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BBenenue

YBAXKAEMBIN CTYJIEHT!

Metoanueckue ykazanusi 1o gucuuiuinie «®U3MKA» ais BbINOJHEHUSA
OPAaKTUYECKUX padoT co3naHbl Bam B momoms Juisi paboThl Ha 3aHATHSX,
IIOATOTOBKU K HUM. [IpucTtynas K BBIIOJIHEHUIO MPAKTUYECKOW padoThl, BbI
JOJDKHBl BHUMATEIIBHO NPOYUTATh LEIb W 3aJadd 3aHATUSA, O3HAKOMMTBCS C
TpeOOBaHUSIMHU K YPOBHIO Baiieit moAroToBKu B COOTBETCTBUH C (heaepaabHbIMU
rOCy/lapCTBEHHBIMU 00pa30BaTEIbHBIMU CTaHAAPTAMH TPETHErO IOKOJICHUS,
KPaTKUMHU TEOPETUYECKUMHU U Y4eOHO-METOAMYECKUMU MaTepualaMHu MO TeMe
IPaKTUYECKON pabOThl, OTBETUTH HA BOIPOCHI ISl 3aKPEIUIEHUS TEOPETUUYECKOTO
MaTepuaa.

Hanuuue monoxuTenbHON OLIEHKHU MO0 MPAKTUYECKUM paboTaM HEOOXO0IUMO
U1 monydeHust 3adera no gucuumummie « DU3UKA» wim nomycka k 3K3ameny,
[O3TOMY B Clyyae OTCYTCTBUSA Ha ypOKe IO JII0OOH NPUYMHE WIA TOJYyYCHUS
HEY/IOBJIETBOPUTEIILHOM OLICHKM 3a MPAaKTUYECKYyl0 paboTy Bbl JOIKHBI HaWTH
BpEMsI IJIs €€ BBIINOJHEHMS WM IIEPECAAUH.
Buumanue! Eciu B mpoiecce MOArOTOBKM K MPAKTHUECKUM padboTaM WM MpU
pemieHnu 3a1a4 y Bac BO3HHKAIOT BOIIPOCHI, PA3pEIINTh KOTOPBIE CAMOCTOSTEIBHO
HE YyAaercs, HEOOXOAUMO OOpaTUTbCA K NPENoAaBaTeNto s MOJyYeHUs
Pa3bSCHEHNI W YKA3aHUW B JTHU IPOBEACHUS JOTIOJHUTEIBHBIX 3aHATUH.

Bpemss npoBeneHus JONOJHUTENBHBIX 3aHATUA  MOXHO  y3HaTb Yy

Mperno/iaBaTesis Wik MOCMOTPETh Ha IBEPHU €ro kKaOuHeTa.

Kenaem Bam ycnexos!!!



TpeGoBanus K 0(p)OPMJICHUIO U BBINOJHEHUI0 MPAKTHYECKUX padoT.
Meroanueckue yka3aHus 10 ITUCHUILIIMHE «DU3HMKa» MpeaHa3HAYEHbI IS
CTYZEHTOB JIHEBHOT'O OTAEJICHUS MOJIUTEXHUUECKOTO KOJIJIEIKA 110 CIIEHHUATbHOCTH!

13.02.13 OKcrtyaTanus u 00cITy’>KuBaHUE AIEKTPUUYECKOTO u
AIIEKTPOMEXAHUIECKOT0 000pyA0BaHuUs (TIO OTPACIISIM).

Copepxanue pabOT MOJHOCTbIO COOTBETCTBYET JEHCTBYIOIIEH MPOrPaMMBI
no usuke.

[IpakTHueckue 3aHATUS pacCUUTAHbI HA 36 4acoB.
[Tpu BBINOJSHEHUH PAKTUYECKON PabOTHI CTYJAEHTAM PEKOMEHIYETCS:

- HCTI0JIb30BaTh y4€OHbIE OCOOMS, HATJISIIHBIE CPEACTBA OOYUCHMUS;

- IPOBOJIUTH HECJIOKHBIE IEIyKTUBHBIEC PACCYKICHUS;

- 000CHOBBIBATSH IIaTH PEUICHUS 3a/1a4;

- (hpopMyIMpOBATH ONpPEAEIECHHS MATEMATUUECKUX TTOHATU;

- II0JIb30BaThCA MATEMATHYECKOW TEPMUHOJIOTHEN U CHMBOJIMKOW;

- MUCbMEHHO 0(OPMIIATH PELICHUS 3a]a4

- I0JIb30BATHCA KAJIbKYJIATOPOM;

- CaMOCTOSITENIBHO U3y4yaTh Y4EOHBIN MaTepHuall.

Bce mpezncraBieHHble BapUaHThl MPAKTUYECKUX pPaOOT JaHbl OJMHAKOBOM
CTENEHU TPYAHOCTH.

[IpakTuueckass paboTa BBINOIHSIETCS B CPOKH, YCTAHOBJICHHBIE B
COOTBETCTBHM C KAJICHIAPHO-TEMATUYECKUM IUIAHOM. 3a KXY NPAKTUYECKYIO
paboTy CTYJAEHT JIOJKEH MOITYUYUTh MMOJIOKHUTEIbHYIO OLEHKY.

HtoroBoii (GopmMoil m3ydeHUs OUCUUIUIMHBI SIBISETCS SK3aMEH IJisl BCEX
cneuuranbHocTeld. CTyIEHTHI, HE BBINOJHUBIIME BCE MPAKTUYECKUE pPaOOThI, HE

ATTCCTYIOTCA U K 9K3aMCHY HC JOITYCKAIOTCA.



HaunmenoBaHue TeM

[IpakTruueckue paboThI

1

2

Tema 1.2

Mexanudeckoe ABUKEHHE.
Yckopenue.

[Ipaktruueckas pabora Ne 1. «PaBHOYCKOpEeHHOE U paBHOMEPHOE JBUKEHUEY.

Tema 1.5 BzaumoaencrBue.
I'paBuranus.

HpaKTI/I‘-ICCKaSI pa60Ta Ne 2. ((HBI/DKGHI/IG oA I[CﬁCTBHGM CHJI B MCXAaHHKC».

Tema 1.7 Ummyasbe.

[Ipaktuueckas pabora Ne 3-4. «3aKOHBI COXpPAHEHHS B MEXAHHUKE.

Tema 2.4

YpaBHeHUE COCTOSTHMS
HIeaJIbHOIO0 rasa.

[Tpaktuueckas pabora Ne 5-6. «YpaBuenue Knaneiipona — Menneneesa. [noTHOCTB
ra3a. 3aBUCUMOCTh CpeJTHEN KBaJIpaTUIHOW CKOPOCTH JIBHXKEHHSI MOJIEKYJI ra3a OT
TEeMITepaTyphI».

Tema 3.2 JaekTpuyeckoe
noJie.

[Ipaktruueckas padora Ne 7. «3akoH KynoHa. DnekTpudyeckoe nose.

Tema 3.4 PadoTa, MOIITHOCTH M
TeIJIoBoe AeiicTBHE
JIEKTPUYECKOI0 TOKA.

[Ipaktrueckas pabora Ne 8-9. «3akon Oma 1t yyacTka 1emnu ¢ 3. 1. ¢. 3akoH OMa
JUJISL ydacTKa 1enu 0e3 3.71.C.».




Tema 3.6 DiiekTpu4eckuii TOK
B 2JIEKTPOJIMTAX.

[Tpaxtrueckas padota Ne 10. «Ilepssiit 3axkon ®@apasnes. Bropoii 3axon dapanes».

Tema 3.9 DiiekTpoMarueTusm.

[Tpaktrueckas pabota Ne 11. «MarautHoe noJje u ero xapakrepuctuku. Cuna
Awmmnepa. Cuna Jlopeniay.

Tema 3.10 DjiekTpoMarHuTHAS
UHIYKIUSL.

[Tpaktrueckas padora Ne 12. «3.1.c. vHAYKIUU. D.71.C. CAMOUHIYKITUNA. DHEPTHS
MAarHUTHOTO TOJISD.

Tema 4.1 Mexanundeckue
K0JICOAHUA W BOJIHBI.

[Ipaktrueckas pabora Ne 13. «Mexannueckue KojieOaHUsI U BOJHBD.

Tema 4.3 DjleKTpOMarHUTHbIE
KOJIeOaHUA.

[Ipaktruueckas pabora Ne 14. «Ilepuos u yacToTa MepeMEHHOTO TOKA.
NHIyKTUBHOCTh U €MKOCTH B LIEMIU IEPEMEHHOTO TOKA.

Tema 4.4 JjieKTpOMarHuTHbIE
BOJIHBI.

[Ipaktrnueckas padora Ne 15. «M3nyuenue. 1eKTpOMarHuTHBIE BOJIHBD».

Tema 5.2 OTpaxenue u
NpeoMJIeHHe CBeTa.

[Ipaktrueckas pabora Ne 16. «3akoHbBI OTpaKEHUS U TIPEIIOMIICHUS.

Tema 5.3 JIun3sbl. Iosyuyenue
U300pakeHuil ¢ MOMOIIbIO
JIMH3.

[Ipaktruueckas pabora Ne 17. «OnTudeckasi cuia JIUH3bl. QOPMYIIBI IS
COMPSDKEHHBIX TOYEK TOHKOM JIUH3BD).




Tema 5.6 SABenus, [Ipaktuueckas pabora Nel8 «TeroBoe AeiicTBue cBeTa. XUMUYECKOE ACUCTBUE
00bsICHSIeMbl¢ KBAHTOBBIMH CBETa».
CBOMCTBAMH U3JIyYCHUS.




IIpakTuyeckast padbora Nel.

«PaBHOYCKOpEHHOE U PABHOMEPHOE IBHKEHHE).
Heab: HayuuTbcs NOpUMEHSATH OCHOBHBIE (OPMYJIBI PABHOYCKOPEHHOI'O
JBUKEHUS IIPU PACUYETe OCHOBHBIX KHHEMAaTUYECKUX BEIUYHH JJI Pa3IU4YHbIX
CJIy4aeB PaBHOYCKOPEHHOTO JIBUKEHUSI.
IHopsinok BbINOJIHEHHS PadoOThI:
BHUMaTENbHO MPOYUTATh TEOPETUYECKYIO YACTh U IUIAH PELICHMS 3aa4
PaccmoTtpeTs npumeps! peneHus 3aaa4y
[Toy4uTh ¥ BBIIOJHUTH UHAUBUAYAJIbHBIE 3aJaHUS.
[IpakTrueckass paboTa HampapjieHAa HA OBJIAJICHUE CIECAYIOINIMMU 3HAHUSAMU H
YMEHUSIMH.
B pesynbraTe u3yueHus paszena CTyAE€HThI JOJIKHBI:
3HATh!
- BUJbl MEXAHUYECKOTO JBUKECHHS B 3aBUCHUMOCTH OT (POpPMBI TPACKTOPUU U
CKOpPOCTH IIEPEMEILIECHUS TENa;
- IOHATHE TPACKTOPHH, ITyTH, IEPEMEILCHUS;
- pa3au4Me KJIACCUYECKOTO U PEISITUBUCTCKOIO 3aKOHOB CIIOKEHUS CKOPOCTE;
OTHOCUTEIBHOCTbD IMOHATHN JUIMHBI U IPOMEKYTKOB BPEMEHU.
yMeThb:
- (hopMyIMpOBaTh MOHATHS: MEXaHUYECKOE IBMKEHUE, CKOPOCTh U YCKOPEHHUE,
CUCTEMA OTCYETA;
- n300paxaTh rpa)uyecKu pa3InyHbIe BUJIbI MEXAaHUUECKUX JBUKEHUN;
- pemars 3aJa4d C MCMNOJIb30BaHUEM (OpPMYd i1 PAaBHOMEPHOIO M

PaBHOYCKOPEHHOTO JIBUKEHUM.

Teopernyeckasi 4acThb

HaumenoBanue B BextopHoM | B mpoekuusix Ha ocb | B ckamsippom

BHJIC Ox BUJIE
PaBHOMEpHOE IIPSAMOJIMHENHOE IBUYKEHUE
CxopocTb R A? _Ar, .

vV = — Ux - t

At t

Koopaunara - X=X, +0t -
(ynpaBneHue
JIBUKEHUSA )

PaBHOYCKOpPEHHOE NPSIMOIMHENHOE NBUKEHUE




Cpennsisi CKOPOCTh <A ?> - -

MrHoBeHHasg
CKOpPOCTb

YpaBHeHUe
CKOPOCTH

[Iepememenue

2 X
-7 a-t g
Ar =vo-t+——r 2

Koopaunara
(ypaBHEHHE
JIBIKCHMUS)

KpHBOJIHHeI;'IHOG JABHXKXCHHC

JIuHenHas CKOpoCTsh | - - _ 2xR

[Tepuon

Yacrora

[uknuueckas
4acToTa

[lenTpocTpemurens | - -
HOE YCKOpEHHue

IIpuMmeps! pelreHus 3a1a4

Ipumep 1.

MotopHas 1oaka npoxoauT paccrosiuue Mexxay A u B 3a 3 gaca, a ot —3a 12

yacoB. CKOJIBKO BPEMEHU 3aTpaTUT MOTOPHAs JIOAKA HA OOpaTHBIN MyTh?

Jlano:
t1:3 q
ti=12 4

to-?

Pewenue:

Beeaewm crenyrorue 0003HauYeHUS:
L - paccrosinue mexay A u B,

Vp- CKOPOCTh TEYCHUS PEKH,

V;; - COOCTBEHHAs1 CKOPOCTD JIOJIKH.

Torna ckopocTh T0AKH TIO Te4eHuIO paBHa (Vp + Vy), TPOTHB TeueHus - (Vp - Vy).

Hcnone3ys hopMyily U yCIOBUE 33Ja4H, TOTYyUUM:
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Vp
L

t = v, 40y (2)
L

t, = — (3)

Boipazum u3 (1) u (2) L u npupaBHseM IpaBbie YaCTH NOJTYYESHHBIX BHIPAKCHUIA:

vyt =t (v, + 1),

vﬂ+vp:tﬂ=2=4uﬂuv -
v t;, 3 P

Tormauz (3) =t, = Lv = i- (4)

J
Vs 3 2y,

M(l)=L=t, v,=t, —.

[ToncTaBum nosiydeHHOE BhIpakeHue it L B (4):

3 v, t, 12
=gy, 3T T T

Ortger: t; = 6u.

Ipumep 2.

IIpr paBHOYCKOPEHHOM JBHKEHMHM TEJIO IIPOLLIO B IIEPBBIE JBA PaBHBIX
ITOCJIEN0BATENBHBIX MPOMEXKYTKA BpeMeHH 3 ¢ nyTh 18 M u 54 m. Haitn

Ha4aJIbHYIO CKOPOCTb 1 YCKOPCHUC.

Jano: Pemrenwue:
t=3¢ _ at?
Sl - vot + T, (1)
81:18M 5
S, = vyt + @ (2)
Sy=54m 2
Vo-? I'ZI€ Vo - HAYaJIbHAs! CKOPOCTh JABUKEHUS U1 IEPBOIO y4acTKa
a -7 NyTH, Vo - Uil BTOPOrO ydacTka. Tak Kak 3TH Y4YacTKH

SABJIIOTCA IIoCJICA0BAaTCIIbHBIMMU, TO V'oﬂBHﬂeTCﬁ

OJIHOBPEMEHHO KOHEUHON CKOPOCTHIO JJIS S1.

CrnenoBarensHo, vy = vy + at. (3)

at? at?

U3(u3) =S, = (v +at)t +— =vpt +at® +—.
BbIiunTasi no4s€HHO U3 NOJY4eHHOTO BbipaxeHus (1), mojydaem:
S, —§; = at?,

S—S1 _54—18

t2 32 c?

a=

11



N at 18 4:3
Ms()=vg=t——=—-—=0

M
Otset:a = 4,
C

vy = 0.

Ipumep 3.

B mocnenHoo cekyHay cBOOOTHOTO MajJCHHUS TEJO IMPOIUIO MATYH YacTh
cBoero mytu. C Kakoil BEICOTBI OHO YIayio?

Jlano: Pemienue:

ti=1c Jlns perienus 3a1aun BBeaeM obo3HadyeHus: H - BeicoTa, ¢

KOTOpPOW IajiaeT Telio, to - BpeMs BCEro IojeTa, Vo -
s =—=
5 HavaJbHas CKOPOCTh JUISI ydacTKa ITyTH, IIPOUICHHOTO B

H-?
MOCJICTHIOKO CEKYHTY

[IpumensieM popMyity, yUUTBIBasA, 4TO IPU CBOOOHOM NAJECHUH a = g U 3aMEHSS

S na H:

2
H=2% (1)

= v +25 )
rnet=1c.
KpoMme Toro, vo MOKHO BBIPa3HTh KaK KOHEYHYIO CKOPOCTB JUISl Y4acTKa IyTH,
npoiineHHoro 3a Bpems (to - t):

vy = g(to — ).

[TogcTaBuM nosydeHHOE BhIpaKeHUE B (2):

== g(to— 1).3)

Pemas coBmectHo (1) u (3), u yuutsiBas, yro t = 1 ¢, moyiydaem KBaJpaTHOE
ypaBHEHUE

td — 1010ty + 5 = 0, otkyma ty, = 9,5¢,t, = 0,5¢.

YcnnoBuio 3aaun yAOBIECTBOPSIET TONBKO to1, T.K. to2< t. [logcTaBum 3HaueHue

to1 B (1)

9,8:(9,5)2

H = = 442m.

OtBet: H =442 m.

NuauBuayajabHble 3aJaHUS K IPaKTH4YecKoil padore Nel.

Bapuant Nel
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Teno aBMKETCS PABHOYCKOPEHO ¢ yckopeHueM 1 m/c?. HauanbHas CKOpOCTB
paBHO HyI0. KakoBa cKkopocTh Tena yepes Sc mocie Havyasia ABIKEHUs?
BeocuneaucT ABMKETCS M0 YKIOH ¢ yckopenueM 0,1 m/c?. Kakas ckopocTs
oynet gepes 30 ¢, ecu ero HadaIbHAst CKOPOCTh 5 M/c?

Teno nBwxercss mpsMOJIMHEWHO. B Hayane M B KOHIE JBWKEHUS MOIYJb
CKOPOCTH OJIMHAKOB. MOTJIO JIM TEJIO IBUTATHCSI C MOCTOSTHHBIM YCKOpEHUEM?
Bapuant Ne2

C KakuM YCKOpPEHHEM [IBHKETCS TpPOTaloOUIUiCs C MecTa TpaMBail, eciu OH
HabupaeT ckopocTh 36 km/4 3a 25 c?

ABTomoOmiIb uepes 10 ¢ mpuodbperaer ckopocth 20 M/c. C KaKuM YCKOpEHHUEM
JBUTANCS aBTOMOOWIBL? Uepe3 kakoe BpeMsi ero CKOpOCTh cTaHeT paBHOU 108
KM/4, €CJI OH Oy/IeT IBUTAThCS C TEM K€ YCKOPEHUEM?

[Toe3n aBmxerca ¢ yckopeHueM a (a>0). M3BecTHO, 4TO K KOHILYy Y€TBEPTOM
CEeKyHJIbl CKOpPOCTh Moe3la paBHO 6 M/c. UTO MOXHO cKa3aTb O IIyTH,
IPOUJIEHHOM 32 YETBEPTYIO CEKYHy: OYJEeT ATOT IyTh OOJIbIIE, MEHBILIE WM
paBeH 6M?

Bapuant Ne3

[Toe3n, oTxoas OT cTaHuuu, HabUpaeT ckopocTh 15 m/c 3a 1 mun. KakoBo ero
yCKopeHue?

OTne3xkas 0T OCTaHOBKH, aBTOOYC 3a 10 ¢ pa3Buii ckopocTh 10 M/c. Onpenenure
yckopeHue aBToOyca. Kakum OyaeT yckopeHue aBToOyca B CHCTEME OTCUETa,
CBSI3aHHOHM C PaBHOMEPHO JABIKYIIUMCS aBTOMOOHWJIEM, MPOEIKAIOIIUM MUMO
OCTaHOBKH aBTOOyca CO CKOpOCThiO 15 m/c?

JIBa moe3na uayT HaBCTpeUuy APYT APYTY: OAWH — PA3TOHSETCS B HAIPABICHUU
Ha CEBEp; JPyrol — TOPMO3UT B IOKHOM HampapiieHMU. Kak HampaBiieHbI
YCKOPEHUS MOE3/10B?

Bapuant Ned4

3a kakoe BpeMsi aBTOMOOWIb, Tporasch ¢ MecTa ¢ yckopeHuem 0,5 m/c?
npuoOpeTaeT ckopocTh 20 m/c ?

Teno aBuxkeTcs paBHOYCKOpeHHO. CKOJIBKO BPEMEHU OHO Oy/AeT ABUTaThCS B
TOM € HaIlpaBJICHWH, YTO ¥ B HAYAJIbHBI MOMEHT, eclii Lox= 20 M/c, a,= - 4

M/c2?
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Ocp OX HampasiieHa BA0Jb TPAEKTOPUH MPSAMOIMHENHOTO ABMXKEHUS Tena. UTto
BBl MOKETE CKa3aTh O JIBUHKEHUH, TIPH KOTOPOM: a)Lx<0 , a,>0; 0) Lx<0, ax<0; B)
V>0, a,=0

Bapuant Ne§

3aBHUCHUMOCTH CKOPOCTH OT BPEMEHH NP pa3roHe aBToOyca 3agaHa Hopmyioi
Lx=0,6t. Haiitu ckopocTh aBTOOYyCa Uepes 5 c.

3a 1-10 cekyHAy paBHOYCKOPEHHOTO JIBMXKEHHS CKOPOCTh TeJla YBEIMYMUIIACH C 3
M/c 1o Sm/c. KakoBo yckopenue tena? Kakoil cTaHeT CKOPOCTh K KOHITY 3-i
CEKYH/IbI?

Ocp OX HarpaBiieHa BAOJb TPAEKTOPUH MPSMOIUHEHHOTO JBUKEHUs Tena. UTto
BBl MOKETE CKa3aTh O ABMKEHUH, IPU KOTOPOM: a)Lx>0 , a,>0; 6) v >0, ax<0; B)
Lx<0, a,=0

Bapuant Ne6

Ckopoctb aBToMOOMIIs 32 10 ¢ ymensmmiiach 54 km/4 10 36 km/4. Onipeaenure
YCKOPEHHE aBTOMOOMIISL.

Teno nBUKETCS paBHOYCKOPEHHO 03 HauajabHOUM ckopoctu. Yepes 7 ¢ mocie
Havaja JIBM)KEHUS LUy = 6 M/c. Kak HaliTH CKOPOCTH Tejia B KOHIIE 14-0i CeKyH/IbI
MocJjie Havyayia IBUKEHUS, HE BBIUUCIISAST YCKOPEHUS?

Her nu ommbku B CleayrolieM ONUCAHUU MPSIMOJIMHEHHOTO JIBUKEHUS: Ha
TIEPBOM dTarne ABMKEHUS Ux>0, a,=0; Ha BTOpoM - Ux>0 , a,>0; Ha TpeTheM - L<0
, 3ax>0; 1 HakoHell, Ha YeTBepTOM ATane Lx<0, a,=0? OOocHyITe CBOI OTBET.
Bapuant Ne7

Kakoli myTh Ipomien BaroH noesza 3a 15 ¢, apurasce ¢ yckopenuem 0,3 m/c?
€CJIM €ro HauvajibHasi CKOpOCTh Oblia 1 m/c?

. JIBHUTrasicr paBHOYCKOPEHHO BAOJb IpsiMOH, 3a 20 ¢ Tesno npouwio myTe 6 M. B
MpoIlecce ABUKEHHS CKOPOCTh TeJla Bo3pociia B 5 pa3. Onpenenure HayaabHYyIO
CKOPOCTb TeJa.

Camornet 3aTparuBaet Ha pazoer 24 c¢. Paccuuraiite nimuny pasbera camosera u
CKOPOCTh B MOMEHT OTpBIBa, €CJIM Ha TOJIOBUHE JJIMHBI pa3dera OH HMe
CKOPOCTh, paBHyto 30 M/c.

Bapuant Ne§

Topy mmiHO# 50 M IbBKHUK npoment 3a 10 ¢, qeurasch ¢ yckopenuem 0,4 m/c?,

Uemy paBHa CKOPOCTb JIBDKHUKA B HAYaJIe ITyTH?
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[ITapuk, cKaThIBasCh O HAKJIOHHOW INIOCKOCTU M3 COCTOSIHUS IOKOS, 32 IIEPBYIO
cexyHay npomen myth 10 cm. Kakoit myTe oH npoiaeT 3a nepssie 3 c?

[Toe3n, Tporasice U3 COCTOSAHUS MOKOS, IBHKETCS paBHOYCKOpeHHO. Ha mepBoM
KUJIOMETPE CKOpPOCTh moe3fna Bo3pocia Ha 10 m/c. Ha ckonbko Bo3pacteT
CKOPOCTb Ha BTOPOM KHJIOMETPE MyTH?

Bapuant Ne9

ABTOMOOWJIb HAUWHAET MABM)KCHHE W3 COCTOSIHUSI TIOKOS C TIOCTOSTHHBIM
yckopeHueMm. 3a nepsbie 10 ¢ oH npoxoaut myTh 150 M. UeMy paBHO yCKOpEHHE
TeJa aBTOMOOWIIS?

[Iaitba CKONB3UT A0 OCTAHOBKH 5 M, €CJIM € COOOIIUTh HAYAIbHYIO0 CKOPOCTh
2 M/c. Kakoit myTh MOpoWIET /10 OCTAaHOBKU Immaiba, eciaum el CcooOIIUTh
HaYyaJIbHYIO0 CKOPOCTh 4 M/c? Y ckopeHre mailobl MOCTOSIHHO.

B Tedenne 6 ¢ Teno IBMKETCS paBHO3AaMEUICHHO, IPUYEM B Hadaje MIECTON
CEKYH/JIbl €r0 CKOpPOCTh 2 M/C, a B KOHLIe — paBHa Hy/r0. KakoBa anuHa myTH,
MIPOMJAEHHOTO TEIOM?

Bapuant Nel(

ABTOMOOWIJIb, JBUTASICh PaBHOYCKOPEHHO C HAudaJbHOM CKOpPOCTBIO 5 M/C,
IpOoLIeN 3a NEPBYIO CeKyHAY NyTh 6 M. Haliaure yckopeHue aBToOMOOUIIS.

B KkoHIle yKJOHAa JBDKHUK pa3BUiI CKOpocTh & M/c. Haiinure HayanbHYIO
CKOPOCTb JIBDKHUKA U YCKOPEHHE, C KOTOPHIM OH JIBUTAJICS, €CJIU BECh YKJIOH
ninuHou B 100M on mporen 3a 20 c.

3a TmepBYI CEKYyHAY pPaBHO3aMEIJIEHHOIO [BMXKEHHUSI aBTOMOOWJIb IMPOIIEI

MOJIOBUHY TOPMO3HOTO IyTH. ONPEACITUTE MOTHOE BPEMsI TOPMOKCHHSI.
IIpakTnyeckas padora Ne 2.

«/IBMKeHHe Mo 1eHCTBHEM CUJI B MEXaHUKE).

Heab: Hayunthcss mpuMeHSATh OCHOBHBIE (OPMYJIBI JIJISi PEIICHUS 3a/1ad o
ONPEAECICHUIO CUJI YIIPYTOCTH, TPEHUS, TATOTECHHUS.

IHopsinok BbINOJIHEHHSI Pa0OTHI:

1. BHuUMAaTENbHO MPOYUTATH TEOPETUUECKYIO YACTh U IJIaH PEIICHUS 3a/1a4
2. PaccmotpeTs mpuMepsl peleHus 3a1a4

3. HOJ’Iy‘II/ITB W BBIIIOJHUTH HHAWBUAYAJIbHBIC 3a1aHN.
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Teopernvyeckuit MmaTepuas

OcHoBHAas 3ajladya AWMHaAMHUKKU — OIPCACICHUC IIOJIOKCHHUA TCJIa B IIPO-
CTPaHCTBC B JIF0O00M MOMEHT BPCMCHH, KOrild U3BCCTHBI I[eﬁCTBYIOHIHC Ha TCJIO

CWJIbI U 3aJIaHbl HAYAJIbHBIC KOOPAWHATBHI U CKOPOCTD TCJIA.

Cuna — BekTOpHas (¢u3MyuecKas BeJIMYMHA, SIBISAIONIAsCS MEpoW B3au-
MozencTBusl Tenl. Cuia XapakTepHU3yeTCsi YHUCIIOBBIM 3HAUYCHHEM (MOJYJIEM),

HarpaBJICHUCM I[eﬁCTBHH 1 TOYKOM IMPHIIOKCHUSA K TCITY.

HpI/I ,ZIGfICTBPIPI Ha TCJIO HCCKOJBKHX CHJI HMX MOXHO 3aMCHHUTDH paBHO,Z[efI-

RN

cTByIoIIEH cunol F p , mpencrasnsiomeii co60i BEKTOPHYIO CYMMY 3TUX CHIL:

. _ ‘% n_
sz'ﬂ +F2+...+Fn, H.HI/I FP=ZF‘;

i=1

Macca (uHepTHast) — ckaisipHasd (u3nuecKas BEIUYMHA, XapaKTepHU3yromas
CIIOCOOHOCTh TEJla COXPAaHATh IIOCTOSHHYIO CKOpPOCTh, €CJIM TEJO He
B3aMMOJICMCTBYET C JAPYTUMH TEJIaMH WM AEHCTBUE APYTUX TEJI CKOMIIEH -

cupoBaHo. Macca o0JagaeT CIeAYIOIMMMH CBOHCTBAMMU:

1) Macca Tejla paBHa CyMME MacC BCEX YaCTHIl, U3 KOTOPHIX OHO COCTOMT.
[Ipu coenrHeHUU ABYX TEI B OJTHO MACChI 3THX TEJ CKJIaAbIBAtOTCS (CBOMCTBO

aJJTMTUBHOCTH);

2) JUI TAHHOW CHUCTEMBI TEJ CIPABEIJIMB 3aKOH COXPAHEHMS MAcCChl: IIpU
JTOOBIX MPOIECCax, MPOUCXOASAIINX B CUCTEME TEJ, €€ Macca OCTaeTCs

HEU3MEHHOM (mpu L << ¢)

Macca (rpaBuTaliMoHHas ) — CKaJIsipHas pu3nuecKasi BeIMYMHA, ONPEIeIIIOas
CIJTy B3aUMHOTO TIPHUTSDKEHUS TNl W 00Jaiaromasi TeMH K€ CBOMCTBAMH, YTO U

WHEpTHAas Macca.

WNuepTHas 1 rpaBUTAIIMOHHAS] MACChl XapaKTEPU3YIOT pa3IMuHbIE CBOWCTBA TE,
HO, KaK IIOKa3bIBae€T ONBIT, OHWU BCErJa OSKBUBAJCHTHHI (MHEPTHas U
I'PaBUTALIMOHHASI MACCHI OJTHOTO M TOTO K€ T€Ja PaBHBbI).

OCHOBHBIMU 3aKOHAMHU KJIACCUYECKOW MHAMUKH SIBISIOTCS 3aKOHbI HbIOTOHA.

3akoHsl HeroTona CICAYOT M3 OIIbITa, B3aMMOCBA3AHBI JPYTI' C APYIroM, HC
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NOJYMHEHBl ApPYr APYrYy M CHpPAaBEUIMBBI TOJBKO B HHEPLMAIBHBIX CUCTEMAxX
OTCYeTa.

Nnepunanbabie cuctemsl orcyera (MCO) — 3TO cuCTEMBI, B KOTOPBIX TEJO
(rpynmbsl  Ten), HE NOABEPKEHHOE JACUCTBUIO CWI (WM JCWUCTBUS  CHII
CKOMIIEHCUPOBaHbI), HAXOAUTCSI B MOKOE WJIM JABUXKETCS PABHOMEPHO M Ipsi-
MosmHeHO. CucreMa oOTcueTra, IBIXKyLIascs OTHocuTenpHO naHHou KMCO
PaBHOMEPHO U MIPSIMOJIMHEIHO, TAKXKE SIBIISIETCS HHEpLUANbHOU. CucTeMy oTcUeTa,
CBSI3aHHYI0 C 3emiied, ¢ OOJbIION CTEeNeHbI0 TOYHOCTH MOXHO CUUTATh
VMHEPLUUAIBHOM.

[lepBbIii 3ak0H HpIOTOHA: B HHEPLMAIBHBIX CUCTEMAX OTCYETA TEJIO COXPAHSET
COCTOSIHUE ITOKOSI WJIM PAaBHOMEPHOTO MPSIMOJIMHENHOTO JIBHKECHUS, €CIIM Ha HETO

HE JIUCTBYIOT APYIUeE TeNa, MO0 JEUCTBYIOT, HO 3TO JEUCTBUE CKOMIIEHCUPOBAHO:

F =YF =0
j=1

3HA4YUT, v = const, « = 0.

Bropoit 3akon HsrotoHa: yckopenme, nonydeHHoe tenom B MCO, mpsamo
IPONOPLUOHATILHO PAaBHOAECUCTBYIOUIEH NMPUIIOKEHHBIX K HEMY CHJI, OOpaTHO

IIPOIOPIHHUOHATIBHO MAaCCC TCJIA:

et

n
= =l

-m
Tperuit 3akon Herorona: B UCO cuiibl B3auMOIEHCTBUS MEXKITY ABYMsI TEIAMU
UMEIOT OJIMHAKOBYIO (PU3MUECKYIO MPUPOJLY, PABHBI 110 MOAYJIO U HAIPaBJIECHbBI

BJIOJIb OJTHOM TIPSIMOM B MMPOTHUBOTIOJIOKHBIE CTOPOHBI:

—

Fw =-F. 21
3TI/I CUIJIIBI HpI/IJ'IO)KeHBI K paBHBIM TCJIIaM U HOBTOMy HC ypaBHOBeHII/IBaIOT pryr
apyra.

Buabr cui:
1. Cuna ynpyroctu. J1a cuja BO3HUKAET Npu AedhopMaliu Tena.
CBoiicTBO cuiibl ynipyroctu F takoBo, yto mpu HeOobiux nedopmanusax AX F

MponopIroHanbH0 AX W HampasiieHa npoTuB nedopmaruu. Kosddumment
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IPOMOPIMOHATFHOCTA K HOCUT Ha3BaHME KOA(P(UIIMEHTa KECTKOCTH. Takum

obpazom,
F =—kAx
2. I'paButanmonnas cuia. M3BecTHO, 4TO BCE TEIa MPUTATUBAKOTCS
JIpYr K APYyry ¢ CWION F mponopuuoHanpHOM Macce KaXkJoro Tena mp M mp U
00paTHO MPOMOPIIMOHATBHON KBaIpaTy paccTosiHUS R Mexy Ternamu. G
= 6,672-10 Hm?%/kr?.
L)

F:G?

rae R — paguyc 3emin, m — macca 3emun. Y cKopeHHe CBOOOJHOTO MaICHUs
g HE 3aBHCHUT OT MAacChl MPUTATMBAEMOI0O TEJa, MIO3TOMY BCE TeJla MAaJaroT C
OIMHAKOBBIM yckopeHueM. Ha nosepxnoctu 3emmnu, rae H paBHo Hymo, g<9,8
M/c?,

3. Bec Teta. Becom Tena P Ha3pIBatoT crity, KOTOpas 1aBUT HA OMOPY
WIM PACcTATUBAET MOJBEC. JTa CHJIa BOOOIIE MPUJIOKEHA HE K TEIy, a K OIope
WIM TIOJIBECY; HA TEJO K€ JEUCTBYET HOpMalbHas PEaklMsl ONOPhl WIH CHIIA
HaTsDKEHUs HUTU. Bec Tena MoKeT ObITh paBeH CHIIE TSXKECTHU, @ MOXKET OBbITh U
He paBeH. Hanpumep, eciau Tello JeKUT Ha TOPU30HTAIBHOM IJIOCKOCTH, TO BEC
TeJa PaBeH CHJIE TSKECTH, a €CJIM HAa HAKJIOHHOM, TO HET.

4. Cuna Ttpenusi. Cunoil TpeHus F,, Ha3pIBalOT Culily, KOTOpas

NpECATCTBYCT ABUKCHUIO, T.C. HAIIPABJICHA IIPOTHUB CKOPOCTHU, U PABHA

By Py [,
B dopmyrne p — koadduniueHt TpeHus.
IIpuMmeps! pelreHus 3a1a4
IIpumep Nel.

Kakoe yckopeHune cooOUIUT 37I€KTPOBO3 JKEJIE3HOAOPOKHOMY COCTaBY MacCOM
3250t, ecnu npu TporaHuu ¢ MecTa oH pa3BuBaer cuiy Taru 650 kH. Cuna

COINPOTHUBJICHUS JBUX)eHMUIO 162,5 kH.

Jano: C.N. Pemenue:

m=3250t 3250000kr s > F—}z -



http://5terka.com/images/fiz10-11reshebnik/fiz10-11p2-5.jpg
http://5terka.com/images/fiz10-11reshebnik/fiz10-11p2-6.jpg
http://5terka.com/images/fiz10-11reshebnik/fiz10-11p2-9.jpg

Frr=650xkH 650000H

F=162,5xH 162500H

a-?
Frmn-Fc=ma
a =( Fraru-Fc)/m;
a= (650000H -162500H)/3250000xr=0,15m/c?
Ortsert: a=0,15Mm/c?
IIpumep Ne 2.

3a Bpems, paBHOE 15¢ oT Havana aukeHus, Tpakrop npomen 180m. C kakum
YCKOPEHHUEM JIBUTAJICSA TPAKTOP, U KAKOU ITyTh OH MPOMAET 3a BPEMsI, paBHOE

30c?

Jano: Pemrenwue:

t=15c S=at¥/2; S=S; a=a; =
’ a

vo=0 a=2S/t? >

S=180m |  a=2-180m/(15c)’=1,6ml/c?
t;=30c Slzat12/2
a-? S, =1,6M/c2 (30¢)2/2=720Mm

S1-?

Otsert: a=1,6Mm/c?; S1=720Mm
IMpumep Ne3.

Yemy paBHa cuiia yIpyTrOCTU NPYKUHBI, €CIIM OHA pacTATUBaeTCs Ha 25 cMm, a ee

»ecTkocTh paBHa 200 H/m ?
Jano: Pemrenwue:
k=200 H/m F=KkAX

Ax=25cm= 0,25 ™m F=0,25m-200 HMm=50 H

F=?
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OtBet: 50 H

IIpumep Ned. Onpenenure yCKOpeHHE CBOOOIHOIO MaJE€HUSI HA OBEPXHOCTH

Mapca, eciu ero macca 6,43-10% kr, a paguyc 3,38:108 m

JlaHo: Pemenue:
m=6,43 - 10%*kr

r=3,38-10°u

g-?

1) g=(G'm)/r?
2) G =6,67 - 107"H - M?/kr? (moCcTOsSIHHAS BEJIMYHHA)

3) g~ (6,67 - 107" - 6,43 - 10%)/(3,38 - 10°)* = 3,75 m/c?

Ipumep Ne5. C kakuM MakCUMaldbHBIM YCKOPEHHUEM MOXET JBHUTaThCS

JIOCTATOYHO MOUIHBIA aBTOMOOWIIb, €CIM KO3(P(MUUUEHT TPEHHS CKOJIbKECHHS

paseH 0,3?

Jano: Pemrenue:

u=0.3 Mamax = UME , Amax=Mg,  amax=0,3 -10 = 3m/c?
Amax, =7 \ OTBeT: amax= 3M/c?

Ipumep Ne6. [Ipy moMomny NPyKMHHOTO AUHAMOMETPA ¢ YCKOpPEeHUeM 3 M/c?
HaIpaBJI€HHbIM BBEpX, MOJHUMAIOT Tpy3 maccoi 1 kr. Haiitu ynnuHeHue

NPY>KUHBI TMHAMOMETpA, eciiu ee xecTKocTh 800 H/m.

Jlano: Pemenue:
a=3 wm/c? N3006pa3um cxemy AEHCTBYIOIINX HA TPY3 CHII, TPUKJIIAIbIBAS
UX K LEHTPY TSAKECTH TeJa.
m =2 Kr
r =800 H/m ‘W ¥ -
<3
<z ynp
X-? +

S
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3anuiiemM BTOpoi 3akoH HbIOTOHA B TPOEKIIMU HA OCh Y :

Foup — Fr = ma.

ynp
YuureiBas, uto Fy,, = kx u F;, = mg, nonyyaem kx — mg = ma

m(g+a)

BeIpazum x: X = ”

HOI[CTaBJIHeM YU CJICHHBIC 3HAYCHUA:

2(9,8 + 3)
X=——"—"

300 = (0,032Mm = 3,2cMm

OtBeT: X = 3,2 cM.

NuauBuayajbHble 3a1aHUs K PaKTHYecKoii padore Ne 2.
Bapuant Nel

1. K mpyxune guHoit 10 cm, xectkocts kotopoit SO0H/M, nmoaBecunu rpy3
Maccoi 2 kr. Kako#l ctana ajinHa npyuHbI?

2. Konpkobexerr maccorr 70 Kr CKOJB3HWT MO Jbay. KakoBa cwmiia TpeHus,
JEHCTBYIONIAsl HA KOHBKOOEXKIIA, €CIIM KOA(PPUIUEHT TPEHUS CKOIBXKECHUS
KOHBKOB 110 Jbay paBeH 0, 027

3. JIBa OIMHAKOBBIX IIAPHKaA HAXOAATCA Ha paccTostHuH 10 cM ApyT OT apyra
¥ IPUTATHBAKOTCA ¢ cuitoi 6,67-107 H. Kakosa Macca kaa0ro mapuka?

4. Kaxas cuaa coobIIaeT Tely Maccoi 5 Kr yckopenue 4 m/c??

5. Iop nevicrBuem cumbl 150 H Teno aBmxeTCs NPSIMOIUMHEIHO TakK, 4TO €ro

KOOPJMHATA U3MEHsETCs 110 3akony x=100+5t+0,5t%. Kakosa macca Tena?

6. IMokosmeecs Teno maccoit 400 r mox netictBueM cwiibl 8 H mpuoOpeno

ckopocTh 36 km/4. HaiiT myTh, KOTOPBII MPOILIO TEJIO.

Bapuant Ne 2

1. Ilpu nmomoum JUHAMOMETpPA YYEHHUK IepeMelian JIepeBSHHbIA Opycok
Maccoii 200 T 1O TOPU3OHTAIBHO PACHOJIOKEHHOW pgocke. KakoB
K03 PUIIMEHT TpeHus, eciau fuHaMoMeTp nokasbian 0,6 H?

2. Bpruucnauth yckopeHue cBOOOJHOIO MaJeHUsl HA PACCTOSHUM OT LIEHTpa

3eMJu, BJBOE MPEBBIIIAIOIIEM €€ PAIUYC.
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Ha mepoxoBaToi rOpu30HTAIBHONM NOBEPXHOCTHU JIEKHUT TEJIO MAacCOM
3 xr. KoapduiueHnT TpeHus CKOJbXKEHHS Tela O MOBEPXHOCTD
paseH 0,2. Onpenenure paBHOAEHCTBYIOLIYIO CUILY, KOTOPas BOSHUKAET

IIPU JCUCTBUM HA TEJIO TOPU3OHTANIBHOMU criibl 7 H.

4. Onpenenute CUily, Moja AeHCTBHEM KOTOPO# Teno Maccoi S00 T ABUKeTCs
¢ yckopeHueM 2 m/c?.

5. CHapsig maccoit 15 kr mpu BeicTpene npuodpetaer ckopocTs 600 m/c.
Haiinure cpeaHio cuily, ¢ KOTOpOW MOPOXOBBIE ra3bl IABAT HA CHAPAI,
€CJIY JJIMHA CTBOJIAa opyaus 1,8 M. JIBUKeHUE CHApsAIa B CTBOJIE CUMTANTE
PABHOYCKOPEHHBIM.

6. Kakyto ckopocTts npuobpesno nokosieecs Tesno maccor 500 T, ecnu moj
neiicterueM cuiibl 5 H oHo mponuio myts B 80 cM?

Bapuant Ne3
1. Paquyc mnmanetst Mapce coctasisier 0,53 paauyca 3emun, a macca 0,11

Macchl 3emiId. 3Has YCKOpPEHHE CBOOOJHOTrO MajJeHusl Ha 3emiie, HalauTe

yCKOpeHHe cBOOOHOIO majieHus Ha Mapce.

. IIpn ABMYKEHHMM 1O TOPU3OHTAIBHOW MOBEPXHOCTU HA TEJNO Maccou 54 Kr

JEUCTBYET cuila TpeHusi ckoibxeHus 12 H. Kakoll craHer cuna TpeHHs
CKOJIBKEHHS TIOCTIe YMEHBIIIEHUSI MAcChl Tela B 6 pas, eciau KodhOUIeHT

TPEHUsI HE U3MEHUTCSA?

. K Haxopsmemycs Ha TJIagKOM CToJie KyOMKY TNPUKPEIUICHBI JIBE

TOPU3OHTAJIbHBIE  MpPYXKUHBI  kecTkocTteio  300H/M wu 600 H/m
COOTBETCTBEHHO. [lepBas mpykuHa MpHUKpEIieHa K CTeHe, a KO BTOPOM
npyXKHHE NpUJIoKeHa ropu3oHTanbHas cuia F. Bee tena nokosites. Yemy
pPaBHO YAJTWHEHHE BTOPOM MPYKUHBI, €CIIM YUTMHEHNE TIEPBOM MPY>KUHBI

paBHO 4 cM?

4. Omnpenenute Maccy GpyTOOIHHOTO Ms4a, €CIIU MOCTE yiapa OH Iproopen

yckopenue 500 m/c?, a cuna ynapa Obi1a pasHa 420 H.

Haiinure npoekuuio cuibl Fy, aeiictByromieit Ha teno maccor 500 Kr,
€CJIM TEJIO JIBMKETCS IPMOJIMHEWHO, U €T0 KOOPAWHATA U3MEHSIETCS 110
3akoHy x=20-10t+t2,

Ha teno maccoit 100 r B Teuenue 2 ¢ aeiicroBaina cuia 5 H. Onpenenutsb

MOAYJIb NIEPEMCIICHM:A, €CIIN IBUIKCHNEC Hp?[MOJ'IPIHCIZHOC.

22



Bapuant Ned

1.

Jlse mnpyxwunsl xectkocthto 0,3 xkH/M u 0,8 xH/M coenunens
nocieoBaTeIbHO0. Ha CKOJIBKO CAaHTHMETPOB pacTSAHYJACh IepBas

NpY’>KWHA, €CJIM BTOpas pacTsHyJjack Ha 1.5 cm?

. Y4eHuK paBHOMEpHO IMepeMenaeT AepeBsiHHbIN Opycok maccoit 300r 1o

TOPU30HTAJIBHOW IIOBEPXHOCTH C IIOMOIIBK JuHamMomeTpa. KakoBel
MOKa3aHusl TMHAMOMETPA, €CIH KOAPOUIIUEHT TPEHUS MEXITYy OpyCKOM U

nockoit pased 0,37

. Kakoii momxHa OBITh Macca KakKJOTO M3 JBYX OJMHAKOBBIX KOpaOiei,

yTOOBI HA PACCTOSTHUM | KM OHM MPUTATHUBAIUCH ¢ criton 1 MH?

4. Msu wmaccoit 0,5 kr mocne ymapa, mismerocss 0,02 ¢, mpuobperaer

ckopocTh 10 M/c. HaliTu cpegntoro cuiy yaapa.

BoauTens aBTOMOOWIISI HaYa1 TOPMO3UTh, KOTJIa MalllMHA HaX0IUJIach Ha
paccrogauu 200 M OT 3ampaBOYHOM CTaHUMU W JIBUTANach K HEH CO
ckopocthio 20 M/c. KakoBa foiKHa OBITh CHJIA CONPOTHUBIICHHUS
JBIDKEHUIO, 4TOOBI aBTOMOOWIIL Maccoil 1000 kr ocTaHOBWICS Yy
CTaHIIUHN?

Teno maccoit 400 r, ABUrasch NPSIMOJMHENHO C HEKOTOPON HayaabHOMN
CKOPOCThIO, 32 5 ¢ mop aevctBueM cuibl 0,6 H mpuobpeno ckopocts 10

M/c. HaiiTu HayabHyIO0 CKOPOCTH TeJa.

Bapuant Ne5

1.

UeMy paBHaA cuJia TATOTEHHUS, KOTOpAsl JEUCTBYET Ha TEIO MAaccou 4 Kr,

MOJHATOE HaJ 3eMJICH Ha BBICOTY, PaBHYIO TPETHU 3€MHOTO paauyca?

. Jlns paBHOMepHOTro nBIKEeHHsI Opycka maccoil 500r mo miepoxoBaToit

TOPU30HTAJIBHON MOBEPXHOCTH HEOOX0AUMO Npuiioxkuth cuiny Fi=1 H. C

KaKuM YCKOpeHueM OyAeT ABUTaThCs OpYCOK MO JCHUCTBHUEM CHIIBI

F=3H?

. IIpn cxatum npykuHbl HA 5 MM Bo3HuKaeT cuia ynpyroctu 10xkH. Bo

CKOJIBKO pa3 BO3pacTeT 3Ta CUJIa, €CIIM CKaTh MPYKUHY elle Ha 15 mm?

4. Omnpenenute Maccy (pyTOONBHOTO Msi4a, €ClIM MOCie yaapa OH npruoopen

yckopenue 500 m/c?, a cuna ynapa Obiia paBua 420 H.
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5.

6.

Haiinure npoekiuio cuiibl Fy, aeiictByromieit Ha teno maccor 500 Kr,
€CII TEJIO JBMKETCS MPSMOJIMHEHHO,  €r0 KOOpIAWHATa U3MEHSAETCS 110
3akoHy X=20-10t+t2,

Ha teno maccoii 100 r B Teuenue 2 ¢ aeiicteoBana cuiia S H. Onpenenutsb

MOAYJIb IICPCMCUICHU, CCIIN IBUIKCHUC prIMOJ’IHHCﬁHOG.

Bapuant Ne6

1.

Bec kocmonaBta Ha 3emute 800 H. KakoB ero Bec B pakeTe npu IBHKEHUH
C yCKopeHueM 4g, HanpaBJIeHHbIM BEPTUKAIBHO BBEPX?

Onpenenure Cuily YOPYrOCTH HUTH, KOTOpas BBI3BIBACT JBUKCHHE
OpycKa IO TOPH30OHTAILHOM IIOBEPXHOCTH C YCKOpEHHeM, a=2 M/c?.
Macca 6pycka m=0,6 kr, koahPuIreHT TpeHus Opycka O MOBEPXHOCTh
cocrasisier u=0,2.

Kectrocts nipyxkunbl 900 H/Mm. rpy3 kakoit Macchl Hajo0 MOJBECUTH K
NPY>KUHE, 4YTOOBI OHA pacTAHyNach Ha 3 cM?

Cuna 60 H coobmaer teny yckopenue 0,8 m/c2. Kakas cuna cooOmur
3TOMYy TeJly yCKopeHue 2 m/c??

JIbpkHUK Maccoi 60 Kr, UMEOIMi B KOHIIE CITyCKa C TOpbI cKopocTh 10
Mm/c, octaHoBmicsa yepe3 40 ¢ mocie okoH4aHus crycka. Omnpenenursb
MOJIYJIb CHJIBI COITPOTUBJICHUS IBUKECHHUIO.

[Tapux maccoit 500 r ckaThIBaeTCs C HAKIIOHHOW TJIOCKOCTHU IIMHON 80
CM, UMesl HaydalbHYIO0 CKOpOcTh 2 M/c. OmnpenenauTb, KaKyl CKOPOCTb
MMeJ [ApUK B KOHIIE HAKJIIOHHOM IMJIOCKOCTH, €CJIM PaBHOAECUCTBYIOIIAS

BCEX CWJI, AEUCTBYIOIIMX HA MIapuK, paBHa 10 H.

IIpakTuyeckas padora Ne 3-4.

«3aKOHbBI COXpaHCHHUHA B MEXAHUKCE).

Heab: 3akpenurh 3HaHUA NO TEME «3aKOHBI COXPAHEHUS B MEXAHUKE,

chopMHpPOBAaTh YMEHHUS M HABBIKM HAXOXKJICHHS (PU3MUECKOW BEITUYHHBI, €&

BBIBOJIa U3 (POPMYJIBI.

IHopsinok BbINOJIHEHHSI Pa0OTHI:

1.
2.
3.

BHuMaTtenbHO MpOYUTATh TEOPETUUECKYIO YACTh U IJIaH PELICHUS 3a]a4
PaccmoTpeTs npumepsl penieHus 3a1a4y

HOJ’Iy‘II/ITB W BBIIIOJHUTH HHAWBUAYAJIbHBIC 3a1aHN.
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TeopeaneCKaﬂ 4acCThb.

Cuita 1 UMITyJIbC:
—= —= —= —=
Fht=mu,—mu, =d(mv)
3aKOH COXpAaHEHUs UMITYJIbCA:
— — —

—
ml'ul+m2'u2=m1'ul +m2'uz.

Mexannueckas padoTa:

A =Fscos a
MomHOCTS:
A
N=—
i
Kunernueckas sueprusi:
FHL

Teopema 0 KHHETUYECKON DHEPTUH:

A =E — Ex.
[TorenuuanbHas SHEPTHUSL:
P
p EL ST THT SpT

3aKoH COXpPAaHCHHA DHCPIrM B MCXaHUYCCKHUX IIpOoHecCCax:

Exi + Ep1 = B + Epa.

IIpumepsl perienus 3aaay.

IMpumep Nel. Teno OpoiieHO BEpTUKAIBHO BBEPX C HAYAIBHOU CKOpOCTHIO 20

M/c. IlpeneOperas CONPOTUBIECHUEM BO3/lyXa, OINpEACIUTh, Ha KaKou
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BbICOTE h KMHeTHYeCcKass SHeprusi Tenma OyneT paBHAa €ro IOTEHIIUATbHON
DHEPTHUM.
Pemenue:
B kauecTBe HyJIeBOTO YpOBHS BHIOEpEM YpPOBEHB, CBSI3AHHBIA C HAYAJIbHBIM
noJjio’keHueM Tena. [loTeHmanpHast SHEpPrys Tena B MOMEHT OpOCaHHs paBHa
HYJTI0, TaK Kak TMOTCHIMAIbHAS OJHEPIrusi sBIACTCA (YHKIMEH BBICOTHI,
KHHETHYECKas DHEPTHUS paBHa MV?/2,
B uHTepecyloleil Hac TOYKe KWHETHYeCKas dHeprus Teia OyaeT paBHA €ro
MOTEHIIUAJIBHOW SHEPruu (10 YCIOBUIO 3a/1a4H)
E« = Ep. (1)
3anuiieM 3aK0H COXPaHEHHSI MEXaHUYECKON SHEPTUH (COTPOTUBIICHUE CPEIbI
OTCYTCTBYET)
mv?/2 = Ex + E, = Ep + Ep = 2E,.
3nech Mbl Bocmosib3oBauch (1). Torma
mv2/2 = 2mgh, um v2/(4g) = h
[Tocne BerunCICHUS

h =20%(4 x 10) = 10 (m).
OtBert: Ha BbicoTe 10 M KMHETHYECKAst SHEPTHS TEJla paBHA €T0 MOTEHIUAIBHOM.

Ipumep Ne2. Teno maccoim = 100 rmamaer cBoOomHO. Omnpemenute

W3MEHEHHUE UMITYJIbCA ATOTO TeJla 3a MEePBhIC IBE CEKYH/IbI TTaJACHUS.
Pemenne: CB0OOIHO Mazas TeIo yepes 2 ¢ MpUOOPETET CKOPOCTh

V=V, +gt=gt.

N3meHnenne umiynsca paBHo Ap = mv — mv, = mv = mgt.
[Tocne Beruncnenuit Ap =2 H x c.
Oteet: Ap=2 H * c.
OOpaTtuTe BHHUMaHHUE, YTO UMIYJIbC — BEKTOPHAas BEJIMYMHA, CHadaja HaJo

HAWTH MPOEKIIMIO BEKTOPA, a YK TTOTOM pad0TaTh CO CKaJISIPHBIMUA BETUIMHAMMU.

Ipumep Ne3. Illapuk wmaccoit M;=1 KI' CKOJB3UT NO HJEATBHO TJIAJKOU

MOBEPXHOCTH CO CKOPOCTHIO V1=4 M/C U1 aOCOJIFOTHO YIIPYTO CTAJIKHUBAETCS C
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TaKUM JK€ MO pa3Mepy MApHUKOM Maccoil mpy=3 kr. Omnpenenure CKOpPOCTb

IapUKOB MOCIe yaapa?

Penrenue:

ITo

3aKOHY COXpaHEHHMsl HMIyJbca HpU  aOCONIOTHO  HEYNpPYroM

yaape mlﬁ + mﬁz = (m, + m::)vf .

ox: My, = (7 +m2ﬁf

L

(m, +m,)

mh 1n/c.

OtseT: 1 M/C

NuauBuayaabHble 3aJaHUs K IPaKTHYecKoii padoTe Ne 3-4.

Bapuant Nel

JIBa mapa ¢ OAMHAKOBBIMM MaccaMH 3 KI JBHXKYTCS BO B3aWMHO
NEePHEHANKYIIIPHBIX HAMPaBICHUIX CO CKopocTsiMu 3 M/c u 4 m/c. Uemy
paBHa BEJIMYMHA [MOJIHOTO UMITYJIbCA ITOM CUCTEMBI?

Manpuuk TsSHET caHku 3a BepeBKy ¢ cuioil 50 H. Ilpoiins ¢ cankamu
100M, oH coBepaet padoty 2500/ Ix. Halinure yron Mexxay BepeBKOM U
JIOPOTOM.

Moot maccoii 1000 xr magaeT ¢ BBICOTHI 1, 8§ M Ha HaKOBAJBHIO.
JnurensHocTh ynmapa 0,1 c. Ymap Heynpyruid. Omnpenenure cpeaHee
3HAYEHUE CUJIbI yaapa.

Teno nBuxercs no npsimou. [lox gericTBueM NMOCTOAHHOM CUIIBL, PABHOU
no monynro 20 H, ummynsC Tenma B MHEPUHUAIBHOW CHUCTEME OTCYETa
u3MeHwics Ha 4 kr*m/c. CKOJIbKO BpeMEHU TOTPeOOBAIOCH ISl 9TOTO?
HenoaBukHas 10Kka BMECTE C HAXOASIIMMCS B HE OXOTHHUKOM HMEET
Maccy 280 kr. OXOTHUK BBICTPEIMBAET WX OXOTHUYBETO PYKbS B
rOPU30HTAIBHOM HamnpaBieHuU. Kakyto CKOpOCTh MOJYYHT JI0JIKa MMOCTE
BhICTpesa? Macca mysu 8r, a ee CKOpocCTh Ipu BeicTpene paBHa 700 m/c.
ABTtoMoOmIH Maccoit 1000 kr, nBUTAsICh PaBHOYCKOPEHO M3 COCTOSTHUS
nokos, 3a 10 c orbezxkaer Ha 260 M. Onpenenure padOTy CUITbI TATH, ECIH

koaddurment tpenus pasen 0, 07.

Bapuant Ne2
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1. Baron maccoit 20 T, IBIKYIIHICS O CKOpOCThIO 0,3 M/C. JOTOHSIET BaroH
Maccort 30 T, qBKymmiics co ckopocthio 0.2 M/c. Haitinure ckopocTh
BaroHOB IOCJIE UX B3aUMOJICUCTBHUS, €CIIU y1ap HEYNPYTHil.

2. C s6moHM, ¢ BBICOTBI 5 M, ymajo sOioko. Macca sbioka 600r.
Onpenenure, KaKol KHHETUYECKON dHEPTrUel 001a1ao 10JI0KO B MOMEHT
KacaHMsI TOBEPXHOCTU 3eMJIH.

3. lleBouka, Macca KOTopoii 42 Kr, MOJHSIACh HA BTOPOU 3Taxk, KOTOPHIN
HaXOJWJICS Ha BBICOTE 6 M OT moBepxHOCTH 3emiu. Omnpenenure ee
MOTEHIUATBHYIO SHEPTHIO.

4. ®yTOONBHBIN MY o0ONagaeT KUHETHYecKoW sHeprueit 35 Jx, kornma
JETUT CO CKOpPOCThIO 54 kM/4. Onpenenure Maccy Msya.

5. Haitaute KMHETHYECKYIO SHEPrUI0 Tela Maccod 5 Kr, majaroiero ¢
BBICOTBI 7/ M, B TOT MOMEHT, KOTJa T€JIO HaXOAUTCS Ha BBICOTE 2 M OT
OBEPXHOCTH 3€MJIN.

6. I'py30BHUK Maccoit 3 T exan co ckopocThio 72 kM/4. [locie 3arpy3ku ero
Macca yeennumiack Ha 1 T. C Kakoi CKOPOCTBIO JOJDKEH BO3BpaLaThCs
I'PY30BHK, YTOOBI €0 UMITYJIbC OCTAJICS O€3 U3BMEHEHUIT?

Bapuant Ne3

1. Manpuuk BEe3ET CaHKU C MOCTOSIHHOM CKOpocTho. Cuia TpeHUsl CaHOK O
ciuer paBHa 30 H. Manpuuk coBepmun paboty, paBHyro 30 JDx.
Onpenenure NpoONICHHBIN MyTh.

2. JIBa OIMHAKOBBIX OWJIBSPIHBIX IIAapa MaccaMu M ABMXKYTCS OJWH CO
CKOPOCTBIO V, a JIPyroll CO CKOpPOCTBIO 2 U B NEPHEHAMKYJIIPHOM
HanpasieHUU. UemMy paBeH MOJHbBINA UMITYJIBC CHCTEMBI?

3. Kakyto paboTy MOXET COBEpUINTH 0 OCTaHOBKH Teno maccoit 1000k,
JBWDKYyIIEecss co CKopocThio 36 km/u? Kakas sHeprusi mpu 3ToM
BO3pacTaer?

4. llap maccoit 300 1, ABMKYIIHUICS CO CKOPOCTBIO 6 M/C, CTaJIKHUBAETCS
abcomoTHO Heynpyro ¢ mapom maccoid 400 T, KOTOpBIA JBUTANCS CO
CKOPOCTBIO 8 M/C B TOM >ke HampasieHud. Hailnure cKoOpocTh IIapoB

rocJje ynaapa.
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. ABToMOOMIIb Maccor 1500 kr, n1BHUrasch paBHOYCKOPEHO M3 COCTOSIHHS
oKos, 3a 15 ¢ orbezxaet Ha 450 M. Onpenenute padbOTy CUIIBI TSATH, €CIIN
kod(pdunneHT Tperus pasen 0, 05.

. ABTOMOOMITB, UMetonuid Maccy 800 Kr, TporaeTcs ¢ MecTa W, IBUTasiCh
PaBHOYCKOPEHO, TpoxoauT myTh 60 M 3a Bpems § ¢. Haliqure MOITHOCTS,
KOTOPYIO Pa3BUBAET aBTOMOOWJIb B KOHIIE ITyTH.

Bapuant Ned

. IIpu OTKpBIBaHUHU ABEPH NMPYKUHY KECTKOCTHIO 50 KH/M pacTsaruBaroT Ha
10 cM. Kakyro paboTy coBeplIaeT npy>KrnHa, OTKpbIBasi 1BEPhH?

. B Hauane cmycka JBDKHMK UMEN CKOpoCTh 2 M/c, a B kKoHie 10 m/c. Bo
CKOJIBKO Pa3 U3MEHMJICS UMITYJIbC JIBDKHUKA?

. HemoaBwm:xHas 101Ka BMECTE C HaXOAAIIUMHUCS B HE OXOTHUKAMU UMEET
maccy 250 kr. OXOTHMK BBICTPEIMBAECT M3 OXOTHUYBETO pPYXKbS B
TOPU30HTAJIBbHOM HanpasieHUH. KaKyro CKOpOCTb IOJIYUHT JIOJKA MOCIIE
BbIcTpena? Macca mynu 8T, a ee CKOpoCTh Ipu BbUIeTe paBHa 700 m/c.

. [lap maccoii 300 r, IBMXKYIIUICS CO CKOPOCTBbIO 6 M/C, CTaIKUBACTCS
a0coJIIOTHO Heynpyro ¢ mapom Maccoi 400 r, KOTOpPBIA JBHUTaiCS CO
CKOPOCTBIO 8 M/C B TOM K€ HarpaBieHuu. Haiiaure ckopocTh 11apoB
nocJie yapa.

. ABTOMOOMIIb Maccoi 1500 kr, nBHUrasch paBHOYCKOPEHO M3 COCTOSIHUS
oKos, 3a 15 ¢ orbezxkaeT Ha 450 M. Onpenenure pabOTy CHIIBI TATH, €CITU
ko3 duimenT Tpenus pasen 0, 05.

. ABTOMOOMIIb, UMetouii Maccy 800 Kr, TporaeTcs ¢ MecTa |, JIBUTasCh
PaBHOYCKOPEHO, TpoxoauT myTh 60 M 3a Bpems § c. HaliquTe MOITHOCT®,
KOTOPYIO Pa3BUBAET aBTOMOOUJIb B KOHLIE ITyTH.

Bapuant Ne5

. CnopTcMeH MOoJHUMAET TUPIO Maccoi 16 Kr Ha BBICOTY 2 M, 3aTpadynBas
Ha 7710 0,8 ¢. Kakyro MOITHOCTB IPH 3TOM Pa3BUBAET CIIOPTCMEH?

. Macca aBtoOyca B 3 pasa Oosblie Macchl aBTomMoOmWiIa. C Kakoit
CKOPOCTBIO JIOJDKEH €XaTh aBTOMOOMIIb, YTOOBI €r0 UMITYJILC OBLIT paBHEE

uMIynscy aBrooyca? CkopocTs aBToOyca 36 KM/u.
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3. Haneres Ha npy>kuHHbIN Oydep, Baron maccoii m=16m, aBuraBmuiics co
ckopocThio V=0,6 m/c, ocTaHOBHUJICS, CXKaB NPy UHY Oydepa Ha X=8 cM.
Haiitu o01ryto )ecTKoCTh IPYKUHBI Oydepa.

4. ®yTOONBHBIN MY oOnajaeT kuHeTHueckou sHepruert 40 Jx, korma
JIETUT CO CKOPOCThIO 54 kM/4. Omipeaenure Maccy msya.

5. lllap maccoit 300 r, IBHXKYIIMICS CO CKOPOCThIO 6 M/C, CTaIKHBaCTCs
abcomoTHO Heynpyro ¢ mapoM maccor 400 T, KOTOPBIA ABHUTAJICS CO
CKOPOCTBIO 8 M/C B TOM jke HampapieHud. Haiinure ckopocTh II1apoB
rocJie yaapa.

6. Teno aBmxkercs no npsimoid. [lox neficTBUEM MOCTOSHHOM CHIIBI, PABHOM
no mMoayiro 20 H, mMmynsC Tena B MHEPUMAIbHOW CHUCTEME OTCYETa
n3MeHuicsa Ha 4 kr*M/c. CKOJIBKO BpEeMEHHU MOTPEOOBATIOCH /JIs 3TOr0?
Bapuant Ne6

1. Ha teno maccoit 2 Kr, IBHXKYIIErocs CO CKOpOcThio 1 M/c, Haudana
NEeUCTBOBATh MOCTOSIHHAS cuia. KakuM JOKEeH OBITh MUMITYJIBC ITOU
CHUJIBI, YTOOBI CKOPOCTH TeJla BO3pociia 10 6m/c?

2. Ilpu pactspkennn npykuHbl Ha 10 cM B HEll BO3HUKAET CUila YIPYTOCTH,
paBHas 25 H. Onpeaennre NOTEHIHAIBHYIO S3HEPTUIO 3TOW MPYKUHBI IPH
pacTsKEHUH €€ Ha 6 cMm.

3. Kakyro paboTy Hajo COBEpIINTh, YTOOBI MOTHATE TPy3 Maccor 30 Kr Ha
BEICOTY 10 M ¢ yckopenueMm 0, 5m/c??

4. T'py30BUK Maccoi 3 T exaa co CKopocThio 72 kM/4. [locie 3arpy3ku ero
Macca yBennuumiach Ha 1 T. C Kakol CKOPOCTBIO JOJKEH BO3BPAILATHCS
IPY30BHUK, UTOOBI €r0 UMITYJIbC OCTaJICS 0€3 N3MEHEHUI?

5. Haiinure KMHETHYECKYIO SHEpPruI0 Tejla Maccoll 5 Kr, MaJarolero ¢
BBICOTBI 7 M, B TOT MOMEHT, KOI'/la TEJIO HAXOAMTCS HA BBICOTE 2 M OT
MMOBEPXHOCTH 3EMIJIH.

6. HemonsukHas JiogKa BMECTE ¢ HaXOASIIMMCS B HEH OXOTHHKOM HMEET
Maccy 280 kr. OXOTHHUK BBICTPEIMBAET HUX OXOTHHYBETO PYKbS B
TrOPU30HTAJIBLHOM HampaBiieHnu. Kakyto cKOpOCTh MOJYUYHUT JIOJKA MOCHe

BbICcTpena? Macca mynu 8T, a ee CKOpOCTh IpH BeICTpene paBHa 700 m/c.
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IIpakTuyeckas padora Ne 5-6.

«YpaBHenue Knaneiipona — Menpaesneesa. ILliotHocTh raza. 3apucumocTtb
cpeaHeHd KBAJAPATUYHON CKOPOCTH JABHKEHUS MOJICKYJI ra3a oT
TeMIIepaTypb».

Heab: Hayuntbcs npumeHsATh OCHOBHBIE (popMyJibl pasaena «MonekynsapHas

¢u3nKa» Ipu pacueTe MapaMeTpoOB COCTOSIHUS UJICaIbHOIO Ta3a

IHopsinok BbINOJIHEHHS PA0OTHI:
1. BHuUMAaTENbHO NPOYUTATh TEOPETUUECKYIO YAaCTh U IUIaH PELICHUS 3a1a4
2. PaccMoTpeTs mpuMepsl peleHus 3aaa4

3. HOJIy‘-II/ITB W BBIIIOJIHUTb MHANBUAYAJIbHBIC 3a/IaHWs.

Teopernuyeckasi 4acThb.

["a30BbIEe 3aKOHBI ONMUCHIBAIOT U3MEHEHHUE COCTOSIHUSI WICAJIBHOTO rasa.
WNHbIMH CcITOBaMH, Ta30BbIil 3aKOH BCETAA CBA3BIBACT JIPYT C APYTOM MapaMeTpPhl
HAYAJIbHOTO U KOHEYHOT'O COCTOSIHMM UAEaTbHOrO rasa.

JI1s1 uaeanbHbIX Ta30B CIPABEJIUBbI CIEAYIONINE 3AKOHBI:
3akoH boiiist — MaproTTa onuchIBa€T N30TEPMUUECKHM TTPOLECC:

nV, = p,V, npu T =const, m=const

3akoH [Ilapsist onuchIBaeT M30XOPHBIN MPOIIECC:

Pr_ D2 npu V =const, m=const
I, T,
3akoH ['eii-JIroccaka onmuchiBaeT M300apHBIN MTPOIIECC:
Vi 'V, :
— = —= TIpuA p =const, m =const.
I, T, ‘

['a30BbIe 3aKOHBI SBJISIIOTCS YaCTHBIMU ClydasiMu O6”be,Z[I/IHeHHOFO
ra3oBOI'O 3aKOHaA:

mV _ P2V

mT, m,T,

rae p1, Vi, M1, T1— nmapameTpbl HAYaIbHOTO COCTOSIHUS UJI€AJIbHOTO T'a3a;
p2, V2, My, T, — mapameTpbl KOHEYHOT'O COCTOSTHHS M/I€TbHOTO Ta3a.

Ecnu B mpouecce nepexona OT HAYAJIBHOTO COCTOSIHHSI K KOHEYHOMY
Macca ra3a He uamensiercst (M= My), To 00bEAMHCHHBIH Ta30BbIN 3aKOH UMEET BUI:

nVi — P2V,

T T ypaBHeHnue Kianeiipona
1 2

31



B oOuiem ciaydyae Bce ra3oBbl€ 3aKOHBI OMUCHIBAIOTCS YPaBHEHHUEM CO-

CTOSAHMA:

pV= % RT — ypasrenne Knaneiipona — Menneneesa

Y4utsiBas, 4To

M —v, nonyuum pV =VRT;

=p, NOIYYUM p= -A—F;—RT.

<z X

[Ipu penieHrM HEKOTOPHIX 3a7a4 HEOOXOIMMO 3HaHUE (POPMYJIbI 3aKOHA
JlanbTOHA:

- JIaBJICHUE CMECH Ta30B HA CTEHKM  COCyJa PaBHO CyMME JIaBJICHUU
BXOJAIIUX B HETO T'a30B

Tak kak 00beM, 3aHUMACMBIM Ka)KIbIM KOMIIOHEHTOM CMECH, OJIHHAKOB,
TO

Peveen = P1 +‘p2 +..t+ Pn

ITpu sToM ypaBHenue Knaneiipona — MeHjeneeBa 1151 CMECH T'a30B:

cmecu'V= LnL+Ln2_.+'_' m” & :
p (M1 M, +M RT.

n

IIpumeps! pelneHus 3aa4.
IIpumep Nel.
["a3 uzoTepmudecku cxar ot oobeMa 16 11 10 o6bema 12 11, 1aBieHe Py ITOM

Bo3pocio Ha 3 klla. [lepBoHauanbHOe naBieHue ra3a pasHo (B [1a).

Jlano: Pemienue:
T = const 1o 3akony bounnga-Mapuotrra:
Vl = 16 JI P1V1 = p2V2
V2:12'H Pzzhpl:Pzzépl.
AP = 3 klla
ITo ycnoBuro 3anauu:
— 2.103
= 3-10°Ila P, —P, =3-10°
Pl_? .
[Tonyyaem 2 ypaBHEHMUS:
P2 = i Pl

3 .
pz_p1=3'103

Pemas cucreMy 2-xX ypaBHEHHH, ITOJIy4aeM:
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P, —P =3-10%,
P, =310,
P, =9-103%Ia.
Otset: P, = 9 - 103IIa.
IIpumep Ne2.
Cpennsist KBagpaTHdHas CKOpOCTh Mojieky a3oTa 600 M/c. Ecnu ero naBienue

0,28 MlIIa, To KOHIIEHTpaLKs MOJIEKYJI paBHA. ..

Jlano: Pemenue:
v=600M/cC OCHOBHOE ypaBHEHUE MOJEKYJISPHO-KHHETHYECKOU
P = 0,28 MlIla = |Teopuu:
* 4 1 —
28 10 Ha P=§nm0V2.
=28-1073 3 A i
H ons, | SHad THCIO ABOTAnpo, MacCy OZIHOW MOICKYIIbI Mo
n—7 BBIPA3UM KaK:
my = NLI/I MOJICTABUM B OCHOBHOE YpPaBHEHHUE
A
MOJIEKYJISIPHO-KMHETUYECKON TEOPUM:
1nu_— 3PN
P=-"Ey, n=-22
3Nja uv2
3-28:10*-6-10%3 -
n= — =5-10%°m3,
28-1073-6002
Oteer:n =5-10%°m™3,
Ipumep Ne3.

B komHuare o6bemom 50 M® HaxoamTca Bosmyx npu Temneparype 20°C mn
nasnenun 10°I1a. Ecim Temmeparypa Bo3myxa nosbimaercs 10 25°C, 1o uepes
OTKPBITYI0 (DOPTOUKY BBIIIET Macca BO3AyXa, paBHas ... (B KT).
Jano: Pemenue:
V = 40m3 VYpasuenune Kianelpona-MengeneeBa s BO3ayXa
T, = 20°C = 293K IpHU IBYX pa3HbIX TEMIICpaTypax:
T, = 25°C = 298K | PV = %RTl, PV = %RTZ,

Am—? PV PV,
1 —_—— ; m2 —_— _’
RT, RT,

H—m _PVu(l 1)
1 27 R \1;, T,/

MonsipHyto Maccy Bo3ayxa OepeM U3 CIpaBOYHBIX

TaOJINII
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IIpumep Ne4.

u = 0,029kr/mMo0b:

1 1
(-1 = 1
293 298

_10°-50-0,029
8,3

Am

OtBeT: Am = 1Kr.

Ecnu ra3 maccoii 16 r npu naBnenun 1Mlla u temneparype 112 °C 3anumaer

o0wveM 1,6 11, TO TOT ras...

Jlano:
T=16r=16+ 10
Skr

P =1MIla=10°IIa
T=112+273=385
K

V=16n=1,61073

u—7?

Pemenue:
Onpenenutp ra3 MO>KHO IO €r0 MOJISIPHOM Macce.
N3 ypaBHenus Knaneiipona-MeHeneeBa MoJisipHas

Mmacca rasa.
mRT

PV’

HOI[CT&BJ'ISIGM 3HA4YCHUA TCPMOAMHAMUNYCCKHUX

[1apaMeTpPOB, BBIPAXKEHHBIX B cucreme CU:

16-1073.8,3-385 _2 KT
n= ~32-1073 —,
1,6-1073-10°© MOJTb

OTBeT: KUCIOPOS.

NuauBuayaabHble 3a1aHNs K MPpaKTHYecKoi padote Ne 5-6.

Bapuant Nel

1. Yemy paBHO AaBieHue Bo3ayxa maccou 0, 29 kr. Haxoasierocs B 6amioHe

06bemMoM 50 11 ipu 27°C. Monspaas Macca Bo3ayxa pasHa 29- 10 = kr/mon.

2. Ha u3nenue, miomaas IOBEPXHOCTH KOTOPOTo 52 ¢M?, HaHECEH CIION XpoMa

TOMHUHON 1MKM. CKOJIBKO aTOMOB XpOoMa B TOKPBITUU?

3. Ha pucynke B cucreme koopauHat V, T u300paxeH 3aMKHYTHIN UK 1231,

OCYILIECTBIICHHBIM Ta30M IOCTOSIHHOW Macchl. Ha3oBuTe BcCe MpOLECCHI.

Omnpenenute, Kak BRIMISAUT FpaduK 3TOrO IIUKIIA B cUcTeMe KoopauHat P, T.

VA 1e °

» T
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4. ITpu temneparype 350 K cpenHsst kBaapaTHyHass CKOPOCTh MOJIEKYJIbI
kuciopoaa 730 m/c. OnpenenuTs Maccy MOJIEKYJIbI KUCIIOPO/Ia.

5. Uemy paBHa TeMIeparypa rasa, €cjiu Ipu KoHueHtpamuu 2,75-10% m2 on
co3maet gasienue 127,3 klla?

6. OmnpenenuTh AaBICHUE KUCIOPOJA, €CIU CPEIHAS KBaJIpaTUUYHAsI CKOPOCTh

ero MoJiekyJ pasHa 3450 m/c, a KoHIeHTpanus Moiekya 3,35-10%" m3,

Bapuant Ne2

1. Yemy paBHa Temmeparypa YIJIEKMCIOrO raza Maccod 2 Kr B OajuioHe
BMecTMOCTEIO 0, 04 M3 mpu pmaeinenum 3 Mlla. Momnspras macca
yTIEKUCIIOoro ra3za pasHa M=44,0 r/moib.

2. CKOJIBKO MOJIEKYII COAEPIKUTCS B COCYIE EMKOCTBIO 250 ¢M, eclii 1aBIeHHe
raza 566 mm pr.cT., a Temneparypa paaa 100 “C?

3. Ha pucynke B cucreme KoopAuHaT p, T n300pa>keH 3aMKHYThIN 1k 1231,
OCYILIECTBJICHHBIM Ta30M MOCTOAHHOM Maccel. Ha3oBHUTEe Bce MPOLECCHI.

OHpCIICJII/ITC, KaK BBII'TIAOUT Fpa(l)I/IK 9TOI'0 IIUKJIa B CHCTCMC KOOpAMUHAT D,

V.

» T

4. B cocyne HaxoauTcs ra3 noj gasienuem 156 klla npu remnepatype 73° C.
Haitti KOHUEHTpauIo MOJIEKYIL.

5. Omnpenenute Maccy Bo3ayxa B kiacce oObeMoM 3*4*2 M mpu Temneparype
28 °C u HopmansHOM atMoc(epHOM JaBiaeHUH. MOJSpHYIO Maccy BO3IyXa
npumute paBHou 0,029 kr/mMoib.

6. B 6amtone BMectuMocThio 0,08 M3 HaxoauThCs ra3 nox gasiaeHueM 1, 45%10°
[Ta npu Temneparype 440 °C. Kakoii 00beM 3aHMMan Obl OTOT Ta3 IIpU

HOpManbHBIX yeaosusx (t=0 °C, p = 101325 Ila).

Bapuant Ne3
1. Uemy paBHa Macca yriekucioro raza oobemom 10 1 npu naBnenun 0,2 MIla
u temneparype 20° C? MonspHas Macca yriaekucioro raza pasHa M=44,0

I/MOJIb.
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2. OmnpenenuTh AaBICHUE KUCIOPOJA, €CIM CPEIHSS KBaJIpaTUYHASI CKOPOCTh
ero MoJeKyi pasaa 2780 M/c, a KOHIEHTpauus MoaeKyi 3,45-10%8 w3,

3. B cocyne naxoautcs ras noa aaiaeHueM 168 klla mpu tremmnepatype 83° C.
Haiitn KOHIIEHTpaHIO MOJIEKYII.

4. HailTu cpeaHIo0 KBaJpaTUYHYIO CKOPOCTh MOJIEKYJ Tra3a, HMEIOIIEro
IUTOTHOCTH 2,85 KI/M° npu nasienuu 187 klla.

5. Ompenenute Maccy Bo3ayxa B kiacce oObeMoM 3*5%*3 M nipu temneparype
30 °C u HOpManbHOM aTMOC(epHOM JaBIeHUH. MOJSPHYIO MacCy BO3IyXa

npumMute papHout 0,029 kr/moub

6. Ha pucynke B cucteme koopauHar p, V u3o0paxeH 3aMKHYTHIN Uk 1231,
OCYLIECTBJIEHHBII Tra3oM IMOCTOSHHOM Macchl. Ha3oBuTe BCE MPOILECCHI.

OHpGIICJII/ITC, KaK BBII'TIAOUT Fpa(l)I/IK 9TOI'0 IUKJIa B CHCTCMC KOOPpJAHNHAT V,T

Bapuant Ne4
. UeMy paBHO naBieHHE KUCIopoja maccou 0, 2 Kr, cOIepKalerocsi B COCyAe
ooweMomM 20 1 mpu Temneparype 30° C? MounsipHas macca KUCJIOpOJa paBHA

32-10°° kr/M01b.

Kucnopon Haxomurcs B OamutoHe moj aasiaenuem 2-10° IMa. Temmeparypa B
6amnone paBHa 47 °C. Kakyto miI0THOCTb UMEET KHCIOPO?

[Ipu Ttemneparype 290 K cpeaHsis KBaapaThyHas CKOPOCTb MOJIEKYJIbI
kuciopoaa 575 m/c. OnpenenuTs Maccy MOJIEKYJIbI KUCIOPO/Ia.

. UeMy paBHa Temmeparypa rasa, ecid OpH KoHueHtpauuu 3,35-10% M om
co3maet gasieHue 124,8 xl1a?

Omnpenenute Maccy Bo3ayxa B kjacce oobeMoM 3*5%3 M npu temneparype 30
°C u HOpManbHOM aTMOC(EPHOM IaBICHUHM. MOJSPHYIO MAaccy BO3IyXa
npumute paBHo 0,029 kr/mMoib.

Ha pucynke B cucteme koopaunHat V,T u300pakeH 3aMKHYTHIM 1mmkn 1231,
OCYILECTBIICHHBIM Ta30M IIOCTOSSHHOM Macchl. Ha3zoBuTe BCe MPOLIECCHI.

Onpenenure, Kak BRIMISAUT rpaduK 3TOTO IUKIIA B cucTeMe KoopauHat P, T.
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» T
Bapuant Ne§

. UeMy paBHa Temmeparypa a3zora maccoil 2, 8 T u oobemom 500 cm® mpu
nasnennu 400 xIla. Monspras mMacca a3ota pasaa 28-10 ~ kr/mMoJs.

Bamnon, comepsxammit V1=0,02 M® Bosayxa mox nasienumeM pi;=4-10° Ila,
COEIUHSAIOT ¢ 6aUIOHOM eMKOCTBIO V2=0,06 M3, n3 KOTOPOTrO BBIKAYaH BO3MIYX.
Haiitu naBneHwe p, KOTOpOE YCTAaHOBWJIOCH B cocydax. Temmeparypa
MOCTOSIHHASL.

OnpenenuTs aBlIEHUE KUCIOPOA, €CIIA CPEIHSA KBaJApaTUYHAsl CKOPOCTh €ro
MoJIeKyJI paBHa 3750 m/c, a KoHIeHTpanus Monekyn 4,3-10%" M=,

B cocyne Haxomurcs ra3 noxa nasienuem 130 xlIla nmpu temmeparype 53° C.
Haiitn KOHIIEHTpaluo MOJIEKYII.

HaiiTu cpeaHiol KBaJpaTUYHYI0 CKOPOCTb MOJIEKYJ Ta3a, HWMEIOIIEro
wI0THOCTH 1,25 kr/M° ipu naBnennu 149 xIla.

Ha pucynke B cucteme koopauHat V,T u3zo0pakeH 3aMKHYThHIM mmkn 1231,
OCYILECTBJICHHBI Ta30M IIOCTOSSHHOW Macchl. Ha3oBuTe Bce mpOLECCHI.

Omnpenenure, Kak BRIMISAUT rpaduK dTOTO IIUKIIA B CHCTEME KOOpPAUHAT P, V.

VvV )

1

Bapuant Ne6

. Uemy pasna macca merana (CH ;) o6bemom 2 M ° npu nasnenun 400 xIla u
temmneparype 0°C? MonspHas Macca MeTana pasHa 16- 10 = kr/mMois.
Omnpenenure, Kakoi OyaeT abCOIIOTHAsA TeMIlepaTypa ONPEAEICHHOW MacChl
UJICATHHOTO Ta3a, €CJIM JaBJICHUE ra3a YBeTUInTh Ha 25%, a 00beM YMEHBIIIHUTH
Ha 20%. HauanbHast Temneparypa raza pasaa 300 K.

OnpenenuTs aBlIeHUE KUCIOPOA, €CIIA CPEIHSS KBaJApaTUIHAsI CKOPOCTh €ro

MoJieKyJ1 paBHa 3750 M/c, a KOHLeHTpaus Moseky 4,3-1027 M=,
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4. B cocyne Haxoautcs ra3 noa nasieHueMm 130 klla mpu temnepatype 53° C.

Haiitn KOHIIEHTpauIO MOJIEKYII.

5. Haiftu cpenHio0 KBaJpaTUYHYIO CKOPOCTh MOJIEKYJ Tra3a, HMMEIOIIEro

wI0THOCTH 1,25 kr/M° ipu naBnenun 149 xIla.

6. Ha pucynke B cucteme kKoopauHaT p, V u300pakeH 3aMKHYTHIM Uk 1231,

OcyIHCCTBHCHHBIﬁ ra3omM IIOCTOSIHHOM Macchel. HazoBure Bce IMPOLICCCHI.

Omnpenenute, Kak BRIMJSLAUT rpaduK dTOTO ITUKIIA B cucTeMe kKoopauHat V,T.

»V

Bapuant Ne7

1.

I'a3 npu naBnenun 0,2 MIla u remneparype 15° C umeer o0beMm 5 1. Uemy
paBeH 00beM ra3a 3TOW MacChl P HOPMAIBHBIX YciaoBUsX (naBieHue 100
klla, Temneparypa 0°C)?

N3 OamnmoHa BBITYCTUIM 2 T rasza, BCJCACTBHE YEro JaBJICHUE B HEM
cHusmwiochk Ha 10%. Onpenenure eMKOCTh 0alioHa, €CI TJIOTHOCTh rasza B
HauanbHell MoMmeHT Obuta 0,2 kr/m°. TemmepaTypa raza B GalulOHE HE
MEHSLIACh.

OmnpenenuTe Maccy Bo3ayxa B Kjaacce o0beMoM 3*4*2 M mpu Temmeparype
27 °C u nopmansHOM aTMocepHOM JaBieHuH. MOJIIpPHYIO MacCy BO3IyXa
npumute paBHoi 0,029 kr/mMob.

[Ipn Temneparype 300 K cpensss kBagpaTuyHas CKOPOCTb MOJIEKYJIBI
kuciopoaa 650 m/c. OnpeaeauTs Maccy MOJIEKYJIbI KUCIOPO/Ia.

B 6amtone Bmectumoctbio 0,07 M3 HaxoauThes ra3 noj nasienueM 1,5%10°
[Ta mpu temmeparype 430 °C. Kakoit o0beM 3aHmMan Obl TOT ras Hpu
HOpManbHBIX yeaosusax (t=0 °C, p = 101325 Ila).

Ha pucynke B cucreme koopauHaTt p, V n300pakeH 3aMKHYThIM ki 1231,
OCYILIECTBJIICHHBIA a30M IOCTOSSHHOM Macchl. Ha3zoBure Bce IpOLIECCHI.

Omnpenenure, Kak BRITISAUT FpaduK 3TOTO IIUKIIA B CHCTEME KOOPJUHAT P, 1.
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Bapuant Ne§

1. Kakoe naBienne paboyedl CMECHM YCTAaHOBUTCA B IUJIMHAPE ABUTATENS
aBTOMOOWJIS, €CIIM K KOHITY TaKTa CKaTHsl TeMIlepaTypa raza MmoBbIIIAeTCs ¢
50 no 250°C, a 06sem ymenbimaercs ¢ 0, 75 mo 0, 12 n?

2. HavanpHbiii 00beM rasza cocraniser 60 jg. Onpeaenure, KakuM 0y1eT o0beM
ATOM Macchl rasza, eciu adconoTHas Temneparypa nosbicutcs ot 300 K 1o
450 K, a naBineHue yMEHbIIUTCS B 2 pasa.

3. Uemy paBHa TemiepaTypa rasa, eciii IpHu KoHieHTpauuu 2,95-10%° M3 on
co3naet gasienue 118,3 klla?

4. OmnpenenuTh AaBICHUE KUCIOPOAA, €CIIU CPEAHsS KBaJpaTUIHAs CKOPOCTh
ero MoJiekya pasHa 3750 m/c, a KoHIeHTpausa Monekya 4,3-10%7 i3,

5. B cocyne naxoautcs ra3z noa aasieHueM 130 klla npu temneparype 53° C.
Haiitn KOHIEHTpauo MOJIEKYII.

6. Ha pucynke B cucreme koopaunat V,T u3zo0paxeH 3aMKHYThIN Uk 1231,
OCYILECTBJIICHHBIM Ta30M IIOCTOSHHOW Macchl. Ha3oBuTe Bce IpOLIECCHI.

OHpCIICJII/ITC, KaK BBII'TIAOUT Fpa(bI/IK 9TOI'0 IIUKJIa B CHCTCMC KOOpAMUHAT D,

V.

IIpakTuyeckasi pa6ora Ne /.
«3akon KysioHa. JiiekTprueckoe moJie».

Heab: 3akpenuTh 3HaHUA MO TeMe «3akoH KyrnoHa. DneKkTpudeckoe moie,
chopMUpOBaTh YMEHUS W HABBIKM  HAXOXJACHUS (PU3UYECKOW BEITUUYUHBI, €€
BBIBOJIA U3 (DOPMYJIBI.

ITopsaiok BbINOJTHEHUsI padOThI:
1. BHHMMaTENIbHO IPOYUTATh TEOPETUUYECKYIO YACTh U TUIAH PEIICHMS 3aa4
2. PaccMoTpeTs mpuMepsl peleHus 3aaa4
3. Iomay4yuTh U BBINOJHUTH UHIUBUYAJIbHbBIE 3a/IaHNUS.

Teopernueckas 4acThb.
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DNEKTpOCTaTUKAa 3TO  pa3fen  AJIEKTPOMArHeTH3Ma, HW3yYarolluii
B3aMMOJICHCTBUE HEMOABUKHBIX  3apsiioB.  ODJIEKTPUYECKHM  3apsii B
M30JIMPOBAHHOW CHCTEME BCET/Ia COXPAHSAETCS, KAK MOKA3bIBAET OIBIT, B TO M
yucie, roBops 00 D3JIEMEHTAPHBIX 4YacTUIAX. SIPKUM NPUMEPOM CIIYKUT
poxaeHne B ((GU3HMYECKOM) BaKyyMe dJEKTPOH-TIO3UTPOHHON  MapBhl.
Paccmotpum nBa 3apsana. B 3aBUCHMOCTH OT TOTO, ABHXKYTCSI OHH WJIM HET,
MEK]ly HUMU MOET OBbITh B3aUMOJICHCTBHE

* 3JICKTPUYECKOE—ECIIA OHU HE JBUXKYTCH,

* DJIEKTPUYECKOE M MArHUTHOE—ECIU OHU ABWXKYTCS. [ ommcanus
AIEKTPUYECKOTO M MArHUTHOIO IIOJIEM BBOJST BEKTOPBI HANPSIKEHHOCTU M
WHIYKIWH, MOJIE JICKTPUUECKOE - HANPSIKEHHOCTh E, MAarHUTHOE - MHAYKIHS
B.

3akon KyJsiona. /Insg To4edHBIX 3apsI0B 1,2 HA PACCTOSHUM I IPyT OT
Jpyra, JeUCTBYIOINIAs Ha MEePBbIA U3 HUX CUia B3auMoaeicTBus Fio paBHa

F12=kQ1Q2 /r2

B CHU enuHunenn u3aMepeHus: dIEKTPUUYECKOTO 3apsAna ABISETCA KYJIOH,
[q]=1Kn=[A][t]=1A"1c.

Ko>dppumuenr k umcnenno pasen k=~9-10°H-m? /Kn? =9-10° M/®, u
TPaaUIMOHHO 3amMchiBacTcs Kak k= 1/4mey, raeg—DaiaekTpuyecKas
IIOCTOSIHHAS, YUCIIEHHO paBHas £~=8,85-10712d/m.

3akoHn Kynona moxHo niepenucath B Bujie F=qE, rie Bektop E Ha3wpiBatoT
HANPSKEHHOCTBHIO JIEKTPUYECKOTO T0JISI B TAHHOW TOUKe. ENuHUIA U3MEPEHUS
HanpsbkeHHocTH paBHa H/Ko.

PaccMmoTtpum Teneps HanpsKEHHOCTD, CO31aBAEMYIO LIAPOM C 3apsiioM q

U paguycoM R Ha pacCTOSHMM T OT HEro. B cHily CUMMETpUM SICHO, YTO
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HaMpsHKEHHOCTHh OyAET HamNpaBJIeHA MO paanycCy Immapa. M3 mKoJbl MbI 3HAEM,
YTO HANpPsHKEHHOCTD MOJIS mapa OyAeT Takas ke, KaK U HalpsHKEHHOCTD OIS
TOYEYHOTO 3apsia. BHYTpu ke HanpssKEHHOCTH MMOJisl OyJeT paBHA HYIIIO.
Hanpsixk€HHOCTD MOJISI U3MEHSETCA MOYTH CKayKOOOpa3HO 3a CYET HaTW4Ms
IIOBEPXHOCTHOM INIOTHOCTH 3apanoB, E=kq/ R*= q/ 4mR?sy= 0/ &, rie 6—3TO
MOBEPXHOCTHAS TJIOTHOCTH 3apsi/I0B.

Cy1ecTBYIOT TOJIs, B KOTOPBIX paboTa Mo MepeMeIIeHUI0 3apsaaa MExXTy
IBYMSI TOYKAaMH HE 3aBUCHT OT (OpMBI MyTH. Takue TMOds Ha3bIBAIOT
MOTCHITMATBHBIMA. DJIEKTPOCTATUICCKOE TTOJIC SIBJISCTCS MOTCHITHANBHBIM. J{71s1
MOTEHIIMAIBHBIX TIOJIEH HAIMpPsHKEHWE MOXKHO 3aMMCcaTh B BUJEC PA3HOCTH JIBYX
MOTEHIIMAJIOB, XapaKTepU3yIux Touku, U=@1—@,=A@. Eqununa usmepenus
HaIpsKEHUS U ToTeHurana — 31o 1 B.

[Torenan Tmoyis TOYEYHOrO 3apsjga B JaHHOHW Touke, @=kqlr.
[ToBepXHOCTH, BO BCEX TOYKaX KOTOPHIX TOTCHIMAJIBI PaBHBI, HAa3bIBAIOT
HKBUMOTECHIIUATLHBIMHU.

VYKe W3BECTHO, YTO TMOTEHIMAN (P YEIWHEHHOTO TOYEUHOTO 3apsiaa (,
@~q. Bo3Hukaer xenanne BBECTH KOIPDHUIIMESHT ITONW MPOIOPIHOHATEHOCTH.
Hcropuuecku ObIT BBeAEH 00paTHBIN Koddduiment, émxocts, C=q/ @. B CU,
JUISL €TUHULIBI EMKOCTH TIPUAYMAJId COOTBETCTBYIONTYIO enuuuily, hapan (D).
C=q/U=0SIEA.

IIpumepsl pelienust 3a1a4.

Ipumep Nel. Ilposonsmast chepa, paguycom 0,2 M, Hecyias 3apsia

1,8%10* K, maxoaurcsa B Bakyyme. Onpenennte:1) MOLYNIb HAPSKEHHOCTH

AIIEKTPUYECKOTO TOJIsi Ha €€ IIOBEPXHOCTH; 2) MOAYJb HaNpsSKEHHOCTU
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ANEKTPUUYECKOrO TOJIsl B TOYKE, OTCTOsIIENH Ha pacctosHud 10 M OT LEeHTpa

cdepsl; 3) MOYJIb HAIIPSIYKEHHOCTH B LICHTPE Cephl.

JlaHo: Pemenue
g=1, 8*10“*Kn E=kq/ R?
R=0,2m

R;=10 m

9%10%%1,8%10™%
E) Elv EO-? 1) E = (0,2)2

= 4 % 107H/Kn

9%10%%1,8+10~%

2)E, = (10)2

=16 * 103H/Kn

3) HanpsKEHHOCTH MOJIA B JII0OOW TOUKE BHYTPH MpoBo/siel chepnl paBHa 0.
E():O.

IHpumep Ne2. C xako#l CHIION B3aMOJEHUCTBYIOT J1BA MAJICHBKUX 3apsKEHHBIX
IapyKa, HaXOASAIIMECS B BaKyyMe Ha pacCTOssHUU 9 cm npyr ot apyra? 3apsia

KaXJI0ro mapuka pase 3*10° K.

Jano: Pemienue
= 0,09 M Flzququ /r?
%16 _9%10%%(3¥107%)%
q.2= 3*10°Kn F = 0,097 =10H
F-?

NuauBuayajbHble 3aJaHUSA U1 IPAKTHYECKOi padoThl Ne 7.

1. C kakolt cwiodH B3aMMOJICUCTBYIOT B BaKyymMe€ JIBa TOYEUHBIX
ANeKTpruYecKuX 3apsaa o 12 uKi, eciaum paccrtosiHue Mexxay HUMH 3 cMm?
BO CKOJIBKO pa3 YMEHBIIIUTHCS CUJIA B3aUMOICUCTBUS, €CITU 3apsAIbl Oy IyT
HaXOJUTKCS B BOJIE (IUAJIEKTpUUECKas MPOHUIIAeMOCTh BOIbI 81)7

2. JIBa OJIWMHAKOBBIX TOUEUHBIX OJJIEKTPUUYECKUX 3apsijia, HaxXoIsiCh B
[JIMIEPUHE HA PacCTOAHUU 12 cM OMH OT APYroro, B3auMOJEHCTBYIOT C
cwioit 3-107% H. OnpenenuTs BEIUYMHY KaXKIOTO 3apsja.

Jusnexktpuueckasi MPOHULIAEMOCTb TIULIepUHA 56.
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3. /IBa onMHAKOBBIX IMIApUKa HAXOAATCS HAa paccTosHuu 60 cM Opyr OT
npyra. 3apsj ogHoro us Hux 6- 1078 K, a 3apsx apyroro - 12- 1078 K.
[[Tapuku TpUBOAST B COMPUKOCHOBEHUE U BHOBbH PA3/IBUTAIOT HA TOXKE
pacctostHre. Ormpenenure CHIbl  B3aUMOJEHCTBUA 10 M IOCTE
CONPUKOCHOBEHHSI.

4. Yemy paBeH OOIMIA 3apsi SJICKTPOHOB, KOTOPHIE HAXOMATCS B KYCKE
cBuHIa Maccou 200 r.

5. JIBa 0IMHAKOBBIX TOUEUYHBIX JIEKTPUUYECKUX 3apsi/ia, HAXOASICh B HE(TH,
B3aUMOJIEHCTBYIOT ¢ cuitoii 6: 1077 H. Benuuuna nepsoro 3apsiga 5+ 1072
Kn, Broporo 8 107° Ku. Onpenenurs, Ha KaKOM PacCTOSHUM APYT OT
JIpyra HaxoAsaTcsa 3apsabl. J[udnexkTpuueckas MPOHUIIAEMOCTh HeTU
paBHa 2.

6. Uemy paBeH OOt 3apsi/ AJICKTPOHOB, KOTOPHIC HAXOIATCS B KYCKE MEIH

Maccoit 300 r.

7. TIposomsamas cdepa paguycom R=0.4 m, necymas 3apsan =2.4*10" Ko,
HaxoAuThcs B BakyyMe. Omnpenenute: 1) Moaynb HampsHKEHHOCTH
AIIEKTPUUYECKOTO MOJsl Ha €€ MOBEPXHOCTH; 2) MOAYJb HAMPSHKEHHOCTH
ANEKTPUYECKOTO TOJISI B TOUKE, OTCTOSIIEN Ha paccTossHUH 10 METPOB OT
neHtpa cdepbl; 3) MOAYIb HANPSHKEHHOCTH DJEKTPUUECKOTO TMOJs B
IEHTpe cephl.

8. B oaHopomHOe snekTpuueckoe mosie HanpsbkEHHOCThIO Eo=4 kH/Kn
BHECIM TOYeuHBIH 3apan q=2*10%Ki. ompenennte HampsKeHHOCTH
ANEKTPUUYECKOTO TMOJSl B TOUKE A, HAXOJSALIEHCS HAa PACCTOSIHUU & CM OT
TOYEYHOro 3apsfga. OTpe3oK, COCOUHSIOIMNA 3apsii W TOYKY A,
MEPIEHIUKYJISIPEH CWJIOBBIM JIMHUSIM OJHOPOJHOTO 3JIEKTPUUECKOTO
OJISL.

9. JIBa oMHAaKOBBIX 3apsa = 108 K1 HaxosTcs B BO3/yX€ HAa PACCTOSIHUU
10 cm nppyr ot apyra. Onpenenure HaNpsHKEHHOCTh 1ojst B Touke O,
HaXOJIAIIEHCs Ha cepeIuHE OTpe3Ka, COCIUHSIONIETO 3apsijibl, U B TOUKE
A, pacmnoyio’)K€HHOM HA PACCTOSIHUM 7 CM OT 3apsioB.

10. Meramnmuyeckomy mapy paauycoM 50 cm coobmen 3apsn 10 aKo.
OnpenenuTs HANPSHKEHHOCTh AJIEKTPUUYECKOTO IMOJIsi Ha TOBEPXHOCTH

11apa ¥ Ha pacCTOSIHUM 75 CM OT LIEHTpA LIapa.
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11. 3apsn, pasuslii -1,5- 10"8Ku1, momemen B coupt Ha paccTosaun 10 cM
OT Jipyroro 3apsanaa. Onpeaenuts 3Ha4YeHUE U 3HAK JPYroro 3apsja, €ciiu
3apsay nputrsaruBaroress ¢ cwior  -0,45  H.  Jlusnexkrpuueckas
MPOHUIIAEMOCTh CIUPTA paBHa 26.

12. J]IBa OOWHAKOBBIX TOYEUHBIX OJJICKTPUYECKUX 3apsijia, HaXOIsCh B
TJIMLEPUHE HA PACCTOSTHUM 15CM OJMH OT JIPYyroro, B3auMOJIEUCTBYIOT C
cuioii 5 107> H. OnpenenuTs BEIWYMHY Ka)XKJI0ro 3apsja.
JusnekTpuyeckas IpOHULIAEMOCTh TnLepuHa S6.

13. JIBa oMHAKOBBIX MIApHKA HaxondTcs Ha pacctosHuu 30 cM apyr ot
npyra. 3apsn ogHoro u3 Hux 8- 1078 Kui, a 3apsn apyroro - 14- 1078 K.
[[Tapuky OpUBOAST B COMPUKOCHOBEHUE U BHOBH Pa3/IBUTAIOT HA TOXKE
paccrogaue. Onpeaenure Cuiabl B3aUMOACHCTBHS JO U MOCIE
CONPUKOCHOBEHHSI.

14.Yemy paBeH oOuIMil 3apsij JIEKTPOHOB, KOTOPHIE HAXOMASTCS B KYCKE
ocmus Mmacco 300 r.

15. B onmHopomHOe 3neKkTpudeckoe mose Hampshk€HHocThio Eo=6 xH/Kn
BHECIM TodeuHbld 3apsan q=3*10°Kn. onpenennTe HanpssKeHHOCTH
AIIEKTPUIECKOTO TOJIA B TOUKE A, HAXOMAAIIEHCS Ha paccTossHUU 12 cm oT
ToYeyHoro 3apsga. OTpe3oK, COCNUHSIOIMNA 3apsii U TOYKY A,
MEPIEHIUKYJIIPEH CHJIOBBIM JIMHUSIM OJHOPOJHOTO BJIEKTPUYECKOIO
OJISL.

16. JIpa oquHakoBbIx 3apsga 0= 108 Kir HaxomsaTes B BO3MyXe Ha pacCTOSHUN
20 cm npyr ot apyra. Ompenenure HampsHKEHHOCTH Mol B Touke O,
HaXOJAIIEHCs Ha cepeuHE OTPe3Ka, COCIUHSIONIETO 3apsiibl, U B TOUKE
A, pacToI0)KEHHON HA PACCTOSHUU S CM OT 3apsJIOB.

17. Metanmnmuyeckomy 1mapy paaumycoM 60 cMm coobmen 3apsg 12 uKim
OnpenenuTs HANPSHKEHHOCTh 3JEKTPUYECKOTO MMOJsi Ha MOBEPXHOCTH

mapa u Ha pacctossauu 80 cM OT IIeHTpa mapa.
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IIpakTuyeckas padora Ne 8-9.
«3akon Oma 1 yyacTka nenu 0e3 3. 1. ¢. 3akoH Oma 19 y4acTKa Hemnu ¢
3.J1.C.».

Henanb: 3akpenuth 3HaHUA 110 TeMe «3akoH Oma Ji1s yyacTka 1enu 0e3 3. 1. ¢. 3aKOH
Owma 117151 yyacTKa LIeTH € 3. . C.», C(OPMUPOBATh YMEHUS U HABBIKM HaXO0XKJICHUS
(¢u3nyecKoil BEMUYHHBI, €€ BbIBO/IA U3 (DOPMYIIBI.
IHopsiioKk BbINOJIHEHUS PadOThI:
BHuMaTenpHO IpOUYUTAaTh TEOPETUUECKYIO YacTh U IUIAH PEIICHUs 3a1a4
PaccMoTpeTs npuMepsl peleHus 3a1a4y
[TomyunTh ¥ BBINOJHUTH UHANBUAYAIbHBIC 33TaHUS.
Teopernveckas 4acThb.

DNEeKTPUYECKUA TOK €CTh YIOPSIOYEHHOE (HalpaBJIE€HHOE) JBH)KCHHE
3apsHKEHHBIX YacTHI (B MeTaJlJIaX 3TO CBOOOAHBIE SJIEKTPOHBI).

Cuna toka | B mpoBOJIHUKE — BEJIMYMHA, paBHAs KOJMYECTBY JIEKTPUUECTBA

Q, mpoTekIIero yepes NonepevyHoe ceueHne MPOBOIHMKA 3a 1 ¢:

Iz?,wml:e-no-S@

rie No— KOHLEHTpalusi HOCUTENIEH 3apsioB €; O — CpenHssl CKOPOCTh
3apsAA0B; S — IUIONIAIh MOMEPEYHOTO CeYeHUs MpoBogHUKa. Cuia TOKa OfHa U3
ocHoBHbIX BennuuH B CU; ee emununia — ammep (A). 3a HampaBlieHHE TOKa
IIPUHUMAIOT HAIIPaBJIEHUE, IPOTUBOIOJIOKHOE JBHKEHUIO 3JIEKTPOHOB.

JIJ1s1 BOSHUKHOBEHHUS MOCTOSIHHOTO TOKA B METAJNIMYECKUX MPOBOAHUKAX HA
CBOOOJIHBIE 3JIEKTPOHBI JOJKHO JEHCTBOBATH AJIEKTPUUYECKOE I10JIe, CHOCOOHOE
o0ecreyuTh Ha KOHIaX MPOBOJHUKA (LIETH) NOCTOSHHYIO Pa3HOCTh MOTEHIIMAJIOB.
B ucrouHuke TOka B pe3ysbTaTe NEUCTBUS CTOPOHHHUX CHJI Y OTPULATEIBHOrO
MOJIF0CAa BO3HUKAET U30BITOK AJIEKTPOHOB, Y MOJOXKHUTEIBHOTO - UX HEIOCTATOK, T.
€. BO3BHHMKAET Pa3HOCTh MOTEHUUANOB. KaXkblil HCTOYHUK TOKAa XapaKTepHU3yeTcs
AIIEKTPOJBIIKYIIECH CHIIOW KOTOpasi paBHAa pabOTe CTOPOHHUX CHJI, COBEPIIAEMOM

MIpU NIEpEMEILIEHUH MOJI0KUTENBHOTO 3apsina B 1 K Bgosb nenu:

g =2
Q



Enununa 3/1C - Bosbt (B).
3akoH OMa [ ydacTKa LENU YCTAaHABIIMBAET 3aBUCUMOCTb MEXKIY CUJIOU

TOKa B IIPOBOAHUKEC U HAIIPSPKCHUCEM HA €0 KOHIIAX:

I=-,
R

1 o
rac KOC—)(i)(l)I/IHI/IeHT IMIPOIMOPHUOHAJIBHOCTH E Ha3bIBACTCA JJICKTPHUYCCKOU

MPOBOJUMOCTBIO; R — anekTpuyeckoe COmpoTUBIEHUE MPOBOJHUKA. EnuHuia
conpoTuBieHuss — oM (Om).
ComnpoTuBiieHHE TPOBOJHMKA 3aBUCUT OT €ro pa3MepoB, Marepuana Hu

TEeMITepaTypHhI:
R=pg; Ry =Ro(1+aaT),

r7ie P-yAelbHOE compoTuBiieHHe, OM'M; Q-TeMOepaTypHbli KO3(QQUUIUEHT

cornporusienus, K1;

AR
Ro-AT'

a =

JInst MeTaInyecKuX MPOBOJHUKOB O BBIPAXKAETCS MOJIOKUTEIbHBIM YHCIIOM.
JIJ11 HEKOTOpBIX METAJUIOB IpPH TEMIIEpaTrypax, OJIM3KUX K aOCONIOTHOMY KYJIIO,
HACTyNaeT CBEPXIPOBOJAUMOCTh — COCTOSIHHUE, MPU KOTOPOM CONPOTHBIICHUE
CKayKOM IaJaeT 10 HyJIs.

3axkoH OMa [J1sl TOJTHOM LIETH YCTaHABIMBAET 3aBUCHMOCTh MEK/ly CHJION TOKA,

3J'I€KTPOI[BPDKYH.[Cﬁ CHJIOM Y TIOJIHBIM COIIPOTHUBJICHUEM LICITN:

&

"~ R+r’

rae R u r — compoTuBieHrs BHENTHEN YacTH ST U CaMOT'0 UICTOYHHKA TOKA.
Hanpspkenne U Ha mosrrocax MCTOYHHMKA TOKA MPU 3aMKHYTOM IS MEHBIIIE
OJIC Ha 3HaUYCHME MAICHUS HAMPSDKEHUS BHYTPH CaMOTO HCTOYHUKA':
U=E&—-1Ir.
KopoTkoe 3aMblkaHWe — SIBJICHHE, BO3HHMKAIONIEE KOTJa COMPOTHBIICHUC
BHEIIHENW YaCTH I[€NHM HUYTOXKHO MaJio, a CHJIa TOKa IOCTHraeT HanOOJIBIIEro

3HaueHusd. Mcnonbsys dhopmyiy 3akona Oma 11715 TOTHOM TeTIH, MOKHO OTMIPEIEINTh



CUJIy TOKA IPU KOPOTKOM 3aMBbIKaHUH:

_ €

IK.3.

OTaenpHbIE YYaCTKU LeNH (PE3UCTOPBI) MOKHO COSUHSTH MOCIE0BATEIBHO U
napajuieiabHO.

[Ipn mocnenoBaTENbHOM COEAMHEHWHU PE3UCTOPHI BKIKOYAIOTCS OJHWH 3a
JIpyruM, TO3TOMY CHJIa TOKa Ha BCEX Y4YacTKax LIEMM OJMHAKOBa, a 00Iee Hin
SKBUBAJICHTHOE COMPOTUBIICHUE LIETN PABHO

Ruocr = Ry + Ry+...+R,,
Ecrm R; =R, =...= R, =R, ToR;,c;, =R n
[laneHre HampssKEHWS TMPU  MOCIEIO0BATEIbBHOM  COEAUHEHUHU  MPSIMO

HpOHOpI_[I/IOHaJIBHO COHpOTI/IBHeHI/IﬂM:
U; Ry
U, Ry’
[Ipy mapasieabHOM COEAMHEHNH HANPSUKEHHE HA BCEX MapallIEbHbIX BETBIX

OJAMHAKOBO, a4 CHJIa TOKAa B OTACJIbHBIX BCTBAX 3aBUCUT OT UX COHpOTHBHeHHﬁZ

I; Ry
I Ry

OO1ee mim YKBUBAJIEHTHOE CONPOTHUBIICHUE ONIPENETAETCS U3 (POPMYJIBI

1 1 1 1

=14 ly 42

Rpap R, R, Rn
1 R
ECHHRlsz = . .= anR’TO =—n,I/IﬂI/IRnap=_
Rpap R n

J{nst u3MepeHus: CUJIbl TOKa B 1€ MOCIEI0BATEIBHO BKIIOYAIOT aMIIEPMETP,
COTNIPOTHUBJICHUE KOTOPOTO JOJDKHO OBITh OYeHb MayIbiIM. UTOOBI M3MEHUTH ILICHY
JICJICHUS IIKaJIbl aMIIEpMETpa, MapajuieIbHO C HUM BKJIIOYACTCS IIYHTUPYIOUIAN
pesuctop R, compoTuBiieHHE KOTOPOro B N-1 MeHbIIE COMPOTHUBJICHUS amIiep-
MeTpa :

Ra
R =
n—1

rae N — 4Yucilio, IMOKA3bIBAKOIIEE BO CKOJBKO pa3 paCHIMPAIOTCA MPEACIIbI

HU3MEPEHUS IIpruoopa.

I[J'ISI HN3MCPCHUA HAIIPSAKCHHUA B LCIIM BKIIOYACTCA BOJBTMCETP ITApPaJICIbHO



y4acTKy, Ha KOTOpOM OHO u3Mepsercs. ConpoTHUBICHHE BOJIBTMETPA HOJKHO OBbIThH
OoonpmM. B TOM ciydae, Korna u3MepsieMoe HalpsyKeHHE MPEBBINIAET JIUANA30H
U3MEPEHUI BOJIBTMETPA, IOCJIE0BATEIBHO C IPUOOPOM BKIIFOUAETCS JOTIOIHUTEb-
HBIM pe3ucTop R ;!
R,=R;(n—-1)

rze N — 4Kciio, MOKa3bIBaOIIEe, BO CKOJIBKO pa3 YBEIMYMBACTCS LIEHA EJICHUSA
Ha IKase npudopa; R;- conmpoTuBieHue BOIbTMETpA.

VICTOYHUKHU 31EKTPUYECKON HEPTUH (MCTOYHUKU TOKA) MOYKHO COEIUHSTH B
Oarapeu. [Ipu mocnenoBaTeIbHOM COCIUHEHUM IOJIOKUTEIBHBIN IOJIIOC IIEPBOTO
MCTOYHHKA COCIUHSACTCS C OTPULATENBHBIM IIOJI0COM BTOpOro u T. A. Cuia Toka

IIPU ATOM OIpeIeIsIeTCs o GopmyJie

né
[ = ,
R+nr

rac N — 9uciio OAMHAKOBBIX UCTOYHUKOB TOKA, COCAUHSICMBIX B 6aTape}o.
HpI/I mapaJuiCJIbHOM COCAMHCHNHN B OAWH Y3CJI COCOAUHATIOTCA IIPOBOAA, UAYITHUC
OT ITOJIOZKHUTCJIBHOI'O IIOJIIOCA, B I[perﬁ — OT OTpHULATCIIbHOIO, IIPU 3TOM CHJIa TOKA

Oarapeu onpenensieTcs o Gpopmyiie

_ &
"~ R+r/n’

[Tpu pemennu 3amay Ha 3akoH OMa Il pa3BETBICHHBIX Ienell He0OX0UMO:
MIPOU3BOJIBHO BEIOPATh HAIIPABJICHUS CHIIBI TOKA i 00X0/a KOHTYPOB M TTOKa3aTh MX
Ha CXEMe IICTH;

COCTaBUTh YPAaBHEHUS MO TOKY JUIsI Y3JIOB, YUCJIO YPAaBHCHHH TIPH 3TOM JTOJDKHO
ObITh Ha OJHO MEHbIIIE 4YHUCIAa Y3JI0B. AjreOpamyeckas CymMMa CHJ TOKOB,
CXOIMIINXCSI B y3JIe, BCETJa paBHA HYJIO, €CIM TOKH, MPUXOISIINE K Y31y H
YXOJSIINE OT HEro, OEPyTCs ¢ TPOTHUBOIOIOKHBIMH 3HAKAMH;

COCTaBUTh YPABHEHUS JJII BCEX 3aMKHYTHIX KOHTYPOB, YUYUTHIBAS, YTO B JIIOOOM M3
HUX anreOpanmueckas cymma OJIC paBHa anreOpanyeckoil cymme majeHUN
HarnpspkeHus. [Ipu aTom, ecu B HanpaBieHun 06xoaa 3/1C moBbIaeT NOTeHIHAT
(00X0/1 OT «MHHYCa» K «IUIIOCY»), OHa OEpeTcs CO 3HAKOM IUIIOC, B MPOTUBHOM

cJ1y4ac€ — CO 3HAKOM MHHYC.



[lanenne HampsbkeHHsT OepeTcs CO 3HAKOM IUIIOC, €CIIM HampaBJIEHHE TOKa
COBNAJACT C BRIOPAHHBIM HAIpaBlIeHHEM 00X0J1a KOHTYpa, B MPOTHUBHOM CITydae -
co 3HakoM MuHYC. OOIlee YHMCIO YpaBHEHUW JODKHO PABHATHCA YHCITY

HCU3BCCTHBIX BCJINYHH.

IpuMepsb! penienns 3a1a4.

Ipumep Nel. Onpenenuts cKOpocTh Apeiida dIeKTPOHOB IPOBOIUMOCTH B
MeTHOM IPOBOJIHHKE, IT0 KOTOPOMY TE€UeT TOK 5 A, €CJIH IIIONIAlb €r0 MOMEePEYHOro
cedenus 20 MM?, 4nCII0 CBOOOIHBIX AIEKTPOHOB B equHMIe oObema 9:10% M3, 3a
KaKoe BpeMsl SJIEKTPOH MEePEMECTUThCA 110 TPOBOJHUKY Ha 1 cM? »IeKTpHUecKHil

TOK ITOCTOSTHHBIMH.

Jano: Pemenue:
I=5A, [=e-ny-S-9
I

S =2-10° m?, 9=

eng-S
N=910%wm3 | 9= >4 =1,74-10"5m/c

' 1,6:10719K1-2:10~5 M2 ’

| =102 m, [TpuHUMas cpeIHIOI0 CKOPOCTH Jiperida
e=1,6:10°Kn.| »IeKTpOHOB NOCTOSHHON B MOCTOSHHOM

l
TOKE, IMOIy4YuM t = S

_ 107%m
"~ 1,74-10~5M/c

9-? t-? =575¢c=9muH 25 c.

Ipumep Ne2. ConpoTHBIICHHE YTOIBHOTO IIPOBOAHUKA Py TemmepaType 0°
C pasao 15 Owm, a mpu temmeparype 220° C — 13,5 Om. Omnpenenuts

TeMIIepaTypHbIN KOAP(GULUEHT CONPOTUBICHUS YTJIS.

JaHo: Pemenue:
Ro= 15 Om, a =28
RoAT
Ri= 13,5 Om, = 1350m7150m _ 5 50045 K1

15 0M-220K




At=220 K.

o-?

Mpumep Ne3. McTtounuk Toka ¢ 3.1.¢. 220 B 1 BHyTpEHHUM CONTPOTUBIICHUEM
2 OM 3aMKHYT IpOBOJHHKOM compotuBieHrueM 108 Owm. Omnpenenuts naaeHue

HaIIPAKCHUA BHYTPU UCTOYHHUKA TOKA.

JlaHo: Pemenne:
Er
8:220]3, UBHyTp:I'rzﬁ
B _ 220B20M
R =108 Owm, Usyrp = To80mizom — 4B
r=20Mm.
Ussyrp -7

IIpumep Ned. J/[aHO mATH AKKyMyJISITOPOB € 3.0.c. 6 B U BHyTpeHHUM
conportusieHueM 0,6 OM kaxapiii. KakuM J0KHO OBITH CONTPOTUBIICHUE BHELTHEH
Henu, YyToObl IPHU TOCIEAOBAaTEIbHOM COEIUHEHUH aKKyMYJISITOPOB CHJa TOKa

OKa3ajnach paBHOU 2 A?

Jano: Pemenue:
£=6B, ==
R+nr
_ _(€_ ).
r=0,6 Om, R—(I r) n
n =5, R=(6—B—0,6OM)'5=120M.
2 A
| =2 A.
R-?

NupuBuayajibHble 3a1aHus JJIs1 MPAKTH4YeCKOoii padoThl Ne 8-9,
1. Onpenenuth KOHIIEHTPAIMIO JIEKTPOHOB MPOBOAUMOCTH B MEJH, €CIIU TIPU
CpEOHENW CKOPOCTH YHOPSIAOUYEHHOTO JBUXKEHHUS 3JIEKTPOHOB MPOBOJIUMOCTH

0,1 MM/c B IPOBOJIE C IUIOMIAABLIO IONEPEUHOro ceueHus 105 Mm? cuna Toka

500 A.



JlonmycTUMBI TOK [JJI H30JUPOBAHHOTO MEIHOTO IPOBOAA IUIOIIAJBIO
TIONEPEYHOro ceueHust 1 MM? IpH IPOJOIDKUTENLHON pabore pasen 11 A.
CKOJIBKO METPOB TaKOW IMPOBOJIOKU MOKHO BKJIFOUHUTH B CETh C HAIIPSIKEHUEM
110 B 6e3 10MOTHUTENBLHOTO CONMPOTUBRIICHHUS?

OnpenenuTs CUIy TOKa B KOHTAaKTHOM MEIHOM MPOBOJAE TPOJUICHOyCHOM
CETH, €CII KOHIEHTPALKs 2JIEKTPOHOB IIPOBOAMMOCTH B Meau 3+ 10723 cm®,
UX CPEIHSS CKOPOCTh YHOPSA0YEeHHOro nBmxkeHus 0,25 Mm/c ¥ 1uiomaab
TIONIEPEYHOro CEYeHHs IPoBoaa 85 MM2,

K KoHIIaM CTaJIbHOTO MPOBOJHUKA ITMHOM 20 M MPUII0KEHO HaIpsKeHue 3,6
B. Haitu cpegHioo CKOpPOCTh YIIOPSIOYEHHOIO JBHXKEHUS HOCHUTEIIEU
3aps70B B IPOBOJHHUKE, ECIIU UX KOoHLEeHTpauus 4+ 1028 M3,

Comnporusnenue MeaHoro nposoa npu 20 °C pasro 50 Om. Onpenenurs ero
conpotusnenue npu -30 °C (a = 0,004 K1),

ComnpoTuBiieHre  BOJIb(OPAMOBOM HUTHM JIaMIbl  HaKaJUBaHHUS  MpU
temnepatype +20 °C pasuo 20 Om, a pu 3000 °C - 250 Om. Onpenenuts
TeMIIepaTypHbII KO3P(ULIHUEHT CONPOTUBIIEHUS BOIb(pama.

Pesucroper comporuBiennemM R3;=150 Om u R;=90 Owm BKIHOYEHBI
MOCJEeA0BaTENbHO B ceTh. Kakoe KOJIMYeCTBO TEIUIOTHl BBIACIUTHCA B
pesuctope Ri, ecnu B pesucrope Ry Beiaenunocs 18 kJ>k TEMIoOTHI.
Pa3HOCTh MOTEHLMAIOB Ha KJIEMMaxX pPa30OMKHYTOIO MCTOYHHMKA TOoka 4 B.
OnpenenuTs BHYTPEHHEE COMPOTUBJIICHUE WMCTOYHHMKA TOKA, €CJIH MpHU
CONPOTHUBJICHUU BHEIIHETO yyacTka uenu 4 Om cuiia Toka paBHa 0,8 A.

. Uetblpe akkyMyJiaropa ¢ 3.4.c. 20 B u BHyTpeHHUM conpoTuBiieHHEM 1,2 Om
KOKIbIA COEAVHEHBbI MapalljieIbHO OJHOMMEHHBIMHM TMojtocamu. KakoBo
JIOJDKHO OBITH COMPOTHUBIICHHE BHEITHEH ey, YTOOBI CUjla TOKa B HEW He

npesbimana 2 A?

10. UcTounuk »snekTpuyeckod sHepruu ¢ 3.4.c. 60 B u BHyTpeHHUM

conpotuBieHneM 2 OM 3aMKHYT Ha 2 TOCJEIOBAaTENIbHO COEIUHEHHBIX
pesuctopa. Onpenenuts conpoTtusienue Ry, ecnu Ry =20 Owm, a cuna Toka B

1enu paBHa 2 A.



11.Tpu MCTOYHMKA 3JIEKTpUYECKOW 3Hepruu ¢ 3.4.c. 1,1 B u BHyTpeHHUM
conpotuBieHueM 0,9 OwM KaXIbli COEIUHEHBI  IOCJIEI0BATEIBHO
pPa3HOMMEHHBIMH  TIOJIOCAMM W 3aMKHYTBl HA  BHEIIHIOK  IIEMb
conpotupieHueM 3,9 Om. OnpeaenuTs CUTy TOKa B IEMH.

12. 3/IC pa3oMmkHyTOro HUCTOYHHMKa Toka 6 B. OmnpenenuTs BHYTpeHHEE
CONPOTHUBJICHUE HCTOYHUKA TOKA, €CIM IPU CONPOTHUBICHUU BHEIIHETO
yudacTka 1enu 7 Om cuna Toka pasHa 0,5 A.

13. 31C pazomkHyTOro ucToyHMKa Toka 28 B. Tlpu BiIIOUeHHH BHEIIHEN 1IENTU
Pa3HOCTH NMOTEHIIMAJIOB HA KJIEMMax MCTOYHMKA TOKa crana pasHou 30 B, a
cuna Toka 5 A. OnpeaenuTs BHYTPEHHEE CONMPOTUBIIEHNE UCTOYHUKA TOKA,
CONPOTHUBJICHUE BHEIIHETO YYACTKA LIETIH U [TOJIHOE CONPOTUBIIEHUE LIEMH.

14. barapes akkymynstopa umeer D/IC 15 B. cuna Toka B uenu paBHa 4 A, a
HarnpsbKeHue Ha kieMMax 12 B. OnpenenuTs TOK KOPOTKOTO 3aMbIKAHUS.

15. 31C uctounuka Toka paBHa 220 B, BHyTpeHHee compoTuBieHue 2 Owm.
Kakoe Hamo B3STh CONMPOTUBIEHUE BHEUIHErO ydacTKa €M, YTOOBI cuia
TOKa ObLIa paBHa 8 A.

16. IIpu TpOXOXKAECHUH TO TMPOBOJHUKY, COMPOTUBICHHE KOTOporo 4 Owm,
AJIEKTPUUECKOTO TOKa B TE€YEHUH 2 MHUHYT coBepiaeTcs padora 12 kJ[x.
OnpenenuTs CUITy TOKa B IIPOBOJIHUKE.

17. Konnencatop eMKoCThi0 4 MKD BKIIIOUYEH B IIEMb (PUCYHOK U3 KJIACCHOM
3amaun cMoTpeTh!!!), comepikalyto 3 pe3nucTopa U KCTOYHUK MOCTOSTHHOTO
toka ¢ DJIC 6 B u BHyTpeHHUM conportusieHueM 2 Om. ConpOoTHBIEHUE
nepBoro pesucropa 4 Om, Broporo — 7 OM. Tpersero — 2 Om. Uemy paBeH
3apsi/T Ha MpaBoM 0OKIIaIKe KOHIeHcaTopa?

18. Akkymynsitop ¢ IC 8 B u BHyrpennum conpotusienneM 0,4 OMm nuraer
BHEIIHIOIO 1IeTb ¢ compoTuBiieHneM 11,6 Om. Kakoe KOJIMYECTBO TEIJIOTHI

BBIJICJIUTHCS BO BCEH LIETIH 32 BpEMSI S MUHYT?

IIpakTuyeckas pa6oraNelO.
«IlepBbii 3ak0oH Papanes. Bropoii 3akon ®@apajaes.



Ilesb: HAYYNTHCS NPUMEHATH HA IPAKTUKE MTOJTyYECHHBIE TEOPETUYECKUE 3HAHUS 110
teme: «IlepBriit 3akon @apazes. Bropoit 3akon @apanes», chopMupoBaTh yMEHUSA
Y HaBBIKM HaXOXJEHUs (PU3MUECKON BEIIMYUHBI, €€ BBIBOAA U3 (DOPMYIIBI.
IHopsinok BbINOTHEHHS PA0OTHI:

1. BHuUMAaTEIbHO NPOYNUTATh TEOPETUUECKYIO YAaCTh U IJIaH PELICHUS 3a1a4

2. PaccMoTpeTh npuMepsl peleHus 3a1a4

3. HOJIy‘-II/ITB W BBIITIOJIHUTb MHAWBUAYAJIbHBIC 3a/IaHWA.

TeopeaneCKaﬂ 4acCTb.

K >kuakum mpoBOJHUKAM OTHOCATCS, TJIABHBIM 00pa3oM, pacTBOPHI COJICH,
nienouend, Kuciot. HocurensiMu 3JeKTpUYECKOro TOKa B JKUJIKUX MPOBOJHUKAX
SBIIIOTCA HOHBI, KOTOphIE 0Opa3yloTCs B TMPOLECCE ANEKTPOJIUTUUECKON
JUCCOUMANMHU. OJIEKTPOJIUTHYECKAss AUCCOLMALMs - OTO IMPOLECC pacmnana
HEUTPAJbHBIX MOJIEKYJI COJIEH, KHUCJIOT W IIEJ0Ye Ha TOJIOKUTEIbHBIE U
OTpHUIIATEIbHBIE HOHBI IIPU PACTBOPEHUM HA3BaHHBIX BEIIECTB B BOJE WM JIPYTUX
pacTBopuTensax. bonblias audiekTpudeckas MPOHUIIAEMOCTh BOJbI (€ = 81) u
TEIUIOBOE JBUKEHHUE MPUBOAAT K PacCIaly MOJEKYI.

[IpoxoxIeHHE 3IEKTPUYECKOTO TOKA Yepe3 KUAKUN MPOBOJAHUK (IEKTPOIIUT),
CONPOBOK/IAIOIIEEC XUMUUECKUMU MTPEBPALICHUSIMU BEILIECTBA U €T0 BBIICICHUEM
Ha JJIEKTPOAAX, HA3bIBAETCS DJIEKTPOJIA30M.

[Ipwm snexTponuse BeIMOIHAOTCA ABa 3akoHAa Dapajes.

1 3akon ®apaaesi. Macca BeliecTBa, BBIACIUBIIEIOCS MPU JICKTPOJIM3E,
OpsMO MNPONOPLUHUOHATBHA KOJMYECTBY JJEKTPUYECTBA, MPOMIECAIIETO 4Yepe3
AIEKTPOJIUT:

m = kq
rae K — SJIeKTPOXMMHYECKHI SKBHBAJICHT, KOTOPBIM IMOKa3bIBAET, CKOJBKO
BEILIECTBA BBIACISIETCS MPU BJIEKTPOIU3E, €CIU Yepe3 ANeKTponuT npoiaer 1 K
KOJINYECTBA DJIEKTPUYECTBA.
2 3axkon @apangesi. DJICKTPOXMMHUYECKHUE OSKBHUBAJIEHTHI MPSMO

MMpOoNnopHrMOHAJIbHBI OTHOIICHHIO MOJ'I?IpHOfI MAacCChI K BaJICHTHOCTH:



M; M,
kl:kz =n_1n_2

rae Mi; u M, — MossipHBIE Macchl; N1 M Ny — BaJICHTHOCTH.

BakxHO MOMHUTE, 4TO TpU BBIFCIICHUU | MOJb KOJMYECTBA BEHIECTBA, Yepe3
SJIEKTPOJMT TpoxomuT 3apan F = Npe = 9,648456:10* Kn/mons; F - uucno,
OJIMHAKOBOE ISl BCEX JIEKTPOJIUTOB, HA3BIBACTCS TIOCTOSITHHON Dapaes.

O0benuHeHHblil 3axk0oH Papanes:

m =

ER IS

q

TR

[Ipu mpoX0XIEHUH TOKA Yepe3 BIEKTPOJUT MOKET BO3HHMKATH MOJISPU3ALMS
JIEKTPOJOB, KOTOpas co3maer npoTuBo-O/[C, 4TO BBI3BIBAET YMEHBIICHUE CHUJIbI
TOKa B LenU. B 3TOM ciydae mpu pelieHun 3aaad npuMensiercs 3akoH Oma ams
yuactka nenu ¢ J/C:

I=U- gnomqp)/R

IIpuMepsl pemieHus 3axau.

Ipumep Nel. Uepes pacTBop cepHOit KucaoTs mponwto 2-10° K konudecTsa
anekTpudecTtBa. OnpenenuTb mMaccy W 00bEM BBIIEIUBILIETOCS BOJAOpOAAa MpHU

HOpPMAJIBHBIX yCI0BHsX. [InoTHOCTL Bogopona pe=9-1072 kr/m>,

Jano: Pemenue:
g=2-105 Ko, V=2 m=2d
Po Fn

i 1073 kr/Moab-2:10 SKn _
M = 1073 xr/mMoib, m = / =2,07-1073kr
96500 Kin/Moub

2,07-103kr
n=1, Vo = ———
9:10~2xr/m3

= 0.023 M3

F=96500 Ki/moib,
po=9-10"2 kr/m®

m-?Vy-?




Ipumep Ne2. [Tpu snexrponuse BogHoro pactsopa ZnSO, Beiaenunocs 61,2
r nuHka. OnpenenuTb 3aTPavyeHHYI0 SHEPrHI0 3JIEKTPUUECKOro TOKa, €CIH

HaIpspkeHue Ha 3axumax BaHHbl 10 B. OtBeT Belpa3uts B KBT - 4.

Jano: Pemenue:
m=61,2-103kr, W = qU,m = kq
U=10B, w="22

61,2103 kr-10 B
3,4:10~7 kr/Kn

k =3,4-107 xr/K, =1,8-10° lix = 0,5 kBT - u.

n=2, Permenre 3amaun o 2 3akony dapanes:
M UF
M = 65,37-107 kr/mou, k=—, w="00
Fn M
61,2:10~3 kr-10 B-96500—2 -2
F =96500 Kin/mMoab. W = ———— = (0,5 kBT - u.
65,37-10 3M0m,
W -?

NuauBuayaabHble 3a1aHUs 1JI5 NpaKkTudeckoii padorsr Ne 10,
OnpenenuTh MacCy BbIJENUBIIErocs Xjgopa npu mpoxoxiaeHuun N=5-102%*
a51eKTpoHOB uepe3 pactsop NCI.

Ckonbko cepeOpa BBIICIUTHCS Ha KaTOJle MPHU MPOXOXKIECHUU 4YE€pe3 BOJHBIN
pactBop azoTHO-cepedpssHOM comm AGNO3 3a 5 4, ecim cCONpOTUBIICHUE BaHHBI 6
OwM, HanpspkeHue Ha ero 3axuMax 6 B? CepeOpo olHOBaJIEHTHOE.

[Tpu snexTpoause BogHoro pactBopa CuSO, Opl1a coBepmrena padora 200 kBrt-4.
OrnpenenuTh Maccy MOJTyYEHHON MEIH, €CIIU HAPsKEHUE Ha 3aKMMaxX BaHHbI 6 B.
OnpenenuTs 3JEKTPOXMMHUYECKUN 3KBUBAJIEHT XJIOpA, ATOMHAs Macca KOTOPOTO
A=35,453, a BAJICHTHOCTH paBHa 1.

Mennblii aHo1 Maccoil 33 T MOrpyKEH B BaHHY C BOJHBIM PacTBOPOM MEIHOIO
Kyropoca. Yepe3 CKOJIBKO BpPEMEHU aHOJ[ IOJHOCTBIO PACTBOPUTHLCA, €CIIU
AIEKTPOJIU3 UJIET MPU CUjie Toka 2 A?

JIBe AIEKTPOIUTHYECKUE BaHHBI COCMHEHBI TIOCIIEIOBATENIbHO. B mepBoil BaHHE
BbIJIEIWIIOCH 19,5 T 1MHKa, BO BTOpO# 3a Toxke BpeMs 11,2 r skenesa. I{uHk

nByxBajieHTeH. KakoBa BaJ€HTHOCTb kele3a?



7. OnpenenuTth, Kakasi MOITHOCTh PACXOyETCsl MPHU AIEKTPOJIN3E PACTBOpPA CEPHOIL
KHUCJIOTBI, €CJIM 32 25 MUHYT BbLACIWIOCH 150 Mr BOgoponaa, a CONMpPOTHUBIICHUE
anektponuta 0,4 Om.

8. Dmnextponu3 npotekan 20 MUHYT TpH cujie Toka 1,5 A. 3a 3T0 Bpems Ha KaTtoje
BELIETMIOCH 594 mr BentecTBa. Kakoe 310 BelecTBo?

9. PadgunupoBanue Meau OCyIIECTBISIOCH MPU HANPSXKEHUH Ha 3aKMMax BaHHOH 0,3
B. CKOJIBKO MEIM BBIICIUTHCA Ha KaToae 3a | dYac, eciaum CONpOTHUBIICHHE
snexTposnTa 3-10° Om, Meb AByXBaJIE€HTHAS.

10.OnexTponu3 HUTpata cepebpa MPOAOIIKAICI 5 MHUHYT, IPU 3TOM Ha Karoje
BbIIIETMIIOCH 336 Mr cepebpa. AMIiepMeTp, BKIIOUEHHBIH B 1eNb, Moka3biBai 0,9
A. IlpaBuiIbHO 7K €ro moKa3aHue Wik HeoOXoauma morpaBka?

11. ITpu anekTponuse, JUIMBIIEMCS B TeUeHUH | yaca, cuja Toka Obuia paBHa 6 A.
4eMy pPaBHO [JABJIEHUE BBIICIUBIIEIOCS aTOMAPHOIO BOAOPOJA, €CIU IpHU
temmneparype 200 K, ero o0bem paBeH 2 nutpa? DIEKTPOXUMUUECKUM SKBUBAICHT
Bozopoaa k=1%10® kr/Ku.

12. Tlpu cepebpenun u3nenus B T€UEHUU 1 yaca OTIOKUIICS CION cepedpa TONILUHON
0,02 mm. Ompezienure MWIOTHOCTH TOKA, €CIIM MOJSpHas mMacca cepebpa 108*1073
KI/MOIIb, BAJICHTHOCT PaBHa 3, IIIOTHOCTH cepedpa 10,5%103kr/m>.

13. JIsg MOKPBITUS HUKEJIEM METAITMYECKUX U3JIEIHI B AJIEKTPOXUMUYECKYIO BAaHHY
MOMEIIEH HUKeNeBbld 3nekTpon maccor 0,02 kr. Kakou 3apsig AOJDKEH NPOUTH
yepe3  BaHHY, 4YTOOBI  JJIGKTpOA  OBLI  TIOJIHOCTBIO — M3PAacXoJ0BaH?
DIEKTPOXMMHUYECKUI DKBUBAIIEHT HUKENA paBeH 3% 107 kr/K.

14. ITpu HUKeIMPOBAaHUU JETAIH B TEUEHUH 2,5 4aCOB CUJIA TOKA, IPOXOISAIIETO Yepes3
BaHHY, Ob11a 30 A. DIIEKTPOXUMUYECKHUI SKBUBAIEHT HUKENS paBeH 3*107 kr/Ku,
ero mwiotHocTh 8,9%10° kr/mM®. UYemy paBHa TOMIMHA CIIOS  HHKEJNHS,
BBIICIMBILETOCS Ha JIETAJIH, €CIIU ILIOIaab AeTany pasHa 0,4 m2?

15. Mennbiii anog maccoit 40 Tp MOMEIEH B BAHHY C BOJIHBIM PAaCTBOPOM METHOTO
Kynopoca. Yepe3 CKOJbBKO BpPEMEHHU aHOJ TOJHOCTBIO PACTBOPUTHCS, ECIH

3JIEKTPOJIN3 UJIET NPH Ccujie Toka 3 A. DIEKTPOXUMHUYECKUN SKBUBAJICHT MU

pasen 3,3*107 kr/K.



16. Banna ¢ pacTBOpOM a30THO-KHCJIOTO cepebpa TMOIKII0YEeHa K HCTOYHHKY C
HanpspkeHueM 6 B. Onpenenuts conpoTUBIEHUE pacTBOpa B BaHHE, €ciu 3a 1 vac

Ha Karoje Beiienuiochk 8,04 rp cepebpa. DIeKTPOXUMHUECKUI SKBUBAJICHT PABEH

1,18*10° xr/Ko.

IIpakTueckasi padora Ne 11.

«MarnuTtHoe noJie u ero xapakrepucruku. Cuia Jlopenua. Cusia AMnepa.
Heab: HayuuThcsi npuMEHATh OCHOBHBIE (DOPMYINBI ISl pEIICHHsS 3a/ad 1o
OTIPEIETICHUIO CHJIbI B3aUMOJICHCTBHS MapalIeIbHBIX TOKOB, MATHUTHOTO MOTOKA,
WHAYKIUN U HAIPSHKEHHOCTH MarHUTHOTO TIOJISL.

Ilopsiaok BbINOJIHEHHS PadOTHI:
1. BHUMAaTENbHO MPOYUTATh TEOPETUUYECKYIO YaCTh U TIaH PEUICHHS 3a1a4
2. PaccMoTpeTh npuMepbl peleHus 3a1a4
3. IlosyunTh U BBINOJHUTH UHAUBHUYAJIbHbIE 3a/1aHUS.

Teopernueckunii maTepuaJl.

Ha IIPOBOJHHK C TOKOM, HOMGHIGHHBIﬁ B MarauTHOC II0JIC, HeﬁCTByeT CHJIa AMHepa

A
F="—
F=B-I-lsina g S . OTcroJa UHIYKIMS MAarHMUTHOTO 0JIs PaBHa:
F A
B=—— B=—"——
I-Tsin a yuy s-I-Isin o  Pyayknus ¥ HAOPSKEHHOCTh MATHUTHOTO
B
H=—
v . B = HOH Mo
TIOJI51 CBSI3aHBI CIICAYIONIEN 3aBUCUMOCTBIO: , CIIEIOBATEIIBHO, . Wo
-7 I'a
Mg =4n-10  —
HAa3bIBAIOT MAarHUTHOW MOCTOSIHHOW, OHA YHCJIIEHHO PaBHA M
o . _ kil
Cuiia B3auMOJIEHCTBUS NapaJUIeIbHBIX TOKOB B CpeJie paBHa: F = —. > BBaKyyme
mwa
L1
F = Holyilz .
2nta

bynem cunTaTh MarHMTHOE MOJIE BHYTPH JJIMHHOTO COJICHOWAA OJHOPOAHBIM. Jliis

H=—
OIIpENENICHUs] HAIPSDKEHHOCTH 3TOrO IOJS MOJb3YHOTCS (hopmyson L



MarueuTHbBI 1OTOK ompeaensior mo ¢opmynre P =B-S | e B =p,H

coneHomya 6e3 cepaeunnka u 51 = M Mo " H g conenonna ¢ cepneunmkom.
IIpumepsl pelieHus 3aaa4.

Ipumep Nel. IlpsmonuHelHBII TPOBOJHUK C akTUBHOM jumHOW 0,8 M u
MPOXOSIIMM Yepe3 HeTo TOKOM 5,0 A, pacroio;KeHHbIA B OJTHOPOIHOM MAarHUTHOM
nosne nox yriaoMm 30° K JIMHUSAM HHAYKIUHU, MEPEMEIIACTCS IMOJ ACHCTBHEM CHJI
MarHuTHOro mnoJjisi. OnpeaenuTb HHIYKIAIO U HAIPSHDKEHHOCTh 3TOT0 MarHUTHOTO

noJjea, €Clin I IICPpEMCIICHUA IIPOBOJHHKA HaA 0,7 M II0JIEeM Oblia COBCPIIICHA

pabora 0,56 JIx.

JaHo: Pemienue.
[=0,80 m Ha npoBogHuK ¢ TOKOM, TOMEIIEHHBIN B MAarHUTHOE
A
F=—
a=30°; none, geicreyer cuna F = B -1 -lsin a g S
S = O,7 M O .
TCI0J1a UHAYKIIMA MarHUTHOTO TI0JIsSI paBHAa:
B F B A
A =0,56 [Tx I-Isin o ygu s-I-lsin a
-7 I'a
Hy =4n-10 " —
M Nuaykuns v HanpspKEHHOCTh MArHUTHOTO TOJIA
B-? H-? CBSI3aHbI CJIEAYIONIEH 3aBUCUMOCTBIO: B =nH , CIICIOBATEIILHO,
B
H=-—
Ho

HOI[CTaBHHSI YHUCJIOBBIC OAHHBIC K3 YCIOBHUA 3ada4dyd, OIPCACIIACM MAIrHUTHYIO

HHAYKOWIO 1 HAIIPSHKCHHOCTD MAaIrHUTHOTO TTOJIA:

0,56 [k
B = - 0,4 Ta
0,7vM-50A -0,8Mm-0,5 :
0,4 Ta 5 A
H = -32.10°—
H
4rx .10 77 - M

M



OrtBeT:

5 A
3,2.10° =
B=0,4Tn; H= M,
Ipumep Ne 2. Conenoun 0e3 cepaeuHuka JmHOM 72 cM umeeT 810 BUTKOB.

OHpC,ZIeJII/ITI) HaIIPAKCHHOCTh MArubmvTHOI'O IIOJII H MarHuTHBIN TIOTOK BHYTPH

COJICHOUJIA, €CIIK TOK B HEeM 6,4 A, a miiomajap MonepeyHoro CeYeHus CoJICHOUIa

-3 2
7,510 T M7 Kaknu OylleT MarHWTHBIA MOTOK, €CIH BHYTPh COJCHOMIA

IIOMCCTUTL CTCPKCHb H3 HHUKCIIA, OTHOCUTCIbHAA MArunuTHAasA IIPOHHLIACMOCTDb

koToporo 3007

Jano: Pemienue.
[ = 0,72 M N
yJE€M CUUTaTh MATHUTHOE TI0JIE BHYTPH AJIMHHOTO
o =810 COJICHOMIA OMHOPOIHEIM. JIJIs OnpeIeIeHUs] Harpsi-
[=64A y
’KEHHOCTH 3TOTO MOJISl BOCIIONb3yeMcsi (GOpMyIIoi
I o
S =0,75 -10 °um? = "
=Y lo M [ . MarHuTHBI TOTOK ONPENEINM IO
-7 '
o =4mn-10 ° — B=uH
M popmyne Y =B-S e © T Mo nng conenonna
My = 300 6e3 cepaeunnka u 51 = M o H 1ng conenonna
H-?, ®-?, ®1-? C CEepJICUHUKOM.

Brerauciaum HaIps’KCHHOCTD:

6,4 A -810
H= """
0,72 m

A
= 7200 —
M
[ToncTtaBum B (opMysly MarHUTHOTO MOTOKA OYKBEHHOE BBIpaKEHUE MarHUTHOMU
WHAYKOWHA U ITPOU3BEACM BbIYHCICHUSA:
®=pn,HS.

7 TH A -3_ 2 -5

b =47-10 ° — 7200 -7,5-10 "m” =6,8-10 "BO

M M

IIpH HAJIMYHUH CEPACHHUKA



I A
® = HS =300 -471-10 7 —.7200 —.7,5-10 °m? = 2,0 -10 2B6
M M

OrtBeT:

7200 — s 5
= mp=6810"B6 g -2,02-10 "B6

Ipumep Ne3. [lo AByM AMWMHHBIM MapaieIbHBIM TMPOBOJHUKAM, PACCTOSHUE
ME¥XKy KOTOpPBIMH 7,5 CM, B OJHOM HAaIlpaBJICHUH UAYT TOKHU: B riepBoM 10 A, BO
BTOpOM 5 A (pucyHok 1). ['me Mex1y HUMHU clieTyeT MOMECTUTh MapaJljieIbHbIN UM

TpeTPII)'I ITPOBO, YTOOBI OH HaXOJHJICA B paBHOBCCHH.

-2
$=75-10 "m _ PAcCTOSIHHE MEXAY MEPBBIM M BTOPBIM MMPOBOJHUKAMU;

Il =10 A _ TOK B IICPBOM IIPOBOIHHUKC,

I2 =S5A — TOK BO BTOPOM IIPOBOJHHKC.

Haiitu:

X — paccTostHuE OT MPOBOJIa ¢ TOKOM 10 A 10 TpeThero mpoBo/a.

I il I

Pucynoxk 1
Pemenue.
Tak kak TOKM B IEPBOM U BTOPOM ITPOBOJHUKAX UMEIOT OJIMHAKOBOE HAIPABJICHHUE,

TO B Touke O BEKTOpbI MarHuTHOU MHAYKUKU B1 1 By, paBHbIe 110 BenuuuHe, OyayT



UMETh MPOTUBOIIOJIOKHBIC HampapieHus. CleI0BaTeNbHO, U CHIIBI TOJKHBI OBITH
paBHBIMH, T. €. |F1|=|F2|; mpu sTOM

1,1 I, -I,-1
F=n, —; Fy =K, =
2n - x 21 - (s - x)

[IpupaBHUBas MpaBble YaCTHU U MIPOU3BO/ISI COKPAILLEHUE, TTOTYUHM:

1 1,1, -1 I,

I
By =, 22— L= :
° 2n-x 2n-(s-x) x s-x

2

BBIpa3I/IM H3 IIPCAbIAYIICTIO PABCHCTBA X U HaﬁﬂeM CIr'o 4YnucCJIOBOC 3HAYCHHUC

I -s
X =——
I2-x=11~(s—x). I, +1,
10A-7,5-10 > m
X = =0,05 M
15 A
OrtBer:

Tpertuii mpoBOa HEOOXOAUMO YAAIUTH OT IEPBOTO HA 5 CM.

NuauBuayajbHble 3a1aHUs JAJ1s1 IPAKTHYECKO#l padoThl Ne 11,

BapuantNel.
Ha npoBoanuk ¢ akTuBHOM JynHOM 0,4 M, MOMEIIEHHBIN B OJHOPOIHOE MAarHUTHOE
none uHaykuuen 0,8 Tn, merictByer cuma 1,6 H. Onpenenurts cuiny TOKa B
MPOBOJIHUKE MPU YCJIOBUU, YTO OH PACMOJIOKEH NEPHNECHANKYISPHO JHUHUSIM
WHYKIIHH.
Kakoi1 TOk MpoxXoauT Mo KOJBLEBOMY IMPOBOAY paanycoM 62,8CM, €CJIM OH CO3/1a€T
B LICHTPE KOJIbIIa MATHUTHOE T10J1€ MHyKiue 10°To.
C kakoi cuJIol B3aMMOJICMCTBYIOT JIBa MapaJlIeIbHBIX MPOBOJAHUKA, OJIUH JITMHON
30 cm, Bropou 10 cM, MO KOTOPBIM HIYT TOKM OJXHOTO HamnpasyieHus 20 u 45 A, eciou
OHM HaXOJATCs B BO3yXe Ha paccTosHuu 60 cm?
OnpenenuTe MarHUTHYH) MHOYKIUIO B JKEJIE3HOM CEpPAECYHUKE DJIEKTPOMArHWTA,
O0OMOTKa KOTOPOTO UMEET JUIMHY 5 cM U coaepkuT 500 BUTKOB, €clii CHJIa TOKA B
Hel paBHa 0,5 A. oTHOCUTENbHAs MATHUTHAS! TPOHUIIAEMOCTS kene3a paBHa 5000.

Bapuant Ne2.



OnpenenuTs HHIYKUMIO MAarHUTHOTO MOJIs,, B KOTOPOM Ha MPSMOM MPOBOJ IJTUHOM
10 cM, pacnionoxennsii nox yrinom 30° K TMHMAM HHAYKIMH, A€HCTBYET cuia 0,2
H, xorga no npoBOJHUKY NPOXOJHT TOK 8A.

Karymka pgmuaoi 12,56 cm umeer 5000 ButkoB. Kakoil TOK HEOO0XOIUMO
MPOIYCTUTH Yepe3 KaTylIKy, YTOObl MHAYKI[US MAarHUTHOIO IOJISI Ha €€ ocu Oblia
paBHa 1 Tn?

C kakoil cujioi B3aMMOICHCTBYIOT JIBa MapajuiesIbHBIX MPOBOAHUKA, JJIUHOU 110 S50
CM KX, IO KOTOPBIM MAYT TOKH OoaHOTO HampasieHusd 10 u 40 A, ecnu oHu
HaxXoJsATcA B BO3Ayxe Ha paccTosiHuu 50 cm?

[To kpyroBomy BUTKY paaumycoM 10 cm uupkymupyer Tok 4 A. ONpenenvThb
HaIPSHDKEHHOCTh U MHAYKIUIO MATHATHOTO TOJIS B LIEHTPE BUTKA.

Onpenenuts 3.40.C. MHAYKIMH B TPOBOAHUKE JiuMHOW 0,5 M, IBMXKyIIEMCS B
OJHOPOJIHOM MarHUTHOM moje wuHaykuued o,1 Ta co ckopocte. 2 M/c
NEPHEHANKYJIAPHO JIMHASM UHIYKIIHH.

Bapuant Ne3.

OnpenenuTs JJIMHY aKTUBHOM 4YacTH IIPOBOJHUKA, ITOMEIIEHHOTO B OJAHOPOJIHOE
MarHuTHOE 1oj1e nHaykiuei 1,2 T mox yrmom 30° Kk MMHMAM MHIYKIUH, €CIIU TIPH
cuie Toka 10 A Ha npoBogHUK AeiicTByeT cuna 1,8 H.

OnpenenuTs MHAYKIUIO MArHUTHOTO TOJISL B LIEHTPE KPYrOBOTO IPOBOJA, PaaUyC
kotoporo 30 cMm, eciii cuiia TOKa B HeM paBHa 15 A.

. JIBa mapaiienbHbIX MPOBOAHUKA, JIMHON 110 150 ¢M Ka)XIbIi, 110 KOTOPBIM UIYT
TOKM OJHOTO HampapieHus 1 um 4 A, B3aumopelicTByror ¢ cwmioi 2-10°H.
OnpenenuTe pacCTOSTHUE MEXKYy HUMH, €CJIM OHU HaXOASTCS B BO3IyXE.
Omnpenenuts paanyc KpyroBoro BUTKa MPOBOJIOKU, YTOOBI NMPU MPOXOXKACHUU IO
HEMY TOKa 2 A B €ro HEHTpe HaPsHKEHHOCTh MarHUTHOTO T0J1s1 Obuta paBHa 20A/m?
cpena — BO3AyX.

[TpoBogHUK, aKTUBHAS JTHHA KOTOporo 0,4 M, IBHXKETCS O CKOpocThio 10 M/c mos
yrinom 30° K JIMHMAM MHIYKIMH OJHOPOJHOTO MAarHUTHOTO 1mojsa. OIpeneianTh
WHIYKIUIO MAarHUTHOTO TI0JIsA, €CJIM Ha KOHIAX TPOBOJHMKA BO3HUKIIA 3.]1.C., PaBHAs

2 B.



Bapuant Ne 4.

[Ton kakuM yIJIOM K JUHUSM UHAYKIWHA OJHOPOJHOIO MAarHUTHOTO TOJIS JOJIKEH
OBITH PACIOJIOKEH MTPOBOJIHUK C aKTUBHOM JiinHOM 0,6 M, 4TOOBI 10JIe€ MHAYKIIMEH
1,2 Tn neiicTBOBasIO Ha MPOBOJHUK ¢ cuioi 3,6 H, ecnu mo HeMy MPOXOJIUT TOK 5
A?

OnpenenuTs HHAYKIUIO MarHUTHOTO TOJISl, B KOTOPOM Ha IMPSAMOM MPOBOJ, AJIMHOU
20 cM, pacnosoxkeHHbi nog yraom 30° k TuHUSAM MHIYKIUH, 1eiHcTBYeT cuia 0,4
H, xorma no npoBoAHUKY NpoxoauT Tok 10 A.

[IpoBOAHUK, PACIIONIOKEHHBIN NEPHEHAUKYISPHO JIMHUSIM MArHUTHOW WHAYKIIUU
OJIHOPOJHOTO MAarHUTHOTIO TOJIs, MOJABEIICHHBIA HA JIByX HUTSX, B OJTHOM Cllydae
BecuT 15 H, B apyrom 20 H B 3aBUCMMOCTH OT HANpaBJICHUS TOKAa B HEM.
Onpenenuts Maccy NpOBOJHUKA.

[IpoBognuk mnuHou 0,25 M MNEpHEHAUKYISIPEH BEKTOPY MArHUTHOW HHAYKIUU
OJHOPOJHOTO MAarHUTHOrO mMoJisA, Moayib kotoporo 0,6 Tn. Cuna Toka B
npoBoaHuke 8 A. Omnpenenure padoTy cwiibl AMmmepa, KoTopas ObUia coBepIleHa
IpU NepeMeleHnH npoBoJHUKa Ha 0,05 M 110 HaIpaBIICHHUIO JEHCTBUS 3TON CUJIBL.
B MarauTHOM noJie ¢ MHAyKIuel 5 T ABUKeTCs 2IEeKTPOH co ckopocThio 108 m/c,
HaIpaBJIICHHOW MNEPHEHAUKYISPHO JIMHUSAM HMHAYKIIMM MarHUTHOro mnoiss. Yemy
paBEH MOJyJib CWJIbI, JEUCTBYIONIEH HA 3JIEKTPOH CO CTOPOHBI MATHUTHOTO MOJIsA?
3aps SJIEKTPOHA COOTBETCTBEHHO 1,6 + 1071° Ko,

Bapuant NeS.

OnpenenuTs AJIMHY aKTUBHOW YacTH MPOBOJHMKA, MOMEIIEHHOTO B OJHOPOJHOE
MarHuTHOE 110J1e uHaykuuei 1,4 T mox yrmom 30° K MMHMSAM MHIYKIUH, €CITU TIPU
cuie Toka 5 A Ha mpoBOAHHMK AercTByet cuia 1,4 H.

Ha npoBoanuk ¢ aktuBHOM myHOM 0,6 M, TOMEMIEHHBIN B OAHOPOIHOE MATHUTHOE
nosie uaaykuuen 2 T, nefictByer cuna 2.4 H. onpeaenuTs Crily TOKa B TPOBOIHUKE
MIPU YCIIOBUH, UTO OH PACTIOJIONKEH MEPIECHIUKYISIPHO JTUHUSAM UHIYKIIUH.
[IpoBOAHUK, PACIIOIOKEHHBIM MEPNEHAUKYISAPHO JUHUSAM MAarHUTHOW UHIYKIIUU

OJHOPOAHOI'0O MAarouTHOI'O II0JIA, HOHBCIH@HHBIﬁ Ha JIBYX HHUTAIX, B OJHOM CJIy4ac



Becutr 18 H, B apyrom 24 H B 3aBUCMMOCTM OT HAIIpaBJEHUS TOKAa B HEM.
OnpenenuTs Maccy MPOBOAHUKA.

VYy4acTok NMpoBOAHMKA JIMHOM 20 CM HAXOAUTCSA B MArHUTHOM I0JIE€ C MHAYKIMEH
50 mTin. Cuna 37eKTpUYECKOro TOKa, MPOXOSIIETro M0 NIPOBOAHUKY, paBHA 15 A.
Kakoe mnepemMenenue coOBEpIIACT NPOBOJHUK B HAIPABICHUU JIEUCTBUS CHIIBI
Ammnepa, ecnmu pad6ora dtod cuael  0,015x? IIpoBOoAHHMK pacmoyiOKeH
NEPHEHANKYJIIPHO JIMHUAM MarHUTHON UHITYKLIMH.

B MarHUTHOM I0JIE ¢ HHAYKIMEH 6 T IBHKETCS 3JIEKTPOH €O CKOPOCThIo 107 M/c,
HaIIpaBJICHHOW MEPINEHIUKYISPHO JUHUSAM HHIYKUUW MAarHUTHOro mnojsi. Yemy
PaBEH MOJYJb CWJIBL, JEUCTBYIOIIEN HA JIEKTPOH CO CTOPOHBI MATHUTHOTO MOJISA?

3apsi1 2IEKTPOHA COOTBETCTBEHHO 1,6 * 1071° K1,

IIpakTuyeckas padora Ne 12.

«J.4.C. HHAYKIUM. . A.C. CAMOMHAYKIMH. JHEPrusi MATHUTHOIO TOJIS.
Heab: 3akpenuThs 3HAHUA MO TeMe «I.A.C. MHAYKIHHU. O.0.C. CAMOMHAYKLUU.
DHeprusi MarHUTHOTO TOJIS.», CHOPMUPOBATH YMEHUS U HABBIKM  HAXOXKJICHUS
(bu3nYeCcKoi BEIMYHUHBI, €€ BbIBOIA U3 (DOPMYIIBL.

IHopsinok BbINOJIHEHNS PadOThI:

1. BHHMaTENbHO MPOYUTATH TEOPETUUYECKYIO YACTh U TUIAH PEIICHUS 3324

2. PaccmoTtpeTs mpuMephI peleHus 3a1a4

3. Iomy4yuTs U BBIOJHUTH UHIUBUYAIbHbBIC 3a/IaHNS.

Teopernueckasi 4acThb.

MarauTHOe TIOJi€ €CTh YAaCTHBIA CIydall 3JIEKTPOMAarHUTHOTO  TOJI,
XapaKTepU3yIIUKCs BO3ICHCTBUEM Ha ABUKYIIYIOCS SJIEKTPUUECKU 3aPSKEHHYIO
YACTHUILY C CUJIOHN, MPOMOPIMOHATILHOM 3apsily YaCTHUIIbI U €€ CKOPOCTH.

Bun MarHuTHOTO MO 3aBUCUT OT TOTO, KaKkylo (opMy UMEeT MPOBOJIHUK C
ToKOM. Hampumep, MarHuTHOE 1oJie, 00pa3yrolieecss BOKPYT IPsIMOTO TIPOBOHUKA
C TOKOM, Tpaduyecku H300pa)kaeTcsl JUHUSIMU MarHUTHOW HMHAYKIIMH B BHUJC
KOHIICHTPUYECKUX OKPY>KHOCTEH B IUIOCKOCTH, MEPIEHIUKYJISIPHOW HAMPABICHUIO

Toka. HampaBieHre MarHMTHOTO HOJSL B 3TOM Cllydae ONpPEEINAIOT M0 MPABUIY



MakcBeia (mpaBuly BUHTA): BpAlllEeHUE TOJIOBKM BUHTA IMOKA3bIBAET HAIPABIICHHUE
JUHAW WHIYKOWM, €CIM TIOCTYyNaTelIbHOE JBW)KEHHE BHHTA COBHANAECT C
HaIIpaBJICHUEM TOKA.

MarautHOE Moje KaTylmku ¢ TOKOM — COJIEHOUJA aHAJOTMYHO MAarHUTHOMY
IIOJIFO ITIOCTOSTHHOT'O I10JI0COBOI'0 MarHura.

B3aumoneiicTBue MarHUTHBIX MOJIEH, OOpa30BaHHBIX MapajlIeIbHBIMU

MIPOBOJTHUKAMH C JICKTPUICCKUMH TOKAMH, OTIpeIesieTcst (GOpMyIIoi

[, 1,1
2ma

Hc

rae I;u I, — cuna Toka B npoBoAHMKax; | — y4acToOK AIMHbBI NPOBOAA, HAa KOTOPbIN
[EeNCTBYET CMNA; & — PACCTOSHHUE MEXTy MPOBOJAAMHU; L. — aOCOIIOTHAS
MarHuTHasi IPOHUIIAEMOCTb CPEJbI, XapaKTEPU3YIOIas 3aBUCUMOCTD CHUJIBI
B3aUMO/ICHCTBUS TPOBOJHUKOB C TOKAMU OT CPEJIbI:
He = Ho " K
rae o = 41+ 107’TH/M — MarHuTHAs IOCTOSHHAS; || — MATHUTHAS
MPOHUIIAEMOCTb CPE/IbI.
MarnuTHoe€ 1oJj€e IelCTBYeT Ha IPOBOJHUK C TOKOM C CHIION Fa (cumoit
Awmnepa):
Fo=B-I-lsina
Ecnu npoBoAHUK NEPIICHANKYIISIPEH JIMHUSAM UHAYKIUHU, TO
Fp=B-I1-1
KoaddunmenT npomnopiinonanbHOCTH B Ha3pIBaeTCsS MAarHUTHOM MHIYKITUEH
U SBJISETCA CUJIOBOM XapaKTEPUCTUKOW MArHUTHOTO MoJisi. MarHUTHasE MHAYKIUS
— BEKTOpHas BeimunHa. Enuauna marautHoi unaykuun — tecna (Tin). B mro6oit
TOYKE OJHOPOAHOTO MArHUTHOTO TOJISI MAarHUTHasT WHAYKUHS OJWHAKOBA IO
MOJYJIF0 W HAMpaBJICHUIO, TO3TOMY TakKoe uoJie Tpaduuecku H300pakaeTcs
JMHUSIMU B BHUJIC MapaJIJICTbHBIX MPSIMBIX OJUHAKOBOUW T'YCTOTHI.
MarHuTHbIY NOTOK PaBEH YKUCITY IMHUN UHYKIINH, TPOHU3BIBAIOLIUX ILTONIadb

S, eciu BEKTOp UHAYKIIMU COBIIA/IA€T C HOPMAJIbIO K ATOM TIJIOIIA IH:



o = BS.
Enunanma marautHOTO MoToka — Bebep (BO).

MarauTHbI€ CBOMCTBA KOHTYpPA XapaKTEpU3yIOTCSI MAarHUTHBIM MOMEHTOM P!

Pn=1S.

Ha koHTyp ¢ TOKOM, HaxoOIAIIMUICA B OJHOPOJHOM MAarHUTHOM IIOJIE€ C

WHIyKIKMEH B, neficTByeT Bpamaronuii MarHUTHeIA MOMEHT M:
M=1-S-Bsina
IJI€ O-yTOJ MEXKy BEKTOpaMu E: 151 §; npu a=90° Bpamaromuii MOMeHT OyaeT
MaKCHMaJIbHBIM:
Myaxe =1-S-B =P,B

3aMKHYTBIH TPOBOJHUK C TOKOM juuHOW | mom nedictBuem cwuibl F

nepeMenacTcs Ha paccrosiaue b, cieaoBareabHO, coBepIaeTes padoTa
A=Fp,b=B-I-[-b
HO [ -Db ectp usmenenue mwromanu AS. Torma
A=B-lASumu A =1AD

I/IHI[YKHI/ISI MAarguTHOI'O ITOJIA HpHMOHHHGﬁHOFO IMPOBOJHHKA C TOKOM

1
P b o

rae [ — KpaTyauuiee pacCTOSHUE OT IIPOBOJHMKA C TOKOM JI0 TOYKH, B KOTOPOH
ONpeneaeTcss MHAYKIHs B.

I/IHI[YKHI/IH MAardvuTHOI'O IIOJIsI KPYIrOBOT'O TOKaA
B 1
uC 2r

Nuaykiyst MarHuTHOTO MOJISL COJICHOUIA

[w
BZUC'T

ra€ W - YUCJIO BUTKOB, | - JJINHa COJICHONIA.
MarsuTHoe T10Jie BHYTpHA JIMHHOI'O COJICHOWJIa OAHOPOAHOC, II03TOMY

MAaTrHUTHEIN IIOTOK B COJICHOUJIE



[w
CD=BS=uC-TS

MarHuTHOE TOJIE TaKK€ XapaKTEPU3YIOT BEJIMYMHOW HanpsskeHHocTH H,

KOTOpas CBsi3aHa ¢ MAarHUTHOW MHIYKIIHEH (popmyItoi
B =u.H.

Cuna, neiicTByromIas Ha dJIeKTpUUYecKuit 3apsn Q, IBIKYIIUIICS B MATHUTHOM

noJie, Ha3biBaeTcs cuioi Jlopenna Fy:
F,=B:-9-Qsina

rae a — yroua mexay Bektopamu B u 9. Cuna JlopeHua Bcerga nepneHuKyspHa
IJIOCKOCTH, B KOTOpPOM HaxojsTcss BekTopbl B u 9, mostomy paboThl oHa He
COBEpPIIACT; HE M3MEHSsI CKOPOCTH 3aps/ia, OHA U3MEHSET JIMIIb HAIPaBICHUE U

00yCJIOBIIMBAET LIEHTPOCTpEeMHTENIbHOE yckopenue. Eciu a = 90°, To
B-Q-9= m_{)z’
2

T.€. YacTuila Maccort M u 3apsiom Q mox nevictBuem cuiiel F, coBepiiaer
JBHXKCHUE TIO OKPY>KHOCTH.

SIBneHuEe 3JIEKTPOMArHUTHOW HWHIYKIMA COCTOUT B TOM, 4YTO B JIFOOOM
3aMKHYTOM KOHTYpPE BO3HHMKAIOT OJIEKTPOJBIDKYIAs CUJIa MHAYKUUM U
WHYKIIMOHHBIM TOK, €CJIM MAarHUTHBIA TOTOK, OTPAaHWYEHHBIA ITUM KOHTYPOM,

HU3MCHACTCA CO BPCMCHCM:

&y = —AD/AL
[Ipenmonoxum, 4To TPAMOYTOJIBHBINA KOHTYP, PACIOJIOKEHHBIN B ITIOCKOCTH,

NEPICHIUKYIAPHOM MAarHUTHOMY TIOJIO, TEpEMEIIaeTcss CO CKOPOCThI0 U H
BBIXOJUT W3 OJHOPOAHOTO MArHUTHOTO TMOJsA. Torga MarHUTHBIA —TTOTOK,
MPOXOISIINNA CKBO3b TUIOMIAAL KOHTYPa, OyAET U3MEHATHCS 110 3aKOHY
AD =—-B-1-9-At
YyauteiBas 3710, 3./1.C. MHAYKIIUH MOKHO 3aITHCATh B BUJIC
g, =—B-[-9
- =
Ecnu Bextopst O u B o6pazytor yron a, Tog, = —B-[-Jsina
D/IC Oymet BO3HUKATH U B HEMTOJABUKHOM KOHTYPE, HO JJISI 3TOTO WHIYKITUS

MAaravuTHOI'O HOJIA TaKKC JOJIZKHA MCHATBHCA CO BPCMCHCM.



Hanpagnenne nHAYKIMOHHOTO TOKA, BOSHUKAIOIIETO B 3aMKHYTOM KOHTYpE,
MOKHO OIPEIECIIUTh, HUCIIOIB3Ysl NPAaBWIO IMPABOM PYKH WIH NpaBwio JleHma.
CornacHo npaBuity JleHna, ”HIyKIIMOHHBIA TOK HaIlpaBJI€H TaK, YTOObI MarHUTHOE
MoJIe, CO3JaBa€MO€ MM, NPOTHUBOJECWCTBOBAJIO W3MEHEHHWIO MAarHUTHOTO MOJI,
BBI3BIBAIOILIETO UHAYKIIUOHHBIN TOK.

SIBneHHEe CaMOMHIYKIIMM MOYKHO paccMaTpuBaTh, KaK YacTHBIA Cily4yau
AJEKTPOMArHUTHOW MHAYKIMU, KOrJa W3MEHSIONIMKUCS MArHUTHBIA TOTOK
CO3[Ia€TCSI CAaMUM TOKOM B MPOLIECCE €r0 M3MEHEHUA. TaK, IpU 3aMbIKAHUH LEMU
OJ1C camounaykuuu (coriiacHo mpaBuity JIeHI1a) NpensiTCTBYET YBEIUYEHUIO CUITBI
TOKa, a MPH pa3MbIKAHUU — MPOTUBOAEHUCTBYET €ro MCUE€3HOBEHUIO. [IoaTOMY npu
3aMBIKAHMM TOK CAaMOWHIYKIIMM HAMNpaBJI€H IPOTUB OCHOBHOIO TOKa, a MpH
pPa3MBIKaHUH — B OJHY C HUM CTOpoHY. D/IC caMOMHIyKIIMH IPONOPLUHOHAIBHA

CKOpPOCTH U3MCHCHUS TOKA B KOHTYPC!:

Al
E = _LA_t

rae L — MHAYKTUBHOCTH KOHTYpa, 3aBUCSIIAs OT €ro pa3MepoB, (PopMbl U
MAarHuTHBIX CBOMCTB CpeAbl, B KOTOPYHO TIOMEIIEH KOHTyp. Enaununa
UHIYKTUBHOCTU — reHpu (['H).

MarnutHoe 1oJie, SIBJISSICh COCTaBHOM YacThiO DJIEKTPOMArHUTHOTO TOJIS,

oOnasaeT sHepruei. DJHeprusi MArHUTHOTO TOJISl paBHA!

1 ®2
2 L°

W==dl=-LI2=
2 2
IIpumeps! penieHus 3a1ad4.
IMpumep Nel. Iloxg xakuM yrioM K JIMHUAM HWHIYKIUA OJHOPOJHOTO
MarHUTHOTO TOJISl IOJKEH OBITh PACIIOJIOKEH MPOBOAHUK ¢ akKTUBHOW maymHON 0,4
M, 4T0OBI TIosie uHayKuuei 0,8 Tin aefictBoBasio Ha MpoBOoAHUK cuioi 1,6 H, ecnu

10 HEMY IIPOXOAUT TOK 5 A?

Jlano: Pemrenwue:
|=5A, F=B-l-]'sina
B=0,8 Tn, sina=;

B-l'1




= 0,4 M, sina=——2" =1, «=90°
5A-0,4m0,8Tn
F=16H

o -?

IIpumep Ne2. JIBa mapajuleNbHbIX OYEHb JJIMHHBIX MPSIMOJMHEUHBIX
NPOBOJHUKA HaxoAiTcss B  Bakyyme. OIpenenuTh pacCTOSHUE  MEXIY
MPOBOJAHUKAMH, €CITM BCJIEACTBHE MX B3aUMOJEHCTBHUS HA OTPE30K IPOBOJHHUKA

niuHoM 0,5 M aelictByer cuna 2:10° H npu Tokax B mpoBoanukax 100 u 40 A.

Jlano: Pemenue:
1=0,5m r= btz
’ ’ 2mF
F=2103H, r= 4110”7 H/A%-0,5 M_'100 A40A _ 02 M
2:3,14-2:1073 H
I:=100 A,
I, =40 A,
Uo = 4m- 1077 H/AZ,
u=1.
r-?

Ipumep Ne3. Ilo karymike HHIAYKTUBHOCTBIO 80 MI'H mpoxoaut
MOCTOSTHHBIN TOK 2 A. onpeieNuTh BpeMsi yObIBaHUS TOKA MPU Pa3MbIKaHUH IIETH,

€CJIY 3.1.C. CAMOMHAYKIIMY paBHa -16 B.

Jano: Pemrenwue:

B _ A _ _Lal
L=0,08 I'n, E. = LAt, At = .
Al=2A, At=—228T28 _ g01c

—-16B
E.=-16 B.
At-?

NuauBuayaabHble 3aJaHNs AJIsl IPAKTHYECKOi padoThl Ne 12,

. Ipu 06ryueHny raza y-usrydeHueM 00pasyeTcs Kaxayro ceKynay 5-108 nap nonos.
OnpenenuTs CAITy TOKA HACBIIEHUS, TPOXOIAIIECTO Yepe3 Ta3, €CIU 3aps]l KaxI0ro
noHa 1,6-10°Ku.

. Ha mpoBoHUK ¢ akTUBHOM JyuHOK 0,4 M, TOMEIIEHHBIN B OJTHOPOJHOE MarHUTHOE

none uHaykuuen 0,8 Tn, nmeiictByer cuna 1,6 H. Onpenenutrs cuiny Toka B



IIPOBOJHUKE IpPU YCIOBUU, YTO OH PACIOJOXKEH MEPHEHAUKYISIPHO JIMHHUIM
WHTYKIIVH.

Kakoli Tok MpoXOIUT MO KOJBLEBOMY IPOBOAY paanycoM 62,8cM, eciid OH CO3/1aeT
B LIEHTPE KOJIbIIA MATHUTHOE NoJe uaayknuei 10°To.

C xako# cWJION B3aMMOJACHCTBYIOT JBa NapajlIeIbHbIX NPOBOJHUKA, OJUH JJIMHON
30 cm, BTOpoii 10 cM, MO KOTOPBIM UIYT TOKUA OAHOTO HampaBiieHus 20 u 45 A, ecnu
OHH HAaXOJATCS B BO3JyXe Ha paccTosHuu 60 cm?

OnpenenuTe MarHUTHYIO MHIYKIUIO B KEJIE3HOM CEpPACYHHUKE DIJIEKTPOMArHuTa,
00OMOTKa KOTOPOTO MMEET JUIHHY 5 cM U coaepkuT S00 BUTKOB, €CJIM CHJIa TOKA B
Hew paBHa 0,5 A. OTHOCUTENIbHAS MAarHUTHAS MTPOHUILIAEMOCTSH kene3a pasHa S000.
C Kakoi CKOpPOCTBKO HAJ0 MEpEeMEIlaTh IPOBOJHMK, JJIMHA AaKTUBHOM 4YacTH
koToporo 0,5 M, mox yriaom 50° Kk BEKTOpY MarHMTHOM HHIYKIIH, MOLYJIb KOTOPOTO
paBen 0,8 T, yToOBI B IPOBOJHUKE BO30OYIMIACH 3.]1.C. MHIIYKIIUH, paBHas 2 B?
OnpenenuTs HHIYKIUIO MarHUTHOTO MOJIS, B KOTOPOM Ha MPSMOM IPOBOJ JITIMHOM
10 cM, paconoxennsii nox yriaom 30° K TMHMAM HHAYKIHUH, AeicTByeT cuia 0,2
H, xorza 1o npoBoAHUKY NPOXOIUT TOK 8A.

Karymka pgmunoir 12,56 cm umeer 5000 ButkoB. Kakoil TOK HEO0X0IUMO
IPOMYCTUTh Yepe3 KaTYyIIKy, YTOObl MHAYKIIMSI MarHUTHOTO TOJIs Ha €€ OCH Oblia
paBnHa 1 Tn?

Onpenenuts paguyc KpyroBoro BUTKa MPOBOJIOKH, YTOOBI MPHU MPOXOKIAECHUU 10
HEMY TOKa 2 A B €ro IIEHTpe HAMPsKEHHOCTh MAarHUTHOTO T10J1s ObL1a paBHa 20A/M?

cpena — BO3AyX.

10. OnpenenuTs MAarHUTHBIN MMOTOK BHYTPU KaTyIIKW HHAYKTUBHOCTHIO 0,005 'H, 1o

KOTOPOU MPOXOJHUT TOK 2 A.

11. OnpenenuTh UHAYKTUBHOCTh KaTYIIKH, €CJIM B HEW MPU MPOXOXKIECHUU TOKa 2 A

SHEPI'Hsl MAarHUTHOTO IOJIs OblTa paBHa 1 Jx?

12. OnpenenuTs MOAYNb 3.1.C. CAMOMHAYKIIMH, KOTOpas BO30YyXIaeTcsi B OOMOTKe

AIEKTPOMAriuTa UHAYKTUBHOCTBIO 0.5 I'H mpu paBHOMEPHOM M3MEHEHUH CHJIBI

Toka Ha 6 a 3a kaxuawie 0,03 c.



13. TIpoBOgHUK JUTHHOM 2 M BpaIaeTcs B OJHOPOJHOM MarHUTHOM II0JI€ C MHAYKITUEH
4 Tn BOKpYT oCcH, IPOXOSIIEH yepe3 OJIMH U3 €ro KOHIIOB, C YIJIOBOW CKOPOCTHIO 2
pan/c mepneHANKYJISPHO JIUHUSM MArHUTHOM WMHAYKIMU. YeMy paBHa pa3HOCTb
MOTEHIMAIOB MEKy KOHIIAMH POBOJAHUKA?

14. IIpoBogauk MN gmunoit 0,5 M u compotuBieHueM 5 OM JI€KUT Ha JBYX
TOPU30HTANIBHBIX MMPOBOJHUKAX, 3aMKHYTBIX Ha UCTOYHUK Toka, J/IC xoroporo 4
B. IIpoBOJHUKH HAXOAATCA B BEPTUKAJILHOM MarHUTHOM MoJjie ¢ uHaykuuei 0,4 Ti.
Onpenenure cuily TOKa B IPOBOJAHUKE, €CIM OH JIBHXKETCA PABHOMEPHO CO
CKOpOCTBhIO 6 M/c a) BmpaBo; 0) BieBo. CONPOTHUBIEHHEM MPOBOJHUKOB, IO
KOTOPBIM CKOJB3UT MPOBOJHUK MN, MOXKHO MpeHeOpeyb.

15. CaMOJET IETUT TOPU3OHTAIBHO CO CKOPOCThIO 828 kM /4. Omnpeaenure pa3HOCTh
MIOTEHIHAJIIOB MEXAY KOHIAMH €r0 KpBUIBEB, €CIM MOJAYJIb BEPTHUKAIBHOU
COCTABJIAIONIEN MAarHMTHONM MHAYKLUH 3€MHOrO MarHuTHOro mons 6 *107° Ti, a
pa3max KpbuibeB 13 M.

16. MenHoe KOJBIIO M3 MPOBOJA AMAMETPOM 4 MM pacHoiOKEHO B OJHOPOIHOM
MarHiTHOM TMOJIe, MAarHUTHAasT WHIYKIHUS KOTOPOTO MEHSIETCA IO MOJIYJIO CO
ckopocthio 1,4 Ti/c. IlnockocTh Koiblia NEPHEHAUKYISIPHA BEKTOPY MarHUTHOM
MHAYyKIUU. Yemy paBeH AuaMeTp KOJiblla, €CIU CHJIa WHAYKIHOHHOIO TOKa,
BO3HUKAIOLIEro B HEM, paBHa 10 A? Y nenbHoe conpotuBieHue Meau p = 1,72 ¢ 10
8Om * M.

17. MarauTHBIN IOTOK Yepe3 KOHTYP IIPOBOAHUKA CONPOTHBIEHUEM 3,5 ¢ 102 OM 3a 2
¢ m3MeHuncs Ha 1,4 ¢ 102 B6. Onpenenure Cuily TOKAa B IPOBOJHMKE, €CIIH
W3MEHEHHE MOTOKA MPOUCXOAUIO PABHOMEPHO.

18. Inockas ropusoHTaNbHas Gurypa miomanso 0,2 M2, OrpaHMYeHHAas IIPOBOIALINM
KOHTYPOM, CONPOTUBIIEHUE KOTOPOro 6 OM, HAaXOIUTCS B ONHOPOAHOM MarHUTHOM
nosie. Kakoii 3apsii mpoXoAuT Mo KOHTYPY 3a O0JIBIION MTPOMEKYTOK BPEMEHH, TOKa
MIPOCKITUSI MATHUTHOW WHYKITUU Ha BEPTUKAIH Z PAaBHOMEPHO MeHseTcs oT Bi; = 3
Tn no By, = -3 Tn?

19. DHeprust MAarHUTHOTO TIOJIS KaTYIIKH, IO KOTOPOM MAET MOCTOSIHHBINA TOK, paBHA 5

JIx. MarauTHbIN NOTOK Yepe3 Katyuky paseH 0,5 B6. Omnpeaenure cuiny Toka.



20. Yemy paBHBI HHIYKTUBHOCTD W DHEPTUS MAarHUTHOTO TIOJISI COJICHOMAA, €CIU TpHU
CHWJIE TOKa, paBHOU 8 A, MarHUTHBIN MTOTOK Uepe3 cosneHou paseH 0,4 B6?
21. Onpeaenurte 4KCIIO BUTKOB COJCHOMIA MHAYKTUBHOCTBIO 3 ['H, eciu cuia Toka B

HEM paBHa 6 A, a MarHUTHBIM MOTOK 4Yepe3 IUIOIIAJb OJHOIO BHUTKAa COJEHOWJA

pasen 0,004 B6.

IIpakTuyeckas padora Ne 13.
«MexaHHUYeCKHe KOJ1eOaHUs U BOJHbI.
Hean: 3akpernuth 3HaHUS TO TeMe «MeXaHWUECKHe KOJieOaHUS M BOJHBIY,
chopMUpPOBATh YMEHUS M HABBIKU HAXOXKJICHUS (PU3MUECKOI BEIMUUHBI, €€ BEIBOJIA
u3 (popMyIbL.
IHopsaok BbINMOJIHEHHUS Pa0OThI:
1. BHuUMaTeNbHO MPOYUTATh TEOPETUUCCKYIO YaCTh M TUIaH PEIICHHS 3a/1a4
2. PaccMoTpeThb mpuMephl pelIeHus 3a/1a4

3. HOHy‘—II/ITB W BBIITIOJIHUTb HHAWBUAYAJIbHBIC 3a/IaHWA.

Teopernueckasi 4acThb.

Konebanue - 310 mepuoanyeckoe IBIKEHUE, MPU KOTOPOM TeJo (YacTUiia),
MPOXO/Isl Yepe3 MOJIOKEHNE PAaBHOBECHS, OTKJIOHSETCS OT HETO MONEPEMEHHO TO B
OJIHY, TO B APYT'YIO CTOPOHY.

Bpemsi, 3a koTopoe coBepIIaeTcsi OJHO TMOJHOE KoJieOaHWe, Ha3bIBACTCS
nepuosiom T, a BenuunHa, 00paTHas Mepruoy,- 4aCTOTOM KoJieOaHu V:

v=1/T
YacToTa ompenenser KOJIMYECTBO KojebaHuM, coBepiieHHbIX 3a 1 c¢. Egununa

gacToThl - repir ([').

rIe N-4uciio KojacOaHuu.
Baxneiimmii Buj KojieOaHUI - TapMOHUYCSCKHE, OHU BBI3BIBAIOTCS ICHCTBHUEM
CUJIbI, TPONOPIIMOHATIBLHON cMmeleHnto X. CMmelleHue TOYKHM, Y4YacTBYIOIIEH B

rapMOHUYECKOM KOJIeOaHUH, ONIPENIENAETCA YPAaBHEHUEM



X = A - sin(wt + @),
rae A — ammmTyaa konebanus; wt + @o=@ — daza; @, — HayabHas Paza; w —
KpyroBasi (IIUKJINYECKas) 9acTOTA.

w = 21y, i w = 21/T
EnuHuna kpyroBoii 9acTOThI — paJliad B CeKyHAY (paz/c).

[Ipumedyanue. B paHHOM ypaBHEHWHM TapMOHWYECKOTO KojeOaHus A
BBIPAKAET MAKCUMAJIbHOE CMEMICHUE (Xyaxc) U MOXKET 0003HauaThes uepe3 X. Ilo
aHAJIOTUM aMIUTUTYAbl CKOPOCTU (Umaxc) U YCKOPEHHS (@yaxc) MOKHO 0003HAYaTh
COOTBETCTBEHHO 4epe3 U U A.

MareMatuyeckuii MasTHUK (MaTepualibHas TOYKa, IIOJIBEIICHHAs Ha

HEBECOMOU M HEPACTSXKUMOM HUTH) UMEET MEPUOJ MAJIbIX KOJIeOaHUI
T =2m/l/g
s Tpy3a Macco m, KOJICONIOIIErocs Ha MPYXKHHE KECTKOCThIO K, Kpyroas
4acToTa U NEepPUO KOJICOAHUN paBHBbIL:
w=,k/m; T=2mn/m/k

Konebmomeecst Teno o6ianaer NOTEHIUATBHON U KMHETUYECKON SHEPIHei.

Jliig rpy3a, KoyieOuolerocs Ha npy>KuHe, MoJHasi 3Heprus KojeOaHui paBHa
W = (k4%)/2,

DHeprus 715 Tpy3a Opy NPOU3BOJILHOM CMEIIEHUH X PaBHA

X2 2

W—W+W—k +mv
- ol K — 2 2

Ecan KOJ'IG6JHOHI&$ICH JacTuoa HaxoauTCda B CpCAC, TO OHA BOBJICKACT B

KoJie0aTenbHOE JIBDKEHUE HAXOSAIIUMecs PsIJAOM 4YacTHILI — B Cpele
pacnpoctpansiercst BojiHa. CKOPOCTh U U JJIMHA BOJHBI A CBSI3aHBI COOTHOIIICHUEM

vV=A/T, tmuv =2A-v

CKopocTh BOJIHBI HE 3aBUCUT OT YacTOTHI KOJICOAHMI, a 3aBUCUT TOJBKO OT
CBOMCTB cpepl. TakuM 00pa3oM, MpHU MEpexoae B APYIYI0 Cpedy HU3MEHSIOTCS

CKOPOCTL U AJIMHA BOJIHBI, 4 4aCTOTA OCTACTCA HEU3MCHHOMU.



Boanel yacrotoii ot 16 I'y 1o 20 x['11 BocnprHUMAIOTCSA YE€TOBEYECKUM YXOM
M Ha3bIBAIOTCS 3BYKOBBIMU BOJHaMH. CKOpPOCTh 3ByKa OOBIYHO 00O3HAYaeTCs
OyKBOH C.
IIpumepsl pelieHus 3aaad4.

Ipumep Nel. Manbuuk kavaercs Ha Jocke. Bpems, 3a KOTopoe OH
Y3 BEPXHETO MOJIOKEHUS OIYCKAaeTCsl B HIXKHEe, paBHO 1,5 ¢. Uemy paBHa

4acTOTa, KpyroBasi 4aCTOTa U NEPUO KOJIeOaHui?

Jano: Pemrenue:

T=1,5¢ [lepuon konebaHuii B JaHHOM CJIy4ae MOXHO ONPEJICUTh KaK

w—7 v=? BpCM:, ITpOoICaAMICC MCKAY ABYMA ITOCIICAOBATCIIBHBIMU CaMbIMHU

T—? BBICOKHUMH (MJIH CAMBIMU HU3KHUMH) MOJIOKEHUAMU MaJIbuKa.
T=2t v=UT w=2mv
T=2-1,5¢c = 3c
v=1/3~ 0,33c7!
w = 6,28-0,33c"! = 2,1 pag/c

Ipumep Ne2. Kak u3MeHUTCSs mepuoi KojieOaHUN MasiTHUKA, €CIIH OH

HaXOoJUTCA B TU(TE, ABUKYIIEMCS BBEpX ¢ yckopenuem 0,3 g?

Jano: Pemenue:
a=0,39 [lepeiinem B cucteMy KOOPAMHAT, CBSI3aHHYIO C JTU(PTOM.

Torz[a Ha MasATHUK AOIIOJIHHUTCIIBHO 6YI[6T I[eﬁCTBOBaTL CHJIa

T-? WHEpLHH, paBHAs Ma U HaIpaBJICHHAS B CTOPOHY, TPOTUBOIIO -

JIO’KHYIO YCKOPEHHIO a. UTOOBI MOSICHUTH 3TO, PACCMOTPUM TOKOSIIIIUIACS MasiTHUK.



Ha Hero neicTBYIOT CHIIbl HATSKEHUS HUTH F U Tsbkect M(. JIBUXKETCS MasiTHUK

C YCKOpPEHUEM a BMeCTe ¢ JTU(TOM. 3amuiiem BTopoi 3akoH HeroToHa:
F—mg=ma,wmF=m(g+a).

Takum 06pazom, Bec maprka Kak Obl yBEIUYWICA HAa BEIMYUHY Ma, KOTOPYIO MBI
U Ha3blBaeM cwiod mHepiuu. Toraa B dhopmyne i nepuoja KoiaeOaHuii HyKHO

BMECTO (J NOCTAaBUTH ( + a:

T =2n/1/(g+ a)

[Ipu OTCYTCTBUU yCKOPEHUS

TO = ZT[\/%

PaBIIGJ'II/IB ITOYJICHHO 00a 9TH PaBCHCTBA, IIOJIYUHUM:

T =Ty/g/(g+a)

T = Toy/8/(g + 0,32)=T,/(V1,3)=T,/1,14 = 0,877T,

[lepuon konedbanuii MasiTHUKAa yMeHbIIUTHCS B 1,14 pa3za.

IIpumep Ne3. CocraBuTh ypaBHEHHE TapMOHHUYECKOTO KoOjeOaHUs
MaTeMaTUYECKOro MasiTHUKA, JJIMHA KoToporo 2,45 M, ammutyaa konedanuit 0,1

M.

Jano: Pemenue:
. 2m
1=2,45 ™, x=A" sin—

A=0,1 M T =2mn/l/g

9=9,8m/c> | T = 6,28,/2,45M/9,8m/c?=3,14 ¢

X-? x = 0,1sin 2t

NupuBuayajbHble 3aJaHus AJs IPAKTHYECKO0il padoThl Ne 13,



Omnpenenutpb nepuoj KojaeOaHui MaTepuaaIbHOU TOUKH, COBepIIMBILEH S0 MOTHBIX
kosebanuit 3a 20 c.

CkoJbKO K0JIe0aHUM COBEPIIUT MaTepHalIbHAs TOUKA 33 5 € PU YacTOTE KOJIeOaHU
440 I'u?

Teno, mojBelIeHHOE Ha HEPACTSHKUMOW HUTH JMHOM 80 CM, OTKJIOHEHO OT
noJ0xkeHns papHoBecus Ha yroa 20°. OnpenenuTs cMelleHre TeNa OT HOI0KEHHS
pPaBHOBECHS.

Jlano ypaBHeHme KkoisieOaTenpHOro aBukeHUsT X = 0,4sin5mt. Onpenenuth
aMIUTUTYAY, Iepuoj Koiebanus u cmemienue npu t=0,1 c.

MartepuasbHasi TOUKa COBEpIIAET rapMOHUYEcKoe Kosebanue ¢ ammintyaou 0,03 m
u niepuosiom 0,2 c. CoctaBUTh ypaBHEHHE KOJI€OaHUs U ONPEIEIUTh CMEIIEHNUE TIPU
t=0,1 c.

Vcekopenue cBOOOAHOIO mmaaeHus Ha nosepxHocty JIynsr 1,6 m/c?. Kakoii 1inHbI
JIOJKEH OBITh MAaTEMaTUYECKUN MAsTHUK, YTOOBI €ro nepuoj konedanus Ha JlyHe
paseH 1 c?

Teno maccoii 0,2 KT MOABELIEHO HA MPYKUHE, KECTKOCTh KoTopoit K=2- 103H/m.
OnpenenuTs 4acTOTy CBOOOAHBIX KOJIEOAHUI 3TOTO TENa Ha MPYKUHE.
OnpenenuTs JJIMHY BOJIHBI, €CJIM €€ CKopocTh paBHa 1500 m/c, a yactota 500 I'1r.
Kakoit myts mpoiiner ¢aza BomHoBoro nswxkenus 3a 0,02 ¢, eciu yacrora

Kojiebanuii paBua 2 MI', a ayivnaa BoaHbI 150 M?

10. [IBmkenue Tema omuchiBaeTcs ypaBHeHueM X = 4.25sin(0,3t+ 0,75). Uemy

11.

12,

13.

paBHa aMIUIMTYJa KoJieOaHUM, KpyroBasi 4yacToTa, HayanbHas ga3a u nepuoa? Yemy
paBHa (aza B MOMeHT BpemeHH 1=0,5 c?
CkonbKO KOJieOaHUN COBEpIlaeT MaTeMaTUYECKUN MasTHUK JuiMHOW 6,4 M 3a 3

MUH?

BeprukanpHO NoOJABELICHHAs NPY)KWHA PACTATMBACTCA IPUKPEIUIEHHBIM K HEU
rpy3oMm Ha 1,6 cm. Uemy paBen nepuoa T cBoOomHbIX Konebanuii rpy3a? (Maccoit
MPY>KUHBI MOYKHO TPpeHeOpeYb. )

Ha rmagkoM TOpPU30OHTAIBHOM CTEPKHE HAXOAUTCSA TIPy3, NPUKPEIUIEHHBIM K

npyxuHe. Jlpyrom KOHel Npy»KHHbI 3akpeIluiéH. [loTsHyB 3a Tpy3, NpyXuHY



14,

15.

16.

17.

18.

19.

20.

21,

22,

pacTIruBaroT, MPH 3TOM BHEIIHsS CHiia coBepmiaeT padoty 60,5 Jx. 3ateM rpy3
otmyckaroT. JKécrkocts mpyxunsl 10° H /M, Macca rpysa 4 1. 3anmumuTe ypaBHEHHE
Kosie0aHul rpy3a U ONpPENEIUTE €ro KOOPAUHATH B MOMEHTBI BPEMEHH, PAaBHBIE 2 T
MC, Tt /2 MC, T MC.

Teno coBepiaetr rapMoHudeckoe kojiebanue 1o 3akony x = 20 sin wt. Onpenenurtsb
aMIUIUTYly, IEpUOJ KoJIeOaHHs U CMEIEHHE B MOMEHT BpeMeHH, paBHbli 0,5 c.
OnpenenuTp KECTKOCTh MPYKUHBI, €U Teao Maccoit 0,8 Kr, moABEIIEHHOE K 3TON
pyXHHE, coBepiIaeT Kojaedanus ¢ nepuoaom 0,4 c.

Teno maccoit 0,5 Kr HOABEHIEHO HA HPYKUHE, KECTKOCTh KOTOpoH 5*103 H/m.
OnpenenuTs 4acTOTy CBOOOAHBIX KOJIEOAHUI 3TOTO TENa Ha MPYKUHE.

Teno maccoit 300 r coBepmaeT KoyieOaHUsI B TOPU3OHTAIBHOM IUIOCKOCTH C
aMIUTUTYJ0M 4 cM 1oJ IeWCTBUEM MPYXKUHBI KECTKOCThIO 15 H /M. Onpenenute
UKJIMYECKYIO YaCTOTY KOJeOaHul Tejla U SHEPTUIO0 CUCTEMBI.

Teno coBepmaeT rapMoHMYECKOe KojieOaHWe TI0 3akoHy X = 25 sin 3mt.
OnpenenuTes aMIUIUTYAY, NEpUOJ KOJEOAaHHSI U CMEIIEHWE B MOMEHT BPEMEHH,
paBHslii 0,5 c.

CocTaBUTh ypaBHEHHE TaPMOHHMUYECKOTO KOJIEOaHHUsS MAaTEMaTUYECKOTO MASTHHKA,

JUTMHA KOoToporo 3,6 M, aMiuiutya kojaebanuii 0,3 M.

Jlonka xagaeTcsi Ha BOJIHAX, MPU STOM PACCTOSTHUE MEXKIY OJMKalIIuMu
rpeOHsIMH BOJIH paBHO 9 M. OnpeaennTe CKOPOCTh PACHPOCTPAHEHUS BOJIH, €CIH
nepuoJI KojaeOaHuii T0IKU paBeH 3 c.

3BYyK pacnpocTpaHsieTcs B Boje co ckopoctbio 1600 M /c. Paccrosinue mexmy
OJIMKAMIIIMMU TOYKaMHU, B KOTOPBIX KOJIEOAHUSI TPOUCXOIAT B IPOTUBO(dA3eE,
paBHO 0,4 M. OnpeienuTe 4acToTy 3BYKOBOM BOJIHBI.

Ha pacctosanu 1000 M ot HaGr0HaTENS YAAPSIIOT MOJIOTKOM IO
KEJIE3HOA0POKHOMY perbey. HabmronaTenb, NpUIoKUB yXO K pebCy, yCIbIIIall
3BYK Ha 5 C paHblIe, 4YeM 3BYK JIOLIEN JO HETO MO BO3AyXy. UeMy paBHa CKOPOCTh

3ByKa B cTanu? (CKopoCcTh 3ByKa B BO3yXe MpUMHTE paBHOi 350 M /c).

IIpakTuyeckas padora Ne 14,



«Ileproa 1 yacToTa nepeMeHHOro Toka. UHAYKTUBHOCTL U éMKOCTH B LieIH
MEePEeMEHHOI0 TOKA.

Hean: 3akpenuth 3HaHus 1no teme «llepuwon M yactoTa MEPEeMEHHOTO TOKA.
NHIyKTUBHOCTH U EMKOCTH B IIEITU MIEPEMEHHOTO TOKa», C(hOPMUPOBATH YMEHUS U
HaBBIKM HaXOXJEeHUs (PM3UYECKON BEIIMUUHBI, €€ BbIBOJIA U3 (DOPMYJIBI.
IHopsiioKk BbINOJIHEHUS PadOThI:

1. BHuUMAaTenbHO MPOYUTATh TEOPETUUCCKYIO YaCTh M TUIaH PEIICHHS 3a/1a4

2. PaccMoTpeThb npruMephl pelieHus 3a1a4

3. HOJIyT—II/ITB W BBIIIOJIHUTb MHAWBUAYAJIbHBIC 3a/IaH1A.

Teopernueckasi 4acThb.

DIIEKTPUYECKUN TOK, U3MEHSIOIIMNCA C TEUEHUEM BPEMEHHU, HA3bIBACTCS
MEPEMEHHBIM  JJIEKTPUYECKUM  TOKOM. OJJEKTPUYECKMH TOK  Ha3bIBACTCS
MEPUOJIMYECKUM, €CJIM €r0 3HAYEHUS MOBTOPSIIOTCA YEPE3 PABHBIE MPOMEKYTKH
BpeMeHUu (mepuoibl). B 2JIEKTpOTEXHHMKE dYalle BCEro  HCIOJIb3YeTCs
FapMOHUYECKUH TOK — TMEPUOJUYECKUNA TIEPEMEHHBIM DJJIEKTPUUYECKUM TOK,
SBJISTIOIIUICS CHHYCOUAATBHOM (QYHKIIMEH BPEMEHH.

[Ipu BpameHun pamMku B OJHOPOAHOM MArHMTHOM IIOJIE€ HA €€ KOHIAX
Bo3HuKaeT IJ[C unaykiuu

e = &, - sin wt?
r7Ie €- MTHOBEHHOE, a &,,-MaKCUMAJIbHOE, UJIM aMIIUTyaHOe, 3HaueHue J/1C; w —
YTJIOBAsi CKOPOCTh BpPALIEHUsI pAMKHU U KpyroBas dactora nepeMernton J31C.

Comportusiienre R, B KOTOpOM BBIACNSETCS TEIUIOTA MPU MPOXOKACHUH TIO
HEMY TOKa, Ha3bIBA€TCS aKTUBHBIM. ECIIM 3aMKHYTh paMKy Ha Harpy3Ky ¢ aKTHBHBIM
COTNPOTUBJICHUEM, TO 10 HEMY OyAET MPOXOJAUTH MEPEMEHHBIN ANEKTPUUECKUI TOK,
a Ha KOHIAX MOSBUTHCS IEPEMEHHOE HAIIPSKEHUE:

U = Upsin wt

rie Uy — aMImumTyaHOe 3HAYCHHME HAIpPsDKEHMS; - KpyroBas 4YacToTa,

pan/c; t — Bpems.

1=1I,sin wt



[Tpu sTom U=IR.
[lepeMeHHBIN TOK 3KBUBAJICHTEH IMOCTOSIHHOMY TOKY TaKOW € MOIIHOCTH,
toraa 3pdhekTuBHBIC (AECHCTBYIONINE) 3HAUCHUS HAIIPSKEHUS U CUJIBI TIEPEMEHHOTO

TOKa OyAyT paBHBI:

T2 NF

Llenb nepeMEHHOro TOKa, COAEpKalas KaTyIIKy WHIYKTUBHOCThIO L,

U

06HaﬂaCT HHAYKTHBHBIM COIIPOTHBJIICHHCM
XL =w-L
HCHB NNEPEMECHHOT'O TOKA, coacpKamiad KOHACHCATOP €EMKOCTBIO C, O6J'IaI[aeT

€MKOCTHBIM COIIPOTHUBJIICHHUCM

1
femoe
Bennunnsl X, 1 X Ha3bIBalOTCS pEAKTUBHBIM CONPOTUBIICHUEM.
JI71s1 mOCIIeI0BaTENbHO COEAMHEHHBIX KOHAEHCATOPA, PE3UCTOPA U KaTYIIKU
WHIYKTUBHOCTH PEAKTUBHOE CONIPOTHUBIIEHUE PABHO

X:XL-XC

A oO11iee conpoTUBIEHUE PABHO

Z = RZ + (X|, — X()?
I/ICHOHB3YH AMINIUTYIHBIC WJIH I[eﬁCTBYIOHIHe 3HAUYCHUA, MOXHO 3allnucaTrb
3akoH OMa 17151 IEpEMEHHOTO TOKa!
Up=I1,-Z2;U=1-Z
CpeI[HHH MOIIIHOCTB, BbLACIIKICMAsA B LICIIK IICPCMCHHOI'O TOKA, OIIPCACIIACTCA
dbopmynamu:
[h-U

Fz%-coscsz-U-coscp

B a5ekTpoTeXHHKE BBOIAT IMOHSITHE AKTUBHOW, PEAKTUBHOM M MOJHOMN
MOIIHOCTU. AKTHBHasi MOIIHOCTh P CBsi3aHa ¢ mMpeBpalieHUuEM 3JIEKTPUUYECKOM

OHCPI'vU B TCIJIOTY U paBHA:



Enununa aktuBHOM MotHOCTH — BaTT (BT).
PeakTuBHas momHocTs Q paBHa:
Q=1?-X,umQ =1%2-X¢
Enunuiia peakTHBHOM MOIIHOCTU — BOJIBT-aMIIep PEaKTUBHBIN (Bap).
[lonHas MOITHOCTB paBHA
S=1%-Z

AKTUBHYIO, PEaKTUBHYIO U ITOJIHYK0 MOIIHOCTH MOXHO BBIPA3UTh YEpeE3

JNEUCTBYIOIIME 3HAYCHUS TOKA U HAIMPSHKEHUS BCEU 1ETN
P=1:-U-cos@;Q=1-U-sing;S=1-U

3nech cos@ — kod(pduumeHT MmomHocTH. Ero MOXKHO HaWTH Kak
OTHOIIIEHUE aKTUBHOTO COIMPOTHUBJICHUSI K TIOJTHOMY WJIM aKTHBHOW MOIITHOCTH K

MOJIHOM

cos@ =

N| =
vl

IIpumeps! penieHus 3a1a4.

IIpumep Nel. K reHepaTopy NEpEMEHHOr0 TOKa MOCIEI0BATEIBHO
NOAKJIIOUMIIA HAarpy3kKy C akTHBHbIM comnpotuBieHueM 20 Owm, KaTymky
nHAYKTUBHOCTBIO 0,0398 I'H m koHumeHcaTtop emkocThio 159 mk®. Yacrora

nepeMenHoro Toka 100 ['n. Halitn monHoe CONpOTHUBIIEHUE LEH.

Jlano: Pemienue:
R=20 Om, Z =R% + (X;, — X()?
L=0,0398T &, X, =w-L, Xc =—

w-C

C=159-10"°®,| w=2m-v




v =100 I'ry w=2-3,14 - 100 'y, = 628 pan/c

Z-? X, = 62822.0,0398 T =~ 25 Om

C
B 1
"~ 628pan/c-159-1076 @

Xc ~ 10 Om

Z =400 OM2 + 225 OM2 =25 OMm

Ipumep Ne2. DiieKTpoABMKYILAsA CHUIIA MHAYKIIUH, BOSHUKAIOIIAs B pAMKE

IIpn BpaliCHUHU €€ B OJJHOPOJHOM MArHMTHOM I10JIC, U3BMCHSCTCS 110 3aKOHY

e =12-sin100wt. Omnpenenuts: 1). AMIUIMTYIHOE 3HAYE€HHE 3.1.C.; 2).
HetictByromee 3HaueHue 3.1.c.; 3). Ilepuon u vactory toka; 4). MrHoBeHHOE

3HaueHwue 3.4.c. npu t=0,01 c.
Jlano: Pemrenue.

e =12-sin100mt,| 1).g, =12B

t=0,01 c 2).e,=2=85B

£0,€, T, V=7 3). 2 = 100m, T=0,02 C

e mpn mpn t=0,01 ¢-? 4).v===50c"? 5).e=12sinm=0

Ipumep Ne3. IIpu kakoii 4acToTe NEPEMEHHOTO TOKA HACTYIIUT PE30OHAHC
HaIpsKEHUN B LIETH, COCTOAILEH U3 MOCJIEN0BATENBHO COEIMHEHHBIX KaTYyIIKN

MHIYKTUBHOCTBIO 0,5 ['H 1 konaeHcaTopa eMKkocThio 200 MKD.

Jlano: Pemenue.
L=0,5Tn, Pe3onaHc HanpsKEeHUN HACTYNUT IIPU yClIoBUM X, = X
C=2107*® | vyeu=—
Pes  2mVLC
\ ? Vpes = . ~ 16T
pes - PE  6,28/0,5Tu2:10~40 a



NuanBuayajbHble 3aJaHUS 1JIA NPAKTHYecKOoil padoThl Ne 14,
OnpenenuTs MOJHOE COMPOTUBIICHUE TIEITH, €CIIM aKTUBHOE compoTuBiaeHue R=10
OM, nHAYKTHUBHOCTH KaTymku L=40 MI'H 1 emkocTs koHaeHcaTopa C=50 Mk®d. [1o
LEMH MPOXOJIUT TOK CTAHAAPTHOU YaCTOTHI.

Kak u3MeHHUTCS THIYKTUBHOE CONPOTUBIICHUE KATYIIKH, €CIIA €€ BKIIOYNUTH B IIETb
nepemeHHoro Toka ¢ yactotoit 10 kI'ty BMmecto 50 I'm.

K renepaTopy mnepeMeHHOTO TOKa IMOCIEAOBATEIbHO MOJAKIIOYUIN HArpy3Ky C
akTUBHBIM comnpoTuBiieHneM 40 Owm, karymky UHAYKTUBHOCTBIO 00,0365 I'H m
KOHJIeHcaTop eMKocThio 175 Mx®. Yacrora nmepemennoro toka 120 I'm. Hantum
MOJTHOE COMPOTHUBIICHUE 1ICTIH.

Karymka wHnyktuBHOCThIO 20 MI'H BKJIIOYEHA B CE€Th NEPEMEHHOIO TOKa C
yactrorou 50 ['n. OnpenenuTs MHIYKTUBHOE COMPOTUBIIEHUE KATYIIKH.
AMrnepmeTp, BKIIOYEHHBIM B IEMb MEPEMEHHOIO TOKA, MoKa3biBaeT 3 A. Uemy
PaBHO aMIUIUTYIHOE 3HAYEHUE CUJIbI TOKA?

MrHoBeHHOE 3HA4YEHHE HaMpspKeHUs ompenensercs (opmynoi u = 179 sin wt.
OnpenenuTe MrHOBEHHBIE 3HAUYEHUS HANPSHKEHUS ISl CIEAYIOIIMX MOMEHTOB
Bpemenu: 0; 0,0025; 0,005; 5/6; 4/3; 0,0175; u 0,02 c. YactoTra nepeMEeHHOI0 TOKa
50 I'm.

B nenu nepemenHoro toka ¢ uvactotoit 400 I'm mociegoBaTebHO BKJIIOYEHBI:
Katymka WHAYKTUBHOCTBIO 0,15 I'n, pesucrop comporuBneHunem 500 Om u
KOHJICHCATOp €MKOCThI0 2 MK®D. OnpeAenuTh NOJIHOE COMPOTUBJIEHUE LIETIH.
DJIEKTPOJBUKYINAsl CUJIa MHIYKIIMHM, BOSHUKAIOIIAS B paMKe NP BpalIeHUU €€ B
OJHOPOJAHOM MAarHUTHOM IIOJie, HW3MEHSAETCS Mo 3akoHy e = 14 -sin200mt.
Onpenenuts: 1). AMIIIMTYIHOE 3HAYEHHE 3.1.C.; 2). JlelcTByIOIIee 3HAUEHUE 3./1.C.;
3). [lepuon u yactory Toka; 4). MraooBeHHoe 3HaueHue 3.1.c. npu t=0,01 c.

Ha ydacrtok nenu, copepxaniuil KaTymky HHIyKTUBHOCTBIO 0,1 I'H u koHeHcaTop
eMkocThio 20 Mx®d, nogano Hanpsixenue 60 B ¢ vactoroit 50 I'u. KakoBa cpennsis
MOIITHOCTh, BBIJIENIIeMasl B 1enu 3a nepuona? Yemy paBHBI peakTHBHAs W IMOJTHAs

MOIIIHOCTH?



10. B pamke, paBHOMEPHO BpalAIOUICCsI B OJHOPOAHOM MArHUTHOM TIOJIE,

UHIYLIIUPYETCS] TOK, MTHOBEHHOE 3HAYEHHE KOTOPOTO BbIpakaeTcst GopMyson i =
3 sin 157t. Onpeaenuth: 1) aMIIUTYAHOE 3HAYEHHUE CHIIBI TOKA; 2) EHCTBYIOIIEE
3HAYEHUE CUJIBbI TOKA; 3) MEepPUOJ U YacTOTy TOKA; 4) MTHOBEHHOE 3HAUYECHHE CHJIbI

toka mipu t=0,01 c.

11. Kongencarop éMKOCTBIO 8-10™ @ BKJIIOUEH B CETh MEPEMEHHOIO TOKA C YaCTOTOM

50 T'm. Ompenenutrh CHIIy TOKAa Ha Yy4YacTKE LENH C KOHACHCATOPOM, €CIU
CONPOTHUBJIEHUE TMOABOASAUIMX MNPOBOJOB paBHO 5 OM, a HampsHpKEHUE HAa BCEM

ydacTtke uenu 12 B.

12. Kongencarop émkocTbio 10 @ BKiIOUEH B ceTh IEPEMEHHOrO TOKA ¢ 9acTOTOMH 50

13.

14.

15.

16.

17,

['1. OnpenenuTs EMKOCTHOE COITPOTUBIIEHUE KOHAEHCATOPA.
Hanpspkenue Ha KOHJIEHcCaTOpe B IIENMM IEPEMEHHOTO TOKa MEHSETCA C
uukimaeckoi uacroroi 3000 ¢t AMmnnTyna KoneGaHuii HANPSHKEHUS U CHJIBI TOKA

200 Bu 9 A. Onpenenure EMKOCTb KOHAEHCATOPA.

NunyktuBHOCTS Katyiiku paBHa 0,25 'H. YpaBHeHue KonebaHuil CUITbI TOKa B HEl

i=0,5 cos (4 * 10%), rae Bce Benmuunbl Bepaxkensl B CU. Onpenenure aMIuuTymy

HaIpsKEHUS Ha KaTYIIKE U ICHCTBYIOIIEE HAIPSIKEHUE B LIETIH.

[IpoBonounas pamka miomansio 4000 cm? umeer 200 BUTKOB M BpalIacTCs B

OIHOPOJHOM MAarHMTHOM Iojie ¢ uHaykuueit 4 ¢ 102Tn. Makcumansnas DJIC B

paMke paBHa 2 B. Onpenenure nepuoj BpalieHUs paMKH.

B uenp mnepemenHoro Toka ¢ yactotoi 400 I'm BxIOYeHa KaTyllKa

MHAYKTUBHOCTBIO 20 MI'H. Onpenenurte €MKOCTh KOHAEHCATOpPA, KOTOPBIM HAH0

BKJIFOYHTH B 3TY II€Mb, YTOOBI HACTYIUJI PE30HAHC.

B nenu comportuBienue 30 Owm, nnayktuBHOCTh 0,3 I'H, émkxocth 100 Mk®D,

nerictpyroniee Hampsokenue U = 85 B um wactota v = 50 I'u. Omnpenenure

JIEUCTBYIOIIEE 3HAUCHUE CUITBI TOKA M PA3HOCTH (pa3 MEXK Ty HAMPSHKEHUEM U TOKOM.
IpakTnueckas padora Ne 15.

«M3imydeHune. JJIeKTPOMArHUTHbIE BOJTHBD.



Henab: 3akpenuth 3HaHUsA N0 Teme «M3iydeHue. DIEKTPOMarHUTHBIE BOJHBDY,
copMUPOBATH YMEHUS U HABBIKM HaXO0XKJIEHUS (PU3HMUECKON BETMUHHBI, €€ BHIBOIA
13 (GOPMYJIBI.
IHopsnok BbINMOJIHEHHUS Pa0OThI:

1. BHHMaTeNIbHO IPOYUTATh TEOPETUUYECKYIO YACTh U MJIaH PEIICHUs 3a71a4

2. PaccmotpeTs mpuMephl pelieHus 3a1a4u

3. HOJIy‘-II/ITB W BBIITIOJIHUTb MHAWBUAYAJIbHBIC 3a/IaHWA.

Teopernyeckasi 4acThb.

CornacHo rumote3e MakcBemia TMpoLECC B3aUMHOTO  MOPOKICHUS
U3MEHSIONMUMCS DJIEKTPUYECKUM TOJEM MArHUTHOTO TOJIE U HW3MEHSIIOIIUMCS
MarHUTHBIM ~ TIOJIEM  JJIEKTPUYECKOTO  TOJII  MOXKET  HEOrPaHWYCHHO
pachpOCTpaHATHCS, 3axBaThiBasi BCE HOBBIE M HOBBIE 00JacTH MPOCTPAHCTBA.
PacnpocTpansiomuecs B IpOCTPAHCTBE MIEPEMEHHBIE JIEKTPUUECKOE U MAarHUTHOE
MOJIsI, TIOPOKIAIONINE B3aUMHO JIPYT JApYyra, Ha3bIBAIOTCS 3JI€KTPOMATHMTHOM
BOJIHOM.

MakcBet Ha OCHOBE CBOEH TEOpUU MaTEMaTUYECKU JJOKa3all, UTO B BAKyyMe
CKOPOCTb € NEKTPOMArHUTHOM BOJTHBI JOJDKHA OBITH paBHa:
c =299 792 458 m/c ~ 300 000 km/c. DNEKTPOMArHUTHBIE BOJIHBI ObUTM OTKPBITHI
HeMeukuM ¢usukom I'enpuxom I'epuem B 1887 r. H3mepuB wyacTtoty
V TApMOHMYECKHX KOJICOaHUN B KOHTYpE U JUIMHY A DJIEKTPOMArHUTHOW BOJIHBI,
['ep; onpenenu CKOpPOCTb AIIEKTPOMATHUTHOM BOJIHBI:

9=Av

[Ipouecc HempepbIBHOTO MPEBpAIICHUs SHEPTUU SJIEKTPUUECKOrO POl B
SHEPTUI0 MArHUTHOTO TOJII ¥ 00PaTHO OCYIIECTBIIECTCS B KOJIEOATEIIEHOM KOHTYpE
— DIIEKTPUYECKOW IIeMH, B KOTOPOM HMEETCs KaTyllka HWHIYKTUBHOCTH U
KOH/IEHCATOp. AKTUBHOE CONPOTHUBIIEHUE KOJIEOATENTFHOTO KOHTYpa JAO0KHO OBITH
HEOOJBIINM, MHAYE SHEPTUs DJIEKTPOMArHUTHOTO TOJS OyJIeT MpeBpamiaThCs B
TEIJIOTY W KoJiebaHusi ObICTpo TpekpaTsaTcs. [lpu ATUX ycnosuax TEpUOA

COOCTBEHHBIX 3JIEKTPOMArHUTHBIX KOJI€OaHUN paBeH



T =2nVLC,

a 4aCToTa

V= —= ————
T 2#JLC

OTKpBITBIN KOJEOATENbHBINA KOHTYP U3Jy4aeT BOJIHBI JUTMHOU
C
A=c-T 1/1111/17\:; ,
II€ C — CKOPOCTh JJEKTPOMAarHWTHBIX BOJIH, pPaBHas CKOPOCTH CBETa B

BaKyyMe.
3aBUCHUMOCTb CKOPOCTH PACIPOCTPAHEHUS AJIEKTPOMArHUTHBIX BOJH OT

Cpebl UMEET BUJT
‘= ¢ oTKyma ¥ = —
19 - H’ y»u - \/ﬁ )

rae Y- CKOpOCTh PaCIPOCTPAHECHUS SJIEKTPOMATHUTHBIX BOJIH B CPEJIC; € U U
COOTBETCTBEHHO JIUAJICKTPUUECKAs U MarHUTHAsl MIPOHUIIAEMOCTU cpefbl. Tak kak
MarHUTHbBIC MPOHUIIAEMOCTH BCEX JHMa- U MapaMarHUTHBIX Cpell HE3HAYUTEJIHbHO

OT/IM4YarOTCA OT CAMHUIIBI, TO MOKHO CYHUTATh, UYTO

19_C
Ve

IIpumepsl pelneHus 3aaay.
Ipumep Nel. KonebarenbHblii KOHTYp COCTOMT M3 KATyUIKH C
UHAYKTUBHOCTBIO 20 MKI'H M KOHJEHCAaTOpa, EMKOCTh KOTOPOTO MOXHO U3MEHSTh

or 2- 1078 10 1078 ®. Ha xakme QIMHBI BONH paccuutaH KOHTYyp? Onpenenurs

AWara3oH 94aCTOT JaHHOT'O KOHTYpa.

Jano: Pemrenue:

L=2-10"5Ts, A=c-T v = %

C1=2-1078 O, T = 2m/LC

C,=1078 O, T, =2-3,14V2-10"5Tu-2-10"8 ®=3,97- 10~ °c
c=3-108m/c T, =2-3,14V2-1075Tu- 108 ® =2,81- 10~

A, =3-108m/c- 3,97-106c=1191m



)\1, }\2_? /12 =3' 108M/C ' 2,81' 10_60 =843 Mm

1
V1,V,—? v, = ——— = 252 kI
12 17 397.10-6c I

1
Vo —m— 356 KFH

IIpumep Ne2. B koneOaTelbHOM KOHTYpE€ MaKCHMaJIbHOE HANpsDKEHHE Ha
koHneHcatope 120 B. OmnpenenuTp MakCHUMalbHYH0 CHJIy TOKa, €CIHU
MHAYKTUBHOCTH KaTymku 0,005 I'H, a eMKOCTB KOHIEHCAaTOpa 10~°®. CuuraTh, 4TO

aKTUBHOE COTIPOTUBIICHNE MTPEHEOPEIKUMO MAJIO.
Jano: Pemrenue:

Un= 120 B, 110 3aKOHY COXPaHEHUS U MPEBPALLCHUS SHEPTUU

MaKCHUMaAJIbHAsI SHCPIUA MAarHUTHOT'O I10JIA

L=0,005TIn, JIOJKHA PABHATHCS KCUMAJIbHOU
- LIZ CU3
C=10"°d DHEPrUM IEKTPUUECKOTO OIS Tm = zm
c
Im'? Im = Um . —_

L

I, = 120 B- /ﬂ =537 A
0,005 T'n

Ipumep Ne3. Jlnga paguonpueMHHKa TpeOyeTcs H3rOTOBUTH IIOCKHUMA
CIIOISTHOM KOHACHCATOP eMKOCThIO 7,5 HD U3 MIIaCTUHOK METAITUYECKON (Pobru
TUTOIIAIBIO 10 6,28 cM? U CIIOASHBIX TUIACTUHOK TaKOH K€ TUIOIMAAbI0 M TOIIIMHOM
0,1 wmm. CkoIbKO TUIACTHHOK MeTauTMdeckor (oisru moTpedyercs uis

HU3TOTOBJICHUA J3TOIO KOHI[CHCE[TOpa? I[I/IBJ'IeKTpI/I‘ICCKaH IMPOHHULIACMOCTDb CJIFOJAbI

paBHa 7,5.

JHano: Pemenue:

C=7,5 1070, =Sl o Cd gy
da £9-E'S

10-9®10~*M36-3.14-10°
S =628 10-*m2, = 1510770107 36:3,1410°m/D L, _ g

7,5-6,28-10~4M?




d=10"%m,

=175,
1
&y = M
0 ™ 367109
n-?

NuauBuayaabHble 3aaHNUsl 1JI5 NPaKTHYeckoi padoThl Ne 15,

PannonprueMHUK HACTPOEH B PE30HAHC € EPENAOIIEN PAIUOCTAHIINEN HA ITTMHE
BoJIHBI 300 M ipu eMKoCTH KosiebaTenbHoro koHTypa 200 Mx®. Ha kakyro JiuHy
PaaMOBOJIHBI OyIET HACTPOEH PAJAUOIIPUEMHUK, €CIIH, HE MEHSISI MHIYKTUBHOCTHU
KOJIe0aTEIbHOI0 KOHTYPa, U3MEHUTh €r0 eMKOCTh Ha 800 MKD?

Ha kakyio ninuHy BOJHBI HACTPOEH KOJEOATENbHBIA KOHTYP PaJUONpPUEMHUKA
MHAYKTUBHOCTHIO 0,2 MI'H, ecii MakcuMalibHasi CHiia TOKa B KOHType paBHa 0,1
A, a MakcHMaJIbHOE HaNpspKeHUe Ha KoHaeHcartope 200 B.

Ha kakyro ninuHy BOJHBI HACTPOEH KOJEOATENbHBIA KOHTYP PaJUONpPUEMHUKA
MHAYKTUBHOCTHIO 0,3 MI'H, ecnu MakcuMalnbHasi CHJIa TOKa B KOHType paBHa 0,2
A, a eMKOCTbh KOHJIEHCATOpa 1074d

KonebarenbHbIil KOHTYp COCTOUT U3 KOHJIEHCATOpa eMKOCThIO 20 Td 1 KaTyIIKH
nHIyKTUBHOCTHIO 20 MI'H. KakoBa dactora u mepuoa cOOCTBEHHBIX KOJeOaHu!
KOHTYypa?

KonebaTenbHbIil KOHTYp COCTOMT U3 KOHJEHCATOpa, E€MKOCTb KOTOpOTrO
menserca o 107°® no 40 nd, u kaTymKu UHAYKTUBHOCTHIO 2 MI'H. Ha kakue
JUTUHBI BOJIH pACCUUTAH KOHTYp?

KonebarenbHbIii KOHTYp COCTOUT W3 KaTymKu MHAYKTHBHOCTHIO 0,01 MI'H u
KOHIeHCcaTopa eMKoCcThio 107°®. Ha kakyio IIMHY BOJHBI HACTPOEH KOHTYP?
Kakoii yacToTe COOTBETCTBYET JaHHAs JIMHA BOJIHBI?

KonebarenbHblii KOHTYp W3JIy4aeT 3JIEKTPOMAarHUTHbIE KOJeOaHMs C JJIMHON
BoJHBI 500 M. OnpenenuTs eMKOCTh KOHAEHCATOPa, BKIOUEHHOTO B KOHTYP,
€CJIM UHAYKTUBHOCTh KOHTYpa 1,5 MI'H.

OrnpenenuTs Y3HEPTUIO SJIEKTPUIECKOTO MOJISI KOHAEHCATOPA, EMKOCTh KOTOPOTO

6 Mx®, ecnu HaMIpsHKEHUE Ha ero oOkaakax pasHo 400 B.



9. B xonebaTenbHOM KOHTYpe MakCMMasbHOE HANpshKeHHE Ha KoHaeHcaTope 140
B. Onpenenuts MakCUMaJIbHYIO CUJTy TOKa, €CJIM MHAYKTUBHOCTh KaTyIIKH
0,008 T'm, a emkocth KoHzaeHcatopa 107°®®. Cumrarh, UTO aKTUBHOE
CONPOTHUBJICHUE MTPEHEOPEKUMO MaJIO.

10. B kakom amana3zoHe MJIMH BOJH MOXET paboTarh paguonpUEMHHK, €CIH
EMKOCTb KOHJICHCATOPA €ro KoJebaTeaIbHOro KoHTypa u3mensercs ot 4 « 10710 no
810D, a WHIYKTUBHOCTb KaTYIIKU — OT 9 ¢ 10 10 10 * 10 # TH?

11. B cxeme pagvonpHéMHHUKA, MHAYKTUBHOCTH KaTymku 2 ¢ 10 T'm, éMKoCTb
MIEPEMEHHOr0 KOHJIEHCAaTOpa MOKET MeHATbCA OT 18 mo 320 nd. Ha kakue

JJIMHBI BOJIH paCCUHUTAH 3TOT paI[I/IOHpI/IéMHI/IK?

12. B xakom auarna3oHe AJUH BOJTH MOXET paboTaTh paauoNpUEMHNK, €CITU
EMKOCTh KOHJIEHCATOPa €r0 KOJIe0aTeIbHOr0 KOHTypa u3Mensercs ot 5 « 10710
101210 @, a WHJIYKTUBHOCTb KaTYyIIIKU — OT O * 10 10 10 ¢ 10 * TH?

13. B cxeMme paanonpuéMHUKa, MHAYKTHBHOCTh KaTymky 4 ¢ 107 ', éMKOCTS
epeMEHHOT0 KOHIeHcaTopa MokeT MeHATbest oT 20 mo 225 n®d. Ha kakue

JUTMHBI BOJIH PACCUNATAH 3TOT PAAUONPUEMHUK?

IIpakTnueckas padora Ne 16.
«3aKOHBI OTPAKEHHUS H MPETOMIIECHUSD.

Hean: 3akpenuth 3HAHUS IO TeMe «3aKOHBI OTPAKEHUS U TPEITOMIICHHS CBETA.,
chOpMHPOBATH YMCHHMSI M HABBIKK HaXO0KJICHUS (U3MYCCKOU BETMYHUHBI, €€ BBIBOJIA
u3 (popmyIbI.

IHopsinok BbINOJIHEHHSI Pa0OTHI:

1. BHUMATENbHO MPOYUTATh TEOPETUUECKYIO YACTh U TUIaH PEIICHUS 3a/1a4
2. PaccmotpeTs mpuMepsl peleHus 3a1a4

3. HOHy‘—II/ITb " BBIIIOJJHUTHb MHANBUAYAJIbHBIC 3a/IaHUA.



Teopernueckas 4acThb.

K ontuyeckomMy M3IIy4eHHIO, 3aHUMAIOIIEMYCS B IIKAJIE AIEKTPOMATrHUTHBIX
BOJIH HEOOJBIIYI0 YacTb CIHEKTPa, OTHOCATCS TpU 0O0JacTH M3JIy4EHUS:

yIbTpaduoaeToBOE, BUANMOE U HHPpPaKpacHOE.

VYnbrpaduoneroBoe U3aydeHUE UMEET JJIMHBI BOJIH NMpUMEPHO OT 5 10 400
HM. M311ydenune, KOTOpoe BBI3BIBAET 3PUTEIBHOE OLYIIEHUE, HA3bIBAETCSI BUAUMBIM
wiu cBeToM. HikHsAA rpaHunia o0gacTy BUAMMOIO U3ITYYEHHs JIEKUT Mexay 380-
400 uM, a BepxHss Mexay 760-780 um. MHppakpacHOe M3MydeHNE UMEET ATUHBI

BOJIH OT 780 HM (BepxXHsia rpaHuIia) 10 1 mMm.

OnTtuueckoe N3JIYIYCHUC UMCCT JJICKTPOMAIHUTHYIO IIPUPOLAY. I[JII/IHa BOJIHBI

)L:C'T:E,

\Y

rje C- CKOPOCTh PAcHpOCTPAHECHUS JJIEKTPOMArHUTHBIX BOJH; T M V- HX

IICpruoa U 94aCToTa.

[Ipu mepexojie CBETOBBIX BOJH M3 OJIHOW Cpelbl B IPYTYIHO MEHSETCS JIMHA

BOJIHBI (4aCTOTa OCTACTCS HEM3MCHHOM):

n:E:ﬁ’
9 A,

['e n- abcoMOTHBIN TOKa3aTeNb MPETOMIICHUS CPEIbl; C M J-COOTBETCTBEHHO

CKOPOCTH pacipOCTPAHEHUS AIEKTPOMArHUTHBIX BOJIH B BAKYYME U CpEJIE.

K siBIeHMSAM, MOATBEPKAAIOIMM BOJHOBYIO IPUPOAY BUIUMOTO U3IIYYEHUS,

OTHOCATCA UHTEpdEepeHIUs U AUPPAKIHSL.

HNuTepdepenuusi — 0OHO U3 APKUX MPOSBICHUN BOJIHOBOM IIPUPOJBI CBETA.
DTO MHTEPECHOE U KPACHUBOE SBJICHHE HAOIIOJAETCSA MPU HAJOXKEHUU ABYX WIIU
HECKOJIbKMX CBETOBBIX My4YKOB. VIHTEHCHMBHOCTH CBETa B 00JIACTH MEPEKPHIBAaHUS
MIyYKOB MMEET XapaKTep YEPeAyIOLIMXCS CBETJIBIX M TEMHBIX IOJIOC, NMPUYEM B
MaKCUMyMaX MHTEHCHUBHOCTh OOJIbIIE, @ B MHUHHUMYMax MEHbIIE CYMMBbI

WHTEHCUBHOCTEN IIYYKOB. IIpn HCIIO0JIb30BaHUHU 6enoro



CBCTa I/IHTep(l)epeHHI/IOHHBIe IMOJIOCHI OKa3bIBAKOTCA OKpallICHHBIMU B Pa3JINYHBIC

OBCTAa CIICKTPA.

HeoOxomumpiM ycroBueM HHTEPGEPEHLIMH BOJIH SBJSETCS MX KOTE€pPEHT-
HOCTb, T.€. COTJIACOBAHHOE MPOTEKaHUE BO BPEMEHU U IIPOCTPAHCTBE HECKOIBKUX
KoJIeOaTeabHbIX ~ WJIM  BOJHOBBIX  IIPOLECCOB. YCIOBHUIO  KOI'€PEHTHOCTH
YAOBJIETBOPSIIOT MOHOXPOMATUYECKUE BOJIHBI— HEOIPAHUYEHHBIE B IPOCTPAHCTBE

BOJIHBI OJTHOM ONPENEIICHHOW U CTPOIO MOCTOSHHOW YaCTOTHI.

MaxkcumanbHOe YCUIICHHUC CBCTAa IIPOUCXOAMUT B TOM Cllydac, KOraa

ONTHYCCKOM Pa3HOCTH X0Ja A COOTBETCTBYET YETHOE YMCJIO TOJTYBOJIH:
— )\- R—
A=2k- 5> Tae k=1,2,3...

Ecan ontuueckoit Pa3sHOCTH XOoAa COOTBCTCTBYET HCUCTHOC 4YHCIIO, TO

MPOU30MIET MaKCUMAJIbHOE OCIa0JICHUE CBETA:
A
A=(2k+1) +o, e k=0,1,2,...
A=n-AS,
rae AS- reoMeTpuueckas pa3HOCTh X044 JTy4eil.

Jpyrum MeTo10M MOJIy4eHUsS] YCTOMYMBON HHTEP(PEPEHIMOHHON KapTUHBI JJIs1 CBE
Ta CIIy’)KUT UCIIOJIb30BAHUEBO3IYIIHBIX IPOCIOEK, OCHOBAHHOE HA OJJMHAKOBOM pa3
HOCTH X0J1a IBYX 4aCTEN BOJHBI: OTHOW — Cpa3y OTPAKEHHOWOT BHYTPEHHEN NIOB
€PXHOCTH JIMH3bI U APYTrOHd — MPOLIEAIIEH BO3AYIIHYIO IIPOCIONKY IO HEU U JIU
1Ib 3aTEMOTPA3UBILENCA. E€ MOXKHO MOIy4YUTh, €CIIU TIOJIOKUTD INIOCKOBBIITYKIIYIO
JIMH3Y HA CTEKJISIHHYIO TUIACTUHYBBINYKJIOCTHIO BHU3. [Ipu ocBenieHnn auH3b1 CBEP
Xy MOHOXpOMaTHYECKUM_CBETOM 00pa3zyeTcsi TEMHOE MATHO B MECTEOCTATOYHO IT
JIOTHOTO CONPUKOCHOBEHUS JIMH3bI U IJIACTUHKHU, OKPY>KEHHOE YEPENYIOIIUMUCS T
EMHBIMU U CBETJIBIMUKOHLIEHTPUYECKUMU KOJIbLIAMHA Pa3HOM MHTEHCUBHOCTHU. TEMH
pI€ KOJIbIIa COOTBETCTBYIOT MHTEP(HEPEHIIMOHHBIM MHHUMYMaM,

a CBCTJIbIC— MAaKCHUMYyMaM, OTHOBPEMCHHO TEMHEBIE


https://dik.academic.ru/dic.nsf/ruwiki/16093
https://dik.academic.ru/dic.nsf/ruwiki/660765

Y CBETJIBIE KOJIBLIA SIBJISIOTCS U30JMHUSIMU PABHOW TOJIIMHBI BO3YIIHOM
IIPOCIIOUKH.

N3mMepuB paanyc CBETIOTO WIM TEMHOTO  KOJIBI[A U ONPEJEIIUB €r0  MOPSIAKOBBIN
HOMED OT LIEHTPA, MOXHO OINPECIUTh JJIMHY  BOJIHBI  MOHOXPOMAaTHYECKOTO

cBeTa. YeM Kpyde MOBEPXHOCTb JUH3bI, 0COOEHHO
OJIMKE K KpasiM, TEM MEHbIIIE PACCTOSIHUE MEXY COCETHUMH CBETJIBIMU WIIH

TEMHBIMHU KOoJbnaMu

r, =Vk-A-R,
rae k=0,1,2,.. — HoMep TeMHOr0 KoJiblia, R- pagnyc KpUBU3HBI JHH3BI, '~ PATHYC

TCMHOI'O KOJIbI1A.

Judpakiueil Ha3pIBAalOT MpOIeCC OTTMOAHMS CBETOBBIMU, 3BYKOBBIMU U
IPOYNMH BOJTHAMU KaKOT0-THO0 MPEMSITCTBHS, BCTPETUBILIETOCS Ha UX MyTH. bonee
0000I1IE€HHO 3TUM TEPMUHOM MOKHO Ha3BaTh JI000€ OTKJIOHEHHE PACTIPOCTPAHECHHS
BOJIH OT 3aKOHOB T€OMETPUYECKON ONTHKH, MPOUCXOALIEE BOIU3H MPEMSITCTBUM.
3a cuer sBneHU TUGPAKIIUN BOJIHBI MOMAAAI0T B 00JaCTh TEOMETPHUECKON TEHH,
OruOar0T MPENATCTBUS, MPOHUKAIOT CKBO3b MaJICHbKME OTBEPCTHSI B JKpaHaxX U

IPOYEM.

HudpakuronHas penieTka SABJISIETCS ONTHYECKUM U3JIETTUEM,
MPEACTABIAIONIMM COOOW MEPUOJUYECKYIO CTPYKTYPY, COCTOSUIYIO U3 OOJIBIIOTO

YHUCla 0YeHb Y3KHUX IleJIed, pa3AesIeHHbIX HEMPO3PauHbIMU MTPOMEKYTKAMH.

PaGota nudpakiMoHHOW peleTKH OCHOBaHA Ha SIBJICHUH JTU(PaKIINH
CBETOBOM BOJIHBI, KOTOPAs, MPOXOJIS YePe3 CUCTEMY IIPO3PAUYHBIX U HEMTPO3PAYHBIX
oOnacteit, pa3zbuBaeTcsi Ha 000COOJEHHBIE IMYyYKH KOrepeHTHOro cmera. OHH
npeTepneBaoT Audpakiuo Ha mrpuxax. M mpu 3Ttom uHTEpdEepupyroT Ipyr c
npyrom. Kaxkgas ayivHa BOJTHBI UMEET CBOIO BEIMYMHY yTiia TUGPAKIUU, TTOITOMY

IMPOUCXOIUT PA3JIOKCHHUC OeJIoro cBeTa B CIICKTP.

d= a+b,


https://dik.academic.ru/dic.nsf/ruwiki/640742

rae d- mepuoa pemeTky; b- muprHa mey; a-IupruHa MPO3PAYHOro MPOMEKYTKA.
dopMmyna TuppakIIMOHHON PEIIeTKH UMEET BUJ
d-sing = k-2,
rie k- onpezenseT mopsa0k MakCuMyMa.
IIpuMepsl pelmieHus 3a1a4.

IIpumep Nel. J[muHa cBetoBOi BOJHBI B cTekiie 450 HM. CBeT B CTekie

1,8- 10°km/c. O OaHui

pacnpocTpaHseTcsi CO CKOPOCThIO 1, KkM/c. OnpenenuTs 4acToTy KoyieOaHui
cBeTa, aOCONIOTHBIN TMOKa3aTeidh MPEIOMIICHUS CTEKJa W JUIMHY BOJHBI TPHU

IIepexo/Ie CBETa U3 CTEKJIa B BAKYYM.

Jano: Pemienue:
— -7 9 9
Ac=4,5107"Mm, A ==, 0TKyIa Vv = =
. 8
9 =1,8- 105km/c=1,8- 108w/, = L81OM/C — 4. 1014y = 400 TI '
4,510~
c=3108%m/c 7\=§,
= 3LOW/C _ () 75. 106w
4-1014T '
v=? n-? A=? n=-<,
9
_ 3-108m/c
"~ 1,8108m/c ~1,7

Ipumep Ne2. B Boge umHTEpPepUpyrOT KOTEpPEHTHBIE BOJIHBI YAaCTOTOW 5-
10MTu. ¥ 0
1. YCUIIUTCS WIA OCIA0HET CBET B TOYKE, €CJIIM I'€OMETPUYECKas Pa3HOCTh

xoja Jiyueil B Hel paBHa 1,8MkMm? [Tokazarens npenomieHus BoJibl paBeH 1,33.

JHano: Pemenwue:
v =5-10%T, A=n-AS, A= s
RYH . .5.101411-1 8-10©
AS = 18105, ke 21VAS o = 213351011810 M_ 7 98

C 3-108M/c




n=1,33 B nanHoit Touke OyeT MPOUCXOIUTh MOUYTH

c=3 108m/c MaKCUMaJbHOE YCUJICHUE CBETA.

Ipumep Ne3. [Ipu ocBemeHrr KBapUEBOro KJIMHA C OYEHb MAJIbIM YIJIOM,
paBaeiM 10",  MoHOXpomarMyeckuMu Jydamm JUIMHOM BomHel 500  HM,
NEPHEHANKYJIAPHBIMU €0 TOBEPXHOCTH, HAOJIOMAETCS WHTEPPEPEHIIMOHHbBIE

nosnocel. ONpenenuTh paccTosTHUE Mexkay STUMH noaocamu (1 pan=206265").

Jlano: Pemrenwue:

A _ 206625A
2n-o 2n-o

n=1,54, a=

206625510~ "M

a= 107, a= = 33384: 107 "M=3,3 MM
21,5410

A=510""m

a-?

Ipumep Ned4. [TudpakunonHas pemierka umeeT S0 MTPUXOB HA MUJLTTUMETP.
Ilon kakuMu yrjaaMyM BHJIHBI MAaKCUMyMBbl IIEPBOTO WM BTOPOIO IIOPSAKOB

MOHOXPOMATHYECKOTO U3TYyYEHHUsI C IITMHON BOJHBI 400 HM.

Jano: Pemenue:
A=4-10""m, d-sing =k-A
d=2-10"°m sin ¢ =%
4-10~"m
QP1—? @7 sin@, = % =0,02, ¢, =110
4-10~"m
sin @, = % =0,04, (,=2%20

NuauBuayajbHble 3a1aHNs JAJsl IPAKTHYECKO0i padoThl Ne 16.



[Tpubop nns nabmromenus kojer HbplOTOHA OCBETHIM MOHOXPOMATHYECKHM
KpPacHbIM CBETOM M MPHU 3TOM paguyc 3 TEMHOrO KOJbLA OKa3aJCsi PaBHBIM
2,8MM. OnpenenuTs IIWHY BOJHBI KPACHOTO 1IBETA, €CIU PAguyC KPUBU3HBI
MJIOCKOBBIITYKJIOHN JIMH3BI 4 M.

[110CKOBBINTYKJIAs JINH3A C PAIMYCOM KPUBU3HBI § MM ITOMEIIEHA B IPO3PAYHYIO
MJIOCKOMNApaslIeNIbHYI0 TIACTUHKY. [Ipy OCBElIEeHNN 3€JEHBIM CBETOM TalHs C
JUTMHOW BOJHBI 536 HM B OTPaXKEHHOM CBETE 00pa30BauCh Koiblla HeioTOHA.
OnpenenuTps paanyc MsIToro TEMHOTO KOJIbIIA.

CBer OT raszopaspsaHod TpyOKH NAAaeT HOPMAJIbHO Ha JU(PAKLIHOHHYIO
peleTky, mnepuoji kotopoil paBed 2- 1073MM. OpaneBass IMHUS B CHEKTpE
nepsoro mnopsaka supHa mox yriom 18° a romybas — mox yrmom 149
OnpenenuTs JUIMHBI BOJIH 3TOTO CBETA.

Ha audpakimoHHy0 peieTky HOpMaidbHO MaJaeT MOHOXPOMATUYECKUM CBET,
COOTBETCTBYIOIMI JIMHUM HATPUS ¢ JUIMHON BonHbl 5,89- 1077M. yrom, mop
KOTOPHIM BUJIHA 5Ta JIMHHUS B CIIEKTPE IIEPBOTO MOPAIKA, OKa3aucs paBHbIM 190,
OnpenenuTs NEPUOJ PELIETKH.

KakoBa ontnueckas pasHOCTh XOJa JIBYX KOT€PEHTHBIX MOHOXPOMATHYECKHX
BOJIH B BEILIECTBE, A0COJIFOTHBIN MOKa3aTelb MPEJIOMJIEHUS KOTOPOro paBeH 1,6,
€CJIM TEOMETPUUECKasi pa3HOCTh XOJa JIyuel paBHa 2,5 cm?

CeBer ¢ mmHoW BoimHbl 500 HM magaeT MNEPHEHAMKYJSIPHO TOBEPXHOCTU
CTeKJsiHHOTO KiuHa (N=1,5). B oTpaxkeHHOM cBeTe HaOJIOmaeTcsd CUcTeEMa
uHTep(PEepeHIIMOHHBIX osIoc. OnpeaenuTh yrojl MeXAy IpaHsIMU KJIMHA, €CIH
pacCTOSHUE MEXTY COCEIHMMU TEMHBIMHU MosocaMu a=2 MM, 1 pag = 206265”.
JIBa KOrepeHTHBIX Jiy4ya ¢ JauHaMu BoiH 404 HM mepeceKkaroTcsi B OJIHOM TOUYKE
Ha sKpaHe. Yto OyaeT HabmoAaThCs B 3TOM TOUKE — YCUJIEHUE UJIU OCJIa0JIeHHe
CBETA, €CJIM ONTUYECKask Pa3HOCTh XoAa Jiyyed paBHa 17,17 Mkm?

B HEkOTOpyrO TOUKY MPOCTPaHCTBA MPUXOIAT CBETOBBIE IMyYKH KOIE€PEHTHOTO
U3IIyYEeHHs] C ONTUYECKOW PAa3HOCThIO XoAa 6 MkM. OmnpenenuTs, NPOU30iaeT

yCUJIEHUE WK OcllabjieHue CBETa B 3TOM TOUKe, €CIIH JITMHBI BOJIHBI paBHbL: 500

HM; 480 aHM?



9. Hudpakumonnas pemerka umeer 70 mrpuxoB Ha MmmumeTp. [lom xakumwu
yrjlaMyd  BUJHBI ~ MAaKCUMyMbl  TI€PBOTO W BTOPOTO  TMOPSJIKOB
MOHOXPOMATHYECKOTO U3ITYyYEHHUS C IIIMHOU BOJHBI 500 HM.

10. B Boae unTephepUpyIOT KOr€PEHTHBIE BOJIHEI yacToTol 4,5+ 10140, Venmurea
WM OCJIa0HET CBET B TOUKE, €CJIM T€OMETpUUEcKasi pa3HOCTh X0/1a JIydel B Hel
paBHa 1,6 Mxm? [lokazarens npenomieHus BoibI paBeH 1,33.

11. JInmuna cBeToBOM BOJIHBI B cTekiie 470 HM. CBET B CTEKIIE PACIPOCTPAHSIETCS CO
ckopocThio 1,6: 10°km/c. OnpeennTs YacToTy KoJebaHuil cBeTa, aOCOMIOTHBIH
MOKA3aTelb MPEJIOMJICHUS CTEKJIA U IJTMHY BOJIHBI [P IEPEXOE CBETA U3 CTEKIIA
B BaKyyM.

12. Ilpn ocBemieHWH KBapIeBOTO KJIWHA C OYECHb MaJBIM YyTJIOM, PaBHBIM 20/
MOHOXPOMATHYECKUMH JIydaMU IJIMHOW BOJHBI 450 HM, NEpHEHAUKYISIPHBIMU
€ro MOBEPXHOCTH, HAOII0/aeTCsl UHTEPPEPEHIMOHHBIE MOJOCKl. OnpeneauThb

PaCCTOAHUC MCIKAY 9THMHU II0JI.

IIpakTuyeckas pad6ora Ne 17.

«Onruyeckas cuiia JUH3bL. POpMyJIbl AJ151 CONPIKEHHBIX TOYEK TOHKOM

JIMH3BD).

Heab: 3akpenute 3HaHUA 1Mo TeMe «Onrudeckas cwia JUH3bL. DopMynsl s
CONpPSKEHHBIX TOYEK TOHKOM JIMH3bI», CQPOPMUPOBATH YMEHUS M HaBbIKU
HaXOXXJeHUs (PU3MUYECKON BEIMUMHBI, €€ BbIBOJA U3 (DOPMYJIBI.
ITopsiok BeINOJTHEHUs1 padoThI:

1. BHHMaTENbHO NPOYUTATh TEOPETUUYECKYIO YACTh U TUIAH PEIICHMS 3aa4

2. PaccmotpeTs mpuMepsl peleHus 3a1a4

3. Tomxy4yuTs ¥ BBIOJHUTH WHAUBUTYAIbHBIC 3a/IaHUS.
Teopernyeckasi 4acThb.

CornacHo KOpPIYCKYJIIPHOM TEOpUM, CBET MPEJICTaBIsAECT COO0OM MOTOK

yacTull (KOPIMYCKYJ), UCITYCKAEMBbIX CBETSIIMMUCA TeaamMu. HbIOTOH cuuTani, 4To



JIB>)KEHUE CBETOBBIX KOPIYCKYJ MOAYUHSIETCA 3aKOHAM MeXaHUKHU. Tak, oTpaxeHue
CBETa IMOHMMAJIOCh AHAIOTMYHO OTPAXKEHHUIO YIPYroro MaphKa OT IUIOCKOCTH.
[Ipenomnenue cBeTa OOBACHSAIOCH HW3MEHEHHUEM CKOPOCTH KOPIYCKYJI IMpHU
nepexoAe U3 OJHOM Cpelbl B ApYryro. [l ciayyast mpenoMIIeHUsI CBETa Ha TPAHUILIE
cpena l—cpena 2 kopimycKyJsipHasi TEOpUs MPUBOAMIIA K CISAYIONIEMY BUIY 3aKOHA

IMPCIIOMJICHUS:

sini 9

sin 3 a

rjae J;— CKOpOCTh CBETa B MEpPBOM cpefe, 9, — CKOPOCTh PacpOCTpaHEHUS

) o C
CBCTa BO BTOPOH CPCAC. AOCOIIOTHBIA MOKa3aTellb IMPCIOMJICHHUA N = 5, rae C-

CKOpPOCTb CBETA B BAKyyMe.

Tak xak n > 1, U3 KOPIyCKYJIAPHON TEOPUH CIEAOBANIO, UTO CKOPOCTh CBETA B
cpellax J0JKHA ObITh OO0JIbIlIE CKOPOCTH CBETA B BakyyMme. HbIOTOH mbITancs Takxke
OOBSICHUTH MOSIBICHUE HHTEP(EPEHIIMOHHBIX I0JIOC, JOIMYCKas OIpEAEICHHYIO
NEPUOJIMYHOCTh CBETOBBIX MpOIeccoB. Takum o0pa3oM, KOPHYCKYJIsIpHAs TEOPHUs
HeioToHa copepxania B ceOe 37eMEHThl BOJHOBBIX MpeicTaBieHud.  BonHoBas
TEOpHUs, B OTIMYHME OT KOPIYCKYJISIPHOHM, paccMaTpuBajlia CBET KakK BOJHOBOW

npolecc, MOA00HBIM MEXaHUYECKUM BOJIHAM.

B ocHOBY BOJIHOBOHM Teopuu ObLI MOJIOKEH MpUHIMN ['folireHca , coriaacHo
KOTOPOMY KaXkJas TOYKa, J0 KOTOPOH JOXOJUT BOJIHA, CTAHOBUTCS LEHTPOM
BTOPUYHBIX BOJIH, @ Orubaroas 3TUX BOJH AAET MOJI0KEHHE BOJHOBOIO (PpOHTA B
cieayonuit MoMeHT BpeMeHu. C moMolibio npuHnuna ['roirenca Ob1iu 00bsICHEHbI

3dKOHBI OTPAKXCHUA U IPCIOMIICHU .

Jlist ciyvasi mpenoMIIeHHsI CBETa Ha TpaHUlle BaKyyM—Cpella MPUBOJIUT K

CJIEIYIOLIEMY BBIBOY:

sini

[«-N Ne}

sin f3 a



3aKOH MpPeIOMJICHHUSI, TOJYYEHHbIA M3 BOJHOBON TEOpUHU, OKa3alcs B
npotuBopeuru ¢ popmynoit Hetotona. BomHoBass Teopusi MpUBOIUT K BBIBOIY:

U < C, TOrJa Kak coriacHO KOPIyCKYyJIIpHON Teopun 9 > C.

JIMH30M Ha3BIBACTCS IIpO3pavYHOC TCIIO, OT'PaHUYICHHOC ABYM:A
C(bCpI/I‘IGCKI/IMI/I IMOBCPXHOCTAMHU. Ecan TOJIIITMHA caMOM JIMH3BI MaJjia 1o CpaBHCHHIO

C paarycaMy KpUBU3HBI CHEPUICCKUX TTOBEPXHOCTEH, TO JIMH3Y HA3BIBAIOT TOHKOM.

JIua3el OBIBAIOT COOMPAIOIIUMU U paccenBaomumMu. Ecinu  mokazarens
IpEJOMJICHUS JIMH3bI O0JIbIIE, YEM OKPY’KaIoIEH Cpenibl, TO coduparoiias JIMH3a B
CepearHe TOJIE, YEM Y KPaeB, paCCEMBAIONIas JMH3a, HA00OPOT, B CPEAHEN YaCTH
TOHbIIE. Ecin mokasarenb NpeIoMIICHHS JIMH3bI MEHBIIE, YEM OKPYKAIOIIEH CPEbI,

TO BCE€ HAOOOPOT.

[Ipsmasi, mpoxonsmiass 4epe3  IEHTPbl  KPUBU3HBI  cPepuUecKux
MMOBEPXHOCTEMN, HA3bIBACTCS ITIABHOM ONTHYECKOM OCHIO JIMH3BI. B cilyyae TOHKHX
JIMH3 MOKHO TPUOJIMKEHHO CUUTATh, YTO TJIaBHAsI ONTHYECKAsi OCh NIEPECEKAECTCS C
JIUH30M B OJHOM TOYKE, KOTOPYIO IPHUHATO HA3bIBATH ONTHYECKHUM IEHTPOM
JIMH3BI. JIyd cBeTa MPOXOAUT Yepe3 ONTUUECKUN LIEHTP JIMH3bI, HE OTKJIOHSACH OT
MEpPBOHAYAJILHOTO HampaBieHUs. Bce mpsiMble, MPOXOASAIIAE YEPE3 ONTUUYECCKUU

LHCHTP, HA3bIBAIOTCA NMOOOYHBIMH ONITHYECKUMH OCAMM.

Ecnmn Ha nuH3y HanpaBUTh MY4YOK JIy4e€Hd, MHapajuleibHBIX TJIABHOU
ONTUYECKOW OCH, TO TIOCIIE MMPOXOKACHUS Yepe3 TUH3IY JIyUH (MIH UX TPOAOJKEHUS)
co0epyTcst B 0IHOM Touke F, KoTopasi Ha3pIBaeTCs IJIaBHBIM (POKYCOM JIMH3bI. Y
TOHKOW JIMH3bl MMEIOTCS JiBa TJIaBHBIX (POKycCa, CUMMETPUYHO PaCIOJIOKEHHBIX
OTHOCHUTEJIBHO JINH3bI HAa TJIABHOM ONTUYECKON OCH. Y coOMparolux JUH3 (POKYChI
JEHCTBUTEIIBHBIE, Y PACCEUBAIOIMX — MHUMBIE. PaccTossHHEe MEXTy ONTHYECKUM
neHTpoM JuH3bl O U r1aBHBIM (oKycoM F HazbiBaeTcs GOKYCHBIM PacCTOSTHHEM.

Ono o6o3HavaeTcs Toi xe OykBoi F.

IIpaBuia mocTpoeHUs X0/1a Jyya B JUH3AX



CobHparwme MMH3b6I Paccemesarnume AHMH3bl

1. Mlyw ceESTa, MPOoXOOAULMA SSepes CATHYSCKIKEA LEHTR, HE NpenonnAsToA.

e e e

2. Mlyw cESTa, Maaakcui Ha NMHSy NapanisnbHo AaEHo R ONTHYeckoif Ock, Mocne NPeAchISHMA ..

s APCASAMeHMeM MPpOXOAMT Hepe3 MHEKMEeIR doryc

s AQOXOOMT depes GoOHYS AHMHI b,
e = P & : AAHSEI.

F o F/ I'Fi - o F

w F Y

3. Myw cBeTa, MPoXogAuLMiA Yepes GOy C, MocAs Npe- 3. Myy, MpOXoOgALMH A NpoOaonHeHMEM Sepes GoryC,
NormasHKMA Oy OeT NnapannsneH MI2EHCH OnTH-SeCcko A nocns NnpencrieHna By asT NnapanneneH rnaeHol on-
cce. TuHsckol ook,

\F 3 F F o - - _ F
T —

- / -~

A flnA NOCTRPOEHMA XOA8 MPOUSECABHONS My—=a HYKHO NPOBECTH MNaparAenbHyks ey NoBoSHYH ONTHYSCRYIS
OCk A0 MepeceHeHIA ...

cee © PAHMMOR dOoHaNEHOM MNOoCcHOCTE. MNpenonnesH-
HElH Ay MEPCOon-eHMen MNooEScTH Sepas Noay-HerH-—
HYy RS TO- Ky .

... © doKanbHON MACCHOCTEHY. MNPpenorneHHEIRA vy
MPOBSCTH HepPes NoNYy-HSHHY IO ToOYRY.

dopmy.Jia JUH3bI

OCHOBHOE CBOWMCTBO JIMH3 — CIOCOOHOCTh JaBaTh HW300paKEHUS
npenmetoB. M300paxkeHne — 3TO TOYKA MPOCTPAHCTBA, TIE€ MEPECEKANTCSA JIydd
(MM UX TIPOJIOJIKEHMS ), UCITYIIIEHHbIE HCTOYHUKOM MOCJE IPETOMIICHUS B JIMH3E.

N300pakeHnst ObIBalOT NPSIMBIMM U NepPeBePHYTHIMH, A€ CTBUTEJIbHBIMH

(mepecekaroTcss camMH JIy4d) W MHUMBIMH (TI€PECEKAIOTCA MPOJIOJIKEHHUS

JTy4eit), yBeJIM4eHHbIMH 1 YMEHbIIIEHHbIMH.

[TonoxxeHne N300pakKeHUSI U €r0 XapaKTeP MOXKHO ONPEETUTh C TOMOIIbIO
F€OMETPUYECKUX TOCTPOCHUHU. [[s 3TOro MCHOJIB3YyIOT CBOMCTBA HEKOTOPBIX

CTaHJAPTHBIX Jy4yeH, XOJ KOTOPBIX M3BECTEH. JTO JIy4yd, MPOXOJAIIUE 4Yepes3



ONTUYECKUIN HEHTP WM OIWH U3 (OKYCOB JMH3bI, a TAKXKe JIy4H, MapajielibHbIe

[JIABHOM WJIY OJTHOU M3 ITOOOYHBIX OITUYECKUX OCEM.

JI71s1 IpOCTOTHI MOKHO 3allOMHUTB, YTO M300paKEHUE TOYKU OyAEeT TOUKOM.
N3o0pakeHne TOUKH, JIKAIIeH Ha TJIABHOW ONTHUYECKOW OCH, JICKHUT Ha TJIaBHOU
onTudyeckol ocu. M3oOpaxenue oTpeska — oTpe3ok. Eciam  orpe3ok
NEPHEHANKYJIAPEH  IJIaBHOM  ONTHYECKOM OCH, TO €ro  H300paxeHue
MEePIEHAUKYJISIPHO TJIABHOW ONTHUYECKOM OCH. A BOT €CJIM OTPE30K HAKIOHEH K
TJIABHOW OMTHYECKOW OCH TOJ HEKOTOPHIM YIJIOM, TO €ro HM300pakeHwe OyneT

HAKJIOHCHO YK€ 110 HCKOTOPBIM APYTUM YIJIOM.

N300paxkeHns MOKHO TaKX e PacCUUTATh C MOMOILBIO (pPOPMYJIbI TOHKOH
Jaun3bl. Ecnu kparyaiiiiee paccTosiHEE OT MpeMeTa J0 JIMH3bI 0003HAUUTh uepes d,
a KpaTyaiiiiee pacCTOsIHHIE OT JIMH3BI 10 n300pakenus uepes f, To hopmyiy ToHKOM

JIMH3bI MOXXHO 3aIlMCaThb B BUJC:

Benmnunny D, o6patHyro OKYCHOMY pacCTOSHHIO. Ha3bIBAIOT ONTHYECKOM
CUJION JIMH3bI. EauHWIa M3MEpEeHUs ONTUYECKOW CHUIbl sBisieTcs | auonTpus

(antp). JuonTpus — ontuueckas CHiia JUH3bI ¢ (POKYCHBIM pacCTOsTHUEM | M.

®DOKYCHBIM pPAaCCTOSHUSM JIMH3 IPUHSATO MPUTTHCHIBATH ONIPEICIICHHBIC 3HAKH:
1 cobupatromiet auH3bel F > 0, mis pacceuBaromeit F < 0. OnTuueckas cuia

pacceHBa}omeﬁ JIMH3bI TAKKC OTPpUIATCIIbHA.

Benwuunsl d u f Taxoke mMoIUMHSIOTCS ONMpPEICICHHOMY MpaBuiIy 3HakoB: T >
0 — mia aedcTBUTENbHBIX H300paxeHwmid; f< 0 — mIs MHUMBIX H300paskeHUH.
Ilepen d 3HaK «—» CTAaBUTCA TOJBLKO B TOM Ciyd4ae, KOIJa Ha JIMH3Y IaJaer
CXOIAIIMKUCS ITy4YOK Jyder. Toraa ux MbICIEHHO MPOJIEBAOT 10 MEPECEUEHUS 3a
JIMH30H, TOMENIAIOT TyJ1a BOOOpakaeMblii HCTOUYHUK CBETA, M ONIPENICTISIOT JJISl HErO

paccrostaue d.

B 3aBUCHMMOCTM OT IIOJIOKECHMS npeamMera I10 OTHOIMICHHUIO K JIMH3C

MU3MEHAIOTCA JIMHEWHbIE pa3mepsl n300paxxenus. JInHeHHbIM



yBeJIU4eHUeM JIMH3bI | Ha3bIBalOT OTHOLIEHUE JIMHEHHBIX pa3MEepPOB H300paKeHUs

u ipeamMeta. st TMHEHHOTO YBEIMYEHUS JTUH3BI CYIIECTBYET hopMmyJa:

F _ hrr'smi,r:.-.'.w.'nlm _ Jrlr

d

npedMena
dopmyna chepuueckoro 3epkana UMEET BU]L

1 1 1

Fraty

3nech a u a/ - COOTBETCTBEHHO PACCTOSHUA OT ITIPEAMETa M OT €ro

U300pakeHust 70 3epKaia. 3HaK MUHYC MOKa3bIBAET, YTO 3€PKai0 BBITYKJIOE, 3HAK

IUIIOC — 4YTO 3CPKAJIO BOTHYTOC.

JIuHetHoE yBeIMueHue

31mech «-» B 3HAMEHATENIE COOTBETCTBYET BOTHYTOMY, a «+» BBITYKIOMY
3epKaiy.

IIpumepsl pelneHus 3aaay.

IIpumep Nel. J[nivHa BOJHBI KpacHOTO CBeTa B Bakyyme paBHa 750 HM.

Omnpenennuts 4acToTy KoseOaHUI B BOJHE KPACHOTO CBETA.

Jano: Pemenue:

c

A=75-10"7 m, V==

_3-108m/c
7,510 M

c=3-108m/c =4- 10"

v—=?

Ipumep Ne2. Paguyc KpUBU3HBI BRITYKIIOTO cheprudeckoro 3epkana 1,2 m.
Ha kakoM paccTosTHUM OT 3€pKajla HaXOAWUTCs NpeIMeT BbICOTOM 12 cm, eciu OT
MHUMOTO u300paxkenust 1o 3epkana 0,35 m? Kakoil BBICOTBI NOJYYHIIOCH
n3o0paxeHue npeamera’?

JaHo: Pemenue:



R=1,2 m,
a =0,35 M,

h=0,12 m

" f-a/

IIpumep Ne3. CBeToBble BOJHBI B HEKOTOPOM >KUAKOCTH HMEIOT JIUHY
Bomuel 600 HM u wactory 4 1014Tm. Onpemenuts abCOMIOTHBIA MOKa3aTeNb

f-a/

1,2 M

—=0,6M
2

0,35M:0,6 M

a=———=0,84m.

0,6 M—0,35 M

h-a/

h/ = —

a

__0,12mMm ‘0,35 M

= 0,05 m.
0,84 m

MPEIIOMIICHUS 3TON KUJKOCTH.

JaHo:
A=6-10""mM,
v=4-10"Tu,

c=3-10%m/c

n=

n-?

Ipumep Ned. B anMase cBeT pacpocTpaHseTcs co cKopocThio 1,22+ 108m/c.
ONPENENNUTh MPEACIbHBIA YTOJI MOJHOTO BHYTPEHHET0 OTPaKEHUsI CBETA B ajamase

Pemenue:
C _ C
9 AV
3-108m/c

=125

"~ 61077 M-4-1014 'y

IIpH 1ICPCXOoaC CBCTOBOI'O ITy4YKa U3 aJiIMa3a B BO3AYyX.

HaHo:

9=1,22- 108m/c,

c=3- 108%wm/c.

inp_?

NuauBuayajabHble 3aJaHUS 1JI NPAKTH4eCKO padoThl Ne 17,

Penienue:
sini 1.0
mpy T ¢
.. 1,22-108m/c
sini.. = 22210MC _ 4067

mp " 3.108M/c

i = 240



Ha kakoMm paccTOSIHUM OT BBIINYKJIOIO 3€pKajia HaXOJUTCA MPEIMET, €CIH €ro
U300pakeHHe MOTYYHIIOCh Ha paccTossHuu 1 M oT 3epkana? dokycHoe paccTosHUE
3epkaia 1,5 m.

Boruytoe cdepuueckoe 3epKaio pagdycoM KpHBU3HBI | M JaeT MHHMOE
U300paKEeHHE, KOTOPOE pACIIOJNIORKEHO 32 3€pKajoM Ha PACCTOSHUM 75 CM.
OnpenenuTh Ha KAaKOM PACCTOSTHUU OT 3€pKajla HaXOAMTCS MpeaMeT U (HOKyCHOe
pacCcTOsIHUE 3epKaJa.

Pannyc kpuBHU3HBI BBITYKIIOTO cepuueckoro 3epkana 1,8 M. Ha kakoMm paccrosinuu
OT 3epKaJia HaXOJAUTCS MPEAMET BBICOTON 24 M, €CIM OT MHUMOT'O H300pakKeHHS 10
3epkana 0,45 m? Kakol BEICOTBI MOTYYHIIOCH H300pakeHHE TIpeaMeTa’?

Boruyroe cdepuueckoe 3epkamo gaeT MHHUMOE, yBenuueHHoe B 10 pa3
U300paKEHHE TMpeAMETa, HaXOMSIIErocss OT Hero Ha paccrosHud 909 cwm.
OIpeAeIuTh POKYCHOE pACCTOSHUE 3epKaja.

Boruyroe cdepuyeckoe 3epkano JaeT B TPU pa3a YBEIMYEHHOE OOpaTHOE
n3o0paxeHue npeamera. Paccrosiaue opt npeamMera 10 nzoopaxenus 28 cMm. Uemy
paBHbI (POKYCHOE PACCTOSTHUE U PaJINyC KPUBU3HBI TOBEPXHOCTH 3epKaja?
OnpenenuTh a0CONIOTHBIN OKA3aTeb NPEJOMIICHHUS U CKOPOCTh PACIPOCTPAHEHUS
CBETA B CIIIOJIE, €CIIM NP YIJIE NafAeHusl CBETOBOro myuka 54° yron mpenomienus
pasen 30°.

[Ipu yrne namenms 60° yrom npenomnenuss pasen 40°. Ompemenurs yrom
IPEJIOMIIEHUS B OTOM K€ CPEJIE, ECIU CBETOBOM IydOK HApaBuTh 1101 yriom 30°.
CBeTOBOM Ny4OK MNEpPEeXOJMT M3 BO3AyXa B BOAy. Yrom mazeHus 76°, yron
npenomienus 47°. Onpeaenurs CKOPOCTh CBETA B BOJIE.

. YacTora cBeTOBBIX Kosebanuii pasua 4+ 10141, OnpenennTs 1IMHY BOIHBEI 3TOrO

U3ITydeHus B aiMa3e. AOCOIOTHBIN MoKa3aTeab IpeIoMIICHHs aiMasa 2,42.

10. BorayTroe cdeprudeckoe 3epkajo JaeT B YETHIPE paza YBEIWYECHHOE OOpaTHOE

n300pakeHue npeamera. PaccrosiHue opt npeameTa 10 n3oopaxkenus 32 cm. Uemy
paBHBI (DOKYCHOE PACCTOSTHUE U PainyC KPUBU3HBI TOBEPXHOCTHU 3epKaia?

13.ocamu (1 pang=206265").

IIpakTuyeckasi pa6ora Ne 18.



«Temy1oBoe neiicTBHE cCBeTa. XHMHUYECKOE JeHCTBHE CBETa».
Hean: 3akpenuth 3HaHusi no TeMe «TemnoBoe AelcTBHE cBeTa. XUMHUYECKOE
JEeHUCTBUE CBETa», CHOPMUPOBATh YMEHUSI M HABBIKM  HAXOXICHUS (U3MUECKOU
BEITUYMHBI, €€ BEIBOIA U3 (DOPMYJIHI.

IMopsaok BeINoIHEHUsI padoOThI:

1. BHUMaTENbHO NPOYUTATh TEOPETUUYECKYIO YACTh U IUIAH PEIICHHMS 3a1a4
2. PaccmotpeTs mpuMepsl pelieHus 3a1ay

3. HOJ’Iy‘—II/ITB H BBITIIOJIHUTH MHAWBUAYAJIbHBIC 3a/1aHH.

Teopernyeckas 4acThb.
Buaumoe usiydenue Hapsay ¢ BOJHOBBIMHU INPOSIBISIET U KOPITYCKYJISIPHBIE
cBoricTBa. [Ipu HEOOMBIINX YacTOTaX B OOJIBIIICH CTENIEHU MPOSBIISIOTCS BOJHOBBIC
CBOMCTBa D3JICKTPOMArHUTHOTO M3NydeHus. Ilpu odeHp OOJBIIMX YacTOTax Ha

MIEPBOE MECTO BBICTYNAIOT KOPITYCKYJISIPHBIE CBOMCTBA.

Ilo Teopuu IUIaHKA U3IIy4YEHUE PACCMATPUBACTCA KAK IIPOLIECC NUCKPETHBIN
(npepeiBUCTBIN). [lopiuu sHEPrUM >JIEKTPOMArHUTHOTO M3JIYYEHHS] HA3bIBAKOTCS

KBaHTaMHM. qaCTHHBI, HCCYIIMC KBAHTBI SOHCPIUuH, I1I0JIYUHUIN HA3BAHUC (bOTOHOB.

OCHOBHOI XapaKTepUCTUKOM sIBIIsieTCA dHEprus E u nmmynsc p:
E=h-v=h-—

rae h- mocrosauas [Mnanka, h = 6,62 - 10734 x - ¢ ; A~ JUTFHA BOJIHBI M3TYYCHUS
B BaKyyMe.
Tak kak (OTOHBI B OTIAMYHE OT JPYTHMX MHMKPOYACTHI] JBHXKYTCS CO

CKOPOCTBIO CBETa, OPMYITY UMITYJIbCA MOKHO 3aIMCaTh B BUIE P = M * C.

. . E
N3 popmyinbl DifHiTeliHa M = —2» CJIEJI0BATENBHO,

h
MM p =
0



%
Macca porona m = h - =,
C

CpaBHuBasi ¢GopMyibl HHEPrUM, UMITYJIbCA W MACChl, MOXHO MPUUTH K
BBIBOJY: JIJISi MOHOXPOMATHYECKOTO CBETA Y BCEX (POTOHOB € YACTOTOM V OJIMHAKOBBI
AHEpPrus, UMITYyJIbC U Macca. [lokosuuxcst GOTOHOB HET, CJelI0BaTeNbHO, Macca

nokos (porona pasHa 0.

®otoarddekt — 310 BNICHUE, BOSHUKAIOIIEE IIPH B3aMMO/ICHCTBUN U3ITyUCHHS
c BemectBoM. [Ipu doTosddekre 3a cuet sHeprun n3nydeHus: HOTOHOB, KOTOPOMY

MoABCPracTcCa BCUICCTBO, C €0 ITIOBCPXHOCTU BBIPBIBAIOTCS JJICKTPOHLI (BHCHIHI/Iﬁ

dboTodrddexr).

3akoHbl poTodPdekra:

1. ®oTOTOK HACBHIIIEHUS MNPSAMO MPONOPLHOHAIEH CBETOBOMY IOTOKY,
1aJJaI0IIEMy Ha [IOBEPXHOCTh BELIECTBA.

2. MakcumanpHas KUHETUYECKAs SHEPIUs AIEKTPOHOB,
BBICBOOOKJICHHBIX C MOBEPXHOCTHU IMOJ JIEHCTBUEM H3Iy4YEHUS, HE 3aBUCUT OT

€TI0 HHTCHCUBHOCTH U OIIPCACIIACTCA 110 ¢)OpMy.TI€

m'ﬁzﬁaxc —e- U3,

A€ Uyaxc- MAKCUMAJIbHASI CKOPOCTH 3JIEKTPOHOB; U,-MUHUMAIILHOE
3a/ICp>KUBAIOIEEe HAMpsDKEHHE, TpPU  KOTOpOM HEeT (oToToka, M u € —
COOTBETCTBEHHO Macca U 3aps/]l JJIEKTPOHA.

VYpaBuenue DiiHiTelHa 11 BHEIIHETo ¢otodddexra

.Q2
mAyaxc

h-v= AB + —,
rae A, — pabora BeIX0/a, 3HaYEHUE KOTOPOU ONpeensieTcsi KHHETUYECKON
HHEPruei AMEKTPOHA TPU KOTOPOU OH MOXKET BBIPBATHCS C MOBEPXHOCTH BELIECTBA.
HaunOounbias nimuHa BoIHbI (HAUMEHbIAs 4acTOTa KOJIeOaHuil ), Mpy KOTOPOU
MOKeT HabmoaaTees HoTodddekT, Ha3pIBaeTCs KpacHOU rpanureit hotodrddexra

JUIS TAaHHOT'O BEIIECTBA.



[lonaras B ¢opmyne DHHIITEHHAa KHUHETUYECKYIO SHEPTHIO 3JIEKTPOHA
PAaBHOW HYJIIO, MOKHO ONPENEINUTH JJIMHY BOJHBI, COOTBETCTBYIOLIYI) KPAaCHOU

rpanuiie Gporoaddexra s pazIMIHbIX MaTepUaIoB:

h-c h-c
—=A; A=
Ax B K As

Pabota hoTo3neMeHTOB 1 POTOCONPOTUBIICHUI OCHOBAHA HA TTOJIb30BAaHUU
BHEIIHETO U BHyTpeHHeTo (hoTodddexToB. SABnenue Gporoaddexra HaLIO HIKPOKOES

PUMEHEHHE B PA3IMYHBIX cPepax uyeI0BEUECKOM e TEeIbHOCTH.

IIpumepsl pemienust 3aga4.
IIpumep Nel. Onpenenuts Maccy pOTOHA KPaCHOTO U3IIy4YEHHUS, JJIMHA

BOJIHBI KOTOpOro 720 HMm.

Jlano: Pemienue.
A=72-10""m m=h-:—2, r,qevz%.
h=662-10"3*]Ix- ¢ Torza  m = %
¢ =3-10%w/c = e =3 107k,
m-?

Ipumep Ne2. Onpegenuth UMIyabC (GOTOHA TOJYyOOTO M3ITYUYEHUS, JJIMHA

BOJIHBI KOTOpOoro 500 HM, MpW €ro MOJHOM MOTJIOIICHUH W TMOJHOM OTPaKEHUU

TCIIOM.
HaHo: Pemenne.
A=5-10""m Pn= >
10~34 I
h=6,62-10"3*/x - c Pn =2t =1, 324-10727H -
2h
pr[ '? po -? po = 7

_2:6,62:1073* Ix-c_
Po 5:10"7m

2,648-107%’H - ¢



ITpumep Ne3. Cxopocts cBeta B Boje 225 000 km/c, a ITuHA CBETOBOM BOJHBI

400 am. KakoBa saeprust GOTOHOB cBeTa?

Jlano: Pemienue.

A=4'10_7M E:hv:h%

h=662 10"k -c| F= 28210 Are225100/c _g 5 1 0-19 1
’ 410"7m :

c =225 10°w/c wm E=2,3 5B

E-? (1 2€KTPOH-BOJILT paBeH 1,6 - 10 ' [Ix ).

Ipumep Ned. Onpenenuts CHIly CBETOBOTO JABJICHUS INEPIIEHINKYISIPHBIX
COJIHEYHBIX JIydedl Ha MOBEPXHOCTh Iwomanpio 100 Mm% ecnm kodddumuent

oTpaxxeHus Tydeil papen 0,2 U conHeuyHas nocrosuHas 1,4+ 103 Br/m2.

Jlano: Pemenwue.
S =100 m? F=p-S=E—j-(1+k),(p-z[aBneHHe)
_ 1,4'103 Br/mM?:1,2:100M% _ —4
k=02 F= = =5,6- 10™*H.
3-10°%Mm/c
c=3-10%m/c
E =14 103 Bt/Mm?
F-?

IIpumep NeS. PaGora BbIxona 3JeKTpoHa U3 IIMHKA paBHa 3,74 »B.
Onpenenuth KpacHyio rpanuily ¢oroaddexra mis nmHka. Kakyroo CKOpocTh
MOJMy4aloT  JJIGKTPOHBI, BBIPBaHHbIE W3 IIMHKA TpU  OOIyYEeHUH  €ro
yIbTPapUOIETOBBIM U3IyUeHHE C JUTMHOM BOJIHBI 200 HM.

JlaHo: Pemenue.

A=3,745B=5,984-10"19x | A =28

K A’




A=2-10""m A= 6’622;?[1‘;“;3;’8“/ ©=3,32-10""m

c=3-108%m/c OHeprusi GOTOHOB yIbTPAPHOIECTOBOTO

h=6,62-10"3*x"c usnydenus h - v, magamolero Ha UHKO —
A—? Oyaxe—7? BYIO TUTACTUHKY, pacxoayercs Ha paboTy

BbBIXOIad JJICKTPOHA C IMOBCPXHOCTHOI'O CJI0OA HOHUHKA U

.q2
1(-)MEI}CC

o m
COOOICHNE €My KHHETHYECKOW HSHepruu: h-v = A, +T rme m- mMacca

snextpona (9,1- 10731kr). U3 aToro ypaBHEHMs MOYXHO OIIPEIEIHUTH CKOPOCTE,

KOTOPYIO MOTYT HOJIYYHUTh 3JIEKTPOHBI ITpH PoTO3hPexre:

’2-(h-c—?\-a)
19MaKc = T

2-(6,62-10-34Am-c-3-

108Mm
c

—2-10‘7M-5,984-10‘19ﬂ>1<>

9 =
Makc 9,1:10~31kr-2:10~7m

=9,3- 10°m/c.

NuauBuayaabHble 3a1aHNs JAJIsl IPAKTHYECKO0ii padoThl Ne 18,

1. Onpenenuth IIMHY BOJHBI BUIAMMOTO HU3ITy4deHHUs, mMacca (OTOHA KOTOPOTO
paBHa 4+ 1073k,

2. OmnpenenuTh UMITYIbC (OTOHA KPACHOTO M3IYUYEHUS, IJIUHA BOJIHBI KOTOPOTO
720 HM, IPU €r0 MOJHOM MOTJIOIIEHUHU TE€JIOM U MOJIHOM OTPAKEHUH TEIOM.

3. OmnpenenuTh JUIMHY BOJHBI YIABTPahUOIETOBOTO M3TyUYEHHUS, UMITYJIbC KBaHTA
KOTOPOT'0 IPpH MOJIHOM HorionieHny pased 3+ 10727 H- c.

4. OmnpenenuTh 4acTOTy KoJieOaHUN CBETOBOM BOJIHBI, Macca (OTOHA KOTOPOH
pasHa 3,31- 1073%kr.

5. Hacrynut nu ¢otoxumuyeckas peaxiys B BEHIECTBE, KOTOPOE MOTIOLIAET
nH(ppaKkpacHOE H3IyYeHHWE C JUIMHOM BOJIHBI 2 MKM? ODHEprus akTHUBaIllUU

monexyn 2- 1071 [Ix.



6. OnpenenuTh AJIWHY BOJHBI 3JIEKTPOMArHUTHOTO W3JTyYCHHS, SHEPTHs KBAHTA
KOTOPOT0 paBHA YHEPrUU MOKOs 3JIEKTpoHa. Macca Mmokosi 3JieKTpoHa paBHa 9,1+
107 31kr.

7. Omnpenenuth HMMIYJILC KBaHTa PEHTITCHOBCKOTO W3IyYCHHS, JTHHA BOJHBI
KOTOPOTO 5 HM, IPHU €r0 MOJIHOM MOTJIOIIEHHUH.

8. Ompenenuth KpacHyr rpanuity ¢gorodddexra y xmopucroro Hatpus, padbora
BBIX0/Ia AJIEKTPOHOB KOTOPOTO paBHa 4,2 3B.

9. OmnpenenuTh MaKCUMaJIbHYI0 CKOPOCTH BbUIETa (POTOANEKTPOHOB M3 Kajwus,
paboTa BbIXOAA DOJIEKTPOHOB paBHa 2,265B, mpu OCBEUIEHUH €ro
yIbTpaHOIECTOBBIM U3TYYCHHUE C NITUHOM BOJHBI 200 HM.

10. Kpacnas rpanuna Qorodddekxra y HaTpus Ha Boibppame paBHa 590 HM.
Omnpenenuts pabOTy BBIX0/1a SJIEKTPOHOB Y HATPUs HA BOJIbPpame.

11. PabGora BbIX0/1a 3JIEKTPOHOB Y 3akucu Meau 5, 15 aB. BreizoseT mu pororpdext
yIbTpa(HOIETOBOE U3IIyYeHHE C JIMHOU BOIHBI 300 HM?

12. Kpacnas rpanuia gororddexra y ne3us paa 653 am. OnpeneanuTs CKOPOCTh
BbUIeTa (DOTORJIEKTPOHOB MPU OOJTYUYEHUHU 1E3USI ONTHUYECKUM H3ITYYECHUEM C
JIMHOU BOJTHBI 500 HM.

13. Kakyto KMHETHYECKYIO0 SHEpPruto OyAyT MUMETh SJEKTPOHBI, BHIOWBAEMbIC W3
HaTpus KBaHTaMU 3€JICHOrO CBETa, e€ciu pabora Bbixoja y HaTpus 2,1 5B, a
JuTiHA BOJIHEI cBeTa 500 HMm?

14. Pabora BeIX0/a y 3JIEKTPOHOB M3 KaaMus paBHa 4, 08 sB. Kakoit qomkHa OBITH
JUIMHA BOJIHBI M3JIyYEHMs], MMaJa0IIero Ha KaaMui, 4To0sl pu (poTodddekre
MaKCUMaJIbHasi CKOPOCTh (DOTOAIEKTPOHOB ObLiTa paBHA

2-106Mm/c?



Ilepeyenb pexoMeHayeMbIX y4eOHbIX U31aHuil, UHTepHeT-pecypcos,
JAOMOJTHUTEIbHOM JTUTEPATYPBHI.
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