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Bapmuanr 1

3aoaua 1. (10 6annog). YceueHHas nupamujaa (CM. PHUCYHOK)
MOMeEIeHa B AJEKTpocTaTuyeckoe moje. Korga m3Mepuin moTeHIHabI
touek A', B' u C', okazanock, 4To OHM OJAMHAKOBHI U paBHBI 5 B, a B Touke
nepeceyeHusl BHICOTHI MUPaMUABI ¢ OCHOBAaHMEM IOTEHIIMANl paBeH 6 B. 4
Haiimure  BO3MOXHBIC  HANpaBJICHHUS  BEKTOpAa  HANPSDKEHHOCTH 4,

JIEKTPUUYECKOTO T0JII B TOYKE IE€PECEUYEHUSI BBICOTHI MIHPAMHUIBI C A 7
wiockocThlo TpeyronbHuka AA'B'C'. U3BecTHO, 4YTO yroim Mexay
IUIOCKOCTSIMH, B KOTOPBIX JiexkaT TpeyronbHUku AA'B'C' u AABC pasen 30

rpangycaMm. [lmomane tpeyroiapHuka AA'B'C' MHOro MeHsbIe IUIOMIAIN
TpeyroapHuka AABC.

Pemenmne:

Tak kax norenumansl Touek A', B' u C' oguHakoBbl, a miomans tpeyroibHuka AA'B'C'
MHOr0 MeHblIe Iiom@aau TpeyronbHuka AABC, MOXHO cuMTaTh, YTO PACCTOSTHUE MEXAY
toukamMu A', B' u C' ouens maino, cienoBaTeinbHO, Bce TOUkM TpeyroinbHuka AA'B'C' nexats Ha
HKBUIIOTEHIIMAIILHOM  TOBEPXHOCTH.  BekTop  HampsHKEHHOCTHM — BCerja  HallpaBlleH
NEepIEHNKYJIIPHO SKBUITOTEHIIMAIbHON TOBEPXHOCTH U B CTOPOHY YMEHbIIEHU oTeHnana. 13
yCIIOBUS 3a7jaud BUAHO, YTO MOTEHILIMAJ YMEHBIIAETCS CHHU3Y-BBEPX, TAKMM 00pa3oM U3 JBYX
BO3MO>KHBIX HallpaBJIEHUI BEKTOPA HAIIPSYKEHHOCTH NEepIeHANKYJIIApHbIX I1ockocT AA'B'C' Hac
HE Y/OBJETBOPSET HAIpaBI€HHWE BHHU3, B CTOPOHY OCHOBAaHUSA (B CTOpPOHY YBEIMYEHUS
noTeHIuana). BekTop HanpsKeHHOCTH B TOUKE MEPecedeHus! BEICOTHI MUPAMU/IBI C TNIOCKOCTBIO
TpeyroiabHuka AA'B'C' HanpaBiieH nepneHauKyIsipHO m1ockocTu TpeyroiabHuka AA'B'C' BBepx.

Otsert:

BexkTop HampsyKeHHOCTH B TOYKE IEPECEYEHMs] BBICOTHI MUPAMHUABI C IUIOCKOCTHIO
TpeyroiabHuka AA'B'C HanpasieH nepneHauKyIspHO IIockocTu TpeyronbHuka AA'B'C BBepx.
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3aoaua 2. (15 6annoe). B xanwnsipe paauycary = 1 MM
HAXOJIUTCS C1a00 CMAa4YMBAIOIAsi €r0 CTEHKH J>KHUIKOCTBH C

nokasaresneM npenomieHus n = 1,4. Uepes kanwuisip CHU3Y x\,,"’
BBEPX MPOIMYCTHIIH MapalIeIbHBIA CBETOBOW ITyYOK TaKOT'O . Ve

Ke pagmycar,. Ha 9JkpaHe, pacrmosio)kKeHHOM Ha ~  --teeeeee- \“‘“-“-\—"\/\
paccrosuuu l = 10cM  oT  MEHHCKa, 0Opa30BaHHOTO \ \\\\\\\\ ”
JKUJIKOCTBIO HAOJIFOJIaeTCs MATHO CBETa paamycar = 5 MM. —N\ \\\‘\\\\‘ —

Haiitu xpaeBoii yron cmaunBanusi 6 (CM. pUCYHOK).
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pe. | pue. 2

MeHuck, 0o0pa30BaHHBIN KHUAKOCTHIO, MOKHO PAcCMOTPETh KaK PACCEUBAIOINYIO JIMH3Y C
(OKYCHBIM pPacCTOSTHUEM:

f R
Tn—1
rie R — pajuyc KpUBHU3HbI TOBEPXHOCTH MeHHUCKa (puc.1):
To
" cosf

To
(n—1)cos @
FpaHI/IHLI CBC€TOBOI'O IIsITHa O6paSOBaHBI JydyaMHu C HanOOJIbIINM YTJIOM OTKJIOHCHHUSA @.
OueBUIHO, YTO MPU MAJCHUU MApAJIICIBHOTO MyyYKa HA PACCEUBAIONIYIO JIMH3Y, TIPOJOJDKEHUE
ITHUX Jy4ell TOIKHBI TPOXOIUTH uepe3 ee Pokyc (puc.2), Toraa:

Ttorma f =

7
tan ¢ =70= (n—1)cosé@

Paauyc cBETOBOrO NATHA 1 OyIET OOJIbIIE paanyca IydKa 1y Ha BelIuduuHy [ - tan ¢:
r=ry+l-tanp =ry+I(n—1)cosb

o o r—To
OTcroa MOXHO HalTH c0S O ¥ cOOCTBEHHO KpaeBoii yron 8: cos =——

I(n-1)
[Toacrasnsis yncieHHbIE JaHHBIE, ToTydaeM cosf =0,1 => 6 = 84°

3aoaua 3. (20 6annoe). B cxeme, n300pakeHHON Ha pUCYHKE, B HAUAJIbHBI MOMEHT KITto4 K
Pa30MKHYT, @ B 3aMKHYTOM KOHTYp€ LIENH TeYET yCTaHOBUBIIUICS TOK. ONpeieInuTe BETUUUHY U
HarpaBieHue Tokal uepe3 compoTuBieHue R cpa3y mocie 3aMblkaHus Kioda K. V3BecTHBI
cienytomue mapamerpsl  1enu:  OJIC  mepBoit  Oarapem &g = 10 B, e€ BHyTpeHHee
compotuBieHue r; = 5 OM, BHyTpeHHee CONpPOTHBICHHME BTOpoil  Oartapeu 1, = 20 OmM,
conpotusienne R = 4 Om.
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Cuna Toka 4yepe3 KaTyLIKy 0 M cpa3y IOciie 3aMblKaHus Kiroda K oguHakoBasi, OHa

— &
paBHa [ = —=.
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I, 15, [ — cuiabl TOKOB 4Yepe3 UCTOYHUKH &1, E, U UEpe3 COMPOTUBICHHE R cpa3y mocie
3ambikaHus kioda K. [Ipeanonaraemeie HanpaBieHUs TOKOB yKa3aHbl HA PUCYHKE.
Cucrema ypaBHEHHH 11 MOMEHTA BPEMEHU CPa3y MOCIE 3aMbIKAHMS KIIHOYa!
Liry + IgRR =&
ILry, + IgRR = &,
L+ L=Ixg+ ]

&
IO=_2
)
Otcrozna:
L= &qry _ 10 B- 20 Om
R (yr,+Rr,+Rry)  (50M-200M+40M-50M + 4 Om - 20 Om)
IR = 1A

3aoaua 4. (25 6annoe). ncanpHplii ra3 B KoJM4ecTBe U PoA
MOJIIb y4acTByeT B npouecce AB (puc.) B koopaunarax p(T), raoe p
— IUIOTHOCTH Tra3za, | — TeMmmepaTypa rasza. llpum kakoi T A
TEeMIIepaType IaBjieHue rasa Ha 25% MeHbIlIe MaKCHUMaJIbHOTO? \
Temnepatypa T n3BecTHa. B

Pemnenne: 0 T,

) m m
3anumem ypaBHeHue Menzeneesa-Knaitnepona pV = ERT' Tak kak p = > BBIPA3IM

JIaBJICHUE Y€epe3 IIIOTHOCTh: P = %RT.

Haiiném ypaBHenue paccmarpuBaemoro nporecca p = kT + b.

IIpu T = 0 cnenyer p = py = b, rae py — MaKCUMaJIbHAs IJIOTHOCTb.

[puT =T, cnenyer p = 0, T.e.0 = kTy + b. [lonyvaem: k = —TE = —%.
0 0

Taxkum o0paszom, ypaBHEHHE nporecca: p = p, (1 - Tlo) =po(1 —n),raen =

T
7> CJIEI0BATEJIbHO T=n-T,.
0

[ToncraBuM JaHHYIO 3aBUCUMOCTB O OT 1] B ypaBHeHHE MeHeneeBa-KiaiinepoHna:

R ToR
p=: po(l=n)Tumap = 'OOT“ (n —n?) — xBajpaTHOE ypaBHEHHE OTHOCHTEJHHO 7).
O603naunM 310 cootHomienue (1). [IlpupaBHsieM ero K HyJIIO U HaiIEM BepIIMHY Mapadoisl (x =
b
— Z)'

ToR
p(;_n:][' O003HAYUM PTO

n — _ PoToR, (_ZPOTOR
max M Iy

cooTHouieHue (2).

) - % Hoxcrasum B (1). IToxydum ppg,=

Paznenum (1) Ha (2). TTonyuum pL =4(n — n2). o ycnoBuro 3axaun —— = 0,75.

Pmax

[IpupaBHUBas, NOIy4HM KBajapaTHoe ypaBHenue 4(n — n?) = 0,75.

Blw N w

<

1
Pemrast OTHOCUTENBHO 1), IOJYYHUM 1) = 2 U2

T 1
Tak kak n = —, nosy4uM otBeT: T, ==-TouT, =
To 1 4 0 2

3aoaua 5. (30 6annos). ManeHbkuil JIETKUM IApUK, OPOIIEHHBIN CO CKOPOCTBIO Vo MOJ
yIJIOM ¢ K TOPHU30HTY, YIOPYro YyIapseTcss O BEPTHKAIbHYIO (OYEHb TSIKENIYyI0) CTEHKY,
JBIDKYIIYIOCSI C TIOCTOSHHOM CKOpPOCTBIO /' B TOM K€ HampaBI€HHMHM YTO M INAPHUK.



Cxopoctr Vg 1V jexar B OJHOU IUIOCKOCTH. MI3BECTHO, YTO MOCJIE COYAAPEHHs CO CTEHKOH,
IIapUK BO3BpallaeTcs B Ty TOYKY, OTKyAa ero Opocunu. YUeped kakoe BpeMms T, IOCIE
CTOJIKHOBEHHUS IIapHKa CO CTEHKOM IIapUK BEPHYJICS B TOUKY OpocaHus?

Pemrenmne:

Hapucyem pUCYHOK, COOTBETCTBYIOIIMM YCIOBHIO 3aJla4l. DTOT PUCYHOK COOTBETCTBYET
Haleil paboTe B Tak HasblBaeMoll y1abopaTopHoi MHepuuanbHoM cucteme otcueta (JIMCO),
CBSA3aHHOM C 3€MJICH.
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[[Tapuk B MOMEHT OpOCKa HaXOUTCS B HaYasie KoopauHaT. JIeBast cCTOpoHa CTEHKHA B MOMEHT
Opocka IaprKa HaXOJAUTCS B TOUYKE, OTCTOAIIEH OT Hayana KOOpJAUHAT Ha pacCTOSIHUU Lo (OHa He
naHa mo ycnoBuio 3amauu). Koopaunater mapuka (B JIMCO) uM3MEHSAIOTCS CO BPEMEHEM IO
3aKOHY:

x(t) = vycosa t, JiJIsi BpeMeH t < T.
gt?
y(t) = UO sina t - 2 ’ 'EL'HH BpeMeH t S tl'la,[[eHHﬂ nrapvkKa Ha 3eMJI0

Koopnaunara neBoit croponsl cTeHKH X (t) U3MEHSETCs CO BPEMEHEM I10 3aKOHY:

3nech Ly — HavampHOE PacCTOsSHKUE OT Havajia KOOPAHHAT 0 CTeHKH: Ly = X(t = 0).

B MomMeHT coynapenus T mapuka co creHkor X () = x(7), mmvgcosa T = Ly + VT

OTCIO,Z[a noJrydacM BpEMsI COYdapCHU:
L
T=—— (1
Vg cosa—V
W3 non0XUTEIHHOCTH T IIoJIy4a€M vy COS @ — V > 0.03t10 (1)1/131/1‘1601(06 YCJIIOBUEC TOIr0, 4TO

6p0].HeHHLII>i [IapuK «J0TOHUT» YAAJIAIOMIYIOCA OT HCI'O CTCHKY.

Kpome Toro, MoxHO 3amucaTb HCKOMOE paccTosiHue L (BIOJb TOPU30HTA) OT TOYKHU
OpocaHus IapuKa A0 TOUYKH €ro CTOJIKHOBEHHS CO CTEHKOM:

L= X(T) - X(T) - Vg cosa—-V

3anuiueM NpoeKLIUU CKOPOCTEH IapuKa Ha OCH KOOPUHAT:

Lo vgcosa

2

v, (t) = vycosa, s BpeMeHt < T

Uy (t) = Do sina — gt, AJI BpeMeH t < tna,aeHmI LIapyKa Ha 3eMJII0
JlJist IpOCTOTHI M HATJISAHOCTH JAJbHEUIIETO PEIICHHUs 3a/1a4K epeiieM B JBIKYIIYIOCS
uHepimanbHyto cuctemy otcuera (AMCO), cBazannyto co crenkoil. B atoit JJUCO ckopocTh

CTEHKH pPaBHa HyJIIO, a CKOPOCTh IIapuKa ¥* paBHa U* = ¥ — V, rne ¥ u V — CKOpOCTH MIapUKa U
crenku B JIMCO.

B nipoeknum Ha och X: vy = v, — V



AKT ynpyroro coyjiapeHus 1apuka ¢ OYeHb TKeIOW (10 YCJIOBHIO 33JlauM) CTEHKOW B
JICO onuceIBaeTcs 04EHb NPOCTO:

(T +0)=—vy(t—0).
B neBoii yacTu 3TOr0 paBeHCTBa 3aNKMcaHa MPoeKIus ckopocTH mapuka (B JJMCO) B MOMEHT
BpemenH (7 + 0), cneayromuii mocjae CTOJIKHOBEHHUS IIapUKa ¢ HEMOBUKHON CTEHKOM.

B mpaBoil yactu 3TOro paBeHCTBa 3amucaHa Hpoekius ckopoctu mapuka (B AMCO) B
MOMeHT BpeMeHH (T — 0), npeaIecTBY MU CTOIKHOBEHUIO [IIAPUKA C HEMOABMKHOW CTEHKOM.

CaMo BpeMs yOpyroro CTOJIKHOBEHHS IIapHKa CO CTEHKOW PaBHO HYIIIO.

[TyTeM mpOCTHIX MPeoOpa30BaHMil HAMIeM MPOEKIMI0 CKOPOCTH Imapuka v, (T + 0) Ha och
x (B JIMCO) nocrne coymapeHust mapuKa co CTCHKOM.

V(T —0)=v,(t—0)—V = vycosa -V
ve(t+0)= —vs(t—0)=V— vycosa
v(T+0)=v;(t+0)+V =2V —-vycosa
ITOCKONBKY IIAPHK TOCIIE COYTapEHUs CO CTEHKOW JIETHT B CTOPOHY, MPOTHBOIOIOKHYIO

HAIPAaBIEHUIO OCH X (YTOOBI BEPHYTHCS COTJIACHO YCIOBHIO 33/1a4d B TOUKY OpOCaHHs — Ha4ajo
KOOpIMHAT), TOTPeOyeM, YTOOBI BBITIONHSIIOCH YCIIOBHE

v (t+0)<0,T.e. 2V <vyycosa
Hanee pabotaem Tonbko B JIMCO.

ITyctb T2 — Bpems moJeTa mapruka OT MOMEHTA CTOJIKHOBEHHUS CO CTEHKOM 10 BO3BPALLEHUS
B TOUKY OpOCaHHUs.

OnuiieM ABW)XKEHHE IIAapUKa OT MOMEHTA CTOJIKHOBEHHS CO CTEHKOM 10 BO3BpAlllCHUS B
TOUKY OpocaHusl.

x)=L+v,(O)t,t<t< T+T,
B MOMeHT BO3BpallleHHs IapHKa B HAYaJl0 KOOPAUHAT:

Lovgcosa

O=x(@+1) =L+ v,(t+0)1, = + (2V — vy cos a)1,. 3)

Vg cosa-V

O6paTI/IM BHUMAaHHUEC Ha CHIEC OAHO IPOCTOC COOTHOMICHUE MCEKAY HEU3BCCTHBIMU
BCIIMYMHAMU 3a/1a4u, ABJIAIOMICCCA CJICACTBUEM TOI'0, YTO MIAPHK IMOCJIC YIIPYTOro CoyaapCHus Co
CTEHKOW BO3BPAIACTCS B TOUKY OpOCaHUS:

Tvgcosa = (vycosa —2V)1, =L 4)
3 MOCJICOHCTO PABCHCTBA CICAYCT:
Vo COS Vg cosa L
T, = T — = — > (5)
(vgcos a—2V) (vg cosa—2V) vgcosa-V

PaccMoTpuM Teneps ABM)KEHUE IIapUKa BJIOJb BEPTUKAIBHON OCH KOOPAMHAT — OCH Y. DTO
-JIBIKEHHUE Teja, OPOIIEHHOT0 BEPTUKAIBHO BBEPX B IOJIE CHJI TsDKECTH. Ha 3T0 IBM)KEeHUEe HUKAK
HE BJIMAET COyAAapeHHe LIapuKa cO CTEHKOH. Bpems mosera mapuka A0 BO3BpallleHUsI B HAYaJl0
KOOpAMHAT XOPOILIO U3BECTHO:

T+, = 2vg sina (6)

Pemas coBmectHo (3), (4), (5), (6), oTBeuaeM Ha BOMIPOCHI 3a/1a4u:

Vo Sina (v cos a — 2V)

gwgcosa—V)
v& sina cos a

f2 = gwgcosa —V)



vé sina cos a (vy cos a — 2V)

g(wgcosa—1V)
visin?a cos a (vy cosa — 2V)

2g(vycosa — V)2
rae vocosa — 2V >0

3aMeHMB BO BceX OTBeTax K 3agave V Ha — V', Mbl MOJly4uM pelieHUe aHAJIOTUYHOM 3a/1a4u, B
KOTOPOIi CTEHKA ABMKETCS HA BCTPEUy OpOIICHHOMY IIApUKY (CIETaiTe 3TO CAMOCTOSTEIBHO).



