Oanmnuana «Jlomonocos 2012 — 2013» no pusuke
Pemenns 3agau aiag 10-x — 11-x ki1accoB
OT00pouHbIii 3TAN

NepBbIH TYP

1. Tloe3n HauUMHAET JBUIATHCA C MOCTOSHHBIM YCKOPEHHMEM M IPOXOAUT HAayaJIbHBIN OTPE30K IyTH pa3roHa,
COCTaBJIAIOMK 1/9 4acTh OT NOJHOrO ITyTH Pa3sroHa, CO CPpeIHEN CKOPOCThIO Ve, = 10 km/u. KakoBa ckopocts V
1oe3/1a B KOHIIE MyTH pa3roHa? OTBET NPUBEIUTE B KM/4 U OKPYTIIUTE 0 LEIBIX.

1. Pemenne. [TockonabKy NBM)KEHHE TMOE3/1a SBIISIETCS PAaBHOYCKOPEHHBIM C HYJIEBOM HAaYaJIbHOW CKOPOCTHIO,
v, L vt vt .
CIIPaBC/UTHBBI PaBEHCTBA: V., = 29 = o L= 5 371ech Vi — CKOpPOCTh IO€37a B KOHLE JEBITOM 4acTH

IyTH pa3roHa, {3 — Bpemst ero ABKEHHs Ha 1/9 myTu pasroHa, t — MOJHOE BpeMs JBHKEHHS I0€3/1a Ha BCEM

t
IIyTH PpasroHa, L - AJIMHA IIYTH pPas3roHa. N3 stux PaBCHCTB cCJlIeayeT, 4To V :18ch?l. Ilo 3akonam

2
PaBHOYCKOPEHHOTO JBM)KCHUS [t?lj = % Orser: V=06V, =60 km/4.

2. apuk maccoit M =100 r moaBenieH Ha ABYX OAMHAKOBBIX HHUTSAX JUTMHOW @ =1 M KaXaas Tak, 4TO TOYKH

IIOJIBECA HUTEH PACIOJIOKEHBI Ha OAHOW IOpU3OHTANU. PaccrosHMe MeXIy TOYKaMH II0JBECAa HUTEH PAaBHO
b=1wm. Haiigure cuity HarspkeHHMs T TpaBO HUTH cpasy IOCJC MEPEeKUTaHHs JICBOH HUTH. YCKOpEHHE

CBO60,Z[H01"O NaJICHUS NPUMHUTE paBHBIM ( =10 M/Cz. Hurtu cuumraiite HEPACT)KUMBIMHU. Otser OKpYTJIUTEC OO
ABYX 3HAKOB I1OCJIC 3aIsATOM.

2. Pemenne. Ilocne Toro, Kak OJHY M3 HUTEH MEPEXTYT, MIAPUK HAYHET JBUTATHCA IO AYT€ OKPY>KHOCTH
paauyca a. B HayanmpHBII MOMEHT CKOpPOCTH IIApHKa U €ro IIEHTPOCTPEMHUTEIHLHOE YCKOpPEHHE
Oynyt paBHbl Hymo. OTcro/1a cielyeT, 4To cyMMa CHJI, JEHCTBYIONIMX Ha MIAPUK B HAMPaBICHUU
HUTHU, TAKXKC paBHaA HYJIO. Bemnunbna cuiabl HATSDKEHHUS HUTH B DTOT MOMEHT OIpPCACIIACTCA
dopmysnoit T =mgcos¢, rae § — YCKOpEHHE CBOOOJHOTO TAJEHUs, ( — HaYaJIbHBIM Yroj
OTKJIOHEHUS HHTH OT BepTHKamd. KOCHHYC 3TOro yria  BbIpakaercs  (GopMyJIon

cos =+1—(b/2a)* . Orcioma momyuaem (T/mg)’ =1—(b/2a)* u T =mg,/1-(b/2a)’ ~0,87 H.

OtBet: T = mgwll—(b/2a)2 ~ 0,87 H.

3. B BepTUKaNbHO pACIONIOKEHHOM IMJIUHIPE HAXOIUTCS KHCIOPOA Maccoiik M=64 r, OTHeleHHBIH OT
aTMocepbl TIOPIIHEM, KOTOPBI COCIUHEH C JHOM [IMJIMHIPA TPYKUHOW IKECTKOCTBHIO
k =8,3-10% H/m. IIpu temneparype T, =300 K mopmens pacmonaraercst Ha paccrosHud h =1 M
oT aHa muiauHapa. Jlo kakoil Temmeparypel [, Halo HarpeTb KHCIOPOA, YTOOBI IMOPIIEHb
pacriosiokuiics Ha Beicore H =15 M or aHa mummHapa? YHUBeEpcalibHAs Ta3oBasl MOCTOSHHAs

R =8,3 Ix/(monb-K), monsipuas macca kuciaopoga M =32 r/monb. OTBET mpUBEANUTE 10 IIKAJIE
KenpBHHA, OKPYTIIMB €T0 10 OJHOTO 3HAKA MOCJIE 3aISATOM.

3. Pemenne. O6o3naunm yepes M, maccy mopmHs, a depe3 P, — arMocdepHoe naBieHue. Ha mopiiens
JEHCTBYIOT B OOIIEM Cllydae YeThIpe CHJIBI: cuiia TsbkecTH MgQ, cmia ynpyroctd mpyxkuHbl KX (X —

yIUIMHEHHE TPYXHUHBI) M CHJIa aTMOC(EPHOTO AaBICHUS oS, HampaBJCHHBIC BHU3, U CHJA JaBJICHHS Ta3a B



LWIMHIApPE PS, HampaBieHHas BBEpX. Y CIOBUS PaBHOBECHS IOPLIHS B HAYaJIbHOM M KOHEYHOM COCTOSHHSX

umeroT Bua: Mqg+ poS+kx =p,S, Myg+ poS +kx, = p,S.3mecs p, u p, — AaBiIeHHUs ra3a B HAYaJIbHOM H

k
KOHEYHOM COCTOSIHUSIX. BblunTas n3 BToporo ypaBHEHUs EPBOE, MOIydaeM: P, — P; = S (X, —%) = S (H-h).

C npyroi#t cropoHsl, U3 ypaBHeHuss MenjaeneeBa—Knaneipona, 3aMcaHHOrO Il Ha4aJlbHOTO M KOHEYHOIO

m m mR(T, T,
COCTOSSHUM Tasa: hS =—RT,, HS =—RT,, BbITEkaeT, 4TO -p,=——| -2 —-1|. IIpupaBHuBas
Py Mo P2 VI P2 — P2 MS[H hj pup
pa3sHOCTU [aBJICHUH ras3a, HalJEHHBIC ITHMH CIOCO0AaMH, HOIy4aeMm 1. :T1%+Ml:z_h):487,5 K.
m
Otser: T, =Tlﬂ+w=487,5 K.
h mR

4. B Tu1oCKUi BO3IYIIHBIA KOHJICHCATOP BCTABUJIM TUAJICKTPUYECKYIO TUIACTHHY TaK, YTO OHA
3aHsJIa TIOJIOBUHY MPOCTPAHCTBA MEXy OOKJIaJKaMu KOHJeHcaTopa (cM. pucyHok). [Ipu sTom
€MKOCTh KOHJEHCaTopa yBenuumwinach B N=16 pa3. Onpegenure AUIEKTPUUECKYIO

MNpOHUIOACMOCTb € IINIACTHUHBI. OTBCT OprrJ'II/ITe 0 LCIIBIX.
q d

4. Pemenne. EMKOCTh KOHJEHCATOpa ¢ AMAJIeKTpUukoM C =—, rae U = E . (E + EO), d — paccrosiHue MEXIY

u

E
IJ1aCTUHAMMU KOHJCHCATOpa, E =0 _ HAIMPsOPKCHHOCTD IMOJIA B AWBJICKTPHKE, EO — HaANpsOKCHHOCTDL I10JISA B
€

20¢
dE,(e+1)

IIPOCTpaHCTBE, CBOOOAHOM OT auwdnekTpuka. Orciona C= EmKocTh mycTOro KOHAEHcaropa

Co =i.TaKI/IM o0pa3zom, n=£=£.OTCIOI[a 8=L=4.
0 C, e+l 2-n

OTtBeT: 8=L=4.
2-n

5. Ha paccrostiuu f = 15 M 0T 00beKkTHBA MIPOSKIIMOHHOTO aIliapata pacioioKeH dKpaH ¢ pasMepaMu 2x 3 M.
Ha »skpane monydeHo 4eTkoe H300pa’keHHE IUAMNO3UTHBA, HUMEIEro pasmepbl 24x36 mMm. Ilpu sTom
n300pakeHNe 3aHMMAaeT MOJOBHHY IJIOMAAM JKpaHa. Paccumraiite onTudeckyro cuiny D TOHKOHM JHMH3HIL,
KOTOPYIO CIIEIYET BIUIOTHYIO IPUCTABUTH K OOBEKTHUBY ITPOEKIIMOHHOTO amnmapara, 4ToObl 4eTKOe H300pakeHne
TOYHO YJIOXHIIOCH B pa3Mepsl dKpaHa. OObEKTHB MPOESKIIMOHHOTO amnmapara cuuTaiiTe TOHKOM nuH30i. OTBET
MIPUBEIUTE B JUONTPHUAX, OKPYIJIMB JI0 OJHOTO 3HAKa MOCIIE 3ansATON

5. Pemenue. YcioBHE 3a/ladyd JIONMYCKaeT JiBa PaBHOIEHHBIX MOAXO0/Ja K PEIICHUI0. B nepsom nooxoode
€CTECTBEHHO TMPENAINOJIOKHUTh, YTO OOBEKTHB MPOSKIIMOHHOTO ammapaTa OCTaeTCsl HEMOJBIIKHBIM, a

J 4 / dhopMupOBaHHE PE3KOTO HM300paKEHUsT Ha SKpaHE JOCTUTACTCS TYTEeM IepeMeIeHUs
£ E nuano3utuBa. Kak W3BecTHO, NHHEWHOE yBenudeHue [, qaBaeMoe TUH30i, MOXKET OBITh

f
pacCuuTaHO 110 (bopMlee FZE’ rac d — pacCTodHue OT AHUAIIO3UTHUBA OO0 JIMH3bI

d
i/ E (oObexTuBa), a f — paccrossHEMe OT JMH3BI J0 JKpaHa, KOTOpOe He u3MeHsercsa. U3

1

. 1 1
2 (dbopMysbl TOHKOH JIMH3BI CEyeT, YTO ONTHYecKas cuia JuH3bl D = q +? =T (C+1).
v

[Ipy cHBUHYTBIX BIUIOTHYIO TOHKHX JIMH3aX HMX OINTHYECKUE CHIIbI CKianabiBatoTcs. O6o3HauuB uepe3 Do
ONTUYECKYIO CHIy OOBEKTHBA TUANPOEKTOpa, a yepe3 D — onTuueckyro cuily A00aBOYHOM JTMH3BI, UMEEM:



D, = % (I, +1), D+D,= % '+, orkyma D= % ('-I},). VYuureiBas, 4YTO KOHEYHOE YBEIHUUCHUE

[-_ 2000 _ 3000
24 36

~ 83,3, a HayanbHOE [, = % ~ 58,9, naxomum, uto D ~1,6 aop.

2000 ~833; [} = L ~58,9.

V2

OtBer: D =%(F—FO) ~1,6 morp, e I'=

B pamkax émopoeo nooxooa MOXHO CUATATh, YTO AUANIO3UTUB OCTAETCS] HEMOABUKHBIM, a I1OCIIE IPUKUMAaHUS
K OOBEKTHBY JOMOJHUTEIBHOMN JTUH3BI, A5 (JOKYCHPOBKH M300paKCHHUsI HAa SKpaH MepeMeriaT o0bekTHB. B

d 1 f OTOM CJIyda€ PACCTOAHUC MCKAY AUAIIO3UTHUBOM K 3KPaHOM HE HU3MCHICTCA, IMMOITOMY
T ’

N d+f =d, + f;, rne d — mepBoHavabHOE pacCTOSIHUE OT AUAMO3UTHBA 10 OOBEKTHBA, a f

J — MepBOHAYAJIbHOE PACCTOSHHE OT OOBEKTHMBA J0 3KpaHa, i u f; — Te ke paccTosHuUs
d 4 N 1ocJie MPYKMUMAHUS JTONOJTHUTEIIBHOM JTHH3BI (CM. pUCyHOK). [To hopmyrie THH3BI ©MeeM
E 1 1 1 1
) E+? =Dy, d_+f_ =D, +D, rne Dg — ontuyeckas cuna o0bEKTHUBA JUANIPOEKTOPA, a
v 1 1
D - OIITHYECKAs cuia J100aBOYHOM JIMH3EI. Orcrona
f, + f+ 1 1
D=-1 dy — d =(f+d)|——-—|. VYBemnuenme, naBaeMoe OOBEKTHBOM, [ :1, yBEJIMUYCHHUE,
d,f; df d,f, df d
. N f, r
naBaeMoe OOBEKTHBOM ¢ [00aBouHOM smH30#, ['=—, mpuuem [} = ﬁ [IpuBenemM MPOMEXKYTOUYHBIC
1
f r+1 2 ++/2 ++2 ++2
npeobpazoBanus: d, =—, d, +f, =f; , d= f£, d+f = f—\/—, f, = f—\/_, 1= f—\/_.
r r r r r+1 (T +1)

(V2-1)(I*-+2)
\/E(F+ \/E)f . Ilo ycnoBuro

~83,3. YuutsBas, uto [ >>1, 3TO BBIpa)kK€HHE MOXHO YIPOCTHTh U TNPHUBECTH K BHUIY

[ToncraBnss 3anucaHHble BelpaxkeHUs B popmyny ans D, Haxonum, uto D =

[~ 2000 _ 3000
24 36

Dz%(l“—l“o),rz[e F0=Lz58,9.

J2
V2-Da°-v2) 1. oo
vt T =Leamp, e =

2000 r
~833: I,=—~589.
2

OtBer: D =

ITockonbky yBenudeHue uzoOpaxkeHus pocrarouHo Benuko (I, I;>>1), orBersl mpum o000MX HOAXOAAX
MpaKTUYeCKH coBnaaaroT. [loaTomy 06a moaxo/ia ciaeayer CUNTaTh MPaBHUIHHBIMH.

6. Ha HakJIOHHOH TIJIOCKOCTH, OOpa3yromieil ¢ TOPH30HTAIBHOW MOBepXHOCTBhIO yroin 3 =30°, 3akpericH
&KenoO, Kak moka3zaHo Ha pucyHKe. C IJIOCKOCThIO CBsi3aHAa KOOpAMHATHAs
cucrema XOY , Hauasio KOTOPOIl COBMEIIEHO C HMKHEH TOUKOM kenoba. 1o
xKenoOy M3 COCTOSIHMS TOKOS HaUMHAET COCKalIb3bIBaTh MaJIEHbKAas THMpPbKa.
Haiimure ckopocTh V THPBKH B HIDKHEM TOUKE KeloOa, eclii HadadbHbIE
KOOPJAMHATB THPBKU X5 =0,5 M, Yy =1 M, a k03 dULUEHT TpeHUs MeXITy

rupbkoi u xenobom p=0,3. YckopeHue cBOOOTHOTO MajeHUs] MPUMHUTE

paBubM g =10 M/c%. OTBeT OKPYIJIHTE JI0 OJIHOTO 3HAKA TOCIIE 3aIISTON.

9] Xo X
6. Pemenue. ['uppka nBmxkeTcs 1o xkenoly Baosb npsiMoit OB, oOpasyromiei ¢ ropu30HTAIBIO YTOJ ¢, O
JEWCTBUEM CHJI, M300paXKCHHBIX Ha PHUCYHKe. 31mech M — Macca Tmpbku, MJ — cmima Tsokectd, N —



HOpMaJibHasA COCTaBJIAIOIIAass CHUJIbI pCaKIUU )KCJI06a, F

p — CWJIA TpeHusi cKoubxeHus, npudem F =pN u

N =mgcose. N3  pucynka  BHJIHO,  4TO CoSp = OB’ rjae

B
OC =/x2 +yZcos? 9, OB=x;+yZ. CrenoBatensHo,

X2 +y& cos® 9

FTP 2,2
C Xy + Yo
u3 TOYKHU B B TOYKY O paBHa o MOJIYJIIO

A, =F,,-OB=umg X + Y2 cos? 9 . To 3aKkoHy M3MEHEHHS MEXaHHUYECKOil

. PaboTa cuiel TpeHUs MpH nepeMenieHuH THPbKU

2
. _mv 2 2 2
3Heprun Mgy, sin 9 = — +umg/ Xy + Y5 Co0s“ 3 . Belpaxas U3 3TOro paBeHCTBa V, I0OJIy4aeM, 4YTO

V= \/Zg(yo SiN 9 — /X5 + yg cos® 9) =2,0 wmic.
OTtBeT. V = \/Zg(yosin 9 — /X3 + Y5 cos? 9) = 2,0 m/c.

BTOPOH TYp

1. C noBepxHOCTH 3eMJM MOAOPOIIEH BEPTUKAILHO BBEPX HEOONBIION MIAPHUK C HAYAJIbHON CKOPOCTHIO
Vo = 5 M/c. B TOT MOMEHT, KOTJJa OH JIOCTHT BEPXHEH TOYKHU, CHU3Y, C TOTO K€ MECTa IMOAOPOIIECH TOYHO TaKOH
e IIapUK ¢ TaKOW e HA4aJbHOW CKOPOCThIO. [IpH CTONKHOBEHHMH MIAPUKHU CIIMITAIOTCS M ABMXKYTCS Jajiee Kak
oJiHO 1enoe. Onpenenure NpoMexXyTOK BpeMEHHU i, B T€4eHHE KOTOPOTO MEPBbIM MIapUK HaXOAMJICS B MOJETE
70 COMPUKOCHOBEHHS C TMOBEPXHOCTHIO 3emiu. COMpOTHBIEHHEM BO3yXa MOXHO MpeHeOpedb. Y CKOpeHHE
CBOOOTHOTO TIaJICHUS TPUMHUTE paBHBIM ¢ = 10 M/c?. OtBer OKPYTJIMTE 10 OJHOTO 3HAKa MOCJIE 3aMATOM.

1. Pemenune. Bribepem cuctemy oTcueTa ¢ HayaJlloM Ha TOBEPXHOCTH 3eMJIM M KoopauHaTHOW ockio OY,

gt’

HAaIlpaBJICHHON BEPTUKAIBHO BBEPX. YPABHEHUS JBWKEHUS ULIAPUKOB MMEKOT BHI: yl(t):VOt—7,

g(t—t0)2 Vo

, Tme ty=-— — BpeMsd NoAgbeMa IIEPBOIO IIApUKA IO BepxHed Touku. M3

Yo (t) =Vo(t—to) —

paBerctBa Y, (t;) =Y, (l;) Haxoaum, YTO HMPOMEKYTOK BpPEeMEHH [; OT MOMEHTa MOJOPacHIBAHHUS MEPBOTO

2
3v . . 3v
LIApUKA 10 CTOJKHOBEHUS MIAPUKOB t; = =0 a BrIcora h, Ha KoTOpO¥ TIpom30iieT cToNKHOBeHME, h=——2
29 89
Vo
HCHOCpeHCTBeHHO Hepe;[ CTOJIKHOBCHUCM CKOpOCTI/I Kaxxaoro ms ]J_IapI/IKOB I10 BCIINMYHHC paBHBI Vv =?, HO
HaHpaBHCHBI B HpOTI/IBOHOJ'IO)KHLIC CTOpOHBI. HO 3aKOHy COXpaHCHI/ISI I/IMHyJ'Ibca cpa3y I1I0CJIC CTOJIKHOBCHUA
CKOPOCTh CIIMIIIMXCS IIAPUKOB paBHa HYy/0. BpeMst ux CBOOOJHOIO MajeHUs Ha 3€MIIIO C BBICOTHI h paBHO

2h Y .. o
t, = |— =£\/§. OOmee Bpems moj€ra MEepBOro Imapuka (T.e. HMCKOMBIA IPOMEXYTOK BPEMEHH)

g
t=t, +1, =;’—°(3+\/§)z 1,2 c. OtBer: t:;/—o(3+\/§)z 12¢.
g g

2. Ilpu ucnbplTaHUM MAPAIIIOTHOM CUCTEMBI TPY3 MOABECHWIM HA JABYX OJAMHAKOBBIX CTPOIAX TaK, YTO CTPOIIBI
COCTAaBWJIM C BEPTHUKAIBIO OJUHAKOBBIC YIbl. [Ipy 3TOM HaTSOKEHHE KaXIOW CTPOMBI COCTABWIIO BEITUYHUHY
T =1000 H. 3arem oaHy U3 CTpoIl mepepe3asid. B 3TOT MOMEHT cuJjla HATSDKEHHS IPYToM CTPOIIB BO3pOCia J10



BeimmunHbl T, =1200H. IlpeneOperast pa3zmepamu rpysa, omnpenenutre ero maccy M. Crpombsl cuuTaiite
HEBECOMBIMU ¥ HEPACTSKMMBIMH. YCKOpEHHE CBOOGOIHOTO MajeHmsi mpumute paBHbM ¢ =10 m/c’. Oter
OKPYTJIUTE JI0 LEIBIX.

2. Pemenue. YciaoBue paBHOBECHs Ipy3a, MOJBEIICHHOIO HA JIBYX CTpomax, uMmeeT Bujg mg = 2T cosa, rae o

— yroJ1, KOTOPbIl COCTaBIISET CTPOIa C BEPTHKAIbIO. B MOMEHT, Korj1a 0IHy U3 CTpPOIl IIEpEpe3aloT,
YCKOpEHHE TIpy3a B NPOEKLUWH Ha HaIpaBlIeHHE BTOPOM CTpombl paBHO Hymo. Otcroonaa

T, =mgcosa . Pemas 3Ty cuctemMy ypaBHEHUH, HAXOAUM M = 1 2TT, =155 xr.
g

OtBer: M= 1 2TT, =155 kr.
9

3. OMH MOJIb KHCIIOPOJIa HAXOUTCS B TJIAJIKOM BEPTHUKATHLHOM IMIIMHAPE IO TOPIIHEM ¢ Tpy3oM. [lopiieHb
CBSI3aH C JHOM LIMWJIMHAPA MPYKUHOM, KO3 QHUIMEHT ynpyrocTu KoTopoii K = 10* H/m. Paccrosiaue
ot nopuHs 10 aHa mwirHapa h; = 0,3 m. Tlocne HarpeBa kuciopoa o Temreparypsl T2 = 450 K
paccTosiHUEe OT TMOPIIHSA 10 JAHA MWIMHApa ctano paBHbiM hy = 0,4 M. Kakoii Obuta TemmepaTypa
KHCIoposia T mepes ero HarpeBoM? YHUBEPCAIBHYIO T'a30BYI0 MOCTOSHHYIO NPHMHTE PaBHOM
R =8,31 I/(moup-K). OTBeT mpuBeauTe 1o mkaie KeapBruHa, OKPYTIIHB €T0 JI0 [ETIBIX.

3. Pemtenune. B nCX0IHOM COCTOSIHMH YCIIOBHE paBHOBECHs MOPIIHS uMeeT Bua: Mg + PoS + kAx; = p1S. 3xech
M — macca moOpmIHS C Tpy30oM, S — IUIOMIaAs MOPIIHA, Ax; — HAYaJIbHOE PACTSDKEHHE NPYKUHBI, Po —
aTMoc(epHOe JaBlieHHe, P; — HayaJlbHOE JaBJIeHHE Kuciopojaa noj nopiiHeM. Ilocie HarpeBa kuciopoja
yCJIOBUE paBHOBECHs MOpIIHSA mpumeT BUI: Mg + poS + kAx, = poS. 3nmech Ax, — KOHEYHOE pacTsHKECHHE
NPYXHUHBI, P2 — KOHEYHOE JAABJIEHWE MOJ NOpUIHEM. M3 ypaBHEHHUs COCTOSHUS KHCIOPOAA CIEAYET, UTO

p1iV1i=RT1y,  p2V2=RT,, otkyma p,—p; =R \-I;—Z—\% . C npyroii cTOpoHBI P, — P, = @ U3
2 V1
3allMCaHHBIX BBIPAKEHUH MoirydaeM, uto T, =T, hﬁ - w ~301 K.
>

Ortser: T, :TZ%—MNSOl K
2

4. TIpocTpaHCTBO MEXAy OOKIaJKaMHU IUIOCKOTO KOHJEHCAaTOopa HAIOJOBHHY 3allOJIHEHO
IMDJICKTPUKOM, KaK TIOKa3aHO Ha pUCyHKe. J[MameKTpudeckast MpOHUIIAeMOCTh JHAJICKTPUKA
€=7. Haiigute pa3sHOCTP TOTEHIMAJIOB MEXKIy OOKIAaAKaMH KOHAEHCATOpa, €CIH
HaNpsLKEHHOCTh 3JIeKTpuueckoro mois B auanektpuke E =500 B/M. PaccrosiHue mexny

obkmagkamu d = 1 cm. OTBET OKPYIJIMTE 0 IEIBIX.
4. Pemenue. OO0o3HaumM uepe3 FEj7 HaNPsSHKEHHOCTh IMOJSI B BO3IYIIHOM 3a3ope KoHjaeHcaropa. Ilo
. E
ONpeeNeHHI0 IUAIEKTPUUECKO MPOHUIIaeMOcTH E = —1 (uaneKkTpuueckas MPOHMIAEMOCTH Bo3ayxa ~1).
€
YuuteiBass  CBSI3b  MEXKIY  HAMpPSOKEHHOCTBIO  TIOJII W PA3HOCTBIO  TOTEHIIMAJIOB,  IMOJydaem
d d

U =E1§+ EE=E%(8+1).OTB6T: U =E%(8+1)=20 B.



5. O0beKTHB MPOEKIIMOHHOTO arnmapara HaxoauTcs Ha paccrostaun f = 10 M oT skpana, mmpruHa KOTOporo 3 M,
a BeicoTa 2 M. Ha skpaHe mony4yeHO 4eTkoe M300pakeHHe AMAIO3UTHBA, 3aHUMAIOIIee MOJIOBUHY TUIOMIAIN
9KpaHa, MpUYeM IEHTP HU300pakKeHHsI COBMAIAeT C IEHTPOM 3KpaHa. Ha kakoe paccrosiuue Af u B Kakyio
CTOPOHY CIIEAyeT MEPEMECTUTh NMPOCKIIMOHHBIN ammapar, 4YToObl YeTKOe M300pa)KCHHE IUATIO3UTUBA 3aHSLIIO
BCIO IUIOMIA[b 3KpaHa? Pasmepnr nauanoszutuBa 24x36 MmM. OOBEKTHB HPOEKIMOHHOIO armapara CuuTanTe
TOHKOH nMH30UM. OTBET OKpyrMTe 10 IenbiX. llocTaBbTe mepen IMONyYeHHBIM YHCIOM 3HAK «+t», €Clu
MIPOEKTOP HYKHO YIAIUTh OT SKpaHa, UM 3HAK «—», €CJIH MMPOCKTOP HY)KHO MPUOIH3UTH K KPaHY.

5. Pemenme. YcnoBue 3ajauM JOIYyCKAaeT JBa PAaBHOLEHHBIX IOAXO0Ja K pELIEHUIO. B nepsom nooxoode
d v f E €CTECTBEHHO MPEJINOJIOKUTh, YTO 00BEKTUB HEMOIBHKEH OTHOCUTENIBHO MPOEKIIMOHHOTO

£ ammapara M IepeMeniaeTcsi BMeCTe ¢ HUM, a (JOpMUPOBAHHE PE3KOr0 M300pakeHUs Ha
Af 9KpaHe JOCTUTACTCS ITyTEM M3MEHEHHs PACCTOSIHUS OT IUAro3UTHBA 10 o0bekTrBa. Kak

\J 9 o
d A f1 W3BECTHO, JUHEWHOE yBenuueHwe [, naBaeMoe JMH30M, MOXKET OBITh PacCYMTAHO IO

f
\E ¢bopmyne I =E, rae d — paccrosHMEe OT IMANO3MTHBA 10 JIMH3BI (00BeKkTHBA), a f —

PaCCTOAHUC OT JIMH3bI A0 SKpaHa. 13 q)OpMy.HBI TOHKOMH JIUH3BI CJICAYCT, UTO OIITHUYCCKAA

1 1 1 .
CUJIa JIMH3BI D:a+T:T(F +1). Ontuyeckas cujia OCTAeTCS HEM3MEHHOM, HO HM3MEHSCTCS PAaCCTOSHHUE

1 1
MeXAy JuH30H u 9KpaHoM. [losTomMy crpaBeIMBO  PaBEHCTBO ?(Fo +1)=f—(F +1). Ortcrona
1

r-I, 2000 3000
——~. YuuThBag, 4YTO KOHEYHOE YyBenuueHue [ = =

Af=f—f=f . —
I, +1 24 36

~83,3, a HayagbHOE

r
I"O:ﬁz58,9, HaxoauM, 4to Af 4 M, mpuyeM MPOEKTOp CieAyeT YAAJIuTh OT dKpaHa. [lOCKOJIBbKY

I', Ty >>1, Bolpaskenue aust Af MoxxHO ynpocTuTs u npuBecTd K Buay Af = f(\/z —1).

OtBer: Af :+fﬂz f(ﬁ—l)z+4 M, Te I'= 2000z83,3; I, = L

—~589.
T, +1 24 J2

B pamkax emopoco nooxooa MOXKHO CYMTATh, YTO JUATIO3UTHB KECTKO CBS3aH C IPOEKTOPOM H TIEPEMEIIAETCS
BMECTE ¢ HUM, a (OKYCHPOBKA H300paskeHHs Ha SKPaH OCYIISCTBIISIETCS 3a CUST H3MCHEHHSI PACCTOSHHS MEXKTY
a4t OOBEKTUBOM ¥ JMAmno3uTuBOM. Ilycth O — TmepBOHAYalIbHOE pACCTOSHHE OT

E JIMANo3UTHBA 0 O0bekTHBa, a f — mepBOHaYanbHOE PACCTOSIHHE OT OOBEKTHBA [0

skpana, O; u f; — Te ke paccTossHHS TOCE TEpEeMEIICHHs TUAO3UTHBA BMECTE C

- v 1 1 1 1
' A anmaparoM (cM. pucyHok). [To ¢popmyne nun3sl umeeM —+—=D, —+—=D,rae D
d A ¢ d f d, f
— OomTHYecKas cuia 00bEKTHBA TUanpoekTopa. MickoMoe cMemnieHne anmapaTa BMeCTe ¢
v muanosutuBoM  Af =d; +f, —(d+ f). VYBenmnuenme, pmaBaemoe  OOBEKTHBOM

R

f f
HECMCHICHHOTI'O aIlrapara, FO =—, YBCIMWYCHHC, NaBaCMOC 00BEKTHBOM CMCHICHHOI'O arrapara, I'= L )
d

d;

f r+1
— d+f,=f , d=f
r 1 1 1F

npuuem I, = IIpuBeneM IpOMEXKYTOUHBIE II eobOpazosanus: d, =
0 1

[

r
i
=fr+ﬁ fi+rd, _ f+d
r ' odf df
¢ _(2-nIr?-v2)

I ++2)

J2(T+1)
r+42

, TpU4eM TPOEKTOp  cleAyeT yaaliutb OT 3kpaHa. [lo  ycroBuio

d+f

, f=f W3 3anucaHHBIX BBIpQXEHUH, TIOJIy4yaeMm, 4YTO




e 2000 _ 3000
24 36

af ot i lo L ¢(J2-1)~424 .

I +1
(V2 —1)(I? - f)
Jor@,+y (r +1)

~83,3. [lockonpky I' >>1, mocnenHee BBIPAKEHHE MOXKHO YIPOCTUTh W MPUBECTH K BHUIY

2000 r
~833; I,=—~589.
2

OtBer: Af =

f(\/i—l)z4 M, Toe I'=

[TockonbKy yBenuueHue u3o0pakeHHs noctarouHo Bemuko (I, I;>>1), orBeTsl mpum 000MX HOAXOJAX
MPAKTUYECKH COBMaAaroT. [IoaTomy 00a moaxo/ia clieyeT CUuTaTh MPABHILHBIMH.

6. I'py3 maccoit M =1kr mojBemieH K HEMOJBM)XKHOW OIOpPE Ha JIETKOW MpYyXKHWHE. YIepKuBas Tpy3 B
MOJIOKCHUM PaBHOBECHUS, HAa HEro KiIaayT Opycok Maccoii M=0,2 kr, a 3atem otmyckarT. C Kakoi
MakcUMallbHOM cumioit F, Opycok OyzmeT aeiicTBoBaTh Ha Tpy3 B Ipolecce ABHKEHUS? YCKOpEHHE
cBoOoaHOro magenusi npumute paBHbIM § =10 M/c. ConpoTuBIeHHEM BO3JyXa MOXXHO IpeHeOpeub. OTBET
OKPYTJIUTE JI0 JIBYX 3HAKOB IOCJIE 3aISTOM.

6. Pemenue. 113 YCJIOBUA PAaBHOBECHUA HCIOABHIKHO BUCALICTO I'Dy3a kXO = Mg CJICAyeT, 4TO YIJIMHCHUC

Mg

HOPY)KHHBI TP STOM DaBHO X, :T’ rae K — sKecTKOCTh MNpyKHHBL BpiGepeM Hayamo oTcyeTa
MOTCHIMAIBLHON SHEPTUU B TOYKE, COBIAIAIOIICH ¢ KOHIIOM HeaeOPMUPOBAHHON MPYKUHBI. Y YHUTBIBAs, YTO
IpH MaKCHMaJIbHOM PACTSHKCHHUH HPYKHHBI (X = Xy,5¢) CKOPOCTH Ipy3a € OpycKOM oOpamiaercst B HYIb,
2 2
k k
—XO ﬁ—(M +M)OXpay. 1lOACTaBIAS crOZA Xo,

3alUIIeM 3aKOH COXPAaHEHHUsS HHEPruu: —(M+m)gx, =

(M +2m)g
e — 38.1'II/IH_IGM Jaajice ypaBHeHI/I}I JABUXKCHUSA JIs rpy3a C 6pyCKOM U OTACIIBHO

HAXOJHUM, 4TO X,y = ‘

s opycka: (M +m)a=(M +m)g—kx, ma=mg—F . Orciona cuia, ¢ KOTOPOH Ipy3 AEHCTBYeT Ha OPYCOK,

mkx
F= Mam’ MakcumanpHOe 3HAYEHHE 5Ta CUIa HPUHMMAET HpU X = Xy, OOBEIUHSS 3aluCaHHbIE
+m
M +2m M +2m
BBIpaXKEHUs, oinydaem, uro k.. =mg———~2,33 H. OrBer. F,,,,=mg——=233 H.
M +m M +m

TPEeTHil Typ

1. JIBe muiaHeThl OBUXKYTCA IO KPYroBbIM OpOMTaM BOKPYI MacCUBHOM 3Be3fbl. Paguyc opOUTBHI BTOpOI
TUIaHEeThl OoJblIe paguyca OpOMTHI mepBoil miaHeTbl B K = 4 pa3a. Haiimure meprox oOparieHHs BTOpOM
TUTAaHETHI, €CIM W3BECTHO, YTO Tepuoj] oOpameHuss nepBoil tuaHetbl 1 = 100 cyrok. I'paBuTanmoHHBIM
B3aUMOJICHCTBHEM MEXIY IJIaHETaMU MOXHO NpeHeOpeyub. OTBET NPUBEIUTE B CYTKAX, OKPYTIIHUB JI0 LIENbIX.

1 Pemienne. Ilo BTOpPOMY 3aKOHY HBIOTOHa, HCIOJIB3Ys BBIPAXCHUC I HECHTPOCTPEMUTCIIBHOTO YCKOPCHUSA U

2
m-M o
CHUJIbI BCCMI/IpHOTO TATOTCHUSA, NMCECM m-E:G?. HepI/IO,Z[ 06paH_[eHI/I$I 110 prFOBOI/I Op61/ITe paBeH



2 3
27R T R
T=——. Takum oOpazom, ?2 = EZ , Kak 3TO M cienyer u3 Tperhbero 3akoHa Kemmepa. Otcrona
v 1 1
R 3/2
nomyaaem, uto T, =T,-| == | . Ormser: T,=T,-k¥?=800 cyrox.

1

tessisirisisicisiiscseceye 2. 1l€pENl BBHIIOMHEHMEM YIPAKHEHUS TUMHACT Maccoil 60 Kr BHUCHT HETOABHIKHO,

! Jiep>Kack 3a JBa Koabla. [Ipy 3ToM KaHaThl, HA KOTOPBIX NOJBEIIEHB! KOJIbLA, 00pa3yroT
C BepTUKaibio oauHakoBble yriasl o =30°. Ha kakyro BenmuuHy AF yBenmmuurcs
Harpys3ka Ha IpaByIO pyKy F'MMHAacTa B TOT MOMEHT, KOTJa OH PE3KO OTILYCTHT JIEBOE
Konbllo? Pa3mMepom Tena TrUMHAcTa IO CPaBHEHUIO C JJIMHOM KaHAaTOB MOKHO
npeneOpeub. KaHatbl cyMTaiiTe HEBECOMBIMH U HEPACTSHKHUMBIMH. Y CKOpPEHHE
cBOOO/IHOrO Na/IeHUs IpuMHTE paBHbIM ¢ =10 m/c%. Oter OKPYIJIUTE J10 LENbIX.

2. Pemenne. B HauaabHOM MOJIOKEHUU CyMMa CHul, ﬂeﬁCTBYIOIHHX Ha TUMHACTa, paBHa HYIIIO. OTCIOI[a
mg =2T cosa, rie M — macca TMMHacra, g — YCKOpPCHHC CBO6OI[HOI‘O naacHusd, T — cuma

HATSOKeHMsI KaHaTa, paBHas Harpy3ke Ha KXyl pyKy CHOpTCMeHa. B MOMeHT, korja rumMHact
OTIIyCKaeT JIEBOE KOJIBLIO, HArpy3Ka Ha €ro MpaByl0 PYKY BbIpaxaercs (opMmyioi T, =mgcoso .

OTO ypaBHEHHUE BhIpaKaeT TOT (PAKT, YTO YCKOPEHHE CIIOPTCMEHA B HAIPABJICHUM KaHATA, a TAKKE
CyMMa CWI, JEHCTBYIOIIMX Ha HEro B OJTOM HaNpaBlIeHMM, paBHbl Hymo. Ortcrona

AF =T,-T =mg(COSOL— Mg

! )z ~173 H.
2c0sa 243

OtBer: AF = mg(COSa— ! j— mg ~173 H.
2cosa

243

3. B IMIUMHAPUYECKOM COCYyZEe, PAaCIOJIOKEHHOM TOPU30HTAIBHO, HAXOJUTCS CMECh Ta3oB, CTOALIas W3
v1=0,5moms azora m vy =0,5monp aprona mpu Temmeparype T1 =300 K. I'magkwmii
HOJBMKHBIM MOPILIEHb CBA3aH C JTHOM COCyZAa MpPYXHWHOW. PaccrosHue oT mopuHs A0 1Ha
mwaapa h = 0,5 m. Tlocne HarpeBa cmecu ra3oB a0 TemmepaTypsl T =420 K mnopiieHs
caeunyics Ha Ah=0,1 M. KakoB koaddunmeHt xectkoctd npyxuHbl K? YHUBepCalTbHYIO
ra3oByl0 TMOCTOsHHYIO mnpumute paBHoi R =83 Jlx/(mons-K). OtBer mnpuBenure B

KHWJIOHBXOTOHAX HAa METP, OKPYIJIUB JO OAHOI'O 3HAKa ITI0CJIC 3aIISTOM.

3. Pemenne. B MCXOJHOM COCTOSIHMU CMECH Ta30B YCIIOBUE PAaBHOBECHS MOPIIHS UMeeT BUA PyS +KAX = p;S .

3nech S —IuIomans mopurHs, Ax; — HadaldbHOE paCTsDKEHUE MPYKUHBI, Po — aTMocdepHoe naBieHue, P; —
HavyaibHOE JaBiieHWe rasa. [locime HarpeBa cMmecw Ta30B YCIOBHME pPABHOBECUS TMOPIIHS TPUMET BUJI:
PoS +K AX, = p,S . 3mech AXy — pacTshKeHHE IPYXKUHBI, a P2 —IaBICHHE CMECH I'a30B MOC/Ie HarpeBa. Borautas

k k
U3 BTOPOI'O YpaBHEHUs IIEPBOE, NOJIydaeM: P, — Py = g(AX2 —AX) =§Ah. C npyroil CTOpOHBI, U3 ypaBHEHUS

MeHﬂeHeeBa—KﬂaHeﬁpOHa, 3alIMCaHHOTO [JI1 Ha4YaJbHOI'O MW KOHCYHOI'O COCTOSIHMM CMECH TIa30B:
_ (V)R T, T
s (h +Ah Fj '
HpI/IpaBHI/IBa}I Pa3sHOCTH IlaBJ'IeHI/Iﬁ CMECCH, Haﬁ,[[eHHBIe 3TUMU CHOCOGaMI/I, moJry4dacwm, qTo
- (V1T Vo)R [T, -T,(1+Ah/h)] |
Ah(h+ Ah)
(v; +v,)R[T, = T,(1+ Ah/h)]
Ah(h + Ah)

phS = (v, +v,)RT,,  p,(h+Ah)S=(v,+Vv,)RT,, BeITeKaer, uYrto pP,—p;

Otser: k = = 8,3 kH/m.




4. PaccrosiHMe MEXAy IUIACTHHAMHU IUIOCKOTO BO3AyHIHOTO KouzeHcaTopa d =2 cm. IIpocTpaHCTBO MEXIY
MJJACTUHAMU YaCTUYHO 3aI0JIHEHO JUAJIEKTPUKOM, KaK MOKA3aHO Ha puUCyHKe. ToJluHa ciost

% mmanektpuka di = 1,5 cm. [Iudnekrpudeckass MPOHUIIAEMOCTh Judiekrpuka €=>5. Haiigure
HaNpsHKEHHOCTh E 31eKTpuueckoro mosst B BO3AYIIHOM 3a30p€, €CIIM Pa3sHOCTh MOTEHIIMAIOB
) MEXy TutacTiHaMu KoHaeHcaropa U = 3,2 B. OTBeT OKpyIauTe A0 IebIX.
7

4. Pemenne. [lo ompeneneHuio IUANEKTPUYECKOM MPOHUIAEMOCTH, HANPSKEHHOCTh IOJS B JUAIEKTPUKE

E
paBHa —. VYuuteiBasg CBSI3b MCXKAY Pa3sHOCTHIO IMOTCHHMUAJIOB KW HANPSAKECHHOCTHKO OJHOPOJHOIO II0JIA,
€

noxydaem, uro U = E(d —d,) +Ed1. Orcrona E = L Oteet: E = &Y =400 B/m.
€ g(d—-d;)+d, e(d—-d))+d,;

5. O0bEKTHUB MPOCKIMOHHOIO ammapara Haxoautcss Ha paccrossHud f=4,0 M or skpana. Ilpu stom peskoe
n300pakeHue quano3uTrBa 3anumaet K = 0,25 miormau skpana. Jlist Toro 4to0bl pe3koe H300paKEHHUE 3aHSII0
BECh 3KpaH, MPOCKIIMOHHBIN amiapar MPUILIOCh JOMOIHUTEIBHO OTOJBUHYTh OT 3KpaHa Tak, YTO €ro 00ObEeKTUB
MEPEMECTUIICS OT CBOETO IMepBoHauajabHOro mnonokenuss Ha | =3,9 m. Haiinute ¢okycHoe paccrosiaue F
O6T)€KTI/IBa IMPOCKIMOHHOI'O amiIiapara, cuuTras, 4TO OH ABJIACTCA TOHKOU J'II/IH30f/'I, a IHUaIlO3UuTHUB HCIIOJABUKCH
OTHOCHUTENIbHO KopIyca ammnapara. OTHOILIEHHE CTOPOH MPSMOYTOJIbHOTO 3KpaHa COBMAAAeT C OTHOIICHHEM
CTOPOH AWAaIIO3uTHUBA. OtBer MNpUBCANUTC B CAHTUMCTPAX, OKPYIJIMB A0 LCJIbIX.

5. Pemienne. O603HaunM uepe3 d; u dy paccTOsIHUS OT TUANO3UTHBA 10 0OOBEKTUBA IPOEKTOPA B TIEPBOM U BO
BTOPOM CIy4YasX. YBEIUYEHUS H300paKeHHUs JUaro3uTHBa B IIEPBOM M BO BTOPOM CIy4YasX pPaBHBI

f f+

I;
COOTBETCTBEHHO [} =—, [, =——, IIpUYeM MO YCIOBHIO — = Jk . Hcnone3ys popmyiy JUH3BI 1 IBYX
1 2 2

HOJIO)KGHI/Iﬁ npoeKTopa, a TaKKEC 3aIIlMCAHHBIC BBIIIIC BI)Ipa)KeHI/Iﬂ, HonyqaeM CI/ICTCMy ypaBHeHHfII
d f F' d, f+l F' d, d,
f1—vk)-Ivk

1 1 1 1, 1 1 gt
1-Jk

Hckimovast u3 9THX ypaBHeHuit i u dp, Haxogum F =

fa-vik)-Ivk _

10 cm
1-k

OtBer: F =

6. /st monmBa cajioBOro y4yacTKa UCIOJb3YeTCs MOJCOEAMHEHHast K BOJONPOBOAY KOPOTKas TOHKas Tpyoa,
YCTaHOBJICHHAsl y MOBEPXHOCTH 3eMisid mojJ yriaom o = 30° K ropu3oHTy. B HEKOTOpHII MOMEHT BpeMeHU
CaJI0BOJ] Hayaj IJIaBHO OTKPBIBAaTh KpaH, MOJAIOMIMKA BOJy B TpyOy, B pe3ylbTaTe 4ero CKOpocTh V CTpYH,
BBITEKAIOIIEH W3 TPYOBI, CTama BO3PACTATh CO BpeMeHeM t mo 3akony V=Kkt, rme k=2 wm/c’. Haiigure
YCKOpEHHUE 8, C KOTOPhIM JIBUTAJIaCh M0 FOPU30HTAIBLHON MOBEPXHOCTH 3€MJIM TOYKA MaJCHUs BOASHON CTPYH.
ConpoTuBJI€HHEM BO3JlyXa MOXHO THpeHeOpeub. YCKOpEeHHE CBOOOAHOTO TMAaAeHHUS MPUMUTE PpaBHBIM
g=10 m/c?. OtBer OKPYTJIMTE JI0 ABYX 3HAKOB TIOCIIC 3aMsTOM.

6. Pemenne. PaccMoTpUM 9acTHILy CTPYH, BBUIETEBIIYIO U3 TPYOBI B MOMEHT BPEMEHH | M HMEIOIIYIO CKOPOCTh
v =kt. JlnurenbHOCTh MOJIeTa 3TOM dYacThil T=[t, ee MpU3eMIIEHHE MPOUCXOIUT B MOMEHT BpPEMEHH

2k sina,
T=t+t=0+P)t, rae ama1 KpaTKoCcTH BBeAeHO oOo3HaucHWe [B=————. KoopauHaTa TOYKHM TMaacHHS
. (kt)? . d?x 1 d%
BBIZICJICHHOW dYacTHIbl X =-——SIN2a. Hckomoe yckopeHue a= > = 7 3 3anmcaHHbIX
g dT< (@1+p)° dt
2g k?sin 20

BBIPAXEHUI CIEAYET, UTO a = ~ 0,48 m/c%.

(g + 2k sin o)?



2g k?sin 20

22 2T ~0,48 m/ch
(g + 2k sin ar)?

OTtBer. 2=



