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VYueOHoe mocodue Mg MMOATOTOBKH K OJIMMITAAJIE

[Ton penakuuenn bypkosoit E.I'.



3aganus 3aKJII0YATEIHLHOI0 dTAIAa
10 kaacc
Bapuanr 1

1. HeGounpmioli Opycok che3kaeT 0e3 HavdaIbHOM
CKOPOCTH C BEPIIMHBI HAKIOHHOW IIJIOCKOCTH
BBICOTOM h, OCHOBaHMEM b, TUTABHO MEPEXOMSIICH B n
TOPU30OHTANBHBIN y4yacToK. Cpasy mociie Bbe3la Ha
TOPU3OHTAIBHBI YYaCTOK MOIIHOCThH CHJIBI TPCHHSI,

NpUiIoKeHHOM Kk Opycky paBHa P. Koadduiument b
TPEHHs Ha BCEM IyTH OpycKa MOCTOSIHEH W paBeH U. Puc. 1
Onpenenuts Maccy Opycka.

PEINIEHUE
Teopema 0 MEXaHUYECKOW DHEPIUU:

muv?

2

—mgh = —umgb.

Otcrozia CKOpocTh OpycKa cpasy Mmociie Bbe3/ia Ha TOPH30HTAIBHBIA y4acTOK
v =+/2g(h — ub).

MOIIHOCTB CUJIBI TPEHUS Cpa3y IMOCIIE BbE31a HA TOPU3OHTAIBHBIN yU4aCTOK

P = —umgv.

Crano ObITh, Macca Opycka




2. JIonouHMK cOOMpaeTcs MePEnpaBUTHCS Y€PE3 PEKY h

mpuHoit L = 400 M u3 nyHkra A B IyHKT B, —*1B
o /
pacnosoxeHHbIN Ha paccTosHun h = 300 M HUXeE 110 J/
4
KM o
TeueHuto (puc. 2). Ckopoctb TeueHuss u = 2 —. [Ipu xkakoi L /
9
/
MUHHUMAJIBHON CKOPOCTH JIOJKH OTHOCUTENIBHO TEYEHHS 3TO /
BO3MOYKHO?
A
Puc. 2
PEIIIEHHE

CKOpOCTh JIOJKH OTHOCUTEIHHO BOJBI OYJeT MUHUMAJILHOMU, €CIIN OHA
NEePHEeHANKYJIIPHA TPACKTOPUH JIOJIKKM OTHOCUTENBHO Oepera (puc. 2,a). Toraa u3
0100 TPEYTrOJIbHUKOB

v L h
u 2 + h2 \ lB
Otcrona /l
ul KM &
= =1 - L ,’\
V12 + h2 9 5
1})a6c
A m

Puc. 2,a



3. UckyccTBennbiit cmyTHUK 3emim Maccodt m = 500 Kr ABWKETCSl 10 HHU3KOH
okoJio3eMHOM opouTe Ha Beicote H = 200 kM oT noBepxHocTu 3emun. Beneacraue
HaJIM4Msl HAa DTOW BBICOTE CHJIBHO Pa3peKEHHON aTMocdepbl pamnyc OpOHUTHI
CIIyTHUKA C KaXXJIbIM BUTKOM HE3HAUMTEJIBHO yMeEHbIaeTca. Kakoe Koam4ecTBO
TeIJIa BBIJCTUTCA B pe3yJibTaTe B3aUMOJICHCTBHUS CIyTHUKA C aTMocdepoill K
MOMEHTY, Korja oH CHU3UTCA Ha h = 10 kM? YckopeHue CBOOOJHOTO MaJeHUs
BOJIM3M TIOBEPXHOCTU 3eMIIM NPHHATH paBHbIM 10 M/c?. 3eMJII0 CYMTAThH IIAPOM
panuycom R = 6400 kM.

PEINIEHUE

[Tonnas Mexannueckas OHCPIHUA CIIYTHHUKA

muv? mM
E = -G
2 T
Bropoii 3akon HprotoHa:
muv? mM
=G—;
T T
OObenuHss, MOIyYuM
Fe=_¢ mM
B 2r

3a BpPCMs CHUKCHUSA Op6I/ITBI BBIACIIUTCA TCILIIO

1 1 1 GMmh
Q = —-AE =—GmM<———) = —
2 o

2rr,
B cBoro ouepenn
rn=R+H,
=R+ H—h.
GM = gR>.

B urore nonyuynm

B mghR?
" 2(R+H)(R+H—h)

Q =~ 24 MJIx.



4. Buyrpm repmeruyHoro 0Oaka, JOBEPXY 3alOJHEHHOI'O
KHUJKOCTBIO IUIOTHOCTH P, 3aKpeIlyieHa BEpTUKaJIbHAs CIIULA, Ha

. 2
KOTOPYIO HaJeT HeOoJbIIol mapuk odbema V, mioTHOCTH 3P

CIIOCOOHBIN CKOJIB3UTh BJIOJIb CIIUIIBI 6€3 TpeHus (puc. 3). [llapuk
COCIMHEH C HEBECOMOU OXBAaTBHIBAIOIICH CIHIYy MNPYKUHKON
XKECTKOCTU k, BTOpOIl KOHEI] KOTOPOW TMPUKPEIUICH K KPBIIIKE
Oaka. bak mpuBenu ABMKEHHE C TMOCTOSHHBIM YCKOPEHHUEM Q,
HanpaBIICHHBIM BBEPX BJOJb CHUIBL. B pe3ynbrare mapuk
OKa3ajicsi BHYTPH KHJIKOCTH B HOBOM TTOJIOKEHUH paBHOBecHs. B
KaKyl0 CTOpPOHY M Ha KaKO€ pacCcTOSHHE h CMECTWICS IapHuK
otHOocHuTenbHO O6aka? [llapuk He kacaeTcs MOBEPXHOCTH Oaka. Puc. 3

PEINIEHUE

OcCHOBHOE JMHAMHYECKOE ypaBHEHHUE IS IapuKa IO Hadaia JIBIKEHUs Oaka (CM.
puc. 3, a):

2
pVg —§pVg —kx = 0.

AHaJIOTUYHO B TIpoIliecce ABUKEHUS OaKa: X

2 2

pV(g+a —§pVg—k(x+h)=§pVa. K
31eCh YITEHO U3MEHEHHUE CHITLI ApXHMe/ia
BCJICACTBUC NUBMCHCHHUA BE€CA ) KUJIKOCTHU. Brrauras

............ ----1- 0
MOYWIEHHO U J1aJIe€ YIPOIIasi, HOJIy4YUM

_pVa p
h=——

[TonoxuTenbHBIA 3HAK A TOBOPUT O TOM, YTO IIAPHK

CMCCTHUTCA BBECPX.
P Puc. 3, a



5. BHyTpu BepTHKalIbHO pPACHOJIOKEHHOTO MWIMHIPUYECKOIO COCyla IIOJ
TSKEJIbIM MTOPILIHEM, PACIIOI0KEHHBIM Ha BBICOTE h OT JHA cOCyAa, HAXOAUTCS V
MOJIEM uAeanbHOTrO rasa. [lopmeHp cOe€IMHEH C JHOM JIETKOM IPYXKUHOU
xectkoctd K. Ecmm Harpets ras g0 Ttemmneparypsl T, TOpIIEHb HAYHET
noxHuMathkes. Jlo kakoi temrepaTypsl T' Halo HarpeTh ra3, 4YTOOBI MOPIICHb
MMOIHSJICSA 10 BBICOTHI 2h?

PEINIEHUE

YcnoBue paBHOBECHSI IOPIITHS Ha BBICOTE A (CM. puC):
—Mg — poS — k(h — Xyepep) + PS = 0.

AHan0ru4HO, Ha BEICOTE 2h: M Po

—Mg — poS — k(Zh — xHeﬂecb) +p'S=0.

Taxxxe Ha IMOpIICHb MOXKCT I[CP'ICTBOBaTL IIOCTOsAHHAasA

Cujla TPEeHUsA, HO OTO HHUYETO0 HE  HU3MEHUT
IPUHLIHANHWAIBHO. BpunTas ypaBHEHUs Apyr W3 JApyra

MMOYJICHHO ITOJIYUYUM

kh = (p’ —p)S.

Puc. 3. 6
Hcnonb3yem ypaBHEHHE COCTOSIHUS, TOTAQ

!

VRT
kh? = (p' —p)Sh = — VRT.

Toraa uckomas remiieparypa



6. lllap pagmyca R, OBMKETCS CO CKOPOCTHIO ¥V B HANPABJICHUH TOKOSIIAXCS
COIpHUKAcaIOUMXCsl APYT ¢ Apyrom 1mapoB paauycamu 2R u 3R. [Ipoucxomut ynap
(OTHOBpEMEHHO C O0OMMHU IIapaMH) B PE3yJbTaTe€ KOTOPOTO HAJETAIOIIMM IIap
octaHaBiuBaeTcs. Kakyio ckopocTe v, NpuoOpereT B pe3yibTare ynaapa Iap
paguycoM 2R, eciu BEKTOpP €ro CKOPOCTH COCTaBJISIET C IE€pBOHAYAIbHOU

4
CKOPOCTBIO HAJETEBIIEro IIapa Yroia «a = arctgg? Yemy paBHO H3MEHEHHE

BHYTpPEHHEU 3HEepruu mapa paguycom 3R? Illapel, 0o1HOPOIHBI, B3AMMOJAEHCTBYIOT
TOJBKO JAPYr C APYroM, TEIUIONPOBOAHOCTHM MAaTEpPUAlIOB IMIAPOB M HMX MAaCChI
OJIMHAKOBBI, TPEHUSI HET.

PEINIEHUE

B MOMEHT CTOJNKHOBEHUWS LEHTPHI LIAPOB SIBISIOTCS
BepmmHaMu TpeyroinpHuka ABC, npuuem AB = 3R,
AC = 4R, BC = 5R (puc. 4, a). Ctaiio ObITb,

AB? + AC? = BC?,

to ectb AABC — npsamoyronsHbii. lloatomy <
HAJIETAIOIIUN 1Iap TOJKHET IIOKOUBIIUECS IIapbl BO

B3aUMHO-TIEPIIEH IUKYIAPHBIX HaIpaBJICHUAX.

Torna, 1o 3aKOHY COXpaHEHHUS UMITYJIbCA:

v? = vi + vi.

Otkyna

2 Puc. 4, a

mv _mv%_l_mvg
2 2 2’

TO €CThb MEXaHW4yecKas DHEpPrusi CUCTEMbI B
pesyibTaTe yaapa coxpansercsa. Ctano ObITb,
yaap a0COJIIOTHO YIPYrui, TO3TOMY U3MEHEHUE
BHYTPEHHEN dHEPruu J000ro mapa paBHO HYJIIO.
Kak Buano u3 puc. 4, 6, ucCkomasi CKOpOCTh

3
v =vcosa=¢v.

Puc. 4, 6



Bapmuanr 3

1. HeGompiioit Opycok Macchl m Che3kaeTr 0e3

HAa4yaJbHOM CKOPOCTH C BEPUIMHBI HAKJIOHHOMN

IUTOCKOCTH BBICOTOM h, OCHOBaHMeM b, IiaBHo N

nepexoisiiel B ropu3oHTaIbHBIN yyacTok. Cpasy

TocJie Bhe3/1a Ha TOPU30HTAIBHBIN yUaCTOK IOJTHAS b

MeXaHW4YeCcKas SHeprus Opycka paBHa E, mpu 3ToM

NOTEHIMANIbHAST ~ DHEPIUs  OTCUUTHIBAETCS  OT

OCHOBaHUS MI0CKOCTU. OnpeaenuTs KO3PPUIIMEHT TPeHUs OpycKa O TOBEPXHOCTH,
CUMTAsl €ro MOCTOSIHHBIM Ha BCEM ITyTH.

Puc. 1

PEINIEHUE

Teopema 0 MEXaHUYECKOW DHEPTUU:
E —mgh = —umgb.
Orcrona

_mgh—E

H mgb



2. JlomoyHHUK coOMpaeTCs IEPETPABUTHCS Yepe3 PEKY U3

INYHKTa A B IyHKT B, pacnolo;K€HHBIH HUXKE 110 TEUECHUIO _}Al_l B
(puc. 2). lupuna pexu L = 800 M MunumanbHas CKOPOCTb //'
JIOJKA OTHOCUTENIBHO T€YEHUS, IPU KOTOPOH 3TO BO3MOKHO /
v = 1,2 kmM/4. Ckopocth Teuenus u = 1,5 km/4. Ha kakom L /
PaccTOSHUU h HUKE [0 TEUEHUIO PACIIONIOKEH MTyHKT B? 2

A
PEIIIEHUE Puc. 2

CKOpOCTh JIOJKH OTHOCUTENHHO BOJBI OYZeT MUHUMAJILHOMU, €CIIM OHA
NEePHEeHANKYJIIPHA TPACKTOPUH JIOJIKKM OTHOCUTENIBHO Oepera (puc. 2,a). Toraa u3
0100Ms TPEYTrOJIbHUKOB

v _ L h
Vuz—p2z2 h A lB
Otcrona /l
u? L ,’,\
h=1L —2—1=600M. .
v v
1_7)a6c
A U

Puc. 2,a



3. UckyccTBeHHBIN CITyTHUK 3€MJTU ABMXKETCS 10 HU3KOM OKOJIO3€MHOM opOuTe Ha
BbicoTe H = 250 KM oT noBepxHOCTH 3eMJiH. BenencTBue Haan4uus Ha 3TOH BbICOTE
CWJIBHO Pa3peKeHHOM aTMoc(ephl paginyc OpOUTHI CIIyTHHKA C KaXKIbIM BUTKOM
HE3HAYUTEIHFHO YMEHBIIIACTCS, U Uepe3 HEKOTOPOE BpeMs CITyTHUK CHU3HJICS HA h =
10 kM. [Ins TOoro 4ToOBI OBICTPO BEpPHYTH CIYTHUK Ha HCXOJHYIO OpOHTY
HEOOXOJMMO COBEPIINTh MUHUMAJIBbHYIO MOJie3HYI0 padoty A = 40 M/Dx. Yemy
paBHa Macca cryTHHKaA? YCKOpeHHe CBOOOIHOTO MaJeHUs BOJIW3H MOBEPXHOCTU
3emuu npuHATH paBHbIM 10 M/c?. 3emimo cuutats mapoM paauycom R = 6400 K.

PEINIEHUE

[Tonnas Mexannueckas OHCPIHUA CIIYTHHUKA

muv? mM
E = -G
2 T
Bropoii 3akon HprotoHa:
muv? mM
=G—;
T T
OObenuHss, MOIyYuM
Fe=_¢ mM
B 2r

3a BpPCMs CHUKCHUSA Op6I/ITBI BBIACIIUTCA TCILIIO

1 1 1 GMmh
Q = —-AE =—GmM<———) = —
2 o

2rr,
B cBoro ouepenn
rn=R+H,
=R+ H—h.
GM = gR>.

B urore nonyuynm

B mghR?
" 2(R+H)(R+H-h)

Q



[TockonpKy BO3BpaT CHYTHHKA MPOMCXOAUT OBICTPO, MOTEPSMU MEXaHHYECKON
’HEpPruu B aTMocdepe 37ech MOXKHO npeHedpeys. Torna monesnas padora A = Q.
OTcroa Macca CIyTHUKA

2A(R+H)(R+H—h)
m:

TR = 862 K.




4. BuyTtpm repMeTHUHOro 0Oaka, JOBEpXY 3alOJIHEHHOTO
KUJKOCTBIO IUIOTHOCTU p, 3aKpeIlieHa BEpTUKaJIbHAs CIHLA, HA

. 3
KOTOPYIO HAJET HEOOJIbIION Mmapuk odbema V, IIIOTHOCTH ne

CIOCOOHBIN CKOJIB3UTh BAOJB CHUIBI 0e3 Tperus (puc. 3). Hapux
COCIMHEH C HEBECOMOM OXBATBHIBAIOIIEH CIUIY IPYKUHKOU
KECTKOCTU K, BTOPON KOHEI| KOTOPOM MPUKPEIJIEH KO JIHY Oaka.
bak mnpuBenu  JABMKEHHE C  IOCTOSIHHBIM  YCKOPEHUEM
HalpaBJICHHbIM BJAOJNb CHMIBL. B pesynbrare, Korga IIapuk
OKa3aJICd BHYTPHU >KHJIKOCTH B HOBOM IOJIOKEHHH PaBHOBECHS
JUIMHA TPYKUHBI yMeHbIIWJIach Ha h. Yemy paBHO u Kak
HaIpaBJIEHHO (BBEpX WJIM BHHU3) ycKopeHue Oaka? Illapuxk He
KacaeTcsi IOBEpXHOCTH Oaka.

Puc. 3

PEIIIEHUHE
OCHOBHOE JMHAMHYECKOE ypaBHEHHUE JUIA IIapHKa JI0 Hayaia IBIKEHUS Oaka (CM.
puc. 3, a):
3
—pVg + ZpVg —kx = 0.
AHaJOTHUYHO B MpoIIecce IBMKCHHS OaKa:
p
3 3
—pV(g—a)+-pVg—k(x+h) ==pVa. 3
4 4 va -----------
3mech yuTe€HO M3MCHECHHME CWIIBI ApXuMena BCIEACTBHE | £ |
W3MCHEHUS Beca )KUJIKOCTH. BhIunTas mowieHHo U jajiee I
yIpoIas, IoTydIuM
4kh
a=——-.
pv Puc. 3, a

[TomoXKUTENBbHBIN 3HAK A TOBOPUT O TOM, YTO YCKOPEHHUE
HaMpaBJICHO BHU3.




5. BHyTpu BepTHUKaJIbHO pPAacCHOJ0KEHHOT0 UWIMHAPUYECKOTO COCyla MOoJ
TSDKEJIBIM TOPIITHEM, PACIIOJI0KEHHBIM Ha BBICOTE fL OT JTHA COCyJla, HAXOAUTCS V
MOJIEM uAeanbHOTO rasza. lloplieHb COENMHEH C JHOM JIETKOW NPYKUHOU
xkectkoctd K. Ecoum oxmaguTek Ta3 g0 Temmeparypbl T, MOpIICHb HadHET
omyckatbes. Jlo kakoit Temmneparypsl T' Hamo OXJaJHUTh ra3, 4TOOBI MOPIICHB
OTYCTHJICS 10 BBICOTHI 3h/4?

PELNIEHUE

YcnoBue paBHOBECHSI IOPIITHS Ha BBICOTE A (CM. pHC):

—-Mg —poS — k(x — xﬂeﬂeq,) +pS =0.

AHaJlorn4Ho, Ha BeicoTe 3h/4: M Do
3h , h
—Mg —poS — k(T—xﬂeﬂeQ)) +p'S=0.

Hesed
Takxe Ha MOPIIEHb MOKET AEHCTBOBATH OCTOSIHHAS CHIIA

TPEHHUsI, HO ATO HUYEro HE HM3MEHUT MPUHIUMHAIBHO.
BorunTast ypaBHEHHsI IpYyT U3 Ipyra MOYWIEHHO, TOJIyYUM

kh

—7 =® -p)S.

Hcnonb3yeM ypaBHEHHE COCTOSTHUS, TOT1A

kh? 4
——= (' = p)Sh = ZVRT' — VRT.

Toraa uckomas temmeparypa

—_ 3 . kh?
4 4yR

o kh?
OTtBeT coxpaHseT PU3MUCSCKUN CMBICT IIPH yciaoBuu, uro T > R
vV



1
6. Ulap panuyca ER’ JIBUKETCS CO CKOPOCTHIO UV B HAINpPABIECHUU TMOKOSIIUXCS

2
COIpHUKACAIOUIUXCS IPYT C APYrOM IIApOB pajnycaMu ER u R. [Ipoucxoaut yaap

(oHOBpEMEHHO ¢ 00OMMH IapamMHu) B pe3ysibTaTe KOTOPOIrO HaJETAIOIIMU IIap
octanaBnuBaeTcs. Kakyio ckopocTh v, mnpuoOpeTeT B pe3yibTare ynaapa Iiap
paanycoM R, eciau BEKTOpP €ro CKOPOCTH COCTABIISIET C IEPBOHAYAIBHON CKOPOCTHIO

7 .
HAQJIETEBIIErO IlIapa yroia a = arcctgz? Yemy paBHO M3MEHEHUE BHYTPECHHEU

1 .
DHEPIHH I1APa PAIHyCOM — R? Illapsl, oAHOPOAHBI, B3aUMOICUCTBYIOT TOJIBKO APYT

C Apyrom, TCIUIONPOBOAHOCTHU MATCPUAJIOB HIAPOB U UX MACChl OJIMHAKOBbLI, TPCHHA
HCT.

PEINIEHUE

B MOMEHT CTOJIKHOBEHHUS LOCHTPBI IIAPOB ABJIAIOTCA

BepmmHaMu TpeyroiapHuka ABC, npuuem AB = S

3 )
AC = ?, BC = S?R (puc. 4, a). Ctano ObITb,

AB? + AC? = BC?, (

To ectb AABC — mnpsMoyronabHbiil. [loaTomy
HAJIETAIOIIUK Iap TOJKHET NOKOUBIIKUECS LIAPHI BO
B3aUMHO-TIEPIIECHIUKYJISIPHBIX HaIpaBJICHUSX.
Torzaa, Mo 3aKOHY COXpaHEHUsI UMIYJIbCA:

v? = v} + v3.

Otkyna Puc. 4, a

mv? mvi mv3

2_2+2’




TO €CTh MEXaHMYECKasi YHEPTHUS CUCTEMBI
B pe3ynbTare yaapa coxpansierca. Crano
ObITb, yaap  aOCOJITHO  YHPYIui,
OATOMY U3MEHCHHE BHYTpCHHEH
SHEpruu moboro mapa paBHo Hymo. Kak
BHJIHO W3 puc. 4, 0, (IpOmopuru MOTYT HE
COOTBETCTBOBATh) HCKOMAsi CKOPOCTh

7
12 —vcosa—gv.

Puc. 4, 6

Bapuant 5

1. HeGounbiioit 6pycok Macchl mcbhe3kaeT 0€3 HauallbHOM CKOPOCTH C BEPIIUHBI
HAKJIOHHOW TIJIOCKOCTH OCHOBaHWEM D IIaBHO TMEPEXOJSIICH B TOPU30HTATHHBIN
yuacTok. Cpasy mocie Bbe3[la Ha TOPU3OHTAIBHBIM YYacTOK MOIHOCTH CHJIBI
TpeHUsl, IPUIIOKEHHON K Opycky paBHa P. Koaddunment Tpenus Ha BceM MyTH
OpycKa MOCTOSIHEH U paBeH K. OnpenenuTh BEICOTY HAKJIIOHHOM IIIOCKOCTH h.

PEIIIEHUE
Teopema 0 MEXaHUYECKOW DHEPTUU:

muv?

2

—mgh = —umgb.
MoIHOCTE CHITBI TPEHUS Cpasy Mocie Bhe3Aa Ha TOPU30HTAIBHBIN YIacTOK
P = —umgv.

Pemas cucremy, rnoiayuum

h= b+ o ()
=‘u _— .
2g \umg



2. JIogo4yHHMK TepernpaBiseTcs 4epe3 peKy IHPUHON L =
400M u3 nyHkta A B NyHKT B, pacnoyio)XeHHBI Ha h

paccrosiuuu h = 300 M HIKe 0 TeUeHuto (pHC. 2), ABUTasACH B

C MUHUMAaJIbHOW OTHOCUTEIBHO T€YEHHSI CKOPOCThIO. JIoaka /
nocturaeT myHkta B 3a Bpems t = 8 MuH. UeMy paBHa /

CKOpPOCTb T€YEHHUS U7

PEINIEHUE

CKOpOCTh JIOJKH OTHOCUTEIIBHO BOJIbI OYIeT MUHHUMAJIbLHOM, Puc. 2

CCJIK OHA MCPIICHAUKYJIAAPHA TPACKTOPHUH JIOAKH

OTHOCHTENBHO Oepera (puc. 2,a). Torna u3 mogo0us TpeyroabHUKOB

u AB
Vasc h

B cBoto ouepenp

Vage =

Otcrona

AB? B L% + h?

<

&l

Puc. 2,a




3. UckyccTBeHHBIM cnyTHUK 3emiu Maccoil m = 450 Kr aBUXKETCS 1O HU3KOH
OKOJIO3€MHOM opOuTe. BenencTue Hanuuus Ha Takoil opoUTe CHIIBHO pa3peskeHHOM
aTMoc(epsl panyc OpOUTHI C KaXAbIM BUTKOM HE3HAUUTENbHO yMeHblIaeTrcs. K
MOMEHTY, KOrja OH cHu3micsi Ha h = 10 kM, B pe3ylibTaTe B3aUMOJACHUCTBUSA
cnyTHUKa ¢ atMmocdepoit Beimemmioch Q = 20 M/lxx Tteruta. KakoB mpumepHO
CpenHuil paanyc OpOUTHI CIyTHHKA? YCKOpeHHE CBOOOAHOIO MaJeHUs BOJIN3U
TIOBEPXHOCTH 3€MJIM IPHUHATH PaBHBIM 10 M/C?. 3eMIII0 CUMTATH MIAPOM PAIHYCOM
R = 6400 kwm.

PEINIEHUE

[Tonnas Mmexannueckas OHCPIrusg CITyTHHKA

muv? mM
E = -G
2 T
Bropoii 3akon HprotoHa:
muv? mM
=6G—
r T
OObenuHsIs, MOTyYuM
E=—G mM
B 2r

3a BpPCM: CHUKCHUSA Op6I/ITBI BBIACIIUTCA TCILIIO

1 1 1\ GMmh gR?*mh
Q=—AE=§GmM( )— S

noT 2rr, 212

i€ 7, — UCKOMBIN CpeHul pagnyc opouThI criyTHHKA. OTCro1a

mgh
= R W ~ 6800 kM.



4.  Buytpm  repmernyHoro  0aka,  JOBEpXY
3aIMlOJTHEHHOTO KHUJIKOCTBIO IJIOTHOCTH P, 3aKperuieHa
TOpPU3OHTAJIBHAS ~ CIWIA, Ha KOTOPYIO  HaJeT

. 1 @ FHAARAAAAAARA
HeOoNbIION T1mapuk o0bema V, TUIOTHOCTH 3P

CIOCOOHBIN CKOJIB3UTh BJIOJIb CITUIIBI O€3 TpeHus (puc.
3). lllapuk coenMHEH C HEBECOMOM OXBaThIBAIOIIEH
CIUIlYy TPYKUHKON >KECTKOCTH Kk, BTOpOH KOHeIl
KOTOpOW TPUKpPEIUIEH K MpaBoi CTeHke Oaka. bak

Puc. 3

1
IMPUBCIN ABUKXCHUC C ITIOCTOAHHBIM YCKOPCHHUCM ;g, HaIIPaBJICHHBIM BJICBO BIOJIb

CTIHIIBI, TNIe § — YCKOPEHHE CBOOOTHOTO TaieHus. B pe3ynprare mapuk oka3asics
BHYTPH KHJIKOCTH B HOBOM IT0JIOXKCHHUH paBHOBECHs. B KaKkyro CTOPOHY M Ha KaKoe
paccrossHHE h  CMeCTWICS INapuK OTHOcHUTEeNbHO Oaka? Illapuk He KacaeTcs
MIOBEPXHOCTH OaKa.

PEINIEHUE

Jlo Hauana nBUKeHUs Oaka MpykuHa He AedopMmupoBaHa. B mpouecce ABMKEeHUA
0aka BO3HUKAET TOPU3OHTAJIBHOE [ABJIEHUE CIIOEB XUAKOCTH IPYr Ha Ipyra,
BCJIEZICTBUE YErO MOSIBISETCS TOPU3OHTAIbHAS CUia ApXHMeEAa, NPUBOIAIIAS K
CMELICHUIO IIapuKa B HaIpPaBJIECHUU YCKOpPEHUs Oaka, MNpyXHHA MpPU 3TOM
nedopmupyercs. JluHaMu4yeckoe ypaBHEHHE JJisl LIapuKa B 3TOM Cily4yae MpUMET
BU/I:

! |4 kh—1 |4

Otcrona

_2pVa
- 9

ITonoxuTenbpHbIN 3HAK h TOBOPUT O TOM, YTO HIAPpUK CMECTUTCS BJICBO.

St
=
o



5. BHyTpu BepTHUKaJIbHO pPAacCHOJ0KEHHOT0 UWIMHAPUYECKOTO COCyla MOoJ
TSDKEJIBIM TOPIITHEM, PACIIOJI0KEHHBIM Ha BBICOTE fL OT JTHA COCyJla, HAXOAUTCS V
MOJIEM uAeanbHOTO rasza. lloplieHb COENMHEH C JHOM JIETKOW NPYKUHOU
xkectkoctd K. Ecnm Harperh Ta3 jmo Ttemmeparypsl 1, TMOpIICHb HaYHET
nogHuMathes. Jlo kakoil temmepaTypsl T’ HalO HarpeTh ra3, 4YToObI MOPIICHD
MMOIHSJICSA 10 BBICOTHI 3h?

PELNIEHUE

YcnoBue paBHOBECHSI IOPIITHS Ha BBICOTE A (CM. pHC):
—Mg —poS — k(h — xﬂeﬂecb) +pS =0.

Amnayornuso, Ha BeicoTe 3h: M Do

—Mg — poS — k(3h — Xyepeq) + 'S = 0.

Takke Ha OPIIEHb MOKET IEVCTBOBATH MOCTOSIHHAS CHJIA Heaed
TPEHHs, HO 3TO HUYEro HE M3MEHUT IPUHLIUNHAIBHO.

Berunrast ypaBHEHUS APYT U3 Ipyra MOYWIEHHO, IOJTyYUM

2kh = (p' — p)S. -0

Hcnonb3yeM ypaBHEHHE COCTOSHUS, TOTIa
1
2kh? = (p' —p)Sh = §VRT’ — VRT.

Toraa uckomas remiieparypa




6. lap pammyca 2R, ABUKETCS CO CKOPOCTHIO UV B HAIMPABICHUU TMOKOSIIUXCS
CoIpHUKacaroumxcs Apyr ¢ Ipyrom mapos paguycamu 3R u 10R. [Ipoucxoaut ynap
(OTHOBpEMEHHO C O0OMMHU IIapaMH) B PE3yJbTaTe€ KOTOPOTO HAJETAIOIIMM IIap
ocraHaBiuBaeTcs. Kakyio ckopocTh v, MpHOOpeTeT B pe3yabTaTe yaapa Imap
paguycoM 3R, eciu BEKTOpP €ro CKOPOCTH COCTaBJISIET C IE€pBOHAYAIbHOU

40
CKOPOCTBIO HAJIETEBIIErO IIapa yroia o = arctg;? Yemy paBHO H3MEHEHHE

BHYTpEHHEeW  »Hepruu  1mapa paauycom  10R?  Illapsl,  OJHOPOAHHBI,
B3aMMOJICHCTBYIOT TOJIBKO IPYT € IPYTOM, TEIUIONPOBOAHOCTH MaTEpUAIIOB IIAPOB
Y UX MACChl OJIMHAKOBBI, TPEHUSI HET.

PEINIEHUE

B MOMEHT CTOJNKHOBEHUS LEHTPHI MIAPOB SIBISIOTCS
BepmHamMu TpeyroibHuka ABC, npuuem AB = 5R,
AC = 12R, BC = 13R (puc. 4, a). Ctano ObITb,

AB? + AC? = B(C?,

Tto ectb AABC — npsmoyroabpHbiii. Ilostomy 4
HaJICTAIONIUN 1Iap TOJKHET MOKOUBIIHUECS IIaphl BO

B3aUMHO-TIEPIIEH AUKYISIPHBIX HamnpaBJICHUSX.

Torzaa, Mo 3aKOHY COXpaHEHUsI UMIYJIbCA:

v? = vi + vi.

Otkyna

2 Puc. 4, a

mv _mv§+mv§
2 2 2’

TO €CTh MEXaHWUYEeCKas SHEPTHs CUCTEMBbI B pe3yJibTaTe yaapa COXpPaHSETCH.
Crano ObITh, yZap aOCOJIIOTHO YIIPYTHUH, TOITOMY
W3MEHEHHE BHYTPEHHEH JHEpruu Jo00ro Imapa
paBHo Hyt0. Kak BugHO U3 puc. 4, 0, (mponopuunu
MOTYT HE COOTBETCTBOBAThH) UCKOMAasi CKOPOCTh

_ 9
v, =vsina =_—v.

Puc. 4, 6



Bapuanr 7

1. HeGompImoit Opycok Maccel m Che3xkaeT 03 HaYaIbHOW CKOPOCTH C BEPIIHUHBI
HAaKJIOHHOW TIJIOCKOCTH BBICOTOM h, OCHOBaHMEM b, TUTAaBHO TEPEXOAAIICH B
TOPU30HTAIBHBIN yuacToK. KoadumueHT TpeHus Opycka 0 HaKJIOHHYIO INIOCKOCTh
u. Kakoe KOIMYEeCTBO TeIula BBIACIHUTCS B IPOICCCE TOPMOXKCHUS Opycka Ha
TOPU30HTAIILHOM Y4YacTKe, eciii KO3((UIMEHT TPEeHUs 371eCh BABOE MEHbIIE, YeM
Ha HaKJIOHHOM INIOCKOCTH?

PEINIEHUE

Teopema 0 MEXaHUYECKOW DHEPTUU:
—mgh = —umgb + A.

rne A — paboTa CUIIbI TPEHUSI Ha TOPU30HTAIBLHOM y4acTKe. Terio, BelIeTUBIIeeCs
Ha TOPU30HTATIBLHOM y4YacTKe, TPOTUBOMOJIOKHO padoTe A. Ctayio ObITh,

Q = mg(h — ub).



2. Jlomo4yHMK mepemnpaBisieTcsl 4epe3 peKy IHUpUHOW L =

200 M w3 myHKTa A B TYHKT B, pacnojoXEHHbIA Ha h
paccrosuun h = 150 M Hmwke 1o TedeHuto (puc. 2), _A_}B
JIBUTasiCb C  MHUHUMAJIbHOM  OTHOCHUTEIBHO  TEUYEHUS S/
ckopocThio v. Jlonka gocturaer myHkra B 3a Bpems t = it
10 MuH. Yemy paBHa CKOpPOCTb V? L /!

4

4
PEIIIEHHE

A

CKOpOCTB JIOAKH OTHOCUTEIBHO BOJIbI OyA€T MUHUMAIbHOM, Puc. 2

€CIIM OHA MEPIICHIUKYJIIPHA TPACKTOPUH JTOIKH
OTHOCHUTEIBHO Oepera (puc. 2,a). Torna us

0100Ms TPEYTrOJIbHUKOB h
A
b
v L /
Vasc h ! /'/\
B cBoto ouepenp 3
VL% + h? 1_536C
Vage = —
A u
Otcrona
Puc. 2,a



3. UckyccTBEeHHBIN CITyTHUK 3€MJTU ABMXKETCS 10 HU3KON OKOJI03€MHON OopOuTe Ha
BbicoTe H = 200 KM oT moBepxHOCTH 3eMiu. BeireacTerue Hamnuus Ha 3TOM BBICOTE
CWJIBHO Pa3peKeHHOM aTMoc(ephl paginyc OpOUTHI CIIyTHHKA C KaXKIbIM BUTKOM
HE3HAYUTEIHFHO YMEHBIIIACTCS, U Uepe3 HEKOTOPOE BPEMsI CITYTHUK CHU3HIICSA Ha h =
10 kM. 3a 3TO BpeMms, B pe3yibTaTe B3aWMOJCWUCTBHS CIYTHUKa C aTMochepoii
Beiemioch Q = 10 M/Ix Tterma. Yemy paBHa Macca COnyTHUKA? YCKOpPEHHE
CBOOOHOrO TaJcHHS BOIM3U IIOBEPXHOCTH 3€MJIM IIPUHATH paBHbIM 10 M/c2.
3eMJII0 cuuTaTh mapom paauycom R = 6400 km.

PEINIEHUE

[Tonnas Mexannueckas OHCPIruAg CITyTHHKA

muv? mM
E = -G
2 T
Bropoit 3axkon HeroToHa:
muv? mM
=G—;
r r
OObenuHsIs, MOTyYUM
E=-G mM
B 2r

3a BpeMsi CHIDKEHHSI OPOUTHI BBIICIIUTCS TEILJIO

0 = a5 = Lo (L 1) - Cmh
2 o 217,
B cBoto ouepenp

n =R+H,

=R+ H—h.

GM = gR>.

B urore nonyuynm
0= mghR?
" 2(R+H)(R+H-h)
Otcroa Macca CIyTHUKA
_ 2QREHRHH=R) 515

ghR?



4. Buayrpu  repmernyHoro  0aka,  JOBEpXy
3allOJTHEHHOTO KHUJIKOCTBIO TUIOTHOCTH P, 3aKperuieHa
rOpU30OHTANbHAS  CIWI[A, HA KOTOPYH  HaJeT

. 3
HEOONBIIION Tmapuk oObema V, TUIOTHOCTH ey

CITOCOOHBIN CKOJIB3UTh BJIOJIb CITUIIBI O€3 TpeHus (puc.
3). lllapuk coeIMHEH ¢ HEBECOMOM OXBaThIBarOIIEH
CIUIlY TPYKUHKON >KECTKOCTU Kk, BTOpPOHl KOHEIl
KOTOpOM MNPUKPEIUIEH K JIEBOW CTeHke Oaka. bak

AMANAANDANADANALTY

VVVVVVVVVVVVVVVINS

Puc. 3

IIPUBEIIA JBUKEHUE C TIOCTOSIHHBIM YCKOPEHUEM HAIIPABJIIEHHBIM BIOJIb CIULBL. B
pe3yapTare, KOrja MIAapuK OKa3aJCs BHYTPH JKMAKOCTH B HOBOM IIOJIOKEHUU
paBHOBECHs JJIMHA MIPYKUHBI YBeIHUnIach Ha h. YeMy paBHO M KaK HaIpaBIICHHO

(BmpaBo uiK BIeBO) yckopeHue 6aka? [llapuk He kacaeTcsi HOBEpXHOCTH Oaka

PEINIEHUE

Jlo Hauana nBWKeHUs Oaka MpykuHa He AedopMmupoBaHa. B mporecce qBUKEHUS

0aka BO3HHMKAeT TOPU3OHTAJIBHOE JABJICHUE CJIOEB MXHUIKOCTU IpYyr Ha Jpyra,

BCJICACTBUC YCTO IOABJIACTCA TOPHU30HTAJIbHAA CHJIA ApXI/IMeI[a, MpUBOAAIIAA K

CMELICHUIO [IapuKa B HaIpPaBIECHUU YCKOpPEHHUs Oaka, MNpyXHHA IpPU 3STOM

I[G(l)OpMI/IpyeTCH. ﬂI/IHaMI/I“IGCKOG YPaBHCHHUC JI IIapHKa B 3TOM CJIydac IIPUMCT

=~

|

w
S
<~

N

BU/I;
3
pVa —kh = 7pVa.
Otcrona
_ 7kh
a= v

[TonmoxkuUTENbHBIN 3HAK @ TOBOPUT O TOM, UTO OHO
HaMpaBJICHO BIPABO.

= orn Ee——

=

Puc. 3, a

S\




5. BHyTpu BepTHUKaJIbHO pPAacCHOJ0KEHHOT0 UWIMHAPUYECKOTO COCyla MOoJ
TSDKEJIBIM TOPIITHEM, PACIIOJI0KEHHBIM Ha BBICOTE fL OT JTHA COCyJla, HAXOAUTCS V
MOJIEM uAeanbHOTO rasza. lloplieHb COENMHEH C JHOM JIETKOW NPYKUHOU
xkectkoctd K. Ecoum oxmaguTek Ta3 g0 Temmeparypbl T, MOpIICHb HadHET
omyckatbes. Jlo kakoit Temmneparypsl T' Hamo OXJaJHUTh ra3, 4TOOBI MOPIICHB
OTMYCTHJICS 10 BBICOTHI 3h/5?

PELNIEHUE

YcnoBue paBHOBecHs TOPIIHS Ha BbICOTe h (CM.
puc):

—Mg—pOS—k(h—x ¢)+pS= 0.
Hene M Do

AHanoruyHo, Ha Boicote 3h/5:

3h
—Mg —poS —k (? — xHeAeq)) +p'S=0.

Hesed

Takxke Ha  TOpPIIEHP  MOXET  JEHCTBOBATh

IIOCTOAHHAA CHJIa TPCHUA, HO 3TO HHYCTO HC
HU3MCHHUT IIPHUHOUIINAJIBHO. Bprauras YPaBHCHUA

JIpYyT U3 Ipyra MOWICHHO, OJIYYUM

Puc. 3.6
2kh .
g = (@' —p)S.
Hcnonb3yem ypaBHEHUE COCTOSIHUS, TOTAA
2kh? 5
- = (p' —p)Sh =-VvRT' —vRT.
5 2
Toraa uckomas Temreparypa
T 2 T 2kh?
5 SVR
2kh?

OTtBet coxpansieT (GU3NUECKUN CMBICII ITPH YCIOBUH, uTO T > e
14



6. lap pammyca 2R, ABUKETCS CO CKOPOCTHIO UV B HAIMPABICHUU TMOKOSIIUXCS
CoIpHUKacaroumxcs Apyr ¢ Ipyrom mapos paguycamu 3R u 10R. [Ipoucxoaut ynap
(OTHOBpEMEHHO C O0OMMHU IIapaMH) B PE3yJbTaTe€ KOTOPOTO HAJETAIOIIMM IIap
ocraHaBiuBaeTcs. Kakyio ckopocTh v, MpHOOpeTeT B pe3yabTaTe yaapa Imap
paguycoM 3R, eciu BEKTOp €ro CKOPOCTH COCTaBJISIET C TMEepPBOHAYAIBHOU

35
CKOPOCTBIO HAJIETEBLIEro Iapa yroi a = arccth? Uemy paBHO H3MEHEHUE

BHYTPEHHEU 3HEpruu mapa paauycom 2R? [llapel, 0o4HOPOIHBI, B3AMMOJAEHCTBYIOT
TOJBKO JAPYr C APYroM, TEIUIONPOBOAHOCTHM MAaTEpPHAJOB IMIAPOB M HMX MAaCChI
OJIMHAKOBBI, TPEHUS HET.

PEINIEHUE

B MOMEHT CTOJIKHOBEHHs LIEHTPHI IIAPOB SBIISIOTCS
BepimHaMu TpeyroinsHuka ABC, npuuem AB = 5R,
AC = 12R, BC = 13R (puc. 4, a). Ctano ObITb,

AB? + AC? = BC?,

To ectb AABC — mupsamoyronabHsii. I[loaTomy <
HAJICTAIOIIUHI AP TOJKHET ITIOKOUBIIKMECS IIapbl BO
B3aUMHO-IIEPIICHIUKYJISPHBIX HAIpaBJICHUIX.

Torna, 110 3aKOHY COXpaHEHHUS UMITYJIbCA:

v? = vZ + vi.

Otkyna

2 Puc. 4, a

muv _mv%_l_mvg
2 2 2’

TO €CTh MEXaHHM4YecKas DHEPTHsS CHCTEMBI B pe3yibTaTe yaapa COXpaHseTcs.
Crano ObITh, yaap aOCOJIIOTHO YIPYTHH, TOATOMY
U3MEHEHUE BHYTPEHHEH JHEpTHH no0oro mapa
paBHo Hymto0. Kak BugHO U3 puc. 4, 6, (mponopuuu
MOTYT HE COOTBETCTBOBATH) HCKOMasi CKOPOCTH

B _ 35
v, =vcosa = 3717.




