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BBEJAEHUE

AHaIMTHYEeCKass MEXaHHMKa TIPEJICTaBIsseT coO0OH pa3fen TeopeTHYSCKOU
MEXaHUKH, B KOTOPOM H3Yy4dalOTCS KaK JBHXKCHHUS, TaK U pPaBHOBECUS
MIPOM3BOJIbHBIX MEXaHWYEeCKuX cucteMm. I[Ipum 3ToM MeToawsl pelieHus 3anad
SABJISIOTCS 00ImMMU. Tak, ypaBHEHUS IBUKEHUS MPUOOPETAIOT €AUHYIO CTPYKTYPY,
KOTOpasi He 3aBUCHUT OT BHUJIa CUCTEMBI.

B Meroauueckux ykazaHUSX MPUBEACHBI OMPEICICHUS] OCHOBHBIX MOHSATHM
AHAJTUTUYECKOW MEXaHUKHU. DTHU OMpPENENICHUs MPEJCTaBICHbl B TJIOCCAPUU B TOM
MOPSAKE, KOTOPbIA HEOOXOUM I OCBOEHHUS MaTepuasa, U MPOWLIIOCTPUPOBAHBI
npuMepaMu. YKa3zaHHs TaKXKe COJepkKaT KpaTKOe H3JI0KEHUE TEOPETUUYECKHUX
pEe3yJIbTAaTOB, HA KOTOPHIX OCHOBaHA aHAJUTUYECKasi MEXaHUKA.



IJIOCCAPUI

1. Céa3zu — orpaHuveHHs, KOTOPbIC HAKJIAIbIBAIOTCS HA KOOPAMHATHI U CKOPOCTH
MaTepUaIbHBIX TOYEK MEXaHMYECKOH CHCTeMBl. MaTreMaTH4ecKoe OIHMCAHHE
CBsI3el (ypasHeHusr ces3ell) MOXKET COAEepKaTh PaBEHCTBA (08YCMOpOHHUE WU
yoeporcusarowue ce53u) U HEpaBEHCTBA (00HocmoponHtue cesa3u). Bua ypaBHEHHIM
TIO3BOJISICT KJIAaCCH(DUIIMPOBATH CBSI3H.

l'ononommuvie c643u MOXKHO ONKMCATh YPAaBHEGHUSMH, HE COJCPKAIIMMHU
IPOM3BOJIHBIE OT KOOPAWHAT TOYEK.

Hezononommvle céa3u OMUCHIBAIOTCS YPaBHEHUSIMH, U3 KOTOPBIX HEINb3S 33 CUET
WHTETPUPOBAHUS UCKITFOYUTD ITPOU3BOIHBIC TTO BpPEMEHHU OT KOOPMHAT.
Cmayuonapnvle  (cKiepoHoMHble) CBSI3U  ONKCBHIBAIOTCS  YPABHCHUSMH, HE
CoJIepIKaMH SBHO BpeMs. Eciii BpeMst BXOJUT SIBHO B OTIICAHUE CBSI3U, TO TaKas
CBSI3b HA3bIBACTCS N0OSUINCHOU (PEOHOMHOLL).

Ilpumep 1. Ilycts MaTepuanbHas Touka M IBHXKETCS B MJIOCKOCTH, HaXOISCh B
KaXJblii MOMEHT BpEMEHM Ha 3aJaHHOM paccTrossHud =a(t) OTHOCHUTEIHLHO
HEKOTOpO# Hemo Bk HOU Toukr O. BBeeM npsMOyroibHyI0 CHCTEMY KOOPIUHAT
Oxy. Toria Ha KOOPAUHATHEI TOUYKH M OyIeT HalaraThCst OrpaHHYCHIE

X*+y*=a’(t). (1)
VYpaBuenue (1) 3agaeT roT0HOMHYIO U PEOHOMHYIO CBSI3b.

2. O0001mIeHHbIE KOOPAUHATBI — HE3aBHCHUMbIE BEJIMYMHBI, 3HAUYEHUS KOTOPBIX
OJIHO3HAYHO OIPENETAIOT COCTOSIHIE MEeXaHU4ueckoil cucteMbl. HeoOxoaumoe asist
OMMCAHUS CUCTEMbI YHCIO OOOOIIEHHBIX KOOPAUHAT HA3bIBAIOT YUCIOM CHeneHel
€60000bl MEXaHUYECKON CUCTEMBI.

IIpumep 2. PaccMOTpUM ABUKEHUE MAaTEPUAIBHOM TOYKH U3 ipumMepa 1. Hamuuue
€IUHCTBEHHOM CBs3U (1) yMEHBIIAeT YUCIIO CTeTNeHelH CBOOObI HA €AUHUILY — OT
JIBYX (TIpu CBOOOAHOM JBHMKEHUM) 10 0 HOM. [lonoxeHne ToUKy B 000N MOMEHT
BpEMEHH MOJKHO TeIeph 3adaTh, HCIOJB3ys TOJBKO OJHY OO0OOIIEHHYIO
KoopauHaTy. O000IIEHHON KOOPIUHATOW HE 00s3aTENIbHO J0JKHA OBITh KaKasi-TO
U3 UCXOJHBIX JEKAapTOBBIX KoopAwHAT. Hampumep, BbIOpaB HayaiabHOE
HaIpaBJeHUE, OT KOTOPOTO OTCUUTHIBACTCS YroJ ( O PaanyC-BEKTOpPa TOYKU, MBI
MO>KEM BBIPA3UTh MPSIMOYTOIbHBIE KOOPAMHATHI
x=a(t)cosqg, y=a(t)sing.

[Mpr 3amanHON mmHE paauyc-Bekropa r=a(t) Mbl, 3Has EIUHCTBCHHYIO
0000meHHy0 KoopauHaTy ((t), MBI MOKEM ONPEACITUTh TOJ0KESHUE TOYKH.

3. Bo3aMo:xHBbI¢ (BUPTYaJIbHbIEC) NIEPeMeIeHUs

Bosmoocnoe  nepemewenue mamepuanbHou mouku — OECKOHEUHO Majoe
MBICJICHHOE IEPEMEILECHNUE, KOTOPOE IOIYCKAeTCs B PAaCCMaTPUBAEMBIA MOMEHT
BPEMEHHU HAJIOKEHHBIMHU Ha TOUKY CBS3sIMU. Bo3MOkHOE mepeMelieHne of MOKHO
ONMCaTh KAaK H30XPOHHYIO 6apuayuio paguyc-BEKTOpa, TO €CTh KaK ITOJHBIN



mudpdepennnan npu ¢GukcupoBaHHOM BpemeHu t. B gexaproBoil cucteme
KOOPJUHAT

or =(X)i+ () j+ (a)k, 1)
rae OX,0y,0L eCTb M30XPOHHBbIC BapHAIMM KOOPIUHAT TOUYKU. HamomHuM, YTO
neiicreutensHoe nepemenienre dr = (dx)i + (dy) j + (dz)k  sBisercs mOJHBIM

muddepeHnranomM paanyc-BeKTopa Mpyu W3MEHEHUU BPEMEHHU, KaK HE3aBHCHMOU
IIEpPEeMEHHOM, Ha BeimuuHy dt. B criry 3Toro mMeer MecTo paBeHCTBO
dr = (x(t)i + y(t) j + z(t)k )dt .

Bosmooicnoe nepemewenue mexaumuueckou cucmemvi — JH00as COBOKYITHOCTB
BO3MOKHBIX II€PEMENICHUN TOUYeK CUCTEMBbI. lIpM Hamuuum CBsI3e HE BCE
BO3MOYKHBIE€ TEPEMEIICHUSI TOYEK SIBISIOTCS HE3aBUCUMBIMHU. B aHamuThueckoi
MEXAHUKE YCTAHOBJICHO, YTO YHCJIO HE3aBUCHUMBIX BO3MOKHBIX TE€pPEMEIICHUM
PaBHO YHCITy CTENeHel CBOOOIbI CUCTEMBI.

Ipumep 3. OmnpenenuTs OTHOLIEHHWE A
MEXIY BO3MOXKHBIMU TEpPEMEIICHUSIMU

oSp touku A xpuBommma OA u 0S¢
noJyizyHa, eciu mHel OB=AB. [2]

j»&SA

Jns kpusommma OA ma puc.l BC

MoJIy4aem, 4TO 0S5=0,5-0Sx u

nepeMeIeHne 0Sp  HampaBJieHO 10

ropusonTanu Brpaso. Jlas crepxkus BC 4 309 C_ o5
YCTaHABJIMBAEM, 4TO 0S=05.. ~ QP° o

OKOHYATEIBHO, 0Sp | 0Sc=2.
Puc.1

4. BupryajgbHasi padoTa CHJIbI
Onemenmapnas paboma cunvl F Ha 6o3modxcHom nepemewenuu of ee mouxu
npunodicenus paBHa (110 OIPEIEIICHUIO)

oA=Fdor=F -ox+F oy+F, -or. (2)

AHaNOTUYHO ONpeAensercs 3remeHmapHas paboma cun Fy na 6o3moodcHom
nepemeweHuu ory mexanuyeckou cucmemol N mouex

N
A=Y F,0,. 3)

Jlis  cuctempl, Ha KOTOPYIO HAJIOXKEHBI CBS3W, IMIOJIE3HO pa3indyaTh B
BbIpaXeHUHM (3) aKTHBHBIC CHJIBI (YCIOBHMCS COXPAHUTH I HUX 0003HaueHue Fy)
U peakiuu cBs3el (manee Oymayt o6o3Hadathes Ry). Torma

N N N
A= (F +R)dor =D F& +> R, .
k=1 k=1 k=1
CBsi31, HAJIOXKEHHBIE HAa CUCTEMY, Ha3bIBAKOTCS UOCATIbHbIMU, ECITA

N
> R, =0 (4)
k=1



JUIsL JTFOOOTO BO3MOXKHOTO TEPEMEIIEHUsT CHCTeMbl. llepednciiuM HEKOTOphIC
pacnpoCTpaHEHHbIE CUTYyallid, KOTOpbIE€ MOTYT OBITb CMOJEIUPOBAHBI C
MCIIOJIb30BAaHUEM MOHATHUS UCANTbHBIX CBS3EH:

1) cBsI3M MKy TOYKaMU aOCOJIFOTHO TBEPAOTO TeJa;

2) CBSI3W MPU JBWKCHUU TOUKH MO aOCOJIOTHO TJIQJAKON JIMHUM WM aOCOJIOTHO
IJ1aJIKOM MIOBEPXHOCTH;

3) rubkuie HEepaCTHKUMBIC CBS3U MEXKy TOYKAMHU CHCTEMBI (HHTH, TPOCHI, KAHATHI
U TOMY TIOJIO0HOE);

4) HENOABUKHOE 3aKPEIJICHUE TOUKU CUCTEMBI.

5. O0001IeHHBIE CHJIBI

PaccmoTpum MEXaHUYECKYIO CUCTEMY N TOYEK, Ha KOTOPYIO
HaytokeHo | romoHoMHBIX cBsizell. Kak yxke 00CyXIanoch B MyHKTE 2 rioccapus,
cuctema B 3toM ciydae mmeer N=3N-l cremeneit cBoOompl. [Iis ommcaHus
COCTOSIHMSI CHUCTEMBI  JTOCTaTOYHO HCIIOJIb30BaTh COOTBETCTBYIOIIEE YHCIIO
0000IIEHHBIX KOOPAUHAT (1, ...,0, . TaKuM 00pa3oM, ISl TOYCK CUCTEMBI

fie = B (Agee G ), K =1.N (5)

JInst cucTeMBI CO CTAallMOHAPHBIMU CBSI3SIMA BPEMSI HE BXOJIUT SIBHO B ITPABBIE YACTH
BoipaxkeHud (5). Torma s BO3MOXKHBIX MEPEMEUIEHUA TOYEK CHUCTEMBI
CIIPABE/IJIMBbI PABEHCTBA
nor
5rk = Z_k
iz O(,
Hcnons3yem nanee mpencrtaBieHus (6) B BbIpakeHUW (3) g dJIEMEHTapHOU
paboTsl. [Tomydaem

L k=1..N. (6)

S L, or, V& or, (& o, 0 (& O,
5A=ZFk Z_&{u = ZFk_&]i =Z F.—x, :Z Fo—- |4 .
k=1 i1 0Q, i 0], ikt 0Q, ikt OQ,
Takum o6pazom
5A225Ai :ZQiéqi' (6)
i=1 i=1
B dopmyny (6) ni1s anemeHTapHON pabOThl BXOAAT 0000UjeHHble CUIb
N
Q=SF M i-1.n. )
@ 0,

Cnenyer 3aMeTuTh, 4TO BbIpakeHus (7) ompemensroT 0OOOIICHHBIC CHIIBI Kak
CKaJsipHbIE BeNMYMHBI. Du3uveckas pa3MEpPHOCTh ITHX BEIWYUH MOXKET OBITH
paznoii. Ilpu »stom mnpousBenaenus JA=Qidgi ITODKHBI HMETh Pa3MEPHOCTH
MEeXaHU4eCKO# paboThl, TO ecTh [Qidgi]=[1x].



OCHOBHBIE TEOPETUYECKUE PE3YJIbTATHBI

Ucnonb3yem MOHATHS, ONpEACTCHHbIE B TJIOCCAPUU, IJIs OOCYXIACHUS
TEOPETUUYECKUX PE3yJIbTaTOB, KOTOPHIE JIETJIM B OCHOBY aHAJTUTUYECKOM MEXaHUKH.
B pamkax naHHBIX METOJWYECKHX YKa3aHUW HEKOTOpPhIE M3 ATUX PE3yIbTaTOB
NpUBOJIATCS 0€3 JoKa3arenbcTBa. [loIHOE M3I0KeHne MaTeprala MOYKHO HalTH B
KJIaccuueckux yuyeOnukax [1,3].

1. IlpuHUMI BO3MOKHBIX NepeMemenuii (mpuHuun Jlarpan:ka)

Jlsis Toro 4ToOBl cucTeMa MaTepUaJbHBIX TOYEK, Ha KOTOPYIO HaJOXKEHBI
UJealbHbIE CTAllMOHAPHBIC YAEPKUBAIOIIME CBSI3M, HaXOAWJIACh B PaBHOBECHH,
HEOOXOJAMMO M JOCTaTOYHO, YTOOBI pabOTa BCEX AKTUBHBIX CHJI Ha JIFOOOM
BO3MOXKHOM [E€PEMEILIEHUU CHUCTEMBI, a TaKKe CKOPOCTH BCEX TOYEK B
paccMaTpuBaeMblii MOMEHT BPEMEHH, PAaBHSIUCH HYIIIO:

> F, &, =0,
; k k (8)
v (t,)=0 k=1..n

B nononHenune k AaHHOM (HOPMYJIHMPOBKE CIEIaeM 3aMeuyaHusi, KOTOpbIE
pacIIMpsIIOT BO3MOKHOCTH NIPUMEHEHMsI TpuHIMNIa Jlarpanxa.
1) Ilpy HanMuMu HEWAEaIbHBIX CBSI3€H PEAKLUHU 3TUX CBS3EH (HaAmpuMmep, CUIIbl
TPEHUSI) OTHOCSIT K aKTUBHBIM CHJIAM.
2) Ecmm TpeOyeTcst omnpeaenuTh peakLui0 HAEaJbHOW CBSI3U, TO 3Ty CBS3b B
pacueTHOM cxeMe OTOpachIBalOT, a COOTBETCTBYIOLIYIO PEAKIMIO PacCMaTpUBAIOT
KaK aKTUBHYIO CUITY.
3) BwMecTto BO3MOXHBIX  MEpeMEHIeHHAd  Ofy  MOXHO  paccMaTpuBaTh
IPONOPILMOHAIBHBIE UM BO3MOXKHBIE CKOPOCTH.

[Mpunuun Jlarpanka MOXHO cQOPMYIUPOBAaTH B TEPMHHAX OOOOIIEHHBIX
KOOpJIMHAT U 0000IIEeHHBIX CHI. JIeCTBUTENBHO, yCIIoBUE (8) 03HAYaeT 4To

SA=> Fdr =0.
k=1
Torna B cuiy (6)
5A:ZQia:]i =0. ©)

PaBenctBo (9) B cuiny HE3aBUCUMOCTH Bapualuid oQ; paBHOCHIBHO CHCTEME
YCJIOBHM
Q =0, i=1..n, (10)

Takum o00pa3oM, a8 paBHOBECUS MEXAHUYECKOW CHCTEMBI, IOAYMHEHHOU
TOJIOHOMHBIM CTAallMOHAPHBIM HJI€AJbHBIM JIBYCTOPOHHUM CBSI3IM, B MOMEHT,
KOT'JIla CKOPOCTH BCEX TOUYEK CHUCTEMbI PaBHBI HYIIO, HEOOXOIUMO M JAOCTATOYHO,
9TOOBI Bce 0000IIEHHBIEC CHIIBI ObUIM PABHBI HYJIIO.

Ecnu B JaHHBII MOMEHT BPEMEHHU CKOPOCTH TOYEK CUCTEMBI HE DPaBHBI
HYJIIO, TO 3TH CKOPOCTH OCTalOTCS HEU3MEHHBIMHM, JI0 TE€X MOp, IOKa B
NOCJIETYIOIIME MOMEHTBI BPEMEHH BBINIOJIHAOTCS ycsioBus (10).
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IIpumep 4. Onpenenuts MomMeHT M mapbl |
CUJI, KOTOpBbIA HEOOXOAMMO MPHIOKHUTH K !
O0apabany 2 pamuyca r=20cm s
PaBHOMEPHOTO nojbeMa rpys3a 1
Becom 200 H [2].

[Ipy  oTcyrcTBUM  TpeHHST  Ha
HAKJIOHHOM TTOBEPXHOCTH MOJIy4aeM CUCTEMY
¢ uaeabHbpIMU cBs3sMu (prc.2). Coolrum

Puc.2.
CHUCTEME BO3MOYKHOE IepEeMeIeHNE,
MBICJICHHO TTIOBEpHYB OapabaH 2 Ha yroy ¢ B CTOpPOHY AeicTBus MoMeHnTa M. Tlpu
TOM Tpy3 | MOMyduT mepemMenieHrne JS BAOJIb HAKIOHHOW MOBEPXHOCTH, PABHOE
0S=rdp. Kpome mapsl cui, NpUI0KEHHOHN K O0apabaHy, akTUBHOW CHJION BBICTYIAET
Bec Tpy3a P. Tak kak aBWKEHHWE paBHOMEPHOE, MOXHO TEPEHTH K CKOPOCTIM H
MIPEICTaBUTh

R =tV, op=tow.
[TpuHmn Jlarpan»ka 1o3BoJISIET 3aMKucaTh PaBEHCTBO
(-Psina)ov+ Mow=0.
31ech O — YroJl HAakJOHAa IOBEPXHOCTH, IO KOTOPOW CKOJB3UT T1py3 I.
Tak kak oV=row, TO Jajaee moJIyqYuM
(-rPsina+M)ow=0.
[Tocnennee paBEHCTBO JOJKHO BBIIONHATHCS IS JIIOOOW Bapwalliu YTrJIOBOU

ckopoctu ow. CrieroBaTeNbHO,
—rPsina+M =0

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

B paccMoTpeHHOM mpuMepe B CHITy paBEHCTBa dS=I'd¢ cUcTeMa UMEET OJIHY
cTeneHb cBoOOAbl. Eciau mpuHATH (=@, TO €IMHCTBEHHAas OOOOIIEHHAs Cuia
BeIpakaeTcs kak Q;=M — rPsina. Torma nCKOMBIIT MOMEHT Mapbl CHIT OTIPEACIISITCS
u3 ycnosust Q,=0.

2. O0miee ypaBHeHHe TMHAMUKH

Hcnonb3dyeM NpUHIMI BO3MOKHBIX TMEPEMENICHUNM BMECTE C U3BECTHBIM
METOJIOM KHUHETOCTaTuku — mpuHiunoMm J[lamambepa [1,3]. [ns cuctemsi,
YAOBJICTBOPSIIONIEH YCIIOBUSIM TPHUHIMIIA BO3MOXHBIX TIEPEMEIICHUNM, TaKON
MOAXOJ IPUBOAUT K YPABHEHUIO

S (F, +®,)&, =0. (11)

®opmyna (11) comepKuT BbIpakeHUE AJI AJIIEMEHTAapHON BO3MOXKHOM paboThI ¢
Y4€TOM CHUJI UHEPLIUU

&, =-mi, k=1..n. (12)
VYpaBuenue (11) HaA3BIBAIOT 0b6wum ypaeueHuem OUHAMUKU IS CUCTEMBI C
UJCANBHBIMUA CBSI3IMU WM OObeIUMHEHHbIM OpuHuunoMm JlamamOepa-Jlarpamxa.
Boimonnus g popmysl (11) mpeobpaszoBanus ¢ yuetom (5) u (6), morydum
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Z(Q. +Qi¢)aqi =0. (13)
i=1
Kak u panee, 000011eHHbIE CUJIBI B ypaBHEHUSX (13) onpenensroTcs paBeHCTBaMU
N OF
=) F =X
A=h aq,

Hanuuue B popmyne (11) cun uHepIuu nmpuBOIUT K MOsBiICHUIO B dopmysie (13)
0000WeHHbIX CUl UHepYUU

i=1...n.

o o or,
? N Tk
U=z " og,

Kak YK€ OTMCYAJIIOCH, Bapualluu O606HICHHBIX KOoopauHaT 5q| €CTh BCIINMYHHBI
HE3aBUCHUMBbIC. BhIIOIHEHHE YCJI10BUA (13) BO3MOXXHO TOTJa U TOJBKO TOraa, Korja

Q +Q”=0, i=1..n. (15)
Ycnoust (15) MOXHO TOJNIKOBaTh Kak BbhIpakeHue mnpuHiuna Jlamambepa B
TEPMHHAX 0OOOIICHHBIX CHJI.

i=1..,n. (14)

Ipumep S. I'py3sl 1 u 2, maccel KOTOPBIX My=2Mj,
NPUKPEIUIEHBl K TPOCY, MepeOporieHHoMy 4Yepe3 OJI0K
paguyca I. IlpeneOperas maccoii 0JioKa, OMPENETUTH
yCKOpeHHeE TPpy30B. [2]

CucrtemMa Ha puc.3 UMEET OJHY CTENEHb CBOOO/IBI.
BriOepeM 3a 000011IeHHYI0O KOOPJMHATY (] YTrOJ MOBOPOTa
Oapabana ¢. Torga MOXKHO BBIPA3UTh MEpPEMEILEHUE TPY30B Puc.3.

KaK S=Irp. YKa3zaHHOE nepeMellleHne rpy3 1 coBepiuaer ¢ yCKOpeHHEM a BBEpX.
I'py3 2 mpm 3TOM oOmyckaercs Ha S BHM3 C TakuM »Ke yckopeHuem. Ha
ocHoBanuH (13) momyuum

(-m,g-ma+m,g —m,a)rop =0
IIpU MTPOU3BOJILHON BapHalllK yria moBopoTa d¢. Torna

-mg-ma+m,g-m,a=0
o (m,im)-1 2-1

— : =9,81-—— =327 m/c’.
(m,:m)+1 2+1

a

3. YpaBHenus Jlarpan:xxa BTOpOro poaa

Kak mnokazano B [1,3], mJd MeEXaHUYECKOM CHCTEMBI C TOJIOHOMHBIMHU
UJCATbHBIMA JBYCTOPOHHUMH CBS3SIMH 0O0IIee YpaBHCHHE IUHAMUKH MOYKHO
MPUBECTH K BUILY

——_———Qijé‘qi=0. (16)

B dopmyne (16) uepe3 T oOo3HadeHa KUHETHUYECKAs OJHEPTUS CHUCTEMBI,
npejcTaBiieHHass Kak (yHKIUsA OOOOIIEHHBIX KOOpPAMHAT UM  OOOOIIECHHBIX
ckopocteit. Takum o6pa3zoM, ypaBHeHue (16) ecTs oOliee ypaBHEHUE JUHAMHUKU B
0000IIIEHHBIX KOOPIUHATAX.



B cuny He3zaBUCHMMOCTH Bapuanuii 0OOOIIEHHBIX KOOpAUHAT o(; U3
ypaBHeHus (16) cienyer cuctema ypaBHEHH

4ot _ T 50, i=1..n. (17)

@opmynsl (17) Ha3bIBalOT ypasHeHuamu Jlacpawdca emopozco pooa. OuHu
MO3BOJIAIOT COCTaBUTh CHUCTEMY yYpaBHEHUH ABM)KCHUS MEXaHMUYECKOW CHUCTEMBI B
00001meHHbIX KoopauHatax. Kaxmoe u3 ypaBHeHwuil (17) Oyner oObIKHOBEHHBIM
nudQepeHIaTbHBIM YPaBHEHUEM BTOPOTO MOPSIKa OTHOCUTENBHO PyHKIui i(t).

PaccMOTprM BaXKHBIM YACTHBIM CIIy4ald KOHCEPBAMUBHOU MeXAHUYeCcKou
cucmembl, KOTJa BCE CHJIbI, JCWUCTBYIOIIME Ha CHUCTEMY, SBIISIOTCA
NOTEHIMAIbHBIMU. Torma MoOKHO BBecTH cuiioBylo ¢ynkmuio U=U(Qy,...,qn) #
BBIPa3UTh OOOOIIECHHBIC CUJIBI B BUJIE

Q=Y i-1.n. (18)
aaq,
Hcnons3yem (18) B ypaBHeHusix Jlarpanxa (16).
Tak xak
Y _ , 1=1..,n,
aq,
TO
aTza(T+U), i:].,...,n-
aq, aq,

®opmyisl (17) Teneps MOKHO MpeoOpa3oBaTh K BUAY
do+U) o +U)

0, i=1...,n.
dt o o,
Brenewm B paccmotpenue ghynxyuro Jlacpanoica
L=T+U. (19)

Torna ypaBuenus Jlarpanxka (17) npuHUMaroT BUJ

— = _ %0, i=1..n. (20)

Benuuuny, onpenenseMmyto BblpakeHHeM (19) Ha3bpIBalOT TaKKe KuHemMuuecKum
nomenyuanom [2]. 3ametum, yto pyHKIuUIO Jlarpanka MO>KHO MPEICTaBUTH B BUIE
L=T-/1/, rne I1 — noTeHUMaJIbHAS] SHEPTUSI CUCTEMBI.

IIpumep 6. MatepuanbHas Touka M maccoit M=1 kr nogHUMaeTcs BEPTUKAIBHO.
OnpenenuTs CKOPOCTh V MOABEMA B MOMEHT BPEMEHH, KOI/a KUHETUYECKUI
MOTEHIIMAJl TOYKW PaBEH HYJIO M OHA HaxXOauTcs Ha BbicoTe h=6 M, ecim mpu h=0
noteHuaibHast sueprus 11,=0. [2]

JUis Hamiero ciayyasi KHHETUYECKUM MOTEHIIMATl MOYKHO MIPEICTaBUTh B BUJIE



& V2
L=m——-mgh=m| ——gh|.
- =n{ -]

Toraa no ycioBuIO 3a/1a4u
2

V?_eg:o = v=,/129 ~10,8 m/c.

Ilpumep 7. KuHernuecknii IOTEHIMAI CHCTEMBI, BBIPAXEHHBIA 4YEpe3 e€e
0000IIEHHYI0 KOOpAUHATY Y M 00OOLIEHHYIO CKOpPOCTh Y, paBeH L =y*+2y.

Omnpenenuthb yckopenue V. [2]

Ucnonb3yem ypaBHenusi Jlarpanxa Brtoporo poga (20). Ilpuxomaum k
muddepeHIIMaTbHOMY YPaBHEHHUIO
d
—(2y)—-2=0
)

Hanee
2y-2=0 = y=1.

Ipumep 8. Kunernyeckuii MOTEHIMAT MEXaHUYECKOW CHUCTEMBI OMpPEIEISIeTCS
BeipaxkenreM L =14¢* +2¢, rae ¢ — 0600LIeHHas KOOpAUHATA, Pajl. BHIUMCIUTE
0000IICHHYI0O CKOPOCTh ¢ Hepe3 2 ¢ mocjie Havana JBvkeHus, eciau npu t=0
¢=2pan/c. [2]

Hcnone3yem ypaBHenus Jlarpamwxka Btoporo poma (20). Ilpuxomum
nuddepeHnaIbHOMY YPaBHEHHIO

d
~ (28¢)-2=0.
Olt( ?)

Hanee

dp 1 . . t |t . t
—=— = ot)-p0)=— = ot)=—+2 =
14 o(t) — ¢(0) 1200 o(t) 1

= @(2)=15/7~214 pan/c.

HpnMep 9. Kunerndeckui IMOTCHIOMAJI MEXaHUYECKOU CHUCTEMBI OIIPCACIIACTCA

BbIpaxkeHueMm L —=16%% + 20X . Onpenenuth 3HaYeHUE 0OOOIICHHOW KOOPIUHATHI X
B MOMeHT BpeMeHH 1=3 ¢, eciin B Havane nBmwkeHus X(0) =0, x(0)=2wm/c. [2]

Hcnone3yem ypaBHenus Jlarpamwxka Btoporo poma (20). Ilpuxomum
nuddepeHnaIbHOMY YPaBHEHHIO

d
—(32%)-20=0.
4t 82%)

Hanee nosyyaem
X=5/8.
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To ecTh maHHOE MBWKEHHWE MEXAHWMYECKOW CHUCTEMBI TMIPOUCXOIUT C MOCTOSHHBIM
_ 2
yckopenuem a=0,625 m/c”. Torna

2

X(t) = x(0) + X(O)t + %

OKoHYATEIBHO Inojryd4yacm

x(3):0+2.3+%;'9:8,8125z8,8m.

IIpumep 10. Mexanuueckas CUCTEMa IIPEICTABICHA
cxeMol Ha puc 4. Macca Ten m;=m,=6 kr. OnpeaenauThb
yckopeHue Tenma 1, eciu  KOdDPUIMEHT TpeHHs
CKOJIBKEHUSI MEXIYy TOPU30HTAIbHOM MOBEPXHOCTHIO U
tenoMm 1 pasen f=0,2. [2] a |

JlaHHasi MexaHWYecKas CHUCTeMa HMMEET OJHY CTElEHb

cB000bI. BriOepem B kauecTBe 00001IEHHONW KOOPMHATHI Puc.4.
paccTosiHUE S.

Tak kak Opu JBWKEHUM Ha Teino | AeicTByeT cuia TpPEHUs, TO CUCTEMa He
SIBJIIETCS KOHCEpBaTUBHOU. Mcnosib3yeM ypaBHeHue Jlarpanxka BTOpOro poja B
dopme (17). Kunernueckas sHeprusi cucteMsl Tel 1,2 OyaeT npecraBieHa B BUJIE

] 2

m+m,) .
T :—( L+ M) $%. (21)
2
PaccmoTpum BeIpaykeHUe IS JIEMEHTapHON paboThl JA CHCTEMBl Ha BO3MOXKHOM
nepemenieHny 0S. C y4eToM HampaBJICHHUS MEPEMEIECHUsS W HAMpaBICHUW CHII,
JEHUCTBYIONUX Ha CHUCTEMY, MOXXHO YTBEp)KJIaTh, YTO B BBIPAKCHHUE IS
AJIEMEHTapHON pabOThl BOWAYT TOJIBKO CJaraemble 3a CYET CHJIBI TPEHUS,
JNEUCTBYIOIIEH Ha Teino 1, W CHIBl TSKECTH, JECUCTBYIOUIEHW Ha TEIo 2.
JlencTBUTENBHO,
oA = (—m,gf )& +(m,g)ds = (—m,gf + m,g)ds.
[Tocneanee paBeHCTBO MO3BOJISIET OMPEAEIUTH 000OIEHHYIO CUTY
Q:(_mlf +m2)g . (22)
Hcnonsiyst BeipakeHus (21),(22) B ypaBuenuu (17), morydum
d . . —mf+m
—((m, +m,)$)-(-mf+m)g=0 = §=—2——2
dt m, +m,
Yckopenns ten 1,2 pagusl @, =a, =5 . C ydeToM ycinoBust M=m, umeem
a 1 f 9 - 1-0,2
' 2

-9,81=3,92 m/c’.

4. KaHOHMYeCKUEe YPaBHEHUS
Hapsny ¢ 060011eHHBIME KOOpJMHATaMU M 000OIIEHHBIMUA CKOPOCTSIMHU B
aHAJIUTUYECKON MEXaHUKE MCIOJIb3YIOT 0000UeHHble UMNYIbCb
P, :S—T, i=1..n. (21)
o
Jlanee mMbl OyieM 00CyK1aTh KOHCEPBATUBHBIE CUCTEMBI, AJI1 KOTOPBIX
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Lo AL

=——=—_ i=1..,n. 22
"o 2
O0600111eHHBIE UMITYJIBCHI BXOJISIT B BBIpOKEHUE I yHKyuu I amurbmona
H=-L+Ypd . (23)
i=1

3aMeTuM, 4TO I KOHCEPBATHBHOM cuCTeMbl (Gopmyna (23) BeIpakaeT MOJHYIO
MEXaHUYECKYI0 SHEPTHUI0, NPEACTaBICHHYIO (QyHKIMENH 0000IIEHHBIX KOOPIAUHAT U
UMITYJIbCOB.

@Oynkiuio 'aMIUIIbTOHA UCTIONB3YIOT ISl BBIBOJIA KAHOHUYECKUX VPABHEHUL
osudicenusi. KaHOHWYeCKHe  ypaBHEHUS MPEICTABISAIOT co0OM  cucremMy
OOBIKHOBEHHBIX (D (HepeHIInaTbHBIX YpaBHEHUI TIEPBOTO MOPSIIKA OTHOCUTEILHO
00001IIEHHBIX KOOPAUHAT U 000OMIEHHBIX UMIYIbCOB. [10ydnTh Takyio cuctemy
MOJKHO Ha OCHOBE CJICAYIOIIEro TeOpeTHuYeckoro pesynbraTa [1,3]

oH oH .
=, pi=——", i=1..n. 24
o] o, P; a0, l (24)
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