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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 IOKOJICHHUS,
KPaTKUMHU TEOPETUYECKUMHU U Yy4eOHO-METOAMYECKUMU MaTepualaMHu MO TeMe
IPaKTUYECKON pabOThl, OTBETUTH HA BOIPOCHI ISl 3aKPEIUIEHUS TEOPETUUYECKOTO
MaTepuaa.

Hanuuue monoxuTenbHON OLIEHKHU M0 MPAKTUYECKUM paboTaM HEOOXOIUMO
U1 monydeHust 3adera no aucuumummie « DU3UKA» wim momycka 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 mpoiiecce MOATOTOBKM K MPAKTHUYECKUMM paboTaM MM IpU
pemieHnu 3a1a4 y Bac BO3HHKAIOT BOIIPOCHI, PA3pEIINTh KOTOPBIE CAMOCTOSTEIBHO
HE YyAaercs, HEOOXOAUMO OOpaTUTbCA K NPENoAaBaTeNto s MOJyYeHUs
Pa3bSICHEHNI WM YKA3aHUM B JHU IPOBEACHUS JONOJHUTENBHBIX 3aHIATUH.

Bpemss npoBeneHus JONOJHUTENBHBIX 3aHATHM MOXHO  y3HATh Y

Mperno/iaBaTesis Wik MOCMOTPETh Ha IBEPHU €ro kKaOuHeTa.

Kenaem Bam ycnexos!!!



TpeboBanus k 0popMJIEHHUIO M BHITIOJTHEHUIO PAKTHYECKHUX PaldoT.
Mertoauueckue yka3zanus no aucuuiuimHe «dusuka» npeaHasHayeHbI s
CTYJIEHTOB JIHEBHOTO OTJIEJICHHS MMOJIUTEXHUYECKOTO KOJUIEXKA MO CIEINATbHOCTH:
21.02.17 Tloazemuast pazpaboTKa MECTOPOKICHUI MOJIE3HBIX UCKOMAEMBbIX
(6a3oBasi TOATOTOBKA), BXOJAIICH B YKPYMHEHHYIO TPYMIY CICIHAIBHOCTEH
21.00.00 ITpukiagHas reojioTHs, TOpHOE JeI0, HepTerazoBoe AeI0 U reoe3usl.
Conepsxanue pabOT MOTHOCTHIO COOTBETCTBYET JEUCTBYIONIEH MPOrpaMMbl
no usuke.
[IpakTHueckue 3aHATHS pacCUUTaHbl Ha 36 4acoB.
[Ipu BBIMOTHEHUU IPAKTUYECKON pabOTHI CTYIEHTaM PEKOMEHTyeTCsI:
- UCTI0JIb30BaTh Y4eOHbIE MOCOOMS, HATJISAIHbIEC CPEACTBA O0OYUCHHUS;
- IPOBOJUTH HECIIOKHBIE IETYKTUBHBIEC PACCYKICHNUS;
- 000CHOBBIBATH IIaTW PEIICHUA 3a/aY;
- (hopMynUpOBaTh ONpEETICHHS MAaTEMAaTHIECKUX TTOHATHUIA;
- I0JIb30BAThCSI MATEMATHYECKON TEPMUHOJIOTUEN U CUMBOJINKOW;
- MUCBMEHHO 0(OPMIISITh PEIICHUS 3a1a4
- I0JIb30BATHCS KAJbKYJISATOPOM;
- CAMOCTOSITEJILHO U3y4aTh Y4eOHbBI MaTepuall.

Bce mnpencraBieHHble BapuUaHThlI MPAKTUYECKUX PabOT J1aHbl OJMHAKOBOMU
CTEIEHH TPYAHOCTH.

[IpakTuyeckass paboTa BBIMOJHAETCS B CPOKH, YCTAHOBJICHHBIE B
COOTBETCTBHM C KaJICHIAPHO-TEMATUYECKUM IUIAHOM. 3a KXY NPAKTUYECKYIO
paboTy CTYACHT JNOKEH MOTYYUTh TOJIOKUTEIBHYIO OIICHKY.

HtoroBoii (GopMoil u3ydeHUs OUCUUIUIMHBI SIBJASETCS SK3aMEH IJisl BCEX
cneruanbHocTel. CTyAeHTBI, HE BBIMOJIHUBIINE BCE MPAKTHUYECKUE pabOTHI, HE

ATTCCTYIOTCSA U K 9K3aMCHY HC OOITYCKarOTCA.



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.

[TpakTudeckas padora Ne 2-3. «JIBukeHUE MO JSHCTBUEM CHJI B MEXaHHUKE».

Tema 1.7 Ummyasbe.

[Ipaktuueckas pabora Ne 4-5. «3aKOHBI COXpAHEHUSI B MEXAHHUKE.

Tema 2.4

YpaBHeHUE COCTOSTHMS
HIeaJIbHOIO0 rasa.

[Tpaktrueckas pabora Ne 6-7. «YpaBuenue Knaneiipona — Menneneesa. [lnotHocTh
ra3a. 3aBUCUMOCTh CpeJTHEN KBaJIpaTUIHOW CKOPOCTH JIBHXKEHHSI MOJIEKYJI ra3a OT
TEeMITepaTyphI».

Tema 3.2 JaekTpuyeckoe
noJie.

[TpakTraeckas pabota Ne 8. «3akon KynoHna. DnekTpudeckoe mosey.

Tema 3.4 PadoTa, MOIITHOCTH M
TeIJioBoe AeiicTBHE
JIEKTPUYECKOI0 TOKA.

[Tpaktrnueckas padora Ne 9. «3akon Oma myist yuactka nenu 6e3 3. 1. ¢. 3akoH Oma
JUTSL y9acTKa IETH ¢ 3. JI. C. M JIJIS BCEH IENU IIPH HECKOJIBKHUX 3. JI. C».




Tema 3.6 DiiekTpu4eckuii TOK
B 2JIEKTPOJIMTAX.

[Tpaxtrueckas padota Ne 10. «Ilepssiit 3axon @apanes. Bropoit 3akon dapanes».

Tema 3.9 DiiekTpoMarueTusm.

[Tpaktrueckas padota Ne 11. «MarautHoe mose u ero xapakrepuctuku. Cumna
Awmmnepa. Cuna Jlopeniay.

Tema 3.10 DjiekTpoMarHuTHAs
UHIYKIUSL.

[Tpaktrueckas padora Ne 12. «3.1.c. ”HAYKIUU. D.71.C. CAMOUHIYKITUNA. DHEPT U
MAarHUTHOTO TOJISD.

Tema 4.1 Mexanundeckue
K0JICOAHUA W BOJIHBI.

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

Tema 4.3 DjleKTpOMarHUTHbIE
KOJIeOaAHUS.

[Ipaktruueckas pabora Ne 14. «Ilepuos u yacToTa MepeMEHHOTO TOKA.
NHIyKTUBHOCTh U €MKOCTb B LIEMU 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
U300pakeHunil ¢ MOMOIIbIO
JIMH3.

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




Tema 5.6 SABenus, [Ipaktruueckas padora Ne 18. «TemnoBoe neiictBue cBeta. XMMUYECKOE IEUCTBHE
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 PadOTHI:
BHUMaTENbHO MPOYUTATh TEOPETUYECKYIO YACTh U IUIAH PELICHMS 3aa4
PaccmoTtpeTs npumepsl pereHus 3aaa4
[Toy4uTh ¥ BBIIOJHUTH UHAUBUAYAJIbHBIE 3aJaHUS.
[IpakTrueckass paboTa HampapjieHAa HA OBJIAJICHUE CIECAYIOINIMMU 3HAHUSAMU H
YMEHUSIMH.
B pe3ynbraTe u3yueHus paszesna CTyAECHThI 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:
- (hopMyIIMpOBaTh MOHATHS: MEXaHUYECKOE IBUKEHUE, CKOPOCTh U YCKOPEHHUE,
CUCTEMA OTCYETA;
- n300paxaTh rpa)uyecKu pa3InyHbIe BUJIbI MEXAaHUUECKUX JBUKEHUN;
- pemars 3aJayd C MCHOJIb30BaHUMEM (OpMyd i PAaBHOMEPHOIO U

PaBHOYCKOPEHHOTO JIBUKEHUM.

Teopernyeckasi 4acThb

HaumenoBanue B BextopHoMm | B mpoeknusix Ha ock | B ckamsiprOM
BHJIC Ox BHUJIE
PaBHOMEpHOE IIPSAMOJIMHENHOE IBUYKEHUE
K Th - s
Cxopoc I _Arx oo S
— Uy = t
v = —— X
At
Koopaunara - X=X, +ot .
(ynpaBneHue
JIBUKEHUSA )
PaBHOYCKOpPEHHOE NPSIMOIMHENHOE NBUKEHUE




Cpennsisi CKOpOCTb

MrHoBeHHas A LU =vU. +a v=v,ta-t
v =0v,+a-t X 0y X
CKOpPOCTb 0
YpaBHeHUE - v, =v, +a,-t -
CKOPOCTH x
[Iepememienue a -t A ‘s a-t’
_ X r=ou xT
R N ;ti Arx — on t + 2 0 2
AT = 0ot +—
- 2-
Koopannara a_ -
(ypaBHCHHE X=Xy +0, -1+ —
JIBIKCHMUS) 2
KpuBonnneitHoe ABUKEHHE
JIuHeiHas CKOpoCTh | - - 27R
v =——=27R{
T
v =oR
epuon - - ;o1
N v
Yacrora - - N 1
VD= —= —
t T
[uknuueckas - - 27
W =— =270
4acToTa T
LenTpocTtpemurens | - - 2 ,
HOE YCKOPEHUE a, = " Y R

IIpuMmeps! pelreHus 3a1a4

Ipumep 1.

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

yacoB. CKOJIbKO BPEMEHU 3aTPAaTUT MOTOPHAs JIOJKA Ha OOpaTHBIN MyTh?

Jlano:
t1:3 q
t, =12 4

to-?

Penienue:

Beeaewm crenyrorue 0003HauYeHUS:
L - paccTosinue mexay A u B,
Vp- CKOPOCTh T€UECHHUS PEKH,

V;; - COOCTBEHHAs1 CKOPOCTH JIOJIKH.

Toraa ckopocTh JTOAKH IO TEYCHUIO paBHa (Vp + V;), TPOTHUB TeueHus - (Vp - Vy).

Hcnonp3ys popMyily 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 nostydeHHOE BhipaxeHue s L B (4):
Ortger: t; = 6u.

Ipumep 2.

[Ipy paBHOYCKOPEHHOM JBMKEHHUU TEJIO MPOLUIO B IEPBBIE JBa PAaBHBIX
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

OJTHOBPEMEHHO KOHEYHOU CKOPOCTHIO IS S1.

CrnenoBarensHo, vy = vy + at. (3)

at? at?

U3(u3) =S, = (v +at)t +— =vpt +at® +—.
BbIiunTasi no4se€HHO U3 MOTYYeHHOTO BhipaxkeHus (1), momydaem:
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 CBOOOTHOM NAJCHUH a = g U 3aMEHSA

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.

NuauBuayajbHble 3aJaHUS K NPaKTHYecKoil padore Nel.

Bapuant Nel

12



=

Teno aBMKETCS PABHOYCKOPEHO ¢ yckopeHueM 1 m/c?. HauanbHas CKOpOCTB
paBHO HyI0. KakoBa cKkopocTh Tena yepes Sc mocie Havyasia ABIKEHUs?
BeocuneaucT ABMXKETCS 10/ YKIOH ¢ yckoperueM 0,1 m/c?. Kakas ckopocTsh
oynet gepes 30 ¢, ecu ero HadaIbHAst CKOPOCTh 5 M/c?

Teno nBwxercs mpsiMoJiMHEWHO. B Hawane M B KOHIE JBWKEHUS MOIYJb
CKOPOCTH OJIMHAKOB. MOTJIO JIM TEJIO IBUTATHCSI C MOCTOSTHHBIM YCKOpEHUEM?
Bapuant Ne2

C KakuM YCKOpPEHHEM [BHXKETCS TpPOTAIOUIUICS C MecTa TpaMBaid, €Clid OH
HabupaeT ckopocTh 36 km/4 3a 25 c?

ABTomoOmiIB yepe3 10 ¢ mpuodbperaer ckopocth 20 m/c. C KakuM YCKOpPEHHEM
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 Moe3a paBHO 6 M/c. UTO MOXHO cKa3zaTb 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 0cTaHOBKH, aBTOOYC 3a 10 ¢ pa3Bui ckopocTh 10 m/c. Onpenenure
yckopeHue aBToOyca. Kakum OyaeT yckopeHue aBToOyca B CHCTEME OTCUETa,
CBSI3aHHOHM C PaBHOMEPHO JABIKYIIUMCS aBTOMOOHWJIEM, MPOEIKAIOIIUM MUMO
OCTaHOBKH aBTOOYyca CO CKOPOCThIO 15 M/c?

JIBa moe3ia uayT HaBCTpeUy APYT APYTY: OJMH — PA3TOHSIETCS B HANPaBJICHUU
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 aBwxkeTcss paBHOYCKOpeHHO. CKOJIBKO BpEeMEHHU OHO OyAET JABUTAThCS 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 JIBMHKECHUH, 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 JIBH>KEHHSI CKOPOCTh TeJla YBeJInyuiach ¢ 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
MoCJie HaJyasia IBMYKEHUS, HE BBIUUCIISAS YCKOPEHUS?

Her nu ommbku B CleayrolieM OMUCAHUU MPSIMOJMHEHHOTO JBMKEHHUS: 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 camoseTa u
CKOPOCTh B MOMEHT OTpBIBa, €CJIM Ha TOJIOBUHE JJIMHBI pa3dera OH HMe
CKOPOCTh, paBHyto 30 M/c.

Bapuant Ne§

Topy mmiHO# 50 M IbLKHUK npoment 3a 10 ¢, qeurasch ¢ yckopenuem 0,4 m/c2,

Uemy paBHa CKOPOCTb JIBDKHUKA B HAYaJIe ITyTH?
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[ITapuk, ckaThIBasCh O HAKJIOHHOM IIIOCKOCTH U3 COCTOSIHUS MOKOSI, 33 IEPBYIO
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 aBTOMOOWMIIS?

[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, IIPUYEM B Hadajie MIECTOU
CEKYH/JIbl €r0 CKOpPOCTh 2 M/C, a B KOHLIe — paBHa Hy/r0. KakoBa anuHa myTH,
MIPONJAEHHOTO TEIOM?

Bapuant Nel(

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

B KkoHIle ykJIOHAa JBDKHUK pa3Buil cKopocTh 8§ wm/c. Haiinmure HavallbHYIO
CKOPOCTb JIBDKHUKA U YCKOPEHHE, C KOTOPBIM OH JIBUTaJICSl, €CIM BECh YKJIOH
ninuHou B 100M on mporen 3a 20 c.

3a TmepBYI CEKYyHAY pPaBHO3aMEIJIEHHOIO [BMXKEHHUSI aBTOMOOWJIb IMPOIIEI

MIOJIOBUHY TOPMO3HOTO yTH. ONpeIeTUTe MOJHOE BPEMsI TOPMOKCHHSI.
IIpakTuyeckas padora Ne 2-3.

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

3. HOJ’Iy‘II/ITB W BBIIIOJIHUTH 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 TCJI0

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 HCCKOJIBKHUX CHJI HX MOXHO 3aMCHHTD paBHO,Z[efI-

-

cTByIoIIei cuitoit F p , mpeacrapisionieir co00i BEKTOPHYIO CYMMY STHX CHIL

. _ ‘% n.‘__
E =F +F,+..+F,, wm F,=YF
. j=1

Macca (uHepTHas) — ckayisipHas pu3zuyuecKasi BeJIMYUHA, XapaKTepHu3yolas
CIIOCOOHOCTh T€Ja COXPaHATh IIOCTOSHHYIO CKOPOCTb, €CIIM TEJIO He
B3aUMOJICUCTBYET C JPYTUMH TeJIaMU WU JEUCTBUE APYTUX TEJl CKOMIICH-

cupoBaHo. Macca o0JagaeT CIeAYIOIMMMH CBOHCTBAMMU:

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

A IUTUBHOCTH ),

2) JUIS TAHHOW CHUCTEMBI TEJ CIPABEJINB 3aKOH COXPAHEHUS MAaCChI: MPHU

JIFOOBIX mponeccax, MpoucCxogammnux B CUCTEME TCJI, €€ MacCCa OCTACTCsA

HEU3MEHHOM (mpu L << ¢)

Macca (rpaBuTaliionHasi) — cKkajsipHas ¢puznueckasi BeIMIUHA, OTPE SISO
CHJTy B3aUMHOTO TPUTSDKEHUS Tell W 00Jaaromasi TeMH K€ CBOMCTBAMH, YTO U

WHEpTHAas Macca.

WNuepTHas v rpaBUTAIIMOHHAS] MACChl XapaKTEPU3YIOT pa3IMuHbIE CBOWCTBA TE,
HO, KaK IIOKa3bIBaeT ONBIT, OHU BCErJa OSKBUBAJCHTHHI (MHEPTHas U
I'PaBUTAIIMOHHASI MACChl OJTHOTO U TOTO K€ TeJa paBHBbI).

OCHOBHBIMHU 3aKOHAMH KJIACCUYECKOM IMHAMUKHM SIBIISIOTCS 3aKOHbI HbIOTOHA.

3akoHsl HeroTona CICAYOT M3 OIIbITa, B3aMMOCBA3AHBI JPYTI' C APYIroM, HC

16



NOJYMHEHBl ApPYr APYrYy M CHpPAaBEUIMBBI TOJBKO B HHEPLMAIBHBIX CUCTEMAxX
OTCYeTa.

Nnepunanbabie cuctemsl orcyera (MCO) — 3TO cuCTEMBI, B KOTOPBIX TEJO
(rpynmbsl  Tel), HE MOABEPKEHHOE MACWCTBUIO CWI (WM JEUCTBUS  CHII
CKOMIIEHCUPOBaHbI), HAXOAUTCSI B MOKOE WJIM JABUXKETCS PABHOMEPHO M Ipsi-
MosmHeHO. CucremMa oOTcuera, IBIXKyLIascs oOTHocuTenpHO naHHoun KMCO
PaBHOMEPHO U MIPSIMOJIMHEIHO, TAKXKE SIBIISIETCS HHEpLUANbHOU. CucTeMy oTcUeTa,
CBSI3aHHYIO C 3emiiel, ¢ OOJbIION CTEeNeHbI0 TOYHOCTU MOXKHO CUMUTATh
VMHEPLUUAIBHOM.

[lepBbIii 3ak0H HpIOTOHA: B HHEPLMAIBHBIX CUCTEMAX OTCYETA TEJIO COXPAHSET
COCTOSIHUE ITOKOSI WJIM PAaBHOMEPHOT'O IPSIMOJIMHENHOTO JIBM)KECHUS, €CIIM Ha HETO

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

F =YF =0
j=1

3HA4UT, 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 TENa 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 3emnn, m — macca 3emnn. Y ckopeHHe CBOOOJHOTO MaIeHUs
g HE 3aBHCHUT OT MAacChl MPUTATMBAEMOI0O TEJa, MIO3TOMY BCE TeJla MAaJaroT C
OIMHAKOBBIM yckopeHueM. Ha nosepxnoctu 3emnu, rae H paBHo Hymo, 29,8
M/c?,

3. Bec Teta. BecoMm Tena P Ha3pIBaroT crity, KOTOpasi 1aBUT HA ONOPY
WIM PACcTATUBAET MOJBEC. JTa CHJIa BOOOIIE MPUJIOKEHA HE K TEIy, a K OIope
WIM TIOJIBECY; HA TEJO K€ JEUCTBYET HOpMalbHas PEaklMsl ONOPhl WIH CHIIA
HaATSDKEHUs HUTU. Bec Tena MoKeT ObITh paBeH CUIIE TSKECTH, @ MOKET OBITh U
He paBeH. Hanpumep, eciu Tello JIEKUT Ha TOPU30HTAIBHOM INIOCKOCTH, 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 cooOLIUT 3JIEKTPOBO3 JKEIE3HOAOPOKHOMY COCTaBY Maccoil
3250T, ecnu npu TporaHuu ¢ Mecta OoH pasBuBaer cuiy Tiaru 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=0,15m/c?
IIpumep Ne 2.

3a BpeMs, paBHOE 15¢ OoT Havana aBvkeHus, 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: Pemenwue:
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?

IMpumep Ne5. C kakuM MakCUMaldbHBIM YCKOPEHHUEM MOXKET JIBUTAThCS

JIOCTATOYHO MOUIHBIA aBTOMOOWIIb, €CIM KO3(P(MULUUEHT 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 momMomny NpyKMHHOTO IUHAMOMETPA ¢ 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 CUJI, TPUKIIAIbIBAS
UX K LEHTPY TSAKECTH TeJa.
m =2 Kr
r =800 H/m ‘W ¥ -
‘:)
<~ 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.

NuauBuayaabHble 3aJaHNUs K MPpaKTHYecKoi padote Ne 2-3.
Bapuant Nel

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

2. Konpkobexernr maccoir 70 Kr CKONB3UT MO JbAy. KakoBa cuia TpeHUs,
JEHCTBYIONIAsl HA KOHBKOOEXIa, €ClI KOA(PPUIUEHT TPEHUS CKOIbKEHUS
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. Kakas cujaa cOOOIIAeT Tely Maccoil 5 Kr yckopeHnue 4 m/c??

5. Tlon nevictBuem cuibl 150 H Tenno nBuxeTcs npsSIMOIUHEHHO TaK, YTO €ro
KOOPJMHATA U3MEHsETCs 110 3akony x=100+5t+0,5t%. Kakosa macca Tena?

6. IMokosmeecs Teno maccoi 400 r mox nekictBuem cuiiel 8 H mpuoOperno
ckopocTh 36 km/4. HaiiT myTh, KOTOPBII MPOILIO TEJIO.

Bapuant Ne 2

1. Ilpu momoly IUHAMOMETpa YUYCHHUK MepeMenian JePeBsSHHbIA 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 €€ PATNYC.
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Ha mepoxoBaToi rOpu30HTAIBHONM NOBEPXHOCTHU JIEKHUT TEJIO MAacCOM
3 xr. KoapduiueHnT TpeHus CKOJbXKEHHS Tela O MOBEPXHOCTD
paseH 0,2. Onpenenure paBHOACHCTBYIOIIYIO CHILY, KOTOpas BOZHUKAET

IIPU JCUCTBUM HA TEJIO TOPU3OHTANIBHOMU criibl 7 H.

4. Onpenenute CUIy, oA AeHCTBHEM KOTOpOo# Testo Maccoit 500 r 1BrKeTCs
¢ yckopeHueM 2 m/c?.

5. CHapsig maccoit 15 kr mpu BeicTpene npuodpetaer ckopocTs 600 m/c.
Haiinure cpeaHio cuily, ¢ KOTOpOW MOPOXOBBIE Ta3bl JABIT HA CHAPS/,
€CJIM JAJIMHA CTBOJIa opyaus 1,8 M. J[BUKEHUE CHaps1a 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. Pamquyc mnmanetsl Mapc cocrasmsier 0,53 panuyca 3emud, a macca 0,11

Macchl 3emiid. 3Has YCKOpPEHUE CBOOOJHOIO MajeHusl Ha 3emiie, HaluTe

yCKOpeHHe cBOOOHOIO majieHus Ha Mapce.

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

JNEUCTBYET cujla TpeHusl ckoibxkeHus 12 H. Kakoil craner cuia TpeHus
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 MpHUKpEIUieHa K CTeHEe, a KO BTOPOU
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 pasaa 420 H.

Haiinure npoekuuio cuibl Fy, aeiictByromieit Ha teno maccor 500 Kr,
€CJIM TEJIO JIBMKETCS IPAMOJIMHEHHO, U €T0 KOOPAWHATA U3MEHSETCS 110
3akoHy x=20-10t+t2,

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

MOAYJIb NIEPEMCIICHM:A, €CJIIN IBUKCHHC HpHMOHHHeﬁHOG.
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Bapuant Ned

1.

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

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

. Y4eHuK paBHOMEpHO IMepeMenaeT AepeBsiHHbIN Opycok maccoit 300r 1o

TOPU30HTAIFHONW TIOBEPXHOCTH C TMOMOINBI0 JMHAMOMeTpa. KakoBbl
MOKa3aHusl TUHAMOMETPA, €ciu KO (ULIMEHT TPEHHSI MEXAy OPYCKOM H

nockoit pased 0,37

. Kakoii momxHa OBITh Macca KakKJOTO M3 JBYX OJMHAKOBBIX KOpaOiei,

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

4. Msu maccoit 0,5 kr mocne ymapa, jusmerocs 0,02 ¢, mpuobperaer

ckopocTh 10 m/c. HaliTu cpeaHioro cuity yapa.

BoauTens aBTOMOOWIISI HaYa1 TOPMO3UTh, KOTJIa MalllMHA HaX0IUJIach Ha
paccrogauu 200 M OT 3ampaBOYHOM CTaHUMU W JIBUTANach K HEH CO
ckopocthio 20 M/c. KakoBa noipkHa OBITH CHIIa CONPOTUBIIECHUS
JBIDKEHUIO, 4TOOBI aBTOMOOWIb Maccodt 1000 kr octaHOBWICS Y
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, PAaBHYIO TPETH 3€MHOTO paanyca?

. 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 BOo3HuKaeT cuna ynpyrocta 10kH. Bo

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

4. Omnpenenute Maccy GpyTOOIBHOTO Msiya, €CIIU MOCJE yiapa OH Iproopen

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

6.

Haiinure npoekiuio cunbl 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 ¢ neiicteoBana cuia 5 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 MO TOPHU30HTAIBHOM IIOBEPXHOCTH C YCKOpEHHeM, a=2 M/c?.
Macca 6pycka m=0,6 kr, korhuIMeHT 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 ¢ HAKIIOHHOM MIIOCKOCTH JIMHOM 80
CM, UMes HaydaJdbHYIO0 CKOpOCTh 2 M/c. OmpenenuTh, KaKyld CKOpPOCTb
MMeJ [ApUK B KOHIIE HAKJIIOHHOM IMJIOCKOCTH, €CJIM PaBHOAECUCTBYIOIIAS

BCEX CWJI, AEUCTBYIOIIMX HA MIapuK, paBHa 10 H.

IMpakTuyeckas padora Ne 4-5.

«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 mpumepsl penieHust 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’keHrueM Tena. [loTeHmanpHast SHEpPTUs Tela B MOMEHT OpocaHus 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 33/1a4uu)
E« = Ep. (1)
3anuiieM 3aK0H COXPaHEHUS MEXaHUYECKOM SHEPTHH (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 KMHETHUYECKAst SHEPTHS TEJIa paBHA €r0 MOTEHIUAIBHOM.

Ipumep Ne2. Teno maccoim = 100 rmamaer cBoOomHO. Omnpemenute

W3MEHEHHUE UMITYJIbCA ATOTO TeJla 3a MEePBhIC IBE CEKYH/IbI TTaJACHUS.
Pemenne: CB0OOIHO Majas 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 padOTaTh CO CKaJISPHBIMUA 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 4-5,

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, ummynbC Tema B MHEPUUAIBHOW CUCTEME OTCUETa
u3MeHwics Ha 4 kr*m/c. CKOJIbKO BpeMEHU TOTPeOOBAIOCH ISl 9TOTO?
HenoaBmxHas 101Kka BMECTE C HAXOJAUIMMCS B HEM OXOTHUKOM 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.
ABtoMoOmIH 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. Haitnure ckopocTh
BaroHOB TOCJIE€ UX B3aUMOJIEUCTBUS, €CIIN yJIap HEYIPYTUH.

2. C s6moHM, ¢ BBICOTBI 5 M, ymajo sOioko. Macca sbioka 600r.
Omnpenenure, Kako KWHETUUECKOM YHEPrHeH 001a1an0 1010KO B MOMEHT
KacaHusl IOBEPXHOCTU 3€MJIH.

3. lleBouka, Macca KOTOpoii 42 Kr, MOJHSIACh Ha BTOPOM 3TaX, KOTOPHIit
HaxXoAWJICS Ha BbICOTE 6 M OT moBepxHOCTH 3emun. Omnpenenure ee
MOTEHIUATBHYIO SHEPTHIO.

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

5. HaliiuTe KUHETHMYECKYIO 3HEPryi0 Tejla Maccod 5 Kr, MaJaroliero ¢
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
Mmacca yeennumiack Ha 1 T. C Kakol CKOPOCTBIO JOJDKEH BO3BPAILATHCS
I'PY30BHK, YTOOBI €0 UMITYJIbC OCTaJICS 0€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 IIApa MaccamMu 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 r, ABMKYIIUNCS CO CKOPOCTBIO 6 M/C, CTaJKHUBAETCA
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, IBHUrasch paBHOYCKOPEHO M3 COCTOSIHUS
oKos, 3a 15 ¢ orbezxaet Ha 450 M. Onpenenure padbOTy CUIIBI TATH, €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 pPa3BUBAET aBTOMOOUJIIb 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 j10/1Ka BMECTE C HaXOAAIIMMHUCS 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, IBMKYIIUICS CO CKOPOCTBIO 6 M/C, CTaJKUBAECTCS
a0coJIIOTHO Heynpyro ¢ mapom Maccoi 400 r, KOTOpPBIA JBHUTaiCS CO
CKOPOCTBIO 8 M/C B TOM K€ HarpaBieHuu. Haiiaure ckopocTh 11apoB
nocJie yapa.

. ABTOMOOMIIb Maccor 1500 Kkr, nBHUrasch paBHOYCKOPEHO M3 COCTOSTHUS
oKos, 3a 15 ¢ orbezxkaet Ha 450 M. Onpenenure pabOTy CUIIBI 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 aBTOMOOUIIb 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 OBbLIT 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. OyTOONMpHBIM MU obOnagaer kuHeTHueckod sHeprueit 40 Jx, xorma
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 >ke HampabiieHud. Haiinure ckopocThb 11apoB
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, IBHXYILIErocs cO CKOpOCThiO 1 Mm/c, Hauana
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. Onpenennre NOTEHIUAIBHYIO 3HEPTUIO 3TOW IPYKUHBI IPH
pPacCTSKEHUH €€ 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 yBennumwiach Ha 1 T. C Kakol CKOPOCTBIO JTOJKEH BO3BPALIAThCA
IPY30BHUK, YTOOBI €r0 UMITYJIBC OCTaJICS 0€3 N3MEHEHUIA?

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 HE OXOTHUKOM HMEET
Maccy 280 kr. OXOTHHUK BBICTPEIMBAET HUX OXOTHHYBETO PYXKbS 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 6-7.

«YpaBuenue Knaneiipona — Menpaeneesa. IliiotHocTs raza. 3asucumocrsp
cpeaHeHd KBAJAPATUYHON CKOPOCTH JABHKEHUS MOJICKYJI ra3a oT
TeMIIepaTypb».

Heab: Hayuntbcs npumeHsATh OCHOBHBIE (popMyJibl pasaena «MonekynsapHas

¢u3nKa» Ipu pacueTe MapaMeTpoOB COCTOSIHUS UJICaIbHOIO Ta3a

IHopsinok BbINOIHEHHS PAdOTHI:
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 cITOBaMH, Ta30BbIi 3aKOH BCETAA CBA3BIBAET JIPYT C APYTOM MapaMeTPhl
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
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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 MPaKTHYecKoi padote Ne 6-7.

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 prt.cT., a Temneparypa pasua 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 ras 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 nHaxoautcs rasz noa aaBiaeHueM 168 klla nmpu temneparype 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 JaBIecHUH. MOJSPHYIO MacCy BO31yXa

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 HmaBieHHE 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. Kakyro mI0THOCTh UMEET KUCIOPO?

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

. UeMy paBHa Temmeparypa rasa, ecid OpH KoHueHrpauuu 3,35-10%" M on
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 IIOCTOSIHHOM Macchl. HazoBute 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 xI1a. Monspras macca azora pasaa 28-10 ~ kr/mMoib.

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 aBJIEHUE KUCIOPOAA, €CIIA CPEIHAS KBAaAPAaTUYHAsI 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 cpeaHiol0 KBaJpaTUYHYIO CKOPOCTh MOJIEKYJ Ta3a, HMEIOIIEro
wI0THOCTH 1,25 kr/M° ipn naBnennu 149 xIla.

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

Onpenenure, Kak BRIMISAUT rpaduK dTOTO IIUKIIA B CHCTEME KOOpIUHAT 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
UJICATHPHOTO Ta3a, €CJIN JaBJICHUE ra3a yBeJIUIuTh 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 noj nasieHueM 130 xlla mpu temnepatype 53° C.

Haiitn KOHIIEHTpauIO MOJIEKYII.

5. Haiftu cpenHio0 KBaJpaTUYHYIO CKOPOCTh MOJIEKYJ Tra3a, HMMEIOIIEro

w10THOCTH 1,25 kr/M° ipu naBnennu 149 xIla.

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

OcyIHCCTBHCHHBIﬁ ra3omM IIOCTOSIHHOM Macchel. HazoBure Bce IIPOLCCCHI.

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

»V

Bapuant Ne7

1.

I'a3 mpu naBnenun 0,2 MIIa u temneparype 15° C umeer o0veMm 5 1. Uemy
paBeH 00beM ra3a 3TOW MacChl P HOPMAIBHBIX YciaoBUsX (naBieHue 100
klla, Temneparypa 0°C)?

N3 OamnmoHa BBITYCTUIM 2 T rasza, BCJECACTBHE YEro JaBJICHHUE B HEM
cHusmwiochk Ha 10%. Onpenenure eMKOCTh 0alioHa, €CI TJIOTHOCTh rasza B
HavanbHeIl MoMeHT Obuta 0,2 kr/m°. TemmepaTypa raza B GaulOHE HE
MEHSLIACh.

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

[Ipn Temneparype 300 K cpennsis kBagpaTH4Hasi CKOPOCTb MOJEKYJIBI
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,
OCYIIECTBJIICHHBIA Ta30M IMOCTOSSHHOW Macchl. Ha3oBure Bce NpOLIECCHI.

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

1. Kakoe naBienne paboyedl CMECH YCTAHOBUTCA B IWIMHAPE JBUTATENS
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, eciau adcontoTHas Temneparypa nosbicutcs ot 300 K 1o
450 K, a naBineHue yMEHbIIUTCS B 2 pasa.

3. Uemy paBHa TemiepaTypa rasa, eciii IpH 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 koHeHTpaysa Moneky 4,3-10%7 m3,

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

IIpakTuyeckas pad6ora Ne 8.
«3akon KysnoHna. JiekTpuueckoe moJie».

Heab: 3akpenuTh 3HaHUA N0 TeMe «3akoH Kynona. Dnexkrpudeckoe mosey,
chopMUpOBaTh YMEHUS W HABBIKM  HAXOXJACHUS (PU3UYECKOW BEITUUYUHBI, €€
BBIBOJIA U3 (DOPMYJIBI.

ITopsaiok BbINOJTHEHUsI padOThI:
1. BHHMMaTENbHO IPOYUTATh TEOPETUUYECKYIO YACTh U TUIaH PEUICHUS 3a1a4
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 BCEr/a COXPAHSAETCS, KAK MMOKA3bIBAET OMBIT, 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 HAMpPSHKEHWE 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 TIPUAYMAaJId COOTBETCTBYIONIYIO 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 IPAKTHYeCKoil padoThl Ne 8.

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.

IIpakTuyeckas pabora Ne 9.
«3akoH OMma uIs1 yyacTka menu 0e3 3. 1. ¢. 3akoH OMa uIsl y4acTKa menu

C 3.4.C».
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Heab: 3akpenuts 3HaHUS 10 TeMe «3akoH OMa s ydacTka 1enu 6e3 3. 1. .
3akon Oma A y4acTka Henu ¢ 3. 1. C.», copMHpOBaTH YMEHHUS U HABBIKU
HaXOXJeHUs (PU3NYECKON BEJIMUMHBI, €€ BbIBOJA U3 (DOPMYIIBI.
IHopsinok BbINOIHEHHS PAadOTHI:
BHuMaTenbHO MPOYUTATh TEOPETUYECKYIO YaCTh U MJIaH PEIIeHUs 3a71a4
PaccMoTpeTh nmpuMepsl perieHus 3aaad
[Toy4uTh ¥ BBIMOJHUTH UHAUBUAYAJIbHbIE 3aJaHUS.
Teopernyeckas 4acThb.

DNEeKTpUYECKUA TOK €CTh YNOPSAOYEHHOE (HAIpaBJIEHHOE) ABUKEHUE
3apsHKEHHBIX YacTHIl (B METAJUIaX 3TO CBOOOHBIC SJICKTPOHBI).

Cuna Toka | B mpoBOAHMKE — BEJIMYMHA, paBHAsg KOJUYECTBY

aekTpudecTBa Q, MPOTEKIIEro Yepe3 MoNepeyHoe ceueHrne MPOBOIHMKA 3a 1 C:
I=?,I/IJII/II=e'n0'S'19

e No— KOHIIGHTPAIMs HOCHTENeH 3apsaaoB €, O — cpemHsas CKOpoCTh
3apsAI0B; S — IUIOMIAAhL TOTIEPEIHOT0 CeUeHUs MpoBoaHuKa. Cuia Toka oaHa
13 OCHOBHBIX BennuuH B CH; ee eqununa — ammnep (A). 3a HanpaBJIeHHE TOKa
MPUHUMAIOT HAIIPaBJICHUE, MPOTUBOIOJIOKHOE JTBUXKEHUIO SJIEKTPOHOB.

J1J1s1 BOBHUKHOBEHUS ITOCTOSTHHOTO TOKA B METAJUTMYECKHUX MTPOBOTHUKAX
Ha CBOOOJHBIC DJIEKTPOHBI JOJKHO JCHCTBOBATH DJIEKTPUYECKOE TIOJIE,
Croco0HOe 00ecreuynTh Ha KOHIIaX IPOBOHUKA (IIETIH) TOCTOSIHHYIO Pa3HOCTh
MOTCHIIMAIOB. B MCTOYHMKE TOKa B pe3yibTaTe JCUCTBUS CTOPOHHUX CHII Y
OTPHUIIATEIHLHOTO TIOJIF0CA BO3HUKAET U30BITOK 3JIEKTPOHOB, Y TOJIOKUTEIHHOTO
- UX HEJOCTATOK, T. €. BO3HUKAET Pa3HOCTh MOTECHIMANOB. Kaxp1ii HCTOUYHUK
TOKa XapaKTEPHU3yeTCs DIICKTPOABMKYIIEH CHJIOW KOoTOopas paBHa paboTe
CTOPOHHUX CHJI, COBEPIIIAEMOM MPU TIEPEMEIICHUH MOJI0KUTEIHLHOTO 3apsiia B 1

K Bmois nemnmu:

Enununa 3/1C - Bosbt (B).
3akon Oma J1iJ1s1 yyacTKa el yCTaHABIMBAET 3aBUCUMOCTb MEXKAY CUIION

TOKa B IIPOBOJAHUKE W HAIIPSIKCHUEM Ha €0 KOHIIAX!:

I=—,
R
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1 o
rac KOB(i)(bI/IHI/ICHT IMPOIIOPIUOHAJIBHOCTHU E HAa3bIBACTCA JJICKTPHUYCCKOU

MPOBOJMMOCTBIO; R — 3JIeKTpHUYecKoe COMPOTUBIICHHE MPOBOIHUKA. EnnHunIa
conpoTusieHus — oM (Om).
ConpoTHBieHHE MPOBOJHUKA 3aBHCHT OT €ro pa3MepoB, Marepuaia u

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

r7ie P-yAelbHOe compoTuBieHne, OM-M; a-TeMrepaTypHblid KOAPPUITUSHT

conporusienus, K?;

AR
a = .
RoAT

I[JBI MCTAJUNIMYCCKUX IIPOBOJHHUKOB «( BbIPAXACTCA IMOJOXHUTCIbHBIM
YHUCJIOM. ]_—[HH HCKOTOPBIX MCTAJUIOB IIpHU TCMIICpATypax, OMM3KUX K
a6COJII-OTHOMy KYJII0, HACTYIIACT CBCPXIIPOBOAUMOCTH — COCTOSHHC, IIpHU
KOTOPOM COIIPOTHBJICHHNEC CKAYKOM IIaAacT 10 HYJIA.

3akoH Oma JJIA IIOJTHOM LCIIN YCTAHABJIINBACT 3aBUCUMOCTb MCIKIAY CHJION

TOKa, BHGKTPOHBHH(YHICﬁ CHJIOM U TIOJIHBIM COIIPOTUBJICHHUEM ILICIIN:

==,
R+r
rae R u r — conpoTuBieHust BHENTHEN YacTH 1ENMU U CaMOTO UCTOYHHUKA
TOKa.
Hampsoxkenne U Ha mosrocax MCTOYHMKA TOKA TMPU 3aMKHYTOHW IIETH
Menble JDJ]C Ha 3HaUeHHE NaJECHUS HANPSXKEHUSI BHYTPU CAMOTO HCTOYHUKA!
U=&—-1Ir.
KopoTkoe 3ambikaHne — SIBJICHWE, BO3ZHUKAIONIEE KOTJa COMPOTUBIICHUE
BHEIITHEH YacTH LN HUYTOXKHO MaJIo, a CHJIa TOKa JIOCTHTaeT HauOOJIBIIIETO
3HaueHus. Mcmonp3ys ¢opmyny 3akoHa Oma IS TOJMHOM IIEMH, MOXKHO

OIMpCACINUTL CUITY TOKa IIPHU KOPOTKOM 3aMbIKaAHUU:

&

[
K.3. r

OtpenbHble  y4acTKM — Henu  (Pe3UCTOpbl)  MOXKHO  COEIUHATH
IIOCJIEA0BATEIBHO U NIAPAJUIEIIBHO.

IIpu mocnenoBaTeIbHOM COEAMHEHUM PE3UCTOPBI BKIIIOYAKOTCA OIUH 32
JOPYTUM, IIOATOMY CHJIa TOKA Ha BCEX y4acTKaX LIENH OJUHAKOBA, a 00IIee WIn

9KBHUBAJICHTHOC COIIPOTHUBJICHHUC LCIIK PaBHO
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RI'IOCH == Rl + R2+ . +Rn
Ecm R; =R, =...= R, =R, ToR;,c;, =R n
[Tanenue HanpsDKEHUs IMPU  IOCJIEAOBATEIbHOM COEAUHEHUU IPSIMO

HpOHOpI_[I/IOHaJIBHO COHpOTI/IBHeHI/IﬂM:
U Ry
U, Ry’
[Ipy mapajuIeNbHOM COEIMHEHHMH HANpPHKEHHE Ha BCEX NapasulelbHbIX

BCTBAX OJWMHAKOBO, a CHJIa TOKa B OTACIbHBIX BCTBAX 3aBHCHT OT HX

COHpOTI/IBJ'IeHI/If/'Ii

I; Ry
I, Ry

O6HIGG HJIN S5KBUBAJICHTHOC COIIPOTHUBJIICHHUC OIIPCACIIACTCA U3 (bOpMYJIBI

1 1 1
=—+—+...+—
Rnap Rl RZ Rn

1 R
Ecm R; = R, =...= R, =R, 10 =En,I/IHI/IRnap=H

Rpap

Jna u3MmepeHus Cuiabl TOKa B ILENb IIOCIEAOBATEIBHO BKIIOYAIOT
amMIepMeTp, CONPOTHBIEHUE KOTOPOTO JOJKHO OBITh OY€Hb MaibIM. UTOOBI
WU3MEHUTH LIEHY ACIEHUS MIKAJIBI aMIIEpMETPa, NapaJuIeIbHO C HUM BKIIKOYAETCSA
IIYHTUPYIOIIMK pe3uctop R, compoTuBieHHE KOTOpOro B N-1 MeHbIIE
CONPOTHBJIEHUS aMIIEPMETPA :

Ra
R. =
"n-—-1

rae N — 4uciio, MOKa3bIBAOIICE BO CKOJIBKO pa3 pacHIMPSIOTCA IPEACIIbI

U3MEpeHus npuodopa.

JU1st u3MepeHns HapsKEHUS B LIETIH BKIIFOYAETCs BOJIBTMETP I1ApaJlIEIbHO
y4acTKy, Ha KOTOpOM OHO m3MepsieTcsi. CONpOTHBIEHUE BOJIBTMETPA JIOJKHO
ObITh OONBIIMM. B TOM ciyyae, Korjga u3mepsieMoe HanpsiKEeHUE MPEBBIIIAET
JMana3oH U3MEepEeHUl BOJbTMETPA, OCIEI0BATENBHO C MPUOOPOM BKIIFOUAETCS
JOIOJIHUTENBHBIN pe3ucTop R

R,=R;(n—-1)
r€ N — 4YuCIO, MOKa3bIBAKOIIEE, BO CKOJIBKO pa3 yBEIMYMBAETCS LIEHA
JIeJIeHUs Ha IIKaJie mpubopa; R;- compoTuBieHne BOIbTMETpA.

M cTOYHMKY 3IIEKTPUUYECKOW SHEPTUH (MCTOYHHUKHU TOKA) MOYKHO COEIUHSATH

B Oarapeu. [Ipu mocnenoBaTeNbHOM COEAMHEHUU MOJOKUTEIbHBINA TOJOC

NEPBOro UICTOUYHUKA COCAUHACTCS C OTPHULATCIIbHBIM IMOJKOCOM BTOPOIo U T. [.
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Cua Toka mpu 3TOM Ompeensercs mo Gopmyse

né
I = ,
R+nr

r7ie N — YUCJI0 OJIMHAKOBBIX HCTOYHUKOB TOKA, COEAMHSIEMBIX B OaTapero.
[Ipyn mapanmienbHOM COEIMHEHHWH B OJIMH y3€l COEAUHSIOTCA IMPOBOJA,
UIyIIHE OT MOJIOKUTEIBHOTO TOJII0CA, B APYroll — OT OTPULATEIBHOTO, TIPU

5TOM CHJIa TOKa 0arapeu onpeaenseTcs o Gopmyiie
_ &
"~ R+r/n’

[Ipu pemenun 3amady Ha 3akoH OMa It pa3BETBJICHHBIX IiemNei
HEOO0XOMMO:
MIPOU3BOJILHO BRIOPATh HAMPABIICHUS CHIIBI TOKA M 00X0/1a KOHTYPOB U TTOKa3aTh
UX Ha CXeMe LEIu;
COCTaBUTh YPAaBHEHUS IO TOKY JIJIsl Y3JIOB, YUCJIO YPABHEHUI IPH 3TOM JOJKHO
OBITh HAa OJHO MEHBIIIE YHuclia y3JIoB. AsreOpanueckass cyMMa CHUJ TOKOB,
CXOJIAILINXCS B Yy3JI€, BCETJla paBHA HYJIIO, €CIM TOKH, MPUXOJAIINE K Y31y U
YXOJSIIINE OT HEro, OepyTCs C MPOTUBOIOJIOKHBIMH 3HAKAMU;
COCTaBUTh YPaBHEHUS JIJISI BCEX 3aMKHYTBIX KOHTYPOB, YUYUTHIBAS, YTO B JIIOOOM
u3 Hux anreOpamdeckas cymma DJIC paBHa anreOpandeckoil cymme HajeHHi
HanpspkeHus. Ilpu stoM, eciu B Hampasinenun ooOxoxa IJC moBblaeT
noTeHIHan (00X0 0T «KMUHYCa» K «ILTIOCY»), OHa OepeTcsi CO 3HAKOM ILITIOC, B
MPOTUBHOM CITy4ae — CO 3HAKOM MHHYC.
[lanenue HampspkeHUs OepeTcs CO 3HaKOM IUIKOC, €CJIM HamlpaBJIeHHE TOoKa
COBIAJIA€T C BHIOPAHHBIM HAMPaBICHUEM 00X0/1a KOHTYpa, B IPOTUBHOM Cllydae
- co 3HakoM MuHYc. OOmiee 4YuciIO ypaBHEHUH IOJDKHO PABHATHCS YHUCITY

HCU3BCCTHBIX BCJINYHNH.

IIpumepsl pelieHus 3a1a4.

IMpumep Nel. OnpenenuTs CKOPOCTH Apeiida AMEKTPOHOB MPOBOIUMOCTH
B MEJIHOM MPOBOJHUKE, MO KOTOPOMY T€UET TOK 5 A, €Clid IUIOWA/lb €ro
nonepedHoro cedeHuss 20 MM2, 4MCIO CBOGOMHBIX DIEKTPOHOB B EIMHHUIIE
00bema 9-10% m3. 3a Kakoe BpeMst DIIEKTPOH IIEPEMECTHUTHCS 110 TPOBOAHUKY Ha

1 cM? snekTpuYecKuid TOK TOCTOSIHHBIM.

13



JlaHo:

1=5A,
$=210° M,

No = 9-10%% M3,

Pemenne:
[=e'nyg-S-9
o
o eng-S
9= >4 =1,74-1075m/c

1,6:10~19K1-2-10~5M2

| =102 M, [IpuHUMas cpeaHIO CKOPOCTh Apeiida
e=1,610" K. 3JICKTPOHOB MOCTOSTHHON B MOCTOSIHHOM
l
TOKE, IoayduM t = 3
107 2m
9-? t-? t=——=575c=9muH 25c.
1,74-1073m/c

Ipumep Ne2. ConpoTuBIIeHHE YTOIBHOIO IPOBOIHUKA IIPU TEMITEPATYPE

0° C paBno 15 Owm, a mpu temneparype 220° C — 13,5 Om. Omnpenenuts

TEeMIIepaTypHbIN KO3P(ULHEHT CONPOTUBIECHUS YTJIS.

Jlano: Pemrenue:
Ro= 15 Om, a =28
RoAT
Ri=13,50M, | a==22"1%_ _ (00045 K1
15 OM:220K
At =220 K.
o-"7?

IHpumep Ne3. Hcroynuk TOKa € 3.4.C.

220 B u BHYTpPEHHUM

conpotuBieHueM 2 OM 3aMKHYT NPOBOJHHUKOM comnportuBieHueM 108 Ow.

OHpeI[eJ'II/ITB MMaJCHUC HAIIPAKCHUA BHYTPU UCTOYHHUKA TOKA.

Jano: Pemenue:
Er
E=220B, UBHYszl-rzﬁ
B _ 220B20mM
R =108 Om, Usuyrp = Tosomizon = 4B
r=20m.
Usuyrp -7

IIpumep Ne4. JlaHO mATh aKKyMYJISITOPOB € 3.4.Cc. 6 B U BHyTpeHHUM

conpotuBieHueM 0,6 Om kaxawii. Kakum A0MKHO OBITH COMPOTHUBIICHUE
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BHEIIHEH HGHH,qTO6H[HpH,HOCHeﬂOBaTeHBHOMﬁCOCHHHGHHH AKKYMYJISITOPOB

CHJIa TOKa OKa3aiach paBHOM 2 A?

JlaHo: Pemenue:
£=6B, [=2%
R+nr

r=0,6 Om, R=(§—r)-n

I

n =5, R=(3-060m)-5=120m
2A
I =2 A.
R-?
NupuBuayajibHble 3a1aHNUs AJs1 IPAKTHYECKOIT padoThl Ne 9.

1. OnpenenuTh KOHIEHTPALMIO 3JIEKTPOHOB MPOBOJUMOCTH B MEJIH, €CIIU
IpU CPEIHEH CKOPOCTU YIOPSJIOYEHHOTO JBUKEHUS DSJIEKTPOHOB
npoBoaumocT 0,1 MM/c B IpOBO/IE C IUIOMIA/IBIO MONIEPEUHOrO0 CEUECHHUS
105 Mm? cuma Toka 500 A.

2. JlomycTUMBIHA TOK JUISI U30JIUPOBAHHOTO MEIHOTO MPOBOJA IUIOMIAIbIO
TIONIEPEYHOro ceueHus 1 MM? IpH NPO0JKUTENBHOIM padoTe paseH 11 A.
CKOJIBKO METPOB TaKOW TMPOBOJIOKM MOXHO BKJIIOYUTh B CE€Th C
HarnpsbkeHuem 110 B 6e3 70moaHUTEIbHOTO CONPOTUBIICHUSA?

3. OmpenenuTh CUITy TOKa B KOHTAKTHOM MEIHOM MPOBOJIC TPOJUICHOYCHOM
CETH, €ClIM KOHIIEHTPAIHs SIEKTPOHOB MPOBOAMMOCTH B Meau 3- 10723
cM®, MX CpemHss CKOPOCTh YIOpSAO4eHHOro apwkeHus 0,25 Mm/c u
IJIOIIAb TIONIEPEYHOTO CEYEHHUs IPOBOAa 85 MM2,

4. K xoHIIaM CTaJIbHOTO MPOBOIHUKA JUTMHON 20 M MPUIIOKEHO HATIPSKEHUE
3,6 B. HailTu cCpemHIOI CKOPOCTh YIOPSAOYEHHOTO JIBUKEHHUS
HOCHTEJIEH 3apA10B B IIPOBOJHMUKE, €CIIH X KoHUeHTpanus 4- 1028 w3,

5. Conpotusnenue meaaoro nposoaa npu 20 °C pasro 50 Om. Onpenenurs
ero conpotusnenue npu -30 °C (a = 0,004 K1).

6. ConpoTuBieHue BOJb(YPAMOBOM HUTH JIaMIlbl HaKaJWBaHUS TPHU

temmneparype +20 °C pasro 20 Om, a ipu 3000 °C - 250 Om. Onpenenuts

TEeMITepaTypHbIN KO3 GUIIUESHT COMPOTUBIIEHUS BOJIb(hpama.
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7. Pesuctopsl conpotuBienneM R;=150 Om um R,=90 OM BKiIIOYEHBI
MOCJEeA0BaTENbHO B ceTh. Kakoe KOJIMYeCTBO TEIJIOTHI BBIACIHUTHCS B
pesuctope Ri, ecnu B pesucrope Ry Beiaenmiock 18 kJ{ TErIoOTHI.

8. Pa3HOCTB MOTEHIIMATIOB Ha KJIeMMaX Pa30MKHYTOTO UCTOYHHKA TOKa 4 B.
OnpenenuTes BHYTPEHHEE CONPOTHUBICHUE HCTOYHMKA TOKA, €CIU MPH
CONPOTHUBJICHUU BHEIIHETO yyacTka nenu 4 Om cuiia Toka pasHa 0,8 A.

9. Yetsipe akkymyssaTopa ¢ 3.4.c. 20 B 1 BHyTpeHHUM conpoTuBiieHuEM 1,2
OM KaxAplii COEIMHEHBl MNApPAJUIETBHO OJHOWUMEHHBIMHU IMOIIOCAMMU.
KakoBo 10MKHO OBITH COMPOTUBJICHUE BHEITHEHN 1IE€TIH, YTOOBI CHJIa TOKA
B HEl He npeBpimana 2 A?

10. UcTouHuK »iexkTpudeckol sHepruu ¢ d3.4.c. 60 B u BHyTpeHHUM
conpoTuBiicHUEM 2 OM 3aMKHYT Ha 2 TOCIEI0BATEIBHO COEIMHECHHBIX
pesuctopa. OnpenenuTs conpoTtuBiieHne Ry, ecau R; = 20 Owm, a cuna
TOKa B IIENK paBHa 2 A.

11.Tpu UCTOYHHUKA ANEKTPUUECKOW 3HEpruu ¢ 3.1.c. 1,1 B u BHyTpeHHUM
conpotuBieHueM 0,9 OwM Kaxabld COEIMHEHBI MOCIEN0BATEIBHO
Pa3HOMMEHHBIMHU TOJIOCAMHU W 3aMKHYTBl Ha BHEIIHIOK IIeMb
conpotusieHueM 3,9 Om. OnpeaennuTs CULy TOKa B LEMH.

12. 3IC pa3zoMKkHYTOTO HCTOYHWMKA TOka 6 B. OmnpenenuTth BHyTpEeHHEE
COMPOTUBJICHUE MCTOYHUKA TOKA, €CJIU MPHU COMPOTUBJICHUN BHEIIHETO
yuacTka nenu 7 Om cuna Toka paBHa 0,5 A.

13. B/1C pa3zomkHyTOrO MCTOUYHHMKA Toka 28 B. Ilpu BKIFOYCHUM BHEIITHEH
[EMH Pa3HOCTh MOTEHIIMAJIOB Ha KJIEeMMaX UCTOYHHKA TOKA CTajia paBHOMN
30 B, a cuna toka 5 A. Omnpenenuts BHYTPEHHEE CONPOTHBIIEHUE
HMCTOYHUKA TOKa, COMPOTHUBJIECHHUE BHEIIHETO y4yacTKa MU U TMOJHOE
CONPOTUBJICHUE LEIH.

14. barapes akkymynsitopa umeetr IJIC 15 B. cuna Toka B uenu paBHa 4 A,
a HamnpsbkeHue Ha kiemMMax 12 B. Onpenenutrs TOK KOPOTKOTO
3aMBbIKaHHUSI.

15. 3/1C uctounuka Toka paBHa 220 B, BHyTpeHHee conpoTuBiieHue 2 Om.
Kaxkoe Ha/io B3SITh COMMPOTHUBIICHUE BHEIITHETO YYacTKa IEIH, YTOOBI Chjia

TOKa ObLIa paBHa 8 A.
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16. Ilpu mpoxokaeHUM MO MPOBOAHHUKY, COMPOTUBIECHHE KOTOporo 4 Owm,
AIIEKTPUYECKOr0 TOKA B TEYEHUHU 2 MUHYT coBepiuaercs padora 12 kJIx.
OnpenenuTs cuily TOKa B IPOBOAHUKE.

17. Konnencatop eMKOCThIO 4 MKD BKIIFOUEH B IETb (PUCYHOK U3 KJIACCHOM
3aaun  cMoTpeTh!!!), coxaepkairyro 3 pe3ucTopa M HCTOYHHK
noctositHHOro Toka ¢ 3JIC 6 B u BHyTpeHHUM comnpoTuBieHUEM 2 Om.
ConpoTtusnenue nepBoro pesucropa 4 Om, BToporo — 7 Om. Tperbero —
2 Om. Yemy paBeH 3aps] Ha TpaBoOil 0OKIIaKe KOHeHcaTopa?

18. Akkymynstop ¢ D/IC 8 B u BHyrpennum comnpotusienueM 0,4 Om
MUTAET BHELIHIOKO 1enb ¢ conpoTuieHueM 11,6 Om. Kakoe konudyecTBo

TCIIJIOTHI BBIACIIMTECSA BO BceH IICIIN 3a BPCMA 5 MI/IHYT?

IIpakTuyeckas padora Ne 10.
«IlepsBblii 3axkoH @apajes. Bropoii 3akon @apajaes».
b HAyYUTHCA IPUMEHATH HA MIPAKTUKE MTOIYYEHHbBIE TEOPETUYECKUE 3HAHUS

no teme: «IlepBriit 3akon Dapanes. Bropoii 3akon dapasaes», chopmupoBarth
YMEHUSI U HABBIKM  HAXOXJICHUS (PU3MUECKON BEIMYMHBI, €€ BBIBOJA U3
(bopMybL.
IHopsinok BbINOJIHEHNsI Pa0OTHI:
1. BHUMAaTENbHO MPOYUTATh TEOPETUUECKYIO YACTh U TIJIaH PEIICHUS 3a/1a4
2. PaccmotpeTs mpuMephI peliieHus 3a1a4u

3. HOHy‘II/ITB " BBIITOJIHUTb MHAWBUAYAJIbHBIC 3a/IaHWA.

Teopernyeckasi 4acThb.

K >ku1kuM IpoBOTHUKAM OTHOCSTCS, TJIABHBIM 00pa30oM, paCTBOPHI COJICH,
ieao4ei, KUCaoT. HocutensiMu 3J1eKTpUYECKOro TOKA B JKUAKUX MPOBOJHUKAX
SBJISIIOTCS. MOHBI, KOTOpBIE O0Opa3yroTCs B IMPOIECCE AICKTPOJIUTHUCCKOMN
JACCOIMALIMKU. DJEKTPOJUTHYECKAs IOUCCOLMALUsS - 3TO MPOLECcC pacmana
HEUTPAJIIBHBIX MOJIEKYJI COJIEM, KHUCJIOT W ILIEJIOYEHM HAa TOJOKUTEJIbHBIE U
OTpHUILIATEIIbHBIE MOHBI MPU PACTBOPEHUM HA3BAHHBIX BEIIECTB B BOJAE WM
JIPYTUX pacTBOPUTENSIX. Bosibliast IusneKkTpuueckas NpoOHUIAeMOCTh BOJIBI (€ =
81) u TernoBoe NBUKEHHUE MMPUBOAAT K PACIIaly MOJIEKYJI.

[IpoxoxkaeHne HNEKTPUUYECKOTO TOKA YEpPe3 IKUIAKUKA IPOBOJHUK

(2JIEKTPOJIUT), COMPOBOKIAIONICECT XUMUIECKUMU TIPEBPAICHUSIMH BEIECTBA
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Y €r0 BBIICJICHUEM Ha JJIEKTPOAAX, Ha3bIBACTCS DJICKTPOJIN30M.

IIpum snexTponuse BeIMOIHAOTCA ABa 3akoHa Dapases.

1 3akonm @apanges. Macca BemiecTBa, BbBUICIUBLIETOCS MpU
DNEKTPONIM3E, NPSAMO  MPONOPUMOHAIBHA  KOJWYECTBY  DJIEKTPUYECTBA,
IIPOLLIEIIETO YePE3 MEKTPOIIUT:

m = kq
rae K — SIeKTpOXMMUYECKHH SKBHBAJICHT, KOTOPBIA IMOKA3bIBAET, CKOJBKO
BEILECTBA BBIACIACTCA IIPU JIIEKTPOJIN3E, ECIIH YEPE3 AIEKTPOJIUT npouaet 1 Kn
KOJIMYECTBA DJICKTPUYECTBA.
2 3axkoH Papagesi. DIEKTPOXMMHYECKHUE 3SKBHUBAJICHTHI MPSIMO

IMPpOINoOpHHUOHAJIBHBI OTHOIICHHIO MOJ'I?IpHOfI MAacCChI K BaJICHTHOCTH:

M; M,
k1:k2 =n—:n—2
1

rae My u M, — MoJisspHBIE Macchl; N1 U Ny — BAJICHTHOCTH.

Ba)xHO IOMHHUTB, YTO MPH BBIJICJICHUH 1 MOJIb KOJIMYECTBA BEIICCTBA, Uepe3
>7eKTposuT Ipoxoaut 3apsan F = Npe = 9,648456-10* Kn/mons; F - uuco,
OJIMHAKOBOE ISl BCEX AJICKTPOJIUTOB, HA3BIBACTCS TIOCTOSIHHON Dapaes.

O0beauHeHHbI 3ak0H Papajesn:

ERES

q

el

m =

IIpy DOpPOXOXKIEHHH TOKAa 4Yepe3 JJIEKTPOJUT MOXKET BO3HHMKATh
MOJISIPU3ALNS JIEKTPOJOB, KOTOpas co3fgaer npoTuBo-IDJC, 4TO BBI3BIBAET
YMEHBIIEHUE CHJIbI TOKa B ILend. B 3ToM cinydae mpu pelieHuH 3aaad
npuMeHsieTcst 3akoH Oma s yuyactka nenu ¢ 9/C:

I = (U - EHOHﬂp)/R

IIpuMepsl pemieHus 3axau.

IIpumep Nel. UYepes pactBop cepHOii kucnorhl mporwio 2-10° Ko
KOJIMYEeCTBa 3JekTpuyecTBa. Omnpenenutb mMaccy U OOBEM BbBIICIMBIIETOCS

BOZIOPOJIAa TIPM HOPMAJIBHBIX YCIOBHUSX. I110THOCTB Bogopona po=9-1072 kr/m°.

JaHo: Pemenue:
g=2-10° K, V=2 m=2d
Po Fn

i 1073 kr/Moab-2:10 SKn _
M = 1073 xr/mMoib, m= / =2,07-1073kr
96500 Ki/mMoub
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2,07-10 " 3kr
n=1, Vy =
9:10~2kr/m3

= 0.023 M3

F =96500 Ki/moib,
po= 9:102 kr/m°

m-?V,-?

Ipumep Ne2. IIpu snextponusze BogHOTO pacTBopa ZNSOy4 BBIACIUIOCH
61,2 r nuHka. OnpenenuTs 3aTPayeHHYI0 SHEPTUIO AIIEKTPUYECKOTO TOKA, €CIIn

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

Jano: Pemenue:
m=61,2-103xr, W =qU,m = kq
U=10B, w="20

1073 kr-

q,
n=2, Pemenue 3amaun no 2 3akony dapanes:
M UF
M = 65,37-1073 kr/mous, k=—, w="00
Fn M
61,2103 kr-10 B-96500—— -2
F =96500 Ki/Momb. W = ——— 22— = (),5 KBT ' u.
65,37:1073——
MOJIb
W -?

NuauBuayajbHble 3a1aHUs 1JIs NpaKkTudeckoii padorsr Ne 10,
OnpenenuTs Maccy BBIIEIHMBIIErocs XJopa Ipu mpoxoxaenun N= 5 - 1024
anekTpoHOB uepe3 pactsop NCI.

Ckoinbko cepeOpa BBIICTUTHCS HA KaTOJIEe MPHU MPOXOXKICHUU YePe3 BOTHBIM
pacTtBop azoTHO-cepeOpsHoi commm AGNO3 3a 5 4, eciii COMPOTUBIICHUE BAaHHBI
6 Om, HanpsKeHre Ha ero 3axkumax 6 B? Cepebpo ogHOBaJICHTHOE.

. IIpu snextponuze BogHoro pactBopa CuSO, Owuta coBepiiena padora 200
kBT-4. Onpeaenuts Maccy MoTydeHHON MEIH, €CITM HaIPsHKCHUE Ha 3aKUMax
BaHHBI 6 B.

OnpenenuThs SJIEKTPOXMMHUYCCKHH DKBHBAJICHT XJIOpa, aTOMHas Macca

koToporo A=35,453, a BaJieHTHOCTb paBHa 1.
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5. Menanbliit aHox Maccoi 33 T IOrpy:KeH B BaHHY C BOJHBIM PaCTBOPOM METHOTO
Kynopoca. Uepe3 CKOJIbKO BPEMEHHM aHOJI MOJHOCTbIO PACTBOPUTHCS, €CIH
3JIEKTPOJIN3 UJIET NpH cujie Toka 2 A?

6. JIBe DJCKTpOJUTHYECKUE BAHHBI COSAMHEHBI IMOCIEAOBATENbHO. B mepBoit
BaHHE BBIACIWIOCH 19,5 T 1IMHKA, BO BTOpOM 3a Toxke Bpems 11,2 r xenesa.
[uuk nByxBaneHTeH. KakoBa BaJleHTHOCTD xene3a’?

/. Onpenenuthb, Kakas MOIIHOCTh PAacCXOJyeTCs MPH IJIEKTPOJIM3E pacTBopa
CEpHOM KHCIIOTBI, €ciM 3a 25 MuHYT BblAenwiock 150 Mr Bogopona, a
conpotusieHue ekrponuta 0,4 Om.

8. Dnexrtponu3s npotekan 20 MUHYT Ipu cuiie Toka 1,5 A. 3a 3T0 BpeMs Ha KaTtoze
BbIIEIIIOCH 594 mr BemecTBa. Kakoe 310 BemecTBo?

9. PadunupoBanre Meaw OCYIIECTBISUIOCH TPH HAMPSHKEHUH Ha 3aKHMax
BaHHOW 0,3 B. CKOJBKO MEIM BBIACIUTHCA Ha Karojge 3a | wyac, eciu
corporusieHue >aekrpommra 3-10° Om, Meab AByXBaJICHTHAS.

10.OmekTponm3 HATpaTa cepedpa MPOAOKAICS 5 MUHYT, IPH 3TOM Ha KaToJe
BbIIENIUIIOCH 336 MT cepebpa. AMIiepMeTp, BKIIOUEHHBIN B I€Mb, OKa3bIBaJ
0,9 A. [IpaBuibHO JI1 €0 TOKa3aHUE WM HE0OXO0IMMa MoTpaBKa?

11. ITpu snexTponuze, JIUBIIEMCS B TSYEHUH | Yaca, cuia Toka Obliia paBHa 6 A.
YeMy PaBHO [IaBJICHUE BBIJEIUBIIETOCS aTOMApHOIO BOAOPOAA, €CIU IPHU
temneparype 200 K, ero o0meM paBeH 2 nutpa? DIEKTPOXUMHUYECKUM
SKBHBAJIEHT Bojopoaa k=1%10"8 kr/Ku.

12. Tlpu cepeOpeHnn u3Aenvs B TeUueHWH | dYaca OTIOXKHICSA CJOW cepedpa
tonmuHOoW 0,02 MM. Ompenenure MIOTHOCTh TOKA, €CIM MOJIAPHAs macca
cepebpa 108*10° kr/mMonb, BaleHTHOCT, paBHa 3, IUIOTHOCTH cepebpa
10,5*10%kr/™m°.

13. JIng MOKpBITUS HHUKEIEM METaUTMUYECKUX HM3JEIHM B DJIEKTPOXUMHUYECKYIO
BaHHY MOMENIEH HUKENEBbIN AekTpo maccon 0,02 kr. Kakoit 3apsia nomkeH
OpPOWTH Yepe3 BaHHY, YTOOBI 3JEKTPOJ ObUI MOJHOCTHIO H3PacXoioBaH?
DIEKTPOXUMUYECKUI SKBUBAICHT HUKENA paseH 3*107 kr/Ki.

14. T1py HUKEIUPOBAHUM JIETAJIM B TEUCHUH 2,5 4acOB CHJIA TOKA, MPOXOIAIIETO
yepe3 BaHHy, Obuta 30 A. DIEKTpOXUMUYECKUN SKBUBAJICHT HUKEJS PaBEH
3*107 xr/Kn, ero mmotHocth 8,9%10° kr/m®. UeMy paBHa TOJIIMHA CJIOS

HUKeJIs, BBIICIUBIIEroCcs Ha €T, eClIU IIomab AeTany papHa 0,4 M2?
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15. Mennbiii anos Maccoii 40 rp moMelleH B BaHHY C BOJIHBIM paCTBOPOM MEAHOTO
Kynopoca. Uepe3 CKOJIBKO BPEMEHU aHOJ MOJHOCTbKO PAaCTBOPUTHCS, €CIU
AJIEKTPOIIU3 UJIET MIPH CHJIE TOKA 3 A. DJIEKTPOXUMHUUYECKHUI SKBUBAJICHT METU
pasen 3,3*%107 kr/Kun.

16. BanHa ¢ pacTBOPOM a30THO-KHCIIOTO cepedpa MOAKII0YeHa K MCTOUYHHUKY C
HanpsbkeHueMm 6 B. OnpenennTs CONpoTUBIICHHE pacTBOpa B BaHHE, €Ciu 3a |

yac Ha KatoJie Beiienuiock 8,04 rp cepedpa. DIEKTPOXUMHUUECKUM SIKBUBAJICHT

pasen 1,18%10° kr/K.

IIpakTnyeckas padora Ne 11.
«MarauTHoe noJie u ero xapakrepuctuku. Cuia Jlopenna. Cuiia
Amnepa».

Heab: Hayuntbcss npuMeHSATH OCHOBHBIE (POPMYJIBI JJISl PELICHUsS 3aJad 110
ONPENEIICHUIO CUJIbl B3aMMOJCHCTBHSA MAPAJUICIBHBIX TOKOB, MarHMTHOIO
MOTOKA, UHIYKLIUH U HAMIPSHKEHHOCTH MArHUTHOTO TOJIA.
ITopsiok BeINOTHEHUsI padOThI:

1. BHHMaTENbHO IPOYUTATh TEOPETUUECKYIO YACTh U IJIaH PEIICHUS 3aa4

2. PaccMoTpeTs mpuMepsl peiieHus 3aaa4

3. IlosyunTh U BBINOJHUTH UHAUBHUYAJIbHbIE 3a/1aHUS.
Teopernueckunii MmaTepuaJl.

Ha nipoBogHUK ¢ TOKOM, MOMEIICHHBI B MAarHUTHOE IOJI€, JEUCTBYET CHJIA

A
. F =
Amnepa F =B 1I-lsina g4 S . Orcroga MHAYKIMS MArHUTHOTO MOJIS
paBHa:
F A
B=—— B=—
I-lsin @ yuy s-I-lIsin o Yggykius M HaOPSKEHHOCTh
(v . B = M H
MardHMTHOTO IOJIS  CBSA3aHbl  CIEAYIOIIEH  3aBHCHMOCTBIO: ot
B
H=—
CJI€I0BATEINBHO, Ho | Lo HA3BIBAIOT MATHUTHOM NOCTOSHHOM, OHA YHCJIEHHO
-7 I'm
o =4n-10  —
paBHa M
C o ) _ kchilpl
Wia B3aUMOJEHCTBUA NMapalllielbHbX TOKOB B cpefle papHa: F ===,
T

Holrlz 1

Bakyyme F = sy
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By,ueM CUUTAaTb MArHMTHOC I10JIC BHYTPHU AJIMHHOI'O COJICHOMWJA OJHOPOJIHBIM.

Jlnst  omnpezaenieHHus HANPSHKEHHOCTH 3TOr0 MOJISL MOAb3YHTCA  (popmystoi

I o
H="—"
[, MaruutHeii mortok ompenensor 1mo ¢opmyre P =B-S | rpe
B =1oH 1114 conenonna 6e3 cepreunnxa n B1 = H Ho " H nng conenouna c
CEpICUHUKOM.

IIpumepsl pelieHus 3aaa4.

Ipumep Nel. IlpssmosivHEWHHBI MPOBOJHUK C aKTHBHOW mmHON 0,8 M U
MPOXOASIUM 4epe3 Hero TokoM 5,0 A, pacrnojioKEHHBII B OJHOPOIHOM
MarHUTHOM Tosie moj yriaoM 30° K JIMHUAM HHAYKIWH, MEPEMEIIACTCS MO
JIEUCTBUEM CHJI MAarHUTHOTO MOJIs1. OnpeaeanuTh HHAYKIIMIO U HANPSXKEHHOCTD
ATOr0 MarHUTHOTO MOJISI, €CIIU JJIsS TIepeMelIeHHs MpoBoaHMKa Ha 0,7 M moJjiem

ObL1a coBepiieHa padora 0,56 JIx.

Jano: Pemrenwue.
1=0,80 m Ha npoBoaHUK ¢ TOKOM, HOMEIICHHBIN B MArHUTHOE
A
. F =
a=30°; none, aeiicteyer cuna F =B -I-Isin o 4 S
s=0,7m Orcroia MHAYKIHUS MAarHUTHOTO TIOJIsI paBHA!
B F B A
_7 I'a
Mg =4n-10  —
M NHaykius 1 Hanps>KEHHOCTh MAarHUTHOTO OIS
B-? H-? CBSI3aHbI CJICAYIONIEH 3aBUCUMOCTBIO: B = H , CIICIOBATEJILHO,
B
H=—
Ho

HO}ICT&BJ’IHH YHUCJIOBBIC JAHHBLIC M3 YCJIOBHA 3aaa4H, OMPCACIIAEM MArHUTHYIO

HHAYKOWIO U HAIIPSHKECHHOCTh MAarHUTHOTO ITOJIA:

0,56 [Ix
B = = 0,4 Ta
0,7mMm-5,0A -0,8mMm-0,5 .
0,4 Ta 5 A
H = F =3,2'10 -
H
4n.1077 M
M
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OrtBeT:

5A
3,2-10° =
B=04Tn H= M |

Ipumep Ne 2. Conenonp 6e3 cepreynnka AauHou 72 cm umeeT 810 BUTKOB.
Omnpenenuts HaNpsHKEHHOCTh MAarHUTHOTO TOJII U MarHUTHBINA MOTOK BHYTPH

COJICHOU/IA, €CJIM TOK B HEM 6,4 A, a mIiomajib NOonepeuyHoro CEYeHus COJICHOU1a

-3 2
7,510 M7 paknu OyZeT MarHuTHBIA IOTOK, €CJIM BHYTPb COJICHOMJA

IIOMCCTUTDL CTCPKCHb M3 HHUKCIIA, OTHOCHUTCIIbHAA MArHUTHAA IMMPOHHUIACMOCTDb

koToporo 3007

Jano: Pemienue.
[=0,72m ByzeM c4uTaTh MATHUTHOE I10JI€ BHYTPHU [UIMHHOTO
o =810 COJIEHOU 1A OJHOPOIHBIM. J{JIs OIIpEeAesIeH s HaIps-
1=6,4A y
’KEHHOCTH DTOI'O IOJIs BOCIIOIb3yeMcst (popMyIIoi
I o
S =0,75 .10 °m” = .
=0, 0o M [ MarHuTtHbIil HOTOK ONpeeIuM 10
-7 '

o =4mn-10 ° — B = u.H

M popmyne ® =B S rne © T Mo nng conenonna
My = 300 6e3 cepaeunuxan 51 = * Mo H 119 conenonpa
H-?, ®-?, ®;-? C CEepACYHUKOM.

Breranciaum HaIIPAKCHHOCTD!:
N 6,4 A -810 A
0,72 m M
[ToncTaBum B opMysly MArHUTHOTO MOTOKA OYKBEHHOE BBIPAXKEHUE MAarHUTHOM
HHAYKOWH U IIPOU3BCACM BbBIYHCICHUA!

(ID:pOHS;

D

7 IH A -3_ 2 -5
4n-10 " —-7200 —-7,5-10 "M~ =6,8-10 "BO
M M :

IIPY HAUIMYHUU CEPACUYHUKA

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

OTtBeT:
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7200 — s L
= wp=6810"B6 g -202 10 "BG

Ipumep Ne3. [To AByM AJIMHHBIM MapajuieNbHBIM MPOBOJHUKAM, PACCTOSHUE
MEXIy KOTOPbIMU 7,5 CM, B OJJHOM HaIlpaBJIEHUU YT TOKH: B iepBoM 10 A, BO
BTOpoM 5 A (pucyHok 1). ['ne Mmexy HUMU ciieryeT IOMECTUTh NapajlieIbHbIN

UM TPETUIl MPOBOJI, YTOOBI OH HAXOAMJICS B PABHOBECHUHU.

-2
$=75-10 "m _ PacCTOSHUE MEXAY IEPBBIM U BTOPBIM IIPOBOJHUKAMU;

L =10A_ 1ok MIEPBOM TIPOBOJIHUKE;

I, =5 A _ 1ok Bo BTOPOM IIPOBOIHUKE.

Haiitu:

X — pacCTOsIHHUEC OT IIPOBOAA C TOKOM 10 A A0 TPCTHETO ITPOBOAA.

—
Pucynok 1

Pewenue.

Tak Kak TOKM B IIEpBOM U BTOPOM IIPOBOJHMKAX WMEIOT OJMHAKOBOE
HarpasjeHue, To B Touke O BEeKTOpbl MArHUTHOW UHAYKIIMHU B1 1 By, paBHbIe 110
BEJIMYMHE, OyIyT UMETh MPOTUBOMNOJIOXKHBIE HanpasieHus. CieqoBaTenbHo, U
CHJIBI JIOJDKHBI OBITH paBHBIMH, T. €. |F1|=|F2|; mpu aTOM

11,1 I

=u,———; F,=upn
' 027t-x 2

1,1
®2n (s - x)

[IpupaBHHBas npaBble YaCTU U MTPOU3BOIS COKPAIIEHUE, OJIYYUM:

Y I, - 1;-1 I, I
Mo (0 =Moo — 7 < :
2n - x 21 (s - x) X SsS-x

2
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BrIpa3uM u3 npeapaymero paBeHCcTBa X U HAMAEM €ro YUCI0BOE 3HAUYCHHE

I -s
X =
I, x=11~(s—x). I, +1
10A-7,5-10 *m
X = =0,05 M

15 A

OrtBeT:

Tpertuii mpoBOa HEOOXOAUMO YAAIUTH OT EPBOTO HA 5 CM.

NupuBuayajbHble 3aJaHUs A0 NPAKTHYEeCKOoil padoThl Ne 11,

BapuantNel.
Ha npoBognuk ¢ aktuBHOM jiauHOM 0,4 M, NMOMENICHHBIM B OJHOPOJHOE
MarauTHoe noJie uaayknuen 0,8 T, neiicteyet cuia 1,6 H. Onpeaenuts cuity
TOKa B TMPOBOJHHMKE MPU YCJIOBUHU, YTO OH PACIIOJIOXKEH MEPICHAUKYIISIPHO
JVHUSM UHIAYKIWH.
Kakoil TOK MpOXOAUT MO KOJBLEBOMY MPOBOAY paaumycoM 62.8cM, €ciau OH
CO31a€T B LIEHTPE KOJIbIIA MATHUTHOE ToJIe UHAyKiuei 10°To.
C kakoil CWJIOW B3aMMOJICHCTBYIOT JBa IMAapaJUICNIbHBIX MPOBOJHUKA, OIUH
nuHoM 30 cM, BTopor 10 cm, MO KOTOPBIM UIYT TOKH OAHOTO HarpasiieHus 20
n 45 A, eciid OHU HaxOASATCS B BO3yXe Ha pacctosHuU 60 cm?
OnpeaenuTs MarHUTHYIO UHAYKITUIO B )KEJIE3HOM CEPJICUHUKE PJICKTPOMArHuTa,
00OMOTKa KOTOPOTO UMEET JUTUHY 5 ¢M U coiepkuT 500 BUTKOB, €Cliv Cujla TOKa
B Hel paBHa 0,5 A. OTHOCHUTENIbHAs MarHUTHas MPOHUIIAEMOCTh KeEJIe3a paBHA
5000.
Bapuant Ne2.
OnpenenuTs WHAYKIMIO MarHUTHOTO MOJIsi, B KOTOPOM Ha MOPSIMOMl MPOBOJ
niuHOM 10 cM, pacrionoxeHHbIH o yriaoM 30° K IMHUAM MHIYKIHH, 1eHCTBYET
cuna 0,2 H, korga no npoBOJHUKY MPOXOJIUT TOK SA.
Karymka pmuaoit 12,56 cm mmeer 5000 ButkoB. Kakoil Tok HE0OX0auMo
MPOITYCTUTh Yepe3 KaTYIIKY, YTOObl MHIYKIIUS MArHUTHOTO TIOJII Ha €€ OCH
oObina paBHa 1 Tn?
C kako¥ cuJIoil B3aMMOJICHCTBYIOT JIBa MapaJljIeIbHBIX TPOBOAHUKA, JUTUHOM MO
50 cm Kaxablid, IO KOTOPBIM UAYT TOKK oaHOrO HampaieHusa 10 u 40 A, ecnu

OHU HAaXOJATCS B BO3/IyX€ Ha paccTosiHun 50 cm?
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[To kpyroBomy BuTKY paauycoMm 10 cm mupkynupyetr Tok 4 A. omnpenenuTb
HaIpPsHKEHHOCTh M UHAYKIIUIO MArHUTHOTO TMOJISl B LICHTPE BUTKA.

Onpenenutp 3.4.C. HHAYKIIMU B MPOBOAHUKE MIMHOW 0,5 M, IBHXKYILIEMCS B
OJHOPOJHOM MAarHUTHOM Tojie uHAykiuedl o,1 Tm co ckopocts. 2 M/c
MEPIEHINKYJIAPHO JUHUSAM UHIYKIUU.

Bapuant Ne3.

OnpenenuTs JIMHY AKTUBHOM YaCTH MMPOBOJIHUKA, TOMEIIEHHOTO B OJTHOPOJHOE
MarHuTHoeE noJie uaaykuuen 1,2 Tin nox yriom 30° x JTMHASIM WHIYKIIAH, €CITU
npu cuiie Toka 10 A Ha mpoBogHUK JelcTByeT cuia 1,8 H.

OnpenenuTe MHAYKIMIO MarHUTHOTO IOJISI B LIEHTPE KPYroBOro MNpPOBOAA,
panuyc kortoporo 30 cM, eciu cujia TOKa B HEM paBHa 15 A.

. /IBa mapauienbHBIX MIPOBOAHUKA, JIMHOW 1O 150 cM KaKIb1i, 110 KOTOPBIM Uy T
TOKM OJHOTO HampaBleHus 1 u 4 A, B3ammopelcTByroT ¢ cuioi 2-10°H.
OnpenenuTs pacCTOSTHUE MEXK1y HUMH, €CJIM OHU HaXOASTCS B BO3yX€E.
OnpenenuTs paguyc KpyroBoro BUTKa MPOBOJIOKHU, YTOOBI MIPU MPOXOKICHUN
10 HEMY TOKa 2 A B €ro LIEHTPE HANPsHKEHHOCTh MAarHUTHOTO T0J1s Obljla paBHA
20A/M? cpena — BO3IyX.

[IpoBoiHUK, akTUBHAS JAsiiHA KoToporo 0,4 M, ABUXKETCS cO CKOpocThio 10 M/c
nog yraom 30° K JMHMSAM MHIYKIME OJHOPOJHOTO MArHUTHOIO IO
OnpenenuTs WHIYKIMIO MarHUTHOTO TIOJIS, €CJAM Ha KOHIaX MPOBOJHUKA
BO3HMKJIA 3.71.C., paBHas 2 B.

Bapuant Ne 4.

[Tog xakuM yriioM K JUHUSM WHAYKIUA OJHOPOJHOTO MArHUTHOTO TOJIst
JIOJDKEH OBITh PACIIONOXKEH MPOBOJHUK C aKTUBHOU JTMHOM 0,6 M, 4TOOBI 1MOJIe
nHaykuuen 1,2 Tn peiictBoBano Ha NPOBOAHUK ¢ cuiout 3,6 H, ecnu mo Hemy
MPOXOJUT TOK 5 A?

OnpenenuTs MHAYKIWIO MarHUTHOTO MOJSi, B KOTOPOM Ha MOPSIMOMl MPOBOJ
nnuHo 20 cM, pacmoJIOKEHHBIM TOJ YIJoM 30° k JMHHESIM VHIYKIIWH,
nerictByet cuia 0,4 H, korna no npoBoAHUKY MpoxXoauT Tok 10 A.
IIpOBOHUK, pPACIOJIOKEHHBIM NEPIECHAUKYISIPHO JIMHUSAM  MarHUTHOU
WHIYKIIUU OJHOPOAHOTO MArHUTHOTO TOJIsI, MOABEUICHHBIA HA JBYX HUTSX, B
onHoM ciydae Becut 15 H, B npyrom 20 H B 3aBUCUMOCTH OT HalIpaBJE€HUS TOKa

B HEM. OnpeenTh Maccy TPOBOIHHUKA.

26



[TpoBoaHuk anuHOM 0,25 M NEPIEHANKYISIPEH BEKTOPY MAarHUTHOW MHAYKLIMH
OJTHOPOJHOIO MArHUTHOTO MOJs, MOoAyib KoToporo 0,6 Tn. Cunma Toka B
npoBojHuKke 8 A. Onpenenure padoTy cuiibl AMIepa, Kotopas Obliia coBepIieHa
pu nepemenieHnn npoBoaHuka Ha 0,05 M mo HampaBlIEHHMIO NEMCTBHS 3TOU
CUJIBL.

B marauTHOM moJie ¢ uHAYKIMEN 5 T IBUKETCS SJIIEKTPOH CO CKOPOCTHIO 108
M/C, HaNpaBJIEHHON MEPICHAUKYJISIPHO JTMHUIM WHIYKIIUA MAarHUTHOTO TTOJIS.
UeMy paBeH MOIyJb CHJIBI, JEUCTBYIOUIEH Ha DBJIEKTPOH CO CTOPOHBI
MAarHUTHOTO moJisi? 3aps 3IEKTPOoHa cOOTBETCTBEHHO 1,6 « 107 Kir.

Bapuant NeS.

OnpenenuTs JIMHY aKTUBHOW YaCTH IPOBOIHUKA, [IOMEIIEHHOTO B OJTHOPOIHOE
MarauTHOE none uaaykuuei 1,4 T mox yroom 30° K TMHUAM HHIYKIMH, €CIH
IIpU CUJIE TOKa 5 A Ha MPOBOAHUK JelcTByeT cuia 1,4 H.

Ha npoBogHuk ¢ akTuBHOW jiuHOM 0,6 M, MOMENIEHHBIM B OJHOPOIHOE
MarHuTHoOe mnoJie mHaykuuen 2 Ti, neiictByer cuia 2.4 H. onpenenuts cuiny
TOKa B NPOBOJHUKE IIPU YCIOBHHM, YTO OH PACIOJIOXKEH IEPHEHANUKYISIPHO
JIUHUSM UHIYKIAU.

[IpoBOAHUK, PACHOJIOKEHHBIA TMEPHEHAUKYJISAPHO JIMHUSAM  MAarHUTHOU
WHIYKIUU OJHOPOAHOTO MArHUTHOTO MOJIsI, MOABEUICHHBIA HA JIBYX HUTSX, B
oaHoM ciry4yae BecuT 18 H, B npyrom 24 H B 3aBUCUMOCTH OT HaIPaBJICHUS TOKA
B HeM. OnpeieIuTh Maccy IPOBOIHHKA.

Yyactok mnpoBojgHMKA IMHOM 20 CM HAaxOIWUTCSA B MArHUTHOM IIOJie C
naayknuern S50 wMTn. Cuna  SJIeKTpUYECKOro TOKa, MPOXOISIIIEro IO
npoBOAHUKY, paBHa 15 A. Kakoe nepemenieHue coBepliacT MPOBOAHUK B
HaIpaBJICHUW JNEUCTBUS cuiibl Amriepa, eciau pabdora stoil cuibl 0,015][x?
[IpoBOAHUK paCMON0XKEH NEPIEHAUKYISPHO JIUHUSAM MarHUTHOW UHAYKIUU.

B MaraMTHOM 10J1€ ¢ MHAYKIHe 6 Tl ABUKETCS DIEKTPOH CO CKOpOocThio 107
M/C, HaIpaBJIEHHON MEPNCHAUKYISPHO JUHUSM WHIYKIIUM MAarHUTHOTO TOJIS.
UeMy paBeH MOIyJIb CHJIbI, JEHUCTBYIOUIEH Ha DJJIEKTPOH CO CTOPOHBI

MAaTHATHOTO 1oJisi? 3aps 3IeKTpoHa cOOTBEeTCTBEHHO 1,6 * 107° Kir.

IMpakTuyeckas pad6ora Ne 12.

«I.a.C. MHAYKIHUHU. I.1.C. CAMOMHAYKIMU. JHEPTrUsi MATHUTHOI'O MOJISD).
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Heab: 3akpenuThs 3HAHUS 1O TeME «J.4.C. HHAYKIHH. D.J1.C. CAMOMHIYKIHUU.
OHeprus MarHUTHOTO TOJIA.», C(POPMHUPOBATH YMEHUS U HABBIKM HAXOXKJICHUS
bu3nYecKoil BeIMUMHBI, €€ BbIBOJA U3 (DOPMYJIBI.
IHopsiioK BbINOJIHEHUS PadOThI:

1. BHHMaTeNIbHO IPOYUTATh TEOPETUUYECKYIO YACTh U MJIaH PEIICHUs 3a71a4

2. PaccmotpeTs mpuMephl pelieHus 3a1a4u

3. IomyunTh U BBINOJTHUTH WHAUBUAYAIbHbIC 3aJaHUS.

Teopernyeckas 4acThb.

MarauTHOe TMOJ€ €CTh YACTHBIM CIy4ad »3JIEKTPOMArHUTHOTO TIOJI,
XapaKkTepU3YyIOIIMKUCS  BO3ACHCTBHEM HA  ABIKYIIYIOCA  JJIEKTPUYECKHU
3apsDKEHHYI0 4acTUIy C CHJIOW, NPONOPLIMOHAIBHOM 3apsly 4YacTHLBI U €€
CKOPOCTH.

Buj MarHuTHOTO 10JIs 3aBUCUT OT TOTO, KaKylo (popMy UMEET MPOBOJHUK
c ToxkoMm. Hampumep, MarHuTHOEe moze, oOpasyrolieecs BOKPYT MpPsIMOTO
IPOBOJHUKA C TOKOM, TIpaduuecku wu300pakaeTcsi JIUHUSIMH MAarHUTHOU
UHIYKIMKM B  BUIE KOHLEHTPUYECKUX OKPYKHOCTEM B  IUIOCKOCTH,
MIEPIICHINKYJIIPHOW HAIIPaBJICHUIO TOKA. HampaBieHue MarHuTHOro HOJSA B
3TOM Clly4dae OIpeAesIoT 0 NpaBuily MakcBesuia (IpaBuily BUHTA): BpallleHUue
IOJIOBKM BHMHTA IIOKA3bIBa€T HANPABICHUE JIMHUW WHAYKUUH, €CIIU
MIOCTYNATEIbHOE ABMKEHHE BUHTA COBIAIAET C HAIIPABJIEHUEM TOKA.

MaruutHoe 1oJIe KaTylIKM ¢ TOKOM — COJICHOMJA AaHAJIOIMYHO
MAarHAuTHOMY ITOJIIO IIOCTOSIHHOTO MOJIOCOBOTO MAarHMTA.

B3auMopeiicTBue MarHUTHBIX IOJIEH, OOpa30BaHHBIX MApaLIETbHBIMU

MIPOBOJTHUKAMHU C DJEKTPUUECKUMU TOKAMH, onpeensiercs Gopmyoit

I, 1,1
2Ta

Hc
rae Iin I, — cuna Toka B npoBogHMKax; [ — y4acToK AMHbI NPOBOAaA, HA
KOTOPbIN AENCTBYET CMNA; & — PACCTOSTHUE MEXKTy IPOBOAAMM; [l —

a0COJIIOTHAs MAarHUTHAs IPOHUIIAEMOCTD CPEbl, XapaKTePU3YIOIIast

3aBUCHUMOCTDH CHUJIbI BSaHMOI[efICTBHH IIPOBOJHHUKOB C TOKAMH OT CPCAbI:

He = Mo " 1
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rae Yo = 41+ 107’TH/M — MaTHUTHAS IOCTOSHHAS; || — MATHUTHAS
MPOHUIIAEMOCTb CPEJIbI.
MarsuTHoe€ 1oJj€e 1elCTBYET Ha IPOBOJHUK C TOKOM C CHIION Fa (cumoii
Awmmnepa):
Fo=B-I-lsina
Ecnu npoBOoAHUK NEPIICHANKYIISIPEH JIMHUSAM UHAYKIUHU, TO
Fp=B-1-1
Koaddumuent mpomoprmonansHoctd B HaszpiBaeTcsi MarHUTHOM
WHIYKIUEN M SBIAETCS CUJIOBOM XapaKTEPUCTUKOW MArHUTHOTO TIOJIA.
MarauTHass WHAYKUWAST — BEKTOpHAas BEIWYMHA. EJOWHMIG MarHUTHOMN
uHaykiuu — Tecna (To). B mo0oit Touke OJIHOPOJHOTO MAarHUTHOTO TOJIS
MarHWTHasi MHAYKLIHS OJMHAKOBA MO MOAYJIIO M HAIlPaBJICHUIO, IO3TOMY TaKOe
nosie rpaduuecku U300pakaeTcsl JUHUSAMHU B BHUJC MHapaJUICIbHBIX MPSIMBIX
OJIMHAKOBOM T'yCTOTHI.
MarHuTHbld TTOTOK PaBEH YHUCIY JIMHUM WHAYKUWH, TPOHU3BIBAIOIIAX
IJIOMAAh S, €CJIM BEKTOP WHIYKITUU COBIAAACT C HOPMAJIBbIO K ATOH TUIOIIAIN:
® =BS.
Enununia marautHOro notoka — Bedep (BO).
MarHuTHble CBOKMCTBA KOHTYpPA XapaKTepU3yKOTCS MATHUTHBIM MOMEHTOM
Pm:
Pm =1S.
Ha xoHTyp ¢ TOKOM, HaxoAsUIMiCA B OJHOPOJHOM MArHUTHOM IIOJIE C
WHIyKIMEH B, neficTByeT Bpalaronuii MAarHUTHBIM MOMEHT M:
M=1I1:-S-Bsina
/1€ O-yToJ MEXIY BEKTOpaMHU ﬁ) u B; npu a=90° Bpamaromuii MOMeHT OyeT
MaKCHUMAJIbHBIM:
Myaxc =1-S-B=P,B
3aMKHYTBIH TPOBOJHMK ¢ TOKOM juHOM | mom metictBuem cunbl F
nepeMenacTcs Ha paccrosiaue b, cieaoBareabHO, coBepiaeTcs padoTa
A=Fab=B-I:l-b
HO [ -Db ects u3menenue mwiomanu AS. Torma
A=B:-[IASuiu A =1AD

I/IHI[YKLII/ISI MAarguTHOI'O ITIOJISA Hp}IMOHHHeI;'IHOFO IIPOBOJHHKA C TOKOM
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rze I — KparJdaiiiee pacCTOsHAE OT IMPOBOJIHUKA C TOKOM JIO TOYKH, B KOTOPOi1
ONpeneAeTCs UHAYKIHS B.

I/IHJ_IYKI_[I/UI MAaravuTHOI'O IIOJISI KPYIOBOT'O TOKa

1
2r

I/IHILYKLII/ISI MAargmMTHOTI'O ITOJIAA COJICHOM A

B =y,

[w
B:UC'T

A€ W - YUCJIO BUTKOB, | - JJINHa COJICHONIA.
MarsuuTHoe moJjie BHYTPH AJIMHHOI'O COJICHOHWAA4 OJHOPOIHOC, ITO3TOMY

MarHUTHBIN OTOK B COJICHOUJIE

lw
qD:BS:}J.C'TS

MarHutHOE NoJIE TAKKE XapaKTEPU3YIOT BEIMYMHON HampsKeHHOCTH H,

KOTOpas CBsI3aHAa C MArHUTHOW MHIyKUIHEW PopMyIioi
B =u.H.

Cuna, pgeiicTByromasi Ha OJEKTpUYeckwid 3apsa Q, IBWKyIIHICS B

MarHuTHOM M0Jjie, Ha3biBaeTcsi cuioi Jlopenua Fy:
F,=B-9-Qsina

rae« — yron wmexnay Bektopamu B uw 9. Cuna JlopeHua Bceraa
NEePHEeHANKYJIIPHA MJIOCKOCTH, B KOTOPOI HaXxoAsATcsl BeKTOphl B 1 9, moatomy
paboThl OHA HE COBEPUIAET; HE U3MEHSSI CKOPOCTH 3apsiia, OHA U3MEHSET JUILb
HamnpaBJieHUE U O00YyCIIOBIMBAET IIEHTPOCTPEMUTENbHOE YcKkopeHue. Eciu a =
90°, To

m92
2

B-Q:9="r
T.. YacThma Maccod M u 3apsaoM Q mox aeiictBuem cumitbl F, coBeprmaer
JIBUKEHHE 110 OKPY>KHOCTH.

SIBreHKHE SEKTPOMArHUTHOM HMHIYKIIMM COCTOUT B TOM, YTO B JIIOOOM

3dMKHYTOM KOHTYPC BO3HHUKAIOT OJICKTPOJABWIKYHIAss CHJIa HWHAYKIHUU U

HHHYKHHOHHBIﬁ TOK, €CJIN MarHMTHBIN ITIOTOK, OrpaHI/IquH]':Jﬁ OTHUM KOHTYPOM,
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HN3MCHACTCA CO BPDCMCHCM!

&, = —AD /AL
[TpenmnonaoxuM, YTO TPSAMOYTOJIBHBIM KOHTYp, PAacIOJIOKCHHBIA B

IJIOCKOCTH, NEPNEHAUKYISIPHOM MAarHUTHOMY IIOJIIO, IIEPEMEIIAETCs CO
CKOPOCTBIO U M BBIXOJUT U3 OJHOPOJIHOIO MAarHUTHOTO NOJisA. Toraa MarHUTHBIN
MOTOK, MPOXOSIINI CKBO3b IUIONIA/Ib KOHTYPa, OyJIeT U3BMEHSTHCS MO 3aKOHY
AD =—-B-1-9-At
VYuuteiBas 310, J./1.C. ”HAYKIMHA MOYKHO 3aIMCaTh B BUIE
e, =—B-[-9

Ecnu BekTOpHI SuB obpaszyrT yroi o, 70g, = —B-[-Jsina

O/1C 6yneT BO3HUKATh U B HEMOJIBUKHOM KOHTYPE, HO Ul 3TOTO
WHIYKIUS MarHUTHOTO HOJISl TAKXKE JOJKHA MEHSATHCSA CO BPEMEHEM.

Hanpasnenne WHAYKOIMOHHOIO TOKA, BO3HUKAIOWIETO B 3aMKHYTOM
KOHTYpPE, MOKHO OIPEJEIUTh, UCIO0JIb3Ys MPABUIIO IPABOM PYKH WJIU MPABUIIO
Jlenna. CornacHo npaswity JleHiia, ”HAYKIIMOHHBIA TOK HaIpaBJIeH TaK, YTOObI
MAarHuTHOE TII0JIe, CO3JaBAEMOE€ UM, IPOTUBOJCUCTBOBAIIO HU3MEHEHUIO
MAarHUTHOTO MOJIs1, BHI3BIBAIOIIETO UHIYKIIMOHHBINA TOK.

SIBneHHE CaMOMHIYKIIMM MOKHO PACCMaTpUBATh, KaK YaCTHBIM CIIydai
AJIEKTPOMArHUTHOM WHIYKUWH, KOTJa WU3MEHSIOLIMUICA MAarHUTHBIA IIOTOK
CO3J1a€TCs CAMUM TOKOM B IIPOLIECCE Er0 U3MEHEHNUS. Tak, IpH 3aMbIKaHUH LENTN
OJC camounaykiuu (coriacHo mpasuily JleHna) mpensiTCTBYeT YBEIUYEHUIO
CWJIBl TOKa, a IPU pPa3MbIKaHUM — IMPOTUBOACUCTBYET €r0 HMCUYE3HOBEHHIO.
[IosTOMYy IIpH 3aMBIKAHMHM TOK CaMOWHIYKIIMW HAIPABJIEH IPOTHB OCHOBHOI'O
TOKa, a MPU Pa3MbIKAHUM — B OJHY C HUM cTOpoHy. DJIC caMOMHIyKIIMU

IpOoInopuruoOHalIbHa CKOPOCTH N3MCHCHHUA TOKA B KOHTYPC!:

Al
E = _LA_t

rae L — MHIyKTUBHOCTH KOHTYpA, 3aBHUCSINAs OT €r0 Pa3MepoB, GOpMbI
M MAarHUTHBIX CBOWMCTB Cpeibl, B KOTOPYIO TMOMeIeH KOHTyp. Enunuia
WHIYKTUBHOCTU — reHpu (['H).

MarHuTtHoe 1oJie, IBJISSICh COCTABHOM YaCThIO AJIEKTPOMArHUTHOTO MOJI,

oOnafaeT sHeprueil. JHeprusi MArHUTHOTO MOJIsl paBHA!

W=-0l=-L1% ="
2 2

31



IIpumepsl pemienust 3aga4.

Ipumep Nel. Ilox xkakuM yrjioM K JUHUSM HHIYKIIUHA OJHOPOJIHOTO

MargimMTHOI'O ITIOJIA AOJIZKCH OBITh PacCIOJIOKCH IMPOBOJHUK C aKTUBHOU I[JIHHOﬁ

0,4 M, uToOBI TTOJTe HHAYKIMEH 0,8 T neicTBOBaIO Ha MPOBOAHUK cuioit 1,6 H,

€CJIY 110 HEMY IIPOXOJUT TOK 5 A?

Jlano: Pemienue:

| =5A, F=B-l-I-sina

B=0,8 Tn, sinoc=L
Bl

= 0,4 M, sina=—=20 =1, q=90°
5A-0,4 mM0,8Tn

F=1,6H

a-?

IIpumep Ne2. JIBa mapasieNbHBIX OYEHb JJIMHHBIX HPSIMOJIMHENHBIX

IMPOBOJHHMKA HaXOoIOATCA B BaKYyyMC.

Onpenenute pacCTOSTHUE MEXKIY

IMPOBOJHUKAMHU, €CJIN BCJICACTBUC UX B33HMOI[CI>1CTBH$I Ha OTPC30K IIPOBOJHHKA

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

JlaHo: Pemenue:
1=0,5m L
o 21F
F=2103H, r= 4110”7 H/A%-0,5 M_'lOO A40A _ 02 M
2:3,14-2:1073 H
=100 A,
I, =40 A,
Ho = 411077 H/A?,
u=1.
r-?
IIpumep Ne3. Ilo karymke wuHayktuBHOCThIO 80 MI'H mpoxoaut

MOCTOSHHBIU TOK

2 A. onpenenuTh BpeMsl yObIBaHHUSI TOKa MPU pa3MbIKaHUU

L[EeNH, €CIIU 3.1.C. CAMOMHAYKIIMY paBHa -16 B.

Jano:

L=0,08 I'n,

Al =2 A,

E.=-16 B.

At -7?

Pemenue:

Al L-Al
E.=—-L—, At=—

At Ec

0,08TH-2 A
At=——""22=001c

—16B

NuauBuayajabHble 3aaHNUs 1JIM NPaKTH4Yeckoi padoTsl Ne 12,
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[Ipu 0OaydeHHH Ta3a Y-H3IydeHHeM 00pasyeTcs Kaxayro cekyHay 5-10% map
noHOB. OnpenenuTs CUITy TOKA HACBHIIIEHHS, MPOXOMSIIEro 4epe3 ra3, eciu
3apsi KaXJA0ro HoHa 1,6:10°K5.

Ha npoBogHuk ¢ aktuBHOM JiuHOW 0,4 M, NOMEIIEHHBIA B OJHOPOJHOE
MarauTHoe noJie uaayknuen 0,8 Ti, neiictByet cuia 1,6 H. Onpenenuts cuity
TOKa B IPOBOJHHUKE IPU YCJIOBUHU, YTO OH PACIIOJIOKEH MEPIECHAUKYISIPHO
JUHUSM UHIAYKIWAN.

Kakoil TOK MpOXOAWUT MO KOJBLIEBOMY MPOBOAY paaumycoM 62,8cM, €Ciu OH
CO3/I€T B IIEHTPE KOIbI[A MATHUTHOE 110JI€ UHAyKImen 10T

C kakoi CcwIOM B3aMMOJECHCTBYIOT [1Ba NapaJUICIbHBIX IMPOBOJHMKA, OJHH
nnuHoi 30 cM, BTopoi 10 cMm, MO KOTOPBIM UIYT TOKK OAHOTO HarpaiieHus 20
1 45 A, ecid OHM HAXOJATCA B BO3AyX€ Ha pacctosHuu 60 cm?

OnpenenuTs MarHUTHYIO HHAYKITUIO B J)KEJIE3HOM CEPJICUHUKE 3IIEKTPOMAarHura,
00OMOTKa KOTOPOT'0 UMEET JUTUHY 5 ¢M U coaepkuT S00 BUTKOB, €CJIM CUJIa TOKA
B Hel paBHa 0,5 A. OTHOCHTEIbHASsI MATHUTHAS POHUIIAEMOCTh KeEJle3a paBHA
5000.

C KakoM CKOPOCTBIO HAJIO MEpEMEIIaTh MPOBOJHUK, JJIMHA aKTUBHOW 4acTH
kotoporo 0,5 M, mox yriom 50° Kk BEKTOpY MAarHUTHOHW HMHIYyKLHH, MOIYIb
koToporo paseH 0,8 Ti, yToObl B MPOBOJHUKE BO30YIMIACH 3.]1.C. MHIYKIUH,
paBHas 2 B?

OnpenenuTs WHAYKLIUIO MarHUTHOTO MOJSi, B KOTOPOM Ha MOPSIMOMl MPOBOJ
nnuHOM 10 cM, pacnonoxeHHbI mof yrinom 30° K IMHUAM MHIYKIHH, 1eHCTBYET
cuna 0,2 H, xorga no npoBOJHHUKY MPOXOAMT TOK SA.

Karymka gmunoit 12,56 cm mmeer 5000 ButkoB. Kakoi TOk HEoOXOoamumo
MPOIYCTUTh Yepe3 KaTYyIIKY, YTOObl MHIYKLUHS MAarHUTHOTO MOJIA Ha €€ OCH
oObina paBHa 1 Tn?

OnpenenuTs paanyc KpyroBOro BUTKA MPOBOJIOKU, YTOOBI MPU MPOXOKICHUN
10 HEMY TOKa 2 A B €ro LEHTpe HANPsSHKEHHOCTh MarHUTHOTO MOJIsl ObljIa paBHA

20A/M? cpena — BO3yX.

10. OnpenenuTh MArHUTHBIN OTOK BHYTPU KaTyIIKU UHAYKTUBHOCTHIO 0,005 I'H,

0 KOTOPOU MPOXOJIUT TOK 2 A.

11. OnpenenuTh UHAYKTUBHOCTH KaTYIIKH, €CJIA B HEMl MPU MNPOXOKICHUU TOKA 2

A BHEprus MarHuTHOTO noJist Obpu1a paBHa 1 JIx?
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12. OnpenenuTs MOAYIH 3.71.C. CAMOMHIYKIIMH, KOTOPasi BO30YKIaeTCsl B 0OMOTKE
AIEKTPOMArHuTa UHAYKTUBHOCTEIO 0.5 ['H mpy paBHOMEPHOM U3MEHEHUU CUJIbI
Toka Ha 6 a 3a kaxawie 0,03 c.

13. IlpoBogHUK MJIMHOM 2 M Bpamaercs B OJHOPOJAHOM MAarHUTHOM IIOJIE C
uHayKIuen 4 Tn BOKpYr ocH, MPOXOISIIEN 4Yepe3 OAUH M3 €ro KOHIIOB, C
YTII0BOM CKOPOCTHIO 2 paji/c NEePHeHAUKYISIPHO JTUHUSAM MarHUTHOU UHIYKIUH.
Yemy paBHA Pa3HOCTh MOTEHIIMATIOB MEXIY KOHI[AMU MPOBOJHUKA?

14. TIpoBogauk MN mmuHO# 0,5 M U compoTuBiieHHEM 5 OM JISKHT Ha ABYX
TOPU30HTAIBHBIX MPOBOJHUKAX, 3AMKHYTHIX HA UCTOYHUK TOKa, DJ[C KoToporo
4 B. IIpoBOJIHUKY HAXOJATCS B BEPTUKAJIBLHOM MarHUTHOM TOJI€ ¢ MHAYKIUEH
0,4 Tn. Onpeaenute cuily TOKa B IPOBOJHUKE, €CJIM OH JIBUKETCS PABHOMEPHO
CO CKOpPOCThIO 6 M/C a) BIpaBo; 0) BieB0. CONPOTUBIEHUEM NMPOBOIHUKOB, IO
KOTOPBIM CKOJB3UT MPOBOJHUK MN, MOXKHO MpeHeOpeyb.

15. Camon€T JETUT TOPU3OHTAIBHO CO CKOpOoCcThiO 828 kM /4. Omnpenenurte
pPa3HOCTh TOTEHIMAIOB MEXIY KOHIIAMH €ro KpbUIbEB, €CIU MOIYJb
BEPTUKAJIbHOM COCTABIISIIOIIECA MArHUTHOM HMHAYKIIMM 3€MHOIO MAarHUTHOIO
nons 6 *10° T, a pa3max KpbuIbeB 13 M.

16. MenHoe KOJIbLIO U3 MPOBOJAA AUAMETPOM 4 MM PacHoJIOKEHO B OJTHOPOIHOM
MAarHuTHOM I10JI€, MAarHUTHAsE UHAYKIUS KOTOPOTO MEHSIETCA MO MOAYJI0 CO
ckopocthto 1,4 Tn/c. IlmockocTh Kojdblla MEPHEHAMKYJSIPHA BEKTOPY
MarHuTHOW MWHAyKUMM. YeMy paBeH JAuaMeTp KOJblia, €CIu Cuia
WHIYKIIMOHHOTO TOKA, BO3HUKawomero B HEM, paBHa 10 A? VYnempHoe
conpoTusnenne meau p = 1,72 « 108 Om » m.

17. MarauTHBIA HOTOK Y€PE3 KOHTYP IPOBOJHUKA CONPOTHUBIEHHEM 3,5 ¢ 102 OM
3a 2 ¢ m3Menmics Ha 1,4 « 102 B6. Onpenenure cuily TOKa B IIPOBOJHMKE, €CITH
M3MEHEHHE MOTOKa MPOUCXOANIO PABHOMEPHO.

18. [lnockass ropusoHTanbHas ¢urypa maomagsio 0,2 M2 OrpaHUYEHHAs
MPOBOASIIMM KOHTYPOM, CONPOTHBJIEHUE KoToporo 6 Owm, HaxoauTcs B
OJTHOPOJTHOM MarHUTHOM moJjie. Kakoii 3apsi mpoXoIuT 1Mo KOHTYPY 3a O0JIBIION
MIPOMEXKYTOK BPEMEHH, MTOKa MPOCKIIUSI MAarHUTHOM MHAYKIIMU Ha BEPTUKAIb Z

paBHOMEpHO MeHsieTcst oT B1; =3 Tn go By, = -3 Tn?
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19. DHeprusi MarHWTHOTO TIOJISI KATYIIKW, IO KOTOPOW HAET TOCTOSHHBIN TOK,
paBHa 5 J[>x. MarHuTHBINA MOTOK Yepe3 KaTymky paBeH 0,5 B6. Omnpenenute
CUJTY TOKa.

20. Yemy paBHBI HHIYKTUBHOCTHh M DHEPTUS MArHUTHOTO TIOJIS COJICHOW]IA, €CITU
IIpU CUJIE TOKA, paBHOM 8 A, MarHUTHBIN MTOTOK Yepe3 cosneHou paseH 0,4 B6?

21. Onpeaenurte 4KCIIO BUTKOB COJIEHOUAA MHIYKTUBHOCTHIO 3 'H, eciiu cuiia Toka

B HEM paBHa 6 A, a MAarHUTHBIN MOTOK Y€pe3 IIIOUIa/lb OJTHOIO BUTKA COJIEHOUAA

pasen 0,004 B6.

IIpakTuyeckas padora Ne 13.
«MexaHu4eckue K0JI1e0aHUA U BOJHBD).
Heab: 3akpenuts 3HaHUS MO TeMe «MexaHudeckue KoJIeOaHUsT U BOJIHBDY,
chopMHpPOBAaTh YMEHHSI U HABBIKM  HAXOXJEHUs (U3MUECKOU BEIMYMHBI, €€
BBIBO/IA U3 (DOPMYJIBI.
IHopsxok BbINOJIHEHHUS PAa0OThI:
1. BHHMMaTENbHO MPOYUTATH TEOPETUUYECKYIO YACTh U TUIaH PEIICHUS 3324
2. PaccmoTtpeTs mpuMepHI peleHrs 3a1a4

3. HOJIy‘lI/ITI) W BBIIIOJIHUTDE HHANBHUAYAJIBHBIC 3aIaHN.

Teopernyeckasi 4acThb.

Konebanue - 310 nepruoandeckoe IBHKEHHUE, TP KOTOPOM TeJIo (JacTHUIIa),
MIPOXO/Isl Uepe3 MOJI0KEHNUE PABHOBECH S, OTKJIOHSETCSI OT HEro MOMEPEMEHHO TO
B OJIHY, TO B JIPYT'YIO CTOPOHY.

Bpewmsi, 3a koTopoe coBepiaeTcsi OJIHO TMOJHOE KoyieOaHWe, Ha3bIBACTCs
nepuosom T, a BenuunHa, 00paTHas Mepruoy,- 4aCTOTOM KoJieOaHuH V:

v=1/T
YacToTa onpenensieT KOJUYeCcTBO KojieOaHU, coBepilieHHbIX 3a 1 ¢. Enqunuiia

yacToThl - repi (I'm).

rIe N-4uciio KojacOaHuu.

Baxnenmuii Buj KoneOaHWN - TapMOHHMYECKHE, OHHM BBI3BIBAIOTCS
JICUCTBUEM CHUJIbI, MPOMOPUUOHAIBHON cMmeleHn0 X. CMENeHHe TOYKH,
YYaCTBYIOIIEH B TapMOHUYECKOM KOJIEOAHWH, OTIPEIEISETCS ypaBHEHUEM

X = A sin(wt + @),
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rae A — amiudryzaa Konebdanus; wt + Qo=@ — haza; @, — HayanbHas daza; w
— KpyroBas (HMKJINYECKAs) YACTOTA.

w =21V, M w = 2n/T
Enunuma kpyroBoit 4acToThl — paauaH B CeKyHIy (paa/c).

[Ilpumeuanue. B maHHOM ypaBHEHHMHM TapMOHHYECKOTO KoieOaHus A
BBIP2KACT MaKCUMAIIbHOE CMEIICHHUE (Xyaxe) © MOXKET 0003Ha4YaThCs uepe3 X.
[To anamoruM aMmIUIMTYIbl CKOPOCTH (Uyaxc) U YCKOPEHHS (Amaxc) MOKHO
0003Ha4YaTh COOTBETCTBEHHO Yepe3 U U A.

MareMaTtnyecknii MasTHUK (MaTepHalbHAs TOYKa, ITOJBEIICHHAS Ha
HEBECOMOU M HEPACTSDKUMOUN HUTH) MMEET MEePHO] MAITbIX KOJIeOaHH

T=2mn/l/g
Jliis Tpy3a Maccoit m, KoJeOIroIIerocst Ha MpyKWHE JKeCTKOCThIO K, KpyroBas
4acToTa U MEePHO/]] KOJIeOaHHU paBHBI:
w=k/m; T=2mn/m/k

KoneOmtomeecst Teno oOnamaeT NOTEHUUMANbHOM UM KUHETHYECKOH
sHeprued. [Ins rpy3a, KoJeONIomerocs Ha TMpYyKUHE, MOJHAs SHEPIus
KoJieOaHuil paBHA

W = (kA?)/2,

DHeprus 715 Tpy3a Opy NPOU3BOJIBHOM CMEIIEHUH X PaBHA

X2 2

W—W+W—k my
I ) 2

Ecan KOJ'I66J'IIOHIa$IC$I JacTula HaxXOOHUTCA B CPCAC, TO OHA BOBJICKACT B

KoJie0aTenbHOe JBWIXKEHHE HaXOJSIIUMecs PsAJIOM YacTHUILI — B Cpefe
pacripoctpansiercs BojHa. CKOpocTh UM JUIMHA BOJHBI A CBS3aHBI
COOTHOIIIEHUEM

v=A/T, umuv =2A-v

CKoOpoCTb BOJIHBI HE 3aBUCUT OT YaCTOThI KOJI€OaHUH, a 3aBUCUT TOJBKO OT
CBOMCTB cpenbl. TakuM o0pa3zoM, Mpu Nepexoie B IPYryIo Cpey U3MEHSIOTCS

CKOPOCTb U JJIMHA BOJIHBI, 4 4aCTOTa OCTACTCA HEU3MEHHOM.

Bosnbl yactoroit ot 16 I'm 1o 20 kI'i BOCOPUHUMAIOTCSA Y€JI0BEYECKUM
YyXOM ¥ Ha3bIBAIOTCS 3BYKOBBIMH BOJHaMU. CKOpPOCTh 3ByKa OOBIYHO

o0o3Havaercsi OyKBoO C.
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IIpumepsl penieHus 3aaa4.

I[Ipumep Nel. Manpunk kagaercs Ha JOocke. Bpems, 3a koTopoe
OH M3 BEPXHETO IOJI0KEHUS OMMYCKAETCA B HIXKHEE, paBHO 1,5 ¢. Uemy

paBHA 4acToTa, KPyroBas 4acToTa U Mmepuo;] KojeOanuii?

Jano: Pemrenue:

T=1,5c [lepnon KonebaHUil B JAHHOM CITy4ae MOXHO OIPENEIUTh KakK

w—?v=? BpeM:, IMpomcaAmce MCXKIY ABYM: IMOCIICA0BATCIbHBIMHU CaMbIMU

T—? BBICOKMMH (MJIM CAMBIMHM HU3KUMH) MIOJIOKEHUAMH MaIbUMKa.
T=2t v=1/T w=2mv
T=2-1,5¢c = 3c
v=1/3~ 0,33c!
w = 6,28-0,33c"! = 2,1 pag/c

Ipumep Ne2. Kak uzMeHutcs nepuoj; KojieOaHUN MasTHUKA, €CIU OH

HaXOAWTCA B TUQTE, IBUKYIIEMCS BBEpX ¢ yckoperuem 0,3 g?

Jano: Pemrenue:
a=0,3g [lepeiinem B cucteMy KOOPAMHAT, CBSI3aHHYIO C JTU(DTOM.

Torz[a Ha MasjATHHK AOIIOJTHHUTCIIBHO 6yz[eT ﬂeﬁCTBOBaTB

CHJIa

T-? WHEPLNH, paBHasi Ma 1 HaIIPpaBJICHHAs B CTOPOHY, IPOTHUBOIIO
-JIOKHYI0 YCKOpEeHHIO a. UTOOBI MOSICHUTH 3TO, PACCMOTPUM TMOKOSIIIUMACS
MasATHUK. Ha Hero neHCTBYIOT CHJIBI HATSOHKEHUS HUTH F u Tshkectm MQ.
JIBU>KETCSl MasiTHUK C YCKOPEHUEM a BMecTe ¢ JIn(PToM. 3anuiieM BTOpOi 3aKOH

HrroTona:
F—mg=ma,wmF=m(g+a).
Takum oOpa3zoM, Bec mapuka Kak Obl YBETUYHIICS HA BEIMYMHY Ma, KOTOPYIO

MbI ¥ Ha3blBaeM cujioil uHepuuu. Toraa B Gopmylie 1 nepuoja KojaedaHuit
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HY>KHO BMECTO J MOCTaBUTH ¢ + a:

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

[Ipu oTCYTCTBUH YyCKOpPEHUS

TO == ZT[\/%

Pa3nenus nowieHHO 00a 3TH paBEHCTBA, IOIYYUM:

T ="Toyg/(g+a)

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

[lepuon konedbanuii MasiTHUKAa yMeHbIIUTHCS B 1,14 pa3za.

Ipumep Ne3. CocraBUTh YypaBHEHHE TapMOHHMYECKOTO KoJieOaHuUs

MaTE€MaTUYECKOr0 MasATHHKA, JJIMHA KOTOPOro 2,45 M, aMIIUTy1a KOJeOaHHit

0,1 m.

Jano: Pemrenue:
. 2T
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 c

X-? x = 0,1sin 2t

NuauBuayabHble 3a1aHus Ui NPpaKTHYecKoi padoTnl Ne 13.

. Onpegenutb nepuoj KoyieOaHWU MaTepuaibHOW TOYKH, coBepruuBIIed 50
MOJTHBIX KoJiebanuii 3a 20 c.

. Ckonbko K0neOaHMI COBEpPIIMT MaTepualbHas TOYKa 32 5 C MpU YACTOTE
koJyebanuii 440 I'i?

. Teno, mojaBenIeHHOE HAa HEPACTSHKUMON HUTH AIMHONM 80 CM, OTKJIOHEHO OT
MOJIOKEHUSI PABHOBECHSI HA Yroj 200, OnpenenuTh CMEIIEHUE Telaa OT
TTOJIOKEHUS] PAaBHOBECHS.

. Jlano ypaBHeHue koisebatenpbHOro nBwkeHus x = 0,4 sin5mnt. Onpenenuth

aMILIUTY 1y, IepuoJ Kosiebanus u cmeuienue mpu t=0,1 c.
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MartepuanbHasi TOUKa COBEPIIAET TAPMOHMUYECKOE KOJICOaHHE C aMIUIMTYAO0N
0,03 M u nepuosom 0,2 c. CocTaBUTh ypaBHEHHE KOJEOAHUS M OINPEACIIUTH
cMmetenue npu t=0,1 c.

Yckopenne cBOOOIHOrO mHaneHus Ha noBepxHocTu Jlymel 1,6 m/c?. Kakoii
JUIMHBI JOJDKEH OBITh MaTEMaTHUECKUM MasTHUK, YTOOBI €ro Mepuol KoJeoaHus
Ha JIyHe paBeH 1 ¢?

Teno mMaccoii 0,2 KT oiBELIEHO Ha HPYKHHE, )KeCTKOCTh KoTopoii k=2 103H/wm.
Omnpenenuts 4acToTy CBOOOAHBIX KOJEOAHUI ITOTO Tella Ha MpYKUHE.
Omnpenenuth ATUHY BOJIHBI, €CH €€ ckopocTh paBHa 1500 m/c, a wactota 500
I

Kakoit myts mpoiaer (aza BosHoBoro asmxenus 3a 0,02 c, ecaum yactoTa

KoJiebaHuii paBHa 2 MI'n, a qyuHa BoHbI 150 M?

10. [IBmkenue Tenma ommchiBaeTcs ypaBHenueMm X = 4.25sin(0,3t + 0,75). Uemy

11.

12.

13.

14,

15.

16.

paBHa aMIUIUTYla KOJeOaHMil, KpyroBas 4acToTa, HauajlbHad (a3a u nepuop?
Uemy paBHa (pa3za B MoMeHT BpeMerH 1=0,5 c?
CkonbKo KoJieOaHUM COBEpIIaeT MaTeMaTUUCCKUI MasiTHUK JIJTMHOM 6,4 M 3a 3

MUH?

BepTukaibHO MoABEIEHHAs MPY>KWHA PACTATUBACTCA MPUKPEIUIEHHBIM K HEH
rpy3oMm Ha 1,6 cMm. Yemy paBeH nepuoa T cBOOOAHBIX KosieOaHUU Tpy3a?
(Maccoii ipy>KHHBI MOKHO TIpeHeOpeyb.)

Ha rmangkoM ropu3oHTaJIbHOM CTEpPXKHE HAXOIUTCS T'Py3, NPUKPEIUIEHHBIA K
npyxuHe. J[pyroi KoHeu npyxuHbl 3akperi€H. [loTsHyB 3a rpy3, NpyXuHY
pacTATrMBAIOT, IPU TOM BHEIIHSS cUJia coBepiaeT padoty 60,5 [x. 3atem rpy3
otmyckaroT. JKéctkocts mpyxkuusl 102 H /m, macca rpys3a 4 r. 3anummure
ypaBHEHUE KOJI€OAHUU TIpy3a M OINPEAESUTE €ro KOOPIWHAThl B MOMEHTHI
BPEMEHU, paBHBIE 2 T MC, Tt /2 MC, T MC.

Teno coBepmiaeT TrapMoHUYeckoe Kojiebanue mo 3akoHy Xx = 20sinmt.
Omnpenenuth aMILTUTYAY, IEPUOJ] KOIeOaHUsI U CMEIICHHE B MOMEHT BPEMEHH,
paBHnslii 0,5 c.

OnpenenuTp KECTKOCTh MPYKUHBI, €cliu Teso Maccor 0,8 Kr, HoJABEHIEHHOE K
ATOM MPY’KUHE, COBEpILAET Kojiebanus ¢ nepuogom 0,4 c.

Teno maccoii 0,5 Kr MOABENIEHO HA MPYKUHE, HKECTKOCTh KoTopoi 5*10° H/wm.

OnpenenuTs 4acTOTy CBOOOIHBIX KOJI€OAaHUI 3TOTO TEJa Ha MPY>KUHE.
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17. Teno maccoit 300 r coBepiiaer Kojie0aHUsl B TOPU3OHTAIBHON IJIOCKOCTH C
aMIUTATY 101 4 cM 1OoA AecTBHEM NPY>KUHBI )KECTKOCTHIO 15 H /M. OnpenenuTte
UKJIMYECKYIO YaCTOTY KOJeOaHuM Tejla U SHEPTUIO CUCTEMBI.

18. Teno comepiaeT rapMoHHYECKOe KoyiebaHMEe 10 3akoHy x = 25sin 3mt.
Omnpenenutp aMIIUTYAY, IEPUO] KOJIeOaHUs U CMELIEHUE B MOMEHT BPEMEHH,
paBHbIii 0,5 c.

19. CoctaBuTh ypaBHEHHE TapMOHHYECKOTO KOJIeOaHUS MaTeMaTH4YeCKOTro

MasiTHUKA, IJTMHA KoToporo 3,6 M, ammuintyaa kojaebanuii 0,3 M.

20. Jlonka kadaeTcs Ha BOJIHAX, MPU 3TOM PACCTOSHUE MEXKAY ONMKaWIIUMU
rpeOHAMHU BOJIH paBHO 9 M. OnipefieniuTe CKOPOCTh pacCpoCTPaHEHUs BOJIH, ECIH
nepuoj KojaeOaHui JOAKU paBeH 3 c.

21. 3ByK pacnpocTpansiercst B Bojie co ckopocThio 1600 M /c. Paccrosinue Mexmay
OJIMKaWIIMMU TOYKaMH, B KOTOPBIX KOJEOAHHs MPOUCXOIAT B MpOTUBO(a3e,
paBHoO 0,4 M. OnipeennuTe 4acToTy 3ByKOBOM BOJIHBI.

22. Ha paccrosauu 1000 ™M oT HaOmomaTens yaapsSioT MOJOTKOM II0
KEJIE3HOJAOPO)KHOMY penbcy. HaOmronarenb, NpPUIIOKHUB yXO K PEIIbCy,
yCJIBIIIAJ 3BYK Ha 5 C paHbLIE, 4YeM 3BYK JOLIEN JO HEro Mo Bo3ayxy. Uemy
paBHa CKOpOCTh 3ByKa B cTanu? (CKOpOCTh 3ByKa B BO3JyX€ MPUMHTE PABHOU

350 M /c).

IIpakTuyeckas padora Ne 14,

«Ilepuoa 1 yacTora nepeMeHHOro Toka. UHAYKTUBHOCTH U €MKOCTh B
LeNny NMePEeMEHHOI0 TOKA).

Henb: 3akpenuts 3HaHuA 10 TeMe «llepruoa M 4acToTra MEPEMEHHOrO TOKA.
WNHIyKTUBHOCTD U EMKOCTB B IIENTU IEPEMEHHOTO TOKa», CHOPMUPOBATH YMEHUS
Y HaBBIKM HaXOXJEeHUs (PU3MUECKOI BEJIMYMHBI, €€ BbIBOA U3 (DOPMYIIBI.
IHopsinok BbINOJIHEHHSI Pa0OTHI:
1. BHUMaTeNbHO MPOYUTATh TEOPETUUYECKYIO YACTh U TUIAH PEIICHMS 3aa4
2. PaccMoTpeTs mpuMepsl peleHus 3aaa4

3. HOJ’Iy‘II/ITB W BBIIMOJHUTb HHAWBUAYAJIBbHBIC 3a1aHN.

Teopernyeckasi 4acThb.

QHCKTpI/I“ICCKI/Iﬁ TOK, H3M€Hﬂ[0HIHﬁCH C TCUHCHUCM BPCMCHH, HA3bIBACTCA

INCPCMCHHBIM  J3JICKTPUYCCKHUM TOKOM. SHGKTpI/I‘-ICCKI/Iﬁ TOK HAa3bIBACTCs
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MEPUOANYECKHUM, €CJIM €r0 3HAUCHUS IOBTOPSIOTCS YEPE3 PABHBIE MPOMEKYTKH
BpeMeHU (mepuosl). B 3NEKTPOTEXHUKE 4Yalle BCEro HCIHOJIb3YeTCs
FapMOHUYECKUM TOK — MEPUOAUYECKHN TEPEMEHHBIA SJIEKTPUUYECKUN TOK,
SIBJISTFOIIUIICST CHHYCOUIATbHOM (DYHKITUEH BpeMEHH.

[Ipu BpameHun pamku B OAHOPOJHOM MAarHMTHOM IOJI€ Ha €€ KOHUAX
Bo3HUKaeT D/]C uHayKiuu

e =&, - sinwt?

r7ie €- MrHOBEHHOe, a &,,-MaKCUMaJIbHOE€, WM aMIUIUTYIHOE, 3HAaYCHUE
OJC; w — yrnoBas CKOpPOCTb BpAaIlllEHHS PaMKH M KpyroBas 4acroTa
nepeMmenHout D1C.

Comportusiienrne R, B KOTOPOM BBIICNISIETCS TEIJIOTA MPU MPOXOKICHUU
10 HEMY TOKa, Ha3bIBaeTCAd aKTUBHBIM. Eciu 3aMKHYTH paMKy Ha Harpysky ¢
aAKTUBHBIM COTPOTUBICHUEM, TO MO HEMY OYJET MPOXOIUTh MEPEMEHHBIN
AIEKTPUUYECKUN TOK, a HAa KOHIIaX MOSBUTHCS MEPEMEHHOE HaAIPSKEHUE:

U = Unpsin wt

rae Uy — aMIUIMTYJIHOE 3HAUYCHHME HAMPSDKEHUS; - KPYroBasl 4acToTa,

pazn/c; t — Bpemsl.
i=1,sin wt

[Tpu sTom U=IiR.

[lepeMeHHBIN TOK SKBUBAJICHTEH TMOCTOSSHHOMY TOKY TaKoW ke
MOIIIHOCTH, Torja 3G(EKTUBHBIE (ICUCTBYIOMINE) 3HAYCHUS] HATPSDKCHUS |

CUJIbl IEPEMEHHOTO TOKa OyAyT PABHBI:

_Um. [ _lm

T2 NF

Llenb mepeMEeHHOro TOKa, coJeprKalllas KaTylKy WHAYKTHBHOCTBIO L,

U

06J1az[aeT I/IH,Z[YKTI/IBHBIM COHpOTI/IBJ'IeHI/IeM
X, =w-L
HCHL nepeMeHHoro TOKa, conepmamaﬁ KOHI[GHC&TOp CMKOCTLEIO C,
o0JiaaeT EMKOCTHBIM COTIPOTUBIICHUEM
_ 1
Xe=37C
Bennunnsl X|, 1 X Ha3bIBatOTCSI pEAKTUBHBIM CONPOTUBIICHUEM.
I[J'ISI IIOCJIACO0OBATCIBbHO COCANMHCHHBIX KOHJI@HC&TOpa, pe3HCTopa u

KaTyIIK1 HHAYKTUBHOCTHU PCAKTUBHOC COIMPOTUBJICHHUC PABHO
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X=X-Xc

A oO11ee conpoTHBIICHNE PABHO

Z = RZ + (X, — X()?
I/ICHOJ'II)By}I AMINIATYAHBIC HWJIN I[GﬁCTBYIOHII/IG 3HA4YCHUA, MOKHO
3anucaTth 3akoH OMa IJIs1 TICPEMCHHOTI'O TOKaA!
Up=1,"Z;U=1-Z
CpeI[HHH MOIDHOCTb, BbLACIIKICMAad B ILOCIIM IICPCMCHHOIO TOKa,

onpezensieTcs: GopMyIamMu:
[h-U

p—m_m

> m-coscp=I-U-coscp

B sniexkTpoTexHruKe BBOIAT MOHITHE aKTUBHOM, PEAKTUBHOM U MTOJIHOU
MOIIIHOCTH. AKTHBHasi MOINHOCTh P cBA3aHa ¢ mpeBpalleHuEM

AJIEKTPUYECKON SHEPIUU B TEIJIOTY U paBHA:
P=1I?-R
Enunaunia akTuBHOM MOITHOCTH — BatT (BT).
PeakTuBHas momHocTh Q paBHa:
Q=1?-X,umQ =1%-X¢
Enunuiia peakTHBHOM MOIIHOCTU — BOJIBT-aMIIep PEaKTUBHBIHN (Bap).
[TonHas MOITHOCTH paBHA
S=1%-Z

AKTUBHYIO, PE€AKTUBHYI0 M TOJIHYIO MOIIHOCTH MOYHO BBIPA3UTH

yepes JeUCTBYIOIUE 3HAUCHUSI TOKA U HANPSIKEHUS BCEH 1eTn:
P=1:-U-cos@;Q=1-U-sing;S=1-U

3neck cos@ — kodhduImeHT MOImHOCTH. Ero MOXHO HalTH Kak
OTHOIIECHUE aKTHBHOTO COTIPOTUBIICHUS K ITOJTHOMY WJIH aKTUBHOW MOIITHOCTH

K TIOJTHOM:

N| =
Il
vl

cos@ =
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IIpuMmepsl pelieHus 3aaa4.

Ipumep Nel. K reneparopy IepeMEHHOrO TOKa IOCIENOBATEIBHO

NOJKJIIOYWIIA HAarpy3Ky C aKTHBHBIM comnpoTuBieHrueM 20 Ow, KaTyIlIKy

UHIYKTUBHOCTHIO 0,0398 I'H 1 koHaeHcaTop eMKocThio 159 Mkd. YacToTa

nepeMenHoro Toka 100 ', HaliTu moHOE CONPOTUBIICHHE HICTIH.

Jlano:
R=20 Om,

L=0,0398IH,

Pemenue:

Z =R% + (X;, — X()?

X, =w-L, Xc=—

w-C

C=159-10"°®, W= 21"V

v=100Tn

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

Z-?

X, = 628% +0,0398 TH ~ 25 OM

1
"~ 628pas/c:159-10~6 @

X, ~ 10 OMm

7 =400 OM2 + 225 OmM2 =25 Om

Ipumep Ne2. DieKTpOJABIKYIAs CHUJIa WHIYKIIMHM, BO3HUKAIOIIAS B

paMKE IIpru BpalllcCHUHU €€ B OJHOPOJAHOM MArduTHOM I10JIC, UBMCHACTCSA 110

3aKOHY

e = 12-sin100wt. Onpenenuts: 1). AMIUIMTYIHOE 3HA4YEHUE 23.1.C.; 2).

HetictByromee 3HaueHue 3.1.¢.; 3). [leproa u yactoty Toka; 4). MrHOBEeHHOE

3HaueHwue 3.4.c. npu t=0,01 c.

JaHo:
e =12 -sin 1001t

t=0,01 ¢

Pemenue.

1).80 =12B

2).g, =2=85B
)'ELL_\/E_ )

€0,€y T,v—=7

3). 2% = 100m, T=0,02 c

1

empunpu t=0,01 c-? 4).v===50c"! 5).e=12sint=0

T

Ipumep Ne3. Ilpu kakoil 4acTOTE€ NEPEMEHHOrO0 TOKAa HACTYIUT

PE30HAHC HaNpsHKEHUH B LEMU, COCTOSAIIEH U3 MOCIeA0BaTEeIbHO
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COEIMHEHHBIX KaTYIIKU HHAYKTUBHOCTHIO 0,5 ['H 1 KOHIEHCATOpa EMKOCTHIO

200 MKD.
Jlano: Pemienue.

L=0,5Is, Pe3onaHC HanpsHKEHU HACTYNUT NPU YCI0BUU Xy, = X

1
2mVLC

C=2"10"*® Vpes =

1
Vips = ~ 16T
Pe  628/0,5 TH-2-10"4D H

Vpes—?

NuauBuayajbHble 3a1aHUs JJI51 IPAKTHYECKO# padoThl Ne 14,
OnpenenuTe MOJHOE CONPOTHUBJIEHUE IIEMU, €CIM aKTUBHOE CONMPOTHUBJIICHUE
R=10 Om, unayktuBHOCTb Katymku L=40 MI'H u emkocTh KoHzIeHCcaTopa C=50
MK®. 1o menu npoxoauT TOK CTaHAAPTHOM YaCTOTHI.

Kak u3MeHUTCS MHAYKTUBHOE COMPOTUBIICHUE KAaTYIIIKH, €CIU €€ BKIIOYUThH B
1ens nepemMeHHoro Toka ¢ yactorout 10 kI'y BMecro 50 I'm.

K reHeparopy nepemMeHHOro TOKa MOCIEI0BATEIbHO MOAKIIOUIIA HArPy3Ky C
akTUBHBIM corpotuBieHneM 40 Owm, kaTymky MHAYKTUBHOCTBIO 0,0365 I'H n
KOHJeHcaTop eMKOCThI0 175 Mk®D. YacroTa nepemerHoro toka 120 I'u. Halitu
MOJIHOE CONPOTUBIICHUE LIETIH.

Karymka nHnyktuBHOCTBIO 20 MI'H BKJIIOYEHA B CETh NEPEMEHHOIO TOKA C
yactoToit 50 I'u. Onpenenutb HHAYKTUBHOE CONPOTUBIICHUE KATYIIIKH.
AMnepMeTp, BKIKOYEHHBIN B LIENb IEPEMEHHOIO TOKA, MOKa3bIBaeT 3 A. Uemy
PaBHO aMIUIUTYIHOE 3HAYEHUE CUJTbI TOKA?

MrHoBeHHOE 3HaUeHUE HaIpsKEeHUs onpeaensercs popmymnoit u = 179 sin wt.
OrnpenenuTs MTHOBEHHBIC 3HAYEHUS HAMPSDKEHUS JJIS1 CISAYIOIUX MOMEHTOB
Bpemenu: 0; 0,0025; 0,005; 5/6; 4/3; 0,0175; u 0,02 ¢. YacToTra nmepeMeHHOTO
toka 50 I'm.

B nenun nepemennoro toka ¢ yactotoit 400 I'n mocineqoBaTebHO BKIIOYEHBI:
Karymka MHAYKTUBHOCTBIO 0,15 I'H, pesuctop compotusieHuem 500 OMm wu
KOHJICHCATOp eMKOCThI0 2 MKD. OnpeaeuTh MOJHOE COMMPOTUBJICHUE 1ICTIH.
DNEKTPOJBIKYIIASA CUJIa MHAYKIIUH, BOZHUKAIOIIAs B paMKe IPU BpalllCHUU €€
B OJHOPOJHOM MAarHMTHOM MOJI€, U3MEHSETCS MO 3aKoHYy e = 14 - sin 2001t.

Onpenenuts: 1). AMIIMTY1HOE 3Ha4YeHUE 3.1.C.; 2). [lelicTByroliee 3HaUeHHe
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a.1.¢c.; 3). [lepuon u wactory Toka; 4). MraoBenHoe 3HaueHue ».1.c. npu 1=0,01
C.

Ha yuacroxk wnenu, copepxamuid KaTymky HHAyKTHBHOCTBIO 0,1 I'H m
KoHJeHcaTop eMKocThio 20 MK®D, nogaHo Hanpsbkenue 60 B ¢ vacroroit 50 I'n.
KakoBa cpenHssi MOIIHOCTB, BbLIEIs€EMas B LeNU 3a nepuoi? UeMy paBHbI

PCAKTHBHAA U I1OJIHAA MOHIHOCTI/I?

10. B pamke, paBHOMEpHO BpalIaIOIIENCs B OJHOPOJHOM MAarHUTHOM TIOJE,

WHIYLIIUPYETCS TOK, MTHOBEHHOE 3HAUYE€HHUE KOTOPOTO BbIpaxkaeTcs (popmysoil
i =3sin157t. Onpenenuth: 1) aMIIUTYIHOE 3HAYEHHE CHUJIBI TOKa; 2)
JEUCTBYIONIEE 3HAUCHUE CUIIbI TOKA; 3) MEPHUO]] U YaCTOTY TOKa; 4) MTHOBEHHOE

3HaueHue cuibl Toka npu t=0,01 c.

11. Kongencarop émkoctbio 8:10% @ BKIOYEH B CETh NEPEMEHHOTO TOKA C

gactoroil 50 I'l. OnpenenuTs CUly TOKa Ha YYacTKE LENU C KOHIAEHCATOpPOM,
€CJIM CONPOTHUBJIEHUE MOABOASAIIMX IPOBOJIOB paBHO 5 OM, a HaNpsHKEHHE Ha

BCEM y4yacTke uenu 12 B.

12. Kongencarop éMkocTthio 10 @ BKIIIoYEH B cETh IEPEMEHHOTO TOKA € YACTOTOM

13.

14,

15.

16.

17,

50 I'u. OnpeaennuTb eMKOCTHOE COITPOTUBIICHUE KOHAEHCATOPA.

Hanpspkenue Ha KOHIEHcAaTope B IEMM IMEPEMEHHOTO TOKAa MEHSAETCS C
(V) [V -1. [

nukimyeckor yactoror 3000 ¢ AMruntyaa KojaeOaHU HAPSHKCHUS U CHJTBI

toka 200 B 1 9 A. Onpenenure EMKOCTh KOHAEHCATOPA.

NunyktuBHOCTD KaTymiku paBHa 0,25 I'H. YpaBHeHHe KoneOaHUl CHITbI TOKA B
Heil i = 0,5 cos (4 * 10%), rae Bce Benuumnbl Belpaxkensl B CU. Onpenennte
aMIUTUTYAY HaNpsDKEHUS Ha KaTYIIKE U JEHCTBYIONIEE HAMIPSKEHHUE B LEIH.
[IpoBosnounas pamka maomanbsio 4000 cm? umeer 200 BUTKOB U BpaIAETCs B
OZIHOPOIHOM MarHUTHOM ToJie ¢ nHayKiuei 4 « 10°2Ti. Makcumansaas DJ1C B
paMke paBHa 2 B. Onpenenure nepuoj BpalieHUs paMKH.

B umenp nepemenHoro Ttoka ¢ yacroron 400 I'nm BkIrOYEHa KaTyllKa
UHIYKTUBHOCTHIO 20 MI'H. Onpenenure EMKOCTh KOHAEHCATOPa, KOTOPBIN HAA0
BKJIFOUUTH B 3TY 1I€Th, YTOOBI HACTYIIHJI PE30HAHC.

B nenu conporusnenune 30 Om, unayktuBHOCTh 0,3 I'H, éMkocTh 100 MK,
nerictByroniee Hanpsbkenue U = 85 B u uvactora v = 50 T'u. Onpenenure
JEeUCTBYIOIIEe 3HAUYCHHUE CUJIBI TOKA U Pa3HOCTh (pa3 MEXIy HampsHDKEHUEM M

TOKOM.
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IIpakTnueckasi padora Ne 15.
«M3nyyeHue. JIeKTPOMArHUTHBIE BOJIHBD).

Heanb: 3akpenuTs 3HaHUs 10 TeMe «l3mydeHue. DNeKTPOMArHUTHBIE BOJTHBDY,
chopMHpPOBATh YMEHHSI U HABBIKM  HAXOXJEHUs (PU3MUECKOW BEIMYMHBI, €€
BBIBOJIA U3 (DOPMYJIBI.
IMopsaok BeINoJIHEHUs] padOThI:

1. BHHMaTENBbHO IPOYUTATH TEOPETUIECKYIO YaCTh U TUIAH PEIICHHMS 3329

2. PaccmotpeTs mpuMephl pemieHus 3a1a4

3. HOJ'Iy‘II/ITB " BBIIIOJIHUTD MHANBUAYAJIBHBIC 3aIaHN.

Teopernueckasi 4acThb.

CornacHo runote3e MakcBemia MOpoLUEcC B3aUMHOIO TOPOKIACHUS
MU3MEHSIOIIUMCS AJIEKTPUUYECKUM TOJIEM MarHUTHOTO TMOJISi U U3MEHSIONUMCS
MarHATHBIM  TIOJIEM  BJIEKTPUYECKOTO TMOJS  MOXKET  HEOrPAHHUYEHHO
pacrpoCTpaHsAThCs, 3aXBaTbiBasi BCE HOBBIE M HOBBIE 00JIACTH MPOCTPAHCTBA.
Pacnpocrtpansitoniuecss B NPOCTPAHCTBE TMEPEMEHHBIE DJIEKTPUUECKOE U
MarHuTHOE o, MOPOKIAOIIHE B3aMMHO JIpyrT apyra,
HAa3bIBAIOTCS JIEKTPOMATHUTHOM BOJIHOM.

MakcBels1 Ha OCHOBE CBOEW TEOPUM MAaTeMaTUYECKH JI0Ka3aj, 4ToO B
BaKyyMe€ CKOPOCTb C DJICKTPOMArHUTHOM BOJIHBI JIOJDKHA OBITh  paBHA:
c =299 792 458 m/c ~ 300 000 km/c. DNEKTPOMArHUTHBIE BOJIHBI OBLIIH OTKPBITHI
HemenkuMm ¢usukom [enpuxom I'epuiem B 1887 r. H3mepuB wuactory
V TapMOHHUYECKUX KOJICOaHUN B KOHTYPE U JUIMHY A SJIEKTPOMArHUTHOM BOJIHBI,
['epu onpenenun CKOPOCTh AJIEKTPOMArHUTHON BOJIHBI:

9=Av

[Tponecc HEMpPEPHIBHOTO MPEBPAIIEHUS SHEPTUU IIIEKTPUUECKOTO POJIS B
HHEPTUI0 MArHUTHOTO TMOJS U OOpaTHO OCYIIECTBISETCS B KoOJIeOATEIHHOM
KOHTYpE — DJICKTPUYECKOM LIETH, B KOTOPOU MMEEeTCs KaTyIIKa UHIYKTUBHOCTU
U KOHJIEHCATOp. AKTUBHOE COMPOTHUBIICHUE KOJIEOATEIHHOTO KOHTYpa JOJIAKHO
ObITh HEOOJBIIUM, WHAYE OHEPTrUs DOJICKTPOMATHUTHOTO TIONS Oyner
MpeBpaIaThCs B TEIUIOTY U KOJieOaHust ObICTPO TipekpatsTcs. [Ipu 3ThX ycnosuax

nepuoJi COOCTBEHHBIX DJIEKTPOMArHUTHBIX KOJIeOaH paBeH

T =2nVLC,

a 9yaCTtoTa
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V=—=—-
T 2mnVLC

OTKpBITBIN KOJEOATENBbHBINA KOHTYP U3y4aeT BOJIHBI JUTMHOU
C
A=c-T 1/1111/17\:; ,
I7Ie C — CKOPOCTh 3JIEKTPOMAarHUTHBIX BOJIH, PABHAsl CKOPOCTH CBETA B

BaKyyMe.
3aBUCHUMOCTb CKOPOCTH PACIpPOCTPAHEHMsI 3JIEKTPOMATHUTHBIX BOJIH OT
Cpebl UMEET BUJL

‘= ¢ oTKyma ¥ = —
19 - H) Yru - \/ﬁ ]

rae U¥- CKOpOCTb PaclpOCTpaHEHUs BJECKTPOMATHUTHBIX BOJH B CPEJE;
& U L COOTBETCTBEHHO JAUAJICKTPUYECKAsi U MAarHUTHAs TPOHUIIAEMOCTH CPEbI.
Tak Kak MarHUTHBIE MPOHMIIAEMOCTH BCEX JWa- M IMapaMarHUTHBIX Cpea

HE3HAYUTCIIbHO OTJIMYAKOTCA OT CAMHHUIIBI, TO MOXHO CHUTATh, 4TO

c
Y =—
Ve
IIpumepsl pelneHus 3axay.
IIpumep Nel. KonebatenbHbli KOHTYp COCTOMT U3 KATYIIKA C
MHIYKTUBHOCTBIO 20 MKI'H M KOHJEHcaTtopa, €MKOCTb KOTOPOrO0 MOKHO
m3MeHATh oT 2: 1078 1o 1078 ®. Ha kakue JJIMHBEI BOJH PacCUUTaH KOHTYp?

OHpCIIGJ'H/ITB AWalia3oH 9aCTOT JaHHOT'O KOHTYypa.

Jano: Pemrenue:

L=2-105TH, A=c-T v=r

Ci1=2-1078 @, T = 2mV/LC

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

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

AL A, =7 A, =3-108m/c- 2,81-107%c =843 m
1
Vl,VZ—? V1 =m=252 KFH
=——  =356«kT
V2 = Set10-6c KO

47



IIpumep Ne2. B konebarensHOM KOHTYPE MaKCUMAIbHOE HANIPSDKEHUE Ha
koHgeHcatope 120 B. OmnpenenuTs MakCUMaJbHYIO CHIIy TOKa, €CIH
MHIYKTHBHOCTH Katymku 0,005 I'H, a eMkocTb KoHaeHcaTopa 10~ °®. Cuurars,

YTO aKTHBHOE COMPOTHUBIICHHE MPEHEOPEKUMO MaJIO.
JlaHo: Pemenue:

Un= 120 B, I10 3aKOHY COXPAHEHHMs U IPEBPALICHUS JHEPTUU

MaKCHMaJIbHAA SHCPIrUA MAaTrHUTHOTO ITOJIA

L=0,005TIs, JIOJKHA PABHATHCS KCUMAIbHOU
- LI4 _ CU3
C=10"%® HHEPTUHU IIEKTPUUECKOTO OIS Tm = Tm
C
Im‘? m = Um . —_

L

., = 120 B- /ﬂ =537 A
0,005 TH

Ipumep Ne3. /lnsg papuonpueMHUKa TpeOyeTcs W3TOTOBUTH ILIOCKUN
CIIOJISTHOM KOHJICHCATOP €MKOCTBhIO 7,5 H® M3 IIACTUHOK METAJINYECKOU
(onbru momanso 1mo 6,28 cM? ¥ CIIOASHBIX IACTUHOK TAKOH K€ IIOIMIABIO
1 ToauHo# 0,1 MM. CKOJIBKO MIJIACTUHOK METAJTMYECKON (OJIbIM TOTpedyeTcs
JUIS. U3TOTOBJICHUSI 3TOr0 KOHJeHcaTopa? J[MasieKkTpudeckas MpOHUIAEMOCTb

CIIOJIbI paBHa 7,5.

Jano: Pemenue:
C=75 1079, C=fofsnml) -, €4 4y
d £0.E'S

. -9 %. -4 . . . 9

S =628 10-*M2, N = 7,510" 2010 *m 36_3,14 10%m/d +1=19
7,5 6,28:10"4Mm?2

d=10"%*m,
=175,

o= 1
0 ™ 367109

n-?

d/m

NupuBuayajbHble 3aJaHUs JAJs IPAKTHYECKO0il padoThl Ne 15,

1. PaguornpueMHUK HAaCTPOEH B PE30HAHC C Iepearolle paguocTaHIued Ha
mHe BoJHBI 300 M ipu eMkocTH KoJjebatenbHoro koutypa 200 mx®d. Ha

KakKyrlo JJIMHY paaruOBOJIHBI 6yIICT HAaCTpOCH paJuOIPHUECMHUK, CCJIM, HC
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MEHSsI UHIYKTUBHOCTH K0JIE0ATEIbHOIO KOHTYPA, U3BMEHUTh €r0 EMKOCTh Ha
800 Mxd?

Ha kakylo JUiMHY BOJIHBI ~ HACTpPOEH  KOJIOATENbHBIA  KOHTYP
paauONPUEMHHUKA UHAYKTUBHOCTHIO 0,2 MI'H, eciin MakCUMaJIbHas CUJIa TOKA
B KOHTYype paBHa 0,1 A, a MakcUMaIbHOE HanpsibKeHue Ha KoHaeHcaTope 200
B.

Ha kakyro [UIMHY BOJIHBI ~ HACTPOEH  KOJIEOATENbHBIA  KOHTYpP
paguonpueMHrKa HHAYKTUBHOCTBIO 0,3 MI'H, eciii MakcUMasbHas cujia TOKa
B KOHTYpe paBHa 0,2 A, a eMKOCTb KoHeHcaTopa 10™*®D

KonebarenbHblii KOHTYp COCTOMT M3 KOHJeHcaTtopa eMkocThio 20 nd u
KaTyIKu HHIYKTUBHOCTHIO 20 MI'H. KakoBa yactora u mepuoj cCoOCTBEHHBIX
Kosie0aHui KOHTypa?

KonebarenbHblii KOHTYp COCTOMT W3 KOHJIEHCATOPa, €MKOCTbh KOTOPOTO
mensietcst oT 107°® 1o 40 nd, u KaTymku MHIYKTHBHOCTHIO 2 MIH. Ha
KAaKH€ JUTMHBI BOJIH PACCUUTAH KOHTYp?

KonebarenbHbIil KOHTYp COCTOUT U3 KAaTYIIKA HHAYKTUBHOCTHIO 0,01 MI'H 1
KoHIeHcaTopa eMKocThio 107°®. Ha kakylo IIMHY BOIHBI HAaCTPOEH
KOHTYp? Kakoli 4acToTe COOTBETCTBYET AaHHAS JIJIMHA BOJIHBI?
KonebarenbHbIit KOHTYp U3JTy4aeT 3JIE€KTPOMArHUTHBIE KOJICOaHUs C JUTMHON
BOJIHBI 500 M. OnipeenuTh eMKOCTh KOHJEHCATOPA, BKIIFOYEHHOTO B KOHTYD,
€CJIM UHIYKTUBHOCTH KOHTYpa 1,5 MI'H.

OnpenenuTs SHEPIHIO AIEKTPUYECKOTO IMOJIA KOHAEHCATOpa, €MKOCTh
KoToporo 6 Mx®, eciu HanpsKeHue Ha ero oOknaakax pasHo 400 B.

B konebarensHOM KOHTYpe MaKCHUMaJlbHOE HAINpsKEHHE HAa KOHJEHCATOpe
140 B. OmpenenuTe MakCHMaJbHYHO CHJIy TOKAa, €CJIM HHAYKTUBHOCTH
karymku 0,008 T'm, a emxocts konpgeHcaropa 107®. Cuurars, yrTo

AKTUBHOE COMPOTHUBIICHUE MTPEHEOPEKUMO MAJIO.

10. B xakoMm nmamna3oHe JJIMH BOJH MOXKET padoTaTh paguoNnpUEMHUK, €CIIU

€MKOCTh KOHJIEHCATOpa ero Koje0aTeIbHOr0 KOHTYpa u3MeHsiercs oT 4 ¢ 10°

1010 8 « 101° @, a urmykTHBHOCTB KaTymKu — 0T 9 * 10 10 10 « 10 ** T'n?

11. B cxeMe paauoNpUEMHHUKA, HHAYKTHBHOCTh KaTymku 2 * 107 I'n, éMKOCTS

MEPEMEHHOr0 KOHJIEHCaTopa MOKeT MeHAThbes oT 18 no 320 nd. Ha xakue

JUTMHBI BOJIH PACCUNUTAH 3TOT PAAUONPUEMHUK?

49



12. B xakoMm nuamnazoHe JUIMH BOJH MOXET padoTaTh pajuoONpuEMHUK, €CIU
€MKOCTb KOHJIEHCATOPa €ro K0Je0aTeIbHOI0 KOHTYpa U3MeHseTcs T 5 * 10°
19 10 12 + 10°° ®, a magyKTUBHOCTH KaTymku — o1 5 * 10° 10 10 « 10 “ T'n?
13. B cxeMe paauoNnpuéMHUKa, HHAYKTHBHOCTh KaTymku 4 ¢ 10 I'n, éMKOCTS
ePEMEHHOr0 KOHAeHcaTopa MoxeT MeHThCs oT 20 mo 225 nd. Ha kakue

JUTMHBI BOJIH PACCYUTAH 3TOT PaAUONIPUEMHUK?

IIpakTnueckas padora Ne 16.
«3aKOHBI OTPAKEHHUS U MPETOMIICHUS.

Heab: 3akpenuth 3HAHUS MO TEME «3aKOHBI OTPAXKEHUS U MPEIOMIICHUSD,
chopMUpOBaTh YMEHUS W HABBIKM  HAXOXJACHUS (PU3MYECKON BEIUUYUHBI, €€
BBIBOJIA U3 (DOPMYJIBI.

IHopsaok BbINOJIHEHHUS Pa0OThI:

1. BHuUMaTeNbHO NPOYNUTATh TEOPETUUYECKYIO YAaCTh U IJIaH PEUICHUs 3a/1a4
2. PaccMoTpeTs mpuMepsl peiieHus 3aaa4

3. HOJ'IyLII/ITI) W BBIIIOJIHUTD HHANBHUAYAJIBbHBIC 3aIaHN.

Teopernuyeckasi 4acThb.

CornacHo KOpPIYCKYJISIPHOM TEOpHHU, CBET MPEICTABISIET cOOOM
MOTOK YacThIl (KOPITYCKYJ), MCIYCKaeMbIX CBETAIMMHUCS TenamMu. HbroToH
CUMTAaJ, YTO JIBUX)KEHUE CBETOBBIX KOPIYCKYJI MOJYUHAETCS 3aKOHAM MEXAHUKH.
Tak, oTpaxkeHHe CBETa MOHUMAIOCh AHAIOTUYHO OTPAKEHUIO YIIPYTOro 1apruKa
oT T1iockocTd. [IpemomiieHne cBeTa OOBSACHSIIOCH H3MEHEHHEM CKOPOCTU
KOPIYCKYJI IPH MEPEX0/I€ U3 OJTHOM Cpeibl B APYTYIO. [71s1 ciyuas npenomiieHus
CBETAa Ha TpaHMIle cpera l—cpena 2 KOPHyCKyJsipHas TEOpHsl MPUBOJIMIIA K

CJIeAYIOIEMY BUY 3aKOHA MIPEIOMIICHHUS:

sini _ _ 9
sin f3 - el 95
raie 9;— CKOpPOCTh CBeTa B TIiepBodM cpeme, 9, — CKOPOCTh

pacIpoCTpaHEHUs CBETa BO BTOPOM cpeae.  AOCOIMIOTHBIA IOKa3aTeNb

C
MMPCIIOMJICHUA N = 5, e C-CKOpOCTh CBETA B BAKYyMEC.
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Tak kak n > 1, U3 KOPIYCKYJSIPHOM TEOPUHU CIEAOBAIO, YTO CKOPOCTH
CBETa B Cpelax JOJDKHA OBITh OOJBIIE CKOPOCTH CBeTa B Bakyyme. HpioToH
IBITAJICS TAKXKE OOBSICHUTD MOSIBICHUE UHTEPPEPEHLIMOHHBIX MOJI0C, AOMyCKas
ONPEIEICHHYIO MEPUOJUYHOCTh CBETOBBIX MPOLECCOB. Takum o00pazom,
KopiyckyJisspHasi Teopusi HproToHa cozmepkana B ceOe 3JIEMEHThI BOJHOBBIX
IIPEICTABICHUM. BonHoBass Teopus, B OTIIMYME OT KOPIYCKYJISIPHOH,
paccMaTpuBaia CBET KaK BOJIHOBOWM MpoOleCC, MOJAOOHBI MEXaHUYECKUM
BOJIHAM.

B oOcCHOBY BOJIHOBOW Te€OpHHM ObLI MOJOKEH NpUHLIMI [foiireHca ,
COTJIACHO KOTOPOMY KaXJas TOYKA, A0 KOTOPOW JOXOAMT BOJIHA, CTAHOBUTCS
LHEHTPOM BTOPUYHBIX BOJH, a OruOaromiasi 3TUX BOJH JaeT IOJIOKEHHUE
BOJJHOBOTO ()pOHTA B CIEAYIONIMNA MOMEHT BpeMeHU. C MOMOIIBI0 TPUHIIUATIA
['toifreHnca ObuUTM O0BACHEHBI 3aKOHBI OTPAKEHUS U MPETOMIICHHUS.

JI1s ciy4dasi IpejoOMIIEHUS CBETa HAa TPAHUIIE BAKyyM—Cpeaa IIPUBOIUT K

CJIEIYIOLIEMY BBIBOJTY:

sini

C

sin 3 - 5

3aKOH MPEJIOMJICHHUS], TTOJTYYCHHBIA W3 BOJHOBOW TEOPHUH, OKA3AJICS B

npotuBopeunu ¢ popmynoid HetoToHa. BonHoBas Teopusi MpUBOAUT K BHIBONY:
U < ¢, TOrja Kak COrJIaCHO KOPITYCKYJIIpHOU Teopuu 9 > C.

K sBnenusiM, MNOATBEPKIAIOMIMM BOJHOBYIO MPHUPOAY BUIUMOTO
U3ITy4EHHUsI, OTHOCSTCS MHTEpPepeHIus u Tudpakiius.

HNuTepdepeHuus — OJHO HU3 SAPKUX MPOSBICHUM BOJHOBOW MHPUPOJBI
CBETa. JTO MHTEPECHOE M KPACUBOE SIBJICHWE HAOIIOAACTCS MPHU HAJTOKEHHUH
JIBYX WJIA HECKOJIbKUX CBETOBBIX Iy4KOB. IHTEHCHMBHOCTH CBETa B 00JacTH
NEPEKPHIBAaHUSI MTyYKOB MMEET XapakTep YEpeAyIOIIMXCS CBETJIBIX M TEMHBIX
MOJIOC, MPUYEM B MAKCHMyMaX HHTEHCHUBHOCTH OOJbIIE, a B MHUHUMyMax
MEHBIIIE CyMMbl HMHTEHCUBHOCTeM myukoB. Ilpu wucnonp3oBanuu 0enoro
CBETA MHTEeP(EepEeHUMOHHbIE  MOJIOCHI OKA3bIBAIOTCA  OKPAUICHHBIMA B
pa3JIMYHbIE [IBETA CIIEKTPA.

HeobxoaumbiM ycroBueM UHTEp(EpEHLIMN BOJIH SIBISETCS UX KOTEPEHT-
HOCTh, T.€. COTJIACOBAHHOE TMPOTEKAaHWE BO BPEMEHUM U MPOCTPAHCTBE
HECKOJIbKMX  KOJeOaTelbHBIX MM  BOJHOBBIX  IPOILIECCOB. Y CIIOBHUIO

KOTCPCHTHOCTHU YAOBJICTBOPAIOT MOHOXpPOMAaTHUYCCKHUC BOJIHBI—
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HEOI'PAHUYEHHBIE B NPOCTPAHCTBE BOJIHBI OJHOW OIPENEIEHHOM M CTPOIO

MOCTOSIHHOM 4aCTOTHI.

MaxkcumanbHOe YCHUJICHUC CBCTA IPOHUCXOAUT B TOM CiIydac, KOraa

OIITHYECKOM Pa3HOCTH X01a A COOTBETCTBYET YETHOE YHCJIO TOTYBOJIH:
A
A= Zk-z, roe k=1,2,3...

Ecan ontmueckou PasHOCTH XO0da COOTBCTCTBYCT HCUCTHOC YHCIIO, TO

POU30UICT MAaKCUMAIIbHOE OCIa0ICHHE CBETA:
A
A= ((2k+1) +o, e k=0,1,2,...
A=n-AS,
rae AS- reoMeTpuueckas pa3HOCTh X0/1a JIydeH.

JlpyruM METOIOM MOJYyYCHHUS YCTONUYMBON HHTEP(HEPEHIIMOHHOM KapTHUHBI JJIsI
CBETA CIY>KUT UCTHOJIb30BAHUEBO3AYIIHBIX MMPOCIOEK, OCHOBAHHOE HA OJUHAKO
BOM Pa3HOCTH XOJa JBYX YAaCTEW BOJIHBI: OJHOU — Cpa3y OTPAKEHHONOT BHYTP
€HHEW MOBEPXHOCTH JIMH3BI U JIPYTrOd — MPOLICAIIEH BO3AYIIHYIO IPOCIOUKY

MIOJl HEW U JIMIIb 3aTEMOTPa3uBIIEHCs. E€ MOXHO MOTy4YUTh, €CIIH HOJIOKUTH I
JIOCKOBBINYKIIYIO JIMH3Y Ha CTEKJISTHHYIO INIAaCTUHYBBINYKIJIOCTHIO BHU3. [Ipu oc
BEILICHUU JIMH3bI CBEPXY MOHOXPOMATUYECKUM_CBETOM 00pa3zyeTcsi TEMHOE TIST
HO B MECTEIOCTATOYHO MJIIOTHOTO CONMPUKOCHOBEHUS JIMH3BI U TUIACTUHKH, OKP

YAKEHHOE YEPEAYIOIUMUCS TEMHBIMHU Y CBETJIBIMUKOHIIEHTPUYECKUMU KOJIbIIa

MU pa3HOW MHTEHCUBHOCTH. TEMHBIE KOJIbIIa COOTBETCTBYIOT MHTEP(PEPEHITMOH

HBIM MUHHUMYMaM, a CBCTJIbIC— MaKCHUMyMaM, OZHOBPCMCHHO TEMHBIC

K CBCTJBIC KOJIbLIA ABJIAIOTCS N30JIMHUAMN paBHOI)'I TOJIIINHBI BOSI[YIHHOf/'I

IIPOCJIONKH.
W3mepuB paguyc CBETIIONO WIA TEMHOTO KOJIBLIA U OIIPENEIIUB €T
MOPSAKOBBIN HOMED OT LIEHTPA, MOYKHO ONPEAEIIUTH JINHY BOJIHBI

MOHOXpPOMATHUYICCKOI'O CBCTA. Yem Kpy4cC MMOBCPXHOCTD JIMH3EI, 0COOEHHO
OIMKe K KpasiM, TEM MCHBIIC PACCTOSAHNEC MCIKAY COCCAHNMMN CBCTIILIMU HUJIN

TEMHBIMH KoJpnaMu
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ro=VK AR

rae k=0,1,2,.. — HOMEp TeMHOTO KOJjblla, R- pagnyc KpUBHU3HBI JUH3BI, Iy-

paanyc TEMHOI'O KOJIbLA.

Judpakipeid Ha3pIBAIOT TPOIECC OTIHOAHUSI CBETOBBIMH, 3ByKOBBIMU U
MIPOYNMHU BOJIHAMH KaKOTO-JIMOO TMPEMSATCTBUS, BCTPETUBIIETOCS HA UX ITYTH.
bonee 0000IIEHHO 3THUM TEPMUHOM MOXKHO Ha3BaTh J000€ OTKIOHEHUE
pacipocTpaHeHHUs] BOJH OT 3aKOHOB T'€OMETPHUYECKOHN ONTHUKH, TPOUCXOISIICE
BOJIM3U MPETIATCTBUI. 3a CUET SABJICHUS TU(PPAKITUU BOJTHBI TIOMTAIAl0T B 00J1aCTh
TE€OMETPUUYECKON TEHHU, OTUOAIOT MPEMSITCTBUS, POHUKAIOT CKBO3b MaJICHbKHE

OTBCPCTHA B OKpaHax U IIPOYCM.

HudpakuuoHHas  pemieTka  SBISETCA  ONTHYECKUM  U3JICIIHUEM,
NPEACTABIAIONIMM COOOM TMEPUOAMYECKYIO0 CTPYKTYpPY, COCTOSIIYIO U3
OOJBIIOr0 YHMCIA OYEHb Y3KUX IIeJieH, pa3/elIeHHbIX HEeNpO3payHbIMU

MPOMEKYTKAMH.

Pabora audpakimoHHON pEIIETKH OCHOBaHA Ha SIBICHUM TU(PPaKIIUU
CBETOBOM BOJIHBI, KOTOpas, IMpPOXOJs Yepe3 CHUCTEMY MPO3pPauHbIX MU
HENpo3pavHbIX o0nacTei, pazduBaeTcss Ha 000COOJIEHHBIE TyYKH KOT€PEHTHOTO
ceera. OHM mpereprneBaroT Audpakuvdio Ha wmTpuxax. W npu 3sToM
uHTephepupytoT Apyr ¢ Apyrom. Kaxnas qynHa BOJIHBI UMEET CBOIO BETMUHHY

yraa audpakiyy, Mo3TOMY MPOUCXOIUT PA3I0KEHNE OEIOr0 CBETA B CIIEKTP.
d= a+b,

rae d- meproa pemeTky; b- muprHa meny; a-mupruHa MPO3PAYHOTO

IPOMEKYTKA.
®opMyna TuPpakIIMOHHON PEIIETKH UMEET BU
d-sing = k-2,
rie k- onpeznenseT mopsaok MakCuMyMa.
IIpumeps! pelieHus 3aaay.

Ipumep Nel. J[nuna cBeToBoi BoJiHbI B cTekiie 450 Hm. CBeT B cTeKIe

pacmpocTpansieTcsi co  ckopocThio 1,8 10°km/c. OmnpenenuTh YacToTy
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Koie0aHui cBeTa, aOCOJIOTHBIM IMOKa3aTedb MPEIOMIICHUS CTEKJIA U JJIMHY

BOJIHBI ITPH IICPEXOAC CBCTA U3 CTCKIIA B BAKYYM.

JlaHo: Pemenue:
Ac=4,5107"m, A = g , OTKyJa v = )\3
. 8
9 =1,8- 105km/c=1,8- 108w/c, =220 = 4. 10T = 400 Tl
c=3-10%w/c A==,
. 8
A =3200 — 0 75.10=6m
4-10'%*T'
—?7 n-? A=? =
v=? n-? A-~ n=g
_ 3:108m/c
~ 1,8-108Mm/c ~1,7

Ipumep Ne2. B Bozie unTepdepupyroT KOT€pEHTHBIE BOJIHBI YACTOTOM 5°
10T 0
0**I'n. Ycunurces ninm 0cnabHET CBET B TOUKE, €CIIU T€OMETPUYECKAs pa3HOCTh

xona Jiyduer B Her paBHa 1,8Mkm? [lokazarens npenomieHus BoJbI paseH 1,33.

Jano: Pemenmue:

v =5-10"T"n, A=n-AS, A= 5

AS =1,8-1076m, k= 2n-v-AS K = 2:1,33-5-101%T11'1,8:107%m =7 08
c 3-108m/c

n=1,33 B manHO# TOUke OyAeT MPOUCXOAUTH TIOYTH

c=3-108wm/c MaKCHUMaJIbHOE YCUJICHHE CBETA.

Kk-?

Ipumep Ne3. [Ipu ocBelieHMN KBapLEBOTO KJIIMHA C 0YEHB MAJIBIM YTJIOM,
paBubiM 107, MoHOXpoMaThyeckMMM Jyd4aMu JIMHONW BOJHBI 500 HM,
NEPIEHIUKYJIAPHBIMUA €r0 MOBEPXHOCTH, HabmogaeTcsi UHTephEepEeHLINOHHbIE

nosnocel. ONpeaenuTh paccTosTHUE Mexkay >TuMH noaocamu (1 pan=206265").

Jlano: Pemrenwue:

A 206625A
n=1,54, a=— =
2n-o 2n-a
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2066255107 7™M

a= 10", a= = 33384- 107 "M=3.3 MM
21,5410

A=510""m

a-?

Ipumep Ned. Jludpakumonnas pemerka umeeT 50 MmTPUXOB Ha
MuumMeTp. Ilox kakuMu yriamMy BHIHBI MakCHMYyMBbI IIEPBOTO M BTOPOTO

MMOPAAKOB MOHOXPOMATHYCCKOT'O U3TTYUCHUS C ,ZIHPIHOﬁ BOJIHBI 400 HM.

JlaHo: Pemienue:
A=4-10""m, d-sing =k-2A
d=2-10"°m sin ¢ =%
4-10~"m
P1—=? @7 sin @, = % =0,02, ¢, =110
410" "M
sin, = =—-"=0,04, ;= 2°20

NuauBuayajbHble 3a1aHUs 1JIs1 PaKTHYecKoil padoThl Ne 16.

1. ITpuGop mist HaGIrOAeHKS KoJiell HpI0TOHa OCBETUIIM MOHOXPOMATHYECKUM
KPAacCHBIM CBETOM U IIPH 3TOM PAJANYC 3 TEMHOTO KOJIbI[A OKA3aJICsl paBHBIM
2,8MM. OmnipeAenuTh IJIUHY BOJTHBI KPACHOTO IIBETA, €CIIH PAINyC KPUBU3HBI
TIJIOCKOBBITTYKJION JIUH3BI 4 M.

2. IlmockoBeIMyKTas NHWH3a C PaguycoM KpPHWBHU3HBI § MM IOMEIIEHA B
MPO3PAYHYI0 TUIOCKOIIApaICTbHYIO TUTACTHHKY. [Ipu OCBeIeHnn 3eIeHBIM
CBETOM TaJIS C JUIMHOM BOJHBI 536 HM B OTpa)XKEHHOM CBETE 00Pa30BaJIUCh
koJbia Hetorona. OnpenenuTs paanyc IsATOTO TEMHOTO KOJIBIIA.

3. CBer 0T ra3opa3psHON TPYOKH IMajaeT HOPMAJIbHO Ha TU(DPAKIIMOHHYIO
pelLIeTKy, epHoj KoTopoii pased 2- 10™3MM. OpamrkeBast IMHUS B CIIEKTPE
nepsoro mopsaka BuaHa mox yriom 18° a romyGas — mox yrimom 14°.
OnpeaenuTs JIMHBI BOJH 3TOTO CBETA.

4. Ha nudpakimOHHYIO PEIICTKY HOPMAJbHO TagacT MOHOXPOMATHYCCKHM

CBET, COOTBETCTBYIONINIA IMHUM HATPUS C JUTMHOM BosHbl 5,89 1077 M. yrod,
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10/ KOTOPBIM BHUJHA 3Ta JIMHHUS B CIEKTPE NEPBOrO IMOPSAKA, OKa3ajcs
paBubIM 19°. OnpenenuTs nepuo peImeTKH.

5. Kakosa ONTUYECKAs pPa3HOCTh xoJ1a JBYX KOTE€PEHTHBIX
MOHOXPOMAaTHYECKMX BOJH B BEIIECTBE, AaOCOJIOTHBIA IOKa3aTelb
MPEJIOMIIEHUSI KOTOPOTO paBeH 1,6, eciin reoMeTpuyeckas pa3HOCTbh XO0JAa
ay4del paBHa 2,5 cm?

6. Cser ¢ mmmHo#i BoiHBl 500 HM majaeT MEPIEHIUKYISIPHO MOBEPXHOCTHU
CTeKJIsiHHOTO KinHA (N=1,5). B oTpaxkeHHOM cBeTe HaOJIOAAaeTCsl CucTeMa
uHTep(hepeHIIMOHHBIX 1on0c. ONpeaenuTh yroa Mexay TpaHsMH KIUHA,
€CJIM PACCTOSHUE MEXY COCEAHUMH TEMHBIMH IMOJIOCaMH a=2 MM, | pag =
206265".

7. JIBa KOTEpEeHTHBIX Jiy4ya ¢ JauHaMu BoJIH 404 HM mepecekaroTcs B OJHOM
TOUKe Ha dkpaHe. UTto Oyner HaOmOAaThCSl B ATOM TOUYKE — YCUJICHUE WU
ocnabjieHHe CBeTa, €Clid ONTHYECKas pa3HOCTh Xoja Jyded paBHa 17,17
MKM?

8. B HekoTOopyl0 TOYKYy MpOCTpaHCTBA MPHUXOAAT CBETOBBIE IYyYKH
KOTEPEHTHOIO H3JIyYEHUsI C ONTHUYECKON pa3sHOCThIO XoJa 6 MKM.
Omnpenenuts, NPOU30IIET yCUIIEHUE UM OciaabjeHUe CBETa B 3TOM TOUKe,
eciu JJIUHbI BOJHBI paBHbL: 500 HM; 480 HM?

9. Hudpakumonnas pemietka umeeT 70 mTpuxoB Ha MumumeTp. [loa kakumu
yrjaMyd  BUAHBI ~ MAakCHMyMbl  II€PBOIO M BTOPOrO  IMOPSIKOB
MOHOXPOMATHYECKOTO U3JIYyYEHHUSI C IIIMHOW BOJHBI 500 HM.

10. B Boge uHTEp(EPUPYIOT KOTE€PEHTHBIE BONHEI dacToTod 4,5+ 10T,
VYeunurcs uim ociabHET CBET B TOUKE, €CJIM T€OMETPUYECKas pa3HOCTh X0/1a
nydert B Hel paBHa 1,6 mxm? [lokaszaTens mpenomiieHus Boabl paBeH 1,33.

11. JInunHa cBeToBOM BOHBI B cTekiie 470 HM. CBET B CTEKJIE pacIpOCTpaHICTCs
co ckopocThio 1,6° 10°km/c. Omnpenenuts 4YacToTy KojeOGaHWH CBera,
aOCONIIOTHBIN TOKa3aTellb MPEJOMJICHUS CTEeKJIa W JJIMHY BOJHBI MpU
nepexo/ie CBeTa U3 CTEKJIa B BaKyyM.

12. TTpu OCBEIIEHNH KBapLEBOro KIMHA C OYEHb MaJbIM YIiioM, paBHbM 207
MOHOXPOMaTHYECKUMU Ty4yaMu JUTMHOU BOJIHBI 450 HM,
NepHeHANKYJISIPHBIMU ero MOBEPXHOCTH, HaOmogaeTcs

uHTepPEPEHITMOHHBIE TTOJIOCHL. OMPEeNeTUTh PACCTOSTHUE MEXKTy STUMH TTOJI.
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IIpakTuyeckas padGora Ne 17.

«OnTnyeckas cujia JUH3bL. @POpPMYJIbI I CONPSIKEHHBIX TOYEK TOHKOM

JIMH3BD).

Henb: 3akpenuts 3HaHUA 10 TeMe «OnTudeckas cuia JUH3bL. POpMyIIbI IS
CONPSDKEHHBIX TOYEK TOHKOW JIMH3BDY, CHOPMUPOBATH YMEHHUS W HAaBBIKH
HaX0XJIEeHUs (PU3MUECKOI BEIMYMHBI, €€ BbIBO/IA U3 (DOPMYIIBIL.
IHopsinok BbINOJIHEHNsI Pa0OTHI:
1. BHHMaTENIbHO NPOYUTATh TEOPETUUYECKYIO YACTh U IUIAH PEIICHMS 3aa4
2. PaccMoTpeTs mpuMepsl peiieHus 3aaa4

3. Tlomy4uTs W BBITIOJIHUTH HHIUBUAYAJIbHBIC 3aaHUS.
Teopernyeckasi 4acThb.

CornacHo KOPHYCKYJISIPHOM TEOPUH, CBET MPEACTABISIECT COO0I MOTOK
yacTull] (KOPITYCKYJI), UCITYCKaeMbIX CBETAIIMMUCS Ternamu. HbloTOH cuwmrarn,
YTO JIBUKEHUE CBETOBBIX KOPIYCKYJ MOMUYUHSIETCS 3aKOHAM MEXaHWKHU. Tak,
OTPaKEHHE CBETA MOHMMAJIOCh AHAJIOTMYHO OTPAKEHUIO YIPYroro mapuka oT
mwiockoctu. IIpenomiienne cBeTa OOBACHSIIOCH HW3MEHEHHUEM CKOPOCTH
KOPIYCKYJI [IPH MEPEX0/I€ U3 OJTHOM Cpeibl B APYTYIO. [ ciayyas npenomiieHus
CBETAa Ha TpaHMIlEe cpela l—cpena 2 KOpOyCKyJsipHas TEOpHsl MPUBOJAMIIA K

CJIeAYIOIIEMY BUY 3aKOHA MIPEIOMIICHUS:

sini _9
sin 3 - et 9,
rae 9;— CKOpPOCTh CBeTa B TiepBol cpeme, Y, — CKOpPOCTH

pacIpoCTpaHEHUs CBeTa BO BTOPOM cpeae.  AOCOMIOTHBIA IOKa3aTeb

C
MPETIOMIIEHUS N = =, T/Ie C-CKOPOCTb CBETA B BAKYYME.

Tak kak n > 1, U3 KOPIYCKYJSIPHOW TEOPUHU CIEAOBAIO, YTO CKOPOCTH
CBETa B Cpelax J0JDKHA OBbITh OOJIbIIE CKOPOCTH CBETa B Bakyyme. HblOTOH
IBITAJICS TAKXKE OOBSICHUTD MOSBICHHE UHTEPPEPEHLIMOHHBIX MOJI0C, AOMyCKas
ONPENEICHHYI0 IEPUOAMYHOCTh CBETOBBIX IpoueccoB. Takum o0Opazom,

KOpHIycKyJisipHass Teopusi HproToHa conmepikaiia B ceOe 3JIeMEHThI BOJHOBBIX
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IIPEACTABICHNAN. BosHOBast Teopusi, B OTIMYHME OT KOPITYCKYJIAPHOW,
paccMaTpuBaia CBET KaK BOJIHOBOM MpOlECC, MOJAOOHBI MEXaHUYECKUM

BOJIHaM.

B oOcCHOBY BOJHOBOW Te€OpuHM OBbLI TOJOXKEH NpUHLMI [foiireHca ,
COIJIACHO KOTOPOMY KaK[asi TOYKa, O KOTOPOH JOXOJIUT BOJIHA, CTAHOBUTCS
LHEHTPOM BTOPUYHBIX BOJH, a OrMOAromiass 3THUX BOJH JAaeT IOJIOKECHHE
BOJIHOBOTO ()pOHTA B CIEAYIOIIUN MOMEHT BpeMeHU. C MOMOILBIO IMpUHIHUIIA

['folirerca ObUTH OOBSICHEHBI 3aKOHBI OTPAKCHUS W TIPEITOMIICHUS.

]_IJ'ISI CJiydasd IpCIOMIICHHA CBCTA Ha I'paHUIC BAKyyM—Cpcaa IIPUBOOUT K

CJIEIyIOLIEMY BBIBOJTY:

sini

c
sin 8 - 9

3aKOH TPEIOMJICHHUS, MTOJTYYEHHBIA U3 BOJHOBOW TEOPHH, OKA3AJICS B

npotuBopeunu ¢ popmynor HetoToHa. BoiHOBast Teopusi MPpUBOAUT K BBHIBOAY:

U < ¢, TOrja Kak COrIaCHO KOPITYCKYJIIpHOM Teopuu 9 > C.

JIMH30M HA3bIBAaCTCA  MPO3PAYHOE  TEJIO, OIPAHUYEHHOE  JABYMs
chepuueCKUMU TMOBEPXHOCTSAMU. Eciu TojMHA camMoil JMH3BI Majia Mo
CPaBHEHUIO C paJlycaMH KPUBU3HBI C(HEpUUECKUX MOBEPXHOCTEH, TO JIMH3Y

Ha3bIBAIOT TOHKOM.

JIuH3b1 OBIBAIOT COOUPAIOIIIMMU U pacceuBarIMMu. Eciu mokazaTenb
MPEJIOMIICHUS JTUH3BI OOJIBIIE, YEM OKPYKAIOIIEH Cpeibl, TO COOMparoIias JuH3a
B CEpEelIMHE TOJIIIE, YeM Yy KpaeB, paccerBarolias JuH3a, HA000pOT, B CpeaHEH
YacTH TOHbIIE. EciyM TokaszaTelb TMPEIOMJICHUS JIMH3bI MEHBIIE, YeM

OKpY’KaroIiel cpejibl, TO BCE HA000POT.

[Ipsimasg, mpoxonsiias 4yepe3 UEHTPbl KPUBHU3HBI  CcepuyecKux
ITIOBEPXHOCTEN, HA3bIBACTCS IVIABHOM ONTHYECKON OChI0 JIMH3BI. B ciydae
TOHKUX JIMH3 MOXXHO MHPUOJIMKEHHO CUMTATh, YTO IJIaBHAs ONTUYECKas OCh
[epeceKaeTcds € JMH30M B OJHOM  TOYKE, KOTOPYK)  IIPUHSTO
Ha3bIBaTh ONTHYECKUM LEHTPOM JHMH3bI. Jlyd cBera mnpoxoaur uepes
ONTHUYECKHUM LEHTP JIMH3bI, HE OTKIOHSACH OT IEPBOHAYAJILHOTO HANIPABJICHNUS.
Bce MpsIMBIE, MPOXOIALINE yepes ONTUYECKUN LIEHTP,

Ha3bIBAIOTCS MOOOUYHBIMH ONITHYECKHUMH OCSAMM.
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Ecnu Ha nuH3y HampaBUTh Ny4YOK JIy4eH, NApaJUICIbHBIX TIJIABHOU
ONTUYECKOW OCH, TO IOCIE NPOXOXKIAEHUS 4Yepe3 JUH3Y Jyud (WM HX
IpOAODKEHUs) coOepyTcsi B OAHOM Touke F, KOoTopas Ha3bIBAaeTCs IIaBHBIM
¢oxycom JMH3BI. Y TOHKOM JIMH3BI HUMEIOTCS JBa TJIABHBIX (PoKyca,
CUMMETPUYHO PACIOJIOKEHHBIX OTHOCUTEIBHO JIMH3bI HA TTIABHOM ONTHYECKON
ocu. Y coOuparomux JHUH3 (OKYChl JEUCTBUTEIbHBIE, Y PACCEUBAIOIIUX —
MHUMBIE. PaccrosiHme MexXIy ONTHUYECKUM LEHTpOM JuH3bI O U TIaBHBIM
¢doxycoM F HazpiBaeTcst GoKycCHbIM paccTossHueM. OHO 0003HavaeTcst TOM ke

OykBoii F.

IIpaBwia mocTpoeHus X0/a Jy4a B JHH3AX

CoGMparouude JAMH3bI | PaccemBarwwme nmMH3bl

1. My ceeTa, NMPpoOXOOAALLMEA Hepaes CNTHYSCHKMA UeHTR, HE NpsnonnasTcA.

e e el

2. Myy cBeTa, NaaaoLiA Ha AMHIY MapannsenbHO MASBHO R ONTHHSCcKOM Ock, MocAs NPpenohaASHKMA ...

e MPOOOMHSHMEM MpOXOOMT Hepes mMmHKMMEIR doryc

. ApOXOOMT depes GOoHYS ArMHIBL.
e = P & : FAHEEI.

-~ -

F o ZE/ - o F

- &

3. Myw ceeTa, NpoxogAaugmil sepes Goryc, Nocne Nnpe- 3. Mys, NpoxogAWMiia NpogomReHnem sepes doryc,
NorneHrA Oy aeT napannsnaeH MIaEHCH OnTHM-SaecHKo nocns NnpencrieHns By asT napannened rnaeHold on-
ock. Trdeckal ocm.

5
1.4

\F 2 F F o -~ __F
T -

- o -~

A. [lnA NOCTROEHMA XOMa MPOMSBoABHOIS AYHE HyHHO NPOBECTH MNAapanlensHys eny NoBouHYID CrITHUSSCHYID
oCcE 40 NepeceHeHKA ..

cee © PAHKWMMOR dOoRaNEHOH MNocHocTere. MNpenonnesn-

e € poraneHoli NnockocTero. MpenomnernHed vy -
HBIF NyY NMpoaonHeHren NpoBsScT HYepas Nnony-HerH-

MPOESCTH HepPes NoNy-HeHHY KD TouRY.
HYHD TOMHY.

DopMyJia JTUH3BI

OcCHOBHOE CBOICTBO JIMH3 — CIOCOOHOCTh JaBaTh H300paKeHUs
npeaMeToB. M300paskeHne — 3T0 TOUKA IPOCTPAHCTBA, I/1€ IEPECEKAIOTCS JTyUn

(WM UX MOPOJOJKEHHMS), UCHYIICHHbIE UCTOYHHKOM IIOCJTE MPEIOMIICHHS B
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JIMH3E. N300paxenus

OBIBAOT NMPSAMBIMH U MEPEBEPHYTHIMHU, I[ei/'ICTBPITeJIbHLIMl/I

(mepecekaroTcsi caMu JIy4l) 1 MHUMBIMH (TIEPECEKAIOTCS MPOJAOIAKEHUS

Jay4eit), yBeJIM4eHHbIMH 1 YMEeHbIIIEHHbIMH.

[Tonoxenue wu300paKEHUS W €ro XapakTep MOXKHO ONPENeIuTh C
IIOMOIIBI0 T€OMETPUUECKUX IMOCTPOCHUM. Il 3TOr0 HCHOJIB3YHOT CBOWCTBA
HEKOTOPBIX CTaHAAPTHBIX JIy4eil, XOJ KOTOPhIX MW3BECTEH. IJTO JIy4H,
MPOXOSIIME Yepe3 ONTUUECKUM IEHTP WM OJUH U3 (POKYCOB JIMH3bI, & TAKKE

Jy4d, MapajijieabHbIE TJIABHOW WIIM OJJHON U3 MOOOYHBIX ONTUYECKUX OCEH.

JUis mpOCTOTHI MOXHO 3allOMHHUTb, YTO H300pa)K€HHE TOUYKH OyJeT
Toukoi. M300pakeHne TOUYKH, JIeKAIIEH Ha TJIAaBHOM ONTHYECKON OCH, JICKHUT
Ha IJIaBHOM onTHYecKoi ocu. M3o0paxkeHne oTpeska — orpe3ok. Eciau oTpezok
NEPHEHANKYJIAPEH TIJaBHOM ONTHYECKOM OCH, TO €ro Hu300paxeHue
MIEPIICHINKYJIAPHO TJIaBHOW ONTHYECKOM OCU. A BOT €CJIM OTPE30K HAKJIIOHEH K
IJIABHOM ONTHYECKON OCH IO/ HEKOTOPBIM YIJIOM, TO €r0 U300pakeHue OyaeT

HAKJIOHEHO YK€ 0T HEKOTOPBIM JPYTUM YTJIOM.

N300pakeHus1 MOXKHO TaKKe pacCUUTaTh C HTOMOLIBI0 (POPMYJIbI TOHKOM
JuH3bl. Eciin KpaTyaiiliee paccTosiHME OT MpeAMeTa 0 JMH3bI 0003HAUUTh
uepe3 d, a kparuvaiiliiee paccTOsSHUE OT JIMH3BI 10 M300pakeHus depes f, To

(bopMyiTy TOHKOM JIMH3bI MOYHO 3alIUCaTh B BU/JIE:

=+

1
=D
T

11
+—+—

d f
Benmuuuny D, oOpaTHy0 dhokycHOMY PaCCTOSIHUIO.
HAa3bIBAIOT ONTUYECKOM CUJIOH JIMH3bI. ETMHNIIa U3MEPEHNS ONITUYECKOU CUJIBI

apigercs 1 nuontpus (anTp). AuonTpust — onTUUeCcKas CUiia JMH3bI ¢ POKYCHBIM
pacctosiHueM 1 m.
@DOKYCHBIM pPACCTOSHUSAM JIMH3 NPUHSITO MPUIMCHIBATH ONpPEIeICHHbIE

3HAKU: JJIs1 cobupatoment muH3bl F > 0, mis paccenBatomieit F < 0. Onrtuueckas

CHhJla pacceI/IBanmeﬁ JIMH3BI TaKKC OTpULATCIIbHA.

Benuuunbl d u f Takoke  MOAYUHSIOTCA — ONPEIACIICHHOMY  MPaBUITY
3HakoB: f> 0 — nmns npelictBUTEIbHBIX HM300pakenuit; f< 0 — miIs MHHMBIX

n3o0paxenuii. Ilepen d 3HaK «—» CTaBUTCS TOJBKO B TOM Cliydae, KOrja Ha
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JIMH3Y MMAJAeT CXOMAMKCS My4YOK Jiyder. Toraa ux MbpICIEHHO NPOJIEBAIOT 10
MepeceyueHust 3a JUH30M, MOMEIIAIOT Tyla BOOOpakaeMblii HCTOYHUK CBETA, U

OoIIpCACIIAOT AJIA HCTO PACCTOAHUC d.

B 3aBHCHMOCTM OT NOJIOKEHHUS IPEIMETa II0 OTHOUICHUIO K JIMH3E
U3MEHSIOTCSA JIMHEVHBIC pasMepsbl n300pakeHus. JIMHeHHbIM
yBeJUYEeHHEeM JIMH3bI [ HA3bIBAIOT ~ OTHOLIEHWE  JIMHEWHBIX  Pa3MEpPOB

I/I306pa)K€HH}I H nIpcamcTa. I[JISI JIMHEHHOI'O YBCIMYCHUA JIMH3bI CYHICCTBYCT

dbopmymna:

d

F _ hrr'ﬁrn},rr.-.l.:*'unlm _ JrIr
R LW e
dopmyia chepruuecKoro 3epkana UMeeT BUJL
1 1 1
f a—al/
3mech a U @/ - COOTBETCTBEHHO PACCTOSHHSA OT MPEIMETa M OT €ro

M300paKeHHs J0 3epKaja. 3HAK MUHYC MOKAa3bIBAET, UTO 3€PKAJIO BBITYKJIIOE,

3HAK IIJIIOC — 9TO 3€PKaJiI0 BOTHYTOC.

JInHelHOE yBEINYEHHE

351ech «-» B 3HAMEHATEJIe COOTBETCTBYET BOTHYTOMY, a «+» BBIITYKIOMY
3epKaiy.

IIpumeps! pelieHnus 3axa4.

Ipumep Nel. /InuHa BOJHBI KPaCHOTO CBETA B BakyyMe paBHa 750 HM.

OnpenenuTs 4acTOTy KOJI€OAHU B BOJHE KPACHOTO CBETA.

Jano: Pemenue:

c

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

_ 3-108m/c

— 1. 1014
T 7510 7 M 4-107Tn

c=3-108m/c

v—=?

IIpumep Ne2. Paguyc KpuBHU3HBI BBIMYKIIOTO cpepruueckoro 3epkana 1,2
M. Ha kakoM paccTossHMM OT 3epKajia HaXOAUTCS MPEAMET BBICOTOM 12 cMm, eciu
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OT MHUMOTO n300paxeHus 10 3epkana 0,35 m? Kakoil BBICOTHI MONTy4YHIIOCH
n300paxkeHue mpeamMera?

JlaHo: Pemenue:
1 1 1 W a’/
R=1.2m, it PR
| — fa/ R
a =0,35M, a=— f=-
f—a/ 2
1,2
h=0,12 m szMz 0,6 M
0,35M0,6 M _
T 0,6M—035M 0,84 m.
a/
a?  h-? h/ =22
a
0,12m:0,35M
h/ = —— 22" 0,05 m.
0,84 m

Ipumep Ne3. CBeTOBBIE BOJHBI B HEKOTOPOM JKUIKOCTH MMEIOT JUIMHY
BosHEl 600 HM u uyactoty 4+ 10T, Onpenemurs aGComOTHBINA MOKa3aTeNb
MPEIIOMIICHUS 3TON KUJKOCTH.

Jano: Pemenmue:
A=6-10"m, n=c=—
9 Av
4. 1nl4 3-108m/c _
v=4-10"Im, "~ 6107 M-4-1014 Ty 1,25
c=3-108wm/c
n-?

IIpumep Ned. B anmaze cBeT pacmpocCTpaHsieTcss cO CKOpOCThbio 1,22
108m/c. onpenenuTs NpeneNbHBI yroa MOJHOTO BHYTPEHHENO OTPaXKEHUS
CBETA B aJIMa3€ MPHU MEePEX0/ie CBETOBOIO IMyYKa U3 ajaMasa B BO3AYX.

Hano: Pemenue:
9=1,22- 108m/c, sin inp:l _95
n
—2.108 .. _1,22:10%m/c _
c=3-10°wm/c. sinip, = o - 0,4067

in_? i]‘[p = 240
NuauBuayajabHble 3aaHUs 1JIS NPaKTHYecKoil padoTsl Ne 17,
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Ha kxakom paccTOSIHUM OT BBIIYKJIOTO 3€pKajia HAXOJUTCA MPEIMET, €CJIU €ro
N300pKEHUE TMOIYYHUIOoCh Ha pacctosHUU | M or 3epkama? DokycHoe
paccrosiHue 3epkana 1,5 m.

Boruytoe cdepuueckoe 3epkaiio paaumycoM KpUBH3HBI | M JaeT MHHMOE
M300paKeHHEe, KOTOPOE PACIOJIOKEHO 3a 3€pKaioM Ha PACCTOSHUU 75 CM.
OnpenenuTh HA KAKOM PACCTOSIHUU OT 3€pKajia HaXOUTCS MPeaMeET U POKYCHOE
pacCcTOsIHUE 3epKaJa.

Panuyc kpuBu3HBI BBIYKIOro cepuueckoro 3epkana 1,8 M. Ha kakom
PACCTOSIHMM OT 3€pKajia HaXOJIUTCA MPEAMET BBICOTOM 24 cM, €ClIi OT MHUMOTO
u3zobpaxenus a0 3epkana 0,45 m? Kakoil BBICOTBI MOIyYHUIIOCH U300paKeHNE
npeameTa’?

Bornyroe cdepuyeckoe 3epkano naer MHHUMOE, yBenuueHHoe B 10 pas
M300paKeHHE MpeAMeTa, HaxoJsIerocs OT Hero Ha paccrosHuu 909 cw.
OIIpeeuTh POKYCHOE pACCTOSHUE 3epKaJa.

Bornyroe cdepruueckoe 3epkano JaeT B TPHU pa3a YBEIMYEHHOE OOpaTHOE
n300paxkeHue npenmMera. PaccTosiHue opt mpeaMera 10 M300pakeHus 28 cwm.
Yemy paBHBI POKYCHOE PACCTOSTHUE U PAANYC KPUBU3HBI IOBEPXHOCTH 3epKaja?
OnpenenuTh  aOCOJIOTHBIM — MOKa3aTelb  MPEJIOMIICHHSI U CKOPOCTb
PACIIPOCTPAaHEHHMs! CBETA B CIIIOJIE, €CIIU IIPU yIIe MaJeHUs CBETOBOrO Imy4ka 54°
yron npenomienus pasen 30°.

[Ipu yrne nmagenus 60° yrom mpenomnenus pasen 40°. Ompemenurs yron
MPEJIOMJIEHUSI B 3TOM K€ Cpefie, €Clii CBETOBOM MyYOK HAMPABHUTh MOJ YIIOM
30°.

CBETOBOM MyYOK MEPEXOAMT M3 BO3AyXa B BOAy. Yroin majgenus 76°, yron
npenomienus 47°. Onpeaenurs CKOpoCTh CBETA B BOJIE.

. HacToTa cBeTOBBIX KojieOaHUM paBHa 4- 10T, OnpenenuTs JIJIMHY BOJIHBI

9TOro MU3JIYUCHHA B aJIMa3e€. AOCOJIIOTHBIA ITOKAa3aTeIb IMPCJIOMIICHHUSA aJiMasa

2,42.

10. Borayroe cdeprueckoe 3epKajio 1aeT B YEThIPE pa3a yBEIMYEHHOE 00paTHOE

n300paxkeHne mpeamera. PaccrosHue opt mpeamera 10 u3o0pakeHus 32 cMm.
Uemy paBHBI OKYCHOE PACCTOSTHUE U PATINYC KPUBU3HBI IOBEPXHOCTH 3epKaja?

13.ocamu (1 pang=206265").

IIpakTuyeckasi pa6ora Ne 18.
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«Temy1oBoe neiicTBHE cCBeTa. XHMHUYECKOE JeHCTBHE CBETa.
Hean: 3akpenuth 3HaHus 1Mo Teme «TemnoBoe AeiicTBHE cBeTa. XUMUUYECKOE
JEeHCTBUE CBETa», CDOPMUPOBATH YMEHUS M HABBIKM HAXO0XKJIEHUS (PU3NYECKOit
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.

Teoperndyeckasi 4acThb.
BI/II[I/IMoe H3JIy4YCHHUC Hapsaay C BOJIHOBBIMU IMPpOABIIACT )41
KOPITYCKYJISIpHBbIE cBOMCTBA. [Ipu HEOONBIIMX 4YacTOTax B OOJBIICH CTEIEHHU
MIPOSIBJISIFOTCSI BOJIHOBBIE CBOMCTBA JIEKTPOMArHUTHOTO M3nydeHus. [Ipu oueHb

OOJBIIMX YACTOTAX HA MEPBOE MECTO BHICTYIAIOT KOPIYCKYJISIPHbIE CBOMCTBA.

Ilo Teopuu IUIaHKAa W3JIy4YEHHE pacCMaTPUBACTCS KAk IpoLEce
JUCKpETHBbIM  (mpepbIBUCTBIN). [lopumu  »HEprum  3JIEKTPOMArHUTHOTO
U3JIy4eHUsT Ha3bIBAIOTCS KBaHTaMHU. YacTUIbl, HECyl[ue KBAHTBHI DHEPIUH,

MOJIYYHJIA Ha3BaHUE (POTOHOB.

OCHOBHOI XapaKTepUCTUKOM sIBIIsieTCS dHEpTUs E u ummynsc p:

c
E—h'V—h'A—O,

rae h- nocrosnnas Ilnanmka, h = 6,62-1073%/Ixx-c ; Ay- JIMHA BOJHBI
M3IydeHHs B BaKyyMe.
Tak kak (OTOHBI B OTIMYME OT APYIMX MHUKPOYACTHI] JABHKYTCS CO

CKOPOCTBIO CBETA, (OPMYITY UMITYJIbCAa MOYKHO 3aIMcaTh B BUJIE P = M - C.

. . E
W3 popmyinbl DiiHIITEiHA ™ —2» CIIEI0BATENBHO,

h
WIM D = —

=h- o

E
C

Q<

v
Macca porona m = h - —.
c
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CpaBuuBasi GopMyJbl SHEPrHH, UMIYJIbCa U MacChl, MOXKHO MPUNTH K
BBIBOJly: JJII MOHOXPOMAaTHYECKOTO0 CBETa Y BCEX (POTOHOB C 4YACTOTOM V
OJIMHAKOBBl dJHEprusi, uMMOyiabc M Macca. llokosdmuxcs (OTOHOB HeT,

CIIeZIOBaTEIIbHO, Macca TOoKos potoHa paBHa ().

®otorddexr — 3TO sABIEHHE, BO3HHKAIOIIEE IPH B3aHMMOACHCTBUU
u3nydeHus: ¢ BemiectBoM. [lpu Qorosrddexte 3a cyer sHepruum U3MydEHUS
(OTOHOB, KOTOPOMY TOJIBEPraeTCs BEIIECTBO, C €ro MOBEPXHOCTH BHIPHIBAIOTCS

AIIEKTPOHBI (BHEMIHUHN POTOIPPEKT).
3akoHbl poTodPdekra:

1. ®oTOTOK HACKILIEHUS IPSIMO MPONOPLHUOHATIEH CBETOBOMY MTOTOKY,
1aJJaI0IIEMy Ha [IOBEPXHOCTh BELIECTBA.

2. MakcumanpHas KUHETUYECKast DHEPTHS AIEKTPOHOB,
BBICBOOOKJICHHBIX C MMOBEPXHOCTU MOJ ACUCTBUEM H3ITyYEHUS, HE 3aBUCHUT

OT €r0 UHTEHCUBHOCTH U ONpeaeIsieTcs o ¢hopmylie

m-ﬁzﬁaxc —e- U31
ri€  Uyaxc- MAaKCHMalIbHasi CKOPOCTh  3JIEKTpoHOB; U,-

MUHUMAJIbHOE

3aJIep)KUBAIOIEEe HAMPSHKEHUE, MPU KOTOpOM HeT (oroToka; M u € —

COOTBETCTBEHHO Macca U 3apsiji dJIEKTPOHA.

VYpaBHeHue DiiHiTelHa 11 BHEIHETo (oTodddexra

.92
m SMaKC

h-v=A,+ —

rne A, — pabora BbIXOJA, 3HAYEHHE KOTOPOM oOmpenensercs
KMHETUYECKOW DHEPTUEU JJIEKTPOHA IIPU KOTOPOM OH MOXKET BBIPBATHCS C
MIOBEPXHOCTH BELIECTBA.

HauOonbiiasg nnuHa BONHBI (HaWMEHbINAsg 4YacToTa KoJjeOaHwil), mpu
KOTOpoi MOkeT HabmogaTbes GoTrodddeKT, Ha3bIBACTCS KPACHOW TpAHMIICH
dboTtordekTa 115 TaHHOTO BEIECTBA.

[Tonaras B ¢opmysne DUHIITEHHA KUHETHYECKYIO HYHEPTUIO 3JIEKTPOHA
PaBHOM HYJIIO, MOXKHO OIPEAEIIUTD JJIMHY BOJIHBI, COOTBETCTBYIOLIYIO KPACHOM

rpanuiie Gporodddexra s pa3IMIHbIX MaTepUaoB:

h-c h-c
—=A,; A=—
A B K As
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PabGora QorosnemeHTOB u  (OTOCONPOTHUBIECHUI OCHOBaHAa Ha
MOJIb30BAaHUM  BHEIIHETO M BHyTpeHHero  QorodddexroB.  SBneHue
dborodddexra HANUIO IIUPOKOE TMPUMEHEHHWE B pPa3IUdHBIX cdepax

YeJIOBEYECKOUN NE€ATEIHLHOCTH.

IIpuMepsl pemieHus 3a1a4.
IIpumep Nel. Onpenenuts Maccy (OTOHA KPACHOTO U3JIYYCHHUS, IJTHHA

BOJIHBI KOTOpOTO 720 HM.

Jlano: Pemienue.
A=72-10""m m=h-ciz, mev=§.
h=662-10"3x- d Torza  m=—
¢ =3 10%m/c = e =3-107%xr,
m-?

Ipumep Ne2. Onpenenuth UMIYJIbC (OTOHA TONYOOTO H3Ty4YEHUS,
JMHA BOJIHBI KoToporo 500 HM, mpH €ro MOJHOM MOIJIOMIEHUH U TMOJHOM

OTPAKCHUUN TCIIOM.

Hano: Pemenue.
A=5-10""m P= >
10734 Ik
h=6,62-10"3*/Ix-c o :% =1,324-10"2H - ¢
2h
Pr -? Po -? Po = 7~

_2:6,62:1073* Ixcc
0 5-10~7Mm

=2,648-1072’H - c

Ipumep Ne3. Ckopocts cBeta B Boe 225 000 km/c, a JyiMHA CBETOBOM

BostHBI 400 HM. KakoBa sHeprust poToHOB cBeTa?

Jlano: Pemenne.

A=4-10""m E=h-v=h-%
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.10—34% . 106
h — 6,62 . 10_34£[H{ . C E — 6,62-10 xc:225-10 M/C :3’7. 10_191[)1(

41077m
c = 225-10°m/c w E=2,3 5B
E-? (1 21eKTPOH-BONBT paBeH 1,6 - 10 7 Tx ).
IMpumep Ne4q., Onpenennte CUILy CBETOBOI'O JIaBJICHUS

TIEPIEHNKYIISPHBIX COJHEYHBIX JIydell Ha IOBEPXHOCTh MIomansio 100 m2,

eciu K03 GuUIMeHT oTpaxkeHus aydeit paseH 0,2 u conHeyHast noctosHHas 1,4

103 Br/m2.

Jlano: Pemrenue.
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- 107*H.
3:10%Mm/c
c=310%w/c
E =1,4 103 Br/m?
F-?

IIpumep NeS. PaGota BbIXOJ1a 37IeKTpOHA U3 IIMHKA paBHa 3,74 5B.
Onpenenuth KpacHyto rpanuily dotodddexra mis nuuka. Kakyro ckopocTh
MOJIYYatOT DJICKTPOHBI, BHIPBAHHBIE W3 IIMHKA TpU OOJYYCHHH €T0

yIbTpa(HOIETOBBIM U3TYYEHHUE C JITMHOM BOJIHBI 200 HM.

Jlano: Pemienue.
A=3,745B=5,984- 10" | A= %

. _7 _ 6,62:1073*/x-c-3-108Mm/c _ _7
A=2-10""m A= 5.95410-1 I =3,32-10""m
c=3-108m/c Oueprusi GOTOHOB YIBTPA(PHOIECTOBOTO
h=6,62-10"3*Ix"c M3IIyYEeHUs] h-

Vv, IaJial01ero Ha LMHKO —
Ae=7  yake="? BYIO IIJITACTUHKY, PACXOAyeTcs Ha paboTy
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BbIXO/JIa 3JICKTPOHA C ITOBCPXHOCTHOI'O CJIOA ITHMHKA

o m-92
¥ COOOIIEHNE eMy KMHETHYECKO# sHeprun: h-v = A, + % rae m- macca

snexTpona (9,1 10731kr). U3 sToro ypaBHeHHs1 MOYKHO ONPENEIUTH CKOPOCT,

KOTOPYIO MOTYT HOJTYYHUTh 3JIEKTPOHBI PU PoToddeKTe:

’2-(h-c—k-a)
8M3Kc = T

8
2'(6,62'10‘34ﬂ>f<-c-3-1°TM—2-10—7m-5,984-10—19z[>;<>

9 = =9.3- 10°m/c.
Makc 9,1:10~31kr-2:10~7m '

NuauBuayaibHble 3a1aHus VI NPpaKTHYecKoi pa6oTnl Ne 18.

1. OmpenenuTsb AJIMHY BOJHBI BUIMMOIO U3Iy4eHHUs, Macca (pOTOHA KOTOPOTO
paBHa 4+ 10736kr.

2. Onpenenuts UMIYJIbC POTOHA KPACHOTO U3ITYUYEHUS, JUTMHA BOJIHBI KOTOPOTO
720 HM, IPU €r0 MOJHOM MOTJIOIIEHUHU TE€JIOM U MOJHOM OTPAKEHUH TEIOM.

3. OmnpenenuTsh JUIMHY BOJHBI yIbTPa(UOIETOBOTO U3IYUYCHHS, HMITYJIbC
KBaHTa KOTOPOTO MPH IIOJHOM IIoraomenuy pasel 3- 10727H- c.

4. OmnpenenuTh 4aCTOTY KOJIeOAaHUN CBETOBOU BOJIHBI, Macca (hOTOHA KOTOPOM
pasHa 3,31- 107 3%kr.

5. Hactynut nu ¢oToxumudeckas peakiiis B BEIIECTBE, KOTOPOE IMOTJIONIAET
nH(ppakpacHOe M3Ty4YeHUE C JJIMHOW BOJHBI 2 MKM? DHEprusi akTHBaIlUH
monexyn 2- 1071 [Ix.

6. OmnpenenuTs JJIMHY BOJTHBI QJIEKTPOMArHUTHOTO U3JIyYCHUS, SHEPT U KBaHTa
KOTOPOTO paBHA HEPTUU MOKOS IJIEKTpoHA. Macca MoKos 3JIEKTpOHA paBHA
9,1- 107 31kr.

7. OnpenenuTh UMITYJILC KBAaHTa PEHTTEHOBCKOTO U3JIYyYEHHUs, JJIMHA BOJIHBI
KOTOPOTO 5 HM, IIPH €r0 MOJHOM HOTJIOIICHUH.

8. Ompenenuth KpacHyto rpaHuily Gotodddekrra y XJopucToro Harpus, pabora
BBIX0/Ia AJIEKTPOHOB KOTOpPOro paBHa 4,2 3B.

9. OmpenenuTh MAKCUMAJIBLHYIO CKOPOCTh BbUIeTa (hOTODJIEKTPOHOB U3 KaJws,
paboTa BBIXOJA DJEKTPOHOB paBHAa 2,265B, npu OCBEUIEHUH €T0

yIbTPapUOIETOBBIM U3IyUeHHE C JIIMHOM BOIHBI 200 HM.
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10. Kpacuas rpanuna ¢ororddexra y HaTpus Ha Boibppame paBHa 590 HM.
Omnpenenuts pabOTy BBIX0/1a AJIEKTPOHOB y HATPUS HA BOJb(hpame.

11. PaGora BhIXOJa SJEKTPOHOB Yy 3akucu meau S5, 15 »B. BrizoBer m
doTordexTt ynprpadroneToBoe U3NydeHHE ¢ JIHHOU BOIHBI 300 HM?

12. Kpacnas rpanuna ¢ororddexra y nesuss paBHa 653 uMm. Onpenenuthb
CKOPOCTb BbLIETa (POTOIJIEKTPOHOB NPH OOJYyUYEHHM IE3UsI ONTHYECKUM
W3JIyYEHUEM C JJIMHOM BOJHBI 500 HM.

13. Kakyo KHHETUYECKYIO SHEPTHIO OyIyT UMETh JEKTPOHbI, BHIOMBAaEMBbIE U3
HATpHs KBAaHTaMH 3€JICHOTO CBETA, €CiM paboTa BeIxona y Hatpus 2,1 3B, a
JnuHa BoJHBI cBeta S00 HM?

14. PabGora BbIX0/a Yy 3JIEKTPOHOB W3 KaaMmus paBHa 4, 08 »B. Kakoii momkHa
OBITh JIMHA BOJIHBI H3JIYYCHHS, IMaJAlOMIer0 Ha KaAMHUH, YTOOBI IpHU
boTorppexre MakcumanbHas CKOPOCTh (HOTOIEKTPOHOB ObLIA paBHA

2-10%m/c?

Ilepeyenb pekomMeHayeMbIX YueOHbIX M3aanuil, UHTEepHeT-pecypcos,
JAONOJIHUTEIbHON JIUTEPaTyPHl.
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