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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 IOKOJIECHHUS,
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 MPAKTHUYECKUM 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 3aHATHM.

Bpemss npoBeneHus JONOJHUTENBHBIX 3aHATHM MOXHO  y3HATh Y

Mperno/iaBaTesis Wik MOCMOTPETh Ha IBEPHU €ro kKaOuHeTa.

Kenaem Bam ycnexos!!!



TpeGoBanus K 0(p)OPMJICHUIO U BBINOJHEHUI0 MPAKTHYECKUX padoT.

Meroanueckue ykazaHus no gucuuiuinHe «dusuka» npenHasHaueHbl IS
CTYJEHTOB JIHEBHOT'O OT/AEJICHUS IOJUTEXHUYECKOTO KOJIJIEIKA IO CIIEHUAJIbHOCTH!

13.02.01 TemioBblE 3AEKTPUUECKUE CTAHLIMH, BXOIAIIEH B YKPYITHEHHYIO
rpynny cneuraibHocteit 13.00.00. DaeKkTpo- U TEeMI0TEXHUKA.

Copepxanue paOOT MOJHOCTbIO COOTBETCTBYET JEHCTBYIOIIEH MPOrpPaMMBI
no usuke.

IIpakTrHueckue 3aHATUSA PaCCUUTAHBI HA 36 4acoB.
[Ipu BBINOJHEHUU TPAKTUYECKON pabOThI CTYIEHTaM PEKOMEHTyETCSI:

- HCTI0JIb30BaTh Y4€OHbIE TOCOOMS, HATJISIIHBIE CPEACTBA OOYUCHMUS;

- IPOBOJIUTH HECJIOKHBIE IEIyKTUBHBIEC PACCYKICHUS;

- 000CHOBBIBATH LIaru pEUICHUs 3a/aY;

- (hopMynHpOBaTh ONPEEICHNUS MATEMAaTHUYECKUX TTOHATUH;

- II0JIb30BaThCA MATEMATHYECKOW TEPMUHOJIOTHEN U CHMBOJIMKOW;

- MUCbMEHHO 0(OPMIIATH PEIICHUS 3a]1a4

- II0JIB30BATHCS KAJIBbKYJIATOPOM;

- CaMOCTOSITENIbHO U3y4aTh YUEOHBI MaTepual.

Bce mnpencraBieHHble BapuaHThl NMPAKTUYECKUX PAOOT JaHBI OJAMHAKOBOM
CTENEHU TPYAHOCTH.

[IpakTuueckass paboTa BBINOJHSIETCS B CPOKH, YCTAHOBJICHHBIE B
COOTBETCTBUM C KaJIECHIAPHO-TEMATHYECKUM IIJIAHOM. 3a KAKIYH NPAKTHYECKYIO
paboTy CTYAEHT JOKEH MOTYYUTh NOJIOKUTEIBHYIO OLIEHKY.

HtoroBoii GopMoil M3ydeHUs OUCUMIUIMHBI SIBISETCS SK3aMEH IJisl BCEX
cneuuanbHocTeld. CTyIEHTBI, HE BBINOJHMBIINE BCE NMPAKTUYECKUE PaOOThI, 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.

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

Tema 1.7 Ummyasbe.

[Ipaktrueckast pabora Ne 3. «3aK0HBI COXpAaHEHUS B MEXAHUKE.

Tema 2.4

YpaBHeHUE COCTOSTHMS
HIeaJIbHOIO0 rasa.

[Ipaktuueckas pabora Ne 4. «YpaBuenue Knaneiipona — Menaeneena. [ImoTHoCT
ra3za. 3aBUCUMOCTb CpeAHEN KBaAPATUYHOW CKOPOCTH IBUKEHUS MOJIEKYJI ra3a OT
TEMIIEPATYPbI».

Tema 3.2 JaekTpuyeckoe
noJie.

[Ipaktruueckas padora Ne 5. «3akon KynoHna. DnekTpruieckoe mosiey.

Tema 3.4 PadoTa, MOIITHOCTH M
TeIJioBoe AeiicTBHE
JIEKTPUYECKOI0 TOKA.

[TpakTtrnueckas padora Ne 6. «3akon Oma s yuactka nernu 6e3 3. 1. ¢. 3akoH Oma
JUTSL y9acTKa IETH ¢ 3. JI. C. M JIJIS BCEH IENU IPH HECKOJIBKUX 3. 1. C».




Tema 3.5 DuiekTpuyecKkuii TOK
B JJIEKTPOJIMTAX.

[TpaxTrueckas padota Ne 7. «IlepBrrit 3akon dapanes. Bropoit 3akon dapanes».

Tema 3.9 DiiekTpoMarueTusm.

[TpakTrueckas padota Ne 8-9. «MaruutHoe 1mosie u ero xapakrepuctuku. Cuma
Awmmnepa. Cuna Jlopeniay.

Tema 3.10 DjiekTpoMarHuTHAs
UHIYKIUSL.

[Tpaktrueckast padora Ne 10-11. «3.4.c. UHAYKIUU. D.1.C. CAMOMHIYKITUNA. DHEPT U
MAarHUTHOTO TOJISD.

Tema 4.1 Mexanundeckue
K0JICOAHUA W BOJIHBI.

[Ipaktrueckast pabora Ne 12. «Mexannuyeckue KojieOaHUsI U BOJHBD.

Tema 4.3 DjleKTpOMarHUTHbIE
KOJIeOaAHUS.

[Ipaktruueckas pabora Nel13-14. «Ilepuon u yactora nepeMeHHOTO TOKA.
NHyKTUBHOCTH U EMKOCTD B LIETIH IEPEMEHHOTO TOKAY.

Tema 4.4 JjieKTpOMarHUTHbIE
BOJIHBI.

[Ipaktrueckas padora NelS. «3nydenne. DneKTpOMarHUTHbIE BOJIHBD.

Tema 5.2 OTrpaxenue u
NpeoMJIeHHe CBeTa.

[Ipaktrueckas pabora Nel6. «3aKoHBI OTpaXKEHUS U TIPEIIOMIICHUS.

Tema 5.3 JIun3sbl. Iosyuyenue
U300pakeHuil ¢ MOMOIIbIO
JIMH3.

[Ipaktuueckas pabora Nel7. «OnTudeckas cuia JIUH3bl. QOPMYITBI TS
COMPSDKEHHBIX TOYEK TOHKOM JIUH3BD).




Tema 5.6 SABaenus, [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 PadoOThI:
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 pesynbraTe u3yueHus paszena CTyAE€HThI JOJIKHBI:
3HATh!
- BUJbl MEXAHUYECKOTO JIBUKEHUS B 3aBHUCHUMOCTH OT (POPMBI TPAEKTOPHH 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 3aJa4d C MCMNOJIb30BaHUEM (OpPMYd i1 PAaBHOMEPHOIO M

PaBHOYCKOPEHHOTO JIBUKEHUM.

Teopernyeckasi 4acThb

HaumenoBanue B BekropHOM | B mpoekuusx Ha ock | B ckamapHOoM
BUJIE Ox BUJIE
PaBHOMEpHOE IIPSAMOJIMHENHOE IBUYKEHUE
CxopocTb R A? o Ar, . tg
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IIpuMmeps! pelreHus 3a1a4

Ipumep 1.

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

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

Jlano:
t1:3 q
ti=12 4

to-?

Penienue:

Beeaewm crenyrorue 0003HauYeHUS:
L - paccrosinue mexay A u B,
Vp- CKOPOCTh TEYCHUS PEKH,

V;; - COOCTBEHHAs1 CKOPOCTD JIOJIKH.

Toraa ckopocTh JOAKH N0 TEYCHUIO paBHa (Vp + Vy), IPOTHUB TeueHus - (Vp - Vy).

Hcnone3ys hopMyily U yCIOBUE 33Ja4H, TOTYyUUM:
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Vp
L

t = v, 40y (2)
L

t, = — (3)

Boipazum u3 (1) u (2) L u npupaBHseM mpaBble YaCTH MOJIYYSHHBIX BbIPAKECHUI:

vyt =t (v, + 1),

vﬂ+vp:tﬂ=2=4uﬂuv -
v t;, 3 P

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

J
Vs 3 2y,

M(l)=L=t, v,=t, —.

[ToncTaBum nosiydeHHOE BhIpakeHue it L B (4):

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

Ortger: t; = 6u.

Ipumep 2.

IIpy paBHOYCKOPEHHOM JBMIKEHMM TEJIO IPOLLIO B IEPBBIE JBAa PaBHBIX
ITOCJIEN0BATENBHBIX MPOMEXKYTKA BpeMeHH 3 ¢ nyTh 18 M u 54 m. Haitn

Ha4aJIbHYIO CKOPOCTb 1 YCKOPCHUC.

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

SABJIIOTCA IIoCJICA0BAaTCIIbHBIMMU, TO V'oﬂBHﬂeTCﬁ

OJIHOBPEMEHHO KOHEUHON CKOPOCTHIO JJIS S1.

CrnenoBarensHo, vy = vy + at. (3)

at? at?

U3(u3) =S, = (v +at)t +— =vpt +at® +—.
BbIiunTasi 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 mocnenHmoo cekyHay cBOOOTHOTO MaACHHUS TEJIO MPOIUIO ISTYH YacThb
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.
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NuauBuayaabHble 32JaHUS K IPAKTHYeCKOoii padoTe Nel.

Bapuant Nel

Teno OBMKETCS PABHOYCKOPEHO ¢ yckopeHueM 1 m/c?. HauanpHast cKOpOCTb
paBHO HYJ10. KakoBa CKOpoCTh Tesa uepe3 Sc nocie Havyajia ABUKEHUS?
BenocuneaucT ABMXKETCS 10/ YKIOH ¢ yckoperueM 0,1 m/c?. Kakas ckopocTs
oynet uepes 30 ¢, eciiu ero HayaabHas CKOPOCTh 5 M/c?

Teno nBwkercs NPSAMOJMHENHO. B Haydame u B KOHIE JBUXCHHUS MOIYJIb
CKOPOCTH OJIMHAKOB. MOTJIO JIM TEJIO IBUTATHCSI C MOCTOSTHHBIM YCKOpEHUEM?
Bapuant Ne2

C KakuM YCKOpPEHMEM [BHKETCA TPOTAIOUIUICA C MEcTa TpaMBail, €CIH OH
HabupaeT ckopocTh 36 km/4 3a 25 c?

. ABTOMOOMIB yepe3 10 ¢ mpuodpetaeT ckopocth 20 M/c. C KaKUM yCKOPEHUEM
JBUTAJCS aBTOMOOWIL? Uepe3 kakoe BpeMsi ero CKOpOCTh cTaHeT paBHOU 108
KM/4, €CTI OH OYyJIeT ABUTAThCS C TEM )K€ YCKOpPEHUEM?

[Toe3n nBuxkercs ¢ yckopenuem a (a>0). M3BecTHO, UTO K KOHIYy YE€TBEPTOM
CEeKyHJbl CKOpPOCTh Ioe3/a paBHO 6 Mm/c. UTo MOXKHO cKa3aTh O IIyTH,
IPOWJIEHHOM 32 YETBEPTYIO CEKYH[y: OYJEeT ATOT IyTh OOJIbIIE, MEHBILIE WM
paBeH 6M?

Bapuant Ne3

IToe3n, oTxoas OT cTaHuMK, HAOUpaeT ckopocTh 15 mM/c 3a 1 muH. KakoBo ero
yCKopeHue?

OTne3xkas 0T ocTaHOBKH, aBTOOYC 3a 10 ¢ pa3Bui ckopocTh 10 m/c. Onpenenure
yckopeHue aBToOyca. Kakum OyaeT yckopeHue aBToOyca B CHCTEME OTCUeTa,
CBSI3aHHOW C PaBHOMEPHO JBMKYIIUMCS aBTOMOOWIJIEM, MPOE3KAIOIMIUM MHUMO
OCTaHOBKH aBTOOYyca CO CKOPOCThIO 15 M/c?

. [IBa moe3na uayT HaBCTpeuy APYT APYrYy: OOUH — Pa3rOHSAETCS B HAIPaBJICHUU
Ha CEBEpP; JIPYyro — TOPMO3UT B IOKHOM HampasiieHMU. Kak HampabiieHbI
YCKOPEHUS MOE3]I0B?

Bapuant Ne4

3a kakoe BpeMsi aBTOMOOWIb, Tporasch ¢ MecTa ¢ yckopeHwem 0,5 m/c?

npuoOpeTaeT ckopocTh 20 m/c ?

13



Teno aBmxercs paBHOYCKOpeHHO. CKOJIBKO BPEMEHU OHO OyneT JBUTaThCs B
TOM >K€ HaIlpaBJICHUH, YTO U B HAYAJbHBI MOMEHT, €clii Lox= 20 m/c, a,= - 4
M/c??

Ocp OX HarpaBiieHa BAOJIb TPAEKTOPUH MPSMOIUHEHHOT0 JBUXKEeHUs Tena. UTto
BBI MOKETE CKa3aTh O ABMKCHUH, IPU KOTOPOM: a) Lx<0, a,>0; 6) vx<0, a;<0; B)
V>0, a,=0

Bapuant Ne§

3aBUCUMOCTH CKOPOCTH OT BPEMEHH IPHU pa3roHe aBTolyca 3aaana Gopmysoi
Lx=0,6t. Haiitu ckopocTh aBTOOYyCa uepes S c.

3a 1-10 ceKyHay paBHOYCKOPEHHOTO IBM>)KEHUSI CKOPOCTH TENa YBEJIIMYMIIACH C 3
M/c 1o Sm/c. KakoBo yckopenue Tena? Kakoil cTaHeT CKOpOCTh K KOHIy 3-i
CEeKYHbI?

Ocp OX HampaBiieHa BIOJIb TPACKTOPUH MPSIMOJIIMHENHOTO IBHXKEHUA Tena. Uto
BBI MOYKETE CKa3aTh O ABMIKCHUH, IIPH KOTOPOM: a) Lx>0, a,>0; 6) v,>0, a;<0; B)
V<0, a,=0

Bapuant Ne6

CkopocTtb aBToOMOOWIIS 32 10 ¢ ymensimiachk 54 km/4 10 36 km/4. Onpeaenure
YCKOPEHHE aBTOMOOWIISL.

Teno nBUXKETCS paBHOYCKOPEHHO 0€3 HauajabHOU ckopoctu. Yepes 7 ¢ mocie
HayaJa JIBM>KEeHUs Lx = 6 M/c. Kak HaliTu CKOpOCTH Tesa B KOHIE 14-0ii ceKyH bl
NIOCJIE HayaJla JBUKEHHUS, HE BBIUMCIIASL YCKOPEHUSA?

Her nu ommbOku B ciedyroleM ONUCAaHUM NPSIMOJMHEHHOTO ABMXKCHUS: Ha
MIEPBOM 3Tare ABIKEHHS Vx>0, ax=0; Ha BTOpOM - LU,>0, a,>0; Ha TpeTheM - LV4<0,
ax>0; 1 HaKOHeII, Ha YeTBepTOM 3Tarne Lx<0, a,=0? OO0oCHYITE CBOI OTBET.
Bapuant Ne7

Kakoii myTh IIpowIEN BaroH moeszaa 3a 15 c, asurasch ¢ yckopenuem 0,3 m/c?
€CJIM €T0 HavaJbHasi CKOPOCTh Obl1a 1 m/c?

. [IBHUTrasce paBHOYCKOPEHHO BAOJb NpsAMOH, 3a 20 ¢ Teno npouwio myTe 6 M. B
npolecce IBUKEHUS CKOPOCTh Tejla Bo3pociia B 5 pa3. Onpeaennre HadyalbHYo
CKOPOCTb Tena.

Camornet 3aTparuBaet Ha pasz0er 24 c. PaccuuTaiite nnuny pasbdera camonera u
CKOpPOCTb B MOMEHT OTpbIBA, €CIIM Ha IOJIOBUHE AJUHBI pa3dbera OH HUMeN

CKOpPOCTh, paBHyto 30 M/c.
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Bapuant Ne§

TCopy mmiHO# 50 M IBLKHUK npoment 3a 10 ¢, qeurasch ¢ yckopenuem 0,4 m/c2,
UeMy paBHa CKOPOCTh JIbKHUKA B HAYAJIE ITyTH?

[ITapuk, cKaThIBasCh O HAKIIOHHOM IIIOCKOCTH U3 COCTOSIHUS MOKOSI, 33 IEPBYIO
cekyHay npoiuen mytsh 10 cm. Kakoi myTs OH poiaeT 3a nepbie 3 ¢?

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

Bapuant Ne9

ABTOMOOWIH HAYMHACT JABUKCHUE W3 COCTOSHHUS TIOKOS C TOCTOSHHBIM
yckopenueMm. 3a nepsbie 10 ¢ o npoxoaut myTh 150 M. UeMy paBHO yCKOpEHHE
Teaa aBTOMOOMIIS?

[[Tait6a CKOJIB3UT 10 OCTAHOBKU 5 M, €CIIM € COOOIUTh Ha4YaJIbHYI0 CKOPOCTh
2 M/c. Kakoit myTh MOpoWIET /0 OCTAaHOBKU Immaiiba, eciaum el CoOoOIUTh
HaYyaJIbHYIO0 CKOPOCTh 4 M/c? Y ckopeHre maiiobl MOCTOSHHO.

B Teuenue 6 ¢ Teno ABUKETCS paBHO3AMEJIEHHO, IPUYEM B Hayaje LIECTOU
CEKyHbl €ro CKOpOCTh 2 M/C, a B KOHLIE€ — paBHa HyJt0. KakoBa mjivHa myTH,
MPOMJAEHHOTO TEIOM?

Bapuant Nel(

ABTOMOOWJIb, JBUTASICh PAaBHOYCKOPEHHO C HAuyaJbHOM CKOpPOCTBIO 5 M/c,
IpoIIen 3a NEPBYI0 CeKyHay yTh 6 M. HaliuTe yckopenue aBToMoOuIIs.

B KoHIIE yKJIOHAa JBDKHUK pa3Buil cKopocTh 8§ wm/c. Haiinure HavallbHYIO
CKOPOCTb JIBDKHUKA U YCKOPEHHE, C KOTOPBIM OH JIBUTaJICSl, €CIM BECh YKJIOH
niauHou B 100M on mporen 3a 20 c.

3a TmepBYI CEKYyHAY pPaBHO3aMEIJIEHHOIO [BMXKCHHUS aBTOMOOWJIb IMPOIIEI

MOJIOBUHY TOPMO3HOTO IMyTH. ONpeneanTe MoJIHOE BPeMs TOPMOKEHUS.
IIpakTuyeckast pabora Ne2.

«/IBHKeHHE MO/ AEHCTBUEM CHJI B MEXAHUKE).

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

IHopsinok BbINOJIHEHHSI PadOTHI:
1. BHUMATENbHO MPOYUTATH TEOPETUUECKYIO YACTh U TUIaH PEIICHUS 3a/1a4
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2. PaccMoTpeTs mpuMepsl peieHus 3aaa4

3. HOJIy‘-II/ITB W BBIIIOJIHUTb MHAWBUAYAJIbHBIC 3a/IaHUs.

Teopernvyeckuit MmaTepuast

OcHoBHAas 3ajladya AWMHAMHUKHU — OIPCACICHUC IIOJIOKCHHUA TCJIa B IIPO-
CTPAaHCTBC B JIF000H MOMEHT BPCMCHH, KOT'ITa U3BCCTHLI ,HCP'ICTBYIOIHHG Ha TCJIO0

CWJIbI U 3aJlaHbl HAYAJIbHBIC KOOPAWHATBHI U CKOPOCTD TCJIA.

Cwia — BekTopHas (u3WUecKas BEJIMYHMHA, SIBISIONIAsCS MEpOW B3au-
MozencTBusl Ten. Cuiaa XapakTepHU3yeTCsi YHMCIIOBBIM 3HAUYCHHEM (MOJYJIEM),

HarpaBJICHUCM HeﬁCTBHH 1 TOUKOM IMPHIIOKCHUSA K TCITY.

HpI/I IIGfICTBPIPI Ha TCJIO HCCKOJIBKHMX CHJI HMX MO>XHO 3aMCHHUTDH paBHOHCﬁ-

-

cTByIoIIei cuioit F p , mpeacrapisionieir co00i BEKTOPHYIO CYMMY STHX CHIL

. ‘ n
E,=F +F,+..+F,, nwm F,=)F
: j=1

Macca (uHepTHas) — ckayisipHas ¢pu3uuecKasl BeJIMYUHA, XapaKTepHu3yolas
CIIOCOOHOCTh T€Ja COXPaHATh TOCTOSHHYIO CKOPOCTb, €CIIM TeJlO He
B3aMOJCUCTBYET C JPYTUMH TEJIaMU WU JEUCTBUE APYTUX TeJl CKOMIICH-

cupoBaHo. Macca o0J1agaeT CISAYIOIMMHU CBOHCTBAMMU:

1) Macca Tejla paBHa CYMME€ MacC BCEX YaCTHI, U3 KOTOPBIX OHO COCTOMT.
[Ipu coenrHeHUU ABYX TEI B OJTHO MACChl 3THX TeJ CKJIaAbIBAlOTCS (CBOMCTBO

A IUTUBHOCTH ),

2) JUIS TAHHOW CHUCTEMBI TEJ CIPABEIIUB 3aKOH COXPAHEHUS MAaCChI: MPHU
JHOOBIX MPOLECCax, MPOUCXOASAIIMX B CUCTEME TEJl, €€ Macca OCTaeTCs

HEU3MEHHOM (1mpu v << ¢)

Macca (rpaBuTariionHasi ) — cKaysipHas ¢puznueckasi BeIMINHA, OTPEISIISIONIAs
CWJIy B3aMMHOTO TMPUTSDKEHUS Tel M 00Jajaronias TeMH K€ CBOMCTBAMH, UTO U

WHEpTHasl Macca.
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WMHepTHAs 1 rpaBUTAllMOHHAS MACChl XapaKTEPU3YIOT PA3JIMYHbIE CBOMCTBA TEI,
HO, KakK IIOKa3blBa€T ONBIT, OHU BCErJa SKBUBAJICHTHBI (MHEPTHAs H
I'PAaBUTALMOHHAs MACChl OTHOTO U TOTO )K€ TEJIa PaBHbI).

OCHOBHBIMHU 3aKOHAMH KJIACCUYECKOW MHAMUKH SIBIISIOTCS 3aKOHbI HbIOTOHA.
3akoHbl HproTOHA CIIEIyIOT M3 OIBITA, B3aMMOCBS3aHBl APy C JIPYroM, HE
IIOJUMHEHBl ApPYr APYrYy M CIPAaBEUIMBBI TOJBKO B HHEPLMAIBHBIX CUCTEMAX
OTCUETA.

Nnepunanbabie cuctemsl orcyera (MCO) — 3TO cuCTEMBI, B KOTOPBIX TEJO
(rpynmbsl  Tenn), HE MOABEPKEHHOE MACWCTBUIO CWI (WM JEUCTBUS  CHII
CKOMITEHCHPOBAaHbI), HAXOAUTCS B MOKOE WM JIBHIKETCS PABHOMEPHO W Mps-
MosmHeHO. CucremMa oTcuera, JABWKyLIascsd OTHocuTenpHO naHHou KMCO
PaBHOMEPHO U MPSIMOJIMHENHO, TAKXKE SIBIIETCSA MHEpUUAIbHOM. CUCTEMY OTCYETA,
CBSI3aHHYI0 C 3emiied, ¢ OOJbIION CTENeHbI0 TOYHOCTU MOXHO CUMUTATh
VHEPLIMAIIBHOM.

[lepBbIii 3ak0H HpIOTOHA: B HHEPLHMAIBHBIX CUCTEMAX OTCYETA TEJIO COXPAHSET
COCTOSIHME ITOKOSI MJIM PAaBHOMEPHOIO IIPSIMOJIMHEWHOIO IBUYKEHUS, €CIIA HAa HEro

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

F =YF =0,
i=1

3HA4uT, v = const, « = 0.

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

IIPOIOPIHHUOHATIBHO MAaCCC TCJIA:

Rt

n
> =l

. m
Tpernii 3akoH HetoroHna: B MCO cuiibl B3aUMOJACHCTBUS MEXY JBYMS T€JIIAMU

UMEIOT OJIMHAKOBYIO (DM3MUYECKYIO TIPUPOJTY, PABHBI 1O MOJYJIIO M HAIPABIICHBI

BJIOJIb OJTHOM TIPSIMOM B IMPOTUBOIIOJIOKHBIE CTOPOHBL:

Fw =““F21
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OTH CWIIbI IPUJIOKEHBI K PA3HBIM T€JIaM U MO3TOMY HE YPABHOBEIIMBAIOT APYT

fipyra.

Buabl cui:

1. Cuna ynpyroctu. J1a cuja BO3HUKAET Npu AedhopMaliu Tena.
CBoiicTBO cuiibl ynipyroctu F takoBo, yto mpu HeOobiux nedopmanusx AX, F
nponopiuoHanbHo AX W HampaBieHa npotuB aedopmarmu. Kosdduument
IPOMOPIMOHATIFHOCTA K HOCUT Ha3BaHHE KOA(P(UIMEHTA JKECTKOCTH. Takum

obpazom,
F =—kAx
2. I'paBuTanmonHas cuia. M3BecTHO, 4TO BCE TEa MPUTATUBAIOTCS
IpYT K Ipyry ¢ CUiaou F mponopuuoHanbHONM Macce KaXXA0ro Tena my U mp U
00paTHO MPONOPUMOHAIBHON KBaApPaTy paccTosiHusA R Mexny Tenamu. G
= 6,672-10 Hm?/kr?.
Wolis

F:G?

rae R — paguyc 3emnn, m — macca 3emnn. Y ckopeHHe CBOOOJHOTO MaIeHUs
€ HE 3aBHCHUT OT MAacChl MPUTATMBAEMOI0O TEJA, IO3TOMY BCE TeJla MaJaroT C
OIMHAKOBBIM yckopeHueM. Ha noBepxnoctu 3emnu, rae H paBHo Hyimr0, g2<9,8
M/c?,

3. Bec Teta. BecoMm Tena P Ha3pIBaroT cuity, KOTOpasi 1aBUT HA ONOPY
WM PacTATUBAET MOJBEC. JTa CHJIa BOOOIIE MPUJIOKEHA HE K TEly, a K OIope
WIM TIOJIBECY; HA TEJO K€ JEWCTBYET HOpMaJbHas PEaklMsl ONOPbl WIH CHIIA
HaTsOKEHUs HUTU. Bec Tena MoXKeT ObITh paBeH CUIIE TSXKECTH, @ MOXKET OBbITh U
He paBeH. Hanpumep, eciu Tello JIEKUT Ha TOPU30HTAIBHOM TUIOCKOCTH, TO BEC
TeJa paBeH CHJIE TSKECTH, a €CJIM HAa HAKJIOHHOM, TO HET.

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

MPEISTCTBYET ABUKEHUIO, T.€. HAIIPABJIEHA POTUB CKOPOCTH, U PABHA

Fy=Fpm= I

B popmyiie 1 — k03pdunueHT TpeHus.

IIpumepsl pernenus 3axa4
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IIpumep Nel.

Kakoe yckopeHre cOOOUIHUT 3IIEKTPOBO3 JKEIE3HOIOPOKHOMY COCTaBY MacCOM
3250t, ecnu pu TporaHWW ¢ MecTa OH pasBuBaeT cwiry Tiaru 650 kH. Cuna

CONPOTUBJICHUS ABIKEeHUIO 162,5 KH.

JaHo: C.N. Pemenue:

m=3250t 3250000kr <~ > =

Frir=650xkH 650000H a

F~=162,5xH 162500H

a-?

Frarn-Fe=ma

a =( Frara-Fc)/m;

a= (650000H -162500H)/3250000kr=0,15m/c?
Ortsert: a=0,15m/c?
IIpumep Ne 2.

3a BpeMs, paBHOE 15¢ OoT Havana aBrKeHus, Tpaktop npomen 180m. C kakum

YCKOPEHUEM JIBUTAJICS] TPAKTOP, U KAKOW MyTh OH MPOMAET 32 BpEMsl, paBHOE

30c?

Jano: Pemrenwue:

t=15¢c S =at¥/2; S=S; a=a; =
’ a

vo=0 a=2S/t? >

S=180m a=2-180m/(15c)?=1,6m/c?
t;=30c Sl=at12/2
a-? S, =1,6m/c? (30¢)4/2=720Mm

S1-?

OtBeT: a=1,6Mm/c?; $1=720Mm
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Ipumep Ne3.

Yemy paBHa cuia yrnpyrocTy IpyKMHbI, €CJIM OHA PACTATUBAETCA HA 25 CM, a ee

»)ecTkocTh paBHa 200 H/m ?
JlaHo: Pemenue:
k=200 H/m F=KAX

Ax=25cm= 0,25 M F=025m-200HM=50H

F=?
Otset: 50 H

IMpumep Ned. Omnpenenure yCKOpeHHE CBOOOIHOTO MaJCHUSI HA TTOBEPXHOCTH

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

Jano: Pemrenue:
m =6,43- 10%*kr

r=3,38-10°m

g-?

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

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

Ipumep Ne5. C kakuM MaKCUMalbHbIM YCKOPEHUEM MOXKET JBUIAThCS

JIOCTaTOYHO MOIIHBIA aBTOMOOWIIb, €CIM KOI(PPUIIUEHT TPEHHS CKOJIBKECHHUS

pasen 0,3?

Jano: Pemrenue:

u=0.3 Mamax = UME , Amax=MQY,  amax=0,3 10 = 3m/c?
Amax, =7 \ OTBET: amax = 3M/c?

Ipumep Ne6. [Ipu oMoy Mpy>KUHHOTO IMHAMOMETPA C YCKOPEHHEM 3 M/c?,
HaIpaBJeHHbIM BBEpX, MOJHUMAIOT Tpy3 maccoi 1 kr. Haiitu ynnuHeHue

MPY>KUHBI TMHAMOMETpA, eclin ee xecTKocTh 800 H/m.

20



Jlano: Pemenue:

a=23 m/c? N300pa3um cxemy ACHCTBYIOIINX HA TPY3 CUJI, TPUKIIAIbIBAS
UX K LIGHTPY TSKECTH TeJa.
m=2 Kr
r= 800 H/™m ‘T ¥ _
=
< Lymp
X-? =a

Bt

3anuiiemM BTOpoH 3akOH HbIOTOHA B TPOEKIIMK HA OCh Y :

Yuureisast, 4to Fy,, = kx u F; = mg, nonyyaem kx — mg = ma

m(g+a)

Bripazum x: X = ”

HOI[CTaBJ'I}IGM YU CJICHHBIC 3HAYCHUA:

2(9,8 + 3)
X=———"

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

OtBeT: X = 3,2 cM.

NupuBuayaabHble 3aIaHUsI K MPaKTHYecKoii padore Ne 2
Bapuant Nel

1. K npyxwune amuno#t 10 cwm, xectkocTh kKoTopoi SO0H/M, moasecumnu rpys
Maccou 2 kr. Kako# crana ajiMHa npyuHbI?

2. Konbkobexerr maccoir 70 Kr ckoib3uT mo JpAy. KakoBa cuma TpeHwus,
JENCTBYIOIIAsl Ha KOHBKOOEXIIa, €Cli KOA(PPUIIUEHT TPEHUS CKOIbKEHUS
KOHBKOB T10 J1b1y paBeH 0, 027

3. /IBa 01MHAKOBBIX IMIApHUKA HAXOATCS HA paccTossaun 10 cM npyr ot apyra
¥ IPUTATUBAIOTCA ¢ cuoi 6,67-101° H. KakoBa Macca KaxJ0ro mapuka’?

4. Kakas cuna coOOOIIaeT Teay Maccoi 5 KT yckopenue 4 m/c??
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[Ton neiictBuem cuibl 150 H Teno aBukeTcst NpSIMOJIMHEIHO TaK, YTO €ro

KOOPJMHATA U3MeHseTCs 110 3akony x=100+5t+0,5t2, Kakosa macca Tena?

6. Ilokosimieecs teno maccoi 400 r moxa neiictBueM cwiibl 8 H nmpuoGperno

CKOpPOCTh 36 kM/4. HaliTl myTh, KOTOPBII MPOIILIO TEIO.
Bapuant Ne 2

1. Ilpu nmomouM JUHAMOMETpPA YYEHHUK IepeMelian JIepeBSHHbIA Opycok
Maccon 200 T 1O TOPU3OHTAIBHO PACHOJIOKEHHOM aocke. Kakos
KO3 ULIMEHT TpeHHUS, €CIM TMHaAMOMeTp nokaszbiBai 0,6 H?

2. BwraucauTh yckopeHue CBOOOJHOTO TAJCHUS Ha PACCTOSHHUH OT IEHTpa
3eMJIu, BJBOE MPEBBIIAIOIIEM €€ PATUYC.

3. Ha mepoxoBatoii ropU30HTAILHON MOBEPXHOCTU JIEKUT TEIO MacCOi

3 kr. KosphuumeHT TpeHusi CKOJBKEHUs Telda O MOBEPXHOCTH
paseH 0,2. Onpeaenute paBHOACHCTBYIOIIYIO CHILY, KOTOpasi BOSHUKAET
IIPY IEVCTBUU HA TEJIO TOPU3OHTAIBHOM cuibl 7 H.

4. Onpenenute CUily, Mo AeHCTBUEM KOTOpo# Teso Maccoit 500 r aBrxkeTcs
Cc yckopeHueM 2 m/c?,

5. CHapsan maccoii 15 kr mpu BbICTpesie npuodpetaeT ckopocth 600 Mm/c.
Haiinute cpeaHio cuily, ¢ KOTOpOW MOPOXOBBIE Ta3bl JABIT HA CHAPS/,
€CJIM JITIMHA cTBOJA opyaus 1,8 M. JIBUKeHHe CHapsiia B CTBOJIE CUUTANTE
PaBHOYCKOPEHHBIM.

6. Kaxkyto ckopocts nmpruobdpeno nokosiieecs Teno maccor 500 T, ecnu moj
neiicterueM cuiibl 5 H oHo mponuio myts B 80 cMm?

Bapuant Ne3
1. Panquyc mmanetsl Mapc cocrasmsier 0,53 panmyca 3emun, a macca 0,11

Macchl 3emiid. 3Has YCKOpPEHUE CBOOOJHOrO MajcHusl Ha 3emiie, HalauTe

YCKOpeHHe CBOOOHOTO majieHns Ha Mapce.

. I[Ipy ABUMKEHHUU MO TOPU3OHTAIBHOM MOBEPXHOCTU HA TEJIO Maccor 54 Kr

JNeUCTByeT cuiia TpeHust ckoibxkeHus 12 H. Kakoll craner cuia TpeHus
CKOJIBKEHHSI TIOCTIe YMEHBITICHUSI MACChI Tena B 6 pa3, eciau KodhOUIeHT

TPEHUs HE U3MEHUTCS?

. K Haxomsmemycss Ha THagKoM CTojie KyOWKY TPUKPEIUICHBI [IBE

TOPU3OHTANBHBIE TPYXKUHBI  KecTkocTeio  300H/M wu 600 H/m

COOTBETCTBEHHO. [lepBas mpyKWHA NMPUKPEIUJIEHA K CTEHE, & KO BTOPOH
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NpYKUHE NMPUJIOKEHA rOpU30HTaNIbHAs cuia F. Bee tena nokodrcs. Yemy
PaBHO yJJIMHEHUE BTOPOU MPY>KUHBI, €CIIU yIJIMHEHUE TIEPBOM MPY>KUHbI
paBHO 4 cM?

4. Ompenenute Maccy GyTOOJIBHOTO Ms4a, €CIH TOCTe yaapa OH Ipuoodpent
yckopenue 500 m/c?, a cuna ynapa 6bi1a pasHa 420 H.

5. Halinmure mpoekuuio cuisl Fy, nelicTByromield Ha Teno maccoit 500 kr,
€CJIM TEJIO JIBMXKETCSI MPSIMOJIMHEWHO, U €r0 KOOPAMHATA U3MEHSETCS 110
3akoHy X=20-10t+t?,

6. Ha teno maccoii 100 r B Teuenue 2 ¢ aerictsoBaia cuia 5 H. Onpenenutsb
MOJYJIb IEPEMEILIECHHUS, €CIU ABHKEHUE MPIMOJIUHENHOE.

Bapuant Ned

1. e mnpyxunbl xectkocteio 0,3 kH/M um 0,8 kH/M coenuneHsl
nocieaoBaTeabHo. Ha CKONBKO CAaHTUMETPOB pAaCTAHYJAch MeEpBas
MpYy>KHHA, €CJIM BTOpasi pacTsaHynack Ha 1.5 cm?

2. Y4eHUK paBHOMEPHO TepeMeliaeT aepeBsHHbINA Opycok maccoit 300r mo
TOPU30HTAIBHOM TOBEPXHOCTH C IMOMOLIBI0 AuHaMoMeTpa. KakoBbl
MOKa3aHUsl TMHAMOMETPA, €CIu KO3(P(PULUUEHT TPEHUsI MEKIY OpyCKOM U
nockoit pased 0,37

3. Kakoil momkHa OBITHh Macca KaKJIOro M3 JBYX OJMHAKOBBIX KOpaOJieH,
YTOOBI HA PaCCTOSTHUU | KM OHM MPUTATUBAIUCH ¢ critol 1 MH?

4, Msu maccoit 0,5 xr mocne ynapa, mismierocs 0,02 ¢, mpuoOperaeT

ckopocTh 10 M/c. HaliTu cpeaHioro cuity yaapa.

5. Boaurens aBTOMOOWMIIS HA4Yall TOPMO3UTh, KOT/1a MAalllMHA HAXOAWJIACh Ha
paccrosgauu 200 M OT 3ampaBOYHON CTaHUMU W JIBUTANach K HEH CO
ckopocthio 20 M/c. KakoBa moimkHa OBITH CHIIa CONPOTUBIICHUS
JIBIKCHUIO, 4TOOBI aBTOMOOMIL Maccoir 1000 Kr ocTaHOBHWICS Y
CTaHIN?

6. Teno maccoit 400 1, nBUTAsCh NMPSIMOJUHEHHO C HEKOTOPOM HaYaIbHOM
CKOPOCTHIO, 32 5 ¢ moj aeictBueM cuibl 0,6 H mpuobpeno ckopocts 10
M/c. HaiiTu HayaibHy0 CKOPOCTH TeJa.

Bapuant Ned

1. YeMy paBHa cwiia TArOTEHUs, KOTOpasl ACHCTBYET Ha TEJIO Maccou 4 Kr,

NOJHATOE HaJ 3eMJIel Ha BbICOTY, PaBHYIO TPETH 3€MHOI0 paauyca?
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2. Jlnsg paBHOMEpHOro ABMXEeHUS Opycka maccoi 500r mo miepoxoBaToi

TOPU30HTAJIBHON MOBEPXHOCTU HEOOX0AUMO Npuiioxuth cuiny Fi=1 H. C

KaKUM YCKOpeHueM OyAeT ABUTraThCs OpYyCOK TMOJA JACHCTBHUEM CHIIBI

F,=3H?

3. IIpu cxatum mpykuHBI HA 5 MM Bo3HUKaeT cuia ynpyroctu 10kH. Bo
CKOJIBKO pa3 BO3pacTeT 3Ta CUJIa, €CIH CKaTh NPYKUHY elle Ha 15 mm?

4. Ompenenute Maccy GyTOOJIBHOTO Ms4a, €CIH TOCTe yaapa OH Ipuoodpent
yckopenue 500 m/c?, a cuna ynapa 6bi1a pasHa 420 H.

5. Hailinute mpoekuuto cumbl Fy, nelictByromeid Ha Teno maccoit 500 kr,
€CJIM TEJIO JIBHXKETCS MPSIMOJIMHEWHO, U €r0 KOOPAMHATA U3MEHSETCS 110
3akoHy x=20-10t+t2,

6. Ha Temno maccoii 100 r B Teuenue 2 ¢ nerictBoBaina cwia 5 H. Onpenenuts
MOZYJIb IEPEMENICHUS, ECTTU JBUKEHHUE TPSIMOJIMHENHOE.

Bapuant Ne6

1. Bec xocmonaBta Ha 3emuie 800 H. KakoB ero Bec B pakeTe npu IBH>KEHUH
C YCKOpeHUEM 4g, HapaBJIECHHBIM BEPTUKAIbHO BBEPX?

2. Ompenenute CUIy YOPYTOCTH HUTH, KOTOpas BBI3BIBACT JBUIKCHUE
OpycKa 110 TOPH30HTAJILHOW IIOBEPXHOCTU C YCKOPEHHMEM, a=2 M/C?.
Macca 6pycka m=0,6 kr, koahpuIreHT TpeHus Opycka 0 MOBEPXHOCTh
coctasisier pu=0,2.

3. XKectroctp mpyxunsl 900 H/M. rpy3 kakoil Macchl HaJ0 MOABECHTH K
NpY>KUHE, YTOOBI OHA pacTAHyNach Ha 3 cM?

4. Cunna 60 H coobmaer Teny yckopenue 0,8 m/c?. Kakas cmia cooOmuT
3TOMYy TeJly yCKopeHue 2 M/c??

5. JIepkHUK Macco 60 Kr, UMEIOIINI B KOHIIE CITyCKa C TOPBI CKOPOCTh 10
M/c, octaHoBmiIcs 4depe3 40 ¢ mociie OKOH4YaHus crycka. OnpenenuThb
MOJYJIb CHJIbI COMPOTUBIICHUS JBUKEHUIO.

6. Ilapux maccoit 500 T ckaTbIBaeTCA C HAKIOHHOM MJIOCKOCTH JIUHON 80

CM, UMEsl HaudaJbHYI0 CKOpPOCTh 2 M/c. OmpeaenuThb, KaKyl0 CKOPOCTh
MMeJl IIapUK B KOHIIE HAKIIOHHOM TUIOCKOCTH, €CJI PaBHOAEHCTBYIOIIAs

BCEX CUJI, AJEHCTBYIONIINX HA MIapuK, paBHa 10 H.
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IIpakTnyeckas padora Ne3.
«3aKOHBI COXPAHEHHUS B MEXAHUKE.
Heab: 3akpenuTh 3HaHUSA MO TeMe€ «3aKOHbl COXPAaHEHUS B MEXAHUKEY,
copMUPOBATh YMEHUS U HABBIKM HAXOXJIEHUS (U3MUYECKON BETUYMHBI, €€
BBIBOJIA U3 (DOPMYIIBL.

IHopsaok BbINOJIHEHHUS Pa0OThI:

1. BHuUMAaTENbHO NPOYUTATh TEOPETUUECKYIO YACTh U IUIaH PELICHUS 3a1a4
2. PaccMoTpeTs mpuMepsl peleHus 3aaa4

3. HOJ'Iy‘II/ITB W BBIIIOJIHUTD HHANBHUAYAJIBbHBIC 3aIaHN.

Teopernveckas 4acThb.
Cuiia 1 UMITyJIbC:
—= —= —= —=
FhA=muy—mu =Amu)
3aKOH COXpAaHEHUSI UMITYJIbCA:
—= —= —=

——y
m1u1+mzvz=mlul +m2'uz.

Mexanunueckas paboTa:

A =Fscosa
MomHOCTS:
A
AN=—
¢
Kunernueckas sneprus:
FHL
=

Teopema 0 KHHETUYECKON DHEPIUH:
A = Ex - Ei.

[ToreHumanbHas YHEPrus:
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3aKOH COXpPAaHEHUS PHEPTUHM B MEXaHUYECKHX IPOIIECCAX:
Ex + Ep1 = B + Epa.

IIpumepsl penreHus 3a1a4.

IIpumep Nel. Teno OpolilleHO BEPTUKAIBHO BBEPX ¢ Ha4albHON cKOpocThio 20
Mm/c. [IpeHeOperas CONpOTUBIICHUEM BO3IyXa, ONPECIINTh, Ha Kakol BbicoTe h
KUHETUYECKas SHEPTUs Tea Oy/IeT paBHA e€ro MOTCHIIMATBHON SHEPTHH.
Pemenue:

B kauecTBe HyJIEBOTO YpOBHS BBEIOCpEM YpPOBEHB, CBSI3aHHBIA C HAYaJIbHBIM
nosioxkeHueM Tena. [loTeHnmanbHas SHEprus Tejla B MOMEHT OpocaHus paBHA
HYJI0, TaK KakK TIOTCHIIMAJIbHAS DSHEPrus SBIsSeTCS (YHKIMEH BBICOTHI,
KHHETHYCCKas DHEPTHUS paBHa mv?2/2.
B unTepecytomeit Hac TOYKE KMHETHYECKas HHEprus Teja OyJIeT paBHA €ro
MOTEHIIUAJIBHOW SHEPruu (10 YCIOBUIO 33/1a4uu)

E.= Ep. 1)
3anuiieM 3aKOH COXpPaHEHHUS MEXaHWYECKOW IHEPTruu (COMPOTHBICHHUE CPEIIbI
OTCYTCTBYET)

mv?/2 = Ex + E, = Ep + E, = 2E,.

3nech Mbl Bocnosib3oBanuch (1). Toraa
mv?/2 = 2mgh, nm v?/(4g) = h

[Tociie BerunciaeHus

h =20%(4 x 10) = 10 (m).
Otgert: Ha BbicoTE 10 M KMHETHYECKAsl SHEPTUA Tela paBHA €ro MOTEHIUAIBHOM.

IIpumep Ne2. Temo maccoii m = 100 r magaer cBoOomHOo. Omnpeaenurte

W3MCHEHHUE UMITYJIbCA ATOTO TeJia 3a MEePBhIC IBE CCKYH bl TTaJACHUS.
Pemenne: CB0OOIHO Majas TeIo yepes 2 ¢ MpuoOpeTeT CKOPOCTh

V=V, +gt=gt.
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N3menenue umnyiibca paBHO AP = MV — mv, = mv = mgt.
[Tocne Beruncnenut Ap =2 H x c.
Oteet: Ap=2 H * c.
OOparuTe BHUMaHUE, YTO UMITYJIbC — BEKTOpHAas BEJIMYMHA, CHAYaJla Halo

HaWTU IMPOCKIUIO BECKTOPA, a4 YK IIOTOM pa6OTaTB CO CKAJIPHBIMHA BCIIMYMHAMMU.

IMpumep Ne3. Ilapuk maccot Mi=1Kr CKOJB3UT MO HACATBHO TJIAJKOU
MOBEPXHOCTH CO CKOPOCTHIO V1=4 M/C U a0COJNIIOTHO YNPYTO CTAJIKUBAETCS C
TaKUM JK€ 10 pa3Mepy IIapuKoM Maccoil Mp=3kr. Ompenenure CKOpPOCTb

IAPUKOB MOcIIe yaapa?
Penienue:

[lo 3akoHYy COXpaHEHHS UMIIyJbca TIpU  aOCOJIOTHO  HEYIPYroMm

yaape my, + myv, = (my + m,)V' .
OX: Y, — (m +mz)§!

/ my,
vV=—11 _—lufc.
(ml ‘|'m2)

OtBeT: 1Mm/C
NuauBuayajbHble 3aJaHUS K PaKTHYeCcKoii padoTe Ne 3.

Bapuant Nel

1. JIea mapa ¢ OJMHAKOBBIMM MaccaMu 3 KI' JBHXKYTCS BO B3aUMHO
NEePHEeHANKYJIIPHBIX HAMPaBICHUIX CO CKOpocTsiMU 3 M/c U 4 M/c. Uemy
paBHA BEJIMYMHA MTOJIHOTO UMITYJIbCA ITOM CUCTEMBI?

2. Manpuuk TSHET caHku 3a BepeBKy c cuior 50 H. Ilpoiins ¢ cankamu
100M, oH coBepiaet padoty 2500/ x. Halimure yron Mexxay BepeBKOil U
JIOPOTOM.

3. Moaor maccoit 1000 kr mamaeT ¢ BBICOTHI 1, 8§ M Ha HaKOBaJILHIO.
JmurensHocth yaapa 0,1 c. Ymap sweynpyruit. Onpenenute cpenHee
3HAYEHUE CUJIBI yaapa.

4. Teno nBuxercs no npsimoit. [log neficTBUEM MOCTOSHHOM CHUJIbI, paBHOM
no monynwo 20 H, umnynbc Tela B MHEPUUAIBHOW CUCTEME OTCUETa

n3MeHusica Ha 4 kr*m/c. CKOJIbKO BpeMEHHU MOTPEOOBAIOCH /IJIs 3TOro?
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5. HenoaBuHas JioJka BMECTE C HAXOJISIIUMCSI B HEl OXOTHUKOM HUMEET
Maccy 280 kr. OXOTHHK BBICTPEIIMBAET UX OXOTHUYBETO PYXKbS B
rOpPU30HTAJILHOM HampasieHuH. Kakyio CKOpOCTh MOJYUUT JIOAKA MOCHe
BBICTpena? Macca mynu 8T, a ee CKOpOoCTh IIpH BeIcTpese paBHa 700 m/c.

6. ABroMoOmiIL Maccoir 1000 kr, ABUTasCh PaBHOYCKOPEHO M3 COCTOSHUS
nokos, 3a 10 c orbezxkaet Ha 260 M. Onpenenure padoTy CUITBI TATH, ECIH

ko3 dunmeHT Tperus pasex 0, 07.

Bapuant Ne2

1. Baron maccoii 20 T, IBIKyITUHACS ¢O CKOpPOocThio 0,3 M/C. TOTOHSET BaroH
Maccoit 30 T, nBrKyIUics co ckopocThio 0.2 m/c. Haitaure ckopocTh
BAaroHOB IOCJIE UX B3aUMOJIEVCTBUSA, €CIIN yAap HEYIPYTHil.

2.C s0610HHM, C BBICOTBI 5 M, ymajo s0imoko. Macca si6moka 600r.
Omnpenenure, KaKOl KHHETUYECKOU 3HEprueil 001agano s0J0K0 B MOMEHT
KacaHUs MOBEPXHOCTU 3EMJIU.

3. lleBouka, Macca KOTOpoii 42 Kr, MOJHSIACh Ha BTOPOM 3TaXK, KOTOPHI
HAaXOJWJICS Ha BBICOTE 6 M OT MOBEpXHOCTHM 3emun. Onpenenure ee
NOTEHIUAJIBHYIO SHEPTHIO.

4. OyTOonbHBIN MU oOJagaeT KuHEeTHYeckoi sHepruedt 35 [k, korna
JIETUT CO CKOPOCThIO 54 kM/4. Onipeaenure Maccy msa.

5. HalimuTte KMHETHYECKYIO DHEPryI0 Tella MacCodW S5 Kr, MaJaroliero ¢
BBICOTHI 7 M, B TOT MOMEHT, KOT/la TEJI0 HAXOJUTCS Ha BHICOTE 2 M OT
MTOBEPXHOCTH 3EMJIH.

6. I'py30BHUK Maccoit 3 T exan co ckopocThio 72 kM/4. [Tocne 3arpy3ku ero
Macca yBennumiiach Ha | T. C KakoM CKOPOCTBIO JOJKEH BO3BPALATHCS
IPY30BHK, YTOOBI €r0 UMITYJIHC OCTAJICS 0€3 U3MEHEHUIT?

Bapuant Ne3

1. Manbuuk Be3€T CaHKHU C MOCTOSIHHOM CKOpOCThi0. Crila TPEHUSI CAaHOK O
cauer paBHa 30 H. Mansuuk coBepmus padorty, paBHyro 30 JIx.
Onpenenure NPONIECHHBIN NYTh.

2. JIBa OIWHAKOBBIX OWJIBSIPJIHBIX IIapa MaccaMud M ABUXKYTCS OJUH CO
CKOPOCTBIO V, @ JPYyro CO CKOPOCTHIO 2 U B MEPHEHAUKYJIIPHOM

HarpaBjaeHuU. YeMy paBeH MOIHBIA UMITYJIbC CUCTEMBI?
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. Kakyro paboty MokeT coBepmuTh 0 OCTaHOBKHU Tejo maccou 1000k,
ABUKYyIeecss co ckopocTthio 36 km/u?  Kakas sHeprust mpu 3TOM
BO3pacTaeT?

. ap maccoii 300 1, ABMXKYIIMICS CO CKOPOCTHIO 6 M/C, CTaJIKUBAeTCS
abcomoTHO Heynpyro ¢ mapoMm maccoid 400 r, KOTOPBIM ABHUrajics co
CKOPOCTBIO 8 M/C B TOM jke HampapieHud. Haiinmure ckopocTh mapoB
rocJie yaapa.

. ABTomM0oOuIIb Maccoit 1500 kr, ABUTAsCh PaBHOYCKOPEHO U3 COCTOSIHUS
oKos, 3a 15 ¢ orbezxaet Ha 450 M. Onpenenure pabOTy CUIIBI TATH, €CIIN
koa(¢umeHt Tpenus pasex 0, 05.

. ABTOMOOMIIB, UMetomuii Maccy 800 Kr, TporaeTrcs ¢ MecTa U, JABUTASICh
PaBHOYCKOPEHO, MPOoXoAuT ImyTh 60 M 3a Bpems 8 ¢. Halaure MOIIHOCTb,
KOTOPYIO pa3BUBAaeT aBTOMOOMIIb B KOHILIE ITYTH.

Bapuant Ned

. ITpu oTKpBIBaHMU JBEPU NMPYKUHY KECTKOCTHIO 50 KH/M pacTsaruBaror Ha
10 cM. Kakyro paboTy coBepIiaet npy>kuHa, OTKpbIBasi IBEPh?

. B Hauane cmycka JbDKHUK MMEN CKOpOCTh 2 M/c, a B KoHue 10 M/c. Bo
CKOJIBKO pa3 U3MEHWJICS UMITYJIbC JIbIKHUKA?

. HemoBmxHas 101Ka BMECTE C HaXOAAIMMHUCS B HE OXOTHUKAMU UMEET
Maccy 250 kr. OXOTHMK BBICTPEIMBAET W3 OXOTHUYBETO pPYXKbs B
TOPU30HTAJIBHOM HalpaBieHUU. Kakyr CKOPOCTh MOIYYHT JOJKA MOCIE
BbIcTpena? Macca mynu 8T, a ee CKOpoCTh Ipu BbUieTe paBHa 700 m/c.

. [Tap maccoit 300 T, IBMXKYIIUNUCS CO CKOPOCThIO 6 M/C, CTaIKUBAETCA
abcomoTHO Heynpyro ¢ mapoMm maccord 400 T, KOTOPBIM ABHUTajiCcs CO
CKOPOCTBIO 8 M/C B TOM ke HampasieHud. Hailnure cKopocThb IIapoB
nocJie yiapa.

. ABTOMOOMIIb Maccoi 1500 kr, nBUrasch paBHOYCKOPEHO M3 COCTOSIHHS
nokos, 3a 15 ¢ orbezxaet Ha 450 M. Onipeaenure pabOTy CUIIbI TATH, €CITU
koa(durment tpenus pasen 0, 05.

. ABTOMOOMIIb, UMetonuid Maccy 800 Kr, TporaeTcs ¢ MecTa |, JIBUTasCh
PaBHOYCKOpPEHO, TpoxoauT nyTh 60 M 3a Bpems § c. Haliqure MOIITHOCT®,

KOTOPYIO pa3sBUBACT aBTOMOOWJIb B KOHIIC ITyTH.
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Bapuant Ned

1. CnopTcMeH MOJAHUMAET THPIO Maccoil 16 Kr Ha BBICOTY 2 M, 3aTpayuBast
Ha 910 0,8 c. Kakyro MOITHOCTh MPU 3TOM Pa3BUBAET CIIOPTCMEH?

2. Macca aBtoOyca B 3 pasa Oozbiie Macchl aBToMoOuis. C Kakoi
CKOPOCTBIO JIOJDKEH €XaTh aBTOMOOMIIb, YTOOBI €70 UMITYJILC OBbLIT paBHEE
uMITyJibcy aBTo0yca? CkopocTh aBToOyca 36 Km/4.

3. Haneres Ha npy>kuHHbIN Oydep, BaroH maccoii M=16m, gABuraBmuiics co
ckopocThto V=0,6 M/c, ocTaHOBUJICS, C)KaB MPYKUHY Oydepa Ha X=8 cMm.
Hatitu 0061yto ®KeCcTKOCTh IPYXUHBI Oydepa.

4. ®yTOONBHBIN MY oOnajmaeT kKuHeTHueckoud sHeprueit 40 Jx, kornma
JETUT CO CKOpPOCThIO 54 kM/4. Onpenenure Maccy Msya.

5. lllap maccoit 300 r, ABUXKYIIMICS CO CKOPOCTBbIO 6 M/C, CTaIKUBAETCS
abconoTHO Heynpyro ¢ mapoM Maccoil 400 r, KOTOpbIM JIBUTANICA CO
CKOPOCTBIO 8 M/C B TOM K€ HarpaBieHud. Hailiaure ckopocTh 11apoB
IocJe yaapa.

6. Tenmo nBmxeTcs mo npssmoit. Iloa AeficTBHEM MOCTOSHHON CHIIBI, PaBHOM
no monynto 20 H, mmMmynec Tena B MHEPLMAIBHOM CHCTEME OTCUETA
u3MeHuiIcs Ha 4 kr*m/c. CKoJIbKO BpeMeHHU NOTpeO0BaIoCh AJIsl 3TOro?
Bapuant Ne6

1. Ha Tteno maccoil 2 Kr, ABUXKYILIETOCSd CO CKOPOCThIO 1 M/c, Hadasia
NEeHCTBOBATh IMOCTOSIHHAS cuia. KakuM JTOKeH OBITh MMITYJIBC ITOM
CHUJIBL, YTOOBI CKOPOCTH T€JIa BO3pociia 10 6m/c?

2. Ilpu pactsokernn npykuHbel Ha 10 cM B HEil BO3HUKAET CUjia YIIPYTOCTH,
paBHas 25 H. Onpenenure NOTEHIMAIBHYIO SHEPTHUIO 3TOU MPYKUHBI TPU
pacTsKeHuu ee Ha 6 cM.

3. Kakyto paboTy Haj0 cOBepIIUTh, 4TOOBI MOAHATH TPy3 Maccor 30 Kr Ha
BBICOTY 10 M ¢ yckopenuem 0, Sm/c??

4. T'py30BUK Maccoi 3 T exan co ckopocThio 72 kM/4. [locrne 3arpy3ku ero
Macca yBenuumiiach Ha 1 T. C Kakoil CKOPOCTBIO JIOJKEH BO3BPAILATHCS
I'PYy30BHUK, UTOOBI €r0 UMITYJIbC OCTaJICs 0€3 N3MEHEHUI?

5. Hailmure KMHETUYECKYI0 3HEPrUI0 TeJla MAaccoll 5 KI, MaJarollero ¢
BBICOTBI 7 M, B TOT MOMEHT, KOI'/la TE€JIO HAXOAMTCS HA BBICOTE 2 M OT

MTOBEPXHOCTH 3€MJIH.
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6. HenmonBmwkHas 10Ka BMECTE C HAXOASIIMMCS B HEH OXOTHUKOM HMEET
Maccy 280 Kr. OXOTHHK BBICTPEIMBAET HMX OXOTHUYBEIO PYXKbs B
TOPU30HTAJIBLHOM HamnpasiieHuu. Kakyro cKOpoCTh MOJyUYHUT JIOJIKA MOCIE

BbICTpena? Macca mynu 8T, a ee CKOpOCTh TIpH BeICTpesie paBHa 700 m/c.

IIpakTuyeckas pabora Ne 4.

«YpasHenue Knaneiipona — Menneneesa. ILlinoTrHocTs raza. 3aBucumMocTb
cpeAHell KBAIPATHYHOM CKOPOCTH ABHMKEHHS MOJIEKYJI ra3a oT
TeMIepaTypbl».

Heab: Hayuntbcs npumeHsSTh OCHOBHBIE (pOpMyJibl pasaena «MomekynsapHas

(bu3KMKa» Npu pacyeTe napaMeTpoB COCTOSTHUS UACAITBHOIO ra3a

ITopsiok BeINOTHEHUsI padOThI:
1. BHuUMaTENbHO NPOUYNUTATh TEOPETUUYECKYIO YAaCTh U IJIaH PEUICHUS 3a/1a4
2. PaccMoTpeTs mpuMepsl pelieHus 3aaa4

3. HOJ'IyLII/ITI) W BBIIIOJIHUTb HHANBUAYAJIbHBIC 3a1aHHA.

Teopernveckas 4acThb.

["a30BbI€ 3aKOHBI ONMUCHIBAIOT U3MEHEHHUE COCTOSIHUSI UJICAJIBHOTO rasa.
WNHbIMU clTOBaMU, Ta30BbIM 3aKOH BCET/a CBA3BIBACT JAPYT C APYTrOM MapaMeTphbl
Ha4yaJbHOTI'O U KOHEYHOTO COCTOSIHUI UAEaIbHOTO ra3a.

JInsl uieanbHbBIX Ta30B CIPABEIJIMBEI CIEAYIOIINE 3aKOHBI:
3akoH boisist — MapuoTTa OnuchIBa€T N30TEPMUUECKHM TTPOLECC:

»V, = p,V, npu T =const, m=const

3akoH [llapiist onuckIBaeT M30XOPHBIN MPOILIECC:

Pr_ P2 npu V =const, m=const
ry T,
3akoH ['eii-JItoccaka onmuckiBaeT U300apHBIN MPOIIECC:
Vi 'V, ;
— = —= IIpd p=const, m=const.
T, T, ‘

['a30BbIe 3aKOHBI SBJSIOTCS YaCTHBIMHU clrydasiMu O6T>€I[I/IHGHHOFO
ra3oBoro 3aKOHa:

mV = AL
mT, m,T,
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rae p1,Vi, My, T1— mapameTpsl HAYaJIbHOTO COCTOSIHUS UI€ATIbHOIO ra3a;
p2, V2, My, T, — mapamMeTpbl KOHEYHOTO COCTOSIHUS MACAIBLHOIO rasa.

Ecnu B mpouecce mepexona OT HAYaJIbHOT'O COCTOSIHUA K KOHEYHOMY
Macca rasa He usMeHsiercs (M;= My), To 00bEeAMHEHHBIN ra30BbIH 3aKOH UMEET BUI:

V . V o
P _P2Y2 _ ypapnenue Knaneitpona
B o01ieM cirydae Bce Ta30BBIE 3aKOHBI ONUCHIBAIOTCS YPaBHEHUEM CO-
CTOSAHUA:
m

pV = MRT — ypaBrenue Knaneiipona — Menzeneesa.

Y4autsiBas, 4To

=v, moayyum pV =vVRT,

<|3 |3

=, Y _—_IRI'
P, NOJIYIYUM p M

[Ipu pernieHNN HEKOTOPHIX 3a7a4 HEOOXOIMMO 3HaHUE POPMYJIbI 3aKOHA
JlanbTOHA:
- JJaBJICHUE CMECH ra30B Ha CTCHKHU COCyJla PaBHO CYMME€ JaBJICHUM
BXOJSIIMX B HETO T'a30B
Tak kak 00beM, 3aHUMACMBIA KaXKIbIM KOMIIOHEHTOM CMECH, OJIMHAKOB,
TO
Peveen = P +'P2 t..t pn

IIpu 3TOM ypaBHenue Knaneripona — MenaeneeBa 11si CMECH Ta30B:

cmecu'v= ﬂ!‘ an— i RT
D, (M, +M2 +...+M )RT

n

IIpumeps! pelieHus 3a1a4.
IIpumep Nel.
["a3 uzoTepmuuecku cxar ot oobeMa 16 1 10 o0bema 12 11, 1aBieHure Npu 3TOM

Bo3pocio Ha 3 klla. [leppoHauanbHOE naBiieHue rasa pasHo (B [1a).

Jano: Pemenne:
T = const 1o 3akony bounga-Mapuorra:
Vi = 16 JI P1V1 = P2V2
V2=12'}I P2=&P1:P2=£P1.
AP = 3 klla
ITo ycnoBuro 3anauu:
=3-10%Ma
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P, =7 P, — P, =3-103%
[TosyuaeM 2 ypaBHEHHUS:
{ P, =P |
P,—P, =3-103
Pemas cucremy 2-X ypaBHEHUH, OJIy4aeM:
“P,—P =3-10%,
%Pl =3 103,
P, =9-10%[a.
Otset: P, = 9 - 103I1a.
Ipumep Ne2.
CpenHss KBagpaTu4yHasi CKOpOCTh MoJiekys azora 600 M/c. Ecnu ero naBnenue

0,28 MIIa, To KOHIIEHTpalMsI MOJIEKYJI paBHa. ..

Jlano: Pemrenue:
v=600M/cC OCHOBHOE ypaBHEHHE MOJEKYISIPHO-KUHETUYECKON
P = 0,28 Mlla = |Teopun:
*104 1 R
28*10° [1a P zgnmon-
u=28-10"3 OIE 3Has yuciao ABOrajgpo, Maccy OJHOW MOJIEKYJBI Mg
n—7 BBIPA3UM KakK:
m, = NLI/I MOJCTAaBUM B OCHOBHO€ YpaBHEHHUE
A
MOJIEKYJISIPHO-KUHETHUECKON TEOPUHU:
BETNC s
A pv
3-28:10*.6-10%3 _
n= — =5-10%m3,
28:1073:6002
Oteer:n =5-10%°m™3,
IMpumep Ne3.

B komHate o6bemoM 50 M® Haxomurcs Bo3myx npu Temmneparype 20°C u
nasnenun 10°T1a. Eciu Temneparypa Bosmyxa nosbimaercs 10 25°C, 1o uepes
OTKPBITYIO (hOPTOUKY BBIMIET Macca BO3IyXa, paBHas ... (B KT).
Jano: Pemenne:
V = 40Mm3 VYpasuenune Kitanenpona-MengeneeBa Uit BO3oyXa
T, = 20°C = 293K | npu AByX pa3HbIX TEMIIEpaTypax:
T, = 259C = 298K
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m m
Am—? PV = —1RT1, PV =2 RT,,
11 il
PV PV,
my =——,mM, = ——,
RT, RT,
PV, (1 1
m1 - mz =\ ).
R \T;, T,
MonsipHyto Maccy Bo3ayxa OepeM U3 CIPaBOYHBIX
TaOIUIL
u = 0,029kr/mMomnb:
105-50-0,029 1 1
pm = 1058000 (1 1Y _ g
8,3 293 298

Otsetr: Am = 1Kr.
IMpumep Ne4.
Ecnm ra3 maccont 16 r npu naBnenun 1MlIla n temneparype 112 °C 3anumaer
00BeM 1,6 11, TO 3TOT Tras...
Jlano: Pemenmue:
T =161 =16 * 10" | Onpenennuts raz MOKHO IO €r0 MOJIIPHOW MaccCe.

3kr N3 ypaBuenus Kianeitpona-MenzaeneeBa MoJsipHas

P =1 MIla = 10°I1a | macca rasa:

T=112+273=385 W= mRT
PV '

K [ToxcraBisieMm 3HAYCHHUS TEPMOJAMHAMUYECKUX

V=16n= 1,6’10'3

1apaMeTpOB, BBIpaXKEHHBIX B cucteme CU:

M
u—7?
16-10~3-8,3-385 _a KT
u= - ~32-1073 —,
1,6-1073.106 MOJTh
OTBeT: KUCIOPOS.
NuauBuayajibHble 3aJaHUS K PAKTHYecKoil padoTe Ne 4.
Bapuant Nel

1. Yemy paBHO AaBieHue Bo3ayxa maccoi 0, 29 kr. Haxoasierocst B 6amioHe
06bemMoM 50 11 ipu 27°C. MonspHas Macca Bo3ayxa pasHa 29- 10 = kr/mon.

2. Ha u3genue, miomaas IOBEPXHOCTH KOTOPOTro 52 ¢M?, HaHECEH CJION XpoMa

TONHUHON 1MKM. CKOJIBKO aTOMOB XpOoMa B MOKPBITUN?
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Ha pucynke B cucteme koopaunat V, T n3o0pakeH 3aMKHYThIA nuki 1231,
OCYILIECTBJICHHBIM Ta30M MOCTOSAHHOM Maccel. Ha3oBuTe BcE MpPOLECCHI.
Omnpenenure, Kak BBINIAAUT FpadUK 3TOrO IIUKIAa B cUcTeMe KoopauHat p,T.

» 1

[Ipu temneparype 350 K cpemusis kBagpaTuyHas CKOPOCTh MOJIEKYJIbI
kuciopoaa 730 m/c. OnpeneauTts Maccy MOJIEKYJIbI KUCIOPO/Ia.

UYemy paBHa TeMmmepaTypa rasa, ecly Ipu KoHueHtpamuu 2,75-10% M2 on
co3maet gasienue 127,3 xlla?

OrnpenenuTs JaBJICHUE KUCIOPOJA, €CJIU CPEIHSIS KBaJpaTUYHasi CKOPOCTh

ero MoJieKyJ pasHa 3450 m/c, a KOHIIEHTpaus MoJeKya 3,35-10%" m=,

Bapuant Ne2

1.

4.

5.

Yemy paBHa Temmeparypa YIJIEKHCIOTO rasa Maccol 2 Kr B OayloHe
BMectMOCTRIO 0, 04 M3 mpu pmasnenum 3 Mlla. Monspras macca
yTIEKUCIIOro ra3za pasHa M=44,0 r/moib.

CKOIIBKO MOJIEKYJI COIEPIKUTCS B COCYIE EMKOCTBIO 250 cM®, eclti JaBJIeHrE
raza 566 mm pT.cT., a Temneparypa paBua 100 *C?

Ha pucynke B cucteme koopauHar p, T uzoOpaxeH 3aMKHYTBIA muki 1231,
OCYILIECTBJIEHHBIM Ta30M MOCTOSHHOM Maccel. Ha3oBuTe Bce MPOLECCHI.

Onpenenute, Kak BBINISIAUT TpauK 3TOTO IHUKJIA B CUCTEME KOOPAUHAT P,

V.

» T

B cocyne naxonutcs raz noa nasiaenuem 156 klla npu temneparype 73° C.
Haitti KOHUEHTpauio MOJIEKYIL.

Omnpenenute Maccy Bo3ayxa B Kjacce o0beMoM 3*4*2 M mipu Temmeparype
28 °C u HOpManbHOM aTMOC(EpHOM AaBlIeHHH. MOJSPHYIO MacCy BO3IyXa

npumute paBaoi 0,029 kr/mMob.
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6.

B 6amnone BMectuMocThio 0,08 M° HaxoAUThCs Ta3 HoA faBiaeHueM 1, 45%10°
[Ta npu Temneparype 440 °C. Kakoii 00beM 3aHMMan Obl STOT Ta3 IIpU

HopManbHbIX yeaosuax (t=0 °C, p = 101325 Ia).

Bapuant Ne3

1.

Yemy paBHa mMacca yriiekucioro raza oobemom 10 11 mpu nasnenuu 0,2 Mlla
u temrepatype 20° C? MonsipHast Macca yriieKucioro raza pasHa M=44,0
I/MOJIb.

OnpenenuTs JaBlIE€HUE KUCIOPOJA, €CIU CPEHSs KBAIpaTUUHAs CKOPOCTh
ero MoJsiekyl pasHa 2780 m/c, a KoHIeHTpanus Monekya 3,45-10% m3,

B cocyne naxoaures raz non nasienuem 168 klla npu temmnepatype 83° C.
Haiitn KOHIEHTpauo MOJIEKYII.

HaiiTu cpenHiol0 KBaJpaTUYHYKO CKOPOCTh MOJIEKYJI Ta3a, HMEIOLIEro
IUIOTHOCTH 2,85 Kr/m° npu nasnenuu 187 xlla.

Onpenenute Maccy Bo3ayxa B kjacce o0bemMoM 3*5%*3 M nipu Temmepartype
30 °C u HopmanbHOM aTMOC(EpHOM IaBiIeHUH. MOJISPHYIO MacCy BO3ayXa

npumute paBHoi 0,029 kr/momnb

Ha pucynke B cucreme KoopauHaTt p, V n300pakeH 3aMKHYThIM [k 1231,
OCYIIECTBJICHHBIA Ta30M MOCTOSIHHOM Macchbl. Ha3zoBUTE BCE MPOLIECCHI.

Omnpenenute, Kak BBHITIIAINAT rpaduK 3TOTO IUKIA B cucteMme koopauHat V,T.

Bapuant Ne4

1. Yemy paBHO JaBlieHHE KHCJIOpoaa maccoi 0, 2 Kr, coaepkaiierocs B cocyie

oobemoMm 20 11 ipu temmneparype 30° C? MonsipHasi Macca KUCIOpoJia paBHA

32-10°° kr/M0Jb.

Kucnopoa nHaxonutcst B OajuioHE MOJ JIaBJICHUEM 2.10° Ila. Temnepatypa B

oatone paBHa 47 “C. Kakyto MI0THOCTb UMEET KUCIOPO1?

[Ipu Ttemneparype 290 K cpennsis kKBaapaTHdHasi CKOPOCTb MOJIEKYJIbI

kuciopoaa 575 m/c. OnpenenuTs Maccy MOJEKYJIbl KUCIOpOAa.
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. UeMy paBHa Temmeparypa rasa, ecid OpH KoHueHtpauuu 3,35-10%" M3 on
co3naet gasieHue 124,8 xlla?

Omnpenenute Maccy Bo3ayxa B Kjacce oobeMoM 3*5%3 M nipu temmneparype 30
°C u HOpManbHOM aTMOC(EPHOM IaBICHUM. MOJSPHYIO MAaccy BO3IyXa
npumute papHout 0,029 kr/moub.

Ha pucynke B cucreme xoopauHat V,T uzoOpaxkeH 3aMKHYTHIA Uk 1231,
OCYILECTBJICHHBIM Ta30M IIOCTOSHHOW Macchl. HaszoBuTe Bce mpoLECCHI.

Onpeaenme, KaK BBIIVIAOUT I‘pa(l)I/IK 9TOI'0 IHUKJIdA B CUCTCMC KOOPpAWHAT p,T

V R4

» T

Bapuant Ne§

. Yemy paBHa TemmepaTypa a3zoTa maccod 2, 8 T m obowemom 500 cm® mpu
nasnennn 400 xIla. Monspaas macca a3ora pasHa 28-10 = kr/Mob.

Bamnon, coxepsxammii V1=0,02 M® Bosayxa mox aasienumeM pi;=4-10° Ila,
COEMUHSIOT ¢ 6aIOHOM eMKOCTBIO V2=0,06 M?, n3 KOTOPOTO BBIKAYaH BO3MIYX.
Haiitu naBieHne p, KOTOpPOE YCTAaHOBUIIOCH B cocynax. Temmeparypa
MOCTOSIHHASL.

OnpenenuTs aBlIeHUE KUCIOPO/IA, €CIIA CPEIHSS KBaJApaTUIHasi CKOPOCTh €ro
MoJIeKyJ1 paBHa 3750 M/c, a KOHLEHTpaus MoJeKy 4,3-10%7 M=,

B cocyne naxogurcs ra3 noxa nasienuem 130 xlla npu temmneparype 53° C.
Haitti KOHUEHTpauio MOJIEKYIL.

Hantn cpegHior KBaJpaTUYHYK) CKOPOCTh MOJIEKYJI Ta3a, HWMEIOUIETo
w10THOCTH 1,25 kr/M° ipu naBnenunu 149 xIla.

Ha pucynke B cucteme koopaunHat V,T u3o0pakeH 3aMKHYTBHIM 1mkn 1231,
OCYULIECTBJICHHBIM Ta30M TIOCTOSIHHOW Macchl. Ha3oBuTe BCE MOPOLECCHI.

Omnpenenute, Kak BRIMISAUT rpaduK dTOTO IUKIIA B CHCTEME KOOpIUHAT P, V.

vV 24

1
Bapuant Ne6
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. Yemy pasna macca merana (CH ;) o6bemom 2 M 3 npu masnenun 400 xIla u
temmnepatype 0°C? Monspras Macca MeTana pasHa 16- 10 ~ kr/mois.
Omnpenenure, kakoil OyneT aOCONIOTHAs TeMIepaTypa OINpeNeIeHHOW MacChl
UJIeaIbHOIO ra3a, €CJIM JaBJICHUE ra3a yBeaIuduTh Ha 25%, a 00beM YMEHBIIUTD
Ha 20%. HauanpHasa Temnepatypa rasza passa 300 K.

OnpenenuTs aBlIEHUE KUCIOPOA, €CIIA CPEIHSS KBaJpaTUYHasi CKOPOCTh €ro
MoJieKyJ1 paBHa 3750 M/c, a KOHLeHTpalus Moseky 4,3-1027 M,

B cocyne Haxomurcs ra3 noxa npasienuem 130 xlIla mpu temmeparype 53° C.
Haiitn KOHIIEHTpauIO MOJIEKYII.

HaiiTu cpeaHo0 KBaJpaTUYHYI0 CKOPOCTh MOJIEKYJ Tra3a, HWMEIOLIEro
wI0THOCTH 1,25 kr/M° ipn naBnennu 149 xIla.

Ha pucynke B cucteme xoopAauHaT p, V HM300pakeH 3aMKHYTHIA Uk 1231,
OCYILECTBJICHHBIM Ta30M IIOCTOSHHOW Macchl. Ha3oBuTe Bce mpOLECCHI.

Onpenenute, Kak BBIMJISIAUT rpauK 3TOT0 HUKIIA B cucTeMe KoopauHat V,T.

Pv.

»V

Bapuant Ne7

1. T'a3 npu naBnenuu 0,2 MIla u temneparype 15° C umeer o6bem 5 1. Uemy
paBeH 00beM ra3a 3TOH MacChl P HOPMaIbHBIX YCIoBUsAX (naBieHue 100
klTa, remneparypa 0°C)?

2. U3 OGannoHa BBIMYCTWJIM 2 T rasa, BCJIEJICTBUE YEro JaBJICHHE B HEM
cHusuiock Ha 10%. Onpenennure eMKOCTh OalioHa, €CIU MIIOTHOCTh rasza B
HavanbHeIl MoMeHT Obuta 0,2 kr/m°. Temmeparypa raza B OGalllOHE HE
MEHSJIACh.

3. Onpenenute Maccy Bo3ayxa B kiacce oObeMoM 3*4*2 M mpu Temneparype
27 °C u HOpManbHOM aTMOC(EPHOM JaBiIeHnH. MOJIPHYIO MacCy BO3IyXa
npumute paBHo 0,029 kr/mMoib.

4. ITpu temneparype 300 K cpenHsass kBaapaTH4Hass CKOPOCTb MOJIEKYJIbI

kuciopoaa 650 m/c. OnpeaeauTs Maccy MOJICKYJIbI KHUCIIOPO/IA.
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5.

B 6amnone Bmectumoctbio 0,07 M3 HaxoauThes Ta3 mof nasienueM 1,5%10°
[Ta npu Temneparype 430 °C. Kakoii 00beM 3aHMMan Obl STOT Ta3 IIpU
HOpMasbHBIX ycaoBusax (t=0 °C, p = 101325 Ila).

Ha pucynke B cucteme koopAauHar p, V u300paxeH 3aMKHYTHIN Uk 1231,
OCYILECTBJIICHHBIM Ta30M IOCTOSHHOW Macchl. Ha3oBUTE Bce IPOLIECCHI.

Onpeaenme, KaK BBITJIAIUT Fpa(I)I/IK 9TOI'0 IUKJIad B CUCTECMEC KOOPAUHAT P, T.

P

>V

Bapuant Ne§

1.

Kakoe naBrneHue paboyelt CMECH YCTAaHOBHUTCS B IMJIMHJIPE JBUTATENs
aBTOMOOWJIS, €CIIM K KOHITY TaKTa CKaTHsl TeMIepaTypa ra3a MmoBbIIIAeTCS C
50 no 250°C, a o0bem ymenbinaetcs ¢ 0, 75 1o 0, 12 1?

Havanbnbiii 00beM raza coctasisier 60 1. Onpeaenure, KakuM 0yeT o0beM
ATOM Macchl rasza, eciiu abcoitoTHas TemmnepaTtypa nosbicurcs ot 300 K 1o
450 K, a naBieHre yMEHBIIUTCS B 2 pasa.

YeMy paBHa TemIiepaTypa rasa, €cid IpH KoHUeHTpanu# 2,95-10%° M3 on
co3maet gasienue 118,3 kl1a?

OnpenenuTs JaBJIEHHE KUCIOPOJA, €CIIM CPEIHSS KBaJIpaTUYHAsE CKOPOCTh
ero MoJsiekyln pasaa 3750 m/c, a koHueHTpanus Moaekya 4,3-10%7 w3,

B cocyne naxonutcs raz noa nasienuem 130 klla npu temneparype 53° C.
Haitti KOHUEHTpAUIO MOJIEKYIL.

Ha pucynke B cucteme koopauHat V, T n3o00pakeH 3aMKHYThIN muka 1231,
OCYIIECTBJICHHBI Ta30M MOCTOSHHOW Macchl. HazoBuTe Bce MpoIECCHI.

OHpCI[GJ'H/ITe, KaK BBIT'TIAOUT l"paCI)I/IK 9TOr0 IHKJIa B CUCTECMC KOOpJAHUHAT P,

V.

»-1

IpakTnueckas padora Ne 5.
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«3akoH KysoHa. DiieKTpruyeckoe mojue».

Heab: 3akpenuTs 3HaHUA 1O TeMe «3akoH KyioHa. DJeKTpudeckoe moJiey,
copMUPOBATh YMEHUSI U HABBIKM  HAXOXXICHHS (PU3MUECKON BETHMYUHBI, €€
BBIBOJIA U3 (DOPMYJIBI.

IMopsaok BeINoJIHEHUs] padOThI:
BHuMartenbHO MpoYnTaTh TEOPETUUECKYIO YACTh U MJIAH PELICHUS 3a]1a4
PaccMoTpeTh npuMepsl perieHus 3aaad
[Tony4YuTh ¥ BBIOJHUTH UHAUBUIYATbHBIC 33/ 1aHUSL.
Teopernueckasi 4acTh.

ONeKTpocTaTuKa 3TO  pa3fesl  dJIEKTPOMArHeTH3Ma, HW3ydarolnui
B3aUMOJICHCTBUE  HEMOABW)XHBIX  3apslOB. OJIEKTPUYECKUM  3apsl B
U30JIMPOBAHHON CUCTEME BCEI/Ia COXPAHACTCs, KaK IOKa3bIBACT OIBIT, B TO M
yucie, roBops 00 DJIIEMEHTApHBIX YacTULax. SpKUM NOPUMEPOM CIYKHUT
poxaeHue B ((U3MUECKOM) BaKyyMe€ 3JEKTPOH-NO3UTPOHHON  Maphl.
PaccmoTtpum aBa 3apsima. B 3aBHCMMOCTH OT TOTO, ABHKYTCS OHU WIIA HET,
MEX/1y HUIMH MOXKET ObITh B3aUMOJEHCTBHE

* JJIEKTPUYECKOE—ECIIM OHU HE IBUXKYTCS,

* JJIEKTPUYECKOE U MAarHUTHOE—ECIN OHU IBWXKYTCs. JlIg omucaHus
ANEKTPUYECKOTO W MAarHUTHOTO TOJIEd BBOJAT BEKTOPHI HAINPSIKEHHOCTH M
WHIYKIWH, OJIE AJIEKTPUUECKOE - HANPSHKEHHOCTh E, MarHuTHOE - MHIYKLIMS
B.

3axkon KyJiona. /Iy ToueuHbIX 3aps0B (1,2 HA PACCTOSHUU I IPYyT OT
Jpyra, elCTBYIOIAas Ha MEePBbIN U3 HUX CHJIa B3auMoAecTBuUs F12 paBHa

Flzququ /fz
B CH egununeln uaMepeHus 3JIEKTPUUECKOTO 3apsaa sIBJISIETCA KYJIOH,

[q]=1Kn=[A][t]=1A-"Ic.
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Kospduuuenr k umcnenno pasen k=9-10°H-m? /Kn® =9-10° M/®, u
TPAIUIIMOHHO  3amuchiBaeTcsi kKak k= 1/4mep, Thoeg—oaneKkTpuuecKkas
IIOCTOSIHHAS, YUCIICHHO paBHas £0~=8,85-10712d/m.

3axoH Kynona MoxkHo nepenucats B Buae F=gE, rae Bexrop E HazpiBatoT
HaMPsHKEHHOCTBIO AJIEKTPUYECKOTO TOJIS B JaHHOM Touke. Ennnuiia usmepenus
HanpsbkeHHocTH paBHa H/Kot.

PaccMmoTpum Teneps HaNpsKEHHOCTD, CO3/IJaBAEMYIO IIAPOM C 3apsAoM ¢
U paguycoM R Ha paccTOsSHUM T OT Hero. B cuwily cUMMeTpuu SICHO, YTO
HANpPsOKEHHOCTH OyJIeT HampaBlieHa MO paauycy Imapa. M3 mIkomsl Mbl 3HaeM,
YTO HANPSHKEHHOCTH MOJIS apa OyJeT Takas ke, Kak U HanpsHKEHHOCTD MOJIs
TOUEYHOI'O 3apsAja. BHyTpu ke HampsHkEHHOCTh MMoJig OylneT paBHa HYJIIO.
Hanpsok€HHOCTh TOJISE MU3MEHSIETCSl MOYTH CKAauKOOOpa3HO 3a CUET HaIuuus
TIOBEPXHOCTHOM INIOTHOCTH 3apanoB, E=kq/ R?= q/ 4mR?sy= 0/ &, rIe 6—3TO
MOBEPXHOCTHAs TNIOTHOCTH 3apsi/I0B.

CymiecTBYIOT T0JIs, B KOTOPBIX paboTa Mo MepeMeIIeHUIo 3apsaaa MExXITy
JIBYyMslI TOYKaMH HE 3aBUCUT OT (opmbl myTH. Takwe TONS Ha3bIBAIOT
MOTEHIUATBHBIMU. DIEKTPOCTATHUECKOE TOJIE SBIISETCS MOTEHIUATBHBIM. [1J1s
MOTEHIMATBHBIX MOJIeH HAMPSHKEHHE MOXHO 3alHicaTh B BHUJIE PA3HOCTU JBYX
NOTEHLUAJIOB, XapaKTEepU3YyIOIUX Toukd, U=@1—@,=A¢@. Enununa usmepenus
HaIpsKEHUS U oTeHuurana — 31o 1 B.

[Torenran moyis TOYEYHOrO 3apsga B JaHHOW Touke, @=kqlr.
[ToBepxHOCTH, BO BCEX TOUYKAaX KOTOPBIX IOTEHIIMAIbI DPaBHBI, HA3BIBAIOT
HKBUITOTCHIIMATLHBIMH.

V3ke M3BECTHO, YTO MOTEHLHAT (¢ YEIWHEHHOTO TOYEYHOro 3apsjaa ¢,

¢~q. Bo3Hukaer xenanue BBECTH KOPPUIUEHT 3TOW MPONOPLHOHATBEHOCTH.
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HcTtopuuecku 6611 BBeAEH 00paTHBIN ko3 Puument, émkocts, C=q/ ¢. B CU,
JUTSL € TMHUATIBI EMKOCTH TIPUIYMaIN COOTBETCTBYIONTYIO eAnHUILY, hapas (D).
C=q/U=0SIEA.

IIpumepsl penienus 3aaad.

IIpumep Nel. IIpoomsmas cdepa, pamuycom 0,2 M, Hecymas 3apsi
1,8%10* Ki, maxoautcs B Bakyyme. Onpenenure:1) MOIyIb HANPSHKEHHOCTH
DJIGKTPUYECKOTO | TIOJST HA €€ IOBEPXHOCTH; 2) MOMAYJb HAmNpsHKEHHOCTH
AIIEKTPUUECKOTO [IOJIT B TOYKE, OTCTOsSIICH Ha paccrosHud 10 M OT 1eHTpa

cdepsl; 3) MOy HAMPSYKEHHOCTH B IIEHTPE chephl.

Jano: Pemrenue

q= 1, 8*10Knx E=kq/ R

R=0,2 M

R:=10 m

E, 1, Eo-? 1) E = 210281070 _ 4 07H/Kn

(0,2)?

9%10%2%1,8+10™%
(10)2

2)E, = =16 * 103H/Kn

3) HanPsKEHHOCTH MOJIs B JII0OOW TOUKE BHYTPHU MpoBo/sieh chepnl paBHa 0.
EOZO.

Ipumep Ne2. C kakoil cuiioil B3aMMOJICHCTBYIOT JIBa MaJICHbKUX 3apsi>KEHHBIX
IapuKa, HaxoAsIIHecss B BAKyyMe Ha paccTosiHuU 9 cM apyr ot apyra? 3apsn

KaXKJI0T0 Iapyka pasen 3*107° Ko

JlaHo: Pemenne
= 0,09 M Flzzk(hCIQ /fz
%16 _9x10%%(3%107%)%
Q12— 3*10° Kn F = 0,092 =10H
F-?
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NuauBuayaabHble 3aIaHUA IS IPAKTHYECKO# padoThl Ne 5

. C Kakoi cCwiIOH B3aUMOJCHCTBYIOT B BaKyyMe€ JiBa TOYEYHBIX
anekTpudeckux 3apsaa no 12 uKn, ecinu paccrosinue mexay HUMu 3 cM?
BO CKOJIBKO pa3 YMEHBIIIUTHCS CUJIa B3aUMOJECHCTBUS, €CIIU 3apsi/ibl OyayT
HAXOJUThCA B BOJIE (IMAIIEKTpUYECKas MPOHUIIAEMOCTb BOJIbI 81)?

. /IBa OIMHAKOBBIX TOYEYHBIX JJIEKTPUUYECKHX 3apsla, HaXOoIsiCh B
TJIMLEPUHE HA PACCTOSHUM 12 CM OJIMH OT APYTroOro, B3aUMOAEHCTBYIOT C
cwioir 3-107° H. OnpenenuTs BEIUYMHY KaXKIOTO 3apsja.
Jusnexktpuueckas MPOHUIIAEMOCTh TUleprHa 56.

. /IBa OAMHAKOBBIX IIApHKA HAXOIATCS Ha paccrosHun 60 cM Apyr OT
npyra. 3apsj ogHoro us Hux 6+ 1078 K, a 3apsaz apyroro - 12- 1078 Ko
[[Tapuky OpUBOASAT B CONPUKOCHOBEHUE M BHOBb PA3[BUTAIOT HA TOXKE
paccrosaue. OnpenenuTe CUIbl B3aUMOJACHCTBUS JO U TOCIE
COMPUKOCHOBEHUS.

. Uemy paBeH oOIIUi 3apsij AJIEKTPOHOB, KOTOPbIE HAXOASTCS B KYCKe
ceuHIa maccon 200 r.

. JIBa OJITMHAKOBBIX TOUYEUYHBIX DJIECKTPUUECKUX 3aps/ia, HAXOACh B HEPTH,
B3aUMOJIEHCTBYIOT ¢ cuytoi 6- 1077 H. Benmuuna nepsoro 3apsiga 5+ 1072
K, Broporo 8- 1072 Ki. OnpenennTs, Ha KAKOM PacCTOSHUU APYT OT
JIpyra HaxoAsTcs 3apsabl. J[udnexkTpuueckas MPOHUIIAEMOCTh HeTH
paBHa 2.

. Uemy paBeH 00mIHi1 3apsi]] HIEKTPOHOB, KOTOPHIE HAXOIATCS B KYCKE MEIN

maccoit 300 .

[IpoBoxsmas cdepa panuycom R=0.4 m, Hecymas 3apsan =2.4*10° K,
HaxoAuThbcs B Bakyyme. Ompenenurte: 1) MOAyidb HampsKEHHOCTH
AIIEKTPUYECKOr0 TOJIA Ha €€ MOBEPXHOCTH; 2) MOAYJb HAINPSKEHHOCTH
AIEKTPUYECKOTO OISl B TOUKE, OTCTOSIIEN HA paccTossHUM 10 METPOB OT
neHTpa chepsl; 3) MOAYIb HANPSDKEHHOCTH 3JIEKTPUYECKOTO TOJS B
HeHTpe chepsl.

B omHopomHOoe snekTpuyeckoe moje HanpshkéHHOcThio Eo=4 xH/Kn
BHECIM TOYeUHBIH 3apan q=2*10%Ki. ompenennte HampskeHHOCTH
AIIEKTPUUECKOTO TOJIA B TOUKE A, HAXOJSAIICICS Ha pacCTOSTHUU 8 CM OT

ToyeuHoro 3apsga. OTpe3oK, COCNUHSIOIMNA 3apsii U TOYKY A,
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NEPHEHANKYJIAPEH CUJIOBBIM JIMHUSAM OJHOPOJHOIO 3JIEKTPHYECKOTO
OJISL.

9. Jlpa onmHakoBhIX 3apsaa (= 108 K naxonarcs B Bo3myxe Ha pacCTOSHUM
10 cM gpyr ot gpyra. OnpenenuTe HaNpsHKEHHOCTh Moyt B Touke O,
HaXOJIAIIEHCs Ha cepeIuHE OTpe3Ka, COCIUHSIONIETO 3apsijibl, U B TOUKE
A, pacmoioKeHHON Ha PACCTOSIHUM 7 CM OT 3apsiJiOB.

10. Metammmuyeckomy tmapy paaumycoM 50 cm coobmen 3apsa 10 aKo.
OnpenenuTs HANPSHKEHHOCTh AJIEKTPUUECKOTO TOJIi Ha IMOBEPXHOCTU
1apa ¥ Ha pacCTOSIHUM 75 CM OT LIEHTpA IMIapa.

11. 3apsn, pasuslii -1,5- 10"8Ku1, momemen B cnupT Ha paccTosHur 10 cM
OT JIpyroro 3apsana. OnpeaenuTs 3Ha4eHUE U 3HAK JPYroro 3apsjia, €cliu
3apsany nputraruBatrores ¢ cuinon  -0,45 H.  [dusnextpuueckas
MIPOHUIIAEMOCTh CIUPTA paBHa 26.

12. ]IBa OOWHAKOBBIX TOYEUYHBIX DJICKTPHUUECKHUX 3apsia, HaxOoIsICh B
IIIMLEPUHE HA PACCTOSHUM 15CM OJIMH OT Ipyroro, B3anMOAEHCTBYIOT C
cumoit 5 -107°> H. OnpenenuTs BEIWYUHY KaXKJI0ro 3apsja.
JlnpnexTpuyueckas IpPOHULIAEMOCTh TIALepuHa S6.

13. JIBa 0IMHAKOBBIX MIApPHKA HaxonATcs Ha pacctosHuu 30 cM apyr ot
npyra. 3apsn ogHoro u3 Hux 8- 1078 Kui, a 3apsn apyroro - 14- 1078 K.
[ITapyuku TPUBOAAT B COIPUKOCHOBEHUE W BHOBb PA3/IBUTAIOT HA TOXKE
paccrosinue. OmnpenenauTe CWIbl B3aUMOJEWUCTBHS 110 M MOCTe
CONPUKOCHOBEHHSI.

14.Yemy paBeH oOLIMI 3apsi 3JIEKTPOHOB, KOTOPHIE HAXOMASTCS B KYCKE
ocmust Mmaccoi 300 r.

15. B ogHopoaHoe siekTpuyeckoe mose HanpsikEéHHocThio Eg=6 &H/Kn
BHECIM TOYeuHbIH 3apan q=3*10°Ku. ompenennte HampskeHHOCTH
AIIEKTPUUECKOTO TOJIS B TOUKE A, HAXOAIIEHCS HA paccTOsTHUU 12 cM OT
TOYeyHOTo 3apsaa. OTpe30oK, COENMHSIONIMN 3apsii W TOYKy A,
NEPHEHAUKYJIAPEH CHJIOBBIM JIMHUSM OJHOPOJHOTO 3JIEKTPUUYECKOTrO
OJISL.

16. JIBa oiMHAKOBBIX 3apsjia (= 10® Ki1 Haxonsares B BO3/yX€ Ha paCCTOSTHUU

20 cMm apyr ot apyra. Onpenenute HANPsHXKEHHOCTh Toyis B Touke O,

11



HaXOJSIIENCs Ha CEpeIMHE OTPE3Ka, COSMHSIONIETO 3apsiibl, 1 B TOUKE
A, pacnoJi0KeHHON Ha PACCTOSHUU S CM OT 3apsJI0B.

17. MetamnuyeckoMmy 1apy paauycoM 60 cm coobmieH 3apsa 12 vKo.
Omnpenenuth HAMPSHKEHHOCTh SJEKTPUUYECKOTrO MOJI Ha MOBEPXHOCTHU

nrapa u Ha paccrosiuu 80 cM OT LIeHTpa 1apa.

12



IIpakTnyeckas padora Ne 6.
«3akon Oma 1 yyacTka nenu 0e3 3. 1. ¢. 3akoH Oma 19 y4acTKa Hemnu ¢
3.J1.C.».

Henanb: 3akpenuth 3HaHUA 110 TeMe «3akoH Oma Ji1s yyacTka 1enu 0e3 3. 1. ¢. 3aKOH
Owma 117151 yyacTKa LIeTH € 3. . C.», C(OPMUPOBATh YMEHUS U HABBIKM HaXO0XKJICHUS
(¢u3nyecKoil BEMUYHHBI, €€ BbIBO/IA U3 (DOPMYIIBI.
IHopsxok BbINMOJIHEHHUS Pa0OThI:
BHuMaTenpHO IpOUYUTAaTh TEOPETUUECKYIO YacTh U IUIAH PEIICHUs 3a1a4
PaccMoTpeTs npuMepsl peleHus 3a1a4y
[TomyunTh ¥ BBINOJHUTH UHANBUAYAIbHBIC 33TaHUS.
Teopernveckas 4acThb.

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

Cuna toka | B mpoBOJIHUKE — BEJIMYMHA, paBHAs KOJMYECTBY JIEKTPUUECTBA

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

Iz?,wml:e-no-S@

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

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

MIpU NIEpEMEILIEHUH MOJI0KUTENBHOTO 3apsina B 1 K Bgosb nenu:

g =2
Q



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

TOKa B IIPOBOAHUKEC U HAIIPSPKCHUCEM HA €0 KOHIIAX:

I=-,
R

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

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

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

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

cornporusienus, K1;

AR
Ro-AT'

a =

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

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

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

&

"~ R+r’

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

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



CUJIy TOKA IPU KOPOTKOM 3aMBbIKaHUH:

_ €

IK.3.

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

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

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

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

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

I; Ry
I Ry

OO1ee WM YKBUBAJIEHTHOE CONPOTHUBIICHUE ONPENETAETCS U3 (POPMYJIBI

1 1 1 1

=14 ly 42

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

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

Ra
R =
n—1

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

HU3MEPEHUS IIpruoopa.

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



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

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

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

IIPU ATOM OIpeIeIsIeTCs o GopmyJie

né
[ = ,
R+nr

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

Oarapeu onpenensieTcs o Gpopmyiie

_ &
"~ R+r/n’

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

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

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

cJ1y4ac€ — CO 3HAKOM MHHYC.



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

HCU3BCCTHBIX BCJINYHH.

IpuMepsb! penienns 3a1a4.

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

TOK ITOCTOSTHHBIMH.

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

S =2-10° m?, 9=

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

' 1,6:10719K1-2:10~5 M2 ’

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

l
TOKE, IMOIy4YuM t = S

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

9-? t-? =575¢c=9muH 25 c.

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

TeMIIepaTypHbIN KOAP(GULUEHT CONPOTUBICHUS YTJIS.

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

15 0M-220K




At=220 K.

o-?

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

HaIIPAKCHUA BHYTPU UCTOYHHUKA TOKA.

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

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

OKa3ajnach paBHOU 2 A?

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

NupuBuayajibHble 3a1aHus AJs1 IPAKTHYECKOiIT padoThl Ne 6.
1. Onpenenuth KOHIIEHTPAIUIO JIEKTPOHOB MPOBOJUMOCTH B MEJIH, €CJIU MPHU
CpEOHENW CKOPOCTH YHOPSIAOUYEHHOTO JBUXKEHHUS 3JIEKTPOHOB MPOBOJIUMOCTH

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

500 A.



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

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

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

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

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

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

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

npesbimana 2 A?

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

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

1enu paBHa 2 A.



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

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

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

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

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

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

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

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

BBIJICJIUTHCS BO BCEH LIETIH 32 BpEMSI S MUHYT?



IIpakTuyeckas padora Ne /.
«IlepBbiii 3ak0oH Dapanes. Bropoii 3akon @apanes».
Lesb: HAYYNTHCS NPUMEHATH HA MPAKTUKE MMOJTYYCHHBIE TEOPETUUECKHUE 3HAHUS 110

teme: «IlepBrrit 3akon @apazes. Bropoit 3akon @apanes», chopMupoBaTh yMEHUSA
Y HaBBIKM HaXOXJEHUs (PU3MUECKOI BEIMYNHBI, €€ BHIBOA U3 (DOPMYIIBI.
ITopsiiok BbINOTHEHUs] padOThI:

1. BHHMMaTEIbHO NPOYUTATh TEOPETUYECKYIO YACTh U IUIAH PEIICHMS 3a1a4

2. PaccMoTpeTh npuMepbl peleHus 3a1a4

3. HOJIy‘-II/ITB W BBIITIOJIHUTb MHAWBUAYAJIbHBIC 3a/IaH1A.

Teopernyeckasi 4acThb.

K XuakuMm mpoBOJAHMKAM OTHOCSTCS, TJIaBHBIM 0Opa3oM, pacTBOPHI COJICH,
menove, Kucaor. HocuTensiMu 3JIEKTPUYECKOTO0 TOKA B KUJKUX MPOBOJHUKAX
SBJISIIOTCS.  HMOHBI, KOTOpPBhIE O0Opa3yloTcs B IpoIecce dSIeKTPOIUTHYSCKOM
JACCOLMALIMKU. JJEKTPOJUTHYECKAs JUCCOLMAanrs - 3TO IMPOLEecC pacnaaa
HEUTPAJIBHBIX MOJIEKYJ COJIEW, KHCJIOT W WIEJIO0YEd Ha MOJIOKUTEIbHBIE W
OTPUIIATEJIbHBIE MOHBI MPU PACTBOPEHUM HA3BAHHBIX BEIIECTB B BOJIC WU JPYTHUX
pactBoputensax. boibiias audeKTpudecKkas MPOHHUIAEMOCTh BOjABI (€ = 81) m
TETJIOBOE ABUKEHUE TTPUBOAT K pACIIay MOJIEKYJI.

[IpoxoxIeHHE 3JIEKTPUYECKOTO TOKA Yepe3 KUAKUN MPOBOJAHUK (IEKTPOIIUT),
COIIPOBOXKIAIOIIEECS XUMUYECKMMU MTPEBPAILICHUSMU BEIIECTBA U €70 BbIJICIICHUEM
Ha 3JIEKTPOAAaX, Ha3bIBAETCS AJICKTPOIU3OM.

[Ipu s5exkTpoOnM3€e BBITIOTHAKOTCS ABA 3akoHa Dapases.

1 3akon ®apaaesi. Macca BemiecTBa, BBIACIMBIIEIOCS MPU JICKTPOJIU3E,
NpSIMO  TIPOINOPLIMOHAIIBHA KOJIMYECTBY DJICKTPUYECTBA, IPOLICHAIIETO 4Yepe3
AJIEKTPOJIUT:

m = kq
rae K — SJIeKTPOXMMHYECKH SKBHBAJICHT, KOTOPBIM ITOKa3bIBAET, CKOJBKO
BEIIECTBA BBIACISACTCS MPU DJICKTPOJIM3E, €ClIU Yepe3 dJeKTpoauT npoiaer 1 Ki
KOJIMYECTBA JIEKTPUUYECTBA.

2 3axkoH @apanesi. DOJEKTPOXMMUYECKHE OKBHUBAJIEHTHI  IPSAMO



MMPpONOPHUOHAIIBHBI OTHOIICHUTO MOJ'I)IpHOﬁ MAacCChI K BAaJICHTHOCTH:

M; M,
kl:kZ =n_1n_2

rae Mi; u M, — MossipHBIe Macchl; N1 U N, — BaJICHTHOCTH.

BakxHO MOMHUTB, 4TO HPH BBIFACICHUU | MOJIb KOJIMYECTBA BEIISCTBA, Yepe3
SIEKTPONIUT HpoxoAuT 3apan F = Nye = 9,648456-:10° Kn/mons; F - uucio,
OJIMHAKOBOE IS BCEX AJIEKTPOJIMTOB, Ha3bIBACTCS MOCTOSTHHOM Dapaes.

O0benuHeHHblil 3axk0oH Papanes:

m =

ERES

q

e

IIpy MpOXOXKIEHUH TOKA YEpe3 IJIEKTPOJUT MOXKET BO3HHMKATH IOJISAPU3ALUS
AJEKTPOJIOB, KOTOpask cozaaeT mpoTuBO-I/[C, 4TO BBI3BIBAET YMEHBIIEHUE CHUJIBI
TOKa B LENU. B 3TOM ciydyae mpu pemeHuu 3aaad NpuUMeHseTcs 3akoH Oma s
yuactka nenu ¢ J/C:

I=(U- gnonﬂp)/R

IIpuMepsl pemieHust 3aga4.

Ipumep Nel. Uepes pacTBop cepHOit KucaoTs mponwto 2-10° K konudecTsa
anekTpudecTBa. OmnpeneianTb Maccy U 00beM BBIIEIMBIIETOCS BOJOpOJa MpHU

HOPMAJIBHBIX YCI0BHAX. IIIOTHOCTL Bogopoaa pe=9-1072 kr/m3.

Jano: Pemenwue:
g=2-105 K, V=2 m=2d
Po Fn

_ 1073 kr/Mosb-2-10 SKn _

M = 107 xr/moib m= / = 2,07 - 107 3kr
2

96500 Kin/monb

2,07-103kr
n= 1 P . 3
, Vo 910~ Zr/m 0.023 M

F=96500 Ki/moib,
po=9-102 kr/m3

m-?Vy-?




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

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

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

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

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

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

NuauBuayaabHble 3aJaHUs 1JI5 NPAKTHYECKOi padoThl Ne 7.
OnpenenuTh MacCy BbIJENUBIIErocs Xjgopa npu mpoxoxiaeHuun N=5-102%*
a51eKTpoHOB uepe3 pactsop NCI.
Ckonbko cepeOpa BBIICIUTHCS Ha KaTOJle MPHU MPOXOXKIECHUU 4YE€pe3 BOJHBIN
pactBop azoTHO-cepedpssHOM comm AGNO3 3a 5 4, ecim cCONpOTUBIICHUE BaHHBI 6
OwM, HanpspkeHue Ha ero 3axuMax 6 B? CepeOpo olHOBaJIEHTHOE.
[Tpu snexTpoause BogHoro pactBopa CuSO, Opl1a coBepmrena padora 200 kBrt-4.
OrnpenenuTh Maccy MOJTyYEHHON MEIH, €CIIU HAPsKEHUE Ha 3aKMMaxX BaHHbI 6 B.
OnpenenuTs 3JEKTPOXMMHUYECKUN 3KBUBAJIEHT XJIOpA, ATOMHAs Macca KOTOPOTO
A=35,453, a BAJICHTHOCTH paBHa 1.
Mennblii aHo1 Maccoil 33 T MOTrpyKEH B BaHHY C BOJHBIM PacTBOPOM MEIHOIO
Kyropoca. Yepe3 CKOJIBKO BpPEMEHU aHOJ[ IOJHOCTBIO PACTBOPUTHLCA, €CIIU
AIEKTPOJIU3 UJIET MPU CUjie Toka 2 A?
JIBe AIEKTPOIUTHYECKUE BaHHBI COCMHEHBI TIOCIIEIOBATENIbHO. B mepBoil BaHHE
BbIJIeIWIIOCH 19,5 T nMHKa, BO BTOpO# 3a Toxke BpeMs 11,2 r skenesa. I{uHk

nByxBajieHTeH. KakoBa BaJ€HTHOCTb kele3a?



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

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

9. PadgunupoBanue Meau OCyIIECTBISIOCH MPU HANPSXKEHUH Ha 3aKMMax BaHHOH 0,3
B. CKOJIBKO MEIM BBIICIUTHCA Ha KaToae 3a | dYac, eciaum CONpOTHUBIICHHE
snexTpoanTa 3-10° OM, Meb AByXBalEeHTHaS.

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

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

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

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

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

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

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

pasen 3,3*107 kr/K.



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

Ha Karoje Belenuioch 8,04 rp cepedbpa. DNEeKTPOXUMHUECKUI SKBUBAJICHT PABEH

1,18*10° xr/Ko.

IIpakTnueckasi padora Ne 8-9.

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

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

Teopernueckunii maTepuaJl.

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

A
F="—
F=B-I-lsina g S . OTcroJa HHIYKIMS MAarHMTHOTO T10JIs PaBHa:
F A
B=—— B=———
I-lsin o yuy s-I-lsin o Vugyknus U HaNpsHKEHHOCTh MArHUTHOTO
B
H=-—
V) . B = HOH Mo
TIOJIS1 CBSI3aHBI CIIEYIONIEH 3aBUCUMOCTBIO: , CIIEIOBATENBHO, . Mo
_7 I'a
Mg =4n-10  —
HAa3bIBAIOT MAarHUTHOW MOCTOSIHHOW, OHA YHCJIEHHO PaBHA M
o . _ kil
Cuiia B3auMOJIEHCTBUS NapaJUIeIbHBIX TOKOB B CpeJie paBHa: F = —. > BBaKyyme
mwa
L1
F = Holglz .
2ma

bynem cunTaTh MarHMTHOE MOJIE€ BHYTPH JJIMHHOTO COJICHOMAA OJHOPOAHBIM. Jliis

I o
H =

OTIpEJICIICHHS] HAMPSHKEHHOCTH 3TOTO TIOJS TOJIB3YIOTCSA (OPMYJIIOi L,



MaruuTHbIi OTOK omnpeaensior mo ¢gopmyine ® =B-S | rpe B =u,H

coneHomya 6e3 cepaeunnka u 51 = M Mo " H g conenonna ¢ cepneunmkom.
IIpumepsl pelieHus 3a1a4.

IIpumep Nel. IlpsimonuHelHBII TPOBOJHUK C akTUBHOW JuuHOW 0,8 M m
MPOXOSIIMM Yepe3 HeTo TOKOM 5,0 A, pacroio;KeHHbIA B OJTHOPOIHOM MAarHUTHOM
nosne nox yriaoMm 30° K JIMHUSAM HHAYKIUHU, MEPEMEIIACTCS IMOJ ACHCTBHEM CHJI
MarHuTHOro noJiisi. OnpeaenuTb HHAYKIHIO U HAPSHKEHHOCTh 3TOI0 MarHUTHOIO

noJjea, €Clin I IICPpEMCIICHUA IIPOBOJHHKA HaA 0,7 M II0JIEM Oblia COBCPIIICHA

pabora 0,56 JIx.

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

HOI[CTaBHHSI YHUCJIOBBIC OAHHBIC W3 YCIIOBUA 3aJa4dd, OIPCACIIIEM MArHuTHYIO

HHAYKOHUIO U HAIIPSHKCHHOCTD MAaIrHUTHOTO TTOJIA:

0,56 [Ix
B = =0,4 Ta
0,7m-5,0A -0,8m-0,5 .
0,4 Ta 5 A
H = =3,2-10" —
H
47-10 7 M

M



OrtBeT:

5 A
3,2-10° =
B=0,4Tn; H= L
Ipumep Ne 2. Conenoun 0e3 cepaeuHuka JmHOM 72 cM umeeT 810 BUTKOB.

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

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

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

IIOMCCTUTL CTCPKCHb H3 HHUKCIIA, OTHOCUTCIbHAA MArunuTHAasA IIPOHHLIACMOCTDb

koToporo 3007

Jano: Pemienue.
[=0,72m ByzeM c4uTaTh MATHUTHOE I10JI€ BHYTPHU [UIMHHOTO
o =810 COJIEHOU 1A OJHOPOAHBIM. JIJIsl OIIpEeAeIeH s HaIps-
I=64A .
’KEHHOCTH 3TOTO MOJIS BOCIIONAB3yeMCs (POPMYIIOn
I o
S =0,75 10 °m> = .
=000 M I MarauTHbIi TOTOK OMPEAEINM 110
-7 '

o =4mn-10 ° — B = u.H

M dopmyne P =B-S rne © T Ho™ nng conenonna
My =300 6e3 cepaeunukan 51 = M Ho " H 1ng conenonna
H-?, ®-?, ®;-? C CEepACYHUKOM.

Breranciaum HaIIPAKCHHOCTD!:
N 6,4 A -810 A
0,72 m M
[ToncTtaBum B (opMysly MarHUTHOTO MOTOKA OYKBEHHOE BBIpaKEHUE MarHUTHOMU
HHAYKOHUH U IIPOU3BCACM BbBIYHCICHUA!

qD:uOHS;

_7 I'm A -3 2 -5
4n-10 " —-7200 —-7,5-10 "M~ =6,8-10 "BO
M M :

D

IIPY HUTMYHUU CEPACUYHUKA



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

OrtBeT:

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

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

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

-2
$=75-10 "m _ pPacCTOSHUE MEXAY MEPBBIM U BTOPBIM MPOBOJHUKAMU;

Il =10 A _ TOK B IICPBOM IIPOBOIHHUKC,

I2 =S5A — TOK BO BTOPOM IIPOBOJHHKC.

Haiitu:

X — paccTostHue OT npoBoja ¢ TOKOM 10 A 10 TpeTbero mpoBoaa.

I il I

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

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



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

I -1 I, -I;-1
Fi=po———; Fy=po——>—
' ° 2n.x 2 02n~(s—x)

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

1 I,-I,-1 1,

I
Mo orx _Mo2n-(s—x)’ x s-x

2

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

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

Tpertuii mpoBO HEOOXOAUMO YAAIUTH OT IIEPBOTO HA S5 CM.

NuauBuayajabHble 3a1aHus JJs1 MPAKTHYECKOo#i padoThl Ne 8-9.

BapuantNel.
Ha npoBoanuk ¢ akTuBHOM JynHOM 0,4 M, TOMEIIEHHBIN B OJHOPOIHOE MArHUTHOE
none uHaykuuend 0,8 Tn, neiictByer cwia 1,6 H. OmnpenenuTs cuily Toka B
MPOBOJIHUKE MPU YCJIOBUU, YTO OH PACMOJIOKEH NEPHNECHANKYISPHO JHUHUSIM
WHYKIIHH.
Kakoi1 TOK MpoxXoauT MO KOJBLIEBOMY IMPOBOAY paanycoM 62,8cM, €CJIM OH CO3/1a€T
B LIEHTPE KOJIbIIa MATHUTHOE NoJie uHxyknuei 10°To.
C kakoi cuJIoW B3aMMOJICHCTBYIOT JIBa NapaJljIeIbHbIX MPOBOAHUKA, OJIUH JITMHON
30 cm, Bropou 10 cM, MO0 KOTOPBIM YT TOKM OJXHOTO HarnpasyieHus 20 u 45 A, eciou
OHM HaXOJATCS B BO3yXe Ha paccTosHuu 60 cm?
OnpenennuTs MarHUTHYI0 WHIYKIMIO B JKEJIE3HOM CEpPACYHUKE JJIEKTPOMArHUTA,
O0OMOTKa KOTOPOTO UMEET JUIMHY 5 cM U coaepkuT 500 BUTKOB, €clii CHJIa TOKA B
Hel paBHa 0,5 A. oTHOCHUTENbHAs MATHUTHAS! TPOHUIIAEMOCTS kefe3a paBHa 5000.

Bapuant Ne2.



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

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

C kakoil cuioil B3auMOJACHCTBYIOT JIBa MapajieIbHBIX MPOBOJHUKA, JJIIMHOU Mo 50
CM KX, IO KOTOPBIM MAYT TOKH OoaHOTO HampasieHusd 10 u 40 A, ecnu oHu
HaxXoJsATcA B BO3Ayxe Ha paccTosiHuu 50 cm?

[To kpyroBomy BUTKY paaumycoM 10 cm uupkymupyer Tok 4 A. ONpenenvThb
HaIIPSHDKEHHOCTh U MHAYKIHIO MAarHATHOT'O TIOJIS B LIEHTPE BUTKA.

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

Bapuant Ne3.

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

OnpenenuTs MHAYKIUIO MArHUTHOTO TOJISL B LIEHTPE KPYrOBOTO IPOBOJA, PaaUyC
kotoporo 30 cM, eciii cujla TOKa B HEM paBHa 15 A.

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

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

2 B.



Bapuant Ne 4.

[Ton kakuM yIJIOM K JUHUSM UHAYKIWHA OJHOPOJHOIO MAarHUTHOTO TOJIS JOJIKEH
OBITH PACIOJIOKEH MPOBOJHUK C aKTUBHOU AiMHOM 0,6 M, 4TOOBI MOJIe MHAYKIIHEH
1,2 Tn neiicTBOBaIO HA MPOBOJHUK ¢ cuioi 3,6 H, ecnu nmo Hemy mpoXoauT TOK 5
A?

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

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

[IpoBognuk nmmuHou 0,25 M NEpHNEeHAUKYISPEH BEKTOPY MATHUTHOW WHAYKUIWU
OJHOPOJHOTO MAarHUTHOrO mMoJisA, Moayib kotoporo 0,6 Tn. Cuna Toka B
npoBoaHuke 8 A. Omnpenenure padoTy cwiibl AMmmepa, KoTopas ObUia coBepIleHa
IpU NIepeMeleHnH npoBoaHKKa Ha 0,05 M 110 HampaBJIEHUIO AEHCTBHS 3TOU CHIIBI.
B MarauTHOM noJie ¢ MHAyKIuel 5 T ABUKeTCs 2IEKTPOH co ckopocThio 108 m/c,
HaIpaBJIICHHOW MNEPHEHAUKYISPHO JIMHUSAM HMHAYKIIMM MarHUTHOro mnoiss. Yemy
paBEH MOJyJib CWJIbI, JEUCTBYIONIEH HA 3JIEKTPOH CO CTOPOHBI MATHUTHOTO MOJIsA?
3aps SJIEKTPOHA COOTBETCTBEHHO 1,6 * 1071° Ko,

Bapuant NeS.

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

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

OJHOPOAHOI'0O MAarHuTHOI'O II0JIA, HOI[BGHICHHBIﬁ Ha IBYX HHUTAX, B OAHOM CJIy4dac



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

VYy4acTok NMpoBOAHMKA JIMHOM 20 CM HAXOAUTCSA B MArHUTHOM I0JIE€ C MHAYKIMEH
50 mTin. Cuna 31eKTpUYECKOro TOKa, MPOXOASUIEr0 MO NPOBOAHUKY, paBHA 15 A.
Kakoe mnepemMenenue coOBEpIIACT NPOBOJHUK B HAIPABICHUU JIEUCTBUS CHIIBI
Ammnepa, ecnmu pad6ora dtod cuael  0,015x? IIpoBOoAHHMK pacmoyiOKeH
NEPHEHANKYJIIPHO JIMHUAM MarHUTHON UHITYKLIMH.

B MarHUTHOM I0JIE ¢ HHAYKIHMEH 6 T IBHIKETCS SIEKTPOH CO CKOpocThio 107 M/c,
HaIIpaBJICHHOW MEPINEHIUKYISPHO JUHUSAM HHIYKUUW MAarHUTHOro mnojsi. Yemy
PaBEH MOJYJb CWJIBL, JEUCTBYIOIIEN HA JIEKTPOH CO CTOPOHBI MATHUTHOTO MOJISA?

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

IIpakTuyeckas padora Ne 10-11.

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

IHopsinok BbINOJIHEHNsI Pa0OTHI:

1. BHHMaTENbHO MPOYUTATH TEOPETUUYECKYIO YACTh U TUIAH PEIICHUS 3324

2. PaccmoTtpeTs mpuMephI peleHus 3a1a4

3. Iomy4yuTs U BBIOJHUTH UHIUBUYAIbHbBIC 3a/IaHNS.

Teopernueckasi 4acThb.

MarauTHOe TIOJi€ €CTh YAaCTHBIA CIydall 3JIEKTPOMAarHUTHOTO  TOJI,
XapaKTepU3yrLUNCs BO3ICUCTBUEM Ha ABMKYIIYIOCS SJIEKTPUUECKU 3aPSKEHHYIO
YACTHUILY C CUJIOHN, MPOMOPIMOHATILHOM 3apsily YaCTHUIIbI U €€ CKOPOCTH.

Bun MarHuTHOTO MO 3aBUCUT OT TOTO, KaKkylo (opMy UMEeT MPOBOJIHUK C
ToKOM. Hampumep, MarHuTHOE 1oJie, 00pa3yrolieecss BOKPYT IPsIMOTO TIPOBOHUKA
C TOKOM, Tpauyecku H300pakaeTcs JUHUSIMU MarHUTHOW HMHAYKIIMA B BUJE
KOHIICHTPUYECKUX OKPY>KHOCTEH B IUIOCKOCTH, MEPIEHIUKYJISIPHOW HAMPABICHUIO

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



Makcgenna (mpaBuily BUHTA): BpAllleHUE TOJIOBKY BUHTA IMOKA3bIBAET HAIIPABIICHHE
JVHUM WHIOYKIWWA, €CIA TMOCTYMAaTEIbHOE JBHXECHHE BHHTA COBIIAJAECT C
HaIpaBJICHUEM TOKA.

MarauTHoe MoJjie KaTyluku ¢ TOKOM — COJICHOMJA aHAJIOTUYHO MAarHUTHOMY
IIOJIX0 IIOCTOSTHHOTO ITOJIOCOBOI'O MarHuTaA.

B3auMopeiicTBue MAarHUTHBIX TIOJIeH, OOpa30BaHHBIX IMapauieNbHBIMU

MIPOBOJTHUKAMH C JICKTPUICCKUMH TOKAMH, OTIpeIesieTcst (GOpMyIIoi

11,10

. 2ma

Hc

rae I;mn I, — cuna Toka B npoBoAHUKAX; | — y4acToK ANMHBI NPOBOAA, Ha KOTOPbIN
[EeNCTBYeT CUNa; a — pPacCTOSHHE MEXAYy MpPOBOJAAMU; . — aOCOIIOTHAS
MarHuTHasT TPOHUIIAEMOCTb CpEIbl, XapaKTepHU3ylollas 3aBUCHUMOCTb CHIIbI
B3aUMO/ICHCTBUS TPOBOJHUKOB C TOKAMU OT CPEJIbI:
He = Ho " K
rae o = 41+ 107’TH/M — MarHuTHAs IOCTOSHHAS; || — MATHUTHAS
MPOHUIIAEMOCTb CPE/IbI.
MarnuTHoe€ 1oJje IelCTBYeT Ha IPOBOJHUK C TOKOM C CHIION Fa (cumoit
Awmnepa):
Fo=B-I-lsina
Ecnu npoBoAHUK NEPIICHANKYIISIPEH JIMHUSAM UHAYKIUHU, TO
Fp=B-I1-1
KoaddunmenT npomnopiinonanbHOCTH B Ha3pIBaeTCsS MAarHUTHOM MHIYKITUEH
U SBJISETCA CUJIOBOM XapaKTEPUCTUKOW MArHUTHOTO MoJisi. MarHUTHasE MHAYKIUS
— BEKTOpHas BeimunHa. Enuauna marautHoi unaykuun — tecna (Tin). B mro6oit
TOYKE OJHOPOAHOTO MArHUTHOTO TOJISI MAarHUTHasT WHAYKUHS OJWHAKOBA IO
MOJYJIF0 W HAMpaBJICHUIO, TO3TOMY TakKoe uoJie Tpaduuecku H300pakaeTcs
JMHUSIMU B BHUJIC MapaJIJICTbHBIX MPSIMBIX OJUHAKOBOUW T'YCTOTHI.
MarHuTHbIY NOTOK PaBEH YKUCITY IMHUN UHYKIINH, TPOHU3BIBAIOLIUX ILTONIadb

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



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

MarauTHbI€ CBOMCTBA KOHTYpPA XapaKTEpU3yIOTCSI MAarHUTHBIM MOMEHTOM P!

Pn=1S.

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

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

3aMKHYTBIH TPOBOJHUK C TOKOM juuHOW | mom nedictBuem cwuibl F

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

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

1
P b o

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

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

Nuaykiyst MarHuTHOTO MOJISL COJICHOUIA

[w
BZUC'T

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

MAaTrHUTHEIN IIOTOK B COJICHOUJIE



[w
CD=BS=uC-TS

MarHuTHOE TOJIE TaKK€ XapaKTEPU3YIOT BEJIMYMHOW HanpsskeHHocTH H,

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

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

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

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

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

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

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

HU3MCHACTCA CO BPCMCHCM:

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

NEPICHIUKYIAPHOM MAarHUTHOMY TIOJIO, TEpEMEIIaeTcss CO CKOPOCThI0 U H
BBIXOJUT W3 OJHOPOAHOTO MArHUTHOTO TMOJsA. Torga MarHUTHBIA —TTOTOK,
MPOXOISIINNA CKBO3b TUIOMIAAL KOHTYPa, OyAET U3MEHATHCS 110 3aKOHY
AD =—-B-1-9-At
YyauteiBas 3710, 3./1.C. MHAYKIIUH MOKHO 3aITHCATh B BUJIC
g, =—B-[-9
- =
Ecnu Bextopst O u B o6pazytor yron a, Tog, = —B-[-Jsina
D/IC OyaeT BO3HHKATh U B HETIOJIBHDKHOM KOHTYPE, HO JIJISl 3TOTO MHTYKITHS

MAaravuTHOI'O HOJIA TaKKC JOJIZKHA MCHATBHCA CO BPCMCHCM.



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

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

CKOpPOCTH U3MCHCHUS TOKA B KOHTYPC!:

Al
E = _LA_t

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

MarnutHoe 1oJie, SIBJISSICh COCTaBHOM YacThiO DJIEKTPOMArHUTHOTO TOJIS,

oOnasaeT sHepruei. DJHeprusi MArHUTHOTO TOJISl paBHA!

1 ®2
2 L°

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

10 HEMY IIPOXOAUT TOK 5 A?

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

B-l'1




= 0,4 ™, sina =

F=1,6 H

o-?

IMpumep Ne2. [Ipa
MPOBOJHUKA  HAXOJATCS

1,6 H

— =1, a =90
5A-0,4m0,8Tn
mapajjICJIbHbIX OYCHb JJIIMHHBIX HpHMOHHHeﬁHBIX
B BaKyyM€. OHpGI[GJIHTB pacCcTosAHUC MCXKIY

IMPOBOJHUKAMHU, C€CIIN BCIICACTBUC HX B3aHMOI[eI>'ICTBH51 Ha OTPC30K ITPOBOJHHUKA

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

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

Ipumep Ne3. Ilo kaTyuike MHIYKTUBHOCTHEO 80 MI'H TpOXOIUT MOCTOSTHHBIN

TOK 2 A. onpenenuTs BpeMs YObIBaHUS TOKA MPU pa3MbIKaHUU LEMHU, €CIU 3.]1.C.

CaMOMHAYKIINU paBHa -16 B.

Jano: Pemrenwue:

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

—-16B
E.=-16 B.
At-?

NuauBuayaabHble 3aJaHNs IS IPaKTHYecKoii padoTnl Ne 10-11.

. Ipu 06ryueHny raza y-usrydeHueM 00pasyeTcs Kaxayro ceKynay 5-108 nap nonos.

OHpCJIeJII/ITB CUIIY TOKA HACBIIICHUWA, ITPOXOAAIICTO Y€PE3 Ira3, CCIN 3apsAa KaXKI10T 0

noHa 1,6-10°Ku.

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

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



IIPOBOJHUKE IpPU YCIOBUU, YTO OH PACIOJOXKEH MEPHEHAUKYISIPHO JIMHHUIM
WHTYKIIVH.

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

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

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

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

OnpenenuTts paguyc KpyroBoro BUTKa IMPOBOJIOKH, YTOOBI MPHU MPOXOKIECHUU T10
HEMY TOKa 2 A B €r0 IIEeHTPE HANPsHKEHHOCTh MAarHUTHOTO T10J1s1 Obu1a paBHa 20A/m?

cpena — BO3AyX.

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

KOTOPOU MPOXOJHUT TOK 2 A.

11. OnpenenuTh UHAYKTUBHOCTh KAaTYIIKH, €CJIM B HEW MpPU MPOXOXKIECHUH TOKa 2 A

SHEPI'usl MArHUTHOTO 1MoJist Obuta paBHa 1 Jk?

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

AIEKTPOMAriuTa UHAYKTUBHOCTBIO 0.5 I'H mpu paBHOMEPHOM M3MEHEHUH CHJIBI

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



13. TIlpoBOgHUK JUTMHOM 2 M BpaIaeTcsl B OJHOPOJHOM MAarHUTHOM T0JI€ C MHAYKITUEH
4 Tn BOKpYT oCcH, NPOXOSIIICH Yepe3 OJIMH U3 €ro KOHIIOB, C YIJIOBOW CKOPOCTHIO 2
pan/c mepneHANKYJISPHO JIUHUSM MArHUTHOM WMHAYKIMU. YeMy paBHa pa3HOCTb
MOTEHIMAIOB MEKy KOHIIAMH POBOJAHUKA?

14. TIpoBogauk MN nmunodt 0,5 M u compoTuBiieHHeM 5 OM JIGKUT Ha JBYX
TOPU30HTAIBHBIX MMPOBOJHUKAX, 3aMKHYTBIX HAa UCTOYHUK TOKa, JJIC xoToporo 4
B. IIpoBOJHUKH HAXOAATCA B BEPTUKAJILHOM MarHUTHOM MoJjie ¢ uHaykuuei 0,4 Ti.
Onpenenure cuily TOKa B IPOBOJAHUKE, €CIM OH JIBHXKETCA PABHOMEPHO CO
CKOpOCTBhIO 6 M/c a) BmpaBo; 0) BieBo. CONPOTHUBIEHHUEM MPOBOJHUKOB, IO
KOTOPBIM CKOJB3UT MPOBOJHUK MN, MOXKHO MpeHeOpeyb.

15. CaMOJET IETUT TOPU3OHTAIBHO CO CKOPOCThIO 828 kM /4. Omnpeaenure pa3HOCTh
MIOTEHIHAJIIOB MEXAY KOHIAMH €r0 KpBUIBEB, €CIM MOJAYJIb BEPTHUKAIBHOU
COCTABJIAIONIEN MAarHMTHONW MHAYKLIUM 3€MHOIO MarHuTHOro mons 6 *10° Ti, a
pa3max KpbuibeB 13 M.

16. MenHoe KOJBIIO M3 MPOBOJA AMAMETPOM 4 MM pacHoiOKEHO B OJHOPOIHOM
MarHiTHOM TMOJIe, MAarHUTHAasT WHIYKIHUS KOTOPOTO MEHSIETCA IO MOJIYJIO CO
ckopocthio 1,4 Ti/c. IInockocTh KojbIa MEPIEHAUKYISIPHA BEKTOPY MArHUTHOM
WHAYKIMU. Yemy paBeH AWaMmeTp KOJIbla, €CIM CUJla HHAYKIMOHHOTO TOKa,
BO3HUKAIOLIEro B HEM, paBHa 10 A? Y nenbHoe conpotuBieHue Meau p = 1,72 ¢ 10
8Om * M.

17. MarauTHBIN IOTOK Yepe3 KOHTYP IIPOBOAHUKA CONPOTHBIEHUEM 3,5 ¢ 102 OM 3a 2
¢ usMenuncad Ha 1,4 ¢ 102 B6. Omnpenenure cuily TOKa B IPOBOJHMKE, €CIIH
W3MEHEHHE MOTOKA MPOUCXOAUIO PABHOMEPHO.

18. Inockas ropusoHTaNbHas Gurypa miomanso 0,2 M2, OrpaHMYeHHAas IIPOBOIALINM
KOHTYPOM, CONPOTUBIIEHUE KOTOPOro 6 OM, HAaXOIUTCS B ONHOPOAHOM MarHUTHOM
noJie. Kakoii 3apsii mpoXoAuT Mo KOHTYPY 3a O0JBIION MPOMEXKYTOK BpEMEHH, MOKa
MIPOCKITUSI MATHUTHOW WHYKITUU Ha BEPTUKAIH Z PAaBHOMEPHO MeHseTcs oT Bi; = 3
Tn no By, = -3 Tn?

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

JI>x. MaruuTHbIf noTOK yepe3 katyuky pasex 0,5 B6. Omnpenenure cuiy Toka.



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

HEM paBHa 6 A, a MarHUTHBIM MOTOK 4Yepe3 IJIOMIAJb OJHOTO BUTKA COJICHOW[A

pasen 0,004 B6.

IIpakTuyeckas padora Nel2.
«MexaHHUYeCKHe KOJ1eOaHUs U BOJHbI.
Hean: 3akpernuth 3HaHUS TO TeMe «MeXaHWUECKHe KOJieOaHUS M BOJHBIY,
chopMUPOBATh YMEHUS U HABBIKM HAXO0XKJICHUS (PU3MUECKOMN BEJIMUMHBI, €€ BHIBOJIA
u3 (popmyIbI.
IHopsaok BbINMOJIHEHHUS Pa0OThI:
1. BHuUMaTeNbHO MPOYUTATh TEOPETUUCCKYIO YaCTh M TUIaH PEIICHHS 3a/1a4
2. PaccMoTpeThb mpuMephl pelIeHus 3a/1a4

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

Teopernueckasi 4acThb.

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

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

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

gacToThl - repir ([').

rIe N-4uciio KojacOaHuu.
Baxneiimmii Buj KojieOaHUI - TapMOHUYCSCKHE, OHU BBI3BIBAIOTCS ICHCTBHUEM
CUJIbI, TIPONOPIIMOHATIBHOW CMeleHu0 X. CMmelleHue TOYKH, Y4YacTBYIOIIECH B

rapMOHUYECKOM KOJIeOaHUH, ONIPE/IENAETCS YPaBHEHUEM



X = A - sin(wt + @),
rae A — ammmTyaa konebanus; wt + @o=@ — daza; @, — HayabHas Paza; w —
KpyroBas (LMKJIMYECKas) 4acToTa.

w = 21y, i w = 21/T
Enunuia kpyroBoil 4acToThl — pajguaH B CeKyHay (paja/c).

[Ipumedyanue. B paHHOM ypaBHEHWHM TapMOHWYECKOTO KojeOaHus A
BBIPAKAET MAKCUMAJIbHOE CMEMICHUE (Xyaxc) U MOXKET 0003HauaThes uepe3 X. Ilo
aHAJIOTUM aMIUTUTYAbl CKOPOCTU (Umaxc) U YCKOPEHHS (@yaxc) MOKHO 0003HAYaTh
COOTBETCTBEHHO Yepe3 U U A.

MareMatuyeckuii MasTHUK (MaTepuajibHas TO4YKA, IIOJIBCIICHHAs Ha
HEBECOMOW M HEPACTIKUMON HUTH ) UMEET NIEPUOJI MAJIbIX KOJIeOaHU

T =2m/l/g
s Tpy3a Macco m, KOJICONIOIIErocs Ha MPYXKHHE KECTKOCThIO K, Kpyroas
4acToTa U NEPHUO/] KoeOaHu paBHBI:
w=,k/m; T=2mn/m/k

Konebmromeecs teno o61amaeT MOTEHIUATIBHOM U KHHETUYECKON SHEpPrue.

Jlist Tpy3a, KOJIEOIOIErocs Ha Py KUHE, TTOJIHAS SHEPTHsl KoJieOaHUH paBHA
W = (kA?)/2,

DHeprus 715 Tpy3a Opy NPOU3BOJILHOM CMEIIEHUH X PaBHA

X2 2

W—W+W—k +mv
- ol K — 2 2

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

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

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

CKopocTh BOJHBI HE 3aBUCUT OT YacTOThI KOJICOAHWM, a 3aBUCUT TOJBKO OT
CBOMCTB cpenpl. TakuM 00pa3oM, MpHU MEpexojie B APYTYI0 CPedy HU3MEHSIOTCS

CKOPOCTL U AJIMHA BOJIHBI, 4 4aCTOTA OCTACTCA HEU3MCHHOMU.



Boanel yacrotoii ot 16 I'y 1o 20 x['11 BocnprHUMAIOTCSA YE€TOBEYECKUM YXOM
U Ha3bIBAIOTCS 3BYKOBBIMHU BoOJIHaMHU. CKOpPOCTh 3ByKa OOBIYHO 00O3HAYAETCS
OyKBOH C.
IIpumepsl pelieHus 3a1a4.

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

4acTOTa, KpyroBasi 4aCTOTa U NEPUO KOJIeOaHui?

Jano: Pemrenue:

T=1,5¢ [lepuon konebaHuii B TaHHOM CJIy4ae MOKHO OINPEETUTh KaK

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

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

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

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

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

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

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

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



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

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

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

BMECTO (J NOCTAaBUTH ( + a:

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

[Ipu OTCYTCTBUU yCKOPEHUS

TO = ZT[\/%

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

T =Ty/g/(g+a)

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

[lepuon konedbanuii MasiTHUKAa yMeHbIIUTHCS B 1,14 pa3za.

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

M.

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

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

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

X-? x = 0,1sin 2t



NuauBuayajbHble 3a1aHUs JJI51 TPAKTHYECKO# padoThl Ne 12,

1. Ompenenuth nepuos KojacOaHU MaTEPHATILHON TOYKH, COBEPIIMUBIICH SO MOTHBIX
KoJebanwmii 3a 20 c.

2. CKoabKO KOJCOaHMI COBEPIIAT MaTepraibHas TOYKA 32 5 C MPU YaCTOTE KOJICOAHMIA
440 I'u?

3. Teno, moaBenIeHHOE Ha HEPACTSHKUMOM HUTH JUIMHOW 80 CM, OTKJIOHEHO OT
noJ10keHns papHoBecus Ha yroa 20°. OnpenenuTs cMeNIeHue Tea OT HOI0KEHHS
paBHOBECHS.

4. Jlano ypaBHeHue KonebOarenpHOTO JBMXKeHUs X = 0,4sin5mt. Onpenenutsb
aMILUTUTYAY, Iepuo] Koiebanus u cMmenieHue npu t=0,1 c.

5. MarepuanbHasi TOYKa COBEpIIIaeT rapMOHIUecKkoe Kojebanue ¢ ammntyaoiu 0,03 m
u nepuojioM 0,2 ¢. CocTaBuTh ypaBHEHUE KOJICOAHUS U ONIPEACTUTH CMEIICHUE MPHU
t=0,1 c.

6. YckopeHne cBOOOIHOTO IajeHUs Ha noBepxHocTH JlyHbl 1,6 m/c?. Kakoil miuHbI
JOJKEH OBITh MAaTEMaTUYECKUN MAsTHUK, YTOOBI €ro nepuoj konedanus Ha JlyHe
paBeH 1 c?

7. Teno maccoii 0,2 Kr IOJBENIEHO HAa HPYXKUHE, KECTKOCTh KOTopoit k=2 103H/m.
Omnpenenuth 4acTOTy CBOOOAHBIX KOJIEOAHUHN ITOTO Tella Ha MpY’KUHE.

8. OmpenenuTs JUIMHY BOJHBI, €CJIN €€ CKOpocTh paBHa 1500 m/c, a wactota 500 I'm.

9. Kako#t myts mpoitmer ¢aza BosHOBOro nBkenus 3a 0,02 c, ecnm dyacTtora
Kojiebanuii paBua 2 MI', a ayivnaa BoaHbI 150 M?

10. [IBmwkenue Tena omuchiBaeTcs ypaBHeHueM X = 4.25sin(0,3t+ 0,75). Uemy
paBHa aMIUIUTY/a KoJieOaHUM, KpyroBasi 4acToTa, HauajabHas ¢daza u nepuoj? Uemy
paBHa (aza B MOMEHT BpemeHH t=0,5 c?

11. Ckonbko KoJeOaHUW COBEpIIAET MAaTeMaTUYECKU MasTHHUK JuiMHOW 6,4 M 3a 3

MUH?

12. BepTukanbHO TOJIBEIICHHAS TMPY)XHHA PACTATUBACTCS NPUKPETUIEHHBIM K HEH
rpy3om Ha 1,6 cm. Uemy paBen nepuoa T cBoOomHbIX Konebanuit rpy3a? (Maccoi

NPY>KUHBI MOKHO MpeHeOpeyb. )



13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

Ha rmagkoM TOpPU3OHTAIBHOM CTEP)KHE HAXOAUTCSA TIPY3, NPUKPEIUIEHHBIM K
npyxkuHe. Jlpyrom KoHel NpyXuHbI 3akpelui€H. [loTsHyB 3a Tpy3, NpyXuHY
pacTATrUBaIOT, IPU ATOM BHEWIHSS cuila coBepiiaer padoty 60,5 JIx. 3arem rpys
otmyckaroT. JKécrkocts mpyxunsl 10° H /M, Macca rpysa 4 1. 3anmimuTe ypaBHEHHE
Kosie0aHul rpy3a U ONpPENEIUTE €ro KOOPAUHATE B MOMEHTBI BPEMEHH, PAaBHBIE 2 T
MC, Tt /2 MC, T MC.

Terno coBepiaetT rapMoHnYecKoe Kojiebanue 1o 3akony x = 20 sin wt. Onpenenursb
aMIUIUTYly, IEpUOJ KoJIeOaH!sI U CMELIIEHHEe B MOMEHT BpeMeHH, paBHblii 0,5 c.
OnpenenuTs KECTKOCTh MPYKUHBI, €CIu Teao Maccoit 0,8 Kr, moABEIIEHHOE K 3TON
Npy>KUHE, coBepiaeT konedanus ¢ nepuoaom 0,4 c.

Teno maccoii 0,5 Kr MOABENIEHO HA IPYXKUHE, KECTKOCTH KoTopoi 5*10% H/m.
OnpenenuTth 4aCTOTy CBOOOAHBIX KOJIEOAHMI 3TOTO TENa Ha MPYKUHE.

Teno maccoit 300 r coBepmaeT KoyieOaHUsI B TOPU3OHTAIBHOM IUIOCKOCTH C
aMIUTUTYJ0M 4 cM 1oJ EeWCTBHEM NpYXUHBI kEcTKOCcThIO 15 H /M. Onpenenure
LHUKIIMYECKYIO YACTOTY KOJIEOAHHI Tella U SHEPTUIO CUCTEMBI.

Temo comepmraer rapMOHHMYECKOe KojiebaHHWE IO 3akoHy X = 25sin 3mt.
OnpenenuTes aMIUIUTYAY, NEpUOJ KOJeOaHHS UM CMEIIEHWE B MOMEHT BPEMEHH,
paBHbiii 0,5 c.

CocTaBUTh ypaBHEHHE TapPMOHUYECKOTO KOJI€OaHUSI MAaTEMaTHYECKOTO MasiTHUKA,

JUTHHA KOTOpOro 3,6 M, aMIuTyna kojebanuii 0,3 m.

Jlonka kayaeTcst Ha BOJHAX, [IPU 3TOM PACCTOSIHUE MEXAY OJIMKalIIMMU TpeOHAMU
BOJIH paBHO 9 M. Ompenenure CKOPOCTbh PAaCIpPOCTPAHECHUS BOJIH, €CJIIH TIEPHUO]T
KoJIeOaHU JIOJKU paBeH 3 C.

3ByK pacrpocTpaHsercs B Bojae co ckopocThio 1600 M /c. Paccrosinue mexmy
OJMKaMIIMMHU TOYKaMH, B KOTOPBIX KOJIeOaHHS IIPOUCXOIAT B MPOTHBO(da3e, paBHO
0,4 m. OnipenienuTe 4acTOTy 3BYKOBOU BOJIHEI.

Ha paccrosuun 1000 M oT HaOmromaTens ynapsiOT MOJIOTKOM — TIO
YKEJIE3HOIOPOKHOMY pelibcy. Halmtomarenb, TpUIoKUB YXO K PebCy, YCIbIIIall
3BYK Ha 5 ¢ paHblile, 4eM 3BYK JOIIEN A0 HEro Mo Bo3ayxy. Uemy paBHA CKOPOCTh

3ByKa B ctaiu? (CKOpOCTh 3ByKa B BO3/yXe NpuMuUTe paBHO 350 M /c).



IIpakTuyeckas padora Ne 13-14.

«Hepnon H 9aCToTa NEPEMEHHOT0 TOKA. I/IHIlyKTI/lBHOCTb U EMKOCTh B menu
MEPEMEHHOI'O TOKA).

Heab: 3akpenuts 3HaHuA 1o Teme «lleprog M yactoTa MEPEMEHHOrO TOKA.
NHAYKTUBHOCTh U EMKOCTH B LIETIH IEPEMEHHOTO TOKa», C(hOPMUPOBATh YMEHUS U
HABBIKM HAaXO0XJACHUA (PU3HMUECKON BEIMUUHBI, €€ BBIBOAA U3 (POPMYJIBL.
IHopsaaok BeINOJTHEHUs1 padoThI:

1. BHuUMAaTEIbHO NPOYNUTATh TEOPETUUYECKYIO YACTh U IJIAaH PEUICHUS 3a1a4

2. PaccMoTpeTs mpuMepsl peleHus 3aaa4

3. HOJIy‘lI/ITI) U BBIIIOJJHUTHb HHINBUAYAJIbHBIC 3aIaHN.

Teopernueckasi 4acThb.

DIIEKTPUYECKUN TOK, U3MEHSIOIIMNCA C TEUCHUEM BPEMEHHU, HA3bIBACTCS
MEPEMEHHBIM  DJIEKTPUYECKUM  TOKOM. OJEKTPUYECKUH TOK  Ha3bIBaETCA
MEPUOJIMYECKUM, €CJIM €r0 3HAYEHUsI MOBTOPSIOTCA YEPE3 PABHBIE MPOMEXKYTKH
BpeMeHu (mepuoibl). B 2leKTpOTEXHHMKE dYaile BCEro  HCIOJIb3YeTCs
FapMOHUYECKUH TOK — TMEPUOJUYECKUN TIEPEMEHHBIM JJIEKTPUUECKUN TOK,
SIBJISTIOIIUMCS CHHYCOUAQIBHON (DyHKIIMEH BPEMEHH.

[Ipu BpamieHnn paMKh B OJHOPOJHOM MArHWTHOM MOJIE HAa €€ KOHLAX
Bo3Hukaet J/[C uHayknuu

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

Comportusiienre R, B KOTOpOM BBIZICNSIETCS] TETUIOTA TIPHU MPOXOKIACHUU IO
HEMY TOKA, Ha3bIBAECTCS aKTUBHBIM. ECIIM 3aMKHYTh paMKy Ha Harpy3Ky C aKTUBHBIM
COMPOTHUBJICHUEM, TO TI0O HEMY OY/IET IPOXOIUTh MIEPEMEHHBIN JIEKTPUIECCKUN TOK,
a Ha KOHIAX MOABUTHCS IEPEMEHHOE HAIIPSIKEHUE:

U = Upsin wt
rie Uy — aMImumTyaHOe 3HAYCHHUE HAIpPsDKEHMS; - KpyroBas 4YacToTa,

pazn/c; t — Bpemsl.



i=1,sin wt
[Tpu >Tom U=IR.
[lepeMeHHBII TOK SKBUBAJEHTEH MOCTOSIHHOMY TOKY TaKOW K€ MOIIHOCTH,
Toraa 3(pPexTuBHBIC (ICUCTBYIOIINE) 3HAUYCHUS HATIPSKEHUSI U CUJIBI TIEPEMEHHOTO

TOKa OyJTyT paBHBIL:

T2 N

HGHL IMCPCMCHHOI'O TOKa, coAcpiKallasad KaTyllKy HHAYKTHUBHOCTBIO L,

U

06JIaI[aGT I/IHI[yKTI/IBHBIM COHpOTI/IBJ'IeHI/IeM
X, =w-L
HGHB HGpGMGHHOI‘O TOKa, conepmamaa KOHIIGHC&TOp CMKOCTLEIO C, O6JIaI[aeT
éMKOCTHBIM COHpOTI/IBJIeHI/ICM
_ 1
Xe=57C
BGJII/ILII/IHBI XL nu XC HA3bIBAKOTCSI peaKTI/IBHBIM COHpOTI/IBJIeHI/IeM.
JIJI)I IIOCJICA0BATCIIbHO COCINHCHHBIX KOHI[CHC&TOpa, pe3I/ICTOpa %1 KaTYH_IKI/I
I/IHIIYKTHBHOCTH peaKTI/IBHOG COHpOTI/IBJIeHI/Ie paBHO
X=X -Xc

A oO11iee COnpOTUBIICHUE PABHO

Z = RZ + (X|, — X()?
Hcnonp3ys aMIUIMTYIHBIE WM JEHCTBYIOIINE 3HAYEHUS,, MOKHO 3alicaTh
3akoH OMa JJ1s1 IEPEMEHHOTO TOKa!
Upn=IL"Z2;U=1-Z
CpenHsisi MOIITHOCTb, BBIACIISIEMasl B IICTIA IEPEMEHHOTO TOKa, OTPEACISACTCS
dbopmynamu:
[h-U

Fz%-coscsz-U-coscp

B snekTpoTeXHUKE BBOJAT MOHATHE AKTUBHOM, PEAKTUBHOU M IIOJHOU
MOIIIHOCTH. AKTHBHAsI MOIIHOCTH P CBsi3aHa C MpeBpalIeHUEM SJIEKTPUUECKOU

SHEPrUM B TEIUIOTY U PaBHa:



P=1I*R
Enunuia aktuBHOM MotmHOCTH — BaTT (BT).
PeakTuBHas MmomHocTh Q paBHa:
Q=1?-X,umQ =1?-X,
Enunuiia peakTHBHOM MOIIHOCTU — BOJIBT-aMIIep PEaKTUBHBIN (Bap).
[TonHast MOITHOCTH paBHA
S=1%-Z

AKTI/IBHYI-O, PCAKTHBHYIO M IIOJHYIO MOIIHOCTH MOXKHO BBIPA3UTL 4YCPC3

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

3nech cos@ — kodpdunmeHT wmomHocTH. Ero MoKHO HaWTH Kak
OTHOIIICHUE aKTUBHOT'O COMPOTHUBJICHUS K MTOJTHOMY MJIM aKTHBHOM MOIITHOCTHU K

TIOJTHOU:

cos @ =

N| =
vl

IIpuMepsI pelieHus 3a1a4.

IIpumep Nel. K reHepaTopy NEpEMEHHOrO TOKa MOCIEI0BATEIBHO
MOAKIIIOYWJIA HArpy3Ky C aKTHUBHBIM comnpoTuBieHneM 20 O, Karymky
uHAYKTUBHOCTRIO 0,0398 I'H u koHneHcarop emkocThio 159 mx®. Yacrtora

nepemenHoro Toka 100 I't. HaliTi mostHO€ CONMPOTUBIICHUE 1IETIH.

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

w-C




C=159-10"°®d, w=2m-v

v=100Tn w=2-3,14 - 100 'y = 628 pan/c
Z-? X, = 628% +0,0398 TH ~ 25 OM
X, : ~ 10 Om

"~ 628pan/c-159-1076 @

Z =400 OM2 + 225 OM2 =25 Om

IMpumep No2. DiekTpoABMKYIAs CHIIa MHAYKIIMH, BOSHUKAIOIAs B pAMKE

ITpH BpalllCHUN €€ B OAHOPOIHOM MAIrHUTHOM II0JIC, U3BMCHACTCA 110 3dKOHY

e = 12-sin100mt. Omnpenenuts: 1). AMIUIMTYIHOE 3HAYE€HHE 3.10.C.; 2).
JeiicTBytomee 3Hauenue 3.1.c.; 3). Ilepuon m wactory Toka; 4). MrHOBEeHHOE

3HayeHwue 3.1.c. npu t=0,01 c.
Hano: Pemenwue.

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

€0

t=0,01 ¢ 2).6, =% =85B
£9,€, T, V=2 3). 2% = 100m, T=0,02 c
e npr mpn t=0,01 ¢-? 4).v=2=50c? 5).e=12sinmw=0

Ipumep Ne3. IIpu kakoi 4acToTe NEPEMEHHOTO TOKA HACTYIIUT PE30OHAHC
HaIIPSDKEHUM B LEINH, COCTOSLIEN U3 MOCJIECI0BATEIBHO COCAMHEHHBIX KATYIIKH

UHIYKTUBHOCTBIO 0,5 I'H 1 koHAeHcaTopa eMKocThio 200 MKD.

Jano: Pemrenwue.
L=0,5Tn, Pe3onaHc HanpsKeHU HACTYNUT IIPpU yclloBUM X, = X
— 9. 104 __ 1
C=2-107"0D Vpes = 5=

1
Vies = ~ 16l
Pe3  628/0,5 TH-2:10~4D H

Vpes—?



NuauBuayajbHble 321aHUs JJ151 MPaKTH4ecKoil padoTsl Ne 13-14.
OnpenenuTs MOJHOE COMPOTUBIICHUE TIEITH, €CIIM aKTUBHOE compoTuBiaeHue R=10
OM, nHAYKTHUBHOCTH KaTymku L=40 MI'H 1 emkocTs koHaeHcaTopa C=50 Mk®d. [1o
LEMH MPOXOJIUT TOK CTAHAAPTHOU YaCTOTHI.

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

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

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

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

B nenu nepemenHoro toka ¢ udactotoil 400 I'i mocnenoBaTelbHO BKIIIOUCHBI:
Katymka WHAYKTUBHOCTBIO 0,15 I'n, pesucrop comporuBneHunem 500 Om u
KOHJICHCATOp €MKOCThI0 2 MK®D. OnpeAenuTh NOJIHOE COMPOTUBJIEHUE LIETIH.
DJIEKTPOJBUKYINAsl CUJIa MHIYKIIMHM, BOSHUKAIOIIAS B paMKe NP BpalIeHUU €€ B
OJHOPOJAHOM MAarHUTHOM IIOJie, HW3MEHAETCs Mo 3akoHy e = 14 -sin200mt.
Onpenenuts: 1). AMIIIMTYIHOE 3HAYEHHE 3.1.C.; 2). JlelcTByIOIIee 3HAUEHUE 3./1.C.;
3). [lepuon u yactory Toka; 4). MraooBeHHoe 3HaueHue 3.1.c. npu t=0,01 c.

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

MOIIIHOCTH?



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

WHIYLIIUPYETCS TOK, MTHOBEHHOE 3HAY€HHE KOTOPOTO BhIpakaeTcs GopMyJion i =
3 sin 157t. Onpeaenuth: 1) aMIIUTYAHOE 3HAYEHHUE CHIIBI TOKA; 2) EHCTBYIOIIEE
3HAYEHUE CUJIBbI TOKA; 3) MEepPUOJ U YacTOTy TOKA; 4) MTHOBEHHOE 3HAUYECHHE CHJIbI

toka mipu t=0,01 c.

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

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

ydacTtke uenu 12 B.

12. Kongencarop émkocTeio 10 @ BriroueH B ceTh IIepeMEHHOr0 TOKa ¢ 9acToToi 50

13.

14.

15.

16.

17,

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

200 Bu 9 A. Onpenenure EMKOCTh KOHJIEHCATOPA.

NunyktuBHOCTD Katyiiku paBHa 0,25 'H. YpaBHeHue KojaebaHuil CHITBI TOKa B HEl
i=0,5 cos (4 * 10%), rae Bce Benmuunbl Bepaxkensl B CU. Onpenenure aMIuuTymy
HaIpsKEHUS Ha KaTYIIKE U ICHCTBYIOIIEE HAIPSIKEHUE B LIETIH.

[IpoBonounas pamka miomansio 4000 cm? umeer 200 BUTKOB M BpaIaeTCs B
OIHOPOJHOM MAarHMTHOM Iojie ¢ uHaykuueit 4 ¢ 102Tn. Makcumansnas DJIC B
paMke paBHa 2 B. Onpenenure nepuoj BpalieHUs paMKH.

B uenp mnepemenHoro Toka ¢ yactotoi 400 I'm BxIOYeHa KaTyllKa
MHAYKTUBHOCTBIO 20 MI'H. Onpenenure EMKOCTh KOHAEHCATOpPA, KOTOPBIA HAA0
BKJIFOYHTH B 3TY II€Mb, YTOOBI HACTYIUJI PE30HAHC.

B nenu comportuBienue 30 Owm, nnayktuBHOCTh 0,3 I'H, émkxocth 100 Mk®D,
nerictpyroniee Hampsokenue U = 85 B um wactota v = 50 I'u. Omnpenenure

JIEUCTBYIOIIEE 3HAUCHUE CUITBI TOKA M PA3HOCTH (Pa3 MEX 1y HAMPSHKEHUEM U TOKOM.



IIpakTnueckasi padora Ne 15.
«H3nydyeHue. DIeKTPOMATHUTHBIE BOJIHBD.

Heab: 3akpenuth 3HaHUSA 10 TeMe «M3mydeHue. DIEKTPOMArHWTHBIC BOJIHBI,
chopMUPOBATh YMEHUS U HABBIKA HaXOXKJIeHUs (PU3MUeCcKOi BETUIHHEI, €€ BEIBOJIA
u3 HopMyIIbL.
IMopsinoK BHINOJTHEHHS PAadOTHI:

1. BHUMAaTENbHO MPOYUTATh TEOPETUUYECKYIO YAaCTh U IJIAH PEUICHUS 3a1a4

2. PaccMoTpeTs mpuMepsl peleHus 3aaa4

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

Teopernueckasi 4acThb.

CormacHo rumore3e MakcBeiia MPOLIECC  B3aUMHOTO  IOPOKIACHUS
U3MEHSIOIMMCS 3JIEKTPUYECKAM TOJEM MArHUTHOTO TMOJISI M W3MEHSIOIUMCS
MAarHuTHbIM  IIOJIEM  JJIEKTPUYECKOTO  MOJS  MOXET  HEOrPaHUYECHHO
pacnpoCTpaHsATbCS, 3axBaThiBasi BCE HOBBIE M HOBBIE 00JIACTH TNPOCTPAHCTBA.
PacnipocTpaHnsroniyiecs: B pOCTPAHCTBE NEPEMEHHBIE SJIEKTPUUECKOE U MATHUTHOE
IOJIsI, TOPOKIAOIIME B3aUMHO JpPYr JAPYrd, HA3bIBAIOTCS JIEKTPOMATHUTHOM
BOJIHO.

MakcBel Ha OCHOBE CBOEH TEOPUN MAaTEMAaTUYECKH JOKA3all, UTO B BAKyyMe
CKOPOCTB € JIEKTPOMArHUTHON BOJIHBI JOJDKHA OBITh paBHa:
c =299 792 458 m/c ~ 300 000 km/c. DNEKTPOMArHUTHHIE BOJIHBI ObUIH OTKPBITHI
HeMenkuM ¢usukom [enpuxom Tepuem B 1887 1. UW3mepuB wyactory
V TapMOHMYECKUX KOJICOAHWH B KOHTYpPE M JJUHY A 3JIEKTPOMAarHUTHON BOJIHBI,
['epu onpenenun CKOPOCTh AIIEKTPOMATrHUTHOM BOJIHBI:

I=Av

[Ipoiiecc HeNmpephIBHOTO MPEBPALEHUS SHEPTHHU SJIEKTPUUYECKOTO POJisi B
HHEPrUI0 MArHUTHOTO TOJI U 00PAaTHO OCYIIECTBIIAECTCS B KOJIEOATEIIbHOM KOHTYpE
— DJIEKTPUYECKOW Iemu, B KOTOPOW HMEETCsl KaTyllka WHIYKTUBHOCTU U
KOHJIEHCATOp. AKTUBHOE COMPOTUBIIEHUE KOJIEOATEILHOTO KOHTYpa AOJKHO OBITH

HEOOJIBIITUM, WHAYE IHEPTUs DJIEKTPOMAarHUTHOTO MOJs OyAeT MpeBpamarhCcs B



TEIUIOTYy U KojeOaHus ObicTpo mpekpatsatcs. [Ipu 3TUX  ycnosuax mepuon

COOCTBEHHBIX 3JIEKTPOMAarHUTHBIX KOJI€OaHUI paBEH

T =2nVLC,

a 4aCToTa

V= —= ————
T 2#nJLC

OTKpBITBIN KOJIEOATENbHBINA KOHTYP U3y4aeT BOJIHBI JUTHHOU
C
A=c'Tumui=-,
\%
IA€ C — CKOPOCTb JJIEKTPOMAarHWTHBIX BOJIH, PaBHAas CKOPOCTHM CBETA B
BaKyyMe.

3aBUCUMOCTh CKOPOCTH PaCIpOCTPAHCHUS DJICKTPOMArHUTHBIX BOJH OT
CpeIbl UMEET BU/T

= F oTKyna ¥ = —
19 - M) yI[ - \/ﬁ )

rac 9- CKOPOCTBh paCHpOCTPAaHCHUA SJICKTPOMArduTHBIX BOJIH B CPEAC; € U U
COOTBCTCTBCHHO AUIJICKTPHUYCCKAA U MAI'HUTHAA IIPOHHUIIACMOCTH CPCABI. Tak kak
MArdvTHBIC IIPOHMIOACMOCTHU BCCX JHA- W IIapaMarHUTHBIX CPpCA HE3HAYUTCIBHO

OT/IM4YarOTCA OT CAUMHUIIBI, TO MOKHO CYHUTATh, UYTO

19_C
Ve

IIpuMepsI pelieHus 3a1a4.
Ipumep Nel. KonebarenbHbli KOHTYp COCTOMT M3 KATyUIKA C
MHAYKTUBHOCTBIO 20 MKI'H M KOHJEHCAaTOpa, EMKOCTh KOTOPOTO MOXKHO U3MEHSTh

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

AWara3oH 4aCTOT JaHHOT'O KOHTYpa.

Jano: Pemrenue:

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

Ci=2-107% @, T = 2mvVLC

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




A, =3-108m/c- 3,97-1075c=1191 m

)\1, }\.2_7 /12 =3 108M/C ' 2,81 10_6C =843 m
1
Vl,Vz—? V1 =m=252 KFI_I
= =356«T
V2 = Set10-6c K

IIpumep Ne2. B konebarebHOM KOHTYpE MaKCHUMaJbHOE HaNpsHKEHHE Ha
koHgeHcatope 120 B. OmnpenenuTp MakCUMalbHYIO CHJIY TOKa, €CIH
MHAYKTUBHOCTH KaTymku 0,005 I'H, a eMKOCTB KOHJIEHCAaTOpa 10~°®. CuuraTh, 4TO

aKTHBHOE CONIPOTUBJICHUE TIPEHEOPEKUMO MaJIo.
Jano: Pemrenue:

Un= 120 B, I10 3AKOHY COXPAHEHHMS U IPEBPALIEHUS SJHEPTUU

MaKCHMaJIbHAA SHCPIrUiA MAarHUTHOT'O ITOJIA

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

L

., = 120 B- /ﬂ =537 A
0,005 T'H

Ipumep Ne3. Jlns paguonpueMHUKa TpeOyeTcs H3rOTOBUTH IUIOCKHIA
CITIOJITHOM KOHJEHCATOP €MKOCThIO 7,5 HD U3 IJIACTUHOK METALTNYECKOU (HOIbru
TUTOIIAIBIO 10 6,28 cM? U CIIIOASHBIX TUIACTUHOK TaKOH K€ TUIOIMAAbI0 M TOIIIMHOM
0,1 wmm. CkoIbKO TUIACTHHOK MeTauTMdeckor (oipru moTpedyercs Juis

HU3TOTOBJICHUA 3TOI'O KOH)ICHC&TOpa? I[I/IE)J'IGKTpI/I‘IeCKaSI IMPOHHULIACMOCTDb CJIO/AbI

paBHa 7,5.
JlaHo: Pemenue:
C=7,5 1070, ¢=ffsnth) o €4y

d ' £0.€'S




n = 7,5:107°®-10"*M-363,14:107M/P

S =6,28-10"*m?, 3.1 +1=19
7,5 6,28:10~ %M
d=10"%m,
=175,
1
€0 = 36m10° D/
n-?

NuauBuayaabHble 3aaHNsI 1JI5 NPaKTH4Yeckoil padoThl Ne 15,

PaguonpreMHUK HACTPOEH B PE30HAHC C MEPEJAIOIEl paAuOCTaHIIMEN Ha JJINHE
BosTHBI 300 M ipu eMKOCTH KoJiebaTenbHoro koHTypa 200 Mx®. Ha kakyro qiuHy
PaauoBOJIHEI OyIET HACTPOEH PAJAMOIIPUEMHUK, €CIIH, HE MEHSI MHIYKTUBHOCTHU
K0J1€0aTeIbHOTO KOHTYpa, UBMEHUTH €ro eMKOocTh Ha 800 Mx®dD?

Ha kakyro AJuHY BOJIHBI HACTPOEH KOJIEOATENbHBIM KOHTYpP pagUONpHUEMHHKA
MHAYKTUBHOCTHIO 0,2 MI'H, ecnii MakcuMalibHasi CHiia TOKa B KOHType paBHa 0,1
A, a MakcUMaJIbHOE HampsikeHue Ha Konaencatope 200 B.

Ha kakyro nnuHy BOJHBI HACTPOEH KOJEOATENbHBIA KOHTYP PaJHONpPUEMHUKA
MHIYKTUBHOCTBIO 0,3 MI'H, eciim MakcuManbHas cuiia TOKa B KOHType paBHa 0,2
A, a eMKOCTbh KOHJIEHCATOpa 1074d

KonebarenbHbIit KOHTYP COCTOUT U3 KOHJIEHCATOpa eMKOCThIO 20 Td 1 KaTyIIKK
UHAYKTUBHOCTHIO 20 MI'H. KakoBa yactoTa u nepuoja cOOCTBEHHBIX KOJeOaHUn
KOHTYypa?

KonebaTenbHbIil KOHTYp COCTOMT U3 KOHJEHCATOpa, €MKOCTb KOTOpOTro
menserca o 107°® no 40 nd, u kaTymKky UHAYKTHBHOCTEIO 2 MI'H. Ha kakue
JUIMHBI BOJIH paCCYUTaH KOHTYp?

KonebarenbHblii KOHTYp COCTOUT M3 KaTyIIKHM MHAYKTHBHOCTHbIO 0,01 MI'H u
KOHZIeHcaTopa eMKocThio 107 °®. Ha Kakyro JUIMHY BOIHBI HACTPOEH KOHTYp?
Kakoiil yacToTe COOTBETCTBYET aHHAs JJIMHA BOJIHbBI?

KonebaTenbHbIil KOHTYp H3Jy4yaeT 3JIEKTPOMAarHUTHBIE KOJEOaHWs C JTMHON
BoJIHBI 500 M. OnpeaenuTb eMKOCTh KOHJIEHCATOPa, BKIOUYEHHOTO B KOHTYD,

€CJIM UHAYKTUBHOCTh KOHTYpa 1,5 MI'H.



8. Ompenenuts YHEPTUIO AMEKTPUIECKOTO OISl KOHIEHCATOPa, EMKOCTh KOTOPOTO
6 Mk®, eciii HanpsHKEHUE Ha ero ookiagkax pasHo 400 B.

9. B kosnebaTenpHOM KOHTYpPE MaKCHMMaIbHOE HAIpsKEHHWE Ha KoHJeHcaTope 140
B. Onpenenuts MakCUMaJIbHYIO CUJTy TOKAa, €CJIM MHAYKTUBHOCTh KaTyIIKH
0,008 Tm, a emkocth KoHjaeHcatopa 107°®. Cumrarh, UYTO aKTUBHOE
CONIPOTUBJICHUE MTPEHEOPEKUMO MaJIO.

10. B xakom juama3oHe JJIMH BOJH MOXET paboTarh pPaguONpUEMHUK, €CIH
EMKOCTb KOHJIEHCATOPa €ro KosebaTeabHOro KOHTypa u3Mensercs ot 4 » 10710 no
810D, a VHIYKTUBHOCTb KaTyIIKH — OT 9 * 10° 10 10 10 * TH?

11. B cxeme pagvoNnpHéMHHUKA, MHAYKTUBHOCTh KaTymku 2 ¢ 10 T'n, éMKoCTb
MIEPEMEHHOT0 KOHJIEHCAaTOpa MOKET MeHAThCA OT 18 mo 320 nd. Ha kakue

JUTMHBI BOJIH PACCUNATAH 3TOT PAAUOTPUEMHUK?

12. B xakoM jamama3oHe JJIMH BOJH MOXET paldoTaTh paJuoONpUEMHUK, €CIH
EMKOCTB KOHIEHCATOPa €T0 KONe6aTeNbHOro KOHTypa usMensercs ot 5 ¢ 10720 o
12 « 102° @, a uayKTHBHOCTH KaTymkd — oT 5+ 10® 10 10 « 10 “ T'n?

13. B cxeme paguonpHéMHHKA, MHIYKTUBHOCT Karymku 4 * 10 I'm, émkocTs
NEPEeMEHHOT0 KOHJeHcaTopa MoxKeT MeHsThesi oT 20 mo 225 nd. Ha kakwue

JUTMHBI BOJIH PACCUNUTAH 3TOT PAAUOTPUEMHUK?

IIpakTuyeckasi pa6ora Ne 16.
«3aKOHBI OTPAXKEHHUS U NMPEJTOMIICHUS».

Heab: 3akpenuTh 3HAHUS MO TeMe «3aKOHbl OTPAXKEHHUS U TPETOMIICHUS,
c(OpMUPOBATH YMEHUS U HABBIKK HaXO0XKJIEHUS (PU3MUECKON BETMUHMHBI, €€ BHIBOJIA
u3 (popmyIbl.

IHopsinok BbINOJIHEHHSI Pa0OTHI:

1. BHUMATENbHO MPOYUTATH TEOPETUUECKYIO YACTh U TUJIaH PEIICHUS 3a/1a4
2. PaccmotpeTs mpuMepsbl peleHus 3a1a4

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



Teopernvyeckas 4acThb.

CormnacHo KOpHYCKyHﬂpHOﬁ TCOPHH, CBET IPCACTABIIACT co00M OTOK
yacTul (KOPIYCKYJI), UCITyCKaeMbIX CBETSIIUMHUCS Teaamu. HbIOTOH cuMTan, 4To
JABHMKCHHC CBCTOBBIX KOPITYCKYJI IIOJYUHACTC 3aKOHAM MCXaHUKH. Tak, OTPAXKCHHC
CBC€Ta IIOHHUMAJIOCHh AHAJIOTHYHO OTPaXXCHHUIO YIIPYIOoro miapukKa OT IINIIOCKOCTH.
HpeJIOMJIeHHe CBeTa OOBSICHSJIOCH H3MEHEHHEM CKOPOCTH KOPIIYCKYJ IIpH
IIepeExXoaec nu3 OJIHOM Cp€asl B IPYI'YIO. I[JBI ciiy4dad ImpEeIOMIICHHA CBETA HA I'PaHUIIC
cpcaoa l—cpe):[a 2 KOpIyCKyJIsIpHasA TCOPHA IPHUBOONIIA K CICAYIOIICMY BUY 3aKOHA
IIPCIOMIICHUA:

sini 91

= n =
sin 3 21 9,

rae 91— CKOPOCTh CBETa B MEPBOM cpefe, ¥, — CKOPOCTh paclpOCTPaHEHUS

CBETa BO BTOPOIl cpese. AOCOJIOTHBIA MOKa3aTellb MPEJIOMJICHUS N = §’ rae C-
CKOPOCTB CBETA B BAKyyME.

Tak kak n > 1, U3 KOPIYCKYJIIPHOW TEOPHH CIIEIOBAIIO, YTO CKOPOCTh CBETA B
cpeaax JoJKHA ObITh 0O0JIBIIIE CKOPOCTH CBETA B Bakyyme. HbIOTOH mbITasICsS TakkKe
OOBSCHUTH TOSIBICHUE HHTEP(PEPEHIIMOHHBIX TOJIOC, JOMYyCKas OMPEeICHHYIO
MEePUOANYHOCTh CBETOBBIX MPOLIECCOB. TakuM 00pa3zoM, KOPITYCKYJISIpHAsi TEOpUs
HeloToHa copepxana B ceOe RIEeMEHThl BOJHOBBIX NpeAcTaBieHuid. BonHoBas
TEOpHUs,, B OTIIMYME OT KOPILYCKYJISIDHOM, paccMaTpuBaja CBET KAaK BOJIHOBOM
MPOIIECC, TOJOOHBIN MEXaHUUECKUM BOJIHAM.

B ocHOBY BOJIHOBO# Teopuu ObLIT TOJIOKEH TpUHIMT ['folireHca , coriaacHo
KOTOPOMY KaxJas TOYKa, OO0 KOTOPOM JOXOJWUT BOJHA, CTAHOBUTCS LEHTPOM
BTOPUYHBIX BOJIH, @ OruOaroiasi ’TUX BOJH JIaeT MOJIOKEHHUE BOJTHOBOTO ()pOHTA B
cienyronuit MoMeHT BpeMeHu. C oMoIIsio mpuHIuna [ roirenca Obuti 00bsICHEHBI
3aKOHBI OTPAKECHUS U MPEIOMIICHUA.

J{nst ciydass mpenomIeHUsI CBETa Ha TPAaHUIIE BaKyyM—cpeaa MPUBOIUT K

CJIEIyIOLIEMY BBIBOJY:



sini C
sin 3 9

3aKOH MpPEJIOMJICHUSI, TOJYYEHHBIA M3 BOJHOBOM TEOpPUHU, OKa3alcs B
npotuBopeunu ¢ ¢opmynoil Hetorona. BonHoBast Teopusi IpUBOJUT K BBIBOAY:
U < ¢, TOrJa KaKk COIIaCHO KOPIYCKYJIIpHOM Teopun U > C.

K sBiIeHMAM, OATBEPKAAIOIMM BOJHOBYIO IPUPOALY BUIAUMOTO U3JIYYECHHUS,
OTHOCSITCSI MHTepQEPEHLIUS U TU(PpaKLINSL.

HNurepdepenumst — 0HO U3 SIPKUX NPOSBICHUN BOJIHOBOM MPUPOJBI CBETA.
OTO MHTEPECHOE U KPAacHBOE SIBJICHHE HAONIOAAETCS NPU HAJOXKEHUM JIBYX WIIH
HECKOJIBKMX CBETOBBIX MY4YKOB. VIHTEHCHUBHOCTH CBETa B 00JIACTH NEPEKPHIBAHUS
IIyYKOB MMEET XAPAKTEP YEPEAYIOLIIMXCS CBETIBIX M TEMHBIX IOJIOC, NPUYEM B
MakCHUMyMaX MHTEHCUBHOCTh Oouibllle, a B MHUHHUMyMax MEHbIIE CyMMBbI
WHTEHCUBHOCTEN IIYYKOB. IIpn HCIO0JIb30BaHUHU oeoro
CBETA MHTEeP(PepeHUMOHHbIE I0JI0CHI OKa3bIBAIOTCS OKPAIICHHBIMU B pa3JIMYHbIC
L[BETA CIIEKTpA.

HeoOxoaumbiM ycioBHEM HHTEp(EPEHUMH BOJIH SIBISETCS UX KOTE€PEHT-
HOCTb, T.€. COTJIACOBAHHOE MPOTEKaHUE BO BPEMEHU U IIPOCTPAHCTBE HECKOJIBKUX
KOJeOaTeNbHbIX WM  BOJIHOBBIX  IPOIIECCOB. YCIOBUIO  KOTE€PEHTHOCTH
YAOBJIETBOPSIIOT MOHOXPOMATHYECKHUE BOJIHBI— HEOIPAHUYEHHBIE B MTPOCTPAHCTBE

BOJIHBI OJJTHOM OMPEEICHHON U CTPOTO MOCTOSTHHOW YaCTOTBHI.

MakcumanbHOe YCWICHHUC CBCTAa IIpOUCXOJHUT B TOM ClIy4dac, KOIraa

ONTUYCCKOM Pa3HOCTH X0Ja A COOTBETCTBYET YSTHOE YHCJIO TOJTYBOJIH:
— A’ ga—
A=2k- 5> Tae k=1,2,3...

Ecau ontuueckoit Pa3HOCTH XOda COOTBCTCTBYCT HCUYCTHOC YHCIO, TO

HpOHBOfII[GT MAKCUMAJIIBHOC OCHa6HeHI/Ie CBECTAa.
A= (2k+1)-2 raek=0,12,...
A=n-AS,

rae AS- reomeTpuueckas pa3HOCTb X0/1a JIYUEeH.



JpyruM MeTo10M MOIYYeHHs] YCTOMYUBOM HHTEPPEPEHIMOHHON KapTHHBI IJIsl CBE
Ta CILYKUT UCIOJIb30BAHUEBO3YIIHBIX IPOCIOEK, OCHOBAHHOE HA OJUHAKOBOM pa3
HOCTH XO/1a JIBYX 4acTel BOJHBI: OJHOW — Cpa3y OTPAKEHHOMOT BHYTPEHHEN IOB
€PXHOCTH JIMH3BI U IPYTOM — NPOILIEAIIEN BO3AYLIHYIO IPOCIOWKY IO HEU U JIH
1Ib 3aT€MOTpasuBILIEiCs. E€ MOKHO NOJIy4YHTh, €CIIU NOJIOKHUTH INIOCKOBBITYKIYIO
JIMH3Y Ha CTEKJISHHYIO IUIACTUHYBBINTYKIOCTBIO BHU3. [Ipn oCBEnIeHNY JIMH3BI CBEP
Xy MOHOXPOMaTHYECKUM_CBETOM 00pa3zyeTcsi TEMHOE MATHO B MECTEOCTATOYHO I
JIOTHOT'O COIIPUKOCHOBEHUS JIMH3bI U INTACTUHKH, OKPYKEHHOE YEPETYIOLUMUCS T
EMHBIMH U CBETJIBIMUKOHLIIEHTPUYECKUMHU KOJIBIIAMU PAa3HOW MHTEHCUBHOCTH. TEMH
bI€ KOJIbLIA COOTBETCTBYIOT UHTEPPEPEHIIMOHHBIM MHUHUMYMaM,

a CBETJIble— MaKCUMyMaM, OJJHOBPEMEHHO TEMHbIE
Y CBETJIbIE KOJIbLA SBJISIOTCS U30JIMHUSIMU PABHOW TOJILMHBI BO3YIIHON
ITPOCIJIOWKH.

I/IBMepI/IB paanycC CBCTIOIO U1 TEMHOI'O KOJIbLIA U OIIpCACIIUB €TI0 HOpSI,Z[KOBBIﬁ
HOMCD OT HECHTpPA, MOKHO OIIPCACIINTD JJINHY BOJIHBI MOHOXpPOMAaTHYCCKOI'O

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

TéMHBIMI/I KOJIbLHaMH*
r, = VKk-A-R,

rae k=0,1,2,.. — HoMep TeMHOr0 KoJblia, R- pagnyc KpUBU3HBI JTHH3BI, '~ PATHYC

TCMHOI'O KOJIbIlA.

Judpakiueil Ha3pIBalOT MpOIlecC OTTMOAHMS CBETOBBIMU, 3BYKOBBIMU U
IPOYMMH BOJIHAMU KaKOTr0-1100 MPENsSTCTBU, BCTPETUBILIETOCs Ha UX MyTH. bonee
000011I€HHO 3TUM TEPMUHOM MOKHO Ha3BaTh JI000E OTKJIOHEHHE PACTIPOCTPAHECHHUSI
BOJIH OT 3aKOHOB T€OMETPUYECKON ONTHKH, MPOUCXOAIIEE BOIMU3H MPETSITCTBUM.

3a cuer saBieHUs AUGPAKIIUK BOJTHBI MOMAIAI0T B 00JaCTh TEOMETPUYECKON TEHHU,


https://dik.academic.ru/dic.nsf/ruwiki/16093
https://dik.academic.ru/dic.nsf/ruwiki/660765
https://dik.academic.ru/dic.nsf/ruwiki/640742

OTru0aroT NpeATCTBUA, IMPOHUKAKOT CKBO3b MAJCHBLKHUE OTBCPCTHA B JKpaHAX U

IPOYEM.

HudpakuronHas penieTka SABJISIETCS ONTHYECKUM U3JIETTUEM,
MPEACTABIAIONIMM COO0N MEPUOTUUYECKYIO CTPYKTYPY, COCTOSIIYIO U3 OOJIBIIOTO

qucCila OUYCHBb Y3KUX HlCJ'IGfI, Pa3aACIICHHBIX HCIIPO3PAYHBIMHA ITPOMCKYTKAMMU.

Pabota nudpaknmoHHON peNIeTKH OCHOBaHA Ha SIBICHUH TU(PaKIIHH
CBETOBOM BOJIHBI, KOTOpasi, MPOXOJIsl Uepe3 CHCTEMY MPO3PAYHBIX U HETIPO3PAUYHBIX
oOnactelt, pa3zbmBaeTcsi Ha 000COOJEHHBIE IMYyYKH KOTepeHTHOro cmeTa. OHH
npeTepneBaoT AUQpakiuio Ha mTpuxax. M mpu 3ToM mHTEpPEepupyroT Ipyr C
npyrom. Kaxxnas qyivHa BOJIHBI UMEET CBOIO BEJIMYMHY yIila Jupakiuu, IO3TOMY

IPOUCXOAUT pa3joxKeHue 0er0ro cBera B CIEKTP.
d=a+b,
rae d- mepuoa penietky; b- mpuHa menu; a-muprHa MPo3pavyHOro MPOMEKYTKA.
®opmyna 1udppakiMOHHON PELIETKH UMEET BUJ
d-singp =k-A,
rae K- ompenenser nopsiiok MakCuMyMma.
IIpuMepsI pelieHus 3a1a4.

IIpumep Nel. Jlimna cBetoBoil BoiHbI B crekie 450 um. CBeT B cTekiie

. 5 o

pacrpocTpaHsiercs co ckopocThio 1,8- 10°kmM/c. OnpeneauTs 4acToTy KoJeOaHu
cBeTa, a0CONIOTHBIA TIOKAa3aTeNb MPEJIOMIICHUS CTEKJa WU JJIMHY BOJHBI TIPH

HIepexo/Ie CBETa U3 CTEKJIa B BAKYYM.

JaHo: Pemenue:

Ac=4510""M, A= g , OTKyZa VvV = }\i

C

_1,8-108m/c

— 2. 10147 —
4,5.10_7M—4 10*T'my =400 TI'1t

9 =1,8-10°xm/c=1,8- 108wm/c,




c=3-108m/c A==,

=——"—=0,7510"°m

v—7? n") }\._? n=-

3-108m/c
= 210 mjc ~1,7
1,8:108Mm/c
Ipumep Ne2. B Boje uHTephepupyrOT KOrepeHTHBIE BOJIHBI YacTOTOM 5
10T, v 0
1. YCWINTCS WM OCIA0HET CBET B TOYKE, €CIM N€OMETPUYECKAS PA3HOCTH

xoJ1a 1y4yel B Hel paBHa 1,8Mkm? Ilokazarens npenomieHus Boabl paseH 1,33.

Jano: Pemienue:

v =510"T"n, A=n-AS, A= 5

AS =1,8-1076m, k= 2n-v-AS K = 21,33-5:10*I'1,8:107m _ 7.98
c 3-108Mm/c

n=1,33 B manHO# TOUKE OyAeT MPOUCXOAUTH TIOUTH

c=3-108m/c MaKCHUMaJIbHOE YCHUIICHHE CBETA.

Kk-?

Ipumep Ne3. I[Ipu ocBemieHNMN KBapUEBOro KIMHA C OYEHb MAJIbIM YIJIOM,
paBubiM 107, MoHOXpomaTmueckuMu sydamu  aamHONW  BOodmHBI 500 HM,
NEPIEHIUKYJISAPHBIMA €r0 TMOBEPXHOCTH, HAOMIOAAaeTcd HHTEpPEPEHLNOHHbIE

nosnocel. ONpeaenuTh paccTosHUE MKy dTuMH 1ojocamu (1 pan=206265").

Jano: Pemrenwue:
_ A _ 206625\
n=1,54, a= 2na 2n-«
c.10-7
a= 10", a = 220025510 M _ 33384.10~7M=3,3 MM
2:1,54-10
A=5-10""m

a-?



IIpumep Ned4. [Tudpakiuonnas pemerka umeeT S0 MTPUXOB Ha MUILTUMETP.
[lon xakuMu yrilaMM BHIHbI MAaKCUMyMbl MEPBOTO W BTOPOIrO MOPSIKOB

MOHOXPOMAaTHYECKOT0 U3JIy4eHUs ¢ JIMHON BOJIHBI 400 HM.

Jano: Pemrenue:

A=4-10""m, d-singp =k-2A

d=2-10"5m sin ¢ =1%

Q@17 @7 sin@; = % =0,02, ¢, =110
sing, = 22201=0,04, =220

NuauBuayaabHble 3aJaHus JJIsl MPAKTHYECKO0ii padoThl Ne 16.

1. IIpubop ana HaOmogeHus koisiel HbpIOTOHA OCBETHIIM MOHOXPOMATHYECKUM
KPAaCHBIM CBETOM M IIPU 3TOM pPaaAuyC 3 TEMHOI'O KOJbLA OKA3aJICs PAaBHBIM
2,8mMM. Omnpenenurs JUIMHY BOJIHBI KPACHOI'O LIBETA, €CIIM PaguyC KPUBU3HBI
IIJIOCKOBBIITYKJION JIMH3BI 4 M.

2. IlnockoBbIMyKJias JIMH3a C PaIiyCOM KPUBU3HBI § MM MTOMEILIEHA B IPO3PAYHYIO
IIJIOCKOIIApaJuIeNIbHYIO TIACTUHKY. [Ipy OCBeleHUN 3€eHBIM CBETOM Tajlus C
JUIMHOW BOJHBI 536 HM B OTPa)KEHHOM CBeTe 00pa3oBaiuch Koiblia HeloToHA.
OnpenenuTes pagnyc NATOTO TEMHOTO KOJIbLIA.

3. CBer oT ra3opa3psaHON TPyOKM MagaeT HOPMadbHO Ha AUQPPAKIHOHHYIO
peleTKy, nepuoj Kotopoi paseH 2: 10 3mm. OpaHkeBas JMHHS B CIIEKTPE
nepsoro nopsaka sugHa mox yriom 18° a romybas — mox yrmom 149
OnpenenuTs JJIMHBI BOJIH 3TOTO CBETA.

4. Ha mudpakiuuoHHYIO pelieTKy HOpMajbHO MaJaeT MOHOXPOMATUYECKUH CBET,
COOTBETCTBYIOIMI JIMHUM HATpUS ¢ JUIMHON BosHbl 5,89- 1077M. yrom, mon
KOTOPHIM BUJIHA DTa JMHHUS B CIIEKTPE IIEPBOTO MOPAIKA, OKas3ancs paBHbiM 190,

OnpenenuTs Nepuo peIeTKH.



5. KakoBa onTuueckass pa3HOCTh XOJa JBYX KOT€PEHTHBIX MOHOXPOMAaTHYECKUX
BOJIH B BEIIECTBE, AOCOTIOTHBIN MMOKa3aTeb MPEeIOMIICHUSI KOTOPOTo paBeH 1,0,
€CJIM TEOMETPUUECKasl Pa3HOCTh XOJa JIyyel paBHa 2,5 cm?

6. Cer ¢ npmuHOoM BomHbl 500 HM magaeT NEPIEHAUKYISIPHO MOBEPXHOCTH
cTekasiHHOTO KiuHa (N=1,5). B oTpaxkeHHOM cBeTe HaOIIOIaeTcs cucTeMa
UHTEpPEPEHIIMOHHBIX ToJIoc. ONpenenuTh yroa Mexay rpaHsMU KJIMHA, €Cld
PacCTOSTHUE MEKTY COCEIHUMHU TEMHBIMU HoocaMu a=2 MM, 1 pax = 206265”.

7. JIBa KOTe€pEeHTHBIX Jy4a ¢ JIauHaMu BoJH 404 HM mepecekaroTcsi B OJTHOM TOUKe
Ha 3KpaHe. Yto OyaeT HaOIoAaThCs B 3TOM TOUKE — YCUIICHUE UJIU OCJIa0JIeHHE
CBETA, €CJIM ONTUYECKAs Pa3HOCTh XoAa Jiyder paBHa 17,17 Mkm?

8. B HEKoTOpyI0 TOUKY MPOCTPAHCTBA MPUXOISAT CBETOBbIE MyYKU KOTEPEHTHOTO
M3JIy4YCHUSI C ONTUYECKOM Pa3HOCThIO Xona 6 MkM. Omnpenennurs, MpOU30MIeT
YCUJIEHUE WK OclIabJIeHue CBETa B 3TOM TOUKe, €CIIH JUTMHBI BOJIHBI paBHBL: 500
uM; 480 HM?

9. HudpakumonHas pemetka umeeT 70 mrpuxoB Ha MmmIuMeTp. [lom kakumwu
yrjlaMd  BUAHBI ~ MAaKCHUMyMbl  TI€PBOIO W BTOPOr0  MOPSIKOB
MOHOXPOMATHYECKOTO U3JIYYEHHUS C INIMHOU BOJHBI 500 HM.

10. B Boze uHTEpHEPUPYIOT KOTEPEHTHBIE BOJIHBI 4acToToit 4,5+ 10T . Yeunurca
WM OCJIa0HET CBET B TOUKE, €CJIM T€OMETPUYECKasi pa3HOCTh X0/1a JIyuel B Hel
paBHa 1,6 Mkm? Iloka3arens npenomieHus BOJbI paBeH 1,33.

11. JinuHa cBeToBOM BOJIHBI B cTekje 470 HM. CBET B CTEKJIE paCPOCTPAHSIETCS CO
ckopocThio 1,6: 10°km/c. OnpeienTh YacToTy KojeOaHuii cBeTa, aOCONIOTHBII
NOKa3aTellb NPEeJOMIICHHSI CTEKJIA U ITTMHY BOJIHBI [P MEPEX0/IE CBETA U3 CTEKJIa
B BAKYYM.

12. TIpu OCBEIEHMH KBaplLEBOr0 KIMHA C OYEeHb MajbiM yrioM, paBHbM 207,
MOHOXPOMATHYECKUMHU JIydaMu JUIMHOW BOJHBI 450 HM, MepreHIuKyISIPHBIMU
ero MOBEPXHOCTH, HAOJIOAETCS MHTEPPEPEHIMOHHBIE MOJOCHl. OmNpeneianThb

pacCTOAHNEC MCIKAY 9TUMU I10JI.



IIpakTH4yeckas padora Ne 17.

«OnTnyeckas cujia JUH3bL. DoOpMyJIbl AJs1 CONPIKEHHBIX TOYEK TOHKOM

JIHH3BD).

Heab: 3akpenuts 3HaHUSA 1Mo TeMe «OnTtuyeckas cuia JHMH3bL. DPOpMyJbl s
CONPSDKEHHBIX TOYEK TOHKOM JMH3BI», CPOPMUPOBATH YMEHHUS M HABBIKU
HaXOXJeHUs (PU3NYECKON BEJIMUMHBI, €€ BbIBOJA U3 (DOPMYIIBI.
IHopsinok BbINOJIHEHNsI Pa0OTHI:

1. BHHMaTEIbHO NPOYUTATh TEOPETUUYECKYIO YACTh U IUIAH PELICHMS 3a1a4

2. PaccMoTpeTh npuMepbl peleHus 3a1a4

3. HOJIy‘—II/ITB W BBIIIOJIHUTb HHAWBUAYAJIbHBIC 3a/IaHWA.
Teopernyeckasi 4acThb.

CortacHO KOpITyCKYJISIPHOM TE€OPHUH, CBET MPECTABISET COOON MOTOK YaCTHUIL
(KOpITYCKYI), HCITyCKaEMBbIX CBETAIIMMUCS TeJlaMu. HbIOTOH cumTall, 4TO ABUKEHUE
CBETOBBIX KOPMYCKYJ MOJAYMHSETCA 3aKOHAM MEXaHUKHU. Tak, OTpakeHuEe cBeTa
MOHMMAJIOCh AHAJOTUYHO OTPAXKEHUIO YIOPYroro miapuka oOT IUIOCKOCTH.
[IpenomiieHue cBeTa OOBSICHJIOCh HW3MEHEHHEM CKOPOCTH KOPMYCKYJ MpHU
nepexojie U3 OJAHOM cpenbl B IpyTyro. JJis ciiydast mpeaoMIIeHUsI CBeTa Ha TpaHUIIe
cpena l—cpena 2 KopryckyJmsipHasi TEOpUs IPUBOJINIIA K CIEAYIONIEMY BUIY 3aKOHA

IIPETOMJICHUS:

sini _9
No1—-—
92

sin 3 -
rae 9;— CKOpOCTh CBETa B IEPBOM cpene, U, — CKOPOCTh PAaCIpPOCTPaHEHUs
V) 9 C
cBETa BO BTOpOM cpezne. AOCONIOTHBIN NOKa3aTeslb MPEIOMIICHHUS N = 5 e c-
CKOpPOCTb CBETA B BAKyyMe.
Tak kak n > 1, U3 KOPIYCKYJIIPHOW TEOPHH CIIEIOBAIIO, UTO CKOPOCTh CBETA B
cpenax JoJbKHA OBITh 00JIbIlIe CKOPOCTH CBETA B BakyyMme. HbIOTOH mbITancs Takxke

OOBSCHUTH TOSIBJICHUE HHTEP(PEPEHLMOHHBIX TMOJIOC, JOMYyCKas OINPEETICHHYIO



NEPUOANYHOCTD CBETOBBIX MPOLIECCOB. TakuM 00pazoM, KOPIYyCKYJISIpHas TEOpus
HeioToHa coaepkana B cebe 3JIeMEHTHI BOJHOBBIX MpeicTaBieHuil. BomHoBas
TEOpHsl, B OTIMYME OT KOPIYCKYJSIPHOM, paccMarpuBaja CBET KaK BOJIHOBOMU

npolecc, MOA00HBI MEXaHUYECKUM BOJIHAM.

B ocHOBY BOJTHOBOM TeOpuHU OBLI MOJIOKEH MPUHIMN ['FolTreHca , CorjaacHo
KOTOPOMY KaxJas TOYKa, OO KOTOPOM JOXOJHUT BOJHA, CTAHOBUTCS UECHTPOM
BTOPUYHBIX BOJIH, a OTMOAIOIIAsl 3TUX BOJH JACT MOJIOKEHUE BOITHOBOTO ()pOHTA B
ciemyronuii MoMeHT BpeMeHd. C ToMoIIbI0 TpuHIHMA [ foirenca Obuti 00BsICHEHBI

3aKOHBI OTPAKCHUS U ITPCIIOMJICHH.

JUist ciydasi mpejaoMIIEeHHsI CBETa Ha TPaHULE BaKyyM—Cpela MPUBOIUT K

CJICYOIIEMY BBIBOAY:

sini

sin 3 -

C
9
3aKoH IIPpCIIOMJICHUA, HOJ'Iy"IeHHBII‘/JI U3 BOJIHOBOM TCOPpHUH, OKa3aJICig B

npotuBopeuru ¢ (opmynoil HetotoHa. BoiiHOBasg Teopusi MpUBOAUT K BBIBOIY:

U < c, Torja Kak corjiacHO KOpPIyCKYJIIpHON Teopun 9 > C .

JInH30# Ha3bIBAETCS MPO3PAYHOE TEII0, OTPAHUYEHHOE JBYMS CPepUUECKUMU
NOBEPXHOCTSAMHU. ECiIM TOJIIIMHA CaMOl JIMH3BI MaJja [0 CPaBHEHUIO C paguycamu

KPUBH3HBI CPEPUUECKHUX MTOBEPXHOCTEHN, TO JTMH3Y HA3bIBAIOT TOHKOM.

JIuH3bl OBIBAIOT COOMPAKINMMM U paccenmBalomuMu. Ecnu mokazatenb
MPEJIOMJIEHUS JTUH3BI OOJIbIIIE, YEM OKPY’KAIOIIEH Cpeibl, TO coOMparoias JuH3a B
CepellMHE TOJIIEe, YEM y KpPaeB, pacCEeUBaloIas JIMH3a, HA000POT, B CpeAHEN YacTH
ToHbIIE. Eciii mokaszaresb mpeaoMIIeHHs TMH3bI MEHBIIIE, YEM OKPYIKAIOIIEH CPEbI,

TO BCE HAOOOPOT.

[Ipsimasg, mnpoxopjsmias  4yepe3  LEHTPhl  KPUBU3HBI  CPEPUUECKUX
ITIOBEPXHOCTEN, HA3BIBAECTCS IVIABHOM ONTHYECKOH OChIO JIMH3BI. B ciydae TOHKUX
JIMH3 MOYXHO MPUOIMKEHHO CYUTATh, YTO TJIaBHAs ONTHYECKAsk OCh MEPECEKAETCs €

JIMH30M B OHHOﬁ TOYKE, KOTOPYIO INPUHATO HA3bIBATh ONTHYECCKHMM IECHTPOM



JIMH3BI. .Hy‘-I CBCTA MPOXOAUT 4YCPEC3 ONTUYCCKUM LOCHTP JINMH3bI, HC OTKJIOHAACH OT
NCPBOHAYAIIBHOI'O HAIIPaBJICHUS. Bce MpAMBIC, MMPOXOAAIIUC YCPC3 ONTUYECKUM

LOCHTP, HA3BIBAIOTCA NMOOOYHbIMH ONTHYECKUMH OCAMM.

Ecin Ha nMH3Yy HampaBuTh IIyYOK Jy4eH, MapaJljIesIbHbIX IJIaBHOM
ONTUYECKOW OCH, TO TIOCIIE MPOXOXKACHHS YePEe3 JTUH3Y JIyUH (WIH UX NPOAOJHKEHNUSA)
cobOepyTcs B 0J1HOM Touke F, KoTopast Ha3bIBaeTCs rJIaBHbIM (POKYCOM JIMH3bI. Y
TOHKOM JIMH3bl MMEIOTCS JiBa TJIABHBIX (POKYCa, CUMMETPUYHO PACIIOJIOKEHHBIX
OTHOCHUTENFHO JIMH3BI Ha TJIABHOM ONTHUYECKOW OCU. Y COOMPAIOIINX JINH3 (POKYCHI
JEHCTBUTENBHBIE, Y PACCEUBAIOIINX — MHUMBIE. PaccTosiHue Mexay ONTHYECKUM
1neHTpoM JuH3bl O U rnaBHBIM (pokycoM F Ha3biBaeTcst (POKYCHBIM pPacCTOSIHHEM.

Ono obo3HavaeTcs Toi xe OykBoi F.

IIpaBuwia mocTpoeHus Xo/a Jiy4a B JMH3aX



CobHparwme MMH3b6I Paccemesarnume AHMH3bl

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

e e e

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

s APCASAMeHMeM MPpOXOAMT Hepe3 MHEKMEeIR doryc

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

F o F/ I'Fi - o F

w F Y

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

\F 3 F F o - - _ F
T —

- / -~

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

cee © PAHMMOR dOoHaNEHOM MNOoCcHOCTE. MNpenonnesH-

... ¢ boranbHOM MAoCcKOCTED. MpenomMmneHHEBIE vy -
HEIF NyY MPOoOoneHHen NpoBsScTH HYepas Nnony-arH-

MPoBSCTH YePes NoMyHeHHY KD ToYRY.
HY RS TOS Ky,

dopmy.Jia JUH3bI

OcHOBHOE CBOMCTBO JIMH3 — CIIOCOOHOCTH /1aBaTh M300pakKeHHsI TPEAMETOB.
HN300paxkenne — 5TO TOYKA MPOCTPAHCTBA, TJE IMEPECEKAIOTCS Jydd (WM HX
OPOAODKEHUS), HCIHYUICHHbIE HCTOYHUKOM TIOCIE TIPEJIOMJICHUS B JIMH3E.

N300pakeHnst ObIBalOT NPSIMBIMM U NepPeBePHYTHIMH, A€ CTBUTEJIbHBIMH

(mepecekaroTcs caMu Jy4yd) U MHUMBIMM (IIEPECEKAIOTCS MPOJIOJKEHHUS

JTy4eit), yBeJIM4eHHbIMH 1 YMEHbIIIEHHbIMH.

[TonoxxeHne N300pakKeHUSI U €r0 XapaKTeP MOXKHO ONPEETUTh C TOMOIIbIO
F€OMETPUYECKUX TMOCTPOCHUHU. [l 3TOro MCHOJIB3yIOT CBOWCTBA HEKOTOPBIX

CTaHJAPTHBIX Jy4yeHd, XOJ KOTOPBIX M3BECTEH. JTO JIy4yd, MPOXOJAIIUE 4Yepes3



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

[JIABHOM WJIY OJTHOU M3 ITOOOYHBIX OITUYECKUX OCEM.

JI71s1 IpOCTOTHI MOKHO 3allOMHUTB, YTO M300paXKEHUE TOYKU OyIEeT TOUKOM.
N3o0pakeHne TOUYKH, JISKAIIEH Ha TJIABHOW ONTHYECKOW OCH, JICKHUT Ha TJIaBHOU
onTudyeckol ocu. M3oOpaxenue oTpeska — oTpe3ok. Eciam  orpe3ok
NEPHEHANKYJIAPEH  IJIaBHOM  ONTHYECKOM OCH, TO €ro  H300paxeHue
MEPIICHAUKYJISIPHO TJIABHOM ONTHYECKOM OCH. A BOT €CJIM OTPE30K HAKJIOHEH K
TJIABHOW ONTHYECKOW OCH TOJ HEKOTOPHIM YIJIOM, TO €ro M300pakeHwe OyneT

HAKJIOHCHO YK€ 110 HCKOTOPBIM APYTUM YIJIOM.

N300pakeHNsT MOYKHO TaKK€ PacCUUTaTh C MOMOIILI0 (GOpMYJabl TOHKOM
JuH3bl. Ecayn kpaTtyaiiiiee paccTosiHue OT MpeAMETa 10 JUH3bl 0003HAUUTh Yepes
d, a kpaTdaiiniee paccCTOSHUE OT JUH3BI J0 H300paxenus depe3 f, To dpopmyny

TOHKOM JIMH3bI MOKHO 3aIIMCaTh B BHUIC:

Bemnmunny D, obpatHyto GpokycHOMY paccTosHUI0. Ha3biBaroT onTHYecKon
CUJION JIMH3bI. EauHWIa M3MEpEeHUs ONTUYECKOW CHUIbl sBisieTcs | auonTpus

(anTp). JuonTpus — onTryeckas Cuia JUH3bI ¢ (POKYCHBIM pacCTOSTHUEM | M.

@DOKYCHBIM pAaCCTOSHUSM JIMH3 TIPUHSATO TPUITHCHIBATH ONIPEICIICHHBIC 3HAKH
1 cobuparome auH3BI F> 0, mus paccemBaromeit F <0. OnTtuueckas cuia

pacceHBa}omeﬁ JIMH3bI TAKKC OTPpUIATCIIbHA.

Benuunne! d u f Takke mOIYMHSIOTCS ONpeEACIEHHOMY ITpaBuily 3HakoB: T >
0 — i gelicTBUTENBHBIX M300pakeHni; f< 0 — ms MEUMBIX M300paxenwuid. [lepen
d 3HaK «—» CTaBUTCS TOJHKO B TOM CiIydae, KOTJIa Ha JIMH3Y MaJaeT CXOIAIINNCS
My4oK Jiyuyer. Torma mMX MBICIIEHHO NIPOAJICBAOT N0 IEPECCUCHUs 3a JIMH30M,
MOMENIAIOT TyAa BOOOpa)kaeMbIii HCTOYHHUK CBETA, M OMPEACIAIOT JUIsl HEro

paccrostaue d.

B 3aBUCHMMOCTM OT IIOJIOKECHMS npeamMera I10 OTHOIMICHHUIO K JIMH3C

U3MEHSIOTCS JIMHEHHbIE pa3Mepbl n300paxkeHus. JINHeliHbIM yBeJIn4eHueM JIMH3bI



[’ Ha3pIBalOT OTHOLICHHE JIMHEWHBIX pa3MEepoOB H300pakeHUs W mpeamera. s

JMHEHHOTO YBEITWYEHUS JTMH3BI CYIIIECTBYET hopMya:

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

d

npedMena
dopmyna chepuueckoro 3epkana UMEET BU]L

1 1 1

Fraty

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

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

IUIIOC — 4YTO 3CPKAJIO BOTHYTOC.

JIuHetHOE yBenInueHue

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

IIpumepsl pelneHus 3aaay.

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

Omnpenennuts 4acToTy KoseOaHUI B BOJHE KPACHOTO CBETA.

Jano: Pemenue:

c

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

_3-108m/c
7,510 M

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

v—=?

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

JlaHo: Pemenue:



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

h=0,12 m

" f-a/

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

f-a/

1,2 M

—=0,6M
2

0,35M:0,6 M

a=———=0,84m.

0,6 M—0,35 M

h-a/

h/ = —

a

__0,12mMm ‘0,35 M

= 0,05 m.
0,84 m

MPEIIOMIICHUS 3TON KUJKOCTH.

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

c=3-10%m/c

n=

n-?

Ipumep Ned. B anMase cBeT pacpocTpaHseTcs co cKopocThio 1,22+ 108m/c.
ONPENENNUTh MPEAEIbHBINA YToJl OJHOIO BHYTPEHHETO OTPAXKEHUSI CBETA B ajMase

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

=125

"~ 61077 M-4-1014 'y

IIpH 1ICPCXOoaC CBCTOBOI'O ITy4YKa U3 aJiIMa3ad B BO3AYX.

HaHo:

9=1,22- 108m/c,

c=3- 108%wm/c.

inp_?

NuauBuayajabHble 3aJaHUS 1JI NPAKTH4eCKO padoThl Ne 17,

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

mp " 3.108M/c

i = 240



Ha kakoMm paccTOSIHUM OT BBIIIYKJIOIO 3€pKajia HaXOJUTCS NPEAMET, €CIU €ro
U300pakeHHe MOTYYHIIOCh Ha paccTossHuu 1 M oT 3epkana? dokycHoe paccTosHUE
3epkaia 1,5 m.

Boruytoe cdepuueckoe 3epKaio pagdycoM KpHBU3HBI | M JaeT MHHMOE
U300paKEeHHE, KOTOPOE pACIIOJIORKEHO 32 3€pKaJOM Ha pacCTOsHUU 75 CM.
OnpenenuTh Ha KaKOM PACCTOSTHUU OT 3€pKajla HaXOAMUTCS MpeaMeT U (HOKyCHOe
pacCcTOsIHUE 3epKaJa.

Pannyc kpuBHU3HBI BBITYKIIOTO cepuueckoro 3epkana 1,8 M. Ha kakoMm paccrosinuu
OT 3epKaJia HAXOIUTCS MPEAMET BBICOTON 24 CM, €CIM OT MHUMOT'O H300pasKeHUs J10
3epkana 0,45 m? Kakol BEICOTHI MOJYYHIIOCh H300pakeHUE TIpeameTa’?

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

Bornyroe cdepuueckoe 3epkaio JaeT B TPU pasza yBEIMUYEHHOE OOpaTHOE
n3o0paxeHue npeamera. Paccrosiaue opt npeamMera 10 nzoopaxenus 28 cMm. Uemy
paBHbI (POKYCHOE PACCTOSTHUE U PaJINyC KPUBU3HBI TOBEPXHOCTH 3epKaja?
OnpenenuTs a0CONIOTHBIN TOKA3aTeINb MPEJIOMIIEHUS U CKOPOCTh PACIPOCTPAHECHHUS
CBETA B CIIIOJIE, €CIIM NP YIJIE HaJAeHHs CBETOBOro mydka 54° yron mpenomienus
pasen 30°.

[Ipu yrne namenms 60° yrom npenomnenuss pasen 40°. Ompemenurs yrom
IPEJIOMIIEHUS B OTOM K€ CPEJIE, ECIU CBETOBOM IydOK HApaBuTh 1101 yriom 30°.
CBeTOBOM Ny4OK MNEpPEeXOJMT M3 BO3AyXa B Boxy. Yronm mageHus 76°, yron
npenomienus 47°. Onpeaenurs CKOPOCTh CBETA B BOJIE.

. YacTora cBeTOBBIX Kosebanuii pasua 4+ 10141, OnpenennTs 1IMHY BOIHBEI 3TOrO

U3ITydeHus B aiMa3e. AOCOIOTHBIN MoKa3aTeab IpeIoMIICHHs aiMasa 2,42.

10. Borayroe cdepudeckoe 3epkaio JacT B YETHIPE paza yBEIWYEHHOE OOpaTHOe

n300pakeHue npeamera. PaccrosiHue opt npeameTa 10 n3oopaxkenus 32 cm. Uemy
paBHBI (DOKYCHOE PACCTOSTHUE U PainyC KPUBU3HBI TOBEPXHOCTHU 3epKaia?

13.ocamu (1 pang=206265").



IIpakTnueckas padora Ne 18.
«TenoBoe aeiicTBue cBeTa. XUMHYECKOeE JIelicTBHE CBETay.
Heab: 3akpenuth 3HaHUsA N0 Teme «TemmoBoe AelCTBHE CBETa. XUMHYECKOE
JeCTBUE CBeTa», CPOpMHUpPOBATH YMEHHS W HABBIKM HaxXOXJACHUS (HU3NUECKOU
BEITMYMHBI, €€ BEIBOIA U3 (DOPMYIIHI.

IHopsoK BbINOJIHEHHUS Pa0OTHI:

1. BHuUMAaTENbHO NPOYNUTATh TEOPETUUECKYIO YACTh U IUIaH PEIEHUS 3a1a4
2. PaccMoTpeTh mpuMephl petieH s 3a1a4

3. HOJ’Iy‘—II/ITB W BBIIIOJIHUTH MHAWBUAYAJIbHBIC 3a/1aHH.

Teopernueckasi 4acThb.
BuauMmoe uznydeHue Hapsy ¢ BOJHOBBIMU MPOSBIISIET U KOPIYCKYJISIPHBIE
cBoiicTBa. [Ipu HEOONBIINX YaCTOTaX B OOJIBIIECH CTETICHH MPOSBISIOTCS BOJTHOBBIC
CBOMCTBa D3JICKTPOMAarHUTHOTO u3NydeHus. I[lpu odeHb OOJBIIMX YacTOTax Ha

IICPBOC MCCTO BLICTYIIAIOT KOPITYCKYJLAPHBIC CBOMCTBA.

[Io Teopun IIIaHKa U3IIy4EHUE PACCMATPUBAECTCSA KAK IMPOLECC TUCKPETHBIN
(npepbiBUcThIi). [lopuuu sHEPruM 3JIEKTPOMATHUTHOIO M3JIYUYEHUS HA3bIBAOTCS

KBaHTaMH. qaCTI/II_[BI, HCCYIINC KBAHTBI DHCPI'UH, IMMOJTYUYNIIN HA3BAHUC (1)OTOHOB.

OCHOBHOI XapaKTepUCTUKOM siBIIsieTCs dHepTUs E u ummynse p:
E=h-v=h-—

rae h- mocrosauas [Mnanka, h = 6,62 - 10734 x - ¢ ; Ao~ JTMHA BOJIHBI U3TY4YEHHUS
B BaKyyMe.
Tak kak ¢GOTOHBI B OTIAWYHE OT JAPYTUX MHUKPOUYACTHUI[ IBUKYTCS CO

CKOPOCTBIO CBETa, (POPMYITYy UMITYJIbCAa MOYKHO 3allMCcaTh B BUAE P = M * C.

. . E
N3 popmyinbl DifHiTeliHa M = —2» CJIEJI0BATENBHO,

h
MM p =
0



%
Macca porona m = h - =,
C

CpaBHuBasi ¢GopMyibl HHEPrUM, UMITYJIbCA W MACChl, MOXHO MPUUTH K
BBIBOJY: JIJISi MOHOXPOMATHYECKOTO CBETA Y BCEX (POTOHOB € YACTOTOM V OJIMHAKOBBI
AHEpPrus, UMITYyJIbC U Macca. [lokosuuxcst GOTOHOB HET, CJelI0BaTeNbHO, Macca

nokos (porona pasHa 0.

®otoarddekt — 310 BNICHUE, BOSHUKAIOIIEE IIPH B3aMMO/ICHCTBUN U3ITyUCHHS
c BemectBoM. [Ipu doTosddekre 3a cuet sHeprun n3nydeHus: HOTOHOB, KOTOPOMY

MoABCPracTcCa BCUICCTBO, C €0 ITIOBCPXHOCTU BBIPBIBAIOTCS JJICKTPOHLI (BHCHIHI/Iﬁ

dboTodrddexr).

3akoHbl poTodPdekra:

1. ®oTOTOK HACBHIIIEHUS MNPSAMO MPONOPLHOHAIEH CBETOBOMY IOTOKY,
1aJJaI0IIEMy Ha [IOBEPXHOCTh BELIECTBA.

2. MakcumanpHas KUHETUYECKAs SHEPIUs AIEKTPOHOB,
BBICBOOOKJICHHBIX C MOBEPXHOCTHU IMOJ JIEHCTBUEM H3Iy4YEHUS, HE 3aBUCUT OT

€TI0 HHTCHCUBHOCTH U OIIPCACIIACTCA 110 ¢)OpMy.TI€

m'ﬁzﬁaxc —e- U3,

A€ Uyaxc- MAKCUMAJIbHASI CKOPOCTh 3JIEKTPOHOB; U,-MUHUMAIILHOE
3a/ICp>KUBAIOIEEe HAMpsDKEHHE, TpPU  KOTOpOM HEeT (oToToka, M u € —
COOTBETCTBEHHO Macca U 3aps/]l JJIEKTPOHA.

VYpaBuenue DiiHiTelHa 11 BHEIIHETo ¢otodddexra

.Q2
mAyaxc

h-v= AB + —,
rae A, — pabora BeIX0/a, 3HaYEHUE KOTOPOU ONpeensieTcsi KHHETUYECKON
HHEPruei AMEKTPOHA TPU KOTOPOU OH MOXKET BBIPBATHCS C MOBEPXHOCTH BELIECTBA.
HaunOounbias nimuHa BoIHbI (HAUMEHbIAs 4acTOTa KOJIeOaHuil ), Mpy KOTOPOU
MOKeT HabmoaaTees HoTodddekT, Ha3pIBaeTCs KpacHOU rpanureit hotodrddexra

JUIS TAaHHOT'O BEIIECTBA.



[lonaras B ¢opmyne DHHIITEHHAa KHUHETUYECKYIO SHEPTHIO 3JIEKTPOHA
PAaBHOW HYJIIO, MOKHO ONPENEINUTH JJIMHY BOJHBI, COOTBETCTBYIOLIYI) KPAaCHOU

rpanuiie Gporoaddexra s pazIMIHbIX MaTepUaIoB:

h-c h-c
—=A; A=
Ax B K As

Pabota hoTo3neMeHTOB 1 POTOCONPOTUBIICHUI OCHOBAHA HA TTOJIb30BAaHUU
BHEIIHETO U BHyTpeHHeTo (hoTodddexToB. SABnenue Gporoaddexra HaLIO HIKPOKOES

PUMEHEHHE B PA3IMYHBIX cPepax uyeI0BEUECKOM e TEeIbHOCTH.

IIpumepsl pemienust 3aga4.
IIpumep Nel. Onpenenuts Maccy pOTOHA KPaCHOTO U3IIy4YEHHUS, JJIMHA

BOJIHBI KOTOpOro 720 HMm.

Jlano: Pemienue.
A=72-10""m m=h-:—2, r,qevz%.
h=662-10"3*]Ix- ¢ Torza  m = %
¢ =3-10%w/c = e =3 107k,
m-?

Ipumep Ne2. Onpegenuth UMIyabC (GOTOHA TOJYyOOTO M3ITYUYEHUS, JJIMHA

BOJIHBI KOTOpOoro 500 HM, MpW €ro MOJHOM MOTJIOIICHUH W TMOJHOM OTPaKEHUU

TCIIOM.
HaHo: Pemenne.
A=5-10""m Pn= >
10~34 I
h=6,62-10"3*/x - c Pn =2t =1, 324-10727H -
2h
pr[ '? po -? po = 7

_2:6,62:1073* Ix-c_
Po 5:10"7m

2,648-107%’H - ¢



ITpumep Ne3. Cxopocts cBeta B Boje 225 000 km/c, a ITuHA CBETOBOM BOJHBI

400 am. KakoBa saeprust GOTOHOB cBeTa?

Jlano: Pemienue.

A=4'10_7M E:hv:h%

h=662 10"k -c| F= 28210 Are225100/c _g 5 1 0-19 1
’ 410"7m :

c =225 10°w/c wm E=2,3 5B

E-? (1 2€KTPOH-BOJILT paBeH 1,6 - 10 ' [Ix ).

Ipumep Ned. Onpenenuts CHIly CBETOBOTO JABJICHUS INEPIIEHINKYISIPHBIX
COJIHEYHBIX JIydedl Ha MOBEPXHOCTh Iwomanpio 100 Mm% ecnm kodddumuent

oTpaxxeHus Tydeil papen 0,2 U conHeuyHas nocrosuHas 1,4+ 103 Br/m2.

Jlano: Pemenwue.
S =100 m? F=p-S=E—j-(1+k),(p-z[aBneHHe)
_ 1,4'103 Br/mM?:1,2:100M% _ —4
k=02 F= = =5,6- 10™*H.
3-10°%Mm/c
c=3-10%m/c
E =14 103 Bt/Mm?
F-?

IIpumep NeS. PaGora BbIxona 3JeKTpoHa U3 IIMHKA paBHa 3,74 »B.
Onpenenuth KpacHyio rpanuily ¢oroaddexra mis nmHka. Kakyroo CKOpocTh
MOJMy4aloT  JJIGKTPOHBI, BBIPBaHHbIE W3 IIMHKA TpU  OOIyYEeHUH  €ro
yIbTPapUOIETOBBIM U3IyUeHHE C JUTMHOM BOJIHBI 200 HM.

JlaHo: Pemenue.

A=3,745B=5,984-10"19x | A =28

K A’




A=2-10""m A= 6’622;?[1‘;“;3;’8“/ ©=3,32-10""m

c=3-108%m/c OHeprusi GOTOHOB yIbTPAPHOIECTOBOTO

h=6,62-10"3*x"c usnydenus h - v, magamolero Ha UHKO —
A—? Oyaxe—7? BYIO TUTACTUHKY, pacxoayercs Ha paboTy

BbBIXOIad JJICKTPOHA C IMOBCPXHOCTHOI'O CJI0OA HOHUHKA U

.q2
1(-)MEI}CC

o m
COOOICHNE €My KHHETHYECKOW HSHepruu: h-v = A, +T rme m- mMacca

snextpona (9,1- 10731kr). U3 aToro ypaBHEHMs MOYXHO OIIPEIEIHUTH CKOPOCTE,

KOTOPYIO MOTYT HOJIYYHUTh 3JIEKTPOHBI ITpH PoTO3hPexre:

’2-(h-c—?\-a)
19MaKc = T

2-(6,62-10-34Am-c-3-

108Mm
c

—2-10‘7M-5,984-10‘19ﬂ>1<>

9 =
Makc 9,1:10~31kr-2:10~7m

=9,3- 10°m/c.

NuauBuayaabHble 3a1aHNs JAJIsl IPAKTHYECKO0ii padoThl Ne 18,

1. Onpenenuth IIMHY BOJHBI BUIAMMOTO HU3ITy4deHHUs, mMacca (OTOHA KOTOPOTO
paBHa 4+ 1073k,

2. OmnpenenuTh UMITYIbC (OTOHA KPACHOTO M3IYUYEHUS, IJIUHA BOJIHBI KOTOPOTO
720 HM, IPU €r0 MOJHOM MOTJIOIIEHUHU TE€JIOM U MOJIHOM OTPAKEHUH TEIOM.

3. OmnpenenuTh JUIMHY BOJHBI YIABTPahUOIETOBOTO M3TyUYEHHUS, UMITYJIbC KBaHTA
KOTOPOT'0 IPpH MOJIHOM HorionieHny pased 3+ 10727 H- c.

4. OmnpenenuTh 4acTOTy KoJieOaHUN CBETOBOM BOJIHBI, Macca (OTOHA KOTOPOH
pasHa 3,31- 1073%kr.

5. Hacrynut nu ¢otoxumuyeckas peaxiys B BEHIECTBE, KOTOPOE MOTIOLIAET
nH(ppaKkpacHOE H3IyYeHHWE C JUIMHOM BOJIHBI 2 MKM? ODHEprus akTHUBaIllUU

monexyn 2- 1071 [Ix.



6. OnpenenuTh AJIWHY BOJHBI 3JIEKTPOMArHUTHOTO W3JTyYCHHS, SHEPTHs KBAHTA
KOTOPOT0 paBHA YHEPrUU MOKOs 3JIEKTpoHa. Macca Mmokosi 3JieKTpoHa paBHa 9,1+
107 31kr.

7. Omnpenenuth HMMIYJILC KBaHTa PEHTITCHOBCKOTO W3IyYCHHS, JTHHA BOJHBI
KOTOPOTO 5 HM, IPHU €r0 MOJIHOM MOTJIOIIEHHUH.

8. Ompenenuth KpacHyr rpanuity ¢gorodddexra y xmopucroro Hatpus, padbora
BBIX0/Ia AJIEKTPOHOB KOTOPOTO paBHa 4,2 3B.

9. OmnpenenuTh MaKCUMaJIbHYI0 CKOPOCTH BbUIETa (POTOANEKTPOHOB M3 Kajwus,
paboTa BbIXOAA DOJIEKTPOHOB paBHa 2,265B, mpu OCBEUIEHUH €ro
yIbTpaHOIECTOBBIM U3TYYCHHUE C NITUHOM BOJHBI 200 HM.

10. Kpacnas rpanuna Qorodddekxra y HaTpus Ha Boibppame paBHa 590 HM.
Omnpenenuts pabOTy BBIX0/1a SJIEKTPOHOB Y HATPUs HA BOJIbPpame.

11. PabGora BbIX0/1a 3JIEKTPOHOB Y 3akucu Meau 5, 15 aB. BreizoseT mu pororpdext
yIbTpa(HOIETOBOE U3IIyYeHHE C JIMHOU BOIHBI 300 HM?

12. Kpacnas rpanuia gororddexra y ne3us paa 653 am. OnpeneanuTs CKOPOCTh
BbUIeTa (DOTORJIEKTPOHOB MPU OOJTYUYEHUHU 1E3USI ONTHUYECKUM H3ITYYECHUEM C
JIMHOU BOJTHBI 500 HM.

13. Kakyto KMHETHYECKYIO0 SHEpPruto OyAyT MUMETh SJEKTPOHBI, BHIOWBAEMbIC W3
HaTpus KBaHTaMU 3€JICHOrO CBETa, e€ciu pabora Bbixoja y HaTpus 2,1 5B, a
JuTiHA BOJIHEI cBeTa 500 HMm?

14. Pabora BeIX0/a y 3JIEKTPOHOB M3 KaaMus paBHa 4, 08 sB. Kakoit qomkHa OBITH
JUIMHA BOJIHBI M3JIyYEHMs], MMaJa0IIero Ha KaaMui, 4To0sl pu (poTodddekre
MaKCUMaJIbHasi CKOPOCTh (DOTOAIEKTPOHOB ObLiTa paBHA

2-106Mm/c?



Ilepeyenb pexoMeHayeMbIX y4eOHbIX U31aHuil, UHTepHeT-pecypcos,
JAOMOJTHUTEIbHOM JTUTEPATYPBHI.
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