Bosmorkabie pemrenud 3a1a4 9-ro Kjacca.

1. Bamauga 1

3aMeTuM, U4TO TIPU OTCKOKe Taitba coxpaHsieT KOMIIOHEHTY CKOPOCTH BIAOJL TIJIOCKOCTH KJIFOITKHA. 3HAUUT,
W3MEHEHNEe CKOPOCTH IMAH0LI MEePIEeHINKY/ISIPHO IIOCKOCTH K/IIOMKHK., 3aMETHUM, YTO OT MOIY/sT CKOPOCTH
MOJIOYKEHNE KJTIOMIKU HE 3aBUCUT (3TO OTBEYAET CUMMeTpun t — kt, TO €CTh CKOPOCTh TEYEHUST BPEMEHH B 3a-
nade He pukcupoBaHa). I103ToMy 10CTATOYHO PENTUTh 3319y J1Jis OTHOTO BRIOPAHHOTO 3HAYEHUsT HAYATBHO
CKOPOCTH.

Ecth nBa cayvas HampaB/IeHHS IIOIETa MIA0b.
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2. Bagaua 2

Tax xKax HUTH HE PBETCA W BCE BPeMd HATIHYTA, TO IEpPEMeIeHus: OJIOKOB 10 BEPTUKA/IN CBA3aHBI. [1yCcTh
BepxXHII OJIOK TOTHUMETC Ha Ax1, & B TO YK€ BpeMs MOJIOKEHNe HUKHEro n3aMeHuTcesa Ha Axe. Torma, 9To6w!
HUTH OBLIA HATSHYTA W HE PBAJIACh, BEPXHUN TPY3 J0JKeH ToaasIThes Ha 2Ax; + 2Ax1, ¢ APYyroit CTOPOHBI
BMECTE C BEPXHUM OJIOKOM OH MOTHSIICST Ha Az1, OTKYIa TOTyTaeM COOTHOIIEHNTE

2Ax1 + 2Ax1 = Az = Az = —2Axs. (1)
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Teneps 3amuiieM BTopoii 3akon HboTOHA B poeKnnu Ha BEPTHKAIBHYIO och OY (cM. puc.) AJisd TYCEeHHUIIbI,
BEPXHEr0 M HUXKHETO OJIOKOB:

M M

Jor=T1—T>— g

Ma1:2T1—T2—Mg (2)

M(IQ = 2T2 - Mg
CrauvaJjia cucrema ObljTa HEMOJIBUYKHA U BCE YCKOPEHUS PABHSIUCH HY/IH0. HecioKHO TpoBepuTh, YTO B 9TOM
caydae BCe ypaBHEHUd BBITIOTHIIOTCS M CUCTEMa, HAXOUTCA B paBHOBecHHU. TakmMm 00pazoM, 4TodBI mMpo-
JIBUHYTBCS K MOTOJIKY I'yCEHUIle HEOOXOIMMO TOJI3TH ¢ yckopeHueM. llyckaii, B Kakoli-TO MOMEHT BpeMeHH,
ryCeHnula MMeeT BEPTUKAJJIbHOE YCKOpEHUuEe ar, Torjaa, CHUJjibl HATAXKEHUA HUTU T1 n T2 OTKJIOHATCA OT pPaB-
HopecHbIX 3Havdenuit Ha AT u AT2, coorBercrBenno. llpuHnMas Bo BHIMaHKe, YTO YCKOPEHUs BEPXHErO W
HUZKHErO I'Py30B CBSI3aHbI TAK K€ Kak uX nepememnenus (a1 = —2az), Bropoit 3akon HeloToHa 3amummercs
TaK

%CLF == ATl — ATQ

—MCLQ == 2AT1 — ATQ (3)

M ag = 2AT2
Pemas sty cucremy HaxXOAUM CBA3b YCKOPEHUI I'PY30B C yCKOPEHUEM I'yCEeHULIbl

2
a1 = sar

1
ag = —BCLI‘



[Ipu Tom, uTo BHaUAJE crucTeMa ObLIA HETIO/IBUKHA, & YCKOPEHHUsT OJIOKOB U I'yCEHUIIBI CBSI3aHbl MHOYKUTEISIMU,
TO CKOPOCTH B KaK bl MOMEHT BpeMeHU OyayT CBaA3aHBI TaK K€, a8 3HAYUT U TPOMACHHbIE UMW IyTH OyayT
CBsI3aHBI TEMU YK€ MHOXKHUTeIaMu. B pesyabrare BepxHuii 6J10K nepeMecTuTcs Ha lp = %lr = 3,6 cM, a HUKHMHI
Ha ZQ = —%lr = —1,8 CM

Omeem: Bepxauit 610k nojiHuMercst Ha 3,6 €M, a HUKHUK OmycTUTCS Ha 1,8 cM



3. Bagaua 3

OueBUIHO, YTO KOHCTPYKIIAS PA3BAIUTCS, €CJIU CUJIBI, TeHCTBYIOMME HA OJHY W3 NPUIIENOK, He OyIyT KOM-
ITEHCUPOBAaHbBL. 3 cuMMeTpun KOHCTPYKIIUU [OHSTHO, 9TO JJis KAaKI0¥ IPUIIEINKH CHJIbI, TTPUIOKEHHBIE K
pasmbIM mieuaM, B mpoekimu Ha OY crkommencupoBambl. Takum o0pa3oM majiee HAC WHTEPECYIOT TOJBKO
npoexiuu cuii Ha ocb OX.

g nagama pacCMOTPUM CHJIBI, AEHCTBYIOIIE Ha CaMyto JieByio mputienky. C BHEITHe! CTOPOHBI Ha KaXKI0e
ee IJIeYo JAefCTBYIOT TOIBKO CHJTa peakitu onopsl N 1 u cwta tpetus F ppy (em. puc.). Cuta peakiuu omnopsel
HaIIPpAaBJICHA MEPNEHIUKYJIAPHO TIJICTY 3aKIMaeMOit IPUINENKH, & CUJIa TPEeHUAd — BIJOJIb HETO. HpOQK]_[I/H/I ClJI
Ha 0c¢h OX IOJIKHBI KOMIIEHCUPOBATD JIPYT APYTa, TPOEKIIAN JIETKO HANTH UCXOs U3 HAIIPABICHUS CHJT (CM.
puc.)

OX : Nisin(oy) = Frp;sin(90° — aq),

O0TKYyZa, 3Hasd, 9T0 Frp; < N1 HaxomuMm ycjioBue Ha KOI(POUIIMEHT TPEHMST
Nysin(ag) < pNysin(90° — aq) = p > tg(aq), (5)

3aMeHNM, 9TO Pe3yAbTUPYIONIasd CUJI, TeHCTBYIOMNX HA KaXK/0€e TIJIeY0 HATPaBJeHa, BEPTUKAILHO. 10 ecTh,
1o ocu O X Ha JIEBYIO IIPUIIENKY CO CTOPOHBI CPEJIHEN CUJIBI HE AeHCTBYIOT. DTO 3HAYUT, UTO CUJIA CO CTOPOHBI
JIEBOI MPUIIENKH Ha CPESHIO He MMEeeT KOMIOHEHTHI B0Jb ocu OX.

%ﬂﬂ cpeHedt mpurienku B0 ocu OX UMET TPOEKINN TOJbKO TPUJIOKEHHBIE K Hell CHUJIa, PEAKIIUU OTIOPbI
0 ¥ cuia Tperust Fppp, IPOEKIUA KOTOPBIX HAXOMATCS aHAJOTUIHBIM 06pa3oM (CM. puc.)

0X: No sin(ao) = FTPO sin(90° — Oéo),
OTKY/Ia, TaK ZKe [OoJIydaeM yCJIoBre Ha KOI(MMOUINEHT TPeHUs
Nosin(ap) < puNosin(90° — ag) = p > tg(ap), (6)

Ouesumato, 4T0 (9 > v, a 3HauuT u tg(ayg) > tg(aq). Torma Gosmee cTporum ycioBuem w3 u @ bymer
BTopoe. U3 ycaosust 3amaun caemyer, 9to g = 30°, oTKyma

w > tg(30°) = 1/v/3 22 0.58.

Omeem: pu > 1/\/§ ~ (.58



4. 3amada 4

A C

B mepByto ogepens 3aMeTuM, ITO 0 KOHTAKTY B TOK He moTedeT. DTO HEIOCPEICTBEHHO CJIETYeT U3 yCJIOBHUS
3aJaur, TaK KaK BECh TOK BTEKAIOMMi o KOHTAaKTy A BhiTekaerT mo kKoutakTy C. Bojee cTporo Mo:KmHO
CKa3aTh, 9TO CyMMa BCEX BTEKAIOIIMX TOKOB JOJPKHA OBITH PABHA HYJIIO (BBITEKAIOMINE OEPYTCSA CO 3HAKOM
MUHYC), OTKYJa CJIEIYeT TOT YK€ BBIBOJ.

Taxkum o6pazom, Tok gepes pesuctop AB pasen Toky uepes pesuctop BC, HCX0/1a U3 3aKOHA COXPAHEHUST TOKA,
B y3ie B. Tak Kax COOpOTHUBICHUs PE3UCTOPOB TAaKKe PaBHBI, 10 3ak0oHY OMa OyIyT paBHBI U HAIPSI?KEHHST
Ha pesucropax, T.e. Uap = Upc = Uac /2. Janee MOXKHO BOCIIOIB30BATHCS YCIOBHEM 33/[a9i M 3alMCATH
TOK [ 4, KOTOPLIi MOIJET Yepes 3JIeMEeHT, TO €CThL OyIeT BTeKaTh 0 KOHTAKTY A U BBITeKaTh 1m0 KOHTakTy C:

U2
Iy= -4 7
A= S0 R (7)

Yepes pezuctop C'D noiiner tok Iocp paBHBIl cymMe TOKa [4 NPOXOJSIIEr0 Yepe3 TPEXIOJJIOCHUK U TOKA
Ipc gepes pesucrop BC, uro ciepyer u3 3akoHa coxpaHerus TOKOB B y3je C. OcTaercs BbIPA3uTh TOK 4epes
pesucrop BC, yepes BLIOpaHHbBIE ITEPEMEHHBIE.

OrMernm 9TO cyMMa HampskeHni Mex 1y toukamn AC n C'D nact HaM TOTHOe HampsiKeHue Ha cxeme AD),
T0 ectb Uy. Hampsizkerwe u Tok Ha pesucrope C'D paBHBI TOTIA:

Uy —U
UCD:UO*UACEICDZOTOAC~ (8)

YuauThiBasg 3aKoH coxpanenus: TokoB B yaie C, ICD = 4 + Ipc Jlerko 3ammcaTh UTOTOBOE ypaBHEHME:

Uy—Usc Uiz | Uac

= 9
Ry 2Uo Ry + 2Ry )

D10 KBaJpaTHOe ypaBHeHnue orHocuTebHO Ugc. Ero perenunem 6ymer:

V1T—-3

> Us - (10)

Uac =

1oCJjIe 9ero MOXKHO 0e3 TPy/ia HailTh TOK IPOTEKAONINil 10 cXeMe, KOTODbhIil paBeH Iop u, ucxoud u3

517U,
Top=2"Y"120 L4422 11
cb 2 Rp Ro (11)

paBem:

4TO U SBJASETCS OTBETOM K 3ajade.

DTO JIUIITH OJTHO U3 BO3MOXKHBIX pernennii. B kauecTBe HEM3BECTHON MEPEMEHHO BO3MOXKHO BBIOpATD U APYyrue
BesimuuHbl: Hanpsixkerue Ucop, Tok Iop, ToK Ipc u gpyrue. [Ipu 5moM UCHosb3yst Te yKe NPUHITUAIBI, TaK YKe
MOJIyINTCH KB3JIPATHOE yPABHEHME HA BLIOPAHHYIO HEM3BECTHYIO BEIUUUHY.



5. 3agaua 5
#2 #1
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O0603HaYNM TIOTOK YHEPTUH MAJAMININN Ha MpaBbiii 9kpaH, Kak [r. Torga Ha mepBoe 3epKaJio mEpes] SKPAHOM
(Gimkaiiiee K HeMY) JIOJIZKEH MaIaTh MOTOK 2]k, Tak Kak Mpoiiaer TOJbKO mojoBuHa. Hameso ot mepsoro
zepkasia orpazurca moToK [r. Ilorok mampaso 2Ip Mexy HEPBBIM W BTOPBIM 3€PKAJIOM, B CBOIO OY€PE/ib,
CKJIAJIBIBAETCS U3 MOTOKA R /2 OTPasKEHHOTO BTOPBIM 3€PKAIOM U TOTOKA 3R /2 MpOoIIelero yepes BTopoe
zepkajio Hanpao. OTClOa Cileyer, 9To Ha BTOPOE 3€PKAJO CJeBa majaer HoToK 3[R, KaK MOKa3aHO Ha
pucynke. [Tpomonkas mocaeqoBaTEIbHOCTh PACCYXKICHUN JIETKO MOKA3aTh, 9TO Ha 3epkasaso momep 600 ot
MpaBoOTO IKpaHa, OiMXKaiilee K HCTOYHUKY CBeTa, cjeBa najaer motok 6011k, a orpaxaercs morok 6001g.

AHaﬂOI‘I/IquIe pacCyzKaeHnd MOXKHO IMIPUMEHUTH U K JIEBOM OT MCTOYHUKA YACTH KOHCTPYKIIUU.

#601 #600
4001, 60114

—> —>
—>
1/5_1;* 1/2 1,
4011, 6001,
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Ecnu mbr 0603Ha9MM 1TOTOK SHEPrUM OT MCTOYHUKA KaK Iy, TO JIerko 3aMeTuTh, 9T0 morok 600/, waymmit
BaeBo nepexoqut B 40117 ¢ gobassienueM moJ/i0BUHBL IOTOKA 0T ucrounuka Io/2. To ke MOXKHO CKazaTh U
I TTOTOKA UOVIEr0 MHMO MCTOUYHHUKA HAIPABO. SAIUIIEM CHUCTEMY yVpaBHEHMIA:

40117, = 60015 + Iy/2 (12)
60115 = 4001y, + Iy/2 . (13)

Pemras cucremy, moxuo nafitu Ir = 801/20021), To ecTh Ha mpasblii 9KpaH majgaer npubausureasHo 4/10

SHEPI'uu, UCIyCKaeMOU CBETO/IUO/IOM.
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