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Tema 1.4. IInockas cucreMa IPoOU3BOJIBHO
PacCIOJIOKEHHBIX CHJI

Hmemv npedcmasaenue o 2106H0M BEKTNOPE, 2AQBHOM MOMENTE
pasrodelicmaylowell NA0CKOT cucmembl NPOUFEOALHO DPACTLOAOHCEHHDIT
cud.

3namv meopemy Ilyanco o npueedenuu cuavt x movke, npueedenue
NPOU3E0ALHOU NAOCKOT CUCTEMBL CUL K TouKe, Mpu dopmbt Yypasuerud
PABHOBECUA.

Yumemp 3aMERAMb NPOUBOALHYIO NLAOCKYIO CUCTNEMY CUL 00HOT CU-
a0t u odnol napod.

Teopema Ilyanco o napasnnenbHOM IMepPEHOCE CUJIT

Cuay MONCHO NEPERECTNU TAPAAACALHO auNuLU ee dedcmausd, TIPU
3TOM HYXHO d06a6umb napy cus ¢ MOMEHTOM, PABHEIM IIPOM3IBEICHUIQ
MOIyJIsi CWJIBl Ha PACCTOSHME, Ha KOTOPOe IIEpeHeceHa Cuila.

|Fl=IFi=IF1 m=Fa
Puc. 5.1

Hano: cusna B Touke A (puc. 5.1).
Io6asum B Touke B ypaBrosewennyto cuctemy cun (F'; F”). O6pa
syetca napa cui (F'; F"). Ilomyunym cuny B Touke B ¥ MOMEHT maphl m

IIpusenenue K TOUYKE IVIOCKON CUCTEMBI
NPOU3BOJILHO PACIOJIOKEHHBIX CHUJI

JInany neitcrrus l'IpOI/I3BOJ'II>HOf;I CHCTEMBI CHUJI HE TIEPECEKAIOTCS B
OOHOMN TOYKE, IIO3TOMY JI4 OLEHKU COCTOAHMS TeJla TaKylo CUCTEMY ClIe-
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ayeT ynpocTuTs. Il1g 3T0ro Bce CUMEL CUCTEMEL EPEHOCAT B QOHY IPOMU3-
BONIBHO BHIGPAHHYIO TOYKY — TOUKY npuBenenus. [lpumernsior Teopemy
Iyanco. Ipu mo6oM nepenoce CUITHL B TOUKY, He JGKALILYIO HA JIMHIL ee
JeicTBUs, NOGABNAIOT Napy CuJl.

IlosBuBIINECA NIpU MepeHOCE MAPHI HA3LIBAIOT NPUCOECOUNHEHHbLMU
napaMmu.

Ilara rutockast cucTeMa IPOU3BONBLHO PACTIONOKEHHBIX CHII (puc. 5.2).

Ilepenocnm Bee cunet B Touky O. Ionyyunm myuok cuit B Touke O, Ko-
TOPBIN MOXXHO 3aMEHUTH OIHOM CUIION — 24a6HbLM 6€KMOPOM CUCTEMDL.
O6pasylolyiocs CHCTEMY NIap CHJI MOXKHO 3aMEHUTh OIHOIM 9KBUBAJICHT-
HOI1 IIAPOH —— 24A6HDIM MOMEHTLOM CUCTEMBbL.

Puc. 5.2

n
Fo,.= ZFk.
0

Taaennitd sexmop pasen seomempuueckott cymme BEKTOPOB IIPOM3-
BOJIBHOI TIJIOCKOI cMCTeMBl cuil. IIpoenmpyeM Bce CHIILI CMCTEMBE Ha, OCH
KOOPOUHAT M, CJIOXKMB COOTBETCTBYIOIIME IPOEKLUU HA OCH, IOJIY4YUM
IPOEKIUN I'iIaBHONO BEKTOpA.

n n
Frnx=ZFk:c; Frnyzszy-
0 0

[To BenmuwnHe Npoexuil FIABHOTO BEXTOPA HA OCH KOOPAMHAT HAXO-
IOVM MOIYJb IJIABHOI'O BEKTOpPA:

Fn= \/Fx?.ﬂz +Fr2n,,'
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I'aa6HbIE MOMEHM CUCTREMDL CUL PABEH AA2EOPAUNECKOT CYMME MO—
MEHIMO6 CUJI CICTEMBI OTHOCUTEIEHO TOUKM NPUBENECHU.

My = m1+ma+ma+ -+ Mp;
n

Mrno = ZmO(Fk)
0

Taxum 06pazom, NPOU3EOALHAT NAOCKAE CUCTEMG CUA NPUBOOUTN-
cd K 00not cuae (rIIABHOMY BEKTOPY CHCTEMBI CHJI) M OOHOMY MOMEHMY
(raBHOMY MOMEHTY CUCTEMBI CULIT).

Bausuue Ttouxku IIpNBEOCHNA

Touka npusenenus Brbpana npousBonbHO. [Ipu m3MeHeHun noso-
JKEHUs TOUKV TIPUBENEHUS BEJIMYWHA [VIABHOTO BEKTOPA HE MI3MEHUTCS.

Benmuunna riaBHOrO MOMEHTA TIPHM MTEPEHOCE TOYKY MPUBENEHUS U3-
MEHMTCS, T.K. MEHJAIOTCA PACCTOSAHUS OT BEKTOPOB-CHJI OO HOBOH TOYKH
[IpUBENEHUS.

C moMoursio TeopeMul Bapunnona 0 MOMeHTE paBHOHNEHCTBYIOIIEH
MOXHO OIpEeNenTh TOUKY Ha INIOCKOCTH, OTHOCHTENBHO KOTODOU IiIaB-
HBIT MOMEHT paBeH Hymo. T020da npou3soabHad NAOCKAT CUCTEMA CUA
Mmoorcem 6bimp 3amenena 0010t cuaot.

DTy cunly Ha3BIBAIOT pasHodeticmeyrouett CUCTEMEL CUIL.

Uucnerno paBHONECTBYIOIUAA DABHA [JIABHOMY BEKTOPY CHUCTEMBI
CMJI, HO IPWJIOKEHa B OPYTOM TOYKEe, OTHOCUTENBHO KOTOPOM TIIABHBIR
MOMEHT paBeH Hy/0. PaBHOmEHCTBYIOUIYIO NpuHaTo o6o3HavaTs Fx.

UncrneHHo ee 3HAUEHNE OMPENENIeTCsS TAK e, KaK IVIABHHI BEKTOD
CHUCTEMEI CIIT:

F2=Frm

2
Fy

n 2 n
ZF’“ + ZF’W
0 0

Touky npunoxeHMs PaBHONENCTBYIOUIEN MOXHO ONPENEeIUTH II0
dopmyie

rie d — pacCTOSHUE OT BHIGPAHHOM TOYKW IPHMBENEHUS HO TOYKY IIpH-
JIOXKEHUs PaBHONEMCTBYIOIIEN;
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My — BenWYUHA IJIABHOIO MOMEHTa OTHOCUTEILHO BEIOpaHHOU
TOYKY IPUBEIECHUA;
Fiy — BenuuuHa riIaBHOIO BEKTOPA CUCTEMBI CHJI.

YacTHbIE ClIyYdau IIpUuBedeHNA CMCTEMBbI CHJI K TOUKE

[Ipu npuBeneHUn CUCTEMEI CHII K TOYKE BO3MOXKHEL CIIEyIOLIME Ba-
pUAHTEHL:

1. Fir =0 .
e => TEJOo BpaljaeTCda BOKPYT HENIOOBMIKHOM OCH.

MrnO 7é 0
2. Mezo =0 => TEJIO OBVKETCS HPSIMOJINHENHO YCKOPEHHO

Frn ?’—' 0; Fr'n = FE )
3. Mi,0=0

= TE€JIO HAXOOUTCA B PaBHOBECUU.
Fox=0

Y ci0Bue paBHOBECHA IIPOM3BOJILHOM IIJIOCKOM
CMCTEMBI CHJI

1. IIpn paBHOBECHN IJIABHBIA BEKTOP CUCTEMLI PaBEH HYJIIIO
(Frn = 0)-
AHanuTHYecKoe oImpeneneHye rIIaBHOIO BEKTOPA NPUBONUT K BHIBOLY:

ki

EszZO;
Fon= an,+Fx‘2ny=0=> 7(')‘

%:Fkyzo,

rne Fiz u Fiy — npoexuuy BEKTOPOB Ha OCH KOOPAMHAT.

2. Ilockompky TOYKa NPUBENEHUs BHIGPaHA MPOU3BOJIBLHO, SICHO, YTO
PN PaBHOBECHM CyMMa MOMEHTOB CHJI CHCTEME! OTHOCUTEIBHO oGOl
TOYKH Ha INIOCKOCTH IOJ/DKHA DaBHATLCS HYJLIO:

n ZmA(Fk) =0;

M;no =ZmO(Fk)=O=> 2
0 >-mp(Fi) =0,

0

roe A u B — pasHble TOYKYU [PUBENEHHUS,
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Ycaosue pasnosecud npou3soavnoti naocKol CUCTNEMbL ClUa MOXKET
OLITH CHOPMYINPOBAHO CIIEMYIOUIUM 06Pa3oM:

Ilag mozao umobbr meepdoe meao nod deldcmeuem NPoudsoavrotl
NAOCKOT CUCTEMbL CUA HATOOUALOCE 6 PABHOBECUU, He06TOdumo u do-
cmamouno, umobvl aa2ebpauueckad cymma npoeKyuli 6cexr cua cucme-
MbL A A06Y10 0Cb PABHAAGACH HYAW U AA2ECPAUUECKAT CYMMA MOMEH-
MO8 6CET CUA CUCTEMbL OMHOCUMEAdHO A1060U MoOuKU 8 NA0CKOCMU
deticmsud cua PASHALACL Y10,

TTonyyum ocHOBHYIO GOpMYy ypaBHEHMA DABHOBECUS:
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Teoperuuecky ypapHeHMiI MOMEHTOB MOXHO 3alucaTh OeCKOHeUHOe
MHOX€ECTBO, HO IPaKTUYECKH JOKa3aHO, YTO Ha IJIOCKOCTH MOXKHO COCTa~
BUTH TONBLKO TPU HE3ABMCHMEIX YPaBHEHUsS MOMEHTOB ¥ IIPU 3TOM TPH
TOUKN (LEHTPHI MOMEHTOB) He NOMIXKHEI JIEXKATh Ha OMHON JIMHUM.

Takum 06pa3oM, UIMeeM ISITH HE3ABUCUMEIX YPaBHEHW paBHOBECHS.

IIpaxTuyecku nns pereHus 3a0a4 HA IVIOCKOCTU JOCTATOYHO TPEX
yDABHEHMI paBHOBecUs. B KaXIOM KOHKPETHOM CIIy4ae MCHONIL3YIOTCS
YPaBHEHUS ¢ OOHUM HEU3BECTHLIM.

Ins pasHHIX Cily4aeB MCIONBL3YIOTCS TPHU I'PYNNEl YPABHEHUI paB-
HOBECHAL.

n

Z Fk:z: = 0;
A

Ilepsas dopma ypaBHeHuit paBroBecus: { » Fry = 0;
0

z;'ij(Fk) =0.



