
yHHBEPSHTET y HOBOM
OPHPOflHO - MATEMATHHKH

4>AKyJITET
flEIIAPTMAH 3A *H3HKy

y i i M H i - ' i l ' i r t ! ' : i V i x i ' - i '\i ; ' A . ' i Y
n p r i i . i . ' i i i . i -. i -, : , -,; yi : • : , ; , ; ! i ! ' . \ ! ; V ' [ T T - T

eKcnepHMCHTH y o6jiacTH 3aKona
OAp>Kan>a y HacraeH (J)H3MKe y cpe^H>HM uiKOJiaivia

- MacTep

MeHTOp:
Cicy6aH

HOBH CaA, 2010.



a meMe saepwhoz paa u moKOM ocMuuiJbaeaH>a n>ezoee
e UMQACI caM eejiuKy noMoh ceoje MeumopKe dp Cox>e CKy6aH.

ce MeumopKu HO CBUM KopucnuM cyzecmuaMa HIOKOM
uspade oeoz Macmep pada.



MyjimuMedujcuiHU eKcnepujnenmu y ofi/zacmu saKoua odpycatbay nacmagu <f>u3UKey cpedtbUM UIKOJIOMQ

1.

2. Y/iora MyflTHMe^Hja y nacxaBH 4>H3HKe ..................................................................................... 2

2.1. HacTaBHH MCTO^H y (JWSHIJH ................................................................................................... 2

2.2. ,ZjH,ZjaKTHHKH npHHLHiriH y HaCT3BH 4>H3HK6 ..................................................................... 3

2.3. SaKOHH o#p}Katba y nporpaMy <J)H3HKe sa yneHHKe cpe/ntHx cxpynKHx iiiKo^aB

2.4. EKcnepHMGHT H My^THMe^HJa ................................................................................................ 6

3. SaKOHH oApTKaifca ............................................................................................................................... 10

3.1. H30JIOB3H (|)H3HHKH CHCT6M ................................................................................................... 10

3.2. OniiiTH KapaKTep saKona oflpMcafta ................................................................................... 10

3.3. 3aKOH oflp>KaH>a HMny^ca ....................................................................................................... 11

3.3.1. IlpHMepH npHMeHe saKona oflp5KaK.a HMny^ca ......................................................... 12

3.4. 3aKOH o^p?KaH>a MOMenra HMny^ca ................................................................................... 14

3.4.1. IlpHMepH npHMene saKona o,o,p)KaH>a MOMenra HMnyjica ...................................... 14

3.5. 3aKOH OAp^aH,a eneprHJe y nexaHHipi ............................................................................. 17

3.5.1. TlpHMepH npHMene saKOHa o^p>KaH>a eneprnje ......................................................... 18

4. IlpHMepH My^THMeflHJa^HHx eKcnepHMenaTa ...................................................................... 22

4.1. SaKOH oflpMcaFba HMnyjica ....................................................................................................... 22

4.1.1. CHHMaK peaKTHBHor KpeTaHia panexe ........................................................................... 22

4.1.2. AHHMai^HJa ysiviaica KO^ nyi^H>a ......................................................................................... 22

4.1.3. EjiacTHHHH H nee^acTHHHH cy^apn y 6ecTe>KHHCKOM craay ............................... 23

4.1.4. EKcnjiosHJa ................................................................................................................................. 23

4.1.5. HanpaBHTe peaKTHBHa KOJiHi^a ......................................................................................... 24

4.1.6. KojiHi^a na ,,paKeTHH noron" .............................................................................................. 24

4.1.7. EKcnepHMeHTa^na nposepa sanona o#p>Katt>a HMny^ca
25

4.2. 3aKOH oflp>KaHia MOMenxa HMny^ca ................................................................................... 25

4.2.1. KpeTaH>e n^anexa ................................................................................................................... 25

4.2.2. riHpyexa ...................................................................................................................................... 26

4.2.3. )KHpocKon ............................................................................... . .................................................. 26

4.3. SaKOH Oflp>KaK,a eneprnje ...................................................................................................... 27

4.3.1. FIpoBepa aaicoHa OApMcart>a eneprHJe noMohy K^axna ............................................. 27

4.3.2. MaKCBejiOB ^HCK ...................................................................................................................... 27

4.3.3. H/jeja eKcnepHMenxa^He nposepe saKona o^pJKaHja eneprnje .......................... 28



MyjtmiiMedujajiHU eKcnepUMemnu y o6jiacmu SQKOHQ odpycan,ay nacmaeu (j)U3UKey cpedK>UM

4.3.4. PhET aHHMaijHJa ...................................................................................................................... 29

4.3.5. MHcaoHH encnepHMeHT ca TeroM H KOjiHi^HMa .......................................................... 29

4.3.6. BepHyjiMJeea jeflHaHHHa ....................................................................................................... 31

5. BaK/bynaK ............................................................................................................................................... 32

JlHTepaxypa ................................................................................................................................................... 33

EHorpa<|>HJa ........................................................................................................................................... 34

KLJUCNA DOKUMENTACIJSKA INFORMACIJA ........................................................................ 35

KEY WORDS DOCUMENTATION ................................................................................................... 37

II



eKcnepuMenmu y o6jiacmu SOKOHO odp3tcan>ay nacmaeu 0u3UKey cpedtbUM

1.

Mo/jepHHsaijHja ^pyiiiTBa H ycMepenocr Ka eKOHOMCKOM H TCXHO^OUIKOM
paseojy noflpaayMeeajy HHOBHpaH>e KaKo OIHUTHX, raKo H cneu.H<J>HHHHx ijHJbeBa
cxpyHHor o6pa3OBatt>a. Y TOM cMHOiy crpynHO o6pa3OBaifee y Cp6HJH he, npe csera,
6HTH ycMepeno Ha CTHij3H>e crpyHHHx 3H3ft>a H pasBoj K^yHHHx cnoco6HocTH H
BeiiiTHHa Heonxo^KHx sa ycneuiaH pa#, ^a^,e yneibe H nocTHsaite aehe
(J)^eKCH6HJiHocTH y caa^a^HBaifcy npOMeH^HBHx saxresa CBera pa^a H ^pyuiTBa y

H Behy Mo6HJiHocT paflHe cnare.

OnuiTH mub cpeAHjer crpynHor o6pa3osaHja JCCTC ^a o6e36e^yje MoryhnocT
H oflpacTiHMa fla creKHy 3HaH>a, eeuiTHHe H cnoco6HOCTH

H sanoinjbaBaHje, ^a^e o6pa30Banie H yneite. npei^HSHHJe,
crpyHHo o6pasoBaHje Tpe6a ^a oMoryhn:

3aHHMaH>a H KBa^H<J)HKai^HJa, O^HOCHO pe^esaHTHMx
ja, craBOBa, snaita H eeiiiTHHa Heonxo^HHX 33 pa# y o^pefieHOM

pa^a;
• CTHijaH>e HHHi^Hja^Hor H KOHTHHyHpanor crpynHor oSpaaoBanja H ycaBpuiaBaita;
• o6e36ehHBaH>e Heonxo^HMx npe^yc^OBa sa Ao6Hjatt>e nocna H eKOHOMCKy
nesaBHCHOCT;
• pasBoj cnoco6HocTH, ra^enaxa H noxeHmija^a H JIHHHO caMOHcnyH>eH>e.

VKynna opraHH3ai^nja oBpasoBatba, nacxaBe H yneita y cpe£H>eM crpynHOM
o6pa30Ban,y 6a3Hpa ce Ha H^eJH o Hcxo^HMa, O^HOCHO npeijHSHOM H HeflBocMHc/renoM
^e4)HHHcaHjy OHora IIITO yneHHi^H 3Hajy H y craH>y cy ^a ypa^e no 3aBpmeTKy npoi^eca
o6pa3OB3H>a, O/IHOCHO oApe^enor nporpaMa H na jacHoj opraHHsai^HOHoj,

OflHHKOJ apTHKy^ai^HJH H3HHH3 nOCTHFHyha HCXO^3. YcMepeHOCT H3

je no^puiKa HHCTHTyi;HOHa;iHoj H nporpaMCKoj pasnoBpcHocTH. HncHCTHpa ce
Ha jeflnaKOCTH Hcxo^a [6es o6sHpa na epeMe, MCCTO o6pa3OB3H>a H ynefts, ycnepeHOCT
na M^a^e HJIH o^pacjiej, a na pasno^HKocTH MoryhnocTH, nanHHa H nyxesa y HJHXOBOM

SaHHTepecoBanocT yneHHKa KOJH ynnmy cpe^ay uiKo^y ^ejiHMHHHo ce MOJKC
H3 HCTp3HCHBaK>a paCnpOCTpaH>CHOCTH HHTepeCOB3H>a yHCHHKa 33

HacxaBHe npe^Mere (BoflpoiiiKH, B.), 1995. HcnHTano je 617 yneHHKa OCHOBHHX
y Beorps^y H ̂ oui^o ce RO nofl3T3Ka flaTHx y Ta6e7iH 1.

cpefliter crpynHor o6pa30B3Hja y Cp6HJH -
CPEHJE, Beorpafl, 2004.

MHHMCTAPCTBO nPOCBETE H CDOPTA
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Ta6ejia

Ha ocHOBy Hcrpa>KHBaH>a Peny6jiHHKor saso^a sa yHanpe^efee BacnHTafta H
o6pa3OBaft>a y Beorpafly (1997.) fleija cy y VIII paspe^y osnaHH^a (J)H3HKy Kao je^an Ofl

, TG>KH H o# MareiviaTHKe. 2

2. Yjiora MyjiTHMCAHJa y HacTaen 4>H3HKe

Z.l.HacraBHH MCTOAH y (J)M3Hu,n

Y HacxaBH 4>H3HKe, Kao H KOfl CBaKor flpyror npe^MeTa, neonxoflHO je
o6jiHKe pafla, Mexofle csaKe TeMaTCKe jeflHHHi^e, HacxaBHa cpeflCTBa, crpyMHy
./iHTepaxypy KOJa ce npn TOMB KOPHCTH, HaHHHe yTEp^HBaiba H noHaBJbaiba rpa^HBa,
npoBepy H oi^eitHBaite yneHHKa.

IlOCTOJH BHUie paSJIHHHTHX OOflCJia HaCT3BHHX MCTOfla, y 33BHCHOCTH Ofl:

• o6jiHKa opraHHsai^HJe pafla, O^HOCHO aKTHBHOCTH HacraBHHKa H yneHHKa
Ha nacy

• H3Bopy CTHi^an>a snafta
• KapaKTepy aKTHBHOCTH

2 KyKa, MnpocnaB, IllKOJia Kao
H3flaH>e, Beorpafl 2003.

paaBoja HHTepecoBaita yneHHKa sa HacTasy (JJHSHKB, AyropcKo
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HnaK, najHemhe je y ynoxpe6H cjie^eha no^ejia nacxaBHHx Mexo^a Koja je y
He caMo ca npnpo#OM, JIOFHKOM H cneijH^HHHocxHMa nacxase 4>H3HKe, H6ro H ca
HCTOpHJCKHM P33BOJ6M (J)H3HKe K3O HayK6 y HSCXaBHB flHCU.HII.nHHe:

1. Bep6ajiHH Mexofl, - MOHOJIOIIIKH [ycMCHo HSJiaraibe: npe#aBaH>e, npHHaite,
npHnHBe^aHbe, onHCHBaH>e, o6jaiiiH>aBaH>e) H flHjajioiiiKH (penpo#yKXHBHH
paaroBop - nnxaFba H oflrosopH, xeypHCTHHKH pasrosop, c^o6o^HH
AHCKycHja, pacnpasa HT^.]

2. TCKCTOBHO - rpa(J)HMKH MeTOfl (pa^ na TeKcry, nncaHH H rpa(J)HHKH
3. Hjiycxpai^HOHO - fleMOHcrpai^HOHH MCTO^H (fleivioHCTpaiJiHOHH

H npHKasHBaite Mo^ejia, uieMa, cKHi^a, c^HKa, npH6opa, ype^aja,
, pa^Ho- H TB-eMHCHja, (J)HJiMOBa H flpyre spcxe npojeKijHja)

4. Mexo^H npaKTHHHHx pa^QBa (yia6opaTOpHjCKH eKcnepHMeHTH H npaKTHHHH

2.2. AH AaKTHHKH npHHi^nnH y nacTasH 4>H3HKe

npHHI^HOH Cy OOIIITH CT3BOBH KOJH Cy npOH3aiU^H H3 npaKCe H

npaKCH, a HapawaBajy KOMnoneHTe HacxaBe Kao n^aHMpanor H opraHHSOBaHor
o6pasoBHO - sacnHTHor npoqeca.

Y HacxaBH <J)H3HKe noce6aH 3Hanaj HMajy c^e^eh
• IlpHHI^HH HayMHOCTH H CHCTCMaTKHHOCTH - OB3J

npoH3HJia3H HS HayMHe sacnoBaHOCTH HacxaBHor npoueca, a no^paayMGBa ce ^a
rpe6a ^a 6y^y y CK^a^y ca cxaiteM y caBpeMenoj HayuH. CymxHHa OBOF

or^e^a ce y nanHHy Hnxepnpexai^Hje HacxaBHor rpa^HBa, na
ycaBpmaBaH>e HacxaBHHX Mexo^a H nocxynana, npHMeny pasHOBpcHHx o6jiHKa
H3Bot)eH.a HacxaBe. Osaj npHHi^nn noApaayMCBa jeAHHcxso xeopnje H npance.
OpHHi^Hn cHcxeMaxHHHocxH nocxaBJba saxxeB fla pe^oc^e^ o6pafle rpa^HBa Mopa
^a 6y^e xaKas #a HOBO npOHcxHne HS cxapora y ^OPHMKOM cjie^y.
ripHHii,Mn oHHivieAHOcTH - ocHOBHH cMHcao OBor flHflaKXHHKor npHHUHna je fl,a ce

npH6jiH>Ke o6jeKTH, nojase, HDHXCBC Bese, O^HOCH H saKOHHxocxH. HeKa
noKasyjy ^a 80% HaiiiHX casHaita ^o6HJaMo nocpe^cxBOM ny^a

, OKO 10% cjiymaibeM, a ocxaxan HH^opMaijHJa, ncnofl 10%, npHMaMo noMohy
ocxajiHx ny^a. OHHr^e^Hocx y HacxaBH <J)H3HKe ce ocxsapyje
eKcnepHMeHXHMa, XCXKHMKHM cpe^cxBHMa, ypetjaJHMa,
Jia6opaxopHJCKHM B«K6aMa, KOpHinheH>eM i^pxe>Ka, rpa(J)HKOHa, xa6e^a... Tpe6a
HMaxH Ha yny ^a oHHrneflHocx HHje I^HJB, Beh cpe^cxBo nacxaBe. HacxaBHHK Mopa
Aa natje paBHoxency HSMe^y npHHi^nna oHHrjie^nocxH H ocxajmx npHHunna, jep ce

npHHijHna OHHrjie^nocxH MOMCC ^oroAHXH fla ce yneHHKOBo
na nepijenxHBHOM HHBoy H XHMB ycnopasa pasBoj noJMOBHor

H ancxpaKXHor MHiiiJbeH>a.
IlpHHU,Hn noeesaHOCTH xeopHJe H npaKce, eKcnepHiwenxa - xeopnja H npaicca y
4>H3Hi^H nepacKH^HBO cy noBesane H ncnpen^exaHe o^yseK. Hena^a cy oxKpnha y
xeopHJw npexxoAH^ia npHMenn, a neKa^a cy ce oxKpnha flemaBaJia H
a xeopHjcKa o6jauiH.eH>a cy cxnsa^ia Kacnnje. Kofl yneKHKa xpe6a

3 PacnonoBHh, O.MHJiaH, MemoduKa Hacmaee
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cnoco6HocT cTBapajiaHKor MHUijbeH»a, cnpeMHocx H OTBOpeHocT aa Hoea casHaita H
pemaBaH>e pas-TiHHHXHx npo6jieMa H noxpe6a.

CBCCHC aKTHBHOCTM - OB3J npHHUHII H3pa>KaBa OnillTH CT3B KOJHM CC

#a yneHHK HHJB o6jeK3T, Hero cy6jeKax nacxaBHor npoijeca. MCXHHC ce
noxpe6a #a ce KO# csaKor nojeflWHija pasBHje >Ke^a #a caMocxa^Ho, anajiHTHMKH H
KpHTHHHO, HC pyTHHCKH, Uia6^OHCKH HflH flOFMaXHHHO y MHUIACHiy H nOCXyim,HMa

ynecTByje y H3BptiiaBaH>y CBOJHX o6aBesa H aa^axaKa.
rpaJHOCTH ycBOjenor 3Han>a, uaBHKa H BeuiTHna - je^an o/j, OCHOBHHX
nacxase (J)H3HKe orjie^a ce y OBOM npHHi^nny. OcxsapHBaHieM OBOF
o6es6e^yje ce KOHTHnya^Hocx y o6pasoBHO - BacnnxnoM npoi^ecy,

casnajny uejioBHxocx, JIOFHHKO MHiu^>eH>e.
IlpHHU,Hn HHAHBH,o,ya/iM3au,HJe HacraeHor pa^a - Tlo3Haxo je fla ne nocxoje floa
yneHHKa KOJH HCXO rpaAHBo ycsajajy Ha H^eHTHnaH nanHH, je/^HaKOM 6p3HHOM H
e4>HKacHomhy. Cxora ce o^aBHO HCXH npncxyn CBHM yncHHi^HMa, opHjenxHiiiyhH ce
Ka ,,npoceHHOM" yneHHKy CMaxpa npaBasHfjeHHM. nocjie^Hi^a xor,
xpa^Hi^HOHajiHor, H jom yseK sacxynjbeHor naHHHa pa^a je ^a ce xajienxoBaHH
^ai^H saApJKasajy H ryiiie y pasBOjy, #OK ,,c^a6HJH" yneHHi^H ne ycnesajy #a npaxe
Hacxasy H saocxajy. HH^HBH^yajiHsoBaHH pap, o6es6e^yje ^a CBaKH
caMocxa^HO yHecxsyje y pemaBaH>y sa^axana, pea/iH30BaHby
eKcnepHMCHxajiHHx B65K6H Kao H ApyrHM Bpcxana yneHja.

nocrynnocTH - caApncaj, cMHcao H nopyice osor npHHi^nna cy y
^ nosnaxor Ka HenosnaxoM, o# H^aKiiier" Ka ,,xe>KeM", OR oHHrne#Hor

Ka Mafte oMHr^e^HOM, o^ je^HocxaBHHJer Ka cjioHceHHjeM...
IlpHHU,Hn npMJiaro^eHOCTH (npHMepeHocrii) nacraee - KoMencKH: ,,He
HdMemamu yMy nuiuma uimo ne odzoeapa yspacmy"4. Ca^pjKaj H o6HM nacxaBHor
rpa^HBa, HHBO HHxepnpexai^HJe H nanHH ycBajafta Mopajy ^a o^roBapajy
ncHxojioiiiKHM H HHxe^eKxya^HHM MoryhnocxHMa yneHHKa H H>HXOBOM
HHxepecoBaH>y. OBO He snanH ^a nacxasy xpe6a CBCCXH na HHBO GanaJiHsainije.
ripHHUHn aHTHu,HnauHJe - nacxaBHHK xpe6a noBpeMeno ^a HH^opMHiiie yneHHKe
(6ap HanejiHO) o najHOBHJHM HcxpajKHBaifcHMa y ^HSHI^H H KIHXOBHM MoryhHM
npHMenaMa
npHHU,Hn HHTCrpaJIHOCTH - npHBHflHO H3OJIOBaH6 o6jI3CXH npOyMaBafta 4)H3HK6

MeI)yco6HO cy xecno noBesane. Ko^ yneHHKa xpe6a rpa^HXH csecx o noBesanocxH
He caMo 3H3Hja H3 pas^HHHXHX o6jiacxH (J)H3HKe, Beh ycnocxaBAaxH KopeJiaijHJe H
ca ^pyrHM npe^MexHMa cs i^HJbeM (J)OpMopaH>a Koxepenxnor CHCxeMa snarta.
npHHU,Hn M,a,eJHe ycMepeHOCTH - osaj npHHunn na^asn CBOJ wspas y o^nocy
yMeHHKa npewia npHpoAHoj H ^pyiuxBCHOj cxsapHocxH, Kao H y o^HOcy npeMa
caMOM ce6n. OBaj npHHunn Morao 6n ce ycinepHXH na pasEHjafte H a^npMHcaHje
CKOJiouiKe csecxH yneHHKa, na coi^HJajiny CBCCX...
npHHU,Hn xyMaHHSMa - OCHOBHH CMHcao OBOF npHHi^nna je nomxoBaH>e ./IHHHOCXH
Koja ce o6paayje H BacimxaBa, BepOBafte y nosHXHBan passoj MJiaflor HoseKa,
y6e^eHocx y KonanaH ycnex. A.C.MaKapeHKO ,,Moj OCHOBHU npuni^un 6uo je yeeit:
wmo euiue saxmeea npeMa weeKy, cum yjedno u lupo euuie nouimoeatba weeoee
AiMHocmu... Kada od weem saxmeeaMO, eeh y moMe ce cacmoju u name
noiumoB(m>e" .

* "Bop^eBHh, JoBan; rioTKOH>aK, HHKo^a - Oe^arorHja, HayMHa KibHra, Beorpa^
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2.3.3aKOHM oApxcaiba y nporpaMy 4>H3HKe sa yneHHKe cpe£ii>Hx
CTpyHHHX UIKO/ia

IlporpaM HacTaee (JJHSHKC aa cse paspefle OCHOBHC H cpeAH>e uiKOJie ca^pjKH H
o6aBesaH MHHHMYM ^eMOHCTpai^HOHHx orjie^a sa csaKy TeMaTKy u,ejiHHy. OCHM THX
orjiefla, HacraBHHK MO>Ke RB yee^e o^pe^eHa npouiHpeita, aaivieHe H ̂ onyHe ^a 6n join
BHiiie o6orarHo H OCMHCJIHO eKcnepHMeHTajiHy ocnoBy nacraBe 4>H3HKe.

Y cpe^HiHM crpyHHHM iiiKOJiaMa, 4>H3HKa ce Hajnemhe Hsynaea ca 2 naca
ca roAHuiftHM 4>OH^OM 70 Hacosa, TOKOM npse flse ro^Hne

oivieAH KOJH cy npe^BH^eHH y HacraBH 4>H3HKe aa I paspefl sa
cTpy^ne cnpeMe KOJH <J>H3HKy HMajy ^BC ro^HHe, y OKBHpy HacTaBHe

T6M6 SaKOHH OAp^aH>a cy:

1. BaKOH o^p>KaH>a HMnyjica
a. noMohy Ko^nua ca onpyroM
b. KpeTajte KOJiHi^a ca enpyBCTOM y KOJOJ ce Bo,qa aarpesa H npejiasH y

napy
c. HeejiacTHHaH cy^ap Kyr^Hi^a o^ njiacxe^HHa

2. BaKOH o^pJKaHja MOMeHTa HMny/ica
a. >KHpocKoncKH e4>eKaT, cxa6H^HocT oce poxaijHje H MHrpa

3. 3aKOH 0/jpJKaH.a eneprHje
a. ociiH^OBaite Tera Ha onpysn
b. O^CKOK ^onxHi^e sa CTOHH TCHHC
c. MaKcse^oB #HCK
d. eJiacxHHHH cy^ap ABejy nejiHHHHx, ryMennx H/IH 6H^njapcKHx Kyrjin5

/JeMOHcrpaijHje H H^ycxpauHje ocBe>KaBajy HacTaBHH npou.ec H SHaTHo ojiaKinasajy
#a cxsaxe c^oweHHJe npo6^eMe H o6es6ef)yjy TpajHHJe

CaMO je^Ha eKcnepHMCHTa^na Be>K6a npe^BHtieHa je nporpaMOM HS
saKona o^pjKaHja. To je

• npoBepa saKOHa o^p)KaH>a eneprnje noMohy no^Hi^a ca TCFOM

IJ,HJbeBH HacxaBe 4>H3HKe KOJH ce OAHOCC Ha o6jiacT aaKona OAp>KaHja Koja ce, Kao
noce6na u,ejiima ynn y npsoj TO^HHH uiKo^osaHia cy:

cnoco6HocTH sa yoMaBafte, aHa^HSHpafte H pemaBaite

pasBHjaHbe CBBCTH o concTBeHHM H cnoco6HOCTHMa.

HCXO^H no aaBpiueTKy npsor paspe^a HS ose o6^acTH:
yneHHK he pasyMern saKOHe o^p5KaHja: HMnynca, MexanHHKe eneprHje H
MOMeHTa HMnyTica;

saKOHe o^p)KaHja npH pemaBafty je^HocTaBHHJHX npo6^eMa.

5 Oiy>K6eHH rjtacHHK CP Cp6HJe - npocseTHH , 6poj 6,1990.
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2.4.EKcnepHMCHT M

3aKJbyHu,H ce y 4>H3Hu,H ^OHOCG na ocHOBy nocMaTpaita H eKcnepHMeHaxa
je cjioweHa, TpeSa y MacH CTBapn yoHHTH noBesaneJ.

TIocMampatbe - HcnHTHBafte nojaea KOJC ce ^eiuaBajy HesaBHCHo op,
Hcrpa>KHB3Ha, y npHpo^HHM OKOJiHocTHMa.
EKcnepiiMemn - H3Bol)eHje nojase y ycjiOBHMa KOJC je CTBOPHO HCTpa>KHBaH

- ,,f]ocMampan>eM ce cctKynjba OHO uimo HUM npywa npupoda, doK ce
eKcnepuMenmoM caKynjba y npupodu OHO uimo nocMampcw

EKcnepHMeHT je npahen CJITOKCHMM yMHHM pa^ftaMa yneHHKa (HH^yKTHBHe H

EKcnepHMeHT je fleo HCTpawcHBaita HHJH je je u,wb H3rpaF)HBaHje (J)H3HHKe xeopHje.
Haynna xeopHja npe^cTaBJba BB^HKH 6poj HHH>eHHua H nojasa Koje ce
cHCT6MaTH3yjy H o6jauiHjaBajy, a name 3HaH>e ce npouinpyje H pauHOHa^Hayje.
ce npe^BHtiajy HOBC HHH>eHHu,e H nojase H HOBH 33KOHH.
EKcnepHMeHT He CMC ^a 6y^e o^BojeH o^ HacraBHor npoi^eca Beh ^a 6y^e oprancKH
noBeaan ca H>HMe.

PCM MyTiTHMe^Hja KOPHCTHMO Ka^a rosopHMo o ca^p>KajHMa H HH^opMai^HJaMa
sa HHjy nepueni^Hjy KOPHCTHMO BHiiie ny^a HCTOBpeMeno. 3a pasjiHKy o^ xeKcra,
HH(J)opMai;Hjy npe^CTaBJbajy C^HKH, TCKCT, ssyK H noKperne C^HKC. OsaKO #o6HjaMO
6oraTHJy H 6o^>y npeseHTai^HJy HH(J>opMaijHJe.

OnpeMACHOCT Behnne UIKOJICKHX Ka6HHeTa sa <^H3HKy y namoj SCMAH, Ha
>Ka;iocT, Beoivia je CKpoMHa, a HepeTKo Ka6nHeTH H He nocroje. OBO ce

Ha cpeAH>e cTpynne IIIKO^C y KojHMa je aKi],eHaT na cTpynnHM
ce oniiiTH npefl,M6TH MaprHHaJinsyjy. KpHsa Kpos Kojy je name

npojiasHjio oflpa3HJio ce H na Bojby sanoc^eHHX ^a nacxaBe ca npoi^ecoM
KOHTHHyHpanor yHeft>a... Y nocjie^HiHX ^ecexaK ro/tHHa cBe^oi^H CMO o^pe^eHHX
noMaKa y HHBoy onpeivubeHOCH uiKo^a npH6opoM H HacraBHHM cpe^CTBHMa, lyia^a je TO
joui yseK He^oBOAHO. BehHHa IIIKOJIS ^anac noce^yje 6ap jeflan npenocHBH panynap H
npojeKTop.

3a pasyMCBafte nojass KOJC npoynsBa 4>H3HKa, HHJe ^OBOAHO OC/IOHHTH ce na
nacTasy. YHeHHijHMa Tpe6a IIITO je neuihe Moryhe, noKasaTH

nojaBe H3 npHpo^e HS Koje ce O^HOCHJIO rps^HBo ca i^H^>eM IIJTO
ayneHor. Tpe6a HMaTH y BH#y noTpe6e H HHTepecoB3H>a

yM6HHK3. HepeTKO 4>H3HK3 MOpa ^3 C6 ,,H36opH" 33 M6CTO y COHCKy npe^M6T3 33 KOJ6 je

33HHTepecoeaH. Y i^H^y nonyjiapH33i^Hje ose H3yKe, Heonxo^Ho je HSBBCTH
,,yr^ieAajy" 4>H3HKy y CBeTy OKO ce6e H noKyuiajy ^a Hat)y CMHcao y

H OHHivieflHHM npHMepHMa H3 rpa^HBa.
OH3HK3 je eKcnepHMeHT3JiHa nayK3 H caM nocrynaK MepeH>a je ^p3roi;eHO

HCKyCTBO 33 yH6HHKe KOJ6 My^THMeflHJa H6 MOJK6 fl3 33M6HH y nOTDyHOCTH.

CHMyjisijHJa HHJe eKcnepHMCHT. AnHMai^Hja TaKO^e. HnaK, MHiujbeH>a cam ^a, ^OK
nap3.ne./iHO p3^H Ha IIITO KBa^HTCTHHjeM onpeMSity K36HH6T3, nacTaBHHK Mopa ^a
HCKOpncTH 6^aro^eTH Koje caBpeMena HH^opMauHona TCXKHKB Hy^H. OnpsB^sfte sa
OBaj CTSB noTpsjKHhy H y caMOM HanHHy npoynseafts 4>H3HKe KSO Hayne - Ka^a HHJe
Moryhe npoynHTH nojasy y KOHTO^HcaHHM, Jis6op3TopHJcKHM yc^oBHMa, nojass ce
npoyH3Ba nocMaTpafteM, Tano r^e ce
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2.

FIOCTOJH H6KOJIHKO pSSJIHHHTHX H3HHH3 npHM6He MyjITHMejJ,HJ3 y e,0,yK3IJHJH:

1. KopHmheifce CSMOCTSJIHHX npoHSBO^s Ha
K3fl3 KOpHCHHK KOpHCTH cd HJIH dvd H3 KOJ6M C6
najiasH nporpaM sa HHTepaKTHBHO ynetfce H3 CBOM
psnynapy. (GiHKa 6p. 1 06p33OBHH co<J)TBep]

,,on line" e,o,yKau,HJ3 - ys o^peheHy HOBHany
HaflOKHa^y KOPHCHHU.H Mory npHcrynHTH web
CTpaHHIJ3M3 C3 JieKU,HJaM3 H3 O^peheHHX o6j!3CTH

33 Koje ce onpe/jejie, H KopumheibeM HHTepneTs,
p33MeitHB3TH HCKycTBa H jj,o6HTH oflroBapajyhe

3. yneite H3 fla^>HHy - OBS HSHHH yneaa 33XT3Ba
6psy HHTepneT KOHeKi^HJy H oflroBapajyhy onpeMy
33 p33M6Hy C/IHKe y 3ByK3 - K3M6pa y yHHOHHIJH H

KOfl KOpHCHHK3 (OIIU,HOHO), MHKpo4)OHH y

yMHOHHI^H H KOfl KOpHCHHK3... OB3J H3HHH yHCH>3
KOfl H3C JOIII yB6K HHJ6 33CTynJbCH.

. 1 O6pa3OBHH co(|>TBep

DojaBOM je4>THHHx JIHHHHX panyHapa nojaBJbyjy ce MSTepnjajiH sa yneBbe KOJH
Kopncre MoryhHOCTH panynaps - ,0,3 ce Hsnpsse ^eni^HJe Koje OCHM T6KCT3 noce H 3ByK,
CJIHKy H^H ^HJIMCKC 33HHCe, 371H H MOFyhHOCT R& C6 Hanp3B6 HHTepaKTHBHH
o6ps3OBHH MaTepnjaJiH H TecTOBH 3Hatt>a H BeiiiTHHa. OBH o6ps3OBHH M3TepHJsjiH ce y
noneTKy ^HCTpH6yHp3Jy H3 ^.HCKexaMa, KSCHHJC na KOMnaKT #HCKOBHMS H nyxeM

neHje ys noMoh panyHspa ^o6HJa H33HB ejieKTponcKO yneite (cKpaheno
, enr. e-learning).

HOBC MoryhHOCTH 33 je4>THHO CHHM3K>e H MOHTHp3K.e (J)H^MOB3 HJIH O6p3fly SByKS

H cjiHKe, paHHje flocTynne caMO npo4»ecHOH3JiHHM npoflyi^ensTCKHM KyhsMa cajj,a cy
nocT3jie npncTynsHHe uiKOJiana H HacraBHHi],HM3, CBHMa KoJHMa je flocrynan JIHHHH
panyH3p. OTBOpene cy MoryhHocra ^s MyjiTHMe^HJajine o6pasoBHe ca/^pxaje npase
UIHpOKH KpyrOBH H3CT3BHHK3, 3 HOJ3BOM HHTepH6Ta H MOFyhHOCT fl3 C6 OBH C3flp>K3JH

pa3M6H>yjy uinpoM cBCTa.
MHOIUTBO H^eja H MoryhnocT H>HXOBe 6pse pasMene H /4HCTpH6yi^HJe nocpe/j.CTBOM

HHTepneTa 3H3H3JHO je no6ojbiiiajio KB3JIHT6T o6pasoBHor MaTepHjajia, 3 nojsBHJio ce
H HHTepecoB3H>e 33 KopHinheite HOBHX sa HHflHBHflyajiHsai^HJy npou,eca yHefta.
YoHeH3 je MoryhnocT 743 ce npnKss H ^nsajn o6pasoBHOr M3TepHJ3Jis npHjrarojj.H
yneHHi;HM3 ca noce6HHM noTpe63M3 (nnp. Kopnuihefte HCDHCS spjio BBJIKKHM
CJIOBHM3 H3 6Kp3Hy S3 CJia6OBH/J,e yMCHHKe HJIH eMHTOB3ft>e SByKS nOCpe^CTBOM

panynaps H 3ByHHHKa KOJH HOCH npoMHTaHH TBKCT yMecTO ncnnca TeKCTa).
TajieHTOBaHH yneHHi^H saHHTepecoBanH sa o6jiscTH y KoJHMa ROCTOJH BeoMa MSJIH
6poj CTpyMHHX H3CTaBHHK3 MOFy nOCpe^CTBOM HHTepH6T3 ,̂3 yHe Ofl H3CT3BHHK3 KOJH
ce H3Ji3se HS ^pyroM Kpsjy CB6T3. MoryhHOCTH fl,a ce yneK>e npHJiaro^H noTpe6aM3 H
npeflHcnosHi^HJSMS noje/4HHij3 ^ejiOBajie cy HeorpaHKHeno.

CTBapnocT je noKasaJia 743 cy MHOFS OHeKHB3H>a 0/4 e-yneHia 6nji3 npeTep3H3. HSKO
je yBohefte e-ynefts, nspoHHTO y (JmKyjrreTCKO o6pasoBaH>e, sa MHore o6pasoBHe
HHCTHTyiJ,HJe HOCT3JI3 J4o6pa eKOHOMCKa npHJIHKa 33 H6K6 H 33KOHCK3 o6aB63a, 33 C3fl3

cy MoryhHOCTH Koje OB3J BH^ yneK.3 npy>K3 cjia6o HCKOpHiuhene.
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HaJBehy yjiory y 6psoM paseojy e-ynetta HMS HHTepneT H H>eroB psssoj. yneHHicy je
noTpe6an panynap H HnTepneT Besa #a 6n Morao ,0,3 npHcryna pecypcHMa 33 yneite
Koje TSKofje npeysHMa ca MHTepneTs.6

Ha HHxepneTy nocTOJH BCJIHKH 6poj 6ecn;i3THHx Web crpana 33 yneite HS flajbHHy,
ca Hsyserno KOPHCHHM H pasHOBpcHHM ca^p>KaJHMa. HyseHH MIT (Massschusetts
Institute of Technology] je HOCTSBHO oxBopeHH CHCTCM 33 npncxyn CBOJHM HacraBHHM
caflp>K3JHMa Ha a^pecn http://ocw.mit.edu (CjiuKa 6p. 2 TIpuMep 6ecnAamne uHmepnem
cmpdhuiie 3ayven,e no

MITOPENCOURSEWARE

(..•( vtnrlcd w>!ti in W

Physics

I i l i c ) I imf-..-s

t *t • . -i • i "i.i\s

GIVING

MIT

GiHKa 6p. 2 ripHMep 6ecnjiaTHe HHTCPHCT crpamme sa yneibe Ha fs,ajhvtny

HH«J)opMaqHOHa TexHo^ornja nocnemyje H y6p3aea npoi^ec ynefta THMB IUTO
o6es6ehyje pasHOBpcne Hssope 3H3K.3, no^puiKy H no^cTHi^aj , HHTepaKi],HJy,

CHMyjiau,nja ["HHTe^eKTya^HH eKcnepHMCHT"] - KoMnjyTep HMa MoryhnocT ^a
npHKa>Ke neicy CTBapnocT y o^Hocy H3 nocTojehe ycjioee H napaMexpe H p,a xe yc^ose
MO>K6 MeHb3TH OO JKeJbH H aH3JIH3Hp3TH pe3yjIT3TC nOCTHPHyTe THM MeK>3H>eM.
CHMy^npaTH ce Mory Hajje^nocTaBHHJH npou,ecH noneBuiH o^ CHMyjiHpaH>a pa#a
H6KHX M3IUHH3 (aBHOHa, 3yTOMO6H^a] £O CHMyjIHpaHba CJIO>KeHHX npOIJ,eca KOfl,

aroMCKHX peaKTOpa, xeMHjcKHX nojasa, HT^. Pen CHMyjiau,HJa HMa pasjiHMHra 3HaneK.a.
Y roBopnoM jesHKy SHSHH, npeTBapaH>e, onoHamaite, HT^O,. CHMy/i3i],HOHH MOfle^
npeflCTas^a MO#e.n y panynapy, a cnpoBo^H ce Ko#HpaH>eM. CHMyjisuHOHH Mo^e^ je
co4>TBep H OH oMoryhasa f\a ce je#HocraBHO Aof)e flo KOHii,eni^HJCKor MO^e^a, ^o
BepH<J)HKOBaHor nporpaMa. CHMy^si^HOHH je3HU,H cy yrjisBHOM cjio>KeHH, TJ. K.HXOBO

6 EjieKxpoHCKO ^etfce - Microsoft - FlapxHep y yMeity
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je cnoJKeHHJe OA pasyMeBaiba cHMy;rau,HHor CHcreMa. CHMyjiai^Hja, y
cMHCjiy, je nocrynaK KOJH o6jeAHn>3B3:

• CHHM3K,e noAaTaKa Ha pea^HOM
• ecKcnepHMeHTHcafte Ha pesjmoM
• 4>opMyjiHcatt>e xeopH
• H3rpaAH>y KOHueninijcKor
• nporpaMHpaH,e,
• ruiaHHpawbe eKcnepHMCHaTa Ha panynapy,
• eKcnepHMeHTHcatte ca nporpaMOM na panynapy H
• anajiHay peay/iTaxa.
BHACO AeMOHcrpauHja - yneHHu,HMa oMoryhasa H noMa>Ke p,a yBH^e cHTyai^HJy TJ.

yspoHHo - noc^eAHHHe sese H oflHoce H ^a noBe>Ky ancypaKTHe aHHMau,Hje ca
CTBapHHM cHTyai^HJaMa. Tano^e o6es6e^yje BCJIHKH 6poj KOHTCKCTya^HHx
HH(J)OpMauHja Koje cy OA cyiiiTHHCKor snanaja aa npenosHaBaibe o6jeKaTa, MecTa HTA-

AnHMai^HJa - Ona OMoryhaBa Aa yneHHijH nocMaxpajy OABHjaH>e HCKOF npoi^eca
Kora HHane ne Mory AS npoynasajy na HCKH ApyrH H3HHH Kao Ha npHMep paA
neTBopoTaKTHor MOTopa, npou.ec y BHCOKOJ nehn CTI. Ha osaj naHHH ce naiviamaBajy,
HCTHny BaTKWi acneKTH HCKHX npoijeca H OHO IUTO je HCBHA^HBO nocraje BHAAHBHM.
AHHMau,HJa je HAea/ina sa npHKasHBaHie neKor npoi^eca H HMB B67IHKH snanaj 33
AeMOHcrpaijHJy MatUHHa H MexsHHaaMa. AHHMHpana ceKBenija CSCTOJH ce OA HH33
IJPT65K3 KOJH C6 H33HB3Jy K3APOBH H MOFy C6 6p3O MeH^aTH H npHK33HB3TH npOM6He

Ha CJIHU.H. Har^acHMO A3 ce nexe npoMene Mory ycneuino
noMohy

Moryhe je cse o6^HKe Hcno^>aB3H>a cno^Hier csera yrpaAHTH y OBSJ HHTepaKTHBHH
npHK33 KOJH noHeKSA HHJe AOcryn3H cssHasafty TJ. yAa/ben je, onacan,

H C^HHHO. YHeHHK MOJK6 A^ npaBH TaKO3B3He "BHpTye^He 6KCKyp3HJe" TJ.

A3 "ypafta" TJ. Ay6jbe npoynasa OArosapajyhe BHpTyeTine npHKase CTsapnor cseTa ys
Beher 6poja

Radenkovic, B., Stanojevic, M: Racunarska simulacija, Beograd, 2001.
8 ripO(J>.flp C^o6oflaH IlonoB - MeTOflHKa npHMCHe y HacraBH TCXHHHKO H HH<J>opMaTHMKO
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3. OApxcaH>a

ycKJi3t)eHOCT ca saKOHHMa oflp«aH>a npeflcraBJba noysAan KpHTepnjyM sa npoeepy
HCnpaBHOCTH H6KC <J)H3HHKe TBOpHJe, T6OpHJCKe npeTHOCTaBKe HJIH MOflejia TCXHHHKOr
ype!)3J3 - ano je HCMS, xeopHJa ce ofl6auyje, KOpHryje, npencnHryje HJIH npHcryna
TpSHceity HOBHX pemeita.

V #ajb6M TeKCTy, Hame pasMaTpaibe O/^HOCTH ce Ha Hepe^aTHBHCTHHKy
4>H3HKy, T3KO fla h6MO CM3TpaTH ,0,3 M3C3 T6JI3 H6 33BHCH Ofl HjCrOBC 6p3HH6.

3.1.H3OJIOB3H 4>H3HHKH CMCT6M

OH3HHKH CMCT6M J6 CKyn Ofl, £83 HJIH BHUI6 T6^3 (H^H HCCTHUaJ KOJH MOFy

ysajaMHO ^a Aejiyjy, ajiH H ̂ a ysajaMHo Aejiyjy H ca TejiHMa H3B3H Tor CHcxeMa. CH^e
KOJHMa ysajaMHO ^e^yjy xe^a ynyrap ^HSHHROF cHCxeivia HasHBajy ce yHyrpauiHie
cH.7ie. Cno/bauiH>e owe CH one KojHMa Tejia HS cHCTena ACJiyjy ca rejiHMa H3B3H
4>H3HHKOr CHCT6Ma.

HsO^OBaH (J)H3HHKH CHCT6M je CKyn RES HJIH BHUI6 T6^3 (HJIH H6CTHi;a) KOJC
C3MO y33J3MHO ̂ ejiyjy. CnojbsuiHje cHJie:

• HJIH HC flejiyjy,
• HJIH je ftHXOB 36np je^naK HyjiH,
• HJIH ce TC CHJie Mory saHCMSpnTH.

CBH saKOHH cmp^aita BSJKB y HsojioBaHHM (^HSHMKHM CHcreMHMa Kao I^CJIKHH, 3 HC
sa ^ejioBe (^HSHMKOF cHcreivia (HeHSOJioBane noflcKynoee xejia HJIH

3.2.OimiTH KapaKTep saKona

33KOHH 0,fl.p}K3ft>3 B3>Ke y CBHM o6jI3CTHMa npOyH3BaH>a 4)H3HKC, Ofl MHKpOCBeTa
, aTOM3 H H^HXOBHX C3CT3BHHX HCCTHI^S] #0 CBexa orpoMHHX KOCMHHKHX

o6jeK3T3. OBO je pasjior 743 ce sa HbHx Ka>Ke ̂ a HMajy OHUITH KapsKiep.
Hene ^HSH^KC BeJiHHHHe Koje ce no/4 o^pe^eHHM ycJioBHMa He M6H>3jy cy

CKajiapne (Maca, eHeprnja), J^OK cy Apyre (HMnyjic, MomeHT HMnyjics) seKTopcKe. Kofl
CK3JI3pHHX BCJIHHHHa OflpHCaBa CC H>HXOB3 BpeflHOCT, 3 KOfl BCKTOpCKHX B6JIHMHH3

HHTensHTCTs, o^p>K3Bajy ce H HJHXOBH npaBau, H cMep.
onuixeM cjiynajy SSKOH oflp^swba 4>opMyjiHiiie ce y cjie^ehHM o6jiHi^HM3:

epednocm dame (fiusuwe eeAwune y uaoJioeanoM cucmeMy mejia
ce 6es o&3upa Ha npoMene ynymap cucmeMa.

HJIH:

He nocmoju npoi^ec KOJU 6uy USOJIOBOHOM OJUSUHKOM cucmeMy doeeo do npOMene
epednocmu dame

10
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3. 3. SaKOH mvmyjica

Ha npHMepy ysajaMHOr ^ejioBaita #Ba xejia y HSOJIOBaHOM CPHSHHKOM cncxeMy, ys
no3HaB3H>e saKona aKiHije H peamjHJe H OCHOBHOF saKona ^HHaMHKe, MOKCMO ce
ysepHTH y jeflHocraBHOCT H HCTHHHTOCT HHK>eHHi^e ,n,a ce ynynan HMnyjic Tejia y
HSOJIOBaHOM (J)H3HHKOM CHCT6My H6 M6Hba.

AKO y TpenyrKy t npeo TCJIO, HHJH je HMnyjic p7 jj,ejiyje na Apyr° CHJIOM F12, a /J,pyro

TeJio (ca HMnyjicoM pj) nena flejiyje na npso Tejio CHJIOM F21. Ilocjie HeKor BpeMCHa, y

TpenyTKy t', HMnyjicn Tejia he ce HPOMCHHTH H #o6HTH Bpe^HocTH p^' H p2'.

FIpoMene HMnyjica KOJJ, OBHX Tejia
oflroBapajy CHJiaMa Koje cy Ha H>HX

CjiHKa 6p.

Pi-Pi
At

P 2 ~P2
At

21

= F-12

Ose ,o,Be cnjie cy, na ocHosy Tpeher HayrHOBor saKOHa:

na je:

OflHOCHO:

P'-L - Pi P2 - P2

At At

Pi + P7 = Pi + P2

YKynan HMnyjic HSOJiOBanor CHcreMa Tejia (MecTHU,a) y HSOJIOBaHOM
He MeH>a ce TOKOM speMena (ocTaje

HJIH:
P = Pi + P2 + Pa + "• + Pn = const

7^ = const, sa Fsp = 0

je Fssp cnojbaiiiH>Hx
H3OJIOB3H (J)H3HHKH CHCT6M yB6K je CHCT6M.

11
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33KOH HHepU,HJe (IIpBH HjyTHOB 33KOH) MO>Ke Ce CMBTpaTH nOCJie,fl,HU,OM 33KOH3

oflpJKaits HMnyjica. AKO y HHepu,HJa;ioM pe4)epeHTHOM CHcreMy nocM3Tp3MO TCJIO
M3ce m Koje ce Kpehe 6psHHOM v, HMnyjic Tor TBJIS 6Hhe:

p = mv = const, 33 Fsp = 0

C 063HPOM A3 Ce M3C3 T6^3 y KJI3CHHHOJ M6X3HHIJ,H H6 MeH>3, MOJK6MO HSBytlH

a he ce TeJio KpeTaTH CTajiHOM 6psHHOM aKO H3 aers ne

3.3.1. ripHMepn npHMCHe saKona oflpiKaH,a

3.3.1.1.

1. Y3M3K npmiHKOM /jejcTBa BaTpeHor opy/KJa, y TpenyTKy HcnaJbHBSita
npojeKTHjia HJIH MBTKS, opy>KJe floSnja HMnyjic je^HaK HMny^cy MeTKa no npasi^y H

, s cynpoTHor CMepa:

AKO je Maca MeTKa m^, a opy>KJa m2 H
3KO je 6p3HHa Kojy je HMSO MBTSK

Hcna^HB3K>3 'vl, Ta^a cy
OBHX Tejia:

H

p2 =

CJiHKa6p. 4 Ba-rpeHOf opy>KJa

YKynan HMnyjic na noneTKy 6no je j
T3MHO H y TpCHyTKy HCn3/bHB3H>3 M6TK3:

, na ce MO>Ke TBP^HTH H ̂ a he TO 6HTH

3H3HH: p7 = —p~2, OflHOCHO

j, Bpe^HOCT 6psHHe Kojy HMa opy>KJe je:

V2 =

= —m2v2
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MyjimuMedujajiHU eKcnepuMeumu y o6jiacmu SQKOHO odpMOH,ay Hacmaeu cpusuKey cpedibUM

3.4.3aKOH oApxcaiba MOMCHTa HMnyjica

MOMCHT HMnynca je BeKxopCKa <|>H3HHKa BeJiHHHHa j
HHepu,HJe H yraone 6psHHe reJia HJIH necTHije:

npoH3Bo#y MOMenra

L = /0>

AKO je y nHTaity MaTepnjajina xanKa Mace m Koja
ce Kpehe no KPJOKHHU.H nojiynpeHHHKa r, GPSHHOM
v, H>eH MOM6HT HMnyjica je:

L = mvr

YKyiiaH MOM6HT HMnynca
je^naK je BCKTOPCKOM a6Hpy MOMenara
CBHX FberoBHX ^ejioBa:

L =I + Z + L + - - - + L

Oimca 6p. 7 MOMCHT HMnyjica

Y H3OJIOB3HOM (J)H3HHKOM CHCTeMy yKynaH MOMeHT HMny^ca ne M6H>a ce y TOKy
speMena:

1 = ̂  + 12 + ^3 + — \- Ln = const.

Ce HSOJIOBaHHM 4>H3HHKHM CHCTCMOM MOJK6 CM3Tp3TH CB3KH HH6pI],HJa^HH

CHCT6M KOfl Kojer je OCHM yc/iosa ^a je s6np cnojbauiftHX CH^a jeflnaK HyjiH, noxpe6HO
H ^a je yKynan cno^auiH>H MOMenar CHJia je^naK ny^H [Ms=0].

3.4.1, IlpHMepH npHMcne saKona MOMeHTa HMnyjica

3.4.1.1.

AKO nocMaTpaMO K/iHsana na Jie^y
nnpyexy, Mo>KeMO yoHHTH ^a ce yraona

6psHHa KjiHaana M6K>a y saBHCHOCTH 0̂ 1, no7io>Kaja

y noJio>Kajy ca pauinpenHM
MOM6HT HHepi;HJe KJiHsaMHi;e Behn je Hero
CY j°j PYKe CKynjbene. Ca yraoHHM SpSHHaMa je
cynpoTHO - ca pauinpenHM pyKana yraona
6psHHa je Maft>a. MOMCHT HMnyjica y o6a cjiynaja
je HCTH.

= 72w2 = const.

In til- product m X » X r
ctlcitied vnnm rr».tn
Uf̂ vr rfOtut jnd »n*All*
velocity o* rotation

8nnyif»y in h*r tfnt

thrf «f<K»
rotational velocity

CjiHKa 6p. 8 riHpyera
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MyjimuMedujajmu eKcnepuMenmu y o6jiacmu SOKOHQ odpxatbay Hacmaeu cfJusuKey cped

3.4.1.2. Kpexaibe njiaHexa OKO Cynija

KenJiepoB saKOH
ce Kpehy OKO Cynua no acben

nyrattaMa; y
SajeflHHHKOJ JKHJKH THX eJIHHCH

ce Cynije.

CvHue \n
O -f~

nnaHera

CjiHKii6p. 9 E/iHnTHMHa nyratfaa njiaHere

.b

ft.eH
Ken^epOB saKOH -

ce Kpehe TaKo
BeKTOp sa HCTO

npe6pHiue je^HaKe noBpuiHHe.

. 10 Keiuiepoe saKOH

KenJlepoB saKOH flOBO^H ̂ o saKJbynKa ^a ce n^anera Kpehe 6p>Ke y nepHxe^y, a
cnopHje y a(J>eJiy. AKO cpe#H>H pa^HJyc - BCKTOP n^anere y oflpefjenoM BpeMeHCKOM
HHTepsa/iy At, flOK je y a4>ejiy, osHaHHMo cara, a cpeflitH paflHJyc - BeKTop y HCTOM
BpeMeHCKOM HHTepsajiy y nepnxejiy osnanHMO ca rp H K.HM3 /i,OfleJiHMo oflroBapajyhe

6psHHe, MOMCHTH HMnyjica njianeTa y osa flBa cjiynaja 6Hhe:

La = mvara

Lp = mvprp

3a BpeMencKe HHTepsajie, npehenn nyT njianere MO>KC ce anpoKCHMHpaTH
noMepaja. To snanH ^a GHCMO, noBeayjyhH nonexaK H Kpaj noMepaja ca

CyHU,a npH6;iH>KHo flo6HJiH je^naKOKpaKH rpoyrao MHja BHCHHa je flyaama
paflHJyc BCKTOpa, a ocnoBa noMepaj ( H^H npefieHH nyr - join je^na

SaKOH o^p?KaH>a MOMeHTa HMny/ica saxxesa #a je:

mvara = mvprp

15



MyjimuMedujajiHU eKcnepuMeHmu y o6siacmu SOKOHO odprnatbd y Hdcmaeu (pusuKey cpedibuM

AKO CBe noflejiHMO ca 2 H HOMHTOKHMO ca At,

varaAt vprpAt

Mo>KeMo KOHCTaTOBaTH #a cy vaAt H i;pAt npetjeHH nyTesn njianeTe y osa
oiynaja (HJIH HHTensHTeTH BeKTopa noMepaja).

cjpopMyna npe^cTaBjba noBpiiiHHe Koje je Hnpe6pHcao" pa^HJyc - BCKTOP
y HCTOM Tpaja^by BpeMena y flBe pasJiHHHTe TanKe ejmnce:

CMO ^OKasaJiH sesy Apyror Kenjiepoeor saKona ca saKOHOM
HMnyjica. TaKo^e, OB^C CMO ce cpejiH ca jom JC^HOM BPCTOM 6psHHe - ceKTOpCKOM
6psHHOM - npOMena noBpiiiHHe Kojy npe6pHme pa^njyc - BCKTOP ruianeTe y BpeMeny.

3.4.1.3. >KnpocKon

>KHpocKonoM ce noflpaayMCBa csaKo Kpyro
Koje pejiaTHBHO 6pso pOTHpa OKO CBOje oce
MaTepnjaJiHe cHMCTpHJe, npn neMy xa oca HMa je^ny
HenoMHHHy TanKy H Men>a npasai; y npocTopy (CjiHKa
6p. 11 Hnrpa) . Yraona 6p3HHa OKpeTaK.a xejia MHOFO
nyTa je Beha o^ yraone 6psHHe KOJOM ce oKpehe oca

OiHKa 6p. 11 HHrpa

>KHpocKonH cy HaiiiJiH BejiHKy npHMeny y TexHHUH, nnp. >KHpocKoncKH KOMnac H
cKH HaBHraii,HOHH npn6opH. y Topne^y ce >KHpocKon KOPHCTH p,a 6n

ce o6es6eAHjio cxa6HJiHO KpeTaae no ynanpefl oflpetjeHoj nyxaftH. HCTO T3KO,
>KHpocKon c,fiy5KH ^a 6n ce yMaitH.no jby^afte 6pofla, saTHM Kao cra6HjiH3aTop KO^

BOSHJia r#e ce Kopncxe >KHpocKonH ca flea H TpH cxenena. fl,a 6n ce
cxa6n/iHa nyxaH>a rpanaxe, y I^BBH opyf)a ypesann cy saBOJHH >Kjie6oBH H

rpanaxa Hanycxn i;eB ^°6HJa se^HKy yraony 6psHHy o6pxatt>a OKO CBOje oce
MaxepnjajiHe CHMeTpnje, na ce Ha Taj HaHHH o6e36e^yje >KHpocKoncKa cxa6HJiHocx
rpanaxe.9

9 >KHPOCKOn - OCHOBHH MEPHH EJIEMEHT CHCTEMA ynPABJbAfrA flp Bjiado "BypKOBHh, BoJHa
a, BOIHOTEXHHHKH T^ACHHK 4/08
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MyjimiiMedujajiHu eKcnepuMenmu y oftjiacmu SOKOHQ odpjtcatbay nacmaeu (pusuKey cpedn>UM

[at (bi
. 12 >KnpocKon

3.5.3aKOH eneprHJe y

3aKOH o^p5KaH>a eHeprnje y MexaHHHKHM, HsojioBaHHM (J>H3HHKHM CHCxeMHMa ynyxap
KOJHX fle^yjy caMO KOHsepBaxHBHe CHJie npeflcxaBJba Moryhnocx pemaBatba HCKHX
cHxyaijHJa Koje 6HCMO xence peuiHjiH npHMeHOM HsyxHOBHx aaKOHa.
IlocMaxpaheMO Hso^osaH (^HSHHKH cucxen ynyxap Kojer xejia (necxHije) fl,ejiy]y
Me^yco6HO caMO KOHSepBaxHBHHM CHjiaMa (cHJiana HHJH pafl He SSBHCH o^ o6/iHKa
nyxa, Beh cano o^ nonexHor H KonaHHor no;io>Kaja xe^a). AKO npexnocxaBHMo fla je y
npOH3BOJbHOM xpenyxKy ti noxeHijHJajiHa eneprnja cncxeivia xejia Epl, a KHHexHHKa
eneprnja Ekl a y xpenyxKy t2 OBC eneprHJe 6nhe Ep2 H Ek2.

Pafl HSBpinen KOHSepBaxHBHHM cH^ana npn ysajaMHOM ^e^oBaHjy xe^a
je HeraxHBHoj npoMenn noxeHi^HJajine eneprnje CBHX xe^ia:

A = — AE'p = Epi — Ep2

HCXH pa^, XHX CR/ia jeflnaK je, c flpyre cxpane, npoMeHH KHHCXKHKC eneprnje CBHX xejia
HS CHCxeMa:

A = A£k = Ek2 - Eki

fla je npoMena KHHexHHKe eHeprne jeflHana HeraxHBHo npoMeHH
noxenijHJajiHe eHeprnje, xaKO ̂ a MOKBMO HanncaxH:

— Ep2 — Ek2 — E,fei

17



MyAmuMedujajiHu eKcnepuMewnu y o6siacmu SOKOHO odpjtcaway nacmaeu <pu3UKey cpedmiM WKOJIQMQ

Y MexaHHU,H, s6np yKynne KHHeTHHKe H yKynne noTeHU.HJa.7iHe eneprnje CBHX #e.7iOBa
4>H3HHKor CHCTeMa npe^cTaBjbajy yKynny eHeprnjy, TSKO fla je yKynna eneprnja
CHCT6M3 OHyB3H3.

E = Ek + Ep = const.

3.5.1. IIpHMepH npHMene saKona o^px<aH>a eneprnje

3.5.1.1. Oio6o#aH

C./iiiKa 6p. 13

33KOH OflpJK3K)3 eHepFHJe MOJKCMO

o6jacHHTH H na npHMepy KH>nre Koja
c^o6o^HO na^a. HSIII (J)H3HHKH CHCTCM
HHH6 KHjHF3 H JIOIIT3. ^OK 3a^p>KaB3MO

H3 BHCHHH yb , CHCT6My CMO

eneprHJy Kojy MOJKeMO o^peflHTH na
CHOBy pa^a KOJH CMO HSBPUIH^H

cnojbauiifcOM CHJIOM na
CHCT6M. A = AEp.

y TpenyxKy Ka^3 nycTHMO KH>Hry,
nani cHcxeM nocraje H3O.noBaH, a KH>Hra

rpaBHTau,HOHe CHJIC. Pafl ose
cn^e ^o TpenyrKa

CTHrne na BHCHHy ya, je:

A — — — Ep2 —

= mgyb - mgya

Ca flpyre crpane, snaMO ^a cra^na cn^a Koja fle^yje y npaBi],y napa^ie^HOM Kpexaity
o npoMene KHHeTHHKe eneprnje Tejia (BpuiH

A = A£k = Ek2 — £fci

OBO je pa^ Here cn^e, na MO>KeMO Hsje^naHHTH Hapase 3a pa/i,:

— Ek2 + Ep2

UITO saKOH o^p>KaHja eneprHJe.
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MyjimuMedujcuiHU eKcnepUMenmu y o6jiacmu SOKOHO odpycan>ay nacmaeu (pusuKey cpedtbUM

3.5.1.2. Kjiamuo

K/I3THO je c<J)epHO TCJIO Mace m
OKaneHO o ranaK KOHSU,

L {CJIUKCI 6p. 14.] KyrjiHija je
nyuiTena HS MHpoBaita Ka^a je
ca BepTHKajiOM rpa^Ho yrao 0A.
KyiviHije y HaJHH>Koj xanKH nyTaH>e
Hajjiaioiie ce o^pefjyje noMohy saKOHa

eneprnje.

GiHKa 6p. 14 KjiaTHO

Koja BpiiiH pa^ na^ c<J)epoM je rpaBHTaujHOHa CHJia. (Cnjia 3aTesaH>a
je HopMajina na 6p3HHy KyrjiHije, na He Bpiun pa^). KaKO je rpaBHTai^Hona

KOHsepsaTHBHa, yKyrma MexaHHHKa eneprHJa cncxeMa K^aTHO-BeM^a je cra-Tina.
KaKO ce KjiaTHO noMepa, ^o^asn flo TpaHC(J)opMai;HJe HSMe^y noreHi^HJajiHe H
KHHerHHKe eHeprHJe. Y xpenyTKy oc^oBa^afta Kyr^Hi^e, eneprHJa cHcxeMa je y
noTnyHOCTH noTeni^HJaJiHa. A y xanKH B K^aTHO HMa KHHeTHHKy eneprHJy, ajin je
CHCT6M H3ry6no neiiiTO noTeni^HJajiHe eHeprnje. y raHKH C Te^o oner HMa HCTH HSHOC

eneprHJe, a KHHeTHHKa eneprnja K^aTHa oneT je

AKO HSMepHMO KoopflHHaTe y o^Hocy na i^eHTap poTai^nje, HM3MO:

yA = -L cos 04

eneprnja y ose ^Be TaHKe 6nhe:

Ka#a ce npHMenn SBKOH

PA = -mgL cos 6A

EpB = -mgL

eneprHJe, ^o6HJa ce:

— mgL = 0 mgL cos 9A

Ha je 6p3HHa Kojy KyrviHija HMS y HSJHHJKOJ TBHKH nyratte
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MyjimuMedujajiHU eKcnepuMenmu y o6jiacmu SOKOHQ odpotcatbay nacmaeu (fiusuKey cpedtbUM IUKOJIOMQ

VB = - cos 9A) =
r^eje

<J>opMy;ia sa 6p3HHy H3M oxKpHBa fla he Kyrjinija HMBXH noxnyno Hcxy
6p3HHe Kao mxo 6n HMaJia Ka#a 6n ca BHCHHC h cno6o,zjHo na./ia. PasjiHKa HSMehy OBB
flse 6p3HHe je caMo y npasuy. OBO ce o6jaiiiH.3Ba XHMC p,a i^enxpHnexa^Ha CH^a (cnjia
saxesaaa KOHi^a] flejiyjyhn na Kyr^Huy He BpiiiH pa^, jep je HJCH npasau nopMajiaH na
Kpexafte Kyrvmije, ns je je^HHa cnjia Koja OBAC MOJKC fla BpuiH pa# rpaEHxai^Hona CH^a.
AKO je KyrjiHi^a nyuixena HS MHpOB3H>a HS yma QA, ona HHKa^a Hehe /johH H3Ha^ xe
nosHi^HJe XOKOM Kpexatt.a. Y nonexKy Kpexaaa, y XBHKH A, yKynHa eneprnja je^naKa je
noxeninijajiHoj. Osa eneprnja TpaHc4)opMHine ce y KHHexHHKy y HaJHHjKOj xanKH
nyrafte B. KaKO Kyr^ni^a nacxaBJba ^a ce Kpehe pytK jiynne nyxaH>e, yKynna eneprHJa
nocxsje onex noxeHi^Hjsjina H xaKo

3.5.1.3. BepHysiujeea jed

EepnyjiHjeBa je^nanHHa o6jauiHjaBa pscnoflejiy npHXHcaKa ^y^c je^ne cxpyjne
u,eBH npH cxai^HOHapnoM npoxHi^atty H^ea^Hor, neexHiiiAHBor <J)^yH^a (xeHHocxn
HJIH raca]. ^HnaMHKa 4>^yH^a ce ne pa^H y (jmsnijH y cpeflH>HM cxpyHHHM
Beh ce cnoMHHje y oKBHpy cxpynnnx, xexnojioiiiKHx npe^Mexa, xe ce osa j
MO)Ke cnoMenyxH pa#H ycnocxaB^afta Kope^ai^Hja ca ocxa^HM UIKOJICKHM
npe^MexHMa H noflcehaHsa &a saKOHH o^pJKaHja HMajy OHIIIXH KapaKxep. /tpyra
MoryhHOCx je ^a ce osaj npHMep npHMene saKOHa o^piKaHja eneprnje ypa^H ca
saHHxepecoBaHHM yneHHi^HMa Kao o6;iHK AOflaxnor pa^a, pe4)epaxa KOJH 6n 6no
npahen fleMOHcxpsi^HOHHM orjieflHMa KOJH 6n noxBp^H^H HayMeno.

P^

CjiHKa6p. 15 BepHyjiMJeea jeAHaiHHa

AKO nocMaxpaMO I^CB Koja HMS pas^nnnxe nospiuHHe nonpeHHHX npeceKa S, KOJH ce
najiase Ha pasjiHHHXHM BHCHnaMa, y je^naKHM BpeMencKHM HHxepBa^iHMa At Kpos
nonpenne npeceKe cxpyjne UBBH Mopa npoxehn ncxa Maca

10 Halliday, Resnick, Walker - Fundamentals Of Physics
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MyjimiiMedujajiHU eKcnepuMenmu y o6jiacmu SOKOHO odpMan,ay nacmaeu cfiusuKey cpedtbUM IUKOJIOMQ

KaKO je
Am = pAK

HecTHimbHB, Hera Maca o^roBapa HCTOJ sanpeMHHH

i = AV2

HJIH: Am =

6p. 15 Eepnyjiujeea jedna^uHa MOMce ^a noc^y?KH sa H3Bo^eH>e
, jep ce BH#H ̂ a je:

To 3H3HH A3 je Si ViAt = t, OflHOCHO:

Am = = pS2v2At

Y nojiojKajy 1 na C^HI^H 6p.l5 #eo (J)^yHAa Mace Am HMa noT6HU.HJa.nHy eneprHjy Kojy
heMO 03H3HHTH ca Epl , KHHeTHHKy eHeprHJy Efcl H enepFHJy flo6Hjeny pa^oM
cno;baiiiH>e cn^e Ax . Y no;io>Kajy 2 TO he 6HTH Bpe^nocTH Ep2 , £"fc2 H A2 . AKO
npHMeHHMO saKOH o#P>KaH>a eneprHJe, Mo>KeMO HanncaTH:

pl klE = A + Ep2 k2

cnoAauiH>e cn/ie MO>Ke ce nanncaTH y

A = FAs = p5As = pAK

Ka^a ca^a CBC cnoJHMo y je^ny j
KOJH

, Ao6HjaMo sanoH
CTpyJH KpO3

HJIH:

Ami;2
pAV + hrngh -\- - — - const.

L*

eneprHje sa

a aKO ca^a i;e^y npeTxo^Hy ca aanpeMHHOM, ^o6HheMo

,p + pgh + —— = const.
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MyjimiiMedujajiHU eKcnepuMenmu y o6jiacmu SOKOHO odpjtcan,ay nacmaeu (ftusuKey cpedtbiiM

4. FIpmviepH My^THMCAHJajiHHX

4.1.3aKOH

4.1.1. CHHMaK peaKTHBHor KpeTaH>a paxeTe

j CHHM3K paKexe Koja no.nehe ca

Ha CJIHHHO
cpeflCTasa KOJH cy

H3 HOBOrOflHIUH>HM

BaTpOM6THMa. ^CMOHCTpai^HOHH

eKcnepHMeHT Mory HSBecTH y
npHcycTBy o^pac^e oco6e CBe ^OK
je TO y cioia,fl,y ca saKOHOM H ^OK je
6es6eflHO.

6p. 16 PeaKTHBHO KperaHbe paKexe

4.1.2. y3Mana KO/I,

p,

Osa KOMnjyTepCKa
OMoryhasa yneHHUHivia jacnHJH

33KOHHTOCTH KOJ6 B3>Ke KOfl

CjinKa 6p. nypH»a
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MyjimuMedujajiHU eKcnepuMeHmu y o6jiacmu SOKOHO odpmatbay uacmaeu ifiuauKey cpedtbUM

4.1.3. EjiacTHHHH H HeejiacTHHHH cy^apH y 6ecre}KHHCKOM craity

CnBKa6p.

TOKOM oKTo6pa 2010.
anepHHKH MHJIHOHCP PHnap^ FapnoT
H #BoJHU,a KOCMonayTa saje^no cy y
cBeMHpcKoj ^exejiHi^H Cojys, y
KOCMOcy, npose^H .qeceT flana. To
BpeMe je PHnapfl HCKOPHCTHO ^a
H3B6fle H6KOJIHKO je^HOCTaBHHX
eKcnepHMeHara.
BeOMa 33HHMAHB H y yHHOHHIjaMa
HeMoryh sa pea7iH3au,HJy
fl6MOHCTpaUHOHH eKCnepHMCHT KOJH
HJiycTpyje e^acTHHan H HeejiacrHnaH
cy^,ap y 6ecre>KHHCKOM CTan>y join

he yneHHKe ysepHTH y
saKona o^p>KaK,a

4.1.4. EKCimosHja

EKcnjiosHJa ce MO>Ke nocrahH jeflHocraBHO, noMohy napa KOJiHU,a ca onpyroM
HSMehy H>HX, a neKa^a je Moryhe CTBOPHTH ys eKcnjiosHJy H cse SBynne e(J>eKTe Koje

OHCKyjy. C^HKa 6p. 19 EKcnAosuja12 npHKaayje KaKO je TO ypaheno Ha J
IIIKOJIH ,,Divine Child High School" y Dearborn-y, Michigan.

11 Richard Garriott Space Video Blog - Conservation of Momentum,
http://www.youtube.com/watch?v=4IYDb6K5UF8
12 htto: / / www.voutube.com /watch?v= RI GOwWZ av9 M
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MyjimiiMedujcuiHii eKcnepuMenmu y odsiacmu SOKOHU odpxatoay nacmaeu cfJusiiKey cpedtbUM

4.1.5. HanpasHTe peaKTHBHa KOJIHU,<I

noKasye Kaico ce, ca Beona
Majio cpe^cTasa, y KyhHHM ycjioBHMa,
Mory HanpaBHTH peaKTHBHa KcuiHija -
KOJiHU,a Koja ce Kpehy Kao nocjieflHu,a
saKona oflpKaK>a HMnyjica (H^H
Tpeher FbyTHOBor saKona). Cse IUTO je
noTpe6no je:

• 4 npoGymena nena HCTe
B6JIHMHHe

• 3
napne KapTona
6a;ioH
ryMHi;a sa Kocy
caMOJierubHBa TpaKa

AYre nrjie HJIH iiiTannha
C/iMKa 6p. 20 PeaKTHBHa Ko^Hi^a

4.1.6. KojiHu,a na ,,paKeTHn noron"

e
&a ce

6oM6oHa
peaKi^nja

jaBHOCTH
Meuiaaa

H
npn

6p. 21 na "paKCTHH noron"

uinpo
no3H3TO
,,MeHToc

KOJOJ ce
oc/io6at)a Be^HKa Ko^HHHHa raca.
Osa HHtteHHija je HCKopHiuhena sa
KOHCTpyKI^HJy Heo6HHHHX KOJlHI^a

Koja ce Kpehy y cKJia^y ca saKOHOM
HMnyjica. Flpn^HKOM OBC

yMeHHU,HMa ce
o6aB63Ho Mopa cKpenyTH na>KH>a
fla 6y^,y nsyseTHO onpesHH ca OBOM
MeiliaBHHOM.
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4.1.7. EKcnepHMeHTajina npoeepa saKOHa OApx<aH>a HMnyjica KOA neejiacTUHHor
cyAapa

6p. 22
npoeepa saKona odpwaitia UMnyjica
Kod neejiacmimHoe cydapa je
HJiyerpaijHJa aa cHHMaK
eKcnepHMeHTajiHe Be>K6e npeysexe
ca cajTa youtube.13

Te^a ce Kpehy ya noMoh
KOMnpecopa, a MepH ce Maca CBanor
T6JI3 H K>HXOB6 6p3HH6 npe H HOCJIG

cy^apa.

CjiHKa 6p. 22 EKcnepuMeHTaJiHa nposepa saKOHa <>Ap>KaH>a
HeejiacrnnHor cy^apa

CHHMKy, yneHHi^H Mory H caMH ^a
HCKOpHCTe H3MepeH6 Bpe^HOCTH,

#a yspcTe y (JiopMyjiy H nposepe
HCTHHHTOCT HayneHor

4.2.3aKOH HMnyjica

4.2.1. KperaH>e

. 23 "My solar system"

13http://www.voutube.com/watch?v=DfixfBRZXMY&feature=related
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OiHKa 6p. 23 "My solar system" npHKaayje PhET CHMy^au,HJy 14 Koja
,0,3 npH6^H>KH saBHCHOCT 6p3HHe Kpexafta 0^ pacTojaita H3Me^y ruianeTe H
OocTOJH MoryhnocT Hs6opa 6poja Te^a H pasHHx KOM6HHai;HJa H

4.2.2. IlHpyexa

^ OBO je jeflHOCTaBHa
saKOHa oflp^aita MOMeHTa
HMnyjica. TlaKO ce MO>Ke us

y
ys 6ap

ca ce^HinTeM Koje
poTHpa. yHeHHU,H osy

CMaxpajy sa6aBHOM
H OHHIVieflHOM npHMCHOM

MO>K6

6p. 24 IIwpyeTa

4.2.3. >KHpocKon

>KHpOCKOna BCKOBHMa

4>acij,HHHpa CBOJOM caBpuieHomhy.
Mafla je yneHHi^HMa >KHpocKon
caMO HJiycrpaijHJa saKOHa o^pJKaita
MOMenra HMny^ca, He ocrajy
paBHO^yinHH na KpeTaft.e Koje ce
,,npoTHBH

OiHKa 6p. 25 >KMpocKoncKii TPHKOBH

14 http://phet.colorado.edu/en/simulation/my-solar-system
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4.3.3aKOH eneprHJe

4.3.1. Ilposepa saKona eneprHje noMohy

CHHM3K /jejia npe^sBaiba r#e
npo<J)ecop Bojirep
CTy#eHTHM3 KOJH PS
npaxe noKasyje KOJIHKO Bepyje y
33KOH oflp>KaK>a eHeprHJe.
OeaKBe fleMOHCTpai^HJe Ayr° ce
naMTe H npenpHnaBajy. A SSKOH
oflp>KaKba eHeprnje nocTaje

J13KIUH H

CjiHKa 6p. 26 Prof. Walter Lewin

4.3.2. MaKCBejioB

M3KCB6JIOB ,O,HCK je ypef)3J KOJH ce
KOPHCTH y yBo^HOM Reny

(J)H3HKe Ka^a ce npoynaBa ^HHaMHKa poT3i;Hje, H
MOMeHT HHepi;HJe Te^a. Hspafjen je o# ^HCKS
no/iynpeHHHKa R H oca noJiynpeHHHKa r (r^e je r
«R). fl,ee MCHi^e je^HaKe ^y>KHHe HaMOTSHe cy
OKO oce TaKO fla cy je^HHM Kpajen BCSSHC 33 ocy,
3 flpyrH Kpsj HM je B633H 33 (J)HKCHH OKBHp.

Beh Ha npBH nor^efl JSCHO je p,a cy 6p3HH3 H
y6p3an>e ca KojHMa ^HCK ,,03^3" MaibH Hero KO#
T6JI3 Koje c^o6oflHo n3fl3. /Jpyro,
pOTsi^HJy. Ilpei^HSHHJe: fl3 6n ,O,HCK Hiuao
MOpa #3 pOTHpS, 3 K3^3 CTHFH6 flO KpaJ3 >KHU,e, fla

SH H3CT3BHO pOTau;HJy noHHH>e ̂ a ce nette.
OBO Heo6HHHo Kpexaibe Moxe ce seoMa
jeflHOCT3BHO TyM3HHTH HOMOhy 33KOH3

eneprHJe. AKO rp3BHT3u;HOHy
eneprHjy y HSJBHUIOJ TSMKH (y noneTHOM
TpenyTKy, K3^3 ̂ HCK MHpyje] OSHSMHMO ca

Epl = mgH, C/iHKa 6p. 27 MaKcsejiOB AHCK
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MWK6MO TO CMaxpaTH yKynnoM MexanHHKOM eneprnjoM KOJOM he "pacnojiaraxn"
MaKCBeJiOB #HCK TOKOM ^ajfaer Kpexatta. Y 6HJio KOM flajbeM xpenyxKy Kpexaifca,
yKyrma eneprnja CHcrena nehe 6HTH Beha 0,0, nonexne, a H^eajmo 6n 6HJio ^a je:

— Ep2 + Ekt +

r,o,e cy E^t H Ekr eneprnje

Osa e(|)eKTHa ^eMOHCTpau,HJa saKona
nporpaMOM.

H poTau,HOHor KpeTaita.

eHeprnje, npe^BHheHa je njianoM H

4.3.3. H^eja eKcnepHMCHTajine npoeepe sanona CHeprHJe

DiHKa 6p. 28 npouepa saKOHa oflpiKaiba eneprHJe15

Osaj
ca nope^eHje

Koja cjio6oflHO na^a H
KyrjiHii,e na K/iaxny nyuiTene ca
HCT6 BHCHH6. BepTHKa^Ha
KOMnoneHTa 6psHHe KyrjiHi],e y
npBOM c/iynajy HCTa je Kao
xopHsoHTajiHa 6psHHa KjiaTHa aKO
cy nyiiiTene ca Here BHCHHe.
O6jauiH>eH>e:
06e KyiviHije noHHK>y Kperaae ca
HCTOM noxeHijHjajiHOM eneprHJOM
jep HMajy HCTy Macy H na HCTOJ cy
BHCHHH. 06e HMajy HCTO npojiaaHo
speMe npH npojiacKy Kpos (J)OTo-
reJT. FIoinTo cy uinpHHe (J)OTo-
reJTOBa H^eHTHMHe, cJie^H ^a cy
6p3HHe Kyr/iHi^a ncxe. OBO ce MO>Ke
o6jacHHTH noMohy saKOHa

aiH>eifae:
3aKOH oflp>KaH>a je Jiaioiie paayneTH y cjiynajy KyrjiHije Koja cJio6oflHO na^a, jep je
je#HHa CH/ia Koja na H>y flejiyje rpaBHTau,HOHa cn^a. Ka^a caisio ona ^eJiyje na xe^o,
ynynna MexaHHHKa eHeprnja ce OMyBana. Y c^iynajy KJiaxna, H6KH 6n MOFJIH

33TO IIITO flB6 CHJI6 (rpaBHT3I],HOH3 H I^eHTpHneT3^H3) HCTOBpeM6HO

H3 re^o, eneprnja CHcreM3 Moxe ^a ce npoMeHH. HnaK, u,eHTpHneTa./iH3 CH^S
y npaBuy nopMa^HOM H3 6p3HHy xe^3, TSKO ^a He BpiiiH pa^. 06sHpoM ^a cano

cn^a BpiiiH pafl KOfl K^axna, MexaHHHKa eneprnja je canyBana.

15http://www.youtube.com/watch?v=L2mdAvdPhT4
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4.3.4. PhET aHHMau,HJa

OiHK3 6p. 29 "Energy Skate Park"16 npHKasyje #eo pa^ne noepuiHHe cHMynainije Koja
npyxa MoryhnocT rpadpHHKor npaheaa spe^HOCTH ynynne, KHHeTHHKe H
noTeniiHJaJiHe eneprnje CHCTeMa TOKOM epeMena. FIpy>KeHa je MoryhnocT nponene
Mace TeJia (cKeJTepa), o6^HKa nyTaite, njianeTe na KOJOJ ce Ha;ia3H napK H npOMene
Koe<|)Hi^HjeHTa Tpen>a. BeoMa Kopncna CHMyjiau,HJa Koja ynenni^HMa OMoryhasa
jacHHJH yBHfl y napanexpe KOJH Mory yxni^aTH na Tejia HS 4>H3HHKor

Energy !

File Tracks Help

Drag to addTrack

1 Choose Skater

Measuring Tape

Potential Energ? Reference

Show Gnd

Path

Energy Graphs

ShoA Pie Chart

Bar Graph

Energy vs Position

Energy vs Time

Location

Space Moon

a Earth Jupiter

Gravit? 9.81 M'Kg

0
Space Earth

TracK Friction »

i Edit SKater»

...s.'m speed... fast

CJIHKH 6p. 29 "Energy Skate Park"

4.3.5. MucaoHH eKcnepHMCHT ca rerow H KOJinu,MMa

AKO ce ne He nocTOJH Ka6HH6T aa (j)H3HKy, eKcnepHMCHT ce MTOKB npeTsopHTH y
sa^araK. YHeHHi^HMa ce naKOH CBHX npHKaaannx fleMOHCTpau,HJa saKona o^p5KaH>a
eneprHJe MOJKB npHKasarn C^HKa 6p. 30 EKcnepuMenmaMHa npoeepa SCIKOHCI odp^caH,a
enepzuje H 3arpa>KHTH o^ yneHHKa fla npeflBH^e KaKse Bpe^nocTH 6psHHe KOJiHU,a
Mory ,o,a oneKyjy, aKo cy nosnaTe BHCHHe CTo^a, Tera y o^Hocy na CTO^Hi^y, Mace
KO^Hii,a H rera. yHeHHi],H 6H, raKoFje, MOFJIH ^a o6pa3^o>Ke 33111x0 ce y eKcnepHMenxy
sa MepeH>e 6psHHe KOJIHUS H Ters KOPHCTH nspss

s
v = -

t

16 http://phet.colorado.edu/en/simulation/energy-skate-park
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je t BpeMe npexeicno 0,0, TpenyrKa saycTaBjbaifca Tera #o crHsajta KOJiHija
o6e^e>KeHor ^e^a CTO^a, a s fly>KHHa npefjenor nyra

- L

hk=H

ht=h

GiHKa 6p. 30 EKcnepHMenrajiHa nposepa saKOHa o^p>KaH,a eneprnje

KopncTehH Ta6eJiy Koja je HasefleHa H y npHpynHHKy sa jia6opaTopnjcKe Be>K6e,
HacTaBHHK MOJKe H fla HM noHy^n fle/iHMHHHo nonyiteHy Ta6e^y Kojy he, KopHcxehH
33KOH Oflp5K3K>a CHCprHJe CaMOCTaJIHO nonyHHTH.

Bpoj
Mepe»a

BnaiHa yera h
M

Bp3iiHa

KO.IHDdV

[m/s]

£ 1 = mk9N + "»rS'»

01

mi, + m, ,
£: = v + mkgH

Z
[Jl

f i -E ,

m

Ta6ejia 2 3a ynHCHsaifae HapanynaTHX BPCAHOCTM
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4.3.6. BepHyjiHJeea j

. 31 EepuyjiHJeBa je^HanHHa - npHMepn

saxBahene BaaflyiiiHOM cxpyjoM,
o6jeKaTa Kafla ce HSMefjy ft>HX CTpyjH Ba3,o,yx H CJIHHHO.

PasyMesaibe OBHX nojasa aaxxesa o^pel)eH HHBO nosHaBaita ^HHaMHKe (J)jiyHfla.
HnaK, (J)HJiM ce MO>Ke HCKOPHCTHTH Kao H^ycTpai^HJa H no^CTHU,aj sa ^ajbH pa^. 17

17 ht±p://www.youtube.com/watch?v=P-xNXrELCmU
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5.

CaBpeMena nacxasa cxa;mo HCTHHC yjiory H anaHaj ynenHKa Kao cy6jeKTa KOJH
HOCH OflFOBOpHOCT 33 CBOJ6 nOH3I!I3Hje y OflHOCy H3 npOH,ece CXHUatta 3H3H>3.

KoHcrpyKTHBHsaM y neAarornJH, HCXHU3H>e BS>KHOCXH KPHTHHKOF H Kpe3THBHor
MHUIA6HJ3 K3O H paSBOJ HH(J)OpMaTHHKe TCXHO^OrHJC TOBOpe H3M O HeORXOflHOCTH

pe^HsaJKHpafta KypHKy^yMa y o^nocy na BacnHTHO-o6pa30BHe i^H^eBe H sa^aTKe.
CBC TO HCTHHe noTpe6y 33 MeHbaiteM H3HHH3 ps^a, H3MHH3 opr3HH30B3Hja HacraBe,
HaHHHa nor^e^a na CBBT. HH<J>opMaTHHKa TexHo^ornja ny^H pasjiHHHxe MoryhnocTH
KOJH ce oflHoce Ha cTHi^aHie 3H3Hj3, yTBpF)HB3H,e, pasBHJafte cnoco6HocTH KPHTHHKOF
H KpeaTHBHor MHUi^eHja Kao H cou,Hja/my HHTepaKi^HJy 4>aKTOpa y

Kao 4>opMa opraHHsai^nje HH^opMai^Hja, H3HHH npeseHTaunje,
nporpaMHpane Hacxase, cpe^cxBO sa ynefte H^H noflCTHijaHDe MHCSOHC

3KTHBHOCTH, CpCflCXBO KOJ6 nOCT3BJba yH6HHK3 y SKXHBHy HOSHI^HJy MO2K6 CC Bp^O

ycnemno HHTerpncaTH y nacxaBH 4>H3HKe y cpe^HaHOJ crpynHoj IIIKO^H.
nacxasa HHje caMa no ce6n mvb. Mepa KopHUiheH>a

pe6a A3 npOH3HJ133H H3 ^HAaKXHHKHX npHHUHH3 y

4>H3HU,H. HapOHHXO CC HCXHHC fl3 HaCX3BHHK MOpa A3 H3^e paBHOTOKy H3MeI)y

npHHi^nna oHHrjieflHOCXH H ocxajinx npHHinina, jep ce r^opH<J)MKOB3HieM npHHunns
OHHFJieflHOCXH MOJKC flOFOAHXH fl3 C6 yHCHHKOBO MHIU^eHjC 33Ap>KaBa H3

nepi^enxHBHOM HHBoy H XHMC ycnopaaa pasBoj nojMOBHor H ancxpaKTHor. Ca Apyre
cxpsHe, Bemxo BotjenH My/ixHMeAHJ3JiHH nacoBH wtory noBehaxn 3aHHxepecoB3Hocx
yH6HHK3 33 <J)H3HKy H CM3HjHXH 6pOJ yHCHHKa KOJH (J)H3HKy O3H3H3B3Jy K3O ..XCJKSK

npeflMex". HSCXSBHHK rpe63 fls HMa na yMy Hcxo^e Koje KO^ yneHHKa JKC^H fla
nocTHrne H #a CBOJ ps^ Kopnryje y cKJia^y ca THM.
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