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ciep -mouerHe GpsilHe CyIPOTaH OTHOPY, Tauka he ce HOHEKIe KPeTaTH °y
T03UTHBHOM CMepy, I0CTHhE MaKCUMANHU TYT, W OX TPeHYTHA Kana Oyne.
v =0, Bpahahe ce Hasap Jo 110Ja3HEe TAIKe. Axo je max vy =0 Mad v, <0,

Cm 622

Tatma. he ce Beh y Hoqemy (t— O) RpeTaTH y. HeraTHBHOM cmepy (y
cMepy oTuopa) 1o TIOTA3HOT nonoma]a ,[nlarpamn 33, .CBa TpH ClIydaja

nprKasagi ¢y Ha, Cl. 62.2.
3. HPBJIaBHH cnyqa], A= Ic OGa Ropeﬂa Eapamepmmqﬂe IBJIHa--

qHHe Cy JeAHaka W peatHa: . - .
R A A —*l

‘M3 reopuje IIHq:yepeHunlaJIHHx 1enﬂaqnﬂa. 3HAMO 1 cy caZia TapTH-
KyJapHH HHTErpajn - .. .

Aet ""H'%*- -Btié"'-‘i*i
HalH!-JIB 13 HOH&EIH& ]eHHaIIHHa EPeTaH;a i

‘Hurerpauvose KOHCTAHTE onpehy]y e ¥a JaTHX MOYETHHX yCIOBA.

XapMOHUYHA H aMopTHBOBaEa ocmmami]a MaTepujajdHe TauKe, Koje
CMO [0.Cala pacmana.uH qHHE ocHOBy Teopme OCILI’IJIELD;II]& EJI&GTH‘EI-‘
HHX TeJa (ﬂITaHOBa, nnoqa HTJI) ROla. AM3, Bamﬂy TpHMeHy y TBXHHU,II
CBaKo eJacTHIHO TGJIO 1:0]3 ,IIOGII]EL MGMBHT&HH HanIc (cune 161031 cnpera)
IOYNHE 1A ocuﬁnnme' Hpema BpPCTH Hmnynca pa:smmy;emo TPH BpCTe
OCHUITALM|a eIACTUIHOT MITANS. 1) JIOHPHTyJJ;HHa.}IHe ocumauﬂle (oclm-
Jaluje MCTe3amha) ycled UMIyJaca y UpaBuy OCOBHHE INTana. 2) Tpanec-
BepP3aJHe OoCIUIaLKe (OGIUIALU]e camqa&:a.) ycnen MMIIYJICa YU PaBHOTL
Ha OCOBHHY IiITana, I 3) TopaHOHe ocunnaunle ycliel MOMEHTAHOT
J.[e;;cTBa copera y paBHH yﬂp‘dBHO] Ha, oc:oBHHy mrana. Haxactuane ocuﬁ-”
Janmie Teda -HACTAjy yCIeX :MeXaHHYUKe eHepruje 'KOja ' Cce ' MMIYJICOM Y
mux yoocu. Kama 6m ce Ta ‘GHEDIHjd ‘onpmana ¥ anoﬁﬁTH()] BEeIWIHAHH,
ocuuIanuja OM Ouia XapMOEHYHA, Tj. Tpajada’ 611 GeCKOHAYHO Ayro-ca
CTaJHOM AMIIATY JOM. HcfcycTBo ‘HaM Kaiwe, ‘[a TaKBe j€HHM jenHHNM
 MMIIYJICOM NIPOM3BEJeHE ociinanyie - nécue Ayimer uwau Kpaher BpeMeHa
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npecffa]y Ocumaluje ¢y aMopTH30BaRe. Yspon je TOMe IITO Ce HMIYJICOM
 yHeTa eHepr#ja He TPOIIM y HeJIEM H3 ussoheme QcuHIaMja, JOTHIHOL
Tena. Tela BUCY HOTOYHO eNACTUYHA, jeJaH J€0 eHepruje Tpeliu ce Ha
H3Boheme nmioacTuaHMX (TPajHUX) neqmpmauma IpeTBapa ce y TONJIOTY,
jemaH. Keo MOBOIH y OCHIHTAI{U]y 01{0.:1113 CpPeJlRHYy.

Ocuuianuje Hexor TeJa, HponaBejene jeJRUM [eJHHHM HMIYJICOM
80By Ce comcTBeHe HIM cilobGoaHe ocumianuje. Cpako Telo uMma
GBO]Y CONCTBEHY OCI{MJIALlU]Y (nonrmynﬂﬂaﬂﬁy, TpaHCBepaaﬂHy U TOP3H-
OHY), KOja 3aBHACH 0J MaTepujaja, Oﬁmuca H .II.HMeHBH]a ROTR‘JBOI‘ Tela..

63. [Ipuaynue ocuﬂnauuje. Axo Ha MaTepﬂlanBy TAYKy Mace m
- AejcTByje OCHM -eJacTHIHE CHIe — K% o amopmaylyhe cyne, — 2lv jom
HeKa TpajHa CHiIa Koja CBOjy Bennqnﬂy ca BPEMEHOM N epPHONAHYHO Memha,
30BeMO OCHHJIALN]y MPHHYAHOM, & HEePUORMYHY CuIy P 30BeMO T e€DP-
| Typﬁa[IHOHOM (nopeuehalﬂom) OHJIOM ‘Jep oma CONCTBERY (cio6oxRy)
ocmmaun]y TadKe nep*rypﬁnpa. (peuem) OBe npﬂHyﬂ,He ocuHJIan;I«ije IMajy
BaXXHY yJIOrY HE CaMo Y Texnnmco] Mexaﬂmm (ch}maun]a ‘MecTa yme,u”
PUTMUYKOr KODAYama BOJCKe IPEKO MOCTa, OCIIHJIILD;Hj q)yﬂﬂamem*a "
YMTABHX 3rpaja’ yeaed DPHUTMMYKOL KpeTAlma MaHIHH3 K.T.c.) ‘Bero n y
JpyruM rpadaMa Pusuke (Axycrauy, Pannorexspuy, Ontunn HT,H) i
Hajnpocruja mepuoivyHa. 3aBHCHOCT CHJe O] BpeMEHA N3PAKEHa, ]e |

JeNH3YUHOM. L g o . o

P == P.;. smnt nakne u==u,sinpt. - - (63 1)
Ilepuona cuie je 2z/v, a WmeHa BeTUYHHA BapHUpa 34 BpBME jexse mepuo-
ne uamehy + P, — P, CraBom (63. 1) 00yXBATHIM CMO M HB.]OII]I[TH]H__

‘CIyyaj 3aBHCHOCTH P = f(). Jep Ma Kako KOMIMHKOBaRa GHIA Ta 3aBU-
CHOCT, MU je MoxeMo moMohy & ypue-osor pena (J. Fourier, 1768—1830):

P b (t) = a,singt 4 @ sin 2nt -Ga sin 3nt + .. ST
T bl GOSTJf + 5 6032171‘ + b, cos 3t + L

paanomﬁm y uolemme TpnmﬂomeTpH]cEe d)yHRuH]e i ymua] cBaRor“
WIaHa TOra peja HO]enHHue Hc-rpam;mam U Ta HO]GI[HH&‘IH& J.[echBa"j
Ha OCHOBH NpHENMOA cynepuoanume anre6apeKy caﬁpam |
Ca. Bpenﬂomhy (63. 1) nepTypﬁauHOHor yﬁpaa,}ba i ma.cnhe JJ;H(I)epeH--
uﬂ]mma ]e,zma.qlma. upﬁﬂyﬂ;ﬂe ocmmaunje
5.
: | tét.: I _dx + k’x -—ﬂu., smqt - - (63.2)
OBa ce jexdaaduda p_aaa.u,mey]e__ On (62.2). 55 TQJI‘HKD;, 70 Ha NeCHO] CTPaHY
MeCTO HyJe €rojd Hepmyﬁauﬁuﬁn' ugaf] y,sinnt. JexmauuHa (62.2)
30B€ C& XOMOTeHa; ]enﬂaquﬂa (63 2) je Hexouoreﬂa & IbO} npuﬂana.
XOMOTeHa jefHAYUHA (62.2)., i L -
- Ha TeopHje JIMHeapENX ;mdaepeuun]ananx ]e,IIHaTIHEa aHAMO Ja. hemo-
lmfmm onmm HHTErpak HemMQPQHe jepaaunue (63.2) kaga jexHOM Hs6-
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HOM NapTHKYJapBOM HHTErpafay - ZoJaMo- OINHTH I/IHTBI‘paJI (62 6) GH&'
xomreﬂe jenmgaunpe (62 2) T TN
W3 uckycTBa HaM je [IO3HATO 113, ce HOTpECH aymuot‘mna Iwgi 6p0ﬂa
KOjH{ cToje MIIPHO, yCJIell MOTOpa KOji je y mumMa y loxpery, sbHBajy y
HCTOM TeMIIy Kio H MoKperd Moropa. M3 re rmj;,me Bar/pyuyjeyo na he
KpeTame ycred CHIe P GHTH NepHOIWYHO Ca ' HCTQM KPY/KEHOM ¢PPEKBECH-
MUjOM 7 Ka0 M cHaa P. AN NomTo NEPHQANYHS OpoMeHa ciie P m
IPOY3POKOBAHA OCUHIANH|2 e MODajy m{am{ I?EGTy qmy, TO heuo nap-
Tmcy.napﬂu HATErpaJg CTaBUTH R T |

X =X, = Cﬁlﬂ(ﬁt——a) -'(63 3)

Osme C M ¢a3Ha KOHCTAHTHA & HHCY IIpOHGBOJBHQ nHTerpaquHe KOH-
crafdre, Hero ¢y ojpeheHe - ARPepeATAjaTEOM jensasmnoy (63.2) Kao mITo
he ce oMax DOKaBaTH. JHAKOM X; je- Hamameﬂo Ia je TO CcaMO jenam
neo (UapTHKYJIADHH) IyTa X. -

Huabepenrujanelin QGS 3) ABamyTa Mo ! HOGH]&.MO

d

dt
(Ose BpemmocTi MOpajy 3a/0BO/HaBaATH j'enHatm'H'y (63.2). Kana 11$ naKJjae
- CMeHHNMO H fa I[eCHO] CTPaHH cTaBHMO m‘ (qt — a:) + @ ,uoﬁnjamo
— Cn’gin (nt——- a) 1 .‘ZClnws (th—a) —]— Cx*sin (nt—-a)
== {{,8in (qt — a) cosa - U, coS (77?5 — @) sinc.

L

Razta koedpHuujenTe ON sin fm‘-—a) H (305 (7?1‘ — a) fa JIBBOJ 1 fes
cHn_l CTPAHI H3}eHaATHMO, J0o0HjaMO P

(& ——vr") C=u5co8a,
" 21 C =1t,sina

1 H3 OBHX HAJa3HMO KOHCTAHTE:.

U, o ""2'177
@ =) + Trgp BT e

Hpuﬂy,ana ocz;maqaja _]8 ,qame dpocita XADMOHUMHA OCYUNAYU]A €A UCTIOM
KPYIXHOM . PpeKEenyUjoM v KOofy Uma. Hepuopuina cura P, u ca cmaanom
aminuiiygom Co AJm_;oée_ogumamﬂa..(._'ratme U CHJe) He lpoJasze Kpo3.
BpeJHOCT HyJe HCTOBpPEMOHO; Kao INTO. U3 Apyre jenmadnne (63.4)
BHRUMO, Ouhe 3a k > 7 7). Kaga . je KpyMkHa (PEKBEHIHja CONCTBeHE,
ocunnauﬁje:mha O KpyskHe (ppe}cgéﬂuﬂje culte P, n >0,_;.ncmmaunja:_
Tauke Fao0cTajahe y ‘Gasm Haa _pcurmauﬁje; CHJIg 33 BpeMe o
afn CexyHana. _ S o -

Axo y jennauxHaMa (63.4) CManaMO au. k 51 l K20 )Ia.'re CTaJIHe Be-'
IHLTHES, MOKEMO HCIUTATH KIKO Ce Memaly aMHJIHTy).Ia, C u ¢asHa KoH-
cmHTa a TpPUHYAHE ocI{HIAlWje Kafa KpyMmua (pekBenunja 7z nepno-

C'= ' (63;4) '
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IudEe cmie mpohe CBe BpemEOCTH 0f 0 O co.- SaBmCHOCTH C, = f, ()
W a = f,(n) OpukasaHe oy qujarpamuMa 63.1a u 16. 3a n=0 je.C= u,/k%"

.
. " -
’ ] *
: S .-
A
. LY

C.u. '63.1 |

34 17—-— 00, C-—~0 IAHAj Ce acnmmwamq}m npuﬁnﬂmy]e OCOBHHH X.
Hajsehy BpeHHOCT Hmahe C xaja HMeH;HTer Ma HajMambY: Bpeﬂ;HOGT H3

d[K®— 2)’—|—4H.2 3]
- ~dn -

ganasnMo n1a he O, OHTH 3a ry'“' = k*— 2-1*; Rapa’'Ty BPENHOCT yHECEMO
y jenmavyuny 3a. C, nobujamo | |

N/ - "$'ifﬁ

. S Ty Ea | aeE

3a 7 = k le Cﬁ—— u0/21k naxiae 1e Ch< Comax- Y OBOM - cnyqaly K74,
je KpyxHa (pexBeHuT}a nepTypﬁauHOHe cuure: jefHaKa KPY#Hoj ¢pexsen-
KK Hea.MopTHBOBaHe xapMUHWIHe ‘COIICTBEHE : OoCLUNAIU]e,. I‘OBOPHMO 0
pPeCcCOHAHIU|H. 3a: -qr-- k " A= 0 namre Rana HEeM&- aMOPTHBaHH]e 110 |
cTaje C; = max—ﬂm; S A0t SR R o
| 3a.1) = k Ouhe tg ¢ = oo, maKie, a—qr.lQ ]enﬂaiﬁéﬁa ocm—i’nauﬂjé*
(63.3) raacu 3a cnyqa] peCOHaHHH]B o

mﬂ.x -

(63.5)

224" tin (,} ‘=3 ) = ook 80t (63.6)

X



6. UPHHYJHE OCHATANMIE e

- P - - .

~ Axo je roHCTaHTa amopmsaume Malla, MOJte aMIVIUTyZa ﬂ,a 63113
Bme ‘BEJIHKA, |

Y cﬂytm]y pecomEaHIAje 3aoc*rale ocnmanma. TauKe M3a CHJIE 3a
tIeTBpT nepuoge (a ==x/2); TO 382YH, KaJa Ta4YKa HMa HajBehy eJera-_
nujy + C, cuna P je jenHaka HYJIH, H o6paTHO, Kaja CHJIA HMa CBOjy
eRcheMHy BPBJ];HOCT + P, eloHramuja Ta4yxe je jenqHAKA HYIH.

Jenuaunna (63.6) HaM Kaxe 7a, aKO ]e IIepHOL2 nepTypﬁaqumHe cine P
OPAOMMKHO JelHAaKa HepHOJU CONCTBeHEe OCHHIJIAIHje TadKe (mrro BAKH M
32 CBAKO TeJO0 KOje MMa COICTBEHY ocunnann]y) MOKE T cpaamepﬂo MaJa,
CHLIIA Pu I3 TPOY3POKyje BeNUKe OCIUIAIM]e. |

. JegHaynna (63.3) je jeman napTHRyJIapHﬁ METerpall HBXOMOI‘BHB ,U,H-'
qJepeHumanHe jenmauunne (63.2), ,I[a. noﬁmemo BHeH ONMTH HHTePpaJI MO-
pamo ‘unTerpany (63.3) mogarm ommrH HETerpak (62.6) xoMoreme zmtbe-
pednnjadHe jenuadnne (62.2):

X, = a e (sin vt - e),
Takife TAACH ONNITH HHETETpas NPHHYAHE OCIMIAL]e

= X —-]— X, = Csin (gt — a) + a e sin (v + g) (63.8)
a mHeH H3BOI 110 BpB\IBHy Haje HELM Gpalmy

% == ¢ =y coS (ﬂi‘ — a) - aet [" cos (v¢ -+- 3) — 4 sin (”t T E)] (637

¥ onmTteM mMHTerpanxy (63.7) ey a u ¢ up__onaBo.]bHe HHTerpaloHe
KOHCTaHTe Koje oJpelyjeMo 13 yCBOjeHHX HOYETHHX yCJOBA. AKO HA NpH-
mep xohemo 1a 3a t=0 Gyme x=0 u v=0 noﬁmamo yﬂocehﬁ T& Bpen-L
HocTH Y (63. 7) (63.8): . 3 | 3 |
o -0 — Csine +asine = |
o 0 C:;eosa—l—a(vcﬂs.e-—lsms) |
a HB OBUX ]B,L[Ha.‘HIH& HAJA3aMo, ﬂma]yhﬁ Ha YMY 1a ]6 34 c.naﬁy a,Mop ,
Tﬂaaun]y (A < k) Ko}y mpermocTaBibaMo, v = Vi — 1%, o6e KoHcTanTe C U &

|

B (63".‘9j

- Axo 03HAYHMO \/(l!.,‘”3 ?7“)% 4 4 12 7] e— N: HaJa3H MO 113 qpyre_ 38}.1-
Haqnﬂe (63 ) | | | - AV

. A CkR—t
. _ sin o = Nn’ cos & = i N’?_.,
3aTNM M3 jemdauuna (63.9)
- 0k —ar 22 — k2 1 p?
Sine = ——; , GOS &= N
N "

- CpEsE TeapEsE G
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| Ra;{a Bpe,IIEIOGTH koRCTaRTH C, a, @ U ¢ U3 131{Hatmﬂa. (63.4) u
(63 10) yHeCeMo y ONIOTH HHTerpal (63.7), mo6ujamo jefHaduMHY KpeTama.
npUHYJHE ocurmaume 32 YCBOjeHE IIOYeTHE yciIoBe, y Kojo] ce mnamnase
K20 mﬁcmme pr}RHa. (I)peRBeHun]a cao6onHEE ocimiIanuje k, npnﬂynﬂe
OCLIHJIa.HHJE 7 H KOHCTAaHTA aMopTH3anuja 2A.

,ILHc[cyca]a, jeqHaIHHEe (63 1) HeMa HpaE‘.’I‘II‘IHDI‘ HHTepeca, ]8p con-_
CTBEHA, ocmmamua Opso HOIYe3aBa yciaell aMOPTH3aNnHje H ‘ocraje caMo
XapMORAIHA anHyI[Ha. ocumauma (63 3). -

Kana mepuogutyna cmia P mpecraHe ,I{E]GTBGBB.TH A Taqny m;. OHa
BPIOH JiaJbe CJI0GONHY ocurma.unjy, NOK O0Ba yCiel] AMOPTH3AUM}E He
WIIge3He,

Kana He 6u Gmm amopmaywher omopa (A = 0), nmann'ﬁncmb y
(63.7) ma craBumo » = £, ¢ = 0, e=m, N——— k2—7]2, C—-— u,/(k*— 1]"’), a=.
= Cn/k, 16 noﬁn;amo - | |

X = _L_lfnz (sinvt—z—sin kt‘), | | (63.11)

ocMianKja TayKke CACTOjana 6y ce W3 JBe XaPMOHHYHE OCHMJIANVje pas-
JIUYHTe AMINIATYAE K PasIMIHuTe KPYKHE PpexBeHluje.

JegHaumma (63.11) HaM Kaxe Kao M jeNHATHHA (63.6) ma axo cy
¢pexBeHNije epHOANIHE CHJIB M CONCTBEHE OCIIUIaIje npﬂﬁﬂnmﬁo le;[-
HaKe, aMINIATYe [IOCTHHKY BpJIO BeJIHKe BPeIHOCTH; TEOPH]CKY, 30, A=10

H 7=k 9aK H 6ecmﬂatmo BeJIUKY BPeNHOCT, - .
‘M3 OBUX UMILGHHIIA Koje €& OJHOCE M HA CBAKO €JACTHIHO ‘Telo,
3a,R.:{byqyjeMO 12 CBAKH TEXHHIKH O0jeKT KOju je H3JoskeH JejCTBY KaKBe
PEUTMUIKN OpoMeHJbWBE CHIe (MOCT, OpOJ, MAMIMHCKa BpaTHia, TeMeJbK
MAIIHHA HTH.) MOpPaMO Tako JLHMEH3WOHUCATH Ha (peKBeHNU]a MEroBe
COIICTBEHE OCLMIALIM]e HMM3 SHATHO PA3IHYMTY BeJHYHHY OX PpeKBemiuje
neprogudYHe CHie. YCIel DPecoHaHIdje MOry yrudu MoCTa H THME M Ha-
npesama MaTepHjaya nocrahy TOJWKY Bennqﬁﬂy, Ia ce MOCT 110 MHOIO
MAIbUM TepeToM CPYMHY, Hero mTo je TepeT KoOji O MHAPHO MOrao HO-
cura. Jlyra BpaTiia GpOICKHX NpONeNepa CIaMaila Cy Ceé YCJel PECOHAH-’
nuje i3Meljy TOp3HOHe K OCHUJALUje BPATHIA N HEPUONUYHOr. MMIYICA
MoTopa. Bpox Koju ca Goka ymapajy Tanacm, Moske ce IPETYPUTH aKo [e
puTaM Talaca NPHONMKHO jeJHAK q)peRBeHuH]u CONCTBeHe OCI[HIaLUje
OKO0 DOJyJKHEe O0COBHHe Opona HTH. |
- Y Hosuje moba je Hayka o TeXHNIKAM ocuuiaanujaMa rpana Hayke
0 IuHaMI4YKo] uBpcTohi Kojoj ce obpaha cBe Beha mamma. |

1 [Ipamep. TpebGa uCnUTATH mnNpPAHYAHE ﬁ‘lmop'rnsoaaﬁe OCLUAAIKje MaTepujaiHe
Tauke TexuAe Q = 4,9 kg. Eaactuuna cuaa usHocu 8 kg 3a eaoHrausjy oa 4 mm, otnop

| ') Jlan4aHu MocT npek) pexe POHTAHKe ¥ Herporpa,uy Cpyluo ce 1897. kajpa je
npenasﬂe ORPEl BOjCKE PHTMWUKHM: KOPAKOM.
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amopTusaunje je- 1 kg sa 6p3uny on lm/sec, meprypbauunona cuaa -Positigl uMa e€KcTpeMHe
peanunHe 1 2 kg [lpernocraBma ce fa je KpeTame NOYETHOT CTalba MIBUE3NO. e
Tpawn ce amnantyna € ocuHaaundje 3a pasHe BpeAHOCTH onHoca n/k :

T =0,1; 03; 0:95=- 10; 1,5; 40.

I'lpm{asam rpaqquu byBkunjy C == f(n/k)

MapasuheMo komcranre £, 4, uo maTMM BeauunHama. Axo ca P osnatlm.m €JACTHUHY
cuny, uMamo P./m -—Peg/Q — k*x, u onaBne k? = Peg/Qx, u ca P.=8kg, Q=49kg
£=0,4 cm, g=980 cm sec-2 ‘Hanasumo ki =8 981/4,9-0,4 = 4000 sec-2, k *V40 00= 63,1 sec-1
Ragae he Tayka y 2z cexyHana yysHuTH 63,1 ocnunauma Ges’' p63upa HA QTIOP. AKO OTNOP
03HAUMMO ca W, uMaMO uw=— W/jm = Wg/Q_.le n onasge 4=Wg/2Qv, kana yHeceMo
W—— 1 kg, v = 100 cm sec-l, HanaszuMo

1980

— — -1
i 5749 - 100 1 sec-1,

P, P, 2980
Uy = ==

m_ Q% 49 |

Kpyitsa dpexseHunja aMopTH3OBaHe ocuuaanyje je no jeanaundn (627)

Hajsan je |
| == 400 cm sec-2 .

v=|kF = V4000 — 1 ==163,1 sec—1.
Koucrauta amoptusdunuje 4 je npema k Tako mana aa ce » on k e paa.rm:{y]e ApH-
METHO. AM[IJ]HTy.Ila NprRAYAHE ocun.uauuje 1e no jexHauuHy {63.4):
O— o | . 400
]/(kz — 2R+ 4222 /(4000 — #%)* + o
[lo oBom obpacny uspauysarte cy Bpeanoctu C 3a TpaH{EHE oauoce yn/k u KDHCprHCHH je
Imjarpam Chf(:-;/k) y ca. 63.2. -

o1 | 6311 40 1 o101
08 | 505 | 255-102 - | 0,243
09 | 600 | 36 -100 | 3,03
1,0 | 631 |. 40 - 102, 3,17
1.5 94,8 | 899 100 0,08
4,0 253 C 64 0104 | 002
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-

I_lﬂjarpam Ha CJL. 63.2 oumrsexno mnokasyje Kako aMnIUTY A Harao pacre Kaua ce
dpexkBeHlHja NepHONHYHE NPHHYAHE CRrJje npnﬁnumn ($pexkBeHLHjH CONCTBEHE  OCHuAa-
nHje Tauke,

2. lpumenp. ﬂpﬂuynny OCLLHAANH]Y Marepﬂ]anne TauKe Mace m Kaja je aMOpTH-
ayjyha cuna — 24v jeaHaka HyAH, MOXEMO HM3BeCTH mnoMohy Haupase HPHKA3aHE HA CH.
63.3. Tauxa m Beaaua je usmehy pBe oupyre 1 u Il ayxuue a; u a; y HeonrepeheHoM

Ca. 63.3
cTaimy. Macy onmpyra me y3auMaMo y o6G3Hp. "IbuxoBe enacThule - KOHCTaHTE O3HAUHMO: Ca
¢t H G & ¢cifmay ¥ cymaz ca k* u k*;. Tauky namapajy y cynpoTHom cMepy canae m k%,

M M k%X, TRE CY ¥ H X2 enacmqua H3LyKeta Onpyra. lluﬂamuqua ]enﬂaquﬂa Tauke

m rA4CH |
ﬁ dzarl
| di?

Ilomro cxpamuo ca m n caenemo Ha HYay noﬁu]amo

:-—?nkzlmi—l—mk-gxg

d x1
aiE

Kpaj A onpyre | yuspwhen je y 3uny: Y pacTojamby a = ¢, + a2 Ofl 3Ula J€XH OCOBHHA
O oko koje ce obphe xpumaja r. Kpaj C kpuBaje o6yxsaheH je Npope3soM BepTHKARHOT
auHeana L sa koju je y%pmhen kpaj B onpyre Il. Ako je yraoua 6psuHa 5 KpUBaje
KOHCTAHTHA H BePTHKAJHH No/0Kaj JuHeana BohHuaMma OAPKABAH '(WTO NPETHOCTABHLAMO)
ppitihe L ¥ ca muMe Tauka B ycaen o6pTama KpHBaje XapMOHHUHY OCLMAAUM]Y CA AMILIH-
TYAOM # M nepuofoM 2a/y. YKynHa nykuna AB onpyra sapupahe usmehy @ —r una-}-r.
' U3 reomerpujckor 'ycnoaa Koju uutamo Haca. 63.3: ai3- 2+ astx, +rsinpgt=cq
MOMEMO E€JUMHUHHCATH Xg H yHocehu noﬁujeﬂﬂ Hapaa i HHH&MH'—IE}' jennaguny mobuhe OB
¢ o63upoM na je a; -} ag = a obauk -

‘1"k"13’f1—-k‘2 Xz—-O

dﬂ
le — o (k%1 + k%) 2y = — k35 7 sin g,
MNomro yBepeMmo A2 =Fk2; 4 k% u sy= — K27 raacuhie ndbepennyjaana jeanaduna npu-
HyAHe XapMOHHYHE ocuuHaaunuje | - - .
B, . 5
a2 + k2 Iy = o SIN ﬂt

tben uHrterpan pob6uam CMO Beh H3 onmTer cayuaja npurymeﬂe ocunnauu]e CTaBJba-
jyha A=0, -

I1 O[‘PAHH‘IEHO KPETAWE TA‘IRE

ﬁr\)ﬂopmannn H TaHreHu,maan o'mop Y. 59" I “CMO BHIENH
18 TaYKy Be3aHY 3a YBPCTY IIOBpumHy WK JUHALY Hamaza otoop W Te



- 64 HOPMAJHY .M TARFEBIUIAJHY OTIOP 49T

[

.IOBpHIHHE OJHOCHO JuHUje. llomTo. ce 3acama 6aBHMO npaBOHHHHchHM
- KpeTameM, a 0BO cé MOKe CaMo Ha PABHO] MOBPIINAN W Ha HpaBo] buiss03g)
BPIIATH TO heMo Te MPEeTHOCTABK® YIMHHTH. . - S SRR

a) I{pe'ra.lﬁe TadKe HA YBPCTO] PaBHH ‘JacHO je na ce omop

-).
]&BJBEL CaMo aHO TaA4Ry H&H&Ha HeKa

1aTa CHIIA P (c1. 64.1), Cura P 3amaua
- €3  HOPMAloM - HEIOMHMUHE IIOBpIHHHE F
yrao a: CHIY PasiaikeMoy HOPMAJHY KOM-
MOHeHTY Pp= Pcosa ¥ TaHIeHIH]aJIHY
_ KoMmoHEHTYy P, = Psina. Ma Kouuxa
O6una ROMHOHeHTa Pnﬁ,y he morTupaTH HOP-
MAJHH . o'rnop N paBHH F OH ]e JIa.RJIe leJ.[HOBHaHHO onpehen ch

S S N= 'P.ﬁc'os a,
Am yrao o« Ima, Bemiqﬁﬂy 2 < q:< 50 IBBI‘OB Rocﬂﬂyc je HeramBaH,
name je ormop- 'N.meratusaf. To ‘3Haqm na ‘ﬂe ce TaYKa ONBOJUTU Of
‘paBHEE F' ¥ KPETATI Kao- cnoﬁoHHa Taq‘Ra. Ha. . T0 COPEYMMO MOpPaMoO 3a-
“MECHHTH J[a Ceé TAIKA MOMe RPBTaTH C&MO Hsmehy nBe ONHCKe napaJseHe
CpaBEM Fou F 'Y HPBOM cnyqa]y POBOPHMO 0 ]EHHOGTP&H()] Be3u
“T4d9Ke ‘ca DPABHH, Y IPYILoM O OGOGTP&HO] B€ 3 H. - |
Tagxy m cMmarpaMo BP0 MaTHM H&pﬂ.JIBJIBHHIIBI[O\{ E.D]H GBO]OM OCHO-
BOM K3 M Ha paBHN F .onuocuo usmehy pasam F u F'. ARD Cy PaBHU
xopmomanﬁe OHI[& ]e N T2 — mg, Eana CeM TEeRHIHe HHE&HB& npyra CHII2
“He Hamama. S ;
©- ‘Ranga tauyku Ha xopmomamm; paBHH AaMo II0YEeTHY Gpanﬂy v, OHA
ke ce RPBT&TH yCHOpeHO u nocre f:paher HIM Ty:xer BpemeHa crahe.
"Hs e’ OgHTIeHEe THHeHUIe 3am.15yqy]emo Ja Ha Ta4Ky ﬂechBy]e CHJIa
cymporHa Kperamy. T§ cHIy 30BeMo TaHTeHOHMja iEHM ormopomM T
HIK OTHOpOM Tpekba IPpH KAHsamy. Bermanmy ornopa J cramy je
CaM0 MCKYCTBO OApenuTH. PPaHIyCKH - ¢usmgap u nExemed Hywon (C.
Coulomb, 1736—1806) Ha 0CHOBY CBOjHX MHOTHMX OTJela Koje je caM ms-
- BpIOHO, Hamao je obe uumesnue: 1. Tpeme -pacre  ca  panaBoihy mnosp-
IIHHA Koje ceé Tapy. 2. Ormop Tpeﬁ,a. je cpasMepaH HOPMAJHOM IPHTUCKY.
- 3,.1lpx HeTOM NPHUTHCRY . TPEme }je He3aBHCHO: O,I[ TIOBPIIHHA KO]€. C€ Tapy.
4, Tpeme y Mupy je Behe mHero mpu kperamy. 5. Pasiuka. GpsuHa. Texa
‘Koja.ce Tapy.HeMa Ha -BeIUYUHY TPema KO HCTOI MATepHala HUKAKBA
yTHOAja: . a KOJ HeKHX TAaKo MAaJW-Za cé BelnHOM MOMKe 3aHEMADHTH. .
Kon Tpema y MHpY ysumMa EyJIUH U afixesujy y o6aup. |

- Hpyru eras  KyroHOB onpeljyje ‘BeNHUMEY TAHreHIHjainor ‘oTHOPA
ST = fN-rge je f-6po] 3a CBaxy Nmap IeBpIIHHA . KOje Ce TAPy KOHCTAHTAH
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koepuHH]eHT Tpema. Ilo 9eTBPTOM -CTaBy MopaMo PasTHKOBATH - me-
| cpHuH]eH'r CTATHYKOr TPEeHa HAN aNXe3HOHOT orrnopa fn 0,11 Roaepn-
NHjeHTa KMHETHUKOT Tpema f. - .y e

| Peaymy]yhn OTIOP pallaBe  PaBEHW UMa npema Kyaopem .saxony
'BeJmeHy

W NVl 7

npasal cule Psine ca cyrrpomﬂm cmepom Peaynm‘rﬂ RyJIUHOBHK Hc'lpa-
MRUBATHA caﬂpma.ml cy y uﬁpa.culma. Lo U e

T fN u fo>f

6) I{pe Ta,H:.e ;ra*wﬁ Ho prT-{J] Apapaj JII‘IHH}II.;.TEL‘:IES’ m .3a-
MUAMIBAMO ¥ o(i.xmr:y MaJor ncheHa. HaBY4YeHOI' Ha MNpaBy RHULY Henpo-
~ MEHJbHBOY" 00IHKA TAKO Ta& Ceé HPCTEH M

RdUa Ha HexoM ofuMy nonupy]y Cﬂ.ny P
“Koja Tatmy Hanana W HamyTa “je’ HpeMa
HCHMIH 38 Yrao, a, IpojdauuparMoe Ha KUY
M H3 HOPMAJAY PaBal y TAUKH (c;x 64:2).
- Pgose je. akcumjaxna a P sing. Hop-
,. _.uaJIHa KOMIOHeHTa. 1IpBa Mema ﬁpanﬁy
 TadKe a Jpyra ce HoTHpE ca- HOPME}J“IHHM
=.T_pmopom dpne:
Psma — 'N.m 0 S

. f." ’ 'r:,".

1

. i-{ R

Hom'ro ]e B34 T&T{Re m ca :&muou o60-
- CTpaHa, MOKe ornop /N uMATH CRAKH IIpa-
I | | r_\.él.Ba.I_I y. HOPMaJIHO] paBam Tauke. m. Kana
S T Gase N pasiomnMo y KoMmopenTe. N, u.N; a
cmlg P y HOMHOHeHTe X Y 7 MO?RBMO Hanﬁcarm ]eﬂ;HaqHHe |

d’x
dﬁ"

Y l];pma.\mn;n KPHUBOJUHH]CKOT RpeTa.H)EL Tayke caaﬂahemo 18 - 6uIo
73 je Tayka cuofonHa, BesaHa 3a IOBPIIMHY ‘WIH JIHHU]Y OCTABIHAMO
. TpHA jBII'H'aTIHHE"Rﬂje"foilpe}jyjy ‘TpU: HeIIO3HATE Y IPBOM ¢aydajy Tpu yoOp-
‘3aBba, y ApyroM IBa yopsama. u ornop N, a y TpehéM jexno yop3ame u
ABAa KOMOOHEHTAJIHA ormopa.: JIpyruM peduMa. 'CBAKY HeCA000JHY * EAUKY
MOKeMO CMATPATILL CNOGOAHOM KAAQ OGITOpE CMATPAMO HATLAARUM- CUNAMA.

X fVN= :+Nz, '-'--%Ny 0 Z N

'l.

A

- 65. KpeTame TeMKe TaduKe -00 rIATKOj ¢TpMoj paBnu. Ha crp-
Moj papHHM (garma o) Kpehe ce Ta4yKa MAce m. JenuHa HANALHA . CUIa:je
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‘BeHa TesmuHa mg (cum 65.1). Cumay
mg -Pa3dakeMo Yy HOpPMAJHY KOMIO-
HEHTY mg cose. ¥ TaHTeHIU]AJRY
mg sina. IlpBa ce moTHpe ca Hop-
MaJIHAM OTHOPOM DABHH, JaKie
je N = — Pcos «. TaHreauujagsa
KOMIIOHEHTA Haje TadKH YOpsame
4= g sina. AX0 je moJYeTHA Op3HHA
Ca. 65.1 - TAYKE jeJHAKA HYJIH MIM MMa OpPaBaIl
Halaeher‘ naga AB, Tadka he ce Rpe'ra:m y Toj IpaBoj. 3a CBAKM IPYrH
npaBan 6nhie myrama Tauke Tapaboma (B. €. 41), o

Sa TPaBONMEM]CKO KDeTame Tauyke Ha rIaTkoj (f ==0) GTPMO] PaBHH
raace nHosgare jeqHaddHe ]enﬂam yopsanor RpeTa}La ca u=— g sina:

sma | S | - - .
S==1,1 ig 2, v = vy 3+ gisine, v’——v20=i2gs sine.

[peTmocTaBNMO IPBO 13 je vﬂ-:-O 51 TpaﬁtHMO 6p3nHy Ro]y ]e Ta9Ka.
Ha Kpajy nyra AD = ¢ nocraria.
A3 Tpehe ]e,IIHa‘IHHB "HAJIA3UMO

v ——2gcsma

a 1MOMTO je csinae==~h T0 je =~ |
| v=)2g h.
Rpajma je Opsmaa /axne He3aBHCHA 07 Haru6a paBHH U jenHaKa

“je O6psitEM ci0GOHHOr Mala 3a HMCTY BHCHEY. AKO ca ! 03HATUMO BpeMe
Koje je npo'reﬂ:m y nany ACa cat Bpeme Ha nyTy AB, IIOGTO]H lenﬂaﬂmﬂa

vu—-gtsm o= gt',
HAaRJI1E
J- : : : o . tr'

[ — — .
S sina

3a ceakd Harud ¢ < #/2 je { > ¥ mro je ouepuamo. Galilei je
Ty YALEHUNY MCKA3a0 CTaBoM: BpemeHa apepenux aywiosa 0AHOCE ce Kao

AyliHe Uydiosaq. |
Ha murame wonuke hie nyrose mpehu Tauka Ha PasHUM DaBHUMA 33

HCTO BpeMe t, moGmhemo O,I{[‘OBOP Kajga M3 oﬁpaaaua

_ g sma

t* & h=§t12

CIMUHHIIEMO BpeMe. PesyﬂTaT GJIHMHH&HH]B
| c="hsine

Kasme ;:La. he Tauxa nymTeHa 13 A 1o cTpMo] paBHM AB cTHhH y T&‘IE}’
D =a nepm})epnm Kpyra TPeIHNKS / 38 MCTO BpeMe Kao § chGonHOM

Mexaddka Tauke 9
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nany ox A mo C. GBe IyTeBe AD AD1 ., Kao H nyTese DC D,C. npehﬂhe |
TadKa M3 CTaba MHUpPa 3a HCTO Bpexe ‘ | |

5

g.

TH Cy IYyTeBH H30XPOHH. |
Kana caury 65.1 ofpHeMo Tako na je crpaHa AC = I XOPHB0HTAIHS,
JIMaMo HHU3 CTPMHUX paBEM BA,BA,,.. [Ilyctumo us B, B,,.. TemKke Tadke 7a
mafajy Ays THX PaBHHA; UHTA ce IO Kojo] he paBaou ragyka cruhm Ha Haj-
Kpahe BpeMe y A? - | )
Hy:xuse c=AB cBUX DaBHH Imaly 34 npojexuujy h, maxie ¢ = ffsina=

h
t_zl/gsin 2a

_Ha]Rpahe EpeMe Je 3a @ = 45°,

mm = 2 V“‘"“‘

Axo ce rauka Kpehe U3 B HA BHIIe TOYETHOM 6PBHHOM vy, Opehuhe
110 CTPMOj PABHU LYT v?y/2¢ sina 32 BpeMe f; = v,/gsina.3a a0 jefy > 0.
Ha X0pH30HTAIHO] INIATKO] PABHH TAUKA he ce jeJHOIAKO KpeTaTH 6eCKOHATHO
ayro. CawunuM pacyhuBameM nomao je Galilei ma HIejy NpwHIHIA
‘urepnuje (wri. 10) xoja je Texk IbyTH Kao OPBH 3aK0H KpeTama H3Pa3Ho,
y [lax Ba roaTxoj CTPMOj paBHM o0Jf HCTOpHjCKOr je 3sHagaja jep je
‘(Gralilei sakod cxoGoJHOr ©afa HPOBEPaBao OINEeNMMa Ca KpeTameM
TauyKe HA CTPMOj paBHHU. Y3uMajyhum meHy AyKHHY c= 14 m, BHCHHY
h = 1,17 m, mo6vo je sine = Afs =1/12 u Tako OpsuHe CIOGOLHOr HANA
CMambU0 Ha [BAHAECTH Jeo Ja OH Mepeme LYyTOBA M BpeMeHa €4 CBOjUM
NPUMHUTHBHUM CpeTCTBAMa oMoryho.

— gi* cosa/2 1 oIaBIe:

66. Paane BpcTe oTmopa Tpema. llpema oGIMKYy HOBPIOHHA KoOje
ce IO NPHUTHUCKOM NOAWPYjy ¥ Tapy (paBHe, HUAWHADHIEE, KOHHYHE M Y
OIlMTe O0OPTHEe MOBDPIIKHE) H NpeMa BPCTH PeJATHBHOT KpeTamba DPasiuKy-
jeMo Tpu Bpcre OTHOpa Tpema 1) mpHM KIM3a®my 2) ONPH BPpTEHY
(bpaHI, pivaiement) v 3) mpm xoTphamy. Ipmmep 3a 1) je ykpcra
rJIaBa MOTODHOT MeXaHM3Ma Koja IOJ OPUTHCKOM Bohjuua (IMHeaka) BpOIH
ocguranujy. OBaMo ce MoKe PAYYHATH OTHOp Tpekha ¥ PYKaBIHMa XO-
PH3OHTAIHOI BpaTHIa Koje ce oOphe OKO cBoje reoMeTpHjcke OCOBHHE.
PyraBnu ¢y nquIMHAPAYHM U Ha LIeIoM oMOTAaYy ofyxBahedm cBojuMm Je-
JKHINTeM Ha Koje IpeHoce onrepelieme Bpatuia. llpumep 3a 2) je Beprn-
‘KaaHo Bpatumo., Cala MMa HOme JEKHUIITE N8 NPHMH IIe0 TepeT BpaTHia.
MunEprIEY pyKaBall 3aBpIIaBa Cé HIM PABHOM MOBPIIHHOM YOPABHOM Ha
OCOBHHY BpPATHJIa WIM KOEAYHOM NOBpmMHOM. Te NoBpIIMHE NPHMA]y IpPH-
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\ .
rgcak BPATHIA NaKIe 7Majy oTuop Tpema IpH Bpremy. 06a caydaja 1) m
9) ¢y ¥ CYINTHHM HCT2 K PasIdKy|y Ce& caMo y PacCHoJelH eJeMeHTAPHUX
oruopa fdN y nojequEaM eleMeHTHMa dF MONHUPHUX TOBPIINHA.

OTnop Tpegha HPU KOTPJbARhY YBPCTOr BalbKa (TOUKA) pasiHKyje ce
y CYNITHHH oj IpBa paBa caydaja. Om moctaje ycaen nedopManuje (yruda)
Ba/bka ¥ Herope nopiore. Hoepunujenre f # f, samerwyiy OBE KOoe(UIH-
jeHTH e M e, KOJH HMajy NUMEeH3H]y NyMHUHe ¥ MOry ce camo - OrJIe/[oM
oJpeluTH. - o \

OTmop Tpewma je NOped TelKUHE HAJBAKHU]A CUIa y IPHPOLU H Tex-
guiu. Rajga He OM OMJIO oTUHOpPA Tpema (M To CTATHYKOr Tpedha) He OUCMO
ce MOTIH KpeTaTH HU KakaB npenMer y pykamMa apsaru. OToop Tpema
(1 cpenquEe) oMoryhyje caobpahaj Ha cyBY, y Boau Hu Basngyxy. Ilpm mo-
JeIUITy MoBehaBaMo BEIITAYKM OTIOP TPelma HOCHOAHmEM IIeCKa Ha IMUHE
M nyToBe Ha GHCMo KpeTawbe oMoryhumy. Ha cympor oBoM KopHCHOM 1ej-
CTBY CTOje MITETHA& 1€JCTBA OTHOPA KHHETHYKOT TPema y 3TAAaBIUMA M
pPyKABIOUMA -MAIOHAECKUX OpraHa. CaBnahHBafbe TOD OTIOP& TPOIOM €Hep-
rdjy Ha padyH xafa-a JOINMDHHX IOBPIIHHA M 3arPeBaibd OKOJHOIr Ma-
TepHjada M THMEé HOCKyNJbyje NOoroH Mammupe. I'yéurak eHepruje ce He
MO’Ke MOTIYHO H36ehn anm ce Moe SHATHO CMamUTH yBOLemeM TeJHO-
cTH M3aMeljy moaupHHX moBpmuHA T]. NoAMasuBameM. JlejcTBO MasuBa
CacToOju ce y ToMe INTO jelaH Jle0 TeYHOCTH HCIyIHhaBa HepPaBHUHE LOBP-
mmHe a ApYrd ofpasyje cio] Kojud pasnBaja obe moBpINMHE,
[IpoSiem Tpema Mas3aHUX INOBPIINHA je npenmer XHUApoMeXaHHKE.
- MasuBa Cy TEYHOCTH C3 YIYTPAIIERHM TpeHmeM HIHM BHCKO3HE TeYHOCTH.
Teopuja TaMHHADHOT KpeTama (Tj. y UapalleIHMM CilojeBUMa) HAIABH
N2 je 3a Belnxe OpsMHEe M MaJe NPHTHCKa OTOOP Tpema naMely gsa reia
cpasMepaH HUX0BO] PeJATUBHO] Op3HHIL v, _BeJmImH-H F TOKBaIleHuX JIO-
BpOIMHA, & 00paTHO CpasMepaH ne6/buBy i caoja TeusoctH: T =1 Fo/h,
roe je v KoedHUHjeHT BHMEeKOo3HOoCTH AuMensuje [ml* {1] Koju ce
jako Mema ca TeMIepaTypoM TeJHOCTH,

- YobudajeHa MAasuUBa CMary]y OTHOpP Tpema IO OBOM peﬂy Jm], CyB
calyH, CBHICKa MAaCT, MacIHHOBO JIbe. ._ ‘

Oraegu mokasy]y Ha BoLa Y BehwmHM ciaydajesa HOBehaBa OTIIOP
Tpema TAKO Jla C& MOJKe HA3BATH KOHTPaMa3UBOM,

3a TeUYHOCTH Koje CMamy]y Tpeme Kao IITO ¢y MacTd M ylbad Tpel-
JoeH je HaBNB aKTHBHE TEYHOCTH, a 3a oHe Koje mosehaBajy ormop
Tpelma Kao WTO0 Cy OeH3WH, aMOHHjaK, TepHeHTHH, HasMB HeTaTHBHE
TeYHOCTHU. Boga je y cramby [a aKTUBHUM TeYHOCTUMA 0OLy3Meé CBOJCTBO
- AKTUBHOCTH. ;; |

Hon HexoMoreEux MaTepHjaJia Kao IITO je APBO, OTHOp Tpema Je
MambH Kala Cy OPH KIN3amy BiakHA 002 Tella MelyCcOGHO . yHIpaBHa HeETO
KaJa Cy IlapajieJHa; OBO Ce o0fjallibaBa THMe INTO Ce y APYIroM CIydajy
ofe MOBpIIMHE KOje ce Tapy BehMa ynujajy mehjycoGHo. L,

9% .
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Kox cysor Tpema 3aBHCH OTHOD TpeHma O MaTepHjaia Tela, K0]a
MeljycoGHO Kiause. lIpuvena MasuBa cMamyje SHATHO Taj YTHIA] Ha OTHOD.
Tako je Ha nmpuMep 32 KOBAHO IBOKLje Ha XpPacTOBHHH IAPAJeNHO BIAKHY
 ¢cyBo, f=0,609; mazano xojeM f= 0,085; s3a koBaHO rBoskhe Ha OpecTo-
BUHU HapajeJHO BJIaKHY cyBo f= 0,202; mMasano IojeM f ==0,078.

[Iperinsga MCOUTHUBAKA CY OOTBPAMIA Oa BPJIO TAHKH CIOJeBH TeY-
HOCTH (TeYHH (PHUIAMOBU) KOJH ¢a 3PHIMMa NpaimuHe o0pasy]y KalJbHIe
MOI'y 14 BeJIWYUHY Tpema HOTIOYHO H3MeHe,

Ha ocHosy KymoHOBOr 3aKOHA& CyBOI Tpemba K 3aKOHA O JAMUHADHOM
KpeTamy BUCKO3HE TEYHOCTH MOJABHMO J[0 OBOT ynope}jema OTHOpa Tpeba
Ha jeTUAHUIY IOBpIIHHE.

‘Kox cyBux moBpmrmHa Kox MasamEWX NOBPUIMHA
OTnop Tpema je cpasMepan HesaBHCAH O HODPMAJHOT |
 HOpMAJHOM NDHTHCKY IPUTHUCKA
Heszasucan ong GpsuHe CpaaMepan OpsuHH
SaBHCH O][ PAABOCTH NOBpMKHS | - HesaBHCaBH of pAmABOCTH HAKBa-

y ROOupy T | IIeHUX IIOBNIIHHA,
Behn y TpeHyTKy mnoKpera - JeHaK HyJIH y TPEHYTKY NOKpeTa.

U3 oBor ymnopehema je jacHo ma npuMeHa of6pasalla 38 CYBO Tpeme
Ha Tpeme MasaHHX ITOBPIIKHA MOpa AOBECTH O IPOTHBPEUYHOCTH Ca CTBAP-
Hourkiy; 3aTo ce HIAK y TeXHUIKMM IPOPaYyBENMa 360r jeXHOCTABHOCTH
TO ¥ IaHAC CKOPO HCKJbYUYHBO YHHH.

67. Yrao rTpema. Kodyc Tpema. Heonpeljeﬂoc'r paBHOTE)KE. 32-
MHCIMMO TAYKy TeKHWHe mg 14 JeJH Ha PamaBoj CTPMoj PABHH Harmba 9.
Kama marm6 mocremeno majou GpsmHoM moBehaBaMo, Tauka he ocrarm y
MHOpY, JaKjie y paBHOTeKH, NOK ¥ He IOCTHIHE BPETHOCT G- 3a cBakd
Haru® ¢ BasKe yCIOBH DaBHOTEME: |

. T=mgsind, N=mgcosd; N
HaKJIe | |
tg 'ﬁ == %.
Hajseha BpenmoCT
tg 2 = Jo

je xoepuOHjeAT CTATHIKOT Tpelb& a yrao g, je yrao CTATHUYKOT Tpema.
JenHaYNEA |

T<foN
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gajxe 14 Cé CTATHYKM OTIOp Tpema IojaBJbyje Y OHOj BeJIWYHHM Koja je.
" morpe6Ha Ha cupeddm MeljycoOHO KiIM3ame Tela M [a WM3BECHY IPaHuvHy
BENMIKHAY He moske mpehu. Pesynranra of Nu7 =f, N

W -——~NV1 +f0 f—N‘SEGQn

'3ammna ca HOPMAJIOM yrao g,. HKomyc Koju onucyje Hamamoa auBuja W
OKO HOpMaJie 30Bé Cé KOHYC CTaTHYKOIr Tpema.
(cr.67.1)., Cmiaa P npon3Bo/bHe BENWIHHE KOja 3aKJama Ca
HOpMaJIoM yrao < g, Ti. eI Y KOHYyCY, He MOJKe
TAYKy m IOKPEeHYyTH H3 CTamha MHUpa-jep.je meHa TaHIeH-
I(HjalHa KOMIOHEHTa

Psind = Ntg 9 < Nigo,.

\

H3BogaAne KOEyCa €y TPAaEMYHH NOJOKA{M CHIE Koja jom

7 Hehe HOKPEHYTH Temo M3 crama Mupa. Komyc Tpema mo-

Ca. 67.1  gasyje OUMINIEJHO Oa 33 MATEPHjaJHY TAYKy HA palaBo]

TOBPIDNHY HMa oo® MOIYRHOCTH DaBHOTeESXe,

- Bparumo ce TaukM (Teay) m Koja Ha paBEM Haruba o, jormr OTO]H y

Mupy. Ako Harul ¥ 3a HajMamby BeJudnHy moBehamo Tauka he ce KperyTH

u ca y6psameM g Ha Huske kamsuTu. llocTemeHuM cMarmuBameM Haruoa

cMampyuhe ce m yOpsame X 3a BeIHUUHY o Haruba Omhe y = 0, tauka he

KOHCTAHTHOM GpawHoM KaIH3uTH. Ilo npumnvny WHepliuje TaUKa Ce HAMASH
. Y PABHOTEXKH, pakjie je KoePHIUHjeHT KUHETUIHOr Tpema

a ¢ je yrao kuHeTHYKOr Tpema. Ca kéeduuujenrom f HaJasmMO

yOpsaibe Temie Tauke Ha CTPMO] PaBHH Haruba .

u = g(sind— fcosd)=gcosd(tgd—f) a 3a 3 =9, u,==g cose, (fi—f).
3a & < ¢ yOp3ame je HeraTHBHO, Tadka he KIN3NTH HA BHIIe aKe

ao0uje nmo4yeTHyY Op3HHY Y TOM CMepy.

68. Crapuju oriegu.ca OTHOPOM TpPeHA. [psu koju je BpwHO orIefe

- 6M0 je BEPOBATHO 3HAMSHUTH CAMKap H uHxemep Jleomapmo na Bumum (Leonardo da
Vinci, 1452-~1519.) Bpwno je oraene ca TpemeM NMpPH KINU3dMY Y PABHH H Y PYKAaBIHMA.

Y merosHM safenellikama WMa NMpPoTHBpedHOCTH. Tako Beau: ,CBAKO Teao ojynHpe ce HA

NONNO3U O KOjy ce TApe,ca YeTBPTHHOM CBoje TewuHe®. A oaMax 3aruM: ,Tpema rtena cy

O TOAMKO pPA3AdYUTC BEAHUHMHE KONHKA Jje DAa3NHYHOCT KAH3ABOCTH Tela KOja ce Tapy*.

PpadryckH (bHBH'qapIiAMOHTGH (G. Amontons;, 1663 — 1705.) spmuoc je 1699. ca ngocra

NPUMHTUBHHM ypehajeM omute ¥ ROIMA0 A0 OBMX pesyarata: 1. OTnop Tpeisa je cpasmepan

anTHcr{y 5 _Heéaﬂﬂcan 0l BeJAuudHEe NONWPHMX moBptuHa. 2. Omaj oTnop je 3a cma TENA

ca KojuMa je oriex BpilleH, CKOPO jeiHAX M H3HOCH OA MNPHAHKE jeRHY TpehHHy PHUTHCKA,

3. Kox Tena xoja ce xpehy croju OBaJ OTHOP ¥ CAONKEHOM ONHOCY npmﬁm{a, BpemeHa H
6pauHe. |

[Tocrenma Tayka THYe Ce OTNOPA Tped npH oﬁpfamy u KOTpmamy. Ilo AMOHTORY
+ j& oTHop Tpeida caoHWUa HA UBPCTOM XOPHIOHTANHOM TAY OTHPUAHKE 1/3 YKy NHOr TEpPETa,
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10K je XOf KOna y pasvepH o6uUMa pYKaBOa H TOuYKAa oTHOP MaibH.Tako Hanasm AMOHTOH,
sa ongoc 1/18 u f==1/3, na ornop Tpema KoAa H3HOCH 1/54 1enOKyNHOT Tepera. |

AMOHTOHOB pe3yiATAT A4 j€ TPEeme 'HE3aBUCHO ON BeauMuHe AOJUPHHX HOBpLINHA
#3a3B40 je BEAMKY CYMBY axajaeMHka; peayatatu ornesa Jlaxupa (P. de la Hire, 1640 —
1718.) caaraam cy ce y IrAdBHOM Ca AMOHTOHOBUMAa aau JIaXup unax cMaTpa a y H3BECHHM
[(IpUAMKAMa TPEelhe pacTe ca JOJHPHHM NOBPLINHAMA. . .

[lapan (A. Parent, 1666 — 1716.) morBpano je cBOjuM oraesjHMa ga Ha BEAHYHHY
Tpewma HEMAajy HY BEIUYHHA JOJHPDHHX MNOBPUWIHHA HU Op3HHA KpeTdiha HHKAKBE YTdilaje.
OH je y CBOjHM oraenuma OpBH NPUMEHHO CTPMY PaBaH NPOMEHHHUBOT Harub6a ¢ Ha-
3840 je Hajsehy HArud nmpu KOME Teao jOLN CTOjU Y MHPY Yr/JOM eneBauuje I{D]H AaHac
30BeMO yFJOM CTATHYKOr TPEmA.

Jlajoumn (Leibniz, 1646 — 1716.) nocsetHo je nuTamy Tpeia KPaTKy pacnpasy
1710. Ox xao w Jlaxup objammaBa Tpeme MehycOOHUM YKAAmaMHeM IHBACTHX HCIynyemna
AOAMPHHX TIOBPIINHA KOja TUPH PpeNaTUBHOM Kpertawy MOopajy OHTH HAIH CJAOMJbEHA
WAH caBujeda Mad usgurgyta. OTnop Tpewma CTOra MOpPA 3aBHCHTH Of GU3HUKOT CTakba
NOAUPHHUX rnoBpiinHa. KoeduuujeHT Tpema He MOXe 34 cBe MaTeprjane Ourn netu (f = 1/3)
ka0 wmTo j¢ AMOHTOH Hamao, Ca oCTaliuM pesyaTatuMa AMOHTOHOBUX oraefla ce CIaxe.
Xonanacky dusnuap u nexkap Myuen6pok (P, van Musschenbrock, 1692 — 1761.) Bpmuo
je Oraefe HCK/AYYMBO Cd OTHOPOM Tpewa y pyKaBuuMa. Fberosa HanpaBa (TpuboMerTap
cacTojao ce M3 NPBEHOr BPATHAA €A YeAHYHHUM pYKaBUdMa Koju cy obyxpahenn MeTanHuM
newumtaMa. OKo Bpatuia MOJOXHO je ye Koje HOCH Ha& KpajeBuMMa TacOBE 33 onTepe-
heme. CBcjuM oriejpnMa namao je: 1. ,H'.al je Tpeme qeaﬂqﬂor PYKaBLa pasaduute BeaH-
ygHe npeMa Marepdjany Jaexmdwita. 2. Tpeme HUje cpasMepHO TNPHTHCKY HeEro pacre y
pelieM onHocy. 3. 3a CBAKu Marepujaa IOCTOJH H3BECHA BeJHYUHA NOAHPHHX IIOBP:HIHHH 34
Koje j& OTnOp Tpeikha HajMamy; NIPEMa TOMe NPETNOCTaBKa 1a j€ OTHOP TPeha HE3aBHCAH
0/l BeAHUYKWHE JOAHMPHHMX TOBpIIMHA HHje ponywrTeHa, 4. Jok je peaaTHsHa 6p3u_ﬂa MaJna,
OTHOD TpEewa j& rotoBo cpasMepad Gp3WHH aak npu pehHM Gp3dHAMa pacTe MHOIO Opxe
Hero 6psupa.

Ipod. 3ernep (Segner, 1704 —1777.) 'y cBojoj ﬂuceprauujﬂ 1758. cmaTpa kuHue-
MATAYKO Tpewme HejelHaxKo ycrnopaBajyhioM cuaOM Koja 3aBucu on 6Gp3wHe, U M3BOJAH MaTte-
MATHYKHIM TyTEM, Ha' OCHOBY MyuieH6DOKOBAX OrA€Aa 34KOH M0 KOME CE NPHPAIITAjH
6panHe OJHOCE KAO JOTAPUTMH ONroBapajyhHX BeaxuuHa Tpewa, ANM Ce PAYYHCKH pe3yi-
TATH BehWHOM 3HATHO PAa3luKyjy On& pesyaTata oraena On Behe BPEAHOCTH Cy pauyHu U
ornexu Koje je Bpuino pynapcku umxemep ILllo6ep (Schober)1746. y jexnom okHy coHor
pyanuka Bujenuuke xox Kpaxosa. HanpaBa kojoMije BpmiHo ofriefe caduga je nosﬂa'ro]
AtBynoBoj mMamuau (G. Atwood, 1745—1807.) Hasranoj tako 1784.

HMaBewraj o meropoM pany (o6jasmen 1751) on BpeaHocTd je d paHAC Kao ymyT-
CTBO 3a CPauyHABalbe 0TNOpa TPEK:3a y PyKaBldMa U3 oriena.

' 3nameRuTH WBajuapckyu maremarudap Ajaep (L. Euler, 1707-——1783) nucan npse Ana-
autduke MexaHuke (1736. y Ilerporpany. Il mamame 1790. y I'pajdeBaany) 6aBuo ce teos
pujckd oTHOpoM Tpewma. OTnop Tpemwa NpH KPETamy CMaTpa KOHCTAHTHOM ycnopaBajyhom
CUAOM H H3 AudepeHUHjaaHe jeAHAUYUHE KPETama TeJa HAa PanaBoj paBHU Haruba # Hanasu
BEAHUUHY KoeduuujenTa J xusernukor Tpewa f=tgd — 2x/gi? cos ¥, rae  o3mauasa myT.
Y cynaementy 1l HBII.Ell-b& cBora jena y ceaaM mnoraasma (90 cTpama) mayuaBa AejcTBO
OTIOpa Tpema Ha: 1) TpaHCJIaTopHO KpeTawe, 2) o6pTame OKO CTanHe OCOBHHE, 3) KpeTdme
3BpKa KOjH CBOJUM BPXOM KAHBH IO XOPH3OHTAJAHOj PaBHH, (udurpa), 4) KOTp/batbe XOMOTEHE
nonTe, 5) KOTphaie XETEPOrEHE JAONTE HAa XOPH3OHTANHO] DABHH W 6) Kperawme (U3HUKOT
KAATHA, Y npsoM noraasimy Ajaep nedundume Tpeme # objammaBa ra Ha HCTH HA4YHH Kao
.Haxup n Jlajénun. Ceoja TeopujcKa H3narasa 3aCHWBA HAa TpuMa denoMmenuma: 1) Tpeme
HE 3aBUCH Of 6p3une Tena. 2) BeawduHa Tpelba He 3aBUCH HHM 0J oOJMKA HM BeAWYHUHA NO-
Bpil@HA Koje ce aoaupyjy B 3) Tpeme je CpasMEPHO MPHTHCKY KOjHM ¢ TEJ10 HA MOBpP-
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muHy HApUTHCKYje M Behe je mito je Beha panaBoCT nOBPLIMHA WTO C€ Tapy. Ajrepos

a

o6pa3au 3a BeNdYUHY Tpeba Hsmehy NUAHHAPUYHOr BabKa H 00aBHjeHOr ymeTa noﬁpo ]e |

NMO3HAT MAallHHCKOM HHXEHhepy.

b

PesyaTatd 10 Cafa HaBelEHHX H APYrHX .MCNATHBAHA TNOKA3Yjy BeJHKE Hecariac--
yoctd Tako na je Ppamgycka Axamemuja Hayxa 1779. pacnucana marpany sa uajﬁo;bu--;--

pajl © oTEHOpMMA y MamnHaMa. Harpany je apobmo KyzoH o xome je Beh y ua. 64 6uno
rogopa. Hanpasa Kynona-.3aa oraene ca TPEmEM KIAH3Amha CacTojana ce Ha 'MacHBHOT CTOAA
Ha KOME je yuspiuheHa maoya ox jepHor MAaTepHjana; m#jAoYa Of APYyror MaTepdjana (4iu
HCTOr) UHHK JHO CAOHHKIA KOje MOTY NPHMHUTH TepeT, lITH Tpeba 1a BpHid HOPMAAHH OpH-

THCAK. Y7Ke Be33aHO 34 C40HHUe, npeGayeHO MNPEKo XOPH3OHTANHOr BabKa, HOCH HA CBOM

BEPTHKAAHOM Kpajy TereBe KOjAMa ce peryiuile ByYHa CHAd Npu oapehuBamy Beauuune
KHHCTHYKOT Tpeiha. 34 oApehHBame KOEPUUHUjEHTA CTATHYKOr Tpewa yuspinlieHa je 3a-kpaj
yKE€Ta Yy MECTO Taca 3a TErose MmoJAyra Koja ce jelHHM KpajeM OLYOHPE O LOY CTp,aH_y

—r

CTO0Nd H HOCH LOMEDMHUB Ter. . |
K}’JIGH je BpUIiHO orjgene W Ca TpEH:CM Y PYKaBunMa BpaTHJIﬂ ca TpEH::EM BEpTH-

KaIHAX BpeTeHa H HAj3ajx ca TpeweM APH KoTphamy. Hamae je na je otmop npu koip-

bAKY IMJIHHAPHYHOr BabKa cpasMepaH omepehemy a obparno CpasMepan M0ynpeyHHKy
Badbka. O CYIITHHY OTHOpPA MPH KOTPMHABY HHje AA0 00jallibhelsha. .
"Enraecku upxewep Peru (G. Rennie) spuno je 1825—1829. ornene na mahe eau-
yuHy Xa6ama NOAHPHHX MOBPIUHHA APH TpeBY TeAa pasHOr MatepHjana, [lopea Tora omaxao
je n ornop Tpewma Cayxuo ce kao panuje flapad crpMoM paBaEu. OrjenHo TEAO KAH3HAO je.no
moj camo 11,4 cm. CeM MatepHjana xoju je Kyaou vcnuruBao, ogpeano je Penu KO&QJHqueHT'f
3a KOXY HA4 JZMBEHOM TBOXHYy H mamao f==0,315 3a ontepehewe 0,5 kg/em? a f=10,255
sa ABOCTpyko ontepeheme. 3a Mehycobno Tpemwe cykna: f = 0,5 no 0,35 npema kpaautery.
HajMamy BpenHocT Hamao je 3a uweawk Ha zaeay: f=0,027 aa 0,7 kg/cm? af_0014

3a b,6 kg/cm?3,
Ckopo 40 roguHa cMmaTpaHun cy KynoHosBH oraepu Kao jeauuu noysnaﬂn 3a TeXx-

HHlll{e pauyHe.
1830. moueo je ¢parnycku apt. kanerad Moper (A. Morin, 1795—-1880)cnoje Bp.uo
o6HMEE H npenH3He orjene ca OTNOPOM KAH3amA. Y NPHHUHNY Weros je ypehaj 6uo cauzan
Kynonosom. Jy#ura nyta usHocuaa je no 4 m a 6pauna xo 3,5 m/sec. HamoH yxera Koje
je Bykao caoHuue ¥ MjarpaM NyTa U BpeMeHa BesexeHd Cy ayTOMATCKH. 'HopManny npu-
THCAK Bapupao je uamehy 46 u 1145 kg, a AoaHpHe NOBpIIMHE n3mehy 40 i 880 cm?
Oraene je Bpmino Ha pasHUM BPCTaMa ApBETa, KAMEHA, rBO)ieM, MECHHIOM, GpOH3OM
Yy MHOCHUM KOMOGUHALMjaMa, ca KOXOM H YXEeTHMa, ca CYBHM, OBJAaXEHHM H MAa3aHUM NOBp-
myRaMa. Pe3yataTn ce mucy craraam ca Kyaomosum. Taxo Ha npuMep 3a XPacTOBHHY Ha
XPACTOBHHH Ca KpeTameM MapaielHO BIAKHHMA Hamao je Kynom: f=0,104, f, = 0,440 a
Mopen: f== 0,478, fo=0,625. ¥Y3pox OBHX HecaraacHOCTH JNaKO ce 06jallilkaBa THME IITO
CTeneH panasOCid HHje MoryhHO cTpero necbnﬂncam, npeMa TOME HHje MOryhHO HH HCTH

CTEreH y JOHHUjHM OraexHMa PenponyKOBATH.
U3 ceux 179 cepdja ca no xwmhaly oraesna wTo HX je MopeH H3BpuIHO, H3BEO je

OBE OMNIITe 3aK/byuke: Tpeme Apd kpeTathy je 1) CpasMepHO npHTUCKY, 2) Heaaﬂncuo ox

BeAHYHHA NOAWPHHX M- BPLIHHA H 3) Heaaaﬁcno oA Op3yvHE KpETAmA.

Mopen je 183f. BpuIdo oraeje ca TpemeM Yy PYKABUUMA OfJ KOBAHOT H JAHBEHOr
reoxha W 6ponse u nHamao u3 188 oraepa xoeduuujedTe Tpema 3a NOAMA3ZUBAHE PYKABlE
(ca ymeM, CBUESCKOM MacTi MAH CanyHOM) NPH CTAJHOM Ma3awmy: f; = 0,054, npu o6uunoM
Masawy: f1=0,070 —0,080: 3a mMaz0 MasaHe, CyBe UAH BOAOM KBamene pykasue: f;=0,140 —
0,160. Nounuje (on,1847 ) spmno je MopeH oraene ca oThopoM mpyu KOTphamy ca. HH/BEM
Jd ojjpeld OTHOP SANPEHHHX KOJd Ha OOHUHHM ApPYyMOBHMA. |

Oa MopenoBuM pamoBuMa 3aBpuUIEHA je NPBa €n0Xa EKCHEPHMEHTANHOT HCMHTHBAA
tpewa. Texnuka je yceojuna Kyaon—MopenoBa rieAHIITa H KOCQHUHjEHTH Jo H / Mope-
NOBH H RaHac Cy CKOPO MCKLYYHBO NPHMEHEHH. |
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¥ nomo] tabiniu HaBedeHH Cy KoepunmjeHETH f, ¥ f 32 Heke MaTe-
pujale Koju Ce M3 NO3HATHX Pas3nora MOTYy cCMarpaTH OpHOIMMHAM Be-

JUYHHaMAa,

f, 3 CTATAYKO TPeme |f 3a Tpeme IpH KIU3amY-
MarepujaJ . ' ' ’
C}V_BO MAa34HO Cd BOAOM CYBO MA434HO '_Cﬂ BOAOM
| | - .
Uenank no veauky | . 0,15, 0,10 o 0,10 | 0,01' e — " _-
KoBano rpoxhe no auseHoOM | _ - a L
win OpoH3H 39,18 0,10 L - 0,16 0,01 | -
TonmeHO 1O BapeHOM | | ~ L :
reokby | 1 0,50 0,13 0,65 0,44 = | 022
Metan o apeery 0,60—0,50, 0,10 | — " |0,50—0,20{0,08—0,02|0,26—0,22
IipBo 10 IpBETY [ 085 | 020 | 07 [0,40—0,20/0,16-004 025
Koxa mo merany | o060 | 025 | 062 025 | 012 | 0,36
[lpeo 1o kameny 0070 040 | — | 030 | — —
'-Ie.mﬁ o neny | ‘ | mo 0,027 — —_ 0,014 — —

~69. Kperame Taql{e 0 panaBoj XOPU3OHTAIHO] H CTPMO] PaBHH.
a) Ha Xopu3oHTAMHO] pamaBoj PaBHH kpelie ce Tauka mox JejcTBOM
jaTe cuile P U concrBene Temune mg (ci. 69.1).

Y npaBuy BepTHEAJE CHIe CE& HOTHPY:
N+ Psin® —mg=0 naxae N=mg— P smﬂL |
TaE[I‘EHIIHja.JIHa. CHIa je |

T=Pcos® — f N=Pcosd— f(mg Psmﬁ) |
YBohjemeM yriaa Tpema o HoGHjaMo [OCTe JAKe
TpchtpopmauH]e 36paaBa]yhy CHIY:

l .

mi = c"{}Sg[t'-j'cr:)s(g — ) —mgsmg]-

Tauka he ce KperaTHm KOHCTAHTHMM yOpsameM. Y npakcu Oubie mara Op-
3uHA v, KojoM he ce Tauka jeQHOJHKO KpeTaTH M BpeMe [, 3a Koje Tpeba
Ty Op3MHy Ja IOCTHrHe, THMe je xaro yOpsame u==uv,/f;. OBuM Hojgar-
M3 HAJASUMO BEIMIMHY cuile P ca Harubom ¢ K8 NOCHENbE jejlHAIHHE:

P (vy.c08 @)/t 1 g sin o m
| cos (g —v) -

Hajuamy BpegHocr MMahe cmna Kana je uMerHmial] HajBehnm Tj. 3a d=—g.

v, COS
_Emin = ( jt __Q gam o)m, |
| 1
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. BaTH TA4UKy Ja ce He kpehe yOpsaHo Ha Huke. Y o0a ciaydaja HajMamy
BpeJHOCT H¥a cuana P, 3a Haru6 ¢ == ¢ opema nytamd. I'paduuxo onpe-
huBame cure P, 3a-pasHe HaruGe ¢ je aHAJOrHO OHOME HOJ a).

[Ipumep. Ha nBema cTpMHM paBHHMa Haruba e, ¥ a, M Koedu-
YjeHTOM CTATHYKOl Tpema f, Jeme TepetH Q, H (), BelaHM MehycoOHO

N yxeroM Koje je mpe6adeHo0 Ipexo KOTypa

' | Ha Bpxy nyrame (ca. 69.3). Kana 3aHe-

— T _ MapuMo Tpeme y KoTypy Ouhe y neioM
dL~ ymeTy HcTo 3aresame S, TeMHHY yme-

g Ta He yauMaMo y o6sup. IlnTta ce y Ko-

jHM rpaHHUaMa Moxe oJHOC Q,/Q, ie-

JKATH a TTa He HACTYIOHU KpeTame. ilper-

NOCTaBUMO 13 Ce HajMAmHM NoBehameM.

Tepera (), IO0OYeI0 Kperame Ha JIEBO
- YcaoBH paBHOTe}Re cy

Cha. 69.3

S+ T,—Qsina, =0, —8+ T+ Q,sina, =0,
N, ='IQ, cos oy, N,==0Q,cosa,.
[Io KymronoBoM 3akKoHy je |
CLSAN w T/ N
CabupameM Hala3nMoO
T, + T,= (sina; — Q2 sin ay = fo (N + N,)

u nocie cmene N, u N, ncbajamo

Ql sin o, + f, cosa,

p Q.= smal——flcosﬁ:I'

1 yBOhemeM yIia Tpema g,

Q1 - sin (&; 4 0,) )

e pp—

: Qz — sin (@1 ~— @}

Kana 6u ycmen mosehama Q, HACTyHNHIO Kperame Ha J_[eCHo o6pHYIN GH

ce cMepoBH Ty B T, .
llpyry rparumy 3a PaBHOTe:KY HAJAZHMO M3 OPBE Kala g, 3aMeHHMMO ca

— Qg H oGpHeMO 3Hak HejegHakocTd, Tako mo6ujaMo onrosop na he paBHO-
Tezka nocm]am 33 CBEe OJjHOCE Q,/Q: EKoOju Jexe Hsmehy rpaguna

sin (2, — 0))  Q _ sin G

- sin (¢, — @g) — Qz = sin (@, — @)

- 70. Ornop Tpewsa y pyKasuuma. Kpyr Tpema. PykaBai uo.nynpeqﬁ_n-: -_
Ka r crersyT je usMely o0e momoBHHE JexRAmTa (€1.70.1) TAKO 1a HA CBa-
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KOM eJIeMeHTY ds o0¥Ma BJIaa HOPMAJIHH
npurncak dN ynpaBlbeH Ka IeHTPY Py-
Kapia. Pacnopen cuiaa dN no obumy
Kpyra HHje IO3HAT, &JH je TeOMeTpH]-

- | o
CEHu 30Hp [dN jelHAK TepeTy Koj¥ Ha

e

PYKABILY JeKH, NaKe de"v — Q. Jox ce

BpaTHiIo He oOphe mpoaasu cuira Q Kpos
I[eHTap Kpyra, & Kala NoYHEke Ja Ce | |
obplie ¥ 3a BpeMe 00pTama HACTa]y O1- o To
mopH Tpema dT = fdN. Urarn4kn. Mo-

MEHT OTIOPA TPemba y NOrdejly Ha OCOBUEY PyKaBLA HIK Rpahe Momen'r
Tpema PyKaBIla je :

M,.=Jr AT = 'rfde,

rueje f dN apurMeTuurn 36Hp exeMeHTapuunXx dN Koju je yBek.sehu-

o reoMerpujckor 36upa. Urora HoCTOjH jeHAKOCT

J dN = a Q,
rue je a > 1. |
Ca OSH&E?M a f = f, noﬁu]auo MOMEH I Tpema.:.
: Mr z*fl r Q-

Bpoj f, 30Be ce koepHIUjeHT Tpekwa PYKaBIa, & Kpyr UOJY
npeuHuKa f;r=7" Je KpyT Tpewa. llomro je pacmomena mputucka mo
o0MMy HeNOo3HaTa, MOXKe ce f; caMo or'.ﬁe,unma. OIPEeHTH. Kpyr tpema je
o6BojEuna (enveloppa) cBUX edeMenTapHHX ormopa: dW = dN |14 f2,.

Axo je pykaBall y JeMHIOTY jaKO CTeHJT MOXe MOMEHT mnorpe6an
3a obprame BpaTHJa OHTH BpPJO- BeIHK, a Q Moxe OHUTH IIPH TOM Ma
KaKko MaJo. | |

O6prame pykaBIa CTAJHOM YraoHOM ODsHHOM oMoryheHo ]e 06pPTHHM
MOMEHTOM jeJfHAKHM ¥ CYIPOTHHM MOMEHTY Tpema Qr'.

Kana je pyrxaBall HIM JeKHUINTe HBIUIAHO, NONynpeyHHK pyRaBua r
HEIITO MarM OJ NOJYNDevYHHKa Jemumra, Hajgerahe pykapam camo y jen-
HOj U3BOAHNIM, TaYHH]E ¥ 1e,u;r101 YCKO] TpysH JesHmTa (ciI, 70,2). Yeaen
o0pTama pPYKaBIa Honehe ce NORWDPHA TAYKA M3 HaJHHIKEI' nonomaja A

y B raxo na je AB = ro. yC.TIOB paBHOTeme je

Q=N+T;
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| ca T == Q'Sing je

G, ' M= Qrsine=f,rQ=r,Q,
| rge sin o ==/; sEaYM KoedHIHjeHT Tpema a
ry = Jf, r TOXYyNPeYHUK KPyra Tpema. |
[Ipr KoHCTAHTHOM 06pTamy PYKaBIA Te-
per Q mopupyje Kpyr Tpema. Y cTamy MHpa je

. z o , | M, = ry Q:

naxne he Q cehm kpyr Tpema. ‘
‘HaBenenn obpasalg MOMEHTa TpeH:.a 3a

CyBe INOBDPIIHEE NpUMEmYje ce y Texﬂnpm]

npach ¥ 33 MasaHe IOBpINMHE Ca Roeqmnﬂlenmma MOPBHOBHM (9, 68),

M 'aKo KOJ OBHX BJafajy CACBUM Jpyre OpHIHKe,

[Tpumep, PapHa naoua rTexuHEe  BHCH O XOPH30HTANHO] UAAMHAPHYHO] OCOBHHH
noaynpeynuxa r (ca. 70.3)." [luta ce xonuka Mopa 6utH cuaa Py naroj HananHoj ARHHUJH
a@a—a B Ca AATUM NoAYNPeYHAKOM ro’ prra c*raquor Tpema, koja G Moraa naoyy K
nm{peﬂym H3 CTama MHpa.

- ¥Ycaos PaBHOTEXE je Aa ce cHaa P, Texuna mioye Q u ormop W cemy y jenuoj
raukd. Ta je Tauka Beh onpehera npecexom cuae Q w nare npasg ¢ — 4. Ornop W mopa
Kpo3 Ty Tauky C nposasuTH H KpYr CTATHYKOT Tpewma [ONUDWBATH. Kaxo n3 C MoxeMo

Ca. 70.2

Ca. 703

IBE TAHEHTE Ha 'raj KpYr MOJAOXKATH, MMa sajaTaKk ABa peumiema moMohy ABa Tpoyraa
cuaa (ca. 70.36). Cuna P he nokpenyTd miaouy K Ha necHo (y CMHCIy CKasabKe Ha caty)
a cana P’y ‘cynporsoM cmucay. IIpn ToMe ce fpoAupHA Tauka u3Mehy rn0Ye H OCOBHEHE
noMuye W3 Ao ¥ A onnocEO A’. AKO faTa HanajaHA JAHHHja @ — @ Ccede KPYr TpPema, HHKOja
BenndpHa cule P He MOXe KPEHYTH RAOUY H3 CTama Mupa. MmaMo cayuaj camokouema.

71. OTnop Tpema npH KOTpbawy. [lMInuIpuyuen Bajbak ocTahe y
MHDY Ha XOPH30HTAJXHO] PABEU ¥ CBaKOM MoJo:Kajy. MckycTBO Hac yuu Ha
: . . - 5 .



71. OTHOP TPEIbA IIPH KOTPJHABY | Cin

—,

ke oCTATM y MHDY W 2KO LONNOBH HaMo Maiw Harw6 ¢. To 3HauM #a y
NoTupy Balbka W [OAJOTe MOCTOju ormop T RO]H ce motmpe ca KOMIIOHEH~
ToM Q sin ¢ TeKUHE BaJbKa,

OBaj OTHOpP KOTPJbatha MOMKEMO OGjaCHATH Kala Balbak H H-eroBy
Noxnory He CMaTpaMo KPYTHM, HeIDOMEHIbHBHUM, Hero HeopMaGAIBHUM
(emacTHYHHM WIM INACTHIHMM TeNnMa). Balbak he ponwmpuBaTd HOIJIOTY

Y MaJIoM JIVKY s (GJI 7 1.1)- H OTIIOP TOX-

Jore 6uhe
j dw.

- HpeTHOGTaBJI:aMO na ce ,t:eqmpmauu]a B&.Ib-_
Ka MoXKe 3aHEMapHUTH a Ja je NOoIJIora
DJIaCTHYHA T TPUH TpajHy nedopua-
nnjy. Bambak he Y KpeTamky Ha JECHO 0CTa-
BATA UOJIOry yAnyGibeHny sa BHCHHY A,

EJIeMeHTapHH OTHOPHU dW moJJiore paGIIOIlBJbBHH CY B2 KPyHKHHA JFK KoMe

je MOJyTETHBA d. Huxosa peayJITaHTa W TeRH ACIpeN BemeaJIHQI‘ npey-

HUKA, y1alheBa 3a nyxuay e. Jlox je Babak y MADPY WIN y jeXHOIMKOM
Epe*ramy, Mopajy CHiIe IITO Hamajajy Bajbak OmTu y paBHOTemu. OrTmop

W PA3TOKUMO ¥ HOPDMalXHY KoMIoHeHRTY N H XOPHB0HTAJIHY KOMIOHEHTY
T. IlpBa ce mormpe ca Q a T HaJasAMO W3 CHAMYHOCTH TPOYria CHJIA

> >
W, Q u T ca TpoyrioM Ha ci. 71.1:

L

o, o
TiQ=eik RO=TR

Hern pesyaraT mofdjaMo M3 yCIoBa pPaBHOTexxe JIa- 30Mp MoMeHara oo 0

‘Mopa OuTH jeiHAK HYIH JaKie, .

Ne—-{_TR=—-_—O,'

MomerT Ne 30Be ce MOMEHT Tpema HNPH KOTPJHhakmy a IYKHHA
e je KoepuUNH]eHT TpeHha OPH KoTphawky. O@idop kpeiiarna apu
KOTIp/bAry fe HpouopuUuoHANAN MOMEHILY wperba u oﬁpamua upouopqua-
HAndH HONYEpeHUKy BAJbKA. |

EpaR e ciuie N MoikeMo IOJ HM3BECHHUM IIPETHOCTABKAMA PAavyHOM
~onpenurd, Us I'eomerpmje Kpyra mMmaMo ogHOC a® = 2Rh. Kaxo'je /i npema
R MaJlo, MOMKEeMO KDYMHH JYK TeTHBe @ CMATpaTH mnapaloioM Ca’'BepTH-
KaxHOM ocopuHoM., Ca fajboM NIPETHOCTABKOM [a je Ha CBaKOM MecTy
A§Ka OPHTHCAK NPOIOPUMOEANAH Yyruly, nponasuhe oTnop W KpPos TeMRUMTE



142 I'YIABA I, — TUHAMHKA MATEPHJANIHE TAUYKE
napaboiauIHOr CerMeHTa, KOjH je 3a 3a/8 ynamen on BepruKaie Tako

HAJa3UMO
3 3

| -8 8

3a ,r[a.'ro onrepeheme ) Mopa LOBPIIMHA NapaGOIHIHOT GBI‘MBHT& JI&RJIe U
npomusson a k= C GHTH He32BHCAH Of R; roHcranTa C 8aBHCH CAMO O

Q A 0J HONyCTILHMBOCTH mojjrore. OMeHOM /s M3 Iocle/ihe jeqHAaYNHE J0-

6ujamo a® = 2R C ¥ onasne 3
— 2 JZRC.

300r HeCHIYyPHUX MOPETHOCTABKY OBaj TeOpHjcKkH o6pasal HeMa Be-
arke Bpenmoctd. Hajcurypmmju HawumE 3a oxpehuBame KoeduuujeHTa je
Mepeme BydHe cHIe H =T nomohy HHH&MOMeTpa ¥ npuMmeHe o6pacna
e=TR/Q . |

Axo momyora BalbKa Hpqe MOTIYHO NIACTHYHA, oHA he ce #3a BaJLKa
MaIo nognhu; ROIVPHY JIyR he ce mpoayxuTH 133 BaJbKa, TaKo Ia he ce

pacrojame e pesyITaHTe W oJ .BBpTHRaJIe . CMaBbUTH ¥ THME U OT_IIOP T
CHTH MAH. | * | |

Ha mDOTUYHO €JacTHIHO] O I08H je noanHH 9K CHMETDHYaH npe-
Ma BEpPTHKaJH KPO3 I{€HTApP BaJbKa Na GH ce MOIVI0 MUCIHTH 1a he ormop
KOTPIbama 360 e =0 moTuyHO Hectatd. MehyTuM orien kae Ia je cama
OTIIOP MHOr0 Mam{ Hero Koj IJAcTHYHe JefopManuje TJa ajll HHje jel-
Hak Hymn Ta ce YMmeHHLZ MoKe oBako objacaurtu. IloX OpHTHCEOM
BaJ/bKa HA OOTIYHO eJACTHYHO TJO HaCTaje Iopes yay6ibemha y BepTHRAI-
HOM NpPaBIy M HCTe3albe y y3AysKHOM NpaBLUy. YclIelq Tora je OysKUHA
IyTa HITO r'a Ba/baK 3a NOTOYHH o6pT Ha TIy npehe, HellTo MamH O
IBHerosor o0uMa, TO 3HAYM A2 he Ha HeKHM MeCTHMa HACTaTH KIW3aimbe Ha
Tiay. OTHopn Tpema Tor Kiusama d7 fgahe ca HODMAaIHHM OTnopaMa dN

YKYHOHH OTIOP I:I; Koji he Kao M paHHUje HamagaTH TadKy YIaJbeHY 3a ¢
‘HCOpea BepTUKAJIE. |

Koejumnujerr e s3aBucm ol (¢usnyke oco0uEe BasbKa M Tiaa. Kana
KONMYHAK /R 03HAUAMO Ca u;, A0OMjaMo OTIOD Tpema IPH KOTPIEABY.

J o Tzlul.N

HCTOr o0auKka Kao mTo je Kymqor-MopeHOB 3aKOH 33 Tpeme OPH KIN3AHY.

Ipema ordeguMa Bapupa Bedauuyuna e H3Meljy 0,05 ecm 32 weaudHe
TOYKOBe Ha muHAMa ¥ (1,0 mo 1,6) cm 3a TO‘IROBB Ca ryMeHNM oﬁpyf{em
Ha MEKOM TJIYy. - : . |

72. Ormop To4YKOBA KOJ BOBHIA. Ha]cmpﬂ]a CyBO3eMHa BO3IJIA
6nia cy caomuue. Ha mUMa cy OpeBokeHM M BPJIO BeIUKH TEpeTH (CIIo-
Mennnu y Eranry u Acapuju). Paagu cMamrBamba ornopa Tpema CaOHHIIE
Cy Kauaade Ha NOJMETHYTHM rpejjaMa Koje cy ybeM MasaHe. [lonauje cy
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i

moXMeTaH! BajbUY Ha, KojuMa Cy ce-TepeTd KOTp/haiu. Taj HauuE norcpe'ra&.a
npuMerbyje Ce 1 NaBAC UPH IoMepamy srpaja Ha YeIUYHAM BasbIiiMa.
HcroBpemeso Oule cy Beh mosHare ABOKOIHIlE 32 MAame Tepere (nyTHHRB)
Komcrpyrumnja TogkoBa 3a Behe Tepere Tek je IonHAje ycmesa.
~ TpaHCHOPT BAJLINMA H KOJINMA paslHKyje ce y ToMe IIT0 Ha Balb-
AMa JeXRH TepeT HeNoCpeIXHO XOK Ce KOX Kola IPeHOCH IPEKo KOIa
(camAyKa) U TOCToJba Ha OCOBHEHE M TodxoBe. OCOBMHE CY HIH UBPCTO
Be3aHe CA TOYKOBHMA (KO MeNe3HATKHX Kolla, ay'romoﬁnna) HIH Ca [o-
crojbeM (KO 3alPeKHHX KO0JIa). *
IIpu TpaECHOPTY TepeTa HA BajbIMMa NOjaBJBYjy ce 1Ba OTiOpa
KoTpJbatba: MsMeljy BabKa M IoJJIOre (RoepuIHjenT €,) M nanehy BaJbKa
W IA0Te Koja HOCK Teper (xoeduIHjeHT e,). Rana nopex Tepera Q yaueuo

6) i
Ca. 72.1 |

y 063Up U CONCTBEBY TeKHHY Balbka G O,IIHOGHO G2 (ca, 72 1) 6uhe Mo-
MEHT Tpelba NPU KOTPhaABY |
o M£=Q(e1+e:)+aei- |
Ha cx. 72.1a Hauafna By4Ha CHJIa H, IleHTap BaJbka naxie je H, = MR,
aHa cI. 72.16 managa H, o0uM Balbka, Hakie je Hy == 1/; M¢/R.

Rox roickux ToUYKOBA 133353. ce caMo Ha 'rny OTHOP KOTpJI:ﬂ.E:a

"’ Tz'._"R‘N m N, A

Al HeMy HPHI0Na3H OTHOD TPema Y PYKABIY OCOBHHE OKO lcoje ce TOYaK
o6phe. Bunemn cMo (y Wi 70) ma pesyary-
jyhu ornop W, Mopa npn jegmonmkoM oGp-
Talby AOOUPHBATH KPYF Tpema (cl. 72.2)
Ca NOJYOPeYHHKOM 7' == f, r, TOe je r mo-
IyOpedHNK pyxaBna a f, Koedunoujenr
Tpemba Yy pykaBny. PasinarameM otmopa
W, y xomnoredTe T; u N Hala3uMo

t

4

Tg — f‘tl?rN=f-£= N:

YKYOHA OTHOP TOYK3 MOJ UPUTHCKOM N Ca. 72.2
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YGJIeI.t mTpJLa.H;a 1 Tpema y PFRaBHHM& ('GJI' 72.3) Je

T Ti_l_Tz*-—-

f]r+e
R

Ca. 723

”paBﬁH

-"(u1+#z)N"—uN

Ormop tpewa T je TTaKIe cpas-

=MepaH HDPM&JIHOM OTIIOPF' Kao

N KOI KIM3ama 10 paHch)]

Csu oﬁpacuu Koje CMO Ha-

| IIIJIII 33 I{JIHBa.]Fbe TeJIa. o Xo-

PU30HTANHO] ¥ CTPMO] pamaBoj

' pPaBHHE Baike W 33 Kperafbe Koja

Kala KoepUIWjeRT KiIHsama f
3aMEeHHMO ca Roe(I)HuH]eHTOM u

- oTHOpa KoJa.

Kao mTo €MO [ M3pasmiIn

YoM TPBH:EI. 0 (f—tgp}, TAKO MOMKEMO H i = {gf M3padUTH TAH['€HCOM
yraa 5. Y. CJIBIIBEO] Ta,GJmuH HaBeneHe Cy BpB,IIHOOTH Hn ﬂ 3a pasHe

KOJO0BO3E,

/Henaesauuke muHe
Tpampajcke ImuHe
AchaaTEa APYMOBH !
Hobpu oOuaHm ApyMOBH
CyBu 3eM/baHU NyTeBHU |
HopolmombyA4eHy OYTEBH
[TemmyaHH TyTeBU |

0,006 -  0° 20

0,006 — 0,008 | 0°20"— 0° 30

0,0125 0045’

0,020 1010
0,050 205()"
0,142 | ° 8°10

014 — 0,28 | 8°— 1540’

W3 0BUX GpojeBa BHIUMO Ja aKO OXGALMMO HOCIENMmH Dej TaCIHIe,
MAKCHMAJHH yrao g uanocH 8% sin 8? = 0,139, tg 8° = 0,140, cos 8° = 0,990.

© O o63MpoM Ha NIPHOAUKHE BPeJHOCTH KoepHIUjeHTa i MOMKEMO y
o6pacouMa TI. 69 ca HOBOIHHO TAYHOUINY CTABHMTH sin f=1tg f 1 cos f=I.
Haru6 nyresa o mpeMa. XOPH30OHTAIN O03HAUaBA Ce Ca YCIOHOM
tga = », Ta,Ro Ha NpHMED » = 25 4(0..-, 3ga4y¥ Jna ce 3a 1000 m xopH30H-
TajHe LyXKuHE TyT Ionge 3a 25 m. MakcHManEu YCHOH eJe3HANa je
35%/4, & MPYMOBA (60—80)%/40 IﬂTO onrmaapa ymy €= 4040’ Mamemo IaKJIe

CTABHTH sina ==tga M cosa ==1.

Kax jomr mmaMo Ha yMy fa he 'u Haru6 & Byqﬂe CHIle HpeMa ny-
Tal¥ GATH Maiwd, raacuhe ]eI[Ha.‘IHHa. 38 BY4YHY CHIY:

sin (o 4 @)
H = Q cos (o — )
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—.

s

¢ ep——a—

I*EOJ& he tepeT () KOHCTAHTHOM OpsuHoM Byhu (1. 69) kpahe:
H=—Q(ut+ »

"8a HpBTanB Ha BHUIIe BAKH T'OPHBU 3HAR, 3 Rpem}be H3, HI’[:}RG 11;0}511
3a Kperambe M0 XOPHUBOATAIHOM ByTy je v =0, .

.. . Ipwm pasmarpamy KpeTamba KOJa CMATPAIH CMO KOJa MaTepHjAIHOM
| Taqmu, Tj. TeJOM KoOje Ce TDPAHCIATOPHO Kpehe (wr. 47.). OGprame TOY-
KOB2 HHCMO y3eXd y§ padyH, MTO je JONYIITeHO jep je Maca TO‘IEOB&.
npema YRYIHO| MacH BO3UJIA HE3HATHA.

KoedunujerT fo CTATHYKOT Tpekba KIM3AHma O BHatla]a je 3a Kpe-
Talbe JOKOMOTHBE, AKO ca Q 03HAYNMO O0HA] /€0 Te/RUHE JOKOMOTHBE
KOji Jemy Ha MOTOPHHUM TOYKOBMHMA& W OHMMa KOja €y Ca HHM2
cHpersyra(T.3B. 24Xe3TM0HA TeRUHA JOKOMOTUBE)a ca [ morpebHy
BY4Ey CHJY, JOKOMOTHBA he ce KpeHyTH caMo ako je Qjf, = H. ¥ mpo-
THBAOM CIydYa]y JOKOMOTHBA Ce Hehe KDEHYTH a aJXe3NOHM TOYKOBH
_L otip*rahe ce HA MECTy yCxel HPHTHUCKa Iape.
| ‘Kperame CBAaKOr BO3WIA CACTOJH Ce U3 TPU feda: 1) Hompefr of v=0
| ;10 nponﬁcaﬁe Gpsume v,. 2) JeNHOIMKO KpeTame OP3MHOM vy . 3). ycno-—
pemo kpetame Ho v=0. Hopmanua Op3mga v, Kao X BpeMe {, 3a Koje
rpeba ma je Op3nmHA v, TNOCTUTHYTA NaTe Cy BeandumHe. llaxie 1e 151-—1;1/1‘1
| onpeheﬁo
Teopujckrr Ouo OM pgUlarpaM yopsamwa XU Bp&MEHﬂ. HpaBoyraOHnR
OCHOBe ‘¢, ¥ BucHHe i, To Ou sHaUM-
JI0 ia BO3WJIO MacCe /m MOMEHTAHO Ha-
najHe CHia P==my, APYIUM pPednma
yXap Koju He O OHO IpH]aTaH HH

32 IyTHUKe HU 3a Bosuio, [la yop-
sathbe II0PacTe o HyJe 40 KoHadme
BeIMIWHEe 1 ¥ o0paTHO TIOTPEOHO je
1 aKo Mallo, al¥ KOHAIHO BpeMe Ad,
Hujarpam ¢ = f(f) O6uhe y crTBapH
Tpale3 ca OCHOBOM ¢, W NapAJeJHOM
cTpaHOM (fy — 2 A1) (cu. 72.4). Hu-
jarpam v = f(f) bmhe y mHTepBamUMa
At mapatojia ca BepTHKAIOM  OCOBHU-
HOM Koje Jopupyje npaBa Harnoba
. @ ==arc {g . . .

73. HoBujn ornemgu o ormopy Tpemwa. Haran pa,3BmaR MaITHHCKe
i caobpahajHe TeXHHKe y NPYyroj VOJOBHHM HPONLIOr BeKa /a0 je I0BOJA
MHOTAM 1 OGMMHEM OrIeIrMa Ca I{A/beM f1a yTBRAe yTHIa] 6pawHe, HOD-
MaJIHOr UPUTHCKA U BelWIMHe JOTWPHHX IOBPIIAEA Ha Koepunnjerre f U fo.

‘M3 Beauror Opoja mpelu3HMX orlela WIBPIIEBUX Pajyl IPOBePaBAKHA
MopesoBux oriena saxmyuno je Komru (P. Conti 1874/75.) na 3a Maie

Mexanuka Tayke ‘ - 10
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6p3HHe f ucmoderka pacre ca v, 3a v==(1-—2)m/sec I0CTH3aBA MaK-
CUMYM a Iocle olaja, HCIOPBa HAIVIO a Iocie cunopuje. Paznuka mamehy
moYeTHe ¥ MAKCHMANHE BPEJHOCTH f je THM Mama UITO je BenH HOPMadHu
NPUTHCAK., |

3a Mexanuuy scenessuuxor caotpahaja on umTepeca ‘cy ormopu Tpe-
Ha KIN3akba NpH BehuM peraTHBHUM OpsuEAMA. DPABNYCEH ITHKEHEPII
Tloape (J.Poirée, 1852.) u bome (H. Bochet, 1861.) Bpmuau ¢y oriene ca
TPelbeM H3Mely /ReNeBHHIMHX TOUKOBa ¥ 00pramy M nanyqe' 38 Kouelbe,
Kao M H3Mely yKOIeHHX TOIKOBA ¥ IIMHA 3a GpauEe of 4 mo 22 m sec

Peayarare OTIIe/la M3PABIO je Bome obpacien:

'f :fﬂ fGO } fm
| 1+ av
rge ¢y a,f, fou f, KOHCTaHTe 3aBUCHE oI MaTepljana. 3a v =70
naje obpasan f=— f, KoedulujeAT CTATHYKOT TPEHA,
¥ ucrom nusby spmuo je Earaes Manron (Douglas Galton, 18{8 1879.)
BeJHKH 6poj oriena ca OJNHYHMM ypehajeM W 0mao X0 CAKIHHX pesyi-
Tata Kao OpaHnys3u. 3a KpeTarme TOYKOBA N0 UeJMYHHM HIMHAMA HAINA0

je mpocevHo: | |
70,088, 0,065, 0,027 . 83 p—2309, 15,16, 26,7 m/scc.

lanroH je mcuurHBao Tpewe INanydya oJ JHBeHOT -I'Bojkbha HA YeaHIBHM
OapnaxaMa TOYKOBA H HAaDIa0 €KCTPeMHE BPENHOCTH. |

f= 0,058 — 0,123 Kox v = 26,8 m/sec

u
f=10,123 — 0,325 Kox v = 2,1 m/sec.

Cee pesyiarare oraena Iloape-a, Bome a u Dantona a3pasuo je PpauHke
(J. Franke) ofpacueu:

f== ae= (v y m/sec)
- Ca KOHCTaHTAMa:
a=1029 «=0,04 3a NEBEHO rBoMhe Ha YeJHKY, CYBO

0,29 0,02 3a KoBaHO TBoXhe Ha KoBaHOM rBomlyy, cyBo
024 0,029 , . - » ; " BJIAKHO,

Oraenu xoje je Buxepr (Wichert, 1889.) spmuo ca KOYHHIAMa 2Ke-
Je3HNYKUX Koda npu OpsuHama 1o 90 km/h paiau cy pesylTare KojH ce
mopymapann ca pammjmMa. CaBes Yupasa HeMauKMX skeJe3HHIla YCBOJHO
je crora Domie-oB oﬁpaaau Ca KOHCTaHTaMa:

= 0,226, f., = 0,0495 /,,

Jo = 0,45 3a cyse, f, =0,23 32 BJAaJKHE IIOBpIOHEHE.
Ca OpsmEoM V y km/h raacn Bonre-Buxeproz ofpasar :

1 40,0112 V
J= f“ 14006V
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HajmoBuju onmutii bonrea u 3akca (H. Bonte, 1915.; G. Sachs, 1924.)
ﬁpmeﬁﬁ cy noMohy KOBHYHUX (BUHTe)'HJn_I MINHHAPUYHEX (3aKC) BanaEa.
ol Marepumjada sa Koje je TpeOano MCHHUTATH OTIOP TPeHa. JeIaH Babak
n06uja yraoHy OpsuAy TPAHCMWCHjOM M NpeHOCH o6pTarbe Ha JPYrd Ba-
‘Jbak, KOJU Ta T0oX IPHTHCKOM Ronupyje. (PpHKNHOEN TOKOBH). Hopmasmﬂ
IPUTHCAK usMely BaJbaka perylinnle ceé TeroBUMA a OTIop Tpema T MepH
ce puBaMoMerpoM. HajsamHuM{M pesylnTaT OBHX OoIviefla je Taj] [a ce OTHOpP
rpeba THe Moe UsPasuTH KYIoHOBEM 3ax0HOM Hero ofpacmeM:

T=T,4+foN

NPHKA3AHUM Ha ¢l 73.1.

Ca. 73.1

Axo ycBojumo HymaonoBy nedHEALHA]Y:

I'=/fN
OHJa f, Hyje BuIIe He3aBHcaH ol N Hero ]e H3paXKeH Ca
' 'ﬂ

\
JIAKIe OoHala 1o XUUIepOOAHYKOM 3aKOHY.

Hoepunujear f, Tpema y pykaBLMMa 34BICH O pacrojese Hopuan-
HOT OTHOpa Ha o0mMy pykasna. Ma NpPOM3BO/AHHX NPETTOCTABAKA O TOf
paclofieNy M3BeleHH €y NDOTHBPEYHH OfHOCH maMely fy u RmeHoBory
xoedpunujeara f. --

Y TeXHKUKO] NpPHUMeHH M TAHAC je onp:am oxEoc mpogd. Peja (Th
Reye, 1860.):

e
Ji= ‘;"‘f .
- Mamemep Xupe (G. A. Hirn) Bpmuo je ormege (1854.) ca pym_aﬁunma
XOPH30HTAIHOr BPATHIA § JIEMHMIITHMA Off PASBOI MaTepujala. ca PasHHM
| 10%
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T

Ma3dBHMA; IHJb THX orjefa OWIo je ofpehmBaime MEeXaHWUKOI pala yTpo-
mieHor' Ha CaBlaljuBame OTIODA TpeWma y PYKaBIHMAa. XHDH je HAII20 3a
MEeXaHWYKN eKBHBaJIeHT Tomrore Bpenrocr 370 kgm (tayHo 427) a 32
OTIOOP TPema y DyKaBOMMa HaNIAo Je a [e 3a CyBe IOBPIIMHE He3ABUCAH,
a 33 10o6p0 ¥ KOHTHHYAJIHO MasaHe OOBPIIMEE rOTOBO CpasMepaH OpP3HHM.

| 3HA9AjEM|H ¥ INO0Y3JaHHjE Cy OIJIENH Koje je Yupasa XaHoBe-
paHCKNX JReJpe3nMIa Bpmnaa 1861—62. mog pPYKOBOACTBOM IPEKTOPA
Rupxgerepa (Kirchweger). OGOBHHa HEME3HUYKUX KOJla ca CBOjUM HOP-
MAJHUM JEeKUINITAMA yTBphieHa je y maGoparopuill Ha IpPBEHOM IIOCTOJBY
W TPaAHCMHUCHjOM cTaBJbeHA y ofprame. Ha jemmHoM jesuITy mojoskeHa je
PaBHOKpaKa IOJyra €a TaCOBHMa 3a Teroee Imro tpeba na Bplle TPHTHU-
cak Ha pykasail. 'ulaBEu pesyaraTH oriaena cy: 1) 3a ofuuHa onrtepeherna
100 kg em™ pyKaBua OTIOP Tpema je He3aBHCaH oJ BeJIU'IHHe onTepehieHe
noppmuge. 2) Ilpu 360 obpra y Mumyts (6psmaw ox 16,7 msecl) ormop
rpema j& HesaBHcaH o] OpauHe. 3) Sa KOH3MCTENTHA MasWBa (0], IaJ-
MOBO ylhe) M MaJja onrepehema, koeduijHjeHT Tpewa je Behu mero sa TeuHA
masuBa. [Ipu Behimy onrepehermuMa, Kala ce pykaman sarpeje, cMamyje ce
Koe(QHLUjeHT Tpeibha.

[Ipe¢. Texauure mrole y Ibyjopky Typcron (R H. Thurston) KoH-
cTpyucao je 1878. amapar 3a HCIHTHBAIbe Tpemba § PYKABOUMA KoMe
je rmaBEu Jeo 6mio ¢u3MJIKo KiarTHO. l[wip My je 6Mo Ha onpenu 3akoHe
Tpera y DYKaBIMMA& Y BpI0 DNINPOKHM TpaHAUAMA UPUTHCKA, OpRUEHE H
reMIeparype. Pesyarari Herosux oriaela Kao g4 ofpaclH Koje je ¥3 0BUX
13Reo, HUCY NOy3HaHX jeHO 300I KOHCTPYKTMBHUX HEJOCTAaTaKa allapaTa,
a Ipyro 36or yCKUX IpaHMIA OPUTHCKa (04 ByJe 1o 70 kg em™) 1 OpsuHe
(6,9 msec?') obprama.

Ilo pemerny YInpys:kemba MAIIMHCKUX HHKemepa y JI0HZOHY - BPIINO
je 1882, wHxk. Domar (Beauchamp Tower) ormene ca rpemem y py-
waBlUMa. Pykasai 6no je of JeKHUIITa OLBojeH ciojeM yipa. Hajsehe
onTepeheme pyraBna Ouao je 44 kgem ™ a Hajreha ob6umma GpsuHA pYy-
kaBOa 2,4 msec?. Orjedu Cy HOKasajW [a OTHOP Tpea pacTe ca JIo-
MUpPHOM LOBDPIINHOM IIPM MCTO] BEIMYWEM IPHTHCKA, & HPH CYBOM TPEILY
je ormop HesaBHcaH of nospmune. [lo o6umHE 6psuEe 0,5 msec! omaja
oToop Tpema a mpeko 0,5 m sec™ pacTe €a KBajJpaTHHM KopeHoM GpsuHe,

Teopujcka pacMaTpama O TpemY ¥ pYKaBUMMA IMPHUIIKOr IIOJHTEX-
suyapa Peje-a (Th. Reye) mourujer npodecopa llpojexrusae 'eomerpuje,
1860. u mpod. I'pacxopa (Grashof) 1861, Gase ce xuporesaMa o pac-
mofesy TPHUTHCKA Ha 0OMMHE HOBpIIMHE H3 OCHOBY 3aKOHA €JACTHUHOCIH
YBPCTUX TeJla.

[Ipu Koju je Tpeme H3Mely moxMasHMBaHHX HOBPIIXHA CMaTpao XHI-

pornuHaMuyKuM TpobiaemoM Guo je Ilerpor (H. Ilerpors). O je BaMu-
a0 Ja Ce PyKaBal HOXYIpeYHNKa r oOphe NeHTPUIHO y JIeMHUINTY IIO-
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JIyOpevHnKa r-}-$; ¢Ioj MasuBa ReOJbHEHE S BPIIA NPUTOM JaMHHAPHO
KpeTame BUCKO3HE TEYHOCTH, 3ABHCHO ofi ofuMHe OpsuHe v. Taﬁo HAJA3HU

Kneqmmqem TpemAa:

| Alv r
fi'_Q“P S’

roe je 1 KOHCTAHTA yOyTapmer Tpema MasuBa a P onrepeheme Ha jedu-
‘AUNy AyKuHe pyxaena. OBa] o0pasay nposepaBao je Ilerpos oraexmya
Hirn-a, Kirchweger-a u Thurston-a. |

Pejronnc (O. Reynolds, 1886.) 3arcmyqno ]e M3 HCKYCTBA ,I{a. ce py
KaBal[ He ofphe LEHTPHUHO y JeXHMINTY, X HOCTABHO {6 Teopwjy ca HpeT-
MOCTABKOM IpOMeHJbHWBe Hef/bUEE CIoja s. Y JouHEMjeM cBoM paay (1900.)
crozkuo ce Ilerpos ca ToM TeopmjoM. 3omepdeax (A. Sommerfeld,
1904.) je MaTeMarHuky ofpaay Teopdje 3HATHO YOPOCTHO H THME OMOIY-
huo ynopeleme ca MHOrEM HajHoBHMjM oriemuMa. OBMM Cy Ceé NATaEeM
6aBuau ¥ pycku HaydHUNM sRykoBcku (H.E. Ryxosckit) m Yammnrun
(C. A. HYanarsiruH), Mockea 1904. |

B. KPETAIE TAYKE V KPUBOJ 1Y TAKH

- T4 }],unamnmm yCACB 2a KPHBOJNMHH{CKO KpeTambe. I/Ia Kunema-
THKe BHAMO A IpH KPHBOJMHH]CKOM KpeTamkhy Tadke yﬁpsame 3aKIana
ca upaBreM GpadHe, faKkie Ca TAHMeHTOM Ha OyTamy yrao ¢#,0 < ¢ < a,
KOoju ce KOHTHHYAJIHO Meiba Ca BpeMeHoM M Aa je yOpsame YNpaBIkeHO
K& KOHKABHO] CTpPaBH OyTame. Ha OHHM MecTHMa nyTame ¥ KojuMa o

 TIpesasy U3 MO3HTHBHE BPEAHOCTH Y HEraTueHY (9 -—=0), Oyrama HMA
npesojHy TarErernty. llo Ibyreosom 1l 3akomy je cmaa P: m U BeK-

TOP MCTOI' IPaBLa U CMepa Kao yOpsame.
JnHaMugK yCloB Ia Ce Talka Kpehe 1o KPHBO] HYTAIbH ]ecTe Ta],
Ma CHIla KOja Ha by LejCTBYje Bakjama y CBAKOM MOMEHTY KDeTama Ca
npa,BueM Kperama (6p3UHe) yrao pasmuydT of 0 u 130°.
3aMUCINMO 12 ce Tauka Mace m Kpehe mo mpaBoj Ox (cx, 74.1), na
ce y BpeMeHny / = 0 Hamasmy O u 1a
- UMa Op3UHY v Y Tp&Hymy { =0 Ha-

e W A .
0 g - - - - T >Z  pamHe TAUKY CHA P 9Uju IpaBali
D {9 & N 3aKjlana ca v, yrao ¢. 3a BpeMe dt
N -

E =N AR MOJREMO CHJIY CMATpATH KOHCTAHTHOM
BT - F o> 1wo npaBny M BeamuumAu, Kana He 61
- >
| Opyio cmie P, rauka 64 10 3aKQHY
Ca. 741 HHepuﬁje y jeTHOM TPeByTKYy INpeniia,
—

y nOpaBuny mnoderde OpsuHe, yT OA--’UO dt a Kaza He OH HMaJa no=-

YeTHY OpsHHY, oHa OM Ce KpeTraJya yﬁp3aH0 Yy LIpaBIy W cMepy cHIe P "
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| — —> . S , == >

upemnaa nyr OB = u(df)*/2 rne je u = P/m. CTBapﬂo npehenn nyr OC=4ds
- -~

6uhe mujaronaja mapaJjexorpaMa Kome cy CTpaHe yTOBY vo dt M. a(dt)3/2

W3 oBora ce BUIH Jia ce yTHIaA] CHJe P Kajll ce 0Ha He IIOKJaNa Ca OpaB-

IeM Kperarba, CacTojH y ToMe IITO OHA IPXMOpaBa TauyKy 7a CKpeHe
—}.

¢ mpaBor myra OX KojuM 6u mponysmia Za ce kpehe, Kaja cuiae P HE
" > -
64 6miro. 300T TOra CMO eleMeHTapHH npeheru nyr D = u (di)?/2 y npaBny

IejCTBa CHile HA3BAIM H&BH]&HH]OM HILA GRpBT&H.:eM Hs BEKTOPCKOT

t

Tpoyma OBC Buau ce Oa IeBUjallrja D AN ds IPETCTaBba I'e0MeTpH]-
-

CRH (BekTOpCKM) IpupamrTaj npehenor myra ds. Y Hape,uﬁom BpeMeHY dt

-> — > > > —> .
npehwhe Ttadka uyr dsy—ds-+ D, ds,=ds; + D, ura. Tako pmobujamo
> > >
OJIHIOH Ca CTpamaMa dfs, dsi, dSs,... ET.O]H 3a dt— 0 Hpeﬂaaﬂ Yy KpUBY Iy-

TaILY Ta4dke. AKO |e CHiIa P KOHCTaHTHa Ouhe BERTOP D KOHCTAHTaH, a
nyrama he 6utdH mapaGoma (wir. 41.1)

75. Cnarame U pasnaramwe cuna. Ha ocron pedmmEHIHMje cuHie
(1. 11.) sakby4yyjeMo 1na CTaB O NapalelorpaMy Basky 3a CUJE Kao U 3a
y6paame T|. Oa je mapalelorpaM cuia CIHYAaH mapajelrorpamy yopaama.

BaMHcJIHMO Ja Ha MAaTepUJaJHy TauKy m neﬂmy caMo 7Ba Tena Ky H K,

> >
RO]a haly TaYK{H m yt‘)psa}ba i, © u, llomrTo Ccy mo 3aK0HY He3ABICHOCTII

lIB]GTBﬂ. THX yOPB&H)a HCTa Kaldad T@JI& ]B,IIHOBPB‘H{{QEO ,IIBJIy]y Kao H. Kala

61 IOCeOHOo IKexoBaja, To he teda K; u K, rala HCTOBDPEMEHO ejCTBY]Y
| - -> -> > - | |

HATH Ta4KHA yoOpsamwe: U,— U, |+ U,, & U3 OCHOBHOI IMHAMHIKOI 3aKOHA!

e —> ] —> - S B

P=mu 1 JenHaYuHe: m U, = m 1, + m u, cienyje:

- - —->
Pr — Pi _!_-\PZ’
"HaRJde CTaB ¢ TapaJdeJorpaMy CHJA.
| -> ->

Kaga ta gBa yOpsama i, W u, kKoja Jajy Taukd m rexa K I';L_B.R'2 cJ10-

H;UMo (ca. 75.1) nomohy mapanesorpaMa, OHIA HaM zaujarosala #, TOra

2 4
ST T TR T N
NN (éik \\ \ '*-.\
— g \ . —r
(4, \\ \‘\. \ \ (é h\\({p_
‘ ______ \.é\x. __;\ \ H',‘*-,__
\ \_{‘\ R _ B,
B & \ é{"—:'“"
AN _ Y Z
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NP Fui i e,

- -

,Hapa.nealorpama IOMHOMEHA Ca MACOM Tayke 3HAYH pes3yaTyiyhy CHILY P,-.

ﬂe;cmo crBapHux rexa K, m K, Ha Tayry 6uhe mcTo Kao. u nejcTBO
-

sAMHIOIJGEHOT Teda K,Koje ce HAJIA3H y paBiy yop3ama u,. JacHo je

g Tena K, K,, K, MopaMo cMarpaTi Ma:repn]a..mmx TadkaMa Hga OH

—
DABUH U OWIHA onpeheﬂﬂ

3aMeHy /IBejy WX BHINE CTBAPAHX CHJA jeRHOM 3aMUINILEHOM CHIOM
> | > - -

R ucTOr nechBa R0BEMO CJarame cuia P, P, .., a 3aMeny jeane
cTBapHe CHIIe R IBeMa WM BHINEe 3aMHOLIBEHHM CHJAM2 30BEMO pa:m:a.-

rame cuxe R.
Marepujanay Taury m Hamnajahe yonm're BuOle cuii, 6uao Ha cy

cBe HCTOI' MAU PA3IHIUTHX (PU3UKATHUX NOpeKrIa. AKo je Tauka CIo60IHA
6uke cBe cuie Zare, aKO je IaKk TaUKa y CBOM KpeTalhby OrpaHHYeHa,
ganagahe je H1 HeNo3HATH OTIOPHU Koje HMaMO Na M3 ,IIPIH&MH‘IRHK jen-

HAIHHEA OFDOJIIIHO. I‘eomefrpmcmﬁ 36up cBHx THX AATHE CHIIA P 1 Hello-

3HATHX OTIIOpA W o3BaunheMo kpahe ca EP—I—Z‘W——-:R ‘ma he Tajga Ha
OCHOBY HDHHIMIA HE3ABHCHOr JejCTBa, IHWHAMHYKA [eJHAYMHA TadKe

rJIaCHuTH.
—

“" d’r >
' mae =

JluHaMudKy jejHA9UHY HOCTABJHAMO TAKO 1a Ha je/HO] eTPAHHU CTaB-
- JbaMO IIPOM3BOJ M3 Mace ¥ yOpsama Tadyke a Ha JPyroj CTPAHM CBe OHe
Cijle Koje TadKy Hamaznajy. A 33 WMHTerpaleme oBe nNepeBnujanne jen-

‘HaynHe HPYyror pena CBOAUMO e HA HYIY.
~ Bexropcky jenmauHEy pasiasieMo Yy TPH CKaJapHe 0 HBMIAM& Ipa-
BOyraoHOr TpHejpa IITo HaM je M3 KumeMarnke nosmaro. Taxo Ixoﬁmauo

TpH CKAJIADHE IMHHAMMYKE ]e,I[Ha.‘IHHB'

y HexaproBoMm cucremy 0(x, y, 2):

d?x -
mgpE =R M gy="1y m

Y HAAHHAPHYIHOM CHCTEMY 0 (¢, r, 2):
dz rd(p . m d d(p diz-—. - | -
R R =

d*y f |
== R (T5.1)

dt® dt
y upuponsoM (AjneposoMm) cucreMy M (f, n, b):

dv muy? | | |
nl-&? Rl,, ,—-;: Rﬂ! 0= Rb' (75.3)

76. MeXaHMYKH paj Culie Y KpHBoj nyTamn. OyEKnuja cuie.
Roxm kperama Tauke y npaBoj nyTamH AedUHEHCAIH CMO eJIeMeHTADHM Me-
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XaHMYKY paj cuie X Kao HPOM3BON M3 CHIe W eJeMeHTapHOr NyTa dx:
d0A = X dx. IlpaBuu o6a BexkTOpa CTAJHO Cce HoRJamajy. KoJ KpUBOJNHH]-
CKOI' KpeTama IIpaBall TaHreHHHjaJiHe KOMIOHeHTe Py y CBaKOM ce Tpe-
HyTEY JIOKJalla Ca [IpaBUeM upeheHor myra ds u npeMa TOMe W IPU KpH-
BOMMHI]CKOM KpeTamy AepHHNIM]a MeXaHMYKOr paja je HCTa, Kao M KOJl
NPABOIMHU|CKOT KpeTamha Kada cuiIy X 3aMenuMo T&HI‘&HIIH]&JIHOM CUIOM

P, a myT dx ca ds. I[amxe je

JA == Pg' ds.

AKo yrao, xkojz cuua P 3aKJana Ca eJeMeHTAPHHM NyTOM ds T]. Ca
TAHTEHTOM, ofexesumo ca (P, ds) (cm. 76.1) onxa je BeJIWYNHA TaHIE€HIH-
JadHEe cHIe: |
| Py = P eos (P, ds)

a IeH MeXaHHUKN paj Ha IyTy ds je |

04, = Pids —= Pcos (P, ds)ds. - (76.1)
Enemeniiapnu mexanttyku paj cune P jegnak je upo-
usBOAy U3 cliBapHo Upehenoz wuyia ds u fhpojexyuje
P cos (P,ds) cune na dpasay iyaiqa. Y TopmeM HpPOU3-
BONY MMaMO TPH YMHUOLA :

P cos (Pds) u ds
H aK0 ¥X HAUUIOeMO APYLUM penoM NoOHjaMmo:
\

3Ap= P dscos (P, ds), -7 (76.1a) |

Tj. esleMenmiapHy MexanuHxu pag cune P jeanax je ipoussony 113 cune a
dpojexyuje upejeroz Tyuwia Ha dpasay ciise.

MexaHHIKE paxn je II0BUTHBAH 32 COS (P ds) >0 a HEraTHBaH - 3a
cos (P, ds)<0 Sa cos (P, ds) =0, 1j. kaga je cuia F ynpaBHa Ha, upaBau
eJeMEOHTAPHOI IOyTa ILEH je MEeXaHWYKH paj jefHaK HYJIIM. |

Y Berropckoj axreGpH W3pas:

. > >
P ds cos (P, ds),
» . . > > _
7j. IPOM3BOJ HMHTEeH3MTETa HBajy BexTopa P M ds H KOCHBYCA yIVia IITO I'a

oBH BexTopu Mehy cofoM Bariamajy, HasHBa ce: CKAaJapPHHUM, YHyTap-
| | > ~> :

BUM WM PagHUM [POM3BOIOM IBajy BekTopa P U ds U 03HAYaBa Ce Ca
> > - > >
Pds wam (P as).
Jlakie ce exeMeHTApHU DPaji Mo:e GeJesRUTIL:

> >
SA=P ds. o - (76.2)
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Tpeha HebuHuiinja MeXaHWYKOr paja riacu: Exemeniiapuu mexa-
HUYKL paAj Je ckanapru Tpoussoj ClUJie U eneMeHiiapHoz fdomeparsa iaike.

. — s
Kaga Tauky mamajajy smme cuia P; (i==1,2,...,n) 1 TAUKa Ce.II0-

. -
mMepu .3a ds, Bpmnhe cuile yKynaH MeXaHWIKH paj :

' e - >
A=—=29 P ds,
- .+ L . . : . -
a TIOTITO je § oBoM B6UPY J's 3alenﬂuqﬁn¢a,mop 33 CRe CHle, TO je
a | et >y | FEE
0A = és P = 0s R.
Mexanuuku paz cune R jeanak je aznzeoapckom s0upy panosa FOEHUX KOM-
HOHBHCHHG -

 AKo ¢y X, Y, Z oprorogajiHe KOMIIOHEHTe CHJIe P a dx, dy, dz op,

, TOTOHATHe KOMIOHEHTE IOMEpaiba a? eJIeMSHTapHH MeXAHUYKH Daj ]ﬂ;
SA = Xdx -+ Ydy—l—Zdz - (16.3)

y T H AP LM KOOpIMHATAMA je = R
SA=P.dr+Prdp+Pdz. (164

s HH@)HH’HTeBHManHor padyHa 3HAMO Jia je M3Pa3:
Xdx + Xdy + Zdz

caMo OHJAA HOTnyH nudgepennujax dA xala cy X,Y,Z HeluMuuHH
M3BOAY IO X, y, z jeqHe ucre jeqHos3HaYHe QyHKLN]e:
| | U=71(x;y, 2),
T, 3B. QYHKI[Hje cUIe. | |
BEieMeHTApHH DPall CHIE P Omhe makle mornynm I[HC;)EPBHD;H]EIJI AKO
ILeHe KOMIOHEHTe 3anOBOJbaBa1y TPH YCIOBA:

S 1/ 1), U
=% Ty T (8D

EOJH Ce MOI'Y M3DASHTH jeJHOM BEKTOPCKOM jenHATHEOM:

5 __ U -+aU > JU -
P = - ox -] +1‘ 0z (76.6)

H3pas Ha 1eCHO] c-'fpaﬂn jeJHAIHUHE (76.6) 30Be Ce rpam&j enT QymKnuje-U.
3a cuie Koje 3aX0BOJbABAjy jB,H;Ha‘IHHj’:

—

| P = grad U,
rae je U jenuHo dyHKUYyja Honoma]a (x, ¥, z) 1e
* SA=dA—=dU.
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i

AKO TaUKa KOjy TaKBa CHIa HaIDaja npehe nyr oI HeKe TaUKe
7 (X, Vry 2r) JO TAUKE § (X5, Vs, %) y KojEMa U mma Bpepdoctn U, u Us,

—}
~oHja je Ha TOM NYyTY cHiIa P W3BpIOHIA paj .
.
A= |dU = U; — U, | - (76.7)
-~ g I.

Mexauuuxi pag He sABUCU OF ZYKUHe HU 00JUKA Ayl HE20 CAMO OF
ppeauociiu U y xpajwum maykama dydia, Ilpema ToMe ako HAllaJfHA TAUKA
npehe ox r A0 S HpOHBBOJ’b&H nyT, a 3aTHM OI S /10 7 Ma’ KOJM IpyIi
nyT, 6Hhe

Af—l_A;:O: |

T|. MexauUuuKky pay ciije ; == grad U na ma kojoj saiisopenoj auHlijul jen-
Hax je nynu. Cmile Koje uMajy (OyEKLH|Y cHe 30BY Ce U3 PA3JIOra.0 KoMe
he y un. 79. GHTH roBopa KoOH3epBaTHBHE CHIe.

77. CkalapHa U BeKTopcKa mokba OGIacT IpocTopa ¥ Kojoj CBaKo]
TA9YKM ONr0Bapa H3BECHA BPeJHOCT HeKe (PHBMKAJIHE BeJHYHHE 30Be ce
noJbe Te Bexnmunsge llpeMa Tome Ja JH je OHA CKajlapHa HJH BEKTODPCKA
- BeJIHYHHA TOBOPHMO O CKAJAPHOM HIH BEKTOpPCKOM mosby. UranapHa

0Jba Cy I0JHA reMueparType, CcruenupuIHe Mace, PyHKuHje cuie HTH., 2
BEKTOPCKA II0Jba Cy No/be Opauma, yopsaiha, CHie, HTI.
Y nospy ¢yrrnuje U sHaun.

. f@na=cC
LOBPHINAY Ha RD]O] cBe TauKe MoJba HMajy mery spepHocr U == C. Te
NOBPOIMHE 30BEMO €KBHCKAJAPDHHUM HIM eKBHUIOOTEHIM]aJHUM IOBpP-

IMuHAMA, jep ce (QYHKIH]a

30Be MOTeHIHMjadHA (YHKIMU]a HIH DOTEeHIH]all.

0 meMHUIH|H]: P — grad U ¥Ma CIila TOpaBai] HOpMaje Ha IOBD-
muny U=C. Hopmana y rauku B noppmube U-—= C cehuhe Gamcky mo-
spmuay U -4 AU y rausw B'. Ca osHakoM BB = An Guhe BenuupHa CHIe
onpehera N3BOIOM: o

lim AU _atU -
An+OA an ,,

a cMep cuwie je oHa] ¥ KoM U pacre.

PasMak nBejy cycenHux noBpmuua U= C G6uhe yonmTe y pasHHM
rauykaMe B pasaugure Bexwuwse. I1ito je Mamu pasmak TEM je Beha cmia.
Y rauku B’ HopMmaina unoBpmuHe U-}- AU cehnhe nmospmumy U+ 2AU y
TadkKx B”; npaBan meH je B’ B" = An’ urn. CBH y3acTonHH eleMeHTH Ax

YHHEe IONUr0H (paBaH HJIH mpocropaH) Koju.3a AU - 0 mpeidasu y KpHBY




Sk skl P = ra r s

1. OKAIIAPHA W BEKTOPCKA UOBA 155

IAEH{y KOjy aoBeMo AuHMjoM cuae. Ome cy OpTOI‘OHaJIHe Tpalemopme |
nospmura U= C a mupepeﬂnmanﬂa. ]enHa,qHHa JURHja CHIe je |

dx ~dy  dz
X Y Z |
I'pagujeHT jenBor crajnapa MOMKeMo CMaTpaTH CKaJapHuM HpOHaBO,H.OM

TOT CKalapa ca jeJHUM CHMOOJNHNYHAM BEKTODOM:

(77.1)

oy
KOJH Ce 30Be XaMHJTOHOB ONEpaTOop, JaKie je
| grad U= U

OHED&TOP v MOJKEMO K0 CBaKH B&I{TOP IIOMHD"hI‘ITH BBRTOPCRH n

CKaJIaPHO Ca NPOH3BOJHLHMM BEKTOPOM P

Bemop CKI IPOHU3BO/JI
~

VXP

30Be Ce poranHja BeRTopa P o mm:[e ce

IOtP W cull P
IIOIHTO 003 BeRTopa paanommm y OPTOI‘OHaJIHe KOMIOHEHTE 11061113.110

0Z_Y) | 2(0X_ 07\ > (3Y _0X
oy. az)‘ (az ax) (ax ay)'

Amo je P KOH3eDBATHBHA CuJia, HodujaMo napunlanm{u nnqlepeﬂung
jatemeM jenHauuHa (76.5):

(7 1.2)

| IotP-—l (

oX_oy_ U Y _0Z dZ_dX . e
dy  0x 0x 0y "0z "oy’ ox — ezt NV
OBe jefHaYHHe yHeceHe y' (71.2) majy pesyirat: |

rot}; —ryotgrad U=0. S (11.4)

Pomayuja xonsepsammh'e clie je,zmam je nyau. OBa 9HHmeHANA MosKe
TaKolje CIyMHUTU 3a ;:ecpHHHuH]y KOH3EeDBATHBHE CHJe.
Bexropcro mome y KoMe je 32 caa.my mtmy noJba!

rot P—* 0
30Be ce 0e3BPTAOIKHO Nobe, -
OH&JIapHHXHpﬂﬂaﬂOI[: -
' v 3
30Be Cce ,I[HBepI‘EHIIH]a Bemopa. P n nnme ce
de——- \V P
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Hapameﬂa KOMIOHEHTaMa IIACH:

> X . dY _az 77.6)

dwp—haxﬂ ' oy | 0z °
3a,
>
P=grad U
nobujaMo |
2 0 37T .
dw grad U-——'a Upou, ou (717.6)

0‘-76}!" 0z%
JIMBeprenui]a cRaJIapa 3oBe ce u Jannacos (Laplace) n3BoxX
cKaJlapa ¥ O3HauaBa Kpahe ca |

g - . Y*U npana /\U
Hajsanm HaJXasuMo

divrot P=0, | (77.7)
h - . }
To 3mavy za ako je y 1no/by BekTopa R:
>
div R=10
» tl : >
MOJKEMO Ta] BEKTOP CMATPATH POTOPOM HEKoOr' BerTopa F. -
-> | - -
‘Berrope R 3a Koje je y CBAKO] TAaYKH IOJbA
—3n
rot R=0

30BeM0 INOTeHIH]aJHHM BeKTOpPHMAa & BEKTOpE 3a Koje je y CBakO]
TAYKH Ioba - - -

] + 1
divR=0
CONEHOMJANHHMM BEKTOPHMA.
Bekropcrko nome y KoMme je

- | - -
rotR=0 u divR=0

30Be ce JlanmaacoBo. moJbe.

Hpuwmep: S
=da (y —x), Y =2 axy, == (), |

I'pajujenT ckaaapa, po*raun]a, H AMBEPTeHLU}a BEKTODa CY DY G OCHOB-
12 nojMa Bextopcke amanmse Koja iMa HpHMeHY y CBHMa rpaHaMa Mo-
siepHe Teopujcke PHBMKE. |

78. BaKoH Konum4uHe KpeTama. BeduvyuHy GpsvHE TauKe Y KPHBO]

— \ . :
IIyTamH, KOjy Hanaja CcHXa P IpPOM3BOJLHOI IPaBIa, MEma CaMO FeHa
TaHMeHIUjaJdHa KOMNoHeHTa P; == Pcos g, I'lle je ¢ yrao mro ra cuia 3a-
KiIaga ¢a TAHMeHTOM Ha nyTamy. Ma peaanuje:

d(mv)
at

-_Pl _—



8. BAKOH KOJUYHHE KPETATbA = o G

no6ujaMo jeNHAYMHY:
| Py dt = d{mv),

'KOja Kaye Na je ejeMeHTApHM HMMIYJC TaHI‘BHIIHjaJIHe CHJIe ]B,II,H&E ande-

PeBENHjaly KOIUIHHE KDPeTaiba.
Y KOHATHOM HHTepBaJIy (i, — 1,) BpeMeHa Haje HHTerpan

3aKOH KOJHMYMHE KPeTatba y CKAJapHOM 00JINKY.
Anzebapcku upupazumaj Koau4lUne Kpellarsa ;e,zmmc je umuyjzcy mau-

2eHyujaine cune y UCHIOM DPA3SMAKY BpeMEHA.
3aMeHOM Cuje NpPOMeHJBHBOI INpaBua P ca cmmu X KOHCTAHTHOT

NpaBla Bajty 3aKOH 33 NPABONMHH]CKO Kperaibe (qJI 49)

- | | . > d(mv)
Ananoreo- 1o6ujaM0o U3 BEKTOPCKe jefHAYMHE: P — 7

—

Pdt d(mv) %4 Pdt—-mvz—-mvl,

NaKie: BeKi@opcKu Apupauiimiaj xonaqaue Kpediarsa je,qu je umiyncy na-
gagne cune (Uau UHIIezpasly cune o BpemMeHy) sa UCHIL PA3MAK BpeMeHd.
['eoMeTpHjCKa pa3JvKa ABajy BeKTOPa yBek. je Beha ox anrefapcke pas-

IHKe, JaKiIe je
2 2
. |
det>JP;dt.
1

Rana y ,I[enpamBom TpHEpy OBH&‘IHMO ca X,Y, Z KOMIOEEHTE CHIe

-
P a ca vy, vy U KOMDOHeHTe Op3dHE v 3auemy]y BEKTOPCKY ]eIHAYHHY

3a3K0HA KONHYHHE Kperama TPHU CKAJAPHe jefHadYHHE:
1

2
[Ya=moy—mv,, | @y

-J.Z dt = m Vaz '—"'" m viz.

1. Ako cy cBa TpH WHTerpala PasiIdynTa Of Hyie TAUKa he ommeH~
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-

BaTH NPOCTOPHY KPUBY MyTarby C& TIPOM3BOJLHO NPOMEEHBHMBOM OP3UHOM..
2. Axo je jexam nHTerpal, Ha NIpWMep NPBH, jeJHAK HYJIH, Tauxa he
ONICHBATH NPOCTOPHY Nyrawy all he OMIH vx = const. Memahe ce camo
KOMIIOEEHTA NapalielHa PaBHEU yz. | | |
- 3. Axo cy jBa mHTerpaia (Ha npuMep npmz i llp}IH) ]B,HIH&LH ny
au, 6uhe v, == const. u v, = const., Taurka he ce kperaru y pasiu yOpaBHO]
Ha PaBaH Xy UPOMEHJLUBOM ODPSUHOM v,.
4, Hajsag axo cy cBa Tpm WMHTerpajia jejmaka HYJId; Tadka he ce
KPeTaTd § IpaBoj MyTaibi KOHCTAHTIOM GP3HHOM. 1

~ 79. 3aKOH KUHETHYKE eHepruje (}l{HBe cnne) KRana }B_IIHEL‘IHHy
K()la nec}mm{me Tanreﬁnmanﬂy KOMIIOHEHTY HanaJiHe CHIe:

dv
dt

TOMHOKHIMO Ca HH,IIGHTKTBTOM ds = v dl, 1{06111&\10

P, — Pcos (P ds)-— m -

P ds cos (P, ds) = mv dv = d (’”” )

, ' -
Ha meBo] crpaHu cTojH edeMmeHTapsW pajm JA cude P a Ha necﬂoj
eJeMeHTapHa KMHOTHYKa eHepruja dL. Wmrerpanehn y pasMary ox { ==
(Ra.gla. je v= Yoy B dA -—-0) e BpeMena i noﬁnhexm |

. S
muy*® mvu

fP ds cos (P, ds) ~ 5 5 f(X dx ~-Y dy + Z dz)

0

OBa jegHaviNHA HCKA3yje 3aKOH KUHETHYKe eHepruje MIX (o cTapujeM
Ha3WBY) kHUse cuue: [Ipupmuiaj sxuge cune y KOHAYHOM paAsMAKy BpeMeHa
Jeamak je MexaHuuxoM pApy HAUARHe clzie Y UCTOM PASMAKY.

| 3a HmamanHe CHIe Koje HM&W (byﬂmumy U MeXaHEHIKY pajl je H3pa-
JKeH PA3IHKOM:.

U— Uo_—_:JPds cos (P, ds),' '

¢yErnuje U y HeKod Mecry rpe je OpsusHa v B U, The je Op3uHA 7.
SaK0H JKIBe CHIie FiacH caja:

L—"'LB == U-"" Ug.

Y Mecro QyHrUMje U DpHMemyje ce M NMOTeHNWjadHA eHepruja Ham
IIOTEHIU] :
V _— U-

Ca TUM NOJMOM IJIaCH 3aKOH JKUBE CHJe:
L+ V=L,4 Vy=E,
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Tj. Bﬁap KuneiluyKe 1 {OMeHyujanme €H8p311je Je KoHcHlauIiqH U 30Be ce
MEXAHUHKA enepzuja. OBa jeqHAYHHD, MCKa3yie ONIITH IIPIIHIIHII Mexaﬁmfae
0 OXpIKAIbY MeXaHuuke emepruje. Tume je 3aK0H KOjH €MO 3a cneun]ama
KpeTamha yHO3HAIM (41 54. 1 57.) UPOIIHpPEH Ha CBAKO HpeTa.H:e MoK yTH-
1ajeM KOH3ePBATHBHHUX CHIA. Hazus mHaepBamBaH 33 €HIe Koje IIMajy

c[)yﬂmuﬁly U je Tume oGjallmen.
-OToOp TpeWma M OTNOP CpelHHe HUCY KOH3EpBaTHBHE CHJe B 30BY

ce FHCHIATHBHE CHIeE..

Pa3nuKky sKWBe CHIIe :
2 2

MOJKEMO M3PA3HTH HMIyJcoM |/ HA 0Ba] HATKMH: SaKOH KOJNUHHE KpPeTamba:

- - e
{ = nv — v,

MOMEOKEMO CKAJAPHO NpPBO €A ¥ BATHM C4 1, & HOWITO TAKO Jmﬁn]em,
1e;ma1mﬂe cabepeno, no0HjeMo:

mv: mw,t 1 >
2_‘.20 .Q(IU—I—IUG)l

i, upapamuzaj wuse cme JeRHax je fionysoupy cxaﬂapmzx fipott3604Q wu-
Hysaca cune 3a Bpeme Kpeidamwa ca uoqemuom i Kpajiwom GP3UHOM.

I. KPETABE CJIOBOJAHE TAYKE

80 }Jendonnko prmuo KpeTame. AKO ce Mmepmanﬁa TAYKA, M-
p ie~{0 KPYry MOXYOPeUHAKA r KOHCTAHTHOM GP3HHOM ¥ = ¢, OHJA 3
obpaciia 3a IeHTPHIETANTHO U TaHreHuH]aJIHO yOpsame noOujaMo.CHIYy Kola
TPH TaKBOM KpeTamy Ha TadKy MOpa II,eJIOBdTH

llearpuneransa cuia Orhe: - |
, -  Pe=m, (80.1)
a TaHIeHIjaJHA: |

dc | | A
Py=—=m *a}““*o (80.-2)

Iipema ToMe, jelHOJIHKO pr}RHO KpeTame H3a3HBa CHJIA KOHCTAHTHE
BeJIHINHE YNpaB/beHA KA LEHTPY KpyiHe nyratke. Ibo] cympoTHy T. 3B.
NEeHTPUPYradny cuiy — mc’/r ocehaMo Kax 3aBpTUMO jexny mpahky.
| Rox wxpymuor kperama je EJIGMEHTapHH OyT Tauke ds = rdeg Harae
HeHa Op3yuHa: |
v =—d-£ = r i‘z-(-’i:rw, - (80.3)

r7e je w No3HaTa HaM yraoHa OpswHa (ul. 29).
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YraoHoM GPBUHOM @ MOMEMO neduBEECcaTH OpP3WHY OHEe Tayke Koja
ce HaIasH Ha, ]BIIHHI'IH,PI pacm;arba ol ueHTpa Ihera je nuMeHsuja [ t-1]

a jemumHANA sec-!.
Iomohy yraone 6p3HHe noﬁn]a H3pas3 33 ueHTpﬁneTanHy cHIy 06.11111{

- Pi= == = mrw? | (80.4)
- r . r | .

Y MAIOHHCKO] TeXHUIU Op3WHYy oKpeTarha (HA NpHMEp HEKOr' TOYKa)
H3paskaBa yBeK Opoj oOpra y jeZRo] MUNYTH Koju ce Oemexu ca n.
Usmely 6psume Ha mepudepuid Touka v. y msec! u 6poja ob6pra n Ko6H-
jaMo pemanujy pauymEajyhn mpehemd nyT Tauxe Ha MepulepHjE Kpyra aa
JeIHY MUHYTY ¥ TO jeHaHIyT mnoMohy 6poja oopTa (S=n2rm ) a I0TOM
‘momohy ofuMae Gpause (S =60v), Zaxle: -

--n2m::60w

a oxaBje |
| _2ran_ran, | "
V=55 00 - (80.5)
v .n | ‘
0= —T-="20 (80.6)

IlpemMa ToOMe, uempxmemamy CHIY KOX jeJHOJMKOT KPYMRHOT KpeTama
MOKEMO H3DA3UTH U OpojeM o0pTa n y JeAHO] MUHYTH:

2%
| Pe=mre= mr—%—oz— ”;{’2"" (80.7)
81. Kperame Bemme oxo Cysnua. [losgaro je zma je uyramba 1o
~ Kojo] ce kpehe Semiba oxo Cynna eaunca y uujoj ce jelHO] MUKH Halasd
CFHIIB‘ ) (ca1. 81. 1). IleHTpa.JIHa. CIIA KOJOM Cyrie npuBradu SeMIbY, HMA

craJIHO npaBau 1 cMep EF,, 10ie naxie
—

| upaBau; I cMep SeMILHHOr YOP3amba i,
CMuCcao Kpyikema CyNpoTaH je Kasalb-
\V KaMa HQ TaCOBHUKY®. Rala neHTpas-

HY CHLy 2 PA3NOKEMO ¥ HeHe NpH-

£ popHe KoMmioHeHTe P, m P, BHANMO,
- Ila TAHreHUNjaTHa KOMIOHeHTa P; npu
nojoxajy SeMmibe E; UMa HCTH CMep
ka0 ¥ OpsuHpa, MTO 3HAUYH 73 e Ha
TOME MeCTy Kperaime OUTH yOpsaHO.
Kama Semima nohe y momomaj E,
TAHTeHIU]aIHa CHIA j6 CYIPOTHA CMe-

Py Kperaima Ia hie ce y TOME IOJO-
’Kajy SeMJ/ba KperaTH ycrnopeHo. Y TeMeEMMa Bejnke ocosmHe A {(Aphel)

1) Tlpeu Kensepor 3akoH.
2) [nenajyhm na nyrafby ca cesepa.



4

81, KPETAIE BEMJbE OKO.CYHIA - 161

u P (Peﬁhe je lpaBal] HEHTpaJHe CHIIe yﬂpaBaH Ha nyTaﬁay, TI&HJIB.
p=10. Ha toyM MecTHMa SeMIba ce Kpehe KOHCTAHTBOM Op3HHOM. -~ =~ -

300r MaJe EKCIIEHTPNYHOCTH SeMJbUEE NyTame (& == 0, 0167) MOJKEeMO
je cMaTpaTH KpPYroM KOMe 18 IeHTap GyHue. Ca TOM npeTnocTaBmM je

¢
OpanHa H yopaaﬂae SeMILUHO — KOHCTAHTHO.

Ca 1M03HATUM BPENHOCTUMA ¢ I r MOMeMO UDUGIMAHO HahH KOJIMKO
je-oBO yOsarbe. AKO y3MeMoO [ia je CPelibU HOJYUPEeYHUK SeMIbUHE IyTamhe
r =148 472'10° km, ompga no6HjamMo Kao npoceqﬂy 6p31{ﬂy Iip&T&H:&

- Bemme oxo CyHia:
2re
T

-

rie je 1T= 365,2422 naua. 'Bame}byjyhn ose OpojEe BpPEIHOCTH y o6pasal

¢ =-

2

lio == — HATABNMO. [eHTPHIETANHO yopsame U= 0,59 cm sec—2 To 3pauH

kaza Ou Semiba Ha CBojoj myrTambH oxo CyHIfa ofjeqHOM CTaja, HOYeENa
6n s naga npema Cymny yopsamem u=0,59cmsec? 1i. y 1pBO]
cekyEau mpemaa 61 uyT ox 0,30 cin.

Ha vcern paydH HAJTA3UMO & LEHTPUIIETANHO yﬁpsame 33 HpeTaH:.e
Meceua oo 3eMjbe MaHOCH U, = 0,27 em sec—2.

((82.)Koc xutan y mpasHom mpocTopy. IllocMaTpajmo. Kperame
Tauke Koja JoOuje ycidel HEKOr KpaTEOr HMIyjaca Opsuuy v, Y NPOM3-

BOJbHOM IIpaBIy HATHYTOM 32 yrac o« IpeMa XODH30HTAIHO] PaBHU XY.

Ha rauxy nejctByje caMo IbeHA Te:KMHA, JaKie he ce Kperard y PaBEHH

- .
ofpeljeHoj BEeKTOPOM v, H BEPTHKAJOM KpO3 IodYeTHM mnoloxaj Tayke O.

Y 70] BepTHKAJIHO] PABHM Yy3MMaMO KOODJMHATHE OCOBHHE X W 2, Te he
AUHAMHYKE lelHaUnme IJIaCUTH ;

azx d?z
e =0, naET T g
IIpBM MATErpagn cy:
dx | dz '
E:const-zvoﬁﬁscﬂ:b‘m E‘:le“'gt:”zr

3a t=20 je G =v,sina.
Ca ROMTIIOHEHTaMa:
V, == Up COS& M v;==v,8ina — gt

HaJa3uMo Op3MHY Y BpeMeHy &

v =+ Vo2 F v2:= 1 [v,? — g (2v, sina — gt)t.

Mexauuka tauke - 11
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TlogoBENM uUHTerpalemeM Ho0HjaMo ¢ o03upoM na je 8a f=0: x=10

A z,=——=10:
1

X =uv,lcoSa, 2=yv,fsina— 5 ot*.

Ra,ua. BpB,I[HOGT 38 2 CMEHHMO y H3pa3 3a v, HAJa3HMO

v =j: V’voz - 2gz »
T]. Op3UHA 3QBUCH CAMO O BUCUHe 2 U3HAJ XOpUsoRane Kpos. dodeidiax O
i on BeJsidUHE UoHelliHe Op3luHe. | .
EnuMunanujoM BpeMeHa noéﬁlamo U3 /[Be NapaMeTpuUdHE ]eﬂﬁaqHHe
X U z jeHAYHHY NyTame:

g
082
Ilyrama je napaﬁma Ca BePTHKAJIHOM OCOBHHOM, KOHKABHOM CTPAHOM
OKpeHyTOM Ha Huse (jep je xoeduumjert on x® meratupan). Ca moaynapa-
METpOoM:. | N |

2= Xtga— X2,

_ onE CO‘SE &
~ p — "

>

rJacH JegHAYHEA Iapalode:
2
zZ=Xxtiga — x_.
2p
I[o MeToM OadyeHe T&‘IB‘.G 30BEMO aUCIHCY W Tayke OyTame 3a KOy
je z=0. U3 nocrexnme ]e,IIHa.‘IHE[B HaJa3HUMO

20

W == 2p tg o == Ty b‘m

o

<

Homer saBucH ox yria « exeBamuje n Ouwhe HajBehH 3a « =71

| | | 2 2
Wmax"*" - '
g

. TC T | ]
Homery sa fiBe eleBamije o, =-—- — [/ H a3 = — + 8 uuajy uery

Be.ﬁHqHHy jep je sin 2«, == sin 2, (ca1. 82.1).
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—

Bpeme f, sa xoje he Tayka off moverka (O CTHhK § HCTy BHCHHY
no6njaMo M3 obpacua 3a 2z Kao (QYHKnujy BpeMesna. Hajga craBmmo z=0,

n06H}aMo:

o 2?)0 Sin (44
| == !
&
_ i .
a 8a =5,
Tee 20
£
~ Bpeue i, 3a Koje TauKa IOCTHME HalBBhy BUCHHY noﬁnlamo U3 yCJIOBA
— 0 a

voSina I,

g 2

ly ==

mro je Beh u3 ofpacua 3a v jacHO.
Bacuay nemama /1 OHcMoe No6waum CraBmajyhn ¢ = {, y jeAHAURHY
3a z. AJU TOINTO j€ BHCHHA He3aBHCHA O] v, TO-je -
P %2 sin®«
| - 2g
\Tj. jeJHAKA BUCHHM Iebaka BePTHKAJHOT :mTua 6p'3HHOM vz = Uy sm .
HajBeha BpenBoCt: fimge = H je

)

Us TeoMerpuie je mosHATO N IpaBy yOpaBHY Ha OCOBHHY mapaboue
H yoaJbeHY 3a p/2 04 IHEHOI' TeMeHa 30BEMO  IHEHOM Imp eKTPHCO M.
Jakae je y HaleM Ciayuajy: |

H=nh -+ i-——'ﬂ{ ($in2a T cos’a) =
2 2g 28

Cpe mpajexioptije ca UCTHOM Beﬁaqaﬂom fToueiline OP3UHE U, wuajv

3a;e;muqu Aupexiipucy, jeAHaky BUCUHU _uerqarba Bepimiukasnoz xumya
Op3UHOM 1. *

Kaza jexmaunuy TpajexTopHje pemuMo mo tgw MOKEMO OITOBOPHTH
Ha ourare. Koauka rpeba na je enepanuja « na GMCmo NOYeTHOM Op3H-

HOM v, NOTORUIM HATY Tadky (Mery): x=a, 2="57

Voo -

' 2

. . . o .1 0
CraBmajyhn y jenHaTHRY Tpalelt@opﬂle. p— =1 4 tg?« u 29 = H,
HAJIA31MO!
. ' x2 o
& = xtbfiﬂ*—‘@(l-l— tg 06),

a U3 OBe Jjo0HjaMo:

11*
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[Ipema toMme ja au je
| | >

4 H* = x* + 4Hz
<

no6ujamo 3a tga, IBe, JeAHY HJIW HHUjeABY PealHy BpeIHOCT.

Y upBoM cayuajy Moske AaTa MeTta (x, z) OUTH morohena IBeMa Tpa-
jekropujaMa (CTPMOM H CHJBOUITEHOM), y IpyroM caMo jemuoM. UBe Tadke
(x, 2) KOje Mory OmTH NOroheHe caMo jeJHOM e/eBalujoM Jeske Ha T 3B.
Dapa6ogM CHPYPHOCTH: |

* 4 H? — x* — 4:Hz - 0,
ca TeMeHOM y:x =0, z2=H ¥ x = 2H 3a z =0 (c1. 82.2).

Agpbiples_

Cn. 82.2

Ca o03HaKOM ¢ = tga DJack jenﬂaqﬁﬂa TpajexTopije
Z2=qX— -—-(1 + g?).

Kana g, cMarpaMo IPOMEHJbHBHM MAapaMeTPOM NPETCTaBiba 0Ba jejHAYNHA
cucreM of oo! mapabosia Ca BePTHKAJIHOM OCOBHHOM, KOHKaBHOM CTPAHOM
o0pEyTOM Ha HUXKEe H HCTOM KOHCTAHTOM:

O6BojHUIYy TOT' cHCTeMa NOOHM]aMO Kaja M3 jeIHAYHHE TpajexkTopuie u
HEHOr' H3B0Ja 110 IapaMerpy, N3]eAHATEHUM ca HYJIOM, eINMUERIIEMO ¢. U3
0z Xx*
og  ~ T agl= 0

MMaMoO

2H

9=

W CMEHOM Y jefHAUHHY Tpajexropuje mobHjamo:

o
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x* 4H?* __ﬁ
)=H - 3x

HJTIT 3
4 H* — x*—4 Hz =0

rj. jenBauMny mapaboile CHI'YPHOCTH.

Xozorpadh Gpauiie je BepTHKAIHA IPaBa, & pac'ro]aﬁ)e noaa, 0,1 me je

- -+ |
r, cose, Ca BEKTOpHMA v, U g MOIKEMO 6p3H.Hy M3PAZHTH jeHAUHHOM:

v ==, ~}- ot.
Axo u3 0 6auuMo HCTOBpPEeMeHO IBe TauKe ca IouyeTauM OpsMHaMa
> > | |
c, U ty, Ouhe ipuxope Op3uHe:

—> —> —> . e
111:01+gt I’['?),_'-—-'-'—Cz—l—-gt,
IaKiie, bUXOBA peJaTuBaa Op3uHAa: | .

> > > >
V) — Vg = € — (s,

He3aBHCHa of BpemMena. Cuojaa upama

————

A A, Tadaka ocrahe craJgHo Dapajenna
—> —>
penatusnoj Opaunu (ci. 82.3). Axo ¢, M ¢,

HMaly ICTY XOPH30HTAaJIHY Npojexknujy Ou-

e npaBa A, A, BepTUKalga M obpaTuo.

83. OapehbuBarwbe cule cTaaHoOr . o
npasia 3a jaty nyrtamy tadre. [lata '- Cx. 82.3 |
HaM e jeJHaddHA paBHe NyTame z = f(x). Tpe6a ONDE/ATH 3aKOH CHIe
Z napajejfge OCOBHHH 2 Koja he Tadxky MacCe m 1IpUMOpPATH 1a ce IO
naroj nyramu xpehe. Ilomro je mo mpermocTaBuy X =0, 6uhe v, =,
KOHCTaHTHA Op3uHa. 3a v, nobujaMo: |

dz  df(x) dx _dz_

—

dt dx dt dx

a 3a
| , ¥z _dzdx = d% ,
T AR T A dt ¢ T gt
IaKixe je
asz
Z=mlil, = mc’.‘ﬁ—é

TPaseHN BaKOH CuIe.
1. IpuMep. Jlata je myrama nmapaGona (ca. 83.1):

z = ax — bx2,
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Hagasnmo:

H ca OBHM
| | Z=—2mc*b=—mk.
Yﬁpaa}be TaIKe e

| fty = — 2 cz b.
[lomrTo ROHCTaﬂTy b M3pasNMO Ca TaPaMeTPOM p Hapaﬁone b = 1/2p I cMe-
HIMO € == v, ¢0S a Jo0HjaMo:

vo® coS%a

Kox xocor xurna OMJa je Aara CHIa £ — — mg W HAONIH CMO Ja je
nyTama MapaGola mapaMeTpa: p = (v,’ cos®e)/g. OBl CMO pemaBaId HH-
Bep3HHU 3allaTak! U3 OATOI' HapaMeTpa OApeAIyN CMO yOpsaibe.

3aK0H CHIIe MOKEMO Tako TpaHcopMucaTH 12 Gyne H3PaskeH cano
jeHoM TPOMEHJHEMBOM X HIH Z. -- -

2. IpuMep. Jara myrama je Kpyr:

.oy=rr=x.
IIpBx M Hpyra H3BOX IO X Cy |

dy X dy
dx  y ' dx* s
HaKie je "
Y CErB 7
| T 3 T y®
a 3aMeHOM y
o M
Y — (rg n xg)alg ’

KOHCTAHTa u HMa AuUMeH3Hjy [ml* t-7].
OBa 1Ba 3aKOHA Culie Hajy 3a TyTalby NBA PAasTHYKTA CHCTEMa KO-
HHYAUX Opecera, alh CBAKH NOjeJHHATHH BaKOH CA YCBOJEHIM 3cmsnma

onpehyie 3a nyTamy Kpyr:
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84. Kperame TauxKe IO HAejCTBOM cHJe uponopuﬂoﬁanﬂe pa-
cTojaiby. Tauky Mace m HaUaga CHIA

-> -
= —mkir

Tpe6a mahu myramy Tayke, Y KoopAuBEarTHOM chcreMy Oxy rae ie O Haa-

6pado y M3BOPY CHJe, a OCOBHHE MOry OHTH NPOH3BOJbHE KOCe, Iace
 AMHAMWYKe jelHaTNHE CKpalieHe Ca MacoM
d*x d”y

di® diz

HeTaTHBHN 3HAIM KaMy 14 je CHiIa OPUBIAYHA.
OmmrTi METErpajy THX jeAHAYNHA TJaCe:

— kﬂ . kZ :

x= A, cos kit -+ Bysinkt, y = A, cos ki + B, sin kt,
A IUXOBH H3BOAU 110 BPeMeRy o | |
X' = — Ak sin kt + Bk cos kt, y = — A,k sin kt -+ Bk cos ki.

| AKo ca X,, J, 03HAUNMO KOODAMHATE Tauke, a ca x,', y,” OpsnHe ¥
eppeMeny ¢ = 0, go6rjaMO KOHCTAHTE: |
A, — Ay = B =% B

1 = Xo, 2 == Vo 1= "7~ 2 ™

Te he MHETerpasd GHTH | .
! I

Xo . . L
X ==X, coskt+——z—smkt, y:yoeoskt—.l—z‘}—smxt.

H,a;:a 32 0COBMHY X M3abepeMo BEKTOP NOUETHOT DNoJoXaja Tauke, a
38, OCOBHHY y napajely ca modeTHoM OpsuHoM, Onke:

Xe=1Te, Yo = Vg, y0:x0'=0:

11 3aK0HU KpeTama xpobuhe npocmjn H3pas:

= r,cos kt, y= z—sm kt

Kaza 43 oBUX jeHAYMHA eJNUMUHHINEMO BpeMe, Jo0HjaMo Tpajer-
TOPH]Y TalKe:

A ALS

o - 1 a
Io? Vo~

TpajexTopuja je eannca OpUKa3aHA Y KOOPWHAT-
HOM CHCTeMY y KOMe Cy OCOBHHE KOH]yroBaHe Ly/RHHS:
a =ro, B =uvy'k (ca. 84.1). | -

Kako 3a NMoveTHU BEKTOP 7, MOKEMO OHpPATH IPO-
U3BOJbHU TI0JI0A] Tayke, TO BUAHMO 1a je Op3HHA TadkKe
y CBaKOM IIOJosajy v = kb', e b’ SEAYM IYENBY 0O-
IylOpedfiKa elHice NapajdeidHor GpswHyl, Tj. KOHjyro-
BaHOT Ca BEKTOpPOM IIOJIOMKa]a Y TOM TPEHYTKY.

Tpajame jenuor obpra je T = 2n/k.
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Y KupeMaTuny cMo pacMarTpaiu o6pHYTHM 3a1aTak y OPTOrOHAJHOM

CHCTEMY M HAILIK CcMO 3a& Gp3uRy v ==abk/d, TIe cy a, b UOJYOCOBHHE
. ’ + . .
exuice a ¢ pacrojame meHTpa O o4 Bekropa Opsume v, Us ynopeljema oBa

H3paaa :3a v nobmjamo TO3HATY ocoﬁuﬁy eJIHIICe:

o

abﬁb’a——a ><b'

AKo je a =256 = b’, equnca Npeaasy y KpyT HOIYNPeUHAKA a; ﬁpsmm

v—=—qak u yOpsame 1 = ak® cy KoHCTaHTHHM, Taura he ce KpeTarT y prry
e

aK0 je moverHa Gpanﬁa ylIpaBHAa HA IIOYeTHH MOTEr r, M CHIa P:-—
—> . : ' ' |
= — mi*r KOHCTAHTHE BeJHYNHE:
| m ve*
P = =

Fo
T. ]. d
R Vg ﬂk Is.

Kama nsesMa IHHAMHYKHM jeZHAYNHEAMA J0AaMO d22/d#? = 0 (rge oco-
BHHA z CTOJM YUpaBHO Ha paBaH Xy), Ho0ujaMO dz,di==¢ KOHCTAHTHY
KOMIIOHEHTAJHY OpsHHY, TauyKa he OMHMCHABATH 3aBOJHY JINEUA]Yy KOHCTAHTHOM
6psHEOM v = |[/a® k* 1+ c2.

Axko je enya P on6ojHa:

- R
| P=mk*r |
no6xjaMo 3aKoHe KpeTama M3 Npehammux saMemyjyhu & ca ik:
X = rocos hyp ki, ¥y = ro sin hyp £t.
EnaMuHangjoM BpeMeHa ¢ 0G3MpPOM HA DeNali]y:
" ¢os hyp?x — sin hyp?x = 1

H&JIa3uMO 32 IyTamy Tavyke xuneplouy:

X g2 y2

- —-ﬁl
rﬂd | ,Uu2 ’

6p3HHa ]e A osle v=k¥b'.

KpeTame miadeTa. s omamama Kperalba IIJI&HeTe Mapca koje
je :caH'ﬁR‘n acrporoM Tuxo (Tycho de Brahe, 1546—1601.) Kpo3 20 Benpe-
KHJHHX TOAMHA BPUINO, H H3 CBOJHX CONCTBEHUX H3BEO jeé IHEroB Hackel-
HHK J. Hemlep (J. Keplel, 1571—1630) CBOja TIO3HATA TPH BaKOHA TJa-
HETCKOT RPETB.,H::B.

1. Iliamere ce kpehy y eTmmcaMa 0k0 CYHLA Ka0 3ajelHuKe sKHKe.

2, Torer moBydeH of CyBO2 Ka NJIaHeTH npemmqn y jeZinaKkpM pas-
MAI{HMa BpeMeHA jelHaKe nonpmur{e
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3. Tpehe norernuje BeJMKHX II0JYOCOBHHA OJHOCE Ce Ka0 KBAIPATH
Tpajama OnTANAja. |

IIpBa 1Ba sakoma Oj{HOCE Cé HA jelHY IUIaHeTy a Tpehu moCTaBsba
0/ldoCc M3Mely pa3sHHUX HJaHeTa. . 2 |

~ A) Ha ocHoBy KeniepoBHX eMIHMPHUKHX S3aKOHA W HAYIHHX TEKO-

BiHa ['anuneja, XajreHca 1 CBOjUX CONCTBeHHX, locTaBHo je Ibyru
(L Newton, 1643—1726.) 3akoH rpaBuTalyje, TiiMe OTKPIIO XHIbANYTOTHINELY
TajHy IIAHETCKOI Kperama I 3acEoBao Hebecry mexamury.” Coj
3aKOH CaonmiTHo je y cBoM GecmptHOM Zeay: Philosophiae naturalis
principia mathematica. London 1607, (Maremarmuxu npraninu Teo-
pajcre dH3uKe) ciyskehll ce reoMeTpHjCKHM WaBoljermnMa. AHATHTHYKOM
MeTomoM nohuhemo Opike H JakHIe IHJbY. ¥ II0JapHOM Iwopnﬂﬁamom CH-
CTeMy IJIacH jeXHAYHHA KOHYHOD IPECcera:

I"
4
A ’
o p

Jr == :
rie p==b%/a 3HAWM mapaMerap (ci. 85.1), ¢ HeHTPHYEY aHOMAaJH]y,
1 g == Vau — b

a

 OyMEPUUKY GECCHEHTPHTIEOOT Koja e 34
eanncy ¢ < 1. Ilomro yHeceMo 3a p rop-
IbY BpeJHoCT H e = a s, raaculie jeana-
YHHa eJHICce:.

_ b
. : _ r — : —
Ca. 85.1 | | a-tecose

(85.1)

Ilo npyrom KemmepoBoM 3aKOHY je CeKTOpHa Op3UEA %l; KOHCTAHTHA.

Kana KOHCTAHTY O3HAYHMO ca c/_2 HAJA3HMO:

aF 1 .dg d‘;‘"
di. 2 di ___2

3 Kumemaruge (11, 44) Cy HaM noaﬂam oﬁpacuﬁ 32 panﬂ]anﬂy
H IIPKYJAADHY KOMIIOHEHTY yOpzaiba TauKe:
ae2r ., a"l.d(r)
: == “w
dt? S oor
[owro je rw==c To je .= 0, Tj. HeJo yOp3aie, MaKie M CUIA, TATA
y cuojey npasy CyHua #H niamere. YOpsame #=—u, je He3aBHCHO O]
aEoMalHje ¢ M 3aBucH caMo oX morera r. Ty saBucmoct HahuheMo

JaKkIIe Kala MeCTO r yBeZeMO Kao HEMO3HATY PpeUUNPOYHY BeIHYHEY
1 oo | -
M o CMEHHMO 10 (35.2) ¢ pe

| WIH o =_cC. (85 2)

) o—

= .
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Tako noGujamo

(k) _.
dr dr dr ¢ r -
c-l}-___a—&;m i - ¢ - e (85.3)

Uz jenmaunue -(85.1) je

1 1,
— =% (a + ecosq), _

naKie

a7
r e .
dfp'w == --F;Blll@
H cMeHOM Yy jeHavuny (85.3)
| dr ce .
'd—t':b—ﬂ" sme ,
df'-'_r --—CE w COSq —-mc—ﬂfgg—si’
diz b2 b ot

¥ cumeHoM u3 (85.1)
| d*r ¢ ( 1 a ) |

BT T (85.4)
Ilomro yHeceMo Beauunne us jeggaunne (85.2) m (85.4) mobujamo
pagnjanHo y6p3aibe:
- g o E cla 1 & . cZa 1 | 3

r == NE = pe 72 (85.5)

r3 r3

Kama Tpajarbe jeqHOr ONTHIAja MUIAHETE 03HAUNMO €A t HMaMo IO
apyroMm RendepoBoM 3axomy: -

t=@abn
2
n cMeHoM ¢ je
_ 40332
Uy = TS

Ilo rpeliem KemiepoBoM sakomy je

'}"2" —_— 5 (85.6)
34 CRe NJjaHere HceTa KoHctanTta. Ca moMme riacn’
| 407>
ly = — P r _ (85.53)

rfe je 4da% =1 3a cBe [JaHeTE HCTA BeJHYNHA.
llo guHAMMIKOM 38KOHY je CHJIA Koja IUIameTy lanaza

. Am .
Py=——- (85.7)
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o0paTHO' TPONOPIMOHANHA KBaJPATy DPacTojaa M YIpaBJheHa ka Cyruy;
-m, Je HHepTHa Maca [JaHeTe a KOHCTaHTa 4 3aBucH camo oy Cymua.
Ilo III. IbyrHOBOM 32KOHY KpeTama je cula P, xojoM niamera nej-

cteyje Ha CyHne: P, = — P,, NaKJle Kaja je m, HEHEPTHA Maca Cyanma a i’
. . . . Afm : )
KOHCTAHTA 3aBHCHA O] ILIAHETE, BaMH P, = — r._,’ . JeJ{HAKOCT amcoayT-
LW ' A ’ . . . ml 1' | . |
[AX. BeAHIHHA CWIA U3parkeHa je jeHATMHOM: -7 = E r“’ ? MT0 sHauR I,;a 13
A A
Z ==K a 85.
=, ey

KOHCTAHTHA BeJMYMHA, 'PABHUTAIMOHA KOHCTAHTA, KOJOM je CHAA H3-
Mehy Cyﬂua U TUIaHeTe M3pakeHa ofpacieM: |

p—_gMmh - ~ (85.9)

r2

* OGe mace m, u m, jaBJbajy Ce U Ka0 TeIIKe H KAo WHEPTHe Mace.
Raxa uMaMo y. BUAY cCHIy P, omna je my I{IIBpTHﬁ. m, TeIlKa Maca,
o0paTHO Kajga younmo cuiy P, = — P,.

JeXHAKOCT Temke W HHEPTHE Mace (tm 47) moxkasyle ce y 33KOHY
rpaBUTaliuje y TOoMe INITO Ce y HheMY [0jaBibyje IIPOH3BOiX O0OHMX Maca.

B) O6pHyTH 3amaTak: H3 3aKOHA I'PaBATANM]e OXPENUTH KpeTame
miragere!), pemnheMo Ha OCHOBY 4YHmeHHIe (4in. 45) na je 3a cBako
YeHMpAao Kpeiiare YUPKYJAPHO yOp3are JeAHAKo HyAau, TaKie, rw = (.

Rana osHayumo 1/r == g nobujavo Kao panuje

dr dg dr o aq' . 4°q
i~ Ty dET T e T T g
- 1aKJe | |
| d?
f, = — (2 q’a';q;., c g’
HIIH .
dqg L g = — oD (85.10)
Raza yHeceMo Y OBy jeﬂﬂaqﬁﬂy yopsaimbe MIaHeTe: _”" —;-_ =y rne M

gHaun Macy CyHna, moOujamo; |
d* kM o |
qu +o="5., - (85.11)

rje Ha IecHO] chaHn CTOJ KOHCTaHTHA Benmnna Osa HEXOMOreHa OH-

qbepeﬂuﬂ]a.nﬁa jenHa4YMES Jpyrora pena HM& napmuyna,pﬂﬂ HHTePpaJI
kv 1 |

q1=" =

e, cz - p ’

1) Pememe OBOr 3a1aTKa NPBH je n{jn_aaao Johannes Bernoulii, (1667—1748)
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rge p 3HAYA KOHCTAHTHY AYH. .
()II[III‘H HHATEerpad xomoreﬂe nmpe.peﬂmi]aﬂne jeAnayune:

dq,z 'I‘Q = 0
CAACH: .
o g = Asing-}+ Beosgp
151 yﬁoi‘emeu KOHCTAHTII & I g, CA
£

. —sin o u B = -— cos ¢,,
. A p Po 7 Po
nobujaMo ommTH HATerpasa jegnaunse (85.11):
| 1, &, |
9= (fP — @) - (85.12)

AKO yrao @ pauyHaMo ofg Tauyke F H&]ﬁJIH.'}hB Cyuny (ca. 85.1), nim
nepuxena, 6uhe p,=0 n jexraunHa (85.12) npercraBiba ca

| _1 _ . p
o - qg 1 —]— £ GOS8 ql
'noaﬁaTy OXAPHY {e/HAMHAY KOHHUIHOT IPeceKa.
Tlragera ce kpehe mo exnmcy, NapaGonn MM mnepﬁoml npema TOME

naNu je

s'g 1

- > | d
IITO 3aBHCH 07X IOUYETHOI CTakma KpeTamha.
ar
dl

IIpoYHe BEIHYHHE l/r M3 jefHa4YWHE eJUICe U J_LanHx Tpaﬁcq)opmaunla y
Koje laj/be HeheMo yJIa3uTH, Hspa3 - |

3a kBajpar OpsHHe: 'v'——-( )—{—r 2; no6mjamo yaoheﬁ:em penu-

= = (1+ 3+28003fﬁ (86.13)

KOju HMa 0GJHK Rocnﬁycomr CTaBa 34 TpOyrao ca crpaHaMa v, c/p H ec/p.

W3 4. 45 3HaMO0 /13 je KOX IeHTDAJHOT KpeTama MOMEHT Op3HEHe ¥

morideny -UeHTpa KOHCTAHTHA Beamyusa. Ca osHakaMa y oI 851
je nakie |
Uy =Usly MIN ;iU =Ty.71,.

N3 xoHCTpyKIHje NOMEHyTOr TpoyIlJia BHIKMO Ja je xoxnorpag
6p3uHe NIaHeTe KPYTI HpedHUKA: ¢/p ==v,-}v,; 110J XoHorpada JeRK
Ha BePTHEATHOM npeqHHRy ¥ JeNu NPeYHHK y 0oOpaTHO] cpaamepn ORL OHe'
y Kojoj mika S [ead BednKy [I0JIyOCOBHHY.

- Jenmaunna (85.13) Mome ce TpaECOPMALIHjoM TOBECTH Y NPOCTH{M

O GJIH K:

(2 1) | (s
_1(7_3) - (85.14)
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H [percraBba y ToM OOMUKY jJelHAYHHY eHeprﬂ]e 88, SIHITHIKO
. KpeTame Kao mTo heMo Hu:Re HOKA3ATH. -

| Cse nentpajgHe cuie P== f (r) mro 3aBHCE CAMO O] pacm]a&:a KOI-~
3ePBATHBHE CY jep je ILHXOB eleMeHTAPHM Dai dA = f(r)dr NOTHYyNH Ih-
~ pepedHnHjas. 3a rpaBUTALHOHY CHIY je

ma (m 1

dA = dU = 2.arr—-«—af )_d_f:zv.
7 ro

[Io upaaUANY sKiUBEe CHJIE ]€

d(L+4V)=0 1w d(”“’ ””-),,_,0

Hawye

rie je fr voHCTaHTA enepruje (wia. 78).

s nocaenme jeanauuge goGujamo, ¢a 03HakoM /i —Qh/m
, 2:’\ r o : . . o

MakcuManua Opsuba v; je y nep}}iwry P, 3a rojy Tauky je r, ==
= q (L —¢), :_Iame je |

o 2 J. -
2 ___ I !
_ =gy T
OnaBie HaJMaszuMO -
B .2 21
o a(l—e)

Y TeMeHHMa exutce je y6psamwe i/r® HECHTHYNO ca NEHTPHIETANHUM
yopsameM v2fo. Y Tepuxeyy je DoIyNpevdHUK o RpHBHHe o="0%a=a(1—e),
oaKie je | |

v® 4
a(l—e?) -a¥(1—e)

U onaBje | :
| ?12_'_' A 1—¢? A 14c¢
1 il

a (1—)? al—¢’

Ca 0BOM BpenHOMIHY HAJA3HMO:

o Alde 22 4

| al—e al—e  a’ |
CMenoM /' y y jensadnny (85. 15) To6ajaMo jeIHAUHEY eHeprme IageTe:

aoa(2-1)
_ . r a
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Y

nakae jenmauuHy (85.14.) 0 - o
3a o6.aHK nyTambe MepoJaBHA je Beamwunna GpsuHe y mepuxery. s

rl
BHJMMO A3 he NyTama OUTH eiupes; Hapadoja HaAM xumepbola kKaja je
., <\l 2.
| > |
Jefipaunna y6psama 4, nuaHbre (85.5&_) rJIacH IIOIUTO CMEHHMO J He
jenuadnge (85.6):

4 n® o8
a uapaseno MacoM M CynHua, je
| M
ur —— _ k r2 L

Hajennadereyr 06a Uspasa HAIABHMO:

4 JIE a3

M=~ (86.16
AKO 103HajeMO BEIHKY HOJYOCOBMHY NyTam€ Ma Koje IiaHeTe H Tpa

jame meHor obunacka oko CyHna, Moskemo-ogpenatu CyHueBy Macy.
3aKoHH KpeTama INIaHeTe H3BEJ6HH Cy [OJ NpeTIOCTaBKOM Ja ji
CyHne HenomHYHO. [JuRaMuKa cHcreMa Tauaka (Ipo6aeM ZBajy Texa
HaC yYH Na 00a reixa Mace fm, W m, ONUCY]y €JUNTHIHE NyTamke OKO IHM
X0BOI' 3ajeJHUYKOr CpeiuIITa U [Ja je I'PaBUTAaluoHa cHIa usMely wux

D mymy

(r1+rz)*- 2(1 _I_ml)“’ .’

THAe ry, r, 3HAUE pacTojalma Maca off HUXOBOI CPeAUINTa a 7y + ry =1
Ho raxo je maca CyHnma m, naiexo Belia ox Mace HajBehe IiaHere, T
MOKeMO OLHOC m,/m, npeMa jeIHHHON 3aHEMAPHTH, TAKO HUCTO H 7, NpeM
ry- Te HodujaMo Cca BeIRKOM ﬂpnﬁﬂﬂmﬂomhy 3aKkoH cune: P= — K m, m,/r
[IpermocraBkom gma je CyHUEe HEUOMWYHO YMHHMO THM Maiby IpeUIKy IIT
je Mama Maca ILIaHeTe, |

86. Koc xuran y Baaayxy. Kperame rpanare uclajbeHe M3 TOIN
je BpIO cCJI0MEHO M 3aBHCH O] HmeHoOr oOaura, QNHUCHBaIMme TOT KpeTa
3afaTak je Hapouute rpaHe Mexanmke, Cunomambe OaTHCTHKe, ')

l) YayTpamma OaaucTtHKa H3yd4aBa kperame NpojesTuaa Of TPEHY TKa HEroB
MOoKpeTa A0 H3AACKA K3 LEBH.
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By P T

R

MPI heMo HCHETHBATI Kperame MaTepH]aJme TauKe no,u ymua]eu
> ——
jmeHe modeTHe Op3HHE v, TeKHHE Mg H 0Taopa Baaﬂyxa W Y Mupsoj

a,mocq)epn nMahe W npasar OpsuHe, Nakie TaHEr'eHTe HA NYTamy M CMep
cynpomﬂ 6p3uHM. SakOH 10 KoMe W saB¥cu oj Opsuie o0CTABHAMO He-
o;gpeljeﬂ i o3HaynhieMo ra ca ‘

W= mg (v},

%begguma (v) saloBobasa yeaoB g (0)=0."

: Y raukn M {ci. 56.1) nyrame uMa Op3iiHa HArUG . Kana ciie mg
n W npojuIUpaMo Ha TaHI‘eHij
U HOpMaJy M IOo[enuMo ca i,
mobujamo TaHI‘EHuH]aJIHO yop-

¥y A1 B8ame:
Xl=7 dt
M HeHTPHOeTaIHO yOpsame

E

[

N N
{%’A.ZA

— 0 [sin' )+ ¢ (v)] (86.,.1).

& AlSmaEmmm w i

\ ..ag_&
-%x
N
— e W e e st e ]

,?/._,3
— = O 008 . (86.2)
Ca. 86.1 € | '

s oBux jeJHAYNHA Kperawa 4YUTAMO HEKe OCOOMHe IIyTaibe Koje
Baske 3a NPOU3BOBAH 3akoH ¢(v). M3 apyre jelHAYMHE clenyje Ia Hoay-
:“upeqﬁmc KpuBHHe o == MC W yOpsambe g Téxme lleke yBek Ha MCTO] CTPAHU
fiyrame, HaKie /a je IyTaba KOHKABHA 1peMa 0COBHHM Ox. Yrao ¢ cTalHO
omajga; a Kako je v%/¢ Jarie W cos ¢ yBeK MO3UTHBHO, TO BEJHYHHA yria
Iemu y rpanunaMa J, ¥ —xf2. M3 npBe jepHadnMHEe YHTAMO Ja IOMITO
ragxa npehe rTeme, nakiae Oyme & < 0, Temu dvfdt HYAU, Hakge Texru Op-

3UHA CTalHO] BeJUYHMHH k Kojy he moctmhu Ba ¢ = —n1/2. Jegpmaunma
(86.1)rmacu rana: 0 = — g[— 1 4 ¢ (%), narie ¢ (k) == . Uumennna na je 3a
$ > = — 71/2 UCTOBpPEMEHO v > Kk 3HAYN /12 Ce RpeTaH:.e Ta4YKe 3aBPIIaBa

Kao caobomaH mal (Wi 61.2).
Kpusura je

1 dd ds 1

e — L
ml—

o ds dt v

'(ﬁeraT.ﬁB_gﬁ 3HaK Jep ¢ onaﬂ;a‘ Kaja s pacre).
Ca ToM BpemHomhy KpMBHHE IJaCH jefHa4HHAA (86.2):

s R
_ v g? = —gcos. ~ (86.2a)
O6e jenmaunme (86.1) u (86.2a) cafipse mnpoMeHmbHBe f,9 U v. Him-

MUHALHjoM BpeMeHa 13 OBHUX jegHauuHa fo6ujaMo nudepeEnUjanEy jex-
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HAUMHY [pBor pela uaMehy ¢ N v T.3B, IMIABHY jeAHATHHY CHOIAII-

mer 0aluCTHUECr npofiema: |

L dv do
v cosd

|:rp“(f:)—‘|— sin *ﬁ] T R (86.3)

AKO yCleMo Ja 0BY jeNHaqiMay HATerpaIuMo, OJPediI CMO X0J0-
rpagd 6psnHe v == f(?). Cana MOIKEMO JaKO0 OJpefHUTH KBaJparTypaMa. Ko-
opAuHaATE (Xx,2) TayKe, |

Ca dx==ds ccs ¥ = v eos & dt = — (+?/g) di T e je dt CMEH:;BHO 3 jef-
HayuHe (86. 2&) 11 dz = dx tg ¢ pobmjamo:

— Eff 2_(1‘)‘) di, g = — éffﬂ () tgd dd. (36.4)

|

Bpewue koje je Horpeﬁﬁo Ha nyry od O no M ojpeheno je HmerpaJIOM:

77
1 f($)dd
[ = — - _ .
g J cos v
Py

Tlomro je v = f(9) y natepagy 9, > 9 > — n/2 Henpemmﬂa. quHE-
IHja a Melka Ce y WHTepBALY v, > v > k, TO Oﬂpeheﬁn HHTErpaJ:

@
1 .
— |2 (") d»
5 |
}

HMa KOHAYHY BPEeIHOCT H Hpe'r'cTaBjBa pacrojame a = QA BEPTHKAIHE
acuMiTore of noveTka. ¥s uwerux pasiora je BHCHEHA IIeWmamma i onpe-
‘herma uATerpaJoM:

i

oy “ -
b= [0y gv s
a' aliciiica Teméﬂa e
’ ' I

— %J F2(9) do .

Kana Giemo MOTJIM PENIHTH WHTErpaie (86.4) y 00IMKY x = x{(¥) I
z = z(¥) mobmin OHCMO jeHAYHHY IyTame: F(x 2)=0 Koja 3a z = 0 naje

x=0H" x= 00 [OoMeT IPOjexTHIa.

Axo v, u v, 3Haye OP3MHY y JBeMa TauykaMa P, ¥.P, Ha HCTOj BH-
CHHY 2z, HaJasHMO H3 TeopeMe JKVBe CHJIE:

o=t j Was,



8. KOC XMTAILl ¥ BABAYXY R & &

B

p—

rae je — W ds exeMeHTapHM paX oTmopa ., Basnyxa. Hs ummennue na je
v < vy MOMEMO IOTBPAMTH /A je 3a cBaRH nap raqaxa Py, £, 9, > 4.

[To 1eaumo; dz = v sin® d¢ Ca v ==— gcosﬁ (]E,T.[H 86.22) Te noﬁn]ano.
az o
5= tgo dd ; ftgﬁ d¥ = — ln cos?d

3 dz . | |

Onpeljenn HATIpan y'rpa.Hnnama, on P, no P, ruacu:

gJ 2 ‘ln cos'ﬁ

8, -
Marterpan J nofelutieMo y IBa Neda:J, u J,, ¥ rpaﬂnuaua on Py

;10 TeMeHa N, O,IlHUGHO ox N mo P,. Ox N no (' z onaja, nakie je a.ure-
~Gapcxi 36mp: ;

7 ,

Jp =Jy-—Jy=1n cos ¥, — In cos ;.

Ilomro je Ha CBAKY BPEIHOCT Z: v, < v1, TO je Jy > J,, nakie je

LOSﬁg
cosﬂ

< 0 H e > .

- CujasHa rpaga NyTame je CTpMH]ja ol y3Ja3He, BepTHRaJIa. Kpo3 TeMme
HU]& OCOBUHA CHMeTPHje. 1 | |

Romueu je orpoman yTHUA] OTIOpA Ba..myxa, Hpu BelukuM OpanHAMa
nokasyje oBaj npuMep. MHoroGpojau orieny ca jefHoM O00jHOM NYIMKOM
Monens 88, Koja Jale NOYeTHY OP3UHY v == 620mseC'1yTBpnmm cy na je
gajsehy nomer 4 km ¥ nHa ofrosapa exesaunju 32°. BucuHA TeMeHa
rpajexropuje je 500 m. On = 2,2 km. 3a uery noquuy 6p31my H “HajKo-
pucHujy exeBanmjy ox 45° a Ges oTmopa Basayxa HANA3HUMO noue'r St
40 km ¥ BHCHHY TeMeHa oX 10 km.

Tnasea jenmaunHa CHosmbaiume GaIMCTHKE MOKe Ce ca.uo 35 HeKe 3a-
KoHe ¢ (v) HETEPAJIHTH; Kao 32 ¢ (v)==cov". AIM ce JaJbé HHTerpajeme
32 X U zZ He MOry eleMeHTAPHUM CpeACTBUMA HBBPIIUTH. JeAWHO je TO
MoryhHo 3a JHHEApHH 3aKOH ¢ (v) == v, KOjH HEMA HpakTHYHe BAXKHEOCTA.
[lopen oBux MaTeMaTHdYKHX, TemKkoha HMa u ¢usukainux. Ormenu no'er
hyiy zma sakes ¢(v) HUje 32 cBe 6PBHE[B NCTH W Ja Ce YTHUaj oﬁ.rmlca
IpOjeKTHIa HEe MO:Ke H3DA3UTH KOHCTAHTHAM Koe(HIWjeHTHMa, Hero NIa
CBAKOM MpPOjeKTHIy NpPUIANAa 0COGeHN BaKOH OTHOpA, S3aBUCAH O FL6r0BA
o6nuKa. Yclex MNaBefeHHX YWIHEHHNA W MHOIMX JpyTHX YTHIA]ja HHje
8r3aKTHO MaTEeMATHYKO oApehdBame TpajexTopHje HH M0 I0HAC HOTIYHO
pemmeH npoGiaeM. Teopujcka Oadmcrura ynyheHa je cTora Ha MpUMERY

. . -MexaHuKa Tauke 12
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rpapmIKUX U HyMepHUKHX MeTOMa 3a PellaBarse INIaBHe je[HAUHHE 3 Hpal

- rTHYHA GaJHCTHEA CIYMH Ce TabAumaMa rahalba CacTaB/beHUX Ha OCHOE
_BPIIIEHHX oriena. o |

" - BaiIuCTHIKAM IIpOﬁJIeMOM ‘6aBuo ce J. Bepuyam 1719, a Jlk

skaBEOp (Legendre) w3BpIIWO je HHTErpaJerbe IJIaBHe |JeZHAUYWHE 3

3aKOH ormopa: ¢(v) =a-—bv".

II. O'PAHHYEHO KPETAMKE TAYKE
a) KPETAILE N0 MOBPLIMHA

87. Kperame Ta4YKe no HEMNOMHYHOj IrjIaTKO] NMOBPIIMHH. AKO |
radKa NpHMOpaHa Ja IPH CBOM KpeTamy YBeK oCTaje Ha NMOBPIIMHH IAaTO
jeNHA9IHHOM: |
o - Fxyz) =0 - | ~ (87.1

OHa WMa I[Ba CTeleHa ca06oxe, jep meHe KOOPAMHATE X,V,Z MO
pajy y CBakoM TPeHYTKY 3a/[0B0JbaBATH jegHAYHHEY (87.1) Tako Oa je mel
IoJoa] ca [Be HesaBHCHe Beaugune ogpehen. Orparmdeno KpeTam!
ocrBapeHo Je cmiaom (ormopom) W mnospmuEe. Kaza ca P osHaIMM(
Pe3yATAHTY CBUX [aTHX (IIOBH&TI/IX) CHJIa, MOJKEMO TAYKY CMATPaTH CJIO

6ogHOM IOI ejCTBOM CHJIE! P + W name je meHa jeHAYHHA KPETaiha
-

o r_ | |
OTHQP HOBPHIHHE MBI‘L&he CC 0 Ta4Ke [0 Ta49Ke IIYTam€ 10 BeJHINHN
H -1IpaBIy. HPOﬁJIBM OTP&HH‘IE}HOI’ KpeTaiba ]e CJIUH{BHH]H 0311 HPOGJIGMH

-GJIOGD,I[HOI‘ RpeTaH:.a Jep y IOpBOM cnyqa]y AMaMo fa HaljeMo He camo

BaKOH Rpe'ra,lﬁa Tayke, HEro M OTIIOP . W Yy CBaKOM TpBHyTH}’ OBa] he
:yonmfre 3aKJIanIaTH Ca HOPMAJIOM OBPIIKHE M3BeCTAH yIao, yrao KMHEeTHY-
KOT TPewa, TAKO Ja Ia MOMEMO DABIORATH y HODPMANHY KOMIOHEHTY N
N TaHTreHUHjalHy roMmoreRTy T = fN. KoMmonenta 7 uMa IpaBal] TaRHCeHTe
Ha NyTAmy M CMep CyIPOTaH CMepPy KpeTama.

HpeTHOGT&BJBaMO 32 caja Xa Cy MOBpmUHA £ H&OHT&‘IR& IIOTHyHo

rJIaTKe, Tako 1a ]e f— H&EJIG u 7=20 ()Tnop W ]e oHlIa ]e,ﬂ;HaH

HOPM&JIHOM OTIIOPY N |

"Axo Ha jemHOM MecTy M{x, y,z) IIyTame HOpMaJa Ha HOBpany
3aKIana ¢4 KOOpAMHAHTHHM OCOBHHAMa YIJoBe «,f,y, OHZA, Kao HITO je
T03HATO, IOCTOje pexanmje: ~

OF OF IF

ox ooy 0z
cose=-5,  C0Sf=-7, ST ="
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—r

..

rae je J Kpaha o3HaKra 3a HMMeBHTeb:

RCEE
| 0X dy | ' \oz
LHaHa HONO3HATH OTIOP N PA3IOMKUMO § OPTOTOHAJHE KOMIOHHTE:
. Ny NGOSa Ny = Ncosﬂ N NGOSQ/,
Guhic 0Be NMPOIOPIHOHAJHE HapU#jaTHAM HBBOIIHM&]B,IIH&‘IHHG (87 1) Kana
faKie ca A 03H&YMMO (PAKTOpP HPONOPIMOBANHOCTH, A0CHjaMO:
| oF oF OF

Kala 03HAYHMO OpPTOroHAJHE KOMIIOHEHTEe JaTe CUe P ca X, Y, Z
uspaskeHa je BeKTOPCKAa jefEauMHAa Kperama (87.2) TpuMa CKAJAPHHM
jelHAIHHAMA, | |

d=x F )
nEY _y + 1 | (87.3)
dtz | . A2
d“z |
_ maE = 4T e |
.mle cy KOMHOHBHT& BEKTOPCKE ]enﬁaqnﬂe ' | .
2 — _ L
m .‘fﬂg =P+ lgradF. (87.4)

ot Yetnpu jenﬂaq}iﬂe (87.1) u (87 3) onpeh‘yjy X,¥,2 Kao cpyH'RuHi‘eh
BpeMeHa, MaKie 3aK0H KpeTama, U A Kao QyHKUH]Y BpeMeHa, JaKIe OTIOop

N y CBAKOM TPEHYTKY.
| Kana upsy jennauumy (87. 3) HOMHOMHMO ca dX, npyry ca. dy,
Tpehy ca dz I Tako 06&1]8}18 je/HaINHe cabepeMo, ,zw(:’;u]amo L

dx dy dzy|
[a’t d(dt) i [ )+ (dt)]
= Xdx + Ydy - Zdz 42 (ng —}-a—-—-dy + %Edz)

‘HM3paz y sarpany Ha IeBoj CTpPasu je

1 dx\ \. dyz'! 'd 2\ B o2
a [(dt) (dt] ‘(dt”‘“d'z_’

a U3pas3 y 3arpaju Ha HeCHO] CTPAHH je TOTAJHK nmpepeﬁu;n]an ]enHa-
qyuHe (87.1) dF = 0. Jenﬂa.qnﬂa. e TaKJe CBOAU Ha: S

d(m;) X dx + Ydy + Zds . (81.5)

12%
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a TO jé MCKa3 TeopeMe 0 MKUBO] cuiau. Ha mecHO] crpanu 131{1135114113 (87.5)
GTO]H eleMeHTADHN MEeXaHHIKH Pall:

JA Pdscos(P ds)-—Pds,

na.Te cmm P Hopmanan emop N He BpIUK paj jep TOIITO je IoMepaibe
—
ds T&‘IRB yBEK Ha CaMoj IIOBpI]IPIHH 10 je N yBek ynpaBHO Ha ds, Jarie

~eos (N'ds)=0. R AR J

Axo je cuna P KoH3epBaTHBHA Iaje HaM jenHavuHa (87.5) OpBU WH-
Terpal Kperaiba, He3aBHCAH oX (axropa 4:

,UZ

}n—z—'-—=U+h,' ~ (87.6)

‘T1e je A HHTBPP&HHOH& KOHCTaHTA.

[Tlomro GMO OfpeAHIN KpeTaime TadKe, HAJABHMO omop N KA0 QJyHR-
U]y BpeMeHa Kala us3 jenge of ]e,r_[HaqHHa (87.8) onpenumo 1. Axo je

oTuop IOBPIINHE oﬁochaH. MO N MMaTH IIPOM3BOJBAH CMep; aKo je
HaK OTHOP ]BI[HOGTI)&.H Mopa N MMATH CMEp YOPABHEH y [0/be, Taj

CMep CMaTpaMO HO3HUTHBHHM CMEpOM N Ha KOHKABHO] IOBpPIIMEHM je cMep
‘4 N LeHTpHIIeTANaH, 4 Ha KOHBEKCHO] NOBPHMIMHE LeHTpuyrataH, AKoy
TOKY Kperama N llocraHe HeraTHBHUM, TAdKa HAIYIITA TOBPOMHY M Kpete’
.ce lajbe Kao CI0GoAHA TadKa. . |
- 88, Hacragrak. [Ipupojade jeaHasuHe Kperama. Hexa je s — s my-
Talba Tadke HA NOBPIIMEM F (X, y,2)= 0. Ha uyramu y3MeM0 IUpous-
"BOJLHy Tatmy A Kao noverak, oI Kora Mepmm nyT (ca. 88. 1). Tauka ce
| ~ Kpehe o A Ha NecHO 1o HejcTBOM cuie P-u
HOPMAJHOT" ormopa N. Y HEKOM TpPEeHYTRY ¢
TagKa ce Hajdasn y M. MT je TaETeHTa Ha Ty-
9 ramy y Taukn M y cMepy KpeTama; MC je
HopMaJa noBpmuHe, C je IeHTap KPUBUHE IIpe-
~7/ CeKa 6 — o IOBPUINHE Ca HOPMAJIHOM pAaBHH
- NMT. PapHa auHH]a ¢ — c M NyTama § — § (Koja
Moske OUTH M TPOCTOPHA) MMAjy y Tauku M 3a-
jenanury TaHreHTy MT. Ilonynpeynur KpHBHHE
Ca. 88.1 . rTora mpeceka je: MC = R. COmep MC yaumamo
| 34 MOBHTHBaH cMep Hopyatae. MC' je raasma
-HOpMaJa nyTtaime y Tadyku M. M(C' = o je NOLyupedIHuK KPUBUHE NYyTaIbe.
Papag TM(' je ockyJaaliioHA paBaH nyTame Yy Tauykum M. Raga ca ¢ osna-
YHMO yrao u3Mely OCKylIauWoHe paBHM W HOpMamrHe paBEHM NMT moBp-
muRe, tocroji mo Menuje-oBoM craBy (T. Meusnier, 1785,) pemanuja;

¢=Rcosd. | (88.1)




8. HACTABAK. IPUPOZHE JENBAYHHE RPETAH:A | S ¢4

—_— ~ o -

Tlomto je MC 1. MT u MC = T 1o je paBaE CMC’ HOpMalHa PaBaH Iy-
rambe. [IpaBa MQ | MC je mpojeknuja raaBHe HopMate MC’ Ha TaHres-
nujatHy PABAH MOBPINHHE § TaYKH M, Tako na je paBaE TMQ TarTeHIU-
jaJHa paBaE noppmune, Tako cMo Ho6HIH oproroHanuu Tpuenap M(Q,7,C).
Naty ciury P DA3MOMAMO y TPH KOMIoHeHTe Py, Py u Py y IIpaBIAMA.
MT, MCu MQ. PesyxranTta U3 cuae P M HOPMaJHOT ornopa N ‘Pasname
ce, Kao IITO HaM j& MO3HATO §¥ TaureHUujaIHy cuiy m dv/di y npasny MT,
11 [eETPUIeTANny culy mv*/e ¥ npaBny MC’. Kaxg osy noeaenisy pasio-
RUMO Y KoOMOoneHnTe y mpaBuuMa MC u MQ, modujaMo Tpu jepmayuse:

. 2 2 . _
_rn_% = P, m_% sin @ = Py, m;.: cos ¥ =P, N. (88.2)

Ope ce jelHAYNEE MOI'y yIPOCTUTH yBOhemeM MOAYUPEYHHKA reoeTHIKO
KpUBHHE): - |
| o

© = sino | o (88.3)

C dGSHpOM’ Ha (88.1) u (88.3) rmace jegnaudnHe (88.2):

dv v? L2 o
mEE—*-PL, m..—g}-—Pq, "Té' "“"'ﬂ—l_ N. - | (8825:1)
Aro cuna P uMa Qysrnujy U, mocroju peiaiuia:
- _ myt =2 (U h)

IOMONhY KoOje HANA3HMO W3 Tpehe jegHaYUHE (88.25):
| N_‘__2(U+'h) P
R "7
OBUM obpacmeM MoxeMo oxpeiantTd N He3aBUCHO Of Rp eTa A Tatme
Ka/[a [03HAjeMo TONYIpeYHHK HopMalHe KPHBUEE R. R |
13 jemnaunna (88.2a) MoskeMo U3Byhu UHTEPECAHTHE BaKJbYdKe. AKO
NOBPINIMHY mo Kojoj ce Tauka kpehe, TpousBoibHO HedopMumIeMo, aiaH
TAKO 14 Ce AY:RUHA JUHHU]a Ha IMOBPIIKHM HE MeHa, 0CTajy mOJyOpeIHHIH
o/ TeojeTHUKe KPUBWHE HempoMmermeHu. Kana cuay P Tako M3MeRHMoO 7a
IbeHa INIPOjeRINja Ha TAaHISHIMjaJHY paBaH OCTaHe HCTa Kao IITO je HA
OPBOOHTHO] MOBPIIMEN OMia, OBJa ce IpBe IBe jefHaunHe (88. 2a) Koje

NePUHUNTY Kperame, He Merbajy U KpeTrame 110 nedmpuncaﬂol IOBPIIUHY
6uhie UTeHTHYHO Ca KPeTameM [0 HpBOﬁHTHO] IIOBI)I]IPIHH Meﬁ.ahe ce

I(88.41

: - sin?d
1) FeeneTqu{oM KPHBHHOM —— 308e ce KPUBUHA HijEI{HH]E KpﬁBe

cos? 1
JUHKje HAa TaHTeHUMjanHy pasaH, a o = R 30BE ce -HOpPMaJHOM HpHEHHOM. Hame-
, _ 11 1 | - |
By o, o'n R mocrojn 0AROC: —5 =~ + B2
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caMO HOpMaJHHN OTnop. Tako HA HpuMep pobujaMo IyTamy TelIKe TadKe,
Koja Je IpHMOpaHa 12 Ce Kpelie Ha IOBPIIMHH BePTHKAIHOr LUIUHAPA,
KaJa OKO IWIMHIPA OMOTaMO Iapafoly Ca BePTHKAJHOM OCOBHHOM.
[Ilyramy Temke Tauke Koja ce Kpehe M0 IIOBPIIMHM BEPTHKAIHOT .KOMYCa
I06MjaMO OMOTABAmEM OKO KOHYCA paBHE ' IyTalhe Tadke Koja ce kpehe
HOX JiejCTBOM KOHCTaHTHe IHTPAlHe CHle Ca NEeHTPOM Yy BPXY KOHyCA.
Hajnpocrmju cayda] Kperatkha Tauke HO OOBPHIMEH je OHa] Kaja je
P=0. Jenmagune (38.2a) rjace caza: -

d | | v -t
W3 mpBe jeXEauMHe H3MasH a he ce Tauka KpeTaTH KOHCTAHTHOM GpaH-
HOM v, Kojy je y moderky no6uia. Ilomro je N jemmma. cuia Koja Ha
Ta4YKy JHAejcTByje, JeXH OHa y OCKYyJNANHOHO] paBHM IIyTame, IIaBHA HOp-
MaJla [yTame NOKJIANA CE ¥ CBAKOj TAUKW ILyTame Ca HOPMAJOM NORPIIHEHE,
yrao &= 0., Kpuse jnEMje HA IOBPIIHHK CA TOM OCOOHHOM JOBY Ce

reofeTudKe JIHHH]G W3 npyre jenHadvHe H3Ia3H Aa je sa reo:[e'mqrce

1 smﬁ
JUHA]e reoJeTUIKA KPUBHHA! 7 o = () .craJHO jeZHaKa HYJH. Ca
$ = 0 ysaasu u3 (88.1) Aa je y HamIeM CIOyyajy:
| | Vy? o
R=op, IaKJe N=m+-‘l~, e
' %

Tj. Aa je HOpMAJHU OTIOP oﬁpa:rﬂo HPONOPIMOHAJIAH nonynpeqﬂﬂmy an-

BHHE TyTame.
OnmTe jefHAUNHE KPOTama (87 3) rudce y OBOM caydajy:

n X GOF dy dF  diz . OF
Tar Tt Mae T Tdy TdrT "oz

AX0 Ce TauKa xpelie Do IPaBOJIHHHUJCKO] HOBPIIIHHH (T] RO]&

HocTaje KpeTameM jerHe Ipase) M JalieMo R o0
joj OpavHY y TpaBUy JedHe HU3BOJHULE, Y /R‘Q’ e T
' : | AL LS g gt
oHa he ce Mo TPUHUUNY WHEPIH]e Kpe- . Y A
|

TATH [0 TO] IIPABO] ¥ OTIOp MOBPIINHE :
6uhe jemHAK HYJIH. V4

——P:J—-._
4

89. Kperame Tauke N0 riaTKoj g
oﬁp'mm NOBPINMHUA. AKO ce TauKka Kpehe o
no HBRO] 00pTHO] MOBPWIMEU 2z = f(r), rIe g
je r2=x*+y* M Koja je oOpa3oBaHa S -~ Y/
obprameM MepanaKujaHa 2z = f(x) OKo ocCo- 4
"BuEe 2z {(ci. 89.1) MoMeMo IIOCTABHTH L
nBe jegHadunMHe He3aBHCHe oA N, EKoje 4
ogpehyje xperame Tauxe. lipsy mam naje, Ca. 89.1
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1, el

Kgo J OUIITEM GIyuay, B3KOH JRHBE Cile, 3 JPJTY TeOPEMA O MOMENTy
[gism{qnﬂe KperTama (WM 3aMaXa) NOpUMemeHa Ha oOpTHY OCOBHEY 2
'nﬂBpmHHe _ | g
 IIpeMa NpHpPOAY IOBDIINHE HajloJecHuja je mpuMeHa unmmnpnqmix
;"'Egopm{m*a (r, 9, 2). llosntupHa oCOBHHa z yupaBlbeEa je Ha HHMe.

Ca KOMIOHEHTAJIHUM 6p3HHama (. 46.):

codr | ad ) | dz df(r)
T e Y "Tar T f()dt

uoﬁkﬁjﬁ.MbI
2 = 1’ 2 1 g2 +1’z — _I_chz)( )_}_rg(dﬁ)
f df (r)_

rp;e 19 Rpahe nucaro f' mecro f'(r) =
Y Hugemarunu (W1, 45.) €MO HM3BeJNHM 3a PaBHO KpeTame CT4B fa je
CTATHYKM MOMEHT yOpsama Tadke y Ioriely Heke Tauke ( § PaBHH Kpe-
raka je[IHAK M3BOJY N0 BPeMeHy CTATUYKOT MOMEHTa H-eHe OpsuEe y 110-
raeny Ha Tadky (. MBosehu 5p3HH3’ 1 . y6psame ca MacOM m ToKpeTHE
TaIKe, nobujamo IOUHAMIYKH CTaB, A4 je kox pasuoz Kpeizarwa MOoMewil
cune y iozneny Hexe iauke O y pasHU Kpeilawa jeAHAK USBOAY. io BpeMeHy
MOM&'HEZ(I KOJUMUHE Kpeliama mv y [02/1efy HQ uculy Waduxy. |
| Ha GHGMO 0By TEOpPEeMY MOrIM NPUMEHHTH Ba HaIO cny&xal npocmp-
Hor KpeTarmba, MOpaMo HepMEMCATH T0jaM MOMEHTA HeKor BekTopa V y
morjeny Ha HeKy OCOBHHY 2. Hoxommmo JUPaBHO Ha OCOBHHY Z TIPOM3:
' BOJbHY PaBaH; Ha IpPUMeD PaBaH xy (cn. 89.1) Koja mpopmpe OGOBHHy Z2q
~rauku 0. Bexrtop V mpojuuupaMo Ha Ty paBag. Benuunna HpO]BRIIH]B HeKa
je V'. Kaga ca e 03HauyMMO Ny/KMHY ynpaBHe OoByYeHe us 0 Ba V' uau
¥ PaK BEKTOpa V', ouna je Ve MoMeHT BekTopa V' y morieny Ha Taqny 0,
T B Taj MOMEHT neqmﬁﬁmemo Ka0 MOMEHT BeKTopa V y rxomeny Ha oco-
BUHHY Z. - -
U3 ose ;n,eqmmmﬁle V37123 HEIIOCPeXHO Jla je MOMEHT BeRTOPa Vy
morJey Ha OCOBHHY Z jeJHAK HYJIW aKo ce HpaBe zuV ceﬁ.y, UIN aKo
¢y uapaJerHe. | | o

HopmaJje oOpTHe NOBpIIiHe CeKy oﬁpTHy OCOBHEHY, NaKie je MOMERmT
HOpMaIHor OTHOpa /N y moriely Ba OCOBHHY 2z jeXHAK Hyad, crora N He
. yaasu y jenEAUMEY MOMeHATa. 0 KOMIOHBEHTAIHHX KOIMYWHA KPETAIHA:
mv, cede OCOBHEHY 2, mv. je Mapalelad OCOBHEM 2z, JaKie CY HHXOBH Mo-
. MeHTH je/lHAKN HYJIU. N[OMEHT KOMUOHEHTE Mue 1e - -

di

rrmf ==m rd——
C dt
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Oz koMioHeHaTa cHie P je Z papalelHa OCOBHHHM, KOMIOHEHTA X mMMa
MOMEHT — X, & KOMIOHEHTa Y HMa MOMEHT xY, nakne je MoMeHT cHie P
y THorjeny OCOBHHE Z: |

| MY =xY —yX.

O6e jenmayuHe Kperaiba riaacuhe:
m d T A . (d9\2] dx
gl G (G) +r (a‘z)] Xy &y g8
d do o __lx oy
ma-(r* E)_xf—-yx.__ p Y[.
~ B8a remky raukyje X =0, Y=0, Z=mg, garie NpBH HETerPaIy

jexmaunaa (89.1) raace cana:

(]: + £ (dr)ﬂ - r? (jf) -I—2g,¢-—|—fz-—m2gfr)—}—fz

dt
o dV
r? d_t- C,

P;Ie ¢y & i C HHTerpalioHe EOHCT&HTB
~ Axo je r = const. Jakie n z=const., J:za]y o6e ]enﬂamrﬂe (89.2):
' dy
di
Tauka ce Kpehe KOHCTAHTHOM GP3HHOM XOPH3OHTAIHOM KDPYIY.
- Axo je C=0 Jxame $ = const. Tayka ce Kpehe y BepTHRaJIHO]

PaBHA. |
- Homro eIHMHHHIIEMO df, Ne0HjaMO jeTHAUMEY OpojerLKje IyTame

Ha paBaH xy.

(89.1)

(89.2)

— C.

(L + 77y drt + 70t = [2¢7(0) + ) G

HPOHBHJEHBE $ W r Mo:eMO Da3IBOJHTH M 06HjaMO KBaJpPATyPOM & Rao

QYHKIA]Y OF r:
C drV 14+ /2
2 f(r) + ] r* — Cz

HHTE‘PP&JIBHJB jeTHAYMHA KpeTama MOMe Ce HU3BECTH KBaJparypoM y cBa-
KoM CIydajy KaZXa fAare cule uMajy ¢ynknujy U roja saBUCH CaMo of r.
- I

90, TeoxeTHIKe NHHHje HaA OGpTﬂHM noppmuHamMa. Axo je P =0,
Tayka ce Kpehe o jejHo] reonemqam JIHHH]H Ilecue chaHe ]e,uHaqHHe
(89.1) cy ]enHaRe HyAd, Te nobujamo: |

(1— /") dr* — r2d6® = v,%dt®

H
r2dd = Cdt,
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.
. i : i - p———

rae v, 3HaYW nodyeTny OpauEy a C IPoUsBOLHY KOHCTAHTY. IIpojexnmjy
nyTame Ha PaBaH Xy A00MjaMo eIHMMEMMIyhM df u3 oe jeAHATHHe:

v _. 2
(L + f"") drd + rid9® — ECE?* rtdde,

2
Vo 1

Kama CTaBHMO — = —; U 1OCTelmy jenHaUYHHY pemmMo Do dﬁ Hanaanmw
- &
. drl/ 14+ f’2
f:i'!j‘ S '—r— " . .
L1
9}

3HAK TpeJ KOPDEHOM 3aBHCH 0] cMepa mnoderTHe Gpsune Homausa jemqHa-
THHA TeoNETHYKNX JHINja riacu. -

ﬂ:fﬁ l+f£%f’

OBa jeq@ayYyrHa CaXp:Kd [Be KOHCTaHTe « M f Koje onpelyjeMo M3 gaTux
ycJao0Ba; Ha IPUMEp M3 YCIoBa Na JUHHja NPOJasH Kpos fiBe AaTe TadKe.
O6aMK reogeTddre JuHN]je 3aBHCH CaMO0 O KOHCTAHTe «; NPOMEHHU KOH-
craHTe § omromapa olpTaibe reojieTHYKe JUHH]e oko ocosuHe 2. (a ene-
MeHTAPHAM JYKOM do Mepuaujama je

do* = dr* + dz° = (11 f3dr?
4 mtcpepeﬂun]anm jeqHauNHL TeoeTHUKe JTHHN]e ,'El;OﬁHla I’IPOCTH]H kb2

adc
r(f —ad)"

Kaza ce moxperHa TaduKa. Rpehe mo jexHO] reomerwyxo] AMHU]H,
MOMEHT KONUYHHE KpeTama, JAKie M MOMEHT GpsnHe, uomeny OCOBHHE
dd
dat
eleMEHT NyTame 3aKIala Ca MePUAMjaHOM yrao i, pasioimkuMo OpSHHY v
y KOMUOHEHTY v sini Koja Hoawmpyje mapalelsd Kpyr H veosi Koja
Hojupyje MepUAHjaH; 0Ba IIOCHeNEA CEYe OCOBHEY 2, IeH MOMEHT e
jennak gyad., Ocraje naxae rvsini=const. a HomzIo je v KOHCTAHTHO
70 je rsin/ = const. OBy KapaKTePHCTHYHY 0COOHHY I€0JeTHUKHX JHHU]a
Ha ofprHuUM moBpmuEaMa mamao je Hmepo (A. Clairaut, 1713-—1765.).

d =4

z je 10 1pyroj jeNHAUMHEHM KpeTama: r? — == C KOHCTaHTaH. AKO jéan

91. CtanuoHnapHo KpeTawhe. KOHHYHRO UM HEHTPHPYralaHo. KJaT-
Ho. OppeawheMo norpe0He IOYETHE YCIOBe Ha Ce TadKa Ha O0OpTHO]
NOBPIIHHU Kpehe y jefHoM napalelHoM Kpyry AB (cu. 91.1). MexaHu4uKkY
pal TemuHe mg je y ToM ciyuajy jenHak Hyam m Tauka he ¢e xperaTH



186, - ruABA DM — IHHAMHEA MATEPHJANHE TAURE

KOHCTAHTHOM OP3HHOM v KOjy CMO joj y TodUeTxy
xaju. llomTo je Kperaime jeJHOIUKO y Kpyry, Mopa
'pesyaTaETa R M3 Te:muHe mg ¥ HOPMAJHOI OTIOPA.
N OutH cranggo yIOpaBiheHa npeMa HeHTPy O ma-
PAJNEJHOI KPYyTra M WMaTH BeJIMYHHY: R = m v? o/T0s
rue jer,— AQ noxynpeynuk xpyra.¥s camke Bu-
JIAMO g TO Modke OUTH caMoO:-OHJa ako ce Bpx D
KPY:RHOT KOHyca IITo ra o0pa3syjy HopMmajie IIOBp-
IIHHEe Ha [apalelHoM Kpyry AD, mamasu uM3HAL
Kpyra. AKo ca e 03HaynMo yrao usMely ocosume
z HOBpPIOMEHE W HOpMale N, HalasHMO H3 BEKTOD-

‘ca.911 - Ckor tpoyraa MRN:
vuz A '
Nsina=m -2, Ncosa=mg,
- ,

¥ M3 OBUX jeIHAUHHA HM3JIa3U TpaskeHa GDP3NHA:

= ngutg“- |

Axo osmauumo: BHCHEY OD ca h, yraomy OpsuEY Kpyskema Ca o,
Tpajame jeNmor Kpymema ca 7, HATASHMO M3 [OCIemHe jenmaunne ca
tge = ro/h, vo=owry 1 Tw =2n: - .

wzl/—g—, T=2RV£.
L g

OBo CralHORADHO Kperame TauKe ¥ XOPHU3OHTAIHOM KPYIY MOJKeMO U3BeCTH
W Ha Taj HAYOH, Ha Tauky M ofecumo y rauxku D Ha KOHNIY nysure DM,
KOHAL[ 3aTECHEMO. TAKo & CA BePTHUKAJOM 3aKJala yrao ¢ I IajeMo TAYKH
M rope cpauyHATY TOYeTHY Op3UHY ¥, Y XOPU30HTANHOM NIPABILYy YIPABHO
Ha 3aTerHYTH KoHal. Ormop N mojaBibyje ce oBIe Kao CHJa Koja 3aTeske
woHal.© TakBa Ce HaupaBa B80Be NeHTPHPYraJHO HIM KOHUYHO

efcnaTﬂo. H UMa NPHMEHY Ha PEeryraTope MOTOPHAX MalIMHa. | |

f'e:

L 92. Hajasumesbe cno/bailibe NIHHE y KpusBuHU. [IpakTnyad npumep
IIpHE[y,I[E[OI‘ Kperaka MaTepHjalHe Taduke II0 XODM30HTATHOM KPYry jecte
KpeTare Jie/beSHUIKOr BO3A Ha HEKOM BaBHJyTRY, jep Ce KPHBHHE KOJO-
CeKa. 3Beh H3BPIOY]y Kao KPy:KHH ayum (Cia. 92.1). |

~ *Kama ce Boa Kpehe 0 KPYMRHO] KPUBHHUI nonynpeqﬂﬂma R GPSH-'
HOM v, OHJ3 OH NOPHTIICKyje Ha MuHe HE CaMo CBOjOM TeMUHOM mg,. Beh
u ueHTpUGyratnoM cunom mv*/R. Raga On Kolocek OHO XODHBOHTATAH
(T]. obe muHE Y ‘mcTOM HMBOY) peayaraHTa N’ oBHX ABejy CHIa Koja ca
BEPTHKAJIOM 3akJarta yraoqp, omcrynuia OHM o CPesHHE KOJIOCEeKa YIo-
jbe, Te-6H coolhalltha IIMHA OHia BHNIe oNTepehena Hero yHyrpamrsbid. [la
ce To- u30erge MOCTaB/ha Cé CHOBAINNA INMHHA Y KPUBHHHM TOJWKNM Han-
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BAMIEIbEM 2 KQAWKO je IoTpe0HO I3 CHJIa
N’ magHe y CpeidHy KOJ0€eKa M HOp-
MallHO Ha IberoBy paBaH. Ilompedsu Ha- .
ra6 ¢ KOJIOCeKa I[peMa XOPH30HTAII
MOpa OHTH HCTH OHOJKKM KOJIUKH je
u Haru6 cuie N' mpema BEPTHEAJU. AEO_‘ |
je mUpHHEA KoToceka s, Mopa HaJlBUTIle-
he 6HTH

Z == §8in ¢ == §'tg ¢,
| -
MOIITO je ¢ yBex BpI0 MajJud yrao
(singp =~ tg¢). U3 ci. 92.1 uynramo:

4 o I
P-%

o
-

Y
.. 7= Re

na npema ToMe Je

Rg R (2.
rae je C=s;'g KOHCTaHTa, 3aBHCHA OJ
IMIpHHEe KoJdocera (s — 1,430 m 3a
HOpMAJNHU, & §=(0,i6m 3a YCKH KO-
JTOCEK). | | Ca. 92.1

[Ipu rpahemy sebesHALA HOPM&JIHOI‘ KOJOCEKA Y3UMa C€ Ryin==250m,
a 33 yCKe Tpyre Rpin=150m ¥ aKo ce y3 1O JOII y3Me ¥ 063up u yobu-*
4ajeHa Mpoceuyna Op3MHA BO30Ba, OHAA Ce 34 z PAUYYHCKH ZHobujajy Bpen-
HocTH 7o 0,15m. MHore espesHuyKe YnpaBe cMarpajy Aa oBaj Teopmj-
CKH 00pasall Zaje 3a z CyBHINe BeNWKe BPEJHOCTH, Te Ce 3a H3payyHa-
Barbe HAJBUNIEHA CHOJbHE IMHHEe TIBCTO yHOTpeﬁmaBa I eMIHPHIKH
0bpasal: | |

/“Z=§Te* o (92.1a)

rmne je V OpsuHa Bosa y km/h.

Ilpu nperasy us mpaBe npyre y Kojoj je z=0 ¥y KPyKHY KpUBUHY
- Koja Tpeda na jpobuje Ha/BHINeHe Z, MOPA Ce OBO HAJBUINEIHE HOCTEIEHO
MBBOAKMTH. - SHAYH A4 cé uaMeljy mpase opyre U EpyskHe RpHBHHB MOpa
YMETHYTH T3B. N pela3Ha KPHBHHA Tj. KDUBUHA E‘.O]Ol Ce NoNyIpeIHNK
KpHBHHE ¢ KOHTHHYAIHO cMamyje ol co mo R. Kao mpeiasHa KPHBHHA ¥
mpakcd ce oOMYHO ynorpeGibaBa KyOH2 ﬂapaﬁona qija ‘je jegHaYHBHA:
y=x%/6c, Tlle j& ¢ KOHCTAHTA KOja 3aBHCH 0J] TOTa A3 JII je Ipyra riaBHA
WO crnopefHa. 3a IVaBHe Ipyre ysuma ce c==12 000, a sa cnopeﬂ;ﬁe
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ra—

mpyre ¢ = 6 000, raxo xa ce Ro6MBajy Oy:MEe NpeJasHAX KPHBHHA KOJ
raasEux npyra 24—48m, a kox cmopenmEux 12—40m. Ilpenas ua npase
y Kpy/RHY Upyry tpeba na je y TOIHKO Oastil, y KOJUKO je Beha Op3vEA
BOMRIBE, |

93. Ctbepntma HJIH NPOCTOpHO KnaTHo. Hajmpoctuja o6pTHA No-
BpImitHa je Jourta. Temky Tauky Koja ce kpehe Ha NOBPLIMEM JIONTE 30BEMO
chepHIHUM KIATHOM, AKO Ca [/ O3HAYIIMO MONYyUpPEeYHHK JonTe (Y-
RHHY KIXATHR), y3MeMo meHTAp JonTe O 33 0YeTAK KOOPIHHATHOT CHCTEMA
a 0COBHHY (2 BepPTHKaJIHO Ha HUWMe, ITacH jelHayuHa JonTe y INIHEH-
JIPHYHNM KOODXHUHATAMA: |

LS puy
Teopema muBe cHile H MOMeHTa KOJMYMHe KpeTarma jfajy pedannje:
v? = 2gr-}- i r?dd = Cdt. {93.1)

Ca oBHM TpHuMa jeJHaYMHAMA MO:KeMO KoopauHaTe 7, ¢, 2 H3DASHTH Kao
dyHKIHje BpeMeHa {, aJil je mogecHUje Na uspasuMmo r, ¢, 1 ¢ ka0 (PyHE-
nuje ox z. Tora panu saMeHnthieMo v? IbeHUM MHIHHAPUYENM KOMIOHEHTAMA:

dr? + r*do® + dz2

. 72 —2gz+ h
K 3aueﬁnhemo r ca Vl' — 2% a drca — o= dz - Tako ;ioﬁﬂjﬂmo N3 TeopeMe
MOMEHTA:
- Cdt
Y ==
d [F—2®

H KaJ ORBO CMeHHUMO y jeIHaudHH HHBe CuJIe Ho6HjaMo:

JdAe o o
l(dt)——(2gz+h)(l’——z — 2, (93.2)
Ha;[a O3HATHMO Kpahe: f (z) = (2gz —{—h) (I —2° ) — C“ HaJXa31uM0 13 (93, 2)
" Idz | / dz
di = - | = |——== (93.3)
. ST A £ 5
a N3 ,u;pyre jennaunge (93.1):

C dt -+ - Cldz
e FR

JegmaymHama (93.3) u (93.4) neqmﬂncami cy t u 9 rao PyEKIU]je
o 2, 1 o,upeijy]em U3 jefHAYWHE JIONTEe. 3HAK je olpeheH NMOYETHHMM yCJO-
puMa. K3 mpee- ]BJIH&‘E[HHB (93 3) BUOMMO 1A ABOCMHCIEHOCT Y Haﬁopy
_ (dz
dt

— HOpeMa ToMe 18 MM 0% BpBlIHOGTII Z, Mopa Z PACTH MM OmanaTH ua o1
f(z) OCTaJ0 NO3HUTHBHO,

d9= (93.4)

BHAKA nocm]H aKo je ( ) = 0; y ToM cayyajy 6HpaheM0 3HAK + WIH
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Pememe 33,;13;1',&:&.0301:11 ce Ha eJHIUTHYKe KBajgparype. ..,
) HIpyra jennaymaa (93.1) HaM kawme 1a d¥/dt MMa CTAIaH 3HAK 33
BpeMe KpeTarmha Tauke; 3HAYH Ja NPOjeKI¥ja TayKe Ha pPaBaH xy o0HIasU
OCOBHHY 2 YBeK y UCTOM CMMCIY, ceM axo je C=10; anu y ToM ciayd4ajy
‘je yrao ¢ KOHCTAHTAH ¥ Tauka ce Kpehe y BepTHRaJIHOM prry (pr MEHO
KJaaTHO) -
; Ha 6u maTerpanu Ouin peatHu, Mopa pyErnuja f(z) Gurn mo3u-
rgBHA. [lomumom f(z) je Tpeher cremeHa, JAaKO ce MOMEMO YyBePHTH (2
KMa TpH peaJIH?z KOpeHa. 82z = — 00, — [, 2, U + | Haxasumo 3a f (z) Bpex-
HOCTH! -+ oo, — (2% f(z,) > 01) 1 — C*. llocroje paxie IIBa peaiHa KopeHa o

~ u § usMehy + [ w2z, u usmely 2z, m

\iz) . — | ¥ jegaH peaJHU KOPEeH y MAamH
com — [ (ca: 931). IlpernocraBmbaMo
3a Cajia Ja Cy CBa TpM KoOpeHa pas-
augurta. HoamuoM f(z) =0 cpehen
| 0 cTeneHuMa HETNO3HATe 2 I'NACH!
Ca, 93.1 ~ - za-+1_1_1_29___zzz__i__(hﬁ_ Csf)__;o‘
- 2g 20 -
- M3 Teopuje anrefapckux jefHaYNEA 3HAMO 1A je Roecbuuﬁ]eﬂfr o;[ 2
- JenHar 30upy nponeBom 0L IBa H JIBA KOPEHA, ,II&RJIB S

y (= +P’)-{—ﬂﬁ—-—-12 '

I OJaBJe HAJIA3NMO:;

. Ptap

SRS A _
| Iomiro ce KOpeHM o U §-Hadasze maMehy + / . —/ (ca. 93.1), To je
yBeK |ef|<{* naxiie je OpojuTess yBEK NO3MTHBAH; a KAKO j€ y HETATHBHO,
TO MOpa W HMeHHTeJb (a + §) OMTH nosutuBaH: (¢ -+ f)>>0. To sHauu na
Napalelsd KPYr KOjH fe y jelHaKOM pacTojamy OJff Hapalena: z = ¢ A
2= f JeRN YBeX MCUOJ] HeHTpa JOIUTe, X K4 |6 KOpEH & yBEK 110311-
- riBad. DyExunja f (z) pasioiKeHa y (aKTope riach: ’

He)=—2g(2—a(z—p)(z—7).

Bemnuuna 2z aesi ysex uasely ropmer M Jomer TeMeHa JIOIIT&
name namehy — I u ~[; XopeH y je Mamu o — /. Y3MuMO Ha IpHMep
7= — (I} d); upema ToMe je z — y =} (z -+ + 8) yBEK HOSHTHBEHO, iep

My je HajBeha BpexHOCT —|—()l—{—6) a HajMama - 4, ,I[a. 6H f(z) 6uno
MO3UTHBHO, MOpa 300T (z — %) >0 OHTH:

(z—e)(z— )< 0;
) Jep ¢ To4YeTHA Bpegﬂom TZT) peaina BeAWYHHA, Mopa paxae y npnoj jenHas

yany (93.3) .6utn {zg) > 0.
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e

KODeH a je yBer No3WTuUBaH M Behm ox Kopena B, maxie he ropimha Hejel

HaYHHA OHTH 3a/[0BOJbEHA CaMO aKO Je CTaJHO:

_'To 3HAYH N4 he ce Ta.qxa Y. CBOM KpeTamy yBEK HAIA3HTH Hamehy H&pa

NeTnux KpyroBa ByB,(z=p8) u 4, A,(z = a), (ci. 93.2). L
YaMuMo Ia ce TaYka M3 CBOI IOYeTHOr moJomaja M, (2= zn) hpeh

Ha BHIIE, (2 ona.,ua) IlomTo je dz meraTuRHO, IMaMo y (93. 3) Ia yCBO

jIMo 3HAK — TIpen KOPEHOM, 2 he omajary 1o z= g I Kaja TadKa A

_CTHI'HEe Ha NapanelHoM Kpyry z = f y Tauxy B, mmhe BeHa IYTalb:
XODUSOHTAJIHY TAHI'EHTY jep ]B o (93.3) :

1 _;_f(ﬁ)__
dt— T Q’

10K TIO (93.4):

| | dt fﬁ
HUje jeHAKO HYJH. rp je IOJYIIpeUEMK IIapanelHor Kpyra 2 = f. Tayxa
‘he ce garie um 1gabe o0PTATH OKO OCOBHHE z y HCTOM CMHCHIYy, alu he ce
oIl B, xperatd Ha HuMe (z he pacrH), Iipell KOpPeHOM H0Ja3H 3HAK -,
Taura he ce cuyctuTn g0 mapataersor kpyra A,4,(z= «), beHa NyTakbha
umahe y A; XOpH30HTAJHY TAHTEHTY, 3aTuUM he ce momeru no B, (2 = f) uTH.
Bpe»e 3a koje he rauka npehu nyT 0 B, 1o A, je 1o JBL{H&‘IHHH (93 3)

| ldz
Vf(z)"

& TOJIHKO MCTO BpeMeHa Tpebahe na, Hpehe nyrese A;B,, B,A, HTI.

| AKo Tauky OanuMo GpP3HHOM ¢, Ha jedHYy 0 KpajlmHuX Napaiena, Ouhe
y N0YeTRY dz/di= 0, To je Clyd4a] IBOCMHCIEHOCTH O K0]J0o] CMO paHHU]e
| ropopwiar. AKo ce Tauka Kpehe ca
Kpyra 8, z hie pacTH ¥ OHAA BasKH II0-
3UTHBHU 3HAK Npe] KOPEHOM: —H/JT(,Z_) ;
aKo ce IIak Kpehe ca Kpyra «, z e
OIaZaTH M BasU 3HAK —.

4w C
=

MepHHHiaHe ‘PaBHU KPO3 IOIMP-
He Tauke B, A,, 5, 4,,... Iyramke ca
KpPajHb M Hapaﬂe.}zama « 1§ Cy pas-
HU CHMeTpHje 3a NMyTamy. Mocma-
TpajMo OBe Tauke M u M’ (ca. 93.2)
Ha rIpanama BjA, n A;B, nyrtame,
Koje Jeike Ha FCTOM I1apaJerHOM Kpy-
Iy BHCHHE 2; aKe ca ¥, .9, 03HAa-
Cr 932 YUMO BPEIHOCTH yria +} Koje 0AroBa-
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gk

pajy. Tamcama M, M 1 A,, Hanasumo 1o (93.4):

19“1"'"'19';

Cldz | Cld:
e P == ——
i j (12 — 23 1 (2) ! j @ — 2/ f(2)

raake M B M’ Jdeme Harie CHMETPHYHO IpeMa Mepuamjany kpos3 A,. Bpe-
MeHa 32 KOJa Tadka Tpeba nMa npelje myxose MA, u A, M' jenmaxa cy, jep
ofa HMMa]y BEJUIUHY:

" ldz
f(z) '

_ Haﬂa xoheMo 1a PHKAKEMO np01eRuH]y NyTame Ha paBal Xy Mo-
'paMo - Pa3JIHKOBATH JBa CIydaja IpeMa ToMe P 063, Kpajmba prra
Jleske Ha MCTO] MM HA PASHUM xemncdmpama | |

[Ipeu cuyuaj. Kpajwe napanerne Jesme Ha QOHO] xehmcqmpﬂ Humn
KpyT Z = « npojunupahe ce y Kpyry z=_p4; nyrama he OCLHUIOBATH W3-
Meljy oba prra 1 IMaTH GGJIHR L. 93 3 MORe -Ce ,IL()B:&B&TH A2 RpHBa

Cn. 93.3 Cia. 93.4

HeMa NpeBOjHIX Tadaka, [locMarpady Ha OCOBHHH 2 YMHH C€ I3 TaYKa
OIHCyje KPMBY Kao eJHICY Koja Ce IOMepa y CMMCIy Kperama. Puiseux
je moxasao (1842.) na je yrae A,OB; yrexk BehH oJ{ mpaBor yruaa.,
JIpyru cayuaj. IlpermocraBuMo na ce 002 Kpajma Kpyra H&JI&:BE
ca o0e crpaHe exkBaropa. HMRY Kpyr z = « Onhe ® caja y KDPyry z == £,
lep je «+ > 0. Ilpojeknuja nyrase Mopa nOAUPUBATH exBatop (E),
nMahe pHakiae oOMUK TpUKasan y o1 93.4. Kpusa Moke MMaTH U ﬂpe-
BOjHEe TadKe, |

Peamum a JOTLTe. HOPMB.JIHH ormop N Jonte HAJA3HMO H3 Tpehe
0L npﬁpo;mm; jeTHAUHAR (88.2a):

2
+ Pa=m—-
Nrh=nrg
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Honyﬂpeqﬁm R EpHBHHG HOPMAJHOT npeceRa je opjae ]e,I[HaB‘. Oy Iped-

nuKy aonre, 1j. BR=1, P, = — mgz/l, naKie:
N="0 4 mg2 =" @gztm+mg?
H caxero:

N=-’-;3(3gz+h).

Hopmanan orooep je nmakme JuHeapHA QYHUH]A on 2. AKO je IIOKpeTHA
TauKa BesaHa KOH{eM 3a IeHrap Jonre, oHa he Hanycmm HOBPIIHHY
JIOMTE WHM N mocTaHe HEraTHBHO W majlahe omucyjyhum Iapaboly Koja
OCKYJIHINe TYTamy Ha JONTH. AKO DAk Tauka He Moie HANYCTHTH JIONTY
Ha NIp. aKo c¢ Hasa3H 13Mely nBe GeckoHauyHo Oaucke cdepHyHe MOBP-
UIHHe, NpHTHCKUBahe CHOBAIKY HOBPHIERY ako je N NO3ATHBHO, & YHY-
Tpamiy ako je N meratuBmo. Y MecruMma rie je N==0 umahe XOpHB3OH-
TaJHa NpojeKija lyTalke npeBojry Tauky. To he HacTymuTm camo y
aApyroM caydajy, iep N = 0 Moxke GHTH CaMO y I'opHOj XeMHC{epl.

Caywaj ma nonmHOM f(2) ¥Ma ABOCTPYKH KOpeH, CT2LHO-
HapHO Kperawe, llocrasnan cMo panuje QPyBEIH]Y:

JR)=QCgz+ NP —2°)—~C*=—=2g(z—a)(z— ) (z—7),
H HailllJaH- GMQ 3d BEJHKYHHE KOPGHGBE- HB]BHH&IIHHB:
— oo Ly << '"_LI< ﬁ<_zn< <[,

[TorwEoM f(2) MO:Ke @makIe WMATH [Ba jeJZHAKa KOpPeHa HIH akxo je
B==y= —I, man ako je f == a=¢,. lIpBy upernocraBKy MopaMO ox0a-
HUTH jep 0Ha, MOBIAYIH CA coﬁou /( Z)—-O nox je creapmo f(—I)= — (%
YcBojiheMo  Jakie:

p=c=2z,
[Tomro = Mopa Kao y OnuITeM CIydyajy ocraTH H3Mehy a ¥ B, 10 je ¥ 0BoM
Clel[MjaJHOM ClIyualy 2 KOHCTAHTHO ¥ JejHako z,, TauyKka ONUCY]e Ta-
paJiesaH (xopusoHTanan) Kpyr. To ce Moze H aHQIHTHIKH JOK23aTH. Jen-
HauHHa (93 2) rjacH caza:

(dz) f(z) I - nam | ﬂ(dz)” }?g(%———zu)(é-?)——"

df

Bujgenn cMo na je (z —y) yBEK NOSHTHBHO; IIOLITO HA J6BO] CTPAHIL 1I0-
‘caelme jefHAYHEE CTOJH 36Hp O ABa IO3MTHBHA WIaHA, MOME OH3 OHUTH
3a/10B0JbEHA CAMO KO C¥ o0a YIaHa JeNHaKd HYJU, Tj. aKO |6 z = 2
OBaj cayuaj ca mBa jeAHaKa KOpPeHA CBOJU ce Jakje HA KOHHYHO
KIaTHO, 0 KoMe je Beh pammje Ouio rosopa. |
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94. Maje ocuuiaiyje OKO paBHOTEKHOT HOJI0YKaja. Y OPTOroEaJ-
auyM JlekapToBHM KOOpJHHATAMAa Iiace jeJHAUMHE KpeTratba Cdepudnor
KIaTHA (0COBMHA 2z yHpaB/beHa HA HHIKe);

d*x ¢ 1
A
dzy . y I
d?z 2
m ——=mg NI }

- diz.

AKO Cy ocHuiaumuje mocrta Male, Omhie x M y BpJo Maje BeruuuHe. Mu

HeMo HUX cMaTparTd MajJuM BeInddHaMa HPBOr peja M 3aneMapuheMo Male

BeJHYMHE apyror peda. Ca ToM npubiusmHomhby craBbaMo z =/ jep 1o

OHHOMM]AJIHOM Deny je:

- ' x* 1y |
3=m_(x2+y2)=l(1 T 212 +"')!

a JPYI'd WiaH 3aHeMapyjeMo Kao Maily Beamqﬂﬂy I[pj ror pena. Ta nper-

0CTaBKa HIEHTHYHA je Ca MPeTHOCTABKOM Na Ce IMOKpPeTHa TauKa HAJa3H

Ha XOPH30HTAJIHO] TaHreHUIUjaxHO] paBHHu joure. locaeniha U3 jeIHAYARA,

(94.1) rumacu cana: 0 =mg — N u ca N = mg riace npBae [Be jeHAYHHE:

d*x X d*y y
- L A

To cy jefmauuHe KpeTama Tauke Ha Kojy AejcTRyje HEHTpaJHA NMpPHBIadHA
CHIIa TPOIOPI{HOHAMHA pacTojarby. IlyTama je emumncal) ca ueHTpOM Ha
0COBMHYU z. HHTerpaiu nociaeAwmHUX jeNHAYHHaS NO3HATU CYy HaM Beh us
HPABOJIHEI|CKE XaPMOHHYHE OCIUJIAIK]e: | |

a—y

.:cmAcostVE? +Bsir1t %,

/—%’-’- ~+ D sin ¢t /—}g :
AKO IlpeTnocTaBﬁmo na je 3a, t=—0:

dx d
X=X5, y=0, 3?:0’ a—i—}z-i:u

y=="C cos t

T}. 110JOMKHMO KOPAUHATHY paBa.H 20x Kpo3 131&10 TeMe ejiunce, Ho6HjaMo
38 KOHCTAHTE:

A=x,, C=0, B=0, D_=’Ug“/é",

') CTpapno nNpOCTOpPHA KPHBA KOjOoj je XOpPH3OHTANHA NPOjeKilMja eaunca.

Mexanuka Tauke - 13
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L

¥ ca OBHM BpPOIHOCTHMA JelHAYHHE KPETama.

S l/g _ I/L- |/£_.
X==Xy,C087} I Y == v, gS.I__llf. T

EnnMupdanpnjoM BpeMeHa M3 IOCIHeIHX jeJHAuMHA HobHjaMo jenqHavuHy
eJHAICe:

X2 2
2 yz = 1,
Xo Vo L

g

InaKle Cy KOHCTaHTe A M D IIOXYyOCOBHHE eJIHIICE,
Tpajame jeqaor obpra je HEAEHTHIHO Ca TpajalbeM jellHe OCLIMJIAluje
KoJl IPABOJMHMJCKOr Kperama Tj.,

—u)T.

Axo je merepMuHanta KoepuuujeHata AD — BC = 0 OHJI3 je y = kx
(k worcrauTa)., IIpojexumja myrame Ha XOPH3OHTANY pABaH je Ipapa Ju-
HH]a (Kpy:ruo RIaToo).

95. Kperawe Tauke mno panaaol NOBPILHHH. ARO je moBpmIHHA
F(y,x,2) =0 1o kojoj ce Tayka Kpehe pamaBa, yJa3H Ha OeCHO] CTPAHH

jexnd, (87.3) kao rpeha cuia ornop Tpewa: 7 == fN Koju, Kao IITO 3HAMO,
-

‘HMa npapal] Op3dHe U CYHpOTaH CMep. JeAMHHMYHH BeKTOp OpsHHE ]e vfv
aN-*-—llgradF} TaKO Za je |

T = — f|4 grad FI

—
> v
v

H KaJ 03HAYHMO CKANAPHY BeJHYHHY:

=

1

no6ujaMo BeK10pCKY jenﬂaqHHy Kperaiba.

mg%_P—l- 4 grad F-—-]‘.u 7y 0 (95.1)

K0jo] oxroBapajy TpH CKaJapHe jEI[Ha.‘IHHe: |

d?x oF dx ]

mdﬁ““‘X—l—lé—x————f‘udt, |
d’*y oF d |
d>z oF - dz
mdta———-Z—l—laz.f‘u-a—g.-,
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AK0 KoeUuIdjedT Tpema f CMATPAMO KOHCTAHTHHM T]. He3aBHCHHEM
oX v K A MMaMO Kae ¥ y CAyuajy rIaTke NOBPIINEE GeTHPM jeJHAUMHE
3a oApehiBambe YeTHPH HeNo3HaTHX X,y,Z M 1 Kao (YHKIH]je BpeMeHa.
A je cala HETerpaleibe jefHATHHA KpeTarma MHOIO CI0KeHHje jep fe
4 (pyHELH]a Op3uHe. | -

Y npupogHHMM KOOpAWHATaMa IJace jeJHAUWHE KPETArba,.

m =P —f|N|, i
2 ' e
m E‘;’ — Pq, : (95'3)
-m% =P, N, !
’?:z E R i + 3

ca 03HaKaMa jexmaurHa (88.2). Ycinen ormopa Tpeiba Meiba Ce CaMO OPBa
ox jenHaunna (89.2a) npuaonackoM 4iaHa — f|N| rae je | N| anconyraa
BpeAHOCT HOPMAJIHOL OTIIOPA. |

_ -3
Aro je Hamagga civia P==0 raacuhie nociaeime jeJHAYHHE:
dv v 2
gg”f“‘flf\” m?::l(), o ~§--~N (95.4)
U3 npyre jepHadude cienyje na je reonernyka KpPUBHHA jeHAKa
Hy:14, Hakiae je lyrama TeoleTHYKa hwAuja Ha garo] nmoBpmurHd. [lomro
u3 rpetie jemHaunHe cMeHuMo N y UpBY, 1001jeHy jeXHaAYWHY CKPATHMO
- ¢ca MacoM, riiacutie oHa: |
dv

- St

(
AejemeM jedHadynde ca v M CMeHoM: v == ds/df Ha [ecHo] CTpaHU eJdHMHU-
HACAIH CMO df U Ho0uId: -

dv | ds

(¥

Harerpajieme MOKEMO HBBPIHPITH I0IITO H3pa3iiM0 R Kao QYHKUU]Y
Ay3UEe S AyKa TeONeTH Iie nunuje. MaTerpas raacu:

lnv-—.-—ffR +InC

- Hurerpanirony xoHcTaTy ofipeauheMo us yejosa na je 3a s-——-O
6pmnm v,. Taxo nobujamo OpsHHY Kao qbyﬂmumy yra:

fu.-vueexp( ff ) p(s) - (9§~5)

13¥
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Pz Te jenHavyuHe Clexyje:
- . as

dt ==
I o e(s)
H Ca TOYeTHHM YCIOBOM f=0, § =0 -,I[oﬁﬂja.Mo:
t...._.
J v (s)’

& MABEP3UjOM TOI' MHTErpaJa Tp&ﬂ{eHH 3aKOH IyTa § = § (2):

IIpnMepa panu oxpenunheMo sakoH IyTa K2Jda Ce Tauka (He ysuMajyhu
y ofaup MmeHy TemuAY) kpehe Ha MOBpPIIMHN JonTe HNoxynpevnnxa r. Hop-
MaliHa KpuBuua je R=r. T'eolleTMuKe JHHHje Ha JONTH Cy BEJUKH Kpy-
FOBM jep ce caMo KoJ KX IIaBHA HOPMaJa IIOKJIana ca HOPMaJoM IIo-

BpmIHHe. 3a GpP3HHY HAJA3HMO:

=neonn(~ o)
M ¢MeEOM y HHTerpal:

1 - | 7
! =0 e exp (fsfr) ds =

0

[ e exp (/s/r) — 1 ]

a olfaBne MHBep3HjoM AoOH]aMO 3aKOH HyTa:

§ = -}?ln(&t-—l). o ~ (95.6)

Ua UEHTPHIHHM JIIOM & je ¥y KPYIy v = = vy e exp ( — fa).

6) KPETAIE MO JIHHHUJU

96. JenuauuHe Kperama. HopMaaHM M TaHreHUHjaJIHU OTIOP.
a) HoemaTpaheMmo Kperawme MaTepHjajHe TaykKe Koja je HpHUMOpaHAa Ja
oCraje Ha NaToj HENOMHYHO] 1 HenpoMeHIbUBO] (KpyToj) JHHHjH. AKo Ha
JUHKjH 13aGepemo Tauyky (O ka0 moyerax oJ Kora MepHMo npeheHe IIy-
repe, 6uhe Tomoska] Tauke M y CBAKOM TDPeHYTKY oipeheH HYKHHOM JyKa

s="0M, nawre jenauM mozarkoM. Urora KaseMo ga oBa Tauka MMa jelaH
crenes cnobone. IheHo kperame 30BeMO IPHHYJHHM KpeTameM. Ha
TauRy M Mace m ﬂejcmy_je Jata cula P ca epToroHaJHHM KOMIOHEHTaMa
X,Y,Z Axo je nomgup rayxe ca JHHUjoOM (HAQ NHpuMep IPCTEeH HABYUYEH HA
SRALY HIH Maja JolITa Koja ce Kpehe y neBu) Ges Tpema, OHAA JHHH]A
BpIIH HA TauKky caMO HopMaJdHM oTuop N uuja HauajHa JHHNja JeKH Y
‘HOpMAJIHO] PaBHH KPHBE IyTame AJU y TO] PaBHH MoMe HMATH IIDOMBBO-
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prey _ppasatl. Tadka he ce KpeTaTH 110 JaT0] JUBHU{A NOJ 3ajeHHUKHM
— .
nejcTBOM CHIA P v N U uMa Cé TaJa CMATpaTH CJA0GOHOM.

Cpaky KPHBY JUHH]Y MOHEMO CMATPATH TPECEKoM HBejy HOBpIHHHﬂ.*_
Fy(x,y,2)=0 Lt F,(x,y,2)=0.  (96.1)

RoopxﬁHaTB x,V,2 Tauke M Mopajy Y cBakoM TpeHyTRy 33}10303533&1*}1
e ABe je/HATHHE, TAKO Aa je caMo jexHa Koopawnara mnesaBucHa. Hop-
a.IIHH ornop XpuBe inuuje O6nhe pesyiaraHta mepMmannmx ornopa N, m N,

nngDIHH& F, n-F, xoje Ty TuAAjy o6pasyiy. Oproronanse KoMIOHEHTE

-oTHOpA N, u N, ¢y Kao cMo y HiI. 87 BUINN:

OF, . 3F, . OF,
11‘5';: Zl_a';: 2‘l aZ'

ONHOCHO! ’ |
L9 OFy  oFy,
> ax ’ 2 ay y z az s

paxo Ja jelHAYWNBE KPeTama Iriace:

i OF, |, OF,

maE= X Thy 0x th3
d2y - OF; oF, ,
M = Y + 1 57 + 4, 5 (96.2)

m-qﬂ— j OF, , , OF,

de ' oz 0z °

OBe oy jeiHa4YKHe KOMIOHEHTE Bemopcﬁme jeqgaunHe:.

d2 N ' : : _ |
m o~ = P 4+ 1, grad F, + 2, grad F,, - (96.3)

Jenqmaguae (96.1) u (96.2) 4YuHe cuUcCTeM O] IeT je,uﬂatnma Koje
fneduEAIIY X,), 2 T]. kpeTame, 1 ).1,).,, T{. HOPMAJIHH OTIOP JIHHH]B RKao
¢yaxuuje BpeMeHa f, . |

[fomre Kperaibe IMa CaMo jenaH CTBIIBH ciaobone, 6Hhe OHO onpe-
heHo jeZHOM jelVHOM jelHAYMHOM Y Kojy He ynasit nopmadum ortnop. Ty
hemo jemHa4YHHY MOGHTH aKo cBe TpW JenHavynre (96.2) noMHOKUMO ca
dx, dy ongocHo dz M cabepeMo HX. n6uheMo: |

4™ Xdx + Ydy+ 2 dz+l(aF dx - OF1 gy 1 9F, dz)+ .

B

2 0 oy 0z
OF, ,_ , 0F, . 3F, ,\.
+ 12 (‘5}' dx | *ay dy l az dz) PO

mocuedba ABA Hapa3da y 3arpalaMa IPeTCTaBibajy ToTalHe AvdepeniiHjale
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'dF,, dF,, xoju cy Do (96.1) jelHARHM HYIH, Te ce NOCTENHa jefHAYHHA

CBOIH HA:

. o
d ~ =Xdx+Ydy+ Zde, (96.4)

Kakdge H3 33KOH fKHBe CUJie, KOJH Je y OBOM ciayvajy jeauna jexnavyunna

KpeTama,
6). Koopxumare IIORpB'TIIe TAYKE MOIKEMO H3PARHTH ka0 (PyEHEKIUje

.]BJIHOI‘ napaMerpa g Koju olpehyje nono:»n.a] TavKe.
x=@(@)  y=v@h  z=1(y);
TaKko Jo0HjaMo Ccal

p = dg)q(’q) analogno v’ 1 y

o dx\* ., [dyV? dz s f
= () (@) + (@) - et ( ] (96.5)

H “ | | |
Xdx+Ydy + Zde=(X¢ + Yw’+zx*) dg = Qdg. (05.6)

Jako &It_rt'ae Ciire H:épa.meﬁ mapaMeTpoM ¢ TJ18CH JAKIe: |
£ \2

i m ( 24 w4yt )(gg) = ()dg. (96.4a)

Axo sa mapaverap HsaGepemo IYE s Guhe:
' P+ T =1

Y HajonmrHjeM caydajy 3aBHCH cuia P o moXoxkaja NOKPeTHe TAuKe, OF
mheHe GpsnHEe M ol BpeMmeHa, Hommomente X, Y, 7, nakie w Q cy OHEa
dyakuuie ox, g, dg/dt u &, JemHaunBEa (96.4) ommocHO (96.4a) je nmudepen-

IIPI]&JIH& jemnaynHa Ipyror pexa Koja naje g Kao QYHKUM]Y of ¢
'Y choenujaJHOM CIy4daly Kala CUIAa 3aBUCH CAMO Of MLOJOMa]a

TOKpeTHe TaUKe, Q e CaMo pyHEOHja o ¢ W HHTerpaleme jelHAYNHE
RI)ET&H)EI CBOZM Ce Ha KBAJpaType. JeqHaduHa (96. 43.) Iaje:

d ™ — Qdq, mm—m— deq,

rjue ce HHI[BICC (0 oZHOCH HA I0YeTHE BpEIIHOGTH I{Zaﬂ,a 3aMEHUMO ¥ I3
(96.5) nobujaMo U3 3aKOHA KHBe CIvle dg/di Kao QYREKNU]Y Of ¢:

(dq) = flg), gtﬂ +1 /9,

H Hajaal

_9q P a9 . (96)

f— lg== e

+ Vf(c}i . —J V5@

dt =
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,_._,__,,._.._,__ —H"—m

Y nodeTky KpeTama H03HA]eMO 3HAK ROjH Tpe6a KOpeHy HaTH, jep oMep
nmoueTHe Op3uHe Naje 3HAK [OUYETHO] BpemHOCTH oX dJg/dt; Ta] SHAK OcCTaje
Iokne rofy He nocrane dqg/dt==0. Taga cMep rarRresnmjanne cuie P
oapehyje cMmep Rpe'rarbv, AaKIe ¥ 3HAK KOJW HMaMo [a CTABHMO TIpef
dq/dt. | -

[locuae HBB[)[HEHG RB&}IpaTypB nobujaMo wWHEBEP3WjOM . 3AKOH MYTA

q == F(1).
~ Axo cira P uma gyariujy U (x, v, z) HAJA3MMO 0/IMax IlpBH ARTerpa:

U+ h,

2
y kOMe uMaMo joIl X, ¥, Z N8 3aMEHMMO IHUXOBHM BPeNHOCTHMA Kao (PyHE-
nuje oy g. Ako je P~=0 Tauka he ce KpeTaTi KOHCTAHTHOM GpaHHOM v,
KA0 THTO W3 8JKOHQ RHBe cuie 3a Q==0 nanasu. Koucranra h nma Bpej-
HOCT: mv 22 — U,.

B) Hopmaman ormop sunuje. [Jomro cMo 13 3axoHa muBe cHiIe
OlpeUIN Kperaibe, magasuMo Ha uBe jenmadune (90.2) daxrtope iy, m 4, 1
THIMe M oTrnop N Kao (PYyHKIU]Y BpeMeHa. , | |
| Jennocranauje je onpehHBame ormopa N N3 IPHPOXHHX ]BI{H&HHH&
Kperama. AKo ca HHNeKcHMa i, n, b 03HaYIMO IIpaBIe TAaHTEHTe, TIABHE

HopMatae 1 Omdopmane, riace UpHpojAHe jefHaYWHe KPOTAMA:

v

P;mmdt

2 | | | |
Pot-Ny=m=,  PytNy=0. (968)

Hpna jefHauuHa Koja je HesaBUCHA OF N, onpehne KpeTame Ha mmnm
0CT2JIE [IBE onpek}m N W3 KoMmomeHaTa Nn 1 Ny:

N=VN¥N5  (96.8a)

AKo cmia P uva dyariMjy U, MoskeMo Yy ZIpyIoj jenﬂaqnmr (96.8) ma?
saMernuTH ca 2 (U 4 h) te NobGujamo:

. .
n Nn =S (Ugthl "Pm

TAKO Ia Mo:KeMo N oApeJNTH H He mo3BaBajyhu X, y, ¢ kao dpyEkmujy ox t.

llpBa jexmaunna (96.8) je npyry, kpahu o6nMK 3aKOHA KMBe CHJe.
TagreHnujalJHy KOMOOHEHTY P; MOMKeMO H3PasuTH Kao 30Hp npojemﬁja
KoMnoHeHaTa X, Y, Z Hna IpaBall TAHTEHTe; a KAKO ¢y KOCHHYCH YIIIOB&4

KOjé TAHreHTa 3aKIAana Ca KOOPTUHAHTHUM OCOBHMHAMA: d;: , ?s’ gi TO je:
S d my* .
dv ds dv 2
A= X +Y *Zm asTd T ST T as



%0

" Ralﬁi'-"ﬁomﬂeaﬁm&fﬁ jéenHaYHHRY Ca ds:

Xdy + Ydy + Zde = df:”i

JexpadnHa P;= mdv/df Kaxe ma ce PynKiia s=f(f) Hehe MeiLaTH
ax0 KDMBY NHHH]jy IPOM3BOJbHO ReQopMHIIEMO He Meibajyhu mheny uy-
JRAARY, U He Mema]yhd TaHreHOujaJHy koMmodeHty cuie £. Tom nedop-
ManujoM Megmahe ce camMo ormop N. Moram 6mcMo Ha TIpuMep KpPUBY IIy-
TAKY TPaHCQoOpMUCATH Y IIpaBy, a Ja Ce 3aKOH KPeTama He NpoMeHH H
TAKO CBECTH mpobjeM Ha 3aJaTak HPaBOJHHU]CKOI Kperama.

Kana Ha HekoM MecTy nyrame Oyme N =0, Tauka ke HAUyCTHTH
IponHcany nyramy U Kperale ce Jalbe Kao CﬂDGOﬂH& ravka. s (96.8) n

(96. 8&) BHAHMO 24 he N =0 6uru Kajga je:

-

—m¥,  Py=0,

Y
7], MOKPeTHA TATKA MOKE IPONMCAHY NYTAalkhy CaMO HA OBOM Mec'y Hamy-
CTHTU Ha KOMe CHJIa P HeH y OCKYJIAlMOHO] DaBHH KpHBE.

r) Taarenuqujaxanm oraop. Ha pamaeoj ammuju mojaBibyje ce y
HpaBAy. TAETeHTE HA OyTalkhy a y CMepy NPOTHBHOM CMepy KpeTama oTIop
tpeba 7 KojH cTaBibaMo mo RyioHoBOM 3akony 7T =—fN.

Onx opupoasux _je;ma,tmﬂa Kperama (96.8) raaculie npea:

dv

a Kpyre nBeocTajy'HenpomeﬁaeHe. | |
Kocunycn upaBua ormopa fN cy: — dx/ds, -- dy/ds, — dz/ds, nawie
he jexHAUIHe KPEeTama y OPTOTOHAAHRHAM KOODAWAATaMA T'HACHTH:

dzx . dx

mg;-ﬂy—_ Y + Nu fN

2
m%—;—Z+N fN-‘—!f.

H

|
- l (96.9)
|

Ca jexrmaurHaMa NOyTaibe:
Fo(x,93,2)=10 51 Fa(x,9,2) =0 (96.1)
H pelanujaMa Koje Cy No cebu pasyMibuBe:
N:= N2+ N2 + N2, | |
dz - (96.10)

N Nxd +Nyd +N2d ?
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P e "_ . ~ ~ e e W el
syiwe jenmayme (96.9) cHCTeM OX Cellaw jenmauuma koje ompehyiy X,z
}fc"ﬁé pyBEKIHje OX t, Haxue nedHHNILY kperame, W onpehyiy Ni, N, N,
4 N, Jakje II OTIOD JAHIje Kao quHRI.IIfI]Ie on t. |
" EreMeHTapHM MeXaHMIKW DA OTHOPA Tpema je — fNUs, Hakie raacu
fﬁ:;‘-.'saiwﬂ swBe CHIJIE: |

d

muy*

2

el

—X dx Y dy 4 7 dz — fNds ;

A, 38 ROH3¢PBATHBHY CHJAY.
AR muv* |
| _ d =~ = dU — fNds.

L)

. Tlocaenma jenmauHna ce MOe MHTErpalHTH &Ko je oTmop N IMO3HAT
gao QYBKOU]a OyTa HIM KO je xoncrasTaE. OTHOp Tpelha HUje KOH3ep-
BaTHBHA CHIA [akjle 3aKOH 0 0JipiRamy MeXaHKHUKe eEepruje oBJie He BAIKH.

¢ 97, Kperame TellKe Ta4yKe Mo rAATKO] KpHBOj NURMjN. Tauka
‘M mupuMopaHa je Ja Ce Kpehe 1o Heko] KpHBO] (paBHO] HJH IpPOCTOPHO))
EuEAjH 0]l AejcTBOM IbeHe TeinHe mg. RoopauBaTay OCOBHHAY 2z Y3MHMO
'yupaBibeHy Ha BHIIe; KOMIOHEHTE CHIE mg ¢y ouna: X=0, ¥ =10,
7 — — mg, & eleMeHTapoy Paj TesiuHe ¢ — mg dz SaKoH HHURe cue:

d ’fz’““_ modz,
fgaje HHTerpaﬁ: | |
Lo ' 1}2 | |
_ o =&z ~+ h,

WIW Kajla CTABWMO f1=—=a g | | |
' v?=2g (@ —2). (97.1)

Y pacrojamy a= OC DONOMHMO paBAH & OapalelRy DPaBHH X)

Ca. 91.1
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B

(cm. 97 1). Pacrojaibe HOKpeTHE TaYke M 01 DaBHHM: Z =a jé @ — Z = ME
rago 7a je meHa OpauHa:

=2 o ME.

BemruuuHa 6p3ube je HarJe HCTA Kao Ja je Tadka naja caobOIHO ﬁea IO
yerde Opsuue o E mo M. Oma He 3aBUCH O] OGJIIIKA IIyTame, Tj. 01 X H ¥,

Hera je myrama 3arTBopeda KPHBa JHHIja; B2 clydaja Mory CHTH
IpeMa TOME Ja JU paBaH & cede WIK He ceve nyramy. Ma 13 Kor moyer-
HOI' noJjroskaja M Tauke MOREMO jo] yBEK [aTH TOJNHKY Op3uHY v, 4 BH-
CIHHA& @ paBHH 0y/e LPOH3BOJ/AHO BEJIHKA jep je:

’UE
T

IlpernocrasiyMo /12 je v, N0BOJGIO BEJHKA Aa Ce PABAN & HANA3NM M3 HAJ
nyrtame. Hs jenquauynme (97.1) Buammo 1a Opsnna Tauyke v HHKajaa Hehe
N0GTATH jeNHAKA HYMH, Tauka he GECROUAUNO KPYRHTH WO CBOjO] MyTamm,
Kperame he 6urii mepHo HY HO; najpehy Opsuny nyahe Taura y Hajm-
dqeM, & Hajmarhy OpsHHY y HAjBUIIEM [OJOMKAly, 1]. y noJOsKaj]y ¥y Kojuxa
je TaHTeHTa Fa UyTalby XOPH30HTAlHa.

IlocmMaTpajMo caja HpBH Cay4a], Kajga Oyrama OpojHpe PaBan & ¥
ragkaMa 4 o A'. Tauky M Gauumo na majOaporer noJoskaja M, npema A,
U nyrere s pauyHamo ox M, npema A. Taura M npubaunskphe Ce TONHKO
TAURH A KOMUKO ron xoheMo. Jep Heka je 5 Tauka y OJIHBHHII Tauke A,

BB, IbeHO pacTOjaibe ol DaBHH & OP3HHA Ha NYTY M, ocraje VBeK Beha

oxl 2 G*BBI, rako ga he M yBek cruhim y 5 3a KOHAYAO Bpewme.
H3 jennaqune (97.1) maxasumo ca v==ds/di:

— ds
2 dt p— - - .

Bpeme, ka0 u ayxoBe s padyHajMo O MOOYETHOr IoJo:kaja My; nomrTo S
pacre ca ! MopaMo y 1'0pihoj jeTHaYHHM y3eTH sHaK -, Te jgobOujaMo: .

.y

(97.2)

tV—‘)—'__ ds dS dz
& I/a—*z*JﬁZVa——z'
)

o
A0 TaHTMeHTa HA NYyTalby 'y TaUkd A HUje XOpH3oHTalIHA, HMahe ds/dz 3a
z=@ KOHAYdy BpeAHOCT H HHTEerpaJ he uMaTli KOHAYHY BPEeAHOCT KaHa
z KOIBepruine npeMa q.
‘Bpeme T 3a roje he ce rauka momerw us M, mo A je:

£

* ds -
Va—z
ol

T2 —
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i g

-

[lomTo je cturia y A, Tauka he ce BpaTuTH mpema M,, meHa 6pavHa he
GUTH: |

s _ _ Voola

- V2 (a—2)
0y CBaKO] Ta4KHN nyrame AM, umalie Gpan:ﬁy HCTe BeJHUYUHE H CYyIPOT-
HOr CMepa OHO] Kojy je uMaxa nemyhm ce of M, mo A. Tauxa he sa
ppeMe 1  BpaTHTH ce ox A mo M, ctuhm y M, ca Gp3suHOM v, U HacTa-
st nyT mo A Om M, no A’ tpeGahe Bpeme 77, og A' he ce mpartutn
npema M, M Tako OeckoHa*Ho Iyro. Hperame he OHTH [aKkie ocmifja- .

ro pHO Hamehy Aun A ca nepno;mm T-+7.

ds
Axo je TaHrenTa y A XOpPU3OHTANHA, 6Hhe 33'2 = @i~ Kao0 N

| Va—z
6ecmﬂatmo pesanio. Ilocmarpame PpaHH‘IHHK BpBHHOCTH noxasyje na he
parerpas (97.2) 6utH y ToM caydajy GeCKOHAYNO BeJHE aKO je A 00HYHA
TaYKa, 8 KoHaYaH aKo je A IoBparHa TAuKa. Y NOPBOM CAyyajy Taukd

M Hehe HuKaZa cTuhmy A, y Apyrom ciyvajy nak crihumhie 3a Konauno
BpeMe 1 saycraBuhe ce y roM paBmoreskioM moxosaly. (Bumm wa. 101).

08. Kperamz TadKe N0 paBHOj] KPUBOj NHHUjU CA OTHOPOM
ypema. &) JunaMnuke jefnavyuHe. AKO 33 OCOBHHY X H3alepeMo TaH-
redry, TO3UTHBHY Yy CMepPy Kperaiha, a 38 OCOBHMHY Yy HOPMAJY, NOSHTUBHY
npeMa IEHTPY KpUBWHE W yrao HaMehy no3uTHBHE HopMasie W cuie R
o3HaTMO ca a (¢, 98.1), raacubie npipolie jelHAYNIAE KPeTama .

- o |

F?Z—_JZ?**RSIHG“fN, l | |
S | i (98.1)

2

m—?-—::‘?cosaiN. |

Ilpsa jeAHadMHa HAM ojipelyje KpeTame a Jpyra HOPMAJHM OTHOD,
i HUMe I OTIOP Tperba. SHAK HOPMANHOT OTHOpa N Gnhe HOSHTHBAH Kap
ce tayka kpelie 110 KOHKABHO] CTPAHN NyTarhe, 2 HETATHBAH KajJ je Tadka
Ha KOHBEKCHO] CTPaHH. Sa cajia heMo yseru pa ]e N nosutusHO (Tj. jla

je myrama CTAJIHO KOHKABHA).
Axo M3 ZpyTe 0] j€NHATNHA (98 1) OPeNMO HOPMAJHH OTIIOP:

N = mv*o— Recosa,
na palieRy BPEMHOCT 3aMEHHMO y NpBY, XOGH{aMO OCHOBHY JUHAMUUKY .

jeﬂﬁammy' 33 TNPHHYIAHO KpeTame Tadke y AjIepoBOM KOOPIUHATHOM

CHCTEMY: | |
dv : | R
m (7? = R gina -——-f( m e R cosw ) . (98.2)
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i

: - - - . -
~ BaxoH ‘OyTa 3a O0Ba] CIyYaj Moikemo Hahm axo cy HaM |R| H

' H0o3HATH EKao (PyHKIH]je IyTa s.
Kana je R==0 raacuhe puAaMuvka jeaHadnHA:

dv AT
m—r 1+ NV =0,

| | (98.
v? |
m e N — O. J
e J
Csemom N u3 npyre y upBy jexnaumny (98.3) nodujamo:
| dv vt
m-— = —fm— 08,
dt / 0 (
I DOMITO CKPATHMO Ca m, ¥ JNeBy CTPaHy IOMHOMRNMO ca ds/ds Guhe:
| J . |
2y = — = ;
ds~ - "o
ckpahera ca v ruacs Audepenuujalsa jegRatnHa:
dv ds
CRaairs
e
a eH HHTErpam: |
| S ds
9 lni} + C =S m— j — v
J e
Ja II0YeTHO CTamhe Kperama: f,=0, v ==1, H §,==0 je:
| ds’
lnvo—l—C:(-——f )-—0:
TaKjie: -
" C=—lnv,.
Jennaunna sa Op3uEy Ouhe ca ToM Bpeanomihy 3a C:
v ds
n(2) = s [
Ve 0

M KaJ npeleMo Ha eKCIOHeHNIMjadHy cpyﬁmmjy:

d
v = ¥ € exXp (—-ff—é—sf) - . (98.5

Kana maM je (yEKOHUja o = @(s) [03HATA, Tala MOMEMO HU3BDIUIMTI

oy

HETerpajeme y €KCNOHeHTY W KOoHAYHO Hahn BpejgHocT Op3nHE. SaKOE
nyra s=f(f) 1o06ujaM0 HHBEP3H]OM HHTErpaja:
t~—=—}— eexp(f f—c—i—s—)ds « (98.6

Vo . 0
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—fa

Ha mpuMep 3a KPys:HY IyTamy je: ¢ == const. =r, ds = r da, é}==voe ,
a mgTerpa’ (98.6) raacu: |

(Bupgu i, 95).

6) OxpehuBame ToTAJHEOI oTuHOpa HyTame, AKO ceM HOp-
MAJHOr OTHOPA IIOCTOJW M TAHIeIUjaJHK oTnop nyrame (rpeme: T = fN),
OHZa ce OHH CJIajky y TOTaNHH (Koc) ormop nyrame; -+ W. Yrao mrora
cunra W 3argala Ca HOPMAJIOM, OCOBMHOM Jy, je yrao Tpewma yw (3a pasiukKy
O]l O3HAaKe ¢ 34 NOJYNPEUYHUK KPUBHHE).

BeanuynHa ToTalHOT OTHOpA je:

W::VN2~|—(fN)§==NVi—!—f3$=NSEGIP | (987)

- Ha Marepujansy Tauky melyjy iBe Cuie: pesyiTaHTa R 1atix cuia
P u otmop W (ca. 98.1). Ilog muxoBuM yrunajeM Tadka ce Kpehe Kao
CI000THA TAHTEHIUjANBNM yOpsameM dv/di M LEBTPUIETAJIHUM YOp3ameM

Cn. 98.1

v2fo, MiTO 3HAYH Ja je mejcTBe pesyirtanTe R ciia R 0 W exBHBaJeHTHO
- ZejcTBY HeHTpHIleTANHE culie P, = Mnv®/e U TaHrey1ujandge cHle P, = m dv|dL.
To uspamxapa BEKTOPCKA jeXHATHHA: |

——— e

- - zu2 d?.}
R+ W= (mZ)+(mg), o (988)
Koja 3aMemyje CKalapse jenHauuge (98.1). |
[IpiTicar xoju TauKa BPUIM HA TMOJIOrY je:

_..,____...9.. —

> F vy [ dv
W= R (=t ()

-(98.9).
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U3 jenpavynbe (98.9) cnenyge A2 je TOTAJHM NPUTHCAK Ta4YKe Ha I
— 5

ralby — W [edHAK TEOMEeTpHjCKOW 30HUpY Tpﬂ]y CUJIA: R” (— mv¥/o)

(— m dﬂ/dt). Cury:

=
7 |

B

30BEMO I€HTPHQYTAJNHOM CUIOM, & CHUIY:

-
[—m®
[~ ar)

HeraTHBHOM TaHTeHIHjaJdHoM cumioM, Ha ci 98.1 nxar je momulo
ciTa, KojH H3pamaBa reoMerpujcko calupame upeMa jenHavnam (98.9

99. AuconyTHa H pelaTHsHa Teyca. llpurncar HsMelhy noBpmIHE
(mopmaore) HIN JUHHKje (mylame) 3a Kojy je MaTepujasHa Tadyka Be3aHa
caMe Taduke ICTe je BejamunHe, OWio na ce MaTepujanHa Tadra- kpeh
JOK MoJJIora MHpyje MIM 00PHYTO, Ja ce Hojrora kpehe a Tavuka MHpY]
Ha o). OBa] Apyru ciay4da] mMaMo 3a CBA TelId Koja MUDYjy Ha SeMIbHH(
MOBPINKHI KaJ Y3MeMO y o63ip Aa ce 3eMiba o0pfie OKO CBoje OCOBHH!

[TpurHcak Ha HomJIoTy 30Be ce Teskuua, Kama 6m Semmba y jenno:
TPEHYTKY Ipecrala ja ce oxpehe, HalLIH GHCMO MEpemeM Ha Cy TEMRHH
CBUX TeJa MoBehame. Y3pox Te mojase je LeHTpUPyragHa ¢HIa — m v?/
Koja, Kao IITO CMO BH®JNN, CMambyje OPUTHCAK Tela HA IOIJIOrY.

Teauny, Kojy OH Teja HMaJa XaJ ce deMiba He Ou o6pTana, 30BeM
ATICOJNYTHOM TERUHOM, & TERUHY KO]y TeJa KMa]y IpH o0pTamky SeMlb
1T KOjy MepuMo IoMohy pasHHX cmpaBa, 30BEMO PEJATHBHOM TEKHHOM
Onmoc u3yeljy Te IBe Te:xuHe HAIA3WMO U3 BEKTOPCKe jelHadnHe (98.9
Ho momro ce 3eMiba oGplie 0Ko CBoje 0COBHMHE KOHCTAHTHOM DPBHHOM T
je dv/dt = 0, narme je mpHTHCAK:

=R-+F. (99.1

Ha cia. 99.1 o3Havymian cMo ca F LeHTpHQYTaJRYy CUIY MAaTepPHjaaHo]
teja. R je CHJIa KojoM 3eMJba CTBAPHO [ejCTByje Ha To Telo (alCONYTH:
TeRUEA), NMOK Je — W ciila KOjoM Teslo NPUTHCKYje Ha NOLJIOry H Kojy Me
puMo IoMohy repasuja (pemarusHa TesuHa) IIpema jemmaumnu (99.1
alICOJNyTHA TeMIHa R Tella Koja je yupasJbeHa Ka LeHTPYy 3eMJbe, Tpeha ¢
cTpaHa BeKTopcxor rpoyraa (ci 99.1) Koume cy npyre. J_[Be CTpaHe.
peJaTHBHA TeKUHA —W u nermrpudyramna cuna F.

Beauunaa neHTpudyraiase cuiae no obpacuy. F = mv*jg¢ 3aBUCH 0]
GpsuHEe v KOJOM Cé Telo erhe o KPY:KHO] NyTamH, clenyjyhu 00pTamy

!
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aa | —————

¥
P vt —_\
7

a) : - 6)
Ca. 99.1 _

f”em.rbuﬁmi a Tﬁ.[‘:() HCTO ¥ O nonynpeqam;a. KpYILHE nyfrafbe oo M v u K

 AK0 TOJYyOPedNmHK SBMJBG 03HAYHMO Ca r( 6370 km) a ROHcTauTHy |
aoﬁy Op3UHY HeHor ofprama Ca w, HDﬁHl&MG

= F COS @, ] - (99.2)
v:gw=rw(}{)sqy; - | |

firfo yHeTo y jejBauuHy ULeHTpHdyraime Cuie naje:

v* mgza) ] . |
F=m o= o moe® == mr wcose. - (99.3)

;IeHTprI)yraJIHa chia je Ha TmojoBMMa 3eMmie (p = 90°) jenHAKa HYJIH Te
TaMO HeMa DasJuKe nsMeljy ATCOJIyTHE ] H pBJIaTHBHe Telke.

YP&OHa 6pauba deMmibe je:

-

rne je T Tpajame jendor obpra: T =24 h = 86 164 sec cpeiamer CyEyaHOr
BDBMBHB. 3a o nobHjaMo JaKie:

27 6,28 .
0 0 86 164 "_—’7’29 10 beq :

Ilearpudyranny cuny F (]BI.[E 99.3) Pa’TOKHMO Y paLUjalHy KOM-
HDHeﬂTy F, = F cosp = mrw®cos?p U TaHreHIU]ATHY KOMIOHERTy F =
='=mrm= sing cosp . F, MMa Ha MOJIOBUMA BPEHOCT HYJNe & MAKCHMAIHY Bpe;[-'
HOCT Ha EKBATOPY. TaHPBHHII]aJIHa KOMIIOHEHTA Tepa Mace Ha SeMIbH NpeMa.
e’:jBa.Topy ¥ uMa HajBehy BpeRHOCT Ha IMVDPHHH: @ = 450 a ]ezxﬁam je Hyau
Ha exsaropy X Ha nojosuMa. OBo je yspox cH/BOMTEHQCTH 3eMmibe,
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-

. Hebecko Texo Koje ce o6phe OKO cBoje OCOBHHE MOpa MMAaTH TaKal
o6JHE Ha PesyNTaHTa H3 Te;ke U HeHTpuyraind cmie cToju yUPaBHO B:
megy noBpmuny. Taj ce o0aMK 30Be Ko 3eMsbe l'eomp ¥ DprOAMIKH(
je jenHaK CIJbOIITEHOM OGPTHOM EJNHUCOUAY.

AKo 3a pelaTUBRY TeXHHY yBeleMo:— W == Q= my OHJa HA HCTI
HAYWH 3& ANCONYTHY TEHKUEY MOKeMO NHCATH: K=mg r'lie,je g AN COXYTH(
y6p3amhe SeMIbUHE TEXe Koje OH BAKHIO Kaja ce 3eMiba He 61 obpTaia
Hs tpoyriaa yoOpsama (cax 99.16) uuramo: -

g=MB— DB = MB — AB cosg,

g = g - rw® cos cosy,

| 2 .9

g=g(1 A g‘i“”). (99.4

Hal y OBY jexHaduHY yBexeMo OpojHe BpPeIHOCTH 327, ® H &, NPETUOCTAB:

majyhun da je SeMiba JomTa uanasd (ca rol= 0,0339 u g=9,832)
. - 1 .

1290,4

g = 9,832 ( 1 - ¢0s? rp) m sec-2,

.
BpenHOCTH 2 U3pAaYyHATe W3 OBOI TEOPH[CKOr o0paclia He CAAMY Ce JOBOIBHC
ca BpeJHOCTHMA eMIHPHIKH olpehenuMma (noMohy wiarHa). To Hecnarane
[0Ja3H OTYI, ITO 3eMJba HHUje JonTa Beh eannconn M ImTo 300r TOra IIC
3aKOHY TpaBHUTald]e HH Il COLYTHO y03ame g He Moxe OMTH HCTO HA

TQNQBHM2 1 HA €KBATOPY. PesyararuMa Meperma 00lbe 0AT0Bapa €M IIIPUIKY
ofpasan:

1
189,3

g = 9,832 (1 cos?gp )m sec2,

PenaTnBHO 3eMJ/LMHO yOp3amke HA €KBATOPDY H3HPCH [peMa oflalKa-
HHMa g = 9,78 07 m sec . AKO Ce yaMe jla je OHO HA HOJOBHMA g =g
== 9,83 2 m sec™® oHZA OM ce TeMHHA TeJa Ha NONY IpeMa TeKUHH Ha
exBaTopy ogHocuaa kKao 1,005 :1. Pasmuxa je lakge Beoma maJta. Kaza 6u
ce SeMlpa oKperasa 17 myra Opste HO IITo Ce CTBAPHO okpehe, Omma Ou
eHTpUPYraiHa CHIA TaKO BeJHKa, A& Ou PelaTHBHS TesKHHA TeJga HA
expaTopy Omia jenHaka Hyawm, To ce BUIM H3 cajalliber ofHOCA YOP3ama
[eETPHUIeTAJHOI M PEeNATHBHOI KOJH H3HOCH Ha& eKBATODY:

rot  0,0339 11

go 977807 ~ 289 ~ 17*’

jep rajga On 6o w, =17 w, Ouia 64 Taua IIE}HTpH(IL)yF&JIHa cuIa mr w,?
jenaka IPHBIAYHO] CHIH BBMJbHHO] mg, Ha eKBaTopy.

I3 BEKTOPCEOT TPOYIria Ha CJL 99 1 BHANMO ia HpaBall peJIa.THBHe TeHe
ceve 3eMJBMHY OCOBHHY HCHOQJ[ LIeHTpA, 32 Ta4Ke HA CeBEPHO] XBMHC(I)GPH a
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[Bﬂa,l'[ [JeHTPa 3a TaUKe Ha jysKHO] XeMmcpepH, Yrao ¢ mTo T'a peJaTMBHA
eI (1paBall BUCKA) 33KJIaNa Ca NOJYNPEeIHHKOM 3eMlbe BPIO je Mali
,e MoaeMo Tpoyrao MAB cuarpaty npapoyrimMm. Tako M3padyymEaBaMo:
' AB F mr &* cos ¢ ro? 1 o
il = ——— = = == 08 GOS . 99.5
’3 "MB ~ mg mg g 7= 3905 %7 %)
Ta.1 yrao J 3aBHCAH ie IaKje CaMo Of reorpacpcxe nivpuHe u OH 32
Beorpaﬂ (p =~ 45°%) usHOCH & =6, | |
100. [IpUHYAHO KpeTame TEHUKe TadKe y BepTHKANHO] pamm.
a) OTnop Tpema: T==0. Rana ca p o3Ha9uMO omrTap yrao uamely wop-
mane ¥ Beprurane: 0 < ¢ < 7/2, raacuhe IpHEpONHeE jelHaYUHEe KpeTama
i 3aKOH sKUBEe CcUlle:

Img—v--—-m sin
gt =~ &SP
2 .
m%:$mgeosfp:|__—jv, 3 . (100.1)
2 h 2
A=mgz e el

2 2

if‘de:IfI Ce 3HAK OJHOGH Ha KOHKABHY, a4 IOBM Ha KOHBEKCHY NyTaiby.
:ﬂpBy n tpehy ox jenmauura (100.1) Momemo cfcpamm ca m. Kaga tpehy
pemnmo mo v gobmjaMo: :

d v ' | |
= dt — & '5111 P (100.2)
P =V2gz 472 ~ (100.3)

TIe je z BUCHHCKA Dasiuka M3Mel)y HOYETHOT M Ma KOT JDYror NONOaja
‘mHoxperHe Tauke, Hajsan, ako je moueTHa Gpatta v, =0, oﬁpaaau 38 Op-
BUEY HA MAKOM MeCTy ce yupomhaBa: -

”=V2£Z-* . - (100.3a)

W3 jemmagure (100.2) u (100.3a) BEgUMO Ha je yﬁpaa}be {{ TIOKpeTHEe TaYKe
UpOMEHJHPHBO M 3aBHCHO O]l NpoMeHe yria ¢ Tj. oJ oGiuKa nyrame, a Ja
ce Op3uBa v (3a cIyda] ma je v, = 0) Merha caMo ca [pPOMEHOM pa3JuKe
'y HHBOY z a4 He 3aBHCH OX OONHKA MIyTarbe. Hajsehe yGpsame G6uhe
(= o) 3a ¢ = 90° T|. Ha MeCTHMa Trle je TaHreHTAa HA NOYyTAFEY BepTH-
Kajaga, a HaJpeha Opsnra Ouhe Ha HAJHIUKMM MECTHMAa IyTame. Y CBEMa
'Taqmama, NyTame Ca UCTOM OPIWHATOM 2z HMA ﬁpBHHa UCTY BPEJHOCT.

. Jlpyra ox jemHaumHa (100.1) CIysil 3a oApehuBame HOPMAJIHOT OT-
'Impa nyrame. Hs ci. 100.1 ce BUIM 12 HOPMAJHM OTIOpP Ha KOHKABHO]
‘crpaHM nyrame (Tayka A) UMa IeHTPHIETAJHH CcMep, Jakie je 3a 'ra.1
e0 NyTame: -

| O mpg?
N = myg cos ¢ - ';"'?

MexaHuka Tauke | - 14
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B HOMTO CMeHUMO muv?=2mgz (v, = 0):
' ' — : an _ ‘ ) -
N=mg[cose + "’5) - O (100.4)

W3 oBor obpacua crexyje, IomTo je yBer yrao: ¢ < af2, 1a je Ha Kom-
KaBHOM HesJy TiyTakbe HOPMAJHM OTIOP yBeK I03WTHBAH U YIPABJbEH TaKO
Ia ce IMOKpeTHa TadKa He MOKe ~0LBOJUTU O] NyTame Tj. Ia je 3a Ipi-
HyIHO KpeTarbe Ha KOHKaBHO] CTPAHH IyTale [0BOJbAH JeZHOCTPaHU HOD-
MaiHy  oroop N. Y npeBojHOj-Tavukn C je g-—-oo a je HOpMAJIHY omop

N= mg COS @..

C1. 100.1

Ha romBexcHOM nely nymme (T&‘IR& A’) 1Ma HOPMAJHH OTIOP IEH-
‘TpH[nyI‘aJIHP[ cMep IIa je: ’

o

N=mg (eos ¢ — ’ ) - (100 5)
Y cayyajy na je kel > cosp Ouhe naxkige HoOpMalHYM OTIOpP HeratTnepaln Ti.
e

Gmhe moTpefHO Ha IyTama MOske Ha NMOKpPeTHY TauyKy BPIIMTH 000CTPaHM
oroop. Axo nyrama HUje y CTalkby la Jaje HeraTuBaH OTIOP, Kao HA IPH-
MED ¥ c.nyqa]y KOJa Ha IIHHAMA, oHAa he temo y rtaukm B ruae je N=0

22 .
( | — = wecp Hanycmm cm]y HOIJIOTY W Rpemm ce ,H&Jbe R&O c.uo-

Q :
O0OQHO IO Hapaﬁmmqﬂoj uyTaﬁ.n Ham HaM ]8 Ho3HaTa jelHAYWHA mpo-
2z
IHCAHe nyTa,Ibe bHﬂa, Momemo U3 peﬂaume cosqvm-——- Hth TAYKY B y
P . - 0

EO]O]'he'TEJI_O. H&HyGTHTH nyTa}Ly. Jla Koaa ocramy yBek Ha IMIRHAMa MOpa Ha
CBAKOM MeCTy nyTatke OHTH cOs ¢ > o a TO 3Haud, IOMTO je HajBeha Bpex-
HOCT 38 ¢OS¢ jeMHHHIIA, Na yBEK Mopa OUTH 2z< 0.

Ako je moyerHa OpsuHa y Taukd A v, =0 (ca. 100.1), oana je y
Tayk C Koja je ¥y MCTO] XOPU3OHTAAM, 110 BaKOHY sKuBe cuie: v==0, a3 y
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HAjHIHO] TaRK E nyrate je vmx-—VZgh KpeTame he 6uTH nepno;u;mmo
(ociiuniaropHo) usMehy A u C. Tpajama RpeTaH:a, on A noEwnon E noC

6uhe caMO OHIA jenHAKA, aKO cy rpaHe AF u EC OyTame CHMETPHYHE
gpeMa BEPTUKAXU § E. | | - | ,
6) Ako yaMeMo 'y 063Up U Tpeme: T fN OHIA heuo ceM eite-
MeHTAPHOr palia: mg dz TeskMHe UMaTH jorm ¥ pan tpema: T ds. Pax cuie
mg Ouhe Uo3WTHBAH WJM HETaTHBAH, IpeMa TOMe Jia JH ce TadKa m CIy-
OITa WM Tele, 2 Pal Tpema O6mhe CTAIHO HEraTHBAH. Henonynfm pax

Ha Hy'ry ox A, To A (o 100 1) 1e
A=mgz—f J Nds. - (100.6)

I/Im'erpa.n MOSKEMO napaqyﬂam aKo HaM 13 IIOdHaT 3AKOH 110 KOMe Ce OTIop
N Mema ca npeheHNM IIYTOM, | |
- [lo reopemy o rumEeTHKO] eHepryjn ka'kumhe 3a OBaj ciydaj:

A ,
2 2 -
mez —f [Nds =T =T, (100.7)

UITo pemieHo 1o Op3HHE Aaje:

V2= v,° + 292 — — jN ds. ':(100‘8)

OBaj maM ofpasall Kaxe Ia he sa PasHe HoJoMaje TauKe IITO Jeie
wa ucroM mmBoy: A, C, D,... (c1. 100.1) 6pavmEa GHBATH CBE Mama M
Haj3a] y Heko] Taukd E' rie ]e Haru6, nyrame jeqHax Yray CTATHYKOT
Tperba MOCTATH jenHaka Hyan. Mecro E’ Ha Kome he ce TauKa 3ayCTABUTH
6uhe maborMe Onuay jeldor off TeMeHA HyTambe Ey, E. .. nyTame.

‘Ako je modgeTHa Op3uHA v, ¥ MecTy A jenHaka Hynu, 6uhe Hajseha
6paiHa ONET Ha HaJHWKEM MeCTy myTame E,, ajH ce TauKa HA CYNPOTHO]
crpaHN Hehe aa.ycTaBmH (v=0) y Taukx C mMTO JdeKHd y UCTOM HUBOY
ca. A, Beh 3sa 2’ HuXe ¥ C' (cm. 100.1). Uz C' he ce BPAaTHTH IOHOBO Y

(me he cruhn ca MamoM Op3HHOM HEro OPBH HyT) U Hpoﬂymmn G-
HO TpPUIymeHo HePHOJWYHO KpeTame [OK Ce HajlaX He aa.ycTaBH Ha

mecty E' 6ausy E,. -
101. KpeTame Ta4uxke y Beb'rﬂxanﬂ'omn%pyry. AxXo je nyTama Kpyr

moJyOpedHHKa r,OIT0 Jexd y BepTHKaIHO] paBHA (ci. 101.1), oHpa je:
’ 14* |
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......

Ho 3aKOHY JRUBE cuite o6GHjaMO jeHAUNMHY:

m e M Vo>

mgr (cos P — COS @) = 5 5 7
U3 Koje HspaquaBaLiq Op3syHY IOKpeTHe TaYKe Ha Ma KOM Mec'r__y':
— + ¥ 0,2 I 2 g7 (coS ¢ — GOS ). | (1011}
N0 v=0

¥

CJI 101.1

ExcTpeMBe BelndHHe 6paHHe cneﬂy]y H3 (101 1) rax y By CTABHMO EKC-
TpEMHE BPEIHOCTH COS ¢

y

Vg =— UmaxZVvo2 + 281 (1— cos ¢), -
{ - (101.2)

BeauyrHy HOPMAIHOT OTIOpa, HAJIasHMO M3 OuuITe jenHaqnHe (100.1)
KaJ y 1By CMEHUMO ¢ Ca r, COS@ Ca 2/r, a v U3 ]eszaqHHe (101.1). o-

6ujamo:
- my,’

N =

—!— mg (3 cos ¢ — 2 Cos ). ; (101-3)

HopManru ormop 6whe HajBehu 3a cos ¢ = - 1,’a HajMaisH 33 cos p = — 1.
ExcTpeMBe BpeIXHOCTH HOPMaJgHOr ormopa Guhe:

| | mvu2 I ’
Ny = Npox = - 1 mg(3.—-2008 @),

m 'Uo!- (101'4)

N =Nmin_

" AKo rmEpeTHa TaYKa Tpela ,I{& cey C Ba,ycTaBH (cu. 101. 1) Mopa
1heHa ﬁpalma y Tagkd A OUTH TOJNHKA Kao 12 ]e CI000/IHO IIaJa -Ca BU-
cHHe (r -} 2z) Hmaxie:

v=] 28(r+2) = V 2gr (1 - cos g), - (101.5)
Umax == 2 V_E'}_ - (101.6)

mg (3 + 2 cos py).
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Bpeume koje Tauka Tpeba 13 H3 A CTHTHE 'y C nobujamo ma jen-
gaunfe (101.5) Kaxma cMeHHUMO!

I 4

dyp 3 9 .
’U—-fa“t— " 1—-|—GOStp-—-2(3 -—‘2—-,-
]enﬁatmﬂa (101.6) rIracy Tala:
dX
o
L dt=—
r ol
085
a IbeH WATerpar: -
. { —‘g——lntg (@ = ).

Tbajalﬂe T nyfr_a_-on B 1o C 6uke:

g | @ ="n tg 7T
Tl & =]lnteg = (¢ +=) = 1In in g —+-.

tg

SEISE

A uowTo je tg 71/2 =0 To je T==o0, TadKa he ce ACHMTOTHUKH NPHOIH-

$RaBATH Hajpumo] Tauxy C prra a.rm “Hehe HUKAT2 cTﬂhH y C (BHI[H |
a1, 97). | * - |
BeanHHy H{)pMﬂ.JIHOI‘ OTIIOPA 38 VUmin =0 Ho6UjaMO U3 ]BI{H&TIHHB

101.3) Kajg 'y by CTABHMO: vﬂ_-VZg(r—l—z) NaKe:

Ormop N mocrahe jeQHak Hyanm Ha MeCTy E ca ODANHATOM z=——2r/3 |
Hlame Kperame mo Kpyry ox E no C 6mhe MoryhHo axo nokperHa Tadka
Oyxe omo3mo unonympra. bpswua y E je Tala:

VE == V—_—gr

N3 jemmauune (101.7) quraMo na he HopMaJIHH oTuop MMaTH cBO]y Ha]
Mamby BpensHocT: — mg y -C, a Hajsehy: Bmg y B.

[lpuricak mokperHe TaYKe HA UYTaBY y IHEHO] H&]BHIIIO] rauKH C
6uhe jegHar HYJM axo je npeMa Jpyroj jeiHauwHun-(101.4) Gpanﬂay HEKO]
TaYKH A: | |

v =V2§f (—g-—}- eést)- S {101.8)
8& P = 0 je: - .pn = Vmax = Vs—é—’: - } (101 9)
a 38 =71 jeI Ve = Vmin = | 2T . |

38 Nipin =0 je: Npa,=6mg.
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. 102. MartemaTuuko kiaarHo. Kaga y jexmawmsu (101.1) craBuM
=0 Kperahie ce TauKa of A,, no A’y (cI. 102 1) 7 Ha3aI ca MCTOM, Bt
INIHOM Op3iHe Y CBaKO] XOPH3OF
rany. TakBy TAYKY 30BEMO MaTeM3
THYKAM HJIM NIPOCTHM KJ&THON

MareMaTH4ko KJIATHO MOMEM
1 TaKo H3BECTH Oa MAaJgy JONTY Te
muHe mg 00ecuMo moMohy mepacrer
' JbHBOT KOHIA 0 HemOMHYHY Tauyky O
HopMmaneu otnop N Kpy:KHE IOILJIOI
3aMemhyje Tala 3aTesame KOHLA,
Iloroxka] A, ysumMaMo Kao IIO-
qeTHH ToJjoxaj. Ha rome mecry Op-
suHa je v,=0. Yrao « mTo IpaBall
3ATerHyTOr KOHIA y IIOYETHOM II0JI0-
| a)y A, saKjana Ce BePTHKAIHAM
Ca. 1021 MONOKAjeM, 30BE C& yrao aMILTHTYHe
| MM KpaTKo aMIJIHTYyZXa KIaTHA,
4. yrao @ IOTO OAroBapa Ma KoMe MoNOKajy 4, 30Be Ce. €NOHTalL¥]a
KIaTHa. Yrao ¢ MepuMo oj BeprHkalxe OB5. -
Tomro y jexmHauman (101.1) cTaBuMO v, =0 K CI0BA 7 M ¢, 3aMe-
HHMO ca [ ¥ a, roGujamo: i

v=+4}2gl(cosp —cos ). - (102.1)

,I[BochyEH 3HaK IpeJx KBaJpPaTHUM KODEHOM II0Ka3yje Ia TauKka HMa y
‘MecTy A nBe Op3UHE HCTe BeJUIHHE Koja je jerannyr mosuTuBHA (y CMepy
AgA), a npyru nyr HeraTHBHa (Y cMepy A A,).

- 3a @ =0 crexyje: - | | |
vmax =+ J 281 (I — Gosa) = + 2 sin -;VQT O (102.2)

Hopyasnuu IpuTucak, ONHOCHe 3aTesame N y KOBIYy HAJAa3HMO U3
ommre jegHaqure (101.3) crasmbajyh y Yy vy—=0. HobGujamo:

| N::mg (3 cos ¢ — 2 cos @) 0 .{102.8)
- Gagp=20 Je  Nmax=mg(3 —2cosa), } | h 1 ne
B T qjiﬂ{z co 'y . Nmin == mg COS @, ) _ } (102'4)

Bpenmocr Npin, Ka0 ImTO C€ BHAU H3 ci. 102.1, jenmaka je pamHjasHO]
'KOMIOHEHTH TEXKMHE Y HOYETHOM NoJoajy A,.

~ Bpeme 3a koje Tauka crame us A, y A uan obpaTHO, HoGujamo
HgTerpanemeM jequavnne (102.1) ca HOSUTUBHUM 3HAKOM:

: dS__ - B
V2g1 (cosp — cosa)

dt =
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IIOIJITU ‘mpeherHd TYyT § DPacTe Kal @ omana, mobujayo 3a ds .uspas

do —— — lde, DaKie:
ds ldgp

dt == _ - .
V2g1 (eosp — cosa)

{preME KpeTamha o]l nonowmaja 4, N0 nolloskaja A Haje MHTErpal:
) P

b= Jdt - *1/ L JV 2 (euasjqi— cosa) (1025)

Ogo Bpeme MO&‘REMO TOOUTH ¥ fla 0BAj HaUWH, Y O6p3aihe TavuKe § HEKoM
‘mosaomaly A je: | "

| o a“{? oo &S (102.6)
'j_ﬁd'mu?b oBy je/HAUNHY TOMHOMKHMO c¢a dg/di 1 cBexemo je Ha HyJy,
no6ujaMo: o o ,
R o p d°¢ , £ dey .
T -+ - bmq o “O_;;.-
jeBa CTpada je.cana 110TyH nudepeENUjaNHY H3BOA Te MY MOIKEMO A&TI
CoOnuK. |
o E_ ] (d{p) g 1 0
| dt | 2 \dt 1 ST
‘M3 Kora clexayje ma je: | :.
o ‘ ' 1 dp\’ | & ' _
ar + T GOS{{I— C | (102.7)

OBa jefHAUAHA IIDMHO?R@H& Ca MAatoM TayKe HCKA3Yje BAKOE O O,EI]J.‘}hBE:V
MexaHAYKe eHepruje. [Ymopenn jenHauuHy (57.3)). | IR

: I{GHCTaHTy C HaJAa3UMO U3 yCI0Ba O3 je y Tauky Ay v,= dejdi=0,
JaKIe ]e | L

C== —?— cosa.

CumesoM koHcranTe y JegHaurHy (102.7) robujaMo Tiocie WHTETpaliekha
jensaunmy (102.5) K0jy ¢mo Beli ApyruM nyToM HAILIH,

 OBaj eIMNTMYKY HHTErpaj UpBe BpETe MoOe Ce PerTHTH CAMO
tomohy TeB. earunrTnuxkux Qyskunja. Tpamnhemo npuﬁnﬂmﬁo pemee
OBOT HMHTerpaja pasBHjameM (QYBKNH]a cose H cosa 'y penoBe. Y THM
pejloBAMa Mo:xeMo Beh tpehe unaHOBe @* M ' 3aHEMapuUTH [OIITO CY KOX
CTBAPHHX KJIATHA OBH JIJIOBH « M ¢ PeJaTHBHO BPJIO MaJy. Y3MeMO JH
Ha OpuMep « =5H" (Halﬁeha aMIUTY I KON KJATHA § HpaI{(‘H) ~OHJa e
arca ==0, 0873, a a*=10"* | | -

Yaumajyhu caMo nBa 91aBa pefoBa HoGujamo:

a2 @?

2 2

¢OS @ — COS @ ="
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mto yHero y jeaHaumHy (102.5) maje:

V fyiirp’

HIN

f

M Hocie W3BpIIeHe chaHpaType
@

{ =H_V?[ are sm'( :f )J - (102'8_)

fI

Tpajame 7' jenHe nDoixynepHole 1o6HjaMo €& TOPIOM IPAHULIOM
@ = -—a ¥ C4 MBMEHOM TIDaHHIA:

:1 Z[arc’ sin.'(i”+a
T:VZ[“ ( ”)]znl/z. - " (102.9)
g2 2 g

Opa] ofpasan 3a BpeMe 7 Tpajama jedHe [(JoJyoCUHJaIlMje H3BeO je
nppu Xajresc 1673. (Ch. Huygens, 1629—1695.). ¥ obpacuy ce He mojas-
Jpyje aMIJIMTyda IITO 3HAYM N3 je 3a MaZe ocyuaayuje iepuoja Hesa-
aucna on Benuwune amiaumyze. CBe Tayke INTO MOJase Ca Ma KOI' MeCTa
Ha JXyRKy A,A,) HoYeTHOM Op3WHOM v,=—=0 eruhuhe y 5B 3a HCTO EBpeMe,
JlpyruM peduMa: csa KAAMHQ uc@ie Zymune I ¢y U0XpOHAY) |

. AKO y peIoBHMa 3a COS.a M COS ¢ y3MeMo y 063up H Tpehe uiamoBe,
TakJIe CTABHMO: | | - D

H Haj3al:

2(cos a — €08 q:i) = — @ — — (a4 — 994),
no6utieMo TAYHHjH 06pasai; | o
' l a® - |
T—n ﬁ(1+l—6~ . (102.10)
g i | . :

.33,”a = 5° n3aasy raja: (1 + «*/16) = 1,00 04 76, OITO 3HAYU K2 61 jengo
KIATHO C& AMOIUTYAOM o ==5° H3BPIIHIO0 MHJIHOH OCUHIAIMja 34 HCTO

1) I'puku: coos = jelAHaK, ygovos == BpeMe. FI30XpOHOCT KaaTHA 34 Make aMIJH-
Tjrne G6uaa je seh Fanvaejy moznara. OH’je OpBH HayyHO HCIHTHBAO KpeTame KAaTHA
H casHao fa mepuoja pacre ca amnantypom (1638.).
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Bpeme 3a Koje OM ca 6eCKOHAYHO MaioM amnﬂmynou quHHno 30 476
,qcumanma BUIIE, ., |

Crporu olpasai] 3sa {rpalame ocInJIanuje, KOj BakH M 33 NpPOH3-
.:BOJI:HU BeJHKe aMILIATyNe, u3Beo je Ajuxep, 1736. Taj ‘o6pasan raacu:

¢ (13 . .a (135¢ . .a. 1
T.- V__[l-—l—( ) Slnzﬂ"—-l-(“z'—z—) sint 9 1(2 4 6) ISIHG —g——]—...]

Bpem{oc'r pena y sarpaid HW3HOCH 33 o = 20° 1,00 76 7. Tauna Bpe-
‘gocr T je camo 3a 0,8%,, Beha ox mpubmusmHe (102.9).

'_j O6pasan (102. 9) sa rpajame T jexme ocnmianuje ca MaJIoM a MILTH-
] Ty;zom fo6HjaMo HemoCpelHO U3 -jeIHAUNHE KpPeTaiba:

d?e |
dr: :"‘__"g S;Il _9"!

[

_Kafia sing 3aMEHWMO ca ¢. Jep je

'ﬁﬁ(pepeﬁunjanﬂa jelHaYUHA XapMOHUYHE (prmﬂe) ocuuIanuje ca ¢Qpek-
“BEHUEjOM K = Veg/l, narae je 101y NEePHOTA:

_.____.RVF

Ma'reuamqmo KJIATHO 4YHja nonynepnona Tpa]e |edHy CeKyHIY, 30BE€
ce CeXKYHIHO KaaTHO. IberoBy nyxuny [, nobujamo sa T_._l” [y ==
= g/;r: Ba =981 m/see2 (cpenma reorpaqacxca. IIIHPHH&) je:

ls —-0994:1:11

Temka Taura npehn he Kocy pasan A4, B (cjx 102, 1) mouersoM Op3H-
HOM v, — 0 3a ¥WCTO BpeMe Kaoy CI000HOM Hany Kpo3 BUCHHY 2/ (qJI 65),

_H&HJIB Sd BPGME
; ﬂzl/_ﬁ

prm———
33. KpeTame 10 IJKY Ay B Tpeﬁahe caMo Bpeme

V j |

ti’ tz—-ﬂ-4: “r
Tj. TaYka he ;u;ymn oyt upehy 3a Epa.he BpeMe.

HaKie je:

L 4 ”~ ™

103. Kperame KnaTHa ca TpemeM. AKo KPYsRHK AYK A¢ B 10 KoMe
TauKa m KIH3W Ha HUse Jdaje oroop Tpewa: 7 = fN oHZA ca 03HAKAMa

-—
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r—liar

e T el

| CJIP’IK& 102. 1 BAKI nﬂ@epeﬂunjauﬂa jenHAYMHA Rpemma
dv dv

/

& —mv = ) — 103.1
m mvds {?.Igb”w- & FiN|, ) ( )
H HOMTO YHECeMo: N o |
| _ m? v*
N= ; - mg cos g, ds == ngo % vdv == d-é—,

riacinhe jeymaunma (103.1): | |
| %-9fv = — 20/ (sin ¢ — fcosp)., - (103.2
Oso je THHEAPHA ﬂHcpepeHqua.nHa ]BHH&‘IHH& NPBOT pela ONIITer o6Inka’

-I- Py=Q,

rie ¢y P u Q dyaxnuje ox xX. .
Pememe') ore ]ezxﬂatmﬂe TIacH:

y==e exp Jde)[)Qeex (Jde)dxh—-C] '{1(}3.3)_

Y HameM cﬂyqa]y]e
| y="1% x=gp, 1"———-—--"’f1'I Q“—'—*"gf(bmfp fGOSc;v),

dex —=—p.

CMmenom oBux BexnumnHa y (103.3) ,I[OﬁH]aMO v Ko cpyﬁnumy eNOHTAIH[E ¢

--ﬂaﬂne:

19 * | —2fa
.vﬂze F- { —2gl (8111 ¢P—-—fc{)s<p) e a'tp—{— C } | (103.4)

‘homcranry C oxpehyle yciaos na je sa =0 v= 0.
- Harerpann y jerHaynHEN (103. 4) cy:

2@ . cosgo—f—2fsmrp - —ar 81n..99—2f00899
sin @ do = ¥ = — :

CMEHOM OBHX HHTePpaJIa y ]e,I[Ha‘IHHy (103 4) ﬂoémamo

!

3fsm<p—[-(1——~2f9)eosqo - |
229 |
[lomto npeu ynan Hasosemo kpahe: V(p) n CT2aBHMO 3d ¢p == V(Za) . II0-

GHj_aMO Hajsanm »* Kao (pyﬂmmjy 0)1'};0

v? = V() — V(p) g2fle—a) - (103.6)
y HAJHHKO] TAYEH (¢ = 0) 6uhe: -

VP ae = V(0) — V(&) e~
ca

| 1
V(O)*—‘)gl 1_1_2: :

1) Hpﬂd pewmene gao je Joh, B _B_I‘ni}lllli 1697,
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- . Fl - * -
ey g o T

Jenmaunna (103.6) BaxK caMO NIOK Ta4YKa CHJIA3N O A, o B. 3a YCIoH
ol B 3aMemnyje ieﬂﬁa‘IHHy (103.2): B .

d{p 4+ 9fv* == — 90l (sing + f cose),

Kojy mobujaMo us (103.2) Eaﬂ,‘a KoehuNUjeHT Tpema [ saMeRuMo ca — f,
JacHo je 1a he Tauka ycien ormopa Tpema nocruhn Gpsuey O Beh 3a
4, < a, Tj. crahe y Taukn A, Bemro Huko] ox A’,. (Bumm cu. 100).

Narerpaneme jenmaunHe (103.6) KojoM OHCMO HAIMIK 3aKOH NyTa,
Moryhio je camo pasBHjameM TONWHTerpaire QyEKNHe y pex.

104. T ayTOXpoHe. [luxknonpgo KnaTHo. KpyskEO KJaTHO MMa Kao
I0T0 CMO HAIMM, OCOOHMHY M30XPOHOCTH 32 Malle aMIJIHTyAe W TO CaMo
OpuOImKEO jep je JCIOB sine = a caMo NPUOIUKHO TaUaH. Hpnponﬁo ce
HaMehe mHMTambe Ja M TOCTOjM KpWBA INyTama ¥ BEePTHKAIHG] paBHH
Ha Ko0jo] he M30XPOHOCT Kperama TadKe II0CTOjaTH 3a CEAKY BEJHYUHY
AMOIKTY e JacHo je 1a he TpaskeHa JUHK]a OHTH KOHKABHA IIpeMa rope
¥ fa he OUTM CHUMETPHIHA NPeMa  BePTHKANK KPO3 HA[BHKY TAUKY, Kojy
6upamo 3a TQUETAR KOOPIMEATHOI CHCTEMA Oxz, 3a OCOBMHY X TaHI€HTY,
a TO3UTHBHY OCOBHHY 2z Ha Bume. Jiyx OA pagyHamo ox' O mpema A
W Hall je sajaraK Ja HaljeMo Hemo3HATY cpym(uﬂ]y s = f(2) (Ca. 104.1)

Ilo saxoHy KUBE cHIle je:

Oz, oy W(AA) _d ‘

—z—-—-—g(h Z), | Y= Jr T J’ (104.1)
a U3 OBe jeJHaYUHe HaJa3uMo:

dt = — as
Vﬁg(k—-z)

Bpeme t 33 xeje mokperHa Tauka npehe AYK A0 je:

0 ho . 1

r —f{2')dz '(2) dz 1 ChE) L

t:J _'f( ) = —*—f() _:==-——-—fl[hf (__hC)dQ, (104.2)
JV2gth—z) JV2g(h—2) V2¢) y1Z¢ S

CMenoM z = A ocaobogunu ©MO fdeBIJ;B HHTerpajga op h. llomro
BpeMe v Tpeba na je He3aBHCHO OO /1 TO - MOpa Tpasesa dyHKUIT]a f(z)
3a/I0BOJbUTH JCIOB dr/dh =0, nmaxae:

2K f7(he) + S'(D) 043
dh VSghf Vl""' ¢ C |

I[a. oBa jengadnfa Oynae 3a cBaRy BPB,H;HOCT h 3310B0OJLEHA, Mopa épalnﬂan
noAVHETerpaiae PyERuUUie OMTH jeqHAK HYIH HaKje:

2805 S7(RE) 4 f1(hT) =0,
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H [OMTO ouer A{ 3aMeHHAMO ca z:

| 22 f"(2) + f'(2) =0, | (104.4)
oJlaBhe caexyje: |
: ffr(z) “—L
J'(2) 2z°
T} | |
dln f'(z) = —-rgi — —dlnz

Hererpar je:
- 3

/@) =1n (fzf-)

raAe je ¢ NpoMsBo/bHA MHTerpanHoma KoHcTanTa. [loROBHMM HHTerpalemeM

ToGujaMo:

s=f(z)=f]/§dz=21/;§: | ~ (104.5)

(C= O),' a TO je jefHaAYHHA IMKJOMIe H3Melhy amcuuce x H Jyka s ca
TeMeHoM y O (ca. 104.1). Tauka 0 30Be ce TadKa TAYTOXPOHOCTH.

Ca. 104.1

Trme je /0KasaBo ga je YUKJIOUAQ jeAUHA DABHA May@loxpoua feulke
mayke, jep nudepeHnUjasHa jeIHAUYMHA AONYINTA KAO pemieme caMo jefHyY
¢yseumjy f(2). | |

‘TayroxpoHOCT H H30XPOHOCT Cy ZBa HMEHA 3& HCTY OCOOGMHY HpHU-
 HYJHOP Kperama Tavuke 0 KpUBOj myramM. Pasinka je camo ¢opMalHa.
Axo youmMo KpeTame O HEKe Tauke A nyTame N0 HajHUMe Tauyke O,
(Tayxe TayTOXpoHOCTH), Ge3 063Mpa Ha To KakBo he GuTm najme Kperame
og 0 (mepHOJHYHO WIM ANEPHORMYHO), [OBOPHMO O TAYTOXPGHO] OCOGHHM
MUKJOMIE., AKO MaKk MACHUMO Ha Kperame og A no A’ (OA’ cAMeTPHYHO
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ca AO) makie Ha TEPHONUYEO KpeTamhe, KajkeMo Jia je IUKIOHIA H30-
XpOHa INYTalha TEIIKe Tatme Y o6a cayuaja je TaHTenTa ¥ {0 XOPHU3ORTAJNHA:

3a OyxmuHEy S = A, A, O no6ujamo: S* = 4 ¢ h; xana nsabepeMo ¢ = h Jio-
6ujaMo: S =2 h=4aqa, rpae je caqo03HaAYEeH NOJIYNPEYHUK Kpyra ,reHepa-
ropa‘“ Koju ce KoTpJba 110 XOPHB0HTAIW 24 =, o '

EneMeHTapHEN JyK IUKJIoHAe locTaje ofprameM mortera CA okoMo-

MeHTaHOr noka C 3a eleMeHTapHH yrao. AB ]e JlaKie Taﬂrema a AC
HOpMAaJa NUKIOHE § TAYKH A,

W3 npasoyraosor Tpoymm ABC unramo: AB® = BD BC, H&EJIB
AB =V hz. ly:xu"a I9Ka OA le s =2 Vhz, 1j. 19K 04 je }many'r JyH |

0, TaHreHTe ARB.
- U3 jenmayuEe nuuionpe (104 5) nobujaMmo:

2= s dz_ S = g1n ¢
4h’ dz- 2h ’
rie ¢ 3HaYH Haru® TaHTeHTE NMpeMa ANCIHCH,
JeAHAYNHA, KpeTamba INIACH:

ds Y
B—?é—-—-—gsmﬁ.__ 2hs,

rile HeraTUBAH 3BaK Kase Ha je yOpsame IMO3ATHBHO Kala S omaa. CBe-
Heda Ha HYIY ca. i = 2@ raacu ]BHH&‘IHH& KpeTama;

s 9 .o
diz ' 4a o
n ca k?=g/4-._a: |
: s _ ' : _ '
Oy ks =0, . (104.6)

To je mo3HaTa jeqHAUNHEA XYADMOHAYHE OCHMJAIMje ca TIEPHOLOM
T'=2n/k. Temxa rtayka npehmhe uyr om ma xoje Tauke A mo A’ Ha
HCTO] BHCHEM ¥ HATpar 3a BpeMe: 27 [4afg, a on Ma Koje Tauke A 1o
Hajuume O 3a BpeMe: ‘

~lf4a (1047)
2 g |

[[uxIonnHO KIATHO Ka0 M CBAKO APYro, (eJUNTHYHO, TApaGoIHUHO)
MOJIéMO OCTBAPHTH MAJOM JIONTOM OGEIIeHOM HepacTerJbHBMM KORIEM Y-
JKAHe 44a o HBIIUMH‘IH)T Taury O'. Egoaydia yukaoupe je yukaouAa uo,EIJ’-
AApHA A AATOM UYUKTOUZOM [OMEPeHa 3a @n Y LPABLUY X, & 3a&.2a ¥
npasuy z (ca. 104.1). B:a.na HceleMO INAGJOHY eBOJyTe, KOHAIL : he npH

kiahemy JENHUM JeJI0M NO’ HaJeraTd Ha MAalmoHy. Y TPeHYTKY Ra‘ﬂa ce
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JonTa Hazasu y A, HOpMalga OyTame y A 11041{[)}’_[6 eBo.JIyTy y Tauku N

# AN+ NO =4a. AN = o je NoIynpeIEAK KpHBHHE ¥ A. AN = 24C Tj.
foNYapesHUK KpuBuHe jezmazc Je asociipykof ay:xkunt nHopmane. Kana ymo-
HUMO IHA0JI0HY I0OM]aMO KPYRHO KJATHO AyxuHe [ = 4a. S

HsoxpoHOCT LUKIOMIE MOKeMo HeloCpeJHO YBHIETU 0BUM pacyhuba-
tbeM. AKO HaM je Jara jeJHaAUYWHA Koja M3paskaBa TaHreHIHjaiano yOpaame
u tadke Kao (PYHKUIU]y BpeMeHa HJIU  pAcTojala, MOMEMO KpeTame Tauke
HCOKTHBATH HEe3ABHCHO 0 OOJHMKA LyTaibe. SHAMO Ja je xapwmo-
HHYHA OCHMIanuja y npasoj Huaoxpora (9a. 57). "haja mpaBy N0 Kojo
TAYKA OCLIJINIIe yﬁpaa&,em gx/ela H [1eHTpoM 0 CaBUjeMo ¥  IUKJIOUAY
Tako na je 0 IbeHO TeMe a pacTojame X MoCTaHe JYK s pauyHar oX 0, 3akoH
KpeTama ce TuMe nehe MemaTd, KpeTame L0 NUKIOUAU t‘mhe Haoxp0Ho ca

IIGPI/IOHOM 2:1:V“

Joxazamrm cMo Za je UEIOMAA jeluHa paBHA TayTOXpOHa TeIIKe
rauke. AKO IHRIOMNY o00aBY]eMO OKO UMJIHEIpP2 NPOM3BOJpHE ocHOBe H
BepTHKA/IHEe 0COBIHe No6ujaMmo 6eCKOHAYHO MHOTO TAYTOXPOBA KBOTYy6e
kpuBrue. OO0paTHO MOMeMo CBaKy IPOCTOPHY KDHBY IpPOjAIMPATH Ha
XOPH30HTANHY DABaH'H pasBUjalbeM Mo0ujeHor BepPTHRAIHOI LUIWHIPA ¥
BepPTUKAJHY paBad NOoOMTH DaBHY KpHBY ucre AyxuHe, TaHTeHLU]alHa
CHJa TeKIHE je Takohe ocrajga ucra, Jaxkie CMO A00KIM PABHY TayTo-
XpoHy TesRUHEe, -

TayroxpoHOCT 38 Teﬂmy Ta' UKy OTEPHO je XajreHnc; OpBH je HCHHU-
THBAO OJBUjalmbe ca JaTe KPUBE JUHH]E ¥ THMe 3aCHOBAO TEOPH]Y €BOJyTEe

H eBOJBeHTE.")

105. TayToXpoHe KpuBe yomurte. I[HkIonga je TayTOXpOHA Iy-
 Taka 32 HajjellHOCTaBHMM CIydYa] Kajla IIOKpeTHY TauKy Hallaja Ko H-
¢raETHA cuia P = mg. [lojaM TayTOXPOHOCTH MOKeMO TPHMEHHTH H HA -
OUMTH Cayda] KaJd TAYRA KIM3K Ge3 Tpera 1o jeauo] ua.'repn]agmo} JIH-

: HH]II 0] ,I[&jCTBOM IpoH3BOJAHE MPOMEHIbUBE CHIeE P

~ AKo ca P; 03HaYMMO TAHTENH]AJIHY KOMIIOHEHTY CHJe P 34 Koly
IIPeTHOCTABHAMO & 3aBHCH CaMo O II0JI0: Ra]a riacuhe jenHayvnHa

Kperama: (Buam 9. 96).

d’*’s o dx
" ae P‘*de

dy dz |
T +Z Js (105.1)

Y npBoM oTcexy csora nena ,Horologium oscillatorium® 1658 onncyje
Xa;renc KOHCTPYKOHjY CBOTa 3MAHOI C4Ta Ca HEKJIOHIHAM KJIATHGM, Y LDYIOM H31axe
TeOpHjy UHKAOHAHOr KJaTHa, y TpeheM Teopujy eBoayTa, v YeTBPTOM onpehyje ueﬂ'rap
ocuuaauyje ¢u3HMKOr KJA4aTHA, ¥ Hajsajg y meToM wHasomu 6€3 [0Ka3a 3aKOHE KOHUYHOT

KAdTHA,.
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e - g

Jlgk s pauyHaMo ox Tauxe TayToxpomocT# 0. Ta mcTa jenEaumpa’ Basku
[ 33 IPABONMBU]|CKO KpeTame INOoJ NejCTBOM cuie P; U HCTHM TOYeTKOM
0. TlosHajeMo jelHO NPABOIMHN]CKO TAJTOXPOHO KPETamh€: XAPMORHYEY ‘0C-
yWIALH]Y 32 KOjy Basmi 3aKkol cuie: P = — mk*x Moske ce Hokasartu ja je
‘To JOAMHW 3aKOH CHIe 3a TAyTOXpOoHO kperamhe y upasoj: Jla 6u mexa
gpuBa Ouna TfLyToxpona MOpa IbeHa nur’bepeﬁumanﬂa ]a,I[Ha‘IHHa TIaCHTH:

—]—Y +z§j ks o (106.2)

CBe KpuBe IHHUje Koje 3&;{0303}:&33;}5! 0Baj jeRNBH yCIoB, Onhe TayTOXpoEe
32 JaTh 3aKoH cule. 3a s=( Omhe X =Y =2Z=0, 1| Wwauka dlaymio-

XPOHOCTIU je Meciio cliabu/iHe papHoilleyxe TAUIKe E.O]a KJMBH IO EPHBO]
OyTamu, - - S

AKoje cuia P KOH3epBaTHBHA HNarle: X dx - Ydy + Zde=dU{( x,y,z),
no0HjaMo HelocpeIHo HHTETPaL 16 1HaquHe (105.2):

2 o
, Uix,y,z2)= ks (105.3

IIpoGaiem nrayroxpose Ouhe onpehesn Kaia IIyTalmyu OPONUIIEeMO TOpenA
yciaoBa (105.2) jomr Opyru ipoHnsBoJbaH yCiIoB..

1.) Moxemo #a uprMep 3axTeBaTH Ma Ce Tpameﬁa nyTaﬁ,a HAJA3HK
Ha [aTo] NOBPHIUHU: "‘

- F(x, Vs Z) —= 0. ‘ (1054)
IiBe jenHauude (1056.2) u (105.4) y Besu ca HISHTUTETOM:
d’x 2 i d}’ 2 dz 2 .-
| R | 5
(ds) ! (ds) ‘l‘(ds) 1= S . (105.5)

onpelviy x,y,z vao QyEruujy oxs. MHTerpateme TUX jeAHAUYMHA YHOCH
I[Be TIPON3BOJHbHE KOHCTAHTE CeM k* Koly CMO Beh IlpOHBBOJbHO nzabpaay.

2.) ¥ MecTo Ia myTamy IPUMOPAMO Ja ceé HaJa3l Ha JaToj IIOBP-
HIMHU, MOMEMO B3aXTeBaril [Ja OHA OyJAe TAYTOXpoHA 3a JBa 3aKOHA CHJe
X,Y,Zn X,,Y,,Z, Ca HCTOM TAYKOM TAYTOXPOHOCTH 0 Jenuaanuu (105.2)

MIpHIO0Jda3H Cala ]E,H,H&IIHHa.

x, %y a,s+ z;js ks, - (105.20)

ds

Jegaagnre (105.2) m (105.2a) a y Beau (105.5) oLpehyjy x,y, z Kao QyHK-
uuje ox s. Tako oxpeheHa wpuBa je Ho 3aKOHY cynepnosuiuie TAYTOXPOEA
n 3a cuay: AX 4 uX,, AY+uY,, AZ-4uZ, rae cy A H y TO3HTHBHE
KOHCTAHTE, | |
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- Aro je cuaa X, Y,Z Taxohje KoH3epBaTHBHA, HaKaIe je U

2.2
LS4 e, C(10530)

Ul (xryrz): 2 o

HaJa3UMO eJIHMHHaILH]OM nyTa u3 (105.3) u (105.3a) jenmaunny HOBpTIJHHe

k1 [U(x: | R4 O] — k* [Ui (x: Y, g) — ]: 0: (1056)

Ha KOjo] ceé TpaskeHAa TayTOXPOHA HAJA3M.
TayroxpoHy TeImKe TayKe HAJA3UMO W3 OIIIITe ]e,nﬂaqnﬂe (105.2)
y3uMajyhu noduerak kKoopAMHATHOr cucTeMa y 0 a OCOBHHY z Ha BHIIE

kao y cia. 104.1. Omna je: X =0, ¥ =0, Z=—mg, a Tanreanujaina
KOMIOOHEHTa TeKUHe mg je Py=— mgdz/ds. YHocehn oBe BpenHocTH
y jenmaquny (105.2) mobujamo: - -
. | o dz . .
| | ” e mgag' = — k%5,
a el HHTEI‘paJI je:
2.2
- k<s . C.
- 2mg

riae je C==0. HaBepaujom ﬂﬁﬁ;{jauo:

g =2 @322]/??,

Nakjde jeJHAYHHY NUKIOKAE Kojy CMO y IIPONLIOM YJaHY HenoCpeIHHM
IIyTOM HAHLIMN.

106. Bpaxncroxpona. TemKa Tayka Koja U3 crakba MUPa Y MeECTy
A KI434 110 NIPOU3BOJLHO] (PaBHO] HMAU IIPOCTOPHO]) rIIATKO] KPUBO] JUHHKU

AB cruhuhe y B GpsunoM v = ds!dt = |2gz, Tme z 3HaYA BHCHHCKY pPa3-

MUKy Mecta A 1 B. Ca. ds = dx Vl + z"2 HAJa3UMO0 BpeMe 3a Koje he Tayka
cmhn H3 Ao B - |
X _
fe ”/1 + 2% dx , (106.1)
V2g ) 2 h_ |

M3 ofpasala je jaCHO M3 KOOpPRMHATHH CHCTEM Ha KOjH OJHOCUMO KpeTambe
Ma TIoueTak y A, Ja je 0COBHMHA X yIpaB/beHa Ha JeCHO a OCOBHHA 2
Ha HH:xe. [opma rpapuila X; HHTErpala 3HAYH XOPH3OHTAIHO PaCTOjambe
Tadaka 4 u B.

Beh I"anuxeju je Aokasao na he Temka Tauka 3a Rpahe BpeMe

cruhu Kausehn mo KPYHRHOM JYKY AB rome je HeHTap B4 BEPTHKAIN KpO3
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B nero Ha TeTHBU AB Uy on TTe 34 Kpalie BpeMe Hero no nponam.mﬂou

NOJAUTOHY ynﬂcaﬂom JIYRY AB. 1) ,

. TpoGreM 1o Kojo] KPHUBOj IyTam¥ he TemKa TavKa crihu sa Haj-
Epahe ppeme U3 A y B W0CTaBHO je M Pemmruo dJ. BepHme (Johann Ber-
noulli, 1667—1748.) u HasBao Ty KpuBy 6paxmcroxporoM.”) Ilo. Tamam-
meM o6Muajy mosBao je cBe Io3HaTe MaTeMaTWuape Ha pemiaBame (1696.).
Wayhe romuHe o6jaBibenu cy panobu Opahe Joxana u Jaxo6a Bepayun.
Mertose pemaBaiba ¢y NornyHo pasiauunre. IIpBm je sanmasuwo auasormjy
KpeTama TeIKe TAUKe Ca IyTarboM CBETJOCHOT 3paKa Kpo3 CPeIWHY IIpo-
‘MeH/bUBOI' HHIEKCa INpelaMaiba X Ca NO3HATHM 0COOMHAMA TOT KPeTama
‘mamao je 6p3o GpaxmcToxpoHy. buo je m3Hemahem ma je oBa HIeHTHUHA
~¢a XajreHCOBOM . TayTOXPOHOM, Jaxo6 npuMehyje ma je osaj 3a]1aTAK: UB-

Meljy OeCKOHAYHO MEOT'O KPUBUX AB mahn OHY KOja WMa H3BECHY €KCTD e-
MaJHY 0CofHHY, 3alaTAK CacBMM HOBEe BPCTe H CTOTa BaXTeBa HOB METO[
pemapama. OB I0XA3M 01 CTaBa: AKO HeKA KPUBQ UMA jeAHY eKcTIpeManny
0COOUHY, OHAQ UM U CBUKU FeH eNeMeAll UCHIY OCOOUHY. 3aMeTHOM Teo-
METPH{CKOM aHAMI30M HAJasH OHUKIOHUIY Kao pememe npobiema.-Ibe-
TOBA METOa ]e OMIITH}a Hero Merona MJIaler 6para. IIpo6iem OpaxucTo-
xpone pemmau ¢y jomr u Ibyre, Jaj6run w Jlommran (I'Hospital).
Meron Jaro6a Bepmysn yommrHo je m ycaspmmo Ajaep . pemaBajyhu
~ MHore mpolleMe CIA9HE BPCTE M TAKO MOSTABHO TeMeibe HOBOj I'DAHK
AHauHBe Kojy je HasBao Bapu]anMoHUM padyHoM. [gaBHAM mpo6-
| ZeMOM BapHjanmoHOT paduyHa NepuHENIIe Ajlep onpeliiBame eKCTpeMal-
. HHEX BPEJHOCTH HEKOT KHTErpaa:

W=dex,

riae je Z QyHRIU]a oX X, y, ¥, ¥y ATH. W rOoe ce TPAKH 3aBHUCHOCT W3-
- mehy x m y. Bakan HanpeJak HOCTHrao je Ajdep npW HCOHTHBABY Opa-
XUCTOXpoHe y3uMajyhu y o63up u ornop. cpenmue. Kaga Temka Tauka
KIU3H 6e3a Tpewma 'y NOPAa3HOM UIPOCTOPY, B3aBHCH Kao IITO 3BaMo, FHeHa
. 6parHa caMo OJ BUCHHE KpPO3 KOJy ce chycruia; Opauna jeqHor eJeMeHTa
'He SaBHCH OJf CyCeXHHUX eleMeHaTa NyTame. Tala je CTBapHO H CBAKH
eJeMeHT OpaXuCTOXPOHE Takohe OpaxmcToXpoH. Y oTHopiioj CpeluHU MaK
HMa [els INy:RHHA ¥ 00THK [pevXoiHe NyTake yTulaj Ha OpP3MBY HEKOT
‘elleMedTa. lleqa uyrama Mosxe OHTH OpaXUCTOXPoHA & 14 CBAKH eJeMeHT
He Mopa uMaTH Ty ocofuny TaxrBuM pacyhuBaEmHMa yBUAe0 je Ajilep na
npuuEnun Jako6a Bepmysum nHema oumrTe BaxHoCTH. Ha
MHOTMM TpAMeDHMA [10KA3a0 je KaKo Ce M y TsakBUM CAGKeHU]nM npoble

1)  Pasrosopn H;MﬂTemaTHQKH IOKa3H* 1638.'chhn AaH.
) I'pukn: Peuyioros = HajkpahH.

MexaHuKa Tauke | o 15
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MUMa JoXa3M 10 uusba. CBoje pesyarare o6jaBuo je Y ONMUPHOM ey
1744. JemHo on HWeroBHX HAjBasKHMjUX OTKpmha je AudepeniujangHa je-
AHAIMAA K0ja HOCH HeroBo MMe. Pemema Te jelHadvHe 30BY Cy €KCTpe-
‘Male jep Ce KpHBe KOje BpeJHOCT HHTerpalla YuHe eKCTPeMHOM (T. MaK-
cHMyMOM WIA MUHAMYMOM) MOTYy CaMo Mehy TuM pememHuMa HaJasUTH.
Ajmep je CBOja MCIHTHBAMA KPUBAX C3 €KCTPeMalHWM oco6HEaMa jorm
reOMeTPHjCKOM MeTOoI0M BpInHMO. AJH je y moclenbeM CBOM Jely. HalloMe-
HYO Aa HEeOCTaje MeTO] KojH je HE3aBMCAH O TEOMETPHjCKOI Ppeliema.

~ HoBa emoxa y pasBHUTKY - BapH]aHHOHOI‘ ‘payyHa HACTaje PAJXOBUMA
JIarpaHma (J. L. Lagrange, 1786—1818.) xoji ce NOTOYHO 0CI0GOIKO
mocMarpaHe reoMeTpHjcke QUrype W Hao aEaJdMTHYKM MeTox. OH mpuMe-
hyje ma cy upupamraju ¢yHEKOHUja ycaen npoMeHe oOidnka (yHKNUje IOT-
NYHO AHAJOrHH NpHpalITajuMa yciej NpPOMeHe HesaBHCHe HpPOMEeHJbHBE,
3a PaslINKOBAILe -yBEO je 3a IpBe 3HaK 6 a 3a npyre d. Mmajyhu y suny
0By aHAJOrHjy Morao je JlarpaH:k olMax HalMcaTH jeJHAUYWHEe Koje no-
BoJe [0 pemmema eKCTPeMANIHUX sajgaTaxa. O(po] METOZ[ CaONIITHO je
Aplepy 1755, |

Jla ¥ y HexkoM KOHKDETHOM CJydajy HACTYyNA MAKCHMYM HIM MUBU-
MyM, To Hajdernhe mnoxasyje Beh npupojna saparka. IluTame KpHTepHjyMa
u3Meljy MaxcnMyMa M MEUBUMYMa pemaBall ¢y JlarpaBg, Jlesmanap, 1786
u Jako6u (C. G.-J. Jacobi, 1837.) TexoBuue 18-or Bexa NOCTABHIN CY
Ha CUTypHe TeMejbe TeK Marematudapu 19-or Bexa xao JakoOm, Bajep-
mrpac, Jap6y, Xagamap, XuaGepT U MHOTH APYyIH. |

Y 1npoGieMy OpaXHCTOXPOHE TellKe Tauyke y IPasHOM IIPOCTOPY UMaMo
I3 TPasKMMO MHHHMAJHY BpeIZHOCT HHTerpaJa:

|44 :jl/l—l‘;zudx 'HJIH IiiJahe szZa’x. - - (106.2)
. _ .""". E 0 :

bpaxucroxpona: z=7(x) Mopa 3azoBosbuTH AjdepoBy nudepeHIHjadBy
jeIHAYMAY: |

d (0Z\ oZ - | |
( azf)“‘ ~—=0. (106.3

[Hapuujasnau usBoau oA ~ riace.

'Em_ 1Vi_l_z'2- aZ__ | Z
0z 2z P az' ]/z(l—[—z’ﬂ)’

a H3BOJ Iocaelber Io x je:

dOZ _ 2z2'—2*(14 2%
dx 0z =~ " 2[z(AF 29
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v a ¥ — segtrgpeey e e e

CMeHOM OBHUX BPEIHOCTH Y A]JIep()By jequauuHy nobujaMo ,uHcI)epeHuH-
jaaBy jelHAYHHY ,upyror pela: | |
5 20— 2P (142
= z SEA T
K0jy Mopa TpateHa IyTarba 3aJ0BOJHUTH. Camera OHa HMa OGJHK:

1 22 + 222" =0,

A2 _ 9, V g (106.4)

2

HJIH .

Ha JeBOj CTPAHU jeJHAIHHE CTOjH MO3HATH oﬁpaaau 33, NYSKHHY nn.nynpeq—

' HYKa KDHBHHE o, a Ha JleCHO] NyXHHA HopMazle N .

[ocuénma jefHAYMHA Kaie 4 je KOX TpaskeHe NyTame OLHOC

p: N = —2:1 xoHcramTaH. Ty 0COGMHY HMajy CaMO LHUKJIoH[e KOjuMa je

ocHoBa amncnuca. Tako Beh nudepesnujamna jegHaYuba nomaay]e 1a 1e
jenuna OpaxuciioXpoHa weulke madke yuxaouna.

 Iluxmonnay Koja cnaja naTe TauKe

4 . | Vil £ A u B(cn 106.1) HarasuMo Ha OCHOBY

. uHMIeHHIE & CY CB e NUKIOHIE

cauvyHe. KoHCTpyjuIIeMo IPON3BOLHY

IUKJIOUAY Ca TpPEYBVKOM 2r Kpyra re

_ - Heparopa. Tetusa AB cede NHMKIOMAY

Ca 1061 y Taukn B’. s nponopuuje AB:AB' =

| = 2r:2r' Halla3uUMO UpEYHHUK: 27 =

jg, 2r' reHepaTopa NUKJIOHUTE AB. |

Bpamcmxpoﬁe nyTake HayTaBaHe Cy U 3a PasHe 3aKoHe CuIe, Ca
OTIIOPOM Tpelba, OTIOpPOM CpeluHe HTI.

1%



TJABA IV
CraTuka Tauke

107. ¥YBox. Crarura je mo mepHHUINjH Hayka O DABHOTEIKH CHJIA.
Any, npe-HO OITO [OYHEMO MCIHTHBATH YCIOBe NOJ KojmMa he MaTepu-
JaIHa TadKa 1oJ[ Ie]CTBOM CcHIIa O6uTH y paBHoTeXRH, IoTpebHO e Ha
yOOo3HAMO pasiuky Koja mocroju wusMehy mojmoBa: crame MuUpa H
ctame paBHoTexme. Crame Mupa je mojaM KumeMaTuke X HOX IBHM
pa3yMeM0 OHaj ciyuaj kperama, kKana je 6psupa jensara pyiw. Ilo npna-
Ny HHepIHjé 3HaMo Ja he TeJo OCTATH y MWDy, KaJ| Ha mera He Hej-
CTBYje HUKAKBA CHJIa; aJlil NPHHIUI HMHepIH]e o0yxBaTa JoIl JelaH CIyva]
KpeTama: KajJ Ha TeJo He JejCTByje HUKAaKBa CHIa, OHO Ce MoXe W Kpe-
TATH KOHCTAHTHOM Op3HHOM y Ipapoj JHHH{W. AKO Naklle BUAKMO Ja Ha
TeJo (Ha TIPHMeED MeJbe3HHYKHN B03), Koje ce Kpehe jenHoamkoM 6p3muoM
y mpaBoj DyTalbH, NejCTBYjy M3BecHe cuiae (ByYHa CHJIA, TERHHA, OTHOPH
Tpema, Baslyxa HUTH.), OHAA jé OYeBUIHO Ia Ce [JejCTBa MOpajy Melhy-
COOHO NOHWIITABATH, YHM Te CHWJe He NOPOH3BOLe HAKAKBY NPOMEHY Y
cralby KpeTama. ¥ TaKkBOM CIYYajy KameMo 3a CHle 14 ¢y §y PABHOTEMH,
a 3a Texo (Bos) ma ce Kpehe mo npmenuny udepuuije. Crame mupa (v==0)
je Aamje jefaH CHEIUJallHU CIydaj CTAamba PaBHOTesKE (v = const.). aKo je
jelHa TagKa y MHpPY OHA& je M Y DABHOTEMXHM, alh aK0 je § PaBHOTEKH
oH8 He Mopa OuTa y Mupy. [la GucMo Jjawe HCTAaKIM OBY PA3IHEY MH
MOSKEMO PABHOTEMY, KO Koje TadKa DOJ yTHIlajeM CHJIA OCTaje ¥ MWDy,
HA3BATH CTATHYKOM PABHOTEJKOM a OHY, IpH Kojo] ce Tauxa kpehe
jeTHONNKO y IPaBO], THHAMUIKOM DABHOTEMOM,

Ho cem paBHoTeme cuna Cratgka mpoydaBa U eEBHBaJleHuHJy CHIIa,

. -— e =
T{. yeaoBe o[ KojiMa he ngBe pas3JudnTe rpyle CHJa: ZF& n Y Q; mTo
| | . 1 1

HAOAajy HeKo TeJo M3a3BaATH HCTY NPOMEHY CTarma KpeTama
TOra TeJla, § TOoMe eAy4Yajy KaeMo 1a Cy Te JBe Tpylie CHIa €KBH -
. 4 - |

BajJdeHTEe H TO CHMOOIHYKKA O3HAIABAMO H3DA30OM:

S B =0 - (107.1)
1 -1 |

Hayxky o paBHOTexH ¥ HAYKY O eKBHBAJEHIH|M CMAaTpaMO JaHAC Kao
nse rpase ,I'eomeTpuja cmiaa‘’. Mu hemo I'eoMmerpujy cuia 3BaTH
xpatko CraturoMm,
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OcmoBan mnojaM CratMke je mojaM' pesyJaTaHTe cuna. IlomTo cy
| | > > >
CHJI€ BEKTOPCKe BeJHIUHE, TO HOX PE3YITAHTOM R MBBECHUX CUIa Py, P,

—d
P,,... PasyMeMO MHUXOB 36Hp (ca. 107. 1) 6uio, fia cuie Jeke Y HCTO]
paBHU WIH He: :

(107.2)

‘ \"? - y;
Ca. 1071

AE‘.O 19 oBaj 36Mp 3a J(BE paaﬁe rpyne cﬂﬂai) UCTH (Rp = Rq), onpa

Cy Te /iBe rpyle CHlIa eKSHBAaJEHTHE, & aKO |e OH jelHaK Hym{ (R == (),
~OHJla Cy cHIe y paBBOTeskM. llpema ToMe CBe rpyne CHJI3 Koje -CToje ¥
pPABHOTeMKY, €KBUBAJEHTHE CY.

Y Cratuoun M&Tepﬂlaﬂﬂe TayKe IIpeTHOCTaBJbaMO 1a Cce HanajHe
TWHMja CBUX CHJA CeKy Y jeIHM0] TAYKK A W 3aTO KaskeMO N1a CBe CHUJeE
¥Majy wery Hamagay tadky. llomTo y CraTeky He ymrasm mojaM Mace To
OBy TAyKy MOMEMO CMATPATH Kao reomerpujcky taury. Hajunpuposamnje
 je samatke CraTWre pemmaBaTH reoMeTPHjCKMM (TpaUuKkiM) NyTeM. AJu
Kao roj mTo ce m y I'eoMerpuju ceM Trpadutike MeTone yno’rpeﬁﬁbyje %1
aHATUTUYIKA, Tako ce U y CTaTuiu CBH 333l MOry pemaBaTd U rpa-
PEYIKH M AHANATHYIKY Te MOMEMO roBOPHTH 0 I'padnuko] W AHAINTHYKO]
Cratunu. [Ipema ToMe mMahemo rpadAuke M aHAJIHTHYKE ycloBe paBHo-

Teske W eKBUBAJEHI(Mje CHIA. |

Ilpn mamaramy rpajusa CraTHke nocTythemo Kao U ¥y I[HH&MHIII{
npBo heMo npoygaBaTu CTa.Tmcy ciobonue, 2 TI0TOM CTatuky BesaHe TadKe.

A. CTATHKA CJIOBOAHE TAYKE

108. OmmoTH ycnoan pPaBHOTE)KE H eKBHBaNeniuje. AKO CHIe KOje
MaTepHjaJHY TAUKy Haladajy Jee CBe y MCTO] pPaBHY, OHJAa TOBOPHMO

1y Kag one Hanafajy c1060AaHy Tauky.
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e it i R i

0 pPaBHOM CHCTEMY CHJIa; DOJX HPOCTODHHM CHETEMOM CHJIA Pa3yMeMo Cly-

Jaj Kala Ccy CHie pacmopeheEe y mpomsBo/bHHM NPABLHUMA INPOCTOPA.
| -+ > > >
Ilox jexHoBpeMeHMM yTHIajeM H3BecHUX cmia. P,, P, P, P, Mory

youmre HACTYOUTH [Ba CIydaja, ako je Tauka Kojy Te cumie Hamajnajy

npe Tora Oujaa y MHUDY:

e -
1) ako cy cuae Py, Py, P;, P, y paBHOTe:wkn (R=0), onna he rauka

U Jajke OCTATH y MUDY ;
e e ]
2) ako eune P,, P,, P,, P, HUCY y paBHOTexH, OHIa he mOCTOjaTH

IbIX0Ba pe3dyiTaHTa R M Tayka he ce KpeHyTH y6p3aHO y OpaBLy Te pe-

aymame Heto TakBO Xperame usaspahe M Hexa npym rpyla cHiIa
-— —> ;
Ql, Qs s, Q4 aKo H OHa OyJe MMaJa HMCTY Pe3yIATAHTY R

/la 61CMO BeKTOpCKMM myTeM Jomuix 70 casHama la JH Cy Heke

> > > >
cuiie Py, P,, P, P, y paBHOTe:XxH WIH He, MU heMO KOHCTDYHCATH BeK-

TOPCKM BJIaK TUX cmia. Taj he Biax y cayuajy paBEOr cucreMa CHJa OHTH
paBaH, HHa4Ye UPOCTOPHM NOJHIoH. AKo ce mouerHa (0) M Kpajma Tayka
(4) Tora BJaRa NOKJIONE;-OHIA je peaylATaHTa CUJIA jeIHAKA HYmM, a CIIE
CY ¥ PaBHOTeXH. Y TOM CIyuajy je Baax BeKTopa }31,’ 1'5; IE’:, E_’i 3aTB O-
PeH NMOJUIOH M MoxkeMo ra o6ulim miyhu yBex y CMHC/IYy CaMHX BeK-
TOpa (MCTH CMHCa0 obmiuaxema). [[pyru crydaj koju Moske HACTYNHTH TO

je: na ce mouerHa Tauka (0) ¥ KpajHa Tauka (4) BEKTOpCKOr BIaka He II0-

Ca. 108.]
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F..r-" it} — ——

granajy (cir. 108.1) Taga je BIak oTB 0peH, a CTPaHR (0—4) Koja ra za-
5
7BApa Hajé HaM [0 BeJMIMHY, NPaBUY H ~ CMepy peayaTamTy R narux
S e - :

cusa: Py, Py, Py, P,.
| ,D;o 11011\1& eKBUBAJEHHH]e CHIa') ROIA3UMO BBRTOPCRHM nyTeM, aKo

32 MHCIIMO ﬂa 13 HCTY TA4Ky YMecCTo rpyne CHua, Pt) lIBJIy]E apyra HBR&._
—

rpyna Cuia (Q,) aJll TAKBUX & HMAjy HCTY peaymaﬂw R (caunkxa 108, 1
e R S S

HOHPBHHH&HO) BeRTochH YCJIOB 34 emmmaneﬂumy cuaa: Py, Py, Py, P, u

Qu 01, Qs Q, je narye Taj, nia BEKTOPCKI BIAKOBH IITO OJITOBapajy THM'
—
cwiIaMa uMajy 3ajelHHYKy 3aBpmHAY crpany R BiakoBm Mory

- -
6uTH PaBHH HJIH LOPOCTOPHU. Y CBeMy ocTajdoMe P; H ; Mory OdUTH
caCBHM IPOU3BOJHHE.

109. YcnoBH paBHOTeKe MW €KBUBaJeHLHje 3a CHE y paBHH.
a) I'paduura MeTonma. Axo cuie Ha ¢, 108.1 Jeske cBe y je[{HO] paBHH
. 0HJ2 Baske ceM ONINTHX TeopeMa jomr u cirefehe mpumenbe:

1) Axo TAIKY Halajajy CcaMo TPU CHJe INTO Cy Y PaBHOTeKH, OBJA
je Biak cuixa Tpoyrao Ms oBora cienyje ofparro, IOIITO je TPOYIao
paBHA TeoMeTPHjCKa CIHKa, 1a Wpu cune koje HANAAAjy jeAHY Wa4Ky He

MO2y OUML y DPABHOWEKU QKO He JlexKe cge [pil Yy UCHoj pasmf; . +

2) JenHy nO3HATy CHIY R PA3JOMKUTH Y KOMIOHERTE: Pi,Pz, Pa,P
3HAYM HahW rpymy cuia Koja je eKBUBAJEHTHA JAaTO] CHMIML ) el
[Tonmuron cuia Ha ciI. 108.1 MomkeMo makie CXBATHTI U Kao ROHGpr&Tg

1U]y KoJa CIyKRH 3& pasJarame JeJHe JaTe cuie R y E{)MHUHQHTe Hom'f*lii;
-> |
je Hal CTpaHOM: 04 — R wmoryhHo Hanpratu 6336p01H0 MHOI‘O paB_:_r____

noaurosa: 0 1 2—3—40—1 —2 — 8" — 4’ — B, qme

- caTH PpaBaH Togurod ox (7 4 1) crpaHa, Kaj 1‘3 naTa. c_:_;
o THX CTpaHa. Takap DOJIUroH uMa (7 4+ 1) TeMeRa 011; m]
nBa Kara, narge ocraje (n+ 1) —2=(z—1) HBHOSHaTHI TEME]
je 3a ompehuBame CBAaKOI HEMNO3HATOI' TeMeHa HOTpeﬁﬂo
AaTka ([Be AYMH WIM jefHy AyAE U JefaH yrao), To HaM
IIOMEHYTOr MOJUr0Ha HaJ JATOM CTPaHOM HEIOCTa]y: (n
nofaTaka. 3atoy CTaTane KaskeMo 1a je pasnarame 1eD;Hj.z,._ﬁ.-,_i_:.:;;,‘,___;___.ﬁ

e

1y Kana oHe Hanajajy cro60OfHY TAuKY.
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HEHATA KOje Jeske CBe Y HCTo] paBEM (2n—2) n1yTa Heoxpehen aanaTaE

3) AKo KeJIuMO JeJHY CHJIY PasJOMHTH Y JiBe KOMIIOHeHTe (12 == 2),
OHJIA jé UoJHroH cHJIa Tpoyrac ca(n + 1)=2-}1=23 crpane, a 3a/laTax
je (2n —2)=4-—2=2 nyra Beoxpehen, jep maM HejgocTajy 2 TodaTKa
3a oJpehuBame Tpoyrya CHiIa. T'a IBa HemosHaTa HOJATKa MOKEMO OHMpaTH
Ha derupu pasHa HauwBa (ci. 109.1). a) Benmwnuuny P, H npaBan «, jeliHe
KoMIoHeHTe; 6) BeamunHe P, m P, ofejy KoMUomHeHaTa; B) IpaBLe oy H o,
o6ejy KOMIOHEHATA; I') BeIdUHEy P, jelHe a mpaBal «, [pyre KOMIOHEHTE.
ppa ¥ Tpehm Ha4YuH uH3bopa majy ysek onpeleno pememe U Kaja oba
II0JIATKa HPOMSBO/HGHO GMpaMO, NOK KO APYroT ¥ YeTBPTOr RAYMHA OJpe-
hena pemema IoOHjaMo CaMO aKO HU3a0paHM UoalH 3aq0oBoJbaBajy jomo
n3BecHEe yCHIOBe, MEaue je pememe HeMoryhHo [Ha DpuMep KOX Ipyror

Haunsa: (P, + Py) > R).

Cn. 109.1

o

Cn. 1092 |

H&]B&.‘}RHH]H je Tpehn CIydaj: pasiarame JaTe CHIE y KOMIIOHEHTE
y [IBa IpaBHa IUTO Jieke Ca cujaoM Yy MCToj paBHu. Taj ciayuaj Imahemo
HapOUHUTO y UPHMeHH KOJi aHAJHTHYKE MeTojle,

~

: | _ > > >
TpuroHOMETPHjCKH YCJIOB 3a paBROTeMy Tpujy cmia: P, Q m R mTo

Hamajajy jedHy TadKy ¥ DasHUM INpaBuuMa, A00ujaMO W3 I'paHYKOT
yCJIOBa Ia OHe Mopa]y o0pasoBaru 3aT1BopeH Tpoyrao, (ci. 109.2). Ako
yriose Koje cHie MehycobGHo zaraanajy osmaummo ca (P, @), (Q, R)u(P, R)
W y3 TO MMaMO y BHAY Ja Ce JLUIOBH y TPOYLIy CHIA Ca OBHMA JOLY-
BbY]y 10 180‘”l OHJa MO0 cHHycHOM IpaBIIY BaskH HPONOPILja:

R P Q
sin(P,Q) sin(Q,R)  sin(P,R)
Taxo goOujaMo TeopeMy: AKO TpHM CHiIe CToje Y DABHOTERH HAa [EIHO]
TAYKH, OHJAA € 0fHOC cBaKe cuje dpemd cuHycy Yy2/d, kofll saimiBapajy apyze
ABe, ucdit sa cse Mpu cie. |
I‘opfba IponopIuja BaskH H OHHA, KALa CMep Ma Koje 01[ TPH CHIE
npoMeEMMo, OHJa he Ta cmia GMTH pesyJITaHTAa oCTAINMX ABejy. Teo-

peMa BaskH Jakjie M 3a TakKaB CHCTeM TpHjy cuJia, I'Ze Cy /ABe CHIe
KoMImogeHTe a Tpelia mKXoBa pesyJiTaHTA.

(109.1)
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o

1 [Tpume p. Jlate cy cHiae P1 W Py 4 yrao o mrto ra mehycotom 3amana]y Tpaxke
ce YI/N0BYM @ M o KOje 3aKjanajy ca Hemo3HaTOM Pe3yATAHTOM.
"Axo ¢y @ u b ayxuHe 1Bejy CTpaHa TPOYIia, ¢; B : HHUXOBH CYHPOTHH YIrJAOBH

raacy TeopeMa TaHrenca (Hanuep-or oOpasan):

_(Eﬁ——b)i(a-—{—b):‘:t“%( "aq) tg——-[m—l—az)

Ca a =Py, b = Py, a) 03 = & HANa3uMO:.

r_tg—g-[tfl B ﬂg)mpl—l—Pa -tg_ﬁ”

2. ITpumMep. ipa yxera npebayeHa Cy NpPeko ABa KOTypa BITO NEKE Y MCTOj XO-
pusonTaan {(cn. 109.3) n yuje NHMEH3HUje 3aHe-
Mapyjemo. O BepTUKaAHUM KpajesuMa obe-

weHd cy TeroBd P u , Kocu kpajesud cno-
jemu cy y Tauku A y xojoj Bucu Ter G. ITura o |
ce KOAHMKH MOpa OUTH ORHOC pacTojama p/q sl 1 AT b Q
na 7a Tpu cHae: P, Qu G 6yny y PABHOTEKH? | |
N3 ca. 109.3 unrtamo: p-—h tga g= '
= htg § nakie: | I_J
tga sin a cos |
? tgf ~ sin B cos a ' - | &
| | | Ca. 1093
Iio cuHycHOM CTaBYy je: *
: sine @
sing_ P’

a 1Mo KOCHHYCHOM CTaBY je:

QR=P24 GC—2PGcosa u P32Q3-|— G2 —2QGcos §;

OBe ABe jenmaudde onpehyjy OaHOC CO0S ﬁ/cos a, W Kaj 062 OLHOCA CMEHHMO y obpasan

3a p/q nobHjaMmo:
p_ Q QFP+GE-P2PG QR+ GF—TF
q PPPLG—Q2Q6G P4+ GE—Qr"
PasHoT2xa je MoryhHa camo ako je cosa ™ 0 u cos > Orj. HMEHAAaL 1 Opojuaan Mopajy
64TU MO3UTHBHM. . | | | | |
6) AaauT¥d4Ka MeToJa. Hamaguy Tadyky CBHX CHIA Y3UIMAMO
3a MOYETAK OPTOrOHAJHOr' KoopIHHarHOr cucteMa Oxy (ca. 109.4) u pas-
Vi JJKEeM0 CBAKy Ol IaruX CIJia y JBe KOM-
| ~ noHeHTe X ¥ Y mTo nanajy y npable Ko-
OPAMHATHUX OCOBHHA & NMMAa]y BeIHYHEE:

X, = P, cos (x, Pi), Y, = P;sin (if, Pl);
Xy = Pycos(x, Py),  Yy=P,sin(x, Ps);

A Xn=Pncos(x,Pn),  Ya= Pusin(x, Pu);
4a |
rae (x,P;) o3gadasa yrao usMehy cuie u
MO3HTHBHOT Opapia ocosuHEe X, (UBe KOM-
_ [IOHEHTe Koje Jeske y KOOpIHHATHHM OCO-
BUHAMA CIHOKHMO Y Pe3ylTaHTy alrefap-

crrM calupamem:
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R. = R cos (x, R) = 3 Xi= 3" P; cos (x, P) |

“« oW (109.2)

Ry,=Rsin (x, R)= ¥ Yi= Y P; sin (x, Py).
| | 1

Cune R, ¥ R, ekBUBaTeHTHe Cy HATHUM CHJaMa, OHEe CY KOMIIOHEHTEe Tpa-
skeHe peayiraHTe. Beanmunna 'peByJITaHTe 6uhe naxue:

R=VRFF R = VEX) + E ¥y (109.3)
HpaBau peayaranre onpehen je jelHaUMHAMA; :
. R _ R _ 100"
sin _(x, R)= po  Cos (x, R) = 5 - . (_109.4)

'Het_m Apyra rpynma cuna: P/, P, Py, ., P, Ounhe natuMm cuiama
eKBIIBANeHTHA AKO™ II0CTOje OBe jeHAKOCTH:
ZXI__ZX' )| ZY EY;
Jenﬁaqrme (109.2) ncrasyjy reopeMy na je ipojexyuja pesyﬂmaﬂme HAa
apousBo/bHy UpaBy jeAHAKA A2e0APCKOM 30uUpy Apojekyuja HeHux KoMIo-

HeHaila Ha ucidy Apasy. | |
JenHaynna (109.3) nMa oBO reoMeTpHjcKo 3HAYeme. AKO jeIHY naTy

-> |
criy R ysMeM0 3a IpeYHHK jeJHOI Kpyra IITO Cé 30Be KPYyI' CHIA

1 H3 To4YeTHe Tayke O CHIIe NOBYYeMO Ma Kojy TeTHBY g, OHAA AYMHHA
| ' ' -

TeTHBE TOra prra IpeTCTaB/ba BEJMYNHY KOMIOHERTe cuie R Y NPaBIy

Te TETHRE, Ra .
Ilorpebar u IIOBOJBH.H AHATATHIKA YCJIOB 33 PaBHOTEIRY nponaBOJLHOP

Opoja cmia, mTo Jexe CBe y MCTOj PaBHM a Hananajy jedHy Tadky, jecre:
718 1bX0BA pe3yaTaHTa Gyﬂe jeTHAKA HYJY, TaKIe Ipema jenaavunn (109.3):

R::c2 + Ry - 0
OBa jenHauymHaa Ouhe 3a0BOJHEHA CAMO AKO je jedHOBPEMEHO:
- R, —= XX; =0, |
151 | R, — ¥ —0. (109.5)

- Jepdauude (109.5) cy amanmuTHYKX UW3pa3 3a PaBHOTEMY cuIa IOTO
desxke y jemmoj paBHH. OHe Baske M 334 KOCH KOODAWHATHH CHCTEM Tj.
KaJa JaTe CHUle pasjlameMo y ABa NPOU3BoJbHA npasna x m y. Jlsa ana-
JATHIKA yCI0BA DABHOTEKe MCKasy]y HCTO INTO M jelaH I'pa@uIKH YCJIOB
jep he paBaH Biak BEKTOPa GHTH 3aTBOPEH CaM0 aKO IberoBe MpojeKuUje
Ha JBe NPOH3BOJbHE OCOBHHE Y IHeroBoj paBHH Oyny jefHaxe HYJH.

110. YcnoBu paBHOTe)Ke H E£KBHBaleHIHje 3a cHle Y NpOCTOpY.
a) 'pagpumaxa meromxa, J[a OncMo rpauiuky MOIJIM pemraBaTH Npo-
CTOPHEHM Inpo6jeM CWIa INTO Halajajy jexHy 7auky, MH heMo CBary of
THX CHJa HpojuugupaTH Ha ABe MehycoOHe HopMale (XOPH30HTAIHY M Bep-



110. yCIOBH PABHOTEMKE M EKBUBANEENIMIE BA CUJE ¥ firocrory 2-‘35-

THKAJHY) PABHYA TaKo Ia OJ OPOCTOPHOT MOJWIoHA Ciula Ho6HjaMo /Be
npojexiaje. AKO JKeJUMO Hahy pesydTaHTY JaTuX CHJIA, oua heMo y ofe
[pOjeKII0He DABHY HaIPTard 10 JelaH BIaK ol HPOjeKIHja HaTUX CHIA
¥ 3aBplIHe CTpaHe TUX BJIakoBa OGuhe npojeknuje TpaskeHe Pe3yJaTAHTE,
[IpaBy BeIMYMHY U II0JOKa] pe3ydTaHTE MOMEMO caja JAKO OJpeluTH,
AKO ¢y HBe rpylde CHIA Yy NPOCTOPY €KBWBANEHTHe, OHJa OHe Mopajy
- uMatd y ofuM [pojeKnMjaMa MCTy 3aBPHIBY CTpPaHy y oOAToBapajyhuM
BJIAKOBAMA IHUXOBHX [pOjeKIHja. AKO Cy CHie y paBHOTe:KH, OHJA je BIaK
CHIa 3aTBOPeH, HPOCTOPEM HOJUTCGH Ia M iberose ofe npojexunje mopajy
OUTH 3aTBOPEHU TIOJHTOHU. | |
Kazga orsoped mpoCTOpHA BIAK Of 7 CHJA 3ABPIIMMO HUXOBOM Pe3yil-
TaHTOM, Jo0ujaMo NPOCTOpPHEH NoJAWroH 0f (- 1) cTparHa. AKo Ccy n cula
Yy PaBHOTE)KH, OHJa Ce 3aTBOPEH NPOCTOPHH NOJUTOH CACTOJM O 1 CTPABA.
Hajuaibn 6poj cuiaa Koje He Je:e y uUcTo] paBHH je n=3. TakBe 71pH
CHJTe He MOT'Yy HUKaJ OWTH y DaBHOTEXKH jep NPOCTOPHM BIAK O TpH
CTpaHe He MoJie HUKajd OUTH 3aTBOpeH. Hajmawu Gpoj cuna y apociiopy,
Koje Mo2y cmajaiiun y _pasHomiexl HQ JeAHOj mauku, je jaxnae n == 4.
- Hajmawwu 6poj cuia pasmor mpaBua, IOTO CTOje Yy PaBHOTEKH HA jelHoj
TAYKHM & Jeske Yy UCTO] PaBHH Je # = 3. S |
OBM oiHOCH WMAjy NPAKTHYHOI' 3HAYA]ja IPH NPOyUYaBakby DPaBHOTENE
CHJIa Ha YBOPOBMMA DPaBHAX M NPOCTOPHUX PEIIeTKACTHX HOCAYa

[1prwmep.Tpu npaBa wrana cnojedr cy y 1a4ku O (ca. 110,1). thuxoBi nomu xpajesd
B, A, C nexe Ha XOpH3OHTAJHOM NOAY Yy AyOuHE h ucnol temeHa 0. Takas ,TPOHO X an®
CAYXH KAO NPHMHTHBHA QH3aiund. —» | | |

TeMe O wHanmana para cuiaa P
tbeHa HamagHa auHYja npoanpe XOpH.
30HTaauy pasan ABC y tauxku D. Ilurta

Ce KOJHKE CY CHie Y INTAnoBUMA Tj.

—
KOMIOOHeHTe cHae F. llltanoBe ¥ Ha-

nagHy AvH#jy cdae P odenexuMo Kpa-
he O6pojeBuMa: 1—4. [lpa napa mpasHuX
1,3 u 2,4 oppehyjy ABe paBHH 1UTO Ce
CeKy y mnpasoj d; 0Ba npojanpe XOPpH-
3oHTAAHY paBaH y taukd E. Cuaa P
AEWH Jakae y pasHd 2,5 Te je MOWEeMO
Pa3foKUTH y KOMNOHeHTe Sg ¥ ;) 0Ba
Apyra Jaexd y pasau 1,3 Te je pasaa-
EeMO Y KoMnoHenTe S U 8 1 TUME je
34faTaK rpaduuKu pelieH. Y [NpUMepY
je Sy HeraTuBHOT cMepa, kpaj B mrana
Mopa OuTu yuBpmheH 3a noxp jga ce
TpOHONKAIl yciex JejcTBa cmie S, He
61 npespuyo oxo AC xao oGprHE oco-
BuHe, Pasnarame CH/A U3BEALHO j€ CaMO Ca. 1101

Yy BEpTUKANHO] upojexuuju, ogpehene - |

cy nakae cuie S, Sp” u §”;. Ilpojuuupatbem- Ha OCHOBY HaJa3MMO XOPH3OHTaAHE MpPO-
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jekunje cana Sy, Sy u Sy w Hajsan seawune: S, = /82 + 8,7 wra. Y wrany 2 saaga
ycaen cuae P 3aresamwe y itiranoBuMa 1 @ 3 npyricak.
6) AraduTHIKa MeToxa. Hanagmy Tauyky CBHUX n CHIa }Bi (2 =1,
1) OHpaMoO 33 II0OYETAK OPTOTOHAJIHOr KOOPIHHATHOT cucreMa Oxyz. Ako
yriaoBe mTO MX JaTe CHIe 3aKJIaUajy Ca IPaBLUMA KOOPAUHATHUX OCOBHHA
ofeJexuMo ca «;, f; M 7;, a yraoBe Koje IHHXO0BA PE3YJITAHTA 3aKIala ca
HCTUM [paBIHMa ca «, # U y, OHJA CY KOMIOHEHTe NaTHX CHIA ¥y IPaB-
OuMa ROOPHHH&THHX OCOBHHA! ‘ |

X; = Picosa;, - Y; = P;cosf;, Zi = Pjcosy;, (110.1)
8 KOMOOHEHTE PesyJITaHTe: |
" Ry = Reosz, R, = Rcosp, R = Kecosy.

RoMioHeHTe pe3yiTaHTE noén]amo aITe6apCKUM CAGHDAF-eM OJr0Ba-
pajyhMx KOMOOHEHATA HATHX CHJIA . |

RxZEXi: Ryzzyis _ Rzzzzi'
Bexngnna pesymame je: |
R=VRETRF L RF = VCX) T GV T C4F, (110.2)
a IHEH IpaBall B eMep onpeheH je jeqHAYHHAMA:
cosa B cosf P COSy == R (110.3

| AKO pesyJITaHTy E y3MeMO 3a IIPEeYHHK JONTe M H3 MoYeTKa cuie R
IIOBYYeMO TeTHBY ¥ HEKOM IIPaBly @, OpeTcraBibahe AyskuHA TeTHBE KOM-
NOHeHTy R, cHie R y mnpasuy a; Jakie he M IysKRWHA TETHBa Y IPaB-
IAMa X, y, 2 IPeTCTaBhaTH BeludnHe R,, Ry, A, KOMIIOHEHaTa y IIpaBIY
THX (0COBHHA. 1a Ce JONTa HABHBA JOMTAa CHUJIA.

Y CJIOB paBHOTEME je:

VEX:)? + (XY +(CZi)F =0. | (110.4)

Ilomro ¢y mox KOpeHOM CBe CaMi NO3HTHBHH 6p0]eBH OBAa Hoc.lle,uH:.a jeln-
HAYHAA MOKe GUTH 3aJ0BOIbEHA CAMO AKO je:

EX——-O Y =0, XZi=0. (110.5)

Hapasu (110.5) CY AHAIATHYKN YCIOBI paBHOTeme 32 TPOCTOPHHU

CUCTEM CHIIA. ‘
AHardTH9Ke YCJIOBE eKBUBANEHIM[e ABe]y IPOCTOPHHX rpyna CHIA:

> > : a -
>P; m Y P; mro HamaJaly MCTY Tadky, HCKa3y]y jeIHAYNHE:

=2X;=2X!, R=2XYi=2Y/, R=XZ=27Z/ (1106
-~ RKaga y mociaeameM IpHMepy ysMeMo npojexrnu]y ( TeMeHa. 3a KOOp-
NMHATAY NQYETaK, CTBAPHEe AYKHHE INTANOBA M HauajHe auaHje OD eune
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P oGexexcuMo ca [; (i=1,.,4) riacuhe agaTHTHYKH YCIOBH DaBHOTEH®
TPOHOIIIIA.

S, +sg’“2+s3 +1-'>’“*l 0, |
11 1,

1y
s lias, Yy, J’“+PJ’4 (110.7)
11 A A ey
h I
s, L b Sy Sy -——+P T=0.

PememeM O0BOr CcHCTeMa jenﬁaqm{a, (Bajuoronauie Ilomohy merep-
MuHaHATa) HAIasHMo TpaxeHe cmie: S, S, S, ¥ MITANOBAMS TPOHONINA.
Ilocnenwa jexmadnHa Hcmaayle Ha Cy Cuhlle He3aBHUCHE Ol 1 IOTo je 110

cebH1 jacCHO. o |

B. CTATHKA BE3AHE TAYKE

it Onmry yenosu. M3 [usavnke 38aMo ga MaTepujallEa TadKa,
MOke OuTH OpHEyhHeHa oTHOpOM HeKe KpyTe DOBPIIAHE HIM JMEHR]e 1a Ce
10 To] NOBPINMHY WIX JNUHM{H Kpehe, Taja kaxeMo ma je Tauka BesaHa
33 Ty HOBPIOMHEY MIU JHEH]Y.

"Ornop noppIINEE MJIM JHHH]e MoMe OnTH ]BH‘HOCTP&H uau o6o0-
cTpaH; y OpHpoaN M TeXHUYKO] NPUMEHHM Hajyemhe MMaMO caMo jelHO-
' CcTpPaE OTIOpP M TaJa KaskeMO 14 je Tadka MOAYIUP Ta. AKO je IOBDPIIMHA
WM JHAHja M10 Ta4Ky NOAYUHpPE, CACBHM TJIATEA, OHIA LOCTOJH CaMo
 HOPMAJHM OTIOp, & aKo Huje 9'1'1_,11& HOCTOJH U OTHOP Tpema (TaHTeH-

NAjaJHY OTIIOD). |
> > + —

Ha Besanoj rauku oppxahe ce cuiae: P,, P, P - ,Pny paBHOTemn
-

caM0 OHIA Kajla IbHX0Ba PesylTanTa R 3aJ0BOJHaBa YCJOB! R—i— W == 0
. | e
nakjge Kala ce mpaBall cuie R nokjaana ca IpaBHeM TOT2JHOT OTIOPA W
MOBPIIMEE HIM IOHHHUje 3a Kojy je Tauka BesaHa. CMeDp oBe pesyaTanTe
Mopa OHTH ynpaB/beH Ka To] NOBPIIMHH WMIK JWHH|H, aKO je HmeH OTIOop
je(HOCTPAH, a Moe ONTH NPOM3ROJLAH aKo e oTmop obocTpaw.

3a Ccro00NHY TauKy 3HAMO Jla HMa TpH CTeNeHa cJolele M 3aTo CMO
hbeHy PAaBHOTEIRY U3PA3HIH TpUMA jefAadyuHaMa. AKo {e¢ Tadxka Be3aHa 3a
KPyTy HOBPIDMEY (PAaBEY WIH KPHBY) OHIa Tadka HMa ABa CTeNeHa CJO-
6olie ma W PABHOTEMY HOrOJHUM K30UPOM KOOPAHHATHOI CHCTEMA MOKEMO
M3pasuTH IBeMa jegHaunmpaMa. Hajsan, Tauka Besana sa AuMHH]y (1paBy
WIH KPUBY, PABHY-IIH OPOCTOPHY) MMA CaMo jellaH creleH cIofofe, KOMe
oJiroBapa jenHa JeXHaYNHA PaBHOTeIKe.

112. YcioBr paBHOTE)Ke H eKBHBaleHNuje CUJia Ha TAYKH Be-
- 8aHOj Ba MOBPHIMHY. 3) De3 oTnOpa Tpema. Axo 3aMHCHIMMO [1a e
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Tadka A Be3aHa Ba jenBy KpMBY moBpmHEY (ca1. 112.1) mrto naje caMo
> -

HOPMAJIHHU OTIIOP N 5 H&Hﬂﬂ&jy je cune: Py, ., P,, oufa he oHa GUTH y'

PABHOTEIRH aKO CUJIe P BaHOBOJb&Ba]y CaMo ZIBa yCJIOBa:

E .Xi = 0', | (112.1)
Z -Vi = 0: |

II0J{ IIPeTnOCTABKOM Ja Ce KOOpOWHATHA [a-
BaH Xy TOKJIANd ca TaHTeHI[WjaJHOM paBHU
nare noppmune y rauykd A, Tpeha jexmaynna:

N4+NZi=0, (1129

CIyRU 3a oapehuBame BelIWINHE HOPMAJHOT
Ca. 112.1 0THOPA.

Ha cx. 112.1 nMa HOPMAJHH OTUOpP CMep NO3UTHBHE OCOBHHe Az, Yy
TOM CjIydajy 3/; Mopa MMaTi CMeD Ka KPHBO] NIOBPIIHAK KOJOM [e TauKa
A noaynpra, HeraTusHe BPB,I[HOGTH OTIOpa Moryhoe Cy caMmo Kaz2 HOGTOJH

oboCTpaHa Besa TavKe.

> > -
Crne Pl, P,, P, ..,P, Oule y paBHOTesKM HAa Ta4YKH Be3aHO] 3a

MOBPIIMAY KaJa Kpajikba TadKka OTBOPEHOI MOJHI'OHA JIeMKH Ha HOPMAJIHU
MOBPIIMHE 3a KOJy | TauKa Be3aHa. AKo NOBPIIUHA Haje caMO jeJHOCTPaH
OTIIOP, OHJA JOJNasy joIl jeHaH YCJIOB PABHOTE!KE : PE3YITAHTA MOpa UMATH

¥ CMep yIOpaBJ/beH Ka HNOBPIIHHY.
| —> -> | : |
Ilse rpyne cura: ZP; u 3P Onhe 0YeBHIHO eKBHBaJeHTHe, AaKoO

IbHX0OBe KOMIOHEHTEe Y IPABIMMa OCOBHHA X M y INTO Jeske y TAHIeHIH-
jallHO] paBHU, 3a/]0B0JbABajy 0Ba JBa yCJIOBA: -

Xi= 20X/, .
Z % yo . (112.3)
eri . ZYII' o .
CymMe KOMIIOHEHATA y npaﬁuy HOpMaJje (OCOBHHE z) He Mopajy OUTH

jenuaxe Mehy coboM, jep ce ofe rpyne cuja IOHMOITaBAjy HOPMAAHUM
OTHOPOM TAKO [a je: |

7 —- ) | .
22+ No=0, } (112.4)
2 Z{ N/ =0, | |
T]. IBeMa eKBHUBAIECHTHWUM TIpyHAMa CHJA He Mopa OATOoBapaTH MCTH HOP-
MaJHHI OTIOP. ,_
~ 6) Ca ornopoM Tpema. AKO IOBPIIMHA 33 KOjY j_el TauKkad BEe3aHa
'HHje TIJaTKa, OHJa mnaMehy TagKke A H Te NOBPUIMHE TOCTO{H, CéM HOp-
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MajgHor ormopa N, u ormop Tpewa T = f; N, a Totraxmm ormop W Moxme
Cca HODMAJHHM 3aKJalaTH yriaose u3Mehy 0° m

%Z C 00 TII€ j& 0o JTa0 CTATHIKOr Tpema: tgo, = f;. Taj
‘CIy4a] IpercTaBibheH je HA ca. 112.2, lIa, 0U cuJe:

__ -+ > > >
Q P, Py, P, .., P, Oune y PaBHOTEMH, NOBOBHO
N '  je ma IHAXO0Ba PE3YITAHTA R najnHe y YHYTPAII-

0T KOHYCa Tpema (a < 9,) UHja je 0CoBHHA
HOPMaJa #— 1 & yrao IpH BPXY 2¢,. Y rpaHdY-
HOM CIyda]y (a==g,) pesyiaTamTa Ce MOKIANA
ca jeJHOM W3BOLHMIOM KOHYyCa, a YUM nOajgHe
n3BaH mwera (e <C g, OHua he meHa TaHreHUM-
jasHA KOMIOHeHTa GUTH Beha 05 OTHOPA TPema
KO{W HUje HeorpadndeH, ¥ PaBHoTeka Hehe OuTH
Moryhua. AKo Ha IpUMeD TaHfeHIIM]aJHA KOM-
HOHEHTa PesylTafTe Majd y IpaBal OCOBHEHE X,
OHJI2 CY YCIOBH paBHOTeJRB

_ ZXI Z:
Ca. 1122 | XY= 0.

/' Ko X~ Yy

) |
; (112.5)

r

113. YcnoBn pasHoTe)Ke W €eKBUBaJNleHHUHje cuia Ha TaiKH Be-
saHoj sa aaHHjy. a) Des ornopa rpema. Tauxa npuMopaHa na ocrame
Ha jeJHO] KpyTo] AMHM|M HMa je/laH cTeleH claoboxe. OBa] ciyduaj MosKeMo
OCTBAPUTH KAJ HA KPYTY KPUBY LIMIKY HAaBYIeMO NPCTEH ynja he myrama
6UTH TPONHCAHA TOM KpHBoM. HopMalHd OTIIOP JMHUje MOKe MMATH CBAKH
' IpaBal ITO JeKM y HOPMAJIHO] pPaBHA JHAMWje § HotngyHOo] Taykd. Ciro-
Gomga Kperama IIOCTOjM jOII caMo y HNpaBuy TapleATe HA KpPUBY 3a KOy
je Tayka BesaHa. AKO OBy TAaHIMeHTYy y3MeMo 3a OCOBUMHY X OPTOrOHAJHOT
KOOPpJIHUHATHOI CHCTeMa, & ApYyTe JBe OCOBHHE y H 2 JIeske ¥ HOPMAJHO]
PaBHH, OHMA Ka0 AHAJMTHYKH YCIOB DABHOTEkKe Mo0HjaMo caMo jexny
jeTHAYKEY

| 2X=0. | (113.1)

Ocrajie ABe jegmadnHEe HCKa3yly OBJe Jia HOpMajaHu orunop N IOTHpe pe-
3YJITAHTY KoMIoHeHaTa XY u =7, RoMIoHedaTe HOPM&JIHOP OTHOPA ¥ HpaB-
_ny 0COBUHA y W 2z 3a7l0BOJbABA]Y jellHMYNHE: -

Ny+2Y=0, |
Nz"""Z'Z:_O, }

3 U3 OBMX HAJNA3UMO HOPMAJHM OTIOP:

N = VN,,F N2 = V(Z )4+ (B2 (1183)

(1132)
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Cpadrary yCIOB paBHOTEsE je Ta] Ja Kpajiba TaUKa NOJHUIOHA CHIIA

> > > > | | _ _ | _ | o g

2, P, Ps,,.., P, Jexil y HOPMAJHO] PABHM JIHHN]e I0J0KEHO] ¥ TaYKU 4.
> —>

Ilse rpyne ciaa 2 P; i X Py Koje Hamajajy TAayky Be3aHy 3a KPYTY
AMHK]y CY eKBUBANEHTHE, KO je 3al0BObEH YCIOB:

D Xi= 2 X, (113.4)

Tj. HOpMaJHe TPOjeKHije TOJHMroHa CHJIa HA TAHIEHTY Mopa]y OuTU jel-
H&He

6) Ca oTnopoM rTpema. Axo ceM uapMajinor ormopa N ocTojH

15§ TpeHae T—/f, N, onia je PABITOTEAA, MoryhHa H 0H7a Kalia pe3yJaTranTa

R CHJI Pl, Pz, .15;,, f;.: e Taja y HOPMAaJny deaH'RpHBe IHBHje 32 KOJy
je Tauka Besana. Ha ca. 113.1 je
npasall TAHI'¢HTe Ha KpPIBY y3eT 3a
OGCOBHHY X 4 HOPMAaJHAa PaBaH yz JIesRU
YOPaBHO Ha paBal ypresma. Uxo TaH-
reare Ax 1Kao OCOBHMHE HAIPTaH je
TOTOYH KOHYC ca'oTBOpPoM 2(90°—g,°),
rie je g, yrao CraTHIKor Tpeiba.

X YcioB paBHoTeMe je Taj, na pe-

3yJITAHTA R JEeMMH U3BAH OBOT X o-
/ HyCa HWIH y KpajibeM Caydaly Ha ce
HOKNONH Ca jeJHOM Ol HEroBHX H3-
BOXHUIA. AKO pesylTanTa NalHe y
YHyTPalikoCcT KoHyCa, Onlie meHa
TaHreHI[M]aXHa KoMOouneRTa =X Beha
O] OTIIOPA TPewa U pPaBHoTe:xe Hehe
outy, Beh he ce Tauka nomahu OyE
TAHreHTe AX., AHAJIHTHIKH chmB 33 PaBHOTEKy TA4YKe Y OBOME CIyUajy
MOJKEMO JaKkje KPaTKO HAOHCATH y OOGIIKY:

X foN, ' - (1185)
rie je N ompehen jemmawmmoM (113.3). |

Ca. 113.1 | )

'B. IPUMEHA NIOJMA MEXAHHYKOT PAJA Y CTATHLH TAUKE

114. YcnoBH paBHoTe)Ke 3a clicbojlny U BedaRy TtauKy. ['naBHe
TeopeMe O paBHOTe:kH CJI000NHE M BesaHe Tayke MomeMo Hajkpake ama-
AATIIKEAM TYTéM HSBECTH H3 nojMa MeXaHHIKOT paﬂa, | |

3a yCJI0B paBHOTENKE M&TepH]aJIHB TAYKe HANLIH CMO EP 0 wix
Y BHAIHTHYKOM OGIHKY: |

NSx=0 Yv=0 YZz=0.
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Axo cBe ciure P Jeme y paBHH xy, ornaga tpehu JCIIoB HOTpeﬁﬁn 51 ,110'

BOJLHU YCJIOB PABHOTEKE MOKEMO ¥ OBAKO MCKasatn: Tauka he Ouwiml y
pasHoilexu ako je dpu cBAKOM MOZYRHOM ilomepary 0S mwaike s0Up MeXa-
HUHKUX pa,aoaa jeodax uyau. I[a.me akKo je: '

P Jds cos rp = 0

rae je fp yrao usMeljy ds u peayiaranre 5 P ABAIHTHIKHA H3PaHen je oBa)
yCIOB JelHaYHHOM:

XX 4y XY+ 27 —0, ' (114.1)

rae cy 3x, dy, 52 KOMIIOHEHTE IOMepama y OpaBny KoOPAHMBA1HUX 0CO-
BuHA. 3AaKk 4 Tpeba Aa Kaxme [a Cy moMeparba MoryhHa (BUpTyeJaHA)
33 Pa3nnKy O] cTBapHHx (amyenﬂﬂx noMepama) dx, dy, dz.

a) Cnoﬁo;ma. Tadka. Ako je Tauyxka CJHo6OIHA OHJA Cy TOMEpara
dx, dy, 6z HesaBucHa Mely cobowm, JeIlHa.‘IHHa. (114. 1) MOJKe OMTH CaMo -
oH/a 33,,10Bo.lbeﬂa aKo Cy:

| Q) Tauka BesaHa 33 NOBDHIMHY. AKO je Tauxa npuayheHa na
oCTaHe HA [aTo] NOBPMHEHHK: F(X,y,2)= 0 OoHZa Mopa GUTH 3a40BOJbEHA
M jeqHaYnHA: |

F (x4 8x), (y -+ 9y), (z + d2)] = 0, - (114.2)

Tj. Mopa TOT&JIHH_;Mq)epeHqum on F:

dF = g—gdx 6y+-—— 0z =0, (114.3)
6UTH jelHAK HyJIH Y CIydaly Ja je Tadka y PaBHOTEKH, Mopajy obe jen-

ragnne (114.1) u (114.3) Ourn 3aJI0BOJbEHE. |

- 1. Metonma eluMHuEanKje. Kama us ]BHH&‘IHH& (114 1) u (114.3)
eIMMHEAIIEMO ]e,L_[‘_rIO oMepame Ha IpEMep 02, T06H|aMO YCIOBHY jerHaYHBY:

(ZXB—E—EZ )d -I-(ZY . ZaF)éy_:O. (114.4)'.'

Tauxa Ha I.IOBpI[IHHH BMa [IBa CTeNeHa cﬂoﬁone, nomMepama 6x u dy Cy
Meljyco6Ho HesaBHCHA. .JemHaunHa (114.4) Mose OHTH JakKie 3a10BOJbeHA
aKo Cy M3pa3M y sarpajaMa jeJHAKH HYJH, Jaxie Kaja Cy:

s OF 1, OF w5, F 1145
EX5; —2ly; =0 u Z?az_ X7z 5, =0  (143)

‘Mexaduka Tauke 16
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OBe 1Be jellHauKWHE Y BE3H Ca F(x,9,2) =0 o1peljyjy TPH KOODIHMHATe
X, y., z, OHOr T0J0:Kaja HA INOBDHIMHH, y KOM Ce Ta4Ka IO ,H;e]GTBOM cHJIa

EP HATa3| y paBHOTe:JE.H
| JeHy 011 jenmauuna (114.5) MoMeMO 3aMEHHTH ca

oF OF o
Z‘X_._..._ Zf.é;_lo - (114.6)

jep ce oHa m3Boau U3 o0e jeaHaumle (114, 5), JaKiie je 3aBMCHA 0] HHX,

- YcloBe paBHOTeMXe Ha mamo] moBprnEK (X, y, z) =0 MoskeMO Ha-
NUCaTH y CHMeTDHIHOM 00JIHUKY: . |

Z.X___E'Y'_:EZ. e
oF _:9_{_’“. TooF (114.5a)

JenHaqHHe (114. 5) 1 (114. 6) cy KOMIIOHEHTE BBRTOPGROT IpPOM3BOZA
BEKTOPA . | : - |

> o> ' >

NP Z‘XH'ZY 1k Xz

I BeKTOpa: -
> oF > OF ‘*aF
vF=15z tig Tk

T]. rpanH]eHTa HOBpII[HHB Tpun I‘OPPBB jeIHAUNHE 33aMeby]y BeKTOp-
CKY JeIHa4YUHY:

NPXVEF=0, C(114.7)

» + -+ .
Tj. BeKTOpH 2 P n YV F ¢y mapaJesHy,

Us nmpepeauH]a,Jme leoMeTpuje 3HaMO na cy HapIIH]aJIHH HBBOIM
0F[0x,.. TPOMOPINOHAJIHN KOCHHYCHMa yIJIoBa KOje 3akKamna HOpMana Ha
OOBpMWHY ¥ NOTHYHO] TAYKU CA KOOPAWMHATHHUM OCOBHHAMA.

AKo0 Te yriIoBe O3HAYHMO Ca a, f, y 3Ha.M0 Ia je. (B qi, 87).

__10F c0s 1 0F gy L OF
| COS ¢ 7ax "'—J' ay: C }""—"'"J"a?l

JV() G+

Ilpema ToMe rpagujeHT Y/ F IeKH Y HOPMalH .IIOBpHIHHB'. n jeHa-

rjue je:
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_T{[{HEL (114 7) uckas je na 3a c.uyqal paBHOTEsE zP MMa npaBau ng-"

MaJe Ha (OBPIIUHY. |
2) MeToga mMyaTuaHuJUKaTOpa, JBH,H&‘IHHy (114.3) nDoMHOKHMO

ca TPOHM3BOJLHOM KOHCTAaHTOM 1 M cabepuMo je ca jepmaumnoMm (114.1), Te
podHjaMo:

oF X - .

| ' ’ 0 | .
(ZX g .)ax-|-(2}’ 22 ) y+(22 29 )Jz 0. (1148)
I\’I.'y.]l'rl{mlmca*rop A MOoAeMO 1{336];)&*1‘-1»1 TOJANEN 1a j&,ﬂﬂ-ﬂ O L3p&3ay 3ai*pa,u1-1}
ga upiMep daxTop on dx, 6y,qe jeqHaK HYJIM, Tana rIacy jeqAaqAna (114.8):

(S r(Zaeag)e
Jlomro cy DooMepama ci’y u dz mehy coboM HesaBuCHA (1B cTelena CJo-
6ome Ha mnoBpmaHH) To he (114 9) OMTH 3a0BOJhEHA AKO0 CyY H ocTalla

IBa, cpamopa jelHaxa HYJIH. 3a OﬂPEhHBaH:e YeTHPH HelncsHaTe 4, x,y H 2
UMaMOo ‘IeTIprH jenqHaYHHE

F(x,y,z)::: )

DX+ 12,
0x

ZY_JF;LEJ—)__O,

Z’Z+l_=_—0
)

- Ws jexmaympa (114.10) 1 3ragema mapnujadnrx WM3BOINA BHJIHMO Ja
Cy ApYTH I3HOBHM KOMNOHEHTEe HOPMAJHOT OTHOpa N mospmnse:

N

=0, (114.9)

1114.10)

L

N — iaF, Ny__ -. Agf No—— i (e
N= ]/ )1;(”)3——*& | (114.12)
y 0z

[1 puwme p Tewxarauka Ha nospuHu gonTe. Caga je F ==x2 4 y2 4 22 — 9?2 .= (),
IaKJae:

oF o oF 2‘ oF

ix — v Ty =Y Bz

X=0, Y=0, Z=-—myg;

HETATUBAH 3HAK jep je -+ 2z y3e€TO HA BUlle. Mocnenme TPpH jenHayHHe (114.10)' raace:
0-+2iz=0, 04 2ly=0, —mg + 21z =0.

== 2z :

Hakae je T1auxka y paBHOTEH{H y noaoxajy: x =290, y—O H C4d OBHM BPCRHOCTAMA
naje ]EJ].HEI‘IHHEI aonte: 22— r* =0 71j. 2 =L ». Ha aonte nma temxa TayKa 183 PABHOTE XK -

16%
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HA N0JI0XKaja, HA TOPHEM U LJOLEM KPajy BEPTHKANHOr NpeYHHka. ¥ ob6a c.uyqa]a je Ne = -mg
ynpaBbeH npema rope, a Ny =Ny =0.

B) Tauka BesaHa 3a JI:{.Hij. CBaky auaujy MOKeMO 3aMUCTNTH
14 je. IoCTaJa TPeCceKoM IBejy MOBPIIHMEHA: F, (X, 7, 2) ==0 u F, (x, y,2)=20.
IHomro ce Tauka HaJasW M IMOMepa Ha TO] JHHHR|H, Mopajy HeHe KOOpIu-
HaTe 3aT0BOLUTH 06e jenHaunmne obmmka (114.3) a axo ce HaJasH y paBHO-
TeRH, MOpajy 3aZoBoJbuTH JegHaqyuny (114.1). Kana jenny nndeperuujangy
jenmauniy (114.3) TOMHOKHMO ca DPOM3BOJLHMM (AaKTOPBM A,, APYry ca 4,
1 caGepevo HX ca jegHadunHoM (114.1), mobGmjamo:

(ZX-H oy aF)dx+(z y+ala£ g' 2352]5),4_

i ( X Z 4 aa_in 4+ i, ‘3()—’;5) 0z == 0. _ (114.13)

Myrrunmangarope 4, H 4, MOIKEMO TaKO oLpeJHTH 1a JBa 04 (akTopa je-
Haunge (114.13) Oyay jemuarum myan Jla Om jenHauMHa (114.13) Onia
3a/10BOJbeHA 334 CBaKO 0z Mopa ¥ Tpehu anHTop y sarpazu OHTH ]eI{Ha.]':E
Byau, MMaMo qakie Tpu jeaHadIHHE:
; oF, 3F2) '
1 g R
(E X + a _I— ‘12 ax 0!
W CIMYHE JApyre IBe. Ose TPH je[JHaYNHE 3a]elHO Ca JeJHAINHAMA IIOBp

muee F, u F, onpehyjy mer Hemosmatux A, iz M X, ¥, z Tj. 06a MyJTH-
DJIUKATOPA M PABHOTEHHU nonoma] UnanosH: |

of, g oF, | aF A

1 Jx = AV 1 ay 1 az — 4¥iz,

Cy KOMIOOHEHTEe HOPMAJHOI OTIIOPA NOBPIIMHE /', U AHANOIHO BAKH H 34
KOMIIOHeHTe: Ny, N,y 1 N,, ornopa mnospmuHe F,. KoMmoHeATe ormopa

JUHHA]e CY:

A

N, = Nyx + Npy, Ny= Ny + Nyy, Ne= N+ Ngy

IaKJae oTIop JHHUJE:

N= VN2 + NE—I’—.NZ:E.

JIuHuja 3a Kojy je Taguka Be3aHa, MOsKe OMTH JaTa M [BeMa jelHa-
YHHAMa HEHUX HpojeKnuja:

_ y=ri(x) m z——fa (x). (114.14)
BupryenHa moMepaiba dy M 4z MOTY Ce CaJla M3DASHTH Ca: |

dy=f'(x)dx, - 8z = fe (%) ox,
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H KAl obe BpeTHOCTH yHEeceMo y ycioB paBHorese (114.1), mobmjamo:

6xEX+chf1 ()X Y+ oxfy (x) 2 Z =0.

Y cBa TpW ‘UfaHa IOMepambe Jx je MCTO, NaKlie je yelloB PaBHOTeHe:

SX KO EY 9 Ez=0. © (114.15)

s tpu jenuagune (114.14) u (114.15) MoxeMo ofpefuTH KOpAHEATE X, J, 2
oHOT MecTa Ha jatoj JuHH]A (114.14), Ha KoMe ce Tauyxa NOL e} CTBOM
S X,2Y,¥ Z Hamasu y PaBHOTEKM.

‘Ako je T1MHU]ja paBHAa KM CBe CHUIE Koje Tayky Hanaﬂa]y Jedme y
UCTO] PaBHH Xy, Tj. = Z ==0, oHOA ]e JCIOB paBHOTEHKE:

ax2X+ayEY_0 (114.16)
JeIHAIHAA KpuBe je NaTa; | . |
y = f(x) (114.17)

s me HamasuMo dy = J'(x) dx M KaJ OBy BpejHOCT yHeceMo y (114.16) u
CKpATHMO ca dx, HoOH]auo yCJI0B pABHOTeKe:

N X fx) XY =0,

HIH

(x)ZY =—1, - (114.18)

X
f(x)=dy/dx =1tg ¢, THE & ¢ yrao KOJM 3aKJana TaHreHTA MNYTabe
ca amcuucoM. XY/Z X =tgy, roe je y yrao Kojd 3akjgana pesyiTaHTa ca
alCIuCOM, B . | |
Jenmaynna (114 18) raacu nakse:

Tj.: v = (p 4 71/2), pesyiTaHTa CTOjM YUPABHO HA TAHTECHTY.
Uz jenmaumba (114.17) n (114.18) Hamasumo KoopnuHATE X, y MecTa

Ha KOME Ce TauyKka HalasH Yy pPaBHOTEKU.
Axo je jenHayHHA paBHe KpHBe HaTa Yy MU UTHOM 00JIUKY

F(x,y)=0 oana us (114.13) u:

6F F
0F (x,p) = ax 6y 0,
HOOH]&MO YCJIOB PABHOTEMC.
OF  LOF _

koju ca F(x,y) = 0 oxpehyje koopiuHATE X, ¥, OHOr MeCTa Ha pPaBHO]
" KpUBO] JHHHU]H, HA KOMe Ce Tadyka uojA JejcTBoM cuHaa X, Y HaJZasu y
PaBHOTEIKH. * |
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115. Tpu BpeTe paBroTe)ke ResaHe Tauke. Kana MaTepHjaJIBy
TAYKY Koja Ce HAJasd y PABHOTEXH M MHpPY (Hakie je dA = 0), moMepumo
33 BpAO MaJy Ay#k (v]. 4371eM0 joj BpJIo Maly 6p3ﬂﬂy), Mory HACTYIHTH
Tpu pasHa clydaja: . ‘ . |

1. bpauna tauke he onanan{ 1o Hy.ue [POMEHHTIL cmep, U TadKa .
he ce BpaTHTH y CBO| IPBOCHTHM paBHOTexHU nojcskaj. TakBy paBHGTPH\y

30BeMO CTa0 M HOM,
2. bpsuna rauke he pacTH Ta4Ka he ce CBe BHIOe yAAJEaBaTH orL

PABHOTEXRHOr NOJIOMAja N3 KOI'a CMO je IICKpPeHyJH. Tatma 33 6ugaa y

JaOUJIHO| PABHOTEMRKH.
3. Hajsan moxe Gp3HHA KOjy CMO TAUKH 11an11 OCTATH HenpoMe-

BbeHAa, TAUKA je ¥ TOM CIyYa]y HA CBaKOM MeCTY YV DPAaBHOTENH, OBa cCe
HajJasd y HHEAuNQPepeHTHO] UWIH HeyTPAJH O] PAaBREOTENIL.
MareMaTugKro obeneskje 3a OB TPH BPCTE PABHOTENke HANAZHMMO I3

TeOpPeEMO 0 XHBO] CHJIH: . _ .

aAma(rg}) . A

Y OpBoM cAydajy je DpoOMeHa KHBEe CWJe HeraTuBHa, jep Opanma
omajka, OpeMa ToMe eldeMeTapEN DajJ OX CBoje NpBoONTHE BPENHOGCTH
0A =0 omana Tj., o

0°A < 0,

Y npyroM ciaydajy kana OpsuHa pacrte, pacTe u dA:O T,
0’°A >0,

y Tpehem cﬂyqajy K24 ]e 6p3uHa ROHCT&HTH& 0A ==0 ce Be Mema,
arae je: |

[Ipema ToMe paBHOTe:ka Tadxe je:

crabuaHa ako je ¥4 < 0, :
rabuwnHa , , 024 >0, (115.2)
Heyrpajiga, , 024==0, .

Osa ofenexcja paBHOTE:ke Baske Kako 3a Cl100ONHY TAauKy, TAKO H 28
TadKy Be3aHy 8a NOBPIUEY WAM nunBjy. Ha jenmom mecry npocropa, nam
lI0BpIINHE, WK JHHU]e MONE TaUka HMATH PA3HE BPCTe PABHOTEIKE DpeMa
TOMe Y KOM IIPaBily OJHOCHO CMEPY TAMKY IHOMEpHMO. -

Tako BHa ripumep, 3a TeIIKY Tauky, Koja ce HANA3H Ha XOPH3OHTAJHO] TOBPATHO
d2A d2z |
TAHTEHTH Heke AMHH]jE CJI. 115.1, je dA=-—-mgd.z Rakie: 7o, = — mg 5. Oberexje nos-
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d’z
paTHE TadYke je dxz""o , npeMa ToMe je y Taukdu M, d*A =20, tadka ce HA133H Yy Hey-

TpaAsoj paBHoOTeXH AjH cauKa HaM noxasyje 14 CE& TA4YKa HaJa3H y .uaﬁﬂ.nﬂo] PpaBHOTEXH
3a moMepame Ha JIeBo, ¥ cTabiIHOj paBHOTEXKH 32 ‘TMOMepame Ha AeCHO.

3a TeWIKy TayKy KOja je Be3aHa 3a MOBPUIHHY JONTe, _oqeaunﬂo je ma he ona O6urH

y CcTabnanoj paBHOTEXd, M TO y CBUMA [PaBIHUMa, HA JOmeM, a4 ¥ Ja0WAHOj. PaBHOTEKH

Ha TOPHEM: Xpajy BEpTHKANHOT GPEYHHKA; Y HEeyTPadHoj paBHoTexu Ouhe ©OHa HA XOpH-
30HTAJHO] pPAaBHA.

Tewka Ttayka, B€3aHa 33 MOBPWIMHY jegHOr ob6pTHOr jeaHorpaHor. xunep6o-

.

Ca. 115.1 | Ca. 115.2

noufa (ca. 115.2) ca XOpH3OHTAAHOM OCOBHOM, Guhe y paBHDTE‘}I{H 'Y TeMeHy 01110
ropwmhe v A0Hhe MepHAHjaHe xunepbone. XOpH3OHTAAHA paBaH WTO ROAHPYje xnnepﬁoﬂoun
y HBerosoM TeMeHY, Ceye ra no aBemMa npaBama; IhUXO0BA KOHCTPYKLHja - je M3 CcAUKe jacHa.
[Ipase ce ceky noa yraom o 3a Tauky y () 6uhe paBHoTexka crabujanma y CBUMA npas-
HMMA 1MTO JAEHKE y yraoBuUMa ¢, a naluiaHa y HPABHUMA MTO JeWe y yrA0BHMA (7 — a).
3a tauxy (' BaxXH CynpoTHO Y MpaBUMMA ABEjy NpaBHX je paBHOTEXAa HEYTpaaHa.

116. AcTaTu4Ke noBpunHe. JeJHY 006IacT mpocTopa y KOMeE Hej-
CTByje HeKa CHlIa 3aBHCHA O KOOPAHHATA, 4YHje Cy Jlakjie KOMIIOHeHTe:

X-—_-'-fx(x,y,z), Y:fu(x:yrz) ) 21 szz(x!yl 2)!

Ha OpuMep I'paBHrallioHA, eJleKTPUIHA, MarHeTUYHa CU/Ia, 30BEMO HoJheM
cuie (B. WI. 77). AK0o ¥ HeKOM NOJbY NOCTOjH HeKa IIOBPIIWHA 3a Koy je
Be3aHa TaUKa, X aKo ce Tadka HANasH INoJ HAejcTBoM mnodba: X, Y, Z Ha
CBAKOM MeCTy HOGPUIMEHE Y PABHOTEXH, 30BeMO NOBPHINBEY aCTATHYKOM.
Tako je mimpuMep XOpU30UTANHA PABAH ACTATHYUKA MOBPIIMHA 38 TEIIKY
TauKy, JONTa je acTaTWUKa NOBPIIMHA 33 CBaKy IEHTDAIRY CHIY.

Indepennnjaria jeiHadnaa acTaTHYKe MOBpIIKHe je:

L

Xdx-4 Ydy+Zdze= 0. | (116.1)
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[Tpumep. Heka je:-

X=ikmzx, Y=+hkmy, Z=— mg.
[udepennnjaina jelHATUHA T14CH: - | . | | 1
| kmx dx 4 kmy dy —mg dz =0, _L ' p
H eH UHTErpas je: __ 7 X

22

2 | |
km i —I—k-m'z— — Mgz = C,

2 | ™ oy
HIAH. -:—-”?t .
k(x3—|—yﬂ)-—2gz—_C 0 . | |
4cTaTHUKA NOBPIIMHA je naKae 06pTHH napaﬁononn KO0 | l
OCOBHHE &, OTBOpeH mpema rope (ca. 116.1). T
- Kana ce nuanHIpHUAH CYF ca HEKOM TeuHOCTH oﬁphe | ' Ca.-116.1

OKO CBOj€é OCOBHHE KOHCTAHTHOM YTraoHOM 6p3UHOM> @, OHI4 NEjCTBYjE cBaku geanh Tey-
HOCTH Ha CBOjy mOAJAOry CBOjOM TEWHHOM g H xapuaomannom ‘CHAOM TPOANOPUHOHAAHOM
pacrojamy T 0OX OCOBHHE (uempmbyranﬂom CHJIUM axmo?), na he HDBpHJHHa TEUHOCTH -HMATH

29
061K napa6onou1a Koju nocraje Q6pTamem _napaﬁo.ﬂe. X% = 2 ¢ OKO OCOBHHE 2 Cy1a. Hy6n-.
7203
Ha h BOBplIKHE }e h = ETR a BHCHHY HEHOI TEMEHA 0 H3HaX AHa noﬁujam H3 yCJa0B3

Ad C€ 33aNpPeMHHA TEYHOCTH HH]B tpoMcHiAa.
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caroboane 159.

. —_ y oTrop. cpen 106.
crob6oano 105

y BepTUXaNHOM xpyry 211.
— l{pHBU] nytawu 49, 149,
— npaBoj —  30.
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KpHBHHa reogetduka 181,

- apyra (Topsuja) 54
— anguje H3.
- HopMaaha 181.
—_ npsa (paexcuja) 53, 54.
- —  ppeaasHa 187.
Kpyr remeparop 221.
— KpHBHHE 54
— OCKYJAalMOHH 33,
— cuna 234 |
— Tpema 139,
JInnuja pnsorybe kpuBuHe 54.
—  reojeruduka 182, 184.
—  cHae 193,



CTBAPHH PETHMCTAP

253

Jlonra cuna 236.
Maca 6. -
— uHeptHa 171,
—— jeRxuHHU3 beHa 22.
—  Tewga 80
Megadyn 24, 99.
meter 19,
MeTona eaumuHansje 241,
—  MyJArdnjnkatopa 243.
MexaHdka 3.
RETEPMHHUCTHYKA 25,
3anaTaK eH 7.
MaTtepnjaane tauke 28.
onimura 29,
nogena weHa 26.
npuMewmeHa 28.
CHCTEMa MaTepUjalHHX TAYaKa 28
CTATHCTUYKE 2D,
TEXHHYKa 29,
MomMeHT BEKTOpA y foraeny Ha Tauky 73.
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—_ !{OJIHIIHHE! er'rama 183.
—  Tpeiba NpH KoTphakby 14[.
— pykasua 139 -

Moh (caara) (edexT) 87.
Myatunankarop 4 243, 244.
Haasrineme crosballie HIUHE Y KDHB. 87,
Haner {xoaWuHHA KpeTamba Tena, Tauxe) 84.
‘Hananna aungja (Hocygou) sextopa 12.
Hauena Mexanuke 7.
HopMmaaa raasHa 53.
OnepaTtop .XamuatoHos 155.
OpTtounukaonaa 58.

~ Ocuunanuja aMmopTHaosaHa (npuryiuesa)46, 144.
- oA YTHIL. CTal. OTNOpa Tpema 114,

— npuaynaa 120.
— XapMOHHUYHA 44,

Ociuaauyje AOHTUTY AHHAJHE (HCTE3&I—ba) i 19,
MaJe OKO paBHOTEX. noaoxaja 193.
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— carobonne (concrBene) 120,

— TOop3HoHe 119.

— TPaHCBep3anHe (C&BH]&H:H) 119.
Otnop Basayxa yruuaj meroB 177.
nuuuje 105, 237.

HOpPMAanaHH 127 196.

—_ nuHgje 199,

N

238, 243, 244.
OTtnop nosptunHe 105, 237.
— jennoctpad 180.
- — oboctpan 180.
cpenvde 106.
TaHreHuujannu 127, 196, 200.
tToraany 106.
—- nyramwe 200.
TOYKOBA XOA BO3HMA 142
Tpewa 147.
KOpPUCHOCT merosa 131,
OrAeiAd HOBHjH 145.
— cTtapuju 133, 136.
npu sprewy 130.
— kansawy 130.
-~ KoTphawy 130, 140.
pasue Bpcre 130,
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— OCOBHHY 183.

— onpelupame mweroso. 181, 209,

O'rnop Tperba y pyKaBHllaMa 130, 138.
—_ mTeTHOCT Herosa 131,
Han caobopan y Bsasayxy 108.
— MPasHOM npocropy 90.
W3 BEJAH-
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K€ BHCHHE 96.%
[lapaGona curypHocty 164,
[Tapanenonunen Gpaune 50.
— noaoxaja 50.
— 7 nyrta b0.
— - ybOp3ama 5l.
[lepnona kpetama 43. - -
— dMOpPTH30BaHe ocuaaaudje 118,
— OCLHJAUAje MATEM. KAATHA 216.
—  XapMoHHuYHe ocumaauuje 43
' UHKJAOHAHOT KjatHa 221,
Hepﬂxen 161.
[MTospmivHa actaruuka 247.
[Tome 154,
—  BEKTOPcKO 15H4.
—  Ge3BpTaoxHO 155,
-— - cxanapHo 154.
— cune 79
—  Jlanaacoso 156. .
[lony-nepnora ocuunanuje Mar. KJlaTH& 216..

[Tomepamwa Tauxe MoryhHa (BHpTyeaHa)

— .= CTBapHa (aKTyenHa)
[MoreHuujan 154.

floueTHn nosoxaj 30.

[TpuHnun uxepunje 8.

HajMamke akuuje 88.-

HE3ABHUCHOCT aAejcra  13.

0 OIp¥Kamy MEeXaHHUKe eHepriuje 159.
NOBPIINHA 32 jeaHy Tauky 72.
peakuuje 1l.

peraTHBHOCTY 14,

Hpumcau ycopa 107, |
[Iponasonr pannu (ckanaphu) (yﬂymp&.u) ABA
BeKTopa 152.
IIpojekunje Gpaune 50.
e yb6p3sama 50.
[TpotoTHn 19,
MMyrama (Tpajextopmnja) 4, 8.
— . ancoayTHa 14. _
—  penatusHa 14.
Pasan "HopMmaxna 180.
—  OCKyJaumoHa d3.
—  pexkTddukauuoHa 53.
Pasnotexa cuaa 231, 232.
AUHAMHUKA 228,
HHAHQEepEHTHA (HeyTpanHa) 246
_ habuana 246.
BReoapeheHocT mena 132,
ctabuana 246.
cTaTnyxa 228,
Pan mexanuuku 86,
eaementapuy. 83.
NOKPETHH . (MompHH) 86.
HOPMAJNHOT- umepa 180
OTnopHH -86. -
cHue Y EPHBO] ny'raH:-H 152
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- Pasaarame Hperama 50,

— cuae 151, 231, 232,
— Heonpeheﬂ_ocr HEHO 231.
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Pasanka ¢gasua 46,
Pe3onanumja -122,
Pesyatantda cuna IB 220, ,
— —_ H:EHa npojexkunja 234.

Poraunja 5. -

fe— BeKTOpa 153

— KOH3epBaTHBHE cuJjae 155
Cexynna (sec) cpe,uﬂ:a cyHuaHa 22.
Cuna 6, 79,

necbﬂnnunja wena 10,
aucunatepHa [59.

KOH3epBaTKRHA 154,

neprypbaugona (mopemehajna) 120,
. nedTpaaua 160,
| uempmbyranﬂa 206

MoTopHa 86.

oTnopHa 86.
Curia HaMely nBe MaTepujanHe Tauke 92.
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(HcTeM Mepa ancoayTHH 23.
—— ~- TEXHHUKH (Tepecrpnqxu) 24,
CHcteM KOOPAMHATHH NPHPONHH 53. -
o cuna npocropan 220,
— -— pasan 230.
CHCTEMH HHEpuujaaHy 8, 9
Cxanap 11.
Ckperame (neBujaunja) 56, 150,
Caarame kperama 51, -
— cdna 151,
CanuyHOCT MeXaHuuka 10,
CHara (Moh) (edexrt) 87.
CmiboniteHocT 3emmuna 207.
Cpenuiure Mace 7.
CTHH:E erra}f,a 5.
—_ — npomena 5, 228.
—. Mupa 228
— paBHoTexe 228,

Crartnxa 29, 228.

. ~—  4HAAuTH4yga 229,

— rpaduuxa 28, 220.

—  Tayxe 228,

C— — Be3aHe

-— cjaobopaHe 229

-~Sthéne (cten) 23. =
Crenen caoboae 105, 178, 2_37.
Tayroxpona 219, 222,
TayToxpoune kpupe 222,
TaytoxpoHnocT 220.
Tauyka MatepHjaaua 7

— BE33aHa 3a nuHMjy 244.

— — — uoBpiunHy 237, 241.
- — nmoaynpra 237,

— caoboana 105,

— rtayToxponoctu 220.

Texa 3eMbuHa npomenbuBoct 95.
Texuna 23, 206.

— grncoaytHa 206.

— peaatusHa 206
Teno Kpy1o 3.

~— OCHOBHO (KOTMMApPAaTHBHO) 4.

— TA4KacTo (Matep. Tauka) 7.
Teopema nospiupna (3amaxa) 74.
Toweme T€Na ¥ BOAU 114
Topsnja 54. |
Tpajame ocunaanuje Mar. kaarHa 217.
UHKJ. KaaTHa 22].

]

“ e

Tauke W XOMOTeHe snonte 93,

Tpajexropuja (nyrama) 4, 8.
Tpancaauuja b.

Tpuepnap laanjejen 9.

Vﬁpaame 5. 33, 53.

apyror pega 35.
3eMmbiHo ancoayTHo Z08.

—  npoMmeHmbusocT 208.
'HOpMaZHo (UeHTPHIETAAHO) D4.
NOBPIWAACKO (cexkTopuo) 74..
KOMNOHEHTE MPHPOAHE O4, 61
cpeiame 33.

TaHreHuujaaso 59.
‘Texe 23.
yraoao 89.
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¥Yrao amnautyge 214.

— OCKyaanHuoHu bH4.
Top3uje H4.
Tpema 132,
ctatuukor 132,
~ —  K¥HeTHukor 132, . |
Y CAOBH €KBWBAaZJCHIHjEe 33 cuae y NPOCTOPY
o 234, 235, 236,
— —~ = — — y pasnu 231,
234.
CUAa HA Tauyky BE€3aHO]
3a anuujy 240.
— CHJA HA TAuKH BE3aHO]
3a NOBpPUWMHY 238,
paBHOTEKe rpaduuku 229,
— 34 cuae y npocropy «34,236.
~- 33 cuae y paBHu 231, 232, 234.
3a Tauky Besany 241, 244,
cnoboany 241,
— onmiute 229.
— norpe6HU ¥ 10BOBLHH 241,
- CHAA HA TAYKH BE3aHOj 33
AHHRjY 239.
. CHJA HA TA4YKH BE3aHOj 38
NOBpLIHHY 238.
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Makrop amoptusanuje 118.

daekcnja 53, |
doponomnja 78.

- dpexBeRLMja KPYKHA ocuunsaunje 44,

dyHKUMja exkBunOoTeHuUjaaHa 154,
— ekBUCKanapHa 154.
— noTeHumnjanHa 154.
— cune 153
Xeaukouaa (3aBojunia) d9.
XHTau BEPTHKARHH Y npasHoM npocropy 90
- y OPO3HOM NPOCTOPY, BH-
CHHA nemama 9l. |
y HNpasHoM npocIopy, Bpe
Me nemhamwa 9l
y mnpasHoM npoctopy 161
y 0pasHoM npocropy, Bu
CHHA newama 163.
— y MpasHOM npocTopy, Tpa
jekTopuja 164.
y Basayxy (74, iT7.
Xouorpacb 6paune 50.
— ocoOuTE Tayxke therose a7
— ~ — nnanere 172,
— yb6p3ama 50.
Llentap cuae 99.
[Huxkaounga 59, 220, 222, 225, 227.
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Ilaya (Joule) 89, 90.
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