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TekcT Jexkuii

1. Teopema npo napaJesjibHe NepeHECEHHs CUJIN.

Teopema. Ycsaxky cuiy, MpUKIAAEHy 10 TBEPAOTO Tija, MOXXHA MEPEHOCHUTU
napajienbHo y Oyab - Ky Touky Tina. [ toro mio0 ii ais Ha TiIO HE 3MIHMJIACH,
HEOOXITHO /10 HbOTO MPUKJIACTU Mapy 3 MOMEHTOM, PIBHUM MOMEHTY MOYaTKOBOI
CWJIM BIIHOCHO TOYKH, B IKY BOHA MIEPEHOCUTHCSI.



JloBenenns. Hexaii maemo cuny F,
IPUKIaAeHy A0 Tina y Touri A (puc. 1).
Jis 1mi€el cuim HE 3MIHUTBCA, SKIO Yy
JOBUIbHIN TOUII1 K IPUKIIACTH
napaneibHO Cwii F JBI ypiBHOBaXKeHi

b cumu F' i F”, mpudomy Momysmi ycix cun
piBHI: F'=F" =F . OCKiJIbKH {If', If"}~0,
TO 3TiTHO 3 JPYrOI0 aKCiOMOIO CTaTHKH

CACTEMA CHII {If, F, If”} €KBIBaJIEHTHA
cumi F . Cucremy {If, F', If”} MOKHA
300pa3uTH y BUIIISAL A F', IKY MOYKHA
PO3MIITHYTH SIK CHJIy F, mapajeibHO MepeHeceHy ii MOYaTKOBOMY HANpsAMi 3 TOYKH

Ay Touky K, i mapu (F,F'"), MOMEHT SIKOT JOPiBHIOE MOMEHTY CHJIH F BiJHOCHO

TOUYKH K , B JAKY CHUJIa IICPCHCCCHA!
M =M, (F) = «Fh 1)

Puc. 1

ne h- mieue i€l mapu.
[Mapy (F,F"), 10 YTBOPIOETHCS MPH MEPEHECEHHI CHUIIA 3 TOYKH A Yy TOUKY K,
Ha3MBAETHCS MTPUETHAHOIO TTAPOIO.

2. IlpuBeaeHHS MJIOCKOI CMCTEMH CHJI 10 IAHOTO LEHTPY.

TI'o10BHUI BEKTOP JOBUIBHOI MJIOCKOI CUCTEMHU CHUJI — 1LI€ T€OMETPUYHA CyMa
BCIX CHJI IaHOI CUCTEMH.

TI'os10BHMIA MOMEHT JOBUIBHOI IUIOCKOI CHCTEMH CHJ BIJIHOCHO BHOpaHOIo
LEHTPY — Iie ajnreOpaiyHa CymMa MOMEHTIB BCIX CHJI, BITHOCHO JAHOTO LIEHTPY 1 map
CHIL

Teopema nmpo npuBeAeHHS CUCTEMH CHJI 10 TAHOTO LIEHTPY.
Teopema: byap-sika cuctema cuii, mo i€ Ha abCOJIOTHO TBEPJAE TIO, TPH
MPUBEECHHI JI0 TOBIJILHO BUOPAHOTO LIEHTPY A 3aMIHIOETHCS OJIHIEI0 CHIIOIO, PIBHOIO
TOJIOBHOMY BEKTOPY CHCTEMHU CHJI 1 MPUKIIAJICHOIO B IIEHTP1 MIPUBEJAEHHS A, 1 OJHIEIO
napor 3 MOMEHTOM My, PIBHHUM TOJIOBHOMY MOMEHTY CHCTEMH CHJI BiTHOCHO

LEeHTpy A.

R

PosrisHeMo TBepze TiIO, HA SIKE i€ JOBLIbHA CHCTEMa CHJI {IE1 Ilefn}, 110
JeXaTh B OAHIN IJIOLIMHI 1 IpUKiIaieHi y Toukax K, K,,..., K BiamoBiaHO. Bi3bMeMo
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y I1{ TUIONIMHI J0BUIBHY ToukKy 0 1 mepeHeceMo 10 Hei yci airodi cuid (puc. 2, a).
Toni 3rimHo 3 Teopemoto IlyaHco, onepXumMo cucteMy 301KHUX CHIT {lfl’ FL... Ifn’}i
cucTeMy TpuenHaHux map {(F,F").(F,.F).....(F,,F)} 3 MomenTamu M ,M,,...M,,
pIBHUMH MOMeHTaM cun F,F,,...,F,
M, =My (F,),..., M, =M (F,).IIpuaomy
F=F.,F,=F,..F =F. (2)
Ckmagemo yci 301kHI CWiIM, TpukiafgeHi y touui O 3a MpaBUIOM CHIOBOTO

BITHOCHO TOoYkH O : M, =M (F) ,

OaraTokyTHuKa. Ilincymkosa cuna Oyne mopisHioBaTH: F,, =F'+F +...+F/ =) F’
i=1

a00, BpaxoBytoud (4.2), 01epKUMO
-3F. 3)

i=1
[ToTiM, BUKOPUCTOBYIOUM TEOpPEMY TMpO CKJIaJaHHS Tap, 3aMiHUMO Yci
MIPUEIHAHI [TapHU OJIHIEI0, JISKAUOI0 Y TiH )K€ IJIOIIUHI, MOMEHT SIKOi JJOPIBHIOE

|v|o=|v|1+|v|2+...+|v|n:MO(E)+...+MC(E)=EH:MO(E). 4)

20i

JloBUIbHA TOYKA TLIA, B SIKY MEPEHOCUTHCA MapayiesIbHO CaMHUM CO001 yci CHUITU
CHCTEMH, HAa3MBAEThCS LICHTPOM IpHBEIcHHs. BeawuuHa F, , piBHA FeOMETPUYHIN

CyMi yCIX CHWJ, JIIOYMX HA TIJ0, HA3UBAETHCS T'OJOBHUM BEKTOPOM JAHOI CHCTEMHU.
Benmnunna M, piBHa aiareOpaiuHiii cymMi MOMEHTIB YCIX CHWJ, AIIOYUX Ha TUIO,

BIJIHOCHO IIEHTpA MPUBEICHHS, HA3UBAETHCS TOJJOBHUM MOMEHTOM CUCTEMU BITHOCHO
1bOTO 1eHTpa. Kopuctyrouucey iuMu TepMiHaMu, OfepKaHi BUINE PE3yIbTaTH MOKHA
chopmytoBaTH TakuM YWHOM. JlOBUIBHA TIJIOCKAa CHUCTEMa CHJI  CTaTUYHO

CKBIBaJICHTHA CBOIO JIi€I0: TOJJIOBHOMY BEKTOPY JaHOI CHCTEMH F, , IPUKJIAJCHOMY Y

eon %

LEHTpP1 MPUBEJIECHHA, 1 TOJIOBHOMY MOMEHTOBI M, BIIHOCHO LieHTpa mnpuBeaeHHs O
(puc. 2, 6).

Cuna F,, He € PIBHOAIIOUOIO JTaHOI CHUCTEMM CHJI, TaK SK BOHa 3aMIHIOE IO
CUCTEMY HE OJIHA, a pa30M 3 IPUEJHAHOO Napol0. 3 BU3HAYEHHS FOJOBHOIO BEKTOPA
BUTIKA€E, M0 BIH HE 3MIHIOETHCS MPHU 3MIHI LIEHTPA MPUBEICHHS. [HIIMMU CIIOBAMH,

SKILO 32 LEHTP NMpHUBEIEHHS OepyThbCsl pI3HI TOUKHM IUIOIIMHHU, TO cuia F,, , piBHa

TOJIOBHOMY BEKTOpY, Oy/ie OJ[HA 1 Ta K, SIK 32 MOJIYJIEM, TaK 1 32 HATIPSIMOM.

BenuunHa ToJIOBHOTO MOMEHTY 3aJICKUTh BiJl MOJOXKEHHS LIEHTpa MPUBEICHHS
(mpu yMOBI, 10 TOJIOBHUM BEKTOpP HE JIOPIBHIOE HYIIO), TaK K 13 3MIHOKO LIEHTpa
MPUBEICHHS IUIeUl CHJI JaHOI CUCTEMH, a OTXKE, 1 iX MOMEHTH MIHSIOThCS, TOOTO
KOXKHIM TOYIll TUIONIMHU BIJAMOBIJA€ TMEBHE 3HAYEHHS TOJOBHOTO MOMEHTY, TOMY
3a/Iaf0YM TOJIOBHUM MOMEHT, HEOOXIJHO BKa3aTH, BIJHOCHO SIKOIO IIEHTpa BIH
BUpaxyBaHUM.



Puc. 2

3HaueHHs F,, MOXe OyTH BU3HAYCHO SIK aHATITUYHUM CIIOCOOOM 32 POPMYIIO0

(2.8), Tak 1 TEOMETPUYHUM IUISIXOM MOOYI0BH CHJIOBOTO OaraTOKyTHUKA. BennunHa
M, BU3HaYaeThCs 3a Gpopmyioro (4).

3. PiBHOAI0YA MJIOCKOI CHCTEMM CHJIL.

n

Xaii Ha TBepAe TUIO Ji€ JOBiNbHA TIOCKAa cucTeMa cun {F,F,,...F,} .
[IpuBeneMo naHy CHCTEMY [0 TOJIOBHOTO BEKTOpa, HPHUKIAJCHOTO Y NOBLIBHO

n
BuOpanomy nentpi O: F,, =Y F, i TOJIOBHOTO MOMEHTY, SIKHH Ma€ BiJHOCHO IIbOTO
i=1

n
IIEHTPa MOMEHT piBHHH M, => M, (F) . IloTiM 300pa3sumMo TONOBHMI MOMEHT
i=1

cucteMd M, y BUTJISIII Iapu cul (TO3HAYMMO iX yepe3 F 1 F'), B IKMX MOAYJIi PiBHI
MOJIyJII0 T'OJIOBHOTO BEKTOpa CUCTeMH, TOOTO F, =F=F'. [l 1poro HeoOXinHO
3MIHUTH IUIeYe L€l mapu TaKUM YMHOM, 00 ii MOMEHT 30CTaBaBCAd PIBHUM M, .

CKOpHCTaBIINCh THUM, IO APy MOXHA SK
3aBrOJIHO TIEPEHOCUTH Yy TUIOMIMHI 11 Aii,
MPUKIIAIEMO OJIHY 13 CKJIAIOBUX i1 CHII,
Hanpukiaaa F', y nerrpi O i HanpaBUMoO y
01K, mpOTUJICKHIHN il BekTopa F, (puc. 3).
Jlpyra cuma F , sika CKiIafa€ MNPHETHAHY
napy, MoBHMHHa OyTH CIpsSMOBaHA TaKHM
YUHOM, MO0 3HAK 1I MOMEHTa BIJHOCHO
neHTpa O 1 3HaK TOJIOBHOTO MOMEHTa M

Puc. 3 criBnaganu (Ha puc. 3 BoHU noxaTHi). Tomdi
TJieye 1€l mapu Oyie 10piBHIOBaTH
h=M,/F,, ,=M,/F. (5)
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Ormxe, 3a7aHa IJIOCKA CHCTeMa CHJI eKBiBaJieHTHa cuctemi F, 1 mapi (F,F’),
ajle TaK SK U F, 1 F' ypiBHOBaXKYIOTBCS, TO 3aJlaHa CHCTEMAa €KBiBaJICHTHA OHIH

2on

cuiai F, 110 MPOXOAUTh Yepe3 LEHTP MpuBeAeHHS O,, i, TAKUM YHHOM, ISl CHJIA €
PIBHOJIIIOUOIO, PIBHOIO 3a MOJyJeM F,_ 1 CHOpSMOBaHOI MapajelbHO TOJIOBHOMY
BEKTOPY y TOM ke OIK:

Fpi@n = FZUJ = i Fi ' (6)
i=1

JloBenemo Temep TeopeMy TMPO MOMEHT PIBHOMIIOYOI, SKa HAJICKHUTh
¢dpaniy3bkoMy MexaHiky BapiHboHy.

Teopema._ MoOMEHT piBHOJIIOYOI TOBIIBHOI TUIOCKOI CHCTEMH CHJI BiTHOCHO
OyJlb - SIKOTO IIEHTpa (TOYKH) JOPIBHIOE ajareOpaiuHiii cyM1 MOMEHTIB YCIX CHJI M€l
CUCTEMH BITHOCHO TOTO Xk IICHTpA.

Josenennsi. Ha mifcrasi BUKIaIeHOrO BUIIE MAEMO: MOMEHT PIBHOIIIOUOI F,

piet !
OpUKIaAeHoi y Touui O, , BIJHOCHO UEHTpa NpuBeAeHHS O IOPIBHIOE:
Mo (F,..) =F,.,-h (mmB. puc. 3).3 gpyroro 6oxy, 3 popMym (5) odeBUIHO, O M, €
TOJIOBHUIM MOMEHTOM CHUCTEMH CHJI BiTHOCHO IieHTpa O. YpaxoByrouu Bupas (4),
OCTaTOYHO MAEMO

pisn

Mo(F) = Y Mo (F) ”)

Teopemoro BapiHboHa HIMPOKO KOPUCTYIOTHCA TMPU PIIIEHHI PI3HUX 3aj]a4
CTaTUKU. 30KpeMa, ii BUKOPUCTOBYIOTh NIPU BU3HAYEHHI PIBHOIIOUOT MapaieibHUX
cwi1. CHiIM Ha3UBAIOTHCS MapalieIbHUMU, SKIIIO
ix JiHIT A1 mapanenbHi MiX co00r0.

3HaiaeMo piBHOIIOUY JIBOX
napajenbHuX cuil F, 1 F,, Iil0YMX Ha TBEpIe
Ti0 (puc. 4). Ha mincrasi ¢popmMyau Moaynb
TOJIOBHOTO BEKTOPa TIOCKOI CUCTEMH CHJI M€

n

2 2 .

BUTJIAL onﬂ = V Feoﬂ,x + Faaﬂ.y b Ac Feo/l.x = Z FiX ’
i=1

F..,=>F, . Kopucrylounce tuM, 110
Puc. 4 i1
KOOPAMHATHI OCi MOKHA PpO3TAlIOBYBATH Y

IUIOUIMHI JIOBUIBHO, CHPSIMYEMO OCh X TaKUM
YUHOM, 1100 BOHa Oyia MEepneHIUuKYJSpHO 10 JiHii aii cui F 1 F,, a ocb y iMm
napajienbHa. Tojl, ypaxOBYIOUH, IO TOJOBHUH BEKTOp 3a MOIYJEM JIOPIBHIOE

n n
piBHOAIIOYIH, TIapanenbHuii i cipsaMoBaHuil y To# xke Oik: » F, =0, > F, =F +F,;
= =

F o = 0+(Z|=iy)2 :ZFiy =F +F,.
i=1 i=1

3anucaBiy NOTIM CyMYy MOMEHTIB CHUJI BITHOCHO Oy[b - SIKOi TOUKHU MpsiMoi B, B,
abo ii TpoMOBXKEHHS, 3a TeopeMorw BapiHboHa 3HaAWAEMO MONOXKEHHS JiHiT il
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piBHOmifOUOT F, [lpuitHsBIIM 3a IEHTP MOMEHTIB TOYKY B, , MAa€EMO:

pisn
Mg (F,..) =M (F)+Mg (F,), 3Biaku, Tak sk M, (F)=0, (F,+F,)B,0=F,BB,, abo

F,B,0=F,B,0 (8)

4. YMOBH piBHOBAar# J0BiJIbHOI IUIOCKOI CUCTEMH CHUI.

Teopema. [[y1s1 piBHOBAaru BUTLHOTO TBEPAOTO Tija MiJ AI€I0 JOBUIBHOI TIOCKOT
CUCTEMU CHJI HEOOX1THO 1 JOCTATHBO, 00 TOJOBHHUM BEKTOP 1 TOJIOBHUI MOMEHT ITi€l
CHUCTEMH BiIHOCHO JOBUIFHO BUOPAHOTO IIEHTPA (TOUKH) JOPIBHIOBAIN HYIIO, TOOTO

F, =0 M,=0. 9)

JoBenenns HeoOxiaHOCTI. [IpuBeneMo TOBUIbHY MIIOCKY CUCTEMY CHUJL, i1 €0

SKOi TBEpHIE TIJO B3HAXOAUTHCS Yy PIBHOBA3i, JO TOJOBHOIO BekTopa F,,

npukiagesoro y menrpi O, i mapu (F,F’) 3 MOMEHTOM M, , PIBHHM TOJIOBHOMY

MOMEHTY cucteMu. s Toro mob cuctema 301KHUX CUII, pUKIaAeHuX y ueHtpi O,
Oyna ypiBHOBaXCHA, HEOOXiJHe BUKOHaHHS yMmMoBH F_ =0. Jlns Toro mob cyma
MOMEHTIB MpHEJHAHUX Tap JOpIBHIOBajla HYJIIO, HEOOXIJHE BHKOHAHHS
yMOBUM, =0.

Takum 4uHOM, JJI1 PIBHOBard JOBLIBHOI IIOCKOI CHCTEMH CHJI HEOOXIiJIHE
OJTHOYACHE BUKOHAHHS YMOB (9).

HoBenenns noctatHocti. Hexail ymoBu (9) BUKOHYIOTBCA Mg OyIb - SKOTO

neHTpa npuseaeHHs 0 Tia. Aje ToJi, OCKIIbKU F,, =0, JOBiJIbHA CUCTEMa CHII MOXKE

20J

OyTH IpHUBEJEHA TUIBKM A0 Mapu 3 MOMEHTOM M, a Tak siIk M, =0, TO TBepAEe TUIO

3HAXOAUTHCS Y PIBHOBA3I.
Tenep po3MIsiHEMO aHANITUYHI YMOBHM pIBHOBaru TBEPAOro Tula, WIO
3HAXOJUTHCS i 1€ JOBUILHOT MJIOCKOT CHCTEMU CHJI, BUXOSMUH 3 Bupa3iB (9).
Ilepmia ¢opma piBHAHBL piBHOBaru. Tak sSiK pO3TJIIa€ThCSl PIBHOBAra MmiaoCKOl
CUCTEMHU CWJI, TO BHUpa3 JJII MOJIYJS TOJOBHOTO BEKTOpa MOXE OyTH 3alHuCaHo y
TaKOMY BUTJISIII:

F, =+F2 . +F2 . (10)

20 20/1.X 20n.y

VYpaxoByrouu Bupas (4) i e mo F,, JOPIBHIOE HYJIIO TUIBKHA TO1, KOJIH OYAYTh

con

JOPIBHIOBATA HYJIO 0o0MABa ioro ckiaaoBi, GopMmyny (5) MOXKHA mNepenucaTa y
TaKOMY BUTJISIII:

Zn:FiX=0; Zn:Fiy=0; Zn:MO(Ifi)zo. (11)

Bupasu (11) sBisitoTe co000 pIBHSHHS PIBHOBAard BIJIBHOTO TBEPAOIO Tija Mif
J€10 TOBUIBHOT TJIOCKOT cucTeMu cuil. OTKe, 1JI pIBHOBArd BUILHOTO TBEPJOIO Tijla
M1 TI€I0 TOBUIBHOT IJIOCKOI CUCTEMH CHJI HEOOXI1THO 1 JOCTAaTHBO, 1100 anredpaiuHa
CyMa MPOEKIIA yCiX CHJI i€l CHUCTEMH Ha KOXHY 3 JIBOX KOOPJAMHATHUX OCEH
JOpIBHIOBaJa HYJIO 1 100 anreOpaiyHa cyma iX MOMEHTIB BIJIHOCHO JOBIJILHO
BHOpaHOi TOYKHM (LIEHTPA) TEXK JOPIBHIOBAJIA HYJIIO.
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Jlpyra ¢opma piBHsiHb piBHOBaru. Teopema. Jji1 piBHOBaru BUTLHOTO TBEPOTO
TiJIa T TI€0 JJOBUTBHOI IJIOCKOT CUCTEMH CHJT HEOOXITHO 1 TIOCTAaTHBO, 11100 anredpaiuHa
CyMa TIPOEKIII YCIX CHII M€l CUCTEMH Ha JOBUJIHHO BUOpaHy BICh JIOPIBHIOBAJIA HYJIIO 1
o6 anredpaiuHa cyma iX MOMEHTIB BITHOCHO JIBOX JOBUIHHUX TOYOK, ITIO HE JIS)KaTh HA
OJTHIM MEPIICHUKYIISIPI 10 1€l OC1, TAKOX JOPIBHIOBAIN HYJIIO, TOOTO

SF=0 YML(F)=0 Y M (F)=0. (12)

JoBeneHHs HeoOXiMHOCTI. Tak sIK TUIO 3HAXOIUTHCS Y PIBHOBA31, TO CymMa MPOEKIIiH
yCIX CHJI Ha OyJb - Ky BICh 1 CyMa X MOMEHTIB BiJIHOCHO JIOBUIHHOI TOYKHU TUIOITUHH, B
SIKIf JIGKUTH JTaHA CUCTEMA CHJI, IOPIBHIOE HYJIIO (IMB. TIOYATOK IHOTO maparpada).

JloBeneHHs  mocTtaTHOCTi.  J[OBOAMMO 1€ TOJIOKEHHS  METOJAOM  Bif
IPOTHIICIKHOTO. SIKIIO JUTsl TaHOI CUCTEMH CHJI BUKOHYETHCS TLIBKHU JIBi yMoBH (12),

T06TO » M, (F)=0, > M,(F)=0, To Taka cucTema cui 3rigHo 3 1.2 naparpada 4.4
i=1 i=1

He OyJe 3HaXOAUTUCA y PIBHOBA3i, a Oyjae MaTu piBHOAIOUY F, ., SKa NPOXOJHTH

ien. !
OJIHOYACHO uepe3 TOUKY 4 1 B (JiHiA Ail Takoi PIBHOJIIOYOI MOBMHHA CIIBHaAaTH 3
npsiMoro 4B ). Orxe, skmo Bich X Oyna O HampsmiieHa NEPHEHIUKYISIPHO 0

=0 abo ) F, =0, i nepmwe piBHAHHA (12) Oyne BUCHOBKOM 3
i=1

npsAMoi 4B, 1o F

pisn.x
BUpasiB » M,(F)=0 1 > M,(F)=0. Ane Tak fK y HamoMmy BHIaAKy Bich X
i=1 i=1

IpOBEJCHA HE MEPIEHANKYISAPHO 10 NpAMOi AB, TO mepuuii Bupas 3 Gopmyn (12)
MOke OyTH 3aIOBIIBHUI TiLTBKK TOmi, Komu F,, =0, TOOTO KOMM Mae Micie

pist,
pIBHOBAru Tijia.

Tpersn dopma piBHsHb piBHOBarum. Teopema. s piBHOBaru BIJIBHOTO
TBEPJIOTO TUTA MiA JI€I0 JOBUIBHOI IUIOCKOI CHCTEMH CHJI HEOOXIJTHO 1 JIOCTaTHBO,
00 anredpaiuHi CyMH MOMEHTIB yCiX CHJI €1 CUCTEMH BIJIHOCHO TPHOX JOBUIHHO
BUOpaHUX, ajie He JIeKAYNX Ha OJIHIN MPsMiii, TOYOK TOPIBHIOBAJIA HYJIIO, TOOTO

SMA(F)=0, M (F)=0, Y M. (F)=0. (13)

JoBenenns HeoOxiaHoCTi. Hexail T1J10 3HaXOAUTHCS y pIBHOBA31, TO/I1 TOJIOBHHIA
MOMEHT CHUCTEMHU CHJI a00 CymMa MOMEHTIB YCIX ii CHJI BITHOCHO Oy/b - SIKO1 TOUKH
IUIOIIMHY, B SIKIM Jll€ aHa cucTeMa Cuj, Oy/le JOpIBHIOBATH HYIIO (IMB. MOYATOK
1IbOTO Taparpada).

JoBenenHs moctaTHocTi. SIKMO 3 TpboX YMOB (13) BUKOHYIOTHCS TUIBKH TEPIITi

n —
/Ba, 1 BCi TpH TOYKHU A, B, iC nexaTh Ha ofHil npamiil. Toxi 3 Bupasis > M ,(F) =0
i=1

n
i > M (F)=0 Burikae, mWo 3rifHo 3 maparpadom. Taka cuctema cul He Oyne
i=1

) =0 abo, BUKOPUCTOBYIOUM TeopeMy Bapunbona, » M (F)=0.
i=1

M. (F,

pisH
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Takum duHOM, TpeTst ymoBa BHUpaszy (13) € BUCHOBKOM mepHiux ABOX. Ale
OCKUJIBKM TOYKa A B, 1 C He JiexaTb Ha OJHIN TpsMid, TO PIBHOAIIOYA IUIOCKOI
CUCTEMH CHWJI TTOBUHHA JOPIBHIOBATH HYNMO. OTXKE, TPU BUKOHAHHI yCiX TPHOX YMOB
(13) mae Miciie piBHOBara Tija.

Crig 3ayBaskuTH, IO JUISl TBEPJOTO TiNIa, SIKE 3HAXOAUTHCA Y PIBHOBA31 MiJ A1€10
JOBUTBHOT TJIOCKOi CHCTEMH CHJI, MOYKHA CKIJIACTH HE OLUIbIIE TPhOX HE3ATICHKHHUX
PIBHSIHb PIBHOBAru.

OxpemMUM BUTIQJKOM JTOBIIBHOI MJIOCKOI CHCTEMH CHJI € CUCTeMa MapaielbHUX

cl. CUCTEMOIO TapajeIbHUX CHII

Ya Ha3UBAETHCS CYKYMHICTh CHJI, JIHIT
T SIKUX TIapajieibHi MK CO00T0.

Hexait {F,,F,,...,F,}- cucrema
napajeibHUX CHJI Ha IUIONIUHI.
Kopucryrounch TUM, 10
KOOpAWHATHI oci MO>KHA
pO3TalllOBYBaTH  HA  IUIONIMHI

JIOBUJIBHO, HAIpaBUMO BICh TaKUM

0 » X  YUHOM, 11100 BOHA Oyna
NepHeHANKYJIIpHAa  JIHIIM [l
Puc. 5 CUCTEMU TapayieIbHUX CHUJ, a BICh

Y - im mapanenwsHa (puc. 5). Tomi
nepiue 3 piBHSIHb (11) mepeTBOpUTHCS Y TOTOXKHICTD, a ABA OCTAHHIX PIBHSAHb OyAyTh
ABJISITH cO00I0 mepiry GopMy piBHSIHb PIBHOBAard CUCTEMH MapajelbHUX CHJI:

>R, =0, Y M, (F)=0 (14)

Takum 4YuHOM, JIsI PIBHOBAard BUIBHOTO TBEPJOIrO TiUIa I M€K0 TIOCKOT
CUCTEMH TapajeIbHUX CUJI HE0OXI1JTHO 1 JOCTaTHBO, 00 anredpaiuHa cyma ycix CHi
CUCTEMHU JOpIBHIOBAJIa HYNIO 1 100 anreOpaiuHa cymMa iX MOMEHTIB BIJHOCHO
JOBUILHO BUOPAHOT TOYKHU B TaKOX JIOPIBHIOBAJIA HYIIO.

Hpyry dbopmy yMOB piBHOBaru [jsi CUCTEMHU NapaliebHUX CHJI OAEPKYEMO 3
piBHsHB (12) a6o (13):

Zn‘,MA(lfi)=0, _ZHZMB(E)=0 (15)

Otxe, Mg piBHOBarW BUIBHOTO TBEPAOrO TUIA MiJ AIEI0 TIJIOCKOT CUCTEMHU
napayieJibHUX CHJI HEOOX1/IHO 1 JOCTaTHBO, 00 ainredpaidHi CyMU MOMEHTIB YCIX CHUJI
BIJIHOCHO JBOX JOBIIRHO BHOpaHUX TOYOK, SIKI HE JIeKaThb Ha OJIHIM MNpsAMIH,
napasenbHid 10 JIHIN Aii CUJl, JOPIBHIOBAIM HYJIIO.
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