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3anmanue 2. benraanckuii oroun

OnoposHoe TOHKOE KOJIbIo pajunyca R = 1,0 M u3 ropiovero Marepuajia aKKypaTHO pa3pe3aroT
U [OJIZKUTAIOT ¢ OJIHOrO KOHIa (puc. 1). Byaem cumrarh, 9T0 TOYKa rOpeHHs KOJIbIA JIBUKETCS C
HeOOJTBINO MOCTOSTHHO# CKOPOCThIO v = 10 MM /¢ 110 9acoBOii cTpesiKe OT TOUKH A, a BCe POy KThI
CrOPaHUd YJIeTYyYNBAIOTCA.

=

Yactp 0. IloarorosuresibHasd.

0.1 ITokaxkure, aro meHTp Macc C' TOHKOW OJHOPOIHON jayru pajmyca R c
YIJIOM TIOJIyPACTBOPa (v (pajiuaH) JIesKUT Ha OCH €€ CUMMETPHUU HA PACCTOSTHUN
r = 0C = R*2% or eé reomerpudeckoro nenrpa O (puc. 2).

Dror pesysbrar (Jaxke ecau Bbl He cMorim 3T0 MOKa3aTh!) MOXKHO CMeJo
MCIIOJIB30BaTh B CJEIYIONNX IYHKTAX 33/Ia4N.

0.2 3a Kakoe BpeMsi BCe KOJIBIIO CTOPUT?!
Yactp 1. «MexaHndeckuii oroub»

amnee pacemarpuBaeM ropsiiiee KoJiblio (cM. puc. 1).

1.1 ITlocTpoiiTe TpaeKTOPHUIO JABUKEHUS IEHTPa MaCC HETOIBUZKHOTO KOJIBIA

B IIpoliecce €ero ropennd.

He 3a6ydvme noaywums ypashenue amot mpaekmopuu. EE moocho 3a0amv passuiaHbMU cnoco-
bamu: 6 AGHOM 6ude, 68 NAPAMEMPUIECKOT fopme 6 6ude 3a6UCUMOCTIU KOOPIUHAT, OM BPEMEHU,
6 dexapmosoti, 6 NOAAPHOT cucmeme Koopduram u m.d.
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Topsitiiee KOJIBIO aKKYPATHO MOJBECHIN Ha HUTHU, IIPUKPEIICHHONR K
uHemy B Touke A (puc. 3). C teuennem Bpemenu juamerp AD KoJibIa
OyJIeT MeJIEHHO OTKJIOHATHCS OT BEPTUKAJN BIPABO, IIOJOKEHUE ITO-

ro jimamMeTrpa omnpejessgerca yriaom 3. ConpoTuBiieHne BO3/Iyxa MpU- 4 g
cyrcrByer! _Q
1.2 Tlocrpoiite rpaduk 3aBUCHUMOCTH YTJIOBOW CKOPOCTH MOBOPOTA ;;_:;,5
[EHTPa KOJIbIa OT BpeMeHu w(t). " T(lp a
Puc.3. 7 '\ .
1.3 Ilocrpoiite rpacduk 3aBUCUMOCTH yIJIa IOBOPOTA IIEHTPA KOJIbIIA . &) *,é: <
\ Tl

ot Bpemenu ((t). \\

1.4 ITocTpoiiTe TPa€KTOPUIO TOPSIIETO OTHS.

He 3a6ydvme npusecmu A6Hbie 6uPAACEHUA ONA UCKOMBIT 3A6UCUMO-
cmet w(t) u B(t).*

Yactb 2. «DJIEKTPOCTATUYECKUI OTOHb»

Ecim o KOJIBILY J0 ITOJIZKUTI'aHUA OBLII PaBHOMEPHO pPacIIpede/ieH 3a-
p4da g, TO B IIpoHecce ropeHud HaHpH}KéHHOCTb FE QJIEKTPpOCTaTHU4dI€e-
CKOI'O II0JId B €10 IEHTPEe 6y,Z[‘eT U3MEHATHCA KaK II0 MOAYJIIO, TaK U 110 HallpaBJICHUIO.

2.1 Haiijure MO/ Tysib HAIPSZKEHHOCTH F((v) 9JIEKTPOCTATHIECKOTO TIOJIsI TOPSIIEro KOJIbIla B 3aBU-
CIMOCTH OT yTJIOBOTO pa3Mepa (v BHITOPEBIEN TyTH.

2.2 Haiiyiure MO/ Ty/Ib MAKCUMAJIBHOM HANIPAKEHHOCTU [y, 9JIEKTPUYIECKOTO 0TI B TIEHTPE KOJIbIIA
Ipu TakoM Iporiecce. [Ipu KakoM yriie Qupax 9TO JOCTUTAETCH !

Pemenue

Yacte 1. «Mexaunmdyeckuili Oro™p»

1.1 PaccMoTpuM MOBOPOT JIyT'U yIVIOBOW BEJIUYMHON 2(v M JIMHEHHOI
IUTIOTHOCTBIO \ Ha MaJblii yroa v, (Y — 0) or Beprukamu (puc. 1).

[TockobKy MOXKHO cIMTaTh, 9TO Macca Beeit gyru m = AAl = \2aR - A
COCpeJIoTOUEHA B €€ IeHTpe Mace (HeKoTopoit Touke C') Ha paccTos-
mun 7 = OC or ocn Bpamienus O, TO IPU TAKOM IIOBOPOTE LEHTP MacC
nogHuMeTcs Ha BbicoTy h = r(1 — c0S7y) OTHOCUTETHHO HAYAIBLHOTO
nostoxkernns (rouka C’ Ha puc. 1).

OTO UPUBEJET K YBEJNYEHUIO IOTEHIINAJIBHON SHEPIUU CUCTEMBI HA A
BEJIMIUHY Ah

D
E" = mgh = \2aRgr(1 — cosv), (1)

. 2
C y4erom TOro, 94To IpH MasbIX yIviax 1 — cosvy = 2 SIHQ(%> ~ L-, Boipakenue (1) MOXKHO Tpeo6-

2
pa30BaThb K BUAY
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E" = mgh = AaRgr+>. (2)

OtHaKo, ¢ APYTOit CTOPOHBI MOXKHO CIUTAThH, 9TO IIPU TAKOM ITOBOPOTE M3MEHIIACH SHEPTUsT TOJTHKO
BBIJIEJIEHHBIX Ha pucyHke 1 yaactkoB AD u BE jayru. VlHbIMu cjioBaMu, yBeJIMdeHNe TOTEHITNA b
HOM 9HEPTUU COOTBETCTBYET IMEPEXOJy YUIacTKa Jyru u3 mnojoxenus AD B nonoxenne BE. Ilpu
9TOM Macca map = Aap = AYR nopssiiack Ha Bbicory Ah = [4psina = yRsina, (cMm. puc. 1)
YTO COOTBETCTBYET MPUPAIIEHUIO SHEPTUN

E™ = mapglapsina = AyRgyRsina = A\y*R%gsin a. (3)
[TpupaBuuBas Bbipazkenus (2) u (3), moydaeM UCKOMOE BbIpasKeHHUe

sin «v

MaRgry? = M?R%gsina = r= R. (4)

(67

1.2 PaceMoTpuM M0OJI07KeHME OTHST (TOUKY TOPEHHs1) depe3
IPOMEXKYTOK Bpemenu t. [lycTh K 3TOMy MOMEHTY Bpeme-
Hu cropesa jayra AB, Torga Touka ropeHus MpOILIa II0

nyre AB paccrosinue [ = vt, 9TO0 COOTBETCTBYET YIJIy TI0-

l vt
BOpOTa OTHA Ha yroi o = — = — = wt, e R = OA

— paguyc kousbiia (Puc. 2). Ecim macca eqununst jym- — F'

HBI (JIMHEHAS IJIOTHOCTD) KOJBIIA A = TO B CHJTY

2rR’
OJIHOPOTHOCTH KOJIbIIa, CTOPEBIIYI0 MacCy HalIeM Kak

mag = A -l = ARa. (5)

BaMeTuM, 9TO IEHTD TIKECTH CUMMETPHYHBIX Jayr AE
u BD 1upu JBMKEHUH TOYKH TOPEHHs BCErjia JIEXKUT B Puc. 2. Bbruucaenue yenmpa mace

KOAbYA NPU 20PeHUU
reOMeTPUYIECKOM HEHTPE KoJIbla — To4uKe 0., TOCKOJIbKY

X MAaCChl OJIMHAKOBLI. [[eHTp TsxKecTn «HeCcKOMIIeHCUpOBaHHOI» jayru DFE — Touka F' jiexkuT Ha

A « "
6uccekrpuce yriaa FOD (EOF = 5), MPUIEM COTVIACHO MIEPBOMY ITYHKTY 381891 MOXKEM 3alliCaTh

sin(a/2) '

OF = 2R (6)

Takum obpasom, IEHTP TAXKECTU CHUCTEMBI B PacCMaTPUBAEMbIii MOMEHT BPEMEHH JIEKUT Ha OT-
peske OF na mekoropom paccrogann OC = rg oT Hadajga KOOPJAWHAT. Y YUTHIBas, 9TO MACCHI
COOTBETCTBYIOIINX JyT

Mmepp = Map = )\Ra, Mmagp = MBp = )\R(ﬂ' — Oé) (7)

MOXKHO «CcoOpaTh» B Toukax O m F', mCKOMOe pacCTosiHUe r¢ HaiijieM JOCTATOYHO CTAHIAPTHBIM
obpazom
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ro — mep OF = a .ZRsin(a/Z) _ 2Rsin(oz/2).
mgp + 2mag a+2(r — «) o} 2T — «

(8)

Kax ciemyer u3 (8), dopmyiioii, IprBeIeHHON B YCJIOBHUU JIJIs BBIUUCICHUS TOJOXKEHHsI [IEHTPa Mace
OJTHOPOJTHOMU JIyTH, MOXKHO TI0JIb30BATHCS U B HAYAJIbHBIN 1TePUOJ] TOPEHNS KOJIbIIA, XOTs ITPOBEPUTH
9TO HUKOT/Ia HE ITOMeITaeT.

[ToguepkHeM, YTO MOCKOJIBKY IIEHTP MacC CHCTeMbl HaXOMUTCs Ha OmccekTpuce yriaa FOD, to
yIJIOBasg CKOPOCTDH BPAIIEHUs ITeHTPa MacC BOKPYT HadaJjia KOOPAWHAT B JBa pa3a MEHBIIE YTJIOBOMI
CKOPOCTH BpallieHusi w = v/ R TOYKH TOPEHUsl, T.e.

w v
wC—g—ﬁ. (9)

D10 O3HAUAET, YTO TPHU IOJTHOM CIOPAHUM KOJIbIA (T.e. IPU MOBOPOTE TOYKHU TOPEHUs Ha yroJl
Q= 27) yroJi MoBOPOTa IEHTPA MACC CUCTEMBI OYJIeT B JIBA Pa3a MEHbIIE

P
ag = g — (10)

C y4éToMm 3TOro 0OCTOSITE/bCTBA, KOOP/AMHATHI IEHTPA TAXKECTH CUCTEMBI B PacCMaTPUBAEMBbIN
MOMEHT BpPeMeHU Haii/leM Kak

xo = —rocos(a/2). (11)
yo = resin(a/2) = 2Rsin(aé72r)iir;(a/2) = QRSi;;(—(—I/j)' (12)
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1.3 s nocrpoenusi rpadukos dbyHkimit ro(a) u yo (o) yaobHo BecTu Ge3pasMepHble KOOPMHA-
ol 7 = € n y* = Y& mensonmecs B npejenax [—1;1]. B sTux koopaumaTax mocrpouM rpacdukn
nosyueHubix dyukiuit (11) u (12).

Jlst 5TOTO pasobbeM IMOJHBIN YToJI MOBOPOTA TOYKNA TOpeHus Ha wHTepBajbl 1o Aa = 10° u 3a-
nostanm Tabuiy 1 st yrknuu (11) u o Heil noctponM rpaduk.

Anajiornyno 3anosasieM Tabsuity u crpouM rpaduk s Gynkipn (12).

JList HATJISTHOTO TIpeJICTaB/IeHs 00 N3MEHEHUN TI0JIOZKEHUST TIEHTPA MacC CO BPEMEHEeM JT0CTATOTHO
MHTEPECHO MMOCTPOUTHL 00a rpaduKa B OJHUX KOODANHATAX.

Host ynobersa ananusza wa pucyake Puc. 4. Sasucumocts yi(a) 5 0JHOBpEMEHHO MIPEJICTAaBIICHBI
zaBucuMocTH (o), y* ().

i’

0,6

w4

04 _»
0,2 - A\

0 s & !

-0,2

0,4

Puc. 5. 3aBucumoctn xkoopuHat x5 (), y& (o) menrpa mace ot yria (B pajnanax)
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1.4 Ucnonb3ys TOYKN I TTOJIYIeHHBIX 3aBucumocteii (), y*(a), mocrpoum TpaeKTOpuIo IeH-
Tpa Macc B TEYEHHUE BCETO IPOIECCa JBUKEHUS TOYKHU ropenus. MareMaTndecKn HaM CJIe/LyeT 110~
CTPOHTD 3aBHCHMOCTD y*(2*), nckimouns « n3 ypasuennit (11) u (12), oqnako mporre 9T0 ¢erarh
HEIIOCPEICTBEHHO I'paduyeckn. Pe3ybrar mocTpoeHns peIcTaBIeH Ha PUCYHKE 6.

D
s3]

O

5

AT ERERa i

QD

03 02 01 0o 01 02 03 04 05 06 07 08 09 1 1,1

Puc. 6. Tpaexmopus uyermpa macc npu 20peHuu

Takum oOpasoMm, MEHTP MacC TOPSIIEro KOJIbIIA OIKUCHIBAET JOCTATOYHO CBOEOOPA3HYI0 KPHUBYIO,
oOIuit B KOTOPOIi mpejicTaBieH Ha Puc. 6.

Ona HaunHaeTCs B eHTpe KoJbIa (Touka (), a 3aKaHINBACTCsT HEIIOCPEICTBEHHO Ha, CAMOM KOJIbIIE,
normajiast B TOUKY Hadasa roperns (Todka A) ¢ «Ipyroit cTOpOHBI». DTO JBUXKEHHE 0OYCIOBIEHO
KaK M3MeHeHHeM (POPMBI Tesla, TaK U YMEHBIIICHUEM €I'0 MacCChI.

1.5 MakcumaJsibHble CMEIEHUsI IIEHTPA MAaCC Lo max ¥ YO max
rOpPSIIEro KoJIbIla BJOJIb COOTBETCTBYIOIINUX OCel oIpeie/inM
HETIOCPEJICTBEHHO U3 ITOCTPOEHHBIX I'PpaprKOB, IPUBEICHHBIX
Ha PHUCYHKax 2 1 3.

Fomes = | — 022R] = (22 £ 2) (13) « g .
X
Yomax = 0,72R = (72 £ 2) cm. (14) x

B kauectBe orenkn morpermnoctn npu 3anucu (13) u (14)

B34TO 3HAYEHUE «OJHOI KJIETOYKN» Ha PUCYHKE 6. Puc. 7. O6wuii 6ud mpaexmopuu
UeHmpa mace npu 20peHuL

Puc. 7. O6mumit Bui TpacKTOPUH IIEHTPA MACC IIPU TOPEHUN

HOﬂ‘IepKHéM, 9TO IJId aHAJIUTHUYICCKOI'O HAXOXKJACHNA JAaHHBIX BCJINYNH H€O6XOJ:[‘I/IMO YUCJICHHO peE-

IIUTH TPAHCIEHIEHTHBIE YDABHEHMsl, TOJIyJalonecst B pesyibrare juddepennuposanns (11) u
(12)

11 xnacc. Teoperuueckuit Typ. 6



TOmax . tana = o — 2m, 0<a<2nr (15)
Yomax ©  tan(a/2) =a —2m, 0<a <27

Pemenne cucremsr (15) merogom HebioTona (KacaTeabHBIX) MPUBOANT K 3HAYCHUSIM:

JUIA Tomax: @ = 1,79 pajt, Tomax = —0,217 R, (16) & 11 Yomax: @ = 3,95 pas, Yomax = 0,725 R,
(17) wro omsmuaHo coracyercst co 3HadeHuaMu (13) u (14), nosydeHHBIME IpadUIECKL.

1.6 Kak caexyer u3 Puc. 7, B HauadbHbIi MOMEHT (IPOMEKYTOK) BPEMEHH CKOPOCTb U] IEHTPA
MACC TOPAIIETo KOJIbIa HAIIPABJICHA 110 KacaTe/bHOM K TpaekTopun B Touke (O, T.e. npoTus ocu Ox
(Puc. 8). D10 o3HadaeT, YTO Ha STOM STAlle «BEPTUKAILHON» KOMIOHEHTOH CKOPOCTH U1, MOXKIO
peHedopedb.

CiieioBaTe/IbHO, UCKOMasi CKOPOCTh U; IEHTpa Macc OyjeT paBHa MPOU3BOJIHON [0 BPEMEHU OT
cooTBeTCTBYOMIEH KoopauHaThl (11)

sin o
V1 = Vg = Tor|lgeo = | —R ———— ) 18
e = (18)
[To mpaButam uddepeHnupoBanns 9acTHOrO (OYHKITUN Oy ITUM
. / / / : /

sin o cosa-a (2m —a)+ o -sina o - R v
p _p ( ) = — __Y (19)

21 — (2m — a)? 27 27

rJe U — CKOPOCTD JIBUYKEHUsS TOUKH TOPEHHUs. 3aMeTHM, 9To npu 3arucu (19) yareHo, 9410 npous-
BOJHAS OT yIVIa (v II0 BPEMEHHU €CTh yIJI0oBasd CKOPOCTb ¢ = w JBUZKEHUs TOYKH FOPEHUs BOKPYT
Hadasa Koopjauuat. Pacder mo dopmysne (19) maér

v = —1,6 % (20)

[TomuepkuéM, 91O 5TOT Ke pe3ysibrar (20) MOXKHO TOSYyYUTh U 6e3 TMPOU3BOJHBIX, OOJIee TPa/Iu-
IIUOHHBIM <IITKOJTBHBIM» CIIOCOOOM — PaccMaTpUBas MOMEHTBI CUJI TSAZKECTH OTHOCHTETHLHO IEHTPA
KOJIbIIa IIPU MaJIOM CMEIEeHUN TOYKHU T'OpEHUs.

AnajlorngHbiM  00pa3oM MOYXKEM HAWTH CKOPOCTH
IIEHTPa MacC Us TOPSIIEro KOJIbIIaA B MOMEHT Bpe-

F
MEHHU, KOTJIa CropeJia ero I0JIOBUHA, TOJBKO B 3TOM T EsEamaEEEEmuiua-=i:
caydae HeIb3s INpeHeOperaTb BePTUKAIbHBIM KOM- e N
IIOHEHTOM CKOPOCTH Vg, LeHTPa Macc. [leiicTBuTesn- e
Ho, Ha Puc. 8 BeKTOp CKOpOCTH Uy HAIIPABJIEH IIO foooa
KacaTeJIbHOM K TPAeKTOPUU B TOUKE A, HAKJIOH KO- 4 gzt
» L]
Topoit K ocn abenuce (T.e. yros ) XOpomio 3aMeTen 442 £ pye. 8. Cropocmu yewmpamace s
TaXKe «Ha TJIa3». Aept L
Ui 0 i

Pacuer mo dopmysnam st COOTBETCTBYIONUX PO~
u3BoHbIX ((11) u (12)) maér
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cosa-o/(2m —a)+ o -sina o R v
Vop — — D) a=m7 — = — (21)
(2m — ) s
. asin(a/2) + (27 — a) - cos(a/2 20/ R 2v
v 2R sin(@)SO/2) + 0n —0) costo2)| 2/ R 20 )
2 (2m — a)? 2 72
[Tonmyio ckopocTh IeHTpa Macc KoJiblla HaitjieM 1o Teopeme IIudaropa
Y, v —— MM
Uy = U%m—i_vgy:ﬁ 4+7T2:378T7
JL s 3a1aHUsT HAIIpABJIEHHUST BEKTOPA Uy BHIYUCIUM YTOJT
£, KOTOPBIt BEKTOP COCTABJIAET C «TOPU30HTOM»
\E/""'_'__'_"‘“H-hx
v \
b = arctg (ﬁ> = arctg (—) =32°. }K . \

Vo ™ N\
B npunrmuie 3ToT 2Ke yroJi ¢ HEILIOXOH TOYHOCTHIO MOXK- Q H| T b O
HO HaiiTu «1o kKjeroukam» u3 Puc Puc. 9. IloBopor D % 0 < {):\R
IIO/IBENITEHHOTO KOJIbIIA. 8, MOCKOJ/IBKY OH OIPEIe/ISIeTCS \ e
YIJIOBBIM KO3 (DUIIMEHTOM KacaTeJbHON K rpaduKy B B \ .
Touke A. X %,—.

~.
_,_,—/-

Puc. 9. Ilosopom nodsewenrozo xorvua 7 QL-\'

1.7 B mporecce «MeJIJIEHHONO» TOPEHUs KOJIbIIO OyJeT

IIJIABHO TOBOPAYMBATLCS I10J] JIEHCTBHEM MOMEHTOB CHUJI TS?KECTH TakK, 9To0bI 1eHTp TaxKkectu C'
HEIIOJTHOTO KOJIbIIa M TOYKa TojBeca A HAXOWINCh Ha OJHOI Beprukasu (puc. 9, MOBEPHYT st
ya06cTBa paccMOTpeHust ). ByieMm caurarh, 9To, HECMOTPsI Ha BpallleHue, KOJIbIO B JIF0O0H MOMEHT
BpeMeEH HaXOAUTCA B IIOJIO2KECHHMU PaBHOBECHA, a €I'0 YIVIOBBIM YCKOPEHHUEM MO2KHO HpeHe6peqb
(T.H. «KBa3MCTAIMOHAPHOE TPUOJINZKEHHE> ).

Ha pucynke 9 Beprukanb AC cocraBisieT uCKoMbIit yros 5 ¢ guamerpom AD, npudaém

CH_ Yo
AH N R+JIC )

tg 8 = (25)

C yuérom pasercts (11) u (12) momyanm

(g = 2sin?(a/2) :ﬁ:arctg( 2sin?(a/2) ) (26)

sina + (27 — ) sina + (27 — «)
Tak kak w = %, TO JIJIsI HAXOXKJIEHUS YIJI0BOM CKOPOCTH BPAIIEHUA KOJIbIIa HEOOXOIUMO TTPOId-
dbepenrmposats (26) mo Bpemenn. [{nsg nuddepennupoBanns caoKHON (DYyHKIMN BBEIEM 3aMeHy

_ 2sin*(a/2)
$= sina+ (21 — )’ (27)
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Toryia pesyiabrar juddepennuposanus (26)
MOZKHO 3alliCaThb B BHUC

1
=1 a

w="2_ (arctg()) o (@)

dt

,,,,,l,,,,eﬂ,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,
-
rIe 03

-

*

X @2
%

(1/2) sina(sina + (27 — o)) — 25in®(a/2) (copase B, [0
(sina + (27 — a))? .

¢ =
(29)

[Moncrapisst (27) u (29) B (28) mostyv4aemM OKOHYATETBHBIN OTBET, 3aIICH KOTOPOTO TIPE/ICTABIISIETCST
HECKOJIBKO TPOMO3JIKOMN

1 /
wl = ‘ (30)
1+ ( 2sin?(a/2) >2
sin a4 (27 —a)
st Berancsienns wy nogcrasuM B (29) u (30) 3Havenue o = m, Tora
) 4v _apaJt MPpaJl
= = =29-1032 =29 : 31
LTy (m2+4)R c (31)

DTOT ¥)Ke Pe3yJIbTaT MOXKHO MOJIYUUTh U «XUTPEe», eCJU 3aMETUTD, YTO UCKOMas YIJIOBas CKOPOCTh
W1 €CTh HU 9TO MHOE, KaK YIJIOBas CKOPOCTh Bpalenns: orpeska AC BOKpyr Toukun A Ha PUCYHKe
10, cnenoBaTebHO

Va1 wvpcos(m/2—283) B 4v
YITAC T R/ cos 8 = 1@} = (4+m%)R’

(32)

e = arctg(%), a Uy — MPOEKIUsl CKOpocTu U Ha HOpMasb K orpesky AC (em. puc. 10),
«00eCIIeInBaOIIAsT» €ro IMOBOPOT.

Kaxk cienyer u3 (31) 3HaYeHune yrjioBoil CKOPOCTH BPAIEHUsI KOJIbIA JeHCTBUTEHHO MAJIO 10 ab-
COJIIOTHOMY 3HA4YEHUIO, YTO JIeJIaeT BIOJIHE OllpaBIaHubIM TpuMenenne Mojaen Puc. 10. Bpawerue
Nn00d6eWeHH020 KOADYA KBA3UCTAIIMOHAPHOI'O IIPUOJIMZKEHS B JTaHHOM CJIydae.

st «banarosy quddepeHImpoBannst 3aMeTUM, YTO €CJIN B3sITh IIPOU3BOJIHYIO OT (28) 110 BpeMeHu
eré pas, TO MOXKHO HaiiTu yIJI0BOe YCKODEHHe KOJIbIA MPH JAHHBIX YCIOBHs (IIPELyIpPerKIaeM:
dbopmyra «He BIa3uT» Ha cTpaHuily!), dncIeHHOE 3HAUEHNE KOTOPOrO B PACCMATPUBAEMbIX PAMKAX
TaK>Ke JIOJIZKHO OBITH JIOCTATOYHO MAJIBIM.

Yactp 2. «DJIeKTpoCTaTUYeCKNii OrOHb»
2.1 B HAYaJIbHOM COCTOSIHUM HAIIPSIZKEHHOCTD JIEKTPOCTATHYECKOrO MOJIA B IEHTPEe KOJIbla (TOou-

ke O) pasna nyso. [lo Mepe cropanust KoJbIla YMEHBIIAETCSA €ro JJIMHA, a, CJIeI0BATEIbHO, W
JIEKTPUYECKUN 3apAl.
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Paccmorpum moJiozkerne orast (TOUKU TOPEHHsi) Yepe3 HEKOTOPBbIi ¥

IIPOMEXKYTOK BPEMeHHU ¢, B TeueHne KOTOPOro Boiropesa jayra AB R

KoJibIia (puc 11). B cury cummverpun cucteMbl 3aMeTHM, 9TO Te- //.-/;/ \\”“‘\
MepE B TEHTPE KOJIBIA S/IEKTPOCTATHIECKO TIONe ONpesiederca / AN
TOJBKO yuacTkoM DE Kojibiia (BblIeJIeH Ha PUCYHKE), MOCKOJIb- ‘I'::HMHR \\
Ky pesyabrupyioiiee jeiicreue yaactkoB AE u B D koJibiia paBHO o= [0 4]) 2
HYJIIO. D Il\. l\ H“‘m\\\E{a}
Pazo0béM yTy Ha MaJible YIaCTKU U TPOCYMMUPYEM HaIPSIKEH- \: .3?}7
HOCTH 3JIEKTPOCTATHIECKOIO MOJIs OT Kaxk10ro u3 Hux. [Ipu srom \\:'\1\ ///'-;ﬁ/
BEKTOP PE3Y/IbTUPYIOIIErO TIOJIs E(oz) Oyser HampaBJeH BJOJIb R |

Puc. 11. BuiqucieHue HanpajxceHHocmu

ouccekrpucot OF yrina FOD (cm. puc 11). Pesysbrar cymmvu-
POBaHMA JIE'KO IOJYYHTHh M€OMETPUYECKH, €CJIM 3aMETUTh, UTO
mMoyib F(a) mckoMoro BekTopa E(a) IPONOPINOHAICH JIJTMHE
xopabl DE (wim AB)

DE = 2Rsin (%) , (33)

crsruBatorieit qyry DE (ua pucynke 11 He nokaszaHna).

JleficTBUTE/ILHO, COTVIACHO NMIPUHITUITY CYTEPIO3UITUN JIEKTPUIECKUX TT0JIEN, ICKOMOe 3HaYeHne Ha-
HNPS?KEHHOCTH 110JIsI MOXKHO 3allMCaTh B BUJIE CYMMBbI

E(a) = i Ei. = i E; cos o (34)

rne F; = k% 47350 Aﬁzli — MOJTYJIb HAIIPSZKEHHOCTHU JIEKTPOCTATUYIECKOTO TI0JIsI, CO3/IaBAEMOI0
q

S/JIEMEHTAPHBIM 3apsiJIoM ¢; Hebosbioro yuactka Al; Kojibla, A = 5l — JuHefiHas M10THOCTh
3apsjia KOJIbIa, i — YTOJd MEXKTY

BEKTOPOM E;u ouccekrpucoit OF yriaa EOD (em. Puc 11), ocb Oz HanpasiieHa B0JIb OMCCEKTPHUCH

FO.
C yderom moc/IeIHUX paBeHCTB, cyMMa (33) mpumer Bu
A > A A a
Ela)= —2 S Alcosa; = —~—DE = {(1)} = —> i (—) 35
(o) AreoR? Z O = e R? {3 dmeoR o\ D (35)

Y6eaurech CaMOCTOATE/IBHO, UTO CyMMa IIPOEKIUH 9IeMEHTAPHBIX yIaCTKOB JyrH » o Al; cos a;
JaeT JIJINHY CTATUBAIOINIEN €€ XOP/Ibl

Z Al;cosa; = DE = 2Rsin <%> .

Taxum 0OpaszoM, OKOHYATETHHO MOJTYdaeM
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Ble) = 27203 sin (5) = g (3): (36)

Puc. 12. 3asucumocmv E*( )
N
7 =
r—— e
Z=—1 \
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g ynoberBa mmocTpoeHns rpauKoB Oy/IeM UCIIOJIb30BaTh Oe3pa3MepPHYI0 BEJIUINHY

q

E* = E(Oé)/Eo, rae EQ == W

['paduk mosyuenHoit 3aBUCUMOCTH IIPEJICTABIEH Ha PUCYHKe 12.

2.2 C y9eToM TOro, 9TO IIPY FOPEHNN KOJIBIIA YTOJI (v MEHSIETCST OT HYJIsI 70 27, IIPUXOINM K BBIBOJLY,
yT0 MakcumyM byurimn F(a) gocruraercs npu o = 7.

CaenoBaTenbHoO, It ). MOXKEM 3aIncaTh

A 7 q
o= g (3) = el =
2meg R S 2 4m2eqR2 0 (37)

C y461oM TOro, 4TO MoJjie 0T «TPEX YeTBEpTeli» KOJbIA COOTBETCTBYET (v = /2, MOXKeM TOJIyIUTh,
9TO B JJAHHOM CJIyvae
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Emax
Boax = V2E, = = V2 =14. (38)

1 Bagaua momyckaer u Gojiee KOPOTKOE pelleHue, KpoMe TOro, B PelleHUN eCTh IIyHKTBI, KOTOpbe
OTCYTCTBYIOT B OKOHYATEJIbHOM BapuaHTe ycjoBusi. Ho aBrop odenb crapasics!
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