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Enepruja CyHna — cuM00i1 @

+ Cactoju ce of Bpele Iia3Me

* TTomynpeunuk 6,955 x 10°km (109
MIOJIyTIPEYHUKA 3eMIbe

« Maca 2 x 103%g = 330 000 maca 3emibe 1
yuHu 99,86% mace CyHueBOr cucrema

* % Mace je BOJIOHHK, OCTAJIO YIJIaBHOM

xenujyM, 1,69% KuCeoHuK, yrbeHUK, HEOH,
rBoxbe, ...

» JKyTH maryJbak — HajUHTEH3UBHHU]E 3paun y Slka 2.1 1. Jezgro, 2. Zona radi-
YT Ty. J )€ 3p y jacije, 3. Zona konvekcije, 4. Fo-
JKYTO-3CJICHOM JACITY CIICKTpa tosfera, 5. Hromosfera, 6. Ko-

e« Ha HOBPIIUHH J e T=5778 K rona, 7. Sunceve pege, 8. Gran-
ule, 9. Prominijencije.

+ 3Be3na “IIaBHOT HU3A” - €HEeprujy noduja
(y31joM BOJIOHHKA Y XEIHjyM




ITopexiio enepruje CyHia

* Enepruja notude ox ¢dy3uje BOAOHUKA Y XETUjyM

* Bogonuk je joHn3oBaH

-—'L}H +2e — -_iHﬂ + 2 + 6,

* Maca npoaykara ¢y3uje je Mamba o] Maca OYETHUX
4eCTHIIA

* AjHirajHoBa penanuja E=mc?
» Pasnuka y macu ce KoHBepTyje y eHeprujy 26,7 MeV

* BHCOKa Temneparypa y nerrpy Cynna (15x106 K) —
dy3uja =TepMoHyKJIeapHa y3uja
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Enepruja CyHia

Temneparypa y Cynny je nocneauia rpasutanuje CyHna
Jla 1 MoXe /1a ce POLIEHU HheHa BPETHOCT HEKaKo?

3a cTa0miIHe cucTeMe Yy MEXaHMIIM BaXKu TeopeMa
BUpHjaIa

E, = —2E;. Maca
/ CYHHa
| 3 M,
= NET = _——2kT
& 2N£.I 2 m,,
Maca
IIPOTOHA

Komnuka je morennujanna enepruja Cynma?
[ToTenmujanHa eHepruja ce Be3yje yBeK 3a HHTEPaKIIH]y
Ca ynm/xkum 6u CyHIle MOIJIO J1a MHTeparyje? 7

Enepruja Cynna mr=inmr

3 M

2 2 my

“Cynua” uareparyje ca “CyHiiemM” Ha
pacTojamy JeTHAKOM MOJIYIPEUHUKY

g2
CyHiia (cBakoM MpHIaja mo ¥ mace ). '~ =y o

R.’

N3 Teopeme BupHjana ce qoouja
nporieHa remreparype CyHia

_ E, = 2E;
3aMeHOM OpOjUYaHUX BPETHOCTH CE€
noouja T~20 muinona KensuHa. u
o Memp
T ~ .
TauaH pej BeTMUMHE TEMIIepaType kR

noTpedHe 3a Qy3ujy

Y ET




[Ipenoc enepruje CyHIlia U3 1IEHTpA Ka
CIIOJBAIITHOCTH

EHnepruja HacTaje y 30HU py3uje
y Jesrpy ¥ ujie Kpos Jipa cjioja  10°K
MMeHa UM NoTH4y 0 HAYUHA :

IpeHOoLIEHhA eHEPTHje KPO3 bUX

Y 30HM dpy3uje HacTajy (y) 3x10°K
dboToHU.

PacejaBajy ce Ha c1060HHUM
eJIEKTPOHUMA - I'ybe eHePrujy
JIOK Ce Mey Ka CI0J/balllHOCTH
CyHua 15x10°K
Ha noBpuminHy nohy Tek HaKOH

10° roguHa

konvektivng
zona

Zona

/

fuzije

[Ipenoc enepruje CyHIla U3 EHTPA Ka
CIIOJHAIIHOCTH

Pagujauuona 3ona 0,25 go 0,85 nosynpeynuka
CyHna
TeMmnepaTypa y 10j onaza 1na rac npecraje ia
Oy/e joHU30BaH m
. . o, %

Ka noBpIIMHHU ce 10jaB/byjy IPBO HEYTPAJIHA 10K CDO RO,
aTOMU XeJIujyMa a 3aTUM U BOLOHHUKA 10K % §

- EHepruja jonusanuje xenujyma je 24,59 eV IX10'K | :

- EHepruja joHusanuje BogoHuKa je 13,6 eV
3aTHUM ce jaB/bajy U HETAaTHUBHU jOHU BOJOHUKA
H- 15x10°'K '\
H rmMma gBa ejieKTpoHa Ha IPBOM HUBOY

- Enepruja Bese/joHusanuje 3a H- je 0,75 eV

- @OTOHH KOju MOTY Jla UX HeyTpaausyjy cy y UL
o6ustactu (a Mory Aa 6yy U Y BUJJbUBO))

- Crora cy oBM cJI0jeBY HENPO3UPHU

Kagza ce H HeyTpasiusyje 3paueme ce He kpehe
JlaJbe Ta HarJio onajia TeMIeparypa - yCJ0BH 3a

KOAUROKIIUAIY

1010

“7zona
v fuzije

10

10




IIpenoc enepruje CyHIia U3 IeHTpa Ka
CITOJHAIITHOCTHU

KoHBEKTHBHA 30Ha — KPETakE BEITMKUX
Maca CyICTaHIle — APXHMEOB 3aKOH

Kana nohy mo mospmmue 3paye ...

Tanak moBpmMHCKH c110] — hoTochepa — ca
wera nonasu 3padewe y BUC u UL
0071aCTH YIIIaBHOM

m

A (9]q AN EENE Ny
10K C/O ":) -L'-)\{ Slika 2.1: 1. Jezgro, 2. Zona radi-

10°K |

£ . jacije, 3. Zona konvekcije, 4. Fo-
/ / onvektivna tosfera, 5. Hromosfera, 6. Ko-
E:xf Zona rona, 7. Sundeve pege, 8. Gran-
ule, 9. Prominijencije.

11

EjieKTpoMarHerHo 3padyesme 1
HBeroBa npupoaa

* [saac Newton — yecmuyna npupooa ceemiocmu - 3payu

* Xajeenc - npunyun

» Thomas Young - manacua npupooa ceemiocmu

» James Maxwell - enexmpomachemna meopuja — manacHa
npupooa

» Albert Einstein - ¢pomonu — vecmuyna npupooa

12




James Clerk Maxwell

* Enexkrpunurer u
MareHeTu3aM, 13 MoYeTKa
HUCY OWJIM MTOBE3aHU

+ 1865. James Clerk Maxwell
KOHCTPYHCA0 MareMaTHUYKy
TEOpHjy Koja je Mmokaszasa ja
MOCTOjU TECHA Be3a u3Mehy
CJIEKTPUYHUX ¥ MArHETHUX
(dbenomeHa

ORI v Bk Sl

13

EsiekTpoMarseTHu Tanacu

Makcsenose jegHaunne (1831-1879) — cymupajy cBo
TaJAIIHE 3HAKE O SIIEKTPOMArHETU3MY

1. JIuHnje eJIeKTPHYHOT N0/bA MMAjy CBOj MOYeTaK U Kpaj. One
NMOYHIbY HA MO3UTHBHHUM a 3aBPLIABAjy ce HA HeraTUBHUM
HAaeJIeKTPHCAKBIMA. JaunHA eJIeKTPHYHOT M10Jba je JeuHUCaAHA
K20 CWJIA 10 jeIMHUIN HaeJIeKTpHCcamba NPOOHOTr TeJia, 0K je
HHTEH3UTET CHJIe MIOBEe3aH ca IMeJIeKTPUYHOM NponycT/buBomhy
BaKyyMa g,

2. JluHuje MarHeTHOT MOJbAa Cy 3aTBOPeHe JINHHje, HeMAajy HH
NMoveTaKk HU Kpaj. UHTeH3uTeT MAarHEeTHOT M0/bA je MOBE3aH €a
MAarHETHOM nponycTbuBomhy Bakyyma

3. IIpoMeH/bMBO MATHETHO NOJbe CTBapa (HHAYKYje)
€JICKTPOMOTOPHY CHJTY, OTHOCHO €JIeKTPHUYHO mosbe. CMmep
HHIYKOBaHe eJIEKTPOMOTOPHE CHJIE je TAKaB /Ia ce CYyNPOTCTAB/bA
NMPOMEHHN Y MATHETHOM I0JbY K0ja jy je n3azpaJia.

4. MarHeTHO noJbe CTBapajy HaeJleKTpPHCaHe YecTHIle Koje ce
Kpehy niau npoMeH/bHBO e1eKTPUYHO MOJbE.

14




MakcBeloBe jeJHaYUHE - TOCISIUIIS

* OHE HHCY caMO OOjeANHCHH U APYradyuju 3aluc JOTaTANTHET
3Hamka

* yKazyjy Ha cuMeTpujy usmel)y mpoMeHe eJIeKTPUYHOT 110Jba U
n00Mjarkba MarHeTHOT Ha OCHOBY TOTa U OOPHYTO

* 3aKJbYYaK, OCLUJIOBAKE Y KOJIMMA Ca HAU3MEHHYHOM CTPYjOM
Kpeupajy IpOMEHJbUBA 110Jba KOja Ce MIOTOM MIPEHOCE KPO3
npocTop — GpopMHpajy ce eTeKTPOMATHETHH TaJIaCH

* 13 MakcBenoBHX jeHAYMHA j€ OCUM TOTa CIEIUIIO 1 je lUX0Ba
Op3vHa jeqHaKa Op3MHM CBETIOCTH Y BaKyyMy

® 3aKJ/bY4YaK: CBE€TJIOCT je CJICKTPOMArHeTHHU TaJgac

15

1
MakcBenoBe jeTHaYMHE — el
nociueaune, S5-3

* TO je Owiia TeopHja — HUje OMII0 EKCTIEPUMEHTAITHE TTOTBP/IC

* aonpaaje Xajupux Xepi, 1887. roguHe moveo 1a BpIIA
excriepumenTe ca RLC komruMa (koja ca OTIIOpHHUITIMA,
KaJeMHMa 1 KOHJIEH3aTopuMa Koja Cy OCIIMIIOBaJIa)

* noka3zao ersucreHunjy EM tajsaca koje je eMuToBas10

KO0.J10

transformator indukovane

/\{;/\/ |{J| _;"is"r varnice //7
= = \ \,.f \\ff\ :,—\_

) I l_— ‘b\ Py ,\ /\\_/_

prijemnik

™
il

e

|

AR
1T

16




['eHepucame eIeKTPOMAarHeTHUX Tajlaca

=] + =
+ =
+ .
E E
| -’l\ E‘r\ E /J'\ E
N = 4 N
+ +
+ L] +
+ L = +
=0 =T/4 1 =77 =T

* JKHIIa Ca U3BOPOM HaM3MEHHUYHE CTPYje - aHTEeHA
* IIITa je Ca MarHeTHUM MOJbeM?
* Ja mpoOamMo Ja ra oApeIuM MPaBUIOM JIeCHE MIaKe?

17

17

MarsetHo nmojbe EM Tajnaca

LD e

=+ +

=T VA A A
iR A P
A= T |

@ ®) ©
* OKHIla ca U3BOPOM HAU3MEHUYHE CTPYje — aHTeHa

* IIPaBWJIO JECHE ILIAKE
* 3axsbydak — EM Tajnac je TpancBep3ajian
* OCHM TOra Ba)kKu E

— = .

B

18



E

Cnexrap EM Tanaca

B

paamo MHEDO BuBHBA | (Yoaipa
TAJIACH cgeraoer | | myouaacTa [X ’ 3pa=len,e] [rmia 3palieu.e]
103 107" 1078 1071 z

10 -2 o-12

Sx10"®
TanacHa AyxuHa (merapa)

YNOPESAUBM €O AMMEHIU]AME ...

B g @%ﬁ & 8

srpaga | nuena rnasa npotosoe monexynm aTomu aToMmcka jesrpa

wneHaane
Fbyau

19
Panuo Tamacu
* Ha3WB IIOTHYE OJT BPCTE Tajaca 3a IMPEHOIICHE
curHaia usmelhy paauo amnapara
* HW3BOp OCIHIATOPHA KOJIa — Kao IIITO j€ U
OTIMCaHO
* pa3HU OIICE3H
— AM, FM, TV
— ELF (Extremely Low Frequency), ...
20
20

10



» HajHmwxke ppexBenimje 60 Hz y nanekoBoauma

* ELF 1 kHz 3a xomyHuKanujy ca mogMopHuiiama —
cnabo ux ancopOyje ciaHa Bojaa

* AM — ammuTyaHa Moayianuja, y oonactu 540-

1600 xkHz
* FM — dbpekBenTHa Mojynaiuja, y odiaactu 88-108
KHZ oy ——
ELF radio talas
Slika 11.31: (a) Dalekovod. (b) Da bi talas mogao da dodje do podmornice mora da ima

veoma veliku talasnu duzinu, odnosno ekstremno nisku frekvenciju (ELF).

21

Mukporainacu

* Taynacu HajBuuIe (PPEKBEHIIM]jE KOjy MOTY Jia IPOU3BEIY
ocLMJIaTOpHA KOJia

e ob6mact 10°-10!2 Hz
* 300r MaJie TaJlaCHE AYKUHE JOOMIM CY HME MUKPO
* 3pade UX aTOMU U MOJIEKYJIU [IPU TEPMAJIHOM KpeTamwy

* TIOTO/IHU 32 KOMYHHKAIIM]y jep Kao TajacH Bullle (hpeKBeHIIN]je
HOCe Bullle HH(pOpMaLja 10 JeTUHUIIA BpeMeHa

* pamap — ypehaj koju paau kopuctehu BUX

» JlomnepoB edekar 3a ofgpehuBame Op3uHEe ayToMOOMIIa

* MHUKpOTaJIlacHa pepHa — arcopOyjy UX MOJIEKYIH BOJE

* KOCMOC 3pau¥ Kao LpHO Teno Temmeparype 2,7 Ky oBoj obnactu

22

22
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—~ Marnetpon

BexTunarop

BhICOKOBONBTHRLI
TpaHcdopmaTop

23

HNupanpBeHO 3paycme

HacTaje ycies ,,TepMaTHOT " KpeTama, OCIIMIIOBaba U POTHPamka
aroMa U MOJIeKyJa

obnact uze 10 BUAJBUBOT Jena (LpBeHe 060je y CIeKTpY)

MOJIEKYJ BOZIE pOTHpA B OCIMITYje/BUOprpa Ha (PpeKkBeHIIMjama
Koje crajiajy y oBy obmact

Cynie 3paun y oBoj obmactu oko 50% cBor 3pauema, Kao TelIo
temmneparype oko 6000 K

3eMJsba Taxkohe amu MHOTO Mambe HHTEH3UBHO

3anpaso cBe (IITO HHUje HA allCOJIYTHOj HYJIM) 3pa4M Yy OBOj
o0sacTu!

24

24
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B B N 3 Thermal 11410418 2:31 PR

' 257 26° 27° 28° 28° 29° 30° 31° R ygm temp. 25.00°C Min: temp.: 23.89°C  Max: temp.: 30.7 25

25

* Hauunu BuOpupama Be3a y MOJIEKYIly BOJIC y TACOBUTOM CTamby
— CHMEeTpPUYHO BHOpHpame

— ACTIMETPITTHO BNGPTIparse 5 HJ’O’rO
— CaBIjame S ©,
— KoMOTIHAINIja OBA TPT g e

Ao o o

v3
symmetric stretch asymmetric stretch A\
/ / Hydrog®

Mo Mo o

* Haunnn BuOprpama Be3a y MOJIEKYIY yIJbCH THOKCHIA y TACOBHUTOM CTAamy

CHMETPHYHO UCTE3ambe — HUjE
HII ocersbuBO - XOPHU30HTAIIHO CaBHjambe

26

26



BunspuBa cBetiioct

* y3aHHU JI€O CIEKTpa Ha KOjH j€ JbYJCKO
OKO OCETJHHBO

* onTuKa ce 6aBu 0BOM oOmarrhy
YIJIABHOM

* KaJa uHTeparyje ca TeauMa Behum on
TaJacHe y)KHHE 3payerha CBETIOCT ce

vidljiva svetlost
IPOCTUPE KAao 3paK-uyecTHIa P
MIPABOJIMHU]CKHU (T€OMETpHjCKa ONTHKA) R

infracrvena  crvena fula plava ultraljubitusta

* aKo Cy TeJa peJa BeJIMYMHE TaJacHe
IY)KHHE, TIOHAIlA CE KAO0 TaNac (TaJacCHA w1 w0 s0 o a0
WK (pU3nUKa ONTHKA)

A (nm)

27

27
vidljiva svetlost
M‘ﬁ
YaTpasbyouuacTo i i i
infracrvena  crvena Futs plava ultraljubiéesta
3paucHe
00 700 600 500 400 300 & (nm}
* “m3Han’ JbyOMYACTOT 3pavycrmha
* Ttanacue nykune u3mehy 380 no 10 nm, nmpekiamnajy ce Majio ca
x obnamthy
* otkpuBeHo 1801. roguHe jour ka0 HEBHIJHHBA 33 OKO
koMrioHeHTa CyHU€eBOT 3payerma
* 5eo (ormacHHju) arcopOyje 030H
* omacHo 3a xuBa Ouha
* KOPHUCTH CE€ 3a CTEPHIIN3AIU]Y
* crTBapa BUTaMHH /] y KoxH
* U TaMIEHE KOXKe
* 3aycTaBJba ra CTaKJIO
28
28
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Tun

UVA

UVB

uvC

Tunosu UV 3pauema

Tamacna Kapaxkrepucruke
TyXKHUHA
315-400nm - He 3ayCTaBjba I'a 030H

- U3a31Ba PaK KOXKE

280-315nm - IeJIMMIYHO I'a 3ayCTaBJba 030HCKH CII0j

- U3a3MBa OIICKOTUHE, PAK KOXKE

100-280nm - 32yCTaBJba T2 030HCKM OMOTAY

- U3a3MBa OTIICKOTUHE U PaK KOXKE

29

29

60~

BucuHa (km)

20+

Stratopause

Pacmionesia o30Ha ca BUCMHOM U CTENEH
npoaupama Y B 3pauema 10 3eMibe

* Ha nospumny
3emsbe cTrke (y
IPUPOTHUM

- yCJIOBUMA)

- ~ 94% UVA

| - 6% UVB

] - 0% UVC

ﬁ/ _: D(obson) U(nit)

1
20 30 40
konmuunHa 0z0Ha (DU/km)

30

30




PeHTreHcko 3paueme

EKCIIEPUMEHTH Ca eNEKTPUYHUM IPAKIHEHhUMa Yy TacoBUMA
MIPU BUCOKUM HAIOHUM Cy Ounn y moau S50-ux roguHa 19.
BEKa

OTKPHUBEHO j€ Ja MOCTOju Hemo3HaTo EM 3paueme BHCOKe
(bpeKBeHIIM]e U HEBUIJBHUBO 32 OYU — HA3BAHO j€ X 3pauckhe

y CTBapH HacTaje Ha JIBa HAYMHA — KOYCHEeM Op3ux
EJIEKTPOHA U U30HjarbeM eIICKTPOHA Ca YHYTPaIIBUX
HUBOAa (OU3y je3rpa)

Ha xuBe hemuje nenyje kao YB, omrehyje nx
yHHUIITaBa op3oaenche henuje paka

ynotpeba — 3a 1o0Hjame CIIMKa Teja HEMPOBHUIHKX 32
BUJIJBHBY CBETJIOCT — YCIICIITHOCT Y TIPOJIAYKEHY 3aBHCH OJI
T'YCTHHE JIeJIOBa TeJa

Pentren 1901. ronuae no6uo npBy HoGenoBy Harpany 3a
(1076371'9%

KOPHUCTE CE€ U 32 UCITUTUBAHE KPUCTATTHUX CTPYKTYpa .

31

32

32
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HactaHak X-3paka - KOHTUHyasnHo
3paverbe.

33

33

HactaHak X-3paka -
KapaKTepUCTUYHO 3paverbe

34
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['ama 3paueme

* HYyKJIEapHU pacnaau oTkpuBeHH 1896. roqune

* yOp30 je YCTaHOBJbEHO Jia Ta Ipare TPU BPCTE
“3padema’”

* HAJIPOAOPHH]E j& TOOUIIO HAZHB Y-3paAUuCHEC

* EIIEKTPOMAarHeTHH TaJlac BUCOKE (HajBUIIIE)
bpexBeHLnje

* eMHTY]y Ta je3rpa aroma

* Takohe y peakTopuMa, HyKJICapHOM OPYXKjy, UTI.

* ymotpe0a, 3a CTepIIH3aIli]y, 3pa4emhe 000eor
TKHBA

®* BHUCOKOCHCPICTCKHU 3palr OBOI' TUIIA J0JIa3€ U U3

BAaCHOHC Ka0 ACO KOCMHUYKOT 3pavuciba
35

35

Cnexkmap EM manaca
(Ceoam oo1uka/munosa)

e Paouo manacu * - KoMyHuKayuja

* Muxkpomanacu

* — Kysame u KOMyHuKayuja

 Ungpaupeenu * - “manacu monnome”

e Buomuea ceemnocm ° —pecucmpyjeje oko

o Viimpawvyvouuacma

— U3azuea oneKomuHe Ha Kol cu

* X-3paueme * — nponasu Kpo3 mKuea

e I'ama 3pauemwe * — uma najeehy enepzujy

36

36
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srpaaa
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Toyau

(pereeHumja

He

Temneparypa Tena

['—]Pum, Vo) (e suammea | (SITPR
Ta/JdacH TAJACH HHCI}[J&IIDBCH‘E CBETI0CT .’b}'ﬁl’[‘lafm (A’ - ]pﬂ‘lEH:E] [ra,\ia Ipavere l
107" 107% 1072@ 10712

3 10 -2

LSaxcl1” e

TanacHa AyxuHa (merapa)

YNOpeaWBM ca AMMEHIUjaMa ...

‘ o -

nuyena rnasa npetesce MoneKynu aTomu aTtomcka jesrpa
wneraane
1o 108 e 101% e 1008 10

[oje oM H'[)rie ipaveise IHIE‘:—:)J

1E 100K 10000 K 10 Millicn &

37

37
C €THOr 3payeHa
10°¢ [T [ 10 10° 10°
& 5 =
500 km
100 ke
10 km
38
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ATtmocdepcka ancoprmiiyja

/\ BUATBHEBN NHChpaupBseHn
HEnpoBHAHO "npo3sop™ "nposop”
(noTnyHa ancopnuuja)

HaenekTpucara
y rOpHaMM cricjesnma
atmocdpepe ancopbyjy
notnyHo

030H M KHCEOHHK
Bnoknpajy noTnyHo *

paguo
“nposop™

BOAA W
YITe€H ONoKCHL
ancopbyjy ckopo
MOTNyHO

npoBuAHO
(Hema ancopnuwje)

.
T T T T T T T T T P
01nm 1Tnm 10nm 100nm Tuym 10um 100sm Tmm Tem 10cm 1m 10m 100m

KpaTKe TanacHe AyXuHe Ayre TanacHe gyxXuHe

& paguo Tanacu

X- op ynrpany P

ynTpamybu4acto
3paverse ancopbyje
030H Y BULIMM
cnojeeuma aTmoccepe

paguo Tanacu

ancopboBatbe
UL A JRpy S LS bt T e o LU

WHpaupeeHo

3pau.
ancopbyje soaeHa

. napa 1 yrrbeH AnoKena

| paguo Teneckon

39

CyHIIE Ka0 LIPHO TEJIO

 Cynre je Ha pactojamy 1,5x10!! km

» JlymuHo3snoct (cHara) CyHia je
L=39x10?° W

» Jlo 3emsbe nonasu ryctuHa gurykca
(eHepruja 1o jeIMHUI BpeMEHa U Ha
jemunuiy nospumae) 1380 W/m?
(F=L/(41R?))

 cBako teno u3Han 0 K 3paun — ycnen
TEPMAaJIHOT KpeTarmba

Slika 2.18: Tzratena energija
prolazi kroz sve vede i vece
povrsine.

* IUTO je TeMIeparypa Tesa Beha oHo
MHTCH3UBHH]E 3padyn

* On T 3aBucH U KapakTep 3pauckba
(Memajy ce TalacHe Ay>KWHE HIIp.)

40



CyHIIE Ka0 LIPHO TEJIO — Kupxohos 3aKon

+ IIpoyuaBao unrepakuujy 3pauema ca CyHua ca

arMocdepoM 3emibe

* @,-ariCOPNTUBHOCT CYICTaHIE (Koe(hULIHjeHT
arcopIIuje-yIeo eHepruje yaaHor 3padema 1aTe
TaJacHe Jy’KUHE KOjU je arcopOOBaH)

 [,-untensurer EM 3padyema nare TanacHe Ly:KUHE UCTE

CyIICTaHIIE
* Kupxod:

— OnHoc a; u I, He 3aBHCH 01 BpPCTe cyncTanue Beh camo ox
IbEeHe TeMIlepaType U TajJlacHe Ay)KHHe 3paderba

41

41

CyHIIE€ Kao IPHO TEJIO — Kupxodor 3akoH

 Tena 3a xoja je a,=1
aricopOyjy MOTITYHO —
[[pHA Tea.

* OHa u eMHTY]jy UJeaaHO

* e,-eMHCHBHOCT
cyricraniie (KoeuImjeHT
E€MHUCH]€-0THOC
UHTCH3UTETa EMUTOBAHOT
3paderba Tella v 3padcrmha
KOje OM eMHUTOBAJIO LIPHO
TEJIO)

* 3a 1pHO TeNO je U e, =1

I =khI0K

200 |- ~-1000K

T—3ECOK

" . P R T
Q 500 10cC 13C0 2000
A [nm]

Slika 2.5: Zavisnost intenziteta
zratenja crnog tela od talasne
duzine za nekoliko temperatura.
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E Sunéevo zradenje na vrhu atmosfere
/>\/ Spektar zracenja crnog tela
\\ / temperature 5250 °C

X

\ Zracenje na nivou mora

Apsorpcione
H;0 .
1 co; trake 0

Intenzitet zraSenja /, [W/m’/nm]

250 500 750 1000 1250 1500 1750 2000 2250 2500
Talasna duzina [nm]

Slika 2.6: Spektar Sunca na vrhu atmosfere i na

" 43
111vou 1mmora.

H 2he?
JIAHKOB 3aKOH 3pauema  pyry=2< 1

43

BuHOB 3aK0H (MOMepama)

« “Tomuja Tena 3paue MHTEH3UBHU]E HA Kpahum
TaJIACHUM Jy>KHHama.”

* b — BuHOBa KOHCTaHTa
Amax T =D

b=29x10"3m-K

» Temmnepatype 3Be3aa cy uzmehy 3 000 K u 50 000 K.

44

44
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3pader-€ IPHOT Teja 3aBUCH 0]1 TeMeparype!
A= 0,5um
8x 107 W
E 6x 107
g Cymie
= \ 6000 K
= X’
T ax 107+ \\
A‘. \"'
2x 107~ / 249K
’/ Age® 11 um
d 6L /\ /
08 A
0.4 05 0.6 07
TanacHa AvAmrHEa (Lm) O 5 10 )15 20
pm
KPaTKOTANAcHO 3payerse 45
— — fo- mromns |
45

BUC u UL

» CyHIIe 3payu HajBUILIEC Y

* 3pademe 3eMIbe UMa
MaKCI/IMYM y HH O6HaCTI/I Slika 2.7: Plankove krive zracenja za Sunce i

8x10”
6x107 Sunce
el 6000 K
o
£ 4x10”
= X
ED
- " Zemlj
2x10 Ao 1pum 50050
16# /
0 4B
04 05 06 07 10 15 20

§ 5
‘talasna duzina [pun ]

. dugotalasno,
|e— kratkotalasno zragenje

Zemlju.
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[IITedan-bonmMaHoB 3aK0H

* IIITa YTUYE HA OP3UHY MPEHOCA TOIJIOTE
3padyemeM?
— TeMIleparypa Teja u To kao T

— moBpiuHa S (Kaja mporiapaMo BaTpy oHa 00Jbe
TOpH)

47

47

banaHc 3padewa

* LtedaH-bonumaHoB 3aKOH — CHara 3pavera —
YKyMHa TyMUHO3HOCT (MO CBWUM TanacHUM
OyXMHaMma 1 ca Liene noBpLUMHe Tena)

L = SoT*,

 Illtedan-bonimManoBa KOHCTaHTa

o = 5,671 x 1078 W/(m?K*)

48

48

4



* Emucuonu criekrap
upHor Tena Ha 5800 K u
2800 K.

» Cynue emuryje Behuny
3pauewa y BUC, nok
CHjaJIiIla EMUTY]je
yraBHoM y UL

* TMOBPIIKHA UCTIOJ KPUBE
j€ IpOoTopIHOHATHA
YETBPTOM CTETICHY
aricoNlyTHE TeMIepaType
(IItedan-bonmmanos
3aKOH)

— axo ce T moseha 2 nyTa,

H3padyeHa eHepruja ce
moseha 16 myTa!

I(w)

Amax T

/ CyHue

b

CHjAmILA ca
ViKAPEHIM BIAKHOM

2800K

VB obmnact

obmact (TanacHa

TyAIHA)

49

49

400 nm 700 nm

w -
Shortwave radiation

1im 1km 100 km

Longwave radiation

Cnekrap 3padewa ca CyHua

HajBehH Jeo 3pauema
caCynmajey
BUJIJBUBOM JIEITY
CHEKTpa.

TajacHe AyXuHe Kpahe
O]l BUJIJbUBOT JIeJIa
cniektpa (mame o 400
HM-Y B 3pademe)
o0OyxBarajy oko 7-8%
YKYITHOT 3padcha

50

50

25



EMUCHOHHU M aniCOPIIIIMOHU CIIEKTPH

* ATOMCKH CIIEKTpH

— Cnekrap
* HENPEKUJHHU — Kao I[PHO TEJO
¢ CMHCHOHHU
* ANCOPILUOHU

51

51

Henpekunu criektpu

Henpekuman cekrap ce Moxe T00UTH HIIP Y
BU/IJbHUBOM J1eJ1y kopuctehu Ouso koje
TEJIO KOje MOXeE J1a 3padyu Kao I[PHO TEJIO
(HOp. cujanuia ca y>KapeHOM HUTH)

Tma

52
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NHTeH3uTeT

1.0

0.9

0.8

0.7

0.6

0.5

0.4

MpaduK MHTEH3UTETA CBETNOCTU Y
3aBMCHOCTM O/} TaNaCHe AyKuHe
(3a Teno koje 3paun y BUC).

3II|I|I|I|I|I|I|I|

0.
350 400 450 500 550 650 700 750 800

TanacHa gyxwHa (1) : [nm]

53

53

WUHTEH3UTET

—
TanacHa OyxuHa

54
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ATNICOPIIIMOHU CIIEKTAP

.'.ll....>
...A

MpoBuaaH (penak), penaTMBHO XagaH rac ucnpeg,
M3BOPA HEMPEKUAHOT CNEeKTpa NPou3BoAM ancopnuuoHu
cnekrap — cepuja upHux (HegocTajyhumx) cnekTpanHux
NIMHWja yHyTap 60ja HeNpeKnaHor cnekTpa

55

55
AKO CBETNOCT NP0/1a3un Kpo3 06/1aK xnaaHujer
raca, Taj o61aK cenekTMBHO ancopbyje NnHuje
oapeheHnx TanacHUX AyXWHa Koje 3aBuce of,
XEMMWjCKOT cacTaBa raca.
1.0
0.9
0.8
(-
2 07
=
L
o 0.6
'_
I
X 0.5
0.4}
0_3II|I|I|I|I|I|I|I|
350 400 450 500 550 650 700 750 800
TanacHa gyxuHa (1) : [nm]
56
56
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NVHNje -

TaMHOj nosaanHu.

EmMucuonu cnexrap

Tonao, nposungaH rac npo3soanm emMmMcMOHWU ChnekTap, Tj.

cepuvje jacHux nuHuja oarosapajyhux 6oja Ha

57

57
AKO ce nocmaTpa CBeT/I0CT KOojy NpoM3BOAN TONAo
pepak rac, Bugehemo crnekTap Koju ce cactoju of
1.0 cepuje jaCHUX eMUCUOHUX IMHK]jA HA TaMHO]
nosaguHu. Te NHKUje Cy KapaKTePUCTUYHE 3a 4aTU
0.9 XEeMMjCKM cacTaB raca
0.8|-
(-
2 07
=
T
o 0.6
'_
I
X 0.5}
0.4} L
0_3II|I|II|I|I||I|
350 400 450 500 550 650 700 750 800
TanacHa gyxuHa (1) : [nm]
58
58
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Oo0jammeme?

3aLWTO aTOMM HeKor enemeHTa emutyjy (BMa/buey) ceetTnocT camo oapeheHmx
TaNlaCHUX OyXunHa?

3alwTo aToMu enemeHaTa ancopbyjy jeAMHO CBETIOCT TUX UCTUX TaNaCHUX
AyXXMHa Koje cy U emuToBann?
* bopos momen — 1913. OcHoBHE Hieje

— HEraTMBHH €JICKTPOHH OPOUTHPAjy OKO je3rapa Mo CTaOUITHUM (€HEPIUjCKUM)
HHMBOMMA

— TayaH pacropes HUBOA 3aBUCH 07 Opoja MPOTOHA M HEYTPOHA Yy je3rpy u 6poja
SJIEKTPOHA Y OMOTa4y

— Kako je CBaKM aTOM HMMa jeJMHCTBEH, JUCKPETaH U cneluuyan pacropen
€HEPrujCKUX HUBOA — CBAKM MMa COIICTBEHHM “OTHCAK IPCTa” — EMUCHOHE U
arcopIHOHE JINHUjE Koje ce 100M]jajy MPUIMKOM Ipeliacka eJIeKTpOHa ca HUBOA Ha
HMBO

59

59

BoaoHUK Xenmjym

60



Hacranak emMmucuoHor CIICKTPa

EneKkTpOH ca BULLEr eHeprujcKor cTakba NPesiasn y HUKe M HacTaje CBeTNOoCT
eHepruje Koja TayHO OArosapa pas/vumM eHepruja osa Asa cTarba/HuBoa.

>
N

61

BoaoHuK

62
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ATICOPIIIMOHU CIIEKTAP

AN
ANANSA
AANA
ANANA
ANANA
AAANA

63

63
Copyright & The McGraw-Hill Companies. Inc. Permission required for reproduction or display.
Brlghl—lme Spectra
Lithium (Li)
Sodium (Na) —_ Alkali Metals
(univalent)
Potassium (K) _
Catctum (Co) |
Strontium (Sr) -— Allcaliv Eatn
Elements
Barium (Ba) _ (divalent)
Zinc (Zn)
Cadmium (Cd) __ Metals
(divalent)
mercury (+o) [N
Hydrogen (H) —_
Helium (He) .
G
Neon (Ne) ases
Argon (Ar)
64

39



OTKy OBOJIMKA pa3iuKa aTOMCKHUX CIIEKTapa?

EnexTpoHu cy Ha HUBOMMa KOju Cy onpeheHu
BpeHONThY INIaBHOT KBAaHTHOT Opoja n u
OpOUTATHOT KBAHTHOT Opoja /, pa3nuuuTu
MOJIYIPEYHHUIIM, EHEPTH]E, ...

He nmemraBajy ce mpenasu ca CBaKOT HUBOA HA
Oairtr caku!

CenekiyoHa npasuia..., Al=t+1

65

65

Al==+1

=5

—
=

I

s
(= )
T

Ener gy above ground state {e¥)

=T = S - S N T R S - R ]
— T T

s p d r : h

Slika 2.9: Energijski nivoi vodonikovog atoma i
prelazi dozvoljeni selekcionim pravilom.
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®dpaynxohepoBe arncopIIMOHE JIMHU]S

O®paynxodep, 1814. 1.
OTKpHO y CHIEKTpY 3padema

ca CyHua HU3 HpHUX

nuaHja (570, maHac &3

PErHCTPOBAHO IPEKO 3 000 o o ) ] %X \
JIMHH]A) o F L _ - s
®paynxodepose ) T T T Yy Ay DY D R D D
al'ICOpl'II_[I/IOHC J'II/IHI/I_]C talasa duZina u mm

MOKJIAMajy ce ca
E€MHCHOHOM JIMHHjaMa y
CHEKTpUMa 3arpejaHux
CYIICTAHIIM Ha 3eMJbU
(TpUHIUTT UICHTUIHOCTH)
Cnenu — na Cynny uma: H,
He, Mg, Ca, Fe, ...

Slika 2.11: Fraunhoferove apsorpcione linije u spektru Sunca.

67

67

potencijalna
energija oblika
lkxz

MoJieKyJICKHA COEeKTPUA A

* 3amTo HacTajy MOJICKYIIn? !

=0 E= % hv

* Texma ka cTaOMITHIM T o —
KOH(urypamujama y Kojuma je
CIIOJhalllBkha “JbycKa” MOMYyHEHA «~ @WWW-0 —~

* Boponuk nnu rpagu H nim H,

 Pacrojame jesrapa y By — B, — (n n l)}
JBOATOMHOM MOJIEKYITY \ 2
(emextponu cy usmelyy jesrapa) o
HUje (PUKCHO — je3rpa ce kpehy - R
OCIIIITY]Y

* Enepruja e Mmoxe 1a uma 6mi1o
KOJy BpeaHoCT Beh je
K68AHMOBAHA

energija
3

68

4



* Monexkyn MOXe U Aa poTHpa

» Emnepruja poranuje He MOXXe OUTH
OuUII0 KOja — U OHA j& KAHMOBaHA

» Ilocroju camo KoJ MoJIapHUX
MOJIEKYJIa — Majy IIepMaHeHTaH
JIUTIOJTHA MOMEHT

* VYkynHa eHepruja je 30up

energija

elgkronsko stanje
oscilatomi nivol

oscilatorni prelazi|_ I

D oy rotacioni prelazi
ic Ublahn)l ( 7 (u mikrotalasnoj oblasti)|

=
»

rastojanje jezgara

Slika 2.15: Oscilatorni i rotacioni energijski

MouJiekyJcKku CrieKTpu

VE

Slika 2.16: Elektricno polje EM ta-
lasa deluje spregom sila na elektricni
dipol molekula.

hQ
B =E;= ﬁj(‘]+ ]-):

\

h = h/(2x) 0,1,2,...

E—hv(n-&—l)-l-iJ(J—i-l)
N 2 2] )

nivoi dvoatomnog molekula. 69
69
rotacioni energijski nivoi E=BJ(J+1)
A
128 J=3
m,
m,—~ CM /
6B J=2 /
2B J=1
0 —T—— J=0
Slika 2.14: Energijski nivoi rotatora
70

70




- onic /‘,—F_ )
transition | Excited electronic
|in optical | ?’/ state.

Or uw) 1 dissociation

.
&
@ Ground state
=
w V4
Vibrational l Rotational
t; l't 1 ’n transition
i infieed] z (in microwave)
{in infrared) r’|>
Internuclear separation

71

71

MoJekyncKy ClIeKTpU — YKYyITHA
cHEepruja MoJieKyia

» Enepruja monexyna
¥Ma TpH (HE3aBHCHA) E =Egq + Ey 5 + E o,
nena

* Hbena npomena

TaKOIje AE = -"jf—"ld + iﬂaw- + -’iﬁ:rah

* Hucy cBu cabupiu
UCTOT pe/ia BEJTUYHUHE

— POTAIIMOHH CY AE =~ lﬂ:siﬂaw- =z lﬂﬁiﬂmh

OJIMCKY Ma Cy CIIEKTPU
TpaKacTu

72

72
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VYKyIlHa eHepruja MoJjieKyia

talasna duzina

I
1 km 10m Il m 10 cm I mm 10 pm 0,1 pm 1 nm

100 m 10 m 0,1 m l cm 0,1 mm I pm 10 nm

VIS
radio talasi mikrotalasi termalno Uv

infracrveno  zradenje

Elektronski
o brelazi

Interakeija EM Rotacija Oscilacij

zradenja sa materijom Pd / )
@—9O0 <owwor | (o) |

» \_/

73

x-zracenje

73

Mousnekyncku cniekrpu, 14.3.2019

* Monekyncku AJ = +1
CTIEKTPH Cy
TPaKacTH enegi .

* 3a 1aTy IPOMEHy 2
OCLMJIaTOPHOT = 2
Opoja poTallMOHH -
UMa HU3 e |= 7
PPeAToeTH MMan are

* Emeprujecyy frekvencija >
obnactu U1

Slika 2.17:  Rotaciono-oscilatorni prelazi
3padcma dvoatomnom molekulu.

74
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MoJieKyJICKHA CIEKTPHU

* 3a k1MMy Ha 3eMJbU Cy
OWTHA TpHU MOJIEKYyJa Y
armocdepu

+ H,0, CO,, O,

* Emnepruje poraunono-
OCLWJIATOPHHX CY Y
obnmactu UL 3pauema

* Ilocnenuna amcopnuuje y
W11 obnactu — ‘
3ap00JbaBame EHEPTUje y
HIDKUM CJI0jeBUMa
armocdepe - UMHH
MOBPILIMHY 3eMJbE

AE = 10°AE, . = 10°AE, ..

-—
ol

Slika 2.16: Elektriéno polje EM ta-
lasa deluje spregom sila na elektriéni
dipol molekula.

TOILIINjOM — edeKar
CTakJIeHe Oarmre.
* Poranuonu — camo kox
MIOJIAPHUX MOJIEKyIa! 75

75

MoJieKkyJICKHA CIEKTPHU

* TlIpocTtu 2-aTOMCKM MONIEKYIIM UMajy CaMO JEJIHY XEMH]CKY
BE3y KOja MOXKeE J]a MEha JIyKHHY

» CroXeHUjU MOJICKYIIM MMajy BUILIE Be3a I1a MOTY Ha BHILE
HA4YMHA Ja MEHa]y HUX0B O0JIMK U BETUUUHY

* IIpumep — CH, xoju Moxe 1a BUOpHpa Ha IIeCT HaYMHa

o &P &
o »

76

II"

o »

£ e

o »

y\llh‘

76




* Hauywnu BuOpupama Be3a y MOJICKYITy BOJIC Y TACOBUTOM CTamby
— CHUMETPUYHO BUOpHpame
— aCHUMETpPUYHO BUOpHUpame
— caBHjame
— KOMOWHaIMja 0Ba TPH

o Ao Mo

symmetric stretch asymmnlmc stretch

E S S N

librations

Hydrog®"

71

77

» Hauunu BuGpupama Be3a y MOJICKY/Iy YIJbeH JUOKCH A
y TaCOBUTOM CTamby

* €MUCHOHHU CHEKTap (J1€0)

ACUMCTPUYHO UCTEC3amC

CHMETPHUYHO HCTE3ambe — HUje
U1 oceTspuBO

BEPTHKAIIHO CaBHjarbe | M

Bending Mode (Degenerate)

Predicted at 546 cm-1

Asymetric stretch
Predicted ot 2640 cm-1
Obgerved at 2345 cm-1
Gymetric stretch
Predicted at 1537 cm-1
HOT IR active

- 00 3900 3400 2300 2400 1900 1400 00

XOPHU30HTAITHO caana}Lc 78
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3payeme Koje mpoJia3u

Kpo3 aTMocdepy

Radiation Transmitted by the Atmosphere
0.2 1 10 70
2| Downgoing Solar Radiation Upgoing Thermal Radiation
E 70-75% Transmitted 15-30% Transmitted
[
= .
= &)
S| o 5
G| & R
o
)
UV | Visible Infrared

/

ArCoOpHIIMOHU CIICKTap

CMHUCHUOHU CIICKTAp

79

79
ATCOPIIIMOHE TPAKE TEHEPUCAHE
pa3/ Ind4uTM raCoBumMa
100
£ 75
S 50
& 25
0
E Carbon Dioxide
Cé_ : | A Oxygen and Ozone
8 A k Methane
-% . l It R Nitrous Oxide
= l Rayleigh Scattering
0.2 1 10 70
Wavelength (um)
80
80
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* ArmncopnuuoHe Tpake
TeHEpHCaHE PA3IHIUTUM
racoBUMa CTaKJIeHe Oarre
1 IbUXOB yTHUIA] HA
coJIapHoO (JI071a3HO) U Ha
TEPMAITHO 3paucHe
3eMJbHHE TTOBPIITHHE
(ommasHo).

* Mamu neo conapHor
3padema je arcopboBaH a
Behm mposasu Kpo3
armocdepy (70-75%) u
JIOJTa3u 10 MOBPIINHE
3emube

* Behu neo tepmanHor
3paderma 3eMibe je
anicop6osan (70-85%) on
CTpaHe racoBa Koju ce
Hamase y arMocepu

Percent

0.

Spectral Intensity

Major Components

o
)
-

Radiation Transmitted by the Atmosphere
1 10

2 70

Upgoing Thermal Radiation
15-30% Transmitted
0

Downgoing Solar Radiation
70-75% Transmitted

S
7 &
3 5

/ N
/.

UV | Visible Infrared
T T

Carbon Dioxide

A Oxygen and Ozone

A “ Methane
l Nitrous Oxide
A l A

Rayleigh Scattering
10 70
Wavelength (um)

81

armocdepe

Temneparypa mianera

» Anb6eno u IlmankoBa Temieparypa
— PasMena eHepruje ca BACHOHOM — 3padeHheM

— TeMmeparypa ruiaHeTa KOHCTaHTHA — [TOCTOjU
paBHOTE)Xa EMUTOBAHE U aricOPOOBAHE EHEPTHje
— Konuka cy Temmeparype mianera 3eMJbUHOT TUIa?

* 3aBucH 0 KOJIMYMHE TOILIOTE KOja 1ohe 10 miaHeTe U
beHe pepIeKCUBHOCTH

* [IpermocTaBUMO 3a MMOYETaK Jia IJIAHETEe HEMAjy

82

82

41



* Jlymuno3noct CyHia

» Enepruja ce emuryje
M30TPOITHO

* Enepruja xoja (y 1 cexynan)
IIpoJIa3u Kpo3 JeTUHUILY
MOBPIIIMHE HA HEKOM
pactojamy o CyHIia je
(ryctuHa)duaykc 3payema

AE = 3.9 x10% W

83
povrgina sfere=4nR’
* (ryctuHa) paykc
3pauc€mba Ha MCCTY
JaTe IJIaHeTe je ’heHa
coﬂapHa KOHcTaHTa Elﬂu:IQ.'l‘g: Smisao solarne
E— J L
L=3 = 39x1w00w | mE
* 3a 3emiby je Fg = 1380 W /m?.
84
84
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Anbeno

» PednexroBano,
100% na vrhu _ 24%

atmosfere (F;)

- 7%
24% reflektovano 0
7% reflektuje / - 6A)
atmosfera . 237% TH 0,37
oblaci % P sotrb Y cr
. gornja atmosfera
:,ﬁggmy 96 refiekine » Ancop6oBaHO
i oblaci povrsina
- 13%
0
47% apsorbuje poviiina Zemlje - 3 A)
_ 0
Slika 2.22: Proseéni energetski budiet sisteme 47%
Zemlja-atmosfera. — =63% wumu 0.63
5

85

85

» 3pademe ca CyHIIa Majia Ha MUIAHETY KOjy “BUIX” Kao
KPYT IMOBPIIUHE 7172

* Ma koja riaHeTa, y jeIMHUIIA BpeMeHa IPUMU
E€HEPrujy y U3HOCY

o Cynna D %
il ¢
S — i - N
0 L - (1 —a)Fmre
—>

86

86
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“PagujaunoHun 6anaHc” (= const. Temp.)
YnapgHo 3payewe =

[Inanera ce 3arpeBa 10 HEKE
TEMIIEpaType U 3payu Kao LIPHO
TEJ0

Tedan-bonmManoB 3akoH — ca

. A 2 L |]
1[€JI€ MOBPIIMHE Y JEAUHULIN dmraly.
BpEMEHA Ce U3pavu CHepruja

Ona MoOpa 1a 6y,[[€ j.eHHaKa (1—a)F,mr® = LL?r-r'zaTﬂl._

NPUMJBEHO] EHEPTHjU Y JENIUHULIN
BpeMeHa

Temneparype rianere (I1nankosa

TeMIiepaTypa) je

o Fs(1—a)\ M
T, =(——2)
da

88
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IC 3pauewme u edekar cTakiieHe OarTe

 [ImankoBa Temneparypa 3emibe 249 K
 3emJba 3payuu Kao IPHO TEJIO T€ TeMIEpaType

* BHHOB 3aKOH J1aje TaJlaCHY Ty>KHHY Ha KOjOj OHa
MakcumaiHo 3paun (ML obnact)

00,0029

mar = ~5rg 11,6 pm.

89

89

.0

transmisivnost atmosfere

8

talasna duzina [um]

» TacoBu y armocdepu Mory u na aricopOyjy  J1a IpomycTe

3paueme

* Ca cnuke ce BUIM HA KOJUM TANACHUM Jly)KUHama je Hajseha

ancopnunja " KO KOJPIX racoBa _]e TO CIIy4aj.

* TpaHCMUTHBHOCT aTMOC(epe 3a TEPECTPUUHO 3paueHmhe = OJHOC

MHTEH3HUTETA 3paueha Koje je MPOIUIo Kpo3 atMmochepy U
MHTEH3HUTETA 3pauciha KOje jé EeMUTOBAHO ca MOBPIINHE 3eMIbe

* Tanacue nyxxuHe Ha KOjJUMA j€ HHTEH3UBHA arlCOPIIIHUja CIIa/ajy

y W11 obnact a 3emspa Oarr HajUHTEH3UBHU]E 3PAYU Y TO]
obnactu!

90

90
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transmisivnost atmosfere

L 1
10

12 14

talasna duzina [pm]

CO, ancopOyje Hajpume Ha 15 um (1 4,3 um)
H,0O Takohe no6po ancopOyje UL 3paueme

Atmocdepa rerepaiiHo 100po arcopOyje y obmactu 12-15 uym -
01M3y TalacHe AY)KWHE Ha K0jOj 3eMiba MAaKCUMAIHO 3padyu

3anpxkaBame UL 3pauema y armocdepu n3a3uBa 10JaTHO
3arpeBame 3eMibe — epexaTr cTak/aeHe damre

IToBehaBa Temneparypy 3emsbe ca IlnankoBe Temneparype

(249 K) na usmepeny (288 K)-
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VYpauyHaBame yTHIlaja atMocdepe Ha
TeMIIeparypy 3emJbe

YxynHu ¢urykc (KpaTkoTajaacHOT) 3pauerba
KOj€ CTHKe JI0 3eMJbE ce JICNU Ha LeTy
BEHY MOBPIINHY = F,

He nonasu cBo 3pademe 10 Tia — J1e0 ce
aricopOyje. #F, 1o1a3u 10 TOBPIIKHE
3emibe

Tro ce 3arpesa 10 remneparype 7', ¥ 3padu
y U1 obnactu (xyrotaiacHo)

3pauu o lltedan-bonmanoBom 3akony
F~cT/}

Jleo 3padema ce ancopOyje a neo #3F,
MpoJa3u Kpo3 armochepy

AtncopOoBaHO 3pademe 3arpeBa armocgepy
Jo Temneparype 7, u oHa Takole 3paun xKao
LPHO TEJIO

3pauu o Llltedan-bonmanoBom 3akony
F/=cT}

1
Fo = ;(1—a)Fs

F =T
FU ;;‘A .|T A
T, atmosfera
!*FUJr F;=oT, F =oT
i povrsina Zemlje
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YpauyHaBame yTHIaja aTMocthene Ha

TEMIIEPATYPY 3eMJbE ; l ", FTT
U )
* 3eMJba je Yy TepMaHoj T, atmosfera
PaBHOTEXH T1a BaXKU
. LF, F,=cT, F,=cT/}
* Emuvunanmja doykca I S
armocdepe naje gayke
3eMibe Fo = Fa +1aFy.

* 3paun no redan-

Fy = Fq +t.Fp.
bosiiMaHOBOM 3aKOHY

— o 1+
FZ_GTZ4 f‘z—f‘nl_’_m.
* Opnasne ce noduja
TeMmieparypa 3emMibe o ( R HR})J,@
z (}'[1 +'|fd:}

93

YpauyHaBame yTHIaja aTMochene Ha

TeMIIEpaTypy 3eMJbe i l o FTT
U )

* VYKOJIMKO HEMA arcopniuje je 7, atmosfera
t=t=1

» JloOuja ce pe3yaTart 3a IJIaHETy oy FoT) F =1
6e3 atmocdepe (249 K) — T, povrsinaZemlje
CJIO’)KEHU]U Mojien o0yxBara »
MPETXO/IHU jeTHOCTaBHU]jH! T, = (“(‘;’((11 :;k}})

* Atrmocdepa 106po mpomnyiira .
KPaTKOTAJIaCHO 3pavyerhe ca Fz = 1,72k
Cynua (4=0,9) a mano
MPOITYIITa JYTOTAJIACHO ca
3emube (¢,=0,1)
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T, = (1,72)"/1255 K~ 285 K
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YpauyHaBame yTHIaja aTMocthene Ha
TEMIIEPATYPY 3€MJIbE - l . FTT
t

e Moxe Ja ce ,Z[06I/Ije u T, atmosfera

TEMIICPATypa aTMOC(I)epe
;*FU+ F=oT, F =oT}

d HCHOCTaHI/I MOIIeHa T, povriina Zemlje

— He y3uma y 003up reorpadcky
HIUPUHY Fo =Fy + tqFy.
— Atmocdepa Kao jeHoCIojHA

— Huje nmunamuaxu mozgen (HuCy Fz = Fa +tiFo.
y3eTu y 003up: BeTap, ooaIm, 1
— g
Fa= Fy—_
MPEHOC TOTUIOTE 071 EKBATOPA KA =R
HOJIOBHMA, €(heKTH BEereTaluje
Ha anbeso, ... Ta =238 K.
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Edexkar crakiene Oamre Ha yHyTpalllbUM
ranerama CyHYeBOT CHCTEMA

Planeta Procenat gasova Ty [K] Tyr [K] iznos efekta
staklene baste u atmosferi baste

Merkur nema atmosfere 443 363 0

Venera 90% CO4 253 750 497

Zemlja 0,03% CO2, 1% H20 249 288 39

Mars 90% CO4 218 213 )

Tabela 2.2: Efekat staklene baste na terestricnim planetama.

*  MepKyp IpakTHYHO HEMa aTMochepy

* Benepa je 6mmxa CyHiy anu joj je atMochepa BeoMa pedIieKTHBHA
» IlnmanxoBa Temrmeparypa je Tek Majio Beha ox 3eMsbuHe

+ I3mepena temmeparypa je mak 500 K uma!

*  VYcren cnenn¢uaHOT cacTaBa aTMocdepe edekar CTakieHe damTe je jako
H3paxeH
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PLANETS

DWARF

PLANETS

ITomapuu Momnekynu anicop6yjy dorone U1 3padema jep muxona
€Hepryja ofroBapa pasJiMiy OCUUIATOPHUX (BHOPAIHOHMX )
€HEPIUjCKUX HUBOA MOJIEKYIIA.

e

The COMET Program

Tako ce moBehapa BuOpaImoHa eHepruja MoJIeKyina u Takohe pacre u
TEeMIIEpaTypa Kao €Hepruja Koja mpena3u Ha IPYre MOJISKYIE PHITNKOM

cynapa o8
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* BOJICHA Iapa

— HUje 100po “poMerntana’-IpoIeHar joj Bapupa O Mamke O
0,01% mo Bume ox 3%

®* YIUbCH JUOKCHUI
— WMa JIyro BpeMe OopaBka y armocdepu u 100po je
“mpomerian”’-mpakTUYHO j€ jeTHAKO 3aCTYIJhEH OKO 3eMJIbE
* OCTaJIM TAaCOBHU CTAKJIEHE OarTe
— NPUPOAHU
* METaH, a30THU OKCHUJIH, 030H
— BCINTAYKH

* xyopiryopokapOoHaTH, XUAPOoPIyopokapOoHaTH

99
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JlorpuHOC racoBa e(peKkTy CTakJIeHe
Oamre

* HajBumie gonpuHoc
CO, (ancopOyje
o3y
HajeUKacHUje
TaJlaCHE Jy>KUHE) U
H,O (uma ra
HajBUIIIC)

* Mertan, CFC,
OKCHJHU a30Ta, 030H

FCE NITROUS

ﬁ OXIDE
e

100

100
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[ mobanHO 3arpeBame

[Tosehame mpoceune
TeMmneparype 3eMJbe
n3a3BaHo nmosehameM
KOHIIEHTpAITH]e TacoBa
CTaKJIeHe Oarlre

ITocnenuna BemTagykor
e(dexTa cTakieHe oarre
Mepema KOHIIEHTpaIje
CO, noyena 1870.

Kako cy nobujenu mogaru
3a panuje nepuoje?

N3 Bazmyxa
€KCTPAaXOBaHOT U3
MOJIApHOT Jiesia ca
onpeheHux ayomHa

400 T T T
E 350
= azot oksid E
3 NO)
- ugljen dioksid i
g (€O.) pry i
gﬂ 300 (CH,)
o
L&)

250 I .

0 500 1000 1500 2000
godma

Slika 2.25: Koncentracija gasova staklene baste

od 0. do 2005. godine
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[ mobaHo 3arpeBame

% yuenrhe racoBa
- CO,, 55%
- H,0,15%
— CFC-12,21%
- N,04%
— Tponcodepcku 030H 2%
— Ocranu 3%
IIpensubhama cBux moxena cy 1,5
K'y mapenuux 70 roguHa (YKOIHKO
ce HacTaBu TPEH] Iopacra
KOHIIEHTPAIH]je racoBa)
Pasne nocnenune — noguzame
HHBOA MOpA ycJie]l TepMAJTHOT
IHMpema BoJie
— Ha 5°C penaruBaH nopact
sanpemune 1x10
— amna25°C je 3x104
- HOCHCI[I/IL[B. nopacT HUBOA MOpa
on 3 um

400 T T T
) 350
= azot oksid £l
& (NO)
ey ugljen dioksid .
g (€O, Tl_“{l“
gﬁ 300 (CH)
(=]
[&]

250 1 )

0 500 1000 1500 2000
godma

Slika 2.25: Koncentracija gasova staklene baste

od 0. do 2005. godine
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CBeTcka eMHUCHja YIJbEH THOKCHIA

8
21— YKynHo
— Te4yHa ropuBa

6 |~ YBpcTa ropusa
5 — [acHa ropuBa
T
2 4-
=)
- 37

2_

1 -

0 .
1750 1800 1850 1900 1950 %900
NoauHa
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Co,

* Pacr koHIIEHTpaIyje moueo
npe oko 200 roguHa (MHA.
peB.)

» IIpomena TpeHa pacra Ha
Mam0] CKaJIM — MocjicAnIa
MIPOMEHE TOAMIIBUX 100a

— Ha cesepnoj xem. IIponehe —
pa3BHjajy ce OMIbKe 1
arrcopOyjy CO, u3 armocdepe
na My ce KOHLEHTpawuja )
cMambyje 750 1800 1850 1900 1950 2000

— Kapa je jecen, Ousbke ymMupy u godina
xoHneHTpanuja CO, pacte

— Ha jyxHoj xemucdepu Hema
TOJIMKHX OCIMJIAII]a — TaMoO je
MIOBPIINHA II0]] TJIOM Mamba

10" tona
o
)
2
g
&
]
2
&

Slika 2.26: Porast kolicine CO, u atmosferi u
poslednjih 200 godina.

104

104

57



Co,

* Mepemwa
— JyxHu noxn,
— AJpacka,
— Awmepuuka Camoa, 8
— Mayna Jloa, ... 7
* Csu m3Bopu nosehama cy 6
5
4

aHTPOIIOTEHOT IIOpeKIa
— CaropeBame (OCHIHIX TOpHUBa
— Kpuewe myma 3
* Tonumma mpou3BoaAma U3 2
aHTPOIOTEHUX u3Bopa oko 9,4 Gt 1
i

10° tona

» Kaxko 3HamM0 kaga Mmepumo
koHneHTpanujy CO, 1a je oH IoTeKao
13 aHTPOIIOTEHUX M3BOpa?
— Yrwenuk y CO, y armochepu ce I].ZaBIba Slika 2.26: Porast kolicine CO» u atmosferi u
y 001Ky j1Ba crabuiina usorona >C poslednjih 200 godina.
(99%) u 3C (1%) i
— U3 semrraukux usopa ce emutyje CO,
KOJI KOT'a je IPOLICHTYaIHa )
sactymsenoct 2C u 3C apyraunja

750 1800 1850 1900 1950 2000

godina
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meraH - CH,

Konmnentparuja mopacna
» Ca 700 ppb Ha 1775 ppb (2005.)
13 Henmo3Hator pasJora je 1aHac cCTaduiIHa

NsBopu:

* NMPUHYAHA I10JbA

* MOYBape

* YHHINTABaKkE IIymMa
* CTOKa
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N,O A3sot cybokcun

Konuentpanuja nopacna
» Ca 275 ppb na 320 ppb (2005.)

 Jlanac pacte nuneapHo nok CFC onama —
OUEKYje Ce Jla OKCHIM a30Ta MocTany Tpehu mno
BXXHOCTH Tac CTaKJICHE Oallre

N3Bopu:
* ByOpeme opanuna BemradykuM hyopusuma
* YHUINTaBamE IIymMa

107
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CFC

* Bermmrauku MoJeKyIu
MIPOU3BEICHU CPEIUHOM
JBAJICCETHX TOUHA (32
MPaBJbEHE IACTUYHHUX Maca
Uy pacxjaJHuM ypehajuma)

» Pasrpalyjy crparodepcku
030H

* ¥V Tponocdepu cy rac
CTaKJICHE Oarire

* MehyHapoaaum yropopuma
j€ cMameHa BHX0Ba
MIPOU3BO/IhA 1A UM
KOHIICHTpaIja y
armocepu onazia
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IIporneHa edekra

Kana koHuenTpaiyja racoBa crakiene 6amre pacre (C,-->C),

TemIieparypa armocgepe pacre.
KonnunHa — KOHIIEHTpalMja racoBa CTakjIeHe OarTe ce Mepu y
“exBUBaJICHTHOj KoHIIeHTpanuju CO,

[Tpouiewena Bapujanyja y TeMIEpaTypu 3aBUCH O] MOJIeTia

TauyHHja popmyna

AT, :rlnci./
- AC=C-C,,r=6]K

AC

AT, =7—
C, \ npubnmkHa Gopmyna

— BaXKH 3a Malie
pasnuke y
KOHIICHTpaIyjama

109

109
IIpoueHa edekra
* Hmp. 285 ppm (1850.) u 360 ppm (1990.)
AT1=71HC£0 Aleﬁ,lKln%:IAK,
ATzer—C AT2=6,1K%=136K.
CO
Pazmuka oxo 13%
110
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ITopemehaj paaujaioHe paBHOTEKE

* Cucrem y paBHOTEKHOM
CTamy

* PaBHOTEXKA:
— Crabuina
— Jlabuina

— Unaudepentna
nestabilna ravnoteza

Slika 2.12: Stabilna i nestabilna (labilna)

ravnoteza u gravitacionom polju.
11
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ITopemehaj paaujaioHe paBHOTEKE

* 3emiba je y TepMallHO]
PaBHOTEXKH
— @iykc comapHOr
(KpaTkoTanacHOT) 3pavema je
jenHak (uIyKy TepecTpuyHOr
(myroranacHor) 3padema

* Fyje ymagHu — Fy = oT?.
HepedIIeKTOBaHU COJAPHU r
duyke

» T je paBHOTEXHA
TeMIeparypa Ha K0joj 3emiba
3paun

112
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ITopemehaj paaujaioHe paBHOTEKE

 Illra ako mohe mo meprypboBama
OBOT CcTama?
— Hunp. narmum ocroGahameM Heke FU — O-’l”‘il
T

KOJIMYMHE TOIIOTE ¥ aTMochepy
(caropeBameM BEJHKE KOJTHUIIHE

(hoCHITHHX TOpHBA WIIH
TEPMOHYKJICAPHOM EKCILIO3HjOM)

— Ilpu menoM ocnobahamy
TemIieparypa armocdepe nopacre 3a

(AT), (0 ce omHOCH Ha ITOYETHH a (T _—F (A T)g) 4

BPEMEHCKH TPEHYTAaK)

» Tepectpuunu ¢uykc ce noseha
(6uBa Behu ox conapHor —

nopemeheHa paBHOTEka) Na ce e
yCIIEI Bbera poMeHa TeEMIIEpaType AT = ( AT) o€ 'R
3eMJbe CMambyje ca BpeMEHOM 110

bopmymnu

TR = 2.9 x 10% s = 34 dana

113

ITopemehaj paaujaioHe paBHOTEKE

* VKOJIMKO je IoYeTHa
t

neprypbanuja 1 K AT = (AT)ge "
— HakoH 34 aHa ce cMamyje
Ha 0,37 K TR =2,9 x 10° s = 34 dana

— Hakon 68 nana Ha 0,13 K AT = (AT)oe !, t=1r

— A naxoH 104 mana ua 0,05
K AT = (AT)e %, t=27x,

_ —3 _
— HakoH cToTHmaK naHa AT = (AT)pe °, t=37g.
MOCTaje 3aHeMapJbHUBa
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Variations of the Earth's surface temperature: year 1000 to year 2100

Departures in temperature in °C [from the 1960 value)
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rioOaHa 3axjahema?
* KpaTKOTpajHa — BYJIKAaHU

 JIyroTpajHa — u3a3BaHa II1o0aJIHUM
3arpeBamweM!?
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3Hayaj] MOPCKHX CTpyja == ,_)j{/

« Tondcka cTpyja — HOCH TOIUTY BOAy Kojamo /A3~ 2
TMOBPIIMHA ATIAHTHKA HJIE HA CEBEp, IPONasH = "= =
Kpaj Benuke bpuTtanuje, Hocu 1 Tomao Ba3ayx = '
U TIPU TOME 3arpeBa 001acTH Kpo3 Koje
nposiazu. XJaJHuje Boja, Kao rymrha najaa aone
U HJIe Ka €eKBAaTOPY — CTPYjHU MPCTEH

* TI00aJIHO 3arPeBamkE MOXKE JTOBECTH JI0
mobanHor 3axnahema-3anehema (big freez)

* TOIUBbCH-C Jiena Ha [ pennanay (HacTao je
3ajehuBameM CllaTKe BOJIE) JOBOAU TY BOLY Y
OKeaH, oHa je peha of] ciaHe Bojie U HE MOXe J1a
MOTOHE Ha JTHO, TAKO JIa OM TO MOIJIO Ja JOBENEe
0 3ayCTaBJbaha CTPYJHOT MPCTEHA

* HOp. nex Ha ['pennanny je 60-ux roquHa 6uo
ne0eo oko 3 MeTpa a caja je OKo 2 MeTpa
* mnpensuhame — 3a oko 50 roguHa Hehe OuTH
BHUIIE JIeAla Ha APKTUKY 17

117

3Ha4ya)] MOPCKHX CTpyja

* Ipema Pe3. MCTPAKUBAA OBAKO HELITO CE IECHUIIO NPE
oko 13.000 ronvHa — CTpyjHH MPCTEH j€ BEPOBATHO
CTao,

* y HapenHux 20-aK rofiMHa ce OYeKyje J1a TeMreparypa
y Benukoj bputanuju omanne 3a oko 10 crenenn

* YTHIIA] ByJIKaHA: OHU MOTY Jia JJOBEIY CaMo JI0
KpaTKOTPajHUX TMeproa 3axiialhema — ByTKaHCKH
Meneo y KoMe UMa J0CTa CyMIop AUOKCH A
peduiekTyje CyHuUeBe 3pake Ma Ha 3eMJbY J10JIa3H Mambe
TOTUIOTE.

* KMa UHAMIIM]A J]a C€ OBAKO HEIITO JIECUJIO IIpe map
XUJbaJla TOJMHA.
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