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BBEJAEHHUE

AHalMTHYeCcKass MeXaHWKa IMpeACTaBsIeT cOOO0M pasziesl TEOPETUUECKOU
MEXAaHUKH, B KOTOPOM H3YYalOTCAd KakK [JBUXKCHHS, TaK W PABHOBECHUSA
MPOU3BOJIBHBIX MEXAHUYECKUX cUCTEM. [Ipu 3TOM MeToapl pemieHus 3aaad
ABJSIIOTCSL  0OmMMU. Tak, ypaBHEHHMS [BW)KEHUS NPUOOPETAIOT EIUHYIO
CTPYKTYpPY, KOTOpasi HE 3aBUCUT OT BHUJIA CUCTEMBI.

B Meromnuecknx yKa3aHHUSX NPUBEACHBI OMNPEACICHUS OCHOBHBIX
MOHATUM AHAJIUTUYECKOW MEXAHWKH. OJTH ONPEACJIEHUS] IPEACTABICHBI B
rJI0CCapuM B TOM MOPSJIKE, KOTOPhI HEOOXOAUM JJisi OCBOCHHUS Matepualia, u
NPOWUIKIOCTPUPOBAHBI MPUMEpPaMH. YKa3aHUsd TakXKe COIEp)KaT KpaTkKoe
W3JI0KECHUE TEOPETUUYECKUX PE3YJIbTaTOB, HA KOTOPBIX OCHOBaHA aHAIIMTUYECKAs
MeXaHHKa.



I'JIOCCAPUI

1. Ces3u — orpaHUYEHUS, KOTOPBIC HAKIIABIBAIOTCS HA KOOPAMHATHI U CKOPOCTH
MaTepHAIbHBIX TOYCK MEXAaHHMYCCKOW CHCTEMbI. MaTeMaTHYeCKOe OIMUCAHUE
cBsi3eil (YpasHenust ceészell) MOXKET COICPKATh PaBEHCTBA (08YCMOpPOHHUE VI
yoepocusarowue ces3u) W HepaBeHCTBA (0Oomocmoponnue cészu). Bun
ypaBHEHUH MMO3BOJISIET KJIACCH(DUITUPOBATE CBSI3H.

Tononomuvie c6s3u MOKHO OINKMCATh yPAaBHEHUSIMH, HE COJAEPKAIIUMHU
IPOM3BOHBIE OT KOOPMHAT TOYCK.

Hezononommvie cés13u ONMUCHIBAIOTCS YPABHEHUSIMHU, U3 KOTOPBIX HEIb3s 33 CUET
UHTETPUPOBAHUS UCKITIOUYUTH POU3BOIHBIC 110 BPEMEHH OT KOOPIMHAT.
Cmayuonapnuvle (ckiepoHoMHble) CBSI3M  ONMUCHIBAIOTCS YPABHCHUSMH, HE
COZEP KAIIMMH SBHO Bpemsi. ECIIM BpeMsi BXOIUT SIBHO B ONMCAHHE CBS3H, TO
TakKas CBSI3b Ha3bIBACTCS 1n008UNCHOU (DeOHOMHOL).

IIpumep 1. [Tycts MaTtepuanbHas Touka M IBMKETCS B IUIOCKOCTH, HAXOSCH B
KaXJIblii MOMEHT BpPEMCHM Ha 3aJaHHOM paccTossHUU I=a(t) oTHOCHUTEIHHO
HEKOTOpoW HemonBwkHOW Toukun O. BBegem mnpsMOYyroapHyH CHCTEMY
koopauHatr Oxy. Torma Ha KoopauHathl TOo4Ykd M Oyaer HajaraThcs
OTpaHUYEHUE

x? +y?=a’(t). (1)
VYpasnenue (1) 3a1aeT roTOHOMHYIO 1 PEOHOMHYIO CBSI3b.

2. O0001IeHHbIe KOOPAMHATHI — HE3aBUCUMBIC BEIIMYMHBI, 3HAUCHUS KOTOPHIX
OJTHO3HAYHO OMPENCTSAIOT COCTOSHHE MeXaHWMYecKor cucteMbl. HeoOxomumoe
JUTSL OTMICAHHWSI CHUCTEMBI YHCIIO OOOOIICHHBIX KOOPJAWHAT HA3BIBAIOT HYUCIOM
cmeneneli c60000bl MEXaHUYECKOU CHUCTEMEL.

IIpumep 2. PaccmoTpuM JBH)KEHHE MaTepuUalbHOM TOUYKM U3 mpumepa 1.
Hanuuue eauHcTBeHHOUW cBsizu (1) yMeHbIIAeT YMCIIO CTENEHeW CBOOOMbI Ha
SAUHUITY — OT ABYX (TIpU CBOOOJIHOM NIBMKEHMH) 10 onHOM. [lonokeHne Touku
B JII000 MOMEHT BPEMEHU MOXKHO TENepb 3a/1aTh, WCIIOJb3YS TOJBKO OJIHY
0000meHHy0 KoopauHaTy. OO0OIIEHHOW KOOpJAWHATOW HE 00s3aTelIbHO
JOJDKHA OBITh Kakas-TO W3 HMCXOAHBIX JIEKapTOBBIX KoopauHat. Hampuwmep,
BBIOpAaB HAuyaJbHOE HAMPABICHHE, OT KOTOPOTO OTCUUTHIBAETCS Yroa ( [0
paanyc-BeKTOpa TOUKH, Mbl MOYKEM BBIPA3HUTh MPSAMOYTOIBHBIE KOOPIUHATHI
x=a(t)cosqg, y=a(t)sing.

[Mpu 3amanHO¥M uMHE paauyc-BekTopa r=a(t) Mbl, 3Has EIMHCTBEHHYIO
0000111eHHYI0 KoopauHaTy ((t), MBI MOYKEM ONPEACITUTh MOJI0KCHHE TOUKH.

3. Bo3amoskHbIe (BUPTYyaJibHbIE) NepeMelleHust
Bosmooicnoe nepemewenue mamepuanvHou mouku — OECKOHEYHO Majloe
MBICJIEHHOE NEpPEMENIEHNE, KOTOPOE JOMYCKAETCsl B pacCMaTpUBAEMblid MOMEHT
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BPEMEHU HAJIOKCHHBIMH Ha TOYKY CBSI3IMU. Bo3MOXHOe mepememnieHue or
MOKHO OIHCaTh KaK HW30XPOHHYIO Gapuayuto paanyc-BEKTOpa, TO €CTh Kak
nonHelid guddepenunan npu ¢GukcupoBaHHOM Bpemenu 1. B mexaprtoBoit
CHCTEME KOOpJIUHAT

or =(X)1+ (o) ]+ (ax)k, (1)
rae OoX,0y,0Z ecTb M30XPOHHBIE BapHallMd KOOPAWHAT TOYKU. HamomHuMm, 4TO
neiicrButenbHoe nepemernienue dr = (dx)i + (dy) j + (dz)k sBasercs monHbIM

nuddepenranomM paanyc-BeKTopa npyu U3MEHEHUH BPEMEHH, KaK He3aBUCUMOM
HCpCMCHHOfI, Ha BCJIIMYNHY dt. B CUIIy 3TOTO0 UMCCT MCCTO PABCHCTBO
dr = (x(t)i + y(t) j + 2(t)k )t .

BOS’MOJfCHO@ nepemeuieHue MexaHull€CKOﬁ cucmemsl — J'IIOGaH COBOKYHHOCTB
BO3MO>KHBIX HepeMGHlCHI/IfI TOYCK CHCTCMBI. HpI/I HAJIMUUU CBI3€H HE BCE
BO3MOKHBIC IICPCMCIICHUA TOUYCK SABJIAIOTCA HC3aBUCHUMbBIMU. B aHaHHTHHGCKOﬁ
MCXAaHHUKC YCTAHOBJICHO, YTO YHMCJIO0 HC3daBUCHMBIX BO3MOJKHBIX HepeMemeHHﬁ
PaBHO 4YHCIIY CTGHGHGﬁ CBO6OI[I>I CHUCTCMEI.

IIpumep 3. OmpenenuTs OTHOIICHUE Aj—> Ssa
MEXJy BO3MOXXHBIMH I€PEMECIICHUIMU
oSp touku A xpuBommma OA u JSc
noJizyHa, eciu JuHel OB=AB. [2]

Jlis xpusommuna OA Ha puc.l B

oJTyJyacm, 9TO 055=0,5-0Sa u

nepeMelieHne oS  HaAMpaBJICHO IO

ropuzoHTamu Brpaso. s crepxkus BC 30 C_ ssc
yCTaHaBJIUBACM, 4TO 055=0Sc . _%O RN

OKOHYATENABHO, 0SA & 0Sc=2.
Puc.1

4. BupryajabHasi padoTa CHIIbI
Onemenmapnas paboma cunvl F na eoszmooicnom nepemewenuu or ee mouxu

npunodicenus paBHa (1o ONpPeIeIICHUIO)
A=Fdor=F -x+F -oy+F,-dr. (2)

AHaJIoTu4HO ONPCACIACTCA DleMERMApPHAAA pa60ma cui Fk HA 603MOJNCHOM
nepemeuieHuu 5rk mexanuueckou cucmemovl N mouex

N
A=>Fd, . 3
k=1

Jlnst  cucteMbl, Ha KOTOPYIO HAJOXEHBbl CBS3M, IIOJIE3HO pa3iuyaTh B
BbIpaKeHUU (3)  aKTHBHBIE CHJIbI  (YCIOBUMCS  COXpaHUTh I HUX
o0o3HaueHue Fy) u peakuuu cpszeit (qanee OyayT o0o3Hauatees Ry). Torna

N N N
A=Y (F, +R)F, 3, + 2R,
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CBHSI/I, HAJIOKCHHBIC Ha CUCTCMY, HAa3bIBAIOTC udeaﬂbﬂbmu, cClin
N
> R, =0 (4)
k=1

JUIS JTI000TO BO3MOYKHOTO TEpeMelIeHus cucTeMbl. [lepeuncinM HEKOTOpbIe
pacmipocTpaHEHHbIE CUTYyallud, KOTOPbIE MOTYT OBITh CMOJEITUPOBAHBI C
UCIIOJIb30BaHUEM TOHSATHUS UICATBbHBIX CBS3CH:

1) cBs31 MeX Ay TOUYKaMu aOCOIIOTHO TBEPIOTO Tena;

2) CBSI3M IPU JIBUKCHUW TOYKH 110 a0CONIOTHO TJIAJAKOW JIMHUH WM a0COTIOTHO
IJIaJIKOM TOBEPXHOCTH;

3) rubOkue HepacTsHKUMBIE CBSI3M MEXKIYy TOYKAMH CHUCTEMbI (HHUTH, TPOCHI,
KaHaThl ¥ TOMY MTOJ00HOE);

4) HEeMOABIKHOE 3aKPEIUIEHNE TOUYKHA CUCTEMBI.

5. O6001IeHHBIEe CHITBI
Paccmorpum  MmexaHumdeckyro  cucteMy N To4ek, Ha  KOTOPYIO
HaJto)keHO | romoHOMHBIX cBs3eit. Kak yke 00Cy»1aaoch B MyHKTE 2 Tiioccapus,
cuctema B 3ToM ciydae mMeeT N=3N-l creneneir cBoOGompl. s omucaHwus
COCTOSIHASL CHCTEMBI JIOCTATOYHO WCIOJB30BaTh COOTBETCTBYIOIIEE YHCIIO
0000IIEHHBIX KOOPJUHAT (1,...,0n . TaKUM 00pa30oM, 1Ji TOYEK CUCTEMBI

fi = i (Og,ensGps D), K=LN (5)
JUJIs CUCTEMBI CO CTallMOHAPHBIMH CBS3SIMH BpEMs HE BXOJHUT SIBHO B TIPaBbIC
qacTu BeIpakeHui (5). Torma mis BOZMOXKHBIX MEPEMEIICHUH TOUEK CHUCTEMBI
CTIpaBe/TUBBI PABCHCTBA

n

or, = Z%
i=1 ﬁqi
Hcnons3yem pnanee mpeacrtaBiieHus (6) B BblpaxkeHuu (3) st dJIeMEHTapHOM
pabotsl. [Toayuaem

N[O V(& o (& O (& o
5A:k§':k Za—k5Q. :kZ: Z_l:Fk_k&qi :z k—1Fk6_ka:]i :Z ZFké_qk. &:Ii'

i=1 i =1\ i i i=! i i=1\ k=1

L k=1..N. (6)

Takum o6pazom

&2256\ :ZQiaqi . (6)
i=1 i=1
B popmyiny (6) ansa snemeHTapHON pabOThI BXOAAT 0000WeHHble CUTbL
N, _ OF
=Y F —* i=1..n. 7
Q| ; k aql ( )

CrnemyeT 3aMeTuTh, YTO BbIpakeHUs (7) omnpenenstoT 0000IIeHHbIE CHIIbI Kak
CKJISIpHBIC BEJIMUUHBI. DU3NUECcKass pa3MEPHOCTh ATHUX BEIUYHH MOXKET OBITh
paznoil. Ilpu stom mnpoumsBeneHus oAi=Qidgi TOKHBI HMETh Pa3MEPHOCTH
MeXaHU4eCKO# padoThl, To ecTh [Qidgi]=[1x].



OCHOBHBIE TEOPETUYECKUE PE3YJbTATBI

Hcrnonp3yemM TMOHATHS, ONMpPENeNIeHHbIE B TJIOCCAPUHU, JUISI OOCYXICHUS
TEOPETUUECKUX PE3yJIbTaTOB, KOTOpPHIE JIETNIM B OCHOBY aHAJUTHYECCKOM
MeXaHUKHA. B pamkax MaHHBIX METOAMYECKUX yKa3aHUH HEKOTOPBIE W3 ITUX
PE3YJIBTATOB MPHUBOJATCS 03 oKazareiabcTBa. [lomHOE M3I0XKEHHE MaTeprania
MO’KHO HaWTH B KJIaCCHYECKHX yueOHmKax [1,3].

1. IIpuHIUN BO3MOXKHBIX NepeMelnennid (mpuHuun Jlarpanska)

Jlyist Toro 4ToOBl cUCTeMa MaTepUaIbHBIX TOUEK, Ha KOTOPYIO HaJIOKEHbI
ujicaibHbIC CTAllMOHAPHBIC YJEPKUBAIOIIUE CBSI3M, HaXOJUJIACh B PaBHOBECHH,
HEOOXOJMMO U JIOCTATOYHO, YTOOBI paboTa BCEX AKTUBHBIX CHJI Ha JIIOOOM
BO3MOXXHOM TIEPEMEIICHUH CHUCTEMbI, a TaKX€ CKOPOCTH BCEX TOUYEK B
paccMaTpuBaeMblii MOMEHT BPEMEHU, PABHSUIUCH HYJIIO:

N

F or, =0,
é k k (8)
v (t,)=0 k=1..,n

B nononHenue K J1aHHON (QOPMYIHPOBKE CHEIAEM 3aMEYaHHsI, KOTOPbIE
pacIIMPAIOT BO3MOKHOCTH NTPUMEHEHU TpuHImMna Jlarpanxa.
1) IIpu Hamuuuu HeujeadbHBIX CBSI3EH PEaKIUU ATUX CBA3EH (Hampumep, CUIIbI
TPEHUS) OTHOCST K aKTUBHBIM CHJIAM.
2) Eciam TpeOyeTcs OnpeNenuTh PeakiMio HICATbHON CBSI3H, TO 3Ty CBS3b B
pacueTHOl  cxeMe  OTOpachlBalOT, a  COOTBETCTBYIOLIYIO  PEAKIUIO
paccMaTpUBAIOT KaK aKTUBHYIO CUITY.
3) BwmecTto BO3MOXHBIX TMEpeMENIeHUN Ofy MOXHO  paccMaTpuBaTh
IIPONOPLIMOHAIIBHBIE UM BO3MOKHBIE CKOPOCTH.

[Tpunuun Jlarpanxa MOXHO c(OPMYIUPOBATH B TEPMUHAX OOOOIIEHHBIX
KOOpAMHAT U 00001IeHHbIX cuil. [leficTBuTenbHO, yeioBue (§8) 03HavaeT 4yTo

A=YF.o =0.
k=1
Torna B cuity (6)
&:ZQia:]i =0. (9)
i=1

PaBenctBo (9) B cily HE3aBHCHUMOCTH Bapualui oC; paBHOCHIBHO CHCTEME
YCIIOBHM

Q =0, i=1..,n. (10)
Takum 00pa3oMm, JUIsi PaBHOBECHS MEXAHHMYECKOW CHUCTEMBI, MOJYMHEHHOU
TOJIOHOMHBIM CTAallMOHAPHBIM HJEAJIbHBIM JBYCTOPOHHHM CBSI3IM, B MOMEHT,
KOTI'JIa CKOPOCTH BCEX TOUYEK CHUCTEMbI PaBHbBI HYJIIO, HEOOXOIUMO U IOCTATOYHO,
YTOOBI Bce 0000IIEHHBIE CHIIBI OB PaBHBI HYJIIO.
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Ecnu B naHHBIE MOMEHT BPEMEHH CKOPOCTH TOUYEK CHUCTEMbl HE PaBHbI
HYJII0, TO 3TH CKOPOCTHM OCTAlOTCSi HEW3MEHHBIMH, JI0 T€X IOp, MOKa B
MOCJICAYIONE MOMEHTBI BPEMEHH BBITIONHSIOTCS ycsroBus (10).

IIpumep 4. Onpenenutrb MomeHT M mapbl
CHJI, KOTOPBI HEOOXOAMMO MPHIOKHUTHh K
Oapabany 2 pamuyca I=20cm s
PaBHOMEPHOTO noabeMa rpy3a 1
Becom 200 H [2].

I[Ipu  orcyrcTBUM  TpeHHS  Ha
HAKJIOHHOM NOBEPXHOCTH MOJIy4YaeM CUCTEMY
C uaeabHbIMU cBs3siMU (puc.2). Cooluum Puc.2.

CUCTEME BO3MOXKHOE MEepEMEIIEHUE,

MBICJICHHO MOBEPHYB OapabaH 2 Ha yroia ¢ B CTOPOHY JedcTBUS MOoMeHTa M.
[Ipu sTom rpy3 1 monyyuT mepemMelieHue JS BAOJb HAKJIOHHOW MOBEPXHOCTH,
paBHOE 0S=rop. KpoMe mapel cuil, IpUIOKEHHOU K OapabaHy, aKTUBHOW CHUJION
BBICTyNaeT Bec rpys3a P. Tak kak JBM)XEHHE PaBHOMEPHOE, MOYKHO IMEPEUTH K
CKOPOCTSIM U MIPEACTABUTH

AR =tV, op=tow.
[Tpuniun Jlarpanka no3BoJISIET 3aNIMCaTh PABEHCTBO
(-Psina)ov + Mow=0.
31ech O — YroJ HakJIOHAa MOBEPXHOCTHU, MO KOTOPOW CKOJB3UT Tpy3 .
Tak kak OV=rdw, TO Janee NoJIyIuM
(-rPsina+M)éw=0.
[TocneqHee paBEeHCTBO JOJKHO BBITIONHATHCS ISl JIOO0M Bapualuy YTriIOBOM

CKOpOCTH 0. Clie1oBaTeNbHO,
—rPsina+M =0

M =rPsina =0,20-200-0,5=20 Hwm.

B paccmoTpenHoM mpumepe B CHIIy paBEHCTBA JS=IJp CHUCTEMa HMMEET
OJIHy CTemneHb CBOOOJBI. Ecnu mpuHsATh (1=¢, TO €IWHCTBEHHas 0000IIeHHAS
cuia BeIpakaeTcs kak Q;=M —rPsina. Torga HMCKOMBI MOMEHT Mapbl CHII
onpenenarcs u3 yciaopus Q1=0.

2. O01mee ypaBHeHHe TUHAMUKH

Hcnonb3yeM MpUHLKIN BO3MOXHBIX MEPEMEIIEHU BMECTE C U3BECTHBIM
METOZOM KHHETOCTaTUKW — mnpuHimmnoMm Jamambepa [1,3]. [ns cucremsi,
YIOBJIETBOPSIOUIECH YCJIOBUSM IPUHLKIA BO3MOXHBIX IEPEMEIICHUM, TAaKOU

MOAXOJ MPUBOAUT K YPAaBHEHUIO
N

Y (F +9,)dr, =0. (11)

k=1



®opmyna (11) comepkuT BoIpaskeHUE I JIEMEHTApPHON BO3MOXKHON pabOThI €
y4eTOM CUJI HHEPIIUU

@& =—mi, k=1..n (12)
VpaBaenue (11) Ha3bIBalOT 00wum ypasHeHuem OUHAMUKU JJII CHUCTEMBI C
UJcaIbHBIMU CBSI3SIMU WJIM 00beIMHEHHBIM NpHUHIMIOM [lanambepa-Jlarpanxa.
Breimonuus aiia popmyist (11) npeobpazoBanus ¢ yaetom (5) u (6), morydyum

2@ +Q")%, =0. (13

Kak wu panee, o0oOmieHHble cuIbl B ypaBHeHHsAX (13) ompeaenstorces
paBEeHCTBaMU
N or, .
Q=) F = i=1
; “ o0,
Hanmuune B dopmyne (11) cun uHepuuu NpUBOAUT K MOSBICHUIO B (popmylie
(13) o606wennvix cun unepyuu
N, o,
Qi@ =)D 5
kzzll “ o0,
Kak yxe ormedasioch, Bapuanuu 0OO0OIIEHHBIX KOOPAUHAT 0(i €CTh BEIUYUHBI

He3aBHCHUMEBIC. BruimonHenne ycioBus (13) BO3MOXXHO TOI/Ia M TOJIBKO TOT/IA,
KorJa

N A

i=1..n. (14)

Qi+Qi‘D:O, i=1..n. (15)
VYenoBust (15) MOXHO TOJKOBaTh Kak BbIpakeHHe mpuHIumna [lamamOepa B
TepMHUHAX 00OOIIEHHBIX CHUJI.

Ipumep 5. I'py3sr 1 u 2, Macchl KOTOPBIX My=2Mj,
MPUKPEIUICHBI K TPOCYy, MEpeOpPOIICHHOMY uepe3 OJIOK
paguyca r. IlpeneOperas maccoil 0Jioka, OMNpEACIUTh
yCKOpEeHHue Tpy30B. [2]

CucrtemMa Ha puc.3 UMEEeT OJHY CTENEeHb CBOOO/IBI.
BriOepeM 3a 000011I€eHHYI0O KOOPJMHATY (] YTOJ MOBOPOTA
O0apabana ¢. Torga MOXKHO BBIPA3UTh MEPEMEIICHUE TPY30B Puc.3.

KakK S=Ip. YKa3aHHOE MepeMENICHHE TPy3 | COBEpIIAET C YCKOPEHHUEM a BBEPX.
I'py3 2 mpu STOM OMNyCKAaeTCd HAa S BHHU3 C TaKUM K€ yckopeHuem. Ha
ocHoBanuu (13) moayuum
(-mg-ma+m,g—m,a)rop=0
P MPOU3BOJILHOM BapHaIlMK yIJia MOBOPOTa o¢. Tormna
-mg-ma+m,g—m,a=0
. (m,im)-1 2-1

= =9,81-——= =327 m/c’.
(m,:m)+1 2+1




3. YpaBHenus Jlarpan:ka BToporo poaa

Kak mokazano B [1,3], mms MexaHHYECKOH CHUCTEMbI C T'OJIOHOMHBIMHU
UJICAIbHBIMHA JBYCTOPOHHHMH CBSI3SIMH OOIllee YpaBHCHHE JTHHAMUKH MOKHO
IIPUBECTH K BHJTY

__.___Qi]aqizo' (16)

B dopmyne (16) gepes T o06o3HaueHa KWHETHYECKAs DSHEPTUS CHUCTEMBI,
NpeCTaBlIeHHas Kak (YHKIMA OOOOIICHHBIX KOOpPAMHAT M OOOOIIECHHBIX
ckopocreii. Takum oOpaszoM, ypaBHeHue (16) ecTb o0Ice ypaBHCHHE THHAMUKA
B 0000IIIEHHBIX KOOPANHATAX.

B cmiy HE3aBHCHMMOCTH Bapuanuii OOOOIICHHBIX KOOpAWHAT O(; U3
ypaBHeHUs (16) ciieqyer cuctemMa ypaBHEHUH

dat T o -0, i=L..n. (17)

®opmynsl (17) HaswBaOT ypaswenusmu Jlazcpanxca eémopoco pooda. OHH
MO3BOJISIIOT COCTABUThH CHCTEMY YPaBHCHHWH JBIDKCHHSI MEXaHUIECKON CHUCTEMBI
B 0000meHHbIx koopauHaTax. Kaxmoe wu3  ypaBHenuii (17) Oyzmer
OOBIKHOBEHHBIM  JU(depeHIIMaIbHbIM  ypaBHEHHEM  BTOPOTO  MOpPSIKa
oTHOCUTENbHO QyHKIM i(t).

PaccMoTpyM BaKHBIN YacCTHBIN CIy4dail KOHCEPBAMUBHOU MeXaHUYecKou
cucmembl, KOTJa BCE CHIIbI, JCHCTBYIONIME Ha CHUCTEMY, SBISIOTCS
NOTEHIMATbHBIMU. Toraa MOXHO BBecTH cHiIoBYI0 ¢pyHkuuto U=U(Q1,...,qn) 1
BBIPA3UTh OOOOIICHHBIE CUJIBI B BUJIE

Qi:@, I=1..n. (18)
aa,
Ucnonb3yem (18) B ypaBuenusx Jlarpamxa (16).
Tak kak
%E ., 1=1...n,
aq,
TO
or _ o(T +U)’ i=1..n.
aq, aq,

dopmyiel (17) Teneps MOXKHO MpeoOpa30BaTh K BUIY
ga(T+U)_8(T+U)_O i1

..n.
a &, o
BBezneM B paccMotpenue ¢yuxyuto Jlazpanoica
L=T+U. (19)



Torna ypaBaenus Jlarpanxka (17) npuHUMArOT BH]T

— = _2==0, i=1..,n. (20)

Benuuuny, onpenensiemyto BelpakeHrueM (19) Ha3bIBaIOT TaKXKe KUHEMU4ecKum
nomenyuanom [2]. 3amerum, urto (yHKIMIO JlarpaHka MOXHO MPEICTaBUTH B
Busie L=T—-//, rae 11 — noTeHIManbHasi SHEPTUsl CUCTEMBI.

Ilpumep 6. MarepuanbHas Touka M wmaccor M=1kr nogHUMAaeETCS
BepTUKAILHO. OmpeaenuTs CKOPOCTh V MOJbEMa B MOMEHT BpPEMEHH, Korjaa
KMHETUYECKUN IOTCHIIMAJ] TOYKH PABEH HYJIO M OHA HAXOJWUTCS HA BBICOTE
h=6 m, ecu mpu h=0 norennmanpuas sueprus 1o=0. [2]

JIns Hamrero ciydasi KHHETHYECKUU IOTEHIMAl MOXHO MPEACTaBUTH B
BUJIE

Vv’ Vv’
L=m—-mgh=m ——gh|.
- =n{ -

Toraa no ycnoBuro 3a1aun
2

V?_Bg:O — v=.,/12g ~10,8 m/c.

IIpumep 7. KunHeTnueckuil MOTEHIHA] CHUCTEMBI, BBIPAXEHHBIM 4YeEpe3 €€
0000LICHHYI0 KOOPAUHATY Y M 000OLIEHHYIO CKOPOCTh Y, paBeH L=y’ +2y.

Omnpenenutb yckopenue Y. [2]

Ucnons3yem ypaBHenus Jlarpanxka Btoporo pona (20). Ilpuxomum k
i pepeHInanTbHOMY YPaBHEHHUIO

d

—((2y)-2=0

)
Hanee

2§-2=0 = §=1.

IIpumep 8. Kunernueckuii mOTEHIIMAT MEXAaHUYECKOW CHUCTEMBI ONpPEAEIAETCA
BoipakenneM L =14¢° +2¢p, rtme ¢ — 0000LIeHHAs KOOpAMHATA, pal.
Bbruncnuth 0000IIEHHYIO0 CKOPOCTh () yepe3 2 ¢ Iocie Havaia JBUKEHUS, €CITU
npu t=0 ¢ =2 pan/c. [2]

Ucnons3yem ypaBHeHus Jlarpanxka Btoporo pona (20). Ilpuxogum k
nuddepeHnanTbHOMy YpaBHEHHUIO

d
~ (28¢)-2=0.
dt( ®)
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Hanee
dp 1 . . t |t . t
L == = ot)-9(0)=—| = et)=—+2 =
dt 14 PO =90 =7, PO=14+

= ¢(2)=15/7 ~ 214 pan/c.

Ipumep 9. Kunernueckuii MOTEHIIMAT MEXaHUYECKOW CUCTEMBI OIpPEEsIeTCS

BBIPAKCHUEM L =16%2 + 20X . Omnpenenuts  3HaueHHWE  00O0OIIEHHOU

KOOpAMHATEL X B MOMEHT BpeMenu (=3¢, ecmu B  Hadaie
nemxerns X(0) =0, x(0)=2wm/c. [2]

Ucnons3yem ypaBHeHus Jlarpanxka Btoporo pona (20). Ilpuxomum k
muddepeHInaTbHOMY YPaBHEHUIO

d
—(32x)-20=0.
5 82%)

[anee nonmyyaem
X=5/8.
To ecTb aHHOE ABMKEHUE MEXAHUYECKOW CHCTEMBI TPOUCXOIUT C MOCTOSIHHBIM

yckopenuem a=0,625 m/c?. Toraa
2

X(t) = x(0) + X(O)t + % |
OKOHYATENBHO MOJTyYaeM

X(3)=0-+2-3+ 202>

=8,8125~8,81 M.

Ipumep 10. Mexanudeckass cucreMa mpeaCTaBICHA
cxemoil Ha puc 4. Macca Tenm m;=m,=6 kr. OnpeaenuTs
yckopeHue Tena 1, ecnm  KOIPPUIMEHT TpeHus
CKOJIBKEHUSI MEXIYy TOPU30HTAIBHOW IMOBEPXHOCTBIO U

tesiom 1 pasen f=0,2. [2] a |

JlaHHasT MexaHWYecKasi CHUCTeMa UMEET OJIHYy CTElEeHb

cB000/161. Bb1OepeM B kauecTBe 0000IIEHHON KOOPIUHATHI Puc.4.
paccTosiHueE S.

Tak kak Opu JBMKEHUM Ha Teno | AEHCTBYET cuia TPEHHs, TO CUCTEMA HE
ABJISIETCSL KOHCEpBAaTUBHOW. Mcnonb3yem ypaBHeHue Jlarpanxa BTOporo poaa B
dbopme (17). Kunernueckas sHeprusi cuctemsl Ten 1,2 Oyaer mpejacTaBieHa B
BUJIC

L 2

T=M*M) g (21)

2
PaccMoTpuM  BbIpakeHHe JisE  DJIEMEHTApHOM paboThl OA cHuCTeMbl Ha
BO3MOXXKHOM TrepeMenieHuun JS. C y4eToM HampaBieHHUs MepeMeleHUus MU
HaIpaBJIeHUl CWJI, JNEUCTBYIOIIMX Ha CHCTEMY, MOXHO YTBEpXKIaTh, YTO B
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BBIp@XEHHUE [JIs1 3JIEMEHTapHOM pabOoThl BOMIYT TOJBKO ClIaraéMble 3a CYET
CWJIbl TPEHMS, JACUCTBYIOIIEH Ha Telo |, U CHIIBI TSDKECTH, NEHUCTBYIOIIEH Ha
Ten0 2. JIeiCTBUTENBHO,

A= (_mlgf )& + (ng)& - (_mlgf + ng)& .
[Tocnennee paBeHCTBO MO3BOJISIET OMPEACIUTH 0O0OIICHHYIO CHITY
Q=(mf+m,)g. (22)
Ucnonb3ys Beipakenus (21),(22) B ypaBuenuu (17), norydum
%((ml + mz)s)_ (_mlf + mz)g =0 = §= %
Yckopenus ten 1,2 pasasl @ =a, =§. C yuyeToM ycioBust M=m, umeemM
1-f 1-02
= 2 g =

-9,81=3,92 m/c’.

4. KaHoHn4eckyne ypaBHeHU S
Hapsny ¢ 00001eHHBIMU KOOPIMHATAMU U 000OIIEHHBIMU CKOPOCTSIMU B
aHAIMTHYECKOW MEXaHUKE UCIIOIB3YIOT 0000ujeHHble UMNYIbChI

0,=" i=1..n. (21)
aaq,
Jlanee mMbl Oys1eM 00Cy X 1aTh KOHCEPBATUBHBIE CUCTEMBI, JJII KOTOPBIX
pizgza—lf, i=1...n. (22)
aq,  aq,
O060011IeHHBIE UMITYJILCHI BXOJIST B BhIpaKeHUE IS hyHkyuu I amunomona
H=-L+>p4. (23)
i=1

3amMeTuM, 9TO JIJIsT KOHCEPBATHUBHOM cUCTEMBI (hopmydia (23) BeIpakaeT MOTHYIO
MEXaHUYECKYI0  DHEPruio, TMPEACTABICHHYIO  (PYyHKIMEH  000OIIEeHHBIX
KOOPJIMHAT U UMITYJIbCOB.

OyHKIMK ['aMuUIbTOHA WCHOJNB3YIOT I BBIBOJA KAHOHUYECKUX
ypaeuenuti 0sudicenus. KaHOHWYECKHE YpaBHEHHS TMPEACTABISIIOT COOOM
CUCTEMY OOBIKHOBEHHBIX TU(DPEpEeHIIMATBLHBIX ypPaBHEHHUN MEPBOTO MOPSAIKA
OTHOCHUTEIHHO 0000IIEHHBIX KOOPAUHAT U 0000IIEHHBIX UMITYJIbCOB. [TomyunTh
TaKyl0 CHCTEMy MOXXHO Ha OCHOBE CJEIYIOIIET0  TEOPETHUYECKOTO
pesynbrata [1,3]

_oH b oH
- 1 - L]
o’ o

! I=1...n. (24)
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