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KUHETHYECKAast SHEPTHsI YBETMUUTCS B 1 = 4 paza?

5.42. Umnynbc p peasTUBUCTCKON YacTULBI paBeH mgc. lloa nen-
CTBHEM BHEIIHEH CHJIbI MMITYJIbC YACTULIbI YBEJTUUUJICS B ABa pa3a. Bo
CKOJIBKO pa3 BO3PACTET MPH 3TOM 3HEPTHUS YaCTULEL 1) KUHETHYeCKas?
2) nosiHas?

5.43. Tlpu HeynpyroM CTOJKHOBEHHH HYACTHIIbL, OOJNAaroIel M-
NYyJIbCOM P = MoC, W TAKOH K€ MOKOSIIIecs 4acTUIpl oOpasyercs co-
craBHas yactuua. Onpenenuts: 1) CKOPOCTh v 4aCTHUIBI (B €IUHHULIAX C)
10 CTOJKHOBEHUS, 2) PENSITHBHCTCKYIO MAacCy COCTaBHOW YacTHLBI (B
eIUHULAX M), 3) CKOPOCTh COCTaBHOH YacTHIBI, 4) MacCy MOKOSI CO-
CTaBHOH 4acTHULIBI (B €OMHHLIAX M), 5S) KUHETHUECKYIO0 SHEPTUI0 YacTH-
LBl IO CTOJIKHOBEHUS M KHHETHUECKYIO SHEPTHIO COCTABHOM YacTULIBI (B
eIMHULIAX mOCZ).

5.44. Yactuna ¢ xuHeTudeckod sHepruei 1 = moc® Hameraer Ha
APYTYIO TAKYIO XK€ YaCTHIy, KOTOpash B JaOOPaTOPHOH CUCTeMe OTCcUeTa
nokoutcsi. Onpenenuts CyMMapHYI KHHETHYECKYIO SHepruro M’ vac-
TUL B CUCTEME OTCYUETA, CBS3aHHOW C LIEHTPOM HHEPLHMU CHCTEMBI Yac-
THULI.
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BYIO KHHETHYeCKyo sHepruto M = 1 I'3B?

5.31. DnexTpoH aeTut co ckopocThio v = 0,8¢c. OnpenenuTh KuHe-
TUYECKYIO SHEPTUIo M 35eKTpoHa (B MErasjeKTPOH-BOJIBTAX).

5.32. Ilpu kakoii CKOPOCTH V KHHETHYECKAsl SHEPTHUs JTFOOOH YacTH-
1bl BELL[ECTBA PaBHA €€ SHEPTUU MOKOs?

5.33. Onpenenutb CKOPOCTh Vi 3JIGKTPOHA, €CJIA €r0 KMHETHYeCKast
sHeprus paBHa: 1) M =4 MsB; 2) 7'=1 k3B.

5.34. Omnpeaenutb CKOPOCTh V MPOTOHA, €CIU €ro KHUHETHYeCKasi
sHeprus paBHa: 1) 7'=1M»sB; 2) 7'=113B.

5.35. Iloka3aTh, 4TO PENATUBUCTCKOE BBIPAXKEHUE KUHETUYECKOU
sueprun 1= (m — mp)c* mpn v<<c IEPEXOMUT B COOTBETCTBYIOLIEE BbI-
pakeHue KJIACCUYECKON MEXaHUKU.

5.36. Kakas oTHOcuTenbHas omnbka OyneT AomymeHa Ipy BBIYHC-
JIEHUW KMHETUYEeCKOHN 3HEepruM PeATUBUCTCKOMN YaCTULIbI, €CIU BMECTO

2
PENSTUBUCTCKOTO BBIpaKeHHst 1 = (m — mg)c” BOCIIOJNB30BATBHCS KJIac-

2
m,y

cudyeckum [’ = ? BpIUUCIIEHUs BBIMOJIHUTD A ABYX ciiydaes: 1)

v=0,2c;2)v=10,8c.

5.37. /lBe peNATUBUCTCKHE YaCTULbI ABUXKYTCA HABCTpPEdy APYr
APYTy ¢ ONWHAKOBBIMH (B JTAOOPATOPHOHN CHCTEME OTCUETa) KHHETHYe-
CKUMU SHEPTHsIMH, PaBHBIMH HUX dHepruu nokost. Ompenenuts: 1) cko-
pPOCTH HacTHLl B JaOOPATOPHOW CHUCTEME OTCYETA;, 2) OTHOCHUTEIBHYIO
CKOPOCTb CONMIKEHUs 4acTull (B €OUHUIIAX C), 3) KHHETHYECKYIO SHEp-
ruro (B €QMHHULAX A16C°) OMHON M3 YaCTHI[ B CHCTEME OTCUETa, CBSI3aH-
HOH C APYroM 4acTULEH.

CBs3b JHepruu peJISITHBHCTCKONH YaCTHIBI € ee HMITYJIbCOM
5.38. Iloka3are, 4TO BBIPA’KEHUE PEISATUBUCTCKOIO UMIYJIbCA Yepes3

KUHETUYECKYI0 3HEPTUI0 p = 11/(2E0 +7)T mpu v<<c mepexoauT B
c

COOTBETCTBYIOLIEE BBIPAKEHHUE KIACCHUECKON MEXaHUKH.

5.39. OnpenenuTs UMNYJIBC p YaCTULIBI (B AMHULIAX MoC), €CITU €€
KUHETHUYeCKasi SJHePIHsl paBHA SHEPTUU MTOKOSI.

5.40. OnpenenuTh KUHETUYECKYIO 3Hepruro A pensTHUBUCTCKON
qacTHLB! (B SXMHULIAX MoC”), €CITH €€ UMITYIIEC P = HC.

S5.41. Kunernyeckas 3HEprusi pelATUBUCTCKON 4acCTHULbI PaBHA €€
SHEPruu Nokos. Bo CKOJNBKO pa3 BO3pPACTET UMITYJIbC YaCTHULBL, €CIIU €€
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PA3JAEJ 1 MEXAHUKA

1.1 KHHEMATHUKA

1.1.1 Kunematuxka. OcHoBHBbIe (popMYyJIbI

3amava COCTOMT B TOM, YTOOBI ONMCATh ABMKEHHE MaTE€PHAIBHON
TOYKH (M.T.), T.€. yKa3aTh Ui KaXAOTO MOMEHTa BPEMEHH Ty TOYKY
CHCTEMBI OTCUETa, C KOTOPOH M.T. MPOXOAUT HETPEPBIBHYIO MOCIEI0BA-
TEJIBHOCTh TOYEK CHCTEMBI OTCUETA, HA3bIBAEMYIO TPAEKTOpUEH ABIIKE-
HUSI.

* JIBM>KeHHE OMUCHIBAETCA KHHEMATHYECKUMH YPABHEHUSMHU:

— B KOOpAMHATHOH (opme

x1 =h(0), X2 = f(0), x3 = f5(1),

HarpuMep, B IEKAPTOBON CHCTEME KOOPAMHAT

X1 = x(8); X2 = y(0); x3 = 2(1).

— B BEKTOPHOH (opme

r=r(1).

dopmyna 3TOro BuAa ONpeaessieT BEKTOPHYIO (PyHKIUIO CKaJIIPHO-
ro apryMeHTa.

— C MOMOIIBIO TAPAMETPOB TPACKTOPUN

§=50).

Ecnu TpaexTopus 3amaHa, TO 3a1a4a CBOOUTCS K YKa3aHHIO 3aKOHA
IBW)KEHUS BJIOJIb HEe.

* BekTOp MrHOBEHHOM (JIMHEHHO) CKOPOCTH

de- dy- de- dF _dS

=i DT E T
dt  dt’ At dt  dt
de dy dz § 5
€ —,—,— — KOMIIOHCHTbI MI'HOBCHHOHU CKOpOCTI/I B I[eKapTOBOI/I
dt’ dt’ dt

CHCTE€Me KOOPIWHAT, T — €IWHUYHBIA BEKTOpP KacaTeNbHOW K TPAEKTO-
pHUU B JAHHOU TOYKE.
* Monynb MTHOBEHHON CKOPOCTH

e (dyY (dzY dS
v=i|—| +|=| +|—| =—,
dt dt dt)  di
rae v. =—.V _d—y'v _% — INPOCKLINU CKOPOCTHU ¥V HA OCHU KOOpOHu
PSS Y= p p

Har.
* CpenHsis CKOpPOCTh

5.22. B nabopatopHo#i cucTeMe OTCUeTa OJTHA U3 ABYX OJMHAKOBBIX
YaCTULl TOKOUTCS, Apyras ABUXKETCs CO CKOpOocThio v = 0,8¢ 1o Hampas-
JIEHUIO K MoKoswieiics yactuue. Onpeaenurs: 1) peasTHBUCTCKYIO Mac-
Cy ABWXKYINEWCS YacTULIBI B JJADOPATOPHOU CUCTeMe OTCueTa;, 2) CKO-
pPOCTb HACTHUL[ B CUCTEME OTCUETa, CBA3aHHOMN C LIEHTPOM HMHEPLMH CHUC-
TEMBIL, 3) PEIATUBUCTCKYI0 MAcCy YacTHULl B CHCTEME OTCYETa, CBSI3aH-
HOH C LICHTPOM HHEPLUH.

5.23. B nabopaTopHoil cUCTeMe OTCHeTa HAXOISTCS JABE YaCTHULIBL
OpnHa yacTHLIa C MAacCOM TOKOSI M1y JBMIKETCS CO CKOpOCThiO Vv = 0,6¢,
apyras ¢ Maccoil nokost 2my nokourcsa. Onpenenutrb CKOPOCTb Ve LieH-
Tpa Macc CUCTEMBbI YaCTHILI.

B3aumocBsi3b Macchbl H JHEPrUH

5.24. Tlonnas sHeprus Tena Bo3pocna Ha Af =1 Jlx. Ha ckomnbko
IIPY 5TOM U3MEHUTCS Macca Tefa?

5.25. Onpenenutsb, Ha CKOJIBKO AOJIKHA YBEJIMUUTHCS TIOJIHAS SHEP-
TS TeNa, YTOOBI €er0 PeNATUBUCTCKAs Macca Bo3pocia Ha Am = 1 1?

5.26. Beruucnutb SHEPrUI0 MOKOsL: 1) 3yiekTpoHa; 2) mpoToHa, 3) a-
ygacTuubl. OTBET BbIPa3UTh B JKOYJISAX U MErasJeKTPOH-BOJIbTaX.

5.27. WU3BecTHO, uTO 00BEM BOIBI B Okeane paseH 1,37-10° k.
Omnpenenutsb, Ha CKOJIBKO BO3PACTET Macca BOJbI B OKeaHe, eCJIU TeMIle-
patrypa Boabl noseicutcs Ha Af=1°C. IIIOTHOCTH p BOABI B OKeaHe
npuHATH paBHOil 1,03-10° kr/m’.

5.28. Conneunas nocrostaHast (' (TUIOTHOCT NIOTOKA SHEPTHH 3JIEK-
TpOMarHuTHoro msnydeHus: CojHIa Ha pacCTOSIHUM, PABHOM CpPEIHEMY
paccrostHnio ot 3emun 1o Connua) pasHa 1.4 kBr/m”. 1) Onpenenuts
Maccy, KoTopyro Tepsier CoJiHIe B TeueHne oHoro roqa. 2) Ha ckompko
HU3MEHUTC Macca BOJbl B OK€aHE 3a OJUH rOJl, €ClIU IPENOJIOKUTD,
yro norjowaercs 50 % naparoiuell Ha MOBEPXHOCTb OKEaHa SHEPruu
u3nydenusi? Ilpu pacuerax mpuHSTH IUIOMAAL S MOBEPXHOCTH OKEaHa

paBHOii 3,6:10° kv”.

Kunernueckasi 3Heprusi peIITHBHCTCKOM YaCTHLbI

5.29. Kuneruueckass sHeprus M snexktpona pasHa 10 MsB. Bo
CKOJIBKO pa3 ero pesiTUBUCTCKasi Macca OoJblie macchl mokos? Cre-
JaTh TAKOM K€ MOJCUET 711 IPOTOHA.

5.30. Bo ckoJBbKO pa3 penaTUBUCTCKAs Macca MPOTOHA OoJble pe-
JSITUBHCTCKOM MAaCChI 3JIEKTPOHA, €Ciii 00€ 4aCTUIbl UMEIOT OJAMHAKO-
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npsiMoii. OnpenenuTb UX OTHOCUTENBHYIO CKOPOCTD V21 B ABYX CIyHasiX:
1) yacTHLIBI ABMIKYTCSI B OJJHOM HAIIPABJICHHUH, 2) YACTHILBI ABIKYTCS B
MPOTUBOMOJIOKHBIX HATIPABJICHUSIX.

5.11. B naGopatopHo#i cucTtemMe OTcUeTa yAAJSIOTCS IPyr OT Apyra
IB€ 4aCTULBI ¢ OJUHAKOBBIMH MO MOJAYJIO CKOpocTsamu. Mx otHOCH-
TeJIbHasi CKOPOCTh V B TOH ke cucteme orcuera pasHa 0,5¢. Omnpene-
JIUTb CKOPOCTH YaCTHLI.

5.12. VoH, BbLUIETEB U3 YCKOPUTENS, UCIyCTHI (POTOH B HATpaBJie-
HUHM CBOero ABrkeHHs.. OmpeneiauTb CKOPOCTh (POTOHA OTHOCHTEIHHO
YCKOPUTENS], €CIU CKOPOCTb V MOHA OTHOCHTEJIBHO YCKOPHUTENs paBHA
0,8c.

5.13. Vckoputenb cooOIMI pPagHOAKTHBHOMY SIAPY CKOPOCTH
vy = 0,4c. B MOMEHT BbUIETAa U3 YCKOPHUTENS SAPO BBIOPOCHIIO B Ha-
NPaBJICHUH CBOETO NBHXKEHHUsS [-4aCTHIy CO CKOpOCThIO V; = 0,75¢ oT-
HOCUTENbHO yckoputens. Onpenenutrb CKOPOCTb V1 YacTHULbl OTHOCH-
TEJILHO SAApA.

5.14. JlBa yckopuTens BbIOPACHIBAIOT HABCTpPedy APYT APYTY Hac-
THULBI CO cKopocTsmMu V| = 0,9¢. OnpeaenuTb OTHOCUTEIBHYIO CKOPOCTh
V21 COMMIKEHUST YaCTHUI] B CUCTEME OTCYETa, IBIKYIIEHCS BMECTE C Of-
HOH U3 4aCTHLL.

PeasitTuBHCTCKASI Macca U PeISITUBHCTCKHI HMITYJIbC

5.15. Yactuua aeuxkercss co ckopocThio v = 0,5¢. Bo ckonbko pa3
PENSATUBUCTCKAST Macca YaCTULIbI OOJIbIIIE MACCHI TIOKOS?

5.16. C xakoii CKOPOCTBIO V IBM)KETCS HaCTHLIA, €CIIU €€ PEeNATUBU-
CTCKast Macca B TPH pa3a OoJIbIie MacChl MOKOST?

5.17. OTHoweHne 3apsiga IBHKYLIETOCsS 3JIEKTPOHA K €ro Macce,
OIPENETIECHHOE U3 OIBITA, PABHO 0,88:10"" Ku/kr. Onpenenuts penATu-
BHUCTCKYIO MacCy 7 3JIEKTPOHA U €r0 CKOPOCTD V.

S5.18. Ha CKOJBKO HPOLIEHTOB PENATUBUCTCKAS Macca YacCTHULbI
OoJBIIe MacChl IOKOSI IPU CKOpocTH v = 30 Mm/c?

5.19. Iloka3aTh, 4TO BBIPAKEHUE PEIATUBUCTCKOrO UMITYJIbCA IIe-
PEXOOUT B COOTBETCTBYIOILIEE BBIPAXKEHUE HUMITYJIbCA B KJIACCUYECKOMN
MEXaHHUKe MPH V<<c.

5.20. DnekTpoH ABWKETCS CO CKOPOCThIO v = 0,6¢. OmnpenenuTs pe-
JSATUBUCTCKUN UMITYJIBC P 3JIEKTPOHA.

5.21. Umnynec p pensaTUBUCTCKON YaCTHUILIBI PaBeH noc (Mo — Macca
nokost). OnpenenuTb CKOPOCTh V YaCTHIBI (B AOJSIX CKOPOCTH CBETA).
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AF
(==
At
roe AF — mepemelriieHre MaTepHaJbHON TOYKU 3a MHTEPBAJ BPEMEHU
At.
Cpennsisi myTeBasi CKOPOCTb

As
="
At
rae As — nyTb, NPOIEHHBIN TOUKOMN 32 HHTEpBa BpeMeHU Al
* BexTop MrHOBEHHOTO YCKOPEHUS

o

. v d5 dx- d’y- dz- dF _dv _V
a=—= =—it—Fjt——k=—m=T—+i—,
dt dt dt dt dt dt dt R
rae # — €AWHUYHBIN BEKTOp, HAINPABJICHHBIM MO TJaBHOH HOPMaU K
LEHTPY KPUBU3HBI TPACKTOPHH,
R — panuyc KpuBU3HBI TPAEKTOPUH;

dv . y
a = i MO/TyJ1b TAHTE€HI[HAIbHON COCTABJISIOIIEH YCKOPEHUS,
1

T
V2
a,= 2 MOAYJIb HOPMAJIBHON COCTABJISIFOLIEH YCKOPEHUS.

n

* Monynb yckopeHus

a=.\al+a+al =\a +a,
TIe dy, dy, d: — IPOEKIIMU BEKTOPA YCKOPEHUS] HA KOOPAHHATHBIE OCH.
» CpenHue 3HaYE€HUS] COOTBETCTBYIOLINX TAPAMETPOB <\7>, <v> , <El>

U T.JI. OTIPENEIISIIOTCS OOBIYHBIM 00pa3oM:
1
(f(), . == [ f(x)dx,
1 2 x2 J— xl Y

rue < f (x)>m2 — cpenHee 3HaueHue GpyHKIUM f{x) B MHTEpPBANIE OT X 10

X9.
Bexrop nepemernenus 3a MPOMEXKYTOK BPEMEHH OT £ 110 £

AF = Tﬁ(t)dz .
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IIpolineHHBbI NyTh 3a NPOMEXYTOK BPEMEHU OT /1 0 I

o)
AS = [v(t)dr
4
* Kunemarnueckoe ypaBHEHHE PaBHOMEPHOTO IBMXKCHHUSI MaTepH-
aJIbHOM TOYKH BJIOJIb OCH X
X =Xp T Vi,
TZI€ X — Ha4ajbHasl KOOPAWHATA, [ — BpeMsl.
IIpu paBHOMEpHOM ABHXKEHUU V = consf u a = 0.
* Kunemarnueckoe ypaBHEHHE pPABHOINEPEMEHHOIO [ABUXKEHUS
(a = const) Bonb ocu x

at®
X=X, +v{+—,
2
r7ie Vo — HauajbHasi CKOPOCTD; / — BpeMsl.
CxopocTb TOUKH NPU PABHONIEPEMEHHOM JIBUKEHUU
v=wtat
* [Tonoxenue TBepaOTO Tena (MPHU 3aJaHHOW OCU BPAIISHHUsI) OTpe-
TeJsieTCsl YIIIOM NOBOPOTA (MK YTIIOBBIM MEPEMEIIEHUEM) .
Kunemaruueckoe ypaBHeHHE BpaIlaTeIbHOTO JIBUKEHHS
D =A£71).
» CpenHsis yriaoBasi CKOPOCTb
(o)= 7.
At
rre A@ — u3MeHeHue yria IoBOpoTa 3a HHTEpBaJl BpeMeHU Al
* MruoseHHas yriosasi CKOPOCTb

0=42
dt
* YIII0BOE YCKOpPEHHE
_do  d’o
Cdtdit
* Kunemaruueckoe ypaBHEHHE PABHOMEPHOIO BPalLlCeHUs
¢=0¢, tol,

IZI€ (¢ — Ha4aJIbHOE YIJIOBOE NEPEMELLCHUE, [ — BPEMS.
IIpu paBHOMEpHOM BpaweHuu = const ue = 0.
* JacroTa BpalieHus
n=N/tuwmn=1/T,
rae N — uucino o60pOTOB, COBEpPLIAEMBIX TEJIOM 3a Bpems f; M —

ro pasHa 1 m?

5.2. JIBoe 4acoB ToOCJie CUHXPOHHU3AUN OBbLTH MOMEIIEHBI B CUCTE-
Mbl koopauHat K u K', nBUKyIIuecs: APyr OTHOCHTENbHO Apyra. Ilpu
KaKOH CKOPOCTH V MX OTHOCUTEJBHOIO IBM)KEHHUS] BO3MOJKHO OOHapy-
KUTh PENITUBHCTCKOE 3aMEIEHHEe XOIa YacoB, €CIH COOCTBEHHas
JUIUTETIbHOCTD Tp U3MEPSIEMOI0 MPOMEXYTKa BpeMeHHU cocTasisieT 1 c?
HsmepeHne BpeMeHN NPOU3BOAUTCS C TOUYHOCTBIO AT = 10" .

5.3. Ha xocMuyeckoM KopaOise-CIyTHUKE HaxXOISTCS 4achl, CHH-
XPOHHU3UPOBaHHbIE IO MOJieTa ¢ 3eMHbIMU. CKOPOCTb Vy CIyTHHUKA CO-
craBysier 7,9 kv/c. Ha CKOJNIBKO OTCTaHYT 4Yachl HA CIYTHUKE IO U3Me-
PEHUSIM 3€MHOTO HaOINoAaTeNs 1Mo CBOMM Yacam 3a Bpems To = 0,5 ro-
na?

5.4. ®oToHHas pakeTa IBMXKETCS OTHOCUTENBHO 3€MJIM CO CKOpO-
cTbi0 v = 0,6c. Bo CKOJBKO pa3 3aMemJIUTCS XOJ BPEMEHHU B PaKETE C
TOYKH 3pEHHsI 3eMHOTr0 HabJromaTess?

5.5. B cucreme K' mokoutcsi cTepkeHb, COOCTBEHHAs IJIMHA [y KO-
toporo pasHa 1 M. CTep)keHb pacnojoXKeH TakK, YTO COCTaBJISIET YroJl
Qo =45° ¢ ocero x". Onpenenuts AUHY / CTEPIKHS U yTOJ ¢ B CUCTEME
K, eciin ckopocth vy cuctembl K’ oTHocuTenbHO K paBHa 0,8c¢.

5.6. B cucreme K HaxoAauTCsl KBaapar, CTOPOHA KOTOPOTO Mapai-
aenpHa ocu x'. OnpenenuTpb yro ¢ MeXay ero JHaroHajsIMi B CHCTEME
K, ecmu cucrema K' JBMXKETCS OTHOCUTENBHO K CO CKOPOCTBIO
v =10,95c.

5.7. B naboparopHoii cucreme orcyera (K-cucrema) Mmu-mMe30H C
MOMEHTa pOXAEHMUs 1O MOMEHTa pachaja TMpoJieTe]l pacCTOsSHUE
/=75 m. Cxopoctb v mu-me30Ha pasHa 0,995¢. Onpenenuts coOCTBEH-
HO€E BpeMsl XKU3HU To ME3OHA.

5.8. CobcTBEeHHOE BpeMsl KH3HH Tp MIO-ME30Ha paBHO 2 Mkc. OT
TOYKH POXKISHHS O TOYKH pacrana B JabOpPaTOPHOH CHCTEME OTCUeTa
MIO-Me30H MpoJeren paccrostaue / = 6 kM. C Kakoi CKOpOCTBIO V (B 110-
JSIX CKOPOCTH CBETA) IBUTAJICS] ME30H?

PensiTuBHCTCKOEC CII0KEHUE CKOPOCTE

5.9. Tlokasath, 4To (hOpMyNia CIONKEHUS CKOPOCTEH PESITHBUCT-
CKUX YaCTHI] MEPEXOIUT B COOTBETCTBYIOMIYIO (OPMYITY KIaCCUYECKOMN
MEXaHUKH MPU vV << C.

5.10. JlBe pensATUBHCTCKHE HYaCTHUIbI ABMXKYTCS B JlabOpaTopHOU
cuctemMe orcdera co ckopoctsamu vy =0,6c u v, =0,9¢ BIOAb OnHOM
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(1)

CkopocTh V' cOCTaBHOI YacTHULIbI (OHA COBMANAET CO CKOPOCTHIO V¢
LIEHTPa MacC B JIAOOPATOPHOU CHCTEME OTCUETAa) MOXKHO OMPENeIUTh U3
3aKOHA COXPAHEHUsI UMIYJIbCA p = p', TAe p — UMITYJIbC PEISATUBUCTCKOM
HJaCcTHULbI O CTOJKHOBCHMHA, p' — UMIIYJIbC COCTaBHOU peJ'IfITPIBPICTCKOfI
yacTUlibl. Beipazum p uepes KHHETHUECKYIO 3Hepruto M:

=L JQE YT .
C

Tak kaxk T = Ey = mOCZ, TO

p= l\/(Zmoc2 +mec)myc’ =me3 .
c

PenstuBucrckuii umnynsc p'=m'v'. YuureiBas, uyro m’' = 3my, 3a-

_ 1
KOH COXPaHCHHA HMITyJIbCa MOKHO 3amnucatb B BUAC moc\/§—3m0v ,

, C
OTK ,[[aV:—.
Y NE]

IToncraBuB BeIpaskeHust v' u m’ B Gopmyny (1), onpenenum maccy
MOKOSI COCTAaBHOMN 4aCTHLIBL

3. Kunerndeckyro 3Heprur0 M’ cOCTaBHON PeNITUBUCTCKON YacTH-
I(bI OTPEIEeIHM KaK PAsHOCTb IIOJHOM SHEPTUH M'c’ M SHEPrUH TOKOSI
mo'c? COCTABHOMN YaCTHIIBI:

T'=(m'— my")c.

[ToncraBuB BeIpaKeHUSI M’ U 11!, TOTyYUM

T'= (Bm, —J6m,)c* = (3—6)m,c* = 0,55mc* .

1.3.2. 3agauu AJisl CAMOCTOAITE/ILHOIO PeleHus!

PeasmuBucmckoe H3MeHeHHe JJIHH H HHIMEPBAJIOB BPEMEHH

S.1. IIpennono:xumM, 4TO MBI MOKEM HM3MEPUTb IJIUHY CTEPXKHS C
touHOCTBIO Al = 0,1 MkMm. Ilpu Kakolf OTHOCHTENBHOM CKOPOCTH M ABYX
WHEPIUABHBIX CHCTEM OTCUETa MOXKHO ObLIO Obl OOHAPYKHUTH PEIISITH-
BUCTCKOE€ COKpALIeHNE JUIMHBI CTEPIKHsI, COOCTBEHHAst NIMHA /) KOTOPO-
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NepHUOA BpalieHust (BPEMsi OJTHOTO MOJTHOTO 000poTa).
+ Kunemarndeckoe ypaBHEHHE pABHOMEPEMEHHOIO BpallEHHs
(e = const)
g 2
o=@, tor+ 7 ,

TZi€ (o — Ha4abHas1 yIJI0Bask CKOPOCTh; f — BpeMsl.

YrnoBasi CKOPOCTb Teja IPU PABHONEPEMEHHOM BPALEHUH

M= wmy+ el

* CBsI3b MEXXAY JUHENHBIMU U YIJIOBBIMH BEJIMUMHAMU, XapaKTepu-
3YIOLIMMU BpallleHue MaTepUajbHON TOUKH, BbIpaXKaeTcs CIEAYIOLUMU
dbopmynamu:

— IyTh, IPONAEHHBIN TOUKON MO yre OKPY>KHOCTH paguycom R

s = ¢ R (¢ — yrox noBopoTa Tena),

— JIMHEHHasA CKOPOCTb TOUKH

v=ow R,

— YCKOpeHHEe TOUKH TaHI€HI[HaJIbHOE

a.=¢eR,

— YCKOPEHHE TOYKH HOPMAJIbHOE

a,=o°R.

1.1.2 Ilpumeps! pemennst 3aga4

1.1.2.1 KunemaTHKa NOCTYNAaTeIbHOTO ABUKEHHS

IIpumep 1.1. Kunematnueckoe ypaBHEHUE OBUXKEHUsI MaTepUAIb-
HOM TOUKM IO MpsIMOH (BIOIb OCH X) uMmeer Bux x = A + Bt + CF, rue
A=4wm, B=2w/c, C=-0,5wc> Jlns MoMeHTa BpeMeHHU /; =2 ¢ Om-
peneauTb KOOPAWHATY X| TOYKH, MTHOBEHHYIO CKOPOCTb Vi, MTHOBEH-
HOE YCKOPEHHE d.

Pemenue. KoopnuHara TOUkH, AJI1 KOTOPOW M3BECTHO KUHEMATH-
YeCKO€ ypaBHEHHUE ABHKEHMUs, ONpeaeseTcs: IpU MOACTaHOBKE B ypaB-
HEHUE JIBMKEHUS BMECTO / 3aJaHHOTO 3HaU€HHUsl BPEMEHH /1.

x=A+Bt+Cr.

IToncraBuB B 3TO BhIpaxkeHue 3HaueHus A, B, C, #; u npousBens
BBIUHUCIIEHUS, TOTYUHM:

x1=(4+4-05-2)=4m

MrHoBeHHasi CKOPOCTb B ITPOM3BOJIbHBIN MOMEHT BPEMEHHU OIperie-
nsiercst nupepeHInpOBaHNEM YPaBHEHHU KOOPAMHATBI X [0 BPEMEHH:



v:@:B+3Ct3.
dt

IToxcraBuB B 3TO BBIpakeHHe 3Ha4eHUs1 B, C, f; 1 MPOU3BEIS BbI-
YUCJICHUA, HOJ'IyLII/IM:

v1 =—4 M/c.

3HaK MHUHYC yKa3bIBaeT Ha TO, YTO B MOMEHT BpeMeHHU /1 = 2 C TO4Y-
Ka IBUKETCA B OTpI/ILIaTe.]'IbHOM HaHpaBHeHI/II/I KOOpI[PIHaTHOfI OCH.

MrHOBEHHOE YCKOPEHHE B MPOU3BOJIBHBII MOMEHT BPEMEHH OIpe-
JeNseTCsl Kak BTOpas MPOU3BOAHAS OT yYPaBHEHHsS] KOOPAMHATBHI X TIO
BPEMEHH:

2

dx _ & _sep.
drr dt

HOI[CTaBI/IB B 3TO Bpra)KeHI/Ie 3HAYCHUA C, fl nu HpOI/ISBeI[ﬂ BBIUNUC-
JICHUA, HOJ'IyLII/IM:

ar=(-6-0,5-2)=-6 m/c.

3HaK MHHYC YKa3bIBAE€T Ha TO, YTO HAIPABJIEHHE BEKTOPA YCKOpE-
HHUA COBIIAOAET C OTpI/IL[aTeJ'IbeIM HaHpaBHeHI/IeM KOOpI[PIHaTHOfI oCH,
NPUYEM B YCIOBMSX JaHHOMW 3aaud 3TO UMEET MECTO sl JF0O0ro Mo-
MCHTA BpeMeHI/I.

a =

IIpumep 1.2. Kunematnueckoe ypaBHEHUE OBUXKECHUsI MaTepUaIb-
HOM TOUKM IO MpsIMOH (BIOIb OCH X) umeer Bux x = A + Bt + CF, rue
A=5wm B=4wm/c, C=-1wm/c’. TIoctpouts rpaduK 3aBUCHMOCTH KO-
OpIHUHATBI X U NYTH § OT BPEMEHH, ONPENEIUTb CPEAHIOI0 CKOPOCThb
<Vy> 3a MHTEpBaJ BPEeMEHHU OT /1 =1 C A0 £, = 6 ¢, onpeneauts cpen-
HIOIO IIYTEBYI) CKOPOCTh <V~ 3a TOT JK€ HHTEPBAJI BPEMEHU.

Pemenne. [[nsa moctpoeHust rpaduka 3aBUCUMOCTH KOOPIHUHATHI
TOYKHM OT BPEMEHHU ONpPENEIUM XapaKTEPHbIE 3HAYEHUs KOOPAUHATHI —
Ha4aJIbHOE€ U MAKCHUMAJIbHOE U MOMEHTBI BPEMEHHU, COOTBETCTBYIOLINE
YKa3aHHBIM KOOPJMHATAM U KOOPAUHATE, PABHON HYJIIO.

HauanpHas koopauHaTta COOTBETCTBYET MOMeEHTY [ = 0. E€ 3Haue-
HUE PaBHO

Xo=X—0=x=A+B0+C0*=4=5m

MaxkcuManbpHOrO 3Ha4€HUs] KOOPAWHATA NOCTUraeT B TOT MOMEHT
BPEMEHH, KOTJa TOYKa HAYMHAET ABUTaThCsl 0OpaTHO (CKOPOCTh MEHSIET
3HaK). DTOT MOMEHT BPEMEHHU OIpPEeNeNUM, NMPUPABHSIB HYJO MEPBYIO
MIPOU3BOIHYIO IO BPEMEHU OT KOOPAUHATHI:

8

Pemenue. PenaTuBUCTCKUI UMITYJIBC

B

p=me——. (1)
vi-B

ITocne Beraucnenus mo gopmyde (1) nmomyaum

p=5,610"% krmic.

B penatuBHCTCKON MexaHUKE KUHETHUYecKas 3Heprus M yacTulbl
ompenensercs Kak pa3sHOCTb MeXJy MOJHOW sHepruel [ u sHepruei
MOKO0s Fy 3TOH YaCTHIIL, T.€.

T =FE-FE.

2 2

Tak xak £ =mc” u I,y =moc”, TO, yIUTBIBasi 3aBUCIMOCTb MaCChI OT

CKOPOCTH, MOJIy4YHUM

2
m.c 5 1

T=—2—-mc’ =mc’| ——-1]|. (2)
V1-p° VI-p°

Crenas Beruncienus, onpenenum I'= 106-107" ik = 106 dJIx.

Bo BHeCHCTeMHBIX €OMHMLIAX JHEPrHsl TIOKOSl  3JEKTPOHA
moc® = 0,51 MsB. Toxcrasus 310 3HaueHue B popMyy (2), HOMyUnM
M = 0,66 MaB.

IIpumep S. PensTuBuCTCKas 4acTULA C KUHETUYECKOW SHEpruen
T=moc* (my — Macca MOKOS YACTHLBI) HCIIBITBIBAET HEYIPYTOe CTOIK-
HOBEHHE C TAaKOW ke TMOKosIIeics (B 1abopaTOpHON CHCTEMe OTCHeTa)
yactuuei. [Ipu atom obpasyercs cocraBHas yactuna. Onpeneauts: 1)
PENSATUBUCTCKYIO MAcCy M ABMDKYIIEHCS] YaCTUIBL, 2) PENATUBUCTCKYIO
Maccy m' 1 Maccy MOKOs 71’ COCTaBHON YAaCTHULIBL, 3) €€ KHHETUYECKYIO
sHepruro M.

Pemenue. 1. PenATUBUCTCKYIO MacCy m JBMXKYLIEHCS YaCTHULBI A0
CTOJIKHOBEHHS OMNPEIeNUM U3 BBIPAXKEHMsI JIs1 KHHETUYECKOW SHEpruu
pemsTuBHCTCKOi  wactunel 1 = (m —mg)c®. Taxk kak I =moc’, ToO
m = 2my.

2. JI;st TOro 9TOOBI ONPEAeNIUTh PENIITUBHCTCKYIO MACCy COCTaBHOM
YaCTULIbI, BOCMOJIb3YEMCSl TE€M, YTO CyMMapHasi peJiTUBUCTCKAas Macca
YACTHII COXPAHSETCS: m + mo = m', rae m + my — CyMMapHasi peJIsiTUBU-
CTCKasi Macca YacTHUI] 10 CTOJIKHOBEHHMS;, m' — PEJSITHBHCTCKAs Macca
cocTaBHOI yacTuupl. Tak kak m — 2mg, To m' = 3my.

Maccy mokost my’ COCTaBHOH YacTHULIBI ONPENEeIUM H3 COOTHOLIE-
HUs
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1g(¢p,) = % 1-p* =1g(0)1-p* =0, = arctg(fg(cp)\/l—ﬁz).

IToxcTaBuB 3HaueHHst @ U 3 B 3TO BBIPAKEHUE U, TPOH3BEAS BBI-
YUCJIEHUs, OIy4duM @o = 19,1°.

IIpumep 3. Kunernueckass sHepruss M snektpoHa paBHa | Mb3B.
Onpenenuts CKOPOCTb 3JIEKTPOHA.
Pemenne. PenstuBucrckas GopMysa KHHETHUECKOH SHEPTHH

T-E|——__1

V1-B?
BbimonHuB oTHOCHTENBbHO [ mpeoOpa3soBaHUS, OINpPENENUM CKO-
POCTB YaCTHLIbI, BEIPAKEHHYIO B IOJISIX CKOPOCTH cBeTa (B = v/c):

NCE,+T)T !

B BT (M
rre £y — SHeprus mokosi 3JeKTpoHa (cM. Tabi. 22).

Beruncnenuss mo 3tofl popmysie MOXKHO TPOHM3BOIAUTH B JIFOOBIX
€AMHULIaX 3HEePIruM, TaK KaKk HaUMEHOBAHUS €AMHUIl B NPaBOi 4acTu
(bOopMyIT COKPATATCS U B pe3yJbTaTe MoAcUeTa OyJeT MOJyYeHO OTBJIE-
YEeHHOE YHCJIO.

IToncraBus uncnoBble 3HaueHus Fy U M B MerasneKkTpOH-BOJIbTAX,
MOJIy4YUM

B=0,941.

Tak xax v = B¢, TO

v=12.82-10° m/c.

Uro0bl onpenenuTp, SBISIETCS JIM YacTULA ¢ KMHETHYECKOH SHep-
rueit M pensaTUBUCTCKON MM KJIaCCUYECKOH, TOCTaTOYHO CPaBHUTH KU-
HETHYECKYIO SHEPTHUI0 YaCTULIbI C €€ S3Hepruel MoKosL.

T y
Ecnmn — <<1, yacTully MOXXHO CUHUTaTh KJacCU4eckoi. B sTom
0

ciydae penstuBucTckas popmyna (1) mepexoanuT B KIIACCHUECKYIO:

IIpumep 4. OnpenenuTs peIITUBUCTCKUN UMIYJIbC p U KMHETHYE-
CKYIO0 3HEprur0 M 3JEeKTpOHA, ABMXKYLIEroCs CO CKOpocThio v =0,9¢
(roe ¢ — CKOpOCThb CBETA B BaKyyMe).
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v:@:B+2Ct:O:>l:£:—_4 =2c
dt 2C  2(-1)
MakcumanbpHast KOOpAUHATA
Xmax =Xi—2=A+B0+C-0°=5+42-12"=9m
MowMmeHT BpeMeHH f, korja koopauHata x = 0, onpenenum U3 Bbl-
paskernsi x = A + Bt + C£ = 0.
Pemum nosyueHHOE KBaAPAaTHOE YPAaBHEHUE OTHOCUTENBHO 1

o —B++B*-44C

2C '

IMoncrasum 3Hauenus A, B, C v mpou3BeaeM BbIYUCICHUS:

r=2=+3)c.

Taxum oOpa3om, nmosydyaeM ABa 3HaAYSHHUs BpeMeHU: I' =5 cut’'=—
1 c. Bropoe 3HaueHne BpeMeHU OTOpachIBaeM, Tak KaK OHO HE YAOBJIE-
TBOPSIET YCJIOBUIO 3anauu (7>0).

I'paduk 3aBUCHMOCTH KOOPAMHATHI TOYKH OT BPEMEHU MPEICTaB-
JsieT co0ol KpUBYIO BTOPOro mopsinka. st ero moctpoeHust HeoOxo-
IMMO HUMETh MSATh TOYEK, TaK KaK ypaBHEHHE KPUBOI BTOPOro MOpsiaKa
coAepKuT mATh Koddduuuentos. [1oaToMy Kpome TpexX BBIYHCICHHBIX
paHee XapaKTepHBIX 3HAYCHWH KOOPIAMHATHI OMPEAEINM eIle Ba 3Ha-
YEeHUs1 KOOPAUHATBI, COOTBETCTBYIOINE MOMEHTaM /1 = 1 cuf, =6 ¢:

X1 =4 +BZ1 + CZ12 =8 M,

X2 =4 +BZ2 + CZZZ =-7M.

ITonyueHHBIE TaHHBIE IPEICTABUM B BHJE TaOJIULBL:

BpeMﬂ,C Z1:O lel ZB:2 1'=5 Z2:6

Koopnunara, m X0=A=5 | x0=8 | Xpax=9 | x=0 | x,=-7

Ucnonb3yst naHHble TaONMLBI, CTPOUTCA TpaduK 3aBHCUMOCTU KO-
OpAHMHATHI OT BpeMeHH (puc. 1.2).

I'paduk myTH mOCTPOUM, UCXOS U3 CIAEIYIOIUX COOOpaKEHUH:

— MyTh U KOOPAMHATA O MOMEHTA U3MEHEHHs 3HaKa CKOPOCTH COB-
NaaT;

— Ha4YMHAas ¢ MOMEHTa BO3Bpata (/z) TOYKU OHA JBIKETCS B 00pat-
HOM HaIpaBJICHUHU H, CIEIOBATENBHO, KOOPANHATA €€ YOBIBAeT, a MyTh
IPOJOJDKAET BO3PACTaTh MO TOMY JK€ 3aKOHY, IO KOTOPOMY yObIBaeT
KOOPJMHATA.

CrnenosarenbHO, TpaduK MyTH A0 MOMEHTA BPEMEHH Iz = 2 C COB-
nazfaer ¢ rpapKoM KOOPAMHATHL, & HAYMHAS C 5TOrO MOMEHTA SIBJISIETCS
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3epKaJbHBIM OTOOpakeHneM rpaduka KOOPAUHATHI.
Cpennsisi CKOpOCTh <V¢> 3a UH-

X’/ﬁ;l_ [ TEPBAJI BPEMEHHU fr—f; OIPEAEIIAETC
B ] BBIPAKCHUEM
. / V> = -x1) / (b—1).
10k J IloacraBum 3HaueHwus xi, Xz, f1,
f, U3 TaONULBI W TPOU3BEHAEM BBI-
YUCJIEHUS
; <v>=(7 - 8) [/ (6 -
‘ 1) m/c= -3 m/c.

CpenHss nytesasi CKOPOCTb <y
OTpeeNseTcss U3 BbIPaXKEHUs
7 4 \6 8¢&C <v==s/(h-h), ]

rzie s — nyTh, MPOMAEHHBINH TOU-
KOW 3a MHTEpPBAJ BpeMeHHU /, — 1. U3
rpapuka Ha puc. 1.2 BuAHO, YTO
STOT MyTh CKJIAAbIBAE€TCA U3 JBYX
. OTPE3KOB MYTH: S1 = Xpmax — X1, KOTO-

pPBI TOYKAa MpOILIA 3a HUHTEPBAl

Puc. 1.2 BPEMEHU I5—1, U 52 = Xmax T X2,
KOTOpBIM OHAa MpOILJa 32 WHTEpBal
BPEMEHU 1 — 1.

L]

['llllll[l

Taxum obpaszom, nyTh

S = Sl + SZ = (xmax - x2) + (xmax + ‘xZD = 2xmax + ‘xZ‘ —X1.

IToncraBuM B 3TO BBIpAKEHUE 3HAYCHHUS Xmax , |[X2|, X1 ¥ IPOU3BETEM
BBIUHCIIEHUS

<§>=2:9+7-8)=17wm.

Torma uckoMasi CpenHsisi MyTeBasi CKOPOCTb COCTABHUT

<p>=17 / (6-1)=3,4m.

3aMeTHM, YTO CpeaHssl MyTeBasi CKOPOCTh BCETTIA MOJIOKUTETBHA.

1.1.2.2 KunemMaTHKAa KPUBOJHMHEHHOr0 JBHKEHHUSI

Hpumep 1.3. ABTOMOOWIb ABHXKETCS IO 3aKPYIJIEHUIO IIOCCE,
UMerolIeMy paauyc KpuBu3Hbl R =50 M. YpaBHeHue NBUKEHUS aBTO-
moGuns S(f)=A + Bt +CF, rne A=10 m, B=10m/c, C=-0,5 m/c’.
Omnpenenutb: CKOPOCTh V aBTOMOOWIIS, €r0 TAHT€HLHUAIBHOE (r, HOP-
MaJIbHOE d, U TOJIHOE @ YCKOPEHUsl B MOMEHT BpeMeHU [ = 5 C; AJIUHY
IyTH § U MOAYJIb NiepeMeIneHust |Ar| aBTOMOOWIIS 32 MHTEPBAJl BPEMEHU

10

Puc. .44

Pemenue. Ilyctsb B K'-cucreme cTepxeHb JEXHUT B IUIOCKOCTH
x'O%' U3 puc. 1.44, a, cneayet, uTo COOCTBEHHAs IJIUHA /) CTEPIKHS W
yTOJ (g, KOTOPBIH OH COCTABIIIECT C OCBIO X', BBIPA3STCS PABEHCTBAMH

' ' A '
h=N(A) ) rge, = M
B K-cucreme Te jke BETUYMHBI OKaKYTCs paBHbIME (puc. 1.44, 0)
A
I=(a) + () go=" )

3ameTum, 4TO TpHU nepexozne oT cucreMsl K’ k cucreme K pazMepsl
CTEp)KHsI B HAIPABJICHUU OCH ) HE M3MEHSTCS, a B HANPABJIECHUH OCH X
MPETEPISIT PEISITUBUCTCKOE (JIOPEHIIEBO) COKpAIleHuE, T.€.

Ay =AY, Ax=Ax'{1-p°. (3)
C y4eTroM mocjeqHUX COOTHOIIEHUI COOCTBEHHAs AJTMHA CTEPIKHS

BbIPA3UTCA PABCHCTBOM
2

Ax 2 AP (A B (A PP -BA(AY)
Iy = || —=| +(ay) = = .
ll_Bz \/1_82 \/1_82

3ameHuB B 3TOM BbIpaxkeHnu Ay Ha / sin(@) (puc. 1.44, 6), noxyuum

/- \/12 —Blsin*(¢7) 1 m
VI-p° VI-p°
IToxcTaBuB 3HaUEHUs BEIMYUH /, B, ¢ B 3TO BBIPAKEHUE U, MPOU3-
BeJIs1 BBIUUCIICHUSI, TIOJTyduM /o = 15,3 m.
Jlns ompenenenus yria ¢o Bocnoib3dyemcsi cootHomeHms M (1), (2)

u (3):
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E*—p’c’ =mc*.
+ CBsi3b KUHETHYECKON SHEPruM C UMIYJILCOM PEISTUBUCTCKOM

YaCTHULIBI
prct =TT+ 2moc?)

1.3.1. Ilpumeps! pemenns 3agaqd

Hpumep 1. Kocmuueckuidl kopabiib ABHIKETCS CO CKOPOCTBIO
v = 0,9-c mo HarpaByieHHIO K LeHTpy 3emun. Kakoe paccrosiue / mpoii-
et 3TOT Kopabip B CHUCTeME OTcuera, CBs3aHHOH ¢ 3emiein (K-
CUCTeMa), 3a UHTEPBaN BpeMeHU Afy = | ¢, OTCUMTAHHBIN MO YacaM, Ha-
XOISLIUMCST B KOcMHUYeCKOM kopaodie (K'-cuctema)? CyTOYHBIM Bpalie-
HUEeM 3eMiId U ee opOUTaNbHbIM IBIKEeHHEM BOkpyr ConHua mpened-
peub.

Pemenune. Paccrosinue /, koTOpoe mMpoiaeT KOCMUYECKUH KOpadIib
B CHCTEME OTCueTa, CBsI3aHHOU ¢ 3emuieii (K-cuctema), ompenenum o
dbopmyie

1 =vAL, (D)
rie A7 — uHTepBas BpeMEHH, OTCUUTaHHBIN B K-CUCTeMe OTcueTa.

DTOT WHTEpBaJ BPEMEHU CBSI3aH C MHTEPBAJIOM BPEMEHH, OTCYH-

At

0

()

TaHHbIM B K'-cHCTEME, COOTHOIIEHUEM Af = IloncraBus

BbIpakeHue Af B popmyay (1), momydum

lzmito.

v 2
1- =
c
[Tocne Beraucnennii noayaum / = 619 mm.

Ipumep 2. B naGopatopHoii cucreme orcyera (K-cucrema) HBU-
JKETCSL CTEPKEHb CO CKOpocThro v = 0,8:c. Ilo m3mepenusiM, npousse-
neHHbIM B K-cucteme, ero minHa / okasanack paBHod 10 M, a yrom o,
KOTOpBIH OH COCTaBJISIET C OCHIO X, OKa3aycs paBHbIM 30°. Onpenenutb
coOCTBEeHHYIO UIMHY /) cTep:kHsA B K'-CUCTeMe, CBSI3aHHOUW CO CTEpIK-
HEM, U YTOJ (g, KOTOPBIH OH COCTABISAET C OChO X' (puc. 1.44).
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7= 10 ¢, oTcunTaHHBIA C MOMEHTAa Havajla ABHKCHHS.
Pemenue. 3Hasi ypaBHEHHE IBIDKCHHUS], ONPENETIUM CKOPOCTb, B3SIB
MEePBYIO MPOU3BOJHYIO OT YPAaBHEHUs KOOPAUHATHI IO BPEMEHH

das
V= 7 = B+2(Ct. lloncraBuB B 3TO BhIpakeHue 3HaueHusi B, C, t

1
u, HpOI/ISBeHﬂ BBIYHCJICHUA, HOJ'IyLII/IM:
v=>5 wm/c.
TaHreHMaIbHOE YCKOPEHHUE OMPENEINM, B3sIB MEPBYIO MPOU3BOI-
HYIO OT YPaBHEHUSI CKOPOCTHU 10 BPEMEHH

dv
a,=—=2C.

dt
[MoncraBuB 3HaueHne C U CENAB BBIUUCIEHUS, TTOJYIHM:
a. = —1 m/c?

HopmaipHoe yCKOpeHHe ompenensiercs mo dopmyne a, =V /R.
[NoncraBum Croaa HaiiIeHHOE 3HAYEHHE CKOPOCTH U 33JaHHOE 3HAYCHUE
pamuyca KpUBH3HBI TPACKTOPHH U TIPOU3BEEM BBIYUCTIEHUS

a,=0,5 m/c*.

ITonHoe yckopeHue, Kak 3TO BUAHO U3 puC. 1.1, sBisieTcs reomer-
pu4eckol CcyMMOW yckopeHMH d, W d, . Moaynb yCKOpeHHs

2 2 o
a=+a +a, . IloncraBus B 3TO BBIPAKEHHUE HANWJEHHBbIC 3HAYEHUS

U ,, TOIy4UM

a=1,12 m/c*.

UToOBI ONIpeeNUTh MyTh S, MPOHACHHBIH aBTOMOOHIIEM, 3aMETHM,
YTO B CJIy4yae IBWKEHHS B OHOM HAIIPaBJIEHUH (KaK 3TO UMEET MECTO B
YCIOBUSIX JAHHOH 3a/1a4M) AJIMHA MYTH S paBHA U3MEHEHHIO KPHUBOJIU-
HEMHON KOOPAMHATHI S, T.€.

s=S(1)-SO)wms=A4 + Bt + Ct*—4=Bt + Ct*.

IToxcraBuM B mosiydeHHOE BbIpakeHUe 3HaueHust B, C, T U mpous-
B€JIEM BBIUNCJICHUS:

s=50Mm.

Monynb nepeMeleHus, Kak 3T0 BUAHO U3 puc. 1.3, paBeH

|Ar| = 2Rsin(0/2),

II€ 0 — YrOJ MEXAY paguyC-BEKTOpPaMH, ONMPEnesIOIUMHU HAa4aJIbHOE
S(0) u xoHeuHOe S(T) MONOKEHUSI aBTOMAIIMHBI Ha TPACKTOPHH. JTOT
yrou (B paauaHax) ONPeneInM KaK OTHOLIEHHE JUIUHBI TIYTH S K pajiny-
CYy KpHBH3HBI R Tpaekropuu, T.€. 0. =5/ K.

11



Takum obpazom

’AF‘ =2Rsin S .
2R

IMoncraBum cropa 3HaueHust K, s 1 mpous-
BEJIEM BBIYHUCIICHUS

|AF | =479 m.

Puc. 1.3

1.1.2.3 KunemaTuka BpamaTeJabHOr0 ABHKEHHS

IIpumep 1.4, MaxoBUK, BpPaIABIIUNCA C MOCTOSHHOW 4aCTOTOMH
ne=10¢", IIPU TOPMOXKEHUHU Havas BPallaTbCsl paBHO3aMenneHHo. Ko-
ria TOPMOKEHHE NPEKPAaTUJIOCh, BpAlllEHHE MAaxOBHKAa CHOBA CTajo
PaBHOMEpHBIM, HO ke C 4acToTol 7 =6 ¢ '. OmpenenuTs yrioBoe yc-
KOpPEHHE € MaxOBHMKa U MPOAOJDKUTEIbHOCTb ! TOPMOXKEHHUs, €CIH 32
BpeMsI PaBHO3aMEIJICHHOTO JIBIKEHUsI MaxoBHK caenan N = 50 obopo-
TOB.

Pemenue. YrioBoe yCKOPEeHHE MaxXOBUKA CBA3AHO C HAYaJIbHOHU (g

o 2
U KOHCYHOU () YIJIOBBIMH CKOPOCTAMU COOTHOLICHUEM 0)2 - (DO = 28(P ,
2
otkyna € = (o° —®, )/(2¢) . Ho Tak kak ¢ =27N, © =27n, TO
2 2
o' -0,  mn -n)
20 N
IToxcTaBUB 3HAYEHHUS T, 11, Ho, N ¥ BBIYUCIIUB, MTOJyYHM
-2
e=n(6>-10%)/50=-4,02¢ >
3HaK MMHYC yKa3biBaeT HA TO, YTO MAXOBHK BPAINANCs 3aMe/JIeH-
HO.

OmnpenenyiM NMPOIOJDKUTENBHOCTh TOPMOXKEHHUS, HCIONb3ys (op-
MyJy, CBS3BIBAIOLIYIO YroJl MOBOPOTa (¢ CO CPEOHEW YIrJOBOW CKOpPO-
CTBIO <V> BpallleHUs U BpEMEHeM . ¢ = <®>f. 110 ycnoBusm 3amadu,
YIJIOBasi CKOPOCTb JIMHEHHO 3aBUCUT OT BPEMEHHU U MO3TOMY MOXKHO

3amucaTh <oa> =(0,+0)/2, Torma
[0) 2N
n(n,+n) n,+n

o= (0, +o)/2=n(n,+n)t =>1t=

HOI[CTaBI/IB YUCJIOBBIC 3HAUCHUA WU IMMPOU3BCAA BbIUUCIICHUSA, TIOJTY-
UM
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IIMMH B OJTHOUM TOYKe CHCTeMbI K ', H3MEPEHHBII 1O YacaMm 3TOH CHUCTe-
MBI (COOCTBEHHOE BpPEMSsI ABIDKYIIHMXCS YaCOB);

At — uHTEpBaN BPEMEHU MEXKIY ABYMS COOBITHSIMH, U3MEPEHHBIN
O YacaM CUCTEMBI K.

* PeATUBUCTCKOE CIIOKEHUE CKOPOCTEN

' — v 4w
VZL"}OJ v_l+vov'fc3
vy
T+ =30
C

rae v\ — OTHOCHTENbHAS! CKOPOCTh (CKOPOCTh TeJla OTHOCHTEIBHO CHC-
TeMbl K');

Vo — TIEPEHOCHAsi CKOPOCTh (CKOPOCTb CUCTEMBI K’ OTHOCHTEIBHO
K);

v — abCOMIOTHAST CKOPOCTh (CKOPOCTH TeJla OTHOCUTENBHO CHCTEMBI

B Teopun OTHOCHTENBHOCTH aOCOMIOTHONH CKOPOCTBIO HA3bIBAETCSI
CKOpPOCTb T€Jla B CUCTEME KOOPAMHAT, YCJIOBHO NPHUHATOH 3a HENOA-

BIDKHYIO.
* PeaTuBUCTCKAsI Macca
m m
= - > - 27’
vy A1-B
1_ _
c

e My — Macca MoKos;
B — CKOPOCTb YaCTULBI, BBIPAXKCHHAA B HOJIAX CKOPOCTHU CBETAQ,
B=v/c

* PeATUBUCTCKUI UMITYJIBC

p=mv= )\ B .
l ~ (\}jz ll _ BZ
\/ ¢

* [lonHas sHeprust peNATHBUCTCKON YaCTULIbI

E :m02=m002+ T
rae M — KUHeTU4eCKasi SHEPTHsI YaCTHULIBI,

moc® = Eq — 3HEPrus MOKOs YaCTULIBL.

YacTuia Ha3bIBACTCS PEIATUBUCTCKON, €CIM CKOPOCTb YaCTHLBI
CpaBHMMAa CO CKOPOCTBIO CBETA, U KJIACCHUYECKOM, €CIu V<<c.

* CBsi3b MOJTHOM SHEPTHU C UMIYJIbCOM PEJIATHBUCTCKON YaCTHUIIBI

=m,c
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4.67. CtepxxeHb U3 CTANM UMeEET AIUHY /=2 M | IUI0-
maap monepedHoro cedenus: S = 10 MM, Bepxnuii xoHen
CTEp KHS 3aKpEIUIeH HEeMOJBUKHO, K HIDKHEMY NPUKpPETIeH
ynop. Ha crepxeHbp HaaeT NpPOCBEPIICHHBIH MOCEpEaUHE
rpy3 maccoi m = 10 kr (puc. 1.42). I'py3 nmagaer ¢ BBICOTHI
h =10 cm u 3agepxkuBaercs ynopom. Onpenenuts: 1) yn-
JMHEHUE X CTEP)KHA MPH yaape Ipysa; 2) HOpMajbHOE Ha-
NpPsDKEHUE G, BO3HUKAIOLEee MIPU 5TOM B MaTepuaje CTepxK-
HSL.

1.3. PEIATUBUCTCKAS MEXAHUKA.
OcHoBHbIe GpopMyJibl

B cneunanbHON TEOPUH OTHOCHUTENBHO-
CTH pacCMaTpPUBAIOTCS TOJbKO HHEpLMAJb-
Hble cucTeMbl oTcueTa. Bo Bcex 3anmadax
CUUTAETCs, YTO OCH Y, ' W z, z' cCOHampasJe-
Hbl, @ OTHOCUTEJIbHAs CKOPOCTb ¥y CHUCTEMbI
Puc. 1.43 koopauHatT K’ OTHOCUTENbHO CUCTeMBbI K Ha-

npaBJieHa BJOJb o01ei ocu xx’ (puc. 1.43).

* PensiTuBUCTCKOE (JIOPEHLIEBO) COKPALIICHHUE JJTUHBI CTEPIKHS

v 2
(2]
C

rae ly — nuHa CTEP>KHSI B CUCTEMEe KoopauHat K " OTHOCHTEJILHO KOTO-
poii cTepiKeHb MOKOUTCS (COOCTBEHHAs JUIMHA); CTEP’KEeHb MapaieieH
ocu x';

| — nnvHa cTep KHA, U3MEPEHHAas B cUcTeMe K, OTHOCUTENBHO KOTO-
POM OH JABUIKETCS] CO CKOPOCTBIO U,

C — CKOpPOCTb PaclpOCTPaHEHHUs JIEKTPOMArHUTHOTO U3JTyUYCHHUS.

* PensruBucTckoe 3aMeiieHre Xoaa 4acoB

Ar=—Bh ,

()

rne Afy — UHTEepBad BPEMEHU MEXKIY ABYMs COOBITHUSIMHU, MPOUCXOJIS-
92

250
10+6

t =6,25.

1.1.3 3agaum s caMOCTOSITEILHOIO pPelIeHHsl

IIpsimoinHEHOE ABHIKEHHE

1.1. /IBe mpsiMble TOpOTH MepecekaroTcss nmoja yriom o = 60°. Ot
MEepeKpecTka MO HUM YIAJSIFOTCS MAILlHMHBL OJHA CO CKOPOCTBIO
v1 = 60 KM/, apyrasi co CKOPOCTHIO V; = 80 KkM/H.

Omnpenenutb CKOPOCTH V' 1 V", C KOTOPBIMU OJTHA MALITMHA yIAJIseT-
csl OT Apyro. llepexpecTok MalIuHbI NPOILIA ONHOBPEMEHHO.

1.2. Touka nBurajach B TeueHue 71 = 15 ¢ cO CKOpOCThIO Vi = 5 M/c,
B TeueHue f, = 10 ¢ co ckopocTeio V; =8 M/C U B TedyeHue 13 =6 ¢ co
CKOpPOCTBIO V3 = 20 M/c. OnpenenuTs CPeIHIO MyTEBYIO CKOPOCTh <>
TOYKH.

1.3. Tpu yeTBepTH CBOErO IMyTH ABTOMOOWJIB MPOLIEN CO CKOPO-
CThi0 V) = 60 KM/4, OCTaJbHYK® YaCcTb MNyTH — CO CKOPOCTHIO
v, = 80 km/u. KakoBa cpensss myTeBast CKOPOCTb <1> aBTOMOOMJIS?

1.4. IlepByr0 MOJOBUHY NYTH TE€JIO JBHUrajoChb CO CKOPOCTBIO
Vi =2 M/C, BTOPYIO — CO CKOPOCTBIO V7 = 8 M/c. OnpenenuTb CpemHIO
IYTEBYIO CKOPOCTDb <V> .

1.5. Teno npowIo nNepByr0 MOJIOBUHY NYTH 3a BpeMms f; = 2 ¢, BTO-
pyto — 3a Bpems £, = 8 ¢. OnpenenuTh CpeHIO MyTEBYIO CKOPOCTh <v>
TeJa, €CJIU AJIMHA MyTH s = 20 M.

G Mic

1.6. 3aBHUCHUMOCTb CKOPOCTH

o7 5 5 7.
A OT BPEMEHM [JIsl IBUXKEHUS He-
- ‘ KOTOPOro Teja MPeAcTaBIeHa Ha

n puc. 1.4. OnpenenuTts CpPeaHION
- IYTEBYK CKOPOCTb <V> 3a BpPEMsI
L t=14c.

-’0 -
Puc. 1.4
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a,mjck

2f 1.7. 3aBUCUMOCTb YCKOpPEHUS

1 ! OT BpPEMEHH IPH HEKOTOPOM
iy, NBUKEHMM Tejia TpencTapieHa

o II 5 10 te Ha puc. 1.5. Onpenenuts cpen-

r HIOI0 MyTEBYK CKOPOCTh <V> 32

2} BpeMs =8 c. HavanbHas cko-

Puc. 1.5 poctb v = 0.

1.8. VYpaBHeHHE NPSAMOJMHEHHOTO [ABWKEHHUS HMEET BUJ
x=At+ B, rne A=3 m/c, B=-025m/c’. IMocTpouTts rpaduku 3aBu-
CUMOCTU KOOPAMHATHI U MMyTU OT BPEMEHHU IS 3aJaHHOTO JIBUKEHUS.

1.9. Ha puc. 1.5 nan rpaduk 3aBUCIMOCTH YCKOPEHHUSI OT BPEMEHU
IUIE HEKOTOPOTro JABIDKEHHs Tena. IlocTpouTh rpaduku 3aBUCHMOCTH
CKOPOCTH U MyTH OT BPEMEHHU AJIsl STOrO ABMXKEHUS, €CJIU B HauaJbHbIN
MOMEHT TeJIO NOKOUJIOCh.

1.10. JlBuxeHue MaTepUAIBHON TOYKH 3aJaHO YPAaBHEHHUEM
x=At+ B, tne A=4wm/c, B=-0,05m/c>. Onpenennts MOMEHT Bpe-
MEHH, B KOTOPBII CKOPOCTb ¥V TOUKHU paBHA HyM0. Onpenenutb KOOpau-
HATy U YCKOPEHHE B 3TOT MOMEHT. llocTponts rpaduku 3aBUCUMOCTH
KOOPAMHATHI, MyTH, CKOPOCTU U YCKOPEHUSI 3TOTO JABM)KEHUs OT BpeMe-
HU.

1.11. Hanucats xune-
MaTH4YeCKOE  ypaBHEHUE

=‘_ITJ,> éb. OBWKEHUST X = f(f) TOYKH

. v Y% 0 JUIL  YETBIPEX  CIIy4Yaes,

0 4 X IPECTABIEHHBIX Ha

a) ) puc. 1.6. Ha xaxnoii mo-

é 4__11___' 3UIUU PUCYHKA — d, 0, 8, 2

% A A v 0 — wm3o0paxkeHa KOOpAH-
0% | X .. 3 HaTHas ocb Ox, yKa3aHbI

8 ) HaYaJIbHbIE TOJIOKEHHE Xo

Puc. 1.6 M CKOPOCTb Vo MaTepu-

aJbHON TOUKH A, a TaKxKe
€e YCKOpeHHE a.
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U3 JIyJla aBTOMaTHYeCKOro MUCTOJIETa, Macca i1, 3aTBOpa KOTOPOTrO paB-
Ha 200 r. 3aTBOp MUCTOJIETA MPUKUMAETCA K CTBOJY MPY>KUHON JKECT-
kocTbto k=25 xH/m. Ha xakoe paccrossHue / oToiizer 3aTBOp mocie
BbIcTpena? CuuTaTh MUCTOJNET XKECTKO 3aKPETJIEHHBIM.

4.57. J1Be npykuHbI ¢ sxecTtokocTsmu & = 0,3 kH/m u &, = 0,5 xH/™m
CKpPEIUJICHBI MTOCJIEAOBATENIbHO U PACTSHYTHI TaK, YTO aOCONIOTHAs Ae-
dbopmaryst x, BTOpOi py>KUHBI paBHa 3 cM. Berumcnurs padoty A pac-
TSKEHUS TPYKUH.

4.58. Ilpyxuna >xectkocteto k3 = 100 kH/mM Oblna pactsHyTa Ha
X1 =4 cM. YMeHbllasg NPUIOKEHHYIO CUJLy, MPYXUHE HAal0T BO3MOXK-
HOCTh BEPHYTHCSI B TIEPBOHAYANILHOE COCTOSTHUE (HepacTsiHyTOe). 3aTeM
CXKUMAIOT TIPYKUHY Ha X; = 6 cM. Onpenenuts paboty A, COBepIIeH-
HYIO IIPU 5TOM BHEIIHEN CUJIOMN.

4.59. CranpHOll cTepkeHb Maccoll m =3,9 KT pacTAHYT Ha
€=0,001 cBoeli mepBoHauanbHON AMMHBL OnpenenuTb MOTEHIHANb-
HYIO SHEPruo // pacTsIHyTOrO CTEPIKHSI.

4.60. CtepxeHb U3 CTAIN ATUHON / =2 M M IJIOIIAABIO TONEPEYHO-
ro cedenns S =2 cm’ PacTAruBaeTCsl HEKOTOPOU CHUJIOH, MPHUYEM Y-
HeHue x paBHO 0,4 cM. BeIYUCINTE MOTEHIUANBHYIO SHEPTHIO [/ pacTsi-
HYTOTO CTEPKHSI U OOBEMHYIO IIOTHOCTD (O SHEPTHH.

4.61. CtanbHOW cTepKeHb ATUHOHN /=2 M W IUIOIIAIbI0 MOTepey-
HOTrO ceuenmst S =2 cM® pactarupaercs cunoit F = 10 kH. Onpenenuts
NOTEHINAIBbHYIO SHEPTHI0 [/ PacTIHYTOrO CTEPIKHSA U OOBEMHYIO IUIOT-
HOCTb () SHEPTHUH.

4.62. JIBe mpyxuHYy, XKeCTKOCTH KOTopeix ki =1kH/M wu
k, =3 xH/m, ckperuteHsl mapamienbHo. OmnpenenuTbs MOTEHIHAIBHYIO
SHepruro // qaHHO# cucteMsbl rpu abCOMOTHON AedopMarum X =5 cm.

4.63. C xakol CKOpPOCTBIO ¥ BBUIETUT U3 MPY)KMHHOTO MHUCTOJETa
mapuk mMaccoit m = 10 r, ecnu npykrHa Obla ckarta Ha ¥ = 5 cM. XKe-
CTKOCTb k mipy>kuHbl pasHa 200 H/m?

4.64. B npy:XMHHOM pyXKb€ NpyxuHa cxkarta Ha x; = 20 cMm. Ilpu
B3BOJIE €€ CKajHu ele Ha X2 = 30 cM. C Kakoil CKOPOCTBIO ¥ BBUIETUT U3
pyXbst cTpena maccoil m =150T, eCclnM JKeCTKOCTb A MpPY)KUHbI paBHA
120 H/m?

4.65. Baron maccoii m = 12 v mBuraics co CKOpocTero v = 1 m/c.
Haneres Ha mpyxuHHBIA Oydep, OH OCTAHOBWIICH, CKaB MPYKUHY Oy-
depa Ha x = 10 cMm. OnipenenauTh JKECTKOCTh A TIPYKUHBL
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3) cMemeHne Ax BepXHEro OCHOBAHUS TyMOBI.
%,

Puc. 1.40 Puc. .41

4.49. TOHKHMI CTEp:K€Hb OJHUM KOHIIOM 3aKpEIUIeH, K IPyroMy
KOHIly mpuyioxkeH MOMeHT cuuibl M = 1 kH'M. Onpenenuts yroa ¢ 3a-
KPY4YHUBAaHUS CTEPXKHS, €CIIU MTOCTOsIHHAS KPY4YEHUSI MaTepuasa CTEeP>KHs
C =120 xkH-m/pan.

4.50. Tonkas onHOpPOAHAs MeETAIMYECKasl JIEHTA 3aKperieHa
BEPXHUM KOHIOM. K HM)KHEMy KOHIy MpPUJIOXKEH MOMEHT CHJIbI
M =1 wmH-M. Yron ¢ 3akpyunBanus jJeHThl pased 10°. Onpenenuts no-
CTOsIHHYIO Kpy4enus C.

PaGoTta ynpyroii cuibl. JHeprusi Ae)0OpMHPOBAHHOTIO TeJIa

4.51. Kakywo paboty A HyKHO COBEPIIUTH, YTOOBI PACTSIHYTH Ha
x =1 MM CTaJbHOH CTepKeHb ATMHON /=1 M U UIomaapo S nomnepey-
HOTO CEUeHHs, PaBHOM 1 cM>?

4.52. JIns coxkaTtusi NPY>KUHBI HA X1 = 1 CM HY>KHO IIPUJIOXKUTH CUITY
=10 H. Kakyto paboTy A Hy’KHO COBEPIIUTH, YTOOBI CXKATh MPYKUHY
Ha Xz = 10 cM, eciu cuJia MPONOPLHUOHATBHA CIKATUIO?

4.53. IpyxunHa xxectrkocThio £ = 10 kH/m cxkara cunoii /=200 H.
Omnpenenutb padoTy A BHEIIHEH CHIIBI, JOMOJHHUTEIBHO CXKMMAIOIIEH
3Ty NPYKHUHY eme Ha X = | cm.

4.54. Tlpyxwuna xectkocTbto k = 1 kH/M Obuta cxxkata Ha X1 =4 cM.
Kakyro Hy»HO coBepiinTb padboTy 4, 4ToObI CXKaTHE NMPYKUHBI YBEITH-
YUTb J10 X = 18 cm?

4.55. I'ups, monokeHHast HA BEPXHUI KOHEL| CIUPAJIBHONU MPYXKH-
HbI, TOCTABJICHHOW Ha MOJACTABKE, CXKUMAeT €€ Ha x = 2 mM. Ha ckoJbko
CO’KMET IPY>KUHY Ta K€ I'Ups, yIaBllas Ha KOHEL] IPY>KUHbI C BBICOTON
h=5cm?

4.56. Ilyns maccoit m = 10 r BbuIeTaeT CO CKOPOCTHIO » = 300 M/C
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1.12. TIpoxextop O (puc. 1.7) ycTraHOB-
neH Ha paccrostaud / = 100 M oT cTenbl AB u
OpocaeT cBeTJIOe ISTHO Ha 3Ty cTeHy. IIpo-
JKEKTOP BpallaeTcs BOKPYI BEPTHKAJIbHOMN
ocH, nejast onuH 006opoT 3a Bpemsi M = 20 c.
Onpenenutb: 1) ypaBHEHHE IBUKEHUS
® CBETJIOTO IISITHA IO CTEHE B T€UEHUE MepPBOI

yeTBepTH 000pOTa; 2) CKOPOCTH V, C KOTO-
- POl CBETJIOE MSTHO ABHXKETCA M0 CTEHE, B
MOMEHT BpeMeHHU / = 2 ¢. 3a Ha4yaJlo oTcueTa

Puc. 1.7 IPUHATH MOMEHT, KOTJla HalpaBlieHHe Jyda

cosnanaer ¢ OC.

1.13. PsigoM ¢ moe3aoM Ha OJHOMW JIMHHUH ¢ TiepeqHuMu Oydepamu
NapoBo3a CTOUT YeJIOBeK. B TOT MOMEHT, korja noesj Hauaj JABUraThCs
¢ yckopenueM a = 0,1 M/c’, HeoBeK Hauan WATH B TOM K€ HATPABIIE-
HUU CO CKOpocThio v =15 m/c. Uepes kakoe BpeMs / MOe3]] JOTOHUT
yenoeka? OmnpenenuTs CKOPOCTh Vi MOE€31a B 3TOT MOMEHT U MYTh,
MIPOWMICHHBIN 32 3TO BPEMs YEJIOBEKOM.

1.14. Y3 ogHOro U TOro k€ MeCTa Hadyajld PaBHOYCKOPEHHO ABU-
raTtbCsl B OJIHOM HaIlpaBJeHUU ABE TOYKH, IPUYEM BTOpas Hauyaja CBOE
nBUXKeHHe uepes 2 ¢ nocie nepsoil. [lepsas Touka nBHUraigach ¢ Hauajlb-
HOM CKOPOCTBIO V) = 1 M/C 1 yckopeHHeM a; = 2 M/c’, BTOpas — ¢ Ha-
YaJbHOH CKOpocThIO Vv, = 10 M/c U yckopeHueM ap =1 m/c’. Yepes
CKOJIbKO BPEMEHHM U Ha KaKOM PAaCCTOSHUU OT UCXOAHOIO MOJIOKEHUs
BTOpasi TOUKA IOTOHUT MEPBYIO?

1.15. JIprxeHuss ABYX MaTEPUAIBbHBIX TOYEK BBIPAKAKOTCS YpaBHE-
HUSAMU:

X1 :Al +B1Z+ C1Z2; X2 :Az +B2Z + CQZZ,

rae A1:20 M, A2:2M, B1:B2:2M/C, C1:—4 M/CZ,
C,=0,5m/c’.

B kakoit MOMEHT BpeMeHHU { CKOPOCTH 3TUX TOYEK OyAyT OJUHAKO-
BbIMU? OnpeaenuTb CKOPOCTH Vi U V2 U YCKOPEHUS 1 U d TOUYEK B 3TOT
MOMEHT:

1.16. /IBe MaTepuaibHble TOUKH ABUKYTCS COTJIACHO YPABHEHUSIM

X1 :Alf +B1Z2 + C1Z3; X2 :Azf +B2Z2 + C2Z3,

rne Ay =4 wm/c, Bi=8 M/CZ, Ci=-16 M/c3, Ay =2wm/c, B,=-4 M/CZ,
C2 = 1m/ C3.

B kaxoif MOMEHT BpeMeHH { yCKOPEHHUsl 3THX TOYEK OyAyT OJuHa-
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KOBbI? OTpenenuTb CKOPOCTH Vi U V2 TOUEK B 3TOT MOMEHT.

1.17. C xakoii BbICOTHI // ymajo Tejno, eciy MOoclelHUNH MeTp CBO-
€ro MyTu OHO npouwio 3a Bpems f = 0,1 ¢?

1.18. Kamenp namaet ¢ Beicotsl 2 = 1200 M. Kakoii myTs s mpoiiner
KaMeHb 3a MOCJEHIOI0 CEKYHly CBOETO MajeHus?

1.19. KameHnp OpormeH BEpTHUKaIbHO BBEPX C HAYAJIbHOH CKOPO-
cThio Vo = 20 M/c. Tlo ucTeueHnn Kakoro BpeMeHH KaMeHb OyIeT Haxo-
OUThCSl Ha BeIcOTE /1 = 15 M? Onpenenutb CKOPOCTh V KaMHSI Ha 3TOU
BeicoTe. COMPOTHBIICHIEM BO3ayxa nperebpeds. [Ipuusits g = 10 m/c’.

1.20. BepTukaipHO BBEpPX C Ha4YaJIbHOH CKOPOCTBIO Vo =20 M/cC
OpomeH kameHb. Uepe3 T=1c mocne 3TOro OpOLIeH BEPTUKAIBHO
BBEPX APYroil KaMeHb C TaKOW ke CKOpocThio. Ha kakoil BeicoTe A
BCTPETATCS KAMHU?

1.21. Teno, OpoImEHHOE BEPTUKAIBLHO BBEPX, HAXOIWIOCH Ha OJTHON
U TOW ke BbicoTe A = 8,6 M 11Ba pa3a ¢ unteppasiom Af =3 c. [Ipenebpe-
rasg CONMPOTHBIIEHHEM BO31yXd, BBIYUCINTb HAYAIBHYIO CKOPOCTH Opo-
LIEHHOTO TeJa.

1.22. C GankoHa OpOCHIIM MUK BEPTHKAIBHO BBEPX C HAYAIbHOU
CKOPOCTBIO Vo = 5 M/c. Uepe3 =2 ¢ mMsuuk ynan Ha 3emiro. Omnpene-
JUThH BBICOTY OaJIKOHA HaJ 3eMJIEH U CKOPOCTh MSIMMKA B MOMEHT yaapa
0 3eMJIIO.

1.23. Teno OporneHo ¢ 6amkoHA BEPTUKAIBHO BBEPX CO CKOPOCTHIO
vo =10 m/c. BricoTa GankoHa HaJa MOBEPXHOCTBIO 3emun /7= 12,5 m.
Hanucate ypaBHeHHE ABW)KEHMsI U OIpPENENIUTb CPEAHION IMyTEBYIO
CKOPOCTb <V> ¢ MOMEHTa OpOCaHHsI IO MOMEHTA MaICHUS Ha 3EMJTIO.

1.24. JIBwkeHue TOYKM MO MNOPSIMOH 33JaHO YpPaBHEHHUEM
x=At+ B, rne A =2 wm/c, B=-0,5 m/c*. OnpenenuTh CPEHIOK MyTe-
BYIO CKOPOCTb <V> IBHXXEHHs] TOUKH B UHTepBaje BpeMeHU oT /1 =1 ¢
oot =3c.

1.25. Touka nBWXeTCA MO NPSIMONW COIVIACHO YPaBHEHUIO
x=At+ B, rae A=6wm/c, B=-0,125 m/c’. OnpeneauTs CpeaHIow my-
TEBYIO CKOPOCTb <V> TOYKH B HHTEpBaje BPEMEHH OT /1 =2C 10
= 6c.

KpusoanHeiiHoe 1BH:KeHUe

1.26. MatepuanpHasi TOYKA OBHXKETCS MO IUIOCKOCTU COTJIACHO
ypasrenmo 7(f) = iAf + jBt*. Harcars 3aBucumocti: W(£) u a(f).

1.27. JlBukeHue MaTepUAIBbHON TOYKH 3aJaHO YPaBHEHUEM

16

4.41. I'upsa maccoit m = 10 kr, npuBsA3aHHAasA K MPOBOJIOKE, Bpalla-
eTCsI ¢ 4acTOTOH 7 =2¢ BOKPYI BEPTUKAJIBHONW OCH, MPOXOAAIIEH Ue-
pe3 KOHeIl MPOBOJIOKH, CKOJIB3sI IIPU 3TOM 0€3 TPEHHsI MO TOPU30HTAIb-
HOM noBepxHOCTH. J{nmHa / mpoBosoku pasHa 1,2 M, miomans S ee mo-
TIEPEYHOro CeueHus paBHa 2 MM~ ONPEeNeNnTh HAMPSDKEHNE G METAlIa
MPOBOJIOKH. Maccol IPOBOJIOKU TIPeHeOpeyb.

4.42. OmHOPONHBIN CTepKeHb MNIUHON /= 1,2 M, TIOIAab0 MoTe-
peuHoro ceueHus S = 2 cM’ 1 Maccoit m = 10 kr BpAIAETCs ¢ YaCTOTON
n=2c¢’ BOKPYT BEPTUKAJIBHONW OCH, MPOXOIALIEH Yepe3 KOHELl CTePK-
HSI, CKOJIb3SI TIPU 3TOM 0O€3 TPEHHsI MO TOPH30HTAIBHON MOBEPXHOCTH.
Onpenenutb HanOOJIbIIEE HAMPSIKEHUE GOmax MATEpUANA CTEPIKHS MPHU
JAHHOM 4aCTOTE BpPALIEHUS.

Moayasb ynpyroctu. KecTkocThb

4.43. K BepTUKaJIbHOH MPOBOJIOKE JUIMHOW /=5 M W MJIOMIanbIo
MOTIEPEYHOro cedeHus S = 2 MM’ MOZIBEIIeH rpys mMaccou m = 5,1 kr. B
pe3ysibTaTe MPOBOJIOKA yyuHMWIACh Ha X = 0,6 Mm. OnpeneauTs Mo-
nynb FOHra /£ marepuana npoBOJIOKH.

4.44. K cragpHOMY CTepkHIO JIMHOH /=3 M U JOuaMeTpoM
d =72 cM mojBelUIeH rpy3 Maccoil m = 2,5-10° kr. Onpenenuts Hamps-
JKEHHE G B CTEP)KHE, OTHOCHTEIBbHOE € M aOCONIOTHOE X VIJIMHEHUS
CTEp>KHS.

4.45. TlpoBonoka mmHOM / =2 M 1 nuamerpoM d = 1 MM HaTsHyTa
MPaKTUYECKU ropu3oHTanbHO. Korma k cepenuHe mpoBOJIOKU MOJIBECH-
JI1 Tpy3 Maccoil m = 1 Kr, mMpoOBOJIOKA PacTAHyJach HACTOJIBKO, YTO TOY-
Ka rojseca omycrtuiach Ha 2 =4 cMm. Onpenenuts Moaynb FOHra £ ma-
Tepuaja IPOBOJIOKH.

4.46. /Ise nipyxuHbI 3xeCTKOCTBIO k1 = 0,3 kH/M u k>, = 0,8 xH/Mm co-
enMHEeHbl nocyienoBaTesnbHO. OnpenenuTs abCOMOTHYIO aedhopMaLnio
X1 IEPBOI MPYKUHBIL, €Cin BTOpas aAepopmupoBaHa Ha x; = 1,5 cMm.

4.47. OnpenenuTsb KECTKOCTh A CUCTEMBI ABYX MPY KHUH MPH TOCIIe-
JOBaTENBHOM U TMapajuielbHOM ux coenuHeHnu (puc. 1.40). JKectkocThb
npyxuH k =2 kH/M u k, = 6 xH/m.

4.48. Huxaee OCHOBaHUE JKeNe3HOH TyMOBbI, nMeroield Gopmy 1u-
nuHapa auamerpoM d =20 cM U BbICOTOM /=20 CM, 3aKperuieHO He-
nonskHO. Ha BepxHee ocHoBanue TyMObI nefictByer cuia /=20 kH
(puc. 1.41). Onpenenutsb: 1) TaHreHIMANBHOE HAMPSKEHUE T B MarTe-
puane TyMmObI, 2) OTHOCHTENbHYIO naedopmauuro y (Yyroia coBura);
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BECTHBIMU.

4.33. Pakera mnyumeHa ¢ 3eMJId C Ha4dajlbHOM CKOPOCTBIO
v, = 15 xm/c. K xakomy mpeneny OyaeT CTPEMUTBCS CKOPOCTb PAKETHI,
€CJIU PaCCTOSTHUE PakeThl OT 3eMiin OeckoHeuHO yBenuumBaercs? Co-
NPOTHBJIEHHE BO3/yXa U MPUTSIKEHHE OPYruX HEOECHBIX TeJ, KpoMe
3eMJd, He YUYUTHIBATb.

4.34. Meteopur nanaet Ha CoJHLIE C 04€Hb OOJIBIIOTO PACCTOSHUS,
KOTOpO€ MPAaKTUYECKH MOYKHO CUUTATh OeCKOHEYHO OosbmnM. Hauanb-
Hasi CKOPOCTh MeTeopHuTa npeHedpekumo majna. Kakyo ckopocTts v Oy-
IeT UMETh METEOPHT B MOMEHT, Koraa ero paccrostaue ot CoyHLa pas-
Ha cpeaHeMy pacctosiHuio 3emuu oT ConHua?

4.35. Komera orubaer CousHule, ABUTasCh MO OpOHTE, KOTOPYIO
MOJKHO CUUTaTh mapadonnueckoil. C Kakoil CKOPOCTBIO 0 IBUXKETCS KO-
MeTa, KOrjla OHa MPOXOAMT uepe3 nepurei (Ommxaiimyro x ComHIy
TOYKY CBOEH OpOWTBI), €Cli paccTosiHue 7 KoMeTsl oT COoJHIa B 3TOT
MOMeHT paBHO 50-10° m?

4.36. Ha Boicote 7 =2,6'10° m Hag MOBEPXHOCTHIO 3€MJIU KOCMHU-
4yeckoil pakere Obuia coobmeHa ckopocTh v = 10 kM/C, HampaBieHHAs
NEePNEeHIUKYISPHO JTUHUY, COeAUHsIIOIEeN LeHTp 3emnu ¢ pakeroil. Ilo
Kakoii opbure OTHOCUTENBHO 3eMii OyaeT ABUrathes pakera? Ompene-
JUTH BUA KOHUYECKOTO CEYCHUSI.

Cuuabl ynpyroctu. Mexann4yeckoe Hanpszkenue. Ilpounocrs

4.37. K npoBosioke nuameTrpoM d =2 MM TOJIBEIIEH I'Py3 Maccoi
m = 1 xr. OnpenenuTs HanpsDKeHUE G, BO3HUKIIEE B IPOBOJIOKE.

4.38. BepxHuii KOHELl CBUHLIOBON MPOBOJIOKU IUAMETPOM d = 2 ¢M
u muHOM / = 60 M 3akperuieH HenoaBwkHO. K HIDKHEMY KOHILY TOJBe-
e rpy3 maccoil m = 100 xr. OnpenenuTs HanpspkeHHe G MaTepuana:
1) y HMXXHEro KOHI@Q, 2) Ha CepeAnHEe IJIMHBL, 3) Y BEPXHEro KOHLA
MIPOBOJIOKH.

4.39. Kakoii HanOONbIINI TPy3 MOXKET BbIIEPKaTh CTaJbHAs MPO-
BOJIOKAa JuaMeTpoM d=1MM, HE BBIXOAS 3a Tpeaea YyIpyrocTu
oyrzp = 294 MIla? Kakyroo moir0 nepBOHA4YaIbHOM MJIMHBI COCTABJISET
yAJUHEHHE MPOBOJIOKU IIPU 3TOM Ipy3e?

4.40. CBuHIIOBas MPOBOJIOKA MOJBEIIEHA B BEPTUKAJIBHOM IOJIO-
JKEHHUH 32 BepXHUH koHew. Kakyro HanOONbIIyr0 MIHHY / MOKET UMETh
NPOBOJIOKA, HE OOpBIBasiChb MOJ AEHUCTBHEM cuibl TspkecTH? llpemen
MIPOYHOCTH G7p CBUHLA paBeH 12,3 MIla.
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#(f) = A(icos(w)t — jsin()f), rne A = 0,5 M, ® = 5 ¢ '. HauepTtuts Tpaek-
Topuro Touku. OnpeneanTs MOyIb CKOPOCTH [V| U MOIYJIb HOPMaJIbHO-
IO YCKOPEHHUS |y,

1.28. JIpuxeHHe MaTepuaJbHON TOUYKH 3aaHO ypPaBHEHHUEM
1(t)=i(A+ Bff)+jCt, tne A=10wm, B=-5wm/c>, C=10m/c. Hauep-
TUTB TpaekTopuio Touku. Onpenenuts BeipakeHust V() u a(f). nsa mo-
MEHTa BpeMeHH / = | ¢ BBIUHUCIUTD MOAYJb CKOPOCTH |V|, MOZYJIb YCKO-
peHust |a|, MOyJib TAHTEHIIUATBHOTO YCKOPEHMUS ||, MOZYJIb HOPMAaJib-
HOTO YCKOPEHUS ||,

1.29. Touka ABMXXETCS MO KPUBOW C MOCTOSIHHBIM TaHI€HLIUAJIbHBIM
yckopeHueM a; = 0,5 m/c2. Ornpenenuts MOJHOE YCKOPEHUE a TOYKH Ha
ydacTKe KpUBOH C paguycoM KpuBHU3HBI K =3 M, €CJIM TOUKa ABUXKETCS
HA 5TOM y4aCTKe CO CKOPOCTBIO V = 2 M/C.

1.30. Touka aBmKeTCA MO OKpPYXKHOCTH paauycom R=4m. Ha-
YajybHasi CKOPOCTb Vy TOUKHM paBHA 3 M/C, TAHT€HLMAJIBbHOE YCKOPEHHE
a, =1 m/c’. i MOMEHTa BPeMeHH f = 2 ¢ ONpPeAeInTh [UIHHY MyTH S,
MPONACHHOTO TOYKOW, MOAYJIb MepeMelieHust |Ar|, CpeIHIO MyTeBYIO
CKOPOCTB <V>, MOJYJIb BEKTOpPA CpeIHEH CKOPOCTH |[<v>|.

1.31. Ilo oxpyxxHOCTH paguycoM R =5 M paBHOMEPHO IBHUKETCS
MaTepHalibHasi TOUKa CO CKOpOCThiO v =5 m/c. TlocTpouts rpaduxu 3a-
BUCUMOCTH JUIMHBI ITyTH S 1 MOAYJIS epeMerneHus |Ar| ot Bpemenn 7. B
MOMEHT BPE€MEHH, MPUHATHIN 3a HadanbHbIH (7 = 0), s(0) u |Ar(0)| cun-
TaTh PaBHBIMU HYJIIO.

1.32. 3a Bpems /=06 cC TOuka MpOILJA IyTb, PaBHbINH IOJOBHUHE
JUTMHBI OKpYKHOCTU paauycoM R = 0,8 M. OnpenenuTsb CpenHIOw MyTe-
BYIO CKOpPOCTb <V> 3a 3TO BpeMsl U MOAYJIb BEKTOPa CpeHell CKOpOCTU
[<v>].

1.33. JIBuskeHHME TOYKH MO OKPYKHOCTH paguycoM K =4 M 3agaHo
ypasrerneM S=A+Bt+Cr, rne A=10m, B=-=2wm/c, C=1wm/c’.
Onpenenutb TaHreHLUANbHOE ;, HOPMAJIBHOE @, U MOJHOE d yCKope-
HUS TOYKU B MOMEHT BpeMeHH / = 2 C.

1.34. Ilo nyre okpyxHocTH paauycoM R = 10 m aBmkercs Touka. B
HEKOTOpbIi MOMEHT BpEMEHH HOpPMaJbHOE YCKOpPEHHE TOYKHU
a, =49 M/c®. B 5TOT MOMeHT BEKTOPBI MOJTHOTO U HOPMAJIBHOTO YCKO-
penuit obpasyrot yroa ¢ = 60°. OnpeneiautTb CKOPOCTb V U TaHTEHIH-
albHOE YCKOPEHHE Iy TOUKU.

1.35. Touka nBHKETCS MO OKPYKHOCTU paguycoM R =2 M coruac-
HO ypaBHeHmo S=AF, rae A=2wm/c’. B kakoii MOMEHT BpeMeHH f
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HOpPMAaJIbHOE YCKOpPEHHE d, TOYKU OyaeT paBHO TAHTEHLIHAJIbHOMY .
Onpenenutsb NOJHOE YCKOPEHUE d B 3TOT MOMEHT.

1.36. /IBr>keHHe TOYKHU MO KPUBOH 3aaHO YPABHEHUSMHU X =Af n
y=Ast, tne Ay =1wm/c’, Ay =2 m/c. OnpesennTs ypaBHEHHE TPACKTO-
PUU TOYKH, €€ CKOPOCTb V U MOJHOE YCKOPEHHE d B MOMEHT BPEMEHHU
r=028c.

1.37. Touka A MBUKETCS pABHOMEPHO CO CKOPOCTBIO V MO OKPYXK-
HOoCcTH paguycoM R. HauanbHoe mojoXeHHe TOYKM M HampaBlieHue
IBHKEHMs YKa3aHbl HA puc. 1.8. HanucaTb kMHEMaTH4YeCKOe ypaBHEHUE
IBW)KEHUS POCKIIMU TOUYKH 4 Ha HaNpaBJIeHUE OCH X.

YR 1.38. Touka nOBUXKETCS PABHOMEPHO CO
CKOPOCTBIO V IO OKPY>KHOCTH paguycoMm R U B

- - MOMEHT BPEMEHH, MPUHATHIM 32 Ha4aJIbHbIN

R (t=0), 3aHUMaeT TOJOXKEHUE, YKa3aHHOE Ha
N » puc. 1.8. HanmucaTb KHHEMaTUYECKHE YpaB-

X .
Ul HEHHs JABIDKEHHsI TOYKH: 1) B JE€KapTOBOM
CHUCTEME KOOPIHWHAT, PACHOJIOKHUB OCH TaK,
KaK 3TO YKa3aHO Ha PHUCYHKE; 2) B MOJISIPHOM

cucTeMe KOOpAWHAT (OCh X CUUTATh MOJISIP-

Puc. 1.8 o
HOM OCBIO).

yT y' 1.39. Hanucath ajis 4eThbl-

g 7 .
- v - PEX GHyHaes, MpE/ICTABIEHHbIX
h ” ﬂg A ng Ha puc. 1.9: 1) kuHemaruue-
A A ” CKU€ YpPAaBHEHUs JIBUKEHUs
& , x=fi(t) u x=(1); 2) ypasHe-
v - y Hue Tpaektopun y = @(x). Ha

o
. “? ﬂg ) 74:’\‘2:”!19 KaXKI0M MO3MLMU PUCYHKA —
! I ’ . 0,6, 2— n300paxkeHpl KOOPIHU-
| o0 s * HarHble ocu, ykasaHbl Hauyaib-
8) 2) HOe TOJNOKeHHe TOuku A, ee
Puc. 1.9 HavaJbHasi CKOPOCTb Vo U YCKO-
peHue g.

1.40. C Bbimku OpocwiIM KaMeHb B TOPU3OHTAIBHOM HaIlpaBlie-
Hun.Yepe3 MPOMEXKYTOK BPEMEHH =2 C KaMEeHb ynaj Ha 3€MJII0 Ha
paccrosiHuu s = 40 M OT OCHOBaHHUs BbIIKU. ONpenenuTs HaualIbHYIO Vo
U KOHEUHYIO ¥ CKOPOCTU KaMHSL.

1.41. Teno, OpomeHHoOe ¢ OaIlHU B TOPU3OHTAIBHOM HAIPaBIECHUU
CO CKOpOCTBIO v = 20 M/C, ymajo Ha 3eMJIF0 Ha PAacCTOSHUM S (OT OCHO-
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v =2,1 xm/c. Onpenenuts Maccy M Mapca.

4.22. Onpenenutb Maccy M 3eMiu Mo cpeHeMy pPacCTOSHUIO # OT
uentpa Jlyasl 1o nentpa 3emum u nepuony M obGpamenust JIyHer Bo-
kpyr 3emnu (M 1 ¥ cUUTaTh U3BECTHBIMH).

4.23. OnuH U3 cryTHUKOB MiaHeTsl CaTypH HaXOOUTCS MPUOTU3HU-
TEJIbHO Ha TAKOM K€ PACCTOSIHUU F OT IUIaHeThl, Kak JIyHa oT 3emuu, HO
nepuon M ero obpaiieHust BOKPYTr IUIaHEThl TOYTH B 72 = 10 pa3 MeHb-
ure, yeM y Jlynsl. Onpenenuts oTHoeHue Macc CaTypHa 1 3eMilu.

4.24. OnpenenuTb 3aBUCUMOCTb YCKOPEHUsI CBOOOTHOTO MaACHUs g
OT pPaccTOsIHUSA 7, OTCUUTAHHOIO OT LIEHTpa IJIAHETHI, MJIOTHOCTD P KO-
TOPOW MOXXHO CUMTaTh ISl BCeX TOUeK oauHakoBoil. IlocTpouts rpa-
¢uxk 3aBucumoctu g(7). Panuyc R niaHeThl CYUTATh U3BECTHBIM.

4.25. Teno maccoil m =1 kI HaXOAUTCA Ha MOBEPXHOCTU 3EMIIM.
Onpenenutb n3MeHeHue AP CHIIBI TSDKECTH IUIS IBYX ciiydaes: 1) mpu
NOIBEME TeJa Ha BBICOTY /7 = 5 KM; 2) PH OIyCKaHUU TeJa B LIAXTY Ha
rnyOnHy /=5 kM. 3eMJIF0 CUMTaThb OJHOPOIHBIM MIAPOM PAZAUYCOM
R = 6370 KM U IUIOTHOCTBIO p = 5,5 T/cM”.

4.26. Onpenenutb paboTy A, KOTOPYIO COBEPLIIOT CHJIbI TPaBUTa-
LIMOHHOTO MOJIs1 3eMJIH, €CJIM TeJIO Maccol m = 1 Kr ynaaer Ha MoBepx-
HOCTb 3emuu: 1) ¢ BBICOTHI /2, paBHOH pamuycy 3emud; 2) u3 OeckoHed-
Hoctu. Pamuyc R 3emnu u yckopeHue cBOOOTHOTO MaieHUst g Ha €€ TIo-
BEPXHOCTH CUUTATbh U3BECTHBIMU.

4.27. Ha xakyr0 BBICOTY /1 HaJl IOBEPXHOCTBIO 3EMIIH TTOJTHUMETCS
pakeTa, NylLIeHHas BEPTHKAJIbHO BBEPX, €CIM HAadajbHAasi CKOPOCTb D
paxeThl paBHa MEPBON KOCMUYECKON CKOPOCTU?

4.28. Onpenenutb 3HaUeHUsl NOTEHLIMAJIA (@ MPABUTALMOHHOIO MOJIs
Ha nosepxHocTsax 3emnu u ConHua.

4.29. BpraucnuTe 3Ha4E€HUs epBOH (Kpyrosoii) u BTopoi (mapabo-
JMYECKOH) KOCMUYECKUX CKOPOCTeH BONIM3H MOBEPXHOCTH JIyHBI.

4.30. OmnpenenuTh MNEpPBYI0 U BTOPYHO KOCMUYECKHE CKOPOCTU
BOIM3K noeepxHocTy CosHIaA.

4.31. Panuyc R manoit manetsl paseH 100 kM, cpenHss MIOTHOCTh
p BelleCTBa IUIAHETH paBHA 3 r/cM’. OmpenenTh NapaGoIHIecKyrO
CKOPOCTb ¥, Y TIOBEPXHOCTH 3TOM MJIaHETHI.

4.32. KakoBa Oyner ckopocTb } pakeTbl Ha BBICOTE, PaBHOH pajuy-
cy 3emun, €Clid pakeTa mylleHa ¢ 3eMJIM C Ha4daJbHOH CKOPOCTBIO
vo = 10 km/c? ConpoTuBieHne Bo3nyxa He yuuTbBaTh. Pamuyc R 3emmnu
U YCKOpeHHe CBOOOMHOTO TMaAeHHs g HA €€ MOBEPXHOCTH CUUTATDH W3-
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TIJIAHETHI.

4.17. Kocmuueckasi pakera asuxkercs: BOkpyr CojHIa o opowre,
o4ty copmnanaromeii ¢ opdburoit 3emn. [Ipu BKIFOYEHHH TOPMO3HOTO
yCTPOKCTBA pakeTa OBICTPO TepsieT CKOPOCTh M HAYMHAET ManaTh Ha
Comnne (puc. 1.38). Onpenenuts Bpemsi 7, B T€4eHHUE KOTOPOTO Oyaer
najaTh paKeTa.

Ykazanue. Ilpunsarte, uto, nanas Ha CoJHIE, pakeTa ABUXKETCS IO
3JUUIICY, OONbINAst OCh KOTOPOTO OYEeHb MAJIO OTJIMYAETCS OT paguyca
opOuTHI 3eMJTH, a SKCHEHTPUCUTET — OT eauHUIbL. [lepron oOparneHus
IO 3JITUTICY HE 3aBUCUT OT SKCLEHTPUCUTETA.

4.18. Paxkera, 3amymenHast ¢ 3emau Ha Mapc, JeTUT, IBUraschb BO-
kpyr Conama mo smmmntuydeckoit opbure (puc. 1.39). Cpennee pac-
crostHue » raHeTel Mapc ot Connua pasHo 1,5 a.e. B TeueHue kakoro
BpeMeHH 7 OyJeT JIeTeTh pakeTa A0 BCTpeun ¢ Mapcom?

Puc. 1.38

4.19. HUckyccTBEeHHBIN CIYTHUK ABHXXETCA BOKPYT 3eMJu MO 3J-
Jurncy ¢ skcueHTpucurerom € = 0,5. Bo CKOJIBKO pa3 JuHENHas CKO-
pPOCTh CITyTHHKA B nepuree (Ommkadias K UEHTPY 3eMJIM TOUYKa OpOu-
ThI ClyTHUKA) OoJbine, yeM B anoree (HanboJiee yaalieHHas TO4Ka Op-
OuThI)?

Vkazanue. IlpuMeHUTD 3aKOH COXpaHEHUS MOMEHTA UMITYJIbCA.

4.20. Komerta nsuxercs Bokpyr CoJHIA [0 3JIUICY C 3KCLEHTPHU-
cureroM € = 0,6. Bo ckonbKo pa3 nuHENHHas CKOPOCTb KOMETHI B OJH-
xaimeit k ConHiy Touke OpOMTHI OoJbIne, YeM B Haubojee yaajeH-
HOI1?

4.21. bmwkaimuil cnyTHUK Mapca HaxOAWTCs Ha PacCTOSTHUU
r = 9400 KM OT LIEHTpAa MJIAHETHI U JBWXXETCS BOKPYT HEE CO CKOPOCTBIO
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BaHUs OanrHM), BABOE OOJbIIEM BBICOTHI /2 OamHu. OnpenenuTh BBICOTY
OawrHmy.

1.42. ITucTtonerHas myns npoOuiia 1Ba BEPTUKAIBHO 3aKPETIEHHBIX
aucra Oymaru, paccrosiHue / Mexay KoTopbiMHu paBHO 30 M. IIpoGonna
BO BTOPOM JIUCTE OKasajach Ha /= 10 cM Huke, yeM B niepsom. Ompe-
JeNUTh CKOPOCTD V IMyJIH, €CNIU K NMEePBOMY JIMCTY OHA MOAJIeTeNa, ABU-
rascb ropu3oHTanbHO. CONPOTHBIIEHHEM BO3yXa NpeHeOpeyb.

1.43. Camoner, nereBmuii Ha BbicoTe /7 =2940 M CO CKOPOCTBHIO
v =360 xm/4, cOpocus cUrHaNbHBIN Oyi. 32 Kakoe BpeMs f 10 TIPOXOXK-
J€HUs] Haj LIeJIbI0 U Ha KaKOM PAcCTOSIHUM S OT Hee JOJDKEH CaMoJieT
cObpocursb Oyit, uToOBI MOTACTD B 11eNb? COMPOTHUBICHUEM BO3yXa Mpe-
HeOpeub.

1.44. Teno OpOIIEHO MO HEKOTOPBIM YIJIOM ¢, K ropu30HTY. Ormpe-
JEeNUTh 3TOT YIoJI, €Clii FOPU30HTalbHAsA AAbHOCTD S TOJIeTa Tena B
4eTbIpe pasza O0NblIe MAKCUMAIBHON BBICOTBI / TPaeKTOPHH.

1.45. Teno 6pouieHo BBEpX MO yrioM o = 60° K TOPU30HTY C BBI-
cotbl 1 =40 m. HayanbHast ckopocThb Vo Tena paBao 50 m/c. Tpebyercs:
1) HamucaTh KMHEMATUYECKHE YPABHEHUS IBHKCHUS M YPABHEHUS Tpa-
€KTOPHUH TeJa U HAUYEPTUTh 3TY TPAEKTOPHUIO C COOIOACHHUEM MaclITa-
0a; 2) onpenenuTh BpeMs T MOJIeTa TeJla, MAKCUMAaJIbHYIO BBICOTY H ero
MOABbEMA, TOPU30HTANIBHYIO JAIBbHOCTD § MOJIETa, CKOPOCTh V B MOMEHT
nasieHus1 Teaa Ha 3emutro. COpOTUBIIEHHEM BO3yXa MpeHeOpeyb.

Vkazanue. Hauano koopounam nomecmums HA NOGEPXHOCMU 3eM-
U MaxK, ymooOsl OHO HAXOOUNOCL HA OOHOU GEPMUKANU C MECHOM 6bl-
opoca mena u ymoodvr 6eKmMop ckopocmu v aedcan 6 niockocmu xOy.

1.46. Teno, BEIOpOIIEHHOE BBEPX MO yriioM o = 30° K TOPU3OHTY,
IBaKIbl OBUIO HAa OHOM W TOH k€ BBICOTE /4 crycTs BpeMs /1 = 10 c u
t; = 50 ¢ mocxe BeIOpoca. OnpenennTb Ha4adbHYIO CKOPOCTD Vo M BBICO-
Ty h.

1.47. Ilynst mymeHa ¢ Ha4aiubHOHN CKOPOCTBIO Vo = 200 M/c mon yr-
aoM o =60° x ropusonry. OmnpeneauTb MaKCUMalbHYK BbICOTy H
MOABbEMA, AAJIBHOCTD § MOJIETa U pafinyc R KpUBU3HbBI TPAEKTOPUH MyJIH
B ee HauBbIcIel Touke. CONpOTHBIEHHEM BO3AyXa NpeHeOpeyb.

1.48. Kamenb OpoleH ¢ BBIIIKH B TOPU30HTAIBHOM HAIIPABJIEHUH C
HauvaJIbHOH CKOPOCTHIO Vo = 30 M/c. OnpenenuTs CKOPOCTh V, TAHT€HIIH-
aNbHOE d; U HOPMAJIbHOE @, YCKOPEHUs KAMHS B KOHLIE BTOPOH CEKYH/IbI
MocJie Havaja JBUKEHUS.

1.49. Teno 6powmeno nmox yriom o = 30° k ropuzoHTy. Onpenenutsb
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TAHTI'CHLIUAJIBHOEC d¢ 1 HOPMAJIBHOC ), YCKOPCHUS B HaYaJIbHBI MOMEHT
JABHMIKCHUA.

BpameHnue Tes1a BOKPYr HeMOABHKHOM OCH

1.50. OnpenenuTh TUHEHHYIO CKOPOCTDb V U LIEHTPOCTPEMUTEITBHOE
YCKOPEHHE ), TOUEK, JIKAIUX HAa 36MHOH MOBEPXHOCTH: 1) HA 5KBATO-
pe; 2) Ha mupotre MockBbI (¢ = 56°).

1.51. JIuHeitHasg CKOPOCTh Vi TOYEK HAa OKPY>KHOCTU BPaILAFOLIEro-
cst aqucka pasHa 3 m/c. Touku, pacnoyioskeHHble Ha AR = 10 cm Onrke k
OCH, UMEIT JMHEHHYI0 CKOpPOCTh V; =2 M/c. Ompenenutp 4acToTy
BpALIEHUs /1 TUCKA.

1.52. Jlpa OyMakHBIX JUCKAa HACaXKeHBbI Ha OOIIYI0 TOPU30HTAJIb-
HYIO OCh TaK, YTO IJIOCKOCTH MX MapajulelbHbI U OTCTOAT Ha d =30 cM
apyr oT apyra. JMCKH BPAINAIOTCs ¢ 4acTOTOM 71=25 ¢ . ITyms, neTes-
Imasi mapajulebHO OCHU Ha PaccTOsHUM » = 12 cM oT Hee, mpoOuia oda
mucka. [IpoGouHBl B IUCKaxX CMELIEHbl APYT OTHOCHTEIBHO Jpyra Ha
paccTosiHUe § = 5 CM, CUMTas MO Ayre OKpy>KHOCTH. Ompeneiautb cpen-
HIOKO IIYT€BYH) CKOPOCTb <V> IyJIM B IPOMEXKYTKE MEXAY OUCKAMH H
OLICHUTb CO31aBa€MOE€ CHJIOM TSDKECTH CMEIleHHe MPOOOWH B BEPTH-
KaJbHOM HarnpasjeHud. COnpoTUBJIEHUE BO3lyXa HE YUUTHIBATb.

1.53. Ha nunuHAp, KOTOPBIA MOXKET BpallaTbCsl OKOJO TOPU30H-
TQJIbHOM OCH, HAMOTaHa HUTb. K KOHIly HUTH NPUBSI3aIu IPY3UK U IIpe-
JOCTaBUJIM €My BO3MOXKHOCTb OIyCKaTbCsl. [[BUrasch paBHOYCKOPEHHO,
rpy3uK 3a Bpems f =3 ¢ omyctuiics Ha 2 = 1,5 m. Onpenenuts yriosoe
YCKOPEHUE € LUWINHJPA, €CJIH €r0 paguyc ' = 4 cM.

1.54. {uck paguycom r = 10 cM, HAXOAMBIUUICS B COCTOSIHUU MO-
KOSI, HAYAJl BPAL[AThCS C TOCTOAHHBIM YITIOBBIM yCKOpeHHeM € = 0,5 ¢ 2.
Onpenenutb TaHreHLUANbHOE ;, HOPMAJIBHOE @, U MOJHOE d yCKope-
HUsl TOYEK Ha OKPYXKHOCTH AMCKA B KOHILIE BTOPOM CEKYH[bI MOCJE Ha-
4aja BPaLlECHHUSL.

1.55. Jduck pamuycom 7 =20 cM BpallaeTcss COTJIACHO YPaBHEHUIO
e=A+Br+ Cf,rne A=3, B=-1c¢', C=0,1¢". Onpenenuts TaH-
FeHLUATBbHOE (;, HOPMAJIbLHOE (), U MOJHOE d YCKOPEHUs TOYEK Ha OK-
PYKHOCTHU JUCKa [JIs1 MOMeHTa BpemeHu £ = 10 c.

1.56. MaxoBuk Hadaj BpaIlaTbCsi PABHOYCKOPEHHO U 34 MPOMEXKY-
Tok Bpemenu A7 =10 ¢ goctur 4acToTh Bpamenus 7 = 300 mus . Omn-
PEIeNnTh YIJIOBOE YCKOPEHHE € MaXxOBUKa M 4uCiIo N 00OpOTOB, KOTO-
pO€e OH cenal 3a 5TO BpPeMsl.
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JlyHBI, €Clii Ha IOBEPXHOCTU 3€MJIH YCKOPEHHE CBOOOAHOTO MaeHUs g
CUMTATh U3BECTHBIM.

4.8. Panuyc R manoii niaHeTs! paBeH 250 kM, cpeaHsisi MIIOTHOCTh
p=3r/em’. Ompenenuts yckopeHHe CBOGOIHOTO NMAACHHS g Ha IO-
BEPXHOCTH IJIAHETHI.

4.9. Macca 3emnu B 1 = 81,6 pasa Sonbiue maccer JIynnl. Paccros-
Hue / mexny uentpamu macc 3emun u Jlyaer paBao 60,3R (R — paauyc
3emun). Ha xkakom paccrosiHn # (B equHMLAX R) OT LeHTpa 3eMiu Ha-
XOJIUTCSl TOUKA, B KOTOPOH CyMMapHas HaIpsDKEHHOCTb IPaBUTALIMOH-
HOro noJist 3emiu u JIyHbl paBHa HyJO?

4.10. MckycCcTBEHHBIH CIYTHUK OOpamaercst BOKPYT 3eMJIH 0 OK-
py’XHOCTH Ha BbIcoTe /1 = 360 kM. OmnpenenuTb JTUHEHHYI0 CKOPOCTh V'
cnytHuka. Pagmyc R 3emMnn u yckopeHue CBOOOMHOTO MajeHus g Ha
MOBEPXHOCTH 3€MJIU CUUTATh U3BECTHBIMU.

4.11. Ilepuon M BpaiieHus: UCKYCCTBEHHOI'O CITyTHHMKA 3e€MJIU pa-
BeH 2 4. Cumras opOUTy CIyTHHKa KPYrOBOH, ONPENeNHuTh, Ha KaKOH
BBICOTE /1 HaJl MOBEPXHOCTBIO 3EMITH IBUKETCS CITyTHHUK.

4.12. CraunoHapHbIIl UCKYCCTBEHHBII CIyTHUK ABHXXETCS IO OK-
PYKHOCTHU B IUIOCKOCTHU 3€MHOI0O 3KBAaTOpa, OCTaBasCh BCE BpeMs Hal
OJIHUM U T€M ke MyHKTOM 3€MHOI1 oBepXxHOCTHU. OIpeneanTb yrioByo
CKOPOCTb (® CIIyTHUKA U paanyc K ero opOuTHI.

4.13. IInanera HentyH B £ = 30 pa3 ganeiie ot ConHia, yeM 3em-
1. Onpenenuts nepuon M obpamenns (B romax) Henrtyna Boxpyr
ConHua.

4.14. JlyHa aBm>keTcsi BOKPYT 3eMJIH CO CKOpoCThio 01 = 1,02 km/c.
Cpennee paccrosinue / JIynsl ot 3emnu paBao 60,3 R (R — paguyc 3em-
). OnpenenuTs MO 3TUM AAaHHBIM, C KaKOH CKOPOCTBIO 0 JOJDKEH
IBUTaTbCSl UCKYCCTBEHHBIN CITyTHUK, BpAaLIAOLINICS BOKPYr 3eMJIHM Ha
HE3HAYUTENIbHOI BBICOTE HaJl €€ IOBEPXHOCTHIO.

4.15. 3Hast cpeaHIO CKOPOCTh ¥ ABUXKEHMs 3eMiu BOkpyr ConHua
(30 km/c), ompenenuTh, ¢ KaKOH CpeaHeld CKOPOCTBIO Uy ABIIKETCS Ma-
Jasi TJIaHeTa, paguyc opOuThl KOTOpoH B 7 =4 pa3a Oonbine paguyca
opOuTHI 3eMiTu.

4.16. CoBerckas KOCMHUYECKasi paKeTa, CTaBllasl MEPBONH HCKYyCCT-
BEHHOU TmaHeTol, obpamaercss Bokpyr CosHua mo smwmncy. Hau-
MEHBILEE PACCTOSHUE Fmin pakeTbl oT ConHna pasHo 0,97, HanOospInee
pacCcTOsSIHUE Fmax paBHO 1,31 a.e. (cpemHero paccTostHWST 3eMIIA OT
Connua). Onpenenuts nepuon M BpamieHus (B rogax) UCKYyCCTBEHHON
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COCTOSIHMSIX PaBHBI HYJIFO, TO paBeHCTBO (1) mpumer BUA
17 1= 17 2. (2)
Ecnu moteHumanbHYI0 SHEPTHIO B TMOJIE TATOTEHUS 3eMJIM Ha €€
MOBEPXHOCTh NMPUHSATb PABHOW HYJIIO, TO SHEPTHs CUCTEMBbl B HAuab-

HOM COCTOSAHUHU paBHaA HOTGHHHaHbHOﬁ SHEPruu cKaToit MPY>KUHBI, T.C.
2

/I, =——, a B KOHEUHOM COCTOSIHMM — MOTEHIUAJIbHOIN 3HEepruil mynu

2

Ha BbICOTE A, T.¢. II, = mgh.
IToncraBuB npuseneHHsle BeipaskeHus 11, u I, B popmyny (2), mo-

Jy4YUM
2 2

—=mgh=>h=—.
2
[Ipoussenst BEIMUCICHHSL, IOIYIUM /2 = 5 M.

1.2.3.2 3apauu a5 caMOCTOSITEILHOTO peLieH sl

Cuuabl Tarorenusi. 'paBurannoHHoe noJje

4.1. LleHTpBl Macc ABYX OAMHAKOBBIX OJHOPOJHBIX LIAPOB HAXO-
ISTCSL Ha paccTosiHUM 7' = 1 M apyr oT apyra. Macca m kaxxaoro mapa
paBHa 1 kxr. Ompenenuts cuily /' rpaBUTALMOHHOTO B3aUMOJIENCTBUS
L1apOB.

4.2. Kak Benuka cuna /' B3aMMHOTO NPUTSKEHUsI JBYX KOCMUYE-
ckux kopabneit maccoit m = 10 T KaxabIii, ecau OHU COMM3ATCS 10 pac-
crostHust 7 = 100 m?

4.3 Onpenenuth cuiy /* B3aUMHOIO MNPUTSXKEHHUs BYX CONpUKa-
CAFOIINXCS JKEJIE3HBIX MapoB AuaMeTpoM d = 20 CM KasKJIbIid.

4.4. Ha xaxoii BbICOTE /1 HaJ] TIOBEPXHOCTHIO 3€MJIM HANPSKEHHOCTh
gh rpaButaunonHoro nois pasHa 1 H/xr? Paguyc R 3emin cuurats us3-
BECTHBIM.

4.5. Pakera, nylieHHas BEPTUKAJIBHO BBEPX, MOAHIACH HA BBICOTY
h=3200 kM u Hauana magath. Kakoi myTh S mpoiiger pakera 3a mep-
BYIO CEKYHJly CBOETO MajieHus?

4.6. Pamuyc R nnanerst Mapc pasen 3400 kM, ee Mac-
ca M= 64107 xr. Onpenenutb HANPsSKEHHOCTb g TPaBUTALIMOHHOTO
MOJIs1 Ha MOBEPXHOCTH Mapca.

4.7. Panuyc 3emiu B 1= 3,66 pasza Oousbline paauyca JIyHbI, cpen-
HSS TUIOTHOCTB 3eMun B k£ = 1,60 pasa Oonbiie cpenneli muiotHocTH Jly-
Hbl. OnpenennuTh yCKOpeHHue cBOOOIHOrO MaaeHus gy Ha MOBEPXHOCTH

84

1.57. BenocunenHoe KOJECO BPAIAETCS C 4aCTOTOM 17 =5 ¢! Tlox
NefiCTBHEM CHJI TPEHHUs OHO OCTAHOBWJIOCH Yepe3 MHTepPBajl BPEMEHU
At =1 mun. Onpenenurtb yrioBoe ycKopeHue € u 4ucio N o0opoTos,
KOTOPOE CAENAET KOJECO 33 3TO BPEMsl.

1.58. Koneco aBroMaimmmHbl Bpamaercs paBHOycKopeHHO. Cnenas
N=50 momHbix 0OOPOTOB, OHO HW3MEHHJIO YAaCTOTy BpAIIEHUS OT
m=4c'mom=6c¢". Ornpenenutsd yriIOBOE YCKOPEHUE € KOJieca.

1.59. luck Bpamaercs C yrioBbIM YCKOPEHUEM € = —2 ¢ %. CKOIIBKO
oboporoB N cnemaer AMCK TNPU W3MEHEHHHM YacTOThl BPAIIEHHUs] OT
n =240 MHUH * no ny =90 MUH 17 Onpenenutb Bpemsi Af, B T€UEHUE
KOTOPOTO 3TO MPOU30UJIET.

1.60. BunTt aspocaneit Bpamaercss ¢ 4acToToit # = 360 muH . CKO-
POCTB V MOCTYMATENBLHOTO ABIKEHHs adpocanedl paBHa 54 km/4. C ka-
KON CKOpPOCTBIO % IBIKETCS OAMH W3 KOHLIOB BHUHTA, €CIU paguyc R
BUHTA paBeH 1 m?

1.61. Ha TOkapHOM CTaHKe @POTAYMUBACTCS BaJl AHUAMETPOM
d = 60 mm. IlpononbHas nogaya A pesua pasHa 0,5 MM 3a OHH 00OPOT.
KakoBa ckopocTh v pe3aHusi, eciu 3a MHTepBald BpeMeHU Af= 1 MuH
NPOTAYMBAETCS YHaCTOK Basa AnuHOH / = 12 cm?
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1.2 JMHAMUKA

1.2.1 lunamMuka nocrynareJbHoro Asu:keHusi. OcHosHwolie Ppop-
MY.JIbI

* VpaBHEHHE MABIDKEHUS MaTepUAIbHONW TOYKH (BTOPOH 3aKOH
HeroToHa):

—8 eekmopﬂoﬁ dopme

b ZFI/IJ‘II/II’I’I = ]31
dt i=1 i=1

z

rre ZE — TeOMETpPUYECKasi CyMMa CHJI, JEHCTBYIOIIMX Ha MaTepH-
i=1
ANbHYIO TOYKY; M — Macca; d — yCKOPEHHUE; p = mv — UMNyibc; N — duc-
JIO CUJI, IEUCTBYIOLIUX HA TOUKY,
— 6 KoopOunamuoti Gopme (CKaJApHOIN)

:ZFW ma, ZFyz , ma, ZF

50)041

=Y me =Y, me 2= F,

7€ TI0/1 3HAKOM cyMMbl CTOSIT HpOGKL{I/II/I cui I, Ha COOTBETCTBYIOLIHE
OCH KOOPJIUHAT.

 Cua ynopyroctu

Fonp = —kx,
rae kK — Ko3(pPUIHEHT ynpyrocTu (3KECTKOCTh B ClIydae MPYKUHBI);

x — abcoroTHast neopMarus.

* CyJta rpaBUTALMOHHOTO B3aUMOIEHCTBHS

F=GT,

r

rae G — rpaBUTAIMOHHASI IOCTOSIHHAS, 7111 U M1, — MAacChl B3aUMOJIEHCT-
BYIOIIUX TEJ, PACCMATPUBAEMble KaK MaTepHAJIbHbIE TOYKH, ¥ — pac-
CTOSIHHE MEXIy HUMHU.

» Cuna TpeHUs CKOJIBKESHHSI

Frp=fN,
rae f — Ko3pPUIMEHT TPEeHUs CKOJNbXeHUs; N — Cuja HOPMaJIbHOTO
TaBJICHMS.

» KoopamHate! ieHTpa Macc CHCTEMBI MaTEPHAIBHBIX TOUEK
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Cnenas BriuucieHus, onpeaenum ¢ = 49 Mlla.
2. AGCOMOTHOE YIUIMHEHHE BhIpaxkaeTcst popMyoi

X =—

ES
rae 2 — monynb FOura, nns cramu /2 = 200- 10° Ta.
IMoncrasus 3Havenus BenuuuH F, [, S u E B 3Ty hopmyny u, mpo-
U3BEJIs BBIYHUCIICHUSI, TOTyYUM

3
_ mgl 2-10 99,81 574 ~123-107° m=1,23 Mm.
ES ES  200-10°-4-14

OTHOCHTEILHOE YATUHCHUE CTCPIKHA

2

-3
e= X 1237107 4610,
/ 5
3. IloTeHIMaNbHAst SHEPTUs PACTSIHYTOIO CTEPXKHS
=2y,
2

rne }J — obvem tena, pasHbiii S-/. Toroa
7=
2

Breimonnus Beraucnaenust, noayuum N = 12,1 JIx.

Hpumep 7. Y3 npy:XHMHHOTO MUCTOJIETA OBLI MPOU3BEICH BHICTPEI
BEPTUKAJIBHO BBepX. ONpenenuTsb BbICOTY /1, HA KOTOPYIO NOJHUMAETCS
nyJst Maccoit m =20 T, eciu MpyKHUHA KEeCTKOCThIO k = 196 H/M Oblia
ckarta mepen BbICTpesioM Ha X = 10 cm. Maccoii npyKuHbI ipeHeOpeys.

Pemenne. Cucrema mynsi-3emiisi (BMECTE ¢ MTUCTOJIETOM) SIBJISIETCSI
3aMKHYTOH CHUCTEMOH, B KOTOPOHN NEUCTBYIOT KOHCEPBATUBHBIE CUJIbI —
CHJIBI yNIPYroCTH W cuiibl TsiroTeHus.. IloaToMy nms pelneHus 3anadu
MO>KHO NPUMEHUTH 3aKOH COXpaHEHHUs 3Hepruu B MexaHuke. CoriacHo
STOMY 3aKOHY, IMOJIHAas MexXaHudeckasl SHeprus [, cUCTeMbl B Haudajb-
HOM COCTOSIHUH (B JaHHOM Clly4ae Tepen BBICTPEJIOM) paBHA IMOJHON
SHEpPruu [/, B KOHEYHOM COCTOSIHUM (KOTAa MyJisl MOAHSJIACh Ha BBICOTY
h), T.e.

E1:E2, 501050 T1+H1:T2+H2, (1)
rae 771 u 13 — KUHeTHYeCKue SHEePrUU CUCTEMBI B HauaJbHOM U KOHEU-
HOM COCTOSIHUSIX,

11, n I, — nOTeHIMANIbHBIC SHEPTUU B TEX JKE€ COCTOSTHUSX.

Tak kak KMHETHYECKHE SHEPruu nyJjini B Ha4aJIbHOM M KOHCUHOM
83



rae /1) vu Il — noTeHIaNbHbIe SHEPTHU CUCTEMBI TEJIO-3€MJISI COOTBET-
CTBEHHO B HAYaJIbHOM M KOHEYHOM €€ COCTOSIHHSIX.

VYCcnoBUMCS, YTO MOTEHLUUANbHAS SHEPTHs] B3aUMOJEHCTBHS TeNa U
3emMiii paBHA HYJIO, KOT/Ia TEJIO HAXOAWTCS Ha OECKOHEUHO OOJIBIIOM
PacCTOSTHUU OT 3€MJIH, TOTAa Ha PaCCTOSIHUH 7 TIOTEHLHAJIbHASI SHEPTUS

m
BbIpa3uTcs paBeHCTBOM [/ = -G ——, roe M — macca 3emun.
r

Hnst paccrostauit #1 = 3R u 1, = 2R, 3a1aHHBIX B YCIOBUSX 3a0a4Hl
(puc. 1.37), monyyum n1Ba BBIPAKEHUS MTOTEHUHUAIBHON SHEPTHU:
HI:—GM; sz—Gﬂ.
3R 2R
IToncrasus 3tu BeIpaskenus /11 u I1; B popmyny (1), monydnm
M MY 1 M
Au:—Gm——[ ~ j ¢

6 R

-2
3R 2R

M
3ameTuB, 4TO GF: g, npeobpazyeM TOCJIEeIHEE BBIPAKEHHE K

BUIY
4 = 1
L, =—mgR.
6
IloncraBus 3HaueHust m, g, R B 3TO BBIPAXKEHUE U MPOU3BENS BbI-
YUCJICHUS, TIOJTyUYUM

4, =110.981.637-10° =1,04-10° = 104-10° 10K = 104 MJTx.
12 6

Hpumep 6. BepxHHii KOHEI] CTAILHOTO CTEPXKHS NIMHON /=5 M ¢
TIOMABIO TIOMEPETHOro CedeHns S = 4 cM” 3aKPEILIeH HEeMOABUKHO, K
HIDKHEMY TOABELIEH IPy3 MAacCoOu m = 2:10° kr. Omnpenenuts: 1) HOp-
MaJIbHOE HAIpPsDKEHUE G MaTepuaia CTEPIKHsI, 2) aDCOMFOTHOE X U OTHO-
CUTEJIbHOE € YIUIMHEHHsI CTePIKHS; 3) MOTEHIHMAIBHYIO SHepruto [/ pac-
TSAHYTOTO CTEPIKHSL.

Pemenune. 1. HopmanpHOe HampsbkeHHE MaTepualla PacTSHYTOIO
CTepKHs BbIpaxkaercs popmysioii 6 = F'/ S, roe F'— cuna, nelcTBYIOIIast
BJIOJIb OCH CTep>kHsl. B naHHOM ciyuae /' paBHa cujie TSDKECTH m1g U T10-

3TOMY MOKEM 3aIucaTb
m
c="8

A)
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DR R YINRD V.
c = > Ve T 2 e T )
2m 2m 2m
rAe m; — Macca i-il MaTepuaJbHONU TOYKH, X;, i, Z; — €€ KOOPAUHATHIL.
* 3aKOH COXpaHeHUsl UMITyJIbca

X

N N

> b, =const, Wi Y my, = const,

i=1 i=1
rae N — 4HuciIo MaTepHaIbHBIX TOUYEK (MM Tell), BXOSIIUX B CUCTEMY.

* Pabota, coBepiaeMasi MOCTOSTHHOM CHJIOH,

AA=FAr wumu AA=FArcosa,
r7ie o — yroJI MeX/Ay HalpaBIeHUsIMU BEKTOPOB CUJIbI /' 1 NepeMeLleHs
Ar.

» Pabora, coBepiiaemast nepeMeHHON CUJIOH,
A= IF(r)cosoc-dr ,
L

r7ie HHTErPUPOBAHIE BEAETCS BAOJb TPAEKTOPUH, 0003HauaeMoi L.
* CpenHsis MOIIHOCTD 32 UHTEpBaJ BpeMeHU Af

(vy=24
At
* MruoBeHHas MOIHOCTD
dA
N = = wm N = Fycos(a),

rrne dA — pabota, coBepinaeMas 3a MPOMEKYTOK BPEMEeHH df.

» Kunerudeckasi sHeprus MarepuasbHONW TOUKU (MM Teja), [BHU-
JKYILIEHUCS TOCTYNAaTENbHO,

T=mv* /2, um T'=p* | (2m).

* [ToTeHunanbHast SHEPrUsi TeJa U CUJA, NEHCTBYIOLIAs Ha TEJIO B
IaHHOMW TOYKE TOJIsA, CBSI3aHbI COOTHOLIEHHUEM

F=—grad(Ily wwm F= —(fd—H+jd—H+/€d—H),

dx dy dz

rne i, j, k — enuHIYHBIE BEKTOPHI (OpThI). B 9acTHOM ciydae, korna 1o-
Je cun obnamaer chepuueckoil cuMMeTpuel (Kak, Hampumep, rpaBuTa-
[{UOHHOE),

Fa-d

dr
* [ToTeHuuanbHas 3Heprusi ynpyroaehopMHUpOBaHHOTO Tena (Cxa-
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TOH MM PaCTSHYTOH MPY>KUHBI)

I=hk?/2.

» TloTeHnmanbHast SHEPrusi TPABUTALMOHHOTO B3aMMOACHCTBUS
IBYX MAaT€PHAIBHBIX TOYEK (MIIM TEJ) MACCaMH M1, U Hz, HAXOISIIUXCS
Ha PacCTOSTHUHU F* APYT OT JPyTa,

n=-G%%

r

* [loTeHnManbHast SHEPTHS TeJa, HAXOAALIETOCs B OJJHOPOAHOM IO~
JIe CHJTBI TSDKECTH,

11 =mgh,
rae /7 — BBICOTA TeNa Haj YPOBHEM, MPUHSATBIM 32 HYJIEBOH AJIsl OTCUeTa
NOTEHIMATBbHON 3HEepruu. Jta (popMyna crnpaBeasuBa NPU YCIOBHU
h<<R, roe R — panuyc 3emn.

* 3aKOH COXpaHEHHs HEPTUN B MEXAHHUKE BBIMOJIHSAETCS B 3aMKHY-
TOH cHUCTeMe, B KOTOPOH AEHCTBYIOT TOJBKO KOHCEPBATHUBHBIEC CHIIBL, H
3aIHUChIBAETCS B BUIIE

T+ 11 = const.

* [IpuMeHss 3aKOHBI COXPAHEHHSI SHEPTUU U MMITYJIbCA K MPSIMOMY
LEHTPAJbHOMY YAApy IIApOB, MoyydaeM (GOpMysTy CKOPOCTH aOCOJIOT-
HO HEYNPYyTuX MIapoB MOCIE yaapa

i = (my, +m,,)/(m +m,) u GopMyIbl CKOPOCTH aOCOTOTHO YII-
PYTHX LIapOB MOCHE yaapa:

g (ml _ mz) +2m,v, 0. = Vs (mz _ m1) +2my,

1 > 2
m, +m, m, +m,

u
rae niy U nl; — MacCel APOB, Vi U V2 — UX CKOPOCTH A0 yAapa.

1.2.1.1 Ilpumepsl pemieHus 3aaa4

IIpumep 1.5. K KOHIIAM OJHOPOJHOIO CTEPKHSI MPUIIOKEHBI IBE
MPOTUBOTOJIOKHO HampasjieHHble cunbl. [ =40H wu F,=100H
(puc. 1.10, a).

-

£ £, Lo-b & Puc 110
— e e ---m

|
LU ;

i
Onpenenuts cuily HaTsDKEHUsI M CTEpIKHA B NIOMEPEUHOM CEUEHUH,
KOTOPOE AENUT CTEP)KEHDb HA JIBE YaCTH B OTHOIUEHUU 1:2.
Pemenne. Ecnu Ob1 cunbl /) u F, OblTH paBHBI MEXAY COOOH, TO
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NEHCTBYET KOHCEPBATUBHAS CUJIA — CUJIA TPABUTALMOHHOTO B3aUMOECH-
ctBust. [103TOMy MOKHO BOCIMOJIB30BATHCSA 3aKOHOM COXPAHEHUs MeXa-
HUYECKOW SHEpruu (MHEePIHMAIBHYIO CUCTEMY OTCYETa CBSIKEM C IIEH-
TPOM Macc CUCTeMbl). Tora MOXKHO 3aImHucaTh
E; :Ez, umu 11 + 11, =M, +H2;

rae 11, II1 u M,, II, — COOTBETCTBEHHO KUHETUYECKHE M IMOTEHLHAIbL-
HbI€ SHEPTHH B HAYAJbHOM / U KOHEYHOM 2 COCTOSIHUSIX. 3aMETHUM, YTO
LEHTP MacC CUCTEMBbI TEJIO-3€MJIsl IPAKTUYECKH COBIAJAET C LICHTPOM
macc 3emin (m<<M), 1 IO3TOMY KMHETHYECKast SHEPTHUsl 3eMJIN B Ha-
4aJIbHOM M KOHEYHOM COCTOSIHUSIX paBHa Hyr0. Torma

2 2
lemvl; le—GMm' Tzzmvz.
2 3R
IToxcraBuB 311 BeIpaskeHust B (1), mony4dnm
mv; _GMm:mv§ GMm.
2 3R 2 2R
3amennB GM = gR’ u, mpou3Bes COKPALIEHHS, OMPENeTHM

v§:v12+£ = v2:1/v12+£.
3 3

Tak kak v; = gR (10 yCIOBHIO 3a/1a4H), TO

14 4
v, = EgR :vl\/;.

HpomBens{ BBIYUCJICHUA, MMOJTYIUM

v, = \/5-7,9 =9,12 xkm/c.
3

Hpumep 5. Beruncnute paboty A2 CHJI IpaBUTAMOHHOTO MOJIS
3emMyu npu nepeMereHun Tena maccoit m = 10 kr u3 Touku / B TOUKY 2
(puc. 1.37). Paguyc R 3emin u ycKOopeHue g CBOOOMHOTO MajaeHUs
BOJIM3U MOBEPXHOCTH 3e€MJIH CYUTATh U3BECTHBIMHU.

Pemenue. [lna pelmeHus 3afadd BOCHOJIB3YEMCS COOTHOLIEHUEM
Mmexay pabotoit 4 u mmeHeHneMm A/l moTeHIManbHOUW SHeprun. Tax
KaK CUJIbI CHUCTEMbI-IPABHTALMOHHBIE OTHOCSTCS K CHJIaM KOHCEpBa-
TUBHBIM, TO padoTa CHUJI MOJISI COBEPIIACTCS 33 CUET YOBLIM MOTEHIIH-
aJbHOW BHEPTUH, T.€.

AIZZ_AH:HI_HZ; (1)

Mm
2R

; , I, =-G
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iy 1. Ecnu npuHATH NOTEHLUATIBHYIO
SHEPrur0  OECKOHEUHO  yAaJeHHBIX
ApYyr OT Apyra Tejl PaBHOH HYJI0, TO
% mnoctosiHHas (' oOpamaercs B Hysib. B
5TOM clly4ae 3anuiieM
m=-g™°
r
L CootBercTByomIasl 3aBUCUMOCTH
R 11(r) m3o0paxaercst rpadukoMm, mpen-
Puc. 1.36 CTaBJIEHHBbIM Ha puc. 1.36.
2. Ecnau ke ONpUHATh NOTEHLUHUAJIBHYIO 3HEPTUI0 PABHOM HYJIO Ha
MOBEPXHOCTU 3€MJIH, TO

H(r):—GerC:O = (C=G
r

mM
r
U TOTa

R r

Ho Ttak kak =R+ h, tme h — BBICOTA TeNla HAJ MOBEPXHOCTHIO
3emiu, TO
H(h):GmM—G mM -G mM h
R R+h (R+1)R
Ecnu h<<R, 10

mM
H(h)=G 7 h,

WJIH, TaK KaK g = G%, 10 I1(h)=mgh .

IIpumep 4. B rpaBuTalluOHHOM MOJIE

1 y
‘?}_ Z om 3eMiM TENO MacCol 71 MepeMelaeTcs U3
; ! : 1 toukn / B TOuky 2 (puc. 1.37). Onpene-
AN, ! R i JIUTh CKOPOCTb V; Tela B TOUKE 2, €CNH B
P' ; '37 ‘ ' TOuKke / €ro CKOpocTb V, =+/gR =7,9-10°
uc. 1.

Mm/c.

YckopeHne cBOOOIHOrO MaieHUs g CUUTATh U3BECTHBIM.
Pemenue. Cucrema Teno-3emiisl sIBJISE€TCS 3aMKHYTOH, B KOTOpOM

80

CHJIa HATSDKEHUsS! B JIFOOOM CEUeHHH CTEPKHS Obuia Obl OMMHAKOBOU U
paBHOH CHJIaM, NMPHJIOKEHHbIM K KOHLAM cTepkHs. CTepikeHb B 3TOM
ciydae Haxoauscs Obl B mokoe. Ho Tak kak cymMMa Cuil, NEHCTBYIOIIUX
Ha CTEP)KEeHb, OTJINYHA OT HYJISA, TO CTEPXKEeHb Oy/eT JBUTATHCS C YCKO-
peHHEeM, BEJTMYMHA U HAIPABJICHHE KOTOPOTO OMPENEISIOTCS 10 BTOPO-
My 3akoHy HetotoHa: a = (I) + ;) / m, rne m — macca crepxkHs. Tak
Kak 00€ CHJIbl AEHCTBYIOT BAOJB MPSIMOH, TO T€OMETPUUYECKYID CYMMY
MO>KHO 3aMEHUTh areOpandecKo:

Cl:(Fz—Fl)/m. (1)

IIpn yCKOPEHHOM JBIDKEHHH CTEPIKHSI CHJIbI HATSDKEHUS B Pa3HBIX
CEUEHMSIX Pa3JUYHbL. J{JIs1 OmpeneneHust 3TUX CUJI MPUMEHUM CIEayo-
WA TIPHEM: pa3leuM CTepPKEHb Ha JIB€ YaCTH B MHTEPECYIOLIEM Hac
CedeHUU W OTOPOCHUM OIHY M3 HUX, Hampumep JeByro. JlelicTBue eBoi
YaCcTH Ha MPaBYK 3aMeHUM cujioi Harsokenust M (puc. 1.10, 6). B pe-
3yJibTaTe AEHCTBUS pasHOCTH cunl [, —M ocraBimascs mpaBasi 4acTb
CTEPIKHSI MacCO# M TOJIKHA IBUTATHCSA C yekoperueM a = (F, — 1)/ m
PaBHBIM IO BEIMYHWHE W HAIPABIECHHUIO MPEKHEMY YCKOPEHMIO, BbIpa-
xaemomy (Qopmynoit (1). Tak kak cTep)KeHb OIHOPOIHBIH, TO
my =m/ 3 U, ClenoBaTeNbHO,

_E-T
m/3

IIpupaBHuBas npaseie yacTu paBeHcTBa (1) u (2) u BeIpakas u3
MOJIYY€HHOTO PAaBEHCTBA CHITY HATsDKEHHs T, OnpeneInm

T'= F»-(Fy-F1) / 3. Tloncrasus 3Havenwus F, u F, monydum

T=80H.
9 9

a

Hpumep 1.6. B nudre Ha
NPY>KHUHHBIX ~ BECAX HAXOIUTCSA
teno maccoit m = 10 xr (puc. 1.11,
a). Jludt nBrkeTcst ¢ ycKOpeHHeM
a=2wm/c’. OmpenenuTs MOKa3a-
HUSI BECOB B IBYX CJIydasX, KOTJa

7 yCKopeHue nudra HanpasieHo: 1)

)/UL_F BEPTUKAJIBbHO BBEPX, 2) BEPTHU-
X KaJIbHO BHU3.
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Pemenne. Onpenenuts NOKa3aHUsI BECOB — 3TO 3HAYUT OIPEIEIIUTh
Bec Tena (5, T.e. CHITy, C KOTOPOU Teyo AeiCcTByeT Ha mpykuHy. Ho 3Ta
CHJIa, TI0 TPeThbeMy 3aKOHy HbIOTOHA, paBHA 1O MOAYJIIO M MPOTHBOIIO-
JIOXKHA 0 HAINPABJICHHUIO cUjie ynpyroctu N (Cuiie peakiuu OIophl), C
KOTOPOH NpPy’KHWHA 4Yepe3 MOCPENCTBO MPUKPEIUIEHHOW K HEH Yallku
BECOB JICHCTBYET HA TEJO, T.€.

G=-N wm G=N. (D)

CnenoBaresbHO, 3a7ja4a ONpeeseHns TOKa3aHusl BECOB CBOJIUTCS K
HaXO0X/IEHUIO peakLuu onopsl N.

3amady MOYKHO pelaTh Kak B HHEPLHMAJIbHOHN, TaK U HEWHEPLIUAb-
HOH CHUCTEME OTCUETA.

Pewenue 6 unepyuansnoii cucmeme omcuema. Ha teno necTeyror
IB€ CHJIbL: cuiia TskecTu P u cuna V.

HamnpaBum oCb z BEepTHKAJIBHO BBEPX M CIPOCLHUPYEM Ha Hee BCE
CHUJIBI, IeHCTBYIOINE Ha TeNO. MHIEKC z y MPOEKINH CHJT OIyCTUM, TaK
KaK MPOEKIMH U CAMH CHJIbI COBIAJAIOT IO BennmuuHe. HampaBnenue
CHJI YYTE€M 3HAKOM ILTIOC MK MUHyC. Hamuiuem ypaBHEHNE NBHKESHHUS:

N—-P=ma,

OTKyAa

N=P+ma=m(g+a). (2)

U3 pasencts (1) u (2) cnenyer

G=m(g+a).

[Ipyn BEIMHCICHUM MOKA3aHHS BECOB CJIEAYET yUECTb 3HAK YCKOpe-
HUST:

1) yckopeHune HanpaslieHO BEPTHKAIBHO BBepX (a>0), Torna

G1=10-(9,81+2)=118H;

2) yCKOpEHHUE HalpaBJieHO BEPTUKAIbHO BHU3 (a<0), Toraa

G,=10:(9,81 -2)=78 H.

OTMmeTnM, YTO HU MOAYJb, HU HAaNpaBJICHHE CKOPOCTH Jmdra He
BJIMSIFOT Ha TOKa3aHus BecoB. CyIIeCTBEHHBI JHUIIb BEJIWYMHA U Ha-
NPaBJICHHE YCKOPEHUSI.

Pewenue 6 neunepyuanvnoii cucmeme omcuema, T.€. B CHCTEME,
IOBWKYLIEHCS YCKOPeHHO BMecTe ¢ Judrom. B 310l cucreme orcuera
3akoHbI HproTOHA He BBHIMONHSIOTCA. OHAKO €CIIHM K TNy B COOTBETCT-
BUHU ¢ mpuHUUNoM JlanamOepa JOMONHUTENBHO K NEHCTBYIOIINM Ha He-
IO CHJIaM MPHJIOKUTH CHITy HHEPLIUU

F;=-ma,
r7e a — YCKOPEHHEe CUCTEMBI OTCUETA, TO C YY€TOM 3TOH CHIIbI 3aKOHBI
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rne i, j, k — eTMHUYHBIE BEKTOPBI OCeil KoopAuHAT (OpTHI),
oll oIl oll

, , —— — YaCTHbIE IPOU3BOHbIE TOTEHLIUAIBHON SHEPTUU

ox oy Oz
IO COOTBETCTBYIOIIUM KOOpAuHaTaMm. B ciydae, xorga mone cun obna-
naer chepudeckoil CUMMETpUeH, 3TO BhIpakeHHe ynpoinaercs. Ecmm

OCb X COBMECTUTDL C paguyCOM-BCKTOPOM /7, HAIIPABJICHHBIM IO paguyCy

oll oIl oll
ceprl, TO — U —— oOpamaroTcsi B HyJb ¥ Torga F = —i—.
oy oz ox
z
Y Tak kak BEeKTOpbl ¥ M [ COBIAHAIOT
kl J (puc. 1.35) u /] 3aBUCHUT TOJIBKO OT 7, TO
4 — oll r
F=——- 1
R X T (1)
Puc. 1.3

3anuieM B BEKTOPHOH (OpMe 3aKOH BCE MUPHOTO TSITOTEHHUSI:
mM r
F=-G—-, (2)
roor
rne G — rpaBUTALMOHHAS TOCTOSTHHAS,
m — Macca 3eMIIn.

CpasuuBas Boipaxkenus (1) u (2), onpenenum

dll mM mM
—=0— = dll=G——dr.
dr v v
B3siB OT 3TOr0 paBeHCTBA HEOTIPEACIEHHBIN UHTETPAJI, TIOJyIHUM
mM
H=-G—+C,
v

rne C — MOCTOSIHHASL UHTETPUPOBAHUSI.

ITonydyeHHOE BBIpa)K€HUE MOKA3bIBAET, YTO MOTEHLUAJIbHAS SHEP-
TSl MOKET OBITh OTIPEIeNIeHa JIUIIb ¢ TOYHOCTHIO IO HEKOTOPOH Mpom3-
BOJIBHO MOCTOSTHHOM.
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GmM

PR
Ilo mepe ynmaneHusi pakeTbl OT MOBEPXHOCTH 3€MJIU €€ MOTCHIIH-
aNbHasi SHEprUs OynIeT BO3pacTaTh, a KMHETHYECKas — yObiBaTh. B ko-
HEYHOM COCTOSTHMM KHMHETUYeCKasl SHEprus M, CTaHeT PaBHOU HYJIIO, a
NMOTeHLUAbHAsT SHeprus [/, NOCTUTHET MAaKCUMAJbHOTO 3HAYEHUS:

coctostnuu I, = —

7 - GmM.
2R
IMoncrasus 3uauenws 11, 11, T2 v 11, B BoIpaxkenue (1), momydum
2
my, _GmM :O—GmM .
2 R 2R

3nech NOTEHLUANbHAsA SHEPTUsl TPaBUTALIMOHHOTO B3aHMOAEHCTBHUS
Te), OECKOHEYHO YAAJeHHBIX IPYT OT Apyra, IPUHUMAETCs] PaBHOH HY-
JIFO

OTkyna, nmocne CoKpalieH!s Ha 71, OTIpeeIuM

GM
12 R

3amMeTuB, 4TO R =g, rae g — yCKopeHue cBOOOIHOrO MafeHus y

— =
MOBEPXHOCTU 3eMJTH, TIepenuieM 3Ty GOopMyTy B BUIE

Vlz\/giRa

YTO COBIIAOACT C Bpra>KeHI/IeM JJIA HepBOfI KOCMI/ILIGCKOI\/'I CKOpOCTI/I
(cm. mpumep 1). IloacTaBuB YMCIOBBIE 3HAYEHUS BEJTMUUH U IIPOU3BENS
BBIYHCJICHUA, l'IO.]'IyLII/IM

v =7,9-10° m/c.

IIpumep 3. Onpenenuts BbIpakeHUe A MOTEHLMAIBHON 3HEPrUU
/] TpaBUTALIMOHHOTO B3aUMOJEICTBUS 3eMJIM U Tella Maccoil m, Haxo-
JSIIIEerocsl Ha PacCTOSTHUM # OT LIEHTpa 3eMIIU 3a NpefiesiaMu ee MOBepX-
Hoctu. [loctpouts rpaduk /1(r).

Pemenue. IloTeHunanpHas sHeprus B MoJie KOHCEPBATUBHBIX CHII
(rpaBUTALIMOHHBIE CHIIBI KOHCEPBATHBHBI) CBS3aHA C CHIIOHN CIIENYIOIIUM
COOTHOUIEHUEM:

F=-grad(Il)=- l'%]Jrja—HJrka—H ,

oy oz

78

HeroTroHa OyayT cripaBeiuBhI.

B sToM cnydae Ha Teno OynyT neHCTBOBATH TPH CHUIBL CHJIA TSIKE-
cru P, cuna ynpyrocta N u cuna uaepunu F (puc. 1.11, 6). Ilox nefict-
BHEM 3THX CHJI TEJIO B JJAHHOW HEHMHEPLMAJIbHOH CHCTEME OTCUETa I10-
KOUTCA. JTO 3HAYUT, YTO BMECTO YPaBHEHUN AHMHAMUKHU (3akOHOB Hbro-
TOHA) MOKHO BOCIIOJIB30BAThCS 3aKOHAMM cTaTWkd. Ecimm Teno mop
IEWCTBUEM CHCTEMBbl CXOISIIHMXCS CHJI MOKOUTCS, TO I€OMETPHUYECKast
CyMMa 3THX CHJI paBHa HyI0. B maHHOM ciydae 3TO NMpHBOAMT K pa-
BEHCTBY

P+N+F;=0.

CropoerupyeM Bce CHIIBI Ha OCb Z M HAIHIIEM COOTBETCTBYIOIIEE
PAaBEHCTBO JUISA MPOEKLMH 3THX CHJI (MHAEKC Z OMyCTUM):

N-P—-ma=0,

OTKy/1a CHJIa PEaKIUH OMOPHI

N=P+ma=m(g+a). (3)

U3 pasencts (1) u (3) cnenyer

G =m(g +a),

YTO COBMAJAET C pPE3YJbTATOM, MOJYYEHHBIM IPH PEIIeHUH B
MHEPLUAJIBbHON CUCTEME OTCUETA.

Hpumep 1.7. ITpu nagennn Tena ¢ OONBIIOH BBICOTHI €T0 CKOPOCTh
Vyer YCTAHOBHBLIEMCS ABIKeHUN pocturaer 80 m/c. Onpenenuts BpeMs
T, B TE€YEHHE KOTOPOro Ha4YMHAasi OT MOMEHTA Hadasa NajgeHust CKOpOCThb
CTAHOBUTCSI PaBHOH 1/ 2 vyer. Cuily COMPOTHBIIEHUS BO3AyXa NPUHSTH
IPOMOPLUUOHAIBHON CKOPOCTH TEJNA.
v

F Vi = Pemenne. Ha nanaromee teno neu-
; cTBYIOT Be cmubl (puc. 1.12, a) — cuna
%vﬁr-— TSOKECTU mg U CUJla COINPOTUBJICHUA
mg A BO31yXa I'c.
F=v "L_ : Cuna compoTuBIIeHHs BO3AyXa IO
g 5) YCHOBUAM 3371441 MPOTIOPLHOHANLHA
Puc. 1.12 CKOPOCTH Tella M NPOTHBOIOJIOXKHA €
IO HAIIPABJIEHUIO:
Fe=—kv, (1)

rrne k — ko3ppunreHT TpoNOPIMOHATIPHOCTH, 3aBUCAIINN OT Pa3MepoB,
(bOpMBI TENIa M OT CBOMCTB OKPYKAIOIIEH CPENIbl.
3anuineM ypaBHEHHUE IBIKEHHS Te€lla B COOTBETCTBUU CO BTOPBIM
3ak0oHOM HbIOTOHA B BEKTOPHOH (opme:
27



—
—

m—v:mg—FC.

dt

3amenus F¢ cornacHo (1), momyaum
dv

m—=mg—kv .
ar e

CrpoerupyeM Bce BEKTOPHBIE BEJTMUMHBI HA BEPTHKAJIBHO HAIpaB-
JICHHYIO OCh M HAIMIIEM ypaBHEeHHE (2) I MPOEKIUil:
m v =mg —kv.
dt
ITocne pazneneHus: mepeMeHHBIX MOJTYIHM
dv dt

mg—kv m
BbINONHUM MHTErPUPOBAHUE, YUUTHIBAS, YTO MPU U3MEHEHUH Bpe-

MEHHU OT HyJsA A0 T (MCKOMOE BpeMsi) CKOPOCTh BO3PACTAET OT HYJIsl 10
0,5vyer (puc. 1.12, 6):
0’?’" dv  rdri
© mg—kv m ’
Vyem
—n(mg k)| | =2
[NoncraBuM mpeaesnbl HHTErPUPOBAHMS B JICBYIO YaCcTh PABEHCTBA!
Ly, mg
k= mg—1/2kv
U OTIPEeNeNIUM U3 MOJYYEHHOTO BbIPAKEHHS HCKOMOE BPEMSI:
M "ms
k  mg-05kv,

Bxopsiimuii croga ko3 punreHT mponopHHOHANBHOCTH Ak Oompene-
JUM U3 CIEAYIOIUX coobpakeHui. Ilpu yCTaHOBUBIIEMCS BHXKEHHU
(ckopocTh MOCTOSIHHA) anreOpandeckas cymMMma NpOeKLui (Ha OChb )
CHJI, IEHCTBYIOIIMX Ha TEJO, paBHA HYJIO, T.€. mg — kvy, =0, OTKyna
k = mg / vyr. llogcraBuM HailinenHoe 3HaueHue k B popmyamy (3):

my mg

_ yem

T= In
mg —lmgv

T

G)

Ilocne cokpalueHuii U ynpoIEeHUH NOIy4UM
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IToxcraBuB B 31y opmyny 3HadeHHA g U R W, IPOU3BEIS BBIUMC-
JICHUA, l'IO.]'IyLII/IM
v, =11,2-10° m/c.

IIpumep 2. Pakera ycTaHOBJ€Ha Ha MOBEPXHOCTH 3€MJIU IS 3a-
IyCKa B BEPTHUKAJIbHOM HampasijieHUd. IIpyu xkakoll MUHUMAJIBHON CKO-
pOCTH Vv, COOOIIECHHON pakeTe MpH 3amycKe, OHa YOAINUTCS OT MOBEPX-
HOCTH Ha PacCTOSIHUE, paBHOE paauycy 3emm (R = 6,37-10° m)? Cuua-
MH, KpOM€ CHJIbl TPaBUTALMOHHOIO B3aUMOAEWUCTBUS PakeThbl U 3eMJly,
npeHeOpeys.

Pemenne. UtoOb! onpenenuTh MUHIMAJIBHYIO CKOPOCTD V| PaKeTBhl,
HY>KHO OIpEeAENUTh €€ MUHUMAJIbHYI0 KUHETHUECKYIO sHepruto 77. Jns
STOTO BOCIOJIb3YEMCSI 3aKOHOM COXPaHEHHs MEXaHM4eCKOW 3HEepruu.
OTOT 3aKOH BBINOJHSIETCA AN 3aMKHYTOM CHUCTEMBI Tell, B KOTOpOH
JEeNCTBYIOT TOJILKO KOHCEPBATUBHbBIE CUIIBL.

Cucremy pakera-3emiisi MOXKHO CUUTAThb 3aMKHYyTOH. EQmHCTBEH-
Has cuja, JEHCTBYIOLIAash Ha CUCTEMY, — 3TO CHJIa TPaBUTALMOHHOTO
B3aUMOJICHCTBHS, SIBJIAIOLIASACS KOHCEPBATUBHOM.

B kauectBe cuctembl OTCUeTa BBIOEPEM HHEPLHUAIBHYIO CHCTEMY
OTCUeTa, TaK KaK TOJbKO B TAKOM CHUCTeMe CIpaBeJINBbl 3aKOHbI THHA-
MHUKHU U, B YACTHOCTH, 3aKOHBI cOXpaHeHus. MI3BecTHO, 4TO cuctema oT-
cyeTa, CBsI3aHHAs C LEHTPOM MAacC 3aMKHYTOM CHCTEMBbI Tell, SBJAETCS
nHepuHuanpHOU. B paccMmaTpuBaeMoM ciiydae LEHTP Macc CUCTEMBI pa-
keTa-3emiisi OyneT MPakTHYECKH COBMANATh C LEHTPOM 3eMIIH, TaK Kak
macca M 3emin MHOTO O0JbLIIe Maccel 1 pakeTbl. ClenoBaTenbHO, CHC-
TeMy OTCYeTa, CBS3aHHYIO C LIEHTPOM 3€MJIH, MOXKHO CUMTATh MPaKTU-
yecku HHepuuaibHONW. COrjjacHO 3aKOHY COXpaHEHHs] MeXaHM4eCcKON
SHEpPruH, 3aIuiIeM

M1+H1 :M2+H2, (1)
rae 11 u [l; — xuHeTH4Yeckas U MOTeHLMAJIbHAsI SHEPTHsI CUCTEMBI pake-
Ta-3eMJisl B HAYaJIbHOM COCTOSIHUM (Ha MMOBEPXHOCTU 3eMIIN),

M, u 11, — Te ke BeTUYHMHBbI B KOHEUHOM COCTOSIHMH (Ha PaccTosi-
HUU, PABHOM PAANyCy 3eMIJIH).

B BbIOpaHHOH cuCTeMe OTCUeTa KMHETHYECKas SHEPrusi 3eMiiu

paBHa Hymo. [losTomy 77 ecTh mpoCTO HavdalbHAs KUHETUYECKasl HHEp-
2

my
I'sl PaKEThI: Tl = 21 . HOTGHLII/IaJ'IbHaﬂ SHEPrus CUCTEMBI B HAYaJIbHOM
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* [ToTeHumanpHas 3HEPrus PaCTAHYTOrO WA CKATOTO CTEPIKHS

2 2 E2
H:kx— 1GRIN | H:G—V 1GRIN | H:—SV,
2 2F 2

rae V — o0neMm Tena.

1.2.3.1 Ilpumeps! pemienus 3aaa4

IIpumep 1. OnpenenuTs BTOPYIO KOCMHUYECKYIO CKOPOCTb V, pake-
ThI, 3aMyLIEHHON C TIOBEPXHOCTH 3EMIJIH.

Ipumeyanue. Bropoit xocMmuueckoi (Wiu napaboHYecKoil) CKO-
POCTBIO V; Ha3bIBA€TCsl MUHMMAaJIbHAsi CKOPOCTb, KOTOPYIO HY)KHO CO-
oOmuTh Tey, 4TOOBI OHO YAAIMIOCH C MOBEPXHOCTH 3€MIIH B OECKO-
HEYHOCTD (ITPHU 5TOM COIPOTHBJIEHHE BO3yXa B pacueT He MPUHUMAET-
Csl U IpPENIoJiaraeTcs, YTo Ha TeJIO JEHCTBYET TOJIbKO I0JI€ TATOTEHUs
3emun).

Pemenmne. [Ipu ynanennu tena Maccoii m B OECKOHEYHOCTH €0 MO-
TEHLAJbHASI SHEPTHsI BO3PACTAET 3a CUET YOBUIM KHHETHYECKOH 3HEp-
' 1 B OECKOHEYHOCTH JOCTUTaeT MaKCHMAIIbHOTO 3HAYEHMs, PABHOTO
HyJto. CorjlacHO onpeaeNeHu0 BTOPO KOCMUYECKOW CKOPOCTH, KUHe-
TUYeCKasl 3Heprusl B OECKOHEUHOCTH TaKkke paBHa Hyn0. Takum obpa-
30M, B Oeckoneunoctu M, =0 u I1,=0. B coOTBETCTBUH ¢ 3aKOHOM
COXPaHEHHUsI DHEPTHUH B MEXAHUKE

2
m_gmM o
2 2

M+I=M,+1l, wm

raoe M — macca 3emiu.
Orcrona onpenenum

2GM
v, = R

[Ipeobpasyem 3Ty hopmysTy, YMHOKUB U pPa3AeIUB MOIKOPEHHOE
BbIpakeHue Ha K:

[2GM
v, = 7 R.

GM
Tak kax R =g, rle & — yCKOpeHHe CBOOOTHOrO MaieHus y To-

—=
BEPXHOCTH 3eMJIH, TO

v, =.J28R .
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T= Yoon 142 .
g
IIpoBepka pasMEepHOCTH B JaHHOM CiIydae He 00si3aTeNbHa, TaK KaKk
pesynbTar oueBuzneH. IlogcraBus B 3Ty GOpMyIy 3HAUEHUS Vyem, g, In2
Y MIPOU3BE/S BBIYMCIICHMUS, TOJYyIUM
T=15,66cC.

IIpumep 1.8. Ilap maccont m = 0,3 xr, ABUrasCb CO CKOPOCTBIO
v =10 m/c, ynpyro ynmapsiercsi 0 TJIaJKyl HEMOJIBHKHYIO CTEHKY TakK,
YTO CKOPOCTh €ro HampasieHa rnoa yriom o = 30° k Hopmanu. Omnpene-
JIUTh UMITYJIBC P, TTOJIy4aE€MBbIil CTEHKOM.

Pemenue. Crauana npoananusupyem ycioBue 3agaun. CTeHka He-
MOJBIDKHA, TIOITOMY CHCTEMa OTCUETa, CBsi3aHHas1 ¢ HeH, Oyner uHep-
LUAJIBHON. YAap O CTEHKY YIPYTUil, CI€AOBATEIbHO, MOKHO BOCHOJIb-
30BaTbCsA 3aKOHOM COXPAaHEHMsI MeXaHW4eCKon sHepruu. U3 Hero, yum-
TBIBAsI, YTO Macca CTEHKH MHOTO OOJIbIIE MAacChl Iapa, CIeayeT PaBeH-
CTBO MOJYyJIeH CKOpocTel 1mapa [v| 1o u |u| mocne yaapa.

_ ’_" VX
? < | %
vyL__3 \4

~

[Tokaxkem, 4TO yros o OTpaKEHHUsI
~. rapa OT CTEHKH paBeH YIJy O MafeHus
n Ja~ ;.. mapa. CrnpoernmpyeM BEKTOPBI V U ¥ Ha

d koopauHatHble ocu Ox u Oy (puc. 1.13).

. et 7 Tak Kak CTeHKa TJajaKas, TO U, =V,.
Uy - YuurteiBas, KpoMe TOro, 4TO |u|= |V,
] x}»' MOJYYUM Uy = —Vy, @ OTCIOia CledyeT
ri— Uy PaBEHCTBO YIJIOB MAICHUS] U OTPAXKEHUSI
| R
Puc. 1.13 (a' = a).

Jlnsa ompenesneHus] UMIYJbCa, MOJYYEHHOTO CTEHKOM, BOCHOJIB3Y-
€MCsl 3aKOHOM COXpaHeHMs uMIyjbca. st Haliero ciy4ast 3TOT 3aKOH
MOKHO 3aITUCaTh B BUJIE

D=pP+D,
rae p, U P, — IMIYJbCHI Iapa 10 U MOCie yaapa (] ]31‘ = ‘ D ]). Otcrona
HMITYJIbC, MIOJy4YE€HHBIN CTEHKOMH,

p= ﬁl - ﬁlr :
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7 U3 puc. 1.14 BugHO, 4TO BEKTOP P
COHAIpaBJieH ¢ OCbi0 OJX U €ro MOIYJIb
m a x P =|p| =2picos(0). IloncraBus croma
‘ BBIPAXKCHUE HUMIYJIbCA p1 = My, MOJy-
B Pr YUM
P p =2mv cos(a).

HpOI/ISBeHeM BBIYNCJICHUA:
Puc. 1.14 p=2-03-10-0,866= 5,20 krm/c.

IIpumep 1.9. Ha cnokoiiHo#t Boge npyna CTOUT JIOJKA AMUHON L u
Maccoil M TepreHANKyJsipHO Oepery, oOpaineHHass Kk Hemy HOcoMm. Ha
KOpMeE CTOMT 4eJIoBeK Maccoil m. Ha kakoe paccrosiHue s pUOIHU3UTCS
Jonka Kk Oepery, eclii 4ejoBeK mepeineT ¢ KopMbl Ha HOC oaku? Tpe-
HUEM O BOAY W BO3AYX MpeHeOpeub.

Pemenne. 1-it cnoco6. JIns mpocToThl pemeHus: OyaeM CUYHUTaTh,
YTO YEJIOBEK MIET IO JIOJKE C MOCTOSHHOW CKOpPOCThIO. Jloaka B 3TOM
ciyyae Takke Oyner nBuUrathesi paBHOMepHO. IlosTomy mepemerneHne
JIOJIKM OTHOCUTENBbHO Oepera onpenenum mo Gopmyie

s = vt (D)
rae v — CKOPOCTb JIOAKH OTHOCUTENBbHO Oepera; / — BpeMsl JBH)KEHHs
YeJIOBEeKa M JIOAKH.

Hanpaenenne nepemerneHus1 4eloBeKa MPUMEM 32 ITOJOXKHUTENb-
HOE.

CKOpOCTb V JIONKHM ONpPENeNUM, TONB3YSICh 3aKOHOM COXPaHEHHS
uMIyJbca (KOJINYeCcTBa ABMKEHNUS). Tak Kak, O YCIOBHIO 3a7a4H, CHC-
TeMa YeJIOBEK-JIOJIKa B HA4aJbHbIi MOMEHT OblJla OTHOCUTENIbHO Oepera
B MOKOE, TO MO 3aKOHY COXPAHEHUs] UMITyJbca moyaydum Mv —mu = 0,
r7e ¢ — CKOPOCThb YeJIOBeKa OTHOCHTENBHO Oepera; 3HaK MHHYC YKa3bl-
BaeT Ha TO, YTO CKOPOCTH YeJIOBEKA M JIOJKHU MO HATPABJICHHUIO MPOTHU-
BOMONOXKHBL. OTCcrona v =mu / M.

Bpewmst 1 nBUKEHHsI JIOOKU PAaBHO BPEMEHH MepeMeleH s YeIOBEeKa
no joake, 1.e. t=s1/u=(L—5)/u, rne s; — NepeMeIleHHE YeJIOBEKa
OTHOCHUTENILHO Oepera.

IToxcTaBuB MoOJTy4eHHBIE BRIpaskeHUs v U ¢ B popmyny (1), onpene-
JUM

mu L —s

§=

M u

=%<L—s>,

OTKyZa
30

rae 7g(y) — OTHOCHTEJBHBIN CIBUT;

As — aOCOJIIOTHBIN CIOBUT Tapajlieib-
HBIX CJIOEB T€JIa OTHOCHTEJIBHO IPYT Ipyra
(puc. 1.34);

h — paccTosiHuE MEXy- CIOSIMH;

A

Puc. 1.34 Y — YroJi CABUIa; /I MaJIbIX YIJIOB

As
fg(v)=v=7.

* HanpsixkeHne HopManbHOE
F
c=—,
S
rae /' — mpononbHas cuiia (IEPIeHIUKYIsIpHAs MOMEPEUYHOMY CEYSHHIO
Tena);
S — momank 3TOro CeYeHusI.
* HanpsixkeHue TaHreHIuanbHOe
F
T=—,
S
rae [ — nonepeyHasi cuja, IeHCTBYIOLIAs BIOJb CJIOS TEa,
S — moIanb 3TOro CJosl.
* 3akoH ['yka:
— IUTsl TPOAOJIBHOTO PACTSIKEHHS UJIH CIKATUS
I =—kx UK c=¢l,

rae kK — kKo3pPUIHEeHT ynpyrocty (B ciiydae Mpy>KUHbI — JKECTKOCTb);
£ — monyne FOHra.

— IJIsl CIBUTa
As = (};—g 1503051 T1=Gy,

rae G — MOAYJIb IOTIEPEYHON YIPYrocTy (MOAYJIb CABHTA).

* MOMEHT, 3aKpy4MBAIOLIUI HA YroJ ¢ OJHOPOAHBINA KPYIJIbIA
CTEPIKEHb,

M = Co,
rae C — mOCTOsIHHAST KPYYEeHMS.

* Pabota, coBepimaemas mpu nepopMaiiu Tena,

ka
7

A
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 IloreHuuan rpaBUTALIMOHHOIO MOJIS, CO3aBa€MOro IJIAHETOMH,
Maccy M KOTOpPOH MOXKHO CYHTATh paclpeneNeHHOH chepudecKku-

CUMMETPHYHO,
GM
o=——

r

I7le ¥ — PacCTOsIHUE OT LIEHTpa IJIaHEThl 10 MHTepecyrolell HaC TOUKU
MOJIsA, HAXOALIENCs BHE TJIAHETHI.

* 3akonnl Keruiepa.

1. TlnaHeTs! ABMIKYTCSI MO 3JUIMIICAM, B OJHOM H3 (POKYCOB KOTO-
prix Haxoautcs ConHie.

2. Papuyc-BeKTOp IUTaHETHI B PaBHbIE BPEMEHA OMMCHIBAET OJMHA-
KOBBI€ MJIOLIAIH.

3. KBagpartsl nepronoB oOparneHus JroObIX IBYX TUIAHET OTHOCST-
Cs1 KaK KyObI OOJIBIINX TIOJTyOCEH X OpOUT:

I _a

2 3
I, a
3akonbl Kernepa crnpaBenuBbl TakKe AJisi ABMKEHHUS CITYTHUKOB

BOKPYT IJIAHETHI.

%&424
» OtHOCcuTeNnbHAs AedopMalust Ipyu MPOAOCTHHOM pac-
TSOKEHUUW WU CKATHH TEa
e= 7 ,
r7ie € — OTHOCHUTEJIbHOE YIUTMHEHHE (CKaTHe);
. x — abconroTHOe yauuenue (puc. 1.33);
F = [ — HavanbHAs [UIMHA TeNa.
Puc. 1.33
OTtHocurenpHas nedopmanusi mpu CABHUre ompeaensercss u3 Gop-
MYJIBI

As
tg(y)=—
2(v) o
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s=mL [ (m+M).

3aMeTI/IM, 4TO NPEANOJIOKEHUEC O PABHOMEPHOCTHU ABHUXKCHUS YCIIO-
BeKa He sIBJIIeTCs 00s3aTeNbHbIM. B mipuBeieHHOM HIbke Oojiee oOmem
criocobe perieHust 3a1a41 TaKoe MPEATONI0KEeHUE HE UCIOIb3YeTCs.

2-ii cnocod. CoryacHO CIIEACTBUIO U3 3aKOHA COXPAHEHUS UMITYJIb-
Ca, BHYTPCHHUEC CHUJIbI CUCTEMBI TCJI HEC MOTYT HU3MCHUTDH IOJIOXKEHUC
LIEHTPA TSHKECTU CUCTEMBL. [IpUMeHsIst 3TO CIEICTBHE K CUCTEME Yelio-
BEK-JIOJIKA, MOKHO CUUTATh, YTO MPH MEPEMELICHUH YeJIOBEKa MO JIOAKE
LEHTP TSHKECTH CUCTEMbI HE M3MEHUT CBOErO TOJIOKEHHSI, T.€. OCTaHET-
Csl Ha MPEKHEeM PacCTOSIHUH OT Oepera.

HYCTB LHEHTP TAXKCCTHU CUCTEMbBI YCJIOBCK — JIOAKA HAXOOUTCHA Ha
BEPTUKAJIN, npoxonﬂmeﬁ B HAa4YaJIbHBIII MOMEHT HEpE3 TOUKY Cl JJOOKHN
(puc. 1.15), a mocne nepeMereHust JJOAKH — uepe3 APYryro ee Touky Cy.
Tak kak 3Ta BepTHKaJIb HEMOABHKHA OTHOCHTENILHO Oepera, TO HCKOMOe
nepeMereHre s JIOAKH OTHOCHTENBbHO Oepera paBHO MepeMEIlEHHIO
JIOAKH OTHOCUTEJBHO BEPTHUKAIU. A 3TO MOCJEHEE JITKO OMPEenenTh
0 MepeMeLIeHHIO LeHTpa TsukecTH O JIOIKH.

Kak BUHO u3
puc. 1.15, B Ha-
YaJabHBIII ~ MOMEHT
Touka () HAXOOUTCA
CJeBa OT BEPTUKAJIH
Ha PAacCTOSIHUU a1,
rocJjie mepexoaa ve-
JIOBEKa — Ha pac-
CTOSIHUM @, CIIpaBa
\: or Hee. Crnegopa-
= — - TEJILHO, HCKOMOE€
&\ T nepeMenieHue Joa-
Kus=a;+a. (2)

&\\-—_

Puc. 1.15

JList onpeneneHus d; U d; BOCIIONB3YEeMCS TEM, YTO OTHOCHTEJIBHO
LEHTPa TSKECTH CUCTEMBbI MOMEHTBI CHJI TSXKECTU JIOJKU U YeJIOBEKa
noJikHBI ObITh paBHbL. [ Touku C; umeem Mga, = mg(l — a;), tne [ —
MEPBOHAYAILHOE PACCTOSHUE YEJIOBEKA OT IeHTpa TsukecTH Jioaku. OT-
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crona nonyuuM a; = ml / (M + m). Ins rouku C, umeem Mga, = mg(L —
ap — 1), orkyna a; = m(L —I) / (M + m).

[ToxcTaBuB BRIpaKEHUsS d] U ¢, B GopMydy (2), MOTyInM

s=mL | (M+m),
9TO COBIIQAAET C PE3YIbTATOM, MOJYUEHHBIM IIEPBBIM CIIOCOOOM.

Hpumep 1.10. [IBa mapa maccamu m; = 2,5 kr u my = 1,5 Kr 1BuU-
JKYTCSl HABCTpEUy APYr APYry €O CKOPOCTAMHU Vi =6 M/c U v, =2 M/C.
Omnpenenutb: 1) CKOpOCTh # INAapOB TOCJTE yAapa, 2) KHHETHYECKHE
sHepruu mapoB 77 1o yaapa u M, mocne yaapa; 3) IO KHHETHYeCKON
SHEPruu o LIApOB, NPEBpATHUBIIENHCS BO BHYTPEHHIOK SHEPruto. Yaap
CUUTATh MPSIMBIM, HEYIIPYTUM.

Pemenue. 1. Heynpyrue mapsl He BOCCTaHABJIMBAIOT MOCJE yaapa
cBOel mepBoHaYaNbHON (GopMbl. ClienoBaTeIbHO, He BO3HUKAIOT CHUIIBI,
OTTAJKMBAIOIINE IaApbl APYr OT Ipyra, W MIapel mocie yaapa OyayT
JIBUTATHCSI COBMECTHO C OAHOM M TOM K€ CKOPOCThIO . Ompenenum 3Ty
CKOPOCTB IO 3aKOHY COXPAaHEHHMsI UMIyJbca. Tak Kak Iapel IBHXKYTCS
MO OJHOM MPSMOH, TO 3TOT 3aKOH MOKHO 3aIMHUCaTh B CKAJSIpHOH opme:

mivy .« mavy = (my + mo)u,
OTKyZa

u = (mvy +myvy) / (my +my).

Hamnpasienue ckopocTu mepBOro Iiapa MPUMEM 32 MOJIOXKHUTENb-
HYIO, TOI/1a IIPYU BBIYHMCIEHUHU CKOPOCTb BTOPOrO LIapa, KOTOPBIA ABU-
JKETCsI HABCTPEUy IEPBOMY, CIEAYET B3AThb CO 3HAKOM MHHYC!

u=02,5-6-15-2)/(2,5+1,5)=3wm/.

2. Kunernueckue 3HEprum mapos A0 U MOCJE yAapa ONpEeAeIuM o
bopmynam

Ty = (my vi* ] 2) + (mp? ] 2);

M2 = (m1 + mz) u2 /2.

[Ipoussens BIMHCICHHS MO STHM (HOPMYyIIaM, OJYIUM

Ty=(2,5-62/2+1,5-2%/2)=48 JIx;

T,=(2,5+1,5)3" =18 JIx.

3. CpaBHEHHE KMHETUYECKHX JHEPTHH IIAPOB O U MOCJE yaapa
MOKA3bIBAET, YTO B PE3yJIbTAaTe HEYNPYroro yaapa IIapoB MPOU3OLLIO
YMEHBIICHUE UX KUHETUYECKOH OHEPruy, 3a CHUECT 4Y€ro yBEJINYUIIAChE UX
BHYTPEHHsIs1 SHeprus. O KWHETUYECKOW 3HEpPruu IIapoB, MOLIEN-
i€l Ha YBEJIWYEHUE UX BHYTPEHHEH SHEPIruH, ONPENEeIUuM U3 COOTHO-
MICHUA

32

LOCHTPaMH Macce 1Iapos.
* HaHpSDKeHHOCTb FpaBI/ITaL[I/IOHHOFO T1I0JI51
F
g=—>
m
rae F — cuna TATOTEeHUs], AEHCTBYIONIast Ha MaTePHajbHYI TOYKY Mac-
ChbI /1, IOMELIEHHYIO B HEKOTOPYIO TOUKY OIS,
* HaHpﬂ)KeHHOCTb rpaBUTAHUOHHOIO IIOJIA, CO3AaBACMOro ILIaHC-

TOH, Maccy M KOTOpPOH MOXKHO CUHTATh pachpeneseHHOH chepruecku-

CUMMCTPHUYHO,
GM
g =
7'2 ’

raec r — paCCTOﬂHI/Ie oT LIeHTpa TIJIAHETHBI 00 I/IHTepeCYI-OH_Ieﬁ HaC TOYKHU
I10JI4, HaXOI[ﬂLLIefICﬂ BHEC IIJIAHCTHI.

* VckopeHue CBOOOTHOTO TAACHUS HAa BBICOTE /2 HaJ MOBEPXHO-
CTBIO 3eMIIH

g

e
)
R

rae R — paguyc 3emiy;
£ — YCKOpeHUe CBOOOIHOTO MaJASHHs Ha MOBEPXHOCTH 3€MITH.
Ecnu h<<R, 10

2h
g5 &

 IloreHuumanbHas SHEPrHs T'PABUTALMOHHOTO B3aUMOJCHCTBHSA
ABYX MAaTepHAaJbHBIX TOYEK MaccaMu m1; U m (LIapoB C Maccoi, pac-
HpeneNeHHONH chepuyecKr CHMMETPUYHO), HAXOJSLINXCSA HA PaccTos-
HHU 7 IPYT OT Jpyra,

- Gmym,

8n =

r
[MoTenumanbHas 5Heprusi OECKOHEYHO YOAJEHHBIX APYT OT APyra
MaTepHaIbHBIX TOUEK MPHUHSITA PABHON HYJIIO.
* [ToTenuman rpaBUTALIMOHHOTO TOJIA
11
¢=—,
m
rae /1 — noTeHuManbHas SHePrus MaTepUalbHOW TOUKM Maccoul m, mo-

MEILEHHOHN B JAHHYIO TOUKY MOJISL.
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00IHO BpamaThCsl BOKPYT FOPU3OHTAIBHON OCH z, MPOXOIsIed depes3
Touky O Ha crepkHe. CTepiKeHb OTKJIOHUJIM OT MOJIOKEHUST PABHOBECHS
Ha yron o u ornyctwid (cMm. puc. 1.31). OmnpenenuTs yrioByr CKO-
POCTBb ® CTEPXKHS U JIMHEHHYIO CKOPOCTh V TOUKH B Ha CTEP)KHE B MO-
MEHT MPOXOXKIEHHSI UM TIOJIOXKEHUsI PaBHOBeCHsl. BrIYrcneHns BBINON-
HUTb JUIS CIIEAYIOIIHX CIY4aeB:

l.a=0,b=1/2,a==n/3;

2.a=1/3,b=21/3, 0=7/2;

3.a=1/4,b=10=2n/3.

3.55. Kapanmam pnuHO# /= 15 ¢M, MOCTaBJICHHBIH BEPTHUKAIBHO,
nanaer Ha croi. Kakyro yrioByro ® W JIMHEHHYIO V CKOpocTH Oyner
UMETh B KOHIIE mafeHus: 1) cepenuHa kapanaama? 2) BEpXHUN €ro KO-
Her1? C4MTaTh, YTO TPEHHE HACTOJIbKO BEJHKO, YTO HHW)KHUH KOHEI] Ka-
paHzama He MPOCKaIb3bIBAET.

3.56. OmHoponublii muck pamuycoM K =20 cM MoxeT cBOOOIHO
BpaLaThCsl BOKPYT TOPU3OHTAIBHON OCH z, MEPIEHAMKYJSIPHON TLIOC-
KOCTH JUCKa M mpoxopsmei depe3 Touky O (cMm. puc. 1.32). Ompene-
JUTH YTIIOBYIO ® W JIMHEHHYIO V CKOPOCTH TOYKH 5 Ha TUCKE B MOMEHT
NPOXOXKIACHUS UM TIOJIOXKEHHsI PAaBHOBECHs. BBIYMCIIEHUS BBIIOJIHHUTD
IUISL CIIEAYIOIINX CIY4aeB:

l.a=b=R a=n/2

2.a=R/2,b=0,a==n/3;

3.a=2R/3,b=2R/3,0=5n/6;

4. a=R/3,b=R,a=2n/3.

1.2.3 Cujibl B MexaHHKe
OcHoBHbIe GpopMyJibl
* 3aKOH BCEMUPHOTO TSTOTEHUS
Gmm,
o

rre I*' — cuia B3aMMHOTO MIPUTSDKEHUS ABYX MaT€pUANIbHBIX TOUEK;

my U M, — UX Macchl;

¥ — pacCTOsIHUE MEXKAY TOUKaMU;

(G — TpPaBUTALIMOHHAS TIOCTOSIHHASI.

B namucanHOH (opMe 3aKOH BCEMHPHOTO TSATOTEHUS MOKHO TMPH-
MEHATh U K B3aMMOJEICTBHUIO IIApOB, Macca KOTOPBIX paclpejaesieHa
cepuuecKku-CHMMETPUYHO. B 3TOM cityuae # €CThb PacCTOSHHUE MEXAY
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I =

w=(I1-T5)/ Ty = (48— 18) / 48 = 0,62.

IIpumep 1.11. Ilap maccoit m1;, OABHXKYIMUNHCA TOPU3OHTAIBHO C
HEKOTOPOU CKOPOCTBIO Vi, CTOJIKHYJICS C HEMOABWXKHBIM IIAPOM MacCoi
my. aper abconmoTHO ynpyrue, yaap npsmoii. Kakyro momo cBoeit ku-
HETUYECKON SHEpruu NMepBbli L1ap nepenail BTOpoMy?

Pemenue. Jlona sHepruy, nepesaHHoON MEPBBIM IIAPOM BTOPOMY,

BpraSI/ITCﬂ COOTHOIICHUEM
2
’ 2

Tl n/llvl2 ml V2
rae /1 — KUHEeTHYeCcKasi HePTrus MePBOTro 11apa 10 yaapa;

u; m 1" — CKOPOCTb U KUHETHYECKasi SHEPTHsI BTOPOTO IIapa Mmocje
ynaapa.

Jlns onpenenenust ¢ HEOOXOIUMO OTMPENENUTD ;. Bocmonb3yeMcst
TEM, YTO NpH yaape aOCOJIOTHO YIPYTHUX TEN OXHOBPEMEHHO BBITOJI-
HAIOTCH ABa 3aKOHA COXPAHCHUA. UMITYJIbCa U MeEXaHUYEeCKOM SHEPIruu.

Ilo 3ax0oHY COXpaHEHUs UMITYJIbCA, YUUTBIBAs, YTO BTOPOU IIap AO
yZapa IOKOUJICS, UMEeeM

my, =mit, +my, .

ITo 3akOHY COXpaHEHHUs SHEPTUHU B MEXAHHUKE, UMEEM

2 2 2
mlvl — mlul +mlu2

2 2 2
Pemas coBMeCTHO Ba MOCJIEIHUX YPABHEHHUS], ONTPENCITIUM
2mv,
Uy =———.
m, +m,
IToacraBuB 3TO BhIpaKEHUE U, B IEPBOE PABEHCTBO, MOJYYUM
2
_m, 2mv, _ 4mm,
n=— = >
my | v(m, +m,) (m, +m,)

H3 3TOr0 COOTHOLIEHUSI BUHO, UYTO AOJIA NMEPEIAHHON SHEPrUu 3a-
BUCHUT TOJIBKO OT MAacC CTAJKUBAIOLIUXCA MapoB. Jlons nepenaBaeMoii
SHEPrUU HE U3MEHUTCS, €CJTU IIapbl IOMEHSIOTCS MECTaMHU.

IIpumep 1.12. Monot maccoit m; =200 kr magaeT Ha MOKOBKY,
Macca KOTOpOM BMecTe C HakoBajibHel paBHa my = 2500 kr. CkopocThb
V] MOJIOTa B MOMEHT yzaapa paBHa 2 m/c. Ompenenuth: 1) KuHeTHYe-
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CKYIO 3Heprur0 77 MOJIOTa B MOMEHT ynapa; 2) sHepruro M,, nepenan-
HyI0 (yHIamenry; 3) sHepruro M, 3arpadyeHHyr Ha aedopmanuio mo-
KOBKH; 4) k03¢ dunment nonesnoro neiicreus 1 (KI1/I) ynapa mosoTa o
MOKOBKY. ¥Yap MOJIOTa O IOKOBKY paccMaTpHUBaTh Kak HEYNpPYruil.

Pemenne. 1. Kunernueckyro sHEprur0 MoJOTa B MOMEHT yAapa
onpenenum o popmyne 7' = myvi® /2. TIONCTAaBUB 3HAYEHUS M1y U V] U
MPOM3BEAS BBIUNCIICHUS, TTOJTYIHM

71 =400 Jx.

2. UroObl onpenenuTb SHEPTHIO, IEpeNaHHy0 (yHIaMEHTy, Mpen-
BAPUTENIBHO OMpPENeUM CKOPOCTb CHCTEMBI MOJIOT-TIOKOBKA (C HaKo-
BaJIbHEl) HEMOCPEACTBEHHO Toche yaapa. st 5Toro npuMeHuM 3aKOH
COXPaHEHHUs1 UMITyJIbCa, KOTOPBIN B Cllydae HEYNpPYyroro yaapa AByX Tel
BbIpakaercsi popmyoi

mvy + mpvy = (my + my) u, (D)
r7e v, — CKOPOCTh NMOKOBKH (BMECTE C HAKOBAJIbHEH) MEpes yaapoM; u —
CKOpPOCTh MOJIOTa U TIOKOBKHU (BMECTE C HAKOBAJbHEH) HEMOCPEICTBEH-
HO nociie yaapa. Tak kak MOKOBKa C HAKOBaJIbHEH 710 yiapa Haxoaujach
B COCTOSIHUM TOKOs, TO v, = 0. Ilpu Heynpyrom ynape nedopmarusi He
BOCCTAHABJIMBAETCSI, BCJICACTBHE YEr0 MOJIOT M TOKOBKA (C HAKOBaJb-
Hell) IBMXKYTCSA KaK OJHO LIeJIoe, T.€. C OAMHAKOBOH CKOPOCTHIO . M3
dbopmyusl (1) onpenenanm 3Ty CKOPOCTh:

vy 2)

B pesynbrare conpoTuBieHUs PyHAAMEHTa CKOPOCTh ¢ OBICTPO Ta-
CUTCS, & KMHETHYECKasl SHEPrusi, KOTOPO objamaer CUCTeMa MOJIOT-
MOKOBKA (C HAKOBaJIbHEW), mepenaercs GyHIaMeHTy. DTy 3HEPTHIO OIl-
penenum o GpopmyJie

1

u=—-7=1r—
m, +m,

m, +m
— 1 2 4,2
I, =——=u.
2
3aMeHUM CKOPOCTD U €€ BhIpakeHueM (2):
2.2
__mn
2 2
2(m, +m,)
2
WIH, YYUTBIBAS], 4TO 11 =mv,” / 2, 3amuiiem
m
r,=—"" 1. 3)
m, +m,

IMoncrasuB B ypaBHEeHME (3) 3HAUYCHHS M1y, My U 11 U TPOU3BEs
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R =30 cm Haxonutcss B coctostHuu mokosi. Kakyro paboty A; Hy»KHO
COBEpPIINTH, 4TOGHI COOOIMUTH MaxoBHKy udactoty #2= 10 ¢ '? Kakyro
padoty A, mpumioch Obl COBEPIINTD, €CIIH OBl IPHU TOH XKe Macce TUCK
UMeJl MEHBLIYIO TOJIIUHY, HO BABOE OONbIIHi paanyc?

3.45. Kunernuueckas sHeprus M Bpalnarolierocst MaxoBuka paBHa
1 x/Ix. Ilon nelicTBeM MOCTOSIHHOTO TOPMO3SIIEr0O MOMEHTAa MaXOBUK
HauaJl BPaIlaTbCsl paBHO3aMEUIEHHO H, caenaB N = 80 o60poToB, ocTa-
HoBuIICA. OnpenenuTb MOMEHT M CUJIbl TOPMOKEHHSI.

3.46. MaxoBuk, MOMEHT uHepuuu ./ koToporo paseH 40 Kr-M’, Ha-
4aJ BPalllaTbCsl PABHOYCKOPEHHO M3 COCTOSIHUS MOKOS MOA AEUCTBUEM
MomeHTa cuibl A =20 H'M. Bpamenune mnpoaofkanock B TeUeHUE
t =10 c. Onpenenutb KHHETUYECKYIO SHEPTUIO M, IPUOOpETeHHYI0 Ma-
XOBHUKOM.

3.47. Ilyns maccoit m=10r jerur co ckopoctbio v = 800 m/c,
BpaIlasiCh OKOJIO MPOAOJIBHON OcH ¢ yacTtoTol 1 = 3000 ¢’ ITpunumas
NYJII0 32 LWIMHAPUK TUaMETPOM d = 8 MM, ONPENEINTDb MOJHYIO KHHE-
TUYECKYIO 3Hepruro M nynu.

3.48. CrutomHON TMIMHIAP Maccoil m = 4 Kr KaTUTCs 0e3 CKOJIbXKe-
HUs 110 TOPU30HTAJIBHON MOBEPXHOCTHU. JIMHENHAst CKOPOCTh V OCU LIU-
nuHAgpa pasHa 1 m/c. OnpenenuTh NMOJHYI KHHETHYECKYIO SHepruro 1
LUAJTUHAPA.

3.49. OOpydY U CIUTOUTHOW MIJIMHAP, UMEIOLITHUE OJUHAKOBYIO MacCy
m = 2 xr, KaTsTcs 6€3 CKOJNBKEHUS ¢ OMHAKOBON CKOPOCTBIO Vv = 5 M/C.
Onpenenutb kKMHeTUUECKUE 3Hepruu M u M, aTux Ten.

3.50. Ilap kartutcs Oe3 CKOJIbXKEHUS MO TOPU3OHTANBHON MOBEPX-
Hoctu. [lonHas kuHeTndeckas sueprusi M mapa pasna 14 Jx. Onpene-
JIUTb KMHETUYECKYIO 3HEpPrui0 /7 MOCTyNaTeIbHOro U /7 BpalaTeslbHO-
ro ABM)KEHMUs L1apa.

3.51. Onpenenuts JUHEHHYIO CKOPOCTD V LICHTPA LIapa, CKaTUBIIIE-
rocst 0e3 CKOJIbXKEHUsI C HAKJIOHHON TIOCKOCTH BBICOTOH /=1 M.

3.52. Cxonbko BpeMeHH f OyneT CKaThIBaThCsl O€3 CKOJBKEHUs 00-
Py4 € HAKJIOHHOH TNIOCKOCTH JUTMHOHN / = 2 M 1 BeICOTOH /7 = 10 cMm?

3.53. ToHkwmii IpsAMON CTepKeHb IIHHOHN / = 1 M IpUKpeIIeH K ro-
PU30OHTAJIBHOIN OCH, Mpoxofsiiei depe3 ero koHeu. CTep:keHb OTKIIO-
HWIM Ha yroia ¢ = 60° oT nosnoxkeHust paBHOBecUs U oTmycTuiu. Omnpe-
JEeNNUTh JTUHENHYI0 CKOPOCTb ¥ HUJKHETO KOHIIA CTEP)KHSI B MOMEHT IpO-
XOKJICHHsI Yepe3 MOJIOKEHHE PABHOBECHSI.

3.54. OnHOpPOAHBIN TOHKHIA CTep:KeHb JUIMHOHN /= 1 M MOKeT CBO-
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CTEepKeHb, PACIOJOXKEHHbIH BEPTUKAJIBHO BJOJb OCH BpAlleHMs CKa-
Mmeiiku. CTep:keHb CIIy:KUT OCBK BPAILLEHUs] KOJIECAa, PACIIONIOKEHHOIO
Ha BepxHeM KOHIle cTepkHsA. Ckambsl HEMOJBUXHA, KOJECO BPallaeTcs
¢ uacrotoii n=10c¢"'. Pagmyc R xomeca pasen 20 cM, ero macca
m = 3 xr. OnpeaenuTs 4acTOTY BpallleHUs /7, CKaMbH, €CJIU YeJIOBEK I0-
BEpHET cTep>keHb Ha yrou 180°7 CymmapHblii MOMEHT UHepLuu J ueno-
BEKa U CKaMbH PaBeH 6 KT M. Maccy koneca MOXHO CUHTaTh PaBHO-
MEpHO paclpeeNeHHoN no oboxy.

PaGota u 3Heprus

3.38. Ilapuk maccoit m = 100 r, npuBsI3aHHBIA K KOHLY HUTH JJIU-
HOM /; =1 M, Bpammaercsi, ONMpasicb Ha FOPU3OHTAIBHYIO IUIOCKOCTD, C
gacroroit 7, =1 ¢ . Hurs YKOPAauuBaeTCA U INAPUK MPUOIMIKAETCS K
ocu BpameHusi 10 paccrostaus /, = 0,5 M. C xakol 4actoToit ny Oyner
npu 3TOM Bpamarbes mapuk? Kakyro paboTy A coBepIINT BHEIIHSS CH-
7a, ykopaunsasi HUTh? TpeHneM mapuka o MiIoCKOCTb peHeOpeyb.

3.39. MaxoBHK Bpalaercs Mo 3aKOHy, BBIPAXKaeMOMY YPaBHEHUEM
©=2+32f- 47 Onpenenutb CPEOHIO MOIIHOCTH <N>>, pa3BuBae-
MYIO CHUJIAMH, AEUCTBYIOIIMMHU Ha MaxXOBHK IIPU €ro BPAllleHUH, OO OC-
TAHOBKM, €CJIU €ro MOMeHT uHepuuu JJ = 100 KO M.

3.40. MaxoBHK BpaIlaeTcs Mo 3aKOHY, BBIPAXKAEMOMY YPaBHEHUEM
@ =2+ 161 — 2. MomenT nnepuun J MaxoBuka pases 50 kr-m”. Ompe-
JENUTh 3aKOHBI, MO KOTOPbIM MEHSIOTCS Bpallaroluii MOMeHT M u
MOIIHOCTb V. UeMy paBHa MOIIIHOCTb B MOMEHT BpeMeHH 7 = 3 ¢?

3.41. Skopp onekTpoaBUraTeNs  BpallaeTcs € 4acTOTOH
n=1500 muH . Onpenenuts BpallaroIMi MOMEHT M, eciiu MOTOp pas-
BHUBaeT MoIHOCTh N = 500 Br.

3.42. Co wkuBa nuamerpoMm d = 0,48 M 4yepe3 peMeHb IepenaeTcs
momHocTh N =9 kBt. lllkuB Bpamaercs ¢ uactotor n = 240 MUH .
Cuna HatspkeHus: 1) BeAyluel BETBM PEMHs B ABa pa3a OOJbIIe CHIIBI
HaTsokeHust M, BenoMoil BeTBu. OmnpenenuTh CHIIbI HATSDKEHHsT 00enx
BETBEH PEMHSI.

3.43. [Insa onpeneseHUs MOIIHOCTU JBUraTeNsl HA €ro LIKWUB Jua-
meTpoM d = 20 cM HakMHYJIH JIeHTy. K OHOMY KOHITy JIEHThI IPUKpPETI-
JIEH IUHAMOMETp, K APyromy moaBecusiu rpy3 Becom FP. Ompenenutsb
MOIIHOCTh N ABUTATENs], €CIM OH BPALIAETCs C 4acTOoTou n = 24 cfl,
Macca m rpy3a paBHa | kr u nokasanue nuHamomerpa =24 H.

3.44. MaxoBuk B BHAE OuCKa Maccod m =80 Kr M paanycoMm
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BBIYUCIICHUS, oJyduM M, = 29,6 JIxk.

3. Monort no yaapa obnanan sueprueii 11; M, — sHeprusi, nepenaH-
Hast pyHaamenTy. CrenoBaTeNbHO, Ha JeOopManmio MOKOBKH PacXo0-
BaJlaCh dHEPTHUs

1'=T1—M,=400-29,6 =370 JIx.

4. HazHaueHue MOJIOTa — IyTEM yAApOB O MOKOBKY, HAXOIALIYIOCS
Ha HAaKOBaJibHE, BbI3BaTh Aedopmaumio mokoBku. CreaoBaTENbHO,
sHepruto M cnenyer cuurath nosnesHoi. KIIJI ynapa mosoTra o mokoBKy
paBeH OTHOLICHUIO >Hepruu M, 3aTpadeHHON Ha neopManuo MOKOB-
KU, KO BCell 3aTpaueHHON sHepruu 11:

T]:T/Tl, I/IJ'II/IT]:(Tl—Tz)/Tl.

IToxcraBuB B mocneanee BeipakeHue M, o dopmyie (3), monydnm

N =my/ (m +my).

IToncraBus 3HaUeHUs M1 U My, oaydum 1 = 0,926 = 92,6 %.

Hpumep 1.13. boek (ymapHas 4acTh) CBaHHOTO MOJIOTAa MacCOH
m; =500 kr mamaer Ha cBaro Maccoi mp = 100 K©' CO CKOpPOCTBIO
vi =4 M/c. Onpenenuts. 1) kuHETUYECKYIO SHepruro 77 Ooiika B MO-
MEHT ypapa, 2) SHepruro 7, 3aTpayeHHYIO Ha yriayOJeHue cBau B
IPYHT, 3) KMHETHYECKYIO HEPTHI0 M, mepemeanyo BO BHYTPEHHIOK
sHepruto cuctemsr; 4) KITJI n ynapa Gotika o cBaro. Yuap Oolika 0 cBaro
paccMaTpuBaTh KaK HEYNPYTHi.

Pemenne. 1. Kunerndeckyro sHepruro OOiika B MOMEHT yaapa o
cBato onpenenum 1o hopmyie 71 = mv,> / 2. TTofcTaBUB 3HAUEHHS M1y,
U V] U, TPOU3BENS BBIUUCICHUS, TIOJyUYUM

T = (500 - 4%) / 2 = 4000 JTx = 4 kJ[x.

2. YrtoObl OmpeneNnuTh SHEPTHI0, 3aTPAueHHYI Ha yriayOleHue
CBaW, MPEIBAPUTEIBHO ONPENEINM CKOPOCTb CUCTEMBI OOEK-CBast HETIO-
CPEICTBEHHO mocie yaapa. g 3TOro NpUMEHMM 3aKOH COXpaHEHUs
UMIYJIbCA, KOTOPBIA B Cyuae HEyHpyroro yaapa Belpakaercs Gopmy-
hi(0)74

mvy + mavy = (nn + nn) u, (1)
r7e V; — CKOPOCTh CBau Mepes yaapoM, # — CKOPOCTh OOWKa U CBau He-
nocpeACTBeHHO mociie yaapa. Ceas mepen ynapoM HaxoAuiach B CO-
CTOSIHUM TIOKOSI, mo3ToMy Vv, = 0. Tak kak ymap Heynpyruii, To 60ex u
cBas IMOCJe yJapa JABUXKYTCSA KaK OJTHO LIeJIoe, T.€. C OAMHAKOBON CKOpPO-
ctoro #. U3 popmyinsl (1) onpenenum 3Ty CKOPOCTh:
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U= V. (2)
B pesynbTrare conpoTHBIIEHHs IPYHTa CKOPOCTh OOMKa U CBau TO-

ciie yaapa ObICTPO TaCHTCsl, a KHHETHYEeCKasi YHePrusi, KOTOpoi obnana-

eT cucremMa DOeK-CBasi, 3aTPAYMBACTCS HA YIJIyOJieHHEe CBau B IPYHT.
DTy 3HEPTHIO ONPeneuM 1o GopmyJie

m, +m,

m, +m
T2 1 2 u2
2
3aMeHUM CKOPOCTD U €€ BhIpakeHueM (2):
2.2
__mn
2 2
2(m, +m,)
VM, YUUTHIBAsL, uTo 1) = nv,> / 2, 3ammiem
m
r,=—"" 1. 3)
m, +m,

IToncrasus B popmyny (3) 3HaueHus mi, m, u 11 U, IPOU3BES BbI-
YHUCICHHS, TIOTYIUM

M, =1[500 /(500 + 100)] - 4-10° = 3,33-10° JIx = 3,33 xJx.

3. boek o ynapa obianan sueprueii 71; 1, — sHepTUs, 3aTpavyeHHast
Ha yriayOneHue csau B rpyHT. ClenoBaTenbHO, BO BHYTPEHHIOK SHEp-
THIO, CBSI3aHHYIO C HEYNpPYyToi nedopMariiei cBau, NpeBpaTHIach SHEP-
THsl

I'=1T -M,.

IloncraBuB B 3TO BhIpakeHUE 3Ha4UeHUsA /1 U 17, onipeaenum

M=0,67 xJIx.

4. CBaifHBIIl MOJIOT CIYXXHUT Uil 3a0MBKU cBau B rpyHT. Crienosa-
TEJNBHO, SHepruto M, cnenyer cuurarh nosesHon. KI1J] ymnapa Goiika o
CBAI0 BBIPA3UTCS KaK OTHOLIEHHE HEPTUH My, 3aTpaueHHON Ha yriyO-
JIeHUe CBau B IPYHT, KO BCel 3aTpaueHHOM sHepruu 17:

n= T 2 /T 1.

[ToncraBuB B nocnennee BulpakeHue 7z o dopmye (3), monydnm

n=my/ (m +m).

[ToxcTaBuM 3HaUEHUS #11] U M1, U TIPOU3BEEM BBIUHCIICHHUS:

n=0,833 =83,3 %.
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3.32. MaxoBuK, UMEOUIMNA BUJ AUCKA Paauy-
coM R=40cm u maccorr m; =48 kr, MOXKET Bpa-
IaTbCsl BOKPYr ropusoHrtaipHOn ocu. K ero mwm-
JUHAPUYECKON MOBEPXHOCTH NPUKPEIIEH KOHeLl
HEpaCTsDKUMON HUTH, K JIPYrOMy KOHLy KOTOPOM
nojaBelmeH Tpy3 maccoir my =02 xr (puc. 1.36).
I'py3 ObLT IPUIIOAHAT U 3aT€M OMyILIEH. YTaB CBO-
00IHO C BBICOTHI 1 =2 M, Ipy3 HaTsAHYJ HUTH U Ona-
rojapsi 5ToMy NpHUBEJ MaxOBHUK BO BpaueHue. Ka-
KYIO YIJIOBYIO CKOPOCTb () TPy3 COOOIIMII IIPH 3TOM
MaxOBHUKY?

3.33. Ha kparo ropusoHTajgpHOH miardopmsl, umeromed ¢opmy
aucka panuycoMm R =2 M, cTouT 4enoBek maccoit m; = 80 xr. Macca m;
ruiatopmel paBHa 240 kr. IlnaTtdopma MokeT BpamaTbCst BOKPYT BeEp-
TUKAJIbHON OCH, MPOXOJsiiiei uepe3 ee neHtp. [lpeneOperas TpeHuewm,
OTIPENIEINTDb, C KAaKOH YIJIOBOW CKOPOCTBIO ® OyneT BpallaTbCs IJiaT-
dopma, ecnu uejoBek OymeT HMATH BIOJb €€ Kpas CO CKOPOCTHIO
v =2 M/C OTHOCHUTEJIBHO TIAT(POPMBL

3.34. IInardopma, umeromas GopmMy OMCKA, MOMKET BPAIIATHCS
OKOJIO BepTHUKaIbHOH ocu. Ha kpato miaatdopMbl CTOUT 4eJIOBEK MacCOn
my =60 kr. Ha kxako#l yrona ¢ moeepHeTcsl Tuiaropma, eCiu 4YeIOBEeK
noHaeT BAOJb Kpas ruiaThopMbl B, 000 €€, BEPHETCS] B UCXOAHYIO
Touky Ha rargpopme? Macca m, mnardopmsl paBHa 240 kr. MoOMeHT
MHEepLUUH J YeJIOBeKa pacCUUTHIBATD KaK /Ul MaTePUAIbHOM TOUKH.

3.35. IInardopma B BHAe AuCKa paguycoMm R =1 M Bpamaercst 1o
WHEPLUHU C 4aCTOTOH M = 6 muH . Ha Kparo MmaaTgOpMbl CTOUT YeJO-
BeK, Macca m kotoporo pasHa 80 kr. C kakoii yacToToii n Oyner Bpa-
maTbcsl TIATGoOpMa, €CM 4YeJOBEK mepelaer B ee IHeHTp? MOMEHT
uHepuu J ruatgopmel paseH 120 kr-M°. MoMeHT MHEPLUU Y€eIOBEKa
paccuuThIBaTh Kak AJIl MaTEpUaIbHON TOUKU.

3.36. B uentpe ckambu JKyKOBCKOIO CTOUT 4YEJIOBEK U OEPKUT B
pyKax cTep:keHb MNHOM / = 2.4 M 1 Maccoil m = 8 Kr, pacnoJIOKEHHBIH
BEPTUKAJIBHO MO OCH BpalleHus: ckaMelku. CkaMbsl C 4eJOBEKOM Bpa-
maercst ¢ yacToToit 711 = 1 ¢ . C KaKoif 4acTOTOH 7, GymeT BpamaThCs
CKaMbsl C YEJIOBEKOM, €CJIH OH MOBEPHET CTEPKEHb B FOPU3OHTAIBLHOE
nosnoxkeHue? CymMmapHbIi MOMEHT MHepLuu J 4YeloBeKa U CKaMbH pa-
BeH 6 KI*M".

3.37. Uenosek cTouT Ha ckambe JKyKOBCKOTO U EPKUT B pyKax
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3aKoH coxpaHeHUsI MOMEHTA UMIYJIbCA

v A
O=-- ' 3.29. OnHOPOHBIH TOHKHIT CTEP:KeHb MAcCoil
a my = 0,2 xr u guHo# / = 1 M MOKeT ¢cBOOOTHO Bpa-
LIaTbCSI BOKPYT TOPU3OHTAIBHOMN OCH Z, IPOXOAALIEH
yepe3 Touky O (puc. 1.34). B Touky A Ha cTepxHe
MOMNaaaeT MIACTUIIMHOBBIN APUK, JIETALIUN TOpu-
30HTAJIBHO (TIEPIIEHINUKYJISIPHO OCH Z) CO CKOPOCTBIO
v =10 M/c u mpuMnaer K CTepykHI0. Macca m; ma-

puka pasHa 10 r. OnpenenuTs yrioBylO CKOPOCTb ®
2 CTEP>KHsI U JINHEMHYIO0 CKOPOCTD I/ HXKHETO KOHLA
CTEp>KHS B HAYaJIbHBI MOMEHT BPEMEHHU.

Puc. .34

Briuucnenus BBIMOJHUTDL AN CIEAYIOIUX 3HAYEHUN pPacCTOSHUS
mexnay toukamu A u O: 1.//2; 2.1/3;, 3.1/4.

3.30. OpHOpoAHBI  AMCK  Maccoi
m;=0,2xr u paguycoM R =20cM MOXKeT
cBOOOJTHO BpAaIIaThCsl BOKPYI TOPU30HTAIIb-
HOH OCH z, NEPNEeHIUKYJISIPHOW MIOCKOCTH
oucKka W mpoxoxsmed uepe3 Touky C
(puc. 1.35). B Touky A Ha oOpasyromei nuc-
Ka IOMNajaeT MJACTUJIMHOBBIA IIAPUK, JIETH-

Puc. 1.35 U TOPU3OHTANBHO (MTEPIICHAUKYJISIPHO OCH

z) co ckopocTteio v = 10 M/c, U mpHIMHaeT K
€ro MOBEPXHOCTH.

Macca m, wapuxa pasHa 10 r. Onpenenurs yrioByr0 CKOPOCTb M
I¥ICKAa M JIMHEHHYIO CKOPOCTh # TOYKM () Ha JUCKE B HAYAJIbHBIA MO-
MEHT BPeMEHU. BbIuncIeHus BBINONHUTD Ui CIEAYIOIIUX 3HAUeHUN a
ub:l.a=b=R;2.a=R/2,b=R;3.a=2R/3,b=R/2;4. a=R/3,
b=2R/3.

3.31. Yenosek crout Ha ckaMbe JKyKOBCKOIO W JIOBUT PYKOH Ms4
Maccoil m = 0,4 xr, JeTAuUNd B TOPU30HTAIBHOM HAIPaBJIEHUHU CO CKO-
pocteto v =20 M/c. Tpaekropus Msiua TPOXOAUT HA PACCTOSHUU
r=0,8 M OT BepTUKaJIbHON OCH BpalieHus: ckambu. C Kakol yrioBoi
CKOPOCTBIO (® HauHET Bpaiatbcs ckambs JKyKOBCKOIO C 4€JIOBEKOM,
NONMaBIIUM Ms4, €CJIM CyMMapHbIH MOMEHT MHepuuu J denoBeka U
CKAMBHU PaBeH 6 Kr-M~?
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1.2.1.2 3apauu a5 caMOCTOSITEIbLHOTO peLieHusl

Bropo# 3akon HeroTtona

2.1. Ha riagkom crojie nesxxut Opycok maccoit m = 4 kr. K 6pycky
NpUBs3aH ILIHYp, KO BTOPOMY KOHLy KOTOPOrO MpHJIOXKEHAa CHIa
F=10 H, nHanpaBineHHas napajijenbHO NMOBepxHOCTH crtoja. Ompene-
JUTb YCKOPEHHue a Opycka.

2.2. Ha ctonie crout Tenexka maccout m; = 4 kr. K Tenexke npuss-
3aH OAMH KOHEIl LITHypa, MepeKuHyThIH uepe3 O01ok. C KakuM yCKOpEeHH-
€M a OyZieT IBUTaThCs TEJIEXKKA, €CIIU K APYroMy KOHIY IIHYpa MpPUBS-
3aTh TUPIO Maccoil my = 1 kr?

2.3. K mpyxuHHBIM BecaM nozasereH 0yok. Uepes OJI0K mepeKuHyT
LIHYp, K KOHIIAaM KOTOPOro MpUBS3aiu Ipy3bl Maccamu m; = 1,5 kr u
my =3 xr. KakoBo Oyzner mokasaHne BECOB BO BPEMsI IBHXKEHHS IPy30B7
Maccoii 610ka u mHypa npeHedpeys.

2.4. JIsa Opycka mMaccamu m;=1Kr u m; =4 Kr, COeANHEHHbIE
IIHYypOM, JekaT Ha crosie. C KakuM yCKOpPeHHeM « OyayT IOBUTAThCS
OpyckH, €ciu K OJHOMY M3 HUX NPUIOXKHUTh cuny /= 10 H, nampas-
JeHHyo ropusoHTanpbHO? KakoBa Oyner cuna HatspkeHUst M miHypa,
coenuusromiero Opycku, ecim cwty F'=10 H npunoxutb K mepBoMy
Opycky? ko Bropomy Opycky? TpeHuem npeHedpeysb.

2.5. Ha rimagkom crojie nexxut Opycok maccoit m = 4 kr. K 6pycky
NpPUBS3aHbI [Ba LIHYpa, NMEPEKHHYTHIE 4epe3 HETOIBIKHbIE OJIOKH,
MPUKpPETJIEHHbIE K MPOTUBOIONOXKHBIM KpasM cTtojia. K koHuam mny-
POB MOJBELIEHbI THPH, MAcChl KOTOPbIX M1 = 1 Kr u mp = 2 kr. Onpene-
JUTb YCKOPEHHE ¢, C KOTOPBIM ABIIKETCS OPYyCOK, U CHITy HaTsDKeHus M
KaXI0T0 U3 IHYPOB. Maccoii OJI0KOB U TpeHueM npeHedpeyb.

2.6. HakyoHHas TUTIOCKOCTh, oOpasyromiasi yroi o = 25° ¢ miocko-
CTBIO TOPH30HTA, UMeeT [uMHY / = 2 M. Teno, nBUrasch paBHOYCKOPEH-
HO, COCKOJIBb3HYJIO C 3TOM IJIOCKOCTH 3a Bpemsi = 2 ¢. Onpenenuts Ko-
3¢ HULHMEHT TpeHuUs f Tena O MIOCKOCTb.

2.7. MarepuanbHass TOUKa MaccoOM m = 2 KI' IBWXKETCA NOJ EHCT-
BIEM HEKOTOPOH cHnbl I cormacHo ypasuenuio X = A + Bt + CF + Dr’,
rne C=1, D=-0,2. Onpegenutrb 3HAYEHUS] 3TOU CHUJIBI B MOMEHTBI
BpEMEHH /1 =2 C U f; =5 ¢. B KakOl MOMEHT BPEMEHHU CUJjla paBHA HY-
0?

2.8. MosoT Maccoii m =1 T magaer ¢ BBICOTHI /1 =2 M Ha HaKo-
BasbHIO. JlnnrenvHOCTh yrnapa 1= 0,01 ¢. Onpenenuts cpeaHee 3Haue-
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HUe cuiipl <[> ynapa.

2.9. aiiba, myIieHHas MO MOBEPXHOCTH JIbJ]a C HAYAJIbHOM CKOPO-
¢TI0 Vo = 20 M/c, octanoBmiacek depe3 f =40 ¢c. Onpenenuts kK03¢ppu-
LIUEHT TPEHUsI f aiObl O Jex.

2.10. MarepuanbpHas TOUKa Maccou m = | Kr, ABUTasiCb paBHOMEp-
HO, OMNMCHIBAE€T YETBEPTb OKPYKHOCTH paauycoM » = 1,2 M B TeueHue
BpeMeHH / = 2 c. Onpenenautb usMeHeHne Ap UMITyJ1bca TOUKH.

2.11. Teno maccoii m =5 xr OpowmeHo nox yriom o = 30° k ropu-
30HTYy ¢ Ha4aJbHOU CKOPOCTHIO Vo = 20 M/c. [Ipenebperasi conpoTusIe-
HUEM BO3/yXa, ONpPeNeNuTh. 1) UMITyJIbC CHIIBI [, NEeHCTBYIOIIEH Ha Te-
JI0, 32 BpEMsl €ro moJieTa; 2) u3MeHeHne Ap MMITyJbca Tena 3a BpeMs
noJjera.

2.12. ITapuk maccoii m = 100 T ynan ¢ BbICOTBI /1 = 2,5 M Ha ropu-
30HTAJIBHYIO IUIUTY, Macca KOTOPOHW MHOro OOJbIle MacChl LIApUKa, H
OTCKOYMJI OT Hee BBepX. Cumras ymap aOCOJIOTHO yHpyrum, ompene-
JIUTb UMITYJIBC P, TIOJy4E€HHBIN MJIUTOM.

2.13. [Mapuk maccont m =300 r yaapuiacs O CTeHy U OTCKOYWI OT
Hee. OnpenenuTs UMITYJIbC P, TIOJYYEHHBIH CTEHOM, €CIN B TOCJICIHUN
MOMEHT Tepe]l YAapOM IIapuK UMEN CKOPOCThb Vo = 10 M/c, HampaBjieH-
HYI0 1ox yrioMm o = 30° K MOBEpXHOCTH CTEHbI. Yjaap cuYHTaTh adco-
JIFOTHO YTIPYTHM.

2.14. Teno maccoit m = 0,2 KI COCKaJIb3bIBaET 0€3 TPEHHUs MO Ke-
100y BbicOTOM /=2 M. HauanbHasi CKOPOCTb Vy LIapUKa paBHA HYJIIO.
Onpenenutb U3MeHeHHEe Ap UMITyJibCa LIAPUKA U UMITYJIbC p, MOJTy4YeH-
HBIN JkeJI000M TP IBIKEHUU TEIa.

2.15. Pakera maccoit m = 1 T, 3amyIieHHasi ¢ TOBEPXHOCTU 3eMJIU
BEPTUKAIbHO BBEPX, MOJHUMAETCs C ycKopeHueM a = 2g. CkopocTb v
CTPYH Ta30B, BBIPBIBAIOINUXCS U3 coruta, paBHa 1200 m/c. Onpenenutsb
pacxon (J,, TOPIOYero.

2.16. Kocmuueckuii kopabine umeer mMaccy m = 3,5 1. [Ipun manes-
PUPOBAaHUHU U3 €O JIBUraTesell BbIPbIBAETCS CTPYs I'a30B CO CKOPOCTHIO
v =800 m/c; pacxon roprodero O, = 0,2 kr/c. OnpeaenuTs peakKTUBHYIO
cry R nBurareneit 1 yCKOpeHHe d, KOTOpoe OHa coo0ImaeT kopadiro.

2.17. Beptonet maccoit m = 3,5 T ¢ potopom, nuamerp d KOTOPOro
paseH 18 m, «Bucut» B Bo3ayxe. C Kakol CKOPOCTBIO V pOTOp OTOpachI-
BaeT BEPTUKAJIBHO BHU3 CTPYIO Bo3ayxa? Jluamerp cTpyu cuuTarh pas-
HBbIM TUAMETPY POTOPA.

2.18. bpycok maccoli m, =5 KT MOKeT CBOOOHO CKOJIb3UTh MO IO-

38

3.23. Ban maccoit m =100 xr u paguycoM R =S5 cMm Bpawmajucs ¢
qacroroit n=8¢ . K LUJUHAPUYECKON MOBEPXHOCTH Baja MPUXKAIU
TOPMO3HYIO KOJIOAKY ¢ cunoil F*'= 40 H, nox aeiicTBueM KOTOpPOH Baj
octaHosuJcs yepes f = 10 ¢. Onpenenuts K03hPUIHEHT TPEHUS f.

3.24. Ha uunuHAp HAMOTaHA TOHKasi THOKask HEPACTSKUMAS JICHTA,
Maccoi KOTOPOH MO CPaBHEHHIO ¢ MACCOW LMJIMHAPA MOXKHO MpeHed-
peub. CBOOOAHBIN KOHELI JIGHTBI MIPUKPEIIIINA K KPOHLITEHHY U MPenoc-
TaBUJIN LIWJIMHJPY OMYCKaTbCs MOJ AeHCTBUEM CUJIbl TskecTu. Onpene-
JUTb JIMHEHHOE YCKOPEHHE d OCH IIFIMHIPA, €CIM UWIHHAP: 1) crutom-
HOI1; 2) MOJIbI TOHKOCTEHHBIH.

3.25. Yepes Onok, uMeromuii GpopMy AHMCKA, mepekuHyT mHyp. K
KOHLIAM IIHypa MpuBsA3anu rpy3sl mMaccoi m; = 100r u my=110r. C
KaKUM yCKOpEHHEeM a OyIyT ABHUraThbCsl TPy3bl, €CIM Macca m Oyoka
pasHa 400 r? TpeHue npu BpaleHUH OJI0Ka HIYTOXKHO MaJIO.

3.26. /1Ba Tena maccamu my = 0,25 kr u m, = 0,15 Kr cBsA3aHBI TOH-
KOH HUTHIO, TepeOpomenHon depe3 Omok (puc. 1.33). biok ykperen
Ha Kparo FOPU30HTAIBHOIO CTOJIA, IO TTOBEPXHOCTH KOTOPOTO CKOJB3UT
TEJI0 MAaCCOH M.

My - m  (C KaKuM YCKOPEHHEM d IBUKYTCS Tena u

; KaKOBbI CHIIbI 11 ¥ M, HaTSDKEHUST HUTH TI0
obe cropons! ot 6moka? Koaddumuent tpe-
HUsI f TeNa 0 MOBEPXHOCTD CTOJa paBeH 0,2.
Macca m 610ka paBHa 0,1 Kr 1 ee MOXKHO
_ CUMTATh PABHOMEPHO pacrpeeseHHOH 1o

Puc. 1.33 obony. Maccoit HUTU U TPEHUEM B TIOIIIIUII-

HUKaX OcU OJIoKa peHeOpeyb.

3.27. UYepe3 HemonmBwKHBIA OMOK Maccoi m = 0,2 KI' TepEeKUHYT
LIHYp, K KOHLIaM KOTOPOro MOJBECHIM Ipy3bl MaccaMu m; = 0,3 Kr u
my = 0,5 xr. Onpenenuts CUibl HaTspkeHus 11 u 7, mrHypa mo ode cro-
pOHBI OJIOKa BO BpeMsl IBMIKEHUS TPY30B, €CIIM Macca OJI0Ka paBHOMED-
HO pacmpezeneHa o oboay.

3.28. IIlap maccoit m = 10 kr u panguycom R =20 cM Bpauiaercs
BOKPYT' OCH, NPOXOJsALIel depe3 ero LeHTp. Y paBHEHHEe BpallleHus Ila-
pa umeet BU ¢ = 47° — . OTpenennTh 3aKOH H3MEHEHHs MOMEHTA CIJI,
OeHCTBYIOLIMX Ha map. OnpeneanTs MOMEHT CHJl M B MOMEHT BPEMEHHU
t=2c.
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CrepxeHb OTKJIOHWJIM OT BEPTHUKAIU Ha
yroia a u ornyctunu. OnpenenuTs Al Havalb-
HOTO MOMEHTa BPEMEHU yIJIOBOE B M TAHTCHIIU-
aJbHOE d, YCKOPEHHs TOYKM B Ha CTepiKHE.
Beruucnenuss mnpousBecTH N CAEAYIOLIAX

CITy4Yaes:
1.a=0; b=21/3; a=m/2;
2.a=1/3;, b=1 a=m/3;
3.a=1/4, b=1/2; o=2m/3.

Puc. 1.31

3.20. OmgHoponubelii muck pamuycoM K =10 cM Moxer cBOOOIHO
BpaLIaThCs BOKPYI TOPU3OHTAIBHON OCH, MEPIIEHIUKYJSIPHOHN IUIOCKO-
CTH AMCKa U mpoxoasiei yepe3 Touky O Ha HeM (puc. 1.32). Tuck ot-
KJIOHWJIA Ha Yrod a v otnycTiwin. OnpenenuTs sl Ha4aJlbHOTO MOMEH-
Ta BPEMEHU YIJIOBOE € U TAHICHIUAIBHOE (; YCKOPEHHUS TOUKH B, Haxo-
Isieicst Ha ANCKe. BhIMUCIEHUsT BBIOTHUTD IS CIEAYIOLINX CIyYaeB:

/
/

Ill b=R/2; a=m/2;
y b=R; a=m/6;
‘\\ b=2R/3; o=2m/3.

oy
Puc. 1.32

3.21. ToHkuH OOHOPOAHBIN CTEpKeHb UIMHOH /= 50 cM U Maccoi
m =400 r Bpamaercss C yIJIOBBIM yCKOpPEHHEM & = 3 c? BOKPYI' OCH,
MPOXOJsALIell MepneHAUKYJISIPHO CTEPKHIO depe3 ero cepeauHy. Ompe-
JIEMUTh BPallaroIuil MOMEHT M.

3.22. Ha ropu30OHTaJIbHYIO OCh HACAKE€HbI MAXOBHUK M JIETKUN IIKUB
panuycoM R =15 cM. Ha mkuB HamMOTaH WIHYp, K KOTOPOMY IpPUBSI3aH
rpy3 Maccoir m = 0,4 xr. OnyckasiCb PaBHOYCKOPEHHO, TPy3 MpPOIIeN
nyThb s = 1,8 M 3a Bpems 7 =3 ¢. OnpenenuTb MOMEHT WHEPLUH J Maxo-
BUKa. MaccCy IIKHBa CYNTATh MPEHEOPEKIMO MAJIOH.
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PHU3OHTANIBHON moBepxXHOCTH Oe3 TpeHus. Ha Hem HaxomuTcs Apyroi
Opycok maccoit m; =1 kr. KosdduuueHT TpeHus: COMpPUKACAIOIIUXCS
nosepxHocTel OpyckoB f= 0,3. Onpenenurs MakCHMalIbHOE 3HAYCHHE
CHITBI Fyax, TIPHIIOKEHHON K HIDKHEMY OPYCKY, IPH KOTOPOH HayHETCs
COCKaJIb3bIBaHHE BEPXHEr0 OpycKa.

2.19. Ha ropu3oHTaIbHOIN MOBEPXHOCTH HAXOAUTCS OPYCOK Maccoi
m; =2 xr. Koaddumnuent tpenus f; 6pycka o moBepxHOCTh paseH 0,2.
Ha 6pycke HaxonuTcs npyroii 6pycok maccoii m, = 8 xr. Koadduunent
TpeHus f, BepxHero Opycka o HkHuH paseH 0,3. K Bepxuemy Opycky
npuioskena cuna F. Onpenenuts: 1) 3HaYeHUe CUJTbI F}, IPU KOTOPOM
HAYHETCS COBMECTHOE CKOJIbXKEHHE OPYCKOB IO MOBEPXHOCTH, 2) 3HA-
YEeHUE CHJIBI /', IPU KOTOPOM BEPXHUIT OpyCOK HAYHET MPOCKAIB3bIBATh
OTHOCHTEJIbHO HUKHETO.

2.20. Pakera, Macca KOTOpOH M = O T, IOJHUMAETCA BEPTUKAIBHO
BBepX. [lBurarens pakersl pasBuBaer cuny TAru /7= 500 kH. Omnpene-
JUTb YCKOPEHHE d PaKeThl U CHUITy HaTsDKeHUs M Tpoca, cBOOOIHO CBH-
CAlOIIero C PaKeThl, HA PACCTOSIHUH, PAaBHOM 1/4 ero UIMHBI OT TOYKHU
npukperieHus: Tpoca. Macca m tpoca pasHa 10 kr. Cunoit conpoTus-
JICHUs BO3/IyXa NpeHeOpeyb.

2.21. Ha niockoi ropu30HTaJbHOMN MO~
BEPXHOCTH HAXOIUTCSl 00pyH, Macca Ko-
TOPOro HUYTOXKHO Mana. K BHyTpeHHEN

[ ' ] 2 acru oOpy4a NPUKPEIJIEH IPy3 MaJIbIX
7 7777777 Pa3sMepoB, Kak 5TO MOKa3aHo Ha puc. 1.16.
Puc. 1.16 VYrona = 30°.

C xakuM yckopeHHeM a HeoOXOAMMO IBUTaTh IJIOCKOCTb B Ha-
NpPaBJICHUH, YKa3aHHOM Ha PUCYHKeE, 4TOOBI 00pyd C TPy30M HE H3Me-
HWJI CBOETO TOJIOKEHNSI OTHOCUTENBHO MIIOCKOCTH? CKONbKEHHE 00py-
4a MO MJIOCKOCTH OTCYTCTBYET.

2.22, CaMoJeT JETUT B FOPU3OHTAIILHOM HAIPABJICHUH C YCKOpe-
ameM a = 20 m/c’. Kakosa neperpyska naccakupa, Haxomserocs: B ca-
mouere? (Ileperpys3koii Ha3bIBAETCSI OTHOIIEHUE CHIIBI F, TeHCTBYIOIIEH
Ha MMaccakupa, K CHJie TsoKecTH P.)

2.23. ABTOLUCTEpHA C KEPOCHUHOM [IBHJKETCS C YCKOpPEHHEM
a=0,7 m/c’. Tlox KaKkum YIJIOM 0. K TIJIOCKOCTH FOPU30HTA PACIIONOXKEH

39



YpPOBEHb KEPOCHHA B LIUCTEPHE?

2.24. bak B TeHnepe maposo3a umeer miuHy / = 4 M. KakoBa pas-
HOCTb A/ ypOBHEH BOZIBI y MIEPEIHETO U 3aJHETO KOHLIOB Oaka Mpu JBH-
KEHIN I0€3]14 C yCKOPEHHeM d = 0,5 m/c*?

2.25. HenonpsmwkHast Tpyda ¢ TUIOLIAABIO
nonepeyHoro ceueHust S =10 oM, U30THYyTa
noa yrioMm o = 90° u NpuKperuieHa K CTeHe
(puc. 1.17). Ilo Tpybe Teuer Boma, 0OBEMHBIIH

— pacxon (y koropoit 50 ji/c. OnpenenuTsh nas-

—
B JeHWe p CTPYH BOIbI, BBI3BAHHOH HM3ruOOM
Puc. 1.17 TPyGBL

2.26. Ctpys BOIbI yaapsieTcst O HEMOJBWKHYIO IJIOCKOCTh, ITOCTaB-
JIEHHYIO NMOA yryioM o = 60° K HampaBleHUIO JBMKeHUs cTpyu. Cko-
poctb cTpyu v =20 m/c, Tutomans S ee MOMePedyHOro CEe4YeHHsl paBHA
5 cM”. OnpenenuTs cuny F IaBieHns CTPYH Ha MIOCKOCTb.

2.27. Karep maccoii m = 2 T ¢ neuraresieM MOIIHOCTBIO N = 50 kBt
Pa3BUBAET MAKCUMAJIBHYIO CKOPOCTh Vyax = 25 M/c. Onpenenuts BpeMs
{, B TeUEHHE KOTOPOTO KaTep IOC]e BBIKJIIOYEHUs IBUraTess MoTepser
MOJIOBUHY CBOE€H CKOPOCTH. IIpHHATH, YTO cujla CONPOTUBIIEHUS ABU-
JKEHUIO KaTepa U3MEHsIeTCs MPONOPLIUOHANBHO KBaAPaTy CKOPOCTH.

2.28. CHapsan maccoit m = 10 kr BbINyIIEH W3 3€HUTHOIO OpYyIus
BEPTUKAJIBHO BBEPX CO CKOPOCTBHIO Vo = 800 m/c. CumTast cuiry compo-
THUBJIEHUS BO3/yXa MPOMOPLUOHAIBHON CKOPOCTH, ONPENENUTh BpeMs [
noabeMa cHapsima 1o Beiciied Touku. KosgguumeHt compoTusieHus
k=0,25 xr/c.

2.29. C BepToOjeTa, HEMOJABUIKHO BUCSILErO Ha HEKOTOPOl BBICOTE
HaJl MOBEPXHOCTHIO 3emutH, cOporueH rpy3 maccoi m = 100 kr. Cumnras,
YTO CHUJIa CONIPOTUBJIEHUsI BO3lyXa U3MEHSETCS MPONOPLUOHAIBHO CKO-
pPOCTH, ONPEAENUTD, Yepe3 Kakol MpOMeXyTOK BpeMeHH Al yCKOpeHue
a Tpy3a OyIer paBHO IMOJIOBHHE yCKOpeHMs cBoOomnoro maneHus. Ko-
s¢dunment conporusienus k = 10 xr/c.

2.30. MoTtopHas noaka mMaccoil m = 400 kxr HAUMHAET ABUTaThCS IO
o3epy. Cuna tsru [+ motopa paBna 0,2 kH. Cuuras cuity COnmpoTUBIIE-
Hus [ IpONOpLUHUOHANBHON CKOPOCTH, ONPENENUTh CKOPOCTh O JIOAKU
gyepe3 A7 =20 ¢ nocne Havana ee apwkeHns. Kosgduuuent conpoTus-
nenus k= 20 kr/c.
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panuycoMm R = 10 cM OTHOCUTEJIBHO OCH, KacaTeJbHOMN K KOJIbILY.

3.15. Jlmamerp mmcka d =20 cMm, macca m =800 r. Onpenenutsb
MOMEHT WHepUHH J AUCKAa OTHOCHUTENIbHO OCH, MPOXOSIIEH 4depe3 ce-
peAVHY OAHOIO U3 PaANyCOB MEPNEHAUKYISAPHO MIOCKOCTH THUCKA.

3.16. B ogHOpoaHOM aucke maccou m = 1 xr u paguycom r = 30 cm
BBIPE3aHO KPyriioe oTBepcThe nuamerpoMm d = 20 ¢M, LEHTP KOTOPOro
HaxoauTcs Ha pacctostanm /= 15 cM oT ocu mucka (puc. 1.30). Ompene-
JIUTb MOMEHT MHEPLUH J MOJTyUYE€HHOTO Teja OTHOCUTENBHO OCH, MPOXO-
IsiIIel NeprneHIuKyJIApHO MIOCKOCTH AUCKA Yepes3 ero ueH}p.

PO S DD S PN h ]
i 3 i
A 1T * -
0 i
I/ l o—"
0 0 I‘ o Z
i3 I
Y Y Y B L
2m im  wIm  wim, —2m
gj 5 o} 2 ]
Puc. 1.29 Puc. 1.30

3.17. OnpeaenuTs MOMEHT UHEpLUH J MIOCKONW OAHOPOAHOMN Mpsi-
MOYT'OJIbHOM MJIaCTUHBI Maccoi #1 = 800 I OTHOCUTENIBHO OCH, COBIIA-
JAroLeNd ¢ ONHOW U3 €€ CTOPOH, €CJIM IJIMHA d APYrofl CTOPOHBI paBHA
40 cm.

3.18. OnpenenuTe MOMEHT MHEPLUH J TOHKOM MIOCKON IMJIaCTHUHBI
co cropoHamu @ = 10 ¢cM u b =20 ¢cM OTHOCUTENILHO OCH, TPOXOASIIeH
yepe3 LEeHTP MacC IJIACTHHBI NapajulenbHO Oosblneil cropone. Macca
MJIACTUHBI PAaBHOMEPHO pPAacHpeerieHa Mo ee MJIOWAau ¢ MOBEPXHOCT-
HOM TLIOTHOCTBO 7 = 1,2 /M.

OcHoBHOe ypaBHeHHe THUHAMHKH BPAIIaTeIbHOT0 ABHKEHHS

3.19. ToHkull OMHOPOIHBIN CTEePKEHb ATUHON /=1 M MOXET CBO-
0OIHO BpaIIaThCss BOKPYT TOPH3OHTAIBHOW OCH, MPOXOIAIIeH uepes
touky O Ha crepxHe (puc. 1.31).
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HUKa CO CTOpoHamMH a = 12 cM u b = 16 cM OTHOCHTENBHO OCH, JieXKa-
el B MJIOCKOCTU MPSMOYTOJbHUKA U NMPOXOJsLIed depe3 cepeauHbl
MaJibIX CTOpOH. Macca paBHOMEpHO pacrpesesieHa Mo JJINHe MIPOBOJIO-
KM C JIMHEHHOM IIOTHOCTHIO T = 0,1 Kr/M.

3.9. /Ia omHOPOMHBIX TOHKHUX CTepkHs: AB mmunol [} =40 cM m
maccoit m; = 900 r u CD pnunoit [, =40 cm u maccoii [, =400 r ckper-
JIeHbI IO NPSIMBIM yrioM (puc. 1.27). Onpenenutb MOMEHT HHEPIMU J
CUCTEeMBI CTepKHEH oTHOCUTENbHO ocu OO, mpoxoasinel yepe3 KOHell
cTepkHs AB napamiensHo crepxaio CD.

3.10. Pemuth mpemplayInyro 3amady s ciydas, korma ock OO
MPOXOAUT Uepe3 TOUKY A MepIeHIUKYIISIPHO TUNIOCKOCTH YePTEKa.

3.11. OnpenenuTh MOMEHT HMHEpLUUU J MPOBOJIOYHOTO PaBHOCTO-
POHHETO TPEeyroJbHUKa CO CTOpoHOU a = 10 cM oTHOCcHTENBHO: 1) ocH,
Jexale B MJIOCKOCTH TPEYroJibHUKA M MPOXOIALIENd uepe3 ero Bep-
UIMHY MapaulelbHO CTOPOHE, NPOTHUBOIOJIOXKHONH 3TOH BEpILINHE
(puc. 1.28, a); 2) ocu, coBnaaaroLieil ¢ OMHON U3 CTOPOH TPEYrOJIbHUKA
(puc. 1.28, 6). Macca m TpeyrospHUKa paBHa 12 r 1 paBHOMEPHO pac-
npeeseHa Mo JJIMHe MPOBOJIOKH.

N

S 12 P

< - g 61
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3.12. Ha xoHIIax TOHKOTO OAHOPOAHOTO CTEPXKHsI AIMHON / 1 Mac-
coil 3m mpukperneHbl MajleHbkUe Wapuku mMaccamu m u 2m. Onpene-
JIUTb MOMEHT MHEepLUH J TaKOl CUCTEMbl OTHOCUTENIBHO OCH, MepIeH-
IVKYJSIPHOW CTEP)KHIO M TMPOXOJIIed depe3 Touky (), NeKalnyr Ha
OCH CTEp>KHs. BBIMMCIEHHsI BBIMOJIHUTD U CIIy4daes d, 0, 6, 2, O, U30-
OpakeHHbIX Ha puc. 1.29. Ilpu pacuerax mpunsate /=1 m, m=0,1 kr.
ITapuku paccMaTpuBaTh Kak MaTepHalbHbIE TOUKH.

3.13. OmpenenuTb MOMEHT HHEpUUH J TOHKOrO OIHOPOJHOIO
KoJbla paauycoM R =20 cm u Maccoit m = 100 r OTHOCHUTENBHO OCH,
JiexKalen B MIOCKOCTU KOJIbLIA U MPOXOIALIEH Yepes3 ero LEeHTP.

3.14. Onpenenuth MOMEHT MHepuuu J kosbLa Maccoit m =501 u
64

2.31. Karep maccoii m = 2 T TpOraercsi C MecTa U B TEUEHHUE BpEMe-
HU T = 10 ¢ pa3BuBaeT mpu ABMKEHUU MO CHOKOWHOW BOJE CKOPOCTb
v=4w/c. Onpenenuts Cwiy TSru F MOTOpa, CYUTAsl €€ MOCTOSIHHOM.
IIpuHATE cuily cONpOTHUBNEHUS ['c JABWXKEHHIO NPONOPLHUOHAIBLHOM
ckopocty; ko3 puruent conpoTusienus k£ = 100 kr/c.

2.32. HavanpHast ckopocTh Vo niysn pasHa 800 m/c. Ilpu neuxeHnn
B BO3AyXe 3a Bpems / = 0,8 ¢ ee CKOpoCTh yMeHbIIMIACh 10 v = 200 M/c.
Macca m nynu pasHa 10 r. Cuyurast cuily CONpOTHUBIIEHUS BO3AyXa MPo-
MOPIMOHAIBHONW KBaJpaTy CKOPOCTH, OINMpPEHeNuTh KO3(G(HUIUEHT CO-
NPOTUBJICHUS k. JIeiCTBHEM CUJIBI TSDKECTH MTPeHeOpeyb.

2.33. IlapawmroTuct, Macca KOToporo #1 = 80 Kr, COBEpIIAET 3aTsIK-
HOH npbpkoK. CuuTasi, 4TO CUJla CONPOTUBIIEHHUS BO3AyXa MPOMNOPLHO-
HaJlbHa CKOPOCTH, ONpPEAENUTh, uepe3 Kakol MPOMeXyTOK BpeMeHUu Af
CKOPOCTb BMXKEHHUS MapaurroTrcta Oyaer pasHa 0,9 oT ckopocTu ycra-
HoBHBLIErOoCs nBWKeHUs. Kosdpdunment comporusnenus k= 10 xr/c.
HauanbHas ckopocTh MapaloTHCTa paBHA HYJIIO.

3aKoH coxpaHeHUs1 UMIIYJIbCA

2.34. Illap wmaccoit m = 10 kr, ABMXKYLIMNHCS CO CKOPOCTBIO
v; =4 M/C, CTaTKUBAETCS C MAPOM MacCOi m = 4 KT, CKOPOCTb KOTOPO-
ro v; =12 m/c. Cuutast ygap npsMbIM, HEYNPYTUM, OMpPENEeNTUTh CKO-
POCTB # LIAPOB MOCHE yaapa B ABYX CIIydasx: 1) Masblil mIap HaroHseT
OOJBIION Imap, ABIIKYLIMICA B TOM K€ HANPABIECHUH, 2) LIapbl ABH-
JKYTCSl HABCTpeuy ApPYT APYTY.

2.3S5. B nomke wmaccont m; =240 kI CTOMT YEJIOBEK Maccou
my = 60 kxr. Jlomka TIBIBET CO CKOPOCTBIO Vi = 2 M/c. UenoBek mphiraer
C JIONKYW B TOPU3OHTAILHOM HAIPABJIEHUU CO CKOPOCTBIO V = 4 Mm/c (0T-
HOCUTEJIbHO JIOAKH). OnpenenuTb CKOPOCTh ¥ ABMXKEHUS JIOAKH ITOCIE
NpPbDKKA YeJIOBEKa B JIBYX Ciydasx: 1) 4enoBeK NpbIraeT BIEpPEen I10
IBW)KEHUIO JIOAKH U 2) B CTOPOHY, POTHBOIOJIOXKHYIO ABM)KEHUIO JIOM-
KU.

2.36. Ha oty cTOMT Tenekka B BUE JUIMHHON TOCKH, CHAaOKEHHOH
JerkuMu kosnecamu. Ha omHOM KOHILIE JOCKH CTOUT yenoBeKk. Macca ue-
noseka M = 60 kxr, macca nocku m = 20 xr. C kakoil CKOpOCThIO # (OT-
HOCHUTEJIbHO TI0J1a) OyAeT ABUTaThCS TENeXKKa, €CIHM YeJOBEK MOHAeT
BIOJIb TOCKH CO CKOPOCTBIO (OTHOCHUTENBbHO A0CKh) v = 1 M/c? Maccoit
KoJtec peHeOpeub. TpeHne BO BTYJIKaX HE YUHUTHIBATb.

2.37. B npensinyieit 3agade onpeneinTh, Ha Kakoe paccrosiue: 1)
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NepeBUHETCS TeNIeXKKa, eCIU UYeJIOBeK NepeieT Ha Apyroil KoHel Aoc-
KU, 2) MEPEeMEeCTHTCS] 4eJIOBEK OTHOCHTEIBHO TO0JA;, 3) MEPEMECTUTCS
LIEHTP MacC CUCTEMbl TeJIe)KKa-4eJIOBEK OTHOCUTENBbHO JOCKU MU OTHO-
cutenbHO noJa. Jmuaa / nocku paBHa 2 M.

2.38. Ha xene3Homopo:kHOH TuUTaTGOpME YCTAHOBJIEHO OpyAUe.
Macca miardopmsel ¢ opyauem M = 15 1. Opynue crpenser BBEpX MOA
yrioMm ¢ = 60° k rOpU30HTY B HampaBjeHuH nyTu. C Kakol CKOPOCTBIO
V] TIOKaTUTCs IiatdopMa BCIEACTBHE OTHAYM, €CIM Macca CHapsza
m = 20 KT 1 OH BBUIETAET CO CKOPOCTBIO V; = 600 m/c?

2.39. CHapsig maccoit m = 10 kr obnaman ckopoctsro v = 200 m/c B
BEPXHEH TOUKE TPAEKTOpUU. B 3TOH TOUKE OH pa3opBaCsA HA IBE YACTU.
MeHblmasi Maccoi my =3 Kr mojy4duia ckopocts #; =400 M/c B mpex-
HeM HampasieHuu. Onpenenutb CKOPOCThb ¥z BTOPOH, OoJbIIeH YacTu
MoCJIe pa3pbIiBa.

2.40. B mpenbiayLiel 3anade ONpenennTh, C KAKONH CKOPOCTBIO #y U
MOJT KAKUM YTJIOM (2 K TOPH30HTY IOJIETUT OOJbIIAsl 4acTb CHApPsAA,
€CJIM MEeHblIas MoJeTesa Brepes noj yriom ¢; = 60° K TOpU30HTY.

2.41. JlBa koHbkoOexkma maccamu m; = 80 kr u m, = 50 xr, nep-
’Kach 3a KOHLbl AJIMHHOTO HATSIHYTOrO IIHYpa, HEMOABM)KHO CTOST Ha
JpAy OAMH mpoTuB Apyroro. OAuH U3 HUX HA4YMHAET YKOpauuBaTh
IIHYP, BbIOMpast €ro co CKOpocThio v = 1 M/c. C KaKUMH CKOPOCTSIMH 1
U 1, OyAyT IBUraThCs MO JbIy KOHbKOOEXKIBI? TpeHueM npeHeOpeys.

JAMHAMMKA MATepHAJbHON TOYKH, ABHXKYIIEHCHA MO OKPYKHO-
CTH

2.42. Jluck paguycom R =40 cM Bpamaercsi BOKPYr BEPTHKAJIbHON
ocu. Ha kparo aucka nexur xkyOuk. IIpumHumMas ko3pPUIMEHT TpeHus
f=0,4, onpenenuth 4acTOTy M BpALIEHHs, NMPH KOTOPOH KyOWK co-
CKOJIB3HET C IUCKA.

2.43. AkpoOaT Ha MOTOIIMKJIE OTHCHIBAET «MEPTBYIO TETIIIO» pa-
auycoM ¥ =4 M. C Kakoll HAUMEHBIIEH CKOPOCTBIO Viin JOJIKEH MPOE3-
JKaTh akpoOaT BEPXHIOK TOYKY METIH, YTOOBI HE COPBATHCS?

2.44. K miHypy noaseena rups. ['upro oTeenu B CTOPOHY Tak, 4TO
LIHYp MPUHsUI TOPU30OHTAIBHOE MOJIOKeHue, U oTnycTuiu. Kak Bennka
CuJla HaTsbKeHus M 1Hypa B MOMEHT, KOrja I'Ups MPOXOIUT IOJIOXKe-
Hue paBHoBecus1? Kakoll yros ¢ ¢ BepTHKaNbiO COCTABISAET LIHYP B MO-
MEHT, KOT/Ia CUJia HaTsDKEHUs IIHypa paBHA CUJIE TSXKECTH THPH?

2.45. Camoner onuceiBaeT nermo Hecreposa paguycom R = 200 m.
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MHEpLUUH J CUCTeMbl OTHOCUTEJIBHO OCH, MEPINEHAUKYIISIPHON CTEPHKHIO
Y MPOXOJAIIEH Yepe3 LEeHTP Macc.

3.3. JIBa mapa maccamu m u 2m (m = 10 r) 3aKperuieHbl HA TOHKOM
HEBECOMOM CTepkHe umHOW /=40 cM Tak, Kak 3TO YKa3aHO Ha
puc. 1.25, a, 6. OnpenenuTb MOMEHTHI MHEPUHH ./ CHCTEMBI OTHOCH-
TEJIbHO OCH, NMEPHEHAUKYJSAPHON CTEPXKHIO M MPOXOISALIEH 4epes3 €ero
KOHeIl B 3THX JIBYX cliy4asx. Pasmepamu mapos npenedOpedb.

3.4. Tpu mManeHpkux wwapuka Maccod m = 10 r kaxablid pacnoso-
JKEHbl B BEPLIMHAX PAaBHOCTOPOHHErO TPEYrOJbHUKA CO CTOPOHOMU
a =20 cM u CKperIeHbl Mexay coboi. Onpenenntb MOMEHT HHepLuH J
CHCTEMbI OTHOCHTENIbHO OCH: 1) MepneHAMKYJISPHOW IJIOCKOCTH Tpe-
YTOJIbHUKA M TPOXOASINEl 4Uepe3 LIEHTP OMUCAHHOU OKpPYKHOCTH, 2)
JeXalle B MIOCKOCTH TPEYrOJIbHUKA U MPOXOALIEH Yepe3 LEHTpP ONHu-
CaHHOM OKPYXKHOCTM W OJHY W3 BEpIIMH TpeyrojbHuka. Maccoi
CTEepIKHEH, COSNMHSIOMNX LIaphl, peHeOpeyb.

3.5. Onpenenuts MOMEHTBI UHepLuu Jy, Jy, J. TpEXaTOMHBIX MOJe-
kyn Tuna AB; OTHOCUTENBHO Ocel X, ¥, z (puc. 1.26), npoxonsimx Je-
pe3 ueHTp uHepuuu C MOJEKyINbl (OCh Z MEPNEHIUKYIISPHA TUIOCKOCTH
xy). Mexwpsnepaoe paccrosiue |AB| 0603HaueHO d, BaJEHTHBIN yroa d.
Beruucnenuss BBINOMHUTH Ui ciexaylomux  Mojekyn: 1) H,O
(d=0,097 um, . = 104°30"); 2) SO, (d = 0,145 uMm, . = 124°).

2 m 2

Puc. 1.25 Puc. 1.26

3.6. OmpenenuTb MOMEHT HHepUMH J TOHKOTO OAHOPOIHOIO
crepxHsi mymHON /=30 cMm u maccoit m= 100 T OTHOCHUTENBHO OCH,
NEePIEHANKYISIPHON CTEPIKHIO M MPOXofsiel depe3: 1) ero xoner, 2)
€ro cepennHy; 3) TOYKY, OTCTOALIYI0 OT KOHLA CTep)kHA Ha 1/3 ero
JUTUHBIL.

3.7. OmnpepenuTb MOMEHT HHepUMH J TOHKOTO OAHOPOIHOIO
crepxHsi mymHON /=60 cMm u maccoit m= 100 T OTHOCHUTENBHO OCH,
NEPNEeHIUKYIAPHON eMy M IpOXOJslleil depe3 TOUKY CTEepxKHs, yna-
JICHHYIO Ha paccTossHue a = 20 CM OT OJHOTO U3 €ro KOHLOB.

3.8. Bpuuciautb MOMEHT MHEpUUU J MPOBOJOYHOTO MPSIMOYTOJb-
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NyJH O CTePIKeHb Oy/eT CIpaBEASIUB 3aKOH COXPAHEHUS MOMEHTA MM-
MyJIbCA.

B HavanbHBI MOMEHT ynapa yrjoBas CKOPOCTb CTEP>KHsS (g = 0,
MO3TOMY €ro MOMeHT ummnyJbcea Lo = Jog = 0. Ilyins kocHynach cTepxk-
HS M Hadaja yriuyOJsiThes B CTEPIKEHb, COOOIIast eMy YIrJIOBOE YCKOpe-
HUE U y4aCTBYsl BO BPALLEHUH CTEPKHS OKOJIO OcU. HavanbHbIl MOMEHT
UMITyJibca Mynu Loy = mvor, TO€ I — pacCTOsIHUE TOYKH IMOMaJaHus OT
OocH BpauieHus. B KOHEUHBII MOMEHT yiapa CTep:K€Hb UMeEJ YIJIOBYIO
CKOPOCTb ®, & MyJisl — JUHEHHYK CKOPOCTb V, PAaBHYK JIMHEHHOH CKO-
POCTH TOYEK CTEPIKHS, HAXOISIIUXCSA HAa paccTosiHuu // 2 ot ocu Bpa-
meHuss. Tak Kak v = @F, TO KOHEYHbIH MOMEHT WMITyJbCa MyJIu
Lyz=mvr= mrtm.

IIpuMeHuB 3aK0H COXPaHEHUs] UMITYJIbCA, MOXKEM HAIUCATh

Loy + Loy =11+ L,

WIH
mvor =Jo + mr20),
OTKy1a
mv,r
®=——", “4)
J+mr

rneJ = MI° / 3 — MOMEHT HHEPIHH CHCTEMBI CTeP)KeHb-ITYJISL.
2
Ecnu yuects, uto B (4) mr® <<J = MI° / 3, a Tasxe urto r =1/ 2, T0
MIOCJIe HECJIOJKHBIX MPeoOpa3oBaHMi MOJYIUM

3mvy,
0= . 5
2M1 ®)
IToxcTaBUB YNCIOBBIC 3HAYECHUS BEINYHH B (5), Onpenenum
3-107-500
0 =——=0,5 pan.
2-10-1,5 pas
ITo (3) monyuum

cos(¢)=1-1,5(0,57/(3-2)=0987 = ¢=9°20
Otset: @ = 9°20".

1.2.2.2 3apauu a5 caMOCTOSITETIbLHOTO peLieH sl

MomeHT MHepUUH

3.1. Omnpenenutb MOMEHT UHEpLUH J MaTepUaIbHON TOUKH MacCOM
m = 0,3 KT OTHOCUTEJILHO OCH, OTCTOSIIEH OT TOUKU Ha ¥ = 20 cM.

3.2. J/IBa MajleHbKUX IIapuKa Maccor m = 10 I KaXXAbli CKPEIUICHbI
TOHKHUM HEBECOMBIM CTep kHeM minHon / = 20 cMm. OnpeaenuTs MOMEHT
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Bo ckonbko pa3 cuna /7, ¢ KOTOpPOH JIETYUK JaBUT HA CUACHBE B HIDKHEH
TOUYKE, OOJIbIIE CHJIBI TSDKECTH P JIeTYHKa, €CIU CKOPOCTb CaMoJieTa
v =100 m/c?

2.46. I'py3uk, npuBs3aHHBIN K WHYPY MnHOM / = 50 cM, onuchIBa-
€T OKPY’KHOCTb B FTOPU3OHTANIbHOM TiockocTH. Kakoii yron ¢ obpasyer
LIHYP C BEPTHKAJIBIO, €CIIM YaCTOTA BpaIeHus 771 =1 ¢ 7

2.47. I'py3uk, NpUBA3aHHBIA K HUTU JUIMHOW /=1 M, omuceiBaeT
OKPY>KHOCTb B TOpPU30HTaJNbHOHN miockocTu. Ompenenuts nepuon M
oOpaleHns, €Clii HUTh OTKJIOHEHA Ha yroJl ¢ = 60° OT BEpTUKAIH.

2.48. IIpu Hacagke MaxOBHMKA Ha OCb LICHTP TSKECTH OKas3ajcs Ha
paccrosinuu 7 = 0,1 MM OT ocu BpaleHus. B kakux npepenax MeHseTcs
cuia /' naBleHus OCH Ha MOJIIMITHUKY, €CJIM YacTOTa BPaLIeHUs] Maxo-
BrKa n = 10 ¢ '? Macca m MaxoBHKa pasHa 100 xr.

2.49. MoTouukn e1eT o0 BHYTPEHHEH MOBEPXHOCTH BEPTHUKAIbHO-
ro uunuHapa paauycoM R =11,2 m. IleHTp TskecTH MOTOLMKIIA C ye-
JIOBEKOM pAaCMoOJIOkKeH Ha pacctossHud /= 0,8 M OT MOBEPXHOCTU IIH-
muaapa. Kosgdumuert TpeHus f MOKphIek O MOBEPXHOCTh LIMIIMHIPA
paseH 0,6. C kakoil MUHUMAaJIBHOM CKOPOCTBIO Vpin AOJKEH €XaTb MO-
tormknuct? KakoB Oyzmer mpu 3TOM yroi ¢ HaKJIOHA ero K IUIOCKOCTH
ropu3oHra’

2.50. ABTOMOOMIB Maccoll m =5 T IBIKETCS CO CKOPOCTBIO
v =10 m/c no BeimykIoMy MocTy. OnpenennuTtb cuiy /- naBleHHs aBTO-
MOOWIISI HA MOCT B €r0 BEPXHEH 4acTH, €Clii paanyc K KPUBHU3HBI MOCTA
paBeH 50 M.

2.51. Cocyx ¢ KUAKOCTBIO BPAIIACTCS C YaCTOTOM 771 =2 C ' BOKDYT
BEPTUKAJIBHON OCH. 1I0BEPXHOCTD KUAKOCTH UMEET BUJ BOPOHKHU. UeMy
paBeH yroJj ¢ HaKJIOHA MOBEPXHOCTH JKUJKOCTH B TOUKAX, JIeXkKAIUX Ha
paccTosiHuu ¥ = 5 ¢M oT ocu?

2.52. ABTOMOOWJIbP UAET MO 3aKPYIJIEHUIO Imocce, paauyc K kpu-
BU3HBI KoTOporo paseH 200 M. KoaddunmeHnt Tpenus f kojec 0 mOKphI-
tue noporu paset 0,1 (romonen). IIpu kakoil CKOPOCTH vV aBTOMOOWJIS
HA4HEeTCs €ro 3aHoC?

2.53. Kakyto HauOOJBIIYI0 CKOPOCTh Vmax MOYKET Pa3BUTh BEJIOCH-
MEANCT, Mpoe3kas 3akpyrienne paaunycom R =50 M, ecnu koadduiu-
€HT TPEHHUS CKOJIbXKEeHMs f MeXOy IMHaMu U acpansrom paseH 0,37
KakoB yron ¢ OTKJIOHEHHs BelOCUIlea OT BEPTUKAIH, KOT/Aa BEJIOCH-
MEAUCT ABUKETCS IO 3aKPYTIECHUIO?

2.54. Camomer wmaccoi m=25T JETUT CO CKOPOCTBIO
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v =400 xm/4. OH coBepIIaeT B FOPU30HTAIBHON TUIOCKOCTH BUPaX (BH-
pak — MOJIET caMoJIeTa IO Ayre OKPY>KHOCTH C HEKOTOPBIM YIJIOM Kpe-
Ha). Paguyc R Tpaekropum camonera paseH 500 M. Onpenenuts morme-
PEUHBII yroJl ¢ HakJIOHa caMoJjieTa U MOJBEMHYIO CUIy /' KPBUIBEB BO
BpeMs MoJIeTa.

2.55. Ban Bpamaercs ¢ yacrorou # = 2400 mud . K BaJIy MEPIEH-
OUKYJSPHO €ro JJIMHE NPUKPEIJIeH CTepKEHb OYeHb MaJloll Macchl, He-
CyIIMI Ha KOHLAX IPy3bl MacCOM m = 1 KI KaKIblid, HaXOASLIMECS HA
paccrosinuu ¥ = 0,2 M oT ocu Bana. Onpenenutsb. 1) cuny F, pactsiru-
BAIOIIYIO CTEPKEHb MPH BPAIEHUH Baja; 2) MOMEHT M CHIIBI, KOTOpast
neiicTBoBasa Obl Ha BaJl, €CJIU ObI CTEP’KEHb OBbLT HAKJIOHEH IMOJ yIIOM
¢ = 89° k ocu Bana.

2.56. Tonkoe OgHOpPOAHOE MeOHOE KOJbIO paauycoM K= 10cm
BpalllaeTcsi OTHOCHUTEJIBHO OCH, MPOXOAsIlel uepe3 LIEHTP KOJbla, C
yIJI0BO# ckopocThio @ = 10 pan/c. Onpenenurb HOpMaAJTbHOE HAMPsTKeE-
HHUE G, BO3HHMKAIOLIEe B KOJIbLIE B IBYX Cly4yasix: 1) Kkorma och BpalieHus
NEePIEHINKYIISIPHA TIOCKOCTH KOJIbIAa M 2) KOIZa JIEKHUT B TUIOCKOCTH
koJbia. Jledopmarueit konblia mpy BpaleHuy npeHedpeysb.

PaGota u 3Heprus

2.57. Ilox mevicTBHEM MOCTOSIHHOM CHJIBI /' BarOHETKA MPOLILJIa MyTh
s =15 M u npuobpena ckopoctsb v =2 m/c. Onpenenuts padboTy 4 CHIIEL,
ecyiu Macca m BaroHeTku pasHa 400 kr u ko3 uLmeHT TpeHus IBIKe-
Huro = 0,01.

2.58. Boeraucnuth padoTy A, coBepIIaeMyro pu PaBHOYCKOPEHHOM
noxbeMe rpysa maccoit m = 100 kr Ha BbICOTY 7 =4 M 3a Bpemsi f = 2 C.

2.59. Onpenenutb paboTy 4 mogbeMa rpysa Mo HAKJIOHHOH TLIOC-
KOCTH anuHoM / = 2 M, eciu Macca m rpy3a pasHa 100 kr, yroj HaKjIoHa
¢ = 30°, xoappunuent Tpenus f= 0,1 u rpy3 ABHKETCA C YCKOPECHHEM
a=1wm/c’

2.60. Beruaucnute paboTy 4, coBeprmaeMyro Ha MyTH s = 12 M paB-
HOMEPHO BO3PACTAOIIEH CHIJIOHN, eciu B Hauaje nytu cuna I+ = 10 H, a B
KOHIe myt [ =46 H.

2.61. Ilox netictBuem mocTOsIHHOM cuuibl [+ = 400 /H, HanpaBJieHHON
BEPTUKAJIBHO BBEPX, IPy3 Maccod m =20 Kr ObUI MOAHAT HA BBICOTY
h =15 m. Kako#i moreHumnansHOM sHeprueii /7 Oyner obnanath moaHs-
ThIi rpy3? Kakyro paboty A coBepuut cuna F?

2.62. Teno maccoii m = 1 kr, OPOIIEHHOE C BBILIKH B TOPU30HTAb-
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Pewenue. Ynap nynu cienyer
paccMaTpuBaTh KaK HEYNPYTrHii: Mo-
clie ymapa M HyJs, U COOTBETCT-
BYIOLIAsl TOYKA CTEPXKHsI OyIyT ABH-
raTtbCs C OMHAKOBBIMH CKOPOCTSI-
MH.

PaccmoTpum moapoOHee siBie-
HUSI, TPOUCXOISINUE TpPHU YAape.
CHavana myns, yIapuBIIMCh O
CTEep)KeHb, 32 HHUYTOXKHO MAaJbIi
NPOMEXKYTOK BPEMEHU MPUBOIUT
€ro B JBWKEHHE C YIJIOBOM CKOpPO-
CTBIO (0 U COOOIAeT eMy KHHETHYe-
CKYIO 3HEPTHIO

2

r=2 (1)
rae J — MOMEHT UHEPLMH CTEP KHS
OTHOCHTEJIBHO OCH BpAIEHUSI.

3areM CTep>KeHb MOBOPAYUBAETCS HA WCKOMBIA YIOJ ¢, MPHUEM
LIEHTP Macc ero nogHumaetcs Ha Beicoty /1 = (//2)(1 — cos(¢)). B ot1-
KJIOHEHHOM TIOJIOKEHUH CTepKeHb Oyner oOjamarh MOTEHLHAIbHON
SHepruein

11=Mg(l/2)(1 - cos(¢)). (2)

[ToTeHuManbHas SHEPTHUS MOTyUSHA 3 CYET KHHETHUECKOH SHEPTHU
U paBHa el MO 3aKOHy coxpaHeHus sHepruu. [IpupasHsaB npasble yacTu
pasencts (1) u (2), moayaum

Mg(1/2)(1 - cos(9)) = Jo’ / 2.

Otcrona

cos() = 1 — Jo* / (Mgl).

[ToncraBuB B 3Ty (GOpPMyJy BBIPAKEHUE IUII MOMEHTAa HHEPLHU
crepskust J = MI / 3, nomyuanm

cos(¢) = 1 — In* / 3g). (3)

Uro6b1 u3 BeIpakeHUs (3) OmpeneinuThb (¢, HEOOXOIUMO MpenBapH-
TEJBHO OTPEACTNTh 3HaUeHHe (. B MOMEHT ynapa Ha MyJiro u Ha CTep-
JKeHb JEHCTBYIOT CHJIBI TSDKECTH, JIMHUH JEHCTBUS KOTOPBIX MPOXOAST
Yyepe3 OChb BPAIEHHs U HATIPABJICHbI BEPTUKAIBHO BHU3. MOMEHTBI 3THX
CHJI OTHOCHTENIbHO OCH BpallleHUs! paBHBI HyJr0. IlosTomy mpu ymape
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LIIEHUsI /3, CKAMbU C YEJIOBEKOM, KOI'ZIa OH OIMYyCTUT PYKU U PAcCTOSTHUE
I, mexny rupsimu craHetr paBHbIM 0,4 M. MOMEHTOM WHEPLIUU CKaAMbH
npeHeOpeys.

Pemenne. Yenorek, nepxxammuii rupu (puc. 1.23), cocraBnsier BMme-
CT€ CO CKaMbel 3aMKHYTYI0 MEXaHUYECKYIO0 CUCTEMY, TO3TOMY MOMEHT
UMIyJbca Jo 3TON CUCTeMbl AODKEH HUMEThb IOCTOSHHOE 3HAueHHe.
CnenoBaresbHO, A AAHHOTO Ciyyast

J1m1 = Jamo,
rre J 1 1 — MOMEHT MHEpLUH Tejla YyeoBeKa U yrioBasi CKOPOCTb CKa-
MbU U 4YEJIOBEKA C BBITAHYTBIMU pyKamy, J, U 0 — MOMEHT HMHEpLUU
TeJa 4eJoBeKa U yIriioBas CKOPOCTb CKaMbU U YEJIOBEKA C OMYLIEHHBIMU
pykamu. OTcrona

Wy = (Jl /Jz) 1.

Bripa3uB B 3TOM ypaBHEHUU YTJIOBbIE CKOPOCTH 1 U () Yepe3 Hac-
TOTBI BpALEHUsI /7] U 1y, YIUTBIBAsA, YTO 0 = 271, U COKPATUB HA 27, MO-
JIyIUM

I/lz:(Jl /Jz) n. (l)

MOMEHT MHEepLUU CUCTEMBI, PACCMATPUBAEMON B JAHHOH 3adade,
paBeH CyMMe MOMEHTa WHEPLUU Tella YeJoBeka Jy 1 MOMEHTa HHEpLUU
rUpb B pykax yesnoBeka. Tak Kak pasMep 'Mpb MHOIO MEHbIIE PaccTosi-
HUS MX OT OCHM BpallleHus, TO MOMEHT MHEpPLUH T'Mpb MOXHO OIpese-
muth 1o GOpMyTe MOMEHTa HHEPLHH MATePHAIbHON TOuku: J = mr.
CnenoBaTenbHO,

Ji=Jo+2m (] 2)
r7e m — Macca Kaxaou u3 rupe; /; u [, — mepBOHAYAIbHOE U KOHEYHOE
paccrosiHue mexny rupsimu. IloacraBus BelpakeHust J; u J, B ypaBHe-
Hue (1), monyuum

J,+2m(l/2)
L _doroma ) Ty = 0 4 )2 n . (2)
N Jo+2m(l,/2)
BrimosauBe Beraucienus no gopmyie (2), onpeaenum

m=118c"

Hpumep 1.21. Crepxenp amuHoii /=1,5M u maccoiim = 10 kr
MOXKET BPAIIAThCs] BOKPYT HEMOABMW)KHOM OCH, TIPOXOSIIEH Yepe3 BepX-
Hull koHer crepxkHs (puc. 1.24). B cepenuHy cTepskHsI ymapsieT MmyJist
Maccoit m = 10 r, neTdmas B TOPU30HTAIBHOM HAIPaBJICHUU CO CKOPO-
CTBIO V, = 500 M/c, u 3acTpeBaeT B crepskHe. Ha Kakoil yroa ¢ OTKJIO-
HUTCS CTEPKEHb Tocie ynapa?
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HOM HampaBJICHUH CO CKOPOCTBIO Vo = 20 M/c, uepe3 /=3 ¢ ynajio Ha
3emimo. OnpenenuTb KHHETUYECKYIO SHEPTHI0 1, KOTOPYIO UMEJIO TeJo
B MOMEHT yrapa o 3emutto. COIpoTHBIIEHHEM BO3yXa NpeHeOpeyb.

2.63. Kamenb OporreH BBepx mojx yrioMm ¢ = 60° K MIIOCKOCTH To-
pusoHTa. Kunernueckas sHeprust 7y kaMHsl B Ha4aJbHbIE MOMEHT Bpe-
Menu paBHa 20 Jlx. OnpenenuTh KUHETHYECKYIO M U MOTEHUIUATBHYIO
1] >Hepruyn KamHs B BbICLIEN TOUuke ero TpaekTopuu. CONnpoTUBIEHUEM
BO3yXa npeHeOpeyb.

2.64. Hacoc BbIOpaceiBaeT CTPyH BOABI JUAMETPOM d =2 CM CO
ckopocTeio v =20 m/c. Omnpeneiautb MOIHOCTD /N, HEOOXOIUMYIO IS
BbIOpAChIBAHHS BOJIBI.

2.65. KakoBa w™omHOCTE N BO3AYIIHOTO TIOTOKA CEYEHUEM
§=0,55m IPU CKOPOCTH BO3AyXxa vV =20 M/C U HOPMAJIbHBIX YCIOBH-
sIx?

2.66. Beproner maccoit m =3 T BuUCHUT B Bo3ayxe. Ompenenutsb
MOIIHOCTb /N, pa3BHBaeMyl0 MOTOPOM BEpPTOJIETA B 3TOM IOJIOXKEHUH,
NpU OBYX 3HaueHUsx auamerpa d poropa: 1) 18 m; 2) 8 m. Ilpu pacuere
NPUHATB, YTO POTOP OTOPACHIBAET BHU3 LIIMHAPHUYECKYIO CTPYIO BO3-
AyXa JUaMeTpoM, PaBHBIM JUAMETPY POTOpa.

2.67. MartepuaibpHasl TOYKa MacCOM m = 2 KI JBUrajach Moj ACHUCT-
BHEM HEKOTOPOW CHJIBbI, HANPABJIEHHON BIOJb OCH (JX COTJIACHO ypaB-
Herno x =A + Bt + CA+ D', rneB=-2,C=1,D=-02. Onpenenutsb
MOIIHOCTh N, pa3BUBAEMyK CHJIOW B MOMEHT BPEMEHU /1 =2C U
= 5¢.

2.68. C kakoli HaMEHbINEH BBICOTHI /1 TOJKEH HA4aTh CKATHIBATh-
cs1 akpoOat Ha Benocuniene (He padortas Horamu), 4ToObI POEXaTh MO
TIOPO’KKe, UMEroIIel (opMy «MEPTBOH METIH» panuycoM R =4 M, U He
OTOPBATBHCS OT JAOPOXKKH B BEpXHeil Touke mernu? TpeHuem mnpeHed-
pedb.

2.69. KaMernek CKOJB3UT C HAUBBICIIEH TOUKHU KyIOJa, UMEKLIEro
dopmy nonycheprr. Kakyro ayry o OnmuImeT Kamemllek, Mpekae 4eM
OTOPBETCs OT MOBEPXHOCTH Kynoya? Tpernem mpeHeOpeys.

2.70. MOTOLMKIHNCT €4eT MO TrOpu3oHTaJbHOU aopore. Kakyro
HAMMEHBLIYI0 CKOPOCTb V OH JOJDKEH Pa3BUTh, YTOOBI, BBIKIIOUHUB MO-
TOP, MPOEXaTh MO TPEKY, UMeroIIeMy (HOpMy «MEPTBOH METIHN» pamuy-
coMm R =4 m? TpeHueM U CONPOTUBIIEHUEM BO3/1yXa MpeHeOpeyb.

2.71. Ilpu BeICTpENE U3 OpyAUs CHapsia Maccol my = 10 kr nosyya-
eT kuHeTnueckyro 3Hepruro 77 = 1,8 Mx. OnpeneanTs KHHETHUECKYIO
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SHEPruro 7, CTBOJIA OPYAMs BCJIEACTBUE OTIAYM, €CIIM Macca 71, CTBOJIA
opynus pasHa 600 kr.

2.72. npo aroma pacmnajaercss Ha JBa OCKOJIKA Maccamu
m = 1,6-10725 K[ U Hpy= 2,4-10725 kr. OmnpenenuTb KUHETUYECKYIO
SHEPruro 7, BTOPOTo OCKOJIKA, €CIIH SHEPTHsl /) MepBOTro OCKOJIKA PaBHA
18 v/lx.

2.73. KonbkobOesxel, CTosi Ha JibAy, OpOCHIT BIEped THPIO MacCOM
m;=5Kr W BCIEACTBHE OTHAYM TNOKATWICA HA3ad CO CKOPOCTBIO
v, = 1 M/c. Macca xoHbpkoOexa n, = 60 kr. Onpenenuts padoty A, co-
BEPILIECHHYIO KOHBKOOEKLIEM MPH OpOCaHNHU THPH.

2.74. Monekyna pacnagaercs Ha Asa aroMa. Macca OmHOro us
aToMOB B 1 =3 pasa OGosblue, yeM apyroro. IlpeHeOperass HavyaabHOMN
KUHETHYECKOH SHEPTUil 1 UMITYJIBCOM MOJIEKYJIbI, ONPEAETUTh KUHETH-
yeckne 3Heprun 71 u 7, aToMOB, €CIIU MX CyMMapHas KHMHETHYECKas
sHeprus 1'= 0,032 n/lx.

2.75. Ha penbcax cTouT miardopma, Ha KOTOPOH 3aKperieHO Opy-
e 0e3 MPOTHUBOOTKATHOTO YCTPOMCTBA TaK, YTO CTBOJ €ro Pacrolio-
JKEH B TOPU3OHTAIBHOM MOJOXKEeHUH. M3 opyaust mpOU3BOIST BBICTPEI
BIOJIb JKEJIE3HOAOPOIKHOTO MyTH. Macca m; cHapsina paBHa 10 kr, u ero
ckopocth ) =1 km/c. Ha xakoe paccrostaue / oTkaturcs miatdopma
nmocjie BbICTpeNa, ecnu  koddduuueHt conporusienus f= 0,002,

M, = 20T
y Yy yi I IIIIXI Ll
/ / .
/ / 2.76. Ilyna maccoit m = 10 r, neresuas
/ 7 €O cKopocTeio v = 600 M/c, monana B Oamim-
r"{‘""' P""‘{“} v cruuecknii  MasitHuk  (puc. 1.18)  wmaccoil
R ___ﬁf___j --t< M =S5 xr u 3actpsna B HeM. Ha kakyro BbICO-
T Ty A, OTKJIOHUBIIUCH TIOCTIE yapa, MOTHSIICS
Puc. 1.18 MasITHHK?

2.77. B GannuCcTUYECKUI MasTHHK MacCOd m = 5 Kr momaja myJis
maccort m = 10 r u 3actpsna B HeM. OnpeaenuTb CKOPOCTh V MyJIH, €CITH
MAasITHHUK, OTKJIOHUBLIHNCH MOCTIE yaapa, MOAHSUICS Ha BbIcoTy /1 = 10 cMm.

2.78. 1sa rpy3a maccamu m; = 10 xr u m, = 15 kr noxaBelIeHbl HA
HUTSIX JUIMHOHM /=2 M Tak, 4TO rpy3bl CONPHUKACAIOTCS MEXIy COOOM.
Menbmnii rpy3 ObUT OTKIOHEH Ha yron ¢ = 60° u ormymen. Omnpene-
JIUTBb BBICOTY /1, HA KOTOPYIO MOAHUMYTCS 00a rpy3a mocnie yaapa. Yaap
IPy30B CUUTATh HEYIPYTHUM.
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C YEeJIOBEKOM, CTOSIIIUM B €€ LEHTPE; /" — MOMEHT HHEPLHH YeJIOBEKa,
CTOSILIEro Ha Kparo IiaTgopMsl, ®' — YrJIoBask CKOPOCTh MIaT(GOPMBI C
YeJIOBEKOM, CTOSIIIIUM Ha €€ Kparo.

JluHeliHasi CKOPOCTb YEJIOBEKA, CTOSILEro Ha Kpar IUaTdopMBl,
CBSI3aHA C YIIIOBOI CKOPOCTBIO COOTHOLICHUEM

v=0'R. (2)

Omnpenenue ' u3 ypaBHeHUs (1) U MOACTaBUB MOJYYEHHOE BbIpa-
KeHne B popmyiy (2), Oynem uMeThb

V= (Jl + Jz)(DR / (Jl + J'z). (3)

MoMmeHT uHepLuH TIaT(hOPMBbl PACCUUTHIBAEM KakK JUIsl TUCKA, Clie-
noBatensHo, Ji = 0,5m1R*. MoMenT MHEPLUHU YE€JI0BEKAa PaCcCYUTLIBAEM
KaK U MaTtepuanbHOi Touku. ITostomy J, =0, J% = myR®. Yriosas
CKOPOCTD TIAT(POPMBI 10 MEPEXOa YEIOBEKA paBHA M = 277

3amenuB B popmyine (3) Benuuunsl Ji, J2, J2. B O UX BBIPpAKESHHUSI-
MU, TTOJTYIHM

2
l/2mR 2ntnR = L27mR .

Y=
1/2mR* + m,R* m, +2m,
Cnenas MOJACTaHOBKY 3HAY€HWH M1y, My, T, R U n, onpenenum ju-
HEHHYHK CKOPOCTb Y€JIOBEKA:
180 10
yV=eo- .D.
180+2-60

n-—-1,5=0,942 wm/c.
60

IIpumep 1.20. Ye-
JIOBEK CTOUT B LIEHTpE
ckambu JKyKOBCKOro H
BMECTE C HEW BpallaeT-
csi mo wuHepuu: (puc.
1.23). Yacrora Bpamie-
ousi m =0,5 ¢’ Mo-
MEHT HHEPLUU jo Tesa
YeJI0BEKa OTHOCUTENIBHO
OCH BpallleHUss paBeH
1,6 krm”. B BBITSIHYThIX
B CTOPOHBI pyKax 4eyo-

Puc. 1.23 BEK JCPXKUT TIO TUpe
MAaccol m =2 Kr Kax-
nast.

Paccrosinue mexnay rupsimu [} = 1,6 M. OnpenenuTs 4acToTy Bpa-
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M=-Jo:/t. (1)

MOMEHT MHEepLUH JHCKa OTHOCHTENPHO €ro reOMEeTPHUUECKON OCH
pasen J = mr? / 2. TlogctaBus 310 BRIpaxkenue B Gopmyiy (1), onpene-
JUM

M=—mr*o, / (210). )

BbIpasuB yrioByro CKOpPOCTb () 4Yepe3 YacTOTy BpALICHUS A U,
NPOM3BEAS BHIUUCIICHUS 110 opmyie (2), onpenenum

M=-1Hwm

2. B ycnoBum 3amaun JaHO YHCIO OOOPOTOB, CIENAHHBIX MAaXOBH-
KOM 10 OCTaHOBKH, T.€. €ro yriioBoe nepemeinenue. I[lostomy mpume-
HUM (QOPMYJIy, BBIPAKAIOLIYIO CBS3b PA0OThI C U3MEHEHHEM KHHETHUe-
CKOW 3HEPIHUH:

_Jo;  Jo;
2 2
WJIH, yUTsl, 4TO M7 = 0,
—Jw?
A=-lo’2. A= > : (3)

PaboTa npu BparmaTenbHOM ABIKEHUH OTIPENessieTcs: o Gpopmyie
A =Me. TloncraBus BbIpaXeHHUs padOThI 1 MOMEHTa MHEPLIH JHCKa B
bopmyay (3), momydum

Mo = —-mr*(w,)* / 4.

OTcrona MOMEHT CUJIbI TPEHUS

M = —mr*(w1)* / 4¢. 4)

VYroa nosopota ¢ =2aN=2-n-200= 1256 pan. Ilpoussens BbI-
qrcneHus 1o popmysie (4), Hoaydum

M=-1Hwm

3HaK MHUHYC MOKa3bIBaeT, YTO MOMEHT CUJIbl TPEHHUS OKa3bIBaeT
TOpMO3sLIee NEHCTBUE.

Hpumep 1.19. Ilnardpopma B Buzme amcka paguycoM R=15M u
Maccol m; = 180 kr Bpaimaercsi N0 HHEPLUUHU OKOJIO BEPTUKAIbHOW OCHU
¢ yacToTOl n = 10 Mus '. B LIEHTPE MIaT(HOPMBI CTOUT YEJIOBEK MacCOi
my = 60 xr. Kakyro JTMHENHYI0 CKOPOCTh OTHOCHUTEJIBHO MOJIA MOMeLIe-
HUsl Oy/IeT UMEThb YeJIOBEK, €CJTH OH MepeiaeT Ha kpal iatopmbl?

Pemenue. I1o 3axk0Hy COXpaHEHHsI MOMEHTA UMITYJIbCA,

(/y + )0 = (), + ;)0 (1)
rae Ji — MOMEHT MHEePUHHU TATPOPMBIL; J, — MOMEHT WHEPLIUU YeJIOBe-
Ka, CTOSIIETrO B LIEHTPE IIaT(QOPMBI; () — YIIIOBast CKOPOCTh TUIAT(HOPMBI
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2.79. Isa Heynmpyrux mapa MaccaMu m; =2 KI' U M, = 3 KT JIBU-
JKYTCSI CO CKOPOCTSIMH COOTBETCTBEHHO Vi = 8 M/c u v; = 4 m/c. Ompe-
nenuTh yBenuueHue AU BHyTpeHHeEN 3Hepruu L1apoB MPU UX CTOJKHO-
BEHUH B JBYX CIy4asx: 1) MEHbIIW IIap HaroHseT OOJBLINIL; 2) mapsl
IOBUXKYTCS] HABCTpedy APYT APYTY.

2.80. [lap maccoii m,, NETSIHA CO CKOPOCTBIO Vi = 5 M/C, yaapsieT
HETMOABUKHBIN IIap mMaccou m,. Ymap npsimoi, Heympyrui. Omnpene-
JIUTh CKOPOCTb ¥ LIAPOB MOCJE YAApa, a TaAKXKEe AONIO () KMHETHYECKOU
SHEPruu JIeTSIIero Iapa, U3pacxoJ0BaHHOM Ha yBeIHMYEHUE BHYTPEH-
Hell sHeprum >THX mmapos. Paccmorperb nBa ciyuast: 1) my =2 kT,
my = 8 kr; 2) my = 8 Kr, my = 2 KT.

2.81. Illap maccoit m = 2 KT HaJIeTAeT Ha MOKOSILIUICS IIap Mac-
coii my = 8 xr. Ummynec p; aBrkyinerocs mapa paseH 10 kr-m/c. Y nap
LI1apoB MpsiMOM, ynpyruil. Onpeneiautb HENOCPEACTBEHHO MOCIE yaapa:
1) mmmyseCBl p'y IEPBOTO IIapa U p'; BTOPOTO mapa; 2) u3MeHenue Ap,
UMIyJIbCa MEPBOTO IIapa; 3) KMHETHYeCKHe SHeprun 1’ mepBoro mapa
u M’ Broporo mapa; 4) nsmeHeane A7} KWHETUYECKOH SHEPTUH TIEPBO-
ro mapa; 5) JOJI0 (O KUHETUYECKOH HEePTruH, NepeaHHON MepBbIM I1a-
POM BTOPOMY.

2.82. [lap maccoii m; = 6 Kr HaJeTaeT Ha APYrou MOKOSIIIUICA wap
Maccoit m, =4 kr. UMnynbc p; mepBOro mapa paBeH S kr-m/c. Ynpap
IapoB MNpsiMOH, Heynpyruil. OmnpenenuTb HENOCPEACTBEHHO IOCie
ynapa: 1) uMnynbchl p'; IepBOro mapa u p', BTOPOro 1mapa; 2) u3MeHe-
HUEe Ap) MMITyJibCa MEPBOro IIapa; 3) KUHETUYeCKne >Hepruu /' mep-
Boro mapa u M’ Broporo mapa; 4) usmeHenne A7) KUHETHYECKOH
SHEPTUU MEPBOTO Iapa; 5) A0 ¥ KHHETUYECKOW YHEPruu, TepeaaH-
HOH MEePBBIM LIAPOM BTOPOMY U JOJIO ()7 KUHETUYECKOW SHEPIUH, OC-
TaBLIEHCS y mepBOro mapa; 6) usMeHeHue AU/ BHYTpEHHEH SHEPTHH
IapoB; 7) MO0 () KMHETUYECKOUW SHEPrHH MEePBOTO IIapa, meperie-
1€l BO BHYTPEHHIOK SHEPTHIO IIAPOB.

2.83. Monot maccolt my; =5 kr ynapsier HeOOIbIION KYCOK Kee3a,
Jexalmuil Ha HakoBajbHe. Macca m, HakoBasbHHM paBHa 100 kr. Mac-
COM KycKa skene3a npeHeOpeub. Y nap meynpyruil. Onpenenuts KITJ 1
yAapa MOJIOTa NPU JAHHBIX YCIOBHSIX.

2.84. boek cBaiiHOro MojoTta maccoit m; = 500 kr nmajaer ¢ HEKOTO-
poit BBICOTHI Ha cBato Maccoit m, = 100 kr. Onpenenure KIIJ| n ynapa
Oofika, cuuTas yaap HeynpyruM. M3smMeHeHneM NOTeHIHaNbHOW SHEPT U
cBau mipu €€ yriyOieHun npeHedpeysb.
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2.85. MonotkoMm, macca kKoToporo m; =1 kr, 3a0UBalOT B CTEHY
reo3ap Maccort mp =75r. Onpenenutrs KIIJ| n ymapa monoTka npu
JAHHBIX YCIOBHSIX.

2.86. Illap wmaccoin m; =200r, OBWXKYLIUNICS CO CKOPOCTBIO
vi = 10 M/c, ynmapsier HeNmOABWXKHBIA map maccod mp =800T. Ynmap
npsiMoii, abcomoTHO ynpyruii. KakoBsl OyayT CKOPOCTH Vi U V; ApOB
nocJje ynapa?

2.87. Illap maccoit m = 1,8 KI CTaJIKUBAETCS C MOKOALUMCS 1IApPOM
Oonpiueii Maccbl M. B pesynbraTe mpsMOro ynpyroro yaapa map mnote-
psn o = 0,36 cBoeil kuHeruueckol sHepruu 7. OmnpenenuTb maccy
OonpIIero mapa.

2.88. U3 nByx coymapsiromuxcs abCOMIOTHO YIPYTUX MapoB O0Jb-
M map nokoutces. B pesynbrare npsAMoro yaapa MEHbIIWH Map Mo-
Tepst ® = 3/4 cBoel kuHeTH4deckoi sHeprun /7. OmnpenenuTs OTHOIIE-
Hue k = M / m macc mapos.

2.89. OnpenenuTs MaKCUMAJIBbHYIO YacTh () KUHETUYECKOH 3HEpruu
71, KOTOpPYIO MOKET IepenaTbh 4YacTULlla Maccou my = 2:10 % r, cranku-
BasICb YIPYro C YaCTULIEW MacCOU mp = 6:10%r, KOTOpas 10 CTOJIKHO-
BEHUs IOKOUJIACh.

2.90. Yacruma wmaccoii m =102 kr obnagaer HMITyJIbCOM
p1= 510 krwm/c. Onpenenutb, Kakoll MaKCUMaJbHBIH HMIYJILC pr
MOXET MepenaTh 5Ta YaCTHULA, CTAIKUBAACh YIIPYTO C YaCTULIEH MacCcon
my=410" KT, KOTOpas 10 COyAApPEHUs MOKOUIIACH.

2.91. Ha nokosuiics map HajaeTaeT co CKOPOCTBIO Vi = 2 M/C Apy-
roW map OOUHAKOBOW C HUM Macchl. B pe3ynbrare CTOJKHOBEHHS 3TOT
11ap U3MEHWJ HalpaBjieHHe IBUKeHHUs Ha yroi o = 30°. Omnpenenuts:
1) ckopocTu u; U U, MApOB TOCKE yAapa; 2) yroa 3 MexXIy BEKTOpPOM
CKOPOCTH BTOPOIO LIapa U MEePBOHAYATIbHBIM HANPABICHUEM IBUXKEHUS
MepBOro mapa. Y aap C4uTaTh YIPYTUM.

2.92. Yacruna maccoii m; = 1072* r umeer KHHETHYECKYHK) SHEPTHIO
71 =9 n/lx. B pe3ynprarte ynpyroro CTOJKHOBEHUs C OKOsIIIeNcs Jac-
THIEH Maccoit m, = 4102* r ona coobmaer e KHHETHYECKYIO0 SHEPTHUIO
M, =5 n/lx. OnpenenuTs yroi o Ha KOTOPbIH OTKJIOHUTCSA 4acTHULA OT
CBOErO NMEePBOHAYAIBHOTO HATIPABJICHMUSI.
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OBI)KEHUU TPY30B IHCK YCKOPEHHO BpAINAeTCsl IO YaCOBOH CTPEIIKe,
cienosarenbHo, 12" > 17", Bpamaromuii MOMEHT, TPUJIOKEHHBIN K TUC-
Ky, paB€H MPOU3BEACHUIO PA3HOCTH THX CHJI Ha IJIEYO, pAaBHOE painy-
cy nucka, 1.e. M = (1, — T1")r. MomeHT uHepunn nucka J = mr* / 2, yr-
JIOBO€ YCKOPEHHE CBS3aHO C JIMHEHHBIM YCKOPEHUEM TI'Py30B COOTHO-
menueM € = a/ r. llogcraBus B popmyny (3) Beipakenust M, J u €, no-
JIyIUM
2
-t =" sr-1="a.
2 r 2

Tak xaxk 11'=11 u 1;' =M,, To MOXKHO 3aMeHUTh cujibl 17’ u 15’
BbIpakeHusIMU 1o popmynam (1) u (2), Torna

myg — ma —mg —m; = (m/2)a, vin

(my—m)g=my+m+m/2)a

OTKyAa

g=—"Tr"" 4 (4)

m,+m +m/'2

OTHowmeHue Macc B mpaBoil yactu (opmyiibl (4) eCTh BETUYHHA
6e3paszmepHas. [losToMy 3HaUSHHS Macc #1;, My U M MOXKHO BBIPA3UTH B
rpamMmax, Kak OHHU JaHbl B ycJIoBHHM 3a1aun. [locne moacTaHoBKH MOJTy-
YUM

- 0,2-0,1

0,2+0,1+0,04

IIpumep 1.18. MaxoBuk B BUae aucka Maccor m = 50 Kr u paauy-
coM 7 =20 cM GbIT PAaCKPyHeH 0 YaCTOTHI Bpamenus 71 = 480 Mus ' u
3aTeM MpenocTaBiieH caMoMy cebe. BenencTsue TpeHuss MaxOBHK OCTa-
HoBmiCcs. OnpenenuTs MOMEHT M CHUJT TPEHHSI, CUUTAs €r0 OCTOSIHHBIM
IUTSL IBYX CIy4aeB: 1) MaXOBHK OCTaHOBHIICS 4yepes 1 = 50 ¢; 2) MaxOBUK
10 TOJTHOHM ocTaHoBKU crnenan N = 200 060poToB.

Pemenue.

1. ITo BTOpOMY 3aKOHY JTUHAMHKH BPAIIATEIbHOTO BUXKCHUS, U3-
MEHEHHE MOMEHTa HMMITYJIbCa BPALIAIOIIErocs Tela PaBHO IMPOU3BEIE-
HUEO MOMEHTA CHJIBI, AEHCTBYIOLIETO Ha TEJIO, HA BPeMsl IEHCTBHS 3TOTO
MOMEHTA:

MAt = Jo, — J(Dl,
rrae J — MOMEHT HHEePLIMH MaXOBHKa,

®1 ¥ 7 — HA4aJIbHAsl U KOHEYHAas YIIIOBbIe CKOpoCcTH. T K.

oy, =0u Ar=1, 10 Mt = -Jw;, OTKYna

981=288 m/c’.
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IToxcraBuB B Gopmyny (2) nonydeHHbIe BbIpaxkeHus M u J, omnpe-
JeJTUM YTII0BOE YCKOPEHHUE Bajia:
_m,(g-a)r _2m,(g—a)
m,r’ mr
2
Jns ompeneneHusl JTUMHEHHOTO YCKOPEHUS THPU IOACTAaBUM IO-
cnenHee Beipakerne B popmyiny (1). [Monydnm

S

a=28Y 2 80 Wi
m, m, +2m,

muii Maccy m =80T, MepeKuHyTa TOHKas TrudKas
T ,  HUTb, K KOHLIaM KOTOPOM MOJBELIEHb! I'Py3bl MaccaMu
T m;=100r u m=200r (puc. 1.22). C kakum yckope-

HUEeM OyAyT IBUTATbCS TPY3bI, €CIH UX NMPEAOCTaBUTH
T4 T camum cebde? Tpenuem npeneOpeys.

Pemenue. IIpuMeHuM Kk pelIeHUIO 3a0a4l OCHOB-
HbI€ 3aKOHBl TOCTYNAaTENBbHOIO M BPALATEIBHOTO
OBkeHMs. Ha kaxaplil U3 ABHXKYLIUXCS PY30B O€H-
CTBYIOT [IB€ CWJbl. CUJIAa TSKECTH Mg, HaIpaBJIeHHas

my BHU3, W cwia M HaTSOHKEHUs HUTH, HaIpaBJICHHAs
Puc. 1.22 BBEPX.

Tak kak BEKTOp YCKOpEHHUs a Ipy3a A1) HaIlpaBlieH BBEPX, TO
11 > mg. PaBHOAEWUCTBYIOIIAsT 3TUX CHJI BBI3BIBAET PABHOYCKOPEHHOE
IBUXKEHHUE U, IO BTOpoMy 3akoHy HbloTOHa, paBHa

Ihh-mg=ma = Ti=mg+ma. (D)

BexTop yckopeHust a rpysa m; HalpaBleH BHU3, CIE€NOBATEIBHO,
T, < myg. 3anmmem GopMyiy BTOPOTO 3aKOHA JJIsl 3TOTO TPy3a:

mg—-T,=ma = 1T,=mg-ma. (2)

CornacHo OCHOBHOMY 3aKOHY AMHAMMKH BpalllaTeIbHOIO JBHXKe-
HUS, BpallaloIuil MOMEHT M, MPUJIOKEHHBIN K AUCKY, paBeH MpoU3Be-
J€HUI0 MOMEHTa HHEepLUU J IUCKa Ha ero yriioBOe yCKOPEHHE &, T.€.

M= Je. (3)

Onpenenum Bpamaromuii MOMEHT. CUJIbl HATSDKEHUST HUTEH eNCT-
BYIOT HE TOJIKO Ha Ipy3bl, HO U Ha auck. Ilo Tperbemy 3akony Heroro-
Ha, cwibl 11" u T,', npunoxeHHsle kK 0001y MUCKA, PaBHBI COOTBETCT-
BEHHO cuiaM /1 u M,, HO o HanpaBIEHUIO UM MTPOTUBOMNOJOXKHBL [1pu
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@ Hpumep 1.17. Yepe3 0ok B BHAE AUCKA, UMEFO-

my M.

my

1.2.2 /lunamMuKa BPAlIATEJNBHOI0 ABUKEHUS

OcHoBHbIe GpopMyJibl

* MowmeHT cunbl /7, AeHCTBYIOLIEl Ha TeJIO, OTHOCUTENBHO OCU
BpallleHUs]

M=FI,

rae /7, — mpoekuus CHiIbl /' Ha MJIOCKOCTb, MEPIEHIUKYISPHYIO
ocu BpameHus, / — tuiedo cuiibl F (KkpaTyaiiinee pacCTOSTHUE OT OCH
BPALEHMSI 10 JIMHUU EeHCTBHSI CHIIbI).

* MOMeHT MHepLUU OTHOCUTEIBHO OCH BPALIEHMUS:

— MaTepHUaJbHON TOUKU

J=mr
r7ie m — Macca TOUKH; ¥ — pacCTOsSIHUE €€ OT OCH BpallleHus,;

— IUCKPETHOrO TBEPAOTro Teja

n
J = Z:Aml.rl.2 ,
i=1
I'ne Am; — macca i-eo snemMeHTa Tena; ¥; — PaCCTOSIHUE 3TOTO 3JIEMEHTa
OT OCH BpALIEHUS, /1 — YUCJIO 3JIEMEHTOB TeNa,
— CILJIOLIHOIO TBEPAOTO Tena

J= Irzdm .

Ecnu Teno omHOPOIHO, T.€. €ro MIOTHOCTh P OJMHAKOBA IO BCEMY
obbeMy, TO

dm=pdV mn J= pIerV
rae J — obbem Tena.

* MOMEHTBEI MHEPLUUU HEKOTOPBIX TeJl MPAaBUIBHON reoOMeTpHuue-
CKOM (hOpMBI:

Ocp, oTHOCUTENBHO KOTO- | Popmyina

Teno pPOM OmpeAessIeTCss MOMEHT | MOMEHTa
UHEPLINH UHEPLINH
IIpoxonut uepes UeHTp Ts- 1
2
JKECTH CTEP>KHsI NepIeH 1u- Eml

OnHOPOOHBIN TOHKUI CTep- | KYJAPHO CTEPIKHIO

5KEHb MACCOM m U JJIUHOM /

IIpoxoaut yepes KOHeL 1
CTEPIKHS NEPIEHIUKYJIIPHO Eml ?
CTEP>KHIO
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Tonkoe koib1o, 00pyH, TPy-
0a panuycom K u Maccoi m,

MaxOBHK paguycoM R u mMac- mR’
COM m, pacnpeneeHHON No
obony
[IpoxoouT yepes ueHTp 1
MePIIEHINKYISIPHO TUIOCKO- 5 R’

Kpyraeiii oqHOpoaHbIN quck | CTH OCHOBAHUA

(unmaHzp) panuycom R u [IpoxoouT yepes ueHTp
MaCCOI:I m OnHOPOAHBbIH wwIap IHUCKA NEPIEHAUKYIISIPHO 2 R
Maccoli m 1 paycom R MJI0CKOCTH OcHOBaHus IIpo- 5

XOJIUT Yepe3 LEeHTp L1apa

* Teopema ITeiinepa. MOMEHT HHEpPLUUU TeJa OTHOCUTEIBHO
MPOU3BOJILHON OCH

J=Jy+ mad*,
rae Jo — MOMEHT MHEPIIMH 3TOr0 TeJla OTHOCUTENBHO OCH, MPOXOsIIe
4yepe3 LEHTP TSKECTH TeJa MapajuieNIbHO 3aJaHHON OCH; d — PACCTOSIHHE
MEXKIy OCSMH, 7 — Macca Tena.

* MOMEHT UMITyJIbCa BPALIAOLIErOCs TeJlda OTHOCUTEIIbHO OCH

L=Jo.

* 3aKOH COXpaHCHUA MOMEHTA UMITYJIbCa

n
ZLI. = const ,
i=1
rrae L; — MOMEHT HUMITyJIbCa i-T'O TeJla, BXOASIIEro B COCTaB CHCTEMBI.
3aK0oH COXpaHEHHs] MOMEHTa HMITYJIbCa Ui ABYX B3aHMOJEHCT-
BYIOIIHX TeJl
Jo, +J,0,=Jo"+J0,,
Tne Ji, J2, ®1, ® — MOMEHTBI MHEPIIUH U YIJOBBIE CKOPOCTU TEJI IO
B3auMoJencTeus: J), o' ,J,,0', — Te e BeIMIUHBI [I0CNIe B3aUMOJeii-
CTBHSI.
3aKOH COXpaHEHUsS MOMEHTA UMIYJbCa JUIsl OJHOTO Tejia, MOMEHT
WHEPLHH KOTOPOTO MEHSIETCS,
Jio1 = Jom,,
rae Ji, J, — HadajabHBIA U KOHEUHBI MOMEHTBI MHEPLIUU, M1, MOy — Ha-
YaJibHAs U KOHEYHAsl yIJIOBbIE CKOPOCTH TeJIa.
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J.=0,111m 2 + 0,871m* = (0,111m; + 0,871m)F,

WJIW, YUYUTBIBAsA, uTO H1z = 0,5m,

J.=0,547Tm .

HpOI/ISBeI[ﬂ BBIYHCJICHUA, l'IO.]'IyLII/IM 3HAYCHUC MOMCHTA I/IHepLII/II/I

(u3NIECKOro MasiTHUKA OTHOCUTENBHO ocu ()::
J.=0,547-1-1=0,547 k™",

IIpumep 1.16. Ban B BUAE CILIOIIHOIO LU-
auHApa Macco m = 10 kr HacaxeH Ha FOPU30H-
TaJbHYKD OCb. Ha nunmHap HaMoTaH WIHYp, K
cBOOOTHOMY KOHIy KOTOPOTO IOABELIEHA T'HpPs
maccoit my =2 kr (puc. 1.21). C xakum yckope-
HUEeM a OyIeT OMyCcKaThbCs TUps, €CIH ee mpenoc-
TaBUTb camoii ceOe?

Pemenue. JInHeitHOE yCKOPEHUE d TUPH PaB-
HO TaHT€HLUAJIbHOMY YCKOPEHHI) TOYEK Bala,
JeXaIUX Ha €ro UUWIMHAPUYECKON MOBEPXHOCTH,
U CBSI3aHO C YIJIOBBIM YCKOPEHHEM € Bajia COOT-

HOILLIEHUEM
mZ g a=er, (1)
Puc. 1.21 rie 7 — paauyc Bana.

YTroBo€e yCKOpEHHe Baja BbIPAXKAETCsl OCHOBHBIM YPABHEHUEM JIU-
HAaMHKH BPAILAOLIErocs Tena:

e=M/J, (2)
rae M — Bpamaromuii MOMEHT, IEUCTBYIOIIUIA Ha BAI,

J — MOMEHT HHepLHH Baja.

PaccmaTtpuBaeM Bas Kak OQHOPOAHBIA HUIUHAP. Torna ero MOMEHT
WHEPLUU OTHOCUTEJIBHO T€OMETPUYECKON OCH PAaBEH

J=mr*/2.

Bpamatomuit MoMeHT M, nelCTBYIOINIA HAa BaJl, paBEH MPOU3BEAC-
HUIO CUJIbI HaTsDKeHUs M mHypa Ha paguyc Bana: M = Mr.

Cuiy HaTsDKEHHUS LIHypa OIpENeNuM W3 CIEAYIOIIHX coobpaske-
Hui. Ha rupro nefcTBYIOT IB€ CUIIBL. CHJIA TSPKECTH M1, HAIIPABJICHHAS
BHU3, U CUJIa HaTsbKeHus M 1Hypa, HalpasiieHHas BBepx. PaBHozaeicT-
BYIOIasl 3TUX CHJI BbI3bIBAET paBHOYCKOpeHHOe naBibkeHue rupu. Ilo
BTOPOMYy 3akoHY HbroTOHA

mg—-T=ma = T=m(g-a).

Takum obpa3om, Bparmaromuii MOMeHT M = (g —a) r.
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my =14 1,66:10% xr=2,32-10%° «r.

3Hauenus my, m, d v o noacraBuM B Gopmyny (5) u mpousseneM
BBIUHCIIEHHS:

J-=6,810"% krm*.

IIpumep 1.15. Ousnuecknii MasTHUK Ipen-
0 crasisieT coOoil crepikeHpb mnHOM /=1 M U Mac-
j CON m; =1 Kr ¢ NPUKPEIUVIEHHBIM K OJHOMY U3
~ 7 €ro KOHLIOB AUCKOM Maccoi my, = 0,5 m;. Omnpe-
l JeNUTh MOMEHT UHEPLUH J; TAKOrO MasTHHUKA OT-
HOCHUTENIbHO ocu (Jz, MpOoXosiei yepe3 Touky O
‘ Ha CTep)KHE MEePHEeHIUKYJSPHO IUIOCKOCTU 4ep-
texa (puc. 1.20).
Pemienne. OOmuii MOMEHT WHEpPLUH MasiT-
HUKa paBeH CyMMe MOMEHTOB MHEPLMM CTEPKHS
Jo1 1 nucka Jo;.

Puc. 1.20 Jo=JatJn (1)

DopMyIIbI, MO KOTOPHIM BBIYHUCIISIIOTCSI MOMEHTBI MHEPLIH CTEPIKHSI
J:1 1 ogucka J; OTHOCUTENBHO OCeH, MPOXOIALIMX 4epe3 UX LIEHTPBI
Macc, 1aHbl B Ta0J. Bbilie. YTOObI OMpeneuTh MOMEHTBI HHEPLUH J-; U
J-2, HY’KHO BOCTIOJIb30BaThCs Teopemoit [lTeiinepa:

J=J.+md. (2)

BripazuM MOMEHT MHEPIIMH CTEPIKHS COTJIaCHO opmyde (2):

Ja= 1/12(7’)’11[2 + m1a12).

Paccrosinue a; mexny ockto (. M MapajulebHON el OChI0, IIPOXO-
nsitieit yepes ueHTp mace () CTepikHsl, Kak ciaenyeT u3 puc. 1.20, paBHO
Y51 =131 =4I, C yaerom sToro 3amumem

Jor = Ya[m P+ my (s Y] = Yo P = 0,11 1my 2.

MoMEeHT UHEePLMH ANCKA B COOTBETCTBUU C (opMyJIoii (2) paBeH

Joo ="1omR* + m2a22,
rae R — pamuyc aucka, R ="/l

Paccrosinue a, mexny ockto (. M MapajuleNbHON el OChI0, IIPOXO-
msiiell depes LeHTp Mace mucka, pasHo (puc. 1.20) Yl — "4l ="/, C
YUETOM 3TOTO 3aIHIIEM

o = amy(Laly? + ma(M12l)* = 0,0312m1 1 + 0,840m, 2 = 0,87 1m, 1.

IToxcraBuB nosyueHHble BeIpakeHus J.; u J» B popmyny (1), om-
penenum

k)
~
~

1/2
az

U4
=
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* OcHoBHOE YPpaBHCHUEC MOUHAMUKHU BpPALIATCIBbHOIO JIBUKCHUA
TBEPJIOTO TeJIa OTHOCUTEIBHO HETIOABIKHOMN OCH

Mdt =d(Jw),
rne M — MOMEHT CuJibl, IeUCTBYIOIIEH Ha TEJIO B TeYSHHE BpeMeHu df;, J
— MOMEHT MHEpLHUH TeNla, (O — yIJoBasi CKOPOCTb;, J® — MOMEHT UM-
IyJbca.

Ecan MOMEHT cujIbl © MOMEHT HHEPUUH MMOCTOAHHBI, TO 3TO ypaB-
HCHUE 3aIlIUChIBACTCA B BUJC

MAt = JAG .

B cnyuae mOCTOSITHHOrO MOMEHTAa MHEPLMH OCHOBHOE YpPaBHEHUE
AUHAMHUKU BPAIIAaTCIBbHOI'O ABUXKCHUA MIPUHUMAECT BUJ

M = Je, rne € — yrioBoe yCKOpPEHHE.

* PaboTa mOCTOSIHHOTO MOMEHTa CWJIbl M, NeMCTBYIOIIEro Ha Bpa-
11aro1eecs Teo,

A =Me,
rzie ¢ — yroj noBopoTa Teja.

* MrHoBeHHas MOIITHOCTD, pa3dBUBacMas Ipu Bpali€HUU TEa,

N=Mo.

» Kunernueckasi 3HEprysl BPALIAIOIIEroCs TeNa

7=10°

2

+ Kunernueckasi SHeprusi TeNa, KATSIIErocs MO IUIOCKOCTH 0Oe3

CKOJIbXKEHUS],

1 1
T=—mv’+—Jo,
2 2
rae Emvz — KUHETUYCCKAsA SHEPTUA MOCTYINATCIIBHOTO ABUXKCHUA TECIIA,

1
V — CKOPOCTb LIEHTpa MHEPLUU Tena, EJ(DZ — KMHETUYECKasi SHEPrusi

BpaLIATENbHOTO ABUXKEHUS TeJla BOKPYT OCH, MPOXOASIIEH Yepe3 LIEHTP
UHEPLUU.

» PaboTa, coBepinaeMasi mpu BpaIEHUH TeJa, U U3MEHEHHE KHHe-
THUYECKOU SHEPTUH €r0 CBA3aHbl COOTHOLIECHUEM

1 1
A=—Jo;——Jo;.
2 2
* BenuuuHbl, XapakTePU3YIOIHe TUHAMUKY BPAIIaTeIbHOrO IBHU-

JKCHUsA, U (I)OpMy.]'IbIJ ONMHUCBIBAIOIIHUEC 3TO ABHMIXKCHHE, aHAJIOTHUYHBI COOT-
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BCTCTBYIOIIUM BECJIUYNHAM U Q)opMynaM NMOCTYNATCIbHOIO ABUKCHUS.
JTa aHAJIOTHs PACKPBIBAETCS CIASNYIOMEeH Tabuiei:

IToctynarenbHOE ABHXKEHUE BpamarensHo€e 1BHXKEHUE

OCHOBHOI 3aKOH IUHAMUKHA

FAt=mvy —mvy; MAt =Jw,; — Jo;
F=ma M=Je

3aKOH COXpaHEeHUs

HUMITYJIbCa MOMCHTA UMITYJIbCa

n n
Zmivi = const Z J,w, = const

i=1 i=1

Pabora u MmomHOCTS

A =Fs; A =My,
N=Fv N=Mo
Kunernyeckas sHeprus
7= lmv2 T = lJoa2
2 2

1.2.2.1 Ilpumepsl pemieHus 3aaa4

IIpumep 1.14. Brruucnute MOMEHT uHepuuu J. Mojekyiel NO;
OTHOCHUTENIHO OCH Zz, NMPOXOJslIell yepe3 LIEHTP Macc MOJEKYJbl mep-
MEeHUKYJSIPHO TUIOCKOCTH, COIEp Kallel spa aTOMOB. MexbsanepHoe
paccrostane d 31Ol Mojekynbl paBHO 0,118 HM, BajeHTHBIH yrou
a = 140°.

Pemenne. Monexkyny NO, MOXXHO paccMaTpuBaTb KakK CHUCTEMY,
COCTOSIIIYIO U3 TPEX MaTepHAIbHBIX TOUEK 0OIIel Maccoi

m=2m +my, (D)
TZIe M1 — Macca aToMa KUCJIOpOAa; M1, — Macca aToMa as3oTa.

Pacnonoxum MoJsieKyly OTHOCUTENBHO KOOPIWHATHBIX OCEH Tak,
Kak 3TO yka3aHo Ha puc. 1.19 (Hadano KOOpAMHAT COBMECTUM C II€H-
TpoM Macc (C MOJIEKYJIbI, OCh Z HANIPABUM NEPIEHIUKYISIPHO TUIOCKOCTH
gepTeka «K Ham».)

st onpenenenus J. Bocnionibzyemcs: Teopemoit LTeitnepa:

J=Jc+ma’,
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Jns manHOrO Ciiydast sta
TEOpPEMA 3alHIICTCA B BHUIAC
Jo=J + maz, rae J.;: —MOMEHT
UHEPLHH OTHOCHTEJIBHO OCH
z', TmapajyeIpbHOW OCH Z W
MPOXOJALLEH uepe3 aTOM a3o-
ta (Touka O Ha puc. 1.19).

my X M Orcroma WMCKOMBIT MOMEHT

Puc. 1.19 HMHEepLUH

J. = Jo-ma* (2)

MowmeHT uHepuuu J.+ ompeneauM Kak CyMMy MOMEHTOB MHEPLIUH
IBYX MaTepUAIbHBIX TOYEK (ATOMOB KHCIOPOAA):

Jo=2m & (3)

PaccrosiHue a Mexay ocsMH z U z' paBHO KOOpJAMHATE X, LIEHTpa
MacC CHCTEMBI H IIO3TOMY MOXKET OBITh BBIPaXKEHO 110 hopmyie

2 mx,
2.,
B nanHOM ciyuae

a=xc = (2mx) + myxy) / (2m; + my), Wnu, yIUTBIBASA, 9TO X1 = d COS
(0( / 2) HX2 = O,

Xc

2m o
a=x,=——->1—dcos—. 4)
2m, +m,
IMoncraBuB B Qopmyny (2) 3HaueHus J.. m, a COOTBETCTBEHHO W3
BoIpakenuii (3), (1), (4), noayuaum
2 2
m a
J,=2md*> - (2m, +m,)) ——— | d*cos’ —
2m, +m, 2
WIN MOCJTe TpeoOpa3oBaHui
2m o
J,=2md’| 1-——1—cos’ = |, (5)
2m, +m, 2
Haiinem B Tabn. 23 OTHOCHTENbHBIE aTOMHBIC MACChI KHUCJIOPOAA
(4o =16) u a3ota (Ay = 14) u 3armuIeM Macchl aTOMOB 3THX 3JIEMEHTOB
B ATOMHBIX €IMHUIAX MAcChl (a.€.M.), a 3aT€M BBIPa3UM B KHJIOTpaMMax
(1 a.em. = 1,66:10% kr, cm. Tabu. 9):

mi =16 1,66:10%" kr = 2,66:10 % kr;
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