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BBEJAEHHUE

Mertonudeckoe mnocobue: «l[Ipunoxenne Nel k BupTyanbHOMY MpakTUKyMy 1O (DU3HKE
st BY3oB» paspaborano xanaugatoMm (U3MKO-MaTeMaTHUYECKHX HayK, JAOLUEHTOM Kadenpbl
obmeit ¢msukn Bomxckoro dummanma MAJIU (I'TY), momentom kadenpbl oOmel ¢uuku
Uysl'Y JlantenkoBeiM b.K. Ilocobue moaroroBneno Ha 6ase oOydaromieit mporpammbel OOO
«DPU3NUKOH» «OtkpbiTas @usnka 1.1» u gBigercs TONOIHEHUEM K KOMIUIEKTY JIAOOpaTOPHBIX
pabot, Bomenmux B cocTaB «BuprtyampHoro mpaktukyma mno ¢usuke ans BY3o0B» u
pa3pabotannbix mpodeccopom MI'TYI'A TuxommpossiM H0.B. B crtuiieBom odopmicHun u
METOJIMYECKOM MOJXoje onucanue padbot [IpuiioskeHns MOIHOCTHIO COOTBETCTBYET OIMCAHUIO
pabot BupryanbHOro npakTukyma.



JIABOPATOPHAS PABOTA Ne 1.6
IMPOBEPKA 3AKOHA COXPAHEHUS MEXAHUYECKOM SHEPTUA

O3HaKOMbBTECh C TEOpHEH B KoHcIIekTe U B yucOHuKax 1. Tpopumosa T.U. Kypc dbusukm. I'1.3,
§§12,13. 2. Hernadp A.A., SABopckmit b.M. Kypc ¢usuku. I'm.3, §§3.1-3.4. Bribepure
«Mexanuka» © «/[BKeHHME Tena 1O HAKIOHHOM IUIOCKOCTH». HaXMHTE KHOIKY ¢
M300paKCHUEM CTpPaHUIIBI BO BHYTPEHHEM OKHeE. [IpounTaiiTe TEOPHIO M 3alMIINTE OCHOBHBIC
CBEJICHHSI B CBOUM KOHCIIEKT JIaDOpaTOpPHOW pabOTHI. 3aKpOWTE OKHO TEOPUU, HAXKAB KHOTMKY C
KpECTOM B ITPAaBOM BEPXHEM YTy BHYTPEHHETO OKHA.

HEJIb PABOTbI:
e 3HAKOMCTBO C TIpUMEHEHHEM (U3MYECKHMX MOJAENed - KOHCEpBaTHBHAsA M
JMCCUTIAaTUBHAs MEXaHUYeCKasi CUCTEMA.
e DKcIepUMEHTaJbHas NPOBEpPKAa 3aKOHA COXPAHEHUS MEXaHWYECKOM DJHEepruu B
KOHCEPBATUBHBIX U JUCCUIIATUBHBIX CUCTEMAX.

KPATKAA TEOPUA:

PABOTY MOCTOSIHHOM CHJIbI F na nepeMenieHue S €€ TOYKH NPHJIOKEHHS U3MEPSIOT
MPOU3BEICHUEM

A=Fscosa, (1)
TAC O—YTOoJI MCKAY HAIIPaBJICHHUEM CHUJIBI U MICPCMCILICHH. Ecnm Ha Temno ,HeﬁCTByeT HCCKOJIBKO
CUJI, KaXXJasA M3 KOTOPbLIX COBCPIIACT HAA HUM pa60Ty, TO BCA HpOI/I3BeI[éHHa}I pa60Ta paBHa
anreOpandeckoil cymme paboT OTJEIbHBIX CHJI:

A=Y A @

OHEPI'MSl-ynuBepcanbHas Mepa pa3ivuHbIX (OpPM JIBHKEHHUS U B3aUMOJEHCTBHSI MaTEpUU.
YacTth »HEpruM Tena, COOTBETCTBYIOLIYI0 MEXaHMYECKUM QopMaM JBHKEHHUS MaTepHUH
Ha3bIBAIOT Mexanuyeckol dHepruei. E€ NIpUHATO AEUTh Ha KUHEeMU4ecKyo U NOMeHYuaibHyIo.
B ciydae nBMkeHHsI MaTEpUAIBHON TOYKHM WM MTOCTYIIATEIBHOTO JBUKEHUS TBEPJIOTO Tea
2
mv
KUHETUYECKA S DHEPT' M pasua W = 7 : (3)

[TOTEHLUMAJIBHASL OHEPI'USA W,— wyacTh MeXxaHUYeCKOM »SHepruu, oOYyCIOBIECHHAs
B3aMMHBIM PACIIOJIOKEHHUEM TeJl WIIM YacTel Tella U UX B3aUMOJICHCTBUEM JIPYT C JPYTOM.

[TOJIHAA MEXAHUYECKAS DHEPI'MSI CUCTEMBI TEJI paBHa apudmeruueckoil cymme
KUHETHYECKUX M MOTEHIMATbHBIX SHEPTU BCEX Tell, BXOAALIMX B AaHHYIO cuctemy: W, =
2W, + W, . (4)

KOHCEPBATHBHBIMMU Ha3zbiBatoTcs CHiibl, paboTa KOTOPHIX MPH NMEPEMEIICHUN

TeJa U3 OJTHOTO COCTOSIHUSA B APYrO€ HE 3aBUCUT OT TOTO, 10 KAKOU TPAEKTOPUHU IIPOU3O0ILIO ITO
IepeMEIICHHE.

Ecnu paGota no nepeMeneHuio Tesa 3aBUCUT OT TPACKTOPUHU MEepeMEelIeHUs U3 OJHON TOYKU B
JIPYTYIo, TO TaKas cuia HassiBaercs JJMCCUITATUBHOM.

TEOPEMA O KMHETHUYECKOI DHEPTUU: Msmenenue Kunemuweckoii sHepauu pasHo
pabome cex cui, 0eucmayiouux Ha 3mo meio.

TEOPEMA O IIOTEHIIMAJIBHOW DSHEPIMM: PaGoma KoHcepeamusnvix Cun pasHa
U3SMEHEeHUI0 NOMEHYUANbHOU IHEPSUU CUCEMbL, 83MOMY ¢ NPOMUBONOTIOHCHBIM 3HAKOM.
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AKOHC = - (WnZ _Wnl)- (5)

3AKOH COXPAHEHUSI MEXAHUYECKOM SHEPIMU: ¢ cucmeme men, mesncoy Komopuimi
oelicmayom mobKO KOHCEPBAMUBHbLE CUIIbL, NOTHAS MEXAHUYECKAsl IHEP2Usl COXPAHAEMCH.
W .00 = CONSL. (6)

Ecnu na meno 6 npoyecce e2o nepexooa uz 00H020 cOCMOSHUSA 8 OPY20€ KPOME KOHCEPBAMUBHBIX
cun (cun msazomeHus u ynpy2ocmu) Oeucmeyrom opy2ue Culvl, Mo UMeHeHUue MNOIHOU
MeXaHU4ecKoll dHep2UU pagHo pabome dMUx CUi:

Wno.aHZ - Wnoxm] :Z A . (7)

METOJINKA M TOPAJIOK N3MEPEHUN:
BHuMarenbHO paccMOTpuTe OKHO oImbITa. Haliute Bce perymistopsl U Jpyrue OCHOBHBIE
AJIEMEHTHI. 3apUCyHTE B CBOM KOHCIIEKT CXEMY OIIbITA.

_il 1BM¥EeHHE N0 HAKNOHHOA NADCKOCTH
F.H
- ) 7 20
o = 20 @ 10 3
m =20 Er
N = 18 B H -2|I:| 1 -]D 1 1 1:] 1
p-H f 13.2 H V. MiC
F.=-68 H -0
F,, 00 H
Mk 2
a =000 wWic
=20
m=2.0kr n
F..=0.0H
p=0.7
o =20°
CrapT Biifiop V¥ TenosakpenneHo

[Tocne HakaTHsl MBIIMIBIO KHOMKU «BBIOOp» yCTaHOBUTE C MOMOIIBIO JBHKKOB PETYIATOPOB
3HAYEHHUS MAacChl Tela M, yria HakJIOHAa IUIOCKOCTH ¢, BHENIHed cuibl Fg, koaddummenta
TPEeHUs 4 U YCKOPEHUS a, yKa3aHHBIX B Ta0m.1 Ans Bamieit Opuraapl.

[ToTpennpyiiTeCh B CHHXPOHHOM BKJIFOYEHUH CEKYHAOMEPA U CHATHUSI METKU «TEJO 3aKPEIJICHO
OJIMHOYHBIM IIEITIKOM Kypcopa MBIIIY Ha KHOTIKE B TIPABOM HIDKHEM YTJIy OKHA OTIhITa
OIHOBPEMEHHO BKJIIOYUTE CEKYHAOMEpP UM CHUMHUTE METKY «TE€JO0 3aKperieHo». Brikmtounte
CEeKYHJIOMEpP B MOMEHT OCTAaHOBKH T€JIa B KOHIIE HAKJIOHHOMW TIJIOCKOCTH.

[Iponenaiite 3ToT ombiT 10 pa3 W pe3ynapTaThl U3MEPEHHS BPEMEHHM COCKAIb3bIBAHMS Tela C
HAKJIOHHOM TJIOCKOCTH 3alHUIINUTE B Ta0. 2.



TABJINIIA 1. UcxonHble mnapaMeTphbl ONBITA

Ne opwr. | 1 2 3 4 5 6 7 8

m, ke 2,0 2,2 2,4 2,6 2,8 3,0 2,9 2,7
7 0,10 0,14 0,18 0,22 0,26 0,30 0,34 0,38
a,epao | 20 24 26 30 34 38 42 46
Fen, H -4 -3 -2 -1 1 2 3 4
a,m/c*

TABJIULIA 2. Pe3yabTarhbl H3MEepeHU U PACUETOB

Ne uzm. 1 2 3 4 5 6 7 8 9 10 | Cpen.
3HaY. o)

tc

Vv, m/c

S, m

W, Zloic

W, o

A, [oie

A, Hoic

Wno,m; ﬂDfC

OBPABOTKA PE3YJBTATOB 1 O®POPMJIEHUE OTUETA:

Berancnute mo popmynam:

a) Vt - CKOpOCTh Tella B KOHIIE HAKJIOHHOW TUIOCKOCTH;

at’
0) S = —— - JUIMHY HAKJIOHHOM MIOCKOCTH;
mv:  m’a’t? 3
B) W, = > = > - KHHETHYECKYIO SHEPTHIO TeJla, B KOHIIE HAKJIOHHOM IJIOCKOCTH;

: at® .
r) Wn = mgh = mgS SIno=mg 7 SINOL- NOTEHIMAIBHYIO JHEPrUI0 Tela B BEPXHEU

TOYKE HAKJIIOHHOM IJIOCKOCTH;
2

at
m A, =F,Scos3=uNS cosd=-umgcos ()L? - paboTy CHJIBI TPEHHSI HA y4acTKe

CITYCKa;
2
o) |A|=|F. Scos9|= FGH%

- paboTy BHEUIHEH CUJIbI HA YYacTKe CITycKa

Y 3aITUIIATE YTH 3HAYCHUS B COOTBETCTBYIOIIUE CTPOKHU Ta0II. 2.

Boruncnute cpenHue 3HAYEHHUS OTHX [MApaMETPOB M 3alUIINTE WX B CTOJOCN «CpEeIHHE
3Ha4YeHus» Ta0I1.2.

[To ¢opmyne (7) mpoBepbTe BBHIMOTHEHHE 3aKOHA COXPAHEHHsS] MEXaHUYECKOW DHEPruul IMpHU
JIBMKCHHH TeJla 110 HAKJIOHHOH IMJIOCKOCTH, PACCYMTANTE IMOTPEITHOCTH W CIIEIAlTe BHIBOIBI 11O
pe3ynbTaTaM MPOBEIEHHBIX OMBITOB.




Bonpoch! 1 3a1aHuA 1J151 CAMOKOHTPOJISA

ok wdE

o N

10.

11.

12.

13.

B uém 3akitoyaercs 3aKOH COXpaHEHHsI MEXaHUYECKON YHEPruu?

JI71s1 KaKMX CUCTEM BBITIOIHSAETCS 3aKOH COXPAHEHHSI MEXAaHUYECKOW SHEPTUM?

B 4uém cocTouT paznuune Mexay NOHSITUSIMHU SHEPTUU U paboThI?

Yem 00ycI0BICHO H3MEHEHUE MTOTCHIUAIBHON SHEPTUU?

Yewm 00yCIIOBIEHO H3MEHEHHE KHHETUYCCKOM YHEPTUu?

Heo6xoauMo 51 BBIMOSHEHUE YCIOBUSI 3aMKHYTOCTH MEXaHUYECKON CHCTEMBI TeJ st
BBITMIOJTHEHHSI 3aKOHA COXPAaHEHHS] MEXaHUYECKON YHEPTHH?

Kaxkue cuibl Ha3pIBatOTCS KOHCEPBATUBHBIMU?

Kakue cuibl Ha3bIBaIOTCS AUCCUITATUBHBIMU?

Teno MemieHHO BTAaCKUBAIOT B TOpPY. 3aBUCAT JU OT (GopMbI Mpoduiis ropsl: a) paboTa
cuIIbl TshkecTH; 0) pabota cuibl TpeHua? HauanbHas ¥ KOHEUHAsh TOUYKU MEpPEeMEICHUS
Tena GPUKCUPOBAHBI.

Teno cockanb3piBa€T C BEPIIMHBI HAKJIOHHON IUIOCKOCTH 0€3 HayallbHOM CKOPOCTH.
3aBucuT M paboTa CWIBl TPEHUS HAa BCEM IMYTHU JIBIXKCHUSI Tejla O OCTAaHOBKH Ha
TOPU30HTAILHOM Y4acTKe: a) OT yrila HaKJIOHA III0CKOCTH; 0) OT kodpduimenta Tpenus?
[To HaKJIOHHOM MIOCKOCTH C OJTHOM M TOM K€ BBICOTBHI COCKaJIb3bIBAIOT JIBA TEJNA: OJHO
Maccol m, gapyroe waccod 2m. Kakoe u3 Tten mnpoia€r A0 OCTAaHOBKHU IO
TOPU30HTAIILHOMY YYacTKy MyTh OONBIINK U BO CKOJbKO pa3? Koaddumnmentsr TpeHus
JUTsl 000UX TeJ OJJUHAKOBBI.

CanHku mMaccoil M CKaTWJIMCh C TOpbl BBICOTOM H M OCTaHOBWIMCH HA TOPU3OHTAIHLHOM
yuactke. Kakyio paboTy HEOOXOAUMO COBEPIIUTH ISl TOTO, YTOOBI MOJHATH UX HA TOPY
10 JINHUM CKAThIBAHUSI.

C onuHakoBOM HauadbHOW CKOPOCTBIO TEJO MPOXOJUT: a) BIAIUHY; 0) TOPKY, UMEIOILINE
OJIMHAKOBBIC JIyTM TPACKTOPHA W OJUHAKOBBIC KOXPUIMEHTH TpeHus. CpaBHUTE
CKOPOCTH TeJia B KOHIIE ITyTH B 000MX CIIydasiX.



JIABOPATOPHAS PABOTA Ne 1.7

W3YYEHHUE 3AKOHOB TEUEHMS UJEAJIBHOM XKUJIKOCTH

O3HaKoOMbTECh C TeOpHeH B KoHcIekTe U B yucOHmKax 1. Tpodumosa T.U. Kypc dusuku. I'71.6,
§§28,29,30. 2. Hernad A.A., SBopckuit b.M. Kypc ¢usuku. I'm.3, §§3.5. Bribepure
«Mexanuka» u «TedeHWe HICATBHON JKUIAKOCTH». HaxXMUTE KHONKY C H300paKeHUEM
CTpaHUILbl BO BHYyTPEHHEM OKHE. [IpounTaiiTe TEOPUIO U 3alIMIINTE OCHOBHBIE CBEJICHUS B CBOM
KOHCIIEKT JIa0opaTOpHO paboThl. 3aKpOTe OKHO TEOPUHU, HAKAB KHOIIKY C KPECTOM B MPaBOM
BEPXHEM YIJ1y BHYTPEHHEIO OKHA.

HEJIb PABOTBI:
e 3HAKOMCTBO C KOMIIBIOTEPHOIN MOJIETIBIO TE€UEHUS UICATHHOM JKUIKOCTH.
e DKcrepuMeHTalIbHas MPOBEpKa YpaBHEHUN HEPa3pbIBHOCTU U bepHyIm.
e DKCIEpUMEHTaJIbHOE ONpeAeTICHUE PACX0a KUIKOCTH.

KPATKASI TEOPUSL:
NAEAJIBHON XUJKOCTDBIO Ha3bBaeTCsl KUAKOCTb, B KOTOPOW OTCYTCTBYET BHYTPEHHEE
TpEHHUE.

JIMHUEW TOKA Ha3biBaeTCsi MBICIIEHHO IIPOBEAEHHAs B IIOTOKE JIMHUS, KacaTelbHas K
KOTOPOH B JIt000H €€ TOUKe COBIAAET 10 HAIIPABICHUIO C BEKTOPOM CKOPOCTH JKUAKOCTH B ITOH
TOYKE.

TPYBKOUM TOKA  Ha3bpiBaeTcs IOBEPXHOCTb, OOpa3oBaHHAsl JUHUSMH TOKa, KOTOpbIE
IIPOBEJEHBI YEPE3 BCE TOUKH 3aMKHYTOI'0 KOHTYpaA.

JABJIEHUEM p %unkocTH HasbiBaeTcs (U3MYecKas BeIMUYMHA, ONpejesseMas HOpMalbHOU
CUJIOH, AEUCTBYIOIIEH CO CTOPOHBI XKUJKOCTH HA €AUHUILY TTOIIAAN

F
pP=-—<- (1)
AS
Ecin XuAKOCTh HEC)KMMaeMa, TO €€ IUIOTHOCTh HE 3aBUCUT OT JaBieHusa. Torma mpu
TIOTIEPEYHOM CEYCHUU S CTOJI0A KHUIKOCTH Ha TyOouHe h mpu mmotHOCTH o Bec Oyzer paBeH P =

£QSh, a naBneHne HAa HUYKHEE OCHOBAHUE

P pghS
= — = h’ 2
p S S Pg (2)

KOTOPOC HA3bIBACTCA eudpocmamuqecmm oaejeHuem.

YPABHEHUE HEPA3PBIBHOCTU s HeckuMaeMOi KUIKOCTH UMEET BUI:

Sv = const. (3)
VYPABHEHUE BEPHYJUJIM:
p—\2/2+pgh + p=const, (4)
pv’

TAC p HA3BIBACTCA CTATUYCCKUM NABJICHUCM, 7 - JMHAMUYCCKHUM AaBJICHUCM.

Jns ropuzoHTanbHON TpyOkH Toka (N1=hy) BeIpaxkeHue (4) mpuHUMAET BU]
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2

pv
—— + P =CoNSst (5) u Ha3BIBACTCS NOAHBIM OABICHUCM.

W3 ypaBHeHus (5) cneayer, 4To JaBleHUE U CKOPOCTh TEUEHHUS KUKOCTU B IBYX TOUKax 1u 2 Ha

OJIHOI U TOM K€ JINHUU TOKA CBS3aHbl COOTHOILIECHUEM:

Pl2 .o Vv, —V,
pg(hz_hl):_(vl _VZ)HHH 9= (6)

2 2(h2 o hl)
PACXOJIOM XUJKOCTH na3zwsiBaeTcsi 00bEM x)uakoctd Q, mporekaromuid 3a 1 ¢ uepes
MOTIEPEYHOE CeYCHUE TPYOBI

Q=Vs. ()

[Tycth S; 1 S) — MITOIIAM TIOMIEPEYHOTO CEUCHUS ITUPOKOTO U Y3KOTO YYACTKOB TPYOBI, a p1 U p2
— CTaTUYECKHE JABIICHUS B ATHX CEYCHHSX TPYObI, U3MEpsieMble C IOMOIIbI0 MAHOMETPHUYECKHUX
Tpyook. Torna ypaBuenue bepaymnnu (5) MOXKHO 3anmucarh B BU/IE

2 2
A pVv,
+Pp, = +Pp (8)
2 ' 2 2
Sl
Tak Kak JKHIKOCTh HECXKHUMAeMa, TO pV1S1=0V2Sy, Vv, =Vls—.
2

2 2
croponst: P, — P, =pgAh, u p\zll (1— %] =pgAh. Orkyna nomyunm: V, =

2

(9)
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METOJINKA U IOPAIOK U3MEPEHUN:
BHuMaTeNnbHO paccMOTPUTE PHUCYHOK OIBITA M 3apHCYHTE HEOOXOJMMOE B CBOM KOHCICKT
nabopaTopHOi pabOTHI.

TevyeHHe HAEANLHOA XHAKOCTH M= g3

€ B 2

TedeHu: H.l!.l'.'-'lﬂt-ﬂl:ll.l. WHAKOCTH

|'_I""I""I""I""‘I"'"'I |
d1 =90 MM 30 B0 7O S0 90 100

(o] ——[3}

d, =30 MM

[T TR
d. =60 MM | 30 40 50 B0 YO S0 40 10

(e———M

h1=13BMM h2=2l]MM h3=132MM

1. YcraHOBUTE C TIOMOIIIBIO MBIIIN OJJMHAKOBOE 3HaUCHUE auameTpoB TpyOsl d;= do= 03 Ha Bcex
Tpéx e€ yuacTkax, paBHoe BennunHe D1, ykaszanHoe B Ta0u.1 ayist Baeid Opurazpl.

2. C mOMOIIBI MHJUTHMETPOBOM JIMHEHKH M3MEPhTE BCIO JUIMHY TPYOBI OT JIEBOTO Kpask OKHA
OTbITa J10 MpaBoro L, u e€ quametp D,y

Dl
3. Omnpenmenute «MOJETbHYIO» IUHY TpyOsl Lyn mo dopmyne L= L =kL_mu

m el

9KC

3aMUIIATE 3TU 3HaUeHUs B Ta0d. 2.

4. HaxxaTtrem KHOIKH |l B BEpXHEH 4aCTH OKHA ONbITa OCTAHOBUTE TEUEHHUE KUJIKOCTH.

5. 3adukcupyiite cBO€ BHMUMaHUE HA MYHKTUPHOW JIMHUU B XKHUJIKOCTU (5 BEpTHKAIBHBIX
CBETJIBIX TOYEK B TpyOe), HaXoAsmIeics Ha Bxoe B TpyOy. HaxkaTreM KHOTIKH P» BO30OHOBHUTE
TEUYEeHUE XHUJIKOCTH MO TpyOe M OJHOBPEMEHHO BKIIOUUTE cekyHaomep. He Bwimyckas u3
BHHUMAaHUs BbIIEJICHHYIO JIMHUIO U COMPOBOXK/1as BU3yaJbHO €€ TeueHue Mo TpyOe, BBHIKIIOUUTE
CEKYHJIOMEp B MOMEHT IPOXO’KJCHHUS €il BBIXOAHOTO CeYeHUs TpyObl. 3alMIIUTe 3TO BpEeMs B
Tadymy 2.

6. IIponenaiite 3ToT onbIT 10 pa3 u kaxkaoe 3HaueHue tj 3anumure B TabauIly 2.

7. 3anummre B Ta6. 2 3aauenus Hi= h; =h,= hs.

8. C momouibio Kypcopa MBIIIH YCTAaHOBUTE BTOPOE, OJUHAKOBOE JJISl BCEX TPEX CEKUUH TPYOBI,
3HaueHue nuamerpa D, ykazanHoe B Tabnwuie 1 ans Bamel Opurajsl, 1 TOBTOPUTE U3MEPEHUS
no m.a. 1-7.
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TABJIMIIA 1. 3naueHusi AMaMeTPOB TPYObI

Homep D1 D2 Howmep D1 D2
Opuragsl | MM MM Opuragsl | MM MM
1 30 70 5 38 86
2 32 74 6 40 90
3 34 78 7 42 94
4 36 82 7 44 98
TABJINILIA 2. Pe3yabTaTbl H3MepeHUH
D= D=
Homep H.= Ho=__
U3MEpEeHUs
ti Vi Oi t; Vi Oi
1
2
10
Cpennue
3HAa4YeHUs

OBPABOTKA PE3VJBTATOB 1 O®OPMJIEHUE OTYETA:

1.ITo dopmyne V, = —"omnpenenure CKOPOCTb TEUCHHS XHIAKOCTH B KAKIOM OIBITC H o8
t

10
2V

Cpe/iHee 3HaUYEHHe <V1> = '1—0 " <V1>2 .
2. Tlo ¢dopmyne ¢ :M ONPEACIUTE SKCICPUMEHTAILHOE 3HAYEHUE YCKOPEHUS
2(H 2 Hl)

CBO60I[HOTO nmaacHusA U CPaBHUTE €0 C TCOPCTUUCCKUM 3HAYCHUCM.

3. Ilo ¢opmyne D12<V1>= D22 <V2> MPOBEPHTE BBIIIOJIHEHUE B BAaIllEM OIBITE YPaBHEHUS

HEPa3pPBIBHOCTH.
4. Tlo popmyne (9) paccunrtaiite 00BEM KUIKOCTH, TPOTEKAIOLIEH uepe3 ceueHue Tpyosi 3a 1 c.

5. Onpenenure NOrpemHOCTh IPOBEAEHHBIX U3MEPEHUM.

12



BOl'[pOCLI U 3aJaHUus JJId CAMOKOHTPOJIsA

1.

N

KakoB ¢u3ndeckuii CMBICII ypaBHEHHS HEPa3pBIBHOCTU JJISi HECKUMAEMOM KUIKOCTH U
KaK €ro BbIBECTU?

BriBenure ypaBuenue bepnyiu.

Kak B moToke >XKMIKOCTM MOXHO H3MEpPUTh CTaTHYECKOE, AMHAMUYECKOE M IIOJIHOE
naBieHue?

Chopmynupyiite u 00bsicHUTE 3aKOHBI Apxumena u [lackais.

Kakoe TeyeHune >XuAKOCTH Ha3bIBACTCS JIAMUHAPHBIM M TypOYJIEHTHBIM?

KakuMm kputepriem onpenensercs nepexo pekuMa TEUEHHs KUIKOCTU OT JJAMUHAPHOTO
K TypOyJeHTHOMY?

Kaxkoe siBieHue Ha3bIBaeTCs BA3KOCTBIO KUIAKOCTH?
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JIABOPATOPHAS PABOTA Ne 1.8

U3YUYEHUE COBCTBEHHBIX KOJIEBAHUM CTPYHbBI
(«MexaHu4yeckme konebaHus 1 BOMNHbI», «HopmanbHble MOAbl CTPYHbI»)

HEJIb PABOTbI:

e l3yyenue koneGaHMil B CHUCTEMaxX C paclpeleNéHHbBIMU MapaMeTpaMH Ha IMpUMepe
MOTIEPEYHBIX CTOSYUX BOJH B YIPYroi TOPU30HTAIBLHOM CTpYHE.

e HalOmonenue KapTUHBI pacHpeleNieHusl aMIUIMTYX Kole0aHWi TOYeK CTPYHBI IpH
00pa30BaHUM CTOSYUX BOJIH.

e KonuuecTBeHHass MpoBepKa (OPMYIbl CKOPOCTH PAcCHpOCTPaHEHUS KoJIeOaHUH BIIOIb
CTPYHBI.

KPATKAA TEOPUA:

CTOAYUE BOJIHBI — 310 o0CO0BIH ciydaii WHTEpQEpEHIMH, BO3ZHUKAIOMIWNA MpU
HAJIO’KEHUH JIBYX O€ryIMX BOJIH, pPACIPOCTPAHSAIOLIMXCS HABCTPEUY APYT APYTY C OJAMHAKOBBIMHU
4acTOTaMH U aMIUIUTYAaMHU:

&r=Acos (at —kx), & = Acos (at + kx) 1)
CJI0KHB TH YPaBHEHHUS M YUUTBIBAsI, YTO K = 277/, NOJTy4HM ypaBHEHUE CTOSTYCH BOJIHBI:
E=4& + & =24 cos kx cos awt = 2A cos (272x/A) COS at. 2

W3 ypaBHeHnus (2) ciemyer, 9To B KaKAOH TOYKE ITOH BOJHBI HMPOHMCXOIAT KOJEOAHHS C
OJTHOM W TOW K€ YaCTOTOW @ W aMIUIUTyHoi 2A COS (27X/A), 3aBUCAIICH OT KOOPAMHATBI X
paccMaTpuBaEMO TOUKH.

B rtoukax cpensl, rae 272X/A =# mxz (m = 0,1,2,...), aMmuaTyaa kojeGaHUN TOCTHraet
MaKCHMAaJIbHOTO 3HaueHus, paBHoro 2A. B Toukax cpemsl, rae 272X/ = Am +1/2) 7z, ammnuryna
Kosie0aHui o0palaeTcst B Hylb.

Touku, B KOTOPBIX aMIUIUTYAa MaKCHUMallbHA, Ha3bIBAIOTCS NYYHOCAMU CMOAYEU B0IHbL, A
TOYKH, B KOTOPBIX aMIUIATY 1a KOJIeOaHUI paBHA HYJTIO, HA3bIBAIOTCS V31AMU CIMOSYEU BOIHbL.

B rubkoii onHOpPOJHON CTpyHE, HATAHYTOM MeXAy ABYMS TOYKaMU U BBIBEJEHHOW W3
MIOJIO’KEHUSI PAaBHOBECHSI, MOTYT YCTAaHOBHUTHCS CTOSYHME BOJHBL Ilpu 3TOM Ha jummHE CcTpyHBI L
BCErja JOJDKHO YKJIAJbIBAaThCS IEI0€ YHUCIO CTOSYMX BOJH. Ilpu 3TOM cTpyHa nemuTcs
HETIOJIBIKHBIMH TOYKAMH — y3JIaMH — Ha HECKOJBKO PAaBHBIX OTPE3KOB, JUTMHA KOTOPHIX paBHA
MOJIOBUHE JITHMHBI Oeryiieil BomHbl. Ce10BaTeNbHO, MOXKHO 3alHCcaTh

L=n(2), 3)
rJIe N — IeJI0e YUCIIO, ONPEAeAIoniee KOJUYECTBO TOTYBOJH, YIIOKHBIIMXCS Ha BCEH JTMHE
CTpyHHI L.
Tak, kak JUIMHA BOJIHBI A CBSI3aHA CO CKOPOCTHIO PaCIPOCTPAHEHHUS BOJHBI V U YaCTOTOH V
COOTHOIIIEHHEM V = AV, TO,

YUUTBIBAs (3), umeem
m=1 Im n

V:ZV' 4)

m= 2 | CprHa9
CJICAOBATCIIBHO, MOXKET

KOJIe0aTbCd HE C OIHOU

n=3 I{}—Q—@-I 4acTOTOW, a ¢ LEIbIM
P CIIEKTPOM YacTor,
=4 | —

COOTBETCTBYIOIIHM
COOCTBEHHBIM
Prc.1 (HOpMaJIbHBIM)
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KoJleOaHusIM CTpyHBL. B o0mem ciydae noOble CIOXKHBIE KOJeOaHUS B CTPYHE MOXHO
IPEJCTaBUTh KaK CYMNEPHO3MLUsA HECKOJbKHX COOCTBEHHBIX KOJICOAHUH, OTIMYAIOIIMXCS HE
TOJIBKO CBOMMH 4YacTOTaMH, HO M CBOMMHU aMIUTUTYAAMHU JJIs OTACIBHBIX TOYEK CTPYHBI.
Pacnpenenenue aMIuIMTy] OTAEIbHBIX TOYEK BOJIHBI IIPU COOCTBEHHBIX KOJeOaHMSX JUIs
pa3IMYHBIX 3HAYEHUH N UMEeT BUJ, H300paXEHHBIN Ha puc. 1.

OmnbIT MMOKa3bIBAET, YTO CKOPOCTh PACHPOCTPAHEHUs MMITyJbca Jegopmanuil (kosebaHuil)
BJIOJb CTPYHBI OIPENCNACTCS CHION HATSOKEHHs CTPYHbl F M JMHEHHON IUIOTHOCTBIO 4
MarepHaia CTpyHsbI:

v=_|—. (5)
Y7
Torga ¢ yu€rom Gopmyinsl (5) hbopmyna (4) mpumeT BUI:
n [T

METOJIUKA U NOPAJIOK U3MEPEHUIA:

1. VcraHoBuTe € NMOMOUIBIO JBUKKOB PErYyJISTOPOB IMOCTOSIHHbIE 3HAYEHUS JIMHEHHOU
IUIOTHOCTH MaTepuaja U CWIbl HATSDKEHUs CTPYHBI, YKa3aHHbIX B Tabmuue 1 juis Barmiei

Opuranpl.
2. YcTaHOBUTE HavalbHYK YacToTy Kojebanus ctpyHbl f = 1,0 I'm u, mocreneHHO
yBeNM4MBas €€ 3HAYCHHUE, IOJIydYUTe YCTOHYMBBIE KoyiebaHusi CTpyHBI mpu N = 1 (cm

pacrpejielieHie aMILIMTY ] TOYeK CTPYHbI pu N = 1).

HopmanbHbie MO CTPYHB | _ =) x|

Ehl 2| 72

T
L=1.0m I

H p=30riv
7] =—[=
E ]
5 T=1.0H
4]
3
2 f=11.4Tu
. E—O=
1 ¥
i} . |

fy f, f5 £y O4HCTHTE

3. AHaOrWYHBIM O0pPa30M TIOJYYUTE CTOSYME BOJIHBI COOTBETCTBYIOIIHE PA3THYHBIM
3HAUEHUSM N U 3aroyHuTe Tabm.2.

4. YcraHOBUTE BTOPOE 3HAYCHHE JIMHEWHOW MJIOTHOCTH MaTepuana CTpyHBI u3 TaOu. 1l ms
BaIlleil Opurapl U mpoaenaiTe usmepeHus n.2 u 3 eme pa3 u 3anoaHUTe Tad.3.
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Taoauna 1.

No 6purazsr | 1 2 3 4 5 6 7 8

T,H 1111211314 |15|16|1,7(138
W, /M 5152 |53|54|55|56/|57/|58
91192(93[94(95[96|9,7|9,8
Taoauusl 2, 3. Pe3yabTaThl H3MEepPeHUIl U PACYETOB
n |1 |2 (3 |4 |5 |6 (7 |8
Vi

Viz

OBPABOTKA PE3VJbLTATOB U O®OPMJIEHUE OTYETA:

1. Pe3ynbraThl M3MEpeHUIl MpeAcTaBbTe B BUAE ABYX TIpaUKOB, OTKJIAAbIBas MO OCU
abcruce 3HaYeHns v, a 10 OCH OPAMHAT — COOTBETCTBYIOLIME UM 3HAYEHUS N .
2. Tlo TaHreHcy yria HaKJIOHa K OCH aOCIHCC KaXJOro rpaduka OmpeienuTe, UCIOIb3Ys

2

T oo
(1)OpMy.]'Iy = 3HAYCHUA JIMHCHUHOU IIJIOTHOCTU MaTepuajia CTPYHblI U CPABHUTE €TO

T 5
4% Av?
3HAYEHHE C YCTAaHOBOYHBIM.

3. OneHUTE MOTPENTHOCTh U3MEPEHUH U C/IeNIaiiTe BRIBOABI 110 TpadrikaM U OTBETY.

BOl'lpOCLI U 3aJaHus JJIsd CAMOKOHTPOJIsA

UYro Takoe BoiHA?

Kakas BonmHa Ha3bpIBaeTCs MPOJOIBHOM?

Kakas BosiHa Ha3bpIBaeTCs MONEPEUHON?

Yro Takoe BOJIHOBOH ()POHT U BOJIHOBAS MOBEPXHOCTH?

Uro Ha3bIBaeTcs JUIMHOM BOJIHBI, BOJIHOBBIM YHCIIOM?

Kakas BonHa siBisietTcs: a) O6eryieit; 6) cTosueil; B) MIOCKOI;

r) chepuueckoi?

7. Tlpu Kakux yCIOBHUSX BOSHUKAIOT CTOSYUE BOJTHBI?

8. 3anummmTe ypaBHEHHE CTOSYEH BOJHBI.

9. 3anuiuuTe BOJIHOBOE YpaBHEHUE.

10. Yem cTostuast BOJTHA OTIIMYASTCS OT Oerymei?

11. Yro Takoe Mmy4HOCTh U Y3€l CTOsSYel BOJIHBI?

12. Yemy paBHO pacCTOSTHUE MEXKIY IBYMS OJIMKAWITMMH MTyYHOCTSIMH CTOSTYEH BOJIHBI?

13. 3anuuute GopMyIbl ONpeesIeHUs] KOOPJUHAT IMYYHOCTEN U Y3JI0B CTOSIYEH BOJHBI.

14. OObsicHUTE MEXaHU3M O0pa30BaHUSI CTOSIUUX BOJIH MPH OTPAKEHUH Oeryiied BOJIHBI OT
IpaHULbl pa3jena ABYX Cpel] pa3IndHON IIOTHOCTH.

15. Ot yero 3aBUCUT CKOPOCTh PaCIpOCTPaHEHHUS YIPYTOl BOJIHBI B CTpyHE?

16. Uro Takoe OCHOBHAs 4acTOTa CTPYHBI?

17. Yro Takoe rapMOHUKH OCHOBHOM 4aCTOTHI?

18. 3anumuTe COOTHOIIEHUE MEX/1y YACTOTOM M BOJIHOBBIM UM CIIOM HOPMAJIBHBIX MOJ| CTPYHBI.

19. Kaxue BOJHBI Ha3bIBAIOT JUCIICPTUPYIOIIAMU?

20. Yo Takoe dypre-ananus?

oukrwdE

JIUTEPATYPA

1. Tpodpumona T.U. Kypc ¢puzuku. M.: Beiciias mkomna, 2001, I'n.19, §157.
2. Hernad A.A., SABopckuit b.M. Kypc ¢usuku. M.: Bricmas mxona, 2000, I'm.29,
§§29.6
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JIABOPATOPHASA PABOTA Ne 1.9

N3YYEHUE OCHOBHBIX CBOMCTB MEXAHUYECKHX BOJIH
(«MexaHunyeckme konebaHus n BomHbI», «MexaHnyeckne BOSHbI»)

HEJIb PABOTBI:

e Omnpexesnenue Hha3o0BoOi CKOPOCTH PACIPOCTPAHCHUS ITOTIEPEYHBIX BOJIH Ha HATSHYTOM

KIyTe.

e Ilposepka ¢popmyisl (pa30BOi CKOPOCTH PACIIPOCTPAHEHHSI BOJIH Ha MOBEPXHOCTH
KHUIKOCTH.

KPATKASA TEOPUA:

[Ipomiecc pacmpocTpaneHus] KojieOaHUI B CIUIOIIHOW Cpele Ha3bIBACTCS MEXaHUYEeCKUM
BOJIHOBBIM ITPOLIECCOM UJIU BOJTHOM.

OCHOBHOE CBOMCTBO BCEX BOJH COCTOUT B TOM, YTO B BOJIHE IIPOUCXOJUT MEPEHOC SHEPTUU
0e3 mepeHoca BelecTBa.

Kaxxapiif TUIT MEXaHMYECKHUX BOJIH MOKET OBITh BO30YXKIEH B OINPEAEICHHOM BEILECTBE MU
cpene. [lpu pacnpocTpaHE€HHMM BOJHBI YaCTULBI CPElIbl B 3aBUCMMOCTH OT MPUPOJBI BOJIHBI
UCIBITHIBAIOT CMELLEHUS PA3JINYHOTO POJA.

Ecam wacTuipl cpelbl UCHBITHIBAIOT CMELICHUS B HANPABICHUM, MEPIEHIUKYISIPHOM
HAIPaBJICHUIO PACHpPOCTPAaHEHUs, Takas BOJHA Ha3bIBaeTcsl norepeuHoil. IIpuMepoM BOIHBI
TaKoOro poJa MOXKET CIIY’KUTh BOJIHA B HATSHYTOU CTPYHE.

Eciu cMmemenuss 4actuil cpeibl MPOUCXOJAT B HAIPaBICHUU PACHpPOCTPAHEHUS BOJIHBI,
TaKasi BOJIHA Ha3bIBAETCS IPOJIOJIbHOW. BOJIHBI B yIIpyroM CTEpHE WJIM 3BYKOBBIE BOJIHBI B Ta3e
ABIIAIOTCS IPUMEPAaMU POAOIbHBIX BOJIH.

BonHbl Ha TOBEPXHOCTH BOJBI UMEIOT KaK MONEPEYHYIO, TaK U MPOJOIbHYIO KOMIIOHEHTHI.

B kaxnom Tume Oerymmx BOJH BO3MYILEHHE DACIpOCTpaHseTCsl 4Yepe3 cpeay C
OIPEAEIEHHON CKOPOCTBIO, 3aBUCSILEH OT TUIIA BOJIHBI U CBOMCTB CPEJIBI.

CKopocThb NMOIMEPEYHBIX BOJIH B CTPYHE 3aBUCUT OT €€ MOrOHHOM Macchl | (Macca eIMHHULIbI
JUIMHBI) U CUJIbI HaTsbKeHus T:

v=_|—.
Y7
CkopocTh pacpOoCTpaHEHUs MPOJIOJIbHBIX BOJH 3aBUCUT OT MOAYJS CkaTusd B u miuoTtHocTH
CpeJBl:
v=_[—.
P
B ciyuae TBepAoro crep;kHs MOAYJIb CxKaTHsl paBeH Moayiro FOHra Y, moatomy
v= L.
P
[Ipomecc pacmpocTpaHeHHs 3BYKOBBIX BOJH B ra3e MOXHO CUUTAaTh aaMa0aTUYECKHUM,

mosToMy GOpMyIIa ISk CKOPOCTH 3ByKa B ra3e HMEET BHA: V= | 72
P
TJie p — IaBlIiCHUE B raze, Y — MmokazaTelb aanadaThl.
FH)]pO,ZII/IHaMI/I‘—IeCKaH TEOpHUA BOJIH HA MOBCPXHOCTU KUAKOCTHU HNPUBOAUT K cneny}omeﬁ
dbopmyre ais Ha3zoBo CKOPOCTH UX PACTIPOCTPAHCHHUS:

o [or
27
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r7ie § — YCKOpEeHHue CBOOOJHOTO MaieHHs, A — JJTUHA BOJIHBL.

YpaBHEHHE IIJIOCKOH OETyIel BOJHBI HMEET BU:

&(x,t)= Acos (et —kx + ¢ ) ,
rae §(X,t) — cMelleHue YacTHIl CPeJibl OT TMOJIOKEHUST PABHOBECHS;

A — aMIITUTY/1a BOJIHBI;

@ — MUKJIAYECKas yactota BOJIHBI (@ = 27 )

k — BoHOBOE uncio (K = 2774 = V/w);

X — KOOpAMHATa TOYKU CPEJIbl;

@p— HavyambHast (pa3a BOJHBL

'apmonnueckre BOJHBI B OJHOPOJIHBIX Cpelax paclpOCTPAHSIOTCA C HEKOTOPOi
IIOCTOSTHHOM CKOPOCTBIO V, PaBHOM

v-X_e gy 2 ,
da k T

KOTOpasi Ha3bIBaeTCA pazo6ou ckopocmuvio 6onmsi. Ecnu (a3oBas CKOPOCTh BOJIH B cpele
3aBUCHUT OT HUX JJIMHEBIL, TO 3TO SIBJICHUE HA3bIBAKOT I[HCHEPCHEPI BOJIH.
Bripaxenue, onpenensiomee @ = f (K) Ha3pBaeTcs 3akonom Oucnepcuu WA OUCHEPCUOHHBIM
COOMHOULeHUEM.

VYpaBHeHue cheprudeckoil BOJIHBI HMEET BUJI:

g(k,r):icos(a)t—kr +00),
r
rje I — pacCcTosiHUE OT IIEHTPA BOJHBI JI0 pACCMAaTPUBAEMON TOYKU CPEJIBI.
BOJIHOBOE YPABHEHUE — nuddepenunansHoe ypaBHEHHE B YACTHBIX MPOU3BOJIHBIX,
KOTOpOE OMMCHIBAET MPOLECC PACIPOCTPAHEHUS BOJIH B OJIHOPOAHON U30TPOIHOM Cpee:

o [ o¥ 0¥ _10%

o oy a? VRt

METOJAUKA U NOPAJIOK U3MEPEHUIA:

IKCHHEPUMEHT 1. HUcciaenosanue 3aBUCHMOCTH (Pa30BOil CKOPOCTH PACHPOCTPAHEHMSA
YIPYroil BOJIHBI OT YaCTOThI

1. Ortkpoiite OkHO «MexaHMYEeCKHE BOJHB» M HAXMUTE KHONKY «Tum BOmH» —
«IIonepeynsie B BEPEBKEY.

2. YcranoBute yactoty kojebanuit 1,00 't m ammunTyy kosieGanust BOJHBI 10 Tadiwuile 1.

Tabéuamnna 1.

Bpurana 1,8 2,7 3,6 4.5
Awmmmuryna, m | 0,4 0,35 /0,30 |0,25

3. Onpenenute (pa3zoByr0 CKOPOCTh PacCHpOCTpPAaHEHHUS TOMEPEYHOW BOJHBI HA HATSHYTOU
Bepéske. [l aToro:
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B M exannyeckue BonHbl = [ =]
a9 NE3]

HunuALC EOAHY

o -

rﬂpMDHHuECKﬂﬂ BOMAHAa

LT
A= 0.40mM lm ¥ [onepeqyHbie B BEpEBKE Lrapt

€ MpoAonbHEE B rase

[ BoAHE Ha BodE

Puc.1
a) ¢ MOMOIIBI0 CEKYHIOMEepa OINpeaeauTe BpeMsl I IpoX0oxkaeHus Iyra BOJHbI juHoi 104
BUJUMOTO Ha J3KpaHe ydyacTka (puc.l) U 3amummTe pe3ynbTaT U3MEPEHUsS B MEPBYIO SUYEHKY
NepBOi CTPOKU TaOIuIbl 2. [lone3nvlil cogem: exknouUme CeKyHoomep npu nepeceyeHuu irobo2o
(Hy1€6020) 2pebHs 60.IHbI NPABOU CMOPOHLL PAMKU OKHA onvima «l apmoHuyeckas 601HA» U
BBIKTIOUUME NPU €20 NpU nepecedenuu Mot CmopoHbl 0ECAmMo20 No cYémy 2peOHs GOHbL.

= T

| S ""r-.__..--"’

Puc. 1
0) MOBTOPHUTE 3TO U3MEpEHUe enle 4 pa3a v 3aMoJHUTE IEPBYIO CTPOKY TadJ. 2.

Ta6auna 2. U3mMepeHune BpeMeHH pacnipocTPaHeHUs yra BOJIHbI

Bpewms
YacTora | PACIIPOCTpaHEHHS IyTra
BOJIHBI, | BOMHBIL, €
t
Fry |y |y (3045 |
1,00
1,10
1.20
2,00

B) Ha)KaTHEeM KHOIKHU LI HKpaHEe MOHMTOpPA OCTAHOBHUTE BOJHOBOW IPOLECC M C MOMOILBIO

MUJUJTMMETPOBOI JIMHENHKN U3MEPHTE JITTMHY BOJIHBI A.
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104
r) mo dopmyie <v> = _<t> OTIpeNIeTUTE CPEAHIO (Ha30BYI0 CKOPOCTH BOJHBI MIPH YacTOTHI
1,00 'y u 3anummnTe 3TO 3HaUeHKE B Ta0I. 2 U 3 B cTOI0EIT V,.
1. HaxmuTe KHONKY L3 1, TIOCJICJIOBATEIHPHO YBEIUYMBas YacToTy BotHBI Ha 0,1 I,
MpoJiesIaiTe 3TH U3MEpeHus 11 Bcero auana3zona 9actotT (1,00 — 2,00 ') u 3amoaHuTe
Tabmuuel 2 1 3.

OBPABOTKA PE3YJIbTATOB 1 OPOPMJVIEHUE OTYETA:

1. Tlo popmyne V = AV BBIYHCIUTE A KAXKIOH 4acTOTHl pacuéTHYIO (ha30BYIO CKOPOCTH
BOJIHBI V,, ¥ 3AIHUILUTE 3TO 3HAY€HUE B Ta0J. 3 B CTPOKY V.

2. Tloctpoiite Ha OAHOM rpaduKe 3aBUCUMOCTH 3KCIIEPUMEHTAIBHON V, U PAacUueTHOU V,
(ha30BOI CKOPOCTEH pacpoOCTpaHEHUS BOJIH OT YaCTOThI KoJjicOaHuii f.

v
3. W3 nomyueHHoro rpaduka ompenenure 3aBHCUMOCTH df3 u dfm OT YacTOTbl BOJIHBI
(mMcTIepcrIo BOJIH).
4. CpenaiiTe BBIBOABI 110 pe3yJbTaTaM paOOTHI.
Tadiauuna 3. Pe3yJbTaThl H3MEpPEeHUH U PACY€TOB
f, ' 1,00 1,10 1,20 2,00
A, cM
V,,cM/C
Vi CM/C

JKCIHHEPUMEHT 2. DxcnepuMeHTajbHasi npoBepka ¢(opmyabl (a3oBoil cKopocTH
pacnpocTpaHeHHus rUAPOINHAMUYECKHX MOBEPXHOCTHBIX BOJIH

[MapWOHHUECK.aa BOAHA

T
IM " NonepeuHee B BEpEEKE LrapT
fel {Egl -

o MpoAonkHbIE B rase

= BonHeI Ha Boae

1. OTkpoiite 0kHO «MexaHn4YecKre BOJIHbI» U HAXMUTE KHONKY «Tun BosH» — «BoaHbI Ha
BOJZIE.

2. BeIOJIHUTE U3MEPEHUS AHAJIOTMYHBIE U3MEPEHUAM I1.I1. 2-4 SKCIepuMeHTa | u 3anummre
pe3ysbTaThl U3MEPEHUH U pacyEéToB B Tabn.4 U 5, aHanoruyHele Tadi. 2 u 3 skcrepuMeHTa 1.

OBPABOTKA PE3YJIbTATOB 1 OPOPMJVIEHUE OTYETA:

A o
1. ITo popmyne v= 1{2— paccuMTanTe TEOPETHUECKYIO (Pa30BYIO CKOPOCTh PACIPOCTPAHEHUS
T

BOJIHBI JIJIS1 KaXJI0H U3MEPEHHOHN JITMHBI BOJHBI M 3aNUINNATE 3TH 3HAUYEHUS B TaOI. 5 B CTPOKY
V.

2. TloctpoiiTe Ha OogHOM rpaduKe 3aBUCHMOCTH SKCIEPUMEHTAIBHOW V, U PAaCUETHOU V,,
(ha30BOI CKOPOCTEH pacpoOCTpaHEHHS BOJH OT YaCTOTHI KoJjicOaHuii f.
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av,
W= OT YACTOTHl BOIHEI

9

3. W3 monmywyenHoro rpaduka OmpenenuTe 3aBUCUMOCTH

(mucmiepcuio BOJIH).
4. Cpenaiite BBIBOJIBI IO Pe3yIbTaTaM paboTHI.

B()l'[pOCLI H 3aJaHUd JJId CAMOKOHTPOJIsA

1. Ompenenure, Kakyl BOJHY — MPOAOJBHYIO WA TOMNEPEYHYI0 — OMHUCHIBACT YpaBHEHUE
&= Acos(at—kx)?

2. Yto Takoe ¢a3oBast CKOpocTb BOJIHBI? Hanmimmre BeipaskeHust 1uis (ha30BOM CKOPOCTH BOJIHBEI.
3. Ynopyras BojiHa NMEpeXoAUT U3 Cpelbl, B KOTOpoi (ha3oBasi CKOPOCTh paBHA V B cpeady, B
KOTOpO# (a3oBass CKOpOCTh B JiBa pasza Oosbiie. OnpenenuTe, 4YTo MPU 3TOM IPOUCXOIHT C
JUIMHOM BOJIHBI Y YaCTOTO?

4. Bnonap ocu X pacmpoCTpaHseTcsl IUIOCKash BOJHA ¢ JumHOW A. Omnpenenute HauMeHbIIEe
paccTosiHUEe MEXY TOUKaMHU CPefibl, B KOTOPBIX KOJeOaHHs COBEPIIAIOTCS B IPOTUBOdaA3eE.

5. Ha puc.4 mokazaHa «MOMeHTaibHasi (oTorpadus» CMEMICHWH YacTUIl CpPelbl, B KOTOPOH
pacrpocTpaHsieTcs BAOJIb OCH X YIpyras BOJHA. YKaKUTE HalpaBIECHUS CKOPOCTEHW 4acTHIl B
toukax A, B u C B ciyuae: a) po10JibHOM BOJHBL; 0) MONEPEYHON BOJIHBI.

D
A "“‘I-..._...-—"'"
Puc. 4

6. Ha puc.4 mokazana «MoMmeHTalbHast ororpadus» cCMENeHuH YacTHIl Cpeibl, B KOTOPOIl
pacmpocTpaHsieTcsl BAOJb OCH X YyIpyras BOJIHA. YKaXHUT€ TOYKH, B KOTOPBIX nedopMarius
Cpenbl: a) paBHA HY/IO; 0) MPUHUMAET MaKCUMaJIbHOE 3HAYCHHE. Y KAKUTE TOYKHU, B KOTOPBIX
CKOPOCTh CMEIIIEHUS YaCTHUI[ CPE/Ibl: a) MaKCUMallbHa; 0) MUHUMAJbHA.

U
‘ A\_/lr: >
v

Puc. 5
7. B Oerymieil momepeuyHoi BoOJIHE, MOKa3aHHOM Ha puc.5, yactuna C MMeeT HampaBlIeHUE
CKOPOCTH, yKa3aHHOe Ha pucyHke. OrnpenenuTe: a) Kakoe HallpaBJIeHUE CKOPOCTH OYAYT UMETh
yacTuibl A u D B 3TOT MOMeEHT; 6) B KaKOM HaIlpaBJIEeHUH PacIpOCTpaHsIeTcs: BOIHA?
8. CoBmaiarT I TUCTIEPCUOHHBIC COOTHOIIEHUS IS OTYIUX U CTOSYNX BOTH?
9. HaGmrotaetest 1 AucIiepcus 3ByKOBBIX BOJIH?
10. Yro Takoe BOJHOBOM nakeT?
11. Yto Takoe rpynnosas ckopocTs? Hanummre BbipakeHue Uil TPYIIIOBOM CKOPOCTU BOJIH.
12. Mopckue BOJIHBI, MPUONMKASCh K HAaKIOHHOMY Oepery, yBEIHMYHMBAaIOT CBOIO BBICOTY B
HECKOJIBKO pa3, a Ha HUX 00pa3yloTcs MeHUCTbIe rpeOHU. OOBACHUTE 3TO SIBICHUE.

13. Ha puc.6 a), 6), B) mokazaHbl HampaBJeHMs] CKOPOCTeH JBYyX Touek BOJHBI. Ompenenure,
KaKHe 3TO BOJHbI?
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Puc.f
14. Bponp ynpyroro LIHypa paclpocTpaHsieTcs IOIepedHas BOJIHA CO CKOpocThio 15 m/c.
[lepuon xonebanuit Touek mHypa T = 1,2 ¢, ammiutyna konebanuit A = 0,02 M. Onpenenure
JUIMHY BOJIHBI, a3y ¥ CMEILEHUE TOUKH, OTCTOSIIEH Ha pacCTOSAHUM 45 M OT UCTOUYHUKA BOJIH B
MOMEHT Bpemenu t =- 4 c.
15. BonHa pacnpocTpaHsieTcss OT MCTOUYHUKA KoJeOaHUi B1oJb npsMol. CMelleHre TOYKU s
momeHTa BpemeHu 0,5 T cocraBmser 5 cm. Touka ymajgeHa OT HCTOYHMKA KoyieOaHWW Ha
paccrosinue A/3. Onpenenure aMIUIUTYAY KOJIeOaHUH.
16. BosHbI pacnpoCTpaHSIOTCS BIOJIb IIHYpa CO CKOPOCTBhIO 3 M/c mpu vactote 2 I'm. Uemy
paBHa pa3HOCTh (pa3 KoneOaHUH ABYX TOYEK LIHYpa, HAXOASIIUXCSA Ha PACCTOSHUU 75 CM JIpyr
oT npyra?
17. Ckopocth 3Byka B Boje paBHa 1450 m/c. OmpenenuTte paccTOSIHHE MEXAY TOUYKAMH,
COBEpILIAIOIINMU KoJIeOaHus B MPOTUBOda3ax, eciu yactora konedbanuit 725 I'm.
18. Mumo HenonBrkHOTO Habmoaarens 3a 10 ¢ npomwio 4 rpeGHs BostHBL. OnpenenuTe nepro
KOJIEOAHUI YacTHIL CPEIbI.
19. Pa3HOCTh X0O/a IByX KOI'€pEHTHBIX BOJIH C PaBHBIMU aMILTUTYyJaMH KosnebaHuil paBHa 15 cM,
a JuiHa BoaHbl 10 cM. Ompenienure, KakoB pe3ynbTaT MHTEP(EPEHLIUU TUX BOJIH?
20. PacctosHMe MeXAy IEpBbIM M UETBEPTHIM Yy3JaMHM CTOSYEH BOJHBI paBHO 24 cM.
Onpenenurte AUHY Oerymiei BOJIHBI.

JIUTEPATYPA
1. Tpopumona T.U. Kypc ¢usuxu. M.: Beicmias mikosna, 2001, T'n.19, §157.

2. ernad A.A., SABopckuit .M. Kypc ¢usuku. M.: Beiciias mkona, 2000, I'1.29,
§§29.1-29.3.
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JIABOPATOPHAS PABOTA 2.10
MOJAEJMPOBAHUE OIITUYECKUX CUCTEM

O3HakoMbTeCh C Teopueil B KoHcHekTe U B ydueOHukax: 1. Tpodpumona T.U. Kypc dpusuxu. §
166. 2. lletnad A.A., SABopckuii .M. Kypc ¢usuku § 32.7.

3amyctute nporpammy «Ontukay, «3putenbHas Tpybda Kemnepa» u «Mukpockon». Haxmure
BBEPXY BHYTPEHHMX OKOH YKa3aHHBIX Da3/IeloB KHONKU C H300paK€HUEM CTpPaHMIIBL.
[TpounTaiiTe KpaTKUe TEOPETUUECKUE CBEAEHUS 00 ATHX ONTHYECKHX CUCTEMAX U 3AlUIINTE
UX B CBOM KOHCIIEKT.

HEJIb PABOTbI:
e (O3HaKoOMIIEHHE C ONTHYECKUMH CXeMaMH 3pUTENbHOM TpyObl Kemiepa n Mukpockomna.
e MozenupoBaHHUe 3TUX CXEM U3 IPOCTHIX JIUH3.
e [IlIpoBepka popmyn yBenuueHus 3puTesbHOM TpyOsl Kemiepa u Mukpockora.

KPATKASA TEOPUA:

1.3putenbnas Tpyda Kemnepa mpencraBisier coboil ONTHYECKYIO CUCTEMY, MpeIHA3HAYCHHYIO
JUIs HaOIOJeHUs YAaIEHHBIX MPeaMeToB. Eciu Jiydu oT mpenmera MpUXomsiT B TpyOy B BHIE
napauieIbHBIX MYYKOB, TO ONTUYECKAs CHCTeMa TPYObl Ha3bIBACTCSI TEIECKOMMYECKOM.

Ha puc. 1 nmpeacraBnena onTuueckast cxema 3puTenbHOM TpyOsl Kemepa. Ona cocTout us
JUIMHHO(OKYCHOTO 00BheKTHBa | U OKymsipa 2 — TMH3bI ¢ MEHBIIUM (DOKYCHBIM PACCTOSTHUEM.

1

A

(p/f://j >/D v
/

Puc. 1

Bropoii rnaBubIif pokyc F1 o0bexTrBa coBnanaer ¢ nepBbiM riiaBHbIM (pokycoM F2 okyisipa,
Onarosaps yemy najaroiuii B 00bEKTHUB NapajieNbHbIA MY4YOK JIydel BBIXOJUT

W3 OKYJISIpa TaKXKe mapajiyieIbHBIM IMydkoM. Kak moka3zano Ha pucyHke 1, 00bexTuB 1
3puUTeNbHON TpyOB! 00pa3yeT obpaTHoe JelicTBuTeNnpHOE n300paxkeHne G OeCKOHEYHO
yAAIEHHOTO MPEeIMETa, KOTOPOE paccMaTPUBAETCS B OKYJIAp 2.

YBenuuenue TpyOs! I sBIsieTCS yeno6bim yeenuyenuem i paBHO OTHOIICHUIO

[= tg_‘/’ (1)
9o
re Y — Yrodi, ojJ KOTOPBIM MpeaMeT HaOmroaaeTcss B TpyOy (CormacHO MpaBMITy 3HAKOB, 3TOT
yroJl OTPULATEIbHBIN); (0 — Yroj, M0/l KOTOPBIM MpeIMET BHJIEH HEBOOPYKEHHBIM TJ1a30M (eciu
TJ1a3 MOMECTUTh BMECTO OOBEKTHBA TPYOBI Ha ONITUYECKOMN OCH).
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lupuna napamiensHoro mydka jgyded D, BXoasmmx B 0oOBEKTHB, OOBIYHO paBHA TUAMETPY
oovekTrBa. IllupmHa mnydyka D', BbIXOAAIIEro W3 OKYJsIpa, ONPEACISACTCS THAMETPOM
BBIXOJHOI'O 3payka CUCTEMBbl. BBIXOJHON 3payok SIBISETCS U300pa)KEHHEM BXOIHOIO 3pauKa,
JTaBa€MOT'0 OKYJISIPOM.

W3 puc. 1 umeem st yBenuuenus I

__h __b
[=-— 0, r=-5 G

2

CootHomieHne (2) MOKa3bIBa€T, BO CKOJbKO pa3 yBEJIMYMBAIOTCS YIJIOBBIE pPa3MeEphI
N300pakeHNsI B CPAaBHEHUH C YIJIOBBIMH pa3MepaMu MpeaMeTa pyu HaOMoJeHnH yepes Tpyoy.

Jluneiinoe yeenuuenue [3 HaX0MUTCS MO (HOPMYIIaM F€OMETPHUYECKON ONITHKH:
F D’
Igp=1 (4), CJIEZIOBATEIILHO = _Fzz 5 (5)
1

Tak kak D' < D, T0o 3puTenbHas Tpyoa 1aéT yMEHbIICHHE JIMHSHHBIX Pa3MEpOB HAOIFOIAeMbIX
00BEKTOB.

2. MMKpOCKOl’l MMpCaAHa3Ha4YCH JJIA Ha6J'IIOI[eHI/I${ MCJIKUX IMPEAMETOB, HC PA3JIMYMMBbIX I'JIa30M. Ha
puc. 2 IIOKa3aHa ONTHYECKas cxeMa MHKpPOCKOIIA.

1 A

A 2
1 3
Y 2 Fq F,
| = 3
=Y 3
- A 2! |

v % l /

Puc. 2

MHUKpPOCKOIT COCTOMT M3 JIBYX JHMH3: KOPOTKO(OKYCHOro oO0beKTHBa 1 U oKkymsapa 2, pokycHoe
paccTtosiHue KoToporo Oosblie, yeM y okyispa. [Ipeamer Y pacmnonaraercss BOIM3M IEPBOTO
¢dokyca F1 oObexkTHBa Tak, 4TO NEHCTBUTENBbHOE yBETUYEHHOE oOpaTHoe n3oOpakeHue — Y’
nosyyaercsi BOnM3u mnepBoro (okyca F2 okymspa 2 — mexay HUM U OKyisipom. OKysp
JEWCTBYET Kak Jyma, JiaBasi MHUMoe u3o0paxenune —Y'' Ha paccmosnuu Haunyyuezo 3penus do
(do = 0,25 ™M) or rma3za 3, KOTOPBIH HAXOAUTCS HEMOCPEACTBEHHO 3a OKyyspoMm 2. Jlyun 1,2,3
MO3BOJIIOT TTOJIYUUTh M300pakenue —Y'; yun 1, 2', 3', momajas B cucTemy riasza 3, CXOIATCs
Ha ceTyaTKe rjasa, e JalT H300pakeHne, COOTBETCTBYIOIIEE MHUMOMY H300pakeHn0 —Y'',
JTaBaeMOMY OKYJIIpOM Kak Jiynoil. be3 yuactus rnaza n3oOpaxkeHHs He BUIHO, a M3 OKYJspa
BBIXOJIUT PACXOMSIIUNACS My40oK Jyded. Paccrossane A Mexay BTOPHIM (DOKYCOM OOBEKTHBA U
nepBbIM (POKYCOM OKYJISipa Ha3bIBACTCS ONMUYECKUM UHMEPBATIOM.

Ecnu npenmer Y momecTuTh Ha paccTosiHUM di OT 00BEKTHBA MUKPOCKOIA, €ro u3oopaxenue Y’
OyIeT HaxoIUThCS OT OOBEKTHBA HA PACCTOSHUU f1, YIOBIETBOPSIOLIEM YpaBHEHHUIO
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N300paxkeHue nmpeamera OyeT yBEIUYSHO MPU 3TOM B

f
k,, = d—l pas. (6)
1
Okyisip pacnosararoT OTHOCUTEJIBHO M300paxeHus Y Tak, 4ToObl OHO paccMaTpUBalIOCh Yepe3
Hero kak uepes jayny. OkoHuaTesbHOE u300pakeHue Y ' OyAeT MHUMBIM U OyJIeT OTCTOATH OT
okyJssipa Ha paccrosnuu f2. Ecnu paccrosinue d2 ot okysnspa 10 IPOMEKYTOYHOTO U300pakeHus

Y’ nomoGpaHo Tak, 4TO OHO YAOBJIETBOPSET YPABHEHUIO

1 1 1
—_—=—
FOK d2 f2
TO YBCIIMYCHHC I/1306pa)KeHI/I${ Y’, JaBacMO€ OKYJIISIPOM, ITPU 3TOM OKaXCTCA paBHBIM
f
2
kor( = - (7)
d2

VYBenuueHue MHUKpockorna [ BbIYUMCISeTCS Kak NPOU3BEACHHE YBEIMYEHUN OOBEKTHBA U
OKYyJIsipa:

F = k06k0,< (8)

B cnyuae, xorna F1 u F, MHOro MeHbIIe onTM4ECKOro MHTEPBAJIA A, yBEIMYEHHE MUKPOCKOIA

9)

d,A
FlFZ .

BBIpa)kaeTcst MPOCTOil PopmMyIion : I'=

N3MEPEHUA:

DKCIHHEPUMEHTI1. 3pureannas Tpyoa Kenjiepa

= JpuTrensHan Tpyia Kennepa

€ 2| 72

DT I T T [
F, = 150 MM 140 150 1EQ P = 0.05 0.0

pz-0.25 T =-F,/F,=-50

1.ITogBenquTe Mapkep MBIIIKA K JBHXKKY peryisropa Fi, HaXMHTE JIeBYIO KHOMKY MBIIH H,
yAepKuBas €€ B HA)KATOM COCTOSIHUM, ABUTANTE ABUAKOK IO YCTAHOBKH 3HaueHus Fi, B3ATOrO U3
TaOnuIel | 171 Bamiel Opurajbl.

2. YcTaHOBHTE aHAIOTHYHBIM 00pa3zom Fr 1 @.
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3. 3anmumure B Tabnuiyy 2 3HadeHue [, =— i, B34TO€ M3 HUYKHETO IMPABOTO OKHA CXEMBbI
FZ

3putenbHOl TpyOsl Kemuiepa.

4. C nomMoIibp0 MUUIMMETPOBOM JTMHEUKH M3MEpPhTE Ha 3KpaHe MoHUTOpa D u D' u 3anummre

9TH 3HAYCHUS B TAOIUITY 2.
. D
5. Paccunraiite 3Hauenune I, = — E Y 3aMHIINATE 3TO 3HAYCHHE B TAOIHUITY 2.

6. CpaBHUTE NOJTydyeHHOE 3HaYeHue [, co 3Hauenuem [ ;.

7. YcranaBnuBas BTOpble 3HaueHUS F; u Fp, B3saThie M3 Tabmmmbl | uist Bamiedd Opwurajisl,
MOBTOPUTE U3MEPEHUs 1O M. 2-6, 3aMuchIBasi pe3yiabTaThl U3MEPEHUN B Tab. 2.

8. OnernTe a0COTIOTHYIO MOTPEITHOCTH H3MEPECHUH.

TABJIMIA 1.

Bpuranga 1 2 3 4 5 6 7 8

F1 100 | 110 |120 |[130 |140 |150 |160 | 170
MM 105 | 115 125 | 135 | 145 |155 |165 | 175
F2 20 |22 |24 |26 |28 30 34 36
MM 21 |23 |25 |27 |29 32 35 38

0 0,00 | 0,01 | 0,02 |0,03|-0,011-0,02|-0,03]-0,04
TABJIMILIA 2.

I'; D mm Dmm |1, AT,

DKCIHEPUMEHT 2. MUKPOCKOI.

4| Mukpockon

CYNENK




1.[logBenuTe Mapkep MBIIIK K JBUXKKY peEryasaropa (OKYCHOTO pacCTOsSIHUS OObEeKTHBa
MHUKPOCKOIIa, HAXMUTE JICBYIO KHOMKY MBIIIU W, YACpXKHBas €€ B HAXaTOM COCTOSHUH,
nepeMeIanTe IBIXOK 10 ycTaHOBKH F1, B3saToro u3 tabmuikl 1 1yist Bameil Opuraipl.
2.YCcTaHOBHUTE aHAJIOTHYHBIM 00pa3oM (oKycHOe paccTosHue okyispa F2 u 3ammmmre 3tH
3Ha4YeHHs B Ta0II. 2.

4. C moMoIIp10 MHJUTMMETPOBON JTMHEHKHU n3MepbTe pacctostamst d1, d2, f1, {2 u 3anumure ux B
TaduIy 2.

5. o dopmymnam (6) u (7) u (8) paccuntaiire koo, kok u I' u 3anumuTe 311 3HaYeHUS B Ta0I. 2.
4. Paccuntaiite mo ¢dopmyne (9) TeopeTndeckoe 3HAYEHHE OINTHYECKOrOo HHTEpBajga AT IO
napaMeTpam, YKa3aHHbIM B HIDKHEH 9acTH OKHA.

6.0mpenenute MacmTad MIKalIbl OKHA ONTHYECKOW CXeMbl MUKpOCKoIa. J[J1s 3TOro u3aMepnre C
MOMOIIBI0 MHJUIMMETPOBOM JIMHEWKH Ha JKpaHe MOHHUTOpa ¢okycHoe paccrosiHue F1 u
COMOCTaBbTE €ro CO 3HAYCHHEM, YKa3aHHBIM B JIEBOM HW)XHEM HPSIMOYTOJIbHUKE OKHa
ONTHUYECKOU CXEMBI.

7.M3mMepbTe ¢ MOMOIIBI0 MUJUIMMETPOBON JTMHEHKH HA SKpaHE MOHUTOPA ONTHYECKUI HHTEPBAI
MHUKPOCKOIIa, TPHBEAUTE €ro B COOTBETCTBHE C MAacITabOM IIKAaJbl OKHA W 3allHIIUTE
MOJIy4YeHHOE 3HaueHue MHTepBaia B Ta0u. 2 (rpada Ad).

8.ComocTaBbTe TMONYyYEHHBIE OKCIEPUMEHTAJbHBIC 3HAYEHHMsS] ONTHUECKOTO HHTEpBaia u
YBEJIMUEHUSI MHKPOCKONA C YKAa3aHHBIMH B OKOIIKE OIBITA 3HAYCHUSMH M CHCIANTE aHaIu3
OTIBITA.

9. CnenaiiTe OIIEHKY MOTPEIIHOCTH U3MEPECHUIA.

TABJINILIA 1.

bpurama | 1 | 2 |3 |4 |5 |6 |7 |8

Fimm 3539|4347 |51|55|59 |63
37 |41 4549 |53 |57 |61 |65

Fomm |40 |42 |44 |46 |48 |50 |52 | 54
41 |43 45|47 49|51 |53 |55

TABJINILIA 2.

Fr | Fo | di | do fi1 fo | Kes | Ko | T | Ad
MM | MM | MM | MM | MM | MM MM

BOl'lpOCbI U 3aJaHUA 1JId CAMOKOHTPOJIA

UYTto Ha3bIBaeTCs JIMH30M?

Kaxkas nuH3a Ha3pIBaeTCSt TOHKOM?

Yro Takoe riiaBHas U OOOYHAsI ONITUYECKUE OCU?

UYro HazpiBaeTcs (POKYCOM JHH3BI?

Kak MOXHO MOCTpOUTH N300paKeHHe MPOU3BOILHON TOUKH B JIFO00M TH3E?

MO>KHO JI1 C TIOMOIITBIO0 PACCEUBAIOIICH JIMH3BI TOIYIUTh YBEIIMUEHHOE N300 pakeHHEe?
MOXHO 7M1 C TOMOIIBIO COOMpAOIIEH JIMH3BI MOJYYUTh YMEHBIIIEHHOE H300paskeHue
npeamera?

8. Cdopmynupyiire npuniun depma.

NoabkowhE
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9. Uro Ha3bIBaeTCS ONTHYECKON CHUIION TUH3BI, B KAKMX SAMHUIIAX 3Ta CHJIA U3MEPSIETCS?
10. 3anumure GopmMyay TOHKON JTUH3HI.

11. HazoBute abeppanuy ONTUYECKUX CUCTEM.

12. TloctpoiiTe X0 Jiydel B MUKPOCKOTIE, 3puTelibHON TpyOe Kerepa u ¢oroamnmapare.
13. Kakas ontudeckasi cicTeMa Ha3bIBaeTCs TEJIECKOMUIECKO?
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JIABOPATOPHAS PABOTA Ne 2.11

W3YUEHUE JUOPAKIIUU ®PAYHTODPEPA OT OJHOM LIEJIA

O3HakoMbTeCh C Teopuel B KOHCIIEKTe JieKiuid u B ydeOHmkax: 1.Tpopumona T.M. Kypc
busuku. § 179; 2. lernad A.A., SABopckuii b.M. Kypc ¢usuku. ['n. 32, § 32.3.

3amyctute nporpammbl: «OnTuka» u «ludpakius ceeray. Haxmure BBepXy BHYTPEHHETO OKHA
KHONIKY C u300pakeHHeM cTpaHuibl. [lpounrtaiiTe W 3amUIINTe KPAaTKHE TEOPETUUYCCKUE
CBEICHHSI B CBOI KOHCIIEKT.

HEJIb PABOTHI :
e 3HaKOMCTBO co cxemoil mudpaxumu PpayHrodepa OT OJHON IEIH B KOTEPEHTHOM
cBeTe.

e Omnpenenenue yriaoB Iupakiuy B MapaICIbHBIX JIydax.

KPATKASA TEOPUA:
Hudpakuus Ppaynrodepa HaOmrOmaeTCss B TOM Clydae, KOT/Ia MCTOYHHK CBETa W TOYKA
HaOroseHnsT OECKOHEYHO YHNAJIEeHbl OT TPEMSATCTBUSA, BBbI3BaBIIEro  audpaknuio. Cxema

HaOmoenus nudpakmun Opayrrodepa OT OAHOH IIeTH MoKa3aHa Ha puc. 1.
3

N

¢2 N N ap

—_— ay

Puc. 1.

[TapasmienpHpli MOHOXpPOMAaTHUYECKUN MYYOK CBeTa | majaeT HOPMAIbHO Ha ILIENb 2, JAJIMHA
KoTopoii MHOro Oousbine € mmpuHbl 0. CormacHo mnpuHIUNy [foiireHca, Kaxmas TOYKa
IUIOCKOCTH IIENHM, JO KOTOPOM JOIUIO CBETOBOE KOJIeOaHHWE, CTAHOBHUTCS HCTOYHHUKOM
BTOPUYHBIX BOJIH, PACHPOCTPAHSIOIIUXCS BO BCE CTOPOHBI MMOJ yriamu Iudpakuuu @, @2 ,...,
T.€. CBET AU(parupyer NMpH MPOXOXIEHUH depe3 Iuenb. JudparupoBaHHbIE MyYKH SBISIOTCS
KOT€pEeHTHBIMU U MOTYT UHTephEpUpOBaTh NpU HAJOKEHUU. Pe3ynbrar uHTeppepeHnu B BUe
[OJIOC C TEPUOAMYECKHM pachpeiesieHMeM HMHTEHCUBHOCTH HaONIoJaeTcss Ha JKpaHe 3,
HaxoJduleMcs Ha paccTosHuu L. YcioBue nupakioOHHOIO MaKCUMyMa Ha OCHOBE METO/1a 30H
Openens onpenensercs Gopmyioi

dsing==%(2m +1)% (m=1,2,...).
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Bonee TouHbI pacuéT MHTEPPEPEHIIMOHHONM KapTUHBI OT OJHOM IIenu AaéT CleAyloIue
GopMynbl,  ompenensiomiMe  yriasl  AU(QPAKIMHM, COOTBETCTBYIOIIME  AU(DPAKIMOHHBIM
MaKCHMyMaM:

IIEPBOTO MOPSIKA dsin @, =+ 1,434;

BTOpOro mopsinka  d Sin @, =+ 2,464, 1)

Tperbero nmopsiaka  d sin @3 =+ 3,47\,

U3 stux ¢Gopmys, 3Has IMUPUHY Iend 0 W AJMHY BOJHBI CBETA A, MOXHO TEOPETUYECKU
paccunTaTh HAaIpaBJIICHHWsS Ha TOYKM DJKpaHa, B KOTOPBIX AMIUIMTYyJa, 4, CICNOBATENIbHO, U
MHTCHCUBHOCTh CBE€Ta MAaKCHUMallbHA. AHAJIOIMYHbIE pacdyeTbl MOXXHO CHEJaTh U3
SKCIIEPUMEHTAIBHBIX JAHHBIX 110 U3MEPEHHBIM HA OIBITE 3HAYEHUSM a1 , a2, U a3 U 3aJaHHOMY
PacCTOSHUIO MEX/1y LLEIbI0 U 3KpaHoM L.:

(U1t MaTTBIX YIJIOB omyckaeM: Sin a =~ tg o). Torxa:

) a, . . a, . . a,
Sin o1 —=; SInp,~ —=; SIngy~ —. 2
o1~ 2o 3~ 2)

METOJINKA M TOPAJIOK N3MEPEHUI

3akpoiiTe OKHO Teopuu. BHUMATENBHO pacCMOTPUTE PUCYHOK, HAMAUTE BCE PETYISATOPHI U
JIpYrue JJIEMEHTHI KCIIEpUMEHTa U 3apucyite Ux B KoHcHekT. [lomyuure y mpenonpaBarens
JIOTIYCK JJIsl BEIIOJTHEHUS 1Ta00paTopHON padoTHI.

=% ludparuwna ceetTa == 3
€27

d = 3.7 MM

& = 34T HH

— MNpenaTcTEME

. Wapwk

" Kpurnoe oTEEpCTHE
0 ek

= Hrna

m = [d/2)°/[AL) = 0.6
L=10m

N3MEPEHMUNSI:

1. IToaBeauTe MapKep MBIIIN K ABUKKY PETYIATOpa BOJIU3U KAPTUHKHU CIIEKTPa, HAKMUTE JICBYIO
KHOIIKY MBIIIM W, yAEp>KuBas €€ B HaXXaTOM COCTOSIHUHM, JBUTANTE IBUKOK JI0 YCTAHOBKHU
3HAYEHUsI ITTUHBI BOJHBI Aj, B3ATOTO W3 TaOIUIILI | /1JIs Bamiel Opurajsl.

2. AHajoruyHbsIM 00pa3oM, 3alleNUB MBIIIBIO JABMKOK PETYIISATOPa PACCTOSHUS MEXIy IIETSIMHU,
YCTAaHOBUTE MHHHMalbHOE paccrosaue d = 2 mm. M3MepbTe, MCHONB3ysl IIKaly Ha JKpaHe,
pPacCTOSIHUE a1 MEXKIY HYJIEBBIM U IEPBBIM MAKCHUMYMaMH, dp — MEXKIY HYJIEBBIM U BTOPBIM
MakCUMyMaMH W T. JA., 10 YETBEPTOrO0 MaKCUMyMa. 3allMUIMTE ATH 3HAY€HUs B Tabiuny 2.
VYeenuuusas d Ha 0,5 MM, TpoBeIuTe 3TN U3MEpeHus e 4 pasa.

3. CornacHo Tabnuue 1,ycTaHaBIuBas HOBbIE YMCIIOBBIE 3HAUEHUS JUTMHBI BOJHBI A JUIS Baiien
Opuraipl, MOBTOPUTE U3MEPEHUS 110 I1.2, 3aMHUChIBask pe3ybTaThl U3MEpEeHUsl B Tabnuibl 3,4,5.
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TABJIMIIA 1. 3HaueHusi AJUMHBbI BOJHBI A( B HM)

bpueaoa 1 2 3 4 5 6 7 8
yn 400 405 410 415 420 425 430 435
A2 500 505 510 515 520 525 530 540

A3 580 585 590 595 600 605 610 615

n 630 635 640 645 650 655 660 665

TABJIULBI 2-5 Pe3yabTaTsl n3mMepeHuii npu A = HM

d, mm 2,0 2,5 3,0 3,5 4,0

ai, MM

az, MM

a3, MM

a4, MM

sin @1x 10°

sin ox10°

sin @3x10°

sin @4x10°

OBPABOTKA PE3VJbBTATOB 1 O®OPMJIEHUE OTYETA:

1.M3mepbTe 1o 1mKaje SKpaHa ¥ BHECUTE B TaOJIHIIBI 3HAUCHUS a1, a2, a3, a4.

2. Paccunraiite no ¢opmysaM (2) 1 BHECUTE B TaOJIMIbI 3HAUEHUSI CHHYCOB YIJIOB JU(PPAKLIUU.
3. CpaBHUTE NMOITYYEHHBIE PE3YNIbTATHI C TEOPETUUECKUMHU, pacCCUUTaHHBIMU 110 hopmynam (1).

4. Onenure aOCOTIOTHYIO OLIMOKY U3MEPEHUN YIIIOB U PAKIINH.

5. IlpoBeaute KauecTBEHHbIE HAOJIOEHUS W3MEHEHUS TU(PPAKIMOHHON KapTUHBI — TIpU
YBEJIMYEHUU pa3Mepa ILIeTd OT MHUHUMAJIbHOIO JI0 €ro  MaKCHUMaJbHOIO 3HA4YeHHUs Npu
HEM3MEHHOM JUTMHE BOJHBI U 3alTUIINTE PE3yIbTAThl ’TUX HAOIIOICHUI B CBOM OTYET.

BOHpOCbI " 3a1aHUA NJI1 CAMOKOHTPOJIA

UYro HaswiBaeTcs nudpaxiueir @paynrodepa?

Yro HazpiBaeTcs nudppakuuein Openens?

Yro Takoe cBeToBas BOJHA?

Yro Takoe 30Ha Openens?

Yro Takoe nATHO Ilyaccona n mouemy OHO BO3HUKAET?

3anumure yCIoBUs MAKCUMYMOB 1 MUHUMYMOB TpH aAudpakiuu OpeHens U 1udpakiuun
®paynrodepa.

7. Pemmre 3amady, NpeayiokKeHHYI0 B paboTe IOJ 3HAKOM BONpOCa B BEpXHEH YacTH
JKpaHa.

ok wnE
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JIABOPATOPHAS PABOTA Ne 2.12

OINIPEAEJIEHME PA/INY CA KPUBU3HbI JIMH3bI C IOMOIIBIO KOJIELL
HBIOTOHA

O3HaKOMBTECh C TeOpHUEH B KOHCHekTe U B yueOHmKax: 1. Tpodumona T.U. Kypc dusuku. [
22, 8§174; 2. Hertnad A.A., ABopckuii b.M. Kypc dusukm. I'a. 31,§ 31.3. 3anycrure nporpammy
«OtkpeiTast ¢usuka 1.1». Breibepure «Ontuka» u «Konbma Heiotona». Haxmmure BBepxy
BHYTPEHHET0 OKHa KHOIKY ¢ M300pakeHHeM cTpaHullbl. [IpounTaiiTe KpaTkue T€OpeTHYECKHE
cBenenus. Heobxomumoe 3anumute B cBoil KoHcmekT. (Ecmu Bel 3a0bpuaH, Kak paboTarh C
CHUCTEMOM KOMITbIOTEpHOT0 MoieupoBanus, npountaite BBEJIEHUE ctp.5 eme pa3).

HEJIb PABOTBI:

e 3HAKOMCTBO C MOJICTHPOBAHUEM SIBJIICHUS HHTEP(PEPEHITNHN CBETa B TOHKHX IUIEHKAX.

e l3yuenue unteppepeHIUU MOJIOC PAaBHOM TOJIIIMHBI B cxeMe Kosel HproToHa.

e Omnpenenenue paanyca KpUBU3HbI JIUH3BI.
KPATKASA TEOPUA:
Kiaccuueckum mnpuMepoM TM0JOC pPaBHOW TOJNIIMHBI ABJSIIOTCA Kosiblla Hpiorona. Onu
HAOMIOAIOTCA  TNPU  OTPAXKEHMH CBETa OT  BO3JAYIIHOTO  3a30pa, OOpa30BaHHOTO
IJIOCKOMAPAJIJIEbHOM UIACTUHKOM M COIPHUKACAIOIICHCS C HEW IUIOCKOBBINYKJION JIMH30M €
0OJBIINM painycOM KPUBU3HBI (puc.l).

[
(%]

Puc.1

Ecnu Ha nMH3Y nagaer mydok MOHOXPOMATHUYECKOIO CBETA, TO CBETOBBIC BOJIHBI, OTPAKEHHBIC
OT BEpXHEN M HUKHEW MOBEPXHOCTEH BO3IYIIHON MPOCIONKH, OyAyT UHTEPPEpUPOBATH MEXKITY
coboit. Ilpu oTtomM o0Opa3yrorcs HHTEp(EpPEHUMOHHBIE IOJIOCH, HMeolHe  (Gopmy
KOHIEHTPUYECKUX CBETIIBIX U TEMHBIX KOJIELl, yObIBAIOIIEH IIMPUHBI.

B orpaxx€HHOM cBeTe onTHUeckas pa3HOCTb X0/a ¢ Y4ETOM MOTEPH MOJTyBOJIHbI OyJeT paBHa

A
A=2d+—, 1
5 )

rze d- TonmrHa Bo3ayInHOro 3a3opa. M3 puc.1 cieayer, uro

r’=R*—~(R-d)’=2Rd-d’. (2)
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2 .
VYuauTtbiBast, uto d° SBIISETCS BETMYUHOIN BTOPOTO MOPsAKA MAJIOCTH, TO U3 (2) MOIy4IuM
2
r

d=—. (3)
2R
CrnenoBaTeabHO,
r’
A=—+—. 4)
R 2
B Toukax, s KOTOPBIX ONTUYECKAs! pa3HOCTh X0/ paBHA
A
A =(2k +1)§, (5)
BO3HHUKAIOT TEMHBIE KOJIbIIa. 13 dhopmyi (4) u (5) paauyc K-oro TéMHOro KoJblia OyaeT paBeH
r’ =kRL  (6)
®opmyna (6) MO3BOISAET ONPEACIUTD PAINYC KPUBU3HBI JTMH3BI
r2
R=—.
kA

Bcenencreue nedopmanmu cTekia, a Takke HATAYHS HAa CTEKJIE MBUTMHOK HEBO3MOXHO JOOUTHCS
IUIOTHOTO INPHUMBIKAHMS JIMH3bl M IUIACTUHBI B OfHOM Touke. IloaTtomMy mpu ompeneneHun
paanyca KpUBHU3HBI JIMH3BI MOJB3YIOTCS APYrod (popMyinoi, B KOTOPYIO BXOJUT KOMOWHAIINS W3
JIBYX 3HA4Y€HUI pajuycoB MHTEP(EPEeHLMOHHBIX KoJel Iy u Ip, YTO MO3BOJIAET UCKIIOUUTH
BO3MOJKHBIH 3a30p B TOUYKE KOHTAKTa JIMH3bI U CTEKJISHHOMN IUIACTHUHBI:

r2_r?
R=_m 'n
(m—nh "

METOJINKA M TOPAJIOK N3MEPEHUI
1. BHuMaTenbHO pacCMOTPHUTE OKHO OIbITa, MOKAa3aHHOE Ha PHUCYHKE 2, U 3apUCYyHTe
HE00XO0IMMOE B CBOI KOHCIIEKT JaOOPaTOPHOI paOOTHI.
2. 3anenuTe MBIIIBIO JBUXKOK PETyJIATOpa [UIMHBI BOJHBI MOHOXPOMATHYECKOIO CBETa M
YCTaHOBUTE TEPBOE 3HAUCHUE IJIMHBI BOJHBI U3 TaOMUIb! | fu1st Bameit Opurajapl. AHAJIOTUYHBIM
00pa3oM yCTaHOBHTE NIEPBOE 3HAYCHHE Painyca KPUBU3HBI JTUH3HI R.

BHUMAHUE! Ilenv pabomsi - nposepumsv coomeemcmeue yCmaHo8OUH020 3HAUEHUs.
paouyca KpususHvl IUH3bL U paccuumarnno2o no gopmyne (7).

@ K.onbna HewToHa =[]
€ B| 2

r mirE

m 1

-
L1}

-
| ]

o = (RNYZ = 0,73 1w
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1
3. Ilo dopmyne I = I’lmzn YKa3aHHOMY 3HA4YCHHUIO I B IIPaBOM HIDKHEM IMPSIMOYTOJILHUKE

OKHa OIbITAa paccuuTaiiTe 3HaueHus paauycoB 3, 4, 5 u 6-oro TémHbIX Kojeln HbpioroHa u
3aMMIIATE 3T 3HAYCHHUS B TaOIHUILY 2.

4. Tlo gopmyne (7) pma My =3 u Ny =5 u My =4 u Ny =6 paccunTaiite paguychl KpUBU3HBI
a3kl R* 1 R*, u 3anummre 3Tv 3HaueHus B Ta01.2 .

5. YCTaHOBWTE MBIIIBIO BTOpPHIC 3HAYCHHS pauyca KPUBH3HBI JUH3bI M JUIMHBI BOJHBI W3
TaONMIEI | ¥ BBIMOJIHUTE U3MEPEHUS I1.I1. 3 U 4.

6. Ilpoananu3upyiiTe MNOJyYEHHbIE PE3YJNbTaTbl U OLEHUTE IMOTPEIIHOCTh MPOBEAEHHBIX

HM3MEpPEHU.

Taﬁ.lmua 1. 3Hayenusn AJIMHBI BOJIHBI M1 paanyCca KPUBU3HDbI JIMH3bI.

Bpuranst | Ay, 5Mm | Ay, HM | R1, eM | Ro, em
15 400 640 50 180
2,6 460 680 70 160
3,7 520 730 90 140
48 560 760 110 120

Ta6auna 2. Pe3y1bTaThl H3MEpeHNii H pacyeToB.

7\,1: R1 = 7\,2 = Rz =
I3 I5 4 le I3 I5 4 le
R = R = R = R =

BOl'lpOCLI U 3aJaHUA 1JIdd CAMOKOHTPOJIsA

1. Yto Takoe mosockl paBHOW TOJILMHBI U paBHOTO HAaKjIOHA? ['71e OHU JOKaNM30BaHbI?

2. IIpoBenute pacu€t nHTEPPEPEHIMOHHON KapTUHBI B TOHKOM MJIEHKE.

3. Yto Ha3bIBAETCS BPEMEHEM KOT€PEHTHOCTH HEMOHOXPOMATHYECKOUM BOJIHBI?

4. Yto Ha3bIBACTCS JJIMHON KOTE€PEHTHOCTHU?

5. TloueMy nnsi HEMOHOXPOMATHUYECKOTO CBETa YHCIO BHJIUMBIX HHTEP(EPEHIIMOHHBIX KOJell
Oyznet orpann4eHHbIM? OT 4yero OyzeT 3aBUCETh ATO YUCIIO?

6. OObBsCHHUTE, MOYEMYy pPACCTOSIHHE MEXIy KOJbIAMU H3MEHSETCS C W3MEHEHHEM paauyca
KPUBU3HBI JINH3BI IPU HEU3MEHHOM JIJTUHE BOJIHBI?

7. Kak u3MeHutcs kapTuHa Kojel, HproTOHa, ecnum BO3AYIIHBIM 3a30p MEXAY JUH30M H
IUIACTUHOM 3aII0JIHUTEL BOION?

8. Ilouemy B OTpakEHHOM CBETE B IIEHTPE HAOIIOAAETCS TEMHOE KOJIBIIO?

9. Kak m3menutcs kaptuHa koner HproToHa, ecnu HaOMIOIEHHE TPOBOIUTH B MPOXOISIIEM
cere?

10. [ToueMy MaciisiHOE MSATHO HA MOBEPXHOCTH JKUIKOCTH UMEET PANYKHYIO OKpacky?

11. OObsicHuTe, KaK sBICHHE WHTep(EpeHIMH CBeTa B TOHKHX IUIEHKAX HUCIOJB3yeTCs IS
MIPOCBETIICHUS] ONITUKU?
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JIABOPATOPHAS PABOTA Ne 2.13

NCCIEJOBHME 3ABUCUMOCTU MOIIIHOCTHU U K.I1.I. UICTOYHUKA
MOCTOSHHOI'O TOKA OT BHEIIIHEHN HATPY3KH

O3HakoMbTeCh ¢ Teopuel B koHcriekre U yueOHukax: 1. Tpodumona T.U. Kypc ¢uzuku. ['n. 12,
§99. 2. Jletnap A.A., SABopckmii b.M. Kypc ¢usuku. I'm. 19, §19.2.3amyctute nporpammy
«OnekTpudyecTBO W MarHetusm». BoiOepute: «llenmm mocrossHHOro Toka». Haxxmute BBepxy
BHYTPEHHEI'0 OKHa KHOIKY ¢ M300pakeHueM cTpaHuibl. [IpounTaiite KpaTkue TEOpeTHYECKue
ceegenus. Heobxoaumoe 3amummte B cBOMl koHcnekT. (Eciu Bbl 3a0bliu, Kak paboTaTh C
CUCTEMOM KOMIIBIOTEPHOI0 MojenupoBanus, npountaiite BBEJIEHUE ctp.5 eme pa3).

HEJIb PABOTBI:
e 3HAKOMCTBO ¢ KOMIIBIOTEPHBIM MOJECINPOBAHUEM LIENIEN IIOCTOSIHHOTO TOKA.
e liccnenoBanue 3aBUCHMOCTH MOIIHOCTM M K.II.JI. MCTOYHHMKA IIOCTOSHHOIO TOKa OT
COIPOTHUBIICHHS BHEIIHEW LIETIN.

KPATKASI TEOPHUS: _
3AKOH OMA J1J141 [TOJIHOU LIEIIU:
E
| = , @
R+r

I- cuna Toka B OCIIN, E- QJICKTPOABUIKYIIAA CHUJIa UCTOYHHKA TOKa, BKJIIOUEHHOI'O B OCIlb, R-
COIIPOTUBJICHUEC BHCIITHECH enwy, I'- BHYTpEHHEE COIIPOTHUBIICHNEC HCTOYHHKA TOKA.

MOII[HOCTb, BBIJIEJISIEMA 1 BO BHEIIHE! IEITH:
E2
P=I’R=———R. (2
(R+r)
U3 dopmynbl (2) BUIHO, YTO TpU KOPOTKOM 3ambikanuu 1enu (R—0) m mpu R—o0sTa
MOIIIHOCTh paBHa Hymo. [Ipu Bcex Npyrux KOHEYHBIX 3HaYeHHsXx R wmomHOCTh P> 0.
CnenoBatenbHo, (yHKIUs P; uMeeT MakCUMyM. 3HadeHue Ry, COOTBeTCTBYlolIEe
MaKCHMalbHOW MOIIIHOCTH, MOKHO TONMY4YHTh, Tuddeperupys P mo R u npupaBHuBas nepByro
MIPOU3BOTHYIO K HYIIIO:
2 2
dP,_E?|(R, +r) -2(R, + r)RJ:O
dr (R, +r)
N3 dbopmynst (3), ¢ yuérom toro, uro R u r Bceraa monoxutenbHel, a E # 0, mociie HECI0KHBIX
anredpandeckux Mpeodpa3oBaHUN MOTYUUM:
Ro=r. (4)
CrnenoBatenbHO, MOWHOCMb, 6bl0ENAeMAs 60 6GHeWwHel yenu, oocmuzaem HauboIbue2o

SHA4YeHUus npu CconpomueleHuu eHelHell yenu paeHoOM GHYMPEHHEM) CONnpomueleruro
UCMoOYHUKA mokKa.

(3)

[Ipu >ToM cuna Toka B ienu | = —=—= 5)

2r 2
paBHA TMOJIOBHHE TOKAa KOPOTKOT'O 3aMbIKaHHUs. [Ipy 3TOM MOIIHOCTH, BBIAEIsIEMasi BO BHEIIHEH
IETTH, JOCTUTAET CBOEr0 MaKCMMAaJIbHOTO 3HAUCHHSI, PABHOTO

EZ

=—, 6
1max 4r ( )
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Korza ucTouHMK 3aMKHYT Ha BHEILIHEE COMPOTHUBIIEHUE, TO TOK IPOTEKAET U BHYTPH UCTOYHHKA
U IPU 3TOM HA BHYTPEHHEM COIPOTHUBIICHMM MCTOYHUKA BBIIEIAETCS HEKOTOPOE KOIMYECTBO
Teria. MoIHoOCTh, 3aTpaunBaeMas Ha BBIIEICHHUE 3TOr0 TEIUIA paBHA

P=1°. ©)
CrnepnoBarenbHO, TIOJTHAS MOIIHOCTD, BBIIEISIEMast BO BCEH 1enu , onpeaenutcs Gopmyron
_ 12 2,0 _ 42 _
P.=P+PBP=I"R+Ir=I"R+r)=IE  (8)
KODDOULMEHT ITOJIE3HOI'O JEMCTBUS ucrounnka Toka paBeH
P R
(9)

1

P R+r

noJiH

T]:

N3 popmymnsl (8) caemyer, 4To
P=P _ —P=El-I°r, (10

T.e. P1 W3MeHseTcs C W3MEHEHHWEM CHJIbl TOKAa B IENM IO MapabOoIM4YeCKOMYy 3aKOHY U
npuHuMaeT Hyneble 3Hauenns npu | = 0 u npu | = —. IlepBoe 3HaueHME COOTBETCTBYET

pa3zomkHyTO# 1ienu ( R>> r ), BTopoe — kopoTkoMy 3ambikaHuio ( R<< r). 3aBUCUMOCTb K.II.1I. OT
CHJIBI TOKa B 1en# ¢ yuérom opmyi (8), (9), (10) mpumer BuA

r
=1-—1 11
n = (11)

Taxum 06pa3om, K.I.J1. JOCTHTaeT HauOOJIbIIETo 3HaYeHus 1) =1 B ciaydae pa3oMkHyToi menu ( |
= 0), a 3areM yMeHbIIAeTCs IO JUHEHHOMY 3aKOHY, 0O0pallasch B HyJb IPU KOPOTKOM
3aMbIKaHHU.

3aBucumocts MomHocTed Pi, Ppomy = El M KA. MCTOYHMKA TOKa OT CHMJIBI TOKa B LIENH
MoKa3aHbl HA puc.l.

k.n.a.

F1

Puc.1. lo Elr

N3 rpadukoB BUAHO, YTO TOJYYUTH OJTHOBPEMEHHO TMOJIE3HYIO MOITHOCTH U K.I1.JI. HEBO3MOKHO.
Korna momHocTh, BBIIENseMas Ha BHENIHEM ydacTke Iienu Pj, mocturaer HamOOIBIIETO
3HAYEHMUsI, K.11.JI. B 9TOT MOMEHT paBeH 50%.
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METOJIUKA U HOPAJIOK U3MEPEHUIA:

El] lleny NocToAHHOrO TOKA !EI
€ BD|2
oo 1.0
. . || | .
1 LT
! .
E r
L] - + B L]
7.4 3.8
L] n L]
LT LT
R—CDI‘IF]DTHEH‘IEHHE
BHEWHEM U4
JNEMEHTEI
|—= ] CHET OMHCTHTE
ob——n o—
= |"'I""""'I"""""'I""""'I""""'|
* | BR=z3.80M 20 S.IZIHI 40 R0 &
0, & [+] (I EY

Puc. 2.

Co6epHTe Ha 3KpaHE 1CIlb, IMOKA3aHHYIO Ha PHC. 2. [[J'Iﬂ J9TOIr0 CHaydajJa HCIKHHTC JIEBOM

KHONKOW MBIIIN HaJ KHONKON Iil 3.1.C. B HIDKHEN 4actu skpaHa. Ilepemecture mMapkep

MBIIIY Ha pabovylo 4yacTh SKpaHa, IJIe pacroyokeHbl Touku. lllenkHuTe 1€eBoi KHOMKOM MBIIIN

B paboyell 4acTu 3KpaHa, rje OyJeT pacroyiio)keH HCTOYHHK 3.1.C.

Pa3smecTute nanee nocienoBaTeNbHO C HCTOYHUKOM PE3UCTOP, M300paXaroluil €ro BHyTpEHHEe
| =

CONPOTUBJICHUE (HA)XKaB IPEBAPUTEIBHO KHOIKY B HI)KHEW dYacTU »HKpaHa) U

amriepMeTp (KHOIKa |4|® TaM jk€). 3aTeM pacIoJIOKUTE aHATIOTHYHBIM 00pa3oM PE3UCTOPHI

Harpy3ku U BOJIBTMETP (i) |, U3MEPSIOLIUI HANPSKEHNE Ha Harpy3Ke.

[ToaxmrounTe COeNMHUTENBHBIE TPOBOJAA. I 3TOr0 HaXXMUTE KHOIIKY IPOBOJA :I BHH3Y
9KpaHa, MOCJie Yero nepeMecTUTe Mapkep MbIIIM B pabouyio 30HYy cxemsbl. lllenxaiite neBoit
KHOIIKOM MBIIIM B MecTax paboueill 30HBI 3KpaHa, € JOJIKHBI HAXOAUTHCS COEIMHUTENbHbBIE
IIPOBOJIA.

4. YcraHoBUTE 3HAYCHHS napamMeTpoB I KaKAOI'0 3JICMCHTA. I[JBI 3TOTO MICIKHHUTE JICBOMU

KHOMNIKOW MBI HA KHOMKE CO CTPEJIKOMN LI 3aTeM MIENKHUTE Ha JAaHHOM DJJIEMEHTE.
[ToaBeauTe Mapkep MBIIIN K JABUXKKY IMOSBHUBIIETOCS PETyJIATOpa, HAKMHUTE HA JIEBYIO KHOIIKY
MBI U, YIEPKUBas €€ B HAXXAaTOM COCTOSIHUM, MEHSHTE BEJIMUMHY MapaMeTpa U YCTaHOBUTE
YUCJIOBOE 3HaUYCHHE, 0003HAYCHHOE B TaOmuIe | 1yist Bamie Opuraibl.
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Tab6auna 1. UcxoaHbie mapaMeTpbl JJIEKTPHYECKOH Lenu

Homep |1 2 (3 |4 |5 |6 |7 |8
Opurabl

E, B 10,0{9,5(/9,0/85(8,0(85]9,0]95
r, Om 48 |57|66|75|/64|73(82(9]1

5. YcraHoBute conmpoTuBIIeHHE BHEIHEW menu 2 Om, HaXXMUTE KHONKY «CU€ry W 3amuuiure
MOKA3aHUsI DJICKTPOU3MEPUTEIHHBIX MPUOOPOB B COOTBETCTBYIOIINE CTPOKH TAOIHUIIHI 2.

6. [TocnenoBaTenbHO yBEIMUMBANUTE C MOMOIIBIO JBUKKA PETYNIATOPA CONMPOTHUBICHUE BHEUITHEH
uend Ha 0,5 Om ot 2 OM g0 20 OM u, HaxxuMas KHONKY «CY&T», 3amuchIBaiiTe MOKa3aHUS

AIEKTPOU3MEPUTENBHBIX TPUOOPOB B TAOIHILY 2.

7. Beraucnute o popmynam (2), (7), (8), (9) P1, P, Proww ¥ 77 U1 KaXKIOW TApbl MOKa3aHUH
BOJIbTMETpA U aMIIEpMETPa U 3alUIINTe PACCUUTAHHBIC 3HAYCHUS B TaOI.2.
8. [TocTpoiiTe HA OHOM JIMCTE MIJUIMMETPOBOW Oymare rpaduku 3aBucumoct Pp = f(R), P, =

f(R), Proms=F(R), n =f (R) u U = f(R).

9. Paccuuraiite MMOTPCITHOCTH I/IBMepCHHﬁ u CﬂeﬂaﬁTe BBIBOJIBI 11O pE3yJIbTaTaM HpOBC,I[éHHBIX

OIIBITOB.

Tabauna 2. Pe3yibTaThl H3MepeHnii U pacuéToB

2,0

2,5

3,0

20

R, Om
U,B

LA

Pl, Bt

P,, BT

Proms, BT

n

BOl'lpOCbI U 3aJaHus AJId CAMOKOHTPOJIsA

s E

Hokaxwure,

3anumute 3akoH Jxoyng-Jlenna B nHTerpanbHoi u tuddepeHnuanbHoi popmax.
Yo Takoe TOK KOPOTKOTO 3aMbIKAHUSI?
Uro Takoe royiHas MOIIHOCTbH?

Kak Bbruucnsercs K.1.J. MCTOYHUKA TOKa?

YTO HauOoNbllas I[OJIe3HAas MOIIHOCTh BBIJENSIETCS [P PaBEHCTBE

BHEIIIHETO U BHYTPEHHETO CONPOTUBIICHUM LIETIH.
6. BepHo nm yTBepkJeHHE, YTO MOIIHOCTH, BBIIENsAeMas BO BHYTPEHHEH YacTH IICTIH,

NOCTOsAAHHA AJIA JaHHOT'O HCTOYHHUKA?

7. K 3axumam Oarapeiiku KapMaHHOTO (OHapsi MPUCOECTUHMIA BOJBTMETP, KOTOPBII

rmokasan 3,5 B.

8. 3areM BOJBTMETP OTCOCAWHWIM W Ha €ro MECTO IOJKIIOYIIN JIAMITy, Ha IIOKOJIC
KoTopoii 0110 Hanucano: P=30 Bt, U=3,5 B. Jlamna =He ropena.

9. OOBICHUTE SIBICHUE.

10.ITpu moouyep&aHOM 3aMBIKAaHUU aKKyMYJISITOpa Ha conpotuBieHus R1 u R2 B Hux 3a oHO

U TO JK€ BpeMs BBIJIETWIOCH paBHOE KOJIWYECTBO Temia. Omnpenenute BHYTPEHHEE

CONPOTHUBIIEHUE AaKKYMYJISATOPA.
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JIABOPATOPHAS PABOTA Ne 2.14

TEOPEMA OCTPOI'PAJACKOI'O -TAYCCA 1JIAA QJIEKTPOCTATHYECKOI'O
I1OJIAA B BAKYYME

O3HakoMbTECh C TeOpUEH B KOHCHEKTe U B yueOHuKax: 1. Tpodpumona T.U. Kypc dusuku. I'.
11, §81,82; 2. Hernad A.A., ABopckuit b.M. Kypc ¢usuxu. I'n. 14,§ 14.1, 14.2. 3anycture
nporpammy  «OtkpbiTas ¢uszuka 1.1». BpeiOepure «DIEKTpUYECTBO M MarHeTU3M» |
«INEKTPUYECKOE T0JIE TOUYEUHOTO 3apsaa». Haxkmure BBEpXy BHYTPEHHETO OKHA KHOIIKY C
nzo0paxeHreM cTpaHulpl. [IpounTtaiiTe KpaTkue TeopeTHueckue cBeaeHus. Heobxomumoe
3anumuTe B cBOM KoHcnekT. (Eciu Bbl 3a0blnu, Kak paboTaTh ¢ CHUCTEMOW KOMITBIOTEPHOIO
moaenupoBanus, npountaiite BBEJAEHUE ctp.5 eme pa3).

HEJIb PABOTBI:
e 3HAKOMCTBO C TpadUICCKUM MOJICIIUPOBAHUEM IJICKTPOCTATHUECKUX ITOJICH.
e DKcrnepuMeHTalbHas mpoBepka Teopembl Octporpaackoro-I'aycca.
e DKCHEpPUMEHTAIHHOE ONPEIeTICHNE BETUIMHBI SJICKTPUUECKON TOCTOSTHHOM.

KPATKAS TEOPHSL:
HAIIPSDKEHHOCTD D3JIEKTPOCTATUYECKOI'O ITOJISA B nmanHOM TOYKE €CTh BEKTOpHAas

q)HSI/I‘leCKaH BCJIIMYMHA, paBHAsA OTHOLICHHUIO CHJIbL F , ,Z[eflCTBYIOHleﬁ CO CTOpPOHBI IIOJIA Ha
HGHOI{BH)I(HBIﬁ TOYCYHBIN 3apsan o, HOMGHIéHHBIfI B JAaHHYIO TOYKY IOJid, K BCJIWYHUHE 3TOI'O
3apsia:

E-—
%
JIMHUAMU HATIPSDKEHHOCTU (cunmoBsIMM TMHHSAMM) HA3bIBAIOTCS IMHHUH, IPOBEISHHBIE B
II0JIE TaK, YTO KacaTelbHbIE K HUM B Ka)KIOW TOYKE COBIAJAIOT IO HANPABICHHUIO C BEKTOPOM
HanpspKEHHOCTU.  JIMHMM  HanpsOKEHHOCTH  MPOBOASAT Tak, 4YTO OHM HA4YMHAIOTCS Ha
MOJIOKUTEBHBIX 3apsAAax U OKAaHUYMBAIOTCS HAa OTPULATEIBHBIX MM YXOIAT B OECKOHEUHOCTb.
(Puc. 1)

Puc.1. JIuHuN HANPAKEHHOCTH ABYX TOYEYHBIX 3aPSAA0B: a) PA3HOMMEHHBIX;
0) OIHOMMEHHBIX

[IPUHLIAII  CYHPHO3UIMM  DJIEKTPOCTATUYECKUX TIOJIEM:  HanpskEéHHOCTH
JJIEKTPOCTATUYECKOr0  IIOJIsI  CHUCTEM TOYEYHBIX 3apsf0oB paBHA BEKTOPHOM CcymMe
HaIpPsOKEHHOCTEN MOJIEN KaXX0r0 U3 ITUX 3apsIOB B OTACIBHOCTH:

E-YE .
[TOTOK BEKTOPA HATIPSI>KEHHOCTM.
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CunoBass JUHMS, ONpEAENsAs HANpaBICHHWE BEKTOpa HaNpsDKEHHOCTH, caMa 1o cebe He
OmnpenesieT BEIWYMHY MOIYJsSl BEKTOpa HaNpsHKEHHOCTU. BBenéMm ycnoBue, CBs3bIBaroLIce
BEJIMYMHY MOJYJS BEKTOPA HAIPSKEHHOCTH C YUCIOM IIPOBOJMMBIX JIMHUN HANpPsLKEHHOCTH
yepe3 eAUHUILY ITomaau. Jjis 3TOro BeIASIUM B 3JIEKTPOCTATUYECKOM T0JIe Malyko 00JacTb, B
npeaenax KOTOpOu 3JIEKTPOCTATUYECKOE MOJIE MOKHO CUYMTATh OJHOPOAHBIM. [IpoBeném B 3TOM

obnactu semMeHTapHylo miomanky 0S,, nepneHamKymIsApHYIO K JIMHHSAM HANpsSOKEHHOCTH.

YcaoBUMCS depe3 3Ty ILUIONMAIKy MPOBOAUTE Takoe uncio Q@ nunmil HANPSKEHHOCTH, YTOOBI
YHUCIIO JTUHHUH, TPUXOIAIIMXCSA HAa €IMHUILY TOBEPXHOCTH ILIOIIAIAKU dSO, PaBHSJIOCH BEIMYUHE

MOJIyJii BEKTOpa HAaMpsDKEHHOCTH B OOJIACTH STOM IJIOLIAAKH, T.€. MOTpedyeM BbBIOJHEHUS
YCIIOBUS:

do
—=E. (1)

dS,

[Ipy BBIMONHEHUHM 3TOrO YCIOBHS TIpadUyecKoro M300pakeHHUsl JIEKTPOCTATHUECKUX IoJIei
YUCIICHHOE 3HAYEHUE BEKTOpa HaNpsDKEHHOCTH OyAEeT CBA3aHO C TyCTOTOW JIMHUH
Hanpspk€HHOcTU. Torga 4ucio JUHUM HanpsHKEHHOCTH, HPOHM3BIBAIOLIMX 3JIEMEHTAPHYIO

mwiomaaky dS, Hopmans M KOTOPoit 06pa3yeT yroa o ¢ BEKTOPOM E , paBHO
d® =EdScosa, (2)

rae BenuunHa 0@ Ha3bpIBaeTCsA MOTOKOM BEKTOpa HAMpsHKEHHOCTH 4epe3 miomnanky dS. Hucio
JTUHUN HANPsHKEHHOCTH @, MPOHHU3BIBAOIINX HEKOTOPYIO MOBEPXHOCTHh S, HA30BEM HOMOKOM
8E€KMOpA  HANPAJICEHHOCMU 4epe3 dmy NOGepXHOCmb. JInd TNpOU3BOIBHOM 3aMKHYTOMU
MOBEPXHOCTH S MOTOK BEeKTOpa £ CKBO3b 3Ty MOBEPXHOCTH Oy/JIET paBeH

@ ={EdScosa. (3)
S

Jlyiss 3aMKHYTOM TMOBEPXHOCTH MPUHATO CYMUTATh IOJIOKUTEIBHBIM HAINpaBlICHHE HOPMAId K
DJIEMEHTY TTOBEPXHOCTH, BBIXOJSIIEE W3 O00BEMA, OTPAaHHMYMBAEMOTO ITOBEPXHOCTBIO. T020a
JIUHUU HANPAANCEHHOCMU, 8bIX005iUuUe U3 00bEMA, cO30a0ym NOLOACUMENbHBIN NOMOK D, TUHULU,
exoosawue 8 00véM, coz0adym ompuyamenvbHulli nomok D_, a pe3ynomupyrowuii nomox o6yoem
paseH aneebpauieckoll cymme 3mux HOmoKoa.

TEOPEMA OCTPOT'PAJICKOTI'O-TAYCCA: nomox sexmopa HanpsicéHHocmu
INEKMPOCMAMULECKO20 NOJISL 8 BAKYYME Hepe3 NPOU3BOIbHYIO 3AMKHYMYI0 NOGEPXHOCHb PAGEH
aneebpaudeckoll cymme 3aKI04EHHbIX BHYMPU dMOU NOBEPXHOCMU 3APSA008, OeNEHHOU HA €.

1 n
_Z Q; (4)

Dy + D= d>:§EdScosoc=
€, i

METOJAUKA U IOPAJIOK U3MEPEHUIA:
PaccmMoTpuTe BHHMMATEIBHO CXEMY OINbITA U 3apUCyiTe HEOOXOJUMOE B CBOM KOHCHEKT
n1abopaTopHOil paboTHI.
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K '31'IEKT|]H"IECKDE nofne TOYEYHHX 3apAnoB !Iil

Cif 2| 72

(] F C
o, =3 mEKn i} E = 0LO0-10° B CHNOBBIE AWHKK
—F
= ..,...,...! ¥ 3keMmoTEHLMSM
U, = =3 MKKA . p = 0.00-10°B R p———

. OaKH 33pag

d=3.5m % [ps zapals

Puc. 2

Kak wu3BecTHO, »3yeKTpocTaTMYECKOE TI0J€ B BakyymMe wu30TponHoe. ClenoBaTenbHo,
KOJIMYECTBO CHJIOBBIX JIMHUHM, IE€PECEKAIOMINX IPOU3BOJBHYIO 3aMKHYTYIO MOBEPXHOCTD,
COJIEpKallyl0 BHYTPH ceOs 3JeKTpUYECKUEe 3apsibl, OyJeT NPONOPLUUOHATIBHO KOJIUYECTBY
CWJIOBBIX JIMHUH, NIEPECEKAIOINX 3aMKHYTBIM KOHTYp, OrpaHUYMBAIOLIUI IUIONIA/b CEYECHUS, B
KOTOPOW HAaXOIATCs dJIEKTPUUYECKHE 3apsi/ibl ITOW 3aMKHYTOM ITOBEPXHOCTH.

Takoe nomymeHue Na€T BO3MOXHOCTb NMPHUBECTH B KOJWYECTBEHHOE COOTBETCTBHE PEAIILHOE
TPEXMEPHOE IJIEKTPOCTATUYECKOE T0JIE ¢ €ero rpaduyecKod WHTEpHpeTalue B TUIOCKON
KOMIIBIOTEPHON MOJIENH, KOTOpasi MoKa3aHa Ha puc. 2. J{is 3TOro onpeaenuM 4Yucio CUIIOBBIX
JTUHUN @, KOTOpble (PaKTUUECKH JOJKHBI ITepeceKaTh NPOU3BOJIBHYIO 3aMKHYTYIO TIOBEPXHOCTb,
BHYTPH KOTOpOHM Haxoautcs anektpudeckuit 3apsin = ImxKi. Ilo reopeme Octporpaackoro-
I'aycca umeeM:

qg 1.10°

“ggs00 0

0

OTtkpoiiTe OKHO ombiTa. B HiKHeM mpaBoM mpsMoyroibHuKe «KoHpurypamusy meEmKHUTe
MBIIIBIO Ha KHOMKe «OauH 3apsa». 3alenuB MbIIIbIO, MEPEMENIANTe ABUKOK PEryssiTopa
BEJIMYMHBI 3aps/ia U ycTaHOBUTE 3HaueHue (1 = +1MkKin. IloacunTaiite yucio CUIOBBIX JIMHUM,
BBIXOIAMMX W3 3apsna. Ux gomxHO ObITh 6. CiemoBarenbHO, CHIIOBas JWHUS B TUIOCKOW
KOMIIBIOTEPHON MOJENH OIbITa COOTBETCTBYET

5
NEEESCATS

JUHHUSAM PEATBHOIO TPEXMEPHOrO KYJIOHOBCKOro mojigs. Ha ocHOBaHMM Takux AOMYIIEHHH H
OIICHOK CO3/1a€TCs BO3MOXKHOCTb 3KCHEPUMEHTAIBHOM MPOBEPKH TeopeMbl (OcTporpaackoro-
['aycca ¢ momoupl0 rpapuueckoro KOMIBIOTEPHOTO MOJAETUPOBAHUS 3JIEKTPOCTATUYECKUX
noJieil B JaHHOU abopaTopHoOi paboTe.
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IKCIIEPUMEHT 1. (TIlocmosanunoe npocmpancmeerntnoe pacnpeoeieHue nepemeHHozo 3apaoa
BHYMPU 3AMKHYMOU NOBEPXHOCMU)

1. B HmxHem npaBoMm mnpsiMoyroibHuke «KoHdurypamus» HaXMUTE MBIIIbIO KHONKY «J[Ba
3apsajar.

2. 3anenuB MbIIIBIO, MEpEeMEIIaiiTe JBUKOK PEryjsTopa MEepBOTrO 3apsijaa 10 YCTaHOBICHUS
3HAa4YeHHUs, yKa3aHHOTO B Ta01. | juis Bameit Opuraabl.

3. AHaJIOTHYHBIM 00pa30M YCTAaHOBHUTE 3a/laHHOE B Ta0JI. 1 paccrostHue d Mex Ty 3apsamMu.

4. YcTaHOBHTE MBIIIBIO HA KHOTIKE «CHIIOBBIE TMHUMY» (PIIasKOK.

5. YcranoBute BenuuuHy BTOporo 3apsna 0 U mojcuMTaiiTe 4YMCIO CHIOBBIX JHHHN @i
BBIXOJIAIIUX U @_ BXOJAIIUX Yepe3 IPaHUIlbl 3aMKHYTOTO KOHTYpa, KOTOPHIM B HAIIEM OIIbITE
OyIeT sABIATHCA NPSIMOYroJibHAasg paMKa OKHa ombiTa. [Ipu 3TOM BHUMATEIBbHO CMOTpUTE 3a
HaIpaBJICHUEM CTPEJIOK Ha CUJIOBBIX JIMHUAX MOJs. 3aUIIUTE 3TH JaHHbIE U Pa3HOCTh @ = Dy
— @_B Tabnumy 2.

6

6. [locnenoBarenbHO ycTaHaBiIMBanTe 3apsanl: Oy = +1, +2, +3, +4, +5MkKun u BeinmonauTe 1.5
emé 5 pas.

IKCIIEPUMEHT 2.(I/lepemennoe npocmpancmeeHHoe pacnpeoelienue NOCMOSIHHO20 3apaod
BHYMPU 3AMKHYMOU NOBEPXHOCMU)

1. YcranoBute 3HaueHus (1 U (2 COOTBETCTBYIOIIME 3HAUYCHHUSAM, YKa3aHHBIM B Tabmuue 1 mms
BaIllei OpuUrajpl.

2. YCTaHOBUTE TaK)Ke MHHHMAJIbHOE PACCTOSIHUE MEXAy 3apsaaMu d = 2M M Ha 3KpaHe OKHA
AKCIIEPUMEHTA, MOACUETOM orpeaenute ynucina @y , @_u O.

3. IlocnenoBaTensHO yBEIUYUBAsl PACCTOSHUE MEXAY 3apsaaamu ¢ marom 0,5M, BBITOJIHUTE II. 2
emié 6 pas.

4. Pe3ynbTaThl U3MEPEHUI 3aMUIIUTE B Ta0IM. 3.

Tabmuma 1. YcraHoBouyHble 3HA4YeHMs (PU3HYECKHUX MApaMeTpPoOB /s INPOBEICHHSA
IKCIIEPUMEHTOB

Bpurager | 1 2 3 4 5 6 7 8
OKCIIEPUMEHT 1

gi,MxKn | -1 -2 -3 -4 -5 4 3 )
d, m 2 3 4 5 5 4 3 2
OKCIIEPUMEHT 2

01,MKKi1 -5 -5 -5 -5 -5 -4 -4 -4
02,MkKn +1 +2 +3 +4 +5 +4 +3 +2
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Taouauna 2. Pe3yabTaTbl M3MepeHuii B axcnepumenme 1

Q=__  d=__
J2=0 MxKJI | g2 =+1 MxKIJI | g2 =+2 MxKJI | g2 =+3 MxKJI | g2 = +4 MxKJI | g2 = +5 MxKJI
Oy | O |\ DO Dy | O | D | Dy DD Dy | O | D | Dy | D | D | Dy | D | D
Tadoauua 3. Pe3yabTaTsl u3MepeHnii B 9kcnepumenme 2.
01 = o Q=

d =2m d=3m d=4m d=>5m d=4,5m d=3,5m

Oy |\ O |\ D Dy D | D | Dy DD Dy | DD Dy | DD Dy | D | D

OBPABOTKA PE3VY.JI bTATOB U O®OPMJIEHUE OTUETA

1. [Toctpoiite o maHHBIM TabJ.2 TpadUK 3aBUCUMOCTH MOTOKA BEKTOPA HANPSHKEHHOCTH @ OT
BEJIMUMHBI 3apsna (.
2. Ilo xoraHreHcy yria HakioHa Tpaduka u ucnoubdys ¢-nmel (4) u (5), ompenenure

SJICKTPUYCCKYIO ITIOCTOSIHHYIO & .

3. Ilo naHHBIM, NpUBEAEHHBIM B Ta0m.3, mOCTpoiTe rpaduK 3aBUCUMOCTH IOTOKAa BEKTOpa
HaNpsHKEHHOCTH @ OT PacCTOSTHUS M1y 3apsiaamu d.
4. Tlo mocTpoeHHBIM TpaduKaM CHelalTe aHaJlIu3 pe3yabTaTOB M OLIEHUTE IOTPELIHOCTb
IIPOBEIEHHBIX U3MEPEHUN.

BOl'lpOCbI U 3aJaHUus JJId CAMOKOHTPOJIsA

O 00 1N DN KW —

10. Paccuutaiite, ucnonssys teopemy O-I,
a) ToJie PAaBHOMEPHO 3apsHKEHHON OECKOHEYHOU MIIOCKOCTH;
0) mose IByX OECKOHEUYHBIX MapalyIeNIbHBIX Pa3HOUMEHHO 3apSKEHHBIX TIIOCKOCTEH;
B) T10JI€ PaBHOMEPHO 3apsDKEHHOM cpepruecKoil MOBEPXHOCTH;
I') ojie 00bEMHO 3apsHKEHHOTO 11apa;
1) TI0JIe PAaBHOMEPHO 3apsHKEHHOTO OECKOHEYHOTO IMIIUHIpA (HUTH);

11.

. Kakue nosist Ha3pIBatOT 31EKTPOCTATUUECKUMU ?

. UTo Takoe HanpsHKEHHOCTD ANEKTPOCTATUYECKOTO MO ?

. Kak omnpenensiercst HarpaBieHne BEKTOpa HAPSHKEHHOCTH?
. UTo Takoe NOTOK BEKTOPA HAIIPSIKEHHOCTH?
. Kakas nunus Ha3wsiBaetcs cuiioBoi? [louemy oHu HE MOTY mepeceKkaThes?
. Kakas nuHus Ha3pIBaeTCs SKBUIIOTEHIUAIBHOM?
. JlokaknTe, 4TO SKBUMOTEHIIUAIbHBIE U CUIIOBBIE IMHUU OPTOTOHAJIbHBI.

. OT 4ero 3aBUCHUT I'yCTOTA CUJIOBBIX U DKBUIIOTCHIIMAIbHBIX JINHUI?

. B uém 3akmouaercst pusnueckuii cMpici Teopembl Octporpasackoro-I'aycca?

NOJTBEPKIEHUEM CIIPaBEeAIUBOCTH 3aKoHa Kymona?
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JIABOPATOPHAS PABOTA Ne 2.15
3AKOH OMA JJIs1 HEOJHOOJHOI'O YYACTKA LEITN

O3HakoMbTECh ¢ Teopuel B KoHcriekTe u yueOnukax: 1. Tpodumona T.U. Kypc ¢uzukm. ['n. 12,
§100. Hetnmadp A.A., ABopckuit b.M. Kypc ¢usuku. I'n. 19, §19.1. 3anyctute nporpammy
«DNEeKTpUYECTBO M MarHeTusm». Bribepute: «llemu mocrostHHOTO TOKay. Hakmute BBepxy
BHYTPEHHET0 OKHa KHOIKY ¢ M300pakeHHeM cTpaHullbl. [IpounTaiiTe KpaTkue T€OpeTHYECKHE
ceenenus. HeoOxomumoe 3anummute B cBoil KoHcmekT. (Ecmu Bel 3a0buam, kak paboTath ¢
CHUCTEMOM KOMITbIOTEpHOT0 MoieupoBanus, npountaite BBEJIEHUE ctp.5 emie pa3).
HEJIb PABOTBI:

e 3HAKOMCTBO C KOMIIBIOTEPHBIM MOJEIUPOBAHUEM LIETIEH TOCTOSIHHOTO TOKA.

e DKCIEpUMEHTaJIbHOE OATBEPKAeHUE 3aKkoHa OMa [yl HEOJJHOPOAHOIO YYacTKa IIEMH.

KPATKAA TEOPUA:

_dg

dt
3AKOH OMA JUIAA YYACTKA HEIIN: Benuunna (cuia) Toka, TEKYLIETO M0 OJHOPOJAHOMY (B
CMBICJIE OTCYTCTBUS CTOPOHHUX CHJI) METAJUIMYECKOMY IPOBOJHUKY, NPONOPLUOHAIBHA

OITPEJIEJIEHME BEJIMYWHBI (CUJIbI) TOKA I

MMaJICHUIO HAIIPAKCHUA UmHa IMIPOBOAHUKE I = U , TAC R - COIIPOTHUBJICHUC IIPOBOAHHKA.

PE3NCTOPOM Ha3bIBacTCs YCTPOUCTBO, oOiamaroniee 3aJaHHBIM HOCTOSIHHBIM
COTPOTUBIICHUEM.
PEOCTATOM Ha3bIBaeTCs IEPEMEHHOE CONPOTUBIICHUE.
HAIIPSOKEHUEM HA VYYACTKE UEIIM 1-2 wHa3eBaercs (¢u3WUecKas BEIMYUHA,
omnpenesieMas BeIpaXKeHUEM

U2 = o1—@2+Eq2.
3AKOH OMA J1JI 1 HEOJJHOPOJHOI'O YUYACTKA LIEIIU:

|:(P1_(P2+E12
R

Ha JIAHHOM YYacCTKE IICTIH.
[Tpumensist 3akoH Oma Ui HEOAHOPOAHOTO y4YacTKa IeMH, HeOOXOIUMO MOMHHUTH O TpaBHUIIE
BBIOOpA 3HAKOB: npoussedenue IR credyem bpams co 3naxom «+», eciu nanpasienue 06xooa
coeénadaem ¢ HanpasieHuem MmoKka Ha dMom yuacmke, 3.0.c. E1p 6yoem umems 3Hak «+y», eciu eé
Hanpasienue (0m MUHyca K niocy) cosnadaem ¢ HanpasieHuem ooxooa. IIpu 3ToM Hag0 UMETh
B BHJy, UTO BOJBTMETP, MOAKIIOUYEHHBIN K KOHIIAM JTFOOOT0 yJacTka Iernu, Oy/IeT MOKa3hbIBaTh
Pa3HOCTh MOTCHIIMAJIOB MEXy TOYKAMH TIOJKIIOYCHHS MPUOOpa, a HANpaBICHUE OTKIOHCHUS
CTpenKu mpubopa OyAeT onpeaensaThes MapaMeTpaMi BHEIIHEH e .

Takum o6pa3om, 3akoH OMa st TIOJTHOM IIEMU MOKHO 3aIKicaTh B BUJIE

I(R+r)=+V+E, @
N3 dhopmyet (1) BugHO, uTo mipu | = 0 BOTBTMETP MOKaXET 3.71.C. HICTOYHUKA, BKIFOYEHHOTO B
JTAHHBIN y4acCTOK IEMH.

, TIE€ (1 ¥ (2 - MOTEHIMAJIbl KOHIIOB y4JacTka, Eip - 3.11.C., neMCTBYyIOMAst
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METOJINKA U IOPAIOK U3MEPEHUN:

B nannoi#t maGopaTopHOi padoTe M3ydaeTcss MOJENb JJICKTPHUECKOW IIETH, COoIepiKalled Ha
OJIHOM M3 CBOMX YYAaCTKOB HMCTOYHHUK S3JEKTPOABHXKYIIEH cuibl (3.1.c.). Ha »Tom yuactke, B
3aBHCHUMOCTH OT COOTHOIICHUN MEXy MapamMeTpaMu IeMH, pa3HOCTb MOTEHIIUATIOB MEXIY €ro
KpallHUMH TOYKaMHU MOXET MEHSTH 3HaK, epexos uepes 0.

N3MEPEHUAA:
CobepuTe Ha SKpaHEe OIbITa 3aMKHYTYIO 1IeTlb, TIOKa3aHHYIO Ha puc.l.

E llenu nocToAHHOro ToKa !IE

€ 2|2
+
- —fat ;
¥/
56 1.0 E"i:' 6.8
L L ! =| [ .
1T Rl r E  peocrar
JINEMEHTEI
CHET OMHCTHTE

= -l ReB60m L 70 80 80  wa |
= 8. ] . . . .

Puc.1.

[ 5TOr0 CHavasa MEIKHUTE JIEBOM KHOIIKOM MBIIIH HA KHOIIKE 3.11.C. ﬂ B HIDKHEHN 4acTH
skpaHa. IlepemecTuTe Mapkep MBI Ha PabOYyl0 4YacTh HKPaHa, IJI€ PACIOJOKEHBI TOUKH.
[IlenxkHuTE NE€BOM KHONMKON MBIMIM B paboyeil yacTu sKpaHa, I/l JI0JDKEH OBITh pacrojoKeH
UCTOYHHUK 3.]1.C.

Pa3mecture nanee mocienoBaTeNbHO ¢ MCTOYHUKOM PE3MCTOPBI, BBIMOIHSIIONINE (QYHKIIUH €ro
BHYTPEHHETO CONPOTHBIEHUS [ M CONPOTHUBIEHHMS HEOAHOPOAHOro ydactka Rj; (HaxkaB

o= . (&)=
HpEeIBapUTEILHO KHOIIKY |—| B HI)KHEW 4yacTW dKpaHa), U amrepMmeTp (KHOMKa | Tam
’kKe). 3aTeM pacHoj0KUTE PE3HCTOP HArpy3kd (peocTaT) M HOCIEAOBATENbHO COCAMHEHHBIN C

HUM amnepmerp. Hax ydacTKOM 1enu pacmoIOKUTE BOJIBTMETP () |, M3MEPSIIOIUI
Pa3HOCTB MMOTEHIUAJIOB Ha 3TOM HEOJHOPOJHOM y4YacCTKE LICIIH.
CoenuHuTe BCEe YKa3aHHbIE NMPUOOPHI B 3aMKHYTYIO Iemb. J[Js 3TOro HaXKMUTE KHOIIKY

COeIMHUTENIBHOTO TIPOBOJA - IBHU3y SKpaHa, MOCJE Yero MepeMeCTHTE MapKep MBIIIN B
pabouyro 30HY cxewmbl. lllenkaiiTe J1€eBOM KHOMKON MBIMIM B HEOOXOJIMMBIX MecCTax padoueit
30HBI ¥ ¢(hOPMUPYHTE 3aMKHYTYIO 11€TIb, TOKa3aHHYIO Ha pucC. 1.

VYcTaHoBUTE 3a/laHHBIE 3HAUEHHUs MapaMeTpoB s Kaxjaoro mpubopa uenu. Jlng storo

HIEJIKHUTE JI€BOM KHONKOM MBIIIM Ha KHOMKE CO CTPENKOU A . 3aTeM HIENKHUTE HA JaHHOM
npubope. [ToaBenuTe Mapkep MBIIIN K JBUKKY MOSIBUBIIETOCS PETYIATOPA, HAKMUTE Ha JIEBYIO
KHOIIKY MBIIIA W, YACPKUBas €€ B HaXXaTOM COCTOSHUM, YCTaHOBUTE 3HadeHus Ry, r, E ,
KOTOpBIE yKa3aHbI B Tabnuiie 1 [1st Baiieit Opuraisl.
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VYcranoBure comnporuBieHue peocrata R = 1 Owm. M3mepbre 3HaueHUs TOKAa M Pa3HOCTH
NOTEHIMAJIOB (ILEJIKHYB MBIIIBIO 110 KHONKE «CYeT») U 3alMIIUTe uX B Ta0nuiy 2.

VYBenuuuBas conpoTuBiieHHE peoctata R kaxawlii pa3 Ha 1OM, NOBTOPUTE M3MEPEHUS CHUJIBI
TOKa U Pa3HOCTH NOTEHIMAJIOB 10 1.5 U 3a10JHUTE TabauLy 2.

Bxmrounte B cXeMy BTOpOM HCTOYHUK IHTaHMS, KaK IOKa3aHO Ha pPHUC.2, U YCTaHOBUTE
3HadyeHue Ep, cooTBeTCTBYIOIIEE HOMEPY Ballei Opurasl.

ITpoBenuTe Ha BTOPOI cXeMe BCE U3MEPEHHUH I1.11. 5,6.

= llenu nocTosHHoro Toka = [ =]
B 7
-E.0
il .
+ | EE
el A
z -0.03
it .
1
&8 1.0 &0 5.0
L | L | : { H -
F1 r E1 peocrar
ANEMEHTEI
CyeT OYHcTHTE
i | - | S T R ey
k B = 8.90M E T
O | O =&
Puc.2

Ta6auna 1. 3navenns 3.4.c. (E1u E;), BHyTpeHHero conporuBjieHHus
ucrouynuka (r) m Ry

bpuraga |1 2 3 4 5 6 7 8
Ei, B 4,5 5,0 5,9 6,0 6,5 7,0 7,5 8,0
E»B -2,5 -3,5 -4,0 -3,5 -3,0 -4,5 -5,0 -5,5
r, Om 1,0 1,2 14 1,6 1,8 2,0 2,2 2,4
Ry, Om 8,0 7,5 7,0 6,5 8,5 9,0 9,5 10,0
Ta6auna 2. PesynbTaThl H3MepeHui
Howmep Ei=_  Ri= r=_ Ei= Eo= Ri= r=_
U3MEpEHUs
R U I R U |
Om B A OwMm B A
1
2
10
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OBPABOTKA PE3YJBTATOB 1 OPOPMJIEHUE OTYETA:

Ha ogHOoM rpaduke mokaXuTe 3aBUCHMOCTH TMOKa3aHUH BOJBTMETpPA (OCh OPJIMHAT) OT CHIIBI
TOKa JIJIsl IEPBOM U BTOPOI cXeM (0Ch aOCITHCC).

DKcTpanoiupys oba rpaduka 10 MepecedeHusi ¢ OChI0 OpJWHAT, onpeaenute mo gopmyie (1)
HKCIEPUMEHTAIBHO yCTaHOBJEHHOE 3HaueHue d3.1.c. (E1) mcTrouHmka TOKa, BKIIIOYEHHOTO B
HEOJIHOPOAHBII YYaCcTOK L[N, U CPABHUTE €r0 C YCTAHOBOYHBIM 3HAUCHHUEM.

[To TanreHcy HakJIOHa IPAMOM K OCH | ompeaenuTe MmojHOe CONMPOTHBICHUE YYacTKa JUIs IBYX
CXEM U CPaBHHUTE €ro 3HaYCHHE C YCTaHOBOUHBIM.

Paccunraiite morpemiHoCT U3MEPEHUH U 3aIIUIINTE OKOHYATEIbHBIN PE3YJIbTAT.

BOl'[pOCLI U 3aJaHUus JJId CAMOKOHTPOJIsA

1.JaiiTe onpeneeHus MOHITHIA: pa3HOCTh MOTCHIINAJIOB, 3./1.C. ICTOYHHMKA TOKA, HANIPSDKEHUE Ha
y4acTKe LEIH.

2.Yto Ha3zwiBaeTcs ctopoHHel cunon? Kakosa e€ mpupona?

3.YkaxuTe npaBuiIbHOE BbIpaxeHue 3akoHa OMa JJi1 HEOJTHOPOJAHOTO yJacTKa LIeTH,
MOKAa3aHHOTO Ha PUCYHKE:

1 1 | } 2 @1-¢;=2B
R E=6B
1) IR=(p1—¢2) *+E; 2) IR = (¢1~¢2) — E; 3) IR = E —(¢1—); 4) IR =E;
= (Q1—¢2).

4.BeiBenute 3akon Oma B nuddepeHimanbaoi popme.

5.YTo Ha3bIBaeTCs yAEIbHBIM COINPOTUBICHHEM NPOBOJHUKA? OT 4ero OHO 3aBUCUT?
6.Chopmynupyiite npasuia Kupxroda s pa3BeTBICHHBIX IIETICH.

7.BeiBeiute hopMysibl COPOTUBIIEHUH OaTapeil mocae0BaTeabHO U MapaiiebHO
COCIUHEHHBIX PE3UCTOPOB.

8.Chopmynupyiite 3akoH OMa JUIsl TOJTHON LIeTIH.

9.00bsicCHUTE IPUHLIMIT JEHCTBUSI SKCIIEPUMEHTANIHOM yCcTaHOBKH. B uéMm npuHUunuanbHas
pa3HuLa IEPBOTO U BTOPOI'O BapHaHTA CXEM?
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JIABOPATOPHAS PABOTA Ne 2.16

ONPEJAEJIEHUE YJIAEJBHOI'O 3APAJJA YACTUIBI METOJ1OM OTKJIOHEHUS B
MATHUTHOM ITIOJIE

O3HakoMbTeCh ¢ Teopuel B KoHcTekTe u yueOHnukax: 1. Tpodumona T.U. Kypc ¢usukn. ['n. 14,
§115. 2. Hdernad A.A., SABopckuit b.M. Kypc dusuku. I'n. 23, §23.3.3anyctute nporpammy
«DNEeKTpUYeCTBO M MarHeTusm». Breibepute: «Macc-cektpomerp». Haxmure BBepxy
BHYTPEHHET0 OKHa KHOIKY ¢ M300paxxeHHeM cTpaHulbl. [IpounTtaiiTe kpaTkue TeopeTuyecKkue
cBenenusi. Heobxomumoe 3anumute B cBoM KoHcmekT. (Ecnm Bel 3a0bimm, kak paboTarh ¢
CHUCTEMOM KOMITbIOTEpHOT0 MoenupoBanusi, npountaiire BBEJAEHUE ctp.5 emie pa3).

HEJIb PABOTBI:
e 3HAKOMCTBO C KOMIIBIOTEPHBIM MOJCIUPOBAHUEM JBUKEHUS 3aPSOKEHHBIX YacTHUIl B
MarHuTHOM TOJI€.
e O3HaKOMIIEHHE C TIPUHIMIIOM PabOTHI MacC-CIIEKTPOMETPA.
e OrmnpezeneHue yAeIbHOTO 3apsiia YacTHULL.

KPATKASA TEOPUA:
1. CWIA JIOPEHIIA- cuna, neicTByIomas Ha ABMXKYIIYIOCS CO CKOPOCTBIO V B OJHOPOJIHOM
MarHUTHOM T0JI€ ¢ MHAYKIHeH B vacTuiry ¢ 3apsuom q:

F = q[vE| )
Monyib 3TON CUIIBI PaBEH
F =qvBsina, #))

—

rae o- yroa Mmexay Bekropamu Vu B. Cuna Jlopenna nanpasieHa neprneHIuKyIIspHO
CKOPOCTH YacCTHI[bl, COOOIIAET €l TOIbKO HOPMaJbHOE YCKOPEHHE U BbI3bIBAET MCKPHUBIICHHE
TPACKTOPUH YACTHIIBI.

Ecnu yactuna BieTaer B OJHOPOJHOE MAarHWTHOE IOJIE B HANpPaBICHWM, MEPHEHAUKYISIPHOM
JMHUSAM MarHUTHOM MHAYKIMH, TO YacTHIA OyAeT ABUraThcs MO Ayre OKPYKHOCTH, IJIOCKOCTh
KOTOpOM NepreHANKYIspHa JIUHUIM UHAYKIUU. Paguyc OKpy>KHOCTH MOKHO HalTH U3 BTOPOTO

3aKOHAa JUHAaMUKU:
2

v
m—=qvB. 3
Rq (3)

YAEJIbHBIM 3APSAJIOM YACTUILIBI Ha3piBaeTcsi OTHOIIEHUE 3apsia YacTHUII K €€ Macce.
Torna u3 popmyisl (3) yaenbHbli 3apsi OyeT paBeH:

q v

a4 4
m RB )
2nR
[Tepuon oOpareHus YaCTHIIBI T=—-— paBeH
Y,
T 2mm | 5)
gB

U HE 3aBUCHUT OT CKOPOCTH.
MACC-CIIEKTPOMETPOM Ha3siBaetcst ipu0op, /Ui pa3/iesieHus] HOHU30BAaHHBIX MOJIEKYT U
aTOMOB (M30TOMOB) MO MX MaccaM, OCHOBaHHBIA Ha BO3JIEHCTBUU 3JEKTPUUECKUX U MAarHUTHBIX
10JIEN Ha ITYYKH MOHOB, JIETSIINX B BAKyyMe.

[Ipocreiimas Moenp Macc-criekTporpada nokazaHa Ha puc. 1.
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% M acc-cnexTpomerp = [ =]

Ehil 2| 72

-y
L] Bl
¥ = 5000 wic o ,.... R, =1Z.4cH
[e)——0 R, =14.5cH

e e — ' HE'ED—NE'EE 2

B=50mTa L3050 60 11~ oss | aas

HelsE.

LCrapt

Puc. 1.

METOJIMKA U MIOPA/IOK U3MEPEHUWIA:

1.ITomBeauTe MapKep MBIIHN K ABMKKY PETYJISITOpa BETUYMHBI MATHUTHOW MHIYKIIMU, HAKMUTE
JIeBYIO KHOIKY MBIIIHU U, YAEPKUBasi €€ B HA)KaTOM COCTOSIHMH, JABHMrailTe JBM)KOK, YCTAHOBUB
4rcI0BOe 3HaYeHHe B, B3sToe M3 Tabnuuel 1 1u1st Bareld Opurazpl.

2. AHanorm4HeIM 00pa3oM, 3al€NUB MBIIIBIO JIBUXKOK PETyJIsTOpa CKOPOCTH, YCTAHOBHTE
MHHHManbHOE 3HadeHne 10° m/c.

3. Haxxmute MbIbi0 KHONKY «H30TOMBI Cct2cty

4. Haxxmute Mblblo KHONKY «CTapT» U CHHXPOHHO cekyHaomep. lIpocnenure 3a ABM>KEeHHEM
JBYX H30TONOB B MAarHUTHOM IIOJIE MOJEJIBHOTO MAacC-CIIEKTPOMETpAa U IO CEKYHAOMEDPY
OTIpEeIeNIUTE BPEMS STOTO JBUKECHHUSI.

5. 3anummre B TaOMUIly 2 3HAYCHHs] PAJUYCOB OKPYKHOCTEH, MO KOTOPHIM JABHMTAJIUCh 3TH
M30TOIbI (OHU MOKa3aHbl KPAaCHBIM M CMHUM IIBETOM B IIPABOM YIJIy OKHA) U BpPEeMsl JIBUKEHUS
M30TOIIOB B BaKYyMHOHN KaMe€pe Macc-CIEKTPOMETPA.

6. Tlocie[0BaTeIbHO yBEIMUHBAsk CKOPOCTh dacTuil Ha 10°m/c, mponenaiire 1m.11.4-5 emé 9 pas u
3aroJIHUTe TabauIy 2.

7. Haxmure MbIIBIO KHONKY «l30TONBI Ne?®-Ne? », poBeauTe HU3MepeHus M.m.4-6 u
3aroyiHuTe Tabauiy 3.

8. IlpoBenuTte aHATOTWYHBIE U3MEPEHHS] C M30TONAMU ypaHa U HEM3BECTHOTO XUMHUYECKOTO
3JIEMEHTA U 3aI0JHUTE TaOIuIB! 4 U 5.

Tadauua 1. 3HavyeHuss MATHUTHOM MHAYKIUM B

Howmep 1 12 (3 |4 |5 |6 |7 |8
Opwurasbl

B, MTn (ta6n.23) |1 |2 |3 |4 |5 |6 |7 |8

B, MTn (tabn4,5) | 9,0 | 9,192 93|94 959697
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Tabaunel 2-5. Pe3yabTaThl H3MEpeHHUI H Pac4éTOB

B=

v10®m/ce |1 |2 |3 |4 |5 |6 |7 |8 |9 |10

Rl, CM

R, cm

T1p, C

q1/m1, Ki/kr
gz2/my, Ki/kr

Tabnuunble 3HaUeHMUs:  (1/M; = gz2/my=

OBPABOTK PE3YJIbTATOB 1 O®OPMJIEHUE OTYETA:

1. Boruncnute mo ¢opmyne (4) yaenbHble 3apsiibl M30TONOB YIJepoja, HEOHa, ypaHa U
HEU3BECTHOTO XMMUYECKOTO 2JIEMEHTA U 3AIIMIIUTE IIOJYYCHHBIC 3HAYEHUS B COOTBETCTBYIOIINE
TaOJIULIBI.

2. Vcrionb3ys cipaBOYHbIE MaTepHaibl M0 (PU3UKE U XMMHUH, OTPEICTUTE TAOJUIHbIC 3HAYCHUS
YZEJIbHBIX 3apSAJ0B UCCIIEIOBAHHBIX U30TOIIOB U CPABHUTE UX C IMOJYYEHHBIMU B OIBITE.

3. IToctpoiite rpaduk 3aBUCUMOCTH BPEMEHHU TPOJIETa U30TONIOB B KaMepe MaccC-CIIEKTPOMETpa
OT UX CKOPOCTH U CJieJaiiTe BHIBOJIBI 1O pe3yjIbTaTaM aHaIn3a 3TOro rpaduka.

4. IlpoBenuTe OIEHKY MOTPEIIHOCTEN MPOBEAEHHBIX U3MEPEHUM.

ITOJIE3HBIE CBEJIEHUWI:
ATOMHas €IMHHUIIA MACCHI (a.e.M.) = 1,660-10_27 KT.
DieMeHTapHsIit 3apsia e = 1,602-107° Ku.

BOl'lpOCbI H 3aJaHUus JJId CAMOKOHTPOJIsA

1. Kak onpenensiercs HarpaBiieHue AeictBus cuibl Jlopenna?
2. ITouemy cuna JlopeHua He coBepiaeT paboThI?
3. Kak Oyner nBurarbcsl 3apsyke€HHash 4yacTHIla B MarHMUTHOM TIOJI€, €CIIM Yrol o MEXIy

sektopamu B u V mensme n/2?

4. VloHsl IBYX M30TOMOB C MaccaMu M; U My , UMEIOIIKME OJWHAKOBBIN 3apsii U MPOIIEANINE B
ANEKTPUYECKOM TI0JI€ OJMHAKOBYIO YCKOPSIIOIIYIO pa3HOCTh IOTEHIMAJOB, BJIETAIOT B
MarHuTHOE T0JI€ MEePIEHANKYISIPHO CHJIOBBIM JIMHUSIM MarHUTHOTO noJjis. Haiinure oTHOeHne
paznycoB OKPY>KHOCTEH, IO KOTOPHIM OYIyT IBUTAThCSI HOHBI B MATHUTHOM TIOJIE.

5. Ompenenurte, BO CKOJBKO pa3 HU3MEHHUTCS PAIUyC OKPYKHOCTH, TIO KOTOPOU 3apsuKeHHAs
yacTUIla JBUXKETCS B OJHOPOJHOM MArHUTHOM IIOJ€, €CIM €€ KHHETHYECKYK) SHEPIHIo
YBEJIUYUTH B N pa3?

6. OnpenenuTe yAeIbHBIN 3apsii HOHA, KOTOPBIH B MacC-CIEKTPOMETPE COBEPIIAET OJIMH 000POT
3a 628 MKC B OJJTHOPOJJHOM MAarHUTHOM ToJie ¢ uHayKuen 50 mTo.

7. Ily4ok HOHOB, BJETAIONIMX B BaKyyMHYIO KaMepy Macc-CIIEKTpOMETpa MepHeHIUKYISIPHO
CHJIOBBIM JIMHUSM OJHOPOJHOTO MAarHUTHOTO TOJIs, paciieruisercs (puc.2). Onpenenure, Kakas
TPAEKTOPHS COOTBETCTBYET: a) OONBIIIEMY UMITYIIBCY,
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Puc.2

€CJIM MOHBI MMEIOT OJMHAKOBBIC 3apsijbl, HO pa3Hble HUMIYJbChI; 0) OoJsbllieMy 3apsany, €cliu
YaCTHUIIBl HIMEIOT OJJUHAKOBBIE UMITYJIbCHI, HO Pa3HbIC 3aps/Ibl?

8. JIBa aneKTpoHa JABUXKYTCS B OJHOM U TOM >K€ OJTHOPOJHOM MAarHUTHOM IOJi€ MO OpOUTaM C
pamuycamu R; Ry (R1> Ry). CpaBHUTE UX YIIIOBBIE CKOPOCTH.

9. B 0IHOPOAHOM MarHUTHOM IOJI€ JBHXKYTCS MO OKPYXHOCTSM MPOTOH M O-4acTHUIIA, UMEs
paBHbIe KuHeTHUecKkue 3Heprun. Kakas u3 atux yactui Oyaetr UMeTh OpOUTaIbHBI MarHUTHBIN
MOMEHT U NIEPUO/ BpallleHUsI OO0JIbIIE U BO CKOJIBKO pa3?

10. 3apsokeHHast yacTUIla BieTesa B OJHOPOAHOE MAarHUTHOE MOJIE MOJ YIIOM o < TU/2 Mexay

Bektopamu B u V. Omnpemenure, OTIAMYHBI M OT Hyls TaHT€HUMalbHAas M HOpMallbHas
COCTaBJISIIOLIUE YCKOPEHUS YACTHUIIbI?

11. 3apsokeHHas dacTULAa JIETUT HNPSAMOJIMHEMHO M PAaBHOMEPHO B  OJHOPOJHOM
AJIEKTPOMATHUTHOM I10JI€, IIPEACTABJICHHOM CYIIEPIIO3UIMEN B3aMMHO MNEPIECHINUKYISIPHBIX
anexkTpudeckux (Hanpsok€éHHocThi0 E) m marHuTHBIX (MHAyKUuued B) monei. Haiinmute ckopocTh
JIBUKEHUS YaCTHUIbI.

12. 3apsbkeHHass yacTHlla BpallaeTcd B OJHOPOJHOM MAarHUTHOM Iojie ¢ MHAyKuued B 1o
OKpyxHocTH paguyca R. IlapanienbHo MarHUTHOMY MOJIO BO30YKIAeTCs IEKTPUUECKOE I10JIE
Hanpsk€HHOCThI0 E. Omnpenenure, CKOIbKO BPEMEHHM JOJKHO JACMCTBOBATH 3JIEKTPUUYECKOE
10Jie, 4TOObI KHHETHYECKask SHEPTHUs YaCTUIbl BO3pOcia B /iBa pa3a’?
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JIABOPATOPHAS PABOTA Ne 2.17

INEPEXOJIHBIE NPOLECCHI B HEIIAX IOCTOAHHOT'O TOKA C
KOHAEHCATOPOM

O3HakoMbTeCh ¢ TeopHei B KoHcekTe U B yueOHunkax 1. Tpodumosa T.U. Kypc dwmzukn. ['n.11,
§94. 2. Jermadp A.A., Ssopckuit B.M. Kypc ¢muku. I['n.16, §16.3. Bribepure:
«JIEKTPUYECTBO M MATHETU3M» u «KoHaeHcaTopbl B ILEMSAX MOCTOSHHOTO TOKay.
HaxkxmuTe KHONKY ¢ M300paKeHHEM CTpaHMIIBI BO BHYTpeHHeM OkHe. [IpounrtaiiTe Teopuio u
3aMMIIATE OCHOBHBIC CBEJCHUS B CBOM KOHCIEKT JIaDOpaTOpPHOW pabOTH. 3aKpOWTE OKHO
TEOPHH, HAXKAB KHOMKY C KPECTOM B IPABOM BEPXHEM YTy BHYTPEHHEr0 OKHa.
IEJIb PAGOTBbI:

e 3HAKOMCTBO C KOMIIBIOTEPHBIM MOJICIMUPOBAHUEM TMEPEXOAHBIX MPOILIECCOB B IEIAX

IMOCTOSTHHOTO TOKA.

e [IpoBepka 3akOHa COXpaHEHUsS SHEPTHH B IEMSAX MOCTOSHHOTO TOKA C KOHACHCATOPOM.

e Omnpenenenre EMKOCTU KOHJIEHCATOPA METOJIOM Pa3PSIIKH.
KPATKAS TEOPUSL:
I[NEPEXO/JHBIM IMPOLIECCOM Ha3bIBaeTCs MpOLECC NEPEXoaa OT OJHOTO yCTaHOBUBIIETOCS
B LIEMIU pexuMa K Apyromy. [IpumepoM Takoro mporiecca SIBISE€TCS 3apsiaka WU paspsiaka
KOHJIeHcaTopa. B psAne ciydyasx 3aKkOHbl IOCTOSHHOTO TOKa MOYKHO IPUMEHATh U K
M3MEHSIONMMMCS TOKaM, KOTJla M3MEHEHHE TOKa MPOUCXOAMT HE CIUIIKOM ObICTpo. B 3THX
CIy4asiXx MTHOBEHHOE 3HAa4eHHE CUJIbl TOKa OyJeT MpPaKTHUYeCKh OJHO M TO KE BO BCEX
MOTNIEPEUHBIX CEUCHUAX IeNu. Takue TOKU Ha3bIBAIOT K8A3UCAYUOHAPHLIMU
PA3PAIKA KOHAEHCATOPA. Ecnu oOkmanku 3apsikKeHHOro KosuaeHcaropa éMkoct C
3aMKHYTh Yepe3 CONPOTUBJIEHUE R, TO Yepe3 3TO conpoTuBIIeHHnE MOTEUET TOK. COrIacHO 3aKOHY
OmMa 1151 OTHOPOJHOTO yyacTKa el

IR=U,
rac | m U — MrHoBeHHBIE 3HAYEHUS CHUIIBI TOKa B OenM W HalpsHKEHUSA Ha 06Knazu<ax
d
KOHZCHCaTOopa. YIII/ITBIBa}I, qTo | = —d—? u = E , r[peo6pa3yeM 3akoH OMa K BUOY
d
_q + i — (1)
dt RC

B stom nuddepernmanbHOM ypaBHEHUN TTEPEMEHHbBIE PA3IeNsIIOTCs, U MOCIe HHTETPUPOBAHUS
MOJIyYHUM 3aKOH U3MEHEHHUS 3apsA/ia KOHIAEHCATOpa CO BPEMEHEM

t
q=0.e *, )
rne (o - HayajabHBIA 3apsii KOHJEHcaTopa, e - OCHOBAaHHE HaTypalbHOTO Jorapudma.
[Mpomssenenne RC, mmeromee pa3MepHOCTb BPEMEHH, HA3BIBACTCS 6peMsi pelakcayuu T .
[TponuddepenumpoBas BeipaskeHue (2) Mo BpeMeHH, HalIEM 3aKOH U3MEHEHHUS TOKa:

l=——=1¢", (3)

rae lo - cuiia Toka B ienu B MoMeHT BpeMeHu t = 0. 13 ypaBHeHus (3) BUIHO, UTO T €CTh BpeMsl,
3a KOTOPOE CHJIa TOKA B LIENU YMEHBUIAETCA B € pas.
3aBUCUMOCTh OT BPEMEHH KOJIMYECTBA TEIJIOTHI, BHIICTUBIIETOCs HAa CONPOTUBIeHUU R npu
pas3psiie KOHIEHCaTopa MOYKHO HalTH U3 3akoHa J[xoyins-Jlenna:
2t 2 2t
= Cg =
Soty ¢ == 1-e * | 4)

t
=[1?Rdt=
Q i 2C
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3APAIKA KOHIECATOPA.

Cunraem, 4yTO NEpBOHAYAIBHO KOHJIEHCATOpP HE 3apsbkeH. B MoMeHT BpeMenu t = 0 kirou
3aMKHYJIM, U B LIEIIM IOWIEN TOK, 3apsDKalOlUN KOHIAEHCATOp. Y BEIMYMBAIOIIMEC 3apsbl HA
oOKJIakax KoHJeHcaTopa OyayT Bc€ B OONbILICH CTENEHU MPENATCTBOBATh IPOXOXKICHUIO TOKa,
IIOCTEIIEHHO YMEHbIIas ero. 3anuuieM 3akoH OMa i 3TO 3aMKHYTOH LIeTH:

e=IR+u=3g, 9
dt

C
ITocne pasaciCHus NICPEMEHHBIX YPABHCHUEC ITPUMET BU:
dt __dg
CR C&-q

[IpouHTErpUpOBaB 3TO YPaBHEHUE C YUETOM HAYAIBHOTO YCIOBUS
g=0mput=0uc yuérom Toro, 4ro npu u3mMeHenuu Bpemenu ot 0 1o t 3apsa usmensercs ot 0
J0 (, HOJIy4YHnM

t C&—q

—=-In
CR ce

, HJIHU IIOCJIC IIOTCHIUPOBaHUA

q=C¢ {1 - exp(— I;—Cﬂ . (4)

AHanM3 9TOr0 BBIPAKEHHs I[IOKAa3bIBAE€T, YTO 3apsaj NPUOIMKAETCS K  CBOEMY
MaKCHMaJIbHOMY 3Ha4eHuI0, paBHoMy C &, aCHMITOTHYECKH Ipu t — 0.
[Moacrasnss B popmyiny (4) dyukiwmro () = dg/dt, monyuum

I = % exp(— Ct_Rj . (5)

W3 3akoHa COXpaHEHHUs PHEPruu CIEAyeT, 4TO IpH 3apslKe KOHJEHcaTopa Julsl JIH000ro
MOMEHTa BpeMeHH paboTa HCTOYHHKA TOKA U4, paHa CyMMe KOJIMYECTBA JXKOYJIEBOU TEIUIOTHI
dQ, BeinenuBIIEiicS Ha pe3ucTope R 1 u3MeHeHu o 3Heprun KoHaeHcaropa dW:

dA,cn,=dQ + dW,

2
rne dA.., =¢€ldt, dQ =I1°Rdt, dW =d (S_Cj :(%) Tornma uist IPOM3BOJILHOTO MOMEHTA

BpeMeHU t uMmeem:

t g2t _t _t
Aucm(t):jadt:Fje Redt=CEg?|1-e R |.  (6)
0 0

82t _2t _QL
Q(t):?je RCdt=C &2 [1—e RC]. )

0

2
1 ¢ 1t ce?t : CcU?
W(t) =— [g?dt=— [qg%dt= l-e RC | dt=—L, 8
(t) Zciq chq > {[ } (8)

METOJAUKA U IOPAJIOK U3MEPEHUI:

B peanvhvix snexmpuueckux yensix NOCMOAHHO20 MOKA, COOEPHCAUWUX KOHOEHCAMOpbl,
nepexooHvle npoyeccvl pa3psaoku U 3apsaoKu KOHOEHCamopos NPoxoosam 3a 8pems NopsaoKd 10°°
— 107 ¢. Inst mozo,umo6u1 coename 00CMYNHbIMU 0151 HAOIIOOEHUS U U3MEPEHUs. JTIeKmpuY ecKue
napamempusi npu nepexoOHbIX npoyeccax 6 Hacmosujell KOMIbIOMEPHOU MOOeIu Mo 8pems
3HAYUMENLHO YBEIUUEHO 3 CUEM YeenudeHUus EMKOCMU KOHOeHCamopa.
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IKCIIEPUMEHT 1. Onpenesnenue éEMKOCTH KOHACHCATOPA METOAOM Pa3psAKH

1.Cobepute Ha paboyeil 4acTH 3KpaHa 3aMKHYTYIO dJIEKTPUUYECKYIO IIETb, TOKa3aHHYIO HIDKE Ha
puc.2. Js 5Toro cHavana MEIKHATE MBI Ha KHOIKE | == 5.71.C.,pacIoa0KeHHOM B PaBoii

qacTu OKHa 9KCIICPUMCHTA.
] ﬁ KoHaeHcaTopnl B LENAX NOCTOAHHOID TOKA | _ =] =
- [lepemecTuTe Mapkep MbIIIA Ha

¢l B 72 pabouylo dYacTh OJKpaHa, T
acIONOKEHBl  TOUKH u
_an ANEMEHTEI p . >
| IEIKHUTE MAapKepoOM MBI B
_ o
l BUJIC BEITSIHYTOTO

yKa3aTeJIbHOTO Tajiblla B TOM
MecTe, TIJe JOJDKEH OBITh
pacroyioeH HCTOYHHK TOKA.
[TogBeauTe Mapkep MBI K

JBHKKY HOSIBUBIIECTOCS
.0 perynaropa 3.4.C., HAXXKMHUTEC Ha
R JICBYIO KHOIIKY MBIIIIH,

yaepxkuBasg €€ B HaXaToM
COCTOSIHMM, MEHSUTE BEIMYHUHY

3.4.c. U ycraHosute 10 B.

LCrapT OYHcTHTE

AHaJIOTUYHBIM obOpaszom

BKIIIOYUTE B Lenb 4 JIpyrux
uctoyHuka toka. CymmapHas BeJMYMHA 3.].C. Oarapeu JOHKHA COOTBETCTBOBATH 3HAUEHUIO,
yKa3aHHOMY B Tabnuue 1 st Baeii Opurasl.

Takum >xe 00pa3oMm pasmecTuTe najee Ha pabodueil yactu skpana 7 jamn JI1-JI7 ( kHOmKa
[EE50), Kmou K (kmomka =), BompTMeTp (KHOMKa [0%), ammepmerp (KHomka _&7),
KOHJieHcaTop (KHOIKa ~£=). Bce 31eMEeHThI AJIEKTPUUECKON TS COSMHMUTE 10 cxeme puc.l ¢
TIOMOIIIBI0O MOHTXKHBIX MPOBOJIOB (KHOMKA ).

2. lllénkuuTte Mpmmbio Ha KHOMKEe «CtapTy». JlomkHa 3acBeTuThes jamma JI7, a HaAnuch Ha
KHOIKe U3MeHuThCs Ha «Crom». Kypcopom Mblmun 3amkHUTE KiTtod K.

3. Ilocne ycTtaHOBIIEHUS B LIEMH CTallMOHAPHOIO TOKa ( JOJKHBI MOracHyTh jJamibl JIS u J16
u cBetuthes Jammnbl JI1-JI4) 3amummre mokazaHUS 3JIEKTPOU3MEPHUTEIbHBIX HPUOOPOB B
Tabnuiry 2.

4. HaxxmuTte Ha KHOTIKY «CTOI» U KypCOPOM MBI pa3oMKHHTE Kirou K.

5. JIByMsI KOpPOTKMMH IIE€TYKaMH MBI Ha KHoOMKe «CTapT» 3alyCTUTE M OCTAaHOBHTE
npoliecc pa3psaku KonaeHcatopa. [lokasanus amnepmerpa OyayT COOTBETCTBOBATh HAUYAIBHOMY
TOKY pa3psKu KOHJieHcaTopa lg. 3anummTe 3To 3HaYeHue B Tadnuiy 3.

6. BHOBB 3aMKHHTE KIIIOY, 3apsIUTe KOHACHCATOp U MOBTOPHUTE IL.II. 5, 6 emE 4 pasa.

7. Jlns xaxxaoro ombita paccunrtaite |, = lo/2,7- cuity Toka, KOTOpasi T0JKHA OBITh B LIEMH
pa3psAAKy KOHAEHCATOpa Yepe3 BpeMsl peslakcalliy T U 3allUIINTe 3TH 3Ha4eHus B Tabauiy 3.

8. Ilpum pa3oMKHYTOM KirO4e HakaTheM KHONKM «CTapT» 3alyCTUTE MPOLECC PA3PSIKH
KOHJIEHCATOpa U OJJHOBPEMEHHO BKJIIOUUTE CEKYHJIOMED.

9. BuumatensHO HaOmOJaiiTe 3a W3MEHEHHWEM IIOKa3aHMH aMIepMeTpa B Ipoliecce
pa3psaku KoHaeHcaTtopa. OCTaHOBUTE CEKYHJIOMEP U CUHXPOHHO HaXKMUTE KHOMNKY «CTom» npu
NOKa3aHUM aMIepMeTpa, paBHOM WM Onu3kuM K |.. 3anummTe 3TO 3Hau€HHE BPEMEHH Ti B
Tabnuiy 3.

10. Ilponenaiite onbIThl N.11.8, 9 emEé 4 pasa.
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Ta6auna 1. CymmapHoe 3Ha4eHHe 3./1.C. HCTOYHHKOB TOKA

bpuraga |1 (2 |3 |4 |5 |6 |7 |8

O.n.c,B |50 49|48 |47 |46 | 45|44 | 43

Ta6auna 2. Onpenenenue cCONPOTHUBJICHHUS JAMIIbI.

Nemm/m | I, A [ U,B | R, Om

Ta6auna 3. Pe3y1bTaThl H3MepeHnii H pacyéToB.

Howmep 112 1314 |5 Cpennee
OIIbITa 3HAYECHHUE

lo, A
I, A
7, C

C, o

OBPABOTKA PE3YJIbTATOB:

1. Ilo 3akomy Oma 1 ydacTka LeNH HI-H4:R=%UT U pe3ynbTaTaM HU3MEpPEHHI,

NpUBEAEHHBIM B Ta0IHIIe 2, ONIPEIeNIUTE COMPOTUBICHNE OHOM JIAMIIBI.
T v
2. ITo dpopmyne C “%R (pu pa3psiike KOHJAEHcaTopa KBa3MCTAI[MOHAPHBIA TOK MPOTEKaeT

10 6 oCIIe10BaTEIbHO COEANHEHHBIM JIAMIIAM) OIIPEJEIUTE EMKOCTh KOHIEHCATOPA U 3aMUIINTE
3TH 3HA4YEHUs B TabnuIy 3.

3. PaccuuTaiiTe morpemrHocTd uU3MepeHuil u chopMylHpyHTE BBIBOJABI IO pPE3yjbTaTaMm
Ipo/IeTaHHOM paboTHI.

IKCIIEPUMEHT 2. U3y4eHune 3aBUCMMOCTH OT BPEMEHH KOJIN4YeCTBA TeIlIa,
BbIIeJMBIIEr0Csl HA HATPY3Ke MPHU pa3psiie KOHAeHcaTopa

1. BbIlonHAS JAEUCTBHS, AaHAJOTHMYHBIE OINKHCAaHHBIM B JKCIEpUMEHTE 1, 3apsaute
KOHJIEHCATOp /10 HAIpsDKEHUs, COOTBETCTBYIOIIETO0 CYMMapHOMY 3HAUYE€HHIO 3.1.C. JJIsl Ballen
Opuranpl.

2. Haxxmure kHOnKy «CTOm» M oTKirounTe Kiroy K.

3. IlpoBeauTe 5-THM CEKYHAHBI  MPOLECC YACTHYHOTO pa3psiaa KOHJEHcATopa 4Yepes
NOAKIIOYEHHBIE Jamibl. J[Ji1 3TOr0 Ha)KMUTE CUHXPOHHO KHOIKY «CTapT» M KHOIMKY 3amycka
CEKYHJIOMEpPAa W 4Yepe3 5 CEeKyHJ HaxaTheM KHONKH «CTOm» OCTAaHOBUTE MPOLECC Pa3PSAKU
KOHJICHCATOpA.

4. 3anumuTe MOKa3aHWsS aMIepMerpa B Tabiuiy 4 U BHOBb 3apsiiUTe KOHJIEHCATOp [0
MEPBOHAYAJIBHOTO HAMIPSKEHUS.

5. IlocnenoBarenbHO yBEIMUMBAs JIUTEILHOCTD MPOLECCa Pa3psaKku KOHAEHcaTopa Ha S c,
MPOJAEIANTE 3TH ONBITHI A0 BPEMEHU PaA3PSIKHA, COOTBETCTBYIOLIEMY IOJIHOMY HCUE3HOBEHUIO
3apsna Ha KoHaeHcaTope. (HanpspkeHue Ha KOHASHCATOPE M TOK Pa3psIKK Yepe3 JIAMIThI JOJDKEH
OBITH OJIM3KUM K HYINIO). Pe3ynbTaThl M3MEpEeHHA TOKA pa3psAKU 3aMUIINTE B COOTBETCTBYIOIIHE
sTYeHKU TaOIUIBI 4.
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Tabanna 4. Pe3y1bTaThl H3MEpEeHNH U pacyeToB

Bpewms paspsinku t, ¢ 5/10(15(20 ... [ 5n
Tox pazpsina | vepes tc, A
Kom-Bo Teruma Q 3at ¢, [Ix

OBPABOTKA PE3YJIbTATOB:

1. Jyng KaXaoro BpeMEHW pas3psakd Bbauciaute mo Qopmysne (4) KOIMYECTBO TeIUa,
BBIICTIMBIIETOCS] HA HIECTH JIaMIlaX W 3alMIIUTe ATH 3HAYEHHsS] B COOTBETCTBYIOIIHME SUECHKHU
TpeTheil cTpoku Tabm.4.

Tonesnuwiit cosem: ons pacuéma Q éocnonv3ytimeco npocpammoii MS Excel.

2. ToctpoiiTe Tpaduk 3aBUCHMOCTH KOJHMYECTBA BbLACIMBINETrocs Termiaa Q K JaHHOMY
MOMEHTY BPEMEHH OT JUIUTEIHHOCTH MpoIlecca pa3psaKu KoHIeHcaTopa 1.

3. CpaBHUTE pacCUUTaHHOE KOJUYECTBO TEILJIA, BHICIMUBILIEECS K MOMEHTY IOJIHOIO pa3psiia

ce?
KOHJIEHCATOpa C €ro TEOPETUYECKUM 3HAaYCHUEM, PaBHbIM Q = —
4. Cnenaiite BbIBOIBI 110 TpaUKy U OTBETY U IPOBEAUTE PacuéT NOrPELIHOCTEH N3MEPEHUI.

IKCIIEPUMEHT 3. IIpoBepka 3akoHa cOXpaHeHHsI JHepPruM B Ipouecce 3apsAKH
KOH/ICHCATOPA Yepe3 CONPOTHBIEHUE

ﬁ KOHAEHCATOPH B LENAX NOCTOAHHOND TOKS M= B2
L9/NENE
JNEMEHTEI
-5.0 o K I
| 1 1 s
|
100
—_ J_l 3 2 s
C 2
100 -
—_— CB) _I_l 5
C3 +
100
T 1o n g Ny
| rye
| ey L
LCTapT OYHCTHTE
Puc.3

1. Cobepute B paboueil yacTH SKpaHa ONBITa CXEMy, ITOKa3aHHYI0 Ha puc.3. BonbTmerp,
BKJIIOYEHHBIA MapayieIbHO 5-TW J1aMmam, OyJeT MOKa3blBaTh HANpsHKeHHE Ha BHEIIHEM
COIPOTHBIIEHUH, a aMIIEpPMETP — CUJTy TOKA Yepe3 Harpy3Ky U UCTOYHUKU ToKa. HanpsbkeHnue Ha
KOHJIEHCATOPE OIpPENEISIETCS IPOrpaMMO aBTOMATUYECKU U YKa3bIBA€TCS B BOJIBTaX HA DKpaHE
MOHMTOpPA HaJ| KOHJIEHCATOPOM.

2. VYCTaHOBUTE CYMMAapHyIO 03.1.C. HUCTOYHUKOB TOKa, COOTBETCTBYIOUIYIO 3HAYEHHIO,
npuBenEHHOMY B Tabi.1 a1 Bameit Opurafsl.

3. Ilpu pazomkHyTOoM Kitode K HaxkmuTe kHONKY «CTapT».

4. HaxatuemM KHONKM MbBIIIM 3aMKHATE KI0od K W HayHuTe Impouecc 3apsaku
KOHJIeHCaTOpoB. OTHOBPEMEHHO C 3aMbIKAHUEM KJII0Ya BKIKOYUTE CEKYHIOMED.
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5. Uepes Bpemsi penakcauun 7 = RC Haxkatuem kHONKH «CTOID» OCTAHOBHUTE MPOLIECC U
3aMUILINTE MOKa3aHUs AIEKTPOU3MEPUTEIBHBIX MPUOOPOB B TAOIHILY 3.

6. Haxxmute kHONIKY «BBIOOp» M OOHY/IMTE MOKa3aHUs HAPSDKEHU HA BCEX KOHJIEHCATOpax
U Ha 3JIEKTPOU3MEPUTENbHBIX TPHOOpax.

7. [ToBTOpHUTE 3TN M3MEPEHHUS elIE 4 pa3a U 3alOJIHUTE ABE BEPXHUX CTPOKU TaOIUIIBI 5.

Ta6auna S. Pe3ynbTaThl H3MEepeHN U pacueToB

Noeonoima |12 | 3|4 |5| Cpennee
I, A
U, B
Ug, B
Aucm;ﬂgfc
AW, [
Q, Hore

OBPABOTKA PE3YJIbTATOB:

=

o

~

1. ITo dopmynam 6, 7, 8 U M3MEpEHHBIM 3HAYCHUSAM HANpsDKEHUS Ha KoHjaeHcatope Uc
paccunTanTe BETUYMHBI Pa0OTY UCTOYHHUKA TOKA Ay, ©3MEHEHHE dHEpTUN KoHaeHcaTopa AW u
BBIJICJIMBIICTOCS HA Harpy3ke KojuuecTBa Terua Q yepe3 Bpems 3apsjga, paBHOTO BPEMEHHU
peraKcaryH.
2. [IpoBepbTe BBHIMOIHEHUE 3aKOHA COXPAHEHHUSI YHEPTUHU B TIPOIECCEe 3apsiIKH KOHIEHCATOPa
no popmyne: A,em =AW + Q.

3. Cnenaiite BBIBOJIBI I10 UTOT'aM PabOTHI.

BOl'[pOCI)I U 3aJaHUsA AJIA CAMOKOHTPOJIsA

Yro npencrasiseT co00i KOHAEHCATOP U OT YEro 3aBUCHUT €r0 EMKOCTb?

BriBenure

dopmysbl  EMKOCTH  TUIOCKOTO,  IWJIMHAPHYECKOTO H  Cc(HepHuecKoro
KOHJICHCATOPOB.

Kak usmensercs Pa3HOCThL IMMOTCHIIMAJIOB Ha 06Knazu<ax KOHACHCATOpA HIpH €ro 3apdaKe u

paspsinke?

Kakoii Tox Ha3pIBaeTCs KBa3UCTALMOHAPHBIM?

BeiBenute (opMmynbl 37I€KTpOEMKOCTH OaTaped  MOCIEAOBAaTENbHO M MapauIeIbHO
COEIUHEHHBIX KOHJIEHCATOPOB

Yro Takoe Bpems perakcanuu?

OO0bscHUTE TPUHIUI PabOThHI AKCIIEPUMEHTAIBHON YCTaHOBKH.

Hapucyiite rpaduku 3aBUCUMOCTH CHJIBI TOKa MU HANPsDKEHUs OT BPEMEHHM IPU 3apsjake U
paspsiJIke KOHJIEHCaTopa.

Cobepure Ha MOHMTOpPE TaKylO I€Mb, COCTOSAIIYI0 M3 HCTOYHHMKA TOKa, IBYX JIaMII,
BBIKJTIOYATENS U COAMHUTEIbHBIX TPOBOIOB, YTOOBI C BHIKJIFOUEHUEM JIAMIIbl B OJJTHOW 1IeTIH
3aropajiach jamima B Ipyrou.

Cy Cy
Eq E4
—
Er &
Puc 2

10. Ompenenute 3apsi, KOTOPHIA MPOUIET Yepe3 ralbBAaHOMETP B CXEMeE,
IIOKA3aHHOM Ha pHC. 2, IPU 3aMbIKAHUHU KITIOYa.

11. Konpencarop émxoctu C = 300 nd mnoakiroyaercs depes
compotusieHue R =

500 OM K HMCTOYHMKY MOCTOSHHOrO HampsbkeHuss Ug. Ompenenute: a)

BpeMs, 110 UCTEUEHUIO0 KOTOPOro HAIPSHKEHHE HA KOHJIEHCATOPE COCTAaBUT

0,99 Up;, B) KOJMYECTBO TeIIa, KOTOPOE BBIJACIUTCS HA OTOM
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12.

13.

14.

COIIPOTUBJICHUHU IIPU pa3pAIKE KOHICHCATOPA 3a 3TO KE BpCMH.

Nmeercs KJIF0OY, COCANMHUTCIIBHBIC IPOBOJAa U ABC SJICKTPUYCCKUC JTaMIIOYKH. CocraBpTe Ha
MOHHUTOPC BJICKTPUYCCKYIO CXCMY BKIIIOYCHHA B CCTh OTHUX JIAMIIOYCK, KOTOpas HOJI’KHA
YAOBJIETBOPATE CIACAYIOIIEMY YCIOBUIO: IIPHU 3aMKHYTOM KIJIHOUE TOPUT TOJBKO IICPBasi
JIaMITIO4YKa, IIPpH pa3MbIKaHHUHU KJIIOYa IICPBasd raCHCT, a BTOpasA 3aropacTcs.

Konpgencaropy émkoctero C cOOOLIAIOT 3apsn (|, IMOCIE 4Yero OOKIAIKH KOHICHCATOpa
3aMBIKAIOT dYepe3 comporuBienne R. Ompenenure: a) 3aKOH W3MEHEHHsS CHJIBI TOKA,
TEKYIIEro Yepe3 COMPOTUBIICHHE; 0) 3apsi, NPOLIEIIINI Yepe3 COMPOTHBIIEHUE 3a BpeMs i
B) KOJIMYCCTBO TCILJIA, BBIACIMBIICCCA B COIIPOTUBJICHUHN 3a 3TO BPCMH.

Omnpenenure KOJIUYECTBO TEIUIA, BBIAEIUBIIErOCS B LENd (puc. 4-6) MpH MEPEKIHOUCHUN
kiroua K u3 nonoxenus 1 B monoxenue 2. [apamerpsl nenu 0003Ha4eHbl HA PUCYHKAX.

&

L K C

||
PARNEE S
C
_D 0 2E £ E Eh B
— I

Puc.4 Puc.5 FPuc. 6

JIUTEPATYPA
1. Tpopumona T.U. Kypc ¢uzuku. M.: Beiciias mxkona, 2001, I'n.11,§94.

2. Hernadp A.A., ABopckuit .M. Kypc ¢usuku. M.: Briciias mkomna, 2000, I'n.16,
§16.3.
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JIABOPATOPHAS PABOTA Ne 3.5

OIIPEJEJIEHUE MMEPHOJIA KPUCTANJINYECKOM PEIIETKA METOJIOM
JANPPAKIIUHU SJIEKTPOHOB

O3zHakoMbTech ¢ Teopuel B koHcriekre U yueOHukax: 1. Tpobumona T.U. Kypc ¢usuku. ['n. 28,
§213. 2. Hernad A.A., SABopckmit b.M. Kypc ¢usuku. I'n. 37, §37.1.3anycrute mporpammy
«KBanToBas ¢usuka». Beibepure: «/Iudpaxius snextpoHoBy. HaxkmuTte BBepXy BHYTPEHHETO
OKHa KHONKY € M300pakeHHMEM cTpaHulbl. [IpounTaiiTe KpaTkhe TEOPETUYECKHE CBEICHUS.
HeoOxonumoe 3anummure B cBoi koHcrekT. (Ecnm Bbl 3a0butn, kak paboTaTth ¢ CHCTEMOit
KOMIIBIOTEpHOTr0 MozienupoBanus, npountaiite BBEJIEHUE ctp.5 eme pas).
HEJIb PABOTbI:

e lI3y4yeHue BOJHOBBIX CBOMCTB JIEKTPOHOB

e 3HAKOMCTBO C KOMIBIOTEPHON MOJENbIO AU(PPAKIIMK IJIEKTPOHOB MPU UX PACCESTHUH Ha

OJIHOMEPHOI MOHOKPHUCTAINTNYECKON peméTke (dNeKTpoHorpadus).
e OmnpenenenHue nNepuoia KpUCTAITMIECKON PEeIETKU «TUIEHKH METasliay.

KPATKASA TEOPUA: . .
IMEPUOJ KPUCTAJIJIMYECKOM PEIIETKU - paccTosHME MEXTy aTOMAMHU B dJIeMEHTapHOI
s4yeiike KpucTasia.

BOJIHBI IE BPOWJIA - BonHBI, CBSi3aHHBIE C JI1000H CBOOOIHO ABUXKYIICHCS MUKpOYaCTUIICH
U OTpaXarolue €€ KBaHTOBYIO MPHUPOAy. JJMHA BOJIHBI M 4acTOTa BOJH A€ bpoiis CBsI3aHbI
COOTHOIIIEHUSIMH

KOPITYCKYJISIPHO-BOJIJHOBOM JIVAJIU3M - nexamee B OCHOBE KBAaHTOBOH TEOPHH
IPEJICTAaBICHUE O TOM, YTO B MOBEIEHUN MUKPOUYACTHUI] IPOSBIIAIOTCS KaK KOPIYCKYJSpHbIE, TaK
Y BOJIHOBBIE CBOICTBA.

JUOPAKINA DSJIEKTPOHOB - paccesHue 3I€KTPOHOB BEHIECTBOM, IPU KOTOPOM U3
HAYaJbHOTO My4YKa YacTHUI[ BO3HUKAIOT JOIMOJIHUTENbHO OTKIOHEHHBIE MYYKH STHUX YaCTHILL.
Judpakuus 37€KTPOHOB MOXKET OBbITh OOBSICHEHA TOJIBKO Ha OCHOBE KBAHTOBOMEXAaHWYECKUX
NPEJICTAaBICHUH O MHUKpOUYacTHIle (JIEKTpOHE) Kak O BojHEe. OCHOBHbIE T€OMETPUYECKHE
3aKOHOMEPHOCTH JU(PPAKLUUU 3JIEKTPOHOB HHYEM HE OTIMYAIOTCSI OT 3aKOHOMEpPHOCTEH
JupakIuy BOJH JPYTUX Auana3oHoB. OOIKMM YCIOBHEM AM(PPAKIMKU BOJH JHOOON MPUPOIBI
ABJIAETCS COM3MEPUMOCTD JUIMHBI MAJaroLIEd BOJHBI C PACCTOSIHUEM MEXAY PacCEUBAIOIIUMU
LEHTPaAMHU:
A<d. (2)

Ob6pa3zoBanue AU(PPaKIMOHHONW KapTUHBI MIPU pacCesHUH 3JEKTPOHOB BEIECTBOM B KBAaHTOBOU
¢bu3nKe WHTEPIPETHPYETCd  KaK pachlpelielieHne BEepOSTHOCTU TIOMaJaHus DSJEKTPOHA B
pa3iauuyHble TOYKM OJKpaHa. [lpomenmmii dYepe3 KpUCTAII DJJIEKTPOH B  pe3ysbTare
B3aMMOJICHCTBUS ¢ KPUCTAJUIMUECKON peméTkoid oOpas3na OTKIOHSETCS OT NEePBOHAYAIBLHOTO
HalpaBJIeHUs JBI)KEHUS M TOMAAAaeT B HEKOTOPYIO TOUKY (DOTOIUIACTMHKH, YCTAaHOBJICHHOH 3a
KpuctayyioM. [Ipu AIUTEeNnbHOM 3KCMO3UIMK MOCTETIEHHO BO3HUKAET YIOPSIOUYEHHAs KapTHUHA
JTU(PPaKIMOHHBIX MAKCUMYMOB 1 MUHUMYMOB B paclipe/ielIeHUH 3JeKTPOHOB, IPOLIECIIINX Yepe3
kpuctayl. ToyHO mpeackaszath, B Kakoe MecTO (DOTOMJIACTHMHKU MOMaIET NaHHBIA 3JIEKTPOH,
HEJb35, HO MO’KHO yKa3aTh BEPOSATHOCTD €0 MOMNaJaHus MOCIE PACCESIHUS B TY WIM UHYIO TOUKY
IUTACTUHKH. DTa BEPOSTHOCTD OMpeesieTcss KBaJpaToM MOJyJIsl BOJTHOBOW (PYHKIIMU JIEKTPOHA

2
\‘P(x,y,z,t] , a JudpakUMOHHAs KapTUHA Ha OJKpaHE BO3HHMKAeT KaK pe3yabTar
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BeposaTHOCTHOrO nporecca.  DJIEKTPOHOI'PA®USA — wmeton wuccienoBaHus CTPYKTYpbI
KPUCTANINYECKUX BEILIECTB, OCHOBAHHBIM Ha JAM(PPAKIMOHHOM pPACCESIHUM YCKOPEHHBIX
IIEKTPUYECKUM TI0JEM 3IEKTpPOHOB. OH NpHUMEHSETCS [ M3Yy4EHUs aTOMHOM CTPYKTYpbI
KPHUCTAJJIOB, aMOP(HBIX TEJ U KUJIKOCTEH, MOJIEKYJ T'a30B U mapos. IIpu npoxoxaeHuu depes
BEIIIECTBO DJICKTPOHBI, 00JIa/1a10II1e BOJTHOBBIMU CBOMCTBaMHM, B3aUMOACHCTBYIOT C aTOMaMH, B
pesyibTare 4yero oOpasyrorcs Au(ppardpoBaHHbIE IyYKH, MHTEHCHUBHOCTb U PaCIIOJIOKEHUE
KOTOpPBIX CBSI3aHBI C aTOMHOM CTPYKTYPOMH BEIIECTBA U APYTMMHU CTPYKTYPHBIMH IapamMeTpaMu.
PaccesiHue 351eKTpOHOB OIpeesaeTcs SJIEKTPOCTaTUYECKUM [TOTEHIMAIOM aTOMOB, MAKCUMYMBbI
KOTOPOr'0 OTBEYAIOT IOJI0KEHUSIM aTOMHBIX SIZIEP.

CunpHOE B3aMMO/IEHCTBHE 3JIEKTPOHOB € BELIECTBOM OIPAaHUYMBAET TOJIIMHY IPOCBEYMBAEMBIX
00pa3LoB JECATHIMU A0JIAMU MKM. [loaTOMy MeTonamu 351eKTpOoHOrpaduu U3y4aroT aTOMHYIO
CTPYKTYPY MEJIKOKPUCTAJNIMYECKUX BEIIECTB, CTPYKTYpPY IIOBEPXHOCTEM TBEPIBIX T,
Harpumep, IpH UCCIEIOBAHUU SBJICHUNA KOPPO3UU METAJIOB, aACOPOLIMH U KaTalu3a.

B ocHoBe pacyéra 371eMEHTOB KPHCTAJUIMYECKOW STYCHKU U OIPEETICHUSI CHMMETPHH KpHCTAILIA
JIC)KUT UBMCPCHUC YIIOPAJOYCHHOI'O paCIlOJIOKCHUSA III/I(bpaKIII/IOHHI)IX MAaKCUMYMOB - TOUCK HJIN
naTeH  («peduiekcoB») Ha d3aekTpoHorpammax. C BOJHOBOM TOYKM 3peHUsl Auppakius
AJIEKTPOHOB TIOJHOCTHIO JKBUBAJEHTHA AU(PPAKIMM CBeTa Ha JUPPAKIUOHHON pEIETKE.
[TosToMy mpM paccesHHMH 3JIEKTPOHOB Ha KpUCTAIaX MOJO0KEHHE TIJIABHBIX MaKCHMYMOB
omnpenensercss GopMyrnoi nuhpaKIMOHHON PemETKH:

dsin®=mh\.
3)
[Tpu maneix yranax audpaxmum

mA
O~ —. 4
d )

Ecnu Ha HekoTopoMm paccrossHMM L 0T peméTku nomecTuTs (OTOIIIACTUHKY, TO Ha Heil Oynet
3aperucTpupoBaHa JupaKIUOHHAs KapTHHA B BHUAE Y3KUX JAU(PPAKIMOHHBIX TIOJOC —
pediiekcoB, NOJ0KEHNU KOTOPBIX ONPENEeNAIoTCs MPU MaJbIX yriax AU(pakul COOTHOLIEHUEM

X, zL(“)zmTu, (5)

OTKYZa ICpuojg KpHCTaHHquCKOﬁ peI_HéTKI/I (MG)KHJ'IOCKOCTHOG paCCTOHHI/Ie)

_ mLA
o

m

d (6)
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METOJINKA U TOPAIOK U3MEPEHU:
BHHMaTelpHO paccMOTPUTE CXEMY OIbITa Ha SKpaHe MOHHUTOpA M 3apHCyHTe HEOOXOAMMoe B
CBOM KOHCIIEKT JIa0OPaTOpHOU PabOTHI.

“ Nudpparuuna 3 nEKTpOHOE

BN

IR s W
d=1.20-10""w | 1112 13__ | A= 0.37107 %M
CE et ——id L=01dm
e T 1
. 07 [
¥ = 1.99-10" mfc 74 : T CrapT
Puc.1

1. HaxxMuTe MBIIIBIO KHONMKY «BBIOOp» M, 3allelMB MBIIIBIO JIBUXKOK PETYJSATOpa Mepuona
pemérku, yeranosute 3Hauenue d = 1,5-107° u.

2. AHajoruyHsIM 00pa3oM YCTaHOBHUTE MEPBOE 3HAUEHUE CKOPOCTH IJIEKTPOHOB, YKAa3aHHOE B
Tabu.1 11 Bameit Opuraspl.

3. Haxmure wmbimbio KHOMKy «CtapT» M HaOmojaiiTe JBHKEHUE JJIEKTPOHOB depe3
OJTHOMEPHYIO MOJETh NU(PPAKIMOHHON KPUCTAUIMYECKOH pEIETKH M WX PETUCTPAIHMIO Ha
¢doTomnnacTuHKe.

4. Onpenenurte 1Mo MIKalle, PACMOJIOKEHHON B MPaBOW YacTW OKHA, KOOPAWHATHI MEPBBIX TPEX
MaKCMMYMOB MHTEHCUBHOCTHU JU(PAKIIMOHHON KapTHUHBI M 3alUIINTE 3TH 3HAUYEHUS B TAOIUILY
2.

5. YcraHoBUTE BTOpOE 3HAUYE€HHE CKOPOCTH IS Bamleld Opurajpl U MOBTOPUTE 3TH U3MEPEHUS
emé pas.

Tadiauua 1. 3Ha4YeHHUsA CKOPOCTH 3JIEKTPOHOB

Howmep 1 2 3 4 5 6 7 8
Opurabl

v-10", m/c | 1,50 | 1,55 | 1,60 | 1,65 | 1,70 | 1,80 | 1,85 | 1,90
2,00 2,05(210|215|220|225|230]|235
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Tabuauna 2. Pe3yabTaTbl M3MEepPeHUIl U PACYE€TOB

Xml ><m2 XmS d3 cpen A Xml Xm2 XmS d3 cpen

d,

OBPABOTKA PE3VJIbTATOB 1 O®OPMJIEHUE OTYETA:

1. Paccumraiite 1is KakJ0ro 3Ha4eHUsl Xy 1o (opmyse (6) nepuos audpakiMOHHON PElETKN
d,, 3amuimmMTe OSTH JaHHbIE B Ta0JNL.2 M CpPaBHUTE IIOJIyYCHHOE CpEJHEe 3HAYeHHE C
YCTaHOBOYHBIM.

2. [IpoBeauTe OLIEHKY MOTPELUIHOCTH U3MEPEHU.

Bomnpocsl 1 3a1aHust 1J1s1 CAMOKOHTPOJISI

. HazoBuTE OCHOBHBIEC OTINYHS KPUCTAUTUYECKUX TET OT aMOP(HBIX.

. Uro Takoe KpucTajmueckas pemeérka?

. Urto Takoe y3ibl KpUCTAJUIMYECKON pemETKN?

. UeM OTIIM4ar0TCsI MOHOKPUCTAJIBI OT MOJIUKPUCTAIIOB?

. Kak MoxHO kitaccupuimpoBats KpUCTAIIBI?

. Uto Takoe noHHas CBA3b?

. UTO Takoe KOBaJICHTHAs CBSI3b?

. Kakue tunsl kpucramiorpapuueckux cuctem Bol 3Haere?

. Onpenenute OCHOBHBIE CBOMCTBA BOJH Jie bpoiins.

. B uém 3akmrouaercsi COOTHOIIIEHHE HEOTPEIETIEHHOCTEM?

. Uto Takoe BoIHOBas (DYHKIUS U B UEM 3aKIFOYAEeTCsl €€ CTATHCTUYECKUN CMBICT?
. 3anumute ypaBHeHue Llpéaunrepa 1yist cTalimOHapHBIX COCTOSTHUM.

. Uto Takoe AuQpaKIKs MUKPOYaCTHIL?

. KakoBbl 0ocoOeHHOCTH TU(PAKIIUK HA TPOCTPAHCTBEHHOMN peméTke?

. Copmynupyiite ycinosue bparra-Bynsga. Uto oHo onpenenser?

. Kem u xorna BrepBbie ObU1a JOKa3aHa BO3MOKHOCTb JTU(PaKIUU JIEKTPOHOB?
. Kakyto nuaopmanmio MOXHO MOJIY4UTh U3 aHAIH3a dJIEKTPOHOT PaMMBbI?

O 001N DN B~ W~

— e et e )
NN DNk W= O
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JIABOPATOPHAS PABOTA Ne 4.5
IIUKJI KAPHO

O3HaKOMBTECh C TeOpued B KOHCIEKTe Jekiuii u B ydeOHmkax: 1. TpodmumoBa T.U. Kypc
buzuku. ['1.9, §59; 2. letnap A.A., SABopckuii b.M. Kypc ¢puzuku. I'n.11,§11.2. 3anycture
nporpammy «TepmoauHamuka u MoJekyisipHas ¢usukay, «{ukn Kapro». Haxmure KHONKY ¢
M300paXeHUEeM CTpaHUIbl BO BHYTpeHHeM okHe. lIpounrtaiiTe Teopuio M 3amuIIuTe KpaTKue
CBEJICHUS B CBOW KOHCIEKT JaOopaTOpHOHM palboThl. 3aKpOWTE OKHO TEOpUH, Ha)KaB KHOIKY C
KpECTOM B IIPaBOM BEPXHEM YIIy BHYTPEHHETO OKHa.

HEJIb PABOTbI:
e 3HAKOMCTBO C KOMIIBIOTEPHOW MOJIENBIO, MILTIOCTpUpYIoliel ukia KapHo B naeaibHOM
rase.

e DKCHEPUMEHTAIBHOE OIIPEeICHUE PadOThI, COBEPIIEHHOM Ia30M 3a IUKIL.
e DKcrepuMeHTalIbHas npoBepka TeopeMbl KapHo.

KPATKAA TEOPHUA:
[MUKJIOM KAPHO Ha3biBaeTcsi KpYroBOM IpOLIECC, COCTOSIIIMNA M3 ABYX H30TEPMHUUYECKUX
IPOLIECCOB U ABYX aauabaTuyeckux npoueccos. ( CM. OKHO T€OpHUU.)

PABOYUM TEJIOM Ha3biBaeTcss TEpMOIAMHAMHYECKAs CHUCTEMA, COBEpIIAIOIIAs MPOLECcC M
npenHa3sHauYeHHas Ui TpeoOpa3oBaHus OMHOW (GOPMBI Tepeqadyd SHEPTHH - TEIUIOThI WA
paboTsl - B apyryro. Hampumep, B TerioBoM ABuraresne padbouee Teso, Mody4yash SHEpruio B
dopmMme Terma, yacTh e€ nepenaét B popme padoTHI.

HATPEBATEJIEM (TEIUIOOTHJATUMKOM) Ha3pBaeTCs  YCTPOHCTBO, COOOMIAOIIEE
paccMaTpuBaeMoi TEPMOJMHAMHYECKOHN CHCTeMe YHEPTHIo B hopMe Teria.

XOJIOJUJILHUKOM (TEIVIOIIPUEMHUKOM) HasbiBaeTcsi cucTema (OKpyKaromas cpeja
WM CIeUUATbHBIE  YCTPOWCTBA IS OXJQXICHWS W KOHJIGHCAlMM OTPaOOTaHHOTO Tapa),
MOTJIONIAOIIAsl YacTh Terjia paboyero Tena.

[TPAMBIM ILIUKJIOM Ha3bIBaeTCsl KpyroBOM Mpolecc, B KOTOPOM pabodee Telo COBEpIIaeT
MOJIOKUTENBHYIO padoTy: §pdV >0. Ha rpaduxe p-V npsmoil mUKI HU300pa)kaeTcs B BHUJEC

3aMKHYTOH KpPHUBOH, MPOXOANMON pabOYMM TEJIOM 10 YAaCOBOM CTpEIKe.

PABOTA n1060ro TemioBOro ABUTaTeNsl COCTOUT W3 TMOBTOPSIOIIUXCS LUKIOB, KaXIbIH W3
KOTOPBIX BKJIFOYAET B CEOs MOJIydeHHE paOO4YMM TEJIOM SHEPIHH OT HAarpeBaTelsl, paclIupeHue
pabodero Tema W COBepIIeHHE UM pabOTHI, Tepefadyy YacTH DHEPTUU XOJOIWIBHUKY U
BO3BpaIleHue pabovero Tena B UCXOHOE cocTosiHue. PaboTa, coBepiaemas pabodum TeoM 3a
OJIMH TIOJMHBIN IMKJ, CKJIaIbIBACTCS U3 PabOThl, COBEPIIEHHON UM MU PACIIUPEHUH, U PAOOTHI,
COBEPIIEHHON UM NIpU CKATHH: A = Apsen + Ack. YUMUTBIBas, YTO IPH CXKATUHU T'a3 COBEPLIAET
OTPUIATENbHYIO paboTYy, MOCIEIHEE PABEHCTBO MOYKHO MEPENHcaTh B BUJIE:

A = Apacm - | Acxcl
HpI/I HaJIMYHUU XOJIOAWJIBHHWKA Ta3 TMEPEa CXKATUCM HIW BO BPEMA CXATHUA OXJIAXKIACTCA, U
MMOTOMY IPOLECCC COBCPIICHU UM pa6OTLI IpU CXKATHU MPOTCKACT IIPU MCHBIICM JABJICHHUU, YCM

npu pacmupennu. Ilostomy [Acy < Apacw, M, chenoBatenbHo, A>0. IlpuHnmn neictBus
TEIJIOBOTO JIBUTATENs IPUBEIEH Ha puc. 1.
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Harpesarennb

T,

$Q,

PaGouee »A=Q:-Q;

TeJI0

(ra3, nap)

$Q,

XoJ0auILHUK
T2

Puc.1

Ot marpeBarenst ¢ TemmepaTypoil Ti 3a IHUKJI OTHHUMAeTCs KOJHMYECTBO TEIUIOTHI Qi, a
XOJIONWIIBHHUKY ¢ TeMreparypoii T, 3a UK nepeaaércst KoamdecTBO TermioThl Q,. Pabouee Teno
IIPH 3TOM COBEpIIAET Mmosie3Hyro padboty A = Q1 — Q.. [luxn KapHo n3o0paxén Ha puc.2,

P/\

4
Q>

Puc.2

/1€ U30TePMUYECKOE PaCIIUPEHNE U CKaThe N300pakeHbl COOTBETCTBEHHO KpUBbIMU 1-2 u 3-4,
a ajnuabaThyeckoe pacliMpeHue U cxarue — kpuBbiMu 2-3 u 4-1. [lpum wuzorepmuueckom
nporecce U=const, mo3romy Konu4yecTBO TemIOThl Q1,lT0OJIydeHHOE Ta30M OT HarpeBarels,
paBHO pabote pacmupeHus Ajp, COBEpIIaEMON Tra3oM NpH TEpexoje W3 COCTOsiHUS 1 B
COCTOSIHHE 2:

m Vv
A= —RT, In-2=Q, (1)
M V,
[Tpu anpmabatuyeckoM pacuIMpeHuH 2-3 TerIoo0MEeH ¢ OKpY’Karolled cpemodl OTCYTCTBYET, U
paboTa pacimupeHus 2-3 coBepiaeTcs 3a CUET U3MEHEHHS] BHYTPEHHEW SHEPTUu rasa:

m
A23=—MCV(|_2 _Tl)' (2)

KOJ'II/I'-IGCTBO TCIIJIOTHI QZ; OTOIAaHHOC ra3oM XOHO}II/IHBHI/IKY HpI/I I/ISOTepMI/I‘IeCKOM cXXaTtuu, paBHO
pabote cxxaTus Aszq:

m \Y)
Ay=—RT, In—2 =-Q,. 3
34 M 2 V3 Qz ( )
PaGora agnabaruueckoro cxarus
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m
Ay=— MCV (Tl _TZ) =—Aos. (4)

PaGoTa, coBepiiaecmas B pe3ynbTaTe MpSIMOro Kpyrooro mukia Kaprao
A=Ay + Apz + Azs + Apn= Q1 + Az — Q2 — 423=Q1- Q2. (5)
Torna Tepmudeckuii k.17, nukia KapHo Oyner paBeH

v
Mtz - Mg gn Ve
UZA:QI_QZZ M Vl M V4 :Tl—-l-2 (6)
m V T
@ Q Mot n |

1

METO/JIUKA U ITOPANOK U3MEPEHWI: .
E lukn KapHo =] Lukn Kapha

EO0_

=27

so0 1 P.xMa : 300 5

500

400

300
200 \

100 M,

V. oM°

0 0 20 a0 40

P = 68klNa T:=300K
- 5 -
I | ElGiop I V= 3TamM 1 = 0.40

Cron

VYcranoBure temneparypbl T1 u Tp, ykazannsle B Tabm.l s Bamei Opuransl. Jlist aToro
HaxkmuTe KHONKy «BbIBOPy, nepemecture Mapkep MbIIIN TakK, 4YTOOBI €T0 OCTPUE HAXOAUIIOCH
Ha KHONKAax perymsiTopoB TepmMomerpoB Vwimm A. [lociaenoBaTedbHBIMH — KOPOTKHMH
HaXaTUSIMU HA OTU KHOIIKM YCTaHOBUTE 3aJJaHHBIE TEMIIEPATYPbI HArPEBATENS U XOJIOIUIbHUKA.
Haxxmute wmbimbio kHOnkKy «CTAPT» u HaOmopaiite mepeMerieHne TOUKHM IO 3aMKHYTOH
kpuBoil nukia KapHo. OcranoBute npouecc Haxatuem KHonku «CTOII» BOmm3u touku 1,
0003HaueHHON Ha pHC.2, T.e. B MecTe Iepexoja H30TepPMHUUECKOro pacCIIMpeHHs Taza B
annadaTUIECKOE.

3anumure B Tabna.2 3HaueHHe V, KOTOpPOE B MOMEHT OCTaHOBKM Ipoliecca B Touke 1 Oyner
0003Ha4YeHO B HI)KHEM MPSIMOYTOJIbHUKE OKHA OTbITA.

AHaJIOrn4HbIe U3MEPEHUs MPOBEANTE I Touek 3,4 u 1 u 3anummTe 3HaueHUs: 00bEMOB ras3a B
COOTBETCTBYIOIIHNE CTOJIOIBI TAOTHIIHI 2.

VYcTaHOBUTE BTOpBbIE 3HAUEHHUS TEMIIEpaTypbl HarpeBaTelld M XOJIOAMJIBHUKA, YKa3aHHbIE B
Tabin.1, u mpojaenaite Bce U3MepeHHs Mo M.0. 2- 4 emé pa3. Pe3ynbTaThl ONBITOB 3aHECUTE B
Tabmn.3.

OBPABOTKA PE3YJbTATOB 1 O®POPMJIEHUE OTUETA:
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1.Jns mo0oii MpOU3BONBHOW TOYKHM IIMKJIA 3alUIINTE 3HAYCHUs MaBlICHUs, OO0BEMa W
TeMIEepaTypbl, YKa3aHHbIC B MPSIMOYTOJILHUKE OKHA OTIbITA.

m o
2. C noMomibl0 ypaBHEHHS COCTOSIHUS UACAIBHOTO Tra3a pVZM RT ompeaenure unciio Mojei

rasza, HaXOAALIMXCS B IWIMHAPE MO TOPIIHEM.

Hcnonb3ys ypaBHenus 1, 3 u 5 paccuunTtaiite Q1, Q2, A 1 3anmummre 3Tu 3HaUYCHHS B Ta01.2.

ITo dpopmyne (6) paccunraiite K.1.1. uKia KapHo u cpaBHHUTE ero co 3HaUYeHHUEM, IPUBEIEHHBIM
B OKHE OIIBITA.

Berancnure cpeanee 3HaueHue padboThl nukia KapHo n abCOMOTHYIO MOTPEIIHOCTh U3MEPEHHS
A.

Taouauna 1. 3HaueHus Temnepatypsl HarpeBartessi T1 u xonoanmiabHuka Tr

Homep |1 2 3 4 5 6 7 8

Opurabl

T, 400 | 410 | 420 | 430 | 440 | 450 | 460 | 470
500 | 510 | 520 | 530 | 540 | 550 | 560 | 570

T, 270 | 280 | 290 | 300 | 310 | 320 | 330 | 340
350 | 340 | 330 | 320 | 310 | 300 | 290 | 280

Tadoiauusl 2,3. Pe3yabraTrhl H3MepeHHil (KOJIMYECTBO U3MEPEHUI U CTPOK = 3)

le T2:
HOMep V1 Vz V3 V4 Q 1 Qz A AA n
n3Mepe ,Z[M3 ,[[M3 I[M3 ,[[MS Kk JIx Kk JIx kJx Kk JIx
HUS %

W(N| -~

BOl'lpOCbI U 3aJaHus JJId CAMOKOHTPOJIsA

Kakwue ycTpoiicTBa Ha3bIBalOT TEIJIOBBIMU JIBUTATENISIMU?

M3 KakuX OCHOBHBIX 3JIEMEHTOB COCTOMT TEIUIOBOM IBUraTellb?

3aueM B TEIJIOBOM JBUTATENE HYKEH XOJIOAUIbHUK?

Yro saBisieTcs XOJ0AUIBHUKOM B JIBUTaTeNIe BHYTPEHHETO CrOpaHus?

Uem oTnmuaroTcsi oOpatumbie M HeoOpaTtumble mporecchl? [louemy Bce peanbHBbIC

po1iecchl HEOOPaTUMBbI?

6. JMaiiTe moHsATHE SHTpONHHU (OTpENeIeHUe, pa3MEPHOCTh U MaTeMaTHUECKUE BBIPAKCHUS
W3MEHEHUS SHTPONMH JUI Pa3IMYHbIX N30IPOLIECCOB UACATBHBIX I'a30B).

7. B KkakoM HampaBJI€HUM MOMKET M3MEHAThCS OHTPOIUS 3aMKHYTOW CHCTEMBbI?
HE3aMKHYTOW CUCTEMBI?

8. B uém 3akmouaetcs Teopema Kapuo?

9. BeBenute popmyny k.mm.a. mukia Kapo.

10. M300pa3ute B cucteMe KOOpAWHAT |-S U30TePMHUYECKHI U aaradaTHIeCKHd MPOIECCHI H
uukn KapHo B uenom.

11.[lokaxuTe, YTO K.M.J. TEIUIOBOTO JBUTATENsI, pPabOTaOMIEr0 IO TPOU3BOJIBHOMY

o0paTUMOMY LMKy, BCErJa MEHblIe, 4eM K.I.J. uukia KapHo, paboTtaromero mexay

MaKCUMaJIbHOW 1 MMHUMAJIBHOW TEMIIEPATypO 3TOTO IUKJIA.

arONE
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JIABOPATOPHAS PABOTA Ne 4.6
V3YYEHUE CTATUCTUYECKHAX 3AKOHOMEPHOCTEM B UJEAJTBHOM I'A3E

O3HakoMbTeCh C Teopuer B KoHcIekTe U B yueOHnkax 1. Tpodumona T.U. Kypc dusukn. ['71.8.
§43, 44, 46. 2. Jletnad A.A., SBopckuii .M. Kypc ¢usuku. I'n.10, §10.1, 10.2, 10.3, 10.6.
Bribepute «TepmonunaMuka u MojexyispHas pusuka» nu «KuHetnueckas MoJieib UICaIbHOTO
raza». Haxmure KHONKY C HM300pa)kKeHHEM CTpaHUIBI BO BHYTPEHHEM OKHe. lIpouuTaiite
TEOPHUIO M 3alUIINTE OCHOBHBIE CBEJIEHUS B CBOM KOHCHEKT JJabopaTopHO# paboThl. 3akpoiite
OKHO TE€OpUH, HA’KAaB KHOIIKY C KPECTOM B ITIPaBOM BEPXHEM YTy BHYTPEHHEIO OKHa.

HEJIb PABOTbI:
e 3HAKOMCTBO C KOMITBIOTEPHOI MOJIENBIO HICATBHOTO Ta3a.
e DKCIEPUMEHTAJIbHOE MOATBEP)KJICHUE OCHOBHBIX (OPMYJ MOJEKYISPHO-KUHETHYECKOM
TEOPHUH, 10 KOTOPBIM OIPENIEISIOTCS CKOPOCTH I'a30BBIX MOJICKYIL.
e DKCHEPHUMEHTATHHOE H3YyYCHHE 3aBHCHMOCTEH CpPEIHEro 4YHClla CTOJIKHOBEHUH U
CpeIHel IIUHBI CBOOOAHOIO IpoOera MoJIeKyJl OT TEMIIEPATYPHI.

KPATKASA TEOPUA:

NJEAJIBHBIM I'A30M Ha3zbiBaeTcs puznyeckasi MoJiesib, B KOTOPOM ra3 paccMaTpuBaeTcs Kak
COBOKYITHOCTh XAOTHYECKH JBIDKYIIMXCS MOJIEKYJ, B3aUMOJCHCTBYIOIIUX MEXy COOOU JIUIIb
[P HETIOCPEACTBEHHOM yJIape, HOCSIIEM YIIPYTUi XapakTep.

CkopocTtH, XapaKTepHU3yOIUe COCTOSIHUE UJICAIbHOTO Ta3a:

1. cpennss: <V> = /8k—T ; 1)
mnO
2. .HauboJsee BEPOSTHAS: V, :1/2ﬂ = /Zk—T ; (2
M m,
3. cpennsist kBapatuyHas: (V,, ) = 1/E = | 3T )]
M m,

JlaBneHne rasza - MaKpOCKOIMYECKOE IPOSBICHUE TEIUIOBOTO MABM)KEHHS M CTOJKHOBEHHM
MOJIEKYJI Ta3a CO CTEHKaMH cocylna. B pesynprare KakIoro COyAapeHus CTEHKE cocyna
nepenaércs OnpeAcIEHHbIA UMITYIIbC.

OCHOBHOE VYPABHEHUE wMonekynsspHO-KMHETHUYECKON  TeOpuM  JUIsl  JaBJICHUS:

p=nmy(v,, )" 4

JJIMHA CBOBOJIHOT'O ITPOBET A - paccrosinue lj, koTopoe Moekysia nmpojeraeT OT OJHOTO
CTOJIKHOBEHUS J0 CJIETYIOIIETO.
CPEIHAA JJIMHA CBOBOJHOTI'O IMTPOBET'A MOJIEKVYJIBI:

N
21

)= = G
& N 2md?n
CPEJIHEE UHCJIO COYﬂAPEHI/Iﬁ MOJIEKVYJIbI B EAIEHUIY BPEMEHMU:
(z)= V2 “n(v) (6)
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METOJUKA MPOBEJIEHVSA U3MEPEHWIA.

KMHETHYECKaA MOgENt HAEANLHOID rasa !E E

€ B| 72

800 _
400
300
200

100 _

Haxwmure kHomnky «CTAPT)» BO BHYTpeHHEM OKHE JKpaHa M MPOCIEAUTE 32 XAOTHUUYECKUM
JBMKCHUEM BBIZICIICHHOW MOJICKYJIBI B 3aMKHYTOM O0OBEME ClieBa BO BHYTPEHHEM OKHE JKpaHa,
BEKTOP CKOPOCTH KOTOPOH W3MEHSETCS TpU KaXIOM YIPYroM COYIapeHHH C JIPYTUMHU
Mosiekysamu (ux okoso 100) u co crenkamu cocyna. J[anHas MOJEKyJsIpHaAs CUCTEMA SIBIISIETCS
«MEXaHWYECKOI» MOJEIbI0 HICATBHOTO Ta3a, HAaXOJIIErocs NpPU JIOCTATOYHO HU3KOM
JMaBJICHUH. B mpaBoil YacTW BHYTPCHHETO OKHA IPOMCXOIUT HEMPEPhIBHAS pPETUCTpaIUs
JIOMaHOMW JIMHUM — TPACKTOPHUHU JIBUKCHUS BBIJICICHHON MOJICKYJIBI - COCTOSINEH U3 OTACIBHBIX
ONUH c80000H020 NPoHe2a MONEKYIIbl.

B mporuecce uccnenoBaHuil MOXKHO B JHOOOH MOMEHT BPEMEHU OCTaHOBUTH JIBHIKEHHE BCEX
MOJIEKYJI Ha)kKaTheM KHOMKH Il , paclonoXEeHHOW B IPaBOM BEPXHEM YIJy BHEIIHETO OKHa
OMbITa, U TIONYYUTh «MTHOBEHHYIO (poTOrpaduio» BCeX MOJIEKYN ra3a U TPAeKTOPUU JBHKEHUS
BbIJIeJIEHHON yacTuIbl. [1po1omkuTh HabMI0AeHNEe ABMXKEHHS MOJIEKYI B HEIIPEPHIBHOM pEXHUMeE
MOXHO HA)XAaTHUEM KHOIIKH PP WA B «IIOIIArOBOM) PEXKUME MOCICAOBATCIIBHBIMU HaXaTUAMU
KHOMKH » . O6€ KHOIKH PaCIOI0KEHBI PSAIIOM.

OKCHEPUMEHT 1. MWccnenoBanue 3aBUCUMOCTH CKOPOCTEH Ta30BbIX MOJIEKYN OT
TeMndpaTypbl

HN3MEPEHUS U OBPABOTKA PE3YJIbTATOB OIIBITA:

1.Ha MmoHMTOpE MIENKHUTE MBIIIBIO KHOIKY « Il » B BEpXHEM P51y KHOIIOK.

2. B HmKHEM BHYTpeHHEM OKHe IENKHHUTE MbIbio KHONKY «OUMCTUTDb» m ycranoBure ¢
MIOMOIUIBIO0 MapKepa MbIIIM Ha TepMoMeTpe Temmeparypy 100K.

3. 3anumuTe B Tabis.1 HavanbHOE 3HaAYEHUE CKOPOCTH (V1) BBIIEICHHON MOJIEKYIIbI, YKa3aHHOE B
HIDKHEM MPSMOYTOJIbHUKE OKHA OIBITA.

4. OtTnenbHBIMH OTPBIBUCTHIMH IIETYKAMH HAKMMANTE MBIIIBI0 KHONKY P JI0 MOMEHTa
COyJIapeHusl BBIIECJICHHOM MOJIEKYINBI ¢ JI000H Apyroi NBUXKYIIEHCS MOJEKYIOW M M3MEHEHUs
CKOpPOCTH BBIJICICHHOW MOJIEKYJIBI.

5. 3anummuTe B Taba.1 BTOpoe 3HaUYCHHE CKOPOCTH.

6. [Iponomxkwure nevictus o 1.4, 5 emé 18 pa3 u 3anonanTte Tadm.l.
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7. YBennuuBas nocienoBaTesbHO TeMieparypy Ha SOK, mpoBeauTe aHaloruuHble M3MEpPEHUs
ckopocren miist temneparyp 150K, 200K, 250K, 300K, 350K, 400K, 450K, 500K u 3anonxure
Ta051.2-9.

20
Zvi [1 &
8. ITo hopmymnam <V> = % (7) u <V,<3> = WZVIZ (8) w1t KaXkIOT0 3HAYCHUS
i1

TEMIIEpaTyphbl PACCUUTANTE CPEIHIO apU(PMETHUECKYIO M CPEIHIOI KBAJAPATHYHYIO CKOPOCTH
ra30BbIX MOJIEKYJ U 3allUIINTE 3TU BeJUYUHBI B Ta0:x. 10.

9. IMoctpoiite rpaduku <V>2 =f(M) u <Vm>2 = f(T), mo HuUM ompenenuTe 3HAYCHHE MACCHI

MOJIEKYJIIBI Mo:

8k AT AT
m, =— 5 9) m, =3k 5
7 A(v) Alv,,)
10. Ompenenute XUMUYECKYIO (hOpMYITy ra3za, Macca MOJICKYJIbI KOTOpPOro Hamboliee Onm3Ka K

U3MEPEHHON Macce MOJIEKYIIbI.
11. Ouenure norpemHOCTh MPOBEIAEHHBIX U3MEPEHUNM MACChl MOJIEKYJIBI.

(10)

TABJIUIBI 1-9. Pe3yabTrarbl H3MepeHUIl CKOPOCTH MOJIEKYJbl MPH 332JaHHOI
TeMmIeparype

T=100....... 500K

Ne 1 2 3 4 5 6 7 8 9 10
OIIBIT
a

Vi
,M/C

Ne 11 12 13 14 15 16 17 18 19 20

TABJINIIA 10. Pe3yabTarhl pacuéTa CKOPOCTEH MOJIEKY.JI

T.K 100 150 200 250 300 350 400 450 500
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OKCIIEPUMEHT 2. UVccrnenoBaHue 3aBHCHMOCTH CPEIHETO0 HMITYJIbCA, TEPEIaBacMoro
MOJIEKYJIaMH TIPY COYJIAPEHUHU CTEHKAM COCYy/1a, OT TEMIEPATYPbI

HN3MEPEHUSA U OBPABOTKA PE3YJIBTATOB OIIBITA:

1.Ha MoHHTOpE MIETKHUTE MBIIIBIO KHOMKY || B BEpXHEM Py KHOIIOK.

2. B HmxHeM psgy KHONOK IIENKHUTE Mblmbio KHONKY «OUMCTUTb» u ycraHoBute c
MIOMOUIBIO MapKepa MbIIIKA Ha TepmomeTpe Temreparypy 100K.

3. B MoMmeHT Hauana oTcuéra BpEMEHM Ha CEKyHJOMEpe IIEIKHUTE MBIIIBI0 Ha MOHUTOPE B
BEPXHEM Py KHONKY M U 4yepe3 | MUH. OCTaHOBUTE JBHKEHHE MOJIEKYJ HaXaTUEM KHOIIKHU
.

4. Ha «vomeHTanbHON (oTorpaduu» TpPAaeKTOPUM JBMXKEHUS BbIACICHHOW YacCTHIIbI
nojacuutaite N — 4uCI0 yIapoB 3TON MOJIEKYIBI O CTEHKH COCy/a 3a OJHY MUHYTY. lloBTOpHTE
9TO M3MepeHue eni¢ 2 pa3a u 3aluIlnuTe Pe3yJIbTaThl U3MepeHuid B Ta0m.11.

5. ¥YBenuuuBas nociuenoBaTesbHO Temneparypy Ha SOK, npoBenure ananoruunbie usmepenus N
quist Temmeparyp B untepsasie 100- 500K u 3anummmrte Bce pe3ynbTaThl ©3MepeHuid B Tadm.11.

6. Ilo dopmyne <P> = 2<N>m0 <V> paccuuTaiTe cpelHee 3HAUCHHE MMIYJIbCa, MepeaaBaeMoro
MOJIEKYJIAMHU TIPU COYAAPEHUHU CTEHKaM COCYy/ia Ul KaXKI0TO 3HAYSHHsI TEeMIIepaTypbl. 3HAYCHUS
Mo 1 <v> BO3bMHUTE U3 JAHHBIX OMbITA 1.

7. Ioctpoiite mo nanHeiM Tabmuibl 11 rpadux <P> = f(T) u npoBeauTe aHAIN3 COOTBETCTBHUS

Ka4CCTBCHHOI'O BHJa 3TOI'O l"pa(bI/IKa C BBIBOJAAMH MOJICKYJISIPHO- KUHETUYECKOM TCOPHUU U C
3aKOHaMH HACaJIbHOT'O Ia3a.

TABJIUIIA 11. Pe3yabTaThl H3MepPEeHNH YHCIA COYIapeHUii MOJIEeKYJIbI 0 CTEHKHU cocyaa 3a
1 muH.

T,K 100 | 150 | 200 | 250 | 300 |350 |400 |450 |500

N1

N2

N3

(N)

(P)

OQKCHEPUMEHT 3. HccnenoBanue  3aBUCHUMOCTH  CPEIHEM  4acTOTBI  B3aMMHBIX

CTOJIKHOBEHUI MOJIEKYJI OT TEMIEPATYPHI

N3MEPEHUSA U OBPABOTKA PE3VJIBTATOB OIIBITA:

1.Ha MmoHMTOpE MIENKHUTE MBILIBIO KHOIIKY Il B BEpXHEM PSAY KHOIOK.

2. B HmwxHeM psay KHONOK MENKHUTE MbIIb0 KHONKY «OUWMCTUTHb» um ycranosure ¢
MIOMOLIbI0 MapKepa MbIIIN Ha TepMoMeTpe Temneparypy 100K.

3. B mMomeHT Hauana oTcuéra BpEeMEHHM Ha CEKyHJIoMepe IIEIKHHUTE MBIIIBI0 Ha MOHHUTOPE B
BEPXHEM Dsily KHONKY M 1 depe3 30c 0CTaHOBUTE JBUKEHHE MOJIEKYJI Ha)KaTuEM KHoNku I .
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4. Ha «voMmeHTanbHON QoTorpaduu» TpPaeKTOPUH JBUKEHHUS BbIIEICHHOW YacTHIIBI
nojcuuTaitTe Z — yucio e€ B3auMHbIX COyIapeHui ¢ JPyTuMHU MOJIEKYJIaMU.

[ToBTOpHUTE 3TO M3MEpeHUE elIE 2 pa3a U 3alUIINTE PE3yIbTaThl U3MEPEHUHN B Ta0.12.

5. VYBenuumBas mocieaoBareibHo Temneparypy Ha S0K, nmpoBeauTe aHamoruyHble u3MepeHus Z
i Temrieparyp B uarepsaie 100- S00K u 3anummre Bce pe3ynbTaTsl u3MepeHuii B Tadi.12.

6. Ilo manueiM Tabnuubl 12 moctpoiite rpaduk 3aBUCUMOCTH <Z> = f(T) u npoBenure aHanu3

COOTBECTCTBHUA Ka4CCTBCHHOI'O BHAA 3TOI'O rpa(bmca C BbBIBOJAMU MOJICKYJISIPHO- KAHETHYCCKOM
TEOPpHU U C 3aKOHAMH UACAJIBHOI'O Ira3a.

TABJIUIIA 12. Pe3yabTarhl H3MEePEeHNH YU CJIA B3AMMHBIX CTOJIKHOBEHHH MOJIEKY.JI

T,K | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500

Zy

Z;

Z3

(Z)

JKCIHEPUMEHT4. VccnenoBanue 3aBUCUMOCTH CpeaHEH JIMHBI CBOOOAHOrO Tmpodera
MOJIEKYJI OT TEMIIEPaTypbl

NBMEPEHUA U OBPABOTKA PE3YJIBTATOB OIIbITA:

1.Ha MmoHMTOpE MIENKHUTE MBILIBIO KHOIKY Il B BEpXHEM PSAY KHOTOK.

2. B HmxHeM psny KHONOK IIEnKHUTE Mblmbl0 KHONKY «OUYHMCTUTD» um ycranoBute ¢
MOMOIIIbI0 MapKepa MBIIK Ha TepMomMeTpe Temmeparypy 100K.

3. B MoMeHT Hauana oTcu€ra BPpEMEHHM Ha CEKYHJOMEpE IIEIKHUTE MBIIIBI0 Ha MOHUTOPE B
BEPXHEM psITy KHOTIKY M 1 uepe3 30c OCTaHOBUTE NBM)KCHUE MOJIEKYJT Ha)KaTHeM KHONKH I .

4. C noMOIIbI0 MHJUTUMETPOBOW JIMHEHKH W3MEPbTe Ha JKpaHe MOHHTOpa Bce OTpe3kd i
JIOMaHOW JIMHUM — TPACKTOPUH JBHKCHUS BBIJIECICHHOW MOJIEKYIBI - OT OJTHOTO CTOJIKHOBEHHS
no mnocnenywoomero. [Ipy 3ToM mMmelTe B BHAY, YTO H3MEHEHMS HANpaBICHUS JBH)KECHUS
MOJIEKYJIBI IIpU €€ yJapax O CTEHKH COCyJa HE JOJIKHBI YUYUTBIBATHCS IIPU W3MEPEHUM JUIMHBI
cBoOOHOTO TIpodera.

5. IloBTOpHTE 3TO M3MEpeHHE elIE 2 pa3a U 3alHIIUTE pe3ylbTaThl n3MepeHui B Ta0m.13.

5. YBenuuuBas mocnenoBarenbHO Temreparypy Ha S0K, npoBenure aHamornyHble u3mepenus li
st Temrieparyp B uaTepBaiie 100- 500K u 3anummTe Bce pe3ynbTaTsl u3MepeHuit B Ta01.13.

6. [To manHBIM Tabnumbl 13 mocTpoiiTe TpapuK 3aBUCUMOCTH <|> = f(T) u mpoBenute aHamm3

COOTBETCTBHA Ka4YCCTBCHHOI'O BHJAA 3TOTO rpa(bm(a C BbIBOAAMHU MOJICKYJISAPHO- KHHETHYCCKOU
TCOPHUU U C 3aKOHAMH UACAIIBHOIO I'a3a.

BOHpOCbI " 3a1aHUA NJI1 CAMOKOHTPOJIA
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N

10.

[Tepeuncinyure OCHOBHBIE MOJIOKEHUSI MOJIEKYIISIPHO- KHHETUYECKOH TEOpUH HJICAIbHOTO
rasa.

Yem 00yCIOBICHO IaBICHUE Ta3a C TOUYKH 3PEHHUS MOJIEKYISIPHO-KHHETUIECKOM Teopuu?
3aBUCUT JIM JJaBJIEHUE ras3a: a) OT IUIOTHOCTHU rasa; 0) OoT TeMmIeparyphl; B) OT MAacChl
MOJIEKYJ1?

Kak u3MeHsoTCA NpH HM30TEPMUYECKOM DPACHIMPEHMHM MJCAbHOIO ras3a: a) CpenHss
KUHETHYECKasi SHEPTHs MOJIEKYJT; 0) CpeiHss AJMHa cBOOOIHOTO Ipobera MoieKy?

Kak u3mensiercs cpeHss JuyinHa cBOOOIHOIO Mpodera MoJIeKyJ ra3a: a) npu u300apHOM
HarpeBaHuu; 0) Mpu U30TEPMUYECKOM YBEJIIMUCHUU JIaBICHUSA?

Yro HazbiBaeTcs 3 PEKTUBHBIM JHAMETPOM MOJIEKYJIbI?

BreiBenuTe ypaBHeHHE, CBS3bIBAIOIEE MaBJICHHE HJICAIBHOTO Taza €O CpeIHei
KMHETUYECKON IHEPIUEH €ro MOJIEKYIL.

CpaBHHTE U3MEHEHHS YUCIIa yJapOB MOJIEKYJ O CTEHKY COCy/a B €IMHUILY BPEMEHHU MpU
YMEHBUIEHHHM 00bEMa HIEATbHOIO Tra3a B M30TEPMUYECKOM U  aauabaTHUYeCKOM
nporeccax.

Kak n3mensiercs 3¢ eKTUBHBIN 1uaMeTp MOJIEKYJIbI IIPH YBETUYEHUHU TeMIIEpaTyphl?
Kak cka3piBaeTcsi OrpaHUYEHHOE YMCIIO MOJIEKYJI, YYaCTBYIOIIUX B TEIIOBOM JBIKEHUH
B KOMITbIOTEPHOI MOJIENH OMbITA, HAa €r0 pe3yJbTaTax?
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JIABOPATOPHAS PABOTA Ne 4.7

MOJIUTPOIMUYECKHWHI MPOIIECC

O3HakoMbTeCh C Teopuer B KoHcIekTe U B yueOHunkax 1. Tpodumosa T.U. Kypc duszukn. 1'71.9,
§55. 2. letnad A.A., SABopckuii .M. Kypc dusuku. ['71.9, §9.6. Beidepute «TepmoanaaMuka u
MosekynsipHas ¢usuka» u «Pabora raza». Haxmure KHONKY ¢ M300pa)k€HHEM CTpPaHUIIbI BO
BHYTpeHHEM OKHE. [IpounTaiTe TEOpHIO M 3alUMIIMTE OCHOBHBIE CBEACHHUSA B CBOM KOHCIIEKT
nabopaTtopHoil paboTHI. 3aKpOTe OKHO TEOPUH, HAXaB KHOIKY C KPECTOM B MPABOM BEpPXHEM
yIJ1y BHYTPEHHEIO OKHa.

HEJIb PABOTBI:
e (O3HaKkOMJICHHE C OCHOBaMHU aHaln3a H MOZCIIUPOBAHUA TEPMOAUHAMUYECKHUX
IIPOLIECCOB B MJI€ATBHBIX ra3ax.

o OHpe,I[CJ'ICHI/IC MOJ'I?IpHOﬁ TEIIOEMKOCTH B IMOJUTPOIINYCCKUX IIpoHecCax HACAIBbHOI'O
rasa.

e Omnpenenenue mokaszaTess ainadaThl ¥ padOTHI Ta3a B MOJIUTPOMHUIECKOM MPOIIECCE.

KPATKAA TEOPUA:
[TOJIMTPOIIHBIM Ha3biBaeTcsi mporecc, B KOTOPOM MoJjsipHas Termno€éMKocTe C ocraércs
IIOCTOSIHHOW. Y PaBHEHHE MOJIMTPOIIMYECKOTO IIPOLIECCa UMEET BUJL:

pV " =const, (1)
c-C, @
rac n=— —m——.
8 c-c,

MOJISIPHOU TEIUJIOEMKOCTBIO Ha3eiBaercs usnueckas Benmunna C, YACICHHO PaBHAS
TEIIoTe AQ, KOTOPYIO HYXHO COOOIIMTH OJHOMY MOJIO BEHIECTBA [IJII M3MEHEHMs €ro

temneparypsl Ha 1K B paccMaTrprBaeMOM TEPMOJUHAMHUYECKOM MPOLIECCE:

C= M% : 3) (M- mMomsipHast Macca, M- Macca rasa).
m
Bripaxxenue (3) Tenepb MOKHO 3amucaTh B popme
m
=—CdT. 4
R - @

WM B MHTErpaibHOl opme Q, ,, = gC(T2 -T,).

TakuM 06pa3oM, €CIM KOJMYECTBO TEIUIA, MOJYYEHHOE B HEKOTOPOM TEPMOIMHAMUYECKOM
mporecce 1—2 mpu M = coOnst, mpsMO NPOMOPIHOHATBEHO PA3HOCTH TEMIIEpaTyp
AT =T, —T,, 10 TennoéMKocTh rasa MOCTOSHHA ¥ MPOLECC ABJISETCS MOTUTPOIIHIECKIM.

C — Ql~>2
m
M (Tz - Tl )

[TEPBBIN 3AKOH TEPMOJINHAMUKU nnst 706020 paBHOBECHOTO Tpollecca H3MEHEHUs
COCTOSIHUS HUIE€ILHOIO ra3a UMeET BUJI

Mear =M, dT + pav . (5)
M M

Toraa u3 ypaBaenus (5) umeem: C = C, + m(;_\'l{ . (6)
m
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CBs13b MEX1y 00bEMOM ra3a M ero TeMIepaTypol B MOJUTPOITHOM IPOIECCEe MOXKHO HAMTHU U3
BeIpakenus (1) u ypaBuenust Knaneiipona — MeneneeBa

m
V=—_RT:
Y

vV "UT = const .
JnbdepeHuupys nocie Hee BLIPAKEHUE, ITOTYIUM:

(n—1Vv "2Tdv +V"dT =0,

av_ v

ar - (-1’

Torpa ypaBHeHue (6) mpuMeT BUA:

coc B¢ F
(h—1) Mt n-1
M
C,
Yuureisas, uto C, = [> TIe 7 = 5 noKasaren anuabaThl, MOTYUHM:
V= v
n-y
C=—-——+—R
(»-1fn-1)
[ 1
WIn C=|l———R.(D
2 n-1

TakxuMm 00pa3om, ecii TePMOJIUHAMUYCCKUH TIPOIECC HICATBHOTO Ta3a JICHCTBUTEILHO SIBIISICTCS
MOJIUTPOIHBIM, T.€. MOJISIpHAs TEIIOEMKOCTh B XO€ Mpollecca He U3MEHSETCs, TO €€ BeIMYnHA
paccuuThiBaeTcs o Gpopmyie (7).
B mHacrosmieli paboTe HCHONB3yeTCss MOJAETb OAHOATOMHOro rasza (I =3), mostoMy B
MOJIMTPONHBIX Tporieccax nmpu N = —1 coriacHo BeIpakeHUIo (7) MolsgpHas TemoéMKOcTh C
noikHa ObITh paBHa 16,6 Jlx/Mone-K, a mpu n = -2, C = 15,2 Jlx/monb-K.
YacTHBIMH CTy4YasiMH MOJUTPOITHOTO TIpOIlecca SBISIOTCS:
uzorepmuueckuii: N =1, C = £ oo;
nzobapuueckuii: N =0, C = Cp;
uzoxopuueckuii: N = too, C = Cy;

CP
4) anuabaTuyecKuii: N =y, Tae y = o Cc=0.

\
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METOJIUKA U ITOPAJIOK I/I3MEPEHI/II71_:

| i Patiora rasa M=l B i
€27
P.klla — PyHKLMA
' " [pamaa
300 ' Mapatona
i+ JKCNoOHEHTSE

A =0.00 ki
A =0.00 kdx
Al = 0,00 kx
P = 42klMa
¥ = 11am°
T = 55Kn

0 10 20 a0 40 a0 E0

| CTapT I| BrIGop I

B npsamoyronsHoM okomike «@yHKIMA» HAKMUATE MapKepOM MbIIIN KHOIIKY «IIpsmas.
[ToxBeuTe MapKep MBILIK K BIICICHHOI JeBol Touke rpaduka p = f(V) Ha s3kpaHe MOHUTOpA,
HA)KMUTE JIEBYIO KHOIKY MBIIH, U, YAEPKHUBas €€ B HAKATOM COCTOSTHUU, IEPEMECTUTE Havyallo
rpaduka B Touky ¢ koopauHaramu (P1,V1,T1), B3sTbiMu U3 TaOnuibl 1 i Bamieit Opurasl.
AHAJIOTUYHBIM 00pa30M MEPEMECTHTE BBIZCICHHYIO KPAaWHIOK MPaBYyIO0 TOYKY TpaduKa B TOUKY
¢ koopauraramu (P, Vop).
Ha monuTope ménkHuTe MbIbI0 KHONKY |l B BEpXHEM Psily KHOIIOK, a B

HIWDKHEN yacTu 9kpaHa KHONKY «CTAPT».
Haxmure 1Ba pasa KHONKY » B BepxieM psjly KHONOK W 3alMIIATE B HEPBBIA CTONOEI
tabmunpl 2 3HaueHuss AQ u T.
[TocnenoBarenbHO MOBTOPSA AekicTBUA 1.5 20 pa3, 3an0JHUTE TabnuIly 2.
B npsmoyrosnbHoM okomike «®yHKIMS» HaXMHUTE MapkepoMm MblmM KHomNKy «IlapaGomnay,
npojesaiiTe U3MEpeHus I.11. 2-6 U 3aIUIINTE PE3YIbTaThl ONBITOB B Ta0J1.3.
B npsimoyronbHOM okomike «DyHKIUSI» HaKMUTE MapKEpOM MBIIIU KHOIMKY «JKCIIOHEHTay,
npojesaiiTe U3MEpeHus I.11. 2-6 U 3aIUIINTE PEe3YIbTaThl ONBITOB B Ta0I1.4.

TABJIMIA 1. HayaabHble M KOHEYHBbIE MAapaMeTpPbl AJIsi TPEX TEPMOAMHAMHYECKHX
NPOLECCOB

Bpurana 1 2 3 4 5 6 7 8
Py, xIla 100 |90 80 70 60 50 40 30
Py, I1a 300 [ 290 |280 |270 |260 |250 |240 |230
Vi, am° 10 10 10 10 10 10 10 10
Voo, IM° 50 50 50 50 50 50 50 50
Ty, K 124 | 111 |99 86 74 62 49 37
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TABJINIBI 2,3,4. Pe3dyabTarbl H3MepeHHH TeMIepaTrypbl M KOJHMYECTBA BbIIeJICHUS
Temjia B Xo/Jle TEPMOIMHAMUYECKOTI0 NpoLecca paclimpeHus raza

Tabn.2, pynkyus «npamasny

Tabn.3, pyukyus «napabonay

Tabn.4, pynkyus «d3xcnonenmay

Ne 1 2 3 4 5 6 7 8 9 10

OIIbITa

(i)

Ti

Ti-Tq

4Q

Ne 11 12 13 14 15 16 17 18 19 20

OIIbITa

(i)

T;

Ti-Ty

4Q

OBPABOTKA PE3VJbLTATOB U O®OPMJIEHUE OTYETA

1.BbrauciuTe 1 3anmuImmTe BO BTOPYIO CTPOKY Tabnun 2, 3, 4 pasHoctu Temmeparyp Ti—T1.

3. Ha mumummerpoBoif  Oymare MM Ha JucTe B KIeTKy ¢opmara A4 mocTtpoiTe 1o
9KCHEPUMEHTAJIbHBIM TOYKAM IpadUKud B BUAE JHMHEHHOW 3aBUcUMOCTH AQ OT pa3HOCTH

temneparyp Ti—Ti ans Tpé€x wuccienyeMbix mporeccoB. (Kaxkaplii rpaguk Ha OTICIBHOM
mucre!).
4. Tlo TaHreHCY yTiia HAaKJIOHA TPSMOU JTHHUH rpaduKa K OCH Pa3HOCTH TeMIIepaTyp, UCTIOIb3Ys

(1)0pMyJ1y C= szo—_Q1 , OIIPECACIINTE MOJISIPHYIO TEINUIOEMKOCTD MOJIUTPONUYICCKOTO
M (Tzo - T1 )

Ipoliecca U CPpaBHHUTE €€ ¢ TEOPETHUYECKUM 3HAYCHHUEM, PACCUUTAHHBIM 110 (hopmyiie (7).
5. Pccumnraiite paboTy raza B 3THX mpolieccax mo gopmyiie

1
A=— ( PV — pzovzo)
n-1
U CPaBHHUTE TH 3HAYEHUS CO 3HAYCHUSMH, YKA3aHHBIMH B HIKHEM OKHE MOHHUTOpA TMPH P U
Vzo .
[Tpoananu3upyiiTe MoONTy4eHHbIE PE3YNIbTATHI , CAETANTE OIIEHKY MOTPEIIHOCTH U3MEPEHUH.

BOHpOCbI " 3a1aHUA NJI1 CAMOKOHTPOJIA

1. Cdopmynupyiite 3akoH bonbiimMana o paBHOpacHpeAeieHHH JHEPTrUu 10 CTENEHSIM
CBOOO/IBI MOJIEKYI.

2. Tlouemy xoiyiebaTenbHas CTEIEHb CBOOOIBI MOJIEKYJIBI OONamaeT BABOE OOJbIIEH
SHEpruei, Yem MocTynaTeNbHas U BpalaTenbHas?

3. B 4éMm cocTouT KavuecTBeHHAss HEPABHOIICHHOCTh MEXKIY padOTOH M TEINIOOOMEHOM Kak
dbopMamu niepenauu YHEPTUU?

4. Yto Takoe BHYTPEHHsISI SHEPTUs HUAEaIbHOro raza’?
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10.
11.

12.

13.

14.
15.

16.

B pesynbraTe Kakux MpOIECCOB MOXKET M3MEHSTHCS BHYTPEHHSS DHEPTUS UICATLHOTO

raza?

Uto Ha3bIBaeTCS MOJIIPHOM TEIIIOEMKOCTBIO ra3a?

[Touemy C, Goibiie, uem Cp?

[TokaxuTe MPUMEHEHHE MEPBOTO HaYala TEPMOJUHAMUKY K H30IMPOIIECCaM B HJICATBHBIX

razax.

Uemy paBHa paboTa n300apHOTO PACIIUPEHUS MOJIS UICATLHOTO Ta3a MPU HATPEBAHUH Ha

1K?

Uemy paBHa paboTa H30XOPHOTO paCHIMPEHUsT MOJS raza mpu HarpeBanuu Ha 1K?

HarpeBaercs niu oxnaxkaaercs uaeaibHbIi ra3, €Cjal OH pacHIMPSAETCS MPU MOCTOSHHOM

naBieHun?

TemnepaTypa ra3za B cocyle IMOCTOSIHHA. 3amUIINTE HAa OCHOBE IMEPBOrO Hayaia

TEPMOJMHAMHUKN COOTHOIICHHE MEXAY COOOMIEHHBIM KOJMYECTBOM TEIUIOTHI U

COBEPIIEHHON paboOTO.

['a3 mepexoauT U3 OJHOTO M TOTO e cocTosHuS @ B OJHO M TOXE cocTosHue @ B

pe3ynpTaTe CIeAyIOUIMX mpoleccoB: 1) wu3oTepmuyeckoro; 2) wuzobapHoro; 3)

n30xopHOro; 4) aguabatHoro. PaccMoTpeB 3TH mporecchl Tpaduyuecku, mokasarb: 1) B

KakoM Tpolecce paboTa pacuIMpeHus MakcuMaibHa? 2) B KakoM Cly4ae raszy

coobmraercst 0oJpIIee KOJINYECTBO TeTia?

Kakoii nporiecc Ha3bIBa€TCS MOJTUTPOITHBIM?

[Tokazarenr mosnutponsl N >1. HarpeBaercss miam oxJaxiaeTcsl WAeajJbHBIN Ta3 IMpu

cxKaTUu?

Onpenenure, OONBINIE WM MEHBIIE HYJIS MOJSIpHAs TEIUIOEMKOCTh Traza B
2

TEPMOTUHAMHYIECKOM mpomecce —— =CONSL, ecim a) ra3 oxHoatomHueii; 2) ra3

JIBYXaTOMHBIH.
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