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10 JUCHUITIINHE ((AKYCTI/IKEI»

ITACIIOPT
POHJA OHEHOYHBIX CPEACTB

OueHouHbIE CpecTBa

Koutponupyemsie Popmitp Jpyrue olieHOYHbIE
No POTHPY yeMmble | KonnuecTBo 24 B
pa3zelbl, TEMBI, CpeACTBa
n/m . KOMIIETE | TECTOBBIX
MOJIYJIN . Konnue
HIIUHU 3aJlaHuM Bun
CTBO
Tema 1. Beeaenue. BricTtynnenue 1
AKyCTHKA U €T0 YcTHBIN onpoc 1
[K-2.
1 | npuMeHeHuE B 16 Juckyceus 1
COBPEMEHHOM MHUPE.
Tema 2. BricTymuienne 1
[K-2. 1
2 [ToBepxHOCTHBIE 16 .
Y cTHBIN onpoc 1
aKyCTUYECKHUE BOJHBI.
Juckyceus
Tema 3. Bo3OyxkaeHue Boictynuienne 1
3 |TIAB K-, 17 YcTHBIN 01TpocC 1
Juckyceus 1
Tema 4, BricTyuienne 1
4 Pacnpocrpanenue [K-2. 16 1
ITAB. YcTHBIM onpoc 1
Juckyceus
Tema S. BricTymuienne 1
5 Axycroanektpuueckuit | [1K-2. 17 YcTHBIN O1TpocC 1
s ekt Huckyccus 1




Tema 6. Henuneitnoe Brictynienue 1
aKyCTOJJIEKTPOHHOE TIK-2. YcTHBIN onpoc 1
6 B3aMOJIEHICTBHE 17 Juckyceust 1
Tema7. @unetpsr Ha | [IK-2. BricTymuienne 1
7 [TAB. 17 YcTHBIN 01ITpOC 1
Jluckyceus 1
Tema8. Mtsoro | T1K-2. BricTymienue 1
II0JIOCKOBBIN YCTHBIN OnpocC 1
g | OTBETBUTEIN U 17 Juckyccus 1
YCTpPOWCTBA Ha  €ro
OCHOBE
Tema9.AxycTuueckue BricTyruienne 1
9 TpaHchOpMaTOPhI [K-2. 17 VY cTHBIN Ompoc 1
Jluckyceus 1
Uroro: 150

[Tpunoxenue 1

KOHTPOJIBHBIE 3AJAHUA IS TEKYIIEIO KOHTPOJISI 3SHAHUI
O AMCIMIIVIMHE «AKYCTHUKA»

KoHTpoJibHBIE BONIPOCHI.

1. Yrto Takoe rapMOHUYECKUE KOJIEOAHUs?
2. DHeprusi rapMOHUYECKOT0 KOJIeOaHMUs.

3. T'apMOHMYECKU OCIUTIISATOP.

4 Yacrota B ['epuax.

5.Kaxkoe xonebanue sBISI€TCS 3aTyXarOIMmM?
6.UTo Takoe BpeMs penakcaiu?

7.4To Takoe BBIHYKJACHHBIE KOeOaHus?

8. Kakoe xojie0aHne Ha3bIBAIOT aBTOKOJIE0aHEM?

KOHTPOJIBHBIE BOITPOCHI JIJISI TEKYIIETO KOHTPOJISI SHAHUM



O JMCIUMIIVIMHE «AKYCTHUKA»

Yro Takoe ynpyrue 1 3ByKOBbIE BOJHBI?

Yro npencTaBisioT U3 ceds HHPpa-, yIbTpa- U TUIEP3BYKHU?
Yro Takoe momnepevyHsie U MPOI0JIbHBIE BOJTHBI?
NnTepdepentus BomH. CTosiuast BOJIHA.

Ynupyrue u runep3ByKOBbIE BOTHBI.

B uém cymuocTs addexra Jlommaepa?

No ok~ whNE

Yro Takoe KpaCHOC CMGHIGHHG?

KOHTPOJILHBIE 3ATAHMS JUISI TPOMEXXYTOUYHOI'O KOHTPOJIS
SHAHUI 1O TUCHUATUIMHE «AKYCTHKA»

dg
1 .MruoBeHHast yrioBas CKOpPOCTh: OJ:E.

_Aep
2. CpenHss yriioBast CKOPOCTb: Ocp =

dw _d%¢
3. MrHOBEHHOE YIJI0BOE YCKOPEHHUE: e =

et?
4. YpaBHCHHC PABHOTIEPEMCHHOTO BPAILICHNS: Q=ot+—.

5. YraoBas CKOPOCTBb PAaBHOIICPCMCHHOI'O BpalllCHUSA: 00=0¢ +el.

6. YpaBHeHue paBHOMEpHOTO (@ = CONSt) Bpaienus: ¢p=mt.

N

7. YacroTa BpaiieHus (4ucjao 000pOTOB B €IMHUILY BPEMEHHU): V = o= Tae

=

T — nepuon BpalleHUsI.

8. CBs13b MEXKy IJIMHOM IyTH U YIJIOM BpalleHus: s=¢-R.

9. CBs13b MEXly JIMHEWHON U YTIOBOU CKOPOCTHIO: V=0"R.

10. CBs13b MEXy TAHT€HUMAJIBHBIM U YTJIOBBIM YCKOpEeHHUEM: a,=¢'R.

11. CBs13b MEXy HOPMaJIbHBIM YCKOPEHUEM U YIJIOBOM CKOPOCTHIO: an= ®°R.

KOHTPOJILHBIE BOITIPOCHI J1JIS1 MIPOMEKYTOYHOI'O KOHTPOJISI
3HAHWI IO JUCHUTIINHE «AKYCTHUKA»

KosebarenbHbIe U BOJTHOBBIE ITPOIICCCHI.
Metonuueckue ykazaHus K pELIEHUIO 3a1a4

YpaBHEeHHE TAPMOHUYECKOTO KOJIEOATEIIBHOTO ABUKEHUS UMEET BU/T

X=A‘Sil’l(% + (p) = A-sin(2nvt+e) = A-sin(ot+), (1)



1€ X — CMCILICHHUC MaTepI/IaHLHOI?'I TOYKH OT IMOJIOKCHHA PaBHOBECHA, A - aMIlIMTy a4,
1 o 2T
T—nepnoz: KOH66aHI/I$I, (0 — HavdaJIbHas (1)338., V= E— qacToTa KOJ‘Ie6aHI/II/I, w = ? —

YIJIOBast 4acTOTA.
CKOpOCTh TOYKH, COBEPIIAIOIICH TApMOHHYECKUE KOJIEOAHUSs, OMIPEIEISACTCS 10
dbopmye:

dx 2mt

V=— :Aco-cos(— + ) 2

— —+¢ (@)
YckopeHne TOYKH, COBEPIIAIOIIEH TapMOHUUYECKUE KOJICOaH!s, ONIPEISISICTCS 10
dbopmyiie:

_ W __p2cin(F
a—z—-Aw Sln(T +(p). (3)

BGJ'II/ILII/IHBI X, L, a HpHHHMaIOT MaKCHUMAJIBHOC 3HAYCHHUEC, KOI'’la 3HAUYCHU A
sinlwt + coslwt +
(0t+9)  cos(wt+g)

W OyIyT paBHbI €IMHUIIE WK "MUHYC" € AMHUIIE:
Xmax = X = A
Unax = U = Aw

max
A2
A = A®

Cwuna, o AeHCTBUEM KOTOPOM TOYKA C MACCOM M COBEPIIAECT TApMOHUYECKOE
KoJiebaHue, paBHa:

F=ma=-Ao*m- sin(% + (p)=-002-m-x =-kX, (4)
rIe
2
k=mo?= ‘“;—Zm, (5)

OTKyJda HaxXOoJuM II€pruoa rapMOHHUYCCKOIro KoneOaHus M&TGpH&J’IBHOﬁ TOYKH:

T=2n J% (6)

Kunernyeckast 3HEprusi rapMOHHUYECKOr0 KOJIecOaHUs MaTepUaIbHONW TOUKH
ompenensiercs no Gopmyie:

W = =(2”2Azm)-cos2 (Z+0). (7)

2 T2

[ToTenmnuanpHas JHEPTUS TAPMOHUYECKOTO KOJICOaHUsT MAaTEPUATLHON TOUKH
omnpenenseTcs mo popmyJie

Wn:k—xz:(m)sinz (2 + ). ®)

2 T?



[TomHast SHEPTHSI TApMOHUYECKOTO KOJICOAHUST MATEPHAIILHON TOUKH OTPEACTISeTCS
no gopmyre

W=WiW, = 22ATm 9)

T2

[TprmepoM rapMOHUYECKHX KOJI€OATENbHBIX IBMKCHHUM CITyKaT Majible KoieOaHus
masiTHUKA. [leprnon koneOaHust MaTEMaTUYECKOTO MasiTHUKA!

T= Zn\g, (10)

rac - JJIMHA MasiTHUKA, € — YCKOPCHHC CBO60,ZIHOFO IHaacHu:A.

B 3amauax Ha onpeneneHne TpaeKTOPUM TOYKH, YYACTBYIOIIEH B IBYX B3aUMHO
HEPIEHINKYJIAPHBIX KOJICOaHUIX, HEOOXOAUMO UCKIIOUUTh U3 YPAaBHEHUN Bpems t.

(Q)

=
Ecmm 1 2 | TOT/1a TPACKTOPHUS IBUKEHHUSI TOUKHU OYICT SILIUIICOM.

VYpaBHeHue OeryIieil BOJHBI:
—A-si _L
x=A s1n[a) (t 19) + <p] ) (11)

IJI€ X - CMEILEHUE YaCTHI] OT MOJIOKEHUSI paBHOBECUS Kak (GyHKUHMs paccTosiHus (L)
710 UICTOYHHUKA Kosie0aHuil, t — BpeMsl, U — CKOPOCTb paclpOoCTpaHeHus BOJHBL. [Ipu
3TOM CUMTAETCS, YTO aMILIUTY/1a CMELIEHUS BCEX YACTHI] HA ITyTH BOJIHBI OJJMHAKOBA.
DTO NPOUCXOIUT MPU OTCYTCTBUU TMOIJIOMICHUS YHEPTUU BOJH cpenon. Eciu B
3aJlaye He COJICP’KUTCS HauaJIbHBIX YCIOBUN, HAMTH OTHO3HAYHO CMEIEHUE (X) 10
YpaBHEHUIO OEry1el BOJHbI HENb34.

[Ipu cnoxeHuu AByX OJIMHAKOBO HAMPABIEHHBIX TAPMOHHYECKUX KOJIeOaHU
OJIMHAKOBOTO MEepUOa MOJYyYaeTCs rapMOHUYECKOE KOJIeOaHHEe TOTO ke Mepruoa C
AMIUIUTY IO

A= [A12+A22+2A1A2COS ((PZ_(Pl)] 1/2 (12)

Y HauvaJabHOU (ha3oii:

Aqsingq + Ay sin @,

tgp = (13)

Aqcos@q + Ay cos @y’
rae A; U Ay - aMIUIMTY Bl ClIaraeMbIX KOJe0aHmid, a @1 U (O, — X HadallbHBIE (askl.

Ecnu Ha MmaTepuanbHyIo TOUKy Maccoit m, kpome ynpyroi cuisl F=-kx, neiictByer
emte cuia Tperust Frp=-p 9, rae p — kodppuiuent Tperust u 9 — CKOpocTh
KOJIEOJIIOIIeCs TOUKH, TO KOJIeOaHUs TOUKH OyyT 3aTyXarolMMHU. Y paBHEHHE
3aTyXarolero KojaedareabHOro JBUKEHUS UMEET BU/L:

x=A-e*'sin(ot+¢), (14)



. H
rie 0 — ko PHUIHMEeHT 3aTyXaHus, KOTOPBIN onpenenseTcs no Gopmyie § = pv

Benuunny » =0t — Ha3pIBAIOT JIOTApU(PMUIECKUM JEKPEMEHTOM 3aTyXaHusl, TJe T —
BpEMsl, B TCYEHUE KOTOPOr'0 aMIUIUTY1a YMEHBIIAETCS.

Pemute 3agaun

1. Hamucath ypaBHEHHE TAPMOHUYECKOTO KOJIEOATEILHOTO ABUKEHUS C aMIUTUTY0M
B 5 cM, eciiu B 1 MuH coBepiiaetcs 150 konebanuii u HavanbHas ¢asza koiaeOaHui
paBHa 450.

OtBeT: x=5sin(5mt + %), CM.

2. Hanucath ypaBHEHHE FTapMOHUYECKOTO KOJIEOATEIBHOTO IBUXKEHHUS C aMILITUTY 10N
B 0,1 M, meprosioM 4 cexk 1 Ha4YaJIbHOU (a3oii, paBHOU HYIIIO.

Ortset: x=0,12s1n0,57t, M.

3. AMIUTUTY1a TapMOHUYECKHUX KoJjebanuii paBHa 50 MM, nepuoa 4 cex U HadaJIbHasI
daza n/4. 1) HanucaTth ypaBHEeHHe 3TOTO Kojebanus. 2) Haiitu cmenienue
KOJIEOJIIOIIENCSl TOUKHU OT MOJI0KEeHUs paBHOBecus npu t=0 u t=1,5 cek.

OtBer: 1) x=SOsin(n7t + %), MM; 2) x1=35,2 mm; x2=0.

4. Hammcath ypaBHEHHE TAPMOHUYECKOTO KOJICOATEIIPHOTO IBHYKECHUS, €CITH
HavayibHast (aza konebanuii pasua: 1) 0, 2) n/2, 3) n, 4) 3n/2, 5) 2n. AMmutyaa
KoJiebaHui 5 cM U nepuoj KojaebaHui § cek.

. Tt . mt . mt

OtBeThi: 1) x=531nﬂ:, cM; 2) XZSSII’I(T[T‘F%), cM; 3) XZSSII’I(T[:‘HI), cM; 4)
. mt 3 . mt

XZSSII’I(%'F?”), cM™; 5) x=531n(n7, CM.

5. HauepTuth Ha OJTHOM rpaduKe ABa rapMOHUYECKUX KOJIeOaHus C OJUHAKOBBIMU
ammuurygamu: A1=A2=2 cm n nepuogamu T1=T2=8 cek, HO UMEIOINUMHU PA3HOCTh

bas: 1)7,2) 7, 3)m, 4) 2.

OTtBer:




6. Uepe3 CKOJIbKO BPEMEHHU OT Hayasa JABUKEHHUS TOUKA, COBEPILIAIONIas
rapMOHUYECKOE KOJeOaHne, CMECTUTHCS OT TIOJIOKEHHS PaBHOBECHS Ha TIOJIOBUHY
amruuTyabel? Tlepuop xonebanuii paBeH 24 cek, HayanbHas ¢aza paBHA HYIIIO.

OTtBeT: t=2 ceK.

7. Havanphas ¢a3za rapMOHHYECKOTO KOJIeOaHus paBHA HYJII0. Uepes KakyIo J0JT0
NepHrojia CKOPOCTh TOUYKHU OYJIET paBHA MOJOBUHE €€ MAaKCUMAJIbHON CKOPOCTU?

T
OTtBeT; t=g.

8. Uepe3 CKOJIBbKO BPEMEHU OT Haydaja JABMKEHUS TOUKa, COBEPILAIOIIAs
Kose0aTeNbHOE IBIKEHUE TI0 ypaBHEHUIO X=7s1n0,57t, MpOXOAUT MyTh OT
MIOJIO’KEHUS] PABHOBECHUS O MAaKCUMaJIbHOIO CMEIICHUS?

OTBeT: t=1 cek.

9. AMIUTUTY1a TapMOHHUYECKOI0 KoJieOaHus paBHa 5 cM, nepuon 4 cex. Haiitu
MaKCHUMAaJIbHYIO CKOPOCTh KOJIEOIIOMIEHCS TOUKH U €€ MaKCUMAJIbHOE YCKOPEHHUE.

OTBET: Vmax=7,85-10 2 M/cex; amax=12,3-10 2 m/cex?.

10. YpaBHeHUE ABMKEHUS TOUKH JAaHO B BuJe X=2sin(nt/2+m/4), cm. Haiitu: 1)
MepuoJ KojaebaHuii, 2) MaKCUMaJIbHYIO0 CKOPOCTbh TOUYKH, 3) MAKCUMAJIbHOE
YCKOPEHHE TOUKHU.

Orser: 1) 4 cex, 2) 3,14:10 2 m/cek; 3) 4,93-10 2 m/cex?.

11. YpaBHeHue ABUKEHUS TOUKHU JaHO B BUJIE X=sin(nt/6), cM. HaiiT MOMEHTBI
BPEMEHH, B KOTOPbIE€ JOCTUTAIOTCSI MAKCUMAaJIbHAsI CKOPOCTh U1 MAaKCUMaJIbHOE
YCKOpEHHUE.

OTtBeT: Vmax IIpH t=0, 6, 12 cek; amax ipu t=3, 9, 15 cek,

12. Touka coBepiaet rapmoHudeckoe kosiedanue. [lepros konebanuii 2 cex,
amruTyaa S0 MM, HadasibHas aza paBHa Hy 0. HailTi cCKOpOCTh TOYKM B MOMEHT
BPEMEHH, KOTJIa CMEIICHUE TOUYKH OT MOJIOKEHHUS paBHOBECHsI paBHO 25 MM. OTBET:
v=0,136 Mm/cexk.

13. Haniucath ypaBHEHUS! TAPMOHUYECKOTO KOIEOATENbHOTO ABUKEHUS, €CIH
MaKCHMaIIbHOE YCKOpeHHe ToukH 49,3 cm/cek?, mepros Konebanuii 2 cex u
CMEIIEHUE TOYKH OT MOJIOKEHHsI pABHOBECHSI B HAUalIbHbII MOMEHT BpeMenH (t=0)
25 MM.

OtBeT: x=5- 10-25in(nt+§), M.

14. HaganpHast paza rapMOHUYECKOTO KoJieOanus paBHa Hy 0. [Ipu cmemennn
TOYKH OT TMOJIOKEHUSI PABHOBECHSI, paBHOM 2,4 cM, CKOPOCTbh TOUYKHU paBHa 3 cM/CeK, a



pu cMelieHnu 2,8 ¢M, CKOpocTh paBHa 2 cm/cek. HailTu aMminutyay U mepuoji 3Toro
KoseOaHusl.

Otset: A=3,1-10 2 M; T=4,1 cex.

15. VpaBHeHHE KoneOaHUs MATEpHAIbHOM Touku Maccoit m=1,6-1072 kr uMeeT BU
. Tt T ) )

X=O,ls1n(;+z), M. [ToctpouTts rpaduk 3aBucumoctu cuisl F, nefictByromeit Ha

TOUYKY, OT BpEMEHH t B Mpejienax oJAHOoro nepuojaa. Haitu 3HaueHne Mak CUMalibHOM

CHUJIBI.

OTtBeT: Frax=24.6-10° H.

16. MarepuanbHas Touka Maccoi 10 r kose0eTcs 1o ypaBHeHUI0 X=5sin(nt/5+m/4),
cM. Haiitn MmakcuManbHyI0 CHITy, IEHCTBYIOIIYIO HA TOUKY, U MTOJTHYIO SHEPTHUIO
KOJIEOJTIOIIENCS TOUKH.

OtBeT: Frnax=19,7-10-5 H; Wi =4,93-107° JIx.

17. YpaBHeHue kosiebaHusi MaTepUaIbHONM TOUYKH Maccoil B 16 T uMeeT BUT
x=2sin(nt/4+m/4), cM. [locTpouTh rpaduk 3aBUCUMOCTH OT BPEMEHH (B Mpeienax
OJIHOTO MEPHO0/1a) KHHETUYECKOW, MOTEHIIMAIIBHOW U MOJTHON SHEPTHUM TOUKH.

OtBet: W=const=W,+W,; W\ u W, mensitorcs B npoTuBodase.
18. UeMy paBHO OTHOIIIEHUE KUHETHUYECKOM SHEPTHH TOYKH, COBEPIIAOIIEH

FapMOHI/I‘IGCKOC KOJ'I€6aHI/I€ K cC HOTeHHHaHLHOﬁ OHCPIruu AJisi MOMCHTOB BPECMCHU:

1) t— , CEeK, 2) t—— cek,3) t—— cek? HauanwHas (pa3a kosiebaHuii paBHa HYJIIO.
Oteer: 1) ﬁk_s 2) - =l 3) =,

19. Yemy paBHO OTHOLIEHNE KUHETUYECKOW SHEPTUH TOYKH, COBEPILAIOIINI
rapMOHHUYECKOe KoseOaHue, K ee MOTECHIIMAIbHOM SHEPTUH IS MOMEHTOB, KOT/1a
CMEILIEHHE TOYKH OT TMOJIOKEHUSI paBHOBECHS coCcTaBlisieT: 1) x=A/4, 2) x=A/2, 3)
x=A, rae A — aMIIuTyaa Koneoanuii?

OtBer: 1)——15 2) —3 3)

20. ITomnas sHeprus Tena, COBEPIIAIOIEr0 TaApMOHUYECKOE KoJebaTeIbHOE
NBIKEeHUE, paBHa 3-10-5 J[>k, MakcUMallbHas CUJjia, ACMCTBYIOIIAs HA TEJIO PaBHA
1,5-10° H. Hanmcars ypaBHEHHE ABUKEHUS STOTO TeNa, ECIU NePUOJL KoneOaHui
paBeH 2 ¢ u HauanbHas ¢aza- 600.

OTBeT: X=O,O4sin(nt+§), M.

21. AMImIuTy1a rapMOHUYECKHUX KOJIEOaHUM MaTepruambHON TOUKU A=2 CM, TIOJTHAS
sueprus konebanuii 3-107 k. [Ipx KaKoM CMELIEHHH OT MOJIOYKEHUS PABHOBECHS HA
KOJIEOIIONIYIOCS TOUKyY JeicTByeT cuna 2,25-10° H?



2
OtBer: X = =1,5-10"m.
2w

KOHTPOJIBHBIE BOITPOCHI

JJA KOHTPOJISA UTOI'OBBIX 3HAHUMU 110 JUCHUITIJIMHE
«AKYCTHUKA»

OcHOBHBIE (POPMYIIBI

JIBUKEHHE TN CO CKOPOCTAMHU, OJIM3KUMU K CKOPOCTH CBETA, HA3bIBAIOT
PENATUBUCTCKUM. B 3TOM ciyuae mposiBISIOTCS pEeISTUBUCTCKUE 3(PPEKTHI.

CornacuHo 06meﬁ TGOpHCﬁ OTHOCHUTCIIBHOCTH, IIPOCTPAHCTBO CKUMACTC:A, T.C. JJIMHA

TCJI YKOPAYNBACTCA I10 3aKOHY

]92
lg=1Ly-4|1- —
¢ (1)
TCUCHUC BpeMeHI/I 3aMECIJISICTCA 10 SaKOHYZ
2
Ty =7y 4/1— —
¢ (2)
macca YBGJ'II/I‘H/IBaeTCH I10 SaKOHyZ
32
mg=my/ [1-—
“, 3)
3aKOH CYMMUPOBaHUS CKOpOCTefI MIPUHUMAET BUN:
9 +u
9= 4
149"’ ()
(5

rae ¥ — CKOpOCThb JBMKEHUS TENIa OTHOCUTENLHO HENOABUKHON CUCTEMBI KOOPIUHAT
(K), 9' - ckopocTh ABMKEHUS Tela OTHOCUTEIBHO CHCTEMBI KOOPANHAT, ABHIKYIIEHCS

CO CKOpPOCTBIO U.

3aBUCHUMOCTh KUHETUYECKOW SHEPTUU OT CKOPOCTH JIBUKECHUS:

Wk=m0c2< ¢1i—32 — 1) , (5)

9
rae B::- PensituBUCTCKAs KHHETUYECKAsI DHEPTHS ONpeessieTcs o popmyre:

2

W, =mc? —m,c?, (6)

rae M- macca Tena, JIBHKYIIErocs CO CKOPOCThIO &

10



V3MeHeHre SHEPTHH B COOTBETCTBHU C M3MEHEHUEM MACChl ONIPEIEIISACTCS 110
dbopmye:
AW=Am-c? (7)

[Ipumepsl perieHus 3aaa4
PakeTa nBmXeTcsi, CO CKOPOCTHIO & =0,99c. Kaxkoe Bpemst mpoiiaeT no
yacam, HaxoAsmmmcs y Haomonarens. [lo yacam, HaxoAsIuUMcs B pakeTe, MpoIielt

onvH rof. Kak u3MeHsTcs JIMHEMHBIE pa3Mephl Tela, HAXOASAIIETOCS B PAKETE 110
HAIIPAaBJICHUIO ABUKCHUS PAKETHI?

Pemrenue
Bpems ‘o onpenensiem o gopmye:

192
¢* =1 ron/\/l_(o’gg'c) le” rom/ V17998 7 1 rop.

T, =7Tg 11—

Pa3mep Tena B HanpaBiIeHUU ABMKEHUS OINpEAEsieM no hopmyJie:

192
o= to (1 L0, 1-(099-¢F 1 g 1400

[Tpumep 2

3=08-c

DJIIEKTPOH JIBUXKETCSI CO CKOPOCTHIO
m, = 91-10 k2

. Macca anekTpoHa paBHa

. Onpenenure HEPTUIO MOKOS AEKTpoHa B [k u 3B, maccy
JIBIKYILEr0Cs JIEKTPOHA U €T0 MOJIHYI0 ¥ KUHETHYECKYIO SJHEPTHUIO.

Pemenue

DHEPrHIO MOKOS HJIEKTPOHA OIpPeAeseM 1o GpopMyIre:
Wo=mpo:¢?>=9,1-:103%-(3-108)2==8,2-101* JIxk.
Vuuteisas, uro 1 3B=1,6-10"° I, Haxoaum:
Wo=5,12:10° 3B=~0,512 M»3B.

Maccy ABMKyLIErocs 31€KTpOHA OMPeNesuM U3 CIeayoel (popMybl:

l92
m,=m,/,[1-= 0
¢ =1,52-10"" kr.

TITonHast SHEPrus 2IEeKTPOHA PABHA!
Woom.=m-c?=13,65-10"* JIx.

Kunernueckas OHCPIruUsd 3JICKTPOHA paBHA:



WimWon-WO=13,65-10"* Jix - 8,2-104 [k = 5,5-10 [Tk
Pemmte 3agaun

1. IIpu KaKO¥ OTHOCUTEIBHON CKOPOCTH JBHKEHUS PESITABUCTCKOE COKPALLIEHUE
JUTAHBI JBUKYIIETOCS Teaa cocTaBisieT 25%7

Otsert: £'=0,7500. /1 — B?=0,75; p2=0,4375; v=Pc=198 000 km/cexK.

2. Kakyro ckopocTh JOIKHO UMETh IBHKYILIEECS TEJIO, YTOOBI €r0 MPO0IbHbIC
pa3Mepbl YMEHBIIWIUCH B Ba pa3a’?

Otser: V=2,6-108 m/cexk.

3. Me30HbI KOCMHUYECKUX JIyYel JOCTUTAOT IOBEPXHOCTU 3EMIIM C CAMbIMU
Pa3zHOOOpa3HBIMU CKOPOCTSIMU. HaliTh pensiTUBUCTCKOE COKpAIllEHUE Pa3MEpPOB
ME30Ha, UMEIOILEr0 CKOPOCTh, paBHYIO 95% CKOpOCTH CBeTa.
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OTBerT: =68,8%.

(0]

4. Bo CKOJBKO pa3 yBEIMYUBAETCS MPOAOJLKUTEIBHOCT CyIIECTBOBAHUS
HecTaOMIBbHOM YacTUIIBI (110 YacaM HEMOJABMKHOTO HAOII0AATeNs ), €CIU OHa
HAa4YMHAET JIBUTATBCS CO CKOPOCTHIO, cocTaBiistomend 99% ckopoctu cBera?

Otset: B 7,1 pa3a.

5. Me30H, BXOASIMK B COCTaB KOCMUYECKUX JIyU€H, IBUKETCS CO CKOPOCTHIO,
cocTasisronien 95% ckopoctu cBera. Kakoi mpomexyTok BpEMEHH 10 4acam
3eMHOT0 HAOJII0JaTeNsl COOTBETCTBYET OJTHOM CEKYyH/E «COOCTBEHHOTO BPEMEHM
Me30Ha?

OtBet: A1=3,2 cek.

6. Ha ckobkO yBeTMUUTCS Macca o - 9aCTHUIIBI, P YCKOPEHHUH €€ OT HadallbHOM
CKOPOCTH, paBHOM HYJIIO, 10 CKOPOCTH, paBHO# 0,9 ckopocTu cBeTa?

Ortser: Ha 8,6:107%" kT.

7. HaiiTu oTHOIIIEHHE 3apsi/ia AJIEKTPOHA K €r0 Macce JIs CIAEAYIOITUX CKOpocTeit: 1)
v <<c; 2) 2101 cm/cex; 3) 2,2:10% cm/cex; 4)2,4:101° cm/cek;

5) 2,6:10° cm/cek; 6)2,8:10° cm/cek.
OtBet: C pocToMm [3, Macca pacTer, a €/m — yMEHBIIIaeTCsl.

8. Ilpu kako# CKOPOCTH Macca JBUKYIIETOCS 3JIEKTPOHA BJBOE OOJIBIIIE €T0 MacChl
MOKO?

Ortser: mpu v=2,6:108 m/cex.
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9. 1o KaKo# PHEPTUU MOKHO YCKOPHUTH YACTHUIIHI B IIUKJIOTPOHE, €CITU
OTHOCHUTEJILHOE YBEJIMUYEHUE MACChl YACTHUIIBI HE JOJKHO IpeBbIaTh 5%? 3agauy
peuuTh 11 1) 37IeKTPOHOB; 2) MIPOTOHOB; 3) IEHTPOHOB.

Orger: W y=c 2 (m-mo); =& = ORI I0 — oo\ =mock; k=0,05;
0 0 0

1) Wi=2,56-102 MaB; 2)W,=47M>5B; 3) W,=94M>5B.

10. Kakyro yCKOpSIONIYI0 pa3HOCTh MOTSHITUAIOB TOJDKEH MTPOUTH JIEKTPOH, YTOOBI
€ro CKopocTh coctaBuna 95% ckopoctu cBera?

Ortset: U=1,1-10°B.

11. Kakyto ycKopstouryto pa3HOCTh HOTEHIIMATIOB JOJIKEH MPONUTH MTPOTOH, YTOOBI
€ro MpoJOJIbHBIE pa3MEPHI CTAJI MEHBIIIE B ABa pa3a?

OtBet: U=510xB.

12. HaliTu ckopoCTh ME30HA, €CJIM €ro noJiHas sHeprud B 10 pa3 Oosbliie 3HEpPrUn
ITOKOS.

OtBeT: V=2,985-108 M/cek.

13. Kaky!o 40110 CKOPOCTH CBETa JOKHA COCTABIISATH CKOPOCTh YACTHUIIbI, YTOOBI €€
KHMHETHYECKasi YHEPrus OblIa paBHA €€ SHEPTUU MOKOS?

OtBeT: f=86,6%.

14. Cuaxpoda3zoTpoH 1aeT My4oK MPOTOHOB ¢ KUHeTH4eckoi sHeprueii B 10 000
M>5B. Kakyto 10510 CKOPOCTH CBETA COCTABIISIET CKOPOCTh IPOTOHOB B 3TOM ITy4Ke?

OtBeT: f=99,6%.
15. Yemy paBHO peNATUBUCTCKOE COKpAIIEHUE pa3MePOB MPOTOHA, 00JIaAI0IIETO
kuHeTndyeckou suepruei 10 000 M>B?
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OrtBer: =91,5%.

16. DneKkTpoHBI, BEUIETAIONINE U3 ITUKIOTPOHA, 001a/1al0T KHHETHYECKOM YHEpruei
0,67 M»sB. Kakyro 101110 CKOPOCTH CBETa COCTABIIIET CKOPOCTh 3THX AJIEKTPOHOB?

Otsert: f=0,9.

17. CocTaBUTH J1s1 SIEKTPOHOB M MPOTOHOB TAOJIMILY 3aBUCUMOCTH HX
KHHETHYECKOM dHeprur Wi OT CKOPOCTH B JIOJISIX CKOPOCTH CBeTa. Tadmuiry
COCTaBUTH JJIA cleaytomux 3Hauenuut B: 1) 0,1; 2) 0,5; 3) 0,6; 4) 0,7; 5) 0,8;

6) 0,9; 7) 0,95; 8) 0,999.

OT1BeT: cocTaBbTE TAOIUILY.
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18. Macca aBmKyIerocs 3JIeKTpoHa BABOE 0OJIbIe €ro Macchl mokos. Haiitu
KHHETHYECKYIO YHEPTHIO ATOTO JICKTPOHA.

Otset: Wi=2,56-10" M»3B.

19. KakoMy HU3MEHEHHIO MacChl COOTBETCTBYET H3MEHEHHE SHEPTUHU HA OHY
KaJIOpUI0?

Otser: Am=4,6-10"" r.

20. HaiiT u3MEHEHUE SHEPTHUU, COOTBETCTBYIOIIEE U3MEHEHUIO MACChl HA OJIHY
ATOMHYIO €IHHUILY.

OtBer: AW=931 M»>B.

21. HaiiTu u3mMeHeHue OHCPIuur, COOTBCTCTBYIOIICC U3MCHCHHUIO MACChI Ha BCIIMYUHY
MAacCChI IIOKOA 3JICKTPOHA.

Otser: AW=8,2-101=0,51 M»B.

Kpurepuu oueHku:

e Ormenka «5»

e 11yOOKOE M MPOYHOE YCBOCHUE MaTepuralia TEMbI WJIH pa3/iena;

® TIOJIHBIC, TOCIIEIOBATEIILHBIC, TPAMOTHBIC M JIOTUYECKH U3JIara€MbI€ OTBETHI;

® JIEMOHCTpaIMs OOyYarolmUMCsl 3HaHHK B 00beMe MPOMJACHHON MPOrpaMMbl U
JIOTIOJIHUTEIIBHO PEKOMEHIOBAHHOM JIMTEPATYPHI;

® BOCIPOU3BEICHHUE YUeOHOIro MaTepuaia ¢ TpeOyeMoi CTeNeHbI0 TOYHOCTH.

o OreHka «4»

® HAJINYKUE HECYIIECTBEHHBIX OIMMOOK, YBEPEHHO HCIPABIISEMbIX 00yJarOIIUMCS
IIOCJIE JOTIOJTHUTEIBHBIX U HABOJAIINX BOIPOCOB;

® JIEMOHCTpaIMs 00y4YaroImUMCsl 3HaHUH B 00beMe MPOMIEHHON TIPOTPAMMBI;

® YETKOE M3JIOKEHUE y4eOHOro MaTepuaa.

e Ormenka «3»

® Hagu4he HECYIIECTBEHHBIX OMMOOK B OTBETE, HE HCIPABIIEMbIX
00yYaroIIMMCS;

® JIEMOHCTpAIMs 00YUYarOIIMMCS HEAOCTATOUHO MOJTHBIX 3HAHUM IO TTPOMICHHOM
pOrpamMmmMme;

® HE CTPYKTYpPUPOBAHHOE, HE CTPOMHOE M3JIOKECHHE Yy4eOHOIro marepuana mpu
OTBETE.

o OreHka «2»

® HE 3HAHHWE MaTepuayia TEMbI WK pa3zena;
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Bo Bpemst onpoca CTyIeHT JOJIKEeH YMET U3araTh CBOI0 MHEHHE CBOOOIHO AaTh
XapaKTepUCTHKY, 33JaHHYI0 eMy, Borpocu. [Ipu O6ecene oH JOMHKEH UMETh CBEACHHE
0 TOM, YTO OH YUTAJ 33IaHHBIX TEM.
3namsp: OCHOBHBIC OIpeNENCHUS BCEX (PU3NYECKUX BEIUYHMH, (HOPMYIHPOBKY
3aKOHOB, OCHOBHBIX MOJIOXKEHUH; (PU3NUECKUX TCOPHiA, OTICAHUE YKCIIEPHUMEHTOB;
O0COOCHHOCTH TPUMEHCHHS 3aKOHOB, MOJENIed K KOHKPETHBIM 3aJadaM aKyCTHKY,
METOJIBI U CIIOCOOBI peIICHHS 3a/1a4 JIEKTPHUIECTBO.

Ymems: npuMeHsITh 3aKOHBI (PU3UKH K KOHKPETHBIM CHCTEMaM; pa3padaThiBaTh U
MPUMEHSATh MOJCIN JJICKTPUYECKUX CHUCTEM, BBIOMpPATh HanWOoJiee IMOIXO/ISIINE
3¢ (PEeKTUBHBIE METOIBI PEIICHUS.

Bnademp: HaBbiKaMH CO3JaHMSI MOJENEH, OMHCHIBAIOMINX (DHU3HUUECKHUE SIBICHHUS;
HABBIKAMH PEIICHUS] OCHOBHBIX 337124 110 aKyCTHUKY;

HABbIKAMU MHTEPIIPETALIMH U aHAJIM3a MMOJTYUYEHHBIX PE3YJIbTaTOB C YUETOM
crienupUKH IpeIMETHON 001acTh

HepequL OIICHOYHbLIX CPEIACTB

HaumenoBanue [IpencraBnenue

/ OLIEHOYHOTO XapaKkTepuCTUKa OLIEHOYHOIO CPEJICTBA OLIEHOYHOTO
/11
cpencrTaa cpeactBa B ®OC

Onpoc wucnosb3yercst sl KOHTpous | Bonpockr 10
YCTHBIN OIPOC | 3HAHUM CTYJEHTOB B Ka4ECTBE MPOBEPKH | TEMaM
pE3yJIbTATOB OCBOEHUS BOITPOCOB
y4eOHOM TUCITUTIITUHBI

Martepuan caMOCTOATENbHON pabOoThI
CTYJIEHTa, TMPEJCTaBISAIOMUNA  coOOM
KpPaTKOE M3JI0KEHUE B TUCHbMEHHOM BHJIC
MOJTyYCHHBIX pesyabTaToB | Pedepar
BoicTymuieHne | TEOPEeTUUECKOro aHaliKu3a ONpeleICHHOM
Hay4qHOU (yueOHO-MCCIeI0BATEIbCKOM)
TEMBI, TJC aBTOpP pacCKphIBaeT CYTh
ucciaenyeMon  mpoOJeMbl, TPHUBOJIUT
pasnUYHBIC TOYKH 3pPEHUSA, a TakK JXKe
COOCTBEHHBIE B3TJISI/IbI HA HEE.

Marepuan caMOCTOSITEIbHOW — paboThI
KoutokBuym . N
3. CTyJ€HTa, MNpeAcTaBsAomuil  coboit | Jloknan

HY6J'II/I‘{H0€ BBICTYIIJICHHC 110
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IPEJICTaBICHUIO MOJTyYEHHBIX
pe3yNbTaTOB PEILIEHUS OMpeAesIEHHOM
y4eOHO-TTPaKTHIECKOH, y4eOHO-
UCCIIEIOBATENLCKOM U HAYYHOM TEMBI.

Marepuan camocTosTeIbHas padoTa
JIOJDKEH UMETh KpaTKOe COJIepKaHue, U
Juckyccus .
CTYJIEHT JIOJDKEH YMET U3JIaraTb CBOU becena
MHEHHE, P Oecesie 1aTh O0BEKTUBHYIO

OLICHKY.

3name: OCHOBHBIC ONpENENEHUsS BCEX (PUINYECKUX BEIUYUH, (HOPMYIUPOBKY
3aKOHOB, OCHOBHBIX TOJIOKEHUHN ; (PU3NUECKUX TEOPUIA, OTICAHUE IKCIIEPUMEHTOB;
0COOEHHOCTH IPUMEHEHHS 3aKOHOB, MOJIEJICH K KOHKPETHBIM 3a/1a4aM dJICKTPUIECTBa,
METO/BI U CITIOCOOBI PEIICHUS 3a71a4 JIEKTPUICCTBO.

Ymems: npuMeHITH 3aKOHBI (PU3UKH K KOHKPETHBIM CHCTEMaM; pa3padaThiBaTh U
OPUMEHSTh MOJENU JJIEKTPUUECKUX CHUCTEM, BBIOMpaTh HamOoJiee MOAXOSIINe
3¢ PeKTUBHBIE METO bl PEILICHHUS.

Bnaoems: HaBbIKaMU CO3[aHUS MOJIETICH, OMUCHIBAIOIIUX (PU3MUYECKHUE SIBICHHUS;
HABBIKAMU PEIICHUS] OCHOBHBIX 337124 I10 3JIEKTPUUYECTBY;

HaBBIKAMH MHTEPIIPETAIIMN U aHAIH3a TIOJYYCHHBIX PE3YJIbTATOB C YUETOM
crienupuKU IpeIMETHOM 00acTu

Tembl aJ1s KO/INLIOKBHYMA

10 TACLHUIIIINHE

«AKyCTHKa»
3name: OCHOBHBIE ONpENENCHUsS BCEX (PUINYECKUX BEJIUYUH, (HOPMYIUPOBKY
3aKOHOB, OCHOBHBIX MOJIOXKEHUH ; (PU3MUECKUX TEOPUiA, OMMCAaHUE SKCIIEPUMEHTOB;
OCOOEHHOCTH NPUMEHEHHUS 3aKOHOB, MOJIeJIed K KOHKPETHBIM 3ajladyaM OIITHKa,
METO/JIbI U CITOCOOBI peLIeHHS 3a4a4 M0 ONTHKA.
Ymemp: npuMeHATh 3aKOHBI (PU3MKH K KOHKPETHBIM CHCTEMaM; pa3pabaThiBaTh U
OPUMEHSTh MOJEIN JJICKTPUUYECKUX CHUCTEM, BBIOMpaTh HauOosiee MOIXOISIINE
3¢ PeKTUBHBIE METOIbI PEILICHHUS.
Bnaoems: HaBbIKaMu CO3JaHUSI MOJIETICH, OMUCHIBAIOIIMX (PU3MUYECKHUE SIBICHMUS;
HaBbIKaMH PELIEHUS] OCHOBHBIX 3aJa4 0 3JIEKTPUYECTBY;
HaBbIKAMH MHTEPIPETALIMHU U aHAJIM3a MMOJIYUYEHHBIX PE3YJIbTATOB C YUETOM
cnenu@UKU IpeIMeTHON 00IacTH.
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