Mpwunor 2. NMpuMjep npunpemMe 3a orsieAHn Yac Koju je oapI>Kao CTPYUYHM CaBjeTHUK

OnpehuBame yb6p3ama cnoboaHor naaamwa
1. NOOALUU O HACY

OeduHucarwe yaca

®wusuka, ['paBuTAIIIOHO TIOJBE, YOp3ame CHIlE TeXe, oapehnBame yop3ama ci000 HOT magama,
Il pa3pen rumHasmje, TEMOHCTpaIMOHA BjexOa.

YBoherwe HOBUHe

OcaBpeMemeH HaYMH eKCIIEPUMEHTATHOT oJjpeljuBama yop3ama cio0oaHoT magama. Haunan
eKCTIepIMEHTAITHOT ofipehiBama onucanu y yuOeHUIMa 32 OCHOBHY M CPEIIbY IIKOTY HUCY
OYUTJICIHH U YTTIABHOM 3aXTH]EBajy CKYITY CIICIHjaTn30BaHy onpemy. OBIje omrcaHu
eKCTIEPIMEHTAITHH TTOCTYIAK HaKo KOPUCTH yoOndajeHa TEXHUYKa CpencTBa (IUTHTaIHU (OTOAIapar,
padyHap W IpOjeKTOp) cTaBJba HAIacak Ha OHO IIITa CE 3alpaBo JCeIIaBa.

MoTtuBauuja

[Torpeba na yaeHHIM CTHYY 3HaWka, KOja Cy y CTamy Ja npuMujere. Hemocpennu neKycTBeHU
JI0KHBJbA] Pa3BHja MHTEPECOBAKE YICHUKA MpeMa (PU3NIKUM I0jaBama.

2. MNMAHUPAKE U OPTAHU3ALIMJA YACA

OuyeknBaHu ncxogm

YyeHunu cy y cramy aa

— TIpUM]je’Y]jy CTeUEHA 3Hamka 0 YOpP3aHOM KpeTamy;

— pesyaTare Mjepema 3ammcyjy y o0nmky taderne;

— TpaduUKu MPUKaXy 3aBUCHOCT U3MjEPCHUX BEIMYMHA U J]a HA OCHOBY Ipadika U3pavdyHajy
TpaXKeHY BEJIMYUHY;

— W3pavyHajy apUTMETHUYKY CPEIMHY MjepeHE BETMUHHE, allCOJYTHY U PENATUBHY TPEIIKY Mjepema

MeTone n o6nuum papa

Meroze: ekciepuMeHTalHe, rpadudke, METOIa YCMEHOT M3JIarama, JeMOHCTpaInja
OO6nmum paga: GpoHTANHH pajl, HHIANBUIYAIHH Pal.

YcarnaweHoCT ca HacTaBHMM NMAaHOM U NPOrpaMmom
Tema je muo mporpamMa mpeamMeTa.

CpenctBa u nomarana notpebHa 3a ussohemwe yaca

Jururanau Goroanapart, padyHap, IUTHTAIHU POjEKTOP, THJENIO KOje CI000IHO maaa (HapoIuTo
ENIEKTPOHCKO KOJI0 KyhHe n3pasie), MIIMMETapCKH Manup. Y4YHoHHIa Koja iMa MOTyhHOCT
3aMpaynBama.

[MoTpebHO BpUjeMe: MIKOJICKU Yac (45 MUH).

Onuc ekcnepnmeHTa

Wneja excnepuMmeHTa je na ce moMohy AMTUTATHOT (oToamapara 3a0MIbeXKH IyTamka THjella Koje
cno0omHO Tana, Ha Ao0mjeHo] dororpaduju M3BpIIE Mjeperma W HAa OCHOBY HUX OApENN yOp3ame
cinoOomHOT magama. THjeno Koje cilo0OMHO Taza y OBOM EKCIIEPHMEHTY je IoceOHa Harpasa-
eNeKTPOHCKO Koo kyhne wm3pazme, unja LED nmoma emutyje OJbecak CBJeTIOCTH Yy jeIHAKUM



BPEMEHCKUM pa3ManuMa. EJEKTpPOHCKO KOJO HampaBJbeHO MOCEOHO 3a OBY HaMmjeHy je m3paheHo
npeMa IMeMH JaToj Ha CIUIH 1.
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Cnuxa 1 Cnuxa 2. I[paxmuuna

uzeedba xona ca ciuke 1

OBO K0JI0 je 3aCHOBaHO Ha 100p0 MO3HATOM MHTETPUCAHOM KOJy 555, ocimiaropy, Koju uMa BpHjeMe
YVKJby4HBamka M HCKJbydnBama oko 50 ns. Komo namaja o6muna 6atepuja HamoHa 9V. Y mpakTUYHO]
U3BeN0M OBO KOJIO MOJKE CTaTH Ha INTAMIIAHY IJI0YY JMMEH3uja 5Cm X 2,5¢m wim Mamy (cnuka 2) ,
KOJMKO ¢y mpubmmkao mumensuje 6arepuje ox 9V. INomohy mpomjenssuBor ornopramka og 100kQ
MOJKE Ce Mmojemanaru (HpeKBeHIja KojoM he ce mamuT U TacuTH AHoAa y Koiry. OpeKkBeHIIMETPOM
WM OCLMJIOCKONIOM mojaecuTH kono Ha ¢peksenuujy 30H,. To 3Haum na he cakux 33ms nuona

eMHTOBATH OJbECaK CBJETIIOCTH y Tpajaby 50ns . IlltamnaHa mroya ca OBUM KOJIOM C€ MPUYBPCTH 3a
Oatepujy (cimKa 2) Koja ra Hamaja u To hie y OBOM eKCIIEpUMEHTY OUTH THjEJIO KOje CI000IHO maja.
Jururanau (oToanapar MOCTAaBUTH Ha CTajlakK, BPHjeME EKCIIO3WIMje MOJECHTH Ha 2S MPOCTOPH)Y
njemuvuygHO 3ampadnTt. Ca pactojama o1 4-5 M HampaBUTH CHUMak kao Ha cimuiu 3. ,,Tujeno® je
HajllaKIIe UCIYCTUTUTH aKo Ce ApKH M3Mel)y manma u kakumpera, a MPUIMKOM Tajama He J10he 10
poramuje Tijena. Ha mox mocraButi Behn kKomMan CIyXBe Jia ce “THjesIo” He OIUTETH IPH yaapy y MO/I.
Ha 3Hak ocobe koja cHuMa momohHuk mymra ,,Trjeno’ na cnobomHo maxa. pyru momohHuK cToju
MOKPaj IPBOT MOMONHUKA U 'y PYIH Ip>KU IITAN Ay)KHHE 1M Ha 4MjuM KpajeBuMa Cy yraJbeHe IPBEHE
JMOJIe Koje Hamaja apyra 6arepuja ox 9V nmpuuspurheHa y3 mrart.

VY onmcaHOM eKCHEPUMEHTY je yHOTpeOJbeH aMaTepCKu TUTUTAHH GoToanapat Sony s650 koju Hema
MOTYNHOCT pYyYHOT TOJeNIaBama BpeMeHa eKCHo3unuje (Ty MoryhHOCT MMajy TeK HpoQeCHOHATHU
amapatu) anu y HohHoMm Monxy 6e3 Oimna mMa Bpujeme ekcriosuije oko 1s. C o63upom na Bpujeme
rmajama ca BUCHHE 011 0ko 1,8 M m3HocH Hekux 0,65 MOXKe ce
MOMEHYTUM HAaYMHOM 3a0WMJbKUTH IIyTamka THjela Koje
cimobonHo mana. Mmak, moxna, he TpebaTu BuIe MoKymaja
Jia ce o0uje jacaH CHUMaK.

Haxon mro ce nobuje 3amoBoskaBajyha dororpaduja xao Ha
cimim 3, TpeHece ce Ha padyHap W MOMONy JMTHTaIHOT
npojekropa yseha Ha 3uy 10 IPUPOHE BEIUIUHE TAKO IITO
ce ImTam AYyKHHE 1M BEpTUKAIHO TOCTaBH y3 3UA a
MPOjeKTOpOM cliMka yBehaBa JOK ce CIIMKa INTana He
W3jeHa4YM ca CTBapHUM mranoM. Ha Taj HaunH ce moBehasa
MPENM3HOCT Mjepema y OJHOCY Ha Ciydaj Zla je Mjepeme
M3BPIIEHO Ha OJNIITaMMNaHoj (oTorpaduju a HEYMOPEAHUBO je
00JbH BU3YEITHH JJOKUBJIBA).

Ha cnmmu ce youn mpBa oBojeHa Tauka (TIPBU 3a0MIBEKECHN
0Jpecak) W y TOj Taukd y3umamo Ja je npehenu mytr S=0 u
Bpujeme t =0 ma hemo je Hagasbe 3BaTH HynTa Tadka. [lorom

Cnuka 3



MjeprMO pacTojara O] HyJTe TadyKe 70 HpBe Tauke (pacTojame S1), O HYITE A0 APYre Tauke Sy, OJ
Hynte no Tpehe S3 ura. Ilotom ce u3padyHaBajy pacrojama usMehy cycjenHux Tauaka AS, , AS,

UTa. AS, =S, pacTojame u3Mel)y HyaTe U npBe Tauke, AS, =S, — S,
pacTojame uzMely apyre u npse Tauke, AS, =S, —S, pacTojame usMehy tpehe u npyre tauke. Ilomro
je BpeMeHCKH mHTepBan m3Mmehy aBa Oipecka Omo Beoma kpatak At=33mS, MoxeMo y3eTd 1a je

Sn

TpeHyTHa Op3MHA Ha CPEIMHU TOT BPEMEHCKOT MHTEpBala jeAHaKa V, = . OBo Ham omoryhasa na

u3padyHamMoO TpeHyTHEe Op3uHE M HaupTamo rpaduk 3aBHCHOCTH Op3WHE O] BpEMEHa 3a THjello Koje
cnobonHo mama (ciumka 4). Bpujeme Koje je MPOTEKIO Oj ModyeTka Majaama jgodujamo cabupajyhu
uHTEepBase o mo 33ms. YOp3ame ciioO0HOT majama M3pavyHaBaMo ca rpaduka Kao Harud mpase

TMHUje ( :%. 3arum ce 1pTa rpaduKk 3aBUCHOCTH mMyTa on BpemeHa (cimka 5). [Iporpam momyr

Excena ce MOke HCKOPHCTHUTH J1a Ha OCHOBY M3MjepEeHUX BpHjeIHOCTH 3a S U t mpoHale aHamMTHIKH
06miIK (hyHKIHje K0ja HajooIbe OMICYje 3aBECHOCT MyTa o BpeMeHa. Koedurmjent y3 t* je monosuna
on yopsama Q. [lotom ce nalhe apurmernuka cpenuHa 3a yopsame onpeheno u3 rpaduka v—t u ca
rpapuka S—t um ymopemu ca ycBOjeHOM BpHjenHOmhy M M3padyHa alCONYTHA W pellaTHBHA TpeInka
Mjepema.

Crpeneha Tabena maje pe3ynrare Mjepermha U3BPIICHUX Ha CITUIH 3.

n 1 2 3 4 5 6 7 8 9 10 11 12
s(n) (10°m) | 2,5 | 65 | 11,9 | 17,5 | 24,8 | 33,5 | 42,7 | 53,0 | 64,8 | 77,5 | 90,8 | 106,0
t=n-At (107°s)| 33 | 67 | 100 | 133 | 167 | 200 | 233 | 267 | 300 | 333 | 367 | 400

As(n)(10°m)| 25 | 40 | 54 | 56 | 7,3 | 87 | 92 | 10,3 | 11,8 | 12,7 | 13,3 | 15,2
V,=As,/At (m/s)| 0,76 | 1,21 | 1,64 | 1,70 | 2,21 | 2,64 | 2,79 | 3,12 | 3,58 | 3,85 | 4,03 | 4,61

t(107%s) 16 | 49 83 | 116 | 150 | 183 | 216 | 250 | 283 | 316 | 350 | 383

Koedunujent y3 X Ha cimnm 4 je yop3ame cI10001HOT najama § a KOeQHIUjeHT y3 x* Ha comiy 5 je
g/2. Tla no6ujamo: g, =10m/s” , % =4,867m/s* , g, =9,734m/s?

ApuT™MeTnuKa cpeanHa g, = 9 ; 9, 10+ 2 734 mz =9,867 mz . AKO OBY BPHJjETHOCT YITOPEIMMO Ca
s

T3B. CTaHJApAHUM YOp3amkeM CII000HOT Majiarha 3a0KPY)KECHUM Ha TPH JeIuMae gg =9,807m/s?,
g, —g’|=0,060m/s’.

arcoJIyTHA Ipeka je Ag =

PenatuBHa rpemka 6Q = &-100 =0,6%
g
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Cnuxa 4: I'pagux 3asucnocmu dop3une 00 epemena Cnuxa 5: Ipagux 3asucnocmu nyma 00 epemena
0obujen Ha OCHOGY pe3yImama mjepersa 00bujen Ha OCHOGY pe3ynImama mjepersa

kopuwmersem npozpama Excel kopuwmersem npozpama Excel 3



V 3aKkJpydKy yaca MOTY C€ yUEHHUIIMMA NMOCTABUTH IUTAkbha 3aalliTO Ha CHUMKY JHOa Jaje CBHjeTIe
JMHUjE UaKO Ce MOYKE CMATpaTH Ja j€ OHA TAYKACTH M3BOP CBjETIIOCTH M 3aIITO TE JIMHU]jE KaKO TH)eIIo
masia ocTajy CBe JIyXKe.

VY mpusiory 1 nar je pagHu JUCT 3a yICHUKE.
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ITonaBspame NOjMOBa i H
TaBJba . UTama u . .
TpeHyTHA Op3uHa, ¢ Oxnrosapajy Ha ITpahemem 3Hajy U pasymujy
6 6 HHUTaba U IPaTu 5 OJrOBOPH .
YOp3ame, yop3ame MHTamka OAroBOpa IIOMCHYTE IIOJMOBC
C106OTHOT Najlakha OATOBOpE bponTamhy
Excniepumenraiso VYno3Haje
HpaTe HpaheH:eM VYyeunim Yy OCHOBU
onpehuBame yop3ama YUEHUKE ca VYcMeHo u3narame
u3larame 4 aKTUBHOCTH YIIO3HATH Ca TOK OM
CJ1000IHOT Najlamba TOKOM (eTanama) (bpoHTaNHU
HACTaBHHKA YUYEHHKA eKCIIepPIMCHTa
(yBom) eKCIIepUMEHTa
Onpebhyje
y4eHHKe Koju he Ipare Tox Z: ?c?l?lnclzi ‘i(};HS‘S:I:
ITpaBibeme CHUMKA [IOMararty npu CKCIICPUMCHTA, Jlemoncrparia JH FI/ITEU'IHI:/I
L THjena’ Koje TIpaBJberY OArosapajy Ha patia, Tpahermem .
[HTakba, HeKH HUTaba 1 doroanapar 3a
€J1000/1HO Najia U CHHMMKA. YCIyT 8 aKTHBHOCTH YYEHHKA
O y4CHHKa OJrOBOPH cnenupHUHy
ETOBO NPEHOILIEHE Ha IIOCTaBJba U IBHXOBUX OATOBOPA .
HOMaKy HpH (bpoHTaNHU HaMJeHY-CHHUMAaK ca
padyHap nuTama. [IpaBu TpaBIbemy Jtyrom
HIMaK 13 BHIII .
¢ 3 BUIE CHIMEKA €KCTIO3UIIN]OM
HOKYIIIaja.
Amnanusa ¢ororpaduje JlaBame Jennu ppure 7 Excrepumenr, OOwunasu 1 npatu Ocnoco0JbeHu
Koja je yBehaHa 10 yIyTcTaBa u q)znge:q?;; . HHIMBHTyaJTHH paJl yueHUKa, YUYCHHIIH JIa
NPUPOJIHE BETUYHMHE HOMAarame - Ecwiu pazjalmbaBa u CaMOCTaJIHO
nomohy BUJIEO YYEHULIUMA KOjU Gubene JONYHbYje 3aIuCyjy pe3yirare
IIPOjEeKTOpa U Mjeperma BpILIE Mjeperha pesynrate Mjepema y 00JIUKY
pacrojama Mjepersa Tabere
JlemoHCTpanyja JlemoHCTpHpa [penucyjy 14 Hemonctpanmja, ITposjepom PazymmjeBarme
nporpama Excen 3a cnequpuyHe H3pavyyHaTe ponTamu MOMYHEHOCTH HaIMHA Ha KOJU Cy
o0pany pe3ynrara MoryhHocTH pesyarare y Tabena moTpeOHmy | M3PaTyHaTH IOJAlH
Mjepema U LPTambe nporpama Excen Tabeny u nojanuMa KOJMMA JC TIOTyFhCHa
aduka. Onpehusame IIpaTe TOK raGena. YnosHam
P - AP p . crenuduIHe
g ca rpaduka u JIEMOHCTpALY] moryhHoCTH
pelaTUBHE IPELKe e nporpama Excen
Mjepemba
Pyuno uprame rpaduka | 3agaje 3amarax, Lprajy 5 Wnycrpanyja, ITpahewem uspaze Ocnoco0JbeHu
3aBUCHOCTU Op3UHE Of Jjenu rpaduk Ha UHAUBAYaTHH rpajuka u YUCHHIH J1a
BpeMeHa MUIMMETAPCKU OCHOBY UCIIPaBJbabEM CaMOCTaJHO LpTajy
Hanup U NOMaxe pe3yarara rpag Uk Ha OCHOBY
y onabupy Mjepema pe3ynirara Mjepema
pa3mjepe
Jaje ymyrcBo 3a Jaje ynyrcrea Crymiajy 2 YcemeHo IIpaTu ncpaBHOCT Ocnoco0JbeHu
onpehuBame yop3ama YILyTCBO U IO u3Jarame, U3pavyHaBarba YUCHHIH J1a
CJI000IHOT Talakba Ha noTpedu npase (bpoHTaNHU CaMOCTaJIHO 3aBplle

OCHOBY HallpTaHOT
rpaduka

3a0HJbEIIKE

LpTame rpapuka 1
ofipesie § Ha OCHOBY
rpaduka

Yac npunpemuo: Munxo baouh




Ilpunoe 1

n — penau Opoj Mjepema, ppekseriuja kojom ce mamu LED nuona je 30 Hz

OnpehuBame yop3ama c10001HOT naaama (Q)
(ekcriepuMeHTaJHA Bje)kOa)

At =33ms =33-10"°s Bpujeme koje npoTexne m3mely aBa 6:mecka LED nuone

n 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14
s(n) (1072 m)
t=n-At (10_3 s) 33 67 100 | 133 | 167 | 200 | 233 | 267 | 300 | 333 | 367 | 400 | 433|467
As(n) (1072 m)
V,=As /At (m/s)
t (10_3 S) 16 49 83 116 | 150 | 183 | 216 | 250 | 283 | 316 | 350 | 383 | 417|450
3amanu:
1. H3mjepeHe BpUjeIHOCTH 3a S yIucaTu y Tabemy
2. Wspauynatu AS - pacrojame m3mel)y cycjemHuX CBHjETINX TayaKka
As, =S, pacTojame u3Mel)y mpBe U HyaTe Tauke
As, =s, —s, pactojame usmelhy apyre u npse Tauke
As, =s, —S, pacTojame usmehy Tpehe u apyre Tauke UTA.
3. Wspauynatu TpenyrHe Op3uHe V, ipemMa obpaciy u3 tabene
4. Ha ocHOBY mojartaka u3 YeTBPTOT U METOT pea y Tabesnn HaupTaTi rpaduk 3aBUCHOCTH
Op3uHE 011 BpeMeHa
. Av
5. Carpaduka onpenutn yop3ame ciro00THOT Magama § Kao Haruo npase JIMHUje J = A
6. Ha ocHoBy monataka u3 apyror u tpeher pena Tabene HapTaTH rpayK 3aBUCHOCTH ITyTa O]
BpeMeHa
7. W3pauyHaTw amncoJyTHY U PETaTUBHY TPEIIKY Mjepema (3a CTBApHY BPHjEAHOCT yOp3ama

c00OTHOT TTaiara y3eTH T3B. CTaHIAApAHO YOp3ame Ci000/IHOT Mmajjama 3a0KPYKEHO Ha TpU

nemmmane g’ =9,807m/s?)




