MeTtoauveckue ykaszanue mo OrpacijieBoi 0JiuMIIMA/JAe MKOJIbHUKOB «["asmpomy,
npopuias pusuka.

Y4yedOHOE mocoOHe IJISl MOATOTOBKH K OJITHMITHALE

IMox penaxkuueii Kpasuosa A.B.



3aganus 3aKJIIOYATEILHOI0 dTAIa
9 Kiacce

Bapuanr 1

1. Paccrosamne Mexnay asyms nyHkramu [ = 200 kM Tyaa U oOpaTHO BEpTOJIET B IMEPBBIN pas
nposieTen B 0e3BETPEHHYIO TIOrO/Y, a BO BTOPOU pa3 MpH BETpe, AYIOLIEM CO CKOPOCThIO Ve = 2 m/c
napajuiesibHO CKOpocTu Beprosieta. CKOpOCTh BEpTOJieTa OTHOCUTENBLHO BO3yXa B 000MX CIydasix
paBHa V' = 144 xm/4. Ha Kakyro BennuuHy Af Bpemst ABMKEHHSI B BETPEHYIO IIOTO/1y B IaHHOM Clly4ae
0O0JIbIIIe BPEMEHH JIBMKCHHSI B O€3BETPEHHYIO MOTOTY?

Pewenue:

BpeMH JABHIKCHUA BCPTOJICTA B 663BCTpCHHy10 mnoroay paBHO
21
71 = 7
BpeMﬂ ABVOKCHUS BCPTOJICTA IPU BCTPC CKIAABIBACTCA M3 BPCMCHU JIBHIKCHHA IO BETPY U
BpCMCHU ABHIKCHUA IIPOTHB BCTpaA:

= +
2Ty voy
Pa3HOCTI) OTUX BCJINYHNH paBHa
2 12
At=1,—14 ZVIVZ—VBZ =251c

2. Teno cockanb3biBaeT 0e3 Ha4yaJIbHOH CKOPOCTH C HAaKJIOHHOW IUIOCKOCTH C YIVIOM HakKJIOHA
o = 30°. Ha nepBbix k& = 1/3 nmytu ko3¢ punment tpenus pi = 0,5. Onpenennre KodpUIUEHT TPEHUS
L2 Ha OCTaBIIEMCsl OTPE3KE MyTH, €CIIM Y OCHOBAaHMS HAKIOHHOHW TIOCKOCTH CKOPOCTH Tella paBHA

HYITIO.
Pewenue:

B koH1ie HepBOﬁ YaCTH IYTHU CKOPOCTH TECJIa paBHA

V= \/ZkSg(sin a — |, cosa),
rae S — JUIMHA HaKJIOHHOM IJIOCKOCTH; & — YCKOPEHUE CBOOOIHOTO MaIeHMs.

Jra ke CKOPOCTh OyJIeT B Ha4YalJle BTOPOTO yJacTKa IMyTH U MOXKET OBITh BBIPAKEHA CIICTYFOIIHM
obpazom:

V= \/Z(k —1)Sg(u, cosa —sina).



IIpupaBHUBas IOAKOPEHHBIEC BBIPAKECHUS, IIOJIyYUM

m2 = (tga — kp)/(1 — k) = 0,62.

3. Jlng uamepenus: temreparypbl BoJibl Maccoil m = 20 © B HEE€ MOrpy3UiIn TEPMOMETP, KOTOPBIM
nokazan Ttemmeparypy 0 = 32,4 °C. KakoBa neHCTBHUTENbHas TeMIIEpaTypa BOIBI Iy, €CIH
terioémkocte Tepmometrpa Cr = 2,1 JIx/K, u mepen morpyxeHueM B BOAY OH IOKa3bIBAIT
TeMIieparypy nomenieHus t; = 8,4C? Boma HaxoguTcs B KaJIOPUMETpPE, TEILUIOEMKOCTh KOTOPOTO
coctaBisieT Ci= 45 JIx/K. YaenbHas temioéMkocTts Bonbl ¢ = 4200 JIx/(kr*K).

Pewenue:
CocTaBuM ypaBHEHHE TETUIOBOTO OaslaHca JijIsl Ipoliecca H3MEPEHUs:
C:(0 —ty) = (cam + C)(t, — 0).

Pemras 3T0 ypaBHEHHE OTHOCUTEIIBHO 5, IONYUUM #; ~ 32,8 °C.

4. Bropoii amnepMeTp B cxeme MoKa3bIBaeT cuily Toka > = 1 A.
Comporusnennst R; = 1 Om, Ro, R3 u R4 mo 2 Om. Haiinure
HaIpsHKeHUE Ha 32KUMaX UCTOUHMKA DJIEKTPUUYECKON YHEPTHUH.

Pewenue:

Hanpsixenue Ha pe3ucrope Ri paBHO

U, = LR,

L=1I <1+ Ry )
32 R, + R,

Tok B BETBH, coaepx alleid ICTOYHUK MTUTAaHUS, PABEH
I 1 == I 2 + I 3
Hamnpsxkenue ucTouHrka nuTaHus

RiR4

U=LR,+ LR =I(R + Ry +——
2fty T iRy = I (Y * T R, T R;

)=3,513

5. Tpu oawHakoBBIX OpycKa, KaXAbli MacCOW m, CBS3aHHBIX MEXIy COO0OH HEBECOMBIMHU
HEpaCcTSLDKUMBIMM HUTSIMH, JBHKYTCS [0 TOPU30HTAJIBHOM ITOBEPXHOCTH TOJ JEHCTBUEM CHIIBI,
NPUJIOKEHHON K TIEpBOMY OpYCKY M HaIlpaBJIEHHOM BBEpX IO yIIOM ¢ K Topu3oHTy. Hailinute oty
CUILY, €CJIM CUJIa HaTsHKEHUS! HUTU MEXy ociaeTHUMHU Opyckamu 7, a ko3 pUIMeHT TpeHust OpyckoB
0 TMOBEPXHOCTH /L.



Pewenue:

3anuiiemM YpaBHCHHUA JHUHAMUKW JOBWIKCHUSA IJId TPCTBCTrO, BTOPOro W IMTCPBOTO TCI

COOTBETCTBEHHO:
T — uymg = ma
T'—T —umg = ma
Fcosa—T' —u(mg — Fsina) = ma
Pemast 5Ty cucTeMy ypaBHEHHI OTHOCHTEIBHO F, OJIYYUM

_ 3T
_cosa+,usina

6. C kaxkoll CKOPOCTBIO MOJKHA BBUICTETh U3 PYXKbS CBHHIIOBas JPOOMHKA IMPH BBHICTpENe
BEePTUKAILHO BHH3 ¢ BBICOTHI 300 M, YTOOBI TpHM HEYNPYroM yaape APOOHMHKA TOJHOCTHIO
pacmmaBmwiack? CunMTarh, YTO KOJIMYECTBO TEIUIOTHI, BBIICIMBINASCS TIPU yrnape, HOPOBHY
pacrmpenensercss MeXIy IpOOMHKOW M TOBEPXHOCTBIO, O KOTOPYIO mpou3omen yaap. HagampHas
temmneparypa apoounku 177 C, temneparypa miasnenus ceuHia 327 ‘C, ero ynenbHas TEIUIOEMKOCTb
130 Tx/(xr*K), ynenbHas TerioTa miaBieHus 22 kJk/Kr.

Pewenue:
CocTaBuM ypaBHEHHUE 110 3aKOHY COXPAHEHUS IHEPTUU

1/ V?
> m7+mgH = cmAT + Am

Permras sto YPaBHCHUC OTHOCHUTCIIBHO CKOPOCTH, IMOJTYYUM

V =2\cAT + A — gH ~ 392,4 m/c

7. DIEKTPOH JABMXKETCS U3 COCTOSHHS IMOKOS B OJHOPOJHOM BJIEKTPUYECKOM I10JI€ U MPOXOAUT
MPOMEXYTOK C pasHOCThIO mnoTeHnuanoB 10 B. 3areM OH BIeTaeT B MarHMTHOE MOJIE
NEePHEHIUKYISIPHO CUJIOBBIM JMHUAM. OIpeaennTe 3HaueHHe CHIIbL, IeHCTBYIOIIEH Ha JIEKTPOH CO
CTOPOHBI MarHUTHOTO TIOJIS, €CIIM PajnyC KPUBU3HBI TpaekTtopuu paseH 0,5 cM. 3apsia »neKTpoHa
pasen 1,6-107"° Ko

Pewenue:

B snexktpuyeckom mose 31eKTPOH IpruoOpes CKOPOCTh



ITo Bropomy 3axkony HerotoHa

8. Teno maccoii m = 1 Kr ABUXKETCS BBEPX IO
IJIOCKOCTH, HAKJIOHEHHOW 1oA yrioM o = 30° k
ropu3oHty. K Teny mnpukperieHa npyKuHa
xectkocTd k = 100 H/m, kK KOTOpO# npuiiokeHa
CWJIa, NapajulejibHas HAKJIOHHOM IUIOCKOCTU
(cm. pucyHok). Haitagure yckopenue Tena, eciu

nedopmanus npykuHbl paBHa x = 10 cM, a kKO3hPHUIHUEHT TPEHHUS MEXIY TEJIOM U IIOCKOCTHIO
n=0,5.

Pewienue:
VYpaBHenue 1o 2 3akoHy HpioToHa umeeT BU:
kx —mg(sina + pcosa) = ma

kx _
a= R—g(sma +ucosa) = 9,33 m/c?

9. ManpyrK CTOUT Ha HAKJIOHHOH IUIOCKOCTU M POHSAET M4, M4 ynpyro yIapHicst O HAKJIIOHHYIO
IUIOCKOCTh, OTCKOUMJI OT HEe, 3aTeéM CHOBa ylapwics, U T.J.. Bpems Mexay HepBbIM U BTOPBIM
yrapamu Mstda paBHoO ¢ = 1 ¢. C kakoi BBICOTHI ynan Msd? BrIcOTy cuMTaTh OT TOUKH OpOCKa 10 TOUKH
ylapa 0 HaKJIOHHYIO IJIOCKOCTh. HayanbHast ckopocTh Msiua paBHa Hymt0. COMPOTUBIEHUEM BO3AyXa
npeHeopeyb.

Pewenue.

[TycTh 0 — yroJ, KOTOPBIM HAKJIOHHAS MJIOCKOCTh COCTABJISIET C TOPU30HTOM, Vo — CKOPOCTh Msi4ya
B MOMEHT MaJICHHUS Ha HAKJIOHHYIO TUIOCKOCTb.

Vo =/2gh (1).

Bribepem ock Ox BHOIb HAKJIOHHOM TUIOCKOCTH, a Oochb Oy MEpHeHIUuKYIIpHO €l (CM. puc.).
VYpaBHEHHE IBUKEHHSI MSIYMKA T1OCIIE yAapa O IUIOCKOCTh:

2
y =VOtCOSO£—gCOSOK-% (2).

B moMmenT nagenus Ms4a Ha HAaKJIOHHYIO IIJIOCKOCTb y = O . Torma



t2
VOtCOSa—gCOSa-Ezo. 3)

N X
Pemras 3T10 ypaBHEHHE, MOIYyYUM BBIPAKEHUE JUIsI BPEMEHHM MEKy IIEPBBIM M BTOPBIM yAapamu

Vo
msga, I = — (4), KoTOopoe He 3aBUCHUT OT yIIa (.

2 2
v =L oswe s h= 2 g5, )
2 2g 8
2
Omeem. h =%:l, 25 m.

10. DnexTpudeckoe moyie 00pa3oBaHO ABYMS HEMOABMKHBIMH, BEPTUKAIBLHO PACIIONIOKEHHBIMH,
napajuleNbHBIMH, Pa3HOMMEHHO 3apsDKEHHBIMH — HEMpPOBOISIIMMH  TUIacTUHaMH. [lmacTuHbl
pacToNIOKEeHbl Ha PAcCTOSHUU d = 9 cM JIpyr OT Apyra. HampsykeHHOCTh TOJsS MKy MIIacCTHHAMHU
E=10* B/M. Mexny niacTHHaMH Ha PaBHOM PACCTOSHHM OT HMX INOMEIIEH IIAPUK C 3apsagoM
g =2 mxKn u maccoit m =1r1. Ilocne Toro xak mapuk OTIYCTHIIM, OH HauyWHAeT majarb. Kakyio
CKOpPOCTb OyZIeT UMETh MIAPHK, KOT/Ia KOCHETCS OTHOW W3 IUIACTUH?

Pewenue:

[IMapyk MMeeT BEPTUKAIBLHOE YCKOPEHHE CBOOOIHOTO MaJeHHsI U TOPU30HTAIBHOE YCKOpPEHHE,
00yCJIOBJIEHHOE JIEUCTBUEM AJIEKTPUYECKOro mnosid. B 000l MOMEHT BpeMeHU TOpU30HTallbHas U
BEPTUKAJIbHASL IPOEKIIMU CKOPOCTH PaBHBI

y - OE
m
v, =gt

BpCMH JOCTHKEHHUS OJHOMN U3 MIACTHH



md

t=_|—
gE

CKOpOCTI) B OTOT MOMCHT BPEMCHH

2
gEd . Mg d z4,3ﬂ
m qE c

Bapuant 2

1. Teno 6pocunu ¢ 6amrHu TOpU30HTAIBHO. Uepes3 ¢ =2 ¢ ero CKkopocTh yBeIUYUiIach B k=3 pasa.
C kakoit ckopoctsio Vy Opocumnu Teno?

Pewenue:

CKOpOCTb TCJa UBMCHACTCA B 3aBUCHMMOCTHU OT BPECMCHHU KaK
— 2 2
V= Vi+ 0

k2V§ = V§ + (gt)?

I[J'ISI 3aIaHHOI'0O MOMCHTA BPECMCHHA

(gt)?

I e

6,9 c

2. K moToNKy YCKOpEHHO ABIKYIIErocs TudTa Ha HUTH nojBerieHa rups. K aToit rupu npupsszaHa
Jpyrasi HUTb, Ha KOTOPOH MoOABElIeHa BTopas rups. Halinure HarsokeHue BepxHed HuUTH 17, eciu
HaTsbKeHUe HUTH Mexay rupssmu 7>=10 H, a maccel rupp m;=1 kr, m>=2 Kr.



Pewenue:

3anuiieM yciaoBHUsl paBHOBECHUS JIJIsl IEPBOTO U BTOPOTO TPY30B:

Tl Tl_mlg_TZZmla
m, T, —mpg = mya
T Pemas 3Ty cucreMy ypaBHEHUH, OJIy4YUM
y =t my +m,
T, A a T, =T,————=15H
1
m,
v m,g 3. Ilocne onyckanus B Boxay, umeroniyto temmeparypy 10°C, tena,

Harperoro j0 100 C, ycranosmiace Temneparypa 40 C. Kakoii craner
TEMIICpaTypa BOAbI, €CJIM, HC BbIHUMAs IICPBOTO TCJIa, OITYCTUTH B HEe
enié OJTHO TaKoe JKe Telo, HarpeToe Takxke g0 100°C?

Pewenue:
3anuineM ypaBHEHHE TEIUIOBOTO OanaHca JUis [IepBOTro Ciryvasi:
C(t; —61) = Cy(0; — t1)

3nech C — TEII0EMKOCTH Tena, Cy — TETUIOEMKOCTD BOJIBI, /| — Ha4yaJlbHAsl TEMIIepaTypa BOJIbI, 1 —
HavyallbHAs TeMIeparypa Teina, 01 — yCTaHOBUBIIIASCS TEMIIEPaTypa.

Bo BropoM ciiyyae ypaBHEHHE TEIUIOBOTrO OanaHca UMEeT BUL:
C(t, — 6;) = Cy(6, — 01) + C(6, — 6,)

3nech 02 — MckoMasi yCTaHOBUBILIASCS TEMIIEpATypa.

Pemas cucreMy nony4eHHbIX ypaBHEHUH Haiinem 0::

012t — ty) — tyt,

= ~ 55°C
2 91+t2_2t1

4. Ha ywactke AB B 1emum MOUIHOCTh TOKa OJMHAKOBA
HE3aBHUCHMO OT TOTO, 3aMKHYT WJIM PAa30MKHYT Kiroud. KakoBo
conpotuBieHue Ry, ecau Ry = 40 Om, a HampshkeHue,
MPUIOKEHHOE K IIEMU MOYXXHO CUYUTATh OCTOSIHHBIM ?

Pewenue:

ConporuBieHne Ha ydactke AB mpu pa3oMKHYTOM KIIrO4e
paBHO R = 2Ro. ConpoTuBneHue Ha yyacTke AB npu 3aMKHYTOM KJIFO4Y€ PaBHO



3
Tok B 11enu B IEPBOM Cilydae paBeH
U
17 2Ry, + R,
a BO BTOpOM CJiy4ac
L = 3U
2R, + 3R,

VYcnoBue paBeHCTBa MOLTHOCTEM Ha ydyacTke AB:

2R< U )2—2R< 3U )
°\2R,+ R,/ ~ 3 °\2R, + 3R,

Pemenuem sToro YPaBHCHUSA ABJISICTCA

2

2
R, = ERO ~ 46,2 OM

5. Tpu oauHaKoBbIX Opycka, KaAbIi Maccod m, CBSI3aHHBIX MEXIy CO00H HEBECOMBIMH
HEpacTSLKUMBIMM HUTSIMHU, JBHKYTCS [0 TOPU30HTAJIbHOM IMOBEPXHOCTHU MOJ JCHCTBUEM CHIIBI,
MPUIIOKEHHON K TIEpBOMY OpYCKY M HAaIlpaBJICHHOM BBEpX IO YINIOM ¢ K TOpu3oHTY. Haiimute oty
CUILY, €CTIU CUJIa HaTsDKEHUS HUTH MEXKIY MEepPBBIM U BTOPBIM Opyckamu 7, a KOOPPUIIMEHT TpeHUS
OpYCKOB O MOBEPXHOCTb U.

Pewenue:
3anuiueM ypaBHEHMs TMHAMUKHU JBU)KEHHUS Ul TPETHETO, BTOPOTO U IIEPBOTO TEI:
T'—umg = ma
T—T —umg =ma
Fcosa —T — u(mg — Fsina) = ma
Pemras sty cucreMy ypaBHEHUH OTHOCHTEIBHO F, IOTYyYUM
3T
F= ,
cosa + usina

6. Monotr Maccoif 2 T majzaeT ¢ BBICOTHI | M Ha MeTaJuIMuecKyko OojiBaHKY Maccoi 2 kr. B
pesynbTare ynapa remneparypa 6onsanku BozpactaeT Ha 25 ‘C. Cuutas, 4To Ha HarpeBaHue 00JIBAaHKU
unet 50 % Bceil BBIACTUBILEHCS SHEPTHH, HAMIUTE YAETbHYIO TEIIIOEMKOCTh MaTepraia O0JIBaHKU.

Pewenue:

ypaBHCHI/IC TEIIOBOro OajlaHca 6y,I[CT UMCTHb BUI!:



nMgh = cmAt

Y,Z[eJ'IBHaH TEIINIOEMKOCTb MaTr€puajia OOJIBAHKH PaCCUUTBIBACTCA KaK

nMgh Tk
=—— =200 ——
¢ mAt Kr - °C

7. HpOTOH ABUIXKETCA M3 COCTOSAHHUSA IIOKOA B OJHOPOAHOM JJICKTPHYECKOM IIOJIE M ITPOXOAUT

IIPOMEKYTOK C Pa3HOCTBIO moTennuanos 10* B. 3areM oH BieTaeT B MArHUTHOE TOJIE C HHAYKIHEH 1

Tn nepneHAUKYISpHO CWIOBBIM JUHUSAM. OmpeneiauTe paanyc KpUBH3HBI TPAEKTOPUU MPOTOHA.

Macca nporona passa 1,6-1027 xr, 3aps npotona pasen 1,6-107° Ko

Pewenue:

B snexTpuueckom mose NpoToH Npuodpes CKOpoCTh

Ilo 2 3akony HeroToHa

2eU
V= |—
m
_mV_ 2mU 14
~eB e ~ M

8. B 3akpmITOil ¢ IByX CTOPOH BEPTHKAJIBHO PACIOJIOKEHHON LMIMHAPHUYECKON MPO3pavyHOil

Ah

v

r—=—°=-1

TpyOke maccoit M =20 r u niauHON L =2 M Ha JIHE CUJIUT MyXa Maccoi
m = 1 . B HEKOTOpbIi MOMEHT BpPEMEHU OHa B3JIETAET BBEPX CO
ckopocTbto Vp = 10 M/c U OAHOBpEMEHHO TpyOKa HAauMHAET MajaTh.
HemnonpmxHeiii HaOMronaTeNb 3aMedyaeT BpeMs, 3a KOTOpOE Myxa
JOJETUT J10 "moTosika" TpyOKu. 3a 3T0 BpeMst TpyOKa IpoJieTaeT Kakoe-
TO paccrosHue. Ha CKonbKO OTIMYaeTcs pacCTOSHUE, NPOUJIEHHOE
TpYOKO#i 3a TO K€ BpeMsl, IPH YCIOBUH, UTO MyXa OCTAeTCs CUJIETh Ha
"nony" TpyOku?

Pewenue.

ITycte Bpems monera myxu T. IIpu B3nere Myxu co ckopocThio Vo
TpyOKa MNpHOOpeTaeT CKOpOCTb, HAMPABICHHYIO BHHM3 M pPaBHYIO

m

—V

v .. (1)

Omp:M

"TTon" TpyOKH 3a Bpemsl MoJIeTa MPOUIeT pacCTOSHUE



gr’

H=V, +—. 2
5 2

Omp

[TepemenieHust OTHOCUTENIBHO HETIOBUKHOTO HAOIIOIATENs 32 BpEMsI T MyXH U "'OToNKA" TPYyOKH

CBsA3aHbl COOTHOILICHHUEM

Vir+H=L.

W3 5TUX BBIPAKEHUH CIEAYET, 4TO

2

m m
V2 1+— | +2gL -V |1+ —
0 M g 0 M

T =
YuuThIBas, 4TO ¢ MyXOH, cusmieit Ha "mony" TpyOKH, pacCcTosiHUE, MPOoiieHHOe "ToJIoM" paBHO
2
r 917
H' = -
MOJIyYUM

H-H = Ah =Vomrz8,8 CM.
M

9. MmeroTcs ABe MOPUMU BOABI OJMHAKOBOM Macchl, Haxozsmuecs mnpu temmeparype 0 °C.

HepBYIO IMOPHHI0O HarpeBaroT, 3arpadyrBas IPHU 3TOM KOJIUYECTBO TEIIJIOTHI Q1. Ecmu 3aMOpPO3UTH

BTOPYIO IIOPLIMIO, YTOOBI OHA TOJHOCTBIO MPEBPATHIIACh B JIE, TO OHA BBIACIHT B 2,7 pa3a Ooibliee

KOJIMYECTBO TETUIOTHI (J>. OmpenenuTe, Ha CKOJIBLKO IpaaycoB Af HarpeBaeTcs IMepBasi MOPILUs BOIBI

IIPU COOOIIEHNHN €l KOIMYEeCTBa TEIIOTHI (2.

Pewenue:.

Q1 = CAt, rae ¢ —TermioéMKOCTh BOJIBI.
Q2 =Am, rae A — ynenpHas TEIUIOTA TJIABJICHUS JIb/IA.

Torna

A
At =—=30°C

Omeem: At = 30 °C



I :| 10. Haiigute cmily TOKa, TEKyHIEro depes

R R R CONPOTUBIIEHUE 7, €CIM BCE OCTaJIbHBIC
_l |'__| l_..._| |_ COTNIPOTHUBJICHUSI PaBHBI R, a HANpsHKEHUE PaBHO
U.
5] e
Pewenue:
T .
! R
CUMMETPUYHOTO

MOCTa, B JHMaroHallb KOTOPOTO BKJIIOUEH PE3UCTOpP C CONPOTHUBICHHEM I
(cm. puc). IToaTomy TOK Yepe3 3TOT pe3UCTOp PaBeH HYIIO.

Bapuant 3
1. Temo OpomeHO C HEKOTOPOW HAYabHOW CKOPOCTBEO TIOJ YIVIOM K TOPHU3OHTY.
[TpomomkuTenbHOCTD ToJieTa ¢ = 2 ¢. Haliiure HanOoIbIyto BBICOTY MOIBEMa 3TOTO TelIa.
Pewenue:

IToner mo HauOOJIbIIEH BBICOTHI noabeMa MnpoAOJDKACTCA ITOJIOBHMHY BCEro0 BPEMCHH I10JICTA,
3HA4YUT

h=g/8=49 wm.

2. B cucreme 0OJIOKOB Ha HepaCTH)KHMOﬁ HUTHU TIOABCIICHBI

/ / / / / / / rpy3sl Mmaccamu mi1 = 1,8 kr u mz =2,8 xr. Haiinute yckopeHue ai

rpy3a mMaccoi mi. Maccoii 6JI0KOB M HUTH U TPEHUEM B OCSIX OJIOKOB
npeHedpeyb.

Pewenue:

3anuimem YpaBHCHHA JUHAMUKHU IBUKCHHUA I'PY30B:

m]_ mia; =T, —myg

—mya, =T, —m,g
m2 TZ - 2T1
a1 = 2a2

HaxonuMm yckopeHue ai rpysa Maccoi mi:



—> 2my —m,
a, = 94m1

3. TpebOyercst mpuroToBUTH BaHHY 00bEMOM 100 J1, cMeIuBas 1B MOPIMH BOABI TEMIIEpaTypaMu
70°C 1 20 C, uro6s! nonyuunack remneparypa 60 ‘C. Ckonbko (B IUTpax) HEOOXOIUMO B3STh TOpsSUCH
BOJBI U CKOJILKO XOJIOAHO?

Pewenue:

O0603Ha4MM MapaMeTphbl, XapaKTEPU3YIOLIUE TOPSIUYIO BOJY UHJEKCOM 1, a XOJIOAHYIO — UHJIEKCOM
2. YpaBHEHHE TEIUIOBOTO OajaHca MOKET OBITh B HAIIIEM CITydae 3alicaHo Kak:
Vi(ty —60) =V =V1)(0 —t,)
Haiinem Vi:
0—t,
Vi=V——=80nx
t, — &3

Omeem. o0beM ropstueii Boabl 80 11, xomoaHoM — 20 1.

R
2 .
= — 4. B cxeme, noka3anHoi Ha pucyHke, R1=3 Om, R;=2 Om u R3=4 Om.
-‘EI-‘ | Ha pesucrope Ri Bbiaemsercst mommuocts 27 Br. Ompenenute, Kakas
R 3] MOIIHOCTb BBIAENSETCA HA pe3ucTope Ro.

Pewenue:

Hamnpsbxkenue Ha mepBoM pe3ncTOpe paBHO

U, = \/m
OTHolIEHNE HANIPSHKEHNUH Ha TIEPBOM U BTOPOM PE3UCTOPaxX paBHO
U, R,R,
Uy~ Ry(R, +Rs)
MoIHOCTh Ha BTOPOM PE3UCTOPE paBHA
P,R,R?
PZ - Rl(};Z i ;3)2 - 8 BT

5. He6onb1ioit kaMeHb, OpOIIEHHBINH ¢ POBHOM FOPU30HTAILHON MOBEPXHOCTH 3E€MIIU MO YITIOM
K TOPU30HTY, ynai o0paTHo Ha 3emJto uepe3 2 ¢ B 20 M oT MecTa Opocka. UeMy paBHa MUHUMAaJIbHAS
CKOpPOCTb KaMHsI 3a BpeMs oJIéTa?

Pewenue:



MuHuManbHass CKOPOCTh JOCTUIaeTCs B BEpXHEH TOYKe Tpackropuu. Ha BceM mnpoTskeHuun
[I0JIETa OHA paBHAa TOPU3OHTAJIBHOW NPOEKUHMH CKOPOCTH, a 3HAUUT, paBHA OTHOILIEHUIO
TOPU30HTAIILHOW JTATBHOCTH KO BPEMEHH I0JIeTa, T.¢., 10 m/c.

6. Moot mMaccoit 2 T majgaeT Ha METALIMYECKYI0 OOJBaHKY mMaccod 2 Kr. B pesynwrare ymapa
Temneparypa 6onBanku Bo3pactaeT Ha 25 C. Cuuras, 4To Ha HarpeBanue 6onaBaHku UAET 50 % Bceit
BbIJICTIUBIICHCS SHEPTUU, HAWTUTE CKOPOCTh MOJIOTA HEMOCPEICTBEHHO IMepell yIapoM O OOJBaHKY.

VYnenwHas TermoeMkocTh Marepuaia 6onsanku 200 [x/(kr-°C).
Pewenue:

YPaBHeHI/Ie TEMI0BOro OajlaHca B HallleM cl1yd4ac UMECT B/

MV?  emAt
n 5= cm
CKOpOCTh MOJIOTa paBHA
_ 2cmAt 447
= y ~ 4,47 Mm/c

7. DNEeKTpOH BIETaeT B 0O0JACTh MPOCTPAHCTBA C OJHOPOAHBIM DJICKTPUYECKUM TIOJIEM C
HaMpPsSOKEHHOCThI0 E TEPNeHAMKYISIPHO CHJIOBBIM JUHUAM. Ompefenute 3HauYeHue WHIYKIUU
MarHuTHOTO TOJIsi B, KOTOpoe HeoOXOIMMO CO37aTh B 9TOM 00JacTH Ui TOTO, YTOOBI DIEKTPOH
MIPOJIETEN €€ HE UCIIBIThIBAs OTKJIOHEHHUS. DHEPTHs dJIeKTpoHa W.

Pewenue:

I[J'IH IpoJIcTa 0e3 OTKJIIOHEHHS MOAYJIHA COCTABJIAIOMINX CHIIbL HopeHua JOJIDKHBI OBITh PpaBHBI

MEXy COOOH, T.e.

ek =elB
YuurteiBas, 94To
2W
V= |[—,
m
MOJTYyYUM
m
B=E |—



A 8. U3 BepxHell TOYKM OKPYKXHOCTH A OJHOBPEMEHHO HaYMHAIOT
JIBUTATHCS IBE OMHAKOBbIe OycrHKH. O1Ha OyCHHKA MMaaeT BAOJb TUaMeTpa
o AD, npyras ckoibp3uT 1o abCoiOTHO mankod xopnae AB, cocraBisromieit
yron 0=30" ¢ Beprukansio. Haiifute oTHOLIEHHE BpeMEHH, 32 KOTOPOE O[HA
OycHHKa JOCTUTHET TOYKM D, KO BpeMeHH, 3a KOTOpoe Apyras OyCHHKa
B JOCTUTHET TOUKH B.

Pewenue:

D
ITycte nuametp okpykHocTH paBeH D. Torna Bpems nBuxenus 1o nuamerpy AD paBHO

. 2D
ol
Bpewms nBuxenus no xopae AB paBHO
2D cosa
t,= |———=t
gcosa

9. CxompKo (B mUTpax) HepTH HEOOXOAUMO CKEUb HA TCTUIOBOM IEKTPUUYCCKON CTAHIIUHU, YTOOBI
0 TeJIEBU30py MOIIHOCTHIO 250 BT BO3MOXKHO ObLJI0 GBI TOCMOTPETH (PUIIBM MPOAOTKUTEIHHOCTHIO
1,5 u? KI1JI anexrpocranuuu 35%. IlnotHocts HedTH npusTh paBHOi 800 Kr/M>, ynenbHyIo TemnoTy
cropanus — 41 MJx/kr.

Pewenue:
YpaBHeHMe Ter10BOro OanaHca il Hallel 3a/1a4u UMEeT BU/L;
Pt =npVr

Ortcroma

Pt
V=—x12-10"*mM3=0,121n
npr

10. 13 xoHaeHcaropa HW3BIEKAIOT IUAIEKTPUUECKYIO IUIACTHHY, IOJHOCTBIO 3alOJIHSBIIYIO
IPOCTPAHCTBO MEXAy ero oOkmaakamu. Onpenenure IUAIEKTPUYECKYI0 MPOHUIAEMOCTh

AUDJICKTPHKA, €CJIN CMKOCTh KOHACHCATOPA U3MCHUJIACh HA BCIIMUUHY AC, a KOHCYHas1 EMKOCTh CTajia
C.

Pewenue:
Havanbnas emkocTh KOHJIeHCaTopa paBHa £C, a C yU€TOM €€ U3MEHEHUs, TOJIYYUM:

eC=C+AC



3Ha4eHHE JUAJIEKTPUUECKON MPOHULIAEMOCTH

_14+
TR
Bapuanr 4

1. Teno GpomieHo ropu3zoHTaIBHO. Yepes Bpems ¢ = 0,5 ¢ mociie Opocka yroy MeKIy CKOPOCTBIO
1 yckopenueM crai 3 = 60°. Onpeaenutb CKOpocTh V Tena B 3TOT MOMEHT. CONpOTHUBIICHHEM BO3AyXa
npeHeopeyb.

Pewenue:

rOpHSOHTaHLHaH MPOCKIMS CKOPOCTH HE M3MEHMJIIACh, BEpTUKAIbHAs CTaja paBHA gf, T.C.

Vcosa =gt
t
V= g =2,5Mm/c
cosa

2. B cucreme 610K0B Ha HEPACTSHKMMOW HUTH MOABELICHBI TPy3bl MaccaMu mi = 1,8 kr u mx=2,8

/ / / / / / / kr. Haiiure yckopenue a» rpy3a Maccoii m». Maccoii GJI0KOB ¥ HUTH

U TPEHUEM B OCSIX OJIOKOB IIpeHEOpeyb.

Pewenue:
3anuiieM ypaBHEHUS TUHAMUKHU JBUKEHUS TPY30B:

mia; =T, —myg

ml —mya,; =T, —myg
T, = 2T,
m- B
a, = 2a,

Haxonum yckopenue az rpysza Maccou ma:
2my —m,
az = P EE—
g 4m,; +m,

3. B Bomy maccoii 1 kr mpu 20 ‘C 6pocunm koMmok MOKporo cHera Maccoit 250 r. Beck cHer pacrasii,
Temrneparypa crana pasHoit 5 ‘C. OnpenennTte KOTUYECTBO BEIIECTBA BOABI B KOMKE CHETa. YeIbHas
TeruioTa riasieHus cHera 334 k/x/kr, ynenbHas Tem0eMKOCTh BoJbl MpUHATH 4200 Jx/(kxr-K).

Pewenue:

YpaBHeHHE TEIIOBOTO OajaHca:



csmy(t; — 60) = meA +mycy (0 —ty)
KonudecTBo BelecTBa BOIbI B KOMKE CHETa

_ mAd—c;my(t; — 0)
- .U(/1 —c(0 — tz))

Ve ~ 3,6 MOJIb

4. B cxeme, nokazaHHoi Ha pucyHke, R1=3 OM, R,=2 Om u R3 =4 Om. R —
Ha pesuctope R Bwimensiercs MomHocth 27 Bt Omnpenenurte, kakas G

MOINHOCTD BBIACIIACTCA Ha PE3UCTOPE R3. D ‘

Pewenue:

HanpspkeHue Ha mepBoM pe3ucTope paBHO

U, = \/P1R1

OTHollIeHNE HANIPSHKEHUI Ha IIEPBOM U TPETHEM PE3UCTOPaX PaBHO
Us RaR3
Up  Ri(Ry+R3)

MoIHOCTh Ha TPEThEM PE3UCTOPE paBHA

PiR3R}

Py=—232 __4p
> Ri(R; + R3)? !

5. MOTOLMKIIUCT IBUKETCS 110 BEPTUKAIBHON [IMJIMHAPUIECKON CTEHE, paanyc KoTopoi 7 = 10 M.
Koaddunuent TpeHust Mex1y CTEHOM 1 KolecaMu MOTOLMKIIA TIONEpeK ABMKEHHsI KoJleca paBeH | =
0,25. Halinute HAMMEHBILIYIO TOMYCTUMYIO CKOPOCTb JIBHYKEHUS MOTOLIMKIIMCTA, IIPU KOTOPOH OH HE
COCKOJIB3HET BHU3 I10 CTEHE.

Pewenue:

IIpy nBUKEHMM MOTOLMKIIMCTA IO BEPTUKAIBHOW CTEHE OH YAEP>KMBAECTCSA OT COCKAJIb3bIBAHMS
CUJIOW TpPEeHMs, HAIIpaBICHHOW BBEpX. MUHMMaIbHOE 3HAYEHHUE 3TOM CHJIBI IPONIOPLUOHAIBHO CHIIE
HOPMAJIBHOTO JABJICHHUA CO CTOPOHBI CTEHBI Ha MOTOLMKIIMCTA, KOTOPAas B CBOIO OYEpEedb CO3AAET
HOPMaJIbHOE YCKOPEHHE B INTOCKOCTH, IEPIIEHAUKYIIPHON OCU HUIIMHAPUYECKOH cTeHBI. [0 BropoMy
3akoHy HproTOHA

puN =mg
mV?
N =
T

Otkyna



r
V= g—=20M/C
U

6. Kakyro cpeHI0r0 MOIITHOCTh Pa3BUBAET ABUTATENIb MOTOIIUKIIA, €CITU TIPU CKOPOCTH JIBHIKEHUS
90 km/4 pacxox 6ensuna coctanisiet 4 1 Ha 100 kM mytu, a KI1J[ nBurarens 25 %? YaenbHYIO TEIUIOTY
cropanus 6eH3MHa MPUHATH 44 MJIX/KT, IIOTHOCT GeH3uHa — 750 kr/m>.

Pewenue:
MoIIHOCTb JBUTATEIIS ONPEACIIACTCS KaK

_pdqV _ 750-0,004 - 44 - 10° - 25

— 33 kB
_ 0,25 - 105 BT

N

7. DNeKTPOH BIETAaeT B 00JaCTh MPOCTPAHCTBA, B KOTOPOM CO3aHbI OJHOPOAHBIE TIEKTPHUUECKOE
U MarHuTHoe 1ojsi. CKOpPOCTh JJIEKTPOHA HANpaBlIeHA MEPIEHIUKYISIPHO CHUJIOBBIM JIMHUAM
JNIEKTPUYECKOr0 IOJisl. 3HAU€HWE HWHAYKUMM MarHuTHoro mnois B. Omnpegenutre 3HaueHUE
HANPSHKEHHOCTU E  DJEKTPUYECKOTO TOJsl, KOTOPO€ CO3/aHO B 3TOW 001acTH, €CIHU 3JIEKTPOH
mpoJsieTaeT 00IacTh, HE HCIIBITHIBAST OTKJIIOHCHWMSI. DHEPTHsI IeKTpoHa W.

Pewenue:

s nponera 6€3 OTKIOHEHUS MOIYIM COCTaBISIIOUIMX Cuibl JIOpeHIa JOMKHBI ObITh paBHbI

MEXly cCOOOH, T.€.

ek =elB
YuuteiBasd, 4To
2W
V= |[—,
m
MOTYyYUM
2w
E=B |—
m

8. Teno Gpocwmiin Mo YIJIOM (@ K TOPU30HTY CO CKOPOCTBIO Vo. 3a Kakoe BpeMsi BEKTOp CKOPOCTH

MOBEPHETCS Ha yromi ¢/2?
Pewienue:

BeprukanbHasi MpoeKIys CKOPOCTH PACCUUTHIBAETCS KaK



Vo sin% =Vysing — gt

Bpewms nBuxenus

t = %sin%(Z cos%— 1)

9. Ha obnapyxennoit B Kocmoce miuaHere yckopeHUe CBOOOTHOTO MajeHus B 5 pa3 OoJbIie, 4eM
Ha 3emiie. KocMOHABTHI, BRICAIMBIIIMECS HA STOM IUIAHETE, MOCTPOMIIN JJISl HYXK/I HAyYHOH CTaHLIUU
TUAPO3JIEKTPOCTAHIUIO, Ul YEr0 BO3BENU IUIOTUHY BbIcOTOM 100 M. OueHute, KaKyr0 MOLIHOCTb
MOJKET pa3BUBaTh TaKasl IJIOTUHA, €CIIM 0Ka3aJ10Ch, YTO B BOJIOXPAHUIIUIIIE /10 IIJIOTUHBI U Y TIOAHOXKHUS
IUIOTHHBI TeMIleparypa Bojbl ominyaetcs Ha 1 °C, a execeKyHIHO Yepe3 IUIOTUHY IPOXOJIUT 2 TOHHBI
BO/IBI.

Pewenue:

HOTGHIII/IaJH)Haﬂ OHEPIrUd BOAbI NICPEXOAUT B IMOJIC3HYIO pa60Ty N 4aCTUYHO TCPACTCA B BU/C
TCIIJIOTHI. BI)Ipa?;I/IM IMMOJIC3HYIO MOIITHOCTb:

m m
?gh - C?At = 1,6 MBT

R 7 R 10. Ilemmp coOpaHa W3 OIMHAKOBBIX
— ] ] pe3ucTopoB H  BOJbTMETpOB. [lepBblit

BOJIETMETp INoka3biBaeT U = 4 B, a Tpetuii

@ @ @ Us= 2 B. KakoBo moka3aHue BTOpPOTO

BOJIETMETpa? BryTpenHnm
COTIPOTHBIIEHUEM UCTOYHHUKA MPEHEOpeyb.

Pewenue:

[Tokazanus BOJIBTMCTPOB HCOAMHAKOBBIC, a4 3HAYUT, BOJIBTMETPBI HCUJICAJILHBIC. HpOHyMepyeM
PE3UCTOPHI CJIEBA HAIIPABO, IMOKAXEM TOKHU YCPE3 PE3UCTOPLI HITPHUXOBAHHBIMH 0003HAYCHUSIMH.
3amnuIneM COOTHOIICHUS MCKAY TOKaMH U HAIIPAKCHUAMU B LCIIN:

Us = 3R,
Uz = U3 +I3R
U1 = UZ +12R

L=I+->
v
11 = 12 +_1

Torma



—Us + U3 +4U; (U; — U3)
UZ = 2 =

3B

Bapuanr 5

1. Kamenp OpoIieH ¢ BBINIKK ¢ HAaYaJIbHOW CKOPOCTBHIO, HAIPaBICHHOW Topu3oHTanbHO. Korma
KaMeHb OIyCTHJICS IO BepTUKaIu Ha # = 20 M, €ro CKOpOCTh OKa3aJlaCh HANpaBICHHOHN MO yIJIOM
o =60° x ropusoHTy. Omnpenenure HayaldbHYI0 CKOpOCTh KamHs. COINpOTHUBIEHUEM BO3ayXa
peHeOpeyb.

Pewenue:

FOpI/I?;OHTaJII)Ha?I IMPOCKIHUA CKOPOCTHU HEC USMCHUJIACh, BCPTUKAJIbHAA CTAaJla paBHA

V, =./2gh

rOpHSOHTaHBHaH IMPOCKIHA paBHA

V =V, ctga = /2ghctga = 11,5Mm/c

/ / / / / / 2. B cucteme 6510KOB Ha HEPACTSKUMOW HUTHU MOJBEIICHBI TPY3bl
/ mMaccamu m1 = 1,8 Kr u mz=2,8 KI. cuily HatskeHus T HuTu. Maccoit

OJIOKOB ¥l HUTH U TPEHUEM B OCSX OJIOKOB IMPEHEOPEYb.

Pewenue:

3anuiemM YpaBHCHUA TUHAMUKHU OBUKCHHA I'PY30B:

ml mia; =T, —myg
—mya,; =T, —myg
m, T, = 2T,
a1 = 2(12

Haxoaum cuity HaTsbKeHUs] HUTH:
3mim,g
4m, + my,

3. CranpHoii map, nagas cBOOOIHO, TOCTUT CKOPOCTH 41 M/C U, yTapUBIIHCH O 3eMJII0, TOACKOYHII
Ha BbIcOTy 1,6 M. Ompenenure M3MEHEHUE TeMIEpaTypsl wapa npu ygape. CuumTaiTe, 4Tro IpU
CONPUKOCHOBEHUH C MIOBEPXHOCTHIO 3€MJIM BHYTPEHHSISI SHEPTUsl U3MEHSAETCS TOJIBKO Yy 11apa.

Pewenue:



3anuireM COOTHOIICHHUE MCXKIAY OHCPrusasMHM B Ha4YaJlbHOM, MNPOMCKYTOUYHOM H KOHCYHOM

TIOJIOXKCHUY 11apa:

mV?

= mgh + cmAt

Otkyna

V? —gh
At:—gz1,7°c
2c

4. B cxeme, nokazaHHoi Ha pucyHke, R1=3 OM, R2=2 Om u R3 =4 Om.
R, - Ha pesucrope R> Bblmensiercss MomHocTh 27 BT Omnpenenute, kakas
g R, " mommocTs BhIIENAETCS HA pe3ucTope Rs.

Pewenue:

Ha pesucropax R> 1 R3 0OJJMHAKOBOE HANPSHKEHUE, a 3HAYUT, BBIJCISIOMINECS MOITHOCTH Ha HUX
00paTHO MPOMOPIHMOHATBHBI COMPOTUBICHUSAM, T.€., MOIIHOCTb, BBIACNSIONIASCS HA pe3ucTtope K3
paBna 13,5 Bt

5. Mainpuuk Tyt ¢ cobakoi. OH OpoCHIT MSIYMK O] YIIIOM K Topu3oHTy. Cobaka moOexana 3a
MSYOM CO CKOPOCTBIO B JIBa pa3a MEHBIICH, YeM HadalbHas CKOpOCcTh Ms4a. [Ipu kxakom yrie
Opocanus cobaka MoiMaeT MSIUMK B MOMEHT €ro MaJeHUs Ha 3eMJII0?

Pewenue:

I[J'ISI TOT'O LIT06]>I CO6aKa N MJYHUK OKa3aJIHuChb B 0I[HOI>1 TOYKCE, Co6a1<a JOJI’)KHa 6e)KaTL CcO
CKOpOCTbIO V, paBHOﬁ FOpHBOHTaHLHOﬁ COCTaBJ'I}IIOH_[eﬁ CKOpOCTI/I Mda4a U. OTCI—OI[a cnenyeT, qTo
V=ucosa =u/l2=ucosa =cosa=0,5

Omeem: o = /3.

6. Ha 3umHeit nopore npu remneparype ciera Munyc 10 °C aBroMmoOuitb B TeueHue 1 MUH OyKCyeT,
pasBuBas moiHOCTh 12 kBT. Kakoit 00bem BozbI 00pa3zyeTcst npu OyKCHPOBaHUHM aBTOMOOWIIS, €CJIH
CUMTaTh, YTO BCSI YHEPIHsl, BBIACIUBIIASACS MPU OYKCHUPOBAHMUU, WJET HA HArpeBaHUE U IJIABJICHUE
cHera? VYnenbHas TerioeMKocTh jbaa ¢ = 2100 Jx/(xr-°C), ynenpHas TeIioTa IJIABICHUS JIbAa
A =133-10* JIx/kr.

Pewenue:

CornacHo 3aKOHY COXpaHEHUS JHEPTUH UMEEM:

A=01+ 0>, tneA=N-t

Q1 =cm (tan - t1)



Q2=Am

N-t=cm (tus - t1) + Am

m=N-t/(c (tua-t1) +A)

m = 12000- 60 / (2100 - (0 + 10) + 330000); m = 2,05 xr, ©ckOMBbIi1 00beM 2,05 1.

7. 3a Bpemsa 40 ¢ B 1eNu, COCTOAIICH M3 TPEX OJUHAKOBBIX IMPOBOJHMKOB, COEIUHEHHBIX
napajuieJIbHO ¥ BKJIIFOUEHHBIX B CETh, BBIJCIHIOCH HEKOTOPOE KOJUYESCTBO TEIUIOTHI. 3a KaKOe BpeMs
BBIJICJIUTCS TAKOE KE KOJUYECTBO TEIUIOTHI, €CIIU TPOBOAHUKUA COSAMHUTH MOCIIE0BATEIbHO?

Pewenue:

HpI/IpaBHﬂeM KOJIN4YECTBA TCIIJIOTHI, BBIACIMUBIIHNECSA B HepBOf/’I n BTOpOfI LIy, UCIIO0JIb3ys 3aKOH
Jxoynsa-Jlenua:
3U% U?

—At;=—A
g At =3phhk

Ortcrona cienyer, 4To

At, = 9At; = 360 ¢

8. IMonoxurenbHO 3apsHKEHHBIN MIAPUK Maccoil m = 1 T mojBeleH Ha
HUTH JAMMHOM L= 1M M paBHOMEpPHO MABIKETCS IO OKPYKHOCTH B

OJHOPOJJHOM MarHMTHOM Iojie ¢ MHAyKuued B (cM. pucyHok). 3apsng
mapuka q = 1 MKi. Hute oOpasyer ¢ Beptukanbio yroa o = 60°. Haiinure
YIJIOBYIO CKOPOCTb PABHOMEPHOI'O 0OpaIleH!s apUKa 10 OKPYKHOCTH.

Pewenue

—

ITocne pacCTaHOBKU CHUII (CI/IJ'IBI HaTsKCHUA FH, CHJIBI TSOKCCTH

—mg, cuibl Jlopenia E) CM. PUCYHOK, Moxyinb Fr=qvB

Hanumem YpaBHCHHUEC BpallaTCJIbHOIO JABUKCHHA TCJIa MACChI

may. =Fysina — qvB

OueBUHO, UTO FyCOSO = Mg M dye = ®°r
TOTga ypaBHeHI/Ie BpaH_[aTeHI)HOFO IBUXKCHUA TECJIa HpI/IMeT BHU.

mo’r=mgtgo — qorB. YuursBas, uto r= L sin o okoHYaTeqbHO HONTYyYyuM m o> L coso +
gqoLcosa B + mg =0.



—gBLcosa + +/q2 B2 L2 cos2a +m2gL cosa

OtBeT: W = =
2mL cosa
4B 14 12 ™9 ) C s e
2m q?% B2 L cosa > pal

9. Beinykiibiii MoCT napabonaudeckoit popMbI CBSI3bIBAET J1Ba Oepera peku mmpuHoi d = 500 m.
KakoB pannyc KpUBU3HBI MOCTa B €r0 BEpXHEH TOYKE, €CIM MaKCHUMAaJbHO JOIMYCTUMAasi CKOPOCTh
JIBIDKEHUSI aBTOMOOWJISI B BEpXHEH Touke MocTa coctarisieT 60 km/gac? Kakoe HauMeHbIiee Bpems
noTpedyeTcss aBTOMOOMITIO, YTOOBI Iepeexarh peKy? BepxHsis Touka MOCTa HAXOAUTCS HA PACCTOSTHUH
d/2 ot Gepera (110 TOpU30HTaIH). BBE31 HA MOCT OCYIIECTBIISIETCSI HA YPOBHE BOJIBI B PEKE.

Pewenue:

Ecnmu aBTOMOOWIIb JBHKETCS 1O MapabOIMYECKOMY MOCTY C MAaKCHMaJIbHO BO3MOXHOM
CKOPOCTBIO, TO OH HE OKa3bIBAET JaBJICHUS HAa MOCT (He OyzeM paccMaTpuBaTh IpoOIeMbl, CBI3aHHbIE
C YIpaBisieMOCThIO0 aBTOMOOMIISA). Ero BHXKeHHe S5KBUBAJIEHTHO JBH)KEHUIO Tella, OpPOIICHHOIO MOJ

VIJIOM K TOPHU30HTY. 3HAYUT, TOPU3OHTAIbHAS MPOEKIUS €ro CKOPOCTU Bcerma paBHa 60 km/gac.
2
Pannyc kpuBU3HBI MOCTa B BEpXHEN TOUKE pAaCCUUTHIBAETCS Kak R = — ~ 27,8 M. Bpems nBuxenus

g

1o mocty coctasiser 30 c.

10. Ilenp coOpaHa #3 OAMHAKOBBIX

3 i B pE3UCTOPOB U BOJBTMETPOB.  IlepBblil
BOJIETMETp INoKasbiBaeT U; = 4 B, a Bropoi
_ U,= 2 B. KakoBo mnoka3aHue TpeTbEro
BOJIbTMETpa? BHYTpEHHUM CONPOTHUBICHUEM
. HCTOYHMKA NpeHeOpeyb.
Pewenue:

[Tokazanus BOJIBTMETPOB HCOAWHAKOBBIC, a4 3HAYUT, BOJIBTMETPBI HCUJICAJILHBIC. HpOHyMepyeM
PE3UCTOPHI CJIEBA HAIIPABO, IMOKAXEM TOKHU YCPE3 PC3UCTOPLI HITPHUXOBAHHBIMH 0003HAYCHUSIMH.
3anuIneM COOTHOIICHUS MCKAY TOKaMH U HAIIPAKCHUAMU B LCIIN:

Us = 3R,
UZ == U3 + I3R
U1 = UZ + IzR

L =1 +U2
2 — 13 R

4



L =1 +U1
1 — 12 R

v

Torma
U, — Uy ++ (U, —Uy)? + 4U2
U3: 2 1 \/(22 1) 2§1,24B
Bapuanr 6

1. Crpena mymieHa ¢ pOBHOW TOPU3OHTAJIBHON IMOBEPXHOCTH 3€MIIH IIOJI YIJIOM K TOPU3OHTY.
KakoBa 1anpHOCTB mosieTa cTpessl, eciu uepes ¢ = 0,5 ¢ mocie mycka ee CKOpocTh Oblila HanpaBJieHa
ropu30oHTaNbHO U paBHa V= 20 m/c? ConpoTHBIEHUEM BO3IyXa MPEeHEOPEUb.

Pewenue:

Ha BceM npoTsikeHnu nosera ropu30HTAIBHAS IPOEKLUS CKOPOCTH MOCTOsIHHA. TouKa, B KOTOPOH
CKOpPOCTb HaIIpaBJICHA T'OPU30HTAJIbHO, SBJISETCS BBICHIEH TOYKOM TPACKTOPUU M HAXOAMTCS Ha
IOJIOBUHE JalbHOCTH MoiyieTa. Bpems mosiera BiBoe Oojibllleé BPEMEHHU JOCTH)KEHHUS 3TOM TOYKH.
HanbHOoCTh TIONIETa paBHa 20 M.

2. Hebosbiioe Teno mMaccoi m CKOJB3UT 10 BOTHYTOH Cepudeckoil MOBEpXHOCTH paaunyca R.
Haiinure cwity TpeHus, KOTopas AEUCTBYET Ha 3TO TEJIO B HWKHEW TOYKE ITOBEPXHOCTH, €CIIH €TI0
CKOpOCTb B HEH paBHA V, a KOYPPUIIMEHT TPEHUSI MEXKAY TEJIOM U MOBEPXHOCTHIO PABEH /L.

Pewenue:

Cuna TpeHusi B COOTBETCTBHU ¢ ypaBHeHUEeM KyrnoHa-AMOHTOHa paBHa

Fyr = pN,
rae N — cuiia HOpMaJIbHOU peakuuu onopsl. [1o BropoMy 3akony Herorona
V2
mf =N—mg
Torma
V2
Fpp = pum| g + R

3. Temnieparypa cocyna ¢ Bozoi #o = 30 °C. B cocyn HanuBaroT KpyKKy BOJbI IIPH TEMIEpAType ¢
= 100 °C. Ilpu sTtoM Temmeparypa BoAbl B cocynae nossicuiack 1o 1 =40 °C. Kakoil craHer
TeMIlepaTypa BOJbI 72, €CJIM B COCYH HAJUTh €llle OJHY KPYXKYy Boabl npu Temmeparype 100 °C?
TennoeMKoCTbIO cocyna mpeHeOpeyb.

Pewenue:



3anuiemM ypaBHEHHE TEIUIOBOrO 0ajaHca s IEPBOrO CIydast:
C(6; —ty) = Cy(t —67)

3necy C — TemnoeMKocTh BoAbl, Cp — TEMJIOEMKOCTh BOABI B KPYKKe, 01 — yCTaHOBHBIIASCS
TeMIieparypa.

Bo BropoMm cityuae ypaBHEHHE TEIUIOBOTO OanaHca UMeeT BHUI:
Co(t — 8;) = C(8, — 6,) + C,(6; — 61)

3neck 02 — HCKOMas yCTaHOBHBIIIASCS TEMIIEpATypa.

Pemmast cucteMy mojydyeHHBIX YpaBHEHUN HalaeM 0;:

60,2t — t) — tot
27 g +t-2t

~ 47,5°C

4. B cxeme, nokazaHHON Ha pucyHke, Ry =3 OMm, R2 = 2 Om u R3=4 Om. Ha pesucrope R>
BbIIEIIIETCS. MOIIHOCTD 27 BT. Onpenenure, kakast MOIIHOCTb BBIAEISETCS Ha

R,
pesucrope Ri. % —
1
Pewenue: = I R =
3
Hamnpsixenue Ha BTOpOM pe3UCTOpE paBHO e

UZ = W/PZRZ

OTHOLIEHUE HANPSYKEHNUH Ha IEPBOM U BTOPOM PE3UCTOPAX PABHO
Uy RaRy
Uy Ri(Ry+R3)
MouiHoCTh Ha IEPBOM PE3UCTOPE PaBHA

_ PR (R, + R3)?

1 5 ~ 91,1 Bt
. JIudt aBmxeTcs ¢ yckopeHueM, HallpaBIeHHBIM BBepX. K ero motonky
o o MIPUKPEIJIEHBI JIBE€ HUTH, HA KOTOPBIX MOABEIIEH Ipy3 Maccoil m = 10 Kr Tak,

YTO HUTU COCTAaBISIIOT C BepTUKayibio yrmiel oo =30° (cMm. pucyHok). [Ipu
KakoM 3Haue€HWHM YCKOPEHHS HUTH OOOPBYTCS, €CIM OHHU BBIIEPIKHUBAIOT
HaTsokeHue To = 60 H?

Pewenue:
[t paBHOZENCTBYIOIIEN CUJT HATSIKEHUS UMEEM:

ma =R —mg



R =2T cosa

Torna

2T cosa —mg
a= — ~ 0,39 m/c?

6. Ecu nogHOCTBIO OTKPBITH TOJIBKO TOpsiYMi KpaH, TO Beapo o0béMoM 10 1 HamonHsercs 3a
100 c, a ecriu MOTHOCTBIO OTKPBITH TOJIBKO XOJOAHBIM KpaH, TO 0aHKa 00BEMOM 3 11 HAOIHACTCS 32
24 c. Temmneparypa ropsiueir Boabl 70 °C, xomomuori — 20 °C. Omnpegenute, 3a Kakoe Bpemsi
HAIlOJIHUTCS BOOM KacTproiisi EMKOCTBIO 4,5 11, ecii 00a KpaHa OTKPBITHI MOJIHOCTBIO U TEIIOBOE
paBHOBECHE YCTAHABIMBAETCs, MOKA BoJa HaxoguTcs B cMmecurene. Halitu Temmeparypy BOJBI,

KOTOpPAad MoJIiydnujiaCb B CMCCHUTCIIC.

Pewenue:

Pacxon ropsiaeii Bomsr — 0,1 kr/c, pacxon xomomHou — 0,125 xr/c. 3a ogHy cekyHay 00a KpaHa
pacxonytot 0,225 kr Boabl, 00beM 4,5 11 3anmonHuTcs 3a 20 ¢. YpaBHEHUE TEIJIOBOro Oalanca UMEeeT

BU]I
mr(tr - 9) = mx(e - tx)

YcraHoBUTCSA TeMIleparypa
mit, + myty

~ 42,2 °C
m. + my

7. 3a BpeMs 40 ¢ B OCIu, COCTOSIIEH U3 TPEX OAWHAKOBLBIX MPOBOAHUKOB, COCAMHCHHBIX
MOCJICHOBATCIBHO U BKIIHOYCHHBIX B CC€Th, BBIACINIOCH HEKOTOPOC KOJINYCCTBO TCIIJIOTHI. 3a Kakoe
BPEMSA BBIACTIUTCA TAKOC K€ KOJIMYCCTBO TCIJIOTEI, €CJIM IMMPOBOJAHUKH COCANHUTDL HapaJ'IJ'IGJ'II)HO?

Pewenue:
[IpupaBHsieM KOJIWYECTBA TEIUIOTHI, BBIJCIUBIINECS B TIEPBOM U BTOPOM 1IETIH, UCTIONIBb3Ys 3aKOH

Jxoyna-Jlenua:

302 e = U,
R 3R
Ortcrona cienyer, 4To
At, = i} ~4,4c
9

8. Ha HeBecomblll KeCTKUI CTCPIKCHb, MIAPHHUPHO 3aKpCHHeHHBIﬁ OJHHM KOHIIOM, HaICJIU
MAaCCUBHYIO GYCI/IHKy, KOTOpPasaA MOKET CKOJIb3UTH 11O HEMY oe3 TPCHUA. Bnuauane CTCPIKCHDb ITOKOUJICA



B TOPU30HTAILHOM TOJIOXKEHHUH, a OyCHHKAa HAXOAWIIACh HA PACCTOSHUM L OT 3aKPErIeHHOTO KOHIIA.
Haitgure 3aBUCMMOCTBH yIvia, KOTOPBIM COCTaBJISE€T CTEPKEHb C TOPU30OHTANIBIO, OT BPEMEHH.
CrepikeHb JOCTATOYHO JITUHHBIN, CIIydail COCKAaKMBaHUsI OYCHHKY CO CTEPXHS HE paCCMaTPHUBATh.

Pewenue:

Tak xax CTCPIKCHDb HeBeCOMBIﬁ, a TPCHUC OTCYTCTBYCT,

TO OyCHMHKa CBOOOJIHO I1aJ1aeT BJIOJIb BEPTUKAIBHOM IIPSIMOH,
OTCTOSIIEH OT OCH BpAIlICHUs CTEPKHsI Ha paccTostHue L. 13
pPUCYHKA BUIHO, YTO

2
a = arctg el
2L

ITocne TOro, Kak 6YCI/IHK8. COCKOJIB3HET CO CTCPIKHA, OH IMPOAOJDKHUT BpallCHHUC C MOCTOSIHHOM
er'IOBOfI CKOpPOCTBIO.

9. HeGonbmoe teno mMaccoir m = 1,4 © cocKalb3bIBaET U3 COCTOSIHHS ITOKOS C
BEpIIMHBI Tiankoi cdepsl pagmyca R =60cMm. Ha Tteme m B meHtpe chepsr
pa3MeNIaroT OJUWHAKOBBIC MO MOIY/II0 pPa3HOMMEHHBIC 3apsijibl, YTOOBI TEIO HE
OTPBIBAJIOCH OT MTOBEPXHOCTH C(Ephl, ITOKa TEJIO HE OKAKETCS Ha BBICOTE PaBHOM

R/2 or moBepxHOocTH, Ha KOTOpOoH mokoutcs cdepa. KakoBo 3HaueHHe 3THX
3apsia0B?

Pewenue:

Tk. IIpH ABUIKCHUHU TCJIO JABUKECTCA 11O OKPYKHOCTHU, TO BILJIOTH
A0 OTpPbIBAa, B COOTBETCTBHUU CO BTOPBIM 3aKOHOM Hrrorona

may. = Fx £ mgcosa-N (1),
2
e Fy - cuna Kynona, Fy= M:—Rz, (2),
0

O — Yroid MeXJy BEpPTHKAJIbHBIM JTHAMETPOM MU PaJuycoM,
MIPOBE/IEHHBIM K TEKYILIEMY IOJIOKEHHUIO Tena; B (opmyrne: (+) —
KOTJla TeJO JIBUXKETCs M0 BepXHell yactu chepel M (—) - Korjga

TEJIO IBMIKETCS IO HMXKHEM 4YacTu C(bepbl; N - cuma pCaknuun

OTIOPBL.

B Touke oTpbIBa peakius ONopsl paBHA HYIIO (CM. puc.) ¥ ypaBHeHHe (1) mpumer Bu:

VZ
m?=FK— mg cos a (3),

W3 3ak0HAa COXpaHEHHUsI SHEPTHH:



qZ B CI2 N mVZ
4egR  4AmeyR 2

3
—mgR + (4).

2

3a HyJIeBOH ypOBEHb MTOTCHITMATIBLHON SHEPTHH IMPUHAT YPOBEHb HAXOAAIICHCS Ha BbICOTE R/2 OT
MOBEPXHOCTHU, HAa KOTOPOH MOKOHUTCS cepa.

U3 (4) maxoaum, uto V? =3gR. 1o pucyHKy Jerko ocuuTarh, uto cos o =0,5 IToxcTaBus Tu
3HaueHus, a Tak ke (2) B (3) mnomyuum: q =R\ 14mtegmg = 0,6 -

\/14 +3,14-8,85-10712-1,4-1073-10 =1,4-10"° Kn = 1,4 MxKu.

10. Llenb coOpaHa M3 OIMHAKOBBIX
pPE3UCTOPOB M BOJIBTMETPOB. Bropou

R R R
| I BOJIETMETp TMoKasbiBaeT U= 4 B, a
tpetuit Us = 2 B. KakoBo nokasanue
nepBoro BoskTMeTpa? BHyTpeHHUM
CONPOTUBIICHHEM UCTOYHHKA

npeHeOpeyb.

ITokazanus BOJIbBTMCTPOB HCOAWHAKOBLIC, 4 3HAYUT, BOJIBTMETPbI HCHUACAJIbHBIC. HpOHYMCP}’eM
PE3UCTOPLI CJICBA HaIIPaBO, IMOKaXXEM TOKH 4YCPC3 PC3UCTOPbI INITPUXOBAHHBIMU 0003HAYEHHUAMU.
3amnuIneM COOTHOIICHUS MCKAY TOKaMH U HAIIPAKCHUAMU B LCIIN:

Us = I3R,
U, =Us; + 3R
U =U, + LR

I, =13 +Z—i
hep b
Ry

Torna

U,Us — U2 + U?
U, = 23U3 2 _10B
3




10 kaacc

Bapuanr 1

1. Teno cockanp3biBaeT 0€3 HaYaJIbHOW CKOPOCTH C HAKJIOHHOHM IJIOCKOCTH C YIJIOM HakJIOHa
o = 30°. Ha nepBrix k = 1/3 mytn koaddunuent tpenus pui = 0,5. Onpenenute k03PGUIMESHT TPEHUS
U2 Ha OCTaBLIEMCsl OTPE3KE IIyTH, €CJIM Y OCHOBaHMs HAKJIOHHOM INIOCKOCTH CKOPOCTb Tella paBHA
HYIIIO.

Pewenue:

B KoHIIE 11epBO# YaCTH ITyTU CKOPOCTH TEJIA PaBHA

V= \/ZkSg(sin a — Uy cosa),
e S — JUIMHA HaKJIOHHOM IUIOCKOCTH; & — YCKOPEHUE CBOOOHOTO Ma/ICHHMS.

Jra xe CKOPOCTh OyJIeT B HaYalle BTOPOTO y4acCTKa MyTH U MOXKET OBITh BBIPAKEHA CIICTYFOIIHM
obpazom:

V= \/Z(k —1)Sg(u,cosa —sina).
[IprpaBHUBas TOIKOPEHHBIE BBIPAKCHHUS, TIOITYIHM

w2 = (tgo — k(1 —k) = 0,62.

2. Tpu opmHakoBBIX OpycKa, KaXIblii MaccOW m, CBS3aHHBIX MEXIY COO0ON HEBECOMBIMHU
HEPACTSHKUMBIMU HUTSAMH, ABMXKYTCS IO TOPU30HTAJIBHOM INOBEPXHOCTU IOJ JEHCTBHEM CHIIBI,
NPUJIOKEHHON K TIEpBOMY OpYCKY M HaIlpaBJIEHHOM BBEpX IOJ yIIOM ¢ K ropu3oHTy. Haligute oty
CUILY, €CJIM CUJIa HaTsHKEHUS! HUTU MEXy ocieTHUMHU Opyckamu 7, a ko3 puimeHT TpeHust OpyckoB
0 TOBEPXHOCTb /.

Pewenue:

3anuiemM YpaBHCHHA JHHAMUKW JOBWIKCHUSA IOJId TPETBErOo, BTOPOro W IMCEPBOTO TCI
COOTBECTCTBCHHO!

T —umg = ma
T'"—T —umg = ma
F(cosa + usina) —T' — u(mg — F sina) = ma
Pemmast 5Ty cUCTEMY ypaBHEHHMH OTHOCHUTENBHO F, MOTydrM

_ 3T
_cosa+usina




3. C xakodl CKOPOCTBIO JIOJDKHA BBUICTETh W3 PYKbS CBUHIIOBas JAPOOWHKA TPU BBICTPEIE
BEPTUKAILHO BHHM3 ¢ BBICOTHI 300 M, YTOOBI TpU HEYNPYroM yaape APOOHMHKA TOTHOCTHIO
pacmiaBunack? CuMTarh, 4YTO KOJMYECTBO TEIUIOTHI, BBIICIMBILNAACS MPU yIape, IOPOBHY
pacrpeenseTcss Mexay IpOOMHKONW M MOBEPXHOCTHIO, O KOTOpYIO0 mpowusomien ynap. Hauanbhas
temrieparypa apoounku 177 C, remneparypa minasiaeHus ceunia 327 C, ero yaenbHas TETIOEMKOCTh
130 JIx/(kr*K), ynenbHas TemioTa miaBieHus 22 k[ x/kr.

Pewenue:

CocTraBrUM ypaBHEHHUE 110 3aKOHY COXPaHEHUS SHEPTUU

1/ V2
> m7+mgH = cmAT + Am

Pemras sto YpaBHCHHUEC OTHOCUTCIIBHO CKOPOCTH, ITOJIYYHUM

V =2{cAT + A — gH ~ 392,4 m/c

4. llenoyky W3 YeThIpeX MOCIEAOBATENbHBIX COMPOTUBIICHHIA, COAEPXKAIIYI0 TPU H3BECTHBIX
OJIMHAKOBBIX COMPOTHUBIIEHUS R W HEU3BECTHOE COINPOTHUBICHHE X C TMOMOIIBIO JIBYX IMPOBOJOB
MPEBPAIAIOT B APYTYIO IIENOYKY (CM. puCYHOK). Kakum J0KHO OBITH HEM3BECTHOE CONPOTHBIICHHE
X, 4T00OBI TTOJIHOE COMPOTUBIIEHUE IIETTOYKH YMEHBIIWIOCH B TpU pa3a? CompoTHBICHHUS ITPOBOIOB
paBHBI HYJIIO.

o—4x|—|R|—|R|—|R|—o|:>ol1x R’LR RI—O
=]

Pewenue:

Hauansroe conporusienue nenoukn R, =3R+ X . (1)

-1
KoneuHoe conporusnenne R, = (% + %j +R= % +R.(2)
+

U3 ypasuenus R, :% = %+R=R+%. (3)
+

[Monyuennoe ypapHenue umeet qeaxopas X =0 u X =R.



5. HckyccTBeHHBIN CIYyTHUK 3eMJIM HAaXOIUTCS Ha KpyroBoi opbure BeIcoTOM /=200 KM.
Bxutouaercst nBuraresb, 1 CKOPOCTh CITyTHHKA Bo3pacTaeT Ha AV =5 kM/c. B pe3ynbrare oH yneTaet
B MEXKIUTAHETHOE ITpOocTpaHcTBO. Haliaute ckopocTh criyTHHKa BAanu oT 3emiu. Paguyc 3emiu paBex
6370 KM, yCKOpEHHe CBOOOIHOTO MaIeHHs y TOBEPXHOCTH 3eMiu 9,8 m/c2.

Pewenue:

_GM

g = —<, e M, — macca 3emn.
¢

Jiist KpyroBoit opOUTHI IO BTOpoMY 3akoHY HbroToHa
mv? mM, R?

= >, OTKya V = A ~ 7,8 xv/c.
R, +h (R9+h) R, +h

ITo 3daKOHY COXPaHCHUA MEXaHUYECKOM OHCPIruu, c4duTasda, 4YTO BIAaJId OT 3eman MOAYJIb
HOTCHHHaHbHOﬁ OHCPIrur Mall I10 CPpaBHCHHIO C KUHETUYECKOMU

2 2 2
mvi:m(v+Av) G mM :m(v+Av) m gR? :m(v+Av) i
2 2 R,+h 2 R,+h 2
OTKyaa

v, = \/ZVAV + (Av)2 —Vv? 26,5 kvl

6. B snexTpudeckoM yaitHMKe MOIIHOCTBIO | KBT kunut Boga. C Kakoil CKOPOCTBIO U3 €70 HOCHKA
BBIPBIBAETCS CTPYS Mapa, CIM IJIOIIAIb OTBEPCTHS HOCUKA S = 5 cM?, ylelbHas TeMmnoTa HCTapeHus
BozIbI 7 = 2,26-10° JIsx/KT, HOpMabHOE aTMoc(epHoe aaBnenue po = 10° Ia, yausepcasbHas razopas
noctosiHHas R = 8,31 Jx/(monb-K)?

Pewenue:

KonuuecTBo TCIIJIOTHI, HeO6XOI[I/IM06 I UCITApEHUS BOOBI Maccou nm, paBHO Q = rm. MOIIHOCTh
MOXET OBITh OIIPEACIICHA KaK

d dm
N = aQ =r—.
dt dt
N3 ypaBuenusa Knaneiipona — MeneneeBa Haiiiem
\
m=HPV
RT

CKOpOCTb HCIIapeHUst OyaeT



dm:,up.dV :,upSV
dt RT dt RT

TI€ v - UHCKOMas CKOPOCThb CTPYH Ilapa.

N3 nosydeHHbIX BbhIpaKEHU UMEEM

NRT
V= ~15 wm/c.
rpu
2E, |2r E, F r
| | | I 7. B cxeme, IpUBEICHHOM HAa PUCYHKE, HAUIUTE
SHEpPrul0 KoHAeHcaropa. Ilapamerpel 31eMEHTOB
CXEMbI YKa3aHbl Ha PUCYHKE.
R — C 2R Pewenue:
BeiOepeM HampaBieHue TOKa MPOTHB 4YacOBOM
cTpenki (ro cxeme). Cuiia Toka paBHa
] l 25
| = ——
E, Ir 2E, 12r 3R 1 6r
Hanpshxenne mexay oOKiTagkaMu KOHJEHCATOpa PaBHO
—z 12r + 5R
~ " 6r+3R

DHeprus KOHJIeHcaTopa

_ CE? (12r + 51!2)2
~ 2 \6r+3R

8. KoaddunueHT sxECTKOCTH pe3HHOBOTO XKIyTa, IIMHA KOTOporo L u Macca m, paBeH k. KonbIo,
M3TOTOBJIEHHOE M3 JTOTO JKI'yTa, BPAIIAETCs C YINIOBOW CKOPOCTHIO (@ B TOPU30HTAIBHOM IIOCKOCTH
BOKPYI' BEPTUKAJIbHOW OCH, IPOXOJALIEH Uyepe3 LEeHTp Koibla. OnpenenuTe paguyc BpallaroIerocs
KOJIbLIA.

Pewenue:

B nponecce BpamieHus: KoJaplo pacTATMBACTCS U yBEIMYUBAECT
CBOIO JUIMHY Ha AL.

PaccMoTpuM  Mamnplii  yyacTOK — KOJIbLIA, OTPaHUYEHHBIN
paauycamu R = (L + AL)/(2m), Manblii yroa MexXay KOTOPBIMU
paBeH o.. Macca 3Toro ydyactka paBHa




Am = a
m—mzn

[Ipu BpamieHU KoJbplia ¢ YIIIOBOM CKOPOCTBIO ® 3TOT YYAacTOK, TaK ke, KaK U JIPyrue y4yacTKu

KOJIbLIa, UIMEET LEHTPOCTPEMUTEIIBHOE YCKOPEHUE, PAaBHOE
L+ AL
— ZR — 2
ap, =w°R=w
2

DTO YCKOPEHHE CO3[aeTCsl CHIIaMH HaTshkeHUs 1 = kAL, NEHCTBYIOIIMMH Ha y4aCTOK KOJIbIA CO

CTOPOHBI OCTAJILHOM YacTH KoJiblla. MIX paBHOAEHUCTBYIOIIAs C YUETOM MaJIOCTH yIjia o paBHa 7.

ITo BTOpOMY 3aK0HY HbrOTOHA

a L+ AL
m—w*—— = kAL«
2T 2T
W3meHeHue AIIMHBI KOJIbIla PaBHO
mw?L
AL

- 412k — mw?

Panuyc Bpamatoierocst Kojiblia paBeH

9. /lBa ONMHAKOBBIX MIAPHKA, CJAENAHHBIX M3 BELIECTBA C YICIBHOW TEIIOEMKOCTHIO
450 Ix/(xr-K), nBrxyTcst HaBeTpeuy Apyr Apyry co ckopoctsamu 40 m/c u 20 m/c. Onpenenute, Ha
CKOJIBKO TPAyCOB OHH HAarperoTCs B Pe3ylbTaTe HEYNPYTroro CTOJIKHOBEHHUSI.

Pewenue:

OHpG)IeJ'II/IM CKOPOCTb u# CHCTCMbI HIAPHUKOB IIOCJIC BSaHMOHCﬁCTBHﬂ C IIOMOIIIBXO 3aKOHa
COXpAaHCHUA UMITYJIbCA:

2mu = mV1 - sz
IToTepst KNHETUYECKOM SHEPTUU CUCTEMBI IIAPUKOB B IIPOLIECCE B3AUMOACHCTBUS COCTABIISAET

AK = 2mu® mV¢ mVi (VP4 V7 o
) 2 2 - ™M\ 2 1V2

B mporecce coynapeHus MIapUKH MOTYYHIH KOJIMYECTBO TEIUIOTHI (), paBHOE M3MEHEHHUIO MX
KHHETUYECKOH YHEPTUH, MOCKOJIBKY TEIUIOoNepeaadeil B OKPYKAIOIIYIO CPEAy 3a BPEMsl COyIapeHHs
MO>KHO npeHeOpeub. Torna

VE + V7

cmAt = m| 2V,V, — >



W3menenue temneparypsl

At =

(21/1V2 -

V2 + VZZ)
2

.

~ 1,3°C
c

10. B »snexkrpuyeckoil 1enu, NOKa3aHHOW Ha
pucynke, OJC U BHYTpEHHEE COIPOTUBICHUE
HCTOYHMKA TOKA PaBHBI COOTBETCTBEHHO 12 B 1 1 Om,
MHJYKTUBHOCTh KaTyliku 36 MI'H u conpoTuBieHue
namnbl 5 Om. B HaganbHbII MOMEHT BpeMeHu Kiitod K
3aMKHYT. [locie pa3MblkaHMsg KIIO4a B JIaMIie
Bbiaessiercst sHepruss W = 0,172 JIx. Yemy paBHa
€MKOCTh  KoHJeHcatopa (C?  ComnpoTHUBICEHHEM
KaTyILKH U IIPOBOJIOB NPEHEOPEYb.

Pewenue:

HpI/I PasMbIKaHUM KJIFOYa B JIAMIIC BBIACIACTCA

SHEPTIHs, HAKOIJICHHAA B KOHACHCATOPC U B KATYIIKE. Tok B KaTyliKC paBCH

HaHpH)KeHI/IC Ha KOHJACHCATOPC

SHCPFI/IH, BBIACINBIIAACA B JIaMIIC

EmkocTh KOHACHCATOpa

[ = E

T R4t

R

T R4+T
W L cur

2 2

C - 2W(R +1)% + L€E?

iRz ~ 4,9 MmO

Bapuanrt 2

1. K moTonky yckopeHHO ABHKYILErocs iudTa Ha HUTH nojBenieHa rups. K 3Toit rupu npussizana
Jpyras HUTb, Ha KOTOPOH IojBelIeHa BTopas rups. Halinute HaTsokeHue BepxHeW HUTH 17, €ciu
HaTsKeHue HUTH Mexay rupsimu 12 = 10 H, a maccsl rupb m; = 1 xr, m2 = 2 KT.



Pewenue:

3anuiieM yciaoBHUsl paBHOBECHUS JIJIsl IEPBOTO U BTOPOTO TPY30B:

Tl Tl_mlg_TZZmla
T, —myg = mya
m, 2 29 2
T Pemas 3Ty cucreMy ypaBHEHUH, OJIy4YUM
i e " my +m,
T, A a T, =T,————=15H
1
m,
v m, g 2. Tpu omuHAKOBBIX OpYCKa, KaXKIbI MACCOM 71, CBA3aHHBIX MEXTY

co00Olf HEBECOMBIMU HEPACTSIKUMBIMU HUTSAMHU, JBIDKYTCS IO
TOPU30HTAJILHON TOBEPXHOCTHU MO AEHCTBUEM CUIIbL, TPUIIOKEHHOU K
nepBoMy OpYCKy M HaIlpaBJICHHOM BBEpX IMOJ YIIOM ¢ K ropu3oHTY. Haiigute »Ty cuny, ecnu cuiia
HATSDKEHUS. HUTH MEXAY NEpBbIM U BTOpPBIM Opyckamu 7, a Kod(hGUIUEHT TpeHus OpycKoB O

HOBEPXHOCTb L.
Pewenue:
3anuieM ypaBHEHHS JHHAMUAKHA JBUKEHUS U1l TPETHETO, BTOPOTO U IIEPBOTO TEI:
T'—umg = ma
T—T —umg =ma
Fcosa —T — u(mg — Fsina) = ma
Permtast 3Ty cucteMy ypaBHEHHI OTHOCHTENIBHO F, OTy4UM

3T
_cosa+usina

3. JlBa OIMHAKOBBIX ILAPUKA, CIEJAHHBIX M3 BELIECTBA C YIENbHOM TernoéMkocThio 450
JUx/(xr-K), aBuxyrcs HaBcTpeuy JIpyr Jpyry co ckopoctsimu 40 m/c u 20 m/c. Onpexnenure, Ha
CKOJIBKO I'PaJlyCOB OHM HarperoTcsi B pe3yiibTare Heynpyroro CTOJIKHOBEHUS.

Pewenue:

OnpenenHM CKOpPOCTb U CHCTEMbI HIAPHUKOB IIOCJIC BSaPIMO)IefICTBPISI C IIOMOIIIBIO 3aKOHa

COXpaHCHHUA UMITYJIbCaA:
2mu = mlV; —ml,

HOTCpH KUHETHYECKOU OHEPTHUU CUCTEMBbI IIAPUKOB B IMTPOLECCC B3aHMMOJCHCTBHUS COCTABIISICT



AK = 2mu® mV¢ mVi (VP4 VP o
) 2 2 - ™M\ 2 1Vz

B mpouecce coynapeHHs: MApHKKA MOTYYMIH KOJMYECTBO TEILIOTHI (), paBHOE U3MEHECHUIO MX
KUHETHYECKOI PHEPIHH, IIOCKOJIBKY TeIuIoNepeadeii B OKpYXKAIOIIyl0 Cpey 3a BpeMsl COylapeHus
MOXHO npeHeOpeys. Toraa

VZ+ V2
cmAt = m| 2V,V, — —
N3meHnenune Temneparypsl
2 2
(2w, - 572
At = ~ 1,3°C

c

4. TIpoTOH ABMXKETCS U3 COCTOSHUS MOKOS B OJHOPOIHOM AJIEKTPUYECKOM IOJE M MPOXOTUT
IIPOMEXKYTOK C Pa3HOCTHIO oTennuanos 10* B. 3arem oH BieTaeT B MAarHUTHOE TI0JI€ ¢ HHAYKIHUEH 1
Tn nepneHAuKYISIpHO CUJIOBBIM JUHUSAM. OmpenenuTe paauyc KPUBU3HBI TPACKTOPUH IPOTOHA.
Macca npotona pasHa 1,6-107 xr, 3aps npotona pases 1,6-10"° K.

Pewenue:

B snektpudeckom mose mpoToH MPHoOpen CKOPOCTh

2eU
V= |—
m
ITo 2 3akony HproToHa
R mV [2mU 14
" eB | eB "7 oM

5. 3apspkeHHas yacTulla BbUIETAET U3 MCTOYHUKA YAaCTHUIL C HEKOTOPOil ckopocThio V. [Iponeres ¢
9TOW CKOPOCTBIO MO IPSAMOJIMHEWHON TPACKTOPUHU PACCTOSIHUE L, 4acTHIA MONAJAeT B OAHOPOIHOE
TOPMO3IIIe€ TI0JI€ U JIETUT JI0 OCTAaHOBKU C YCKOPEHHMEM a BJIOJIb TOM ke npsMoi. [Ipm kakom
3HaYE€HUH CKOPOCTHU V BPEeMs ABMKEHHSI YACTHUIIBI 0 OCTAHOBKH OyJeT HAaUMEHBIINM?

Pewenue:

\'
OO1ee BpeMst ABMKEHHSI YaCTULIBI COCTaBIIsAeT — + — . VI3 IpuBeIeHHOT O BBIPayKEHUSI BUJIHO, UTO
vV a

OHO fABJIsieTCS (DYHKIMEH TONBKO OJHOU NMEPEeMEHHOM V. BBIUNCINB MPON3BOIHYIO 3TOTO BhIPAXKEHUS



o vV ¥ NpyupaBHAB €C HYJIIO, NOJIYYHUM, YTO HAMMCHBIICC BPECMA ABHUIKCHU 6yI[eT AOCTUTAaThCA TIPpHU

ckopoctu V =+/aL.

6. Onpenenure KOAXPOUIMEHT TOJIE3HOTO ICHCTBHS TEIUIOBOTO ABHUTATEls, paOOTAIONIETro IO

TEPMOJIMHAMUYECKOMY IHUKIy, COCTOSILIEMY U3 AByX aauabar u naByX wuzoxop (uuki OTTO).
PaccmoTrpuTte B kauecTBe pabovero Tena uiaeanbHbIN Ias3.

r

Pewenue:

O4eBUIHO, YTO PHEPTUI0 B (OpME TEIJIOTHI CHCTEMa IOJIydaeT Ha
2 yuactke 4 — 1, a otnaet Ha yuactke 2 — 3. [1o onpenenennro ko3 dunrenra
MOJIE3HOTO JIEUCTBUS

3 nzl_&zl_CVV(TZ _T3)

v Q. cv(T—Ty)

i€ Cy — MOJpIpHasA TCINIOEMKOCTh IPU IMOCTOSAHHOM O6’I)CM€; V — KOJHMYCCTBO BCIICCTBA, T —

a0bcoIroTHAs TEMIICparypa.

Jns anuaGarubix nponeccoB 1 — 2 u 3 — 4 (y — nmokasarens aguabarsl) u3 ypaBHeHus [lyaccona

ojiy4gacm:

pVY = pVy
PV = pavy,

4TO C YYC€TOM YpaBHCHUA COCTOAHUA KnaneﬁpOHa — MengeneeBa gaet

VT =V,
VT, =V,

Torma

1
% 1_(T2_T3) 1— \Q ’
QH (Tl_T4) Vl

7. YacTHna ¢ TIOTHOCTBIO 7,8 T/cM?, 3apshkeHHAast OIHIM JIEKTPOHOM, BJIETAET B AEKTPHUYECKOE
b 2

noJie ¢ HauaJabHOU cKopocThio Vo =40 M/c. Ilocne npoxoxkieHus: yqacTka ¢ pa3HOCThIO MOTEHIINAJIOB

U =1 xB ee ckopocTs yBenmuuunack B 3 paza. Haiinure 00beM 4acTHUIIbI.

Pewenue



B mpouecce nBmxkeHus Haja vacTuied Oblia coBepuieHa pabora A = eU. M3MmeneHue

KHHETHYECKOHN OHCPIUU YaCTHULILI PaBHO pa60Te BHCIIHUX CHUJI, IO3TOMY

mV¢ mV¢

O0beM yacTUIbl MOXKET OBITh paccuuTaHa Kak

n > T3 =elU
2elU
vV=———~13-10"%m
pVy(n —1)

8. llap xarutcst 6e3 MPOCKaNb3bIBAHUS MO JABYM TOPHU30OHTAIBHBIM
penscaM co CKOpocThio V' (cM. pucyHok). JlimHa Xxopasl AB paBHa
paauycy mapa. Y KakMx TOYEK Iapa CKOpOoCTh HauOombiias? Yemy
paBHa 3Ta CKOPOCTH?

Pewenue:

[lockonpky TOouku A u B xopaet AB E
MIpUHA/JIeKaT MCHOBEHHOM OCH BpallleHus, TO U
camMa xopaa AB sBiseTcss MrHOBEHHOH OCHIO

BpauieHus. HauOGonbliyro JTUHEHHYI0 CKOpPOCTh u OyaeT UMeTh Touka E,

Jie)Kalasa Ha AUaMeTpe, IMEPICHAUKYIISIPHOM aTOM XOopAae, Kak Hauooee
YAaJICHHAA OT OCU BpalllCHUA. VrnoBas CKOPOCTDb OIIPCACIIACTCA KaK

2V

()

“R3

Rl 1+

V3

,oTKyga U=V l+£ ~215v.

3

9. lwmHapuyeckuii cocyl ¢ HUAcadbHBIM Ta30M paslesieH
TEIJIOHENIPOHNUIIAEMBIMHU NIEPETOPOIKAMH HA TPU OTCEKa. B kaxmon
IIEPETOPOAKE €CTh OTBEPCTHUE, Pa3Mep KOTOPOTO MaJl 110 CPABHEHUIO
¢ JUIMHOM cBOOOAHOro mpobera Mojiekyna rasa. Temmeparypbl U
JaBJICHUs Tra3a B OTCEKaxX IONAEPKUBAIOTCA ITOCTOSHHBIMH.
Temmneparypsl pasubl 77, T2, T3. JlaBlleHHE B IIEPBOM OTCEKE pi
u3BecTHO. Halinure nasieHue p2 BO BTOPOM OTCEKE.

Pewenue.

[lycTh ni — KOHIIEHTpauus MOJEKYJI B i-M OTCeke, a <Vi> —
CpEeIHsIS IO MOIYIIIO CKOPOCTh MOJIEKYJ B i-M OoTceke. Yucio ygapon
MOJIEKYJI O CTEHKY COCYIa, a TaK)KE€ YHUCIIO MOJIEKYII, ITOITaar0IINX

B OTBEpCTHE, MPOMOPLHOHATIBHO KOHIEHTPALUK MOJEKYIl U UX CpeHEeH 10 MOIYII0 CKOpocTu. Tak



KaK JaBJICHUE U TEMIIEpaTypa B KaXKJ0OM OTCEKE MOAAEP/KUBAIOTCS MOCTOSIHHBIMU, TO YEpe3 KaKJI0€
OTBEpCTHE B 00€ CTOPOHBI 32 HEKOTOPHI KOHEUHBIH MPOMEXKYTOK BPEMEHH MPOXOAUT B CPEAHEM
OJIMHAKOBOE KOJIMYECTBO MOJICKYII, YTO MOXET OBITh BBIPAXKEHO CIIECIYIOLIM 00pa3oM:

(V) =n, (v, ) =N, (v,).

Cpe,I[HHH IO MOAYJIFO CKOPOCTDb BBIPAKACTCA KaK

BT

(V) ==

m

a 1aBJICHUC
p=nkT .

N3 sTtux BBIpa)KCHI/II\/'I CJICAYCT, 4YTO

T,

2. =0 ?

1

10. Tpu 0MHAKOBBIX LIAPHUKA, PACIIONIOKEHHBIE B BEPLINHAX PABHOCTOPOHHETO TPEYroJIbHUKA CO
CTOPOHOM a COEIUHEHBI APYT C APYrOM HUTAMH. 3aps] U Macca Ka)J10ro Iapuka COOTBETCTBEHHO
paBHbl ¢ © m. OaHy U3 HUTEH nepexmu. Haiiaure MakCUMallbHYI0 CKOPOCTb CPEIHEro IIapuKa.
BausinueM cuibl TsbkecTH penedpeus. (Hanpumep, mapuku jexar Ha I1aJ Kol OBEPXHOCTH. )

Pewenue.

[TorenumansHas OHEPIUA CUCTECMEI 3apsSIKCHHBIX MIAPUKOB IICPBOHAYAJIBHO paBHA
q2
E,=3———.
4re,a

N3 coobpaxeHUil CUMMETpPUU CIENYeT, YTO KUHETUYECKas SHEprusi CPEeJHEro mapuka Oyaer
MaKCUMaJIbHa, KOT/ia MapuKu OynyT HAXOAUTHCS Ha OAHOU JTMHUU. [0 3aKoHY COXpaHeHUs SHEPrUU

2 2
34 _p5 1 +m(vf+v§+v§)
4re,a 4re,a

I1o 3ak0HY COXpaHEHHUs UMITYJIbCA
m(v, -V, +Vv;)=0

U3 coobpaxeHunit cumMMeTpuu (WM U3 3aKOHA COXPAHEHHWS MOMEHTa UMIYNIbCA) CIEAYeT, YTO
Vi="Vs

Pemas nony4yeHHyro cUCTEMY ypaBHEHUHN, UMEEM



2
3ms,am

Bapuanr 3

1. HeGounpiioi kaMmeHb, OPOIIIEHHBIN ¢ POBHOW TOPU30HTAIBLHOM TOBEPXHOCTH 3EMIIH TIOJT YIJIOM
K TOPU30HTY, yIall o0paTHO Ha 3eMJIto uepes3 2 ¢ B 20 M ot MmecTa Opocka. UeMy paBHa MUHUMAJbHAS
CKOpPOCTb KaMHsI 3a BpeMs monéra?

Pewenue:

MuHMMalIbHAsE CKOPOCTh JIOCTUTAeTCs B BEpXHEH TO4yke Tpackropuu. Ha BceM npoTskeHuun
[IOJIETA OHA pPaBHAa TOPU30HTAJIBHOM MPOEKIMH CKOPOCTH, A 3HAUWT, pPaBHAa OTHOLIEHUIO
TOPU30HTAJILHON JAJIbHOCTH KO BPEMEHHU I10JIeTa, T.€., 10 m/c.

2. B cucreme 6510KOB Ha HEPACTSKUMOM HUTH MOJIBEIICHBI TPY3bI
/ / / / / / / Maccamu m1 = 1,8 xr u my =2,8 kr. Haiinure yckopeHue ai rpysa
Maccoit mi. Maccoli OJJOKOB W HUTH W TPEHHEM B OCSX OJIOKOB
npeHeOpeyb.

Pewenue:

3anuiemM YpaBHCHUA TUHAMHWKU ABUXKCHUSA I'PY30B:

ml ma, =Ty —myg
—Mmyay =T, —myg
my T, = 2T,
a, = 2a,
Haxonum yckopeHue aj Tpy3a Maccoi mi:
2m; —m,

a, =29——
! g4m1+m2

3. Monot maccoii 2 T majaeT Ha METAUNIMYECKyr 0OJIBaHKY mMaccor 2 KT. B pesymnwrare ymapa
Temrneparypa OonBaHku Bo3pactaeT Ha 25 C. Cuuras, yTo Ha HarpeBaHue 6onBanku UAET 50 % Bcei
BBIJICJIUBLICHCS YHEPTUH, HAIIUTE CKOPOCTh MOJIOTa HEMOCPEACTBEHHO IMEPEa YAapoM O OOJIBaHKY.
VnenbHas TemtoeMKkocTh Marepuaina 6omsanku 200 Jx/(kr-°C).

Pewenue:



YpaBHeHHe TEII0BOro Oaanca B HAIIEM CJIydac UMCCT BU/

Mv? = cmAt
n— - =cm
CxkopocTbh MOJI0Ta paBHa
_|2cmAt 447
= my ~ 4,47 Mm/c

4. :‘)J'IGKTpOH BJIETA€T B 00JIaCTh IIpOCTpaHCTBa € OJHOPOIHBIM OJJICKTPHUYECKHUM IIOJIEM C
HaIps’KCHHOCTBIO E MNCPIICHAUKYIIAPHO CHIJIOBBIM JIMHHUSAM. Onpez[eJmTe S3HAQYCHNEC HWHIAYKIWH
MAarduTHOI'O II0JIA B, KOTOpOC H606XOI[I/IMO cOo31aTb B 9TOH 00JIacTU JJI1 TOro, YTOOBI QJICKTPOH
IMPOJICTECIT €€ HC UCIIbIThIBAA OTKJIOHCHUS. 9Hepr1/1$1 SJICKTPOHA w.

Pewenue:

s mpornera 6e3 OTKIOHCHHS MOJYIH DJIEKTPUYCCKONH M MArHUTHOW COCTAaBJISIONINX CHIIBI
JlopeHia JomKHBI OBITh PaBHBI MEXITY COOOM, T.€.

ek =elB
YuuteiBas, 4TO
2w
V= |[—,
m
MOTYyYUM
B=E m
- oN22w

5. B 3akpbITON C JBYX CTOPOH BEPTHUKAIBHO PACIOJIOKCHHOW LWIMHAPUYECKON IMPO3pavyHOM
TpyOke Maccoil M =20 r u MHOM L = 2 M Ha IHE CUJIUT MyXa Maccoil m = 1 I. B HeKoTophIif MOMEHT
BPEMEHH OHAa B3JIETAET BBEPX CO CKOPOCTHIO V= 10 M/c 1 OTHOBpEMEHHO TpyOKa HauWHAEeT 1a/1aTh.
HenonerxHbIN HabIrOAaTENb 3aMeyaeT BpeMs, 32 KOTOpOe Myxa J0JEeTUT 10 "moroika" Tpyoku. 3a
3TO BpeMs TpyOKa NpojieTaeT KaKoe-TO paccTossHue. Ha CKOJbKO OTIMYaeTcss paccTOsHHE,
npoiiieHHoe TPYOKOH 3a TO e BpeMsl, IPU YCIOBUH, YTO MyXa OCTAeTCs CUIETh Ha "moiy" TpyOku?

Pewenue.



r==°=1

Ah

y

npoieHHoe "mojioM" paBHO
2
T
H-an=9"
2
MOJIYYUM

Ah =VO%T ~8,8 .

[Tycte Bpems monera myxu t. [Ipu B3jete Myxu co CKOpPOCThIO V)
TpyOKa MNpHOOpETaeT CKOPOCTh, HANPABIECHHYIO BHU3 U PaBHYIO

V m

J— n n L
omp = —V,. "Iox" tpy0ku 3a Bpems 1oJIeTa IPOHIET PACCTOSTHHE

2
H=V,, r+3
2

Omp

[lepemerieHus: OTHOCUTENILHO HEMOABM)KHOTO HaOronaTens 3a
BpeMs T MyXH H "TIOTONKA" TPYOKH CBSI3aHBI COOTHOIIICHHEM

V,r+H=L.

W3 3TUX BBIPAKEHUHN CIEAYET, 4TO

2

m m
V2 1+— | +2gL -V |1+ —
0 M g 0 M

g

Y4uThIBas, UTO C MYXOMH, cuasiiei Ha "mony" TpyOKu, paccTosiHuE,

6. B ropusoHTaNBbHOM HHUIUHIPUUECKOM COCYIE, 3aKPBITOM
TOPIIIHEM, HaXOOUTCS AeATLHBIN OJHOATOMHBIN ras.
[lepBoHauanpHOe AaBieHue raza pi = 7,5:10*Tla. Paccrosnue ot

OCHOBAaHHA NUWIMHAPHUYCCKOIO COCyda MO0 IOPHIHA L= 40 cm.

ITnomaap HonepeyHoro cedeHus nopiss S = 60 cm” . B pesynsrare

MEJUICHHOTO HarpeBaHusl ra3a MOpIIEHb CIBUHYICS Ha paccrosiHue x = 10 cm. [lpu nBukeHuun
MOPIIIHA Ha HEro CO CTOPOHBI CTEHOK JeicTByeT cuia Tpenus Frp, = 600 H. Kakoe konmuuectBo
TEIUIOTHI OJIBENIH K Ta3y B 3ToM mporecce? Cocyln HaXOOuTCs B BaKyyMe.

Pewenue



HOpIJ_IeHB HAQYHCT ABUTAaThCsA. KaK TOJIBKO CHJIa JaBJICHHA ra3a CTaHCT

paBHOH wim Oosbine cuibl TpeHus. [losToMy BHadaie HEOOXOAMMO

OLICHUTH CUJIA JABJICHHUS OOJIBIIE WM MEHbBINE CHIIBI TPpeHUS Frp 2 p1 S

OnenuM p1S = 7,5:104:60:10* = 450 H, yrto MeHbIIe 4eM CHIa

TpeHus. CrenoBaresibHO, NMPU NOABEJCHMM TeIUla ra3 cHaudana Oyner
M30XOPHO HarpeBarhCs, a 3aTeM U300apHO paCIIUPATHCS MPH IaBICHUU

E

Tp
=— 1
D2 S €]

B cootBerctBuu c I 3akoHom TepmoauHamuku QO = Q1 + Oz, r1ae (1 — KOJIMYECTBOTEIIOTHL,
MoJIydeHHoe Ipu u3oxopuueckoM HarpeBanuu, Q1= AU;= CyvATi2; Q2=AU; + Ap= CyvAT23
+ Agp .

Tk. ATio= T, = Tit u ATas=T; — T2, To Q=Cyv (T2 — T1) + Cvvw(Tz — T2) + Ap
1M

Q=CyvTs — CyvTi + Ayp. Tme Ap=Fpx

T.x. ra3 ogHoaroMubld, To0 Cyv T3 = % R v T3, angamornuno Cyv T = %prl. Torna:
Q=2pVa — IpiVi + Fyx 2)
Vi=SL, 3)
V2=S (L + x) 4)

nwm Q= 2 SL(p2+ E p2 — p1) + Fp'x, moacrasus 3uHauenus (1), (3), (4) mnomyuum

QzFTp-(iL + gx)—pl S L =420 JIx.

2

7. B uenu mOCTOSHHOIO TOKa, ITOKAa3aHHOW Ha PHUCYHKE,
HE00XOJMMO U3MEHUThH COMPOTHUBIEHHE BTOPOro peoctara (R2) ¢

R TaKMM pPacdyeToM, YTOOBI MOIIHOCTb, BBIJCNAIOIIASACS HAa HEM,
yBeIUYMJIach BABOe. MoIIHOCTH Ha TpeTheM peoctare (R3)
B R JIOJDKHA OCTaTbCsl TPU 3TOM HeusMeHHOoM. Kak storo moouthcs,
W3MEHHUB CONPOTHUBIICHHE TIepBOTO (R1) U BTroporo (R») peoctaToB?
HauanbHble 3Ha4Y€HHA CONPOTUBJIEHUN peocTatoB Ri =9 Om,
Ro=60Mu R; =6 Om.

Pewenue

EOE

T.x. MoHOCTH Ha R3 0CTaercst HEM3MEHHOM, TO TOK, TEKYIIHI
B ILI€NH, HE U3MEHSETCs, CIEI0BAaTEIbHO, NPU H3MEHEHUHU
conpotusieHni Ry u R> ob1ee conporupienne He MeHseTcs, T.€.



Ri + Ro+ R3 =Rt + R» + R3, wm R; + Ro = R'y + R (1)

MoIIHOCTS, BbIIEIAEMAs Ha CONMPOTUBIeHU R : P =12 R, . [locie u3MeHeHus CONPOTHBIICHHUS
R> mourHoCTh Ha HEM Bo3pocia B 2 pa3a, npu HeusMeHHoM Toke. T.e. R, =2R> =12 Owm. [loncrasus
3Ha4eHMsl conpoTusiieHui B (1) nmomyunm, uro R; =3 Om.

8. Uepes oTBepcTHE B rOPU3OHTAIBHON IUIMTE B IUINTE BEPTHKAIBHO BBEPX BBUICTAET LIAPHK CO
CKOpPOCTHIO V9. B TOT MOMEHT, KOT/1a MepBbIii IapHK JOCTUTA€T MAKCUMAIbHOM BBICOTHI, U3 OTBEPCTHS
BBIJIETACT BTOPOH TOYHO TAKOM )K€ IIAPHK, @ B MOMEHT CTOJIKHOBEHHS IIEPBOTO IIApUKa CO BTOPHIM M3
OTBEpCTHUS BBUIETACT TPETHH TaKoi ke mapuk. HadaiabHbIE CKOpPOCTH BCEX IIAPUKOB OAMHAKOBEIC,
COyZJapeHHUsI MEXKAY IIapaMu abCcoIOTHO ynpyrue. Onpenenure Bpems, B TEUEHUE KOTOPOro MEPBbIi
HIapHK Haxonwics Hax mmTol. [locuunraiite 310 Bpems, ecnu Vo = 14 m/c

Pewenue

Ha PUCYHKE 1 I/1306pa)KeHBI Ha4aJIbHBIC MOMCHTLI BBUUICTOB JJI1 BCEX TPEX HIAPUKOB.

v O

Hauano Haugano Haugano
MTRUYAHUG TIANROTO JIBUXKEHUSI BTODPOIO MTRUWAHUI TheTReTN

Puc. 1

[ToHSATHO, 4TO BCE OHM JIETAT MO OJWHAKOBBIM TPACKTOPUAM. B MOMEHTHI YNPYrux yaapoB
MPOUCXOTUT OOMEH CKOPOCTSIMH MEXAY IMIapHKaMH, T. €. IMOCJE COyIapeHUs BEPXHHH IIapuK
MpHOOpPETaeT CKOPOCTh U HAMPABICHUE HUKHETO, a HIPKHUN CKOPOCTh U HAIpaBJIeHHE BEPXHETO.

ITpu coynapeHusx BIOJIb OXHOM NMPSMOM 3aKOH COXPaHEHMSI UMITYJIbC B POEKIUH HA 3Ty MPSAMYIO
Oynet
mVH—mVB=mVl§ - mV,L', , (1)
3aKOH COXpaHEHUs SHEPTHUH:

‘i’n,[/2 ”i’?’l[/2 m[/’2 ’I’I’l[/’2
B H B | H

2 2 2 2

. )

n n

VH u Vg — CKOpPOCTbh HMIKHETO LIapUKa no" u "mocne" coymapeHus

Ve u Vg ckopocth BepxHero mapuka  "mo" u '"mocne" coymapeHus



[Tocne mpeoOpazoBanuii (1) u (2) HOTYyYNM CHCTEMY JIBYX YPaBHEHUM:

V2 — Vit = VP - V2 E>{VB— Vg = Vg— Vy {Vé
Vg + Vg = Vi+ Vy Vg + Vg = Vg+ Vy Vg

£

Vy ’

9. T. O.

CJ'IG,I[OB&TCJ'IBHO, IIOCJIE CcoyaapC€HMus, BCpXHI/Iﬁ mapuK OBHXKETCA II0 TPACKTOPHKU HHXKHETO, a

HWKHMM 110 TpaekTopuu BepxHero. [loctpoum 3aBucumMoct y(t) Ui BceX Tpex LIApUKOB Ha OTHOM

rpaguxke (cM. puc. 2)

~

A

Pucynok 2
3aBMCUMOCTbD JJIs IIEPBOTO IIapUKa HAHECEHA CIIJIOIIHOW JIMHUEH
3aBUCUMOCTB Il BTOPOTO HIapyKa HAaHECEHA IITPUXOBOU JIMHUEH

3aBHCHMOCTh AJIL TPETHEIO MIapruKa HAHECCHA HYHKTHpHOﬁ JIMHHuEH

BBGI[GM BpEMs, paBHOC BPEMCHHU IMMOAHATHA Ha MAKCUMAJIbHYIO BBICOTY T =

7

Torza 110 pUCYHKY 2 HaXoIuM, 4To o0Iee Bpemst nojera t = > T

................



9. llunuHapuyeckuii cocyq ¢ HACaIbHBIM Ta30M paslelieH
TEIJIOHENIPOHHUIIAEMBIMHU TIEPETOPOJIKAMH HA TPH OTCEeKa. B kax o
IIEPETOPOJKE €CTh OTBEPCTUE, pa3Mep KOTOPOT0 MaJl 10 CPABHEHUIO
C JIIMHOW cBOOOMHOrO mpobera MoOJeKyn rasza. lTemmeparypbl U
JaBJICHUs Tra3a B OTCEKAX MOMJAEPKUBAIOTCS IOCTOSTHHBIMM.
Temneparypbl paBubl 717, 1>, T3. JlaBieHue B MEPBOM OTCEKE pi
n3BecTHO. Haiinure naBneHue p3 B TpETbEM OTCEKE.

Pewenue.

Ilycth ni — KOHLIEHTpAaLMs MOJEKYI B i-M OTCEKe, a <vi> —
CPEIHA 10 MOLYIIIO CKOPOCTh MOJIEKYII B i-M OTCEKe. UKo ynapos

MOJICKYJI O CTCHKY COCYyAa, 4 TAKIKEC YMCJIO MOJICKYII, IOIIaJar0uX B OTBEPCTUC, TPOITOPIHHOHAIBHO

KOHILCHTpAaIU MOJICKYII U UX CpCI[HCﬁ Mo MOAYJIHO CKOPOCTH. Tak xak jgaBieHue U TEMIICpaTypa B

KaXXJIOM OTCCKEC IMOAACPKUBAIOTCS IMOCTOAHHBIMHU, TO YCPEC3 KAXKIAOC OTBCPCTHC B 00e CTOPOHBI 3a

HeKOTOpLIﬁ KOHCYHBIN MMPOMCEIKYTOK BPEMCHH ITPOXOAUT B CPCAHEM OANHAKOBOC KOJIMYCCTBO MOJICKYIL,

YTO MOXKET OBITh BBIPAXKCHO CIICAYIOIUM 06pa30M:

(V) =N, (v, ) =N, (V,).

Cp@I{H?[?[ 10 MOAYIIO CKOPOCTD BBIPAXKACTCA KaK

BT

==L,

m

a JaBJICHHUC

p=nkT .

W3 3TUX BBIPAKEHUHN CIEAYET, 4TO

10. Ha HenmpoBogsmieil TOpU30HTAIbHON MOBEPXHOCTH JIEKHUT
KECTKass pamMKa U3 OJHOPOJAHOM TOHKOM METAJUIM4YECKON
MPOBOJIOKH, corHyTas B Bujie kBaapata ACDE co ctoponoii b (cm.
pUCYHOK). PaMka HaxomuTcss B OJHOPOIHOM TOPHU30HTAIHLHOM

-

MarHuTHOM  T[OJie,  BEKTOp  HMHAyKuuu B KOTOPOTO
nepnenaukyiasapen cropoHam AE m CD. Ilo pamke maccoit M
nporekaer TOK / mo 4acoBoil crpenke. [lpu kakom 3HaueHuUH



MOJyJIsl BEKTOpAa MarHUTHOW MHIYKIIMU, paMKa HAUUHAET [TOBOPAYNBATHCS ?
. Pewenue

T.K. IO MPOBOJHUKY, HAXOASAIIEMYCS B MAarHUTHOM I10JIE T€UET

A - TOK, TO Ha cTOopoHbl kBajipata EA u CD neiictByet cuna Amriepa

mg ornuyHas ot Hymsa. Ha EA, naeiicTByromas cuna Ammepa Oynet

D HaIpaBjeHa B TOPU3OHTAIBHYIO TIOCKOCTh U MOATOMY cTopoHa EA

E . oyner memoxswkHa. Ha CD, nelictByromas cwia Ammepa Oyaer

m g HarpaBjieHa BBEPX OT TOPU3OHTAIBHOW IUIOCKOCTH M IO3TOMY
cropoHa CD MoxkeT IBUraThCsi BBEPX OTHOCUTEIHHO MIOCKOCTH.

ITon neiictBuem pocrarouyHo cuibl Awmmepa kBagpar ACDE MoxeT 1oBOpaunBaThCs
OTHOCHUTENBHO CTOpoHBI EA. YcnoBueM Hauana ABMXKEHHS OyleT, PaBEHCTBO MOMEHTOB CHIIBI
TSDKECTH CTOPOH KBaJpara 1 MOMEHTa CUJIbl AMIiepa JiercTBytomiei Ha ctopony CD. (cM. pUCYHOK).

Tk. mg= % , FA=1b B, TO paBeHCTBO MOMEHTOB: 2 % -g + % b = IB b? .Orkyna
Mg
B=——
2b1
Bapuant 4

1. MOTONMKIIUCT, ABMKYIICHUCS 110 TOPOIY CO CKOPOCTBIO Vo = 20 M/C BBIE3KAET U3 HETO U Ccpa3y
1ocje BBIE3J]a HAYMHACT PAa3TOHATHCA C TOCTOSHHBIM yCKOopeHneM a = 5 cm/c®. Ompenenwurtt
HanOoIbIIIEE BpEMs, B TCHCHHUEC KOTOPOI0 MOTOIUKIIUCT 6y21€T HaXOAUTHCA B 30HC YBECPCHHOI'O IIpreMa
M0 COTOBOM CBSI3U, €CJIH ONEepaTop rapaHTUPYET KaueCTBEHHOE MOKPBITHE CBA3BIO HA PACCTOSIHUU HE
nanee 4yem B 32 kM oT ropoaa. KakoBa ckopocTh MOTOIIMKIIMCTA B 3TOT MOMEHT?

Pewenue.

0,05-t2

VYpaBHenue nBuxeHust Mmortouukiaucta: 32000 = 20t + =

t=800c. V=60wm/c=216 km/4

2. Ecnu map TAHYT BBepX ¢ cuiioi F, To oH ocTtaércs Ha 1/5 cBoero oobema
¢ NOTPYKeHHbIM B Boxy. Ecim ¢ Takol ke CHJIOW NaBAT Ha IIap BHU3, TO OH

______ __| norpyxé€H B BOJly MOJHOCTHIO. (CM. puc.) UeMy paBHa IJIOTHOCTS Iapa?

-------------- Pewenue
LT T T Y




Jna nepsoro cinyyas mg = F + Fa ; st Broporo ciiydas mg + F = Fa’, oTkyna cinenyert, uyto 2mg
=FA’ + Fa.. JIerko mocumuTars, uTo IIOTHOCTh MApUKa paBHa 600 Kr/m>.

3. B cocya ¢ Bomoit OpocaroT KyCOUKH TAIOUIEro Jib/ia, IPU HEMPEPHIBHOM [TOMEILIMBAHUY, BHAYAJIe
KYCOYKH JIbJIa TalOT, HO B HEKOTOPBI MOMEHT JieJ] epecTaeT TasTh. [lepBoHayanbpHast Macca BOJIbI B
cocyzne 660 r. B xoH1e mporecca macca Bobl yBenndymiack. Ha cKonbko yBeIuumiach Macca BOJAbI K
MOMEHTY MpEeKpaIleHUs TasHUS JIbJIa, €CIU MepBOHavaibHas Temmneparypa Boasl 12,5°C? Ilorepsamu
TEIUIOTHI TPEHEOPEYb.

Pewenue

MakcumanbHO BO3MOXKHAsh Macca pacTasBIIed BOAbl oOpasyercs, eciau Jen OepyT Ipu
Temneparype IuiaBineHus. IlpekpaiieHue TasHMS JibJla O3HAYaeT, YTO B CUCTEME YCTaHOBUJIACH
TemIieparypa MjaBjieHus Jb/1a. YpaBHEHUE TEIJI0BOro OajaHca B 3TOM Cllydae 1aeT

Am = %At =105t

1€ B YHUCIUTCIIC CTOUT HNPOU3IBCACHUC YHGHBHOﬁ TCINIOEMKOCTHU BOJAbI, Ha4YaJIbHBIX MAacChbl H
TEMIICPATypPhI BOJAbI, 4 B 3SHAMCHATCJIC — YACJIbHAsA TCIJIOTA IIABJICHUA JIbJA.

4. Ha PUCYHKE IIPUBCACHA J3JICKTPUYCCKAsl CXEMa,

= 1 = H— cocrosimasi U3 4-Xx OJMHAKOBBIX COMNPOTHUBJICHUH U

a R R R I R b OJHOI'0 KOHACHCATOpPA. Haiigute COIIPOTUBJICHUC LICTIN

MCXKAY TOUKaMU a 1 b.

Pewenue

Tok mnpoTekaeT TONBKO uepe3 IMEpPBOE M IOCIEAHEE CONPOTHBICHHS, KOTOPHIE COECIUHEHBI
MOCJIEZI0BATENIbHO (JIBAa CPEAHUX 3aKOPOUYEHBI, IO3TOMY TOK Yepe3 HUX HE TeUeT), T.e. Ros = 2R.

5. Haitnure yron oTckoka mapuka mpu yrie nagaeHus 30° Ha uaealbHO TIAJIKYI0 MTOBEPXHOCTD,
€CIIM MPH yAape MapuK TEPSIET MOJOBUHY KHHETUUECKON SHEPIUU. YTOJI MAJICHUS — 3TO YTOJI MEXKIY
HOPMAJIBIO K TTIOBEPXHOCTH U TPACKTOPHEH IIapHKa.

Pewenue

HpI/I MaaACHUU Ha TNAJKYI0 TOBEPXHOCTh TaHI'CHIHAJIbHASA COCTABJIAIOIIAsA UMITYJIbCAa COXPAHACTCA, U
MOTepU HSHEPTHUU IIpU Heynpyroix'l ,E[C(I)OpMaLII/II/I COIIPOBOXIAKOTCA HN3MCHCHHEM HOpMaHLHOﬁ



COCTaBJ'ISIIOH_Ieﬁ HUMITYJIbCAa: TAC HHACKCAMU X U Y 0603H3‘-ICHBI TAaHICHIIMAJIbHAd W HOPpMAaJIbHAaAd
COCTAaBJISIFOIINE CKOPOCTH (CM. PHUC).

2

mv’ m(uf+u§) 1 mv
2 2 2 2
Orcrona

uy=§ TOT A tgf =1,

CJIeIOBATENBHO, 5= 45°.

6. 3anasHHBIN FOPU3OHTAJIBHBIA LWIMHAPUYECKUN cocyn ainuHoi / = 90 cMm pa3aeneH Ha JBe
YaCTH MOABUKHOM nieperopoikoit. C 0IHOM CTOPOHBI OT IEPETOPOIKH COAECPKHUTCS 2 MOJIb KUCIOPOIa
U 3 MoJIb renus, ¢ Apyroi — 3 MoJib a30Ta U 1 MOJIb Tefus, a Ieperopoika HaXoAUTCS B PABHOBECHUH.
B HEKOTOpBIii MOMEHT BPEMEHH IIEPETrOpOJKa CTAHOBHUTCS INMPOHMUIAEMOW Ul T€MS U OCTAeTCs
HENPOHUIIAEMON I KUcaopoaa U azorta. Halitu nepememienne neperopoaku. Temneparypsl ra3os
OJMHAKOBBI M HE MEHSAIOTCS B TEUEHHE IIpoLiecca.

Bozmoorcrnoe peuierue

Jlo TOoro Kak Trenui cTal IIPOHMKAThb 4Yepe3 IEPEropoiKy pPaBHOBECHE HAMAEM HCIOIb3Ys
ypaBHeHue Kianeinipona-Menneneesa pV; = viRT u pV, = v,RT, T.K. JaBleHHE U TeMmIeparypa
paBHble, TO V1/Vy =Vv1/Vv, WK X1/X2 = V1 / Vo, THE V1 =5, a v, = 4 oTkyna x, = 41/9 = 40 cm.

Korma remuit pBHOMEpHO pampeaenwics IO BceMy O0ObeMy, TO pPAaBHOBECHE IOPIIHS,
o0ecrnieurBaeTcs TOIBKO a30TOM U KuciaopooM. Torna y /'y, =2/3 otkyna y, = 3//5 = 54 cm. Cmenienue
MOPILHS BJIEBO PAaBHO AX =y2,—X2=54—-40=14 cm

. —7_l =
Omeem. AX—45 14 cMm.



7. IlonoxxutenbHO 3apsyKEHHBIN MIApUK Maccol m = 1 T nojaBeleH Ha
HUTH JJiMHOM L= 1M U paBHOMEPHO IBMXKETCA IO OKPY)KHOCTU B
OJHOPOJHOM MarHUTHOM IIOJIE C MHAYKLUEH B (cM. pucyHOK). 3apsiz
mapuka q = 1 MKi. Huts 06pasyer ¢ Beptukaibio yron o = 60°. Haiinure
YIJIOBYIO CKOPOCTh PABHOMEPHOI'O OOpaIleH!s apuKa 10 OKPYKHOCTH.

Pewenue

—
[Tocne paccTaHOBKM cuJl (CUJTBI HATSIKEHUS [y, CHIIBI TSDKECTH —

mg, cuisl JlopeHna F;) CM. PUCYHOK, Monyib F,=qvB

HamnmeMm ypaBHeHHe BpalaTesibHOIO JBHXKECHUS TElla MacChl

may. =Fysina — qvB

O4YCBUJIHO, 4YTO Fucosa = mg " auc=0)2r

TOrJa YpaBHCHUC BPpAIIATCIIbHOI'O ABUXKCHUS TCJIa IPUMET BU!

mo’r=mgtga — qorB. YuursiBas, uto r = L sin o okoHuaTensHO moaydum mo® L cosa +

qoLcosa B + mg =0.

—gBLcosa + +/q2 B2 L2 cos2a +m2gL cosa

OtBeT: W = =
2mlL cosa

_aB -1 + 1+ m—z‘g =0,5 pan/c

2m q% B? L cosa > pak

8. Omnpenenure nepuon 7 oOpaleHUs CIYTHUKA O SJUIMIITHYECKOW OpOMTE, amoreil KOTopoi
(MakcUMaJbHOE ynajJeHHe OT IIeHTpa 3eMJIM) paBeH YTPOSHHOMY paJuyCy 3eMiH, a Mepurei
(MMHMMaBHOE yAAJIEHUE OT IIEHTPa 3eMITH) PaBEH Paguycy 3eMIIH.

Pewenue.

Jis HaxoXJleHUs meprosia oOpalleHus CIYTHHKA M0 JUIMITHYECKOW OpOHMTE BOCIOJIb3YyeMCs
TpeTbuM 3aKkoHOM Kerutepa:

) =)
T/  \ay/
rne T — aTo nepuoz obpaleHust ClyTHUKA 110 OpOUTE;

a — OomblIast MOJIyoCh OPOUTHI, IO KOTOPOM BpaliaeTcs CyTHUK.



3a mepByl0 OpOUTY MPUMEM MHHHUMAJIBHYIO KPYTOBYIO OpOHMTY CITyTHHKA, IBUXKYIIETOCS 110
HEll C MepBOM KOCMHUYECKOM CKOpoCThbio. Panmyc 3Toil opOuThl paBeH paguycy 3emnd. JlinHa
OKPYXXHOCTH TIO JIFOOOMY W3 MEpHUIMaHOB MpuoOam3uTenabHo paBHo 40000 kM, mepBasi KOCMUYECKast
CKOPOCTh paBHa 7,8 KM/C, c1e10BaTeIbHO, IEPUOJ

40000
T =

’

=5128 ¢ = 85,5 MuH

[Tomyock KpyroBoi opOMTHI O4EBHIHO PaBHA paanyCy 3eMid: a1 = R

[Tomyock OpOUTHI CITYTHUKA, KaK JIETKO MOJACYUTaTh a2 = 2R

U3 tpetbero 3akoHa Kemnepa cienyer, 4ro

3
T=Tr ’(%) =85,5/8 = =241,8 MuH ~ 4 yaca 2 MHuH.
1

9. Ha crone, mpuMepHO B OJHOM MecTe, HaxoasTcsa mapuku maccel M = 400r u m = 1001,

CBS3aHHBIE MCXOOHO HEHaTsHyTod HuThlO. Ilapuky m
coobuaror ckopocte v = 10 M/c. B MOMEHT, Koraa HUTh
OKa3bIBACTCsl HATSAHYTOW, OHa oOpasyer yroa o =60° ¢
HaIpaBJICHUEM IE€PBOHAYAJIBHOIO JBIMJKEHUS IIAapUKa m.
Halinure ckopocTs mapuka M cpasy Kak HUTh HaTssHeTcs.. Hute
HepacTshKuMa. TpeHus HeT.

Pewenue:

Cunta HaTSDKEHHUST HUTH HarpaBJICHAa BAOJIb HUTHU, [TIOITOMY

IapuKk M HpI/IO6peTéT HUMITYJIBC 11O HAIIPaBJICHUIO HUTH. N3 He pPacCcTsKUMOCTH HUTHU CIIEAYCT, YTO

MMPOCKOHU CKOPOCTU Ha HAIIPABJIICHUSA HUTH IOCJIC «HCYHIPYTOro ylapa» y HIapUKOB OJUWHAKOBBI.
O003HAYNUM 3TO 06mee 3HAYCHHUC MMPOCKIUHA U. Torna u3 COXpaHCHU UMITYJIbCAa BAOJIb HUTU UMCECM

(M + m)u = mvcoso/(M + m), a u = mvcosa/(M + m).

[ToncraBuB yncnia nmomyyuM: u =1 m/c

10. HeGomnbioe Teno Maccoi m = 1,4 T COCKaIb3bIBAET M3 COCTOSHHS TTOKOS
C BepUIMHBI Iaakoit cdeprl paauyca R = 60 cm. Ha Tene u B nieHTpe cdepsl
pa3MeIarT OAUHAKOBBIC MO MOAYII0 Pa3HOMMEHHBIE 3apsiibl, YTOOBI TEIO HE
OTPBIBANIOCH OT MIOBEPXHOCTH CHEPhI, TOKA TEJIO HE OKAXKETCS Ha BBICOTE PABHOM
R/2 ot moBepxHocTH, Ha KOTOpoil mokoutcs cdepa. KakoBo 3HaueHHe 3THUX



Tk. IMpu ABHUKCHUHN TCJIO ABUKCTCA IO OKPYKHOCTH, TO BIUIOTH 1O OTPbIBa, B COOTBCTCTBHUU CO

BTOPEIM 3akoHOM Herotona ma,. = Fxy + mgcosa-N (1), rne

2

q
Fy - cuna Kynona, Fp=———
K y 2 K 47T€0R2’

(2) , 0. — yroa Mex 1y BepTUKAJIbHBIM
TUAMETPOM M PaInyCOM, MPOBEACHHBIM K TEKYIIEMY MOJOKEHHUIO
tena; B ¢opmyne: (+) — KorJa Telo JBHXKETCS [0 BEpXHEH YacTH
chepsl U (—) - KOTJa TEJIO ABMDXKETCS 11O HIDKHEH yacT cepsl; N

— CHJIa p€aKIUKu OIIOPHI.

B Touke oTpbiBa peakius OHOpbl paBHA HYIO (CM. puC.) U
ypaBHeHue (1) npumer Bua:

VZ
mT=FK— mg cos a (3),
3 qz qz sz o
W3 3akona coxpanenus suepruu: —mgR + = + (4). 3a myneBoit ypoBEHb
2 41egR 4megR 2

NOTEHIIMAJIBHON PHEPTUU NPUHAT YPOBEHb HAXOMIAICWCsS Ha BbICOTe R/2  OT moBepxHOCTH, Ha
KOTOpPOH NOKOUTCA cdepa.

U3 (4) maxomum, uto VZ =3gR. [lo pucyHKy JIerko HOCUMTaTh, 4To cos o.=0,5 IloacraBus 5TH
3HayeHus, a Tak ke  (2) B (3) nomyuum: q = R\/14ntegmg = 0,6 -

\/14 -3,14-8,85-10712-1,4-1073-10 =1,4-10"° Kn = 1,4 MxKo.

Bapuanr 5

1. B conneunslii 1eHb BOMM3M 3kBatopa B 10 4acoB yTpa MECTHOTO BpEMEHH TMaMeTp TEHH 11apa,
JeKallero Ha 3emiie, Obl1 paBeH 70 cM. M3BecTHO, 4TO POBHO B MOJI/IEHB COJIHIE OKAKETCSI B 36HUTE.
Cunras, 4YTO COJNHLE JBUTaeTcs MO HeOy MO Jyre OKPYXHOCTH, OINpENeNUTe AJIUHY TEHH,
oTOpackiBaeMOi mapom B 15 Jacos.

Pewenue

3a CyTKH COJHIIE COBEpIIACT OJWH IMOJHBIM 000poT. CrenoBaTesbHO, 3a JIBa Yaca /0 MOJTYIHS

360 rpaaycoB

COJIHIIE TEPEMECTUIIOCh Ha -24aca = 30 rpagycoB. DTO W €CTh YIroj TMaJeHUs

24 yaca
conHeuHbIX Jiyuel B 10 yacoB yrpa. CooTBETCTBEHHO, B 15 yacoB (uepe3 3 yaca 1ocie noayaHs) yroi

MaJIeHUsI COJIHEYHBIX Jy4eil, OyaeT paBeH 45 rpamycam.



W3 pucyHka BHIHO, YTO JAuWameTp mapa 2R, AnuHa TeHH [ U yroiu
naJIeHUs] COJTHEYHBIX JIyde CBA3aHbl MEXIy cOO00H cooTHOmmIeHUueM: 2R

I

I

I

= Ij cos a;. CnenoBarenbHO, JuiMHA TeHH B 15 wacoB 2R = [> cos a2 I

[Tonyyaem, uto: d :
P

cosas _\F.11=857CM T
2 b

I, = =
2 cosa, 1

panuyc mapa: 30,3 cM

2. Ha HakJIOHHOM CTOJI€ C YIJIOM O IIPH BEPIIIMHE CTOUT HEBECOMAs MOJICTaBKa,
MpeACTaBIgIONIas coO0OW TOHKUH NUCK pamuyca R ¢ 3akpernn€HHoil B ero
LEeHTpe JUIMHHOM chnuued. Ha crnuily HaHW3BIBAalOT MACCHBHBIE IIAPUKHU
paamyca r. CKOJIBKO HEOOXOIMMO IIApUKOB, YTOOBI MOJCTaBKA ONMPOKUHYIIACH?

Pewenue

CHI/IIIa OIMPOKHUHCTCH ITPH YCJIOBUH, YTO JIMHUA I[CﬁCTBH?I CHIJIBI
TSXKCCTH npofmeT 4Cpe3 OCHOBAHUC IMOJACTABKU.

LleHTp TSKECTH OIHOPOTHOM TMAJIOYKH pacIojaraeTcs B
cepenune. T.e., eciay BIOJb CHUIBI CyMMapHas JUIMHA JIMHUH,
00pa30BaHHON HACAKCHHBIMH IIIAPUKAMHU /1, TO ICHTP TAKECTH
HaxoauTcs Ha Bbicore A/2. Torma B oOpa3oBaBieMCs

HNPSAMOYTOJIBHOM TPEYTOJILHUKE C YIVIOM O IIpYU BEPIIUHE, tg o =
h .
R/(h/2). Otkyna # = R-ctg a. Ho oueBumHo, uto h = n-2r, orkyma n = [?] (memoit yacTu ymcna,

CTOSIIIETO B CKOOKE)

3. Kakast yacTh TEmIo0ThI, MOTy4yaeMoii MpH M300apHOM HArpeBaHUU UACATBHOTO OTHOATOMHOTO
ra3a pacxo/lyercs Ha U3MEHEHHE BHYTPEHHEW SHEPTUu 3TOro raza’?

Pewenue

3anumem | 3akon Tepmoaunamuku: Q = AU + A, Heobxonumo Haiitu otHomenue AU/Q. J{ns

3 5
OIHOATOMHOI0 uaeaiabpHoro raza AU = 3V RAT v A=vR AT, Torna Q = SV R AT . OtHouieHue

% 100% =§ 100% = 60%.

4. IIporon, yckopeHHbIH pa3HocThbiO noTeHuanoB U= 500 kB,nponeraer
MONEPEYHOE OTHOPOAHOE MarHUTHOE noJje ¢ uuaykuueit B = 0,51 Tn. Tonmmna
obmnactu ¢ monem d= 10 cm (cm. puc.). Haittu cMmenieHueA u yroi o OTKJIOHEHUS




BCKTOpa CKOPOCTU MPOTOHA OT NCPBOHAYAJIBLHOI'O HAITPABJIICHUSA ABUKCHUS HA BBIXOAC U3 obacTu
MarauTHOI'O I10JIA.

Pewenue

[IpoToH, mpomeamuii pa3HOCTh NOTEHIMANOB paBHY0 U, mpuobpeTraer ckopocTh V, KOTOPYIO

o my? 2qU
HalJIeM U3 3aKOHA coxpaHeHus sHeprun: qU= - Wi V= —

[Tpu nonaganuu B 001acTh MAarHUTHOTO TOJISL TPOTOH HAUMHAET JIBUTAThCA IO JIyTe OKPY>KHOCTH,
panuyc KoTopou onpeaensercs cuiion Jlopenna:
my? myv

2muU o
qVB = — »0TKyna R= P /qu ,BEpPIIIMHA, KOTOPOW JIGKUT Ha TpaHUIlEe O0OJacCTH

MAarduTHOI'O I10JI4

VYron oOT OTKJIOHEHUS BCKTOpa CKOpPOCTH paBCH LCHTPpAaJIbHOMY YIUIY IIOBOpPOTa paanyca

. dgqB
OKPYKHOCTH, OTKyJla CICAYECT, YTO SIn O, = d/R = oo IMOACTaBHUB 3HAYCHHUEC CKOPOCTH OKOHYATCIIBHO

HOJyYUM:
. q 1,6:10719 o
sin a =Bd* |—=0,51-0,1 — =0,5—a=30
2mu 2:1,67-10727-5:105
2muU 2:1,67-10727-5-105
memenne A = R(1 — = ‘(1 - = - (1- °) =
Cwmerenue ( Cos o) 57 ( cos ) e 10051 (1 —cos 30°)
26,8-103m
' 5. U3 uunusapa paauyca » = 2 CM BBIIABIMBAIOT MOPLUIHEM TEKY4YHO
= =
| \1/ nacty. OHa pactekaeTcs 0 OBEPXHOCTH CJI0EM TOJIIMHBI /1 = 2 MM, 00pazys
- " kpyrosoe msaTHO. CKOpOCTh JIBMKEHHs mopiiHs 6 cm/c. KakoBa CKOpOCTh

paciiMpeHus TpaHuIIbl MSTHA pH paauyce nsatHa R =30 cm ?

|_ * = Peuwenue

3a Majblii NIPOMEXKYTOK BpeMEHM At NOpLIEHb, ABWXKYIIMHCA CO

CKOPOCTBIO V; oOIlycKaeTcs paccTosiHue Vi-At W BbIJABIMBAET MacTy

o0beMoM V4-At-S , rae S = mr?, IpH 3TOM IIJIOIIAb MATHA Ha IOBEPXHOCTH YBEITUYMUBaeTCs Ha AS = 2
nR-AR, rne-AR = V-At. YBenuuenue o0beMa nacTel Ha MoBepxHOCTH AS-h. OObeM BBITECHEHHBIN U3
HOpIIHS 32 Bpemss At paBeH YBEIMYEHHMIO O0beMy ISITHA Ha CTOJNE 3a TO YK€ CaMoe BpeMs.

CnenoBarenbHo: V1-At-nr?> = 2-ntR-V-At-h, oTkyna cnenyer, uto V = # -V,

2
VZZ—'6:2(CM/C)
2:30+0,2



6. B nunuHape COAEPKUTCS HEKOTOPOE KOJIMYECTBO HACAIBHOTO
OJHOATOMHOro rasa. L{uiaMHIp 3aKpbIT HEBECOMBIM IOPILIHEM, IOPIIEHb
MOJJEPKUBACTCSI IPYKUHOM KECTKOCTBIO k TaK, YTO BBICOTA MOPIIHS HAJ

nHoM nununapa H =40 cm. [Ipu noaseaeHuu K razy KOJIM4ecTBa TeIIoTh O

= 200 [I>x BbICOTA MOJOKEHUS MOPUIHA U3MEHUIach. OnpeaenuTe Ha Kakol
BBICOTE OCTAaHOBMJICS MOpIIeHb. JlaBieHue cpepl Ha/l MOPIIHAMU paBHO Hym0. HenepopmupoBannast
MpYKHHA KacaeTcs JHA UWIHH]IPA.

Pewenue:
[To nepBoMy Hauaay TEPMOJUHAMUKHU

Q=A+AU

k
A= (H} —H)

3
AU = S k(Hf — H?)

+ 2kH
S e

1= T 2k M

7. 3a Bpemsa 20 c B Lenu, COCTOSALIEM M3 TpPEX OAMHAKOBBIX IMPOBOAHMKOB, COEIMHEHHBIX
IIOCJIEA0BATENFHO U BKJIIOUEHHBIX B CETh, BBIICIMIOCH HEKOTOPOE KOJIMYECTBO TEIUIOTHI. 3a Kakoe
BpEMsI BBIJICIUTCS TAKOE YK€ KOJMYECTBO TEIJIOTHI, €CIIU MPOBOHUKN COEAUHUTH MapauieabHO?

Pewenue:

IIpupaBHsieM KOJIMYECTBA TEIUIOTHI, BBIACIMBIINECS B IIEPBOW U BTOPOM LIENH, UCIIONIb3Ys 3aKOH
Hoxoyns-Jlenna:

3V pty =L,
R 3R
Ortcrona cienyer, 4To
At, = j =~ 2,2cC

8. CiiyTHUK IBMKETCS T10 AITUNITUIECKON OpOUTE, aroreil KOTopoi (MakCUMaIbHOE yajleHue OT
LEHTpa 3eMJIM) paBeH YTPOCHHOMY paJuycy 3eMiH, a nepureil (MUHUMaIbHOE yJaJeHHue OT LIeHTpa
3emin) paBeH paauycy 3emin. Haliaure oTHOIIEHHE CKOPOCTEH B anoree U rnepuree.

Pewenue.

ITo BTOPOMY 3aKOHY Kennepa, BBITCKAOIIEMY U3 3aKOHA COXPAaHCHHUA MOMCHTA UMITYJIbCa



3mRyv,=mRyv, .

Otcroma
v, 1
v. 3

p

9. I'py3 BUCSIINI HA HUTH JUIMHBI L M, IPUBSI3aHHON K TBO3/0, TOJKHYIIA TaK, YTO OH MOIHSIICS

U 3aTeM Iomajl B r'Bo3[b. KakoBa ero ckopocTs B MOMEHT yapa O rBo3/ib? YCKOpeHHE CBOOOIHOTO
najeHus g.

Pewenue

TpaekTopusi COCTOUT W3 AYI'M OKPY)KHOCTH (IIOKa HHUTb HaTSHyTa) U
napaloibl, MPOXOAAIIEH depe3 TBO3Ab W MPOAOIDKAIOUIEH Ayry 1o
KacaTelbHOH K Hell (HUTh cMsITa) (CM. PUCYHOK.)

B Touke nepexona k nmapaboiie HaTsHKEHHE HUTH oOpalaeTcs B Hynb. M3 2-
ro 3akoHa HproToHa [ BpalareabHOro ABMKEHUS:

mu*L =m g sina,

OTKYZ1a,KBaJpaT CKOPOCTU B 3TOM TOUKE

u=L gsin a, Ve

J_, I7ie 0— yroj, 00pa3yemMblii HUTBIO C TOPHU30HTAJIBIO.
1 1

VYcnoBue nonagaHus B TBO3Ab:

[Tepememienue o ropuzoHTanu L cos a = u sin a

_'I‘_ no BepTukanu L sina = gt*/2 — ucosa t.
[Tomyuynnnm CUCTEMY yYpaBHEHUH
u? = Lgsina
Lcosa = usinat
Lsina = gt?/2 - ucosat

OTKy/a HaifeMm sin‘a = 1/3

13 3aKkoHa COXpaHEeHMs SHepruH V= u>+ 2L g sin a, otkyna v?*= 3L g sin a, a otBeT: v= 3/3 L2 g2

10. TTopmiens Maccel m = 20 kr 1 cedenust S =100 cM? B HCXOTHOM TOPH30HTATLHOM ITOJIOKCHUH
LUJIMH/IPa HaXomuTes nocepenune. ClieBa u cripaBa Bo3ayx npu armocdeprom nasienunu P = 10° I1a.



Knaman B Toplie HMIMHApPA OTKPHIT TOJNBKO TOTNA, KOrJa Topel obOpaiieH crporo BHU3. Llunmuuap
noBopaunBaioT Ha 90°, mpuBens ero B BepTHKaJIbHOE mojoxeHue. [Ipu kakoi macce mopiHsS OH
OIyCTUTCSI Ha HMKHUN Topen? Tpenus Her. Temmeparypa HEU3MEHHA. YCKOpEeHHE CBOOOIHOIO
najeHus g = 10 m/c2.

Pewenue

[Tocne moBopora Ha 90° naBjeHHe B HUXKHEH YacTH LWJIMHAPA IPU OTKPHITOM KiaraHe BO3AYyX
nepecTaér BhIXOAUTh, KOT/a AaBJIEHUE MO/ MOPIITHEM CpaBHUBAETCS ¢ atMocdepHbIM P.

Beime mopmas torma Oymet PT = P — mg/S. Ilycts Bech 006éM V, 00bEM cHU3Y V;, TOTIa 00BEM
cBepxy Va2 =V — V. U3 ypaBHEHUs COCTOSHUS MACAIBHOTO ras3a Juisi U30TEPMbl HMEEM

PV, = (P -mg/S)V, =PV/2. Torna V, = ﬁ-
- s

[Tockonbky VRT =PV, a wvRT =PV,, rae v HauansHOE 00111€€ YUCIIO MOJIEH, a V| YUCII0 MOJIeH

OCTAaBIIUXCS MO MOPIIHEM, OTKy/a cienyet, uto vi/v=Vi/V. Tk. V1=V -V,, 10

V(P - ng/g) _ v(PS— 2mg)
2(P - ™9/s)  2(Ps - mg)

VI/V = w/v =(PS -2mg)/2(PS — mg). Torna vi=

3ameTnm, uTo 1ipu Macce m = PS/2g = 50 kr v = 0 u OonblIeld MOpUICHb BHIAABUT BECh T'a3 U3
HIDKHEN 4acTu. BeIiieT poBHO MOJ0OBHHA raza. B 3ToM ciydae npu Mo4YTH MOJHOM BBITECHEHHH ra3 B
BEPXHEH YacTH pacIIMPUTCS BIBOE, €r0 JaBJIICHHE CTaHeT P/2.

Bapuanr 6

- 1. Karep, KOTOpBI JOBHXKETCA MO O3€pPy CO
CKOpOCTbhIO V, ¢ moMolpto (ana Tamur 3a cooit

: h"

% : CIIOPTCMEHA Ha BOAHBIX JIBDKAaX; MPHYEM yIOJ
f
“ely  MEXJIy BEKTOPOM CKOPOCTH V1 (paniom cocTasiser
—

yrojd o, a yroil MEXIy BEKTOPOM CKOpPOCTH U
N JBDKHUKA U TeM ke (amoM cocraBiseT yron .
1
1
!

Haligure ckopoCTh CIIOPTCMEHA.

¥
A Pewenue
—
u

O4eBHIHO, YTO MPOEKLUUU CKOpocTer V u u
nuHUIO (ana paBHEL, T.€. V:c0s o0 =u-cos  oTKyaa

cosa

cienyer,ytro u=V:-
Ayer, cos B

2. U3 1ByX OIMHAKOBBIX KYCKOB CTaJbHOM IPOBOJIOKH CBWJIM JBE€ NPYKHUHBI. [[naMeTp BUTKOB
OJTHOM M3 HUX paBeH d, Apyroi 2d. [lepBas npykuHKa Moj AeCTBHEM Ipy3a pacTSHYJIAch Ha OJHY



JIeCATYI0 CBOEH JUIMHBL. Ha Kakyro 4acTb CBOEW IJIMHBI PACTSHETCA I10J JECHCTBUEM TOIO K€ Ipy3a
BTOpasi Npy>KuHa?

Pewenue

. a
VYinmunenue npyxuH pasao Al =n-2d -SInE , TJIe 7 — YHCJIO BUTKOB NPY)XUHBI, @ OL — YTOJI, Ha
KOTOPBIi Pa3BOPAUMBAIOTCS COCEAHUE BUTKHU MPYKHUHBL. Tak Kak yUIMHEHHE PYKUHBI MAJIO, TO 3TOT

yroJ Mai u Sin % ~ % Tlosromy Al =nde.

VYT0J1 0L IPOOPIIMOHAIEH MOMEHTaM CHil F, KoTopsie pactsruBarot Butok: o = Fd . Cuna F paBua

BECy I'Py3a, MIOJBEIIEHHOTO K NPY/KUHE, U OJIMHAKOBA B 000UX CiTyuasx, nostomy Al ~nd?.

JluameTp BHTKOB BTOPOM MPYKHUHBI BIBOE MEHBIIE, CIICAOBATEIbHO, aOCOMIOTHOE YIUTHHEHHUE
BTOPO# MPY)KUHBI BABOE OOJIbINE, YeM y NepBoit. Takum 00pa3om, BTOpas MpPyXKHHA PACTSIHETCS Ha
2/5 cBOEl UIMHBI.

3. B xomHuare o6beMoM ¥ =75 M® Temmeparypa Bo3lyXa Takas ke, kak Ha ynuie Tq=— 20°C.
BxuroyaroT aneKTpokaMHH U OH MEAJIEHHO IpPOrpeBaeT BO3AyX B KomHare 10 T, = +239C. Yactb
BO3/yXa MPHU STOM BBIXOJIUT HApYXKy 4yepe3 HerepMeTHuHOoe OKHO. HailTu u3MeHeHHne BHYTpEHHEH
SHEPruu BO3JyXa B KOMHAare U paboTy, KOTOPYIO COBEpIIAET BO3IYX MPHU PACIIUPEHHH HAPYKY.
AtMocdepHoe JaBieHIe IPUHATH paBHBIM 10° Ma.

Pewenue

[To ycnmoBuio 3agauu, B CHJIy HE TEpMETUYHOCTH IIOMEIICHUs, HPOIEecC H300apHBbIil.
CrnenoBarenbHO, YacTh ra3a, BBIXOASIAs HAPYXKY, U COBEpIIaeT padoTy.

5 5
BuyrtpenHss sHeprus Bo3ayxa B komHare U = vGiT = VERT = EpoV . I3 monyuyenHoro pesynsrara

CJICAYCT, UTO BHYTPCHHSA SHCPIrUA BO3/1yXa B KOMHATE HE 3aBUCUT OT TEMIICPATYPHI. T.e. BHYTPCHHAA
SHEPTHA BO3AYXa B KOMHATC B IIPOUCCCE HArPEBAHUS IIPHU ITIOCTOSAHHOM NABJICHUHW HE MCHACTCA.

3anuiieM ypaBHEHHUE COCTOSIHUS JIs ra3a B KOMHATe 1ocjie Mporpea:
poV = v2RT, (1)
ypaBHeHI/Ie COCTOSIHMA IJId BO3JyXa B KOTMYCCTBC V2B KOMHATE B HavyaJbHLIA MOMEHT
pPo(V=AV)=v,RTy, (2)

rae AV - 00beM Ta3a BBIIIEIIIETo Ha YIUIly pu Temmeparype cpenst Huxke (Tqi< Ts),
PaGota coBepriaeTcst mpu MOCTOSTHHOM JIaBJICHUH, TTOATOMY
A=poAV  (3)

Haiinem AV u3 (1) u (2), BBIUTS BTOpo€ ypaBHEHHE U3 MEPBOTO poAV = v,R(T, - Ty).



Brinecem B aTom paBeHcTBe T: pPoAV = v,RT, ( - —)

U3 (1) Bugno, uto nnpoussenenue v,RT, paBHO poV.

T 260

OxoHuarenbHO paboTa paBHa: A = poV(l — T—) =10%-7 5(1 ﬁ) =1 MIx
2

4. ITonoXUTENBHO 3apSKEHHBIN IIapUK Maccoi m = | T' Mo/BEIIEH Ha
HUTH JUIMHOM L= 1M ¥ paBHOMEpPHO IBMXKETCA MO OKPY)KHOCTHU B
OJTHOPOJTHOM MarHUTHOM II0JIe C MHAYKIHUEH B (cM. pucyHOK). 3apsin
mapuka q = 1 MKi. Hute 06pasyer ¢ Beptukanpio yron o = 60°. Haiinure
YIJIOBYIO CKOPOCTh PABHOMEPHOT'O OOpaIlieHus MapuKa 10 OKPYKHOCTH.

Pewenue

—

ITocre paccTaHOBKH CUJI (CHIIBI HATsOKEHUs F,, cuibl Tshkectd —mg, cuibl Jlopenna F,) cm.
pucyHok, Moaynb Fp;=qvB

Hanumem YpaBHCHHUEC BpaAlIATCIIbHOTO ABUXKCHUA TCJIa MACChI

may =Fusina — qvB

O4YCBHIHO, 4TO Fucosa = mg u Cluc:(DZI'

TOTrlda YPaBHCHUC BpAIATCIIbHOI'O ABUXKCHUA TCJIa IPUMCET BU:

mo’ r = mgtga — qorB. YuuTeBag, uto r = Lsina
OKOHYaTeNbHO nomyunm mo’ L cosa + qoL cosa B + mg =0.

—gBLcosa + +/q? B2 L2 cos?a +m2gL cosa

OtBer: W = =
2mlL cosa
qB m?g
=121 1+ —2 _)=0,5pa
2m t T q?% B2 L cosa 0,5 pan/c

5. Tspxenblil map NpuBsS3aH HUTHIO K KyOy mMaccsl M = 4 kr. 3a apyrylo HUTH IIap TAHYT MO
TOPU30HTAJU, TaK YTO OH M KyO IBMXKYTCA C IOCTOSHHOM

cKopocThio. HakimonHas HUTH oOpasyer yrom o = 45° ¢

=9
M a} m=: BepTuKanbo. Halimute Maccy mapa, ecinu kodhPHUIueHT TpeHust
KyOa ¢ mosom pL = 0,5.

n Pewenue:




T.k. KyO ABMIKETCS C IOCTOSIHHOM CKOPOCTBIO,

TO, BEKTOpHasi CyMMa CWJI JEHCTBYIOIUX Ha M

KaXK/10€ U3 TEJl paBHa HYJIIO.
Juss wapa: T + mg + F =0; -
,I[J'I}IKy6aZ<E;+(IV+(YT'-+M§ZO FTp
N3 paBHoBecus mapa: Ty = mg, torna Tx = F = mg-tg a. (D)

(2)

PaBnoBecue ky6a. [Ipoekuus Ha BeptukanmbHylo ock: N - T, - Mg =0 > N=M+m)g

IIpoexuus Ha ropuzoHTanbHYIO 0Ch Tx — Frp = 0 mmm Frp = Tx = mg-tg a. 3)
Cuna tpenus npu npockanb3biBaHuu Frp = UN - Frp=pu(M +m) g 4
Ortkyna nocne nojactaHoBku (3) B (4) nonyuum p(m + M) = m-tg o winm m = pM(tg oo — ) = 1 k.

6. Kakyto cpeiHIOI0 MOIITHOCTh Pa3BUBAET JBUTATEIb MOTOIMKIIA, €CITH TIPU CKOPOCTH JIBHXKCHUS

90 km/4 pacxox 6en3una coctanisiet 4 1 Ha 100 kM mytn, a KI1J] nBurarens 25 %? YaenbHYIO TEIUIOTY

cropanus 6eH3uHa npuHATH 44 MJIK/KT, IIOTHOCTH GensuHa — 750 kr/m°.

u

Pewenue:

MoIHOCTh ABUTaTeIIs OIIPEACIIACTCS KaK

_p9qV _ 750-0,004 - 44 - 106 - 25

N
ns 0,25-10°

= 33 kBT

7. 9J'IGI(TpOH BIIETAaeT B 00JIACTh MIpOCTpaHCTBA, B KOTOPOM CO3JaHbI OAHOPOAHBIC JICKTPUICCKOC
MArgauTHOC II0JIA. CKOpOCTL OJICKTPOHA HAIIpaBJICHA TMEPICHAUKYIISIPHO CHJIOBBIM JIMHUAM

SJICKTPUYICCKOI'O  ITOJIA. 3HadyeHne HHAYKIIUK MAarduTHOI'O IIOJIA B. OHpe,Z[eJ'II/ITe 3HAYCHUC

HAIIPAKEHHOCTU E QJICKTPUYCCKOI'O II0JIsI, KOTOPOC CO3MaHO B 3TOM O6J'IaCTI/I, €CJIN DJICKTPOH

mpoJieTaeT 0071acTh, HE UCTIHITHIBASI OTKJIOHEHUSI. DHEPTHUs AMEKTpoHa W.

Pewenue:

st mponeta 6€3 OTKIOHEHHS MOIY/JIM COCTAaBISIOMIMX CUJIBI JIOpeHIla MOJDKHBI OBITH PaBHBI

MEXIy COOOM, T.e.

ek =eVB

Y4auTeiBas, 4To



IIOJIyYUM

8. Kocmuueckuii kopabiib, IPEICTABIAIONINN COO0N MUIMHAP HEOONBIION UIMHBI U UMEIOIITUI
IUIONIA/Ib MOTEPEUHOr0 CeYeHUs S, IBMXKETCS BAJIU OT TATOTEIOUIMX TEJI CO CKOPOCThIO u. BekTop
CKOPOCTH HaIlpaBjIeH BJIOJIb OCH IUIUHApA. Macca kopabis — My. Kopabip BiieTaeT B MbLJICBOM CIIOM
TONIIMHOMN L 1 TIOTHOCTHIO p. [Ipy nBM>KeHUH B ciioe Kopabib UCIBITHIBAECT HEYIIPYTHE COYAapEHUS
¢ yacturiamu neutd. Onpenenure BpeMsi €ro ABUKEHUS B MBUICBOM CJIO€.

Pewenue

[TockonbKy KOopaOib ABUKETCS B CI0€, UCTIBITHIBAsI HEYIIPYTUE COYJapEHHUs, TO K MOMEHTY BbIXOAA
U3 CIIOSI €70 Macca CTAHET PaBHOU

a CKOPOCThb

Benuuunna, o6paTHasi CKOPOCTH, JIMHEWHO U3MEHSIETCSl B 3aBUCHMOCTH OT MPONACHHOTO MyTH L:

[Tnomanpe nmox rpadukoM 3TOM 3aBUCUMOCTH U €CTh UCKOMOE BpeMsi:



9. Ha obnapyxennoit B Kocmoce muaHere yCkopeHUe CBOOOTHOTO MajeHus B 5 pa3 OoJbIie, 4eM
Ha 3emiie. KocMOHABTHI, BRICAIMBIIMECS HA 3TOMU IJIAHETE, IIOCTPOMIIN IS HY)K HAyYHOW CTaHIIUU
THJIPOAJICKTPOCTAHIINIO, Il YeTO BO3BENH IIOTHHY BbIcOTOM 100 M. OneHHTE, KaKyl0 MOIIHOCTD
MOXET pa3BUBATh TaKas IIOTHHA, €CITH 0Ka3aJI0Ch, YTO B BOJOXPAHWIIMIIE /10 TUIOTUHBI M Y TTOJTHOXKHUS
TUIOTHHBI TEMITEPaTypa Bobl oTiryaetcs Ha 1 °C, a e)KeCeKyHTHO uepe3 IUIOTHHY MPOXOAUT 2 TOHHBI
BOJBI.

Pewenue:

HOTCHL{I/IaHbHaﬂ OHEPIrUd BOAbI ICPEXOAUT B IMOJIC3HYIO pa60Ty U 4aCTUYHO TCPACTCA B BU/C
TCIIJIOTHI. BI)Ipa?;I/IM IMMOJIC3HYIO MOIITHOCTL:

m m
?gh — C?At = 1,6 MBT

10. TTopmiens Maccst m = 20 kr u cederust S =100 cM? B HCXOTHOM TOPH30HTATLHOM TTOJIOKCHUH
WIMHpa HaxoAuTcs nmocepeanne. CiieBa v cripaBa Bo3ayX mpu arMocdeprom nasienuu P = 10° [1a.
Knanan B TOpiie IMIMHApPA OTKPHIT TOJBKO TOTHA, KOTAa Topel oOpaiieH ctporo BHM3. LluauHip
noBopaunBatoT Ha 90°, mpuBeAs ero B BepTUKaIbHOE mosokeHue. Kakas mons Bo3mayxa Beliaer?
Tpenus Het. Temneparypa Hen3MeHHA. YCKopeHHe cBOOOAHOro najgeHus g = 10 m/c?.

Pewenue

[Tocne moBopora Ha 90° naBiaeHHE B HUKHEH YacTH LMJIMHAPA IPU OTKPHITOM KIIAallaHe BO3AYX
nepecTaér BhIXOAUTh, KOT/Ia AaBJIEHUE MO/ MOPIITHEM CpaBHUBAETCS ¢ aTMoc(hepHbIM P.

Beime nopmast Torna Oynetr P° = P — mg/S. Ilycts Bech 006€M V, 006EM cHU3Y V4, TOTTIA 00BEM
cBepxy V, =V — V,. U3 ypaBHEHHS COCTOSHUS UACATBLHOTO ra3a A U30TePMbl UMEEM

1. PV, = (P — mg/S)V. = PV/2. Torma V, =
v
|_ Z(P - mg/ s)'
-~ C
IF] | ITockoneky VRT = PV, a wRT =PV, e v
HavaJlbHOE 00IIlee YMCI0 MOJICH, a Vi YHCI0 MoJieh

—I— OCTAaBIIUXCS IO TOPIIHEM, OTKY/Ia CIEAYET, UTO V1i/V
=Vi/V. Tx. V;=V -V,, 10

V(P - ng/s) _ v(PS—- 2mg)
2(p - ™9/s)  2(Ps - mg)

Vi/V = vy/v =(PS —2mg)/2(PS — mg). torna v, =



3ameTuM, uto ipu Macce m = PS/2g = 50 kr v = 0 u Gombleii MOPIICHH BBHIJABUT BECh T'a3 U3
HUKHEH yacTu. BeliiieT poBHO oJ0BHHA ra3a. B 3ToM ciryyae npu mo4TH MoJIHOM BBITECHEHHUH T'a3 B
BEpXHEH 4acTu pacUIMPUTCS BIBOE, €ro JaBjeHue craneT P/2.

B cmyuae, xorma vi > 0 (m < PS/2g). Torna uucno Beimeamux Mojei raza Av = v/2 — vy,

MOJICTABUB 3HAYCHUE V4, TOTYIHM AV = 2(P.1$‘/+ilg)’ a uckomas foist Av/v = mg/2(PS — mg) = 1/8.
Bapuanr 7

1. Ha cton6e na Beicote H = 10 M ykpernieH TpeBOKHBIN 3BOHOK. Hauascst yparas, CKOpoCTh BeTpa
B yparane 20 m/c. B kakoM mMecTe Ha 3emiie 3ByK TPEBOTH OyleT cibliieH rpomue Bcero? CKopocTh
3Byka 330 m/c.

Pewenue:

B orcyTcTBHE BeTpa 3BOHOK TpOMYE BCETO OYAET CIBIIICH HETTOCPEACTBEHHO 0] TOYKOM IO/IBECa.
[Ipu Berpe, MMeEIOLIEM CKOPOCTH V, 3Ta To4yka OyneT MepeMemarbcsi BMECTE C BO3IYXOM, €€
paccrostHue OT cToji0a L OyAeT onpeaensTbCcsi COOTHOIICHUEM

==
< | e

Torma

%4
L=H—=0,6M
u

2. Tpu onuHAKOBBIX 1Iapa, CBSI3AHHBIX JBYMsI OJWMHAKOBBIMH NPYKMHAMH, MOJIBEILIECHbI
BEPTUKAJIBLHO HA HUTH, MPUBS3aHHOW K BepxHemy mapy. Kakumu OyayT yCKOpEHHs IIapoB cpasy
MOCJIE TIEPEKUTAHUST HUTH?

Pewenue:

B nokoe Ha HYKHUN 1ap ACMCTBYIOT CHJIA TSDKECTH U CUJla YIPYTOCTH, paBHas cuie TsbkecTd. Ha
CPEIHMI 1Iap TAaKXKe NEUCTBYIOT CHJIA TSKECTU U CUJIBI YIIPYTOCTU CO CTOPOHBI HUKHEW U BEPXHEU
IIPYXKUH, IPUYEM CHJIA YIIPYTOCTU BEpXHEN IIPYKUHBI paBHA YIBOCHHOM cuJie TshkecTH. Ha BepXHuii
map AeHCTBYIOT CHJIA TSDKECTH, CUJIa YIPYTOCTH MPYKUHBI (B CyMME — YTPOEHHAs CHJIA TSDKECTH) U
CUJIa HATSHKEHUs HUTH.

[Tpu nepexuraHuy HUTH CUJIbl YIIPYTOCTH MTHOBEHHO U3MEHUTHCSI HE MOTYT, TO3TOMY HHXKHUHN U
cpenHuil mapel OyIyT HMETh HYJIEBOE YCKOpEHHE, a BEpXHUH MpHOOpeTeT ycKopeHue 3g,
HaIpaBJIeHHOE BHU3.



3. TennoBast MamuHa paboTaET 1O LUKILY, COCTOSIIEMY U3 ABYX M300ap U ABYX IOJIUTPOI, HA
KOTOPBIX JIABJICHUE Ta3a p U 00beM V CBA3aHBI COOTHOIICHUAMU P = o,V U P = a,V , TI€ i -
nocrosHHele. Haliaure K.II.I. TEIUIOBOW MalIMHBI, €cIM B Hell B KauecTBe pabouero Tena

UCIIOJIB3YeTCsl OJHOATOMHBIN UcaIbHbIN ra3. OTHOIICHHEe MAaKCHMAJILHOM TEMIIEpaTyphl B IUKIIE K
MUHUMAJIBHON 7 = 9.

Pewenue:
%-ﬂ+2n—%
2
n=t @1 (30— 3) +1
a, \“tT2) T2

4. Vmerorcs n1Ba TOHKMX MPOBOJIOYHBIX Kojbla paauycom R = 0,3 m kaxnoe. Ocw,
MEPIeHIUKYIISIPHBIE TIIOCKOCTSIM KOJIEI, COBMAIat0T. 3apsiabl Kolel paBHel ¢ U - ¢ (|g| = 0,4 mxKun).

Paccrosinue mexny nentpamu konery / = 0,52 m. Haliqute pa3HOCTh MOTEHLIMATIOB MEXKIY EHTPAMHU
KOJIEIL.

Pewenue:

[ToreH1Man B LEHTPE KOJbLIA PaBEH

_ a q
4‘7T€0R 4‘7T€0(R2 + ZZ)Z

%

Pa3HoCTE IOTEHIIMAIOB paBHa

A q (1 ! ) 12 kB
= —_— ~ K
¢ 2weg \R  (R? + [?)?
5. OTkpbITBI 0aK, COCTOSIIMIA M3 OBYX COOCHBIX LUJIMHAPOB _—
nuamerpamu d u 2d, 3amogHeH KUAKOCTHIO TJIOTHOCTH P, KaK MOKa3aHO I",- E" s b | "
A= - et

Ha pucyHke. bak ctout Ha nmony nudTa, KOTOPbI MOAHUMAETCS BBEPX C
yckopenueM a = 0,25 g. Omnpenenure Cuily NaBJICHHUS KUIKOCTH Ha e e
TOPU3OHTAILHYIO TOBEPXHOCTh AB, coemuHsroNIyro o0a MHIUHAPA.

AtmocdepHOe 1aBIeHHE PaBHO Po.

Pewenue:

Cuna IMPUJIOKCHA BCPTHUKAJIIBHO BBCPX.

3
F = anz(po +p(a+g)h)



6. Ha 1He 1uiuHpa, HAOJHEHHOTO BO3IYXOM, MIOTHOCTh KOTOporo p = 1,29 kr/m?, nexut
MOJIBIM METAJUTMYECKUN apuK pagnycoM r = 1 cM u maccoit m = 5 1. JIo Kakoro aaBieHUS HYXKHO
nzorepMudecku npu temreparype T = 290 K cxarb Bo3ayX B HHJIMHIPE, YTOOBI MAPUK BCIUIBLI?
Bo3/1yX cuMTaTh H€aTbHBIM Ta30M MONIAPHOH Maccoit = 29107 kr/Moib.

Pewenue:

Yto0bI IIapuK BCIUIBLI, HYXXHO, yTOOBI €ro IJIOTHOCTh CTalila HE MeHBmeﬁ, 4Y€M IINIOTHOCTH
[apukKa. 9TO BBIIIOJHACTCS IIpU AaBJICHUN

3mRT

=———=992-10°11
p 4mr3pu 4

7. TodyeuHblil 3aps]l  HaXOAUTCS HAa PACCTOSTHUU h OT TUIOCKOM MOBEPXHOCTH MPOBOIHHKA,
3aMOJIHSIONIETO BCE HIDKHEE MOIYNpoCcTpaHCTBO. C KakoM CHJIOW MNpUTATHUBAETCA 3apsija K
MIPOBOAHUKY?

Pewenue:

Bocrnonbs3yemcss nOpHHUOMIIOM 3€pKajJbHOrO OTpaxkeHus. HaBeneHHbIW B MNPOBOISLLEM
IIOJIYIIPOCTPAHCTBE 3apsii UMEET TOT K€ MOAYJb M IPOTUBOIOJOXKHBIN 3HaK. Ero paccrosHue ot
IPaHHULbI pa3/ielia paBHo A.

B sToM cniyuae

q2

F=———
16mey h?

8. B pocTpaHcTBE MEX Ty TUTACTUHAMH TIJIOCKOTO KOHJeHcaTopa Ci MPOUCXOAUT MOHU3ALIUS
BO3/lyXa TIyTeM  BO3JACHCTBUS  PEHTTEHOBCKOTO
U3ITy4eHUs] TakoW MOIIHOCTH, 4YTO oOpa3yercs w = i1

2-10'? map Hocureneii 3apsna 3a 1 ¢ 8 1 M. Moaynb C, 1]
3apsa HOCUTENS COCTaBILIET € = 1,6-10" K. Bcee P

%
|

1l
=

o0pa3oBaBIIMECs HOCUTENH JIOJETAal0T A0 IJIACTHH. —_—
[Mnomanps mmactur S = 100 cM?, paccTosHUe MEXIy

HuUMHU d =5 MM. C2 = 10 Mk®D, R = 2 kOm. Onpenenute

3apsia konaeHcaropa Co.

Pewenue:

Tox B menm co3maercs ToibKo reHepauuei Hocutened B Ci. Hampspkenune nHa C paBHO
HaIpsLKEHUIo Ha pe3ucrope. Torma

g, = C,wdSeR = 3,2-10715 Kn



9. Huwxuuii koHer kanwuiapa paauycoMm 7 =0,2 MM U JUIMHOM [/ = 8§ CM MOTPYXEH B BOLY,
temrieparypa kotopoit 7w = 273 K u nocrosinna. Temneparypa BepxHero KoHua kanuwuisapa 7 = 373
K. Ha kakyroo BBICOTY NOAHMMETCS Boja B Kanujuigpe? Cuurtarb, 4TO TEMIIEparypa JMHEHHO
U3MEHseTCd MO0 JUIMHE Kanwuiipa. TemnooOMEeHOM ¢ OKpYXKarollUM BO3JYyXOM M TEIUIOBBIM
pacupeHreM BoJbl peHedpeusb. KoadduumeHT noBepXHOCTHOTO HATSXKEHUs BOJbI U3MEHSIETCS B
JAHHOM TeMIlepaTypHOM auanasone kak ¢ = (133,3 - 0,217) mH/M. Bozna monmHoCThIO cMauuBaeT
Kanuuisip. TemIoBeIM paclIupeHUEM BOJIbI MO>KHO IIPEHEOpEeUb.

Pewenue:

3aBUCUMOCTb TEMIIEPATYPBI OT BBICOTHI

T
T(x) = %x

YcnoBue PpaBHOBCCHUA cronba KHUAKOCTHU

20

pPgx =-——

HO,I[CTaBJ'IHH B TCMIICPATYPHYIO 3aBUCUMOCTDb KOB(i)(i)HHHCHTa IIOBCPXHOCTHOI'O HATAKCHUS
3aBUCHUMOCTb TCMIICPATYpPbl OT BLICOTHI U BBIIIOJIHUB HGO6XOIII/IMI)IC Hpeo6pa3013aHI/m, IMOJIYYUM X =

0,51 m

10. Onpenenute Maccy Meau, Hy)KHOM JJIs IPOBEACHUS ABYXIIPOBOAHON JTUHUU JUTMHOU [ = 5
kM. HampsikeHue Ha JIMHUM CO CTOPOHBI AekTpoctanimu U = 6,9 kB, nepenaBaemasi moTpeOUTEItO
momHocTh P = 60 kBT. [lomyckaemMoe yMeHbIlIeHUE HANPsDKEHUS Ha TMHUU 11 = 8 %. [ImoTHOCTh Meau
D = 8,9-10° kr/m?, ynensHoe conporusienue p = 1,75-10% Om-m.

Pewenue:

MorHOCTb, IepeiaBaeMasi HIOTPeOUTENI0, ONPEENIeT TOK B INHUU

/- P
Ul -n)
ComnpoTHUBIIEHHE TUHUN MOXKET OBITH OMPENETIEHO KaK
_n(n—1U?
"TTp
C npyro# CTOpPOHBI,
_ l _ I°D
"= S P m

ITonygaem



pl>DP

=————= 267
U?n(n—-1) KT

m

Bapuanr 8

1. IToe3n HauMHAET IBUXKEHUE U3 COCTOSIHUS ITOKOS M PABHOMEPHO YBEIMYMBAET CKOpocTh. Ha mepBoM

KHJIOMETpE IyTH OHA BO3pOCia Ha AV =10 M/c. Ha ckollbKkO OHa BO3pacTeT Ha BTOPOM KUiiomeTpe?
Pewenue:

CKOpOCTI) B KOHIIC IIE€PBOI'0 KUJIOMETpaA paBHA

AV = 2aS
YckopeH#e paBHO
_(ar)y?
=775

[Tpupamienue ckopocT Ha 2-M KUJIOMETpPE

AV, = AV(V2 —1) = 4,1 m/c

2. Teno maccoil m JIBHUKETCSl BBEPX I10 BEPTHKAJIbHON CTEHKE IOJ JAEHCTBUEM

ul’

CWIbl F, HalpaBJICHHOMN IOJ YIJIOM O K BepTukanu. Haiiaure yckopeHue Tena.
KoaddunrieHt Tpenust Mexay TeJIoM U CTEHOW paBeH LL.

E Pewenue:

cosa — usina
a=F -9
m

3. 1 Monb HEOHa coBepIIAeT LMKII, U300pakeHHbIH Ha PV- nuarpamme,

U COCTOSIIIIMM U3 ABYX M30XO0p U JIBYX M300ap. M3BecTHO, 4TO TOUKH 2 U PA
4 nexat Ha OJJHOW U30TEPME, a CPETHUE KBaIpaTUYHbIE CKOPOCTH aTOMOB
HeoHa B Touke 1 V1 =500 m/c, a B Touke 3 - V3= 1000 m/c. Onpenenure
KOJIMYECTBO TEIUIOTHI, MOABOAMMOE K raszy 3a HMKJI. MossipHas Macca
HeoHa 1 = 0,020 Kr/MoJIb.

4
Pewenue: Q = 8,3 xJIx V’

4. VICTOYHUK MMOCTOSTHHOTO TOKA C BHYTPEHHUM CONPOTUBIEHUEM I = | OM 3aMKHYT B IEPBOM CIIy4ae
Ha PE3UCTOpP CONMPOTHBIECHHEM R, a BO BTOpOM ciydae - Ha 4 Takux K€ pe3uCTOpa, COCINHEHHBIX



napajuienpHo. Onpenenure conpoTusiaeHue R, ecim MOITHOCTD, BblIesieMasl B Harpy3Ke B IIEPBOM U
BO BTOPOM CJIy4yasix OJIHa U Ta Xke€.

Pewenue: R = isr = 1,79 OMm

5. C HakJIOHHOW IUIOCKOCTH, OOpasymomeld yroi o ¢
TOPU30HTOM, C BBICOTHI H cOCKaIb3bIBaeT HeOObIIas Mmaiioa.

B KOHIIC CIIYCKa Y OCHOBAHUA HaKJIOHHOH IIOCKOCTH I1aiba

H UCTIBITBIBACT  YNPYroe€  COyIapeHHe CO CTEHKOH W
h MOJHUMAETCSI 10 HAKJIOHHOW IIIOCKOCTM Ha BBICOTY h.

a‘ (V3 (3 ~
i NE— > ( Haiinute ko3(p¢GUIMEHT TpeHus Mexay MIaiboid u

HAKJIOHHOMN ILIIOCKOCTBIO.

(H-h)tga

Pewenue: u = Tih

6. TepmomeTp noneprkanu Haj oruéM. [loce Toro, kKak ropenky BHIKIIOUHITH, TOKa3aHUsI TEPMOMETPa
ynanu ot 100 °C mo 99 °C 3a nBe cekyHAbl. 3a CKOJIBKO BPEMEHHM IOKa3aHUs TEpPMOMETpa

ymenbmarscs ot 60 °C go 59 °C?

t
Pewenue: 1, = 14 t—l ~ 3,3c¢C
2

7. Onpenenute conpoTuBieHue R, MpU KOTOPOM TOK B LIENHU

.:1 D ABCD ne teuer, ecmu 1 =12 =0,5Om, E1 =12 B, E2 =6 B.
R R LR =2 _
o L. & Pewenue: R sy 0,5 OMm
r r
! 2
B 8. Ilyns maccoif m, jereBmias co CKOPOCThbIO V, MpoOuBaeT
[ C OJIMH TIO/IBELIICHHBIN TPY3 MACCO M M 3aCTPEBAET BO BTOPOM

MOABCHICHHOM TPYy3€ TOM 7K€ MacCHI. HpeHe6pera;1 BpPEMCHCM
B3aUMOICHCTBUSA IIYyJIA C TPY30M, HalJIUTE KOJIMYECTBO TEILIOTHI Ql, BBIZCIIMBIICECS B IICPBOM I'PY3¢E,
€CJIM BO BTOPOM BBIACIINIIOCH KOJIMYECTBO TCIJIOTHI Qz.

Pewenue:




9. K nunamomertpy npuiiokeHa cuna 4 H Tak, 4To OH JBHXKETCSI C MOCTOSHHBIM YCKOPEHHMEM IIO
TOPU30HTAIBHOMY cTOy. UTO moOKa3plBaeT JUHAMOMETp, €CIM Macca IMpPYKUHbl paBHa Macce
Koprryca?

Pewenue:

B 0OBIYHBIX yCIIOBUSIX, KOTJa JUHAMOMETpP HEMOABIKEH, Chja
YIPYTrOoCTH B IIOOOM CEUEHUU MPYKUHBI OJTHA U Ta XK€, T. €. JII0ObIe
paBHBIC YYACTKH IPY>KUHBI YIUTUHSIIOTCS IIPHU PACTSKEHUU HA OTHY

U Ty K€ Benuuuny. lIpu 1BMKeHHH JUHAMOMETpaA C YCKOPEHHEM

J1e510 0OCTOUT HE TakK. PaccMOTpUM cedeHHe MPYKUHBI, KOTOPOE
HAXOJUTCSl Ha PAaCCTOSHUU X OT KOHLIA MPYXXUHBI, IPUKPEIUIEHHOIO K KOpIycy AuHamomerpa. Cuna
YIPYrOCTH Tz coo0LIaeT YCKOPEHHE KOPITyCcy JMHAMOMETPA U YUacTKy IPYyKUHBI JUIMHOM X. Macca
9TOrO y4yacTKa MPYKUHBI paBHA Mae—=MLz TIo BTOpOMY 3akoHy HbIOTOHa cuia ynmpyrocTt B

ceuenmn x 4 e— \M+MzL/a

Cymmupys BC€ CUJIIBI, TOTYYUM

T=kor =3H
=k =

10. Tonkwuit 0601 Maccoit m u paguycoMm R ckaTbiBaeTcsi ¢ HAKIIOHHON
IUIOCKOCTH, 00pa3yroliel yroil & ¢ ropu30HTOM, HaMaTbiBas Ha ceOs
TOHKYIO TUOKYIO JICHTY, JJHHEHHas TIOTHOCTh KOTOpOH p (cMoTpu
pUCYHOK). B HauanbHBIH MOMEHT 0007 HaXOAUJICS HA BHICOTE /1 HaA
TOPU30HTAJILHOM TMOBEPXHOCThIO. (CKATUBIIUCH C  HAKIOHHOMU
MJIOCKOCTH, 00071 OCTAHOBHWJICSI HA PACCTOSTHUU S OT €€ OCHOBaHUSI.

Onpenenure maccy obona m. CudTaiiTe mepexol OT HaKJIOHHOU
IIJIOCKOCTHU K FOpH?;OHT&J'IBHOfI IMMOBCPXHOCTHU IIJIABHBIM.

Pewenue:
IloreHnmanbHas >HEPrus CUCTEMBbl B HAYaJbHBII MOMEHT CKJIA[bIBACTCA U3 IOTCHIUATIBHOMN
SHEepruM 00oaa, paBHOU ﬂlg(?""‘h), Y TNOTEHIMAJIbHOW SHEPIMM YaCTH JICHTHI, JIeXKalled Ha

HaKJIOHHOM IIJIOCKOCTH, Pg hi‘/ (QSiIlDE) [TonmHas KOHEYHasi PHEPTHsI CUCTEMBI TaKXkKe OyJeT YHCTO
MOTEHIIMAIBHOM M PABHOM BBUJlY OTCYTCTBUSI TPEHHsS HadalbHOM sHepruu. KoHeuHas sHeprus
CKJIQ/IBIBAETCSl M3 DHEPTUU 00012 m3ru SHEpPruM HamoTaBllelcss Ha Hero JeHTwl. Llentp macc
MoCJeIHeH Oy/IeM CUMTaTh COBIAIAIONINM C IIEHTPOM Macc 000/1a. DTO TPEOIOKEHHE BEPHO, €CIIH
JUTMHA HaMOTABIIEHCS JIETITHI MHOTO OOJIbIe JUTMHBI OKPYKHOCTH 00ona. Toraa moTeHIMaibHas

SHEPTHsl HAMOTABILIEHCS JIEHTHI €CTh P (h/ SlIlEr|‘S)9 I, mpryeM JJIMHA JIEHTHI paBHA



h/ sina+s,

rae & - PacCTOsAHUCE, HpOﬁI[CHHO@ O6OI[OM OT OCHOBAaHHUS HAKJIOHHOM INIOCKOCTH J0 TOYKH OCTaHOBKH.
N3 3akona COXpaHCHU SHEPTHUHU I10TTydaceM

3amaHus 0TOOPOYHOIO ITANA
9 Kiacce

Bapuant 1

1. Hununapuueckuii ctakan maccoil 100 r nepxkar nByMs HajibliaMy 3a CTeHKU. Ecnu ctakan
CXKaTh NAJIbLIAMU II0 JUAMETPy C HEKOTOPOM CWIONW F1 M TAHYTh IO IIAAKOW TOPU30HTAIBHOU
TIOBEPXHOCTH, TO €My YJaeTcs COOOIIMTh IOBOJLHO GONbIIOE yckopeHue, papHoe 21 m/c?. Kakoii
MaKCHMaJIbHOI Macchl I'py3 MOXKHO IOJHUMATh B CTakaHe Tak, 4ro yepe3 0,6 ¢ oH mpuobperaer
MakcUMalbHyl0 ckopocTh 30 cm/c? OTBeT BbIpa3UTE€ B KWJIOTpaMMax. YCKOpEHHE CBOOOIHOIO
naJeHust MOKHO CUMTaTh paBHBIM 10 M/c?,

Pewenue:

[Tycth k03¢ uLMEeHT TpeHHs NajibleB O CTaKaH paBeH W. B ciiydae, koraa Mbl TSHEM CTakaH IO
IJIQJKOW TOPU30HTAIILHON ITOBEPXHOCTH, 10 BTOPOMY 3aKkOHY HbrOTOHA nMeeM:

puFy = mya,
[Tpu mombeme cTakaHa BBEpX YpaBHEHUE JUHAMHKH JIBMKEHUS UMEET BU/I:
uF; —(m+ M)g = (m + M)a,

IToncraBiss 3Ha4eHUs L1 U a2, IOJTy4UM
Vin
mia; —(m+M)g = (m+ M)T
Macca rpy3a paBHa

Mzm(al_g_VTm)zalxr

Vin
g+

Omeem: 0,1 ke



2. Tenexxka Maccoit 10 kr aBuraiach u3 cOCTOSIHUS MokKos. Cuia, MPUIIOKEHHAs K TEJIEXKKE,
MeHstach oT paBHoMepHO 20 H 1o 35 H 3a Bpemst 1 munyTra. KakoBa cKOpOCTb TENEXKKHU K KOHILY 1-i1
MUHYTBI, ecii k03 unmeHT Tpenus Tenexku o qopory 0,3? OTBET BbIpa3uTe B METPAX B CEKYHIY.

Pewenue:

MakcumanbHasi cuiia TpeHUs! MOKosl paBHA Fiyp= uN = umg = 0,3-10-10 = 30 H. Tak kak cuia
HapacTaina co ckopocTbio AF /At = 15/60 = 0,25 H/c, To B Teuennu 40 ¢ Opycok He asurancs. Jlanee
CUJIa TpeHusl ocTaBajach NOCTOSIHHOM M paBHOH 30 H, a cuna Taru HapacTtana W yBeauduBalia
yckopenue Opycka. T.e. uMeeM Jefio ¢ HepaBHOYCKOPEHHBIM JBM)KEHUEM. PaBHOAEWCTBYIOIIAs CHII
Oyznet paBHa pa3HOCTU cWJI TATH T U cuiibl TpeHUs Frp:

R=T() - Fup,
MoXHO MOCTPOUTH TpaduK 3aBUCUMOCTH YCKOPEHUs a = R/m

or Bpemenu. Torma 1IomIaAb, OTpaHUYEHHas TIpaduroMm,
OTpesieNisieT CKOPOCTh OpycKa:

oo e
w s U

o
il

V=%(t—t0)=5M/C

YcKkopeHue, m/c?
o
o N

0 20 40 60

Bpems, c

Omeem: 5 m/c

3. JUIMHHBIM TOJSPHBIM JHeM BOKpyr CeBepHOro mojroca 3eMiau HUIeT Oelblid MEIBEb.
TpaekTopus ero ABMKEHUS MIPEICTABISIET COO0M OKPYKHOCTB, LIEHTP KOTOpoi — CeBepHbIii Motoc, a
panuyc paBeH 20 kM. C Kakoi CKOPOCTBIO U B KAKOM HaMpaBICHUH JOKEH HJITH MEJBE/Ib, YTOOBI BCE
Bpems BueTh CONHIIE B OHOM M TOM >K€ MOJOXXEHHH Ha HeOe? Pe3ymbrar OKpyrauTe 10 ABYX
3HaYaIuX nU(p U BeIpa3uTe B KUJIOMETPAxX B Yac.

Pewenue:

Paguyc okpyXHOCTH, IO KOTOPOHM HAET MeNBEIb, HAMHOTO MEHbILE pajuyca 3eMJIH, IO3TOMY
MOKHO CHUTATh, YTO €Iro TpaeKTopI/ISI JIC)KUT B IIJIOCKOCTH, KOTOpafl KacaceTcsa HOBerHOCTI/I 3€MJ'II/I B
HOJ'I?[pHOfI TOYKEC. I[J'If[ BBIITOJIHCHU A YCJ'IOBI/UI MCABCIb ITOJIKCH HpOXOI[I/ITI) OKp}I)KHOCTB 3a OAHH
CYTKI/I, ABUT'asACHh B 3allaJHOM HaHpaBHeHI/II/I, 3HA4YUT CKOpOCTB MEABCOA JOJIKHA 6BITB paBHOﬁ

2nR 2w+ 20 _
T T 24 7

5,2

Omeem: 5,2 km/uac 6 3anaonom HanpagieHuu.

4. TeHHuCHas1 pakeTKa IBUKETCS] HABCTPEUY MsI4y. B MOMEHT yziapa pakeTka HaXOAUTCSI Ha BBICOTE
h=1,76 M OT TOBEPXHOCTH KOPTa, IPU 3TOM CKOPOCTU PAKETKHU U Ms4a MapajuiebHbI KOPTY U PaBHBI
COOTBETCTBEHHO U = 2 M/C (CKOPOCTb pakeTku) u V' = 1 m/c (ckopocTh Msua). CunTas ynap msda 1o
PaKETKE YIPYruM, OMpeacinuTe, Ha KakoM BBICOTE OT IMMOBEPXHOCTHU KOPTA MAY YAAPUTCA O CTCHKY,
PacroNOKEHHYI0 Ha pacCcTOSHUU L = 2 M OT pakeTku? Msy mociie yjapa o pakeTKy JIBUXKETCS B



HalpaBJICHUH CTEHKH; IUIOCKOCTh, B KOTOPOH JICKUT TPACKTOPHs Msua, MEPIECHIUKYISIPHA CTCHKE.
ConpoTuBieHnEM BO3yXa MpeHeOpeub. YCKOpEeHHEe CBOOOTHOTO MaJIeHHsI MOKHO CUUTAaTh PaBHBIM
9,8 M/c?. PesynbTar BEIpasuTe B METPAX.

Pewenue:

Cxopoctp Msiua Vo mocie ynpyroro yaapa 0 pakeTKy MOKHO IMOJIYYUTb, €CJIM BOCIOJIb30BaThCs
3aKOHOM CJIOXEHHMsI CKopocTei. [l 3Toro cHavasna mnepeiieM B CUCTEMY OTcUeTa, ABMXKYIILYIOCS CO
CKOPOCTBIO pakeTKH u. B 3Toii cucTteme oTcuera, CKOPOCTh Mya OTHOCUTEIBLHO PAKETKU paBHA

Vrel:V+u

[Tocne ympyroro ymapa 3Ta CKOPOCTb IIOMEHSIET HAaIlpaBJIEHHWE, HO MOIYJb €€ B ABIKYILEHCS
cucTteme oTcuera He u3MeHuTcs. [lepeiizeM 0OpaTHO B HETIOIBUKHYIO CUCTEMY OTCUETA, CBA3aHHYIO
C 3eMJICH U IONyYUM

Vo =Viertu=V+2u

JIBIXeHue Ms4ya 10cJie yaapa O PakeTKy — OauTMCTHYeCKOe ABMKEHUE C HAYaJIbHOM CKOPOCTHIO
Vo, HalIPaBJIEHHOW FOPU30HTAJIBHO (CM. PHUC).

N y YpaBHEeHUs IBUKECHHS Msida B BEIOPAHHBIX Ha PUCYHKE
Vo 0CiX KOOpAWHAT!
¢
h & X =V,
Jon_ o
2
L
W /////////////////////////////// 7 X B momeHT yaapa 0 CTCHKY X= L, TOTraa t = V— .
0
L2
y=h-9t 1,
2V;

Omeem: 1 m



y y Vx, MM/C
5. Mypageii nBuxeTcss BAOJAb KoopauHaTHOM ocu Ox. Ha X

PHUCYHKE IIOKa3aHa 3aBUCUMOCTb IPOEKIIUU CKOPOCTU MYPaBbsl Vx OT

KOOpHMHATHI X. YeMy paBeH MOIY/Ib MPOCKIIUK YCKOPEHUst MypaBbst 1
B Hauase KoopauHat? PesynsTar npuseauTe B M/c2.

0 X, MM
Omeem: 1 m/c’ 2 4\6 8
-1
6. Y mkonbHUKa AHApPEs €CTh CTEKJISTHHAS
npobupka wMaccoi M = 80 r wu -2

BMECTUTENIbHOCTBIO V' = 60 miu. OH omycTun
NPOOUPKY B MUIUHAPUICCKUN COCYI C BOJOW W MOCTENEHHO HACKIMAN Ha JHO
MPOOUPKH MECOK JI0 TE€X MOp, MOKa OHA HE TOTPY3WIACh B BOIY MO TOPIBIIIKO
(cM. puc.). 3arem AHapel U3MEpPUIT MacCy TIeCKa, HaXOAUBIIETOCs B IPOOHPKE
B 3TOT MOMEHT, ¥ OHa OKa3aJjlach paBHOI m = 12 1. BHyTpeHHuii panuyc cocyna,

B KOTOPBIii OMyIeHa Tpo6upKa, paBeH R = 5 cm. I1noTHOCTS Bosibl paBHa 1 r/cm?.
OnpeenuTe MO TUM JaHHBIM [IIOTHOCTH CTeKJIa NPOOUpKH. Pesynsrar BeIpasure B r/cM’.

Omeem: 2,5 v/em>.

7. B crakane, 10BepXy HAIIOJJHEHHOM BOZOW U 3aKPBITOM CBEPXY KPBILIKOM, IUIABAET JECPEBIHHBIN
mapuk. Bo CKONBKO pa3 yBENIMYWTCS JABICHUE IIAPUKA HA KPBIIIKY, €CIM CTaKaH JBUXKETCS C
yckopenueM a = 0,4g, HanpaBiIeHHbIM BBEpX?

Omeem: 1,4

8. Kopnosasa monens camonera maccoit m = 100 r npukpeneHa K mHypy aauHod L = 10 m u
npeHedpexuMo Masioi Macchl. CaMoJIeT ABMIKETCSI C OCTOSHHON cKOopocThio V=10 M/c 1 onuchIBaeT
TOPU30HTAIILHYIO OKPY>KHOCTh Ha TaKOW BBICOTE, UTO MIHYp oOpasyeT yroi 6 = 30° ¢ moBepXHOCTHIO
3eMJIM BO BCe Bpems JBIkeHus. Halitu cuity HarskeHus mHypa. Cuuraiite, 4To moabeMHasi cuiia
TNeprHeHuKyIIpHa IIHYpY. YCKOpeHHe CBOOOJHOrO MajeHHs MOKHO CUMTaTh paBHBIM 10 m/c2.
Pesynbrar Belpa3uTe B HbIOTOHAX.

Omeem: 5 H

9. Mstu, MOKaTHJIM MO TOJY K CTEHE CO CKOPOCThIO V' = 5 M/c, mocine yaapa 0 CTeHy HOKaTHJICS
Ha3a/1 CO CKOPOCTHIO # = 4 M/C ¥ BEPHYJICS B UCXOJHYIO TOUKY I1OCIIE Hadalla ABHKEHUS Yepe3 BpeMs
T = 1,8 c. KakoBo paccTossHHE OT UCXOJHON TOUKH 10 CT€HBI? Pe3ynbprar BeIpa3suTe B METpax.

Omeem: 4 m

10. 13 nByX OOMHAKOBBIX KYCKOB CTaJbHOM MPOBOJIOKH CBWJIH JIBE NMPYXUHBI. /[namMeTp BUTKOB
OJTHOM M3 HUX paBeH d, npyroi 2d. IlepBas mpyxuHa moja JeHCTBUEM Ipy3a pacTSHYJIAch Ha OAHY
JIECATYIO0 CBOEW JUIMHBL. Ha Kakyro 4acTh CBOEW IJIMHBI PAaCTAHETCS MO IEHCTBHEM TOIO XKeE Ipysa
BTOpasi MpyKuUHa?

Omeem.: 0,4



11. M3 omHOM TOYKM TOPU3OHTAIHHO B MPOTHBONOJIOKHBIX HANpPaBICHHUSIX OIHOBPEMEHHO
BBUICTAIOT J[Ba TeJla C HAYaJIbHBIMU CKOPOCTAMHU U;=9 M/c 1 v2= 16 M/c. Uepe3 kakoe BpeMmsl ¢ yroi
MEXy BEKTOpAMHU CKOPOCTEH TeJl CTaHET paBHbIM a=90°7 YckopeHune cBOOOIHOTO NaJeHUsI MOKHO
cunTarh paBHBIM 10 M/c?. Pe3ybrar BRIpasuTe B CEKYH/IAX.

Omeem: 1,2 c

12. Bony, umeromnyto temneparypy 71 = 283 K, nomemaror B xonoquibHUK. HaliTh oTHOLIEHHE
BpPEMEHHU MpEBpalleHUs] BOABI B JieJ KO BPEMEHM OXJaxaeHus Bouabl a0 1> = 273 K. VnenpHas
TEII0eMKOCTh BOJbI ¢ = 4,2 kJIx/(xr-K), ynenpHas TeruioTa IuiaBieHus abaa A =3,34-1 0’ JIK/KT.
Pesynbrar 3anuimmTe TpeMs 3Ha4auMy HQPpPaMH.

Omeem: 7,95

13. [lapamiensHO aMIiepMeTPY, UMEIOIIEMY CONTPOTUBIIEHHE Ra = 1 OM, BKIIFOUEH MEAHBIN TPOBOJ
(wrynt) amuHoit [ = 20 cMm u guamerpoMm d = 1 mm. OmnpeneiauTbh BEIWYMHY TOKAa B LIENH, €CIIU
amIiepMeTp nokaspiBaeT cuity Toka /a = 0,2 A. YnensHoe conporusinenue meau p = 0,017 MxOMm- M.
Pesynbrar Beipazute B aMIepax ¥ OKPYIJIUTE O TPEX 3Ha4aImx uudp.

Omeem: 46,4 A

14. /Isa rpy3a maccamu m1 = | KT ¥ m2 = 2 KT IOJBELIEHBI HA JIBYX HUTSX,
Kak Noka3zaHo Ha pucyHke. K rpy3y 2 npunoxena cuna F = 3 H. Onpegenure, ¢
KaKUM YCKOPEHHEM HAYHYT JBUTATHCS TPY3bl, €CJIU BEPXHIOIO HUTH MEPEKEUb.
PesynbTar BeIpasuTe B M/C2.

Omeem: 11 m/c?.

15. B xanopumMerpe HaxoguTcCs 1 Kr JKMJIKOTO CBHMHIA IIPU TEMIIEparype
mnasieHus (327 °C). B xanopumerp BiawiIM 1 KT KHUJIKOTO OJI0Ba, B3STOTO MPHU

temrieparype TuiaBieHuss (232 °C). CKOJBKO JKHUIKOCTH OKaXeTCcs B
KaJIOpPUMETPE CITYCTS AJUTEIbHOE BpeMsi? YienbHas TEMJIO0EMKOCTh 0yioBa 225
Jx/(xkr*K), ynenbHas TeruoTa miaBieHus onosa 59 kJx/kr, ceunna 24,3 k/[x/kr. OTBET BbIpa3uTe B
KUJIOTpaMMax M OKPYIIIUTE 10 3 3HaYaux udp.

Omeem: 1,08 ke

16. J/IBa peocrara conportusieHneM 40 Om u mmmHOM 100 CcM NOAKIIOUMIM K HCTOYHHUKY
AIIEKTPUUECKON dHEpruu ¢ HampsbkeHueM 12 B tak, kak moka3zaHo Ha cxeme. [lon3yHku peoctaroB
COEIMHEHBI BMECTE U JIBUXKYTCS OJHOBpeMeHHO. [lepBoHayanbHO OHU YCTaHOBIIEHBI B KpaiiHee JIeBOe
no cxeme mnojoxkeHue. Kakass MOIIHOCTh BbIenUTCS B 1enu yepe3 50 ¢, eciau MON3yHOK HayaThb
JBUTaTh CO CKOpocThio 1 cm/c BrpaBo? CoNpoOTHBICHHMEM HCTOYHUKA AJIEKTPUUYECKONW SHEPTUU U
TEeMIEPaTypHOU 3aBUCHMOCTBIO COIIPOTUBIIEHUN pPEOCTaTOB MOXKHO NpeHeOpeub. OTBET BhIpa3uTe B
BaTTax.

Omeem.: 4,8 Bm



17. B xanopumeTp ¢ BoioH, TeMieparypa kotopoi #; = 20 °C, nepenocst Harpetsle 1o #1 = 100 °C
OJMHAKOBbIE MeTajulnueckue mapuku. Ilocne mepeHoca mnepBoro Imapuka Temieparypa BOIbl B
KaJlopuMeTpe yctaHoBujiack paBHol #, = 40 °C. Ilocime ycTaHOBJIEHHS TEIUIOBOIO pPaBHOBECHS B
KaJIOpUMETp TepeHecan BTopoil mapuk. Kakoill craHer Temmeparypa BOIbl B KaJIOPUMETPE IOCIE
nepeHoca BToporo mapuka? OTBeT maiiTe B rpaaycax no mkaie Llenbcus.

Omeem.: 52 °C 2)
18. KakoBo cONpOTUBICHHUE IIECIH,
€CJIM  CONPOTHBIEHHE KAXIOTOo U3
pesuctropoB 10 OM? OrtBer pnaiiTe B .__| I__| |__| l__-'
oMax. : 2 3
Omeem: 6 Om. |:|4
|.U1 |-U2 |.U3 _ ILE‘ 19. B nenu, MOKa3aHHOM Ha pPHUCYHKE,
|" |" |" | COIPOTHUBIIEHUS] BCEX PE3UCTOPOB OAMHAKOBBHI U
@ @ paBiel R = 1,0 Om. Bce wusmepurenbHbie
prOOpPHI UJICaITbHEIE, BHYTpPEHHUE
COMPOTHBIICHUSI HUCTOYHUKOB TIPEHEOPEKUMO
R R R R Manbl. HampsokeHuss HWCTOYHHKOB TaKOBBI, YTO
/‘7\ amriepMeTpsl A1, A2, A3 W A4 TOKa3bIBaIOT
X/ OJIMHAKOBBIC 3HAYEHUS CUJI TOKOB paBHbIe /1 = 1

A. Kakyro cuity Toka (B amrepax) moka3biBaet ammnepmerp As?
Omeem: 4 .A

20. Ms1g OportieH ¢ 3eMiIu €O CKOpocThio Vo = 10 M/c oz yriom o = 60° k ropu3onTy. Ha Msi4 Bo
BpeMs 1oJieTa AeUCTBYET BCTPEUHBIN TOPU30HTANIBHBIN BETEp, COOOIIast M4y OCTOSIHHOE YCKOPEHHE
@ B TOPU30HTAJILHOM HAaIlpaBJIEHUU. YeMy paBHO YCKOPEHHE a, €CIIM U3BECTHO, UTO M4 BEPHYJICS B
HCXOIHYI0 TO4YKy? YCKOpeHHe CBOOOJHOrO TaJeHHs MOKHO CUMTaTh paBHBIM 10 Mm/c?. OTser
OKpYIJIUTE 710 ABYX 3HAYAIIUX IUQp U BHIPA3UTE B M/C2.

Omeem: 5,8 m/c?.

10 kaacce

Bapuanr 1

1. /IBa Opycka maccaMu m U 2m, COEJUHEHHbIE HEBECOMON HEPACTAHYTOH NMPYKUHOM KECTKOCTH
k, nexat Ha TOpU30HTAIIBLHOM MOBEPXHOCTH (CM. pHc.). B Opycok Maccoii m momagaeT ropu30HTaIbHO
JeTsmas myas U 3actpeBaeT B HeM. Macca nynu m. IIpyn xakoli MMHMMaJbHOM CKOPOCTH V ITyJIU



C/IBUHETCS HE TOJIBKO OpYCOK, B KOTOPBIH OHa Tomnaia, Ho U Apyroit 6pycok. Kosapduuuent tpenus
OpYCKOB O IMOBEPXHOCTH paBeH L. Bpems B3anMoeiicTBUs Mylu 1 OpycKa CUNTaTh OYEHb MAJIbIM.

6m

Omeem: N =210 T

2. TemuoBas MamMHa, pabOYUM TEJIOM KOTOPOHM SBIISIETCS HJICANbHBIM OJHOATOMHBIN ras,
coBeplIaeT IUKInYeckuil mpouecc 1-2-3-1. Ha pucyHke nokasaHo, Kak U 2

MEHSETCS B LIUKJIE BHYTPEHHsIs 3Heprusi U raza B 3aBUCUMOCTH OT €ro

nasnenus P. [Iponeccy 1-2 Ha puUCyHKE COOTBETCTBYET ayra mapabosbl,

KOIJIa BHYTPEHHSSI SHEPIrusl NPONOPLHUOHAIbHA KBaApaTy JABICHUS, a

nporeccaMm 2-3 u 3-1 — oTpe3ku npsMbeIX. Paccuuraiite ko3dduiment e

MOJIE3HOT0 ACMCTBUS AJI 3TOrO LMKIA. Pe3ynprar oKpymiuTe a0 JBYX N

3Ha4YaMX HUQP U BEIPA3UTE B MIPOICHTAX. -

Omeem: 8,3 % P 2P
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3. Ctos Ha JIb1Y, YEJIOBEK MBITACTCS CABUHYTH TSIKEJIBIC CAaHU 3a MPUBS3aHHYIO K HUM BEPEBKY.
Macca caneii B 2 pa3a Gonbiie macchl yenoBeka. Koaddunuent tpenus caneit o nex p = 0,20,
yenoBeka o jex [ = 0,30. [Toq kakuM MUHHUMAaNIBHBIM YIJIOM K TOPH30HTY HYXKHO TSHYTb 32 BEPEBKY?
OTBeT BbIpa3uTe B rpaaycax B BUJIE ABY3HAUYHOTO 1I€JIOT0 YUCIIA.

Omeem: 29°

4. Bo3aymHblil map ¢ Maccoil 000JI0YKU m UMEET BHU3Y OTBEPCTHE, YEPE3 KOTOPOE BO3IYX B
I1ape HarpeBaeTcs ropeikoi 1o temmeparypsl ¢ = 77°C. Ecnu k 0007104Ke MPUKPENUTh IPy3 Maccou
4m, TO mAp CMOXET MOIHATHCS B BO3AYX M IUIaBaTh BOJNM3M MOBepxHOcTH 3emiu. Ha kakyro
MaKCUMaJIbHYIO BBICOTY CHOCOOEH MOIHATHCA ATOT BO3AYLIHBIM MIap, €Cld ¢ HEero cOpOCHUTh
NOJIOBUHY Macchel rpy3a? Temmneparypa oKpysKarolero Bo3ayxa Ha 3TOi BbIcOTe paBHa #1 = —23°C, a
BOJIM3U MOBepXHOCTH 3eMiu fo = 27°C. Kak u3BecTHO, aTMOocpepHOE JaBlIeHUE YMEHbILIAETCS B JIBA
paza uepe3 Kaxk/ple ISATh KWIOMETPOB BbICOTHI. O00I0UKY 1I1apa cuuTaiiTe HepacTsKuMoil. Pesynprar
BBIPA3UTE B KMJIOMETpax.

Omeem: 10 km

5. Haiigute yron oTckoka mapuka npu ynie nageHus 30° Ha uaeanbHO DIAJKYH0 IOBEPXHOCTD,
€CJIM [P yAape IIAPUK TEPSET MOJIOBUHY KHHETHUYECKON YHEPIUH. YTOJ MAaJEHUS — 3TO IOl MEXIY
HOpPMaJIbIO K TIOBEPXHOCTHU M TPAEKTOpHUEH mapuka. Pe3ynprar Belpazure B rpagycax

Omeem: 45°



6. Mexanuyeckast KOHCTPYKLUS, COCTOSIIAs U3 TPeX OJIOKOB U YETHIpEX IPY30B,
IIOABCIICHA K HGHOIIBI/I)KHOMY HOTOJIKy. BJIOKI/I HGBGCOMBI, HHUTHU HCEBCCOMBI H
HEpPACTSKUMBbI, TPEHHE OTCYTCTBYeT. Ha pucyHke noOkasaHbl HalpaBIeHUs
YCKOPEHUH TPEX I'Py30B B CUCTEME OTCUETA, CBSI3aHHOM C MOTOJIKOM. Moynu 3THUX

1
. 4=
YCKOPEHHUHU PaBHBI COOTBETCTBEHHO

0 a-2g a4=—0
L5, T 107 e 9o 00y

yCKOpeHHne CBOOOAHOro maaeHus. Ompenenure MOAYIb YCKOPEHHs deTBeproro & & aj
rpysa.

Omeem.: 0

7. Kenes3usrii mapuk oobemoM 0,25 MIT OITycKaeTcs B BSI3KOM )KHIKOCTH C TOCTOSTHHOM CKOPOCTHIO
5,5 m/c. Cunma BS3KOTO TpEHHsI TPSMO TPOMOPIUOHANIBHA CKOpocTH mapuka. KoaddummeHnt
nponopunonansHocT paBeH 0,003 H-c/m. Bo ckonbko pa3 mIIOTHOCTH KUIKOCTH MEHBIIE IIOTHOCTH
xenesa? IlnorHocts sxenesa 7800 kr/m?>.

Omeem: 6,5

8. IOnbIit uccnenosarens Ilets [leTpoB HaW B 3JEKTPUUECKUIM YallHUK BOJBI U MOJIOXKUI Ty
KypuHoe siii1o. OH 3aMeTuI1, 4TO COACPKUMOE YaliHUKA Harpeaoch 3a BpeMsd 11 = | muH Ha At = 10°C.
Korna Ilerst monoxkuin B yallHUK C TE€M K€ KOJMYECTBOM BOAbI 3 filla, CONEPKUMOE 4YalHUKa
Harpenoch 3a Bpems 12 = 2 MuH Ha A, = 10°C. Ha ckosibKo rpajsycoB Harpeercsi B YailHUKeE 3a BpeMs
73 = 1 MMH TO k€ caMoe KOJIMYECTBO BOJIbI, HO yxe 0e3 siui? Bo Bcex Tpex mporeccax KUIEHUs BOJIbI
HE NpoucxoauT. Sina onuHakoBsle. TernaooOMeHOM ¢ OKpy»Katole cpeioil mpeHedpeys.

Omeem: 20°

9. Yuenuk 9 knacca Ilers VBaHOB Mccienyer oxjaxJeHue BOAbl B cTakaHe Ha mopose. OH
3aMeTUJI, YTo oxJaxjaeHue ot temieparypel 91 °C nmo 89 °C mpoucxomut 3a 3 MHUHYTHI, a OT
temneparypel 31 °C mo 29 °C — 3a 6 MuHYT. V3BecTHO, YTO MOIIHOCTh TEIUIOOTIAYN
NPONOPLMOHANIbHA PA3HOCTH TEMIEpaTyp CTakaHa M OKpyKarolled cpelsl. 3a Kakoe Bpems Oyner
npoucxomuth oxyaxzaeHue or 11 °C go 9 °C? Pesynprar BbIpasuTe B MHUHYTax. YelbHas
TEII0EMKOCTb BOAbI ¢s = 4,2 kJIx/(kr-°C)

Omeem. 9 mun

10. Manpunk O€KUT CHadaJla BHU3 IO ACKAJIaTopy, a 3aTeM BBEPX C OJHOW M TOU K€ CKOPOCTHIO.
B nepBom citydae oH HacuuTal n1 = 75 cTyneHek, a BO BTOpoM — n2 = 150 cTyneHek. B kakyro ctopony
JBUKETCA dCKanaTop?

Omeem.: 6HU3

11. B Tenyion3oiMpoBaHHOM COCYZE B BOZE IIABAET KycoK Jbpaa Maccoil m = 100 1, B KOTOpPBIii
BMep3Jia CBUHIIOBas IpoOuHka. Korma k japAuHKE TOABEIN KOIU4ecTBO TeroThl O = 32 kI, oHa
Hayana ToHyTh. Kakosa macca apo6unku? ITnotHoctu Bomsl 1 r/em®, mpaa 0,9 r/em®, cBunma 11,3
r/cM’, ynenpHas TemnoTa miapienus abaa 340 kJ[x/Kr. PesynsTar BepasuTe B rpaMMax.



Omeem: 7 2

12. ¥V mkonpHUKAa AHApEs €CTh CTEKISTHHAs pobupka Maccoit M = 80 T 1 BMECTHTEIBHOCTBIO V
= 60 my1. OH onyCTHIJI NPOOUPKY B LUIUHIPUUECKUN COCY/ C BOJION M MOCTENEHHO HACKINAJI HAa JHO
MPOOUPKH MECOK 10 TeX MOp, MOKa OHAa He MOrpy3usiach B BOAY MO TOPJBIIIKO (CM. pHC.). 3areM
AHIpeii u3Mepui1 Maccy recka, HaXOAMBILErocs B MPOoOUpPKE B ITOT MOMEHT, U OHAa 0Ka3ajlaCh PaBHOM
m = 12 1. BHyTpeHHMi paguyc cocyna, B KOTOPBIH omyIieHa npooupka, paeH R = 5 cm. [noTHOCTB
Boibl paBHa 1 r/cm’. OmpenenuTe IO STUM JAHHBIM ILIOTHOCTh CTEKNIA NPOOMpPKM. Pesymbrar
BBIPA3HTE B T/CM’.

Omeem: 2,5 v/em?.

13. K wupeanpHoll Oarapeiike ¢ HamnpsbkeHuem 1,3 B moakmroueHa Lemnb, cocTosdlas W3
HEUJCAIbHBIX BOJIBTMETPOB U amIiepMeTpoB. IlokazaHus ofHOro U3 aMIEpPMETPOB OTIIMYAOTCS OT
nokazanuii gpyroro B 3 paza. ConpoTUBICHHUE

@ @ BOJIbTMCTPOB 60J'ILI_HG, 4CM COIIPOTUBJICHUC
aMIICpMCTPOB. Onpeﬂem/ITe IIOKa3aHUEC BOJBTMCTpPA .
Pe3y.]'H>TaT BbBIPA3UTC B BOJIbTAX.

(TN I<Ta)
\1-/2/ \1-/3/ Omeem: 1 B

U 14. Kot /\1‘
0 L
Jleononba cunen y

Kpasi TUIOCKOM KpBIIIM capas BbICOTOW 2 M U HIMPUHON 2,4 M.

O30pHOI MBIIIOHOK, MOAKPAJICS C APYroll CTOPOHBI capas U
BeIcTpenuil 1o Jleononpay u3 porarku. Kakoil nomkHa ObITh H
MUHHMMAaJbHas HayalbHas CKOPOCTh KaMHs, YTOOBI MBIIIOHOK
CMOT TIOIAacTh B KoTa? YCKOpeHHe CBOOOIHOTO MaJeHUS MOXKHO
cumTarh paBHbIM 10 M/c?. Pe3ynbTar BhIpasute B M/C.

G777 777777

Omeem. 8 m/c.

15. Illapuk ckonb3uT 0€3 TpeHUs MO HAKIOHHOMY JKElo0y, a
3aTeM JABMXKETCS M0 «MepTBOM merne» paauyca R = 27 cMm (cMm.
pucyHOK). BricoTa, ¢ KOTOpO#t OTIyCKaloT mapuk, paBHa 2R. OTeer
BEIPA3UTE B CM. U 2

Omeem: 50 cm

16. TerutoBast MalMHa, pabOYUM TEJIOM KOTOPOH SIBIISETCS UeaIbHBIN
OJJTHOATOMHBI ra3, COBEpIIAET UKINYecKHil mponecc 1-2-3-1. Ha pucynke
MOKa3aHO, KaK MEHseTCs B LMKJIE BHYTpEeHHsAs dHeprus U rasza B

3aBHCUMOCTH OT ero ooséma V. Ilponeccy 2-3 Ha puCyHKe COOTBETCTBYET \%

Jyra mapalosibl, KOTJa BHYTPEHHSISI SHEPTHs MPONOPIIUOHATBFHA KBaIpaTy \ 2V
obwveMa, a mporieccam 1-2 u 3-1 — orpesku npsimbix. PaccunTaiite k03 GUIIMEeHT Moae3HOTO ISUCTBUS
JUISL OTOTO IIMKJIA. Pe3ynmbTar okpymmTe 10 ABYX 3HaUanuX MUQp 1 BIPA3UTE B MPOIEHTAX.



Omeem: 7,7 %

17. Cocyn paznesneH Ha JBe paBHbIE YacTH MOJYMPOHUIIAEMON HEMOJBHKHON meperopoakoi. B
0o0enx yacTax cocyaa HaxoauTcs: Kuciaopoa Oz, MOJNEKYIbl KOTOPOTO MOTYT CBOOOIHO MPOXOJHUTH
yepe3 Neperopoaky. B HEKOTOpbIl MOMEHT MOA IEHCTBUEM 3JIEKTPUUYECKOTO pa3psia BECh KUCIOPO,
HaxXOAMBUIMICS B JIEBOM 4acTH cOCyna, npespamaerca B 030H Os. /{15 Mosekynn 030Ha neperopojaka
HernpoHunaema. OrmnpenenuTre OTHOLIEHHWE AABICHWM B JIEBOM M IPABOM YACTAX COCyJda IOCIHE
YCTaHOBJICHHS B HUX PAaBHOBECHSI M BBIPABHUBAHUS TEMIIEpaTyp. XUMHUUECKas peakiius 00pa3oBaHuUs

30, 20

OTBeT OKpYIIUTE A0 ABYX 3HAYAIIUX IUP.

030Ha: 3. CuuTarh, 4TO OOPATHOTO MPEBPAIIEHHS 030HA B KHCJIOPOJ HE TIPOUCXOJIHT.

Omeem: 2,3 2)

18. KakoBo compoTHBICHHE IIENH,
€CIM  CONPOTHBIIEHHE KaXJA0ro U3 -——| I——| I——| l——-r
pesuctopoB 10 OM? OrtBer pnaiite B 1 2 3

Omeem: 6 Owm.

19. Mg GporieH ¢ 3eMits ¢o cKopocThio Vo = 10 M/c mox yrom o = 60° x ropuzonty. Ha M4 Bo
BpeMsl 10JIeTa JCHCTBYET BCTPEUHBIN TOPU30HTANIbHBIN BETep, COOOIIast MUy IOCTOSHHOE YCKOPEHHE
a B TOPHU30HTAJIBHOM HAITPaBJICHUU. quy PaBHO YCKOPCHUC a, €CJIIM U3BCCTHO, YTO MY BCPHYIICA B
MCXOIHYI0 TOYKy? YCKOpeHHe CBOOOJHOrO TaJeHHs MOKHO CUMTaTh paBHbIM 10 Mm/c?. Otser
OKpYIJIUTE JI0 ABYX 3HAYAIIUX IU(p U BHIPA3UTE B M/C2.

Omeem: 5,8 m/c?.

20. OpHoponHasi TOHKash BepeBKa CBOOOIHO BHUCHUT Tak, UTO €€
KOHIIBI 3aKperuieHbl B Toukax A u B (cM. pucynok). I[Ipu atom camas
HIDKHSS TOUKa BepeBKH (Touka C) AE€TUT BEpPEBKY B OTHOIIEHUHU 1:3.
Cunpl HaTsKEHUS] BEPEBKM B TOUKaX 3akperuieHus paBHbl Ta =3 H u
Ts = 7 H coorBerctBenHo. Ompenenutre maccy BepeBku. OTBET
OKpYIVIMTE 10 OIHOM 3Hayariel HuQpsl U BbIpa3uTe B KUIOTpaMMax.

Omeem: 0,9 ke



