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ApymrrBo pusuyapa Cpouje 1 MUHUCTAPCTBO MPOCBeTe Kparyjesan
I I pa3pen HAayKe M TeXHOJIOWKOr pa3Boja Pemyosnke Cponje 23-24. anpna 2021.
SAJAIIN-BETA KATETOPUJA*

TOIUIOTHO W30710BaH, XOPHU30HTAJIHO IIOCTAaBJbEH M HEMOKPETaH CyZA MOJEJbEH je KIMIOM Ha nBa nena. [locyma u
TOIJIOTHO HEMPOBOAHU KIIMII HE MOTY Ja MPOIyIITajy decTHle raca. Kium je 3ako4yeH Tako Ja He Moxe Ja ce kpehe y

XOPH30HTAIIHOM IIpaBily. Y JIEBOM JIelly Cy/Ja 3ampeMune V, Hamase ce [Ba MOJa HIEAIHOr raca Temieparype T,. Y aecHOM
neny cyza sanpemute V, =2V, je Bakyym (Cnuka 1). YV oapeheHOM TpeHYTKY TPEHYTHO M3BYy4YEMO KIIUII U3 CYAa, IPH YeMy

rac HaKOH TOra CIIOHTAHO HCIYHHM L0 CyJ. PadyHCKMM IyTeM J0Ka3aTH Ja je OIMCaHW TePIMOIMHAMUYKH MPOIEC
upeBep3ubmian. Entponuja maeanHor raca gata je ¢opmyinom S =nc, -In(T)+nR-In(V)+S,, rae je: T - amcomyTthHa

. J
TeMIiepatypa HAeaTHOT Taca, V - 3ampeMuHa HIeaNHor Taca, N - Opoj MOJOBa WAEATHOI raca, R:8,314ﬁ -
- MO
YHHBEp3aJlHa TaCHa KOHCTaHTa, C, - MOJAPHM TOIUIOTHU KaNalUTeT WICATHOT raca NpH KOHCTAaHTHOj 3ampeMuHH, In -
MPUPOIHU JIOTapUTaM, a S, - KOHCTaHTa. /IuMeH3Hje Kiuma 3aHeMapyTH. [15 moena]
nT,,V, Y,
Cnuxa 1

JBe kampmie Boje chepHOr oONHMKa jeAHAKMX MONynpedHrka =125mm Hamaze ce y Ba3Ayxy U MHUPY]y Ha
XOPHU30HTATHO] TOJIO3U Koja je cymepxuapodoOHa. Axo mohe mo cmajamsa JBe KalbHIE BOJAC y jeAHY Behy KarubHILy,
takohe chepHor obnvka, oapenuTH BpenHocT BucuHe h 10 koje he Beha kambuna BepTukanHo oackounTh (Crnuka 2).
3aHeMapuTH OTHOpP Ba3nyxa u MelycoOHy TpaBUTAIMOHY MMOTEHIMjATHY €HEPTHjy MambuX Karbuia. CMaTpaty Ja je 00InK

KarubuIa cee BpeMe cepan. I'ycruna Boze je p, =1000kg/m ®, 0k je KoeUIMjEHT TIOBPIIMHCKOT HANIOHA BOJE jeIHAK

7o, =0,072 N/m . Y6p3ame cune 3emsbune Texke je g =981m/s®. [20 noena]
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7. 7 7. Cnnka 2
Tanka (3aHemMap/bUBE BPEIHOCTH BUCHHE) pU3Ma Mace M, 4Hja je OCHOBA jeTHaKOCTpaHHYHU TpoyTrao (Tpoyrao ABD )
MHpYje Ha XOpU30HTainHO] momno3u. Llenrap mace mpusme C ce Halmasu Qy’X BHUCHHE jeIHAKOCTPAHHMYHOI TPOYyIJa Ha

pacrojamy | ox tauke A (AC =1) kao mro je mpukazano Ha ciauiy 3. MOMEHT WHEpIIHje PU3ME y OJHOCY Ha 0Cy Koja
. . 1 .
MpoJia3y Kpo3 IIEHTap Mace ¥ HOpMaJlHa je Ha OCHOBY mpu3Me je | = 2 MI?. Teno Mace M, 3aHeMaJbUBHX JUMEH3H]a, Kpehe

Ce 10 XOPHU30HTAIHO] MOJI03U OP3MHOM KOHCTAHTHOT MHTCH3UTETa V , Y TPABIly ¥ CMEPY Kao IITO je MPHKa3aHO Ha CIIMIH
3, u yaapa y BpX npusMme. Yap Tela y mpu3My je ancoJlyTHO elacTUYaH U TpeHyTaH. HakoH yiapa Telo HacTaBiba KpeTame
HEIPOMELEHUM TIPABIEM U cMepoM. Tperbe 1 CBe CHle OTIIOpa y cucTeMy 3aHeMapuTH. CBe HaBeIeHE BETMUYMHE Y 3aJaTKy
cy mo3Hate. OpeIUTH HEMOCPEHO HAKOH yjapa Tella y MPH3MY: a) WHTEH3UTeT Op3uHEe Tejga mMace M, 0) HHTCH3UTET
Op3uHE IIEHTpa Mace NPU3Me; B) HHTEH3UTET yraoHe Op3uHE pPOTallyje MPU3Me OKO HEHOT IIEHTpa Mace. [20 nmoena]

XOPH30HTATHA
paBaH

Cauka 3 crpana 1 o3
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Hcra xomudrHa CTOT WAEATHOT raca y4ecTByje y 1Ba KpyxkHa nukiryca. [Ipsu kpyxuu muxkiryc A—>B —->C—>D > A je
mpuka3ad Ha V —T nujarpamy (Cnuka 4) , gok je npyru kpyxuu muknryc E—>H—>G —>F—>E npukazan ma p-T

mujarpamy (Cnuka 5). OmpenuTn KOMWKO ITyTa je yKymaH pan raca y mukirycy A— B —>C— D — A Behu ox ykymHor

panaracay nukanycy E>H—->G —>F—>E. [20
noeHaj
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Cnuka 4 Crnuka 5

Hanomena. 3axaTak u3 o6paae pe3y.arara Mepema q10ouhere Ha mocedHOM JIHCTY nmanupa!

* Y Gera KaTerOpHjH TaKMHUYE C€ YUECHHIM Koju moxalajy onesbema Koja paje 1mo mporpaMuMa TMMHAa3HMja OIIITET THIIA, CTICIHjaIi30BaHUX I'MMHa3Hja
3a 00JIaCTH KOje HUCY MaTeMaTHKa M (pU3KKa, CPEABHUX CTPYUHHX IIKOJIA M YMETHHUYKHX IIKOJIA.

Pemen-a cBUX 3agaTaka Tpeda jacHO 00pa3JIOKUTHU ca jacHO JePUHHCAHUM (PU3MYKHMM 3aKOHMMA U BeJMYUHAMA KOje KOPUCTHTE
NPUJIMKOM peliaBama 3agaraka. HapounTo negunucaTu o3HaKe Koje yBOANTE a Koje HUCY yoOuuajeHe.

O6aBe3HO HA CBAKOM JIMCTY nanupa (4 Ha MIWJIHMETAPCKOM NAaNupy) KOju NpeaajeTe HANMIINTE CBOjy mudpy, u
00aBe3HO HyMepHIIHUTe CBaKy CTpaHy!

3anatke npunpeMu0: Binagumup Yyoposuh
Penienzentu: mpod. ap Mean XKusuh, mou. ap Momup Apcernnjesnh u Munomr Axamosuh, [IM® Kparyjesar

[penceanuk Komucuje 3a TakMuuemha YISeHUKA CPEIBUX MIKoJIa: Jo1l. ap Bragumup Mapkosuh, [IM® Kparyjesai

CBHM TakKMHYapHMa JKeJIMMO yCIelmaHn pan!

Crpana 2 ox 3
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I I ApywrBo pusunuapa Cpouje u MuHHCTAPCTBO NMPOCBETE, Kparyjesan

HayKe M TeXHOJIOIKOT pa3Boja PemyOinke uje -24. anpua .

paspen y p ja Peny0 CpOnj 23-24 2021
PEIHIEBA-BETA KATEI'OPAJA™*

l'ac ca okonmmHOM HE pa3Memyje TOIUIOTY jep je CyI TOIUIOTHO M30Ji0BaH. Paj mpu ci000mHOM MIMpEmY Traca jeHak je
HYJIH, jep HeMa CHOJballllbMX CHIIAa KOje BpIIE pal Hal racoM, Kao MITO HH rac MPHIMKOM LIMPEHa HE BPIIHM paj Hajl HEKUM
JAPYTHM TEJIOM. VI3 IpeTXOAHOT Cllein 1a ce YHYTpallkha eHepryja raca He Mermha Tako Jia je TeMIepaTypa raca y mo4eTHOM 1
y KpajieM PaBHOTE)KHOM CTamy jeqHaka T, =T, [4n].

ITo ycnoBy 3agatka je nN=2mol. Earponuja raca npe n3Bnauewa kiaumna (ciauka 1) je S; =nc, -In(T,) +nR-In(V,) + S, [3m].

Entponmja raca, HakOH mTO Cc€ KIWN UW3By4Ye W Trac CIIOHTaHO WCOyHH TIleo cyn (cimkal), je
S, =nc, -In(T)) +nR-In(V, +V,) + S, [3m]. ITpomena EHTpOIHje raca  je AS =S, -5, OJTHOCHO

AS =nR- In(l+ %) ~ 18,3% [2+1n]. Kako je AS >0 cienu na je natu npoiiec upesep3udmian [2m].
1

.V, v, nT, =T,V +V,

Cnuka 1 Cnuka 2

. . 4 . .
33HpCMI/IHa JEAHC MambE KarJbrulC BOJC € \ =§r372' , JOK ]€ 3alp€MHHa KallJbHUIC BOJAC HACTAJIC CIIajalbEM JIBC MAIbhCe

. 4 . 4 4 .
KaIUbUILIE BOJE jefHaKa V, = 3 r137r , Ipu ueMy Baxku V, =2V Tj. 3 r137r =2-—r’z tako maje I = 2'/3 ¢ [4n]. O3naummo ca

h BucHHY y 0HOCY Ha XOPH30HTAIHY MOJIOTY 10 Koje onckoun Beha karubnia Boje. YKyIHa €Hepruja JBe Mambe KalbHIEe

BOJIE HA XOPHM3OHTAIHO] MOMI03H je E =2mgr+2-(4y,, ) [5n], mok je ykynHa enepruja Behe Karubmue Ha BHCHHM h

jennaka E, =2mgh+4y r’z[5n]. Kako je m= oy g Pz[in] u r=2"%.r nperxomuu wm3pasu cy ob6nmka

E= %ﬁp\,gr4 +2- 47/5Vr27r ukE = %ﬁp\,grsh +2%/3 -47/5Vr27r . U3 3akona ogpxama enepruje ciequ E = E; . 13 nperxoguor

37/sv(1_2_l/3)
Par
O3HaunMo ca V' MHTEH3UTET Op3MHE Tella Mace M HEeMoCPeaHO HAKOH yjapa Tejia y IpH3My, 3aTuM ca V HHTEH3UTET
Op3HMHE LIEHTpa Mace MpU3Me HEMOCPEeJHO HAKOH yjapa Tela y NpH3My, U Ha Kpajy ca @ HHTEH3UTET yraoHe Op3uHe
poTaiuje npu3Me OKO HBEHOT LIEHTPa Mace HeIOCPEIHO HAKOH yJapa Tena y Mpu3My. Y CUCTeMY TeJo-TIpU3Ma JIellyjy caMo
YHYTpalle CUlIe, a yaap Tela y HMpuU3My je alCoJyTHO elacTHYaH M TpeHyTaH. M3 3akoHa onpxkama HMITyJIca CIeAu
jennaunra MV =mv'+ MV [3m] (1). MoMeHT WHepuHje HpU3Me y OJHOCY Ha OCYy KoOja MpoJia3d Kpo3 IEHTap Mace u

ClIeU Jia je TpaKeHa BUCHHA jenHaka h = +r~4883mm [4+1n].

. : 1
HOpMaJiHa je Ha OCHOBY mpusme je | :ZMIZ. 3aKkoH OfipyKarkba MOMEHTA HMITYJICA, Y OJJHOCY Ha IIEHTap Mace IMpu3Me,

2
NpUKa3aH je jemHadyuHoM MV -l =mV'-|+T-a)[3H] (2). 3akoH oxpkama €HEPruje NPENCTaBbEH j€ jeAHAYMHOM

2 2 2 2
Ve _ v MV T (am 3).

2 2 2 4 2
a) PemaBameM MPeTXOAHMX jeAHAYWHA J00WMjaMO KBaJIpaTHy jeJHAYMHY [0 HEMO3Hatoj V' W OHA [IJacu
Sm - M VUV, :MV:V IIpH YeMy je Qpu3nuKu
M+5m ~ ° M+5m

(M +5m)-v'? —10mv-V'+ (5m—M)v® =0 [2n], unja cy pemema V, =

., 5m-M
OIpaBJIaHoO MPBO pelieke, Tako na je V' = ———— -V [3m] (4)
M +5m
miv—v) , ¥ Kajia yBpcTuMo u3pas (4), nobujamo V = 2m;
+om

4m(|\\;”__v) , ¥ KaJia yBpcTUMO n3pa3 (4), nobujamo @ = % [3n].

Crpana 1 ox 2

0) U3 jennauune (1) cnequ na je V = [3m].

B) 13 jennaunne (2) ciaenu aa je @ =
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V o00a ciydaja nate mpoiece MoXeMo Ja npeactaBumo Ha p—V aujarpamy (Crnuka 3 u Cruka 4).
Kox nuknyca A—B—->C— D — A ykynal paj raca je jeqHak A, g .c ,pa =(Pg— Pa)(Ve —V,) [4n] 1 MOXEeMO

V,
Jla Ta 3aMuIeMo y o0IuKy An g .c ,pop = pAV,{&—lj(V—C—l]. Harbe 3a crame A Baxku p,V, =nRT, [1n], 10K 3a
A A

nporec A — B Baxu jeqHaunHa ;75 = % [1m], a 3a mporiec D — A Baxu jegHauMHA \2/—_? = \% [1n] , mpu uemy je

1 1 1 1

Ve =Vp, TaKko 11a je Ax g ,c,pn = nRTl(% _1J(% _1j =NRT, [2n].
1 1

Kox muknyca E—-H—>G —F—E ykynad pax raca je jemHak Ac ., ,c.r e =(Py— Pe)(Vs —Ve) [4n] 1 Moxemo

Jla Ta 3anuimemMo y o0IuKy Ac .y g or g = pHVG( —&j(l—\\;—Ej . Hame 3a ctame G Baxu pyVg = nRT, [1n], 10K 3a
Pu G

npouec H—> G Baxu jeqHauMHA 2V—Ez\_j_—e[ln], a 3a mpouec G — F Baxu jeqHauMHA &zzﬁ[ln], TaKo J1a
1 1 1 1
. T, T, NRT,
e =nRT,|1-—2X |1-2X|= 1[2m] .
.] AE—)H—)G—)F—)E l[ 211}( 2le 4 [ ]
Tpakenu ogHOC je Pacsercooan _ 4, naksie yKymaH paj raca y mukinycy A—B—->C—D— A je dyeTupu mnyrta
—->H->G->F->E

Behu of1 ykymHor paja raca y uukinycy E—>H —>G —>F—>E [2n].

p.u\ pl\ \ ]i
A \\ \\
B . C NG
Py ~ > Py <. ~.
\ ~ ~ =~
N \\\ , A v
,,,,,,,,, S .~ 2T B SR
Da A\\_ Iy =< Pe 5 F,\__]j/Z
L Vv
0 VA VC ! 0 VE VG .
Cnuka 3 Cnuka 4

Crpana 2 ox 2




