSDKEHHSI HUTH F, .

Ha ocHoBanuu BTOporo 3akona Hetotona umeem: ma = mg - F,; oTkyna

FH: m (g - a)
(1)

Cuna HaTsHKEHUS HUTH, EUCTBYS Ha IIKHUB, CO3/1Aa€T MOCTOSHHBIN Bpaliaro-
it MomeHT M, M =F, * R ... (2), R - panuyc mkuBa. B pe3ynprare MasTHHUK IpH-
IET B paBHOYCKOPEHHOE BPAIIICHHUE C YTIIOBBIM YCKOPCHHEM €.

[IpuMeHNM K MasSTHHUKY OCHOBHOH 3aKOH JMHAMHKHU BPAIIaTeILHOTO JIBHKE-

Hus M = I * ¢, oTKya MOMeHT uHepuuu mastHuka | - M . [IpuHuUMas BO BHMMaHUE

&

ypaBHenus (I) u (2) u yauThIBas, 4To ¢ =% nmeem: | = MI-2)R (3)
a

2
I1yTs, MPONACHHBIN IPY30M mH = % , OTKyJ1a a= 2t_I2—I

[loacTaBuB 3HaU€HHE YCKOpPEHHUs B ypaBHEHHE (3) W, BBIPA3UB paauycC LIKHBA

yepes ero AuaMeTp /{, moiaydnm:

| - MA*(gt’ ~2H)
8H (4)

Ota ¢popMyna SBISETCS pacYETHON PU BHITIOJHEHUU PaOOTHI.
IHopsaok BeINOTHEHUs padOThI:
1. U3mMepuTh IITaHr€eHUUPKYJIEM THAMETP IKHUBA /.

2. VI3MepuTh quaMeTp IIKMBA, 10 BEPTUKAIBHOW MIKAJIE ONPENEIUTh ¢ KaKOh

BbICOTHI H OyneT manate rpys3, ¢ MOMOIIBI0 BECOB HANTH Maccy rpy3a.
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PesynbpTaTe! 3anecTu B Tabnmiry 8.
Tabnuma 8. Jlmametp mkuBa u Macca rpysa

Jl. M Al m H.™m AH. m m, KT Am. Kr

3. CHATH CcO cnull rpy3bl M;, HAMOTATh HUTh HA TOT IIKUB, JJIs1 KOTOPOTO U3-
MEpSUTM JUAMETP, U C MIOMOIIBIO CEKYHAOMEPA ONPEACIUTh BPEMs MaJCHUS Tpy3a C
BBICOTHI H.

OnbIT MOBTOPUTH HE MeHee 3-xX pa3. [lo cpegHemMy 3HAUYEHUIO BPEMEHM pac-
CUMTATh MOMEHT WHEPIMHA HEHArPY>KCHHOTO MAasTHUKA. BBIUUCIUTH MOTPEIIHOCTH
U3MEpPEHUS.

4. OnbIT MOBTOPUTH eIIé 2 pa3a, pacrojaras rpy3bl mj, BHadajge BOJU3U OCH
BpallleHHs, a TIOTOM Ha KoHIax cnuil. [Ipu 3ToM cieayer mpocieanThb, YTOObI MasiT-
HUK KaXJIbIH pa3 ObUT XOpOIIO cOalaHCHPOBaH, T.€. UYTOObI OH HaXOJuJICs B Oe3pas-

JINYHOM PAaBHOBCCHUH.

Tabnuua 9. Pe3ynabTaThl U3MEPEHUN U BBIYMCICHU MOMEHTOB MHEPIIMH Kpe-

CTOO6p8,3HOFO MasjaATHHUKa

MasTHuK ¢ Tpy3aMu Ha

MasTHuk MasTHUK C Tpy3aMu Ha
OmnbIT pacCTOSIHUU OT OCH
0e3 rpy30B KOHIIax
BpaIICHUS
] At, %) At, {3 At,

1
2
3

Cpennee 3HaueHue

MomeHT naepuuu |

OrtHOCHUTENBHA T10-
IPEIHOCTD &l

5. BBIYMCIUTH OTHOCUTENBHYIO MOTPEIIHOCTD € O (hopmyIie:
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& :gA_m+28£+gﬂ+29tA2tﬂ
m H gt® - 2H

6. Haift aOcodOTHYI0 NOTPEUIHOCTh AJIs KaXKJIOro M3 CllydaeB. 3anucarhb
OKOHYATEJIbHbIN PE3YJIbTAT C YUETOM MOTPEITHOCTH.
7. CpaBHUB pe3yJbTaThl, CI€NATh BHIBOJ OT YETr0 U KaK 3aBUCUT MOMEHT UHEP-

O MasATHHUKA.

KoHTpo/bHBIE BONIPOCHI

1. Uto Ha3bIBaeTCsl BpalllaTeIbHBIM JIBUKEHUEM, YTIIIOBOM CKOPOCTBIO U YTIIO-
BbIM YCKOPEHHEM?

2. Yto Ha3bIBa€TC MOMEHTOM HWHEPIMHU TBEPAOTO TEJIa OTHOCHUTEIBHO OCH
BpalleHus ?

3. JlaTp omnpenieieHue MOMEHTA CUJIBI.

4. ChopmynupoBaTh OCHOBHOM 3aKOH JMHAMUKHU BPAIIATEIILHOTO JBUKECHUS.

5. BeiBectr pacueTHyO GOpMyITy.

6. 3nas pacuétHyro dopmyny u GOpMyJbl JIJIi BBIYUCICHUS MOTPEUTHOCTEN
BBIBECTH (hOPMYITY BBIYUCIICHUSI OTHOCUTEIHHOM MOTPEIIHOCTY MOMEHTA UHEPIINH.

BriBon:
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JlabopaTopHas pa6ota Ne 6

OITPEAEJIEHUE CKOPOCTH 3BYKA B BO3JAYXE
METO/JIOM CTOAYUX BOJIH

Heanb padoThl: SKCIEPUMEHTAIBHO ONMPEAEIUTh JUIMHY BOJIHBI U PAaCCUUTATh
CKOPOCTb 3BYKa B BO3/IyXe€.
IIpubopsl U NPUHAAIEKHOCTH: 3aKpbITasi CTEKJISIHHASA TPYOKa, 3ByKOBOM TIe-

HEPATOP ¢ MUKPOPOHOM U TeNe(hOHOM, FIEKTPOHHBINA OCIHILIOTpad.

Teoperuuyeckoe BBegeHHE
Yupyrue BoJiHbl, uMmeromue 4actoty ot 20 1o 20000 I't, Ha3bIBaIOT 3BYKOBBI-
MU BOJIHAMH WJIM MPOCTO 3BYKOM. 3BYKOBBIE BOJIHBI B razax M JKHIKOCTSIX MOTYT
OBITh TOJILKO MPOJOJBHBIMU U COCTOSIT M3 YEPEIYIOIMUXCS CKATUH U pa3peKeHUM
cpeanl. B TBepabIX Tenax MOTYT paclpOCTPaHATHCS KaK MPOJOJbHBIE, TaK W TOTe-
pEYHbIC BOJIHBI.
YpaBHEHUE BOJIHBI ONpE/IEseT BEIUUUHY CMEIIEHUs KOJICOIOIIeCs TOUKH B

3aBUCUMOCTHU OT BpCMCHHU U KOOPANHAT PABHOBCCHOTI'O ITOJIOKCHUA 3TOU TOYKH U JJIs1

IJIOCKOM BOJIHBI UMEET BHU/I: x, = Asin2z(t — ) ()
)

rae A - aMIuMTyza, v - 4acToTa, A - IJTHHA BOJIHBI, Y - PACCTOsTHUE, HA KOTOPOE
BOJIHA [IEPEMECTHIIACH 3a BpeMH t.

JUTMHOM BOJIHBI HA3bIBAETCSl PACCTOSTHUE MEXAY ABYMs ONMMKaMIIMMU TOYKa-

MU BOJIHBI, HAXOIAITUMUCS B OJJMHAKOBEIX (pazax (puc.12).

1 . !

5

 \ ¢

Pucynok 12 - I'paduk BOIHBI
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Ecnu xonebanus, 00yclioBJI€HHBIE PA3HBIMU BOJTHAMH, 00J1a/1al0T MOCTOSTHHON

pa3HOCThIO (ha3, TO BOJHBI HA3BIBAIOTCS KOT€PEeHTHbIMU. OHU MOTYT UHTEpEpPUpO-

BaTb, B PC3YyJIbTATC YCTO KoJicOaHus B OJHUX TOYKaX YCHJIIMBAIOT JPYT Jpyra, a B

JIPYTUX OCHAOJISAIOT IPYT ApyTa.

YactHpiM citydaeM uHTEp(EpeHIMH SBISIETCS 00pa30BaHUE CTOSIYMX BOJIH TIPU

HaJIOXKEHUH OEryIlei BOJIHBI Ha BOJIHY, OTPAKEHHYIO OT KaKOTr0-JTM00 MPEnsTCTBUSL.

VYpaBHEHHE OTpaXEHHOW BOJHBI MOYXKHO MOJIYy4UTh, 3aMeHUB B (opmyie (1) «y»

Ha «-y», TOCKOJBKY OTPa)KEHHAS BOJIHA PACIPOCTPAHSETCS B 0OpaTHOM HaIPaBJICHUH
x, = Asin 2z (1t + %) (2)
Torna npu cioxxennu nowieHHo ypaBHeHud (1) u (2), moayduMm ypaBHEHHE

CTOSTYCH BOJTHBI x=x, +x,=2A(cos2x — %) sin 27zt (3)

VYpaBHeHue (3) mOKa3bIBAE€T, UTO BO BCEX TOUKAX CPEIbl COBEPIIAKOTCS KOJIE-

0aHus ¢ YaCTOTOM V U aMILIUTY0M

y
2Acos(2r —=

3aBUCSALIEH OT Y. XapaKTEPHBIM SIBJISIETCS TO, YTO B JAHHOU TOYKE CPEJIbl AMILINATY/IA
OCTaeTCsl BCE BpEMS IIOCTOSTHHOM.

B Toukax, 1 KOTOPBIX Y YIOBIETBOPSET YCIOBHUIO

y
cos(2z7=)=0

AN Zn%:(Zn +1)% (n=0,1,2,..), (4)

aMIUTUTYJ1a KoJeOaHuil paBHa HYJIIO.

N3 dbopmyisl (4)cnenyet, 4To

y:i(2n+1)% (n=0,1,2,.) (5)

OTH TOYKH HA3BIBACTCS Y3J1aMH BOJIHBI.

B toukax, rue
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Cos(Zﬁ%)‘zl w27 = 2ne (1=0,1,2,...) (6)

aMIUTUTY/Ia KOJIeOaHW TOCTUTACT MAKCUMAJIbHOTO 3HAYCHUS 2A.
OTH TOYKH HA3bIBAIOTCS] NYYHOCTSIMU CTOSTYEH BOJIHBL.

U3 popmymsl (5) cnenyer, 4To

y:ing (n=0,1,2,...) (7)

N3 dopmyn (6) u (7) BUIHO, YTO PACCTOSHUE MEXKIY IBYMS COCETHUMU ITyd-

HOCTAMH WKW ABYMA COCCOIHUMHU Yy3JIaMHU PABHO %, a pacCTOAHHUC MCKAY Y3JIOM U

Iy4YHOCTHIO paBHO Z . CTOsuasi BOJHA MMeeT BHJI, M300paxkeHHbIH Ha puc. 13. IToy-
4

YUB CTOAYYIO BOJIHY, MOKHO JICTKO OIIPCACIINTDb NJIMHY BOJIHBI, U3BMCPUB PACCTOAHUC

MCKAY COCCAHUMU y3JIaMU WA ITYYHOCTAMMU.

Onucanme MeToaa u YCTAaHOBKH
Bcsxkoe TCIIO, CIIOCOOHOE OT3BIBATHCS HA A0XOOAIINEC 1O HETO 3BYKH, HA3bIBA-

eTcst pesoHaTopoM. Kaxaplii pe30HaTOp UMEET ONpPEEICHHBIN MEPHO]] COOCTBEHHBIX

KoJeOaHMi, KOTOPBIH ONpeesieTcs: ero KoHpuryparuen.

Pucynoxk 13 - Crosiune BOTHBI

Ecnu wacToTa 3ByKOBO# BOJIHBI, BO30YKJa€MON BHEINTHUM MCTOYHHKOM KOJIe-
OaHul, coBMajaeT ¢ COOCTBEHHOW YacCTOTOM pe30oHaTopa, TO B HEM BO30YKIAOTCA

WHTEHCHUBHBIC KOJICOAHUS C HAUOOJIBIIIEH aMIUTUTYA0U. DTO SIBJICHUE HA3BIBACTCS pe-
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30HAaHCOM.

B kauecTBe pe3oHaropa B JaHHOW pabOTe HUCMONb3yeTcs TpyOa, 3aKpbITas C
o0oux KOHIIOB. B pe3oHaTope ckiaabIBaloTCs ABE MPOAOIbHBIE BCTPEUHBIE 3BYKOBBIE
BOJIHBI C OJTMHAKOBBIMU NIEPUOJaMH: OJIHA BOJIHA, UAYLIas OT TeiaeoHa, apyras - OT-

pakéHHAs OT MOBEPXHOCTH MUKpodoHa (puc. 14).

3 I 3 0
JuXo
Il dxox

b sesoontcood

Puc, 3 '
Pucynok 14 - YcrtaHoBKa J1sl HOJyYE€HHS CTOSYMX 3BYKOBBIX BOJIH

[Ipu 3TOM B TpyOe 00pa3yercs cTosyasi BOJIHA C Y3JIaMU U MTyYHOCTAM
B Toukax, COOTBETCTBYIOIIMX Y3JlaM CTOSYEW BOJIHBI, YACTHUIbl BO3JyXa HE
OPUHUMAIOT y4acTHsl B KOJIEOAHUAX, & B MyYHOCTAX KOJEOIIOTCS ¢ HAaMOOJbLIMMU

AMIINIMTYJaMU. Pe3onanc 6YI[CT HMCTb MECTO B TOM CJIy4dac, KOorJa AJIMHAa BO3AYIIHO-

ro croba Oyner paBHa HEYETHOMY YUCITY: %.

H3BecTHO, 9TO A, U ¥ V CBA3aHBI COOTHOIIICHUEM.

rj1e ¥ - CKOPOCTb PaCIpOCTPAaHECHUS BOIHBI.

Ecnu nnvHy BOJIHBI A U3MEPUTH HA OIBITE, TO MO MOIYYEHHOU HopMysie MOXK-
HO BBIYHCIIUTH V.

JlmmHa BOJIHBI MOXKET OBITH ONpejesicHa clieayromuM odpa3zom. BozaelicTBue
Ha BO3JYIIHBIN CTONO Mpou3BOAUTCS MeMOpaHoit Tenedona T, moMemEéHHOTO BHYT-
pU TpyOBI y OJTHOTO W3 €ro KOHIIOB M MHUTAEMOT0 3BYKOBBIM I'eHepaTopoM. BHyTpHu

TPyObl MOXET TepeMelaTbcsi MUKPpOGOH M, KOTOPBI MPUCOSANHEH K OCIHILIIOTPa-
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¢y. 3ByKOBBIE BOJIHBI, IOHAS 1O MUKpOoQOoHa M, MpUBOAAT B KOJeOaHHE €r0 MEM-
OpaHy, B pe3yJbTaTe 4ero B HEM BO3HMKAIOT JIEKTPUYECKHE KoJeOaHus. DTU KOJe-
OaHUs MOAAIOTCS Ha BXOJ AMEeKTpoHHOro ocimutorpada 3.0.. Ha skpane ocuuiiio-
rpada mpu BO3HMKHOBEHUHU pE30HAHCA HAOIIOAAeTCs yCUJICHHE CUTHana (yBelnye-
HUE aMIUTATYAbl Kojiebanuit). [lomoxenns MUKpoQoHa, COOTBETCTBYIOIINE YCHIIC-

HUIO CUTHAJIa, MOTYT ObITh OTMEUEHBI HAa MAaCIITAOHOW JTUHEHKE.

Iopsaok BbINOJTHEHHUS PadOThI

I. CoGpatb ycTaHOBKY 10 cxeme (puc. 12).

2. BKirouuTh 3ByKOBOW reHepatop U yctaHoBUTH yactoty 1000 I'.

3. Ilepememars MuUKpodOH, yaasas €ro OT HCTOYHUKA KOJIEOaHW; OTMETUTh
YUCJIO MAKCUMYMOB N YCWJICHHS CUTHAJIA 0 KapTHUHE Ha 3KpaHe ocuuiuiorpada. Io-
JI0’KEHUS MEePBOro MakcuMmyMa (a) u nociegnero (b) 3aHectu B TadnuIly.

4. 3mepeHusi NOBTOPUTH NPU 00paTHOM ABMXKEHUU MUKpodoHa. Beero mpo-
WU3BECTH IISITh U3MEPEHNM.

5. AHaslornyHele u3mMepenus npoaenats npu yacrorax 1500 I'm u 2000 I'o.

6. PaccuuTath JIMHY BOJHBI IO opmyJie

_2(b-a)
 n-1

A

U 3aHECTU pe3yJIbTaThl B TAONMIy. BhIUMCINUTD cpelHee 3HaueHHE A, aOCOJIOTHYIO
NOTPEUTHOCTh MOJYYEHHOTO pe3ybTaTa.

7. BbIUMCINUTH CKOPOCTh 3BYKa B BO3AYXE, UCIOJIb3Ys CpE/IHEE 3HAUEHUE IS
JUTUHBI BOJTHBI.

8. Paccuurath OTHOCHUTCIIBHYIO IIOTPCIIHOCTDb ITIOJYYCHHOI'O pE3yjbTaTa II0

Al Av
_+_

bopmyre: ¢ = Ad,
9 A v

¥ a0CONIOTHYIO MOTPEIIHOCTh Av = svy,. Av IpuUHATH paBHOM 10 ['mI.

9. 3amucarh OKOHYATEILHBIN PE3YIBTAT B BULIE: v = (u,, + Av)2
C
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Tabnuma 9 - PesynbTaTtsl n3MepeHuit

a b

NoeNo Yucno
YacToTa 1-writ 4o2b-2)
W3MEPCHUU MaKCH- N-bIi1 n-1

I'a MaKCH- M M/C
MYMOB MaKCUMyM
MyM

AV

c
I

KoHTpoJibHBIE BOIPOCHI
1. Yem oTanuaroTcst KojieOaHUs M BOJIHBI?
2. Kak BO3HHKAIOT CTOSYHE BOJIHBI?
3. B uém 3akmrouaercst cnocob ornpeeaeHusi CKOPOCTH 3ByKa METOJOM CTOsTYEeH
BOJIHBI?
4. Yto Takoe 3ByK?

5. MoseT 11 3BYK pacrpocTpaHsThcsi B Bakyyme? 3akoH Bebepa - dexunepa
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BeiBOAa:
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JlaGopaTtopHnas pa6ora Ne /

N3YYEHUE PABOTBI SJIEKTPOHHOI'O OCHHUJIJIOT PADA

Leab padoTbl: 03HAKOMHUTHCS C YCTPOHCTBOM 3JIEKTPOHHOTO ocluiuiorpada u

SKCIICPUMCHTAJIBHO OMMPCACIINTL HyBCTBUTCIIbHOCTD ocunnnorpa(ba IO HAIIPSAKCHHUIO.

IIpuGopsI U NPUHAIEKHOCTH: OCIIILIOTpad, BOJITMETP, MOTEHIIUOMETP.

O3HakomJIeHHE C YCTPOicTBOM M padoToi ocuuuiorpaga

DNeKTPOHHBIN ocumiiorpad npeacTaBisieT coOOW yHUBEpCaIbHBIM mpubop

JUTSL ICCIIEIOBAaHUS TIEPEMEHHBIX BO BpeMeHH nporieccoB. C MOMOIIBIO OCIMILIOTPa-
¢da MOXKHO HAOIIOIATh M U3MEPSTH MIEPEMEHHOE BO BPEMEHHU HampsOKEHUE, CUTY TO-
Ka, CPAaBHUBATh YAaCTOTHI U aMILTUTY bl TIGPEMEHHBIX HAMPSHKEHUH, U3MEPSATh Majble
IPOMEXYTKH BpEMEHHU U T.1. | TaBHBIM JOCTOMHCTBOM OCIHUIIOTpada SBISETCS €ro
BBICOKAsI YyBCTBUTEILHOCTH U MTPAKTUYECKasi OC3bIHEPIIUOHHOCTb.

OCHOBHOM YacThIO 3JIEKTPOHHBIX OCHHIUIOTPadOB SBISETCS JICKTPOHHOIyYE-
Basl TpyOKa.

Onucanue 3JIeKTPOHHO-TY4eBOH TPYOKH

DJNIeKTPOHHO - JyuyeBas TpyOka (puc. 15) mpeactaBiser coOON CTEKIISHHBIM

-6
0aJuIoH, U3 KOTOPOTO BhIKaYaH BO3AYX /10 AaBieHus 10” MM pT. CT.

7
\._'
\

LA
.u"/’]b‘
- 1%

— "Ju

eTE 0KyC

Pucynox 15 - TlpuHiunuanbHas cxema 3JIeKTPOHHO-TY4IEBON TPyOKH
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VI cTOYHMKOM 3JIEKTPOHOB CITY’KHUT KaToJ 2, MOAOrpEBaeMblii HUTHIO Hakana |.
Hunuuaapudeckue 3MekTpoasl 3, 4 U 5 BMecTe ¢ KaToAOM 2 COCTABIISIFOT CUCTEMY
IIEKTPOCTATUYECKHUX JIMH3, C MMOMOIIBI KOTOPBIX MOITYYAETCS Y3KUU AJIEKTPOHHBIN
My40K, NMajaronui Ha Quyopecuupyromuii 3kpan 8. BHyTpu OalijioHa pacmnoiokKeHbl
anekTpoabl. OHA U3 HUX 00pa3yroT "INMEeKTPOHHYIO MyHIKY", TpeIHa3HAuYCHHYIO IS
CO3JaHUsl BJIEKTPOHHOI'O JIy4a, TO €CTh Y3KOr0 Iy4YKa 3JEKTPOHOB, JETSIIEro ¢
OTPOMHOM CKOPOCTBIO BJIOJIb OCH TPYOKH. "DNEKTPOHHAS MyIIKa" COCTOUT U3 KaTo/a
2, yOpaBiasieMOro 31eKTpoaa 3 U AByX aHoAoB 4 u 5. Karon, nmogorpeBaeMblii ciupa-
Jb10 I, CITy’KUT UCTOYHUKOM 3JIEKTPOHOB. Ha ynpasistomuii 31eKTpos moaaeTcs oT-
pHULIATEIBHOE IO OTHOIIECHUIO K KaTOy HanpsDKEHUE MOPSAKa HECKOIBKUX JECATKOB
BOJIbT. [10ATOMY OH OTTaJKMBAaeT BBUIETEBIIME U3 KaTOJA AJIEKTPOHBI, 1 OHU COCpe-
JOoTauuBarOTCA BOMM3HM ocu TpyOku. Uem OoJblIe OTpULATEIBHOE HANPSHKEHHE HA
AJEKTPOJIE, TEM MEHBIIEE KOJIUYECTBO JIEKTPOHOB MPOJIETAET YEPE3 €ro OTBEPCTHE,
TeM cJiadee JIEKTPOHHBIN JIyd U BhI3bIBAEMOE UM CBEUYEHHUE dKpaHa. B ocuuinorpade
HANpsDKEHUE K YOPABIAIOIIEMY AJIEKTPOAY IMOABOJAT uepe3 MOTeHIUuoMeTp Ri, ¢
IOMOUIbI0 KOTOPOTO OCYIIECTBIISIOT IJIAaBHYIO PETYJIUPOBKY SIPKOCTH HAOII0AAEMOIO
Ha 2KpaHe n300pakeHus. Pacnoso)keHHbIe BAOJIb OCU TPYOKH aHOABl 4 U 5 ciyxar
JUIsL YCKOPEHUS JBUKEHUS 3JIEKTPOHOB U UX (POKyCHUpOBKH. B anexTpocTaTnueckoM
noJjie MEXJ1y aHojamMu 4 W 5 MPOUCXOAUT OKOHYATEIbHOE (POPMHUpPOBAHHE MOTOKA
3JIEKTPOHOB B 3JIEKTPOHHBIN JTyd. HampsikeHue, moBoaMMOe K aHOAY 4, MOXHO pe-
T'YJIUPOBATH C MOMOIIIBIO MOTeHIIMoMeTpa R3. M3mMeHsst 3T0 HanpspkeHue, Noa0uparoT
Takyto (GopMy MOJS MEX]Ty aHOJaMH, IPU KOTOPOU 3JEKTPOHHBIN ITy4d GoKycupyercs
B TOUKy. Ha myTu IBH)KEHUS 3JEKTPOHHOTO Jyda K 3KpaHy BJOJIb OCH TPYOKU HAXO-
JSTCSL 7IBE Taphl B3aUMHO NEPIICHIUKYISIPHBIX OTKJIOHSIOMMX TiacTuH 6 u 7. Ilpu
OTCYTCTBHH Ha 3TUX IUIACTUHAX HAIPSHKCHHS AJIEKTPOHHBIN JIyd, JBUTASICh MPSMO-
JMHENHO, CO3JAET CBETAILEeCd MATHO B LIEHTpE 3KpaHa. Mccnenyemoe nepemeHHoOe
HaIpsSOKEHUE, NOJAHHOE HA OTKJIOHSIOIIME IUIACTUHBI 6 U 7, BBI3BIBAET OTKJIOHEHUE
Jdy4a Ha dKpaHe. brmaromaps manoit macce u GOJBIION CKOPOCTH AIIEKTPOHOB MYyYOK

SJICKTPOHOB SABJIACTCA IMPAKTUICCKHU 6€3bZH€DZ41/l0HHblM.
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Ecnu nepemennoe Hanpspkenne U = UgSinot mogath Ha rOpH30OHTAIBHO pac-
MOJIOKEHHBIE TIACTHHBI, TO JJIEKTPOHHBIN Jyd OyaeT COBepIiaTh KojebaTeiabHOe
JBIDKCHHE B BEPTHUKAILHOM HAINPaBJICHHUH 110 3aKOHY Y = @ SIN ® t ¥ Ha SKpaHe BHIHA
JIMHUS JJTHHOM 28, IJ1e a - BeIMYKMHA, MPOMOPIIHOHAIbHAS AMIUTUTYAHOMY 3HAUYCHHIO
Hanpspkerus, 8 = gQUy. Ilpu momade TOro ske HampsDKEHUS Ha BEPTUKAIBHO PACIIo-
JIO’KEHHBIC TUTACTHHBI SJIEKTPOHHBIN JIyd OyaeT COBepINaTh KOjeOaTeIbHOE JBHIKE-
HHE B TOPU30HTAIHHOM HANpaBJICHHUU IO 3aKOHY X = D Sin ® t, u Ha ’kpaHe BUAHA
oM aHou 2b, e b = pU.

Benauuuuel § U p SABISIOTCS YyBCTBUTEIBHOCTHIO TPYOKHM K HANPSIKCHHUIO B
HampaBjieHUIX X U y. UyBCTBHUTEIBHOCTHIO TPYOKH K HANPSIKCHHIO HA3BIBAIOT OT-
KJIOHEHHUE AJIEKTPOHHOTO My4YKa B MUJUTUMETPaX, BHI3BIBAEMOE PA3HOCTHIO MOTEHITH-
aoB B I B Ha oTKIOHMIONMX TUTacTHHAX. UyBCTBUTEILHOCTD 3aBUCUT OT PACCTOSIHUS
MEXy IacTuHamMu U 3kpanoM | u Uy, momaBaemoro Ha nocieanuii anoa. To ecth g

up~ | (cm. mpunoxenue).
U

Ycunenue UCCJleaVeMOZO CUSHANA U PA38EPMKA €20 80 BPEMEHU

JIJ1st pa3BepTKU MCCIIEyeMOTO CUTHAJAa BO BPEMEHHU CITYKUT T€HEepaTop IMHII0-
oOpazHoro HamnpsbkeHus. Ecinu uccnenyemoe nepemennoe Hampsbkenue U = Uy Sin ©
t moJaTh Ha BEPTUKAIBLHO OTKIIOHSIONINE TUIACTUHBI, TO CBETOBOE MATHO HA DKpaHE
Oyzaer coBepiaTh BEpTUKAIbHBIC KoJieOanus. BemeacTBiue cBEeTOBOM MHEPIIUU dKpa-
Ha ¥ CIOCOOHOCTH HAINIETO TJIa3a COXPAHSITh HEKOTOPOE BpEMs IMOITYYCHHOE CBETO-
BOC OIIyIIIEHUE, Ha dKpaHe Oy/eT BUIHA HEMOABIKHAS BEepTUKAIbHAS JTHHHS. UTOOBI
HaOII0IaTh M3MEHEHUE HANpsOKEHUS BO BPEMEHH, DJICKTPOHHBIN JIyd HAJ0 PaBHO-
MEPHO TIEpeMeIaTh 1Mo 3KpaHy ClieBa HampaBo. Takoe MepeMeleHne JTOCTUTACTCS
1oJlayeii Ha TOPU3OHTAIBHO OTKIIOHSIONIVME MJIACTHHBI HAMPSDKEHUS "MHUI000pa3HON
dbopmer" (puc. 18); B TeueHHe OTpe3Ka BPEMEHM T HaNpsHKEHHE HAa TOPU30HTAIBHO
OTKJIOHSFOIIMX TUIACTHHAX PAacTET MPONOPIMoHaIbHO BpeMenn Uy = K t, a B MOMEHT
t = T mpakTUYeCKH MajaeT A0 HyJIs, BO3BPAIIAETCS B UICXOAHOE MmooxeHue. Jis to-
ro, 4ToObl KapTUHA Ha dKpaHe ocuuiuiorpada OblIa yCTONYMBON, HEOOXOAMMO, UTO-

OBl epUOIbI UCCIIEyEMOTO HanpsbkeHus T K muiioo0pa3HOro HanpsiKEHUs: pa3BepT-
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ku Tp, ObIM KpaTHBI APYT Apyry: Tp=nT

AL

uﬁ

Pucynox 16 — I[Tmnoo6pa3Hoe HanpsoKeHHE

[Ipu TakoM yclOBHM Ha dKpaHe ociuiuiorpada OyaeT N meproIoB UCCIeaye-
Moro HampspkeHus. [leproa mumooOpa3HOTO HANPSIKEHUS MOXHO MEHSITh PyYKaMH
"Pa3Beptka", "HactoTa miuaBHO", JOOUBasACh yCTOMYMBOW KapTUHBI HA IKpaHe.

Iopsaok BbINOJIHEHUS PadOTHI

1. CoOpatb cxeMy coriacHo puc. 17, He BKITtoUas MUTAHKE.

o ©
o @>
o e _©°

Pucynoxk 17 - Cxema nmoakiroueHus ociuuiorpada

2. Bxmounts ocumiuiorpad, depes 2 - 3 MUHYTHI BBIBECTH C TIOMOIIBIO PyUYeK
"Beepx-BHu3" u "BiieBo-BmpaBo" CBETSANIYIOCS TOYKY B ILIEHTP 3KpaHa. Pyukamu
"SApkocts" n "®okyc" yCTaHOBUTh MUHHUMAJIBHBIA pa3Mep IMATHA U ONTUMAJIbHYIO
SIPKOCTb.

3. BrumrounTk reneparop pas3BepTku. Ha skpaHe NOJKHA MOSABUTHCS TOPU3OH-
TaJabHas JUHUS - CJIE] OT EPEMELIAIOIIEr0Cs CJIEBA HAMPABO 3JEKTPOHHOTO JIyya.

4. YcranoButh pyuky "Ycunenue Y'" B KpaliHee MpaBoO€ MOJIOKEHUE, A TIEpe-
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KIItoUaTeah ycuinuTens - B mojoxkenune "1:1000" u momate Ha BXon ocmmuniorpada
nepeMeHHoe HampspkeHue. [lepemenienneM noa3yHKa MOTEHIIMOMETpa TOOUThCS Ta-
KOTO M300pakeHUs HCCIEAYyEeMOT0o CUTHAla, YTOOBl pa3Mep MO BEPTUKAIN 3aHUMA
OOJIBIIIYIO YaCcTh KpaHa. Y CTAaHOBUTH pyuKy "VYcunenue X" B MOJ0XKEHUE, MPU KO-
TOPOM Ha JIMHE 3KPaHa YKJIAJbIBA€TCS HECKOJBKO MEPHOJI0B. Y OEIUTHCA B CHHYCO-
UAATBHON opMe HANPSHKEHUS CETH.

5. OTkmtouuTh resepaTop pa3epTku. Ha skpane goimkeH HaOmoIaTbes Bep-
TUKAJIbHBIA OTPE30K, JUIMHA KOTOPOro MPONOPLHOHAIBHA AMIUIUTYAE UCCIEAYEMOrO
curana. Mzmepute 1is 3 - 5 3HaYeHNU HaNPSOKEHUS JJIMHY CBETOBOI'O OTpE3Ka Ha
skpane. BompTMeTp m3mepsier 3((GEKTUBHOE 3HAUYECHHE HANPSIKEHHsI, KOTOPOE B+/2
pa3a MeHbIlle aMIUTUTYAHOTO. Pe3ynbraTel 3anucars B Tadnuiy 12,

6. AHajoruyHble W3MEPEHUS BBINOJHUTH I MOJIOKEHUS MEPEKIHYATENs
yewinrens "1:100" u "1:10", mocnepoBaTelbHO YMEHbIIAs OAaBAEMOE HAa BXOJ OC-
muutorpada HampspKeHHE C TEM, YTOOBI €ro aMIUIMTY/Aa He BBIXOAMIIA 3a Mpeaesbl
sKkpaHa ocumuiorpada. JlaHHele 3aHEeCTH B TaOJIHILY.

7. BBIKTIOYNTH MHUTaHWE CXeMbl U ocruiuiorpad. OTCOeNMHUTH TMPOBOJA OT
KJIEMM Ha TIEpeIHeH MaHenu ocumwiiorpada U MOoIKIIOYATh X Ha Bxonx "Y' Ha 3ai-
Hel ma”enu ocruiuiorpada.

8. Brimtounts ocuuiuiorpad v muTaHue cxeMbl. B aToM cimyuae uccriemyeMslit
CUTHaJI OyZIeT NO/JaH HEMOCPEICTBEHHO HA BEPTUKAIbHO OTKJIOHSAIOIIME IJIACTHUHBI.
YcraHoBuTh BenmunHy HanpspkeHus S0 - 60 B u u3MepuTth IMHY CBETOBOW JIMHUU
Ha 3KpaHe. M3MepeHus caenarb A TpexX 3HAUCHUI HanpsbkeHus. J(aHHble 3anmucath
B TaOJuILy.

9. BbIUMCINUTD 3HAYEHHS] YYBCTBUTEIBHOCTH IO HAINPSKEHUIO ocuuiuiorpada

IIpyu PAa3JIMYHBIX ITOJOKCHUAX IMCPCKIOYATCIIA ACIUTCIIA H 3HCKTpOHHO-HY‘I€BOfI

TpyOKH o popmyiie q= ﬁ :
y

10. Haiitu cpenHee 3HAYE€HHE YYBCTBUTENBHOCTH ISl PA3JIUYHBIX CIIy4acB.

CpaBHI/ITB 9TH 3HAYEHHUS U OOBICHUTH X pasjmduc.
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Tabnuma 12 - M3mepenune 4yBCTBUTENLHOCTH OCIILIOrpada no HanpspKeHUIo

Ne Y1, MM U, B q, an

B

OIIbITa

1

10

KoHTpoabHbBIE BOIIPOCHI

1. Kakoe HazHaueHHe uMeeT ocuuuiorpad?

2. VI3 KakuX OCHOBHBIX OJIOKOB COCTOUT OCIUILIOrpad?

3. OOBSICHUTH YCTPOMCTBO U MPUHIIUIT ACUCTBUSI SIEKTPOHHO-TYYEBOUN TPYOKH.

4. Yto Ha3bIBa€TCAd UYYBCTBUTEIBHOCTHIO DJIEKTPOHHO-IIYYEBOM TpPYOKU IO
HAIPSKEHUIO U OT YE€TO OHA 3aBUCUT?

5. O0BsCHUTH Ha3HAUYCHHUE T'€HEPATOPA PA3BEPTKHU.

6. Kakum 006pazom ¢ moMouipo ociusuiorpada MoKHO U3MEPUTh HAMPSKEHHE?
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BeiBOAa:
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JlaGopaTtopnas paGora Ne 8

OINPEJEJEHUE CONMMPOTUBJIEHUIA METOJ0OM MOCTOBOM CXEMBI

eab padoTbl: onpeaeIeHUEe CONMPOTUBICHUS JABYX PE3UCTOPOB B OTHAEIBHO-
CTH, a 3aTeM MX OOIIEro CONMPOTHUBIICHUS MPU MOCIEAOBATEILHOM U MapalieIbHOM
COECIMHEHUMN.

IIpuGopbl U NMPUHANIEKHOCTH: PEOXOPJ, raJbBAaHOMETP, Mara3uH COIMPO-
THUBJICHHUM, JABA HCCIEAYEMBIX PE3UCTOPA, KJIKOY, UCTOYHHUK IOCTOSTHHOTO TOKa, CO-

€IMHUTENbHBIE TPOBO/IA.
Teoperuueckoe BBegeHHUE
Ecnu coOpath amekTpuueckyro 1enb M0 cXeMe pUcyHKy 18, To mepemermasi ABU-

#ok /I peoxopra AB ninm MeHsisl CONMPOTHUBIIEHNE MarasuHa CONpoTUBIEHUN R, MOXKHO

N00UThCs, 4T00bI MoTeHIran Touku C ObUT paBeH MOTEHIHATY TOUYKH [ (9= @,).

= %
4 Ny
RN ‘
®
A
€4 D
y { £
5?;"‘"" R T R B
b K

Pucynok 18 - MocToBas cxema Jij1sl OpeiesICHUsl CONPOTUBIICHUS

B atoMm ciryuae criia Toka mpoxosiiero yepes rajapanoMerp Oyzaer pasta 0 (1,=0).
[Tpumensis mepBbiit 3akoH Kupxroda x y3mam C u [, momyanm:
Ix—1,—1r=0; I;—1,+ 1, =0. Wnu yuuteBas, uto |, =0; Iy =lgul; =1,

[Tpumenum BTopoii 3akoH Kupxroda.
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s xoutypa ACIH: I\Ry+ IR - 1;:R; =0
st kortypa CB/I: IRR + IR, - 1,R, =0

VYuuteiBas, uro |, =0, monyuum IR =R, ; I,.R =R,

IXRX I1R1 RX Rl
Paznenmum nmounenno: *—=* =1 orkyma: =X =—*-
I.R  1,R, R R,
(T.x. I,=l,ul,=1,)m RX:R&,
RZ

rne Ry u R, - conmpoTuBienus yqyacTkoB peoxopaa anuHou |, u |,

I I
R1=,0§11/I R2=p§1.

r7ie: p - yAeIbHOE CONMPOTHUBIICHHE MaTepHalia MPOBOJIOKH, a S — e€ ceuenue. [loa-

craBisisi R; u R, B ypasHenue (1), noyunm:

R —RL )

Iopsiiok BbINOJIHEHUS PadOTHI

1. CoGuparot 1iems 1o cxeme (puc.18).

2. Pacuér mOrpemnrHOCTH IOKAa3bIBAET, YTO IOTPEIIHOCTh pe3yjbTaTa TeM
MeHblIe, yeM Ommke 3HadeHus |; u ;. TloaToMy, yCTaHOBUB JBHIKOK peoxop/a Io-
cepenuHe, MoAOUPaIOT COMPOTHBIICHNE Mara3uHa TakuM 00pa3oM, 4TOOBI TOK Yepes
raJpBaHOMETP ObUT OBl paBeH Hym0. Eciiu He ynaércst JOOUTHCS TOYHOTO PaBEHCTBA
HYJTIO TOKa 4epe3 TalbBAHOMETP MEHsISI COMPOTHBIICHUE Mara3uHa, TO 3TOT0 OKOHYa-
TEBHO TOOWBAIOTCS HECKOJBKO IMepeMelias ABMKOK peoxopaa. Tak Kak mpu JiH-
TEIPHOM MPOTEKAHUH TOKA MPOBOJIHUKU HATPEBAIOTCS M MX CONMPOTUBIICHUE MCHSICT-
Csl, TO TOK B TaJIbBAHOMETPE MPOBEPSIIOT KPATKOBPEMEHHBIM Ha)kaTueM Kiroda K.

3HaueHne CONPOTURIICHHS MarasuHa R u mummHy ygacTkoB peoxopaa l; u |, 3a-
MUCHIBAIOT B TAOJUILY.

3. 3aTeM U3MEHSIOT CONPOTUBJICHHE MarasuHa npubausurenasHo Ha 10%, BHa-
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yaje yBeJIMYMUBas €ro, 3aTeéM YMEHbBIIAs.
PaBeHCTBO TOKa, TEKyIIEro 4yepe3 rajibBAHOMETp, HYNIIO JOOMBAIOTCSA, TeEpe-
Meniasi ABUKOK peoxop/a.
4. AHanOruYHbIE U3MEPEHUS TPOU3BOASAT JIJIs BTOPOTO PE3UCTOPA, a 3aTEM CO-
€IMHUB WX BHAYaJIe MOCJIEI0BATENIbHO, a 3aTEM NapaJlIeIbHO.

5. PaccunThIBaIOT OTHOCUTENIBHYIO U A0COIOTHYIO MOIPEIIHOCTb.

Tabmuua 14 - Pe3ynabTaThl U3MEpPEHUN

Ne Il’ IZ’ AI’ Rx’ RX(.F’ Rl ARX’
3mepenus OITbITa CM CM CM Om OMm Om Om
1 pe3uctop
Il pe3ucrop
IlocnenoBa-

TCJIIbHOC COCAH-

HCHHC

[TapannenbHOE

COCOANHCHUC

KoHTpoJibHBIE BOIPOCHI

1. DnexkTpuUecKuil TOK. Y CIIOBUS CYIIECTBOBAHUS 3JIEKTPUIECKOTO TOKA.

2. 3akon Oma jqis yuyactka nenu u Jxoyng-Jlenna B nuddepenunanbHoOM
dbopme.

3. [locnenoBarenbHOE U ApAJUIETBHOE COSAMHEHHUE TPOBOTHUKOB.

4. TlpaBmia Kupxroda.

5. MoutHocts Toka. 3akoH Jlxoynsa-Jlenna.
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BeiBOAa:
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JlaGopaTtopnas padora Ne9

I'PAAYUPOBKA TEPMOIIAPBI

Henab padoThl: 03HAKOMUTHCS C SIBICHUSMU TEPMO3JIEKTPUUECTBA U IKCIIEPHU-
MEHTAaJIbHO ONPEJEIUTh NOCTOSHHYIO TEPMONAPBHI.
IIpuGopsl U NPUHANIEKHOCTH: TEpMOIIapa, HarpeBaTeIbHbIN Mpudop, cocy-

AbI C BO,HOﬁ, TCPMOMCETPLI, IOTCHIOUOMCETP ITOCTOAHHOT'O TOKA.

Teopernueckoe BBeeHHE

[Ipu CONpUKOCHOBEHUU JABYX PA3HOPOJHBIX METAJIOB MPOUCXOJIUT MEPEXO]
AJIEKTPOHOB M3 OJHOTO METajlia B IPYTrOM, BCIEACTBUE YEr0, OJUH U3 HUX 3apshKaeT-
Csl TIOJIOKUTENBHO, APYTOM — OTpUIlaTeNIbHO. Bo3HUKaOas IpU 3TOM Pa3HOCTh TO-
TEHIIUAJIOB MEXK]Iy COMPUKACAIOIIUMHUCS METaJllIaMU Ha3bIBA€TCsl KOHTAKTHOM pa3Ho-
CTBIO MMOTEHIIUAJIOB.

Bo3HUKHOBEHHE KOHTAaKTHOW PA3HOCTU MOTEHIIMAIOB OOYCIOBIEHO ABYMS
MpUYHHAMU.

OnHON U3 MPUYMH SBISETCS TO, YTO Pa3IMYHbIE METaUIbl XapaKTepU3YIOTCS
pasHoil pabotoii Beixoga. PaboToli BbIXOJa Ha3bIBalOT pabOTy, KOTOPYIO HYKHO 3a-
TPAaTUTh, YTOOBI CBOOOHBIN ANEKTPOH MOKUHYJI METAJLIL.

DJIEKTPOHBI JIETUYE MEPEXOIAT U3 METalla, Al KOTOPOro paboTa BeIX0/1a UME-
€T MEHbIllee 3Hau€Hue, B METall, JAJi1 KOTOpPOro pabora BbIXOJa MMeEET Oosbliiee
3Hau€Hue, 4YeM B 0OpaTHOM HampasiieHUW. [lepBblii MeTayul 3apspKaercs MOJIOXKH-
TeJIbHO, BTOpOU — orpuniarensHo (puc. 19). Ecnu paGoTa Beixoaa 37IeKTpoHA U3 Me-
tamna | paBHa A;, a u3 meramia 2 paBHa A, (mpuueM A < Aj), TO JIEKTPOHBI OyIyT
nepexoanuTh U3 MeTtaia | B Metann 2 10 Tex mop, moka MeXIy HUMH He BO3HUKAET

PasHOCTb NOTCHIHNAJIOB!

A 1)



rzie € — abCOoIOTHAs BETMYMHA 3apsi/ia dJIEKTPOHA.

AL <A, Ny >Ny
+ - + |-
+ - + -
+ - + |-
+ - + -

Pucynok19- Tepmonapa c pa3noit padoroii  Pucynok 20 - Tepmonapa ¢ pa3Hoi

BbIXO0Ja MCTAJIJIOB KOHH@HTpaHI/IefI 9JICKTPOHOB MCTAJLJIOB

Hpyroii npuurHON BO3HUKHOBEHHUS! KOHTAKTHON Pa3HOCTH MOTEHIUATIOB SIBIIS-
€TCsl pa3inyue KOHIEHTPAIIMU CBOOOAHBIX 3JIEKTPOHOB B COMPHUKACAIOIINXCA METa-
nax. EcrecTBeHHO, UTO 3JEKTPOHBI OYyT B OOJIbIIEM KOJIMYECTBE MEPEXOIUTH B TOT
MeTasll, T/I€ UX KOHIIEHTPAlLlUsS MEHbIIIE, YeM B 00paTHOM HaIpaBJIE€HUU. ITO TOHKHO
IPUBECTU K 0OPa30BAHMIO HA IPAHUIIE METAJUIOB JBOMHOTO ciios. Eciau Ny 1 N, KOH-
LEHTpanus IEKTPOHOB B IIEPBOM M BO BTOPOM METAJIaX COOTBETCTBEHHO (MpHUYEM
N1 > Ny), TO HAYHETCS MPEUMYIIECTBEHHbBIN NMEPEHOC CBOOOAHBIX JIEKTPOHOB U3 Me-
tayuia [ B metann 2. B pe3sysnbraTe mepBblii MeTaul 3apsbKaeTcsl MOJOXKUTENbHO, a
BTOpO — oTpunarenbHo (puc. 20). Bo3nukaromias BcieACTBUE 3TON MPUYMHBI pas-

HOCTb ITOTCHIIHMAJIOB, KaK ITOKA3bIBACT TGOpCTI/I‘ICCKHﬁ pacucT, paBHA

n 14 T n
o == L (2)

nZ
r7e K - nocrosiuHas bonbumana, T - abcomtoTHas Temneparypa.
OTH JIB€ MPUYUHBI MOTYT JIEMCTBOBATh KaK B OJJHOM M TOM K€ HaIlpaBJICHUH,
TaK W B MPOTHUBOIIOJOXKHBIX HAIPABJICHHUAX. BClIEICTBHE CYMMapHOTO JEHCTBUSA
000ux (pakTOPOB KOHTAKTHASI PA3HOCTH MOTSHITMAIOB MEX Ty MeTauiamu [ 1 2 paBHa

3)

A A KNy

Q=@ = | | n,

U3 MOCJICAHCTO BBIPAXCHUA BHUAHO, YTO KOHTAKTHAA PA3HOCTH INOTCHIUAJIOB
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JMHENHO 3aBUCUT OT Temreparypbl. C TeMIlepaTypHOH 3aBUCHMOCTBIO KOHTAaKTHOM
pPa3HOCTH MOTEHIMAJIOB CBA3aHO MOHITHE TEPMOIIEKTPOABMKYIIEH cuiibl. CocTaBUM
3aMKHYTYIO LEIb U3 JABYX Pa3HOPOJHBIX METAJUIOB C Pa3IMYHON TeMIlepaTypoi KOH-
takToB T; > T, (puc. 21). B Takom ciy4ae KOHTaKTHas Pa3HOCTh IOTCHIIMAJIOB B
cnae [ Oyner Oombiie, yem B criae 2. BeneacTBue 3Toro B ey BO3HUKAET 3JIEKTPO-

ABUXKYILIas Cujia ¢, paBHasd CyMME CKa4YKOB ITIOTCHIMA1a B 000MX KOHTAKTax:

5:((01_(02)c+((/72_¢)1)g (4)

N7\

Pucynok 21- Tepmonapa

T2

[ToncraBuB B BeipakeHue (4) 3HAUEHUE ¢, — ¢, U COrIAcHO (3), MOTyYUM

A, —-A, KT,. n, A —-A, KT, n
g=—1" 02 Bn TR By b (5
I I n, I I n,

OTkyna: g:(l'l—Tz)$ln&.

2

CocTtaBneHHas TakuM 00pa3oM IENb U3 ABYX Pa3IUYHBIX TPOBOJHUKOB HA3bI-
BaeTcst tepmonapoil, a OJ[C, Bo3HuKarolas B pe3yjbTaTe Pa3HOCTH TeMIEepaTyp
KOHTAaKTOB, - TEPMOAJIEKTPOJABIKYIIEH cuinoi. @opmyna (5) nokassiBaeT, uto I/C
TEpPMOIaphl MPSIMO TMPOMOPIUOHATIFHA PA3HOCTU TEMIEparyp craeB (KOHTaKTOB).

Bripaxxenue (5) MOKHO 3amucath B BUJIE

e=C(T,-T,), (6)
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K n o o o
rae Koaq)(l)HuHeHT C :Tln—1 SIBISICTCS NOCTOSIHHOM BECJIMYMHOM JJIS1 JAHHOM Iapbl
n,

METAJIJIOB M HA3bIBACTCS MTOCTOSIHHOM TCPMOIIaphI.

Onucanue MeT0/1a U YCTAHOBKH
['pagyrpoBka TepMomaphl 3aKII0YAETCA B OMpPENeICHUN 3aBUCUMOCTH TEPMO-
S/1C ot pazHOCTH TeMIepaTyp cnaeB ¢ = f (At).
['pagyvpoBaHue TepMONapbl MOXKET ObITh BBHIITOJHEHO MPU MOMOIIU YCTaHOB-
K1, KOTOpasi BKIItO4YaeT Tepmornapy u mameputens IJC (puc. 22).

KoHI1sI crtaeB TepMoIapsl MOMEIaT B cocyasl ¢ Bogol (K u Ky).

—

POl SN 7T

a2367

Pucynok 22 - IlpuHuunuagbHas cxema yCTaHOBKH

IIpu paBenctBe Temmnepatyp B cocynax K; m K, tepmo-3/IC paBHa Hy:IO.
Harpesas Bony B cocyne K,, B KOTOpOM HaxoJWTCS OJWH U3 CIIA€B TE€PMOIIAPHI,
onpenenator 3HaueHue tepmo-IJIC yepe3 kaxapie 10°. Ha oCHOBaHHWM ONBITHBIX
JAHHBIX CTPOSAT rpaduk 3aBUCUMOCTH TepMo-I/]C OT pa3HOCTH TeMIepaTyp CIaeB.

Hcnonb3ys noiayyeHHbIN rpaduk onpenesnsoT NOCTOSIHHYIO TepMonapbl KOTO-
pasi SIBJISIETCSl XapaKTEpHOW BETUUYMHOM I Ka)XJAO0W mapbl METAJIOB, 00pa3yrouux

TepMomnapy.

&, —&
tz _tl

C:

3amenuB cocya K, aApyruM cocyaoMm C BOAOMl HEU3BECTHOW TeMIEpaTyphl,
onpenensaoT 3Hauenue J/1C. Mcnonpiys rpaduk 11st MOTyYeHHONW BEIMUYUHBI TEPMO-

O/IC, HaxoasT HEM3BECTHYIO TeMmIiepaTypy. B manHO# paboTe m3MepeHne BO3HUKA-
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roret Tepmo-3/[C mpou3BOAUTCS KOMIEHCAMOHHBIM METOJ0M IpHU MOMOIIMU IO-
TEHIHOMETPA MTOCTOSIHHOTO TOKA.

DJexTpuueckas cxema MoTeHIIMOMeTpa n300pakeHa Ha puc. 23.

. En
o S 5 L

) e e < le
HHHE— %

0

Pucynok 23 - Dnextpuyeckas cxema

N3mepsiemas snexktpoasrkymas cuia (&, ) win 2JIC HopManbHOTro 3JIeMEeHTa
(&,) KOMIIEHCHPYETCSI HANPsHKEHUEM Ha Y9acTKe PeoXopa, CO3/1aBaeMbIM BHEITHUM

UCTOYHUKOM ¢ . CKONB3SIIMI IO peoxopAy JABHXKOK [ mepeasuraercs: mpu usmepe-
HUSIX JI0 T€X IOp, NOKa TOK B Lenu raibBaHomerpa I' He npekparurcs. U3mepsemas
ANEKTPOABMIKYIIASL CUJAa pPaBHA NPU ATOM HANPSDHKEHUIO HA COOTBETCTBYIOLIEM
Y4acTKE peoxopaa.

BxtouuB ranmeBaHomerp B 1enb uzmepsiemoil DJ[C, MOXHO OTperyimpoBaTh

NOJIOXKEHHE ABWXKKA J[ Tak, 4ToOBI &, OKa3ajach CKOMIEHCUPOBaHHOM. Tak Kak cuia

TOKa, IPOXOAIICTO YCPEC3 Rx, npeABAPUTCIIbHO YCTAHABIIMBACTCA BITIOJIHC OIIPCACIICH-

HBIM O6p330M, TO IMOJIOKCHUC IBUIKKA I'PpaIlynpyCTCA HCIIOCPCACTBCHHO B BOJIbTAX.

Iopsinok BeINOJIHEHNUSI PadOTHI
1. CoOpathb ycTaHOBKY 10 cxeme (puc. 23).
2. 3apeructpupoBaTh TEMIIEpaTypy t; craeB, moMeleHHbIX B cocyabl Ki u K.
3. Boay B cocyne K, B KOTOpOM HaxXOAUTCS OJMH U3 CIIA€B TEpMONaphl, ME/I-

JICHHO HarpeBarh.
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4.

C nomol1ipio moTeHIuoMeTpa u3MepsTh Tepmo-3/[C gepe3 kaxanie 10°C.

3nauenus Temneparypsl t u repmo-3/1C 3anectu B Tabnuiy .

5.

[To mosmy4eHHBIM JaHHBIM OCTPOUTH Tpaduk 3aBucuMocTu Tepmo-2J(C ot

Pa3HOCTU TEMIIEpaTyp.

Tabnuma 16. PesynbTarsl u3MepeHuit

NeNe i/t t° C ts &, MB

e

O 00 N o O &~ W DN

-
o

6.

JI71g pa3iauyuHbIX pa3HOCTEH TeMIEpaTyp BHIYUCIUTE MO (hopMyIie:

c=5"4%
-4

MOCTOSIHHYIO TepMonapsl. Halitu mpubnmkeHHoe 3HaueHne, abCOTIOTHYIO U OTHOCH-

TEJbHYIO MOTPEITHOCTU ONPEACIIEMON BEJIMUNHBI.

o~ W b=

KoHTpoJbHBIE BOIPOCHI
UTo Takoe KOHTaKTHAs pa3HOCTh MOTEHI[UATIOB?
UTto 3HaUUT NPOTPayHpoOBATH TEPMOTIAPY?
Uto Ha3bIBAETCS MTOCTOSHHOW TepMONaphl U KaK OHA BBIYUCIISIETCA?
Kak onpenenuts 1o rpaduky & = f (t, —t,) HEU3BECTHYIO TEMIIEPATYPY?

['1e HaxoAST MpakTUYECKOE MPUMEHEHUE TEPMOTaphbl?
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BeiBOAa:
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JlaGopaTtopnas padora Ne 10

CHSATUE BOJIbTAMIIEPHOIN XAPAKTEPUCTUKHA
HOJYIHNPOBAJHUKOBOI'O ITUOJA

Ieap padoTbl: 03HAKOMUTBHCSA C 3aKOHOMEPHOCTSIMH IPOBOJHMMOCTH IOJIY-
IPOBOJIHUKOB U SKCIIEPUMEHTAIILHO CHATh BOJIBTAMIIEPHYIO XapaKTEPUCTUKY TUO/A.

IIpuGopsl U NMPUHAMIEKHOCTH: NOJIYIPOBOJIHUKOBBIN JTHOJ, UCTOYHUK I10O-
CTOSIHHOTO TOKa, MHUKPOAMIEPMETP, MUJUIMBOJIBTMETP, PEOCTAT, NEPEKIIOYATEND,
IIPOBOJIHUKH.

Teoperuuyeckoe BBegeHHE

[TosnynpoBOAHUKAMU SIBISIFOTCSL BELIECTBA, JIEKTPOIPOBOJHOCTh KOTOPBIX 3a-
HUMAeT IMPOMEXKYTOUYHOE MOJIO)KEHHE MEXKIY 3JIEKTPOIPOBOJHOCTSIMHU METAJUIOB U
nudIeKTprKoB. Tak, eciin yaeabHOEe COMPOTHBICHNE MeTamioB mopsiaka 107 OM M, a
u3omaTopos o 10° 10 10" Om M, TO y MONYIPOBOIHIUKOB OHO JIEKHT B MHTEpBAE
or 10” 10 10" Om M. XapakTepHbIM JUIS MOTYIPOBOIHMKOB SBISETCS TO, YTO HX
IPOBOJIMMOCTh YBEJIMYHMBAETCS C IMOBBIIIEHUEM TEMIIEPATYpbl U PE3KO 3aBUCUT OT
npuMecell K MOJYNPOBOJAHUKAM JpYrux BemiecTB. [[o3TomMy y MOJynpOBOAHUKOB
pa3nuyaroT COOCTBEHHYIO M MPUMECHYIO MPOBOJUMOCTU. TUMMYHBIMH MOIYIPOBOJI-
HUKaMU SBIIAIOTCS T€PMaHUM, KpeMHHUI, ceseH, 3akuch menu Cu,O, cynbua cBUHIIA
PS u psan apyrux.

[Ipu npuIOKEHUH K KOHIIAM IMOJIYIPOBOJHHMKA PA3HOCTU MOTEHLHAJIOB 3JEK-
TPOHBI OYIYT MepeMenaTbCs MPOTUB SIEKTPUUECKOTO MO (JIEKTPOHHASI IPOBOAH-
MOCTB), & JIBIPKH IO HOJI0 (IBIpOYHAsi MPOBOJAUMOCTh). He3HaUNTENbHOE KOIHYECTBO
IPUMECH APYTOro 3JEMEHTa K XMMHYECKH YHCTOMY MOJYNPOBOJHUKY CYIIECTBEHHO
U3MEHSET €ro MPOBOJUMOCTb. B 3aBUCMMOCTH OT poja MPUMECH MOYKHO IOITYYHUTb
MOJYTIPOBOJHUK MPEUMYIIECTBEHHO JIUOO € 3MEKTPOHHOMU, TMOO C BIPOYHOM MPOBO-
TUMOCTBIO. [10ynpOBOTHUKH C 3IEKTPOHHOM MPOBOAMMOCTBIO HAa3bIBAOT MOJIYIPO-

BOJHUKAMH N -TUIIA, a C I[BIpO‘IHOfI - ITIOJIYITPOBOJAHUKAMU P - THIIA.
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PaccMoTpuM BIIMSIHEE BHEIIHETO JJICKTPUYECKOTO TOJII Ha CBOWMCTBA p-N Tie-
pexoa, JUIsl 9ero BKIFOYMM KOHTAKTHPYIOIIHUE P- M N - TIOJYIPOBOIHUKH K HCTOYHH-
Ky TOKa.. YHCIIO MOJABMIKHBIX HOCUTENEH 3apsiia B 00JacTH KOHTaKTa OyJeT Bo3pac-
TaTh. DTOMY CIOCOOCTBYET BCTPEYHOE JBMIKCHHE 3JICKTPOHOB U JBIPOK, KOTOPHIC
IIEPEMEIIAIOTCS O] JICHCTBUEM BHEIIHETO IOJI M3 TIIYOMHBI MOJYIPOBOIHUKOB K
rpaHuIe p - N mepexoga. ToOJMIIMHA KOHTAKTHOTO CJIOS M €0 CONPOTHBIICHHUE TPH
3TOM YMEHBINAIOTCS, U TOK MOXET IMPOXOAWTh B HAIPABJICHUH OT P- K N- MOJYIPO-
BOJIHHMKY. JTO HANPaBJICHUE Ha3bIBAOT MPOITYCKHBIM.

Eciii u3MeHUTh MOJISPHOCTh BHEIIHETO HAMNPSOKECHUS, TO BHEIIIHEE JICKTpHYC-
CKO€ TI0JIe Oy/IeT YCHIIMBATH T0JIe KOHTAKTHOTO CJIOSI M BBI30OBET JIBUYKCHUE AJIEKTPO-
HOB B N- MOJYIPOBOJHUKE U JIBIPOK B P- MOJIYIPOBOJHUKE B CTOPOHBI, IPOTHBOIIO-
JIOXKHBIE OT KOHTaKTa. JTO MPHUBEJET K YBEIUYCHUIO TOJIIIWHBI 3aITUPAIOIICTO CIIO0S U
pOCTy ero conpoTuBiieHus. HampapiieHrue BHEIITHETO OIS, P KOTOPOM PaCIIUPSIeTCs
3alIUPAONIUI CJIOW, HAa3bIBACTCS 3allOPHBIM; B 3TOM HAIIPABJICHUH TOK 4Yepe3 KOHTAKT
JIBYX IOJIYTIPOBOTHUKOB MPAKTHUECKH HE TPOXOIHT.

Takum 00pa3oM, KOHTAKT JIBYX HMPHMECHBIX IMOJYIPOBOJIHHKOB C Pa3HBIMHU
HOCUTEIISIMU 3apsI0B 00JaaeT OJHOCTOPOHHEW MPOBOJUMOCTBIO, T.C. JEHCTBHE
KOHTaKTa JIBYX IOJYIPOBOJHHUKOB P- U N- THIA aHAJOTUYHO JCHCTBHIO JBYXJJICK-
TPOAHOH JIaMIIbI- Ao a. [103TOMy TOJTYIIPOBOIHUKOBOE YCTPOUCTBO, COIEpIKaIiee p-
N, Iepexo/1, Ha3bIBAIOT MOJYIPOBOIHUKOBBIM JTHOOM.

B nmanHo# paboTe HE0OX0IUMO CHSTh BOJbTAMIICPHYIO XapaKTEPUCTHKY JTHO-
na, T.€. MOJYYUTh 3aBUCUMOCTh TOKA OT HANpPSOKEHHS B MPOIYCKHOM M 3allOPHOM

HaIIpaBJICHUAX.

Iopsinok BbINOJTHEHUS] PAGOTHI
1. CoOpaTh 35EeKTpUUECKYIO LENb M0 CXeMe, U300pakEHHON Ha pUCyHKe 24 ,
MpEBAPUTEIBHO YCTAHOBUB PYYKy MOTEHIIMOMETpa R; B KpaiiHee JieBO€ MOJOXKe-

HHUC.
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Pucynok 24- Dnektpuyeckas cxema

2. 3aMKHYTb pYOMJIBHUK MEpPEKIIoYaTesis Ha KJIeMMbI [, 2, 4TO COOTBETCTBYET
MPWIOKEHUIO HANPSKEHUsI B MPOMYCKHOM HarpaieHuu. [Ipu moMmomny noTeHImo-
MeTpa MOCJIEI0BATEIbHO YCTAaHABIMBATh 3HAUCHUS! HANPSIKEHUs], YKa3aHHbIE B Ta0-
JIMIE, U 3alUChIBATh COOTBETCTBYIOIIUE MOKAa3aHUS MUJUIMBOJLTMETPA U MUKpPOaM-
nepMmeTpa.

3. 3aMKHYTh pyOMJIbHHMK Tepekitouaress Ha kiemmbl 3, 4. [Ipu nomomu mo-
TEHIIMOMETpA IMOCJIEeI0BATENIbHO YCTAHABINBATh 3HAUCHUS HAIPSKEHUS, YKa3aHHBIC
B TaOnuIe, U 3aMucaTh COOTBETCTBYIOIIME MOKa3aHUSI MUJUIMBOJBTMETPA U MHUKPO-

amniepmetpa. [lomyueHnHble 1aHHbIe 3aHECTH B Tabnuiry 18.

Tabnuua 18 - JlanHbIe 17151 TOCTPOEHUS BOJIBTAMIIEPHON XapaKTEPUCTUKU

[Ipsimoe HampaBieHue OOparHoe HarpaBlieHue
U, MB I, MKA U, MB I, MKA

0 0

20 20

40 40

60 60

80 80

100 100

120 120

140 140

160 160
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180 180
200 200
220 220
240 240
260 260
280 280
300 300

4. TloctpouTh Ha OJHOM TpaduKe B OAMHAKOBOM MAacIITade BOJHTAMIICPHYIO
XapaKTEPUCTUKY JUOMA JJIsi MPOMYCKHOTO W 3alIOPHOTO HAMPABIICHUM, CUUTAS MPO-

IMTYCKHOC HAIIPaBJICHUC ITOJIOKUTCIIBHBIM, a 3allIOPHOC - OTPUIATCIbHBIM.

KoHTpoabHbIE BOIIPOCHI

I. Kakue BemiecTBa Ha3bIBaloTCs moiynpoBogHuKaMu? Kak oOBICHUTH HX
AIIEKTPUYECKUE CBOMCTBA 30HHOU TEOPUE?

2. Kak BIusitoT mpuMecH Ha 3JIEKTPOIPOBOTHOCTH MOTYIPOBOIHUKOB?

OOBACHUTD, KaK BOHHUKAIOT JABIPOYHAS U AJIEKTPOHHAS MPUMECHBIE MPOBOJIH-
MOCTH HOJIyIIPOBOJHUKOB.

3. OOBsicHUTE MPUHUMUIT AEHCTBUS MOIYNPOBOJAHUKOBOro auoxaa. IIposemure
aHAJIOTHUIO C JTUOJIOM - 3JIEKTPOHHOM JIAMIIOM.

4. Yem 00ycIIOBIIEH OOpaTHBIN TOK 1101a?

5. C TOYKM 3peHUsl ANEKTPOHHO-30HHOW TEOPHH MPOBOJUMOCTH, OOBICHHUTH
MOJIYYEHHYIO BOJIbTAMIIEPHYIO XapaKTEPUCTUKY AUOJIA.

6. YKaXuTe JOCTOMHCTBA U HEJOCTATKU MOJYNPOBOAHUKOBBIX JUO/IOB B CpaB-

HCHNH C BAKYYMHBIMU JTHUOOaMMU.
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BeiBOAa:
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JlaGopaTtopnas padora Ne 11

OITPEAEJIEHUE YJAEJBHOI'O 3APAIA SJIEKTPOHA
METOAOM MAT'HETPOHA

Heap padoThl: M3yUeHHE JIBUKEHUS 3apsiIOB B SJIEKTPUUECKUX U MAarHUTHBIX
MOJISIX Y SKCIEPUMEHTAIBHOE ONpPEAEICHUE YASIbHOIO 3apsjia dJIEKTPOHA METOA0M
MarHeTpoHa.

IIpuGopsl M NPUHAAJIEKHOCTH: JIBYXDJEKTPOIHAS JaMIia, TOMEIICHHAs B CO-
neHoua; uctoyHuk nutanusa BYII-2; sempsmutens BC-24M; amnepMeTp; BOJIBT-

METp; MUJIMAMIIEPMETP; HaOOp MPOBOOB.

Teopernueckoe BBeeHHUE

BaxxkneHmMu XapakTepuCTUKaMH 3JIEMEHTAPHBIX YaCTHI[ SBJISIETCS Macca U
3apsi. DKCIEPUMEHTAIBLHO Yallle ONPEeNsIIOT YACIbHBIN 3apsia AJIeMEHTApHbBIX Ya-
CTHII - OTHOIIICHHE 3apsia YaCTHUIIbI K ero Macce. MeTo bl ero onpeaeieHus: OCHOBa-
Hbl Ha OCOOCHHOCTSIX JBIKCHUS 3apsHKCHHBIX YaCTHI[ B JICKTPUUECKOM W MarHUT-
HOM moJisiX. [Ipubophl, B KOTOPBIX MCHOJIB3YIOTCS 3TH METObI, HA3bIBAIOTCS Macc-
criekTpomeTpaMu. B HacTosieit paboTe yACHbHBIN 3apsi JIEKTPOHA OINpeaeseTcs
METOJIOM, IMOJIYYUBIIMM Ha3BaHUE MeToJa "MarHeTpoHa'. 9TO Ha3BaHME CBS3aHO C
TeM, 4TO IpUMEHsieMas B paboTe KOHDUTypaIys MIEKTPUIECKOTO U MarHUTHOTO T10-
Jel HallOMMHAET KOH(UTYypalluio MoJied B MarHeTpoHax-TeHepaTopax 3JeKTpoMar-
HUTHBIX KOJIEOAHHMM CBEPXBBICOKOM YaCTOTHI.

B nanHOM cilyyae ABHMXKEHHE JJICKTPOHOB IMPOUCXOAMUT B KOJIBIIEBOM IIPO-
CTPAHCTBE MEXIY KaTOJOM M aHOJOM JBYX?JIEKTPOAHOM Jiammibl. KaToa jammsl pac-
MoJIaraeTcsl BIIOJb OCH LWJIMHJPUYECKOTO aHOJa, TaK YTO DJIEKTPUUECKOE I0JIe
HampapJICHO IO PajuyCy OT Karojia K aHojay. Jlamma momelieHa B COJIEHOW]I, Mar-
HUTHOE MO0JIE KOTOPOTO MapasuiejbHO OCH aHojAa. PaccMOTpuM ABUXKEHHE DJIEKTPO-

HOB I10J] IEWCTBUEM TaKOW KOMOWHAIIMU JIEKTPUUECKOTO0 U MarHUTHOTO moJier. Kak
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W3BECTHO, BJIEKTPOH, BJIETAIOLIMNA B MAarHUTHOE MOJIE€ MEPHEHIUKYIJISPHO CHIOBBIM
JUHUSIM U UMEIOIIUN CKOPOCTh ', UCHBITHIBAET CO CTOPOHBI MOJISI JEUCTBUE CHIIBI
Jlopenna

F,=e9B Q)

IA€ e - 3apsAl AIEKTPOHA, B - HHAYKIMA MarHUTHOTO ITOJIS.

Pucynok 25 — TpaekTopuu IBUKEHUS JICKTPOHOB

Cuna JlopeHiia sBisi€TCS IEHTPOCTPEMUTENBHONU CUIION, IO/ IEUCTBUEM KOTO-
POl BIIEKTPOH ABUKETCS MO AYTre OKPYKHOCTH.

TpaexTopun IBUKEHHUS PJIEKTPOHOB MpEJICTABIEHBI HAa puc. 25. B oTcyTrcTBUE
MarHuTHoro nojsi (B = 0) Tpaekrtopusi 371eKTpoHa MPSIMOJMHENWHA W HampaBlieHA
BIOJIb pajlyca OT Karoja Kk aHoay. IIpu cnabom marantHoM none (B < B,,) Tpaek-
TOpHSI IO/ IEUCTBUEM CUJIbI JIOpEeHIa MCKPUBIISIETCS, HO 3JIEKTPOH €IlIe MOMaiaeT Ha
a"on. IIpu HEKOTOPOM KPUTHYECKOM 3HAYE€HUHM MHIYKIUU N0 By, TpaekTopus Ka-
caercs anona. Hakoren, npu B > B, 211eKTpoH He JOCTUraeT aHOJa M AaHOIHBIN TOK
peKpaniaeTcs.

TpaexkTopuio 3JIEKTpPOHA MPU KPUTHUYECKOM II0JIE MOXHO CUHTATh OKPYKHO-
CTBIO, paJyC KOTOPOU paBeH MOJOBHHE paauyca aHoga R,. Jlns sroro cimyyas 3anu-

IEM paBCHCTBO, TaK KaK CHJIA HopeHua HUrpact poJib HCHTpOCTpCMPITCHBHOﬁ CHIJIbI

_2m&
R

a

e 9B

()

HOCKOHBK}’ MAargmMTHOC IIOJIC pa6OTBI HC COBCPpIIACT, TO KMHCTUYCCKAA SHCP-
' 3JICKTpOHA paBHaA pa60Te CUJI DJICKTPHUYCCKOI'O ITOJIA 110 IMCPCMCIICHUIO 3apiaaa OT

KaToaa K aHOAY, TO €CThb
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m9?

=eU._, 3
S ey, ©
riae U, - pa3HOCTh MOTEHITHATIOB MEX /Ty KaTOJIOM M aHOOM.
2eU
Orcrona 9= 2 (4)
m

[ToncraBinss (4) B (3) 1 mpoBeisi COOTBETCTBYIONIME MPeoOpa3oBaHus, MOTYyUUM:

e a
mT R ©

kp a
VYUUTBIBasA, YTO HHAYKIIKSA TIOJISA B COJEHOUAE B,, = 1l N, 3aIIMIIEM OKOHYATEILHO

=8U—2a’ (6)

e
. 2 2 2.2
m /,l :‘UO IKp Ran
rae |, — 3Hauenune Toka B CONEHOMJE, IPpU KOTOPoM B = B,,,; N — 4KCI0 BUTKOB Ha

€IMHUILY JUIMHBI cosieHouaa N = 2800 M'l; 4 - OTHOCHUTEJIbHAsI MAarHUTHAas MPOHUIIA-
€MOCTb, B JaHHOM cityyae u = 1 (Bo3ayx); R; =5,1 x 107 M;

7
U, - MaTHUTHAS MOCTOSIHHASA, w, =47 107" ['u/Mm.

®opmyna (6) MO3BOJSET HAUTH YIEIBHBIN 3aps]l JIEKTPOHA, €CJIU NP 3aaH-
HOM aHOJHOM HanpsbkeHuu U, HailleHO Takoe 3HaYyeHHe TOKa B cojeHoune |, npu
KOTOPOM 3JIEKTPOHBI MEPECTAIOT MOMAaaTh HA aHOJA M aHOJHBINA TOK MpeKpaliaeTcs.
Opnnako sTa opmysia BbIBEJIEHA B MPEIOI0KEHUU, YTO BCE AJIEKTPOHBI UMEIOT HA
MOBEPXHOCTU KATOJIa CKOPOCTh, PABHYIO HYJ0. AHOAHBIA TOK IIPU 3TOM M3MEHSICA
ObI Tak, KaK MOKa3aHO Ha pUCyHKe 36 MyHKTUPHON JTUHUEH.

Ha camom perne aneKTpoHBI, UCITyCKaeMbIe KaToJ0M, 00JIaal0T pa3InuyHbIMU
HaYaJIbHBIMU CKOPOCTSIMU. [l03TOMY KpUTHUECKHE YCIOBHUS JOCTUTAIOTCS JUISL pas-

HBIX 3JICKTPOHOB IIPH PA3JIMYHBIX 3HAYCHUAX TOKA B COJICHOUAC U KpUBaA Ia = f(|c)

npuoOpeTaeT BCIEACTBUE 3TOTO BUJ, U300paXKEHHBIN HA PUCYHKE 26 CIUIONIHOW JIH-
Huel. Kpome Toro, B peanbHbIX yCIOBUSX HEBO3MOXKHO 00ECHEUYUTh MOJHYIO KOAK-
CHAJIBHOCTh aHOJIa U KaToJla, a TaKXKe CTPOryr0 MapalieIbHOCTh OCEH COJeHOMIa U
KaToja.

Ot IIPpUYHUHBI IIPUBOIAT K AOIIOJIHUTCIBHOMY CIVIA’KUBAHUTO KpPIBOfI AHOJHO-
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ro Toka. 3Hayenue |, cienyer OpaTh B HAYaabHOW 4aCTH KPYTOrO y4acTKa Craja

AHOAHOI'O TOKaA.

Pucynok 26 - I'paduk aHOAHOTO TOKA.

IHopsaok BeINOJTHEHHUS PadOThI

1. CoOpath cxeMy MHUTaHUs IBYXJICKTPOTHOM JIAMITHI U COJIeHOu A (puc. 27).

258

Pucynok 27 - Cxema yCTaHOBKH JJIsl OTIPEICNICHUS yIETIBHOTO 3aps/ia JIEKTPOHA

2. YCTaHOBUT NEPEKII0YaTeNb AUANa30HOB U3MEPEHUS BOJIBTMETPA Ha MpeAe
30 B, MmumnamnepmeTpa — Ha 6 MA.

3. [locne mpoBepKu CXeMbl MPENnoiaBaTeeM BKIIOYUTh UCTOYHUKH aHOJIHOTO
NUTAHUS ¥ HaKaJla JJaMIbl. Y CTaHOBUTH aHOJHOE Hanpsikerune U, = 15 B.

4. BKIIIOYUT UCTOYHHUK MHUTAHUS COJICHOUAA U, YBEIUYUBAs TOK B COJICHOMJE,

CHSITh 3aBUCUMOCTD |, = f(I.). [Ipu cHATUM yKa3aHHOW 3aBUCUMOCTU TMPOU3BECTH 12

m3mepenuit |l u l,, mensia Tok ot 0 7o 3 A. Korja HaunHaetTcsi yMEeHbIIIEHUE aHO/I-
HOT'O TOKa, 3aMepbl TPOU3BOJAUTH, IO BO3MOKHOCTH, Yallle.
5. Yka3zaHHbIe U3MEPEHUS] TPOU3BECTU MPU 3HAYECHUHM AaHOJHOTO HAMPSIKEHUS

20 u 25 B.
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6. Pe3ynbraTel n3Mepenuii 3aHecTy B Tabmiry19.

Tabnuma 19- Pe3ynbTarsl u3MepeHuit

U,=15B U,=20B U,=25B
I | | I
la Lo = la L - la Lo =
1
2
3
4
5
6
7
8
9
10
11
12

7. Ilo moday4YeHHBIM JTaHHBIM MOCTPOUTH XapakTtepuctuku |, = f(l.), onpene-

a

JINTb KPUTHYCCKHUEC 3HAYCHUA TOKA COJICHON A.

I
8. PaccumraTh 3Hauenue — 1o dopmyie (6).
m

9. Haiitu cpeaHee 3HAYEHUE YJIENBHOrO 3apsijia U OLUEHUTh MOTPEIIHOCTh pe-

3yJbTaTa.

KoHTpoabHbIE BOIIPOCHI
1. Yto Ha3bIBaeTCA yAETBHBIM 3apsI0M dJIEKTpOHA?
2. CyImHOCTh METO/Ia ONIPEACIICHHsI YASIHHOTO 3apsia B JaHHOU paboTe?

3. Kakue npyrue MeTonpl CylecTBYIOT JUIsl ONPEAEIICHUS YAEIbHOT0 3apsaa’?
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4. Yto Takoe cuina JIopeHua, Kak onpeaensiercs €€ BeJIMYrHa U HalpaBJIeHUE?

5. [lo kaxoif TpaeKTOpuH OYJET ABUTAThCA 3JIEKTPOH, BIETAIOUINI B OJHOPOI-
HOE MarHUTHOE I0JI€, MEPIEHANKYISIPHO CHIIOBBIM JIMHUSAM ?

6. O6bsacHUTD 3aBUcUMOCTH |, = f(l_), MOTy4YeHHBIC B JaHHOU padoTe.

/. @opMyina 71l BBIYMCIICHHS YAEIBHOIO 3apsa METOIOM MarHETPOHA.

8. UTo Ha3pIBaeTCA KPUTHUECKON HHAYKIHMEN (KPUTHYECKUM TOKOM)?

BriBOA:

76



JlaGopaTtopnas padora Ne 12

OIIPEJIEJIEHUE TOPU3OHTAJIBHON COCTABJISIIIIEN
HANIPSKEHHOCTHU MATHUTHOT O ITOJISI 3EMJIUN
ITPU IIOMOIIU COJIEHOUJIA

Heap padoThI: onpenelieHue TOPU30HTAIBHOW COCTABIISIONIEH HAMPSIKEHHO-
CTHM MarHUTHOTO TOJIs1 3€MJIM J1JIsl JTAHHOTO MEeCTa.
IIpuGopsl U NMPUHANIEKHOCTH: COJICHOM] Ha MOJICTaBKE, aMIIEPMETP, PEO-

CTaT, UICTOYHHUK IIOCTOSHHOI'O TOKaA, ,Z[BYXHOHOCHblﬁ IMNEPECKI0YATCIIb.

Teoperuuyeckoe BBegeHHE
3emJisl PEeACTaBIsIeT COO0M OTPOMHBIN IMIAPOBOM MArHUT, MOJIOCa KOTOPOTO
Jexar BOJIM3H reorpa@uueckux MOJI0COB: BOJIM3H CEBEPHOTO reorpaguieckoro mo-
JIFOCa PaCTIONIOKEH FOKHBI MarHUTHBINA TIOJIOC S, a I0)KHOTO Teorpaduyueckoro - ce-
BepHbIii MarHuTHBIA N (puc. 38).
B m1000if TOUKe TMPOCTPAaHCTBA, OKPYXKAIOIIETO 3eMJII0, M Ha €€ TTOBEPXHOCTH
0oOHapy>XKUBaeTCsl JCUCTBHE MAarHUTHBIX CHJI, T.e. B MPOCTPAHCTBE, OKPYKAIOIIEM

3CMJIIO, CO34aCTCA MArHHUTHOC IIOJIC, CHUJIOBBIC JIMHHUHU KOTOPOI'O I/I306pa)K€HLI Ha

(puc. 28).

Ipl -

Pucynox 28 - MarauTtHoe mose 3emiun
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MarnuTHoOe noJie 3eMJIM Ha 3KBAaTOPE HAMNPABICHO FOPU3OHTAIBHO (T. B), a'y
MarHUTHBIX MOJKOCOB — BEPTHKAIBHO (T. A). B ocTambHBIX TOYKax 3€MHON MOBEPX-
HOCTH MarHUTHOE MOJI€ 3€MJIM HAIPABJICHO MOJI HEKOTOPHIM yriioM (T. K).

OCHOBHBIMU XapaKTEPUCTUKAMU MAarHUTHOTO MOJS SBJISIIOTCS BEKTOPHBIE Be-
JIMYUHBL: MHIAYKIUS B W HANpsHKeHHOCTh H . BexTop B sABIsETCSA CHIIOBOM XapakTe-
PUCTUKOU IIOJS U MOXKET ONPENENATHCS U3 3aKOHA AMIIEpa, BBIPAXKAIOLIETO CHUILY,
KOTOpasi JIEMCTBYET Ha DJIEMEHT JUIMHBI MPOBOJHUKA C TOKOM |, MOMEIIEHHOTO B
MarHuTHOE IMOJIe:

dF = 1B,

rae dF - cuna; dl - BEKTOp »J1eMeHTa JUIMHBI IIPOBOJHUKA, IPOBECHHBII B HAIIPaB-
JIEHUM TOKA; B - MarHMTHas MHIYKIHUS B TOM MECTe, Iie IIOMeIaeTcs SIeMeHT dl .

W3 3akoHa Amrepa ciieayer, YT0 MarHWTHas WHIAYKIHsS B YHCIEHHO paBHa
cuJjie, AEUCTBYIOIIEN CO CTOPOHBI MArHUTHOTO MOJISI HA €JUHHULLY JJIMHBI IPOBOJIHU-
K4, pAaclOJIOKEHHOTO NMEPIEHINKYIISIPHO K HAMPABIEHUIO MAarHUTHOIO TOJIS, MO KO-
TOPOMY TEUET DJIEKTPUYECKHUI TOK €JUHUYHOU cuibl. B cucreme «CU» B usmeps-
€TCS B TECJIAX.

Hanpasnenue cunbl dF OIpenesnseTcs mo MpaBuily JE€BOH PYKH: €CIIU JIaJd0Hb
JIEBOM PYKH PACIIONOKHUThH TaK, YTOOBI B HEE BXOIWIN JMHUU MAarHUTHOW WHIYKIIHH,
a 4eThIpe BTAHYTHIX MAJIbIIa YKA3bIBATH OBl HAMPABICHHUE JIEKTPUUECKOTO TOKA, TO
OTCTaBJICHHBIN OOJIBIION Majiel] yKakeT HaIlpaBJICHUE CUJIbI, AEMCTBYIOLIEH CO CTO-
POHBI TOJI1 HAa TPOBOIHUK.

Hanpsok€HHOCTRIO H  MArHMTHOIO TIOJNISt HA3bIBAETCS BEKTOPHAS BEIMYMHA,
XapaKTepHU3yIolllas MarHUTHOE T0JI€, CO3/IaHHOE ABMKYIIIMMHUCS 3apA1aMU U TOKAMU,
Y HE 3aBUCSIIAs OT MAarHUTHBIX CBOMCTB CPEJIBI.

JI711 U30TPOTTHOM Cpeibl:

;B

H= )
Hidy

/8



-7
I7I€ 4, - MAarHUTHAs MOCTOsIHHAS, w4, =47 10" ['H/M; x4 - MarHuTHas npoHuLA-

CMOCTBb CpCAbl; ITOKA3bIBACT BO CKOJIBKO pPa3 MaroHuTHasg MHAYKIOUA B CPpCAC OTJINYaA-

CTCA OT MHAYKIIUHY MAaroHuTHOT'O IT0JII B BAKYYMC:

/IZB—-

c

B cucreme «CU» HanpsnkEHHOCTh MArHUTHOTO TOJIA H U3MepsieTcs B A/M.

Hanpsik€HHOCTh 36MHOTO MarHMTHOTO MOJisi B JIIOOOM TOYKE MOBEPXHOCTH
3eMJIi UMEET JIBE€ COCTABIIAIOIIME: BEPTUKAIbHYIO H, WM FOpPU3OHTalbHYW f,. Uc-
KJIFOUEHHUE COCTABIIAIOT TOUKHM MarHUTHOTO 3kBaTopa (H, = 0) 1 MarHUTHBIE MOJIOCA
(#, = 0). HanpaBiieHue rOPU30HTAIBHON COCTABJISIFOINECH MArHUTHOTO IMOJIA 3eMITH
H, TIpUHHUMAETCs 3a HalpaBJ€HUE MATHUTHOIO MEpHAMAaHa, a BEPTUKAJIbHAS IJIOC-
KOCTb, TPOXO/ISIIIAs Uepe3 Hee, HAa3bIBACTCS MIIOCKOCThIO MAarHUTHOTO MEPHIMAHA.

VYron o MeXAy HarpaBiI€HWEM MAarHUTHOIO MO 3€MJIM U TOPU3OHTAIbHOMN
MJIOCKOCTBHIO HA3bIBAIOT YIJIOM HAaKJIOHEHUs, a Yroj [3 mMexay reorpaduyeckum u
MarHUTHBIM MEPUIMAHOM — YTOJI CKIIOHEHUS.

CyniecTBOBaHME MAarHUTHOTO TIOJIA B JIFOOOHM TOYKE 3€MJIM MOXHO YCTAHOBHUTD
C TIOMOIIbIO MATHUTHON CTPEJIKH.

Ecnu marHuTHas crpenka yKpersieHa Tak, YTO MOKET BpPallaThCs TOJIBKO BO-
KpYT BEPTUKAJIBLHOU OCH, TO JEHCTBUE BEPTUKAIBHOM COCTABIAOLIEH H, KOMIEHCH-
pyeTcs IeCTBUEM pEaKIMU CO CTOPOHBI OCHU U B pe3yJIbTaTe CTpPEJIKa yCTaHABIMBA-
€TCsl BAOJb TOPU30HTAIBHON COCTABIISAIONIEH MarHUTHOTO TOJiA 3eMJIH, T. €. B IJIOC-
KOCTHM MarHMTHOTO MEpHUJIMaHa MPOXOISAIIET0 Yepe3 TOUKY, IJIe HaXOJUTCS CTpelKa.
[Tpu sTOM, BCieICTBHE NEUCTBUSI MATHUTHBIX CHUJI OHA PACIOJIOKHUTCS CBOMM CEBEP-
HBIM TOJIOCOM 0 HAIpaBJICHUIO K I0KHOMY MarHUTHOMY MOJOCY 3eMJIH, U, CIIeI0-
BaTeJIbHO, K CEBEPHOMY reorpaduuecKoMy.

3HaHWE TOPU3OHTAIBLHON W BEPTUKAIHHOM COCTABIISIIONIMX HANPsHKEHHOCTH
JAHHOTO MArHUTHOTO TOJII UMEET OOJIBIIOE MPAKTUYECKOE 3HAUCHHUE, TaK KakK MO3-
BOJISIET YCTAHOBUTh TOYHOE 3HAUYCHUE HAIPSHKEHHOCTH MArHUTHOTO TMOJsS 3eMIId B

JaHHOM MCCTC.
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B nacrosimieit pabore u3MepeHrne ropu30HTATBHON COCTABIISIFOIIEH HAIIPSIKEH-
HOCTH 3€MHOT'O MarHUTHOTO TTOJISI IIPOU3BOIUTCS TIPH TIOMOIIH COJICHOU A, KOTOPBIN
npeacTaBiIseT coooi kobito N (N = 160) BUTKOB, B IIEHTPE KOTOPOTO MOMEIIACTCS
MarHuTHas CTPeJIKa, MMEIOIIast BO3MOXKHOCTh BPAIAaThCs BOKPYT BEPTHKAITBHON OCH.
[Tpr OTCYTCTBUH TOKa B KPYrOBOM IPOBOJHHMKE CTPEIJIKA pacriojiaraeTcs o Harpas-
JICHWIO 36MHOTO MAarHUTHOTO MEpPHJIMaHa; €CIM IPH 3TOM IUIOCKOCTh BUTKA pacIo-
JIO’)KEHA B MJIOCKOCTH MEPHJIMAHA, TO CTPEJIKA OKAKETCS PACIONIOKEHHON B TIOCKO-
cti BUTKa. [Ipy BKIIFOUEHHWH TOKA, MAarHUTHOE TI0JIE KPYrOBOrO MPOBOJHHUKA OyjIeT
HAIPABJICHO MEPIECHINKYIIIPHO K INTIOCKOCTH BHTKA.

Ha ctpenky OyayT AeicTBOBAThH J1Ba B3aMMHO MEPICHIUKYISIPHBIX MarHATHBIX
TI0JISI; MarHUTHOE TT0JIe 3eMJIM M MarHUTHOE Tosie Toka. Ha pucynke 39 nzo0paxeHo
CedeHHe KaTylIKA TOPU30HTAIBHON IJIOCKOCTBIO. 31€Ch H - BEKTOP HANPSKEHHOCTH

oJrsA, CO3AAHHOTO KPYT'OBBIM TOKOM, HF - TOPU30OHTAJIbHAA COCTAaBJIAIOIIAA MAIrHUT-

HoTro noJjst 3emiu. CTpeska ycTaHABIMBAETCS MO HAMIPABICHUIO PABHOICUCTBYIONIEH

H T. €. IO AWAroHalIn mapajicjorpamMmma, CTOpoOHaMHi KOTOPOTI'O ABJISAIOTCS BEKTO-

pe3

PbI HAIIPSHKEHHOCTEN MarHUTHOTO TIOJISl KPYTrOBOTO TOKa H M A, .

H s 7

Pucynok 29 - Cxema yCTaHOBKH

W3 pucynka 39 BUIHO, YTO H=H1tgy @

C npyroii CTOpOHBI, HAMIPSKEHHOCTH MArHUTHOTO TI0JIS B LIHTPE KATYIIKU

In
CoJIeHOM 1a BbIuucisieTcs no popmyne: H = (2)
r
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rae | - Tok, Tekyuuii B BUTKe, A; I - palyCc BUTKA KaTyIIKH, M; N - YUCJIO BUTKOB.

Torna g =H1tgy, (3)
OTtkyna H, = %é : 4)

IMopsiioK BBINOJIHEHHSI PAGOTHI
I. Cobuparot memnsb 1o cxeme (puc. 30)
2. IoBopaunBasi COJICHOU ] ¥ KOMITAC, YCTaHABIMBAIOT IJIOCKOCTh COJICHOM 1A B
IUIOCKOCTH MarHMTHOTO MEPUAMAHA TaK, YTOObI OJUH KOHEI CTPENIKK coBmai ¢ 0°.
3. 3aMbIKarOT Ienb. JIBHKOK peocTara IPU 3TOM HOJUKEH OBITh yCTAaHOBICH
Tak, 4TOOBI YTrOJI OTKIIOHEHHs CTPEIKH Kommaca Obu1 ObI okoso 20°. Kak TOJIBKO
CTpeJiKa KoMITaca MPUAET B paBHOBECHE, OTCUNTHIBAIOT IO KPYTrOBOM IIIKalle KOMITaca

YToJI OTKIIOHCHUA CTPCIIKU y .

|

Pucynox 40- Dnekrpuueckas 1enb

4. He MeHss BEeIMYMHBI TOKA |, N3MEHSAIOT NEPEKIIOYATENEM €r0 HaIllpaBIEHUE

Y U3MEPSIIOT BEJIMYMHY OTKJIIOHEHHUSI CTPENKH (Yyroia y, ). bepyT cpeqHee 3HaueHue yr-
na y. OneIT MOBTOPSIIOT TPU pa3a NpH Pa3IudHOM TOKe. BeanunHy TOKa U3MEHSIOT,

MCHS ITOJIOKCHHUC IBUKKA HAa PCOCTATC.

5. TloacraBnsas mocineAoBaTeIbHO M3MEpEeHHbIe 3HaueHus y Gopmyny (4),
HaxOIsT TpH 3HayeHus H, .Beruucisior norpemHoctd. Pe3ynbTaThl M3MEpeHHd 1

BBIUMCJICHUN 3alIMCHIBAIOT B Ta6J'II/II_Iy.
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Tabnuma 20 — Pe3ynbraTsl u3MepeHus

OnbITHI

I, A

71

0

V2

0

Vs

197

A/m

2.cp !

A/M

Hrcp.iA Hr.

O©| 00| N O O | W N| B+~

KoHTpoJsibHBIE BONIPOCHI

1. Onpenenenue MarHUTHOTO TIOJIS,, OCHOBHEIE XapaKTepUCTHKU 1ons (H,B).

3akoH buo-Casapa-Jlamnaca, 3akon AmMriepa.

2. Ilone KxpyroBoro Toka.

3. Meron omnpeneneHus: TOPU3OHTAIBHOW COCTABISAIONIEH HAMPSKEHHOCTH

MArHUTHOTO T10JI1 3E€MJIH.

4. ChopMynupoBath MpaBuiIo OypaBuMKa U MPABUIIO JEBOU PYKH

5. B xakux eguHunax uzmepsercs B cucreMe CH HanpsyK€HHOCTh U MHTYKLHS

MAardmMTHOI'O ITOJIA.

6. UTo Ha3bIBA€TCS MArHUTHOW MPOHUIIAEMOCTHIO BEIlIeCTBA?

7. Yemy paBHO 3HaY€HUE MAarHUTHON NpoHuLaemMoctu B cucreme CHU?
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BriBOA:
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JlaGopaTtopnas padora Ne 13

OIIPEJAEJIEHUE JJIMHbI BOJIHBI U3JIYYEHUSA
OIITUYECKOI'O KBAHTOBOI'O TEHEPATOPA

Ileab padoThI: OonpEaACIICHUC OJIMHBI BOJIHBI M3JTYYCHUS JIa3€pa MMpHu IMMOMOIIH

TU(PAKIIMOHHOW PEHIEeTKH, O3HAKOMJICHHE C MPUHIUIIOM ACHCTBUS ONTUYECKOIO
KBaHTOBOT'O TeHeparTopa (J1azepa).

IIpubopsl ¥ npuHaaIekHocTH: nazep JI[-56 ¢ 6moxom nuTanus, AUPpaKIu-

OHHAas peméTKa, 9KpaH C ACJIICHUAMMU.

Teoperuuyeckoe BBegeHHE

HcTouHnKOM U3TydeHHs B TaHHOW paboTe sSBIIETCS ra30BbIi Ja3ep. ITO KBaH-
TOBBI TeHepaTop, paboTarouii B 00JaCTH BUIMMOTO cBeTa. Jlydu, BhIXOAAIIUE W3
Ja3epa, MOHOXPOMATHYHBI, KOTEPEHTHBI U1 UMEIOT Y3KYI0 HalpaBJIEHHOCTb. B OCHOBe
paboThI Ta3epa JEKUT SBJICHUE BBIHYKJIEHHOTO (MHIYIIMPOBAHHOTO) U3TyUYEHUSI.

ATOM 111000r0 XMMUYECKOTO 3JIEMEHTA, COTJIacHO TJIaHETapHOU MOJENU U TO-
ctynataM bopa, MOXeT HaxOAWThCS JHIIb B ONMPEACIEHHBIX (AUCKPETHBIX) SHEpTe-
TAYECKUX COCTOSIHUSX. DTH COCTOSIHUSA XapaKTEPU3YIOTCS IBUKEHHEM JIJIEKTPOHOB
M0 CTaIMOHAPHBIM opOuTaM. JIBHKEHUE PJIEKTPOHOB HA ATUX OpOUTAX XapaKTepU3y-
€TCsl ONpPEAECIEHHON PHEPTUEHN U, CIENOBATEIbHO, IPU MEPEXOE JIEKTPOHA HA JIPY-
I'YIO CTAllUOHAPHYIO OPOUTY XapaKTepU3yeT JIPYrol 3HEpreTUUECKU YPOBEHb BCETO
aToMa JaHHOI'0 XUMHUYECKOI'0 3JIEMEHTA.

IlycTe aTOM MMeeT Ba COCeNHUX dHEpPreTudecknx ypoBHs E; u E,. Ecniu atom
norjomaet ¢potoH ¢ sHeprueii hv = E; — E,, To oH npuaET B BO30YKAEHHOE COCTOSI-
HUe U ¢ ypoBHs E; mepeitnér na yposens E,. [Ipu o6paTtHOM miepexoae OyaeT uziy-
4yeH (OTOH TOH ke sHepruu. M3nydeHrne GOTOHOB aTOMaMH MOKET OCYIIECTBIATHCSA
nByMst yTsiMH. [IepBbIii MyTh — CIIOHTAaHHOE U3TY4YEHHUE, KOT1a BO30YKICHHbIE aTo-

MBI CAMOIIPOU3BOJIBHO BO3BPALIAIOTCSA B UCXOJIHOE COCTOSIHME. BTOpOi MyTh — HH]TY-
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nupoBanHoe u3nydeHue. CyTh ero B cienytonieM. Eciu MuMo BO30YyKIEHHOTO aTo-
Ma npoJeTuT GoToH ¢ 3Hepruel, paBHoi (E, — E;), To atom nepeita€t Ha 0osee HU3-
KU SHEPreTUYeCKUil ypOBEHb U UCIYCTUT (POTOH, KOTOPBIN TOOABUTCS K Maiarollie-
My. Takoe BBIHYXIEHHOE M3Ty4YE€HHUE M HA3bIBACTCS MHIYIMPOBAHHBIM WJIH CTUMY-
aupoBaHHbIM. Mcnyckaemble npu 3ToM (POTOHBI B TOYHOCTH COBHAAAIOT MO YaCTOTE,
¢dase 1 HaMPaBICHUIO C HHAYLIUPYIOIIMMU (OTOHAMMU.

NunayuupoBanHbie (OTOHBI, ABUTASCh Jajiee B OJHOM HaIpaBICHUU U BCTpeE-
yasi Apyrue BO30Y>KJIEHHBIE aTOMbl, BHOBb CTUMYJIUPYIOT U3TyYEHUE TOXKJECTBEH-
HBIX ¢ HUMHU (PoTOHOB. Tak mosBseTCs JaBUHHOE HapacTaHUe ynciia ()OTOHOB.

Jliist ycneniHoi paboThl 3TOr0 MEXaHW3Ma YCUJIEHUSI CB€Ta HEOOXOAUMO, YTO-
Obl YKCIIO MHAYLIHUPOBAHHBIX IMEPEXO0JIOB C HCIycKaHueM (OTOHOB OBLIO OOJIbIE
YHUClia MEePexo/0B C MOIIoeHneM (POTOHOB TOM XK€ 4acTOThl. [[s1 3TOro Hy»XHO,
YTOOBI YHCIIO aTOMOB Ha BEPXHEM YPOBHE ObLJIO 0OJIbIIIE YKCIIa aTOMOB Ha HIKHEM
ypoBHe. Takoe COCTOSIHME CHUCTEMBbl aTOMOB HAa3bIBAETCS COCTOSIHUEM MHBEPCHOM 3a-
cenénnoctu. [Ipoiecc nepeBosa cpeqibl B MHBEPCHOE COCTOSIHHE C TTOMOIIBbIO BHEIII-
HUX UCTOYHHUKOB HEPTUU HA3BIBACTCS HAKAYKOU.

[ToryyeHrne MHBEPCHOTO COCTOSIHUSI CUCTEMBI CBSI3aHO C HAJUYHEM TaK Ha3bl-
BAa€MbIX METAcTaOUIILHBIX ypOBHEW. MeTacTaOmibHbIE YPOBHU - YPOBHHU, CIIOHTAH-
HBIE TIEPEXO0/Ibl C KOTOPHIX 3aIpEIIeHbI MPaBUJIaMU KBAaHTOBOM MexaHuku. Eciu atom
NEePEeBECTH HAa METACTaOUIIBHBIN YPOBEHB, TO B TAKOM COCTOSIHUU aTOM MOET Haxo-
JUTHCS CPABHUTEIILHO JIOJITO (/IO TEX MOP, TOKA BHEIIHEE U3TyYECHUE HE BHI3OBET MH-
JTyIUPOBAHHBIN MEPEXO]).

CymHOCTh HaKa4YKU COCTOUT B CJIEAYIOMEM. ATOMBI U3 OCHOBHOTO COCTOSIHUS
[ B30y naroTcs cHaudajga Ha 0ojiee BHICOKHE YPOBHH 3, a 3aTe€M OBICTPO MEPEXOJIAT
Ha METacTaOMJIBHBIN YypoBeHb 2. BeposTHOCTH CroHTaHHOTO Tepexona 2-1 3Haum-
TeIHbHO MeHbIe mnepexona 3-2. [loaTomy mpu MOCTATOYHO OOJNBIIONW MOITHOCTH
HAKa4K{ YMCII0O aTOMOB Ha YPOBHE 2 MPEBBICUT YMUCIO aTOMOB Ha ypoBHe 1. Tak mo-
CTUTAETCS COCTOSIHUE WHBEPCHOU 3aCEICHHOCTH.

Taxkum 06pa30M, I''IaBHBIMHU COCTaBHBIMHM YaCTAMH OIITHYCCKOI'O KBAHTOBOI'O
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reHeparopa sBisieTcs: 1) akTuBHas cpena, B KOTOPOW BO3HHUKAET WHIYLMPOBAHHOE
U3Ty4YeHHUe, (AKTUBHOM CPeIoil MOXKET OBITh TOJIBKO Takasi cCpe/ia, B KOTOPO UMEIOT-
Cs MeTacTaOWJIbHBIE YPOBHH); 2) MCTOYHHK BO3OYXKICHUS CpeIbl; 3) YCTPOUMCTBO,
MO3BOJISIIONIEE YCUIUBATHCS (DOTOHHOMW JTaBUHE (PE30HATOP).

AKTHBHOM CpeIOM B Ta30BbIX JIa3epax sABJISETCA ra3 WM cMech ra3oB. Hampu-
Mmep, sazep JI['-56 paboraer Ha cMecH Ia30B Iejivsd U HEOHA, 3aKJIIOYEHHBIX B Ta30-
Byto TpyOKy. Ilo kOHIaMm TpyOKHM pacrosiararoTcsi METAUIMYECKHE 3JIEKTPOJIbI
TpyOxa pacmonaraercss Mexay ABYyMs 3epKajamu , oOpasyromuMu pe3oHaTtop. Ee
TOPLIBI MPEACTABIISIIOT COOOM MIOCKO-TIApaIeNIbHbIE KBapLIEBbI€ IJIACTUHKH, PaCIIo-
JIO)KEHHbIE K Jy4y noj yrioM bproctepa. Benencrue 3Toro Bbelmeamui ayy OyaeT
IOJISIPU30BaH.

B mpounecce razoBoro paspsna nojx IeUCTBUEM YAAPOB AJIEKTPOHOB IPOUCXO-
JUT BO30YXKIEHUE aTOMOB T€JIHsI ¥ MEPEX0]l UX C OCHOBHOI'O YpoBHs | Ha ypoBeHb 2.
Bo30yxneHHble aTOMBbI relusi B CBOIO OYEpE]b CTAIKHBAIOTCSI C arOMaMU HEOHA.
[Ipu 3TOM aTOM renusi OTAAET CBOKO SHEPTUIO, MEPEXOAA HA 1-bIii YPOBEHB, a aTOM
HEOHa BO30YyKJ1aeTcd U MEPEeXOAUT Ha CBOM 4-ii ypOBEHb, KOTOPBIN SIBJISETCS METa-
cTabuiIbHBIM. B pe3ynbrare moigydaercs MHBEpPCHAsl 3aCEJIEHHOCTh 4-r0 YpOBHS He-
oHa. Ecin mumo B030yxkAEHHOTO A0 4-r0 YpOBHSI aTOMa HEOHA MPOJETaeT (POTOH
COOTBETCTBYIOIIEH SHEPTUH, TO HAUMHAETCS MHIYLIUPOBAHHOE U3nyueHue. GoToHsl ¢
HaIpaBJICHUEM JABUKEHUSA, NMapajUyiedbHbIM OCHU TPYOKH, OTpa)kaschb OT TOPLOBBIX
3epKaJl, BOBJIEKAIOT BCE OOJIbIlIee YUCIO aTOMOB HEOHA B MHIYLIMPOBAHHOE HU3IIyYe-
Hue. OHO U3 3epKajl JIeNIaeTcs MOJIyNpPO3payHbIM, YTOOBI YacTh M3JIYYEHUs] MOTJja
BBINTH HAPYXKY.

N3nydenue npoucxoauT Npu Nepexoae aToMOB HEOHA C 4-10 Ha 3-il YPOBEHb.
ITockonBKY 3T YPOBHU COCTOSIT M3 OTAENBHBIX II0yPOBHEH, TO BO3MOXKHBI pa3iany-
Hble KOMOMHAIMK [IEPEXOA0B, KaXJA0HW U3 KOTOPBIX COOTBETCTBYET CBOS JJIMHA BOJI-
Hbl. [lonOupas paccrosiHue MexIy 3epKajaMu pe30HaTOpa, MOXKHO BBLICIUTH U3
BCEr0 BO3MOXXHOT'O CIIEKTpa TOJBKO Ty JUIMHY BOJHBI, Ha KOTOPYIO PE30HATOP

HaCTPOCH.
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Kpatko onumem nudpakinOHHBIA METOJ U3MEPEHHS JIIMHBI BOJIH CBETa, JJIS
Yero pacCMOTPUM OCHOBHBIE MOMEHTHI 3JIEMEHTApHOUN Teopun TUGpaKuOHHON pe-
metk. JudpakinuonHas pemeéTka MpefcTaBisieT co00M COBOKYITHOCTh OOJIBIIOTO
YHUCJIa OYEHb Y3KHX ILEJIEH, pa3IeIEHHbIX HEMPO3pauHbIMU IPOMEXyTKaMu. Paccro-
sare d Mexay cepeuHaMHU COCEIHUX IeJieil Ha3bIBAaeTCs MOCTOSHHOW WU TEpUO-
noM pemeTkd. Mcmonb3yeMass B JaHHOW paboTe AMQpaKIMOHHAs pemeéTKa Mpe-
CTaBJISIET COOOM CTEKJISIHHYIO IUIACTUHKY, HA KOTOPOM OCTPO OTTOYEHHBIM aJIMa3HbIM
OCTPHUEM HAHECEH Psiji MapajuIeIbHbIX IITPUXOB C MPOMEKYTKAMU MEXAY HUMU. Ye-
pe3 MPOMEKYTKU MEKIY IITPUXAMHU CBET MPOXOJUT, CAMHU K€ IITPUXH SBISIOTCS He-
PO3PAYHBIMU ISl CBETOBBIX JTyUEH.

[lycTh Ha peméTKy majgaer MIOCKash MOHOXPOMATHUYECKas BOJIHA JJIUHBI A .
BTOpuuHblE HCTOYHUKH B IIEJSAX CO3JAIOT CBETOBBIE BOJIHBI, PACHPOCTPAHSAIOIIAECS
10 BCEM HampaBiieHUAM. HaiineM ycinoBue, mpu KOTOPOM UAYIIME OT IIEIEH BOJHBI
npu UHTep(epeHIuu yCUIIMBAIOT APYT Jpyra. PaccMoTpuM Ui 3TOTO BOJHBI, pac-
IPOCTPAHAIOIIMECS B HANPABICHHUH, ONPEAEISIEMOM YIJIOM « . Pa3HOCTB X018 MEX Iy
BOJIHAMH OT KpaeB coceqnux meneil paBHa AC. Ecinu Ha 3TOM OTpe3Ke yKJIaJbIBaeT-
Csl 1IeJI0€ YMCIIO JJIMH BOJIH, TO BOJIHBI OT BCEX INEJeH, CKIabIBasICh, OYOyT YyCHUIH-

BaTh pyT Apyra. 13 AABC cnenyer AC = AB sinag = d Sina.

Maxkcumymbl OyyT HAOJIIOIATHCS IO YTIIOM a OIpPEAeIsieMbIM YCIOBUEM

dsina =n 2, (1)

rae N =0, 1, 2,.... 3T MaKCUMyMbI HA3bIBAIOTCS TJIABHBIMHU.

VYriael «, ynosinerBopswonme yciaoButo (1), onpenensitoT MmoJoKeHUE MaKCH-
MYMOB Ha KpaHe.

Tak Kak MoJI0KEHUE MAKCUMYMOB (KpOME IIEHTPaIbHOI0, COOTBETCTBYIOIIETO
N = 0) 3aBUCHUT OT JUIMHBI BOJHBI, TO PEIIECTKA pasjiaracT Oeiblid CBET B CIIEKTp. Yem

Oonplie A, TEM JajblIe pacrojiaraercss TOT WJIM MHOM MakCHUMYM, COOTBETCTBYIO-
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M TAaHHOM JUIMHE BOJIHBI, OT LEHTPAIbHOr0 Makcumyma. Kaxxaomy 3Ha4ueHUIO N
COOTBETCTBYET CBOM CIEKTP.

C noMonIp0 PEMIeTKH MOXKHO MPOU3BOJUTh OU€Hb TOYHBIE U3MEPEHUS JJTHBI
BOJIHBL. ECIIM TIepHO1 pemIeTKN U3BECTEH, TO ONPEICICHNUE JIMHBI BOJHBI CBOAUTCS K

N3MCPCHUIO JJa o, COOTBETCTBYIOLLICTO HAIIPABJIICHUIO HA MAKCUMYM (PHUC. 31 .
yr y y

U3 (1) monmyunm: A= d sinna (2)

DTO BBIpAKECHHUE SABISICTCS OCHOBHOW pacy€THOM (POpMysIoil 1isi BEIYUCICHUS

JUTUH CBETOBBIX BOJIH C MTOMOIIBIO TU(GPAKITMOHHON PEIIETKH.

Pucynok 41- Xop iydeit mociae mpoxoxaeHust AUGPakImOHHONW pelieTKH

[TpuHIMIHATEHAS CXeMa YCTAaHOBKH JIJISL ONPEICICHUS JUTHHBI BOJHBI U3JTy4e-
HUS J1a3zepa n3o0paxeHa Ha pucyHke 32. Ha nudpakimoHHyro peneTKy mnajgarT Mo-
HOXPOMATHUYECKHUE JIyUd OT JIa3epa, KOTOPBIC BCIEACTBUE MAJIOTO YIJIa PACXOKIACHUS
MOXKHO CYHTATh MapauIeIbHBIMH. PerreTka HaxoauTcst Ha pacctosHuu | oT skpaHa.
PaccrostHue Mexay cpeaHUMH TOYKaMH TU(PAKIHOHHBIX MaKCHMYMOB COOTBET-

CTBYIOILIETO MOPsAKa 0003HAUMM yepe3 X

Pucynok 32 - JludpakunoHHble MAKCUMYMBI
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Jlnis onpeniesieHus AMUHBI BOJIHBI A 110 opmyiie (2) HeoOX0IUMO 3HATh Sin « .

: . X
Tak kak | >> X, T0 sin ¢ = tg a u Toraa sina =tga =3 (3)

[loncrapnsist 3HayeHue sin a u3 (3) B (2), HOJy4YUM OKOHYATENIbHYIO (GOPMYITY

JJI HaXOXKACHUA AJIMHBI BOJIHBI

_xd
2nl

(4)
PaGoTa BeITIONHSETCS Ha yCTaHOBKE, M300pakeHHOW Ha puc. 1 u 2. Jlazep u
nudpakIMoHHas PEMIETKa MOTYT MEPEeMEIIaThCsl, YTO MO3BOJISIET MOMYyUUTh YETKYIO

TG PaKIMOHHYIO KapTUHY Ha SKpaHe.

IHopsinok BbINOJIHEHHUSI padOTHI
1. BxtouuTs 6JIOK MUTAHUS JIa3epa B CETh.
2. JloGuTthcs 4€TKON MU paKIIMOHHON KapTUHBI Ha dKpaHe.
3. U3meputsh pacctosinue | oT tudpakimoOHHOM PEIETKH 10 SKpaHa.
4. I3MepuTh Ha SKpaHE PaCcCTOSHUE X [ MAKCUMYMOB 1-Tr0 U 2-TO MOPSIKOB.
M3mepeHus Ipou3BECTH 10 3 pasa i pa3InvHbIX .
5. 1o ¢popmyre (4) BRIUUCTUTD JJIMHY U3ITyUYEHHUS Jla3epa.

6. BeIaucIuTh OTPEIIHOCTh U3MEPEHUH 110 (hopMYyJIaMm:

ﬂ’max — ﬂ“min ’1
2

AL
OTHOCHUTCIJIbHAA IIOTPCIIHOCTL & = 7

a0COJTIOTHAS TIOTPEITHOCTh A =

6. OKOHYATENIBHBIN PE3yIbTAT 3alUCaTh B BUJC: A =(1 +A1) M.
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Tabnuma 21. Pe3ynbTaTsl H3MEpeHHit

I (cm) [Topsimok cniekTpa X (cMm) A (M)
n=1
n=2

[TpubmmxeHHOe 3HAYCHHE A,

AGCoIII0THas! TOTPENTHOCTh A4

KonTpoabHbie BONIPOCHI
1. YUto nexuT B OCHOBE pabOTHI J1azepa?
2. Uto Ha3wiBaeTcs audpakinueit cera?
3. O0bscHUTE TPOXOXKICHUE CBETA Yepe3 NU(PPAKIIMOHHYIO PEIIETKY.

4. BreiBectr pacdy€THyr0 GOpMYIy IS OTPENeTICHUs IJIMHBI BOJHBI B JaHHOMN

. UTo Ha3bIBaeTCs MEpUOAOM TUPPAKINOHHON PEIIETKH?

. I[aTB IMOHATHUC PA3HOCTH XO/Jida BOJIH.

5

6

7. KakoBo ycnoBre MakCuMyMa Ipu UHTEpGEpeHITHH?
8. KakoBo ycioBre MUHUMYyMa Mpy HHTEpPepeHnn?
9

. Kakoii ;myd cBeTa Ha3pIBa€TCsI MOHOXPOMAaTHYECKAM?

10. Kakne MCTOUHMKY HA3bIBAKOTCSI KOTEPEHTHBIMUA?

11. OOBACHUTH CYITHOCTH CIIOHTAHHOTO U MHYIIUPOBAHHOTO U3IIYYEHUS.
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BriBOA:
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JlaGopaTopHnas padora Ne 14

MN3YYEHUE SABJEHUSA TOJAPUSAIIUN CBETA
Heab padoThl: 03HAKOMUTBHCA C METOJAMH IOJYYEHUS MOJSPU30BAHHOIO
CBETA U DKCIIEPUMEHTAJIBHO ITOATBEPANUTH 3aKOH.
OO0opynoBaHue: onTryecKas CKaMbsl, OCBETUTENb C KOHIEHCOPOM, IOJISIpHU3a-

TOp, aHAJIN3aTODP, O6’beKTI/IB, Q)OTOBHCMCHTLI C T'aJIbBAHOMCTPOM.

Teoperuuyeckoe BBeAeHHE
CorracHO 3JEKTPOMarHUTHOW TEOPHUHU CBETa CBETOBBIC BOJIHBI SBJISIOTCS DJICK-
TPOMAarHUTHBIMHU BOJIHAMH, XapaKTePU3YEMbIMU HANPSHKCHHOCTBIO 3JICKTPUUYECKOTO
/E/ m marautHOTO /H/ monen.
Tak kaKk CBET M3JIy4acTCsl OTPOMHBIM KOJUYCCTBOM aTOMOB, TO BEKTOPhl £ H
H , 0CTaBasCh B3aMMHO NEPICHINKYISIPHBIMHA, OPUEHTHPOBAHBI TI0 BCEBO3MOXHBIM
HaIpPaBJICHUSAM B IUIOCKOCTH, TEPICHANKYISIPHOW K HAIPaBJICHUIO CBETOBOTO JIyda

/em. puc. 1/. Takoi Jy4 Ha3bIBA€TCS €CTECTBEHHBIM CBETOBBIM JIYUOM.

E

E

Pucynok 33- HanpaBneHue BEKTOpa HalPsSKEHHOCTH
JUIsL €CTECTBEHHOI'O CBETOBOT'O JIyda

OnbIT ¥ Teopus MOKA3bIBAIOT, YTO XUMUYECKOE, (PU3MOIIOTUUECKOE U JIPYTHE
BUJIbI BO3JICHCTBHS CBETa Ha BELIECTBO OOYCIIOBJICHO TJaBHBIM 0Opa3oM 3JIEKTpHUYe-
CKUMH KoJeOaHusMHu. [103ToMy mpu manpHEHIIeM HU3JI0)KEHHH 0/l CBETOBBIMH KOJIe-
OaHusIMH OyJ1IeM OHMMATh U3MEHEHHE AIIEKTPUYECKOr0 BEKTOpa E cBETOBOI1 BOJIHBI.

[Ipr momomM HEKOTOPBIX TENl WIM yCTPOWCTB, MOJYYHUBIIMX HA3BAHUE IOJIS-
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pU3aTOPOB, MOKHO TaK U3MEHATH CBETOBOM JIy4, YTO B 3TOM JIy4€ U3 BCEBO3MOMXHBIX
[0 HAIpPaBJICHUIO KOJEOAHMI OCTaHyTCs KOJEOAaHUs, MPOUCXOSIINE TOJBKO B OJ-
HOM HallpaBjieHWU. TakoW Jiyd Ha3bIBa€TCs MIOCKOIOISPU30BAHHBIM, & CaMO SBJIE-
HUE HA3bIBAETCS MOJSPU3ALMEN CBETA.

[imockocTh, comeprkaiiasi CBETOBOM Jyd U BEKTOp E, Ha3pIBaeTCs MIOCKOCTHIO
konebanuii. IlockocTh, cosieprkaiiias CBETOBOM Jyd U BekTop H, Ha3biBaeTcs 1ioc-
KocThio noJisipu3anuu. Ha pucynke 34: O - mmockocTs kojedanuil P - miuockocTs no-

asipuzauuu C - HarpaBJIEHWE CBETOBOIO JTy4ya

— e —— — —— — — ]

Pucynok 34 - [losisspu3oBaHHBIN CBET

[Tomy4uTh MOJIAPU30BAHHBIN CBET MOXKHO pa3IMYHbIMU criocobamu. Eciu cBeT
IPOXOAUT Yepe3 JIEKTPUUYECKH aHU3O0TPOIHYIO Cpeay /KPUCTall/, TO OH MOJSIPU3Y-
€TCsl U UMEET AJIEKTPUUYECKUE KOJeOaHus JIMIb B MJIOCKOCTH, COAEpKAILEH ONTHYE-
CKYIO OCh KpucTasuia u Jay4d. [[pumepoM Takoro kpucTajiia sBIsSeTCS TYPMAJIUH.

[lepeMeHHOE 3JEKTPUYECKOE MOJI€ CBETOBOM BOJHBI BBI3BIBAET B KPUCTAJIN-

YCCKOM JHIJICKTPUKCE HeDeMeHHBII\/'I HOJ'IHDH33HHOHHBII>1 TOK, TO CCTb INICPCMCHHOC

CMEIICHHE 3apsXKEHHBIX YaCTHI] /aTOMOB, HOHOB/, COCTABIIAIOIINX KPUCTATHUECKYIO
pemerky. Iloyspr3anMoHHBI TOK BBIIEISET TEIUIO, CIEAOBATEIBHO, B KPHUCTAILIE
IPOUCXOAUT MPEBPALLICHUE CBETOBOM SHEPIUH B TEIUIOTY.

braronapst aHM30TpONMK KpHUCTAJIJIa BO3MOKHASI BEJINYMHA CMEIICHUS €ro 4a-
CTHL], &, CJIEAOBATENBHO, U CHUJIA NMOJISIPU3AUOHHOTO TOKA OKa3bIBAKOTCS HEOJMHAKO-
BBIMU ISl Pa3IMYHbBIX MJIOCKOCTEN KpucTauia. Yepe3 KpucTaml IpoXoasT nouTu 0e3
NOTEPh JIMIIb T€ BOJHBI, MIIOCKOCTh KOJeOaHUN KOTOPBIX COBMAMIAET C MIOCKOCTHIO,

COOTBETCTBYIOIIEN MAJIOMY CMEIIEHUIO YaCTULl B KPUCTAJUIE, TO €CTh MUHUMYMY T10-
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JSIPU3ALMOHHOTO TOKA.
[Ipu oTpaxkeHUr OT MOBEPXHOCTH MPO3PAYHOM CPENIbl CBET TAKKE MOJISIPU3Y-

eTCsl, €CJIM OH TaJjiaeT 1o yriioM bprocrepa (puc. 35).

Bosyx | ITonHOCTBIO MONAPU30BAHHBIHN Tyd
EctecTBeHHBIH 1yu ,

| &y -yron
Bproctepa

B
o

/g.’

P
CpeZLa C IIOKA3aTeCJIEM ITPECIIOMIICHUS 90 o0

YacTUyHO MOJISIPU30BAHHBIH JTy4

Pucynok 35- OtpaxkeHue u npeaoMyeHue JTy4eH, maaronmx

Ha TPaHUILy pa3jiena IByX cpel moj yriioM bprocrepa

[IIupoko pacmpocTpaHEHBl TaK Ha3bIBaeMble HOJSIpounabl. [lomsipown mpen-
CTaBJsIeT COOOM MPO3pavyHyIO IUIACTMACCOBYIO IUJICHKY, COJAEPIKAIYI0 MHOMXECTBO
MEJIKMX KPUCTAJIMKOB - MOJISIPU3ATOPOB.

YCTpOUCTBO, ¢ MOMOIIBID KOTOPOrO MOYXHO HCCIEA0BATH MOJISIPU30BAHHBIN
CBET, Ha3bIBaeTCs aHanu3aTopoM. [lomsipusaTop M aHaIM3aTOp OTIAMYAOTCA APYT OT
Jpyra TOJbKO Ha3BaHUEM /UX MOXKHO MOMEHSTh MecTamu/. J[aHHbIC HA3BAHUS JIHIIIH
OTPaXKaIOT UX HA3HAYCHMUSI.

CoracHo 3akoHa Mairroca ”HTEHCUBHOCTB CBETA, TPOXOASAIIET0 Yepe3 MoJs-
pusaTop u aHanuzaTop | =1,C0%a e |- ”HTEHCHMBHOCTB CBETA, MPOIIEIIETO Ye-
pe3 NoJIsIpu3aTop; & - yroji MEXy MIOCKOCTAMM MOJSPU3aLMY MO pUu3aTopa u
aHanu3aTopa. Cxema yCTaHOBKH JIJIsl U3YUEHUS SIBJICHUS MOJISPU3allUU IPUBE/ICHA Ha

puc. 36.

Pucynoxk 36 - [IpuHiun paboThl yCTaHOBKH.
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Ha pucynke 36: S - ucrounuk cBeta, P - monspuzarop, A - ananuzarop, @ -
¢dorosrnemenT, [ - ranbBaHOMeTp.

CBet, mpOXOIAIIUI Yepe3 aHaJIn3aTop, MOMagacT Ha (POTOIIEMEHT U CO3/IaeT B
HeMm (ortoTok. Ecnm Bpamarh aHaim3aTop BOKPYT JIyda, TO WHTCHCHBHOCTH CBETa,
Maafomero Ha (pOTOITEMEHT, OyIeT H3MEHThCA OT MakcHManbHoit mpu & = 0° 10
MuHEMAIBHOM pr & = 90°, a 3aTeM cHOBa 10 MakcuManbHOH mpu & = 180° n 1.1,

@®OTOTOK TOIYMPOBOJTHUKOBOTO (POTOIIEMEHTA MPOTOPIHOHAIIEH WHTCHCUB-
HOCTH TAJAMOMIET0 Ha Hero cBeTa. [103TomMy (DOTOTOK JODKEH U3MEHSTHCS B COOT-
BETCTBHMH C 3aKOHOM Mamoca: i=i,c0%a, rxe iy - MakcuManbHOe 3HaueHue GpoTo-
toka pu & = 0°. I'paduk 9TOi 3aBHCHMOCTH H306pakKeH Ha PUCYHKe 37.

Ha ombITe nmomy4aercs 3aBUCUMOCTb, H300pakeHHas! Ha pUCyHKe 37, Te

N

Pucynok 37- I'paduix ”HTEHCUBHOCTHU CBETA HI€AJIHLHOTO MOJSIpU3aTOpa

\ -
A IO

»
»

Pucynok 38- ['padux H”HTEHCUBHOCTH CBETa pEaIbHOIO MOJIAPU3ATOPA

Ha puc.38: Iy, - MUHUMaNIbHBINA (DOTOTOK TPU CKPEIIECHHBIX MOJISIPU3aTOPE U
aHanM3aTope. ITOT TOK BO3HUKAET MOTOMY, YTO PEaJIbHbIN MOJSPU3ATOP JHIIb Ya-
CTUYHO moJisipusyeT cBeT. [loaTomMy rpaduk, moayyeHHbIN SKCIEPUMEHTAIIBHO, JIUIIb
KaueCTBEHHO OTpa)kaeT 3aBUCHUMOCTh MHTEHCUBHOCTH CBETa OT YIJIa MOBOPOTA aHa-

J3artopa.
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IMopsinok BbINOJTHEHHS] PA0OTHI

1. BxirodaroT ocBeTHTENh. AHAIM3AaTOP YCTAaHABIMBAIOT HA HYJIEBOE JCIICHHUE.
Bparmas monsipuzaTtop, 100MBarOTCSI MAKCUMAIBHOTO 3HaYEHUS (POTOTOKA.

2. TloBopaumBasi aHanmM3aTop, 4Yepe3 Kaxkable 15° 3amuchIBalOT MOKa3aHUS
rajJibBaHOMETpa B TaOIUILY.

3. I[lo pgaHHBIM TaOAMIBI MOCTPOUTH TpadWK HAa MUIJUIUMETPOBOM Oymare.
Onpenenutb 3HAYEHUS! YII0B &, IPU KOTOPBIX (POTOTOK MMEET MUHHUMYMbI U MaK-
CUMYMBHI.

4. OOBsICHUTD MOYYEHHBIN rpaduk Ha OCHOBE 3aKoHa Masroca.

Tabnuna. 22. Pe3ynbTaThl H3MEpEeHUN

o I, mA o i, mA a i, mA
0° 120° 240°
15° 135° 255°
30° 150° 270°
45° 165° 285°
60° 180° 300°
75° 195° 315°
90° 210° 330°
105° 225° 345°

KoHTpoJibHBIE BOIPOCHI
1. Uto nonumaercs noj noJisipusanuent ceera?
2. Kakoil JIy4 Ha3bIBAIOT €CTECTBEHHBIM, MOJISIPU30BAHHBIM M YaCTHUYHO IOJIS-
pU30BaHHBIM?
3. KakuMu onbITaMu MOKHO YCTaHOBUTb, SIBIIIETCS JIU JIyY HOJISIPU30BAHHBIM ?
4. Chopmynupyiite 3aKkoH Maintoca /BbIBOJY/ .
5. [ToueMy MUHHMaILHBIN (DOTOTOK OOJIBIIIE HYJIS?

5. KakoBnbl YCJIOBHA IIOJEIPHU3alIUU CBCTA KpI/ICTaHHaMI/I?
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7. UTo mpeacTaBisitoT coOO0M CBETOBBIE BOJIHBI C TOYKU 3PEHMSI AJIEKTpOMAr-
HUTHOM TEOPUH MONEH?
8. UTo Takoe MIOCKOCTh MOJISIpU3aIu?

9. Uto Takoe ONTUYECKHU aKTUBHAsI cpeaa?

BriBon:
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JlaGopaTtopnas padora Ne 15

W3YUYEHUE BOJIbTAMIIEPHON XAPAKTEPUCTUKU
®OTODIJIEMEHTA

Heab padorbl: uzydyenue spieHus Gotoddpdexra U CHATHE BOJIbTAMIIEPHOU
XapaKTePUCTUKU.
O0OopynoBanue: (HOTOAIEMEHT, MHUKpPOAMIEPMETpP, BOJBTMETpP, MOTEHIIHO-

METp, TaMIIOYKa C PEOCTaTOM U OaTapeei.

Teopernueckas yacTb

dotordhpexTom HaszpIBaeTCsi 0CBOOOXKACHUE (TIOJHOE WM YaCTHYHOE) DIICK-

TPOHA OT CBSI3€M C aTOMaMHM M MOJIEKYJIaMH BEIIECTBA MOJ BO3AcHCTBHEM cBeTa. [Ipn
BHyTpeHHEM (POoT0dPdeKTe MEKTPOHBI TEPSIOT CBSI3b CO CBOUMH aTOMaMH, HO OCTa-
IOTCS. BHYTPU OCBEIIA€MOT'0 BEIIECTBA, YBEIWYUBAS TEM CAaMbIM AJIEKTPOIPOBOJ-
HOCTb BelecTBa. Buyrpenuuii porodddext HabmogaeTcs y HOTyNpPOBOIHUKOB.

Ecnu 37eKTpoHBI BBIXOAAT 3a MPEAeibl OCBEIaeMOro BELIECTBa, TO GOoTod(]-
¢dexT Ha3piBaeTCA BHEIIHUM. BHemmnuii ¢potorddekt HabmogaeTcss y METalioB. A.
I'. CroneroB, uccnenys BaemHuii Gotodddext B 1888 roay, ycraHOBWI TpU OCHOB-
HBIX 3aK0Ha GoToddekTa:

1. ®ototok HachleHus [ (To ecTh MaKCUMalIbHOE YMCIIO JIEKTPOHOB, OCBO-
00X/1aeMbIX CBETOM B | CekyHJy) mpsiMO MPOIMOPLHMOHATIEH CBETOBOMY MOTOKY D:
| = kK @, rae koaddunment K HazpiBatoT HOTOUYBCTBUTEIHLHOCTHIO OCBEIIAEMON T10-
BEPXHOCTH.

2. CxkopocThb (POTOZIEKTPOHOB BO3PACTAET C YBEINYCHUEM YaCTOTHI Maaromie-
rO CBETa M HE 3aBUCHUT OT €r0 MHTEHCUBHOCTH.

3. HezaBucuMO OT MHTEHCUBHOCTH cBeTa (poTodh()eKT HaunHaeTC s TIpU OIpe-
JEJCHHOW (1711 TaHHOTO MeTajljla) MUHMMalbHOM 4acTOTEe, Ha3blBaeMOW '"KpacHOM

rpanunei” porosddexra V ,, T0 ecTb PoTOdYPEKT HMEET MECTO NTPH
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v=2v,,

3akoHbl BHeIHEro $GoTodddexTa MmorydarT IpoCcTOe UCTOIKOBaHNE HA OCHO-
BE KBaHTOBOW Teopuu cBeTa. [lo 3TON Teopuu BeTMYMHA CBETOBOTO TIOTOKA OTpeEe-
JISIETCSI YUCIIOM CBETOBBIX KBAaHTOB (()OTOHOB), MAJAIOIINX B SAMHHILY BPEMEHHU Ha
MOBEPXHOCTh MeTaita. Kaxknprii GOTOH MOXET B3aMMOJICHCTBOBATh TOJIBKO C OJTHUM
aNIeKTpoHOM. [loATOMY MakcHmManbHOE YHCIO (HOTOIICKTPOHOB OJDKHO OBITH IMPO-
MOPIMOHAJILHO CBETOBOMY IMOTOKY (IIepBbIi 3aKOH (oTodddeKTa).

Dueprust ®OTOHA COTJIACHO KBAaHTOBOM TeopuH paBHa hv, rie h - mocrosHHAs
[Tmanka, V - 4acToTa cBera.

[Tpu B3auMozaeicTBIM (GOTOHA C FIEKTPOHOM €0 YHEPTHUS PACXOAYETCs Ha CO-
BepIIIeHHE pabOTHl BBIXO/AA A 3JIEKTPOHA U3 METaJljla U Ha COOOIIEeHNE eMy KUHETH-

4yecKol sHepruu. Torja 3aKoH COXpaHEHUs YHEPTUU MPUMEHUTENBHO K GOoTOIPdeK-

2

+ A,

mo
Ty 3alUIIETCA B BUJE: hv =

Pucynoxk 39 - ®oTos1€MEHT

Ota dopmyna, npemsioxkeHHast B 1905 rony DHIITEHHOM U, TOATBEPKICHHAS
3aTeéM MHOTOYMCIIEHHBIMHU SKCTIEPUMEHTaMH, Ha3bIBAETCS YpaBHEHUEM DUHIITEHHA.

Ha Bhemnem ¢otoaddekre OCHOBAHO JEWCTBHE BaXHOTO (DU3UKO-
TEXHUYECKOTO MprUOOpa, Ha3bIBAEMOTO BaKyyMHBIM ()OTODJIEMEHTOM (TPUMEHSIOTCS
TaK)K€ Ta30HANONHEHHbIE (DOTOAIEMEHTHI). JTO CTEKISIHHBINA cepruueckuil OaioH,
Ha OJIHY IMOJOBUHY BHYTPEHHEW MOBEPXHOCTH KOTOPOTO HAHECEH TOHKHUH CJIOW Me-
TaJula MyTeM KOHJICHCAIIMH €T0 MapoB B BaKyyMe. DTOT CJIOH sBJsieTcs: (POTOKATOI0M
(puc. 1). Metannmuyeckuil aHOJT PaCIOJIOKEH B IIEHTPAIbHON YacTu OaiuioHa (hoTo-
AJIEMEHTa. DJEKTPOHBI, BHIPBAHHBIE CBETOM M3 OCBEIICHHOTO KaTo/Aa, YCKOPSIOTCS 32

CYET HaJOXXKEHHOTO Ha (hOTOAIEMEHT HAMPsDKEHUS M JICTIT Ha aHoJ, oOpa3ys ¢hoTo-
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TOK. B razonanosHeHHbI (HOTO3IEMEHT BBEIEH MHEPTHBIN ra3 MpH JaBJICHUH B He-
CKOJIBKO JECATHIX J0JIEM MUJJIUMETPA PTYTHOIO CTOJI0a. DIEKTPOHBI, BBUIETAIOIIHE C
¢doTokaToaa, yCKOPEHHBIEC AIEKTPUUECKUM TOJIEM, HOHU3ZUPYIOT Ta3. DTO MO3BOJIAET
ycunuTh GoroTok. [lpu yBenudeHuHn HanmpsDKEHHUS MEXKIY aHOJOM M KaToJIOM BO3-
pactaet BenuuuHa (GoToTOKa. HO Ipu HEKOTOPOM 3HAUYEHUU HANPSKEHUS BOZHUKACT
HACBIIIEHUE, TOK JIOCTUTAeT MAaKCUMaJIbHOIO 3HAYEHHUS U NPHU JAIbHEHIIEM YBEIH-
YEHUH HAMpPsDKCHUS HE YBEIMUYMBACTCSA. DTO CBSI3aHO C TEM, 4TO (DOTOTOK CO3/AaeTcs
AJIEKTPOHAMM, BBIPBAHHBIMH W3 KAaTOJa CBETOM, U II0O3TOMY MaKCHUMAaJIbHBIA (POTOTOK
(oTOTOK HACHIIIEHUS) TPOMOPIIMOHATICH CBETOBOMY MOTOKY. 3aBUCUMOCTH (POTOTO-
Ka OT HampsDKEHUs] MEXAYy KaToAOM U aHOAOM HOCUT Ha3BaHHUE BOJIbTAMIIEPHOM Xa-
PaKTEpUCTUKHU.

Kak BUAHO U3 pUCYyHKa, IPHU HYJEBOM HANPSKEHUH (OTOTOK HE MCUYE3AET, TaK
KaK 3JIEKTPOHBI, BbUJIETAas C KaToJla, TOCTUTAIOT aHO/Ia U CO3/Al0T TeM caMbIM (OTO-
TOK. UT0OBI ()OTOTOK HMCUE3, HEOOXOAUMO K aHOAY MPHIOKUTH HEKOTOPOE OTpHIla-
TEJIbHOE HaIpsDKEHUE (3a7epKuBarollee HanpsbkeHue). Toraa Best 3HEprust 3JIeKTpo-
Ha Oy/IeT U3pacxo/I0BaHa Ha COBEpILIEHUE pabOThl MPOTUB ANEKTPUUECKUX CUJI, U OH
HE CMOXET J0CTUYb aHoJia. B nanHoW paboTe ajisi CHATUS BOJIBTAMIIEPHOW XapaKTe-

PUCTHKHU UCIIOJB3YETCS YCTAaHOBKA, CXeMa KOTOPOU n300pakeHa Ha puc. 3.

e

Pucynoxk 40- Dnektpuueckas cxema

.

B,

IHopsaoK BeINOJTHEHHUS PadOThI
1. Bxmtounts kmou K 1 ¢ momompto peoctata R, yCTaHOBUTh MUHUMAJIbHBII
TOK uepes Jammy JI.
2. VI3meHss HampspkeHHe Ha (POTORJIEMEHTE ¢ MOMOUIbI0 MOoTeHIHoMeTpa Ry,

HU3MCPUTD (i)OTOTOK MUKPOAMIICPMETPOM IIPpU PA3JINYHBIX 3HAYCHHAX HAIIPAKCHUA
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yepe3 kaxpie 10 B. PesynpTaTsl uamMepenuii 3anectu B Tabnuiy .

Tabnuma 23- Pe3ynbpTaTsl H3MepeHHit

UuB| O 10 20 30 | 40 50 60 70 80 90 | 100

MA

3. YcranoBuTth peoctatoM R, MakcumanbHbIN TOK uepe3 jgamiry JI (Tem cambiM
yBEIIMYMBAsE CBETOBOW TOTOK) W TPOJENaTh T€ K€ M3MEPEHHS B COOTBETCTBUU C
MyHKTOM 2. Pe3ybpTaThl u3MEpeHuit BHECTH B TAOIUILY 2.

4. Ilo manubM Tabmuil | 1 2 mOCTpOUTH Ha OAHOM TpaduKe TBE BOJIbTAMIIEP-
HBIC XapaKTEPUCTUKU MIPH JIBYX PA3JIMYHBIX CBETOBBIX TOTOKAX.

5. Onpenenuth COOTBETCTBYIOIINE TOKH HACHIIMICHUS U OOBSICHUTH XapaKTep
rpaduKoB.

KoHTpoJibHbIE BONIPOCHI

1. Yto takoe doroaddexr? Kak Beipaxkaercs sneprus hotoHa yepes yacrory V ?

2. B gem cocrout siBiaenue GhoTodnekrpudeckoro dpdexra?

3. Hanmummure dopmyny Ditnmreitna nis potodddexra u o0bsicHUTE Ha €€ oc-

HOBaHUHU 3aKOHOMEPHOCTH, ycTaHOBJIEHHbIE A.I". CTOJIETOBBIM.
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4. OOBsICHUTE BOJIBTAMIIEPHYIO XapaKTEPUCTUKY (DOTOIIEMEHTA.

5. [osicauTe husmdeckuii cMbICH mocTossHHOM [1nanka.

6. Chopmynupyiite 3akoHbI (HoTOIPhEKTa.

7. Uto Takoe paboTa BbIX0/1a 3JEKTpoHA U3 MeTaia? OT yero oHa 3aBUCUT?

8. ®OTOREMEHTHI 1 UX IPUMEHEHHUE.

9. B yem pa3zHuIia Mexay BHEIITHUM U BHYTpeHHUM (hoTodhdexTom?

10. Yro Ha3pIBaeTcs KpacHOU rpanuriet hotodddexra?

11. Ha meramn, kpacHast rpanuiia ¢porodddexra IjIsi KOTOPOro paBHA A =

0,32 Mkm nagaet 6enblil cBeT. Bo3Hukaer ju mpu 3ToM siBiienne ¢potodddexra?

BriBOA:
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JlaGopaTtopnas padora Ne 16

OIIPEJIEJEHUE MOJIIPHOI MACCHI BO3JIYXA

Heap padoThbl: OIpeIeaNTh MOJSIPHYIO Maccy BO3ayXa.
IIpubopsl M NPUHANIEKHOCTH: CTEKIITHHAs K0J10a, Hacoc KamoBckoro, Bechl

C pasHOBC€CaMH, MaHOMCTD.

Teopernueckoe BBeeHHE

["a30BBI mpoLiecc, MPU KOTOPOM MEHs0TcA Bce Tpu mapamerpa: P, V u T,
onuckiBaercs ypasHenueM Kianenpona - MenaeneeBa sl HICAIBHBIX Ta30B, KOTO-
pO€ MOXKET OBITh TOJYYECHO MyTeM OO0bheAMHEHUs 3aKOHOB boins-Mapuorra u ['eit-
JIroccaka. MneanbHBIMU Ha3bIBAOTCS Ta3bl, B KOTOPBIX MOJIEKYJIbI BEAYT CEOsl Kak
yIpyTue MapuKku, He UMEIOIINe COOCTBEHHOTO 00beMa.

IlycTh cocTOosiHME HEKOTOPOW Macchl M Tra3a XapakTepusyercs napamerpamu
P., V1 T;. IlepeBenem ras B Ipyroe COCTOSIHUE, XapaKTepU3ylollleecs napamerpamMmu
P,, Vo, T,. OTOT nepeBoj OCyIlIECTBUM B JiBa 3Tana:

1) mzorepmuyecku (T; = const) usmMeHum oObeM raza a0 3HaueHus V,, mpu
3TOM €rO0 JIaBJIEHHE CTAHET PaBHBIM 777 ;

2) uzoxopuuecku (V, = const) uamMeHuM TemnepaTrypy rasa g0 TaKOro 3Haye-
Hus T, Ipu KOTOPOM JaBIIEHHE OKAXKETCs paBHBIM P,.

[TepBoi1 aTan mporecca onuchIBacTCs 3ak0OHOM bolnsi-Mapuorra:

I31\/1 = szz (1)
PV.
P = —\1/21 (2)

Bropoii aramn npouecca onuceiBaercs 3akoHom lapos:

A_T
P, T, (3)
RV. _ PV,
[Toacrasnss (2) B (3), nosryunm T T (4)
1 2
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o PV
910 3HA4YUT, 4TO AJI1 AaHHOM MACCHhI Ira3da BCJIIMYHMHA ? OCTacTCsa HCN3MCH-

PV
Hoﬁ:TZConf (5)

CornacHo 3aKkoHy ABOrajpo npu oJJMHaKoOBbIX 3HaUeHuaX P u T monu Bcex ra-
30B MMEIOT OJIMHAKOBOE 3HaueHHE o0bema V, M, Cleq0oBaTelbHO, IOCTOSHHAS, CO-
CTOAIIAsl B MpaBoil yacTu ypaBHeHUs (5), OyaeTr oAnMHAaKoBOW i Bcex ra3oB. O6o0-

3HA4YMM HTO 3HAYCHHE MOCTOsIHHOM uepe3 R.

PV,
—*=R (6)
IToctosanHas R Ha3pIBaeTCsd yHMBEPCAIBHOW Ta30BOM IMOCTOAHHOW. Tak Kak
00beM raza npomnopimoHaseH ero macce (mpu oauHakoBwiX P u T), To
V., _Hu

Mo

Vv m

rae M - MossipHas Macca, V - 00bEM Macchl M 3TOTO rasa.

OTtkyna V, =V % (7)

[Toncrasinss (7) B (6), moaydum

PVE-RT ym PV=D"RT (8)
m p

Beipaxenue (8) HocuT HazBaHue ypaBHeHHMs Kiamelipona - MenzaeneeBa. B

m ~
TOM YPaBHEHMH =V - 4HCII0 MOJICH Ta3a.

MoseM Kakoro-au00 BellecTBa Ha3bIBAETCA KOJIMYECTBO 3TOIO BELIECTBA, CO-
JieprKaIee CTOIbKO MOJIEKYJI, CKOTBKO HX Comepskutes B 12 T n3otomna yriaepoaa C.
YucneHHoe 3HaUE€HUE YHHUBEPCAIbHON T'a30BOM MOCTOSHHOM ompenenure u3 Gopmy-
b1 (6), moJiarasi, 4TO MOJIb ra3a HaXOAUTCS MPU HOPMAJIbHbBIX YCIIOBUSIX

(P=1,013 10° IIa, T = 273°K, V,, = 22,41 10° M).

Onucanue Mmeroaa
B nannoit paboTe onpeneneHre MOJIPHOM MacChl BO3ayxa A OCyIIECTBISET-
Cs IMyTeM M3MEPEHHsI MAcChl ra3a, OTKaYaHHOW (MJIM HaKayaHHOM ) B K0j0y. Macca

KOJIOBI C Ta30M OIpeensieTcs: B3BemmnBanueM Ha Becax tura BJIP - 200. ITycte My u
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M, - COOTBETCTBEHHO MAaCChI KOJIOBI C ra30M JI0 U IIOCJIE OTKAYKH Ta3a.
Jlyist BBIBOJIa pacdeTHOUM (POpMYIIBI I ompeaesieHuss A 3amuineM ypaBHEHUE
Kianeiipona-MenzeneeBa ais Macc BO3myxa M; U M, Haxomsmmxcs B o0beme V

npu Temreparype T.

ml
PV =TER T 9)
" PV :%R T (10)

Breruuras u3 (9) ypasaenue (10), momyunm

R T
(Pl_Pz)V :7(m1_m2) (11)
OTC}O,Z[a AJIs1 pacdeTa BCIMYHHBI H
= R_Tml —-m,
K= R_P, (12)

Xoa BbINOJTHEHUS PA0OTHI
1. B3Becuth kon0y A, 3anmucaB 3Ha4eHHE M; B TaOJIHUILY.
2. JlaBnenue Bo3ayxa B koyioe A paBHo P; = P,,,. 3anucars nokazanus P,q,,.
o 6apoMeTpy B TaOJUILY.

3. IlpucoenuHuTh KOJIOY A K MaHOMETpY M.

M
“u

Pucynok 41 - Cxema ycTaHOBKHU
4. Tlpu momolM Hacoca OTKayaTh 4acTh BO3/1yXa, U3MEPUB IPU 3TOM JaBJe-
HUE BO3/yXa B Koj0e Py,
5. 3axaB 3axuM K, orcoennuuts konby A oT manomeTpa. B3Becurts e€, Hamu-

CaB 3HAYCHUEC M, B Ta6J'II/IHy.
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Tabnuna 24- Pe3ynbTaTsl H3MEpeHHit

NeNe i/ My, KT My, KT Py, Ila P,, Ila T, K V, M
1 0,3 Pyry
2
3 0,4 Py
4
0,5 Py
0,6 Py

6. 3meputh TemmepaTypy Mo KOMHaTHOMY TepMoMeTpy. B Tabnuily 3anectu
3HaYeHUe a0CONIIOTHOM TemnepaTypsl T.

7. Beraucouts no ¢popmyne (12) 3Hauenue 4 .

8. BerauciuTh cpeHee 3HaueHUe MOJISIPHOM MAcChl TIO CIICAYyToITei hopmyrie:

,Ll — lumax + 1umin
cp 2
9. BeruucinuTh aOCOIOTHYIO MOTPEITHOCTh U3MEPEHU:

_ Himax — Hmin

A
H 2

10. 3anucaTh OKOHYATENBHBIA PE3YNILTAT B BUIE: u = (i, * Au)

KoHTpo/abHBIE BONIPOCHI
1. BriBecTu pacuétHyto hopMyiy Ui BIYHCICHUS 4 B 1abopaTtopHO# padore.
2. Yto Ha3bIBaeTCs MOJIEM BEILIECTBA?
3. Uto Ha3bIBaeTCSI MOJISIPHOM Maccoit?
4. Yemy paBHO YHCIICHHOE 3HAYEHHE YHUBEPCAJIBbHOMN Ia30BOM MOCTOSSHHOM B
cucteme CH1?
5. [lonmyuuTts pazmepHocts R B cucteme CH, Boipa3zuB R u3 ypaBHeHnuss MeH-

neneesa - Knaneiipona.
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6. UTo Ha3bIBAaeTCS UCATBHBIM ra30oM?

7. Uto Ha3pIBaeTCSI 00HEMOM, JTABIICHUEM, TEMITEPATypOi?

8. BeiBectu ypaBHeHue MenzeneeBa - KnaneiipoHa.

9. Uto Ha3bIBaeTCsl MOCTOSIHHOW ABoraapo? UeMy paBHO ee YUCIEHHOE 3HaYe-
Hue? Kak 0603HavaeTcst 1 B KaKuX €IMHUAIIAX U3MEPSIETCS?

10. KakuMu nmapamerpamu XapakTepH3yKOTCs HOpMAJIbHbIE YCIIOBUSA raza?

11. Yem oTiiMyarOTCA UICATBHBIN U peAJIbHBIN ra3bl?

12. Kakue BeliecTBa Ha3bIBAIOTCA razaMu?

BriBOA:
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JlaGopaTtopnas padora Ne 17

OITPEAEJIEHUE KO®PUIINMEHTA BA3ZKOCTHU KUJIKOCTHU
METOJOM CTOKCA

Leabp padoTbl: u3ydyeHue SBICHHUS BHYTPEHHETO TPEHHSI B >KHJKOCTAX U
omnpezenenre KodpuureHTa BI3KOCTH KUAKOCTU MeTo10M CToKca.
IIpuGopsl U npuHaIe:KHOCTH: TpyOka CTOKCa, HAMOJHEHHAs] KaCTOPOBBIM

MacJjoM, CEKYHJIOMEp, MUKPOMETp, MacluTabHas JIMHEeKa.

Teopernueckoe BBeAeHHE

Ecnu npuBectn 0quH CIOW KUIAKOCTU B YHOPSIAOYEHHOE JBHKEHUE CO CKOPO-
CTBIO 1, TO OH B CBOIO OU€pE/b YBJIEUET 3a COOOM COCENHUI CIIOH CO CKOPOCTHIO
U, CIEAYIOUUNA - CO CKOPOCTBhIO ¥z U T. A. [Ipn 3TOM CKOpPOCTH ynopsiIOYEHHOTO
IBUKEHUs! OyneT yObIBaTh B HallpaBICHUH, NEPICHINKYIISIPHOM HANpPaBICHUIO JBH-
YKEHUS CJI0EB )KUJIKOCTH, TO €CTh

U, >0, > U,

Brigenum aBa ci10s )KUJIKOCTH, HaXOJSIIMXCA Ha PACCTOSSHUU A X APYr OT Apyra u

JIBHKYIUXCS CO CKOPOCTSIMH 1 B U, (puc. 42)

SRR Y,

Pucynok 42 - Cnou KUJIKOCTH

BCJIeI[CTBI/Ie nepeaaun KOJINMICCTBA ABUKCHUA ITPU TICPCXOAC MOJICKYII U3 CJIOA

B CJIOM BO3HUKAET CUJia BHyTpeHHEro TpeHus. Cuiia BHYTPEHHETO TPEHHS MPOIop-
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[MOHAJIbHA ILIOIAaJAn COIMPHUKOCHOBCHUSA BSaI/IMOI[eI\/'ICTBYIOHII/IX CJIOCB XHUAKOCTH U

IPAJUEHTY CKOPOCTH.

dg
F=-n5 (1)

dg
rae: 77 - xodphUIHMEeHT BA3KOCTH KMAKOCTH, S - TUIOMIAb CJIOS, dx - TpajueHT

CKOPOCTH.
Kosdduurentom nuHaMuyeckoil BI3KOCTH (MJIM TPOCTO BI3KOCTBIO) Ha3bIBa-
€TCSl BEJIMYMHA, YUCICHHO PAaBHAsl CHUJIC BHYTPEHHETO TPEHMS, C KOTOPOU OJMH CIIOU

YBJIEKAET WA TOPMO3UT APYIOW CIOM IPHU YCIOBHM, YTO ILIOIIAAbL COIPUKOCHOBE-

2 dg a
HUS CJI0€B S = IM” U TpaIueHT CKOPOCTH ax 1c™,

N3 dopmynsl (I) cnexyet, 4To pasMepHOCTh KO dulreHTa BI3KOCTH
[7]=M T
B cucreme CU 3a enuHUIly BA3KOCTH NMPUHUMAIOT 1KI/MC - BSI3KOCTh TaKOU

cpelbl, B KOTOPOU OJIMH CJIOW YBJIEKAET WM TOPMO3UT APYyrou ciou ¢ cuiion B I H,

v/ c
WY

2
CCJIM TIOMAAb COIIPUKOCHOBCHUA CIIOCB IM" m rpaau€HT CKOPOCTHU

W3mepenue BA3KOCTH KUIAKOCTEH MpEACTABIIAET OONBIION MPAKTUYECKUI HH-
Tepec. BA3KoCTh MpUXOAUTCS YUUTHIBATH MPU OMPEICICHUH YHEPTHH, HEOOXO0UMOM
JUTSL IEPEKAYMBaHUS )KUJIKOCTH 110 TpyOaM. [10 BA3KOCTH BO MHOTHX CIIydasiX CyIsT O
TOTOBHOCTHY WJIM Ka4€CTBE MPOIYKTOB MPOU3BOACTBA. TaK, BA3KOCTh PACIUIABIECHHO-
o0 CTEKJIA OIpENENsIeT €ro KadecTBO. BA3KOCTh pacIIaBICHHBIX MUIAKOB UIPAET
OOJBIIYI0 pOJIb B IIPOBEIECHUU CTAIEIUTEHHOTO Npolecca. BA3kocT Macen uMeer
00JbIIIOE 3HAYEHUE TSI CO3AaHMsI HEOOXOIMMOTO PeXXUMa TPEHHUS B y3J1ax MalluH U
MexaHu3MoB. KpoMe TOro, MHOrHe MOJEKYJSIPHbIE BEIMYHMHBI, HE HAOJIOJaeMble
HEMOCPEACTBEHHO, MOTYT OBITh BBIPA)KEHBI U BEIYUCIIEHBI YePe3 BSI3KOCTb.

BA3KOCTh KUIKOCTEN CYIIECTBEHHO YMEHBIIAETCS C MOBBILIEHHEM TEMIIEpa-
Typbl. [loaTOMY TIpH KM3MEPEHUH BSI3KOCTH HEOOXOAUMO YUHUTHIBATH TEMIIEPATypy
KUAKOCTH. Tak KOdPUIMEHT BSI3KOCTH BOJBI MPU H3MEHEHUU TEMIIEPaTyphl OT

20°C o 90°C ymensiiaercs moutd B 3,5 paza. OCOOEHHO CHIIBHO 3aBUCUT OT TEM-
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nepaTypsl BI3KOCTh Macell. Tak, Hampumep, BA3KOCTh KACTOPOBOrO Maciia Mpu u3Me-
HeHuu Temreparypsl ot 18°C no 40°C nmamaet noutu B 4 pasa. Pexxumy paboThl cma-
30K BO MHOTHMX MEXaHHW3MaX COOTBETCTBYET OOJBIIOW TeMIepaTypHbIM WHTEpBa,
YTO BBI3BIBAET OOJIBIIME TPYAHOCTU JUJISi CO3JIaHUSI TIOJHOIEHHOI'O >KUJIKOCTHOIO
TpeHusi. CyIlecTBYeT HECKOJbKO CIOCOO0B M3MEPEHUs BS3KOCTH kuakoctei. [Ipu-
OOpBI, C MOMOIIBIO KOTOPBIX OMPENENSAIOT BI3KOCTh, Ha3bIBAIOTCS BUCKO3UMETPAMH.
B nannoii pabore onpezaenenne korhduiieHTa BI3KOCTU OCYIIECTBISIETCS METOA0OM

Croxkca.

Metoa Ctokca niisi onpeneneHusi KoO3pPuiuueHTa BA3KOCTH

Pucynok 43 - Meton Crokca

PaccmoTpuM cBOOOIHOE MaieHKe Tela BHYTPH MOKosAencs xuakoctu. [1ycts
B COCYJZI€ C MCCIEAYEeMOI KUIKOCTBIO MaiaeT HEOONbIION IapuK paaunyca I co CKo-
pocthio U (puc.43). B 3TOM ciydae MEeXIy TOHKHM CIIOEM JKHUJIKOCTH, 0OBOJIAKHBA-
IOLIUM [IApUK, U OKPY’KAIOIIEH cpeioi BO3HUKAET cujia BHyTpeHHero Tpenus. Cuna
BHYTPEHHETO TPEHUS HAMpPAaBJICHA B CTOPOHY, MPOTHUBOIIOJOXKHYIO IBHXCHUIO, U
pasua F,, =6mnro,

rae: 77 - ko3dUIMeHT BA3KOCTH.

Kpome cuiibl F,,, Ha mIapHK JEHCTBYIOT €lIE JBE CUJIbL TSHKECTU 2, HAIIPaB-

JICHHAA BCPTUKAJIBHO BHU3, CHUJIA ApXI/IMeI[a - Ifa - BCPTHUKAJIbHO BBCPX.

B HCpBBIﬁ MOMCHT BpPpEMCHH HIApUK ABHIKCTCA C YCKOPCHHCM, TaK KaK CHJIa
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TSOKECTH OOJIBIIIE CyMMBI BBITAIKHBAIOIICH CHIIBI U CHJIBI BS3KOCTH. [Ipu manpHEH-
IEM MAJEHUU CKOPOCTh IIAPUKA YBEIMYMBAETCS, BO3PACTAET U CHJIA BHYTPEHHETO
TpeHus, uTo cieayer u3 (2). B HeKOTOpbI MOMEHT BpeMeHU Bce TpH cuibl P, F,, u
F. ypaBHOBENIMBAIOTCSA U IIAPMK HAYMHAET JBUTAThCA C MOCTOSHHONW CKOPOCTBIO

& . 3anuieM Juisl 3TOro ciaydas BTopoid 3akoH HeroToHa.

F, +F+P=0 (3)

O003HauuB yepe3 A.. IIOTHOCTb LIAPHKA, a YEPE3 As IIOTHOCTb KUIAKOCTH,
IIOJIYYMM CHIIY TSDKECTH
4 3
P=m :957"‘ L9, 4
cuny Apxumena
4
F. = 37 °P,c9 (5)

[Toncrainss 3nauenus cui (2), (4), (5) B (3) u Beipaxkas 77, Haiinem

29 *€p, — P.)
—— w e 6
=3 s (6)
|
YuuThiBasi, 4TO CKOPOCTh PABHOMEPHOTO IBMKECHUSA & = o npeobpaszyem (6):
29 *tp, — P,
77:59 (pull pam)t’ (7)

rac: | - paCcCTOsIHME MEXKAYy METKaMu M U N,

t- BpCM: TPOXOKACHUA ITAPHUKOM 3TOTO paCCTOSAHUS.

IHopsaok BeINOJTHEHHUS PadoThI
1. U3meputh quameTtp mapuka 3 - 4 paza npu NoMou MUKpomeTpa. Berauc-
JUTH U3 MOTYYCHHBIX 3HAYCHHUI cpe/lHee 3HauUeHue I U 3aHECTH ero B Tabnuily. AHa-
JIOTUYHO HAUTH pagnycChl eme 2-X MIapUKOB.
2. HeckoJibKO pa3 U3MEpUTh MacIITaOHOM JTUHEHKOW PACCTOSIHUE MEXKIY MET-
KaMHi M u N.

3. ITpu momo1m ceKkyHaIoMepa ONPEAETUTh BPEMS JBHKEHHS KaXJOTO MIApUKa
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OT BEPXHEUN O HUKHEU METKH.

4. Tlo popmyne (7) paccuntaTh KOIPGUIMEHT BSI3KOCTH KaCTOPOBOTO Macia
JUTSI KQXKI0TO OTIBITA, PEe3YIbTAThI 3aHECTH B TAOJIHITY.

5. BeruucnuTh npuOIMKEeHHOE 3HAaUEHUE BA3KOCTH 77 . JIjist OAHOTO U3 OMBITOB

paccuuTaTthb 216COJ'IIOTHYIO N OTHOCHUTCIIbHYIO IMOTPCITHOCTH.

6. OKOHYATENIBHBIN pe3yJbTaT 3alUCaTh B BUJE: n=m+An
P, =1 810&)%3; 0. =9 2xdér’
Tabnuna 25- Pe3ynbraThl U3MEepeHUI
Paccrosnue
Bpewms Pannyc Koadppunuent
NoNe 1t MEXKITY
najcHus t (c) mapuka I (M) | BSI3KOCTH 77
meTkamu | (m)

1.

2.

3.

4,

S.

KoHTpoJibHBIE BOIPOCHI
1. Kakue siBieHUsS OTHOCSTCS K SIBJICHHIM TiepeHoca? Yem 00ycIOBIEHO BHYT-
peHHee TpeHue (BSI3KOCTh) KUIKOCTH?
2. OOBSICHUTH 3aBUCUMOCTD BSI3KOCTH JKUJKOCTH OT TEMIIEPATypPHI.
3. Uto HazbiBaeTcs kodddummerToM BsizkocTu? OT KaKuX BEJIMYUH 3aBUCUT
KO3 GUITMEHT BSI3KOCTH?

4. BoiBecTu pacueTHyio Gopmyiy Jjsi pacyeta KodpuiueHTa BI3KOCTH Me-
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tonoM CTOKCa.

5. IlpuBenute mpUMepbl BIUSHUS BSI3KOCTU JKHAKOCTH Ha paboOTy MalluH U
MEXaHU3MOB.

6. UTo Ha3BIBAIOT KUJIKOCTBIO, MICaTbHOM KUIKOCTHIO?

7. UTO MOHUMAIOT O] JAMHUHAPHBIM U TYpOYJICHTHBIM T€UCHHUEM BSI3KOM KHJI-
KocTu?

8. Kakoit ¢popmyroii Beipaxkaetcs 3akoH Ctokca?

9. B ueM cyTh ypaBHEHHUS HEPA3PBIBHOCTU CTPYyU?

10. BeiBectn ypaBHeHUE bepHysum.

II. Kakue cuipl yuyuTHIBAIOTCS B JaHHOW pabore? 3amuIimTe UX BEKTOPHOE
ypaBHEHHUE.

12. Yto mbl moHumaem noj ApxumenoBoi cwioi? ChopmynupyiTe 3aKoH

Apxumena.

BeiBOI:
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JlaGopaTtopnas padora Ne 18

CP

OIIPEJIEJIEHUE OTHOIEHMUSA TEIINIOEMKOCTEM ~ METOIOM

AJUABATUYECKOI'O PACIIUPEHUA

Heab padoThl: 3KCHIEPUMEHTAIBHOE ONPENEICHUE OTHOLIECHUS TEIJIOEMKO-

C
o “p
CTCnu c AJIs1 BO34yXa.

4

IIpubopsl U NPUHANIEKHOCTH: CTEKJIIHHBIN OalJIOH C KpaHOM, Hacoc, ma-

HOMETP.

Teoperuuyeckoe BBegeHHE

TermoéMKOCThIO BCIICCTBA HA3bIBACTCA BCIIMYMHA, YUCIICHHO paBHAasA KOJIHNYC-

CTBY TEIUIOTHI, HEOOXOJMMOMY JUIsl HArpeBaHUsl TaHHOW Macchl BEIIECTBA HA OJIMH
rpaayc K

_AQ
CTAT (1)

Paznmuuaror yaenbHyr0 U MOJSIPHYRO TETUIOEMKOCTH. Y A€IbHAS TEIIOEMKOCTh

PACcCUMTHIBAECTCS HA €IMHMIY MACChl BELIECTBA, & MOJIAPHAS - HA OJJUH MOJIb.

CoriacHO nepBOMy Hayaiay TEPMOJIUHAMUKH

Q=AU +A (2)
rae Q - KOTU4eCTBO TEIIOTHI, TOBOAUMOE K CUCTEME,
AU - COOTBETCTBYIOILIEE N3MEHEHNE BHYTPEHHEN YHEPTUHN CUCTEMBI,
A - pabora, coBepIiaemas CHCTEMOM MPOTUB BHEIIHUX CHJL.

Tak xak paboTa 3aBUCUT OT TEPMOJAMHAMHUYECKOTO MpOIEcca, a BHYTPEHHSSA
SHEprus sBiusgerca GyHKIUEH COCTOSIHUS CUCTEMBI, TO AQ a, cienoBaTeiabHO, U TeM-
J0EMKOCTB C 3aBUCAT OT BHJIA IIPOLIECCA, IPOTEKAOILETO B CUCTEME.

[TpunATO pasnuyare TEIIOEMKOCTH BEILECTBA NPU IOCTOSHHOM Aasiienun C,
U IPH IOCTOSSHHOM 00BEME Cy. [l rasa ¢, > ¢y IOCKOJIBKY NPH U300apu4ecKoOM
Ipolecce TEIIoTa UAET KaK Ha HarpeBaHME ra3a, TAK U Ha COBEPILICHUE PACIIUAPSIIO-

mMMCs ra30M pa6OTBI IMIPOTHUB BHCIIHUX CUJI, 4 B CJIY4dC U30XOPHUYCCKOTO IIponIeccca
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TENJ0Ta UAET TOJILKO HA HArPEBAHUE Ta3a.
N3 KNHETHYECKOU TEOPUH UIECAITBHOTO T'a3a U3BECTHO, YTO

LG _ix2

¢, i

. o c
rae | - 4ucCiio CTCIICHCU CBO6OI[BI MOJICKYJ rasa. Beanunna 7:c_p, Ha3bIBacMas

\

annabaTU4YEeCKOW MOCTOSIHHOM, SIBJISIETCS BaKHBIM MapaMeTPOB MPHU pacuére TEPMO-
JUHAMHUYECKHUX MpoiieccoB. g ompeneneHus: 3HadeHus 7 B JaHHOW paboTe uc-
HOJIB3YETCs MPOIiecC aAnadaTUYECKOro paciupeHns BO3ayXa.

AnrabaTUYECKUM MPOIECCOM Ha3bIBAETCSl MPOILECC, MPOTEKAroluii 0e3 Ter-

Joo0MeHa ¢ BHemHed cpemoi. [y peanu3anuu aqnabaTHYecKoro mporecca CUcTe-
My HY)KHO WJIHM TEIJIOM30JIMPOBATh, WM BECTH IMPOIECC CTOIh OBICTPO, YTOOBI CH-
cTeMa He ycIleBaja 0OMEHUBATHCS TETUIOM C OKPYIKAOIIECH CPeoi.
AnrabaTuyeckuii mporecc moaunHsercs 3akony I[lyaccona
PV, =RV, (4)
rae: P; k V; - naBnenne u 00beM ra3a mepBoro COCTOSHUSI,

P, u V; - naBneHue u 00beM BTOPOTO COCTOSIHUS.

OnucaHue yCTAHOBKH M MeTO/1a
DKCcIepuMEHTaIbHAs YCTAHOBKA COCTOMT M3 CTEKIISTHHOTO OayuioHa A, coenu-
HeHHoro ¢ maHoMeTpoM M u ¢ HacocoM K. ITocpencrBom npoOku [l ( puc.44) Gan-
JIOH A MOXeT OBITh COeIMHEH ¢ aTMocdepoii. Ecnu mpu momoriu Hacoca HakadaTth B
0aJuIOH HEKOTOpOE KOJWYECTBO BO3AyXa, TO JaBIIEHUE W TEMIlepaTypa BO3IyXa
BHYTpH OayuioHa MOBHICATCS. BceneacTBue TemiooOMeHa BO3ayXa C OKpY)KAroIIeH
Cpeloii, uepe3 HEKOTOpOe BpeMs TeMIlepaTypa BO3[yXa, HaXOJAIIerocss B OaJloHe,

CPaBHSETCS C TEMIIEPATYPOM BHEIIHEN cpeasnl 1.
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Pucynox 44 - YcraHoBka Jj1s1 9KCIIEpUMEHTA

JlaBiienue, ycranoBuBieecs B Oamtone P; = H + hy, roe H - armocdepHoe
nasiieHue, hy - 100aBOYHOE JIaBJICHUE, U3MEPSIEMOE Pa3HOCTHIO YPOBHEH )KHUIKOCTH B
MaHoMmeTpe. TakuMm oOpa3oM, COCTOSTHUE BO3/yXa BHYTPH OaJlJIOHa, KOTOPOE Ha3o-
BEM 1-BIM cocTostHHEM, Xapaktepusyercs napamerpamu P, = H + hy, V, u T;.

Ecnu oTKkpbITh HAa HEKOTOpoe BpeMs mpoOky /I, To Bo3nyx B Gamnone Oyaer
pacmupsaThCs. DTOT MPOLECC PACUIMPEHHUs, BCIEICTBUE €r0 KPaTKOBPEMEHHOCTH,
MOKHO CUMTaTh aguabaruyeckuM. JlaBieHue B COCyJle yCTaHOBUTCS PaBHBIM aTMO-
chepnomy H, Temmneparypa raza moHu3nutcs 110 T, a o0beM Oyner paBeH V.

CrnenoBarenbHO, B KOHIIE aauabaTHUECKOro Ipolecca napamerpsl 0yayt H,

V, u T,. D10 cocrosiuue Oynem HazwiBaTh Il - 1M cocTostHuem. lpumensis x [ u 11
COCTOSIHUSIM ypaBHEHUE (4), MOJIyduM (H+h)V/ =H A
v, Y H
(V_lj N H+h (5)
2

OxJTamuBIINIACS TPY PACIIMPEHUH BO3IYX B 0ajUIOHE Yepe3 HEKOTOPOE BpeMs
BCJIAICTBUE TEINTIOOOMEHA HarpeBaeTcs A0 TeMIepaTyphl BHEITHEH cpeabl T, AaBie-
HUE BO3PACTET 0 HEKOTOPOU BETMYMHBI

P,=H+h,
rae: h, - HOBas pa3HOCTh ypoBHEH B MaHOMETpe, 00beM BO3JIyXa HE U3MCHUTCS H
Oyner paBeH V,. Takum 00pa3oM, 3TO COCTOSTHUE BO3/lyXa, KOTOpoe Ha30BEM |l - um
COCTOSTHUEM, XapakTepu3yercs napamerpamu: P, = H + hy, V,, Ty
Tak xak B [ u |1l cocTosiHUSIX BO3TyX UMEET OJHY U Ty K€ TeMmIiieparypy (mpo-

LECC U30TEPMUYECKHUIT), TO MPUMEHMB 3aKOH boilgs-MapuroTTa, noaydnm:
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(H + hl)Vl = (H + hg)Vz

Vi _H+h
V, H+h (6)
Bo3sBens 06e yactu ypaBaeHus (6) B CTENeHb
Vi,V _(H=+hY
o) R g
U TI0JIB3YSICh BBIpAXKEHHUEM (5), UMeeM
H (H+hY
H+h ( H+ hJ (8)

Jlorapudmupyst mocienHee BbIpaXEHUE U periasi OTHOCUTEIbHO 7 HaXOIUM:

g1 b
STV ©

Tak xak maBnenus H, H + h;, H + h, Mano otnmmgaroTcs apyr ot apyra, To pas-
HOCTH JIOTApU(MOB MOXHO TPHUHATH MPOTIOPIIUOHAILHBIMU Pa3HOCTSIM CaMHUX JIaB-

JICHUH ¥ IPUOJIMIKEHHO TIOJIOKHUTh

(H+h)—H _h
"Thoh,

PT(H ) (H+h)

(10)

Takum oOpa3oM, SKCIEpUMEHTAIILHOE OMNpejelieHne 7 CBOAUTCS K H3Mepe-
uuio hy, u h,.

BoinosiHeHue padoThl

L. ITpu 3akpbITOl TpoOKe [l OCTOPOKHO € MOMOIIBI0 HACOCA HATHETATh BO3AYX
B 0aJJIOH 70 TeX MOp, MOKA Pa3HOCTb YPOBHEH KMIKOCTH B MAHOMETPE HE JOCTUTHET
20 - 30 cm.

2. Korga naBnenue B 0ajuioHE MOJHOCTBIO YCTAHOBUTCS, TPOU3BECTH 1O IIKa-
JIe OTCYET Pa3HOCTH YPOBHEH KUIKOCTH B MaHOMETpE hj.

3. Beictpo oTKpEITH TIPOOKY [ M TOTHac ke (KaK TOIBKO YPOBHU >KHIKOCTH B
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MaHOMETpPE CPaBHSIOTCS) €€ 3aKpbiTh. Korjga gaBneHne OKOHYATEIbHO YCTAHOBUTCH,
IPOU3BECTH BTOPOI OTCUET pAa3HOCTU YPOBHEW B MaHOMeTpe ;.

OnbIT MOBTOPUTH 5 pa3, MEHsISl BEJIUYHHY h;.

4. Toncrapnsas B hopmyny (10) 3mauenus h; u h,, B3sATBIE U3 KaXKIOr0 OT-
JETBHOTO OTbITA, BBIYUCIUTD 71:72:73 U T.[.

5. Beruuciauts aOCOMIOTHYIO U OTHOCUTENLHYIO TOTPEITHOCTH U HAJIEKHOCTb.

Bce pe3ynbTaThl 3aHECTH B Ta0JIHUILY.

Tabnuua. Pe3ynpTaThl SKCIEpUMEHTA

Ne onbiTa h; h, 4 Vep
1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
Y =Vt AY

6. Berunciauts TCOPETUYCCKOC 3HAUCHUC 7 , CHHUTAs BO3AYyX IBYXaTOMHBIM TI'a-

30M. CpaBHI/ITB CT0 C IIOJTYUCHHBIM.

KoHTpoJsibHBIE BONIPOCHI
1. Yrto Ha3bIBaeTCs yAEIBbHOM TEIUIOEMKOCTHIO BemiecTBa? MousipHoi? Kakas

MCIKAY HUMHU CBSI3b?

2. Ilouemy C,>C,?
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3. Kakoil nporiecc Ha3biBaeTcsi aguadarndyeckuMm? Kak mpakTU4ecKH ocylie-
CTBUTH anuabaTuueckuil mporecc? Yto coboii mpeacTapiseT aanabaTHUecKas Mo-
CTOSIHHAsI?

4. Kakoil mpouecc onuceiBaeT ypaBHeHue Ilyaccona? 3ammcarh ypaBHEHUE
[Tyaccona jj1s ra3a npu nepexoje ero u3 coctosiuus I B coctosinue 2.

5. Uto Ha3BIBAaETCS YMUCIOM CTEeTeHel cBOOOABI MoJieKyn? Uemy paBHO | s
Bo3myxa? Paccunrarh TeopeTndeckoe 3Hauenue 7 (dopmyna 3).

6. B cucteme koopaunat P u V u3o0pa3uts annadaTty u U30TepMy.

[Touemy aguabaTa uAET Kpyde H30TSPMBbI?

7. BeiBecTH pacdyeTHyto (OpMyITy IJs OnpeaeneHus 7 .

8. ChopmynmmpoBath nmepBoe HAYAIO TEPMOTUHAMUKH.

9. Kak cBsasanbl Mexxy cooont C, u C,?

10. [Touemy TeopeTHUECKOE U AKCIIEPUMEHTAILHOE 3HAUYCHUsI 7 HE COBIaJa-
10T? Uem 00ycClOBIIEHBI OCHOBHBIE MOTPEIIHOCTH SKCIEPUMEHTAIBHOIO OIpesere-
HUs 7 ?

II. Yto Ha3biBaeTcs TEMIOEMKOCTHIO BenecTBa? KakoBa €€ pa3aMepHOCTh?

12. ChopmynupyiiTe mnepBoe Hayajao TEPMOJUHAMUKH W 3aMUIIUTE €ro s
aanabaTHoro npoiecca’?

13. Kakast TepMoiMHAMUYECKasi CUCTEMA SIBJISIETCSI OTKPBITOM?, 3aKPBITOM ?

14. Kakoil ra30BbIif MpoIecc MPOUCXOIUT:- TIPU PE3KOM BBIITyCKE BO3JyXa U3

OayioHa?- mocyue 3akpbiTus 0anioHa?
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BeiBOA:
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[IPUIOXEHNUA
1. CIIPABOYHBIE MATEPUAJIbI

3nauenusn koagpguyuenma Cmoiooenma t,

Uucmo usMepeHUU n
a 3 4 5 6 7 8 9 10 | 15 | 20 25
09 (29223213202 |194|190 |186 183|176 |1,73| 1,71
0
09 430|318 2,78 |257 245|236 |231 226|214 2,09 | 2,06
5
0,9 1992584460 |4,03|3,71|350]3,36 325|298 |286 | 2,80
9
JpoOGHble 1 KpaTHbIE MPUCTABKU K €IMHULIAM U3MEPEHUS
O603Haye- Muoxu- | O6o3Haue- MHoxHu-
[IpucraBka [IpucraBka
HUE TEJb HUE TEJb
n ITUKO 10 % oa JIeKa 101
H HAHO 10°° 2 T'eKTO 10°
MK MHUKPO 10°° K KHWJIO 10°
M MUJLIA 10°° M Mmera 10°
c CaHTH 10°° r rura 10°
0 e 1071 T Tepa 10%°

HpI/IMCH}IGMBIe BHCCUCTCMHBIC CIMHUIBI U3MCPCHUA

MumumeTp pTyTHOro cronba (mm pm. cm.): 1 mm pm. cm. = 133 Ila

Anextpon-BoisT (9B): 128 =1,6 10" e

AtomHas equnuia Maccel (a.e.m.): 1 a.em. =1,66-10 “2 o

Kropu (Ku): 1 Ku = 3,7-10" pacn/c
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HekoTopbie KOHCTAHTBI M YaCTO IPUMEHSICMbBIC BETHUNHBI
[MocTtosunas Bompumana k = 1,38-10 % Jwc/K
[TocTostnaas ABoraapo N = 6,02-10 26 wemonn ™1

DeMeHTapHbIit SIeKTprudeckuii 3apsia e = 1,6-10 7 ° K
JnanekTpudeckast mocTostHHas € o = 8,85-10° 2D/

MarHuTHas TOCTOSHHAS 1 o = 4710~ T'n/m

[Tocrosstunas [Tnanka h = 6,62-10 _34,bec-c

Yckopenue cBoOoaHOTO MageHus g = 9,8 m/c?

YHuuepcanbHas razoBas noctossaaast R = 8,31 xk/[oic/(kmonvK)
CKopocTb cBeTa B Bakyyme ¢ = 3-10 % /e

Iocrosirnas Credana-bonpumana o = 5,67-10 "% Bm/(m* K"
[MocTtosuusle Buna: b =2,90-10 *K-m; C= 1,29'10_537’}’1/(]1/13'[(5)
[TocTostanas Pun6epra R = 1,10-10 Tmt

Koaddurment mpomopinoHanbHOCTH MEXKTy MAaCCOU U SHEPTHEH

=910 16,!]9fc/1<2 =931,4 M»sB/a.e.m

IInomnocmo eewecms p

Bewecmeo Booa T'nuyepun Pmymo Csuney

p, Ke/m® 1000 1260 13600 11350

Bs13K0CTh HEKOTOPBIX BEILIECTB M

TCnuuepus | T,°C 0 10 20 30
n, Ia-c 12,10 3,95 1,48 0,60

Bosnyx | T, °C 0 15 25 50
n, mxlla-c | 17,2 17,9 18,4 19,6
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PaboTa BbIXO/a SJIEKTPOHOB M3 METAJIIOB

Memaann A,, 2B Memaann A,, 5B
ATIOMUHUNA 3,74 Harpuit 2,47
Keneso 4,36 [Tnatuaa 6,29
Kanmii 2,15 Cepebpo 4,70
Jlutuit 2,39 Le3mit 1,33
Menb 4.47 Huak 3,94

JInHbBI BOTH HanboJee SPKUX JIMHUHN CTIEKTPpa U3TyUYeHUs] HEOHA

L{sem nunuu A, HM L{sem nunuu A, HMm
Kpacnas 1 640,2 Kenras 585,3
Kpacnas 2 638,3 3enenas 540,1

XapaKTepUCTUKU HEKOTOPHIX YACTHII

Haspanue Cumsoun (060- Macca nokos Sapsn, K

YACTHUILBI 3HAYCHHME) a.em. Ke ’

IeKTpOH e, af’ 0,00055 9,11.10 -e=-1,6-10""
IIpoToH p; H 1,00728 1,672-10% +e=16-10""

Heiirpon on 1,00867 1,675-10 % 0

a-vacTHIA a; ,He' 4,00149 6,64-10 %' +2¢=3,2.10""

Tun pacimaga U nepuoag T Imojiypaciiaga paanOaKTUBHBIX U30TOIIOB

N3o0Tom Tun pacnaga T N3oTton | Tumpacnana T
11Na** B 15 uac gaP0"° o 138,4 cym
11 Na® b 60 ¢ 36Rn222 a 3,8 cym
Mg*’ B 10 yun ggRa™® o 1602 zem

15P¥ B 14,3 cym 00 Th**® a 7340 siem
27Co% B,y 5,3 1em LU o 7,1-10° nem
338r90 '3 27,7 1em 2U239 I'n 23,5 mun

123




Macca netimpanvhvix amomos (a.e.m.)

Onement | W3oron Macca DneMeHT N3oTom Macca
H' 1,00783 | Kucmopox Non 15,99491
Bomopox H* 2,01410 Nos 16,99913
H° 3,01605 drop oF " 18,99840
Tennit ,He® 3,01603 Hatpuii 1nNa” 21,99444
,He’ 4,00260 Na* 22,98977
JIurtwit 5Li° 6,01513 MarHwuit »Mg”® 22,99414
bepunnmit ,Be’ 9,01219 ANIOMUHUN 1Al 26,98154
Bop 5B 10,01294 1Al 29,99817
;B 11,00931 dochop 15P% 31,97391
6C™ 12,00000 Kanuii oK™ 40,96184
Vriepon sCY° 13,00335 CauHer Pb?® | 205,97446
sC 14,00324 | Tomommit | gPo™° | 209,98297
A3oT NP 13,00574 Vpan U™ | 235,04393
/NY 14,00307 U™ | 238,05076
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