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ey nsi

pavemena Martemarmua ofyxeara sa aawac y
TA2BHOME CBE SUBNUKE HAYKE, IAe ce HpHM&ﬂOT\‘I MarTe-
MATHYREAX METOAR # HCTHHA TPETHDAJV OHTAHA OHIITE
DHBAKE H TYMade CBe flojase. 3a TyYMAueme HOjaBa
MeXaHHUYKHMM yspounma, Mexanura Aosasy npsa mo
PeAY, Kao VBOA ¥ IPHMEHY MaTeMATHYKHX MOTOAR 34
TYMauerme SUBNYKMX nojara. Ja cam upsa cBoja npe-
Aarama nodeo Mexapnkom, & Haj CaM HMAO CAVII4-
one, koju cy Mexamnmwy cppuimam, oHAa CaM ApIRao
npeaanama B3 Mexannke r Maremaruune dusure, V
NPUMEIHEHY MATEeMATHRY A0A234 83 sanac Mexanura
nefecka u Pauyn BepoBarnohe, NIPBA Ka0 0AGMAK
obnune Mexaundke, HOjM FOBOPH o LpoBaeMuMa HAPO-
unTe 064acTH, I APYra HAYKa, Rao Merox 34 IpH-
MeHny MAareMaTHHe M TIPOAYIKEeme TYMauelba [1OjaBa
MEXAHRCTHYRY, He CaMo H3 0642CTH CTPOTC PUBMURUX
HO H APYFHX I10jaBa: XeMHjCHNX, OHBHOJAOIIRMX, MO-
paiRuEX ¥ coqujaanux. Hako cam y ckopo mopao otuhn
ca VHHBep3uTeTa, MOJUM €aM YYeRMIHMA CTHIA0 Ho-
pea Mexamure ApPMRATH HperaBama camo ns Marema-
ruure PHINKE, a OCTAJHMZ, HOjM CY ACWIAM Ha Moje
MEGTO, 0CTAje, A3 OBOM RATEADOM OBYXBATE M GCTALE
AHCHHTIANEEe M3 peaune ofaacrd, Hasbane [Iprveme-
rou Maremarnnom,
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da Matemaruury (DPusury wvoike ce ¢ IpaBoM
pehu ia Hema Hyjegnor cpehenor ynpbenuwa jaHac,
Pagpahenu cy NojeAuHE OAS.LIIL, MHOFQ j& LITO 1Ta
ACAMDHYTO ¥ PASHEM MOHOTPAdHjaMa, a RAKO e pus-
HOBPOHY B MHOTOBPOJHK NPOO.AEMA CBAKOTA AaHA YHOCR
v Marenaruuky buzury, jowr he maoro spemena upohu,
AOK ce aohe 1o cpeheHux jeaa, naKBIX HMAaMO Beh
y kaacHURAM yhbenmuuma us Mexanuke.

V oBoMe aeay usneo cam cBoje Jennuje us Me-
xau®ke, UITo cam v roauHu {904, 1905, uw 1906,
Ap#ao Ha Ynusepsurery. Ilpmmepe cam HajHyuuuje
AOARO, PaAM Da3yMeBara TEODH|CROT Aeda, & HaAMe-
pal caM AOUHE]e ¥3 OBO A€40 ja A0AAM joll =26uprY
uspahenux sajaraka, mTo Ay ys cBaky raasy. Ms
0Be ©y KIBEFe US0CTAAH MHOTU 3ajald, KOje caM ca
cBOjuEM hauEMa, UAN ¥ CeMEHADCKNM BembamuMa, Hau
Ha HpelaBaibHMa pajlo,

Osa je Mexanuna pahena N0 KADUTAIHOM gedy
r. . Appell-a, Traité de Mécanique Rationnelle, tome
I u I, uujv cam u pacnopea npeaMera 3aapHao.

Mucaunu, Aa he oBo OUTE AO0BOLHO, Aa VUeHHIL,

uparehn IHpejaBatba 13 Mcexaiske, TolyHe IIpas-
HEHe, Koje ce jaBe, ycael HEMAaa BpeMeda la ce Ha

Yacy TpEbedeke cBe NOjeARHOCTH.
P J

Y Beorpany 1911 roa.

«

Kocta CTojaHOB uh.

YBOO

TyMmadyelbe ¢pHX DUBMYKAX T0jaBa CBOAN ¢C IR
Tpakere HHXOBHR MeXaHMyKuX yspora. IIpodaemn
¢V MCXaHHKe Kperamwa; Habu yspone r1ux kpeTama
u saBlucHOoCT maMehy yspowra (cuae) n KperTama Ko
Ma HaKBe II0jaBe SM3HUKE 3AJATAR je MareMaruuyne
puzuxe. Aa 61 ¢e OBaj 3ai3Tar MOCFIIA0, MODAMO
ce  VIOBHaTH ca OCHOBUMA MexaHuke, u Halhene
HeTHHEe OPHMEHUTH Ha TYMademe TOojaBa MCXaHH4Y-
RUIEM }'BPOIIHMEI.

Mexanmra, ®ojy hy ja npegaBaTs, 30Be ce pa-
HHOHAIHOM HATl AHAAUTHYRKOM 3001 cBOra MeTOAl.
Oua He a0aMpyje HajonmuTHje upiMeHe MeXaHIYKIIX
upuHuMana, Beh caMo OHy uHpuMeHy, Koja ce OAHOCH
ua oapehene ofanke cuaa u cucrema. OBa ce Me-
XaHHKa pasallyje o4 SUSUUKe, KOja Bpeal H 3& CBC
smoryhe cucresme {(4BpeTe, Tedlle, TacOBUTE, MeD.LIBE
U ‘HemephuBe CpeiuHe) H 3a cgae, Omae ore ga-
BIIGHe OA KOOpAMHATA, WAL ys TO jowi 1 o4 Opanda
u moao:kaja rtadara., (Ba ce MexaHHkKa 3oBe H ala-
AHTUYROM, ITTO npobaeMe MeXaHUyKe pPEHIABA AHAI-
BOM, 34 PAZAIRY 04 pPaHIjuX NPHUMEILUBAKA TeoMe-
TPUJCKOT-CHHTETHUKOT MeTO A _

MexaHnka Kao HavKa CHOpallwer jé [opeRda.
Mo Here mene TeopeMe Ouse Cy lOSHAte Y HpIMEI

NPAMEREHA MATEMATHES — MEXANHKA 1



2 KOGTA CTOJAHOBUER

0A HajiaBHujux sBpemeHa. 04 ApXUMEAd NOUYUHE CTa-
THKa, TPOHAIACKOM MOAYTe I XHAPOCTATIKA, HAadake-
BEeM O0AHOCa wsMehy mpaBe M u3ryb.pbeHe TeH{IHe
Teda y TeunoctuMa. llocae oBuX Teopema HaheHe ¢y
AOURHJC H ADYTE, KA0 IWITO €Y CTABOBUM O CJAAl'alky H
pazaaraiby Op3uHA M €Uda, A1l ¢Be To Hije HH U3
A2JCKA CAYHILABAAO HUKAKAB CICTOM HAaYYIIIL

0a Taauaeja, orkpuhem sarona caoboinor ma-

Aaba Teld M Hadakelba Hperama II0 CTPMOj pab-
OUHH; XajeHCOBHM HadaskcemeM Opaulle I yopsamba
KOA KPY:INX KpeTamad H Henieporum HazaRemeM
B3AKOHA [AAHCTAPHOT KPeTalhba, NMPUIPEeM.LeHO jé MaTe-
pujaia Aa tbyTtn nahe rpaBuranujy, kao yspok OmUITH
CBUM& KPeTAILHMa BIALUBUX CHCTEMa , y KOCMOCY
H yTBPAM OCIOBHY JeAHAUHHY AUHAMIIEE O OAHOCY
cuae, yopsawa n Mace. Ao ome je jeanaunne byt
AOIIA0 HCTaKRIYB TPI NPULILIIA MEXAHINUKA H3 TIpPO-
MATPAGA : NPUHNHT AKITHjC [ DeaKlUje, He3aBHCHOCT
ePEKATA CILIe 04 MUPOBAKA HAN KDETala {IPHHIUI
pedarTuBuTeTa) W NMPUHIOMI JeBHBOCTH, Koji je I'a-
ALLjO jolI yO4HoO.

Bepayn.pu je y npunommy supryeiumx OpsuHA
34CHOBAO OCHOBe craruke, a [’Alembert y cBome
HPUHIHILy OCHOBE ANHAMHUKE. ¥ O0B& ABa lPHHIINA,
HAPDOYUTO ¥ HOCACAIBEM, KOjHM je AUHAMHKa CBeJelia
Ha CTATHKY, Hala3¢ C€ OCHOBH aHAJHTHYKEC MOXAHHKO,
jep oy TH mpumMmE ofyxpahemn analMTAYRHM H3-
pasuma, uz Kojux je .Jarpamk u c¢TBOpPHO anau-
THYKY MEXAHUKY.

¥ nouornnu upomaora croacha je Majep y npun-
LHIYy 0AHOCA Paja MEeXaHW4KOT M TOILAOTE cardelac
[OpEMeny jeAHOr HOBOT W 3HAYAJHOI' ONIITEr IpHH-
IUOa, ROJH je pasrpalar U IPOIIHPEH y NPHHIHI
KOHCEPBallUje eHepruje 0 IPOKIAMOBAO ra Kao OMIITH

TPHMEBERSA MATEMATUKA 3

3a cpe rojase. OBum IOBUM oTkpuhieM, ¥3 padmuje mo-

lZ%HEl-Te HHTCerpa.e Opee: o KperalLy TeXRHIITA 11T MO-

MeHTIMa BEATYNHE KpeTama, A0iao je u Ttpehu npeu
nurerpad, Kao Noc.aeAlnna HOBe TeopeMe, MTO je oaak-
UIA10 PeINARaAKhe  ANHAMIMKNY jeAHAUIHA,

Y yBOAy ce He MOrY HOCHOMEHYTH BHAMAjIH Da-
Aopi XaMuaroHa u Jarodija, KojH ¢y A0BeaIl ¥ Besy
Jarpamxobe jesnamine ca MapIBjadniM Audepent -
jaaHuM jeiHawHaMa I peloaBalhe npodaeMa Mexa-
HUYKUX CBCAH HA PCLIABAILE NAPLITAIHIX jeilaqlida,
dlje AlPepennujabere Aaje jeAHaqnHe xperama. [[
AKO je OBO 4YHCTO ®opMa.dla CcTPaHa MEXaHllKe, 07
BEAMKOD j€ 3HAYaja TOMCHYTO MO METOA TheH 0 Kpy-
HICAHO }J¢ ¢Be BedlKIM OTKDHhuMa Ha no.by Ha Beher
OrpaHKa MeXaHlke -— y HeOeCKOj] MeXammmnmn,

3a mojare cMaTpaHe YKYIHO, KA0 GAaCTABII A0
HE.HHe y BACLOHU, Hahjelle TeopeMe UMajy sHauaja.
Axo ce uojase mocmatpajy v oapcheHoMm Bpemelry i
LPOCTOPY HIOXOB Ce 3Hauaj 1ydm o upnMena je omn-
IUTUX MEXSHHUYKNX TeoDeMa OIPAHHYeHA a PCUIABAIGHE
je Mexannukux npodaeMa J0BEACHO Yy Be3y ¢a MOryh-
HOrthy peHiera CHMYATANIN AUSEDEHIMjalHHX jeAHa-
YnHa, Oes KopHIThema MKAKBHM UPBUM HUTErpAa.lIMa
3aAaTaKa.

Hoprm nojaBaya pailloakTUBHMM, KA0 Ad je KOH-
CTATOBAHA ANCONMjALNMja MaCE, OHOI' HajBAMHIjel dl-
HUON& ¥ OCHOBHO] AUHAMIMKO] jeaHaunHH. TeopujaMa
0 EJeKTPUUITETY HAE C€& Ha TO: A& C€ Maca U3PA3H
KA0 KOHAE30BAHA €1eKTPO-MATHETCKA eHeprilja, LITo
TAKOhe yruue HA IIPOMEH.LIBOCT TOT YHHHOHIA H MCH:A
OCHOBE CTape MeXaHIKe.

Hamenama ocuopunx xoamnuita y Ibyrnosoj je-
AHAYHIN 0AHOCA Mace, Cllie U yopaama, uperplehe

NUBMEHE M IIPHHIOHIIN MCXAHUKE, adld TO je 3a ¢cajda H
1%



4 KOOTA GTOJAHOBMTR

CYRIIIE DAN0 U MM ce caMo OrpAHNYABAMO Ha TOp-
BOj HamoMenu. Mnmnsema ©cMO A4 e H3MEHA Te
OCHORHE jeAHAUMHEe, 3aMCHA MACE eHePrujoM, Koja ce
TPAHCDOPMUILE, VHOLlemeM Op3uHe nopej yOpsama
y 1I3pa3 3a cUAY MW ADYTMM 1I3MEHaMa, YHHC HYiHHe
TpagceOpPMAanMje 3a pasyMeBame lojapa IM3010BAHNX
u aa he sa nojape, cmarpane Kao AeJoBe BelIKC
[EeAHHE, TPUINHIY MEeXAHUKe OUIITe OCTATH CTAIHIL

KPATKA MCTOPUJA MEXAHUKE

——————

L.

O mparoj MeXaHUlll, KA0 HAYIUI, MOKe OUTI
peun Tek oA Apxmmesa (287-—212 npe Xpuera) ¥
orkpuhy sakoma o moaysn, nahed je OCHOBIE 0AHOC
usmehy cuaa # HBUXOBRHX ederara 3a crarHuke [10-
jase, mahen sarom omurtu, Koju ce na Hesdpoj upo-
Mena M TojaBa MeXaHMYyKHX A8 TMPUMEHHTH I OUTH
AOBOLAH 33 MHOTA TyMayelha YHCTO MEXAHICTIVEA.
Panje Meraenanuke chekyaaiije, 04 JOHCHUX ®li-
J10cod%a, NpeKe ApIcroreda A0 ApXuMeaa, OplmpeMe
Cy Ad ¢€ alCTPARIMJOM CHENHjaaHIIX cAy9ajeBa, Tpo-
HIKHC § OAHOCE Y3pPOKA M MOCJACANIA MeXaHHYKHIX
nojaBa, Aa ce HPHHIIIIOM Kaysadurera nHahy Hoan-
YnHe Meép.LuBe, Koje oapelyjy Mexammure mojame,
H3 OBHX 0APEA€ IIPABH 3aKOHH MEXaHHKe, IITO je
HCOCHOPHUM YCHeXOM HKPyunHCamo rTex y Apximeay.

0Oa Apxumeaa 10 Jeonapira sa Buovuma (1452—
1519) uMamMo MarJoBHTO, CKOAHCTHYRO, MHCTIMKO 4002
HayHKe, ¥ KOM c€ HHjeiHa TEHOBHHA HE MO#Ee obe-
AeRATH y Hawoj naymu, Manycrpunrti JeorapAnjesu
cajpHe He caMo maropemraje, seh n mpana orkpha:
npalerorpaMa cilda, 0OAHOca GpauHe NpeMa yOpsamy,
OCHOBA AUHAMUYKHX je AHAYNHA, TPUHIMI BHPTYEAHHX
Op3HHA, IKHBE cUAe U paja um Apyro, 4IMe je oa



6 KOCTA CTOJAHOBHR

Jdeonapaa a0 aawamber Bpemena, odorahena Mexa-
mnxa. HajHoBmja orkpoha Jokasada cy, aa ey py-
romneH Jeonapanjeru Guan NO3HATH CABpEMEHUI[IIMA,
Aa Cy OHIF Y bIIMa HAJa3ILIl LHOCTHIAJC 3a CROjC
pajoBe, 4ecro Il He IOMIbyhul I3BOpe 113 KOjUX Y
to 1pnesn (Leonard de Vinci, Duhem).

Beanra otipuha ma 10.by MCXaHIKe LOYHBY v
16-oM meny. ‘04 omora BpeMema A0 JaHac Hala je
HAyRa TPOILIA KDO3 pasHe ¢ase, M Mu heMmo y moje-
AIHHM 0A€.LUUMA, TOBOPChl O ANTCPATYDH, HAIOMC-
HVTI, KOja Cy AeAd BAMKHA I Kaj Cy CBOTA VIMeAdda.

Y oBOM hy yBOAy USIIETH caMO HajKaNNTAAHI]A
ACAQ, RHXOBE HACAOBE, BPEME H3AAILA Il KPATKE HA-
HOMEeHe OIIoTa IIITO CaApIKe,

I

Homeprmg (1473-—1543) cpojum ac.om De revolu-
tionibus orbium coelestium, libri VI, roje je usamnio
1543 roamHe, yinocit HoBe mOTJdeje HA nmojare Kpe-
Takba Tela y HAICM CHCTCMY CYHUMIOM [ CTBApa
HOB TepUOA HL HOMLY eIr3aKTHIX, ®IBIUKIX HAVEHL.
Oamax sa M Laamaeo-T'armaejm (1564—1642) y aeay:
Dialogi supra i due massimi sistemi dell mondo, Pio-
lomaico et Copernico (1632), B60r Kora je ocyhen oa
HHEBHBMULje, A0AUpPYyje OCHOBHE NDHHLINE Moaepue
AUIIaMIKe. ¥ KDEeTamy 1e4a 10 CTPMOj PABHIHHE, CAO0-
00AHOM Hapasby Teda M IIETAANIUT jACHO Cy HOTAK-
HyTH OCHOBIl AQHAIDEBUX IIOJMOBA ! O TEHIIITY, CHAIL,
Opaumn, yOP3aHy, 3ABHCHOCTH MOjaABA MEXAHUYKIIX 04
clda, Rao y3poKa IIpoMeHaMa 11 BPeMeHA y KOMe (e
nmojase gorahajy. lHomenyro seao za aumaMury je mo
BIAYA]Y JEAHAKO ca APXHMeAOBUM oTHpuheMm 3akoHa
noayre sa crarury. Hemaep (1571-—1630) y seay: Harmo-
nica mundi libri V it de figurarum regularium (1649) ca

HPUMEILEHA MATEMATHEA 7

orkpulieM cRoja TpH TMOBHATA 3AKOIA, IIBBEACHA HA
oCHOBY olaskama Tnxa aAe Dpaxea, nacaamwajyhn ce
Ha HoMepnukos cIeTeM, HAIIAO je BasRaH 3aK0H AHII-
MITUIET, TOBHAT 110 UMCHOM HPIHINIHA O OBPIIITHAMA.

Cunreza cBHX pajsosa o4 Roueprnora g0 Kemaepa
wsepmena je Ibyrmom (1642—1727) y acay: Frincipia
mathematica philosophiae. naturalis (1687). Y opom
je Aeay H3HETa IPABHTAIM]A, KAO Y3POK KDOTAEHMAL
HeQeCKUX Teaa, U 0AlocoM H3Mehy cuae I yOpsama
IOCTAB.LEHE CY NMpBe JAUMHAMIUYKE jeAHaulIIC 33 Kpe-
Tame Tedda. Pamnnja orkpuha, cnenujadso 3 crarike
I AHHAMHKE, CHCTeMATHCAHA Oy, U IPHMCHOM CIIHTEe-
THYKOT MeA0Ad MATEMATHYKOr, YHET je HOB MCTOA 3
TpeTHpalhe MHralnd MeXannakinx, Ilpuemim neepinje,
aKldje M Deakdije, paHuj¢ Haropemrenn y lajunaea
I ®IAQCOPA, MOCAVIHAN €Y K0 110440Ta 34 podujame
OCHOBHHX jeaiHaduHa MeXanuvkux., (04 caBpCMCHIIKA
bytnopux suauajnu cy: Xajeme (1620—1695) u Jopau
Bepaysm (1667—1748). Ilocaeimu ce cTAKA0 Kao
HAj3HATHHjM NPEACTABHIK HoBe IbyTHOBe ImkoJe. ¥
aeay: Traité d’hydrauliqgue u de Brachistochrone ncrak-
HyTa j& BaitHOCT MPHONMIA BHPTYeAHNX OpsuHA, Ha
OcHOBY Kor he ce Malo AouHije ULITABA MeXAHHHA
Aa useeje: lpeu je, Xajeue, v peay: De motu pen-
dulorum ad horologia adapto uan Horologium oscilla-
torium (1673) #3H€0 OCHOBHEG UPHHIHENE AHHAMUKE I
nmopea Taanaea u Ibyrua thopail je obe mayke,

Ileo ocaMnaecTn Bek je paspahubao mirrama Me-
Xanmuyka Ha ocHOBY HaheHHX npHHOMIA MCXaHIY-
EMX y 16-oM 1 17-oM BCHY, II YHEO UPUMCHY HOBOT
AHAANTHYKOT METOAA HA MECTO paHujer rcomerpir-
cEOr, cHATeTHYKOT. OBaj je BeK sHAUAjal PUMEHOM
ANPEPCHIMjaAHOl pavuyna y Mexamuni. Onle moMubLeM
Ha TPBOM MecTy A’Aaamﬁeﬁ-a (1717—1783), koju je
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v aeay: Traité de dynamique (1743}, cBOjuUM TpIH-
UHTIOM ANHAMIIKY CBCO Ha CTATHRY, I ¥ KOMe je upse
NpEMeHe HHPEHTIZIMHAIHOT PAYyHA H3BEO 32 HUTAGA
kperama. CaspeMenuiys werosn: Ajaep (1707 —1783)
i Jarpamm (1736—1813) mpoayiwuaw oy sanoucru
nocao A’AaamSepon, HPBR BUNIE Y YIICTO $OPMAAHOM
CMHGAY NPIUMOHS MATEMATINREX. MeTOAD ¥ i@ﬁy Traité
complet de mécanigue (1741), a ApyI'H je oTHLIAG MIIOTO
Aabe H V- cBojoj Mexaumuu: Mécanique analytique
{1787) HE caMo {lUTO j& YHEO CaelAHIU]Y1Y MOTOAE
MatemarTuure, Beh uapeo jeamncrso mHsMehy nojeair-
HUX oACHAaKa MCXaHIKG, CBO})BH:)OM CBHX MCXAHITHEHEX
npodJdesa Ha OCHOBHI UPHHUHI BHPTYeAHUX Opsuua.
Opae ce Mopa NoMenyTH i Jamaae {1749--1827), rojn
je v Aeanma: Traité de mécanique céleste (1799) u
Exposition du systéme du wmonde [1796) wmacrasuo
samodeTd Hocao Jarpan:os u cnereMy fbyraosom
A80 o0aME, v KOME Ta Ml jaHac¢ TO3HAjeMO.

He mMomeMo HpoiVIOTATH Aa 0BAC He IIOMCHEMO
HEKOJAMKO MMEHA, Koja €y HCTOBPEMCHO Kao ¢I10-
COPH H MATeMATHYAPH MHOTO AOTPEHEAN passuhy
daiue rayre, Bakom Bepyaameru (1561 —1626) y aeay:
Nevum organum (1620) u De dignitate ectaugmentis
Scientiarum (1605); Jexapr {1596—1650) y Aeay: Di-
scours de la mdthode; Jaj6mmn (1646— 1716} y acay:
Théorie du mouvement abstrait u aeay Théorie du
mouvement concret (1670}, Théodicée (1710) u Monado-
logie (1714); Hamr (1724—1804) y peanma o WuBoj
CHAN H MEXAHHOTHYKOM TYMAYEILY IOCTANKAa BaCl-
cror cumeTeMa {1746 u 1755), rao 1 peay: Kriitk der
reinen Vernuft (1781) — 3HauYajHU Cy 3a OCHOBHE HpPHH-
HIe MEXAHHYKEe, 3& OAHOCE y3POKA OHUINUKHX TIPCMA
HPOMEHAMA , 3a NPUHOUI KORTHHYHTeTa, HHepmHje,
ARpMje u peaxiuje, 3a IojMOBE 0 MHBO] ¢UHAY, paAy?
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BUDTYVCAHHM HDETABRMA H ADYIHM CAeMOCHTHMA, KO-

juma je MoAepHa MeXanuka oforaheHa Ha padyH crape

TEPMUIIOAOTH] & CKOAACTHUKE.

L

[fpoman je 19-1m pex 6uo sWaUajam Lumle 0o
OTKPUhUMA BHAYAJHUX MeT0oAd 34 DEeLIABARE NHTLEmE
MeXAUPYKEX, HO HITO O Bpeaad OO cHOMEHA 3a Ka-
HBe HOBC IPHHITHIIS. AUaUTHYRE M CHHTETHIKI Me-
rtoai ey jaxo yeaspmenn. JakoOm {1804—1851), Taye
(1777-~1895), Tloacon, Hoeuco, Xamuaron uw Apyrum
MHOTH HADOYHETO Ce€ HCTHYY HpAMeHOM HOBIUX $YHK-
][ilija CAHNITHYKRUX 34 pPeliicka NMUuTama H3 MeXallike,
xoja je 18-Tm BeK OCTABHO HEcBpUIeuHd. SHawajHa je
TEROBIHA TPOLIAOra BEKA ¥ BE3H TeOMOTPH]e 1 Me-
faHIKe, IITO je c¢Be HOKYILCHO ¥ KJAACHIKOM Jedy

lapdya {Théorie dessurfaces), Ha kojc hemo ce ye-

mthe nosuratr, Homa ¢uMpoJuctnka, TeopHja BeH-
TOpa, CHCTCOMATCKH jo 3Hera Y Aedy Hamilton-a
(1805—1865), Lecture of Quaternion (1852) 1t aeay:
Elements of Quaternion (1865}, 1 nocay:mmaa je sa opu-
MEeHY MeXampuKe KojA TYMadeka llojaBa ousmgxiux. Ma-
TeMaTUUKa dusura o4 Houma, Xeamxoamna, ToMcoHa,
Hoenrapea, Maxcseaa, Pumana, Xepma u Apyras,
Koja ¢G MOMe CcMaTpaTH Kao HapoulTH oAehak Me-
Xannke, Hajsme je obpalupana y upoillome BEKY.
Oaenar je mexanmke i HeOecKa MeXaHHKA, Koja jeo
nporpecoM MaTeMaTdiKHX MeToaa Vv 19-oM Beky,
SHATHO HalpPeaoBata. HAR0O ce ¥y OBOM Aeay 3aAp-
MABAMO ©caM0 Ha& OCHOBHMA MeXaHuKe: CTATHIH M
ANHAMMIIE, TO ¢aM 3a HY:KHO HAIIAO Y YROAY 1LIOMe-
HYTH CAMO oOHA -1Hma W3 TPoHIMIX BEKOBRa, Koja CY
HA THM TaprTajamMa capabupail 1 OBY HAYKY BaAy-
JKILAY BEAHKHM OTKpuhuMa.
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Hoa ¢Baxe mocelme MNapTHjE ¥ MEXaHIINT IoMe-
EvheMo DOTAaBHTO HOBHje PaieHIKe U3 UPOHLIOL X1
AdHanGhel BEKA, H © TOTA ce HA oBOMeE oBie mehy
Blinre HE 2aApmanary. He MoreMo oBaj ¥BOA SARPIUITI
Ges HATIOMEeHE A& 6Y CBH 3HAYAJHII PAAOBI 113 MCXAHHEE
HBAIIAHA Y BEAHKHM YacOMICHMA CBeTCKUM 1T N3ia-
BEMa HajBamERjuX amnajemuja uayunux, Yaconweu
Cy, 04 HOJHX MHOTH ¥ AQHAG 343, H&jFHAUajHU)I
ovn: Mathemalische Annalen Clebseh und Neumann
{Leipzigl, aonmuje Neumamn a caa Klein, Duck n
Mayer; Journal Crelles {Bepaun). Bulletin des Sciences
mathémaiique; Noucvelles annales de mathématique;
Journale de U'école polytéchnique; Journat de Lionville,
oepit usaaze y llapusy. Acta mathématica, Crorzoaw
u [lapus. Rendiconti del Circolo Malematico  (Pa-
lermoi. Philosophical Magazine, Natural Philosophy
B APYU'H, KOje heMo ¥y ¢aMOM A@AY LOMEHYTIL

Muoro6pojae MoHOIpad®H]e, HE CANO U3 YHCTC Mi-
TEMATHAKEe, Beh H ocTA WX ALA0BA MATeMATHKC, CBIX
HWeHUX Tpana: TeopM{CHUX I MPUMCILENHY, HAUIAN ¢V
cpehaBaikbe ¥ BEANKIN HHTEDHAIIHONALHEN UBAAWMA,
KOoja 13a2a3¢ 3a AaHaC No4 HAcAoBoM: Encyklopedie
der Mathematischen Wissenschaften. Oro Ae.ao niaiani

JEAHORDEMEHO M Ha ¢PAHIYCHOM jeSMKY HOA HACAO-

BoM : EnoyRlopédie des sciences mathématliques pures
el appliquées. Ilydamnopamen PYRYjy arajieMije Ha-
yrat y- Pemmwreny, Jajunmury, Musxeny w Beuy, a
CAPAAHAIM Oy HOJEAUHNX 0AL.LAKA HAJYYBEHMjA HMCHA
AaHanimera speMena. Y orpoMHOM moaysely, 11oa Ha-
caorom Die Kultur der Gegenwart, y oaesry 2a Ipi-
POAHE HAVKE A870 j6 BamHO MeCro MeXaHuwl {oge-
Bbar [11}. Hayuna Gudaorexa, KOja H3AASK & SPAl-
HUYCHKOM H HoMadMRoM WoA Hacaopowm: Bibliithigue de
Philosophie Sctentifigue nan Wissenschaft und Hypo-
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these 3HauajHa je =2a OUAOCO®H]Y MeXaHKKEe, HWEHY
WOTOPH]Y H MOACPIA PAEAWIUTA HA UPHHUNIE H OA-
Hoce MeXaHHKe HpeMa Apyrum Haykama, 04 yubeHuka,
nopea Acaa AlfeioBor, koje caM TOMEHYO B ADYIEX,
xoje hy mamecTH, NMOMHIEM 3HATHY B0UPRY yuOeHHKa
MATeMATHIKHX, [A€ j© HATOBEIITeHO H3lapame yypode-
EUKA HS MeXaHnKe, Koja 3/as¥ MOA HACAOBOM Sam-
mlung Schubert, mathematische Lehrbicher.
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raABA L
1. Teoprja BexTOpA

§ 1. Jleo mpaBe A, B, Wro nMa cBOj MMOYCTAR
A, n cppuierak B, 30Be ce pexrop, MAN reoMerplj-
CRA KOJATIUIIHA,

Bexrop je oapehen: 1) mouerxom A, mro ce

" 30Be 1I HATAAHA TadKa; 2) [paBleM, KOJH je Aa¥r

npasom A, B ; 3) cMIcA0M, KOJII CTpeAlIa y3 BOKTOD
pbeacskana 1 oapehvje ce o0uiHO nyTeM Kperamwa
KAKRC MaTepijaaiHe Tauke 1 4) BEAHYHHOM KOja je
aata AysRiHoM A B 7 B,

AHaAOTHIKHE je BEH- /
rop oApehen KoopauHaTu-
Ma radra A, w By oman

ROOPANHATAMA TOYeTRa A |

1 npojexmijava X, Y, Z
Avisine A, B,

AKo ¢y x, y, 2, Ko-

opaAltHaTEe nouerka A, a

', KOOpAMHATE 'Ta-

uke B,, wpojexumje cy A, B X, Y, Z:

X =x' —x, Y, =4, — ¥, Ejzz'l—-zl.

§{ 2). Porayuja oxo uasecHe ocosume: AKo ce 3a

Y

! +
x' oy z

. L
nocMarpaua, Kojn Jelku y NpaBOy OCOBHHE Z'Z ca
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HoraMa y Z', tauka M oOphe oko ocopnne Z'Z raxo
A3 HAe © JeBa y AecHO, Taj ce cMHcao obprama
30Be MOZUTHBAH H IPEACTAR.DLA ce CTpe-
/ M AmoM HA  OCOBIIIL, ADYFIL Je CMHCAO

¢ - © AeCHA y J1CBO HETATHBAH.

b § 3. Mosenar odHoCHo HeKe Tawwe.
MoMenar je jeanora serropa P, (A, P

Z oanocHO Tauke B wexrop B (| mouctRa

1. 2. B. Momenar uma peanunny P, d, d je

oAcrojame peKrTopa P oaradre B,
opapai My j¢ ynpapan Ha pabBaH
B A, P ; cumicao Takan, Aa ce Tau-
ra wkoja ude us A,y P, obphe
oko B, y HO3UTIBHOM CMICAY.
Beanuuna je oMeHTa ABO-
CTPYKA MOBPUIIIIX TPoyraa BMP,. s
Momenar ce He Merba Ka) €€ BeK- Ca. 3.
top noMepit ¥y mpasny A, P, man taura By mpas-
ny BG,.

4. Momenar odHoCHo jedHe ocosuUne. AKO H
H3BCCHO] ocosuHI D ofede:xnMo NosnTHBAH NpaBall,
MoMeHnar je Bekropa P, 0AHOCHO 'Té OCOBHHE, adle-
HGapcRra BPEAHOCT Hpojexulje MoMmeHra P, oAHOCHD
jeAHe Tauke Ha TOj OCOBIHIL

OBO ¢eC A0KasYje aKO ce AOKamke A3 jé BpelHocy
moMenra P HesaBlCHa 0A TAuke [a OCOBIHIL

MosyiniMo kpos B, ynpaeny pasar Il wa oco-
puny D ©n Hera je a, p, upojermmja Bewropa A, Dy
ua pasan II. Momeuar je P, oanocro B, B G 1be-
rora je mpojernuja Ha D, Bg . Yrao je nsmehy pan-
HuHa A BP, u a Bp, yrao mWIXOBUX HODMata I 113
AHAALNTHUKC l'eOMeTPIje 3HAMO 3a 0ANOC:

2 noep. a, Bp, = 2Lnosp. A, BP, cos G, By,
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Momenar je B G, = 2 mosp. 4, B P,; upojernija
oA B G, va D,Bg, = 2 nonp. a,Bp, {oBo je HesarlcHO
04 Uoaoskaja B Ha ocosinu D,

Axd je d majrpake oacrojame Bexropa P A, 01
oconutie D, & ce mpojertyje y upasoj rpeanocru Ha f1.
p, = P, sin@ u momenar M je:

M=c=+p d=LP dsinb - -1

+4- je ®ap HEKO Teao Iide TO BEKTOpy A P, u obphe
ce 0KO D y MOBITUBHOM CMHCJAy, WHAYUE je —-.

Axo Ha D yamemo cermenar BP, u ca vol (P, B}
OBHAMIMO 3AUPEMUHY TeTPaeApa, 4Hje Cy HBIUme Cy-
nporaec A P, u BP, u upea wmuM CTapiMO 3HAK 0=
AMTHRAH HMAM HOTATHBAH, TPEMa TOMC Aa Al GG TpI
kperamy jeane rauke mo P owan P, 04 moyerka Ka
kpajy Tux Bekropa olplie 0RO Apyror peKTopa y Mo-
AUTHBHOM AN HETATHBHOM €MIICAY, MoMeHaT je 0a P!

P,P
9)?=:I:6v01(—}'3i)

§ 5. MomeHTHI ABA BCKTOD® P n P, sore ce ko-

amymna 6 vol (P P,).

<
HPEMEBENA MATEMATIHEA — MEXABNERA 2,



i8 KOCTA CTOJAHOBHER

N i s
AKO ¢y ¥, ¥, Z, KOOpPAHHATe Tauke 4 X Y Z
npojekndje P, u axko oledeiRUMO ca:

L=y Z—z27Y, l\fl=ZIX1-—xl Zn Nl =x,Y, ——gIXl

a ca X, Y, Z oberemuMo koopauHaTe tradke B 1w ca
X, Y, Z, upojeruuje serropa P,, a ca L, M, N, canune
uspase uspasuma L M N, umahemo:

xl yl ‘ z‘l 1
xl Xl yl Yl zl Zl 1
6 vol (P, P,] = — + T T
x2 gz 22 1 |
x'l + A’Z y2 + Y2 z2 +Zﬂ. 1
AR

6vol (P P)=L X,4-M Y,+N,Z,4+L)X +M,Y +N,Z,

36or oaHoca:
LX 4MY 4+NZ =0 u L,X,+MY,+N,Z —o
nMahemo:

6vol (P, P,)=(L, 4 L,) (X, + X,) + (M, + M,)

Y, +Y,)+ N+ N,) (Z,+2,)- -1

§ 6. Amaauruuru uspasu sa momenre. Hera je
Aata ocoBiHa D=0'0" ca noanTuBHEM pasmem oa 0'
ka 0"; Heka cy KoopanHaTe Tauaka (' x' y' 2", 0" x" y'z'
npojeknmje 0'0" cy X,Y,Z, (oBaje 0'0" = P,).

Mpojexnuje Bertopa 0" 0" u koauuune L, M, N, cy:

x”'—‘x', g”“_y‘, zIl_-_‘z!; yl zn_z! y”, Z'x“-—.?C'Z”) x!ylr_y!x!r

Momenar je mewropa P, oasocmo ocobude D

GVOI(P—'PJ_)
P

2
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1T .

(xn _xl) Ll + (yu — y?) lw] + (er —_— zr) N! +
9)’: — +(y’2“—zlyn)xYl+(Z'x”—'z_”x’) Y1+(x¢yll_yrxn}zl

Ve =+l =y + (=27

Oaapae ce Mory poGura mpojernumje merropa I,
Ha ocosunu 0Z, 0X, 0Y. 3a ocy 0Z ce ao0uje maa
ce craBi: ¥ =y' =z =x"=y"=0 2"'=1, momo-
HaT je oHAX N, 3a 0Y u O0X ey M, u L.

Mowmenar je Bewropa P, oanocno 0, 0G, sewrrop
4quje cy npojernije N M, L,

AKo ce 3a jOyeTaK KOOPAMHATHOT cHeTeMa Ha
mecto 0 yame raura (' uhje ¢y koopAmHATe X ¥z,

| Koopamuarte c¢y Tauke A caa (x, —x'), {y, —y'),

(z, —2'); mpojernuje cy Bewtopa P, mere X Y, Z,
MOMEHTH OAHOCHO HOBUX O¢A Cy:

L'=ly,—~y)2,—@ —2)F ara - -2

1

Momenar je 0'G," Bextopa P, oanocno ' BerTOp
npojernuje L', M', N "
Hs 2) umao:

L'=L —yZ —2Y)nr a

Ipumeoba. Awvo cy X, Y Z L M N, npousposbue
KOAHMHHE H V3 bIX HOCTOjH 0AHOC:

LIX1+M1Y1—|—NlZl:O.'3)
Jeanaaune ;
Li=yZ —zY,, M =2X —xZ N =xY —yX,

[xyz ¢y KOOpAUHATE NPOUSBO.EHE) IPEACTABLAJY MPABY
D, jep ce sGor 3) ¢Boae Ha ABe jeaHaumHe. AKo Ha
D ysMeMO NpPOU3BOLHY TAYKY A = BeKTOP IOYETHA
A,, P, uma 3a npojernmje X Y, Z u meros je Mome-
HaT OAHOCHO KOOPAMHATHUX ocopuHa L M N,

Q%
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II. CHCcTeMH BEETODa

§ 7. AKo IMaMO BHIIE BEKTOpA, WTO Cé c%\lmy
-y jeaHy tadry A; na kpos P, uosydemo npasy P Q,
P jeAnary 1 mapaseany ca P,
Kpo3 §, mpasy @, Q, jeaHary
u mapaaseany ca Py ur A, mo-
auron AP @, ..Q 1szose ce no-
AUTOH TI'€OMETPHJCKIX BCAUTI-
Ha. Benrop AQ, je cyma reo-
METPHjCKA LA PE3yATANTA Aa-
THX BeKTopa P P, . P 1 ogo

ce odecdesana ica:

'Peayaranta R He 3apncn oa peAa KOjHM CMO
paanan,

Aro ¢y X Y Z X Y Z npojermije BekTopa
P P,.. P omaa cy nmpojeruije peayasrtanre RX Y Z onc:
X=X4+X+ - +X=XX,Y=XY,Z2=2XZ -2

OBakKo cC HCTO CGAQRY I MOMEHTII,

Aro ca xyz obeaemnMo KoopiuHaTe Tauke A,

MoMeHaT je BewkTopa P, (X, Y, Z)) oaHnocHO ocoBune
Kpos 0

Lo=yZ —2Y,, M,=2zX —=xZ N, =xY —yX
Mouenar je pesyaranre R:
L=yZ—2Y M=zX—xZ, N=xY—yX
HAHK

L=L,+L,+..L M=3XIM N=23N,

Hpojexmija pesyaranre na I3BECHY OCY je jeiHAaKa
CYMH TPOjERnje KOMIOHCHATA, MOMEHAT Pe3yiTaHTe
Je JejHar cyMmit MoMeHATa KoduoHenarta (Varignon).
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Ho oBoj ce TeopeMIl MOMe BPIIUTI PAIAATAILE
BEKTOPA HA KOMIOHEHTe I TO 10 NapalelorpaMy Ha
ABA BEKTOpA ¥ PaBII I 110 Mapadedonuueiy Ha TpH
BEKTOpPA Y IPOCTOPY.

' § 8. Cucrem Ma nawsux sexropa. Arxo ¢y aatn
pexTopnn P P, . P unjn cy mowerm y A A, A 1
pajsu caarama  (zadepeMo TpONZBOLHY Tauwy 0 y
npocropy umaheMo:

1). Ba omuury BUXOBY Ca
pesy.aradry sexrop OR ro- 0L g
jiI je peaydaraHTa BeKTopa 7
opP' 0P, .. OP' xoju cy @
jeAHAKI U Iapa.deqaHl 3a 4,

3AJATHM BEKTODHMA.

2). 3a MOMEHAT 0A-
HOCHO Ta4xe ( pesy.1TanTy
0G momenara 0G|, 0G,..0G,
AATHX MOMEHATa BeKTOpAa
P, P,..P,. ‘

AKo ce y Meoro Ta-
ake () ysMe Tauxra 0, pe-
gyaranta OF ocTaje méTa
O jaupml 1 Tparny, Mo-
MenaT ce (G mMema (01 ¢& He MeH.a ¢aMO aKo je
0' na OR).

Haa je mouerar y 0 U X, y, 2z, ¢y HKOOPAHHATE
A, X, Y Z npojeruuje P, L M N, npojernnje Mo-
smenra P,; upojexnuje cy X YZ, L MN pesyaTanre
OR u Bekropa 0G:

X=2XX, Y=2XY Z=2ZXZ
L=3XL M=23M N=Z3N,

Ca. 6.

Aro yamemo raury 0' upje ¢y Koopaunare x'y'z'
HAITAH ¢MO Aa Cy:
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L' =L, —{yZ —2Y) nr A

Axo ca X'Y' Z' u L'M'N' obeaemuMo Ipojek-
unje o O'R' u 0G' -umMahenmo:

X=XX,=X, Y=Y, Z=1Z
L'=ZXIL''=L—(y'Z—17'Y), canuno sa M u N’

Tlocaeame jeaHaunne kasyjy Aa je Momenar 0'G,
oanocHo (' Bertopa P, P,.. P, reoMerpujcka cyma
pesyaryjyher MoMeHta oamocio 0 0 MOMEHTa OAHO-
cHo 0' pesyarante OR.

§ 9. Memame peayaradTe U MOMEHATA ; HHBADI-
jarTe; HeOTpadHA OCOBHHA.

Aro ce Taura 0', mpeMa Kojoj ce Ha4azH MOMe-
HAT, Ha4as1 Ha peayaranti OR oHaa je G == G', unaie
nocrojn oaHoC 3a 0' oBaj:

R'G' cosR'G=L'X4+MY +NZ . - 1)
B ITpojekuuia je pesyaryjvher MoMeH-
g T® Ma mpapan pe3yATANTe CTaAHA.
desa je cTpada cTajHA WITO €& BHAI
kaa ce Y' Z'X' 1ot A0 saMeHe ©BOJHM

Ca. 7. BpeAHocTIiMa. Jlocae saMene 1MaMo:

C'cos R'G = ’

GeosRG =

LY + MY + NZ
R

’
13 oBora ms3.aa3i: HezaBUCHO 04 110YETHA KOoOopH

AHHATHOI CHCTEMA OBM CY W3PA3IL:
X*+ ¥+ 2 n LX+ MY NZ

UHGAPUJAHTHU.

lizpag LX 4 MY + NZ soBe ce reoMerpijekil upo-
M3BOJ PeSYATAHTE U MOMCHATA peayaryjyher, a 0Baxo
ce SOBy IIpOHvaBO,{]'[/I ABa BBRTOP& 1 I{O(?I[H}’C& HBIIIX0O~
BOT yraa.

AKo ce rako yacen Tausa 0' aa 0'G, magHe y
npaBal, pesyATaHle, 3a TO ¢y yCJA0BIL:
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L—{y'Z—2'Y) M—(2X—x'Z) N—(x'Y—y'X)

X % = ~ .2

JepHauuna 2) NpeACTABDLA LUPABY 3aA0B0- f)
-bEHY lIPOMEH.LIBAM  KaopAnHaTuUMa x'y'z'; Ta
cC TIpaBa B0BE yeHTparHa OCOGUHA. 3a MA KOjy
Taary 0' re ocosune DD’ pasyaranra u momcmar YR
naaajy v DD', un pesyarvjvhu je momenmar g mi- y¢
HIMYM.

Aro je R=220 a LX + MY + NZ == 0, mome-
HAT Pesyaryjvhi je ynpasam wa pesyarantn R D
I MOMeHAT™ MHERNMYM ('g = o. !

Haja je R =0, us nspasa sa L' M' N' Buau co Or.8
Aa cy OHI jeadarn ca L, M, N, snauu ga je moMmeHdar
pesyaryjyhn nertn sa ma kojy taury 0' y unpoeropy.

Z § 10. Yopowfiene jeanaumnie,
p  ROMIaexc IMiaaorn (Chasles).

Aro ce sa 0ZYY oconhmy
y3MC IeUTPAJHA oca, II 0HA Cce
4 ¥ nokaonu ca MOBHTIBEHUM TPAB-

A

1 neM pesyaTante R, 1 Heka je
,‘ g aarcdapcra BpeAHOCT MoMe-
Y HaEd MIIIMyMa, OHAQ jo:
Ca. 9,
X=Y=L=M=3 =R N=yg

Moxenar je oauocmno raurxe (', 0'G’ 1 merose

€Y KOMIIOHCHT® !
N=¢g L =—yh M=xR

MoseraT je 1ertn 3a cBe TAUKE TapaaedHHX Ca
0z, U JOBO.LHO je BIAMTH KaKaB o PesyaATyjyhi MoMe-
nat AG 3a tauke A mpase ox, koju ce Joduja sza
Y'= 0 y FOpILUM jeiHadHHaMA,

Teomerpnjcxo MecTo xomitiexaca 3a caydaj M=o
Aato je mo § 5. jeAHAMIIHOM:
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(" —2)g+ @y —yE R=0- -1

OBa jeAHaunHa OPCACTABDHA KOMILICKC IIPABHX.
Cee Te npase 0, 0, wro uay kpoz Taury 0, aajy
paBaH s yIpaBHY Ha MoMeHaT 0, G'. 0, ce 30Be Huika
paBHH & W (O, je ¥ KOHAYHO] AXLHUHI 34 €AYy4a] Rad
NeHTPaIHa OCOBIHA [) AHje I1apadelna ca DABHHHOM IT.

Haa ce m o6phe oxo D, 0, onucyje Kowyropany
npaBy A 1 o0paTHO Kaj ce pabaH odphe oko A RuEa
0, omacyje npasy D. (Ilaa).

I11. CucreMM eEBHBAAOHTHN; EA6MOHTADPHS 0OMepPALA]je;
POAYENHja CHCTOMA BEETODA.

§ 11. JABa cucrema BeKTOpa ¢y jeAHAKH (€KBu-
BAJAGHTH) K&A CY IBLUXOBE DEeSV.ATAHTE 1 MOMEHTH pe-
3yATYjyhH 0OAHOCHO IcTe Tauke ucrTi. T'm cueremn
UMajy feTy HelTpaiHy OcOBHHY H MIIHUMaJAHH Mo-
MeHar,

Hexrwu cy (8) i (8,) aBa cucreMma Bektopa; X, Y, Z,
LMN cy mpojeknuje pesyaraHTe W MoMeHra 3a (S}
a X, Y, Z L, M N, 3a (8,).

¥YceaoBur cy 3a jeanakoct:

X=X, L=L,
Y:YD M:f\fo
£ =1 N=N,

Ba jeaan cHereM (S) ce kaske A4 je eKBUBAaJdeH-
TaH ¢a HYJAOM, aKO je pe3yiTanTa U MOMEeHAT Hy.a,
8Ko 0y YCJAOBH:
X=o0, Y=0 Z=0 L=0 M=0 N=o.

§ 12. ExBuBasenran ce cucTeM AATOM CHCTEMY
Aoduja:

1). Adoaasamem nau 0AyBUMAILEM ABA jeAHAKA 2
CYIPOTHO O3HAUYEHa BEeKTOPa; IpeHalameM jelHora
BEKTOPa y Ma Kojy TayKy MHEeroBora IIpaBia;
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2). CaarameM Bulle BCKTODA LITO e CeKy y

jeAHOj Tavynil; I pazaaralsedM jeAHOra Ha BIUWE KOM-

HOHeHaTA.

Jeaammr ce ciicTeM BeKTopa MOiL€ HA BUIle Ha-
qdIHa CBeCTH I1a ABA BEKTopa, 04 KOJUX jejanm uae
Kpo3 HPOH3BOLHY TAUKY. '

Cucren ce s n BekTopa P, P
P,.. P Mo)ec yBeK JaKO pas-

JOMEHTII HA TPH BeKTOPa, ¢a )
HATIaAHIDN Taykama y 0 0, 0, (0
0,0, ne aeme y uctoj pasuunu).
Ao .ce A cuojuca 0 0,0 u P, 0
PasAMKNE HA TPH KOMTIOHEHTA LITO
majajy 'y A0, 40 A0, u to
VUIHIL  Ca OCTAJAUM BeKTODPHMA,
OHAQ CY CHH BEKTOPI Pas3.0KeHN
Vv IO TpU KOMIIOHEHTE, 04 KOJIX
CcBakd ITaja y jeAaH oA TPH DPAB-
Ia mro HAy kpos 0, 0, 0. Axo
Ge @A CBe KOMIOHEHTEe KpO3
0,0, 0, caome y 1o jeiAH Bek-
TOD :—ng.hemo TPA BEKTOD&, 1UT0
P P,. P, saMemyjy.

Heka cy rmu Bextopu B R, It
OBI C& MOlY CBEeCTH HA ABA BeK-
ropa. Hewa je OL npasa npecera Ca. 10,
pasrnra OR, n OF,. Ha oBoj npasu 0L yamumo jesny
npousBo.bly Tauky (. Bekrop ce 0, R, Moe pasio-
AUTIL HA ABa Bekropa y upasny 00, u 0'0, ; Bextrop
R, ce pasaamke ra ABa: y npasny 00, u 0'0,. Ako ce
oBe KomIoHeute nperecy y 0 u (', nMmahemo Tpu Bek-
Topa y 0 u aApa y 0'. Ilpea Tpu aajy pesyaranty F,
Apyvra asa .
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Aro ¢y R, R, y ucToj paBRit ca 0 Baba y TOj PaBHI
ysery TpeusBobHy lipaBy OL.

OBo pasaarame Moaie OIITN Ha BHILE TadlHa,
Cucrem ce F, &, Mome jopasameM cuaa +f 10 —f
upersopuTH ¥ cueTeM pexropa S n X, rae je § po-
-pyataura w3 F ua fa X us & g —f.

Hanaana Tayka 0 pesyarante F je upomsso.nia,
M aKo ce OHa y3Me 3a cTaany (' ce Mome HOMe-
puri no 0'E, ma u y paeni 06'P, abor rora urro jo —f
gpousposno. F u @ nney y onmtTe v neroj paBHIL

Opa ce aBa Bekropa 0'd u OF mory aa.be opalko
eaomarie. Ha OF pasa yaern npo-
I3BOLHY TAYHRY A, Hpos A BALA
wopyhn AF = GF 1uw 4 A na-
pa.deno u jeanaro ca 0'du — AP,
AF' n AD' aajy pesyaranry AR,
a & — D jearm someway
BeduuliHe Al HOPMa1aH U4 pa-
BHN AQ'®, vie je A MIIEA PARHD
A0'D.

Hunka ce papmn wpos F oHa-
aAa3in ®Ha ¢ u obparTHo.

Aro wera npasa cede F ou g
Ta je HpaBa MOMEHTa Hy.Je.

Y oumre ce Modie A0KaB8aTH Aa ¢C  BEKTODII
MOTY ©Be¢TH HA iB&, 04 KOjuX jeian F umaja mo mpa-
Bo] D' npousrobHoj, HENAPAACAHO] C& OMUTOM De-
SYATAHTOM,

Ca. 11

§ 13. Cupez {couple). Asa :‘semropa +Pua—P

zoBy co cnper (Poinsot) kaa oy napaacann. Hopuaarno.

oqero,ame AP msmehy P u — P sone ce ocobima
cupera. AKO je MOMEHAT HVARQ, & MOMEHAT je AAT Iia-
pasom AB.P n cuper je Hyda 1 To je: UAN 3a CAy-
4aj - P == o0 uan 3a cayuaj AB=o0.
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Cuper je cnecres BEKrOPa vlja je pPeayaTanra
Hy.a, MTO 3HAY Ja je MOMEHAT TOl CIicTeMa, OAHO-
CHO CHPET, ROHCTAHTAN 70 BOANYHHBE,
npasiy o eMHCIY 38 CBC TadHe Y npo- P
cropy., OcoBuHa je cupera HOPMAaAHA ;

/4 &

fpana v NDOUABOLHO] TATYRE  PHBHIHE /9
“+ P, — P na TOj DABHIL /j‘?
-F

Momenar 13 - P 1 — P je:
P-0A-+ P0B=PAB Ca 12

ARO UMAMO BHIOE CHPLTORA, 58 HRALIHEHE eKBE-
palenvHor, pesyaryjyher cupera, Baspa pahn pesya-
TANTY TLHXOBUR 0COBHIIG OAHGCHO TAYKE 0 NPOHBROLIE,

Aro nva puime BERTOPE, QY e MOy (’B(“?‘TTIE
Ha ONTY [3YATAHTY H jeAall Clper.

§ 14. Topsep (Ball}, Topsuja uanm ropsep jevve
cuereM cJOMieH M3 pesyaranTe 0'I 1 copera, Huja je

D pasaH yrpaBHa Ha O'R.
Hamaana Tayra, BRABal, M-
o Mg cao 1 BeAIMMUA Top3epa Hori CY
/ ‘ e rnM ocobuuaMa pesyaranre 0°R.
96210 ;

/ Ctpeamia f ropsepa je OlHOG BC-
£ ' 2 1
VR ¥, AUMIHE oce cipera 0'g upevia 'R
g oBaj je oAHOC -+ HaA —, A8 an
Ca.18. cy 0'R 1 0'g wueror mau cympor-
uHor IpaBia

g Geos(RG) LY+ MY+ NZ
f[=p=""® ~X¥fP+7

Topzepu ce caasmy Kao 11 peKropu, Cvarn je

TOp3e) CHBHBAACHTAH CA GLHCTEMOM TPH BeKTOPa I pé-

FVATAHTR je TOpsepa jedaH Topsep.

(CucreM e BEKTOPa MOMKe CBECTI Ha crper je-
AAH, K& je pesyaradva DaBHa HyJl; WA Ha jeaan
BEKTOp Kaa je pesyaryjyhu cmper Hyis, & TO je ¥
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CAYYA]Y Kaj je MOMeHAT 0AHOCHO ONPOUSBO.BIHE TAUKe
¥y 0poCTOPY VODABRH H& APABAL OFITe pesyaATaHnTe.
3a mocaeAmu je caydaj 1 ropsep f == o.

§ 15. Aro je:

LX + MY 4+ NZ 220, cucres je erpunategTad ca Aba

BECHTOpA, WTO He aewe ¥ jeAHO]

PALHII; CHBHBAJGHTALI 0O JCAHAM

BEHTOPOM [0 HEHTPaIR)] ocH |

ca jJedllly CLHPCroM Yuja je paBaH

YUpABHA #Ha 0B0j oci, {ropsepl

LX 4 MY 4+ NZ=o. CucreM je exBUBaJCHTAH ca ABA
BERTODA ¥ jeawo] DABHH.

LXEMY+NZ=o0 n 1) X* 4+ Y* L Z* >0 Cucrewm je

GKBHRAJIEHTAH Ca jelHUM BeKTo-
POM TO NEHTpaAHO] OCIL

2 Xm=Ve=Z= 0 eKBIBAICHINO Ca

L* 4+ M*4 N*> 0 jesumm ciperos.

™ “~ s e
3 Xe=V =27 =0 (,:mTeIM je exmn
UuLh=M=N=— o Radeiiran  ca Bny-

AOM.
§ 18 Hoapmguna ce: '

LX,+ MY, + NZ, - L.X + MY 4 NZ - - 1)

S0BC MOMeHay ABa ¢nerema sewropa () u (§)) umje cy
woopansare LMNXYZu LM N XY Z,.
Nspas 1) je HesaBHCAH 04 KOUDAUHATHOD -
cTeMa, jep ¢e MOMRe HAUHCATH
(L ,,i«. La) (X+ Xo) + (M_i‘" Mu} {Y""' Yﬁ} + iN""' “MO)
(Z + 2"0} - (L'X+ ‘MY+ NZ) — {LGXQ + M{PYG +Nozﬁ)

rA¢ je WHBADUjAHTIOCT OYEBHAHA.

Aro je d' wajrpake oacrojaise memTpaiHRx 0CO-
Buda sa cmereme (§} v (), o muxos yrao, R u R,
PesyATaHTe DO YEHTPAJHEM OCOBUHAMA, § W g, MO-
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MEeFTI - MUNHMAAEE 008 CHeTeMi [0 DeIYITAHTAMA,
MOMEHAT j€ 0AHOCHO 002 CuereMa:

+ RR,dsina + {9 B, -+ g, It} cos o

rae je RR®dsine momenar ws R n B, Bmam § 10.

1V. HapaieaEE BeKTODH.

§ 17. Haa cy ¢BH BERTOPH [UPaiealn olLoTeM
j€ eKBMBAJEHTAH: HAM 0a JBAHOM DPCIYATRETOM, MK
ca jejm M COpOTOM LA Je HyJa,

Aro cy o fy wocumycn yrioba Haruba jeade
TAPAAEANC TIPABE Ca BCKTOPIMA; X, ¥, Z, KOGDAMHATE
wamaaHe Tavie sexropa P, umje oy Opeojexnnje X, ¥ Z,
n MomenaT je L, M, N, osia uocroje 0AHOCH:

Xk:apw kaﬁpk Zk:y,pu
L =P (yy,— fz) M, = P {az, —yx]
N, = P_(fx, — ay,)
Hano je P = %P,
npojeximje oy pesyaTante:
Xz==qP, Y=fP, Z==yP
Lwyﬁ?kyk——ﬁl‘a&zk; Moo, N=
O Max € MOHE AOKA3ATH A4 je:
LX4+ MY 4+ NZ=o0
Aro je:
PZ=0, crieTeM jC EKBHBAAGHTAH G& JeARIM BEKTOPOM.
P=o,L" + M* + N* >0, cicreM je eKBUBAJCHT Ca
CIIperom
Pe=g, L ==M== N =0, CHOTEM j& jeAH4K Ca HYAIOM.
EPx XPy,  XPz
a 58

BH, A4 Je CHCTEM eRBUBALCHIAH CA HYAOM 34 Ma Ha-
KBO « 3 - Oprarab ce cURTCM JGBO AeTaTUNHU,

oy ycao-

XpP =o,
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§ 18. Llenrap mapareanux sexropa. Hera je P=o
CHCTEM j€ eKBHBAJACHTAH Ca jedluM BerropoM P (aP
B8P, yP) n He mae 1o HEHTPAANG] OCOBUHH.

JeanaduHe cy HedTpadHe oce:
yZ-—z¥ —Lzxo 2X—~xZ —M==0 xY—yX—N=0
BAH

b

¥

}f{wa-—EPkyk}-——ﬁ(Pz—mZPksk}ﬂo

HAH;
Px— XP x, Py—XPvy, P:—3XP z .
e R
AKO ce craBm:
IP x

Eo= S ETR pocanumo sa 7, ¢
P,
umahkemo us 1):
x—§ _y—g_z2—¢
o B y
Tauxa, unje cy woopaunare &7 & He 3amucu o4
afy. Hpos £7¢ wpoaasn "ocoBmHA DEHTpalima Ma

kakeo Omao @Sy u £7¢ ce some umemrap mapaiea-
HUX BEHTODA.

z Z, § 19. MomeHnar napa-
AEJAHIX BEKTOPA OAHOCHO

Pk u3Becume paBuu.
Axo je gara pasaH mx

@ ~ .
Ax {xoy] uoca 0Z nponsso.b~
HOT npasna, MOMeHat je
2k
0 X sBexTopa A P, oaHOCHO
panuu A
T
¥y P z,.
Oa. 14, Mowmenar je napaae.a-

HUX BEKTOpa OAHOCHO jeAH€é DABHM jeAHAK ©a MOMEeH-
TOM EUX0BE pesyaragre. Hako BUXond PE3YATAHTA.
uae kpos g & & 1o je:

Pf e 3 P!i Zy.

JTUTEPATYPA

[

Ba Tecpujy sekTopa oy snauajuu: Poingot, Chasles, Mg~
hiug, Cauchy, Sarrau, Koenigs, Hamiiton. . .

Hena oy: )
Cawchy — Legons de Méeanique anaiytiqgue — f{oa Abbe
Moigno).
Pasquier E. — Cours de Mécanique analytique — 1901.
Jahnke — Vorlesungen iiber Vectorrechnung,
Ducherer A. — Elemenie der Vecfor — Analysis.
Nédélic - Le ocaleul vectoriel et son application en Géome-

irie ef Mécanigque. .
Hamilton W. Rowan — (1805—1865). Lecture of Quaiernion
{18523, Elements of Quauternion {1865}
Grassmann H. — Gesammelte matbematische und physika-
lische Werke (Ausdehnugslebre).
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HuHewmaTuxa
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I. KameMATHEA TaTIEe

§ 18. — Humematuka je Hayka O Kperamy, He-
34BHCHOM 0 Y3POKa, KOJil TO KpPerame IPOH3BOAMN,
To je reoMerpuja y wojoj ce mopea Koopaumara rta-
4aKa HaJAa31 I IPAN)OMCH.LHBA KOAMYHHEA BPEMC.

§ 19. — Ao nojma o MIIpOBamy H KpeTamy Teaa
104830 Ce YIOpehBameM, DeAaTUBHIM ONaKameM.
Mu mocmarpaMo ¢aMo peJaTIBHA a HUKAKO ANCOAYTHA
KPETama, adll C& MOJKCMO y MHCANMA IIPCHETH Ka
HU3BECHOM ANCOAYTHOM CHCTEMY H KpPeTalba Tela IpeMa
TOMe CHCTEeMY Aajna 61 naM Z
alcoAyTHO Kperarke, OAHO-
CHO MHDOB2:-e,

3a oapealy KpeTakba HY-
JHO je 3HaATH:. KaA OHO I10-
YAme 1 Kal GG CBPIIABA.
OBo ce oapehyje woawun- ¥

HOM THTO € 30Be BpeMe II Ca. 16
obeaemaka ce ca i, A H3PAKABA CEKYHAAMA,
§ 20, — Hperawe maurxe. Ako je aar cHoTeM

ocoBuHa Ox, Oy, 0z alcoayTHO c¢71ajam H Tadyka M,
qHj¢ ¢y KOOpPAHHATe XY Z KOHTHHYHPHE &YHEIHjE
BpeMera

x:.so{t}j y_—.’llu(t) z:co{t}- . 1}

MEtHMEWENA MATEMATHEA — JMEXAHHEBA 3
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kypba Kojy omiucyje Tauxa M sope cc 'rpaje.n—
Topuja (myTama) HOKpeTHe TAURC M 1 H.eHe €€ je-
Amadute AoGHjajy nabannuBatbeM t us 1.

Kperame ce Mome H Apyrojadmje ACPHHICATI,
aKo je AaTa UPOjeRTOpHjA §'S, 1A O] €€ y3Me N3BEeCHa
rauga M, modersa H I¥T €& 04 M, ao M_ aa =mao
eyurnuja spemena t. Ilpapai ce M, M mo s ysmMa
3a [OZUTHBAH.

§ 21. — Hag je uyTama npapa AnLuja, KPETALE
¢e 30BC mpaBoaHHE]HO. AKO ce Ta TpABa yeMe 34
(x°%Y ocoBuHy, KpeTama je AATO JeAHAHULHOM TAE ]C
alciIca W3paKera Kao PYHKNUja BpeMeHa.

Hajitpoctiije je KpeTame AATO jeAHAUIHOM Al
HeapHoM ITo ¢ i ol0auka je:

x=—=at-+b- -1
a n b cy kKoHcTaHTe.
I3 jeasadiHe 1) pMaMo:

Dx

— = a.

Dt -
Ako je M uoaowmaj wauke y ppememy &, M, ¥
ppemeny t, = t 4 Dt, scanunna MM, = Dx u oHa je
npehena sa speve DE, oAnoc

t
—

0 M M W
Ca. 17,

33 JeAMHHIY BPeMeHa, i1 ak0 ce OH ofeaeisin BeKTO-
poM MW, muMe je rpasuukn DpeacTaBbeda OPsHHA
kperama. 3a 1) je ra Opsuda a n craiHa je.

§ 22, — Ilpomen.pusa Opsuna. Axo je alcmica
X, K0A NPaBOJUIE]HOI KperTalba Ma KaKBa ¢y1{1{u1ija
BpeMmcna t, x = @ (tl, 0oHaa ce Kao I Ma.A0 4Yac 0AHOC

Dx _ g(t4Dt) — gt

-

Dx |
usMehy T e uyT npehen

T = T 30Be OpIKMHA B TO cPeAmA 10-
) dx
EpeTHe tauke M, koja sa Dt==o npeaasn y T "(t).
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Taro ako je:
x = at’ 4 bt 4 ¢
BpsuHa je v
dx

v= o7 2at+b . - 1)

. -

¥V 1} je Opsuna cpasMmepHa ca BpeMEHOM B TAKBO
€€ KpCTare 30Be jeAHAKO O]OMEH.LIEBO,

§ 23. Ako ce mocMaTpa EpeTame 10 Ma KaKBO]

KpHpoj anrdju S 8 i v T
M, M cy noaocsaju
TOKDETHE Ta4YKe ¥y z M, w
BpeMeny t 1 t - Dt, M o
Te no MM, npescceno
BexTop MW — MMl, >

Dt 0 X

MW ce zope cpediba
OpsuHa HOKpeTHe Ta- ¥
uke. Hajg Dt temu C1.18,
Hyan, MW teikn ka My 1mro cc zoe Opsusa mokperHe
‘TAYKE Y BpCMCHY i

AKO €y X,y z Koopamuare Tauke M; TpOjCRILITje
¢y MM, Dx, Dy, Dz; Bexropa MW ¢y UpOjCRIHje :

D Dy Dz

Dt’ Dt’ Dt
2 BexTopa Mv cy upojernmje:

EIE dy dz

dt’ dt’ - dt

AKO je RpeTalne AaTo je gdagunom MM, =s=¢ [t}

MM,
Dt

ds
0AHOC + — =14 .
A T lim arc

0B Ce Op3UHA TAMKC lOKperIe.
3*
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ds . .
Haxo gf PHAUI yrao ranrewre y M ma Tpajek-

ds
TOPUjH, IpeMa YHAKY I Op3HA  AeFKH Y TIpaBUy

TanreHTe 04 Ma Ra T #am ¥y CYUPOTHOM CMHOAY.

: ds
Ba KpUBOAWHEjHO KpeTarhe Opsuna je v=—
. . dy dz
ANy upojerHijaMa Em 5 . Aro je v craanHo

KPETame je KPUBOAIHEJHO jedHaKo, IHAYE j¢ Hpo-
MEH.HHBO.

§ 24. — Vopsawe (Taanaeo). Awo cy Mv, M o,
OpauHe JI0KpeTHE Tauke ¥y ppemeny t 1 £+ DE 1t kpos
M pomsyuemo ccrmemenar Mu
napaaesans ca M o, aca MH
o0caeHiING  pas3anky usmehy
>V Mu o Mo, ma MH upeneceMo

MH
AVILTHY M}mﬁﬁ? Taj c¢ BOK-

rop MI 30Be cpeame yOpzame
uoxperne Tauxe sa mpeme Dt
Haa Dt tewn myan MI remnm
ko MJ u MJ ce soBe yOpsame
3a Bpeie L

¥

Y

: I
X UEY pCORMHIN ff,
Ca, 19, dt

. . . dx
= Mu je npojexmuja Ty

pasaduy nexopa Mu u My o merosa je Npojexmja.

dx . <
D ——, npeMa omoMe je cphedibe yoOplame:

dt’
MH
Ml = 7y

Hpojenunja je oa ML Ha.

0a M, v, ="
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Ipojernumje cy oa

dx dy dz
ar: P dt b dt b dt
Dt’ Dt’ Dt

Haa Dt remn wyan, ydpsame je MJ = lim MI
Il BCroBe ¢y NIpojexmije:
d*x d*y ad'z
av’’  att  df

IMpumep: Hera je rperamse 2aTO jeAHAMIIAMA:
x=at'tbt4cy=at’ 4+ b tte,z=a,t’Lbjit+c,,

fgpojeruuje ¢y OGPIHHC:

dx dy z
== 2at + b, — == - =
5 +b Sr=2lattb, -=2at+b,
npojeKuuje oy yopsana:
dx dy d’z
aF Tt g TRA gp TR,

§ 24, — Tanecenyujarno u nopMarno yipaure (Xa-
jeHe). Ako je kperameC no H3BECHO] HYTAmIr oipehcno
€AGMeHTOM AYKA § i OH j& A&T Ra0 $YHRIIja Bpe-
MeHa, yipsame [aRmeacpamtja) ce obaro oapehyje:

Ha myramun S, 8§ ysme ce y raunn M, rae je wo-
KpeTRO Tavka y bpeMmeny ¢, vamreata MT; raapua
Hopmasa MV (nozurnena ka C) 1 ca ¢ = MC obeaemu
NMOAYNPEYHI K TAaBHE KpuBuie. Aro ¢y « 8 y Koon-
HYCN YI40Ba Haruda Tapgresre, a ¢ 3y’ nopMaJde, ms
O3NATHX SOPMyad PpeHeoBHX nMAMO:

dee & 3 ;3 dy o
ds g ds ¢’ ds ¢
A
dx dx ds  ds dy ds dz ds

o ds @t %ar a T Par a =
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Auoepenija.bemeM IMAMO:

da  de ds _a' ds

&I——ag E—E&TIIT.A.
d*x d’s o (ds\*
ar =gty (&)
d*y d’s 3 (ds)*
ar —Pap T 0 (ﬁ)

a=ra 5 (5)

Aa 61 0Be ®opMy.ie NPOTYMAUNAN Ba.ba 10 Tal-

T remru MT mnpeuern BexTop M, a

o Hopwaau MI | npBo je jeanak

ca(& 8 Apyra ca 1((1—8)2 Ilocae-
dt v o\dt )

Abe $0pMy.de, Io IpaBHaAy O Ipo-

J jermijavMa, uspaxkaBajy: 18 je akne-

8

. Aepaumja MI pesyaranra H3 aBe
8 Ja N femu;(f,ﬂepauwje Ml n MI_ , oA wo-

Ca, 20. JUX ce UpBa 30B€ TAHIE€HifHjaAHOM
a Apyra HOPMAANOM. '

Aro ce craBu v:tis
dt
I_dzs_izi_dv ds 1

oodtt T dt T ds dt 2

- 4(l=

s nocaearsnx je jeamauuna jacuo: aa je MI'y
OCKYAATOPHO] PaBHUHH, OOPHYTO KA HeHTPy KPUBUHE.

dv®
ds
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II. TpaHcAALHja H POTALH]S TBPCTOrA CHCTOMA

§ 256. — UspeTHM cé TeA0M I CHCTEMOM 30B€
CHCTEM MaTepujalliix Tauaka, ulje je MmehycobHo 0a-
¢Tojameé cTadHO.

AK0 0BAa 0ACTOjama IIPI KPeTaiby OCTajy caMa
cebu mapadedna, 5a clUoTeM o€ Bedll aa ce Kpehe
TpancaaTopro. Ako ce Tpu radke cicrema A B C,
IITO He JdeMe y jelHo] paBHH, cIoje, TIOTPedHO je Aa
ce Tpujerap A BC momMcpu napaacaHo CaMoMe cebu
3a TPaHCAaTOPHO KpeTame.

Ako cy Roopaunate Tauxe A y BpeMeny t, x, Y z,,

y Bpemeny t, x, y, z,, 4 je npcuiio IyT B

uije cy MOpojeruuje x,—x,. Y, —Y,,

z,— 2, N KAK0 cYy MyTeBHU CBHX Tauaka 4 0

Mehy cofoM mapadeann To ¢y 11 ropme

npojeruuje crajHe, U ILOX0Be c©y Op- ¥/]

BIHC HyJA€, 0TyAa je: Ca. 21,

d (xz — %, = 0 miu dxz — de’ dyz — %, % — %
dt dt dt’ dt dt” dt  di

IMocaeawe jeanaunHe Kasyjy: Aa ¢y GpBUHE CBHX
TAUAKA TeAa MCTe, II Ta ce OP3HHA B0Be oPeAlmhoM Tpa-
CAATOPHOM Opaunom. 13 1) AlPeDEHIIIjAbEEEM HMaMO:

dx, dx
=Ll g a.
dat* dt*
{ITO BHAUMN: A8 Cy H y6p3ama ucTa 3a cBe
TAUKE CIICTCMA. . -
(P8 | § 26, — Ofprame oxo jedne crane
MI .
ocosure. Haa ce jeano teao oGphe oko

H3BCCHE OCOBHHe AB, cBaka beroba Ta-
uka M onueyje KPyr, Koju JAesmu y HOD-
A Ma.1H0] paBHN Ha AB, ca H0ayNpevyHHKOM

Ca.22.  pPM. Bpauua » Tauke M je ympakua Ha
pasan M AB.
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Bpsuna rauke M, xoja ce HARalm y 0ACTOJAmY
jeAdan oA OCOBHHE, 30BG ceé yraoHOM OP3HAOM, U aKo
ce OHA 03HAYN ca @, OpsmuHa je » rauxe M:

v—o MP
AKo ce obeaemu ca 0 yrao MPM, omaa je:

_ab
dt
do

v = a'ﬂfp

3a oapeAly OpsuHe v Tpedajy ope KoAIYIHE
oca poramuje, yraoHa 6p3uHa I 6MHCAO OOpPTAILA.
Cee ce oBe TPH KOJAHYNHe IIPeACTAB.LAJY jeARIM
BEKTOPOM,

Bampa ma ocoBIHI y3eTH jedHy Tauky A 1 o
H0j IPEHETH BeKTOD A®, AYIKIIHe @, Y TAKBOM [IPaBLy,
A3 TlocMaTpadal, umjé ¢y Hore y A a raaea v @,
BN ofpTame ¢ aeBa y Aeclo, Kaj je o6prare mo-
BUTHBHO. A® upeAcTaB.na 0HAZ POTALII]Y.

w Aro Ao npcacras.pa
HA G LI poTannjy vra-
oHe OpsIlHe @ II Ca p g7

M 00eACiKIIMO KOMIOHEH-
A o Te 04 @ Mo oX, oY, 0Z,

ca X, Y, %, OSHAYIMO

HOOPANHATC TadYKe A,

0 X oOpanuna he » rauke M
OMaTH 3& IPOjCRINIjEe

v, v, v, Hexa ¢y roop-

Y AltHare Tauke M X, y, 2.

Ga. 23. v je sa raury M MO-
MeHnar potaiuje Ae o1g0cHo rauke M, jepje v —= @ MP.
Haman oMo aa oy LIPOjeRIUTje MOMCHTA jeAH0Ta BEK-

TOpa O0AHOCIO TaYKe XYz
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v, = qlz—2,) — 7y — ¥,
v, =T® —x,)—plz—z)
v, =pld — Y — v —x,)
ArO je A y nouerky, Hpojekunje ¢y Opsubc v:

Vo= — 7Y, U, = TX% ~—pz, U, = py — gx - 2]

III. BpsmHA pPeAATHBHOT EPETaB4; CAATAHEE TpaH-

CJAANHje H POTANMWje; 6D3HHA jo)HE TAUEe IBPCTOra
CHCTeM4A, CA060QHOT.

§ 27. — Peaarueno wperarve u Opsuna. Hexa je
(S) nokpetan cicTeM Ha np. Hawa 3emba A M To-
KPeTHa TAUKA [peMa TOMe CIeTeMy, Ha 1D, KAKBA
TEeIKA TAYKA, [3A0:KEHA YTHUAJYy Te:e 1UpH ca000,1-
oM najamby. 3a mocMaTpaua, Kojil ce Xpehe ca cu-
cTeMoM (S), rauka M oMmicyje peaaripHe NYTame, 10K
HOTA TAYKA ¥ IPOCTODY HMMA €& CBIIM ADYTY OYTALY,
K0ja c& 30Be ancoiyrHoM., OBO HCTO BPCAN 3a OpauHe
u vopsamma taykce Al

Hera cy (S) n M noqomaji ciiereMa 1 Tauke
My Bpemeny ¢t; W W,
(S,) m M, moao- / f
Haju y ppeMeny 65:4)
t 4+ Dt ancoay- i
THO je TOMepame
HOKDETHe Tadyke
MM,. Aa ce Ta-
urka M He mpehe yy
Yy CuCTeMy ona
Gir ocae BpeMe- Ca. 24.
Ha t <4 Dt jomtaa y M| M M, je pedarusio moMe-
pame Tauke M. Tlomepaj MM' ce sone aHrpeHUpa-
jyhu momepaj. MM, je. BERTOP 11 jeAH4AK je cymi 1e-
oMeTpujckoj nerropa MM, 11 MM'. Axo ce mo oBiM

™
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BEKTODHMa npeHecy aymxune MW, , MW, MW  jea-
Hakri ©a cPeAlnuM OpSUBAMA ATCOAYTHHM, DPEJATHEBR-
HEM 7 aBTpesupajvhuM umahemo oasoc:

(W) = (W) + (W) 1]

r e i

Raa Dt rewn xa di na 1) nmamo, nomro W, temu
Xa v, # T. A

AnicoayTnaje OpsuHA: pesya-
TaHTA M3 pelaTHBHE H AHTpe-
Hupajyhe,

§ 28. -~ Hera je Opanmxa
v, TpaHcaanuje cuctema S, a
cucreMa S, nmpema S, OpsmHEa
TpaHcaanuie v,, AncOAYTH& je
Ca 95 Gpauna v, jejse Tauke M cm-
creMa S, TEOMETpHjCKA cyMa

U2 pesaTuBHe GP3WBe v, U aHETpenupajyhe v,.

AncoayrHe cy Gpsune pasEUX Tadara S, Kao A2 ce
8, mpehe Gpsunom v, jeanakoM
pesyarasT Opsuna v, u v,. Ha
OBA} €& HAYNH cJaMy BuHIe TpaH-
caanija yjeauo, 4mja je Opauda
pesyATaHTa M3 AaTHX TpaHcaa-
DHOHAX OpRuHa.

§. 29. — Cucres u3 dse po-
rayuje. Hera ce cucrem S, oGphe 8¢
Gp3MHOM @, 1 Wmerosa je ofpraa Ga. 8.
OCOBHHAE A®,, ¥ BeMy ¢e Haaaau ova Aw, Koja 1ipej-
cTaBba obprame cucremMa S, mpema S, Tpamm ce
ancoayria Opsusa tasxe M cmerema S,

Peaarunua je Gpsmma taure M oamocuo 8, 6p-
3RHE v, 04 porauuje Am,, & TO je MoOMeHAT H3 A@,
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upema taurki M, anrpenupajyha je Spauna v, wojy
6u M umaao aa mupyje v S, vo je Spsmua yeaeg
ofprama ca GDBUHOM 04 @,
oKko Aw,, a To je MOMeHaT
Ae, 0aHOCGHO M. ‘
Agcoayraa jo Opsuna v,
Tayre M pesyaragra e3 Mo-
MeHaTa @, H @, cAHocHo M
H Ta je OpaNHA HelaBHCHA
DA PeAS TIO KOMe ¢e BpINH
obprame,

Ca. 21,

IIpumepu, Hera ce poramuje cery
y rautm A,. Pesyaryjyhr momenar
2 MOMEHATA @, K @, OAHOCHO M je
jeanar MOMEHTY pesy.arasTe @. Arco~
aytua je Opamna tauxe 3 cucrema S, Kao za ce S,
ofGphe poranujom A e.

Ca, 28,

?). Hera ey poTamuje @, n @, A1 A A
apaledie, BEE0B e cucTeM jea~
Hax BeHTODY Aw. /
3l Aro ame poramuje obpazviy
caper, peayaryjyhn momenar jo joa- o
HaK OCH CHPera 3a Ma HAKBY Ta- Ca. 20,
axy M cnerema S, Bpsmme cy razaxa kao aa ce S,
Kpehie TPaHCAATOPHO GPIUHOM JCAHAKOM OCH CIpera.
v § 30. — Caazawe m porTayuja.
Hexa ce jepas cucrem S, obphe
¥z poraumjoM 4 @,, ¥ OBOMe ce cCH-
CTEMY HaJAABH ota A,@w, U Teao S,
quje je PeJATHBHO KPeTame IpeMa
S, porapmja @,; ¥ S, ce Halasu
Wy ocoBuua A,®, 4w Teso S, upje je
Ca, 80. peJaTHBHO KDPeTAWme OAHocHo S,
potapmja @, H T. A. S UMa 33 PEAATUBAC KPeTAE

M
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OAHOCHO S _— | poTanujy @, 3a S, ce Kamke Aa IMa
poTanuje @ @, - @ .
Ancoayrna je Opsuna tagke M cucrema S jea-
HaKa pesyaryjyheM MOMeHTY ua8 cucTeMa BexTOpa
@, &, @, 0AEOCHO M. AKO 0BO BpeAuw 3a TPH Bek-
Topa BEpeauhe M 3a n. AMOcoayTHa je Opsuma Tauke
My cucremy S, rcome-
TPUjcKa cyMa H3 peaa-
TisHe OpsuEe v, OAHOCHO
S, n antpenupajyhe v,
Peaarnssa je Opsusa M
A, O,J,HO'CHO S, 6p3mz%a 0A poO-
A Tapije @,, a 7o je MoMe-
HAT 04 @, OAHOCHO M, an-
TpeRupajyha jc 6psuwa Tauke M OpsHHA KOjy 61 Tauxa
M nmaaa aa mupyje y S;, a 10 je pesyiTaHra U3 Bex-
TOpa @ @, OTyaa je ancoayTHa OpsuHa pesyATanTa
U3 B, W v, WA pE3yATalTa I8 BEKTOpa @, @, ®,. OBO
Bpeau 38a caydaj] Kad HMaMo 4YeTHPU 4 n clicTeMa.
Haa ce nmajy roMOumoBarin TpaHc amuje o po-
Tamuje pagu ce KAO0 y NOCAeARBM caydaly, csojehn
CBary TpaRcdalujy Ha CIper porauuje.
AKO UMaMO ABa cucTeMa Koju cy peayaryjybn us
BeETOpa @'\ @',--0' 1 ®, 0, -6,
M ucty Opsupy, jeaan Apyrora MOI'Y 3aMEHUTIL

na o6a Aajy Tavni

Hocaeaune cy osora:

1}. CrcreM 7 BeRTOpa ©e cBOAU HA ABA BEKTODA,
0A KOJUX jejaH UAe KO3 IPOH3BO.bHY TadyKy, OTYAA
je Opsuna Tauaxa cucTeMa S, TakBa, Kao aa ce S
ofphe OKo ABe OCOBHHE 04 KOJUX jCAHA Npoaazl
Kpos HponsBoabuy Tauky (Chasles).

?). Mome ce cucTeM n3 M BERTODA CBecTH Ha
JeaaH BeRTOp @ kpos (0 (IpOHSHOLHA Tauka) 1 clper
oce 0Or,. Dpsuae cy cag Ttauaka S, xao aa ce S
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ob6phe porauujom @ n cuperom poramuje oce (v,
7. j. Tpancaamujom Opsune Ov,. Haa ce 0 wMema,
Mema ce o v, 0@ ocTaje cTadHo, AOK jé NpousBoy
g = Uv, cos {@v,) cralan.

Aro je DD' memrpaira OCOBHHA CUHCTEMA Bex-
TOPA @, @, - @, , OBA] ¢ CHCTEM eKBHBAJGHTAH jeAHOME
BexTOpY @ {poramuja) 1o DD' n D
crpery MakcHMaJlHEOM ¢ (TpaH-
caapuju Opsnme g) no DD
Bpsurce cy rtayaxa cucreMa S
rakBe ¥ao Aa ce S, oOphe po-
rapnjosM @ 1 kpehe Tpascaa-
mujoM g y OpaBiy OBE POTa-
nuje. OBakBo ce KpeTame 30B€
xeauroudaino. Oca DD je Tpe-
HYTH& 06a poTamuje W KAU3e- i,
iba, ¥ HajoMIITHjeM cAy4dajy
KpeTama cHucTeMa, Op3mHe oy . C.a. 32,
TavaKa Ka0 ¥y XeAnxkolAaadoM xperamy. Ilpo caaramy

0 “0!?

BEKTOPA, 338 HaJame-
me Opsura Tauke M,
Ba.ha BEKTOpEe CMa-
TpaTH Hao poTanuje,
a clIperoBe Kao TpaH-
cJlanujc.

§ 31. — Dpauna
ToKperHoz  Ccuqrema.
HBKEL Gy Ol xl y] zl
X CTalHe OCOBHHE Y
npocropy, 0Oxyz oy
CTAlHE OCe ¥ BesH
ca CHCTeMOM IOKpDET-
uuM. Bpsnay hemo Ta-

Y;
Ca. 33.

uke M mahn, axo zamo OpsuUEY KpeTama ocOBHHa
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Qxyz u yraope WTO HX OCOBHHE o X, VY, 2,
mehy cobox craanajy. AXo KOCHEYCE BUXOBHX YIODA
O3HAUYHUMO Ca o, &, CHAA ke opa mrena A4TIl peldoM
CBUX JepeT RKOCEHYCA YDI0BA!

0 oxyz

X 4 z

X, d o, e

LA ﬁ 131; e

Z i }" }; :}'2

Ca. 34,

Hera cy moopauvate tauke M y cucromy 0xyz,
XYz a y cmeremy Ox, y, 2, % ¥,2, KOOpAHHATC oY
Tauke 0y cucremy 0, % ¥y, 2, ¥, y, 2,; U3 aHAANTHURE
FeoMeTpHjeé cy OAHOCH H3Mehy TuUX KOOpARHATA

x,=x, a0, Y4,z
y1=y0+ﬁx+ﬁl y+ﬁ2z
LRk b o AT

Aro ce rauxa M me xpehe y ocucTemy Oxyz,

oma Cy XYz KOHCcTaHTe W GpsHHe cy Tadxe M abor
Eperaba cucrTeMa fxyz mpema ¢, x y,,:
%“f“ﬁ xg%yﬁ+“ﬁ
vﬁ:%:ége ﬁ+ By B
dz _ dz, + d?'] f’_&

Co T ar T

ARG TpamEMO npojexmuie oA v HA HOKPeTHIM
ocaMa rMakoMO

TNPUMEBERA MATEMATHEA &7

v ]
l

X \‘IUH-{—‘SU” +}’Uu
vyzai?}x!,i_ﬁ}nylw%_yltzl. '3)
vu:a2vxl+182vyl+y‘zbu

Raace y 3) BAMEeHH W3 2) v, v, B, U CETHMO ce

7l

o,macaa +ﬁ —{—ydt == 0 A3 «’ +ﬁ 4y =1

"
ala‘z ']"13;{32'{‘}’;% =0 HT. A

a m3pa3de uasecHe ofeJeRNMO ca p, ¢ T.

3 dﬁ] d}}lm____{ 2 dﬁz f’i_Zg -
a, dt+182 +y2'— ( 1 Cﬁt +{31 '}’1 t) Yy

a
.u..+ﬁd‘3= d%i=“( 2’*‘?3 df+7*dt)

ﬁ dy _ ¢« pdd, _
‘dt_HS‘dt Yiar ( T dt) ’

mMaheMo oaHOoce, 3a DPSUHY PEJATHBHY !

v, =v"+ q—ry
v,=0v" 4 rx—pz- -1

¥

v, =79+ py —qx

dx dy
At} L] _Ja I
v!:adt_[— —]—ydt 0T A

Wapazn kasyjy, aa je Opsusaa Tauxe M cyMma re-
OMETPHE|CHA H3 ABA BEWTCPA: jJOAHOr ¥,, HOTOT 3& M4
rojy Taury M, oH je jeamar ca OpapHama rauxe 0
I ADYTOI' BEKTOpRS {}'j KOJH 3aBIHCH 0] TMCA0KA]a TaURe
M (xya) uuje cy upojexmuje us Oxyz gz — Y, ™ — pr,
py — gx. v, je Gp3uHa rpaHcaanuje cucTema (S) a U
ie poramija {8) oaHOCHO MWerope Tauke (, poranuja
0w uuje cy npojexguje p,qr 3a Oxyz. Osa ce pora-
nuja 30Be TpeHyrHOM (mucranrEOoM). Bpsuna je ra-
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uyKe M jeAHaKa CYMH reoMeTpHjCcKOj U3 TpaHCJAADUOES
Opaume Tauxe # Ma Hoje y reay (S) u Opsumme pora-
nije oKo jedHe oce Kposd O,
Homnomesre cy Opause odwocHo 0, x Y, z, OBe:
dx dx

. 1__ _ _ _
le - dt - dt + ql (Z ZO) Tl (y yl)

rae cy p, 4, T, upojeknuje o4 0@ #a 0, x Yy, Z,.

§ 32 — Tpenyrna oca porayuje u Kauserwa. Bp-
BUHE Cy DA3EHX TAYAKA YBPCTONA Teda, Kao A’ je
Telo MpuHEyheHo aa ce wpehe rpamcaanujoMm Ov, u

D poranujom 0@, a 0BO ce cBOAN

Hd jeaHoBpeMeHe ofpTalbe W3
L w TPE porapuje, porapuje 0@ u
porannja @°, — @° mro je jea-
\ ¢ HakO chpery ocoBuse (v, 3a
0Ba] MOCABALH CAYyYaj CMO BHAe-

, A A3 .ce cBe CBOAU Ha XeANKOU-
AGJHO KPeTAme OKC NeHTpaJdHe

, OCOBUL@ CicTeMa BeRTOpa @,

D ®°, — ®°; u jeaaunne ce 0Be 0CO-

Ca. 35,
BliEe B;GHTP&./IHB Ha.Jlaze rrpa}}{e—

Lo MecTo Tadaka umje cy 6psuHe Hapadeane MpaBiy
TpeHyTEE OCOBHEE @,
Jeanaunme cy TpeHyTAe ocoBumae DD’
ot z—ry _ o re—pzr 0 py—agx
B q r

OAHOCHO TIOKPETHHUX OCOBHHA, & OAHOCHO CTAATNX je
jerauuna DD':

dx? : dy,

—&?‘I_ q, (Zl —20) - T {yl _'yo] dt +T1 (xl_xo)_pl (Z—ZO) =

P, a4,
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g je wanseme o DD' y mpaBny @, oaHOC je
®u g
dx, dy, dz,
o’ +qu e’ P Th gt
p2+q2+r2 - plz_i_q]z_i_,rlz

_9_
f_a;

f=o0 3a g =0, wauzewme je nyaa,

f= o0 3a @ =0, poranuja je myaa,

§ 23, — Beauwuwna 6psune rauxe M jednoza teaa.
Aro ce Tauka M naaazu 3a ¢ oa oce DD', 6pauna je
oa porapuje Tauke M owo DD' senTop
MM,, yopasar sa pasan MDD u ox D
je u= @d; Spaura oa rpancianuje je
BekTop Mg, jeasar m mapaJdeaas ca
g, pesyaryjyha je Opauma v y paBmu
yupasuo] Ba 0 n omna je:

g

g

o' = @'0" +¢°, tng vMyg = %d\ o'

Kaa M onucyje mpasy &, yopasny
sa DD'| » onucyje mapaBoaouma xXu-
nepbéoasn, V3 oBora ce Aako U3BoaH
pacrnopeld pesyaTYiyhHX MOMEHATAZ OKO UHeHTpaAHe
OCOBUEE Y Ma KAKBOM CHCTEMy BerTopa, FAe je @
OMIIT& PE3YATAHTA, & ¢ ciper MUHUMAJAHM.

Ca. 36,

§ 34. — Kperawe wxonrunyupro. [eomerpujeko
MeCTO TPEHYTHHX OCa Y Tedy ONUCyje H3BECcHy TOBp-
mury X, 4uja ce jeaHavuda Aobuja uadapubamem it
us jeasaunsa 3a DD' ocamocso norpermnux oca. Oa-
HOCHO CTaJHNX OCa, ¥ ANDCOAYTHOM IPOCTOPY, UMaMO
Apyry mospmmuy X' kao reoMerpmjcko MecTe oce
DD'. Ma y woMe MOMEHTY OBe ce ABE IIOBPLINHE CeRY
00 3ajeAHUYK0] UBBOAHAI, IITO je y UCTO 8peMe Tpe-
HYTHa ocoBUHA 3a raj MoMeHatr. (O6e ¢y MoBpIIuHE

NPHAMERFHA MATEMATHEA — MEXAHHEA 4
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TaHETEHTHe TIo Toj M3BojHHnU. ARO je A 3aje AHHIKA
u3BojHUNA y BpeMeny t a A, y mpemeny t, =t 4+ dt,
52 ¥ opa ce mowJaua ca A ' uospmimee X, y Bpe-
meny t + dt. Tamrentra ce pasan y M sa X BpIO
MaJo pasAnKyje oa TamrentHe pasHn AP. Aro ca P,
obesemuMo Tagry A ' Koja ce moraana ca Py Tpe-

ayTRy t + dt, TamrenTHa papan y M sa X, ce pas--

AUKYje MaJdo oA paBHU AP, Taura ce P aoBoan y
P, TparcJanijoM PP' napaJjedaHoM ¢a A (Kan3eme) U
porammjom oko A; AP ce poraana ca AP, Gecxo-
HAYHO MaJloM DOTanujoM oo A

Omure ce KpeTadme Mo¥e OBAKO NDEACTABHTH

Uzpecua noBpuinEa (réglée) y Beak ca TedoM
mrto ce xpehe, Kpehe ce TO cAMYHO] NOBPIOUHE CTAA-
HOj U Ha O] je TaHMeHTHA 0O reHePATPHCH # IO
HCTO] cé MOBPIIMHE KOTPha, KAsehl Io Toj reHepa-
Tpucu (Poncelet).

Ipumepu : UspeTo Teao yrepheto y jeanoj raqnn.
Opae ce 0Ga mogetiha 0 W (' Tokaabajy, Tedo je
cBeaeHO 3a ob6praibe OKO jeiHe TPeHYTHe OCOBHHE
(Ajaep) xpos 0. Hausewe je Hy1a, a 003 XeJUROH-
AadHOr Kperama e IOK.Jalla ¢a& TPeREYTHOM OCOM.
Opae je rperame CpedeHO HA KOTD.AAKE KOHYCA U3
TPeHYTHUX OCA& y Tedy MO KOHyCY ulje Cy H3BOAHUIE
TpeHYTHe ocOBHHE y NPOCTODY.

Kperawe rela uapaledno cad pagHUHOM 1. Ogaj
ce cJdydaj usBoAM uz ropmer kajg je 0 y OGeckonau-
gocTu. l'eoMeTpHjcKO MeCcTO TPEeHYTHHX OCOBHHA ¥
teay je mmangaap C, y npocropy je mmamHAap O,
qnje cy nspogHEnne ynpasHe Ha pasan [l Kperame
je cmegeno Ha KorTpmame uHaunapa C mo C, Ges
KAUSEekRA.

FRorpaawe u nueoTUparse TOKpeTHE Toepliune o
craanoj wospwunu. Hewa je morkpeTHo WBDPCTO TEAC
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OTpaHudeHo nospuiutoM S koja Je ¥y womTARTY Ca
CTaJlHOM HOBDIINHOM S.. V ¢BakoM TPeHYTKY t Tauxa
A noepmmre S goaupyje ce ca A, craase UoBpIIMHE
S.. Aro y rome MoMenTy GpsuEa v, Taure A uuje
HYAa, oHa Jexuy sajeAHNUKO] TAHIEHTHO] PABHM oBe
nospumte. Bexropn BA, w BA' cy y TAHIeHTHOJ
paBum Kpos B, a u pesyaryjyha us Tta spa A A" je
¥ ¥cToj paeaubu. Bpsute cy wma KOje TadKe TIOKpeT-
HOI' CHCTeMa S TakBe, Kao aa ce Tedo Kpehe TpaH-
CAaTOPHO GP3HHOM ¥, ca DOTAIMjOM A® OKO H3BecHe
oce Xpos A. 3a 8 ce wame ja ce HOTPHA H IIHBO-
TEP& Do §,, Kaa je y cBaroM TPpeHuyTKy t, Gpsuna
Tadke A mysa. Opae je v, = o, Gpaute ¢y TOKpeT-
HO cUCTeMaZ y CBAKOM TPEHYTHY Ka0 Aa Ce Telo
obphe porannjom de owo ocosume po3 A, oryaa
U3183H | A4 TPEHYTHA OCO-
BUHA DOTANHje 0 KAUZeInha
UpoJdasa KPO3 A u aa je
KAnsemwme nyaa. Mecto re-
OMETPUjcKO U3 A® y Teay
S je uoBpmmea ¥ 3 ¥
OpPOCTOPY MOBpIIAHA X'
EpeTame ce aobnja roTp-
bameMm X no X' Teoue-
TPujcko Mecro A na S je
kypba C mpecer X u S,
Mecro A mo 8 je xypba
C,, mpecex X' n 8. OBe ce ame wypbe KOTD.ABAjY
jeana To aApyroj.

Ca 37.

TpenyrHa ce porannja Mo¥e DasAoKITH Ha ABse:
Ao, u Aw, Tlpsa je porapmja ynpasHa Ha ofeMa
ToBDHINHAMA U 30B€ ce yraoHa OpsuHa 04 MMBOTH-
pama. A@, je y TaHTeHIH]aAHoj DaBHN U 30Be ce

4‘
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6p3mua KOTP.paba. AXO jo @ == o, XpeTame S no S,
je morp.pame,

IV. Y6psama u veopema RopmoaHcona

§ 35. — Amcoayrma je Opsuna v, jedHe Tauke
A Teaa uuje cy RoopamHATC X, Y, 7,

dx,
P ﬂa_i-qrzr*rlyl

dy
-‘ﬂiwb-{-rlxi——-plzl- - 1)

d-{fwc x
dt +p1yl‘ q 1

rae a,besmaue v," — q,z, 4+ r,y, ¥ T. 4. YOpsama
ce pobujajy raa 1} pAmnsepesujatumMo M oTyla je:

d'x, dz, dy, dq, dr
i = d.£+ vat T Tar TR
1T A
dr. d
Haa ce T‘, M1 samene us {)u cBeae, umakemo:
dt’ dt ,
. dzx, da k3
"&*Eﬂm&‘?-{“qlcﬂrlb+pl(plxl+qul+?‘lzl)mwx1+
zciq1 dr,
+ 1 di ylE oy I}
uT. A

@' =p" +q’ + 7"

§ 36. — Poaarueno ybpsarwe. OBze ce ysumajy
ABa cHcTeMa S, M S, ¥ KOOPAUHATE TAvaxa HPeMa ABd
cacreMa: 0 x y z,, 0xyz, cCTAAHOM ¥ TOKDETHOM, RAO
B npu cAapehuBamy pesarurne Opsume.

OPHMEILEHA MATEMATEXA

Tpanceopmannone cy jeanaumne ucTe:

X, =, Hax 40,y + o,z
o=y, + B+ 8y + 8,2
z,mzo—s-y.x:—i—y,y—é—ygz

Ancoayraa fHpsusa e
Tauke M:
dx, dy, dz

e ot 8 e
dt’ di’ dt )

Yépzame je ancoayTHO:

dix. dix, d%
dt;’ dt"l’ dt*l )

PeaarnBHa je 6psuna u

yOpsame Tauke M: (v ¥
Ca. B8
dx dy dx, d'x d'y d%z 75
& ara a e ae

OAHOCHG IMORDPETHUX OCOBHHA.

[pojernuje cy o4 », n J, Ha cTalsuMm ocaMa:

dx
"'“' at ; te ﬂdt

85 +8. 2 45 %

dx dy dz
Yoy TVgr +:sz§;

dix
&g o ..fw F ta g

d,y d’z

d’x
ﬁdtz "é_ﬁ: a::—f +y2 &{“ N

d’x d* d*z

y
Yo T¥igE T gE
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IIpojeruuje AHTpCHUpajyhe Opsuue m yGpsama
Tauke M wa CTalHIM OCOBHHAMA CY :

TR T
dyo ‘3 dﬁz
£ T Yo at

dzo dy dy, dy,
at Tt TG

dzxo d*o dia a*o
dti A1 dt21 + 2 fit;!
2
ﬁ g, | d’
dtl e g gt )
d'y, y‘
diz + Z

Ammepeﬂunjamemem JBAHaqHHa 1) Aobujamo:

d*x ( d'z
2 : a + a
dt dat® 'i" ‘dt* : dt)

d2 1 2a
.-i”(citZ + dt2 + dt +2 dt‘)
dadx | deo, dy do, dz
2 (& 42
+ dtdt+dt dt dtdt)
I ABe cJUUHE jeaHAUUHE,

Aro yoummo BekTop J' umje ¢y mpojekiuje Ha
CTAAHUM OcaMa:

. ‘dadx  da dy do, dz
= 2 e T
T (dt T @ar T oar dt)
"o afdx |
o =2l
dy dx ey, dz
z zz(l'__ J_z.w]
b at dt + + et dt
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KOjU c& 30Be ReKTOP KOMUJAeMeHTapHe akielepaiuje,
jeanaunte 2 kasyjy: Aa je (J,) jeAHako cyMH Ipojek-
muja sBewropa: (J) (J) u (J).

Awcoayrro je yOpsare pesyaranTa u3 ydpsamba
peJaTUBHOT, anTperupajyfiez u homuaemeuiﬁapnoz (Co-

riolis},

Aa 6m mamau Go.be IMTa 3HAUM J TOTPamUMO
M,eT'0BY BPEAHOCT IMIPeKo TpojeKmuja Ha UoRpeTHe
ocoBHNHE. AKO IberoBe TpojeKmuje osnauuMo ca J,
J', J', Ha moKpeTHuM ocaMa, uMakeMo:

f}'x"—:a‘}‘n + ﬁ'}‘yl + y‘}'u v 3)
Hperamwe je cucrema {S), rae aa ce o oOphe
poraioHoM GpPSUHOM TPeHYTHOM @, YUje cy IPOjek-

wEje p, ¢ T U U3BeCHOM TPaHcAamujoM. 3a p, 4, T
HaUIA CMO DAHOGE!

Gt e ra g )
2 2
n T A

Kaa ce oBo samenu y 3) nmahewmo:

=2(eZ Y y=2 (G —rF)
J=*2(q?{t a) 5 =a TPk

X 2(—— d_x]
=“ParTa

Aro Kpo3 () TIOBY4eMO BEKTOD v, MapaAeAHo ca
v,, peaaTuBHOM GpsuHOM Tauke M, uuje cy upojernuie
dx dy dz Ha ocaMa IOKPeTHUM, Tadka he kpajmka
—_——y S ST C A b
dt’ dt at P :
dx dy dz
—— po-
dt’ dt dt’
jexuuje cy oa J' Ha Oxyz jeanake ABOCTPYKUM Tpo-
jexmujama Opsute Tauke v, akKo je yrao @0v, He-
apoMeRAUR U ofprame ce BpImu okO 0@ yraoHOM
OpautioMm @. Bewrop je J' To Beduunnu, npasiny #

BeKTOpa »'_ WMaTH 3a KOOpAUHATE
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CMHCAY jeAHAR ABOCTDYKOj Toj Gpsutiy, T.]j. ABOCTpY-
KoM MOMEHTY & oaHocHo v',. Bewrop J' je ympasam
#a paBai @0y’ u jeAHAK je ABOCTPYKOM TIDOHSBOAY
n3 @ ¥ 0ACTOjarma Tauke v’ 04 oce 00 =28 v, _sin (0o ),
W OpaBall MY je mpema pasnn @0v', ca cTpame Tpe-
. HyTHE DPOTankje @ KOjOM ce Temu Aa ce v’ MOXpene
napaseaso npema (o', TpeMa peaaTHBHO] OpauHu,
Teopema je 3a peaaTuBHO yOp3ame:

() =) + () + )

(') = 2@ v_sin (@v).
JIMTEPATYPA
(RUBEMATHEA )

Résal — Cinématique pure 1862,

Puiseux — Legons de Cinématique — {8...
Picard — Traité de Cinématique théorigue 1902.
Tannery — Deux legons de Cirématique,
Poingaré — Cinématique et mécanisme — {899,

Koenigs — Legons de Cinématique I, IT 1895,
K. Heun — Kinematik XXXVII, Sammiung Schubert.

TAABA IIL

—————

NpyHUKMNK MeXaHWKe: cHna W Maca
§ 37. — lNaanaeo je yBeo Hexe OPAHIDUNE HACAS~ .
majvhu ce #Ha DojMoBe ! o AewHUBoCTH, YOp2amy U cia-
rawmy xperama; XajeHc jé O0BO IpOLIMPUO Ha Kpe-
Tame cucreMa, a IbyTH je mpenmsupac npHBnuIe Me-
XagNKe ¢ TpaBUTamdje U TH C@ TPUHOHIH 30By:
OPUHEMHI HHEDIHje, pPeAATUBHOT KpeTama, U AKIUje
H peaxnuje.

L Dpeeounx

§ 38, — Taura reoMerpujcka HCIOyHREHA MaTe-
pujoM 30Bé ce MaTepujaiia TauKa; Teao je cacTas-
HeHO U2 0e3bpoj OBAKBHUX MATepPHjaiHHX TAayaKa.

Hpunyuu ce uMepyuje cacTOju N3 ABa A64a;
npen je obyxBahen mspasoM: aa xaj je maTepujaaHa
Tauka Yy TpPOCTOPY ¥ MUDY M Ha WY He A@jcrByje
HHKAKBA CHA& CIIoba, OHA OCTAjé Yy MUDY, N APYro:
Ka) ce marepujaiHa rTauka Kpehe y mpocropy a Ha
BY He ACjeTBYjé HUKAKBA CHObLHA CHAA, KPETame je

‘TA9KEe YHHPOPMHO U IIpPABOAUHE[HO.

Ha opora mpuHnuma H34a3u: A4 Mopa GHTH Ka-
KBUX Y3POKA KOjU Teaa U3 MHDA CTaBbajy y Kperame
u o6paTHO, TH C@ yspoIu 30BYy cusama. Marepunjasne
Tauyke, Ha KOjé OBH y3pOoIu AejcTBYjy, 30BY C€ Hallaa-
HUM TAYKAMA CHAA.
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§ 39. — I[punyuw peAATUBHUX KDeTaia 0 He-
38BHCHOCT e®ékaTa cuda. Haz ce, moa ymansoM ua-
BeCHUX CHUJa, CHCTEM MAaTepujadHHX Tadyaka, He3aBu-
CHUX jeAHO 02 APYIMuUX, kpehe TpaHCAATOPHO y MpO-
cTOpY, 114 CE& HOBa CUA8 TPUADYHIN, eceRaT je 04 OBe
cHle Ka0 N PEeJATUBHO KpeTame TAYKE Ha KOjy oBa
HOBA CHJa AejcTBYje, HesaBUcaH 0a TPaHCAATOPHOT
KpeTatba CUCTEMa, CBe ©€ AelllaBa ®ao A4 je cucreM
y nodeTxy MMpDOBAO.

OBo BpeAM ako ce TpaHCcAAnUjl TIPUADYERHE H
obprame cucreMma.

§ 40. — PesyaranuTom ce BUIIe cHAZ 30Be OHA
CHAA, YUJU je edekaT jeAiIaR ca CYMOM aJareGapecKux
e®EHATA CBHUX CUJA, KOje HA CHCTeM MaTepujalHux
Tauyakad AejcTBY]y. ‘

Nz oBora usaasu: Aa pesyaTasETa BHIIE CUAA
Aaje jejpHOj MarepmjaaHo] Taunu y Bpemeny t-f yOp-
34 jeAHAKO TEOMETPUjCKOj cyMul y6psama, wWTo 00
ra ocraae cHae cHCTeMy aade y spemeny I-f .

§ 41, — Hpuryun anyuje u pearyuje. AKo KakBa
TayKa MaTepujaaHa m AejcTByje Ha ADPyry Tauky m’,
TO je aejcTBO y TpaBLy mm'; aApyra Tadxka m' Aej-
CTByje Ha m MO MeTO] JAMHUW MM’ aejoTnOM, Koje
je npBoM jeAHAaKO CAMO CYIPOTHOT cMUCJA,

II. Mepeme cHag

§ 42. — Haxo cy esewru cuda KpeTamwa, To ce
3 0coOHUEA KpeTama MOTY U ocobnHe CHAS MPOYINTH.

AKO je cmaa KOHCTAHTHA, IITO AGjoTBYje HA N3-
BECHY TAYKY MaTepHjaHy, KpeTatbe je Te TaukKe mpa-
BOAMHE]HO U jeAHarRo yOpaaHO.

O6paTtHo, aKo je yOp3ame KaKBOT KpPeTama ¢Talg0
MO0 BEAMYUHM N TPaBIy U ¢NAa je KOHCTAHTHA.

Pesyarasra je ns Bullle KOHCTAHTHUX CUAA KOH-
crantHa. [Ipapan awmieaepanuje u cmucao oapehyje
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Opapan U cMHeao CiLde. AKO HSBECHA CHJ4, KOjy

o0elemaBaMo jeAHUNOM, KAKBO] Taull Aaje yOpsame

A, cBe he cmae woje Toj Tadmn Aajy ucro yOpsame
. . 1, 1
furu paBre {; ocmJae woje Aajy 24, 3A maum 52., gl

u T. A. Ouhe ABa u Tpnm mHyTa Behe wan mame o0a
CHJE KOja je ysera 3a jeAudnny.

"~ Axo maxBa cmaa aaje yGpsame J, mena je ja-
aura F aaTa nspasom:

F = J
A

§ 43. — Maca. Oanoc uaMehy jaunHe xakBe cuae
KOHCTAHTHE U y6Daamba, MTO T8 T8 cHAd ARje TAYI,
30BE Ce Maca U Taj je opHOC crasaH N obederaBaMo
ra oGUUYHO ca m.

§ 44. — Cuaa ce mpeacrTaBba BEKTOPOM, KoOju
Ce NorJala ca TUpaBueM y6psama. Ako je MJ o
BekTOD yOp3ama 3a raury M, cuaa je F npea-
craB.bena BexTopoM MF, # us oamHoca:
MF.
—— = m HUMaMQO.
MF A F
F—=mdJ. ) Ca. 39.

3a cJaarase U pasJaraime cHAa Bpede TeopeMme
O ¢cJarawmy I pasdlaramy BEKTOpDA.

§ 45. — [Ipomennuse cure. AKO UPH Kperamy
yOpsama HHCY CTaAHA, OHAA M y3DONH INTO TO Kpe-
Tame NIPoUsBoOAe, clle, HUGCY CcTalHe, Beh mpoMeH.buBe.

Axo je y Bpemery t Tauka Marepujaana y M, a
y t+ dt y M, uGpsuse cy v u v, cpealma je Bpea-
HOCT IpOMeH.pUBE clAe 3a Bpeme di, cralHa cnaa,
xoja raumn M sa dt aaje OpauHy v, pasAudYEy OA .
3Hajyhu Aa je yOpaame KOHCTAHTHE cUAe jeAHAKO Ca
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cpeamuM yOp3ameM y HHTepBaady BpeMena dt u Aa je TO
yGpsame MJ, oaHoc je usmehy Tor yépsama u cuae Fm:

Fm=mJ

Kaa Dt remn myan, oasnoc je usmeby cmae u
y6paama
(F) = m (J).

v 4 Hako ce u npomenbuee cH-~
Je NpeAcTaB.sajy BeKTopUMa Y
npaBHy yopsama, ITO Ta Te
CiAe MIPOU3BOAE, TO TPABUAOG,
Ba caarame yopsama Bpean
H 33 cUAe IPpOMeHbHBE.

§ 46, — Jeonavune nperara.
Aro ma wawBy Tauky M uuja
je Maca m aejerByjy cHae:

©a.40. F,--F ; utexra cy Xy 2 ROop-
Amrare Tauske M, a X\ Y Z -X Y Z upojexnuje
cuaa F F,..F a XYZ npojeknuje pesyaranre F

X=X, Y=Y, zZ=2Xz

mpojeKuuje cy ybGpaama J:
Ix  dy  d
dt*’ e at®

Hs oamoca (F) = mJ umahewmo:

2 2 2
m;le:X, m%z Y, m%é
H TO Ccy jejHaUNHE KPeTama.

Axoc je AeJCTBO pesyaranre F TakBo ja TeAo
MHUPYje, CHAAZ ce BedM AR je Teao y paBaoTexn. Ve-
TParRUBalke ycl0Ba 3a MHPOBAIE CHCTEMa 3aa-
TaKk je oAebKy MeXaHUKe, KOjU ce 30Be craruxa.
Ozepax MexaHHKe KOjH MpoydaBa OgHOCE nsMehy

=27
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chaa U Kperarba, TPou3BeAeHUX THM CIL1aMa, 30Be ce
ounamura. IIpBn oAcbak noaasn o4 ApxuMeaa, Apyru
oa Taanaeja.

ITI. JeammEna CHAS, XOHOr¢HOCT

§ 47. — Haa ramso Teao caoboatio masa y Ges-
BasAyuiHOM mipocToPy yOpsame My je g=—9.808"
(ITapus), u Aoaasm ycaeA HPHBAAYEI:A 3EM.BHHOD (AK-
Heldepanuja oA Te:xe).

Temuga Teaa p, MOUITO jé OBO CHAA, jeAHAKA je
00 OMITOj JeAHAYHHN MEeXAHUKE:

p=mg- « <1}
3a jeauHpny ce cude oduUHO Y3UMa KRAOIDaM,
To je CyMa Te:UHe AlNCOAYTHHX MAaTePujalHHX Ta-

yaka y 1 anT. aectuancase Boje ua 4° (Ilapus).
Maca je jeaHe Tauyka m AaTa HIPA3HAMA:

P
g
Aro je p=g m=1
Jeaununa je mMace Maca TadKe, UHja je TemxIHa
g ®maorpama, To je Maca oA 9.808 anmT. noje Ha 4°
{[Tapus).
AxO ce ysMy 3a jeauHuny Ay:KHHe, Mace: CaHTU-

MeTap U rpaM, (Maca 1 cc. agecTuancame Boge ma 4°);

m = - 2.

3a BpeMe jeAHa CeKYHAa, — y ToMe je cucremy CG S
(damTuMeTap, TpaM CeKyHAA) Maca Teda H3paEeHa
vcrum GpojeM, Kao U TeMUHA, y YpaMoBuMa. JeANHHIA
ce cuae 3o8e AnHOM (dyne), To je cmaa, Koja AejcTBY-
jyhu Ha 1 gr. aaje Toj Macu y6psawe 1cm. Amnco-
Ayrea je Texkyma 1 gr. 980.8 dyne-a.

§ 48, — Xoamozenocr. Hawte ®opmyae He 3aBHCE
o4 usabpaBuX jejUHHDa KojHMAa ce MepH DBpeMe, Ay-
HMU”Ha M TeRHHA.
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Axo ©y y H3IBCCHHM jeAMHMIIaMa Omie OCHOBHE
KOAMYAHS MeXaHHIKE :

i, t m, vo3 fe e 1)

Ha ce yaMe Apyra JeAMHUTA 34 BpPeMe, AVEKUHY H
Macy, Koja je on mpBe A nyra Beha za Aymmuy,
v nyTa seha 34 BpeMe m g TyTa Beha 33 Macy, oHAA
CY HALIE OCHOBHE KOMMYHHE H3DRIREHE UIDAZUMA:

Ao A At

W, tr, mp  v— j-oy fos

7 T $ R

Cre ®opmy.se xoje 6yAeMo HATNAN MOPAJY OCTATH
BCTe, HE3ARICHO 04 n3alpaBnx Aymnua, Taxo 6u us-
pas, Koji Beayje BpeMe, AYARAHY RAATHA B yOPIame
04 ToEe, Roju heMo pomuuje nahun:

tmxvj - - 1L
g

6mo mesaBHCAE o4 NH3a0PAHUX jeAWHOTA.
Haa ce v I} emene noamuune & lug ca uspa-
suMa ooA 2) BMaMO:

I ' e
tr = || g7, nam t:_:-:fr}/ &
= g

Oso je aoxas xomoremooTn gopmyae [, Oso mro
BpeAn sa ]l Bpein 32 CBE LODMYde ¥ MOXGHHIH.

R

TAABA IV

—

Pag; dyHruxja cuna.

§ 49. — Eaemenrapan paj A cnaa jeAHak je Opo-

HIBOAY Uz cmde F g uyra MM = MM, cos FMM, mam:
A = MM Fcos FMM_+ « 1}

Pas A mome Ouru sehH, MamM BN

paBaH Hyad. Hal je paa A>¢ 30Be ce
MOTOPOM, Kaa je A< o paj ce s0Be OT-

HOPOM.

Are ce nomepaj MM, Bpmu ¥ Bpe-
meny dt, 6psuna je Tauxe M v == i%‘r!
paa A:

A = Fuvcos {Fv)dt+ .2
JepHaunHa ¢0 paas 1) MOMKEe OBAKR0 HAIHCATHA:
A== MM [F.cos FMM ] . - 3}
Paa je myaa: nam 38 MM, = o, nag sa F=0
nau za FMM, = 80°.

~§ 50. — Ar0 ce KoopaAwHaTe Tawxe M olnavse Ca
xyz, a M, ca x~+'dx, y-dy, z 4 dz, sERAMO aa jer

F-MM, cos FMM, = Xdx -+ Ydy + Zdz - - 1}
rae oy XY Z npojexmnje o F.
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Paa je T cuae F 0pu Eperamy Tauke no HyTy
oa M, a0 M jejnar:

M (M)
T=§Xdx 4 Ydy + Zdz . 2).
(M,)
M F Y HajommTiieM cay4ajy cude

dx dy dz
a dr di
i, u2a 6u ce Hamao paja Mopa ce
aHarH 06 mk myrame MM,. Oso ce
Adje jeiHaAUHHaMA

x=g{l, y=wlt z=wolt

- MOTY B3aBHCHTH O3 X,Y,2

Fq
Ca. 42,

-

Haa ce oso cmenn y 1) nmvahemo 3a paj uspas:

t
T == §{bt)dt~ - « 1),
¢

¢

ARO ciaa 3aBUCH CAMO 04 MOJOKAjA, 04 X, Y2,
a4 ce XYz u3pase Kao SYHKNUje jeAHOr mMapaMerpa
¢ paa je:

T=ipigdg- + -2
9, '
§ 51. — Hajpaskuujn je cayuaj rkoa T sapuch
OA MOYETHOY @ 3aBPUIHOY II0JA0- M M
®aja, a He ¥ 04 06JHKa OYTA M0
"KOMe ce raura xpehe, . F
Heng CY HOODAHHATE Tauke M M
M, (vyz), rauke M, (x4 dx,
¥+ dy, z); uz rauxe M 20humo F A E
apso y M' a za Tum y M,. Pag Ca, 43,
je mamyry M, M' X(vyz)doe (MM = dx), y M' je obaun
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cuae F Y (x 4 dx,yz), paa jena uyry MM, Yix 4 dx, y2)
dy, paa je ua nyry M, M M.
T==Xixyz)dx + ¥i{x + dux, yz} dy

Awo uzemo mo wyry M, M,, u M M', paa he Girm
T =Yi{xeyz)dy + X (xy -+ dy 2) dw

Aacy T=T, waa ce 70 yieAHAYH ¥ HIPAKN HO |
Tajaopy cMere, umahemo:

R ay
Yix fdx, y,2) = ¥ixyz) + o dx

ax
Xix,y 4 dy, z) = X{xyz)+@dy

Veaos je aa je T' = T, aa je paj HesapucaH 04 OyTa
0o KoMe ce W@ M, acaasm y M,
dy dXx

dx "~ dy
Axo ce paau MO crpadaMa [apaleiorpaMa na-
paseaAHuM ¢a APYTUM ABeMa KOODAMHATHHIM DABHUMS,
Haaage ce JOIT M OBY YCJIOBH: '
4z _dy  dX_ az
dy ~ dz’ dz ~ dx
Ycaosu HaheHu TpasKe aAa je W3pas:
Xdx + Ydy | Zdz
TOTa HH ARGEDEHNHjas HW3BecHs. eymErmumje U, aa je:
Xdx 4 Ydy -} Zdz = dU (xyz) - - 1)

Wz 1) je:
au ay au
e = — o 0 e 2},
X=G Y=49, Z=g 2

Oje cy omae m3pozn oyanmdje U

BPEMEHRESA MATRMATHEA — WEXAHEEA . 5
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‘Axo ce cTaBu Aa je U= — ¥, us 2} umamo:
: av 4V av - ‘
Xem— g Y=—g 2=

V ce 30Be HOTeHNHU}aJ, U USEBOAH HEIOBU Aajy cude,
0AHOCHO KOMIOHEuTe MeHe.

Paa je cuae F ma nyry M, M, oHaa:

M, M, : o
T={(Xdx+ Ydy + Zdz)=§aU=U,— U,=V,—V,

M ' M,

L

Oro cee Bpead 3a cayuaj xaa U uMa jelny ae-
TepMuHanujy Ha myTy M, M, ako TO Huje, pai He sa-
BUCH 04 HYT& MoMl, I HHje Hyad ERaj ce M, uo-
waonu ca M,. Ilpuvwep je sa oBo Kaa je: :

U= arigy/x
Y : * '
X x2+y25 Y yl+x2 o

t U je yrao XOP. Axo M ommeyje kyply MCM,
4 - paa je HyJa KaaA TaHRA B
- M aohe v M, jep U y M a0~
Guja HOTY BPEAHOOT; 3HO 0
rauka 06phe no nyry MC'M
paj je 2m, amo ce. TauRa
obpge jejaH myTr mau 2N
N X ako ce ofpue n unyra.

§ 52. — AKO mocToju ¢yHK-
wija cusa U uan ToTeHm-
jaa V= — U, ma roopau-
nare jeaue Tauke M obeae-

HMEMO ca xyz a Apyre M ua
' : ‘ au r=u
Mx' 1 ca 0% 0BHAMKMMO C& :l + dx, yz omaa je T T

5

(A

L

Y

Ca. 44,

U je ppeanocér y M a U' y M. Jearauuna HOCAeABA
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Aaje Tpojeruujy cmae y OpaBny ox ¢ oce. Ha uery
ce Haqzjm A00uja mpojerunja Y Ma koMe mpasuy MD
U OHa je:
U —u
TMM
Omaj ce oguoc, rapy MM Temu HYAH 320Be W3-
BoaA U mo npasuy. MD.
Hospmune U{xy) = C, rae je C KOHCTaHTR&, BOBY
e HMBOCKe HOBpIUHUE.
C rora mro cy mzsoiu
Unox, yz cuse XYZ,
gHaum aa cuaa F {xyz)
CTOJi HOPMaAHO HA HH-
BOCKO} moBpmnan U=
H TO ca crpane rae U

pacte. Ipojernuja cnaa o
F y npaeny wsopmaze X;
n Ha U je:
=2
_ dn Ve
Jep Je: Ca, 45,
- 5 )
z F F=lim v, U = U
MM, dn
0 b § 53. — Ipumep sa
e bynxyuje cuad. Axo je

Aara Taura M Ha ROjy Aej-
. er8yje cn.1a Z, ynpanuo Ha
0 ¥  DaBaH xoy m oyunngja je
oAcTojama Tadre M 0 Te
papu#, oHA2 ¢y X = o,
Y=0Z = ¢(z). Eaemen-
J P rapad je pal Zdz uau
Ca. 46, @ (z) dz. Dyarnuia enaa je:

U= iz dza.

b=
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Hugockre cy moBpmimse papadeaHe ca oxy. Ako
jo Z=-—mg
U= — mgz + const.
2). Hera je asara cuae ¢ ympaeua Ha oz, Hag
ce MQ obeaemn ca 9, upojerudje cy cuae:

Y=o v=0¥ z=,
‘ ¢ ¢
paa je sdor o"=x’ 4 y*:

g’(-rdx +ydy) = bdo

M OYHKHUjA cUir je:

U={ddo =1y g
Hugocke cy ueoBpummHe 00praEu nnanuapu oxko 0Z.
3). Axo je cuaa F, Koja uje craiHO Kpo3 o
dYHERUja oactojawa OM = r, mpojernuie cy cuae:

rE pd P
T r T
U={Fdr
) M
Hupocre cy moBpmune cpepe. Aro je F= — 3 HIl-

BOCKE CY TIOBRIILHE:

d M
U:—SM—:' = —+ =o.
T T
§54. — Oso mro cMo usBean sa AejcTBo jeHe

cu.ae Ha MSBeCHY TadKy, BPeAu M 3a M cuaa Ha cu-
CTEeM Tagaka.

Axo cy woopausare tavara M M,.. M, x y z
1 X,Yy,2, anpojernujecusra F F,--F X Y Z --X Y Z

cyMe Cy eaeMeHTADHMX paaoBa cuwaa F, F .. F za
noMepaje 6ecHOHAYHO Made: '

de:x:l_’_yl dy]+zldzl+.' +Xndxn+Yndyn+anZn
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Ako cy cuae 3aBdcHe 01 HOJ0:Kaja I U3BOAM
¢y H2BECHE oyHKNUje U KOMIOHeHTe cHaa!

alu ayu au

X, = ak, Ykzd__yk’ _Z“zdz-k’h: 1. n
Cyma je cBux pajosa cuaa F F .. F
P, P,
T=§(Xdx, + +Zdz)={dU=U, —U,
P, P,

Axo je U yEuneopmua oyErumja paa T je Hesa-
BHcaH o4 odaura nyra P, P
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OPYIW NEO
CTATHRA

'AABA V.
PapHOTeMa TauKe H 4BPCTHX Tena,

I. CaoGoans TalEs
§ 55. — Aa je mspecHa Taura M, Ha Kojy aej-
CTRYj€ n €uJAa, Y DABHOTEMRN HYKHO j& Aa f¢ peaya-
TaHTa TAX cuaa R myaa. Ta je pesyaradTa Hyaa,
ako ¢y mweHe nommoHenTe X, Y, Z cBaka 33 ce paBHa
HY.AH, ako CY!:

X =, Y=0 Z=0p. .1}

Aro R sapHew caMo oa X,y 2, oHAL oy X, YuZ
Takohe 2aBHCHE 04 X y 2, M U3 jeaHaunHa i) Ha1a3uMO
ROOPABHATE Tavyike M 3a M0A03Ka] ¥ KOME je Tauka ¥
PaBHOTERHE. o ‘ '

Axo oy X,Y,Z m3BoAR KamBe ayHHIHje cuaa U
-(;\fy z}, YCAOBU ©Y PaBHOTEMHE !

auv’ 1 - dUu
ﬂ-ﬁ o, @= 0 a—;—-*—-_—o SO Q)

Yeaosn 2} oy Hy:RuM ¥ A0BO.BHE a8 je U max.
wan minjm. 3a npeu cayuaj je Tauka ¥ oTabuaHOj, 38
ADYr#t y aafuano] PaBHOTERHA, Ja NPBH CAYYa] BHAUH
34 nahene noopaumaTe x Yy z u3 2) U je maxinmum jep
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ce Taura M Bpaha y nmoaomsaj NpROGHTHH aKO C8 BPAO
Malo W3 WHera ussele, WHAYE He,

§ 56. — Awxo mmamo n usurapa P P,.-P us
KOjuX Aejersyje n cuaa F F .. F Ha B3BeCHY Tauky
M, ma oy Te cuAe cPasMEPHE CA OACTOJATRIMAT, T, T,

n

0HAZ CY ROMAOHCHTe DesyaTaHTe U8 CBUHX CcuAd:
X= f‘ka(ak-—x}z Y:fzmk{ Y 4= f}.‘,mkéch——z}

Osae je [ uspecHa womcranTa, m, {k=1..7m) cy Mace
n neurapa P P,-.P ; a b_¢, oy moopauHatTe Tauaka
P P,--P, xyz cy KoopaAuHaTe Tadke M.

Aro nocMartpsMo Tauky { Koja 3ai0BO.b3BA 0BE
yCA0B€:
p=2ZEm , uf=Xma,, pp=Zmb pé= Eme,
rae oy 5, £& xoopausare Te Taure G, cmie oy:

X=rfple—=), Y=Ffph—y Z=fuif—2z
OBe cy jeanaunde myaa 3a:
x:éi y=g z=¢

dHaun taura je M y DABHOTEMHOM IOAGKAJY
xajy ce Hadazun y G {G ce 30Be TeRMIITE 33 TAURE
Pl P% o Pn)

Pyrrnuja je cuaa opae:

U=—Ple—ar ti—vi+e—a*|=—Pue

Ba ¢ >0 U==0y G, a U< o y cBuMa apyrum
Ta¥kaMa,; sHauM pga je U=maxi. y & u Ty je pas-
HoTexa crabuapa. O0patHo je sa p<Co. 3a p=o0
X=fXma, Y=[fEmb, Z={fEmec, noyaxugja
je cuaa:

Utf(xzn; a -y Emb, +z 2mk c,)-

§ 57, — Iauwa Ha wospwiuHu je y paaao'rexm
HAW Kaj, je pesymma cuaa F nyaa, uam wal je eunaa
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F yopaBHa Ha NMOBPIIHHA. Y3HMAa ce a3 je aejcTBO no-
BpUIMHE HA TaYRY HODMAAH3 oMaa MN u 80Be ce Hope
MaaAua Peaknnja; Kaa je TAYRA y pas- N
HoTexu, MN mopa 428 ¥ CYIpPOTHY )
mpapax 04 UpaBua MF, axo ce ue
BOAM payyH o Tpewy. Tauxa M npurn- Y. §
CHYje Ha DOBPUHHHY CHIOM jeAHAHOM
A cyuporaoM cHap MN.
" Axo je jeaHaumma NOBDUINHE
flayzy==o0 - - 1} 'F
Ca. 47,

Pearunja nopmaana MN uMa 3a
npojexunje KOAMYMHE Cpa3MepHe €8 KOCHHyCUMa yr—
A0Ba HOPMA.1® TIOBPUIMHCKE ¥ OHe ¢y:

PR | xd‘f

dx dy

Hpéjeﬁﬂm}e cy pesyaraure F, X, Y, Z.

Veaobu ¢V DPABHOTENE!
42, Y-{-lf o, 242, —0. g

Vs jeamaunsa | u 2 HalaBuMo Xy I B A, TIOJO-
*aj Tagke M Ha TOBDIMHHM W OTHOD NOBpMIMHE, HOP-
MalHy DeARNH]y A Npekro A

OBie ce MOTY KOOpJHMATE X,¥Z MMOBPIIMHE H3-
pasaTE ca aABa HapaMerpa 4, 4, B jeAHaAUHHA je HO~
BDIUIMAE

r=pg,q,), y=pa 6, =aolqq) - -5}

VeaoBu ¢y 8a paBHOTeMKY Aa je F HOpMadHO Ha
noBpmuHi, As je F mopMaatio fa ABeMa AWHUjaMa
noepuluse 3) 3a ¢, =lconst. U ¢, = consi.
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YecaoBu cy 3a oBo:

dp | Ly _
=Xy TV a, +qu1 - °

de dtp de
“=Ya, +y aq, ¥ %y,
Ws I nanasaMo ¢, ¥ ¢,, a Kaa Ce To BaMEHH y
3}, AMaMo x y zZ, KoOopAuHATe Tauke M 3a PaBHOTEKHE
HOA0K&j.
Axo je:

=0
2

Q. dq, + Q, dq,

TOTalHE AHGEPERNMjad o ¢, B ¢, H3BECHEe dYHHHuje
Ulq,q,), yeaoru 1 cy ycaoBm maxim u minim, ®ymg-
nuje U.

§ 58. -— Paenoresca rauKe Ha KaKBOj KPUBO]j
-AHHH_“EH, He BOAehn pauyHa o Tpemy.

OBae je peasmuja rype Ha Taury M y mpabBuy
F : sopmase (MN). Haa je taura M y
paBROTesH, MN naja y cCynpoTHI Opa-
Bai pesyAranTeé CHOMHEEX CcHAa F
X" mrTo aejcTRYjy Ba Taury M.

Jejpauuna je nypbe AB:

Aoyt fleye = o, f,(xyz)=0- - 1)
Ca. 48, ’

Komnonrerte ¢y F: XY Z.

YcaoB ce 3a paBHOTeRy ao0Hja, ako Ce HIPasH
Ada je F jeamaro m cympoTHO Ca MN, ca BopMaazOM
PeaRIHjOM.

MN ce MOmKe yBeK pasJoRUTH Ha AB€ KOMIIO-
renre MN' u MN", wrto majajy y HopMa.de NOBDIIKEe
noa 1), xoje mpeceroM aajy xyp6y AB. KoMmmomenre
cy. MN' u MN':

B8 a0 Ay o, Ay df.
ct Tovdy’ Tdz? Tl dae T dy 'dz
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YeaoBu cy 3a paBHoTe:Ry:

: df. af, _ df df,
2) X-—f—'l ild‘x_——o, Y—i»lag-}-il ay =

df af, __
z4al 42,0 =

Uz 1) u 2) momemo mahm xyz, XA, moaomaj
Taure M Ha RypBu 1 OTHop rypb6e nomohy A u A,

Axc ce koopauHare KypGe uspase jeiHUM ma-
paMerpoM ¢, jeAHaunia je Ananje AB:

3] x=9lg) y=vyig z=w0y
Kocumycu yraoma marnba rtaHremTe cpasMepHu
cy ca @'(q) ¢'(q) @' (q), ycaoBU paBHOTeRe Cy:
Q=Xyp'lg+ Yy'ldi+Zo'lg) =
ey 49
® (q§—-dq HT. A
Kaa ce us ome jeanauune mahe g m savemm y
3) saaarar je pemen. Axo je {Qdq = U(g), Q=o
je veaoB sa maxim man min og U, 8a crabrial nan
AabuAaH 0A0HKa] PaBHOTeKHe Tadke M Ha aunruju AB.

II. Cucren rauaxa.

§ 59. — V¥ LDICFBMV TayaKa MOTy OWTH ABa& CAY-
uaja: mAm cy cBeé TaYKe 0 CBe HE3aBHCHE jelHa OA
AP¥P2, HAR 33 HIBeCcHe u1ocToje HAapPOYWTH YoAOBH.
3a npen cayuaj ce mpuMemyjy HaheHm ycaoBd =a
PaBHOTERY jeaHe TauKe, 3a ApyrH caydaj Mopa ce
BOAMTH PadyH 0 HOBHEM yCAOBHMA.

Uspcre Te€ao je cuCTeM Tauaka, TAe je YCaAOB
HOB: A& ¢Y OACTOjalba H3Mehy ravara y cucreMy
craiia. Hay jeana cMaa AgjeTByje Ha jeaRy rTauky
Kaike ¢e Ja Yy HCTO BpeMe JejcTBYyjeé K Ha CHCTEM
caM. YrHnaj clIo.bHUX CHJAa Y3HMa Ce Ja He yTHue
Ha Ae®opManijy 4BpCTOTE Teda,
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§ 60. — JAoaapaweM WAH GAYSHMameM ABe jea-
HakKe U CYNPOTHE CHle He Mema ¢e AaTH CHeTeM
cu.ia, mrro AejeTey]y #a uspero teao. [lomepame cuaa
y CBOME@ [pABLUY HE MEHA eDEeHAT cuJae.

3a paBHOTE:RY nOTReOHO je, A4 je De3SYATAHTa
CBMX CH.IA, IITO ABJCTHY|Y Ha KAKBO TEA0, HYyA3, Haa
ce CHAE CeXKY ¥ jeaHo] TadiH.

¥V reupajE BEKTOpa, HOIMITO C& ¥ Ciie NPeACTAR-
Jbajy BeRTOpHMMa, BUAEIR CMO, A3 C& CBE CcHde, IUTO
AejeTBY]Y, Tla Cy MM HAmaiHe TaYKe y pasHuM Tad-

KaMa, MOTY CBeCTH: Ha Ase ciie I u D, 0a rojux jeana

AejeTBYje HA TPOUSBOMLHY TAURY.

Buaean eMo: 23 €e CHCTeM CHAa {BEKTODA} MOEe
cBECTH Ha jeAHY DeSYJTaHTY M jelaH clper; pesyd-
TaHTa je R ca HAHAAHOM TadkoM O HPONBBOLHOM, &
MOMeHAT cipera je MoMerar 0G oAHOCHO Taukre 0.

. Yeaorn oy 33 papHoTemy: 2a je F == & = 0 nan
Az je R=o0 u moMeHnar cupera 00 = o,
. Awro ey X, Y, Z womnomenre o4 R,a L,M,N R_Qm
nonenate 04 0G ycaoBY Cy DEBHOTEMRE:
X=o0, ¥Y=0,Z=0, L=9o M=o, N=o

Ba cueumujaane caydajese, Kar je 0G yupasHO
& DPaBal pesyaTanTe, R je omaa y mnpasuy oeH-
Tpa.aHe oce ¥ NOTOje OBe je HAYRHE:

XY 4 2Z">0 LX4 MY Niz=o
OBae je yc.a0B 33 DaBHOTENY:

X=o0, Y=o0, Z=o.

II1. Iipumena. CHae y parmm; mapaseame cmae;
TeMAIIT.

§ 61, — Cuae y pasnu. Axo ce pamas, y Hojoj
€y cuJje, yaMe 3a Xy, YCAOBA CY 32 DaBHOTERY A&

NFEMEBEHA MATEMATHKA 77

je pesyaranra Hyaa m cnper Hy4a. Osae nocrojn
jeAHaunna :
Z=o0 L=0 M=y

LX 4+ MY 4+ NZ = o.

Aro je X* 4 ¥' > 0 cucTeM uMa PESYATAHTY 0O
MeuTpadno ocl.

Axoje X=o0, ¥ =0, N2 0, CHOTEM HUMA CIper.

Aroje X=o, Y=10, N =20, cucrem je y pap-
HOTEHKH,

§ 62. — [lapaaeane cu.e. AXo cy cBe CHJ€ Ta-
paJejie ¢ca udBecHHM npabom (D), wujn oy RoemEycu
yrioea marmba o,y u Te cuae 00eieWHMO ca
P, P,-- P, a mExoBe HaIaAHe TA4Ke CA X, ¥, 2, - X, Y, 2,
MOTY OBH CAYYAjeBH HACTYNHTH:

1}, BP =0, Axo Hanajy TauRy pesyaTanre
osHagnMo ca £7§ mocroje oAHOCH:

& o E—-—..P*‘x"‘ 1}:..@2 Pyyy & o Lhz,
P, b3 zp,

2 TP =on L*+ M + N >0
EPx, _EPy  EPz,
8 y

OBae moa 3} nocTOi DaBHOTE:RA.
Ao TOCTOjn paBHOTEXA 38 Ma RakBo o, 3y
YCA0B j€ 3a TO:

EP =0, EPx, =0, EP y,=e, EPz =0

~OBakBa ce PaBHOTEHE I0Be aCTATHYKOM.

3). EP ==o,

§ 63. — Tewmuwre. Temuna je Teaa cHAB Bep-
THRa.1Ha, jaunHe p == mg, rae je m Maca Tesa & g
yOpsame 0a Teme. Hamajua Tauka TemHHE j@ TERH-
grre Teaa, TO e HanaAHa TAUKa pPesy araHTe napas
JEAHUX CHAR, jep ce TeXHHe CBHX YecTHOA, U3 KOjux
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je Teao cracnaeHo, MOTY CMaTpATH 3a mapajedHe W
arg npoaasc Kp03 TEeHEIITEe 3eMABIHO,

Aro o08HAUEMO Ca ™M, M, M Mace N TausKa
Tesa, BHXOBE Te:RHHe Ca p, P, -P,, & KOOpAMHATE
THX TadaKa Ca X, Y, 2, X, Y, 2,; c& £ & roopaumara
TeRMITA 0, ¥ ca M Macy neaotra teaa, ca P BEroRy
TeMBHY, UMaheMO oBe 0aHOCe:

po=mg, P=p +p -+ p =My
é‘ﬂ B, %, + pzx'z"%_ Y - m, x, M{_ m, X, +-mnxn-

pl “%’pz—i_"pn ml+m2+-'+mn
f ZPE_ Emy | Imy
SRS T e T
Zm Xmz
1]::‘:—‘{‘2{9“, §:,M;W

s jeananwwne sa £ 5 ¢ Buan ce: Aa moa0maj Te-
RHUITTA 3aBRCE caMme 04 Mace M Teaa ¥ Maca TAyaxa.

1V, Hpumena sa DpoHSBOLHE CHAG ¥ IPOCTODPY.

§ 64. -~ Aro Ha cTpasavMa rterpajeapa ABCD v
TeRUIITAMy CTpala 4' B' C' D' AejorByjy cuae yopasHe
Ha TIOBPIIMHAMA, TEA0 je ¥ PABHOTeRH, aKO Cy cuie
CpasMepHe Ca NOBDIIMHaMa, M Cs& HAY ¥ yHyTpai-
BoCT TeTpaeapa. OBe Bpedn H 3a Nodmjeipe.

Hewa cy afy d weTHpHE cHAE MTO AejCTBY]Y ¥
A B C D, remenuma reTpajeipa I CcpasMepHe CY &
THOBPIINHAMA ! :

@ =h BCD, §=hCDA, y=hkDAB, §==rABC

MDM@HTH ¢y oanocuo usnpe CD cuaa ¥ u d HyAd,
o u § umajy cynporse momente. Cuis o mae mo pa-—
cuan AA’, yrao @ ca €D je wpae u uajrpahe je oa-
crojame a o4 CD A" A"; womenar je o oamocuo D

HPEMEMBERA MATEMATHEA 79

aA'A" =a AA' colgp =k BCD - AA’ colg p = 3k veoty ¢
v je salpeMuHa TeTpaeApa a ¢ Yrao aujeaap mo CD.

Momenar je 8 werm ® oryaa je
CYMa: CBHX MOMeHwra OAHOCHO Ma
KOje MBHIE Hy.a (OBAS je 33 MBRm-
ny (D).

OBo Bpean Had Jo0Ka3 33 FODHU
caydaj, jep ce CBe GAHOCH Ha Te-
tTpaeaap A'B' C'D' craciper unz
TEIKUIUTS CTPAHA, - ?

2). Criperosy uumje cy OGOBHHE
yOpaBHe Ha CTPAHAMA I CPA3MepHe
©a CTpaHaMa TeTPaeApa, Kai CY CBH Ca.49.
HpaBOi Ka YHYTpalllkocTn, Yy paBHoTemu cy. Osae

" je cyma TpojernEja 0COBHIS COPEroBa Ha Ma KOju

npaBay HyaAa.

§ 65. — Ilenrpaana pagar y UBDCTOMEe Teay Ha
KOje A€jCTBY]Y cHJAe ulja PesyaTaHTa Huje HyJa.

Zr Heraje F (X, Y, 2.}
jeana oa cmaa, A {x,
Y, Z,) HeHa HanajHa
TAYKA , MMa Y3MeMO
IpaBy 0p KpoO3 Houe-
TaK cHeTeMa W KO-
CHHYCE FeHHX YT0-
X /' &paosHaumMo cadafy,
Y/ a cBary cuay F, pas-
AQRHUMO Ha ABe HOM-
C2.58. HOHeHTE: 0A KOjUX je-

AHA TAaAa ¥ MpaBall Iapadedal ca op, 3 Apyra y
HOpMadaH Ha WCTH W PBY OBHAUUMO C& P, ‘

Fi

NERN

-

p,=aX, + BY, +vZ,.
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Hoopau"are oy TERHINTA CBUX HAPAIGAHUX CHAA
P, ABTE jEAHATHHAMA:

Ela ZX -+ BEY 4+ yEZ)=a XX + 3 BxY  y 2xZ
{(wEXa{-—{)'EY-f—yEZ)xaEzK—}—ﬁEzY—E-*yEzZ

AKO ce op momepa, moMepahe ce M TeRHIITE
£&np u wecro he TemuwiTa 6uTH paBaH &, uHja ce
jeaHaunHa 200Hja AKO Ce U3 TIOCASAE TPU jeAHA-
gyne uzbane yraosd o 3y Osa ce paBaH 30BC HeH-
Tpaanom {Mbbius). Ouna He 3aBHCH 0a TMOA0Kaja TEAd.
¥V uspecwuM CAyuajeBEMa paBan HEHTPAAHA [IPEAARH
y npaBy Autujy (aunuja HeHTPaAHa), HAH TAURy {1eH-
Tap cuaal. llocaeamn je caydaj Kaj E£p ne zamnce

ox afy.

Karo je paBau & Yy BesH cd TeAOM H HE Mem3
ce ca HEroBUM 06pTaiheM, Mome ce TocThhu aa je
YNpaBHO Ha NpaBay pesyATadTe, KOja je cTaaba 10
mogoxajy y npocropy. Haa 0By paBaH ysMemo 32
XYy A 3a NOYETaR chucTeMa Tayry {0, Keja ce MORAAIA
ca MEeHTPOM KoMITOHeHaTa cuaa F, xoje ¢y mapaaeine
¢a MPaBUeM Pe3YATAHTE K Ca& 0z [IPABOM HOPMaaHOM
Ha 7, & 0X M 0Y OCTaBHUMO TPOM3ECAHO, HMahemo:

EX=0 EY=o0 EZ=R, ga
I
¥xZ =0, ZyZ=o0, EzZ =0, EtX=o0, Bz¥=0

jep je mewrap lapaleinux cuaa u3 2, Z,..Z y 0,

u gpé jey pasuu § = 0 3a ma KakBo a §y. Deaya-
TanTa je R y mpasuy 0Z. _
Ipojexuuje F'F,- - F' cuaa F, na 7w zajy ou-
CTeM cl4a § paBHH M OHe ce Aajy CBeCTH Ha jeAan
cuper. OGpramem Teda oxo 0Z mome ce nocTuhu pas-
HOTe:a 04 Z', 1 Kag ce caj 3a fx u Oy ysMy raapiu

mpaBuu cieTeMa cmaa F' mmahemo:
Ix¥Y =0 EyX=o.
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JeauHe jeawaunne wro HUCY uyie ope ey :

2Z=R, ExX=4 EyY =B

PaBuu zox, zoy 30BY ce raaBme paBHIl Teaa.

§ 66. — Ilma Gesdpoj mosomaja y Kejuva cmae
F, umajy jeamy pesyaraary (Minding). Cryn cBux
OBUX PE3VATAHTZ Jaje KOHUTPYeHNHjy Y Teay, v
Bpadd CeRY ARA KOHyea CTa&AHa YV TUABHIM pab-
HUHAMa.

¥ MecTo noMepama Te.da MOKEeMO oMEepATI ClLle.

Pasaemiuo crary cnay F, na X, Y, Z_n oéphino
rpujesap X, Y, Z, oxo mauaane Tayke A, TaKO A2 ©BI
TPHjeAPU ocTaly ca jeanum ox'y 2 cradHuM napa-
Ae1HM. ARO Y KOeuHycH yraosa Tpmieapa ox' y' z'
ca oxyz ee o', 388", yy'y", cnae F, saysmmajy
notomaj F' uuje oy mpojerunje wa oxyz aare jea-
HATHHAMA

f

X, an*i‘ﬁYk‘f‘ka

Vi=oX +8Y +yZ

Z =o' X 4 53"Y + 9y Z
Hopa je pesyaraura R':

X' zyRJ Y':y'R Z‘r :y”R_‘

I

HoBu cy Movenrn:
L'= By, Z', —z Y| = Bg"
M — Ae”
N=2ZXx Y, —y X, = Ae' — Bj.

I

(It
I

Aa y norom mosomajy ciae F'. nMajy jeiHy pe-
SYATAHTY, YCA0B J’e;
LX + MY +NZ =o
HAM:

Ay —ya) —Bify" —y8 =0

NeAMEBEHA MATEMATHRS — MEXAHEEA 6
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MOomTo je:
yla” . a!}’u — {3 }’ﬁ” - ﬁyn — a'
ycaOB je:
Af — Ba' = o
Kai cy OBH YyCa0BH 3a)0BOLEHH, CHAE UMAjy
jeAHY PesyATaHTy uuje ¢y jeiHaunHe:
L'=yZ' —zY', M = z2X' — xZ', NN =xY" — yX'

XY Z, L' MN 3o0oBy ce¢ KOOpDAUHATE Pe3yiTaHTe
(Plucker).
s jeanaunne A3 — Ba' =0 u jejHauune 3a
N' = 4a' — B3 HaAa3uMO:
BN’ , AN' N

2 . Auy e ogr Y
g= g * = ar_pg ¢ B A*—B?

Haa ce oBo ctarnm v IO3BHATHM OAHOCHMA :

@+t dt =ty
F 4B A=t By

Aobija ce:

A‘T'z Ml2 ‘sz
r—F tTaw = Y
N|2 LIZ Yl! -
T T T T Y

OBu 0AHOCH M3PAKABA]Y A& [PABAIL Pe3YATAHTE
IPUNiaja ABAaMa KOMOAEKCHMAa APYrora crelieHa.
Nl MI
x =0 = ——— = —
y X! . X'
Cy KOODAMHATE TAUKe rAe peayﬂ'}?gﬂa ceue paBaH Z0Y.
. Haa ce oo zamenn y 1) umamo:

y? * 1

4
FEop T T RT
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SHaUM Aa j& TauKka HA KOHYCY ¥ YZ;

N' M
Y=0,% =y Z = y OY KOOpAUHATE pesyaTaHTe
V Z0X M OBO CMETheHO Yy 2] Aaje:

x’ z" 4 1
=0, —5—— — —= — == 0

y b A2__Bz Bi RZ
Aaje Takohe upecek pC3VATAHTe CA ZOX Ha KOHYCY
¥y zox.

§ 67. — Pasnorescne ocosure. A0 ¢y YCAOBlU
us § 66 sai0BO.beHN KOA Te.aa, MOMEPAI-eM TPAHCAa-
TOPHUM Ce He MeHma Pe3ys3TaHTa, Aa BUAMMO IITa je
Ca DPOTALMjOM.

AXO je Teao y PaBHOTE:KH OHAA NOCTOje OAHOCH:

Iy =LY=F LX=3xZ =G, Sx¥=XyX=H
ExX =1 EyY =m, X2Z = n,

Y

Oca paBHOTe::Ha je OHa OCOBMHA OKO Koje o6p-
HYTO T€A0 3&a Ma KOAUKHM Yrao OcTaje V¥ DABHOTEHKI
(Mobius). ITopea nosraTux mect j€AHauYMHA 3a pPaBHO-
Tesky ToTpeOHO je 3a OBO joul:

F=9, G=o0 l4+m=0 - -1)
Jep, axo cef7reso za yrao « ob6pme oko 0Z, a

0X u 0Y ocrany craame, Opojekuuje ce cuaa He Me-
Bbajy U KOOPAHMHATE TayKe Xyz IOCTAHY:

x'=xcosq — ysina, y =xsina } yeosa, 7' =z
Aa paBmoTemxa Gyie Y HOBOMe 10AQMAjy, HYMKHO

je Aa cy:

z (x'Y\— yXy=o0, E(y'Z—2Y) =0, Z(zX—x'Z)=0

Kaa ce oBae usepumm cmena x'y' u cBede, Ha-
4a3¢ cé yca0Bu moa 1). Mowxe ce AokasaTd Aa je
OBAC CJAyuaj 3a)0BOEEH U 34 Ma KOjy ocy Oapa-
AedHy ca- 0z

G
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Ako je csara oA oca 0X, 0Y, 0Z oca pasHo-
TeHA, HMAMO ACTATIYKY PABHOTEKY. ¥ CA0OBI CY 34 TO:

F=9, G=0, H=90, l=m=n=o0

V. Urpera Teaa HeCA000AHA.

§ 68. — Hexra je veao yrsphero y jeanoj raunu .
Axo na rteao AejerByje n cuaa F F, .- F 1 1bioma
ce Aojaje ormHop (, Koju je jeAHAK a cyiUpoTaH ca
OpUTHCKOM Teda Ha Tauky 0, Teao ce Momke cMa-
TPATH Kao cA000AHO.

AKO ce Y3My oce KoopAlHaTHe Kpod 0, xyz o
ca A, Y, Z L MN 030a9uMo KOMIOHEHTe peaydraHre
u cupera us cuia F F,..F n Q, yeiosn rcy pa-
BHOTEHKeE '

X+ XN =0, YL Y =0, Z+2 =0
L=o M=o N=o

X' Y Z' ¢y koMuoHeHTe og @, Mujil je capel iyaa,
jep npo.aasn ciaa @ kpos 0.

§.69. — Awo je Teao yrephemo y Apema rTav-
KaMa, oHAa e Mode oDPTATI oko H3BECHE OCOBUHC,
Cuaama F F,--F aodajy ce cuae Q' Q".--Q" oa
CBUX Tauaka OCC. 38 PABHOTE:RY MOTPeOHO je Aa cy
MOMeHTH cuaxX cuaa F 1 @ 0aHOCHO OcoBHHE (HA

up. 0Z) nyaa, Momenrn cy ciae Q' Q.- nyaa n
YCAOB je 38 PaBHOTERY
N =oq.

OBaj je vecaoB Hy:kaH 1 aoBo.baH. Haa je ncmy-
HeH, CHJAe ¢ CBOAe Ha DPe3yATaHTy Koja ce 1oTIpe
OTOOPOM OCOBIIHE.

Peakuuja ce ocoBlHe Jako nasasun. Heka cy
X,Y,Z LM N mro u y uaparpasy 63. ¥YsMumo Ha
ocOBHHE Tauke 0 n (', wuje cy peakunje @ Q" Ha
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0cOBUHY., AKo je 0 Touetak cucteMa u 00" 0z geo-
BuHna, a 00'=h, yCA0BHM cY 34 DPABHOTEIKY:
X+ X+ X" =0,YF YV +Y' =0272+72+2"=0
L—hY'=o, M4 hX" =o, N=o

XYy Z, X'Y'Z" cy xoMumoHeHTe cmie @ u Q,
I3 mpeajmocaeAmsa aBa Hzpaza Haaasumo Y' u X' a
g Tpeher ce nasasu Z' 4+ Z". Tako je memoryhe nahu
cBe TPU KoMunoHente peakpuje. Bogehn pauyna o ge-
eopManUju Teaa MoikeMmo mahu u Z'.

§ 70. — Teao ce obpfie oKo H3BEcCHE oce H
KJAHZU TIO 1BOJ.

OBjae ¢y yCJA0BH 32 PaBHOTEKY:

N=o, Z= o

Aa HeMa obprama oxo 0Z u Kperamwa 1o Z.

AX0 ce Teao Hacaamka Ha HAKBY PaBaH MoKe
6uTn BUIE cAydYajeBa.

1} ¥V jeamoj camo Tauuyn. Papan BpIIM HOPMAJAHY
peaknujy vy TO] TadpH Ha TeA0 H Tel0 MOKe KJAH-
suTH (6ez Tpemwa). Tes0 ce MOKE CMATPATH 3a CJA0-
80oAHo, ako ce cuaama F F,.-F  a0aa cumaa Q. 3a
PABHOTeHy je HY:KHO: A4 je pesyaramra us F F, - F
jeaHara H cynpoTHa ca Q.

2} AKo ce Teao aoAupyje y BHINE Tagaka ca pa-
BHIHOM, y Taukama A A,.-A, #o upasoj 0X, paBan
BPLUM TIPUTHCKE HA TeA0 YV cBUMa TAuykaMa M OHU CY
Q,Q, - Q,. buxosa je pesyaranta Q ca HamajHOM
TaukoM y A usMehy A, m A (Do caaramy mapaded-
HUX cHJa).

3a paBHOTEKY CY OBAE YCJAOBHU:

X=o0, Y=0, Z+4Q, —}-Qz-[—--Qp:o

L=o0, M—a Q —a, Q,--—a,Q =0, N=o

X,YZ cy womuonenre pesyarante R a a a,--a
¢y oAcTojama cuaa @, Q,--Q, 04 Tauke 0.

[ 4
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Aro je x oACTOjalbe HallaAHC TaYKe PEe3yATAHTE
cura F,-+F,
M= —xZ.
KHaa ce oBO cMeHu y LpeAllOCASAHO] jeAHadIHII
Ha1a3il € 34
. :al Q1+"'apr
Q+Q,+-Q,
Peariuje sajonobapajy zBe jeanadnHe:

Z4Q 4+ Q=0
M——alQlH~——apr=0

AKO ce€ Tea0 Haclamka Yy ABCMa TauraMa Ha pa-
BaH MMaMO AB€ pCaKuHje I OHE ce MOI'Y oapeanTd
u3 roc.Jelme ABe je HaunHe, Nuaue e, Apyrir ce cay-
gajeBl 0apehyjy us Teopuje eacTHUYHOCTIIL

©3) Omwru cayvaj. ARo c€ Tedo oclamkd ¥ p Ta-
gaka Ha paBaH KaKBY I Tadyke CY MNOpol3BO.BHE
A A,-- A, YCAOBH CY DaBHOTERE:

X=9, Y=0, N=o0- -1

Z+Q1+Q2+“QI,=O
L+lel+sz=+"+prp=0- <2
M%alQ’_a —__aQ:O

2 Wy P vp
aK0 je paBaH yseTa ga xy %Y, X ¥ ¢y KOMIOIeHTe pe-
syaranre cuaa K F,--F L MN ¢y KOMOOHEHTE
cupera pesyaryjyher us cuaa F F, .. F", a @, Q,- Qp
cy ormopd paswu; a, b ..a b, cy kOOpAHHATE TAUAKA
A A,-- Ay paBHU Xxy.

Jeanaunne 1) Tpaske norpeSaH ycAoB PABHOTE:KE
H HEBABHCHE ¢y oA DPeaKUdja; jeaHAullle Tpaike Ad
F F,..F umajy 3a pesyATaHTy cuay HODMaJHy HA
Xy. B8 TpM Tauke AoAnpHe ce uz 2} MoTy Hahi or-
nopu, sa Behun Opoj He,
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VI. HapauyHaBake TEHRHIITA.
y 71. — Junuje. AKO TPLRIMO TEHUMTE AA-
nuje -\B, pa.ba Ha Woj yserTu edemenre P=ds. OaHOC

— __ TA€ je m Maca o P
aTc.PP'J fa' J . fa'

P B
PP, je cpeama rycruda PP, A/Z‘_’\

aKro j€é OH cTaJaH JHHU]a €

xoMoTeHa., AKo JAMHUja Hije
XOMOreHa, OHAA ¢€ [yCTHHOM

. dm .
30Be 0)HOC —— = 0. AKO je Ca. 51,

ds
M maca unede auuuje AB a £79 ¢ KOOpAMHATE HEHOr
TeRUMTA, OHAA CY: :

M= Sgds, ME= Sx@ds, My —= \ yods, M= S zpds

Haga je ¢ —=const (auHunja XOMOTeHa).

={xds, Iyp={yds 1= zds.

§ 72, — TI'yaoenosa teopema. lloBpuinna onucana
oOpTabem KakBe KypOe DaBHE OKOAO OCOBUHE Y Ibe-
Y HO] paBlll, KOja Ty

dsM B wxypdy me ceue, jea-

HaKa j€ 0OUMY KYpra

KOJI OTmHCY]e Tewml-

1ITe, TOMHOMKEHOM CA

x ayxusom (I} nypde.

{OBO BpeAll 3a XOMO-
reHe AHNHHjE).

Aro kypba AB ae-

2 WU Y YyX paBHU, ede-

c1. 52. MeHar ds omHcyje 1o-

Bpmuly dA
dA == 2myds
A=2m (yds = 27nl
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Axo auHAja Ox ceue KypOy, A npeacras.sa pas-
JMKY HOBDIIHHA OUNCAHUX AYHOBHMa HaA U Mcmoa Ox.
§ 73.- — Temcuwre nospwuna. AKO je m Maca

. m
jeAHOra ezeMeHTa IOBPLINEE ¢, OAHOC — j€ CpeAwa
g

TYCTHHA @, KaA je NOBPIIHHA XOMoreHa, Huade je ry-

CTUHE @ = dm
» —_— a;.
Osae je:

M = \Spdd, ME = Mxedo, Mp :SSyedu, M¢ =S zpde; .

88 XOMOreHy NOBPIMMHY @ = const.
S = Sg:rda', Sy = Sgyda S¢ = Sﬂ zda

§ 74. — I'yadenosa reopesa. BanpeMuHa, 8 PaBHe

5 HNOBDHINHE HAaKBe OPN HBEeHOM

H @ o6pTamy OKO u3BecHe oce y
A_Bdy . moj,Koja jene cede, jeaHaKa je

A:B A3TO] HOBPILMHH [OMHOMKEHO]

ari ca OBUMOM KpyTa, OHHCAHOT

%} TexumTeM, (Opo BpeAl 32 Xo-

MOT'eHE& NOBPIINHEE).
0. =7 X Eaemenar dx dy nospminfe S
Ca 58, onucyje sanpemuuy 2mydxdy
v =2m\{ydxdy = 277 §
§ 75. — 3aupesure. ARO je Maca KakBe zalpe-

m
(MEHE © M, OAHOC -~ 30BE CC CDeAlma [YCTHHA AaKo

. ) dm .
Je Teao xomoreHo, HHAYe je rycTuma 9 == ——. Hag

dv
cy HoopAuHATe dm xyz u M Maca Heaora tela y sa-

NPeMUAN T OHAA CYy:

M= S o, ME - [ pao, g - {{upav, M- pao
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3a XoMOPeHa Teaa je:

VE= S'\Sxdb, V= SSSydv, VE == HS zdw
3a roopaunare Kapresujepe je dv = kdxdydz,
kR je saupeMuBa Iapaleloudlela UHje Cy HBUIE
jeaan.
Y ¢BepHOM KOOPAMHATHOM clCTeMy je:

do = r* drsin 6 df dp — * dr dpe dep
dy = — dcos8.
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A

Cuctemy npomeHmHBH (déformables) .

§ 76. — Haa oacrojama usmehy tauara cucrema
HECY CTAAHA, Teda C¢e 30BY NpoMeHmuBa (yike, .a1a-
HAD ¥ 7. A.}. COo/BHE CHAE Koje HA OBakBa Te.da Aej-
cTBY]Y 3aA0BOBAJY ONITE YCaA0BE DABHOTEMe (6 jea-
HauuHe), jep TeJ o HOA YTHOAJEM TUX CM.JA& OcTaje ¥
PABHOTE!XHN AKO ce MOCTHCHE cTalke YRPCTONa Teaa
¥ CHCTEeMY, T.]. AKO C& YAeCH. A OACTOjad-a usMehy
FeTOBHX Moje AHHUX YecTHHA OCTAHY CTadHa (NPHHIUIY
yuspmhema — solidification). ¥ ommrre yser oBe
HieCT jejHAunbe cy HYMKHE A4 He H A0BO.bHE 3a pan-
HOTERY.

I. HoaaroE®E PHEAEYIADHH,

§ 77. — AxO uMaMO CHCTEM MaTEpUjalHIX TA-
gyaka M, M, -- M 1noBesanux yKeToM BUTKHAM, 810 He K
BeTerHNBUM, TARABR C€ CHOTEM 30RE @HIIHH}’A&FHHM,
&KO Ha ™, Ha merope TauKke M M, ..M aejorBY]Y
cure F\ F, --F , jep My je OO.UK DanHOTEKHM OHAR
HOANTOHAAHT,

Aro umMaMo aABe Ta‘meF M A r
M, M,, sa pabHOTey cy'! A *
norpedre jApe cuae F|F,, : Ca. 54.

jeanakre m cympoTHO o3Ha4deHe, A4l Y TPABHY HeTe-
3ama yiieTa, HHEAYe 1eMa paBHOTeNe. ’
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Aro Ha cmecremy M, M, y paBHOoTe:Ru ysmemo
jeAny Taury A u nmocMmarpaMmo zeo M, A or je y pas-
HOTERH o) Yruoajem ciae Fl u aejcTra Aeaa AM
KOjH Ce MOMie 3aMeHHTH CHAOM jeanakoM ca F, a
WwO] CYUPOTHOM, Koja Ce 30Be Tan3uja (UCTEsame)
TauKe A. '

Dnmawysapnu noanron M, M, M_ M, y pasroTemn
je: yoaea CHOBHHMX CHAA
F F,..F n ucresama y
npasguMa  orpane TM, n
M, Q, aKO je NoAKIOH 1pe-
ceden y T u Q uamehy
M, M, uM T,

33 PUHMKYJAPHE [HO1H-
ron M, M, M, M, paBuO-
Tea Mopa OmrTH usmehy
cuaa I, F, F, F, u Tan-
suwja Ty, T,,, 1 oHA ce
rpadydRy  Halastlh  JaKo

myajvhi ¥ Buay oanoc T, =T, n t. a

Ca_55.

Epos mpouspo.pry rauky A Baba nomsyhu AA, 7/
ca T,, v jeanaro ca T,,, KPos 1a4ky A, Bava HoByhu
napadedHo # jeamaro ca F,. laxo cy cuac T,,, F,
u T,, y paBHoTe:sm, BeKrop AA, je jeaman ca T,
u BeKTOD je AA, Jeanas M Napadeaau ca T,,. Cuae
T owF uT, cyy paBHOTENCH. Axro ce wpos Ay nmo-
Byue BEKTOD Koju je mapazesan ca T, A A jeawax
ca F,. Bertop, A 4 je jeanar ca T,, a BexkTOp A4,
je jeamar ca T, u T. A pohuke ce Jo BeKTopa AA,

ROjM je jeAHAR ca ueresamem T, .

AKo je moaurou y paBHOTe:wu, goTpebHno je aa
ce npesamamem Bexropa A, A, A, A, # T. A jea-
Hako I mapateano cuaama F, F, F_ F, momxe Aohi

v Tayry A, a8 cy perropu A4, AA,, AA AA napa-
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aexan o jeamanu ca TM,, M, M, M, M,, M, M, M, @,
caM0 CYEpOTHOT IpaBma {Varignon).

" OBM Cy YC.IOBE HE caM0O HYRHM 3a PapHOTEHKY
Beh 1 a0BOBHH. AKO ©y OHH nc;}:yrbemi CBaK4 e
rauka M, ¥y pasHOTewsH N0 yrunajem cmaa F, n ucre-
zamla Ty, s 1; 4. JEABAKHEM Ca BeKTOpIMA AA, | ¥ A A,

Momeuru cy enaa ¥, F, F F w5 T,, T,, Hyaa,
K20 H MOMeHTH cucreMma cumaa F, T, | T'1 e UITO Aej-
CTBY]Y Ha Taury M.

§ 78. — I'panuunu ycaoeu. 1) Mory =xpajeen
Aoanrora fury caoboamn Ma wojuMa zejorByjy cilae
F,nuF_. Osse cy onaa 4
HCTe3alkba Y KpajmuM
TadykaMa HOIHATA OHa
CY jeAHaKa H CYNPOTHA
ca F, u F,

2). Mory xpajeBs no-
AxroHa O6uTH Be3aHA ¥
ApeMa Taurama. OBje
CY pearmyje THX TauaKa
semosHate cmie F,ou
F wau cy Aenozsata Asa
uoresama T,, n T _ .

3). IToanron mo:xe OuTH saTsopeH. OBAe ce mpu-
MemYjy OUITH YCAOBH PABHOTEHE. 3a ROHCTPYKLM)Y
BapumoHOBA TOAUroHA Basba CMATpaTH jeAHy CTPaHy
Ha wp. M, M, npeceueny ¥y PuQ wu yzserm rausujy y
PM T, auno M, Q T,,. Kpos raurky A Basa nosyhu
BeKTop A4, jepHark u mapaseaan ca T, u za THM
A A A A -»A A, rrapaazeamonmma;:o caF F...F,.
Taﬂanje cy {JHAa.,_}.e.maue ca AA, AA -W%AA 3",5 je
AA, T, AA ..T.,. ., AA -.T, je AA‘. A, ce mo-
KAaja c:a Ao jep je AA, jeamaxo ca T,,. 3a pabHo-
TEKY ce NOJHIOH MOpa 3aTBODHTH 33 caae F F, .. F,

F

Ca. 56.

18"

jeagani ca. (08
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i Mopa ce Hahu 7Tauxsa A TaMBA A8 CLAKa CTpaHA
M, M_, 6yae nmapadeina u jeqHana Aujarounadn AA,
H CY npt}'mor* cMHCAR,

Axro je noanros oa Oecromadus Beauror Opoja
MaAHX ¢TpaHA, TOAHTOH Upesasn
¥ KpPHUBY JAHHH]Y, Taxo LcTe H
Bapumwonos noinron. Paprore:-
HAa SUTYPA je MoANToH ¥ IROo-
CTOPY M 10 He Y jeduo] papnu
a paBam je JNOANTOH K&a Cy
CIO.LHE cllle TlapadedHe A co
cexy YV jeamoj raumi.

§ 79. — Ba OTBOpEH (1AM 3A&TBOPEH [OAMIOH
Bpeil, aKko Cy CBe GILMe, CeM EPajrmux, TARBC A4 1No-
Aa3e KpOom jeARy Tauwy 0,
Aa je 00A1K PABHOTEMIL ¥
PABHIE H MOMEHIH ¢y Ic-
rTegaiba  oAHocHo 0 epl

Qro HOTO BPCAY ARO
¢y CBe clLle, ceM kpajibe
aBe, napaseane, OBae cy
OpojerIHje HCTe3ama Ha
VIIPABHO} TIOAMI'HYTO] Ha
HAPAAEAHG] ©&  IIPABRCM
riia, gyde (ca. 59 Hpsn
ce ACo oBe TeopeMe AOKAZYje AAKO a4 A0 ,;pyt or ce
A0.1a3M Ha oBaj HauHH.

&{;Ra egac F, T, 1 T, cToje y DaBHOTERI,
adre

2
Sapekra je cyma leOjﬁ‘-HL[Hj;. Ha YOPasHoj x X' Hya &
jep je npojesnuja F, nyaa a npojekuuje cy oa T,
n 7,, jeaHake 1 CYHPOTHAOD CMHC.AA.
Hexa je moauron yvephen y Aseya rtaTkaMa i
nera ¢y enae F, F,.. jeanaxe reuHaMa p, p,, 10
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AUFOR j& caa y BepTHMKaJaHo] paBHuUHN. Heka je Tan-
suja crpame M, M, T, a ocraanx T,,,
mern cy «,, a,. Ha M, M, aejcrByjy cuae p,,p,. Ba-
DPUIOHOB ce HOAUDOH
KOHCTDYyjulle caj o-
BAKO. Y3Me ce TauKa
A H HoBYyYe BexTOD
AB! ca T, sa 7TuUM
Bexkropn BA ) p, ©
T. A. AnjaroHaae cy
AB , AB, jeanane ca
MM, M,M_ .. caTan-
sujama T, , T,, uT. A.
I13 cauxe je:

tq a, :%L,

+

by p,

T

pte.+-p a
T b

lqa, —

tq o =

[H]

TO :T2lcos al =
=T,,co80,="-
=T, cosa,

Ca. 59,

Axo je Opoj crpaHa MoAMroHAa G€CROHAYAH, TO-
ANTOH HocTaje Kypba y DPaBHH, « je yrao TaHreHTe
y M ca ox, T raHsuja y M a P Temnna xypie MM
(M, Hajumma Taura rae je TaHsmja T,) H:

P
tq o0 = —, T,=Tcos
T, .
BaXOMOPeHyRypﬁyje tq(x = 'Z':, HHaqej6P= gS 3(18:
0

iS
tqa="=_{ dds (2 je constanta).
0

T,, & Harmbum

TPHMEILEHA MATEMATHMEA 95

II. PaaoTema ymeTa.

§ 80. — Hera je S aywuna ymera o A a0 B
I HeKa ¢y CBe CHOBHE CHJe 3aMemeHe cuaom Fds,
Koja agejeTsyje y radnu jea-
Hoj ymera. Herxu cy Xds,
Yds Zds womnmonernre Te
cuae, X, Y, Z ce s30BYy KOM-
nonerte oa F, cuae ceBejene
Ha ‘_}'e,mmmy AYIRUHE,

AKO ce uzocraBu Aeo
MB ymxeTa, ycaoBn ¢y 3a
PABIIOTEXY A4 C€ Y Taynu
M ocrapu cuaa T, woja 3a-
Memwyje nsoctaBheHd Aeo. Cuaa ce T 30Be HeoTesambe
y#iera. AKo ¢y KOCHHYCH yraosa Haruta cuie T afy,
npojexnije oy T

Cia. 60.

Ta, T8, Ty.

Axo ce y taunu M usocrasu aeo MA, y M paspa
Ta} 1€0 3aMEHNTH ucTesambeM — T, ulje cy Mpojeknuje:

—Ta, — 18, —Ty.

AKO ce yike upecede y Tauxama Oamcknm MM,
I 3aAp®En caMo Taj A€o0, Ha bera AejcTBY]Y cuae
Fds, —T u T. Ako ¢y ROCHHYCII yIJ10Ba HCTe3amba
T, wro zamemyje aeo M, B a 3 y,, opojernuje
cy oa T,

Ta, T8 Ty,
Ao HADUIEMO A4 jé cyMa Hpojernuja cBe TpH
cnie Hysa umahemo:
diTe) + Xds =0 T a — Ta=d{Ta)
diT8) + Yds =o T,8, — T8 =d(T8)
d{Ty) + Zds=o0 Ty, —Ty=d({TyT
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Mowmentn ¢y cuaa - T, T, F oanocno x
— (yTy*ZTﬁ}a {yl T}’; - 21 Tl. i{g:}: iyz - ZY} ds
rae ¢y Xyz, Y, X, 2, KOOPAHHATE HP&jIbUX Tauaka M
u M, ayra ds. )
Cywa womenara je us — 7T 1 T, d{yTy —zT8
I 0TyaAa je-
dlyTy —z I8 + (yZ —~2¥)ds =0
d{zT&—xTy)—!—{zX—xZ}ds:: o - -2
dix T — yTa) 4 (2Y — yX) ds =
Hs npre jeAHatmue HMaMmo:
Ty dy + yd{Ty) — T3dz — zd T + (yZ—zY)ds =0,
C noraeaom pa jeiradnie 1) mMaMoO:

y 2y ——'ﬁ dz = 0 mau %33'— = d_z

Y

Mz apyre jeamauusme nog 2), v Beau ca nahennwm

HOGCACAIRIM OAHOCOM, TeOPEeM& O MOMeHTHMa A0BOAIl

A0 mBpasza:

OBo wasyje: aa je ucTesamse y LPABOY TaACeHTe

Ha KypOH, KOjy BaysiMa YIKE€ Y pPaBHOTE:RHOM II0~
A0RaAjY.

dax
Bax ce ymece y 1) de = @ W TA uaahexMo
y

)+Y@wo-ﬂ}
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§ 81. — Ouwre Teopeme. Axo je F yupasuo ma
H3BecHO} OcH, Ha np. Ox, upojexuuja je umcrTesama Ha
0BOj och roHCTauTHa, 3a X == 0 Ta = const. Ako je
cuaa Fy paBHH, TAe je H H3BeCHa oca Ha up. Ox,
MOoMeHaT ]e TAaH3H} e OAHOCHO Te 0Ce CTaJdal, Jep jﬂ
82 yZ — z2Y = o yTy — 2Tf == const.

Ope cy aBe TeopeMe HOCJeAUNa jeaHe OMUTH|e.

Aro F no meacj xkypOu mpuIoasa KOMILIEKCY Ali-
HEADHOM, MOMeHAT je HCTe3ama OAHOCHO KoMiieRca
CTaAaH.

Axo cmaa F npunajda KOMILAEKGY HOCTOjH je-
AHAYMHA :

pX-!?qY-i- rZ+ayl—z¥Y)+b(zX—xZ)+cx¥—yX)=0
P, qrabe cy roucraHTe.

. dTe
Axo ce oBae zamenn X CA— S U TA nmahewmo:

pTe + qT8 + Ty + aT [yy — 28) 4+ bT (za — ay} +
4 oT (xf — ya) = comnst,

§ 82. — Ouwrnu unrezparu. Hera F 3aButcu o4
HoAOKAja Tauaka o y:keTy, u oa d8, XY Z cy oyHER-
dx dy

. dz .
HHJB X yz 5 — R —_— Oﬂﬂ_a Ce 3BAFIH.‘II{iHaMa 3&

“ds’ ds’ ds
paBHOTERY A0A3j€e M ORA:

dx\? (de (dz)2
B = —f =4 1)
(fis) + .ds + ds . )
Wz ope u 3) (§ 80) Harasumo xy 2z u T Kao SPYHK-
nuje s, OBe ¢y jeauadude npsora peaa no T a apy-

rora mo xy z; MMajy 6 koHcTaHmaTa Koje ce Hadaze

dx\y (dyy
U8 TOYeTHHX BPeAHOCTH X, ¥,2, T, i) sl GT:
. L

s =g, Peuteba Cy:

NPHMEILEHA MATEMATHEA — MEXAHHEA 1
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x=g¢(sC C,-- C)
y=wist, Gy
=8,

Homeranre ce MOy OAPEAHTI H U3 YCJAOBA Ipas-
HEUROX, AKO je AaTa AyauHa l ymeTa o KOOpAMHATE
Kpajmnx Tagaxka M, M, y unojuma je ywe yrBphenv.

Mose Ourm jeaan wpaj y:mera M, yrBpheH a apyru

Aa uAe no ananjun P lxyz) = o, y(xyz) = o.
§ 83, — Mory XY Z OuTu H3BOAH KAKBE &YHH-
oHje 1 Aa HE 33BHCEe 04 8. ¥ HHTErPaAuMa OHAA HMA

, dy dz
5 koncTaHaTa a TO ¢y BpeaHooTn og yz T FTRpTS 3A
x ==x, OUpae ce y mecro ds ysuwa df sa mnpaapo-
IpoMeHBNBY, jep ce ds cMemyje ca | dx®+dy* +d2°.

Pewema cy:

X=X
y=gxC C CQ
z=1y(xC, - )
T= f(x Cl """ Gs)
§ 84. — Owmwure jeonswure. Hekra cy woomHYCH

yraopa Harpba - TAHUeHTE «
By o fy wocumycn yrao-
Ba raapHe HopMmaae Mh; p
MOAYEPEYHHY KPURIHe, Dop-
myae cy Pdpenea:

daadﬁﬁdy

—— i ———,  ——— ==

ds g'ds @ ds o
Hlpea je jeanaumma pa-
BHOTEHHA |

m—zToc 4+ X=0

Han
ar
—+§”C€ +X=0

[
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HAN
X: — aﬁ P, ' _3_?
ds 4
ar , T
Y=—83 — 85
aT T
Zom —— o
Yas TV 0
Wz cauke je jacHo Aa cy KOMOoOHeHTe F:
T df
Fh T — ?, Ff‘ {Es + F = . .
§ 85. — Aro jeaHauupe 4} u3 84 HOMHOKUMO
' de d
ca «, 3, y nucabepemo, a afl y saMesuMo c‘a a;, k—%
;‘i uMakeMo:
ds
dT = — (Xdx + Ydy + Zdz), a 08O je HASHTHYHO
ar
ca Fp—=— e
s oBe jeapaumHe HMaMO:
Te=—(U+h)
0jaKae ce OAMax Haaasu raHsnja 7. ‘
§ 86, — Hena cy cuae mnapadeade, o06iux pab-

HOTeKHM Je AMHMja, paBHA Kyp6a.
Hera je Oy mapaseano upapuy cuaa X =Z = o.
M3 jejnauuna PaBHOTERHUX BMaheMO:

dx dz
T5) =4 T(F)=>
A u B cy wromcraHTe.

Wan:
Adz — Bdx —o0, Az — Bx = (, je jejmaunHa pa--

BHE TIapaAedHe ca Oy

Vi
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Ako ce oma paBaH y3Me 3za xy uMahemo ore
jeAnaunHe 33 DABHOTEKY:

Tj_x—ﬁ d[ dy]—[—Yds_o aan
1) — Ady' 4+ Yds = o, y'=3—z

JeaHauuna 1) je jejmawyuna sa paBHOTEHY.
Axo je Y==f(x} ns 1) umamo: Inowro je

ds= | | +y"dt:
AL (y + VW) +Sf(x)dx=0.

=1+

Axoje Y= fly
ce J1aKo 0ABajajy.

dy, HenosHate

——

Aro je Y = f(s), unterpucame je moryhe mz 1)
0AMAX.

Ao je a yrao taHrenTe Ha DaBHOTEXKHO] JAn-
HHju C& OCOM X, 0 HOAYNpPEeUHWK KpUBUHE

Yeosa= .. 2).

Ypcos®a = A je jeaHaduHA 33 DARHOTERY, HCTO-
BeTH& €& OHOM oA 1)

' Aro je Y = co:’a u3 2) umamo @ = const, a TO
je mpyr.
§87. — Janvarnuya. He- ¢
Ka je p TeRHHA jeAMHUOE
AyxuHe sapvganune. Ha eae-
menart ds aejersyje cuaa pds,
H ®UTYPA & DABHOTEIKHA ¥
jeanoj pasuM, Kojy hemo Mu pds
yseTH 3a yx .
Yds—= — pds uau Y= —p
JepHaunHe Cy paBHOTEIKHE: Ca. 62.

dx dax %
d(Ta‘g)-FXdS“O: }AJII/ITE-—-—A Yy ==

NPHMELEHA MATEMATHKA 1M

d(T%)—‘-Yds:o uan Ady' -~ pds =0 - - 1).

Herkaje A >0 u HeRax H § pawy,d— > 0. 0—

BHATUMO ca A = pa, & > 0 1 3aMenumo ds = dx |/ 1 —+y'"
ua 1) uMamMo:

% dx
Vi+y® a
v TRy e e
51

yl_Vl__,__‘yp?:_e a L 3).
C&GHP&H’:BM M NOHOBHUM HHTCIPUCABEM HAJAAZHMO!

Y— Y, = 3/2 (e?:a&—,"e—_(x—TxO)J - - b

X,, Y, €Y UPOUBBOLHE KOHCTaHTe. AKO €€ ¥ X, Y,
opeHece noyerak ¢ WMaheMo 3a pPaBHOTeKAH DOJAO-
aaj AMHU]Y !

= af2 (e:-l","e_?] - D)

OayzumameM jeaHagune o) 2 U 3 HMaMo:

e AR T F

LA

[

ds —_— Ay
s jejnaunne T= 45: Al _}_y2=_a_l=pyl

HaJasK ce HCeTesame (TaHsuja).

Aa 6u npouseo.bHE KOHCTAHTE 0APEARAM, MOPAMO
H3BECHe II0YeTHEe YC.A0BE HMAaTH ¥ BHAY.

1). Herxa cy kpajesu JaHnma yrsphern. ¥V maloj
ARHMjH MMa ARe IPOUBBO.LHE KOHCTAHTe X, Y, u tpehia a.
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Hexa je mouerar y jeAHo] yTBphewoj raunu a Apyra
Hera je yrBphena y KBaApaHTY yox Yy Tauiu P unje

cy xoopaunarte o f3-0P = [. Y
Axo -ryp6a npoaasu Kpos :
"0 u P wuopajy @nocfrojam jea- Pop
Ha4YHuHe :
Y.
—y, = aj? {6 ol + 3’%/&) SR 38 / 4

bl )9 O

' AKO FWHTerpMmeMo jeiHa- . 0 X;
THHY Ca. 63,

e YT a2, (504 T

H cTaBuaMo § == [ nvaheMo:
Ezaig[em_ —lem) <y _) . 6).

a a8 2 [+ a

OayaunmameM 4} u 5) wmamo:
N P

Us 6} m 7) ce marasn a m x, He mux ce Hatasm
4 s=al = H=ae 2 t—1)

| l—f= a(e?_‘awﬁ?ﬁ) :aﬁ%o(’l — é;éfa)
MuomemeM AMaMO:

Eg.m [32 —a? (eafa +B-—a,}a_— 2]

HAK

V - ‘82 — + " (eafzam e_ aiza)’ J€p BHAK -~ He Bpe A,
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Hena je %3, = w, HeposHarta je u Aara jeana-
YHHOM !

jrr—pg _ e—e

- T 2u
GEST ST A S
Bl B e i (2n+1)

Veaos A2 HMaMO jCAGH UOUHTHBAN KOPeH 33 u
jecte aa je

Kl_'—_j:ﬁf >1, >} +{3",'

Ba v cc Haaaze gBe ppeanoctu u' u —u'. Ilpsa
OATOBapa I0A0KA]Y JaHIE, ApYra CBOAY AaHYaHWd-
HoM (Poinsot).

§ 88 — Hewrpaane cute. Opje je PaBHOTERAH
moAokaj paBHa Kyp6a, WHja PaBHUHA MAS KPOB TAUKY
Y KO0jOj Ceé CeRY CHAC M MO-
MeHaT je HoTe3amkha KOHCTAa -
TaH OAHOCHO OBE TauKe.

Hauiau owmo, aa ®Hajg je
MoMmeHaT ouae F, oadocmo
KAaKBe 0Ce, CTRIHNO HYAa, HC=
Tesaka j& MOMEHAT ROHCTAH-
TaH 0AHOCHC HoTe oce. Haa
€ ©OBO TIpPHMEHM Ha IleH-
TpaJdHe CRJAE, OFHOCHO Ta-
Yyxe W8 Koje cule mAy, 10 TO
HAa 00€ KPOB TY TAURY, HMa~

Ca B4,

hemo:
dz ¥\ _
Ty —=5)=4
dx dz)
& xBl=p .1
T(st ds '
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dy dx

T —= — ¢ 1 =
( ds yds)

MuomemeM ca &, ¥z ¥ cabupameM HMaMo:
Ax4+By +Cz=0. -2}

Hyp6a aex®u y pasun I WmITo uie KPO3 loderax. |
Axo je mneHTpaana cumaa F ou vaMeMo paBay )
3a XYY muahemMo:
X=F' Y==F'/,

Jeanaunua je MOMEHTA OANOCHO 0Z:

dy dx
e

J=c
1 HE TPH JEAHAWIHG 33 PABHOTEIKY HAJAa3HMO:
dT 4 Xdx + Ydy = o.
Voohemen noaapuux roopaunara v u # nmakemo:

Tr! Ciq_—(:', dT 4 Fdr = o.
ds
Axo je F=gir) opsn ce HHTErpald JAaR0 Ba-

AABHE K OH je:

T o= ~—§g{){‘_r} dr —h=wir}- - 1}.-
’ of

Tg

JeaHauunA AudepenmujasHa TpaKene Kypde pa-

BHOTERHE je!
wir) v df = Cds = Cldr* + r* df)
nau

p

Cdr
§~—30=Si ¥ 7 i
‘ vl (]’ —C

To
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Axe je F =k HKOBCTAHTHO:
T=wir)=-—hr+h
jeanaunna je ryphe AaT8 EAMUTHIKUM HHTETPALOM.
Awo je T = — br, k<o rypba je paBHOCTpaHa Xu-
nepdoaa.
Jeamaunne Mory Outu 1 OOAMKE:

"f‘rsinvzcﬁ ‘ Fsinvr_—z

Han eanMuHagujom Tt

Fgrsinv=0(
v je yrao usmehy ranrewrTe u 11orera, a @ IoAyupeu-
HUK KPHBHHE.

§ 89. — AKO je yuie Ha HOBDPHIMHHU, OHAR MOpeA
cuae F n tamsuje T Ao4asu joul H OTHOP HOspHInIie
f (xyz}, mo Kojoj Mo:xe yie Oes Tpema Aa xamzi. Taj
je oToOp ¥ TPABIY HOPMEAE U Herose ¢y KOMIOHEeHTE:!

PR/ AR i

dx dy az
Jeanavune cy Ba paBHOTERY!:

AN o adf
d(?‘a)—]—ids-{—kd—xds*a

dy af . _
d(Tég)—!-Yds—{—ka—gds—o

dz af ,
d(Tag}-q-zfzs taghas=o

Osum ce jeanauHHaMa A0Aaje!
dax\* dy\* (dz)'*’ . _
(@) + G + (&) =1 nreva=e

Wz osux ce jejmaduHa HaJlaze HenosHaTe X Y2
T u X nao oyuruuje mo s. Axo X, Y Z ue cagpme 8
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HeMOSHATE C& CROAE HA UeTUpHU, jep Ce ds MOMKe cMe-

unry ca Jdx*-dy' +d2 wz y T u A ce Halase
noMohy x y MecTto s.
- Opae je:

dr__[(x+x I ) | (v 2L dy +iz422 ]

Haro je yme Ha HOBPINMHE [OCTOJU OAHOC:

ALy Ul de)
dxds | dyds | dzds]

u
AT = — dU = — (Xdx 4 Ydy + Zdz},
#au _
T=— U+ h, WTO je npBM HHTErpaJ 3a TAHIU]Y.
Akojecmia F=—p, X=Y=o0, Z=—p
T = p({z— h).

§ 90. — HKapaxrepucruune jeonauwume. Hera je
AA' papHOTe:mHa AWHI]ja, Z
Af rawrenra y A, A wHop- ¥
MaJaa Ha HoBpnHE, 0 ye- . ,
tTap kpusuue, R ~ A0. He- s 1
ra je C yeHTap KpuBUHe
Annnje AA' 1 AC =g 10o- 4 9
AyIpedHUK KPHUBUHE JaU-
Huje AAY, no Meuujy je f f

= Rcosf. Hera je Ap

npojernuja AC Ha TaHEreH- ~ Fa
THO] PaBHM noBpHiMHEY A.

Ha ds annnje AA', aej- P
cTBYjy cuae Fds u Nds Ca. 65.

darT T
® cHas 04 HCTESABE — s y npasuy Af 1 —— y

npasuy AC.

TIPAMEfEHA MATEMATHEA HiYi

KHaa ce ono mpojerryje ua Af, Ap u An, aoGu-
jaMo 34 jeAHAUMHE DPABHOTEIKHE:

f;: Ff,‘—gsinﬂsz,——gcos 8=F + N,

II1. O jeamom oapelemoM mHETerpaxy

(mPoBaEM maximum-a w minimum-a)

§ 91. — Haa ce rpamu 00A0K PABHOTEKHN YKeTA,
y caydyajy Kaa mocroju oapeheHa oyHRUM]A CHaa,
oeaj ce mpobieM uljeiHauyje ca TpobaeMOM reoMe-
TPpHjCKUM O Tpa)kery Nax. Wau minim. JeiAHOT oApe-
hewor nurerpaaa.

B Aro usmehy ape rvaure AB
nosydemo euie anmnja C, C), nahy
OHY KODja HHTErpal

B
J = Sga(xyz)ds .- 1}
: ,
Ga. 66. YMHE mMaXit. ¥as minim. cymrHHa

je muraka o maxim. i minim. @ (xXYz} je KOETHHYHpHA
oyHKIMja Xyz. Aro je ¥o Auuuja C u koOpAWHATE
meHne jesHe tauke M MSpasuMO UApAMeTpOM ¢, ROJM
ce Mema 04 a A0 b, kayx M wuae op A A0 B u ca
x',y', 2" ogHAUNMO H3BOAE XY Z 0O ¢, & ca R 03HAUNMO

Vx'* 4y 2%, ds = Rdq ouaa je unrrerpaa 1j:

b

J = Sg?(xyz}qu -2

2
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Aa Ou nspasuan Aa je J minim. Baba uapasnrn
Aa je Bpeamoct J, unHTerpasa 2) mo rypbm C,, 6am-
croj ca C, Beha oa J. :

Ao cy £ Hyae y a 1 b u syssnuje g, oHAa
ce MOMe CTABWTH:

xo=x+qf, y,=v+q z,=z+4f

x.,¥,,7, Cy Koopamuarc ravke M.
IMo C, je

b
‘I!:S‘Sﬁ(x Y, % l ], '2+y}'2+z"dq '3)
0 g1
o Tajaopy je:
go(x ?;zl’m'ﬁﬁ + E
=g layz) + o|£72 ""+ d§+ €% 4 op
Ve 4o+ o =1+ eV +

_R"'l T d];'{_fdﬁ}‘i’ ‘Q

£, 7 & cy msBoam £, g n ¢ mo q.
Muo:memeM RMaMO:

Pl =) Z T U 2 —gR = | R(EIL +

gg‘ dy L dR dR  _dR1, .,
Uy, *fdz)+9”{§_d7+’? 4 ¢ d—z.—]+e s

Mnomebu oo ca dg u umrerpmuyhn nmahewmo,

¢ obampom Ha:
dR - :x:’

Rdg = ds, o = =
q S) dxf_ R ds ‘
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b
dx

000, -7-o\| (62 4722 4 £22) 4y (5 4

a

7 W e | 4ok

Feftze )

Pagaura J, — J mopa no sHary OutH. cTadqHa Ad
je J mo C maxim. uam minim. sa e pumie (4] BaA
Mame (—). 3a oBO je ycaos Aa je L=o, mommro je
uapas upsn yJ, —J ¢ aese orpaue nyaa jep cy &, 7§
Hyaa vy a u b,

VeaoBu za je L = o, ognocHO J maxim. cy:

i(v5) — g as o
( dg) %qzds::o. « 4
(o) 2o

OBM ce ycaOBH CBOA® Ha jBa, C [OreA0M Ha
jeiHaunne:
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dey* dr  dx .
Z(—) =1 u —d—=—o0, jep ce onaa s0-

ds ds ds
6uja us 1):

d
dp — (ggd’f'f- y-l"d—ggdzizm

s 1), waa ce ds omenn ca [da’+dy® + dz,
UMAMO  ABE JeAHAUMEE Andepermujadne , umju oy
MHTErpay ;|

OBe ce roucranre 0ApehYjy us yeaora aa AHHIJIJ&
nae wpos A u B.

Aro je g = const. mz 1) je Tpaiena Jimunuja C
npaBa AMHE]A:

y:Clx-{—C” 2:().;(,‘—]-—0

Hs 1) je jacwo aa je paBmoTesmnm TI0A0HK aj ymeTa
AaT auHujoM €'y cay- T.

uajy rap CIObHE cmae
UMajy SYHRnmjy cnaa
— @ {xyz), jep je omaa
HOTE3awe @ (xyz).

Axo ce aummuje €
# C, mecery y An B,
& YCAOBH CY 3230B0-
BEHE, 0HAR je:

3J=Jl—-.f-—- e

(5 +15 +e E)y
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Hera ¢y a @y yraosu raurenre T y M, ako je
9 (A) u @ (B} BpeanocTn ¢ ¥ A u B, ouaa je us 3):

6‘J=[(eé). a, + (en), 3, (ef), ya]sa(m

— it @ +tem, 8, +iett, 3|

o, B,y, cy yraosu za AT, a ‘alﬁ2 y, 3a BT,.
Ipojexuunja BB, ua BT, je:

(4], @, + (en}, B, + (e6), y, = BB, cos T, BA,,
H CAMUHO 3a ADYMM TPHHOM.
0J = BB, p (Bjcos T, BB, — Aa, ¢ (A) cos T, AA,
HAK

] = — AA, ¢ (A) cos BAA, — BB, I cos ABB, - 1,

Oso je oopuyaa Tera n
Towmcona (Tait u Thomson) u u3
Be e A0aa3m A0 caelehe mu-
XOBE Teopeme,

AKo oe nocMarpajy rypée
C (AB) oapehene jejmaunnama
1) ®oje cy HopMaaHe Ha S u Ha
BuMa ce 04 A y3MYy JAYROBH
G 65, AB TarBH, Aa je:

pds

f
LS - ]

KOHCTAHTHO ¥ HCTO 3a coBe RypOe C, reoMerpujcko
je MecTo Tavara B mospwuxd ¥ wopMaaHa wa am-
#Hajama €. OBo ce aaro aorasyje.
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Awo ce ca C mpehe wa C, &J je nyaa. Hako je

cos BAA, uyaa n cos ABB, je myaa, nowro je € mop-

Maago Ha 8, 0Tyas je u nypba € nopMasHa Ha
Z. OBa Teopema ofyxpara cayyaj @ = {, Teopujy
BOPMAJHWX MOEPOIMHA, W caAyduaj Kaa je S ceepa no-
Aynpeduura Maaor, kajC mpoJalH KPos jeAHy TAuky.

OBz ce mpo6aemu ca AnHHje MOTY NpEHETH HA

noppuinre. OHza Basa TpamkuTr Mehy kypfama Ha
B

nospawEn 8 OHY Koja nwrerpaa J mSgp {xyz} ds uuuwm
A

maxim. #am minimum. Yciosu ¢y HCTOBETHH CA OHEM

KOj€ CMO HALIAK 33 DABHOTEIRY YMHETA HA NOBPITMHY,

e Y

4 ABA VIL

e —

MpuHyun BUpTYENHHX OpPBHHA.

§. 92. — Hexra na Tauxy M agjersyjy cuae uuja
je pesyataura F n Heka je Tauku AaT yoMepaj MM,
KOju ce 30Be BHPTYEAAH, 84 PABAHKY 04 F
CTRApHOD moMepaja MM,, Koju Ou tauka
HOA ¥CAOBOM AATHX CRAA VUHHHAA. s
Paa 6u mupryesas cmae F 6uo
F.MM' cos FMM' . - 1) M, ‘
€x. 69,

3a BEHPTYeaHe DajOBe BpeAu CBe WITO
H Ba CTBApHe.

v = e 30Be GpamHa BUPTYeAHA, ako je Of

BpeMe 3a Roje ce uappiid nyT MM', KA ce 0BO 3aMEHN
y 1} umahemo 2a paa uspas:

Fuycos(Fvjdt. - 2).

Ako ¢y xoMmiomente nomepaja MM dx, dy Jr, a
roMuUoHeHTe cuae F, X Y Z paa je BupTyeaan AaT
H3PABOM ©.

Xdx+ YOy + 282 - 3).
Arxo ce pag ysme y 00AMRY 2} rae ourypupa

6psuHA, OHAA je jaCHO 3amTO je OBOME NPHHUHILY AXT

LPANEERAA MATEMATHEL — MEXAHBEA 8
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HA3WB BUPTYeAHHX OpsuHa. JAHAC ce ySHMa 3a Onaj
NpuHOHI #8pas 3 uau 1) ¥ 30Be ce MpuHIUI BHp-
TyeAHuX paioBa.

Aro ce nopep cuaa X, Y, Z y3My 4 cuae Koje
AejcTByjy mo usBecHHM ycaoBuMa (les forces de liai-
BON8), a He BOAW ce pauyH O TPelby, OHAZ4 Ce OBAj
HPHHEIMEI HM3PAKABA OBAKO:

Hygcru w 0080.6HU YCA08U €Y 32 PABHOTEINY CU-
cTeMa: 0a je CYyMa ceux padesa UPTYEAHUX daTuX U
YCA0GHUX CUAA HYAa 32 Ma KAKE0 GUPTYelHo Tome-
paree.

§ 93, — Aro je raura M caoboama oHAL je
CBaKit ¥beH ToMepaj Moryh, BUpTyeAan W paj je Bup-
TYeJlaH CUAR:

T= Xdx + Ydy + Zdz

Ycaos je aa je osaj paa Hyaa:
X=Y=Z=o0.

ARo je Taura Ha moppmupy f(xyz) = o, oHAa CY
BHPTyeaHo Moryha nomepama rperaibs 10 NORPUINHA;
YCAOBH Cy 84 DaBHOTeXRY Aa je paj sHpryeaau T
Aatux cnaa F uyaa.

T = F. MM cos (FMM) - - 1),

MM' je ayk aumdje Ha noBpuwmmy f(xyz) =o. Us i)
34881 A4 je YCAOB 32 PAaBHOTEMY MAn A4 je F = o,
uau aa je yrao FMM = 90°, aa je cmaa ynpasua
H4 TOBPIIMHU.

Hera ce paa cuae I uspaszu ca

T = X0x + Yoy + 28z - - 2).

M OBOME j04a YCAOB A& BUpTYeaad HoMmepa] MM' npu-
Majs DOBpmUHY f(xyz) =o, a b je:
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d d d
%dx—]—?}imﬁy—!-%ﬁz:o- . 3).
Us 2) u 3) HMAaMOD :

LAPon

(X+l ) +(Y+x
+@+A§9&=o-¢y

OBo Bpead 8a upoussosHo Ox, dy, dz u oryaa
YyCAOBYU Cy Sa 4)

x4 =

Y + 2 f=9-4p
dy

o _

OBO Cy YCJA0BM 34 PaBHOTeMRY Tauke HA NOBpP-
LIMEH,

Vca0BH ce 3a papHOTeRY Tauke Ha KyPOH, AATO]
npecekoM moBpmuuaa f(xyz) = 0 u f, (x, ¥, z) = o Ha-
A38e CAHYUHO ¥ OHM Cy:

d d
X4hgh A=

f af, _ .
Y4 hg-+hgr=o- I

z+aL o 8,

§ 94. — AKo je aaro 4epcTe TeaAo0 ca000aHO,

NpUHENUN ce BUPTYe HMX OpSMHA OBAKO IpUMebyje.
8%
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Ysunmo jeany merosy Taury M., uuju ¢y Koop-
AMHATH X, Y., Z,, 3a nomepaj dx, dy,, dz, pag je
CHOBHAX CHAA:

T, =X, 0x, + Y 0Oy, + Z 0z - 1)

AKO CY KOMIOHEHT® Tpanciauuje abe, a pgr
poTanuje, 6pauna je » Ma Koje Taune:
V.=bt4 gz —ry, ¥,=btrx —pz, V. —ec+
+py—qe- - 2.
Bupryeamm cy nomepaju:

Ox =v, 0, dy=uvdt, dr=u,d0t. -3)

Hz 1) u 3), obpasyjyhu cyme u crammajyhu aa
je T=X T umahemo:

T=2XT,=0taEX4+bZY+cEZ4pZ(yZ—
—2Y) + q L (2X — 5Z) + v T (xY — yX))

Aro je Teao y paBuoresiu, T = ou YCAOBH CY 3& TO:

EX=ZEY=ZXZ=o0n ElyZ —2¥) = E(zX —
— xZt= E{x¥ —yX) = o

PajoBi Cy YHYTADIUX CHLAA HYAA, jep ce CBOAE
#a I dr, a karo cy mehycobHa opcrojama y usporora
' TE€Ad KOHCTAHTHA T = const. TO
jedr=0u Fdr =o.

§. 95. — Ilpumep. 1) Haun.
Cuaa xojom rams iejeTnyje je
P, orrop apBeta y Koju y.aasm
RAMH je omas R. Bupryeannm
Ca. 70, Cy moMepajr oBUX cmaa BH —
: == §Pu JB' = JR. Us cauxe je:

0R = —2BHtqa==— 2 0Ptq a
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Yeaosu cy pasHOTeRe:

Pc?P—?thocc?P:o
HAH
P=2nue

). Bara. Caae cy oae P w R, wmuxoesu nome-
paju 0P n JR.
0P = QA d6 ¢ Bo

A
6 je yrao noayre C B A. 1 l
0B _ 0c JE je ycaos aa ce d
=YY g, A8 veaonaa e
npage 0J m BF' cery mHa CC, n F B
opeMa oBOME je: !
J F &
JR = 0B §0. M
B
PaBHOTEXS jé [OCTHTHYTA. Ca. 71
& CAY4aj:
POAJ) —ROB ¥ =0 mnan
P_0B
R — 0A.
§. 96. —— Ouwwru ycaoeu paBHOTEHE M3Be 16HH HS
OpUHNKIA BUPTYEAHUX Op3HHA.
{Lagrange). Hera je aaro n tauaxra:
Ml(xl LTENER M, (xn Y, zn)
H h ycaoBa:
fl (xl Y, z;si' XY, Zu} =0
f?(xl Y2, .xuynzn}$0
" - - . ) ¥ - - 1)

fh (xi yl zl - 'xn yn zn) = 0‘

h < 3n,u crasumo h = In —k
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Axo je k= 1 cucrem BaBHCH CaMO 0A jeAHOT mapa~
MeTpa, 0AjejBe KOOpPAMHATE H. Iip. 3a k == R cucTeM
3aBUCH 04 k mapamerpa.

Aro osmaymMo pesyatanry ca F (X Y Z) ns
cuia Koje aejerByje ma MR, pupryeaaHn je paj sa
CUCTeM, CTAB/HEH DABAH HYAH, YCJAOB 83 DPaBHOTEMY
CHOTEMA ¥ OH jo:

¥ =N

Z (X, &, +Yd';;w;..z é’z;mo- - 2).

v o= f

Onom je jeanaumHoM ofyxpahena meaa craTmra.

Mehy nomepajuma raure M nmoctoju h pesanmja 1).
Kaa pesoM jearauuse 1) MOMAOMEMO [0 AHPEPEHITN]d=
mewy ca A A, .- A, u cabepeso ca ), u 3a THM Koe-
PRIUjeHTe CBUX MOMeDaja dx_- - ROJUX je cBera 3nm, jep
je v==1 2. n, craBuMO PaBHO Hyau, Ao0sheMO ka0
. YCAOBE 34 DaBHOTEKY nspage:

X, 4 4, “"f'+z,dff+ A,
df,
"dy,,

df

A4

" ode,

Y«{»—l —]— n A

=gy p=—f. 2 - n.

i

= O

,
K#a ce oBuM nocieamuy jesnauunama, Rojux je
Ha Gpojy 3n zoaajy oHe wu3 1) rojux je na 6pojy
h, umakemo cBera 3n -+ h, U3 Kojux mMomemo mahu 3n
KOOPAUBATA: X, Y, 2, - ¥, ¥, 7 ¥ h uapamerpa i, A, - 4,.
Ope ce jdanauune Mory ympocrTurs Meroiod Ja-
TPARMKOBHM. ‘
Buaean cxmo Aa KOH®UTYpanja CHCTEMA 3aBMCH
0A A mApaMeTps M O3HAUMMO MX Ca:

DEUMEBEHA MATEMATHEA . t 19

g, = th (.?CI "t Eﬁ)
q:!:::fhu {.?C* .zn}

-

Gy = fh(-k(xl Ly 'zn)

V2 oBux u onux 3n — k= Fh noa 1} momemo
Hah¥ 3n KOOPAMHATA Xyz Ka0 PYHKIHje napaMeTapa

4,4, 4,
Hexra cy:

xv = 931 (ql q! M qk)
Y=, (9.5, q)
2, = 0,{g, ¢, %)

Bupryeanu ¢y moMepaju:

_ dp, Aoy
Ix, = dq, Jq, + dg, %,
des de
dz, = “L{&l—d‘{h + "da, dq,

Haj ce oBo yaHece y:

DX, Ox, + Y &, - Z 0z) =
ury X, Y, Z, cMenn ca q, ¢, -- g, umaheMo:

Q]dq;-*_anqi_s-"Qinwo
< d'gpv dwv ' d-&) :
Q=3 (x L +v. 0 +2,52)

p=1

Hpe,g,nome,ama. j& jeaHaunHa 3JAA0B0HLBHA 34
cayyaj:

'Q'wQ2= :Qkx'f}
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Axoje @, 6Q; + - Qk 6{& = dU, onaa oy Q,, Qz' - Q&
wadopx U no g, q,--4, B YOA0BH CY PABROTERKE:

au au atJ
‘ leﬁ?zﬁs Q!:w’s—&—q——=0-- " quk‘

1 2
WTO ¢@ TOKJAANAa ca YOAORAMa 3a maxim. M mini-
MU QYHKHM.?@ U{Ql g, '3&} .

§. 97. — Hpuwene sa paspoTeocy yowera. Hewa
je ds easmenar ywera; Xds, Yds, Zds rounoHeHTHe
peayaTasTe cHOLHUX CHAa KOje AejeTBYjY; 3a TOMe-
Paj BHPTyeAHM Dpaa je cmaal

Xox 4+ Yoy +26:

3a paBHOTEMKY jé YOA0B A2 j6 paA:
Z .

T:S{}{Jx YOy + 2O =0 -1}
) :
X, Y, Z ce u3psamaBajy AyHMUHOM 8.
Jeanaumam 1) Ba.ba AOARTR YCJAOB:

z[%‘}):u £ .9

KOjU BEHRYUB A4 je yHe HeHCTeI.bWEO. IpaHune
o ® ! 3Hade Aa je yme yTBpPhHeHO 3a ABA Hpaja.

Hs 2} umamo:

dy dodx dy ddy , dy ddz

& @ T as ds Tas a0

Kaa os 3) nowaomu ca A} # cabepe ca 1) amawmo:

. ,
=\l [xa dx ' AT
‘T—.S[(A dx 4 4 vy tid'.x} + (Yﬂ‘y +.?\. e d(?y)-}j

]

«{-(Zﬁ‘z—}«l%cidz )l_—_:o
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Hurerpucamem MMAMO:

1

0% agem (80 %)~ (gea (1)

1
0

[FRL T N

1]

nomro je fx ==y =0z =o0 yo u I, to je:
. .

r={|xds—a{2

o

lranols 4o + [ el

as

YoaoBr cy Aarde 3a PaBHOTERY 'w.

. dx ) dyy
xgs—d(xwag»)._a, E’d;“d(lw&w)_—_s
o, dz
stwd(;”ds)*g
Haa ce omge crapu T = — X umamo Beh mahens

yeaose.
§. 98. — Ws jeamaunse:

DX Ox, 4+ Y&y +Z 8r)=0. .1

MOMEMO USBECTH Iedy CTATHRY.
“AKO yca0BHM A03BOhABajy MOMEpAIHEe TPaHCAA-
TOPRO 1O OX, 0HAA j6 OHO MSpaskeHo je HAYUHAME :

dy, = o Oz, == 0 dx, = dx, . == dx,

Hax ece oo cTamm v 1) usmamo ia je Yoa0B sa

PaBEOTEHY :
2X=o

Axro je moryhe caMo ofpraime- Ha up. oRo 0Z, na
ca r, 1 §, 03HAUMMO [OAZDHEe KOOPAMHATE IpPOjeK-
uuje rauke x y, z, #8 X0V oHpa je:
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x,=r,cosl y, =z sinf

Ox, = — 1, sin b, J99, dy,=x_00, 0z, =o

v

dx, = —y, 49,

r

Kaa ce oo craBy v 1) HMaMO Rao YCJAOB 3a
PaBHOTERY H3pAa3:

S Y —y X)=o0

3a XeAMKOMAXJIHO IIOMepalme, 0OpTarme OKO oce
07 n nanseme MO O], YCIOBH CY:

82 =7[006 n Ox ==—vy, 08, Oy, =x, 480,

3ameHoM oBora y i) Haiasmmo 34 ycaoBé paB-

HOTEME . :
[d8E(x, Y, —y Z)+dzEZ] =0

N+ fZ=0

N je momernar oxo 0z, Z je cyma npojexmmnja
cnaa pa Oz,

JUTEPATYPA

———adn e

3A HUPUHIEND BUMPTYEAHMI EP3HHA

Galileo, Wallis, Descartes cy npee RaummiIn Ha mpAMeRy
omor opaeEnena. Jarpaws nomumme Jean Bernouille-a xao upa-
BOP THOPHAZ DPUHOENA BAPTYSEHAX GpadHa A DOpeX Hera ¥
Varignop-a, Maupertuis-a {Loi de repos), 1 Buler-a.

Lagrange — Méoanique analytique

Despeyrous — Mécanique :

© €. Neumann — Berichte Sichsischen C(eselschaft der
Wissenschaften
Collignon — Traité de Mécanique

S

TAABA VIIL
Tpetve.

§ 99. — Baxon Tperba 00 KAUIEHA Y MUPOEatbY.
Haa mero rTeao AB npurncryje Ha HOAAOTY cHaoMm P,
Toaao0ra pearuspa #a i oTHOpoM R N
R. Raa ma 0BO Teao aejcreyje ’i‘ ----- 1 B
KaxBa cHAa @ Aa I'a MOKpeHe ‘
¢ MECTa, OHa MOpa CABAAAATH & 0
epexar cure P u R. Axo ce R 1;,’ 1

" PABAOMKRHE Ha ABE HOMINOHeHTre N '
u F, F ce nornpe ornopom P. P
Ca 72,

Cnaa F woja je cymporna cnan
() 3oRe ce cmaa Tpema

F

",
"{a,a, @ pacre ¥ mocrane b, Teao ce MoKe EKpe-

- ByTi. Bpeanocr & = F 30Be ce Tpeme Ipu noAasy

U oAroBapajybm ¢e yrao ¢ yraa B s08e yrao Tpema
U OH je: : '

= o
q9 = P
Ryaom (Coulomb) je mepemem mamao:

1}. Aa je Tpeme mpu noaa3y HeIABACHO OA Be-
ApuEHe Teaa AB.
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2). BaBECHO 04 BHEroBe TPHDOAe.
31, ¥ aa je cpasMepHO HOPMAARO] KOMIOHeHTU N,

b D
Oanoc f rameby NT P = f soBe ce wRrosonmu-

jenT Tpemwa, ayrao, ¢, Ig@ = [ 20Be ce yrao rpema.

Sa pasHOTEWKY je < ¢. 3a Teaa u rnoasore me-
TasHe je f=0'19 @ = 10° 40"

§ 160, — Axo aBa Tesa uMajy caM0 jeady Ao-
AUPHY Tadry, peakmuja reja S ua S ce cacroju uz
N u F; marenmaana je Bpednocr oa F, fN; yrao < ¢
38 PABHOTEHXY,

N R Ja papHOTEXY je yea10B: Aa
1noCrojn pasHOTEKA usMehy an-
TUX CHAA B cuae R, Aa pesyartan-
Ta ¢HA3 CINO.BHHX HPOJABE KpO3
A ¥ ca HopMaaoMm AN €uHHU yrao
3 mamu oA yraa tpema. Ako ce
TAKBA PEe3yATAHTA pPasA0KH HA
ABE CHJAE 04 KOjHX jéAHa naaa
v F a apyra y N, npsy osga-
quMo ca P a Apyry ca @, @ npo-
HBBOAH TPEme H WANZEeH.e, KOTA HeMa jep le:

Q
P

€a, 72,

< f Q< Pf

P &

PesyaranTta ¢#aa Mopa aa je y KoHycy uuje je

TeMe vy A.

§ 101, — Tpewe 00 wauzerva upu wperawy. Hexa
je Teao 8 y kperawy u oHO ce aoAupyje ca 8y
Taunn A. AKO mMa Tpema peawumja S, Ha § ce ca-
CTOjH M3 ABe ¢ouae, HOopMaane N M TaHreHlujalHe
F = fN; opa je mocieaiiba H340:ReHA YCAOBHMA:

1). aa je y cyuporuoMm npasny pesaTnsHe Op-
gune rauke A npema S '
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2}, Aa jo HEeB3aBHCHA OA BeANIUHE peJarTusne
Gpaune.

3). Aa je cpaamepna ca N, F'= N, f je memrro
Ma¥be 0A KoedWIUjeHTa Tpera npn Muposamy. (Hirn).

§ 102, — Tpemwe 00 rorprarwa Y uo.tasy u aa
apeme nperara. Haa ce xaras uuanHAAD KOoTp.ba GO
I3BECHOME TeAY M y3 TO KAH3, N B

Baba BOAIITH PDAUYHL O AeDODMA-

n#ju Teaa. Ciile ce MOTYy CBECTH

Ha pesyaranty AR n coper G y- G
mpasaH Ha paBau apTje. Ako ce? F
AR pasaomn HA ABe KOMUOHEHTS
AP 1 AQ. Q TemH Aa TeA0 KANSH, G
G xohe aa ra o0pHe OKo thLerose -
nsBoAnnume. Axo je G =o, MO p
6uTH caMO RauM3eibe M Aa TOTo Hilje Ca. 74
HY:KHO je aa je

Q) < Pf.

Axo je oBa} yc.a0B 3ajoBobeH, npehuMo Ha KO-

Tphame. JAa KOTP.LAMmA HEMA VCAOB je:

G < P¢
¢ jo roeewmujeHAT Tpetba 04 KOTD.LAMmA. § je Hesas
BiicHO oA R {Coulemb, Morin).

Pagan, no ®ojoj ce KoTpha 1 KAMSH HUAHHAAD,
pearupa u aaje cuiy R' u cnper ¢'. Veaosu cy pa-
BHOTeNE OHAZ oBW. cHaama R w G usaase Ha cy-
npor R u G'. Cuaa N cynporHO AejerByje cuam P,
ciaa @ cman F, a cmnpery & cnper G' m Tto Mnog
YCAOBOM :

F < Nf, 7 < Ng.

§ 163. — Tpewe 00 nusorupara. OGprame TeAs
OKO OCOBMHE HODMAAHE Ha TaHreHuujaauo] papHuH, 3a-
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jeannuxoj nsmehy Apa Teaa, 30Be ce NHBOTHDAE.
Aro je reao 8 y aoaupy ca S, v Tauiu A pesyATaHra
CTOLHAX ClAa TIPOIABH KPOS A M OHA je AKO ce 03HaYH
ca P HopMaaHa Ha 3ajeanuuroj pappu § m 8% 3a pa-
BHOTEIKY, AA HEMa NUBOTUDANA, Baba HPHAOAATH je-
A4H CIpEer 4YMja OCOBHHA NaAa V BAjeAHNYHY HODMAAY
resa S m 8 Ha TABTeHUIMjaaHO] MOBPIIMHE. A};O oBaj
criper osHauUMO ca g, Hehe GuTm KpeTawma, aKo je
g > Pi, X ce 30Be KOEDMIHjEHAT ANHEADHM Tpewa
0A UMBOTEPARA OpU 1104aSY.

== ;5—% L (Léauté 1876).
f je noevnumjenar Tpema oa wamsema S nmo 8. X je
nepumerap eamice y kojoj ce resa S u S poaupyiy,
jep ycaea zecopMmanmje Teaa 8 m 8 rauxa A mpe-
Aa3u y eauncy Kao ACAMpHy nospmuHy usmehby S u §'.

JMTEPATYPA

——

U3 CTATHKE

Mibius — Stalique.

Darboux — Notes de Ia mécanique de Deapeyrous.

Bertrand — Traité de caleul différentiel,
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TPEhi OEO
LUHAMURA TAYRE

i

TAABA IX,

OnwTty fe0, NPABOAKHEJHO KPeTarbe M HpeTare
NpojeKTHIa.

I. OomTr peo0.

§ 104. — Awxo je rayra M y mperamy N0A YTHIG~
jem cuae F, yOpsame je J y npasny ciae u P
usMehy cHae H mera nocrojm O0AHOG:

m je Maca Tadke M. Ca. 75.

Axo ce womnodenre I' osHave ca X, Y, Z y npasny
HOODAWHATHHX OCOBHHA, C& X Y Z KOODAMHATE TadKe
d'x dy d%z
M, oHpAS Gy KOMIOHeHTe yOpsama J: 4’ ai "
jeanauuna 1), npuMemeHa HA cBe TPH OCOBHMHE, Aaje
Ba jeaHauMHe KpeTalba Tauke M oOBe mapase:
d’x d*y d’z
maF:X, mat—z—:Y, ’mW:Z- ‘2)
V majommrajem caysajy oy X, Y v Z eynnumje,
dx dy dz
> dt’ dt’ dt
peaa # HHTEPpPAAH ONILITH 33BHCE OA IIECT LIPOUBBOb-
unx woncramara C,C,.-(, a pemema cy obauka:

OPAMEIGEHA MATEMATHEA — MEXAHWUKA 9

x, Y, 2 u t. Jeamaumme 2) cy aApyrora
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x=¢it,C, C,C,C, C C,)
y:!p(t,{E{ECCUC) 3}
r=x(C C,C C, C C,)

Ws jeamaumsa noa 3) umamo:

dx dgo

dt — at =9 (tC,C,GC,--C,)
d,y .
E—'Qf)(fﬂé ...-1})‘
dz

Tl A UN C SRR ¢4

Y cBakom nmpoGaemy komcranre oce c.C,--C,
0Apehyjy MOHeTHUM yCAOBUMA, BPEAHOCTHMA X, Yy, 2

dx (dy dz\ N
“ a3, dat /e E{)o sa t=1, w8 3} n 4}. 3a oBo je

porpebHo Aa cy mnoa 3 14:,‘4 jeasadnne oapehene n
caraacHe (compatible), ua Kojux ce oHAa Haaaze KOH-
CTaHTe ¥ OHe cy o00auwa:

_ R - dx\ dy\ ’ dz . ‘
Ck - fk txo Yo 24 (a?)‘) (a?)o [d—t)ot") E= 32 g

HouetnuM ycaosuma oproBapa camo jeano pe-
mewe, mro je nocaezuna Howujese teopeme o pe-
memy AddepeHnpjaiEx jejHaudHHA,

§ 105, —— IIpeu unrezpaau. OBako ce 30BY MHTE-
rpaan JeAHauuHA KpeTama, KOjH Cy AaTH jepHaduHAMA
usmehy ¢, x, 4,z u dx, dy Eli n jeame 1

i ar d@i pousBo.bpHE
KoHcranTe :
, tﬁ(_t,x,y,z,g, g—g, %,C):o
nau ;

P

dx dy dz
C:'(t &r ay d) .
f YT @ @ 1).
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Aa je oparas u3pas 3aMCTa HHTErpas HAMKX
jearaunnaa ypepuheMo ce AH®epeHLHjAbEILEM jejiHa»
ayHe 1) 10 i:

af |y af dx af dx , dx
._ + 2 =

at T Zanar do gt =~ 2

HAH
af N\ df dx _;f_ af .
wZM Z_dx'x—o'

df dy | df de

df dx daf dx + 4
dy dt dz dt

IIpumedba, de e dF -
Mocaeamba jeaHaupna caaipku camo ¢, x, y, 2,
dx dx dz
dt’ dt’ dt
noYeTHn ycAoBH, TO je OHA W 33A0B0bEHA.

, ¥ KaKO MOpa [IOCTOjaTH, Na Ma Kaxsn GHAN

iaj je Aaro BHIle NPBEX MHTCPPAJA:

, de dy do
“‘f( TYEardt dt}

dxdydz)
¥
¢ = f(”yzcu dt dat

oum cy pasHu, axo Huje wMoryhe u3 HAX eamMn-

dx dy dz
> at’dt’ dt
moryhe, aomao Ou ce a0 oasoca maMehy koHcTaHaTa
¢, C,--C, Ges mesaBucHO npomem.bnso i 13 opora
m3aaBu A3 je Opoj npBux mmTerpasa Hajsmwue 6, jep

s dx dy dz
A3 je sehnm o0a 6, 0EAZ Ou HOAHYUHE X Y 2 5 At db

HUcaAaTH ¢BE€ HOAHMYHHE X Yy 2 ~—; AR0 ‘}B TO

MOTAM ©ANMAHUCATH.
§ 106. — Ajaspose jeduawume (équations intrinseé-

ques). Ako ce ¥ mecTO NPOHSBOLHOI CHCTEMA KOOD-
9‘



132 EoCTA CTOJAHOBHTE

ARHATHOT y3M& CHCTEM KOjU UAe Y TPAaBiy TamreHre,
riasee Hopmase n GmHOpMaJe, jepHatinHe Hperama
B cy Tauxe M na au-

aujn OM pare Aj-
ASPOBHM e HAYH-
aama.. [losurnsan
je tpasan y opas-
ny MT, ako je xpe-
Tame 03 0 ®a M,
IIOBNTHBAH je TIpa-
BAIl HOpMaJe PaaB-
He 03 M wa N n
OnHOpMase oa M
xa B.

Axo ce ayr OM obeaewn ca s, oHAa je Opsuna
Y OPABNY TAHTEHTE ¥
__ds
Tt

Vopaawe MJ maaa y Tnpaeny cuae I, n merope
CY Upojexnmje y IpABHY HODMaJAe M TAHPeHTe:

2 2
anf‘ Jt=@=-d—.—z--2).
¢ dt dt

Y npasny je GuHOpMaze yGpsame HYaa; jep je BM |
Ha MTN, v wojoj je papam m cnaa F. ¢ je moay-
Ipevsny KpUBRHEe,

Ca. T6.

v

. v

Aro ca F, F, u F, osHaunMo koMIoHente cmie
F y npasnnma: TAHT@HTe, HOpMaJde n OHHOpMaJe, je-
AHAMWHE CYy Kperamba:

dv d’s
F: —_— -
O T T
Fn=m2~—

¢
F,=o0

m je uaca tauxe M,
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AKO je cuaa HOpMaJHa Ha Tpajertopnjm OM, onaa
je F,=o0, sHauu Aa je 6psAHA CTAAHA M CHAA je 06p-

HYTO CPasMepHa IOAYIPedYHHKY KDABHMHE. AKO jé cnaa
2

y Opasily TaHTeHTe OoHAA je F —=o0 = —, 08B0 je Mo-

ryhe 8a ¢ = oo, 3HaUR OYT je IPaBOIMHEjHH.
§ 107, — Beaununa (ko-
Aunumna) wperarva. OBako
ce 30Be NPOM3BOA M3 Op-
3MHe W Mace m radxe M.
TIpema oBoMe je BeANUNHA
Kperama raike M jesan
BekTOp M = mw.
ITpojexknnje cy Beau-
YHHE KpeTams:
dx d dz
FTE md—?, Mmoo (M. X -
MomeHTH cy Bean4YnHe KPeTama y 0AHOCY OCOBRHA

dz dy) dx dz) dy dx) ,
m(ydt —im) m(zcﬁp_xcﬁ’ m(« g —v 7] -06

Oso je jeaan pextop 0G' dmje cy mupojeriuuje
Hahenn Momesntn.

§ 108. — Teopema 0 mUpojexnujaMa BeAnYNHe
Kperama.
N3 jeanaunna Kperama
m‘f—{—XnT Halasd ce
iE = . A. Ha
d dx
at () =x
d dy
Z il —y. .1
dt (m dt) e
d dz
a (mg) =2
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Osum je obyxsahena reopema: aa je u3BOA 10
BpeMeHy HpPOjeRNHje BeAHUMHE Kperame Ha Ma HoOjy
00y JeAHar CcyMu TpojeRNMja HAa HCTY OCy CHAL Koje
ABJCTBY]Y Ha Tauxy.

Aro je npojexnuja cuaa X paBHA HYAR, OHAR je:

d (m dx) ‘ 4
T im——i==0, mxy=/ !
dat dit ’ *+A4

A n A’ ¢y woucraHTe, SHaUH Aa je Npojexrmmja
Kperama Ha X7 GCOBHHY JejHAKO Kperaise,

AKo. je cmaa TapasedHa ca HIBEcHOM IPaBRoM
Ha np. 04, onja je X == Y = o u oanoc je momehy x y:

Ax - By == {,

BHayM Kperame ce 36uBa Y jeAHO] paBHU mapade.-
HOj mpasny OZ.

§ 109, — Teopema o Momenty sequyune xperasoa.
Hpunyuu woepwuna.

Axo nohemo 04 jeaRaunna:
dix dny dtr .

=% mgp=Y mop=2Z

m
M M3 BUX MHONKEI-EM # OAyenMameM obpasyjeMo ua-
BOAC MOMEHaTa BOANYIHE KpeTama, aohu hemo a0
n3pasa;

d | dy dx\]

a?m( az““ffa;).=x""yx

d dx dz] :

*&*g" “?}1(3_5—37&“{)_ =zX —xZ . . i}
df ¢ dz _dy)]

Y mpasry z®¢, y u x°%¢ gcoBuge, OBe jeiHAYHHE HC~
HaBY]y TeopeMmy, Aa je:
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Usroy 1o BpeMeHY U3 MOMEHTA BelHdiHe Rpe-
Tama y ODPaBLUY Ma KOje 0cC j8AHAK "¢& MOMEHTOM
cHmAa OAHOCHO Te OCOBMHe.

AKO je KOji 0A. MOMEHATA CHAA UelPecraHo jeA-
HAK Hyau Ha 7p. XY - yX==o0, OHA® ce A0aa3m A0
TeopeMe 0 mospuiMHaMa, iep
ce u3 Tpehe jejnaunne na- o ‘:’,ff\
Aa2¥ HETerpa.a npsn 00auka:

V
dy de .. /
T VaE T e

Tymaueme je unnTerpa- /
Aa 2} ‘aaro. s cauke je: P,
OPP, = ds == '/ {edy — yidx). P

Hoopanuare cy o4 Px y, C1 8.

oA P, x 4 dx, y -+ dy.
Nz 2), 2aMeHOM HMaMo:
., ds N
2 qp = Comam s=="/ @t —t,)
Tlocaeamwa jeanaguna obyxpara TeopeMmy IOBp-
HIMHA: A4 j& MNOBpPINKHA S CpasMepHa ¢ BpeMeHOM
norpebHUM Aa ce TA NOBpIIHHA ouulie pajujycom (P,

Honcranra ce C oapehyje TodeTHHM ycaoBEMA,

dy
ds
MOMEHAT 6psmae noYeTHe,

dx
TO je BPEAHOOT 0f X ———Y i ¥ NMO9eTHY KpeTama,

AKO ce TeopeMa NOBPIIMHA MOMIE TIRIMEHNTR
HA NPOjeKIH]Y KpPerarba ¥y USBECHO] papHH, cuaa je
OFAR Yy TpaBIy OCOBHHe HOpMAJHe HA TO] PAaBHUHM.
Henrpaana wperarwa. ARo CHAa UPOAABH KPO3
jeary Taunry 0, MOMeHAT je cuae OHAA Hyia ¥y 0a-
HOCY Ma Roje oce, mMiTo uie rpo3 {; Teopema ce O
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RNOBpHIMHEAMA OpHMeRpyje Ha cse TpH pasmm. Tpajex-
Topuja je y papHu# INTO mie rpos (. OBo usaasw ust

x-—d}w— a; (x
dz dy
dax dz

G TRatF ik

Hera je ImocJeAHIa
Ax -+ By + Cz == a.

mv § 110, — TIeomerpujono
\M TyMauerwe upodiie Jdes Teo-

peate. ARO KPOS fIONETAR THO-
By4YeMO Ana Berropa OR
0 OR') oA kojux je Ipsu Ia~
) padeaan o pegyATAHTOM (i«
v A& INTO AQJCTBY]Y Ha M a
v ADVFH Ca BeANUYHHOM Kpe-
iL - Tamka ML, ROOPAHHATE oY
_ Taare R

dy dz

ammdx B=m =R
=Map PEMa dt

B?

iz;um

- JeaHaumue oV RPOTAWmA

det dB ay
PO SR e
=% gr="r dt Z

WTo aHAum Aa je Spamua v’ Taure R mapaseana ca B,

Axro je 0G pesyaryjyhm somemar cude F ozp0-
cHO Tauke 0 ¥ (' MOMEHAT BeAHUYHHS KPOTalmba Op«
HocHo meTe Tauke, KoopimEaTe oy Tauwne G R, m,
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kxm(yiiiwz-cﬁg)

di 183

= M2 El—“f xdiz)
fe== ( dt dt,
mm{ dy clx}
¥ i y&%

Ipojexnuje cy 0G.
Le=—yZ~:¥, M=2X- x4, N=zx¥V — yX.
Apyra ¢e TeopeMma MoMe miapasau*m jeanaaumama:

dd
a‘ﬂgﬁm

dge gy
a =% =

L,
7o sHauM: A% je Opsusa »' rauxe (F 7Wapaieansa oa
BeKTOpOM GO,

§ 111, — Caynaj xad cuaa gpuuada KoMmlerey
Auneaprom. Avo X, ¥, Z L M, N sairoBomaBajy je-
AHATHHY |

pX+Y+rZ+alyZ ~ Y145 X —xZj b ela¥—yX) = 0 1)

Ta2 C¥ pgvabe KOHECTAHTe, OHAR CE& HAKe Ja cHAz
F gpumaaa woMpaency aumeaproM. Kaa ce y 1) sa~
MeHe: xy 2z W T. A H3DaBUMa U3 [IOMEHYTHX ABejy
TeOpeMa HAAARM C& [IPBU HHTErPAL;

de  dy . dz dz  dy
Tﬂ%ﬂ+qﬁ+*a+ﬂ@§“*§

‘ )+

dx dz dy e
oA S &Y e o B e § = £,
'M‘{ dF xdt_}{’g{x dt y{it} cons

Opaj wuHTerpaa U3paskaBa: Ad Jé MOMeHar BeR-
Topa MQ {koauuuwe Kperarma) H CHOTEMA BEKTOPSE,
uije cy woopauuate abe, p ¢ r, KOACTAHTAH.
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§ 112. — Teopema scuee cuie.
Aro ce jeaneuuHe:
d’x d*y d*z
- T — T — — =2
mdti =X, mdt“ Y, m

pPeAOM MOMHOMKE ca dx, dy, dz u cabepy ao0mja ce

u3pas:
dx\* dy)2 dz)“] 1

dm[(&?) T (El? + (dt 1= 7

dmv® = Xdx 4+ Ydy 4+ Zdz - -1

TS

).

Ilpoussoa ce us '[,mv® soBe muBa cmaa u 1}
0o3HAYaBA TEOpPeMYy HHBe CHAe! KOJa PaacH!

dudfepentiujar KUBE cHAS, 34 BpeMe HKperamba
dt, jeAHAK je eACMEHTAPHOME DaAy pesyaranTe cHIA,
mro AejeTBYje Ha Tauky M, y BpeMmeny di.

Jeanauuna ce 1) Mome Ao0uTd u u3:

dov
= Ft
Ty T

AKRO c€¢ HoMHOKH ca ds

d mv*
2

mj—fds = my dv =F,ds =

AKo ce uHTerpaa n jepHadusa 1) mmahemo:
t
= S (Xdx + Ydy + Zdz).

t

mv®  mu,

2 2

g

Bapujanuja :xuBe cuae y HHTEPBAJLY BpeMeHa
M4 KOME paBHA je paly cuaa y ncroMe -Mehy BpeMeny.

§ 113. — TIpu Tpawkemy para Basa pPasiIHKO-
BATH OB& cAYYajoBe:
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de dy dz
dt’dt’ dt
b3 BHATH X, Y,Z HAO $YHEIU]jS BpeMeHa,

2). Axo XY Z 3aBuce camo 0a x,y,z A0BObHO
je sHari caMo rTpajexropujy usmehy raure M, y Bpe-
MeHy &, u M y Bpemedy {.

3). Aro X Y Z saBuce caMo 0 MOA0OMHja Tauke
M N8BOAH cY usBecne eYHEuuje Ulxyz)

Xdx 4 Ydy 4 Zdz = dU {xy2)

1. Hag XY Z zaBuce op xy:z Ba~

paa ce Moxe Hahn 3Hajyhu camo ABe Tauxe M, un M,
Jep ce TeopeMe KuBE cuae OHAR GBOAH HA:
mp*  mu,?

7 3

= U(xyz)_ U(xoyozo)
1an
mv’ =2 [Ulxyz) 4+ h]

mv02

h=2

— Ulx, y, 2,)

h ce soBe komcTamTa mnBe cuae,

s osora usaasu aa Gpsuna OmBa mnera ysew
wap Ulxryz) aobuje ucty BpeaHocT. Awo je Ulxyz
yHE®OpMHa ¢yHKIuju OpsuHa je ucTa Ha MOBpIDUHAMA
ruBOCKUM Ulxyz) = const. Aro je U myarusopmua
®YRETM]a, Kao Ha np. U{xyz)==artq ¥/, Gpsuue uncy
HCTE HA JeiHO] M HMCTOj HMBOGKO] HOBPHIMHH,

Hpumep. Aro nocmarpamo Kperame relike Ta-
YEe y IPa2HOM npocTopy, OHAA AejCTBYje TeHa:

X=Y=0o Z=—mg.
dmv’__
2 = -— mygdz
b3
vz=2(—gz+h) h:mvu

9 + z,.
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§ 114, — Uz jeamayuge:
mey® == 2 {U(xyz‘} + hj

NBA23K: A2 TAMEA He Mome uazahu 3 perucsa ipo-
eropa y xome je U < h mosuruBHO.
Axo cy womnouenrn X, Y, Z obauka
dty dly dif
Xl ¥V o) 2=

dx dy dz
noJdodkaj ce paBHoTe:RHu Tadxke M{xyz) aobuja us
je AHAYMHA

i i

de dy dz

wiw w3 yoaoBa aa je U maxim. man minimum. Axo
8 TA] A0A0:EE] yBMe 38 TOUETAK KOOPARHATHOT Olf-
creMa M yameMo aa ce U y 0 moHmmiTaga, OHAR 3a
HsHAsAEee maxim. Basba us 8
OMIICATH CBEPY NOAYIIDEYHUKE 0 H
¢ T&KO OAPEAWTH Aa je U ya coepn
HEP4THBHO a4 He Hyaa,
ITorazahemo aa uoefroje ABS
Spoja & W u HODUTHBHA A3 jo &< @
02,80, a v« u, TAe je v OpauHa l0YeTHA
A3, 0B TaUKA HaAasH y CBepH O
Bawera axo je U ma ceepi HerarnBHo U PasAudHO 04
myae, mome ce Hahm jeaan Bpoj p TaraB Aa je:

U4 p< @ — U > p.
Awo cal rauxnr M, woja je y csepu, AaMo Opsumy

», U OHa ce HaiasH y M,, TeopeMa RuBe Cliie Aaje:

mo’ ‘me ?
g=U+ (f—f— - U")

V#/w, sasoBomena je wuejesmanoct
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ARO TOa0HR] M HouerHY Op3MHY oADeauMo us
yeA0BA
2
mu,

G U,<p

JOIMTO J& A0BOLHO A je

mep * ’ ,
?ﬂ < f?‘f?*-‘—« L}.D< P}jﬂ

18 DpBe HejeAHauMHe oHAa HaaaduMo 3a v, bBehe
BEAHOCTY 07 U
- P
w==y = i L
=)z

Haxo je U romrunyuproe u ayaa ¥ ¢, nocTojd jejan
6poj & nmosaTaBaE ¥ Main Aa je OM, wmame 03 & — U,
je mame oa P/y Aajyhu raukm M uouomaj vaaken

oz ¢ wnajMame 3a ¢ n OpSUHAY HOYETHY MARY 04

mo,

3 — U, <pu

npeMa TeopeMu 0O MHBO] CHAH U3paz:

myt
- <U+p.

Osvo noxasyje Aa Ta4ka TokperHa M He Mome
naah® us cBepe g. ‘
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II. IipapoamHejE0 KpeTame.

§- 115. — Axo je cumaa wro gejorpyje Ha U3BECHY
TAYRY HENPECTAHO NAPAIEAHA C23 HEKOM DABHN, Tpa-
jewTopHja je Tauke y jeaHo] pasmuuu. OBa je TeopeMs
OuEBHAHA N3 DajJora cHMETpHje.

AKo je cpaa napasedHa WIBECHO] TMpABH, TATKA
OURCyje TPAJORTOPUY NAPAAEIHY Ca TOM NPABOM.

§ 118, — Hajupocruju cayuaj je IPABOARHEJHOT
KpeTamba AAT jeAHOM jeAHAYUHHOM :

d’x " dx
m?ﬁ—g :Aﬂ-ﬁ@(x,ﬁ,t) -4}

. TAe je cmia jaTa Kao ®YHRLIE]A KOOpANHATE X, Gp-

du
BuHE v = TS H BpeMena {f.

Omwura je unrerpas o6amua:
X=f{tC C)- «2.
u woHcTanTe ce O u G, oapelyjy us nowernux ycaosa:

— : df
=fECC) v, = (0,0 - - 3).

TAS Cy X, H v, UOUeTHA KOOpAMHATA H 6p3uHa I0-
ueTHA,
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Jeaznauuna ce 1}, Mome HUHTErpUCATH KBAAPary-
paMa ako @ 3aBHCH CaMO 04 jeAHE KOAHYNWHE, UM
oA x, uid v uam t

a). ARo cmaa X 3aBHCH CAMO 04 M0.0#aja, 00AHK
je jeamaunne 1):

OBa ce jeAHaAUYHHA ©BOAH HA:

dx dx dx

mAiEaG PN g

N -

Ilocaeama je jeaHaunHa HCTOBETHA €A je AHAUHHOM
KHBE Ccu.ae.

h je pasmo mv’,
rpUcapmy CTaBU X = X,

a aobuja ce ako ce HO HATe-

HzppimeHo mHTerpaHHCame Aaje jeAHAUMHY :
dax \* dx —
(ﬁ) = (%) mam —- = & Vplx) - - 5).

3HaK IpeA HKOPeHOM Ba/ba 0ANEAHTH HpeMa IHaKy

dx
di
| U, = 0 KpeTame je y mpaBHY CHae.

Opsune v,, IOWITO j& sa x = x, ( )o = v,. Ao je

Nz 5) mmamo:

PRI S
¢« SiV’lp(.x‘)
*g
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b). Hera cuaa sasucm camo oa Opsune. Jezna-
YAHa €& KpeTarkma CBOAM HA OOANK:

do m dv
—_— = df = 27
m It @ (v), t 7]

_ ‘?m dv
=t

Haxo je dox = ovdt = mo do
¥ (v)
my dv
= —dx
| "

o

OBae cy x u t mapamenn mapamerpom v.
¢). Haa cmaa sapmen camo oA Bpemena, uz jea-
Ha4YHHA Ce:

2

x -
Mmoo =g (t) aobuja:

fa 4
o
mx = S di \ @ {t)dt + moo (t — 1)+ mxo |
oot
§. 117, Hpumepu. a) Kperame pepruraa-
HO jejHe TauKe Tellke y NPABHOM HpOCTOPY. 8L

Cuaa roja osae aejcTsyje jeanara je — mg.
Jearaunna je kperama:

d’x dx

arf = T MemM s = —4

OPHMERENA MATEMATHRA —— MEXAHHEA 10

m
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IIpBo mHTErpHCA®mE Aaje:

dx

E—:vm—gt—]-vo- - 1.

Apyro uHTErpacame Aaje:

T
gt
X 2= 5 4+, t- 2
TAE j& ROHCTAHTA [OJ0MAja HYAA, jep cMO yse.aln Aa
jé TadKa y LOYeTKY Kperama y KOoPAHHATHOM HO-
YETKY 0. ‘
Ha 1) n 2} nmamo:
vt =0, — 2gx
A0 XKOje ©MO jeayaymHe MOTAM Aohi ¥ TeopeMoM o
MUBO}] CHAH.
b). Hperame Tauke kojy upusiadn uau o0A6mja
cuia W3 jeaHora neHTpa (} CpasMepHO OACTOjARLY.

X Hexa je & y
Pt TOYETKY KOOp. CH-
o L8 cTeMa, KpeTalbe je

Ca. 82. ¥y npaBny oce 0X

u modume W3 rauke M, v, je moverna 6pauHa; mo-
BUTUBAH je mpaBan OM.

VsMumo #pBo c.Ay4aj ATpaKkTHBHE cHAe 3 ( Ha M,
004K je cHae OHAA — WX A jeAHAumHA je KpeTama,

ad

Kaa je — ==k oGapra.
ki
dix .
dt{».—m—-—kx SR I A

M3 ose ce jeaHauune aaxo Aobuja:
(dx ‘

&?) =v'=—kx"4+h. .2)
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JE— — 2 H F 2z
_ 8a ¥ =x,, h=r9 4 k'x,
h >k u Mome ce craButm h = k%3’ a > x,

Nz 2) umamo owHaa:

2
(%) =@~
dx <
ST + Ja* —x*

13 oBe ce jeamaumHe Hazase Bpeme !

x

dx o
=\ Ty — O

%
Axo0 je TauKa 1noye.la KpeTame OPBUHOM v, TO3HTUB-
HOM, Ba./ba Y3eTH SHAK + npea Kopesom. Haro » onaaa
Kaax pacre, IUTO ¢ BRAK U3 jJeAHaullHe v =k Vm

TC je v =0 3a X == a. 3a Bpeme t

1
R

dx

k"at _ x'z

L

Ta4Ka A04a30 y noa0maj A najaane oa M. Ha mpajy
TOT BpeMeHa OpBuUHA jé Hy.Ja, cwaa je aTrpaxkTBBHA H
KpeTambe MeHa INPAaBAl U Ipej KOPEHOM Baba y3eTH

P =

PPN

3HAK —. JeAHAUNHA jé cal KpeTarha:
dx -
e — k T T
fit Va X

Tauka ce cag ﬂp'nﬁ.mm}rje noaoxkajy ¢ rae je 6p-
guHA Ra vy  A04a3M 3a BpeMe!

a

“£S$ L
R)Va —x 2R
1o*
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3a oBuM TAauYRa NpoaasH Kpos { H kpehe ce mo
TpajekTopuju uHBepsHO] MpBO} oA U ka A,
Hperame je opo ocuuaaTopno u rpajate je jesne

.
mpocte ocuimanmje -

Axo je npso6utHa GpsmHA v, = 0, OHAA Je a = X
B TAauKa B8 Ma Kol BoJa0Maja joaasu y 0 nocae Bpe-

MeHAa BpeMe je oBAe He3aBHCHO 04 X,, KpeTame

n
ﬁ;
je Tayroxpono.

Aa 6m mamam oaHoc maMehy x u ! Baba cBp-

IIUTH HHTETPHCAKS je,ﬂ,Ha‘IHHe:

HITO A0BOAM A0 jeaHauuHe:
x = Bsin {kt + A)

rie ce A u B majase M3 TMOYETHHX YCAOBA.
Hpumep noj# cMO TpeTHpadn MOMEMO H OBaRO
POImUTH. :
Jeanaunna je mperama Gmia 00auKa:

2 fe3
%E? + k'x = o.

{)B0 je anHeapHa jejHAYNHA Tje oY KOeDUIIH|eRTH
craiHu. Hben je muTerpaa obamka:

x=Acoshkt + Bsinkt. - 1)

Nz ose ce jegrauumne Aobuja:

Z—fzv—-__—»—Aksinkt+thoskt- - 2).

Ba t==o0 A=x,6 v,=Bh

9
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HKaa ce y 1) cmMenn A u B nahenum spesnocruma,
umahemo :

xmxocosht+—?;isinht~ - IL

Aro je v, =0
x = x, cos ki
) . . .
Aa je x==o0 Tpeba aa je kit = > OAakae je
' 4
BpeMe {, HyMHO 3a Taura Aohe y mouetan o
c). Hewxa je cuaa penyncuﬁﬂa. JeanaduHa je xpe-
TAMA caj oDAEKA:
d*x
dt*

h=v'—hk"x> 1a. 83,
1

= k*x

dx ——
g =tV E? +h=drx—2%. .3

Hexa je », > o, Tauka ce OHAA yaakyje u Op-
3MHA pacTe ¢a OACTOjameM X, JH&K je 4. AgRo je
v, <{ 0 Baba yseTH SHAK — '

Nz 3) je onaa t.

Ba caydaj aa je h=0o* —Rk'x' =0

ig dx;.ilx
h x_kogxf

i =

o

tje @ za x =0
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Axro moheMo 04 jeaHAYUHE KPETAbA !

x

e — kR'x =0

di®

n HaheMO ONIITH HEH MHTEIPad, Koju je obauka:

x = Aelt 4 Be N

7 A u B 0apeauMo K8 TOYETHHX yCJA0Ba, OHAR je sa
t=o0

: i S
x, = A + B, E»‘szﬁi-«-—B, ﬁ:“ﬁ“(xo‘i‘“ﬁ),g_

p ()
=7 ®%

Ao ysSMeMO A4 cy HOuUETHHE YCJOBH TAKBH A%
je A=o0 T j. v, = — kx, n h=o0, rperame je AaTO
JeAHaYITHOM :

o —&t
X o 8

82, Xx =0 = 0.
d). Kperawe Tauxe NPHBAAYeHe CHAOM H3 jea-

HOT'A HEHTtpa OGDHYTO cpasMepHe OACTOjamy.
Ano je x NOBUTUBHO jejAHAMMHE je cuAe:

ad

X=— %ﬁ aKo je x meraTwpHO X === gey

Ba DpBM cAy4Yaj je KpeTame AATO jeAHAMHHOM!:

ded ,hi
art T x

(QaaBAE j& HHTEIPHCAEM !
(dx}“ 2k
dt

2 ' 9
4k h=2 ——

o
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Hexa Tayra noune xperame us M, 6psunon v, < 0,
Tpefa OHAA y3e€TH 3HaKk —, H jeiHauuHA je:

dx 2#{
F T E

Aro je 6psmHa mo3UTHBHA v, > 0, OHAR je jer-

HaYHHA
dax ok
G=+] 2 4

Axo je h >0, mag x pacre, v onaaa asu je nehe
oa |k u raura ce yaamyje, m Kaxo GpanHA TEMH KA
'k, wperame he mocraTn jeimaxo.

Aro je h = o osaa he Tauxa Aohit y cBaKH KO-

#A0Ea] Npase No kojoj ce kpeke, Tauka ce menpe-
CTaHo yAabyje OpP3MHOM KOja TeKU HY.AIL.

] 28
Axo je h<< o ©# craBuMo h = — , jeana-
a

YHHS jé HpPeTAmbA:

%‘m_I_V?)?“wzh“

dt o .

a > x,, Taura ce npnbammyje noaomajy 4 u y
A a04a31 3a koHauHo BpeMe. Ha kpajy Tor BpeMena
KpeTame Merha CMICc&0 jeD je Cuaa ATPaAKTHUBHA H
TAYKS ACAASH ¥ 0.

§. 1418, — FKperarwe nad cuia zaeucu ol GpauHe.

1). Bepruraano sperame IPOJeRTHAA ¥ OTHOPHO]
cpearrn. Haa ce xakBo Teao kpehe y Basayxy, Ha
mEra TIOpes Teme ABJCTBYje OTNOD Bazayxa, Koju ce
JAB.bLA ¥ jeAHO] PesVATAMTII CYPOTHO] npaBuy Gpavue
¥ BaBICHO] 04 NIPBOT, APYTOT I BHIIET ¢TeneHa OpsuHe,
IpeMa ToMe Aa Ay je 6p3uHA, Kojou ¢e Teao Kpehe Maaa,
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A0 200™ mam Beha oz 200. ¥V ommre ce oTHOD MOMKe
cTaBRTH A2 je R =—=mhe" rae je m maca Teaa wTo
ce Kpehe, kR m n cy wxoseramte, v 6pamHA. V3 OBe
cmle R, 30.1a3u 1 cIper oA OTHOP&, KOjH je y HeKuM
cAyuajeBMMa HyJaa, Kaj €€ Terd HAPOYNTOr 00.1uKa
Kpehy 10 BepTHKAJAHAM OyTamaMa. 32 cajia hemo OT-
NOPHH CIlper 3aHEeMAapHTH.

.0 1). Hera ce npBo kpehe Teao Ha HuRe. ARO
je Taura y M na my AejcTByje cHaa R m mg
% jepHauUHA je gpeTama, Kaj 34 TOIUTHBHY
ocy XCEY yaMeMo IpaBall Ha HIGKE:

‘mg 2
mEF:mg—R:mg—mkv"
X uAHA dov n
Ca. 84, Tl A
CraBaMO g = o o= (2)1/"
R k
dl: n n
_CE h(a —‘U)
ht:\ ndv_"
J o —
Yo
for — =
u 3601 at dv
hng f“n
o« —v

Axo y Bazayxy Ha,ﬁ,ajy\,me A00TE HejeiHAKLX
Maca a4 pasHux 6psuHa, oTmop he Baszaiyxa GUTH HCTH
# umahewmo:

mh = m'k'

H()edilﬂ_{[{jeHTH cy OﬁpHyTO Cpa3MEepHH MacaMa.

NPEMEMREEA MATEMATHEA . 153

Axo je n a0 HAHD n =§HHT8]‘pI‘IGaH§>e e 2aK0

MOMEe HNIBpUINTH,

Aro je n=1
. a— v,
ht_loqa—v.
nan
o—v=(e—uy)e r . .1\

Haz t Temu oe v TeMHI Ha €,

dx
Axo y 1) cmenumo v ca i
1
at——xz—z{x—v)e—“ +C
a_
Hako je zat =10, C=o. C:%
_ 9 I—e—"“) 1 — e M
x"?( P
da h=0

1
x=voif~}-?gtz

HOBHATA jeAHaumHa 34 cA0003HO fajame Teaa y Gea-
BagAyUIHOM IIPOCTOpY.
2). Kperame Teaa 6auennx HA BAUIE Y TPaBILY

- X.
BOPTHKAAHOM, HO3HUTHBHR 00a X Ha BHILE.
Jeanaumua je kperama cagj: M
dix . "
M—mg = — mg — MR v YR
dt y mg
do o
T (g + k') 0’
Ca, B,

OaaBae je t u x
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L

L]

‘- t do o vdv

- —Sg + k" g+ ko'
Yy Yy

Ba n=1

BAH
g+ ho==(g 4 hojer. 1)

Teao aoaasu a0 Hajsehe BucHHE 3a Bpeme ¢t =T

i - k
,T_“ﬂ"" log (1 +~§v0)

dx
Axo y 1) samennmo v ca g ' UHTCTpIimeMo AM 8-
hemo:

{ —e— Kk

8a A==o0

1
xmvothggtz

nosuaTa jeiHadnHa Kperams 0ayemux Teaa HA BUUIE
y GesBasayuIHOM MOpPOCTOPY. '
Ban=2

I3 "
bt — — Vmartg 'DV— +C
g g

CraBuMmo OBje 3 = G'l/%

o -l
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: k
3 ce oapehyle us HoyeTHOT ycaoBa b, V__ = tq 8.
g

Bpeme T, aa Tauka aohe y Hajsehy Bmnoumy rae je

8
[rg

v=o0jecre T= 3a x je BpeaHoCT:

3). Hperame mMarepu-
jaame TadKe M0 CTPMHO]
paBHuHH, HoAehn pavyHa
O TpeEy H OTHOPY Bas-
Ayxa. AKO je KOOPAUHATHH
cucreMm Oxy, Taura y M,
Ha By AejcTByjy cuae R,
F—fN rae je f roeou- ‘ Ca. 86.

IH]EHAT TREILA M TEeIKA
mg. Hera je sarud cTpme paBHHUHE i.

ITocmarpajMo NpBO HpeTame Tadke HUZ COTPMY

paBad, HOAO0MAH je NpaBay ox.

- JepHayyHE CY KpeTamsa !

dx

mma-p-'-:mgsini—ﬂ——-F

d*
m««awt—gw:N—mgcosi

Hako je ¥ cTa4no myaa, us Apyre je jeanadumne:

N=mgcosi u F=fN={fmgcosi

Haa ce Bpeamocrr F u R (oTnop Basayxa) cMeHe
y BpBOj jeanauunu, umahemo:
d*x

E{;z(g sinimfgcosi);mkv“
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OBae cy Moryha TPH CAYY&Eja:
a). t¢1 >, OpBN je uaaH gsini-—fgcosi= ¢’
YBEK MO3MTHBAR M jeiHAUHHA je BpeTarsa:

dix ,
i =9 —

HCTORBETHA jJEAHAYUUA CA jOAHAUIHOM 33 [Ajame reda

y DOpaBuy BepTHHaAe, Tae je y MeeTo ¢ A0UIA0 g,
INE

GpsuHa TeMu rpaHuny (gkm) /s

b), tgi < f, apyr# le uaaH y3eK HETATHBAH H
jeamar — g', jeanaunsa je uperama:

dzx ] "
gE= 8 R

CAMYHA €A JeAHAUHMAOM Tesa (auemuX y BHC ¥ npapuny
BepTHEALe. ‘

c). tgi=1/, jeanaunua je wperama:

d'x a do . 1 - (
dts o] —kv s -&-E: — kv s b —= W {Uf—wﬂ ——— Uoiﬁv‘u}
-~ ] ) 20
3371-::1, 33 n=x1 kt‘—zlﬂg?

Axro je n==1 uau sehu op 1 v pacre ca Bpe-
MenoM, 3a n<C 4 t remu xa T, varo je Opsusa v =0

p f—n
M=
x je xOHauyHO HaE OECHOHAYHO, AKO je N Mame
. uau Behe oa 2,
§. 149, — Tayroxpesta xperarwa OpaeoluMejHa.
OBaro ce HasuBajy OHA KpeTarma, #¥aj c& IOKPETHA
Tauka, 0CTaBbela caMma cebu (es nmoderse OpsuHe,
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noa yriiajeM cuae camo 3a ucro Bpeme xpehe 40
HeTe TAYHe Ma M3 Kora MOYeTHA,
a), Hexn cwas zanucn

o H . A 0
caM¢ 04 noAGHaja. eRra e 4 +
TayKa A0JAACKA, SBAHA Tau- xa

KOM TayTOXpPONHSM&, II0Te- C. 87,

Tak KOOPAUHATHOT CHCTEMA ‘

0, X cmaa MHTO Aej¢TBYje Ha MOKPETHY TauKy, X, KOOD.
moaazHe Tauke A, TeopeMa iKEBe CHAe Aaje:

" 2 x
me_ Sde- ).

+,

K

A je HeTATHBHO 3a X HOBUTHBHO, jép ©e noKpeTHa
TauRAa MODPA HpeTaTH Ka Ho4YeTKy {, M4 HaKas po-
A0aj OHO NMOAAZHH U CHAA je YBer ynpasbeHa xa {.

Sde=—§ﬂ£x)

@ {x) je mOBUTHUBHO W pA&CTe CA X-CKOM KOOpAHHATOM,
Haa ce oo cmenn y 1) umahemo:

m (2 = 2 lp ) — p .

Bpeme T ad Taura aohe y & je:

%8
. Vm - dx
B e
CrasuMo oRae @ (x) =z, P (x,) =2, x = (z)
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Aa je wperame rtayToxpomo T mopa SuTn Hesa-
BUCHO 04 X, T. . 04 z,. OBo ce aofuja mHaa ce uz-
Boa T mo z, cTasd papas Hyau. Ja 6u maberau oBae
mppase GeckpajHe, CMEHMMO Tpawumne ca o i 1 3aMeHoM

==L, U

V " S Y iz, ul } zo du

ifu

——

1
d—T——'Vﬁgw gzuzu-{—‘/@pzu)
)

dz, [/zo—zuu
KA CMEeHOM Z o U
—IG
ar Vﬁ' S (z) 4+ "9
dz, 2 7, [/z —z
0

Veaoe Aa je 0BO Hyaa jecre:
gz Ly
wiz) =2 cp’.?-g- c
w(z) je nyaa sa z==¢, To je ' =0
wlz)=2 Clz uan

x!

x=2C)z, z= @

3HayH, ¥C.10B je TayTOXPOHURMA, KAA CilAd 3ABNCH

04 Toaomaja: aa je cnaa 0banka X == - @ {xj = —
e To je arpamiuja cpasMepHa ca 0ACTOjaEmEM

{Puiscux).

2} Aro cuaa 3apUcH 04 ¥ I yCAOB je Tay-

dt’
TOXPOHUBMa CaAOReHnjd, Buan Appell-a fom 1 324
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§. 120, - Had je mosHaT SaKoH Kperama Ipa~
BOAMHEJHOT Hahn cuay. OBaj je saazaTax moryh mag
je TOBHAT OHIITH =aKOl KPEeTamka H3PaKeH H3pasoM
Y KOME UMa ABe He3aBICHE KOHCTaHTe, a HHje oapeheir,
AKO j& AaTO KPETAIbe [NAPTURYAADHUM HUHTEIPAIOM.

aro je x =ity v} - 1)

X, H &, CY TOYEeTHe ROJANUIHE 33 ! == 0, KOOPAMHATE
n Gpomne, us 1] uMamo:

ci%_go (e, v} 2

F
. X
N=mep =me fx o) 3
(‘ig- (p ( G 0) i
Awo wa 1} n 2) wmahemo x, 1 v, W gamMennMo y-
3} umakemo mornyno oApebeHy BpeaHoct 3a X.
Hpumep. AKO je Eperame AaT0 U3PA3OM:

— B - .
=Lkt o

1]

Cuaa je: A= mi

Aro je wuperame 2aTO HADTHKYA&pHUM HHTE-
rpaiOM

AX=gintgat==0, x,=0, v, =1

omaa je

v = const. X = —msint.
3axoHa je cu.aa:
—msint, —m 1 —o, —mu, miy (x4 sint) n T A

uMa 06cKOHAYHO perierma, 3a FoPe yCaAOBe. 3ajza-

Tax je meoapehen.
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III. KpaBOAEEE]jHO EPOTAKO TONIKe TATES Y IPASHOM
IPOCTOPY ¥ OTPHOPHO] CPOAHHH.

§ 121. — AKO je cHaa WITO AgjeTBYje HA H3-
BecHy TadKy HEUPECTaHo Iapalesda HeKOM AaToM
npasny, Ha np. 0Y, TpajexTopMja je Tavke y papBHU
y KO0joj ce 110peA CLOMEHYTOr [PaBHa HAJAZW I Tpa-
Bam moveTHe OpsmHe, Hera je rTa papan Jxy, jeana-
YHHE Cy KpeTamal

Wz npse jeanauyunHe uMaMmo:

3? =a, x=al- b
Opojexnuja MOKpPeTHe Tauke Ha X°%] 0coBHHH
je xperame yHmoopmuo. Haa ce maheno x samenuy
dx dy .
Y:f(x y ﬁﬁt)’ Apyra ce jejHauyuHA MOM¥E JAaRO
HHTerpacaTil H Tago CC HAAA3IH HOOI}AHH&T& Y.

§ 122, — Jeduawune upe-
Tara HaPAKEeHe KoopaHaTaMa
TpajexTopuje, AYHRHEHOM AYKA
H TOAYIpeYHUKOM KpHBHHE.
{infrinséques).

Hera tauxa M onucyje tpa-
jexTopujy AB, npasan OpsuHe
0 My ckaana yrao @ ca ox, cHAA

Ca. 88. je MY, MC nopmaaa. IIpojex-

nuja cuAe Ha HOpMady Jaje jeaHadlHy

mo?

Ycoso = . o 1)
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Apyra ce jeanaunHa 200Hja IPojeRTOBAEM ciae

Ha TAHTEHTY, KAKO je y HAIleM HpHMEpY 3—36 =vcosq=a
(a constantno), apyra je jeaHayEHA
veoosa=a - -2\

Mabanneame Gpsune s 1) u 2) aaje jeanaunny

TpajerTopuje. Axo je Y = const. =k, jesHauuma je
OYTAE

Qcas“azh- - 3).

OBO je mapaoaa.

§ 123. — Hperame Temke Tauke yupaaaom Tpo-
cTOpy. Jejnadune cy kpeTama:
d’x d*y
mIE= S Mg T ™ )

Aro je Beamuuna moveTHe Gpaune v, W OHa
CrAana ca x°M QCOBHIIOM Yrao ¢, HHTEIpICARmEM
npse jeaHaquHe 200HjaMo:

dax

J—UOCQSCC' '2}
HHTETpUCAEeM, M HMajyhn y BHAY A2 je Tauka y mo-
YeTKY kKperamba Ohaa y 0 (MOYETKY KOODPAUHATHOL
cucTeMa), m3 ) UMaMo

x=1uv,tcosa - - 3)
Mz apyre jeamauune moa 1) mmamo:

We gt
FTo gt + v, cosa

£
y=—-g—+vtsma - 4)

OIPHMEHEHA MATEMATHKA — MEXAATEA 3]
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dx dy . .
3 2 o jezgaqnHy 3a 6p-
W jeamauuBa -0 Ao6ujaMo jeada } P

dx)? dy\*
suHy v’=(ﬁ) +(E¥) =v, 20y

W3 3) u 4) HarasuMO jeAHaUMHY TDRjexTOpH]e:
gt’

Y= 7 90, cosat + x iy e
Y Oro je mapaboaa
A BEpPTHEAIEE OCOBHHE.
S §123 a. — Eperae
¥ TEWLKE Taune Y OTEOD~
mg woj cpeduru. Aro ca
p Rx, Ry, Rz ofeae:xrnMo
X BOMIOCHEHTe OTIIORa, jé-
Ca. 89, AHayHHE CY KpeTabha
TOIIKe TAYKe:
T T 2
mgét—if=3x, m%?:ﬂy, mfég—:ﬁzw—mg
Hexa Ha Tauky M AejorByje Tema mg i OTHGD
Y .

ga. 90,

"R y cynpoTHoM npaBy OpsuHe [0 TGHPEHTH, HEKA
6p3uEa cKJanma yrao & ca ox, MC Hexa je HOPMAld
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Ha TDAJeRTOPHjH. AROC ce cHae OPOJeRTYjY Ha TaH-
I'edTy, jeAHauuHa | Kperama:
dv

mzaw::Ftw—mgsin a-R. . 1),

OBae je R = mg o (v} n wag ce oo oMeun y 1)
uMaheMo:

du .
T =0binet+ @] -2,

IIpojertyjmo cumae ms HOpMaay, 1ta Kemo mmaru:
mop?

— == Mg cos -+ 3).

Ho raro jo:

__ _di . g‘i at v dt .
e~ df de — o CMeuow oBoray 3)
nvahemo: '
— u da
g7 =gcosa - - &),
{ _  ds. .
g=— qq: PHOKJE — ¥SOT ITO Kaa s pacre Gna,a,a).

Vs 2} u 4) momemo mahy t u » wao SYHKIH]E

OA e. Eammusucawen dt us 3) n 4) nmahemo:
dv % (v}
vde 4T cosa "~ OF

Hz 5) uaaasnmo:

= {al.

Hap ce » cmenn y 4) mmaheno:
e Sc{}s i Y
&
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Vs jeanaunda:
dx == v eos a di, dy = vsin o di BaAa3UMO:

24

==Y \wiaraa 1

a

y=— 4 S{zp (e)]* tg @ dee » + 111,

%y
JeaHaduHa je Tpajexkropuje m3:

_ 7 _ il gy

e—“gcosa T goosa

Hera je ornop ofamna:
@ (v) = a 4 bv" {Legendre)

a, b, n ¢y woucranTe cBe nosmrmpae; a < 1. Haa ce
0BO CMeHE Y jeapuauuan 5) nMaheMo:

dv - a + bv”
vdea g+ cosa

1/0" == pg

dgq dp ( a ) nb
p—&&{—q%»}-mpq tqa+cosa +cosa @

VaMuMo Heka jé ¢ TakBo Aa je:

%::—-—ntqczdtz—nacwaﬂ

QOaaxac je DapTHKYAAPHH HHTEIPaM:

q = cos” atg (e + Ffu)
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Ba p uMaMy jeAHAUHHY :

dp nb

do qcos o

SKO je g, BPEAHOCT ¢ B3a & = e, AMahemo

&

i -~
Dy = —-—an

y

_da
§ cos

Hap ce make cap P, OHAZ € BHA D U3DANKEHO
ToMOhy @ i Aaro je oHaa Bahm KoopAmHATE X,y n
Bpese ¢ moMohy napaMmeTpa ¢ WS jeAHAUnHA:

a @

vda

i

, ir 1 1

t= =g Yo s=—g )" dm y=—_{vtqaia
&,

] «®

OBo ¢y noaasue jeAsadnue y 6a.mcmuu.
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LleHTpanHe cHNe, @NHUNTHYKO KpeTarke NNaHera.

1. lemypaiHe CHAG.

§ 124. — Cuaa ce jeAHa B0Be LIEHTPAAHOM, KA
GTAAHO NpP0443R Kpos jeAHY Ta4KRy; OBa Ce Tadkad
30Be IeHTap C¢Hae. AKO ©e DneHrap ysMe 383 Io-
yeTar KOOPAMHATHOP cHCTEMa, cula ofeaexH ca +

wau — F, oHas sam -+ F smaum penyacussy, a —F .

b

aTpakTHBHY cuay. Hasaiu cmo Aa je TpajexTopaja
TAYKEe Yy OBOM caydajy Yy paBHd, OApeheHOj npaBiem
cuae F u nouerHe GpsuHe.

AXo ce paBaH TpajeKTopyje ysMe 83 XY paBaH,

. . Fx Fy
npojeknuje cy cuae F Ha ocaMa il 3a peme-
Be Npo6aeMa. MOMEMO nohr 024 jeAHAUHHA:

Y

d*y
a =5

d*x
dt*

X
m ot :!: F—, m
T
HAM 07 jeAHAYUHEA AATHMX MPMHIMIOM NOBPIIRHA M Te-
OpPEMOM KHBE cuae, Ao KOjUX ce 1AaKo U3 TrophuX
A0AABH.
HHTerpaa moBpmuHa je:
dy dx

xaz-—ygl—t‘ —;C' '1}.

“

) HPHMREIEHA MATEMATHEA 167

Han y I0A3PHOM KOOPAHHATHOM CHCTEMY:

do
2™
=0 . .1
dt )

Honeranra € je moMmeHar nouerse Opsume 0A-
HOCHO (z°%¢ ocoBuHe. ARO je v, noderHa Opsuma,
P, OAcrojame WeH0 oA moyerxa, C=p, v,. llpea C

Ca. 91.

Ba/bd yB3eTH BHAK -+ Hau — Mnpema ToMe A8 ad je
KpeTarhe y RPaBny HOSUTHUBHOM HAM HEPATHBHOM.
Axo cy wroopausare rauke M, r, u 8, u g, yrao
0, M, v,, us cauke je

p,=r,8ingn,
C=r v, singy, - « 2}
Teopema RuBe cHAe TALCH:

dmo®
2

=Fdr . - 1II).

Jeanaunme I u II oApebyjy nornyso Kperasse.

OBuM jesHauMHaMa Ba.ba A0AATH U3pa3 3a OGpsumy:

ot dr® + ' df?

ar - 3).

Aro us 1,1l u 3 usbanumo df uan dt umahkemo:

,_dr)2 c*
v =)t on
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e[ 4 (]

Wa nocaeame CO6 jOAHAUHIG HANA3K T Ka0 yHH-
nuja 8, mro aaje TpajexTopujy u To noMohy KBaapa-
Type, Kax je F AaT0 Rao oyHHUMjA 0AcTOjamba 7.

iz jeamaymua 4 u IIj umamo:

iz W) + Ghl=r

HAM OAaBAe je:

dir o
__F. s
m(dﬁ r*) )

Jeanauuna 5} Aaje pe.aTHBHO KpeTamke Tauke
10 pejoHy BeKTOpy (moreryj.
Wz 4"y u II) umamo jerHaumHy:

a1l + =7

i M AMEHOM djfr _ s r dar
AuspepeniujabembeM U 3aM i pT
UMaMO 3HaddjaH u3pas:
mC* (1 Yr
—_ Tl g ) i
F r (1‘ + af* )
HosHarT noi umenoM Binet-oBe sopmyae.
§ 125. — Hexa cuaa F 3aBucm caMo 01 0A-
crojama:
F =

M3 jeamauuye I} umamo:
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0OaaBae ce HaAa3M H3DPa3 00AHKAa:
dr

Vin

Jeanauuna ce TpajerTopu e aobuja u3 mspaza:

O Cdy
di = S dt = &= —T————
r r fyin)

dt = 4+

3Hak ce npea KOpeHoM oapehyje mouerHum ycao-
dr |
BUMa. - ]e 6psHHa [0 MOTery. BHAR WEH y MOYeTRY

oApehyie 3HaKk IpeA HOpeHOM u OH OCTaje AOR jo
Wi(ri=o0, Raa je W(r) = o OHAZ Baba y36TH APYIH
mC*

3Hak. AXo je (g-;) = o0, cuaaje F, + H KpeTatbe

r’
je mo movery. Ako je oBa mpuBuMAHAa cuaaz -+ y no-
YEeTKY r pacTe W y3UMa ce 3HaK -}, aKo je HeraTuBHa

! . me*
T ONdA3 ¥ Baha y3eTd 3HAK —, Ako je F, 4+ — = o
T
0
34 MocMaTpaus, Koju ce kpehe ca moTerom, Taura

mupyje. TpajexTopuja je kpyr loaynopeyHurRa r, u
RpeTame je jeAHaRo.

Aa je KpeTame RPyHHO yCAOB je A3 je NoYeTHa
6p3ua ynpaBHA Ha MOTETY, §, = -+ 7f» uan C= 471,70,

mC* —F,r
5 - o_ 0 o3 .
nau K+ L = 0HAnD, = V—m Aa je v, cTBapHO
0 m
F, mopa 6uTu —, 3HAYM cula MOpa OMTH aTPaKTHUBHA.

Ipumepu. Hera je cuaa cpasMepra ca 0acTOja-
BEM M HEKA j& aTPaKTUBHE:

F=—mR'r

Teopema :xuBe cuae gaje oHpa:
v' = —Fk*r* 4 h,
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OBae ce Mome Tpajexropija uahi u omIITUM
NOKARAHNM METOAOM & U Ha cileaebn HauuH.
Jeamaunne cy Kperawma y cucremy X Y:

diy
gr =" Fw =1y
Onmre ¢y AATErpall OBHX AHHGADHHX jeAHAYHUA:

t

X == x,co8 ht 4+ %sin rt, y=y,co08 ht +%‘»’~sinkt- 1)

1 !
- Xoy Ygr X o, 2, CY HOOPAM-
HaTe noaAa3He Tauke u 6p
guHA ¥ Bpemeny = 0.

¥V
3 Aro ce 3a oce mHoO-
0 OpAMHATHE H TO oxX y3Me
G M, X mokserTHH pPeOH BEKTOpD, 8&

Gy npaea napasedta  ca
noyeTHoM OGpP3HHOM, UMa-

C.il. 92. i’-leMO N

¥ =
Xy =T, Y,=0, Y, =%,=0 H jejraaunse cy 1}.

x =r, cos R, y:%sinht S A R

EianMmunncames ¢ HalasUM0 TPajeKropajy:

h’l
,+y

=1. -2
JeaHaunHa 2} je eaumnca.
Bpeme ofuaaskema 1no eaunci ce Ao6uja us 1)
2
=

Axro je cuaa pemy.acupua F = mk'r, jepnaunua
ce Tpajexrophje a00uja samenoMm k ca ik y 1"} u
ROopAMHATE C¥:

8& kt = 2, namt =T =

OPHMEMEHA MATEMATHEA iTi
ekt.}.em?ﬁ‘. ektme~—-kt
To™ 3 3

_ — 5
X = ,y_k

Eaumpuanujom t umahemo:
xﬁl hiy'.i
Ta:: - 3‘02
Opo je xumepboaa.
§126. — Awo je cmaa obamKa r * @tf}, us o6pa~
cna Binet-osor mmahemc uspas:
ddﬁf' + ? = — %(éil .+ {Tacobi).

Ommry je uHTerpad 0064HEA:

=1

‘;: AcosO 4 Bsin0 + y (6)

INpusep: Heraje F= — mur " (cos 20)°/,, pje _
KOHCTAHTA peaua ~ HAM —, MHTFErpaa je:
;;'—_-.Acasﬂw}v— Bsinﬁ——vcosjzﬂ 2.

uan ¥ Hapresmjesum woopamHaTaMa:
z

1 — Ax~ By = & o* — )

& OBO je jeAHAYHHA KOHHUKA VY
TAHDEHTHOD H& ABeMa Npa-

BuMa 0P u 0Q uuje cy jea- J
gauuHe X' —y = 0.
Bpeme ce oapebyje us
jeanaunHe: 0 X
dt =r* 46
¢ ¢
Ca. 93.

Haa ce r eseun na 2),
Ha xBagpaType ce wcﬂ,m W cayuaj raa je F
06anKa:
F=r""@(0) 4+ hr*
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§ 127. — Husepanu upoGrem. Haa je nosuara
Tpajekropuja Hahu cuay.

Axo je npoGaem: wakm cmay Kaj Tauxa ouHCYje
OyTalky 110 34KOHY O [OBPHINHAMA, OHAR C@ BHA Aa
je cmia peuTpaasa. Teopesa © NOBpIINHAMA aaje
mHTerpad: :

du dx ‘
St T
HAHW
d"‘u d*x
Yo Vg =0

mMT0 AOKaBYje, Aa aKlelapamija, Na M CHAA NPOAABH
KPO3 jRARY TAYKY.
Cuaa je aata u3pasoM

-

Mz jeanauune Tpajesrophje HalasSHMo:
1 .
;250(9) H OHAL je:

mi®

=1 [go(ﬂwso”(ﬂ)]' -1

Axo mmje aar Hmwaras obamx cnie, us i)je F
weoapehero. OOuuse ce rpamy F caMo kao YHRIB}A
r I TO C& ABKO HaJa3Kk m3 1) M jeAHaunHe nyrame.

IIpumep, Hera je nyrama o6aura;

p

=T Fecosf

p je napamertap, e SKUEHTPHUUHOCT.
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s 2) ce aobuja:

d* (/) me*

W+ dﬂz ml{fPI'IFz_"“W

Buaum A3 je cuaa F arparumja, o6puyro cpas-
MepHa Ca KBaApaTOM OACTOjama,

Axro je nyrama xunepOboaa:
1 ecosf—1

2 P
c*
F=" 3

or

cuAa je penvACHUBHA O MCTOME BaKOHY HAo 1 3a
eAHTIicY.
Axo je rpajexropija ofiauka:

== ¢os kf + b.

CHAS ceé Halalu aa je!

LR - 1) (8% — b7 korib
Foe= ol [( rz}&—l-»;i "|‘( .,.k-{—‘)?

Appell 203. & L

3a k= - 1 [MaMO KOHHE, k= — 2 KoOHUK, Op-
BOPA je Iloa y MKW, APYyToTa y UeHIpy; 8a k=1
AnMacot [ackaaos, k==r, b = 0 ACMHHCKATY WU T. A.

II. EKperame maaHeTa.

§ 128. — TlraHeTe cMaTpaMo OBAE CBEAGHE HA
CBOja TeMMHUINTa It KPeTame je IBHXOBO OHAR KPETALS
MATrepujaA HUX TAYAKA.

BaKOHM CY MAAHETODHKUX KpeTara Hahenn He-
naepoM us nocmarpama Tuxo ae Bpaxea. Orae umamo
TPH BAKOMA :



174 KOCTA OTOJAHOBHE

I;. IlraHeTe omucyjy oOKO CYHEA paBHE KPUBe
AHHEj@ @0 SaK0HY O HOBDIIUHAMA.

IT1}. Ope cy myrame eaulce Y 4ujo] ce KKH
Ha 430 CYHOe,

II1}. KBaaparu BpeMesa ob6uaaskera CPasMepHIU
€y ¢a KyOOM BeauKux oca opbura.

Hs oBa tpu Henaeposa sakona Ihyrs je orkpuo
rpaBuTAnMjy KAO YSPOK NJAHETADHOM KDPETamby.

TIpBE 3aKOH AOBOAHM A0 TOTA A4 C¥ CHAE HEH-
TPaAHEe, APYTH Aa je cuaa 064uKa:

m*

= — -
pr’

- 1),

rie je C KOHCTaHTa NOBPIIUHAZ, T OACTOjalbe ILIAHOTO
OA CYHIa M p NapaMeTap KOHHYHOT B.aaka. AXo ce

CTaBH
2
o= — u31) nmamo:

Fz_i"fi". x

T

Tpehu sarom wasyje sa je g He3aBHCHO 04 HO-
cMarpadge naaHeTe. C jé DaBHO ABOCTPYRO] HOBP-
muHg, KOjy PejoH BEKTOP Oomnucyie, NoAeheH0] ca Bpe-
MeHoM T obuaamerma. Axo ¢y a u b OcoBHHE Tpa-
jexTopuje

2mab
C= =

. a
Haro je — woscrantHo nmo Tpehem saxonmy KHe-

™

IIAepOBOM, TO je ® He3aBHCHO 04 nocMaTpaHe naaHeTe.
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Ilpema ovome us 2} IbyTHOB 3axoH rpasutanuie
riacu: CyHOe UPYBJAAu4M CBAKY LJAAHETY CHAOM KOju
je 06pHyTO cpasMepHa ca KBaApaToM OACTOjamAa.

§ 128, — Haflu xmperame jeane MATOpUjalHe
TauKe NPUBIAYEHe MS CTAIHOTA UEHTPa CuaoM o6p-
HYTO CPasMepHOM ca KBAaiPATOM 0ACTOjalba.

m

Cumia je F= — -
r

JeAmaumHa RuBE cude Aaje:

dv? ., 2
-*?)H'——-——T—!:dr, U:—T.E-i-*h

P

Ilo TeopeMu © HEHTPAAHNM CHAAMA HMaMO:

=) +

o+ bt

r

nau

OBO jo jeamaumpa TpajexTopuje u oHa ce Mome
HallUCaTH OBAKO:

na hemo uMatu :

(gg)z"i—v‘mwhi—d;i——
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Y
6 —a=TF arccosp HAW § = €03 0 — ).

Opopae je TpajexrTopuja:

; = +Vﬂ* 5-2—008(0“"'65}‘ - 1)
IIpes wOpeHoM ce YBeK MOMKe YBeTH BHAK -+,
ako To Hmje Baska y yray 6 — «, @ poBeharu ca .
ITocaeAma jeAHAUMHA TIPejcTaB.ba HOHHK YUjH
je moa y mnEM. 3H& ce Aa je JeAHAUMHA TAKBOr KO-
fAUgHOD Baaka 00JIRa:

1t _1 %%ms(ﬂ—a}- . 9.

r B

rie je p mapaMeTap a € eKIemTpudHoct. Ynopehi-
BaFbeM ABe jeaHaduHe Noa 1 U 2 HaAa3uMO oOAToCe:

2
p—_—_II

CZ

e=—p ~+~ C’ = Vj TN

Kakro exueurpuusocT oipebyje obaun Baaka, TO
H3 HoCAeATHe jeAnaddfie BUAUMO A BPEAHOCT W SHAR
¢ BABHCE TNOTAABHTO 04 KOHCTAHTE EABE CHle h.

Aro je h << 0, e < 1 u TpajerTopuja Je eauIca;
axo je h = o, ¢ = I, Tpajexropuja je napaboaa; 3a
h > o, Tpajewropuja je xmrnepboaa.

r_TH Ly

L]
TU

h =2

h sasucu oa 6pejie BpeaHoCTH NoueTHe OpSHHE
a He oA meHora LpaBia.

DFHMERETA MATEMATHEA £77

Axo je cuAa penyicHBHA, Ba.ba CAMO YSeTH Aa
Je g merarnero. Us 3) je omaa h yBer nosmruBHO W
npeMa HaheHoMme je Tpajexropuja xunepboda,

Ako umamo eaumey h << o u eleMenTd ce my-
Tame JAako Aadjy HBDasUTH HOYSTHOM OpPSHHMOM n
HOTeTOM.

ngi 8=V1+h£2
£ ©w

h=trtet—1) = » £ e— 1y

wau unoMmohy ocopuna eaunnce.

hm?i:(?;—-—i)ﬁ———-—‘{‘—.
b® la a

[locaeama jesnadnna
Rasyje: Aa BeAHKA 0COBU-
Ha eJaulice BaBUCH CaMo
04 h. Maxa je oca aara
H3DA3OM !

Kaa ce sna Bseauxa
H MaJa OCOBURA, H0A0KA]
noueTHn M, W noderHa : Ca. 94,
GpsuHa 7, 1aKo G& ROHCTpYjume Tpajertopuja, Bama
yB8eTH CHMETPUYRY TAUKY KHKH OAHOCHO TAHTEHTE
Mov,, cuoju ce PM, w wa To] npasa npenece AVRHHA
PM,0" = 2a; Tauna 0' je aApyra suma eaumce.

§ 130. — FKoaere omucyjy eannce u3AyHEeHe Y

‘IH]()} ]e HIDEI eyHIOe, & Mory ceé KpeTard o Aay-
APHMEILEHA MATENATRES — MEXANEEA 12
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mumMa mapaboda mau xupmepboaa. AKo je maca JeAne
KoMeTe m M OHa Onucyje Ayk mapadode, NpUBAAYHA
cuaa je cyudyesa F

rae je p mapamerap mapasoae.
Apyre roMere, 4nja je Macam', IPUBAGUHA j& CHAA
(DU |
Fl =—m _—— 3
pl Tl
AL e

MNocmarpama Kasyjy Aa cy o4B0CH - u p jea-

HaKHM, K40 4 K04 MaaHeTa U MUXOBA je BPeAHOCT

4m® &’ )
—7=— ¥ 0HAA e Bpeanoct OpMBAATHE CHAE
F—_ ™t O _ima
__ 7t f P T*
§ 131. — {Careauru ce oxpehy OKO RaaHeTa IO

KenaepoeuM saxouuma. AKO je &, 110A0BHHA BeAHKE
OCOBHHE Op6UTe caTeanTa, T, BpeMe ONTHLIAja (Mecela),
arparnuja je F mecena 02 seM.be

bm*a’ m,
T 1

F=-—
Kaxo je myrama MeceueBa I'OTOBO KPYT 10 je r = a,

F:— m_ -i)

oz 1
I‘l

Maca m, Ha TIOBPIIMHU 38MHUHO] DPHBANYM C8
cudoM F', Roja je paBHa TemuHM Té Mace. ARO je
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y6psame 03 Teke HA FEMHH ¢, U @ HOAYNpPeuHUuEK
BeM.LUH, OHAa jo (Buau § 132.):

F'=—mg.

Ose ase cuae F u F' ce mopajy umartu obpuyro
CPASMEpPHO Ca KBaApaTiMa OACTOjama:

F =g =00 - Ya=tvg

g 1} u 2} ce Haaasm Aa je:

J— 4”“? 2 m
g _ le_ﬁo _'_9 7

T, =274, 7% 43" = 39343,60"

27wp = 40.000.000".

§ 132 — Arpawyuja ynusepsaana. Ilpusiageme
Jje ¥sajammo usmehy cBHjy meleckux reaa. Bemsa
NpuBAAYM TaYke Ha CBOjO] MOBPLIMHM HKa0 uH Mecelr
¥ jauHHa je oBe arpaKuMje y OACTOjamy r Ha Macy

m'u'

m', e Ao je m' Maca cyHIla, 3eMsba HpPUBAAIH

Ll 1

m
CYHLE@ CHAOM r‘:‘. Tako wero cyuue npuBaaum

o m
8eM.bYy 4YHja je Maca m CHAOM f‘ Ose c¢y ABe
T

aTpakKpuje McrTe IO NDUHLIMILY aKIuje H peaxuuje,
H oryia je:
” s i
mip —=m i — = — = /.
H H m f

12~
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HKap ce 0BO craBH y 43pad 3a y3ajaMHy aTpak-
uIjy CYHIZ # SeM.be OHAa jé TO NpUBJAverhe u3pa-
HEeHO u3pasoM:

wm,m'

f—

T

V oBoj Tiocaemoj ®opMyld je uspameH HbyrHos
gaKoH TPABMTAIMjE: Aa CE ABe Tauke IIpHUBJAade V3a-
jaMHO CHAOM, Roja je cpasMepHa macaMma m u ' THX
~7eda u odpHyTo cpasMepHa Ca KBaADATOM OACTOjaba.
Koeounujenar f je arpakuuja jeAnHUIa Mace y oA-
crojaiby jeaad.

Axo Cy jeAHHHI@ AnTap, TpaM U CORYHAAX {Ha-
peHAum, Hopuyl, oHaa je:

f=0.0"676 g".

III. OcHORHE MeXAaHRWEEe HelGecEe,

§ 133. — lIpoGaem n reaa. Baparak je MEXauuke
Hebeckre: aa Nosazehu oa HbyrHope rpasuranuje o6-
jacuu Eperame He6eCRHX TeAd MA KOJAURH HUXOB
6poj 6uo. Taj ce 3ajaTak CBOAM:@ Ha Halaxeibe Kpe-
rama Temuinra Hebeckux reda; u 06prame Teaa
OKO CBOJUX TEHHIUITA,

Awo uMaMo n Teda, N4 CBaAKO oA TUX TeAd CBE-
ABMO Ha CBOj© TeMRUIITE, oHAA Ba.ba Hahy Kperae
N TEMHITTA. D& CBalo Tedo uMakeMo Tpu jejHaunHe,
cBera 3 n. One jepHauuHe, uuje UHTErPUCAILG YUHK
npo6.aeM n Teaa, uMajy ceAaM Npeux uxrerpada. llo-
Mohy oBux caMo uHrerpada HeMoryhe je ACUHUTHBHO
pemutu oBaj upobaem. llpubammxuo je pemerme Mo-
ryhe ¢ Tora, mWro Cy Mace TéAa y OAHOCY CYHYGEe
Maceé Made KOApuuHe, A3 Ce BHIUH CTeleHH THX 0A-
HOCA MOT'Y 3aHEMaputu.
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a) IIpobaem 0ea Teaza. ARD UMaMo caMo ABa Te.Ja:
CYHII® U jeAHy IL1aHery, lla ce TPAMH KPeTare Iia-
HOTE yc.deA rpapu- zZ’

TalHje, oBajje mpo- zZ rf

6.1eM ca CBEM Mo-
ryh. Hag ce uaby s

UHTErpall v oBoM X,
npobaeMy oHaa ce
AARO U3 HBHX A0~ E/
A43H A0 peulena, X
Boaehu pauyHa o
YTULAjy APYTEX He-
6ecruUx Teaa.

Hera je MMa- Y
ca cyHuoa S, m Ma-
ca maanere P, afy u xyz Hera cy muXoBE KOOP-
AHMATE y 0AHOCY. cTaaHor cucreMa Oxyz. Vaajamua je
arpaknuja CyHUA H [AaHeTe, aKo je SP—=1r

i

T

Ca. 95.

lpojernuje cy cuae PS, roja aejersyje Ha cyHie:

me—(i M —_— o
¢ o , fMm oy—f Mmooy

T T r T 7 P

ITpojexuuje cy npupsauesba CyHma Ha NAAHETY
cude SP ucre, caM0 CYHPOTHOT BHAKa OA IOCASAHX.
Jeanaunute oy Kperama 3a CyHLe:
d*c
dt*

-—_ &

X

d* —_—
Mazészmgﬂ;?E' 'I)

Yy _ z—y
Mg = [Mm —5=
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33 [A3HETY:

d’x Q@ —x
Moy = f M e
2 —_—
mgti’ — M P - ¥Y..m
d’z —z
T — fMm L

3 OBUX Ce jeAHAUMHA JAaK0 Halaze BPEAHOCTH
3a @, 3,7, *xyz kao OYHROMje BpeMeHia Y Be3H Ca
jeamauunom ' = (x —a)* + {y — 8° + (z — )"

LY

Cabupamen jesmaunna nox 1} u 11} aobujamo:

da dx
Moz +mgw =20

Ma <4+ mx

AKo oBjAe OBHQJYIEMO C& BPEAHOCTH ——my——,)
ae ¢ £7¢ spea T

INTO0 ©Y ROOPAMHATE TERAMITA CYHIA U TLialeTe, A0-
Gujamo:

d‘l. dz d?
=0 dtg =% dtf

o= Q.

Ope jeAHaunHe Kasyjy: Aa ce TemRuuite wpehe
jeARaKo o NpPaBoj AHRK}H.

PeaaTuBHO ce KpeTame IAaHETS OKC CYHIa JAaKo
HaA83H Ha 0Baj #HaumH. AKO Kpo3 S NoBY4eMO KO-
OPAURATHH CHCTEM HapajsesaH ca CTAPHEM M CA X, Y, Z,
‘ofeaemuMo Koopanaare Py HOBOM CHCTeMY, OHAR CYF

X, =% -« y =y—8 z,=z—y

OaysumameM jepqunadusne I} u I1) v samedom x —a
AMakeMo :

fIPEMEHBEHA MATEMATHEA 183
dix, f{M + m) x,
LAt rt r

d*y, (M4 m)y,

T

dz, Mz,

drt = rt T

Oro cy jesuadue 5a peAaTHBHO Kpertame. Oue
Ka3yjy: Aa ce Tauka P kpehe owro S, wrao aa je S
cTaAHO H A2 My je Maca M 4 m v MecTo M 1 2a

o (M 4 m)
npuBAadE Taury P umja je Maca m cnaoM f—-—-?— m
Nz osora je jacHo, iza ce NpHMemYje IIDBH BaKOH
Hemaepos Ha 0BO Kperame, TPajeRTopuja je KOHHYAH
BAaKk., ARO ce ca @ O3HAUYM NOJOBHHA BEJHKe O0CO~
BuHe opluTe sHaMO Aa je:

=M )= ),

3
& .
s oBoTa ce BHAU A& - HHj¢ HEBABHCHO 03 M

T

xao mmro Tpamn rTpehn Heniepor sakoH.
s 1), nomro je f nosHaro MoMmeMmo Haku M- m.
3a Apyry HaaHery je: '

heea®
FOE 4 m,) = 225 - 2)
s 1) u 2) je:
m
a* a’ T4+37
cee T Y == - 3
™ o7t PR
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m m
Hano cy ﬂ? 7 QE— BpPAC Maae¢ EKOANYHEE, TO Ce

M
jeamauwna 3} moraanma ca Tpehum RennepOBnM Ba~
KOHOM.
§ 134. — OdpedGa mace maaseTe, Koja uma Oap
jeasora cateaunra.
3 jeanaunse:

: Lt al

fiM4 my= g
Aako ce moxke Hahm Maca maadere, ka)y oHa uMa
7 Z1 Gap jeaHora carTeAuta

2, (BbyrH}.

AKo ey m # m'
Mace maagere P u ca-
reaura X, @ n &, oy
napaJeAHM HpaBud o
NpeACTaB.ba]Yy ATPAKIH-
jy cyHpna #a nDaaxeTty
9 X  wcareamr, waxo ca X,
Y, Z 03Ha9uMO KOMIO-
HeHTe 'ré arTpakmpuie
OHAR CY jeAHAUNHE Kpe-

Y
Ca. 96, tama P o X ope:
d’x mm' X' — x
dtz + f T 2 r

1 1

2

m%:mYa[—fmm'—-—y — ¥

r* .

, dx, . mm' x' — x
AR
d*y, , mm' y -~y
mgE =Y
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xyz cy woopaunare P, a x y z xoopaunmate X
y cucteny 0XYZ.

Aro oaHeceMO caj kKperame Ha cucTem Px y z,
u xoopauHate X obeaemumo cax' ¥y 2’ %' - x' —x. .
0AysnMameM TOPHHX jeiHaduna pobmjamo:

dix' WX
i _—f{m—l—m}?
d2y1|—— ) : yrl
d’z' w2
ar -——f(m-f-m)F

1

rae cy cuae @ u @' nmmuesae.

W3 1) ce Buam: Aa CATeAHT ONMHCYje €AUNCY, OKO
HA3HETe, Ka0 [MTO CMO DaHUje BHASAM 3a NAaHeTy
0KO cydua. Axo obesexmnmo ca a'um T' moay BeAURy
OCOBHHY CATEAUTOBE UyTalme U BpeMe Tpajama o0p-
Tamkma, TO je:

, 4”‘! s
flm 4+ m) =T - - 2.
3a maaHery je:
,n,zas
fM )= 3],
s 2) n 3y je:
ml
m 1 +;1_ a" a'

- ] z
M1+ﬁ T T
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AKo je caTeAHT Maau OpeM& HABHETHE, TO je:

e a'* 5%

M= 7T

Hs nociesme ce jeinaudHe HaJAa3M OAHOC Mace
mlafeTe IpeMa Macu CYHOa.

Axo m' Huje Mal0 npeMa m, OHA& Ce paju
Apyrojaquaje :

z 3

FIM 4 m)=— 3;’5}.;&.“

BpeAw yBer. - - - 4}

AXO Ce wa MOBPIMIHW 3eMAHHHO] yoMe Maca == {1,
MOMe Ce Jar0 Hahu arpaxusja A zeMsée Ha OBY
tTaury. Opa je arpakpmja jeiuaka ca aTpakmmjoM
Mace h CTABHEHE Y IEHTDY 3eMBLHUHOM.

A= f“f‘ - - 5. @ TMOAYNpPeYHHE 3eMbDUH.

Nabannpamem § us 4} u b} mmamMo:
‘ M L a®

m = Fag Ok

s 5) memTo je f nosnato HaaasuMmo m Macy
‘ joMbe.

4 § 135, — Haaamewe Bpe-

MeHa ¥ eAUNTHYKOME KpeTamy.

X Hena ce ¥aMe A4 CYHIIE MUpYje

P

n A4 ce OKO Bera kpehke no:

4, eAlIcH NTAaHeTa yeAei CHae:

Ako ca p ofeaemuMo Hapamerap Te eAUIce, ¥
wujoj je MM oyane §8; a noay Beauka OCQOBWEHA,

TPHIMEREHA MATEMATHEHA {87

¢ eRCHeHTPHYHOCT, OHAa uMamo 3a ¢ ¥ h KOHCTauTy
ODOBPIIHHAA U WUBE CHAe:

C'= pp = pa (1 — ¢, h:rmﬂ-—g-

Taura A wHajdauma CyHDY 30Be Ce Iepuxe-
amja, A" asveauja. Heru je yrao ASx =— @, ASP=w,
r = SP. W ce 30Be npara anomaanja. Yrao XSP =16
H W cy Besauu 04HOGCOM:

=W+ o
Hamau cMo;

Uzm_u?mff_;_kzz—*‘—ﬁz(g;)i +§i

. dr .
AKO Cce 0OBa jeAHaUMHD Peliy [o Tl ¢ sa-

MEHH TOpRUM RBpPejrHOCTEMEZ, umaheMmo:

V%dt B rdr .

Vale* —(a—1)

Aro ca r ofesemuMo BpeMe npodasa kKpos A,

dr -
T HOUNLE PacTH OA A, g je noZATHBHO U BA.HA YSe-

™M sHaK +. UBaj 3HaK Ba.ba BaAPIKATH CBE JOR T He
AOCTHIHE BpeAHROCT, pactyhl oA ==& ~—¢ == a {{ — &}
minim. maxcuMaany r = a ({ 4 e).

Axo ce v 1) cram a — r = aecos u umahemo:

j;w
I/_—dé = a{l —ecosujdu
a
OBO ce AaKO MHTErpHile W UMAMO:
T
S ]/ﬂm{gmg) = u-—esinu - - 2L
a a

tje oBae mapameno ca u, a r=a{f—ecosu)- -3}
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Ano ce TpaKH I0A0MNKA] IAAHETE ¥ BPEMeHy f,
jeaHauuHa 2} aaje u, a Tpeha aaje 7.
Vrao ce u 30Be AfOMaAlja eKCIIEHTPHYHA.

Ako y 3] craBuMo n = S :/-‘Li oHAR ce n [t—)
a | a
30BO Cpealhba aHoMaadja.
4t at . 2
Haxo sHamo BpCaHOOCT p:T
n jeaHauusia 2] je
. il —ti=u-—esinu -+ -4

T
n = - 30Be CC CpeAme Kperame.

Jeanaunna ce 4} sose Henaeposom [eaHauuHOM.
Aa 61 mspasuaum w momohy u nohumo oa ogHoca:

alt—e)

= ————— — R — i.
7 ¥ ecosw a1 e cos u}

s oBe jejmaunHe HAAAZIUMO OAHOC:

{{+e} (I—cosu) _2a(1+ef sin® uf,

1'—cosw = 2s8in*¥fy =
{-—a8eosu T
2y
14+ cosw=2cos’v/y = {1 B}(i""‘wsu) _<ail e) cos® /s
1 —ecosu r
ual

Vrsin wly = [aii+el sin ¥y u)r cos¥fa = | a{1—e)cos ¥/

Ose oopuyde Aajy » B w noMohy wu.
13 nocaeimuxX je HAURHA HMAMO:

Vi—E—e
S = gl

oaHo¢ usMehy amoMaaumje IpaBe uw eKCHeHTPHYHE.
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§ 136. — Eaementu eiunruuko:z xperaia. ¥ Opo-
CTOPY je Kperame eAMUuTHYNO oapeheHo ca wiecr
napamerapa. Heka ce Kpos cyHme S yaMe Koop. ¢li-
creM Sxyz. 3a papald
xy OOH4YHO C€& Yy3IUMa
paBaH eKAUOTHKC 04
roguane 1850, Sx je uo-
BUTUBHO Y LPaBMy IITO
le Ka pPABHOAHCBHIIM
npoaeTmoj, a Sy nosi-
TUBaH INpaBal] Ka CO.l-
crunujn. llogurusnro Sz Y
Hae Ka CeBepHOMC JIO- Ca. 98.
ay. Opbura naamere P
ceue eKAWNTHRY 0 auHAju NN'| mro ce goBe AUHH-
jox usoposa. Usop N ce soBe uBop nemama a N'
COyIITamA,

3a oapeaby opbure aajy ce yraoeu: § = xSN, mo-
auTaBaH 01 Sx Ka Sy U 0Baj ce yrao 30Be .10H2U-
TYyOa weopa Uerara; @ HArub opbure mpema eKARI-
tun. Haa je opbura nosHara Baba 0ApeAuTH Be-
AUKY ¥ MaaAy oCY, PUKCHPATH ¥ PABHH opGuTe eAnmcy.
Hera je A mepuxesaym o == xSN - NS4, (nocieamn
ce yrao Mepu oa SN y mpaBny Kperama), & 3e 30Be
AoHTHTY A8 nepuxeanyMa. Yrao NSA = @ —0 oapehyje
eAUNCY, Koja je mnortnyHo yuppmbeHa ¢a a W e. V3

, 2
OBO BaLa sHaTH T wam n = -5 ¥ BpeMeHY ¢ Ipo-

A&38 Kpo3 nNepuxedyM, a i T HUCYy HE3aBucCHe HOA#-
YupHE¢ OHe CY Be3aHe 0AHOCOM:

f(M+m}=——Tz—

3a xperame jeiHe ODaaHeTe HYMXKHe Cy Koopad-
Hate: 0,9, ®, a, e, t. ¥ MeCcTO ¢ y3uMa ce @ —n ¢=¢
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¥ & 30Be Ce& A0HPHTYAa cpeAba ¥ enoxm Hyaa. Hoop-
AVHaTE CY OHAD SYHKUHje OBHX I[HeCT MapaMeTapa.

x:fl{tag)?)sﬁ),a, B,f}
y:fg(tpﬂagj:maa,e,f)-‘ 'i)
z=[,{{,0,9 0 a,e ¢

§ 187, — Meroo sapujayuje woncramara. Aa je
CHOTEM CYHYEEB CAcTABBEH CaMo H3 CcyHHa # jeiHe
pAANETE, OBUX HIECT eeMeHATa 0CTald O WCTH KPO3
¢Ba BpeMeHa, Ho Kako HMa M ApYTMX Teaa y CH-
CTeMY, YUju ce YIAHB He MOMC eABMUHHCATH, Haheme
KOOPARHATE EARDTHUKOD Kperaws Ce Memajy, u OBe
ce neprypbamuje, npoMcHe KoOpANHATA, HAAAZe Me-
TOAOM Rapujamuje woworarara. ¥ HahCHEM OAHOCHMA
§ 136, 1} s3a xoopamaare jeaHe TAUKe IIYTAHE EAUI-
THYKe, HapaMerpe.He Tpeda YB3UMaTH A2 €y CTaJIHH
peh npomMennBBH U eyuknpmje spemexa. IIpomene do,
dp, do, fa, Je u d& ce nasusajy neprypdauujaMa eae-
MeHATA M ILHXOBO HAaJamelbe YIHU HapOdyHIn 02ehaK
Mexaguke HebGecwe.

§ 138, — [apaBoano xperarwe xomera. Howa ng-
M secHa xoMera M onucyje ma-
pabody v 4Hjo} ce HHKH Ha-

A aasu cyane S. OzHauMMO ca
‘» yrao ASM, na hemo umarH
38 jeaHauuny uapafose uspas:

Ca. 99 o P - . ’pﬁ .
i+ cosw 2 cos® @[,

MaTerpas OOBPUIHHCKE A3je:
vide = Cdt= | fIM 4+ m)pdt

m je Mmaca roMere, M Maca cyHma.
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s npoSaema ABa Teaa H3Aa3H: A2 je M oBje
¢aydaj nedrpaltHe cude, umje je ceanmre y CYHOY R
TG ATPAKTHBHE :

M4 m m

'I'E - 1"2

Koucraura je C=|up = |/ (M & m) p, nau
PV M+ ) do

Pl 2cos* [,

= {1 +tg* %[z} dig®fs
HuTerpucameM HAJIATHMO !

r F (M -F m) .
"—“w*(;a—wf Vi—ty=tgof + Yo taefs 1]
T je BpeMe UpPOAA3H KPO3 NEPHXCAUYM.
Jeanaunuy 1) Basa pemntH Aa 6u HAmAM mo-
AD3Raj goMere y BpeMeHy t. OBa Jeinaunua uMa camo
jeaan xopen creapan. Crapmumo y 1} p = 24, Y MeCTO

/M -~ m crapumo | M na hemo nwarn:

te— g 2 1
g% V'fﬂ? (tq =2 + %/, 19" /3

Axo ce M yswme za jeamHeHY, MoMe ce Tad.imna
KOpeHa Ope jeanavuHe Hahm 3a BpeAHOCTH TOpBora
YAAHA.

3a oApealy opbaTe mapaboade jejHe KoMeTe MO-
TpebHo je neT napamerapa HeaaBHeUux: 0, P, 0, THG =P/
(0AacTOjame mepuxeanvma). {Tisserand),
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i —nn

KpeTtarwe Tauke NO HPHBOj NHHH]H, CTANHO]
" 4NH NOKPETHO].

I. Eperame Ta4Ke WO CTalHO] EDHBOj AHRHH]jH.

§ 139. — Jeonawumne xperara. Akxo je S Kpusa
AdHuja 0o Kojoj ce kpehe tauka M, M mpmrmckyje
HA KPUBY U KpNB3 AejCTBYje HA TauKy peaknujoM.

Fy Tayka ce MoMe CMATPATH A3 je
N S cioboana, ako ce cmam F xoja
AejcTByje A0A8 HOpPMa.JaHa peak-

¥ umja MN.

Tloao:xaj NOKPeTHE TadKe
Ha KPHBOj BaBHCH CAMO 04 jea~
HOT NapaMmeTpa, ACBOLHO je BHA-
TH oacTojame Tauke M op no-

Ca. 100, . 4OTKA 0, olﬂrI: 8, C TOra je 3a -

0apeAly Kperama norpefHa caMo jeaHa jeAHauuHa,
Koja ce 00WUHO Aaje TeOpPEeMOM MUBE cuH.ae.

mv’

‘73

= Xdx 4 Ydy + Zdz - - 1},

Paa cmae N He yaasu, jep je oBa cuaa HoOp-
faalHA HA NYTY Tauke M.

AKO cy KoopAMHATe Tauke M mspameHe Napa-
METPpOM ¢ U AaTe jeiHAUNHAMA:

x=plq), y=wlq), t=0q] - -2
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uz 2) u 1) uMaMo upexo

o (4 4 88+ 8 = v )8
Xde + Ydy + Zdz = (X' -+ Yy + Zo')dg = Qdq

OBo je jeaHauuHa apyrora peja IIo MapaMerpy
¢ ¥ 0a3aBAE C€ HAAA3H ¢ Kao SYHKIUjA BpemeHa.

Axo Q saBmcm camo o ¢ w3 I umamo:

q
mp* me,”

e L

T

Hs 3) umamo, o saMenn »°:

t

q
dg | e _ dq
2 = = @ w1, = 2|25

9o

=

Axo nocrojm eyHrnmja cuaa, u X, Y, Z cy usBoaw
Teé SYHKOUje, NPBH je UHTerpad:

mo*

2

=U{xyz)+h
mo,"

h~_—2

- U{xo Yo zn)‘

- § 140, — Crabuanocr paenoreo;ce. Vsmumo aa
CHA3 BABHCH CAMO OJ HKOODAMHATA TAYKe, OJAHOCHO
0a MAPaMeTPa, HAAAKEIHe N0.0KAja PABHOTEHHOT je
TpaKeme BPEAHOCTH ¢ 34 Koje je Q = o0, a oBO jJe

13*
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HASHTHAYEC €3 HAJKEemeM MAKCHMYMOG H MOOHIMYMa
uspasa:

Ulgl={Qdq

Axo jesa ¢ = a, U maxim., paBHoTe:®xa je cTa~-
Onana (Lejeune Dirichleti.
Hera je a = o, onaa je:

g
Uig) = { Qdg pasmo myam m maxim. sa g= o,

Aro je ¢ nosurusay Opoj M MamH ©) H3BecHe Ipa-
Hune cradade, J{qg) je werarusHo sa ¢BAKO ¢ woje
HRje Hyaxa:

—ELq<¢

AXO Teao NMOMepHMO U3 JI0A0Aja ¢ v= 0 ¥ IOA0RAE]
3a q uavehy +¢& um —¢&u aamo My OpsuHHY v,, MOMe
ce AoKaszaTum Aa oMo y cramy Hahm Opojese nosm-
THBHE @ W § TaKpe A2 LOA YCAOBHMA:

.E"'o{:a’ k5<qe<f6

TAYKa TOKPETHA, V HKPeTamy MPOM3BEeJSHOM, He H3-
Aas¥ w3 IPaAaHHYHUX I10AGHKAja KOjH 0AroBapajy Bpea-
HOCTHMA - ¢ HApaMeTpa ¢ M A3 OBe TPAHUNC TAUKA
n He pccTume. UJi{e) w U{—¢) cy HeraTuBHE KOAH-
yuHe 1 Moxke ce Hahu Opoj p mamm w oa —U(e =
— [J{— &, Tako Aa je cyma p 4+ Ulgl noswrusHa 3a
g = 0 4 HerarneHa 34 ¢ = + & 1lo reopeml KuUBE
f cure umamo:

me® Comet

5 = Ulg) + 5

—U (QU)‘
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OapeauMo v, ¥ g, u3 ycaoBa:

¥
mu,

2

<Py m —Uig) < P

13 mpBe UMaMO 33 U, TPAHUNY TOPIHY &= |#/m,
us Apyre, séor worTunynpHocTH U{q), Mopa aa je g,
0 aTcOAYTRO] BpeAHOCTH Mame 04 3, jep je Uigl = o
3a ¢ = 0. Haj) €y oBu ycioBN 3a)0BOBEHH OHAA je:

mo®

5 <Ulg+p

HejepnaunHa nocaeAba Ka3dyje Aa ¢ He MONKe

AccTuhH BPEAHOCT = & jep AKO TO HACTYIIH OHAS OU
2.

5~ MO0pa.lo ontn wmame o4 U{+#& -+ p, a oBC je

HEeraTHUBHO, HITO je HeMUry-
he. ParnoTema je crabilaga.
§141. — Hperame re- A

T

MKe Tauke 10 CTAJMHOj KPH- / 1 }A
Boj. Omde cy cumie: 5

X=Y=o90, Z=— mq E

M
Pap je resme —mgdz MgCI 101
M jEAHAUKHA KUBE cHAE je: o
Ui 2 < h Uoz ‘
?~—gz+h,vm,ag(a-—z)-i),a:E——-gg—-—on
—_— UOZ

Aro nocMaTpaMo pAaBaH z == a, paRaH &, OHAR
je stpa cmaa aarta UspasoM:

v® = 2¢PM.

- Hera je wpwsa Aunmja no sojoj ce tauxa M
kpehe satBopena. Mory 6uTH OBM caAyYAjeRM: PaBAH 7
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cede KPHBY JAMHUjY He ceue uam poaupyje. IToaoikaj
PABHH & 3aBUCH 0A &, OAHOCHO 0 TIoueTHe GpauHe
v,. Hera je », Taro BEAHKO A8 je T W3HAA KpHBE
AM, Opsuna Hehe umkaa GHTH HyJla U Kperame je
NEePUOAHYKO.

AXo m ceue KPHBY Y TaukaMa A m A' ¥ Hera
rauka mohe w3 M, Ka A, y A je Gpsuua Hy.aa.

3601‘3—? =v u3 ) je:
s

2gdi =" ;

V g _"j: V a — z

8 je JAYK n pacre ca I, Ba/ba ysers suax 4. Ao
raire”HTa y A Huje XopmzoHradma, Tauka he aohu y
A 3a Bpeme:

i=4a

VQ_ T dz
7= | e
=1
3a TaM he ce pparuru y M, rae je Gpsuna v, n otuhnhe
w3 M, v A' sa speme T,. Hperame je ocnmanpame
0A A a0 A' za Bpeme T 4T
F § 142, — Hapaxre-

T pucrusnse jeonauune. Aro
Kpoz vaury M Tmosyue-
- Mo TaHreHTY MT, raasHy
HopMaay MC n OmHOpMa-
Ay MB 1 cnay F kao u or-
nop MN pazaokuMo HE Mo
TPH KOMIIOHEHTE y Upap-

0 Cn _
Ca 102 1y ropiblix JA#HlH}ja, OHAL
CY jeAHAUHHE KpeTama:
do mi:
R=mg F"+N“:l9 , F,+ N, =o.

@ je ToAynpeunnk KpmEBuHe JAnHHje (M.
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IIpsa 04 0BUX jeAHAUMHA Alje Kpetame, Apyre
ABE HOpPMaJaHY pearnujy N.

§ 143, — Ilpocro xAaTHO CE CACTOjH y KpeTamy
Telllke Tauke TO KPYIY Vv PABHA BEPTHKAJAHO].

Hera je rtauka M mouiia
ns M, GpsudHoM v,, Teopema Ay A 7
AUBE cHJe Aaje:

v! a
vi=2gla—z2)- 1) a-—1+ 2‘;}
=M, 0=—2. 0
1). Hera npaBa z =a ce-
e kpyr y A n A, 1§ a~ | PY;
u v, < 2 |lg. Crasamo:
. Mo
z=-—1lcosl 1 a=—lcosa. /
d 1do F
_as _ tdb ) Ca. 103,
b= = Kaa ce oo

crasn y 1} nmaheumo:
dgy? o .
!(-(E) = 49 (sin® ¢/, —sin® 975

g

rof o=\

[

d

['sin® ¢/y — sin® #/, '

L 2).

3HA4K je IL1yc jep cC Tauxa Heme, Gpsuua pacre ca f.
‘Haa ce y 2) crasn:
sin /o = usin¢jo u k' = sin’ ¢/, mmahewo:
FI3

I@izg

i3

du
Vit —u*y{f — R u?)

w=Snit]e) - ..
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HAl

g . [g
sin /g == $in % Sn (i l T)

cos %)y == I/i ~— Rk* Sn* t L’f%::dn (t 14/}

Bpese T sa myr oa M, a0 A ce Hajaasu U3 Mspasa:

du
it —of) (1 — k)

T.mKI/l—, K= . 3).
A

T R e T

Bpeme rpajama je ocmimaanuje od 4 A0 A"
= 2K1 [/9
Axo ce 3} passuje, umahenmo:
1 . 1-3
r——— ) 1 ' kl uz —_— h"’ u" .
Vi__hzuz + /2 + 9.4 +

f
udu 1352 —1}
fiw = PTa6- -2

e o+ () 0 () -]

Ba spac Maae ococumAMjanpje @ = o

T ="l [y

Ba Mame ocupanjaiyje ce k=sin %y Mome cMe-
HHTH Ca ®/3
u

T+ 5

HPAMEIEEHA MATEMATHKA 241

2). Hena & une ceue EDPyD, & > 1L
JeAHauuHa ©e MHBE cRAe MOMKe HaOuMcarTu:

v* = 2g (a — 2}

d [3?) 29 (a + Leos) = 2 (a + 1) {1 — k* sin’ 9/s)

k* == 2! k2<1
a+1i

u

du
=N e T

¢

5o 1 Frelatl

5 i , W == 8in 5}'9.

u==_8n (? t)
sin /3 = Sn (At}
cos¥fz = Cn (M)

7w o (5

3). Hewa m aocaupyje wpyr a =1

. dg/g

fof i — — =
lG/[(lt—— COS B/Q

Vﬂ/lt = log tq (°/s + "[4)

Ba I =oe, § Temy rpaHun¥E , TAUKA HE MO

HMKako cTrbi Y AOANDHY TA4YKY Kpyra o mpase 7.

4). Peaxndja ce HaJaasu u3 jeawaunme:
. mu’
F A4 N#=-—— nau nz
¢

P‘u. = — m‘g COs 8 —_ Hizg_z
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Haro je p=1 u
v = 29 {a — 2)
T je: ‘

N m’rl‘l—q(za».az) I,

§ 174, — Hperame xaarsa sojehm payysa o
CHAM OA OTHOPa Basayxa. OBAe IOpe] TeKe, OTHOPa
N xpyra, Baba y3eTH M OTIOP Basayxa R, u jezna-
yuHa & HpeTama ¢aj:

2

ml amﬁ«*——wmgsinﬂ—R SR A

) B @
1}. Hexa je npsa: = 221 ﬂ'

Hz 1) je onaa:

6 a0 g,
aw T ti=o

f = e—* {4 cos ut + Bsin pt)
iuz o g;"a— BE

Axo je moverHa OpuHHA HYAAa, & HOYETHH YPao

k
f,70jeA=28,n B_—i
i
a6 _ WA g
= g, - E € sin et

=N [6“ cos k4 -ffgﬂ sin g&tl

2). Heuwa je oTnop cpasMepal ¢a HBajparoM Op-
apge. JeanaunHa je RpETAILA:
't

= — 8figin @ — R (Uib) e

B APHMEHEHA MATEMATHEA 203
. . de
Heka je woBa npomensues ' = &
Hs 2) j
1 (8'*) .
Bl b BO* = 9/, 51 -
a5 + /] fisin B 3).

I-im-erpaﬁ je:

" ae 2 ‘6le .
#*=Ae 2k$+ggé}+f 00»~««~W+1}sm0.
§ 145, — Tayroxpone wnpuse. Opakoe ce 3oBY
OHE KPHBE AHHHjE Ha KOjuma ceé Mome wahu tauwra 0,
da TIOHpPeTHA Ta¥Ka ocTasbeHa oaMa cebu Ges no-
vyerHe OpsuHe, A04asu yBex y {, 3a HCTO BpeMe na
Ma rie OMO HOYETAK KpeTama. LTauka ce (), 30Be
TAYKOM TAYTOXPOHHUMA.
1). Hexa cuae saBHCe caMo 04 HOAGMKaja.
JeanaunHa je Rperama:
2
F‘wwnifmv_ﬁ- Ydy +zg§-
x, Yy, 2, X, Y, Z ¢y syHROnje 04 8.
Ho Puiseux-y je ycaoB Tayroxpomusma JAa je
F, = — ks, -
Tlopea oBora ycaosa Aa e ce jom jeaan. Ha up.
A2 je KpHBa AMHK]a HA TOBPITHEHM:
flxyz) = o
rae je uspas: .

dx)’ [dy}" dzyt
- (E) + i) T (cE) == 1 OUEeBHARH.
Wz ose Aﬁe i '1’981“16 2y

i dz %
2)-—X +Y —I——qu == — k*s

HAIASHMO X, ¥, 7 K&0 SYHKHUjE .
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ARo cy cude USBOAH KakBe ®YVHKIN]e, HOCAeAma
jeaHauuna asaje:

* R s*
Uxyz) = — 5 + C.

Mome ce nociesrmH YCAOB, Aa je Kpusa Ha mo-
BPIIAHY, BaMEHHUTH YCAOBOM A2 je KpHBa TayTOXpOHA
3a Apyru saxkom cmaa: X Y, Z . Hosw je ycaos:

dx dy dz
_ e 2
N T g ta ="k’ 3

Ha oBaj maupn AuHMja je TayToxpoHa 3a CHAY

AX 4+ uX, ete. m Az 1), 2) 0 3] HasazsuMo x, y H Z

Kao0 BYHHEIU]S S.

§ 146. — Dpaxucroxpona sa Temy, AKo cy Aare
A X ABe rauke A u B
B uahn KpHBY JARHE]Y

Epoz 4 B, 238 Tauxa

TEIUKA CKAUSH U3 Ay

B B jecre unTame Tpame-

B3, Rypie ssamne 6pa-

A xucroxponom. ¥ 4 je

Ca 104, GpauHa HYJA.

Hera je moueTar KOOpAHHATHOT cHoTeMa y A.

Jesnaunna je Kupe-cuae:

v o= 24z
B ;
[9ut - [ ds
oot =\
A

Basa nahu wmususyyn 3a rypdy ' uprerpass
B B

ds
S—“—*’- = S @ (xyz) ds.

A A

B 3a najupahe speme,

HNPUMEREHA MATEMATUKA 05

Haman cmo aa je wypba, mro jeqan nHTerpaa
YHHE MHHMMYMOM, QUFYDA PABHOTCHNHA KOHIA HOA
yrufajem cmae, woja je H3Boa SYHELHje — ¢{xyz).
Tamsuja je o lxyz).

e . 1 . .

Y HameM 3ajarky je ¢ = 17?, CH.A j& NITO Aej-

) . dyp dy
(‘»TB‘}’_}& Ha KOHAILL BGPTII na.-mas _]ep _]{'3 mdw:{‘ ﬂ:{), dg == a3,

020K} j€ PABHOTEMKHY ¥ BEPTHRAAHO] pABHEHH,
wxojy bhemo yzern za xz. s oppe jejHaumse:

d.x) dep .
‘d(q)ds e %ds = @, Koja €€ CROAM Ta

HMAMO
dx® == "z ds’ = ("2 {du® + d2*)
wan

dx:xduz!f:)—mﬁ%;—z-, 52:2}%

OB0 je jeaHauBHA UURAONAS, 4Mja je Daza Ox.
Crapapajyhn z == R ({ — cos ) nmahemo:
x = x, + R{# —sind

Huraonza nae xpos 4, rae je x, = oj

II. Hperame TaurRe U0 NOKDPOTHO] Kpuaro] AwHMW]jH.

§ 147. — Toxpersa je KpuBa AHHHjA AaTa je-
AH3MHHAMA;

flxyzt) = o, fleyzty=o0. -1}
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Hopmaana je pearmnja N OApeheHa u3pasumMa :

PR AL ) o

<t oy Oz ‘oz

of,
4 A o

Tauka ce momke cMmarpaTn Kao ¢a080zHA, aKO
ce cuan F, moja Ha mY aejerByje aoaa u cmaa N,
JepHaullHe CY KpeTama OHA4 08AMEA:

2

m
dt*

2

dy of of, }
mdtz——Yu—}««A-@‘i-}vl . '2).

d’z af Jf,

ox

Wz 1) w 2) moemo wahu, x,y,2 Kao dymruumje
BPEMGHA 1 OADEAMTH KpeTame B A A, T.). BEAUTHHY
pearunje N.

Haa ce opae nomuomc jeanaumge 2) peaom ca
dx, dy, dz, nspasu npea A u ), He ornazajy jep mmo-
cTojé caupHuoun, 360r:

of of of Of
am+@@+ dr 4 oo dt =

¥ OHE CY:
W of,
of Huw — o dt

Opo je pesyaraT u TOra, WITO C€ CTBAPHO LOMe-
pame, Kaja je KpuBa JAnHuja IOKpPeTHA, HE BPIUK CTPOTO
00 TAHTEHTH KpHUBE AHHOje U OHAX paj peaKiuje Huje
Hyaa. Eanmunauuja ce Qfﬂopa BpImiH MeToaoM Ja-
TPaHKOBIM.

§ 148, — Jazpanocosa jeonavuna. Awo je q ma-
paMeTap, wojm Oapehyje NoJaoiKa] rTauKe Ha KPHBO]
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AMHHI}H LOKPETHOJ, KOOpAHHATE ce XYz Aajy uspa-
3TH jeaHAUNHAMA

=e@lgt), y=wigt), z=wgt) . - 1)

Eperamwe je nozHaro Kxag ce y Hahe kao oyHE-
unja Bpemena i

AKo jeaHaunHe KpeTawma 2) u3 147, HIOMHOREMO ca
O(p pr il
dq aq’ oq
jep 3Haue KocuHyce yraosa usMmehy raHreHTte Ha
HDHIBO] AMHERjE 1 HOpMaJa Ha ABema NoBpimiuHaMa f n
f, m ocraje jeaHauuHa:

ﬁ%o@_kdyéw Zmﬂ:;Q,.zy

, KOoedmujenTH o4 A u A he oTuactn,

dt* og +ar Ly,
S 0p oy ln] :
Q—XE+YE+ZE. - 3).
WUz 2) u 3} ce Haiazu 0BAUK jeaHaunHe, TOBHAT

noj nMeHoM JarpaH:xora jeaHadlHa, 3a 0apeaby na-
PaMeTpa g, HA OBaj Ha4yHuH.

Anxo ca g' obeaemnmo (E nucax.y.z dx 1T
q dt -+ :y A dt . A
TO je oHaa:
w
F% dt

IMomto je npema 4) x' eyurouia 04 ¢, ¢ u t
48 4) m3aa34:

ox' o ox' _ d'p 0%
0" ~og’ og oy ¥ Togor P

Wz mocaeame jeanadune umaMo uspasz:

ox’ 0 (drp)_d"q) y o'

oq ot og) — og* 0g ot
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CAWYHO ¢ HAJFEN 3&:
oy _ 0y oy _(O_'ﬁ) . 6)
aq' og’ g dt log. ’
0z ow gf_‘_ d O_co)
og'  og’ og  dt (aq

).

KRaa ce oo samenn y 2)'L1Ma,heMo:

dci[ ( oq TV + g;)')]”“m'

| it (?;J***y t[@‘,)“'a?(%)]:‘?

3aMeHOM Cce U3 [0CJAejlbe jeaHadqnHe ,10611ja:

d ox’ , 0y’ , 0z' ﬂ _
dt [m( oq" +y ()q'7+z o' /1

, ox' , oy’ ,v)z') . .
("Xq‘ﬂ 3¢ T¥5g) =9 -8

- Ago ce ca T ofeasemu wspas
T="/,m{x" 4y 42", nus 8) aobujamo:
d oT oT
ﬁ(@—) —— =G -1

0g
d BHAUM TOTAAHHM ANGCPCILIjA, & O AeANMHYHH.

Ono je JarpamsoBa jejHauuHa KpPeTama U3 Koje
ce HaJlasM ¢ Kao OYHRIKja BpeMmeHa t. Tpeba camo
rahu @ u T, samenmutn y 1) u us 1) oApeauTn q.

Q sHa4n nzpas noA 3) aal Ce OHO MOMKe U APYroja-
quje Hahu, AKO Ce TaunIU HOKPeTHO] CAOIIITYH BUPTY eAHO
KPeTame, 3AMHILLAJYhu KPUBY AuHIjy Aa je crasHa,
3a cavuaj aa je L = const., To ce g Mopa OpOMeduTU
82, 09 B X, Y,z DOCTA}Y:

— 2% L _ %o
ox = o fq, dy = 2 dq, J0z = dq.
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32 0BO BUPTYeAHO DOMEPaIbe je paj cuae (X, Y Z):

: 0 0
X&'x+Y6'y-i-Zd‘zs(X£+ Q‘D*}—Z )é‘q Qdg- 2).
Q je moedpuumjeHaT Tpea 09 y N3Dasy paja Bup-
TyeAHOL. 7
Axo nocroju raksa oyHrnUja Uf{xyz) aa cy XY Z
H3BOAL Te SYHEIMie, U3 3) MMAMO OIJA Aa je:

ol
Q*’ , jep je:
oU oUogp oUoyw olUow o op 0@
bt ARt - X 57 . .
dg O Oq+0y0q+0z oq Oq+YOq Z(‘Jq Q
§ 149. — Ipumep. MaTepujasna Taura RAEIE 00

KPYTY Y XOpH3OHTAAHNO] paBHu Xxoy, koja ce oOphe
VIAoHOM Op3uHOM @ OKo Tauke () craane. Hahu mpe-
Tamke TauKe, KaA Ha BY HC Aej- y
CTBYje IIIKAKBA CH.AA. M
Axo je morperna rtauka M, 6
napamMerap ¢ je opje yrao ACM =46.
Ba.pa naku 6 wao oyrrinjy Bpe-

MeHa 1, wt
Wz caure je: oNB
(0B = x = R cos ot + Rcos (6 + wt) Ca 105,

BM - y = Rsinwt+ Rsin (04t} - - 1).

R je moaynpeuHHK KpYyra.

Aro ca x'y'6' osHaumMo uzsoje xyf mno t
nmahemo:

T”mR"

[co 0+ o) + 20 6'+o))cosﬂ]

oT :
o =mR* (#'+0+0 cosl}, % =—mR'e " + o)sinb.

TPHMEWEHA MATEMATARA — MEXAHWEA 14
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Haxo nema cHaa:
- Q =0, ¥ jeiHAUNHA je KpeTamha, MocAe CBAX pe-
Ayrnuja us 1 {148):
2
‘;—tfi: —@'sinf . - 2).

Kaa ce oo cpasum ca

d*é , .
i —sin }, BuaAl ce: aa je PeAATHBHO KpeTalbe
g

Taure M, 3a nmocMaTpPaOIA KOjM HAe C& KDYTOM, Kpe-

Tambe KAATHA TPOCTOr, Tae A HUTPA VAOTY HAJHHIES

tauke. Tpajame jeaHe ABOjHe ocuHaanuje je 2 l/_l
g

2 ) ) _
war —-, & TO J€ panHo Tpajamy 0OpTama KpYyra.
Pearxgnja N oapehyje ce u3 jeanavuna:

2 d*
W;Cti!x — — Ncos {6 + mt):—%tl_y = — Nsin (6 + mt)

Oaasae je:
d: d’y .
N:—m[£ cos(ﬂ—]—mt}—}-—d%sm(ﬂ + mt}]

uAn oo 3aMenu us 1):
N = mR [0 cos # 4 (0 | &)

§ 150. — .lazpanowose jednauuHe ®ad je Hpusa
AUHUja WO ®ojoj ce Taura Kpehe craaua.

3a oBaj cy caydaj rwdopanuare Tauke jare HB-
pasuMa;
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Opasae je:
— 4m/2 [9):2 + qp.-z + er] ql‘l

T je oBAe XOMOTEHO, ADYTOT crellela 1o ¢ u
jeamadnna Jarpan:mosa:
d (0T oT
4T T _g. .y,
dt \og 0q
je WAeHTHYHA ca jejHaunHoM :Kube cuae. OBo ce ao-
Kasyje 0BaKoO,

KHaa 1) moMuaomxumo ca ¢' umahemo:
d (oT oT | ,
(g(;)w‘a‘q— g = Qq

1 dt
nAm:

d( dT) dq' oT , 0T
Bkl PR Nl R & ' — =0q" - - 2.
ai\? 57) 7 ar o9 T 7 3g Qq ;
36or Tora wro je T xoMorena eyurpuja 2°7 cTe-
IeHa, UMAaMOo:

01
t— =97 . . 3).
q 3q 2T J
4T T , . oTdq
Hs 2}[/[3)_}ed—t—'£q ﬁ_q'd_t
doT  dT _

a ar Y
AN :
dT = Qdg - - I).

T=\Qdg+h- I

[ je jeamaunya xuse cuae, 9Hju je TPBU HATE-
rpaa Aar uspasoym noa Il

e ED——
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Hperatbe rauxe no NOBPLUMHH NOKPETHO] HAH
CTalHOj.

I. OnmTr ae0.
§ 151. — Axo je nospmuna Iio Kojoj ceé EKpehe
TAUKA HOKDeTHa, MeHa j¢ jeiHaunHa OOAHKA:
flayzt)=o. 1)
aro je crajHa:
flayzj=o0- -3

Aro Ha Taury M aejerByje cuaa F, omaa ce rauxra

MoOMKe cMarTparl 3a c1000iHY B ako ce Kpehe 1o 110-

BPIIMHY, KAaA ce cuan I Ipuaa peakpguja HopMadHa N,

Irr0 A0Aa3H yCALA KpeTaka TauyKe U0 IOBPHIAHHE.
Homnonegre cy cuae N:

B Of L of of
Ox A oy’ A EY

Jeanaunne cy wperama:

dx_ f dzy_ of d'z
mgE =X s magp=YHAg, moagm=
~z+x‘)f 3

"Wz 3) u 1) naw 2p HANRBAMO X Y Z KAO OYHK-
ndje BpeMena t M oaApehyjeMe KpeTame H ¥3 TO ]om
H L unMe gaia3UMO pearuujy.
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§ 152, — .Jdaczpanacose jeomawume. U oBae ce,
Ka0 HKOA HpPHBE AMHRje, MOME jesHaulmHH KpeTarm:a
AaTu 3roaamju obamk. Axe ce raura kpehe no no-
BPLIMHY, IbeHe CY KOOPAHHATE U3PasKeHe ca ABA Ha-
paMerTpa g, M g, 0 0baNKa CY:

xZSO(Q1QQt}ﬁ y:w(QIQ2t): z:w(q|q2t}' ’1}'

Haa ce g, n g, 38ajy Kao ®ynKunHje BpeMeHna t
Kperame je oipeheno.
ARO ce jeanaudHe nkperama ¥ § 151, nomuoxe ca

dp oy O
b :
3q, 0q,’ Oq u cabepy umahemo
d’x op  dg mp dz Oa))_ ‘
(dt Oql + dt® + dt*o_q] —Q| - 1}.
P éw o . .
Q, = aq +Ya—+Zo—jepJem3paa.
of op o ow

of oy _
5x0q, T oy3q, +02 g 0 R

Wspas 2) smaum wocHHayc yraa dsMeby HopMaae Ha
KpHEO} KOJy omECyje TauK& M Koja ce nHoKaala ca
HOPMaA0M [MOBDIIHHE, H TRHTEeHTe N0 TOj KPHBOJ, Kai
cy g, =1t = consi.

Jeanaunun ce 1) aobuja camusa jeAnaunsa:

d'y o dy o | d'z 0w
(dt‘ Oq2+ dt? 0q2 TG Oqz) Q )

Q, =

Livittag

éqz oq Oqz

Jeanaunnama ce 1) n 3) aaje o6uuno obank Jda-
TPaHKOBAX jeAHauMH2, Kao wro je Beh peueno. ¢
Uz 1) umamo:
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d 4 (99
E[ (=5 S+ a =t ] mx m(aql]Jr

Y (;);U) T+ ddt (?;)] =0

jep Je 2
(e ) e G (G = m G
3—f=x'—§qu'+§$ hk% 4)

%(qué]_g;? ot aqlzg;i %'+ as,aq;t )
WUz 4) nmamo:
' ' H 2 2

O(Z' :%:’ gz - gqgf" cF Oq(.) g)qg . +~ Otiq;t

nau

dq,' 94, dq,  dt\ogq,

ox' _ dp _%L_d(aw)_-ﬁ)

Camuno ce Haaasm B2
oy'  op  dy (Owlu)
oq,' ~ oq," og, — dat \ag,

az' o0 37 d (Om]

oq, dg,’ 0g,  ditlog,

AKo ce OBo CMeHM Y jeaHaunMHnm 3a KpeTawme H
crasu T =mfy (x'* 4 y'* -+ 2'*), uMahewmo:

d{oT aT

Sl B A A . T

dat (aqlr) aql Ql )
151

daT" oT

= 2 =q,. -1I.

dt (aq;) , Oqi Q2 I)
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Nz T n II ce maaase q, u q, Kao DYHKIUIje Bpe-
meHa t. AKO ce Tauku M Aa Kperarme BUPTYjeaHO IO
HOBPIIMAHM, 82 ! = const, Memajyhu camo ¢, u g, 3a
dq, dq,, umahemo npomene Ha koopiuHarTama M:

Jr =29 g, 129 a4,

Oq g,

8y 89, + a"" 3a,
0w 0w

0z = dq, + — J\
aql q + aqz qz

Paa je cuae F':
X8x |- Y8y + 28 = Q, Jq, + Q, dq,

Q, 1 Q, cy woedsumujenrn dq u dg, y uspasy sa paa
cuie F. @, ce joGuja kaas ce nopea t = const yame
n q,= o, rako wero u Q,. Aro cy XY Z uspoan Heke
dynrudje U (xyzt)

ol olJ
Q, = aq, uQ, = E 300T 0AHOCAH:
oU U a¢ oU op ol d@  _ 0Og
o,  9x 9g, + oy 9gq, T 0z 0q, -X@T—E_
+ Yaql + H == Ql

Tako ce nalazm u Q,.

§ 1563. — Ipumep. Kperame Taure y CraaHG]
paBHn, Kald H& Iby AejCTBYje Uz loYeTHA KOOpPAMHAT-
HOT CuA&, HITO JAeIKH ¥ pasHI.

AKo je paBaH Kperaiba Xy, KOODAMHATE CY:

x=rrosf, y=rsinf, z =o0,
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IapameTpu ¢y ¢,, g, oBae v u 6.
Cuaa F je para womuomenrama X, Y, Z = o

mo*
2

T........_

___m/2 12 +rr 6'2

Aarpamxose ¢y jeiHavuHe

d (T QTW 0% oy

i)~ = a= Xoq, Vs =
= Xcosf 4 YVsinf

d/aT oT

W(ﬁ) T“Qw = + Y

2

Xrcos 8 3 Yrsn‘e@.

Axo cuay F pasaomu-
MO HA& ABe KOMIOHenTe R n
P, paa je cuae F pasan pagy
cuaa R u P, a ro je Réru
Pr dfl, npema uemy je @, = R,
Q= Pr |

JeaHauNHE CY KpeTama:

mry—mrf* =R n
Cr. 106. dt (m)

d .
a?!"IH?" 0)—Pr

Ako je cuaa meBTpaana P= o, H3 Apyre jeana-
YHHe UMaMo:

r* 0" = C (3awoH IoBpINUHE).

Haa ce opasae nahe 6 w sameum y npsoj wa-
A4BM Ce r KAaO OYHKIHja BpeMeHa, a us » §' = C sa-
MeHOM wahedor r uMamo 8 KAO OYHRIHM]Y BPeMeHR.
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§ 154. — Hahu Kperame Tauke y PABHM -IIOKpeET-
HOj, KOja ce Kpehe jeiHako OKO OCOBHHE XOPUBOH-
TaaHe Y CBOjo] paBHMHM OPSHHOM .

Hexraje x“*2 gco-
BHHA, 0ca OKO KOje
ce pasaH okpehe, ako
je 8 yraoc paBHH 1O-
KpeTHe ca X Y PaBHE,
oHAa je:

6 = wt

Jeagauuna je pap-
HiIHe HOOKpPOTHES: Ca. 107,

ysinwt—zcoswt=—o0 - -1}

Ha maury M JejecTByjy cude: TeMa M OTHOp Pag-

aude. Pajpn ormopa MopaMo nohl oA ODIOTHX jeAHa-

quHa KpeTalba, KUje CYy OBAE:

'md!x—o mdzy =Asinot, m d’z =
agt T T det ’ at =

= —mg— Acos wf - + 2).

Pearnuja N opae je paBHa lapaMeTrpy A.
Hoopaunare r = M@ n x = (Q cy napamMeTpn 4,, q,
Taure M y paBRHu NOKPETHOj, W HKOOpPAMHATE CY:

Xx==x, Y=rprcosot, z=rsinol
T="/,ma"+y* 4+
$yurmija cHaa je:
U == gz = — mgr sin ol

OT~ X ET— =0
ox' o
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oT =mr' aT~mm*r
or' T or
ol ol .
Jejraqune cy xperama:
dx' d'x o
a —°taET
d*r . .
&?‘*’”“""’ r=— g sin ot.

Hurerpaa je npse jeanaunne:

x=A4A 14 B,

Muarerpaa je apyre:

F=Aev + Be=ot 4 sin ot.
2o

AKo ¢y noveTHH YcJAO0BH TAKBE, Aa je A u B Ayaa, a 1o
ce A0Ouja raa je TauKka GaueHa ca oce x Aa je HmEHA

npojexnuja Opsude na (R jesnane é%w, OHAR je;

g
- t=
2 Py sm 2] 2&)

¥ lIpeAcTaBba KPyr TaHrentan y 0 ga Oy. Tpajek-
Topuja je sasprHa aAunuja (hélice].
Iomre je orop pasan A Baba V:

d'y

m -
dai?

= A sin @t. 3aMendTu y ca 7 cos @f:

%
dr . .
m (d: cos wt_e"co d: sin &t — @'rcos ma‘) == } sin @t.
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_A®O ce oBae zaMenu v’ W3

' = @'r — g sin ot, umaheMo:
dr
l:—mg(:osmt—i)mm—&—i - 1.

11, JepmrauAEe EpOTamsa Kai j6 PABAHE CTaAHA.

§ 155. — Raa je paBam cradna, jeaHa ce 02 ABe
AarpamkoBe jeAHauuMHe BaMemYje TEOpPeMOM RUBE
cuJae.

Jeanauuna je nospmuHe OHAA:
flayz) = o.
Paa je eynrnuje N gyaa n TeopeMa MHBe cUde je:

d“_fgiu_)(d,x_l_Ydy—[—Zdz«—dU

IIper je wudrerpat:

12-
"";’ =3+ k- .1

‘Ao n Hucy X, Y, Z uspoAu dyukluje U, MOmRe
ce yaecutn :aa je Xdx 4 Ydy - Zdz torasmm aAn-
oepenuujal, ¢ TOTA MTO CY:

x=ulq,q.), y=w4,q,), z=66l¢,4,);

dmuv®

_U ‘—Q dq1+Q dgg

H MOMEe ce ACCHTH A& je @, dg, + Q, dg, = dUl{q, q,},
HITO A&je HPBH HHTErpad:
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1
mu

e Ulg, q,)+n- - 1)

§ 156, — Mz JarpammkoBe ce jesHaunHe Mmoixe,

Ha peh nokaszamu HaumH, Jaro 20hM 40 TeopeMme o
MHBO] CHAM Kajg je paBaH oTaJdHa,
Axo cy napaMerpn ¢, u g, OHAZ MMaMO :
oT
og,"

, oT
N 5o + 4,

T

= 2T

W Axe mpsy u Apyry JdarpammoBy jeimauHay To-
MHOMEMO ¢a ¢,' 1 g, umahemo:

d( ,oT . <‘}T) oT dq," . oT dq‘Z
dt (q= sq; T % 5¢0 {éqx t 5 e
oT ,  aT )
+“5“£ 9"+ 5, %
=@ ¢+ &L
HAH
a aT
E{QT]——W-—- €4 +Q4, 1
dT = @, dq, + @, dq,
Hnan

Kaa ce y mecro je-
ane Jdarpasmone jeauna-
4HHe Y3ME TeopeMa KUBe
CHA€ H ¥ Besn CA ApyTroM
0Apeal  KpeTalbe, OHAR
ocTaje Aa ce mahe ornop,
KOCOUILTjeHAT A, U3 OH-
MTHX |8 AHAUREA KDeTamka.

§ 157. — Ounwre jeo-
Ca. 108, HaxuHe Kperarwa. Ha Tpa-
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jexropujn Taure O0OeACIKHMO je,zu-m‘ noyerak A mu
kpoz Taury M moeymmmo tamrenty MT. Hera je C
nedTap EpHBHHE ¥ pABHH HQpMaAHOj, TaHl"eI-I’E‘H()j HA
MT, R noaynpeunnr kpusnHe R = MC. Hexa je MC'
riaBHa EOpMada Tpajewtopuje ¢ == M wed moay-
npeuBuK KprABNHe. Ao je § yrao ockysatopHe paBuu
TMC’ ca HOpMAAOM NOBPIIKHE, N0 Teopemy Menmja (Me-
usnier} je:

o= R cos#.

Haa ce opojextyje MC' y papan TalTeHTHO] UMa-
hemo za npojeruujy MP. Ao cy npojerumiuje cuae
F:F,F F, y opasnuma: MT, MC, MP u N pearuuja

HOpMaJaHA, OHAZ ce pesyaTadTa us F m N pazasame
2

dv . muv
FA ABC CHAC M -y Npasny MT u m-éu y npaBmy
MC'. Jeanaunne ¢y Kperama cal:

2

dv me ?Eg—-—cosﬂzﬁ;{-N

m—=F, ——sinf=F,

AKO ca Qg OBHAYKMO DOJYUPEUHUK RPUBHHE Te-
olentke f/sn 6, oHda je ¢ NOrAGAOM HA ¢ = R cos 6:

W

dv mp® MY

’ina?ﬂFw““é—;“—_—Fp, R mf““-*-‘N
§ 158. — leodeurne aunuje. Axo ce Taura xpehe

10 CTaAHO] MOBPIMHHHE H HA TadKy He AejCTBYje HH-
KaKBa CHJAA, TPAjeKToPU}A j& reoleLIKH BJAAK.
Nz jeanaumma kperama HMaMoO:

dmov*
2

v = const.
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TpajexTopuja je IeojellikE BAaK, jep AejcTsyje
Ha TauRy CaMo cuaa N y OCKYANTODHO] PaBHH, OAaKJAe

1 .
je _(_)m == p, MITO KAPAKTEPHIUE TeOAelKe AnHnje. § = o
. _

R:gﬂN:

mpt

Hypusmep. Tpame ce reojeiike auHuje sa egen-
COHA:

xﬂ. y‘A z2

Tttt =11
JeanaumHe €Y KpeTAmal
d’x x d'y — Y d’z z
ar HRr g T e T R
[Ipen je uurerpad:

L=,

Apyra hemo unrterpaa nahm meToioM Aapdya —
{Darboux}.

s 1} nmaMo:

x LB} y 131 z LE f Ly 1
R A L

- _i“zm =0 . -3}

¢

nan 360r jepHaunHe 2}:
1 2 2 ‘i v2 1 4 "{ 2 LI
;&( + r+ ) --{;z-x + ¥+ )3-}

AKO ce jeaadWHE 2) NMOMHO:E DPeioMm ca

t 1 1 dx
T ’b"" y', 3 z' u cabepy, uMaheMo cTaBJhaJyhnd—t ==

== x" glec.
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C

LRI T <2 VT S S
F’(a4x+ X +T)_?xx “*“Fy ¥+
+ Lz

C

Aeobom 3') m 4) aobuja ce:

x L] yy" zz! 1 r e i ¥ " i ¥ Er

';Ix“{“‘b. “é’“i”*;"fxx +?yy +?2Z
xz yﬁ z! - 1 ' 1 ) 1 r

R AR TAR

HUuTerpucameM umaiiemo:
ol sl )+ 52 T} =
( + .;_ )Ia( —i-bz +E~i~z = const.

ds ~
Axo BpeMe mzfanuMo uspazoM 5 = Ya Aobn-

(b + Bl )+ () +

4+ é(g}z } = const. - - 5\

C

hemo:

OBo je AUSCDOHUM]AAHA jejHaAUWHA PeoASIIKAX
AUHN]a eAUIICOHAA.

III. EpeTame Ha OODTHHH HOBDIIMHAMA.

§- 159, — lecdewne auHuje Ha oOpTHUM ToEp-
wurama. Hoa oOBAKBUX TOBPIINHA ¥y MecTo Apyre
JdarpammoBe jeAHaMHHE HMaMO TeopeMmy O IMOBPIIH-
HaMa, jep je pearnuja N y jeano) passuny ca obpr-
HOM OCOBHHOM U iheH je MOMEHaT Y 0jHOCY oGpTHe
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Q24
ocoBnHe Hysa. ¥V Mecro npee Jarpanzobe ocraje

npuMeHa TeopeMe O KUBOj CHAM
IIpuMeHHMO OBO HA TPAKeHe eOAelTKAX ARHU]A
jeAHauMHA je Me-

Heka je oOprHa OcOoBHHA 02
pUAMjada Y PaBAM Xz, z = ¢ (X), jeAHaUUHa je MOBpP-

muHe :
P = V.x'z

z=g(r).
Aro ca r 1 0 ofeaekuMO KOOpDAMHATE NpPOjer-

uije Tauke Hokperse M y paBHH Xoy, nMahemo:

y=rsinf, z =gl

ds® = dx® 4 dy® 4 dz* = (1 + @) dr* 4 ¢* d6*.

§ jo AYK.

AKO pHEKAKBA CHAA

x = rcos B,

He AejcTByje HMaMO U3 Te-

opeMe JHIBE cH.Je:
ds*
at

[

1.

TeopeMa NOBpUIMHA A3je:

r*df =cdt . 2.

s spa npsa uHTerpada 1} u 2) MoimeMo upobaeM

cBecr Ha kBaapatype. Mz 1) je

(L4t rdd = At - . 3)
s 2y u 3}

2 2 e 2

(I + o™ +rdd* = .c df
t 1
= 7 W pemmo Mo df, na hemo
UMATH :
dr |/ 1+9"

df = — |
0=+ |7
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Han :
a=S“

r

e T

B u 8 ce oapebyjy yca0BOM ja Te0A0NIKH BAAK
Mopa aa upohe Kpo3 zBe TAdKe Ha [OBPINUAMN,

Aro o3HauuMO ca d AYK MepHAM]aHA
ds* = dr® + d2" = (1 4+ ¢"") dr®, uz I) nvamo:
k do
d@ = i 2 12
r V'r —k

Aro ca i ofeaemuMo yrao log H.OJPI‘.I FeoAenIkN
BAaK cede MepPuMAMjaH, OHAa je:

r 8in i = k (Clairaut),

IIpusep. Hera ce Tpamn reosenky BAAK poTa-
LIOHe NOBpIIMHEe Koja MocToje obprameM xunepdoae
pasHoCTpaHe ORO jeAHe oBoje acuMmroTe. JeAHAUMHA

je moBpHIMHE :
a!
z=—
r
2
Haz ce @ (1) cvern ¥y [ ca—, umahenmo

r LA

N

P Rdr|/ '+
= - -
r K
t—
k
NPEMEREHA MATEMATHEA -— MEXAHHKA 15
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m e

ak

Rdr 14+

v S B I/‘;‘:T;

§ 160. — Houuno wnaarHo {CBEPHIHO). Ao ce
remRa TAYKAa Heka kpehe N0 Kyram CTaJ HO] MMaMO
cpepuuno KJAathHo, Hewra je memrap Kyrie noveTak
cucTeMa, z°%* OCOBHMHA NO3UTHBHA HA HINRE, Jeana-
YPH Ryr.&e"y CeMHIIOAADHMM KoOpAMHATaMA jo:

Pkl )

{1 je noaynpe4yHnAr ceepe).

Ape cile AejeTsYjy Ha Tadwy M, Te:Ka U pear-
umja HopMaaHa cepe, TeopeMa :KnBe cuae Aaje WH-
TeTPad :

ot =2¢gz 4+ h- - R)

Obe ¢y cmae y jejHO] pasHM ©a 07, TeopeMa o
nOBpmIMHEY A2 C€ MPHMEHHTH ¥ nMaheMmo:
rrdf == Cdt -+ 3}

M3 1} 2) u 3) npobaeM je peLIeH.
Jepnaunna ce 2) MOMKe HADWCATH:

dr* 4 r* d* 4 dr®

e B h« &)L
T gz + )
Ha r= Vl" — 7% UMAMO:
d/r‘ T e —-‘:*__z“—d wi—
=
s 3) je:
C dt € dt
= = . .5,
{i@ ?,2 ’;'2 _z'z )
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M3 4) u 5} je:

b4

dz T ldz

i ]

@lz) = (292 + R (I* —2%) —
Cldz
40 = & e
= er

Hap ce smat n 0 Haaasu ce r up jejHadnHe csepe.
Peaxnmja ce HopMaJAHA HAJAA3ZW ¥3 jeAHAYHHO:

me*  mpt
B 1

N4 F,=

Haa ce oBae gameun »°' = 2gz-4+hu F ca

z
— ] QT uMalieMo:

H

N:?mw+m+m%=gwg+m

Hurezpucarve nomohy eaunruvkux @yuryuja. Axo
maheMo wopeHe uspasza @ (z) n obesesKUMO MX ca @,
B, ¥ wMahemo ns 6):

x
" tdz
} = —
f2gle—ziz— @) z-—p
[+

Bpeme t pauysamo 0A Ipoaasa radre KpO3 HAaj~
HEMH IoJAoMKa] HA KyTAHM, TAC je 2 == ¢, 3aTo jé H
yser sgHamk —.

Jegpauung ce noeaelma MO:Ee i 0BAKO Halil-

CaTH :

e

15
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9 d
Vag, _ Aﬁ_S , d
t Ve —z)(z—8) (z —~y)

&
CraruMo OBAS:
o —z = {o— Bu’.

z sapupa usmehy o« # 8 u wamehy o u f, u waa ce
oBO saMeH# y { umahewmo:

V2g _ { 2du
l “SI# @ — g [f — u’) (£ — &* ud)
4
4 >k —__:_g}a; >8>y
AR L
lt - xmmwn E’tf_,i..w.,.m.wm

S{J(f — ut {1 —k*u'y
Q

AR
7= (0 — 3 Sn® At . . 1)

7 je oapehewn wao eoyRRUMjA BpPeMeHa
Peaasa je nepuoaa:

Ngf du
A S Vi —ui)id — R u®y

]fa—»imVo:—ﬁSnAt
yz-—-ﬂ xl[(x%——ﬁ On }&t

Ve—ye=Va—ydnit
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3a 0ApeA0y x ¥ y uohuMo 04 jeAHaumHe:
a0 ¢ dt

= 7

d .
5 [0 BaMEHH TIOCTAje PANMOKAAHA SYHKIM[A 0A

SnAt. Haa ce pasio®RmM 4 uHTerpuiie #aaasu ce §,

alll OHO HUje VEHOOPMHZ $YHKOHIA BPEMEHA, AOK Ce
2 ¥ y uory Hahd ®ao yHA®ODPMHE dyHKnuje oA t no-

Mohy jeAnaunre:
cdt

24 iy = reti = [[I* —2* eiSl"-—z2

Excuorenar uMa KpuTHike Tauke 3a 4+ 1 = z, & npous~
S e dt
Bog [P —z2%et ) I* —z° meMa RPUTHUKHX TaudKa,
x4 iy je vemsopuuo no & (Tissot).
IIo Epumry {Hermite) Momemo ampenrso uahm
X H Yy obBaro, JelHaUHHC RPCTAILA CF:

d¥x Nx m

MogE == N= i (3gz 4 h)
n
dix 3gz + h Sgla —(a——B8n* At 4+ k
FTL A L

o I* T

ITaprukyaapiu wHTErpadn oBe AMHeapHe jesHA~
quHe cy X M Yy, NOmTe ce 3a ¥y AoDuja HCTA jeAHa-
yHHA, &

Aro v 1) craBuyMo At == 1", sobujamo nz 1):

d? '
i == (BB SntE )

OBo je jeanauunna JamMeona Tuna:

dx

Do =xlnin + {1 RS0 ¢ R
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3a n==2.
Ocyuaayuje Geckonauno mare. Onwre cy jeaHa-
yyHe KPeTama:

d*x N dy = Ny d’z Nz

7 A7 R T )
Aro ce yaMe za je z =1 = cons. oHAA j& M3 10-
caerme N = mg.
3aMeHoM OBe BpejHOCTH 3a Ny OPBE ABE uMaMo:
d’x g d'y g

== — =X = -— =Y.

ae 1T e !
MNarerpain cy:

x=AcastV9_/[ +Bsint]/971

y=A'cos t 9], + B' sint |7,

Hera je:
_ B ax %_v.
X=Xy, ¥ =0 EE—‘{}: dt — e
A=x, A =0, B=o, B =v, |

x : xocostm, Y=, ]f’ﬂ/_g-sintm-

EanMunanuja { aaje eamncy no kojoj ce kpehe

rauxa. Tpajame pesoaymuje je 2 [/ify

JUTEPATYPA

—p——

Necher — Mémoire des savants (rayroxponnmaam) 1763,

Puiseux — Journal de Liouville t. IX, Haton de la Goupillier
Journal de Liouville ¢ XIII Haton de la Goupillier Mé-
moire de I'Academie t, XXVII m XXVIII,

Halphen —~— Traité¢ des fonctions elliptiques-le pendule,

Fourret — Comptes rendus t. CIIL, Journal de I'école polyte-
chnique 56. cahier

Legoux — Annales de 11 Faculté de Toulouse t. VI — Cicloide.
De Saint Germain — Bulletin des sciences mathématiques 1899,
Koenigs — Compies rendus 1893 { mai — rayroxporusam.
Darboux — Théorie générale des surfaces f, 4.

Kobb — Acta mathematioa t. X XI.

Tissot — Journal de Liouville 18592.

Hermite — Journal de Crelle {. §5.

Greenhill — Les Tonctions Elliptiques et leurs applications.
Eiliet ~— Annales de 'école Normale aoit 1593

Clebsch — Journal de Crelle t. 57,

Marcolongo — Rendiconti della R. Accademia Scienza di

Napoli (1888).
Desboevs — Journal de Liounville t XIIL XII
Schellbach — Journal de Crele t. 57.
Liouville -— Journal de Liouville t. XI. XIL
Jacobi — Vorlesungen iber Dynamik,
Amthor — Bewegung eines Kdrpers auf krummen Fliche.
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L —

NarpaHmose jefnaqnHe 3a CroBoAHY TauRy.

_ 0§ 481, — AKO GV XY? HKOODPANHMATE NOKpeTHE
TRUK® Y IPOSTOPY, OHAR ¢ T& KOODAUHATE MOFY
W3PASUTH ©4 TPH HERABHCHA MAPANETDA U BPEMEHOM,
q,4,9,t u obdanra cy uspasi:

x==@(g, 9,0, Y=Y, 49,08 T=61{¢,49,4, 1

Mebhy ‘oBuM napaMerTpuMa MOMKE BDEME i He oH-
rypapatd. Pemnrn Hpoﬁ.nezli u oBAe je: Hahu g, 4, q,
KA0 SYHHIHje BpeMena.

- O6iyne ©y jejHauune KPEeTRBA:

d'x N dg d*z
mz&?—;, it*mY’ m-—-"g”'*mmz

AKO ce peaoM OB jejHauHIe TIOMHOWE ©a
O oy 0
5&?3&: Bq, n cabepy ,ex,om:heMo
d'zx op  dy oy  d2 6&))
m( Sq, T aE vy A aq ) T O

{)zp
Q. -.-X~ -+¥ +zaq

i
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Jeanauuna ce jedaH MOME H OBaKO HANHCATIH:

f; (E‘f 0p o dy oy dz i’ﬁi)l —
[m‘ dt og. T at aq, T dt og,

dx d dy d 3’"‘%’) Eﬁii(%{)}:
{dt dt (f)q ) + 3t (aq dt dt \dq, @,

s jeanauuse x = @ iq, q, ¢, {} umamo:

C 0P 0P 0P o1 99
x *"Oqlq’ + 5a g, (N 24q, %+ WYl
OaaBaie je:
op
0, éq,

Cuatpajyhn x' wao eymmmajy 0A q, 4y, 4, ¢
q,, 4,', 9,/ BMahemo:

é_:g“ . oy’ s ot
oq,  og, ogq, 9,
t 69)' ox' <
it ) =54 ¥
HAE ' ’
; (59")—"”9" e o O 0%
dr \5q.) ~8g 2T Togog 8 Yoy, aqsq“ +5q. o
M3 jeanaunue 32 x' ANGEDEHNUjASCHEM MMAMO:
dx' g g, de g
da,oq, 0 Yag ot Yog oq, ™ Fhg, ot

bl DoCASA e OO Ane je,a,natume Agaasny A0 1o~
paza 2} ¥ CAMIHNX:

(G?{J) oyt d {é&)} oz
dt \og, og,” a9, 09,
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Haa ce oo sameun y 1) u obeaemn ca T =m/y
(@' 4 y'* +2), rae T 3HAUE JKUBY cHAY NOKPeTHe
raune, umahemo npey JarpammoBy jesuaunmy:

il_ aT) oT - g
df (Oql‘ o, o
¥ cARYHEe ABE:

d ()T) oT

b [ Lo — . T

dt (()qg' aq, ?, )
421y 0T _ g
dt \oq,")  eq,  *

T je eyurmuja q, g, g, ¥ A3BOAA HUXOBHUX ; jeAHA-
quRe 104 1) cy Apyrora peaa, oUWTE HHTETPad HMa
mecT (6} xKoHcraHara, Koje ce M3 IIOYETHHX YC.A0BA
oApehyjy-

Aro mocToju raxBa eyHRpmja cnaa U, umjm cy
wsBoan X, Y, Z, na'h:ﬁpaga:

alj o ali o AT ow
Ql —_ —— --ug)m .+_ 'ﬂ!) i PR

dx 0g, oy og, 0z g,
uzaazy A8 je:
_ olJ olU ol
Q, = o1, M CAMYHO @, = PP Q, = P

¥ ommTem cAyYajy HaA CY:

X =g, 49, 4, t)
Yy =g, 94,4
zmm @ (g, 4, 4y t)

mMoxemo £F jaru oApeheHy BPeAHOCT H IIPeTUOCTA-
. BHTH Aa ce {, {, 4, npomene 3a dg, dq, dg,; xyz
NpoMeHe c& 25!
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__op o9 w
d'x - 5‘?1“: 3‘11 —l_ aqz a\Qz ‘+‘ 3‘13

_ oy
§y = 5. a‘ql e
06 o
0z = 5&‘:3‘3;‘!‘ R o 6&:6\%

EaeMenTtapah paa cuiaa je:
X0x + Y&y + 20z = Q,dq, + Q,dq, + Q, g,

Ao ce nOMepame RHUPTYEAHo BDHIH [0 KYpOH
g, = const. g, = const. eleMeHTapaH e paa Qié'q13
ozakae ce @, Haarasy. Camudo ce oapebyje @, n Q.

§ 162. — Axo nocroji ®yHrumja cnaa Ulxyz),
TeopeMa JKMBE ¢iae Adje HHTerpad:

T=U+4h- - 1)

Jeamaunua 1} je pesyarar JarparmoBHx jeiHa-
YEHA U ¥ MecTo jejHe oA IBHUX Ce MOoiKe je AHAUHHA
1) muBe cuae yseru. :

Ba aonaz aa je 1) mocaeawpa JarpammoBHX je-
JHAYHUHS Y3MUMO A4 X, Y, 2 HE BaBHCE AMPORTHO 041,
¥ nohuso oA jeAsaunHe:
op )

q, + 50 q,

aS‘) 0P
* 5, Sa,

T og, %
T je xoMorena jeanaunna o ¢,' ¢, g,' 1 oTyAa je:

, oT . oT , oT
ET—__qxéq-“‘l"qu——.‘*'q .

— . 9y
q, i aq;' )
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Haa ce tpm jeanaunde noa 1) (§ 161) mo:muomxe
cagq,,q,,4q, w cabepy, Boaehnm pauyHa o jeaHauu-
Hama noa 1) u 2}, aoGuja ce Ha Kpajy H3pas:

d daT  dU
T T
AH
dT = dlj, T=U-h

§ 163. — Ilpumep. Hahn rperame jeane raune M,
KOjy TpWBAAYH HAM
0ABMja ©TAAHA - 0CO-
BuHa (0z) no 3aKoHY
BABHCHOM 0A OACTO-

M jama r.

Y oBom cayuajy

HOCTOjH U3BeCHa,

0 X SYHEOM]A cuae

' \J‘Q\J/ S ® dr = mf(r), rae

je @(r) cuaa npueaa-
¥ qyHa A oabojHA.
ca. Ton. Hewa ¢y xoop-
- AMHATE IOKPETHE Ta-
uke M: r, 0, z (q, ¢, ¢,), 0z je ocoBuHA Koja Taury
OpuBARYM uaAl o0i0uja.

Z

2 2 \dt)
Jepnaunne cy Jarpanmose:
d r L1 t
Fraaia rf'* = f'(r)

i(’Jf'2 9') =20

T:i mo? = o (ds)" =% (r'* + r 0" 4 2.
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s wocaepse ABe UMaMO:
r’f =C. -1}

z'=a . - -2

©V mecro NpBe jeAHAUMHE y3MHUMO MHTErpad iKu-

BE c¢lUaAB!:

%(r"2 + 20" + 2 =flr) +h - - 3)

s 1) 2) n 3) amMamo:

O"Z P

bl = fl) 4R

SN

OaaBae je:

§ 164, —— Ilpumep. [loaapne woopduHarte y UpPO-
cropy. Hera cy koopaunare taure M:p, 0, (4, q,q9,

m m v J a2 ]
T:—zﬁv"‘ =3 (o' 40" +o'sin*fo %)
Jeanaunue cy JarpaHiose:

%(mel) —'m()(ﬂ'2 + o”sin*0)=Qq, - - 1)
% (m92 0 —mQE w’sinfcosl = Q, - L9\

El%— (m p* sin’ fo)=Q,- -3
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ngegﬁa Q, Q, Q,. Hera cy R, @ P womoouente
cude &'y npaBpuMa mo-
AYOpevHUKa BEKTOPA @,
ynpasie Ha ZOM u y-
npaBHE HA paBaH OBe
ABE TNpaBe, vV ¢MuCAY
KaKO yraosu o u 8 pa-
oTY U cMicay pamihe-
a3 0.
3a noMepame y npas-
g uy @ q, = qy == ccmst.,}
Sy pas je cuaa Rdr »n
- Q, == R, 3za lomepame
\ gdf paa je Pgdb,
Q, = Pp u @, == Qpsinf.

Ca. 110,

z
]
\

0+

Aro cuaa F ceue
0z, Q, = o0 u 3) aaje a6or M0, = ¢ sinf:

m(f‘ sin® 0 &' = const.

§ 165, — Jazpansicose jednauue 3a pelarueHo
wperawe, Hperame je peaaruBHo, Kaa Cce Tpame Ho-
OpAHFAaTe KAaKBE Tavyke TMokperHe M jipema cmerewy
Oxyz, ®Oju ce y MpocTOpy NOMepa. AKO Cy XYz KO-
OpAMHATE peJaTUBHe, oHE caj 3aMelyjy napamerpe
4,, 9, 9,, AFCOAYTHE CY KOOpAMHATE Tauke M: x,, y,, 2,
BesaHe ¢a PesATUBHUM NPEKO je AHAUUHA:

@, = X, 40X oy oz
v, =Y, + 8+ 8y + 827 - 1)
7, =2, + yx 4y, 0 + ¥z

X, Y, %, U AeBeT KOCHHYGA €, ¢, @, -+ CY PYHRLU]E
BpeMeHa, '

3a 0apexby T Bama Hahu ancoayray Gpamuy v,
ufje cy Npojeryuje Ha POAATARHAM oCOBIHAMA, U, vov,.
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AncoayrHa je Gpsuma pesyaranrta ma 6psuna: v, (pe-
AaTuBHE} U v, (aHTpeHuUpajyhe).
Ilpojeknuje cy 04 pesaTuBHE OSPBUHE . HA TO-
RpeTHnﬁ OCOBIBAMA Ei—:f, El-y—, dz
di "~ dt’ dt
Aurpenmpajyha Gpauna rtauke M 6m Guaa Bp-
suHa Kojy Ou Tauka M umasa kraa 6u cucrem OQxyz
CMaTpasud Kao TEA0 NOKperHo, ¥ KoMe Tauyka M mu-
pyje. v, je pesyaraHTa OHA& U3 OpsHUe TpaHoaa-
TOPHE 3, NOUETHA CUCTEMA Oxyz w OpsuHe K0ja A0-
AaBA 04 MOMeHTaHOP obprama cucrtema Oxyz oxo
OCOBHIe, HITO HMae Kpos 0 u 1o OpauHOM @. ARO Cy
o°, v, v', KoMmoHemTe Gpsume v° A HOKPETHEM 0CO-
BUHAMa, ¥ P, ¢, 7 KOMIOHEeHTe pOTallfje MOMeHTaHe
Ha HCTHM OCORUHAMA, U3 KUHEMATUKE BHAMO A CY

KoMNoHenTe GpauHe o, caj:

e 4+ gz —ry
v"_v -+ rx— py
v*, + py — qx,

%
Hmsa cuaa je T caa:

T T_;- [(.vc’+v°x+qz—ry)’+(y '+‘D°y+1“:r—pz)2+ (z'-{»ﬁﬁpy—qx)*]

. 2,_(12
a ¥t Tar

Aro oy caa mpojekmije cuae F Ha mOKpeTHHM
ocosuHama X, Y, Z, onaa cy Jarpamxose jeAHauune:
d {OT orT X
dt Gx') ox 7

1 cAngHe jBe.

PaspujameM .JarpaHmoBHX jeiHAYNHA MOJKEMO
Aohm 20 reapeme Hopmoamcose {Coriolis!.
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I3 upse u Apyre ABe .Jarpaikose jeAHAURHE,
xaa ce T cMeHm CBOJOM speanowhy, umMahemo:

% _ i L
md?+ZWt(qﬁ—rﬂ)+X" =X

dt* dt dt J
d*y dx dz) ,
“Y ax _ 0 Y 2.
m gE kA (rdt pg)TY 2)
¥
d*z da

dy
m— Qm(p#— Tz =12
i T a  1di

Aa 611 Halnaun BpeaHoeT X Y Z'" 3aMUCAUMO HeKa
cuaa F noerate cnda F,, unje cy npojernnje X, Y,Z,
A2 TaqKa [ocTAHE HEUoKDeTHA MpeMa ocaMa Oxyz;
meHa je onza OpsuHa i y6p3ame PEeJaTHBHO HYAR;
allcoAyTHA aKIc.lepanuja noctaje axiueaepagija o
ARTpEHHpaba J, ¥ cilla HITo TIPOM3BOAR KpeTao je
mJ_ u nz 2) uMaMo OHAZ:

X=X Y'=Y, Z'=2Z,

el

JejHaumde ce 2} oHA3 MOTY CHMBOAWYHM OBARO

HaIl| GaTil :
)+ = 1

J' je BeRTOD uuje cy 1Po]eKmuje 2 (q i —r %)
, df dt
(LeUTPHEYTALHOT cAciKeHor YOP3ama). J, je yopsawe
. peaatusHo; J, ancoaytuo. JesHaunna I) caapsn no-
suary teopeMy HopuoaucoBy o 0aHOCY yGpsama y
peraTHBHOM HPETambY.

T

'AABA XIV.

———

MpuHuMnK mexaHWuku: [fanamGepos, Xamunto
HOB H HajMarLe akKuwje.

§ 166. — Hexra va jeany Taury M mace m pej-
cTBY]y enae F F - . F | uuje cy xoMuoweure X, Y, Z
N T A, JEAHAUHHE CY KPCTAILA: L
d*x d*
1) —m&F-—}—EXv:O,—mE_?—i—EYv:f}’
d*
mo s + XZ, =0

Axro mnepea ciae F, wao pesyarapre cBUX oA

F F, .. F, ysMemo 2y pauyn u Bekrop MJ wije oy

KOMITOHEeTe : —,—mﬂ -—md—zy -—m(}jf 7

de*’ dt®’ at* ’

30B& cwaa uHepumje, jeAHaunde 1) oHza Rasyjy: aa

Yy cBakoMe MoMEHTY NpH Lperalmby MMa PaBHOTEMHE
naMehy oaxrnune ciuae F u citae uHepmmje MJ.

Axro ce y BpeMeny { Tauxu M caoumru BHpTY-

eaan moMepaj s, uuje cy komnoHenre dx, Oy, dz, us
1} ce aobuja jeanaunua: U

2).. (—m%—l— EXV-) dx + (—mj:? + EYv) dy +

+ (_m%:—f + ZZVJ 0z = o.

NMPHMEBEHA MATEMATEEA — MEXAAMEA 16

KOjH  ce
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Osa jeanavuna ofyxeara AasamGepon OpHHUHN
{D’Alembert) u ssaum: Aa je cymMa pajoBa 04 CHAR
F F,-- u cuae wuHEPIMje Y CBAKOME MOMeHTY ¢
pasra HYAu.

Hpnanonooy ce AssaM0epoBHM CBRKO DHTAH.S UB
AMHAMHKE CBOAN Ha UHTAMmHE CTATHKe, jep ce jeaHa-
yirea ) [okdansa ©a [JOAHIYHHON BUHPTYSAHIIX PRJOBE,
waa ce cmaaxa F, F, 042 cuaa umgepuuie.

§ 167. — Ao xoMDOHeHTe peayATaHTe Cilaa
osHayuMo ca X, Y, Z ug 2) ce A00uja jesHavuHAa .

4tz

{d Yow+ oF gy + % Orfe= X0 + YOy + 2%

Opn joAaUHNA MOPa BPEINTH 2a M KAKAE 0O-
mepaj ds, (dx, dy, d2) orryaa cacAyjy oHaa jexHa-
4yHE [O3HATE:

38 g{)&’rafbe TOYRKE,

§ 168, — [Mpunyun Xamuarowos. Aasamboposa
jeAHAMUHA Bpell 32 KpeTA®mE TAYKE 0A000AHE ML
mpHMopaie Az ce mpehe WO NOBPIMHA MAM ANHEAIL,
1 OHa TJaacH!

(e (et

- ( lt* ~+~£)t§‘z=o

o,
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UBaj ce pesyarar MOMe H OBaRO H3PasuTH, AKO
BOCMATPAMO TauRy MoxperHy M y Asa MoMenrta i m
{,, ¥ meHe noa0Kaje obeapmumo ca M, u M, y npu-
POAHOM KpeTalby Taure M ms M, v M,, noa aejersom
CHAA W YEA0BA KpeTawma (IO AMHRjH WAM HOBpIIANY),
KOOPAHHATS €Y X Y Z $YHEIU}E BPeMeHZ, Koje saao-
BOBABA]Y 1 jOAHAMNHE KpeTams M HADOUNTE YCA0BE
H woje v M, u M wnwmajy mapounte mampea ogpehene
BpeAHOCTH. AkO ¢y x -+ Ox, y + Yy, 2 + dz xoopau-
Have OJNMCKE KOODAMHATAMa X ¥z, Aa cy dx, dy, dz
y M, M, papue myau, 70 je OHA& OBa] WHTErpaL:

4

a;_g{m, + Yoy + 20: + 07| @t - 1)

f

jeamar myar. T je obae muUBa cHAA Y [pPHPOAHOM
wperassy a 4T Bapujonuja :kupe cude mag ce x Yz
npomenn sa dx, dy, dz.

Hocaeamom ce jeanadnsoM napamans XaMHATO-
HOB IIPHIONUN M OH 8 OBAKO AOKABYE:

AKO BADUPAMO jeAHRUHHY:
==*{ m{x? 4+ g 4 2%, umakemo:
07 = m (' Ox' 4 y' 0y’ 42 %)
Kaa ce 080 3aMeHE y 1) i TPAHCOOPMHIIE HaPAs:

1Y b i

Smx'élr'dtwg c?dxdtws flf’fdé‘r

&y
g‘ 2
w_wfm”‘?ax%_g e gtdgzmg n S5 8 du

8%
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jep je dx = o Ba t, u t, omaa 1) mpeaasm y:

&) = gl[(mmdf+)&) dx - (—Tn% + Y) dy +
iy

Fontire)ala

ispas je y sarpaju l ] paBau Hyau sfor Jaaam-

Gepose jeiHaumue M OJ = 0, YUMe je AOKaBaH NpuH-
HUI XaMHATOHOR.

s mpusnuna ce XaMuaTOHOBOT H3BOAe BPAO
Aaxo Jdarpamkose jejpHauuHe.

§ 169. — Ipunyuu wajmame axyuje. OBaj ce
NpUHL TPAMerhYje Ha cayuajeBe RpeTarha MoA yTi-
HajeM citaa, Koje CY U3BOAH oYHEIje cHaa. JeArTa-
umRa Kperama o0yXBATA UBPA3, Aa je Bapujamuja ns-
BecHor ugrerpada Hyaa. OBaj je UPUHININ HAIMAO
Maynepryuc {Maupertuis).’

Hena je dara jeasa c1oG6oAHA Tagka na KOjy
AejeTEYjy cumae, IHTO €y u3B0AM SYIRIAjE CUARX
Uixyz).

Warerpad muBe cile Aaje OHAR!

“mpt = 2 [U 4 k], mp?=2{Ulx,¥,2,) + ]

Tlo opome cé TPHHUHIY CPABHMY]Y AB& KpeTama
3a Koja ¢y h HCTé BPEAHOCTH.

Tloueray Ge TOAOMA] &, Y,Z, MONE OADEANTH
NPONSEOBHO,, & NOYeTHA OpsuHa 3 APYTE 04 HOCACA-
BAX jeAHAUMHA TAKO, Ad NO0JA0MKajH W HOKpeTHe Ta-

YKe U KPUBHUX JANHMj&, KAO MYTOBa, AgHe ¥ PErudony,

rae je Ulxyz) + h nosuTusHO.
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Aro ¢y A u B apa MoA0Maja crains rauke M
HA KaKBo] AMHHjH O, u3pas ce:

B

ﬂmSV?(U+h)ds -2

A

soBe awudja wo ayry AB wxpuse smuuje € (Tait m
Thomson} rae je ds eaemenar aunuje € u upupmun
Ce OBaKO H3DAKABA:

Hpwse amnmje, wro cnajajy A u B, a ocolnme
Cy A4 je BapHjalijd aknuja myaa, Kajl cC Ca jelHe
KpuBe na Apyry Oaucky nmpehe, Tpajextopuje oy koje
OHNHCYJC HOKPeTHA TAYKA ¥ NPHPOAHOM KPETamy, Kaj
ce TauKka WYINTa He jeaHe cTajsHe Tauke A y Apyry
o oApehenom mpasuy Aa Aohe y rauky B

Mehy cBuMa TpajexropujaMa saba uzadpard omy
o ®ojoj je aroHja minimum, & ©BO ce HAJAA3W CcTa-
BRAjvhi Bapujamuiy axiuje paBHO HYAH.

B

Hurerpaa 2 je obaura: Sgp{xyz} s uam
A

pleyz)=}2({U+hj- 3.

Ja 6u gaman AndvepeHnBjalHe JAHAYNHE TPajek-
Topuje 33 Koje je {1 minimum, 24 ©BoO Tpet‘)a npH-
MeNHTH jepHaunse o6AuKA:

cix} ol ds

d{ Ve m g — 50 Gogs oY

I TakBe neTe jOIl ABe 34 4y, dz.
Axo y MecTo 8 yaMeMmo u3pas 3a t W3 jejHaqune:
ar=_dme
V2R
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AMGCpEHnUjaane cy jeAHRUNHE KPUBE JAuHMje 34 KOy
~je £} minimum.

d’x oU dy ol d*z  oU
Wlﬁ?:a“, Tfla—tg—:@-, ﬂld}?mg

OBo cy jeanaumne Kperama cacbojHe Tadxe.
Jeanaunna 5). je jeaBauuHa HuUBE cHae, Nde 1 nMa
oApeheny BpeAHOCT.

Opaj ce npuRpuUM IpPUMEILYje I HA KPeTamhe Tayke
110 H3BECHU] TIOBpPUIMHI.

Hpure aunnje wa nospmusnn namehy 4 u B, oco-
GHHA A3 je Bapmjailuja awknuje HYJa, Kaj o€ C jepHe
Ha APYrY obammmy npehe, TpajextopHje cy morperHe
Tagre mrTo coajajy 4 n B. ’

Mehy oBuma ce ouer oma oapehyje sa xojy je
| 4ROHja minimum M OHA je OYT TaUKHH.

UETBPTW HAEO

OAHAMMKA CUMCTEMA — OCHOBHK AHATNMUTUUKE
MEXAHUWKE,

————

. OAE/BARK
AHANHTHYHA RUBAMBEAR TAVKE.

raasasa xv,
HanoHcHe jepHauvHe w JakofHjesa Teopema.
§ 170. — Teopeme xoje hemo maBecTn npumenyjy

ce Ha NpolicMe He camMO Kperama Tauxe seh u cu-
CTeMa TaYaka, od TOM DasAdKOM CaMo WTo je Gpoj
napamerapa Behs o4 3 ®oA cucTeMa, AOK oY jeAHa-
YMHE HPETalma AATE CaMo jeAHOM, HAM ca AB® maw
ca Tpn jepsaumue JarpamRoBe, npema ToMe A4 an
c& Tauka Kpehe Yo JAnHujH, TOBPWHHH nAW je cao-
Ooaua. Cpe ce opo NpuMemyje jom camo HAa cayda-
jeBe raa cy cuae X, Y, Z, woje ua cHcreM MAH TAUKY
AejeTBYjy, M3BOAN usBecHe dyHKunuje cmaa Ulxyzi).
IIpema oBome, y onmTe ce jesHaunse KpeTama Ma
HAKBOT' IpoGaeMa MOTY cTaBurn Yy o6ank Jdarpas-
HOBE jejHAUNHE.

‘ j_(éT)___ aT _ ouU . 9q,
b dt \og ' o

oq, oq, 1.7 5

rae je v ={, wax » = 1.2, vy = {. 23, wan y omurre
»=1.23..-n sa raury Ha xyplu, Ha [OOBpIIRHE,
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ca0BoaAHY TaurRy uau cucteM. Mu heMo noemarparn
CaMO KpPETalme TAayKe, jeD CY TeopeMe HEeBIRHCHE O
Opoja jeamannna noa 1)

L Bawonc¢ke jepHaYHHEe — Teopema Jaxoimjena.

§ 171. — Tpanceopuannia 1Toaconosa [Poisson)
1 XaMmuarorosa. Axo ce y 1) {§ 170) cTaBn:
. = oT oT o of 9)
1 T Py T v Py T ore o A
Oql C)q aq k9
onza he p,p,, p, OHTH AnHEADHE dYHKON]E 04 ¢, ¢, G ,,
pomto je T 2-or crTenena N0 MOTHM KOAHYUHAMA.
Haa ce #3 HoCACAIBMX jeAHadHHA OApeAe KOail-
wine ¢, ¢, ¢, Oulie aare wspasuma:

4, = {0,899, PP 1)
q! = fa (9,9, qy, Py £, Py & -3
¢, =1{,04,9,9,2, 9.2, 1)

Kaa ceoBe jeagraunte cMere y JdarparpxonnM jea-
HadusamMa oa 1)§ 170 3a cayuaj » =1, 2, 3 nmahewmo:

d (é?“ _dp, .
}_ di

pr

Aa Buw Hamaw wapaz —

» Al ePenInjalumo
¥

T, cmarpajyhu t = const. na hemo umaTn:

oT

7T = aql t?q aqz aQQ + (} (}‘QB "}'
°T . AT
+E&7:§q :+ ()q 5‘ +

]
g7 n Jq oy Bapujannje T u napametapa;
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HAR ¢ noraezom Ba 2.

oT

T = — aq 6‘ s fqu R 94, +

+p.f5‘q‘+p2c?qz+p,3qs-
{Jpo ¢e& MOMEe H OB&KO HATHCATH

0T =d{p,q, +M' + P )+
oT 3T \
4 e g, 4 g, .+ 3 r?q,i q' é‘p, q',90,—q',9p,.
0q, oq,

Cras.pajyhn mparwohe paam:
K= Py Q‘l + pzqu + psq;s e I é)'
HMAMO H3 TOCASABE JeAHAUHHE !
' a’t a7 atT
e —— e O
§K oql a\QL aqz a\q q qs +
+ q,l (ypl + q’-: ()‘pa + q 3()‘\03'

Axo uspas 4). cMATpaMO Kao CYEROM]Y ¢, 4, q,
P, P, Py t, umaheno:

5). OK = 3{{"‘ dq, + ﬁa L+ ;j‘: Sa, +
oK -
()p 5‘ + {?q: + apa 6.20 .

Hs 4} n 5) usaaze ognocu:

COT oK , oK .
— L = ey q :‘Ms”ﬂiygx‘?' .b}‘
aq, aq, ¥ op,
Haa ce caj oBo cmenn v JarpamxoBAM jeana-

4WRaMa, OHE NocTajy 00AHKa .

+ oK oU  dq, _ 0K
T og dt o dp,

re=1,28. 7).
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Ose ce jeARauuHe MOy U 3T0jHUje HpejcTa-
purn. Hapy ce ca H oBesemu mspas:

H=K—U, U je saBucHO 0a ¥Yyzt, OAHOCHO
q, P4 M & K 0A 4,9,9, p,p, Py ¥ I, OHAZ & W3
H=K~—U

0K _ oH 0K oU _ oH

{)pv Sﬂﬁ:’ {)qV o é?v o éqv

CueroM oBHX BpegnocTm y 7), Jarpamsose je-
AHadnHe j00ujajy 0GANK:

dg, _ oH dq,  oH dq,  oH
dt — op,” dt ~ ¢p,’ di  ap,
dp,  oH dp,  oll dp, _ oH

dat  0g, di aq,’ dt . oq,

oH

0zo cy XaMUATOHORE jeiHavuie Rperama. Ibn-
XoB je Gpoj mect 3a 0a000AHY TAYKY, UHAUE 2N, aKO
je n Opoj napamerapa, xojuMa je cucrem oapehem.
To cy jeamagune npeora peaa © Aajy 4, 4,9, P, P, P,
K30 ¢YHKHUje BpedeHa # B MOPOUBROLHAX KOHCTa-
HaTa. Ba Rperame cHoveMa BYmRHO je wahu cawmo
4, 4, 9, Kao @yEKnouje BpeMena. Te ce jedHauune
sony u Hamoncrum.

§ 172, — Axo xyz nwe 3apuce AHUpeRTHO o4 i
sek camo oa ¢q, q, q,, KaHOHCKe ce jEARAUWHE YTpO-
mhyjy.

Sa oBaj je cayuaj:

‘ K= T
OBo w2aa38 w3
‘ BT oT AT
Pr=gq' - S i v ST
qlc)qr] +qa{-}q.2 +q; @Q',

K-—-"‘—szq'i +?2q‘¢ + Psffs— T=2F —~T:=T

L 4
XaMuaroHosa je oyeromja H=T—U.
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§ 173, — Had 200 nocrojs oyuEnuja ouaa U {xyz)
YBER je Aar IpBI HMHTErpa.d, 3BAaHH HHTETPAA KUBE
cude 1 ou je obAMRa:

T—U=h.

OBaj ce uwrerpaa Aa N3BECTH M N3 KAHOHCKUX
jeanaunna 33 cay4aj Kaa xy 2z 3aBHCe CAMO 04 ¢, 4,4,-

Aro y oBoMe cayuajy H awdepesnoujasmmo mo ¢
nMabemo: '

il _ dH dg, + oH dq, | oH dg,
at  oq, 4t og, df aq, dt +
oH dp, oIl dp, + oH dp,,

+ op, dt + op, di op, dt

HAW fIleMa HaHOHCHNM jeAHavYUHaMa:

oH dq, oH dp,  oll oH oH oH — %
oq, di dp, dt ~ og, op, ap, dgq,

aH \
7&- = O, I'} — h AW T o U - ho
§ 174, — Hpumep. AKo je aaTa TauKa Y PaBHH

Ha KOJY AgjeTBYje cmaa, HITO A€M Y T0] HCTO] PABHH
a SYHROHUjA j& 04CTOjam:8, BHaAYH A2 j&é Kperame Ta-
4Ke ojpeheno ca ABa mapamerpa ¢, q,. JHuBa je emaa:

T,: }/2 (‘Y‘m ~-{-— 7‘25!2}; qi = 7, q2 i ﬁ

A eyHRTHja cuas je U==w{r).

T je xoMoremo mo v m #. XaumpaToHOBa je
GyHRITE]ja:

H:TwU::—é—(r"..anzﬁ")mw(r}

T T,
p}""‘ @T"- ¥ pg_aﬁs'_ .
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Haa ce oBo cMemu y H wmahemo:

£y ¢ ) X
H=5(pt+ B w0

Haumoncre ey jeaununne: ?
dr _ | a0 _p,
a P a
dp, _ p, dp, .

L — gl =
dt — e TV g =0
Oaapze Bana mahu v, §, p, p, ®a0 dyHROHje Bpe-

Mena, Hz oocasame nMaMo:
" 2 da £ 73 .
p, = C, u3 Apyre r e £ {jequaqusa Hospm-
na). MsbamunameM p, us npee m tpehe uMamo:
d*r O ..
ar =t

Osa jeamaumna Aaje Kperame [0 PEORY BERTOPY.

II. Jamefzjera zeopeda.

§ 175. — Dyarpuja H je 3aBuHcHA 04 napaxe-
Tapa:l g4, 4,49, ¥ P, P, P, Bl ¥ By MOKEMO OBARG Ha-
CATH :

Hi{g, 9,49, 0 P, P, b\

JaroGujena TeopeMa IMACH: A8 ¢V KAHOWCKE je-
AHSYEHE leiNANHNe HADAKTCDUCTARA (eAHAUWHE TIApD-
BHjaAEE LpBOTA pean ofauHa:

it (62} an ov )
gl 20 —_
(’)t.+ g, aq, oq,” 9 9.9t o i

_,f}.pyrm ce ujam ope jedHaTude A00H[A Iii“i“{l 08 v
gy Aav ov

H cwmeun ‘ B e o e,
HB PP, g, 0q, 0q,
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KaMuATOH j& A0RABaG, Aa K&L C& JMajy ONImTH
AHTErpRLl JeAHAUHHS RPETAHa 13 KAHOHCHHY SODMH,
i THX ce HHTErpaJs MOMe HAhM KOMILAeTHU HHTEw
rpaa jeanaumne 1), Jaxofuje je olpuyro Aoxasao
wad 68 jeAnd ROMILIOTH# WHTerpad Hahe jeinodnue
gapmujeade 1) #3 mera ce Halage OUNTH MHHTGTDAAM
KPETaA TPOCTHM ANCePEHNIAbEIhEN.

AKo ©& polie RAHOHCREe jeiHavyuHe, tz;&j;_-x je 6poj
sa cA0BOogHY Tauky 6, OHAa EMAMO DPEUISHREe 3ABUCHO
a4 6 RHoHeTAHATA B O0UNK je OTIUTHX HHTerpada:

4,=F, {te,a,a,b,b,b)

pa=1,2,3
p, =G, ta, a,a8,b b b} T

rae ov a u b poneraure.

Jeguawnua 1) aaje © Kao SYHRUA]Y oA 4,6, 4 1,
1HEH € KOMILIETH HHTErpad SaBHCAH 04 TOIUKO ROH~
cTasaTa KOJSUKO {IMA HeUABHCHO IPOMENLUBHY, AAKAS
nA uwermpu KoHeraxtTe., (B0 Bpean raj y i) eurypuiue
W £aMa HEDOZHATR SYHRON]A ¢, 44H KaxKo TO 0BA®
gije eaydaj, 6po] ©& KOHCTAHATR CBOAM Ha TDPHU H
pencwe jo ofausa !

©l¢,9, 9, 12,8, 2,]
2). - - v 4 Rk je ca)l ROMUACTHH uuTerpadt. .

Haa ce uahe koMnaerin nurerpal @), jessavynHe
£y KpeTama o0AHRA:

D av o .

3},- ..{\;é--:;—_tbl 5—;;—332} é‘é;-—bgg
i 0w 0w s
booeo == é;i‘:i P, = aqg7 By == 3q,

IIs nppe Tpu jeiHauuHe HAAABWMOL g, 4, 4, BRO
SYHRIMje BpeMeHa [ B HISCT ROHCTARATA &, &, &, b b, b,
03 APYTe TPU P, B, Py
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Bampa caa aomasatn An cy pellema mocaejiba
OTIITH mgmrp&mn KAHOHCKUX jeAHAMUHE :
dq ot e o
f&.—'_——-—L, 1):1,23. .5}
dt ép dt 0q,
Jeanadune 3) ¢y Tpu jeamaunne cumyartane ua-
Mehy g, g, q, t 1 aKo 13 WUX TPAKKMO HBBOAE q, ¢,
q, Ho t umMahemo:

' + v dg, o'v  dg, o'y dg,
oa,dt ' oa dq dt ' da, oq, di T aq, oq, dt
. LB,
> v d o*v  d o' d
+ q] + q2 + q‘] = ¢
da, ot da, oq, df da, 0q, di va, 0q, 4t
dzv_+ o :iql_l—_c) v _dg, | o'w dg,
da, ot " oa, ogq, At ' oa, oq, a4l | oa, oq, At "
dg, dg, dq
Axo ce opaBae m: —=1 _2r 743 B AL
AaBae Hahe at dt di BuAche ce aa
OHU 3810BOLABAJY jeAHauynHe D), Lall &KO Ce ¥ mBUMa
o
JaMenun di; 13 5), P[Ma,heMO HACHAUYIHOCT |
3% o' ol o'v oH | atw oH )
== 0

oa, ot + oa, 0q, Op, + da, dq, 0p, + da, oq,0p,

Kap ce OBAE cMEHN ¢, 4,4, p, P, p, U3 3) u 4.

Aro ce y 1) oMenu v ca oynruujom v {t a a,a,
9,9, q,) PE3yATAT je Hyaad B3a MA& KAKBO g9, 9, 9, ¢
@8, a,; IUTO BPeAd U 38 DAPHMUjalHe H3BOAE TIO q,
4, 9, t a, a, a,.

Hs 1} umamo apusepeHnujaberbeM [0 a,

_— _|_ ()U — _{_ [)U . +
aal ot O(a—) a(‘il Oql a(o )Oal Oqz .

i . Py
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oM
. .8
+a(;]aa o, ‘

8) wasyje Aa je T) AoucTa paBHO HYAH, Kaj o€
p, p, p, CMene H3 %) To HCTO BPeAH 38 0CTadc Ane
1
jeanadune moa b).
Ha oBaj je Haums TOKAZAKO, A& ¢, G, ¢, U3 3) 3a-

_ g, _ oH o HeT ‘
A0BO.LHABA]Y JeAHal{HHy -ggv:(TpV’ TARO ¢e HCTo HMA

AOKA3ATA A& P, P, P, U3 4] 33A0BO.LABAJY [EAHATHHE:

dp, oll

dt ag,’

OBo hemo norasaTn 34 p,

Nz 4) mMamo:

dp, ) + ()'v dg, 0 %_%_ o'v  dg,
CTdt T oog, ot Uoagt dt T oog, dg, dt T og, oqg di
Torasa 0 da ¢ q‘ q" jeAHARH ca oH
OK&ZAA MO A y — a1t dt Y dp,’
OH oH

Kaa ce OBO CMEHH Y TOCIeAmO] jeaHauunu

b

op,’ op,

oH )
W GTABU PABHO — o nMaheMo:
{

v

. o o'v aH o'v ol
LA oq, ot + 2q,” op, + dq, og, Op,
afv  oH all
+ g 0 oo, =%
4, 0g, 0, q,

OBo Mopa OuTH MaeHTHuHOCT 300r 3) M &)

Nu jeamadune 1) nMamo:
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&' N L _OH sy

0
e e S 0 Y oo | -
0g, ot + 9, * (—53-») og.* T 0 (6—;—) 0q, og, +

1 S

oH

Opa je jeanaumua meromeTHa ca 8 ¥ Rojoj cme-

BEHO D, P, P caﬁ 2—2» il Aaje U3pas o == 0,
v 1 2 3 Oq]_, Oqﬁ& l’)qs

Orum je jodmjena Teopema JamoOujema u muTe-
rpamyja je jeaHaudHa KpeTaiba £BEACHA HA TPAMEHE
ROMILASTHOD nuTerpaas Jawobujepe Avusepexuujarss
jeaaunBe, u3 woje c¢ aneepedndjambgmeMm Zobujajy
penteba Hpobaema.

§ 176. — Awno y jeonauwuwu Jarobujeno] wema i,
o ce jaBba KAA XYr BaBUCe ¢AMO 0) uapameTapa
4, 4, 9, wm wag je U sesammcro 04 f, omaa je:

H{’p! P89, 4, qs) =7—U
¥V osome ce cAy4ajy je,,a,gatzz-zéa JarobGujens :

OB ov dv On }_
B‘t‘“}‘H(a—%a—%ﬁ&;qn 4,9, j=o0- -1}

Bal0BOSABA HHTErPAAOM HOMIASTHHM OGAHKA
v=—ht-wig, g, %) - -2
Kaa ce 2} emenn y 1) nmahemo:

oW ow 0w ) C e
““*h-l“ff(rmg;}:gﬁ%qeqa o« <)

Howmmaetan waTerpad 2') je aar USpasoM:

wig, 4,q,a8h
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BABMCHAM CRMO 04 ABE NPOH3BOLHE KOHCTAHTE
o u 3 mopea h u obamra je:

v = ht -+ wig,q,q,afh
JeAHAYHHE CY RpeTams CaZ:

Sw , ow . oW
—5&=a,a_ﬁw5,""5‘t‘§g—“*o' - 3).

0w 0w e

= P P = s s 4,
Py g Py g P o )

IIpse sme jeanaunne memajy I m aajy olamwm gy-
Tame Tadre, Tpeha aaje speme. Homeranra h je osBae
ROHCTAHTA MKUBE clJie, MTO jacHo Hownasyje 27), u wro
¢ Mome W OBawo HampmoaTH —h 4 He—h 4+ T —
~ U= 0; ojarae je T=U -} h.

§ 177. — IIpumepu. Hperame Oavuene maTepn-
jadBe Tauxe y mpasuome npocTopy. Hexa je xopu-
SOHTRAHA OCOBHHA 0X, oY DOBUTHBHA Ha BUINe, TPa-
jexTopuja je y papsn. Hoopamuare cy Tauke x ¥
{g, q,), weea je me=={, U= — gy eyHRUNja je cuaa.

H=T— U, T==U-{ h npsa je guTerpas muse
CHAC,

Jeanaunna JaroGujepa je:

R (R E R

Harerpaa je ofaura:
w=oax - @y - 2. & je KOHCTAHTA.

Bamemom vy 1) wmamo:

— R4 e g iyl ay =0 -3

EPENEREE:E MATEMATHRA ~— WEXAHNKE 17
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Mz 3) ce HAAa3U ga i 3ameHOM y 2} mMaMo!
w = ox |4 Vzh—a —2gydy - - I).

JeAnaulta je Tpajextopuje:

E)E: ' x——aS dy *-a'- 'zi}

bl

dat J2h—a*— 2gy
Bpeume je:
] =—1t, b}
— t + S to’ — b+ Sl?h—_az_,ggy 0 )

112 4) je TpajexTopHja mapaboaa:

x4 4y Yo —a’ —2gy=a' - - b

Iz 4) u 5) je

x—a
bt =
av ov
—_— y p, == -—— CY OBAE:
Mo T G

= un Yy = Vﬂh—a%— 29y

§ 178, — Hperare y upocropy jeone maanere, Hera

oy maamere M KOOpAWHATE T, 1 Y. Papan xy je paBa‘,H

Z SHAUIOTUKS, OCA 0X CI&Ja

M CYHEE Ca TAYyKOM BepHal-

HOM,(IpOAETH€ PABHOAHE-

- BHOE), @ je JATHTYAR, Y
@ AOHPHUTYAR [AaHeTe.

> Y dbynrnouja je cuae

oo U:'L_:‘- Maca IIaHeTe je

3
X o m=—1.
Ca. 111
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T="1, [ 4 v g o cost gy,
ol , o

=9, o (}T_‘rz . .
Ph= = aPz—ag) e, p _f“‘P'_ cos '

H=T—u=")p0 0 g P | &

r rcos’ @ -

JarkobGujesa je jesnagunna:

_é_[(%")n : ( J+r“cos e (g’:’))z]:;:‘ TR

HoMmaersu je umrerpas o8auka :
w=R4 P+ F. . 2.
R, &, ¥ cy oyurnmje camo oa v, ¢ u .

Hs 1) u 2) umahemo:

1 12 i ¢ 12 j 12 __]l‘"
—Q_(R +?p +r2cosfg71P )—T+h
A
2 1 vz 2 2[”’ r2~
¢ +cos“g)w —?(thrT%R )

OBo mome mnocrojatu ako cy obe CTPAaHD &4~
HaKke HeTo] KOHCTaHrH G°, U Ka) C€ To craBu, Ha-

Aa3K ce za R:
~ 2
S]/?h«\——-- r,

1
cos” @

i

(15|2 + 'IPH?:GI’
HAH
‘(P‘u! — (G). - (DCI) COSZ ¢,
| ¥
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MHocaeama jeAHAUMHA MOMKE NOCTOjaTH AKo oy
pobe crTpaHe jeAHaKe jeaHO] HMCTOj KOHCTAHTH H. OP.
L* opagae je: : :

P=Lu¥=Lyu

Y e
b = r dg.
SV G cos” ¢ 7

Haz ce unahene BpeaHoctu s3a R, & u ¥ crase
¥y W, MMAMO A3 je HOMILIeTHH HHTerpad:

i

o= G o e

JeaHauuHe CY RpPCTABKRA!:

ow = ow = 1 92——"15 i
3G =% B T W T T e
HAH
T dr % degp
—G\ , 2u G TG l/ R ¥ =C-3)
Sr V2h+___'rT "~ cost @
— . - 4
¥ SCoszgal/ G — L2 ¥ }
. cos” @
r Q” dr

2 G =t—t, -5
SVW%_?‘

Mpse aBe jeiuauune 3) u &) Aajy TpajexTopujy,
rpeha 5) aaje Bpeme t:

Sgauaj komcraHarta y 3) 4 u 5). SHaMo 32 IMa-
Here Aa je opOHTA eANITHYHA, MAKCUMAJHM ¥ MHA-
HUMAAHA PALHJYMH, IITO 0ATOBApPAjY agpeaqju U Tepu-
xuanju, cy a(f Lej=r u a(l —e}=r,
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I3 5) umamo:

ar _\fo o 6
dt I/Qh,—|-- r

Aa je r cTBapHO, HOTROPEHA KOJAUMYIHA Mopa A3 je
>0, a oHa je obauxa (r— 7)) (1 —r,) Rax ce 1o
CBpLHI/I HUMAMO Ad Cy:

2

U3 4), aa je w crBapuo, Mopa G* ~— ——
’ €os (;0

Maxcumaaso @ je.i yrao opbure ca eKANUTHROM:

> =o0.

£4~ 08 @ — i, L =1 up ]
G-—c P —=cos 1, __,Vp,p-cosz.

Aome cy rparune:
33 yrao @=o, Kaga je
nianeray N usaroaro-
Bapajyhe r =4 (1 — e),
BaA je Tauka (laagera)
y nepuxeaunymy P. IIa
5) je t, oHAA emoXa MHe-
pUXHARYMA, U3 4} je
AoHruryan uBopa N.

s 3} je: X
P Q‘.(p
G T 2 -
VG _ L C. -6
cO8 @

¥, j& aaruTyaa npepuxeanyma, wako je L = Gcosi
us 6) je:
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-

£os @ drp-

‘f cos” ¢ — cos” i

Dt ey

HAM S

sin . s

arcsin( - SO‘) = C uan sing, =sinisin C- - 7).
sint

Aro je PQ = ¢, aaTtnayas nepuxesnyMa, w3 cBSpHOT

je Tpoyraa NPQ: '

sing, = sin NPsini - - 8).

M2 7) n 8) jacHo je, aa je C = NP a 7o je yrao
peoda BEeKTODA IepuxelujyMa C& DEOHOM ReKTODOM
yeopa N. ’

JUTEPATVYPA

st

Lagrange - Mécanique analytique (1787) (npmmena Jarpam-
RoBe jeAHAURHE),

Francesco Sjacei — Reale Accademia dsi Lince 1881 —83.

Routh -~ Dynamic of rigid bodie.

Goursat — Sur Uintegration des equatjons aux deriveds par-
tielles. :

Mayer ~ Mathematische Annalen — t XIIIL.

Levy - Comptes rendus t. OV,

Kobb — Bulletin des Sciences mathématiques 1. XXIII,

Darboux — e« b OXVII 1881,

venigs — Comptes rendos 1896,

Goursat -— Transformations isogonales en Méoanique, Comp-
tes rendus t. GVIII, '

Wilbert — Mémoire sur I'application de 1a méthode de Lagrange
4 divers problémes de mouvements rélatifsa.

e

APYI'M OAEJBAK
DRRAMEER CHCTEM:

e i——

I'1ABA XVI

MomeHnar WHepuuje (nersuBocTH)

L. Onmrm aeo.
§ 179. — Iipu nocuarpamy KpeTama CHCTOMA
TagaKa, teda, cpeheMo ce ca mETerpasmma oGamka:

_KOJH ce CBoAe ¥ TeoDHjU TeMumTa Ha HSpase :

X mx, Zmy, X mz u uspase:

Emx’, Zmy®, Emz®, Emxy, L mxz, Zmyz (Huy

¥ TeopujH MoMeHATa HHepimje. )

~ V OparTHHM HMaMO CaM0 MOMEHTe HHepluje y
OAHOCY OCOBHHA, ald Y TeoDuji MOMKEMo ToBOpHTH
H O MOMEHTHMa ¥ OAHOCY DABHE 1 TayKe.

1), Momenar nHepIiEje y oAHOCY Ha paBaH je
CYMa IIpPoMBBoAZ M3 Mace cBAKe TauYKe ¥ HKBaADaTa
oacrojama § Tauana op pasm, X &%

2]. MoMeHaT JAemMBOCTH 0JHOCHO OCOBHHE |8
CyMa MPOMBBOAR MaCe ¢a KBaAPATOM 0ACTOjama Ta-
9aka r* 04 ocosune, X mr’. OBaj ce MoMeHaT Gedemn
obnauo MK*, rae je M wmaca medor cuereMa K no-
AYNPEYHUE 3aMAjUBAKA CHCTEMA Y 0AHOCY OCORHHE. -
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3). MoMeHaT JAeWMBOCTH Yy OAHOCY HA TAUKY je
CcyMa TPOHIBOAS MACH TAUAKA CHCTEMA 3 KBajpara
oicTOjama THX TauaKa OA AaTe Tadke.

Axo poz jeany Tadky 0 mpoaasze TpU OCOBHHE
X, Yy, 2 KOje ce CeKy 110 UDABUM YIAOM, MOMEHTH CY
ASWHUBOCTH OAHOCHO TPU PABHUHE:

X mxt, Tmy®, Zm
OAHOCHO OCOBHHAZ €Y MOMEHTH JeHmUBOCTH!
Imiy + 2, Tmi2* %, Emx* 4y,
OAHOCHO TauKe :

Imx® +y* 4 2%

s omora ma.aas® Aa je:

1). MoMeraT A2HBUBOCTH 03HOCHO OCe: jéiHaK MO-
MEHTMMa OAHOCHO ABe DaBHH, JUTO NpoJale Kpog
TY 0CY. o

2) MomeHaT 0AI'0CHO TAUKe je: paBaH CyMH MO-
MEeHaTa OAHOCHO TPH NBRH, To ce Cery y Tauifi.

Z 4). IIpouszsodu umep-

T yuje. (OBaxko oe 230BY

- papasu X myz, L max

u & mxy, jep ce cBoAe

(A MOMEHT® JeEBUBOCTH.

AKO ce KpOo3 zox # oY

IOBy4e pAaBaH KOja I0-

AOBH YIa0 AHjeAap Hs-

wehy mux, ZoP u ZoP,
Ca 118, HMajy “2a jeAHauwHe :

\
\\
\\\
/

Hﬁ Yo i i s s o e i it

i [— - i
X4+ y=so0o Xy —y=20

Axo ca 0 u §' oBcaemiumMo oacrojame jeiue Tauke 0
OBUX paBHUHA nMahemo:

HEMMEBILEHA MATEMATHEA 285

P by w8 = e —
X may =/ {Emd — Emd?

i

§ 180, — Howrunyupnu cucremu. 3a oaspeady
MOMEHTa 1eHUBOCTH Ma KaKBe XOMOIeHe MAce ¥ Mecto

-

uspasa X mx® u X myz yaumamo SSS px’ dv u “S{Jyz dv,
rAe ce MaCe oMemBY]y ca gdv-g je r'yc’rima‘;va v 3a-
UpeMUHHA, -

Ilpumep. 3a MoMeHTe MHeDH#je cBepe XOMOTEHE,
Ynja je rycraHa g, TPamKHheMo NpBO MOMeHaT HHep-
nuje # csepe y oaHocy menrpa. OBaj je Momenar,
axo je R noayopeuyHux cwmepe, ayukriuja R.

dp = 4m R* g dR - R*,
Hprerpumyhy oa4 0 a0 R umahewmo:
# =] 4/5 f‘t 9 R’

MomenaT AemUBOCTH je 0AHOCHO DaBHU AMjaMme-

TpadHe

Ysw=",mo R
MomeHaT A€HUBOCTH 0JHOCHO je JHOT AMjaMeTpa je:
J'z 2!3 !‘,: sljls“?Rs = Ma/& 82

M="/,mp R® je maca ryrae. Hs jeanaunne J=MK",
ToAyTIpeYHHEK je BaMajuﬁama K—RH Vi;(:

Hpumep. MoMeyar AemIBOCTH CAUTCOHAR:

z2

R o
"}'bz—'g_cz—i in

x*
a‘l
MomeHat 1eHUBOCTH OAHOCHO XY DABHM je:

Imz' =\g drdydz - +2)

LA
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Axo ce v 1} usepum 3amenma X == ax’, y = by’
ze=¢2', #8 2) UMaMo:

R

p mz* = abc’ 5\\ gz dx"dy' d’ - - 4.

Wurerpaa je cag ogHocHo csepe &' Lyt 4 2"
—4 =0 ¥ 353 MOMCHAT uHEpHHje OAHOCHO DABHH AM-
jamerpasne mmamo: */  mp (R==1}, H RaA ce OBO oMeRH

v 4) umahemo:

c?

Eme® =1 rmoabe’ =M 50 M == %], e abe je

Maca eAHNCOHAR.
MomenrTn CY. ACHRHBOCTH OAHOGHO DaBHM X H Y2

bz az
M—M—
5 5
Mosentn aemuBOCTH OAHOCHO OCOBHMHA OX, 0¥ H
0z CYy: .
b2 ” c} ci a‘j az bz
w2t LM + , ﬂmltm;
5 5 5
2 2 2
b e
GAHOCHO HEHTPAa: ( +r + 2]
oF
II. Onmree Teopeme.
§ 181. — Bapmjanuja MOMeHTA JSHRHBOCTH CH~-
CTeMa HpeMa OCOBHMHR RC]jA Ce IIADaARAHO IIOMepa.
7 B MomeraT unepiuje cu-
cTeMa 0AHOCHO jeiHe OCOBU-
e He je jeAHaK MOMEHTY HHep-
M{x’ gHje 0AHOCHO oce, TITO HAe
! KpOs TemumiTe 3 napatelsa
H .
e ‘P}{. Je ca ApBOM BHIIE MPOU3BO-
F{;/,»'A Ay u3 neJe Mace U ®BajpaTa
o OACTO}AmA THX CCOBUUA.
¢

Hexa je mnpoussomna
Ca 118 ocoBura AB, GZ| AB oco-
BMHE LLHTO HAE KPO3 TEMH-
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mre {7, GA = x == a. Momenar aemuBocTH Teaa oa-
HOCHO OCOBuHe AB je:

Em [(x —a)' 4 y'] = Zm (" + y') -+ a° Tn—2a Emax,

Emx je uyaa, jep je TeRHIITe ¥ NOYETKY CHCTEMA
¥ oryaa je:

ImCA® = Em (&' L 4% 4 a* M
Em CA* == Jg - 2 M = J,.

jep je Em(x® -+ yi) = J; MOMEHAT JeWHHBOCTH OAHO-
cuo oce CZ u nocJaelOM je jeAHaYMHOM Teopema
AOKARAHA. .
Aro Yy mecTo oce AB ysmeMo Apyry odfosuny
A B, n meno oacTojame oa GZ ofedexuymo ca a,
umaheMo oamOC:
Jy, =Js + 2 M,

OaysumaieM OBHX jejuaunna 106ujaMo:
Iy Jp, = Mla® —a ")

KOja HaM aaje J,, Kaa sHaMo J, M DOJLOKA] TemMNLITA.

Opa Teopemsa BpeAH OAHOCHO Ta4Ke W DPABHY
npeMa TeRImTy.

§ 182, — Eauucoud
unepyuje (Poinsot). Axo
yaMeMo jeiHy TpOH3~
BOLHY Taury 0 m wpos
BY HOBYYEMO IPOHS~
BOBHY UPABY @, TANKY
0 cmaTpaMo y noderky
KOODARHATHOL CHCTEMA,
MOMEHAT je 1eHmHBOCTH Y
ieds OAHOCHO TIPOH3~ : Ca. 179
BOBHE [paBe 0p:

Emr
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Hexa cy oy wocunycn npas og. I3 canne je:
= mp® = Om® — 0p*, nam
PP == xt Yt b 2 (e o By A+ y2)
AR
vt et byt 2 et BT T — e o By o )

HAH
=ty R ) B ) e ) — 28—
—_— 2yazx — 2&(3363!-'

Ha,a Ce 0BO 3aMeXn Y MOMeRaT ACHUBOCTU, A0-
6uja ce uapa3 06ANKA:

Emr’ = Ad’ | BY + 0y —2D8y—2Eya~
—2Faf . -1

- A, B C oy MOMeHTH J1CHBHBOCTH OAHOCHO 0CA KOOp-
AMHATHHX.

Ieomerpujero Tymavewe. Ao ce mo Lpasoj 0p

¢ jeae u ADyre ¢TpaHe NpeHecy ayHnHe P rtakse,

- i ¥
Adje v = Zmr® uTpamu mecro Tavawa P X, Y, 2},
umahewo sdor:
X Y ¥A 1 .
a = X mr®

=or FTup Y=o " P
1 = AX® 4 BY* + CZ* — 2DYZ — 2EZX — 2FXY .. 2).

2). je jeAHauMHA eJumCcOMAR, jep je Xmr” yBer no-
SUTHBHO. 34 €Ay4a] A2 CY CBe TauKe CHCTeMa Ha NpaBoj
mwro uze upos 8, XZmr® = 0 u eauNcons JAewmuBOCTH
npesasu v guandAgap ofprHE OKO ORe npase.

Bauncouz ce 2 30Be eaunmcoul gHepigdje, merose
Ce PaBHM M OCe CHMeTPHjé B30BY TIJaBiie DaBHH I
TAaBHe oce nHepitije. Bauncous uHepIHEje OAHOCHO
TeMHINTa 30Be C€ HeHTpaJHH eJHTICouA HHepiEje.
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Kaa ce oapesu 0AHOCHG Tauke (} CAMNCOMA HHED-
Huje, OHAA €8 MOMEHAT ACHBUBOCTH Tedd 1aKko Hala3l ¥
0AHOCY Ma Koje npase, mTo #ae Kpog (. Basa camo no-
syhu npasy u Halu el pecex ca eauiiconsom P, us a1y~

1 \
HuHe ce 0P momohy OAHOCE —my = Y mr® 3na oaMax

# MoMeHaT JemuBocTd., Hajmawn je voMenar Aemu-
BOCTH Yy OAHOCY BEJAHKEe OCOBHHE efuTICOnAOBE.
Ma rmamras ceé eAMICOHA He MOME CMATPATH Kao

| efBncous ACHRHEBOCTH. Aro ce SANINCOHA ASHBHBOCTH

oaHece Ha meroBe oce, ofauu My je jeAHauwuHe:
sz‘{—By?—{—&ﬂmf}
A=Emy'+2"), B=2m{+x", = Zmx"}+y".

Jacuo je: Aa je mMa kxoja oA woamumua 4, B, C
mMama 02 30upa Apyre ame, a A, B, { cy momenwty
HHepHuje OAHOCHO TPH Oce.

ARoj€ Telo, uMji ce equncon] AeHhHBOCTI TPAKH,
oGalika nA04E Y DPaBHM Xy, jeaHa je oca r4asHa Uz
a Ox u Oy cy Apyre ape, z je syaa u C— A | B.

3a mIBeCHY TAYKY Y OPOCTOPY MOMKE SAMICOHA
upeplnje upehn y cBepy, Tpeba aa je 3a omo esun-
coly uHEEpIMje OAHOCHO TeRHIITA eAUTCONA peBOay-
WROMI! CILLOTEeH 1 0HAS Ha BHerDRO] OCOBHHM HMA
ABEe CIIMETPHMYKEe TaukKe npeMa TEMHLITY 3a Koje ce
CROAH eaAHIlcOMA Ha CBepy.

Dpumep. MoMeHAT j¢ A1ELUBOCTY AP 21€A00KIEAS
uymje cy HBHIE abc 0AMOCHO TIPABUX, INTO HAY KO3
TEMUINTE -

b* L¢t et lal a4 b
M5 M 12 7 M 12
e K e
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e

OnwTe TeopeMe O HpeTaky CHCTeMa.

§ 183. — Marepujadnu cucrem, 1o y 9BPCTOM
Te4HOM UJAH TACOBHTOM CTamy, ¢MaTpa Ce Aa ce ca-
cToju M3 BeJMEOr Opoja UecTuis MaTepHjasHuX Koje
HApoYHTe YCA0BE 3aA0B0.HABajy. ¥ CA0B, KOJU HecTHIe
YBPCTHX TeJa 3al0B80.LaBajy, cacTojr ce y ToMe: A3
cy mehycofHa oAcTOjarba THX 4eCTHHA CTAJHa K He-
npoMeHbusa. Ao olUTHX ce TeopeMa Kperalba CH-
cTeMa A04a3d, 4K0 ce HAHNHUly jeAHAduHe Kperama
3a CBAKY 4YECTHIIY U CBe cyMupajy.

I. TeoperMa o IEpPOjeEnHjH KOAHYHHEC EPETABA HAM
EpeTake TeEHIITA.

§ 184. — Hop cucrema pasankyjeMo ABC BpCTE
cuda: YHyTapie, Koje ysajaMHo AejcTBYjy usmehy de-
CTHLA U cOBHE ¥ KOje AoJda3e cBe ocrade cuae. YHy-
trapme cy usMehy uecTuma jesHake #m ¢YIPOTHO O3HA-
"eHe, ycJel NPHHIHOA AKHH]e U PEaKIHje.

Ao Mace mojeAnHuX vecTuna, yuje ¢y KOOpAH-
HaTe X, ¥4, 2, X, 4,2 ., OBHAYMMO C& YR, M,, M -,
cuie yHyTapime obegemumo ca X, Y, Zi.m COObHE €A
X, Y Z, jeapaunHe cy KpeTama 3a TadkKy 4duja je
Maca M M KOQPAMHATE X, Y, Z
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dx )
?nEt—.z = E‘Yi + E‘Xe

13

mg—?{:EY.qLEY- - ).
dt : e
dz

mos=E2+ EZ,

Z sHaunm Aa Tpeba V3eTH CBe CHO.bHE H YHY-
rapke Cuie, Koje A04a3e 04 AGjCTBA CBAX UeCcTHALA
Ha YeeTUIY M.

Aro mapmmeMmo jearHaunne kao 1) sa cse ue-
cTUme M ¥ CYMApDAMO 1X, nMaheMo opakse jeiHauuHe:

2

Em dt‘_EEX L EEX,

u jom -age c.audne. Hspas IX X, oroajza, jep npea-
eTaB.ba CYMY CBHX Y3ajaMIINX yHYTPAIU®mUX cula, Koje
ce WMOTHPY, KA0 INTO je PeyeHO W jeAHayuHe CY Kpe-
TAEA CICTEeMD :

Emd_—;:zxﬁ"e
ba ndy—EEY .2
d’z

EMF: EEZG.

OBe ce jeAHa4YUHE MOTY M OBaKO HAMHCATH:

_E[ dt) EEX
g EmUW)=x5v,. -1

—g’—tz( j‘;’) £rz,
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Jearaunnama Il je u3spaena TeopemMa O KOJH-
YUHY KPeTama, KOja I'iacH!
Teopema., — Hseodu 7o epeMenry cyme wpojernuja
da’ .
BeAUMUHE HPETAILA (m m) TaNaKa cucreMa Ha Ma HKojy
ocy jedHaKu CcY cymu UPoJeNUUja CHOLHUX CULL Ha
HCTY OCY.
Jeamauunama ce I} mome pat™h u Apyrojaudju
o6anE. ARo ce ca M ofeae:ry Maca cuerema, ca £ §
KOODAMHATE TeRUNITA, SHAMO H3 CTaTHRE 33 0JHOCE!

ME = Zma, My = Zmy, M{= Imz.

Oaasae je:
Md¢ o dx® Md% o dy MA§ d’z
T = e g = B g = Iy

Kapx ce oo cMmewn y I, jeanaunne rperamba Ipe-
ra3e y oBe:

Md? Md’y
= B g

di*

= IXY, — EXZ, - - 1.

¥ OHE H3paMaBAjy TeopeMy O TeMRHUITY, K0ja r4acu:

Teopesa. Temcuwre ce cucTema wpehe #ao maTe-
pujaina rauwa, uwuja Gu maca Bua jednara ca Macod
ueroz cucrTema w Ha wojy Ou Oejecreosade cude je0HaKe
u wapadteime cmovnum curama. (Newton).

§ 185. — Hema cuosunx cumaa. Hs II je jacwo
Raa HeMa cIOLHHX ©HAa Aa ce TemHImTe kpehe no
HPAaB0j mmnjn}ég;;aa& OBo BpeAd 33 CYHYAHH CHOTEM.

AKO ce HOCMATDA HPeTAme TeIIKOT TCAZ ¥ Hpas-
HOM [IPOCTOpPY, JeARHA CHAR [ITo AejeTBY e je Zmg== Mg,
Temumre ce wpehe no mapofoawm.

Mpumep. Tpaama TtonoBa. Hera je M maca
TOTA, M MAaca NMPOjerRTHAS, % Maca 4YecTHIe GapyTa.
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[Ipe caroperama Oapyra Op3uHA je Te:MHWHITA Buaa
HV.Ja, llocke caropeBama Tarohe Mopei Gury mHyaa, jep
£y ce caMO yayTapme cwpde jasmae, Anoca V, v mw
osHAaumEMO Op3uHe NOYeTHE: ToHa, NPOjeRTHAZ H Ye-
crTune W, Do Teopewmu Il umamo:

MV — Ztgw —mv = o - - 11,

[ —

w Ce YRUMA A3 je pasHo 5~ U 38MeHOM ¥ 1 mMamo:

v ? 2m - m’) m' = Eu
2M 4 m' '

IIpumep. Axo ce NOGMATPA CHCTEM, KOju apa-
BAAMH M3BECHA cHAL U3 uenTpa O, oHpa Baka Upu-
BAAYHY CHAUY HPEHETH Hi TeMHIUTe H CMATDPATH CHMe
eTeM Ka0o Traydy Mace uHeaor cucrema. Oayuaj ce
©BOAM OAM3X Ha KpPETambe¢ MaTepHjadHe Tauke, 300r
Teopeme [I.

II. Teopema mMoMeHnaTa BeIHYHHE KpPEeTimA.

y 186, — liz jeamaunaa {§ 184), raa ce mpea
jeAnauuna [MOMHOMHK ca ~— Yy, APYTE ca x M cabepy
amaheMo : ' '

PN

77 x Zit_ [ Z{{ ]mx(x Y;“—'yXJ-PE(x Ya_y X.),

B CARYHe jour aBe.

A®O ce OBakBe jeaHauune HaIIIUY 348 CBE Mare-
pujadite Tadke 1 cBe cabepy, a uspas ce LX{x ¥,—y X)
H30CTaBu, jep je panan Hy.am, AoOuhemO jesHaunsze:

d Cody v dx _
G Emls Y "y =EE@wy,—yX)- -
H ABe CAHMHe,

APHNEREEA WATEMATHEA ~ VYBXAHHEA 18
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OruM jeAnauunava je obyxsahouwa teopema:

Teopesa. VIzpoau WO BpeMeHny cyMme MoMeHaTa
BEeAHYHHE KPeTaha, 0AHOCHO Ma KOJ€ ¢TadHe Oce, jea-
AaKHK CY C& CYMOM MOoMeHAaTa CHOBHNUX CUAA ¥V QAHOCY
HeTe OCOBHHE,

§ 187. — Teopema o mogpwunana (théoreme des
aires]. Hexa je cyMa MOMeHaTa CHOMLHHR C¢HAA Y OA-
HOCY HaKBe OCOBMHE, Ha up. 298 cT&AHO HYAR, jeA-
mwaupne 1 § 186. aajy:

Zm (:x i—? - %’;) =  {constanie), »

(]

mTa Kasyje, A2 je cYMa MOMEHATA REAWHHHE HpeTaima
¥ oAHOCY HoTe ocoBupe cradna. OBo je reopema io-
BpIIHRA, A

Hs opora usJasm: Aa ce TeopeMa NOBDIIMHA 34
c.aytxaj? fTaA oy MOMEHTH COOLHHY Cilda ¥ OAHOCY
HaKBe OCOBHHE HYJAR, IpHMeibyje H Ha Ipojernije Kpe-
Tarba Y PABHM HOPMAJHO] HA TO] OCOBMHIL.

Z Ilipojeriwje ¢y Ma-
repHjasRny Tajaka 1M,
m, U T A HA XY pap-
HHHY P, p, B T. A. AHO

X ca 4, 4, .- ofieaemnMo
TORPHIMHE ONHMCANE Da-
AljycuMa op, Op .« -+ ¢

Y ’ 7 wMahemo
1

1 116, 204 A = ¥ dy —— y(i."c’.

. dy dx\ dA

T i | = 2 L

Em(xdt v =2Em g

Hz 2) je
dA
22 k111 —d‘g C
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(58584

gi'r‘e,A:.wgmt-i-C" - - 3)

¥V os0j je jeanaynmHm uckaszia TeopeMa o mo-
BpHIEAMA CYME HDOMIBOAL H3 M{aCs& TaA¥YaKa R Io-
BPUIMHA, HITO HX NpPOJeRiH}ie 0ACTOjama om, om, « - -
Y paBHE oxy onucyjy, ¢pasMepHe cy €& BPEMEHOM,
€ ce oBe KOHCTAHTA HOBPILHHE ¥ jeAHara je ABOjHO]
Bapujauujn uapasa Ema za jejunnny spemena. (New-
ton, D. Arcy, D. Bernouilli {1748)),

§ 188. — Ode ce nafe- 4
He TeoyeMe dajy teoMerpij- Z IS / v
CHU TPOTYMIAYUTH AaKO,

AKO e K[O3 CBAaRY
TAYKY M CucTeMa ToByue
BERTOD [JCAHAK BEeARYRHH
WpeTamka my, cBU OBH BEI-
TOPW HMAJY jeAlly pesy.a-

mn

X

: Y
TAHTY dp, wdje ey mpo- Ca. 119
jerumje :
dx dy . dz
= E s = hx e == X we——— ]
m oy Xm 5 i

Momenta 04 peauunse mperams by Hpojerimje:

A= Xm (y % T Z%) = Xm (z z%: " i—i;),

y= Im (1, jf——— Y g;-}

Pesyaraura jeo cnosHsx cuas OR n mene cov
npojerunje : ‘

X=ZXXX, VY=232Zv, ‘Z=22%
m*
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Mosenar pesyATyjyhi oBux ¢#la y 0AHOCY Tauke
0 je: 0S, merope cy Tpojerimuje:
L=XE{yzZ —zY), M= EXzX,—«x2),
N=ZXX@xY —yX)
TeopeMa HpojeRIEje BCAHYUHC KPCTAHa ce 0HAA AR
HSPASHTH JeAHAUIHAMA
der ag
= Y —=2-. -1}
dt A’dt ’ dt b

# TeopeMa MOMEHATA BedHulHe KpeTarba je:

— I, =M — =N. . I

Jepnauune moa I u 11 uspamansajy: Aa cy Gpsune
TauaAKa reoMerpujekMX @ ¥ J jeqHare # TmapalenHe
ca cerMenTuma OR u 08, xoju npeiAcTaB.bajy pesyd-
TAHTYy CHO.LHMX CHAa N 1HeH MOMeHAT (0COBHHY MO-
MEHT&}.

§ 189. — Axo je MOMEHAT CHO.LHHX Cila § OA-
Hocy Tauke ( Hyda, oHAa oy L =M =N =0, 05 =0,
Tauka & je craaHa U A, @, ¥ cy CTalHe KOAHUUHE 33
Ma rakBe ocoBuHEe, mTO uay kpos . Teopema ce o
NoBpIIMHAMa HpUMEHbyje Ha Ma Kojy paBaH kpos 0.
Axo yaMemo Ma Kojy paBan P Epos ( u by cMa-
TpaMo 3a xy, uMahemo:

( c)y do

) = » {constante)

Honcranta » je mpojeruuja cermenTa od Ha ocy
0z T.j. Ha HopMmaay moppmube P. Mehy cBuma pasb-
HEMAa [MTo #Qy EKpos 0 HajBeha je KOHcTAHTa P, 84
paBan HopMaaHy Ha od. Ta ce paBaH 30BE Mak-
cEMaJlHe LOBpLINHE DaBaH. 3a paBaH IITO HAE KPO3
00, woucranTa je ¥ = o.
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§ 190, — Cyma moMenara BelMUNHE KPETAILA
TaYaKa TeJda UBpCTOr, Koje ce obdphe okro jeawe
oce, OAHOCHO oRe ocoBuHe, Hewa ce Teao ompehe
OKO 0Z°*¢ ocoBUHE GP3UHOM YMAOHOM @; Heka ¢y v 1 0
KOOPAMHATe MOJADHe IIPOjeKIlHje jejHEe TaukKe Mace
m (xXyz) Ha DABHH XY, Ho TeopemMu 0 BeanduHu Kpe-
TAHLA IMAMO:

( dy dx’ b
mlae = —1y— | = mr*— = mr'e.
at 7t dt
Aro ce ca Mk® oSeae® 1 MOMeHAT UHEpUUje Te.qa
0AHOCHO POTAIIHOHE OCOBHIHEe, CyMa je MOMEHATA Be-

AUYHHe KpeTamkbad CBHUX Ta4YakKa TeAdAd 0OAHOCHO oCOBHHE!

Fmrio = Mk'o.

y 191, — IIpumep.
EpajeBu noayre AB mory
RAMBITH TO Tepadepujn
Kpyra 6e3 rpema, Maca
je moayre XoMoreHe m,
WBeHa AYHIHA 2a, R je mo-
Aynpeunus kpyra. Ha mo-
AY3M €e HaJa3H ITHCeKar
M, Mace m 1 TOo y cpe-
AMHHA TI0Ayre Ipe RJIH3e- Cu 118,
a, Ha, HHceRar nouHe '

kperame ka B uz ¢ OpsMHOM » jepHaKo, M0AyTa TO-
4nke A3 Kau3u, Hahu wperama cucTeMma.

Hera je r = CM, Cox = 6, r = vl

Cno.bHe ¢y cmae 1), rema u 2). HOPMAAHA DeakHuja
KpyTa Ha EKpajesuMa moayre y A m B. Momentu cy
CBHX CHJAa Hy.1a ¥ OAHOCY 0Z, CyMa ¢ MOME@HATA Be-
AHYNAE KPETAma KOHCTAHTHA M Hyada, NolATo je vy
noderity SpsuHa modyre M MHCEKTA Suda Hyda.
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df
Vraona je Spsulia IOAYTe 5, MOMEHAT BeANdUHe

, df )
gpeTaha moayre je mk’ PTL mh® je MOMEHAT JemIl-

BOCTH 10AYTC OAHOCHO OZ.
Koopaasiate oy uucewra M: g == oM 1 o = xoll.

. . 08
Mosmeuar je Beinuupe Kperamba mg’ T8 Cyma oBux

MOMEHATa jC Hyda:

, df , do
[RRAATIce  SE T

@ T¢a T !

Mz rpoyraa COM je:

; . i
p=J R —a" Lot a:ﬂ+-a7*cfgigw::;:m;--

{ R* — a
Mo 1) 1 2) je:

2]
e

o o B*—a®
a‘“ ?:24—}{?'—&"‘4—?;2152
R* — a’ vl
Bmﬂf‘Vﬁ?ﬁWﬁQQNWV$¢ﬁﬁ$?

8, je § sa t= 0. l3 jeawanune 33 @ H @ HARARBNMO
# OBe ABe WOAUUHHE.

Hag nicerar aohe v I, vl == a ua dera ce gagasy
68, Momenar amepnuje noayre AB oamocso remu-
mwra U je

+4ﬂ 2 3

2 o M A
5 wridr 5 3
— L

# je Maca jeanmupue Aymume AB
Mosmenar jo nuepuuje mh’ 0AHOCHO 0Z:
a'z V"l *
m 5 4 w0 = mp’,

2
R == R 22

3
w2
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AHU ce MHOBEAT BAYUTLBR jeAHOTE MOMEHTA 1A
KPYTY, 10 CHCTeN OTaHe, ako TO He 6yAe, 2HAMMLAO
Or Aa cyma MOMeHaTa BeJHYMHE Kperalhka HHje GHaa
papga HYAM ¥ TOUYCTHY. '

§ 192, — Peaaruena Kperara OAHOCHO oca, Koje
ce Kpehy TpaHcaaropHo H jeaHanc. Arxo oy ¢« y' 2
O0COBHHE IapateiHe CPadHEM ocoBuuama Ox yz, 1 2 be
¢y KoopAnHATC Tadke (' ¥ OAHOCY OTAAHOD CHOTEMA,
ako ca X’y 2’ ofeseMHMO KOOPAHHATE jeAHe Tayue
HANIETA Teda, XYz 0y aUCOAYTHe KoopARHATe, HMahemo:

x=a-4+x, y=b4y z=z412

Aro ce 0' mpehe mo npapo] Aunuju jeAano,
OHASL je:
d*a d' d¥%

@A T ar

=0

w  d'x Ly Ay dz

. L” a 5%221
di T dtt det T dftt de T de

Ilpojernuje ¢y cuaa ucre ¥ HOBOM CcHCTEMY, KO
M ¢TapoyM, BHAYM A3 je KpeTame TAKBO, wao Ax 0 x
y' 7' Mipyje.

§ 193. — Teopema MOMEHATH BEANUHHE KpPeETamha
¥ peaaTHsHoMe Kperawmy oko remwmura. Teopema ve
O MOMEHTY BCAHYMHE HKpetatba MPHUMerhyje I peas-
THBHO KpETalhe CHCTeMa OAHOCHO 0C2 CTAJAHHX, YO
HAY EpO3 TeRulure.

Axo ca xyz ofelemEMO HOPAITHATS Ma KOje 1atHe
cHCTEMA OAHOCHO cTadHMX ocosuHa; ca £y § Koopau-
HaTe TeMROHITR ¥ CTAPOME CHCTeMY, ¢’ X ¥ Z' KOOop-
AHHATE ravHe ¥ HOBOM CHOTEMY, HapaseAon oa OTa-
PUM, €A MOYeTKOM V Te:mumTy, mMahemo:

W=§+x': tjm?f-;-t;r Zm::-_{mz’x 1}
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Teopewma, Koja ce UMa AOKa3aTH, HCKa3aHA je jea-
HAYHHOM ! '

d (.dy'_ ,dx')_ . :
E?Em ‘x dat ya ——-Ez(x Ye_y ‘Xa}. I)

Aa 6u Aomazaan reopemy, nohuhemo 04!

d o dy dx)_ i _0
E?Em(‘“ i Var =EEm@xY —yX). 2,

sz 1), n 2), umamo:

mle G —ug)=mlegd—ni) -

B dy 'dxr\ |dv ldé
ol G — v ] e gy 5

dx'

dy'
+m§ﬁdft——mr]a~ e 3).

Haa ce cpe jeaHaunne Hanumy u calepy, ¢ mo-
TA€A0M HA H3pase:

dp dg __
Zmx' & = q Fmx'= o0 u

d
Em;‘- y =& Em dt = o0, wmvahemo;

Em(x;l_?— %&E):M( d:? )

dy' , dx!
—I—Em(x T Y d‘t) o &)
lesraunnom 4, WcrasaHa je:

Teopema : Cyma MoMeHATa BeanuHHe KpeTatba,
OAHOCHO jeAHe CTa.aHe OCOBHHe, jeAHAKA je MOMeHTY
BeAHYlHe Kperama uede Mace cucreMa cacpeheHe y
TG}RHH_}T‘SJ’, BiHIe CYMHII MOMeHaTa BCJIYHHe KpeTaba

MPHMEILEHA MATEMATHEA 28t

0AHOCHO OCOBHHe NapadedHe Ca HPBOM, 10 HAe KpO3
TeRINITITe.

Ipehuno cay ma oapeaby Apyror usama v jea-
Hauuru 2). Kaa ce y Tome u3pasy cMene xyz us 1.
uMahemo:

EX(xY —yX)=ZEZ Y~ X)+EE (> Y —y X)--5).
JaMeHOM OBUX n3pasa us 4) H by 2), H ¢ Horae-
AOM Ha oAHOCe:

EM(gdU déEJ M(Ef’;? dé)j

df it lar

at g P T

I
d'y d'n
M(gdt yly]%gxzyu_vzz‘xe:
nMaMO T(—;Opel\iy 0 peAaTUBHOM KPBT&HE)}TJ H:ﬂpa;KEHy
ﬂspa-%om-
,dy' dx’

Im ( ) —):33(-"?;2—?4"’(9)--1'-

dt at df

'eomerpujero je TyMaucke ¥ 0BAE CAMYHO pa-
HlljeM y allCOAOTHOM KpeTawy. Ako je G6' pesyary-
TYjyhu MoMeHaT 0A-
HOCHO remluiira G
cerMeHarTa, ITonpea-
CTAB.LAJY KOAWYHHE
KpeTalba PedaTHBHOT
mv' u GS' peavary-
jyha momenaT craa
CIOBIHX, TEOPOMA Ce
OHA® HCHAa3y]e OBAKO:

PeaaruBra &p-
BUHa OAHOCHO oOca (7
x'y'z' rauxe ¢’ nipro- Ca. 110.
r'a MOMEHTa jecre jea-

HaKa [ f1apadedda ca S
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§ 194, — Teopexa o mospwunama. 1. Aso je mo-
MEHAT CUOBHAX CHAR, ¥ OAHOCY HAKBEG DCOBHHE KPO3
PEMMLITE Ha BP. 0, JEAHRK Hy.4m, nMabeMmo:

1

fo.d
Em (x’ A

1y’ ;'
dt

&E"} me & fconstants) « - 1)
“Teopema ce O DOBPUINHAME OHAR JIpUMemyje Ha
papar ¥’ Gy
2). Aro je mMoMeHAYT CHOLHHX CHAZ OAMOCHO Te-
mugrra G op"ocHO oca Ga,, Gy, Gz, HY4R, OKA4 ce
TEOPOMA MOMEHATA NPHMEmY]é Ha Ma KOJY DABAH KPos
TemHIITe 1 flopea 1. uMamoc u use aBe jejHaduHe !

 dz’ . &y

dx’ dz')
h e e i mm B
=m (ﬁ df ! dt B

¥V osome cayuajy cermesar GS' je wyaa, Touka ¢
WMBE PeAdTHBIY GPONHY Hyaa u cervenat (o' je erasan
z! HO BEANUNHN 1 HDABIY,
14 BOTOBE Oy [pojexunis Ha
g Fd Gx', Gy, Gz A, B, €. Hou-
T CTRETA HOBPHIMER j&, ¥ 04~
A S , HocY paesn P, npojexusja
& X' Go wma wopuaan GV re
//f papnuse. 3a PABAW T, V-
/ parEo Ha 06, ROHCTAR-
T j& TOBPUINHE HajBeha
B TAa €6 PARHH WOBC pa-

BAH MAKCHMYMa LOBPIIHHA. '
3). Hemomuuna paewa Jarnaacona. Ako ce saHe-
MEPEe Mace J3Relis, OueTOM CYRUAHH HHHE Tel0 HY
Roje onosHe cie He AgjoTsYiY. Momenar pesvaty-
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Iybu G0 je crasan B0 HPABLY K BEJNUMHE, & GABOOH
00 18 CHCTeM —— Kpos Temuimre & Gansy cyuma. Hag
Ce Yy uBBecHO] enoxH oApeide xoamumme A, B, C, ®KOje
oapehyjy raj cermenar, panan yupasHa sa ABC, zone
OB PARAT MARCHMYMA [OBpIonna M oHa je wo Jan-
ARCY HeHOMMUKA ¥ eyuuesome cperemy, Jamaace u
Hoenco oy oapeauan osy paban, npsn yauMajvhe aa oy
HAGHETE CBeleHe HX TAYKE, & APYTH j& BOABO pauyna
H 0 o0pTRmY nAAlSTa OKO CBOJHX OCOBMHA.

I1. Teopema 0 EHEEBEM CHAMMA.

¥ 195 — Aro nohewo oa jesnauuns, xoje Bpeae
B& JeAHY MATePHJRIHY TANEY ¥ GHCOTEMY:
dix . .
m o = X 4+ ZX,
T L'Iig = XYI -+ xYe

d*x v 3
M == XZ -} X2,
I HOMHOMEHMO X Dodom ca dx, dy, dr ¥ calepewms,
nMaheso:
my* -

dfzmmxﬁtﬁdxﬁ—ﬂdy%uﬁdﬂmk

+ (X, de+ Y dy +Z dz) - - 1)
Agro ofpasyjeMo CYMY CBOX CAHYHEY jeiHauIHA
M oBa onTade Tayxe, uMaheso:

L

2
dX 28 = DX (X, dx + ¥, dy -+ Z do} +

+ EE(X,dx 4 Y dy + Z dzp - < T

Zmo® co zome yoraawn mwna cuasn {Leibnitzi






