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Macxep paA je nacxao y capaAitH KaxeApe 33 onmxy 4>H3HKy H MexoAHKy nacxase <j)H3HKe H
KaxeApe 33 HyKJieapny <j)H3HKy, ^enapxMana 33 (j)H3HKy, FIpHpoAHO-MaxeMaxHMKor (Jmicyjixexa y
HOBOM CaAy.
Macxep paA je ypafjen ROA MBHXOPCXBOM Ap Maje CxojanoBHh, ys noMofi AP OjiHBepe

, AOU6H3X3 flpHpOAHO-MaxeMaxHHKor (JmKyjixexa y HOBOM

SaxsajbyjeM ce JJou. AP Majn CxojaHOBHft, MOJOJ Aparoj MCHXOPKH, na pasyMeBaay, cxpnjbeity
H noMohw XOKOM capaAH>e Ha Macxep cxyAHJaMa, na 3anarm.y H noMohn XOKOM HspaAe Macxep

HaJHCKpeHHJe ce 3axBa^>yjeM flou. AP OJIHBBPH Kjincypwh, MOJOJ Aparoj npo(|>ecopKH na
xeMH, cnpeMHocxn Aa nece6HHHO HOACJIM cfioje 3Ha»>e cs MHOM, cxpnjteH>y,

H 3H3H>y KOJC MH je npy>KHJia XOKOM roAHHa c3psAH>e.
SaxBajtyjeM ce H JosaHH HHKO^OB, MOJOJ Aparoj acHcxeHXKHH>H na caBexHM3 H noMohn npw
HsSopy H Kyuan>y 33AaxaKa KOJH cy yiobyneHH y osaj pa^.
Ha Kpajy, JKCJIHM Aa ce saxsanHM CBOJHM poAwxejtHMa, MHJIHUH H KpynocjiaBy , mxo cy GHJIH
y3 M6H6 XOKOM Moje aBSHxype Ha Macxep cxyA^jaMa 3a npo(})ecopa iJ)H3HKe.

OA cpua BaM CBHMa
BpaHHCJiasa Bjiajsas
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1.

OH3HK3 je J6AH3 OA <J)yHA3MeHX3JiHHX npHpOAHHx HayK3. Kao noceSaH Hacx3BHH npeAMex ona
ce y iiiKOJie yBOAH nonexKOM AB3Aecexor Beica H OA xaAa ACWKHBJBSBS 6yp3H p33Boj,
saxBajbyjyhH 6p30M pa3Bojy 4>H3HKe Kao nayKe H MexoAHKe nacxaae (JmsHKe.
Y HacxaBH 4>H3HKe ynosnajy ce 4>H3HHKe nojase, saKOHH, <J)H3HHKe BejiHHHHe, npHHUHOH,
reopHJe HTA. O creneny pasyiweBaHja rpsAHBS KOJe ce H3ynaB3 H HHBoy ycBojenocxH MOKB ce
cyAHTH H3 ocHOBy yiwehs yM6HHK3 A3 Ta 3H3ft3 npHMetjyjy y npoLtecy Bea<6aH)3 pamaBaH>a
3aAaT3K3. 36or xora, y nacxaBH 4>H3HKe, peuiasafte saAaxaKa npeACxaBJts BeoMa Ba>KHy exsny
nacxaBHor npoueca. YHCHHUH 6n xpe63JiH, npHAHKOM peuiaBafts 33A3xaKa, A3 Hayne MCXOAC
peiii3BaH>a 33Aax3Ka, npoAySe pa3yMeB3H>e (JJHSHHKHX saKona H Apyrnx 3Han,a, Aa nay^e KSKO
Aa peme 33A3X3K H AS p33BHJy cnoco6Hocx oGaajtaHja MHcaonnx onepauHja.
3aA3X3K MO5K6 6HXH pa^yHCKH, A6MOHCXpaUHOHH HJ1H eKCnepHMCXHajlHH. HaJBChH 3H3H3J

saAaxKa je Kopncns HH(J>opM3UHJ3 Kojy npyac3 ynenHKy, xj. npHMCHJtHBocx CHxysuHJe H3
33A3XK3 y cBaKOAHeBHOM acHBoxy. HiwarnHapHe CHxyaunje Koje Mory SHTH nocxsBJteHe XCKCOM
33A3XK3, MOPy Ce 33M6HHXH HCHBOIIHCHHM 33A3UHM3 KOJH nOK33yjy npHMBHy 33KOH3 (J)H3HKe H3

JtyACKH opraHH33M. Ha OBSJ HSHHH ce ynosnajeiwo ca caBpeMenoM 4>H3HKOM, xj. HDCHOM
KOHKpeTHOM npHMCHOM Ha HOBCKOB Opf3HH33M H MBAHlJHHy.

OAa6p3HH 33A3UH cy HaMefteHH yneHHUHMa cpeAfte MBAHUHHCKC uiKO^e, cxyaenxHMa
MBAHUHHCKe (J)H3HKe H CXyACHXHMa MBAHIJHHe KOJH Kp03 H>HX MOry A3 yiTOXnyHO CBOJe 3H3H>a

H3 oSjiaCXH 6HO3HK6 H M6AHUHH6.



2. OH3HKA KAO HACTABHH IIPE/JMET

SaxxeBH Koje (j)H3HKa Ka° nayna na AanaunfeeM cxeneny pa3BOJa nocxaajba <})H3HU,H Kao
IIIKOJICKOM npeAMexy CBC cy c;io>KeHHJH, a o6HM caApiKaja KOJC yneHHUH xpe6a Aa ycBoje no
CBOM KapaKxepy H pa3HOBpcnocxH CBC cy mnpn. 36or cxajinor Sorahetta H npouiHpHBaH>a
c33H3H>a H3 4>H3HKe Koje ce ayxoMaxcKH pecJxneKxyje na snarta nonyTjens y HacxaBH nocxaBJba ce
nHxaH>e-K3KO ocnocoGnxH MJiaAe renepauHJe 33 npoMenjbHBe ycjiOBe paAa Koje ca co6oM
AOHOCH 6ps pasBoj nayKe H XCXHHKC, H na xaj naHHH y6p3axn npou.ec cxHuaita 3Haita H xaj
npOUeC yHHHHXH e^HKaCHHJHM, Opr3HH30BaHHJHM H eKOHOMHHHHJHM.

Mecxo <f)H3HKe y o6pa3OBHOM cncxeiwy OApeljyje ce noJio>KajeM H yjioroM 4>H3HKe y cncxeiwy
HayKa, HJCHHM nayHHHM HHBOOM, BC3OM ca ApyrHM HayK3Ma-npe CBera npHpoAHHM nayKaiwa,
MaxeMaxHKOM H XCXHHKOM, ca <J)HJio30(})HJOM, H>eHHM AonpnHocoM y noAH3aH>y HHBoa
xexHHHKor H omiixer o6pa30B3H>a, 4>°PMHPaifca HayMHor norjieAa Ha CBCX, Kao H H>eHOM
HCnOCpCAHOM H HOCpCAHOM B63OM C3 CB3KOAH6BHHM JKHBOXOM [5],

CaAp»caj nacxase 4>H3HKe ce BPCMCHOM MCH^ao. npoMCHe cy ycnoBjbene CBOJiyunjoM (^HSHKC
Kao nayKe, pasBOJeM MexoAa H cpeACxasa npoyHaBaH>a, pa3BHXKOM MexoAHKe, neAarornje H
AaAHKXHKe, ycaBpiuaBafteM MexoAa H Hannna oGpasoBaaa, cxenenoM ApyuiTBenor pa3BHXK3,
noxpe6aMa H H 3axxeBHMa XCXHHKC, HHAycxpnje H npaKce.
y nonexHoj exann pa3BHXKa nacxase <j)H3HKe yrjiaBHOM cy ce HsynaBane H onncHBajie
nanpHCxynaMHHJe npnpoAHe nojase (MexanHHKa KpexaK>a, xonjioxne, aKycxHHHe, CBexjiocne
nojaBe... ) H CBOjcxBa cyncxanuHJe (HBPCXHX xejia, XCHHOCXH H racoBa). TaAa cy y HacxaBH
4>H3HKe npeOBJiaAaBa^H CMnnpHJCKH caApacajn nnja ce HHxepnpexaunja yrjiaBHOM CBOAHJia na
onncHBafte H xyManett.e. MeljyxHM, Beh xaAa ce jasjtajia noxpeGa 3a
KBaJIHXaXHBHHX H KB3HXHXaXHBHHX B633 HSMB^y (j)H3HHKHX BCJlHHHHa. 3a 6oj

B636 H3Me^y y3pOK3 H HOCJlCAHUa (J>H3HHKHX HOJaBa HCKOpHlilheH JC MaX6M3XHHKH

OBHM nyxeM cy CHCxeMaxHSOBano H eKcnjiHunxno HSJIWKCHH (j)yHAaMeHxajiHH 33KOHH OA
npHHunna KJiacHnne MexaHHKe AO xeopHJe pejiaxHBHOcxn H KBanxne MexannKe. CBC uinpe
KOpHiiiheH>e MaxeMaxHHKor anapsxa AOBCJIO je AO ySpsanor p33BoJ3 (|)H3HKe KSO HayKe H AO
noAH33H>a KBSJiHxexa tbene HacxaBe, AO noBeha^a cxenena CHCxeMaxH3auHJe H renepajinsauHJe
H>eHHX caAp)Kaja H xevpHCXHHKe yjiore HJCHHX saKona, npHHUHna H xeopnja [5]. 3HaH>a cxenena
H3 H3COBHM3 (J)H3HK6 Cy OCHOBa MHOFHX ApJTHX HpHpOAHHX HayK3, K30 111X0 Cy XCMHJ3,

KOCMOJiornja, XCXHHHKHX AHCunnjiHHa-e^eKxpoxexHHKa, paAHO-xexHHKa, xepMOMex3HHK3,
xHApoiviexaHHKa, ejieKxpoHHKa, KOMnjyxepcKa XCXHHKS H Apyre. Mnore OA OBHX o6jiacxH cy ce
p33BHjie y csMocxsjiHe H3yHHe AHCUHnjiHHe, ajiH ce one H AaJt>e xeMejte H pa3BHJajy na
ocHOBaMa (J)H3HKe H H>eHor pasBHXKa Kao HayKe. 36or osora SH xpe6a^o <J)H3HKy Aei|)HHHcaxH
Kao (^yHAaMCHxajiHy npnpOAHy nayKy H A^TH joj BehH snanaj y npouecy o6pa30BaH>a MJiafjnx
renepauHJa.

y caspeMCHOJ HacxaBH <J)H3HKe snanajany yjiory HMa npHMena HH(j)opMaxHHKHx cHcxeivia, KOJH
OMoryhaBajy H nporpaMHpany nacxasy (npeKO BHAeo6nMa), npHMeny aHHMauwjs H MOAejra 33

(J)H3HHKe MOACJie, Moryhnocx BH^eHja eKcnepHMenaxa KOJH nncy HSBOAJBHBH y



IIIKOJICKHM ycjioBHMa H AOCTynHOCT npeAasaHor rpaAHBa H jiHreparype y ejieKTponcKoj <J)opMH.
HapaBHO, CBaKa MOAepHHsauHJa HMa CBOJC HPCAHOCTH H cjia6e ranKe. Ocraje HaM Aa BHAHMO
KOJIHKO je MOABpHH3aiJHJ3 H3CT3B6 AOnpHHBJia 4>H3HUH K30 HpeAMCTy H IIIT3 JOJ J6 OAy36Jia.

3. METOAHKA HACTABE 0>H3HKE

HSCTSBC (J)H3HKe je PCJISTHBHO MJiaAa nayica, Ae^HHHcana je na Konrpecy
npHpoAH>aica y Mepany 1905.roAHHe KaAa je nocTaBJbeH saxTCB p&. ce 4>n3HKa Hsynasa Kao
noceGan nacTaBHH npCAMCT. Ona join yseK TBIUKO ycnesa Aa np3TH 6p3 H 6ypan pa3Boj (J)H3HKe
Kao nayKe [5].

nacTaBHH npoijec HMa ABa ocnoBHa UHjba-o6pa30BHH H BacnHTHH. O6pa30BHH u,Hjt> ce
y CTHuaity snaita H BeuiTHna na OCHOBy KOJHX ce (J>opMHpa norjieA na CBCT. Osaj HHJt

ce OCTBapyje AHPCKTHO Kpos nojeAHHe nacTaBHe npeAMCTe y OApe^eHHM eTanaMa. FIpeAMeTH ce
Mopajy npO)KHMaTH H AonyH>aB3TH TSKO Aa ce na Kpajy Ao6nja UBJIOBHT norjieA H cxsaTSHbe
CBCTa KOJH nac OKpyacyje. O6pa30BHHM npou,ecoM MJiaAa AHMHOCT CTHHC ca3Han>a Koja
npeACT3BJb3Jy OCHOBy 33 HCKy npaKTHHHy AeJiaraocT HJIH 33 OBJi3AaBan>e HCKOM cneuH(J)HHHOM
o6;iacTH jbyACKor 3HaH>a. BacnHTHHM npouecoM ce paaBHJajy oco6Hne neonxoAHe csaKOM
H^any ApyuiTBene sajeAHHue y KOJOJ )KHBH, a Koja ce KspsKTepnuue OApe^eHHM npaBHJiHMa
noHauian>a. Y caspeMeHOM ApyuiTBy, TO 6n Mopao Aa 6yAe MJiaAH HOBBK KOJH CBBCHO acejiH Aa
MeH>a CBBT y KOMB 5KHBH y uHJty 6ojber, KyiiTypHHJer, c/io6oAHor H paBHonpaBHor >KHBOTa CBHX

, OCJloSo^eHHX CBHX AOrMH .

nacTaBHor npoueca <|)H3HKe HCTpa>Kyje saKOHHTOCTH, nyreBe H cpeACTBa BacnHTa^s
H o6p330B3H>3 y npouecy opraHH3OB3Hor H3yM3Ban>a (J)H3HKe. Pa3Boj <J)H3HKe nocTaBHo je
nocjieAH>HX AeueHHja 036HJtHe npoSjieMe npeA MCTOAHKy 4>H3HKe. Bp3HHa KOJOM ce paHHJB
c™u,aflo 3H3H>e nocTana je HeAOBOJbH3 y caAaiiiffcHM ycjioBHMa. HocToje ABa OCHOBHa npasua
pasBoja KOJHM3 ce OBH npo6;ieMH noKymaBajy npeBaacnliH. JeAaH je yBotjeite H npHMena
TexHHHKHx nOMarajia, a Apyrn paAHKanne H3Mene njianoBa H nporpaM3, n3 H caMHX nocTynaKa
H3ynaB3H>3 (})H3HKe. 3sAaT3K je Bpjio ACJiHKaTan H 3axTCBa Ao6po nosnaBaHje ncnxo^ornje
ynenHKa, uHJba KOJH ce HCBJIH nocTHfin, ycjiosa opraHH30B3H>a H3CT3Be. Flpn TOM CB CTBHBHa
HCKycTB3 ne CMejy OJISKO ORGauHTH. Mopa ce HM3TH y BHAy Aa HacTaBHHUH ne Mory OAJBAHOM
Aa HanycTe Ayro KOpHiuhsHB, paspaljeHe H a^npMHcaHB MBTOAC H Aa Kpsny HPHAHHHO
HCH3B6CHHM HOBHM nyTCBHMa. flHAaKTHKa (J)H3HKe o6yXB3Ta H oGpa^XJC HH3 HHTaHia BC33HHX 33

H3Bo!)eH>e HacTaae 4>H3HKe. Ta nHTaaa cy y B63H ca 33A3UHM3 H UHJbeBHMa HacTase (j)H3HK6,
nacTaBHHM nporpsMOM, opraHHsauHJOM HSCTase ^HSHKC, MeTOAaMa H cpeACTBHMa
nacTase, 4>yHKUHJ3Maj npHHUHnHMa H MeTOAaMa npOBepaB3H>a H ou,eH>HBatt>3 p3Aa H
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3.1. flUHAKTHWKH IIPHHIJHIffl Y HACTABH 4>H3HKE

npHHijHnH cy onmxH cxaBOBH KOJH cy npoH3auiJiH H3 npaKce H cjiyace npaKCH,
OAHOCHO HacxaBH Kao njiannpaHOM H opraHH3OB3HOM o6pa30BHO-BacnHXHOM npouecy.
HacxaBHH npouec ce MOJKB ycneuiHO ocxsapHXH caMO 3KO cy HcnyH>ene xpn ocnoBHe
npexnocx3BKe: njiaHHpafte, o6pa30BHa H Bacnnxna KOMnonenxa. KnacHHHa AHAaKXHKa 33
ocxB3pHBaH>e OBHX ocHOBHHX ejieiweHaxa Hacxase npeABH^a HH3 npHHUHna Kao onmxe cxaBOBe.
y nacxaBHOj AejiaxHocxH AHAaKXHHKH npHHUHnH npeAcxsBJbajy onmxe MexoAHHKe cxaBOse,
OAHOCHO nanejia Koja cy paspaljena H noxEpljena na ocnoBy npaKXHHHHx pesynxaxa o6pa30BHo-
BacnHXHor npoueca. OHH yKasyjy na xo RBKO A3 paA HacxaBHHKa GyAe paunoHSJiaH H ecJ)HKac3H,

A3 ce o6e36eAe HajGojta pemen>a oGpasoBHHX H BacnuxHHX saAaxaKa. ^HAaKXHHKH
OApe^yjy XOK npeAaB3H>a H yqeita y cicnaAy ca UHjteBHMa H 33KOHHXocxHM3

Hscx3BHOr npouecs. OHH oSyxasxajy o6paAy H xyMaHeH.e nacxsBHHX csApacaja, paA
HaCX3BHHK3, OpraHH30B3H6 oSjlHKC o6pa30BHO-BacnHXHOf p3A3, paA yMBHHKa, FbHXOBO

3Han>a, Konxpojiy, npOBepaBaae H oueftHBaite KBannxexa 3Hafta .
npHMena AHA3KXHHKHX npHHi^Hna noAp33yM6B3 cxpyHHO-nayHHy ocnoco6jbenocx

HacxaBHHKa, fteroB KpeaxHBHo-cxBapajianKH paA, Kao H Apyre cnocoSHocxn H KBanwxexe KOJH
ce Hcnojt3B3Jy noxBpljyjy y pa3HHM KOHKPCXHHM CHxyaunjaivia H ycjioBHMa y KojHMa ce
HacxaBHH npouec. flHAaKXHHKH npHHUHnH ce He Mory nocMaxpaxH H npHMCH>HBaxH
Beh y OApe^enoj Mel)yco6Hoj nofiesanocxH H CHCxeMy, jep cy OHH Mel)yco6HO noBesann H

. HacxaBHHK xpeGa A3 3Ha K3KO H KaAa A3 npHMeHH csaKH OA npHHUHna y
ycjioBHMa y saBHcnocxn OA yspscxa yneHHKa, KapaKxepa nscxaBHor caApacaja,

nocxaBJbeHHx onuixnx nacxsBHHx saAaxaKa, uHJbeBa H Apyrnx (J)3Kxopa. Y Hacxasn (J)H3HKe
noceSan snanaj HMajy c^CAefin npHHunnn :
1) ripHHUHH nayMHOcxH HenocpeAHO npoH3Mjia3H H3 Hsynne 33CHOBanocxH HacxaBHOr
npoueca. HacxaBHH caApacaJH xpeGa Aa GyAy y CKJiaAy ca cxa»,eM y caspeMeHOJ nayuH,
OAHOCHO, nayKa xpe6a uixo Man^e Aa npeAH>3MH y OAHOcy na Hacxasy. CyuixHHa OBOP npHHUHna
orjieAa ce y nayHHOj HHxepnpexaunJH HacxaBHOr rpaAHsa, H>eroBor yxBpl)HBaH>a H npHMene y
KOHKpexHOJ CHxyauHJH, y*4>opMHpaH>y ymetba, BeuixHHa H HaBHKa, caMOCxajiHOM cxHuan>y
3H3H>a, KOpejiauHJH HOJCAHHHX HacxaBHHX npeAMexa, MyjixHAHCUHnjinnapHOM pemaB3H>y
KOHKpexHHX npoSjieivia, cHcxeMaxH3aunJH H reHepanHsauHJH 3Han>a ycBojenor y npoynaBaH>y
A3XC AHCUHHJ1HH6 .

2) HpHHUHn cHcxeMaxHHHOCXH H nocxynnocxH ce npBH nyx yBOAH y AHAaKXHKy y XVII
BeKy. Osaj npHHunn HCXKHB Aa je OCHOBHH saAaxaK caBpeMene uiKOJie Aa yneHHUHMa npy>KH
ejieMenxapno, 3aoKpy>KeHO 3Han>e o npHpOAH H ^>yACKOM ApyunBy Kp03 pas^HHHxe HacxaBHe
npeAMexe KaKO SH 6unu y cxaH>y A3 p33BHJy npaBH^an norjieA na CBCX H Aa ra AaJta pa3BHJajy.
3a xo je noxpeGno ocxsspHXH cncxeMaxHHHOcx y ycBajan>y Hacxasnor rpaAHBa, Koja ce nocxnace
npaBHjiHHM pacnopeAOM HacxaBHOr rpaAHBa Kpoa njian H nporpaM, noixixyjyhH npn XOM
OCHOBHa Hanejia AHAaKXHMKe CHCxeiwaxHRe. flHAaKXHHKa CHCxeiwaxHKa Hac ynyfiyje na MexnpH
OCHOBHa naqejis cncxeMSXHHHOcxH H nocxynnocxH: OA Gjinacer Ka AajfceM, OA jeAHOCxaBHor Ka
cjio>KeHOM, OA JiaKraer Ka XOKBM, OA nosnaxor Ka HenosnaxoM. Osa nexnpH nanejia oGesGeftyjy



CHCTCM3THHHOCT H HOCTynHOCT KOJOM C6 y HaCTaBH OCTBapyjy TpajHa H CHPypHa 3H3H>a

. HOBO rpaAHBO ce Mopa noBesHBaiH ca npexxoflHHM, jeAHOCTSBHHJHM H na raj naHHH
3H3H>e Koje MTOKC %a ce npmvieHH y npaKCH.

3) IIpHHijHn OHHmeAHOCTH je jom APHCTOTCJI yseo y nscTSBy. Osaj npHHunn je OA
HsyaerHor snanaja 3a Hacrasy <f>H3HKe, aiiH ce Hacrasa HC CMC CBCCTH Ha KopHiuheite
OMHnieAHHX cpeACTasa na nacy. IlpaBHJiHO OHHnieAHO casnaBaite je OHO KOJC ce CBOAH na
CBCCHO H n/iaHCKo nocMaTpan>e npeflMera H nojaBa, TJ. npHMeny eKcnepHMeHara H orjie^a y
H3CT3BH <J)H3HKe.

4) npHHqHn noBesanocTH reopHJe H npaKce y <J)H3HUH ce ocTBapyje npeKo OAHoca
eKcnepHMeHTa H reopHje. On3HKa je npHpo^Ha nayica H Gasnpa ce Ha npHpo^HMM nojasaMa Koje
xpe6a nocMarpaTH, noBe3HBa™, o6jauiH>aBaTH H HSBOAHTH saKJtynKe. KpHTepHjyM Ha ocnoBy
Kora ce Moace BepH(J>HKOBaTH csaKa TBpAHt>a y (f>H3HUH je eKcnepHMCHT. EKcnepHMeHT y nayun
npeAcraBJta caMO AGO Hcxpa»CHBaH>a. Kpaj»>n u.ujb je yonmraBaHje nojeAHHHX nojasa, ciaBOBa
H TBPA»>H, OAHOCHO HSrpaljHBaiie (J)H3HHKHX TCOpHJa. HeK3Aa Cy TCOpHJCKH npo6^6MH H

saxreBajin eKcnepHMeHTajiny nposepy, a ApyrH nyr cy npaxca H eKcnepHMCHTH
xeopHJcKO o6jauuH)eH)e.

5) IlpHHllHn CB6CH6 aKTHBHOCTH OAHOCH C6 Ha J1HHHOCT yH6HHKa y UCJ1HHH, 3J1H C6

pa3JiHHHTO H3pa>KaBa H nocTaBJBa 33BHCHO DA KOHKpeTHe oSjiacTH ACJiaTHOCTH. KaAa je pen o
HayHHO-nacTaBHOM paAy, OHAa ce HBCTO rosopH o CTBapajianKoj, HHBCHTHBHO-KpeaTHBHOJ
aKTHBHOCTH HOJCAHHUa. TlpHHUHn CBCCHC 3KTHBHOCTH H3p3)KaBa OOIIITH CT3B KOJHM C6 HCK33yje

Aa yneHHK HHJe oojeicaT, Hero cyojeKaT HacTaBHor npou,eca. /^ocjieAHa npHMens OBOP npHHunna
OMOryhaBa y6p3ano pa3BHJaa>e HHTejieKTysjiHe paA03Ha^ocTH H KPHTHHHOCTH,

H ynopHOCTH y nocTH33H>y UHJta. CTenen aKTHBHOCTH yneHHK3 y npouecy
, Kao H y HacTasn Apyrwx npeAMeTa, OApe^yje ce HHSOM (J)3KTOp3: JIHHHHM

npHMepOM nacTaBHHKa, H>eroBHM syropHTCTOM, cTpyHHHM, neAarouiKHM H
KB3JiHT6THMa, caApwaJHMa nporpaiwa, KBajiHTexoM yuGeHHKa H npnpyHHHKa, ycjiOBHMa
HTA. fla 6n ce o6e36eAHJiH ^IKTHBHOCT H CBCCHO ycBajaite 3Han>a y nacTaBHOM npouecy,
npHM6H>yjy ce pasjiHHHTH MBTOAH. KaAa je pen o nacTaBH (J)H3HKe, npHjiHKOM npoyHaB3H>a
HOBor rpaAHBa KopncTe ce orneAHa npeAaBan>a, AeiwoHCTpauHOHH OP^CAH, <J)poHTajiHH OFJICAH,
noceSne BPCTC KBaHTHTaTHBHHx H KBanHTaTHBHHx saAaTaKa, 33A3UH eKcnepHMCHTajinor H
npnpoAHO-TexHHMKor K3p3KTepa.
6) OcTBapeH>e npHHijHna Tpajno yCBOJeHHX 3HaK,a, BCIIITHHS H naBHKa jeAan je OA
OCHOBHHX saA3T3Ka HacT3Be (})H3HKe. TpaJHOCT 3Haft>a npeTnocTaBJta GBecHo ycBajafte 3Ha».a,
OBJiaAasafte yiwefteM H HaBHKaMa, MHcaony SKTHBHOCT H JIOFHHKO MHiiiJbeHje, 3 He MexaHHHKO
naMheH>e. Tpajno ycB3JaH>e noApasyiweBa nonaBJLaHje, yBe>K6aBaH>e H yrBp^HBaHie npeljenor
rpaAHBa. CaMO K3A3 je ycBojeno snaae nocTaje Tpajns CBOJHHS, a yneHHUH Mory w ra
npHMene y pasjiHHHTHM casnaJHHM H npaKTHMHHM cHTyaiiHJaMa.
7) npHHqHn HHAHBHAyajiH33UHJe nacTaBHor paAa je y AHAaKTHKy yseAen 36or nocTOJan>a

H3Me^y yneHHKa, He caiwo y HHTejieKTyajiHHM cnocoGnocTHMa, Beh H y H3HHHy H
yneH>a, HHTepecoBaHjHM3, cioiOHOCTHMa, cnoco6HOCTHMa ona«aH>a. HCTH npHcryn



CBHM yMCHHUHMa Kao CKyny npoceHHHX yneHHKa je oAaBHO npeBssntjeH. OB3KBHM npncxynoM
6n GHJIH omxeheHH H xarranxoBaHH ynenHUH H cnsSHJH yneHHUH. TanenxosaHMM yneHHUHMa GH
Snjia ycKpafiena Morytmocx A3 ncnojte CBa CBOja HHxepecoBaH>a, cnocoGnocxH, ycjieA nera SH
H>HXOB AaJbH pasBOJ GHO yrymeH. CynpoxHO xoMe, cjiaGHJH yqeHHiiH ne SH GHJIH y MoryfmocxH
A3 Hcnpaxe Hacxasy, HHAHBHAyaJiH3OB3HH paA o6e36el)yje A3 CB3KH yneHHK caMOCxaimo
ynecxsyje y pemaBaH>y 33A3xaKa, peajiH30BaH>y npaKXHHHHX, eKcnepHMenxajiHHX Be»c6H, K30 H
ApyrHM oQjiHUHMa yneH>a, mxo 3H3HH %a ce HHAHBHAyanHa nacxsBS npHJiaroIjaBa csaKOM
nojeAHHOM yneHHKy HJIH rpynH yqenHKa. npHjiarot)aB3H>eM HSCXSBC noxpeSawia ynenHKa HJIH
rpyne yneHHK3 OMoryhen je H>HXOB HsnpeAaK y CKJiaAy ca concxBeHHM MoryhnocxHMa.
8) IlpHHUHn HAejne ycMepeHocxH. HacxaBHa AeJiaxHOCx noxMnftena je H yciwepena
noxpe6sM3 H 3axxeBHMa ApyiiixseHe sajeAHHue. y OKBHpy xor saxxesa xpeSa noceSno ncxahn
noxpe6y cnajan>a, npo»CHMaH>a Hacxase Kao ocHOBnor oSjiHKa oSpasoBHO-BacnnxHor npoueca
ca npoH3BOAHHM H ApyrHM ApyuiTBeHO-KOpHCHHM paAOM. Osaj saxxeB npexnocxaBJta
noB63HBaK.e xeopHJe ca npaKCOM H KOHKpexny npHMeny cxenenor 3HaH>a.
9) npHHijHn xyiwaHHSMa sacnoBan je na nomxoBan>y JIHHHOCXH Koja ce oSpasyje H
BacnnxaBa , na Bepn y nosHXHBan pasBHxaK M^aAor HOBCKa H- ynopnocxH HacxaBHHKa Aa ce
6opn 3a ycnex csaKor nojeAHHLta. ySeljenocx y KOHanan ycnex xpe6a Aa Aolje AO H3pa^<3J3 KSKO
y cxaay H OAHOcy npeMa yneHHKy, xaKO H y oSjiHUHMa, cpeACXBHM3 H MexoAama Koje ce
Kopncxe y ocTB3pHB3H>y o6pa30BHo-B3cnHXHor npoueca. npHHu,nn xy\iaHH3Ma y nacxaBHOj
AejiaxHocxH HHK3A3 He noAp33yMeBa cMaH>HBaH>e ssxxeBa, nonycxjbHBocx, SojiehHBOcx npeMa
rpemKaMa, nponycxHMa H neAocxauHMa KOA yneHHKa. Hacynpox, osaj npHnqnn npexnocxaajba
OApe^eny cxporocx, npHHUHnHJaflnocx, AOCJICAHOCX y OAHOcy na 6jiaroBpeMeno HcnyH>aBaH>e
concxBenHX saAax3K3 H oSasesa y OAHOcy na ynenHKe.
10) FIpHHUHn npHMepenocxH Hacxase sacHOBan je Ha KpHJiaxHUH ,,He naMexaxn

HHrnxag mxo HHJC npHMepeno H.HXOBOM yspacxy". CaAp»caj H o6HM nacxaBor
HHBO HHxepnpexaunje H HSHHH ycBsjaifca, Mopajy Aa OArosapajy ncnxoJiouiKHM H

MoryhnocxHMa, (J)H3HHKHM oco6HH3M3, cnoco6nocxHMa H MOryhHocxHMa
yneHHKa H H>HXOBHM HnxepecosaitHMa, Kao H npeA3H3H>y yneHHKa. OcxBapHB3H>e XHX 33xxes3
noBeaano je ca aACKBSXHHM H36opOM H npHMenoM HacxaBHHX MCXOAS H nocxyn3Ka, Kao H
OArOB3p3JyhHX XCXHHMKHX H APJTHX HOMarSJia. HSKO OB3J npHHUHH OrpaHHHaB3 H3CX3By H3

HHBOy HHxejieKxyajiHor, ncnxojiomKor, 6nojiomKor pa3Boja, HcxoBpeMeno ocxaBJLa AOBOJBHO
npocxopa 3a caMocxajiaH paA H yneH>e, noACXHuan>e MHCSOHB SKXHBHOCXH, mxo cy OCHOBHC
npeMHCe 3a AajiH AyxoBHH passoj H H3npeAOBan>e csaKe JIHHHOCXH.
11) HpHHUHn aHXHunnauHJe. Onmxn je cxaB Aa nacxaBHHK nospeMeHO xpe6a Aa
HH(J>opMHine yHCHHKe (6ap Hanejino) o HSJHOBHJHM HcxpaacHBaH>HMa H pesyjixaxHMa y 4>H3HUH H
o H.HXOBOM MoryhHM npHMBHaMa. y yu6eHHKy (J)H3HKe xaKBe Haynne HOBHHC Mory ce nahn Kao
4>ycHoxa. IIpH XOMC, HacxaBHHK xpe6a Aa nalje cioiaAHH OAHOC H3Me^y npHHunna
npHMepeHOCXH, HaynHocxH H aHXHUHnaqnje. IlpenopyHyje ce Aa HacxaBHHK npeAaje
aHXHUHnHpano OHS nor^aBJta 4)H3HKe Koja GOJBB nosnaje. AJIH OA ynenHKa ne xpeGa



aa CBOJe HHxepecoBaite yciwepe na Aonyncico yno3HaBaH>e 6am OHHX oSjiacxH Koje H>HXOBOM
HaciaBHHKy Sojbe " Jie»ce" H m ce y TOM CMHCJiy sanocxase OCTOJIH ACJIOBH 4>H3HKC .
12) FIpHHUHn HHTerpajTHOCTH. OH3HK3, Rao H HayKa yonuire, HHJB cnyn H30JioBaHHx
HHH>eHHna H H>HXOBHX jiHHeapHHx yoniuxaBaita, Hero jeAHHCxseHH H Koxepenxnn CHCTCM
3HaH>a, OAHOCHO 33KOH3, npuHUHna H xeopnja. OHSHKS Kao HacxaBHH npeAMex, nOAejbena je na
npeAMexna nOApynja, na cy xpaAHUHOHajino (J)opMHpane HPHBHAHO HHAHBHAyajme o6;iacTH OBB
Hayice. MeljyxHM, CBC Te UCJIMHC, nopeA pejiaiHBHe ayronoMHOCTH H caMocxajiHOCTH, cy
Mel)yco6HO TBCHO nOBesane. OpHHi^Hn nnxerpajiHocxH H3pa>KaBa H MHH>eHHita aa ce
HacxaBHH npeflMex, HapoMnxo (J)H3HKa, He MO)Ke oc^aH>axH caino na concxseHy
cxpyKxypy, Hero ce MOpa ysaacaBaxH H OAHOC ca ApyrHM HacxaBHHM ̂ HCUHnnHHaMa.
3a nacxaey (})H3HKe HaJ3HanaJHHJH cy npHHUHDH nayMHOCXH, CHCxeMaxunnocxH,
npHHunn noBesanocxH xeopHJe H npaKce H npuHunn xpajnocxH ycBOJeHHX 3Ha«>a jep
OMoryhaBajy 3aoKpy>KHBaH.e 3Han.a y jeAHHCXBeny qejinny H pa3BOJ ^orHHHor MHiiiJbeHja
neonxo/iHor sa (J>yHKUHOHHcaH>e y caBpeiwenoM csexy.

4. SA^AIJH

y AanauiKbe Bpeiwe He HOCXOJH xanna Ae4)HHHuaja sa^axKa. Ona saBHCH OA Bpcxe nayKe y KOJOJ
ce Aecj)HHHme, HHBoa 3Hait>a H npHMeHe y HacxaBH.
PycKH ncHxojior FypoB saaaxaK Ae^HHMiiie Kao oGjeKx MHcaone AeJiaxnocxH KOJH caAp>KH
saxxes 3a HCKH npaKXHHHH npeo6pa>K3J HJIH 33 OAroBop ua xeopexcKO nHxan.e noMohy xpsacefta
ycnoBa ys Aonymxeno oxKpHBaH.e Bese H3Me^y nosnaxHX H nenosnsxHX ejieMCHaxa.

saAaxaK ce pa3JiHKyje OA ApyrHx 3aAaxaKa y xovie uixo ce H>eroB nwjb H pesy^xax
pasjiHKyjy y npoMenn SKXHBHUX cyojeKsxa, caAp^canHM y OBJi3A3BaH>y
cnocoGnocxHMa 33 AeJiOBaite (paA), a ne y npoMenn npeAMexa ca KOJHM cySjeKX
HayMHXH yneHHKe
H3CX3BC (J)H3HKe.

pemaBajy saAaxKe jeAan je OA rnaBHHX aHjbesa H KOHanHHX

HACTABH OH3HKE4.1.

H3CX3B3 <J>H3HK6 HC OApe^XJe C6 C3MO KB3HXHX6XOM H KB3J1HX6XOM yCBOJCHOP 3HaH>a, HCFO H

XHM6 KOJ1HKO XO 3HaH>6 MO5KC J\a CC npHMCHH K3KO y OCXBapHBafty HOBHX H3CX3BHHX UHJb6B3,

xaKO H y peiii3B3H>y KOHKpexHHX npoS^eMa H 33AaxaK3 XCXKHMKC H npaKXHHHe npHpoAe.
npHiwena 3Han>a, H>eroBa KOHKpexHsauHJa y peajiHHM ycjioBHMa, najoojeKXHBHHJH je noKasaxejb
CBecne ycBojenocxH, cxenena ocMHiii^beHocxH H xpaJHOCxn cxeneHor sHaita. FlpHMeHa 3Han>a je
naJBHiua (J)a3a y npouecy cxHusaa ca3H3H>3. HSCHBHO, XSB. ,,KH>HUIKO 3Han>e", neynoxpeSjbHBo
3H3H>e y cxBapH H HHJC 3H3H>e.
FlpHMena 3Han>3 y KOHKpexHHM c^y^ajeBHMa ne Bpuin ce CSMS OA ce6e. Ilo3H3B3H>e (J)H3HHKHX
oojeKsxa, nojasa H H>HXOBHX 33KOH3 je noxpe6sH, SJIH ne H AOBOJLan ycjiOB. HeonxoAHe cy
noceSne npHnpewie H cneuHJajwa yBeac6aB3tt>a. Y npouecy yBea«6aBaH>a 3HaH>s, nsponnxo
3H3H3JHO Mecxo H yjiory HMajy saAauH y nacxsBH <J)H3HKe.
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PemaBan>e saAaxaica je nepasABOJHBa KOMnoHeHTa Hacxase <Jm3HKe 6e3 Koje 6n 3Han>e y OBOJ
nayuH GHJIO npasHO, ancxpaicxHO H AoSpHM ACJIOM (J)opMajiHO.
HayHHXH yMCHHKe A3 pemasajy 3aAaxice jeAan je on rjiaBHHx H KcmaMHHx uHJteBa nacxase
<J)H3HKe. OCHOBHH HHJt peuiaBaH>a saAaxaica jecxe y XOMB Aa yneHHUH AyS-Jte cxsaxe
BajiHHHHe, 3aKOHe H xeopHJe H H>HXOBy npHMeny y peiuaB3H>y OApeljeHHX npoSjieiwa.
(j>opMyjiauHJa HJIH (|)opMyjia He MOJKC 6HXH CBCCHO ycBojena CBC aoxjie AOK HHJC npoeepena H
noxBp^eHa Kpos pemaBan>e KOHKpexHux 33AaxaKa.
PeuiaBaiie 3aAaxaKa noACXHne MHcaoHy aKXHBHOCX H snaxno AonpHHOCH pa3BHXKy jiorHMKor H
KpeaxHBHO-cxBapajiaHKor MHinjbeiba H ycMepasa ynenHKa na caMOCxajmn pa^, AOHomeite

peiiieifca H aaiOLynaKa. Ha xaj HaHHH ynemiK ce npnnpeMa H aHHMHpa 3a

y nacxaBH (J)H3HKe HMajy H Apyre (J)yHKUHJe H UHJteBe. Y xoKy HJHXOBOF
Mory Aa ce yBOAe HOBH noJMOBH, BC^HMMHC; Aa ce oxKpHeajy n,HxOBe Bese H OAHOCH H Ha
ocHOBy xora AS ce 4>opMyjiHiiiy ^^SHMKe 3aKOHHXocxH, Aa ce H3B6Ay fyopMyne, oGjacne H
33naMXe 4)yHKqHOHaJIHe 33BHCHOCXH H3Mel)y (J)H3HHKHX BejlHHHHa, H)HXOB6 AC^HHHUHJe H

Gpojne BpeAHOCXH, OArosapaj yhe AHMeH3nje H Mepne JBAHKHUC; KOpHCxe ce sa nonaBJbaHie H
npefjenor rpaAHBa, npoBepaBan>e H oueitHBaHje, cHcxeMaxiwauHJy H

3HaH>a.
PemaBaH>e saAaxaica He MOJKC Aa 6yAe H30JioBaHo OA xeopMJCKe HHxepnpexauHJe H
KB3HXHXH3auHJe HacxaBHor rpaAMBa, HHXH OA Apyrnx MexoAa paAa noceSno KBA je pen o
eKcnepHMenxajiHHM Be)K6aMa H ({JHSHHKOM npaKXHKyiwy.

4.2. YJIOFA, 3H&HAJ H METOAHKA PEUIABAIbA 3AAATAKA H3 OH3HKE

PeuiaBafte saAaxana H3 (J)H3HKe Kao npoijec H MexoAa npHMene 3Han.a yBCAena je y uiKOJiCKy
npaKcy OHAa KaAa je neAaroiiiKa nayxa Aomjia AO ca3HaH>a Aa 3Han>a Koja yneHHUH noceAyjy
HMajy npexeacHO ^opiwajiaH KapaKxep, yKOJiHKO ce yneHHUH He AQBCAy y cnxyauHJy Aa HX na
H6KH H3HHH KOpHCXC. HHJeAH3 Ae^HHHUHJa, 33KOH, $OpMyjia HJIH XBOpHJa HHCy XpaJHO

ycBOJenn aKO HX yMCHHqH caMO snajy, a He ynoxpe6jbaBajy. CaMOM npouecy
OAroBapsjyhHX 33AaxaKa cxnny ce Ay6.*a H noxnyna 3H3H>a [6]. TeK xaAa nsynaBans
OJKHBH y CBCCXH yMCHHKa, 3H3H.3 oocxajy ocMHiiiJbeHa, na ce XHMC nocxHHce Beha xpajnocx, xj.

KOA MHOFHX yneHHKa paA Ha pemasaity aaAaxaKa noBehaBa HHxepecoBaH,e sa <J)H3HKy, pa3BHJa
jiorHMKo MHuutefte, noACXHne H3 HHHUHJaxHBy H ynopnocx y caBJial)HBaH>y noxeuiKoha, jana ce
BOJta H CXHHC caMocxajiHocx y paAy.
Yjiora H 3Hanaj seacSaHia y peiuaBaity 33A3X3K3 y nacxaBH 4>H3HKe cacxojn ce y xoivie uixo ce

1 . KoHKpexH3auHJa H ocMHiujLaBaite xeopnjcKHx 3HaK.a;
2. IloBesHBaiie cxenenHx 3Ha».a ca cBaKOAHCBHHM JKHBOXOM;
3. CxHU3H>e yMeha H HaBHKa 3a npaKXHHny npHiweny H3yMaB3Hor
4. Pa3BHJ3H,e cnocoGnocxH 3a o6aBJtaH>e MHcaonnx onepauHJa;
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5. Pa3BHJaH>e caMocx3JmocxH H H3rpa!jHBait>e flpyrax HOSHXHBHHX BPCAHOCXH
JIHHHOCTH, noHaBJtan>e, npoAySjfcHBaite H yxBpfjHBaite 3Haita, pasBHJaite HHxepecoBaita 33
npeAMex H KopHroBaite ynennHKHX 3naiba H yMeha.

Y neflarouiKoj H MBXOAHHKOJ jinxepaxypn saAaxaK H3 <j)H3HKe ce npeACxaBjba y oSjiHKy CHCxeMa,
HHJe cxaite KapaKxepHiuy OApeljeHH napaiwexpH. SaAaxax H3 4>H3HKe y IIIKOJICKOJ npaKCH
nasHBajy MaitHM npoSjieMOM, KOJH ce pemasa noMohy JiorHHKor 3aKJbyMHBaH>a, MareMaTHHKHX
onepai^HJa H eKcnepHMenara Ha ocHOBy Meroaa H saKona (J)H3HKe. SaaaxaK H3 (J)H3HKe ce
cacTOJH H3 yc^osa H saxxesa, npn neiviy nocToJH yHyrpaimta B63a H3Me5y no3H3THx H
TpaaceHHx BejiHHHHa H ra Besa oflpefjyje crpyKTypy H rejKHHy saAarKa. PeuiaBaite saaaTKa ce
cacioJH ynpaso OA npOHajia»(eH>a TUX B63a, yspOKa H nocjieAHija o KoJHMa ce y saAaxny roBopH.
36or OBora ce yBOAH nojaM nosnare H Henosnaxe BejiHHHHe. nosHare BeaHHHHe cy Aaxe CBMHM
Ae^)HHHcaH>eM saAaxKa xj. nocxaBKOM, AOK npOHaaa)KeH>e HenosHaxe Be^MMHHe HHHH npouec
pemaBaiba saAaxKa. Dosnaxe BejiHHHHe ly Hajnemhe napaMexpH, AOK cy Heno3Haxe
4>H3HHKH saKOHH, npaBHjia H npHHqHnH. Ha pemaBaH>e 3aAaxaica H3 (J)H3HKe
(^axxopa, cxpyKxypa caiwor 33AaxKa (H>eroBe ocoSHHe) H HHAWBHAyaJiHe ocoSHHe Aexexa Koje
pemasa saAaxaK.
ITpouec pemaBaita saAaxana yiobynyje H36op H cxpaxerajy pemaBaita saAaxaKa, Ae<i)HHHcaH>e
onmxHX H noceGHHX npaBHJia Koje je Moryhe npHMeHHXH npH pemaBaH>y 33AaxaKa. Cxpaxernja
pemaBaifca oGyxsaxa 4>opMHpaH>e H^eje o Hammy pemaBaita KOHKpexHor saAaxKa. Cxpaxernja
pemaBaita ce cacxoJH OA TPH exane: npejiMMMHapne, Koja oSyxsaxa HsynasaHje yc^osa 3aAaxana
H ananH3y tteroBor xeiccxa; njiaHCKe, Koja o6yxsaxa 4»opMHpan.e HACJC o pemaBaity saAaxKa H
peajiHsauHJe, Kao npoueca caiwor peuiaBafta saAaxica H nposepe H>eroBor pemefta. IlpH yneH>y
K3KO ce pemasajy saAaijH H3 4>H3HKe Kopwcxe ce omiixa npaBHJia H noceGHH naHHHH pemaBaita
saAaxaKa. Onmxa npaBHJia ycMepasajy Ha oApe^HBanje OCHOBHHX npHJiaaa peuiasaity 3aAaxaica
4>H3HKe, AOK noce6na npaBH^a ynyhyjy na pasBoj cneuH(J)HHHor naHHHa pasMHimtaita Koje
(J)H3HKa Kao nayKa pa3BHJa .
OCHOBHC exane y npoijecy BeacGaiba y peuiaBaity 33AaxaKa cy:
1. CaonuixaBaH,e HJIH HMxaae saAaxKa H npemeAHO sanHCHBaite Aaxnx, noxpe6HHx H
xpaaceHMX saAaxaKa;
2. CKpaheno noHaBJi>aH>e saxxesa 3aAaxKa
3. AnajiH3a yc^oBa H xpa»eH>e HAeje 3a pemaBaite 3aAaxKa;
4. JJflQujavbe peuieita;
5. IlpOBepa pemeH>a nyxeM CBofjen>a jeAHHHua HJIH BpmeH>a AHMeHSHone npOBepe;
6. SaMena SpoJHnx BPCAHOCXH H rpyGa npouena peAa BejiHHHHe pesyjixaxa, a 33XHM cxporo
H3paHynaBaH>e;
7. /jHCKycHJa peraeH>a.
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H ce HCnHcyjy J6A3H HCHOA Apyror HCTOBpeMeHO ca MHXsiteM 33A3XK3. Ca HOTHCOM
noAaxaKa, noABJiaHH ce qpxa HOTOA H HcnHcyjy noAau,H KOJH ce xpaace jeAan HCFIOA Apyror.
YBCK K3A3 nocTOJH Moryhnocx Aa ce CJIHKB ynoxpeSn, xpeSa saxxesaxn Aa yneHHUH Hanpase
CBOJH CKHuy, KaKO 6H noKassjiH cxeneH pasyMeBaita 33A3XK3.

33A3TKa ce cacxoJH y yxBpfjHBaH>y nocxojehe noBesanocxH ASTHX ycjiosa 33A3X3K3 H
3axxeB3, c UHJLCM OTKpHBaH>a MoryhnocxH Aa ce npexo nosnaxHX BejiHHHHa OApeAe

one HenosHaxe Koje ce y 33AaxKy xpaace. Exana Ao6HJaH>a pemen>a je MHCXO MaxeMaxHHKe
npnpOAe, 33 pasjiHKy OA npexxoAHe, TAB je xesKHinxe SHJTO na (^HSHHKOJ cxpaHH npoGjieiwa TJ. y
(J)H3HHKHM npouecHMa KOJH ce yBCK Hajiasc y OCHOBH CBaKor 33AaxKa H3 (J)H3HKe. Ope
HSpanyHaBaiba noAaun ce Mopajy H3pa3HXH y SI jeAHHHuaMa. /^HCKycHJa pemeita noApasyMesa
pasMaxpaite ABa nHxaita:
a) A& JIH pemeibe HMa ^HSH^KH cMHcao, H
6) fla ^H nocxoJH (Moryhnocx Aa ce Aaxn 33AaxaK peiiiH H na HCKH AP>TH H3HHH, yKasyjyhn Ha
npeAHOcx HJIH HCAOCxaxaK y OAHOcy Ha npHMen>eHH

H3 4>H3HKe necxo npeAcxaBJLajy ancxpaKUHJy HCKB peajine CHxyauHJe. Ba>KHOCX OBHX
y xoiwe mxo ce KOA H.HX HCXHne H o6jamH>aBa cyuiTHna ^HSHMKC nojaBe. PeiuaBaite

ca peajinoM cHxyaunjoM ojiaicmaBS pemsBSHje SSASXKS, SJIH ne AOHPHHOCH npeBHiue
pa3BHJaH>y naBHKe npHMene 3Hait,a y npaKCH, xj. y CBaKOAHeBHOM 5KHBOxy. Ra 6n ce pa3BHji3
npHMena 3Han>a cxeneHHX pemaBaH>eM saAaxana H3 (j)H3HKe, noxpeSHO je npso pa3BHXH
cnei^H(J)HHaH H3HHH pa3MHiujbaH>a, a 3axHM Behnny npoGjieiwa noKasaxn ACUH Kpo3
AeMOHCxpaunjy HJIH eKcnepHMenx ,
y npaKCH Hacxase (J)H3HKe ce npHMeityje MOAejiHpaH>e C^HSHMKHX npoueca Kao Hacxasna
MexoAa. CymxHHa MCXOAC je Aa ce na ocHOBy npoyHaBanor c})H3HHKor oSjeKxa H3rpaAH MOABJI,
KOJH 33MeH>yje opnrHHaji H cjiyacn Kao npeAMex npoynaBaH>a. Y saBHCHOCXH OA Hannna H
rpaAH>e, MOACAH ce Mory noAejiHXH na MaxepHJajine (rpaAHBHe) H HAeajiHCXHHKe (saMHiiubeHe).
V IIIKOJICKOM rpaAHBy ^HSHKC uinpy npHMeny cy HauuiH HAeanHCXHHKH MOACJIH noJMOBa Kao
mxo cy MaxepnjajiHa xaMKa, HAeanaH rac, ancojiyxno U.PHO xejio. FIocxoJM jouu jeAHa

KOJH ce Kopncxe y npouecy pemasaita 33AaxaKa na noMohne H rjiaBHe MOACJIC.
e y cymxHHH HOBH saAaxaK, KOJH saiweftyje HSBOPHH H ojiaKiiiaBa pemaBaH>e.

ce KopHcxH 3a aHajiHsy saAaxKa H oSyxBaxs cKHue, upxeace, meMe H rpa(J)HKe.
npBO xpe6a paAHXH OA JiaKUier Ka XCJKHM, H yseK H3 HCTHX oSjiacxn H
. To he AOHCXH ynennuHMS Moryhnocx yonsBatba CJIHHHOCXH H pasjiHKa ca seh

norjieAy caApacHHe 33A3X3K3 xpeGa paAHXH HC caiwo one 33A3XK6 y KOJH
KOHKpexH3yjy npHMeny xeopnjcKHx 3Han>a, Befi Aa ncxoBpeiweHO noxnOM3)Ky p33BHJ3H>e
cnoco6HOCXH MHiiiJteH>3, A3 MOXHBHiuy yneHHKe na peuiSBSfte SSASXSKS.
OyHKUHJs saAaxKa H3 <^H3HKe y cHcxeiwy iiiKOJioBaH>a je AS ce OApeae HHBOH ycBojenor rpaAHBS
H A3 ce yneHHUH KJi3cn4)HKyjy no pasBHJenocxH cno3HaJHHx cnoco6HocxH H cxsapajianKHx
MoryfmocxH. Floiiixo ce yneHHiiH yseK nansse H3 PSSJIHHHXHM HHBOHiwa H 3Han.3 H cnocoSnocxH
neonxoAHO je nponaliH npHJias peui3BaH>y oApe^enor xnna
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5. KJIACHOHKAIJHJA 3AAATAKA

Y jiHxepaxypn nocxoje pasjiHHHxe miacH<|)HKauHJe 3aAaxaica H3 (J)H3HKe. V 33BHCHOCXH on
naHHHa KJiacH(J)HKau.HJe jeAan saAaxaic MOKB SHXH y6pajan y pasjiHHHxe KJiacH(j>HKauHJe. H3
OBora npoH3Hjia3H Aa je KJiacHcJmicaijHJa saaaxaica HenoxnyHa H He AO Kpaja AocjieAHa .
PycKH ayxopn B.H. EorAan, E.A. BoHAapb H J\. H. KyirbGHUKHH 3aAaxKe KJiacH(J)HKyjy npeiwa

• IlpeMa AHAaKXHHKOM qnjby- xpenaacHH, cxBapajianKH, KOHXPO^HH;
• IlpeMa naHHHy saAasaita ycjiosa - xeKcxya^HH, 3aAaxaK-rpa(J)HK, 3aAaxaK-upxe>K,

npeMa cxeneny XBHCHHC - jeAHOCxaBHH, cjioacenn, KOM6HHOBaHH;
HaHHHy pemasaita - KBajiHxaxHBHH, KBanxHxaxHBHH, rpa<J)HHKH,

MexoAHHKOJ jiHxepaxypn nocxojn nOAejia 33AaxaKa H3 <J)H3HKe npeMa cjieAehHM
no KapaKxepy saxxesa
no caApJKajy
no naHHHy nocxaBKe H pemaBatta

nocxaBJbeHHM

no HaHHHy H3paacaBaH>a ycjiosa 3aAaxaica H MexoAaMa peuiaBaH,a HS (J)H3HKe, Moryhe HX je
na

TeKCxyajine

no caApacajy saAaxKe
• HcxopHJCKe
• TeXHHHKB

na
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5.1. IIOflEJIA 3AflATAKA HO PYCKHM AYTOPHMA

5.7,7. KJIACH&HKAIJHJA HO flHflAKTW-KOM LfHJLY

OBOJ KJi3CH4>HKau.HJH saAaun ce AeJie na xpena5KHe, cxBapanaHKe H KOHxpojme,
1) TpeHajKHH 3aAau,H ce KOpncxe 3a penpoAyKOBafte Beh npehenor anaita, OHH cy
neonxoAHH Kao nonexns exana y npouecy ycsajaita HSJioaceHor nacx3BHor rpsAHBa. TpeHMHr
saAaijH ce Morj^jioAeJiHXH no XOKHHH Ha xpH HHBoa, xpeHHHr sa^axKe npsor, Apyror H xpeher
HHBOa.

TpeHHHr 33A3UH npBor HHBoa cy 33A3UH KOJH npeAcxaBJtajy HHCxy npHMCHy (Jjopiwyjia H
KopHCxe ce sa Jiaicme naMfteH>e rpaAHBa.
TpeHHHr 33A3UH flpyror HHBoa aaxxesajy anajiHsy OApe^eHe (J)H3HHice cwxyauHJe. OBH
ycMepasajy ce He CEMO Ha naMheHie HCPH H ne penpoAyKXHBHO MHiujbefte. OHM oa
saxxesajy caiviocxajiHy MOAH(J)HKauHJy inaiba H npHMeny y KOHKPCXHHM
nocxaBJteHHM ycjiOBHMa aa^axKa. OBH 3aaauH OMOryhasajy npoAy6jtHBaH>e SHafta H iteroBy
npHMeny y KOHKPBXHHM npaicxHHHHM CHxyauHJaiwa.
TpeHHHr 3aAai^H xpeher HHBoa ce Mory pemaBaxH Henocpeano na ocnoBy snan^a Koje je
flo6HJeHO na HacoBHMa ^H3HKe. JJ,o H>HXOBor KonaHHor pemeft>a MWKC ce AotiH na ocHOBy
OApe^eHHx ynopeflHHX ananHsa, anajiorHJa H CJIHHHOCXH ca OHHM Beh nosnaxo. PemaBaH>e
xaKBe spcxe 3aAaxaKa OA ynenHKa saxxesa A3 caiwocxajiHO pasMHiiiJta, pacyhyje H AOHOCH
OApe^CHC 33KJbyMKe.

2) CxBapajiSHKM 33AaijH Mory A3 6yAy ^opwy^HcaHH y o6jiHKy nHxaH>a HJIH panyHCKor
saAaxKa. OAFOBOP HJIH pemeH>e noApasyMesa caMocxajino 3aKJtyHHBaH.e ynenHKa H yBoReH>e
HQBHX HOJMOBa H BejlHHHHa.

3) KOHXPOJIHH 3aAau,H ce KopHCxe 3a nposepy cxenenor 3Han>a yneHHKa. Mory ce noACJiHXH
no XC5KHHH, A3 6n ce OApeAHO HHBO 3H3H>a yHeHHKa. Flo HaHHHy nocxaBKe Mory SHXH
KBajiHxaxHBHH (33AauH-nHxaH>a) H KBanxHxaxHBHH (panyHCKH). Mory GHXH 3acHOB3HH na
npoBepn yiwefta H cnocoGnocxH, yKOJiHKO ce oueityje jiaSopaxopHJCKH paA-

5.7.2. KJIACHQHKALfHJA IIPEMA HAWHV 3A£ABAH>A VCJIOBA

IlpeMa OBOJ noAe™ saAaun Mory GHXH xeKcxyann, saAaxaK-rpa(J)HK, saAaxaK-upxe>K H
orjieA-
1) TeKcxyajiHH saAaun npoS^eMCKe cnxyauHJe H3pa)KaBajy XCKCXOM. /Jejie ce Ha
KBa^HxaxHBHe-saAaxKe nHxaH>a H KBSHXHxaxHBHe-panyHCKe saAaxKe. Ca xeKCxyajiHHM
heMO ce Sojbe ynosnaxn y napeAHHM norjiaBjbHMa.
2) 3aAaxaK-rpa4>HK OMoryhass OApe^HB3H>e 4>yHKU,HOHaflHe saBHcnocH H3\ieh
Koje K3p3KxepHiuy o6jeKxe HJIH nojase, Ha ocnoBy AoSHJene (J)yHKi;HOHa^He
AC(J)HHHIIiy Ce y33J3MH6 B636 H3Mefiy o6j6K3X3 H nOJBBa, OAHOCHO HSMefiy y3pOK3 H nOCJieAHU.3.
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npeACxaBJtena 4>yHKUHOHanHa saBHcnocx je BCOMS OHHrjieflna H npncxynaHHS 33
. Fpa<J)HK na penaxHBHO jeAHOcxasaH nanHH oTKpHBa <j>H3HHKy saKonnxocx. OBH

ce Kopucxe y HH3y cjiynajeBa Ka^a 3H3H>e H3 MaxeMaxHKe KOA yneHHics HHJC Ha
HHBoy, a rp3(j)HHKH ce Mory npmcasaxH oApeljeHH npouecn KOJH ce XBK na KacHHJeM cxaAHJyMy
Mory H3pa3HXH H aHajiHXHMKH. 3H3H3J rpa(J)HHKHX 3aAaxaica je BHmecxpyK: rpacjmKOHH MHOPO

Je noKasyjy saBHcnocx H OAHOCC Mel)y (JJHSHHKHM BejiMqHHaMa Hero mxo ce xo MOHCC
KOA <})yHKUHOHajiHHX Be3a; pa3BHJajy ce He caMO MHiiiJbeH>e H naMheite Hero H

nociwaxpaHKe cnocoSnocxH H Moxopne paflfte; cxnny ce naBHKe npeuHsnor, neaaxnor H 6psor
upxaita; npHnpeiwajy ce yneHHUH 33 ycneiiiHHJe H3Bo5en>e jiaGopaxopHJCKHX BC5K6H H
AeMOHCxpauHOHHK orjie^a. Ha Kpajy caiwo xpe6s HsnoMenyxH, ^a npaBHJiHo Kopniuhefte
rpa(J)HHKHX 33AaxaK3 He nOApasyiueBa caMO HcupxaBaH>e aaxnx SSBHCHOCXH Beh H H>HXOBy

3) 3aflaxaK-iipxe}K ce KopHcxn KSO fleo nocxynna peuiaB3K,a C^O^CCHHJHX
CKHuy peajine CHxyaitHJe nocxaBJtene XCKCXOM sa^axKa. 3aAaxaK-upxeac

KOpHCxe (J)H3HHKe Mo^ejie H na xaj na^HH oJiaKiuajy ce6n pemaB3H>e 3a^axe

4) SaflaxaK-orjiefl ce CBOAH na CKcnepHMenxa^HH 3a/iaxaK ca KOJHM heiwo ce
ynosnaxH y HapeanoM xeKCxy.

5.7.3. KJIACH®HKAIjfUA HPEMA TE)KHHH 3AffATAKA

Ilocxoje KnacH<j)HKauHJe saaaxaKa npeiwa cjio>KeHocxH. Flo J
, cJio)KeHe H KOMSHHOBane, a no flpyroj

ce 33A3UH ae^e H3
caivio Ha npocxe H

FlpOCXH HJIH jCAHOCXaBHH 33A3UH H6 33XX6Bajy CJlO^CeHy aHOJlHSy H HC Xp3»Ce MHOPO

H3yHaBaH>a. 3a H^HXOBO peiuaB3H>e je Hsjneuihe noxpe0H3 JCAHS AO ABB (j)opMy^e. U.HJB OBHX
je A3 yneHHUH JiaKme 3an3Mxe (})opMyjiy, Hayne «a 3aMeH,yjy noAaxKe y jeAnanHHy,

3H3Hbe nOJeAHHHX (J)H3HHKHX B6JIHHHH3, KOHCX3HXH H AP- Flo AHA3KXHMKHM qHJbeBHM3

OBH saAauH cjiyace 3a yBeJKSaBafte rpaAHsa, HaJMeiiihe ce paAe nocjie HsynaBaFba HOBHX
3aKOHHXOCTH HJIH y AOMahHM 33A3UHM3.

CjiroKCHH SSASUH npeAcxaBJbajy KOMnjiHKOBaHHJe 33AaxKe KOJH 33 cBoje pemsBaHjC saxxesa
AoSpo no3H3BaH,e saoKpyacenor 3HaH>a jeAHe npe^ene oSjiacxn.
KOM6HHOB3HH 3aA3UH npCACXaBJtajy npHMCHy BHIJie 33KOHHXOCXH H3 P33J1HHHXHX XCM3 H

o6;iacTH (J)H3HKe. OBH 33A3UH Hajneiiihe caApJKe npo6;ieMCKy CHxyauHJy H ejieMenxe HOBOF
Cspxa OBHX saAaxaKa je npoAy6jbHBaH>e 3H3H>a yneHHKa, mnpeite CJIHKC o
(J)H3HHKHX nojaBa, a xsKO^e H xeiwaxcKa nposeps 3H3ft3 .
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5.1.4. KJIACH&HKAIJHJA HPEMA HAVHHV PEUIABAH>A

IlpeMa OBOJ ioi3CH(})HK3ijHJH 33A3UH ce flejie HE KBamixsxHBHe, KB3HXHxaxHBHe, rpatjwmce H
eKcnepHMexajme.
Ca KBajlHTaTHBHHM (1) H KBaHTHTaTHBHHM (2) 3aA3IJHMa ReMO CC 60JbB yn03H3TH y H3peAHHM

norjiaBJbHMa. Ca rpa^HHKH zanawMa (3) CMO ce Beh ynosHanH.
4)YHeHHijH npH pemaBaH>y eiccnepHMeHxajiHHx 33A3X3K3 Hcicaayjy BejiHKy npaKXHHHy BeuiTHHy,
yiwefte H caMocrajiHOCT y paAy, ajiH HSJKSJIOCX osa Bpcra 33A3X3K3 HHJe AOBOJLHO aacxynjtena y
A3H3uiH>oj HSCXSBH (fmsmce. Bejimce MoryfinocxH Koje npyaca npHMena eKcnepHMeHaxa y
HacxasH H HHH>eHHijA Aa cy 33 BehHHy yneHHKa Bpjio 33HHMjbHBH, aoBOJbaH cy pasjior 3a
H>HXOBy peflOBHy ynoxpe6y, KBRO y o6pa/iH HOBOF rpa^HBa, xaKO H npHJiHKOM

EKcnepHMenxH xpeSa A3 6yay jeAHocxsBHH, a ycjioBH npn KoJHMa ce HSBOAC JiaKO o6jauiH>HBH
yneHHUHMa. ByayhH A3 CKcnepHMCHx y HacxaBH saxxesa Aocxa BpcMens HSOIIXOAHS je Ao6p3
npHnpeiwa KSKO H3cxaBHHKa, XSKO H yneHHK3.
I10A3UH 33 peiiiaB3H.e cKcnepHMCHxsjiHHx 33Aax3K3 AoSHJsjy ce HenocpeAHO H3 orjieA3 nyreM
MepBH>3 (J)H3HHKHX B6JIHHHH3, HHJB je BpeAHOCXH IlOXpeGHO 3H3XH C o63HpOM H3 yCJlOBC 33A3XK3.

Ha OB3J H3HHH yH6HHUH OCX3B3pyjy 3H3H>a O npHpOAH 3J1H H C3MC MCXSHMSMC CXHL(aiba 3H3H>a

OAHOCHO, yne A3 cno3H3Ja HCXHHB noAp33yMeBa H npoHana>KeH>e nyxa KOJHM ce CXHHCC AO xe
HCXHH6 [7],

jieAehe exane: nocxafijtaite 33AaxKa, anajiHsa
pesyjixaxs, npoBep3B3H.e pemeH>a H KOMenxap

PemaBaite eKcnepMMaHTejiHHx 33A3xaKa
yc^osa 3aAaxKa, Mepeae, o6paAa
Ao6HJeHor pesyjixaxa.
EKcnepHMeHxajiHH 33A3iJ[H Mory SHXH
A3 6yAy npHMepeHH yspscxy H npeA3H3H,y yM6HHK3. SSBHCHO OA csAp>K3J3 H
33A3UH KOA KOJMX C6 CKCnepHMeHX H3BOAH A3 SH CC npOBCpHJia X3HHOCX

no xea^HHH, ajiH xpeSa BOAHXH panyna o xoivie
, KopHcxe ce:

KOJe Ce A00HJ3

xeopacKHM nyxeM, saAaitH ca e^eiweHXHMa HCxpa>KHBaHKor KapaKxeps,..
YnoxpeSoM CKcnepHMeHxa y HSCXSBH npnpoAHHX H3yK3 nocxHacy ce GpoJHH pasyjixaxn, nao
iiixo cy [7]:
• Bojte p33yMCB3H.e npHpOAHHX noJ3B3

ce, cxniwyjiHiiiy H 6yAe HHxe/ieKxyanHe paA03HajiocxH
ce npHHitHn p33BOJ3 OA npocxor Ka CJIOJKCHOM
ce npHHunn Aejcxsa cynpoxnocxH

3H3H>3 A06HJCH3 njT6M eKCnepHM6HX3 Cy Xp3JHHJ3 OA OCX3AHX 3H3»>a

yOM3B3 6AHHCXBO

p33yMJbHB3 B633 HSMC^y )KHB6 H H6)KHBe M3X6pHJe, K30 H npHpOAHHX nOJ3B3

Bojte ce yonasajy H cxsaxajy npnpOAHe yspoHHO-nocjieAHHHe B63e
ce xpanc^opMHcaite cxeneHnx snaits y BemxHHe H

6ojbe pasyivie csex OKO ce6e
P33BHJ3Jy Ce CnOCo6HOCXH 33na>K3Hja B35KHHX
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• PasBHJajy ce cnoco6nocxH BpmeH>a
• PasBHJa ce yneHHKOBa OAroBopnocx npeMa HCHBOXHOJ cpeAHHH
FIpeMa UHjfcy H caAp>Kajy eKcnepHMenxH Mory GHXH OCHOBHH, ynopeAHH H
eKcnepHMenxH. 3naH,a o OCHOBHHM npnpOAHHM nojaBaMa, npouecHMa yneHHUH cxn^y nyreM
OCHOBHHX eKcnepHMenaxa, AOK he 3a yxBpfjHBaite noJMOBa GHTH noroAHHJH ynopeAHH

. KOA ynopeAHHX eKcnepHMenaxa jeaan xnn eKcnepHMenxa ce HSBOAH ca
cyncxanuaMa y HCTHM yc^OBHMa, HJIH ce nocMaxpa nOHamaite JCAHOF npoueca y

ycjioBHMa. npHKa3HBaH>e HeKor cjiOMceHor HH^ycTpHJCKor nocxynKa HJIH
nojaBe Koja ce He MOHCC nenocpeaHO nocMaxpaTH Bpiun ce noMohy Mo^ejia. H>HxoBa

ynoxp6a je MaH>e sacxynjbeHa y paspeanqj nacraBH.
Ha ocHOBy TpajaH>a pasjiHKyjeMo KpaTKoxpaJHe H ayroTpaJHe eKcnepHiweHre.

TaJTHH sa^auH cy Hajneiuhe KOM6HHauHJa KpaxKor eKcnepHMeHTa, jiornHKor
H OflrosapajyhHX HspanyHaBaiba. 3a^auH OBOF rnna cy Bpjio HHTepecanTHH

pa^o HX pemasajy H cjiyace HM Kao e(})HKacHO MOTHBauHOHO cpe^CTBO y
4>H3HKe. OsaKBH aaaaijH AonpHHOce AO 3HaxHor pa3BHJaH>a
OMoyhasajytiH npnpoAHo nosesHBaite xeopHJe H npaKce.

5.2.HOAEJIA 3AflATAKA V JIHTEPATYPH

5.2. 1. KJIACH®HKAL(HJA UO KAPAKTEPY 3AXTEBA

KjiacH(J)HKau,HJa no Kapaicxepy 3axxeBa ce CBOAH Ha KJiacHcjwicauHJy 3aAaxaKa no XOKHHH.
cy noAeifceHH na npocxe (jeAHOCxaBHe), cjioacene H KOM6HHOBane. Ca OBHM BpcxaMa

CMO ce ynosnaJiH y npexxoAHOM xeKcxy.

5.2.2. KJIACH&HKAIJHJA 3AJJATAKA HO

KjiacH(J)HKauHJa aaAaxaica no caAp»cajy ACJIH saAaxKe ca HCXOPHJCKHM caApJKajevi, XCXRHHRHM
caApacajeM H HHxepAHCUHmiHHapHHM caAp^ajeM .
1) 3aAau,n ca HCXOPHJCKHM caAp^cajeM HMajy UHJL Aa Kpo3 caApacaj ynyxe yneHHKe na
HCxopHJCKH KapaKxep (J)H3HHKHx oxKpnha, orjieAa, nponanasaKa, MexoAa OApe^HBaHia ({JHSHHKHX
BeJiHHHHa... Ha osaj Hannn ce yneHHK ynosnaje ca ejieMeHXHMa ncxopHJe 4>H3HKe H xexHHKe H
6yAH ce H,eroBO HnxepecoBaite 33 caMocxajino HCXpaMCHBaH>e Hcxopnje naynnnx oxKpnha.
2) 3aAauH ca XCXKHMKHM caAp5KajeM ce OAHOCC Ha saAaxKe KOJH y xeKcxy Hoce noAaxKe o
HHAycxpHJCKOj H nojbonpHBpeAHoj npOH3BOAH>H, xpaHcnopxy H BesaMa... OBH 33A3UH Mopajy
6HXH JlOrHHKH nOB63aHH Ca PpaAHBOM H3 (j)H3HK6 H CaAp^aXH nOASXKe O X6XHHHKHM OOjeKXHMa

H nojaBaMa Koje HMajy mnpOKy npHMeny y npHBpeAH. Kpos ose 33AaxKe yneHHUH ce
npHgjiHHcaBajy npOH3BOAHHM ycjioBHMa H npouecHMa. HaJ3HanaJHHJH 3aAaun KOJH
OBOJ rpynn cy 3aAau,H KOJH ce KOpncxe KOA xexHHHKor npopanyHa-npopaMyH
KOJia, noxpomn>e ejieKxpHHne eHeprHJe...IlpHMeHa OBHX 33AaxaKa y HacxaBHOM npouecy
AonpHHOCH ocnocoSjtaBafty yneHHKa, noBehasa HJHXOBO HHxepecoBaite sa (})H3HKy H xexHHKy H
ynoanaje HX ca AOcxHrnyhHMa H nepcneKXHBOM HayKe H xexHHKe.
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r
3) 33A3UH HHxepAHCUHHJiHHSpHor caapjKaja onncyjy caBpeMeny npHMeny cj)H3HKe y
ApyrHM o6;iacTHMa nayKe. FIoceSHa Bpcxa OBHX saAaxaica cy 33Aaun ca GHO^
caApacajeiw. Ha osaj HSHHH ce yaoAH rpsAHBO 6HO<j)H3HKe y Kypc 4>H3HKe. PemaBaH>e
ca SHCKJWSHHKHM c3Ap5K3JeM OMoryhsBa nOKa3HBaH>e jeAHHCXBa saKona npnpoAe, npHMeny
H6KHX 33KOHa (JP3HK6 H3 HCHBC OpraHH3M6, yH03HaB3H>e Ca <J)H3HHKHM MCTOAaMa HCTpaHCHB3H>a

Koja ce uiHpoKO npHMeityjy y GHOJIOFHJH H

MS

5.2.3. KJ7ACH&HKA1JHJA HO HA HHHY IIOCTABKE H PEWEH>A

Osa ioiacH(})HKaqHJa ce CBOAH Ha KJiacH^)HKauHJy npeisia nannHy peiuaBaita
ce Ae^e na KBa^HTaxHBHe, KBaHTHraTHBHe, rpa4)HHKe H

5.2.4. KJIACH0HKAIJHJA HPEMA HOCTABJbEHHM IjHJbEBHMA

npeiwa nocraBjfceHHM uHJteBHMa ce CBO/JH na K/iacH(J)HKauHJy npeiwa
. Ilo OBOM KpHTepHJyMy 3aA3UH CC ACJ16 H3 TpeH3)KHe, CTBapajiaHKC HAHA3KTHHKOM

KOHTpOJlHC.

5.3. KJIACHOHKAUHJA IIPEMA HAHHHY HOCTABJbAH>A YCJIOBA
3AMTAKA

Ho HaiHHy H3paHcaB3H>a ycjiOBa 33AaraKa H3
H rpa(J)HHKe.

, Moryhe HX je noAeJiHTH Ha:

1) V HacraBHOM npoi^ecy HaJBHiiie ce npHM6H>yjy TeKcryajiHH saAauw. To cy 3aAau,H KOA
KOJHX Cy yCJIOBH H3pa5K6HH peHHM3, TJ. y BHAy TBKCT3 KOJH C3AP»«H CBC HeOnXOAHC nOA3TKe

OCHM (J)H3HHKHX KOHCT3HTH. TeKCT 3aA3TKa H6CTO MOHCC C3Ap*aTH nOA3TKe 36or KOJHX

33AarK3 HHJe OHHnieAHO. 3H3Haj Apyrwx noAaiaKa, A^THX y saAaricy MOHCC GHTH
OHHnieAaH H Mory ce yHHHHTH HeeajKHHM 33 peiiiaBaH>e saAarna. 36or xora je 33 peui3BaH>e
33A3TK3 noTpeGno OA^SpaTH one noAatKe KOJH cy SHTHH. YCJIOBH saAaiKa HCKasaHH y oSjiHicy
T6KCT3 H6CTO CC HHHC HenOACCHHM 33 C^HKOBHTO npeACTaBJb3H>e 3aAaT3Ka. 3aTO je 6HT3H KOp3K

y peuiasaHiy 33AaxaKa npeKOMHOHOBaH>e oApe^ennx AeJiosa H ryiviaqeHbe Aa 6H saAaraK iworao
Aa ce npeAcxaBH npeKO O3H3K3, CKHUS HJIH uieiws.
y 33BHCHOCTH OA Kap3Kxepa H MeTOAa HCTpa)KHBaH>a 4>n3HHKHx nojaea xeKCTya^HH 33A3UH ce
Mory noAeJiHTH Ha:

33A3UH oSyXBaxajy saAaxKe KOA KOJHX ce npH pem3B3fty OApe^yje caiwo
KBajlHXaXHBH3 33BHCHOCX H3M6l)y (J)H3HHKHX B6JlHHHHa. IlpH pCIIiaBafty OBHX 33AaX3K3 H6M3

HHKaKBHX H3paHyH3BaH>a. Pemeite KOA ose Bpcxe 33A3xaKa ce Ao6HJ3 npHMCHOM (J)H3HHKnx
33KOH3 na 3HajiH3HpaHy nojasy o KOJOJ ce roBOpn y 33A3XKy, xj. o6jamit>aBa ce (J)H3HHKa
cymxHHa nojase. Osa Bpcxa saAaxaKa je HajnpHMepeHHJa 33 nonexHe exane ycBajaH>a HOBOF
rp3AHB3.
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KBOJIHXSXHBHH 33A3UH ce <J)opMyjiHiiiy peHHMa, Mory ce ocjiaH>axH Ha HJiycxpsuHJe a Mory
npeACxaBJtaxH H H3BoI)eH,eM eKcnepHMeHxa.
IlpH peiiiaBatty OBC spcxe saAaxaica npHMeityje ce aHajiHXHHKO-CHHxexHHKa iwexoAa, cymxHHa
3aKJtyHHB3ife3 je y xovie Aa ce noMohy HHAyKijHJe H AeAyKunje rpaAH JIOFHHKO 3aKjtyHHBaH>e,
sacHOBano na ^HSHHKHM saKOHHMa. PeAOCjieA exana pemaB3H>3 KBSJIHXSXHBHHX 33A3X3K3 je:
• yno3HaB3H>e ca ycjiOBHMa saAaxKa, H>eroBo xyManeHje H ycBajaite noAaxaKa.
• AnajiHsa caAp>Kaja 33AaxKa, nojauiHjefte H>eroBor <J)H3HHKor CMHCJIS, upx3H>e rp3(J)HKa,
CKHUC HJIH upxe>Ka.
• AHaJlHXHHKO H CHHXCXHHKO pa3MHIIIJtaH,e A3 6H ynpOCXHJIH C^O5K6He nOJ3B6 H3 HHBO

npocxHX nojsBS, 33XHM oSjeAHHHjiH nocjieAHitc Koje cy Ao6HJene nyxeiw npHMene (J)H3HHKHX
3aKOHa K3 KOHKpexHOM cjiy^ajy y onmxH samtyHaK.
• Cspxa KBaiiHxsxHBHHX 3aAaxaKa je Aa 33HHxepecyjy ynennKe 3a npeAMex, Aa passHJy

pa3MHiiubaH>e H Aa HX ocnocoGe A3 npHMene 3H3H>e 33 o6J3uiH>aBaH>e npoueca y
. KBajiHxaxHBHH 3aA3UH ce yKjbyqyjy y caMocxajme H Konxpojine paAOBe, HJIH y

AOMafie saAaxKe .
KBanxHxaxHBHH 33AauH cy 3aAaqn KOA KOJHX ce pemasaibeM OApe^yje KO^HHHHCKa (psHyncKa
HJIH 6pOJH3) 33BHCHOCX H3M6^y (J)H3HHKHX B6JTHHHHa. JJ^a 0H peUIHJIH OB3J XHH 3aA3X3Ka

noxpeSno je KOPHCXHXH oApe^ene MaxeMaxHHKe onepaunje.
PeiiiaBaH>e OBOF xnna 33AaxaKa 3anoHHH>e KBanHxaxHBHOM anajinsoM H Aonyft>yje ce
KBaHXHxaxHBHOM aHajiHSOM xj. H3paHyHaB3H>eM OApe^ene BejiHHHHe npHMenoM panyncKor
nocxymca.
nponycx KOA OBOF xnna 33A3X3K3 MO)Ke GHXH xo Aa ce KBanHxaxHBHa aHajiH3a H30CxaBjta, H Aa
ce pemaBan.y 33AaxKa npncxyna HHCXOM npHMenoM (Jjopiwyjie H MaxeMaxHHKHX onepauHJa, XSAS
MaxeMaxHHKe oco6HHe saAaxKa ncnjiHBaBajy y npBH njian, AOK ce 4>H3HHKa cymxHHa 3aAaxKa
ry6n.
PemaBan>e KBanxHxaxHBHHx saAaxaKa AonpHHOCH GojteM ycBajaity c^H3HHKe xeopnje, nojMOBa H
33KOH3, (J)OpMHpa P63J1HO 3H3H>e H BaCHHXaBa yMCHHKa 0 MaxepHJajlHCXHMKOJ np6ACX3BH

Ca rp3(J)HHKHM H eKcnepHMeHxa^HHM CMO ce Beh
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6. H3 OH3HKE OPFAHH3MA

6.1. EHOMEXAHHKA JIOKOMOTOPHOF CHCTEMA HOBEKA

6.1.1. JIOKOMOTOPHHCHCTEM

JIoKOMOxopHH CHCT6M oMoryhasa HOBCKy A3 ce Kpehe y npocxopy. CacjoJH ce OA aKTHBHor H
nacHBHor AeJia. AKTHBHH Aeo HHHC MHiiinhH, a nacHBHH KOCTH H 3rjio6oBH.
Kocrypy HOBeKa npnnaAa 40% sanpeMHHe H 60% Mace rejia. CKC^CTHH CHCTCM ce cacroJH OA
200 KOCTHJy Tejia, Koje cy Mel)yco6HO noBesane 3mo6oBHMa [2]. OH o6e36e1)yje saiiiTHiy H
noApiiiKy opraHHMa, noKperaite Tejia, npeACTaBJta cioiaAHiiiTe MHHepana H MaciH H MCCTO
nacxaHKa KPBHHX fiejinja. KOCTH ce npeiwa oSjiHKy Mory noAejiHTH Ha Ayre, KpaxKe, njbOCHaxe H
KOCTH HenpaBHjmor o6jiHKa. /Jyre KOCTH HMJy AyJRHHy HspaaceHHJy Hero mnpHny. CacToje ce
OA cpeAHUiH>er AeJia (diaphysis) KOJH je uHHHHApHHHor oGjiHKa H OKpaJKa (epiphysis) KOJH
y cacTOB 3FJio6a. Y HBKHM AyrHM KOCTHMa ROCTOJH KOuiTana uuynjbHna y KOJOJ ce
KOUiTana cpac. /lyre KOCTH cy KOCTH pyKy H nory. KpaTKe KOCTH HMajy CBC Tpn
jeAHaKO H3paa<eHe. Hajnemhe cy npnSjiHJKHO KySnor HJIH KPJOKHOF o6;iHKa. Ose KOCTH HHHB
iiiaKe H cTonana. Paene HJIH mtocHaTe KOCTH cy BeoMa TanKe KOCTH H Hajnemhe cy

. Cjiyace Kao 3auiTHTa MBKHM AeJiOBHMa opraHH3Ma. TaKBe KOCTH cy KOCTH Jio6aH>e,
KOCTH, rpyAHa KocT H KOCTH paMCHa. HenpaBHHJiHe KOCTH no oSjiHKy ce He Mory

HH y jeAHy OA npexxoAHHX KaTeropHJa. To cy KOCTH KHua H KHHMCHH npuubCHOBH
3rjio6 npeACTaBJba cnoj HSMe^y ABC KOCTH, npn HeMy je OKpajaK jeAne HcnynneH H HasHBa ce
rjiaBa KOCTH, AOK je ApyrH OKpajaK yAySj^en H npeACTaBJta naiiiHuy. 3rjio6oBH ce Mory
noAejiHTH na noKpeTHe (diarthrosis) H nenoKpeTHe (synarthrosis) [2]. CnnapTpose (nenoKpeTHH
3rJio6oBH) cy KOHTHHynpaHH cnojeBH H3Me^y KOCTHJy. /^napTpose (noKpeTHH srjioGoBH) cy
cnojeBH ca npeKHAOM KOHTHHyHTCTa H3Me^y KOCTHJy, AO Kojer je AOIIIJIO yc^eA 4>opMHpaH>a
uiynjbHHe y Ay6HHH cnoja, Y cacTas noKpeTHOr srjioGa yjiase OKpajun KOCTHJy-jeAaH HcnynneH,

H3Ay6jb6H H OHH cy pasABOJeHH SFJioGnoM uiynjbHHOM. Ynyrap uiynjbHHe ce HanasH
TCHHOCT Koja o6e36e5yje iwa/iH Koe<J)HUHJeHT Tpeita HSMe^y KOCTHJy (|x=0,01). Y

cacraB 3rjio6a yjiase join H JiHraiweHTH KOJH HHHC 3rJio6Hy sesy.
npeACTaBJbajy aKTHBHe ejieiweHTe jioKOMOTOpnor CHCTCMa jep ce Ha H>HXOBHM
renepHiny CHJIC npnjiHKOM KOHTpaKUHJe. YspoK HacraHKa CHjia ce sesyje 3a

ejieKTpHHHHx HMnyjica KOJH ce npocrapy pyx. MOTOPHHX nepasa H3 KHHMene
M05KAHH6 AO BJiaKHa MHiiinha fAe H333HBajy H>HXOBy KOHTpaKUHjy. FcHepajiHO, CHJie cy
ejieKTpHHHor nopeKJia. One na KOCTH ACJiyjy npeKO TeTHBa Koje noBesyjy MHinHhe ca KOCTHMa H
H3a3Hsajy HJHXOBC noKpeTe. IloAeJia MHiunha je HSBpuiena na ocnoBy rpalje, KOHTpaKunje H

Ha maTKo, cpnano H CKejieTHO MHiiinhHO TKMBO. f^aTKO MHiiinhno TKHBO je
3a KOHTpaKUHJe cjiaSe cnare H Ay>Ker Tpajafta. OBO TKHBO ce nanasH y

opraHHMa y KOJHMa ce Bpme cjia6H H cnopn ayroMaTCKH noKpeTH. FjiaTKO MHiunhno TKHBO ce
najiasH y 3HAOBHMa KPBHHX H JIHM<})HHX cyAosa, y 3HAy cncxeMa 33 Bapen>e, AyuiHHKy,
OABOAHHM KanajiHMa acnes A3, y OABOAHMa MOKpahnnx H OOJIHHX nyreBa, y OKy H KOMCH. Cpnano
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TKHBO je H3rpal)eHO OA nonpeHHo-npyracTHx MHiuHha Koja ce KOHTpaxyjy 6es
yrauaja name BOJLC TJ. ayxoMaxcKH. Hocxoje ABC Bpcxe MHUwhHHx BjiaKana, jeAHa spcxa HHHH
paAHy MycKyjigxypy cpu,a-cneu.HJajiH3OBaHy 33 H3BpmeH>e KonxpaKUHJa, AOK Apyra spcxa HHHH
cnpOBOAHy MycKyjiaxypy, TJ. cnpoBOAHH CHCTCM cpua, cneu,HJajiH3OBaH 33 cnpOBol)eH>e
CJieKTpHHHHX HMnyjlC3 HO nOBpIlIHHH

6. 1.2. <&yHKljHOHHCAH>E JIOKOMOTOPHOF CHCTEMA

Kpyro Tejio npeACxaBJta MOACJI KOA Kora ce Mel)yco6HH nojio>Kaj HOJCAHHHX xanaKa ne Meita.
OBaKBO xejio ce ne AedpopMHUie HOA ACJCXBOM CHJIS, a^H ce noA H>eHHM ACJCXBOM Kpehe
xpancjiauHOHO H poxaunono. MOACJI Kpyxor xejia ce MOJKB HPHMCHHXH Kao MOACJI Kocxnjy npn
H3yH3BaHjy JIOKOMOXOpHOr CHCX6M3 [1].

CHjia F MOJKB GHXH pasjioacena na KOMnonenxe Ay>K x, y H z oce (Fx, Fy, Fz). Y cxaay
„>

MHpOB3H>a cyiwa CBHX CHJia F Koje Aejiyjy na xe^o y CBHM npaeuHMa je J6AH3K3

- ( 611)

y OBOM cjiynajy 6p3Hna uenxpa Mace xejia je KOHcxanxna y CBHM npasuHMa. OBC CHJIC Mory
SHXH y paBHoxejKH 33 uejio xejio, HJTH 33 Aeo xejia. JeAHannne (6.1.1) npeAcxasibajy ycjiOB 33
xpancjiauHOHy paBHoxeacy. TpancjiauHJa je Kpexaite npn KOJCM CBC xaHKe xejia npejiase HCXC
nyxese DOA ACJCXBOM pesyjixyjyhe CHJIC H HMajy ncxy 6p3HHy H y6p3an>e:

„ dv dp
F -m-a-m — = m-£-

dt dt
-> -> 2 2

KOA xpancjiaxopnor Kpexan>a CHJia AOBOAH xejio AO y6p33Hj3 a (a=d r/dt ), uuxo AOBOAH AO
-> -> -» ->

npOMene 6p3HHe v ( v =dr/dt) H MOMCHXS HMnyjiC3 p ( p =mdv/dt).
-> ->

CJIHHHO CHJIH, H o6pxHH MOMCH r (HJIH M ) MOMCC GHXH pasjioaceH no KOMnonenxaMa x,y H z-
oce. y cxan>y Mnposafta o6pxHH MOMCHX uejior xejia HJIH AeJia xejia je J6AH3K

(6.1.2)

TeHepajiHO MOMCT cnne ce MOKC
->

y KOJOJ AeJiyje cnjia H caMe CHJIC F :

Kao BCKTOPCKH npoH3BOA paAHJyc seKTopa r

(6.1.3)
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Ha xejio Moace flejioBaxH BHIIIB CHJia HCXOBpeMeno. 3a cBany OA H>HX ce MOHCC Ae<J)HHHcaxH
MOMCHT cHJie. PoxaijHOHa paBHOTeaca Kpyxor Tejia nocTHace ce KaAa je Hcnyn>eH ycjioB Aa je
anre6apCKH 36np CBHX MOMenaxa CHJia jeanaK

(614)

PoxaijHOHa paBHOxeaca noApaayMCBa Aa xejio He poinpa HJIH ^a poTHpa KOHCiaHTHOM SPSHHOM .
Ha Kpajy, Aa SH Kpyro TCJIO SHJIO y paBHOieacH, iteroBe xaHKe Mopajy Aa ce noKopaBajy ycjiosy

TJ.cyMa CBHX CHJia Koje Aejiyjy na TBJIO H H.HXOBHX MOMeHaxa Mopa SHTH j

(6.1.5)
MHOFHX AeJiosa xejia ce MOHCC nocMaxpaTH Kao Kpexafte y JCAHOJ paBHH. To je

Hajnemhe xy pasan 33 Kojy je z KOMnOHenxa KOHcxaHxna. ripHMep oBaKBor Kpexaita cy noKpexn
KOJiena H jiaKxosa. IlpoGjieM noMepan>a nory H KyKosa ce xaKO^e MOKC nociwaxpaxH y ABB

AHMeH3HJe, xaKo Aa ce mecx jeAHaHHHa Koje onncyjy cwjiy H o^pXHH MOMCHX ( r ) Mory CBCCXH

npo6jieM Kpexan>e AeJiosa xejia ce MOKC onncaxH noMohy JCAHOP OA xpH xnna nojiyre.
ca <j)H3HHKe cxpane nojiyre cy Kpyxa xejia Koja ce ne Ae4)opMHiuy HOA ACJCXBOM CHJIC. V
peariHOCXH Ae(J)opMauHJa Kocxnjy OOA ACJCXBOM cxBapnnx cn^a je pejiaxHBHO Majia, na ce y
npsoj anpoKCHMauHJH MOHCC 3aHeMapHXH.
FloJiyra je csaKO Kpyxo XBJIO Koje iwoace Aa poxnpa OKO csoje oce, Koja npojiasn Kpo3

Ha CJIHUH . je npHKasaHa nojiyra Koja MOJKC Aa poxnpa OKO oce Koja je HOpMajina na pasan
upxeaca H nponasn KpO3 xanicy O

I nojiyra

reper

KpaK CHJie

ocjionau

Cjima I. Tloji

Hseop: http://www.currentreports.info
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Ha jeAHOM Kpajy nojiyre AeJiyje CHJia F (y cjiynajy JiOKOMOTOpnor CHCTeMa ona noTHHe OA
->

MHinnha), a na ApyroM onTepeheite Q. HopMajmo pacTojaite OA TaHKe ocjionua AO HanaAHe

JIHHHJe CHjie je KpaK CHJIC a, AOK je HopMaimo pacTojaite OA TaHKe oononua AO HanaAHe JIHHHJC
->

TepeTa KpaK TepeTa b. Ha nojiyry HCTOBpeiweHO Aejiyjy ABa MOMeHTa-MOMeHT CHJIC F H MOMCHT
-*

TepeTa Q, FloJiyra je y paBHOTeacn aKo cy osa ABa MOMenTa jeAHaKa no HHT6H3HT6Ty a™

cynpoTHOr ciwepa. H3 OBor ycjiosa ce HSBOAH jeAHannna paBHOTeHce nojiyre

F-a = Q-b (616)

ITojiyra je y paBHOTe>KH K3A3 je npoH3BOA CHJIC H H>CHor KpaKa jeAnaK nponsBOAy TepeTa H
H>eroBor KpaKa.
3a anajiH3y (J)yHKUHOHHcafta nojiyra y Tejiy HOBCKa HOTpeGno je 3H3TH T3H3H nojiojKaj HanaAHe
TanKe CHjie MHiiinha, TaHKe ocjionua H HanaAHe TaHKe TepeTa. V OAHOcy na MehycoGnn nojioacaj
OBHX ejieMenaTa nojiyre MOHCBMO nOAejiHTH na :
1. IToJiyre npse
2. Ilojiyre Apyre
3. nojiyre Tpehe
Oojiyre npse BpCTe cy ABOKpaKe nojiyre KOA KOJHX TepeT H MHiiinh AejcTByjy ca cynpoTHHX
CTpana ocjiOHua H TO y HCTOM npasuy.
Ilojiyre Apyre BpCTe cy jeAHOKpaKe nojiyre KOA KOJHX TepeT H MHuinh AejcTByjy ca HCTB CTpane
ocjiOHua, npH neMy TepeT AejcTByje GJIHJKC ocjionuy.
Dojiyre Tpehe BpcTe cy JeAHOKpaKe nojiyre KOA KOJHX TepeT H MHiunh AejcTByjy ca HCTC CTpane

ajiH je caA TanKa AejcTBa MHiiinha 6;iH)Ka ocjionuy OA TanKe AejcTBa TepeT.

Cn/ia

Tepei

1. riojiyra npse BpcTe
2. nojiyra Apyre epcTe
3. nojiyra Tpehe BpcTe

CJIUKO 2. Bpcme nonyze
Hjeop: http://www.professorbeaker.com
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6.1.3. 3AflAI]HH3 EHOMEXAHHKE JIOKOMOTOPHOr CHCTEMA

Ca Koje HaJMaite BHCHHC h Tpe6a A3 naAHe oco6a Mace m=70 kg OOA HaJHenoBOJbHHJHM
Ha p3BHy H HBpCTy noAJiory na na Aof)e AO (J>paKType noTOJieHHHHe KOCTH Ha MecTy

noBpuiHHe nonpeHHor npeceKa S=5 cm2, aKO je KPHTHHHH nanon jioMa npn aKCHJaJiHOM
cnjie KOCTH <7C=0,1 GN/m2r? 3a BpeMe Tpajatta KOHTaKTa ca HOAJioroM je At=0,01 s.

Pemeite:
w = 70 kg
S = 5 cm2

a, = Q,lGN/m2

A/= 0,01 ^

IlpH naAy noseKa AO/iasH AO KpaTKOTpajnor AejcTBa CHJIC, na ce MOHCB HPHMCHHTH 3aKOH
HMnyjica CHJIB :

FA/ = A(wv) • (6.1.7)

FA/ je HMnyjic cpeAH>e BPBAHOCTH CHJIC KOJH TCJIO npeAaje noAJiO3H npH KOHTaKTy ca H>OM
A(/wv) je npOMBH3 KOJIHHHHB KpeTaita Tejia
npH naA3K.y Tejia ca BHCHHB h , 6p3HH3 Kojy AoSnje TCJIO je :
vp = j2-g-h (6.1.8)
Osa 6p3HHa je 6p3HH3 Kojy Tejio HMa y TpenyrKy KOHTaKTa ca noAJioroM. FIoiiiTo ce cMaTpa A3
je noAJiora HBPCTS H pasH3, TBKO Aa ne ancop6yje yAap ycjieA AejcTBa MHiiinhs, 36or
3aycTaBjt3H>3 Tejia v^ = 0. Ha ocnofly OBOra MoaceMO HanncaTH A3 je HMny^c cpeAH>e CHJIB KOJH
Tejio npeAaje noAJiosn :

FA/ = 0-wv - -mv

Ca Apyre CTpane, TCJIO OA noAJiore AoSnja HCTH HMnyjic cynpoTHOr CMepa :

Ha Kpajy MOJKCMO nanncaTH Aa je :

m
(6.1.9)

J\& 6n AOIIIJIO AO <J>paKType Tpe6a cpeA^y BPBAHOCT CHJIC 33M6HHTH KPHTHHHOM CH^IOM JioMa 33
33A3TH nonpeHHH npeceK, Flo Aê 111111̂ 11 KPHTHHHH HanoH jioMa je:

<r = — (6.1.10)
s

ITa oAaTJie MoaceMO HSBCCTH (J>opMyjiy 33 KpHTHHHy cnny:
pi

4>opMyjiy MoaceMO saMeHHTH y 4>opMyjiy (6.1.9), na AoSnjaMO Tpaaceny BHCHHy:

(6.1.11)
1

m
= -^-(^^-) = 2>6 cm

2e m
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2. Oco6a Mace m=70 kg naAa ca CTCHC BHCOKC h=3 m. Flpn ycnocTaBJtaH>y KOHTaKTa ca
noAJioroM npejiasn y Mynaife, csBHJajyhH nore 33 Ah=60 cm AOK ce He 33ycT3BH, TpnehH npn
TOMC KOHCTanTHO ycnopeH>e. KOJIHKOM cpeAH>OM BpeAHomhy CHJIC Aejiyjy nore na TCJIO 33
BpeMe saycTaBJTbaiia? AKO je nsnon 33 TH6ny (tibia) npH aKCHJajiHOM AejiOB3tt.y CHJIC ac=l,4 •
l(fN/m2, a H>en HaJMan>H npeceK je S=3,25 cm2, Aa JIH he OBaj naA AOBCCTH H AO <J>paKType?

Peuieibe:
m = 70 kg

A/» = 60 cm

ac =1,4-108 N/m2

S = 3,25 cm2

Bp3HHa Kpjy oco6a HMa y xpenyrKy KOHiaKia ca HOAJIOFOM je Aara (J>opMyjioM

A H3KOH KOHTaKTa ca noAJioroM noHHH,e ycnopeH>e Tcjia Ha nyry Ah:
t2

vk = flA/ -> A/ = —

(6.1.12)

(6.1.13)

a la
na M05K6MO HanHcaxH AS je ycnopen>e (a) j

a - •

BpeMe cyAapa je JeAHaKO BpeMeny 3aycT3BJbaH>a

CpeAH>a BpeAHOCT cn^e KOJOM Hore y TOKy saycTaBJtafta Aejiyjy Ha TCJIO je :

mvk _ mvk _ mgh
~~Kh~ N

(6.1.14)

(6.1.15)

(6.1.16)

npeMa 3aKOHy aKunje H peaKUHje HCTOM OBOM CHJIOM H TCJIO AeJiyje na nore, npH neMy J
Hora xpnH npjioBHHy HHTCH3HTeTa CHJTC. KpHTHHHa CHJTS 33 jeAHy KOCT je :

(6.1.17)

H3 HOPC Ff > — ,

Fc = acs = 45500 N

HHT6H3HT6T KpHTHMHC CHJ1C je BeflH OA HHTe3HT6T3 CHJ16 KOJOM T6J1O

TaKO Aa Hehe AOOH AO <j)paKType.
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Oco6a AP>KH y pyijn TCJIO Mace m=5 kg, saxBajtyjyhH CHJIH Hanpesaita Snuenca
3). AKO ce noAJiaKTHija Hajiasn y xopHsoHTanHOM nojioacajy H ca naAJiaKTHUOM samiana

npatf yrao, nahn CHJiy Hanpesaita Snijenca, Kao H cHJiy peaKUHJe y srnoSy JiaKTa, HOA
npeinocraBKOM aa je Maca nOflJiaKTHqe mi=l,5 kg . flaro je pacrojaite XBaTHiuxa Snuenca
a=50 mm ,pacTojan,e TOKHinxa pyKe OA noAJiaKTHMHor 3rno6a b=150 mm H Ay>KHHa pyice
c=380 mm.

CnuKa 3. CJIUKO pyKe ys jadamaK 6poj 3.
Hseop: CmaHKoenfi,2006

Pemeibe:

R

^ X

mg

. Moaeji pyxe ys saaaxaK 3.

m, = 1,5 kg
a = 50 mm
c = 380 mm

FlpeMa ropn>oj C^HUH, aKO HCKOPHCTHMO ycjiose paBHOTOKe,
ZF = F - R = 0 -> F=R=0

T.M = F • a - mvgb - mgc - 0

(6.1.18)

(6.1.19)
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Us nocjiefltfae pejiauHje MOHCCMO H3pa3HTH HHxeH3Hxex CHJIC F:

a
(6.1.20)
KaKO KOMiiOHeHxa Rx CHJIC peaKUHje npevia pejiauHJH (6.1.
R = R = F - g(m 4- mi) = 353 N

HyjiH, CJICAH aa je :
(6.1.21)

4. DocMaxpaMO cjiynaj Ka#a HOBCK CXOJH na jeflHoj HOSH. *OKO Hexpnaecx MHiiiHha H
HCKOJIHKO JiHraMenaxa nofiesyje ropay KOCX nore (femur) ca KapJlHHHOM KOCXH. AKO ce Hora

->
nocMaxpa KEO H30JioB3HH CHCXCM, xpw CHJIC ACJiyjy cHMy^xaHO na rnaey (J)eMypa. F je

-»
pesyjixyjyha CH^a Mumnha Koja ACJiyje nofl yrjiOM 04 70° y OAHOcy na xopH30Hxajiy, R je CHJia

->
KOJOM KapJlHua aejiyje na (J)eMyp H nory y UBJIHHH, a Q je CHJia xe)KHHe xena H je/jHana je CHJIH

->
KOJOM noAJiora zie^yje na nory. TeacHna nore Q/eg HSHOCH 0,16gxeacHHe uejior rejia.

-* -> ->
HspanynaxH CHJIB FUR y oflHOcy na xeacHny xejia Q na ocnoBy noaaxaKa ca C^HKB yy H yrjia

9 nofl KOJHM CHJia icapJiHue jjejiyje na (J)CMyp H nory y

tr<«rhanlcr

CnuKa 5. Modeji noee y3 sadamaK 6poj 4
H36op:XepMdH, 2007
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6Z

(92- 1'9)

BICHO B80

9 • S'O- = 991'0 • /- = S"3 ' /- -
HXBOHUBH OW9MCOW BlI /<XBO BH SMITBEBM XdsWO X XH9WOW

f 9JOH 9HH)K9X XlTHO BH BHITBWdOH E<HBfOXOBd BdOlM93 BXH3HOIIWO>I

Xd9WO WOHXOdll/fo X XfHllBXOd

•900-z OMO / L B O BH
BITHO BHITBWdOH daf XH9WOW HB3HXHEOU 9f 08Q
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Ca ABTHM H36opOM OC6 pOTaU,HJe, MOM6HT CHJ16 KOJH nOTHMC OA pOXaUHOHC CHJ16 R H3 KJTC3 J6

jeflHaK nyjin, jep cy BCKTOP pacxojaita H nopiviajiHa KOMnoHenxa CHJIC aHTHnapajiejmn.
-*

KoMnoneHxa CHjie F AeJiyje Ha pacxojaity x = 1 cm. Osa KOMnonenTa HHAyKyje MOMCHT CHJIC
y CMepy KasajtKe Ha caxy na ce MO>Ke nanncaxH
MF =-7Fsin70°
KopHiuheiteM pejiauHJa (6.1.25), (6.1.26) H (6.1.27) MO>Ke ce nanHcaxn
paBHoxeacH

T =0 k

npexxOAHe

F =
7 sin 70°

e ce H3pa3HTH pejiauHJa 3a cnjiy F

(6.1.27)
MOMenaxa y

(6.1.28)

(6.1.29)

Ry - Fsin 70° + 0,840 = 2,320
-»

Ha Kpajy, HHxeH3Hxex CHJIC R M05KeMO H3paMynaxH no

3aKJtyHHXH Aa je MOMCHX cane Kojy npOH3BOAe MHuinhH KyKa neonxoAan Aa 6HCMO
MOMenxe CHJia KOJH noxHny OA HopMajine CHJIC OA noAa H OA XOKHHC nore.

PemaBajyhH jeAHaHHny (6.1.22) no x-npasuy AoSnja ce
^=^cos70° =0,54g (6.1.30)
PemaBafteM jeAHaHHHe (6.1.23) no y-npasuy Ao6nja ce

(6.1.31)

(6.1.32)

OAHoca

(6.1.33)

Vrao noA KOJHM AejcxByjy KOMnoHCHxe CHJIB R MOKB ce H3pa3HXH npeKO

R

2,32
KoMenxap:
AKO HSMepHMO Aa je F = \,6Qn R-2,4Q3a oco6y nnja je Maca m~90kg H
Q = 880 N, AoSnheMO Aa je MOMBHX CHJIB F = 1400 N, a CHJia KOJOM KapJlHua AeJiyje Ha 4>eMyp
£ = 2100 TV.
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BapHJaijHJa npoGjieivia ca KyKOM 6H Snjia K3Aa GH ocoGa KOpHcrajia iiiTan Aa SH
noAnopy jiese cxpane AOK CTOJH na ACCHOJ HOSH. Oco6a caAa Kopncxn mxan Aa 6n

noAynpejia Jiesy cxpany AOK CTOJH na ACCHOJ HOSH, IiiTan je yAaJten 30,5 cm OA cpeAHiiiH>e

rejia. Osaj iiiTan HOBBK AP>KH JICBOM pyKOM, TJ. ocjionau je y JICBOM paMeny.
-

HspaHynara pesy^xyjyhe CHJIC MHiUHha F H CHJiy KOJOM Kapjmua Aejiyje Ha noAJiory R .

ed via arm
and shoulder

7. IHeAta y3 3adamoK 6poj 5
Hseop: Xepman, 2007.

Pemeite:
-»

Kao nocjieAHua ocjiaH>aH>a na iiixan JaBJta ce HopiwajiHa CHJia OA noAa Nc . Ca cjimce BHAHMO

Aa je Nc = — . OBO HMa ABC AHpeKrae nocjieAHue. flecna nora caAa HHJC BHiiie AHPCKTHO na
6

HHBoy cpeAHinfte JIHHHJe Tejia, Beh je noMepena 3a pacTojan>e L y ACCHO, na H nopMajina
->

Koja Aenyje caAa na Aecny nory N f BHUIC HHje jeAnaKa xeacHHH Tejia. PaBHOTe»ca uejior xejia ce

Moace nanHcaxH Kao

ce Moace nspasHXH HOpMaima CHJia Koja ACJiyje na Aecny nory

(6.1.34)

(6.1.35)
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PaBHOTOKy MOMCHX3 CHJI3 MOHC6MO HailHCaTH K30

3Q,5NC - LNf = 30,5 %- - L ~ QB = 0 (6.1.36)

: ce Moace HspanynaxH pacxojaite 3a KOJC je noMepeH ocjionau Aecne nore OA oce xejia L
L = 6,1 cm (6.1.37)

heMo anajiH3HpaxH uejioKyimy jeAHanHny paBHOxe)Ke nore. LUxan HHJC eKcnjiHUHXHo
i, aiiH HMnjiHKHXHO jecxe npeKo npoMene nojioacaja nore.

= 0 (6.1.38)

(6.1.39)y-npasauFsin 70 - Ry - 0,16QB +-QB=Q

3a MOMCHX
5

4,lcm-QE
6

+0-6,98Fsin70 = 0 (6.1.40)

je ocxajia HenpoMeiteHa, pejiauHJa (jep npernocTaBJbaMo Aa je C^CKTHEHH yrao

oflMHuana KyKa ca X-OCOM H najbs 70° , Haico OBO BHUIB HHJC cacBHM raMHo).
npoMena y apyroj je^HaHHRH je Maita nopMajina CHJia Kqja ^ejiyje na Hory. Y j
MOMBHTa CHJie HM3MO ^BC npOMCHe. IlpBH MJI3H, KOJH OOTHHe OA HOpMa^HB CHJ16 OOfla, MHOFO J6

MaH,H 36or npoMene MOMeHTa pyice H HOpMajine CMJIC Hore (npexxo^HH e^eKax je MHOFO BehH
OA 6yAyfter). Apyrn HJian, KOJH noiHHe OA xe>KHHe nore je caAa iwaitH H nosHXHBan, jep je
uenxap Mace nore caAa BHUIC noMepen y ^eao ca BepxmcajiHe oce.

nocjieAfte pejiauHJe AoSnja ce

(6.1.41)

Ha Kpajy Moacemo HSpanyHaxH cmiy KOJOM Kapjinua

Yrao noA KOJHM CHjia R AeJiyje Ha nory je

na noAJiory
(6-1-42)

3a QB - 880 N CHJia F - 540A^, mxo je MHHje y OAHOcy na BPCAHOCX Kojy cmia HMa y cjiynajy
6e3 mxaria (F-1400A^), a CHJia ^ = 1100^, yiwecxo 2700 N. OBO je HsyaexHO SHanajan

aKO y3M6MO y o63Hp A& ce caMO — - = 145 A^ocjiaita na mxan. HaJ3HaHaJHHJa
6

ynoxpe6e mxana je npOMena MOMeHra HopManne cn^e OA noAa ca 10,8 cm Ha 4,1
cm, saxo mxo ce nora caAa noviepH y Aecno 3a 6, 1cm,
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6.2. BHOMEXAHHKA KAPflHOBACKYJIAPHOr CHCTEMA

6.2.1. KAPflHOBACKyJIAPHH CHCTEM

KapAHOBacKynapHH CHCTCM oGyxsaxa cpue, apxepwje, KanHjiape H sene, pasjinmixe cxpyKxype H
<]>yHKUHJe. Cpue o6e36el)yje noKpeTaHKy cnary H nyiwna KpB Kpo3 BacKyjiapHH CHCXBM.
ApxepHJe Hoce Kps OA cpua, a BBHC Bpahajy HasaA KPB y cpue. HsMeljy apxepHJCKor H BCHCKOF
CHCxeMa H3Jia3H ce Mpeaca KanHjiapa, cyAOBa AnjaMexpa OA HCKOJIHKO xHibaAHTHX AeJiosa
MHJiHMexpa [4].
LtHpKyjiauHJa KPBH y opraHH3My HMa 4)yHKUHJy TpancnopTHor CHcreivia, KOJHM ce
AonpeMa"rop^Bo"H3 xpaHe H KHCCOHHK H3 Ba3Ayxa KOJH yAHiiieMO y hejiHJe, FAS AOJiasw AO
caropeBaH,a yneTHX cacTojaKa H ocjio6al)aH,a eHeprnje, norpeSHe 33 (JjyHKUHOHHcaite
opraHH3Ma. HcTOBpeMeHO, KPB OAHOCH npoAyKre caropeBaita H3 hejiHJe (H2O H CO2 ) [2].
Cpue, Kao OCHOBHH AGO KpaAHOBacKyjiapnor cHcreMa, npeACTasjba ABOcrpyKy nyiwny Koja
nyMna KpB KpO3 ABa uHpKyaaxopHa CHCTCMa-nyjiMOHaJiHH (Mann) KPBOTOK M CHCTCMCKH
(BCJIHKH) KPBOTOK.
Kpexaibe KpBH Kp03 KapAHOBacKyjiapHH CHCTCM ce nociwaxpa Kao Kpexjte 4>JiynAa.

6.2.2. HffEAJIHE TEHHOCTM

fleo KOJH onncyje 4)H3HKy KapAHOBacKyjiapHor cHcxeiwa HHJe jeAHOcxaBHa MexaHHKa (J)jiyHAa,
Beh ce y o63Hp Mopajy ysexn H KapaKxepHCXHKe UHpKyjiaxopHor cHcxeiwa HOBCKa, ajiH y
HAeanHOM cjiynajy HAeanna XCMHOCX ce KOPHCXH Kao (J)H3HHKH MOACJI 3a KPB. HAeaJiHa XBHHOCX
je aecxHiiiJbHBa (mxo je xaHHO 3a BehHHy pea^HHx XCMHOCXH, na H sa KPB) H He nocxojH
yHyxpamite xpeH>e, mxo snaiH Aa ne nocxoJH ejiacxHMHa Ae(J)opMaLiHJa CMHuaita HSMe^y

saneMapjLHBO xaHKHx cjiojesa XCMHOCXH (osa ocoSHna HAeaJinnx XCHHOCXH He
npHM6HHXH H3 KpB).

6.2.2.1. XHflPOCTATHKA

OcoSHHe XCHHOCTH y MMpoBafta npoynasa xHApocxaxHKa. TCHHOCX je y cxaH>y
yKOJiHKO CBB cnojtfte CHjie Ae^yjy HOpiwajiHo na noBpuiHny xennocxH. V OBOM cjiynajy
npnxHcaK cnojbauiHiHx cn^a npenocn ce Kpos xeMHocxn jeAHaKo y CBHM npasuHMa H
AC(J)HHHCaH je FlaCKajlOBHM 3aKOHOM:

p = (6.2.1)

33



6.2.2.2. XHffPOffHHAMHKA

y peajiHocxH, xeHHOCTH cy HenpeKHAHe cpeAHHe, ann ce sa H.HXOB MOACJI Kopncxn (jwiywA KOJH
ce cacjoJH OA cnhyiiiHHx HecxHua-Aejinha cpeAHHe KOJC cy y nenpeKHAHOM Kpexaity. O6;iacx
Koja ce 6aBH npoynaBaifceM osaKBHX cpeAHna je XHApoAHHaMHKa. flejiHhn cpeAHHe HMajy

Aa ce jionaiuajy Kao caMocxamHe uejiHHe. flejiHfiH XCHHOCXH y Kpexaity npojiase Kpos
reoMexpHJcKe xaHKe y nojty npn^HKOM KpexaH>a. HHS reoMexpnjcKHx ranaKa Kpos

Koje J6A3H ACJinh $>nynRa npojiasH HPHJIHKOM H>eroBor npoxHuaH-a Kpos CHCXCM HHHH cxpyjny
JiHHHJy. KOA cxau,HOHapHor Kpexan>a XCMHOCXH, oSjiHK nojeAHHnx cxpyJHHx jiHHHJa He Men.a ce
TOKOM speMCHa. CxauHOHapno Kpexaite HAeafine XCHHOCXH onncyje ce jeAnanHHOM
KOHXHHynxexa H BepnyjinjeBOM jeAHaHHHOM.
Ha ocHOBy saKona o OAp>KaH.y Mace (m - const) Kpos GHJIO KOJH nonpennn npeceK S cxpyjne
UCBH Mopa Aa npolje ncxa KO^HHHHa XCHHOCXH y JCAHHHUH BpeMena. Oea BeAHMHHa npeACxaBJba
npoxoK Q HJeAHaKaje

A 7

(6.2.2)

A/, v je 6p3Hna npoxHi^aita

(6.2.3)

Q = — = 5— =

AF = SA/je sanpeMHHa XCMHOCXH y cxy6y XCHHOCTH
xeHHocxH. PejiauHJa
Sv = const
npeAcxaBJta jeAHaHHHy KOHXHHyHxexa (cjiHKa 8).

Cjima 8. Besa u3Me1)y dpsune memocmu u nonpevnoz npecexa
Mseop: CmaHKoeuh,2006

BepHyjiMJesa jeAHaHnna ce AoGnja H3 3aKona o OAp»an>y eneprHJe (E = const), no KOMe
yKynna MexaHHHKa eneprHJa OApe^ene KOJiHHHHe XCHHOCXH XOKOM H>eHor KpexaH>a Kpos
CTpyjny ueB ocxaje HenpOMeHbena. Ho OBOMB 36np noxeHUHJa^He H KHHCTHMKB eneprHJe yoneHe
KOJiHHHHe $jiyHAa Ha GHJIO KOM npeceKy UBBH Mopa GHXH KOHCxanxan, OAaioie
BepHyjiHJeBa jeAna

2pv
- const (6.2.4)
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IlpBH Hjian-p npeACTaBajba npHTHcaK TCHHOCTH, OAHOCHO nOTeHUHJajmy eneprHJy J

sanpeMHHe ( p - —), Apyrw HJiaH je xHApOAHHaMHHKH npHTHcaic H npeAcxaBJba

, Et pv2 .
eneprajy jeAHHHHHe sanpeMHHe ( —- = ——).

CnuKa 9. BepHyjiujeeajednamiHa npuMetbena na cmpyjay tfee

Hseop: CmaHKO8uh,2006

aMHHa npHM6H>eHa Ha cxpyjny UCB npHKasany na CJIHU.H (9) HMahe
3

(6.2.5)
2 " 2

6.2.3. PEAJIHE TEHHOCTM

Kao UITO je Beh cnoMenyro, peajme TCHHOCTH ce ne noKopasajy Apyroj ocoSHHH
T6MHOCTH, TJ. KOA HjHXOBOF KperaH>a C6 J3BJba yHyrpailIH>e Tpert>e-BHCKO3HOCT. BHCK03HOCT je

yspoK nojase jiaMMHapnor KpeTaiba TCHHOCTH.
YKOJIHKO ce TCHHOCT Kpehe npeno MBpcTe noAJiore, 6p3HHa cjioja y3 caMy noAJiory je jt
HyjiH, a H3KOH Tora 6p3HHa cjiojesa pacie sajeAno ca yAaJLaBaH>eM OA noA^ore, AO
BpeAHOCTH KOJy HMa nOBpUJHHCKH CJ1OJ T6MHOCTH. CHJia BHCK03HOF Tpefta H3Metjy CJ1OJ6B3

xoMorene reHHOCXH Aenyje cynporao OA CMepa KpeTaK>a TCHHOCTH H Ae<f>HHHcaHa je H>yiHOBHM
33KOHOM BHCK03HOCTH:

F = rjS— (6.2.6)

T6HHOCTH H KOe(j)HUHJeHTa

je rpaAHJeHT 6p3HHe.

q je AHH3MHMKH KO6(J)HU,HJeHT BHCK03HOCTH H OH 3aBHCH O

_ . t .
BHCKO3HOCTH, S je AOAHpHa DOBpIUHHa HSMC^y CAOJCBa T6MHOCTH,
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G/MKfl 70.. KapaKmepucmuxe nOMUHapHos Kpeman,a npeKopaene nodnoze

Hseop: CmaHKoeuh,2006

/Jpyra cJiynaj KOJH je HHTepecaHTaH 3a 6HO<|)H3HKy KapAHOBacKyjiapnor CHCTeMa je KpeTaH>e
TCHHOCTH y cjiojeBHMa Kp03 ycKy UCB. Y OBOM cjiynajy, npBH cjioj TCHHOCTH, KOJH ce Hana3H ys
caM 3HA UBBH ce He Kpehe, AOK cjieAehn CJIOJCBH HMajy cse Behy 6p3HHy, AO MaKCHManne
6p3HHe Kojy HMa CJioj TCHHOCTH KOJH ce Kpehe Ay»c oce UCBH. 3aTO OBAC rosopHMO o cpeA^oj
6p3HHH T6HHOCTH y cyAy Koja je jeAHaKa HOJIOBHHH 36npa HaJMan>e H Hajsehe 6p3HHe TCHHOCTH

v = •
R2

(6.2.7)

Rje noJiynpeHHHK itHJiHHApa, AJ^HHC 1, Ap je pasjiHKa npHTHcaKa na KpajeBHMa UBBH.
ITpoTOK BHCK03HC TeHHOCTH y OBOM cjiynajy AetJtHHHcaH je pe^auHJoM Koja ce 30Be IloasejeB
3aKOH

(6.2.8)
RH

HoasejeB SBKOH noKasyje Aa je 3a npOTHitaH.e TBHHOCTH Kpo3 ycKy UCB noTpeSan
npHTHCKa na KpajeBHMa u,eBH Aa 6n ce caBJiaAao XHApayjiHiHH OTnop:

S- «max = (R2/4tlD

< , »

CnuKa 11. Kpemavbe eucKO3Hoz (pjiyuda Kpoaysany ifee

maHKomiti, 2006

33KOH ce MO»ce ynopeAHTH ca OMOBHM saKOHOM, npoTOK (J)jiyHAa je eKBHBaneHTan
CTpyje, pa3JiHK3 npHTHcaKa Ha KpajeBHMa u,eBH OAroBapa pasjiHUH noTeHUHJana, a

[ OTnop OAroBaps ejieKTpHHHOM OTnopy.
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IlpH jiaMHHapHOM Kperaity nojeAHHH AeJiHhn cpeAHHe He npejiase HS JCAHOF cjiqja y
MeljyTHM npH noBehaity Spsune Kpexaita cnqjeBa aonasH AO itHxoBor iwemafba IIITO ce
M3HH(J)ecTyje Kao

CmtKa 12. Upejias us jioMUHapnoe y mypdyjienmHU moK
Pheop: CmaHKoeuh, 2006

fla J1H Re TOK T6HHOCTH Kp03 UCB 6HTH JiaMHHapaH HJIH Typ6y^6HTaH

npoTHLjaita H KapaKxepncTHKa TCMHOCTH y LICBH. Ha ocnoBy eKcnepHMCHTa^HHX
PeJHOJiAc je ycxaHOBHO aa KapaKTep CTpyjaH>a saBHCH OA 6e3AHM6H3HOHe
noA HMCHOM PeJHOJiACOB 6poj:

2Rv

6p3HH6

Re =

nosnare

(6.2.9)

IJBBH, a rjK npeAcraBJLav je cpeAH>a 6p3HHa cipyjaifca, 2R je
K06(j)HUHJeHT BHCK03HOCTH.

KOJH ce jaBJtajy na rpaHHHHHM noBpiuHHaiwa H3Me^y ABC pasJiHHHre
cy Me^yMOJieKyjicKHx cnjia H3Me^y jeAnaKHx H pasjiHHHTHx MOJieKyjia, Kao H

T6MHOCTH A& CMaibH CBOjy cjio6oAHy noBpuiHHy. KaKo cy npHBJianHe CHJIC Me^y HCTOBPCHHM
MOJieKy^HMa Behe, jaBHhe ce pesyjiryjyha cnjia Koja he SHTH ycMepena Ka ueHTpy TeHHocxH.
3aro he ce raj cjioj TCHHOCTH najia3HTH OOA reH3HJoM Koja ce Ae(J>HHHiiie Kao OOBPIUHHCKH
nanoH. Koe(J)HUHJeHT noBpuiHHCKor Hanona ce Ae4)HHHiiie Kao

/
(6.2.10)

A je paA KOJH ce yrpouiH na noBehaite noBpiiiHHe S 3a jeAHHHHny speAHocx, Ft je CHJia
noBpiiiHHCKor Hanona, / Ay>KHHa.
KaAa nocTOJe rpn pasjiHHHTe cpeAHHe KOJC cy y MefjycoSHOM KOHTaKxy, Ha AOAHPHHM

e ce CHJIC noBpiunncKor nanona.
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vazduh

Kvasenje i nekvasenje

vazduh

ataklo

Te£noat kvasi podlogu TeCnost ne kvasi podlogu

9
CrniKa 13. nptwep Kan mevHOcmu HO cmaKnenoj noeptuuHU
Hseop: CmanKoeuh, 2006

PeayjiTyjyha CHJia Koja AeJiyje na noBpiiiHHy je A3Ta (j)opMyjiOM
F = Fl-F2-F3cos& (6.2.11)

YKOJIHKO je CHJia F nosHTMBHa TBHHOCT he ce pas^HBaTH no noBpiiiHHH craioia, yKOJIHKO je CHJia
F HeratHBHa TCHHOCT he cj)opMHpaTH Kan Kao Ha ApyroM AeJiy CJIMKC 13. Vrao 9 je yrao
KBameH>aH AaTJe j

F -F
- 1 2 (6.2.12)

TCHHOCT KBacH noBpuiHHy cos6> > 0 H 0 < 0 < 90" , yKOJIHKO TBHHOCT HC KBacH noAJiory

cos6'<0 H 90° <6'

6.2.4. UOBPWHHCKH E&EKTH

noBpuiHHa nsiwefiy ABB cpeAHHe Moace HM3TH pasJiHHHre o6jiHKe. YKOJIHKO je
nOBpiiiHHa c(})epHor oGjiHKa MOMCCMO npexnocraBHTH m Ha nospiuHHy HopManHO Aejiyjy ca

H yHyrpuifte crpane HPHTHCUH p\ p2, Kao na CJIHU.H 14.

Dejtstvo prltiska na sfernu
povrsinu

14. ffejcmeo npomucKa na cfiepny noepuimy

Mseop: CmaHxoeuh, 2006

XopHSOHTajine KOMnoneHTe npHTHcaKa ce ypaBHOTe>Kyjy, T3KO
KOMnoHenre, a H>HXOBHM ca6HpaH,eM ce

ocrajy caiwo
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ce flo6nja jeflHanHHa ncttHaraja KSO Jlanjiacos 33KOH

Y (6.2.13)

H npHTHcaK Ha c<J)epH oSpHyro je nponopUHOHajian noJiynpeHHHKy c<J)epe.

6.2.5. 3AflAIjHH3 EHOMEXAHHKE KAPffHOBACKYJIAPHOr CHCTEMA

1. V IIIHPOKOM AeJiy xopH30HTaflHe UCBH xene BOfla 6p3HHOM v=50 m/s . OAPCAHTH 6p3Hny
TOKa BOAS y ycKOM Aeny IIBBH, SKO je pasjiHKa npHTHCaKa y H>HMS Ap-1330 Pa.

Pemeibe:

v =?

OA BepHyjiHJese J pv
+ phg = const H yc^osa h = h}, TJ.

XHApOCiaTHMKH npHTHCUH y yCKOM H UlHpOKOM A6Jiy XOpH30HTaJlH6 U6BH JCAH3KH,

o6a npeceKa HanncaTH:

cy

33

2
(V-v 2)

(6.2.5)

= v (6.2.16)

2. OAPCAHTH M3KCHM3JiHy Macy KpBH Koja MOKC npohH Kp03 aopTy 33 BpeMe t=l s , A3 6H
TDK OCT30 JiaMHHapan. npeHHHK aopTe D=2 cm , a Koe<}>HUHJeHT BHCK03HOCTH KPBH rj=5 mPas
H KpHTHHHH PeJHOJIACOB 6pOJ 3a KpB JC R =1940.

Pemeite:
t = \s
D = 2cm
TJ = SmPas
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i H3p33a 33 PeJHOJlACOB 6poj

pvD

MOHCCMO nahn cpeAH>y 6p3HHy npoxnuaita KPBH Kpo3 aopxy : v =
pD

Maca KOBH Koja y jeAHHHini Bpeiwena nporeKHe Kpo3 aopry je :

Am _/?AF
A/ A/ At

= pSv

Am = pSvAt

S je nonpeHHH npeceK aopxe H panyna ce no 4>opMyjiH : S =
4

AKO pejiauHJy 3a nonpeHHH npeceK H cpeAH>y 6p3HHy yBCXHMO y pe.nau.HJy 33
Macy, Ao6njaMO Aa je xpaKena Maca KPBH Koja npoxeKHe Kpos aopxy y Is j(

(6.2.17)

(6.2.18)

(6.2.19)

3. IljiacTHHHa HHjCKUHJa Mo>Ke noAHetH npHTHcaK OA p = 2 • 104 Pa . KOJOM
6p3HHOM Moace Aa ce noiHCKyje KJIHH y HiteKUHJH npeMHHKa D=l cm, na Aa njiacxnnHa
HiteKUHJa He nyKHe? HeKa ce y HH>eKijHJH H3Jia3H oxonHHa Koe4)Hu,HJeHxa BHCKOSHOCXH
77 = 2 • 10 "3 Pas Koja ce HCXHCKyje Kpos Hniy npennHKa d=0,5 mm H Ay>KHHe 1=20 mm.

Peiuen>e :

= \cm

d = 0,5 mm
I = 20 mm
v,-?

IlpoxoK Q je no

_
a npeMa IloasejeBOM saKony Q =

Q = S • v =

w4(p,-p2)
— -

npexxoAHe ABB (J)opMyjie AoSHJaMO BPCAHOCX
HCXHCKyje oxonHna Kpos nrjiy :

r2Ap

6p3HHe KOJOM ce

(6.2.20)

riouixo ce npnxHcaK Kpos XCHHOCXH npenocH y CBHM npasijHMa noAJeAHaKO, OHAa npHXHcaK na
Mecxy yjiacKa XCHHOCXH y nrjiy jeAHaK sGapy axMOc4)epCKor npHXHCKa H npHXHCKa KJiHna na
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T6HHOCT y HH>eKUHJH, AOK H3 H3Jia3y H3 HPJie BJI3A3 3TMOC<J)epCKH npHTHC3K, na J6 H3A npHTHCKa

AjoKi

EpsHHy H3 pejiauHJe (6.2.20) caA MOHCBMO HHCSTH KSO

Bp3HH3 noMepan>a KJinna ce
HeCTHIHJBHBOCTH T6MHOCTH) :

H3

S ~ d 2 -

(6.2.21)

S^v, = Sv (ycjiOB

(6.2.22)

4. KOJIHKH je jrcynan OTnop npoTHuan>y KPBH TpH napajiejine apTepnje noJlynpeHHHKa
3

r = 1 mm H Ay»CHHe / = 20 cm ? AKO je npoTOK KpBH Kpo3 apTepnje Q = 1,7 • 10 "6 — , KOJIHKH je
s

npHTHCKa nyw. apTepnja? HeKa je BHCKOSHOCT KPBH npH6jiH3KHO rj = 3,5 • 10~3 Pas .

Peuiefte :
r = 1 mm

I = 20 cm

s

FipeMa FloasejeBOM saKony 33 npOTHuafte BHCKOSHB TBHHOCTH Kpos ycKy UCB noTpe6no je
o6e36eAHTH rpaAHjeHT npHTHCKa na KpajeBHMa UBBH AS SH ce caBJiaAao XHApayjiHHHH OTnop:

(6.2.8)

je Ap rpaAHJenT npHTHCKa Tj.naA npHTHCKa na Ay»nHH UCBH / . FloasejeB saKOH ce Moace
nanHcara anajiorHo OMOBOM saKony KOA ejieKTpnMHHx CTpyja :

(6.2.24)

je RH XHApayjiHHHH OTnop UCBH. Flope^efteM pejiauHJa (6.2.8) H (6.2.24) Ao6nja ce :

m
(6.2.25)

lllTO npeACTaBJta OTnop jeAHe apTepHje. KOA rpanauba UCBH Baxn ananorHJa ca
CTpyje. KaAa cy U,CBH napanejine B35KH napanejina Besa OTnopHHKa:

1 1 1 1 3— = — + — + — =
R R R R R
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Jep je R, = R2 = R3 = RH

(6.2.26)

npHTHCKa Ay>R apxepHJe ce panyna no (j)opMyjiH (6.2.24):

(6.2.27)

5. y KPBHOM cyAy na HHJH KpajeBHMa BjiaAa pasjiHKa y npnxHCUHMa Ap = 1 00 Pa ,AOIUJIO je
no (J)opMHpaH>a eMSojiyca (Ba3AyuiHor Mexypa). KOJIHKH GH xpeGao Aa 6yAe nojiynpenHHK R

cyAa na Aa BasAyiiiHH Mexyp saycraBH npoxoK Kpsn Kpos H>era, HOA yc^OBOM Aa cy
KpHBHna c(J)epHHx nOBpiunna Koje ce najiase npnSjiHHCHO Ha KpajeBHMa cyAa H

orpaHHMaBajy eM6ojiyc R{ - 6R H R2 = 2R ? KoncTaHxa nospiuHHCKor Hanona KpBnor cepyMa
N

H3HOCH 7 = 6,7 • 1 0~3 — .
m

-
m

YKOJIHKO He 6n SHJIO BasAymnor Mexypa cpeAita Gpsnna npoTHuaH>a KPBH y KPBHOM cyAy 6n
no IloasejeBOM saKony HSHOCHJIB :

v = Rt,= —01-

e R noJiynpeHHHK KPHBHHC, a / Ay>RHHa Kpsnor

p. AP,

R2

AP2

CJIUKCI 15. IlleMayj jadamaK 5.

(6.2.28)
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6.3. TEPMOAHHAMHKA JbYflCKOF OPFAHH3MA

6.3.1. METAEOJIH3AMJI> yflCKOF OPFAHH3MA

HOBCKOB opraHHsaM He MOHCB aa 4>yHKu,HOHHiue 6e3 enepraje. Opouec KOJH yjotynyje
ynomeibe, CKJiaAHUixeite H ynoxpe6y eHeprnje y opranH3My je Mexa6ojiH3aM. LLInpe rjieAaHO,
Mex§5ojiH3aM npeAcxaBjta 6HJio KOJH BHA ynoxpe6e enepraje y opraHH3i\iy. OH je JBAHSK cyMH
CBHX XCMHJCKHX npoueca KOJH ce OAHrpasajy na HHsoy hejiHJe y UHJty oap^afta opraHHSMa y
)KHBOTy.

MeraGoJiHHKH npouecn ce Mory noAeJiHTH na KaTaSojiHMKe H anaGojiHHKe peaKUHJe.
Kara6ojiHHKHM peaKunjaivia ce ciwaxpajy peaKu,HJe npH KOJHMa ce CJIOHCCHH
pasrpa^yjy na jeflHocxaBHHJe MOJieKy^e paAH KopHiulieH>a eneprHJe (npn OBHM
flOJia3H AO ocjioSatjaiba eHeprHJe). Ana6ojiHHKe peaKUHJe cy peaKUHJe npH KOJHMa ce
jeAHOCxaBHHJH MOJieKyjiH yApy^yjy y KOMnjieKCHe paAH cKnaAHmxeita eHeprnje.
HOBBKOBO xeno KOPHCXH eHeprHJy H3 xpane 33 paA oprana, OApacaBafte KoncxaHXHe
xeMnepaxype rejia, Bpmen>e paAa, 4>opMHpaH>e eneprexcKHX pesepBH (Macno XKHBO) H 3a neKe
apyre noxpeSe.
y OBOM norjiasjby heMO ce ynosnaxn ca SaaajiHOM KonsepBaijHJOM eneprnje H iteHHM ry6HXKOM
XOKOM BpmeH>a pa3JiHHHXHx npoueca y opraHHSMy HJIH BpmeH>a pa^a.

6.3.2. CKJIA£HIUTEH>E EHEPFHJE V JlVflCKOM OPFAHHSMy H UPOTOK TOHJIOTE

npBH saKOH xepMOAHHaMHKe ce KOPHCXH sa onHCHBatbe ciciaAHiiixeH>a eHeprnje npn
KqjeM npouecy. YKOJIHKO osaj 3aKOH npHMeHHMO Ha HOBCKOBO xejio, AoSHheiwo peJiauHJy
&U = Q-W (6.3.1)

y Kojoj je AL^npoMena CKJiaAHUixeHe eneprnje, Q je npoxoK xonnoxe y xe^y, a PFje

MexsHHHKH paA H3BpiiieH DA cxpane caMor xejia. CKJiaAHiiixeite eneprHJe ce ciwaityje yKOJiHKo
xejio OAaje xonjioxy Q < 0 H HcxOBpeiweHO apuiH paA W > 0 . y npoxoK xomioxe je yiotyneHa

xonjioxa Koja je npoAyKx Mexa6o;iHMKHx npoqeca (Qmel) H xonjioxa Koja ce ry6n (Qhss)

paAHJaunjoM, KOHBCKUHJOM, KOHAyKUHJOM H esanopauHJOM. Ha ocHosy OBora pejiaunjy (6.3.1)
MOKCMO HanHcaxH y cjieAefteM o6jiHKy

= Qmel+Qloss-W (6.3.2)

Qmel npeAcxaBjba SpSHHy Mexa6ojiH3Ma.

HpouecH y HOBBKOBOM oprannsMy H333HBajy cxajine npOMene eHeprnje y xoKy BpeMena, na je
sa H3ynaBaH>e HOBCKOBor Mexa6ojiH3Ma npniuiaAHHJa

dWdU ^ dQmel ( dQlos

dt dt dt dt
(6.3.4)
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IlpH HeMy Tejio noBehaB3 eneprHJy KaAa je

dO,HJian — — neraTHBan.
dt

dt
- no3HTHB3H, a ry6H CHeprHJy KaAa je

Koja ce GSBH H3yMaBaH>eM jtyACKor MeTa6oJiH3Ma je SnoeHepreTHKs. Ona KOPHCTH
cneun(J)HHHy jeAHHHuy, 33 cse BHAOBB eneprHJe, KajiopHJy. Be3a H3Mefiy KaJiopHJe H je

(6.3.5)1 cahrie(cal) = 4,1 84 J
Kajiopnja ce KOPHCTH sa npeACT3BJB3H>e enepreTCKe BPBAHOCTH xpane.

6.3.2.1.

Bp3HHa M6Ta6ojiH3Ma (MR) Bapnpa OA HOBeKa AO HOBCKS y saBHCHocra OA H.HXOBC TOKHHC,
renerHKe, <j)H3HHKe aKTHBHOCTH...Y OBOM norjiasjby heMO ce 6o;te ynosHaTH ca MHHHMSJIHOM
6p3HHOM MCT360JIH3Ma H 3KTHBHOCTHM3 KOJC yTHMy H3 fterOBO HOBehaifce.

Bp3HHa 6a3anHor M6Ta6ojiH3M3 (basal metabolic rate-BMR) je BejiHHHHa Koja K3p3KTepHiiie
eneprHJy noTpeSny 3a OAp»aB3ft>e OCHOBHHX MCHBOTHHX <J>yHKu,HJ3. Ofia eHeprnjs ce Tpoiun H3
(J)yHKUHOHHC3H>e CK6J16THHX MHIIIHha, Cpufi, M03F3, J6Tpe, CJI63HHC H SySpCra. fl,3 6H C6

H3MepHJia 6p3HHa 6a3ajiHor MeTa6ojiH3Ma HOBCK ne 6H Tpe6ao aa JCAC ABanaecT caTH TOKOM
Mepen>a, A3 je TOKOM Mepeits jeAan ACO BpeMena nposeo y CTan>y MHpoBaH>a, cnaBa^a H A3 ce
Mepeita Bpme na co6noj TCMnepaTypn.
IlojaM 6p3HHe SasajiHor MeTa6o;iH3M3 He Tpe6s MemaTH ca IIOJMOM 6p3HHe MeTaSojiHSMa.
BpeAHOCTH OBa ABa napaMCTpa cy yseK pasjiHMHTe, naK je BPCAHOCT BMR-a TOKOM cna Beha OA

MR-a jep ce BpuiH MHHHMajino
BpsHHa 6a3ajiHor MCTa6ojiH3Ma 33BHCH OA
HOB6K3, TJ.OA fteroBe M3ce (mb body nmss)

xpane.
cJmKTOpa, npe csera OA

BMR=c-m/* (6.3.6)

KOHCT3HT3 C - 90
kccil

. PejrauHJs (6.3.6) je nosnana Kao KnajGepOB saKOH (Kleiber's
kg" day

Law).
Bp3HH3 MCTa6ojIH3Ma 33BHCH H OA (JiaKTOpa aKTHBHOCTH HOBBKa. TOKOM B6)K6aH>3 6p3HH3

MCTa6oJlH3Ma M05KC f& C6 MepH AHpCKTOM HJIH HHAHpCKTHOM KaXIOpHMCTpHJOM. TOKOM

BeHc6aH>3 40% ocjio6oheH>e (yrpomene) eneprHJe ce KOPHCTH 33 CTBapan>e ATIl-a (aA6H03HH-
TpH-4>oc<J)aT) AOK ce npeocTajiHX 60% npeTBapa y Ton^ony eneprHJy Koja ce Mepn (KOA

KajiopHMCTpHJe). KOA HHAHpeKTHe KanopHMeTpnje MepH ce KanauHTeT pecnHpaunje
HCOHT3HHK3. 33 OCoSe KOJe Ce 3KTHBHO H6 6aB6 CnOpTOM K3n3UHT6T H3HOCH

44-50/«£/&g-min33 MyuiKapue, a 3a acene 38-42mL/ kg-m'm . Osa BpeAHOCT ce CM3H>yje

ca noBehaH>eM roAHHa HcnHTaHHKa. LUro je oco6a 4)H3HHKH SKTHBHHJS Beha je H H>eHa 6p3HHa
M6Ta6ojlH3Ma.
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6.3.3. 3AflAljHH3 TEMOflHHAMHKE JiVffCKOr OPFAHH3MA

1. Oco6a HHJa je Maca m = 70kg, AP^KH AHJexy, ajiH HHJC 6iuia KapaKTepna H nojejia je

Kpo<j)Hy MHJa je KanopHJCKa BpeAHOCT 280 kcal. lllxa ona xpe6a Aa ypaAH Aa SH yxpoiiiHJia

HenoxpeSno yxpomeHC KanopHJe. Epsnna Mexa6ojiH3Ma y xoKy MHpOBatta je 103 kcal I h, a

XOK$M 4>H3HHKe aKXHBHOCXH (Hrpafta KomapKe) je 688 kcal I h.

Pemeite
m = 70 kg

Ed = 280 kcal

MRm -103 kcalIh

MRA=®& kcal I h

EneprHJa Kojy oco6a xpe6a Aa yxpouiH jeAHaKa je eneprexcKoj BPCAHOCTH Kpo(J)He
Ed - 280 kcal. VKOJIHKO je oco6a neaKXHBHa, CBAH HJIH ce OAMapa, Spsnna iteHor

Mexa6oJiH3Ma he 6nxH MRm ~\(ftkcallh, a yicojiHKO 6yAe aKXHBHa MRA =688 kcallh, mxo

3HEHH A3 fie aKTHBHomhy noBehaxH CBOJy 6p3HHy Mexa6ojiH3Ma 33 5S5kcal/h.
fla 6n opraHH33M caropeo Kpo(J)Hy, y aicxHBHOM cxaity noxpeSno je BpeMe

585
kcal

h

_. .
= 29 mm (6.3.7)

ce MOJKC sambynnxn A& je noxpeSno OKO nojia caxa (JJHSHMKC aKXHBHOCXH A3 6n ce
noxpouiHJia eneprexcKa BpeAHocx jeAHe KpocJ)He.

2. KOJIHKO KpO(J>HH xpeSa A3 nojeAe ocoSa Mace m = 60 kg, A3 6n oApJKana BpeAHocx

6p3HHe GasajiHor Mexa6ojiH3Ma BMR Ao6njeHy no KnajGeposoM saKOHy?

PeuieH,e

Bp3HHy Mex6ojiH3Ma heMO H3panyHaxH no JH (6.3.6)

je c KOHCxaHxa c - 90
day

a mb Maca

, kcal
day

(6.3.8)
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EHepreTCKa BPCAHOCT jeAHa Kpoijme je Ed = 280 kcal, OAaioie CJIBAH Aa je norpeGHO

n = ——

Kpo<}>HH Koje HOBBK Tpe6a AS nojeAC y TOKy

(6.3.9)

(6.3.10), ,

HowiK ipe6a Aa nojeAe ceAaM Kpo^HH Aa SH OAp»cao BMRuo KnajSepOBOM

3. 3a HeKy saMHUiJteHy acHBOTHity OA 700 kg BMR (basal metabolic rate=brzina bazalnog

metabolizma) HSHOCH 104 kcalI dan. AKO je KajiopHHna BpeAHocr Kojy >KHBOTHiba KOH3yMHpa
5&c#//gH3paHyHaTH KOJIHKO je KHJiorpaMa xpaHe noxpeGHO HCHBOTHH>H ce

PemeH>e:
m = 700 kg

BMR=104 kcal I dan

AKO ca ma osnaHHMO Macy xpane Koja je JKHBOTHH>H noTpeGna Aa npe)KHBH
HanwcatH nponopuHJy

104 kcal: \dan - 5 /»^ : \dan

.kcal
5 m, =10

g
4 kcal

dan

(6.3.11)

104 g
5 dan

dan dan

4. H3J1CTHHK Mace m-lQkg nen>e ce y3 6pAO H

(6.3.12)

je BHCHHCKy pa3JiHKy A/z - 1200 777

a) Hahn yKynny cnary H paA H3BpmeH npn
6) 3a uieTH>y no xopH3OHTajmoM nyry TBJIO pasBHJe cnary OA OKO P = 240 W . AKO OBOMB

AOAaMo CHary 3a casjia^HBafte BHCHHCKC pas^HKe H npeTnocTaBJtajyhH Aa ce caiwo 15%
eneprHJe ocjioGo^ene y npouecy K3Ta6ojiH3Ma npeiBapa y MexaHHHKy eneprHJy, ocraTaK y
xonjiory, nahn TorariHy cnary H eneprajy Kojy saxresa rejio npn neH>an>y.
B) HspanynaTH 6p3HHy npOBO^eita xonjiore y rejiy.

r) AKO J6A3H ceHABHH caAp»H eHepmjy eKBHBajieHTHy 1,26 -106J, KOJIHKO ceHABHHa GH

TpeSajio AanojeAe HSJICTHHK Aa 6n naAOKHaAno ry6HT3K eHeprnje?
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Pemeite:
m = 70kg

a) 5*aA na caBJia^HBaity BHCHHCKC pasjimce jeAHaK je nosehajby noTeHUHJajme eneprHJe
H3JieTHHK3

Ah=&Ep=mgAh (6.3.13)

Cnara ce Ae<j>HHHme Kao paA y JBAHKHUH
Ah

t
(6.3.14)

6) MexaHHHKa eneprnja Em jeAHaKa je yKynnoM paAy npM neH>aity
Ea=A = Pmt = (Pl+Ph}t (6.3.14)

A npeiwa ycjiOBHMa saAaTKa ona HSHOCH 15% OA yKynne eHeprnje, UITO MoaceMO nahn Kao

YKOJIHKO ropfty pejiauHJy saivieHHMo y Hspas 33 MexaHHHKy eneprajy MOKBMO A3 H
yxynny cnary P

t
0,15£

0,15

OBO OAroBapa
Kaia6ojiH3Maje :

(6.3.16)
B) Bp3HHa

Ar

(6.3.15)

j SPSHHH. YKynna eneprnja Koja ce ocjioSoAH y npouecy

npeMa npBOM 3aKOHy 3a eneprnje y

(6.3.17)
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r) YKOJIHKO ca n osnanHMO 6poj ceHABHHa, a ca Eo eKBHBaneHTHy eneprHJy jeAHor
OHfla he eneprnja n ceHABHHa GHTH En = nE na KaKo ona rpe6a Aa 6yAe jeAHaKa yKynnoj

eneprHJH E rpa^ceHH 6poj ceHABHHa he SHTH

E0 E0
(6.3.18)

5. npernocTaBKOM Aa 5K6J1HMO H3ry6n™ m = 4,54 &,gcajia, (JWSHHKOM aKTHBHomhy

HJIH nyreM AHJere:
a) KOJIHKO Ayro xpeSa TO paAHTH pasBHJajyhn cnary OA P = 60 W , aKO je KanopHJCKa BPCAHOCT
cana q = 39 MJ/kg
6) KOJIHKO SH A3H3 TpeSa^a Aa Tpaje AHJeTa aKO cMaftHMo KajiopnHHy BpeAHOCT xpane OA
<7, =10,475 MJIdan Ha q2 =8,38 MJIdan

m - 4,54 kg

q = 39 MJ/kg

<?,= 10,475 MJ I dan

a) Cnara ce panyna no

t t
FAB je P cnara, A paA, a E eneprnja Koja ce TpoiiiH npn nocTHsaity Te cnare.

Bpeiwe

P P
t = 819,7 h\)

MO»ceMO

(6.3.20)

(6.3.21)
6) Ilpn CMaH>eH>y KajiopHnne BPBAHOCTH ca #, =10,475 MJ Idannaq2 =8,38 MJI dan ry6HMO

Aq = ql-q2= 2,095 MJIdan

KajiopnjcKa BPCAHOCT cajia je q = 39 MJ/kg, a enepraja Kojy TpeSa Aa yrpouiHMO je

Es=m-q (6.3.22)

' (6.3.23)= 177,06 MJ/kg
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Bpeiwe Koje je noxpeGno Aa ce eneprnja Es yrpouiH, aKO AHCBHO CMaitHMo KanopHJCKy BpeAnocx
xpane 33 Aq>je

E.
t =

t - 84 dana\) (6.3.25)

6.4. TPAHCnOPTHH IIPOIJECH y JtY^CKOM OPrAHHSMY

6.4.1. TPAHCnOPT TOUJIOTHE EHEPFHJE

)KHBH oprannsaM je oxsopen xeMOAHHaMHHKH CHCXCM 6yAyhn Aa 3a iteroBo <f)yHKuHOHHcaH>e
HeonxoAHa nenpeKHAna pasMena xonjioxe, xpane H racosa (KHceoHHKa H ynteHAHOKCHAa) ca
OKOJIHHOM. Tpancnopx eneprnje H cycnxannHJe (y o6a CMepa) noAJioacan je OApe^enHM
(J)H3HHKHM 33KOHHM3 [2].

y OBOM norji3BJby heMO ce yno3naxH cs OCHOBHHM KapaKxepHcxHKaMa xpancnopxa xonjioxHe
eneprHJe H xpancnopxa cycncxanuHJe, ca noceSHHM ocspxoM na KOMyHHKauHJy
opranH3M3, Kao xepMOAHHaMHHKOr CHcxeMa, ca OKOJIHHOM.
Flocxoje xpH MexaHH3Ma xpancnopxa xonjioxe H3 JbyACKor opxaHH3Ma y OKOJinny:
KOHBeKUHJa H paAHJauHJa. ^CHBH oprannsMH pa3M6H>yjy xonjioxy ca OKOJIHHOM na join

pecnnpauHJOM H eBanopauHJOM (HcnapasafteM 3HOJa ca noBpiiiHHe Koace).

KOIflyKlfHJA6.4.1.1.

Ha ocHOBy apyror 33KOHa TepMOAHHaMHKe 3H3MO aa he npn HepaBHOTeacnoM CTan>y, y KOMe
nocTOJH teMneparypCKa pasjiHKa H3Mef>y rejia Koja HHHC TepMOflHHaMHHKH cncxeivi, Aofin AO
TpaHcnopxa ronjioxe ca xena na BHIIIOJ xeinnepaxypn Ka xejiy na HHJKOJ xeMnepaxypn. 3a
KOHAyKi^Hjy je noxpeGan AHpeKxan KOHxaicx xejia ca OKOJIHHOM, 3axo nocMaxpaMo xpaHC(J)ep
xonjioxe Ag Kpos HCKO xejio, na HHJHM KpajeBHMa nocxoJH xeMnepaxypna pa3JiHK3 AT.

OB3KBO xejio ce Moace nocMaxpaxH Kao nperpaAa H3Me^y ABC cpeAwne, Kao SHA srpaae KOJH
yHyrpauijbOcx OA cnon.aiiiH.ocxH HJIH Koaca Koja OAsaja ynyxpauiftocx opranH3Ma OA
OKOJIHHB. Kp03 xoMoreno xejio KOHCxanxne Ae6jt>HHe Ax 6p3Hna npoxHuatt>a xonjioxe

xj. H>eroB XOHJIOXHH (J)JiyKC Oj. MOJKB ce Hanncaxn y BHAy peJiauHJe

, A --*S=- (6-4.1)Ar Ax
S je noBpiiiHHS nonpeMHor npeceKa xejia, AT je xeMnepaxypcKa pasjiHKa Ha H>eroBHM
KpajeBHMa, a Aje KOHAyKXHBHocx (xonjioxna HPOBOAJI.HBOCX). KoHAyKXHBHOCT je Koncxanxa
Koja KapaKxepnuie npnpOAy MaxepHJajia OA Kora je xejio HanHH.eHO.
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PejiauHJa (6.4.1) HMa anajioran o6;iHK OMOBOM 3aKony 3a npoxnijaifee ejieKxpHHHe cxpyje

cxpyJHH npoBOAHHK / = —, npn HeMyjejaHHHa cxpyje anajiorHa 6p3MHH npoxHU,au>a xonjioxe,
R

a ejieKxpHHHH nanon xeMnepaxypcKoj pa3jrau,H, na ce Moace nanncaxH Aa je

(6.4.2)

TonjioxHH oxnop Aaxor MaxepHJajia. TOHJIOXHH oxnop 33BHCH OA KapaKxepHcxHKa xejia, OA
; AHMCH3HJ3 H Bpcxe MaxepHJajia. CaAa pejiaitHJy (6.4,2) MOHCCMO nanHcaxH y o6jiHKy

(6.4.3)0 =__L
T

IIpexxoAHa pe^auHJa noKasyje Aa ce xepMOAHHaMHHKH CHCXCM npH xpancnopxy xonjioxe
noHama Kao CHCXCM ny^xor peAa. Yjiasna BejiHHHHa je xeMnepaxypcKa pasjiHKa A7, H3Jia3Ha

je XOHJIOXHH (J)JiyKC <57., a RTje napaMexap cncxeMa.

6.4.1.2. KOHBEKljHJA

TpaHC(J)ep xon^ioxe nyxeM KOHBCKUHJe ocxsapyje ce KpexaH>eM (JtjiyHAa KOJH OKpy>Kyjy xejio.
IbyACKH oprannsaM je ymaBHOM oKpy^en Ba3AyxoM, nnja xeMnepaxypa MOJKC SHXH Beha H^H
MaH>a y OAHOcy na nOBpiiiHHy xejia [2].
TonjioxHH (J)jiyKC npn KOHBeKUHJH ce Moace H3pa3HXH na cjinnan naHHH Kao H KOA KOHAyKijHJe.
CJIGJ (J)JiyHAa KOJH ce nanasH H3Me^y ABC nospiuHHe CMaxpa ce nperpaAOM Koja ACJIH ABC

<S>T=-kS(T,-Tf) (6.4.4)

je T, xeMnepaxypa xejia, a Tf xeMnepaxypa (JwiyHAa, S je e(|)eKXHBHa AQAHpna noBpuinna

xejia H tynyuRa, Koe(J)HUHJeHX k je Koe^nunjeHX KOHBeKijHJe H SBBHCH OA

6.4.1.3. PAflHJAIfHJA

OAaBaH>e xonjioxe paAHJaunjoM OABHJa ce no IIIxefJmH-EojTOMaHOBOM :

W = eoST* (6.4.5)
EMHCHona Moh 33BHCH OA HexBpxor cxcncna ancojiyxHe xeMnepaxype xejia, mxo 3H3MH Aa je
ryCnxaK xonjioxe 3paneH>eM snanajan KOA xejia na BHCOKOJ xeMnepaxypn.
YKynan paAHJaunoHH (JwiyKC ce Ae4)HHHiue Kao

0^=5'^ = eoST4 (6.4.6)

je e CMHCHBHOCX, a a IJJxe4)aH-Bojix3MaHOBa Koncxanxa.

51



6.4.1.4. Jb VffCKH OPrAHH3AMH TPAHCTIOPT TOUJIOTE

YKOJIHKO ce xejio najiasw y BaKyyisiy, OHO ry6H xonjioxy JBAHHO paAHJaunojoM jep ce
KOHAyKijHJa H KOHBCKUHJa He Mory ocxsapHxn yKOJiHKO ne nocToJH MaxepHJaiiHa cpeAHHa.
TorelOTHH eKBHJiH6pHJyM noApasyMesa jaAHaKocx xeMnepaxypa xe.na H OKOJiHHe. Ka^a ce xeJio

y xepMOAHnaMHHKOM eKBHJiH6pHJyMy ca OKOJIHHOM , OHO iwopa oAasaxH H HCXOBpeMeno
Hcxy KOJiHHHHy xonjioxe HCKHM OA noMenyxHX npoueca H^H nyxeM csa xpn npoijeca

HCXOBpeMCHO.

^(HBH opraHH3MH renepHiuy xonnoxy MexaSojiHHKHM npouecHMa. OHH cxynajy y XOOJIOXHH
KOHxaKX ca OKOJIHHOM H pa3Men>yjy xonjioxy, MM Hehe ycnocxaBHXH xepMOAHHaMHHKH
eKBHJiH6pHJyM y UHjty H3JeAHaHaBaH>a xeMnepaxype. JeAan OA Ba)KHHM napaMexapa xovieocxaae

je OAp)KaBaH>e KOHCxanxne xeiwnepaxype opranH3Ma, Koja HSHOCH OKO 37±0,5°C.
MexaSojiHqKHM npouecHiwa y opraHH3My ocjio6al)a ce SHanaJHa KOJiHHHHa xon^oxne eneprHJe,
fleo xe eneprHJe ce Kopncxn aa 4>yHKUHOHHcaH>e opraHH3Ma, AKO IIOCXOJH BHiiiaK xonjione
CHeprHJe ona ce Mopa OACxpaHHXH Aa He GH AOIIIJIO AO nopacxa xeMnepaxype opraHH3Ma.
OpraHHsaM he ce OCJIOGOAHXH BHiiiKa xonjioxe, cxBOpene y Mexa6ojiHHKHM npouecHMa,
yrjiaBHOM nyxeM xpancnopxHHX npoueca:
• PaAHJau,HJOM-54%

H KOHBeKUHJOM-25%

cnapaBafteM 3noja, npH HopMannHM yc^oBHMa- 7%
• PecnHpauHJOM-H3AncaH>e xonjior Ba3Ayxa H3 njiyha H yAHcan>e xjiaAHor sa3Ayxa-14%
3a OAp^caBafte KOHCxanxHe xeMnepaxype y HBKOJ CPCAHHH KOPHCXH ce xepMocxax. OyHKunjy
xepMOcxax y jLyACKOM opraHH3My oGaBJLa hipotalamus . AKO xeMnepaxypa xena pacxe,
XHnoxajiaMyc HHHijHpa BasoAHJiaxauHJy (uiHpeH>e) KPBHHX cyAOBa. Beha KO^HHHHa KpBH ce
ycMepasa y apxepwje 6jiH>Ke noBpiiiHHH KOHCB, HHMB ce ysehaBa xeMnepaxypa KO>Ke H
3HojeH>e. YKOJIHKO je xeMnepaxypa HHHO OA HopManne, xepMopeuenxopH y VJOHK.VI
HH(J)opMauHJy xnnoxejiaMycy. XHnoxanaMyc H3a3HBa ApxxaBHuy, npw KOJOJ yc^eA MexaHHHKor
paAa AOJiasH AO ocjio6at)aH>a oApefiene KOJIHHHHC xonjioxe y opraHH3My H XHMC ce ysefiaBa
H>eroBa xeMnepaxypa.
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6.4.2. 3AJJAIJHH3 TPAHCnOPTHHX HPOLfECA V JLVflCKOM OPrAHHSMV

1. Bp3HH3 xjisfteita xejis nponopUHOHarma je pasjrauH xeivinepaxyps xejia H OKOJinne, flo
Koje he ce xeMnepaxype oxjiaAHXH xejio 33 BpeMe t{ - 30 irrin , aKO ce OHO 3a BpeMe t2 - 10 rrrin

OA xeMnepaxype 7j -373 KRO T2=333K7 TeMnepaxypa OKOJIHHC HSHOCH

PemeH>e:
/, = 30 min

t2 = 10 irrin

f = 373 K

T, = 293 K

r=?
BpSHHa npoMene xeMnepaxype xejia (xjialjeifee) A&XS je npBHM HSBOAOM xeMnepaxype no
epeMeny (dT/dt). Osa 6p3Hna xjiat)eH>a je nponopUHOHajina pasjiwun xeMnepaxypa xejia H
OKOJIHH6, XaKO A3 MO)K6MO HanHCaXH :

-f-r-r. (6.4.7,
3naK „-" 03HaMaBa onaAan>e xeMnepaxype (xjiafieite). YBoheHjeM Koncxanxe
nponopqHOHaJiHocxy ropftH H3pa3 MOHCCMO nanncsxH y oSjiHKy AH<J)epeHijHJajiHe jeAna1!

at
OBS AH(J)epeHUHJajiH3 jeAHanHHa npeAcxaBjta MaxeMaxHMKH MOACJI xjiafieH.a

HaHHHy peiii3B3MO MCXOAOM

T-T
Jiese H cxpane jeAHaHHHe ce :

T = Ce-kt -
^

(6.4.8)

KoHcxanxa C ce oapeftyje H3 nonexHHX ycjiosa Ts = 293 K H T, = 373 K

MOHCCMO nanncaxH y

y ropH>y f 2 - 1 0 m i n H T2=333K

(6.4.9)

Koncxanxy
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= 80<T*10+293

MOHCBMO HanncaxH y

,
it 10

Taxo A3 pemejte
r|T=8o<r(0-lln2)'+293
IlpeKO nocjieAH>e pejiaimje AHPCKTHO nana3HMO reMneparypy TCJia T, yBpurraBibeM
BpeMena t - tl =30 min

f|«:~=80e""l8+293

T = 80-- + 293 = 10 + 20- 303 K
8

(6.4.10)

2. HspanynaTH eHeprajy Kojy ry6n HOBBK y JCAHOJ ceKyHAH npH pa3MeHH
3paneH>eM ca OKOJIHHOM CPBAHHOM y ABa c^ynaja:

6) aKO je y Bynenoj
YSCTH Aa je Koe4>HimjeHT CMHCHBHOCTH Koace e} - 0,9 a Bynene OAefte e2 = 0,76 . TeMneparypa

KO>Ke je ti=30°C, noBpuiHHa ByneHe TKaHHHe t2=20°C H OKOJIHC cpeAnne to=18°C. HoBpiUHHa

npeKO Koje ce octBapyje pasiwena Tonjiore spanefteM ca OKOJIHOM CPCAHHOM HSHOCH S = 1,2 m2 .

Peuieite:

e2=0,76

/,=30°C

f =20°C

S = 1,2 w2

A0> = ?
OOIIITO TCJIO HHJC HAeajmo upHo TCJIO, MO)K6MO HanHcara:

0> = eoT4 (6.4.11)
e je Koe<j)HUHJeHT CMHCHBHOCTH H npeAcraBjta OAHOC eMHcwone MO!IH ASTOP rejia (CHBOF xejia)
H 6MHCHOH6 MOftH KOJy 0H T6JIO HMOJIO A&JC anCOJiyTHO UpHO T6JIO. AKO JC MOBCK HeOACBeH, OH

he ca noBpiiiHHe CBOF Tejia S H3paHHTH eneprajy y JCAHHHUH BpeMena (cnary) jeAHaKy:

Q^e^TSS (6.4.12)
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HcTOBpeMCHO, HOBCK he H ancop6oBaTH ACO spaHeita H3 OKOJlHHe. KaAa SH nOBpuiHHa
HOBBKOBor Tejia HMajia reMneparypy jeAHaKy TeMneparypH OKOJIHHC, xaAa GH paAHJauHona M
ancopSoBana cnara 6mie jeAHaKe H HSHOCHJIC SH:

O>/=e1o-ro41S (6.4.13)

Ty Hcry cnary he ancop6oBara TCJIO HOBeKa H npw ApyrHM TeMneparypaiwa H,erose nospiuHHe.
a) OAy3HMaH>eM ancop6oBane cnare OQ OA paAHJauHone CHare Oi Ao6njaMo eHeprajy KOJy
HOB6K ry5H y J6AHHHIIH BpBMCHa

(6.4.14)
6) AKO je HOBCK y eyHCHOJ oAehn, KOPHCTHMO HCTB pejiai^HJe, caMo IIJTO yMecTO ei 3aMeK,yjeMO
62 H TeiwnepaTypy TI ca T2, TaKO Aa Tpa>K6HH ry6HTaK eneprHJe y JCAHOJ ceKyHAH HSHOCH :

A<D = 02 - <D0 = = 10,3-
s

(6.4.15)

3. ITjiHBaH je y BOAH reMneparype tl = 7°C. KonHKy TonjioTHy cnary ry6w njiHBan

ToiuiOTHe npOBOAJBHBOCTH MacHor TKHBa AeSjbHHe d = 20 mm aKO je TeiwnepaTypa

W
Tena ?2=37°C? KoecJ>HUHJeHT Tonjioxne npoBOAJtHBOCTH MacHor TKHBa je A = 0,2 - a

mK

noBpuiHna Tejia S - 1,8 m2 .

PemeH>e:

/ , = 7 ' C

d = 20mm

^0,2-H
mK

S = 1,8m2

TOHJIOTHH TOK ycjieA KOHAyKHHJe (npoBoheita) je A^T H3pa30M :

A/ Ax
. AT1 . 0. .
e —MOAyo rpaAHJeHTa TeMnepaType, a S je noBpuwna Kpos Kojy ce pasiweftyje

Ax

(6.4.1)
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FIoiiiTo Ax OAroBapa ASSJLHHH MacHor TKHBa, a AT je jeAHaKO pasjiHixH Tevmeparypa Tejia H
MO»eMo H3IIHC3TH AS je rpaAHJeHT xeMneparype jeAnax:

AT1 T2-Tl

ria je TonjioTna CHara Kojy ry6n

A/
(6.4.16)

4. Kojimca he SHTH 6p3HHa OAaBaita Ton^ore nyreM KOHBeKi^HJe rojior noseKa aKO je
OKOJIHH sasAyx TCMnepaxype 25 °C? TeMnepaxypa re^a HSHOCH 34 °C, a noBpixiHHa Tejia 1,2 m2.

PemeH>e:

= \,2m2

EneprHJa Koja ce y JBAHHHU,H BpeMena OAa nyreiw KOHBeKiiHJe je A3T3 pejiaunjoivi:

W
KoeiJ>HUHJeHT KOHBeKijHJe 33 BasAyx KOJH MHpyje je k = 2,7

3>k=kS(t2-tl) = 29,16
J

-cal

3600

m2K

(6.4.4)

(6.4.17)

(6.4.18)
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5. Ha iuia>KH ce cynna HOBBR, KOJH y acejbH Aa noupHH H3Jiaace Cynu,y
nospiUHHy CBOJe KOHCC OA 0,9 m2. CyHHan je A3H na HOBBK npniwa OA Cynua paAHJau,HOHy
Tonjiory y H3Hocy OA 30 kcal/h ajiH je HciOBpeMeno H OAaje ycjieA concTBeHe paAHJaijHJe.
TeMnepatypa iteroBe KOJKB je 32 °C, a TCMneparypa OKOJiHHe 30°C.
a) HspanyHaiH pesyjixyjyhH (Jmyicc AoGnjeH paAHJaunjoM y roKy JCAHOP cara.
6) AKO na njiaacH AyBa scrap GPSHHOM OA 2,3 m/s, HSpanyHaxH TOOJIOTHH (J)jiyKC KOJH HOBCK
oflaje y TOKy JCAHOF cara nyreM KOHBeKunje.
u) AKO je GpsHna Mera6oJiH3Ma noseKa 80 kcal/h, a ry6HT3K ron^OTHe eneprHJe nyreM

pecnnpauHJe \0kcallh, KOJIHKO Tonjiore Mopa Aa OAa y TOKy JCAHOF cara HcnapaBan>a snoja Aa

SH H>eroBa Tejiecna reMneparypa ocTana

Pemefte:

a)
S = 0,9 m2

d>fi -30 kcal/h

TOOJIOTHH 4>JiyKc xeJia je jeAHaK pa3JiHU,H eMHTOBaHor H ancopGoBanor

(6.4.19)

je ORc eMHTOBaHH xonjiOTHH (JwiyKC, a Ofia ancop6oB3HH TOOJIOTHH (JwiyKc.

(6.4.20)

(6.4.21)

YKOJIHKO nperxoAHe ABC pejiai;HJe yneceiwo y pejiaunjy 3a yKyimn TOOJIOTHH (J)jiyKc Ao6njaMO
AO = eKST - eKSTn - eKS&T

kcal
je KOHcraHTa Koja ce

(6.4.22)

je eKcnepHMeHTajiHO. BPCAHOCT KoeiJmuHJeHTa
m2h°C

BMHCHBHOCTH je 6 = 1. YBpIUTaBaHjCM GpOJHHX BpCAHOCTH y peJiaU,HJy (6.4.22) A06HJ3MO

. kcal

'm2h°C
•Q,9m2-2'C (6.4.23)

(6.4.24)
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6) v = 2,3
5

TonjiOTHH (|ijiyKc KOJH HOBCK OAa nyreM KOHBeicunje y TOKy jeAHor cara jeAHaK je
QK=-kS(T,-Tf)

je Tt TCMneparypa rena, a Tf TeMnepaTypa (JwiyHAa.

W

(6.4.4)

3a B33Ayx je k = 2,7—-—, anH je eKcnepHMeHTanno
m2K

noTBpljeHO Aa ce osa BpeAHOCT noBeftaBa ACCCT nyra 33 Gpsnny Berpa OA v = 2,3—, na je
s

, „„ W

KaAa 6pojne BPCAHOCTH yspcTHMO y pejiaijujy (6.4.4) AoSHJa ce:

m2K

k = 48,6fF = 48,6- = 48,6^
-cal

3600

U)
kcal

.kcal

(6.4.25)

(6.4.26)

Us pejiauHJe y KOJOJ ca JCAHC cTpane (JwrypHiuy Gpsnna 6a3ajinor M6Ta6ojiH3Ma H
(JmyKc KOJH TCJIO npHMH OA CHHija, a ca Apyre CTpane yKynan TOHJIOTHH (j)^yKC
paAHJauHJe Tejia, (JmyKc ycjieA KOHBeKUHje H (JjjiyKC ycjieA HcnapaBan>a saoja, MOMBMO HSBBCTH
ynpaBO TpaaceHH ({)JiyKC ycjieA HcnapaBa^ba snoja
BMR + (Dfi(J) = AO + Q>K + O^^ + O^ (6.4.27)

O,.7 ^BMR + Q>KI^ -AO-O,, -<!>„.„, (6.4.28)&/• K(S) A KG Sp \

Y6auHBaH>eM 6poJHHx BpeAHOCTH y npexoAHy pejiauHJy AoSnja ce

(6.4.29)

^BZ (

EZ

h

W^kc"l-
~"~ h

V

h

4.0900.

h
4,1 84J
36005

' h

S79^ 57
s

h

IW

58



6.5. BHOEJIEKTPHHHH HPOHECH Y JfcYflCKOM OPrAHH3MY

6.5. 1. EJIEKTPmHH CHFHAJIH V OPrAHH3MV

npouecH Hrpajy Bamiy yjiory y MCAHU.HHH. npoynaBafte
npoueca H SHOMarnexHHx nojaBa y HCHBOJ MaxepHJH, noceGno y JtyflCKOM opraHH3My, OA
H3y3exHe je BaaoiocxH 33 pasyivieBaifee 4>yHKUHOHHcaHia opraHH3Ma [2].
CB3K3 <J)yHKUHJa jtyACKor oprannsMa HJIH H>eroBHx ACJiosa npahena je OArOBapajyhoM
npOMeHOM pacnopeaa Hae^eKTpHC3H>a. Ta npoiwena MOJKe ce npociHpaTH KpO3 HepBHH CHCTCM y
BH^y ejieKTpHHHHx CHrnajia. Y uvuby o6aBJtaH>a se^HKor Spoja 4>yHKUHJa opraHH3Ma,
MHOro6pOJHH e^CKTpHHHH CHFHaJlH C6 HenpeKHAHO reHCpHIIiy H TpaHCnOpTyjy KpO3 HepBHH

CHCxeM. Ce^eKXHBHHM MepefteM napaMexapa cneun(j)HHHor cnrnana, 6e3 yHomeH>a SHJIO
KaKBor nopeMehaja y HopMajino 4>yHKu,HOHHcaH>e opraHH3Ma, MoaceMO ao6HXH KopncHe
AHJarHocxHHKe HH(J)OpMauHJe o nojeflHHHM t^ynKUHJaMa.
JtyacKH opraHH33M xaKo^e Moace (naMepHO HJIH He) CHXH H3JiO3KeH AejcxBy cnojbnor
ejieKxpHHHor HJIH MarnexHor nojba HJIH ce icpos ftera MOJKC nponymxaxH ejieKxpHHHa cxpyja.
FlpoynaBaHje H perncxpoBaite oaroBOpa opraHH3Ma, Kao cpeAHHe cneuH(J)HHHHX npoBoannx
KapaKxepncTHKa, na ACJCXBO ejieKTpHHHe cxpyje H yxHLtaj ejieKxpHHHor H Marnexnor nojta
MO>Ke ce ycneuiHo ynoxpeGnxn y AHJarHocxHi^H H xepanHJH.

MEMEPAHCKH nOTEHLJHJAJI6.5.1.1.

CxHMyjiyc je npoMena cpe^Hne y KOJOJ ce
HaapaacjBHBO XKHBO H Kao OArOBOp na npHMeny
cxHMyjiyca jasjba ce MCMSpancKH noxeHqHJan
(noxeHUHJan Mnposafta). CxHMyjiycn 33 HacxsnaK
Me\i6paHCKor noxenuHJajia cy pasjiHKe y
KOHuenxpauHJaMa HaejieKxpHcaH>a ca ABe cxpane
Me\i6p3He H pa3JiHKe y KOHi;eHxpaqHJaMa jona ca
ABB cxpane MeM6paHe, Pas^HKa KOHueHxpaunja
HCraXHBHHX H OO3HXHBHHX H36JieKXpHCaHb3 H3

MeMGpaHH jaBjba ce Kao nocjieAHua aKXHBnor
xpancnopxa jona Kpos MCMSpany, AOK ce pa3JiHKa
y KOHU6HXpaUHJ3M3 JOH3 J3BJfa3 K3O HOCJI6AHU3

nacHBHor xpancnopxa (AH(J>y3HJe jona)
MeMSpany. 2K'ulaie

16. MeM6paHCKu

CanaduH,2003
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hejiHJe-HHTpauejiyjiapna TCHHOCT H tbena cnojbauiiioCT-eKCTpauejiyjiapHa
KOJlHMHHe HO3HTHBHHX H H6r3THBHHX JOH3. MeljyTHM HOA yTHIjajeM

nyMne AOJia3H AO TpancnopTa no3HTHBHHX HaTpnjyMCKHX jona H3 hejiHJe
H TpancnopTa HOSHTHBHHX KajiHjyMCKHx jona y hejiHJy Kao UITO je npHKasano Ha CJIHUH 16.
JOHH naTpHJyMa H KajinjyMa ce TpancnopTyjy y OAHOcy 3:2. 3aTO ynyrap hejinje ocTaje BHUIC
anjoHa H TO yspOKyje HeraTHBHy nojiapncaHocT HHTpauejiyjiapne TCHHOCTH, AOK H3BaH hejinje
Gyae BHiue HOSHTHBHO HaejieKTpncaHHX joea HaTpHJyMa H eKCTpauejiyjiapna TBMHOCT nocTaje
no3HTHBHO nojiapHcana.
Osaj cneuH(J)HMaH OAHOC HaTpHJyMOBHX H KajiHJyMOBHX JOHS je noTpeGan 33 JKHBOT hejinje H
OAp»caBa ce aKTHBHHM TpancnopTOM.
BpeAHOCT noTeHUHJanHe pasjiHKe Koja HacTaje na MeMGpaHH je cneu,H(J)HMHOCT BpCTe hejinje H
MOJKe ce H3paMynaTH HepncTOBOM jeAHaMHHOM (6.5.1):

[7[mF] = -6Hog— (6.5.1)
ce

ci je KOHueHTpai^HJa jona ynyrap hejinje, a ce je KOHueHTpaHHJa jona Hssan hejiHJe.

PasjiHKa y KOHueHTpau,HjaMa ynyrap hejiHJe H H3Ban fte AOBOAH AO cnoHTane AH(t)y3HJe TJ. AO
nacHBHor TpancnopTa jona, TaAa MCMSpana nocTaje BHUIB nponycTjbHsa 3a KaTJone Hero 33
anjone. 36or BCJIMKC KOHueHTpaijHJe naTpnjyMOBHx jona H3B3H hejiHJe nocTojn senHKH
KOHueHTpau,HJcKH rpaAHJeHT ycMepen Ka ynyrpa, na HOCTOJH H BCJiHKa Te)Kft.a naTpnjyMa Aa
AH^iyHAyje y hejiHJy. YjiacKOM HaTpnjyMa y hejmjy nosehaBa ce 6poj HOSHTHBHHX jona ynyrpap
hejiHJe, TJ. CTsapa ce e;ieKTpono3HTHBHOCT y HHTpauejiyjiapnoj TCMHOCTH. Ca cnojtauiH>e cTpane
MCMGpane ocTajy anjoHH, na je cnojbauiH>ocT hejiHJe ejieKTpoHeraTHBHa. OBHM npouecoM
HacTaje paaJiHKa noTenunjajia Ha MeMGpaHH Koja HaTpHJyMOBe jone ycMepasa y cynpoTHOM
CMepy OA CMepa AH(|)y3HJe (HS hejinje). 3a BpeMeHCKH nepHOA OA J^AHC
noTeHUHJan na MeM6panH TOAHKO napacTe Aa AOJiasH AO saycTafijtaHsa AH4>y3HJe
FlacHBHH TpancnopT Ba>KH H 3a jone KariHJyMa, caMO IIITO ce HOMCTHO cxaite pa3AHKyje. Y
TpenyrKy K3A3 ca cnojfcaiiiHie CTpane MCMGpane HOCTOJH sejiHKa KonueHTpauHJa HaTpnjyMOBHX
jona, ynyrap hejiHJe je BejiHKa KOHueHipaunja KajiHJyMOBHX joaa. IToiiiTO je Ma\i6paHa
nponycTJbHBa 33 KaijoHe, KannjyMOBH JOHH H3Jiase HS hejinje H cTeapa ce nojiapHcanocT
MeMSpane, HeraTHBna ynyrap hejinje H nosHTHBna Ban hennje. noTenuHJan H y OBOM cjiyMajy 3a
KpaTKO BpeMe AOCTH^CC BpeAHOCT Koja saycTaBJta AH(|)y3HJy. Kao yKynnn pesyjiTaT CBHX
TpancnopTa na MeMSpanH AOJISSH AO KOHanne AHHaMHMKe paBHOTe>Ke. FIpH AHHaMHMKOJ

ca cnojbauiH>e CTpane MeMSpane ce najiasw BHiiiaK HOSHTHBHOF Hae;ieKTpHcaH>a KOJH
>ge MCMSpancKH noTenuHJan OA -60mV AO -90mV.
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6.5.7.2. AKLfHOHH nOTEHIjHJAJI

AKUHOHH noTeHUHJan nacTaje Kao pesyjrraT 6p3HX npOMena nponycTJbHBOCTH MeiwGpane sa
joHe HaTpHJyiwa H KaiiHJyMa. HarjiOM npOMenoM nponycTJbHBOCTH MeinSpane aojiasH AO CTajine
npoMene nosHTHBHe BPCAHOCTH noTeHunjajia y HeraTHBHy H oSpnyTo, IIITO ce KapaKTepHiiie Kao
nyjiCHpajyha npoMena MeMGpancKor noTenuHJajia. OBC nyjicHpajyhe npoMene noTeHunjana y
HepBHOM CHCTeMy cjiyjKe 3a npenoc HH(|>opMauHOHHX CHFHajia ca jeanor Kpaja Tejia na Apyrn.

KOJH H333HBajy npoMeHe nponycTJbHBOCTH MeM6pane Mory GHTH MexaHHHKe,
H xeMHJCKe npHpo^e. Kao UITO CMO BHABJIH y npeTXOAHOM naparpatjjy, Baacny

y^ory y HacTaHKy Me\i6paHCKor noTeHitHJana HMa HaTpnjyM-KajiHjyMCKa nyMna . HyMna sa
HaTpHJyM H KajiHJyM CTBapa BB^HKC pasjiHKe y KOHueHTpaunjaMa OBHX jona ca o6e CTpane
M6M6paHe. IlpH TOMB je KOHU.eHTpau.HJa HaTpwjyMa sejinKa ca cnojtaunbe CTpane McviSpaHe, a
KOHueHTpauHJa KajiHJyiwa je BejiHKa ca ynyrpaiuHje cTpane MeiwGpane, Kao UITO je npHKasano na
CJIHUH 17. Tpe6a HarjiacHTH j\a Kaaa ce JCAHOM CTBOPH pas^HKa y KOHueHTpauHJaMa ca o6e
CTpane MCMGpane, aKUHOHH noTenuHJaji He saBHCH OA paAa HaTpHJyM-KajiHJyMCKe nyMne.
FIpHJiHKOM npoMene nponycTJbHBOCTH MeMSpane, npso ce noseha nponycTJLHBOCT MeMSpane
sa HaTpHjyMOBe joHe (nponycTjtHBOCT ce noBeha H AO 5000 nyra), a 3aTHM ce BpaTH na
HOpMajiny BpeAHQCT. HaKOH OBC npOMene jaBJta ce noBehaite nponycTjLHBocTH MeM6pane 3a

jone. Kao nocjieAHua npoMene nepMeaGnJinocTH MeMSpaue jaBJba ce npoMena
noTenuHJajia TJ. aKUHOHH noTenuHJaji.

npoMeua noTenuHJana ycjieA KpeTaaa joHa MOJKC ce HspaHyna™ no cjieAehoj

F ln[Kl]sPl+[K2]sP2+AwP,+A2llP4+... (6>5>2)

K) H K2 Cy AH(J)y3H6HJIHH K3TJOHH, AI H A2 Cy AH(J)y3H6HJlHH 3HJOHH, Pi,P2..Cy KOe(}>HUHJeHTH

hejiHJCKe MeM6pane. HHACKCH Y H C osHaHasajy yHyTpauiH,ocT H
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Hseop: Cajiadiw, 2003
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Cjima 1 7. ffewaean>a HO Mem6paHU moKOM OKIJUOHOZ nomemwjcuia

Hseop: CanaduH, 2003,

Ha CJIHUH 17 je npHKasaHa MeiviGpana ftejraje ca HaTpnjyMCKHM H KanHjyMCKHM KanajiHMa H
rpa(J)HK KOJH npeAcraBJta 33BHCHOCT HanoHa na M6M6paHH y 3aBHCHOcrn OA AemaBaHja na
MCM6paHH. Ha csaKOM KaHany ce Hajia3H Kaimja Koja ce OTBapa H 3axBapa y saBHcnocTH OA
noieHqujajia Ha MCMSpaaH. CjiHKa 17.1. npHKasyje craibe MCMSpane npH noxeHUHJajiy
MHpOBan.a, raAa cy KanHJe saTBOpene. Ha nonei-icy aKUHOHor noreHunjajia HaTpHJywcKe Kannje
ce A6J1HMHHHO OTsapajy H y hejiHJy yjiasn AOBOJbna KOJlHHHHa HaxpHJyMa Koja oMoryhaBa
AejiHMHHHy AenojiapHsauHJy-nopacT noTenuHJajia. noTenuHJa^ ynyrap BJiaKHa ce noiwepa y
II03HTHBHOM CMCpy H AOBOAH AO npOMCHe KanaUHTCTa Ha nOBpUJHHH HaTpHJyMCKC KaOHJe.

IlpoMeHOM KanauHiexa, AOJiasa AO CMan>ert,a ^oTeH^HjaJla Kannje H ona ce BHUIC OTBapa H sehn
6poj HaTpnjyMOBHX jona M0»e A3 yl)e Y fiejiujy (cjiHKa 17.2.). Ca noBehaH>eM HarpHJyMOBHx
jona KOJH yjiase y henHjy AOJia3H AO joiu Beher c^a6jben>a noTeHUHJa^ia KanHJe H join Behe
OTBOpenocTH KanHJe. Osaj npoiiec ce HasHBa nosHTHBHO-noBpaiHH pereHepauHJcKH qHKjiyc
(4»yHKi;HOHHiiie na npHHujiny no3HXHBHe nospaxHe cnpere) H OABHja ce CBC AOK ce
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Kannje He OTBOpe y noTnyHoc™, EJICKTPHHHH noTenuHJaji KOJH je
33 osy <J)a3y aiojHOHor noTenuHJajia ce noBehaBa OA noTenuHJana MHpoBaita

HHJa je BpeAHOCT KapaKTepHCTHKa fiejwje, AO +45mV.
CjiHKa 17.3. HJiycTpyje npouec penojiapnsauHJe MeiwGpaHe. Y TpeHyroy KaAa ce HaTpHjyMOBe
KanHje y hejinjy AOJiasn AO 3aTBapaH>a HarpHJyMCKHX Kannja H OTBapaits KajiwjyMCKHx Kannja.
YspoK OTBapaH>a KajiHJyMCKHX Kannja je TaKol)e H03HTHB3H noTenuHJaji ynyrap MeMSpaHe KOJH
no3HTHBHe KajiHJyMOBe JOHC Tepa H3 hejiHJe. HsjiacKOM KanHJyMOBHx jona H3 hejiHJe BPCAHOCT
noTenuHJana noMHH>a Aa onaAa H mnpeibe HeraTHBHor KanauHTeTa yspOKyje cse Behe
KajiHJyMOBHX Kannja. H3 OBora ce saKJbynyje Aa je penojiapHsauHJa
npoqec KOJH OTBaps KanHJyMCKe KaHane. TOKOM npoueca penojiapHsaunje AOJiasn AO

MeM6pane, cae AOK nonoso noTenuHJan ne AOCTHrne neraTHBHy
MHpoBan>a. KaAa ce HOHOBO AocTnrHe noTenuHJaji MHpoBaH>a saTBOpene cy H
H KajiHJyMCKe Kannje (cjiHKa 17.4.). MeMGpana 33AP>K3B3 BPCAHOCT noTeHUHJana

MHpoB3H>a cse AOK ce hejiHJa noHOBO He

Tims

Cjima 18. Kpuea

Hseop: Ccuiadun, 2003

Ha CJIHUH 18. je npHKasana uejioKynna KpHBa aKUHOHor noTeHUHJajia ca o3HaneHHM (J>a3aivia.
HaKOH noTenuHJana MHpoBaH>a MeMSpane jaajta ce 4>a3a AOKanHor noTeHuwjana (1). Osa <J>a3a
npeACTaBJta noneTaK AenojiapHsaunje MeMSpane, K3A3 JOHH HaTpHJyMa noHHK.y Aa yjiase y
hennjy. J3,a 6n ce aKUHOHH noTCHUHJsji pasBHJao AaJbe jioKariHH noTeHanjaji TpeSa Aa AOCTHrne
OApe^eny speAHOCT-npar (2). Ilpar npeACTaBJta MHHHManHy BpeAHOCT noTenunjajia Koja je
noTpe6na Aa 6n ce Kannje Aajte OTBapajie xa BpeAHOCT Hajnemhe HSHOCH -55mV. BpojeM xpH je

npouec AenoJiapHsaunje-yjiasaK HaTpHJyMOBHX jona y heJiHjy H nojasa nosHTHBHor
ca yHyipaiiifte CTpane MeSpane. Y TBHKH MaKCHManHor noTeHUHJana (4)

HaTpHJyMOBH JOHH npecTajy Aa yji33e y ftejiHJy H Ksnnje ce saTBapajy. MaKCHManHH noTenuHJan
naJMemhe HMa BPBAHOCT OKO +35-45mV H 33 osaj noTenuHJaji MeMGpana je nosHTHBna ca
yHyrpamifee cxpane a HeraTHBna ca cnojbamite cxpane. Ilpouec penojiapHsauHJe (5)
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Bpahaite noreHUHJajia MCMGpane Ha neraTHBHy BPCAHOCT. OnaAaiteM noTenuHJana
AO sarepaita KanHJyMCKHX KanHJa, MeljyrHM H y rpenyrKy Kaaa ce AOCTHrne BPBAHOCT

noieHUHJajia MHpoBatta MeM6pane Mann ABO KajiHJyMCKHx KanHJa ocTaje OTBopeH. 36or Tora je
naJHH)Ka BpeAHQCT noTenuHJajia
sa 2-3mV M3H>a OA BPCAHOCTH nojeHUHJajia MHpoBaH>a MeM6paHe H osaj HeraTHBaH OHK ce
XHnepnojiapHsauHJa (6). BpojeM (7) je osHaneHO CTan>e noTenuHJana MHpoBaiba

6.5.2. 0VHKIJHOHAJIHA ffHJAFHOCTHKA

AnjarnocTHKa je AGO MeflHUHHcice ejieKTpoHHKe, KOJH ce 6aBH
CHrnaiia H aHajinsoM oape^eHHx napaiwerapa y UHjty Ao6HJaiba noaaraKa o

4>yHKUHOHHcait.y nojeaHHHX opraaa H AeJioBa opraHH3Ma. OyHKUHOHanna AnjarHOCTHKa ce
ACJIH Ha xpH o6jiacTH: eJieKTporpa(J)HJy, ejieicrpHMHO perHCTpoBaite HeejieKTpHMHHX napavierapa
H CHAOMeTpHJy H paAHo(Te^e)MerpHJy.

5.5.2.7. EJIEKTPOFPA0HJA

ce jaBJtajy y hejinjaiwa, TKHBHMa H opraHHMa Kao pesyjiraT npOMene
noTenunjajia. npOMene OBHX BCJiHHHHa ce MaHH(J)ecTyjy Kao KparKOTpaJHH

CTannor HJIH npOMenjbHBor snana H nasHBajy ce aKUHOHH noreHUHJajiH HJIH
AejcTBa. IloTeHUHJa^H nojeAHHHx hejiHJa ce ca6npajy H 4>opMHpajy sajeAHHHKy

pas^HKy, Koja ce Moace MepHTH HSMe^y nojeAHHHx ranaKa oprana HJIM TKHBa.
Ha osaj na^HH ce Mory peracrpOBaTH npoMCHe SHonoreHUHJajia MHiiiHha, ejieKTpOMHorpa(J)HJa-
EMF, cpua, e^eKTpOKapAnorpa(J)HJa-EKr, Mosra, ejieKTpoeHu,e4>anorpa4)nja-EEr H pexHHe,

6.5. 3. flEJCTBO ^HOCMEPHE CTPVJE HA OPFAHH3AM

ce HaejieKTpHcana necTHua Ha^e y eJieiorpHHHOM nojby, Aohwhe AO H>eHor ycMepenor
KpeTaa>a HOA ACJCTBOM nojta H ycnocTaBjban>a nOTenuHJajiHe pasjiHKe. MarepHJaji Kpo3 KOJH ce
Kpehy HaejieKipHcane HCCTHI^C je HPOBOAHHK, KOJH MOMCC SHTH npOBOAHHK npsor peAa (aRO ce
Kpos H>era Kpehy ejieKTpoHH) HJIH npOBOAHHK Apyror peAa (aKO ce Kpo3 H>era Kpehy JOHH).
H3Met)y rycTHHe ejieKTpHHHe CTpyje H jaHHHe e^eKTpHHHor nojba (E) y csaKOJ

nocroJH AHpeKTHa cpaaiwepHOCT

(6.5.3)

je a Koe^HUHJeHT npoBOA-tHBocTH MarepHJajia. FopH>a pejiau,HJa je nosnara Kao OMOB
33KOH y AH(J)epeHUHJaJIHOM
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6.5.5. PEJIHO HHAPAJIEJIHO BE3HBA&E OTHOPHMKA

OrnopHHUH ce Mory Besara peAHO (cjiHKa!9.a), napajiejino (cjiHKa!9.6) H
(cjiHKal9.ii).
PBAHO BesaHH OTHOPHHIHI ce Mory saiweHHTH JBAHHM eKBHBaneHTHHM OTHOPHHKOM Beher
OTnopa Re, nnja je BPBAHOCT jeAHaKa 36npy 3aivieH>eHHx OTnopHHKa

(6.5.8)

napanejiHe sese peu,HnpoHHa speAHOCT OTnopa CKBHBajieHTHor OTnopHHKa jeAHaKa je
peuHnpoHHHX BPCAHOCTH OTnopa 3eMeH>eHHX OTnopHHKa

1 1
R

(c)

(6.5.9)

R«
—

R2

19. Besueatbe omnopmiKa

H3eop: CmaHKoeuti,2006

Ha ocHOBy Bese Koja je KopHiuhena HPHJIHKOM BC3HBaH>a OTnopHHKa, MOJKCMO npoueHHTH
KOJIHK3 KOJIHHHH3 TOHJIOT6 he C6 OCJI060AHTH Ha THM npOBOAHHH,HM3 (OTHOpHHUHMa).

1. Peflna Besa. AKO HMaMo Besy ABa HJIH BHIIIC OTnopHHKa, KOJlHHHHa ocjioSohene
ce OApe^yje npeMa pejiauHJH

_I2_R1t__RL

~ I2R2t ~ R2

TonjioTe je cpasiwepna BPCAHOCTH OTnopa y npoBOAHHKy.

(6.5.10)
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2. riapajiejiHa Besa. KOA napanejiHe aese nanon Ha KpajeBHMa oxnopHHKa je HCTH na ce
ocjio6ol)eHa KOJlHHHHa xomioxe OApeljyje npeMa

Ag, R
(6.5.11)

V OBOM cjiynajy ocjio6ol)eHa KOJlHHHHa xomioxe je oSpnyxo cpasMepna ornopHy npOBOAHHKa.

6.5.6. 3AffAl]HH3 EHOEJIEKTPHVHHXIJPOljECA VJL VffCKOM OPrAHfflMV

1. OAPCAHXH ejieKxpHHHH Kanaunxex HoseKa npexnocxaBJtajyhH A& je j
paBHOMepHO naejieKxpHcane Kyrjie, sanpeMHHe jeAHaKe HoseKOBOJ. Vsexn Aa je Maca

m = 60 kg, a rycxHHa p = 1 -£—. flnejieKxpHHHa KOHcxanxa BaKyyMa je £•„ = 8,84 • 10~12 —.
cm m

Pemeifee:
m - 60 kg

cm

8,84-1 0'12 —
m

Jaji paBHOMepHO HaejieKxpwcaHe KJTJIB nojiynpeHHHKa R HSHOCH

(6.5.12)

A KaKO je ejieKxpHHHH KanauHxex A&T H3pa30M C = — ,

IlojiynpeHHHK R ce MOJKC nspasnxH npeKO Mace m H rycxnne p
m

(6.5.13)

R =

"? n _m_
~~~P

3m (6.5.14)

67



YKOJIHKO npexxoAHy pejiauHJy yspcxHMo y npejiauHJy 33 KanauHxex Ao6nja ce

(6.5.15)

2. 3a H3panyHaBaH>e cxpyKxype H (J)yHKU,HJe GHOJIOIIIKHX MeMSpana, Kopwcxe ce MOACJIH-
4>oc(J>ojiHnHAHe MCMGpaHe, Koje ce cacxoje HS SHOMojieKy^apnor cjioja (J>oc({)ojiHnHAa,
^eSjtHHa xaKBe BemxaHKe MCMSpane HSHOCH / - 6nm. Hahn ejieKTpHHHH Kan3UHxex Kao H

KOJiHHHHy ejieKXpnuHxexa no 1 cm2 nospiuHHe MCM6p3He, aKO je H>ena pejiaxHBHa

AHejieKxpHHHa nponycxHJbHBOcx sr = 3 H pa3JiHKa noxenunjajia H3Mehy aeHor cnojtaiiiH>er H

ynyxpaiiifter ACJia je U = 60 mV. YnopeAHxe AoSnjeHH ejieKxpHHHH Kanaunxex ca ananorHOM

KapaKxepncxHKOM KOHAensaxopa HHJC ce njioie nanase Ha pacxojaH>y d - 1 mm.

PemeH,e:
/ = 6nm

d = 1 mm

_ 9

YCJICA nocxojaH>a ABOJHOF ejieKxpHnnor c^oja na HacnpaMHHM cxpsnaMa M6M6paHe, ona he
GHXH nojiapHcana, na he ce nonamaxH Kao njioMacxH KOHAensaxop ca n^OHaMa na pacxojaiiy / ,
H3Mefiy KOJHX ce Han33H AHe^eKxpHK paJiaxHBHe AHe/ieKxpHHHe nponycxjbHBOCXH sr. KaKO je

KanauHxex njionacxor KOHAensaxopa Aax H3pa30M

(6.5.16)

KanauHxex MeM6pane ce Moace sanncaxn Kao

£S
I I

3a jeAHHHHHy noBpiiJHHy Kanaunxex 6n HMao BPCAHOCX

ÎS cm
(6.5.17)
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IIoBpiiiHHCKa rycTHHa HaejieKxpHcaifca (KOJiHHHHa HaejieKTpHcaita no JCAHHHUH noBpiiiHHe) je

(6.5.18)
cm

KanauHTeT KOHAensaropa he GHTH JCAH3K
_ £0£rS

\^ „ —

OAHOCHO, KanauHTer 33 jeAHHHHHy noBptUHHy he 6HTH JeAH

_ o r = 2 7
' cm

(6.5.19)

3. Ha jeAHOM OA OABOAa, najseha pasjiHKa GHonoTenuHJana Ha
H3HOCH U = 2mV. npeTnocTaBJbajyhH, Aa je npn TOMC ejieKTpuHHH AHHO^HH MOMCHT cpua

napajiejiaH OHOJ CTpann AJHTxo^enoBor Tpoyrjra, Ha KOJOJ ce CHHiwa ejieKTpoKapAHorpaM,
OApeAHTH BCJlHHMHy CJlCRTpHHHOr MOM6HT3 CpU3. ^HeJieKTpHMHa KOHCTaHTa BaKyyMa H3HOCH

p
£•„ =8,84-10"12—, a pejiaTHBHa AHejieiapHHHa KOHCTaHTa cpeAHHe £r=8Q. 3a pacTOJaite

m
H3BOA3 y36TH BpCAHOCT r = 1 m .

Pemeite:

£0 =8,84-1 CT12 —
m

r = 1 m

p = 1

EJICKTPHHHH AHnoji npeACTaBJba ABa jeAHaKa HaejieKTpHcaita cynporaor 3H3K3 KOJH ce nanase
na H6KOM pacTOJatty JBASH OA Apyror. OcnoBHa KapaKxepncTHKa Annojia je AHHOJIHH MOMBHT-
BeKTOp KOJH je JeAHaK npoy3BOAy HaejieKTpHcan>a H KpaKa Annojia (pacTojaH>a H3Mefiy

), opjeHTHcan OA neraTHBHor Ka HOSHTHBHOM HaejieKTpHcan>y (cjiHKa 20.a)

(6.5.20)

CTBapa y CBOJOJ OKOJIHHH CJICRTPHMHO nojbe. V HCKOJ T3HKH A (c^HKa 20.6)
ejieKTpHHHor nojBa Awnojia je JeAHaK 36npy noTenuHJajia Koje CTBapajy

rtKg lOQl/'QU\JCl ortCHVc*

(6.5.21)

p = qd

CsaKH

rr
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AKO npeACiaBHMO AS je d«r, xa#a je r * r, , r,r » r 2 H r -r ,« */cosa , TAB je a yrao H3Meljy

BCKiopa pn r . KopmuheifceM npH6;iH)KHHX pejiaijHJa Ao6njaMO
a dcosa 1 pcosa

= -- — = - ^^ -

AKO caAa npexnocxaBHMo Aa ce AHHOJI najiasH y HBKOJ xanKH O ca AHOOJIHHM MOMCHXOM p H
saneMapJbHBOM BCJIHMHHOM KpaKa, pasjiHKa noxeHUHJajia KOJy cxBapa Annoa y xaMKaMa A H B
Ha nofljeAHaicHM yAaJbenocxHMa r OA xaHKe O je npeiwa npexxoAnoj pejiaiiHJH 3a (pA

1 P ' ^ (6.5.22)

c)

< *•'

20. IUeMay3 sadamaK 5.

Ila ce KopHiiiheH,eM oAroBapajyfiHX xpHroHOMexpHJcKHx xpaHC^opMauwja AoSHJa

cosag-cosaA =-2sin-

3aM6H>yjyhH osaj

. . /?. _ . ft
in(-~) = 2sin — coscu

jy (6.5.22)

sinA
pcosa

ce AHOOJIH
npexxoAHOJ

y ueHxpy jeAHaKOCXpaHHHHor(cjiHKa20.L() xpoyrjia xaAa je npeiwa

je y yrao HOA KOJHM ce BHAC xaHKe A H B OA A«nojia, a p yrao H3Mefjy ejieKxpHHHor
->
p H npase AB.
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OpeMa reopHJH AJHTxo(J>eHa cpue ce nonama Kao eJieKTpHHHH AHIIOJI. EjieKTpHMHH
MOMCHT cpua-Annojia (KOJH ce Ha3HBa yKynHHM ejieKTpHHHHM BCKTOPOM) nepnoAHMHo ce Meita

no BejiHHHHH, taKQ H no npasuy. EHonoTeHUHJaiiH ce perHcrpyjy H3Met)y Bpxosa
rpoyrjia KOJH je oGpasoBan cnajan.eM ABC pyKe H jeAHe More. Cpue ce

Haaa3H y ueHTpy TOP Tpoyrjia , na je yrao y = 120 °. HpeMa ycjiosy saAaTKa BBKTOP p je
napanejian cTpannuH AC (norjieAaTH cjiHKy 20) H3 nera CJICAH Aa je yrao KOJH samiana H>eroB
npasau, ca TOM CTpannuoM p = 0°. AKO yspCTHMO speAHOCTH OBHX yrjiosa y roptty pejiauHJy,

pasjiHKy noTenuHJana H3Me^y TanaKa A H C

^ (6-5.22)

ipa>KeHH

(6.5.23)

4. HsMe^y ABe ejieKtpOAe, npHKjbyneHe na nanoH U = 36 V , nanasH ce HCHBO TKHBO.
YCJIOBHO ce MOMce yseTH Aa ce TKHBO cacTOJH H3 Asa cjroja cyse KOJKB H MHiiiHha ca KPBHHM
cyAOBHMa. fleGjbHHa cJioja KWKC HSHOCH /, = 0,3 mm , a AeGjbHHa ynyrpaiiifter cjioja TKHBa

H3HOCH /2 = 9,4 mm . Hahn rycTHHy cTpyje H naA noTeHUHJana na KOJKH H y MacnoM TKHBy,

nocMaTpajyhn HX Kao npoBOAHHKe. CneuniJiHHHe oTnopnocTH cyse Koace H MHiuHftnor TKHBa cy

/?, = 10 5 Q/n H p2 - 2 Q/w, pecneKTHBHO.

PemeH>e:
U = 36V

/, = 0,3 mm

12 = 9,4 mm

p2=2Cim

£/,=?

£ / 2 = ?
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MMUUMIi
KO>KA

CJIUKG 21. IUeMay3 sadamax 4.

Fycrana CTauHOHapne crpyje Koja rene Kpo3 TKHBO je j - — , ca Apyre crpane no OMOBOM
o

33KOHy

/ = — , T3KO A3 MOMC6MO HanHC3TH
R

—
RS

(6.5.24)

je R yKynan OTnop TKHBa. CaAa >KHBO TKMBO MOJKCMO nociwaTpaTH Kao TpH OTnopHHKa
(cepHCJKH) Besana naje yKynan

Fla 3a rycTHHy CTpyje
U

J =

na KO>KH H3HOCHhe

{/, = 2LK, = 27/7,7, = 36 V

noxeHUHJaJia Ha MHiirnhHOM TKHBy je

(6.5.25)

(6.5.26)

(6.5.27)
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°i='x°i=ln

BMBHtf9fBnHBtf9UWH 9f BU 'HLOOHdOUlO 9HaHlHUBUBM H 9MOWO BE93 BHtf9d OBM BIHBHOU 90

BH BHOUBH J-OOHlfeda BHaHlM9<|)9 lfl B 'XEBIfK BH BHOUBH lOOHtfeda BH3H1M9(}

(oe'e'9)
SXdlO 9HHHH9WEHBH B1TBHJHO 9<H9inXjHdu BE

JOMofHHHir douio BE

f.t( ovox

P I
ewgdu owBuXhBd y BHMBira douio HMOWQ

9'0
£'£

uai Qp =

9'0 = d lOOHdOUlO BHhH(|)Hn9UO BaOJ9<H ' JU £'£ = 3 BHXBira 191HUBUBS HHhHdlS9IT9

9f BP H19£^ ^XfBdN WOjXdf BH HOUBH HJ.HQ 91J HMHITOM 'Zfflf J = A 9fHnH9a>I9d(|) H ^Itf QOI = /7

BHOUBH WOKdiO WOHhHH9WEHBH 9pCQXgOU /CfedM WOHfgf BH UtH 017 = ^ B»HHh9dlIy(irOU

H tUlU Z = P 9HH«Xb' OHONBira OH3d9H 90 ONV 'ZZ HftHlfO BH WOHBEBMHdu WOITOM jy HIBEBMHdU

90 9M(ow HB^Bira jonadgu 09P HMiBds BE OITOM



Ms npexxoAHe ABC pejiau,HJe Moaceivio H3paHynaTH npenrymeiie

u2 xc

YKOJIHKO y npexxoAHy pejiauHJy yspcxHMO pejisunje 33 Z H X

H na Kpajy Koe<J>HUHJeHX npHryuieita cnrnana je p = 5

H3 pejiauHJe 33 Koe(J)HUHJeHX npHrymeH>a cnrnajia jiaKO
Kpajy KOJia

„ £/, 100 mV __ ..U - —L = = 20 mV

(6.5.31)

BpeAHOcx Hanona na ApyroM

(6.5.32)

6.6. EHOAKYCTHKA

3syK je J6A3H OA OCHOBHHX nannna KOMyHHKauHJe H3Mel)y jbyAH. HOCTOJH BHIIIC acneKara
HHiepaKUHJe 3ByKa H opraHH3Ma. Ha npHMep, CKJISAHH TOHOBH 3ByK3 (My3HHKH
npyacajy oceftaj yacHBan>a y Mysnun. Ca Apyre crpane, 3ByK BejraKor HHTCH3HTeTa (6yKa)
A3 6yA6 33r3^HB3H aCHBOTHC CpeAHHB H ySpOMHHK O36HJBHHX n3TO(})H3HOJIOIlIKHX H HCHXHHKHX

3nyK je MaxaHHHKH ranac OApel)eHHx KapaKxepnCTHKa. MexaHHHKH TajiscH npeAciaBJbajy
ocu,HJiau,HJe Koje ce npocTHpy Kpo3 MarepHJanny cpeAHny 6e3 rpancnopTa cyncraHUHJe.
EHTHTCT KOJH ocunjiyje Moace SHTH Hecraua, HUH HBKH MOJieKyji MarepHJanHe cpeAHHe Kp03
Kojy 3ByK npOJiasH.

6.6.1.

Je cy o6;iHK KpeTaita, KOJH ce nonaBJba y OApeljeHHM BpeiwencKHM HHTepsajiHMa. AKO
cy TH HHTepB3JiH Me^ycoGno jeAHaKH, ocqHJiaropHO KpeTan>e he SHTH nepHOAHMHO. BpeMe
Tpajan>a jeAHe xaKBe oci;HJiaiiHJe Ae(|)HHHiiie ce Kao nepnoA ocu,H^OBaHia.
C;io6oAHO ocuH^axopno KpeT3H>e nacxaje Kao pesyjixax HSBO^eaa ocunjiaxopnor CHcxeMa H3
psBHOxeacHor nojioacaja H OABHJS ce 6e3 npHcycxsa cnojbHHX CHJia, na panyn concxBene
eneprHJe.
HajjeAHOcxaBHHJH oGjiHK ocuHjiaxopnor Kpexafta je npocxo xapiwonnjcKO ociiHJioBaH>e, Koje ce
OABHJa noA AejcxBOM ejiacxHHHe pecxnxyunoHe cn^e. CHCXCM KOJH HSM c;iy»CH 33 o6jauiH>eHje
npocxor xspMOHHJCKor Kpexaita ce cacxojH OA xejia Mace m Besanor 33 HACSJIHO ejiacxHHHy
opnyry npHHBpiiiheHy na JBAHOM Kpajy (jinneapHH xspMOHHJCKH OCUHJISXOP). K3Aa ce FIOA

->
AejcxBOM cHJie F xejio noiwepn H3 paBHOxeacnor nojioacajana MaKCHMMHy yAajbenocx AQ, y

HCxerHyxoj ejiacxHHHOj onpysn ce jasjba pecxnxyqHOHa CHJia cynpoxnor CMepa Fs Koja xeacn j\a

xejio BpsxH y paBHOxeacHH nojioacaj.
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Fx=-kx (6.6.1)

Vffff je k KOe(|)HUHJeHX ejiacxHHnocxH onpyre, a x BejiHHHHa Hcxesaita HJIH ca6HJaH>a onpyre.
XapMOHHJcKO ocuHJiaxopHO Kpexaite onHcyje ce An4>ePeHIJHJaJ™OM jeanaHHHOM Apyror

d2x
m- = -kx (6.6.2)

y peajiHHM CHcxeMHMa, ycjieA xpen>a H oxnopa BasAyxa AOJiasn AO CMaH>HBaH>a eneprHJe
CHCxeMa, na caMHM XHM H aMnjiHxyAe ocu,HJioBaH>a, xaKo Aa he ocujHJiaunje GHXH npHryuiene, a
ocuHJioBaH>e CHCxeMa he ce nocjie OApefienor BpeiweHa saycxaBHXH, Cnjia npHrymeita y OBOM
cjiynajy he GHXH nponopuHOHanna 6p3HHH Kpexaita H cynpoxHO ycMepena

dx

Apyror peAa Koja onHcyje oBaj HamiH Kpexaita je

d2x , dx
m — - - -kx-r —

dt2 dt

(6.6.3)

(6.6.4)

MHOFH CHCTCMH, OA aroivia AO Hore HoseKa Mory ce MOAeJinpatH Kao npHrymeHH
HH)KHHjepH HBCTO AH3aJHHpajy CHCTCMe ca CnCUH(J)HHHOM

npHrymeHba.

6.6.2. MEXAHHHKH TAJIACHH EHEPFHJA

TajiacH KOJH HOCB eneprHJy, HH^opiviauHJy npocxHpyhn ce Kpos csa arperaxna cxaita cy
MexaHHHKH xajiacH. MexaHHHKH xanacn nacxajy npenomeHjeM ocuH^aunja ca JCAHC HCCXHUC na
Apyry y OApehenoM npasuy HJIH y CBHM, aKO 33 xo nocxoje ycjioBH. MexaHHHKH
jeAHOAHM6H3HOHajiHH xajiacH Mory GHXH JioHrnxyAHHajiHH (aKO ce npasau ocuHjioBan>a
necxHua H npocxHpaaa xanaca nomianajy) H xpaHCBepsarmn (aKO necxnue ocun^yjy HopManno
na npasau, npocxHpaH>a xanaca). JloHrHxyAHHajiHH xanacn ce npocxHpy Kpos CBC MacxepHJanne
cpeAHHe, AOK ce xpaHCBepsajiHH xanacn npocxHpy caiwo Kpos HBpcxa xena.
EneprHJa necxnua Koje ocuH^yjy Ae<|>HHHcaHa je pejiaiinjowi

E = -mAlcol (6.6.5)

iHxyAa xanaca, a (o0 Kpy>KHa (J>peKBeHiwja ocuHjioBaH>a.

ce npenocH ca JBAHB necxnue, na Apyry-c^eAehy, ca OBB na cjieAehy H Ha cse ocxane KOJC
ynecxByjy y npocxHpan.y xanaca. flaioie, CBaKH xajiac ca coSoiw HOCH OApehenyy eneprHJy Koja
Ce MOHCe HCK333XH B6JIHHHHOM KOJa C6 H33HBa eHCprCXCKH (})JiyKC. EnepeXCKH (J)JiyKC

. eneprHJy Kojy xanac npenece Kpos HeKy noBpiiiHHy y jeAHHHUH BpeMeHa

— = — pAyWySv (6.6.6)

je yorycxHHa cpeAHHe, y40aMn;iHxyAa ocitHJioBaHja, <3J0Kpy>KHa ^peKBeHqHJa, S je
, a v 6p3HHa xajiaca.
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6.6.3. 3BVK

3ByHHH TajiacH cy MexaHHMKH JioHrHTyAHHajiHH T3JI3CH, KOJH ce npocrapy Kpos racoBHTy,
xenny H HBpCTy cpeAHHy. KaAa rosopHMO o 3ByKy, MH npBeHCTBeno MHCJIHMO na Tajiace Koje
nyjeMo, ajiH 3ByK KOJH nyjeMo oGyxBara caMO Mann AGO oncera 3BynHHX Tanaca KOJH HMajy
BCJIHK 3nanaj K3KO y npnpOAH TBRO H y TexnojiorHJH. JtyACKo yxo je OCBTJEHBO na 3ByHne
Tajiace HHJH je oncer OA 20 flo 20000 Hz, o6jiacT Koja oGyxsaTa <J>peKBeHUHJe HCHOA 20 /feje

HH(J>p33ByKa, a oSjiacT Koja oSyxsaTa (JjpeKBeHUHJe H3H3A 20000 Hzje

3ByHHH TanacH Koje jbyacKO yxo perHCTpyje ce pasjiHKyjy no cTpyKTypH H nepHO^H, H na
OCHOBy OBHX KapaKTepHCTHKa pasjiHKyjeMO TOH, myM H npacaK.

6.6.4. E&EKAT

3ByKa (J)H3HMapH Cy BHCHH3 TOH3 H3BOpa (J)peKBeHUHJe

v0M6H>a saBHCHO oa npOMene pejiaTHBHor Oflnoca H3Bopa H cjiymaoqa. HcnHTHBaH>a cy

je TO nocjieflHna npOMCHe 4>peKBeHUHJe ssyxa KOJH CTHXCC AO cjiymaoua. Osa
nojasa ce nasHBa flonnepoB ecJ)eKaT.
T3HK3CT H3BOp, KOJH MHpyje y H6KOJ CpeflHHH, CMHTyje 3ByHHC T3JI3C6 y CBHM npaBUHMa.

TajiacHH (J)pOHT ce mnpn y oGjiHKy KOHUCHTPHHHHX Kpyrosa SPSHHOM v. AKO ce cjiymajiaq
H3Bopy 3ByKa 6p3HHOM V pemcTpOBahe 3ByK BHIIIC 4>peKBeHUHJe v, , a aKO ce

HH>Ke (ftpeKBeHUHJe v2 . YKOJIHKO ce H3BOp 3ByKa Kpene 6p3HHOM

V cjiymanau OA Kora ce H3BOp yAajtyje perHCTposahe 3ByK HHSKC (JjpeKBenqHje v3 , AOK he onaj

KOMC Ce H3BOp npH6jIHHC3Ba perHCTpOBBTH 3BJTC BHUI6

Av H33HBa ce /lonjiepOB UIH^T.

Posmatrad koji se
pribliiava izvoru
zvuka <Suje viSu

frekvenciju

nepokretni izvor

"V

PosmatraC koji se
udaijuje od izvora
z\a Cuje ni2u

frekvenciju
v v2»vB(o-V)/o.

Nepokretni posinatrai
ni2u frekvenciju

V).

CJIUKO 23. flonnepoe e(peKam
i, 2006

pokretni izvor z\-uka

Nepokretni posmatraC
Cuje viSu frekvenciju

v4 - V0 o/(v> - V).
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6.6.5.

Aejiyje na opraH cjiyxa H H3a3HBa cy6jeKTHBHe peaicuHJe Koje saBHce He caMO OA
oSjeKTHBHHX oco6HHa 3ByKa, Beh H OA ocoSHHa cjiyuiHor anapara. Yxo je H3BapeAan
HHCTpyMCHT KOJH pcaryje censauHJoM Hyseiba y IIIHPOKOM oncery 4>peKBeHUHJa, aMnjiHTyna H
HHT6H3HTeTa 3ByKa, oArOBOp jtyACKor yxa he saBHCH-ra OA 4>peKBeHUHJe H HHTeH3HTera sBynnor
ranaca. HHBO HHT6H3HT6Ta 3ByKa oArosapa BCJIHHHHH Koja ce Ha3HBa HHBO HyJHOCTH S. HHBO
nyJHOCTH je Ae(J)HHHcaH npeiwa

S = k log

^a 33 HOBH HyJHOCTH J6 (|)OH.

rtopea HHBoa HyJHocra, Apyra BaacHa
HHT6H3HTeTa 3ByKa L. KopucTH ce 3a
jiorapHTaMCKH OAHOC HJHXOBHX

(6.6.7)

BejiHMHna 3a npouec Hysefta je HHBO

3ByKa H

(6.6.8)

Koe(f)HijHJeHT k MOHCC HMBTH BpeAHOCT 1 H TaAa je jeAHHHua 3a HHBO HHTeroHTeTa Be:i. AKO je
k = 10 jeAHHHua je Aeu.H6e.ri (dB).

HHTCH3HTCT 3ByKa KOJH JtyACKo yxo Moace AS Hyje Ha3HBa ce npar HyJHOCTH. FfaeroBa
SHTHO 33BHCH OA (frpeKBenunje SBynnor Tajiaca. OpH (J)peKB6HUHJH OA 1000/fe

W
MHHHM3J1HH HHTCH3HTCT 3ByK3 KOJH JbyACKO yXO pCFHCTpyje H3HOCH /„ = 10 . Ofla

m2

cjiyuiHor anapaxa osnanaBa Kao pec})epeHTHH
HHTeH3HTCTH.

BpeAHOCT ce y HcnHTHBaay
HHT6H3HTeT, Ca KOJHM CC

L(dB) KW/m1)

CJIUKCI 24.
Hoeua
Hseop: CmcmKoeuh, 2006

5000 10000 v(Hz)

npUKas Md)yco6ne ee3e u3Me1)y mmeH3umema seyxa, nueoa immeHSumema u



6,6.6. 3AflAL(HH3 EHOAKYCTHKE

1. CHCTCM rjiaBa-Bpax-pavieHa neice oco6e Moace ce noMepaiH icao Ha CJIHU.H 25 CHCTCM:
Maca (rjiasa), onpyra (spar) H nspCTa nofljiora (paMena). ConcTBena yneCTaHOCT CHCTeMa
rjiaBa-spar HSHOCH VQ = 30 Hz .AKO je Maca rjiase m = 5,5kg, Hahn KoecJ)HUHJeHT

Bpara.

25. Moden voeeKoee znaee,ys sadamaK 1.

Peuieite:
m = 5,5kg
\>0 = IQHz

CHCT6M ce MO)Ke nocMaxpaTH Kao ocuHJiaropHH CHCTBM, na H>era ce Mory
H H3p33H KOJH B3HCC 33 npOCTO XapMOHHJCKO OCUHJlOBatbC

I
m

(6.6.9)

m
(6.6.10)
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2. OAPCAHTH MaKCHMajiny BPCAHOCT CHJIC Koja AeJiyje na 6y6ny onny HoseKa npn

HanjiacKy SByHHHX rajiaca (frpeKBenuHJe v = \ je noBpuinna 6y6ne onneS1 = 66 mm2 y
ABa cjiynaja:
a) 33 npar HXJHOCTH
6) 3a npar Gojia

HeKa je 6p3HHa npocTHpaifea 3BynHocTH Tajiaca c - 340—, rycTHHa BasAyxa p = l,29-~-.
s m

Pemeifee:
v = I kHz

c = 340^

p =
m

HHTeH3HT6T 3ByKa je

(6.6.11)
2Za 2pc

je p cpeAH>a aiwn^HTyAa 3ByHHOr npHTHCKa, a Za je aKycTHHKH oxnop

SBynnor npHTHCKa KOJH A^Jiyje na 6y6ny onny ce iwo>Ke HanncarH y o6;iHKy

(6.6.12)

CpeAH>a;

p = *\1Ipc
Tpaacena cpeAH>a cnjia, Koja OAroBapa aMn^HTyAHOJ BPCAHOCTH SBynnor npHTHCKa je

F = p-S = ,

a) MHHHManHa jannna SBynnor rajiaca Koja H3asHBa jeABa npHMexan ocehaj 3ByKa sa
Jy je npar HXJHOCTH. Osaj npar sasncH OA 4>peKBCHUHJe, 33 v - 1 kHz OH HSHOCH

(6.6.13)

W
70 = 10"12 — 7- H 3aM6HOM y

m
Jy 33 CHJiy Ao6HJaMO

6) MaKCHMajina ja^Hna 3ByKa KOJy HOBBR MOJKC joiu jacno A& nyje je npar Sojia H 3a
W

4>peKBenuHJy HSHOCH /max = 1—- Cwjia Koja AeJiyje na 6y6ny onny y OBOM cjiynajy HSHOCH:
m

(6.6.14)
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3. KoJiHKa he SHTH aMnjinryAa SBynnor npHTHCKa y TCHHOCTH ynyTpaiuiier yxa, OOA
AejcTBOM 3ByMHnx xajiaca us cnojLauiH>e cpeAHHe HHBoa HHTCH3HTeTaL = 60 dB? FIOBpuiHHa

6y6ne onne H3HOCHS1, =55 mm2, osajiHor nposopaS^ =3,2 mm 2, MexaHHMKa

cjiyuiHHX KoiiiHHua k = 1,5 , a aicycTHHKH ornop BasAyxa Za = 410
m2s

PemeH>e:

5, =55 mm2

S2 -3,2mm

Z =410 kg_
m2s

IloiiiTO cjiymne KoiiiHHue nrpajy yjiory CHCTCMa nojiyra, MoaceMO nanHcara AS je H>HxoBa
MexanHHKa npeAHOCT (Koe4)HHHJeHT)

(6.6.15)

Ha 6y6noj OIIHH je Koe<|>HHHJeHT p} = —

A na OBanHOM nposopy :
F kF

= — = —-
S2 S2

-*£m npeixoAHe ABC pejiaunje MoaceMO HSBCCTH p2 =
2 2

YKOJIHKO y nperxoAny pejiauHJy yspcTHMO H3paa KOJH saacn 33 npeAHOCT na cnojbamibeM yxy

?2 ~ * „ '
^2

HHT6H3HTeT

L = 10 log —

npeKO

WFAeje/ 0=10 —-npar HyJHOCTH.
m

3Byxa

(6.6.16)
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6QdB = 10 log —

7 = 70 .10°' l t=70 .106

OsaKO AoSnjeH HHT6H3HTex Moaceiwo BperHTH y pejiauHJy 3a npeAHOCT na ce KOHanno
S,

4. SfiyMHHK npOH3BOAH 3ByK OA v = 440 Hzca roiajiHOM cnaroM

y CBHM npaBnHMa. Ha yAajtenocTH OA d = 5 m , KOJIHKH he SHTH :

a) HHTCHSHTCT 3ByKa / - ?
6) HHBO HHTeH3HT6Ta 3ByKa L = ?
B) AMnjiHTyaa npoiwene npHTHCKa Apmax = ?

r) aiwnjiHTyAa ocuHJiOBaH>a y sa3Ayxy A - 7

Pemeite:
v - 440 Hz

P = \,2W

(6.6.17)

(6.6.18)

= 1,2 W, paAHJaiiHo

a) HHTeH3HT6T 3ByKa ce M0»ce npHMenoM

(6.6.19)

je PyKynna cnara, a Sje nospiuHHa npocTOpnor yrjia S = 4d2n H MOKeMO nanncaTH
P

6) HHBO HHTeH3HTera 3ByKa ce MOHCC HspanynaTH no

I = 10 log —
•^o

FAC je 70 = 10~12 —- npar nyj
m

L = 96 dB\)

(6.6.21)

(6.6.20)

(6.6.22)
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B) HHTeH3HT6T 3ByHHOr Tanaca MO>KeMO H3pa3HTH H npeKO

AP«
2pv

je p = 1,29 -~ rycTHHa
m

„ ._ m.., a v = 343—6p3HHa 3ByKa.
5

H na Kpajy, aico yspCTHMO SpoJHe BpeAHOCTH y nperxoAHy pejiauHJy aoSHJa ce

m
r) HHTeH3HTex 3ByHHor Tanaca ce Moace M3pa3HTH npeKO

A - ],5{m

npOMene)

(6.6.22)

(6.6.23)

(6.6.24)

(6,6.25)

(6.6.26)
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6.7. <I>H3HKA OKA H BHBEH.A

CBCTJIOCT, Kao %eo cneKTpa nejoHHsyjyher eJieKxpoMarnexHor spanefta, jecxe jeAHa OA HPBHX
<j)H3HHKHX nojasa ca KOJHMa ce noseK y jKHBory cpefte H HCHBH H Hiua BBJIMK 3Hanaj Sap ca ABa
acneKxa o KOJHMa he GHXH penn y OBOM norjiaBJty. HpBH ACO ce OAHOCH na ynoxpeSy CBCXJIOCXH
y MCAHUHHCKOJ AHJarnocxHUH H xepannJH, a Apyrn ce OAHOCH Aa (J)H3HKy OKa H npouec BHt)ett>a
KOJH npeAcxaBJta jeAan OA OCHOBHHX BHAOBa KOMyHHKaunje HOBCKa ca OKOAHHOM.

6.7.7. COVHBA

COHHBO je xpancnapenxHO xe^o noiwohy Kora ce saxBaityjyhH pe^paKunjn CBCXJIOCXH, (J>opMHpa
npeAMera. CoHHBa Mory GHXH KOHBeprcHTna (caGnpna) H AHBeprenxna (pacnnna).

COHHBa Mory SHXH ©HKOHKaBHa, njianKOHKaBHa H

(a)

Cnum 26. KoHeepzeHmna u dmepzemnHa covuea
H3aop: CmanKoeutj, 2006

CBBKO COHHBO KapaKxepnuie oca coHHBa KOJa CXOJH HOpMajiHO y OAHOcy na rjiaBHy onxHHKy ocy
OO' H ABB MCHace (F) KOJe ce nanase na jeAHaKHM pacxojaftHMa (/") OA oce COHHBa. KoHCxyKuHJa
jiHKa (L) HeKOr npcAMexa (P) MO»(e ce ocxsapnxH noiwohy ABa CBexjiocna 3paKa:
1. CBexjiocHH 3paK KOJH nyxyje napanejiHO rjiaBHOJ OHXHHKOJ OCH nocne pe(J)paKUHJe na
COHHBy np0^a3H KpO3 JKHJKy

2. CBexjiocHH 3paK KOJH npojiasn Kpos uenxap COHHBa He Men>a CBOJ npasau, ne npejiaMa
ce.
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PI P2 P3

CnitKd 27. 0opMupaH>e JIUKO Kod conuea
Hseop: CmaHKoeufi,2006

xanKor coMMBa Koje ce nanasH y HBKOJ xoMorenoj CPCAHHH Hiwa o6jiHK

(6.7.1)

V cjiynajy #a ce npeAMei Hana3H y 6ecKOHaMHocHT (p = QO) JIHK he SHTH Ha pacTOJaH>y / = / TJ.
Hanasnhe ce y »CHMCH conHBa, aKO ce npeAMer Hana3H y JKHJKH (p-f) JIHK he ce HanasHTH y
6eCKOHaMHOCTH.

JeAHanHHa Ba>KH sa cjiynaj Kafla HMaiwo HMarnHapan JIHK OOA ycjioBOM aa AaJbHHy JiHKa
03H3HHMO Kao HeraTHBHy; ona TaKofie Baacn H 3a AHBepreHTna coHHBa JTCOJIHKO ^ajbvmy JiHKa H
HCHHCHHy A3JI>HHy 03HaHHMO K30 HeraTHBHC.

6.7.2. OTITHHKHCHCTEMOKA

OnTHHKH CHCT6M OK3 ca BHAHHM HyreBHMa CJIHH3H je K3M6pH C3 npHAyJKCHHM A6JIOBHM3 .

CHCTCM ce CSCTOJH OA : cncTeiwa caoHHBa KpO3 Koje npojiaae H npejiaMajy ce CBBTJIOCHH
AHJa(J)parMa ca ycKHM KPJOKHHM OTBOPOM, OAHOCHO seHHua, Koja peryjiHiiie
npHMjbene CBBTJIOCTH; Mpanna KOMOpa ca HeraTHBOM, KOJH y OKy npeACTaBJba MpeHCHbana, Koja
npHMa CBeTJiocHe naApaacaje; OHTHHKH Heps, npeKo KOJHX ce npenoce CBCTJIOCHH HaApa)KaJH Ka
BHAHHM UCHTpHMa y M03Fy.

CjiHKa Kojy M033K BHAH je o6pHyTa y OAHOcy Ha JIHK npeAMBTa y OKy H oArosapa peannoM
npeAMexy.
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OKO HM3 ABa rjiaBHa <J)OKycHpajyfia aena: poKHbany, KOJS npeACTaBJta npoBHAHo HcnynneH>e na
npeAH>oj CTpaHH OKa H Bpiun ABC xpefiMHe <J)OKycHpaH>a H COHHBO Koje BpuiH <^HHO
<j>OKycHpaH>e. Posotsns HMa CTSJISH cj>OKyc, AOK COHHBO MTOKC MBHJSTH CBOJ o6;iHK a caMHM THM
H (f)OKyCHp3TH oSJBKTe H3 p33JlHHHTHM yA3JteHOCTHMa.

6.7.3. flEEEJIO COVHBO

nocMarpaheMO COHHBO Ae<t>HHHC3HO JCAHOM KOHBeKCHOM H JCAHOM KOHKaBHOM noBpuiHHOM,
P33J1HHHTHX nojiynpeHHHKa KpHBHna RI H R2 (cjiHKa 28.). CBBTJIOCHH 3p3K, KOJH AOJISSH Ha

KOHBCKCHy HOBpIIIHHy H3 T3HK6 P} , HpCJiaMS C6 H CTHSCC AO KOHKaBHe HOBpUlHHe COHHB3, TA6 fie

ce noHOBO npejiOMHTH H KOHanno (^opMnpain JIHK L2 . HMarHHapaH npOAyHceraK npBH nyr

npenoMJtenor spaKa (^opMHpalie HMarHHapaH JIHK Lx , KOJH je yjeAHO H npeAMer P2 H3 Kora SH

CBBTJIOCT AOJiasHJia na Apyry noBpuiHHy KaAa npse ne GH GHJIO.

LI L2

CJIUKQ 28. KoHcmpyKiiuja JIUKCI ceemne mawe do6ujenoz npojiacitoM ceemflocmu Kpos de6eno covuso

Mseop: CmaHKoeuJi,2006

YKOJIHKO ycnocxaBHMO B63y H P\ L2 Ao6HheMo ABB

33 KOHBBKCHy HOBplUHHy —- + — = •
Pi P2

33 KOHKSBHy HOBpIIIHHy
d-l L R,

Je 33 ABC pe(J)paKUHOHe

(6.7.2)

(6.7.3)

KoM6HHOBaH>eM OBHX jeAHaHHHa Mo^ceMO H3panyH3TH napaMCTpe AeSejior conHBa. 3a coHHBa
Koja H6M3j'y BejiHKy AeSjfcHHy yrjiSBHOM ce KOPHCTH nojeAHocTSBJbeHa 4>opMyjia KSO B633
H3Mel)y napaMeTsps KOJH KapaKTepHiiiy COHHBO. H>y heMO Ao6nTH aKo
d -> 0, «, = «3 = 1, «2 = n , LUTO 3H3HH A3 C6 COHHBO HHA6KC3 HpejI3M3H>3 « H3Jia3H y B33Ayxy.

p I (6.7.4)
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T

H.TCH

1

ft,
(6.7.5)

FlpexxoAHa pejiauHJa nosnaia Kao jeAHaHHHa xanKor conHBa.
AKO ce COHHBO ne najiaan y Ba3Ayxy,Beh y HBKOJ Apyroj cpeAHHH npexxoAHa pejiauHJa HMa
06J1HK

7 = (?-1)(l+F} (6'7-6)/ "l ft ^2

OnTHHKa jaHHHa COHHBa ce Ae(J>HHHUie Kao peu,HnpoHHa BPCAHOCT acnacHHe AaJtHHe.

D = (m-1] (6.7.7)

6, 7. 4, PEffYKOBAHO OKO

3a ynpouiheny anariHsy AemaBan>a npH ceH3auHJH BH^eH.a KOPHCTH ce CHCTBM KOJH ce
peAyKOBano. CHCTBM COHHBa ce 3aMeH>yje JBAHHM Ae6e;iHM COHHBOM HHAeKca npejiaMaft
(« = 1,41), HHJa je cpeAHUiH,a TanKa yAajtena 17 mm OA poacftane. TaHKa npeceKa

oce H

CJIIIKO 29. PedyKoeano OKO

Hseop: CmanKoeuh, 2006

YKynna ontHHKa jaHHHa OKa je 59 AHonrpHJa KaAa je OKO npHjiaraljeHO 3a rjieA3H>e Ha
OpeAHja noBpiiiHHa poacHbane AHHPHHOCH yKynnoj AHOOTPHJCKOJ cnasn ca 48 AnonrpHJa H3 rpn
pasjiora: HHABKC npejiaMaaa poaabane ce jaKO pasjiHKyje OA HHAeKca npejiaMaH>a Ba3Ayxa,
poaobana je y OAHocy na COHHBO yAaJbena OA Mpeacftane H 3aKpHBJb6HOCT poacH>ane je
BejiHKa.3aAH>a noBpuiHHa poaatane je KOHKaBHa ajiH SyAyhn Aa je pasjiHKa H3Me^y
npejiaMaita OHHC BOAHUC H poacft>aHe Mana, ona HMa onTHHKy janHHy OA caMO -
HHMB ce yMaayje yKynna onTHHKa jannna OKa.
YKOJIHKO 6n ce OHHO COHHBO Hajia3Hjio y Ba3Ayxy jberoBa onTHHKa jannna SH 6HJia 150
AHOTpHJa. Me^yrHM, KaKO je OHHO COHHBO ca o6e CBOJe crpane OKpyaceno Tennoiiihy SJIHCKOF

npenaMafta H>eroBa onTHHKa jaHHHa HSHOCH caMO 15 AwonTpHJa. TaKO AOJiasHMO
AO yKynne onTHHKe jannne OKa OA 48-4 + 15 = 59AHOnxpHJa. CjiHKa Kojy Ao6HJaMO

na MpeaotanH je oSpHyra y OAHOC Ha npeAMeT. Me^yrHM, MH je BHAHMO y npaBOM nojioacajy
jep je M033K yseacGan Aa oSpHyry cjiHKy AOKHBJtaBa Kao HopManny.
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6.7.5. OUTHVKH HEffOCTAlfH OKA

HopManHo rpafieno OKO (eMemponno OKO) noApasyMesa Aa ce csexjiocHH spauH, KOJH AOJiase H3
AaibHHe, npejiaMajy H ceKy y caMoj acyxoj MpJbH 6e3 yneuiha aKOMOAaiwje. HaJAajba xanKa
jacHor BHAa (punctun remotum) nanasH ce Hcnpe/j OKa na AaJtHHH OKO 25 cm , KOJCM OKO ca

MHHHMajmHM Hanpe3aH>eM MHuinha jacHO BHAH 6jiHCKe npeAMexe. BejiHHHHa OKa, xannnje
peneHO npeAH>e-3aAH>H AHJaMexap KOA eMexponnor OKa HSHOCH 24 mm . KaKo je y npnpOAH

Majio HAeanHHX pemeH>a, jiornnno je oneKHBaxH Aa ce y ijejioKyrmoj nonyjiauwJH nafie H
OApehen 6poj oco6a ca pe^paKttHOHHM rpeuiKaMa. Y XOM cjiynajy roBopHiwo o OHXHHKHM
HeAOCxai(HMa OKa, OAHOCHO o amemponHOM ovy. Haj)KHaHaJHHJH OHXHHKH neAocxauH OKa, KOJH
ce JCAHHM HMBHOM HasHBajy aMexponHJa, cy:
• KpaxKOBHAHOCX (myopia)

(hiperopia)
(astigmatismus)

Ja (presbyopia)

6. 7. 6. 3AflAl]H H3 OKA H BHTJE&A

1. OAPCAHXH onxHHKy jannny poKHjane OKa Koja npexcxasjba
nojiynpeMHHKa KPHBHHC R = 7,8 mm, a HHABKC npejiaMaita Maxepnjana po^citaHe HSHOCH

n = 1,336? FAC he GHXH CJlHKa npeAMexa KOJH ce nanasn Ha pacxojaity p = 25cm HcnpeA xe

noBpuiHHe?

PeuieH>e:
R = 7,8 mm

n = 1,336

p - 25 cm

FIocMaxpaJMo npejiaMaH>e na HCKOJ c(J>epHOJ noBpuiHHH Koja pa3ABaja ABB cpeAHHe
rycxHHa xj. HHAeKca npejiaiwafta n, H rii.

CJIUKCI 30. LUejuayi jadamaK 1
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Heica 3paK CBCTJIOCTH H3 cpeAHHe HHACKca npejiaMaita n, AOJiasH H3 ranice P H naAa na c^epny
noBpuiHHy y ranKH A. OH he ce npeJiaiviaTH npevia nosnatOM saKony npejiaMaiia
sin a _ n2

sin/9 n,
(6.7.8)

cy a H y? yrjiOBH ynaAHor H npejioMJbCHor spaica npeMa HopMajiH (nopMana y TBHRH A ce
ja KaAa cnoJHMO osy ranicy ca UCHTPOM KpHBHHe Q, pecneKTHBHO. Ilofl yc^osoM aa OBH

3pauH na^ajy noa MBJIMM yrjioBHMa y oAnocy Ha onTHHKy ocy CHCTCMa (npasa Koja cnaja
P ca ueHipOM KpHBHHe C), cHHycH H xaHrencH yrjiosa cy Bpjio GJIHCKH
(anpoKCHMauHJa napaKcnjajiHHx 3paKa) TJ. sin a * tga « ft , TaAa saacn

a n

Ca cjiHKe 30 ce Mory ycnocTaBHTH sese TJ. or = H /? = <5 - 7" , re je

KaKO ce pacTOJaae OB MWKC saneviapHTH, OAHocHocTaBJtajyhn PB » PO& p, BC& LO& 1 H
5C « OC w /? , re je yseBiiin AS cy yrjiOBH npnSjiHjKHo jeAHaKH raHrecHMa

p I R
3aM6HOM OBHX BpCAHOCTH y H3p33 (6.7.

(6.7.9)

Ha3HBa oniHHKa Moh npeJiOMHe noBpuiHHe.yKOJiHKO ce npeAMex nanasw y GecKonaMHOCTH
^> = co^Ha saKpHBJbeHy noBpuinny naaa 3paK napanejian ca OIITHHKOM OCOM H nocjie

npejiaMaita 6H npojiasno Kpos ranKy F2 Koja ce nasHBa saAita )KH)Ka HJIH 4>OKyc, Koja y nauieM
cjiynajy OAroBapa pacTojafty jiHKa / . Paciojaite ^OKyca OA reMena saKpHBJtenocTH
Ha3HBa ce jKH^cna AaJtHna C= /2 _• YBpuiTaBaifeeM OBHX BpeAHOCTH

n, | M2 =n2-nl

p i R

n\0 «2 _ n2 - «,

f^ R
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f - "l'R _"2
^-•^r^-y
Ha Kpajy ao6HJaMo aoSHJaisio

P I f
Osa jeflHanHHa HSM aaje y onurreM cjiynajy Besy HSMe^y pacTOJan>a npCAMCTa, JiHKa, acH»ce H
oaroBapajyhHX HH^eKca npejiaM3H,3 cpeflnna. 3a Ham cjiynaj (KOA OKa) HMBMO n, =

n2 = n (po)Ktt>aHa) H /2 - /, ns je Tpaacena onTHHKa Moh

n n-\!
F - — = = 43/w = 43Z)

/" D/ K

(6.7.10)

Ha Kpjay

f
, OflHOCHO paCTOJ3H>e J1HK3

/ = 34 mtm (6.7.11)

2. COHHBO HeaKOMOflHpaHor OKa Hiwa nojiynpennnKe saKpHBJbenocTH /?, = lOwn H

R2 = 6mm . KojiHKa je onTHHKa Moh H acHHrna najbmia COHHBa, aKo ce OBO najiasn y

npejiaiwaaa «, = 1,336 , a HHACKC npejiaMaH>a MajiTepa COHHBa HSHOCH «2 = 1,413 ?

Pemeite:

R} = Wmm

R2 =6mm

n} = 1,336

«2 = 1,413

/ = ?
H3pa3 33 OHTHMKy MOh (JaHHHy) T3KHOF COHHB3 MO»C6 C6 A06HTH 3KO HCKOpHCTHMO H3

R
(6.7.12)

Koja Ba)KH 33 c^epny npejioMHy noBpuiHHy. npHMeHHMO osy pejiauHjy Ha o6e nospiuHHe KOJC
orpaHHnaBajy OTHHHKO COHHBO. Ha Taj HBHHH je onTHHKa Moh c^epne noBpiiiHHe
nojiynpeHHHKa KPHBHHC R}
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A c(})epHe noBpiuHHe nojiynpenHHKa R2

je «, HHACKC npejiaMaH>acpeAHHe y KOJOJ ce narcasH COHHBO, a «2 HHACKC npejiaMaita

MaTepnjajia COHHBa. KOA TBHKHX COHHBa npejiOMHe noBpuiHHe cy Bp.no SJIHCKB JCAHH Apyroj na
ce MO)Ke 3aneMapHTH nyr cBeTJiocHHx 3paKa Kpos COHHBO.
YKynna onTHHKa Mofie CHCTeiwa npejiOMHHX ct})epHHX noBpiiiHHa iwoace ce HahH Kao anreSapcKH
36np onTHHKHX JaHHHa nojeAHHHX noBpiiiHHa (anpOKCHiwauHJa TanKor coHHBa)

1 2 ^ 2 I' V Y\ •* V * * /

H3pa3 ce na3HBa H onTHHKa jannua COHHBa. AKO ce COHHBO nanasH y sa3Ayxy
6n BajKHJio n, = 1 , a )KHMce 6n ce Morjie HaJia3HTH Ha HCTOM pacTpjaH>y ca JCAHC H ca Apyre

CTpane COHHBa . OnTHHKa Moh TaHKOr COHHBa ce TaAa Moace Ae(})HHHcaTH Kao

/ je >KH5KHa AajLHHa COHHBa (pacTojafte COHHBa JiHKa 3a TanKy Koja ce nanasH y oo).

(6.7.14)

(6.7.15)

F = 20,5m'1 = 20,5Z>

A >KHH(Ha AaJbHHa je

HanoMena: na ocnoBy OBOF pesy^TaTa BHAHMO Aa je onTHHKa MOO OHHOF COHHBa OKO nona
jaHHHe po>KH>aHe, naje pojKHjana r^iaBHa KOMnoneHTa Koja ynecTByje y npejiaM3H>y CBCTJIOCTH H
CTBapaity JiHKa OKa. YKynna onTHHKa Moh o6a npe^OMna CHcreiwa je

(6.7.16)

A OBO npH6jiH«HO oArosapa CTBapHHM BpeAHOCTHMa KOA HopMannor OKa.
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3. OAPBAHTC onnTHHKy jannny COHHBa Haonapa Koje Tpe6a A3 KOpnryjy KPCTKOBHAHO OKO,
HHJa je AajieKa TBHKS (HaJAajta T3HK3 jacnor BHAa) na pacrojafty p = \m. YSCTH Aa ce

CTBaps na peTHHH na paerojaity OA / = 1cm OA OHHOF conHBa (jKH^cna Aajfenna OKa).

Pemeite:
p = \m

1 = 2cm

F' =?
FIoiiiTO CJIHKa npeAMeTa H3 naJAaJte TanKe jacnor BHAa Aaje jacny cjiHKy H3 PCTHHH, 33 onTHHKy
MOh KpaTKOBHAOP COHHBa M03K6MO HSHHCBTH

/ p I
= 5W\) (6.7.18)

fl,a GH OKO JSCHO BHACJIO yAajtene npeAMCTe ( y °o ) H>eroBa onTHHKa Moh SH Tpe6ana GHTH

F _ 1 1_ 1 1/<1 = -- 1 — = — i —
/?, / 00 /

fla SHCMO nocTHrjin OBOjiHKy onTHHKy jaHHHy OHAa ncnpeA OKa Tpe63 Aa CTaBHMO COHHBO HHja
je onTHHKa jaHHHa (Moh):
F' =F,~F

(6.7.19)

4. OnTOMeTpHCTa je nauiao Aa naunjeHT HMa naSjiH^cy TanKy jacnor BHAa na
p = 0,5m, a JKejieo SH Aa naunjcHT MOJKB nopMaJino HHTBTH na pacTojan>y 5 = 0,25m. KaKBe

naonape 33 HHTSfte Tpe6a Aa npenopynn onTnMCTpHCTa, aKO je >KH)KHa AaJtHna OKa

PemeH,e:
p = 0,5m

s = 0,25m

F' =1
IlpH (J)OKycHpaH>y OKa Ha AajLHHy ( QO ) oniHHKa Moh SH Tpe6ajia SHTH

oo /

a Aa HMa mnpHny aKOMOAauHje OA

(6.7.20)

(6.7.21)
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3a <|)OKycHpaH>e na s H>eroBa orrraqKa Moh Tpe6a Aa 6yAe

FberoBe naonape sa HHiaite TpeSa A3 HMajy onraHKy
F - F - F
r - r2 r\ =2D

(6.7.22)

(6.7.23)

(6.7.24)

5. ITpeHHHK 3CHHU6 OK3 H3HOCH

raMKacre crpyKtype na AaJfcHHH jacHor
CBCTJICOTH A = SOOww?

. KOJIHKH J6 HaJMaifeH pa3MaK H3M6t)y AB6

SH ce one Morjie BHACTH OABOJCHO, aKo je
r BHAa je s = 25cm .

Pemefte:
d -4mm
A = 5QQnm
s = 25cm

npeMa PejjiHJeBOM KpHtepnjyMy pa3ABajaH>a, ABC cTpyKiype MOJKCMO BHACTH paaABojeHe aKo
npBH AH^paKUHOHH MHHHMyM Apyre cTpyKType (crpyKType ce nonauiajy Kao AH<}>paKU,HOHH

TJ.aKO je BHAHH yrao Aar pejiaunjoM:

(6.7.25)sin ̂  = 1,22-
d

Ca CJIHKC ce BHAH Aaje:
9 AB •tg— = — , 3a Mane yrjiose je
2 2s

H tg— « — .
2 2

9 AB
— = —
2 2 s

.
na je

= 1,224a
pacrojaibe je:

— 122- -s-— L,^.JL J
a

AB = (6.7.26)

HanoMena:
flsa xaHKacia npeAMera OKO MO^C BHACT H OABOJCHO, aKO cjiHKa csaKe TanKe naAHe na
ApyryBHAHy hejinjy (nenHh). BHAHH yrao noA KOJHM 6n ce BHAejia AB3 cyceAHa Hennlia y OKy

M0»ce ce HafiH Kao: 9 - — , je d - npeAH>H npeHHHK JCAHOF nennha, / -

oniHHKor uenrpa OKa OA PCTHHC, a TO yjeAHo npeAcraajba H 33AH>y >KHacy OKa.
6pOJH6 BpCAHCOTH
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18-10~3m
2,2.10-W

Ce T3HK6 HCJIC3C H3 A3JBHHH jaCHOF

CT3BHTH

(6.7.27)

, 33 H>HXOBO MehycoSno pacTqjaH>e ce Moace

(6.7.28)
• •

OBaj pesyjiTaT ca nperxoAHHM MOHCBMO saiobyHHTH Aa OKO ne 6n MOFJIO (sSor
AH(|)paKUHOHHx e(J)eKaTa na 3CHHUH) nocTHhH Behe p33JiyHHBaHie, 4an H Aa cy BHAHB hejiHJe
M3H>HX AHM6H3HJa.

6.8. PAflHJAUHOHA H HYKJIEAPHA EHO<I>H3HKA

5.5.7. OCHOBEPAffHJAU,HOHEHHVKJIEAPHEEHO&H3HKE

V paAHJauHOHOj H HymieapHOJ Me.aHU.HHH MHore AHJarnocTHMKe H TepannjcKe npoueAype
KopncTe joHH3yjyne 3paneH>e HUH cy sacnoBane na AHCTpnSyuHJH paAHOHyKHHAa y reny

a. y AHJarnocTHHKe TexHHKe Koje cy 33CHOBaHe Ha joHH3yjyheM 3paHeH>y cnaAajy
ja (KOHBeHUHOHajiHa H AHrHTaima), (J)jiyopocKonHja,

TOMorpa<J)HJa (CT), eMHCHona KOMnjyrepH30BaHa TOMorpa4)HJa JCAHO^OTOHCKHM
(SPECT) H no3HTpOHCKa eMHCHona TOMorpa(J)HJa (PET).
DpHJiHKOM npojiacKa Kpo3 MaxepHJy (TKHBO) cnon spaneH-a MOMCC Aa cxynn y
HHTepaKUHje ca aTOMHHa CPCAMHC, a BepoBaiHoha 33 HHTepaKunjy y OBOM cjiynajy je npeceK,
OOTOH MO5KB A3 HHTeparyje Ca HBpCTO B633HHM eJieKTpOHHM3, C3 U6J1HM 3TOMOM

(dpotoejieKTpHMHH edpeKax, KoxepeHTHO pacejafte), C3 nojteM jesrpa (cTBapaH>e napa eJieKTpon-
nosHTpon) HJIH ca cjioSoAHHM op6HT3JiHHM ejieKTpoHOM (KoMTOHOB cdpeKax, cTBapaH>c
TpHnjiexa). 36or HHTepaKUHje ca CPCAHHOM Kpo3 Kojy npojiasn HHTeH3HTer dporoHCKor cnona ce

no JlaM6epoBOM 3aKOny

) = V'" C6-8-1)
je 70nOH6THH HHT6H3HTeT CHOna, //JIHHeapHH 3T6HyaUHOHH KOe^eUHJCHT, a

MaxepHJana Kpos KOJH cnon

Dim<a 31. C^a6/b6H>e CHona apanehbe npn/iMKOM npo/iacKa Kpoa
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y AHarnocTHUH H xepanHH ce KOpHCTe HBTHPH panauHone BejiHMHHe,
ancopGoBana A03a, eKBHBajieHTHa flosa H paaHoaKTHBHOCT. Csaica OA OBHX BejiHHHHa

EKcnosHUHJa nspaacaea HHxeH3HTeT p3AHJan,HJe Kojy HOCH cnon 3paneH>a, TJ. OHS onncyje
cnoco6HOCT spaneifea Aa jonnsyje BasAyx-

X = — (6.8.2)
dm

Q
CTaHAapAH30B3H3 jeAHHHua 3a eKcnosHUHJy je KyjiOH no KHjiorpaMy (—), a

kg

HecTaHAapAH3OB3Ha je 2,58 -10 "4 — ). Ose
kg

cy Ae4)HHHcaHe 3a

(6.8.3)

B33Ayxa X-3pau,HMa H ;K-3p3U,HMa ca eneprnjoM BehoM OA 3MeV. EKcno3HUHJa X-

3p3K3 je o6pHyxo cpasMepna KB3Apary pacTojan>a H3Mel)y nsaopa H oSjeicTa.
ITopeA eKcnosHUHJe, KOPHCTH ce H jannna eKcnosHunje, Koja npeACTaBJta npOMeny
6KCn03HUHOHe AO3C y J6AHHHUH BpeM6H3

X = —
'"" dt

C
JeAHHHue 3ajaHHHy eKcnosHUHJe cy Kyjion no KHjiorpaM cenyHAy (^—) H PeHAren no

kgs

R R
(—). y 33IUTHTH OA spaneita ce jaHHHa eKcnosHUHJe H3paacaBa y PenreHHMa no nacy (—).

s h
AncopSoBaHa Aosa npeAcraajba eneprajy joHHsyjyher 3paneH>a Koja je ancopGosana no

: Mace ancopnu,HOHe cpeAnne

(6.8.4)D = -
m

3a ancopGosaHy A03y je Tpej H OH je jeAnaK eneprHJH OA JCAHOF

no JCAHHHUH Mace (Gy = — ), TpaAHUHOHanna j
kg

je paA ( ancopGoBana

fl03a, IK =

FIopeA ancop6oB3He AQ3e, KOPHCTH ce H cpeAH>a ancopSosaHa AO3a y TKHBy HJIH oprany DT .

Ona npeACTSBJba eHeprnjy npeAaxy oprany HJIH TKHBy noAejteny ca MacoM TKHsa HJIH oprana.
Join jeAHa BeJiHHHHa ce Besyje sa ancopGosaHy A03y-JlET HJIH jmneapHH Tpanc(J)ep eneprHje.
JIET ce n&fyvimiuie Kao ancopSosaHa eneprnja no jeAHHHijH nyra, npn npo^acKy spaieifea Kpo3
MarepHJajiHy cpeAHHy. Jler je nponopUHonajian KBaApaiy HaejieKTpHcaH.a Hecrnue, a oSpHyro
nponopUHonanaH KHHCTHHKOJ eneprHJH

£- (6.8.5)
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3a jinneapHH TpeHC(|)ep eneprHJe je keVI fjm. HeyrpOHH, npoTOHH, a-neciHue H
xeuiKH JOHH HMajy BHCOKe BpeAHOCTH JIET-a (3-2000 keV/ /jm), a (})OTOHH, y-3pau,H, OOSHTPOHH

H ejieKTpOHH HMajy Majie BpeAHOCTH JIET-a (0,2-3 keVI /jm).
EKBHBajieHTHa Aosa je <j)H3HHKa BeJiHHHHa Koja H3M roBopn o GHOJIOIIIKOM AejcTBy KopHiuhenor
rana 3paneH>a na TKHBO. Ona je JeAHaKa ancopGoBanoj AO3H noMHo>KeHOJ ca 6e3AHMeH3HOHHM
T6HCHHCKHM (J)aKTOpOM 3paH6H>a ( QF ), KOJH KB3HTH(J)HKyje SHOJIOlUKy 6(J)HKaCHOCT nOCM3TpaHOr

Tuna 3paneH>a.
H = D-QF (6.8.6)

QF (JmKTOp 3aBHCH OA BpeAHOCTH JIET-a. 3a HBCTHUC Koje HMajy HHCKC BPCAHOCTH JIET-a QF

(JmKTOp HM3 BpCAHOCT 1 , a 33 MCCTHU6 KOJ6 HMajy BHCOK6 BpeAHOCTH JIET-3 Qh (J)3KTOp M05KC

HM3TH BpeAHOCTH H AO 20.CTaHAapAH30B3Ha JCAHHHU3 33 eKBHB3JieHTHy A03y J6 CHBepT (Sv), 3

je peM(radiation energy msn, \Sv = IQQrem).

6.8.2. 3AffAIjHH3 PAflHJALfHOHE H HVKJIEAPHE EHO&H3HKE

1. Tejio Mace m = 60kg y TOKy t = 6h, ancop6yje eHeprnjy joHH3yjyher 3paneH>a E = U .

ancop6oBany AO3y H jannny ancop6oBane

PemeHbe:
m = 60kg

AncopGoBana AO3a ce Ae4)HHHiue KSO eneprnja AenoHOBans OA CTpane 3paH6H>a no JBAHHHUH
Mace

m
T3KO Aa A06HJ3MO

£> =
\J

60kg
= 0,017 Gy

JaHHHa ancopGoBane Aose npeACTasjts ancopGosaHy A03y y JCAHKHUH BpeMena
!0_,

1 t 21600s s

(6.8.7)

(6.8.8)
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T

2, y MacH m = 10gTKHBa ancopSyje ce n = lO'a-necTHua eHepraje E-5MeV. HafiH

ancopSoBaHy A03y H eKBHBaJleHTHy flosy, aKO je (Jmicrop KBanHTexa a-necTHue Q = 20 .

Peiueite :

n = 109

2 = 20

£> = ?

AncopSoBana aosa ce npeAcraBJLa eneprHjy Koja je ancopSoBana no JCAKHHUH Mace
ancopnuHOHe cpeAHne

m
HaMa je eneprHJa Aara y eV , Taico Aa rpeSa Aa je npeTsopHMO y Uyjie (J)

MoaceMO Aa wspaMynaMo ancopGoBany AQ3y no

,
m 0,01 kg kg

(6.8.9)

HaKOH IIITO CMO H3paHyHanH ancopSoBany AO3y, jiaKO MOJKCMO HSpanynaTH H
A03y. EKBHBajianTHa Aosa npeACTaBJta ancop6oBany A03y noMHO)KeHy ca
TeacHHCKHM t^aKTOpoM 3paneHja Q, KOJH KBaHTH(J)HKyje SHOJiouiKy e(J)HKacHocT nocMarpaHor

3paneH>a.
A03a ce MOJKB HspanynaTH no

Q <j)aKTOp 3a a-MecTHue HSHOCH 20, TBKO Aa ce yBpiiiTaBafteM SpoJHHx BPBAHOCTH

je CHBepi Sv = —
kg

3a
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3. Ilau,HJeHTy je ySpHsrano V - 1 cw3 pacTBOpa KOJH caAp>KH paflnoaKTHBHH

AKTHBHOCT pacTBOpa je A0 = 2000 Bq .AKTHBHOCT lew3 KPBH, yseTe OA nauHJenTa nocjie 5h

HSHOCH A{ = 0,27 Bq . HspanynaTH sanpeMHHy KPBH y opraHHSMy HOBeKa. HepHOA nojiypacnaAa

T = \5,3h.

PeuieH>e

V = lew3

A0 = 2000 Bq

2

= 5h

AKO SHCMO MepH^H aKTHBHOCT lew3 KPBH HOBeKa nenocpeAHO naKOH y6pH3raBaH>a pacTBopa
(TJ. HHM ce aKTHBHOCT pacTBopa A0 paBHOMepHO pacnoAejiH y uejioKynnoj 3anpeMHHH KPBH),

TaAa 6n aKTHBHOCT lew3 KpBH, A\, 6njia OHOJIHKO nyra MaH>a OA aKTHBnoc™ A0, KOJIHKO je

3anpeMHHa V - lew3 nyra Man>a OA 36Hpa sanpeMHHe yneTor pacTBopa V H sanpeMHHe KpBH

(6.8.10)

- A

HaKOH BpeMCHa t, aKTHBHOCT lew3 KpBH H3HOCH

I

y ~^
— 2 2

H3p33HTH 3anpCMHHy
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^V2 ' -K

= 5905 cm3 = 5,905 dm3 = 5,905 litara\. UpTejK H3 CJIHUH 32 IIICM3TCKH npHKa3yjC A6O KOCTH

y-3paHeH>y eneprHJe Er =6QkeV . AKO OAHOC nponyuiTennx

TKHBO) H /2 ( Kpo3 TKHBO H KOCT) HSHOCH 2, H3panyH3TH

PemeH>e
Er =

(6.8.11)

TKHBOM, KOJa C6 H3JI3»Ce

7, (Kp03

KOCTH.

Koe(|)HUHJeHT 33 y-3paHeH>e eneprnje 6QkeV cyMaceHH

3s TKHBO //„(,) =0,2 - H 3a KOCTH //m(t) =0,32 - . OroBapajyhe rycTHHe cy, 33 TKHBO
o o

a o
p. - l-^-r H 33 KOCTH p. - \$>-^~r .

cm cm

nponyuiTeHH HHTCHSHTCT Kpos TKHBO /, , Moace ce H3p33HTH y cjie^eheM

4=V^'" (6.8.11)

Tfle je //,JlHH63pHH 3T6HyaU,HOHH K06(J)HUHJeHT 33 TKHBO, 3 d Ae6jbHH3 TKHB3 Kp03 KOJy

3paH6H>e npo^33H. nponyuiTeHH HHTCHSHTBT Kp03 TKHBO H KOCT je

72 = /0e-*(*-'V'<**

je nt JIHHeapHH aTenyaunoHH Koe4)Hi;HJeHT 33 KOCT, a ju, 33 TKHBO, x je Ae6jtHH3 KOCTH H

(d ~ x) Ae6jbHH3 TKHB3 KpO3 KOJ6 SpaHeite HpOJ133H.

fl,eo6oM
T

_

CJICAH
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tkivo I,

KOCT

CJIUKO 32. UleMa ys jadamaK 4.

HHTCHSHTeT Kp03 TKHBO 7,, MOHC6 C6 H3p33HTH y CJIBACheM o6jIHKy

Ila ce npeMa ycjicmy saAaxKa Aa je — = 2 Ao6nja

= 2 In

= 0,693

0,693

x =

jyhH y BHAy Aa cy MaceHH H jinneapHH aTenyauHOHH Koe4)HUHJeHT BesanH
= jump AoS

0,693

jyhH 6poJHe BPCAHOCTH y nperxoAHy peJiauHJy

(6.8.12)
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5. Vsan CHon raMa spaneita eHeprHJe Er = \MeV npn npojiacKy Kpos cjioj

x = 2,9cm ocjiaSH 10 nyra. AKO je npeceK sa (J)OToe4>eKaT na ojiosy af = 6,2barn,

npeceK sa CTBapan>e napa ejieKTpOH-nosHTpon. /Ja TH noflaun cy

S

cm

= 207-
mol

Pemeite

Er = \MeV

x = 2,9cm

cm
af = 6,2barn

MPb = 207-^-
n mol

V cjiynajy ycKor, ao6po KOJiHMHcaHor cnona raMa 3paneHja, cjia6jB6H>e HHTeH3HTeTa
ce Moace H3pa3HTH

/„ yna^HH cnon 3paHeH>a, / HHT6H3HT6T 3paqeH>a HaKOH npojiacKa Kpo3 cjioj

jc, a n je jiHneapHH aTenyauHOHH Koe<|)HUHJeHT. JlHHeapHH aTenyauHOHH
Koe<J)HUHJeHT je Moryhe npHKasaTH Kao npoH3BOA yKynnor npeceKa 3a HHTepaKUHjy, a, H Spoja
uenrapa 33 HHTepaKUHjy no jeaHHHUH sanpeMHne

H npeceK 33 HHTepaKUHy y KBanTa ca noeAHH3HHHM uempoM HHTepaKuwe e cyiwa
npeceKa 33 4>oToe(|»eKaT, KOMHTOHOBO pacejafte H CTBapsfoe napa ejieKTpo-nosHTpon
a = af + ac + ap

KaKo je y nauieM c^ynajy

Er =\MeV<2m0c2 =l,Q2MeV

J6AH3K HyjlH. ^aKJle

a = af + ac

T _ J 0-(°fI — 1QK

Ho ycjioey HM3MO I = — na ce

je npeceK 3a CTBapan>e napa eneKTpoH-nosHTpoH
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^0 7 -(0/+O-C)
— *n^

10 °

10

hlQ-1=-(<rf+<re)N'x

InlO

InlO

M
KonaHHo

InlO

M,
BpeaaocTH y nperxoAHy pejiauwjy, Ao6nja Ce

jcr,, = I7,7barn\) (6.8.14)
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7. 3AKJbYHAK

PemaB3H>e panyncKHX sa^araKa H3 (J)H3HKe H yneite MeTOAOJioraje H>HXOBOF pemaBaH>a, TpeSa
Aa 6yne je^aH OA npHopHTeTa saAaraKa cBaKor HacxaBHHica y UIKOJIH. OBO je CJITOKCH, osGmbaH
H 3aHHMJbHB npOUCC, KOJ6M Tpe6a HpHtlH C3 AOBOJbHO MOTHBaUHJe, A3 C6 HaCOBH H3 KOJHM3 C6

saAauH o6pafjyjy npmiaroAe cBaKOAHCBHOj CHTyauHJH H HCKHM aKTyejiHHM HH^opviauHJaMa.
KpO3 33A3TK6 yneHHUH Mory Aa ce ynosnajy H ca HCTOPHJCKHM OTKpHhHMa nayKe H rexHHKe H
ca caBpeMCHHM AOCTurnyftHMa H HPHMCHOM (Jrasmce y APJTHM oSjiacrHMa nayKe. HopeA OBHX
HH(J)opMauHJa, BaacHO je Aa ce pa3BHJe norHHKo MHiujbeite H peajiaH oorjieA na CBCT (npeKo
cnocoSaocTH Aa ce oGjacne npnpoAHe nojaBe). H3 csera OBora npoH3HJia3H Aa nocTojahy
OASoJHoci Kojy yneHHUH Hecio HMajy npeMa saAauHMa, Tpe6a Ha HCKH nanHH npeBasHhn, jep je
AonpHHOc saAaTKa y pasBqjy csaKor ynenHKa Kao JIHHHOCTH

V paAy CMO ce ynosnajiH ca SHanajeM saraKa y HacTaBHOM ripouecy (J)H3HKe H npHMeHjbHBOCTH
(^H3H1KHX 33KOHa Ha HOB6KOB Opr3HH3aM. OAa6p3HH 3aA3UH Cy HaM6H>eHH yHCHHUHMa CpeAH>6

MBAHUHHCKe UIKOJ1C, CTyACHTHMa MCAHUHHCKe $H3HKC H M6AHUHH6, 3J1H C6 yonillTeHO MOry

KOpHCTHTH K3O AOHyHa CT3HAapAHHX 36npKH 33AaTaK3 CBHX y3paCT3. JeAHOCT3BHHJH 33A3UH C6

Mory peuiaBaTH ca yneHHUHMa OCHOBHC uiKOJie H Ha raj nanHH HX ysecTM y CBBT 6HO(J)H3HKe H
Ha saHHMJbHB H3HHH HM npcACTaBHTH (J)yHKUHOHHcaH>e jtyACKor opraHH3Ma. VneHHUH cpeAH.e
MeAHUHHCKe mKOJie HJIH rHMHaSHJe 6n osaKBe 3aA3TKe rpeSajio Aa HMajy y OKBHpy CBOJHX
o6aBB3HHX 36HpKH, jep 6H 3H3H>e H3 6HOJIOrHJC H pa3JlHHHTHX o6jiaCTH M6AHUHH6 MOFAH Aa

npouiHpe H Sojbe pasyMejy, cnajajyhn TO 3Han>e ca (J)H3HKOM.

YKO^HKO ce ocBpneMo Ha KJiacH(J)HKai;HJy 3aA3iaK3, MoaceMO sambyHHra Aa 33A3UH H3 (J)H3HKe
jbyACKor opraHH3Ma y nornyHOCTH OAroBapajy CBHM noAeJiaiwa. FenepaJiHo TO cy
MyjITHAHCUHHJlHHapHH 3aA3UH, jep J6 33 H>HXOBO peiliaBafte nOTpeSHO 3H3H>e H3 <J)H3HKe,

MeAHUHHe, SHOAOrwje H xeMHJe. H>HXOBa nocTaBKa ycjiosa je Hajneiuhe AaTa TCKCTOM, KOJH
np3TH upTeac KOJH Bepno npHKasyje peajiny CHTyauHJy y Tejiy HoaeKa. SaAaun Mory SHTH H
KBajiHTaTHBHH, yKOJiHKO C3MO onHcyjy npoqcc KOJH ce OAHrpasa y Tejiy HOBeKa H
KB3HTHTaTHBHH, yKOJIHKO BpUIHMO H paHyHCKH OpOpaHyH. CBH 33A3UH C6 MOry H

eKcnepHMCHTajiHO ypaAHTH, a jeAHOcTaHHJH ce Mory npeseHTosaTH H Kao OFJICAH Ha nacoBHMa
4>H3HKe (Mepen>e TeMnepSType, npHTHCKa...). Y saBHcnocTH OA TCMCHHC 33AaT3Ka Mory ce
KOpHCTHTH K30 TpCHaJKHH H KOHTpOJIHH

H3 (J)H3HKe JbyACKOf Opr3HH3M3 H3 5KHBOHHC3H H3HHH OHHCyjy JOIII J

4>H3HKe y AP>THM nayKaMa. H>HXOBHM peiiiaBaH>eM Mac
33AaT3Ka) M0»e Ce yHHHHTH 3aHHMJbHBHJHM, HpOAyKTHBHHJH H

(yBe»c6aBaH>a
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X 9HHt/oj'986j-£0'£0 ^

VfHOVdJOH3 '6



yHHBEP3HTET y HOBOM

HPHPO^HO MATEMATH^KH <I>AKyJITET

#EIIAPTMAH 3A

KJbyHHA flOKyMEHTAlJHJCKA HHO>OPMAi;HJA

PeflHHSpoj:

PBP

HEP

MoHorpa(J)

THD

T3

TeKCTyajiHH MarepHJan

Bpcxa paaa:

BP

Macxep

Ayxop: BpaHHCJiaaa Bjiajsas
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Menxop:

MH

.. flp Maja CtojaHOBnh

HacjioB paaa:
opraHHSMa

HP

pemaBaita saaaraKa H3 4>H3HKe

jn

JH

3D

reorpa^cKO noapyije:

yrn

ro

H3

CpncKH / hnpnn

CpncKH

CpGnja

BqJBOflHHa

2011.

AyropcKH penpHHT
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Mecro H agpeca:

MA

nMO,Tpr R. OSpaaoBHha 3, H. Can,

OHSHMKH OIIHC

OO

9 norjiasjba, 105 crpana, 31

Haynna

HO

OH3HK3

Haynna flHCUHiuiima

no

BHO(J)H3HKa

Peinasaite saflaraKa, 4>H3HKa jtyacKor

Hysa ce: 3a

H.Caa.

Bp/io Bamna KOMHOHeHra npMnpeivie H

ocnoco6/basahba

HacraBHMKa 4>M3MKe je oB/iaflaBanse

MCTOAMKOM peujaBahba saflaraKa MB

4>M3MK6. TO je HBOnXOAHO M B3WHO M 33

cawie yneHMKe fla 6n CBCCHO M

cBojM/iM HacraBHo

, pa3BMja/iM /IOHHHKO

4>OpMMpa/1M BCLlJTMHe M

creneHor snania y npaKCM, TJ.

CBaKOAHBBHOM WMBOTy



An

ofl6pane:

KOMHCHje: 1,) flp OjiHsepa KjiHcypHh, flouenx ua

HMO, y HOBOM Ca#y, npeflceflHHK

2.) ap Cp^an PaKHh, aoueHT na

FIMO, y H. Cafly, MJiaH

3.) ap Maja CxojaHOBHh, aoueHT Ha

FIMO, y H. Cafly, MCHTOP
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