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AHannTyuxa mexaHuKa

MpusexgaHe Ha HecxoAawa CbBKYNMHOCT OT CUNU KbM HBFE-I’IpOCT BAL

MOMEHT Ha CHiIa OTHOCHO TOYKA.

Hpouna cuau. Cpoiictea. CrOMpane HA TBOMIE CHITH.

IpuBexnane Ha IPOCTPAHCTBEHA HECXO A CHBKYIHOCT OT CHIIH KBM /IHA JBOHIIA.
['maBeH BEeKTOp W ITABEH MOMEHT Ha CHBKYITHOCT OT CHIIH.

VYpaBHoeHHd Ha paBHOBECHE Ha TRBEPIO TAIIO MO JICHCTBHE Ha HECXONAIIH CHIIH.
PaBHOBeCHE Ha TEBPIO TAIO C JBE 3aKPEUeHH TOUKH.

1. MomMeHT HA CHIIA OTHOCHO TOYKA.

JBe OCHOBHH IIOHATHS B CTAaTHKATa (HCTOPHUECKH — yUeHHe Ha ApXuUMen 3a
PaBHOBECHE IIPH JIOCTOBE)

- MOMEHT HA CHJIA OTHOCHO TOUYKa

- MOMEHT Ha CHJIa OTHOCHO OC

Apxmmen: MOMEHTLT Ha CHJIA OTHOCHO TOYKA Ce CBBP3BA C PaBHHHA,
Ollpe/ieNieHa OT JMHUATA Ha JEHCTBHETO Ha CHIATa H CaMaTa TOuKa (LeHTHp
Ha MOMEHTA); XapaKTepu3upa ce ¢ anredpHyuHa BENHYHHA — IPOH3BEICHHETO
HAa roficMHHaTa Ha CHJaTa H PA3CTOAHHETO OT IEHTHPa HA MOMEHTA no
THHUATA Ha TEHCTBUETO HA CUJIATA

MOMEHTBT m,(F)Ha cumara ¥ orHocHO Toukara O ce medunupa Kato

gexmop, IPUIOXKEH B TouKaTa O, paBeH 0 I'0JIEMHHA HA IIPOM3BENEHHETO Ha
rONeMHH4Ta Ha cHnata F M pascTosHWET0 A OT HEHTHpa Ha MOMCHTA o
JIHHHATA HA JeHCTBHETO Ha cuiara (pamo Ha CHAATa) H MMAI HAIpaBlIeHHe,
HepOeHNKYISPHO HA PaBHUHA, ONPCIACIeHA OT JIMHHATA HA NEHCTBHETO Ha
cuiaara M HeHTbpa HAa MomeHTa. [locokara ma BekTopa € TaxaBa, ue
3aBBPTAHETO HA TS0, KBM KOETO € IIPHJIOKEHA CHNATA, € MOJIOKHTENHO.

my(F!




4
meHHMINA 33 TOIOKUTENHO ABEPTAHE: 3aBBPTAHE HA OcTa (X HA BIBII —
2

KBM octa Oy, THEAaHO CPelly NOJOXKHTeNHATa TocoKa Ha octa (7. 3a sicHa

CHCTEMa — 3@BBPTAHE Cpelny 4YaCOBHHKOBATa CTPENKA; 34 1I9Bd — 10

9aCOBHHKOBATA CTPEIIKA.

- Takapa AeQHHHLES 32 ITOIMKATETHO 3aBRPTAHE BOJX J0 SAMHHO 33 IBETe
KOOD/MHATHH CHCTEMY (JIsIBA HJIH JISICHA) OHATHE 33 BEKTOPA HA MOMEHTA
HA CHJIa OTHOCHO TOYKA

- 34 JICCHH CHCTEMH: IPABHJIO HA BUHTA, 2ABUBAIIT CE B AAJCH MaTePHAT

- HCTHHCKH BEKTOPH (CHIA, CKOPOCT, YCKOpEHHE) — HHUTO O TONCMHHA,
HHMTO IO TIOCOKA 3aBHCH OT KOOP/IMHATHATa CHCTEMA, ¢ YUAMO NOMOwy
aHARUMUYHO € uspaser; 3a BekTopa m, (F)T1oBa He ¢ B cuita — 1ipi npexog
OT JI5IBA KM JIACHA CHCTEMA HIH 00paTHO, TOH He M3MeHS TOJIeMUHATA CH,
HO Iocokarta ce o0pbma. TakuBa BeKTOPH €€ HAPHUYMAT HCe8008eKMopL —
HarpuMep Oe BII0BATa CKOPOCT, BIJIOBOTO YCKOPCHHE.

MHTEpIpeTanys Ha romemuuara Ha m,(F)(hur.l) — ygsoeso nwuue ma

TPHBIBIHAK C BPBX HEHTHPA HA MOMEHTA H OCHOBA — FOJIEMHHATA HA CHIATA

- HNHM JMIE HAa YCHOPEIHHK CBC CIPAHH caMATA CWIa M OTceuKara,
CHENMHSBAINA [IEHTHPA HAa MOMCHTA M IPHIIOKHATA TOUKA, TAKa Ye

|m0(F)| = Frsine, (1)

KBJETO & € BIBIBT MeKy F'u r,
IpH HEHYNEBa CHIA MOMEHTBHT OTHOCHO TOYKA € HYja, KOTATC JIHHHATA Ha
OeHCTBHE HA Ta3M CHIAa MHHABA IIpe3 IeHThpa Ha MOMEHTa
onpejcneHne: MoMenTsT m, (F)na cunara F otHocHO neHtsp O ¢ gexmop,

paBEH HA BEKTOPHOTO IIPOH3BEACHHE ]
m,(F)=rx¥, 2)

KBJETO €& paguyc-BeKTOPHT Ha IIPHIOKHATA TOYKA Ha CHNATa OTHOCHO
OEHTHPA Ha MOMEHTa

TeopeMa Ha Bapuabon: MOMEHTBT Ha paBHONEHCTBAINATA HA HPOCTPAHCTREHA
CHBKYIIHOCT OT CXOINAINH CHIH OTHOCHO IIPOM3BOIHA TOYKA € PABREH Ha
BEKTOpPHATa CyMa OT MOMEHTHTE Ha TE€3H CHIIH OTHOCHO CBHIHATA TOUKA

HexaF, (i =1,2,..n)e cxodIia CBBKYIHOCT CIHJIH, YHUTO JIMHHY Ha JCHCTBHE

ce MpecHYaT B To4Ka A. 3a pasHoAelicTBanara R, npuiloxeHa cblio B TOUKa

A,eBcuma R=F +F, +..+F, =ZE.

i=]
Hexa O e npomsBonHEa ToUKa, CIPIMO KOSATO A MMa paxuyc-eexTop r. Torasa
m,(R)=rxR=rx(F +¥F, +....+F, )=

=(xF)+(rxF)+..+(@xF)=m,F)+m,F,)+. .. +m,(F,) (3)



- TeopeMaTa © BApPHA CAMO 3a CXOAMINA cunm; 00oGinaga ce 4 3a CHITH ¢
YCHOPESHH JIMERY Ha Ieiicrsde, KaTo ¢ CUMTA TIpecedHara UM TOUK& 3a
Oesxpafino oT/laeueHa

- 33 HECXOJMINA CHCTeMa (paBHOZEHCTBAINA HAMa CMHUCHI) CE& BBBEIa
IIOHATHETO 21A6eH 6ZKMOP

IIPOCKIHHA Ha BEKTOpa MOMCHT HA CHJIA 110 OCUTE Ha KOOPAHHATHA CHCTEMa:

CMUCBHJI HA MOMEHM HA CUIA OMHOCHO OC

- CBCTABAIIA Ha BEKTOP B Ja/[€HA pABHHHA: OPTOTOHAIHATA NPOEKIMST Ha
BEKTOpa B Ta3u pasumuna (Qur.2)

- MOMEHTET Ha Tasd HPOEKIMd OTHOCHO INEHTHD, H30paH B pPaBHHHATA, ¢
paBeH Ha MOMEHT OTHOCHO OC IIpe3 LEHThpa M MEpHeHAUKYIIPEH Ha
paBHHHATA; aKO Ta3H Oc ce u3bepe 3a o¢ z , TO 03HaueHuero ¢ m_(F)

-  MOMEHTBT OTHOCHO OC € HYJa B [JBa CAy4dasa. JHHHATa HA JeHcTBHE Ha
CHJIaTa MIpeCcHYa 0CTa HIH JHHHATA HA JCHCTBHE HA claaTa ¢ YCIIOpE€ nHa
Ha OCTa, T.C. CHIIATa H OCTa JICXKaT B €1Ha paBHHHA

- BPOEKYUAMA HQ GEKMOPA MOMEHM HG CWid OMHOCHO MOYKA 8bDXY oOc,
MUHABAUA RPes MA3U MOUYKD, € PAGRA HAd MOMEHMA HA cuiamd CRPSIAMe

masu 6
| Z

¢dur.2
AHATMTHYHO IIPeJCTABIHE Ha MOMEHT Ha CHJIa OTHOCHO KOOPAUHATHHTE OCH
- Hexa F (Fx sl )HMa KOOpIMHATH HA OPHIOKHATA CH TOYKA (X,¥,z);

TOTaBa Ca CKBHBANCHTHH o3HaveHuATa m, (F)=m (F)=(rxF), 4
- WU
i j k
m,(F)=rxF=\x y z|=i(QF —zF)+j(zF, -xF)+k(xF,-yF)
i Fy B

=mi+mj+mk (5)
- H3pasdBaHe Ha MPoeKuHuTe (5) Ype3 KOMIOHEHTHTE (F, ,F,,F,) na

F oo KOOPDAHHATHHUTE OCH: CBRITIACHO TCOD. Ha BapHHBOH 34 CXOALTH CHITH
mx (F) = mOx (F) = mOx(F!)+ m()x (FZ) +mOx (F3) =



=m (F)+m (F,)+m (F,)=0-2F, + yF, = yF, - zF,

MOMEHT Ha CHJIA OTHOCHO OC ¢ IPOH2ROIHO HATIPABNIEHHE
Heka OL — mpomseonma oc, MuHaRaina npe3 Hadanoro O Ha KOOpAHHATHA
cucTeMa B 1- eQHHHYEH BEKTOP 110 Hes ¢ AHPEKTOPHH KOCHHYCH

I, =cosa, I ,=cosfi, I =cosy

AKO 0 € BI'BI MEXIY OCTa H BeKTopa m ,(F), To
m, (F) =|m, (F)cosd =1m, (F) (6)
WA
m, (F) =m, (F)cosa +m, (F)cos f +m,, (F)cosy =
=m,(F)cosa +m, (F)cos f+m, (F)cosy =
= (YF, —zF)cosa + (zF, —xF,)cos B + (xF, —yF)cosy (1)
upe3 NIeTCPMEHAHTA:

cosa cosf cosy

m (F)=} x y z #)
F, F,F

2. Meouna cmiu. Ceoifcrea. CoOupane Ha ABOHIN CHITH.

OHpPEeaCcICHUC, @8ouua CUiyt - CBBKYITHOCT OT IBE PaBHH II0 TOJICMHHA CHITH,
HMAaly YCTIOPCIHY JIHHHHA Ha HIelcTRYE H IMPOTHBOIIONOXKHH ITOCOKH.

paBHEHA Ha JBOHIATA — PABHUHATA, ONpeleneda OT JHHHATE HA ASHCTBHE Ha
JABCTC CHITH

MOMEHT Ha JIBOHLa CHIH: Heka P mQ, 3a xouro P=-Q, e gsouua cuy,
HMalY Pafiyc-BEKTOPH Y H I HA IIPHIOKHKTE CH TOUKY A ¢ B

- 33 CyMmara Ha MOMCHTHTE Ha CHIUTE OTHOCHO IPOH3BOJEH HOSHTED B
PaBHEHATA HM:

m,(P)+m,(Q)=rxP+rxQ=rxP-rxP=(r-r)xP=m ©)

-  BEKTOPDHT m HEC 3aBICH OT H360pa Ha IeHTBpP4, & CaM0 0T BEKTOpa
-

BA = (r—r,), onpenensm B3aUMHOTO pa3lONOKeHHe Ha ToUkHTe A 1 B
ONIPEACIICHUE: MOMEHT Ha ABOHIA CHIIH € BEKTOPBT M , KOHTO MMa roJlieMuHa

m o= P|r — rllsina =Ph, KpEETO @€ BIBNBT MEKIY BEKTOpHTE P 1

5
BA=(r—x),a A e pa3cTOSHHUETO MEXIY IHHAUTE Ha AeHCTRHE HA CHIHTE

(pamMo Ha gBOHmIaTa) — ¢ur.3



? m,
- F .r‘ -
’

‘t'mg
tur.3

HaIIpaBsJICHHE HA m - [IEPICHAUKYIIPCH Ha PAaBHUHATA Ha ABOHITATA;
NOCOKA ~— CBINACHO IPABHIOTO HA BUHTA

L et

MOMEHIBIN HA 060UYA CUTY HANGIHO ONpedeis CRAamuyHomo 0elicmeue na
deouyama evpxy mewvpAO MAA0
TeOpeMa: JiBe JBOHIE € PaBHH 10 TOJEMHHA, HaOpaBleHWe W HOCOKa
MOMEHTH, €a CTATHYHO SKBUBANEHTHH
€lHa NIBOMIIA MOXKE [a Ce 3aBBPTH HA POM3BOJICH BI'b B PaBHHHATA CH,
6e3 j1a ce HapyIIasa HEHHOTO JEHCTBHE BHPXY TBLPIO TAIIO
ACHCTBUETO Ha IBOMOA HE C€ M3MEHS, aKO Ce H3MEHAT TOJIeMHHATA g
HEHHHUTE CHIH H JIBIKHMHATA HA PAMOTO, HO NIPOH3BEAEHUETO (T0JEMHH AT,
Ha MOMCHTA) UM HE C€ H3MCHH
PaBHMHATA HA ZBOMIATA MOXKE [A CE 3aMEHH ¢ IIPOU3BOIIHA, HO YCIOPEaHa
Ha Hesl paBHHHA, Oe3 ToBa Ja HapyNIaBa HEHHOTO ACHCTBHE BHPXY TAIOTO
MOMEHIMBIM HA 080UYA CUNU HANBIHO ONPEOES CIAMUYHOMO Oelicmeue na
O6ouyama 6bpxy mevbpoo MAR0, MOU HAMA NPULONCHA MOYKA, HUMO AUHS
Ha Oeticmeue — 3a0G6Q Ce CAMO Ype3 20ICMUHAMA, HANPAGAEHUEMO y
ROCOKAMA CU. UMA XAPAKMEPUCTMUKAMA HA C80B00eH 8eKxmop

TeopeMa 3a CrOnpaHe Ha NBOUIH

CBBKYIIHOCT ~ OT  [JBOMIM  CHJIH, HpPOH3BOMHO  DaslONOXEHH B
IPOCTPAHCTBOTO, € CTATHYCCKH CKBHBAICHTHA HAa €HA JBOHIA ¢ MOMEHT,
paBeH Ha BEKTOPHATA CyMa HAa MOMEHTHTE Ha CHOMpacMHTe ABOMIIH.

Hexa (P,,Q,) u (P,.Q,) ca XBe ABOMIM CHOTBETHO ¢ MOMEHTH M, Hm,,
KaTo paBHHHHTE WM He ca ycrmopenuu. Heka L[ e mpeceunmuara Ha resm
paBHHHH, KaTO IO Hed oTOencskuMm AB — eaHo w cbmo pamo 3a JBeTe
JIBOMITH (€BEHTYATHO Cilejl M3MEHEHHE Ha TOTMEMHHUTE HA CHJIHTE, KATo

IPOU3BEICHAETO MM C pPaMOTO CBOTBETHO CH OCTaBa [ml|HIm2|). Toragpa

cunute PiuP,ca npunoxeny B Touka A, a Q, H Q,- B Toura B. Heka
paBHozelicTBamara Ha P uP,e osmauena ¢ R, ama Q, u Q,- ¢ R’,
CernacHo TeopeMaTa Ha Bapunbon (MomentuTe Ha R H R’ oTHOCHO
Apom3BoieH OeHTHp O me ca paBHM Ha cyMara OT MOMEHTHTE Ha
CBCTaBSIIIATE [ CHIIA):

m,(R)=m,(P)+m;(P,), m,(R) =m,(Q,)+m,(Q,) (10)



Ho MoMeHTET m Ha paBHOAelicTRamaTa tBorma R u R’ chriacuo {9) e:

m=m,(R)+m,(R)=m,(P)+m,(Q,) +m, (P} +m,(Q,) =m; +m, (1)
Lpn cry4as Ha yenopenHM paBHEHY HA JBOMIUTE BEKTOPHOTO cpOHpale Ha
MOMEHTHTE € @HO-NpPOCTe;, Te ca 10 enHa [Opasa ¢ COHAKBH MK
MPOTUBONIONOKHH TOCOKH. 1Ipu MoBewe JBOUIE MOMEHTHTE HM ce ChOEpaT
[0 NPABHIOTO HA BEKTOPHUS MHOI'OBI'BIHHUK.

3. IlpuBexpane Ha NPOCTPAHCTBEHA HECXOAANA CHLBKYNHOCT OT CLUIN KbM eIHA
asonua. Meron na Ilyanco.

® HCKa KbM TBBPJAO TAIO € [PHII0JKEHA IPOCTPAHCTREHA HECKOISINA CHCTEMA
cumu ¥, (i =1,2...n), UPHAOKEHH CHOTBETHO B TOUKH A AT =T )

® IPOH3BOJIHO ce u3bmpa Touxa O 3a HeHTHD HA NPUBEXIAHETO (B TAIOTO WM
TBBEPJO CBBP3aHA C HETO TOYKA, aKO TS He PHHAIUIEKH Ha TSI0TO)
* IpeHacsHe Ha CHIHTe B To4Ka O:

3a  F;: B Touka O ce mocrpossar ne cuiw Fju F!', xouro BzamMHO ce
ypaBHOBecsBaT (Bcaka ¢ ronemuHarta ma F, ® ycmopemsm Ha meiimoTo
HaNpaBICHHE, HO ¢ PA3/IMIHH [TOCOKH)
Canata ¥| ce pasrimexia Karo npeHeceHa oT Touka 4,8 O, a OCTaHAIHTE
cama Fyu F], xouto ca ycrmopenss, Ho ¢ NPOTHBOIONOKHE MTOCOKH — KATO
HPUCLEOUHEHA 080UYA C MOMEHT M,

® QHAOTHYHO CE NOCTHIIBA ¢ BCHYKH OCTAHATH CHIH

* pe3yaTaT: TpOW3BONHA HNPOCTPAHCTBEHA HECXOAAMa cHcTeMa cHmE  F,
(f=12,..n) ce npHBexXNa KBM €KBHBAJCHTHA CXOMAMIA CHUCTEMA CHIIH F/
(=1,2,...n) ¥ CBBKYIIHOCT OT IBOMUH C MOMeHTH m, (i =12, ..n), KOATO ce
ABABAT CBOOOIHH BEKTOPH.

¢ cxomsamara cacrema cunu F) (1 =1,2,..n) ¢ cKBUBAIEHTHA HA eOHA CHIIA Vv,

V=F+F +...+F, =Y F,
i=1

KOATO € €OdHa H CblOa OT [J€HHAa TO4YKa HA HOCTpOABAaHS Ha CHJIOB
MHOTOBI'BIIHHK KaTb CyMaTa

n
V=F +F,+..+F =>F (12)
i=1
4. I'naBen BeKTOP H FIaBeH MOMEHT HA CHBKYIIHOCT OT CHUIH.
¢ 3a F, (i=12,.n) TAXHaTa BeKTOpHA CyMa C€ HADHYA 21a6en 8EKMOp

* 2nasnusm eexmop Ha cwvéxynnocm om cuiu ¥, (i=12,.n) ne e maxua

PASHOOCTICMEAa, m.e. He MOJCe 0d 3ament MAXHOMO Jelicmeue; 2RasHUsm
sexmop V e pasnodeiicmeawa na curume ¥| (i =12,..n), doxamo & obujus



cayuati cunume ¥, (i = 1,2,..5)MOdIce Oa ca NPUNOICERU KM PAITWIHY IP1eia
U NOHAMUEMO PASHOOETICMBAYE HAMA CMUCH]
CBEKYITHOCTTA OT NPHCBEIHHEHH ABOMIM ¢ MOMeHTA m, (i =1,2,..n) uMa 3a

CKBUBAJICHTHA €1Ha JBOHOA C MOMEHT
n
i=]

OTHMTANKH, 1e MOMCHTHET HAa €IHA JBOHIA CHIM € paBeH HA CyMaTa ga
MOMEHTHTE Ha BIM3AMIATE B JBOHIATA CHIH OTHOCHO [IPOM3BONHA TOHKA
(11eHTHD HA IPHBEIKIANE), TO:
— —— A —
m, =m,F)+m,F)=m,(F), e m,(F)=0,
3aIMOTO JTMHKATA Ha NekicTeHe Ha ¥, Munapa npes Touxara O

HIli. MOMEHMLM HA npucwdunenama ()6’01‘474(1 € paseH HA MOMEHRma Hea
BPUAOIHCEHAMA KbM  MAIOMO CUIa OMHOCHO mﬁpanm YeHmuvp  Ha

npugedcoarie
AHANIOTHIHO: m, =m,(F,),...,m =m,(F) (14)
TOraBa m=m,F)}+m,F,)+...+m,(F) (15)

ONpENC/ICHHUE: 21a6eH MOMEHN Ha CLBKYITHOCT OT CHIH (OTHOCHO MPOM3BOJIHO
H30paH IEHTHD Ha NPHBEKIAHE) € BEKTODHATA CYMa OT MOMEHTHTE Ha
NPUIOKECHATE KbM TANOTO CHIIH OTHOCHO H30paHus LeHThD Ha IPHBEKIAHE

‘9) - I1aBEH MOMEHT OTHOCHO IIEHTBp Ha IpuBeskIate O

- O3HA4YEHHE: M

of1a TeopeMa Ha CTaTHKATa Ha aGCOMIOTHO TBEPAO TAIO

[IposBoNHa NMPOCTPaHCTBEHA HECXONSINA CHCTEMAa CHJM, JeHCTBAMA Ha

abCOMOTHO TBBPO TANO, € CTATHYECKHW EKBMBANEHTHA HA €JHA CHIA —

TIABHHS BEKTOP, IIPHIIOKEH B IPOH3BOJIHO H30paHa TOUKA OT TATOTO (UEHTEp

Ha OpPHBCKIAHETO), M €IHA JBOHIA C MOMEHT, PaBeH Ha [TIABHHS MOMEHT Ha

CHJIMTE OTHOCHO LEHTHPA Ha IIPHBCIKIAHETO,

AHATHTHYHO IPE/ICTABIHE

- IWaBeH BEKTOp: 4Ype3 MNpPOEeKIHHTIE CH BBPXY OCHTe Ha u36OpamHa
koopamHEaTHa cucrema V =V (V ,V V)

). (&) (D

- TNMaBCH MOMEHT OTIIOCIHO HAYANOTO M : 4Ype3 NPOEKLIHHTE m, ,my .

o
mz( ), KOHTO Ca pABHH CBOTBETHO Ha

mx(O) = imOx(Fi) = imx(Ff)
i=1 i=l

myw) :imoy(Fr‘):imy(Ff) (16)



m:(o) = zn:mo:(Fj) w2 im (F,)
i=1 i=l

® TIJIaBeH MOMEHT HA CREBKYIIHOCT OT CHNH OTHOCHO OC!: aJlreﬁquHaTa Cy¥yMa OT
MOMEHTHTC Ha BCHYKH CHIH OT CbBKYIHOCTITA OTHOCHO Ta3H OC

; () (o (o
O3HauCHAC: m =m (m,,m, . m_ ), KbleTo m, ' =m m,~ =m, m. =m,  (17)

*  AHANKHTHYHH HU3pasH 34 INIABHUTE MOMEHTH Ha CBBKYIIHOCT OT CHJIH OTHOCHO
KOOPOHHATHHTE OCH:

n P?

mx :Z[(yJE: _ZJF:'y)’my :Z(ZJF;X "-xJF;:)’m: :Z(xr'ﬁ-;y _yiF;'x)’ (1 8)

i=1 i=]

F

KBAETO (F ,},,F,,z) ca mpoekmuure Ha cmmata F,, a (x,y,z) ca

ix?

KOOPOHHATHTC Ha IIPHIGKHATA H TOYKA

5. YPaBHeHHH Ha paBHOBCCHE HA TEBPC THJIO ITOT JeficTBHe HA HeCXQIHINH CHJIYH,

® paBHOBECHE Ha T/IO! OTHOCHTENCH ITOKOH B aJIcHA KOOPAWHATHA CHCTEMA -
3a pasfidka OT JBHOKEHHE OO HHEPIHS B OTCLCTBAE HA BHHIIHH CHIM H
JBOHIY

® YCIOBUA 33 PABHOBECHE Ha TBLPHO TANO: PABEHCTBO HA HyNa (B CMHCBHJ Ha
HyZ€B BEKTOp) Ha [TIABHHA BEKTOP H [JIABHUS MOMCHT Ha NMPMICKEHHTE CHLIH
KBM TSIOTO

V=0, m? =90 (19)
HITH:
F+F +.n+E =0, m,(F)+m,F,)+.... +m,(F)=0 (20)

o yerosuama (20) — neobxoOumu u 0OCMAMBYHYU YCAOBUS 30 PABHOGECUE HA
c60000H0 MEBLPOO MANO NOO QeliCMBUE HA CHLEKYNHOC OM CUNY, NPOUSCOIIHO
PABNONIONCEHU 6 NPOCHPAHCMEOMO

* 3ANMCBAHE HA BEKTOpHHTE ypasHeHHS (20} xaro 6 ayreSprunu ypaBHCHUS —
IIPOEKTHPAHE 110 OCHTE HAa IPOM3BONNO H30pana KOODJMHATHZ CHCTEMA
(OTUHTAHKH, Y€ NPOEKLHATA HA MOMEHT BBPXY OC ¢ BCHIIHOCT MOMEHTBT
OTHOCHO Ta3M OC)

Fi +Fy +..+F, =Y F, =0
i=1

E,+F,+..+F,=>F, =0
=1

nz

F,+F,+.+F,=>F, =0
i=I

@n



*  npu pasHoeecue Ha c60DOOHO MBLPOO MARO MO0 Oelicmeue Ha CLEKYNHGem
OM  CUIY, NPOUIBOTHO DANOAONCEHU 6 MPOCMPAHCMEOMO, CYMUmMe om
NpOCKYUUME HA CUAUME 6bpXY KOOPOURQMMUME OCU U CYMUme om
MOMEHMUME HA CUTUINE OMHOCHO KOOPOUHAMHUIME OCH €4 PAGHU HA HYAQ

o~ ~HACTHH CIIYYaH.

L.

Cxoxgma CHBKYIHOCT OT Cwid: npH w300p Ha [peceyHaTta TOUYKA wa
JHHUMTE HA JISHCTBHE HA CHINTE 3a LEHTHD Ha MIPHBEKIAHE, TIOCIEAHITE
TpH ypaBHeHHA Ha (21) ce ofpwluaT B HYTH — JIHHHUTE Ha AcHCTRHe
IIpeCHYAT KOOP/IHHATHUTE OCH.

PapaAHHA CBBKYIHOCT OT CHJIH: HEKa 33 ONpPe/eIcHOCT HAlPaBIeHHETO,
IIepIEHANKYNIPHO Ha paBHWHATA Ha CHJIHTE, CE O3HAY# XKaro ocC gz,
TexaecTReHO ce OOPBIIAT B HYNH JICBUTE HAacTH HA TPETOTO YPaBHEHe
Ha (21) — HSIMa TPOEKUMHA MO OCTa Z, KaKTO HYSTIBBPTOTO H NETOTO
ypaBHEHHE Ha (21) - TMHAATE Ha JEHCTBHE HA CHIIMTE IPECHYAT OCHTE Ha
MOMEHTHTE X H ¥ HIIH Ca YCTIOPE/(HH HA THX.

CBBKYNHOCT OT YCTIOPSJHH CHIIM: HEeKa 34 ONPeJeIeHOCT HANpaBlIeHHeTo
Ha YCHOPEeIHUTE CUIH e 03Ha4H KaTo oc z. o octanannTe ocH OpoeKimu
HAMa — IBPBHTC JBe ypasHeHus Ha (21) THKIEKIBEHO ca HYIH, KAKTO ¥
IOCNEOHOTO — CHIINTE Ca YCIIOPEIHU Ha OCTA Z ¥ TI0 Hest HAMA MOMEHTH.

e B o0mHSA cnyqaﬁ Ha IIPpOH3BOJNHA IIPOCTPAHCIBEHA CHCTEMA 3a/adara e
CTATHYCCKH OIIPEICIICHA, aKo 6}302’[ Ha HCEH3BCCTHUTE HE IIPEBUNIABA 6

& CJIyYay Ha PasnmHYICH THII 3aKpPCIBalde Ha TANO H ChOTBCTHHA 6p0ﬁ HCH3BCCTHH

HEMOJBHKHO 3aKpelBaHe HA Touyka OT TaNo (chepuyeH IIAPHHp):
peaxIisTa BIH3a C TPATE CH MPOCKITMHA IO TPHTE OCH B YPABHEHUATA Ha
paBHOBECHE

peakius Ha ONopa, IomycKaia cBoOONHO MPEMECTRAHE IO NPOTeXESHMe
Ha HAKOs O¢ (IHMUHAPHYEH MIAPHUD): PSaKnuaTa € NepICHINKYIIPHA Ha
Ta3H OC U B YPABHEHHATA BIH3AT JIBS HEH3BECTHH HelfHI IpOCKIH

IpH CBIIPHUKOCHOBEHHE Ha NBE TJIAAKH TeNa! peakiusra e 1no o0mara um
HOpMalla, B ypaBHEHHATa BIH3& €QHA HEH3IBECTHA IIPOEKUEA IO Tazy
HOpMana

[Mpumep: HemoaBUXHO 3aKpenBaHe HAa TUIO Hpe3 3 TOYKH, HENeXAInH Ha €lHa
IpaBa — HampuMep Ype3 cdepHueH IIapHUp BBB BCAKA TOYKa. HeH3BeCTHMTE
peakiy ca 0010 9 ¥ 3amayaTa CTaBa HEONpPEHENeHa CTATHUESCKH. 3a A CTame
OMpeAesieHa, €1HA TOUKA € HENOJABHXHA — 3 HEH3BECTHH PeaKLIH, BTOPATA MOXe
oa c¢e JIBEXH 10 JIaJIeHO HAlpaBleHHe — 2 HEU3BECTHH peakiuy



(IiepneHIUKYIIPHH Ha TOBA HAIIPARIICHHE), A TPETATA TOYKA CE OTMpA Ha TagKa
PAaBHAHA — €/IHa HEM3BECTHA peaklys 1o HopManara. To3H METOX ce npujiara B
CTPOHTCICTBOTO, ycragoRka Ha duzuuny OpEOOPA MIH  TCOAE3HYHM
‘HHCTpYMeHTH. (0e3neduana HENOABHKAOCT Ha [TONOKEHHETO, HO CHUI0 TaKa ¥Ma
BBIMOXKHOCT M 34 ,JIBIKEHME" — HAIPHMEP TEeMUEPATYPHO pazlldpeHHe.
ITpumep: HemnonsmwkHo 3aKkpenBaHe Ha TAIO 4Ype3 O HEpasTLKUMH [PHTa,
IMAPHHPHO CBLP3alH ¢ TAIOTO M ¢ omopara. I'yk ¢ ChbIIecTReH BLIPOCHT 3a
A300p Ha KOOPAHHATHH OCH — aKo € Bh3MOXHO crucremara (21) na ce pasnajme
Ha HE3aBHCHMH HOJICHCTEMH, B KOWTO BIM34T 4HacT OT HewszBecTHHIe. Jloxazma
¢e, 4e TAM0 MOXE Ja c€ 3aKpemd Ha O mphTa, KaTo PeakiHHTe MOrar Ja ce
OIIPENENIT OT TPH CHCTEMH, BBB BCAKA OT KOUTO BIIM3AT CaMo IBE HEU3BECTHH,

*  HE € 33 bIDKHTEIHO JIa C& M3I0N3BAT BCHUKUTE 6 ypaBHeHus Ha (21) — TpsiGpa
Ja ce mpapd ynaven“ m360p Ha OCHTE, 10 KOHTO C€ HPOEKTHpAT
HEU3BECTHATE PEAKIHK; KaKTO M OCHTE, 3a KOWTO C& ChCTABAT YPABHEHUTA
HA MOMEHTHTE — TaKa 4€ B TAX Ja BIA3AT HAH-MANKO HEH3BECTHH

6. PapHOBecHe HA TBBLPAO THIO ¢ ABe 3AKPENeHH TOUKH.

o pexa Ou O ca IBe 3aKpereHd TOYKH — THIOTO MOXKE JIa Ce BBPTH OKOJIO OCTA
O O'; Heka peakOmHHTE MO KOOPAHHATHHTS OCH CHLOTBETHO 33 TOUKUTE ca
osHauenu ¢ N,,N,,N,;u N/,N,,N;. 3agayata ¢ CTaTu4HO HEOUPESACICHA; B

YpaBHEHMETO 332 MOMEHTHTe OTHocHO octa (O (', m3bpana 3a oc z,
peaknuuTe, MPeCHYAlH Ta3H 0C, He BJIU3AT U 3a 6-T€ HEM3BECTHH MMa CaMo 5
ypasueHHd. Heka F, (i=12,.x) ca 3ajaneHuTe CHAH, TPHIOKEHH KBM

TAIOTO. YpaBHeHI/IﬁTa Ha IMPOCKIMHUTE Ca
Ny +N/+Y F,=0N,+N;+> F,=0 N;+N;+)Y F, =0 (22)
i=} =] i=i

B ypasHenusTa HA MOMEHTHTE OTHOCHO OCHTE X M ¥ BiM3aT camo N, u NJ ;

(N, eno ocra z, T.€. TIpecHda OCHTE X 1 ¥). Ako O O'=h, 10!
—hNy + ) m (F)=0, AN+ m, (F)=0 23)
i=] ) i=t

YpaBHeHPIGTO Ha MOMCHTHTIC OTHOCHO 0CTa Z HC ChALpXKa peaKniH; TO
H3pa3dBa yCIIOBHETO, HAlAraHO Ha CHIIHMTE, KOETO ofe3medasa PaBHOBCCHETO

Ha Ts0T0. OT ypasHenusta (23) u mbpBHTE ABE Ha (22) ce ompenenar N,
N,, Nju N,.3a N,uNjocrasa caMo IOCIeIHOTO ypaBHeHue Ha (22), or
KOCTO C€ OIpEeNs CyMaTa Ha Te3W peakiHy; [IOOTHEIHO HAMHPAHETO HM ¢
HaBE3MOKHO. CTaTHYHATA HEOIPESIEHOCT C& 0TCTpaHsBa, Karo Toukata O
MOYXE [a ce ,, IBEDKH™ 10 0c1a Z, T.e. N, = 0 N, MoXe 1a ce OnpeseH.



