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Metonuueckue ykazaHus MpeaHa3HAUEHBI IS CTYICHTOB, 00YJaIOIUXCs MO CIIEHHUaTbHOCTH
cpennero npodeccruoHanbHOro oopazoBanus 08.02.02. CTpoUTeNnbCTBO U IKCILTYaTAIIHS
VWHKEHEPHBIX COOPYKEHUU.

Metonuueckue ykazaHus BKIIOYAIOT B €051 KOMIUIEKT METOJUYECKUX MATEPHUAIIOB,
HEOOXOIUMBIX JIJIsl YCIEIIHON MOATOTOBKU U y4aCTHsI B POBEIECHUH J1a00paTOPHBIX paboT o
nucrurnie «Pusuka» cryaentam CIIO.
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BBEJEHUE

JlabopaTopHbie paboTel — 3TO0 3((PEKTUBHOE CPEICTBO CBS3M TEOPHH C NpakTUkou. Mx
BBITIOJIHCHHUE CITOCOOCTBYET (DOPMUPOBAHHIO Y CTYICHTOB KCIEPUMEHTAIbHBIX YMEHUI M HABBIKOB, a
TaK)KE€ YMCHHUU W HABBIKOB IPAKTHYECKOI'O XapaKTepa, Pa3BUTHIO IO3HABATEIILHBIX CIIOCOOHOCTEH,
(OpPMUPOBAHUIO AKTUBHOCTH M CAMOCTOSITEIIBHOCTH.

[Tocne 3amaHusi, BBIAHHOTO TMIpPEMOAaBaTe]eM, CTYACHT  CaMOCTOSTEIBHO padoTaeTr ¢
WHCTPYKITUEH, YYUTCS MPaBUIBHO OPraHU30BbIBaTh CBOE padoduee MECTO, PallMOHAIBLHO TUIAHUPOBATH
paboTy IO BHIMOJIHEHHIO YYEOHOTO 3a/laHusl, HAXOIUTh HanOoJee pallMoHAIBHBIC CIIOCOOBI PeIIeHUs
MOCTaBJICHHBIX 33724, MPABHJILHO (PUKCUPOBATH PE3YJIbTAThI BHIMOJIHEHHBIX 3aMEPOB, SKCIICPUMEHTOB
1 OIUCATh UX, (POPMYIIUPOBATEH BHIBOIBI.

PexomenayeTcs ciemyromas cxema NoArOTOBKH K J1abopaTopHol padore:

1) o3HaKOMJIGHME C IUIAHOM JIaOOpaTOpHOW pabOThI, KOTOPBI OTpa)kaeT CoJepKaHUE
MPE/IJIOKEHHOH TEMBI;

2) npopaboTKa KOHCIEKTA JICKIIHH;

3) YTeHHE PEKOMEHIOBAHHOMW JINTEPATYPhI;

4) NOAroTOBKa OTBETOB Ha KOHTPOJIbHBIEC BOIIPOCHI JJA00PATOPHOI PabOThI;

5) BBINIOJIHEHUE TECTOBBIX 3aJIaHUI, 33734 U JP.

6) MOArOTOBKA OTYETA IO BHIMOJIHEHHON paboTe.

B mocoGuu kpaTko paccMOTPEHBI TEOPETUY ECKUE TTOJIOKEHUS, HEOOXOAUMBIE JIJISl BHITIOJTHECHUS
nabopaTopHO# PabOTHI, TOAPOOHO U3JIOKEHA METOIMKA SKCIEPUMEHTA, ONMKUCAH MOPSIOK BHIITOTHEHHS
nabopaTopHOil paboOThl U 00pPabOTKM PE3yJIbTATOB NPAMBIX W3MEPEHHM, COIEp)KaHUE WU TpaBUiIa
oopmieHus oTUeTa IO TAOOpaTOpPHOU padoTe.



JlaGoparopnasi padora Nel

«OINPEAEJIEHUE YCKOPEHUA CBOBOJHOTI'O TAJAEHUSA C IOMOIIbBIO
MATEMATHYECKOI'O MASTHUKA»

Heas padorbl. OBinageHue METOJAMH OLIGHKU IIOI'PEIIHOCTH; OIpPENEICHUE YCKOPEHUs

CBO60,ZLHOFO nmaaCHusA C MIOMOIIBIO MaJIbIX CBO6OI[HBIX KOJe0aHNI MaTEMAaTHYECKOIO MasITHUKA.

IIpudopsbl U NPUHAATEKHOCTH.
Hurtsb, rpy3uk, MUJIITUMETpOBas TMHEHKA WM U3MEPUTEIbHAS JICHTA (PyJIeTKa).

ITopsaok BbINOJTHEHUsI padOTHI.
1. TIpoBectn MHOrOKpaTHBIC H3MEPEHHS BPEMEHH, B TEICHHH KOTOPOrO TPH Pa3IHIHbIX 10

JUIMHE MaTEMAaTUYECKUX MasiTHUKA COBEPIIAT (PMKCUPOBAHHOE KOJMYECTBO MOIHBIX KOJIECOAHUM.
2. Pe3yibTaThl NpsIMBIX MHOIOKPATHBIX U3MepeHU 00paboTaTh MeTo10oM CThIO/IEHTA.
3. PaccumTarh, CpeHHE 3HAUCHHS YCKOPEHHS CBOOOIHOrO MaCHHs

<g > ¥ abCOIOTHYIO MOTPENIHOCTh KOCBEHHBIX U3MEPEHHUHT AJ.

4, CpaBHUTH MOJTyYEHHBIE 3HAYCHUS <g> c ero TaOJIMYHBIM

3HA4YCHHUECM.
5. CI[CJ'IaTB BBIBOJEI 110 PE3yJibTaTaM BBIITOJHCHUA pa60TbI.



TeopeTnyeckue mMoJI0KeHUs
Jnst KCepuMEHTaIbHOTO OMpENeNieHUs 3HAYCHHs] YCKOPEHHS CBOOOIHOTO MajeHus (
pa3paboTaHO MHOTO pa3aMYHBIX MeTOMO0B. (COBOKYIHOCTh OSTHX METOIOB, MpPH KOTOPBIX
HaOIIO1aeTCsl IBIKEHHE Tella MOoJ ACWCTBUEM CHUJIBI TSHKECTH, a HEMOCPEICTBEHHO M3MepseMoi
BEJIMYMHOW SIBIISIETCS BpeMs, HEOOXOIMMOE Tely MM Mepexoaa OT OJHOro (hPUKCHpPOBaAaHHOTO
MOJIOKEHUsSI B ApPyroe MONy4YWIM Ha3BaHHWE TUHAMHUYECKUX MeTonoB. Cpeau HHUX, HauOomee
IUPOKOE PACHPOCTPAHEHUE, MTOTYUHII MasITHUKOBBII METO/.

B ¢usuke mox MasTHUKOM TTOHUMAIOT TBEPIIOE TEJIO, COBEPIIAIOIIEE MO JCHCTBUEM CHITBI
TSDKECTH KOJIeOaHUsl BOKPYT HEMOJBIIKHOW TOYKH WM OCcH. [IpUHATO paznuyaTh QU3NUECKHA U
MaTeMaTUYeCKUM MAasITHUKU.

du3nyeckuii MAsITHUK TPEACTABIsIET cOOOM TBEpPAOE TENIO, KOTOPOE MOXKET CBOOOIHO
Koe0aThCsl TOJ JEHCTBHEM CHIIBI TSHKECTH BOKPYT HEMOJBIKHON TOPHU3OHTAJILHOW OCH, HE
MPOXOAAIIEH Yepe3 IIEHTP Macc.

MaremMaTu4ecKkuii MasiTHUK — 3TO HACAJM3UPOBAHHAS CHUCTEMa, COCTOSIIYIO HX
MaTepuadbHOM TOYKM Maccod M, MOJABEUICHHON Ha a0COJIOTHO HEPaCTSKUMOW M HEBECOMOM
HUTHU JJIMHOM L, 1 KoneOomascs moj AeWCTBUEM CUJIIbI TskecTH (puc. 1).

XapakTep KojgeOaHUN MaTEeMaTHYECKOro MasTHUKA OMpeAessieTcs 3aBUCUMOCTBIO yria [,
00pa30BaHHOI0 HUTHIO C BEPTHKANbIO, OT BpeMeHu t, T.e.[](t).Jannas
3aBUCHUMOCTb ONPENEISIETCA CBOMCTBA- MU CPEIbI, B @)

KOTOpPOM HAxXOIMTCS MAasTHUK, a TAKXKE BEIMYMHOMN
MaKCHUMAaJIbHOT'O CMEIIEHUS MasTHHUKA oT
MIOJIOKEHUS paBHOBECUS [g.

[Iyctb B cucTeMe CONPOTUBJIEHUS CTOJIb
Majibl, 4YTO HMH MOXHO TMpeHeOpeub, U TMYyCTh
MaKCUMAJIbHBII

yroi OTKJIOHCHUS MAasTHHKaA Lo
COCTaBJIICT BEIMYMHY HE Oosee uem 15[]
(0,262 pax)  (sinl1501=0,259, T.C.

Puc. 1.



sin[Jg[J[g). Torga yrioBoe cMelleHHEe MasiTHUKA OyJ1eT U3MEHATHCS C TEUEHHUEM BPEMEHU
NPUOTHU3UTENFHO 110 TAPMOHUYECKOMY 3aKOHY (OMHUCHIBATHCS (QYHKIUSAMHI CHHYCOB HJIH
KOCHHYCOB), T.€.

O0t0 0 Hocos Hot0 HoOwma ) It 0 Desinl Dot D el [,
rje t—rekyiee Bpems; (0ot o —¢aza xonebanuit; ] p—Kpyrosas
(uMKIMUYecKas) yacTtoTa;[o—HadanbHas ¢asa, T.e. (haza COOTBETCTBYIO-

mas OTKJIOHCHHUIO MasiTHUKAa B MOMCHT BPEMCHU t=0.

B »stom  ciyuae, dbopmyna JUIs  Tepuoja KoseOaHui MaTeMaTH-
YECKOI'O MasaATHHUKA UMECT Cﬂe}lyIOHII/Iﬁ BUI:

Toao L 1)

rae L—navHa MasTHUKA; J—yCKOpEeHHE CBOOOIHOIO MaJICHUSI.

W3 aToii popMyIibl ciaenyeT, YTO U MaJIbIX yriaxX OTKJIOHEHMsS OT IOJI0KEHUs paBHOBECHS
HepI/IOI[ KOHe6aHHﬁ MATEMATHUYCCKOIro MasiT- HHUKA HC€ 3aBUCUT OT €ro MacChbl H aMHJII/ITy,[[BI
KoJieOaHU, a ONpENesSIeTCs JIMIIb JJIMHOW MasTHUKA L W 3HaUYeHHWeM YCKOpPEHHS CBOOOIHOTO
najeHusl Tea § B JaHHOM MecTe mpoctpaHcTBa. [loatomy, 3Ty GOpMyiny MOXKHO HCIIOJIb30BaTh
JUTSL OKCIIEPUMEHTAJILHOT O ONPEACICHHs] YCKOPEHHUS CBOOOIHOTO MaJICHUs TN B T0JIC TATOTCHUS
3emn:

L
g 00402 )

T2

Ecnu B TeueHnn BpemeHu t MaTeMaTHYECKUN MasTHUK coBepiiryl N MOJHBIX KoJIeOaHUH,
TO MEPUOJI KOJIEOAaHUN MOXKET OBITh BBIUKCIICH 10 opMyIIe:

T=1t/N. 3
U3 dopmyn 2 w (3 momyuaem cleyronee BBIpaKCHHE TUTSt
YCKOPEHUSI CBOOOIHOTO MaJCHUS:
, LN?

t



Ilopsinok BhINOJIHEHUST PAGOTHI

1. CamocrosTenbHo H3roTOBUTH MaTeEMAaTHUeCKUil MasSTHHUK OIUHOU He MeHee yeM 60 cMm.
B kauecTBe rpy3a MOXHO B35Th TalKy, T'PY3WJIO JUIA PbIOAJIKH, WJIM JPYroe TSHKEI0e TEeJo
HeOOJBIUX pa3MepoB. [IpoYHO COEAMHHUTH T'PY3 C HHUTHIO. TOUKYy IoOJBeca MasTHHKA MOXKHO
pacoI0oKUTh Ha KParo CTOJA WM CTYJa, KHHYKHOM TOJIKE U T.1T.

2. Paccunrath 10 dopmyne Ng= (30 + 200B), rne B — Homep Opuraasl B
MPETo/1aBaTeNIbCKOM JKypHAJe, YUCIIO MOJTHBIX KojleOaHui MasTHUKA. Pe3ynpTraT 3anectu B TaOII.
1.

BHUMAHME. B kaoccoom onvime 3HA4eHue Hucia NoJaHbiXx Kojaebanull masmuuxa Ng
00XCHA ObIMb 0OUHAKOBOL.

3. JKecTko 3aKpeluTh HUTh MasTHHKA B TOYKE MOBeca. I3MEPHTh PACCTOSHHE OT TOYKH
mojBeca 10 uenmpa macc!!!MOABENIEHHOTO Tpy3a (IIMHA MaTEeMaTHYECKOro MasTHHKa L).
Pe3ynbTaT nu3mepenuii 3anectu B TadI. 1.

[TonokeHue neHTpa Macc rpy3a B JaHHOW paboTe ompeaensercss NpUOIU3UTENbHO. DTy
OIMOKY MOXHO YMEHBIINTh, €CJIM 3HaUeHHE a0COIIOTHOMN MOTrPEIIHOCTH JJIMHBI HUTH MasTHUKA
[L npuHATH paBHBIM

OL=2mm.

4.  OTknoHHTH MAsTHUK Ha HeGOMbIOH yrox ([< 1501) ot monoxenus paBHoBecus. [Tpn
9TOM HEO0XOAMMO 4YTOOBI HMTh HE IpoBucaia. Jlanee, MaKCHUMaJlbHO aKKypaTHO, OTIIYCTUTh
Ipy3HK.

5. Tlocime HECKONBKHX KONEOAHMII ONMpEIeTuTh BPeMs ti, B TEUEHHH KOTOPOrO MAsTHHK
coepmiiT Ng =30...50 monubix Konebanuil. Ilpu aTom cekyHmaomep HEOOXOAUMO MyCKaTh B X0/
Y HAUMHATh CUET MOJHBIX KOJeOaHUH B MOMEHT, KOI'J1a MasiTHUK HaXOIUTCS B OAHOM U3 KPAUHUX
nonoxcenui!!!,

PesynpTat u3mepenuii Bpemenn tj3anectu B Ta01.1.
6. [IpoBectu u3mepenus(n4uns) He meHee 5 pas.

{. YmeHbImas Kaxablii pa3 JUTMHY HETH MAsTHHKA TPHONH3HTENBHO HA 5 CM, TAKHM Ke
nyreM (cM. m3 — mS5) ompeaenuTh BpeMeHa 1 emie Ais Tpex 3HAYEHWH UIMHBI MasTHUKA.
Pe3ynbTathl 3THX N3MEPEHUI 3aHECTU B COOTBETCTBYIOLIME TAOJIULIBI.

Ta6auma 1

Pe3ynbTathl npsMbIxX

W3MEpPEHU N
NeorbITa Ng L, T,
M C
1
K

O0paboTka pe3y1bTATOB U3MEPEHUIl U PACUYET MOTPEeLIHOCTEeH
Pe3ynbTaThl MHOTOKPATHBIX TMPSMBIX M3MEPEHUH, MpPUBEACHHBIC B TaOm. 1 HeoOXomammo
obpaborate MmetomoM CThrofieHTa. J{J1s 7TOr0 HEOOXOIUMO.
1. Haiitu cpennue apudMeTHUECKUE 3HAUCHUS BPEMEHU t< >

2. BplUnCIUTH BETMUNHBI CITyYalHBIX OTKJIOHEHUH BpeMEHU



affa(Vialt} ‘
o o 2
3. BbI4MCIUTH KBAAPAThI CIIyYalHbIX OTKJIOHEHHUI: L5
4. BBIMMCIUTH CpeHEE KBAJPATHYHOE OTKIOHEHUE CPEHEr0 apu( - METUUECKOTO:

Sk E 2
. Ompenemuts xod3(pdunment CrprOIeHTA K 3aBI/IC5IIJ11/H71 OT 4YHCIa MPOBENEHHBIX
5.0 C k e
usMepennii K u goBeputensHOM BeposTHOCTH [J. B mpui 2 mpHBEIEHBl 3HAYEHUS
k03 durmentoB CThIOEHTA, IS PA3THYHBIX 3HAUCHHUH JTOBEPUTEIBHON BEPOSITHOCTH.

6. BplumciuTh Cciay4aiiHyI0 MOTPEHIHOCTh CPEAHEro apudMeThdec- KOro 3HAYCHHUS
BpeMeHHU coBepiueHus Ng Kosedanuii (01eHO4YHOe 3HaueHu e a0COMIOTHOM MOrPELIHOCTH):

Ot ods Kk K
7. Pe3ynbTaThl BBINOJIHEHHUS ITYHKTOB | — 6 IIpeacTaBUTh B BUE Tabl. 2.

Tabmuua 2
O0paboTKa pe3yabTaTOB MPSIMBIX U3MEPEHUI
Ne t t < > [ 5 Sk kD,K Ot
OIbITa i
1
K




K

8. [l xaxkmoil cepuu HM3MEpEeHMH 3amucaTh OKOHYATEJIbHbIE Pe3yibTaThl 00paboTKU
NpSIMBIX HM3MEpeHHi BpeMeHU coBepiieHUs Np MOJIHBIX KoleOaHWl B COOTBETCTBUU C
TpeOOBaHUAMM, NpPEIbABIIEMBIMU K (opMe 3amMcu pe3yjbTaTa HU3MEpeHUs (U3NYECKOU
BEJINYHHBI:

ty! (t]> 1DDDt to! <t2> 000ty <t3 D00t ty <t/§ 00 0ty.

9. BpIuMcIuThH JJIA KaXKJI0M cepuun I/ISMepeHI/Iﬁ OTHOCHUTCJIBHBIC
IMOrp€HOCTU UBMCPCHUA BPEMCHU

ot
Ot 00

v

10. Hcnonb3ys nansble 1.8 1 Tabim. 1, mo gopmyie

N 5 02
(g4t (5
D<t> 0
BEIYUCIIUTH cpenHee 3HAUYCHUC BCINYUHEBI YCKOpeHI/IfI CBO6OHHOFO

MaJICHNS B KOKJIOM CepUn H3MepeHH171<g>.

11. Bsaucmuts o popmyine

0 (o) o A8 AT
WAL D
a0COIIIOTHBIE IMOrpCIIHOCT 3HAYCHUA YCKOPCHUSA CBOOOJHOI'O IMAaACHHUA B KEDK,IIOIZ cepuu
U3MEPEHUN.

12. 3amucaThb OKOHYATENbHBIH  pe3yldbTaT B  COOTBETCTBUHM C  TpeOOBaHUIMH,
HpebABISIEMBIMH K (hOpME 3aIUCH Pe3ysibTaTa H3MEpEeHUs] PU3HUECKOr BeTMYUHBI (cM. [2]):

. q: ,
13. Breraucouts OTHOCHUTCJIbHYIO IOrpCIIHOCTDb HN3MCPCHHOI'O
3HAaYEHUs YCKOPEHUsI CBOOOAHOI0O NaJeHUs B KaXKI0M CEPUN U3MEPEHUIA:

10



BT

(9i)
14,  CpaBHuth pe3ynapTaThl I. 12 ¢ TaOAMYHBIM 3HAYEHHEM YCKOPEHHUS CBOOOJHOTO
HajieHusl.
15. Odopmuts otyer mo pe3yabTaTam paboThI.

KOHTPOJIBHBE BOITPOCHI

1. Jlaiite ompeneneHue TrapMOHMUYECKMX KojeOaHuil. Hamumure ypaBHEHHE TaKHX
Koyie0aHmil, MOsICHUTE (PU3MUECKUN CMBICIT BEIMYUH, BXOJISIIIIUX B HETO.

2. B KakuX TOYKAaX TPACKTOPHH Tela MAaTEMAaTHYECKOr0 MasTHHKA MMEET MaKCHMaJbHYIO
CKOpPOCTbh, MOTEHUHAIbHYIO SHEPrUi0, KHHETHYECKYIO HEPrui0, YCKOPEHHE, CHIIy HATKEHUS
HUTH.

3. BeiBectu ypaBHeHHe KolieOaHHI MaTeMaTHUecKoro MasiTHuka(l).

4. BeiBecTu opmyity 11 neproja KojiebaHui MaTeMaTHyeckoro MasiTHuka (1).

5. Kak u3mMeHuTCs nepruoj MaTeMaTHuecKoro MasTHUKA, €CJIM U3MEHUTh €ro
JUIMHY, aMIUTUTYy KoneOaHun?

6. Kak BiusieT yuciio NogHbIX KOJIeOaHU| Ha TOYHOCTh UCIOJIb3yEMOro Mmeroaa?

7. HazoBute BH/IbI MIOTPEIIHOCTEN, KOTOpBIE BO3HUKAIOT pu
9KCIEPUMEHTAIbHOM OIpeesIeHUN (PU3NUECKUX BETUUHH.

8. laiiTe omnpeneneHue CaeayOImuX MOHATHIA:
a)cpenHee apupMeTHYecKoe pe3ynbTaToB U3MEPEHU;

0)cpenHsis KBaJIpaTUYHas MOrPELIHOCTh CPETHETO Pe3ybTara.

9. Onnmmure MTOPSIOK 00paboTku pE3yJIbTaTOB OpU  IPSIMBIX
U3MEpEHUSX.

10. Kakue morpenHocTu Ha3bIBatOTCA KOCBEHHBIMU?

11. Pacckaxkxute mopsiiok 0oOpabOTKH  AKCIEPUMEHTAIBHBIX PE3YJIbTaTOB MPHU
KOCBEHHBIX U3MEPEHUSX.

12. Kakas norpermHocts Ha3biBaeTcsi a0COMOTHON? OTHOCUTENTHHOMN ?

11



puioxkenue 1

Benuuunabl ko duimenta CThIOACHTA

ka, K

IJIA Pa3JIMIHBIX 3HAYCHUMN I[OBCpPITCJ'II:HOI?I BCPOATHOCTHU O

IIpu o006pabGoTke mpPSAMBIX H3MEpeHHH B Ja0OPaTOPHOM NpPAKTHUKyMe IO (u3NKe
pPEKOMEHIyeMO€e 3HAYCHHUE JTOBEPUTEIbHON BeposTHOCTH paBHO 0= 0,95 (95%). bonee Bricokas
HagexHocte 0,99 wmmum 0,999 Tpebyercss TOABKO MpPU OYEHb TOYHBIX W OTBETCTBEHHBIX
sKcriepuMenTax. B tabn. 4 mpuBenensl 3HaueHus ko3 dunmentoB CThIOAEHTA, UIA PAa3IHYHOTO
qyciia SKCIIEPUMEHTOB U Pa3IMUYHbIX 3HAYEHUH JOBEPUTEIbHON BEPOSTHOCTH.

Tabmumad
Yucno JoBepurenbHas BEpOSITHOCTh
msmepenuit K- 15— 90 a=0,975 a=0,995 a=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 2132 2776 4,604 8,610

6 2,015 2571 4,032 6,859

7 1,943 2447 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 2201 3,106 4,437
13 1,782 2,179 3,055 4,318
14 1,771 2,160 3,012 4,221
15 1,761 2,145 2,977 4,140
16 1,753 2131 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 Tabnuiel BUJHO, YTO JUIS ONpelesIeHHOro yncia usmepenuit K ysennuenue
JIOBEPUTEIILHONW BEPOSITHOCTH COIPOBOXKIAETCS
YBEJIIMYCHUEM Ko K @, Ce10BaTeNnbHO, U yBEIMUEHHEM a0COMOTHOM
b

norpemHocTy At, T.€. 1OBEpUTENbHBIA HHTEPBAJ CTAHOBUTCS LIMPE.

12



JlaboparopHasi paGota Ne 2
«A3YYEHHUE 3AKOHOB CTOJIKHOBEHMUS TEJ»

Ieab padoThbi: 03HAKOMUTHCA C SIBJICHHEM y/lapa Ha IPUMEpPE COyAapeHHs MOIBEIICHHBIX Ha
HUTSX IIAPUKOB.

OO6opynoBanme: n3MepuTeIbHasi yCTAaHOBKA, HAOOpP IIaPUKOB, TEXHUYECKUE

Yachl.

Teopus

B mexaHuke mon ymapoMm cienyeT MOHHMMaTh KPaTKOBPEMEHHOE B3aMMOJEHCTBUE ABYX MM
Oosiee TeJl, BO3HUKAIOLIMX B PE3YyJIbTATE UX CONPUKOCHOBEHUs. [Ipu coymapeHuu Ipyr ¢ ApyroM OHHU
nperepreBatoT nedopmanuio. IIpm 3ToM KuHeTHuYecKas 3HEprus, KOTOpOil 00JafaroT Tena mepen
yapoM, YaCTUYHO HJIM MOJIHOCTHIO MEPEXOIUT B MOTEHIHAIBHYIO SHEPTUIO YIPYTroi AedopManuu U
BO BHYTPEHHIOIO 3Hepruto Tei. CyliecTByeT JBa NpEAesbHbIX BUAA yAapa: aOCOMIOTHO YNpPYrui u
a0COIIOTHO HEYNPYTrui. Abconomno ynpy2um Ha3bIBA€TCsl TAKOW yaap, IPU KOTOPOM MEXaHHUYECKast
SHEprus Tel He MEePEeXOAUT B JApyrue, HeMeXaHU4YeCcKHe, BUIbl SHEPTUH. AOcontomHo Heynpyauil yoap
XapakTepu3yercs TEM, YTO NOTEHLualbHas BSHEprus AepopManuy HE BO3HUKAET, KUHETHYECKas
SHEPrusl TeJ MOJTHOCThIO WM YACTUYHO IPEBPALLACTCSI BO BHYTPEHHIOIO 3HEPTHUIO.

AOCONIOTHO YNPYTrUX YAapoB B MPHPOJE HE CYIIECTBYET, TaK KaK BCEIr/la 4YacTb SHEPTrUU
3aTpayuBaeTCsi Ha HeoOpaTUMyro AedopMaliio Ted U Ha YBEIUYEHHWE UX BHYTPEHHEH SHEpruu.
Opnaxo, UIsl HEKOTOPBIX TeJl, HAlPUMEp, CTAJIbHBIX IIapOB MOTEPSIMH MEXaHUUECKOM IHEPIUHU MOXKHO
npeHedpeyb.

B Hacrosimieit pabore paccmaTpuBaercs ynap LIapoB, MOJBEIICHHBIX B BUJE MAasTHUKOB,
IpUYeM OAMH wap 10 yaapa nokoutcs (V1= 0). Yiap npoucxoauT B MOJIOKEHUU, COOTBETCTBYIOIIEM
PABHOBECHUIO TN, U SIBISICTCS YEeHMPAIbHbIM U NPAMBIM. DTO 3HAUYUT, YTO MPH yJIape LEHTPHI TAKECTH
TEJ JIeKaT Ha JIMHUM YAapa, a UX OTHOCUTEJIbHAsL CKOPOCTh MapaJiieibHa JUHUH yaapa.

[Ipumepsiss K ynapsomMMcsl IIapaM 3aKOH COXPaHEHHS UMITYJbCa, MOKHO HamMcaTh: s
a0COJIIOTHO yNPYTOro yaapa -

mo v2=m1v1'+m2v2' (l,a)
U 17151 a0 CONMIOTHO HEYIIPYToro yaapa- my V2:(m1+m2)V1”. (1,0)
31ech M1,M;-MaCChI IAPOB,V1 V2 ~CKOPOCTH MIAPOB [OCIIE YIIPYToro yaapa,Vi -
00111as1 CKOPOCTh HIAPOB Mocie a0COMOTHOTO HEYIPYTOro yuapa.

PaccmoTpuMm nieHTpasbHbIi a0CONIOTHO YIIPYTUil yaap ABYX IIapoB.

Cunbl, BO3HUKawIIUME INpH Aepopmaly IIapoB, B IPOLECCE COYNAPEHUS MEHSIOTCS BO
BpemeHu. HalineMm CpenHIO0 110 BpEMEHHU CHIly, JEHCTBYIOIIYIO Ha OAUH U3 mapos. [1o onpenenenuro
CpeIHss ChJla paBHA
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- t1_,

OFO0 -+ gt (1)
t1 %
[t
0
CoracHo BTopoMy 3akony nuHamuku F= dP/dt, Torma
2 T Blm
1
SFoC T dPO = 0 2
- Ot t0 P L
0 100 =

rmue Po-umnynbc mapa 1o yaapa,
Pi-umnynbc mapa mocie ynapa,
t1-to=r-Bpems coynmapenus. Moayns cpenHen
CHJIBI

<F>=AP/r ©))
Ecnu mepBblit map 1o y/tapa oKouIics (Po=0),T0 AP=P;.Ecnu macchl 1apoB

OJMHAKOBBI (M1=My),T0 P1[1P2,T.€.BTOpOIi IIap MpH yaape Bech CBOW UMITYJIbC TIEPEIACT IEPBOMY
H1apy U OCTaHaBJIMBAETCA.

Torna
<F>=Pyr=mV,/t (4)

[Ipn u3BecTHON Macce WApoB CpeAHIO cully yaapa <F>Bcerma MOXHO BBIYMCIUTH, 3HAs
CKOPOCTH IIapa V2 B MOMEHT, HEMOCPEACTBEHHO MPENMIECTBYIOIMNN COYIapEHUI0, U BPEMS COYAapEHU s
T.

CKopoCTh 111apa HENOCPEICTBEHHO Mepe] YAapoM Vo MOKHO ONPENENUTh 10 YIly o
OTKJIOHEHUS 11apa oT nmosioxxkeHus: pasHoBecus (puc. 1). lllap, oTBegeHHBINM OT MOJIOKEHHS] paBHOBECHUS
Ha yroJi @, 00JaaeT 3armacoM NoTeHIManbHOM sHeprun E, = mgh. DTa sHeprus kK MOMeHTY ynapa
[IOJIHOCTBIO [IEPEXOUT B KMHETHICCKYI0 E,=mv?/2,

0200 J2gh ©)

rac h-BeicoTa nmoabrCMa 1iapa B KpaﬁHeM IIOJIOXKCHHHU.

CJIEOBATENBHO, mgh=mv2/2, OECIOZIA

Puc.l.

U3 AABC (puc.1 )cnenyer: |-h=Icosa, otxyna h=1(1-cosa)=2Isin*(a/2).
[Moxacrasnss h B ypaBuenue (5) momydaum
v.=2 [gl - sin(a/2). (6)

[TomoGHBIM 00pa30M MOXKHO 3aIMCATh BRIPAXKEHUS I CKOPOCTEi
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vi'=2 Afgl - sin¥(ay2),
v2'=2 gl - sin‘(a272), U]
vi"=2 gl * sin’(a1”/2),
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rnae ai’, az’ - yriibl OTKJIOHEHHUS IIapOB MOCJE YIIPYToro yaapa, a a1”- yroil OTKJIOHEHUS MePBOro mapa
nocye adCoMOTHO HEYIIPYTOro yaapa.

OIMUCAHUEYCTAHOBKH

Puc.2.

OOmmit BuA npubopa AN HWCCISNOBAaHMS CTOJKHOBEHHS IIapOB IPEJCTAaBIEH Ha pHC.

2.0cHoBanre 1 OCHAIEHO pETyIUPYEMBIMH HOXKaMH 2, KOTOpBI€ TO3BOJISIFOT TMPOU3BECTH
BBIpaBHUBaHHE MpuOOpa. B OCHOBaHWM 3akperyieHa KOJOHKA 3, K KOTOPOH MPHUKPEIICH HIKHUN
KPOHINTEWH 4 1 BepxHuit 5. Ha BepxHeM KpOHITEHHE MPUKPEIJICHBI KPOHIITEHHBI CO CTEPXKHAMU 6 U
BOPOTOK 7, CIYXalIUW I YCTAHOBKH PACCTOSHHUS MEXAy MmapamMu. Ha crepkHsx 6 MmomerieHbl
nepenBuraeMele jaepxkatend 8 ¢ Bryn- kamu 9,pukcupoBaHHbIe Tpu momomm Oonta 10 wm
pUCIOCcOOJIeHHbIe K TpuKpenienuto mnoasecoB AI11. Yepez monsechkl 1 mpoBeneHsl mposoga 12,
MOJBOAAIINE HaNpshKeHne K moasecam B13, a uepe3 Hux k mapam 14. Ilocie OTBUHYMBAHUS BUHTOB B
noaBecax A MOXHO YCTAaHOBHTH JJIMHY ITOJBECKH MIapoB. Ha HIDKHEM KPOHINTEHHE 3aKperIeHBI
YrOJILHUKH cO mkanamu 15,16, a Ha crienuaabHBIX HAPABISIFOIIMX — AIEKTpoMarHut 17.
[Tocne oTBuHumMBaHUs OonToB 18, 19 snekTpoMarHUT MOXKHO MEpPEABUTaTh BIOJIb MPAaBOM IIKAlbl U
(UKCHUPOBATh BHICOTY €ro ycraHoBKH. CHIIy 3JICGKTPOMAarHWUTa MOXKHO PEryIHpOBaTh BOPOTKOM 23.
VYTONBHUKHN CO MIKaJaMU TaKKE MOTYT MEPEABUTATHCS BJOJb HIDKHETO KpoHIITeHHA. [ m3MeHeHust
UX TOJOXKEHHsS HAJ0 OMYCTUTh Tailku 2, momoOpaTh MOJIOKEHHE YTOJbHUKOB, a 3aTeM JOBUHTHUTH
raiiku. K ocHoBaHuIO mpubopa

[TpuBrHYEH MUKpoceKkyHaoMep 21, mepenaroniuii pazbem 22 HaNpsDKEHUE K IIapaMu dJIEKTPOMAarHHTY.
N3MEPEHMUSI

1. Taiiku noxBecoB B mepeMecTHTh MAKCHMAJIbHO BBEPX, a 3aTEM Ha MOJBECHl HABUHTHUTH JIBa
IIPOM3BOJILHO BBIOPaHHBIX HIapa.

2. Bpamas BOpPOTKOM 7, TIOMEIIEHHBIM Ha BEPXHEM KpOHIUTEHHE, YCTAHOBHUTH Ta- KOE
paccTosTHUE MEXAY CTEPKHSAMH 6, YTOOBI MIaphl CONMPUKACATIMCH IPYT C JPYTOM.

3. Onyctuts Gontel 10 M mepeMecTUTh jAepikaTenn 8 B IOJOKEHHE, B KOTOPOM JI€3BHS
noaBecoB B OyAayT HaXoAWThCSA B OJHOM MIOCKOCTU C YrojlbHHUKaMu co Ikamamu 15, 16. 3atanyTsb
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6oxts! 10.

4, Onyctuts BUHTHI noaBecoB AIl ¥ yCTAaHOBUTH TAaKylO JJIMHY HPOBOAOB 12, uToOBI Ha
BBICOTE YTJIOBBIX IIKAJ HAXOAMIUCH TOJIBKO JIE3BHS IMOABECOB B, a 4epTOUKHU Ha IIapax HaXOIUIIHCh Ha
OJIHOM ypPOBHE, 3aTSHYTb BUHTHI TTOJIBECOB A.

5. IIpousBecT KOPPEKTHPOBKY OCEBOH YCTaHOBKM IIapoB. J[jis 5Toi Henu map, KOTOpIi
3aHsUI BBICIIEE OJIOKEHUE, JIETKO BHIBEPHYTh, IOBO/S 10 PABEHCTBA YPOBHEN UEpTOUEK Ha IIapax, U
3aTSHYTh Tailky noasecoB B. /[nanazoH BO3MOXHON KOppeKTH - poBKH 014 MM.

6. Onycrurs raitku 20 u TakuM 0Opa3oM yCTAHOBUTH YrodbHUKU 15, 16, 4TOOBI Ne3BHs
MOJBeCOB B B MOMEHT, KOrJla IIaphl 3aHUMAIOT TOJOXKEHHE MOKOS, MOKA3hIBATH Ha IIKATaX HYJb.
3atanyts raiiku 20.

7. Onycturs Gontel 18, 19. VCTaHOBUTH 3JIEKTPOMATHUT HAa M30PAHHOM pPAcCTOSi- HUU OT
HayaJia IIKajJbl ¥ Ha TaKOM BBICOTE, YTOOBI €ro OCh Obla yIJMHEHHEM YepTOYKH Ha Iape. 3aTSHYTb

ooxter 18, 19.

8. BKIIIOYNTH MUKPOCEKYHIOMED B CETh.

9. Haxate knasumy“CETB” MUKpOCeKyHI0MEpa.

10. Orxare xnaBumy“ITYCK”.

11. Bopotkom 23 oTperyampoBaTh CHIIy 3J1€KTPOMATHHUTA, YTOOBI OH yAepiKal
map.

12. Tpasblit map 0TOABMHYTH B CTOPOHY 3IEKTPOMATHUTA U OJIOKMPOBATH B 3TOM
MIOJIOXKEHUH, JICBBII-YCTAHOBHUTh HEMOBUHBIM B ITOJIOKCHUU TTOKOSI.

13. IpounTaTs 3HaUEHME yria.

14. HaxaTtp xnapuiy“CBEPOC”.

15. Haxars xnasumy“ITYCK”.

16. Iocne cronkHOBeHHUs MapoB, HAGMOAATH HA KAKOE YrIOBOE PACCTOSHUE a1’
ap’ v oy ” otckoyaT mapsl. [IpocuuTaTh NpOgOKUTENLHOCTh CTOJIKHOBEHUS IIIAPOB.

CTOJIKHOBEHME JOJIZKHO OBITH OCHTpAJbHBIM, T.C. TPAaCKTOPpHUA JABHXXCHHA IIAapOB II0CJIC
CTOJIKHOBCHUA JOJDKHA HAXOJAUTHCA B ITIJIOCKOCTU ABUKCHUSA ITPAaBOTro miapa 10 CTOJIKHOBCHUA.

17. W3mepenust yrinoB oTpakeHust a1’ , d’Miu a1” ¥ TMPOIOKUTEILHOCTH CTOJIKHOBEHUS

MIPOM3BECTH HE MEHEE 5 pa3 U Ha UX OCHOBAHUHU OIPEICITUTh CPEIHNUE 3HAUCHUS YIJIOB U BPEMEHH I10
clefyomuM GopMmyiam:

rae a1’y a2’, a1” - cpenHee 3HaUCHHUE YTJIOBBIX PACCTOSHUM MOCTIE CTOJKHOBEHHUS IIAPOB,
T-CpeJiHee 3HaueHU e MPOIODKUTENLHOCTH CTOJIKHOBEHUS,
N-KOJIMYECTBO BBITOJIHEHHBIX U3MEPEHUH,
a1i’y00i Wi o ’-3HaYEHHs, TIOJydEHHBIC B I-OM H3MEPEHHUHU.

18. IIpu moMomm MepHOi JEHTHl ONpENEIUTh JUIMHY MOABECKH IIApoB, KaK KpaT- daiiliee
pAacCTOSTHUE MEXAY CTEPKHEM BEPXHETO KPOHILUTEHHA M LEHTOM Iuapa. M3me- peHus BBINOJIHUTL C
TOYHOCTBIO + 2MM.

19. ITo dpopmynam (6) u (7) onpeaeanuTs CKOPOCTH LIAPOB J0 U TOCTE CTOJIKHO- BEHHUS.

20. Ha anaiuTuyeckux Becax B3BECUTH IIAPhl H HANTHM MAcChl IIAPOB BMECTE ¢ MojBecamMu B.
21. Macca noaseca B pasna 20,5r.

22. Tpebyemas TOUHOCTb H3MepeHuit My u My - 0,1r.

3AJJAHUE

1. Jlns nByx map MeTaqnMuYecKuX INapoB, MCHONBL3ys (Gopmyidy (4), ONpENennTh CPEIHIOK
cuiy yaapa <F>mpu paznuuHbIX yriax OTKJIOHEHMS golllapa OT MOJI0KEHHsI pAaBHOBECHS.
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JI1st KaXk1oro yriiag, U3MEpeHusl BpEMEHHU COYJapeHUs T IPOBECTH TPH pasa.
B3sTh HE MeHee ST 3HaYE€HUHN YIJIOB.

OTHOCHTENIbHYIO CKOPOCTH MIAPOB V2 BEIYUCIHUTH 110 hopmyie (6).

PesynbTaTel n3MepeHui 3anucaTh B TadIUIyl.
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Tab6mumal.

Ne|l m [ ]| e | vy, | Avo, 1, T, 73, | T | Ar, | ATep, | <F> | A(KF>), | 6,
| kr | M M/c | mc c C C C c c H | g %
1.
2.
3.
4.
5.
Am=.. xr, Al=..M, Aar=...,

V2 1011 Dotg,
v 21 2% 4
A V=V2(A VQ/ V2)
Zn:( -
Oz ST
n(n-1) !

O(OF0D) =
OFO

+ [z

+ T

313-
< IN|E

I(OFD) OOF o QOFD)

F
so2EFD 1009

2. Tloctpouth rpadMK M 3aBHCUMOCTH MOAYJsA cpeaHell cunmbl <F> oT oTHocH- TenmbHOI
CKOPOCTH V7 JUIsl KaKJ10M IIaphbl IapoB.

3. IpoBepHTh BBINONHEHHE 3aKOHA COXPAHEHHUS MMITYJIhCa:

a)71s1 aOCOJIIOTHO YIPYIOro yzapa IByX METaJUIM4eCKUX 1IapOB-BbIpakeHNE

(1,a)
P=p,

rIe P-umMnysbCc CHCTEMBI IBYX ILAPOB JI0 yaapa,
P’-uMIyibC CHCTEMBI IBYX IIAPOB MOCIIE YyIIpyroro yaapa. Pe3ynbrars
W3MEPEHUN 3anucaTh B Ta0uILy 2.

Tabmuua?.
Lol my | my| a2 | Vo, |aar’| a2’ | a1z’ | &’ | Vi° | a1’ | a2’ | @23’ |a2¢ | V2', | P | P’ | 9,
M Kr | KU m/c m/c p’ m/cC %
] 01009%
5DPEP_ 0

0) anst abCOMIOTHO HEYNPYTOro yAapa ABYX IUIACTHIMHOBBIX [IAPOB-BBIPAKEHUE
(1.6)
P=P”
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rae P”- uMnysnbc cucTeMbl IBYX LIapoB Mocie a0COIIOTHO HEYNPYroro ynapa. Pe3yiabTatel usmepenuit
3amucarh B TaOIUIy3.

Tabmuua3.
I, m, mo, a V2, ai’ | a1’ | w3’ | @” | W P P” o,
M KT KT m/c M/c %

5DDPEP: 0100%
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KOHTPOJIBHBIEBOITPOCBHI

1. Yro Takoe abcomoTHO ynpyruii 1 HEYIpyruil yaaphi?

2. Kak mpoMCXOMuT IPOLECC COYAAPEHHs IAPOB?

3. Kaxk onpenensercs MOayJIb CpeHeH CUIIbI IPH COyapEeHUH IapoB?

4. CpopmymupyiiTe 3aK0OH COXPAHEHHS HMITYJIbCA U 3aKOH COXPAHEHUs SHEPTUM.
5. ToueMy K ABIEHUIO yapa MOKHO IPUMEHHTH 3aKOH COXPAHEHMS UMITYJIbca?
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JlaGopaTopHas padora Ne 3

«OMPEJEJEHUE OTHOIIEHUS TEIIJIOEMKOCTEM I'A30B 1O METOJLY KJIEMAHA -
JAE30PMA»

Iean: cpaBHUTH TEIJIIOEMKOCTH BO3ayXa metojioM Kiemana — Jlezopma.

Teopusi: npubop Knemana-/lezopma cocTout u3 6anioHa ¢ BO3AyxoM, Hacoca KoMOBCKOro 1 BOASIHOTO
maHomeTpa (puc.l). IIpu 3akpeiTOM KpaHe B 0aJUTOH HAKaYMBAIOT BO3AYyX. Uepe3 2-3 MUHYTHI

TeMIiepaTypa Bo3ayxa B OajsIOHE CTAaHOBUTCS paBHOW TeMIepaType T1 OKpy»Karollel cpe/sl, a 1aBjeHHe
Py = Pg + pghy, THI€ Po - aTMOC]epHOE JaBICHUE, P - INIOTHOCTh MaHOMETPUIECKOM KUIKOCTH

(moaKpaleHHast BOJa), J - YyCKOPEHHUE CHITBI TSDKECTH, Ny - pa3HOCTh YPOBHEH JKHUIKOCTH B MAHOMETPE
(puc.2a).

3aTeM OTKpBIBAIOT KpaH Ha KOPOTKOE BpeMs,
JOCTATOYHOE JJIsi BHIPABHUBAHUS JIABIICHUS B COCYC
¢ arMocdepHbIM (puc.20), U 3aKpBIBAIOT €r0. 3a CYET

Merannuueckas Hacoc
Komosckoro

e KpaTKOB
T -|:|- o T, H o T1-|:|- 0 pemeHH
T 1 TiI.:: T]_ T 1 OCTH
————————— Fa=Fn Ps nporecc
P1 A | | We=We | [WV=W5 Vel as
I m m Oatone
a Puc. 2 o
IlIxama e 0=0,
MaHOMETpa p uouabama
OCYIIECTBIISACTCS
annabaTuIecKoe P Ti=const

(mpakTudecku 6e3
TEMJI000MeHa) pacIIMpEHUE

\ usomepma
\

Puc.l BO3/IyXa Maccoil M, Kotopas ps Sso 13 v=const,
OCTaeTcs B COCYJIE TOCIE 3aKphIBAaHUA KpaHa. JTa Macca BO3AyXa 3aHUMaa J10 \\ / worepd
pacmmpenust 00beM Vi - yacTh o0bema Ve cocyna. [Tocne agnabaTHoro P2 LI v
pacIMpeHus BO31yX Maccoi M MepexoanuT U3 COCTOSIHUS | B cocTosiHHE 2 \% V,

(puc.3). O0bem ero cranoButcs paBHbIM V7 = VC, naBienue P, = Py (puc.20).
Tak kak mpu aquadaTHYecKOM pacIIipeHnH, padoTa COBEPIIAETCS BO3yXOM
(Maccoit m) 3a cueT yObUIM €ro BHyTPEHHEH 3HEPruu, TO 3TO 03HAYAET MOHKEHHE TEMITePaTy bl
Bo3ayxa 10 7><Ti. [Ipu 3TOM naBiieHHE 1 0OBEM B COCTOSIHUAX | M 2 CBsI3aHBI MKy OO0 ypaBHEHUEM
[Tyaccona: PV, =PV, . Uepe3 2-3 MUHYTBHI, BCJICACTBHE TEIJIOOOMEHA CO CTCHKaMHU KOJIOBI, BO3IIyX B

Puc.3

OaioHe M30XOPUUYECKH HArPEBAETCS 10 TeMIIepaTypsl T1 (puc.2c, mpouecc 2 => 3 Ha puc.3). [Ipu
Hen3MeHHOM oObeMe (V2 = V3) naBieHue Bo3pacraer 10 P = py + p- ghy, rae hy - pasHocTh ypoBHEH
JKUJKOCTH B MaHOMETpE 1Sl BO3yXa B COCTOSIHMM 3. Bo3yxy Maccoil m B coctosiHusax 1 u 3
COOTBETCTBYET OJJMHAKOBAs TemIiepaTypa [1 okpyxarorieit cpezsl. [loaromy cocrosinus 1 u 3 Ha puc.3
OKa3bIBAIOTCS JISKAIMMHU HA OJTHON M30TepMe (MMyHKTHPHAS JIMHUS) U K HUM IPUMEHUMO YpaBHEHHE
M30TepMHUECKOro Mpoiiecca (3akoH boitns-Mapuorra): PV, = P,V,. Bo3Beas nocienHee COOTHOIICHUE B
Pl}’ V17 B P37 V27

PV V3 NI P1V_1=P3V/P0.
1V 2V2

CTENEHb Y, U MOJIENIMB €ro Ha PaBeHCTBO PV, = PVJ | momy4nm

[ToncraBum BeIpakeHus uist P1 u Pz v BeIHECEM Py 3a CKOOKWU:
P (1+pghi/Po)™t = Po"'(1+pgha/Po)’ . Bemmummsr  pghi/Po,  pgha/Po<<l. Bocmoms3yemcs

npubmkenHbiM paBeHcTBoM: npu X<<1 (1+X)* = 1+aX. Torma, mocie cokpamienus Ha Py u pg
nonyuanM: (p-1)h; = »hp. OTcroma monmydaem pacdeTHyro (opmyny aas onpeaeiacHus koddduimenrta



= hl

hl_hZ
pasHocmo yp06HeIZ AHCUOKOCTIU 8 MaHomempe nocie aouabammno2o pacuiupeHus u noc;zedyrou;eeo
U30xopuvecKo2o HacpesaHusl.

ITyaccona: |y , tae h1 — pasnocms ypoemeil dcuokocmu 6 maromempe nocie Hakauxu, hy —

ITopsiioK BbINOTHEHHs J1A00OPATOPHOM PadoThI

1. ITpu 3akpeiToM KpaHe (puc.l) HakauaTh BO3AyX B Oa/UIOH 1O CO3JaHHUSI PAa3HOCTH YpPOBHEH
KUJKOCTH B MaHOMeTpe nopsiika 15-20 cm (Ho He Oonee 20 cm).

2. BepkgaTe moka TemmepaTtypa BO3AyXa B Oa/UIOHE CpPaBHSETCS C TEMIIEpATypod OKpYKarollen
cpenbl (TepecTaHeT U3MEHSATHCS Pa3HOCTh YPOBHEH JKHUJIKOCTH B MaHOMETpPE). DTO MPOUCXOAMT 3a 2-3
MUHYTHI.

3. OTcunTaTh Pa3HOCTH YPOBHEH KUAKOCTH B MaHOMeTpe N1 (OTCUET MPOU3BOAUTD MO HIDKHUM KpasiMm
MeHKcKa). B nmeromemcs npubope «0» mIkaasl MaHOMETpa pacnosoXeHsl nocpenuse. [loaromy ynoo6Ho
OTCUMTHIBATH OIIyCKAHME JIEBOI'O CTOJ0a U MOAHATHE CTOJI0A )KUIKOCTH B IIPABOM KOJIEHE MaHOMETpa OT
«0» U CKJabIBaTh 3TU BEJIUYUHBI.

4. BbICTpO TOJHOCTBIO OTKPBHITH KpaH A0 BBIPAaBHUBAHMS JaBJe€HUs C aTMoc(epHbIM (YpPOBHH
’KHUJIKOCTH CPaBHAIOTCA) M celyac ke 3aKpbITh €ro.

5. Ilogoxnas 2-3 MUHYTHI, [TOKa TeMIIepaTypa Bo3ayXa B OajUIOHE CTAHET IOCTOSHHOW (AaBiieHUE B
K0JI0€ MepecTaHeT U3MEHSAThCS), OTCUMTATh TOKa3aHue Manomerpa hy.

6. Pe3ynbTaThl H3MepeHUil 3aHeCTH B TaOJIMIy, IOBTOPUB MYHKTHI 1-5 HE MeHee BOCbMH pa3. 7.

PaccuutaTh cpenHee 3HaueHHE Y.

8. CpaBHUTH pe3yJIbTaT OIbITA C TEOPETUUECKUM 3HAUEHUEM Y JJId BO3/1yXa.

KoHTpoabHBIE BONIPOCHI

1. Yto takoe uncio creneneid cBo0oabI? CKOJIBKO CTeneHeil cBO0O Y OJHOAaTOMHOM, IBYXaTOMHON
U MHOroaToMHOM MoJiekyibl? Kakasi sHeprusi mpuxXoAMTCS Ha OJHY CTeleHb cBoOoabl? Yemy paBHa
CpeIHsIsl SHEePrusl HOCTYNATEIbHOTO IBUKEHUS MOJIEKYJIbI?

2. Yemy paBHa pabota raza B TepMoanHamuke? OT yero 3aBUCHUT BHYTpEHHsis sHeprus raza? Kak
MOXXHO M3MEHHUTh BHYTPEHHIOI »SHepruto? 3anummre W CcHOpMYIMpPYHTE TIEpBOE HAyajo
TEPMOJIMHAMHUKH.

3. Uro Takoe TeruioeMKocTh Tena? Kak ompenenuTs MOJSPHYIO U YAETBHYIO TEIJIOEMKOCTH
BemiecTna’?

4. Uemy paBHBI MOJISIPHBIE TEIUIOEMKOCTH Ta3a MpU MOCTOSHHOM 00BbEME U MOCTOSIHHOM JaBJICHUU?
BriBenute ypaBHenue Maiiepa.

5. Kakoil mpouecc Has3piBaeTcs anuabaTHbIM? 3anummre ypaBHeHue Ilyaccona. Uemy paBeH
noka3zatenb aanabatel? Kak mokaszatens aanadaThl 3aBUCUT OT YHCIIA CTENIeHed cBOOOAbI?

6. UeMm otnnuaroTcs rpaduku anuadaTsl U U30TEPMBbI?.

7. 3anumute nepBoe Hadano T/l ams M30TepMUYECKOro, H30XOPHOT0, U300apHOTO M aanabaTHOro
nporeccoB. Kak n3amensiercst remmneparypa npu agnadaTHOM paCIIMPEHUH U CKATUN?

8. Kak usmeHnsiercs temmepaTypa, JaBlieHHEe U 00beM ra3a B Ipoliecce MpoBeieHus J1a00paTopHOro
9KCIEPUMEHTA, MMOSCHUTE Ha Tpaduke?.

9. KakuMu 3aKOHAMU CBSI3aHHBI pa3JIMYHBIE COCTOSIHUS Ta3a B JAOOPATOPHOM IKCIIEPUMEHTE?

10. BeiBeauTe pacueTHyro (GOpMyJTy JUIs TTOKa3aTes aaquadaThl B JAHHOH J1a00paTOpHOM padoTe.

JlaboparopHnas padora Ne 4
«OIMPAEJIEHHUE BS3KOCTHU ' KUAKOCTU METOJIOM CTOKCA»

Heas padorbi: OmnpenenmuTs KOI(QOHUIMEHT BHYTPEHHETO TPEHUS B HCCIEAYEMOW HKHMIKOCTH II0
MU3MEPEHHON CKOPOCTHU NaJ€HUs IIapHUKa B HEH.



IIpudopbel U npuHamIexkHocTH: CTEKISSHHBIA HHIUHAP C HMCCICIYEMOW >KHIKOCTBIO, MHKPOMETD,
CEeKyHJ0Mep, MaciITabHas JIMHEWKa, CBUHIIOBBIC MIAPHKHU.

Teopus. SIBieHueM guympennezo mpenus (6:A3K0CMbI0) Ha3bIBACTCS TOSBIICHAE  CHJI TPEHUS Ty
MEXKIY CIOSMH Ta3a WU KUAKOCTH, IBIKYIIMMHICS OTHOCUTEIBLHO APYT APYyra NapajjielbHo ¢
Pa3IMYHBIMU MO BEJIMYMHE CKOPOCTAMU. BenencTBre oOMeHa MOJIEKyJIaMU 32 CUET UX XaOTHYECKOTO
TEMJIOBOTO JIBMXKCHHsI 00siee OBICTPHIN CII0M YCKOPSIET COCETHUN ¢ HUM MEJJICHHBIN CJIOH, M, HA000pOT,
MeJICHHBIN CIIO0H 3aepkuBaeT 6osnee ObICTphlid. CHUIbl BHYTPEHHErO TPEHUS HalpaBIeHbI 110
KacaTeNbHBIM K CJIOSM T'a3a UJId KUJIKOCTH.

CkopocTs 6ecnops104HOr0 TEMJIOBOTO JIBM)KEHUS MOJeKysn V B TeKylleM rase (MM >KUIKOCTH) B
CpellHEM OJMHAKOBa BO BCEX TOUKAaX pPacCMaTpUBAEMOr0 IPOCTPAHCTBA, HO CKOPOCTh HAINPABIEHHOTO

nBuwkenns U oamHakoBa TOJNBKO I MOJIEKYJ JAHHOTO CJIOS ra3a (WM XKUIAKOCTH) U pa3jIdyHa st
pa3auuHbIX cioeB. Momekybl, nepeneras, 61arogaps TeNjIOBOMY JIBH)KEHHIO, U3 OoJiee OBICTPOro ciosi B
MENJICHHBIN, NPUHOCAT C CcOOOH OO0NbIIyI0, YEM B MEJJEHHOM CIJIO€, COCTaBISIOLIYI0 MMITyJbCa
HaIpaBJIeHHOro JBMXEHUsT MUz M TeM caMbIM YCKOPSIOT MeUIeHHbIM cioil. Haobopor, momnexysl,
NOMNAJAIOLINE U3 MEJJICHHOI O €J10s B 00Jiee ObICTPBI, MMEIOT MEHBIIYIO COCTABJIAIONIYI0 UMITysIbca MUy,
B p€3yJIbTaTe Yero OHU YMEHbBINAIOT CKOPOCTh 00Jiee OBICTPOro CIIosl.

MbicierHo BbygeauM B rase mwiomanaky AS  (puc.l), mapamiensHyr ClI0SM, TEKYIIHUM ¢
pasnuyHbIMU cKopocTsmu U.

£
Frp u /u=u(z)

= /

A
it L
; { / —f"f Uy
' »u
Puc 1 3aBHCHMOCTE CHOPOCTH TEYEHHA EHAKOCTH OT KOORIHHATEL Tycts
cmon 1 JIEKAT oz

IoIAAKoiH AS Ha paccTOSHUM CpemHed ITMHBI CBOOOJHOTrO mpodera monekyn A. Torma Monekysnsl,
Jetsye u3 ciost 1 mo HampaBieHHIO K Iuomaake AS, TOCTUTHYT ee 0e3 CTONKHOBeHUH. Yucno MosieKky
An, nposetarommx yepes mwiomaaky AS 3a Bpemst A tus ciost 1:

An :énOASVAt | o)

rae V - cpenHsisi CKOPOCTh TEIJIOBOTO JABMKEHHUS MOJICKYJ, Ng — YHCIO MOJEKYJ B eQuHUIEe o0BheMma.
MHuoxuTtens 1/6 y4uThIBa€T PaBHOBEPOSITHOCTh JABMIKEHUS MOJICKYJ OOOMX HANpPaBJICHUW KaXIO0W W3
KOOPJIMHATHBIX OCEM.

Takoe ke KOJIMYECTBO MOJEKYNI M3 €08 2 mepecekaeT miomanky A S B IpOTHBOMNOIOKHOM

HanpasieHuu. Ho, mockonbky ckopoct Uy u Uz cioeB 1 u 2 pasnuyHbl, TO B NPSIMOM U 0OpaTHOM
HaIpaBJIEHUAX OyIyT MEpeHeceHbl pasanunbie uMnyiabel A K3 u A K, HanpaBIeHHOTO JIBMIKEHUSL:

AK, :énOVAtASm U, , @)

AK, :énOVAtASm U,, 3)



rzie M- Macca MOJICKYJIbI.
B pe3yjabTaTe HJBTHUX ABYX IMCPCHOCOB HMIIYyJibCa, MPOHUCXOAAINIUX B IMPOTUBOIOJJOKHBIX
HAIPaBIICHUSX, Yepe3 TUIOMANKy AS OyIeT mepeHeceH oT cios 2 K ¢ioro | ummysbe

AK =AK,-AK, =én0VASAt(mU2 —mU,). (4)

Pa3znocth abcomoTHbIX BenuuuH ckopoctel U; -Uq, MOXHO BbIpa3uTh yepe3 rpagueHt ckopoctu U.
I'paduenm cxkopocmu ecTb BEIMYMHA, YHCICHHO paBHAas M3MEHEHMIO BEJIUYMHBI CKOPOCTH IBUKEHUS
CIIOEB Ha €IUHUILY JUTMHBI B HAIIPaBJIEHUH, IEPIIEHIUKYJISIPHOM IMOBEPXHOCTH cios. Jlig Hamlero ciydas

TpaueHT CKOPOCTU PaBEH Ccl;'_lZ] ,rae dZ=2A (cwm. puc.1).

Torma pasaocts Up-U; paBHaA rpaiueHTy CKOPOCTH, YMHOKEHHOMY Ha PACCTOSIHUE MEXAY closMH |
u2,T.e. Ha2\.

dU
U,-U,=|*= |2\, 5
R ()
ClIeOBaTENbHO (4) MPUHUMAET BUJT
AK =Lpymav{4U b, (6)
3 dz
3ameuasi, 4TO NgM eCTh MIOTHOCTH Ta3a P, MOJIYIHUM
AR =1pm[4U s A ()
3 dz

Cuna BHyTpeHHero TpenHust f,, (puc.l), neiictByromasi co cTOpoHBI Ooyiee MeUIeHHOTO ciiosi 1 Ha
0osiee OBICTPBIA CJIOH 2, COTJIaCHO BTOPOMY 3aKOHY HbIOTOHA paBHA NMPHUPAIICHUIO UMITYJIbCA CIIOS 2 B
SIIMHUILY BpEMEHH

AK _1 dU
AR L dUag 8
Tnp A 30 az ®

BBenem o0o3Hauenue

| oo (dU
LoyafdU s —n. g
39{012% 1 ()

dU
= S. 9
Jmp =M 17 (9)

Cuna BHYTPEHHETO TpPEHHS, BO3ZHUKAOIIECIO IMPH MAaKPOCKOMMUYECKUX JIBIDKCHUSX B Ta3e WIH
KUJKOCTH, TPSIMO MPOMOPIHOHAIBHA TPajueHTy ckopoctd. KoaddummeHT mpomopruoHaIbHOCTH T
HOCHUT Ha3BaHHE KO3 (puIeHTa BHYTPECHHETO TPEHUS, UM TUHAMHYECKOro KO3 (UIIMEHTa BSI3KOCTH.

Koagpuyuenm esa3xocmu (Mim AUHAMHYECKash BA3KOCTb) YHCIEHHO paBEH CHJIE BHYTPEHHErO
TpEHUsI, JSHCTBYIOIIEH Ha eIWHUILY IUIOMAN TPAHUIBI pa3ieia napajuieIbHO JABIKYIMXCS CIIOEB Ta3a
WIH KUJIKOCTH, KOTJIa CKOPOCTh WX JIBWKCHUS U3MCHSCTCS Ha CIUHUILY TPH NMEPEMEIICHUN Ha CIUHUILY
JUTMHBI B HAIIPABJICHUH, IEPIICHAUKYISIPHOM K TPaHUIIE pa3ena.

3akoH (9) 6b11 monyuyeH HpIOTOHOM M3 aHalM3a AKCIEPUMEHTAJbHBIX JaHHBIX M SBHUJICS OCHOBOMU

Tornma

JJII U3YUCHUS JABHIXKCHUA BSI3KOM KHUIAKOCTH U rasa.

Kosgppuyuenm eazxocmu 3asucum om memnepamypei. KuHeTHueckass TeOpus HACAIbHOIO rasa
JIaeT CIIEAYIOIINE BBIPAKEHHS Ul BXOASIINX B hopMydTy (8a) BeMUUIHH:



A :\/% - CpeAHsis JJIMHA CBOOOIHOrO Mpolera MOJIeKYJIbI,
on

rze Ng - YUCII0 MOJIEKYJI B eIMHULIE 00beMa, O - 3 (HEKTUBHOE CEYEHUE MOJIEKYIIbI.
m
rae K - nocrosaHas bosbimana, 7 - aOCOIIOTHAS TEMIIepaTypa, M - Macca MOJICKYJIbI.

Kpome toro, miotHocts p=mnp.
[ToncraBuB Bce 3TH BbIpaXkeHUs B (8a), HOTy4yuM

- CpCaHsd KBaApaTUiHas CKOPOCTb ABMIKCHUA MOJICKYJIbI,

n=Loyazlym PKT._1 10)
3773 m ~2on,
T.€. BA3KOCTb MI€ATLHOIO ra3a BO3pacTaeT C pOCTOM TEMIEPATYPHI.

B sxuakocTy cuia TpeHHsI MEXIY CIOSIMH ONMUCHIBACTCS TEM K€ ypaBHeHHEM (9), uTo M B rase, HO
KOO(PPUIMEHT BS3KOCTH YMEHBIIAETCS MPH TMOBBIIICHUU TEMIIEPATyphl. ITO OOBSCHSIETCS TEM, YTO B
OTJIMYHE OT HJECAIBHOIO Ta3a MEXKAY MOJIEKYJIaMH  KUIAKOCTH HMMEKTCS 3HAYUTENbHBIE CHJIbI
NpUTSDKeHHs. BcneacTBue 3TOro MOJEeKysIbl KUIKOCTH OOJBIIYI0O YacTh BPEMEHHU HAXOASTCS OKOJIO
MOJIOKEHUN  paBHOBECUS, W IIEPECKOK MOJEKYJIbl CTAaHOBUTCA BO3MOXHBIM IPU  pa3pbiBe
MEXMOJIEKYJIIpHOU cBsi3u. C pOCTOM TeMmepaTypbl AOJS MOJIEKYJ, UMEIOLIUX CBSI3U, YMEHbIIAETCS, B
pe3ynbTaTe Yero TeKy4eCThb )KUAKOCTH BO3PACTAET, & BA3KOCTD 1a/1a€T.

3aBUCUMOCTh KO3 (HUIIMEHTA BI3KOCTU KUAKOCTH OT TEMIIEpaTyphl OMUChIBaeTCs PopmyInoit
®penkens

w

n=const - eKT (11)

rae W— sHeprusi, KOTOPYH HYKHO COOOIIUTH MOJICKYJIE YKHIKOCTH, YTOOBI OHA MOIJIa MEPECKOYUTh U3
OJIHOTO TOJIOKEHHsSI PAaBHOBECHS B cocelHee. Bennunna

W umeer nopagok (2+3)10%°Ix, upuuem W=0.

Bsi3kocTh KUAKOCTH OOBIYHO BO MHOTO pa3 0oJIbIlle, YeM

Tbxe y raza. C pOCTOM TEMIEpaTyphl BA3KOCTh JKHIKOCTH
OKCIIOHCHIIMAJIbBHO  YMCHLIIACTCA, a BA3KOCTbH IIapa

Nk

BO3pAacTaeT MPOINOPUUOHATLHO 1 , M IpH KPUTHYECKOM
Tinapa Temneparype T, OHHU CTaHOBATCS OJMHAKOBBIMH (pHC.

2).

-

Ty T

Puc.2.3apucrmocTs KosdduimenTa
Tabnuua 1
BA3IKOCTH OT TEMIIEPATYPHI .

Bs13KOCTh HEKOTOPBIX )KUIKOCTEH MPHU Pa3IMYHBIX TEMIIEpaTypax

Bemectso Temneparypa, oC Bsskocts, H-com™
Bona 0 1,19-10°®
20 1,05-10°®
50 0,55-10°
100 0,28-10°
Pryth 0 1,68-10'3
20 1,55-103
100 1,24.10°®




INmuanepun 0 13,40
20 12,1
50 1,49
100 0,629

Tena, oOsudcywuecsi 6 6A3KOU JHCUOKOCMU UMY 2a3ze, uchvimsiéaiom conpomueienue. Cuia
COIPOTHBJICHUS, HCIBITHIBAEMAas MIApPOM, MPSMO MPONOPLUHUOHAIBFHA BS3KOCTH Ta3za (KUIKOCTH) T,
paaunycy mapa ' ¥ CKOPOCTH €ro JBHKeHHs V.

Smp=0mPV . (12)
®opmyna (12) Hocut Ha3BaHue 3akoHa CTOKcCa M MPUMEHHUMA JIMIIb JJI TEJ JOCTATOYHO MalbIX
pa3MepoB M Majod CKOPOCTH JIBHXKEHUSI OTHOCUTEIBHO KUAKOCTH. CHila CONPOTHUBIICHUS IABUKEHUIO
mapa B OKHJKOCTH BO3HUKAET H3-32 CHUJI BHYTPEHHETO TPEHHUS TPH TEYCHUH CJIOEB JKHUJIKOCTH,
JBIDKYIIAXCS BMECTE C IIAPOM, OTHOCHTEJIBHO CJIOEB, OCTAIOIIMXCS HEMOABKHBIMU. 3akoH CTOKca, KaK
U 3akoH HploTOHa 1JIs1 BS3KOCTH, NPUMEHUM, €CIIU meyeHue XKUJIKOCTH JaMuHapHoe, T.€. TaKkoe, Mpu
KOTOPOM KaXKIbIil BBIJICNIEHHBIA CJIOW CKOJIB3UT MApaJlIeIbHO COCEIHUM, HE MEPEMENINBAsACh C HUMH.
JlamunapHO€e TeueHne HabIII01aeTCs MPU MaJIbIX CKOPOCTAX.

[Ipn BO3pacTaHWM CKOPOCTH B JKUJIKOCTH BO3HUKAET HMHTEHCHBHOE BUXpeoOpa3oBaHUE U
nepeMenBaHue. Takoe TeueHUE HA3bIBACTCS MYpOYIeHmMHbIM WA BUXPEBBIM. B 3TOM ciydae cuia
CONPOTUBJICHHS CTAHOBUTCSI MMPOMOPLIMOHATIBHON KBaIpaTy CKOPOCTH.

XapakTep TeueHHs KUIAKOCTU ompenensercs Oe3pa3MepHbIM uncioM PeitHonbca:

Re:—r'V'p ,
n
rae I - BeMMYMHA, XapaKTepu3yrollas JUHEHHbIE pa3Mepbl Tella, 00TeKaeMOoro XKUJIKOCThIo (Tazom), V -
CKOPOCTh T€UEHUS, p - TUIOTHOCTH XUAKOCTH (Ta3a), M- IMHaAMH4YeCcKas BA3KOCTh.

Ecnu npu naHHBIX ycnoBUsX ynciao Re mpeBbilaeT onpeaeieHHOe KPUTHUYECKOe 3HaYeHU e, TO MOTOK
CTaHOBUTCS TYypOYJIEHTHBIM; MPH 3HAYEHUSX Re MEHbIIMX KPUTHYECKOro - JaMUHApHBIM. Takum
oOpa3oM, yucio PeifHombpaca MOXXHO HCIOJIB30BAaTh B KAueCTBE KPUTEPHsI MPUMEHUMOCTH 3aKOHA
Crokca. Jlna mapuka kputndeckum ssisiercsa Re =0,5.

Paccuutaem mo d¢opmyne (13) umcio PeliHombaca Ui JOBWKEHHs MIApUKAa B TJHMIIEPUHE TPHU
ycnosuu: p= 1200 ke/me, r=Imm = 10 M ,V=0,2™/c,n=0,8 kr/m.C

(13)

Re:_r-V-p
o
-3.9.10-1.1 2.103
Re  _10:210711.210° )
810!

Tak kak unciao Re okxaszajioch MeHbIIE 0,5, TO 3ak0oH CTOKCa B 9THX YCJIOBUAX TPUMCHHM.
HOI[O6H]':>I€ YCJIOBUA JOJDKHBI OCYIIECTBIEITLCA B HAIEM OIIBITE.

MeToa uzmepeHust

Kosdpdunuent Bszkoctu B paboTe ompenesiseTcss ¢ MOMOIIbI HAMOJHEHHOrO HCCIeqyeMoin
KUJKOCTBIO BEPTHKAIBHOIO CTEKJSIHHOIO LMJIMHIpA C JIByMs T'OPU3OHTAJbHBIMU MeTKaMu A U Aj,
PacIonoKeHHBIME APYT OT ApyT paccrosauu | (puc. 3). Eciau B uccaeyeMoii sKUIKOCTH MaacT MapuK
HEOOIBIINX Pa3MepOB, TO Ha HETO AEHCTBYIOT TPH CHIIBL: CHJIA TSDKECTH MQ, BBITAIKUBAIOIIAst cuia Fqp, 1
CHJIa COTPOTUBJICHHUS, 00yCIIOBIICHHAS BA3KOCTBIO XKUAKOCTH f,yp. CHITy TSXKECTH MOXKHO BBIPa3HTh Uepe3
IUIOTHOCTB IIapHKa p U €ro paguyc I



mg=§7c-r3-p-g. (14)

BriTankusaromas cuina ApXI/IMeI[a paBHa

F, zgn.rs.pl.g, (15)

rJie P1 — INIOTHOCTh KUIAKOCTH.
Cuna conporusienus f,, onpexensercs nmo 3akony Crokca (12).

Bce Tpu cuibl HanmpaBieHBI 110 BEPTHKAJIU: CHJIA TSXKECTU - BHM3, BBITAJIKMBAIOLIAs CHJIA U CHJA
COINPOTHUBJIEHUS (TpeHHUs ) - BBEpX (CM. puc. 3).

Ilycte B HadainbHBII MOMEHT BPEMEHU CKOPOCTh
HIapUKa paBHA HYJIO M, CJIEI0BAaTEIbHO, PaBHA HYIIO
cuna TpeHus. Tak Kak cuiIa TOHKECTH Oouible
BBITAJIKMBAIOIIEH  CHJIBI, I[Iapuk  OyaeT  majaTh
YCKOPEHHO [0 T€X IOp, IIOKA C YBEIMYEHUEM CKOPOCTH
CWJIa TPEHMSI HE BO3PACTAECT HACTOJIBKO, YTO B CyMME C
BBITAIKMBAIOIIECH CHJION CTAHET PAaBHOW CHUJIE TSHKECTH.
PaBHOAEHCTBYIOIMAsA TPEX CUJI CTAHET PABHOU HYIIIO.

P=F, ~/f,=0 (16)

[ITapuk npu 3TOM HAa4YHET ABUTaThCS C MOCTOSHHOMN
CKOpocCThiO V .

VYuuteias (3), (4), (5), noayaum

Puc. 3. Camel, geACTEVIOLHE Ha IAPHE, gm’ng—gﬂ7’3plg—6ﬁan =0.
NANAKITHA B BASKOH EKHIK0CTH (17)
Pemast 370 ypaBHEHHE OTHOCUTENBHO M:
2, nopy 1(=p) 1y
N==>gum_, Wi M=—- gh-t, (18)
9 V 18 [
rne V = L CKOPOCTh YCTaHOBHBIIIETOCS JBIDKEHHUS; | - paccrosiHue, NpoWeHHOE MIapuKOM; [ - Bpems

najzeHus mapuka; D — nuameTp mapuka.

IHOPAJOK BBIITOJIHEHHUS PABOTbI

1. YcranoBuTe BEpPXHIOI METKY Ha TPyOKE C UCCIEIyeMOH KUAKOCThIO Ha 3-6 CM HMXKE YPOBHS
KUAKOCTH, YTOOBI HIAPUK MPH MaJEHUU NPOXOAMI €€ C yCTAaHOBUBIIEHCS CKOpOCThIO. HIkHIOI METKY
YCTaHOBUTE Ha PACCTOSHUM 3-6 cM OT JHA TPYOKHM U M3MEpPbTE PACCTOSIHUE MEXAY METKaMH II0
MacITaOHOM JIMHEHKE, YKPEIJICHHON Ha TPYyOKe.

2. U3mepbTe 3 paza aiuaMeTp MIapuKa MHUKPOMETPOM U HAalWJUTE €ero CpeiHee 3HauyeHHe.

3. OnycTuTe MHIapHK B JKUIKOCTh U CEKYHIOMEPOM H3MEphTE BpPEMS MPOXOXKIEHUS ILAPUKOM
pacctosiHus | Mexay MeTKamu.

4. ITo ¢popmyine (18) ompenenute ko3 PULKUEHT BA3KOCTH. BoruncieHnss HeoOXOAMMO HPOBOAUTH
B cucreme CH. OnbIT moBTopuTe 8 pa3, HaWgUTE CPEIHEE 3HAYCHUE Tcp.

5. [lo merony CrproneHTa Bbruuciute ommoOky An nmpu W =0,95. Bce pe3ynbTaThl 3amHIINTE B
Tabmuiy 2.



Taobnuua 2
PeyabTaTrhl nMepeHui

N Dl D2 D3 Dcp Ii ti i Hep A’]I (A77I)2 Z(Anl)z 4177 nCpiAn
MM | MM | MM | MM | CM ¢ |[H-c/™M® | H-c/M?|H-c/M? | H-c/M? | H-¢/M? | H-c/m? | H-c/Mm?

KOHTPOJIBHBIE BOITPOCHI

1. Yemy paBHa 1 Kak HampaBJieHa CUJIa BHYTPEHHEIO TPEHUS JIBYX CJIOEB >KUAKOCTH?

2. KakoB ¢usnyeckuii cMbici Kod¢duiiuenTa BsI3KocTi? Pa3MepHOCTb €ro.

3. O0bACHUTE BO3HMKHOBEHHE CHUJI BHYTPEHHETO TPEHHs C TOUKH 3PEHHs MOJIEKYJISIPHO -
KUHETHYECKOoN Teopuu. JlaiiTe BBIBOJ (OpMYJIBI Il CUIIbI BHYTPEHHET O TPEHUS.

4. Kax 3aBUCHT OT TeMIepaTypsl K03()PUIIMEHT BA3KOCTH 11 ra3a u xxuakoctu? OObscHUTE
pasHuLy.

5. 3anummute popmyiy CToKca U OOBSICHUTE, IPU KaKUX YCIOBHSX €0 MOXHO I0JIb30BaThCA.

6. [laiite mOHATUS JJTAMMHAPHOTO U TypOYJIEHTHOrO TEYEHHH.

7. Ouenute yucno PeitHombaca MO BalIMM JaHHBIM, UCIIOJB3YS U3MEPEHHUS [IJIs1 CAaMOTO OOJIBIIIOrO
¥ CaMOro MaJICHbKOI'0 HIApPUKOB U CpeAHEe 3HaUYeHNe HalIeHHOro KO3 (GuLHueHTa BSI3KOCTH.



JlaGoparopnas pabora Ne 5

«HU3YYEHUE 3ABUCHUMOCTHU COITPOTUBJIEHUA
METAJIJIOB OT TEMIIEPATYPbI»

Heas padorsi: VccienoBaHue 3aBUCMMOCTH CONPOTHUBJIEHHMS ~ METAJUIMYECKUX IPOBOJHUKOB  OT
TeMIiepatypsl B oosiactu cpennux remmnepatyp (T~ 300 K).

IIpudops! 1 npuHagIexkHocTH: 1. MocT YUTCTOHA 1711 MI3MEPEHHUs COPOTUBIIEHM. 2. Marasux
conportuBieHuid. 3. HarpeBarens. 4. PTyTHBII TepMOMETD.

1. TEOPETUYECKOE BBEJIEHUE

CornacHo 3akoHy OMa a8 ydacTka LelM, TOK B LENM  MpsIMO MPONOPLUHOHAIEH Pa3HOCTH
MOTEHIIMAJIOB HAa KOHIAX y4acTKa:

1
l=—U. 1
R 1)

Kos¢duuuent nponopuuonansaoctd 1/ R HasbiBaercs anekTpuueckoii MpoBOAMMOCTBIO yUacTKa, a
R— ero anekTpu4eckuM COnpOTUBIICHUEM.

IIpoBomMMOCTD NPOBOJHMKA EAMHUYHOW [UIMHBI W IUIOIIAAM IONEPEYHOr0 CEYEHHUs Ha3bIBACTCS
YIENBHOW 3JeKTpHuecKor mpoBomumocteio O, a BennuywHA, oOpaTHasl YAEIbHOH ITPOBOJMMOCTH,
YJEJIbHBIM 3JIEKTPUYECKUM CONPOTHBIICHUEM [

p=1/o. (2)

CornacHo KBaHTOBOM TEOPUH 3JIEKTPOINPOBOAHOCTH METAJIOB, HJIEKTPOHBI B aTOMax MOTYT UMETh
TOJILKO OIpe/eNieHHble 3HaYeHHs] PHEpruH, oOpasylollue 3HepreTudeckue ypoBHH. B TBepapix Tenax,
OOJIBIIIMHCTBO KOTOPHIX UMEIOT KPUCTAINYECKYIO CTPYKTYPY, BEPXHHE SHEPreTHUECKHEe YPOBHH aTOMOB,
Haxo[sIIUXCSA B y3/7aX KPUCTAJIMYECKOM PEIIETKH, pPACIICILIAIOTCS, YacTUYHO IIEPEKPBIBAIOTCA H
00pa3yloT TaK Ha3bIBa€MblE PHEPreTMUECKHUE 30HBI — O0JIACTH 3HAYCHUH SHEpPruid, paspelieHHbIX IS
3JIEKTPOHOB. DHEPreTHUYECKHE 30HBl pa3/ClIeHbl MPOMEXKYTKAaMU 3HAUEHUW DHHEPruu, KOTOPBIMU
JNEKTPOHBI 00J1alaTh HE MOTYT — 3alpelleHHbIMU 30HAMHU. DHEpreTHYecKkas 30Ha, COOTBETCTBYIOIIAS
BHEIIHUM 3JIEKTPOHAM aTOMOB, HAXOISAIIUXCS B HEBO30YXJIEHHOM COCTOSHHH, Ha3bIBAaeTCA BaJCHTHOI
30HOH. bmmkaiiyro Kk Hell 30HY BO30Y)KJIEHHBIX COCTOSIHMM 3JEKTPOHOB HA3bIBAIOT BO30YXKIEHHOM
30HOM MJIA 30HON IIPOBOJUMOCTH.

Ecnu BaneHTHas 30Ha KpUCTasUla 3al0JHEHA NIEKTPOHAMH ITOJTHOCTBIO, BHEIIHEE JJIEKTPUYECK O€ T10JIE
HE MOXET M3MEHHUTb SHEPrHI0 3JEKTPOHOB M BO30YIUTh HUX YIOPSJOYEHHOE [BMKEHue. Takue

KPUCTAJUIbl HE MPOBOAAT JJIEKTPUUYECKUI TOK M B 3aBUCHUMOCTH OT IIMPHUHBI 3alIPELICHHON 30HbI Eq
MEXIy BAJEHTHOM 30HOM M 30HOM NPOBOAUMOCTH JECNATCS HaA JUANIECKTPUKH (Eq > 3 9B) u
nomynposonuuku (E, < 19B).

Ecnu anexkTpoHaM BaJIEHTHOH 30HBI COOOLIMTH DHEPrUIO, MPEBBIIAIOIIYI0  IIMPUHY 3alpelieHHON
30HBI Eq , OHU IIEPEXOAAT B 30HY IPOBOAUMOCTHU, IPUOOPETAIOT CIIOCOOHOCTh OOMEHUBATHCS SHEPruen
U IPUHUMAIOT Y4acTHE B AJIEKTPONPOBOAHOCTU. KpucTauibl, y KOTOPbIX BaJICHTHAs 30HA 3aIlOJIHEHA He
HOJHOCTBIO MJIM NEPEKPBhIBAETCS C 30HOW MPOBOIUMOCTH (Eq =0), mpoBoaaT smeKTpUUECKUil TOK M

HA3BIBAIOTCS MPOBOAHUKAMU. CTPYKTypa SHEPreTUYECKUX 30H PA3HBIX KPUCTAIJIOB CXEMAaTHYCCKU
n300pakeHa Ha puc. 1, rae ToukaMu 0003HAYCHBI 3JICKTPOHBI.
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3aBUCHUT OT TEMIIEPATYPHI.

DNEeKTPOHBI 30HbI TPOBOJUMOCTH YYACTBYIOT B TEIIJIOBOM XaOTUYECKOM JABUKEHUU. DIJIeMEHTapHAs
KJIACCUYEeCKash TEOPHsI SJEKTPOIPOBOAHOCTH METAJIOB pacCMaTPUBAET CBOOOIHBIE 3JIEKTPOHBI,
JBIDKYIIAECSI MEXK]TY Y3JIaMH KPHCTAJUTMYECKON PEIIETKH KaK CBOCOOPa3HbIN 3JIEKTPOHHBIN Ta3,
00TaaroHii CBOWCTBAMU UaealibHOT O raza. O0BEeMHOE IEKTPUIECKOE COMPOTHUBIIEHUE M €TAJUIOB 110
ITOH TEOpUU OOBSCHSIETCS COyNapEHHUSIMH JIEKTPOHOB C MOHAMHU, HAXOSIIUMUCS B y3JIaX
KPUCTAJUTMYECKON PEIIeTKH. YBEIHUECHNUE aMILTUTY Il KOJIEOaHUN y3JI0B PEIISTKH ITPU OBBIIICHUH
TEMIIEPATYpPhl PACCMATPUBAETCA B KAUECTBE MPUYMHBI BO3PACTAHUS AJIEKTPUUYECKOTO CONPOTHUBIICHUS
MPOBOJHUKOB IMPH X HarpeBaHUU. COraacHoO 3JEKTPOHHOM TEOPUHU MTPOBOJAUMOCTH COMTPOTUBIICHUE

MeTaioB R OIKHO BO3pacTaTh MPONOPIHOHATILHO /| , UTO IPOTHBOPEYMT ONBITHBIM JAHHBIM,
coriacHo kotopeiM R~T .

VYkazaHHOE PacXOXKJI€HHE TEOPUH C MPAKTHUKON 00BSCHAETCA TEM, YTO ABHXKEHUE 3JIEKTPOHOB B
MeTaJlJIaX HE TMOMYMHIETCSA 3aKOHAM KJIACCHYECKOM MEXaHHUKH, a MIPOMCXOIUT MO 3aKOHAM KBaHTOBOM
MEXaHHKH, YYHUTHIBAIOIIEH BOJIHOBBIE CBOMCTBA 3JIEKTPOHOB B MeTaiuiax. KBaHTOBas Teopust
AJIEKTPOIIPOBOTHOCTH METAJUIOB OOBSCHIET BOSHUKHOBEHHE JJIEKTPHUYECKOTO CONMPOTHUBIICHUS
paccestHueM BOJIH, O CHIBAIOIINX JIBUKEHIE JIEKTPOHOB HA HEOTHOPOJHOCTSIX — neerTax
KPUCTAJNTNYECKOU pemieTKy. T erioBbie KoyieOaHus y3JI0B PEHICTKA TaK)Ke SABJISIOTCS MO CYIIECTBY
HapyIIEHUSMH €€ IMePUOINYeCKOM CTPYKTYPHI, T.€. AehekTamu. PaccesHue 3JIeKTPOHOB Ha
KOJICOJTIOIIUXCS y3J1aX PEHIETKH ¥ 00YyCJIOBJIMBAET COMPOTUBIICHHUE ITPOBOHUKOB IPU CPEIHHUX U
BBICOKHX TeMIIEepaTypax.

B mnpoBomHuMkax B mpolecce 3JEKTPONPOBOAHOCTH MPUHUMAIOT y4acTUE TOJBKO TE€ 3JIEKTP OHBI,
KOTOPBIE HaXOIATCS HA CaMbIX BEPXHUX 3aIIOJHEHHBIX YPOBHSX 30HBI IPOBOAUMOCTH. 1X sHeprusa € BoO

MHOTO pa3 IPEBOCXOAUT DHEPrHI0 TEIUIOBOro ABMWKeHWst €7 =3/2KT, u cpemHss CKOpOCTh V. 3THUX

QJICKTPOHOB TIPAKTUYCCKU HC 3aBHUCHUT OT TCMIICPATYPHI. HpI/I CpCAHUX M BBICOKHX TEMIICPATYypaX



KOHILICHTpAallMsl M CPEIHEe YMCIO CTOJKHOBEHUM JJIEKTPOHOB IPOBOAMMOCTH TaK)KE€ HE 3aBHUCAT OT
TemnepaTtypbl. TemiepaTypHas 3aBUCUMOCTb YAECIBHOM IIPOBOJUMOCTH IIPOBOJAHHKOB B JTOM
ana3oHe TEMIIepaTyp OINpEAeNseTcss IVIABHBIM 00pa3oM TEeMIEpaTypHOM 3aBHCUMOCTBIO JJIMHBI

CcBOOOHOTO TIpoOera HocUuTeNeH ToKa A

1
J2nd?n,’

rae d — > dexTuBHBIA IMaMETp aTOMOB B y3/1aX KPUCTAUTHYECKO# permeTku, N a—MX KOHIIEHTpAIMs.

A= ©)

DQQeKTUBHBIA AMAMETp aToMa — 3TO pa3Mep O0JacTH B OKPECTHOCTH y3Ja pEIISTKH, IOMaB B
KOTOPYIO DJICKTPOH MOKET HCIBITATh CTOJKHOBEHHE C aTOMOM U PAacCCEIThCSI. DTOT pa3Mep MPUMEPHO
paBeH yJIBOCHHOW aMIUTUTYAEC KOJeOAHWH aTOMOB OTHOCHUTEIBHO IMOJIOKCHHS paBHOBecHs. Tak Kak

KBaJpaT aMIIMTY/Ibl TCIIJIOBBIX KoJieOaHH# aTOMOB A2 MpONOPHUOHAJICH SHCPTUHU KoJIeOaHUH
A~ gp~kT,

TO 3G PEKTUBHBIN THAMETP aTOMOB d MIPOIOPIIHOHATIEH ﬁ
d ~T,

a CpeIHss JJIMHA CBOOOIHOTO MPoOera 3JIeKTPOHOB A cormacHo (3) mpomopuuoHabHA T -1

A~TH.
[Ipuaumas Bo BHuManue (3), 1 yAeIbHON MPOBOIUMOCTH MOIYIHM:

o~T (4) p ~

Takum 00pa3oM, CONMPOTHUBIEHHWE METAIJIMYECKUX HPOBOJHUKOB IPH YBEIUYEHUU TeMIepaTyphbl
BO3pacTaeT o JUHEHHOMY 3akoHy. Ecimu TemmepaTypa orcuuThiBaeTcs mo mkaie Llembcns, To MOXKHO
3aMMcaTh:

R =R, (1+at), ®)
rae Ry — conmporusnenne nposoarnka npu remneparype t°C,

Ro — conpoTtuBnenne npoBogauka npu t=0°C,
Ol — TemIepaTypHbIi K0O3(PPULIUEHT CONPOTUBIICHMUS.

METOJIUKA U3MEPEHUI

N3mepenne conpoTUBIICHUS POU3BOAUTCS METOIOM MOCTA TOCTOSTHHOT'O TOKa
(Mocta VYurcToHa). DTOT METOA OTJIMYAETCS BBICOKOW TOYHOCTBIO M YACTO NPHUMEHSETCS B
nabopaTopHoii pakTuke. [IpuHIMIuanbpHas cxema MOCTa MpUBE/IeHA Ha puc. 2.



R

Ry

Puc. 2

Ecmu 3aMkHyTh K04 Kil, TO 1O BCEM CONPOTUBIIEHUSM MPOXOAUT dJIEKTpUdecKui Tok. Ho mpu
BbInonHeHuu ycnoBusi  RiRy=RyR: Tok uepe3 mukpoammepmeTp He NpPOTEKAaeT, U TOBOPAT, YTO MOCT
cOanaHcHpoBaH. DTO COOTHOUIEHHE MOXKHO 3aIlucaTh B BUJIE:

R«=Ry (R2/R1) (10)

[TonGopom compoTuBieHus: Ry MOXKHO cOalaHCUPOBATh MOCT, U, €CJIM U3BECTHO OTHOIIICHUE R2 / Rl, c
nomoIieio cootHomeHus: (10) MokHO HaWTH Heus3BecTHOEe comportuBieHue R, B kauectBe mieda Ry
MICTIONIb3YETCA MarasuH conpoTusienuii. Ilpu onpenenenus otHomenus nied K = R2 / Rl, BMECTO

R¢ K MOCTy MOAKJIIOYAIOT M3BECTHOE COMpOTHBIEHHE R u gobuBarorcs GajnaHca MOCTA. K
OIPEAEISIeTCS U3 COOTHOLICHHS

K=R,/R =R/R,. (11)

HarpeBanue nccienyemMbIx COMPOTUBICHUN OCYIIIECTBIISIETCS B ME€YH, MUTAEMOM MEPEMEHHBIM TOKOM;
TEMIIEpaTypa CONPOTUBIEHUH ONpeaensaeTcs ¢ IMOMOIbIO TEPMOMETPA.

NOPAIOK BBIITIOJHEHUSA PABOTbBI
3aoanue 1. Oupenenenne otnowenns wied K =R, / Ry

1.M3y4nB BHUMATEIHHO CXEMY, MMOJIKIIFOUUTH K KJIeMMaM R, MocTa 3TaJOHHOE CONMPOTHBICHUE
R=100 Om, a k k1emmam R,, — marasuH CONMpOTHBJICHH.

2. Bpamas pydku Mara3uHa, yCTAHOBHTb IIE€pBOHauYagbHOE conpotuBieHne Ry= 200 Om.

3. IloAKII0OUUTh YCTAaHOBKY K DJIGKTPOCETH TyMOJepoM MuUTaHHS MocTa M Ha MaHeIn yCTaHOBKU.
Haxates xnomky Kin u, Bpamas pydky marasuHa CONPOTHBICHHH, JOOUTHCS YCTAHOBKH CTPEIKH
MHUKpOaMIIepMeTpa Ha HYJb, YTO COOTBETCTBYET OaJlaHCy MOCTA.

[Ipu 6onpmom pazbanaHce MOCTa CTPEJIKa MUKPOAMITIEPMETPA OTKIIOHSIETCS PE3KO U MOXKET
NEePEIOMUTHLCS, TO3TOMY E€PBOE Ha)kaTue Ha KHONKY Ki mpou3BoauTh HA MaKCUMaJlbHO KOPOTKOE
BpEMS.

4. Beraucrmts otHomenne mied K =R/ R, | rne Ry — conpoTuienne marasuna,
COOTBETCTBYIOIIEE OajJaHCy MOCTa.

5. [loBTopuTh U3MepeHus 4-5 pa3 u HAWTU CpeHEee 3HAUCHHUE BEIIMYNHbI

K=K



3aoanue 2. VccrnepoBaHue 3aBUCHUMOCTU CONPOTHBJIEHUS METAJNIMYECKOIO IPOBOJHUKA OT
TEMIIEPATYPHI.

1.IToaxmounTth K KiIemMMaM R, MocTa uccieayeMoe MeTaNIMuecKoe CONPOTUBJIEHUE, HaXosIieecs
BHYTpH HarpeBaTens. [lepekirouarens poaa padoOT Ha MaHENM YCTAHOBKU IIOCTaBUTh B IOJIOKEHUE
“IIpoBOIHUK”.

2. YCTaHOBUTHh Ha Mara3uHe OpUEHTUPOBOYHOE conpoTuBienue Ry =60 Om.

3.CbanancupoBaTh MOCT BpaimieHueM pydek marasuHa. C momonisio cooTHomeHus (11) BRIUUCTUTD
BEIMYUHY MCCIEAYMOrO CONpOTUBIEHUS U 3amucate B Tabmuumy 2. M3meputbh TemmepaTypy
COIPOTUBJICHUSI C TOMOIIBIO PTYTHOI'O TEPMOMETPA.

4. Bximouuts TyMOsep «/leuvby nUTaHUS 11€4YH, JOBECTU TeMrepaTypy neuu 10 30° C u usmepurb
BEJIMYMHY UCCIENYEMOr0 CONPOTUBIIeHUs. Pe3ynbTathl 3anucath B TaOIUILY 2.

5. 3MepaTh BEIMUMHY UCCIENYEMOro conpoTusieHus uepe3 kaxaesle 10° C. HarpeB Bectu mo 100°
C. B MoMeHT n3MepeHus CONPOTUBIICHUS M€Ub CIEAYET OTKI0YaTh. Pe3ynbTaTsl H3MepeHul 3anucaTth
B TaOII. 1.

Tabnuya 1
oC b teow 30 40 50 60 70 80 90 100
R, Om
Ry,OM

6. BBIKIIIOUUTH MOCT U3 CETH.

7. Ioctpouts rpaduk 3aBucumoctu R,=f(t) na mummmmerpoBoii Oymare.

8. DkcTpanonupyst mojaydyeHHyro mnpsmyro no 3Hadenuss t = 0° C, omnpenenuth 3HaueHue R, B
cooTHoIIeHUH (5). BhauciuTe TemnepaTypHblid KO3(QGHUIMEHT 0 Kak TaHT'CHC yrijla HaKJIOHA IPsSMOM

R=f(t): oa=AR/Rt

L., tme AR=R_—R, — passocrs comporuinenuii npu MakcHMaibHO

BBICOKOW TeMIIepaType U nmpu t=0°C, atl  — MakcumanpHas TeMIepaTypa JI0 KOTOPOH ObLI

Harper NpOBOHHUK.

TEXHUKA BE3OITACHOCTH

e Moct YurcroHa Bkmodaercsa B ceTb 220 B.

e (CoOmomaniTe OCTOPOXKHOCTD MpHU padoTe. M30eraiiTe KOHTAKTOB B MECTaX KaCaHUH TOKOBEAYIIUX
MIPOBOJIOB C 3JIEMEHTAMU CXEMBI.

e B cnyuae HeucnpaBHOCTEH BbI3bIBaiiTe Ja00paHTa.

e [locne BeinonHeHus paboThl MPUOOPHl OTKIIIOUUTH OT CETH.
KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe 3NMeKTpHUIECKOe COMPOTUBIICHHE, YIeTIbHAS POBOJUMOCTh TPOBOAHUKA?

2. Uewm ompenensieTcs AelieHUE TBEPABIX Tell HA MPOBOJHUKH, MOIYIPOBOIHHUKH U TUDNIIEKTPUKHU B
30HHOM TEOPUU TBEPABIX TEN?

3. Kak 3aBHCAT CONPOTUBICHHS METAUIMYECKUX MPOBOJHUKOB U  IOJYINPOBOJHUKOB OT
TemMInepaTyphbl?



4. Yem OOYyCIIOBICHO pa3lIW4YUe€ 3aBHCHMOCTH CONPOTUBICHHUS METAJUIOB M IOJIYNPOBOAHUKOB OT
TeMIepaTypsbl?
5. Pacckaxurte 0 METOIMKE U3MEPEHUS COMPOTUBIICHUI B JaHHOM padoTe.

Jlaboparopuasi padora Ne 6 _
«ONPEAEJEHUE TOPU30OHTAJIBHOU COCTABJIAIOIIIEN
NHAYKIIUU MATHUTHOI'O IOJISA 3BEMJIN»

Leap padoThl: ONpeneIuTh TOPU3OHTAIBHYIO COCTAaBJISIONIYI0O MAarHUTHOIO IOJIA 3€MJIM C IOMOIIBIO
TaHTeHc- Oycconu

I[IpuGopsl U NPUHANIEKHOCTH: TAHT€HC-0YCCOJIb, aMIIEPMETP, PEOCTAT, MEPEeKII0YaTeNb, UCTOYHHUK
MOCTOSIHHOT'O TOKA.

Teopusi: Kak U3BECTHO, 3eMJIS SIBJSIETCA TUTAHTCKUM MAarHUTOM. MarHuTHBI MOMEHT 3€MJIU paBEeH
8-10% A-M2. UTOOBI CO3/1aTh TAKOE T10JIE, HEOOXOAMMO OBIITO OBI 10 IIPOBOIHHKY, YIOKEHHOMY IO
skBatopy 3emimu, npomycTuth Tok 10° A. TIpipoa 3eMHOr0 MArHETH3MA OKOHUATEIHHO HE BbISCHEHA.
[Ipeanonaraercs, 4YT0 MArHUTHOE MOJIE CO3/4AETCs TOTOKAMU 3aPSKEHHBIX YacTHUIl BOINM3H I'PaHUIIBI
3eMHOTI0 siipa, BO3HUKAIOIIMMU 32 CYET BHYTPEHHETO Terjia 3eMJIH, a TAKXKE 3a CYeT MPUIIMBHBIX SBICHUI
B 3€MHOM KOp€ Mo/ 1€ CTBUEM NIPUTSHKEHUS JIyHBL.

MarnutHoe monie 3eMiIu MOXKET OBITh OOHApy)KEHO, HampUMep, C MOMOIIBI0 MAarHUTHOW CTPEIKU
(xommaca). CuioBble 1oJi 3eMiu U300paXkeHbl Ha puc. 1.

Puc.1 Puc.2

dakTuyecku, Be3ie Ha/l TOBEPXHOCTHIO 3eMJIM, BEKTOP WHIYKIIUHM MAarHUTHOTO MOJIST B HaIpaBJjIeH MO
HEKOTOPBIM YTJIOM K TOBEPXHOCTH M MOXET OBITh Pa3I0KeH Ha BEPTHKAIBHYIO B 1 U TOPU30HTANbHYIO B
2 coctaBisitomye (puc. 2). OnpeneneHrue ropu30HTaIbHOM coCcTaBisIoNIe B 2 U COCTaBISAET 1eNb TaHHOM

paloTBhI.



METOJUKA U3MEPEHUI

Omnpenenenre ropu30HTAIBHON COCTABIISIFOLIEH HHAYKIIMA MAarHUTHOTO NOJIst 3€MJIM POU3BOJUTCS 110
OTKJIOHEHUIO MarHuTHOW CTpENKH, YCTAaHOBJIEHHOW Ha OCTpUE WIJbl W PACHOJIOKEHHOW B
TOPU30HTAIBHOM IUIOCKOCTH. IIpy mOMEleHMHM B MarHMTHOE IIOJIE CTPEJKa YCTaHABIMBAETCA BIOJIb
HanpaBJICHUs] BEKTOpPAa MArHUTHOM MHAYKUMH. B YacTHOCTH, B MAarHMTHOM MoJjie 3€MJIM CTpeiKa
OPUEHTUPYETCS M0 TOPU30HTAIBLHOM COCTABJISAIONIEH MHAYKIMU Toyisl. Eciiu B TOM MecTe, T/1€ HaXOqUTCs

CTpCJIKa, CO3aTb JOIMOJHUTCIbHOC MArHUTHOC II0JIC W3BECTHOM BEIUYUHBI BO , HaIIPpaBJICHHOC
NEPINCHAUKYIPHO MAroHuTHOMY IIOJIXO 36MJ’II/I, MarduTHast CTPEJIKa IMOBCPHETCA U YCTAHOBUTCA BIOJIb

BEKTOpPA Pe3yJIbTHPYIONIEro TONs B ,, PABHOTO BEKTOPHOM CymMe B » U B, (puc. 3).

C

Puc. 3

N3mepuB yroia o, Ha KOTOPBIM OTKIOHSETCS CTPEJIKa OT MEPBOHAYAIBLHOIO MOJIOKEHUS MPU BKIIFOUEHUU

oA B

y» W Y4duTbIBas, 4ro TpeyroabHUK OAC npAMOYIrONbHBIM, JIETKO BBIYMCIUTH BEIUYMHY

TOPU30HTAJIBHON COCTABIISIONIEH BEKTOpAa MHAYKIIUU MAarHUTHOTO MOJIst 3eMJIH B 7!
B
— 0
BZ

_tga' @)

COSI[aHI/IC JOIMIOJIHUTCIBHOI'O II0JIA BOI/I HU3MCPCHUC YIJIa OTKJIIOHCHHS CTPCIIKU O IIPOU3BOAUTCA C

IIOMOIIBI0 TaHreHc-0ycconu. TaHreHc-Oycconb — 3TO HpuUOOp, COCTOSIIUMN M3 Kpyra, Ha KOTOpPbBIH
HAaMOTAaHO HECKOJIbKO BHUTKOB HW30JUPOBAHHONW MPOBOJOKH. Kpyr ycTaHOBIEH Ha IMOACTaBKE B
BEPTUKAJIbHOM MOJOXKEHUU. B 1eHTpe Kpyra B TOpHU30HTAJbHOW IJIOCKOCTM 3aKpEIIEH KOMIac co
CTPENIKOH, Ha KOTOPYIO CBEpXY HAKJICCH aIIOMHHHEBBIM Kpyr (um0) c nmeneHussima ot 0° mo 360°.
Crpenka moj KpyroM pacrnoJioKeHa TakK, 4TO €€ CEBEepHBbIM KOHell coBmajaer ¢ neneHueM 0° numoba, a
10kHBbIN — ¢ fgenenneM 180°. Ctpenka ¢ TMMOOM MOXKET CBOOOAHO BPAIIATHCS BHYTPU K PYTJIONH KOPOOKH.
C oaHOM CTOPOHBI KOPOOKHM HPUKpEIJIEHAa MpU3Ma IOJHOTO BHYTPEHHEro OTpPaKeHUs M JIyna, dyepes
KOTOpble MOKHO HAOJIOAaTh AENeHUs JTuMOa; HAa TUaMETPaJbHO MPOTHBOMOIOKHON CTOPOHE KOPOOKH
YKpenJeHa CTOHKa C TOHKOM MPOBOJIOKOM, BBIMOJHSIONIENH pOJIb BU3UPA.

[ImockoCTh BUTKOB KaTyIIKH IEPIEHAMKYJISIpHA HAIpaBJICHUIO IIedb—BuU3up. Ecinm pa3BepHyThb
TaHTEHC-0yCCOJIb TaK, 9YTOOBI MPOTHB BU3MPa YCTAHOBUIIOCH JAenieHne mumoa 90° wmm 270°, To MarHuTHas
CTpENKa, a CJEeIOBaTeJIbHO, M BEKTOpP HHAYKLIHMM MAarHUTHOro Mmojsi 3emiu OyayT HaxoAHUThCS B
IUIOCKOCTH BUTKOB, COBIAJIAIONIEH C IMIIOCKOCThIO MAarHUTHOTO MEpUAMaHa 3eMJIN.
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Puc. 4

Ha puc. 4 noka3ana snekTpuyeckas cxema ycTaHoBku. [I1pu 3ambikanuu nepekmouatens 11 no Butkam
npubopa MpPOTEKaeT MOCTOSHHBIM TOK, BEIMUMHA KOTOPOIO peryaupyercs peocraToM R u usmepsercs
amnepmerpoM A. B neHTpe TaHreHc-Oycconu (TaMm, I/ie HaXOAUTCS MarHUTHAasl CTPENKa) TOK CO3JaeT

MAaramMTHOC I10JIC, HWHAYKIHUA BO KOTOpOro HampaBJICHA IMCPICHAUKYJIAPHO INUIOCKOCTH BHUTKOB H

ornpenensercs no hopmye:

n-l
BO = “O A (2)
2.1
e Ug= 47107 T/m — maruuTHas IOCTOSIHHAS; N — YHCJIO BUTKOB; | — cuia TOKa, A; I — paguyc

Kpyra, M.

TIpy BKJIIOYEHHMH TOKA CTPENKA OTKJIOHSETCA M yCTAHABIIMBACTCSA B HANPABJICHUH pe3ylbTHpYOMEi B

p- Ompenenus yron OTKIOHEHUS CTPEIKH IO JUMOY, MOXKHO PacCUUTaTh 3HAYEHHUE TI'OPU3OHTAJIBHOM

COCTABJISIONIEH B 2 MHIYKIMHE MarHUTHOTO TOJIS 3EMIIH:
Mo -N-1

=0 3
2-r-tga ®)

2

OTHolleHue

| =2-r-BZ=C (@)
tga N

HA3bIBACTCS [OCTOSHHON TaHreHc-Oyccomu. 3Hauenne B, Moxer GbITh BBIpaXKeHO uyepe3 HapameTpsl
KaTyIIKU U OCTOSIHHYIO C:

B,=22—.C. (5)

YT0oOB! HCKIIOUNTh OHIMOKY M3MEPEHUs YIJia O, CBSI3aHHYIO C HETOYHOCTHIO YCTAHOBKH IJIOCKOCTH
BUTKOB B IUIOCKOCTM MAarHUTHOIO MepuauaHa 3eMJIM, UW3MEpEeHHs MpOBOAAT JJId ABYX

IIPOTHBOIIONOKHBIX HampasjieHul B,. g 5Toro ¢ mnoMomplo mnepekmodarens Il menstor

HanpaBJIeHHE TOKA B BUTKaX IPH HEU3MEHHOM cuie Toka |. Tak kak B, Ipu 3TOM U3MEHSAETCS TOIBKO

IO HAaIIpaBJICHWUIO, YTJIBI OTKJIIOHECHUS &;; W &, OJDKHBI OBITh OOJHMHAKOBBI IIO0O BCIMYUHE H



IPOTHBOIOJIOXKHBI 10 3HAKY: @, = —q,;,. Eci TaHreHc-0ycconp ycTaHOBJIEHa ¢ MaJlol omuOKkoi Aa,
TO MIPH CHATUU OTCYETA OyJIEM UMETh:
|0(1| =|ai1|+Aa,
|a2| =|ai2|—Aa.
Torga mpu BHYHCICHHH CPEAHETO 3HAYCHHS YIJIa OTKJIOHEHHS OmHOKa ycTaHOBKHA Ad
aBTOMATHYECKHA UCKIIIOYAETCH:
~ AR A ~ ||+ Aa +|a,| - Aa
2 2

| =|eti,| - (6)

MHOPAJOK BBIITIOJTHEHUSA PABOTbHI

1. YcTaHOBHUTH TaHT€HC-0YyCCOJb TaK, YTOOBI MJIOCKOCTh BUTKOB COBIAJIA C IJIOCKOCTHIO MepUANaHa
MarHUTHOTO Mot 3emuu. J{is 3Toro HUTH BU3Mpa copmeniaercs ¢ neneuem 90° nmum 270° numba.

AMIiepMeTp U UCTOYHHUK TOKa JOJDKHBI OTCTOATH OT OyCcCOM HE MeHee ueM Ha 1 M. DTo jmenmaercs
JUUIS yMEHBILICHUS BIMSHUS TOCTOPOHHUX MarHUTHBIX M0JIEM HA TOUHOCTh U3MEPEHUSI.

2. [IpoBepuTh MPaBUIBHOCTh COOPKU CXEMBbI B COOTBETCTBUU C pHC. 4.

3. BKIIFOYNTH HCTOYHHUK TOKA B CETh.

4. YcTaHOBUTH 33JJaHHOE TMPENOJaBaTeieM HA4YalbHOE 3HAaUYE€HUE CHJIBI TOKA PEOCTaTOM R U CHATH
OTCUET yIJIa o JUMOY. 3aTeM, HE MEHSS CHJIbI TOKA, MepekitouaresieM [1 u3MeHUTh ero HampaBJiieHUE
Y TIOBTOPUTH OTCYET.

BprauciuTh yribl OTKJIOHEHHUS CTPEJIKHM OT IMEPBOHAYAIBHOTO IMOJOKEHHUS 01 U O, a0COJIOTHBIE

3HA4YCHUA YI'JIOB OTKIIOHCHUA |(11| u |(12| 3arucaTtb B Ta6J'II/ILIy.

OneIT MOBTOPUTH 5—7 pa3 MpU pa3HbIX 3HaueHUsAX cuibl Toka |. Ilar u3MeHeHHs CUIBI TOKa
3amaeTcs TpemnojaBaTenieM. MakcuMaldbHOE 3HAYEHHE TOKa JIODKHO OBITh TaKWM, YTOOBI Yroil
OTKJIOHEHU He mpeBbiman 60°.

Ilpumeuanue. C 1enbl0 yMEHBIICHHUS PE3KUX KOJICOAHWUW CTPENKUA ¢ JTUMOOM, BOSHUKAIOIIUX MPU
W3MEHEHUU HAIPaBJICHUS TOKa B BUTKaxX OyCCONHM, MOXXHO TPOBECTH MOCIENOBATENBHO HU3MEpPEHHS
YTJIOB OTKJIOHEHUSI CTPEJIKH MPU BCEX 3aJIaHHBIX 3HAYEHMSIX CHJIbI TOKA, CHayaja MpH OJHOM, a 3aTeM
npy JApyroM HampaBieHuH Toka. OJMHAKOBBbIE  3HAYEHMs] CUJIBI TOKAa MpPH ABYX Pa3IAYHBIX
MOJIOKEHUIX TepekroyaTens [1 (pa3HbIX HapaBJICHUSIX TOKA) BBHICTABJISIOTCS C MTOMOIIBIO peocrata R
Ipy  yCJIOBHM, YTO Ha INKaje aMIlepMeTpa TIOJIOKEHUS CTPEJKH COBIANAIOT C €€ 3epKajJbHbIM
n300paskeHrneM [JIs1 BCeX 3aJaBaeMbIX 3HaUEHHIl Toka (CMOTpETh Ha CTPEJKy amIepMeTpa HYXKHO B
CTPOT0 BEPTUKAIHHOM HAIPABIIEHUU CBEPXY BHH3).

Tabnuya
Cu Cpenuuit
na Yron yron IMTocrosHHas 2
Ne OTKJIOHEHUS OTKJIOHEHU TAHIeHC- B,i, Tn | ABy;, Tn (ABy; )°,
1 1 2
w/n o A oyccomu C, A T
Ka
I, A
‘al‘i ‘az‘i jai| | tgle],
1
2




I [ ] | |

5. Ucnonw3ys cootHouienus (4), (5) u 3HaueHus |ai| BBIYMCIUTD Ui KAXKJOr0 ONbITa MOCTOSHHYIO

taHreHc-0yccosm C ¥ TOPU30HTAJILHYIO COCTABJISIONIYIO MHAYKIIMA MAarHUTHOTO MO 3eMiid By,
3HaveHMS YKciia BATKOB N U pajnyca Kpyra I' yka3aHbl Ha TAHT€HC-0yCCOJIN.

Ko =4m-107 Tu/m = 12,57-107 Tu/m.
Pe3ynbpTaThl BRIYMCIIEHUH 3anIMCaTh B TAOIHLLY.

6. Haiitn CPCAHEC 3HAYCHUC Bch 1 BBIYHCIIUTDH a6COJ'IIOTHy10 NOrpeIrHOCTb U3MCPCHUA 11O METOAY

Creroneura:

S AB?
i=1

m(m—1)

AB,=aS, rne S = , YMCJIO U3MepeHuid M = 7, noBepurenbHas BepositHocte W = 0,9

7. Pesynbrat 3anucars B Buie B, = B, £ AB, .

TEXHHUKA BE30ITACHOCTH

e VYcTaHOBKa BKiIO4aroTcs B cetb 220 B.

o (CobmomaliTe OCTOPOXKHOCTD IpH padoTe. M30eraiiTe KOHTAKTOB B MECTaX KaCAaHUM TOKOBETYIIHUX
IIPOBOJIOB C 3JIEMEHTAMHU CXEMBI.

e B cnyuae HencnpaBHOCTEH BbI3bIBaiiTe Ja00paHTa.

e [locne BeIonHEHHUs pabOTHI YCTAHOBKY OTKJIIOYHMTH OT CETH.
KOHTPOJIBHBIE BOITPOCHI

1. Kakumu IBIEHUSAMH MOXHO OOBSCHUTH MPUPOAY 3EMHOIO MarHeruzma?
2. 3anummTte 3akoH brno-Capapa-Jlanmaca u Gopmyny ans pacuera BEIWYUHBI MHIYKIUH MarHUTHOTO
I0JIs B LIGHTPE KPYIOBOI'O BUTKA C TOKOM.
3. OnumuTe ycTpoHCTBO TaHIeHc-0ycconu. YTo Takoe MoCTosIHHAs TaHTeHCc-0yccoau?
4. O0bsACHUTE METOAUKY U3MEPEHHs HHIYKIIUN MarHUTHBIX I10JIeH C TOMOIIbIO TAHI'€HC-0yCCOIIH.
5.3a4eM ONBIT NPOBOAUTCS NMPH Pa3HbIX HAIIPABJIECHUX TOKa B BUTKax Oyccomu?

JlabGopaTopnasi pabora Ne 7
«OMPEJEJEHME JJAHBI CBETOBOM BOJIHbBI»

Leab padoThbl: U3MEpEHNE JJIMHBI CBETOBOM BOJHBI C IOMOILBIO TPO3pAaYHON AUPPAKIIOHHON PEIIETKH.

Teopusi. HTepdepeHIus cBeTa — 3TO SBJICHUE CIOKCHHUS CBETOBBIX KOJICOAHHMH C IMOCIEAYIOIIUM
dbopMupoBanueM UWHTEp()EPEHIIMOHHOW KapTHUHBI (YepeloBaHWE MHUHUMYMOB M  MaKCHMYMOB

I/IHTeHCI/IBHOCTI/I). KOFepeHTHI)IMI/I Ha3bIBAKOT ABC JJICKTPOMATrHUTHBIC BOJIHBI O)II/IH&KOBOI7I qaCTOThI, €CJIN



Pa3sHOCTb HUX (1)33 HC 3aBUCHUT oT BpPCMCHHU.

Korepentuslie KosebaHusi — 3T0 KojeOaHUs
C OIMHAKOBOW 4YacTOTOU U IIOCTOSIHHOM BO BPEMEHHU
pasHocTbio (pa3. [lnuHa BOJIHBI — 3TO PACCTOSHHE

Mexay  Ommkadmmmu Ipyr K Jpyry TOUYKaMH,

KOJICOTIOIIIUMU CSI B OJIMHAKOBBIX dazax.
[2]=n

Judpakmmsi- SIBIICHHE OTKJIOHCHHS CBETa
oT PSIMOJIMHEHHOT O pacrpocTpaHeHHsI npu
NPOXOXKACHUM BOJM3U TpenarcTBuil. JudpakunoHHas pemeéTka — 3TO Mpo3padHas IUIACTHHA C

HAHECEHHBIMHU TapasUIeNbHBIMH HEMPO3PAUYHBIMU INTPUXAaMHU paBHOM MmupuHbl b (puc. 1). Mexnay
LITPUXaMU BO3HUKAIOT OJMHAKOBBIE IPO3pPAyHblE MPOMEXKYTKHM — IPSIMOYIOJIbHBIE ILIEIM ILIMPUHOM a.
Bemmunna d = a + b Ha3piBaeTcs NOCTOSHHOW (mepwonoM) pemérku. JludpaknuoHnHas pemeéTka
OCYIIECTBIISICT HAJIOXKEHHE ABYX MPOIECCOB: NU(PpaKIUU HA KaXKION OTAEIHHOM IIeTu U HHTephepeHnu
U3TY4YEeHHsI OT BCeX Iesei. 3HauuTeIbHOe YCUIIEHUE BOJIH Oy1€T IPOUCXOAUTH TOJIBKO M0JI TEMU yIiaMH
¢, IJI1 KOTOPBIX CBETOBBIE BOJIHBI, MAYIIME OT BCEX IeNed, YCHJIMBAIOT JIPYr Apyra. DTO B3aWMHOE
yculieHue OyleT OCYLIECTBIATHCS, €CIIM ONTHYEecKas pa3HOCTh XoJa Jydyed OT cocelaHux Iened AL

KpaTHa JIUIMHE CBETOBOM BOJIHBI. U3 puc.l BUAHO, 4TO AL =dsine

BI)Ipa}KeHI/IC HOCUT Ha3BaHHC OCHOBHOI'O COOTHOILUICHUA nn(bpammommﬁ DelHéTKI/I B CiIy4dyac

HOPMAJIbHOT'O ITaJACHUA CBCTA. Ono ,HaéT yrijibl, IIOA KOTOPBIMH Ha6J'IIO}IaIOTC$I MaKCHUMYMBI JIJIsI BCEX

UMEIOIINXCS B M3JTyYSHHUH JJTHH BOJIH B KaxxaoM nopsiake k (k - mopsimok nudpakuun).

dsin ¢ = £ kA

Cxema xoaa jayuveii:



Pucynok 1. Cxema xona myueil.

Pucynok 2. Cxema ycmanogxu.

1 - pryrHas

3
@Fﬂ_‘ = JaMma: 2 — KOJUIMMATop; 3 —

8 4 — romHmomerp; 5 — 3puTenbHas

TupaKkIMOHHAs peleTKa:

S
L=
|

TpyOa; 6 — okymp;, S— BXOJHAs ILIETb.

OcHoBHbBIE  pacyéTHbIE dopmyanbi:

1
1. [lepron audpaxmun: d= ﬁ; [d] =M, N — 4ucio WTPUXOB HA EAUHUILY IJTUHBI , [N ] =

g

d-sing
k

2. JUMHa BOJIHBI: A= ; [ﬂ]=M, d — nmocrosiHHas (mepuon) AUGPaKIUOHHON PEIICTKH,

M; k—nopsimok qudpakiuun (K=0;+£1;+2;...).

_ Attt

Aep = .



3. YaBoeunsiit yron qudpakuun: 29 = |@_; — @il

4. Yron pudpakuun: @ = %p

" _ _ -6
IMorpemHocTn npsiMmbix u3mepenuii: A(g) =0°1’, Ad=1-10"m
IHorpemHoCTH KOCBEHHBIX H3MEPEHUIL:

1. OTtHocuTenbHAs MOrp€IIHOCTh KOCBCHHBIX I/I3MepeHHﬁ JJIMHBI BOJIHBbI

=M _ |Ad ’;_ .
S_i_|d + sin? @ 1-A¢

2. AGCOMIOTHAs MOTPEITHOCTh KOCBEHHBIX N3MEPEHHIA UIMHBI BOJIHBI
ATl = =
IlopsAaoK BLINOJHEHHs] pa00ThI

1. Ilpexe 4eM BKIFOYUTh HCTOYHUK HUCCIIEyEeMOro U3MyYeHHs, IPOU3BECTH MPOOHBINA OTCYET MO
IIKaJIaM CIIEKTPOrOHMOMETpa. 3aTeM BKJIHOYAOT PTYTHYIO JIAMITY M YCTaHABJIMBAIOT €€ HAIIPOTHUB
BXOJIHOM 11en Kostumaropa. JudpakinonHas penerka cTaBUTCs NepHeHIUKYISIPHO K HallpaBJICHHUIO
IIy4YKa CBETA.

2. Jlanee nmoBopauMBaloT aluAay rpyoo oT pyku (BUHT 12 oTKaT) A0 TeX MOp, MOKA BUSUPHAs JIUHUS
3pUTENBHON TPyObl He OYJET HaBeJeHa Ha LIEHTPaJIbHbI MakcuMyM. [lonb3ysich

MHUKPOMETPUUECKUM BUHTOM 2 U MaXOBUUYKaMHU 7 U 8, OJIy4alOT YETKOE U Y3KO€ N300pakeHHe
KOJITMMaTOpHOH 1m1enu. [loBopaunBas anuaany ot pyku (BUHT 12 pa3xaT) BJIEBO U BIIPaBO OT HYJIEBOI'O
MaKCUMyMa, IPOCMaTPUBAIOT BECh CIIEKTP U HAXOJAT HYKHbIE CIIEKTPAJIbHbIE IMHUM B CIIEKTPE IIEPBOTO
nopsizika. [locne 3Toro npucTynaroT K U3MEpPEHUSIM.

3 IloBepuyB ammaaay BiieBO (BUHT 12 0TKAT), HAXOIAT HYKHYIO (pHUC. 8) CIEKTpaIbHYIO JIUHHUIO U
COBMEUIAIOT €€ C BUBUPOM.

4. 3axaB CTOIOPHBIA BUHT 12, MPOU3BOIAT ¢ MOMOIIBIO BUHTA 11 Gosiee TOUHOE COBMEIICHHE BU3HPA CO
CHEKTpaJbHOU JIMHUEHN U IeNal0T OTCUET yria o 1 1Mo mKansam oKyJisipa MUKPOCKOIA.

5. Tlocne aToro, Bpamas anuaaay oT pyku (BUHT 12 0TKaT),IepeBOAST 3pUTEIbHYIO TpyOy BIIPaBo,
HABOJSl €€ Ha TaKyIo )K€ JINHUIO B IIPABOM CIIEKTpe. 3axaB BUHT 12, BUHTOM 11 nmpou3BOAAT TOUHYIO
HACTPOWKY BU3HMpPA Ha 3Ty JIMHUIO U JI€TAIOT OTCUET yIia 0.

WN3mepenunst mpoBOASTCS AJs IMHUN CIIEKTPa NEPBOro MOPSIKA.

Pe3ynbratel uamepenuit 3anectu B Ta0muiy 1.



Tabnuya 1

Tabnuua 2

BeT AQ2 _ )
CHEKTP K Homep ¢« Pk 2¢ o) (o) sing A-10
aIbHO | (mopsiao | M3Mepe —-
" K) must | rpan. | rpan. | PN TP ppan. MM
JIUHUHU aa.
1
1 2
3
¢duoner
OBBIN 1
2 2
3
3
IBer A(
CHeKTPaIb K Homep | o_k o 20 | 20 ¢ sinp | A-107*
i (mopsino | m3mepe )
JHHAA K) Hust rpaj. | rpaa. | rpaa. | rp | rpag. MM
a.
1
1 2
3
3CJIEHBI
i 1
2 2
3
1
3 2
3




Taonuua 3

LBer

A(2

. 2 sin 107
CIIEKTP K Howmep Pk Px M ?) ® ? 210
aJH:HO (mopsiao | m3mepe | rpaia. | rpaa. | rpag | rp | rpan.
H K) HUSA an. MM
JIUHUH
1
1 2
3
JKENTHI
71 1
2 2
3
1
3 2
3

KOHTPOJIBHBIE BOITPOCHI

1 B uem cocTout siBieHHE AUPpPaKIUK cBeTa?

2 Cpopmynupyiite npunuun ['roiirenca—®Openens.

3 Yro Takoe paspemiaroniasi ciocoOHOCTh R 1 pakIMOHHON PEIIETKH U OT YEro OHa 3aBUCHUT?

4 Kaxoii Bug uMmeer quQpakioHHas KapTHHA, 0JyYyeHHas OT IPO3pavyHoil pemeTku?

5.Kaxkoii nBeT o0ecrieynBaeT HAUITYUIITYIO Pa3pEHIaAONIyI0 ClIOCOOHOCTh U (PPAKIIMOHHON PEIISTKH?
6. CKOJIbKO IITPUXOB JOJDKHA UMETh AU PAKIMOHHAs pemeTka anuHoil L = 1 cM, ecau criekTp BTOporo

HOpsIIKA OTCYTCTBYET B BUAMMOI obsiactu? (aMHbI BOJH BUAUMOro cekrpa ot 390 1o 788 HM).



JlaGoparopnasi padora Ne 8
«U3YYEHUE CBETOTEXHUYECKHX XAPAKTEPUCTHUK U CBETOBOTI'O I10JIsA
JIAMIIbI HAKAJIUBAHU S

Heab padoThl: O3HAKOMJICHHE C OCHOBAMH ()OTOMETPUPOBAHHUS, UCCIIETOBAaHUE
CBETOBOTO TOJISI JIAMIbl HaKaJIMBaHUSL.

IMpu6opsl U NPUHANIEKHOCTU: ONITHYECKAs CKaMbs, oTomeTp Jlymmepa-
BbponxyHna, snekTponaMna U3BECTHOM CHJIbI CBETA HA HEMOJABHKHOM LITATUBE,
3JIEKTpOJIaMIIa HEU3BECTHON CUJIBI CBETA HA HETIOJABUKHOMIIITaTHBE, 3JIEKTpOJjaMIa Ha
BpalllalolIeMcsl IITaTUBE C JTUMOOM.

1. Bomnpocsl AJ5 NOATOTOBKH K padore

1.OcHoBHBIE POTOMETPHUUCCKHE XapPAKTEPUCTHKNA TOYCIHBIX HCTOYHH-KOB CBETA:
CBETOBOM IOTOK, CUJIa CBeTa (ONpenesieHUe U €IMHULIBIN3MEPEHUS).

2.0cBenEHHOCTD MTOBEPXHOCTH (OTPEIEIIEHHE U EUHUIIBI H3MEPEHHUS).

3.CBs3b MCXKIY OCBEIIEHHOCTHIO IIOBCPXHOCTH, CUJIOM CcBeTa TOYE€Y- HOI0
HUCTOYHHKA U PAaCCTOAHHUECM OT UCTOYHHKA 10 OCBeIIIaeMo IIO-BCPXHOCTH.

4.doTtoMeTphl, NX Ha3HAYEHHUE W MPUHIUI JAEHCTBUsI. YCTpOHCTBO Go-TOMETpa
JIymmepa-bpoaxyHa.

5.Pa6ouas ¢popmya, uaMepeHrne BXOISIINUX B HEE BEIMYMH.
2. Kparkasa teopus
[ToTok »Hepruu, U3TydaeMblii HCTOYHHUKOM, BBI3BIBA€T y UEIOBEKA 3pU- TEIbHBIC

O YIICHUA. MNHTEHCHUBHOCTD OIOYHUICHUSA 3aBUCHUT OT CTCIICHU 4YyB- CTBUTCIIBHOCTU
riasa K pas3jaudyHbIM JJIWMHaAM BOJIHBI. HOTOK, B COCTaB



KOTOPOTrO BXOAST HH(PAKpPACHBIE U YIbTPa(pUOIETOBbIC JTy4YH, HE BHI3BIBACT
3pUTEJIBHBIX OLIYIIEHUHN, Ja’Ke €CJIM MOIIHOCTD ero Bejinka. Hao6opor, noToxk,
COCTOSIIIIUI U3 JIydel, K KOTOPBIM IJia3 HauboJiee 4yBCTBUTEJIEH, BbI3bIBACT HPU

MaJIOi MOIIHOCTH 3HAUUTEIILHBIC 30 I/IQ%PQ

rac

BICOIIYIIEHUS.

JIsl XapaKTE€PUCTUKHA UHTEHCHUBHOCTH CBETA C
Y4€TOM €ro CoCOOHOCTH BBI3BIBATH 3PUTEIIHHOE
OlyIIeHE BBOAUTCS BenuunHa @, Ha3piBaeMast
CBETOBBIM ITOTOKOM.

dS

Puc. 2.1
(O do

do

dw

CBeTOBOI MOTOK — DTO MOTOK
SHEPTUH, U3JTy4aeMblii HCTOUHUKOM U
OIICHUBAEMBIA MO 3pU- TCILHOMY
omymeHuo. Enquaunma usmepeHus
CBETOBOTO MOTOKAa — JIOMEH (JIM).

Pa3zmen onTuku, 3aHUMAIOIINICS
U3MEPEHUEM CBETOBBIX ITOTOKOB U
BEJIMYHMH, CBI3aHHBIX C TAKUMH IIOTOKaAMH,
Ha3bIBaACTCS hpomomempueil.

CuJioii cBeta J HCTOYHHKA
Ha3BLIBA€TCS CBETOBOM ITOTOK,
WU3JIy4aeMbIi B €IMHUILY TEJIECHOTO
yriaa. 9To NpOoCTPAaHCTBEHHAs
IJIOTHOCTH CBETOBOI'O MOTOKA:

dodo
Jd=__,
dow
CBETOBOM IIOTOK  CKBO3b JJIEMEHTAPHYIO MJI0IIAIKY

(puc. 2.1);

3JEMEHTapHBII TENEeCHBIH yroj, B KOTOPOM paclpoCTpaHsieTcs

9TOT IMOTOK:



Cuna cBeTa usMepseTcs B Kanuenaax (Ki).

J1st npOTAXEHHBIX UCTOYHUKOB BBOJAUTCS MOHSITHE CBETUMOCTH HC-TOYHHKA.
CBeTuMoOCcTh R HCTOYHHMKA — 3TO MOTOK, U3JIydaeMbli €IUHULIEH MO-BEPXHOCTHU
HCTOYHHUKA I10 BCEM HANPABJICHUIM:

_ do

R
ds

rae dS — u3nyyaromas HIOBepXHOCTh. CBETUMOCTh U3MeEpsieTCs B (JIM/M ).
JUist XxapaKTepUCTUKU H3JIy4YeHHUs HCTOYHHKA B JIAHHOM HallpaBJICHUU BBO- JTUTCS
MOHATHE SIPKOCTH MCTOYHUKA.

SpxocTts B ncrounumka — 31O
CHUja cBeTa, MH3JIy4yaemas BUIUMOH O’@
INOBEPXHOCThIO MCTOYHHUKA B Ha-

NpaBJIEHUU HAOII0JIEHUSA:

dd dJ
B = = ,
dS¢da) dS(b

rae dSy = dS cos ¢ — mpoeknus
U3JIy4aeMOH MOBEPXHOCTHU Ha

HampaBjeHHe HaOI0eHus (puc. 2.22).

SIpkocTh u3MepsieTcst B KJ1/M

Ecnu B He 3aBUCHUT OT Ha
NIPaBJICHUS U3TyYE€HHUS, TO TAKUE
MCTOYHUKH HAa3bIBAIOTCS KOCHUHYCHBIMU WM J1aMOEPTOBCKUMH (T.€. MOAYMHSIOMIUMU
3akony Jlamb6epTa). Jnsg takux uznygareneii: R = zB. (BeiBox dopmynsl caenats
CaMOCTOSTEIbHO).

BoABIIMHCTBO TeN HE ABISIIOTCA UCTOYHUKAMH CBETa, HO MBI UX BHUIUM IIOTOMY,
YTO OHM OTpa’kaloT NaJalollUil Ha HUX CBET OT APYrUX UCTOYHUKOB. IloaTomy npu
pELIEHNU MHOTHMX 3a/Jay Ba)XHO 3HaTh, KAKOE KOJIMYECTBO CBETOBOIO MOTOKA MaaaeT
Ha OCBEIIAEMYI0 IOBEepXHOCThb. /Jlyisi 3TOoro BBoauTcs BeauuuHa E, Ha3piBaemas
OCBEILIEHHOCTHIO MOBEPXHOCTH.

OcBelIeHHOCTh — DJTO CBETOBOM IIOTOK, OTHECEHHBIM K €IWHHUIC IIJIOIIaan
OCBELIAEMOM ITOBEPXHOCTH:

dd
E=_,
ds
rane d® — cBeTOBOW MOTOK, Hajamomuii Ha moBepXHOCTh OdS. OcBemEHHOCTH

n3MepsieTcsl B JIFOKcax (JIK).
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Puc. 2.3 ~

Ecnu ucTtouHuk cBeTa TOUYCUHBIH,

TO OCBELIEHHOCTH MOXKHO
BBIpa3UTh Yepe3 J — Cuily cBeTa
WCTOYHUKA U I — PACCTOSTHUE OT
HWCTOYHHKA 10 OCBEIIAEMOM
moBepxHOCTH (puc. 2.3):

J
E = r2—C°S¢’

TJIe ¢ — YroJI MEXY HOPMaJIbIOK
MOBEPXHOCTH W HalpaBJICHUEMITaICHUS
ayueit. (BeiBonbl GpopMyisl crenath

CaMOCTOATCIIBH O) .OTa 3aBUCUMOCThH
J

U C ITOJIb3Y-

DTa 3aBUCHUMOCTH UCIIOJIB3YETCS ISl ONPECIICHHsI CUJIbl CBETa HEM3BECTHOT'O MCTOYHHKA
nyTéM CpPaBHEHHS €Tr0 C CHJION CBeTa M3BECTHOI'O (3TAJIOHHOI0) MCTOYHHKA.

Ecnu ocBemaTs mMOBEPXHOCTH pa3IUYHBIMH UCTOUYHUKaMU L1 u Ly ccunoi
cBeTa Ji 1 J; 1 1OOUTHCS paBEeHCTBA OCBelleHHocTe E; = Ej, TO

pu

$1= @2 um  ¢1= ¢2= 0,0mxyoa



Taxon METOJ onpeneeHus CHJIBI cBETa MCTOYHHKA Ha3bIBAETCs
dboTomerpupoBaHueM, a MNpuUOOpbI, CcHayXaliue sl ONpeleNeHUs CHUJIbl CBEeTa
HEHM3BECTHOI'O UCTOUHUKA YTEM CPaBHEHUS O U3BECTHBIM, Ha3bIBAOTCS GOTOMETpPaAMMU.

2. OnucaHue yCTAaHOBKH

Ha ontuueckoii ckambe paszmerneHbl jJamnbl Li; L, u poromerp @
(puc. 3.1).

3. Onucanue ycmanosxkuPuc. 3.1

B wameir pabGore ucnonbizyetrcsi poromerp Jlymmepa-bpoaxyna. OH MoxkeT
BpamaThCcsi BOKpYr ropuzoHTanbHOM ocm OO;. Ha ocm AA;, mep- meHIUKYyISIpHOM
ocu OO;, HaxoxaTcs sTanoHHas L m uccnenyemas L, snmexkTponmaMnbl, KOTOpbIE, Kak
1 (OTOMETpP, MOT'YT IIE€pPEMEIATHCS BAOJIbONTHYECKON CKaMbM.

Puc. 3.1

PaccmorpuMm ycrpoiictBo ¢doTomerpa W mpuHUOMI ero paboTel (puc. 3.2, BHA
CBEPXY).

OcHoBHBIE 4acTu (oTomeTpa: 3aKpblTas KaMepa C JByMs OKHamMu B
MPOTUBOIOJI0XHBIX CTEHKaX, MaTOBas paccenBaromias racTuHka P , nBa 3epkana S; u
S;, ®oromerpuueckuii kyouk Jlymmepa Q. Jns HaOmrone- HUST (OTOMETPHUUECKOTO
noJist ciayXut Tpyda T.

CBer OT cpaBHHBaE€MbIX MCTOUYHUKOB IONajaeT Ha Oelyl0 MaTOBYIO IJIACTUHKY P u
nuddy3Ho paccerBaeTcs IO BCeM HampaBieHUsM. V3 MHoxecTBa syuyell BblOepeM
napajuienbHbIe U, C LEeNbI0 YIPOIIEHUs CXeMbl, pPACCMOTPUM ToJbko ux. [locae matoBoi
NJACTUHKH 3TH JIy4d OTPa)karoTcs OT 3epKasl S; W Sy M momanaroT Ha Kyouk Jlymmepa.

Kybuk Q mpencrtaBisieT co0Oil ABE NPSMOYToOJbHBIC IMPU3MbI. | UITOTEHY3HAS
rpaHb NPaBOIl MPU3MBI IJIOCKas, TUIIOTEHY3HAasl TPaHb JIEBOU IMPU3MBI IIPEICTABISIET
coboit yacTh ceprl. Chepudeckas rpaHb IMPU3Mbl YACTUYHO OTHUIM(POBaHA TaK, YTO
oOpa3syeTcs IUIOCKUH Kpyr aa, KOTOPBIM OHa IPHMKHMMAETCS K IMpaBOM HpU3ME 110
OINTHYECKOr0 KOHTAaKTA.

B 3putenpnyro TpyOy T momamaeT cBeT OT HUCTOYHWUKA Li, mpomeamuii gepes
IJIOMIAJIKy ONTHYECKOTO KOHTAaKTa, a TaKXe OT MCTOYHHUKA Ly, TTocie oTpakeHUs OT

ydacTkoB @ A n a B kybuka. Takum oO6pa3oM, HabmogaeMoe B TpyOy Mojie UMEeT BHJ,
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n300paxx€HHbIM Ha pucyHke 3.3. BHyTpeHHUH Kpyr BOCIPOU3BOJIMUT OCBEIIEHHOCTb,
KOTOpasi Mojly4aeTcs



4. Ilopsook evinoanenuss pabomuol

I’l | I’2

1 T

° 3 Puc. 3.2
Ha JIEBOM CTOpPOHE IUIACTHHKH OT MCTOYHHKA L;. BHemRee 4OIbI10 BOCIPOU3BOIUT
OCBENIEHHOCTh IMPaBOW CTOPOHBI MJIACTUHKH OT HcTouHMKa L,. Ilpm paBeHCTBe
OCBENIIEHHOCTEW BHUAWMAST TPaHb MEXJAYy BHYTPEHHHUM W HAPYXHBIM IOJISMU
HCUe3aeT.

H3MepuB paccTostHUE 1 U I OT IJIACTUHKHU 10 UCTOYHUKOB
L; u Ly, MOXXHO ompesieTuTh CUJTy CBETA UC- CISTySeMOTO
I nctoyHuka mo gopmyie (2.1). PaBeHcTBOOCBEMIEHHOCTE
i yCTaHaBJIUBAaETCs BU3yaJlbHO. DTO OCHOBAHO HAa CBOWCTBE riia3a
OTIPeIeNIATh OAUHAKOBOCTHOCBEIIEHHOCTH IBYX COCEIHUX
roJieit ¢ OOJIBIION CTETIEHBIO TOYHOCTH, MPH YCIOBHH, UTO
CIICKTPAJBHBIA COCTaB HCTOYHUKOB OCBEIICHUS OJIMHAKOB.



4. Ilopsook evinoanenuss pabomuol

4. Tlopsiaok BBINOJHEHUS PadoThbl

3aganume 1. 3HAKOMCTBO C OIMCAaHUEM W KOHCTPYKUMEH SKCIEPUMEHTAIBLHOU
YCTaHOBKH.

3ananue 2. OmnpeneneHUe CUIBI CBETA JIAMIBI HaKaJIMBaHUS.

Ha xpalinux perrepax CKaMbHU PacCIOJIOKUTE UCCIEAYEMYIO U 3TaJOHHYIO JIAMIIBI,
a mexnay Humu ¢oromerp (puc. 3.1). Ilpu 3TOM yCIOBHHM YCTAHOBUTE CHUCTEMY Tak,
yTOOBI CBET IMaJ1ajl Ha TIACTUHKY P HOpMalb- HO.

[lepenBurasi ¢poTromMeTp B Ty WU APYIrYyIO CTOPOHY, HOOEHTECh OJMHAKOBOU
OCBEIIEHHOCTH NoJisi 3peHus. [Ipyu »ToM HamO UMETh B BUIY, UTO IIPU CPaBHEHUU
JIaMIT pa3JIMYHBIX THUIIOB, a TaKXXe€ OJIMHAKOBBIX, HO pa3- JHUYHO HAKaJEHHBIX,
MOSABJISIETCS pa3jIfYMe B OKpPACKe H3JIy4yaeMoro HMH CBeTa. OTO CBSI3aHO C
pa3IUYMsIMU CIEKTPAJIBHOIO COCTaBa M3Jy4yeHHUs. B Takux ciydasix yCTaHOBKY Ha
PaBEHCTBO OCBEHIEHHOCTU JenaroT npubimxk€HHo. [locie yka3zaHHOW yCTaHOBKH
OIPE/IEINTE 11O CKAMbE PACCTOSAHHS

r1 U 2 OT 000MX MCTOYHHUKOB 10 (poTromeTpa. 3aTeM, HE MEHSS IOJIO
JKEHHsSI HCTOYHHUKOB, MOBEPHUTE (POTOMETP BOKPYI TOPHU30HTAIBLHON OCH
OO; na 180°. YcraHoBUTE PaBEHCTBO OCBELIEHHOCTEH W ONATH H3MEPHTE

pacctosiHue r ul r . V3 1ByX pe3yibTaTOB HaWAUTE cpeaHee 1 U ;.
PesynbpTaTel u3mepenus 3anecute B Tabmumy Nel.

Taoaunna 1

J1 =57 kn (Ar namma 60 BT)

[} " ' " 2 _ [4
N g [ g | TTH | T | rgj | roi | T2T | T2 | J2i | Adai | (AJ2)

NN NN g,

= AJdoj 2
>

I/ISMepCHI/Iﬂ NpOBCAUTE HEC MCHCC, UCM TPOCKPATHO, HEC U3MCHAA PAaCCTOAHUEC MCKAY
HCTOYHHKaMH CBCTA.

3ananue 3. Omnpenenenue Kod(pPuMeHTa NTPOHHUIIAEMOCTH HEUTPAIHLHOTO
cBeToUIBTpA.

Ecim Ha nytm cBeTa, HWIyHIero OT HWCTOYHHKOB, OyJAeT HaXOIUTHCS
MoTJIoNIaroIIasl cpeaa, ociadisromas cuiay cBeta J; B N pa3, a J; B Ny pas, TO
pPaBEHCTBO OCBENIEHHOCTEW 3aIlUIETCS TaK:




Ecniu n — xosdounuent ocnabieHus , To 1 p Ha3BIBAIOT KO3 puuu-



CHTOM IIPOHHUIACMOCTH.

B nmanHol paboTe CBET OT 3TAJOHHOW JaMIlbl He moromaercs (N =1), Toraa
IMPOHUIIAEMOCTb CPEJbl OIPEICIICTCS U3 PAaBSHCTBA:

N, Jl

1 Jir?
=12 (4.2)

B skcnepuMeHTEe B KadecTBE IOIJIOIIAKOLIEH Cpelbl MCIOIb3YyETCS CTEK- JITHHBIN
HEUTpaIbHBIA CBETODMILTP.

BcraBpTe cBeToduiabTp B mpaByro oboiimy dortomerpa. [lepememias porometp,
no0eiTech OJUHAKOBOIN OCBEHIEHHOCTH 00euX yacTeidl (oTO- METPUUECKOro MOJs U
OTCUMTAWTE PACCTOSIHUE 0 MCTOYHUKOB cBeTa. [lo- Bepuute oromerp Ha 180" u
MMOBTOPUTE U3MEPEHUs. 3Hasl CHIIy CBETa MCCIEIyeMOro MCTOYHUKa (U3 3amanus Ne?2),
onpenenute no Gopmyie

1 .
(4.2) ko>bGUITHMESHT TPOHUIIAEMOCTH —= HE|TpaIbHOro cBeTODMIIBTpA.
Pesynbrathl u3MepeHuit 3anecute B Tabauy Ne2.

Taoauua 2
Ji1=57«kn Jo= ...
L 1
7 rr 2 4 144 2 ! IZ_J-
No r IETRRET RS T | T2 a JAN
1i 1i 1i 1j 2i 2i 2i | 12i n» i nQ]_-I A n- i
1
2
U T.1O

> | >

HSMCpeHI/Iﬂ IMpoBOAAT HE MCHCC, UCM TPOCKPATHO, HC U3MCHAA PACCTOAHHUEC MCIKIAY
HNCTOYHHUKaAMHU CBCTA.

ITo pe3synbTaTamM U3MEpEHUN pacCUHUTAWTE CPEAHIOI KBAJAPAaTHUYHYIOOIIHOKY
(Tak e, KaK B 3aJaHUU 2).

PCSYJ'II)TaTI)I 3aIlIMIIUTE B BUAC

1 1 1
— = A — opu o = ...

no Ny cp



3ananue 4. Mzydyenue pacnpenesicHusl CBETa BOKPYT JIaMIIbl HAKaJIW BaHUS.
3aMEHHTE HEMOJBHKHYIO HCCIEAyeMYIO JIaMITy JIAMIIOH Ha BpallaromeMcs

mratuBe. IloBepHHWTe samMmy Tak, 4TOOBI Yyka3arteiab jauMba coBmamc "0".

OnpenenuTe CHIy CBETa JIAMIIBI B 3TOM ITOJIOKCHUU KaK B 3aJaHUU

Ne 2. Ilpu pacuére cuiy cBeTa 3TaJOHHOW JaMIbl IPUMETE 3a €UHULY. 3aTeM
NOBEPHUTE JIaMIy BOKPYr ocH Ha 15° W omnpenenure CHIly CBETaB HOBOM
nojokeHuu. Tak, moBopauyuBas JamIy, ONPEAEIUTE CHIIy CBETa 4epes
kaxxaple 15 BrmoTs g0 moBopota Ha 180°.

PesynbpTaThl M3MepeHuil 3aHecuTe B Tabnuimy 3.

Tadoauua 3
Ne l- II- . 2 I- H- B 2
2 i M1 rqj | rii | ri roj roi | r2i| rai Ji
1 0°
2 15°
3 30°
u T.]1

[To naHHbIM TabauLBl 3 BBIUEPTUTE KPUBYIO PACHpEAEICHHUS CHJbl CBETa
JJaMObl HaKaJWBaHUs B 3aBHCHUMOCTH OT YyIJla IIOBOPOTA, B IOJAPHBIX
KOOpJMHATaxX, OTKJIAAbIBasi II0 paauycaM COOTBETCTBYIOIIYIO 3THUM YyIJaM
CHJIy CBETa.

Pacuétr ommbGOK B 3TOM 3aJaHUM MPOU3BEIUTE TOIBKO IO yKa3aHUIO
npenonasareis. Tabnauma 3 IpyU 3TOM CUIIBHO YCIIOXKHSIETCH.

5. KOHTpOJ’leLIe BOIIPOCHI

1. ®oromerpuueckne XapaKTEePUCTHKHA MPOTSIKCHHBIX HCTOYHUKOB CBETa:

CBCTUMOCTD, SAPKOCTb (onpeﬂeneHI/Ie, CANHMHNIIbI I/ISMCPCHI/IH).

2. 3akon JlamGepra. 3aBHCHMMOCTb MEXIY CBETHMOCTBIO H SIPKOCTBHIO
KOCHHYCHBIX u3aydarenei (BeiBoa ¢opmynbl R = zB). SBnsercs nu
JlaMIla HaKaJHuBaHUS JaMOEPTOBCKUM HU3JlydaTesiem?

3. Ilouemy cpaBHHBaeMble OCBEIEHHbIE Hols B (doromerpe Jlymmepa-
BpoaxyHa nMeroT, Kak mpaBuJIO, Pa3JInYHYIO0 OKpacKy? Bauser inu 3To Ha
TOYHOCTh u3MepeHuil? Ecam BiauseT, TO KaK MOBBICUTh TOYHOCTH
HaMepeHU?

4. Tloyemy cuiia CBETa JaMIIbl pa3juvyHa B Pa3jiMYHbIX HanpaBiieHUsx? EcTh
JIU HWCTOYHUKHM, Yy KOTOpPBIX CHJIa CBETa OJHUHAKOBA BO BCEX
HanpaBiieHUsxX? IlpuBenure npumepsl.

5. Kakue emé MeToab1 OTOMETPUPOBAHHUSI BAM U3BECTHBI?

JlaiiTe onnucaHue U3BECTHBIX BaM (POTOMETPOB. 1
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