YcaoBue
Sananue 11-2. /IBu>keHue B moJie.

Yactb 1. IIpamosnHeiinoe JBU>KeHUE B MAarHUTHOM MOJIE.

Hebosbimas 6ycunka Macchl m U HECYIIas JIEKTPUIECKU 3aps)l +¢ MOXKET CKOJIb3UTh IO TPIMO-
JmHeitHOMY cTepxkH0. Koaddunment Tpennst OycuHKN O cTepKeHb paBeH (. CTeprKeHb u OyCcHHKa,
HAXOJIATCA B OJJHOPOTHOM MArHUTHOM I10JI€, BEKTOP MHJIYKIIMH KOTOPOTO B HaupasJien 1oy YIJIOM
Q K CTEeP:KHIO, KaK I0Ka3aHO Ha puUCcyHKe. BycrHKe TOJIMKOM COODIIAT HAYAJbHYIO CKOPOCTDb Ug,
HAIIPABJIEHHYIO BJIOJIb CTEPyKHsI KAaK IMOKA3aHO Ha PHUCYHKe. J[eficTBUEM CHJIbI TSXKECTU CJIeTyeT
npeneopeyb.

1.1 Haiiinre 3aBUCHMOCTD YCKOpeHHUsI OYCUHKHU @ OT ee ckopoctu U. 1.2 Hapucyere cxemarndaeckuii
rpaduK 3aBUCUMOCTH MOJLYJIst CKopocTu 6ycuaku ot Bpemenu v(t). 1.3 Paccuuraiire, kakoii myTh S
npoiiger OycuaKa 70 1motHoit ocranoBku. 1.4 Kakoit myTs S mpoiiger OycuHKa, ecjii ee HadabHYy 0
CKOPOCTh Uy HAIPABUTH B IIPOTUBOIIOJIOKHOM HAIPABJIEHUN !

YHactp 2. /IBu>keHue 10 OKPY’KHOCTHU B 3JIEKTPUUIECKOM IOJIE.

Omnncannas B 1epBoil yactu Oycunka (Macca - m, 9JIEKTPUYECKUN 3apsiJl +¢) MOXKET CKOJIb3UTH IO
IJIOCKOMY KOJIbIly pasinmyca R. Koadbdunuent Tpennst 6ycuHKN 0 KOJIbIIO paser . Cuiioil TakecTu
npenebperaiire.

2.1 Ilonsa uer.

Bycunke coobrmaior Ha9aIbHYI0 CKOPOCTD Uy, HAIIPABICHHYIO 10 KACATEIbHON K KOJIBILY.

2.1.1 Ilokaxkure, 4TO KUHETHYECKAs SHEPrusi OYCHHKH IPU €€ IOCJIe/I0BATETHLHOM CMEIEeHnN Ha
HEKOTOPBIH yros1 Ay 10 KOJIBIYY YObIBAET B T€OMETPUYIECKO MTPOIPECCU.

[Tocse Toro, Kak OyCHHKa MPOIILIA OJIMH TOJTHBIN 000POT 110 KOJIBILY, €6 CKOPOCTh YMEHBIIW/Iach Ha
20%.

2.1.2 PaccunTaiiTe, Ha CKOJIBKO MPOIEHTOB YMEHBIUTCH CKOPOCTH OYCHHKU ITOCJIE TOTO, KaK OHA
cliesiaeT b IMOJIHBIX 000POTOB 1O KOJIBILY.



2.2 TloJjie mogBMJIOCH.
[t yMeHbIIeHusT CUJIbl TPEHUSI B IIEHTPE KOJIbIA 3aKPEILISTIOT TOYeTHbIH 3apsiT ().

2.2.1 YKaxkure, Ipi KAKOM 3HaKe 3apsija B IIEHTPE KOJIbIA () BO3MOKHO YMEHbBIIIEHUE CUJIbI TPEHUSI,
JIeCTBYIOIIEH Ha OyCHHKY.

DTOT 3apsiy] CO3/AeT B TOUKAX KOJIbIIA SJIEKTPUIECKOE TI0JIe, MOy b HAIIPSIKEHHOCTH KOTOPOIro pa-
BeH Fy (najee cumraiite 9Ty BeJMYNUHY U3BECTHOI). Bysaem cantarTh, 9T0 9TO M0JI€ MOXKET yMEHb-
IIUTH CUJIy TPEHUs, JEeHCTBYIONLYIO0 HA OYCUHKY.

2.2.2 Haiinure ipu Kakoit cKopocTu v* OyCHMHKA MOXKET CKOJB3UTH 110 KOJIBIY € IOCTOSTHHOM T10
MOJTYJTIO CKOPOCTBIO.

2.2.3 Hapucyiite Ha 6/1aHKe JIKCTAa OTBETOB CXeMaTHYecKue I'padUKu 3aBUCUMOCTHA CKOPOCTU Oy-
CUHKHI OT BPEMEHHU IMPH CJIEIYIOIIX HAYAJIBHBIX CKOPOCTSX a) vy > v*; 6) vy < v*.

Saganuio 11-2. /IBuxkenue B moJie. JIucTbl oTBETOB

Yactp 1. IIpsaMmoaunHeiiHOe JBU2KEeHNE B MAarHUTHOM IIOJIE.

1.1 BaBucuMoCTh yCKOpeHUsI OYCUHKU @ OT €€ CKOPOCTHU U

a=

1.2 Cxemarnyueckuii rpaduk 3aBHCHMOCTH MOJLYJisl CKOPOCTH OYyCUHKU OT BpemeHu v(t).

3aBUCUMOCTb CKOPOCTH OT BPpeMeHN

CKOpPOCTb

BpeMms

1.3 IlyTh ;10 ocTaHOBKU
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1.4 ITyTb ;10 ocTaHOBKU
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Yactp 2. /IBukeHue 1o oOKpy>KHOCTHU B 3JIEKTPUYIECKOM II0JI€E.
2.1 /IBuzKeHmne 0e3 3JIeKTPUIECKOro MOJId.

2.1.2 CkopocTh yMeHbIIUTCH HA, %

2.2 J/IBurKeHue B 3JIEKTPUYIECKOM IIOJI€E.

2.2.1 Ykaxkure 3HaK 3apsiaa ()

2.2.2 3HaveHne «KPUTUIECKON» CKOpOCTH v* OyCHHKE v* =

2.2.3 Cxemarmdeckre rpaduKi 3aBUCHMOCTH CKOPOCTH OT BPEMEHN

3aBUCUMOCTN CKOPOCTU OT BPEMEHMU

CKOpPOCTb

BpemMs

Penienue

Bananue 11-2. JIBu>kenue B nosie. (Permenne).

Hacte 1. IIpsaMmosnHeiiHOe ABU>KE€HNE B MAarHUTHOM IIOJI€E.

1.1 Bo Bpemsa aBmkenuns OyCMHKM B MAarHUTHOM II0oJie Ha OycWHKY JeficTByeT cuia Jlopenna, Ha-
IpaB/eHHas ePHeHIUKYJISIPHO CTEPXKHIO ([epPIeHIUKY/IAPHO TIOCKOCTH PUCYHKA)

F, =quBsina. (1)
[Tom neitcTBreM 31O cnibl OyCMHKA OYAEeT NPUKNMATHCA K CTEPXKHIO, BCIEJICTBHAE Yer0 BOSHUKHET
CUJIa TPEHUs, HAl[paBJIeHHAas B CTOPOHY ITPOTHUBOIOJIOXKHYIO BEKTOPY CKOPOCTH
F.p. = pquBsin a. (2)
Ha ocnosanun Broporo 3akona HbioTona yckopenue OyCMHKHN BbIpakaeTcs (hOpPMYJIOit

g B sin o

a=—"——n2. (3)

m



Vckopenne OYCHHKHT HAIIPABJIECHO B CTOPOHY, ITPOTHBOIIOJIOXKHYIO BEKTOPY CKOPOCTHU, ITO3TOMY 9TO
BbIpazKeHNEe MOXKHO TIPEJICTABUTH B BEKTOPHO# hopme
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1.2 Tak KaK yckKOpeHue OTPHUIATETLHO, TO MOJIY/Ib CKOPOCTH Oy/IeT MOHOTOHHO yOBIBATDH JI0 HYJIS,
C TOCTOAHHO yMEHbINAMNMcA yecKoperneM. CxemaTniecknii rpaduk 9TOi 3aBUCUMOCTH TOKA3aH
Ha PUCYHKE.

3aBMCUMOCTb CKOPOCTU OT BpeMeHH!
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1.3 Tak HaM HEOOXOIMMO HANTH ITyTh JO OCTAHOBKE (HE BAYKHO 3a KaKOe BPeMs), TO B yDABHEHHUI
(3) uzbaBuMcst OT BpeMeHU:
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Mbr yuamau, 9To % = v. VI3 mosrygeHHoro ypaBHeHue CJIeyeT, 9TO CKOPOCTb OYCHHKH JIMHEHHON

YMEHBITAeTCs 110 Mepe yBeJMYeHus! MPOoiiJieHHoro myTu. V3 aToro ypaBHeHUs cjeyeT, 4ToO IyTh,
IIPOMJICHHBIN 10 OCTAHOBKU PaBEH

muvg
S =——— 6
! uqB sin (6)

1.4 Tak kax sin(m — a)) = sin «, T0 HU MOJIYJIb CHJIbI JIOpEHIa, HU MOJLY/Th CHJIbI TPEHUST HE U3Me-
HATHCsI, MHBIME CJIOBAMU ypaBHeHue (4) ocTaHeTCs ClpaBe/JIMBLIM U B CJIydae U3MEHEHUsI HAIIPAB-

4



JIeHUsI BeKTOpa HadajbHoit ckopoctu. CreaoBaTe/ibHO, U B 9TOM CJIydae IMPORJIEHHBIH IyTh Oy1eT
onpeensaThest hopmystoi (6):

SQ - Sl. (7)

2

_ mug
52= 2gE(pusina + cosar) (®)

Hactp 2. /IBUkeHUE 110 OKPYXKHOCTHU B 3JIEKTPUUIECKOM I0JIE.

2.1 /IBukeHue 6€3 3JIeKTPUIECKOTO ITI0JIH.

2.1.1 Ilpu aBuKeHUM 110 OKPYZKHOCTH OYCUHKA, JIBUZKETCS C IIEHTPOCTPEMHUTE/ILHBIM YCKOPEHUEM
pPaBHBIM

U2

a= 7. (9)

DTO yCKOpPEHUE MOXKET COOOIIUTH TOJIBKO CHJIa HOPMAJIbHOM PeakKIuu CO CTOPOHBI KOJIbIA, paBHAs

’U2

N =mo. (10)

[TosTomy Ha OycHMHKY Tak»Ke JEfICTBYyeT CHJia TPEHUs, paBHAs

U2

Frp = umﬁ. (11)

Hasmaune cujibl TpeHust IPUBOJUT K TOMY, 9TO CKOPOCTh (CJIeJI0BATEIHLHO, M KHHETHIECKAsT SHEPIHU )
OyCHHKE yMeHbIaeTcs. Ken OycrHKa CMEeCTUIAaCh 110 KOJIbILY Ha MaJiblit yroa Ay, TO yMEHbIIEHUEe
KUHETUYIECKOW SHEPIruu OYCUHKM PaBHO PA0OTE CHUJIbI TPEHUsI, UTO BbIPAYKAETCHA yPABHEHUEM

v? mu?
AE = —F,,, AS = —Hm— RAp = —QMTASO = —2uFEAp. (12)

N3 storo ypaBHeHUs CJeyeT, YTO yMEHbIIEHUEe SHEPIUU ITPOIOPIIMOHAIBHO TEKYIIEeMY 3HaYCHUIO
sHeprun. Ecim 0603HaUYnTh 3HAUEHNE SHEPTUH B HadaJje pacCMaTpuBaeMOro MHTepBaJia - Fy, a B
KOHIIe MHTEpBaJia - F1, TO CBI3b MEXK/Iy HUMHU 3aJIa€TCs BhIPaKEeHUEM

By = Eo(1 - 210p), (13)

Yro 1 IoKa3bIBaeT yObIBAHUE SHEPIUHM B T€OMETPUUIECKON TTPOIPECCHU.

2.1.2 Kak mokazaHO B IpeJbIIYIIell 9acTh KWHETUYeCcKasl SHEPIus, CJIeJ0BaTeIbHO, U CKOPOCTHb
[IPHU [IOBOPOTE Ha Jt000it yros Ay yOBIBAIOT B TeOMEeTpHIecKoil mporpeccun. Torma cKopocTh mpu
[IOBOPOTE Ha, OJUH 000POT MOXKET ObITh BhIPAXKEHA CJICIYIONIUM 00Pa30M

v1 = vo(1 — ). (14)

[ne n = 0,20. IIpu nmoBopoTe Ha 5 060POTa CKOPOCTH CTaHET PaBHOI

vs = vo(1 —n)°. (15)

HO,ZLCT&HOBKEL YUCJICHHOI'O 3HaYCHUA JacT PE3yJbTaT

vy = vo(1 —1)° =y - 0,8° ~ 0,330y . (16)



9TO COOTBETCTBYET YMEHBIIEHUIO CKOpocTu Ha 67%.

2.2 JIBurKeHure B JIEKTPUIECKOM MOJIE.

2.2.1 Cury HOpMaJIBHOM peakIuu, CJIeI0BATEILHO, CIJIY TPEHUsT MOXKHO YMEHBIIHUTDH C MOMOIIHIO
CHUJTBI JIEKTPOCTATUIECKOTIO B3aNMOJIENCTBHUS, KOTOPas JI0JIYKHA ObITh HAIIPpABJIeHA K IEHTPY KOJIb-
I[a. DTO BO3MOXKHO B TOM CJIydae, e/ B IEHTP KOJIbIA IOMECTUTH OTPUIIATETbHBIN 3apsi.

2.2.2 B stom ciaydae ypaBHeHne 2 3akoHa HboTOHaA B HPOEKIMHU Ha pajdajbHOE HAIpaB/IeHUEe
OyaeT uMeTb BHL
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CuresroBaTesbHo, Cujla HOPMAaJIbHON peakIy Oy/1eT paBHa

2

)
N =m— — gk . 18
7~ ko (18)
Cuta HOpMaJIBHOM peaKINK U CUJIa TPEHUsI CTAaHYT PABHBIME HYJIIO [IPU
2
v . qEoR
m——qEy=0 = v'= . 19
R qLo m ( )

[Ipu sToit ckopocTu Oycunka Oy/ieT JABUTaThcd 06€3 TPeHus, T.€. ¢ MOCTOAHHON 10 MOJLYJII0 CKOPO-
CTBIO.

2.2.3 Ecii cujia HOpMaJIbHOM peakIiuu OTJINIHA OT HYyJIsI, TO HE3aBUCHMO OT €e HAIIPABJICHUs CUJIa
TpeHusi OyJAeT HalpaB/ieHa B CTOPOHY, IPOTHUBOIOJIOXKHYIO BEKTOPY cKopocTH. Ilosromy Momysnb
CKOPOCTH BCerda 6y;[eT YMeHbIIaTbCAd U CTPEMUTH K OJJTHOMY M3 CTallUOHAPHBIX 3HaYEHUIA. B cjry4dae
a) vg > U*: CTPEMUTBHCS K 3HAYEHUIO

* qEOR
v = ;
m

B cayuasx 6) 0 < vy < v* ckopocTb OycuHKE OyjeT cTpeMuThesi K Hysmo. CxeMarudecKue rpa-
dUKHM 3TUX 3aBUCUMOCTEN TTOKA3aHbl HA PUCYHKe. | OpU30HTAIBLHON ITYHKTUPHON JIMHUEN OTMEYeHO
3HaUeHue v*.
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