B

|

[lpod. I'. B. TPATIE3HUKOB.

K BOINPOCY O PACYETE HA YJAPHOE JNEWUCTBUE
HATPY3KHW.

Jlge gopmy.n: onHa anda mMakcumasnbHOH nedopmanunm Or Aei-
<TBHMA rpysa, najaiollero ¢ BHICOTH fT:

Aly=AlL 4 VAL 2HAL
HIH! ;

Al MR
— =1 bt
Al 2 l/ s Al,

M, apyras, AJd MAKCUMaJbHBLIX HﬂﬂpH}KEH'flﬁ, B Te€X e yCJOBHUAX:

UIaH:

ucyepnuiBaloT €060, 0OLIYHO, BECh pacuyeT Ha yjapHoe jpeHcTBHE
‘Harpys3KH.

OTH (QopmMyJ bl NPUMEHHMBI, DU pacyeTe Ha Yaap, JAJsf NPOCTHIX
CTEPXKHEH, PACTATHBAEMBIX WJIH CkHMaeMbX. DyHKIUOHAABHBIA COC-
‘TaB (opmys, KOTOpbie MOTyT OLITh NpHUBENEHH! /S pPacyeTa Ha yaap
flpH KpyyeHuH u usrube, O6yneT TakuM Ke, KaK ¥ B TOJIbKO YTO Ha-
fucandbX (popmynax. Bce uamenenue OyaeT 3aKJA04aThCA B 3aMeHe
OJHUX (HBHYECKHX XADAKTEPHUCTHK MaTepHana M TreoMeTpHUYECKHUX
XapaKTepuCTHK Ae(OPMHPYeMOro Tena—ApPYrdMH, HANPIKEHUST OJ-
HOrO BHIAa—/pYIrum. :

B npousBoacTBeHHEIX YC/I0BUSX, KAPTHHA yAapa, O4eHb YaCTO,
4T006 HE CKAa3aThb, BCErAa, ropasio CJAOXKHEe TOro, 4TO Mbl HMEeM

{IpY NPOCTOM MMAaJCHUH Tpy3a. ¥Yaap npu OTKaTe CTBOJA apTHANIE-

puiickoro opyunusi, Haber axunaxa (Barod, aBTO) Ha MPena7CTBHE,
Pabora K1aNaHOB NaPOMALIMHBI MJIH JIBUTATe]d BHYTPEHHErOo Cropa-
HUSi—BCE 3TO NMPHMEpPBl U IPOMAZHOE KOJUYeCTBO JAPYrHX, Nepeuuc-
JISITb KOTOPBIE HET HEOOXOAMMOCTH H BO3MOXHOCTH, YK43bIBAIOT Ha
HEeNPUMEHHMOCTb (OpMYyJ, [PHBEACHHBIX BHAuase.

[Ipu pacuere neraneit uam cucreM Ha yjaapHoe AefiCTBUE Har-
PY3KH, KOHCTPYKTOp, B GO/bIIHKHITBE CJydaes, NPHHYKAEH CO3/4a-
BaTb CNOXKHBIE AHATHTHYECKHE BBIPAKEHHA AJIA TOro, YTofsl HCuep-
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NaB pPAaCCMOTPEHHE KapTUHHI vaapa, OH MMEJ BO3MOXHOCTL OIIpe-
neantb agdexr nocaesHero. ,
"~ Henb3ada, xoueudo, oxBaTuTh (He roBOps yixke 06 oObeme 3TOW
CTaTedKH) BCEX CJy4yaeB YAApHOro MAEHCTBHA HArpyskd, KOTOpPHIE
NpeAOCTaBAAIOTCA HaM NPAKTHKOH; HENB3R [OTOMY, YTO OTAENbHbLIE
C/Ay4ad MMEIOT CBOW Crnenu@uky, KOTopas HCK/AIOYAET BO3MOXKKOCTH
axX TOuHNi Knaccuduxauuu. Taxko#, HANpUMep, BAPDUAHT yaapa, B KO-
TOPOM COyAapgioTcst ABe H, NpuTOM, 00€ JedopmMHpyeMble CHCTEMSBI,
C YHCJEHHO CPaBHUMBIMH MAacCCaMH, PH BHEUEHTPEHHOM [pUJIOXKE-
HHY yJapa, MOXHO pewatb TOJbKO /1 YaCTHOTO C/ayuaa d pelie-
Hue 3710 norpebyer uenoit xHuru. [loaromy, B cOuem BUAE MOXKHO
paccsoTpeTh TONBKO TaKOH yaap, npu KOTOPOM Macca gedopMupyemoli
CHCTEMBbl HEBEJHKA 10 CPABHEHHUIO C YAAPAIOIEH MAaCCOH U NOABHNKEH
TOJBKO OJIMH M3 KOHTDAre€HTOB yJAapa: MAH Macca, HWJIH CHUCTeMa,
Lleapr Bacrosmieil crarbM—parh, B OOILEM BHJE, XOX pacueTa je-
dbopmMauuKd ynpyroil CUCTEMb! NPH JACHCTBMH Ha Hee NOABHKHONH Mac-
col. [1pu arom, Mel He OyneM 3alaBaThCsl OTAEABHBIMH BHAAMU Jle-
(dopmanui, a pacCMOTPUM YNpPYyTyl0 CHCTEMY BOOOINE, B KOTOPOH, B
npejenax MNpPUI0KUMOCTH [yKOBO# NPOMOPUHOHAJNBHOCTH, BCEIAa
OyaeT MMETb MECTO 3aBHCHMOCTE:

S P,

rae nox 6ykBoil 0 %) Gyaem MoAapazymMeBaTh BeJHUHHY aGCOAIOTHOIL
nedopmanyu cucTeMsl no Harpyske P. Huave rosops, d ecTb nepe-
MelleHHe TOUYKH TPUAOKeHus Harpyskd P Kk nedopMipPOBAHHOH elo-
cucreMe, no HanpasjenUio 3TOH HArpy3Ku.

Koaddunuent a spasercd GakTopoM NpoONoOpHUHOHANILHON CBA3M
Mexay 0 u P, u, an1a npocThix pedopmaiui, HMEET CAeAYIOUInik
pyHKIMOHAJbHBIA COCTAB:

PacTsixkenue u ciKatue

Sl e L
WY e
Kpyuenue
o _Ai__ 2GJ,
s al
H3rubd
a__f_’__ i
Faha

Bo Bropoi#t ¢opmyse uepe3 a o603Hau€HA BeNTHUHMHA JIHHEHHOTIO:
nepemewenns cuabl P u3 napsl M= Pa. B Tpertbeit dopmyae Ko-
abduument 7 3aBUCHT OT cnocoba 3arpy3xu Ganku W YCJAOBHHA Kperni-
JIGHHA ee OIop.

*) 31ech yMBIIIEHHO HAPYILIEHO CTanAapTHOe o6o3naueHie AedopMauuil, i ab-
conoTHas AedopMauus CUCTEMbl Ha3BaHa OYyKBOH O, NOTOMY 4TO Mbi paccMaTpHBaeM
cayuait obuiuii. B uacthpix cayuasix, Moxer 6uiTh: 0 = A/, 0=/ 1 T. A

+
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[lpu ycnoBun pacCMOTpeHHs yAapHOru AeiCTBHS MacCHl Ha CH-
CTEMY, B35TyI0 B OOulEM BHIE, HAM HET HEOOXOAMMOCTH L1OGHBATHCH
NOAYyYeHHS OTAEJBHOH (DOPMYJALI ANSE JHHAMHUECKOTO HANPIMKEHS,
B npeaenax ynpyroctd maTtepuasa CHCTEMb! BCErja:

k= BP = aB0 ¥

rie k—uanpsxenne u 3—x03QdHLUUEHT NPONOPUHOHANLHOCTH, CO-
OTBETCTBYIOIIUH BHAY CHCTEMBl, YCAOBHAM NPHIONKEHHUS HATPY3KH H
NONOXEHHIO TOTO 3JEMEHTAa CHCTEeMBbI, rjie onpenesasercs k.

[ToaTOoMy MBI OrpaHHYMMCS HAXOXAEHUEM O;—abCOJIIOTHON AuHA-
MHYECKOH pedopmankn B TOUKe OpuaokKeHus yraapa. Uro ke ka-
CaeTCsd OonpeieneHuss BeJHYHUHBl KO3((PHUIHEHTA o AAA KAXKAOTO 4yacT-
HOrO cayuas, B CHCTeMax CJAMKHBIX, TO Mbl JOJIKHBI UMETh BO3MOX-
HOCTh, C HEOOXOAUMONl TOYHOCTDHIO, AHANUTHYECKH, TPAQHUECKH WIH
3KCNEePHMEHTANbHO, €I MOJY4YHTh.

B naspueiimem mni 6ynem 0603HauaTh aGCOMIOTHYIO IMHAMMYE-
CKyi0 JedopMaudio uepes dp W TAKOBYIO K€ CTaTHUECKYIO, Yepes d..

[Ipuctynum x pacuery. [lycte aBmXKYywasics Macca, umeiomasn
BeC Q, B MOMEHT KacaHusi C CHCTeMO#, 06/3aaeT CKOpPOCTBIO Uy H
VCKopenueM jo. [lis pacueta Ha yaap, Ml JO/KHB 3HATH BEJIHYHHY
Yo W 3aKOH HM3MEHCHHMA j B nperenax: OT MOMEHTA KAaCaHHsS Macchl
CUCTEMbI 10 MOMEHTA [OTEDPH MAaCCOH BCEH KMHETHUECKOH 3HEepruu,
KOTOpas wu3pacxoayercsas Ha jpedopmanumio cucremsl. CobcrBeHnoe
YCKOpEeHHE MacChl / AOMKHO ONPeAeNsiTbCS YCAOBHAMH €e CBfi:eid
np¥  ABHXKEHHH (TIPUBOJ OT MallHHLL, HAMNPABAAIOMHUE C TPEHHEM,

~ Bsl3Kasd cpena), npuyeM B YHCJO 3THX CBfA3SEH HEe BXOAMUT CBA3b G N80~

ca-cucrema“. 9TO0 YCKOpeHue, B 3aBHCHMOCTH OT OOCTOSTEALCTB |
YCNOBHI JBHIKEHHSI MACChl MOXET GbITh (DYHKIHEH NyTH, MTHOBEH-
HOH CKODOCTH HJ/IM BPEMEHH, NMPOTEKUero OT yC/JOBJAEHHOrO Haua/ja
OTCYeTa fnoc/iennero. [losroMy HeOGXOAMMO, /sl PACCMOTPERHS BOT-
poca B Gosiee o6umeM BHAE, NPOBECTH pelIeHHME 3ajauH B TpeX Ba-
pHAHTAX, COOTBETCTBEHHO TOMY, B (D)YHKLMH KaKoro -aprymeHnta Oy-

- JieT 3anano j. Ilas pasaudenna BapuaHTOB OylAeM ynoTtpe6aaTh Hi-

JAEKCH: NyTH—X, CKOPOCTH—U H BpeMeHA—L, YcKopeHue 6Gyaer nu-
caTbes:

jx: j?J jt-
flepebiit Bapuaut j = jy.
[punsi 3a Havana OTCUETOB BPEMEHH M NyTH NepBulf MOMEHT

CONpHUKACaHusi Maccul H 1edOoPMUPYIOIENACS CHCTEMBI, HAMHIIEM
AuddepennnanpHoe ypaBHEHHE ABHIXKEHHSA MaCChi: :

ax_
at:

**) To e 3ameuanne OTHOCHTC W K 0603HAYCHHIO Hanpskenus Gywsok k B

N
g

~ 3aBHCHMOCTH OT 9JEMEHTa CHCTEMbl, MOXET OKa3aTbCs, YTO:

R=20 RE0) R=TR Y A
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3/1ech /m—BenHYHHA MAcChl paBHas: ng— u P,—MraoseHHas
g
ynpyras peakuusi CHCTeMBbl, paBHasa: P,—ax.
YpaBHernue MoxeT OBITb MPUBEAEHO K TAKOMY BHJY:
d2x oy axg
w0 L 2
at? Q
Tak kak, npH CTaTHYECKOM AEHCTBHM rpysa Q, Mbl HMeEeM:
Q‘_:aac‘)
TO OKOHYAaTeAbHBIH W 6osee npocroil BUA AuPdepenuansHoro ypas-
HeHuda OyJer:
: d’x : g
=Jx—— X.
de? 0c

HAHK

d i jxdx——~ xdx.

HMurterpupoBanue naert:

b /dxy? : g

s SRy (R e = xdx——x Co . . . . . . . A

3 () =[x — £ 5 t-c. (A)
Koneunsle ycnoBUSI TAKOBHI:

dx
npu x =0; —E::’U::‘Uo;

dx
npu x=— 05, — ==0.
dt
ﬂoncrauoaxa BEJIHUHH, COOTBETCTBleUlHX KOHCUYHBIM YyC/aAOBHSAM, HACT:
95 4
: s R 0.0,? :
daz_‘—c jxdx_ e =O . » ° . e . . . (1)
8 g :

ITO ypaBHEHHE JOJIKHO OBITh pa3pemeHo OTHOCHTEJIBHO 0. Tax
Jx—QYHKUUA NYTH, TO HHTErpan sBUTCA (QyHKUHEHA Oo. Or Buaa
GYHKIMH j, 3aBHCUT O6OAblIAs WM MEHbIIAS CJA0XKHOCTb peilleHus
ypaBuenus (1). [1pu pacuere Ha ynap, wacto BCTpeuaetrcs He006XxO0-
JUMOCTb 3HATh BpeMs, B TEYEHHH KOTOporo jgedopmauus monydujaa
CBOIO MAaKCHMa/JbHYI0 BEJHYHHY, TAK KaK 9THM ONpej2/9eTCs NepUox
Kose6anns cHCTeMbl. ITO BpeMsd, Ha3oBeM ero Beanundy OyxBo# 7,
CIpPEAeNHTCS MyTeM JaJbHeHUIero MWHTEerpupoBaHUI.




147

HnmeenM:
dx

‘/201 —}—Qijxdx——g— x?
0 e

0
Ho, us (A) nonyuaem: 2C, = v,2— 2/ dx.

gt ==

{opmanuu:

% G

60
T ==

B b= B R R S s

x,
7

/ dx
: ]/fvoz—-l—Qf jxdx—£x2
0 0.

CHT OT Bujia (PyHKUHH J,.

&

R st umrmee e 4

HacTtHB € CAyyau.

THEEERT

KODEeHHE /, M3MEHsIeTCsl, No NYTH, HE CAHUIKOM OBICTPO, TO

Edenee

TS

BLIPAXKEHHSL:

B 5 5 Oy

g g

'—'-O
. . . . ‘

H
A i . e o

2jpx — 2 x?

T— /—~— 6% :]//g—c— arc sin 10_?”___2
. ; U
5 : ‘/,vog_l_ g 4 1_1_g D

H3 uux noayuatca pacuerHble ypaBHEHHS:

% __ Jo £0y?
— 1
a c ( +

g Jo%0, )

Bpems, notpe6Hoe Ajd MONydYeHHs MAKCHMA/LHOTO 3HAYEHHs Je-

7o o)

U B arom cJayuae, prJIHOCTb peuieHusa HHTErpasa BCEIENO 3aBH-

Ecau pedopmauus cucremer umeer HeGOJbIIYIO BeJMYHHY, a yC-

MO2KHO

TPUHHATB, 4TO yCKOpeHHe j,=j, = const. Heo6x0oaumMo orosoputhCH,
YTO Cambli npouecc aegopMalvl CUCTEMbl HE NOJKEH H3MEHSTh
YCIOBHI BHEIIHEHd CBA3KW Mmaccel. CuuTag, B TaKOM CJyuae, yCKope-
HHE NMOCTOSIHHBIM M PAaBHBIM TOMY, KOTOpPo€ OBIJIO B HauyaJLHBIH MO-
M@HT KaCaHHsi MacCChl C CHCTEMOH, noJay4um, aad ypaBHeruit (1) u (2)

Sy

(@
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B cayuae ynapa npH CBOGOIHOM NajeHHH Maccel, ypasHenus (1)
¥ (2) moayuar eme 6oJ/iee nNpocTod BHIL e
HmeeM: jo=g; vs* = 2gH.

[Tonyyaewm:
do ]/_W'"‘éﬁ
— =1 i me . Lt o TR
£ % e (D
T:VE {_T_t_ . l | 2/!?
-—gTQ—f—arcsm ‘/————é—ﬁj....()
1+~-»a~-

[Tpumepn pacuerTa.

[Ipu peiieHuH ITHX U CJAGAYIOL(MX 3a HHMH IIPUMEDPOB pacuera
“Ha yJap, A AOJUKEH OrOBOPUTLCH, UTO BCE MPOMEXKYTOUHLIE AAHHBIE,
He HMelollue HeNnoCpeaCTBeHHOTO
OTHOIIEHHSI K onepauuaMm ¢ Gop-
MyJaMH YJapa, BHUHUCAATHCH, B
60abIIMHCTBE CcJayyaes, He OyayT,
3a MaJoCTblo, NperoCTaBJeHHOTO
cratbe, mecta. [loaTomy, nOYTH BO
BCex npumepax, 6yayt ¢urypupo-
BaTh rotcBuie uMdpoBbie AAHHBIE.
[Mpumep 1. DBaron umeer nox-
nuiit Bec G=238 £. [lpa 6ydepa, paGoTatolikie ONHOBPEMEHHO, HMEIOT
NPYyXKHHB C XapaKTEPHCTHKOM:

f=0.000214 P (cm, kg).

[Tpesenvnasi pabouass pedopmanusa MpyxuH 6ydepos (10 conpu-
K4CaHWS BHTKOB) PAaBHA [may =06 cm. Koapduuuent Tpenus KoacC:

}1_———0.05.
Oﬂp@ﬂ,eJIHTb npeaeabHyio CKOpPOCTb yAapa BaroHa B KOJOIKY Ty-
NHAKa, npeﬂe6peraﬂ AE(bopmauHeﬁ nocJeiHe#.

Yekopenne:

Yepr. 1.

= om0 _ . 0-00:38000 S

il G S EFY e S
; g 981 sec?
Crar. nedopm.: :
(3c= 0.000214 .38000 = 8. (3 €,

ﬂpenenbﬁaﬁ CKOpPOCTh JAO0/DKHA COOTBETCTBOBATD IIpE}J,QJleOﬁ Ae-

$opMauKu NPYyKUH:
da :fmax =6 cm.

- Ipumenum ypasnenue (1):

S0 8 5 Biky
62 R
i 2 981 981

v52=0




Ofpee/IseTCs:
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OTKY/a:
e e e SUE T
sec h

[pumep 2. MaxcBuK Ky/Aa4HOrO NPECCa HMEET: 1 = 120—‘3§—. Ouep-
MUK

TaHue Kynaka Beipa:kaercss (Gopmynoii: n=ae? —l—r
Tae: a=2 cm u r=>5 cm.

Onpeaenuts nedopmanio (B mpenenax ympyrocTH) WITAMIYeMOH
AeTad, €CAH OT HEHCTBUS NpHUBe-
JEHHO! K LUTEMIea0 CTaTHYECKOH
Harpysku, oHa jedopMupyercH:
0,;——0 B €111,

[ycth, cuutas ¢ MoMedTa Ka-
cauusl wreMineas M Aepopmupye-
MOrO MpexMeTa, XOJA IUTEMIEeNs

x=p—2r=aqae¥—r (9 = of).

Toraa:
‘Ux-—-—*”__a"‘)e\P w(x+r)
jx - _L(iiiti —— a(o?e(‘P = @? (x + r).
flpu: x=0
<y 7t1205 cm
Dy=pr= = T =6,
30 30 sec

0):12.5(; SEC_I.
BelupcauM, AJ8 Noab3oBanus ypasHenuem (1), BeJMYHHY HHTErpasa:
a() 00

[ Jallx = 0t f (x4r)dx = ? [%‘f -+ rdg} ;

0
{Ipu nojCTaHOBKE NOJYYEHHOTO 3HAUEHUS HHTErpana B (1) u npe-

00pa3oBaHud, Noayyaem:

(g ;_'—.(ngc) 602 . 2w200ra() P ‘00206 = O.
ﬂo.ncraﬁosxa UUCJEHHBIX 3HAYEHUH BENHYHUH JAET:

030_0-873a0—2-18520-

Orkyza:

0621098 Cmc
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Bropoi Bapuant j —j,.

Hubdepennnaibioe ypapHeHne IBHKEHHS MACChl HanMmMLIerca:

‘?2& _jv _g._ 5k
dt“ d(;
IlepennmeM ero B TakoM BHIE:
dx dv. g :
T AT —_ X — 'y:O,
Zxigh o )

HJIH, OKOHUYATE/bHO:

(?ag—x—jv>dx+vdv#0.

-BBuny toro, uro ¢ysxuus j, B 00uUIeM BUAE HEU3BECTHA, AIA
HHTErPUPYIOLIETO0 MHOXKHTEAST MOXeT OblThb B3dTa (PYHKUHA OT OX-
HOro nepemeHHoro. Takoit ¢pyHkuued MOXKET OBITh TOJ/BKO:

ON . oM\ . 0/
N

e —

0x 0v

vov

Tak xax HHTErpUPYOLUIHI MHOXHUTEAb JOJKEH HUMETb BH:

— {‘ijv dx
J wvdy
0= €
g
TO BCJIH‘-IHHa 7{- JOJIDKHA 6bITb ITOCTOSAHHOH. STO xKe 6\’,11.eT TOJABKO
vav

B €JHHCTBEHHOM CJyuae, a HMEHHO, NpH: j, = av2-b
Torpa:
— [2adx —~2ax

{5 2 =8 &

ITOT Cayyal, KaK pas3, U HMEeT BeChbMa ILHPOKOE pacnpocTpaHe-
sye. Cua ConpoTUBJAEHHS] KUJAKOH cCpenbl, ABHXKyUleMycd B Hel
Teny, NPONOPIHOHAAbHA KBaJpPaTy CKOpPOCTH Teska. Takum ob6pasom,
yCKOpeHHe (3aMejl/ieHue), I[10JyyaeMoe -TeJlOM OT BHeIUHeHd CBI3H
(KHAKOCTB), NPONOPIHOHANBLHOE CHJAE 3TOH CBfA3M, OyAeT Nponop-
LMOHAJIBHO KBaApaTy CKOPOCTH. Jlsi OGLIHOCTH peElIeHMs], MBI OCTa-
BHM B BBHIDAXEHHU N5 J,, MOCTOSIHHEYIO b.

YckopeHue j,=av2-}b.
: o —2ax
HuTerpupyomui MHO¥UTENb OyIET HMETb BUA: p==é€& .

—2ax

[TIpu yMHOXEHHHU HaA e YpaBHEHHE JO/KHO IIPEBPATHTHECA B
NoAHBIA AHpdeperuualn. :

]

—2ax g -—2ax
e (?x—-av?-—b>dx—l—evdv:0.

c
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PewmaeM ypaBHenue
—2ax 1 —2ax
e fvdv:?e v2 4 ¢ (x)

¢(X)=¢e =i (—g— X b)

c

X

<-D(”C) e “4*1&; [QGb — —g— (an—{— 1) } g-za' s

B OKOHYaTEe/NbHOM BHJE, YDABHEHUE MPEACTABHTCH:
' <2
[Qazvz 4 2ab— % (2ax-1) } et i
¢

Koneuusie ycC/J10BHA TAKOBBI
npH X=Ak =21,
BpH X=05 =0
Boinonnenne ux Jaer:

[QLb—--ég—(zaaﬁLl)] e°”“""=2ajo—-§— S T

c

[Moayuunoch TpaHCUEIEHTHOE ypaBHEHHE OTHOCHUTE/IbHO HCKOMOH Be
JUYUHE 0. . |

Beuny HeynoO6CTB, CBfI3aHHLIX C MO0/Ib30BAHHEM YypaBHEHHEM B
TPaHCUEAEHTHOH dopMe, MPHIAJIUM €My T4KOH BHI, KOTOPBIH Obl
MO3BOJHMJ NPUMEHUTh, A5 HAX0XK/JAEHHA 0y HOMOrpammy.

(2a2y) (-g) S b
(2a0,) (ig"—) R

[loneano 3aMeTHTb, UTO, B HACTOALIEM CJayuae, NPONOPIHOHANL-
HOCTH MEXIY AMHAMHYECKOH M CTaTHYeCKOH aedopmaunusiMvu HeT.

Homorpamma nana B Gunapnom noae. [loan3oBanue eic, ayudiue
BCEro, VSCHUTb NPH DEIUCHHH, NPHBOJUMOTO HHXKE NpUMepa.

'\ (?(10() ) e

A3

[lpuuep pacuerTa.
Mpumep 3. 'mapocaMoseT cazuTCa Ha BOAY MapauwlioTHpys, ¢ Bep-

: i
THKAJbHOM! CKOPOCTBIO Uy =3.2; ——. B yCJIOBHAX CMOKOAHOrO HaXx 0~
: sec .

>,
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JeHHS HA BOAE, yAEALHAS HArPY3Ka HA AOLHYIO UacTh: p =3 kg|dm?.

Rg sec?,
- Kospduunent conporusieHus aas BB k=40—7——

m
ACTHTH JHHAMHYECKYI0 nedopmauuio OOGUIMBKH JHA, A8 Kakoro-

HUOYyZAb €ro Bs/JeMeHTa, €CJAd 11OC/AeAHUH, B yCn0BUAX €BOOOAHOTO
N/1aBaHHUs, UMEerT: ! :

Onpe-

d(;:O.g cm
,/'z/ — k.?T) — __ig_:k_ Q2
C rs 14
Jlé}lOB&TEJIbHO. oK 981 40102,\, =
Aa=—2"=—— " " 20,03 CT
- p 3.108
200c='—2-0.0131-0-220-00524
jO s avo‘“’___ 0.0131 (325)2 g 1 b e
S en S S e — — 1.410 —_— = V.
g g 981
L# i B /
3 o LY s
19 i 38|
: 1 n ' s
B ¢ 0 ! i A
)
~‘ 3 % q 6 / ///
1 21 ok /
: 1 ] g;)(/\
. 1.7 0\
I (O RS
] r-fl/‘ i
3 A ) 05
/ 04—1
‘-I b “ —2 W 03 41|/
B 231 -3
7 7 02 |
=2 8 |
] /
i
¥ ] IS
‘01 ]

2ao,

Homorpamma

i
i seatet Kbl un

e A

P TRt SN ST F S SR PR I
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Jlns HaxXOMJeHHs AUHAMHYECKOH Xedopmauuy BOCMO/bL3yeMCs

HOMOTpAMMOI C/AeAyIOIHM 06pasoM. OTmeTHUB HA OCH L TOYKY:
: g
jt) L 1 b a—
J0 —__ 1,5 NPOBOAMM INpAMYyIO Hepe3 Hee H TOHUKY —m2
g

sropoit ocu. Ha nmpojo/mxesnu 3TOH NpsAMOH HAXOAUM TOYKY, KOTO-
pasg CoOTBeTCTBOBala Ol B NOJAE OTPHUATENLHBIX 2a0d, (noToMy 4TO
a < 0) MNONOKEHHIO MeX]y OTPHULATENbHBIMH KPUBLIMA JAHUSAMU
2a0, otMeTke: 20, = — 0.q0524. Onpeness I0JI0KEHRE Hal JeHHOMH
TOUKH OTMETKOH MEXIy NpsSMbIMH 2a0 Moaydaem:

Qaaa = —0. 13+
Jlumamuueckas aedopmauusa Gyner:
0. —0.;:
Ope= i == e
2a '—_2-0'0131

YckopeHnue j,=av-b.

B cayuae ABHXKeHHA Tesa C HeOO/JbIIKHMHE, CPABHHUTEALHO, cKopoc-
TSMH, B JXHAKOCTH, 06JanamouieH GoabmiuM K03 PUUUEHTOM BSI3KOC-
TH, Mbl CBOGOJHO MOXKEM CYATaTb, YTO CONPOTHBACHUE ero JaBHKe-
upio 6yneT NMpPONOpPLMOHATBHO CKOPOCTH. [Mo3aTomy HEOOXOAUMO pac-
CMOTpETH €ule OAMH Ciydad: NBUKEHHUH, KOFAA:

, = av -} b.

VpaBHeEHE IBHXKEHHA MacCChl OyZET NMHCAThCA:
dx g
== —(av+b)-+=-x=0.
kil S ey

[MpoauddepesnupyeM €ro, yTOGH OHO BK/I0Yan0 B Ce0d TOABKO
JB€ NepEeMeHHBIX.

d*v dv ', : g
—a —+2v=0.
de? dit 1 0;

[TonyuesHoe NHHEAHOE ypaBHEHHE C NMOCTOAHHHIMH koabpruHeH-
TAMH MMEeT XapaKTepPHCTHYECKHUM YpPaBHEHHEM:

xz—-ax-}mg-::o

C KOPHAMH:

T
c
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Kopun neiicTBUTE BB, TaK KAK OTPHHATENLHBIM MOKET GHTh TONBKO

@, HO OHO HAXOJAHMTCHA NOJ PALMKAIOM BO BTOPOH CTENEHH M a2>£ >

¢ 4

Tloatomy pemenne ypasuenus manumercs:

A ) 5
v=Acy Mt
Otciona, uurerpuposanuem u auddepennuposannen, noayyaen:
A 0t

B At 8w At At
Ho=" i —_— e — =2\, Ade AolSe "
X 2 & g ot The

Koneunsle ycnosusi, noasexamme BHIONHEHHIO, TAKOBH:

npe (=0 X=0 v—ny %:avo—{—b

HOopR (=1, X=—0 =0

Ilocne noncranosox M coOTBeTCTBYIOMUX Omepaiyil, NoJAyYnM:
pacuyeTHuie GOopmy.ibl:

L e
oo g el v T
A=A Aoy —Jo
Ay
P A e [, P
. hyi o
: P 5

hihg (3T — o)
[Ilpumep pacuera.

ITpumep 4. Ipu NPHIWIBAPTOBKE MapOX0Jia K NPUCTAHH, OH, NpPH-
YaziuBass OOPTOM K CBasfM, HaXHMaeT BEDXHHM TBEPALIM KpaHIIEM Ha
KOHELl OAHOM M3 cBail. B MomeHT Ka-
CaHUsl HUMEeTCH:

séc

Bonousmeumenne mapoxoga 120 £
Jlnuna cBo60gHOrO KOHLA cBan [=2 m,
o aid Ee nuamerp d=30 ¢m. Ee wmare-
Yepr. 3. puai—cocHa.

=g a=—50 sec-!
Jo=—50.5=1.950 5"
sec?
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Cratuueckasa nodopmanus:

5 _ QI __ 120000.(200):64
E "UBEJ  3.105.% (300

R

= 80.; cm.

To, o6cTosiTeALCTBO, 4YTO, B JAHHOM CjAyuae, CTaTH4YeCKas Ine-
dopmaiust Tonyuaer TPOMAAHLIE pa3Mepel, He JO/KHO CMYHIAThb-
pPacuuTHIBAIOMIErC, TAK KaK 3J€Ch Mbl HMEeM [1e10 He C Majaiounm
rpysom, rae cratiueckas aedopmanus J0JKHA BCerja ObTh MeHb-
nie IUHAMHYECKOH. 3Jech ke NOjJ CTaTHyecKoil jaedopmaunest Mbi
pasymeeM Ty, KoTopas Gblaa Obl, ecaub ABmKylascs (HO He MO Bep-
THKAAM M HE NOJ BAMUSHHEM CHJABl THXKECTH) Macca Harpyxa/ia CHC-
TeMY CBOMM BECOM, CTAaTHYECKH.

Bxouxsmue B ypassenue (6) BEAUUHHDL

g 981

ey axid. . 2ec2
dc 80.5

i

[ 50 —)/2500 — 12.,] = — 0.0 sec!

.}sl TR

)\2 :—;—l'—' 50 —V2500— 122] :—4994 SeC“‘l.

Bpewms, noulejuee na yaap, onpeaeautcs (5):
1 ln—0.05.5+250 o

—0.06+49.00 —49.94.54250 49.g
= 6.724 -_-0.135 sec.
49. g8
Jluramuueckasa nedopmaiusa Oyner:
—0. 06

- 88

49
(— 0.66.5 -} 250)

e 165 CML..
—49.4, >

49.
T N R e
Hanpaxenue B cBae:
M, Pol 3Ed 3.105.30
== =0 — =0.16 ——zmm =
W 212 2.(200)2

50"—‘—'

18.6 kg/C’/nz. : .

TpeTuil BapuaHT j = jt

Yckopesue, 3aBucaulee OT BpeMeHH, OyIeT HMeTb MECTO, rJ/as-
HbiM 06pa3oM, NPU JABHKEHHH Tena, LeNHKOM HfM HaCTHYHO rMapa-
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'“MaI‘HHTHOFO, B NMEPEMEHHOM MATHUTHOM [10J1€, Bbl3bIBAEMOM, H3ME-

HAOWKUMHACSA XKe, 3/MeKTPUUECKUMH YCJAOBHAMU €r0 BO3HUKHOBEHHA M
“3MeHenus.
Judpepenunansnoe ypaBHeHHE HAIHILIETCS:

dx PR
P me
HIU.
——x
dt~ =/

¥papueuue 6€3 npaBodl 4acTH AAET pelleHue:
X =A sing B cosy

TIe, AAd KPAaTKOCTH ITHUCHbMA, oOo3Havaem:
9= l/é t,
0,
‘_"'_Q___l/ E
dt 0,

Jast HAXOXAEHHS NOJHOrO HHTErpaja HEOGXOIMMO pPOLIHTH CHC-
TEeMy JABYX YpaBHEHHH OTHOCHTE/IbHO A' u B’——nponsaonﬂblx B3f-

ThIX MO BpPEMEHH:
A" sing~} B’ cosp=0
A’ cosw— B sing =,

Pewenue cucremnl paer:
o .
= —Ji €OS®
_ g

B = — ]/ gijt sing.
g

“Orciona aerko onpeaensiorca A u B.

Azl/if/} cose dt -+ C,
__l/__fjt sing df + C..

ﬂo.wbm MHTErpa/j nyTH MacCul M306pasuTCs:

SEies l/_ai [sincp fj, cosy dt — cosqafjt sing dt] ~+ €, sing -+ C, coss.
gL :

IIOMHS, YTO:

=
- 50 T AR R
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- CKopocTh:

%—COS'{’J/t COSy dl—{—sm@fjtsm@dt-H/ 2. (C; cosg — Cy sing)..

Yckopenue:

ey /g { f ; . [’ . 1
= Jy 2- 1 cos sine df —sing | ji cosg df | —
T e D el

< 15"— (C, sing - C; cose).

e

Koneunbie yca0BUA TaKOBHI:

dx g% 5.
i=0; x=0; ——--—O — = fo;
ey ime B iew,
dx
npu t=0.x=0s —=0.
3 7
Iloacranoska yacTHBIX 3HAYEHMH (DAKTOPOB NBHKEHUA MACCH AdET:
Syl - 48 S 7
e g . / & e
0 =cos l/ 0 Jtcosg df --sin 2.T| {J:sine dt-4-
g 4 : Oc ¥
+ 7, cosl/ il i By (T
O,

g
g V— ,sm( T) _]j‘ cosep df— cos (l/—g— T)thsincpdt—’r—«
0 o 0
Bies 2 5
o —}—voam(‘/ 5 )J e (8}
rae cpzl/-g—t

Ileppoe ypaBHenue OyJAET CAYXKHTb IAsi ONpele/eHHd BpeMeHH, no-
wiejmero Ha copepuienue nedopmanun. Oupeneaus BpeMms, Mbl KO/~
XHH MNOACTABHTH €ro 3HAYEHHE BO BTOPOE YpaBHEHHE, U3 KCTOPOro:
1 MONYUHTCS BEIHYMHA AUHAMHYECKOH AedopMaluH.

HacTHbHE CaAyUYam.

Ecau BennuuHa YCKOPEHHS J; HC H3MEHAETCH €O BpEMEHeM, TO-
MBI JIO/KHBI [0Jy4HTh GOJ/iee NPOCTHE yPaBHEHHs.
Iyctb ji=J, = const.
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“Tornaa:

T

—

d 5 :
fj} sing dt = j; l/—di [1 —-cos( ik T”
0

g Oc
3 :

fjt cosy dt,= j, l// -(?i sin (l/i’a— '[‘)
0 g 5

Oc
¥ YpaBHEHUS NDHMYT BHI:

Ilepsoe, kotopoe CAYHHT RIS ONpEleTeHHS BPEMEHH:

& - e
0=y, l/-gi sin (1/5’: T) -+ v, cos (i/ £ 7) .

OO nenukom cosnapaer ¢ ypaBHenueM (2)”.
[oxcranoska 7, onpegen
Jaer:

i

<

CHHOTO M3 3TOrO ypaBHEHHUS, BO BTOpOe
dy o

Jo &)
S <1+]/1+j‘ ) :

T« €. YypaBHEHHE, KOTOPOE MBI yxe umean—(1)".
| [Ipumep pacuera.

. (8).

pumep 5. Moaorok ConeHonaroro nepcdoparopa p
20

adoTaer npu
fi€puonax B cexyuny. Ero sec G=2 kg. Yckopenne
H3MEHACTCS 10 3aKOHY:
DL : nt
Jt=3 g cos —,
10
Kakoso Gyner manpsxenne s mrasre ne
: MMEIOIEH NAMHY [=2 m u nuamerp d

pdoparopa,
=2 cm, ecau
KONbE NOnano Ha TBEPAYIO MOPOLY,

THYECKH, HE NMpOHHUKAET (HAMXYAILHUI

B KOTOpYIO, mnpak-
cayuait). Ilranra
m
CTaabHasg., v, = 20—

sec
Buiancsium orgensuo HHTerpaJnl,
BHeHus (7) u (8).
1

BXOAsl{ME B ypa-

T
fjt sing dt::3gjcos %Sm
0 0

]’/.-Tg:tdt:
:§§ . cos( %}—{—%)t cos(l/:g———-i)t -
s

£ % W
£ " ra
YV E+s

i
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2 c

Beujy Goabwmoii TPoMO3AKOCTH ypaBHeHuli, AajiMM TOJBKO KO-

HeyHble pe3y/abTaThbl NoACTaHOBOK.

[oncranoBKa HailJeHHBIX 3HAUEHHUH HMHTErpasoB B ypasuerue (7)
Jaer: ‘ , ‘

s - ¢
30 U/-‘;— (sin ]/g— 7T cos ‘/—%—— T)——%sin%}+
-} v, cos 1/—‘;’— 7 =0

OnpejeaseM LUPPOBYIO HaCTb apryMEHTOB:

pi kil S04 g ke
Gy W
£ ——98] — 4110 sec1.
ac 0'000058

- {loxcranoska wudp B (7) U npeHeOpexende BECbMa Ma/IbIMH {oTHO-

CHTEeAbHO) BeJHYHHAMH, JAAET:

tg 1/—32— T == — 2800.

1 & 0-00038 sec.,

OTKyna:

TR LTS TIR eT FRT
T s X ’“W. M

FEIEETINY

e T S







