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du3rka: METOJUYECKUE YKa3zaHHs K JabOopaTOpHbIM padoTaMm ISl CTYAECHTOB
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Metoauueckue ykazaHus MpeJHAa3HAYEHBbI JJIA CTYJEHTOB, OOY4YaroIIUXCs IO
CHENUAIBHOCTU cpeaHero npodeccuoHanbHoro obpazoanus 08.02.13 MoHTax u
OKCIUTyaTalysl BHYTPEHHUX CAHTEXHUYECKUX YCTPOWCTB, KOHAWIIMOHUPOBAHUS
BO3/1yXa U BEHTWISIUU.

MeTtonuueckre yKazaHUs BKJIIOYAIOT B Ce0s KOMIUIEKT METOIMYECKUX
MaTepuanoB, HEOOXOIUMBIX JUIsl YCHEIIHOW MOJATOTOBKM M Y4YacTHsl B MPOBEJICHUU
71a060paTOpHBIX paboT Mo MexaAucHuIuinHapHoMy Kypcy Dusuka crynenram CIIO:
METOJMYECKHUE yKa3aHWs IS OOyYaroMIMXCS O OCBOCHUIO MEXIAUCIIUTUTMHAPHOTO
Kypca, IUIaHbl JAa0OpaTOpHBIX palbOT, TMepedeHb BOMPOCOB K 9JK3aMEHY,
OoubmuorpaduyecKuii CIIMCOK.
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BBEJAEHHUE

JlabopaTtopHbie paboThl — 3TO 3((PEKTUBHOE CPEACTBO CBSA3U TEOPHUH C MPAKTUKOM.
Wx BbITIONHEHHE CTOCOOCTBYET (OPMHPOBAHUIO y CTYJIEHTOB SKCIEPUMEHTAIBHBIX
YMEHUH 1 HAaBBIKOB, a TAK)KC YMECHHUIA M HABBIKOB IIPAKTUYCCKOTO XapaKTepa, Pa3BUTHIO
MO3HABATENILHBIX CIIOCOOHOCTEH, (POPMUPOBAHNIO AKTUBHOCTH M CAMOCTOSITEIHHOCTH.

[locne 3amaHusi, BBIAAHHOTO TMpEMOAaBaTeNieM, CTYACHT  CaMOCTOSITENIBHO
paboTaer ¢ MHCTPYKILUEH, YUYUTCS MPABWIHLHO OPraHU30BHIBATH CBOE pabouee MecCTo,
paIMOHAIBHO TUTAHUPOBATh PabOTy MO BHITIOJIHCHHUIO YYEOHOTO 3aJaHus, HAXOIUTh
HanOoJiee palMOHAIBHBIC CIIOCOOBI PEIICHHS ITIOCTABJICHHBIX 3aJlay, IPaBUIBHO
(bUKCUpPOBaTh PE3yJbTAThl BBHITIOJHEHHBIX 3aMEpPOB, IKCIIEPUMEHTOB W OIUCATh WX,
(bOpMyIUPOBATh BBIBOIBI.

Pexomennyercs cienyroias cxema MoJIr0OTOBKH K J1abopaTopHOit pabore:

1) o3HakomJieHHE C TUTaHOM J1aOOpaTOpPHOW pabOThl, KOTOPBIA OTpaKAET
coJiep>KaHue MPEII0KEHHON TEMBI;

2) mpopaboTKa KOHCTIEKTA JICKIINU;

3) uTeHHe PEKOMEHIOBAaHHOU JINTEpPaTyphI;

4) moATrOTOBKA OTBETOB HA KOHTPOJIBHBIE BOIIPOCHI 1a0OPATOPHOM pabOTHI;

5) BBINOJTHEHUE TECTOBBIX 3a/IaHUM, 3a]1a4 U JIp.

6) MOIrOTOBKA OTYETA 1O BBHIIIOJIHEHHOU padoTe.

B mocoOun kpaTko paccMOTPEHBI TEOPETUIECKUE TTOJIOKECHUS, HEOOXOIUMBIC TSI
BBITIOJTHEHHSI TaOOPaTOpHON paboThI, MOAPOOHO M3JI0KEHAa METOJMKa HKCIIEPHMEHTA,
OMMUCaH TMOPSAJIOK BBINOJIHEHUS J1a0OpaTopHOM padoThl M 00pPabOTKU pe3yJIbTaTOB
MPSAMBIX U3MEPEHUH, cofepKaHue W TMpaBuia 0hOPMIICHHS OTYETa IO JIA0OpaTOPHOU
pabore.



JlaGopaTopnas padora Nel

«ONNPEJAEJEHUE YCKOPEHUSA CBOBO/JHOI'O ITAJTEHUS C
IHOMOIBIO MATEMATHYECKOI'O MAATHUKA»

I_Iem, p360TbI. OBJ'Ia,I[eHI/Ie METOJaMH OLICHKHU IIOrpCIIHOCTU, OMNPCACIICHHUE YCKOPCHUA

C¢BOOOIHOTO ITAZIEHUS C IIOMOIILI MAJIBIX CBOOOIHBIX KOJIEOAHNIT MAaTEMATUUECKOrO MasiTHHUKA.

IIpubopsbI U NPUHANIEKHOCTH.
HuTts, rpy3uk, MUJUTMMETPOBast TMHEIKa WK U3MEPUTENbHAs JIeHTa (PYJIeTKA).

IMopsinok BbINOJITHEHUS PAadOTHI.

1. TIpoBecTi MHOTOKpATHEIEC H3MEPEHHS BPEMEHH, B TEUCHHH KOTOPOTO TPH PA3IHUHBIX IO
JUTMHE MAaTEMAaTUIECKUX MasTHUKA cOBEpIIaT (PUKCUPOBAHHOE KOJIMYECTBO TOIHBIX KOJICOaHUH.

2. Pe3y/IbTaThl IPIMBIX MHOTOKPATHBIX H3MepeHHil 06padotath MeTogoM CThIOIEHTA.

3. PaccumTtaTh, CpeHHE 3HAYCHHS YCKOPEHHS CBOOOIHOTO ITaICHHS
< g > 1 aOCOJIIOTHYIO MOTPEITHOCTh KOCBEHHBIX U3MEPCHUN Ag.

4 . CpaBHI/ITB IMMOJTY4YCHHBIC 3HAUYCHU < g> C €ro TaOJIMYHBIM
3HAa4YCHUCM.

5 . CI[eJ'IaTB BBIBOJbI I10 PE3yJIbTaTaM BBIIIOJIHCHUSA pa6OTBI.



TeopeTnyeckue MoJ0KEHUS

JUisl SKCIIEpUMEHTAIBHOTO ONpEACNICHUS 3HAYCHHS YCKOPEHHs CBOOOJHOTO MAACHUS g
pa3paboTaHO MHOTO pa3iuYHbIX MeToJ0B. COBOKYMHOCTh 3THUX METOAOB, NpPU KOTOPBIX
HaOJIr0/1aeTCs IBM)KEHUE TeJa MOJI ACHCTBHEM CHIIBI TSIKECTH, a HETIOCPEICTBEHHO U3MEPSIeMOit
BEJIMUMHON SIBIISIETCS BpeMs, HEOOXOAMMOe Tely sl MepexoAa OT OJHOro (hPMKCHUPOBAHHOIO
NOJIOKEHUSI B JIPyroe MOJYYHJIM Ha3BaHME IUHAMHUYECKHX MeTonoB. Cpenu HHUX, HauOolee
HIMPOKOE PacCHpOCTPaHEHHE, MOIYUUIT MAsSTHUKOBBIA METO/I.

B ¢u3zuke nog MasTHUKOM MOHUMAIOT TBEPJOE TEJIO, COBEPILIAIOLIEE MO/ JEHCTBUEM CHIIbI
TSOKECTH KOJieOaHUsT BOKPYT HETOABM)KHON TOYKHM WK ocH. [IpuHSTO pasnuyarh Gpusndeckuii u
MaTeMaTHYeCKUN MasTHUKH.

@u3nyeckuii MasiTHUK TPEJCTaBISIET cOOOW TBEpAOE TEN0, KOTOPOE MOMKET CBOOOIHO
Koye0aThCsl TOJ ACMCTBUEM CHJBI TSKECTH BOKPYT HEMOJBHMYKHOW TOPHU30HTAIBHOM OCH, HE
MPOXOIALLEH uepe3 LEHTP Macc.

MaremaTu4yeckMii MasiTHUK — 3TO HWJCAJU3UPOBAHHAS CHUCTEMA, COCTOSIIIYIO HUX
MaTepUaJIbHOM TOYKM Maccoil m, MOJBEUIEHHOW Ha aOCOJIOTHO HEPACTSHKUMOW M HEBECOMOM
HUTH JUTHHOH L, ¥ KOJeOIIoIIasics moj| IeHCTBUEM CHIIBI TsKECTH (pHc. 1).

Xapakrep KojneOaHuil MaTeMaTHYECKOTO0 MAasTHUKA OMPEACISICTCS 3aBUCUMOCTBIO yIia ¢,
00pa30BaHHOI'O HUTHIO C BEPTUKAIIBIO, OT BPEMEHH £, T.€.((?).J]anHas
3aBUCHUMOCTh OIPEENseTCs] CBOWCTBA- MU CpEJbl, B O
KOTOPOM HAXOIHUTCS MasATHUK, a TaKKe BEIMYHUHOM
MaKCUMaJIbHOTO CMEUIeHUs MasiTHUKA oT
II0JIO’KEHUSI PABHOBECHUS (.

Ilyctb B cucreMe CONPOTHBICHHS CTOJb
Majlbl, YTO HMMH MOXXHO TIpeHeOpedyb, W IIyCTh
MaKCUMaJbHBII
yroma OTKJIOHEHUS MasiTHUKA ®o

COCTABJISIET BEIMUMHY He Oojiee uem 15°
(0,262 pam)  (sinl15°=0,259, T.C.

Puc. 1.



sin@o=@). Toraa yrioBoe cMellleHHe MasTHUKA OyJeT U3MEHSThCS C TEUCHHEM BPEMEHH
NPUOIU3UTENBHO 0 TAPMOHUYECKOMY 3aKOHY (OMUCHIBATHCS (DYHKIUSMU CUHYCOB MU
KOCHUHYCOB), T.€.

@(1)=ocos(mot+0L )£ )=@osin(wof +0to ),
r/ie t—TeKylllee BpeMsi; [@ot+0Lo]—(aza konebanwmii;w—Kpyropas
(UMKTHYecKasr) 9acToTa;0—HavanbHas (asa, T.e. paza cOOTBETCTBYIO-
11asi OTKJIOHEHUIO MasiTHUKA B MOMEHT BpeMeHHu  7=0.

B ostom  chyuae, dbopmyia Ui Tiepuojaa KoseOaHui MaTeMaTH-
YECKOT0 MasiTHUKA UMEET CIEAYIOIUI BU/I:

T=2x )

rae L—anvuHa MasiTHHKA; g—yCKOPEHUE CBOOOIHOTO MajIeHHUS.

W3 3T0i opMyIIBI CrieayeT, 4To MPH MaJbIX YIiIaxX OTKJIOHEHHS OT MOJIOKEHHUS] paBHOBECHUS
nepuoj KojeOaHWH MaTeMaTUYecKOro MasT- HMKa HE 3aBHCUT OT €ro MacChl M aMIUIUTYIbI
Kosie0aHuil, a onpenenseTcs JUllb JUIMHOM MasTHUKA L U 3HaYEHUEM YCKOpPEHHUs CBOOOIHOTO
najieHus Tell g B JJAHHOM MecTe mpocTtpaHnctBa. [loatomy, 3Ty hopmyiny MOXKHO HCIONB30BATh
JUISL KCTIEPUMEHTAIILHOTO ONPEACTICHUS YCKOPEHUsI CBOOOTHOTO MAJICHUs TeJ B MOJI€ TATOTCHHS

Semitu:
L

g=4r’ 2)

TZ

Ecnu B TeyeHuM BpeMeHHU ¢ MAaTEMaTUYECKUM MAasTHUK COBEpIINI N MOJHBIX KOJeOaHUH,
TO MEPHOJ] KOJIeOaHU MOKET OBITh BBIUKCIICH 10 hopMyJIe:

T=t/N. 3)
U3 dopmyn 2) wm (3) mnomyuaem CIIeyFoIIIee BBIpOKEHHUE TUIS
YCKOpEeHUs: CBOOOHOTO TaICHHUS:
g=4m" N’
- @

t



Ilopsinok BbINOJTHEHHS PAdOTHI

1. CamocCTOSTENBHO H3rOTOBUTH MATEMATHUYECKHI MASTHHUK JUIMHOU He MeHee ueM 60 cM.
B kauecTBe rpy3a MOXHO B35Th TaWKy, TPY3WIO JJIA PBHIOATKH, WIA JIPYroe TsHKEIOe TeNo
HEOONMBIINX pa3MepoB. [IpoyHO coeanHUTH Tpy3 ¢ HUTHIO. TOYKY TOJBeca MasTHUKA MOXKHO
PACIIOJIOKUTH Ha KParo CTOJIAa WK CTYJIa, KHIDKHOW TTOJIKE U T.I.

2. Paccumtath mo dopmyne Ny= (30 + 2-B), rne B — Homep Opuramel B
MIPET0/1aBaTEeIbCKOM XKypHaJe, YUCIIO MOJTHBIX KojieOaHui MasTHUKA. Pe3ynbTar 3aHectu B Ta0I.
1.

BHUMAHME. B xaosxcoom onvime 3HAYeHUe Yucia HOJHbIX Koaebanuil masmuuxa Np
00JIXHCHA OBbIMb OOUHAKOBO.

3. JKecTko 3aKpElHUTh HUTh MASTHHKA B TOYKE TOBECA. MI3MEPHTb PACCTOSHHE OT TOYKH
nojBeca 10 yewmpa macc!!!MOABEIIEHHOTO Tpy3a (JJMHA MaTeMaTHUYeCKOro MasiTHHUKa L).
PesynbTat usmepenuii 3anectu B Ta0u. 1.

[Tonoxxenue 1eHTpa Macc rpy3a B JaHHOW paboTe omnpeienseTcss MPUOIU3UTEIBHO. DTy
OIIMOKY MOKHO YMEHBIIIUTh, €CIIM 3HAYeHHE aOCONIOTHON MOTPEIIHOCTH AITWHBI HUTH MasTHUKA
AL IpUHATH paBHBIM

AL=2mMm.
4. OrkIOHUTH MasATHHK HA HEGOMBIIOH yrom (¢< 15°) oT monoxenus paBHOBecus. IIpu

3TOM HEoOXOauMO YTOOBI HUTH HE MpoBucaia. Jlaiee, MAaKCUMaJIbHO AaKKypaTHO, OTIYCTHTb
TPY3HK.

5. Tocne HeckonbkUX KoNeGaHWi ONpENeTUTh BPEMS f, B TEUECHHH KOTOPOTO MASTHHK
coBepmuT N =30...50 monubix konebanuid. [Ipu s3TOM cekyHIOMEp HEOOXOAUMO ITYCKaTh B XOJ]
¥ HAYWHATh CYET MOJHBIX KOJIeOaHUI B MOMEHT, KOTJa MAasTHUK HAXOAUTCS B OJJTHOM U3 KPAUHUX
nonoxycenui!!!.

PesynbraT n3mMepeHuil BpeMeHH ¢;3aHecTu B Ta0I. 1.
6. IpoBect n3MepenHns(I4umS) He MeHee 5 pas.

7. YMeHbIIas KaXabli pa3 IMHY HHUTU MasTHHKaA HpI/I6J'II/I3I/ITeJ'IBHO Ha 5 CM, TaKUM XK€

nyteM (cM. m3 — m5) ompeAeNuTh BpeMEHa f; emle AN TpeX 3HAYeHWH JJIMHBI MasTHHKA.
Pe3ynbraThl 3THX NU3MEPEHUH 3aHECTH B COOTBETCTBYIOIINE TAOIHUIIBI.

Tabmuma 1

Pe3ynbTaThl NpsAmbIX

U3MEpPEHUN
NeorsiTa N5 L, L
M c
1
K

O0padoTka pe3yabTaTOB H3MEPEHUIl U PACYET MOrpenIHoCTe
Pe3ynbpTaThl MHOTOKpATHBIX MPSIMBIX HW3MEpPEHUH, MpHUBEACHHbIE B Tabn. 1 HeoOxomumo
obpaborats MmetogoMm CThronenTa. st 3Toro Heo6xoIMMO.
1. Haiiti cpennme apudmernaeckre 3HaUCHHSI BDEMEHU t< >

2. BpIUNCIUTD BEJTMYMHBI CIIy4allHbIX OTKJIIOHEHUHM BpEMEHU



3. BprumcauTth KBagpaThl CIy4alHbIX OTKIOHEHU: 2

4. BBIUHCIUTH CPEeTHEE KBAIPATHYHOE OTKIOHEHUE CPEIHETO apu()- METHIECKOTO:

1 N
Sk= | K(K=D)D. &7
- 1
1:1 ..
5. Onpenenuts k03pduinueHT CThIOACHTA kqok, 3aBHCAIIMNA OT 4YHCIA MPOBEACHHBIX
H3MepeHHﬁ K n I[OBCpHTeHLHOﬁ BCPOATHOCTHU QL. B IMpuiL. 2 MMPUBCACHBI 3HAYCHUA
k03P duimeHToB CTHIOJICHTA, IS PA3INIHBIX 3HAUCHUH JIOBEPUTEIHLHOM BEPOSITHOCTH.

6. Bolumcnaute ciay4aiiHyr0 MOTPEUIHOCTh CpeJHero apupMeTHyec- KOro 3HAUYEHUS
BPEMEHHU COBEpIICHHS N KoieOaHui (O1eHOYHOE 3HAUCHUE a0COFOTHOM IMOTPEITHOCTH):

At = SKkOL K-
7. Pe3ynpTaThl BHINOJIHEHHS MYHKTOB | — 6 IpE/ICTaBUTh B BUE Ta0I. 2.
Tabmauma 2
O06paboTka pe3yJabTaTOB MPSIMBIX U3MEPEHUN
L Ne t i N/ > Ei 7 S K kO(., K |At

OIIbITa £

1

K




K

8. Hns KaxIoW cepuum HM3MEpeHHH 3amucaTb OKOHYATEJIbHbBIE pe3yJbTaThl 00pabOTKH
OpsSIMBIX M3MEPEHMH BPEMEHU COBepIIEeHUsS Np TMOJHBIX KOJeOaHWH B COOTBETCTBUU C
TpeOOBaHUSAMH, NPEABABISEMBIMH K (OopMe 3alucu pe3yibTara HM3MEpeHHs (U3NYECKON
BEJINYUHBI:

t1:<11> Al t2:<t2> + Aty t3:<t3 ) tAn, 14:<t4> + Aty

9. Bprumncaursb UL KaXKJI0u cepuu U3MEpEeHui OTHOCHUTEJIbHBIE

MOrpCIIHOCTH UBMEPCHUA BPCMCHMU:
At
ot =

v
10. Ucnonw3ys nannble m.8 u Tadi. 1, mo ¢opmye

(N \2
(gl ——F . ()
()
BBIYUCIIUTH cpe,uHee 3HAQUYCHUC BCJIIMYUHBI yCKOpeHI/I}I CBO60,Z[HOFO

MaJICHUS B KaXI0M CEpuu H3MepeHHﬁ<g>.
MyJie

%t\Z( AL N

1581 CBOddI[;lOFO majicHuss B KaxJo# cepuun

Ag—< ). /4

a0COJIFOTHBIC IO PCHIHS
WU3MEPECHHM.

12. 3anucath OKOHYATENbHBIM  pe3yabTaT B  COOTBETCTBUM C  TpeOOBaHMSAMH,
NpeIbABIIEMBIME K (pOpMe 3amicH pe3yibTaTa H3MepeHnus GU3NIeCKOi BEeTUInHBI (cM. [2]):

13. Bbruuciauth OTHOCHUTEJIbHYIO MOTPELTHOCTh U3MEPEHHOTO
3HAYEHUS YCKOPEHHsI CBOOOTHOTO MACHUS B KAXKI0H CEpUU N3MEPECHUINA:

10



Ag;

I
H&:‘
14 CpaBHUTE pe3yibtatb—H—2—Cc TA0NRIHEIM 3HAYEHUEM YCKOPEHUS CBOOOIHOTO

HaJICHHUS.
15. OdopMuTh OTUET 1O pe3yabTaTaM pabOTHI.

KOHTPOJIBHBE BOITPOCHI

1. aiite omnpeneneHue TrapMOHMYECKHX KosiebaHuil. Hamummure ypaBHEHHE TakKuUxX
KOJIeOAHUH, MOSICHUTE (PU3UUECKUIT CMBICT BETUYMH, BXOJSIINX B HETO.

2. B kakux ToYkax TPAeKTOPUH Tejla MaTeMAaTUYECKOTr0 MasTHHKAa MMEET MaKCHUMaJbHYIO
CKOpPOCTb, IOTEHLHAIbHYIO JHEPIUI0, KUHETHUECKYIO0 3HEPIHI0, YCKOPEHUE, CUIIy HATSKEHUS
HUTH.

3. BeiBecTn ypaBHEeHHE KoJIeOaHUN MaTeMaTudeckoro MasTHuka(l).

4. BeiBectu GhopmyaTy IS IEpHO/Ia KOJIeOaHH MaTeMaTudecKoro MastHuka (1).

5. Kak u3meHnurcs nepuoj MaTeMaTu4eckoro MassTHUKA, €CJIM U3MEHUTD €T0
JUTMHY, aMILUTUTY 1y KoieOaHuii?

6. Kak BiMseT 4ncIIo MOJIHBIX KOJeOaHUi HAa TOYHOCTD MCIIOJIb3YEMOT0 MeTo1a?

7. HazoBure BU/JIbI MOTPEILHOCTEH, KOTOpBIE BO3HUKAIOT pu
9KCIIEPUMEHTAILHOM ONpe/esIeHNN GU3NYECKUX BETUYHH.

8. laiiTe onpejeneHue caeayronmx MoHsITHIL:

a)cpenHee apu(pMeTHIecKoe pe3yaIbTaToOB U3MEPEHHIA;

6)CpCI[H$I$I KBaZpaTU4Has MOrpCIHOCTb CPCAHCTO PE3yJibTaTa.

9. Onwuure MOPSI0K 00paboTku pE3YyIbTATOB IpU  TPSAMBIX
HU3MEPEHUSX.

10. Kakue norpenHocTv Ha3bIBatOTCA KOCBEHHBIMU ?

11. Pacckaxxure mopsimok oOpabOTKH 3KCHEPUMEHTANIBHBIX PE3YIbTaTOB MPHU

KOCBEHHBIX U3MEPEHUSX.
12. Kakas morpentHocTs Ha3bIBaeTCs a0COMOTHON? OTHOCUTENLHOM?

11



Ipuaoxenune 1

Bennunnsl ko3 dunmenta CThioIcHTa
ka,K
JUTSL pa3JIMYHBIX 3HAYSHUH TOBEPUTEITHHON BEPOSTHOCTH O

[Ipu oOpaGoTke mpsIMBIX U3MEpPEeHH B Ja0OpPAaTOPHOM MpPAKTHKyMe IO (QHU3UKe
peKOMeHIyeMoe 3HaueHHEe JOBEPUTENbHON BeposTHOCTH paBHO o= 0,95 (95%). bonee Bhicokas
HagexkHocTh 0,99 wumu 0,999 Tpebyercs TONBKO MNpPH OYEHb TOYHBIX M OTBETCTBEHHBIX
sKkcriepuMenTax. B Tabn. 4 npusenensl 3HaueHus kKodddurmenToB CThIOIEHTA, TS Pa3IHYHOTO
qucia SKCIEPUMEHTOB M Pa3IMYHbIX 3HAYEHUH IOBEpUTEIHHON BEPOSITHOCTH.

Tabmnumna4
Yucno JloBepuTenbHast BEpOATHOCTD
usmepennit K- |=0 90 a=0,975 0=0,995 0=0,9995

2 6,314 12,706 63,657 636,619
3 2,920 4,303 9,925 31,598
4 2,353 3,182 5,841 12,941
5 2,132 2,776 4,604 8,610

6 2,015 2,571 4,032 6,859

7 1,943 2,447 3,707 5,959

8 1,895 2,365 3,499 5,405

9 1,860 2,306 3,355 5,041

10 1,833 2,262 3,250 4,781

11 1,812 2,228 3,169 4,587
12 1,796 2,201 3,106 4,437

13 1,782 2,179 3,055 4318
14 1,771 2,160 3,012 4221

15 1,761 2,145 2,977 4,140
16 1,753 2,131 2,947 4,073
17 1,746 2,120 2,921 4,015

18 1,740 2,110 2,898 3,965
19 1,734 2,101 2,878 3,922
20 1,729 2,093 2,861 3,883
30 1,699 2,045 2,756 3,659

W3 Tabauibl BUIHO, YTO JJIs ONIPEISIIEHHOT0 Yncia u3Mepenuit K ysenuuenue
JIOBEPUTEIBHON BEPOATHOCTH COIPOBOMKAAETCS
YBEIIMYECHUEM ky K @, CIENOBATENLHO, U YBEIMYEHUEM a0COMIOTHON
>

MOrpCIIHOCTU AZ, T.C. I[OBCpHTCHBHLIﬁ HHTCPBAJI CTAHOBUTCA INPC.

JlaGopaTopHasi pabora Ne 2

«M3YUYEHHUE 3AKOHOB CTOJIKHOBEHMUS TEJD»

Llesab padoTbi: 03HAKOMUTHCSA C SIBJICHHEM yaapa Ha IpUMeEpe
COYJIapEHMS MTOJABEUICHHBIX HA HUTAX APUKOB.
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OO0opynoBanme: n3MepuUTENbHAs YCTAHOBKA, HAOOP IIAPUKOB, TEXHUYECKUE

Yackl.

Teopus

B wmexanuke moj  yaapoM  cieAyeT TMOHUMATh  KpPaTKOBPEMEHHOE
B3aMMOJIEMCTBHE [JBYX WM OoJjiee Tell, BO3HUKAIOLIUX B pe3ysbTaTe MX
CONpPUKOCHOBeHUs. Ilpu coymapeHuu JApyr ¢ JpyroM OHH MPETEePHEBAIOT
nedopmaruto. [Ipy 3TOM KUHETHYECKasi SHEPTUs, KOTOPOW 00JIa/laloT Tena mepes
yAapoM, YaCTUYHO WJIM TMOJTHOCTHIO MIEPEXOIUT B IOTEHIIMATBHYIO SHEPTHUIO YIIPYTOM
nedopmaliii 1 BO BHYTPEHHIOIO 3Hepruto tei. CyliecTByeT ABa MpeaelbHbIX BHA
yaapa: aOCOJIOTHO YNPYruid U aOCOJNIOTHO HEYNpyrul. Aoécoaromuo ynpyeum
Ha3bIBaCTCs TAKOH yJap, MpU KOTOPOM MEXaHWYeCKasi SHEPTUs Tesl He MEePEXOJNUT B
JIpyrue, HEMEXaHUYeCKUe, BUIbl DSHEPIUH. AOcomomno  Heynpyeuni  yoap
XapakTepu3yeTcs TeM, YTO TOTEHIMaNbHas dHeprus nedopmanvyd He BO3HUKACT,
KUHETUYECKas DSHEpPrus TeJl TMOJHOCTbIO WM YacTHYHO TMPEBPAIIAeTCs BO
BHYTPEHHIOIO SHEPTHIO.

AOCONIOTHO yHpPYTHX YJIapoB B MpPHPOJE HE CYIIECTBYET, TaK KakK BCEr/a
YacTh SHEPTUU 3aTPaunBaETCsA HAa HeoOpaTUMYIO eOpMaIrio TeN U Ha YBEITMUCHHE
UX BHyTpeHHeU sHeprun. OJTHAKO, 7151 HEKOTOPBIX TEJl, HAIPUMED, CTAIBHBIX HIApOB
NOTEPSIMU MEXaHUYECKOW YHEPTUH MOKHO MTPEHEOPEUb.

B nacrosimieit pabote paccMaTpuBaeTcsl yaap LIapoB, MOABEIIEHHBIX B BHJIE
MasTHUKOB, MpUYEM OJMH MIap a0 yaapa nokoutcs (v;= 0). Yaap mpoucxoaur B
MOJIO’)KEHUHU, COOTBETCTBYIOIIEM PaBHOBECHIO TE€J, U SIBISECTCA YEHMPATbHbIM U
npAMbIM. DTO 3HAYUT, YTO MPH yAape HEHTPhI TSHKECTU Tel JIeKaT Ha JIMHUHU yapa,
a UX OTHOCHUTEJIbHASI CKOPOCTb MapaJljiesibHa JIMHUHU yiapa.

[Tpumepsiss K yaapsromMMCs IIapaM 3aKOH COXpPAaHEHUS HMITYyJIbCa, MOXKHO
HaMucaTh: JUisi abCONMIOTHO YIIPYToTo yapa -

m; v =m;,+my; (1,a)
¥ T aGCOITIOTHO HEYNPYTOTO yaapa- my vo=(m;+my)v; . (1,6)
31eCh m,m;-MacCHl APOB,V; ,V; -CKOPOCTH IAPOB TOCHE YIPYTOro yaapa,v; -
00111ast CKOpOCTb IIApOB MOcIie a0COMIOTHOTO HEYNPYTOTO yaapa.

PaccMoTpuM 1IeHTpaIbHBIN a0COIIOTHO YIIPYTUA yIap JBYX IIapoB.

Cwitpl, BO3HHUKAOmMue Tpu jAchopMalMy IIapoB, B IIpoIecce
COyJIapE€HUsI MEHAIOTCA BO BpeMeHU. Haijiem CpeiHIo0 110 BPEMEHHU CHUITY,

JEUCTBYIOIIYIO Ha OJMH U3 mapoB. [lo onpenenennto cpeHss cuia paBHa

13



- t
1—

(F)= L r[th (1)

0

CornacHo BTOpomy 3akoHy AuHamuku F= dP/dt, torna

h —— 5

B fdp= T @)

t—t, 1ty T
- 7

ra Po-puMITyIbC 1I1apa 10 yaapa,
P-MIMITYJIBC 1I1apa II0CJIC yaapa,

t;-t,=T-BpeMs coyaapeHus. MonayJib
CpEaHEN CUIIBI

<F>=APr
Ecnu nepsbiii map 10 yaapa nokouncs (Py=0),to AP=P;.Ecnu maccel
1apoB

OJIMHAKOBBI (M;=m;),TO P,=P,,T.€.BTOPOM IIap IpH yJape BECh CBOM UMITYJIbC
IepeaacT NepBOMY IIAPY U OCTAHABIMBACTCA.
Torma

<F>=Py/T=m,v,/T 4)

IIpu n3BeCTHOM Macce MIAapOB CPEAHIOIO CUITY yaapa <F>Bcerja MOXHO
BBIUUCIIUTh, 3HAas CKOPOCTh IIapa Vv, B MOMEHT, HENOCPEACTBEHHO
IIPEAIECTBY LI COYIAPEHUIO, U BPEMSI COyAapeHus T.

CkopocThb 1apa HEMOCPEACTBEHHO MEPE] yAAPOM V2 MOKHO
ONPEACIUTH 0 YTy @ OTKJIIOHEHUS 1Iapa OT MOJIOKEHUSI paBHOBECHUSI (pHUC.
1). lllap, oTBeIEHHBIN OT MOJOKEHUS PAaBHOBECHS Ha yIroJl d, o0Jiazaet
3a1acoM MOTCHIMAIbHOM dHeprun E, = mgh. Jta sHEeprust K MOMEHTY yaapa

TIOJTHOCTBIO MIEPEXOANUT B KUHETHIECKYIO E, =mv’/2,
CIeZI0BATENBHO, mgh=mV’/2, otcrona

U= Jgh 5
rje h-BbICOTa MMOJbEMA IIAPA B KpANHEM
ITOJTIOKCHUU.

Puc.1.
13 AABC (puc.1 )enenyer: I-h=lcosa, otxyna h=I(1-cos@)=2lsin’(@/2).
14



[Toacrapisist h B ypaBHeHHE (5) MOTyUYUM
v,=2 4 sin(@?). (6)
ITo100HBIM 00pa30M MOYKHO 3aIMCaTh BBIPAKCHUS JIJISI CKOPOCTEH

15



vi'=2 gii_ sin’(a;’/2),
gfi_ -sin’(a;’/2), (7)
871— sin’(a;/2),

v;”

16



r7e a;’, a;’ - yriabl OTKIOHEHUS IIapoB MOCIe YIIPYToro yaapa, a ¢;”- yroil OTKJIOHEHHS epBOTO 1apa
nocse abCOMIOTHO HEYTIPYTOro yaapa.

OIIMCAHUEYCTAHOBKH

Puc.2.

OOmwmii Buj mnpubopa AN HCCICIOBAHUS CTOJKHOBEHHUS IIApOB TPEACTaBICH Ha pHC.

2.0cHoBaHue I OCHALEHO PETYJIUPYEMBIMH HOXKaMU 2, KOTOpbIE IIO3BOJIAIOT IPOU3BECTH
BBIpaBHUBaHHE TpuOopa. B ocHOBaHMM 3akperieHa KOMOHKa 3, K KOTOPOW TNPHKPEIUICH HIDKHHUHA
KpOHILTEH 4 1 BepxHuil 5. Ha BepxHeM KpoOHIITeHEe MPUKPEIUIEHbI KPOHIITEHHBI CO CTEPKHIAMHU 6 1
BOPOTOK 7, CIyXKalllud UId yCTaHOBKHM DPACCTOSHUS MEKIQy miapamMu. Ha cTepkHAX 6 NOMEIIEHBI
nepeaBUraeMble aepxarean 8 ¢ BTyl- Kamu 9,(pukcupoBaHHble Ipu nomMomu Oonra 10 wu
pUCIIOCOOICHHBIE K MpHKperuieHuto mnozasecoB AI11. Yepesz monsecsl I mpoBeaeHbI mpoBojaa 12,
MO/IBOJAIINE HanpsbkeHue K nojasecaM B13, a yepes Hux k mapam 14. [lociie OTBUHUKMBAaHNS BHUHTOB B
nosaBecax A MOMHO YCTaHOBUThH JIJMHY NOJBECKH HIapoB. Ha HMKHEM KpOHIUTEHHE 3aKperICHBI
YTOJBHUKH CO TKajgamu 15,16, a Ha crienuaIbHBIX HAMIPABJISIOMIUX — YJICKTPOMaraur 17.
[Tocne orBuHuMBaHus 0ontoB 18, 19 31eKTPOMArHUT MOXHO MEpPEBUTaTh BIOJbL MPABOM MIKAIbI U
(uKCUpOBaTh BBHICOTY €ro ycTaHOBKH. CHITy 3JEKTPOMarHMTa MOYKHO PETyJHpOBaTh BOPOTKOM 23.
VYTONBHUKY CO IIKaJaMHU TAaKK€ MOTYT MEpPEABUTaThCs BAOJIb HUKHETO KpOHIITENHHA. [I1g n3MeHeHus
WX TIOJIOKEHUSI HaJlO OMYCTUTh Taiiku 2, mofoOpaTh MOJOKEHHUE YTOJHHHUKOB, a 3aTE€M JOBHUHTUTH
raiiku. K ocHoBanMo pudopa

[IpuBuHYeH MUKpocekyHaomep 21, nepenaroimuii pazbeM 22 HanpsHKEHUE K IapaMu 3JIeKTPOMarHury.

N3MEPEHUA

1. T'aiikn noznBecoB B mepeMECTUTh MAaKCUMaJbHO BBEPX, a 3aT€M Ha IIOJBECHI
HaBUHTUTH JIBAa IPOU3BOJIBHO BEIOPAHHBIX 1IAPA.
2. Bpaiast BOpOTKOM 7, IOMEILIEHHBIM Ha BEPXHEM KPOHILITEWHE, YCTAHOBUTD Ta-
KOE PAacCTOSIHUE MEXy CTEPKHSIMU 6, 4TOOBI 1Iapbl COMPUKACAINUCH APYT C APYTOM.
3. Onyctutb 60aTHl 10 U HepeMecTUTh AepxaTeian 8 B MOJOKEHHE, B KOTOPOM
17



Je3BUsl TMOABECOB B OylIyT HAaXOAWUTHCA B OJHOW IUIOCKOCTH C YTrOJbHHKAaMH CO
mkanamu 15, 16. 3atanyts 60aThI 10.

4. OnycTuTh BUHTHI 1OABECOB AI1 W yCTaHOBHUTH TaKyl JJIMHY HPOBOJOB 12,
YTOOBI HAa BBICOTE YTJIOBBIX IIKAJI HAXOAWIUCH TOJBKO JIE3BHSI MOJIBECOB B, a uepTOUKu
Ha I1apax HaXOAWINCh Ha OJJHOM YPOBHE, 3aTSIHYTh BUHTBI ITOJIBECOB A.

5. IIpousBecTn KOPPEKTUPOBKY OCEBOM YCTAHOBKH WIAPOB. JUJIst 3TOM 1enu miap,
KOTOPBIH 3aHsUT BBICILIEE MOJOKEHUE, JIETKO BHIBEPHYTH, JOBOJIS /10 PABEHCTBA YPOBHEMN
YepTOoYeK Ha I1apax, U 3aTsHyTh ralKy noasecoB B. Jluamna3zoH BO3MOXHOUW KOPPEKTU-
poBku 0-+4 Mm.

6. Onmyctuth raiiku 20 1 TakuM 00pa3oM yCTaHOBUTH YTOJbHHUKHU 15, 16, uTOOBI
JI€3BHsI TOJIBECOB B B MOMEHT, KOrja mapbl 3aHUMAIOT MOJO0KEHHUE MOKOsI, TOKa3bIBaJIu
Ha IIKaJIax HYJb. 3aTAHYTh raiku 20.

7. Onyctutb 60aThl 18, 19. YCTaHOBUTH 3JEKTPOMArHUT Ha U30paHHOM PACCTOS-
HUM OT Hayaja IIKaJbl U Ha TaKOH BBICOTE, YTOOBI €r0 OCh ObUIA YATMHEHUEM YEPTOUKHU
Ha mape. 3ataHyTh 6ontel 18, 19.

8. BKIIIOUUTH MUKPOCEKYHIOMED B CETh.

9. Haxartp knapuiy“CETD” MukpocekyHnaomepa.

10. Orxarp knaBumy “I1YCK”.

11. BopoTtkom 23 oTperyanpoBaTh CHIIY 3JICKTPOMAarHuTa, 4TOObI OH yepKa
miap.

12. TlpaBblii ap OTOJIBUHYThH B CTOPOHY JIEKTPOMArHuTa U OJOKHMPOBATH B 3TOM
MOJIOKEHHH, JIEBBII-YCTaHOBUTH HEMOABUKHBIM B IOJOKEHUN ITOKOSL.

13. IIpounTaTh 3HaYEHHUE yTIIA.

14. Haxarp kiapuiry“CbPOC”.

15. Haxxatp xitaBumy“I11YCK”.

16. Ilocne cronkHOBEHUS MIapOB, HAOIIOAATH HA KAKOE YTJIOBOE PACCTOSHUE a; U
a;’wim a; ”’ orckodar mapsl. [IpocynuTars NpoAOKATEIBHOCT CTOJKHOBEHUS IAPOB.

CTONKHOBEHUE JIOJKHO OBITH LIEHTPAJIbHBIM, T.€. TPACKTOPHUS JIBHIKCHHUS IIAPOB
[IOCJIE CTOJKHOBEHHMSI JOJDKHA HAXOAMTHCS B IUIOCKOCTH JABMKEHUS MPaBOro miapa Ao
CTOJIKHOBEHHUSI.

17. N3mepeHust yrioB oTpaxeHus d;’ , ®;’und @;” U NOPOAOIKUTEIbHOCTU
CTOJIKHOBEHHS MPOU3BECTH HE MEHEE 5 pa3 W Ha UX OCHOBAHHM ONPEACIIUTH CPEIHUE
3HAYCHUS YTJIOB U BPEMEHU 110 CIEAYIOMINM (pOopMyIaMm:

rae a;’, a;’, a;” - cpeaHee 3HAYEHUE YIIIOBBIX PACCTOSIHUM MOCIIE
CTOJIKHOBEHHS 1I1apOB,

T-CpeIHEE 3HAUYCHUE TIPOIOJIKUTEILHOCTU CTOJIKHOBEHUS,

N-KOJINYECTBO BBINIOJIHEHHBIX U3MEPECHUH,

a;;’, ;i ; ’-3HaueHusl, OJIy4YCHHBIE B i-OM U3MEPECHUHU.

18. IIpu momo1y MEepHOM JIEHTHI ONPEAETUTh JJIMHY MOJABECKU LIapOB, KaK Kpat-
qaiflliee pacCTOSIHHE MEXIY CTEpKHEM BEPXHETO KPOHIITEHHA U IIeHTOM Iimapa. M3me-
PEHUSI BBIIIOJIHUTE C TOYHOCTBIO £ 2MM.

19. ITo gopmynam (6) u (7) onpeaenuTb CKOPOCTH MIAPOB 10 U MOCIE CTOJKHO-
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BEHUSL.
20. Ha aHanuTHU4ECKUX BECAaX B3BECUTH IIAPbl U HAUTH MACCHI IIAPOB BMECTE C
nojasecaMu B.
21. Macca nonseca B paBna 20,5T.
22. TpeOyemasi TOYHOCTh U3MEpPEHUN m; v m;- 0,1T.

3AJJAHUE

1. Ins aByX map METaJTMYECKHUX IIapoB, UCHOJIB3Ysl GpopMymy (4), onpeaeinuThb
CPEIHIO CUIy yaapa <F>Mpu pa3iuyHbIX YIJIaX OTKJIOHEHHS Oiuapa OT MOJIOKEHUS
paBHOBECHS.

Jlist kaxaoro yriad; M\3BMEpeHUsl BpeMEHH coyaapeHus T IPOBECTH TPU pasa.
B3sTh HE MEHEE TTATH 3HAYEHUN YTIIOB.

OTHOCHUTENBHYIO CKOPOCTh IIAPOB V2 BEIYUCIUTD 10 (hopmyiie (6).

Pe3ynpTaThl H3MEpeHHii 3anucaTh B Ta0uIy 1.
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Tabnumal.

Nelvm, | L a, | va | Aw, T, 22 T, | Ty | A, | AT, | <F> | A<F>)H | 6,
wn| kr | M m/c M/c c c c c c c H %
1.
2.
3.
4.
3.

Am=.. xr, Al=...m, Aar=...,

A az.
L:l.g_'_la ¢ Ct D)

v, 2 1 2 2 a
Av=v,(Qvv)
Z(T—Ti)Z

AT: i=ly
n(n—1)

AUEY)

(F) Amm Av, A

v

~ I~

AE) ~(F o

6="2100%

2. Iloctpouts rpaduk ¥ 3aBUCUMOCTH MOJYJS CpelHEU cuibl <F> OT OTHOCH-
TEJIbHOU CKOPOCTH v, JUIsl KAXKJA0W Haphl MIapoB.
3. IlpoBepUThH BBINIOJIHEHUE 3aKOHA COXPAHEHUS UMITYJIbCA!

a)J1s1 a0COJIFOTHO YNPYToro yjapa AByX METAUIMYECKUX 1apOB-
BBIpaXKCHUE

(1,a)

P=p’,

rae  P-umiynbc cucTeMbl ABYX LIAPOB 0 yaapa,
P’-nMIiyibC CUCTEMBI IBYX IIAPOB MOCIIE YIIPYTOro yaapa.
Pe3ynbrarsl n3MepeHuit 3anucaTth B Ta0IUILy 2.

Tabnuma?2.
l) my, my, a; V2, a;’ | a;’ | as’ a;’ vl’: a;’ | an’ | as’ ach’ VZ’, P P’ 6’
M KT KT M/c Mm/C M/C %

5=L"L 100%

(1,0)
20
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rae P”- uMnyiabc CUCTEMBI IBYX IIAPOB MOCJE a0COIOTHO HEYNIPYToro
ynapa. Pe3ynbTarsl u3BMEpeHuil 3anucaTh B TaOIHILy 3.

Tabnwua3.
l m, m, a; V2, a;’ a;’ a;’ a;” vi”, P P 6,
M KT KT m/c Mm/c A

6 =& -100%

KOHTPOJIBHBIEBOITPOCHI

1. Uto Takoe aOCOJIFOTHO YNIPYTUi U HEYNPYTUl yaapb1?

2. Kak mpoucxXoIUuT Oporecc CoyaapeHus mapon?

3. Kak onpenensiercs MOyab CPEAHEN CUIIBI IPU COYAAPEHUU 1IApOB?

4. ChopMynupyiiTe 3aKOH COXpaHEHUS UMITYJIbCA U 3aKOH COXPAHEHHUS YHEPTHUHU.
5. Ilouemy K SIBICHHIO yJlapa MOKHO MIPUMEHUTh 3aKOH COXPAHEHUS UMITyJIbCa?

22



Jlabopamopnasa paboma Ne 3

«OMPEJEJEHUE OTHOIEHUS TEINIOEMKOCTEM 'A30B IO METOAY KJIEMAHA -
JAE30PMA»

eab: cpaBHUTH TEIIIOEMKOCTH BO3Ayxa MetoaoM Kiemana — Jlezopma.

Teopusi: npubdop Knemana-Jlesopma coctout u3 6amioHa ¢ Bo3ayxom, Hacoca KoMOBCKOTo v BOJITHOTO
maHometpa (puc.l). [Ipu 3akpeITOM KpaHe B OaJIJIOH HaKayMBaIOT BO3AyX. Uepes 2-3 MUHYTHI
TEeMIIEpaTypa BO3yXa B OAJUIOHE CTAHOBUTCS paBHOM TemriepaType T; OKpyXKarolleil cpenbl, a JaBleHHue

P1=Po* PNy rre by - aTmocdepHoe MaBIenHe, P - IIOTHOCTH MAHOMETPHIECKOH KHKOCTH
(moKpaleHHas BOJA), & - YCKOPEHUE CHIIbI TSHKECTH, /1, - Pa3HOCTh YPOBHEM KUIKOCTU B MAHOMETPE
(puc.2a).

3aTeM OTKPHIBAIOT KPaH Ha KOPOTKOE BpEMS,
JI0CTaTOYHOE JUIs BLIPABHUBAHHS JABICHUS B
cocyae ¢ armochepHbiM (puc.20), U 3aKpHIBAIOT
ero. 3a cuer

coc KomoBckoro

T, Te=Th T
""""" Pa=Fo P
1 "iu?'l -Iiurg=1iur|: "iu?'::"iu?'f".ui"c
jad] t t
a (3 C
Puc o
IEHP Q=0, agnabata
A p
pl |y 1
! \/ 7onst, n3otepma
AWAN
Puc.1 j ¢ &
KpPaTKOBPEMEHHOCTH Ipoliecca B OAJIOHE OCYIIECTBISETCS 3| S o 3 yeconst, maoxopa
aanabatudeckoe (MpakTUYecKu O6e3 Ter000MeHa) paciupeHue TN = /
BO3JyXa Maccoil m, KOTOpasi OCTAaETCs B COCYJI€ MOCIIe p2 LS 2r,
3aKpbIBAaHUS KpaHa. JTa Macca BO3/lyXa 3aHUMaja JIo Vi \)2 >
pacmupenust o0beM V) - gacth o0bema Ve cocyna. [locne
a711abaTHOTO pacUIMPEHHs BO3YX MAacCOU m MepPeXoIuT U3 Puc.3

coctostHus 1 B cocTosiaue 2 (puc.3). O0bem ero CTaHOBUTCSL paBHBIM V> = Ve, naBnenue P, = Py (puc.20).
Tak xak npu aguabaTHUECKOM PaCUIMPEHUH, paboTa COBEPIIIAETCS BO3LyXOM (Maccoii m) 3a c4eT yObLIH
€ro BHYTPEHHEHN HEPTUH, TO 3TO 0O3HAYAET TOHMWKEHUE TeMIepaTypsl Bo3ayxa 10 1><7). [Ipu stom

Y — Y
JlaBJIeHUE U 00beM B COCTOSHUAX | U 2 cBsi3aHbI MEXIy co0oi ypaBHeHueM [lyaccona: P,Vi=P, V3.
Yepes 2-3 MUHYTHI, BCJIEICTBUE TEINIOOOMEHA CO CTEHKaMH KOJIOBbI, BO3/AyX B OaJJIOHE N30XOPHUUECKH
HarpeBaeTcs 0 TemrepaTypsl T; (puc.2c, mporecc 2 => 3 Ha puc.3). [Ipu HeusmenHoM obwveme (V> = V3)

= +p- 1
nasrenne Bospactaer 10 £ 3= Po*t P 9Nz rne 1, - pasmocTs ypoBHeit KuaKOCTH B MaHOMeTpE VIS
BO3/yXa B cocTostHuM 3. Bo3myxy maccoit m B cocTostHUsSIX | ¥ 3 COOTBETCTBYET OAMHAKOBAS
temriepatypa 7 okpyxatomei cpeabl. [Toatomy coctosaust 1 u 3 Ha puc.3 oka3bIBalOTCS JISKAITUMU Ha
OJIHOI M30TepMe (MTyHKTUPHAS JTUHUS) U K HUM PUMEHUMO YpaBHEHHE U30TEPMUYECKOTO Mpoliecca
(3axoH boiins-Mapuorra): P\Vi=P,V). Bossens nocnennee cootHowmenue B cTeneHn Y, ¥ IOJIEJIUB €r0 Ha
YysvY Yy/Y
PiVi _ P3V,
- Y vy

paBeHCTBoP 1V1=P 2V2, MOJTYYUM P,Vi
BbIHECeM P, 3a CKOOKH:

y _
PyVy umm P\"'""P3/P,. TloncraBuM BeIpaskenus st Py u Py u



Py (1+pghi/Po)" = Py (1+pghy/Po)' . Bemwaunsl pghi/Po, pghy/Po<<l. Bocnonb3zyemcs MpUOINKEHHBIM
paBercTBoM: npu X<<I (1+X)*= 1+aX. Torna, nocie cokpamienus Ha Py u pg nomyuum: (y-1)h, = yh,.
hl
Y=7—"-
Otcrona monmyyaeM pacueTHyr GhopMyiry s onpenencaus kodddumnuenrta [Tyaccona: h,—h, , TIe h;
— pazHoOCmb YPOBHeU JHCUOKOCMU 8 MAHOMempe NOcie HaKauku, h; — pazHocme yposHell HCUuOKocmu 8

MaHomempe nocie aduabamuoeo pacuupenus U nociedyroueco U30XopUiecKko20 HazpeeaHusl.
I[Hopsinok BHINOJHEHUS J1A00PATOPHOH PadoThI

1. Ilpu 3akpsiToM KpaHe (puc.l) HakauaThb BO3AyX B OaJUIOH O CO3JIaHUS PAa3HOCTH YPOBHEH
YKUJKOCTH B MaHoMmeTpe rnopsiaka 15-20 cm (Ho He Oonee 20 cm).

2. BepKIaTh Moka TemrepaTypa BO3ayXa B OajUIOHE CpPaBHSETCS C TEMIIEPATypO OKpPYKAroMIeH
cpenbl (epecTaHeT U3MEHATHCS PA3HOCTh YPOBHEH JKUIKOCTH B MAHOMETpE). DTO MPOUCXOJUT 3a 2-3
MUHYTHI.

3. OTcuuTaTh Pa3HOCTh YPOBHEW >KHJIKOCTH B MaHOMeTpe /; (OTCUET MPOM3BOAMUTH MO HUKHUM
KpasiMm MeHHUCKa). B uMmeromemcs nmpubdope «0» mkajibl MAHOMETpPa pacnoiokeHsl nocpeaune. [loatomy
yI00HO OTCUUTHIBATH OIyCKAHUE JIEBOI'O CTOJI0A W MOAHATHE CTOJI0A KHUJIKOCTU B MPABOM KOJICHE
MaHoMeTpa oT «0» U CKIaAbIBaTh 3TH BEJIMYUHBI.

4. BpICTPO MOJHOCTHIO OTKPBITH KpaH 10 BBIPABHHUBAHHUA JIaBIEHUS C aTMOC(eEepHbIM (YpPOBHHU
YKUJKOCTHU CPABHSIOTCS) U celuac e 3aKpbITh €ro.

5. IMomoxnaB 2-3 MUHYTHI, TIOKa TEMIIEpaTypa BO3Ayxa B Oa/UIOHE CTAaHET MOCTOSIHHOM (JIaBJICHHE
B KOJIO€ TIepecTaHeT U3MEHSThCS ), OTCUNTATh MOKa3aHHEe MAaHOMETpPa /..

6. Pe3ynbpraTthl M3MEpEeHH 3aHECTH B TAaOJIMILy, IOBTOPUB MyHKTHI 1-5 HE MEHee BOCBMH pa3.
7. PaccuuTaTth cpelHEE 3HAUCHHUE Y.
8. CpaBHHTH pe3yJbTaT OMbITA C TCOPETUIECKUM 3HAUCHHUEM Y JIJIS BO3IyXa.

KoHTpoJibHBIE BOPOCHI

1. Yro Takoe wumucio cteneHei cBoOOAbI? CKOIBKO CTeNeHed cBOOOM y OJHOATOMHOM,
JIByXaTOMHOH ¥ MHOTOATOMHOHN MoJieKyJbl? Kakast sHeprusi IpUXOIUTCS Ha OJHY CTCIICHb CBOOOIBI?
Uemy paBHA CpeIHAS SHEPTHUS OCTYNATEIBHOTO JBUKCHHS MOJIEKYJIIbI?

2. Yemy paBHa pabota rasza B TepMoanHaMuke? OT 4ero 3aBUCUT BHYTPEHHsIsI sHeprus raza? Kak
MOXHO U3MEHUTh BHYTPEHHIOI »JHepruw? 3amumure u cHopMyIupyiTe MepBoe Hadajo
TEPMOIMHAMHUKH.

3. Uto Takoe TeruioeMKocTh Tena? Kak omnpenenuTs MOJSIPHYIO M yAETbHYIO TEIJIO0EMKOCTH
BelecTa?

4. Uemy paBHBI MOJSPHBIE TEIUIOEMKOCTH Ta3a MPU TOCTOSIHHOM OOBEME M IMOCTOSHHOM
nasienun? BeiBeaure ypaBHenue Maifepa.

5. Kakoii mponecc HasbiBaeTcsi aamabatHeiM? 3anummure ypaBHeHHe [lyaccona. Uemy paBeH
nokasarein aguadarel? Kak mokasarens agmnadaTsl 3aBUCUAT OT YHCIa CTENEHEN CBOOOIbI?

6. UeMm otnuuarotcs rpaduku anuadatsl ¥ U30TEPMBbI?.

7. 3anummute niepBoe Havano TJ[ 17 u30TepMUYECKOro, M30XOPHOT0, U300apHOTO U aauabdaTHOTO
nporueccoB. Kak u3aMeHnsiercs TemmnepaTtypa npu aainadaTHOM PACIIUPEHUU U CHKATHUU?

8. Kak m3mensiercst TeMrieparypa, JaBjieHHe 1 00beM ra3a B IMPOIecce MPOBEACHUS JIaA00PaTOPHOTO
IKCIIEPUMEHTA, TIOSICHUTE Ha rpaduke?.

9. Kakumu 3aKOHaMU CBSI3aHHBI Pa3IMYHBIE COCTOSHHS ra3a B J1a00paTOPHOM dKCIiepuMeHTe?

10. BeiBenute pacueTHyto (hopMyITy AJis oKa3aTens aaquadatsl B TaHHOM J1ab0opaTopHOiil paboTe.



Jlaboparopnasi padora Ne 4
«OHNPAEJEHHME BA3KOCTHU KNJAKOCTHU METOAOM
CTOKCA»

Heas padorsi: OnpenenuTs Kod(PPUUUEHT BHYTPEHHErO0 TPEHHsS B HCCIEAyeMOM
KUAKOCTH 10 U3MEPEHHOM CKOPOCTH IAJEHUs IIapHuKa B HEH.

IIpu6opbl 1 npuHaLIe:KHOCTH: CTEKISHHBIN LWIMHAP C UCCIEAYEMON KUAKOCTBIO,
MHUKPOMETP, CEKYHAOMEp, MaclITaOHas JIMHENHKA, CBUHIIOBBIE IIAPUKHU.

Teopus. SIBneHneM enympenne2o mpenus (6:A3K0CmMbio) Ha3bIBACTCS MOSBICHUE  CHII
TPEHUSA [, MEXKIY CIOSIMHU T'a3a WIN )KUJIKOCTH, TBUKYITUMUCS OTHOCUTEIBHO APYT
ApyTa napajuiebHO ¢ Pa3IMYHBIMU MO BETMYMHE CKOpOCTAMU. BenencTeue oomena
MOJIEKYJIAMU 32 CYET UX XaOTHYECKOTO TEIUIOBOT'O ABMKEHUS 00s1ee OBICTPBIN CIOU
YCKOPSIET COCETHUN C HUM MEJUICHHBIN CIION, U, HA0OOPOT, MEJICHHBIN CIION
3aziepKUBaeT 0osee ObICTpbId. CHITbl BHYTPEHHETO TPEHUS HAIlPaBJIEHbI 110
KacaTeJbHbIM K CJIOSM raza Win KUIKOCTH.

CkopocTh 6ecnops/I04HOr0 TEIIOBOTO JABMXKEHHS MOJIEKYJ V' B TeKylIeM rase (Wiu
KUJKOCTH) B CPEJIHEM OJIMHAKOBA BO BCEX TOUKAX paccMaTpUBAEMOI0 MPOCTPAHCTBA, HO

CKOPOCTb HANpaBJICHHOTO JBUKCHHUS U onunakosa Tonbko s MOJIEKYJI JIaHHOTO
cJos Ta3a (WM KUAKOCTH) U pa3jiinyHa JJs pa3lndHbIX coeB. MoJeKybl, nepeneras,
Omarofaps TEIJIOBOMY ABMXKEHUIO, 3 OoJiee OBICTPOrO CIOSI B MEICHHBIM, TPUHOCST C
co00i OONBIIYI0, YEM B MEIUIEHHOM CJIO€, COCTABJIAIOIIYI0 MMITYJIbCA HAIPABICHHOIO
nBuxkeHuss mU, U TeM caMblM YCKOPSAIOT MeUIeHHbIA cioil. Haobopor, Mosexysl,
NONAJaloNIMe W3 MEIJIEHHOIO ClIos B 0Oojee  OBICTpBIM, HMEIOT MEHBIIYIO
COCTaBJIAIOUIYI0 uMIyJjbca mU;, B pe3ysbTaTe 4Yero OHU yMEHBIIAIOT CKOPOCTh Oolee
OBICTPOTO CIIOSI.

MbICeHHO BbiETUM B rase miomaaky AS (puc.l), mapamnenbHYIO CIOSAM,
TEKYLIUM C Pa3IMYHbIMU CKOpOCTIMU U.

Frp u /u=u(z)

’ﬁ“{ o Al



IIycte cioit [ nexuT mona IUiomaakod AS Ha pacCTOSHUU CpeaHEed JIMHBI
cBoOOgHOTO TpoOera Mmosiekyn A. Torma Mojekymel, JeTAnme U3 cios [ 10
HaIpaBJICHUIO K muomiaake AS, TocTUTHYT ee 0e3 cTojikHOBeHMH. YUucio monekyn An,
IpoleTaoImuX Yepes miomanky AS 3a spems A 1 us cnos I:

An= 1 n,ASV At

6 , (D)
rae V - cpeliHsst CKOpOCTh TEIIOBOTO IBUXKEHUS MOJIEKYII, 9 — YUCIIO MOJIEKYJI B €IMHUIIE
o0beMa. MHoOxuTeNb 1/6 y4UTHIBA€T PABHOBEPOATHOCTH JBIKEHUS MOJIEKYJT 000MX
HAaIPABJICHUN KAXKIO0W U3 KOOPIUHATHBIX OCEH.

Takoe e KOIU4eCcTBO MOJICKYJ H3 CJI0A 2 MMEePeCCKacT IUIOIMAAKY AS B

IPOTUBOMNOJIOKHOM Harpasiiennd. Ho, nmockonbky ckopoctu U, u U, cnoeB [ u 2
pa3inyHbl, TO B MPSIMOM U OOpaTHOM HAaINpaBICHUSX OYIyT MEpPEHECEHbl Pa3IUYHBIC
uMityabehl A K, 1A K, HanpaBIeHHOIO JABMKEHHMS:

AK =L 0, vausmu,
6 : @)
AKZ:anVAtA SmU,

6 ) 3)

Il m- Macca MOJIEKYJIbI.

B  pesymbrare STHX ABYX MEPEHOCOB  HMIIYyJlbCa, HNPOUCXOIAIIMX B
IPOTUBOIOJIOAKHBIX HAIMPaBJIEHUAX, yepe3 IIomaaky AS OyJer nepeHeceH oT ciios 2 K
CJI010 [ UMITyJIbC

AK:AKZ—AKlzanVASAt mU,—mU,
6 . 4)
Pa3nocte abcontoTHbIX BeauM4uH ckopocteit U, -U,, MOXHO BBIpa3UTh 4epe3
rpaaueHT ckopoctu U. [paduemm ckopocmu €CThb BEIWYWHA, YUCICHHO paBHas
VW3MEHEHUIO BEJIMYMHBI CKOPOCTH JBH>KEHHUS CJIOEB HA €IMHUILY JUIMHBI B HAIPABICHUH,
NEePIEHANKYJISIPHOM MMOBEPXHOCTH CJi0d. sl HAllIero ciiy4yasi TpaJueHT CKOPOCTH PaBEH
dUu
dZ  rpe dz=22 (cm. puc.1).
Torma paznocte U,-U, paBHa Irpalu€HTy CKOPOCTH, YMHOXEHHOMY Ha PAacCCTOSHUE
MeXIy ciosmu [ v 2, T.e. Ha 2.

Uu,-U,= a 2
j (5)
cie0BaTeNbHO (4) IPUHUMAET BUJT
AK :lnom)\V au A
3ameuasi, 4To nym €CTh IJIOTHOCTH Ta3a P, MOIYyUYUM
1 dU

AK=2p VA | 42| a3-At
3P " az | )



Cuna BHYTpEHHETO TpeHUs  f., (puc.l), neWcTByromas cO CTOPOHBI Oosee
MEJUICHHOTO ciiosi / Ha Ooisiee OBICTPBINA CIIOi 2, corslacHO BTOpoMy 3akoHy HproToHa
paBHa NPUPAILIECHHUIO UMITYJIbCA CJI0S1 2 B €IUHUILY BpPEMEHU

AK 1 dU
fmp:—:—p VA |—|AS
At 3 dz . (8)
BBenem 0003HaueHue
1 pV )\(d—U AS=n
3 az . (8a)
Torma
dU
fmp=11|—|AS
dz . (9)

Cuna BHYTPEHHETO TPEHHUS, BOSHUKAIOIIETO MPU MAaKPOCKOITMYECKUX JIBUKEHUSIX B
ra3e WIH KHJIKOCTH, TPSIMO MPOMOPIIMOHAIbHA TpaaueHTy ckopoctn. Koaddumment
IPOITOPIIMOHATILHOCTH 1) HOCHT Ha3BaHWE KOX(G(UIIMEHTa BHYTPCHHETO TPCHUS, WM
JTUHAMUYECKOTO KO3 (PHITMEHTa BA3KOCTH.

Kosgppuyuenm e6sa3xocmu (Mmu JTUHAMUYECKas BSI3KOCTh) YHMCIICHHO PaBEH CHJIE
BHYTPEHHETO TpPEHUs, JACHCTBYIOIICH HaA EIUHUIY IUIOIMIQJAM TpaHUIBl pasjelia
HapauIeIbHO JBMKYIIMXCS CIIOEB Ta3a WM KUJIKOCTH, KOrJa CKOPOCTh UX JIBHKCHUS
U3MCHSCTCS HAa CIWHUIly MPU TEPEMENICHHH Ha eAUHUILy JUITMHBI B HAIPaBJICHUM,
NEPICHANKYJIIPHOM K TPAaHUIIE pa3fena.

3akoH (9) Obu1 monyyeH HbIOTOHOM M3 aHaNKM3a KCIEPUMEHTANIBHBIX JAHHBIX U

SIBUJICSL OCHOBOM JUISl U3YUYEHUS JIBHXKCHUS BSI3KOM  JKHMJIKOCTH U Tasa.

Koagpuyuenm easkocmu 3aeucum om memnepamypsi. Kuneruueckass Teopus
UJCATbHOTO Ta3a JaeT CJEAYIOIIME BBIPAXKEHUS IJis1 BXoAsumx B Qopmyny (8a)
BEJINYMH:

1
)\ = ’\/7—
20n,  _ CpEIHSISI ITTHHA CBOOOTHOTO MpoOera MOJICKYJIbI,
rac rno - YUCJI0 MOJICKYJ B CAUHUIIC 06’BeMa, o - B(i)(beKTI/IBHOe CCUCHHNC MOJICKYIJIBI.
3KT

m - cpenHsisi KBaJapaTUUHasi CKOPOCTb JBUKEHUSI MOJICKYJIbI,
rae K - nocrosinnas bonbiimana, 7' - abcosiroTHAs TeMreparypa, m - Macca MOJICKYJIbI.
Kpowme Toro, miaoTHOCTb p=mny.
[ToncTaBuB Bce 3TU BhIpaxkeHus B (8a), MOTydum
Lyt L
0, (10)
T.€. BA3KOCTh UJICATHHOTO Ta3a BO3PACTAET C POCTOM TEMIEPATYPHI.
B xuakocTu cuiia TpeHUsI MEXIY CIOSIMU OINUCHIBAETCS TEM K€ ypaBHeHUEM (9),
YTO U B Ta3e, HO KO (DHUIMEHT BA3KOCTH YMEHBIIACTCS TIPH TIOBBIIEHUN TEMITEPATyPHI.

V=

n



OT0 OOBACHSETCS TeM, YTO B OTJIIMYHUE OT HIACAIHHOTO Ta3a MEXIAy MOJICKYJIaMH
KUJIKOCTH MMEIOTCS 3HAYUTEIbHBIC CUJIBI MPUTSHKEHUS. BCeacTBUE 3TOr0 MOJICKYJIbI
KUJAKOCTH OOJIBITYI0 YacTh BPEMEHH HAXOJIATCS OKOJIO TOJIOKEHWUW paBHOBECHsS, U
MIEPECKOK MOJICKYJIBI CTAHOBHUTCSI BO3MOXKHBIM TIPH Pa3phIBE MEKMOJICKYJIIPHOUN CBSI3H.
C pocTtoM TemIiepaTyphl JI0JISI MOJICKYJI, UMCIOIIHUX CBS3H, YMEHBIIAETCS, B PE3yJIbTATE
9Yero TEKy4eCTh JKUJIKOCTH BO3PACTALT, a BA3KOCTH MaJIaeT.
3aBUCUMOCTh KO3 (HUIIMCHTA BSI3KOCTH KHUIAKOCTH OT TEMIIEPATYPhI ONTUCHIBACTCS
dhopmynon OpeHkens
w

nzconst-eKT, (11)
riae W— sHeprus, KOTOPYI HYKHO COOOIIUTH MOJICKYJIE >KHIKOCTH, YTOOBI OHA MOTJIA
N4 OKEHHSI paBHOBeCUs B cocenaHee. Benumumna W umeer

M W>(. BS3KOCTh XHUIAKOCTH OOBIYHO BO MHOTO pa3
g M TEMIEPATypPhbl BSA3KOCTh KUJIKOCTH SKCIOHEHIIMAJIBHO

BO3pAcCTaeT NPONOPIUOHATBHO \/T, U NIPU KPUTUYECKON
Csl OIMHAKOBBIMU (pHC. 2).
Mnapa

Tabnuya 1

Ty T

PBIX KUIAKOCTEN IIPU PA3IMYHBIX TEMIIEpATypax

Puc.2.3apHcHMOCTE KO3 PHITHEHTA Temnepatypa, °C Bsskocts, H-or

BA3KOCTH OT TeMITIePATYPEI . 0 1,19-10°
20 1,05-10°
50 0,55-10°
100 0,28:10°
PryTh 0 1,68-107
20 1,55-10°
100 1,24-10°

I'munepun 0 13,40

20 12,1

50 1,49

100 0,629

Tena, Oeuafcyw;uec;z 8 B5I3KOU HCUOKOCU UJIU case, ucnslmovlearom conpomuesiieHue.
Cuna COIIPOTHUBJICHUSA, HCIIBITBIBACMAs IIapoM, IIPsAMO IIPONOpHHOHAIbHA BA3KOCTHU

raza (KUJIKOCTH) 1|, paauycCy Iapa » U CKOPOCTH €To ABUKEHUS V.
fmp—6n nrv. (12)
®opmyna (12) HocuT HazBaHue 3akoHa CToKca W IPUMEHHUMA JIMIIb JUIS TE
JIOCTaTOYHO MaJIbIX Pa3MEpOB M MaJIOW CKOPOCTH JIBUKEHHS OTHOCUTEJIBHO KUJIKOCTH.
Cuna conpoTHUBIIEHUS JBUKECHUIO IIapa B )KMAKOCTH BO3HHUKAET M3-3a CUJI BHYTPEHHETO
TPEHUS NPU TEYEHUU CIIOEB JKUJIKOCTH, JBUKYUIUXCS BMECTE C IIAPOM, OTHOCUTEIHLHO

CJIOCB, OCTAOHMIMNXCA HCIIOABUXHBIMM. 3aKkoH CTOKC&, Kak U 3akoH HrroToHa JJIA
BA3KOCTHU, ITIPUMCHUM, CCIIN mederHue XKUIAKOCTH JamMuHapHoe, T.C. TaKOC, IIpu KOTOPOM



KQXIbIM BBIJICIICHHBIN CIIOM CKOJB3UT MAPAJUICIIBHO COCEIHHUM, HE NEPEMEIIUBASICH C
HuMU. JlamuHapHOE TeueHre HAOII0AETCs TPU MAJIBIX CKOPOCTSIX.

[Ipu  BO3pacTaHUM  CKOPOCTH B  JKMJIKOCTH  BO3HUKAET  MHTEHCHUBHOE
BUXpEOOpa3oBaHWE M IMepeMellnBaHue. Takoe TeueHHe Ha3bIBACTCS MYpO)IeHMHbIM
WM BUXPEBBIM. B 3TOM ciiydae cuia COMPOTHUBIIEHUS CTAHOBUTCS MPOMOPIMOHATBLHOMN
KBaJIpaTy CKOPOCTH.

XapakTep TEUEeHHS KHUIKOCTU OMNpeaeseTcs 0e3pa3MepHbIM yuciaoMm PeliHombca:

Re=" V-p
n ., (13)
i€ 7 - BeJIMYMHA, XapaKTepu3yolas JMHEHHbIE pa3Mephl Tella, 00TEKaeMOT0O KUJIKOCThIO
(razom), V' - cKOpoCTb TE€U€HHUS, P - IUIOTHOCTh XUAKOCTH (Ta3za), M- IUHAMHYECKas
BSI3KOCTb.

Ecnu npu maHHBIX yCcNOBUSX 4YMCIIO Re mpeBhIlIaeT ONpenesieHHOE KPUTUYECKOE
3HAYCHHE, TO TIOTOK CTAHOBUTCS TYpOYJCHTHBIM, MpPH 3HAYCHHSIX Re MeHbImmx
KPUTUYECKOTO - JIAaMHHApHbIM. Takum o0pa3om, uyucio PeilHombaca MOKHO
UCIIOIb30BaTh B KAueCTBE KpUTepusl NpUMeHUMOCTH 3akoHa Ctokca. Jlns 1mapuka
KputnueckuM ssisiercs Re =0,5.

Paccuuraem mno ¢dopmyne (13) uucino PeitHonmbiaca uisi JBWXKEHUS IIapuKa B
raMuepuHe npu yenosuu: p= 1200 xr/M’ , r =Imm = 10 °m, V'=0,2 M/c , 1 =0,8 xr/™m.C

R’e:rV-p
n
Re _10°2:107"1,0-10° _
810~

Tak xak umncio Re oxazanmoch Menbuie 0,5, To 3akoH CTOKCa B 3TUX YCIOBUSIX IPUMEHUM.

HOI[O6HBI€ YCJI0BUA JOJIKHBI OCYIICCTBIISITECA B HAILIEM OIIBITC.

0,3

Metoa nzmepeHus

Koapdunment Bs3koctu B paboTe ompeaesseTcss ¢ IOMOIIbI0 HAIOJHEHHOTO
UCCIEAYEMON  KUAKOCTBIO BEPTUKAIBHOTO CTEKISIHHOTO UWJIWMHIApa C JAByMS
TOPU30OHTAIBHBIMU METKaMH A U A;, pacrnojio)KEHHbIMU JIPYT OT JIPYT paccTOsiHUU [
(puc. 3). Eciu B uccnenyeMoi KHIKOCTH MaJaeT MapyuK HEeOOJBbIINX pa3MepoB, TO Ha
HEro JIEUCTBYIOT TPU CWUJIbL: CUJIAa TSDHKECTH mg, BhITAJKWBaromas cwia F,, U cuia
CONPOTUBJICHUS, OOYCJIOBJICHHAS! BSI3KOCTHIO KUAKOCTU fnp. CHIYy  TSKECTU MOXKHO
BBIPA3UTh UY€pe3 TUIOTHOCTH IIApUKa P U €T0 PAAUYC

4 3
mg=—_m-r"pg

3 . (14)
BritankuBaromnias cuiia Apxumea paBHa

_4 3
F _En'.r plg

apx

, (15)



1€ p1 — IJIOTHOCTB KUJIKOCTH.
Cuia conpoTtuBiieHus f ,, onpeaensercs no 3akoHy Ctokca (12).

Bce Tpu cuibl HanpaBiIEeHbI O BEPTUKAJIU: CUJIA TSKECTH - BHU3, BHITAIKUBAOLIAS
CWJIa U CHJIA COTIPOTHUBIIEHUS (TpeHus1) - BBEPX (cM. puc. 3).

IIycth B HayanmbHbBII MOMEHT BPEMEHHM CKOPOCTh IIAPHKA paBHA HYIIO W,
mo cwia TpeHus. Tak Kak cuwia TsKecTd OoJibliue
1puK OyAeT mnaaarh YCKOPEHHO A0 TeX IMOop, MoKa ¢
mTa TPEHUS HE BO3pPACTAET HACTOJBKO, YTO B CyYMME C
1€T PaBHOM CUJIE TSHKECTH. PaBHOAECHCTBYIOIIAS TPEX CHII

EE Jr"- _ f",,.._ -/ =1 (16)
' IBUTaThCS C IIOCTOSIHHOW CKOPOCThIO V.
OJIyYUM
4 - 4 3 _
Enr pg—gnr p,9g—6mnrv=0 17
Puc. 3. CHmEL, meACTEYIONIHE HA [IAPHE, . ’ ( )
TATAMITHE B BAsKOH EHIKOCTH HOCHUTC/IBHO M. ( )
2 PPy 1\P~=Ph 2
=—gr° ——pnq wiu n=——7—gD"t
n 9 g Yy 18 ] g , (1 8)
[
V=-
rIe t CKOPOCTh YCTAHOBHMBIIErOCsl JBWXKEHHS; [ - paccTOsSHUE, NPOUJICHHOE

LIaPUKOM; f - BpeMsl MaJeHUs apuka; D — nnameTp mapuka.

NNOPAAOK BBbIIIOJIHEHHUA PABOTDI

1. YcraHoBUTE BEpXHIOID METKY Ha TPYOKe € MCCIEIyeMOM >KUIKOCThIO Ha 3-6 cMm
HUXKE YPOBHS KUIKOCTH, YTOOBI HIAPUK MPH MaJCHUM MPOXOUI €€ C YCTaHOBUBIIEHCS
CKOpOCThIO. HWXKHIOIO METKy YCTaHOBHTE Ha PACCTOSHUU 3-6 CM OT JIHa TPYyOKU H
U3MEpPbTE pACCTOSHUE MEXKJIYy METKaMU M0 MacIiTaOHOW JIMHEWKe, YKPEIUIEHHON Ha
TpyOKe.

2.3MepbTe 3 pa3a nquaMmeTp IIapuKa MHUKPOMETPOM U HaWJIWTE €ro CcpelHee
3HA4YCHHUE.

3.0myctute mapuK B KUJIKOCTh U CEKYHAOMEPOM HM3MEPHTE BpPEMs MPOXOKICHUS
IAPUKOM PACCTOSIHUSI [ MEXAY METKaAMH.

4. TTo popmyne (18) onpenenure kod3PHUIMEHT BSI3KOCTH. BhuucieHus: He00X01uMo
npoBoauth B cucreMe CU. OnbIT nmoBTOpUTE 8 pa3, HAWIUTE CPEAHEE 3HAUYCHUE T|cp.

5. I1o meTony CthiofieHTa BblunciauTe omuOKy An mnpu W =0,95. Bce pesynbraThi
3aMMILNTE B TAOHIY 2.



Tabnuuya 2
PeyabTaThl MMepeHni

N | D | D> | D;s | Dy [ t; ni Nep Ani | (An) |Z(An)*| An | netAn
MM | MM | MM | MM | CM ¢ |H-c/m? | H-c/m? | H-c/m? | H-c/m? | H-c/m? | H-c/m? | H-c/M?

KOHTPOJIBHBIE BOIIPOChI

1. Uemy paBHa 1 Kak HampapleHa CUla BHYTPEHHEIO TPEHHUS ABYX CJIOEB KHUAKOCTH?

2. KakoB ¢usuveckuii cmbica koddduimenTa BI3KocTu? PasMepHOCTS ero.

3. O0ObsAcCHNUTE BO3HUKHOBEHHE CHUJI BHYTPEHHEIO TPEHUS C TOUKU 3PEHHS MOJIEKYJISIPHO-
KUHeTH4eckoil Teopuu. [laiite BbIBOJI (OPMYIIBI sl CUIIbI BHYTPEHHETO TPEHUSI.

4. Kaxk 3aBuCHT OT TeMriepaTypbl KOdQOHUITMEHT BA3ZKOCTH 17151 Ta3a U KUAKOCTH? OOBICHHUTE
pasHuILy.

5. 3anummure Gpopmyny Crokca U 0OBSICHUTE, IPU KAKUX YCIOBHUIX €10 MOXKHO IOJb30BATHCS.

6. JlaiiTe MOHATHUS JTAMHUHAPHOTO W TYypOYJIEHTHOTO TEUYEHUH.

7. Ouenute uncio PeifHonbAca 1O BalluM JaHHBIM, UCTIOIB3YS U3MEPEHUS ISl CaMOTo OOJIBIIOTO
¥ CaMOr'0 MaJICHBKOTO IIAPUKOB U CpeiHEee 3HaYCHUE HaWJAECHHOT0 KO PHUIMEHTA BA3KOCTH.



JlabopaTopHasi padora Ne 5

«M3YUYEHHUE 3ABUCUMOCTHU COITPOTUBJIEHUSA
METAJIJIOB OT TEMIIEPATYPbI»

Heas padorel: lccnenoBanue 3aBUCHMMOCTH — CONPOTHUBIICHUS METAIIINYECKUX
MIPOBOJHUKOB OT Temmeparypsl B oosactu cpeanux temmepatyp (T~ 300 K).

IIpubGopsl 1 npuHaaIeskHocTU: 1. Moct YUTCTOHA 111 NU3MEPEHHUSI COTIPOTUBIICHUM. 2.
Marasun conporusiiennil. 3. Harpesareins. 4. PTyTHBIN TEpMOMETD.

1. TEOPETHYECKOE BBEJAEHHUE

CornacHo 3akoHy Oma Uil ydacTKa LMW, TOK B LENU MPsSMO MPONOPLUOHAICH
Pa3HOCTHU MMOTEHIMAJIOB HA KOHIAX y4acTKa:

Ile

R (1)

Kosdduuuent nponopunoHanbHOCTH 1/R  paspiBaercst »IeKTpHUECKOit
IIPOBOJAMMOCTBIO YYacCTKa, a R— €ro 3JIEKTPUYECKUM COIPOTUBIICHUEM.
[IpoBOAMMOCTH IPOBOJHHMKA €AMHUYHOMN JJIMHBI U IUIOIIAJNA MONEPEYHOTO CEUCHUS
HA3bIBACTCSl YJCIBbHON JIIEKTPUYECKOW MPOBOAMMOCThI0O O, a BenuuMHa, oOpaTHas
YAEIBbHON POBOJIUMOCTH, — YACIIBHBIM JJIEKTPUYECKUM COIPOTUBIIEHUEM P

p=1lo, )

CoryacHO KBaHTOBOW TE€OPHUH JJIEKTPOIPOBOAHOCTH METAJUIOB, 3JIEKTPOHBI B aTOMax
MOTYT MMETh TOJIBKO OIpEAEICHHbIC 3HAUEHUsS PHEPIUH, oOpa3yrollue SHEPreTHUECKUE
ypoBHU. B TBepapIX Tenax, OOJIBIIMHCTBO KOTOPHIX UMEIOT KPUCTAIUYECKYIO CTPYKTYPY,
BEPXHUE DHEPreTUYECKUE YPOBHM AaTOMOB, HAXOIAIIMXCA B Yy3JIaX KPUCTAIUYECKOU
pEIeTKH, PaCILEIUISIOTCS, YaCTUYHO IEpPEKPhIBAIOTCS M 00pa3yloT Tak Ha3blBaeMble
HHEPreTUYECKrue 30HbI — O0JACTH 3HAYCHUN HSHEPIrHil, pa3peuIeHHbIX JUIS AJIEKTPOHOB.
DHEpPreTHYecKUe 30HbI PA3ACICHbl IMPOMEXKYTKAMHM 3HAYE€HUN SHEPIHH, KOTOPBIMH
ANEKTPOHBI 00JalaTh HE MOTYT — 3alpelICHHbIMU 30HaMU. OHEpPreTHYeckas 30Ha,
COOTBETCTBYIOIIasi BHEIIHUM 3JIEKTPOHAM aTOMOB, HAXOISAIIUMXCS B HEBO30YXIECHHOM
COCTOSIHUM, HA3bIBAETCS BAJIEHTHOM 30HOM. bimxkalinryro K Hell 30HY BO30YXIECHHBIX
COCTOSIHUM 3JIEKTPOHOB HA3bIBAIOT BO30YKIEHHOM 30HOM UM 30HOM MPOBOJAUMOCTH.

Ecnu BajeHTHas 30HAa KpPUCTAJIA 3alOJHEHA 3JIEKTPOHAMM IIOJIHOCTBIO, BHEIIIHEE
AIEKTPUUECKOE I0J€ HE MOXKET H3MEHUTh JHEPrui0 BJEKTPOHOB M BO30YIUTh HUX
YHOPSAOYECHHOE NBM)KECHHME. Takue KpUCTalUIbl HE IMPOBOAAT IEKTPUYECKUH TOK U B

. E y y .
3aBUCUMOCTH OT HIMPHHBI 3alIPCIICHHOM 30HBI 4 MCXKOY BAJICHTHOM 30HOM W 30HOHU

> <
MIPOBOJIUMOCTH JETIATCS HA TUDJICKTPUKHU (Eq_ 3 53B) 1 noaynpoBOAHUKH (Eq_ 1 3B).



Ecnu snexTpoHaMm BaJleHTHOHM 30HBI COOOIIUTH HEPTHUIO, MPEBBIIIAONIYI0  [TUPUHY

. E
3ampenieHHoO 30HBI ~ 4, OHM TMEPEXOJAT B 30HY MPOBOAMMOCTH, MPHOOPETAIOT
CIIOCOOHOCTh OOMEHMBATHCSI SHEPTUEH M MPUHUMAIOT YYaCTHE B AJIEKTPOIPOBOJIHOCTH.
Kpucramibl, y KOTOpbIX BaJlEHTHAsI 30HA 3alI0JIHEHA HE TOJIHOCThIO WIIM NIEPEKPHIBACTCS C

. E =0 .
30HOW TPOBOAMMOCTH (4 ), TPOBOJAT DICKTPUUSCKUA TOK W HA3BIBAIOTCA
npoBogHUKaMH. CTpPyKTypa 3HEPreTHYECKHUX 30H Pa3HbIX KPUCTAIOB CXEMaTHUECKH
n300pakeHa Ha puc. 1, rae ToukaMu 0003HAYEHBI AJIEKTPOHBI.
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A 3nexmpixe ITonyrp osodnLx Iposodnux

XOPOLIKX IIPOBOIHUKOB, METALIOB, — p=107"+10"OM'M™", y XOpoImIuX  IUIIEKTPUKOB —
p=10"+10" Om'™M', y momynposomuukoB — p=10"+10° Om'M' u cunbHO 3aBHCHT OT
TEMIIEPATYPBL

DEKTPOHbI 30HBI IPOBOJANMOCTH YYaCTBYIOT B TEIFIOBOM Xa0THYECKOM JIBUKEHHH.
DieMeHTapHas KJIaCcCUYecKas TEOPHs HJIEKTPONPOBOJHOCTH METAIIOB PACCMATPHUBAET
CBOOOJIHBIE DJIEKTPOHBI, JABMKYIMECS MEK/LY Y3JIaMU KPUCTAIUTMYECKOM PELIETKH KaK
CBOCOOpa3HbIN AJIEKTPOHHBIN ra3, 00J1a7aonuii CBONCTBAMH HUleaabHOro raza. O0beMHOe

QJICKTPUICCKOC COIIPOTUBIICHUC MCTAJIJIOB I10 ATOM TCOPHUH OOBSICHSIETCS COydapCHUAMU
SJICKTPOHOB C HOHAMHU, HAXOAAIIUMUCS B y3J1aX KpI/ICTaJ'IJ'II/I‘-I€CKOI71 PECIICTKU. VBenuuenue AMITIIUTY ObI
KoJIEOaHMM Y3JIOB PCIICTKHU IIPU IMOBBIIICHUU TEMIIEPATYPhI paCCMAaTPpHUBACTCA B KAaUCCTBC ITPUYKUHBL
BO3pacTaHuA SJICKTPUICCKOr0 COIMPOTHUBIICHUA ITPOBOAHHUKOB ITPU UX HArpCBaHWH. Cornacao

BHCKTpOHHOﬁ TCOPHHU ITPOBOAUMOCTHU COIMMPOTHUBIICHUC MCTAJIJIOB R AOJIDKHO BO3pacCTaTh
MMPONnoOpUrOHAILHO \/ T , UTO MMPOTHUBOPCYHUT ONBITHBIM AAHHBIM, COTJIACHO KOTOPbIM RNT .

VYkazaHHOE pacX0K/IEHUE TEOPUHU C TTPAKTUKONU OOBICHIETCS TEM, UTO JIBUXKCHUE
AIIEKTPOHOB B METAJJIaX HE MOJUYUHSIETCS 3aKOHAM KJIaCCUYECKOW MEXAHUKH, a



MPOUCXOJUT MO 3aKOHAM KBAHTOBOM MEXAHUKH, YUYHUTHIBAIOIIEH BOJTHOBBIE CBOMCTBA
AIIEKTPOHOB B MeTa/liaXx. KBaHTOBas TEOPHUS AJIEKTPONPOBOJIHOCTH METAILIOB OOBSICHSCT
BO3HUKHOBEHHUE 3JIEKTPUUECKOTO COMPOTUBIIEHUS PACCESIHUEM BOJIH, OMTUCHIBAFOIINAX
JBIDKEHUE DJIEKTPOHOB HA HEOTHOPOTHOCTIX — AePEKTaX KPUCTAIUTUIECKON PEIICTKH.
TennoBeie KO€OAHUS Y3TI0B PEMIETKU TAKKE SBIISIOTCS 11O CYIIECTBY HAPYIICHUSIMU €€
MEePUOANYECKON CTPYKTYPHI, T.€. AehekTaMu. PaccessHue 3eKTPOHOB Ha KOJICOTIOIIUXCS
y3J1ax PemETKA 1 00YCIOBIMBAET COMPOTUBIICHUE TTPOBOIHUKOB MPU CPEHUX U BHICOKUX
TeMIeparypax.

B ITPOBOJHUKAX B ITPOLECCE BJICKTPOIIPOBOAHOCTU IMPHUHUMAIOT Y4aCTHUC TOJIBKO TC
QJICKTPOHBI, KOTOPBLIC HAXOJATCA HA CaMbIX BCPXHHUX 3dllOJIHCHHBIX YPOBHAX 30HBI
IMPpOBOJAUMOCTH. Hx DHEprust € BO MHOIO pa3 MNOPEBOCXOAUT DSHEPTUI0 TEIJIOBOIO

—

nBwkenns & T=3/2kT, u CpeIHssl CKOPOCTh Y 3THX 3JICKTPOHOB MPAKTHYCCKH HE 3aBHCHUT
oT TeMreparypsl. [Ipu cpelHUX M BBICOKMX TEMIIEpATypax KOHIIEHTpalus U CpeaHee
YUCJIO CTOJIKHOBEHHUM AJIEKTPOHOB MPOBOJUMOCTU TAaKXK€ HE 3aBUCIT OT TEMIIEPATYPHI.
TemmneparypHass 3aBUCUMOCTb YJI€JIbHOW TIPOBOJUMOCTH MPOBOJHUKOB B JTOM
JMANa30He TEMIIEPATYP ONPEIEIAETCs INIaBHBIM 00pa3oM TEMIIEPATyPHON 3aBUCUMOCTBIO

JJINHBI CBO6OI[HOFO Hp06era HOCHUTEIEH TOKa )\ .
= 1
A= 5 din
2ndn, , 3)

rne d — >(QeKTUBHEIH JUaMETp aTOMOB B y3JIaX KPHCTAILTHYECKOH pEINeTKH, Ma_px
KOHIEHTpALIUSL.

OddexTuBHBIN THaMeTp aToMa — 3TO pa3Mep 00JIaCTH B OKPECTHOCTH y3JIa PEIIETKH,
MIOIIaB B KOTOPYIO 3JIEKTPOH MOXET HUCIBITATh CTOJKHOBEHHE C aTOMOM M PacCESATHCH.
OTOT pazMep NPUMEPHO PaBEH YJBOCHHOW aMIUIUTYJIE KOJIeOaHUN aTOMOB OTHOCHUTEIIHHO

. 2
noJ0KeHns paBHoBecus. Tak Kak KBajgpaT aMILIUTY/bl TEIJIOBLIX KoJgeOaHuii aToMoB A
MPOMOPIIMOHANIEH YHEPTUU KOJIEOAHUI
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a CpelHssl JJIMHA CBOOOJHOTO Mpodera 3JeKTPOHOB A cornacho (3) mponopruoHalibHA
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[Ipunumas Bo BHuManue (3), 1uisl y1eIbHOW MPOBOJUMOCTH MOITYUUM:

T’ 4)



Takum o0Opa3oM, COMPOTUBICHUE METAJUIMUYECKUX MPOBOJIHUKOB MPHU yBEIUYCHHUH
TEMIIEpaTypbl BO3PACTAET MO JIUHEWHOMY 3aKOHY. Eciin TeMnepaTypa OTCUMTBIBAETCA 1O
mkane Llenbcus, To MOXKHO 3anuCaTh:

Rt=RO(1+at), (5)
R

rae ¢t — CONPOTHBIICHHE MTPOBOIHUKA MpHu TeMieparype [°C,

R, — conporuBnenue npoBoanuka npu ¢ =0°C,
& — TeMIiepaTypHbIN KO3(PGUIIMEHT CONTPOTUBIICHUS.

METOJUKA U3SMEPEHUI

N3mepeHne conpoTUBICHUS MPOU3BOIUTCS METOJIOM MOCTA MOCTOSTHHOTO TOKa
(Mocta YHUTCTOHA). DTOT METOJI OTIUYAETCS] BHICOKON TOYHOCTHIO U YaCTO MPUMEHSETCA
B JJabopaTopHOil npakTuke. [IpuHIMNIHanbpHas cxemMa MOCTa IpUBeeHa Ha puc. 2.

B
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D @9
R, Ry

Puc. 2

Ecnu 3aMkHyTh Ki1t0u  Kii, TO MO BceM CONMPOTUBIEHUSM MPOXOJUT AJIEKTPUUECKUI
ToK. Ho mpu BbeIONHEHMM ycnoBus  R;R=R.R; TOK uepe3 MHUKpOAMIIEPMETp HE

IMPOTCKACT, U T'OBOPAT, 4YTO MOCT C6aJ'IaHCI/Ip0BaH. DTO COOTHOILICHHE MOKHO 3aIucaTh B
BHUAC:

R=R.(R/R)) (10)

HO}I60pOM COIIPOTHUBIICHUSA R, MOXHO C6aHaHCI/Ip0BaTB MOCT, H, €CJIM HU3BCCTHO

R,/R .
OTHOIIICHUE o 1, ¢ nomomiblo cooTHomeHus (10) MOXHO HaWTH  HEU3BECTHOE

conpotuBiicHue R, B kaudecTBe mieya R, UCIOJB3YETCS Mara3uH CONPOTHUBIICHUU. [Ipu

K=R,/R
OIIpENEJICHUsS] OTHOIIEHUS IlIEeY Y 1, BMECTO Ry K MOCTY MNOJKJIIOYAOT



M3BECTHOE COMPOTHUBIICHHE R M M0O0MBaroTCs OajaHca MOCTa. K onpenensercs u3
COOTHOIIICHUS:

K=R,/R=R/R_ (an

HarpeBanue uccienyemMbpiX CONPOTUBIECHUN OCYIIECTBISETCA B ME€YM, MUTAEMOMN
NEPEMEHHBIM TOKOM; TEMIIEpaTypa CONPOTUBICHUNA OMNpPEAENsieTcs € IOMOIIbIO
TEPMOMETPA.

HOPAAOK BBIITIOJITHEHUA PABOTbDI

3aoanue 1. OnpeneneHne OTHOLMICHUS nnqu =R,/R,

1.M3y4nB BHUMATEIBHO CXEMY, MOJKIIOYUTD K KJIEMMaM R, MOCTa 3TallOHHOE
conpotusieHne R=100 Om, a k k1emmaM R,, — Mara3uH CONPOTHUBIICHUN.

2. Bpamas pydku mMarasuHa, yCTAaHOBUTB IIEpBOHAaYaiIbHOE conpotusienue R,= 200
Om.

3. IloakII0UnTh YCTAaHOBKY K AJIEKTPOCETH TyMOJEpoM NHUTaHUS MocTa M Ha naHenu
yctaHoBku. Haxars kHomky Ki u, Bpamas pydyky mara3uHa CONPOTHBIIEHUN, TOOUTHCS
YCTaHOBKHU CTPEJIKM MUKPOAMIIEPMETpa Ha HYJIb, YTO COOTBETCTBYET OallaHCy MOCTA.

[Tpu GonpiIOM pa3danaHce MOCTa CTpEJIKa MUKpOaMIIEpMETpa OTKIOHSAETCS PE3KO U
MO>KET IIEPEIOMUTHCS, IOITOMY IIEPBOE Ha)kaThe Ha KHONKY Kur mpousBoauTs Ha
MaKCUMaJIbBHO KOPOTKOE BPEMsI.

4. Berancnuts otHomenne mied K=R/R | ' rje R, — conporupnenye Marasusa,
COOTBETCTBYIOIIEE OAJIaHCY MOCTA.

5. IloBTOpUTH U3MepeHus 4-5 pa3 U HAWTU CpeIHEE 3HAUECHUE BEIIMUUHBI
K=K,

3aodanue 2. ViccnenoBaHue 3aBUCHMMOCTH CONPOTHBIICHUS METAJUIMYECKOIO
IIPOBOJIHUKA OT TEMIIEPATYPHI.

. IToakmounTh K KieMMaM R, MOCTa UCCIEIyEMOE METAININYECKOE COMPOTUBIICHUE,
HaxoJsueecss BHyTpU Harpepareis. llepexmtouaTens pona paOoOT HA MaHEIU YCTaHOBKH
MOCTABUTH B NoN0xkeHue “IIpoBogHuk”.

2. YCTaHOBUTH Ha Mara3uHe OPUEHTHPOBOYHOE CONPOTUBIIEHUE R, =60 OMm.
3.CbOanaHcupoBaTh MOCT BpalleHUEM pydek MarazuHa. C MOMOIIbI0 COOTHOLIEHUS
(11) BBIYMCAUTH BEIMYMHY HCCIEIYMOTO CONPOTUBJICHUS W 3amucarth B TaOiauiy 2.
N3mepuTh TeMnepaTrypy CONMpPOTUBIICHUS C TOMOIIBIO PTYTHOTO TEPMOMETPA.
4. Bxitouuts TymMOIep «lleus» muTaHMs 1eUd, JOBECTH Temreparypy neun 1o 30° C
Y U3MEPUTH BETMYMHY UCCIEAYEMOT0 COPOTUBIIEHU. Pe3ynpTaThl 3anucaTh B TaOJIUILy

2.



5. V3mepsATh BEIMUMHY UCCIEAYyEeMOro conpoTuBieHus dyepe3 kaxapie 10° C. Harpes
Bectd 10 100° C. B MOMEHT u3MepeHusi CONPOTUBJIEHUS ME€Yb CIEAYET OTKIIOYaTh.
Pe3ynpTaTel n3MepeHuil 3anucath B Ta0II. 1.

Tabnuya 1
" b | Beon 30 | 40 | s0 | 60 | 70 80 | 90 | 100
R, OmMm
R.,OM

6. BBIKITIOUHUTH MOCT U3 CETH.
7. IMoctpouTts Tpaduk 3aBucumMoctT R,=f(?) Ha MUJUTIMETPOBOI OyMmare.

8. DKCTpamojupys IONy4YeHHYIO Opsamyro 10 sHauenus ¢ = 0° C, ompenenursb

3HaueHue R, B cooTHoweHuu (5). Bruncauth TemrepaTypHblil KO3hUIMEHT & Kak

TaHTEHC yTJa HaKJIoHA npAMon R.= f(1): a=AR/R, tmaX, rae AR=R ..~ R, _ Pa3HOCTh

CONPOTHUBIICHUI ITPU MAKCUMAaJIbHO BBICOKOW TEMIIEpPaType U mpu (=0°C, a Cnax —

MaKCUMaJIbHasi TeMIEpaTypa 10 KOTOpOil ObUT HArpeT MPOBOJAHMUK.

TEXHUKA BE30OITACHOCTH

e Moct Yurcrona BkitodaeTcs B ceTb 220 B.

e ColmrogaiiTe 0CTOPOKHOCTD MpHU padoTe. M30eraiiTe KOHTAKTOB B MECTaX KacaHUM
TOKOBEAYILIUX IIPOBOJIOB C 3JIEMEHTAMU CXEMBI.

e B cnmydae HeucnpaBHOCTEH BhI3bIBalTE JabopaHTa.

e [locine BeITIOTHEHHS paOOTH TPHUOOPHI OTKJIFOYHUTH OT CETH.
KOHTPOJIBHBIE BOITPOCHI

1. YTto Takoe 3IEKTPUYECKOE COMPOTUBIICHUE, YACIbHAS TPOBOAUMOCTh TPOBOJHUKA?

2. Yem ompenensercs NEJICHHE TBEPABIX TEI HA NPOBOJHMKH, IOIYNPOBOJHUKH M
JIVJIEKTPUKU B 30HHOW TEOPUU TBEPIBIX TEI?

3. Kak 3aBUCAT CONPOTUBIICHUS METAJUIMYECKUX MPOBOAHUKOB M MOJIYIIPOBOAHUKOB
OT TeMnepaTypsbl?

4. YUem O0OyCIOBJICHO pa3iMuM€ 3aBUCUMOCTH CONPOTUBIEHUS METAUIOB H
MOJIYTIPOBOJHUKOB OT TEMIIEPATypPbl?

5. PacckaxuTe 0 METOIMKE U3MEPEHHUS CONIPOTUBIICHUN B TJAaHHOM paboTe.



JlabopaTopHasi padora Ne 6 _
«OIMPEAEJEHUE T'OPU3OHTAJIBHOU COCTABJIAIOIEN
NHAYKIIUNU MAT'HUTHOI'O ITOJIA 3EMJIN»

esan padoThI: ONPENIEIUTh TOPU30HTATEHYIO COCTABIISIONIYI0 MArHUTHOTO TIOJISI 3€MITH C
MOMOIIBIO TAHTEHC- Oycconu

IIpuGops! 1 NPUHAATIEKHOCTU: TAHTEHC-0YCCOJIb, AMIIEPMETP, PEOCTAT,
NepeKIIIYaTe b, MICTOUHHUK MTOCTOSTHHOTO TOKA.

Teopusi: Kaxk U3BECTHO, 3eMJIsI IBJISICTCS] TUTAHTCKUM MAarHUTOM. MarHUTHBIH
MOMEHT 3eMiu paBeH 8-107 A-m?. UToObI CO31aTh TAKOE II0JIE, HEOOXOAUMO OBLIO OBI 110
IPOBOIHMKY, YI0KEHHOMY I10 SKBAaTOPY 3eMiH, mpomyctuth Tok 10° A. TIpupona
36MHOI'0 MarHeTu3Ma OKOHYATEJIbHO HE BhIsICHEHA. [Ipearnonaraercs, 4To MarHuTHOE MOJIE
CO3/1aeTCs MOTOKAMU 3apsUKCHHBIX YaCTHIT BOJIM3U TPAHMITBI 3€MHOTO SI/Ipa,
BO3HUKAIOIIMMHM 32 CUET BHYTPEHHET0 TeIjia 3eMJId, a TAK)KE 3a CUET MPWIMBHBIX SABICHUM
B 3€MHOM KOpE€ IMOJI JCUCTBUEM MPUTSLKEHUS JIyHBI.

MaruautHoe nose 3eMiIn MOXKET ObITh 0OHAPYKEHO, HAIIPUMED, C TOMOIIBI0O MATHUTHOMN
cTpenku (kommaca). CuiioBble Mo 3eMiid n300pakeHbl Ha puc. 1.

Puc.1 Puc.2



(DaKTI/I‘-IeCKI/I, BC31C HA/l ITIOBCPXHOCTBIO ?JGMJ'II/I, BCKTOP MHAYKIHWKU MAaroHuTHOI'O

—

nosns B nanpapieH moji HEKOTOPHIM YIIIOM K MOBEPXHOCTH M MOKET OBITH Pa3IokKeH Ha
BepTuKanbHylo B, u ropusontamsnyro B, cocraBnsiomme (puc. 2). Onpenenenue
rOpU30HTANIBHOI cocTaBstomel B, u cocraBnser nems gaHHOM padoTHL.

METOJIUKA U3MEPEHUI

OrnpenesieHne rOprU30HTAIBHON COCTABISIONIEH UHIYKIIMM MAarHATHOTO MOJISI 3€MJIH
IIPOU3BOAUTCS IO OTKJIOHEHUIO MAarHUTHOW CTPEJIKM, YCTAaHOBJIEHHOW HA OCTPUE UIJIBI U
PACIIOJIOKEHHON B TOPU3OHTAJIBHOM ILIOCKOCTH. [Ipu momemieHur B MarHuTHOE IIOJIE
CTpEJKa YCTAaHaBJIMBACTCA BJOJIb HAIIPABJICHUsS BEKTOpa MAarHUTHOM WHIAyKUuu. B
YaCTHOCTH, B MArHUTHOM MoOJie 3€MJIM CTpEIKa OPUEHTUPYETCS MO TOPU3OHTAIBHOU
COCTaBJISIFOIIEH MHAYKIUU MoJig. Ecniu B TOM MecTe, rje HaxOAUTCA CTpesiKa, CO34aTh

JOITIOJIHUTCIIBHOC MAaraHuTHOC I10JIE U3BECTHOU BCINYHHBI B“ ) HaIrpaBJICHHOC

NEePNEHAUKYJISIPHO MArHUTHOMY TMOJIIO 3€MJIM, MAarHUTHAas CTpeliKa IOBEpPHETCS U
YCTaHOBHTCA BJIOJIb BEKTOPA Pe3yIbTHpYIomero nons B, paBroro BekropHoii cymme B

u B, (puc. 3).

I/I3M€pI/IB yroi a, Ha KOTOpBIfI OTKJIOHACTCA CTPCJIKA OT IICPBOHAYAIBHOI'O ITOJIOKCHUSA

IIPY BKJIFOYECHUH 105 B 0, M yuuThIBas, 4yTo TpeyroibHUK OAC NpsAMOYTOJbHbBIN, JIETKO
BBIUHCIINTh BEJIIMYMHY TOPU30HTAJIBHOW COCTABIIAIOLICH BEKTOpPAa MHIAYKIMA MArHUTHOIO

moist 3emuu B

B — Bll
Ctea, (1)
Co3faHue JONONHHTENbHOTO Mos 20 u U3MEpPCHUE yTJia OTKJIOHCHHSI CTPEIKU O
MPOU3BOJIUTCS C TIOMOIIBIO TaHreHc-Oycconu. TaHreHc-Oyccoib — 3TO  TpuodOp,

COCTOSIIIMM M3 Kpyra, Ha KOTOPBbII HAMOTAHO HECKOJIbKO BHUTKOB H30JHUPOBAHHOU
MpoBOJIOKU. Kpyr ycTaHOBIIEH Ha MOJACTAaBKE B BEPTHUKAJIBbHOM MOJIOKEHUU. B 1meHTpe
Kpyra B TOPU30HTAJIBHOW IUIOCKOCTH 3aKpEIUIEH KOMIIAC CO CTPEJIKOM, Ha KOTOPYIO



CBEpXy HaKJIEeH allfOMHHHEBBIN Kpyr (iumO) ¢ nenenusimu oT 0° go 360°. Crpenka mon
KPyTrOM pacroJioKeHa TaK, YTO €€ CEBEPHBIM KOHEI| coBmajgaeT ¢ AenenneM 0° numba, a
10kHBIN — ¢ nenenueM 180°. Ctpenka ¢ 1uMOOM MOXKET CBOOOIHO BpAIAaThCS BHYTPH
Kpyraoil kopoOku. C OIHOM CTOPOHBI KOPOOKHM IpHUKpEIUIEHa TMpuU3Ma IOJIHOTO
BHYTPEHHETO OTPAXXEHUSI U JyMa, Yepe3 KOTOpPbIe MOKHO HAOII0/IaTh JIeJIeHUs TuMO0a; Ha
JUAMETPAIbHO TMPOTUBOMOJIO0KHOW CTOPOHE KOPOOKHM YKpEIUIeHa CTOWKa C TOHKOMU
MIPOBOJIOKOM, BBIMOJHSIONICH pOJIb BU3MPA.

[1mocKkOCTh BUTKOB KaTYIIKM MEPHEHAUKYJISPHA HAIMpPaBJICHUIO MIEIb—BU3Up. Ecin
pa3BEepHYTh TAHIE€HC-0YCCOJIb TaK, YTOOBI MPOTHUB BU3WpPaA YCTAHOBWJIOCH JICJICHUE JIMMOA
90° nim 270°, TO MarHUTHAs CTPEJIKA, a CIEAO0BATEIIBHO, U BEKTOP MHIAYKIIMA MarHUTHOTO
noyis 3emuin OyJyT HAxXOJIUTHCS B IUIOCKOCTH BUTKOB, COBHAJAIONIEH C IUIOCKOCTBIO
MarHMTHOTO MEpHUIHaHa 3eMIIH.
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Puc. 4

Ha puc. 4 mnokasaHa sieKkTpudecKkas cXeMa YCTaHOBKHM. [Ipu 3amblkaHuuM
nepexiatoyatens [1 no BuTkam npubopa npoTeKaeT MOCTOSHHBIA TOK, BEIMYMHA KOTOPOTO
peryaupyercsi peocratoM R U uzMmepsiercss amrnepmerpoMm A. B 1eHTpe TaHreHc-0ycconu

(TaM, T HaXOMUTCS MAarHUTHAsl CTpeNka) TOK CO3JaeT MarHUTHOE IOJIe, MHIYKITUS By
KOTOPOTO HalpaBjieHAa MEPHEHAUKYISIPHO IUIOCKOCTH BHUTKOB U OIPEAEISAETCS TI0
bopmyre:

nl

Bo:IJo 2'1”’ (2)

rne Ho= 47-107 I'/m — marauTHas IIOCTOSIHHAS, # — YMCJIO BUTKOB; [ — clila  TOKa, A; r
— paauyc Kpyra, M.

[Ipu BKJIIOYEHUM TOKa CTpeNiKa OTKJIOHSIETCS W YCTAaHABIMBAETCA B HANpPABICHUU
pesynstupyromeii B,. Onpenenus yrom oTkIOHeHHMS CTpenkH 1O JUMOY, MOXKHO

paccuuTaTh 3HAYCHUE TOPU3OHTAILHOW COCTaBIISIONIEH B, WHYKIMU MarHUTHOTO TOJIS
3emutn:
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Ha3bIBAETCS MOCTOSIHHOM TaHTeHC-Oyccoyii. 3HAYCHUE B

napaMeTpbl KaTylIKH U NOCTOAHHYO0 C:

2 MOXeET OBITh BBIPOXXEHO uepe3

o T
Hy ol

e (5)

B, =

YTOOBI HCKIIFOYUTH OLIIMOKY U3MEPEHHUS yIJIa 0, CBA3aHHYIO C HETOYHOCTBIO YCTaHOBKH
IJIOCKOCTH BUTKOB B INTIOCKOCTH MarHUTHOTO MEpUIMAHA 3E€MIIM, U3MEPEHUS MTPOBOIAT

I ABYX ITPOTHUBOIIOJJIOKHBIX HaHpaBJIeHI/Iﬁ B“ . I[J'ISI 9TOT0 C IMOMOIIBIO IICPCKITIOYATCIIA

[T MeHSIOT HampaBiIE€HUE TOKA B BUTKAX ITPU HEM3MEHHOM cuie Toka /. Tak kak By pu

9TOM HU3MCHACTCA TOJIBKO IIO HAIIPABJICHHUIO, YIJIbl OTKIIOHCHHA Tiy " a

a

i2 TOJDKHBI OBITH

OJIMHAKOBBI 110 BEIMYHMHE M IIPOTHUBOMONOXKHBI Mo 3Haky: %it = —%i2. Ecnmm Tanrenc-
Oyccosh yCTaHOBJIEHA C MaJION OmuOKOH Ao, TO TIPU CHATUU OTCUYETa OY/IEM UMETh:
o, |=|a,|+Aa,
|a,|=]at, |- Aa.
Torga npu BRIUKCICHUU CPEAHETO 3HAYEHUS YIJIa OTKJIOHEHUS OMMOKAa yCTAHOBKHU
Ao aBTOMaTU4ECKH UCKITIOYAETCSI:
ogHay| o [+ Aat|a |- A
o, |= = =|a;,|
2 2 ) (6)

HOPAAOK BBIIIOJIHEHUA PABOTbI

1. YcraHoBUTh TaHreHC-OyccOib TaK, YTOOBI IUIOCKOCTh BUTKOB COBIajia C
IUIOCKOCTBhIO MEpUJMaHa MAarHUTHOro mojs 3emiu. /[[ns 3Toro HUTH BHU3UpaA
coBMetaercs ¢ aexenueM 90° unu 270° aumoa.

AMIiepMeTp U UCTOYHUK TOKA JIOJDKHBI OTCTOSITH OT OyCCOJIM HE MEHee ueM Ha 1 M.
OT0 Nenaercs AJi1 yMEHbIIECHUS BIMSHUS IOCTOPOHHUX MarHUTHBIX MOJIEH Ha TOUHOCTh
U3MEPEHMUSL.

2. ITpoBepuTh NPaBUIBLHOCTH COOPKH CXEMBI B COOTBETCTBUU C pUC. 4.

3. BKJIFOUUTh UICTOYHUK TOKA B CETb.

4. YCTaHOBUTH 3aJaHHOE IPENOJABATENIEM HAa4YaJIbHOE 3HAYEHUE CHIIBI TOKa
peoctatoM R U CHATH OTcueT yria mno JaumOy. 3areM, HE MEHssl CHJIbI TOKa,
nepexiatoyareneM [ U3MEeHUTh ero HarpaBjIeHUE U NOBTOPUThH OTCYET.



Bpraucnurtb YIJIbI OTKIIOHCHHA CTPCIIKK OT IICPBOHAYAJIBHOI'O ITOJOXKCHHA Oy U 0O,

o [0
a0COIOTHBIE 3HAYEHUS YTIIOB OTKJIOHEHUS ‘ "' 721 3anmcarh B TaOIUILY.

OnbIT MOBTOPUTH 5—7 pa3 MpHU pa3HbIX 3HauYeHHsIX cuibl Toka /. Illar n3meHnenus
CWJIBI TOKa 3a/JaeTcsl mperojaBareieM. MakcuMalbHOE 3HAYEHHUE TOKA JIOJDKHO OBITh

TaKWUM, 4TOOBI YTOJ1 OTKJIOHEHHUS He mpeBbImmain 60°.

Ipumeuanue. C 1enbl0 YMEHBIICHHS PE3KUX KOJICOAHUI CTPENIKH ¢ JIMMOOM, BO3HUKAIOIINUX MPU
HU3MCHCHUHU HaAIIPpaBJICHUA TOKa B BHTKaAX 6YCCOJ'H/I, MOJXHO ITPOBCCTU IMOCJICHOBATCIbHO HU3MCPCHUS
YTJIOB OTKIIOHCHHA CTPCIIKU IMPU BCCX 3aJaHHBIX 3HAYCHHAX CHUJIBI TOKA, CHadalla IIpu OAHOM, a 3aTCM
Iopu ApyroM HalpaBJICHUMU TOKaA. O,I[I/IHaKOBBIe 3HAUYCHHUA CHJIBI TOKa IIPpH [ABYX Pa3/IMYHbIX
MOJIOKEHUAX nepexittouatess 11 (pa3HbIX HanpaBiIeHUSIX TOKA) BBICTABISAIOTCA C MOMOIIBIO peocTata R
Ipu yCIOBHUH, YTO Ha HIKAJC aMIICPMCTpa IIOJOXCHHA CTPCIIKK COBIIAJAarOT C €€ 3CPKaJIbHbIM
M300paXE€HUEM JJIs BCEX 3aJ1aBa€MbIX 3HAYEHUM TOKa (CMOTPETh HA CTPENKY aMIIEpMETpa HYXHO B
CTPOTO BEPTUKAJILHOM HAIIPaBICHUU CBEPXY BHU3).

Tabnuya
Cu y Cpennnit
roia yroua IT
1 OCTOSIH B.. AB.. 2
H/gg To OTKJIOHEHHSI OTKJIOHEHH | oo ranrenc- 2i? 2i° (ABZQ ’
<a a oyccomu C, A T T T
I, A
oy | gl | L tg‘a"'

1
2
7

a.
5. Ucnonw3yst cootHomieHus (4), (5) u 3HaueHus | 1‘ BBIYHCIIUTH JJIs1 KOKIOTO OMbITa
MOCTOSIHHYI0 TaHreHc-0ycconu C M TOPU3OHTAJBHYIO COCTABIISIIOUIYIO WHAYKIUHU

MAarHATHOTO I10JIA 3eMiiu By;.

3HaueHUs Yyuciaa BUTKOB 71 M pajuyca Kpyra » yKa3aHbl Ha TaHT€HC-0yCCOJIu.

Ho = 47-107 Tu/m = 12,57-107 Tu/m.
Pe3ynbTarhl BRIYMCIIEHUH 3anucaTh B TAOIHILY.

. B,
6. Haiitu cpenHee 3HaueHWE > W BBIYUCIUTH aOCOTIOTHYIO TOTPEIIHOCTH
u3MepeHus 1no Merony CTbroJieHTa:



S AB

mim=1) " gpeno usmepenuit m = 7, DOBepHTEIbHAS BEPOSTHOCTD W

H.=H., TAH,
7. Pe3ynpTar 3anmucarb B BUJIE Zep “.

TEXHUKA BE3OITACHOCTH

e YCTaHOBKA BKJIKOYAIOTCS B ceTh 220 B.

e CoOmogaiiTe OCTOPOKHOCTH TIpU padoTe. M30eraiiTe KOHTAKTOB B MECTaX KaCaHU
TOKOBEAYIIHX ITPOBOJIOB C 2JIEMEHTaAMHU CXEMBI.

e B cnydae HeucnpaBHOCTEH BbI3bIBalTE JabopaHTa.

e [locne BbIMONTHEHHS pabOTHl YCTAHOBKY OTKIIFOUUTH OT CETH.

KOHTPOJIBHBIE BOITPOCBI

1. Kakumu SBII€HUSIMU MOKHO OOBSICHUTD MTPUPOYy 3€EMHOTO MaraeTu3ma’?
2. 3anummuTe 3akoH buo-CaBapa-Jlarutaca u hopmyiy st pacuera BETUIHHBI WHIYKITUU
MarHUTHOTO MOJIS B IIEHTPE KPYTOBOT'O BUTKA C TOKOM.
3. OnumuTe ycTporucTBO TaHreHC-0ycconn. UTo Takoe MOCTOsIHHAS TAHT€HC-0yCCOH?
4. OOBSCHUTE METOJANKY U3MEPEHUS UHAYKIIMA MAarHUTHBIX MOJIEH ¢ MOMOIIbIO TAHTEHC-
Oyccomu.
5. 3a4eM OmBIT MPOBOJUTCS MPU PA3HBIX HAMPABJICHUSIX TOKA B BUTKaX Oyccoyu?

JlabopaTopHasi padora Ne 7
«OIMPEJAEJIEHUE JJJIMHBI CBETOBOU BOJIHBI»

ey padoThI: H3MEpEHHE IITMHBI CBETOBOW BOJHBI C IIOMOIIBIO MTPO3pavyHON AU(PPaKIIMOHHON PEIIETKH.

Teopusi. HTepdepeHuss cBeta — STO SBICHHE CIIOKEHHUS CBETOBBIX KOJEOAHWN C MOCIEIYIONINM
dbopMupoBaHreM UHTEPHEPCHIIMOHHOW KApTUHBI  (YEepeiOBAaHUE MHHUMYMOB H MaKCHMYyMOB
WHTEHCUBHOCTH). KorepeHTHBIMI HA3BIBAIOT JIBE DJIEKTPOMArHUTHBIC BOJIHBI OJIMHAKOBOW YaCTOTHI, €CITH
pa3HocTh uX (pa3 He 3aBUCUT OT BpeMeHH. KorepeHTHble KoneOaHUS — 3TO KoJieOaHHs ¢ OJMHAKOBOI

YacTOTOM M MOCTOSHHOH BO BPEMCHHU Pa3HOCTBIO (1)3.3. Z[J'H/IHa BOJIHBI — 3TO PpacCTOAIHUC MCKIAY



OmmpKalUMu  Ipyr K Ipyry TOYKaMH,

KOJICOTIOIIIMMUCS B OJIMHAKOBBIX dazax.

Al=m

Judpaxums- SIBJICHUE OTKJIOHCHHUS CBETa
OT  MOPSIMOJIMHEHHOIO pacupocTpaHEeHUs pu
MPOXOXKACHUU BOJIHU3U MPEIATCTBUMN.
JudpakironHas pemeéTKa — 3TO MPO3padvHast
IJIaCTUHA C HaHECEHHBIMU
napauie IbHbIMU HETMPO3pPAYHBIMU IITPUXAMHU

paBHO# mMpuHbL b (puc. 1). Mexay mTpuxamu BO3HUKAIOT OJMHAKOBBIE MTPO3PAuHbIe POMEKYTKH —
NPSMOYTOJbHbIE IIENW MHUPUHON a. Benmnumna d = a + b Ha3bpIBaeTCs NMOCTOSHHON (TIEPHOIOM)
peméTku. JudpakunonHas pemeérka OCyIIECTBISET HAJOXKEHHE IBYX MpPOIECCOB: aAudpakmum Ha
Ka)XJ0H OTAEIBHON IIeNH W MHTEp(EpeHINH H3IIy4eHHS OT BCeX Ielsieil. 3HaYMTeNbHOe YCHIICHHE
BOJIH OyJI€T TMPOMCXOJUTH TOJBKO IO TEMHU yIIaMH (@, JJISl KOTOPBIX CBETOBBIC BOJIHBI, HIYIIHE OT
BCEX MIeJel, YCWIMBAIOT Jpyr Apyra. OTO B3aUMHOE YCHJCHHE OyIeT OCYLIECTBIISATHCS, €CIU

ONTHYECKasl Pa3HOCTh XOJa Jy4yell OT coceAHMx Iueneil AL kpaTHa JUiMHE cBeTOBOM BOMHBI. M3 puc.l

BHJIHO, YTO AL=dsin¢

BrIpakeHre HOCHT Ha3BaHHE OCHOBHOIO COOTHOIIeHNS TNPPAKIHOHHON PEIETKH B ciIydae

HOpMAJIbHOI'0 MMaaCHUA CBETA. Ono ,ZIaéT YTbI, IOA KOTOPBIMU Ha6J'IIO)IaIOTCSI MAaKCUMYMBI JJIsI BCEX

MMEIOIIMXCS B M3IYYE€HUH JUTHH BOJIH B Kaxk1oM nopsinke k (k - mopsmok mudpakimm).

dsin ¢ =+ kA

Cxema xoja Jyveii:



Pucynok 1. Cxema xona Jry4den.

Pucynox 2. Cxema ycmanogxu.

1 — pryrHas Jamma: 2 — Kojiumarop; 3 —

3
nubpaKIHOHHAS L o 3 5 pemerka: 4 — TOHHOMeTp, 5 —
3purenbHas Tpyba; 6 — 1 | 2 okymsip; S— BXoaHAS LIENb.
[ s ) °
OcHoBHBIE  pacyéTHbIE (¢popmy.nr:
ld=
1. [Mepuon mpakmmm;  d =N M, N
V)=
M
— YKCJIO IITPUXOB HA EAWHUILY JUTUHBI ,
)\_d-sin(p [)‘]
2. JInuHa BOJIHBL: ~ k> =wm, d - mocrosuHas (mepuon) AM(pPaKIMOHHOMI

pemeTku, M; k—nopsinok nudpaxmun (k=0;£1;42;...).



Ai+A,+ A > =
o= T& Y 1BoeHHsIH yron qudpaximn: 2@ _|(p—’<_q)+k

2
4. Yron nudpakuuu: Q= T(P

IMorpemnocTy NpsAMbIX M3Mepenuii: A(g) = 0°1°, Ad=1-10"m
ITorpemiHoCTH KOCBEHHBIX H3MEPEHUI:

1. OTHOCHTENLHAA MNOTpCITHOCTE KOCBCHHBIX I/I3MepeHI/Iﬁ JJINHBI BOJIHBI

€=AA=‘d’+ 1,

2 |d sin’] -

2. AOGcomroTHas MOTPEUTHOCTh KOCBEHHBIX H3MEPEHUH JJIMHBI BOJIHBI

AX=AE
ITopsinoxk BbINOJIHEHHsST PadOTHI

1. Ilpex/ie ueM BKIIOUUTH UCTOYHHUK MCCIIEYEMOT0 U3TYUYEHHUs, IPOU3BECTH MPOOHBIN OTCUET IO
[IKaJIaM CIIEKTPOrOHUOMETPA. 3aTeM BKIIIOYAIOT PTYTHYIO JaMIly U YCTaHaBJIMBAIOT €€ HAIIPOTUB
BXOIHOMH mienu KojumMaTopa. JudpakironHas pemeTka cTaBUTCs NEPIISHANKYISIPHO K HAIPaBJICHUIO
Iy4yKa CBETa.

2. Jlanee moBOpayMBalOT anuaaay rpyoo ot pyku (BUHT 12 oTkar) 10 TeX Nop, MOKa BUSUPHAs JTUHUS
3pUTEILHON TPpyOBI HE Oy/IeT HaBe/IeHa Ha IIEHTPAIbHBIA MakCUMyM. [10b3ysCh

MHUKPOMETPHUYECKMM BHUHTOM 2 U MaXOBHUYKaMH 7 U §, MOIY4arOT YETKOE U y3KOe N300pakeHne
KoJutuMaTopHoi menu. [loBopaunBas anunaay ot pyku (BUHT 12 pa3:kar) BIE€BO U BIPABO OT HYJIEBOTO
MaKCHMyMa, IPOCMATPHUBAIOT BECh CIIEKTP U HAXOJASAT HYKHbIE CIIEKTpaIbHbIE JINHUU B CIIEKTPE MEPBOTO
nopsiaka. [locie 3Toro mpucTynarmT K U3MEPEHUsIM.

3 IloBepHyB anumamy BiaeBO (BUHT 12 0TXKaT), HAXOAAT HYXKHYIO (pHC. §) CIEKTPAIbHYIO JIUHUIO U
COBMEIIAIOT €€ C BU3UPOM.

4. 3axaB CTONOPHBIN BUHT 12, IPOU3BOIAT C MOMOIIBIO BUHTA 11 Gojiee TOYHOE COBMEIIEHNE BU3UPA CO
CHEKTPAJIbHOM JIMHUEHN U JeNIaloT OTCUET yIJia o | 1Mo mIKagaMm OKyJsipa MUKpPOCKOIIA.

5. Tlocne aToro, Bpariast anuaany oT pyku (BUHT 12 0TKaT),IepeBOAAT 3pUTENbHYIO TPyOy BIIPaBo,
HABOJIS €€ Ha TaKYIO )K€ JINHUIO B [TPAaBOM CIIEKTpe. 3akaB BUHT 12, BUHTOM 11 Mpou3BOIAT TOUHYIO
HACTPOMKY BU3UpPA Ha ATY JIMHUIO U JENAI0T OTCYET yriad,.

N3mepenus npoBOAATCS [UIsl IMHUK CIIEKTPA IIEPBOTO MOPsIIKa.

Pesynbrarel usmepennit 3anectu B Tabnuiy 1.



Tabauya 1

LBer » A . 1 0—4
cneKkTpas K Homep ?-x O 0] Qo) [0} sinQ A6
bHOM H3MEpPEeHHn
JINHUHU (mopstzox) i rpan. rpan. rpaa. rl[I)a rpaa. MM
1
1 2
3
¢uoneros
BIit I
2 2
3
3
Tabnuya 2
eer A . s 1n—4
CHeKTpab K Homep P-x Ox 29 Qo) ) sing 2010
g — (mopsinoK) | u3MepeHMsi | rpax. rpan. rpax. | rpa rpax. .
A
1
1 2
3
3e1EHBIN .
2 2
3
1
3 2
3
Taonuua 3
Hser ) A ] 10" 2
CIeKTpax K Homep P-x Px (] ) ¢ singp 20
bHOI HOpPSI0K Hsmepen rpaj. rpan. rpag. | rpa rpan.
JHHAH (mop ) us 1. MM
KENTHIN 1 1




KOHTPOJIBHBIE BOIIPOCHI

1 B uem cocrout siBjeHue AuQpaxkium cBera?

2 Chopmynupyiite npuniun [ roiirenca—Ppenerns.

3 Uro Takoe pazperaromiasi CmocoOHOCTh R qudpakiimOHHON PEmIeTKH U OT YeTO OHA 3aBUCUT?

4 Kakoit Bux numeeT nupakiimoOHHAst KapTHHA, ITOJTydYeHHAst OT IPO3pavyHON perIeTKu?

5.Kaxkoii niBeT obecrnieunBaeT HAMTYUIIIYIO pa3peniarontyto CliocoOOHOCTh AUGPAKIIMOHHON PEIIeTKH?

6. CKOJIbKO IITPUXOB JI0JKHA UMETh TU(paKIMOHHas pemeTka JnHoi L = 1 cM, eciiu cieKTp BTOpOro
MOpsIJIKa OTCYTCTBYET B BUIMMOM obnactu? (JlmuHbl BosiH BUuauMoro criektpa oT 390 1o 788 Hm).



JlabopaTopHasi padora Ne 8
«A3YYEHUE CBETOTEXHUYECKUX XAPAKTEPUCTHUK U CBETOBOI'O I1OJIsAA
JIAMIIbI HAKAJINBAHUSA»

Ilean padoThl: 0O3HAKOMJICHHE C OCHOBaAMHU

boTOoMEeTpUPOBAHUS, UCCIIEIOBAHUE CBETOBOTO TTOJISI JIAMIIBI
HaKaJINBAHUS.

ITpuGopsI M NIPUHANJIEIKHOCTH: ONITUYECKASA CKAMBS,
dborometp Jlymmepa-bpoaxyHna, anekTposiamna U3BECTHOW CUJIbI
CBETa HA HEIOJABUKHOM IIITATUBE, JEKTPOJIaMIIa HEU3BECTHOMU
CHJIBI CBETAa HA HENOABUYKHOM ILTATHUBE, 3JIEKTPOJIaMIla HA

BpalaromeMces: mTratuBe C JIMMOOM.
1. Bompocsl AJisi NIOAIOTOBKHU K padorte

1.0OcnoBHBIE (I)OTOMeTpI/ILIeCKI/Ie XapaKTCPUCTUKU TOYCYHBIX HMCTOYHH- KOB

CBEeTa: CBETOBOM MOTOK, CUJIa CBeTa (ONpeiejeHUe U €IMHULIBI N3MEPEHU).

2.0CBenEHHOCTH MMOBEPXHOCTH (OIPEICIICHNE U ¢IMHUIBI U3MEPCHYS).

3.CBsI3p MEXKIy OCBCHIEHHOCTHIO IMOBEPXHOCTH, CHJION CBETa TOYEY- HOTO

HCTOYHHUKA U PACCTOSHUECM OT UCTOYHHKA 10 OCBCHIaeMOi/’I I10- BEPXHOCTH.

4.doToMeTphl, UX HAa3HAYCHHE U MIPUHIINAI ICHCTBUSA. Y CTPOHCTBO o- TOMETpa
JIymmepa-bpoaxyHna.

5.Pabouas popmyita, u3MepeHUE BXOAMINX B HEE BEITUYHH.

2. Kparkasa Teopus

IToTox OHECPIruu, I/ISJIy‘{aeMI)Iﬁ HCTOYHUKOM, BLBI3BIBACT Yy YCIOBCKa 3pPH- TCIILHBIC
OIIYHIICHMU . MHTEHCUBHOCTH OIymICHHUA 3aBHUCUT OT CTCIICHU YYyB- CTBUTCIIBHOCTHU
Tjiaza K pa3IM4YHbIM JJINMHaAM BOJIHBI. HOTOK, B COCTaB



KOTOPOTO BXOAIT UH(PPAKPACHBIEC WU YIBTPadUOICTOBBIC
JIyYH, HE BBI3BIBAET 3pUTEIbHBIX OILIYIIEHUM, JaXKE €CIU
MOIITHOCTH ero Beanka. Hao06opoT, moTok, cocTosuii u3
JIy4el, K KOTOPBIM TJia3 HanOoJiee YyBCTBUTEIICH, BHI3bIBACT
MPU MAJIOW MOIIIHOCTH 3HAYUTEIbHbIEC 3PUTEIILHBIC OLLYIIICHUS.
J1J1s1 XapaKTepUCTUKU
u CUBHOCTH CBETA C YUETOM €r0
CIIOCOOHOCTH BBI3BIBATH 3PUTEIILHOE
OIIYIIIEHUE BBOJAUTCS BeqndynHa O,
Ha3bIBa€Masi CBETOBBIM ITOTOKOM.
ds CBeToBO# MOTOK — 3TO
10 TOK DHEPTHUH,
U3J1y4aeMblil ICTOUHUKOM U
OLICHUBAEMBbIU MO 3pU-
r TEJILHOMY OLLYIIEHUIO.
Envnuna nsmepenus
CBETOBOI'O MTOTOKAa — JIKOMEH
(am).
Pa3nen onrtuku,
Q’/ do 3aHUMAIOIIUHACS U3MEPEHUEM
CBETOBBIX MOTOKOB M BEJIMYHWH,
ys CBSI3aHHBIX C TAKUMH MTOTOKaAMH,
Puc. 2.1 Ha3bIBACTCS pomomempueil.

CuJuou cBera J
MCTOYHHKA Ha3bIBaCTCS
CBETOBOM IOTOK,
U3JIy4a€MbId B €AUHUILY
TEJIECHOTO yrjia. ITO
MIPOCTPAHCTBECHHAS
IJIOTHOCTh CBETOBOIO
IOTOKAa:

dd




rae d® — CBETOBOM MOTOK CKBO3b 3JEMEHTAPHYIO
wiomaaky (puc. 2.1);
dow — DdJIEeMEHTapHBIN TEJIECHBIM YroJi, B KOTOPOM
pacnpocTpaHseTcss 3TOT MOTOK:

do = 4s
4.



Cuna cBeTa udMepsieTcsl B Kanaenax (Ki).

JJ1s1 TIpOTSIKEHHBIX UCTOYHUKOB BBOJMUTCS IIOHSITUE
CBETUMOCTH HC- TOYHUKA.

CBeTMMOCTBb R MCTOYHHUKA — 3TO IMOTOK, U3JIy4acMbIU
€OUHULIEN NIO- BEPXHOCTHU MCTOYHHUKA 10 BCEM HAIIPABJICHUSM:

dd
R = ,
ds
2
rae dS — usnydaroniasi IoBepXHOCTb. CBETUMOCTh H3MEPSIETCS B

(1m/m ).

JIIst  XapakTEepUCTUKM HW3JYy4YE€HUsI HCTOYHUKA B JIAaHHOM
HalpaBJICHUU BBO- JUTCS IOHATUE SAPKOCTH MCTOYHHKA.
SIpkocTb B uUCTOYHUKA

—  3TO CBETa, 0/@
u3jy4dyaeMas BUJIMMOU
ITOBEPXHOCTHbIO HMCTOYHHKA B
Ha-
MpaBJICHUMU HAOJIOICHUS: do
p_ Ao dJ
dSedo> ¢

)

rae dSy, = dS cos ¢ —
MIPOEKIHUS U3IIy4aeMOM
MMOBEPXHOCTHU HA

HampaBJjeHUEC HAOIOCHUS
(puc. 2.2). ,
SIpkoCTh U3MepsieTcs B KI/M .

Ecnu B He 3aBUCHUT OT
Ha OpaBJICHUS U3JTy4YCHUS, Puc. 2.2
TO TaKue
WCTOYHUKHU HA3bIBAIOTCS KOCHUHYCHBIMHM WJHM JaMOE€PTOBCKUMM
(T.e. mnomumHsIrOIMMU 3akoHy JlamOepra). Jlast Takux
uznyyareneii: R = #xB. (BviBoa dopmynbsl caenarb
CaMOCTOSITEJILHO).

BoAbIIMHCTBO TEJI HE SIBIISIIOTCS UICTOYHUKAMU CBETA, HO MBI
WX BUAUM IIOTOMY, UTO OHHM OTPAKaIOT MaJarolldii HA HUX CBET

6



OT JPYIruX UCTOYHUKOB. [103TOMY mpu penieHuru MHOTHUX 3a1ad
BQ)XHO 3HAaTh, KAKOE KOJUYECTBO CBETOBOIO IMOTOKA IMaJacT Ha
OCBEIIAEMYIO MMOBEPXHOCTh. J[JIs1 3TOr0 BBOAUTCS BEIWYUHA F,
Ha3blBacMasi OCBEUIEHHOCTHIO TIOBEPXHOCTH.

OcBeleHHOCTh — DTO CBETOBOM IIOTOK, OTHECEHHBIUM K
CAUHUIIE TUIOMIAN OCBEIIAEMOM TTOBEPXHOCTH:
dd
E = ,
das
rae d® — CBETOBOM IIOTOK, MaJIarolUi Ha MOBEPXHOCTH dS.

OCBEIIEHHOCTh U3MEPSIETCSl B JIFOKCax (JIK).



yE Ecnu uctoyHuK cBeta TOYCUYHBIN,
TO OCBELUIEHHOCTH MOKHO

7 do BBIpA3UTh uepe3 J — CUIy
CBETa UCTOYHHUKA U 7" —
paccTOsIHUE OT UCTOYHHUKA

—n JI0 OCBEIIAEMOU

r nmoBepxHoctu (puc. 2.3):

b | 7
E="cos¢,
r
rJie ¢ — yroJ MeXI1y
v HOPMAaJIBIO K IIOBEPXHOCTU U
dS HaIlpaBJICHUEM NaJEHUS
Puc. 2.3 nydeit. (BeiBoasl hopmybl
cliejlaTh CaMOCTOSITEIILHO).
OJTa 3aBUCUMOCTh
U C IOJIBb3Y-

DTa 3aBUCUMOCTb UCHOJIB3YETCS JJIsI ONPEACIICHUs CUJIbl CBETa

HEW3BECTHOTO MCTOYHHWKA MYTEM CPABHEHUS €r0 C CUJIOM CBETa

W3BECTHOTO (3TAJIOHHOT'O) UCTOYHHUKA.

Ecnu ocBemiate MOBEPXHOCTH PA3JIMUHBIMU UCTOYHUKAMHU

L1 n Ly ¢ cunoit ceera J1 1 J2 1 TOOUTHCS paBEHCTBaA

ocBelleHHocTen £1 = E3, TO

npu ¢1 =¢> wia @1 = ¢p2 = 0, 0mkyoa
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Takol METOJ OTIPEZICICHUS CUJIbI CB€Ta UICTOYHUKA HA3bIBACTCS
boToMeTpUpOBaHUEM, a HNPUOOPHI, CIyXKaIIUe JJIsI ONpeacICHUS
CHJIbl CBETa HEU3BECTHOIO MCTOYHMKA TMYTEM CpPaBHEHUS O
W3BECTHBIM, HA3bIBAIOTCS ()OTOMETPAMM.

2. OnucaHue yCTAaHOBKH

Ha onTtrnueckon ckambe pa3MelneHsbl Jamiibl Li; Lo u
dbotomerp O
(puc. 3.1).

3. Onucanue ycmaHno8KuPuc. 3.1

B namieit pabote ucnonbizyercs poromerp Jlymmepa-

AN AN ) Al

i~ ﬂ
Nl Sy

01
Bbpoaxyna. OH MOXKET BpaliaTbCs BOKPYTI TOPU3OHTAIBHOU OCH

0OO0;. Ha ocu AA1, nep- nenaukyiasipaon ocu OQO1, HaxoasATCs
sTanoHHas L1 u uccineayemas Ly 3JEKTPOJIaMIlbl, KOTOPBIE, KaK
1 poToMeTp, MOTYT TIEPEMENIATHCS BIOJIb ONITUYECKON CKaMbH.

Puc. 3.1

PaccMmoTpum ycTpoiicTBO oTOMETpa U MPUHIIUIT €ro PadOThI
(puc. 3.2, BUJ CBEPXY).
OcHoBHBIE YacTu (oToMeTpa: 3aKpbiTas KaMmepa C AByMS

7



OKHAaMH B TPOTHUBOIIOJIOKHBIX CTEHKaxX, MaTOBasi pacceuBarolas
iacTuHka P, naBa 3epkaia S1 u S2, PoTOMETpUUYECKUN KyOHK
JIymmepa Q. Jlas nHaOmoae- HUS (HOTOMETPUUECKOTO IO
CILy KUT TpyOa T .

CBeT OT CpaBHHMBAEMbIX MCTOYHHMKOB IIOTaJacT Ha Oeylo
MaTOBYIO IUIaCTUHKY P u auddy3HO pacceuBaeTcs IO BCEM
HampaBieHUusAM. M3 MHOXecTBa Jy4yel BeIOEpeM MapasjielibHbIe U,
C IEJIbI0 YIPOIIEHHUS CXEMbI, pacCMOTpUM Tojibko ux. Ilocie
MAaTOBOM TIACTUHKHU ATH JIy4H OTpa)karoTcsi OT 3epkaid S1 U S> u
rnonaaaroT Ha Kyouk Jlymmepa.

Kybuk (@ mpencraBiasier coOOM JIBE TMPSIMOYTOJIbHBIC

npusmbel. [UmoTreHy3Hasi TpaHb NPAaBOM NOPU3MBI IJIOCKAas,
TMIIOTEHY3Has TpaHb JIEBOM NPU3MBI IPEJICTABIISIET COOOM 4YacTh
cheppl. Chepuueckas rpaHb NPU3Mbl YaCTUYHO OTHLIM(OBaHA
TaKk, 4YTO oOpa3yeTcs IUIOCKHM Kpyr aa, KOTOPBhIM OHa
MPUKUMAETCS K MPaBOU MPHU3ME JI0 ONTHYECKOIO0 KOHTAaKTA.
B 3putenpnyro TpyOy 7 momagaeT CBET OT HCTOYHHKA L1,
OpoHICAIIUNA Yepe3 IUIOMIAJAKy  ONTHYECKOTO  KOHTakKTa, a
TaK)X€ OT UCTOYHUKA Lp, MOCJIE OTPA’KECHUSI OT YU4aCTKOB a A U a
B xybuka. Takum obOpazom, HaOmrogaeMoe B TpyOy moje uMeeT
BUJ, W300paXEHHBIM Ha pucynke 3.3. BHyTpeHHHI KpyT
BOCIIPOU3BOJUT OCBEIIEHHOCTh, KOTOpPas MOJy4aeTCs
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Puc. 3.2

Ha JICBOM CTOPOHE IUJIACTMHKHU OT MCTOYHWKaA Li. BHemHee
KOJBIIO BOCHOPOU3BOAUT OCBEHIEHHOCTh NOPAaBOW CTOPOHBI
IUTACTUHKU OT uCTO4YHMKaA L>. IIpn paBeHCTBE OCBEMIEHHOCTEU
BUJIMMAasi TpaHb MEXJY BHYTPEHHHUM W HAPYXKHBIM MOOJSIMHU
rcye3aer.

N3mepuB paccTosiHUE 71 U 72 OT IJIACTUHKU
II J10 UICTOYHUKOB L1 ¥ L2, MOXXHO ONPEAEITIUTH
I CHJTy CBETa HC- CIE€IYyEMOr0 UCTOUYHUKA IO

dbopmyite (2.1). PaBeHCTBO OCBEIIEHHOCTEH
YCTaHaBJIMBAECTCS BU3yaJIbHO. DTO OCHOBAHO Ha
CBOMCTBE TI'Jla3a OnpeaeisiTh OJJMHAKOBOCTh
OCBEIIEHHOCTH ABYX COCEJIHUX MOJIEU C
OOJIBIIION CTENEeHBIO TOYHOCTH, IMIPHU YCIIOBUH,
YTO CIEKTPAJIbHBIM COCTaB UCTOYHUKOB
OCBEIIICHUS OJUHAKOB.
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4. Ilopsook evinoamenuss pabomol

4. TlopsaOK BbHINMOJHEHUS PA0OTHI

3aganue 1. 3HAKOMCTBO C  ONHMCAaHHEM W  KOHCTPYKLIHUEH
DKCIIEPUMEHTAIBHON YCTAHOBKHU.

3ananue 2. OnpenesieHUE CUJIbl CBETA JIaMIbl HaKaJIMBaHMUSI.

Ha kpaiiHux peurepax CKaMbHU PACHOJIOXKUTE UCCIENYEMYIO
1 DTAJOHHYIO JaMIibl, a MeXay HUMU porometp (puc. 3.1). Ilpu
TOM YCJIIOBUM YCTAHOBHUTE CUCTEMY TakK, 4TOOBI CBET Iajiajl Ha
IUIACTUHKY P HOpMaJib- HO.

[lepensuras ¢QotomeTrp B Ty WIM JPYrylO CTOPOHY,
JTOOEUTECh OJIMHAKOBON OCBEIIEHHOCTH noJis 3peHus. [Ipu aTom
HaJ0 HWMETh B BHJy, YTO IPHU CPABHCHUM JIaMIl PA3JIMYHBIX
TUIIOB, & TAaKX€ OJIMHAKOBBIX, HO pPa3- JIMYHO HAKAIEHHBIX,
MOSIBJISIETCS PA3JIMYME B OKPACKE U3IIy4aeMOro MMM CBETA. JTO
CBSI3aHO C PA3IUUYMSIMM COEKTPAJIIbHOTO COCTaBa uM3nydyeHus. B
TaKUX CJIydasiX YCTAHOBKY HAa PaBEHCTBO OCBEUIEHHOCTHU
nenaroT  nopubnwxkeéHHo. Ilocime  ykazaHHOM — YCTaHOBKH
ONPEJICITUTE MO CKaAMbE PACCTOSIHUSA

' u r OT 000MX MCTOYHHKOB 710 hoTOMETpa. 3aTeM, HE MEHSIS
OJIO

’KeHUsI UICTOYHUKOB, MOBEPHUTE (POTOMETP BOKPYT

TOPU3OHTAIILHON OCH

OO1 Ha 180°. YcTaHOBHTE PaBEHCTBO OCBEIIEHHOCTEH M OIISITH

U3MEPHTE
paccrossHue r u v . VI3 I1ByX pe3yJIbTaTOB HAWJAMUTE CPEAHEE 71 U

r2.
PesynbTathl n3mMepeHus 3anecutre B Tadmuiry Ne 1.

Taoauma 1

J1 =57 KA (Ar mamna 60 BT)

’ 144

— 1 —2 —1—2
Ne | rqi | rog | rai | rai | ro | rog | r2i | r2i | J2i | &2 (AS2;)
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uT.A.

S PP 22 | > o

Si=1

I/ISMGpeHI/IH IMpOBCANUTC HC MCHCC, YCM TPOCKPATHO, HC M3MCHSA
pac CTOSAHHUC MCKAY UCTOYHHKAMH CBCTA.

3aganue 3. OrmnpeneneHue kodhUIMEHTa NPOHUIIAEMOCTHU
HEUTpaJIbHOTO CBETOMUIILTPA.

Ecaiu Ha myTH cBeTa, HUAYLIETO OT HWCTOYHHUKOB, OyJeT
HaXOJUThCS MOTJOLIAoNIasl Cpeia, OcjalJsiolasi CUIy CBETa

Ji1 B n1 pa3, a Jo B n2 pa3, TO PaBEHCTBO OCBEIIEHHOCTEH
3aIMUIIETCS TaK:

Jl J2
2 __
nir  — .
l’lzl"z
Ecnmu n — xoapdunment

Ha3bIBarOT KO3(Ppuuu-

ocia0ieHus , TO 1




4. Ilopsook evinoamenuss pabomol
CHTOM IIPOHUIACMOCTH.

B nanHo#t paboTe CBET OT ATAJIOHHOM JIaMITbl HE
norJjiomaercs (n1 = 1), TorJia MPOHUIIAEMOCTh CPEJIbI
onpeaesieTCs U3 paBeHCTBA:

= . (4.2)

B »skcmepuMmeHTe B KA4eCTBE  MOIJIOMIAOIIEH  CPEJIbI
HCTIOJIb3YETCS CTEK- JITHHBINM HEeUTpaJbHBIA CBETODMILTP.

BcraBpTe cBeTOQUIBTP B MHOpaByro o00o0iiMmy doTomeTpa.
[Tepememnias ¢poTomMeTp, TOOECUTECHh OJMHAKOBOM OCBEIIEHHOCTH
obeux wacteit (GoTo- METPUUYECKOrOo TOJI M OTCUUTANUTE
paccTosiHUuE N0 UCTOYHHUKOB cBeTa. [lo- BepHuTe dhoTomMeTp Ha
180° 1 moBTOpHUTE M3MEpPCHUs. 3HASI CHIIYy CBETa HCCICIYEMOTrO
ncToyHuka (u3 3amanus Ne 2), onpenenure mo Gopmyrie
(4.2) k03¢ PULMEHT NIPOHULIAEMOCTH — HEUTPAJIBHOIO
cBeTOMIIbTpA.

PesynbTaThl u3mepenuil 3anecute B Tadnuiry Ne 2.

Taoauma 2
J1 =57 KA, Jo = ...
Ne ’ g Tii— , o T2 I 1 h 1 i2
rL| T r1—|2 | 1 r2—|2 5 A 5 la -

hgﬂ. |
OO w2, | K

cp

HN3mepeHust poBOASIT HE MEHEE, YeM TPOCKPATHO, HE WU3MEHSs
pac CTOSTHUE MEX]ly UCTOUHHUKAMU CBETA.

ITo pe3ynbratam U3MEPEHUN PACCUUTAWUTE CPEIHIOO
KBaJpaTUYHYIO OIMUOKY (Tak K€, KaK B 3aJaHUU 2).
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PGByJ'IBTaTBI 3allUIIITE B BUC

N

opu o = . . .

n n n
2 2 cp 2



3ananue 4. V3yueHue pacrpenecieHus CBETa BOKPYT JIaMIIbI
HaKaJIMBaHUS.

3aMEHUTE HENMOABWKHYIO MCCIEAYEMYIO JaMIly JIaMIIOW Ha
BpamiaromieMcss mrarue. I[loBepHuTe namiy Tak, YTOOBI
ykazarenb aumoOa coBnai ¢ "0". Onpenenure CUIy CBETa JIaMIIbI
B 3TOM IIOJIO)KEHUM KaK B 3aJlaHUU
Ne 2. Ilpu pacuére cuiny cBe€Ta ATAJIOHHOW JIAMITbI MPUMETE 34
CAWHUIy. 3aTeM IOBEPHHUTE JaMIly BOKpPYr ocu Ha 15° wm
ONpENICJINTE CUJIy CBE€Ta B HOBOM MNOJIO)KEHHHU. Tak,
MMOBOpayuBasl JaMIly, OINPEACIUTE CUIY CBETA YEPE3 KakKIbIC
15° BIL10TH 710 moBOopoTa Ha 180°.

Pesynbrarhl udMepeHuil 3aHecuTe B TadOauiy 3.

Taoauma 3
No @i ryg | ry | o o rop | ra | = ro Ji
1 0°
2 15°
3 30°
n T.A

[To maHHBIM TAOIUIBI 3 BBIYEPTUTE KPUBYIO PACIIPEACIICHUS
CUJIbl CBE€Ta JIaMIIbl HAKAJIMBAaHUS B 3aBUCUMOCTHM OT YyrIJia
NOBOPOTa, B MOJSAPHBIX KOOpJIMHATAX, OTKJIAJAbIBAsA IIO
pagnycaM COOTBETCTBYIOIIYKO 3TUM yTJiaM CHJIY CBETA.

Pacu€r ommbOOK B 3TOM 3aJlaHMM NPOU3BEIUTE TOJIBKO MO
yKa3zaHulo Tpenogasatens. Tabnuma 3 Opu 3TOM  CHJIIBHO
YCIIOKHSIETCS.

5. KoHTpoJBbHBbIE BONIPOCHI

1. OOTOMETPUUECKUE XAPAKTEPUCTUKU IIPOTSHKEHHBIX HWCTOYHUKOB
CBETA: CBETUMOCTb, SIPKOCTh (OIpeACIICHUE, €AUHUIbI U3MEPEHUST ).

2. 3akoH JlamOepra. 3aBUCUMOCTh MEXJIy CBETUMOCTHIO U SIPKOCTBHIO
KOCHUHYCHBIX H3jiy4darenei (BbiBoa Gpopmyibl R = 7B). SBasiercs
JIM JIaMIla HaKaJIMBaHUs JaMOEPTOBCKUM U3JIydaTenem?



1

[Touemy cpaBHUBaeMble OCBEIIEHHBIE MMOJiA B (oromerpe Jlymmepa-
bponxyHa uMeroT, Kak NpaBHUIO, PA3IUYHYIO OKpacKy? Buauser im
ATO HAa TOYHOCTh u3MepeHuil? Ecau BauseTr, TO Kak IOBBICUTH
TOYHOCTb HAMEPEHUN?

ITouemy cuna cBeTa JlamMnbl pa3jivdHa B pa3jIMUHbIX HAIPaBJICHUSX?
EcTh 1M MCTOYHHMKH, Yy KOTOpPBIX CHJIa CBE€TAa OJMHAKOBA BO BCEX
HanpaBieHusx? [lpuBeaure npumepsl.

Kakwue emié metoibl hoTOMETPUPOBAHUST BAM U3BECTHBI?

JlaiTe onmMcanne U3BECTHBIX BaM (pOTOMETPOB.
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