MUHUCTEPCTBO HA OBPASOBAHUETO U HAYKATA
Hauuonanna omumnuana no ¢pusuka, Kazaniask, 11 — 13 anpua 2014 r.
TEMA 3a 7. kaac

3amaua 1.

I vacr: Ilhasaw ecpeiingppym

['peiindpyThT € eIuH OT MAJKOTO IUIOOBE, KOUTO MOTAT Ja IJIaBaT BbB BOJA, TaKa Y€ 4acT OT
1012 ocTaBa HaJl Bojara. CumTaiite rpeingpyra 3a eAHOPOJHO TSJIO ¢ HelpaBuiIHa popma.

A) JIp100k cbl1 € BOjIa € TOCTaBEH BbPXY TIACHA OMOpa, Taka 4e J1a € B paBHoBecue — Dur. 1. Ille
Ce HapYIIHX JI1 PAaBHOBECHETO, aKO MyCHETE TpeinpyT 1a 1iaBa B eAUHUS Kpall Ha chja, KaKTo €
nokazaHo Ha @ur. 2? OG0CHOBETE OTIOBOpA CH. [2 1]

BN (

®ur. 1 ®dur. 2

Bb) Ilpeanoxkere HauMH 3a oIpeiesisHEe Ha IUTbTHOCTTA Ha rpeindpyra, ako pasnonarare ¢ AbJI00K
HepasrpadeH cba, TpeldndpyT, Be3Ha M HEOTPAHMYEHO KOJIMYeCTBO Boja. Omuiere excrepu-
MEHTa U ce 0O0CHOBETE KaTo 3alulIeTe CbOTBETHUTE U3pa3u. EnuHcTBeHaTa pU3nMyHa KOHCTaHTA,
KOATO BH € U3BECTHA, € INIbTHOCTTA HA BOJaTa P, . [4 1]

II vacr: Huaghnopa

[Mnadnopara e cuHTeTMYHa T'HOA, KOSITO MMa CBOHCTBOTO Ja ToeMa M 3aabpka BOJa B
MUHUATIOPHUTE CH KyXHHH. 3a pazliuka OT JJOMaKWHCKaTa rr0a, ciiell HanmosiBaHe nuadiopara He
MOX€E Ja OCBOOOJM BoOjaTa 4pe3 M3CTHCKBaHe. Ompejaenere KakBa 4acT OT o0eMa Ha cyxara
nuadiaopa ce 3aemMa oT KyxuHH? Pasmonarate ¢ HepasrpadeH cbl, mapye cyxa nuadiopa BbHB
dbopmarta Ha KyO, BOJa, Be3Ha M JUHUKKA. OnuiieTe eKCIepuMEeHTa U ce OOOCHOBETE Karo
3amumieTe ChOTBETHUTE W3pasu. ENMHCTBeHaTa (U3WYHA KOHCTaHTa, KOATO BH € HW3BECTHA, €
IUTBTHOCTTA HA BOJATA L, . [4 1]

3anaua 2. Tonno au e maskomo?
3a 3aTOIUISIHETO Ha KyNU4YKa MJISIKO J0 OIpejeseHa TeMIlepaTypa € HyKHO KOJIMYECTBO TOIUIMHA
0, =35000J. Pasnomarare ¢ KOTJIOH, KOWTO C€ 3axpaHBa OT aKyMyJaTOp C HaIlpeKEHUe

U =30 V. KotyioHbT UMa /1Ba HarpeBarteis (pe3sucTopa), BCEKH ChC ChIpoTHUBIeHHE R =20Q,
KOUTO MOTaT Jja ObJaT BKIOYEHHU CaMO MOCJE0BATEIHO WM YCHOPEIHO KbM akymynaropa (T.e.
HE MOXKE J1a CBBPIKETE CaMO €JIUH PE3UCTOD).

A) HauepraiiTe cxemMa Ha HarpeBaTelMTE B IIOJIO)KEHME Ha IIOCJIENOBAaTENIHO U YCIOPEIHO
CBbp3BaHE. B Koe monoxkeHue KOTIOHBT OM TpsAOBaIO Ja Ipee ¢ IO-BUCOKA MOIIHOCT?
O6ocHOBeTE OTTOBOpPA CH, KaTO 3aMHUIIeTe ChOTBETHUTE U3PA3H. [2T1.]

Heka c¢ ,,1” o3HauuMM NOJOKEHUETO C MO-HHUCKA MOIIHOCT, a ,,2”° — TOBa C II0-BHCOKAaTa
MomtHOCT. [IbpBOHaUaIHO BKIIFOYBATE PEOTAHHUTE B TMOJIOKeHHWE ,,2”. Criem Bpeme ¢, =5 min
3a0emns3BaTe, 4e TOpaayd HEHW3IMPaBHOCT, KOTJIOHBT Tpee C S5 MBTH MMO-MajJKa MOIIHOCT OT
ouakBaHara. He3a0aBHO MPEBKIIOYBATE B MOJIOKEHHUE ,,1”° M OCTaBsATE MIIIKOTO J1a C€ 3arpsiBa OIle
W3BECTHO BpEME.

3a noomouxu b), B) u I') ne 3abpassiime, ue npedu npegxiioueare Ha noiodxcerue ,, 1”7,
KOMIOHbM e Oul 3a 8peme t, =5 min 6 Heu3npasHomo nonodxcerue ,,2".



B) 3a kxomko Bpeme cien TPEBKIIOYBAHE Ha 2 :
nojoxenue ,,17  MISKOTO 1€  TOJAy4Yd 2 - R ARe? i LEL .
Heo0X0IMMOTO KosimyecTBO ToruHa Q,? [3 1] % 40 ; 3
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B) KakBa mpuOIM3HTENHO Ie € TeMIlepaTypaTa Ha MJISIKOTO, aKO I'O OCTaBUTE Ha KOTJIOHA B
nosioxenue ,,1”’ 3a 7,4 min nmoseue oT HEOOXOIUMOTO BpeMe B rmoaTouka b)? [2,5 1]

I') U3BecTHO Bpeme clie] MPEeBKIIOYBaHE Ha MOJOXKEHUE ,, 17 ycTaHOBsIBaTe, ue TeMIeparypara Ha
misikoTo € 30° C. Konko BpeMe ce € TOIUTHIIO MIISIKOTO Ha IMOJI0XEeHHeE ,,17°? [2,5 1]

IIpuememe, ue omoeneHomo oOm KOMJIOHA KOIUYECMBO MONIUHA ce Npuema eOUuHCMEeHO Om
MIIKOMO, 4 3aMONJIAHEMO HA CbOd U MONJIO0OMEHbM C OKOIHAMA CPedad ca NpeHedPelCUMU.

3agaua 3. B 3agavara I yact u Il yacTt ca HesaBucuMH.

I vacr: bazawy xamcmep

Xamcrep Osira B KOJIEJIO, KOETO € CBBP3aHO KbM TI'E€HEpaTOp Ha EJIEKTPUYECKO HAIMPEKEHUE.
I'enepaTopbT € cBbp3aH c eHepue, KOETO MOXKE /1a CBETH C HOpMaHa MOITHOCT oT P=2 W . 3a
Ja OCUTYPH HOPMAJTHO CBETCHE Ha ()eHEepuYeTO, XaMCTEPhT TPsAOBa Ja Osira B KOJEIOTO ChC
ckopocT v =1 m/s, npu KOeTo reHepaTophT OCUTypsiBa Ha ¢eHepueTo Hanpexenue U =5V .

A) KakbB ToK 111€ TpoTeue npe3 ¢peHepyeTo? [1T71]
b) Konko Bpeme 11e cBeTu peHepueTo, ako 3a cBeTeHeTo ce u3pasxoasar 120 J oT eHeprusita Ha
Ostrarus B KOJIEIO0TO XxamcTep? [3 1]
B) KakBo pa3crosiHUe 1116 U3MUHE XaMCTEPBT 32 BPEMETO, HAMEPEHO B nojaTouka b)? [1T71]

II yact: Meo u masako
B nununapuyna yama ¢ BucounHa / =20 cm uMa cMec OT MJISIKO MU M€, B KOATO MIIIKOTO MMa

TPU IIBTU TIO-TOJIIM 00EM OT TO3U Ha Mena. AKO ITBTHOCTTAa Ha MISKoTo € p, =1000 kg/m’, a
HaJIAraHETO BBPXY ABHOTO Ha damara € p =2200 Pa, HaMepeTe KOJKO € IUIBTHOCTTa Ha Mena.

I[IpuemeTe, ye 3eMHOTO ycKopeHue e g =10 m/s”. [S 7]



MUHHUCTEPCTBO HA OBPA3SOBAHUETO U HAYKATA
Hauunonaana onmmmnmana no pusuka, Kazanabk, 11 — 13 anpua 2014 r.
PEILIEHUS na temara 3a 7. kiac

3amaua 1.

I vacr: Ilhaeaw cpeiingppym
A) PaBHOBecueTo HaMa n1a ce Hapymu. [0,5 1]

HansiraneTo, KoeTo ch3laBa rpedndpyTpT, ce IpelaBa pPaBHOMEPHO BBB BCHYKH IIOCOKH,
BKJIFOYMTEIIHO U 10 JBHOTO Ha ChJa. PABHOBECHETO ce 3ama3Ba HE3aBHCHMO OT MSCTOTO, Ha KOETO
CMe IyCHaJIM ILJI0/1a, CTUTa TOU Jia TuiaBa 06e3 Aa IoKocBa apHOTO. [1,5 T]

B) I'peiindpyTsT ce npereriia Ha BesHara. OTunTa ce nmokasanuero u M [04 1]

CpabT ce NbJIHU C BOJA O pb0a U ce mpereris Ha BesHara. OT4MTa ce IOKAa3aHUETO Ha BE3HATa

iox *

M, — cyma oT macara Ha BojiaTa 4 Ha cbja. [0,6 1]

['peiindpyThT ce mocTaBs B IBIHUS ChJ U C€ HATHCKA, 3a J1a ce nmoTonu u3usio. [0,6 1]

[Ipu TOBa NElicTBHUE, YAaCT OT BOJIaTa B Chja ce u3auBa HaBbH. [0,2 T]

['peiindpyThT ce M3BaXAa M YAaCTHYHO MBJIHMUAT ChJ Ce€ MpeTeryis Ha Be3HaTa. Ortumrta ce
MOKa3aHUETO Ha Be3HaTta M, — cyMma OT Macara Ha Bojara u cbaa. [0,6 1]

Macara Ha usnsnarta ce Boja m, ce onpenens ot m, =M, —M,. [0,4 1]

O6embT Ha U3JIsJIaTa ce BOJa € paBeH Ha obeMa Ha rpeindpyra. [0.4 1]
M, -M
O6eMbT Ha U3NsIaTa ce Boja € V, = M =W [0.4 T]
Po Lo
M M

[InpTHOCTTA Ha TpelndpyTa P, €€ ONpenens oT P, =——= P, =2 0,4 1]
Vo M 1 M 2

Il vact: Muaghnopa
C nuHuiikaTa ce u3MepBa cTpaHaTa Ha Kyouero nuaduopa a. [0,5 1]

O6embT Ha nuadopata € V.0 = a’.[04T]
Cyxara nnaguopa ce npereriis Ha BesHaTa. OTunTa Ce MOKa3aHUETO HA BE3HATA M, - [0,2 T]

[Muadopara ce mocras B ChJia U c€ OCTaBs Aa ce Harou ¢ Boja. [0,4 1]

Hamoenara ¢ Bona nmuadmopa ce npeteris Ha Be3Hata. OTuuTa ce MOKa3aHWeTo Ha Be3Hata M .
[0,4 1]

Macara na Bogara B nmaiopara n1, ce oupenens ot my, =M —m,,,, . [0,4 1]

OG6embT Ha Bo/aTa B nuaduiopaTa € paBeH Ha ooema Ha Kkyxunure. [0,5 1]

m
O6embT Ha BoziaTa B muadiopara ce onpesens ot V, = —=. [0,6 T]

Po
YactTa n oT oOema Ha HHa(I)JIOpaTa, KOATO € 3a€Ta OT KyYXHHH, CC OIIPCACIIA OT:
Vo M _mnna(p
n= = 7 [0,6 T]
Vrmaqb pOa



3anaua 2. Tonno nu e maakomo?
Axo ananumuunume u3pasu ca NPAGUIHU, HO YUCIEHUmMe pe3yImamu He cd, Mo ce OMmHeMam no
0,1 m 3a epewen uucnen pezyimam.

(1) R R (2) R A) Cxemure ca gajaeHu Ha purypara.
| S—1 )
. 3a cxemara ¢ ycropeaHo cebp3Bane: [0,2 1]
— 3a cxeMmara ¢ ocie0BaTeNHo cBbp3Bane: [0,2 1]
U | EXBUBaNEHTHOTO CBHIPOTHBIEHHE B Ciay4as Ha
| IL YCIIOPETHO CBBP3BaHE €:
| RR R
o = =—=10Q.[0,25 1]
* R+R 2 2

EXBHBaIEHTHOTO CHIIPOTUBIICHHUE B Cllydas Ha I0CJIEI0BATEIHO CBBP3BAHE €:
Ry, =R+R=2R=40Q.[0,25 1]

TIOCTT

Mo1HOCTTa Ha KOTJIOHA B CIy4asl Ha YCIIOPEIHO CBBbP3BAHE €:

2 A2 2
P, _v =90 W.[0,45 1]
Rycn
MOI_I_[HOCTTa Ha KOTJIOHA B cnyqa;l Ha IMoCJICA0BATCIIHO CB’bpSBaHe c.
Uu: U?
P, = =——=225W.[045T]
R R

TIOCTT

KotimoHsT rpee ¢ no-rojisiMma MOIIHOCT IIpH YCIIOPEAHO CBbP3BaHC HA HAI'PCBATCIINUTC. [0,2 T]

[TonoxeHneTo ¢ MOCiIeAOBAaTEIHO CBbpP3BaHE Ha HarpeBaTelMTe ce O3HauyaBa ¢ ,,1”, a ToBa C
yCIIOpEHO CBBP3BaHe — C ,,2”°, KAKTO € NI0Ka3aHo Ha Qurypara.
b) B HeusnpaBHOTO MOJIOkKEHUE ,,2” KOTIOHBT IPee ¢ MOLTHOCT:

yen

%P =18 W.[0,5 1]

MUISIKOTO c€ TOTUIM Ha Ta3u MOIIHOCT 3a BpeMe:
t,=5min=5-60s=300s.[0,5T1]

OTI[GJ'IGHOTO KOJMYCCTBO TOIIJIMHA 3a TOBA BPEMC €:
1
Q.= Bt =5400 1. 10,6 7]

KonndecTBOTO TOTUIMHA, KOETO MIISIKOTO TPsIOBa J1a TIOJy4d OT KOTJIOHA B MOJIOXKEHue ,,17 e:
0=0,—0,=296001].[0,7 1]
KonunuectBoTo TornmHa @, ce OTAens OT KOTJIOHA B MOJI0XKEHHE ,,17 3a Bpeme:

_ 0

TI0CIT

B) MnsikoTo ce TOIIu B OJIOKEHUE ,,1”° 32 JOMIBIHUTENHO BpEME:
ton =7,4-60s=444s.[0,5 1]
3a ToBa BpeMe KOTJIOHBT (B MOJIOKEHUE ,,1”") 0T1aBa TON'BJIHUTENHO KOJIWYECTBO TOILTMHA!

Oon = Proestion =9990 J, T.e. mpubmuzurtenno 10000 J . [0,6 1]

O6I_HO 3a LCJIns CU HpeCTOﬁ Ha KOTJIOHA MJISIKOTO ITIOJIy4aBa KOJIMYECTBO TOIIIMHA:
0 =0,+0,, =44990 J ~ 45000 J . [0,6 T]

2 ~1315 s (anTepHatuBHO: f, =22 min ). [0,7 1]

Crnopen rpadukara, Ha TOBa KOJIMYECTBO TOILTMHA OTroBaps Temmeparypa ot 50° C. [0,8 1]

2



I') Ha remniepatypara ot 30° C otrosaps nosryueHo KonuuecTBo Toruaa ot 25000 J. [0,8 1]
Miasikoro e monyuuno Q, =5400J or nonoxenue ,,2”. CrenoBaTenHO, OT MPECTOS] CH Ha

MOJIOXKEHHE ,,17°, MIIIKOTO € TIOJTY4HJIO:

O... =0,— 0, =196007J .[0,8 1]

[Ipu choTBEeTHATA MOIIIHOCT, OTJACJISIHETO HA TOBA KOJUYECTBO TOIUIMHA CTaBa 32 BpEMe:
0., 196007

t =
R 22,5W

TI0CTT

~871 s (anTepuatuBHO: ?,, ~14,5 min). [0,9 1]

3agaua 3.
I vacr: bacaw xamcmep

A) ToksT npe3 penepuero e [ = 5 =04A.[171]

w
b) O3nauaBame u3paszxoasanara eneprusi ¢ W . TepceHoTo Bpeme € ¢ = > =60s.[3T1]

B) U3munaroTo oT Xxamcrepa pascrosinue € s =vi =60 m. [1 1]

II yacrt: Meo u masako
Hexa F e TermoTro Ha cMecTa B dallara, a S € IUIOIITa Ha JHHOTO HA damrara. U3mbeiaHeHo e

F_mg _pVg
= =—= T , KbJCTO p € Cp€AHaTa INIbTHOCT HA CMECTa, a V=S¢ 00eMBT Ha yamara.

s S

Ot Tyk nony4aBame p = pgl wim p = % =1100 kg/m’ . [2 1]
8

m_ pVi+pV,

CpeL[HaTa INIBTHOCT Ha CMECTa CC HaMHpa OT P = Y Vv

, KbJICTO pO, € IUIBTHOCTTA Ha

3 1
MIISIKOTO, a V| u V, ca chbOTBETHO 00eMHTE Ha MIIIKOTO U MeAa, 3a Kouto V, = ZV nv,=-V.

OT Tyk Hamupame p = %pl + i 0,, OTKBIETO P, =4p—3p, =1400 kg/m’. [3 1]



MUHHUCTEPCTBO HA OBPA3OBAHUETO U HAYKATA
Haunonanna ommmnuana no pusuka, Kazanask, 11 — 13 anpua 2014 r.

TEMA 3a 8. kjac

3agaua 1. IspBeHo Tpynue 1 ¢ Maca M ce mpeMecTBa C YCKOPEHHE @, 110 XOPU3OHTAJIEH
IbpPBEH IUJIOT MOJ JEHCTBHE Ha XOpPU3OHTAIHA cwia. HamupamoTro ce BbpXy HEro Apyro
IBPBEHO Tpymde 2 ¢ Maca m Ce ABMXKU C YCKOPEHHUE a,. TpHeHEeTO MEXAy IIJI0Ta U JOJHOTO

TpyH4e, a Taka ChIO MEXy JIBETE TPYIUETa, C& XapaKTepu3npa ¢ €AUH U ChI KoepUIUEHT Ha
TpUeHe. 3eMHOTO YCKOPEHHUE € PaBHO HA g .

A) HauepraiiTe BCUUYKHU CHIIM, KOUTO AEMCTBAT HA Tpym4yeTaTa.

b) Hamepere xoeduienra Ha TpueHe k .

B) Onpenenere xopu3oHranHara cuia F .

I') C xakBO ycKkOpeHHE a 1Ie c€ ABUXKH JO0JTHOTO TPyHue, Ce/l KaTO TOPHOTO MaJHE OT
Hero?

3agaua 2. B 3agauara yact A v yact b ca He3aBUCHMU.

Yact A. Ha ¢wur. 2.1 ca moka3anu aBa CKa4eHH MWJIMHIPUYHH ChJIa ChC CEUYCHUS ChOTBETHO
S u 2§ . B T4x e HansATa BOJAA C IUIBTHOCT P, KaTO HUBOTO Ha BOJaTa B JIBETE KOJIEHA € €HO U

chINo. B chaoBeTe ce mocTaBsT ABC CIHAKBU JbPBCHHU TOIMYETA C Maca m , KOUTO IJIaBaT.

A) C KOnKO M B KakBa MOCOKa (TIOBHILIABAHE WM

MMOHMKaBaHE) CE € M3MEHUJIO HUBOTO Ha BojaTa? G G
b) KakBa maca M Bojga € mpeMHHala Tpe3
CEeYEeHNETO A cileq IIOCTaBsSHETO Ha Tomuerara’? A
¢ur. 2.1

Yacr b. banoH ce cmycka ¢ MOCTOSSHHA CKOPOCT. 3a J1a C€ COpe CIYCKaHETO MY, OT HEro ce
U3XBBPIIA Oanmact ¢ Maca m, cliell KOeTo OaJoOHbT 3aloyBa Jla ce M3JUra ChC chliara Io
rojemMuHa ckopoct. Karo npuemere, ye cuiiata Ha ChbIPOTUBJIEHUE HA Bb3/AyXa C€ OMpeens OT
CKOpPOCTTa Ha JABM)KECHUE:

A) Tlocouere mo roieMWHa M TIOCOKa CHJIMTE, KOUTO JeicTBaT Ha OalioHa, MpHU
ABUXXCHUCTO MY CBbOTBCTHO HAA0Jy X HAarope.

bB) Ompenenere rojremMuHaTa Ha CcWiaTa Ha CBIOPOTHUBICHHWE Ha Bb3Ayxa R?
N3non3BaiiTe, 4e 3€MHOTO YCKOPEHHE € g .



3agaua 3. 3a ga ce peryiupa cuiiaTa Ha CBETEHE Ha JamIia, KOSATO TpAOBa Ja paboTu mpu
Hanpexenue U, =6V, mocienoBaTeaHo Ha JlaMIlaTa € BKIIOYEH NoTeHIuoMeTsp (¢ur. 3.1).
[ToTeHIMOMETBPBT € PE3UCTOP, YUMETO CHIPOTUBICHUE MOXKE Ja ce MPOMEHs IUJIaBHO OT Hylla
0 HJIKakBa MakcMMaiHa cToiHocT. Koraro mammara cBeTH Hall-CWIHO M Haii-ciabo,
NIOKa3aHMsATa Ha aMIIEPMETHPA U BOJITMETHPA BbB Bepurara ca cborsetHo [, =0,5A, U, =6V
ul,=045A, U,=54V.

IIOTCHIUOMCTDBP JaMIia

A) Ha koiko € paBHO CHIPOTHBICHHETO Ha MOTEHIIMOMETHPA, KOTaTO JlaMIaTa CBETH
Haii-cuiIHo?

b) Onpenenere ChIPOTUBIEHWETO M MOIIHOCTTA Ha JiamraTa, KOTaTo TS CBETU Haii-
CHJIHO.

B) Omnpenenere ChIpOTUBICHUETO HA MOTEHIIMOMETHPA, KOTaTo jamIiaTa CBETHU Haii-

cna6o. KakBo KoaMuecTBO TOIUIMHA B €IMHUIIA BpEME OTJIEJIsl MOTEHIIHOMETHPBT B TO3H PEKUM
Ha paboTta?

F) Ha xomnko e paBHO CBIPOTHUBJICHUCTO HA JiaMIlaTa, KOraTO TS CBCTHU Hali-c1abo?
KaknB HU3BOJ MOKCTC 1a HAITPABUTEC OT IOJTYUCHUSA pe3ynTaT?

Bcesika 3amaua ce onensaiBa MakcuMaaHo ¢ 10 Toukmu.



MUHHUCTEPCTBO HA OBPA3OBAHUETO U HAYKATA
HAIIUOHAJIHA OJIUMIIHNAIA 11O ®U3UKA
Ka3zanabk, 11 — 13 anpua 2014 .

Pemenust Ha Temara 3a 8. kiac

3agaua 1. A) Ha ¢ur. 1 ca o3HayeHM cileqHHWTE CHIM: JIBWXKellara cwia F , cuiara Ha
TpueHe f , JelcTBalla Ha TAJIO0TO 1, cuinTe Ha TpueHe f, U f, , HOPOJEHHU OT TPUEHETO MEKAY

TenaTa ¥ JSHCTBaIM ChOTBETHO Ha Ts10 1 M Tsy10 2. (3a BCsAKa MpaBHIIHO O3HavYeHa cuia — [0,5
T.] uiu 00110 3a MyHKT a) [2 T.].
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¢ur. 1
b) Tpynuero 2 ce aBumxu nox Aeicrsue Ha cunata f, = kmg [0,5 T.]. OT ypaBHEHUETO

Ha Hroton
ma, = f, =kmg [0,5T1.] cnenBa a, =kg [0,5T1.],

OTKBACTO HAMHUpaMEC

k = —, [0,5 T']
B) Ot ypaBHEHMETO Ha JBWXKEHME 3a TPyM4yeTo 1, KoraTo TpymueTo 2 € BbpXY Hero,
nMamM¢e
Ma, =F—-f—f,. [1T.]

Karo otuerem, ue f=k(m+M)g [0S 1.] u f, =f, =kmg(tpetu npunuun) [0,5 T.],

HaMHpaMe
F =Ma, +(2m+M)a,. [1T.]

I') Cnen xaTto BTOPOTO Tpymue MajaHEe, MbPBOTO CE€ ABUXKH C YCKOPEHHE, KOETO Ce
onpenens OT ypaBHEHUETO HA IBUKECHHE

Ma =F — kMg . [1T1.]

Ot Hero HamMupame a=a, + Z%az . [2T1.]



3agaua 2.

Yact A. A) Cien noTonsBaHETO Ha TOMYETaTa HAUBOTO Ha BOJAaTa C€ IIOBMIIABA C /i BBHB
BCEKH OT JBaTa CKaYeHW IWIMHAPUYHHU cbra [0,5 T.], mpu KOETO MpH MMOBHINIABaHE HA HUBOTO
o0eMbT Ha BoJIaTa B MBbpPBHs ChJ ce yBenuuasa ¢ AS [0,5 T.], a BB BTOpUS — ¢ 2AS [0,5 T.].
Tbil KaTo TOMYeTaTa MiIaBaT, TAXHOTO TErJIO CE€ YpaBHOBECSBA OT TETJIOTO HA U3MECTEHATa OT
TSX BOJA, T.€.

2mg = Shpg +2Shpg , [0,51.]
2m

OTKBIETO clienBa h = —. [0,5 T.]
3pS

b) Toii karo crmex MOTOISBAHETO HA TOMYETaTa, yBeIMYaBaHETO Ha obOema BoAa B
IIUPOKUS CHJI € MO-TOJISIMO OT YBEJIMYAaBAaHETO Ha 00eMa BOJIa B TECHUSI Ch/l, IPE3 CEYCHUETO A
1€ MPEMHHE U3BECTHO KOJIMYECTBO BOJIAa OT TECHUS KbM IMpokus cba [0,5 T.]. Ako nBara chaa
He 0s1Xa CKa4eHH, TOIMYETO B TECHUS ChJI LIEIIE JIa U3MECTH MPHU IJIABAHETO CH BoJIa ¢ 00eM

v=", [0,5 T.]
P

BMecTo obema V,, = AS . ToraBa ThpceHaTa Maca Ha BOJaTa, IPEMHUHANIA OT TECHUS B IIMPOKHUS

CB] €

M= —vo)p=m—27m=§m. [17.]

Yact b. A) [Ipu crnyckane Ha 0alloHa Ha HEro My JAEWCTBAT CIETHUTE CUJIM: CHJIaTa Ha
TexecTTa Ha OanmoHa 6e3 Oamact G, HacOUYeHa HAAONy; CUJaTa Ha TeKecTTa Ha Oamacra mg,

HaCO4YC€Ha HAOOJIY, ApXI/IMGJIOBaTa culia FA , HACOYCHA HAropec; Cujara Ha CbIIPOTUBJIICHHUEC Ha

BB3Ayxa R, HacoueHa Harope. (3a Bcsika MmpaBUiIHO mocoveHa cuia 1o [0,5 T.] — o6mro [2 T.]).

[Tpu m3nurane Ha O6ajoHa Ha HETO MY JICHCTBAT CHJIMTE: CHJIaTa Ha TEKECTTa Ha OanoHa Oe3
Oamact G, HacodyeHa Haaody; ApxuMenoBarta cwia F,, HacodeHa HArope; cuiara Ha

CHIIPOTHBIICHHE HAa BB3Jyxa R, HacoueHa HaAONy. Te MMAT chliaTa roJIEeMHHA, KaKTO MPH
CIycKaHeTo Ha OayoHa. (3a Bcsika mpaBUITHO mocodena cuia o [0,5 1.] — obmro [1,5 T1.]).

B) Twii kaTo B ABaTa ciayyasi IBHKEHHUETO Ha OalloHa € paBHOMEPHO, ACHCTBALIUTE CUITU
ca ypaBHOBECEHH, T.€. B CHJIa ca paBEHCTBaTa

G+mg=F,+R, [0,5 T.]
G+R=F,. [0,5T.]

mg
KaTo n3BaguM nousjaeHHo ABETE paBEHCTBA, HAaMupamMe R = 7 . [1T.]



3apaua 3. A) [loreHIMOMETHPHT U JIaMIIaTa ca CBbp3aHu nocieaoratendo [0,5 1.]. B
PEKHUM Ha HAW-CHUITHO CBETEHE PabOTHOTO HAIPE)KEHUE HA JaMmIiaTa ChBIaJa C HAMPEKCHUETO
Ha u3tounuka [0,5 T.]. CnegoBaTesiHO HAMPEKEHUETO MEXKIY Kpaullara Ha MOTEHIIMOMETHPA €
nyina [0,5 T.]. Tbil KaTo npe3 Hero Teue TOK, chipoTuBieHueTo my € R =0 [0,5 T.] .

E) C’prOTI/IBHCHI/IeTO Ha JlaMIiaTa B pCXKHUM Ha Hal-CHJIHO CBETEHE €

rR=Y%-na, [11.]

1
a HeylHata MOIITHOCT —
P=UI=3W. [17.]

B) Hanpesxenuero mexay kpauiara Ha noreHuuomerspa e U, =U —U, [1 T1.]. Torasa
umMame

R=L"%r130. [1r.]

it

OTI1es1IeHOTO KOJIMYECTBO TOIUIMHA B €IMHUIIA BPEME YUCJIEHO ChBMaja ¢ MOITHOCTTA Ha
norenuometspa [0,5 1.]. CnenoBaTenHo numame

q=P =U-U,)I,=027W. [1T.]
I') CbIpoTHBIIEHHNETO HA JIaMIIaTa NIPH Haii-Cc1abo CBETEHE €

R-Y%-120. [17.]

2

To cwpBmama ChC CHIPOTHUBICHHETO Ha Jjlammara npu HaW-cuiaHo cBerene [0,5 T.].
CrnenoBaTenHO B pasrIeKIaHNs UHTEPBAJl Ha HAMPEKEHUS U TOKOBE JIaMIlaTa MMa MOCTOSIHHO
cbporusienue [1 1.].



MUHHUCTEPCTBO HA OBPA3OBAHUETO U HAYKATA
HAIIMOHAJIHA OJIUMIINAJIA T1O ®PU3UKA
Ka3zanabk, 11-13 anpua 2014 1.

Tema 3a 9. kanac

3anaua 1. U3MepBaHe Ha CKOPOCTTA HA €JIEKTPOHEH CHOI

Ha ¢wur. 1 e mokaszan ypen 3a ompezensHe Ha CKOPOCTTa Ha €JNEKTPOHEH CHOII.
[Inoyata A Ha IUIOCBK KOHAEH3ATOp € 3a3€MEHa, a IUloyaTa B e CBbp3aHa KbM 3eMsTa Ipe3
PE3UCTOP ChC CBIPOTUBIECHHE R = 10°Q u aMIepMeThp, KaKTO € MOKa3aHo Ha (Qurypara.
EnextpoHute HaBIu3aT B KOHAEH3aTOpa IIpe3 MalbK OTBOP B IJIaCTUHATa A, IBHXKEHKH ce
NEPIEHIUKYJIAPHO KbM Hesl. Pa3cTosHMeTO Mexay IIacTUHUTE € d = 5 mm, a IUIouTa UM —
S =10 cm’.

A B

R

.L

Pur. 1

l||

A) AMriepMeThpbT OTYMTA MPOTUYAHE HA TOK. [IpedepTaiiTe cxemara W O3HAYETE MOCOKATA
Ha TOKa mpe3 amrepMmerbpa. Jlaiire kparko obsicaenue (1-3 m3pedeHus) 3amo cre n3bpaim

Ta3M MOCOKA. [1 7]
b) IToka3zanueTo Ha ammepMeThbpa 3aroyuBa Jja Ce yBeIruaBa U I0CTUTra MakCHMaiHa CTOMHOCT
1=1,5.10" A. KakBo konudectso 3apsi Q ce € HaTpyHajo Ha IiacTHHaTa B? [4 1]
B) C xakBa HauaJiHa CKOPOCT U €NIEKTPOHHUTE HaBIU3aT B KOHAEH3aTopa? [3 1]
I') 3a koKO BpeMe ¢ eNeKTPOHUTE U3MUHABAT Pa3CTOSHUETO OT IUIaCTHHATa A J10 TJIacTUHATa
B? [2 1]
JlanHun

Enemenrtapen enextpuueH 3apsa, e =1,6. 107°C;
Maca Ha enexrpona, m=9,1.10""kg;

EnexTpudHa KOHCTaHTa, €, = 8,85.107' F/m

3agaua 2. barepus

WBan paszmosaran ¢ royissM Opoil pa3iuvHH PE3UCTOPH, KOUTO CBBHP3BA €IUH CIE]
JpyT KbM OaTepus. 3a BCEKU OT PE3UCTOPUTE U3MEPBa TOKA BbB BEpUraTa U HAIpPEKECHHUETO
BBpXY pe3uctopa. Crien ToBa HaHECH JAaHHUTE Ha rpaduka, CBbp3ajl HAHECCHUTE TOYKH U
MOJIy4nJI JIMHUATA, TOKa3aHa Ha (ur. 2 — BHKTe MOCJEAHUS JIUCT, KOWTO TpsidoBa jaa
npeaajaere 3aeJHO C pellIeHNEeTo.
A) Hauepraiite cxeMa Ha eleKTpuueckaTa Bepura, Kosto MBaH u3mon3Bai 3a u3MepBaHe Ha
TOKa ¥ Ha HAMPEKEHUETO. [1T1]
b) Konko e Hail-ronsamMoTo Ry, 1 HAl-MaJIKOTO R, CbIIPOTUBJICHHE HA PE3UCTOPUTE, C KOUTO
WBaHn e paznosaran? [2 1]
B) Otbenexere BopXy rpadukara Touka 4, CbOTBETCTBAIlA HA TOKA U HA HAMPEKEHHUETO 32
pe3uctop cbe chrpoTuBiaeHue R = 10 Q. OOGscHeTe KaK cTe TOCTPOUIIN Ta3u TOYKa. [3 1]
I') TlpecmeTHeTE €NEKTPOABUKEIIOTO HampexkeHne € U BBTPEHIHOTO CHIPOTUBIEHUE F Ha
OarepusTa. [4 1]



3amaua 3.
leeme noodycnosus na 3a0avama ca He3a8UCUMU.
A) EleKTPOMarHuTHo opbaune

Bwvpxy nBe ycnopeaHu, XOPHU3OHTATHM METAJIHU PEJICH € MOCTaBeHa ThHKa MeJHa

*Kudka. JIbJDKMHATa HA KUYKATa € paBHA Ha PA3CTOSHUETO MEXIY PEJICUTE, KAKTO € MOKa3aHo
2

Ha ¢ur. 3 (a). Hanpeunoro ceuenue Ha xuukara ¢ S = 0,1 mm®, a mIBTHOCTTa Ha MeATa —

p=8900kg/m”. PencuTe ce HaMUpPAT B €IHOPOIHO MATHUTHO ToNe ¢ uHAyKmus B = 0,1 T,
HAcouYeHa OT YepTeka KbM Bac. KbM TAX € BKIIIOUEH M3TOYHUK, KOHTO TeHEpUpa MOCTOSHEH

TOK [ =5 A, TEYall 110 pEJICUTE U I10 XXUYKaTa.

HpeCMeTHGTG YCKOPCHULTO a, C KOCTO IIC 3allOYHC Ja CC JABUIKH XMYKaTa U orOene-

KETe Ha YepPTEK Heropara Mmocoka. d
<>
il “
©B
T
| Il
®@ur. 3 (a)

b) MarHuTHH B3anMo/ielcTBHs

[4 7]

11

®ur. 3 (0)

[To nBa ABATH ycnopeaHU MPOBOJHUKA, HAMUpAIU ce Ha pa3cTossHue d = 10 cm enuH ot
JpyT, TeKaT B MPOTHUBOMOJOXKHHU MOCOKH €IHAKBU MO rojiieMuHa TokoBe I = 10 A, kakto e

nokasano Ha ¢wur. 3 (0).

L4 OnpeﬂeneTe roJJCMHHAaTa Bo U TI0COKATa HAa MArHuTHAaTa HWHAYKIOHUA HA BBHIOHO
MAar"duTHO ITIOJI€, KOCTO Tpf[6Ba Ja 6’5,[[6 MPHUIIOKCHO TaKa, Y€ BbpPXY IIPOBOAHUIIUTEC Ha

He JelicTBAT CHUJIH.

[2 1]

° HpI/I HaJIN4YHUC Ha TaKOBAa BBHIITHO ITIOJIC Bo, MMPECMETHETC I'0OJICMHUHATA Bn OIIpEeaciIieTe
IMOCOKaTa Ha MarHuTHaTa MHAYKOWA B TOYKaA, Pa3lOJOXKCHA IO Cpeaara MEKAY ABAaTa

IIPOBOJIHUKA.
MarnuTHaTa KoHcTanTa € [, =4n-107 T-m/A

[4 1]



KbM 3agaua 2.

Buumanue! IlpenaiiTe TO31 JIMCT 32€1HO ¢ peLICHHETO.

10

u(v)
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®dur. 2



MUHHUCTEPCTBO HA OBPA3OBAHUETO U HAYKATA
HAIIUOHAJIHA OJIUMIINAJIA 11O ®U3UKA
Kazanabk, 11-13 anpua 2014 r.

Pemennsi Ha TemaTa 32 9. KJjIac M KPUTEPHUH 32 OLIEHSIBaHe

3anauya 1. U3MepBaHe Ha CKOPOCTTA HA €JIEKTPOHEH CHOI
A) Tlocokara Ha TOKa € 03HaueHa Ha (urypara.

@p

Cnen karo MMHAT Ipe3 OTBOpa B IUIACTHUHATa A, €IEKTPOHUTE IONajaT BbpXY IuactuHara B. Otram Te
IIPEMMHABAT IIOCIENOBAaTENIHO Ipe3 pPE3UCTOpa, ammepMerbpa U 3emaTa. IloHeke enekTpoHMTE ca
OTPHULATEIIHO 3apEICHH, II0OCOKATa Ha TOKA € IPOTUBOIIOJDKHA HA II0COKATa, B KOSATO TE CE€ JIBHMIKAT.

b) Ot 3akona Ha OM cieqBa, ye MOTEHIMAIHATA PAa3JInKa MEKIY 3eMATa U IUlacTHHaTa B e:

U=IR=15V

Tpii kaTo miuacTuHaTa A € 3a3eMEHa, HANPEeKEHHETO MEXIy IulacTuHuTe cbio € U. CrnenoBaTelnHo,
roJeMHHATa Ha 3apsi/ia, HaTpyNaH BbPXY BCSKa IUIACTHHA HA KOHJIEH3aTopa €:

A

o-y-b

l0|=cU
OT Q)OpMyHaTa 3a KallaluTET Ha IJIIOCHK KOHI[GHSaTopZ
g

C=""=1,77.10""F
d

Karo B3emeM npenBua, uye miactTuHata B € OTpUIaTeHo 3apeieHa, HaMupaMe:
0=-1,7710"F-15V~-2,7-10"' C

B) Ilonexe enekTpoHHMTe ce OTONBCKBAT OT OTPUILIATENHO 3apefieHara IJIacTHHA B, TIXHaTa CKOPOCT
HaMaJisiBa MNpH JABWKEHHETO MM B KOHJEH3aropa. Bbpxy mnacTuHara B ce HaTpynBa 3apsj J0KaTo
CKOPOCTTa, C KOSITO €JIEKTPOHUTE JIOCTUTaT MJACTUHATA, HE CTaHE paBHA Ha Hyna. OT 3aKOHa 3a 3ara3BaHe
Ha CHEeprusTa Ccjie/IBa:

2
mo
=elU
2
OTKBJIETO:

-19
o [2eU _ |2.1:6:10 _3]C'15V:2,3-106m/s
m 9,110 kg

F) EHCKTpOHI/ITC B KOHZACH3aTOpa C€ [IBHUKAT PABHO3AKbCHUTCIIHO, JOKATO CHpAT HAIIBJIHO BbBPXY

mractuHaTta B. OT 3aKOHUTE 3a CKOPOCTTA U ITbTS CJIEe/IBA:
2
at
d=—
2
o=at
OTKBJIIETO:

t= 2d _ 435-107s
0



Cxema 3a oneHsiBaHe Ha 3agava 1

eJleMEeHT OT pelleHUueTo TOYKH
A) | O3HauaBa IpaBWJIHO IOCOKATa HA TOKA 0,5
O6ocHOBaBa N300pa HA IMOCOKATa 0,5
b) [IpecmsiTa HanpeKEHUETO BHPXY KOHAEH3aTOpa 1,0
W3pazsBa 3apsaa upe3 HAPEKEHUETO U KalaluTeTa 1,0
[Tpunara gpopmynara 3a KanalMTeT Ha MIIOCHK KOHJEH3ATOP 1,0
IIpecmsiTa ronemMuHara Ha 3apsiaa 0,5
Cpo0OpassiBa OTpHUIATEIIHUAS 3HAK HA 3apsia 0,5
B) | Cro0OpazsiBa, ye eneKTpOHUTE JOCTUTAT C HYJIE€Ba CKOPOCT 1,0
rjacTuHata B
[Ipunara 3akoHa 3a 3ama3BaHe Ha EHEPrusTa 1,0
W3pazsiBa ckopocTTa 0,5
[IpecmsiTa yncaeHO CKOPOCTTA 0,5
I) 3anucBa 3aKOHA 3a IbTS IPU PAaBHO3AKbCHUTEIHO ABU)KEHUE 0,5
3anucBa 3aKOHA 32 CKOPOCTTA MPU PABHO3AKHCHUTEITHO 0,5
JIBHYKEHUE
H3pazsaBa BpemMeTo 0,5
[IpecmsiTa ynciieHO BpeMeTo 0,5
3agaua 2.
A) Cxemara e nazeHa Ha ¢gurypara.
(AR

b) Haii-ronsiMo chlpoTuBIIEHHE OTrOBapsi Ha JIEBHsS Kpall Ha rpadukaTa, KbAETO HAIpPEKEHUETO € Hail
rofisiMO: Upax = 8,8 V, @ TOKBT — Hall-MalbK: Imin = 0,2 A. OT 3akoHa Ha OM HamHpame:

:&:449
1

min
Haii-manko chlpoTUBIEHHE OTTOBaps Ha JECHHS Kpail Ha rpadukara, KbJETO HAMPEKEHUETO € Hall MalKo:
Unin = 6 V, a TOKBT — HaA-TOJSIM: [0 = 3 A. OT 3akoHa Ha OM Hamupame:

Ry, =Zmn —20

min

max

max
B) 3a pesucrop cwc 3amameHo cemnpoTtuBieHue R = 10 (), Hanmpe:KEHHETO W TOKAa Ca CBBP3aHH ChC
3aBUCUMOCTTA!
U=RI=101
I'padmkara Ha Ta3W 3aBUCHUMOCT € MpaBa, MHHABAIlA MPe3 HAYAJIOTO HAa KOOpAMHATHATa cHcTeMa. 3a Ja
MOCTPOUM TpadukaTa, € HY)KHO Ja HaMEpUM OIlle €Ha HelHa To4yka. AKO Hampumep monoxuMm [ = 1 A,
nonydaBame U = 10 V. [loctposiBame npaBa, cBbp3Baia Toukute (0,0) u (1,10). Touka A4 e mpecedyna Touka
Ha JBeTe Tpaduky.
I') Ot 3akoHa Ha OM 3a 1LIsA7IaTa BepuUra:

&
R+r

I =



HaMHpaMme: 10 (/
U=IR=E-1Ir 9 /
N30upame nBe NPOU3BOIHH TOYKU OT /A
rpadukara, HampuMmep KpalHuTe, U 8 7
[oJIy4yaBaMe CUCTEMA OT YPAaBHEHMUS: 7 /
/
88V=E-02Ar . /
6V=E-3A-r /
OTTyK HaMupame: > ° /
/
r=1Q >, /
/
E=9V ra
3
]
]
/
2
/
/
]
;
7
]
/
0
0.0 05 1.0 1.5 2.0 25
I(A)
Cxema 3a onieHsIBaHe HA 3aj7a4a 2
€JICMEHT OT PEIICHUETO Touku
A) | AMIIepMeTBPHT € CBBhP3aH YCIOPEAHO Ha PE3UCTOpA. 0,5
BoaTtMeTspbT € CBBpP3aH yCIOpeIHO Ha Pe3UCTOpa. 0,5
b) | IlocouBa, ye Hal-rOJIIMO CHIPOTHBIICHHE CHOTBETCTBA HA JICBUS 0,5
Kpail Ha rpadukaTa ¥ OTYUTA CHOTBETHHSI TOK U HANIPEKCHUE
IIpecmsita Ry« 110 3aK0Ha HAa OM 0,5

ITocouBa, ye Hal-MaJIKO CBHIIPOTUBIICHUE CHOTBETCTBA Ha JIECHUS 0,5
Kpail Ha rpadukara ¥ OTYUTA CHbOTBETHHUS TOK U HAIIPEKEHHE

ITpecmsaATa Rmin 110 3aKk0Ha Ha OM 0,5
B) | 3amucsa ¢ ¢popmyna Bpb3KaTa MEXy TOK U HalpEKEHUE. 0,5
ITocTposiBa mpaBa 10 ABE TOUKHU 1,0

1o 0,5 T. Ha MPAaBUIIHO MOCTPOEHA TOUYKA.
0 T., aKo MMpaBaTa He MHHaBa IIpe3 Ha4aJIoTo Ha
KOOpJIMHATHATA CUCTEMA;

[TocTposiBa T. A KaTo MpeceyHa TOYKa Ha JABETE rpauKH. 1,0
(0,5 T. ako Toukara € nodpaHa Mo Ype3 HaJTyIKBAHE)
Hanpexenuero, cboTBETCTBANO HAT. A, € Mex1y 8 1 8.2 V 0.5
I') | 3anuca 3akoHa Ha OM 3a 1s1aTa BEpUra. 1,0
M3Bexia Bpb3Ka MEX/ly HAalIPEKEHUETO BbPXY KOHCYyMaTopa U 1,0
TOKa BHB BEPHTaTa.
OTunTa KOOPAMHATUTE HA JIBE TOYKH U CHCTaBsl CHCTEMA OT 1,0
yYpaBHEHHS.
IIpecmsTa r 0.5
[Tpecmsita € 0.5
3amaua 3.
A) Ha ¢urypata e moka3aHa mocokara Ha ToKa mpe3 >kuukara. OT
NpPaBUJIOTO HAa M3MBbHATUTE NMPBCTU HA JCHATa pbKa ONpeaessMme, ue T «—

MaromTHata CuWja BbBPXY KHUYKATa, a CJICA0BATCIHO H HEHHOTO
YCKOPCHUC Ca HACOYCHU HAJIABO.
I'omemuHaTa Ha MarHMTHATA CUJIA €:

F =IBL
KBbACTO L e IhIDKUHATa Ha KUYKaTa. Macara Ha )KHYKaTa e€:
m=pSL



Or II mpunuun Ha HioToH HamMupame:

a=—=—~562m/s’

m pS
b) Ot npaBunoto Ha CBUTHUTE NPHCTU HA JSCHATA pbKa ONpPEIEISIME, Y€ MPOBOJHUKBT |
Ch3/laBa I10 JIMHMATA, HA KOATO € pa3IoJIOkKEH IPOBOJHMKA 2, MarHUTHa WMHAYKUUS Bj,
HAcOYeHa OT yepTeka KbM Hac. 3a Ja Objae Hyna cuiiaTa, JeicTBalla Ha MPOBOJHUKA 2, €
HYKHO J1a IPUJIO’KUM BBHILHO MarHUTHO 1oje By, HACOUEHO KbM uepTexa. ['ogemMuHuTe Ha
JBETE moJieTa TpsiOBa ga ObAaT paBHU:
B =B =Ml _505T

2nd

B Touka, pasnosnoxeHa Mex/y ABaTa MPOBOJHMKA, IIOJETO € CYNEepIIO3ULIMs Ha noneraTta B u
B>, cb3gazeHu OT MPOBOJHULIUTE | ¥ 2 CHOTBETHO, U BBHIIHOTO Moyie By. OT nmpaBuiioTo Ha
CBUTHUTE IPBCTH Ha JSICHATa pbKa ompezaensme, ye By u By, ca ¢ eIHaKBU MOCOKU — OT
yepTrexa KbM Hac. Clie10BaTeNHO:
B=B 1 +Bz — Bo
B Touka, pa3nosioxeHa Ha €JHaKBH pa3CTOSIHUS d/2 OT ABaTa MPOBOAHUKA UMaME:

I
B =B,=—""_-2p,

2nd /2
CHeI[OBaTeHHO CYMapHOTO II0JIC UMa I'oJICMHHA:

B=3B,=6-10"T
M € HACOYCHO OT 4YCPTCIKa KbM HaAC.

CxeMma Ha onieHsIBaHe HA 3aja4a 3

eJleMeHT OT pelieHHeTo TOYKH
A) | [locouBa npaBuiIHaTa MOCOKA HA MAarHUTHATA CHJIA U HA YCKOPEHUETO. 0,5
AprymMmeHTHpa u300pa ¢ MpaBUJIOTO HAa U3I'bHATUTE NPBCTH Ha JisicHaTa ppka | 0,5
3anucBa u3pas 3a cuiarta Ha Amrep. 1,0
W3pa3sBa Macarta Ha JKUUKaTa. 0,5
IToy4yaBa u3pa3 3a yCKOPEHHETO. 1,0
[TpecMsTa yCKOPEHUETO YHUCIEHO. 0,5
b) Omnpenens nocokara Ha NoJeTO By Wiu 00sICHABA, Ue MEX Ay POBOAHHUIIY, 0,5
M0 KOUTO TE€KAT TOKOBE B IPOTUBOIOJIOKHU ITOCOKH, IECTBA CHJIa Ha

OTOIBCKBAHE.

[IpaBu u3Box, ye B) € HacOUeHa MPOTUBOMOJIOKHA Ha B uiu nocoysa, ue By | 0,5
TpsiOBa J1a € HacoueHa KbM YepTerka, 3a J1a MO)Ke MarHUTHATa CHJIa OT CTpaHa
Ha BBHIITHOTO TOJIE JIa ypaBHOBECSIBA CHJIaTa HA OTOTHCKBAHE MEXKTY

IIPOBOHMIINTE.

ITonydaBa u3pa3s 3a By 0,5
IIpecmsita yucieno By 0,5
Omnpenenst NOCOKUTE Ha nojerata By u By, Mexay ABaTa IPOBOJHUKA 1,0
IIpunara npuHIMIIa HA CYNIEPIIO3HIIMS U U3pa3sBa pe3yJATaHTHOTO IoJe B. 1,0
W3pazsaBa ronemuHuTe Ha B U B,, 32 TOUKa 110 cpeAaTa Mexay 1,0
IPOBOAHUIINTE.

ITpecmsTa rojgemMuHaTa Ha pe3ylITaHTHOTO noJie B 0.5
IIpaBu n3BOA, ye MHAYKIMATA B € HacOYeHa OT 4epTeka KbM HacC. 0,5

BO® @B]

®B
®©B,

®
Il @fe T’




MHUHUCTEPCTBO HA OBPABOBAHUETO U HAYKATA
HAIIMOHAJIHA OJIUMIINAJIA I1IO ®PU3UKA
Kazanabk, 11 — 13 anpua 2014 r.

Tema 3a 10. — 12. kaac

3agauya 1. Tpynuera BbpXy npusma

Bppxy wuaeanHo 1miagka paBHMHA €
[IOCTaBeHa Ipu3Ma ¢ maca M, YUUTO
OKOJIHM CTEHHU IIPEICTaBIABAT HICAIHO
[VIAJKUM HAKJIOHEHM PAaBHUHH, KOUTO
CKIIOYBAT BIVIM O, U O, C XOPHU3OHTA,
KakTo € mokazano Ha ¢ur. 1. Ot Haii-
BMCOKAaTa TO4YKa Ha IIpU3MarTa ca IIyCHAaTH ®ur. 1
06e3 HauyalHa CKOpPOCT JBE MallKu

Tpynuera ¢ Macu m, U m,.

A) KakBo 6u TpsA0Bao ja ¢ OTHOLICHHETO m,/m,, 3a Ja OCTaHe MpU3Mara Hero-
JIBYKHA? [3 Toukmu]

b) Hamepere u3pa3 3a rosemMuHara Ha YCKOPEHHMETO d,, C KOETO WIE C€ JABHMKHU
npu3Mara Mpeaud HAKOE OT TpyrmyeraTa Ja CTHTHE JI0 XOPU30HTAJIHATa IUIOCKOCT, MPH
MIPOM3BOJHU CTOMHOCTH Ha MapaMeTpute B 3ajaadaTa. [lomydere u3pasu 3a roJeMHUHHUTE Ha
YCKOpPEHUSATA g, U a, Ha TpyI4eTaTa CIpsiMO IIpU3MaTa. [8 Touku]

B) Heka o, =30, a,=60", m/M =011, m,/M =02, a 3eMHOTO YCKOpECHHE
g =10m/s*. Ha KoJIKO ca paBHH YHCICHHTE CTOMHOCTH HA TONEMUHATE HA YCKOPCHUATA ay,
a, 1 a,? KakBa e mocokara Ha JIBH)KCHHE Ha ITpu3Mara’? [2 ToukH]

I') 3a komko Bpeme ¢ BTOPOTO (IICHOTO) TpyIue IIe JOCTUTHE XOPU3OHTAJIHATA
MJIOCKOCT, aKO Pa3CTOSHUETO, KOETO TpsiOBa a u3MuHe, € d =50 cm? [2 ToukH]

3anaua 2. B 3agauaTta yact A u yact b ca HezaBucumm.
Yacr A. BbB BepTHKaleH HWIMHIPUYEH ChJ MO U HaJ MOJABUKHOTO OyTano ce HaMHupar
€/IHaKBU KOJIMYecTBa uzeasneH ras (¢gur. 2.1.) byranoro ce ABMKHU B HUIMHABPA 0€3 TpUEHE.

[Ipy HawagHaTa TeMIEpaTypa OTHOIIEHMETO Ha obemute Ha nsara raza € V" /V,® =n. Ha

KOJKO mie Obae paBHO oTHomeHumero x=V,'/V), xoraro Temmeparypata € kK HbTH TO-

rojisiMa OT HayaJHaTa Temrneparypa? [9 Touku]
A P
B
®@ur. 2.1. @ur. 2.2. r




Yact Bb. Ha ¢ur. 2.2. e npeacraBeH MUKIHYEH MPOIEC, KOWTO ce M3BBPIIBA ¢ (UKCUPAHO
KOJIMYECTBO HUJICAJIEH Ta3.
A) Hamepere upe3 mocTpoeHHE TOYKUTE OT TpaduKara Ha Mporeca, B KOUTO 00eMbT

Ha ra3a € MUHUMaJieH U MakcuMalsieH. O0siCHeTe MMOCTPOCHUETO. [4 ToukH]
B) Omnpenenere yyacTbluuTe OT IUKIUYHUS TPOLIEC, HA KOUTO ra3bT C€ pa3lIUpsBa U
Ha KOWTO Ce CBUBA. [2 ToukH]

3agaua 3. EjekTpocTaTHYHA HHAYKIHS

Ot ypomute 1o ¢u3MKa 3HAETE, Y€ aKO MOCTABUTE CIIEKTPOHECYTPATHO Mapye MeTal
BbB BBHIIIHO €JEKTPOCTATHYHO II0JIe, BHPXY IOBBPXHOCTTA HA METaja C€ HaTpymBaT
WHIYIUPAHH 3apsaau. 3HaeTe U o0adye KOJKO OBp30 ce HATpymHBaT Te3W 3apsau’? AMu HsMma
JIX eJISKTPOHUTE B MeTaja Jia ,,CBhpIIaT ’, aKO IMPHIOKEHOTO MoJie € IpekaneHo cmiHo? Ta3u
3a/1aya 11e BU MIOMOTHE J1a CHU OTTOBOPUTE Ha T€3U BBIIPOCH.

EnexTtponeyrpanna meaHa ruiactuHka ¢ nedenunHa d = 1 mm u miong S = 10 cm’ e
MOCTaB€HAa BBHB BBHIIHO EJIEKTPUYHO TMOJE C HMHTEH3UTET Ej = 3-10° V/m, HacoueH
MEePIEeHIUKYIISPHO Ha MIaCTUHATA.

\4 S
d /— Eo
A) Tlpeuepraiite purypara u o3HaueTe 3HAIUTES HA UBIYIUPAHHUTE 3apsId BbPXY TOpHATA U

JoJTHATa TOBBPXHOCT Ha IutactuHata. Jlaiite kparka (1-3 uspeueHus) 000OCHOBKA 3aIll0 CTe
n30pany Te3u 3HaUW Ha 3apsgute. llpuemere, ye BbpXy CTpAaHHYHUTE NMOBBPXHOCTH HE CE

HaTpyIBaT 3apsau. [2 TouknH]
b) Hamepere romemunara @ Ha 3apAauTe, HHAYIUPAHU BBPXY TOpHATA © JIOJHATa
IIOBBPXHOCT CJIEJ YCTAHOBSIBAHE HA E€JIEKTPOCTATUYHO PABHOBECHE. [S Toukn]

B) KakBa oTHocuTenHa 4acT 1 OT CBOOOJHUTE €JIEKTPOHU B TUIACTMHKATa CE€ HATPYIBaT
BbPXY HEWHaTa NOBbPXHOCT?

[Ipuemere, 4e Bcekn aTOM Ha MeJITa OT/AaBa €IUH CBOOOJIEH €JIIEKTPOH. [3 Touku]
I') Beagnara cnen mocTaBsHETO Ha MJIACTUHATA BHB BBHIITHOTO TOJIE, BHPXY MOBBPXHOCTTA i
BCe omle HsAMa HaTpymnaHu 3apsau. KakbB Tok [ mpoThya MeXAy TrOpHata M JoJIHaTa
MOBHPXHOCT Ha TUTACTHHATA B TO3H MOMEHT? [3 Toukn]
He pasranexnaiite epextu, cCBbp3aHu ¢ MHAYKTUBHOCTTA HAa CUCTEMAaTa U ¢ MHEPTHOCTTA Ha
€JICKTPOHHUTE.

) TlpubnusutenHo 3a KOJKO BpeMe ! Ile Ce HATpymaT UHAYIUPAHWUTE 3apsSaul BBPXY
noBspxHOcTTa? [locodere Hakpatko (1-3 wW3pedeHwms) 3aIi0 BaliaTta ONEHKA 32 BPEMETO €
MPUOTU3UTENHA. [2 ToukH]

Jdannmu:
EnextpuuHa KOHCTaHTa, €, = 8,85 % 10" F/m;

EnemenTapeH enekTpudes 3apsn, e =1,60x107" C;
Crienndu9HO CHIPOTHBIEHHE Ha MeaTa, p =1,68x10° Q-m;
[InsTHOCT Ha MenTa, p,, =8,90x10° kg/m”;

Maca Ha aToma Ha Meara, M =1,0x107% kg.



3agaua 4. B ngBere moaycnoBHs Ce HM3MOJ3BAa KOXEPEHTHA MOHOXPOMATHYHA CBETJIMHA C
IBJDKUHA Ha BbiIHAata A =600 nm.

A) CBETIMHHHAT CHON Maja MEPIeHAMKYISIPHO BBPXY
mudpakuoHHa penierka ¢ koHcrtaHta d (Pur. 4.1).
Judpakunonnata KapTUHa ce HaOJt0JaBa BBPXY EKpaH,
0 pa3moJokKeH Ha pa3crosiHue [, oT pemierkara. Omwmimere

A

KAaueCTBEHO KaK IIMPOYMHATA Ha MPOLETIUTE BIHSIE BHPXY
II0JIO)KEHHETO Ha MakcumyMmute. Ha xakBo pascrosiHue L
TpsOBa J1a ce MPEMECTH €KPaHbT, TaKa Y€ MOJI0KEHUETO Ha MakcuMyma ot (m+1)-Bu mopsi-
I'bK IIPU HOBOTO pa3cTosiHME (T.e. L) Ja chbBHaja ¢ MOJIOXKEHUETO Ha MAKCUMyMa OT M -TH
MOPAIBK MPH CTapoTo pascrosinue (T.e. L )? KakBa e Hail-mankaTa KOHCTaHTa Ha pelIeTKara,

MIPH KOSITO MOXE J1a ce HaOII0AaBaT MAaKCUMYMH OT 5-TU MOPAIBK? [4 ToukH]

dur. 4.1

b) Cpernunara majga mox Brbll @ BbPXY AUDpakIuOHHA
pemerka ¢ koHcranta d (®ur. 4.2). Ha srmu B, =14° u

B, =74°, n3MepeHu OT €Ha U ChlIa CTPaHa HA HOpMaJlaTa, ce
HaOJII0AaBaT JBa MOCIIEAOBATEIHA MAaKCUMyMa OT Au(paKInoH-
Hata kaptuHa. Omnpenenere KOHCTaHTaTa Ha pemeTkara d .
Konko makcumMymMa W Tpw KakBu BITM [ MoraT jga ce

@ur. 4.2 HaO0JII0/1aBaT MPHU TO3W BI'BJI Ha Magane? Omnpenenere mopsiiab-
[IUTE HAa ChOTBETHUTE MAKCUMYMHU U bI'bJia HA NAJIAHE « . [11 Touku]




MHUHUCTEPCTBO HA OBPASOBAHHUETO U HAYKATA
HAIIUOHAJIHA OJIMMIIMAIA 11O ®U3UKA
Ka3zanabk, 11 — 13 anpua 2014 1.

Pemennst Ha Temara 3a 10. — 12. kiac

3agauya 1. Tpynuera BbpXy npusma

A) B cinyyas Ha HENOJBIDKHA NpU3Ma TOJIEMHHUTE Ha CHJHTE, C KOUTO Tpylm4eraTa
JeicTBaT Ha npusmara, ca N, =m,gcosa, [0,5 T.]Ju N, =m,gcosa., [0,5 T.] (mocokute um ca
yKazaHu Ha ¢ur. 1). Xopu3oHTanHaTa KOMIIOHEHTa Ha CyMaTa OT TEXHUTE BEKTOPH TpsiOBa Ja €
paBHa Ha Hyna [0,5 T.], 3a nma e HemoaBWXKHA NpU3MaTa, KOETO HHU JaBa YCIOBHETO

m, _ cosa,sina, sin(2a., )

m, cosa, sino,, =m, cosa, sina,, [1T1.], T.6. — - =— 10,5 T1.]
m, cosa,sina, sm(2al)

b) Ilapamerpure ca mpoM3BOJIHM, Taka Y€ YCKOPEHHETO Ha IMpH3MaTa HsAMa Ja MMa
¢ukcupana nocoka. Heka mpuemem, 4ye mpusMaTa Ilie ce JBMXKM HaIsIBO. AKO TS C€ JABMXKHU
HAJIACHO, TO 4, e ObJe OTPULIATENIHO, KATO HAMA J1a UMa MPOMsHA B MoJIydeHuTe u3paszu. Haii-

yao0HO € Ja ce paboTH B OTIpaBHA CHUCTEMA, CBbp3aHa HEmoJBWXKHO ¢ mpusmara. [1 T.] [lo
HalpaBICHUATA, YCIOPEJAHU HAa HAKIOHEHUTE pPABHUHM, 1€ MMaMe€ ypaBHEHMATA
ma, =mgsina, —ma,cosa, [1 1.] 1 mya, =m,gsina, +m,a,cosa.,. [1 1.] ['onemunute Ha
CUJIIMTE, C KOUTO TpymueTara AEHCTBAT Ha mpusMaTa, ca N, =mgcosa, +ma,sine, [0,5 1.] u
N, =m,gcosa, —mya,sina,. [0,5 1.] Bropuar npuHIMI Ha MeXaHHWKaTa, MPHIOKEH KbM
IBWKEHUETO Ha npusMmara, aaBa Ma, = N,sina, —N,sina,. [1 T1.] Ot mocnennure Ttpu

m, sino, cosa,, —m, sino, cosq,

yYpaBHEHMsI CII€/IBa, Y€ d, = g . [1 1.] Kato 3amectum u3pasa 3a

) )
M +m, sin” o, +m, sin” .,

(M +m,)sina, —m, sina, cos(a, +a.,)

a, B IIbPBUTE JIBE€ YPABHEHMUS, I1IE€ MOIYUUM, UE a, = g 1

s 2 s 2
M +m,sin” o, +m, sin” a.,

Tlaa = (M + mz)sinOL2 —m,sinq, COS(OLI 4 0‘2)

: : g.-[1r]
M +m,sin’ o, +m, sin’ a.,



B) Karo 3amecTHM YHCJICHHTE CTOMHOCTH Ha IapaMETPUTE B HM3Pa3HWTe IMO-TOpe, IIe
noayyuMm a, = 0,37 m/s’ [0,5 1], a =47 m/s’ [0,5 T.] u a, =88 m/s’. [0,5 1] a, ¢

IIOJIOKUTECIIHO, TaKa Y€ IIpu3Mara e C€ IBUXKH HAJIABO. [0,5 T.]

') Tpym4eTo ce ABMXH PABHOYCKOPHTEIHO 0€3 HadalHa CKOPOCT, T.e. d =a,t’ / 2.[171.]

OtTyK t =+/2d/a, =034s. [11.]

3anaua 2.

Yacr A. HpI/I Ha4allHa TEMIICpaTypa T1 OT YPAaBHCHUCTO HA CbCTOAHUC HAa BCCKU I'a3 CJICABA
Ay A BysB
PV =CT,, pV! =CT, 1]
OTKBACTO I10JIy4aBaMe

A B
V;sz_zzn. [0.57.]
Vi

AHaNoOru4HO Npy KpaviHa tremneparypa 7, umame

piVi=CT,, piV}=CT,, [1T.]

OTKBJIETO CIENBA

A B
i _P_ [051.]
Vi

Tbit KaTo 00EMBT Ha IWIMHABPA € MOCTOSHEH, B CHJIa € PABEHCTBOTO

VA+VE =V A+ V) um vf(n%) = v;‘(nlj, [171.]

X

a IIOHEXKEC cujiaTa Ha TEXKECTTA, JleﬁCTBaIIIa Ha 6YT3J'IOTO, CC€ YpaBHOBECABA OT CUJIUTE, TIOPOJACHU
OT HAJIATaHETO, UMaME

pi—pl=py—p, wm pl(n-1)=pi(x-1). [171.]
OT MOWIEHHOTO YMHOXKEHHE Ha paBEHCTBATA IMOJTyJYaBamMe

2 2
-1 -1
Pyt et

) [1T.]



KOC€TO MOKEM Jia IPpECIUIIEM BbB BH/J] Ha KBAAPATHO YPABHCHUEC

2 2
X 1=n 152 , [11.]
X n T,

[2T.]

Yacr Bb. A) Twil xato rpadukara Ha M300apHHS TPOLEC € YacT OT IpaBa, MUHABAIlA MpPE3
Havanoto Ha p—T pauarpamata [0,5 T.], TbpceHUTe CbCTOSIHUA (TOYKM) CE€ MOTy4aBaT Karo

o0 TOYkd Ha rpadukara Ha uzobapeH npouec u nukianyHus npouec [0,5 T.]. Tlonexe ot
YpaBHEHUETO Ha CbCTOSHUE Ha upaeanuus raz3 p/T ~1/V [1 1.], nonuparennara 1 ompenens

obema V_ ., mokaro nonmparenHaTa 2 —obema V_ (Bxk. ¢purypara).
P
To2r
Bb) I'a3bT ce pasmupsiBa B yuacteka V,,, —V,_ [1 1] , a ce cBuBa B ywacThbKa

V.. —>V. . [1r1]

3agaua 3. EnexkTpocTaTHYHA MHAYKIMA
A) 3HanTe Ha MHAYIIMPAHUTE 3apsiIu ca MoKa3aHu Ha (urypara.

,,,,,,,,,,,,,
_+++++++++++++ Eo [1 7]

Enextponure, Karo OTpUIIATENIHO 3ape/leHH YAaCTUIIM, 3allo4yBaT Ja C€ JABMXKAT B IOCOKa,
MPOTUBOIOJIOKHA HAa MOCOKaTa Ha MHTEH3WTETa M C€ HATpynBaT MO TOpHATa MOBBPXHOCT HA
MJacTUHATa. BBpXy JM07IHATA TOBBPXHOCT OCTaBa HEKOMIICHCUPAH MOJI0KUTENeH 3aps. [1 1]

b) 3apsinure ce HaTpymBaT Mo TOBBPXHOCTTA, MOKATO CBH3AaACHOTO OT TAX mojie Ejg He
KOMIIEHCHPA U3LSUI0 BHHIIIHOTO TOJIE:

Einga = Ep [11]
EHeKTquHOTO HaHpe)KeHI/Ie, ABJIKAIIIO CE Ha TOBA I10JIC €:
U= Eqd = Eyd [11]



AKO pasriename JIBeTe MOBBPXHOCTH HA IJJACTUHKATA KAaTO IJIOCHK KOHAEH3aTOp, HAMHpaMe 3a
roJIEMUMHATa HA HATPYIIAHUA 3aps;

Q =CU =CEyd [1T71]

kbJeTo C e KamauuTeThT Ha KoHAeH3aTopa. Kato BzemeM mpensui opMynara 3a KanaureT Ha
IJIOCHK KOHAEH3aTOp, HaMUpame:

Q = €S E [1 7]
Karo 3amecTum ¢ 4ncieHuTe 1aHHU, N0JIydaBame:

Q =885-10"12F/m-1073m?-3-10°V/m =~ 2,7 -1078C [1T71]
B) Bppxy ropnata noBppXHOCT ca HaTpyIaHHU:

Nipg = g = 1,7 - 10 enexkTpona [11]

OOmusAT Opoi eNEeKTPOHU B TUIACTUHKATA € PaBeH Ha o0uus Opoii aromu N. 3a 1a ro ONpeIeinM,
II'BPBO OIpeesiIME MacaTa Ha IUIaCTUHATA!

m=p,Sd=89-10"3kg [171]
OTKBIACTO:

N == 89-10*enekrpoHa [0,5 1]
OKOHYATEITHO HaMHupaMe:

n=-nd— 19.10712 [0,5 1]

T.€. MHIYLUPAaHUTE BbPXY HMOBBPXHOCTTa Ha METala €JIEKTPOHM ca Ha MHOTO MOPSIBLIM I0-
MAaJIKO OT 001usi Opoit CBOOOHM €IEKTPOHHU.

I') Moxem fa pasriexjiame MmiacTuHaTa KaTo MPOBOAHUK C IBJDKUHA d U HAIIPEUHO cedeHue S, u
CBHOTBETHO ChC CHIPOTHUBIICHHUE:

d
R=£ [171]
S
TOK’LT, KOfITO 1€ Teye BeaHara Cjica IoCTaBaHETO B eHeKTpI/I‘-IHO I10JIC €.
U EoS
[ =2 =20 [17]
R p
HNINn
3-10°V/m-10~3 m?
= /m ] — 1,78 - 10'1A [11]
1,68-:1078Q-m

I[) Axo pueMeEM, 4€ B IJIaCTUHKATAa TCYEC IOCTOSIHCH TOK JOKATO C€ YCTAHOBU CIICKTPOCTATUYHO
PaBHOBCCUC, UHAYIHUPAHUAT 3apAd IS CC HATPYIIA 3a BPEMC!:

t=2=ep=15-10"1% [171]
HanpaBenara omeHka e mNpuOMM3WUTENHA, 3al[0TO MpPU HATpyNBaHE Ha 3apsSAu  BbPXY

MOBBPXHOCTUTE Ha IUIACTMHKATa, HAMpPEXKEHHETO MEXIy TiIX HamansiBa. CHOTBETHO TOKBT
HaMsUIsIBa, IOKATO CTAHE paBEH Ha HyJsa, KOraTo HaTPYNBAHETO Ha 3apsAau ce rnpeycraHoBH. [1 1]



3anaua 4.
A) Tonemmnata Ha mpolenure Ha TUPPAKIMOHHATA pEIIeTKAa HE OKa3Ba BIHUSHHUE BBPXY

MOJI0KEHUETO HA IIaBHUTE MAKCUMYMHU. [0,5 1]
YcnoBueto 3a mudpakiimOHHA MAaKCUMYMHU € d Sin @ = mA , KbJIETO m € IS0 YUCIIO. [0,5 1]
3a manku briu sinfd=~tgd=x, / L,, KbIeTO X, € KOOpJAWHATATa HAa m -TUI MAKCUMyM TpHU

CTapOTO Pa3CTOSTHUE. [0,75 7]
Otryk cnensa, ue x, =mAL,/d . [0,25 1]
AHanoruyHo, 3a KoopauHarara x',,, Ha (m+1)-BuS MakCUMyM IpH HOBOTO pa3CTOSTHUE
nonydyaBame x',., =(m+D)AL/d. [0,25 1]

(m+DAL _mAL, I/IJH/IL:lLO. [05 1]
m+1

MaxkcumymuTe OT S5-TM MOPAABbK C€ MOoJydaBaT Ipu brM €, 3a kouro sin@==x51/d.

Ilo ycnosue x',,,, = x,,. CnenoBarenHo

Heobxonumo e % <lI. [0,75 1]

CremoBareiiHO, Hali-MajIKaTa KOHCTaHTa Ha PEIIETKaTa, 3a KOSITO TOBA HEPABCHCTBO € U3IIBJIIHEHO
e d=54=3pum. [0,5 1]

0) PasnukaTa B X0JI0BETE Ha JIbUMTE, MHHABAILM TIPe3 JIBa ChCEIHU NpoLena, 3a primTte f, u f,
€ CbOTBETHO A, =d (sin L, —sin a) u A,=d (sin S, —sin a) (anTepHATUBHO: JOIMYyCKa Ce
A,=d (sin B, +sin a) B Cllydai, ye e u30paHa Jipyrara cTpaHa Ha HopMaJjiaTa, KaTo peleHHETO

11I€ c€ IPOMEHU 10 ChbOTBETHUS HAUMH). [1 7]
VYcnoBuero 3a MakCUMyM € A =mA , KbIETO m € NOPAAbKBT HAa CbOTBETHUS MakcumyM. [0,5 1]
Heka mox »ren [, ce HaOmonaBa MakCUMyM OT MOPSIABK M, & MOJ Br'bd [, ce HabironaBa

MaKCUMyM OT MOPSIABK m, +1, T.€. caeaBamusT. [0,75 1]
d(sin S, —sina) =myA

d(sin B, —sina)=(my +1) A’ [0,75 1]

Ciie10BaTeIHO € U3ITBIHEHO

W3BaxknamMe NOWIEHHO [BET€ YpaBHEHUS U ToiydyaBame d (sin S, —sin f ) =4, OTKBAETO
orpeJiesiMe KOHCTaHTaTa Ha pemierkara d = A/ (sin S, —sin ﬂl) ~ 0,83 um. [0,75 1]
3a MakCHMyM OT TIPOM3BOJICH TOPSABK /M ¥ 3a MakCUMyM OT TIOpSIBK 1, HWMaMme:
d(sin m—sina)=m}t .
) . , KbJIETO [3, € BI'bIbT, O] KOWTO ce Hall0/1aBa MaKCUMyMa OT 11 -TH
d(sm f, —sin a) =myA

nopsabK. V3BakaaMe TOWIEHHO YypaBHCHHMsATA M 3amMecTBaMe H3pa3a 3a d, TPU KOETO
nonydasame sin S, =sin S, +(m—mj )(sin 8, —sin 3,). [171]
CroitHOCTUTE HA M W m, TPSAOBA Ja ca TaKUBa, e |sin ﬂm| <1. [0,75 1]

Ionexe [ ~14° u 3, ~ 74°, ropHoTo ypaBHenue crasa sin B, =0,24+0,72(m—m,). [0,5 1]

5



[Ipu m—m, =0 umame sin S, =sin f, =0,24,1.e. S, = =14°. [0,75 1]

IIpu m—m, =1 umame sin S, =sin B, =0,96, 1.e. S, =, =74°. [0,75 1]
[Mpu m—m, =—1 umame sin B, =—0,48, 1.e. S, =—29°. [0,75 1]
Jpyru cToiHOCTH Ha m —m, He ca 1no3BojeHu. HabmonaBar ce Tpu Makcumyma. [0,75 7]

ANTepHAaTUBHO: MOraT Ja ce MOJydaT APYTH 3HAIM 33 BIJIUTE B 3aBUCHUMOCT OT H30paHarta
IIOCOKA HAa U3MEPBAHETO UM.

Ot ycnoBuero 3a MakCUMyMHu d (sin L —sin a) =mA onpenensmMe MopsAIbLUTE HA MAKCUMYMHUTE:

1) m=0, =0 =14° [0,5 1]
2ym=1, f=p0~-29° [0,5 1]
3)ym=-1, p=4,=74° [0,5 1]
brensT Ha nanane e a = f, ~14°. [0,5 1]



MHUHUCTEPCTBO HA OBPASOBAHUETO U HAYKATA
HAIIUOHAJIHA OJIMMIIMAIA 11O ®U3UKA
Ka3zanabk, 11-13 anpua 2014 1.

Tema 3a 10.-12. kaac — Il eran

3agaua 1. Tepkajsiio ce K160

Bwvpxy BbTpemiHaTa cTpaHa Ha HEMOJBIKHA cdepa ¢ paauyc
lg R=60 cm e octaBeHO CBOOOJHO Jla c€ ThpKalid 0€3 XJIb3raHe
€MHOPOIHO KBJIOO ¢ Maca m=1 kg u paguyc r =7 cm, KaKTo €
r noka3aHo Ha ¢ur. 1. B HauamHUSI MOMEHT OT BPEMETO KBJIOOTO €

HCITIOABUXKHO. Moxe Aa M3I0JI3BATC, Y€ MHCPUHUAT MOMCHT Ha

o KBJIOOTO CHpsSMO OC, MHHABAINlA MPe3 IICHThPa MY, € PaBEH Ha
®ur. 1

1= 2mr2/ 5. Ilpuemere, 4e 3eMHOTO yckopeHue e g =10 m/s>.
A) Ako mppBOHAYANIHO IIEHTHPHT HA KBJIOOTO € HA BUCOUMHA 2r HaJl Hali-HUCKAaTa TOYKa

ot cepara O, HamepeTe TOJIEMHHATa HA CKOPOCTTa V Ha IIEHThpa Ha KbJIOOTO, KOraTo TOH ce

HaMUpa B Hali-HUCKAaTa TOYKa OT CBOSITa TPACKTOPHSL. [2T1.]

b) Ha xonko e paBeH mepuoabT 1 HA MAJIKHTE TPENTCHHSI, KOUTO M3BBPIIBA KBIOOTO,
KOTraTO € OCTaBEHO Jla Ce ThpKaJIsl B HEMOCpeAcTBeHA 01u30cT A0 T. O? 3a MaJIku BIJIK B pajuaHu
€ M3IIBJIHEHO, Ye sinf~ 0. [4T1.]

3agaua 2. EqeKkTpoOMarHuTHO opbaue

Bopxy nBe ycnopeaHu, XOPU30OHTAIHU METAJIHU PEJICH € MOCTaBeHAa MeTallHa MpbhyuKa C
mMaca m = 1,0 g u cbc cenporuBiaeHne R = 0.5 Q. JIpkvHaTa Ha NIpbYKaTa € paBHA Ha
pascTosiHueTo Mexay pencute L = 10 cm, KakTo € noka3aHo Ha ¢ur. 2. Pencute ce Hamupart B
€HOPOJHO MarHUTHO Mosie ¢ uuaykuus B = 0,1 T, HacoueHa ot yeprexa KbM Bac. KM pencure
e cBbp3aH KoHjeH3aTop ¢ kanauurer C = 1.0 F, 3apenen no HauanHo Hanpexenue Uy = 5,0 V.
NHnykTHBHOCTTA HA cCUCTEMaTa ce IpeHeOpersa.

1
nl| @8
1 L

C

®ur. 2

A) Cnen 3aTBapsiHe Ha Kiaroda K, mpbukaTta 3amoyBa ja ce JBHKH HaJSICHO (J1a ce OTaaaeuaBa oOT

KoHieH3aTopa). O3HaueTe Ha YEPTEK 3HAIUTE Ha 3apsAIUTE BbPXY IUIOYMTE HA KOHJCH3aTOpa.
[0,5 1]

b) IIpecmeTHETE YCKOPEHUETO @) HA MPBUYKATa HEMOCPEICTBEHO CJIE]] 3aTBAPSHETO Ha KITF0Ya.
[1,0 1]



B) Tlonyyere u3pa3 u mpecMeTHETE IPaHUYHATA CKOPOCT U, KOSTO OW JIOCTHTHAJIA MpPBHYKATa,
aKo JbJDKMHATA HA PEJICUTE He Oellle OrpaHuyeHa. [3,0 1]
I') ITpu kakBa MHAYKIMs B Ha MOJETO MphUKaTa OM TOCTUTHAJIA MAaKCHUMaJIHA TPAaHUYHA CKOPOCT
Umax? [IpecMeTHETE rojieMUHATA HA V. [2,5 1]

3agaua 3. PasceiiBane Ha Menaesamam — bpuitoen B TeuHocTn

B TtewyHocT c mokaszaren Ha MpedyylnBaHE n C€ Pa3NpOCTpaHsIBa 3BYKOBAa BBIHA ChC
ckopoct u. Teunocrra ce 00MBYBA C MOHOXPOMATHYCH CBETIMHEH JbY C YE€CTOTa V U C
IbJDKUHA Ha BhJIHAaTa A BbB BakyyM. Ciea MpOHUKBAHETO M B3aUMOJACHCTBUETO MYy C TEUHOCTTA
ce HaOMIO/IaBaT JOMBIHUTEHO pa3CesHU JbUM, KOWUTO CKIIOYBAT BI'bJ O C magamus 1b4, U
yusATO yecToTa € V' =v—Q u v’ =v+ Q. Karo usnonssare KOPIyCKyJIsSPHHU MPEICTABH KAKTO 3a
cBernuHara (OTOHM), TaKa U 3a MEXaHWYHHUTE TpenTeHus (PoHOHM), onpenenere yectorata €.
[Ipomecure Ha B3anMO/IeliCTBHE BKIIFOUBAT (DOTOH € YeCTOTA V, KOWTO M3IbYBa (POHOH C YECTOTA
Q, mpu KoeTo ce mosiBsiBa (OTOH ¢ yectora V' =v—Q U B3auMojeicTBHEe HA (POTOH C 4eCTOTa
V, KO#TO morisina GOHOH ¢ yecTtoTa (2, MPU KOETO Cce MosiBsiBa ()OTOH ¢ vecToTa V' =Vv+Q.
[Ipu npecmsTaHuATa U3MOI3BANTE, Y€ CKOPOCTTa Ha MEXaHMYHATa BBJIHA € MHOTO MO-Malika OT
CKOpPOCTTa Ha CBETJIMHATA B TEYHOCTTA. [7 1]



MHUHUCTEPCTBO HA OBPA3OBAHUETO U HAYKATA
HAIOMOHAJIHA OJIUMIINA A 110 PU3UKA
Kaszaniabk, 11-13 anpua 2014 1.

Pemenus Ha Temara 3a 10.-12. kiaac — I eran

3agaua 1. Tepkaasio ce Kbja60

a) B HauagHUS MOMEHT KMHETHYHATA €HEPTHs Ha KbI0O-

1 g TO € HyJia, a MOTeHIUanHara eaeprus cupsmo T. O e 2mgr. B

MOMEHTA, KOTraTo IICHTHPHT Ha KBIOOTO Ce HamMupa B Haii-

R, HHUCKara TOYKa OT CBOSTAa TPACKTOPHs, KUHETUYHATA CHEPTUs €
m’ 1o’

paBHa o TeopemaTta Ha KboHUT Ha cymara - +7, KBJIETO

v
o @ur. 1 @ = — € bIjIOBaTa CKOPOCT Ha KBJI0OTO CIIpAMO MOMCHTHATa OC
r

Ha BBpPTEHE, KOSITO MMHABa Npe3 JOMUpPHATa TOYKA HA KBJIOOTO ChC cepara, a MOTEHLIUAIHATA
eHeprus e mgr. Karo wusnon3BaMe 3aKkoHa 3a 3ala3BaHe HAa MEXaHUYHATa EHeprus

2 I 2
mzv +% =mgr , HAMApame, 9e v = 107gr =1 m/s.[2 T.]

0) ITo BpemMe Ha JBMIKEHUETO Ha KBJIOOTO HEKa Jia O3HAYMM C 6 MaJKus BI'bJI, KOWUTO
CKJIIOYBA MPaBaTa, KOATO CBHP3Ba IIEHTHPA HA KBJIOOTO C IIEHTHhpA HA cdepara, ¢ mpaBaTa, KOsITO
CBBp3Ba IIeHTHpa Ha chepara ¢ T. O, kakTo ¢ moka3zaHo Ha ¢ur. 1. OT BTOPHUS NMPUHIUI HA
MEeXaHUKara clie[[Ba, ye ma=mgsinf — [, KbACTO a € roJjeMuHaTa Ha yCKOPEHHETO Ha LIEHThpa
Ha KBJI0OTO, @ f € cuiiaTta Ha TpUEHE MPHU ThpPKAJITHEe, KOATO € CBhP3aHa C BITIOBOTO YCKOPEHUE
Ha KBJIOOTO & CHOPSIMO MOMEHTHATa OC Ha BBPTEHE IOCPEICTBOM ypaBHeHHeTo frr =Ig. Karo
mgsin® Sgsind
m+1 / 7

HU3I10J13BaM€, Y€ €=Cl/l", nojryyaBaMe€ 3a YCKOPCHHETO Ha KBI0OTO a=

TepkansgHero e 0e3 Xib3raHe, Taka 4e MMaMme ClieJHaTa Bpb3Ka: (R—r)ézr('p, KBJIETO ¢ €
BI'BIBT Ha 3aBbPTAaHE Ha KHJIOOTO OKOJIO MOMEHTHATa OC Ha BbpTeHe. KaTo M3moi3Bame ChIno
S5gsind
7(R - r) ’
OTPUIIATSITHUAT 3HAK € CIEeCTBUE OT (pakTa, 4e BIIIOBOTO YCKOPEHHUE € B MTOCOKA HAa HaMaJlIBaHE
5¢0

7(R—r)

KBbJI00TO U3BBPILBA XaPMOHUYHU TpenTeHus ¢ nepuon 1 =2z« 7(5——r =17 s.[4T.]
8

TakKa OIPEACICHUCTO: & = (b, nojrydyaBaMe CJICAHOTO YPAaBHCHHUC!: 0=- KaTto

Ha 6. KaTto m3mom3BamMe, 4e 3a Majlkd BIIM sinéd =6, momydaBame, ye 6 + =0, T.e.



3anaua 2. EjleKTpOMAarHuTHO Opbaue
A)

al ®B
+ I — L
T F 0,571
U
B) I, = ?0 0.2 71)
F,=1,BL= U‘fL 0,2 1)
a, =£=w=100m/s2 0,6 1)
m__ mR
dv
B) m—=IBL 0,571)
dt
dgq
]=—--2% 05T
" 0,57)
= mv = BL(q,—q)=CBL({U,-U) (0,571)
U,=v,BL 0,571
= (m+CB’L’)v, = CBLU,
v, = CLU;Z =45.5m/s (1,0 1)
m+CB°L
_p272
n  Pe_cy, "BLE o (051
dB (m+CB’L?)
:B:l\/E:OSMT (1,0 1)
L\VC
v :ﬂﬁ =79.1m/s (1,0 1)
2 \m

3apaua 3. KopnyckynsipHu XapaKTepUCTUKH ca eHeprusita u umnyJca. [lle pasrinegame mpoiec
¢ moribplaHe Ha (GoHOH. 3a manamus (OTOH eHeprusATa M MMITyJIca IO TOJeMHUHA ca paBHU Ha
hvu hv/c =nhv/c, 3a pascesuus poton ca hv" u hv"/c =nhv"/c, a 3a porona — hQu hQ/u

[1 1.]. OT 3aK0Ha 3a 3ama3BaHe HA EHEPruiATa UMame
W' =hv+hQ=V'=v+Q, [1T.]
a OT 3aKOHa 3a 3ara3BaHe Ha UMITyJICa CJIe/IBaT paBEHCTBAaTa

(nhv"/c)cos 0 = nhv/c+(hQ/u)cosa = (nv"/c)cosO =nv/c+(Q/u)cosa., [1T.]



(nhv"/c)sin© = (hQ/u)sina. = (nv"/¢)sin0 = (Q/u)sina . [1T.]

breasT Mexay umiysca Ha nafamms (OTOH M UMIyJca Ha pascesHus GoToH € 0, a BreIbT
Mexy nagamus GoToH u poHOoHa € o . KaTo M3KIFUYMM OT TOPHHUTE yPaBHEHHUS bI'blla O U V' U

OTYETEM YCIIOBHUETO U << c/n , HOJIydaBaM€ KBAAPATHOTO YPABHCHUC

2 2
xz—(zﬂsmgj x—(zﬂsmgj =0, [17.]
c c

KpaeTo x =(2/v. Pemennero Ha ypaBHEHUETO €

1|(2nu . BY 2nu . 0\ 2nu . OY
X=—q| ——sin— | +,[| —sin— | +4 —sin— | ;=
2 c 2 c 2 c 2
2nu . 9 nu . 0 nu . 0 2
=| ——sin— |§| —sin— |+,[| —sin— | +1;=
c 2 c 2 c 2

~ ——sin—. [1,5 T.]

Tyxk e oTuereHo, ye nu/c <<1, mpu KOETO HAMUpaMe

_2nuv . O

Q sin—. [0,5 T.]
2

C



HO®, Kazaanwk, 13.04.2014 1
EKCIIEPUMEHTAJIHA 3AJJAYA

Onpeuenﬂne Ha XOPU30HTAJHATA KOMIIOHCHTA HA MAIHUTHOTO IMOJIC HA 3eMsTa 1 MATHUTHHS
MOMCHT HA IMMOCTOAHCH MAarHuT

Teopernyna yacr

BI/I6paL[I/IOHHI/I$IT MAarouToMeThp MPECACTABJIsIBA MArHUT, OKAYCH XOPU3OHTAJIHO HA TbHbHKA
HUIIKA. B MOKOH MarHUTHT ce OpUEHTHPA 110 MAarHUTHOTO ToJe Ha 3emsTa. [Ipu Manko oTkIIOHEHHE
OT paBHOBCCHOTO MY IIOJIOKCHHUEC T101 HeﬁCTBHeTO Ha 3¢MHOTO MAarduMTHO I10JIC Bb3HUKBA BBPTAIL]
MOMEHT, KOITO ce CTpeMHU Ja BbpPHE MarHuTa B PaBHOBECHO MOJIOKEHUE. 3apaau UHEPTHOCTTA CH,
MAarouTbT NOJMHHABA TOYKATa Ha PABHOBCCUC, IIPU KOCTO OTHOBO BH3HUKBA BHPTAIL MOMCHT,
KOHTO Ce CTpeMHU Ja BbpHE MarHuta oOpaTHO B PaBHOBECHOTO MY IMoOJIokeHHE. ToBa BOIU 10
OCLIMJIAIINM C IEPUOA;

1
T=2x|—, 1
Gy (1)

KpaeTo I ¢ HWHCPYHUAT, 4 m MArHMTHUAT MOMCHT Ha MAarHura, BH € TroJICMHMHaATra Ha

XOpU3OHTAIHATa KOMIIOHCHTA Ha MArdHuTHOTO IIOJIC Ha 3emsrTa. I/IHep‘-IHI/IfIT MOMCHT Ha
MUJIMHAPHUYCH MAarduT mnmpe3 0C, MUHaBalla npe3 cpeaara My U NICPICHAUKYJIISIpPHA HA OCTa My €

2 12
3re+L
I=M——, (2)
12
KbJIETO M € Macara Ha MarHuTa, r € HETOBHSAT paauyc, a L € IBhJDKUHATa My. Y CYKBAIIUST
MOMEHT Ha HUIIIKaTa MOXK€ J]a ce MpeHeOperHe Mpu OCIHUIAIUUTE B Ta3u KOH(UTYpaIusl.
JlebaeKIMOHHUST MAaTHUTOMETBD C€ ChCTOM OT MIJIMMETPOBA CKaJjla, KOMITAC U MOCTOSTHEH
MarHuT. [IoCTOSHHHMAT MarHuT ch3/1aBa MO OCTa CM MarHUTHO T0JIE KOETO CE JlaBa ¢ U3pas3a:
Mo  2mx
B=""—"3 ©)
4 ( x° =1 )

KbACTO x € Pa3CTOAHUCTO OT HCHTHbpPAa Ha MArHuTa A0 IIPOU3BOJIHA TOYKA IO OCTa MY H3BBH
MarHuTa, a [ e MOJIYABJDKWHATA Ha MarHuTa.

Ilox meiicTBHETO caMO HA 3€MHOTO MarHUTHO MOJIE CTpCJIKaTa Ha KOMITaCca € B paBHOBECUC U
CC OpHCHTHPA IIO HCTO. HOI[ I[GI\/'ICTBI/IGTO Ha JBC B3aMMHOICPICHIAUKYJIAPHU MArHuTHU I10JICTA,
TOoBa Ha 3eMsiTa U APYroto OT MOCTOAHHUA MArHuT, CTPCJIKATa AOCTUTra HOBO PAaBHOBCCHO
IMMOJIOKCHHUEC ITPU BI'bJI o , CIIPAAMO HAYaJIHOTO PABHOBCCHO ITOJIOKCHUC.

Taxka CTpEJIKaTa CC OPUCHTHUpPA IO ITOCOKA Ha PE3YJITAHTHOTO MArHUTHO II0JIC, KaTo €
HU3II'BJIHCHO YCJIIOBHUCTO!:

tang=-2_. 4)
By
Ypean u marepuasnu

O KOMITAC ..ottt ettt et e ebe e st e enbeesaeeeneeas 1 6p.
o IlocraBka ¢ puKCHUpaHa KbM HEST MIJIUMETPOBA JTHHHUST ...uvvenveeneiennteenieeeneeenieenaeeenne 1 6p.
O TTOCTOSTHEH MATHHT. ......eeueeuteriieteeteeitenteeteeetesteetesitesteentesatesaeestesbeenbeentesseenbeeneesaneee 1 6p.
O JIBPIKATEIT 32 MATHUTA ....eeeeuvireeirieeeieeesreeessseeensaeeessseeensseesnsssesssseesssseesssseessssesssseennns 1 6p.
O CTOMKA C TIOXITYTIAK ...eeuvveeureesreenreenureenseensseenseessseenseessseanseesssesnseesssesnseesssesnseesseessseans 1 6p.
ORI € 01025 10 (1 i 5 o SRR 1 Op.
ORIV 0):470:15) 21 11 (0) QR USRI 1 6p.
O MUITUMETPOBA XAPTHSL. .vvveenreeeureernureeraureesaseeesueeesseeesseeesseesssseesssseesnseesssseesssseesnns I 1.

1/2



HO®, Kazaanwk, 13.04.2014 1

Yxa3zanus

o Pa3nonoxere ycTaHOBKMTE B cpenata Ha paboTHaTa CH Maca BbpPXY HIpPEIOCTaBEHHUS
apXUBEH KalllOH, 32 Ja HE BIMAT METAJIHUTE 1 YaCTU BbPXY U3MEPBAHUATA.

O MarHutsT ce cbeTou OT 4 Opost KbCH MIMHIPUYHHA MaruuTa. M3mnon3BaiTe ru 3aeHo.

o IlmacTmacoBus AbpKaTen 3a MarHUTa M3IMOJI3BalTe MPU U3MEPBAHMATA C Je(IICKLIUMOHHUS
MarHuTOMETBHDP.

o UYepBeHaTa 4acT Ha CTpEJIKaTa HA KOMIIAca € CEBEPHUSAT U MOJIIOC.

o He npackaiite 1o MUIMMETPOBATA JIMHUA.

Heo0xonumMu BeJTHYMHM:
o0 XapakTepUCTUKU HA YETUPHUETIEMEHTHHUS IIOCTOSIHHUS MarHUT:

o HamarautBane — IBYIOIIOCHO MO ABJDKHHA (IO OCTA HA IMIMHIBPA);
o Hovmxuna L= (31.7£0.1 ymm
o pamuyc r=(9.4+0.1) mm
o Maca M =(42.7£0.1)g
o

Heo0xoaumMu KOHCTAHTHU:

o0 MarHuTHa NPOHUIIAEMOCT HA BaKyyM - L{_ 4x107 TmA™

3agaun
1. OmpenensHe Ha IMepuoja Ha TPENTEHE HA TIOCTOSHHHUS MarHUT C BUOpAIMOHHUS
MarHMTOMETB.

1.1 IlpecmerHere MHEpYHUS MOMEHT HA MarHuTa OKOJIO OC, MHHAaBallla Ipe3 cpenara
My U NEpHeHIuKyIspHa Ha octa My. Ompenernere abCOMIOTHaTa U OTHOCUTEITHA
rpemkd. [2 T.]

1.2 Omnpenenere mnepuojga Ha TpenTeHe HAa MarHUTa, HEroBaTa OTHOCHTENHA H
abcomoTHa rpemku. [3 T.]

1.3 Tlomyuere npousBeaeHuero mBy . OnpeneneTe rpemkure B pesyiarara. [2 T.]

2. WznomsBaiiku  nedICKIMOHHHUS  MAarHUTOMETBD, H3CJEABAaWTE  3aBUCHUMOCTTa  Ha
OTKJIOHECHHETO Ha CTPEJIKaTa Ha KOMIIaca OT MOJIOKCHUETO Ha MarHUTAa.
2.1.0npenenere MOMIOCUTE HAa MarHUTa M IO IOCTaBeTE€ IO CHOTBETHHS HAYUH B
TbPKATEIIS.
2.2 .HaueprtaiiTe cxema Ha ONMHUTHATa MOCTAHOBKA, KOATO Iie u3mon3Bare. OrOenexere
Pa3MoJIOKCHUETO W TIOJNIOCHTE Ha ITOCTOSHHUS MAarHHWT, IOCOKaTa Ha 3E€MHOTO
MarHMTHO TOJIe U MTOCOKaTa Ha 3aBbpTaHe Ha CTpesikaTta Ha kommaca. [2 T.]
2.3.IlpencraBeTe 3aBUCHMOCTTa 6(x) TaOIM4YHO, OIlEHEeTe abCONIOTHATa Tpelika Ha
€AMHUYHOTO U3MepBane. [2 1.]
2.4 IlpeacraBere 3aBUCUMOCTTA OT 2.2. B MOAXOIAIIM IPOMEHIUBH, TAKa Y€ /A € MpaBa
muHuL. [2 T.]
2.5.0npenenere rpaduIHO OTHOIICHUETO m/ By W olleHeTe rpemkure. [3.5 T.]
3. Ompegenere XOpU30HTATHATa KOMIIOHEHTAa HAa MAarHMUTHOTO MOJ€ Ha 3eMATa U MarHUTHHS
MOMEHT.
3.1.Ilonyyere wu3pa3w 3a MarHUTHUS MOMEHT Ha MarHuTa W XOpPU3OHTAIHATa
KOMITOHEHTA Ha MAarHUTHOTO MoJie Ha 3emsTa. [1.5 T.]
3.2.IlpecmeTtHeTe BenumuuaUTE OT T. 3.1. [1 T.]
3.3.0mpenenere OTHOCUTETHUTE U aOCOMIOTHH rpetku. [1 T.]

272



HO®, Kazaanwk, 13.04.2014 1
EKCIIEPUMEHTAJIHA 3AJIAYA - PEHIEHUE

Onpeuenﬂne Ha XOPU30HTAJHATA KOMIIOHCHTA HA MAIHUTHOTO IMOJIC HA 3eMsTa 1 MATHUTHHS
MOMCHT HA IMMOCTOAHCH MAarHuT

Teopernyna yacr

BI/I6paL[I/IOHHI/I$IT MAarouToMeThp MPECACTABJIsIBA MArHUT, OKAYCH XOPU3OHTAJIHO HA TbHbHKA
HUIIKA. B MOKOH MarHUTHT ce OPUEHTUPA 10 MATHUTHOTO MoJe Ha 3emsTa. [Ipu Manko oTkIIOHEHHE
OT paBHOBCCHOTO MY IIOJIOKCHHUEC T101 HeﬁCTBHeTO Ha 3¢MHOTO MAarduMTHO I10JIC Bb3HUKBA BBPTAIL]
MOMEHT, KOITO ce CTpeMHU Ja BbpPHE MarHuTa B PaBHOBECHO MOJIOKEHUE. 3apaau UHEPTHOCTTA CH,
MAaroiuTbT NOJMHHABA TOYKAaTa Ha PABHOBECUC, IIPU KOCTO OTHOBO BH3HUKBA BHPTAIL MOMCHT,
KOHTO Ce CTpeMHU Ja BbpHE MarHuta oOpaTHO B PaBHOBECHOTO MY IMoOJIokeHHE. ToBa BOIU 10
OCLIMJIAIINM C IEPUOA;

1
T=2x|—, 1
Gy (1)

KpaeTo I ¢ HWHCPYHUAT, 4 m MArHMTHUAT MOMCHT Ha MAarHura, BH € TroJICMHMHaATra Ha

XOpU3OHTAIHATa KOMIIOHCHTA Ha MArdHuTHOTO IIOJIC Ha 3emsrTa. I/IHep‘-IHI/IfIT MOMCHT Ha
MUJIMHAPHUYCH MAarduT mnmpe3 0C, MUHaBalla npe3 cpeaara My U NICPICHAUKYJIISIpPHA HA OCTa My €

2, 52
3r°+L
I=M——, )
12
KbJETO M € macara Ha MarHuTa, r € HEroBUSAT paguyc, a L € AbJDKMHATa MYy. Y CYKBAUIUAT
MOMEHT Ha HUIIIKaTa MOXKE J]a ce MpeHeOperHe Mpy OCIUIAIMUTE B Ta3U KOH(UTYpaIus.
JlebneKIMOHHUST MAarHUTOMETBP C€ ChCTOM OT MIUJIMMETPOBA CKaJjla, KOMITAC U MOCTOSTHEH
MarHuT. [IOCTOSTHHUSAT MarHuT ch3/aBa 10 OCTa CMU MarHUTHO I10JI€ KOETO Ce J1aBa C u3pasa:
Mo  2mx
B=""——"—, 3)
4 (x*=17)

KbACTO x € Pa3CTOAHUCTO OT HCHTHpA HA MArHuTa OO0 IPOHU3BOJIHA TOYKA IO OCTa MY H3BBH
MarHuTa, a [ e MOJIYABJDKWHATA Ha MarHuTa.

Ilox meiicTBHETO caMO HA 3€MHOTO MarHUTHO MOJIE CTpCJIKaTa Ha KOMITaCca € B paBHOBECUC U
CC OpHCHTHPA IIO HCTO. HOI[ I[GI\/'ICTBI/IGTO Ha JIBC B3aMMHOICPICHIAUKYIIIPHU MArHWTHU I10JICTA,
TOoBa Ha 3eMsiTa U APYroto OT MOCTOAHHUA MArHuT, CTPCJIKATa AOCTUTra HOBO PAaBHOBCCHO
IMMOJIOKCHHUEC ITPU BI'bJI o , CIIPAAMO HAYaJIHOTO PABHOBCCHO ITOJIOKCHUC.

Taxka CTpEJIKaTa CC OPUCHTHUpPA IO ITOCOKAa Ha PE3YJITAHTHOTO MArHUTHO II0JIC, KaTo €
HU3II'BJIHCHO YCJIIOBHUCTO!:

tang=-2_. 4)
By
Ypean u marepuasnu

O KOMITAC ..ottt ettt et e ebe e st e enbeesaeeeneeas 1 6p.
o IlocraBka ¢ puKCHUpaHa KbM HEST MIJIUMETPOBA JTHHHUS ...uvvenveenireaneeeireenreeniienieeenne 1 6p.
O TTOCTOSTHEH MATHHT. ......eeueeuteriieteeteeitenteeteeetesteetesitesteentesatesaeestesbeenbeentesseenbeeneesaneee 1 6p.
O JIBPIKATEIT 32 MATHUTA ....eeeeuvieeeiieeeieeesreeessseeessseeessseeensseeanssseesseeessseessssessssseessseennns 1 6p.
O CTOMKA C TIOXITYTIAK ...eeuvveeureesreenreenureenseensseenseessseenseessseanseesssesnseesssesnseesssesnseesseessseans 1 6p.
ORI € 01025 10 (1 i 5 o SRR 1 Op.
ORIV 0):470:15) 21 11 (0) QR USRI 1 6p.
O MUITUMETPOBA XAPTHSL. .vvveenreeeureernureeraureesaseeesueeesseeesseeesseesssseesssseesnseesssseesssseesnns I 1.
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Yxa3zanus

o Pa3nonoxere ycTaHOBKMTE B cpenata Ha paboTHaTa CH Maca BbpPXY HIpPEIOCTaBEHHUS
apXUBEH KalllOH, 32 Ja HE BIMAT METAJIHUTE 1 YaCTU BbPXY U3MEPBAHUATA.

O MarHutsT ce cbeTou OT 4 Opost KbCH MIMHIPUYHHA MaruuTa. M3mnon3BaiTe ru 3aeHo.

o IlmacTmacoBus AbpKaTen 3a MarHUTa M3IMOJI3BalTe MPU U3MEPBAHMATA C Je(IICKLIUMOHHUS
MarHuTOMETBHDP.

o UYepBeHaTa 4acT Ha CTpeJIKaTa Ha KOMIIaca € CEBEPHUAT U MOJIIOC.

o He npackaiite 1o MUIMMETPOBATA JIMHUA.

Heo0xonumMu BeJTHYMHM:
o0 XapakTepUCTUKU HA YETUPHEIEMEHTHHS MOCTOSIHHUSI MarHUT:

o HamarautBane — IBYIOIIOCHO MO ABJDKHHA (IO OCTA HA IMIMHIBPA);
o Hovmxuna L= (31.7£0.1 ymm
o pamuyc r=(9.4+0.1) mm
o Maca M =(42.7£0.1)g
o

Heo0xoaumMu KOHCTAHTHU:

o0 MarHuTHa NPOHUIIAEMOCT HA BaKyyM - L{_ 4x107 TmA™

3agaun
1. Omnpenensine Ha NepuoJa Ha TpPelnTeHe HA INOCTOSIHHUSI MAarHUT ¢ BHOPALMOHHMA
MArHUTOMETBP.
1.1 IlpecMeTHeTe MHepPYHHSI MOMEHT HAa MAarHMTa OKOJI0 0C, MMHAaBalla Ipe3
cpeiaTta My W NepHeHAUKYJSAPHA HAa octa my. Omnpenelsierte adcolOTHATA U
OTHOCUTEJIHA TPelKH. [2 T.]
CroilHocTTa Ha UWHEpPYHUS MOMEHT Ha MarHuta ce 1mpecmsta mno Qopmyna (2)

3r2 417

I=M =4.52x107% kgm? [11.]

OrHocurenHa rpeuika:

AL _AM | OrAr+2LAL o AL o, [0.51.]
I M 32+ 17 I

AoGcomoTHa rpemka: Al =0.01x7 =0.05 x107° kg.m2 [0.5T.]
Kpaen pesynrar: [ =(4.52£0.05)x1 07 kg.m?

1.2 Onpenesiere mepuoaa Ha TpenTeHe HA MArHUTa, HEroBaTa OTHOCHTEJHA W
a0co1l0THA rpewku. [3 1.]
3a no-100pa TOUHOCT ce U3MEPBAT HAKOJIKO MEepro/ia HaBeJHbXK (MoHe n=10), HIKOJIKO IbTH (ITOHE
N=5).[2 T1.]

N |ts n T=t/n, s T-T,,s (f—]})z,s

1 (174010 1.740 -0.01483 | 0.000220028
2 [17.30 |10 1.730 -0.00483 | 0.000023361
3 [17.07]10 1.707 0.018167 | 0.000330028
4 117.39 |10 1.739 -0.01383 | 0.000191361
5 [1693]10 1.693 0.032167 | 0.001034694
6 (174210 1.742 -0.01683 | 0.000283361

T,s | 1.725
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Cpenna croitHoct Ha epuona: T =1.725s;

IX(T -T)*
CrannapTHO OTKIIOHEHUE: AT = % =0.02 s[0.5T.]

OTHOcHTENHA TpelIKa: % =0.01, % =1% [0.5 1.]

Kpaen pesynrar:
T =(1.73+0.02) s

1.3 Ionyuere npousBeaeHuero mB, . Onpenesere rpelikuTe B pe3yarara. [2 T.]

2
Ot ypaBHenue (1) ce mony4aBa: mBy = 4;21 =59%107 kgm’s ™ [11.]
O3zHayeHue z=mBy
OTHOCHUTENHA TpellKa: Az = Al + 2AT—T =0.03, Az =3% [0.5T.]

z b4

AGcomoTHa Tpemka: Az = 7x0.03=0.2 kgm?s™ [0.5 T.]
Kpaen pesynrar: z= (5.9i0.2)><10_5 kgmzs_2
2. M3noasBaiikum jaeduieKIIMOHHUST MATHUTOMETHpP, H3CjeABaiiTe 3aBHCHMOCTTa Ha
OTKJIOHEHUETO HA CTPEJIKATA HA KOMIIACA OT MOJIO’KEeHHETO HA MATHHTA.
2.1. OnpenesieTe MOJIIOCHTE HA MAarHUTA M IO MOCTaBeTe MO ChOTBETHHSI HAYHH B
ABbpKATEIA.
2.2. HavepraiiTe cxeMa Ha ONHWTHATA TOCTAHOBKA, KOMATO Ille H3MOJ3BaTe.
Or0ene:xkeTe pa3noJioKeHHETO U MOJIIOCUTE HA MOCTOSIHHHUS MATHUT, MOCOKATA
HA 3eMHOTO MArHHTHO MOJie W TNOCOKATA HAa 3aBbpPTaHe Ha CTpeJKaTa Ha
KoMmmaca [2 T.]

=

S Bu

B

2.3.IIpeacraBere 3aBUCUMOCTTA &(x) TAOJUYHO, OlleHEeTe A0COJTIOTHATA I'PelllKa Ha

eIMHUYHOTO U3MepBaHe. [2 T.]
OtunTaHe Ha brbjia Npu NoHe 5 croitHocTH Ha X. [1.5 T.]

X, m 0, deg
0.352 30
0.337 36
0.317 40
0.300 46
0.283 50
0.271 54
0.254 60
0.240 66
0.223 70
0.212 74
0.182 80
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I'pemika Ha eIMHUYHOTO U3MepBaHe: Ax=2mm; AG=2° [0.5 T1.]

2.4.IlpeacraBere 3aBHCHMOCTTA OT 2.3. B MOAXOASIIY MPOMEHIUBH, TaKa 4e Ja e
npasa JuHus. [2 T.]

By _ 1 2x 1

Ot ypaBHenus (3) u (4) ce mosy4dana:

JInHeiiHa 3aBUCUMOCT:

m

47 (2 —1%)? tan6

G2 kg m

X 47 By tan@’
2 202
[Monarame: u:m; A=t ™ .\ _ !
X 4r By tané

JInHeiiHaTa 3aBUCUMOCT € u = Av.

2.5.0npenenere rpa)u4HO OTHOLIEHHETO m/ By W one

e ke 2l i
e FRE ML EOAKID | ju i | |
Xl SR VA Ky = 0.0 I
% 7*9&\7 | e R S
N EmE G
x| LR | ESER 1|
W4 UL UGUE s Foso e fidlel T
..... \J : V& ‘I "‘ C.l ‘ - ’1\: ‘ 1 : ',;". + 4
o 1 i
,,,,,,,,, et I I ]‘
55 I 6 L EREEE
[
5 ; |
- -
| 1 |
o e T | 4},
) 55 i | ;
3a rpaduxkarta [1.5 T.]
Ot HakIOHA rpagukata ce ompemens KoepUIHUEHTT A=2.5x1072m’,

w

_m _4rA
By 2

X, m (x*-1%)%x.10%, m’ | 6, deg |tan® |1/tano
0.352 4.32 30| 0.577 1.73
0.337 3.78 36| 0.727 1.38
0.317 3.15 40| 0.839 1.19
0.300 2.66 46| 1.036 0.96
0.283 2.23 50| 1.192 0.84
0.271 1.96 54| 1.376 0.73
0.254 1.61 60| 1.732 0.58
0.240 1.35 66| 2.246 0.45
0.223 1.08 70| 2.747 0.36
0.212 0.93 74| 3.487 0.29
0.182 0.58 80| 5.671 0.18

HeTe rpemkure. [3.5 1.]

=1.25x10° Am*T . [11.]
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OTHOCHUTENHA TpellKa: Aw = A4 = Au + av =0.04; Aw =4% [0.5T.]
w A u v w

A6comoTHa rpemka: Aw=0.05x10° Am*T! [0.5 1.]
Kpaen pesyntar: w=(1.25+0.05)x10° Am*T~!

3. Omnpenesnere XOPU30HTATHATA KOMIIOHEHTA HA MATHUTHOTO T0Jie HA 3eMsTa U MATHUTHUSA
MOMEHT Ha NMOCTOSTHHUSI MarHMT.
3.1.lonyvyere m3pa3u 3a MATHUTHUS MOMEHT HAa MArHMTAa M XOPHM30HTAJIHATA
KOMIIOHEHTA HAa MAarHUTHOTO moJie Ha 3emsara. [1.5 1.]

z
Ot ypaBHeHMsTa 3a 7 U w C€ IOJy4yaBa: m=~zw U By =, |—

w

3.2.IlpecmeTHeTe BestuduHUTE OT T. 3.1. [1 T.]
m=2.716 Am*; B, =2.17x10° T

3.3.0mnpeneiieTe OTHOCUTEJIHUTE U a0COJTIOTHU rpemiku. [1 T.]
OTHOCUTENHHU I'PELIKU:

A_m_lEJrlM:o‘M; ABy 1Az 1Aw_ 04 [0.5 T.]

m 2z 2w By 2z 2w
A6comoTHY rpemKku: Am=0.04xm=0.1 Am?; ABy =0.04x By, =0.08x107 T [0.5 T.]
KpaeH pesynrar: m=(2.7+0.1) Am*; By, =(2.17£0.08)x107° T

[Ipu nunca Ha pa3MepHOCTH HA BETUYMHUTE, BKIIOUUTEITHO B TAOIHIM, TpadUKU U JIp. ce
otHeMmar 1o ~0.25 1.
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