Mpo¢. I'. B. TPANE3HHKOB.

K BONPOCY O PACYETE HA YIAPHOE JEACTBUE
T HATPY3KH.

~ Jise hopMyan: ojHA AAS MAaKCHMaibHOH AedOpMauuM OT AeH-
<TBHA rpy3a, Najaollero ¢ BHCOTH [1:

Aly= Al -}V ALz +2HAI,

Al@ l/ H
Al + Al,

\ ca:::rc—[-—l/cc?—[—-?,-—fifjac
2= —{-1/1 _}_Qﬂf
S¢ ls,

WCYEPNLIBAIOT CO60M0, OGLIYHO, BECh pACYeT HA yAapHOe JelcTBHE
rpysKu.

' OTH QOPMY.Jbl NPHMEHUMBI, [P pacueTe Ha ynap, 418 [POCTHX
CTEPKHEH, PACTATMBAEMBIX HJIH CKHMaeMuiX. PYHKIUOHAABHLIA COC-
B (POPMYJ, KOTOPble MOTYT OLITh NpHBENEHs! AJs pacyeTa HAa yaap
H KpydYeHHH M H3rube, OyNeT TaKuM Ke, KaK 4 B TOJIbKO YTO Ha-
CaHBEHX (opmyanax. Bce HaMeHeHue OyHeT 3aKAI0HATLCA B 3aMeHe
ONHUX (HU3HUECKHX XADAKTEPUCTHK MaTepHana M reoOMeTpPHYECKHX
XaPAaKTEPHUCTHK AePOPMHPYEMOro TeJa—ApYrdMH, HAaNpPsSKEHHS OA-
#1010 BHAA—/PYTHM. :

B DpOMSBOACTBEHHLIX YCJIOBUAX, KaPTHHA yNapa, O4€Hb 4YacTo,
D6 HE CKa3aTb, BCErAa, ropasjio CJAOXHee TOro, 4TO Mbl HMeeM
#1pH_NPOCTOM NAajeHHH TPy3a. ¥Yiap NpH OTKaTe CTBOAA apTHAIE-
- pufickoro opynus, Haber akundxa (BaroH, aBTO) HA MPENnsATCTBHE,
9a607a KJ1anaHOB NapoOMauiHHbl WM JABUTATENs BHYTDEHHEIO Cropa-
~HHA—BCE 3TO MPHMEDHI M rPOMAAHOE KOJHYECTBO HPYTHX, HEpedHuc-
AT KOTOPHIE HET HEeO6X0AMMOCTH M BO3MOMKHOCTH, YKa3HBalOT Ha
HENPUMEHHMOCTb (OpMyJ, NPHBEACHHEIX BHavaJe.

~ Ilpn pacuere nerane# uau cucteM Ha YAapHOe AeACTBUE Har-

' PY3KHM, KOHCTDYKTOp, B GOJbLIMHCTBE CJydaes, MPHHYXAEH CO3[Aa-
¢ BarTb CNOXHHE AHAAATHYIECKHE BHPAXKEHHA AJs TOro, 4TOGH HCuep-
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naB pACCMOTPEHHE KapPTUHH YyJaapa, OH HMeJd BO3MOXHOCTL OIpe-
aeantb abdexT mnocaeqHero. , '
" Henb3s, KoHeuHo, oxBaTHTh (He roBOps Yyxe 06 obbeMe 3ToH
cTaTefiKH) BCEX CJyyaeB YAApHOro MAEHCTBUA HArpysk, KOTOpble
NpejoCTaBASIOTCA HAaM NPAaKTHKO#; HEAb3w NOTOMY, YTO OTIAeAbHLIE
c/ly4ad HMEIOT CBOK crenuuky, KOTOpass HCKJAKYaeT BO3MOXKOCTH
uX TouHni knaccubduxauuu. Tako#t, HanpuMep, BapUaHT yaapa, B KO-
TOPOM COYAapdI1oTCa ABE H, NpuUTOM, 06€ nedopMHpyeMble CHCTEMBbI,
C YMCJEHHO CPaBHMMBIMH MacCaMH, NPH BHENEHTPEHHOM I1DHUJIOXKE-
HHM yJapa, MOXHO pelaTbhb TOJbKO AJf YaCTHOTO CJ/yuaa 4 pelle-
Hue 310 norpebyer uenoit xHuru. [lostomy, B cOmieM BHAE MOXKHO
paccMOTpeTh TONBKO TAKOH yaap, Ipu KOTOPOM Macca pedopmupyemoli
CHCTEMBl HEBEJUKA 10 CPAaBHEHHIO € YAAPAIOUIEH MAacCCOH Y NOABHKEH
TOJIbKO OJIMH M3 KOHTPAareHTOB ylAapa: MAH Macca, WIH CHCTeMa,
Lleap Hacrosmen craTrbH—puates, B OGILEM BHJE, X0 pacueTa e~
dopManuyd ynpyrof CHCTEMBl NpPH ACHCTBHH Ha Hee MOABHXHOH Mac-
cul. [1pu aToM, Mbl He OyneM 3a1aBaTbCsl OTJAENbHBIMH BHIAMH [Je€-
¢dbopManuii, a pacCMOTPUAM YNPYryI0 CUCTEMY BOOOIXE, B KOTODOH, B
fnpeaenax MpHAOKHMOCTH [yKOBOH NPOMOPUHOHANBHOCTH, BCETl&
6yAeT MMETb MeCTO 3aBHCHUMOCTD:

‘ad = P,

rae nox GykBod 0 %) Gynem Moapa3ymeBaTh BeJHUHHY a6COMIOTHOIL
pedopmMalpu cucTeMsl no Harpyske P. Maaue rosops, 0 ects nepe-
MellleHHe TOUKH NpPHJAOKEHWs Harpyskd P k nedopMipPOBAHHOH el
cucTteme, No Hanpap/JeHUI0o 3TOH Harpysk.

Koaddunuent a ssaserca GaxTopoM nNPONOPUHOHANLHOH CBSA3H
Mexay 0 ¥ P, u, aaa npocThix pedopmanud, HMEET CAedYIOUIHik
(pyHKUIMOHAJIBHBIA COCTAB:

PacTaxenue u cxartue )

- P _EF
Al L
Kpyuenune
M 26/,
s al
Wsruob
' a__fi__ EJ,
Cf

Bo BTopo#t ¢opmysie uepes a 0603HaYEHA BENHUHHA JIMHEHHOTO:
nepememwenua cuasl P u3 napu M= Pa. B tpervei ¢opmyae xKo-
apduunenT 1 3aBACHT OT cnocofa 3arpy3ku 6ajkH M YCJIOBHHA Kpen-
JICHHA ee omnop.

*) 3nech yMBIUIEHHO HAPYLIEHO CTanaaprHoe obo3nauenie nedopMauuid, H ab-
CO/MIOTHAaA AedopMaitnsi CHCTEMb! Ha3dBaHa OYKBOH 0, NOTOMY YTO Mbi PacCMaTpPHBACM:
cayuait o6wui. B uacTHpiX cayuasx, Moxer 6biTh: 0 = Al 0==f n T. L.

A
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- Tlpu ycnoBuu paccMOTpeHHs yZapHOro HUeHCTBHS MacCH Ha CH-
¢reMy, B3sTylo B obmem BHIe, HAM HeT HEOGXOAHMOCTH NOGHBATHCH
ONYyUYEeHHS] OTAENbHON (OPMYJH AN AMHAMHYECKOTO HAMPAMEHHS.
npeaenax ynpyrocTd MaTepuasa CHCTEMbI BCEria:

k= pBP=aBd**)

e k—nanpsxenne u f—koabdHUHERT NPONOPUHOHANBHOCTH, CO-
DTBETCTBYIOILHMA BHAY CHCTEMBLI, YCJAOBHAM UPHJIOKEHHS HATPY3KH H
HOROXEHHIO TOrO 3/IEMEHTA CHCTEMH, FJe onpene/sercs k.
~ TloaTOMy MBI OrpaHMYMMCA HAXOXIEHHEM O;—aGCOMIOTHON NHHa-
H4Y€CKOH JnedopMmanHu B TOuke npuiaoxenua yaapa. Uto xe xa-
€T ofpejeneHHs BeJHYHHL KO3(PHUHEHTA o« IAS KAKIOrO 4acT-
WOro CJyuasi, B CHCTeMaxX CJOKHBIX, TO Mbl XO/IKHH HMETh BU3MOXK-
HOCTh, C HEOGXOAHMOl TOYHOCTBLIO, AHANUTHYECKH, rpadHUecKH MK
-BKCNEePHMEHTANbHO, €ro MOJYYHTh.
B naspnefiem mui Gynem 0603Hayath a6COJMIOTHYIO AMHAMHYE-
- €KyI0 ‘nedopmauvio uepes dp U TAKOBYIO XK€ CTATHUECKYIO, Yyepes d..
- 1lpuctynum k pacuery, [lycte aBumxyuwasicsi Mmacca, HMelomas
¢ Q, B MOMEHT KacaHusi C CHCTEMOMN, 06/313eT CKOPOCTBIO ¥, H
KopeHHeM jo. [lna pacueta ma ynap, MBI ZO/KHH 3HATH BEJHYHHY
H 33KOH M3MEHCHHA j B npezenax: OT MOMEHTA KaCaHHs MacChl H
CTEMbl 10 MOMEHTa [IOTE€PH MACCOH BCEH KHHeTHUecKOR aHEepruu,
TOpas H3pacxoayercsi Ha jpedopmanmio cucreMmel. Co6cTBerHoe
KODeHHE MacCH j LO/IKHO ONpeie]sTbCAd YCAOBHAMH ee CBsizeil
Pa, ABHKeHHH (NPHBOJ OT MalIMHH, HAMDAB/IAIOMHE C TPEHHEM,
BA3Kas cpeja), npyueM B YWCJO 3THX CBA3eH He BXOIMT CBA3b ,Mac-
HereMa“. JT0  yCKOpeHue, B 3aBHCHMOCTH OT OBGCTOSATENBCTD W
BHH JBH)KEHHS MacChl MOXET GuIThb (YHKUHEH NyTH, MTHOBEH-
CKODOCTH HJIH BPEMEHH, NPOTEKIIero OT yC/JOBJAEHHOrO HayaJja.
TCUETa nocaensero. [lostomy Heo6xonNMO, AAsI PACCMOTPEHHS BOM-
a B Gosee o6meM BHAe, NPOBECTH peIIEHHE 33ajayH B TpeX Ba-
iTaX, COOTBETCTBEHHO TOMY, B (PyHKUBH KaKoro -aprymesra Oy-
r 3aaaHo j. [l pasauyenus BapHaHTOB GylHeM ynotpe6aaTb HH-
{E€KCH: DyTH—X, CKOPDOCTH—TV W BpeMeHH—/, YcKopeHue GymeT nu-
Bca: . - .
Jas Jv It

Mepeobiit Bapuaut j = 4.

Tpunss 3a wavana OTCYUETOB BPEMEHH H NYTH INepBbH MOMEHT
PHKAcaHMA MacCH H Aedopmupyomelics CcHCTeMB, HanHieM
(epennnanbHOe ypaBHEHHE ABHIKEHHS MacCh: ‘

m@*_Q; p,
T

™) To e 3aMEUaHHE OTHOCHTCS K K OGOIHAUCHHIO HaNPAKEHHS Gykboft & B

IMOCTH OT 8JeMeHta CHETEeMbl, MOXeT 0Ka3athcst, 9T0;
R=0y h=0p k=T Hu 1.0
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- 3Aecb /m—BenUYUHA MacChl paBHasf: m=—9— u P,—Mriaopensas
, g
ynpyras peakuuss CHUCTeMbl, paBHaa: P,—ax.
YpaBHenue MoxeT OHITb NPUBELEHO K TAKOMY BHJY:
dix —j, %8
L =g, — ]
dt: Q
Tak Kak, MpH CT4THYECKOM JAEeHCTBHH rpysa Q, Mnl HMeeM:
Q =ad,,
TO OKOHYaTeAbHHHA H 6oJee npoctoit BHA AuddepennalbLHoro ypas-
HeHua Oyjaer:
‘ - dix . g
=jx""_‘—_ x«
dt? 0;

HJAH

X\ 4 (%X — . dx— . xdx.
dt ar )

HuterpupoBanue paet:
1 [dx\? . I
—_— = )=}jdx—2-x4+C. . . . ... .(A) B
2 (dt) f’ 20, T ¢ (
KoneuHnsle ycn0BUsL TAKOBHI: |

npu x =0, —d—)—czvzfvo;
dt

dx
npu x=— 0y, — ==0.
dt
IMoacradoBka BeJMHYHH, COOTBeTCTByfome KOHEYHBIM YCJIOBHSIM, NaeT:
9, j
. 20, 1. 0.v,2 -
002_"—-—6' jxdx_'—e"q"::o s 2 2 e e o e @ (1)
g 4 "

DT0 ypaBHeHHe JOKHO GrTh Pa3penIeHe OTHOCHTENLHO 0,. Tak
Jx—(QyHKUHSA OYTH, TO HHTerpax ssuTCA (QYHKUHEH O Ot Buaa
GyHKIUWH j, 3aBUCHT O6O0JblUass WJIH MEHbIUAA CJOXKHOCTb peLleHHUA
ypasuenusa (1). [1pu pacuete Ha ynap, yacto BecTpeuaetrcds He0O6XO0-
JUMOCTb 3HATh BpeMs, B TEYEHHH KOTOporo Aedopmanusa noaydnnia
CBOI0 MAaKCHMa/bHYI0 BEJAMYUHY, TAK KAK STHM ONpefAeTCs NepHOL
kone6aHuA CHCTeMBl. DTO BpeMs, Ha30BEM ero BeJH4HHY Gyxsod 7,
ONpeJeHTCA MyTeM JaJjbHeHilero MuTerpHpOBaHHS. :
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© Hmeew:
‘ dx

1/2014-2“ edx— & xe PR
0 a

(4

df =

: 0
' Ho, u3 (A) nonyuaem: 2C, = v, —2[j,dx.

- Bpewms, notpe6Hoe aaa nonyyeHus MaKCHMa/IbHOTO 3HAYEHHs Je-
{ ¢0pmauuw

" d
‘T:/ xx ce e . (2)
0 1/002"{_2[ jxd)‘:—“'g—}.‘:2 '

- I/I B 3TOM cayuyae, TPYAHOCTh PeLIEHHS MHTErpasa BCELENO 3aBH-
CHT OT Buja QYHKIUAH J.

Y

: qaCTuue CAydaH.

Ecau AedopMauuss CHCTEME UMEET He6om>myro BEJHYHHY, a yC-
KOPeHHe j, H3MeHseTcs, no NyTH, HE CIUIIKOM OBICTPO, TO MOKHO
MPHHATD, UTO yCKOpeHHe jy=j, = const. Heo6xoxumo oroBoputbCH,
cambiit npouecc AeopManiul CHUCTEMBl HE JLOJIXKEH H3MEHATH
OBHIl BHEIIHed c¢Bs3n Maccul, CuuTas, B TaKOM cayuae, yckope-
‘fiie NOCTOSHHLIM H DPaBHLIM TOMY, KOTOPOE€ OHIJIO B HAaYaJbHHA MO-

@HT KaCcaHMsi MacChl C CHCTEMOH, MOJYYHM, Aad ypaBHeHnﬁ (l) u (2)

] 2
az—zio—acaa—‘ aCrvO =0 e s e s F e e e (1),
&g g
- : ’ ) _gx —1 00'
o dx _V arc Sln .]0 f—_—__r (2),
Vg2 -+ 2 x——x2 1%
‘/ ot % l/ Jo?0: Tho

ﬂﬁx nonyancsa paCye€THBIE YDABHEHHA:

0 . 2 ’ 1\/7
0o _._/_9_(1+ g%) e e e (1)

d g Jo?0;

T= l/ 9 +arc sm cee @
l/ =oc | .
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B cayuae yaapa npH cBo6oaHOM NaAEHHH MacChl, ypasHenus (1)
# (2) noayuar eme 6Go/ee NPOCTOH BHI: L
HUmeem: jo= g; vs* =2gH.

»l'lo.uyqaemz -
3‘1-.:1+]/1+3.’1. I €V

1 -1

Oc
T=Vﬁ[g—+3f€$iﬂ ———-—2—[‘_—]— J . e (2)’”
4 l/1+-_é_

[Mpumepn pacuera.

[Mpu pewesnu 3THX ¥ CAEAYOUMX 33 HUMH IIPHMEPOB pacuera
“Ha yaap, A1 ACJ]KEH OTUBOPHTLCHA, YTO BCE MPOMEXYTOUHBIC NAHHEIE,
. He HMeloulue HenoCpeaCTBeHHOro
OTHOIIEHHS K onepauuaM ¢ ¢op-
MyJadMH y1apa, BHIMHCAATLCH, B
60NbIIKHCTBE CJyYa2B, He OyayrT,
33 MaJOoCTblO, NPeroCTaBJE€HBOTO
craTtbe, mecra. [loaToMy, nouTH BO
BCex mpumepax, 6yayt ¢urypupo-
BaTh IroTCBbe HH(pOBLIE AAHHLIE.
o _ Mpumep 1. Baron umeer non-
suifi Bec G=238 ¢. Jlpa 6ydepa, paboTaoLlne O)HOBPEMEHHO, HMEIOT
NPYXHMHH C XapaKTEPHCTHKOM:

f=0.00021¢ P (cmn, kg).

[Mpeseabuas paGouas gepopMalua NMPYKHH 6ydepos (10 conpu-
KacaHus BUTKOB) pPaBHA fmax =06 cm. KospuunenT TPEeHHS KOACC:

p=0.¢.
OnpeneanTb NPEAENbHYI0 CKOPOCTb ylapa BaroHa B KOJOAKY Ty-

nuka, npese6peras aedopmaunneil nocnepued.
Yexopenne:

Yepr. 1.

4G 00538000, cm
g 081 T Tsecr”

CraT. nedopm.: ,
ac = 0. 000214 - 35000 =8. (3 cm,

j=const. =

lpeneabnas CKOPOCTb LO/KHA COOTBETCTBOBATDH NpelenbHOA Ae-

$OpMauHH NPYKHH:
aa:fmax=6 cm.

- Tpumenum ypasnenne (1)
2.2.8.13.6_8.13 2

33 V2 =0
+ 981 981




kyaa: km
o 0y =V T80 = 65.4 T = 2. 55
sec h
Hpnmep 2. MaxoBHK KyAaYHQFO NPECCA UMEET: 1 = 120—92— Ouep-
MUH

' 7aHue Kynaka Bupaxkaercsi gopmynoi: n=ae? —L-r

b rnet a=2cm u r=>5cm.

Onpenenntsb ,u;e(bopmaumo (B npenenax yupyrocm) mTaMnyeMou
eTanH, eCAM OT JeHCTBUA NpPHBE-
€HHOM K IITeMIealo CTaTHYeCKOoH
arpyskd, - oHa jaedopMHpyeTcd:
g—O 5 em.

“[lycTb, cunTas C MOMeHTa Ka-
agus wreMiens u Aedopuupye-
40ro npexMeTa, XOA LITEMMeENs
ofdpenensercs:

- dx
= — —=qwe? =0 (x4r L
| = anet = (k)
2
Jr= :11;: = qu?e? = @2 (x+r)
nnr w1205 .cm
Vo == @r = = = 62. —.
°=*¥ 90 30 f sec

® = 12 56 Sec

pPas0BaHHuA, MOJyyaeM:

(g—020,) O — 2030,709 — 020: = 0.
AMOBKA WUCACHHBIX 3HAYEHM{ BENKUHMH jaer:
6{@—0-87360—‘2485 =0.

0{321.98 cm.

NOACTAHOBKE TMOJYYEHHOTO 3HaueHuss uHTerpana B (l) # npe-
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Bropoit Bapuaut j=/j..

IuddepenuuaipHoe ypaBHeHHE IBHXKEHHA MACChl Hanmuuierca:

_dﬁc_ -—jv ‘g_ X.
at: Oc
Ilepenumem ero B TakoM BHIAE:
dx dv , g :
T T —X— g — 0,
dxdt "o !

HJAH, OKOHYATE/JbHO:

Jc

-BBuay toro, uto ¢yaxuus j, B OGWEM BHIE HEH3BECTHA, AR
HHTErPHPYIOWET0 MHOXHTEAS MOXeT OblTh B3Ta (PYHKIUHA OT OXd-
HOro nepemeHHoro. Takoil ¢pyHKIUEHR MOXKET ObITb TOJ/bLKO:

ON oM\ __ 9
N( B

(ix—jp)dx—}—@dvéo.

o0x ov

Tax xax HHTErpHMPYIOUHA MHOXHTENb NOJKEH HMETbh BHA

— rﬂv dx

J wvdy
W= €

viv

TO BeJAMYHHA -—(ji—z'!ﬂonmﬂa OBITb NOCTOAHHOH., DTO XKe OyAeT TOJILKO
vdv

B €IHHCTBEHHOM C/yuae, a HMEHHO, NpH: j,— av?-}b
Toraa:

— [2adx ~2ax
w=e - e N

DTOT Caydal, KaK pas3, 1 HMEeT BecbMa IIHPOKOEe pacnpocTpaHe-
Hue. Cuia CoONnpoTUBJEHHS XKHJAKOH Cpeldl, ABHXYUIEMYTH B Hel
Teny, NPONOPLHOHAABLHA KBaJpaTy CKOPOCTH Teta. Takum obpasom,
yCKOpeHue (3aMeiseHue), IMOJydYyaeMoe .TeJIOM OT BHeIIHEH CBA3H
(XHAKOCTB), NPOMOPIMOHANBbHOE CHJE 5TOH CBA3H, 6GyAET NpoOnop-
UMOHAIBHO KBanpaTy CKOpPOCTH. Jlad OGLIHOCTH pEIIEHUs, MBI OCTa-
BUM B BHIDaXeHHH a5 J,, MOCTOSIHHEYIO b

Ycxopenune j,=av?--b. )

I/IHTGFPHPYIO[IJ,HH MHOXCHUTEAb 6y11€T HMEeTb BUA: p—=2¢& »
—2ax
an/I yMHO)KEHI/IPI Ha € ypaBHemde JAOIXXKHO npeBpameca B

NOMHHHA AuddepenLuall.

’

—~2ax g —2ax
e <7x—a03—b)dx—{—efvdvzo.

¢
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PeumiaeM ypapBHEHHE
’ —2ax 1 —2ax
e fvdq;:—?-e« 22 1o (x)

3 | e (ig- X —av?: — b) =—ae 02+ ¢'(x).
[4

OTtkyaa: :
CPl()c) — e—2ax(§“x__ b)

c

| 1 |— g —2ax
X)=—12ab—°2-Rax-11) |e .
=" & (ax+ )]
B OKOHYAaTEJbHOM BHJE, YpPaBHEHHE NPEACTaBHTCH:

[2a2f02 4+ 2ab— -5‘.’— (2ax-1) } e =,

§ Koneunnie yC/10BHA TAKOBHL:
npu x=20; v=u,,
| npu x =205 v=0.
Brinosinenue ux jaaer:

\ -
[Qab—-—§~(2a00+1)}e—2a0"=2aj0———§— L ()

. [Moayuusoch TpaHCUeNeHTHOE YpaBHEHHE OTHOCHTENBHO HCKOMOH Be-
 IMYHHB Oa. . '
Beuay ueynoGceTB, CBA33HHBIX C NOJb30BAHUEM YDaBHEHHEM B
TPaHCUEAEHTHOH GopMe, NPUIAJIUM €My T4aKOH BHI, KOTOPHIH Obl
- MO3BO/IMJI NPUMEHUTH, 1A HaXOXReRHA 0 HOMOrpaMmmy.

(2aéy) (-3) (2005 —1
ol

 Tloae3no 3aMeTUTh, 4TO, B HACTOAIIEM CJAydae, NPONOPIHOHAb-
HOCTH MEXIY AHHAMUUECKOH M cTaTHYecKod nedopMauusMH HeT.
Homorpamma nana B 6uHapHoM noJe. [lonb3oBanue eo, ayuuie
BCETO, VACHUTH NMPH DEIUCHHH, NTPHUBOAUMOTO HHKE NMpHMEpa.

(2ad3)
4, e d:

Tlpuuep pacuera. |
IMpumep 3. I'mapocamoJsieT CaaMTCE Ha BOAY napauoTHpys, C BEp-

m
AKAIbHONX CKOPOCTBIO Vo= 3.5 ——. B yCIOBHAX CTOKOAHOrO HaXOX-
o ) sec .

.
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IeHHS HA BOAE, YACAbHAs HArPy3Ka HAa NOHHYIO YaCTh: pi=3 kgldm®.

Rg secz.
- Kosppuuuent conportusaenus aas BOZb k=40gﬁ4—=~ Onpe--
\ . m
ACAHTE  NHHAMHYECKYIO nedopmauuio O6UIUBKH [HA, ANs KAKOro-
HUOYAb €ro ®JEMeHTa, €CIH IIOCACAHHH, B YCAOBHAX CBOGOAHOFO

P

nnJiaBaHHs, HMEET: 1
d.=0., cm |
jt/:_ff?_g:_g@? ‘b
C ps 14
7€ A0BATE L HO: gk 981.40.100 .
a=——f—~=————~m.:~=0.0131 cm
- ) 3.108
2(1(3:’:‘—“2-04131-0-2:0-00524
Jo _aud 0.0131 (325)2 — 1 _17__0
= = e =—1l.y =V
g g 981 g :
J U
3 L |
19 1
: B ‘\U\
2] ¢ . b ‘\‘\h
.. 3 ] q 02 | \
7] 2] o] \
1 %3’%\\
’ ] N .
f 1 .71 :\S\ Z=u
O | o1 , =71
] r—///' R § /
] e R 05
s 1 o4 \ ’
T -1 S . '2 . 03 | §
1 - __3 4 + \
7 1 02 | \
2 1 -4
, 1 Hid |
-3 / 1 . \,
. 01 ~
P> o -~ ~ ‘ i ’

.

. 2ad,

- Howmorpamwma
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. JaR HaXOMAGHHA NHHAMHAECKOH Ne(OPMAIHH mm sylmes

HOMOTrpaMMOji CAeRYIOIHM 06pa3oM. OTMeTUB HA OCH 1o TOURY:

- g ..
Jo— {5, NPOBOZHM NpAMYIO uepes Hee M TOUKYy — = , Ha
2 ia

g .
Bropo#i ocu. Ha npononmxenuu 310/l MpAMON HAaXOLUM TOUYKY, KOTO-
pasi COOTBeTcTBOBANA GH B NoJe OTPHUATEILHHX 2ads (naTaMy 410
a<0) NONOKEHHIO MeXAy OTPHLUATENBHLIMA KDUBHIMH AHHHAMH
2ad, otTMeTke: 20, = — 0,524 Onpenensis NOJIO0KEHHE HaH LeHHOMH -
TOUKH OTMETKOH MEXJIy NpaMHMH 2ad; noaydaem:

200@:—’0.13. ' -
JlusaMuueckaa nedopmanus Gyrer:
0. —0. |
0y — — B — 0.15 ~-=5 cm.
2a “—2.0‘.0131

" Yckoperne jo—av—+b.

4 B cayuae ABHXKeHHA Tena € HeGO/bIIHMY, CpPaBHUTENbHO, CKOPOC-

. TAMH, B JKHIKOCTH, 06G/anaiomiedl GoNbIIHM kKQ3pPHLHEeHTOM BA3KOC-
TH, Mbl CBOGOJHO MOXEM CHYHTaTb, YTO COMPOTHBIEHHE €ro ABHMKE-
#uio 6yneT NMponopIUOHATbHO CKOPOCTH. [MTosToMy HEOOXOAHMO pac-
CMOTpETH €ule OAMH Caydad: NBHIKEHHH, KOTAa: :

J»=av-}b.

YpaBHEHHE HBHXKEHHA MacCCH OymeT nucarTbes:

d2x -
av ——(av—{—b)—}-—a—;x__o.

- Mpoanddepesnnpyem €ro, yTo6H OHO BK/IIO4AA0 B ceBsl TOABKO
78€ MepeMEeHHHIX, '

¢v P8y
ag dt = 0.

/

: TMonyuenHoe AMHeHHOE ypaBHEHHE C MOCTOSHHHMH K03 PHUMER-
TaMM ¥MeeT XapaKTepHCTHYECKHM ypPaBHEHHEM:

xz_qx_;__g. =0

c

. ¢ Kopusimu: . | | \ :

1 2\ 1 ( ‘/ g\ .
;\ = — 2 )\ = - — LS. - 1 .
1= (a—l—,l/a ac)u 2 "2 a a ac)

-
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Kopun neidictButennnm, tax xax OTPULATENBHEM MOXET OHTb TONBKO
4, HO OHO HaXOJHTCHA NOA PagHKAJIOM BO BTOPOil CTENEHH H a2>—ag—— .
‘HOaTomy PEILUIEHHE yDaBHEHHSI HANHUIIRTCAH: ’
| 'v::AeA‘t—}— Bt
O1croaa, HHTErpHpoBanuem W auddepeHuUpoBanneM, moayyaem:

A A\t elzt adv

B At Aot
x=""p¢ —_—— —=Mde V-1 B ¥,
A R gt e Tk

Koneunnie ycnosus, noanexamue BHIMOJIHEHHIO, TAKOBHI:

npu (=0; x=0; v=1, %_—_avo—{—b

Hopy (=17, x=20s v=0.

Tlocne noxCTaHOBOK M COOTBSTCTBYIOMUX OMepaly, NoJay9uM:
pacueTHHE (GOpMYJIL:

r=—2L _ph%=h 6
A=Ak Awy—J,
Ay
o A —A
0, == (MYy—Jjo) ! : . ) . (6)
_ Ay
| Ay —h,

Mpumep pacuera.

MNpumep 4. IMpu NPHIIBAPTOBKE MapoXoJa K NPHUCTAaHH, OH, NpH-
9ajiiBag OOPTOM K CBasM, HamiuMaer BEDXHUM TBEPILIM KDaHIEM Ha
KOHE€ OJHOH H3 cBail. B MoMeHT Ka-
CdHHUSI UMeeTCH:

| Séec

Bonousmenienue mapoxoza 120 £
I/uHa cBO60IHOrO KOHLA €BaH [=2 m.
PPPO o Ee nuamerp d=30 c¢m. Ee wmare-
Yepr. 3. pHa/M—COCHa. '

J=av a = —50 sec—!
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PR
N
e
o

CraTHueckas nodopMauus: » | | |
QP _ 12000020062 __ g5 oy, o
3£J 3.105.%=.(30)4 .

To, o06cTOATENLCTBO, uTO, B JNAHHOM CJAyuae, CTaTH4YECKas HAe—
dbopmanusi TOoNy4yaeT - rPOMaiHbLIE pasMeped, HE JOMKHO CMyHATb-
pPacuuTHIBAIOIIEro, TaK Kak 3J€Cb MbH HMEeM JAen0 He C majaioumm
rpysom, rie cratiuecxasi aedopmanus A0JXKHA BCEerjaa 6LITb MEHb-
Hieé JHHAMHYECKOH. .3Jech ke Moj CTaTHYeCKo# naedopmaudedi Mbr
pasymeeM Ty, KoTOpas Gblaa Obl, ecnn6 ABHKyLiascs (HO He NO BEp-
THKQIH M HE NOoJ BJAUSHUEM CHJBI THKECTH) Macca Harpymxasia CHC--
TeMy CBOHM BECOM, CTaTHYECKH.

Bxoaamue B ypaBHeHue (6) BEAMUHHEL

g 981

ac:———'

=13., sec™2.
dc 80.5 ‘

9= -'2—[- 50 —1/ 9500 = 12.5] = — 0.0 SeC—

Ay ,—_-_;_[— 50 —/ 2500 — 12.5) = — 49.0, sec1,

Bpewms, nomexuwee Ha ynap, onpeaemrcs (5): |
1 0055250 _ 1 e

T= —_
—0.06+49.0s  —49.9.54250  49.5
6-724'
— —==0.y45 Sec.
49. g 135

Jlnnamuueckas pedopmauus Gyner:
: —0. 0

' 49.
P (—0.06.5-+250) .
o_—

—40
4

0.05.49.9¢ (—43.9,.5-4250)
Hanpaxenne B cBae: =
hye— = -—-:0 =O. | R =18.k /cmzv S

=W T w " op 16 2.(200)F g R/ ,

=0. g5 c1.
*04

9.88

Tperufi Bapuant j = jt

YckopeHHe, 3aBucsilee OT BpeMeHH, GyIeT HMeTb MeECTO, raas-
abiM 06pasoM, NpH ABHXKEHHH TeJa, LEeJHKOM MMM 9YaCTHYHO rnapa-
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"MarHATHOTO, B NMEPEMEHHOM MAaTHUTHOM IO/, BLI3HIBACMOM, H3Me-
HAOWHMHCA K€, 8IEKTPUUECKAMH YC/JIOBHAMH €r0 BO3HHKHOBEHHA H
" #A3MEHEHHS.

Juddepennnansnoe ypaBHesye HONUMETCS:

dzx . g
[ et — et X
ar %,
HJAA. d
2x : g
e o ¥

~YpasHeuue 6e3 npaBodl yacTH AaeT pelleHue:

- x = A sing+- B cosyp

Tje, N9 KPaTKOCTH MHEbMAa, 0603HAYaeM:

g
— -——t,
e, 'l/ac
¢“l/—g__' |
dt g,

Jnsi HaxOMAeHHS NMOTHOrO MHTErpada HeoOXOIMMO pPRIIHTH CHC- -
“TeMY JBYX YypaBHEHHH OTHOCHTE/BHO A n B’—npausaonﬂblx B3f-

“THIX MO BPEMEHH:
A’ sing 4 B’ cosg =0

A’ cosy — B sing =,
“Pewenne CHCTEMEl JaeT:

s 8N
K b e

o _
e e Ty O
atlal, BT b bR A

TIOMHfl, YTO:

i

R 5

Jia SIREN PV

Gl E i e

<OTC0Aa Nerko onpejeasorca A u B,

=__.l/_._fj: smcp dt - C..

»ﬂonuuﬁ HHTErpa/J nyTH MacCH M306pA3UTCs:

x= I/J_ [sincp fjt cosy .dt—-cosq:sz sing _d-t] + Cy sing - C; cosp.
| gL I T

~




- | -

3 . CKOpOCT: | I

dx - e . ‘ g ! R

y7in cosep f ji cosp dt -+ sing f Jising dt_—f—l/ 3 (€; edsg — C; sine).-
: ¢

Yckopenue:

' dix . _T_g:[ f y o f }__a
. '}}?“1‘+Vac cosg | fising dt —sing | j; cose dt

— -g— (C, sing 4 C; cosg).

Koreuyntie yca0BHA TAKOBHI:

‘ dx L dx .
npH TS dt ' dt =/
dx
n t=7;, x=05 —=0.
| pH X 29 a7

TloacranoBka 4acTHHX 3HAYEHHH Q)ax'ropoa NBHKEHAA MacCH AdeT:’

O—COS( /—~7‘) thcoscp dt—l—sm (‘/—— )f;;smq; ﬂt+

‘Tae cp:l,/g—t
: c

- TlepBoe ypaBHeHue OyIeT CAYKHTH L5 ONpele/eHHs BpeMeHH, f0- .
| . mejliero Ha cosepuienue Aedopmauun. Oipeaeaus spemst, MH aon-—
XHH MOACTABHTb €r0 3HAYEHHE BO BTOPOE YpaBHEHHE, H3 KOTODOroe
H NOAYYHTCH BEJHYHHA JIHHAMHYECKOH NedpopMaLuH.

Hactane cayyan.

Eean Beanunna yckopenus j; ue ﬂsuénse'rcn ¢o BﬁeuéﬁEu, TO-
MH IO/KHB NOAYYHTH Gojee HPOCTHE ypaBheHns.
IMycts ji=Jjo= const .




“Torpaa:

—

T
fjt SlﬂCP at ':__]0 l/-d—c [1 ._ CoS (l// ﬁg__ T)]
0 g dc

r o
fj} cose dty= j, l/ gisin (‘/é T)
0 g O

M YDaBHEHHS NPHMYT BUAI: ¢
Ilepsoe, kotopoe CAYKHT MM ONpeNeseHHs BpeMenu: ¢

0=/, l/% sin (l/g? T) -+ v,y cos (l//—;gc:i) . 7y

‘OHO LenuKoM cosnazaer c ypasHenuem (2)”.
floncranoska 7, ONPEAENCHHOr0 M3 3TOr0 ypaBHEHHS, BO BTOpOe

JaeT: B
00_Jo l/ £
= (1+ 1+jo'edc) ..... )

“T. €. YpaBHEHME, KOTOPOE MHl yike umean—(1)"’,

[Ipamep pacuera.

[Ipumep 5. Moaorox ConCHOMAROro nepdopartopa paGoraer npu
20 nepuonax B cexyuny. Ero sec G=2 kg. Yckopenue
H3MEHACTCA O 3aKOHY:

) 194 |
=3 g CcOoS -, '
Jt g 10

KaxoBo Gyxer manpsamxenne 8 wraare nepdoparopa,
HMewwe nauny =2 m u nuamerp d=2 c¢m, ecau
| KONbE NOnano Ha TBEPAYIO MOPOLY, B KOTOPYIO, npak-
’- THYECKH, HE MpOHHKaeT (HAHXYAIMi cayua#). Ilranra

m
CTanapHast. v, = 20—,

sec
l ] BeluncuM OTAe/BHO MHTErpasdn, BXOAfLLHE B ypa-
‘ BHEHHsA (7) u (8).
‘ T

T - ——
(. . t . g '
sine dft =23 o | cos il sin 2 tdt = .
Of Je Sl €I %0 l/ %

’ — T
cos(l/-—g—-—{—f—)t cos( —g-—f-)t
3g| o 1 . J. 10

L -

g Y £z £_=
o 10 o 10 fo
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e r——— e e

——

2, Z.\. T = g T
~=30 h/—g——(l-——c ]/—&T).cosi—-———sin 2. T.sin—1.
‘V a\ TV 1010 Fy 10
' T

T
t . /g
i, cose dft =3 fcoslsm S 2 tdl =
ij’ 03¢ go vl A

sm( —g——}——“—)t sm( —————n—)

__38 o 10 4+ o, 10 ~

i & E+_T§_ ;‘-’__._E_ -
ae 0c 0

=3 0. ]/ (1+sml/—g—7cos-—— -——~—cos]/§—T sm———

Beuay Goabuiofl rpoOMO3AKOCTH ypaBHeHu#H, AaAHM TOJBKO KO-
Ei HeuHnle pe3yabTaThl NOACTaHOBOK.
; MojxcranoBKa HAiJEHHBIX SHAYQHHA HMHTErpasnoB B YPABHEHHE (7)

+ JaeT:

ra T
: 3 —-—(sn ]/ T £ T)_f_s' "."__} '
r* 5 ]/ n + cos ) ™ in 0 +

e

OnpegensieM LHPPOBYO HacTb APryMEHTOB!

0, =0t 22008 g e cm
o ‘TEF 20w
- ig—-:l/ 981 _ 4110 sec.
B _ d . 0. o00058

- Tloacranoska wudp B (7) ® npeHeGpekenHe BecbMa MAaabiIMH (oTHO-
CHTEeAbHO) BeqHuHHAMH, JAET: | ‘

tg ‘/ —§—T:=—-2800.

T=0. 00038 S€C.




- BuuKcasieN 3RavenHs sin’os u cos'oB.

- sin £ r 1,

[

cos |, —gi-T—_:-(),m,;

c

Iz

A
$in — = 0. 0012,
10 00012

A , - S
Moxacranoska Bcex noAyYeHHHX H BHYUCACHHBX BEAHTHH B ypa
* Henue (8) nmaer:- oo i S

dc#ofm cm, . . e ?
Onpejensiem BenHdYuHy AHHAMUYECKOTO HAADSUKeHAS: -

Re= E‘?:a‘__@_: 0'.487.2.2;]06
S 200

7 = 5360 kglcm2. N




