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+6L& LV EERIQEGEHIDS VHPLFRQGXFWRU ZLW KWHH[FFSHEOWOAVDXW B U R |
YROWDJH IDRTGXKIQKY DSSOLFDWLRQV ,GHR& LVL BDSWLHRUWH RX L
IRU FRQWURO RI WKHLU FRQFHQWUDWLVRRB\Y PIDAGH B L DHF W QRIQ
,Q WKLV UHVHDUFK ZRUN FKDUDFWH LA D WU RKGRR XMD HEFR WMULL
VSHFWURVFRS\ PHWKRGV ZKLFK DOORZ GHWHUPLQDWLRQ F
UHFRPELQDWLRQ DQG WUDSSLQJ RI FKDUJH FDUULHUV D'
LQWURGXBH& EQ\VWDO GXULQJ HSLWD[LDO JURZWK DQG QH

7KH ILUVW WKUHH FKDSWHUV RI WKLV WKHVLV JLYH D VKR
+~6L& VHPLFRQGXFWRU WKHRUHWLFDO EDFNJURXQG UHJD
FKDUJH FDUULHUV DW HOHFWULFDOO\ DFWLYH GHIHFWV D
VXEMHFW RI GHIHFW FKDUDFWHUL]DWLRQ UHOHYDQW WR VYV

,Q WKH IRXUWK FKDSWHU FKDUDFWHUL]DWLRQ PHWKRGV D
SURGXFHG E\ WKHUPDO MMBSESRWOWSERWIRLDD @ \BrU ZHUH X\
LOQWURGXFWLRQOERIEZDWVWRMADQDR]HG E\ LUUDGLDWLRQ ZLWK F
(OMMLF FROOLVLRQV RI QHXWURQV ZLWK VLOLFRQ DQG FDULI
6L& FU\VWDO 7KH VSHFLILHG QHXWURQ IOXHQFH OHYHOV V
IURP Q FXS WRQ FP4XDOLW\ RI WKH 6FKRVWHWNMUG LREFHIYVD QG
FKDUDFWHUL]DWLRQ E\ WUDQVLHQW VSHFWURVFRS\ PHWKR
YROWDJH DQGYRDSDRHVPRFBHDOFWHULVWLFY ODWRSH W\ FDU L
6L& ZHUH FKDUDFWHUL]J]HG E\ '"HHS /HYHO 7UDQVLHQW 6SHF
WHFKQLTXHY ZKLOH PLQRULW\ FDUULHU WUDSV ZHUH FKEC
6SHFWURVFRS\ 0&76 DQG /DSODFH 0&76 WHFKQLTXHV

7KH UHVXOWYV Rl WKH FKDUDFWHUL]DWLRQV WKMFXNVWRW Z
FKDSWHUV -YMROWDOUHHRNDVXWHPH@WRRRA'N) GLRGHV VKRZ
UHFWLI\LQJ FKDUDFWHULYWOMM JAKPE B VKLHFPHQWYWN RHA Y HD
GRSLQJ DQG GHHS OHYHO FRQFHQWUDWDRQ@VD $SSHEQHRDWB \L
FDUULHU FRQFHQWUDWLRQ ZLWK LUUDGLDWRQRERUEZDV REVH!L
LOWURGXFHG DFFHSWRU GHIHFWV $FFHSWRU OHYROV RI
ODEHOHGZBIVHE LQYHVWLID®MHG GHHS OHYHOV FRSGIWN LIEXW L
'/76 VSHFWUD ZHUH UHVROYHG DQG DVVLIQHG WR FDUERQ Y



ORFDO KHEKIRID® BAE LMV PPHWU\ UHVSHBPWGBYHGHHS OHYHO
ZHUH DVVMWOQBGVWRLRQV EHWZHHQ GRXEOH QHJDWLYH DQ
YDFDQF\ LQ DFFRUG D Q8F B IR S\HU MWL ¥ \Q HZADDAMLWIHA/ LRQV EHW Z H
FKDUJH VWDWHV RI FDUERQ DQEDQRIHM OBEROMBG=E\ /DSO
WHFKQLTXH DQG DQQHDOLQJ SURFHGXUHV )DVW FDSWXUH

FDUERQ YDFDQFLHV ZDV H[DPLQHG LQ QR Z7 WH FGSHMW D WRLLQH-
DFWLYDWLRQ HQHUJLHVY HOHFWURQ FDSWXUH FURVV VHFW
E\ FDUERQ YDFDQF\ PRGHO ZKLFK IXUWKHU FRQILUPV WKHL
OHYHOV ZLWK HQHUJ\ SRVLWLRQV DURXQG H9 DQG HO9
XVXDOO\ ODEHOHG (+ DQG (+ ZHUH H[DPLQHG-BOGWHU/RF
DQG LQWHUVWLWLDOO\ UHODWHG GHIHFW $ KLJKHU (+ FR
DQG REVHUYHG GHFUHDVH LQ (+ FRQFHQWUDWLRQ ZLWK
FRQWULEXWLRQ ®GDWOIWHUMWEWLMDR OVENLIQDO DW WKH WH
'HHS OHYHFEHQRIHW ZHUH UHVROYHG E\ DQDO\]LQJ FKDQJHYV

WUDQVLWLRQV EHWZHHQ WZR-FBHQWHBQW HRE QDLY& LD WL R QV

HIGHHS OHYHOV ZHUH REVHUYHGI QW HRQIKLOWEWLRQ $

GHHS OHYHO ZDV REVHUYHG LQ FRQILIJXUDWLRQ % 7ZR FRI
OHYHO ZHUH UHVROYHG E\ /DSODFH '/76 -WH® WO LHVEMHK HQU AR
(+ DQG oAdeeplevels ZHDWVLIQHG WRDQVLWLRQ RI VLOLFRQ YD
KH[DJRQDO DQG FXELF VIPPHWU\ UHVSHFWLYHO\ ,Q FRQIL.
RQH RI WKH UHVROYHG FRPSRQHQW VRIQQF/DFS\DHiApRER6 VS HF \
7KH VWXG\ Rl PLQRUL W\ FHAMEL B Q GVWER S VL QOOQHQFH RI QHX
WKHP ZDV SHUIRUPHG 7ZR PMQRWEME RDDEHMHGWE BEW L' G KX
DVVLIJQHG WWRDQVLWLRQV RI VXEVW4 W@ & LFOQUERERERQ RQ
UHVSHFWLYHO\ )XUWKHUPRUH MZRHFRPSRIQE EW VDSIO D FHi (
WHEKQLTXH DQG DWW D DEXMIREF@WRR G %YW KH[DJRQDO DQG F
3HDNV LQ 0&76 VSHFWUD UHODWHG WR % DQG ' FHQWHU HJ¥
ZLWK DQ LQFUHDVH LQ QHXWURQ LUUDGLDWLRQ IOXHQFH

HSLWD{&ID& FBXVHG E\ LQWURGXFHG GHIHFWYV

.H\ZRUGWL& GHIHFWV QHXWURQ LUUDGLDWLRQ WUDQVLHC(

6XSHUYLVRU GU VF ,YDQD &DSDQ
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1. Uvod

6LOLFLM NDUEL-GROMEVMHSRURKNRGLP SRIRGIHP $BI KW WUWHILE
visoko-Q D SR Q ViddkoP UHNYH QS UMM MER D®B YLAH PRIJXULK SROLWL
+ SRQLBUIBIHULUDQ NDR PDWHULMDO ]|D HOHNWURQLpPNH N
SURFMHSD WH YLVRNH L LIRWURS®H PRELOQRVWL QRVLRFD

T ERG®OLPpQLK WYORLMWNHY BURQDEDR BDWHWH®® O |D GIIOAIWW UR C
VXVWDYD |]D QDSDMD @S CHICBHNNMI MWOOKIP RQVWULUDQ MH U
6LHARPSRQHQWL QD YLVRIbLe®®H BIH S R WEED@MEijalaza

detektore V YLVRNLP RPMHURP@HIGQD RG IR BB DR 2 NBXLiRLzE
QHXWURQV Xa digalojuV SHFLMDOQLK QXNBSHD UWDLK] FPUXMG WD @ DK
1MavrazvojL LVWUDRBQMEBBOIR X RYRP UDGX W% 7326 Re/pidkta@d L X VN
(- 6 L & XBnhgineering Silicon Carbide for Border and Port Security

(OHNWULpNHI DNNWLGOMNIBQRKHQWUDFLMX VORERGQLK QRVLRF
SULPMHU M HtigaRi p\ipa | ®@RIMNH BDOMED RV RPP MH GUNPMM HVD GXAaLNEL
bora. 2SWLP Djen@RLY RWD PDQMLQVNER JQjR M RR/FDX MLH P RNVVROQ W U R
NRQFHQWUDFLMD GRPLQDQWQLK UHYXRWREQ® DWDVYNERWLNBDQV
SPDQMHQMH YUHPHQD ALYRWD PBANRVQWRMNKRE@RWILRE Q FQ MBDRX
putem o]JUDpLMDEND Y REQRAIY NRP LPSODQW POr1ULRYHD ¥XTEXYNRKDAM Q R
visoke temperature > @ 6PDQMHQMH NR Q iKW URDREIOMIHH R B M/IY @ RJLLMIL
PHYXSRORADMQLK DWRPPD PDIQM MNDLY DADHM P NNDINGRQIEL VH Y DN
PHYXSRORADMQLWRPLRRLEOMLND PRJX-EL& INKQHWWIQILL XW H-L
oksidaciju > @PSODQWDPFLM® L& |IDRQDMDYDQMHP V SLUROL]JLUI
XJOMEN.RP

(OHNWULPNL DNWE&IQL FCHVHNWMDXO X+X SUDYLOX QHJDWLY!
SULNXSOMD Q®BID& QDHERMNEBWRURSD G X R G UHdgetekior doleii/ e L F H

JXELWND QMHQH HRBWR YK H O WNW BIRIG R B DEXOFQ MIDQLD | BW R p H ¢
QDERMD QD GHIHNWLPD VPDQMXMH EURM GHWHRWOURDLEKk
krajevima detektora.8QRYV GHDHNBSWERMH RPHNLYDQ WLMHNRP UDGI
UDGLRDNWLYQRP RNUXAHQMX 8 SUDYLOX GRGDYDQMHP
materijal PRIJX iMP\D) MLWL IRUPLUDQMH QD MXRHHFDM QNLRIMU VFI



YULMHPH AaLYRWD QRVLRFIDNQUDERMW® GNHN. SERINFH HBIVGH W R W\@ R
> @

,QWHUHYV ]D LVWUDALYDQMH VYRMVWYD GHIHNDWD SRVWRN
PDWHULMDOD WH PRHAXDWK SQERPMHmD NYIDHOWQH VHQ]JRUH L N

@8 RYRP UWDQ@KX\VeHKarBkterizacj G H 1 H NKD WHDL &netodamaW UDQJLMHQ W C
spektroskopieNDNR ELVPR GRSULQLMHOL UD]XPLMHYDQMX GHIHNI
6L&BDAaQMD MHVERNNDBIVIWQ BX@HHNHBKQQEIPIH +& WLMHNRP HSLWDN
rasta i QHXWURQVNRJ=RPWHhYDIQQMNH.RFH sQNEREMEWHUL]JLUL
WUDQ]JLMHQWQRP VSHNWURVNRSLMRPDeépXEeReN ITkans@itY RD '
Spectroscopy L /DSODFH '/76, ok KpR-NHRPID PDQMLQVNHSUQRVLRFI
NDUDNWHWMUPLQ]DL QMSHM@RIRVNRSLMRP PDQMLQVNLK QRVLRI
Minority Carrier Transient Spectroscopy. /DSODFH 0&76 WHKQLNRP

8 VOMHGHULP 18R JBd:yis NRD VW D O Q lvojsial X 18 IWGKIOH NW UL p N L
DNWLY QLK GG\ KRVDWADE QDIRVILRFLPD Q D ESRINHD OMHG NOLLDWHIIND W X U
GHIHNWGL®D+NRMH (HPR V bvovatiHCCRMMRpIGAMEoPIs NRUL AW HQ LK
HNVSHU L Pit¢Qdat®sd QILKH kekl@ak SUR Y HIGHWIMNWHUL]DFLMH HOHNYV
GHIHNDWD.



2. . ULVWDOQD i SWjstvxMHV8IX U D

(@)

Slika B6KHPDWVNL YHP®DMLARER/LYH EBR WKV MH G QdiliBjaDWRPLP |
JODWQH EERMWNWRIOIE® H SROLWIRID BLHEQLP SR& RIDDMLLRYD 6 L

LULVBAROVDGUAL SRW MW G DD MNOEHRMG KN RLY D GRH QWEIFRDM & HUQ L
HOHNWURQH KLEULGQL®YUEL RUBWMPOWDWH IRNUXaHQ V pHWLL
NRML VH QDOD]JH X YBUKIRNYCL P DLVWRHBW.@I/HM)ERUNDR Y D O HQW/IHD Y H ] I
RGJRYRUQD ]D RGOLpPpQD PHKRQYHNPREN RMMWWD GLE.UDWL
N ULV WD O Q haktipove, INRNVWIH X N\URD FPLR/IXW dlojevedd» &paildva atomedR N R P L W L K
QD NULVWDIRYXVRMH WUL UD]JOLpLWH IR NehipiSka §OKRMHYD $
5DPVGé QRRMYPIGW AL EURM VORM-KYRBRIMURMDS BWIRRRDLIBQR S
RIQDMMGLQLp GHa IKHOIWVNDH R@akdhi,p QU O lza BomboedarskuMHGLQLp Q X
iHQ I5M)G RV G RIQ 1B @ 8-\ D\QOVREMIHQYIDM Y DpalfijovaL &  + L + VX UHGRP
$%& $%&% L $YWBFEWUDFLMD NULFMED DGR /DWRXANIBMOQUHKD6 L
SULNDHRGQIZI E 2YLVQ®RD@NVD D JIH@MDO RMMLY DV WH@E BWR BX
SRVWRMDWL SRORERMMR K WDOBXQMAMBMIh&PL 8 +6L& NULVWDO X
SRVWRMH GYD SRORAaDMD 6L L & DWRPD NRML VH UD]JOL!
KHNVDJRQDOQRP L N NXELpPpQEP 8 UMH\D USRRRPA DINDIVOX \FM H C
vidlivo NDNR VH PMHVWD V NXELPQRP OR NDB&OWQMRPMHYIH QY D LSRR E
% D KHNVDJRUXIONDLP DIHOMDN®PR]LEFELMDPD $ L &



7TDEOLADQRY Qasvojstva + pofitiha 68L& . @

3RO (QHUJ ORELOQRVW ORELOC 3URERMQR 7HUPDOG
6L& prociep HOHN|WDRGDASOMLQHB OHNW U Ijjg QBdli&&0D M H
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09 FP
+ 0 -
+ 0 -
& a -

7DEQLEGDEUDQD V-BREV@®YR]QDNDP® RIQDpHQL VPMHURYL S
RNRPLWRQDVWDQ®@DRY WHRERGQRJ HOHNWURQD

(IHNWLYQD P DM O YW URC
(IHNWLYQD PIYDmgXBHPMLQD
%URM HNYLYDOHQWQLK PLQ
(IHNWLYQD JXVWRUD VWDQM
YDOHQWQH ¥FBSFH 1
'LHOHNWULPQP SRQVWDQWL
6DWXUDFLMVND Ed&l]B®DB OMIHw
FP V

Svojstva politipovase UD]JOLNXMX NDR SRVOMHGLFD UD]&® IVCLRWHKY DH G
IHNROLNR RVQRYQLK VYRMVWY DtaBligiO.L W LSARONDW/ 6358 HVIHHU QDY
materijal PHYyX RVQRYQLP SROLWLSRYLPD 6L& ]D HOHNWURQ
HQHUJLMVNRJ SURFLVQH$TH WP R EYLHI®IRLY AJIRVRENRL R © B LD B/ D !
+6L&KPRIXUXMH UDGQBRPIS\RRIMNMPWW HP SHEDWMKYRPY GHWHN
vidljivu svjetost 9LVRNR HOHNWULPQR SURERMQR SROMH L YLVF
Y H tiod | L N D VN\QRRAVS/RIDHQ® S D MHD@MIMID RWSRUQRVW QD REWHIHC
RPRIXUXMH GXJ ALBRWONRFRERENQWL X UDGLRQNWLMORP
SRWUHEQD ]D SRPDN DWRPD XJOMLND L] SRORADMD X NULV\
SRWUHEQD ]D SRPDN 6L BWRPD .@QREDRYWEMG6REWDOLK



ALURNRSRMDYV Qé¢ R RRIKO R RN G/L p/DY Y [TRCCOF¥dih \iiézniter P D O Q H
oksidacie NDR X VIGREDMIR G L pD

Slika2 $SVRUSFLMVNLONRHXLRYMMQRVWL R YDOQRM GXOMLQI
,VSUHNLGDQD FU Yiddpm R] (SEDDYYID K K-Qi& MDULQRVUHNWQLK SUL
,JOQRVL SULND]DQLK NULY&XIOMBXW X@Q GUHYHQL uradu

,QGLUHNWQD YUSPpDVWD VWUXNWXUD RPRIXiXMH GXJR YUL!
6LE&DOHPWSAD LPD PDNVLPXP X + WRpN HokvQdjvaBpdadme L O O R X L
PLQLPXP X WolljiRgpptaX SUYRM % U L OiRaREKN QIRWIRGH [RRAQMDL P X P D
dok X V O XYpDOAXPYAQHIHQHUDFLM B QUIMEHD B EQDNKGHIH HIHNWLY
HOHNWURQD L &XSOML QB sa@radijse HENJWLLOLH 6XD& N RER/IV DQGWIU H N
YUSPDVWH DBVRINMWXMWNL NRHILFLMH QRQ D OMRWNDYFMVGALD W X D
XSDGQLKIRWRRBELSULND]DQD RYLVQRVW DSVRUSFLMVNRJ N
PDQMLP GXQMrlje@p BB SWIDSHRUSFLMVNRP NRHILEFLMHQWX 'X
LIQRVL RNR P SUL YDOQ®M GXOMLQL QP

.ULVWDO 6L &roRR&HP RELILFLUDQRP /HIQ@)L P M&HERIGBPiz
SDURYLWRJDOVYWNDHPMMVNLP QDQR3RAM HPQHgM&DwA®H | D]H
deposition. =D SURL]YAHMWNUBVWDO V QL V NRIR HNNFHOEPKGE @ B DNFR WILRF
HSLWDN VL&D ®Qso@IME L& VX SY WE@BDIWKD Nlb. 3¢ RaDishi lkao
DNWLYQR SRGUXpPpMH X HOWNBRURQILYRNA N RMHSE Kistaaw D



. (OHNWULPNL DNWIESXQL GHIHNWL X +

Slika 6KHPDWVNL SULND] WRpPpNDVWLK GHIHNDWD X NULVWD

'"HIHNWL QDUX&ADYDMX SHULRGRDXQ E YW LNXXERIGKKDQRGGH. PN UKD\
tijekom QMHJRYRJ UDVWD SUL SURL]YRGQML HERRBRIQHRMK N
'"HIHNWL VX XYLMHN SULVXWQL X PDWHULMDOX EXGXUL
SRYHUDYDMXiL NRQILIOWIVH G R X WAIDWQLLRISD MWIRQARNERYBRWQ & H | F
SUD]QLQD QHGRVWDWDN DWRPD X NULVWDOQRM VWUXNW X
PHYXSRORADMGOLINIBPEMYR VX PRIXUL L VOR&BKQIONWLX PMRWDX
YHUL EURM DWRPD QSU a®bdR]Y W RpiIN X % RH REABIMWYKE, X VH P
QDHKIHGQRGLP HG YIRRELPOIQI L R @dd G RIS W R J & H difédu
VODIPQHAQLK. 8D YU MH PRJIXURYH i I XEUDEMMD RGUHVHQRJ ¢
SRVWRMDQMD GYDMX UD]OLpL WL IS S RRDRHIMYEBIDNY LNNIR ¥ M/ D O Q R
VWDMDWL QD GYD UD]OLpPLWD SRORA&BKME NV NURQWYNDORQ R®IL U
NXELPQRP VISPHOMLIMRP NRP S QB NOVIDQ & HV HINHDWYWDL M X N ULV W D C
SRVWRMDWL UD]JQH NRQILJXUDFLMMH BRYLWORLRQ XY R M HUHH M
mjestu X NULVW D EXEM LBGORMROHL QH YRGH QD BNERNL LMW H NOWR
RVMHUDMX



3.1. (QHUJLMVNL QLYRL GHIHNDWD

(OHNWULpPNL DNWLYQL GHIHNWL XQRVH HQHUJLMVOitH QLYRH
XKYDUIHRMLRFL UHFAFIMBRORADMX HQHUJLMVNLK QLYRD XQ>
HQHUJLMVNH QLYRH XGDOMHQH RG YRGOMLYH LOL YDOHQW
WHUPDOQHMHQBILMIMARNGXERNLP QLYRLPD GRN HQHUJLMVN
QDJLYDPR SOLWINDL FREQYRMBW B B S/HHUWDQUXRRL HIBIDI@QML VH PRJX
SRGLMHOLWL QD GRQRUH L DNFHSWR U H pBpvirhajuBR JR. VQIDYEIRQM X
QDESUHGDMRP HOHNWURQD YRG O MIbRaRddptgrUSR Y VW DM XX IQHD IV W
QDE Ljvetaprh A XBOYPYDOHQWQRM XKSPWRBWHPHDNWURIKPEO HOHNW
YDOHQWQRM OMXVFL DWRPL L] GX&DNRNEDGNRMBRGI SHULR (
L] ERURYH VNXSLQH su akceptori.

1ERM HOHNWULpPNL DNWLYQRJ GHIHNWD RGQRO§R EURM |
SROR&DMX JHUPLMHYRJ QLYRD XD >GMDINMQ K LGIY.M V MRIIQ $IDR @
EURM G QIMENOMMD T- MH SRGMHGQDN XNROKINRHIGI) DN D PH QDY I
prijelaza( T T )X QN Fakpddiele VW ROQ ER MDODV L@

- I (T TG

F —e kKu G

I

JGMH [VXJJSULSDBQWRUL GHIWD@MOFRWHPDQQRYD NRQVWD

temperatura3 UL M H R R ELL VIRYGIPOD YDMX R]QDNDPD L M JGMH L R]
VWDQMH QDNRQ SULMHOD]D 1D SULPMHU R]QDND ]D HPLYV
VWDQMD MH SULMHOD] L] MHGQRVWUXNR SRJLWLYQRJ X Q
R]QDpDYDPR V



Slika ,OXVWUDFLMD8 O FR]IOWMUEIDQRRYULIHWND GXERNLK QLY
HOQHUJLMVNRJ SURFLMHSD

(OHNWWILPpXNQLDEHIHNWL PRJX XQLMHWL YL&H GXERNLK QLY
HQHUJLMD SULMHOD]D L]PHyX UD]JOLPLWLK VWDQ®BIRI GHIHNW
je LOXVWULUBQ SRHIPABBDO GDN HQHUJLBUYN LKR [EBYLRDD RP (
SRUHWNX HQHUJLMVNLK QLYRD HQHUJLMD YH]DQMD HOH!
ORNDOLQDUBKIHNWX ]JERJ RGERMQH &RIX OR P BoDeQIMMW®! i) DINF L |
GHIHNWD 6WRJD HQHUJLMVNL QLYRL SULMHOD]D V SR]LWI
XQXWDU HQHUJLMR/WHRGDS\U RDHWHBERVNLK QLYRD PR&H ELWL f
HOHNWURQD GROD]L GR GRYROMQR YHOLNH UHODRWVDWINWKH |
QLYRD WWBIQMI®WNWURQD ORNDOL]JLUDQLK QD GHIHNWX LP
EURMHP HOWRWD RIBGQRVWUXNR QHJDWLYRRVOIERQMH GH
PHWDVWDELORRHIDYDQMX JHUPLMHYH HQHUJLMH GHIHNW
QHJDWLY QR \RVERBUbstruko Q HID W L Y.@GRV R J\DD Q@ M KRHHIFINAL Y Q L P
SRUHWNR®D@DYRIKWUD GPRMWUXNR QHJ R WLIDNIRPVHYQ R X/ W
RYLVQR R SRORAQMXRHUPLMHYRJ



3.2. ,(OQWHUDNFLMD GXERNLK QLYRD V YRGOC

vrpcom

Slika 6KHPDWVNL SULND] LQWHUDNFLMH GXERNLK QLYRD
OSOMHURMDWQRVWL HPLVLMH L XKYDWD hktheWd/RQD &aXSOML

,QWHUDNFLMH GXERNLK QLYRD V YRGOWMNQERPDIQ WD R/ QR
L]JQRVLPD YMHURMDWQRVWL XKYDWD L HPLVLMH QRVLRFD Q
QRVLRFH QDERMD L OHNR PEUDFLBMRANLENMRDWNERNL QLYR QDN
AXSOMLQH X YDOHQWQX YUSFX HPLWLUD RGHN¥W URQ HU IYRL
QRVLRFD QRERW D HN RRBALRIFBRMD VH VDVWRML RG XKYDWD
YUSFH L XKYDWD aXSOMLQH L] YDOHQWQ @ YESSME |BISRIA L NR
YULMHPH X GXERNRP QLYRX SULMH HPLNMENH D YQRIAR FGIXE R
OMHURMDWQRVWL ]D LQWHUDNFLMX V YRGOMLYRP LOL YDC
GHIHNWD OHYyXWLP QLYRL EYOULSELYIRREDOMWKL Y RIKIX YWIMHHIERWM Q RV
QMRP D XGDOMHQLML P DY®IN KQODVRRERNDDW QNpYIL KEIFIHRQ T/ D U D
QLYRWHVGIDOD]H EHQEH MWH/MRYLYSHRALRMHSDHURMDWQRV WL
vipce > @=DPNH ]D HIOHNMUIRIQ B DsWodljiarvEphbap dok Ramke za
AXSOMLQHMXQWHUDIHQW QRP YUSFRP 1DYHGHQLP SURFHV
HOHNWULPQD VYRMMW XD GGROX YIRRGNLRPEIBQDFLMVNLK FHQWL
PDQMLQWRNVLRFD SYXOMRWIMERG QLK QR ViaRkeDP RDHE RAVRIY HV W L
NRPSHQ]DFLMH RGQRVQR VPDQMHQMD NRQFHQWUDFLMH VC



=a dubokeQ L YBEQ H UJILXNMHX SQH NRQ R @ WeUDOFS IMHD@Q D GAEB YUHP H(
SURPMHQH NRQFHQWUDFLMH GXERNLK QLYRD SRSXQMHQLK

d
d—? ke Cotlr- Q- leq G 0Q 2

JGMH VX YMHURMWRHRNY L UHPQN INDHR EURM HOHNWURQD &X
YDOHQWQX YUSFX X MHGLQFL ¥4k PGIQIR QD UIMHHJ RR® VEQ R W
AXSOMLQD XKYDUHQLK L] YRXERNYHQ LYYTRO X QWBQAH @ W  SAFHHH ]

SUHWKRGQH MHGQDNRVWL X] SUHWSRVWDYNX NRQVWDQW(
JODVL

Q1) ({(O)e'EZ 176, co2l -éEZp
JGMHYHNRQFHQWUDFLMD GXERNLK QLYRD SRSXQMHQLK V
2 leqcoe ¢0,] SUHWKR Gj@wdlivh kakb LIWWDFLRQDUQRP VWDQMX N
SRSXQMHQLK]GRYHND WD, lg, cqgo2te NDNR GH SRVWRMDWL HNV

SURPMHQD SRSXQMHQRVWL GXERNLK QLYRD XNROLNR X S
UDYQRWHAQRJ VWDQMD

8NROLNR VX X SRPHWQRP W U HADX W MX COKEYPDNL KD M R W SR Q PQ
SUREM¥;6,6, SRSXQMHQRVW GXERNLK QLYRD VH SRYH{iDYD

Q) 1A -€9
8 VOXPDMX NDGD VX X SRPHWQRP W UH QHX@/HINWERXSERNPLDQLY R
i HPLVLMD HOHNWUR QBy(@&Re& ,Q BRWRQMHRFHV GXERNLK QLY
HNVSRQHQFLMDOQR X YUHPHQX

Q(t) 1,e%¢
8VOXpDMX NDGD VX GRPpriI}QiWé@pLEIXGBMIHR\@K)X(KIYLIJWI'EDVWL DQL
izraz ]D NRQFHGQWERWLKXQLYRD SRSXQMHQQK VD 4XSOMLQDPD

3UHW KRG PBRWUDGMIEL X VOXpDMX MHGQRVWUXNH HPLVLMH
SR]LW-IBYQIRUWH R BMFHRS X Q M HQ RV W L QG-XDRWIMKERIFEada se
GHIHNW PR aMUQ DWW DXQ M ELRIM 8 L G DY DK WOM/H-EGEHQUMHHUPHIQKE L M D O ¢
MHGQDGA&EL |D YUHPHQ V NXGSHI R WBQWONRIXF & Q BRINDE LT
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SYL GHIHNWL QDNRQ GRYROMQR GXJR YUH®POOMD XSKMDONDRR X
dva HOHNWURQD

3.2.1. Uhvat nosioca naboja

3UHPD GHIMBURIMDW QR VW toXKXBE BXHERNWDQBD/ XGDULP Sl
]D XKYDW HQHAVEQRIQD D 1

Co Lywn

Cp JpVWIp S

JGMH VX Q L S NRQFHQWUDFLMH HOHNWURDTVL 3XSOMLQD te

. Kol
VWK Q ST—=
My s

uz HIHNMWa¥ Qfy &3/(1m § g +2/mss). 3ULMHOD]L HOHNWURQD L] °
AXSOMLQD L] YUDXLW@®W QXH X WHHH Q PIRUDME INR LU © HIREBIGN MDDV L
$ X JHU Rij@ar, muli-IRQRQVNH >HRNDMNID GQRJ XKYDWD LOL GY
NDVNDGQRJ @KIYDGIIMD WRQXPLMX GXERNLK QLYRD XKYDW VO



sep HV W RpRG&0mMB-IRQRQVNH HPLVLMH SUL NRMHP XKYDiHQ Q
JHQHULUDQMHP IRQRQD

Slika 6KHPDWVNL SULND] NRQILIXUDFLMVNR NRRUGLQDWQR.
multi- | RQRQVNH 2H® D¥% &UQHV D@ MDVORERGRQRXKYDiIHQRJ HOHNW!
IUHNYHQFLMH IRW-RQWNHR HUWEODFLMI KB NRRUGLAKA/H PLQL
HQHUJLMD PkQLIPXPDEDULMHUD ]D XK YADHV DHNOVH.N\D B RMDWN®( H C

Multi- IRQRQVNL XKYDW HOHNWURQ XN RFRUERNID @ IQYRR NVRH) ILLQ X \
GLMDJUDP X 30 NVI]IDFAD JH QH U D GYLoplisuj® ipmakéapRakG|Lt@EW D
GHIHNW L VXV & HWKIDMWRRD RVL RUGLQDWD RGJRYDUD ]
HODVWLpQbBd poRakUatdnmdH.] UDY QR WH a.Q'LYK MSHR CBRUAINMDDD QH N U
RGJRYDUDMX VWDQMLP DO R HROGIQIRMUIRQ BNXWKIYR@BEQ RJ X ]D
G RY R O M Q RempkrdtBrahtal pri kojinsu vibracie NULV W D O GGHR YURHGM QYRIHY HO L
dolazido SUHN OV DWIMIERGQRJ L XKY D ipHj€aRprékObamijaréeV@ QD W H
IDNRQ XKYDWD HOHNWURQD DWRPL X RNROLSRYB tHDKDNLW D
vibracia. 3BRORaDML DWRPD VH UHODNVLUDMXor8 YHE DDWDVMQ RO



NULVWDOQX U HeirisrN KR GRREERW@R > € modelom mulilRQRQV N H
HPLVLMH RSLVDOL WHPSHUDWXNRMDRY HVRRD/AD X DUH@R.N IS
QLYRD

(7 16k
JGMAE(UWVHRHUJEMYINNDHUD |D XKYDW: RDIURAD SQUBERIN'DN W H UD C
8GDUQL SUHVMHN MH WHUPDORs KW ¢ raJfbij6laz HAtrabSFRQ H Q F L
LPDWL GRYROMDQEVRM DRRQRQa.SUHVMHND L QMHJRYD WHEF
XND]DWL QHIBREE®M S ULRMWHKX p D MXHPIDRWLHY QostodPE BRINDQ
&RXORMPEBom |D XKYDW HOHNWURACS OGVRN [3 LBIR XWYRDMW XSULY O
LOQWHUCRNWD MRYHUDYD YULMHGQRVW XGDUQRJ SUHVMHND

3.2.2. Emisija nosioca naboja

,JUD]JL ]D YMHURMDW QY VAKX S$PMVOQOMH HOHNWURQD
NLCTe

eq Wwilgye

.G

& Wwibsye Kol

sePRJX L]YHVWL NRULVWHUOL SULQFLS B IGW DLANM @ HMXDY IQ IR WRAN
XKYDWD HOENWW@D® 3UHPD SULQFLSX GHWDOMQH UDYQRW
UDYQRWHAL EURM HOHNWURQD HPLWLUDQé EURMX KRNR I HQI
HOHNWURQD WH EURM HPLWLUDQLK 8XSOMLQD X YDOHQWQ?

eQ cd1-Q

e(l:-Q ¢Q
8 SUHWKRGQRP LJIUDJHRBDIQEVIWEGMERNRI QL QPN BSQ IHWH. \LL M |
QRV LR F BuGBdER MBI Q}i ¥te SURP MIHERVRYH VORER B QY GDDMQIL |
s UG qy) Uty) - 78qy. (IHNWLYQD JXVWRUD MWOBQOVHIQWAPRAAIAM LY R M

se odrediti iz izraza
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P R &ebdreditt DNWLYDFLMENDXSQHQLLHWHYMHNED SUDYFD L RGVM
RVL RUGRQWWHEL QHNROLN R RGHNDMRD FDRWLLODR IXQRYV YMHUR
eo sG B @razima , .8 SULVXWQRVWL HPRAN GIRIQRG RS RQU&D'
&RXORPERYH SRW H QW HMEB®G)H) EDWLRFHDU @ B BR @ DY MLDDQVRD Q D
GHIHNWX L WLP H 6 RUSRRDHN QRDMBIG HO L VHLINHFNW HOHNWULpPQTF
JUHQNHO H@HNMA S UL \exislip QRYN.RE DN@DER YR S RQGHH RIM IV D,

WM QDERM GHIHNWD ISRV @ B MMNVERIQRMDMPQ RVW HPLVLMH WE
QDSUH]DQMH X PDWHULMDQXRIU BRMHNWRE HRYHVDRAMR QMHJ

simetriji > . @



3.3. TRpNDWYWLN@MISIC

Slika 6KHPDWVNL SULND] SRORADN DD 16 H B BIIL M BQIRYIRELUMRHFY. R H
L SULS®IEIGINSONWVRBBRLND]DQH VX R]JQDNH GXERNLKRORRDMRGIE
RG PDNVLPXPD YDQHROWMQPLQUBKRD (YRGWMLYWLBUBIFHO MHQL
LOXVWULUDQLK GHIHNWD

8ovom SRWSR JOIDQOMKW SUHJOHG UH]XOWDWD X OLWHUDWX
GHIHNWHBLEZ XQHVHQH WLMHNRP HSLWDNVLMD euQliBbdkiu DV W D
QLYRiI YDNDQFLMH XJOMLND ]DPMHQVNH SULPSIitdaVH3BERUD WFE
SURXpDYDQMX GHIHNDWD VX VH SRND]DOH L]QLPQR YDaQ
UHIRQDQFLMH (35 IRWROXPLQLVFHQWQH VSHNWURVNRSI
JXVWRUH. PHWRGH WUDQ]JLMHQWQH VSHNWURVNRSLMH

331. 9ODNDQFLMD XJOMLND

"HGDQ RG GRPLQDQWQLK UHNRPELQDFBEM& WL IS OF WGWYDDND R F
XJOMLNBQXWDU HQHUJLMVBRS $@RPLMKE YD + GRQRUVNH
Ve QLYRH QD HQHUJLMDPD R&MRSRG GQD YRGOM@YH YUSF}

redom.



1HIDW& YBRUHGDN DNBHYRMBNDLIFL M Hje XRIG@WH INDY R5
spektroskopijom> — .@LJQWIN RQXBONMILND X MHGQRVW UK NPRR &HH JD W L
seRSD]LWL (35 VSHNWURVNRSLMRP EXGXUL GD LPDMX SROX
YDNDLQI D XJOMLN D/EXL QGRAVMDUXNARPEMVHALDHY. MY QERIXXH R.SDA&D
.DR @&WR MH SUHWKRG QR RE&VWHMRDDF QUM BIDAMDLWWRMH XKYDW
SULWMWEMWDSWRH D MH SRW UHE Q R] R \SYUNHDWD PEMNHVQ,INNHD BE{ERAMNLD X
opad D GBMUHL S D(G MR DD W& WIH (BAWL BERMR ® RYLVQRVWL R HQHUJL
RGUHYHQH VX LRQL]DFLMVNH HQHUJLMH ®MRSDAERQIEYV IR RWW |
L QW H Q $KabiHSWQCH J D VB o edkom.

= L (+ GXERNLNQUDRIWWWHKIQUDRR '/76 VSHNWURVHNRSLMH VX
i Ve SULMHBEO,@p edom. 1IMLKRYD LGHQWLILNDFLMD NDR GXE
XJOMLND MH SUHGORAHQD QD WHPHOMX UH]XOWDWD NRP
+HPPLQXERVANRQWX SRND]DOL SRVWRMD Q MHHQGWH BNX @HRIEDS/R IQYHI)
8 SRUHEEHRN] VOLPpQRVWL HOHNWULpPQLK WVWHRMAMDVDKEYRM X
podrijetloje SUHE @RIAHNW NR M tdvahel UPDQODRLVQIDPpR]JLFLMDPD X NUL
. RQFH@W.UBRIHWQLVMe NEHQWODHYHOGLWHKQLNRP SRND]JXMX |
NRUHODFLMX V YULMHBWRY WLHKOQRNGRIAHIHNORPRYHIDYDQMH
NRQFHOWUBXERNRJ QLYRD MH]ROPEMDEM@PDNEBBNWURQLPD

keVf2 0 N H %oji uzrokuju samo pomakD WRPD XJOMLND X NULVWDOQRI
SPDQMHQMH NRQBHKEWRNRFLMH RD MH RpidksihH Q Raka pdd X p D M X
UWMHWLPD ERJDWLP B WR studfainakoeOXMARINP HYy X SRORADMQLK D\
XJOMIQNDIN Q D®QUR. MHIPY BRVMWLAX UHNRPELQ DotV XJ © MY NDR U R
YDNDQFEM@P D >

2]UDpPLYDQMD LLRPODPAWDWLMHVLSRYLPD b HAMKi DPDYRHQHUJ
QWL S63&0jise0GOLNXMH YHOLNLP XGDUQLP SUHVMHFLPD ]D X
c® L a cm > @WLP UHGRRRNRP WHUPDIOXQR® BWWRERLEQ@DFL
QRVLRF Dpu@ehER MIX E RN R J uz@okieR\DP i@ Meme QALY PWRQ MLQVNLK
QRVLRFD.QDERWBI UL]DFLMDQ RV QRMOL NHD BXRKM D W.FHDQ! D QFLLNWNAN |
XJOMLND MH R Gza/IHIDHNHVHDAQRVRVEDWHULMDOD JERJ QMHQE
+6L& WH PRJIJXiUH NRQWUROH QMHQH NRQFHQWUDFLMH



Slika D6 KHPDWYV NLD Sl IQNSIONV krist&lu X+~ 6L & ORNDOQRP NXELPpQRP

XQXWDU $ L -& CFORRMPDDRHNAID JRQVNRR K DPQXNUDW BP VIO R M
Si-r& SDURYD BMWdr&ja pHWLUL stR@LNRWH JXYDRDKQHLMD XJOM
3 R O Raddmikilicijia Q Rrajevima tetraedraV X R]QDpPHQL NUXJRYLPD D UHNRF
PHYyX 6JDGLNDOLPD VX R|QI\N:HMO@PBOQLQMIRNRPLWD QD > @
c .RQILDRUMVNR NRRUGYLMNDRQIBIOM L MOLBU DPIXWUDOQRP QHJD
L GYRVWUXNR QHID MVOIDYPHRAH W DHMDUIJLMH SULMHOD]D PHYX
WH DNWLYDFLMVNH HQHUJRNHX ]0Y VVRIRVRRHRIDL MH GLQ L
QDYHGHQLKeM.QHHSURDO XVEHL UD Q@ L]



5H]XOWDWL (35 PMHUHGMRAD MM LLQUDY K QBLAIXI LR XVMD B X M IV
YDNDQFLMH 61@&M L N.CEIXN B-QWH. PR JX QDiUL QD GYDXUB]OLpLWI
6L& V ORNDOQRPLNLXEHNYRPRQVNRR K L PHOLM DRI@A DX UDFLMH
vakaQFLMH XJOMLND RGQRVQR SRORADML VXVMHGQLK DWRP
b VDNDQFLMD XJOMLND SRSULPNRIQHGQ K [RFR fld$iyeh V& ISULND]
RYLVQR R VWDQMX QDERMD L1DPROREMWHK XUNN DYDUD © @ R M. ¢
NRRUGLQDWQHXLWMPDIQYRP QHIDWLYQRJIJ L GYRVWUXNRJ QHJ
V R]QDpHQLP HQHUJLMDPD SULM HS®RWNMH Q]PLHEPOORIDMWMLHP XIRH N Ul
L- SULMHIBX]UWDELOQLR WXDOGARPH?O 4- ( eV, doku
VOXPRMX WHGRP &]QRWMD gt ( eVv> .@UHPD QDYHGHQLP L]UD}

HQHUJLAMMDPROESYQUHL M HVGQNR VW K su redom8 - eVi 8 eV.
1HSRX]GDQRVWE QUHUDMWEYQVKNL L HQHUJLMD SULMHOD]D |
IXQNFLRQDOQRP JXVWRUH XJODYQRP L]JQRVH RNR H9 ]

VXSHUUHOL@MPDHPEDYIE NN e R  \LXU D p Y& DsirHpostavkaméiako bi se
poJUHANH L]JUDpXQDWRKOPFHYXKMREQRVR/GX]J]HWL SUL SURPDW
YULMHGQRVWL PWWH® PV RDOINRRM GRERYWQMH YMBH QHJIDW
YULMHG QR\jeWw sklgdu ® HNV SH U L REUEWBLAEAER /76 > I@RWRS

>  g@ektroskopa. 8ovom radu,H N V S H U Ln? ldzQlatidaB&akterizacieG X ERNLK QLYRD
Y DN D Q F L MiH XR@DMGE R DpoVEdti @ S L WWidd@l Y DN D B DMHSNDLMHOD]D PH
QMHQLP VWDQMLPD

3.3.2. =D P M H fQrivhj¢$a bora

%RWH XRELPpDMHQR NR GIROMBQ G EXKBRPYQD LVWUDAaLREKD@MD VX S
ERU X YHOLNLP NRQFHQWUDderijsld>P b S&®LWKOYBQDPXIIPUQRJI X°
bora u kristal dolazi tjekomrastN ULV W DPHDWERIGRP .DR WDNDY ERU XQXV
prociiepa UQRVL GYLMH ]DPWH QB UIXYOVMBDQRINRIO L]QDG YDOHQW
YUSFH NRML VH XRELpDMHQR R]Q,Dijp E2dommM Kl INKORRY & & U LFGINDR\CDM
akceptorskinprijelazimaERUD QD VLHOLFLIMKYRWR X R PRI \WOM6 D +
PRGUADQ@RLIUDPpXQLPD i@korelaciama Q ML K RIRIQKF H Q ¥ UvizfinhaM D
HSLWDNVLMBOQR@GBYVMNMWDWD XRIBIWNRMWRPLPD SRIJRGXMX
NRQFHQWUDFIEMLU %L B&H QANDD Biljdétd & RK/ W 225 & U L W& @du H



XYMHWL UDBicij¢dm BRURWILPD SRIJRGXMX YHURM |JERQPHG@WUD
GRVWXSQMKNRY]X IRMAVWEHDQMHMMHUDWXUL VH WDNRyHU PRAF
Ve GHIHNWD NDUDNWHUL]JLUDQRJ (35 VSHNWIARVNRS MR NLC
SULMHGORJ QLMH SRGUAaDQ ")7 LIUDpXQLPD EXGXiuL GD RGUI
odstupajuod HQHUJLMH ' FH&® WUD

%RU MH pHVWR SULVEMEQ PE B U DANRBXRBIRD D@ M®HQDPMHUQH
NRQWDPLQDFLMH WLMHNMRP H® RW R R VILBEBRKQRZrat %\ W D
FHOWRULVWHUL 0&76 L /DSOWH HSR&UA DWHIK @UIWNHGRLY Bo SULG M
GHIHNWLPD

3.3.3. 'XERNL QLYR [ U®deniu 4H-SiC

3331 (+ L (+ GXERNL QLYRL

'YD GXERND QLYRD HQHUJLMD RNR H9 L SUHB LIMABRIGWY.RX
tpu +6L& QDNRQ RJUDPLYDQMD QHXWURQLPD HOHNWURQLP
UD]QLK WLSRYD pBVWWKRGQRQNMRULEWHQH R]QDMH6]D QMLK
> \@H (+ O+ . 8 @RV W l&@oj, PRJIXiH WRHQDMLKR YR
SULGMHOIMGOQRYMHDYQLP NRPSOHNVLPD GHIHNDWD SRYH]D
XJOMDNDSULMHO DdilichD YDNDQFLMH

2SDA&MmaxdsH NRQFHKQYWUDHBEM- ( eVGXERNLK QLYRD SRGMHGQD N
GR]DPD R]JUDpPLCOQWIDK RAHHNDWDRRFHQWUDFLMH SRGMHGQDNR
YLaAH WHPSHUBRGIRKEZUSOMX UD]OLpLGHIMGELIDMSEREBOMWP D LV YV
> . ®RYHUDQMHP HQHUJLMH XSDGQRJ JUDpHQMD VH SRY!
SRPDNRP 6L DWLIRSRDWX K> s@lubokeQ L YBeQ H [dL M DH &-
H9 XQHRHDOPpLYDQMHPUR WIRMIeRDHQHUJLMVNLP SULMHOD]LP
silicija Vsi - Lsi9- 6PDQMHQMH NRBRH QM WidefatiurdrieX6 UDV SR Q X

° &- °&V DNWLYDFLMVNRP M HREN MWREMH/RR WFDIND.QFLMH
VLOLFLMD X SDU YDNDQFLMEWH Gk LENDWDX J O MdirebviR J D Q W L-
IDSODFH '/76 WHOJb eI NVRP SR QH@WH JQIDGULGLMHOMHQH
prijelazu Y DN D Qilieja\D ORNDOQRP KMNMN XD JR R F NIXPRS$mMetrijom.



2SD&DQMH QMLKRYLK SRGMHGQDNLK NRQFHQWUDFLMD SR
RPHNLYDQ NQ&R¥ VX SRGMHGQDNL P tijRIO BRG W BRIFEMILF D Q M D.

2]UDPLYDQMH HOHNWURQLPNHBLVNRMHNUPIRMKMH VDPR SRP
DWRPD X NULVWDOX XQRVL (+ L (+ GXERNH QLYRH&> @
PR&H UH]XOWLUDWL PHYyXSROR&DINILGF DMWIRFPDAFDIEID NID. ND
GHIHNWLRD & DQMHQMH NRQFHQWUDFLMH (+ L (+ MH SULP
kojima su PHYXSROR&DMIMML N I/IRPRE&EO0OP&> @ AWRD]XMH QMLKR
Q H VW DUGHIDNN KL M D P DMGHH XHNNODAXID X\WRX P H{ X S R O.R D MJQ@ID PX\GRLP X
SRND]XMX NDNR SRR®ROGD GHNRDWR RRML EL SUHPD DNW
WHPSHUDWXUQRM VWDELOQRVWL PRJOL RGJRYDUDWL RS
OQDMMHGQRVWDYQLML NRPSOHNVL GHIHNDWD N-RML ¥NOMXp
L & > .@OILHUE H@pridi@tli GD EUJLQD VPDQMHQMD NRQFHQV
GXERNLK QLYRD XYHGHQLK RJUDpPLYDQMHP HOHNWURQLP]
WHPSHUDWXUH V DNWLYBFLMBNRPHOQHDNWMRPFLMVND HQF
VSUDP DNWLYDFLMVN H HHQWUDL MWR XGBpOMK SHD GUXJIL WLS
NDR (+ FHQWBQH UDJOLNH L]JPHVyX QML KRHKI LISVRONRRRD I8 D R)
WHPSHUDWXUQLK RYLVQRVWL NRQFH QWDLNSIR Q DRNDIQREH D M )
VWRSH XQRVD SUL R]JUDPLYDQMX RYLVH R YUVWL XSDGQLK |
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3.3.3.2. Metastabilni M -centar

Silka .RRUGLQDWQR NRQILJXUHIAM MM NBUGNWDPDQEPYULMHGQT
HQHUJLMD 0 0 L 0 GXERXPKYXLYRB YR ¥IUXKNR QDD WD FL M D

Q@

2]lUDpLYDQMD L LRQVNH LPSODQWDFLMHMNQWDOMLEEWD VWDEL
1MHJRYD SULVXWQRVW MH SHROADNWD R@DLWRSL RS UR DR @IQAMVDD
QHGDYQR MH QMHJRY XQRV WDNRYHU RSDaAaHQHIU&E LRQNMNR N
WH QHXWRRDWIRBOQMWUDQH %URGRRUBWQDWQR MNRQILJIJXU
GLMDJUDP R Bu@X W\ Li@aziD QR HYXVDQMD QD E®RINMpEGMUD WH L]PH
QMHJRYLK NRQILJXUDFLMD RIDDpBFERNIORYYRE $ULBLMHO!
prijelazima MFHQWHM DRSDADMX X NRQILIJXUDFLMBUL GERN OOM HEX E
prijelazu VH RSDAaD X NRQILLIXDQ ¥ LRAMIFABIFIW@BPOQ ILIXUDFLMX % sec
pi QMHJRYRP GYRVWUXWPD QavmikeBMianvaQ RPD G , & prijelaz u
NRQILIXUDFLMX $ SUL QHXWUDOQRP VAW OEDWX) 1L MHNPIS 15 RD\W
0 O LO GXERNLK QLYRD XQXWDhU HMOWJILMYNRI HORFLMHS
suvrlo bliskL SROR{BPMLPMD (+ GXERN Lt edov R BWRDDML KRYR
UD]J]OXPLYOPOYMKQMMRFRWUHEQR SURPDWUdpaKita $NDHOQMWHI RPP H Y
X NRQILULJXUDBERMQMHQMH N R ® R R\ IDUFLLN/BEYoaMbrocesom
DNWLYDFLMVNW>H QML NERRED WX UQRP UDVSRQX NDR X VOX|
GXERNLK QLYRD



4. (NV S HUL P H e oneijak
4.1. AH-6L& 6FKRWWN\ GLRGH

Slika 6KHPDWVNL SULND] HQHipr)6MKRW W MG\L 16 D RGBIP DV RR M |
SROXYRGLpPp EH] SULPMHQH YDQMVRRIDO B § RQDNHEHHRIDNIRAD I(
VORERGQRJ HOHNWURQD X - DNXXJR) SIDGHRHE BDRQK NL DI L
SROXYRELpPOD]QL UDG SROXYRGLpPD : &L tEL\QONBRGDNIMDL
SRWH@RUMDDU HQHUJLMVNRJ SURFLMHSD ViXa&eptokski]DQL S|
GXERNL QLYRi SRS X QMG Q& MMIHNVMDUR SRBD X pMI@RVLURPD&HC

6FKRWWN\ GLRGD MH IRUPLUDQD VSRMHP PHWDKMDKRYSRO)
HQHUJLMVNX ZQ MDREMERPQX YR GULIND]did® Qa D LGHDOQRP VSR
metat SRO X YsR L)Y OMD EDULMHUD YLVLQH NRMD RGJRYDUD
HOHNWURQV NR Jvb $tekR\WY MAD B W Q kojf B WIHLQ KadNsRIBu L]OD]QLK
UDGRYD PHWDODyL BROXYRSRMPAWDOD LWIBOXLYFROGLYB UB Y O
karakter XNROLNR! MHRIGQRVQR SRVWRML EDULMHUD ]D SUHOD]D
SROXYRGLpPD X PHWDO

8 WHUPRGLQDPLPNRM UDYQRWHAL )HUPLMHYL SpietdRL X PHW
X] SRYU&L QX NRID/ODNW Q H FHDONHNDKR QIFEGRXNRG SIRILWLY D Q
QDERM XINYBSRRIRYV D XSURWQR > SBHXWDMDSROXYRGLPD MH
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SRGURMMURPE&#H QMRERG QLK ,GRRILRW DY RBEREMIRWMHPH RG
ILNVIQREL]LUDQLK GRQRRIDMXIYRIG DN MHSVRRXMIUDODQ jer]YDQ SR
VORERGQL QRVLRFLULNVERMQD]DRMH QM XM X

8NXSDQ SDG SRWHQFLMDOD SR GXELQL SRGUXpMD RVLU
SRWHQFLMDOD L YDQMVNRJ QD&RQIN X 5DPL § D BRMIEREIQED G
XQXWDU SRGUXpMDPLBERGRXPEHBDQRDLURPDAH QKW WHI PRLUM RA

3RLVVRQRYH SVMHGQUDBEARMNRQ F HEO WWIW/IWR VH TQRER ML L Q D
SRGUXpMD RV Le&edrtR PA R GGIRCONKW DU SROXYIRGLpPD

_ . 20Q ) _k%7
(V) $ T 1T IV oV = p
T1-1g _ _
0, |D [!:

JGNMRI]QDpDYD XGDOMHQRVW QREzY6 i kR WNG REG QMW RRGNVGR S U L C
raspodiele VORERGQLK QRVLRFD QDERMD QD UXEX SRGUXpMD R\

SULPMHQRP SRILWLYQRJ YdtQkastvue RIUJ RPD SRIQMDWGVRNODGLRG X 'R
SURFHV WUDQVSRUWD MH WHUPLpPpND HPLVLMD HOHNWURQD
za XPMEWRRFHOBBBEUMDMO® cm® i SUL XPMHUHQLP WHPSHI
a .> . @RYHUDQMH SRJLWLYQRJ QDSRQD GRYRGL GR VPDQ!I

i SDGD QDSRQN 4 ¥YD6QMRUPSKRYHUIDQMHH QMHSEIRQBPURM HOHNYV
vodljivojvrpci LP D HQ B B YIRe@Mi@lz prekbarijere TV 9 WH GROD]L GR SRYH
WRND HOHNWURQD LBBROWRPRHGWIRIN HEHWWORQD L] PHWDOD
EXGXiuL GD EDULMHUD ]D SULMHOD]JQHOHKNW RRRQDSEMKXQW D C
UHYHU]J]QRJ QDSRQD UH]XOWLUD YBEXEGRAPDGRPGRNRIBUL]GRP S\
aLULQH SRGUXpMD RVLURPDAHQMD L EDULMHUH ]D SULMHOI

6 F KR akijer\: o YLVRNRJ &) QHFOselP RAIMRUP LMUBIRMHP -1BlL 3AWR pLQL
VSRM +161 &obrim odabiromza SULP NndtQgX WUDQ]LMHQWQHprivVSHNWU
SURXpPpDYDQMX -GH &H NdMW D& XN Rpswaizdidki SUL WHPSHUDWXUDPL

f&GROD]L GR VPDQMHQMD 6FKRMW N\LBD B LGB WHMIENRD QIR M
SRYUMRQWDNWD > @



Sika . 6KHPDWVNL -SUENBFKRWWN\ GLRGD SRYU&IDRH 6FKI
mmx mm R]QDNHLE mmx2mm R]QDANMH F 6 FKRWWN\ GLRGH SULD
WLVNDQLP SO RPHRWRDPpQLP NRQWDNWLPD

8 RYRP UMBXNHPMD VX GRRWVAG N Gdogiapripremili V X DGHEA7

L Q V WNawoxaWnstitutes for Quantum and Radiological Science and Techno¥gyp S D Q X.
6FKRWWN\ GLRGH VX SURL]YHG Hpa H+® D &3 IWDNMLIMBRO LR R
[ cmm, GHEOMLQH SULEO®@&BRRWMAN\ EDULMHUD MH IRUP
QDSDULYDIIMHBLWDNNURDOBW VORX PDVNX V NYDGUDWLDPQ]|
mmx mmili 2mmx2mm 'RQRPVYNL N RIDWD N DV Q@ MR Rlpstrata je

| RUP LWID@OW H ULILORSderbRuri  f& X DWPRVIFBWIR DY HE@IRe
LOXVWOEIcUD GHE O N INFDQ WD NW D 6 FSKRRYW WINQ HG Lin@) QrinN H ) 1
LIQRVL RNR QP GRN X VOXpDMX 6FKRWWN\ GLRGD SRYUa

LIQRVL 1196) GHEOMLQH QP tA YPOXBMRWXOWRVW SULEOLA



svjetlosti Q D N R ®IW D/NWD Q V P LA BAD SR Wike Hbenga, QD GLR SRYUAELC

QP 1L NR®MERNVOMHJIRY H RIYYHIERWNBLWY @ VBB FRRW W N\ G LR Gi
VX SULH QDIMQVNDQH SORpPLFH V UH#bEN QRPR/ ISID BRIV [SRW H ] X
NRQVWDNSWO RRURIML 6 FKRWWN\ NRQWDNW MH SRYH]DQ V HOH
SORPNRALLVWHGL JODWQX &LFX

4.2.  Strujno- QODSRQOMEBDFLDLIREAVND
NDUDNW HEKRWMWN GLRGH

$QDOL]RP - YDVSRQMNHL NDSDEDWRQ®BH NBUDNWHULVWLNH

GRELYDPR LQIRUPDFLMX R LVSUDYQRVWL X]J]RUND WH YUL
WUDQ]LMHQWQH VSHNWURVNRSLMH Q RUPGHERLWNO @8 RV LG
QHWR NRQFHQWUDFLMX GRSDQDGD WH RYLVQRVW ALULQH S

6WUXQWDERQYNNDUDNWHULVWLND 6 FKRMWAQND NRVWEIH je RSLVDC

T 95g
s & @ - |

JG MI,WDHV XUDFLMVND VW UiREBrijskothDrNIVD RGJL GBI RV W L
NRMHP MH HNVSRQHQFLMDOQEI9x@QDPQ X KOWMBEDRMGRAUQMYW

]JDQHPWULXse RSD&D OR YLHVIQURODN

T9
aQ 9 o

iz koje sePRaH RGUHGLWL IDNWRU LGHDOQIRVSWL QHIG QFRMW N\DIN
LGHDO® GQGRWW LL Q IR ISRIIRFHHWXX WO XQMNOCEMNRMPNVANVE. MH YHULQVNLK (
QDERMD SUHNR 6FBRW R/UW \L EBYOROAHRINSN L MHBRRWMD ][ DWL QD
SULVXWQRVWL G $HddsaiVX QREHSIDLYMWQRVW VWDQMB QD SRY
SROXYRGLp satiratijl® BMi®Iyse PRAH R GiIHHOWWLLY QDR WIH\QLFQ.IV D O Q
barijere 0O NR U L & Wlbo@M H P

T- 9

IS $$*?e-k%7
JGMH MH $ SRYUALQD 6FKRWYWN\HNRQWDXWD 5L BKDUGVRQRY




81-V karakteristiciSU L Y H U L Ps&/P\RUppZIDRPWMHFDM SDGD QDSRQD QD V
diode. SerLMVNL RWSRU PRaH SRWMHFDWL, R&6 R&® WKV WV UsDFWK R
HSLWDNYV L N&Ii3KRdRd L/ © Relededitiiz I-V karakteristike,Q SNR U L VRMHGIR Yu
il &KHXQJR Yurmetod . IR UGR Yojmetodi, GHILQLUDPR IXQNFLMX

v o —p
2 T %87
bLMH VX YULMHG QR VW LV Ri@uljdty B RIHWID P DG, RSTiR §RQ D
NRMH IDFQENERDM P L QV P XPBRdiaditi serijski otpoRywL YLBE®RRWWN\ EDULM
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SUHWKRGQL WJUVKLL]YHGHQWjdiRUQVMGHIIOISE9 L RYLVQRVW VWL
R QDSRQX GDQX 6FKRWWRNpreipos@ @I G & MIRIFDQIRWRM D LGHDOQR
T Ko7 (. 3U&K H X Q drietwdij,serijski otpor5si IDNW R U L GHRIX QURHValiredie)
O L Q HDWULQHYERWAMWNEG 9 GIQostrujil. IMLKRYD YH]BFKEGWWHNGLMIHG QD N
uz TOkQ7 (

dv @7

GoQ ® T
prema kojojseserijsk otpor 55 R G UéHiz XOND d bravca,a IDNW R U L QLH DROG\RW M\PLN D
pravca QD RVL RUGLQDWD .RULVWHh (PLRRB&HHHQ U MW R X QNGFH. D/
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| 9- B—
+ e YA
bLMH MHG 8 RP\RWK L]UD p X DIPWM I Ra@akieristidedY UAWDYDMX UL 6 FKI
MHGQDGAEXXQNFLMX + , slijedi OMHQD OLQHDUQD RYLVQRVW |
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prema kojojQDJLE RGJRYDUD Vi ld LSWWHVRRAVRIMWRARGIDQDWD XPQRAN )
LGHDOQRVWL Q L YLVLQ®HWI6WKBQYRMW E/BLUIR GASIRIIQ RW &R QD J |
IXQNFIOMRPRIXUXMH SURYMHUX NRQJLVWHQWQRVWL SULVWX



'LIHUHQFLMD {2 GIH NIDSMMIQVNIVR RPMHU SRR Gidl R PMDR @ D ERQINDL
dQ primalom SRYHUDQMX YDQWMANNRJ QDSRQD ]D

dQ
& v

UL SRYHUDQMX UWGHRODRIGCROSRYBUDQMD aLUG QIS RG U X p N
SRYHUQOHERMD T'-1g G:koji SRWMHILHNVRIEA. K GRQRUQD DL UDXNERH S W
SRGUXpMD R\BINXFCRREHRMMID aLULQD SRGUXpMD RVLURPD&HQNM
MHGQD 6pabmPQSRQD QD SRGUXMMXB.RYLYUQRDR UDVSRGMHOL
QMLKRYH S#ij¢dd2d8dRMWUHQFLMD O QM) AN DRIPNSFRVAUKPMD RV

&:m

JGMB GIIHHOHNWULPQD NRQVMWDMWILDY § D NXXHOHEWADLPp QD NRQ

Slika 6KHPDWVNDR SAWBPOYMQRI NUXID 6FKRWWN\ GLRGH L E
PMHUHQLP NDSDFLWHWRP %J]QDNRQLGINNMM@EGEMNDRR L* NDSD
NRQGXHWBRBUNKpMD RVLURPD&AHQMD WH VHULMVNL RWSRU

S8RELPDMHQR VH PMHUHQMH NDSDFLWHWD YU&L SURPDWUDQ
VLQXVRLGQRJ QDSRQD+UGMINBIQGLMHD SDFLWHW MH RGUHYVH
L]YDQ ID]RM HURMR®G XNWDQFLMD MH RGUHYH@DUPM B OX WIX]ER!
SULPLMHQMHQLP QDSRQRP =D uNRILARW R KL OIDWRRIGEIRIH QD
GROD]L GR SURPMHQH SRSXQMHQRVW Le}D2REIL LX QY M@RL B R G C
NDSDFLWHW & d * NRRGUONHNVDQ RWNHU R RPEWIWID SDUDOHOQLP
NRQGHQ]DWRUDPDLPRWIS RVF L XXMV Ik dij@la 6@ B & Ri¥aNse PR & H

SULND]DWL QML KB RLMHpERM\MOdeE: P6 O L N D 7DNDYseVWUXMC



PRAaH SULHN\DYDYWLOMHDWQPPSDUDOHOQR VSRMHQRJ NRQGHQ]
YULMHGQRVWL RGJRYDUDMX P M KU H ON.FR Q\YGUXUNWMNMEEB(QZiR \GWIibP D N

G(5* ) &5
B ° @&B&
&

5 2 @&B&S

6WRJD |]D SUHFL]QR PMHUHQMH ND& D& ENVRAWAM NS REGWERIGHM B/ IR
GRYROMQR PDOHRLVNRQEXNLW BYBIRWX S &&akot xdovRiMLURP D a
uvjete 5G' 1 ELER’ SUL SURPDWUDQRP UDSWIMBEX @@EDEBER QD > (
]JDGRYROMHQ SUL UHYHU]QRP QDSR QYD USRBRW\@RY GLRG
VHULMV NS P RMWHSKRURF L & X § {Y\WaraktdriSikeRizorkaNDR 8WR MH SUHW
RSLVDQR

*

&

.apacitet FKRWWN\ GLRGHXSVD XpDIRXQKRPRIHQH NRQFHQWUL
akceptoralg L]QRVL

1 - I
Koo
T

T3
&) S Vv

SUHWKRGDQ L]JUD] PR&H se ][ DSLVDWL X REOLNX

2 VgV
& TWF 1 - I
Z RYLVQRVR/LQDSRONL®MHQRP OLQHRAGHR WHHGHWLMHQRV
NRQFHQWRIDFQMEPL NRQWDNW @d SIRM B Q FE&AVKIRONWPWR I H BMHU L M +
RGUHGLWL L] QMHQH SRYH]DQRWW XYURRQWDM WILL F S RWVHKEQ
SUDY F-Dsi@iD izraz
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- Vi (&)

JG M H g My ""fo(m& 1-13 gSRORADM )HUPLMHRRQLONK®R® LVSRG

vipce.8 VOXpDMX QNRRFROMOUDFLMH G R SOHMARDF HQMR ULDTF LOWH. K
se odrediti L] Q D J &P\ karaKteristike
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SUL pseEI@isti QXPHULPND @ WL DELQRDG U HigrdZnD . % X G XL

GD L]YDQ SRGUXpMD RVLURPDAHQMD VORERGQL QRVLRFL QI
SRGUXPMX SROXNREAPBIRYDUD HNRRWHEWRMFLML VORERG
QDERMD

8 SUHWKRGQLP L]JUD]L B®pretpostavlaRawuD JIUYPRIISRIGUXpMD
RVLURPDAaSQRN\NDW R hQiL @ HXDVHERBBXRIRGLBUHWSRVWDYND QH |
LVSXQMHQD X VOXpDMX SULVXWQRVWL GXERNLK QLYRD N
GRSEBKk&® QH Y UL™MHG Iy, temoramo uzetiu obzir QMLKRY X NRRRHQWUD
AWR MH YLGOMLYR QD BRISHQMH@X ERQAAWDLWY BR&UXpMD RVL

- GR.!XOMLDBLVL R SRORADMX7 GRERNRI HQANBRDLMVNRJ
"HILQUUPRIDLFLMRP SUHVLMHFDQMD )HUPL QLYRD L HQHUJL!I
NRQFHQWUDFLML GRSDQDGD L]QRVL

.0 ¢ () 20
H1. - I
5DJPRWULPR XWMHFDM XQ IRNPHSHWRR Y NH R QAR E BINEKYD QWRL
QHWR NRQFHQW Udlika j ¥ M3-REFOMDVEPRBER N R IGRIRROMQR YHOL
SURVWRUQD UDVSRGMHOD SRSXQMHQLK GXERS8IWLIHWRP S
P M H U &\QWdrBkteristke. ORaAH VH SRND]DWLQNWVRRNMRNDH B @RUDA XM D
se PLMpt@d D @

1 1.-71¢-1,,za: "

1 1-1¢-—1,,za: ! 22
S8NROLNR MH ]D GDQX HQH®XOMXQDXERNBJIRGLSRBUXpPMD RV
DNFHSWRUVNL QLYRL VX SRSXQMHQL HOHNWURQLPD XQ:
NRQFHQWUDFLMD QDERMD I;P I, .NSRIGROW B R WIDIQSIUIQ B Y RIP DW U T

QDSRQPISRGUXpMD RVLURPDEX@WIDQ YSHODI®D @RBSRQD VH GRJD
SRGUXpMLPD V NRQFHQWIY BSRUUIMEBREQDDBRMDOP D @AMERAgR G

1, X UDVSRQXIORG6 SRYHUDQMHP 4LULQH SR Gd¢ % RM B iFOVQLNIIR P
NRQFHQWUDEMBMHX1VOXpBRIULPD 1L]@RVWRIDKRPFP RJIHQ X
NRQFHQWBBEQWGD L G XERNL RSDUYWD aSU RPIMH &%V &
karakteristike ukoikoMH NRQFHQWUDFLMD GXERNLK QLYRD XVSRU



G R Sda@aukolikojeHPLVLMD QRVLRFD QtBkE BaWD NEHRIY IR D FARRRBEHEMBID
UDVSRGMHOD SRSXQMH®PMSR RQERRIGK GRYRLDIQMBH SRGUXp
RV L UR P D3\HQINM 'VRIMRLA Qjoj] RORYLFL HQHUJLKMYDN®H PHOWR FIRNPH
Y M H U R Bhilsie @R ¥WWQH SUD]G@HW RM HIUNRERNWEVRRSDLVY\RDMAQ P& R M

XQXWDU SRREADEGHMIMRBRVALMD MH NRQEHX\S UBWIKNRIS @ [ @ DL D DI



4.3. OHWRGH WUDQ]JLMHQWQH VSHNWURVNF

7HKQLNH VSHNWURVNRSLMHRPR 5XFIEKRMMVRG U HQ WIS HH 5 DRID
QLYRD YH]DQLK X] JHQHUDFLMX UHNRPEL®D@MeMde L ]DWI
WUDQJLMHQWQH VSHNWURVNRSLMH VX QHL]JRVWDYQH SUL
SROXYRGLpPLPD ]JERJ VYRMH YLVRNH RVMHWOMLYRVWL L Hf
GHIHNWL SUL NRQFHQWUDFLMDPD QHNROLNR UHGRYD YHOI
(35 L 3/ WHKQLNDPD > @

431. 7TUDQJLMHQWQD VSHNWURVNRSLMD GXERNLK QL

Sika 6KHPDWVNL SULND] SRSXQMD Y DW MWHIN B B D ATBMAHNQHADH G
U H] X O WS WROMVKEpREItEh uzorka. D 5D Y Q R W HRXRX QW B Q RVW priG XERNL |



UHYHU]J]QRPsQBSBRXDW YHULQVNLK QRVLRFD QDERMD X GXE
pulsaVs F(PLVLMD QRVILRFXBDPNRMDLY R D5 RDINRQMSXDW IND SDF
QDNRWLP LM H)DMRQR N BX SH@PBDpHQH VX GLULQH SRGUXpMD
SUL UHYHU]QRP QDSRIIXGLSRIVIRIFPLISBONDQD BREGY¥XPMX RVL
YMHURMD W QR VKLY SHAOIVM W H R Q D

'/76 WHK@®PRDXiXMH NDUDNW N U i LBB\RWHK RIDHP TQLM EHRIR D '/ 7 6
PMH&) BOMX ] R SN PMWUHHQYMH DY ® SSRPMHQRP QDSREUNLK SX(
SRSXQMDYDMX GXERNL QLYRL XQXWDALER S B R pHIDH R WLLLLD X
GRODJ]L GR VPDQMHQMD 4LULQH SRGUXpMD RVLURPDAHQMD
QLYRH LVSRG )HURQAHERY UPIFLRID SR SXGMHMKRGKBRNMID G
SRYHUDYD SUHPD kHG®PWRYMWQRR GXJDpDN QDSRQVNL SXOV
VYLK GXERNQKWDYRIRGUXpMD RGUHYHQRJ 4LULQRP SRGUXD
3L UHYHU]J]QRPs QDERQXSXOVD SUL UHYHU]JQRP QDSRQX GR
L] SRSXQMHQLK OusdiRIN/pKU. @ [pYeRpBstaskuG RYROMQR PDOH NRQFH!
GXERNLK QLYRD VSUDP QHWR ;NRQFIHQ@WEPRHYD GRSXQMG
GXERNLK QLYRD uzrokuje SURPMHQ® NDSDFLWHWD X]RUND
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JGMHsV:Xs DY QRW H & Q Rapdditetal HHGQRQW SRGUX [SWD RWYBRPOR A
QDSRQ¥% 0Q UD]JOLND NRQFHQWUDFLMH SBEK@WERPKWGEXERN
YUHPHQXVSRQHQSURPKEQUMRMD SRSXQMHQLKQ®XERN LSKR GULXY |5
RVLURPDEHQOMLUD HN YV RFPQH KRRAENER 0 QMRIPND G

&Y  &- (ge*d
JGMH iMHR M D [e@ildaWUDQ]LMHQW:.DY NEBERMRAWIBQH NDSDFL

P R &skdobiti LQIRUP® HAMLNY LML L] GXERNRI@DLYRWH GHILQLUDQ |
NDSDFLWHWD X GY DsiR GddubierbxRamvetbEaQ>X WaN D

0& 7 0&lkece™-ge™ g

7LMHNRP /76 PMHUHQMD WHPSHUDWXUD X]RUND VH SRODJ
RYLVQRVWL R7TWHRGEGNHUDWIXOUMH Y MeépUrR M D WJWDR/ VIR QHEA-LL\WLIM H
temperature LPDPR EUA&H SUDAQMHQMH GXERNLK QLYRD QD YLE



HNVSRQHQFLMDOQX SEG®RIPNE Q X 6NADRSIDF L "Wrhe\naksirud kKao
IXQNFLMD WWRSHPBYWDYMDHSUL YUOR QLVNIGROLNYODLVRELP WHP !

Slika . D6KHPDpkaN pr RPMHQH WUDQ]JLM&HA WD/ 6NNEDE® DW B WD
temperaturom. B H] X O W L U Dddexktii zabdair trju UD] O ISSDWRYXD YWH PHQD

VUi u '/76 pektru oGJIRM DWekim QLY RL P D nBlrhatexijfailQ jori p H PsXi
SRORAFMMVLQH B EWMRGUGEaAKQetrimaL NRQ FH Q2ankiD FIGVHRPQLFLMH



'/76 VLIQGDOQRP MHGQDRRYW birediti veza vMH U R MbDIiWIQWH VW D
temperaturi maksimumél 7,5 i YUHPHQD t
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3UHPD WRRHDWD MH YMHURMDWQRVW H R L \SIRV @ DYDL KW M B SIRYI

it, MMHUHIL' /76 WEMNID]OLpLWLPI ¥ PRENQRBOHGLWL YMHURM

emisije G XERN LK) D LYIR X W HR[SLHUDY\DMDBiaksiBER@RABE Y H i D Q MH P

HPLVLMH VS$SWEDNRBDED SUHPD Y H iR VMRS M bl DM DR D Q |
E3UHPD RYLVQRVWL HPLVLMH RUWKRABQHNDAZHE B LROGRYLVQR\

OLQHDUQRP RRiSddreditVaRPaciisk HQ H U] L R G Q RVQ@HRUG KER NR J

QLYRD XQXWDU HQHUJLMVNRJ SURF HI®HSIDBQI5 DRAH S U H

SUHWSRVWDYOMEBBRYWWE RN WDXGCEIPDRD SUH\WMENIRYW VH P
GR QBG YHOLpPLQH

eQ 70D[
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GXERNLK QLYRD HNVSRQHQF Ljgvjp & R RDWD ¥\ H NWYRHFMHG R P L Q
=DWLRMHUH GRYROMQR GXJL WUDQ]LMHQWL NDSDFLWHWD
QMHJRYRP |[DYUGHWNX RGQRVAQRNRRFHVONWU DE Xl H J STRSONM |
QLYRD YRGL PS8 YWXISOIMMLD.GUMPHMERWRR OMQR GXaJDpNLK
GROD]JL GR SRSXQMDY D Q k Baturacije arBpiEBWUL B Q (AMEEAY D
'RQFHQWIXERNRY QR R Rebdiediti iz amplitudeW U D Q | kagati@RIER,
pri GRY R O NnQ&seindt @
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JGMHs 13 ALULQD SRGUXpMB R \OLDAREP®E FGXMM L Q Q DSSIRQYH Y H
QDSRQX (3HOWXOMYQBQR X]JHWL X oREJUBRBIUUXPEQMVLURPD
:5iOL ]D X]DNGMBVQERQ:s XQXWDU NRMHJ SURPDWMBWBMNPR GXE

NRQFHQ@WRDFQBHAP LIQRVSDFLWHWD SUL UHLY BDISRRPX BIXIRL




& WH 4aLULQH SRGUXPpMD: RVLUSLPPRHQNMRGBGUHGLW-N NRULV\
karakteristku NDR aWR MH REMD&aEQMHQR XQ®PUW WK RHEDBMVEXIRGCSR.
RpLWDQD DPSQIZW XSBNWMKEK XU P MR UQERUIHIQWR radu  '/76

spektarMH QRUPLUDQ WDNR GD DPSOLWXGD Y UKWUWD QY16 ¥ QHDN\

kapacitetal &.

432.TUDQ]JLMHQWQD VBB ® WIURWNLRS DD LR F D (MCTS)

Slika  ,JUDpXQ SURILOD N RuQLF H QW DB RIRMKE 4 9SO MUPDXQ MH !
prema> @ X] ]DQHPDULYDQMH UHNRPELQDFLMH QRVLRFD QD
QDSRQXMH RGUHYHRDWPRWHULVWLNGL & FBEXBWRENKWV@HR GH Q|
GRN XNXSWQDURMIRID QP XSDGQX VYMHWORVW L]QRVL RNR

2VYMHW 8 WHHERRIDPIS U RRERXQYWQP BN WD 6 PRRW W N \SRISK@HWIDYDWL ]
PDQMLQVNH QRVLRFH QDERMD >Q XD b (BHRUWGIW XpM R SRGLQHR K
QHAWR YHiUX RG HQHVJDLSWRIRS FE MK N RSBXSRALQom |

svjetlost prodire u materijal QD GXELQH L]D SRGUXpMD RVLURPDaHQMD
AXSOMLQD X BDWMULW@PHWXLUDQLK HOHNWURQD L aXSOMLQ
svjetlostikoja HNVSRQHQFLMDOQR RSDGD s XGDOMHQRVWL RG 6FK
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JGMH tok XSDGQLK IRWRMIDFLMHQW WUDQVPLVLMH SUHGQMH
NRQWONMWOIMLQH NRMH GLIX]JLMRP GROD]H &R QMEBRWHLH BRIE
SRGUXpMH RVLURPD&HQMD ]JERJ HOHNWULPQRJ SROMD X
H O H N YoljeLb\@ R CBIUGHINP D , ijeRomHY Y M H WO W @ R F H Q Wrujdda{ $/MM L Q D
s SRGWRPMUR P SKQWRORG NRQFHQW UHIDFH MBUR § BW X RIW D Y N
da VYD sRNMRsx NUR] SRGUXpMH RVLUR REAHW®WW B X B RW XM |
KRQFHQVEXB @MIRABRGH HG LW L Litrijd@drid RradA W R-

I'sk
H$,
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HOHNWULPQRP SROMX XQXWBYXSREU XPMDN R R GUDRR|BI #HHE@NRLY \
SRGFLMMQMHQBMKER WR QFHQWUD F L@ DMNEQSONWIQXMNIIBU SRGUXD
RVLURPDBIRE@MBYPNDWHIAH\OO B XELQRP GRYRGL GR SURPMHQH EL
axsamim@PWUXMD GLIX]LMH QH PRUD ELWRQ]PHHW DDEY M H 18X
L HOHNWURQD PRJX VIVeétie@tDGM B BEDNPMW LD XLWHWD
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JGMH, Y %SULSDGQL GLIX]LBIYVNW KRG QL-EMMKEOMUNNRNSADLY D M X

UXEQL XYMHWa®BziSRYPEMEY QLYR ]D &XSOMLQH RGJRYDU!
metalu, dokX QHXW UD O Q RR &$RréifibxtM XODJIJDQMH Q B PIOILPNIRIN R J
rMHAHQMD MHG QDEFEL XWRMHMLI XIRQRNEIAHDWQRYFMLIMB HQH |
QHXWUDOQRP SRGUXpPpMX RGJIJRYDUD QHWR NRQFH@PWUDFLN
AXSOMLQD D QD SRYUALQL VH PR-9H USFULHMY RV WILWLRMDL | B UH.
LJPHYX JHUPLMHYH UD]JLQH X RGVXVWYX RVY M@ @O HRMD L



MH SULND]DQ S SLWLFRVN-RID E HIDW X Q B LAM IS QWILHNBN R QDY M H W O R V (
SUL SRVWDYNDPD 0&76 PMHWXHRWDND \NRWREWHQLKWLRBDRP L

Slika 6KHPDWVND XXULIWWDHOMLQD L] YDOHQWQH YUSFH X G

SULPLMHQMHQLK SXBFHYIMYHXSOPRNVMWKL QLEYRD QDNRQ VYM
L BURPMHQDak&p&iteND WLMHNRP 0&76 PMHUHQMD

3UD&76WHKQLFL ]DPWIHYHRD SRSX@MMDYDMX v& BljdidstH @RP SXO
NRQVWDQWDQ QBY&RKR\WYYOND\SEIMRIGINRP SXOVD VYMHWORVWL
4XSOMLQD L] YDOHQWQH YUSFH X ]DBi&l ]DDP®BROGX QL GHD Q
YMHURMDW QR V# RKMNOLWD NiR S B IVQ I DEfsijevELX § Re§IQ Rdda D
ELWL SXQR, BDQMIRBGAW HQRMMHYWOHRW@MEBBKOR QDUQRP VWD
QH GROD]L QX&QR GR SRM&XQRUDSRSSKONMEXDFINME LMD SRS
JDPNL ]D &XSOMLQH M N RROFHQIVBRBGF KM KG@)P L 8] D ODDINDMRKU

SRWSXQR SUDDRDDODLKSHPRWNNKRGCGROQYWUDFLMD SIPSEQIBORLAKQH]
HNVSRQHQFLMDO QR raste prema
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IDNRQ SXOVDGRYDHMWG®RVAWEOMLQD L] ]JDPNL X tM®OHQWQ
HNVSRQHQFLMDOQR VPDQMHQMH PLRQ MHG\WHIRIPIMAEDIS R S X Q N
QDNRQ GRYR O MQWRUGK J FH S O Vas

p, W I % et
G &

8z pretpostavku GRYROMQR PDOH NRQFHOWLDIFizMHA [DPNL 1

eENVSRQHQFURPNEYRMD SRSXQMHQLK JDPNL XQXWDU SRGUX
HNVSRQHQFLMD O kapaeite®al DR.F 18l HMQLRERM®HDI L QkadJBzlika kapaciteta

&t)- &, X GYD WtUihxoOWNOXpDMX '/76 W.HKID ONMEIDRITLGL

spektara RPpLWDYDQMHP SROPREBDHGUMRYNYMHURMDWQRVWL
temperatura9 UL M H ENQRVYWD FLMV(NH K@BIUQRMHSUHVMHNDs¢D XKYD)

RGUHEXMUUKHQ RV IQRV@ ky,7 =D UD]JOLNX RG '/76 WHKQLNH

W H K< piematraju X K YeBidijalaX SOMLQD pLML SRIJLWLYDQ QDERM YR
WUDQ]JLMHQD V5 MIPDWERRIGQH W . ] UE]BY L VanRltide WUD QpLMH QWD
GXOMLQL SXOVD slijedi
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JGMH MH YMHURM D W,Q8R @ DN\PLL \L[ N0 i& tEEExIe & HANDONDIDS B4l W H W
QHWR NRQBHRGEW Q D-EIVEIR ] QD V& karakteristike =DPNH X B OakeL QH
SRSXQMDYDMX XQXWDU FLMHjekd 0RR 6 UXNY & DR R WIH (QaR\VPUDCAFHL QU
]JDPNL ]D &4%SOWUWIQMHGQRVW XGDUQRJ SUPRMOMEIt2 XKYDW
RYLVQRVWL DPSOLWXGH WUDQJ]LMHQWD NDSDFLWHWD R

LQWHQJYWHWO R\EQR J NSRQOAMDD Q W ;R M URPMIBINEQ BOVYONAB D V'Y N
PLMHQMD NRQFHQWUDFLMX &XSOMpQ@DWAL@XWDNMH 8 R 6D X\pMRD

AXSOMUQ@PRs . 3UHWKARGDQ &e SULPMHQMXHWMLQHDUQRM UH
L]UDBAIEO RVWL R NRQFH® ML 5IXNDIM & R & CS\KIOQ/D

c -e% %03

0&(ptd &

8] XKYDW L HPLVLMX &XSOMLQD PRJX VH GRJDyDWL L SURF
HOHNWURQL L &X S@nkL QidjiHRLWRLOBOWQAN YUSFX 'LUHNWQD
PR&H SURPLMHQLWL SRSXQMHQRVW ]DPNL ]D &XSOMLQH W
XGDUQRJ SUWO XPDNDX Sratesd RWERR\RWIL ] D BI Mdtaje vrijediti uz



supstitucijec, : ¢ , €4 €,: e , € koje uzimaju u obzir Y M H U RRNEDWL Q IRNRMOPHNWM R Q D
iz zamke u vodljivu vipcute YMHURMDWQRVW R Si¥\zarpké M M P OWIQWHQ XXB DS
€. 9MHUR MPWQIRWHV HOXHSNOWNWE B R@isaza BURSRUFL&kQDOQD
IRWRQD SR MHGLQLPQRM SRYUALQL

s HsK -K
JGHE s XGDUQL SUHVMHN |]D RSWLPNL SULMHOD] HOHNWUR
GHIHNWD.

0&76 WHKQLND MH SRJRGQD |D SULPMHQX QD SROXYRGLpPLP
JERJ YHULK YUHPHQD S&LYRWD PDQMLQ®GNLXNGRAHL B RO RLG X/NL]
HILNDVQRM L Q MMN\NE R B & REKISORVPLOER! @Mj@i X SO ML Q D okisH O HN W U
R YDOQRM GXOMLQL XSDGQH VYMHWORVWL GXOMLQL GLIX
6WRJD RGDELURP YDOQH G3RWMWOQN QMDHWH VHO R $ W IDFSIRM®L

433. TUDQ]JLMHQWQD VSHNWURVNRSLMD GXERNLK QL
WUDQ]LMHQWQD VSHNWURVNRSLMD PDQMLQVNLK

IDSODFH '/76 L /IDSODFH 0&76 WHKQLNH RPRJXUXMX UHG Y}
GXERNLKp@hYROL 0&7WHKQAMaKRYRP XSRWOHEROPX PIRWK G XE R
QLYRL Emdi¥dleK ,s QHUD]@SHHNOD YMRMIIR7 6ili 0&76

spektru. 3RSXQMDYDQMH JDSANIP MHQRPRMRGNWULpQkaé pii VYMHW
'/76 L 0&76 WHKIDN®P/MDSODFH '/76 L /DSODFH 0&76 VX L]RWFE
PMHUHQMD WUDQ]J]LMHQWD NDSDFLWHWD VH SURYRGH SUL N
PMHUHQMD U,DRNHWHQ@WWNDSDFLWHWD RGJRYDURji[URMX H
PRAMWSLYVDWL X LQWHJUDOQRP REOLNX

0& W= | g°de
0

/IDSODFH WUDQVIRUPDFLMIDWH DR QNFHL MW D/ 8 IDIS BRIV QW BIVX IV
oemisiie RGQRVQR VSHNNWRUXLJIEEHFHMNVILMH SULV XWQRLYKU 6GIXER N L
LVSRG YUKD X76DEOMODFHspeék&y RGIJRYDplitdd ISULSDGQRJ

HNVSROQHQ¥FUDNOQLYMRIDBRRE DADGXDFXQ /DS OD Feisa WD @ MIHRWN B M



)/2* proceduraW HPHQE HHQ RKRQRYRM Undtddk © D@4 [SDUFDQNENRINM p N H
PHWRGH SRNX4dDYDMX SURQDiUL VSHNWUDOQX IXKDMFLMX V
dobro opisig L]1P M MUHIQ LM H QWX BQ B IMHL WPBPAMPL GRYROMQR YHOLN
jer IDSODFH WUDQVIRUPDFLMD QS$IPIDV XW Q. FaDER R @RoU MH A H Q
stabil Qtémperatwt WLMHNRP PMH LkHiQM B REUR GHMUQMUB@QWR VWL HP
teussHGQMLWL YHUL EURM WUBRGOMHQINYH RPMHU VLJQDOD
SURSRUFLRODSODFH '/76 WHKQLND VH SRNRPODY PQUR SREI
QLYRD EOLVNQSUHP SWIRKD DY D QLY RBRI@ROUVY. NVRLI X J ® M- N D

6LE .@



44. (NVSHULPH®VDOQL

Sika . D6KHPD PMHUQRJ SRVWDYD ]D PHWRGH VORBQM MHQ
NRPSRQHQWL PMMNQRXPERMED YOV W U X P H Qdstatte sridstaVy WD W ' 1
NRULAWHQ®RPMHUHQMLPD



-9 LVANDUDNWHUL]DFLMD 6FKRWWMNWN&XR®DX MG EXWRQYREMQD
N R UL W@&itHleés. 4200 Semiconductor characterization system Keithley 6487
Picoammeter/Voltage Sourcé slici MH SULND]DQD VKHPD NRULAWHQRJ
PHWRGH WUDQ]LMHQWAQHR DR D W U R\VRNPRERLQMHD WO R MNHRJUHLGEMVIH
PDOLK SURPMHQD N/D S F IMWH& NURBIDX] BRANIED7200P M HKajmapiteta

i kompHQ]DFINVRNEHQPIWHRIIDp NDBDMHWMHWD]OLNX L]JPHYX N
NRPSHQ]JDFLMVNRJ NRQGHQ]DWRUkdridAW K IQREUMIPD ODWHRIR R&® R J )
kapaciteta “ S) V QDMPDQMRP UBUJLQ R M Hadi@tdth,Pufecajy DQ MV N L K
L]YRUD HOHNWULPQRJI aXPD MHkaR W N 9 ROMMELEYNSTRONH] LMD Q ) Hi
kablovimaL X]HPOMHIRNRPPFPR @MAIWQRJ XS RWNVHIED VW RNM INRRI@IN J X U D
MH SRVWDY @MdthsBunedtORtiStADN kriostata 8 NULRVWDWX SRVWRMH
MHGDQ QD SURELWHE®UWXUQ LOX] RRIRMQRP GLMHOX NUR] NRM
W H N X i H Ji k@jiXjé U Nddicaju s probom% U]LQD SURWRND WHNXUHJ GXAL
RGQRVQR EU]LQD KODWH BIRGRINIRD G Q RRIINEXCMOIEDPDW DRV X UH X]R |
QD SUREODGQLMHJ RNROQRJ KR M HWD WA S\HAMRQRMLRIOOHIUHD
LakeShore 332LakeShore 3353ULMHQRYV WRSOLQH PHYyX QMLPD EU]JLQL
QMLKRYLK WHPSHUBRMXYUND MHRAVDMNRXWOLUDQ NDNR EL VH SR\
X]RUDND RB RNRMHPH OD NRQGHQ]DFLMD YRGH GBWRJIBUNX
se TMHUQRVWDY RGOLNXMH PDOR®UUDHMORPM @M RdokdiaS D)F L W H
VWDELWRIRSESHUDWXUH X]J]RUND . WLMHNRP SRMHGLQRJ |
izlazu PMHUDpPD ND GEUWW W/VOWNIPCEZHINDRQIL LW B SO D FHver/ 76 VRI
QD UDpXDB@WXPMHQX UHYHU]JQRJ QDSRQD L HOHNWULpPQLK S
"/76 PMHUHQWRWPIDEWHQ Q NIFPRIKB2YL DAQBEBULPMHQUIKKYHU]QLK
QDSRQD Qbd X]RUDPd potrebi NRULAWHQR QD SAEAGNRVIERKRMDpDO
LTC6090ISBE#PBF operational amplifier=D SULPMHQX NRQVWDQWQRJ UF
tjekom 0&76 L /DSODFH 0&76 PMHUHQMD MH NRULAWHQ XQXW]
metra GRN MH QD SRRCIe251|@AQINDRULEONBRQWLY LWO RWGLK YSNXD VH
, JYRUL VYMHWORVWL VX PRQWLUDQL LVSUHG RSWLpPpNLK SUF
izvor svjetlosti SUL 0&76 PMHUHQMLPDQMH (-N&R Q D&\W MM

LDC205C VWUXMQLP . RIMRWRHRQRODDE SRGL]IDQMD WHPSHUDWXUH
PMHUHQFNMDRDEMMAREQ RVLIXUDYDMXiUL GREUR GHIMGIUWLDQX
SRVWDY ]D 0&76 L /I DSODFH 0&76 PMHUHQMD QD ,QVWLWXW X
LVWUDALYDQMD LJQHVHQRJ X RYRP radu.



4.5. IHXWURQVNR RJUDpPLYDQMH

Slika IHXWURQVNL VSHNWQDODQXWBRPUPPLYDQMIBBF5,*$ UH
BORYHBQLMMRULAWHQRJ ]D R]JUDpLYPOMH.BE® RMIYB \ QG LXR\G
X Q X W D vkad@ifgutie GHEOMLQH VW U D QJLOF DL Qnimi INLRIUDLGIMHH @/HH U P D C
MH SULND]DQ FUYHQRP OLQLMRP

+6L&FKRWW NHUip&YRRHUD pHQH V HSLWHUPDOQLP L EU]JLP QH
75,*$ UHDNWRURA&HIVONMSWEGHORYHQPRD QLVOHEWWERMRP PDQN
RG H9 VX WIONMHNRD QYWD EWBRRWDIMNY GLRGH XQXWDU NX
VD VWUDQLFDPRD (QHEOMMQNML VSHNWDU QHXWURQD QD ORNLEL
NDUDNWHUL]JLUDQ QD WHPHOMX ORQWH &DUOR L]JUDpPXQD NR
aktivacije $X |IRzaL MBEX Q UHDNFLEXN Q HXAVQXRA@ENikeve kutije je

RGUHYHQ L] NDUDNWHUL]LUDQRiHHQVHIIJUDONRBQ H YRNWH G QF
8GLR WRND HSLWHUPDOQLK QHXWUR@GD NEOHUJLLWRND UDWM f
QHXWURQD HQHUJLM DdoROUDH/B RUXXSRIE E O kéd/@rRredomL7 R N

EU]JLK QHXW WR.Q#A L SAHHONW DVL WVNILKRP X S RWeV WHV X RR)GT NMe¥ d
PDQMLP YUKRYLPD L SRQRULPD JERJ HIHNDWD DSVRUSFLMV



(ODVWLPpQL VX Gabobiina §illd XWD RQHIMOMRL UDMX QMLUK&RYLP SR
XQRVRP GHHXMOMRDVNLP RJUDPLYDQMHP MH RVWYDUHQ NRQ!
X 46L& NRML VX MHGQROLNR UDVSRUHJyHQL X PDWHULMDO}
7HUPDOQL QHXWURQL VX I|L QwdjeladeD@H HIE R\ W LHuE@HIMOCEIWDHR .
VLOLFLM D8 LMXJBMRRN & (QLHKH O D Makdijp BL K, 6L : 3atomisilicija

prelazeX IRVIRU NR M tipaM B FERLSIDAGM 5 W 3 D @WP R DL WDIQWRHPO QL Q|

QLVX LI®HRQRY LVNOMX PAR RNIDQWWL KQGIHI €& N W D.

3RPDN DWRGPLR XS UL RJUDPLYDQMX QHXWURQLPD MH .@LPXOLL
IHXWURQVNL VSHNWDU MSHU LNNFDJ DWW B Q 8O L FR GUWH MY B Q RIKW!
NRQFHQWUDFLMH SRPDNQXWLK DWRPEFRIR RSDGHRPURDDWS
MHGLQLFLe@daVDQ ML WRNRP QHXWURQD - B@&HBRLRIDX X WDV R
> @

(

G i(zd(ooz(

8NXSQR MH VLXKSOGUWIERQHXWURQD ]D VYDNX RG YULMHG
1 - H9 GR H9 2GUHYHQ EURM SRPDNQXWLK DWRPD MH MHG
JDPMHQVNLK VXGDUD 8 ][DPMHQVNRP VXGDUX XSDGQL DWHF
kojem je presSDR VYRM X 6M@RH D J LIM XNIROXFIHDQWDU DFLMD SRPDNQXW
SURFMHQX UHGD Y H OLQH QH ONK QG H IGI\M D VDL M D

8tablici VX QDMYHE@mW@R]UDpLYDQMD VQDJD UHDNWRKBWWWU LM

diode SURJUDpI MW REQRM WHPSHU D NXMY SRS QU LRG DEIQHQ H
UDVSRQXQRZIER Q EBRoje SRNULYDMX QHNROLNR UHGRYD YHO!



7 D E O LF®zarakai postavki Q H X W URJQ\DNDR ¥ POIMIFHK RWWN\ GLRGD SR
mmx mmVDGUAR]QRNXR]X R]U dok RYQ QENRED X S U FB5E X R QAN \
SRYUALQRMMMD G U & GBON X.

2]QDND 'R]D Vrijeme 6QDJD UHDIM3R&G GR]D

6FKRWWN QHSRX]GDQRNMIPLYDQMD QHSRX]GDQRVW
Q EP Y% Q B
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5. DUDNWHUL]DFLMD HOHNWUL{{IKCL DNWL

5.1. Strujno- QD SR QVMNBIB/No-QDSRQVN
NDUDNW H-tipLMHWILHE6 FKRWWN\ GLRGD

Slika .1-9 N DU D N W-tipal LW G\LLEN Bl F@dodaV@®\ WHP SHUDW X U L . 3UL
karakteristke D)1 GLRGD SRYUIMNQH BHxSROXSURSXVQLK GLRGD
2 mmx2mm. 5H Y H U Y@atdkteristile VX SULND]D Q H/ karakRiisikeLX.U-D p X Q DW H



uz NRQVWD QW Q HD MAMRZ H B Q | RaWbdfilere iYdehfjskR btpora RGUH{HQLK
1RUGHRYRP PHWRGERM]DQH FUQRP LVSUHNLGDQRP OLQLMRTF

7TDEOLFHDNWRUL LGHDOQRVWL Q L ¥RGIUHYHRWHQROELQPBOQA
ORJ9, NDUDNWHULVWLNH. (likawW H P SHAHDNSHRALQYD pHOQIFMHG QR VW
RGUHYHQH L] OLQHDUQRJ SRGUXpMD SUL QLALP QDSRQLPD

BFKRWWN  Q ~% 1 H9 Q “% H9
)1
)1 (
)1 (
)1 (
)1 (
)1 (
)1 (
61
61 (
61 (

I-V karakteristikeQipa +6L&FKRWWN\ GLRGD NRULAWHQLKsIXKI RYRP U
.6FKRWWN\ GLRGH VX SRND]DOH RGOLpPpQX LVSUDMIOMDPpNX
QDSRQX RGVAL WHPSHUDWXBDQMH.RGDABHYWUR FNGINGU]QH
strtye MH L]QLPQR YDAQR ]D QMLKRYX SULPMHQE ND R HeXektdiaR [ip$
UD]JYLMHQIOKBE X XUH S .RMIEHAWNNYIHY\WQUIXMD RPRIXUXMH YLVRN |
L AXBBBWHNWRUD WM RS IX§Ds® MHa Yrivgack Nd @ R iy d4teltQrd O D
visokom RV M HWi@kbludijpnds X@DNRYyHU PDOD YULMH&e@eRvVist UHYHU
]D PHWRGH WUDQ]J]LMHQWQH VSHNWRSNVE SLMHUN R MHA WBH D
SRGUXpMD RVLURPDAHQMD MH SRWUH E£RapiPPOUN P IGNRF @ 1D MQLE
QDSRQIYRDBMHWL 42 RSirGripyapovdiskda i kapacitivnoaponska karakteristika
Schottky diode .DR GUXJR XKYDW QRVLRFD QDERMD X GXERNH Q
protok QRVLNRUF®] SRGUXpMHURVHY RED@ HQMOH PRUD ELWL LVSX
pretpostavk D QM UUPRHRPDULYRJ XKYDWD SUL DQDOL]L PMHUHQMD



)DNWRUL L@H B DWIRBRWAWEE - s RGUHYHQL L] OLQHDUQLK SRG!I
ORJV karakteristla , VX QDYHGHQL9XLW B BKURFS H D GRIRIV W L

MHGLQLpQ HuRaELjuNIIDGI @ RN M/ IG R P L Q DADHAUIP@E PW WD) N SHFRAJWKN W U R Q
6FKRWWN\ EDULMHUH 6FKRWWN\ GLRGH VH RGOHNXMX YLVR

8VOXPDNX )1 ( L)1 ( deelSULPMSIRXMHD QN \QUXMDQDSRQLTF
RGQRVQR LXERRKEQMID1X LKRW Earakteriska VH PR&H PRGHOLUDW
SDUDOHODQ VSRM GYIDV ® LEOAKRVPW.NQ B\ RRSB B F KR WENDN WIS/ K
otpora > . ®XQJ HW $i@azmotri@utieciSRVWRMDQMD ORNDOL]JLUDQ!
6FKRWWN\ EDOUNMMODMNWHULVWLNX /RNDOLJLUDQL GHIHNWL
PRJX XJURNRYDWL VP D Qbdrije@iRINRLOG/H@HE B BMRAWQNN YHULK ID
LGHDOQRY MWL\ QD EDABIMHYIDEEP QDSRQLPD GRPLQLUD WRN
QLAH 6FKRWWMN)N GRNLMHUMHULP QISR Qo BVWDWOWD SRY U &L
vi 8 R Parijerom - /RNDOL]LUDQD SRGUXpMD QLA&H GzDrid jprsUUH QL V X
QDYHGHQL SRYUALQVNL GHIHNWL QD\6XRLPQRSKYORAU BRHQ L
NDUDNWHULVWLFL )1 (se@QH B L PRRUHBENIDD R S RESRIXKEMWMN HFED M |
YHOLNRJ VHULMVNRJ RWSRUD

.DNR ELVPR -RSNYDONWHULVWLNX X FLMHORP VDWXUDFLI
SUHWSRVWDYLWL QDSRQVNX RYLVQRVW kDINWIRAKXIMLE HD,0 Q
NULYXOMH X] NRQVQ' R QW GH LYNJL]D QG QRMWIP LVSUHNLGDQLP
,JUDpXQDMMH G QR VWD QRMEU K MWHI VUV RQWK UDFLMVRRPABREBUXp!
VPDQMHQM Dtporal 8 MM SRR 8 (i D Q M$eFP RIS REMDV QLWL VPDQMH{
HSLWDN VLM D O6LRJE R/.D R.I) MHHOHFN WIHRIQMR NR G R@EttaBQ R J
HSLWDNVLMD® GR WID\RWIRP @WUXMH GROD]L GR SRUDVWD NR
RGQRMRRFHQWUDFLMH VORERGQLK QRVLRFDi p@EHRMD XQ)>
VPDQMHQMD QMHJRYRJ RWSRUD



Slika 20 2YLVQRVW VHUiphV N-BL &R WBSIRRMPWN\ GLRGD R GR]L
RJUDpPLY3DQAMD]DOMHBO RGEWHjZHQKHXQJRYRP PH\@RIGRP
NDUDNWHULVWLND )1 L 61 6FKRW\W M)DGWRI® B FHSUWDWXIR Q X

1D VeOL¥X SULND]DQH YULMHGQRVWL VHULMVNRJ RWSRUD
VDWXUDFLM V-M kadakieRIBKRa XM RV, SRUHGEX YULMHGQRVWL VHULI
& KH X @dh&dtaadi Q M WS Q RS WILPWRHOQ H QD VeyrAKPRXMVWUHNKFIGRIRGH R]U
QHXWURQLPD V GR]DPQ PROWLPSRMED]DOH SRYHUDQMH VHLU
VODJIJDQMX V UH]XOWDWLPD L] OLWHUBWXUBEUHP B BBQR NLIRVHX
VHULMV N R JVRarag&istika, IHR I XWWMWHFDM VHULMVNRJ RWESRUD QD
6FKRWWN\ GLRGD RJUDQHBRR K GRABPPMDIHx YULMHGQRVWL VHUL
VX SULPLMHUHKQUdorskey OXPD M X1 X]RUDND SUL LVWLP GR]DPD



Slika . &-V karakteristke D )1 L @&FKRWW NDGWRIGBHUDWXUL



Slika22. 'XELQV NILHSHRW.OY Q H NRIAHQ/RNIEFERE M i@ D ERipAD+Q uQ X W D
6L&KRWWN\ GLRGD 3ULRDIWDEIHR® UV WHG O RYWbEkiénstike
QD WHPSHUDSOUND

Slika . 8WMHFDM QdHXWRIR@WNWRD QD NRQFHQWUDFLMXXWDRIE R C
Qipa +6L& 6FKRWWN\ GLRGD 3IURGLHDYHHINHNYRMBRYWNIML L]JU
I &V karakteristke QD WHPSHUDBWXND



60OLND prika2vje V Q R&/ONV karakteristike)1 L 66l1F KR WodeNQD WHPSHUDW X
..OGVWXSDQMH RG OL@HBDVEHSBYPMBRXYMWH X YD XpDMX
61 ( dioda GRN X VOXpDMX WYL & IR\POIWIDHIDHKBAKRLHR SDskldaINsVH ULV W
RPHNenvZAOWLVKRRRINROQFHQWUDFRPRERAGRIDRGIWXSDQMD RG
& o V karakteristikaP RJX VH RUfétdevh@GIXWE R N L KisfipieddR-D NRQFHQWUDF
V QHWR NRQ HBdpaadalR+ .M R Pi izrazom . Sike 22 i prikazuju
NRQFHQWUDFLMH YHULQRNLKQ®RFRFWLIR RD CXEERMD WKM XGDO|
NRQWDNWD GLRGH L GR]L QHXWURQ¥NRIURVUDQRL QX@MDL P
G HULY DNLksrékeerigiikeprema izrazu GRN YULMHG@RVR\GURBRPHQOIL
OLQHDUQRP UHJX HWDWHYWHRH QL K- Y& R\Y kakdiiise umaQ Mutjétaj
GXERNLK QLYRD QD RGYVWHYH®RIDNCDIVMARQY RRWDBQMD RG
Q EFRSULPMH WPNDH) WHQMBFMNROGFVYQRERGQLKERRYHRHD LKD E
GHIHNDWD GRN SUL PDQML PazBke MBSRID B LQUHR SUDLEFH QLK 16 DIOR V
+~6L& VH SRQDAD NDR L QMDINF) LR PLED GIROKQYNRG EfP 4 )¢ R
vidivo SUHPD SULEOL aQR karaki@nistivi B@ W)W MH @zH/bMVE Ri® u
u Q H¥ BkQeptorskeQ L Yr&aultirasP D Q BiHIXW WRUH SRIJLWLYQRJ QDERMD
RVLURPPEKRWMIY NN BQ R B QWURDERIGIGHNWURQD X QHXWWIDD QRP
SRGUXpMD RVIRERPHDAWQBMPLMD VORERGQLK QRVLRFD QDE
QHXWURQVNRJ RJUDPpLYDQMD - MH GRE@R RSLVDQD OLQHDU

Q- Q- .-

JGMH NR@QFHQWUDFLMD VORERGQLK QRVLRFD SULMH RJUDpL"
2GUHYHQH VWR SHV R X)PLD i X6OLQ 6IFKOBMUW G L cnt |, tim redom

ODQMD VWRSD RWNODQMDQMD MH RpHNLYDQD 2GVU&KXHRMX P
YULMHGWRSWIXNODQMDQMD SUL R]JUDpLY DQMXLM SR HUHP®D
YHOLPLQH NDR SUHWKRGQR L]QHVHQH ¥ U®WD HBLQNRYV W IV \WR S Bl

RWNODQMDQMD]ERJXUBRYVMNRHMBEWIDUDPHWULPD RJUDpPLYDQN
QHXWURQD

SPDQMHQMH NRQFHQWUD F Liztltray SRERGRYKMHDMYNRED RW S
SROXYRGLPNRJ PDWHULMDOD I-M Rakéikieridtha.5 D BW K R\GRIGRE R S WVAH
VORERGQLK QRVLRFD QDERMD X VOXpDMX 6YHXJIRPUD N D LWX/ X L
otporimaVSUDP )1 X]JRUDND 2GUHVHQISRWHRQ FAGMRYVL N RQMIDN
barijerasu SUHFLMHQMHQH X VOXpDMX 61 X]JRUDNDPRJIXIiIX X]F



SULVXWQRVW XW M H RDIM R-W kotaktefistikuR 3 U R VWS\BZIERMpoN
uzrokuje Y HUW pIO D R-V NULY X @VGR YRPMQR YULMEH&QRVWL

Qrith utjecaj Q @ MERJIL R G UH § H Q KijeN:R QAREQ W DV@INHKL MHG QRVWL YL
barjereWDNRYHU PRAH ELWL XJURNRYDQR SULVXWQRAUX WDQN
QD SRYUALQL SRONRBGWRFHMX SURL]YRGQMH 6FKRWWN\ G
IDNWRUD LGHDOQRVWL MH SRIJQDWR NDNR QLVX SULVXWQL



5.2. =DPNH |]D YHULQVNH QRVARIEH QDERMD

Slika .= GXERNL QLYR X1t QHR MITHIHOBE-LL&EVSUHNLGBGRP OLQL
VX SULND]DQL L]JPMHUHQGWL S'XT6L F SHRIDWIP AQRNYNKHQYRB DMUBIQH
UHJUHEVIYMH SURALQYE QWNHPW H P S H UPREXHIHQ tibbto dpidaliB Qviie
NRPSRQHQWH '"/76 VAHQHWDPL QDSRQ QDSRQ SXOVD L aLUL(
Vi- Vi mstim redom.

8 '/76 VSHNWUX Q HiRd] UDHEBROLNDSULP M$iGNMEHRNL QLYR SU
WHPSHUDWXUL RNR . X REHIRWHDQBINRQWDINH MV ND HQHUJL
]D XKYDW HOHNWURQD RGUHVH@RVH$SUUKIQLXY TW¥DID UHGH
1D QLVNRWHPSHUDWXUWKERMR A\HW B D DB UMK WHLRMMHXND]XMH  C
SUHNOD SO WM KRYHNWUX NRML QLVX UD]OXBEHRRAH?6 WHKQ
GREUR RSLVDWL NRULVWHiGL GYLMH NRPSRQHQWH '/76 VLJIQ|
L VLPXOLUDQRJ VSHNDHXQRWH Q UEL RO 0 HQRCHIQ RIRE ) M@

DNWLYDFLMWXGH BIQH prddjeded] D X KLY D\ SHOQ MNVE HIRIPI /@R BIRIQO N
parametre= GXERNL QLYR MH SULGLMHOMHQ SULMHOD]X L]PHY.
VWDQMD YDNPOFLM@® XYQMENDRP SRQHQWH '/76 VLIQDOTL
&DSDQ HWAWN A SULG L kijtazid QBIND XBEOWIRLND QD KHAMWDJIJRQDO
NXELPpQRPBHVWX X NUL\WROQW BditiDEL@BFW DY NX GHPR SULF



IDSODFH '/76 WHKQLNX ]D UD]OXpLNBQWH BLABBQQRYWK /DBPS
/76 VKPLNH MH LJUDYQR RSDADQMH GXERNLK QLYRD NDR YL
UH]XOWDWL RYLVH R SUHWSRVWDYNDPD PRGHOD EURMX'Y

> L@

Slika . Laplace'/76 V Sad@iya + 6L & Emperaturi= YUKD .. 5HYHU]DQ
QDSRQUYUDSRQ SXBOMDLWRBUS X\OVD 9 L ,mim redom.

7TDEOLBDNWLYDFLMVY NG BQA U BIMNARAHHOQAVEXERINLK QLYRD
RGUHYHQL /DSODFH '/76 PMHUHQMLPD QD )1 6FKRWWN\ GLR
HOHNWURQD VX XQXWDU UHGD YHOLpPLQH L]JUDpXQDWLK YUL

"XERNL QL)Y a H9 1o FP 1 FP

“ T B T

“ ~ - ~

> | |




Slika ~ $UUKHQLXV Jdbb RYINQEMKRQODFH /76 WHKQLNRP
L o= GXERNHBWQLNRMWMQL VX SUDYFL OLQHDUQH UHJUHVLMH

8 /DSODFH '/76 QI3 MNHAPISH UMIWERDL NS U L P Mdd BYNXRYKD pH QD
sa= k= .\HU®QHUJLMVND UH]RO XSL\DP /'DBOWFHHK QJZEH RPR.
QMLKRYR UD/|DX@D¥BEHQMAH PMHUHQMLPD QRGQ HH @ RIS ISIDIE
$UUKHQLQYM VOREGUHYHQH DNWLYDFLMVNH HQHUJLMH L XGD
= k= GXERNLK QLYR®@bMX. D)DYHGHQHKRQFHQWUDFLMH V
SULSDGQLK DPSOLWXGD WU D,QNRMH DRI RN D 8 DBtV FHWR Y U 2
RGJRYDUDMXDISDDFH '/76 %SRNMMUDX O XpHQL K NRPBRIQ B QWD P
su X VODJD@PMXIMMBRERP SULND]DQLP QD VOLFL

'XOMLQD QDSRQVNLK SXOVHYI¥Y6 LPID SOREHENHOHEMS P D

GRYROMQR GXJD ]D SRWSXQR SR SWKOMWVIDWRQWEHIOERAE RNLK Q
G X ER N L KijeRdnY RRStXQMDYDMX i LK pulsevad ROD]L @B XKYDG/@L B Y I
GHIHNYWRRRQ 8F&:EWUDQ]LMHQW NDSD F L WiHamBijokidy&ANR YD Q >
HOH N WiisfaQ®U X JRJ HOHNWURQD VH GRJDYD JRWRYR LQVWDQ
JERJ YHUH VWDELOQRVWL SBAWRRQEWGLSU B & Bapip@dtaN W U R Q D

RGUHYM®B URMBDRLYRMHX SUYRRGOHNWMHRQERWLYDFLMUNH HQ
> GXERNLKRGIRRDUDMX HQHULLJMLY BVIMUKOER]X MHGQRVW L
VVWWDHY YDND QF PAKHE XJIOIBDND= VLJQDOL SRWMHpX RG HPLVL



NROQFHQ WDVPHEMQH XWXWOBEFBVMLUXNR YHUH RG NRQFHQWUDEF
XJOMLND

Slika . = - b-= GXERNL /QSOMLF Kspektfu Qtipa +~6L& DNDQFLMH
XJOMLND VX SRVWDYOMSBQHMMK ©SIHMWAMHIIRP WHYGMHORJ QI
WHPSHUDWXUL . L KODYHQMHP SRG UHYHU]QUR 3DEQRIQ R P
NUDWNL @Al S XR WHDYNLD Q F L MOMHHFEIIOPMIRWVBRIKXM SULRLMHQM
SXOVHYD L XVUHG QM HEHLYKH W]UDEQ{PL/EHSBORV SS0ddddn 9 V |

-V

=DBpad D Q-M IldrijelazaYDNDQFLMD XJOMLND SRWUHEQR MH SRVWDY
QHJDWLYQR VWDQMH WH SURPDWUDWUDWL WUDQBSLMHQWH
UDGRYLPD .RE]XR&DS P HBRSOVDQH SURFHGXUH J]D ]JDPU]DY
XJOMLND X QHXWUDOQRP VWDQMX L QMLKRYRJ ksuUORPLPQ
NRULGAWHQH X 9D ALIMGIX. XJOMLND VX SRVWDYOMHQH X
UHYHU]QRJ- QDSROOVHPSHUDXYWXWUDMDQMX3 WRIMRP BHYHU]JQRP
QDSRQX VHGESRaIRGR DB HOHXMUR@IMMWRIGOD RV QR S UHDWHIOPD |
MH 6FKRWWN\ GLRGD SRG SULPLMHQMHQLP UHRMHUHPMOD !
- . SUL psd PO NDQFLMBEXIOMVMHNIUUDOQBPPWWR®RH XNUDW
SXOVHYD s GXOMWMPHGWR YDNDQREMOMHOQ WLMBGOLWIHOMNW L



LIPMHUHQD SURPMHQD N XPWDRNRYHIVDD QGDANR/Q MIRFO WD HN W U R
QHJIDWLY QL K JCOMENIEFQ M HDQ M H)chasBURMLLY ML & F L MMCH XRISIOIMELDN D

SURPDWUDQRP WHPSHUDW X U QRPJ WINVISR IQQH GMIM H OrHHY VQNR
SUL QHJDBVBRUPIRWPNIX YQLOYRPDOH Y M H DURIMID WNDHRY W IN B B DY L MV \
QDYHGHQRP SUNRFEHIGHWHR@ [MHL]UDPpXQ /DSODFHSsIici76 \BSHNW U
/IDSODFH '/76 WIS HNJA B & WD XGXE R Kd) sQ LSRG L M H O SIIQM.H O D] X
YDNDQFLMDKXNOADURD DOQRP L NXELPpQRP t& RIHMVE K QL NVUDL ¥ W |

2 -= , tim redom.

8 SUHWKRGQRP UDG XP&MNHIMH@ M WP D AQ D> QUER PUFIKIRAWNQVRINY GLR G L
WLSD NDR )1 6FKRWWHWZWHRLIRONWIXYDFLMWNH BRHERBNLMHOEYR
H9 L teedNWLYDFLMVNH IexrH QG XIENRH 1=K Q IHYRID eV, tim
redom. 2S D aH Q lomj&riX amplituda >= @ >= @ 02 L »= @ ->=

@ “ > . f@rzultatikarakterizacg = L = G X E R N LsKvr@ dabiRoD
RSLVDQL ')7 L]JUDPpXQLPD L PR.G/Hi&@R W DYEDMNDERENM, KJOMLND
REMDAQMDYD RSDADQMH Y HEIKE RIRRF Q WRRE) FSQMY B D FL M H
GXERNRJVQ NSRIDGL#MHOMGBGXERNRERRXD YHUX YMHURMDWQRVW
WLMHNRP HSLWDNVLMDOQRJ UDVWD spiaRVY « KLAWIL E QDM i O IMVHHD
= GXERNRPYQGWRMNL HQHUJLME QROV QR ¥R JOVWIRG M D
usporedba H Q HaUplijeMza Ve NVg K RGUHYHQLK]UDpX®L@AD | R\R
PMHUHO M@PDNWLYDFLMVNLP HOHUJWLMDRED =GXERNLK QLYR
SRGUADYD LGMIQKRYIXWID NWDXWNLP SOXVHYLPD QV QH G
SRSXQMD-YDQMD GXERNLK SD ¥ BQ MionfeR@plituda>= @ ->=

@ VIUYRRMD @ >= @PMHUD N R QW H QRAEWIDRHANEHGIM Q L
presielom |D XKYDW HOHNWWXERN Xp@mYRYDW D XGXERNL QLYR.
.LQHWLND XKYDWD HOHNWURQD XRSDBABSDGIOHeeapmibH QLYR
>= @ >=@ VSUDP RPMHUWD: NRGPHE BV QD IHVGIH © B HUPHR] X/BIW D W
QDGRYH]DWL X QDVWDY N X.

Omijeri amplituda >= @ > @>»= @ ->=@®GUHYHQL /DSODFMa'/76 PMt
QD )1 6FKRWWN\"0RLRGL" VOLNMLP .BHUGHRRIbIUD]OLPpLWLK
serija uzoraka NRQFHQWUDFLMH GXERNLHKer@useé R ivjptihaRPRtdaX UD]O
HSLWDNVLMDOQRJ ICORKYH G33 QYR BRAUDBIDOVMWKH MV N EkKk HQHUJLMD
GXERNLK QLYRD JERJ PDQMHJ EURMD PMHUHQMD QD )1 61
RGUHYVHQLK H Qddultata $MDH WIKUREERPHH WMWK EPL MPHNLYDQR MH VOD



se RSDabD |]D Y WMNVHG/@AEVYW Y NLK HQ+ UJEXDRNL KB RQLWREIH Q
QHIDWLIRPOQHGDN GXERNLK QLYRD L QMLKRYR VODJDQMH V |

521. . LQHWLND XKYDWD HOHNWURQD

Slika .2YLVQRVW DPSOEBRWXGHKERNLK QLYRD tR BMX.ONBUDQ HS X O\
NULYXOMH QHOLQHDWRPNHHRGHUMLNM®H /DSODFH '/76 PMHUHC
..RULAWHQ M}DBR®+IU|D@DOSRQ SXOVD 9

OY LV @iplituda = B GXERNLK QLYRD tRMGX & WILEDD | B DRLD

Saturacip obiju Q M L KaRpfitudia 0 & s\W H S U L RiVpdISEXiMadulimR G . %X G X Ui L

dapRJLFLMD )HUP =M H ¥Ri3p@ILP/LRDL Rodve vrpcepri QHWR NRQFHQW U |
GRSDQDGDMW iL WHPSHUDWXQDp DM QRzitijaQEGE R N L KX Q K WRoDJ

HQHUJLMVNR da SRRRIOMGD, GXJL QDSRQVNL SXOV GRODI]L
GXERNLK$®BSYRWXGD \.LJQDOD MH EOL]X VDW XQUIVFLMYMEP Y
NRULAWHQLP dLJLQDPWREPARYRVQRVWL DPSOLWXG@HLMB R G
PRIJXiUH RGUHGLWL XGDEXERNRLIVMHNRE S UL O.DOLRGEPRR QUD]
GXOMLQD SUDYRNXWQRJ QDS R govistitRavist X RayaiteliR Mtporm H P R J
6FKRWWN\ GLRGH WH NRULAWHQLP NRIBENVLMDOQLP NDEORY



Slika . 2YLVQRwmMtuda= - E - GXERNLK QLYRD;RWHSERPIMH.QIHX O
UHYHU]QRJ NP DEFLONHMOE B X OHP SHUBWXMH PMHUHQMLPD (
6FKRWWN\ GLRGL YDNDQFLMH XJOMLND VX SRVWDYOMHQH
tekstu. 9U L M H GnQliRitaV LSD) RARMHY®I U] QR J N B FOG-UWSASHE Bl JOREUE R P
HNVSRQHQFLMDOQLK IXQNFLFEhsijiXE -SR]&D W & XYBVR-NUL KM Q@ MWWQRRD
(g} Sieg s WH \ SRBORPMHQD NIDEDRFQWHIVBR @VNRJ SX
LOXVWULUDYDLNHEHREMWWNXQ QDSRQ QDSRQ SXOVD L EURM
kapaciteta L]QRWH - V L ,timredom.



1D VOLNMH SULMNDHDG VapiukbEQMDE- GXERNLKJBYMRPQRJ

NDSDFLWHWD )1 @BiFKRWWHW N Q MBRERHHBVMLGM PMHUHQMD YDNDC
su SRVWDYOMHQH X QHXW UD O Q Ropro¢atidenVBHU LSNUDH BVRXERNEEDQRD R S
UHYHU]QRJ NBSWMHALBBWRERUFLRQDOQD NRQFHQWUDFLML YD
QHIJDWLYQRP Wipl@MX- GRN-= GXERNLK QLYRD VX SURS
NRQFHQWUDFLML YDNDQFLMD XJOMLND X MHG®YRIWWNER
QD SR QpuN&R Jmisija HOHNWURBYMRVWUXNR QHJDWLYQRJ VWDQME
]JDQHRDQUDYWHPSHUDWXUL PRMHRABEMW UXNL XKYDW HOHNW!I
VPDQMHWOWHU]QRJ . NODVBHDIFR WHIW@R VWL XKYDWD VH QLVX XV
pULODJRGERP QHJ DB hove®anPG XERNLK QLYRBERRBD-OLK DPSOLW X (
VLIJQID®DOR EU]JRJ XKYDWD HOBRWWUHR QUHPM MNHIX W RVBIBAPIE IY D |
SUR P Mdpagitetap Y U\BWR RV Y LQJFKMDHBLYPQHG DN G X E RRQ RH Q WYURDLF L M
GYRVWUXNR QHJDWLYQLK YDNDQFLMD XJOMLND3z\WH SRYH
NRQFHQWUDFLMD YDNDQFLMD XJOMLND X PHWDRDDNEOMBD R P

Slika . 3URPMHQBU]QRJ BDSBFLWERDWL R XNXSQRM GXOMLQI
taSUL WHPSHUBWOMH. PMHUHQMD SUR YDI@DI DWNHHN \BW R B GSRM
YDNDQFLMHQHOWUN B QRPY WEHYNHWQD QV@DSRQ MIPDSRQ SXOV
Vs - V.3ULND]DQH VX WUL HNVSRQHQFLMDOQH IXQNFLMH p
UHJUHVLMH



=RobiYDQMHRUP® FFUMXHR EU]RP XKYDWX X QHXWUBFOQD VWDQI
GXERNL QLYR SURYHGHQD VXQPMAWUH@WDIHPGBHIUWQMKXEDRABM
SUL NRMLP RpHNXMHPR VSRULML XKYDW HOHNWURQD 9DND
SULPMHQRP UHYHUIQ®RD WEBBRDMMWMWHXKIQDYHQMHP )1 6FKRWW
SULPLMHQMHQLP QDSRQRP QD WHPSHUDWXUX PMHUHQMD |
6FKRWWN\ GLRGX SULPLMHQMHQ QL] QD\WR RGUDEBEUBRAVWDH B
QMLKRY XNXSDQ ]JEURM HNVSRQHQFLMDOQR UDVWH V UHGQ
VXPH MHGQROLNR UDVSRUHYHQH QD ORJDULWDPVNRM VNDC
QDNRQ VYDNRJ SRMHGLQRJ SXOVD WH SURPDWUDQ X RYLVQ
(PLVLMH HOHNWURQD L] YDNDWEMMBR®PI® MHNDB MD] XQUIP DR
- . VMR L]PMH U H Qdp&iteRa® RN RV O MOOPK W B'W H N 8 U R Q D.
]JDQHPDULYDQMHRPBMHCIMLABSDFLWRY BHOWIRFVFHMHIMHGQR YV
dvostruko @, SRSXQMHQLK YDNDMWLMD XJOMLND
2 _ R
2%2523% @e. (t9-2Q(ty A “
%XGXuLHPLWLMWMD HOHNWURQM milaGXERNURRDLRNLP WHPSFH
SURPMHQD SRSXQMHQRYV WitijeRdWiuQaMNDHY B SIIDMIFQL M .M @INQ M B F
8]LPDMXUL GRGDWQR X RE]JLU NjpSKR QXK EDWLXRGHXRWWDMNODQ R N
QHIDWLYQR VW DQRHSURPMHOQ X kapaciteta dobivamo

T &s(t)

Zs- ZZ3&5_17 2 - &°T . @ty
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ITPMHURNLVQRVW UHYHUWR RIXNXSDRIM BWOMLQL $ijeLPLMHQ
S U L NaDQ B¢ 1MHQD SBR &#MIdQddbro opisati p UL O D JZRrGjdctijP
HNVSRQHQFLMD GFQLXD ILRR@ERBDL]UD]RPHNXMHPR XNXSQR |
HNVSRQHQFLMDOQH IXQNFLMH phjdtaiirhla \ReG N R ¥ IIXUDHW X W L P
XKYDW- X - GXERNHOODMMRMHRIX UK GROWKEKBEWRP UDVSRQX
pulsevate VWREDRM QMLKRYLK GRSMHGRRP MNVBREHDIFLNP O QR
'UXJH GNVEMRQHQRKOWBUIOIEL G eEMHKHYDMWR- X2 - GXERNH QLYRH
PHyX NRMLPD PDQMX YIMVHIURMDBDWERNNM/OQULNPBPBOVRBG UHYLYDQM X
XGDUQLK QDHYIVMHIRDWHP 8@ U BIXKRMNREAWHQH- RBUDINHOD]D M
SULSDHANYIS R Q Bl @RIRWDAMHMEH khpReRittta VX XJURNRYDQH XKYDWRF
HOHNYAWBRIQDPHWRGH NRULAWHQH QBOLEDP WBBE S HNROWRM B P

WUDQ]LMHQW L kapaciteta VX X]HRNRIYMRR & YDVWRISKQWR B R QD

" &s(t9)



8 SUHWKRGGRP&DSHDQ@MWHDIWQMLPD X WHPSHUDWXU@RP UDV!
RGUHYHQ XGDUQL SUHVMHN ]Bubék QD WRHONNYWWRQRBPXEDUL!
0 “ H9 L XGDUQLP SUHVMHNRP X YLVRINRWHWPSHUDW
$PSOLWXGDGXERNRSIKALYREB SURSRUFLRQDOQD NRQFHQWUD
X GYRVWUXNR Q Hkbp Belpe@RiBaxtW D GRXHUDYD WLMHNRP SRSX
SXOVHYD RYLVQR R YMHURMDWQRVWL XKYDWD X QHXWUDO
SXQR VSRULMHJ XKYDWD X QHJDWLYQR VWBQWMd& VSUDP >
QDYHGHQH YULMHGQRVWL RGJRYDUDMX XKYDW® R¥FRRWURQ
UDGX PMHUHQMLPD SUL Q lugeh RGHMHSHWILWXGDBRHVBR HV M
HOHNWURQDBD X REDGXERND QLYRD

Slka . 7HPSHUDWXUQD RYLVQ®RVXK XD W UCERRINSWUEHR/boReD
QLYRHQLMDPD WX RHPMIOMWHDUQH UHIJUHVLMH ]D WHUPDOQ



7TDEOLFOLMHGQRVWIXERDWMEIDMU QLK SUHVMHND XDIXMRQDKRL HC
7:" RGUHYHQLK PMHUHQMISRID XQE&NVNQ R WHPHSHWHENVDX UD P D

'XERQRLYR a(1 H9 1 FP
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SPDQMHQMH NRQFHQWUDFLMH VO REREQUKaj Rt REbBIr Q D ER M
SUL L]JUDpPXQX XGDUQLK SUHVMHND3UJLL YQLH/UNR M DWYIQRS/MULD \
NRQFHQWUDFLMD VORERGQLK QRVLRFD QDERMD MH PDQMD
QHXWUDOQRP SRGUXPMX L]YDQ SRGUXpMD RVMURRDEHQ!
NRQFHQ@UDFNMDO @ K T je@DQMIXNXSQH NRQFHQWUDFLN
>L N @i K @ IDNWRBUL L]JUDpXQX NRQFHQWUDFLMD VORER
NRULAWHQH NRRSH@IBAD FH QHcataktefistke QDVHP SHUDW XUL PMH
SUHWSRVWDYND SRGMHGRDMKKQNRRRMB VDUNDNFLLYWEEEAAM VN H H (

H9 L H9 L IDNWRURGHIJH@HUMAGMRYVW NRQFHQWUD|
L]« PMHURGWMODYDUD XNXSQRM NRQFHQWUDFLML GRSDQDGD
GR SRWSXQH LR@RPOWDMHS B 8 Q R p®D URVH.QIRAD B RIVEG DU Q LK
XKYDW HOHNWULRQDBXERNHMH.BRHND]DQ,RP D WIOKLEYH WHPSHU
RYLVQRVWL VX RGUHVHQL:L]RE DU GUK SGIY M- KD UL Nl b
W HP S HUDMDWDDR AD

.R U L VRAGHUHiaktivacksle HQHUJ ZMEOLEDULMHU KR (] I XK DEBz

VH PRJIJX L]9PORADM ULMWHBDYIP NXQXWDU HQHUJLMVNRJ
(&- HO9 o= ( eV, timredom'oQML OLPLW XGDUQRJ SUHNVMHND ]D
QHXWUDOQH YDNDQFLMH XJO MIENTH NKHD \8 D REL BB QGIGIDE B 05 R \
PDOH H9 LOL L&pH]DYDMXiH EDULMHUH ]D XKY BW RIIDHNW U
GRSULQRV EDULMHUH ]D XKY D akceltots\]IDRDLHYAREU 1OY X\ ¥ WHD@H U
HQHUJLMVNRJI S URFQMHSDNWRYDFLMVNLBUH®BULLRDPOHQ L
SROR&DMLPD XQXWDU HQHUJLMVNR3 SRRIFHMMNMHEDE YW MHG Q

~  eVi- ~- H9 WLP UHGRP 'RELYHQH YULMHGQRVWL
'Y7 LJUDPXQLPD NRML SRNB]XMXMHEEXRYMSRBIREYD X-. @



SULPMNHXPDEDW L M HUH ilprésteil LD XOGKOYUBRQW  H OgHKN WQUHRIERDX X DM X

Ve N.DR a8WR MH RS DWSWDQR-WEBMBXLED X XGDWLK SGWHVMHFL!
P R &drbizlazitiiiz ORNDOL]DFLMH VWDQMDX S45IL &G]QXY RRIG/ @Y DY M WY1
YDNDQFLMHUKPOM)IND]UDDPEQHPIDMMWIQMEB SUL GQX YRGOMLY
ORNDOL]EU D& NdilQdbmaspram lokalizacijeQD 61& K GLPHUX %XGXuL
Vg KRNUXAaHQ V WUL 6L N L MHGQLP 6L K UDGLNDORP R}
DNFHSWRWDI@QRIMDD OL]LVg(h) LKVQID QMD S WhdljRé @lhce dpPam

SUHNODSD®V, NKoji LPD VDPR MHGDQ 6L N. 9H WU IS L6H NKO DISID®)I
SRpHWQLK IV\MBPQipauKY RGL QK GDH@dele. LIDYHGHQR REMDA&QNM
GRGDWQR SRGU&DYD LGHOQWXERBEKMY. ¥XRD NORSNULMHOD]D



5.3. =DPNH |]D YHULQVNH uQRNAHRFFEH QDERMD

uvedene neutron VN LD penjem

Slika '/76pektri D )1 L E 61 6FKRWVONY) R EWEAR DUW/INIR.Y D Q M D.
6FKRWWN\ GLRGH VX R KMPEHUD QDL MM DM GQURE-RIA)
Mjere QMD VX SURYHGHQ D DXV S/REPRE4DU DW X U QE.R ULBEWHYH U]DQ
QDSRQ QDSRQ SXQaibml |@QRIMLIYDVSXOVBt,  ms. (misija
SULND]DQLK VSHNWUD MH



7TDEOLFENWLYDFLMVaNIH XHEMHUQ IL MBHUXRNVEHNF LHOGNBARINR. @ DQLY RO
XQHVHQLK QHXWURQVNLP R]JUDpPpLYDQMHF761RMK R M@ DNVLLPLDM H
)1 ( L61 ( 6 FKRWWMNGHDUREDPODHVMHFL ]D XKYDW HOHNWUF
LIUDpXQDWLK YULMHGQRVWL

)1 ( 61 (
'XERNL QLY (2 HO 1o FP ( HO 1o FP
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1Dslici VX XVSRUHVHQL '/76 VSHNWUL 6FKRWWN\ GLRGD R
QHXWURQLPD WH QHR]UD p i9Q YEHXWYRIGRDQ B I IRPY NIGUBEN . IKFY DNDHVITHF
SUL GR]DPD YHQi#® BEBN SUL PDQMLP GR]DPD QMLKRYH NRQI
]D RSDA&DQMH '/76 WHKQLNRP 1HXWURQVNR GXERNRVHERR B
WH XQRVL GRGDWQH GXERNH QLY R HVRD]RWDHAHIDH N G(H Q H(4Q M.L |
aNWLYDFLMVNH HQHUJLMH L XG BUGE P [3 RGN MIIQRK/ Y\DLVP DH C
L (+ GXBRMRGJRYDUDMX GXERNLP QLYRLPD RSD&HQLP QDN
QLVNH HQHUJLMH - L LRV NLK LP@ODQWDEFQ@MDILMH EU]LK
QHXWURQD VX SXQR YHiHXROG MIRNVRYH E QUAKRLPILERSMHBIN L W D O
tijekom SURYH RHQXD QMD VWRJID RpHN X MH-P RS S EADNDIQR Y W D
silicja Vsi X '/76 VSHNWUX QD WHPSHUDWXUDRDQDBVWD¥NXGXERE
GHWDOMQLMH SURXpPLWL tetprotedgama G RERIN M NERMRIHI 2 X D Q M H
SULPMHQXSQRBREDLWL SULVXWQRVW GRGDMERK Hz QER RHK
YDNDQFLMB VA XOHRENWHDE Y RRIMMAEGXAEHH NWUX LIPMHUHQRP X WH
UDVSRQX GROLNIE 8 SUHWKRGQLP VWXGLEDPDERNIe QLYR
SUL G LKenp@RMXQG H I HNGBMQR MH SUHGOR&HQ PRGHO ]D (+ YU
SULMHOD]D SDUDLX}O IGHNRNWD DQX\HOM XNWYVH MDNDQEM
UD]JOLPLWH NRQEAHYOUWDIER MRjE W R J>OINDHRY B/UG D & OLEHU&K N R P
(+ YUKX GRSULQRVH L pafaladi BR AN R GIHI ISV YDNDQFLMD 9



BWRSH XQRVD GXERNLK QLYRD OKQRDUBKHGBNLGQRYD/LI
NRQFHQWBDFRMDQHXWURQVNRJ R]JUDpPLYDQMD -

1; - 170

JGMH/MMHRQFHQWUDFLMD X6IQ8HRJUDMHGRRVWL VWRGD XQRVI
GXERNLK QLYRD,O0 cmF P cm X VOXpDMX )1 61 6FKRWW I
WLP UHGRP VX LVWRJD UHGD YHQLptLQEXERR LX QX RDM X Q
RJUDPLYDQMHP>HOHMWHRBQLPOLPLQH PDQMH QHJR X VOXpDNM
> @ 2SD&DQMH NDINPE RDQDWRLFIDMH DRIQD UD]JOLPpLWLK W
XQRVH LVWH GXERNH QLYRH VD VOLpQLP RPMHULPD NRQFHC
W Rp N D VRtiiaP G H I H

Slika ./DSODFH '/76 VSHNWIU B RKHRRY WING HXRHRUGDED HDIL K1 (
6FKRWWNQDVHRGBUDWXDBERQVNH SRVWDYNH VX - WHYHU]DQ

QDSRQ SXOVNMIGLULQD SXQV®OSHNWUL VX YHUWLNDOQR SRP
SUHJOHGQRVWL

8 IDSODFH '"/76 VSHNWUX GOEWRNKRS QU ¥ RO R &0 M H
GYD UD]OXpHQD YUKD L SRYHUDQMH QMLKRYLK NRQFHQW
RIJUDpLYDQRDPHUDQMHP &LULQH YUKRYD X /DSODFH '"/76 VS



QHSRX]GDQRVWL RGUHYHQLKAHBLQHVE: 8]URNKBRAEHGDQM
ALUD UDVSRGMHOD HPLVIXMOMERBVYBELKRYDHNSEEMMKUEDFLN
GHIHNWLPD LOLQXQRYOGRE AWK IQLYRD V HRikMhasDPD EOLVN
L= GXERNLK JPIRROQR MH UD]JOXpPLWL YHUL EURAMpl@BXERNLK
'/76spektUL LJUDPpXQDWL )/2* QXPHULpNRP PHWRGRP VDGUAH ¢
RSLVXMX LJPMHUHQ WUDQEMHQW INmSOOER W WPz GDQL

Slika . . RQFHQWUDFLMH =L GXERNLKKXRWIRMQRVWL R GR]L QH.
RIJUDpPpLYID@MKIRWWN\ G@ RGDL = NRQFHQWUDFLMH VX RGUHY
'/76 L-& PMHU HehpeX®D . .RQFHQWUDFRMMEYHQH L] DPSOLW:

VLIJQDOD HPILVANEFEQMD QD WHPSHUDW X UDPKDHPNDWM V LEX® 1D L0
je uzet u obzir> .@ R Q F H Q\NothBKRLMV L K RDGURIRBRND V& W Z @U H
KRULAMDR BURFMHQD XNXSQH NRWQFHHONLIGDFLIM M LWDNO QF LMD

OYLVQRVW NRQFHQWHDFXBEMNEK QLYRD R GR]L RJUDpPLYDQMI
MH SULND]DQD3QDNBPOLEH NRQFHQWWXHERMNLK QLYRD VX SU
MHGQDNH ]JERJ YHiUH NRQSEHURRVUGKERNRIGUHNRIQD VWRSD X
> GXERNRMHISYREOLAQR GYRVWUXNR Y HIME RERVWERHR L
SUHPGEDDYVWDENDPARWVVWK OSRIRGXMH YHURM NRWQIUHIPNUDFLML
GXERNRJI>QI@IRDNLYDQH VX XJ ke GREGIN G QKD Nibllikh



HQHUJMMIORYLK RVj®RXQ RKPDWOIQBREED GKILRK X WAMRRARB Y H i
stopa XQRYD = GXERNRP REH&/RBMDYQLWAWQREUX GRGDWQRJ C
GXERNRJ QLYRD NRSQLERKSUY QR X /06 @EKFHI SRVWRMDQMHF
UD]JOLPLWLK NLQHWLN.D XQRVD 9

Slika IDSODFH '"/7T6)IVEHMWKRWWN\ GLRBAD WHPSHUDWXUDF
.L E ..1DSRQVNH SRMWBIYUNBIQY@DIR@OSRQ3SXOVD 9
L ALULQD SXOVD W



7DEOLBNWLYDFLM ViNGG B QE U RGHHERNE K RIONRMH QLK /DSODFH
PMHUHQD LWPBPSHUDWXUL (+ YUKD QMKUHGMD 6/FKKRWRWNHAG H

diodama.

)1 ( 61 (
'XERNL QL (a H9 1o FP a HO 1o FP
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1D VOLFX SULND]DQL /DSODFH '/76 VSHNWUL QD WHPSHUDW
/IDSODFH '/76 WHKQLNRPLWYH WRPXRBEAWH (+ YUKD X '/76 V
V (+L (+ 60OLND $NWLYDFLMVNH HQHUJLMH L XGDUQL SUHVN
(+2 GXERNLK7QEORBIX EOLVNL YULM HMGQRBD &/X /DD RGHIDY H QYLD
- SULMH @DEHN9 WLP YHIERPNRQF H GspraDNR R BHQWUDFLMH
GXERNRJPRAWREMDV QLWL SUHIHUNIpR® WP KX GRVLREHXWURQV
R]UDpPLYDQ MR \VERGRCD ¥BORD]O XGHERRNIRI QLYRD V HPLVLMR
HPLVLMLGXERNRJ /QISODFH '/76 PMHUHQMLPD QUXDVIQRSHKUD
UD]JOXPHQH GRGDWQH NRPSRQHQWH '/76 VLIQDOD 6O0LND

5.3.1. Doprinosi '/76 VLIQDOX QD WHPSHUDWXUL (+ GXER

8 UDGX %DWKKIQ RBDBEBQH VX SRGMHGQDNH NRQFHQWUDFLN
SULGLWHOMHIQGEK SULMHOD]LPD WH SRGMHGQ uNaplaskeR QFHQ W
'/76 VSHNMWUGLMHOMBQLKIHOD]X YDNDQFLMD VLOKFLMD QD
NXELpQRWPMHVWX X NULWRWBDRIQWRIM R HVBHH VRSEID LWL SRGMHGC
GXERNLK QLY BiRija¥y¥ BNGXRFpMM -VH Lsi9- prijelazima odvija emisija

jetdQRJ HOHNWURQD & SUHWKR GG LIPNYWDXGLMDPD > @ NRU
SRGMHGQDNLP nmd RXF HRR@WR DDOIHLOMHD QMLKRYR SULGMHOMLYDQ
GHIHOWDD NRQFHQWUDFLMD (+ GXERNRJ QLYRD VSUDP (+
SULVXWQRVW GIRRGOGRRVRLUQBNLHNWDVLIQDOX QD WHRSHUDW X

2GQRWRGEPADQD YHID (R GXHERMRDP RAWFEMDVQLWL JEURMHP G
Vsi - L SULGR®DWR LK Qe IHINW R p H Q



8 UDGX %UR G P QHWY D@D M HAG H \E X © ROUDKRHSWRAGHIGVEDR Q VN L P
RJUDPLYW @GMERNLP QLY Riyfal) W Q AVMRR K MHHD +&H LLR QR.Q
LPSODQWLBDQSMILPLMRPH® PDNVLPXPD SURILOD (+ NRQF
YHULP GXELQDPD VSUDP PDNVLPXPD SURILOD (+ GXERNRJ
GHIHNW RGJRYDUD NRPSOH NV % SIRIONRG WY BGINHR B BARRIPNY X b Xje
PDNVLPXPD SURILOHY XDRORFDLMQLK DWRPD SRVWRML JERJ S
V XSDGQLK LRQBLEDWLWIRIRHRP+LRQ¥ NH®LPSODQWDFLMH

Slika  '/76 VSHNWUL )1 ( 6FKRWWN\ GLRGH Limpetatuid QL QDN
. L . 6FKRWWN\ GLRGD MH RKODyHQD QDSIR[PH W 8 & MHHPR

QDSRQD .RULAWHQL UHYHU]DQ QDSRQ QDSRQVSWOVD L GXC
9L WPV (PLVLMD SULND]®QLK VSHNWUD MH

1DNRQ ]DJYLMDBFRRWWN\ GLRGH QD WHPSHUDW XU X L X W
'/76 PMHUXMQWHPSHUDWXUQRP ,UOVBRQX QMSHNWUL VX VWDI
2GQRVQR SULPWH IQDBDR D BRQFHQW UDF LM BVdubbhiN R PQV. ® RIBI G
UIDVWRSQLK '/7® PN B WIBGIMI/ U Xse SOLRBMWRIXGMHQMH NRQFHQ
(+ YUKD QDNRQ [ Jdhpdddb¥ DQMBMRMH PRA&H XNDJLYDWL QD
QDYHGEREBDWARINWD V PHYXSRORAOMAINIDQ I MRRWAEPOQW UDF L |



PR%IRGYLWL SXWHP UHDNFLMH GHIHNWD NRMD XNOMXpXMH
WUDQVIRUPDFLMRP X GUXJX VWDELOQLMX NRQILJXUDFLN
OHYyXSRORADMQL DWRPX %6D& BEND WHPREUDWXUDPD L]QDG &
W RpNDVWPRHG M BHRNORIA BNCRLSID W R RD QFs M HD § WWH GSiENWL &

postaju PRELQOQLYLALP WHPOYHUDWXUMBRBULQRY VLIQDOX QD

WHPSHUDWXUL (+ GXERGIRIHRWORKNRRML KWMOMQIHXKMEe PHY XSR
odvojeQR R]QDpDYDWL R]QDNRP ;: X QDVWDYNX



53.2. ' XERNL QLYRL PHWeWaVNDELOQRJ M-

Slika D/76spektri)l ( 6FKRWWMN\VEHRSHUDWXUQRP sWBVSRQX
FH@QWUNRQ I Lama9$ LF¥WM 5D]OLND GYDMM- FAHBQW.URBP XDNR QL JX |
$ L NRQILIJXUBRSMLQORY GHIHNWD NRML XNOMXpXMH PHyXSR
(+ GXERNRJ QLYRD BHYRIQDOHQDSRQ QDSRQ SXOVD L GXO
V,Vs i 93 WPV WLP UHGRP 3ULNDYDQD MH HPLVLMD



7DEOLBNWLYDFLMYNHKERUQ LI VIMHE BRGEDX KRN DIVEGHOWR D 0
FHQWUD

'XERNL Q a H9 o FP
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3ULVXRHRIYWN DEHQ QMR 06L& QDNRQ QHXWUR R WNRISRWDL
NRULVWHUGL SURFHGXUH K RNSH XD [BBMQRIDW N L REDRES DN
MH WUDQVIRUPLUDQ X NRQILIJXUDFLMXQ D SKROpHMAQX! F\PH B S |
'/76 PMHUHMQMD bez SULPLMHQDISIRMBE QMHJRYD WUDQVIRUPLE
NRQILIXUDFLMX UM P NMH-RYR\PL D@SWERDVHPSHUDWKVBHNW UL
SM-FHQWURP X Bria@ I LNGUBELMD]DQLDOMSVOQDRRLYL '/76 VLIQDO
UD]OXPHQLK G XERNIWUDL Y RDB PRIPH@R. RG SUHWKRGQR UD]
QLYBD]OLND PHyX SULND]DQLPBO'LRMDEV|S i prvijLapH3imaciji
X]JURNRYDQ@LEXEWRRLP QLFHRQWDEY LMH UD]OLp tevéeiL NR®IH J X U
moJ XM D VUDR O B XLIEVRIN LMQFLHYQRW UYDU KIRSRektru. 0 L 0 G XELRMNRL 0
FHQWWRQILIXVRFRBDRASIQL QD WHPSHUDWXUDPD (+ L (+
WHPSHUDGXERNR IMPIL RE®AGRNERNL QLYR X NRQIRUMUDHDMLV
SRGMHGQDNH NRRSGI@WXAEHF LGHE R N LXW@L MR DR p pri¢la¥D QR ] D
LVWRJ GISRINW-BYSRPHWNRP HQHUS3DNWRDK DRISYABLYERGIR J
QLYRP QH&W|E RIDVWHDIR P Lp QR I FSIDLVNUHED X] DN FOQN L MXHNRFL M/ X 6$
PMHUSQMWHPSHUDWXUBRWILYQBGMVNH HQHUJLMH 0 L 0 G
RGUHYHQH NRULVWHIL, UdR JaBtivatlska/ HEQ WUJIDMD DO GXERNRJ C
SURFLMHORIGIREED MD ; YUKBpektru]ERJ YHiUHJ EURMD GRVWXSQ
UHJUHVLMX X $UUKHQLXV JUDIX %URM WRpPDND X $UUKHQL
spektraQLMH ELR ]JERY FSUMDVWXRGQR VSRPRAKMIWRD SUNRIG QDX D
WLMHNRP '/76 PMHUHQMWHIGQRGWL DNWLY D F Lpk§jekdz& HQHUJ
XKYDW HOHNWURQD V.)8 @RPHMCECHQWD E HVQIARIDL IHXWURQVNLP |
jepopUYL SXWD RSDAHQ X UDBG K WKRRGEDR M GEH §R0@X Q R V
VOXpDMX R]JUDpLYDQMD SURWRQLPD L HOHNWURQLPD



Slika 2YLVQRVW (+ L (+ 0O DPSOLWXGD "/7R GIXIOWEIL $PQ)

> @ULMH PMHUHQMD .QD1WH PSFHKWRDWWNALGLRGD MH RKODYVH
.V SULPLMHOMHQQPP-QDSRRORIRIXUDFHQRH S0 LOL V WHP S
. EH] SULPLIPPSREDRJIRQILIKNQWIUNDD BPISOLWXGH 0 GXER

RGUHYHQH UD]JOLNRP (+ 0 L (+ DPSOLWXGD '/76-VIMJQDOD

L QDSRQ SXOVD -

1D VOLMFH SULND]DQD RYLVQRVW (+ L (+ 0O DPSOLWXGD '/7¢€
QMLKRYD UD]JOLND NRMD RGJRYDUD DPSOLWXGL 0 GXERNF
IXQNFLMQLMH ELOR PRJXiUH RGUHGLWL SULSDGQH YMHURMD
EU&H SRVWL]DQMH VDWXUDFLMH X VOXpDMX 0 GXERNRJ QL
RSDAHQD GYD GRSULQRVD UD]OLPLWLK GHIHNDWD



Slika /DS O D F Hspekitie) 1 ( 6FKRWWN\ GLRGH QD WHPSHUDWX
NRQILJIXUDFHOQMNWPDDO 3ULMH PMHUHQMD 6FKRWWN\ GLRGD M
SULPLMHIIVBHRQIF® .RQILIJXUDFLMD $ LOL EH®HIPPSHIHQMWHIHR

QDSRQD .RQILIJXUDFLMD % 5HYHU]DQ QDsSRQV,DSRQ SXO
Vip ms, tim redom.

IDSODFH '/76 WHKQLNRP QLMH SRVWLJQXWD GRYROMQD UH]
FHQWUD 1DXVOUEND]DQL /DSODFH '/76 VSHNWB U LQYDX WQLPFS |
QHUD]JOXPHQLP 0 GXBERNLEUHFIR RRQFHQWUDRRWBRD @NLX
'/76 VLIQDO®R JPREOMXpLWL NDNR 0 GXERNL QLYR GMHORPL
UD]OXPHEXRIPDVLMGXERNRJ QLYRD



Slika '‘XELQVNL SURILOL (+ (+ 0O L (+ 0 ; NRQFHQWUDFL
GLRGL (+ 0 GXELQVNL SURILO MH RGUHVHQ-PNM®WHRMLPD
NRQILIXUDFLML $ GRN (+ GXELGHWOWBBRRIXONRB | RIXUHDFHQ
LIPMHUHQ QDNRQ KODVyHQMD % W MYHPLE]IQW B BOUBRIGS P U

PMHUHQWDGU&HQWDU X NRQILIXUDFLMDPD $L % FUYHQH V
RGUHYyHQL SULMH ]DJULMDYDQMD 6FKRWWN\ GLRGH QD WH
OLQLMDPD 'RSURMRVXGBONINWXMH P HYX SARHORRSAHDWIDMXDW RP HG
QLYRD MH R]JUDpPHQ V ; /DPEGD HIHNW MH X]JHW X REJLU > ¢

1D VOLWXL SULND]DQL GXELQVNL SURILOL (+ (+ O L (+ 0O ;
PMHUHQMLPD QD WHRSHUDRXFRHPWUDFLMH VX L]JUDpXQDWH
X] YULMHGQRVWL a4LULQD SRGUKHMIHWRLNROPHQND F
RGUHYHQEeKNDUBRNWHULVWLNH QD WHPSHUDWXUL PMHUHQM
NRQVWDQWQX UDJOLNX UHY HU}QR J- QD SIRQ BRLY 1 DIBYRIQVDX 8 X @)\
QDSRQ@ NRUDFLPD RG 9 7DNYH QDSRQVNH SRVWDYNH VX
QLYRD X XVNRP UDVSRQX GXELQD : $UHG L ARMRHU DR DK H D V:SF
GXELQD RGJRYDUDMX SULND]DQLP WRpNDPD PMHUHQMD

3URILPOQF MQWRIBFHBHIL MH JDIJULMDYDQMD GRX WR{PDHBDRW X
LVSUHNLG D Q 2B DGIH@LOM PHPIDNVRIQ PH Q /WD BLXMER. QDPDaPPQMLP R
LVSUHNLGDQD SO MHQLMBURP (+/HNRDEBDRPWBRDFEREGB Xp



RVLURPDaAHQMD SUL U-HWH UijpgoRP S QRBSROWNBGLK MHUHQMa u
WHPSHUDWXUQRP UDRSROK R RSLVDQR X SUHWKRAQLP VW
(+ GXERNbe@RSHIRODNRQ GRYROMQR G XteRperjDratdd MD-YDQMD ¢

EHSULPLMHIXDMHR@®DI GRN SULPMHQD QDSRQD XEU]DYD S
XQRVBWRIQLEGED NR@AWMUDFLMD IMMDRSBRIGQBXpMD RVLURPDA&HC
SURFHV SRYH]DQ V QMLKRYLP XQRVRP QLMH GRYU&HQ WL
temperaturama .- Co(+ NRQFHQWUDFLMD MH SXQR YHUD RC
>(+ @ >(+ @B GXELQLMHBP® YMHQMH SUL YHULP GXELQDPD
VDGUAL GRSULQRVH YLaAH GXERNLK QLYRD

IDNRQ ]DJULMDYDQMD GR WHPSHUDWXUH . SULPLMHUHQ
GXERNLK2GD¥RDVH VPDQMHQMH (+ @ ] D J W RAVOPHBAVENTPR L M H
vidlivo QD VOLFIDPSOLWXGH SQUL SDHREHUDWKDOJL (BUEXBRINRJI C
SURILO NRQFHQWUDFLMH LIPMHUHQ QDNRQ KODYyH®@MD 6FKF
UHYHU]DQ QDWRGUAL SREHQANWMIIRK X NRQILIXUDFLMDPD $ L
WLK GYDMX SRGUXpMD a P MH RGUHYHQD ODPEGD GXO
SUL UHYHU]QRF QEerSlRIPWXUQRP UDVSRQARVL. NRQFHQWUL
GRSULANMBSHUDWXUL (+ GXEBNRNMHLS@GDYD LVSUHNLGDQD
] DIJULMDYDQMTUJ QD L SODYD OLQLMD XND]XMX QD GMHORPLY
SULMH |]DJULMDY2CQRYQRD LIQRVL SUHMWRKQRKGEQ RULLDHNKNEUW Q P
/ P VXHRIG (+ NRWEBFLMH(+ PDQRDREQWUDFLMH aWR XNI
GRSULQRVD (+ L 0 Q@RBERNLKNRQMARIDWIDORPMDLEYDRIXSRQH
WHPSHUDWXUL (+ GXERDRSHADINMIRND]XMX QD GRSULQRV 0
QLY®BODFH '/76 VLIQDOXGAERN RV OOMYRD 1MLKRY RPMHU a
] D J U L Mdb YebnekatDre .60LND MH YHiL RGHR®@WH®Da L PDQML

od omjera>(+ @ >4 @ a 60OLND 2]QDNH GRSULQRN@MWAJDOE RN L
'/76 L /IDSODFH '/%6 MWYSHHOIWQUHX SRVW XSQR X RYRP UD&X X RYF
MH ]D QMLKRYR UD]JOXpPpLYDQMH QXaQR NRULVWLWL SURFHG.

2GUHYHQL GXESIRaV N LLSNIRI H@IL N DJ R ®B® W DXHIO HNWERNL QLYR
NRQ]LVMEAQMMODUWLQ HW DO L 1Ll@H ONNHQ YD/ PQW QD RSDAL
SURWRQVNRJ L QHXWURQVNRJ R]JUDPLYDQMD WH LPSODQW
RSD&DQMH LVWRJ WLSD G HooHjgktD L QMHJRYR LQWULQ]JLpPQR



54. =DPNH ]D PDQMLQVNH QRVLEBIEH QDERM

Slika  0&76 spekfil 6 FKRW W blthi G D RGSH-MLHNER Bhilsié @ B VOVRI H U H Q M H

MH SURYHGHQR SUL NRQVWDsQW QR R] USHMHW] K B R GRESRIKX 9
QP /(ice GXOMLQH R Miga tiekom VYMHWORVQRJ pkitsa MBISL]QRVLO

Slika SUUKHQLXV JUOISRYLMQRVWL' .BHONDIDIH ¥YWLMHGQ
RGUHYHQIP MR DG QBIL BB KRONV W N\ diodi.



8 RYRP SRdSRIHODNQMWX QD NDEDNWB PIDQMLMYNH QRVLRFH C
0&76 L /DSODFH 0&FBENGHMQLQipR +~6L& OLNTBH PRJIX SULPLMH)
dvVLMH ]JDPNH ]HDjesX B PVMDUKESDH L ' &HENWLYDFLMVNH HQHUJLME
AXSOMLQD ré% L ' A®OQWY WLP UHGRP VX RGUHYHQH OLQHD
$UUKHQLXBOLMMSDAHGHWRRKMHQH YULWEID VERRBWOND]DQRP
emisijom, VW RUD R G U HSjU IY DIHEIQALKI L WIRU L & W H i de2a0V LWI N D N R

EL VH VPDQMLR X QVMIHKEDWL kS DRSO QYXFSHDQ W D@ RGJRYDUD M X
R SD & Hapnkda] D 4 X SkOj¢suO H L G L MBFROMHHEWNRMHVL ERUDsQD VLOL
L XJOMLNRWRIF WX X NULWY¥WD@i@Redor BEHRWEBELDPSOLWXGL YU
0&76 VSHNVWWXPLMNDM@R % FHQWDU LPD NRQFHQWUDFLM
NRQFHQWGREDQRBD WH SXQR YHUHJ L]JQRVD VSHUIDP NRQ
NRQFHQWUDFLMD % FH@®WH DRHYIGD BB L'WAH QDABVDR-B LIS KW D NV
XYMHWLPD ERJDWLP XJOMLNRP, SUL NRMLP SRVWRML YL&H ¢
GRVWXSQLK ]D XNOMXb LR My DERMERAD R KDXJOMIZARYLK P
IRUPLUWDQMH

'XOMLQD L LQWHQJLWHW VYMHWORVQLK SXOVHYD NRUL&WI
YHOLNL NDNR EL NRQFHQWUDFLMH SRSXQMHQLK JDPNL SR
SRSXQMHQRVWL ]DPNL QH EL GRVWLJOH UDYQRWHAQR VWD{(
R NRQFHQWUDFLML SRSXQMHQLK GXERNLK OQYWHRBH G IHVIHNS
PRAH LPDWL X ¥ MHHRD/DISISPeRirU|ERI QMHJIRYH YHO MNH JDRIQ A H G
YDAQR L]JEMHUL

,]JPMHUHQL WUDQ]JLMHQWL NDSDFLWHWD QD WHPSHUDWXUL
RG HNVSR&®RQEV®BRD@ILP HQ X 8JURN WRP R@NWXSDQM:
NRQFHQWUDFWMBRAHGLYD V NRQF HEpW LB ALMR M Wf&RGLUDQME
serijsN Rodpora. SNWLYDFLMVND HQH UDLMDHY H®I P MPUDD QROG 6/ H § HIFK R W
QHAWR QLAD RG RpPHNLYDQH Y U@M BT QRWBN ERRINRVMHGEVFD QDY
utiecaja. BWMHFDM VHULMVNRJ RWSRUD QD PMHUHQL NDSDFLW
'/76 PMHUHQMD EXGXiUL GD SULPMHQD VYMHWORVQLK SXOVE
L WLPH IDN& RUID U E]% 3RYHUDQMH NDSDFLWHWD SUL |
YUKDIEWRH QMHJIRYH YHO Luspdreti® § FBIIQYWID PILMHND SDFLWHWR
NRQFHQWUDFLMD VORERGQLK QRVLRFD QDERMD XQXWDU F
NRQFHQWUDFLMH SRSXQMHQLK % FHQWDUD L WLPH VH PLM#
NDSDFLWHW QLMH UDHAGLQ ROV W PQIROR WHRULIMYNRJ RWSRUD MH!I



SRVWDYNDPD PMHUHQMD -HAUJIRY  RBUPRISKULVKWO RVOGO. POW M H
i QMHJRYR VPDQMHQMH MH PMHUHQMH NDSDFLWHWD NRULV\
| N+] XPMHOYWR | @HYyXWLP ]D DQDOL]X WUDQ]JLMHQDW
zadovoljiti pretpostavkuS XQR YHUHUNNXWHIRIOMQRJ VLIQDOD RG YMHL
emisiMD SULVXWQLK QLYRD &dWR RJUDQLpPDYD L]QRVY QDMPDQ

8 0&76 VSHNWWDNRYHU S8URGEIHYMNHFH Q \Y DDM H J RSORM

WHPSHUDWXNRRM FRAHD @ND]JLYDWL QD SULVXWQRVW GRG
OLWHUDWXUL +6 ]DPND ]D &XSOMBQUP N WQHK XJ DK RE \RNHN
WHPSHUDWXUSURBEYHBERBE OH@QUMIX WD VLIXUQRAEUX GRQ
zakMXpDN R SRULMHNOX RSD&HQRJ SURALUHQMD YUKD X
UD]OXp Y UBADNNIRSEHSW L P MYWUXMMDP SHUDW X NRRINRMH QDMYMHU |
DUWHIDNW SUHW RRE&QR STDQNHIE MORDIQ]LMHQWD RG GREUR C
IXQNMHBRVR DM PRUD RGJRYDUDWL GXERNRP QLYRX.

/IDSODFH mMi&RA® MOMDWHP SHEUBDQXIWDX XVSMHEQR UBMi© XpHQH
NRPSRQHQWH ]JERJ RGVWXSDQMD WUDQ]JLMHQWD NDSDFLW
IXQNFRBDWQR UD]JOLND DNWLY DGK MV KPHR@H UBILWM D SWH. B
UD]J]OXpLYDQMH MDISIOQIENMRMPS 7 6



Slika  /DSODF Hpékai7® H R ] U B HEFHK R W W NADGWRIG S H U D WX MIH
UD]JOXpHQH NRPSRRURYBPHQH WMHUHQMD VX SURYHGHQD S|
UHYHU]QRPsQDSRRKX SWLPMHQX VYMHWORVOQAEK GXOMH®BE ng
) R WitRija tiiekom VYMHWORVQRJ SXOVD MH L]QRVLOD RNR Q%

Slka . $UUKHQLXV J@PNnéRYLMQRVWL]IDAN 4XSRGUBHHQ /DSODF
0&76 PMHUHQMLPD QD 61 6FKRWWN\ GLRGL



7TDEOLFONWLYDFLMYNHKKERUHQULMIHHY MHFLRIGUXIKHDQW @& B6 ML (
IDSODFH 0&76 PMHUHQMLPD QD 61 6FKRWWN\ GLRGL

=DPND ]D & (@ H9 L F Metoda

% ! [

1 “ T

0&76

1 “ T

IDSODFH 0&76

143 X

1D VOL&ESULNDDBQDFH 0&a6QWDSWN ®S HUHDDQYWKWDR. '3U dPAeMHUOHQH
NRPSRQORI@WHHQH Vi SULGEMHOEHDMEPDHEiME:E ERUD QD
PMHVWX XDOWRIFCRYRORNDO QR % KHNWOBIIRADBRR@IREM > .@
IMLKRY Rmjer applitgtla @ pokazueSRGMHGQDNX NRRFHQWUDFLM X
QHR]WDHPH G FKRW W3V HGARD L VH P Rritlfeliti % GHIHNWX |D SRX]GI
LGHQWLNXNEDBDMXL KHNVDJRQDO QHdD R M¥RMVR H R{\BIR VWKX SR W H H
NRMH SUXA&DMX LQIRUPDFLMBa/R BHQRIRHWN Y M LPGH LY B DDV N
HQHUJLMH ]D HPLVLMX axXSOMLQD L XGDUQL SUHVMHFL ]D
6FKRWWN\ GLRGL VX VDAaHWL X WDEOLFL

3RYHUYQMM R EEisiEYRYRYHIDQMHP HOBRRYUMQPQYRD PO N
RpPHNLYDQR ]D DNFHSWRUVNH FHQWUH NRML VX QHXWUDO(
QDELMHQL HPLWHYRW EX SOQMLHBULPLMHUHQD SURPMHQD HI
AXSOMLQH V SURPMHQRP UHYHU]QRJBGDE R NRQEMQ WIRDFX |
GRSD,GERYMIDQMH HO KQWHDEYRK)SB RWDRSRPBDEBIQMBP UHYH
QDSRQD QLMH GRY RO MI@R yelRa\zh B4NDM D Q M H



N F KID LIQRYV
YMHURMDWQRVWL RSWLpPNH HPL\DLIUH VEKOHNREBRI@ Y MLH ULDAPLL
SURPDWUDMXiL EBURRRBINPAMMQHR YDOQRM GXOMLQL VYM
VWUXML NRQFHE@WGBFI NBID aNKIS OYNHLHQUBRAVERSMIRFE\RA FRLRWQIDO Q D
IRWRQD D YMHURMD® Q@R QWH K MMID/FD MEXELR S QUIIDIOXD X
NRQFHQWUDFLMH MKS O M QYERMRQ K IDOMENBEIQMHH 4 XSDMX Q D



NRQVWDQWDQ L]JQRV &WR PRBAKUVUDRMHREN MEASRGNE MEID) M
SUHFMHQMLYDQMD XGDUQRP FWIHNNMLEPYOQ RP 4 X\6® NPIRQ M ii H

SUHFL]QLtMS URGBIVMEHQWUDFLMH AXSOMLQD OHYyXWLP YD&
NRQFHQWUD F IRVGHD BXI$RM ISP SPHWDUD P M H\UHRM B L L PIMHRPHHC
YMHURM D WS RIWWp X K YiDsaiM H GRIBQ Hi]R@VWNORSX EXGXULK VW,
SODQLUDQD SURYMHUD SULVXWQRVWL SURFHVD IRWRLRQL]



5.5. =DPNH ]D PDQMLQVNH tRVHRBIEH QDERM
unesene neutronVNLP RJUDpPLYDQMHP

Slika 0 & 7€pektri SROX S URBIXGRKRAWWN\ GLRGD R DD HIGLLPK WP IHX \
dozamal QHRJUDpPHQH 61 6FK@WWHNQ@LROHK SURYHGHQD SU
UHYHU]QRPsQDSRQX SULPMHQX VYMHW O RVLFLIK GXOWHQY®  mé
(PLVLMD SULND]DQLK SSMNWIUYMSRPDWQXWL YHUWLNDOQR

0&76 VSHNWUL 61 6FKRWWN\ GLRGD RJUDPHQLK QHXWURQLF
XVSRUHYHQL3@DLPAHFXMH VH SRPDN YUKRYD % L ' FHQWUD S
08&76 VSHNBRINHUDQMHP GR]H QHXWURQVNRJ JUDpHQMD SUL
LVWRJ UHGD1IMWHORYLORP DN uBrgkawQ pR'Y ki DD S Udt] MQ M
HSLWDNVLMDB®Q®BFKRIRWMNX GLRGDH|HRDAEDIRTB]XOWDWL ')7
L]JUDpXQD VX SRND]DOL NDNR SULVXWQRVW PHYyXSRORADMDQ
GRN SULVXWQRVW YDNDQFLMH QH]QDW®R HULLMHVHV Q DBNUH QD
6L& QHXWURQVDNjlL YORMHIPDQR X SUHWKRGQLP 1DW X B LIMDWHD
PRASIURPLMME URMBIIWQRVIWRFD QDERRDYIRDGWEHRGIRYHVWL GR
HQHUJLMVNLK QLYRD RYLVe&® R WRpND&WRM VLPHWULML Gt



8 0&76 VS[ENSWURLMSRHUHPIRDOQMH VLIQDOD X WHPSHUDWXUQR
emisie "VV SRYHUDQMHP GR]H QHXW U Bufpvoor] @ DOIVPXL YzarGks D
]D AXSOMLQH XQHRHQBIpQ¥XQ/NIHRR QWKW K/R\GIDLEMH QWX GLMDP L
R]JUDpLYDQMD HOHNWURQARDSULSNRN RGFWPTD SRIQMWQH
UD]JPDWUDQRP WHPSHUDWXU-OR PL UHBWSRHUKI VM B RN D

H9 LI@ksBwumayDOHQWQH YUSFHtm@dom3UHWKRGQR MH SUHG
SULGMHOMLY DpeVeel V6O LIFR NIMIYVRH BRWANWD 6/dak LGHQWLW HW
+6 |DPNBI 4XSOMLQH. QHHWBR]QJDWNH ]D AXSBXWQR QX¥NH®
RJUDPLYDQMHP QLVPR K 8 Q WEIR LIV MIIRIR IVLIQDOD
2SD&HQ ALURN W&7B RAHNOS@QLWXIWQRAEIX YHUHJ EURMD GHIHN
YUKR Yimauspektru, NRML QH PRUDMX QX&QR ELWL WRpPNDVWL Gl



6.ZDNOMXpDN

IJQHVEQNDUDNWHUL]DFLMD HOH NXWQUH\bMN Q MBLNSH6LR.Q WK MGHN R R [
HSLWDNVLMBORJRDpidl BEBSQYM HURD BQLFP QHXWUR@&BE® NRULYV
WUDQ]JLMHQW Q.8 R'&W N WRARWRY RISIDIPMH GRADHND)VOL [AWGR SROF
X NULVWDO QR M&URG ML DO MSHD WQIVPLHKWRIY U R Vaitl | Braidijit X] XK
QRVLRFDN@DERWHB UL /DSODFH '/76 L /DSO DBUHL GE&TBWW HKNDLAN}
GXERNLK QLYRD X VNO D GraktetizBpX OWDWLPD QMLKRYH

,VWUDAHQ M&H SRHIHDG\DLNY QYRD GRPLQDQW QR Jip) HNRRELQDFL
5D]OXPHQL VX = GXERNL QLYRL QD WKDP X H UDEVREEHLN IV U X
]JDWLP SULSILIMHHIMHQRD Y DN D Q¥R MRIQ B OERN BN & XEDHIPHRNP 9
PMHVWX X NULVWDOQRM DAHHAH\MSIIO DW.L R ]PHER R YRVWUXNR
QHXWUDOQRJ VWDQMD YDNDQFLMH XJOMLND VH RGYLMEC
QHJIDWEPORRAHQHUJLMYNDRKORhMRDl== GXERNLVELYRILGLMHOM
SULMHOD]LRIHIDMHINQRJI L Q HYXDANUDIDRRIIRME KYADDAD NHID HN W U R Q
QHXWUDOQLP L QHJDWLYQLP YDNROQFLQLIVADR P X WOHPLSN-DU DM
— . ,JOHV#QHULMHGQRVWL EDULMHUD L XGDUQLK SU]
QHJDWLY QH XY DNDRBD B BIQ Mhare barijere ]D XKYDW HOHNWURQD X
Y DN D QFILOMILRMH UHQRIYG DUQLK SUHV MBS NYDU L @ HtSIORSADLL K
NRQFHQ@GWLBBVQR QDGRYH]XMX QD 7tddid OAWDRY G RIBIHWXR G R 1A
QMLKRYX LGHQWLILNDFLMX PRGHORP YDNDQFLMH XJOMLND

SURXpPHQD VX GYD GXERMNMD QEYRID HMHRUJIEM LVSRGjYRGOML?®
VX XQHVHQL RJUDPpLYDQMHP HSLWHUPDOQB® LLMHW]D PH QDD
silicja, RSD&H GIR 8 ¥ LIQ R \Wia G R PDBHOBIMW QMLKRYLP WHPSHUDW XU
spektru. Omjer Q M L KaRplitudai VPDQMHQMH dcije SBQ FBBQUALW DY D Q M X ukaz
GRSULQRY GRGDWQRJ GHIHNWD '/76 VLJQ®ID XQQ M YWHPUERINUMDD\
NRPSOHNVQRP GHIHNWX NRML XNOMXpXMH PHHYNISADRADNPGI
GYLMX NRQAHWD\DW DEBQMYRBBJIRY XQRV QHXWUIRRBMNEIHQR]UD
NRULVWHULNE8WMRIFNS®MBIpM B YDUINMHEFIQD 0 GXERNE QLYRL
FHQXWNBQILIXERFUMQRRVH '/76 VLJQANAMK QLD (WEHKFESRNULEKWXLY R D
dok X NRQILIJIXMPDGEXERNA QLYR GRSULQRVL '"/76 VAuUB@BRDO® X QD \
QLY RID & mx&kd/RH U D peL Y DJGDM b L W LimkpoWimaF D X Qdiskétipaye GBI H N W D



ukazuje QD QM LLKQRAYWRL ooiLijptR.R’ DSODFH '/76 WHKQLNRP VX UD]C
NRPSRQHMPWHLIQIDOWHPSHUBWERBNRIF> QLYRD X '/76 VSHNWI
WHPSHUDWXEBRNRJ QLYRD QLVX UD]JOXp&#H QIR @GR GDOWDEH MR B -
FHQWUD O GXERNL QLYR GRSULQRVL MHGQRM RG UD]JOXpH(
HPLVLMIGXERNRJ QNRRDLIJZUDDBLOXPp#AQL (£« GXERNL QLYRL V
SULGLMHOMBQLMHOD]X YDNDQFLMD VLOLFLMD V ORNDOQ
simetrijom, tim redom2WNULYDQMH GRSULK-FHD WX E RNGKHQINF\RID V
PHYXSRORA&DM @loB kiritfi RPERGU X p M X PQ@MHOQM-HBIDRONDY R M H P
LGHQWLGIHNBRDWD RG YHOLNH YDAQRVWL

'YLMH ]DPNH |9UANSKOWDLHIP6LE R]QDND % L ' FHQWDU X 0&7¢
pridLMH O M HRUHL M i DPNIHEEM®EHE RUD QD VL KUK MY BiReS®R P %

u kristalu, tim redom/DSODFH WHKQUNRPD]JOXPHQH GYLMH ,KdRPSRQHQ
su u skladu sQ M H JRLYGRHPQ W L | ISNUDL SLpWj&Rima | D P M H Qrivh)éd bora s
ORNDOQRP KHN¥RJIR QNXEQRBP® AL PoH WUIMHI R R P S RIQHH@WWUHD %6 L V X
uspMHEAQR Uer|ORQHgH W UHHFLW. OD X/\W M HW D MRL \RXAGERRYURDO M Q R
mai ]D SULAMEQBFH 0&76'DMHMQMMNHV W X®LHV HD VIXD B&RXN\OW M D Q M |
NRPSRQHQWP MHRMQWHDDL NH X KQYD \S D LEPABEMWHDERRSVDLjé& D O Q
JHRPHWG@NDH XJRUWDYNL PMHUHQMD

,VSLWNIW®HFDM QHXWURQVNRJ JUDPpHQMD QI [HR&BMN3ID PDQML
SROR&DMD YUKRYD % L ' FHQWUR S&HP D SHINR B WIDRIVHLUD & R
QHXWURQVNRJ R]JUDPREMQRMIMME BB D HHRQHELRV QB BUM DIDMNRI
L& HXWURQVNR RXOQDMHRBROWDHMHDPNH |OL HXSH MRE X H) R
VLJIXUQR A i R MdvsiaXterizacij L SULGMHGRN LMDQ Q H & U6 YD GQR & D

.RPSRQHQte ' FHQWUDD]OXpHQHWILRMENRP SXMMPFHGHQRJ LVWU/|
5D]OXpLYDQMH DNFHSWRUVNLEK RERRBRXUILYDRN DN L KRY XX JORN
karakterizaciju, XVSRUHGEX V UH]XOWDWH AG5 HYWIS D &R @ E Xdvaju
NRPSRQHQWL ' FHQMHIR R W & HDXWLH L N D F1L.DVPM NDiRijpEeX ER N R J
boraQD XJOMLNRYRP PMHVWRKGDO WQIHRAK BOXY RHL & H XMWURLQ V Nim
R]1U D pdn¥j® Q Rp pbQrvi pua. , GHQWLIXQBVHNEDK ]DPNM-FH@WIODML Q |
GHIHNWMBML XNOMXpXMH P HRXS\RIOMRE DRVOYHR DAMRP HSLWDQMD ]
SURXpDKLQEMHKNDWD aXSOMLQD X QHIJDWLYQH L G¥RVWUXN
WDNRYHU MHGQD RGaDRDVWRY &G MG #DRKRY S\HQ Mhkterjaw ¥R

6L&



Popis Iterature

+HGD\DWL 5 5/P@QLIXH] 6 ODOP %* 5XVX $ =HWWHUOLQ
PRQROLWKLF fF RSHUDBW& FFQBEB @WPYS WMHEKQ RQR I, ((
'"HYLFH /HWW — GRL /("

2. Set+\XQJ 5\X .ULVKQDVZDPL 6 +XO0O % +HDWK % 'DV O
=KDQJ $JDUZDO $ 3DOPRXU - /HOLV $ *HLO % .DWVLYV
+LJK 6SHHG 6ZLWFKLQU&HNMLIRRMNPDQFH DQG SHOLDELOLW
, QWHUQDWLRQDO 6HPLFRQGXFWRU '"HYLFH 5HVHDUFK 6\|

6HOOLQ 3- 9DLWNXV - 1HZ PDWHULDOV IRU UDGLDYV
1XFO ,QVWUXPHQWY OHWKRGV 3K\V 5HV 6HFW $ $FFHO 6
- GRL M QLPD

ORVFDWHOOL ) 6LOLFRQ FDUEUGM GRIW B & WRQUYK B HV
DQRG SHUVSHFWLYHV 1XFO ,QVWUXPHQWY OHWKRGV 3K\\
‘HWHFW $VVRF (TXLS - GRL M QLPD

5DGXORYLU 9 $PEURA&LPp . 6QRM / &DSDQ , %URGDU 7 |
2KVKLPD 7 <DPD]DNL < &RK&SMNDDKRROODERUDWLRQ 3UR
&DUELGH ODWHULDO 6WXGLHVY DQG '"HWHFWRU 3URWRW\.
(3- :HE &RQI GRL HSMFRQI

.LPRWR 7 'DQQR . 6XGD - ILIHWLPH(NLOOLQJ GHIH!
OLIHWLPH FRQWURO E\ ORZ(HQHUJ\ HOHFWURQ LUUDGLL
GRL SVVE

+D]GUD 3 3RSHOND 6 6FK|QHU $ +/&RLFD B\ /B URWIRPQH &
,UUDGLDWLRQ ODWHU 6FL )RUXP - GRL
ZZZ VFLHQWLILF QHW 06)

6DLWR ( 6XGD - .LPRWR 7 &RQWUROSRBE®UULHU O
HSLOD\HUWHEPKHUIBWXUH $U DQQHDOLQJ $SSO 3K\V ([SL
$3(;

+L\RVKL 7 .LPRWR 7 SHGXFWLRQ RI GHHS OHYHOV |
OLIHWLWNSH®I®¥3 E\ WKHUPDO R[LGDWLRQ $SSO 3K\V ([SL



20.

GRL $3(;

Lovlie LS, 6 YHQVVRQ %* HDKBOMHA® @QQHDOLQJ RI LPSOI
LQGXFHG = FARSV HUWHDEWLRQ NLQHWLFV DQG PRGHOLC
&RQGHQV ODWWHU ODWHU 3K\V -  GRL 3K\V5HY

6WRUDVWD / 7VXFKLGD WUDSV5BQ&FIWISRIRRHPHQW RI F
LQ-6L& HSLOD\HUV E\ LRQ LPSODQWDWLRQ $SSO 3K\V /I

$\HGK +0 1LSRWL 5 +DOOpQ $ 6YHQVVRQ %* (OLPL
LQ-6L& HPSOR\LQJ WKHKUGRBUQRPLFRRGLWLRQV DW PRGI
$SSO 3K\V /HWW GRL

,ZDPRWR 1 -RKQVRQ %& +RVKLQR 1 ,WR 0 7VXFKLGD +
'"HIHEQGXFHG SHUIRUPDQFBLG&GHIRKRCODWN RBDRIUIHHU GLRCG
GHWHFWRUV - $SSO 3K\V GRL

%DWKHQ 0( *DOHFNDV $ 0+WLQJ - $\HGK +0 *URVVQHU
9LQHV / (OHFWULFDO FKDUJH VWDWH LGHQWLILFDW
LQ-6L& @BMQWXP ,QI GRL - -\V -

6RQ 17 $QGHUVRQ &3 %RXUDVVD $ OLDR .& %DELQ &

ORULRND 1 ,YDQRY ,* .DLVHU ) $ZVFKDORP " 'HYH
IRU TXDQWXP VSLQWURQLFV — GRL
.LPRWR 7 &RRSHU -$% )XQGDPHQWDOV RI 6LOLFRQ &

6RQV 6LQJDSRUH 3WH /WG 6LQJDSRUH

,ZDPRWR 1 6YHQVVRQ %* 6HPLFRQGXFWRUV DQG 61
'"HIHFWV LQ 6HPLFRQGXFWRUV VW HG (OVHYL

'HYDQDWKDQ 5 HEHU :- 'LVSODFHPHQW HQHUJ\ VX
1XFO ODWHU - GRL 6- -

/IlL: :DQJ/ %LDQ / 'RQJ ) 6RQJ O 6KDR - -LDQJ 6 *XR
GLVSODFHPHQW HQHUJLHY DQG6G&VEBROHRREDW & OMHDLG
VLPXODWLRQV $,3 $GY - GRL

6WRUDVWD / %HUJPDQ -3 -DQJpQ ( +HQU\ $ /X - '



22.

HQHUJ\ HOHFWURQ6LRUDGSB® IBKQVLQ + — GRL

&KD<+ 6DQGYLN 30 (OHFWULFDO D®LG 2S'W O KR G |
SKRWRGLRGHV -SQ - $SSO 3K\V - GRL --$

&RXWLQKR - ODUNHYLFK 93 3HDNHU $5 8 G RKIFWDW WE
VHPLFRQGXFWRUV - 3K\V &RQGHQV; D EWWHU GRL

:DWNLQV *' -BHIODRVIHWBWWLHY IRU GHIHFWYV LQ VROLG)
6WDWH 3K\VLFV 6SULQJHU %HUOLQ +HLGHOEHUJ %HUO

6FURGHU '. 5XELQ /* 6HPLFRQGXFWRU ODWHULDO D
3K\V 7RGD\ — GRL
6]H 60 1J .. 3K\VLFV Rl 6HPLFRQGXFWRU '"HYLFHV -

+RERNHQ 1- 86%

+HQU\ &+ /DQJ ' 9 I1RQUDGLDWLYH FDSWXUH DQG L
HPLVVLRQ LQ *D$V DQG *D3 3K\V 5HY % - GRL

*LEE 50 5HHV *- 7KRPDV %: :LOVRQ %/+ +DPLOWRQ %
9 $ WZR VWDJH PRGHO IRU GHHS OHYHO FDSWXUH

$QGHUVHQ 2 'REDF]J]HZVNL / 3HDNHU $ %RQGH 1LHOVH
%YULGGRQ 3 gEHUJ 6 SLHIRVSHFWURVFRSLF DQDO\
FRPSOH[HV LQ VLOLFRQ 3KV % &RQGBQVY ODWWHKBU -

WXFKZDOG :5 -RKQVRQ 10 5H¥ ) WHGNUHROOHI Il RRIWWILKH ¢
OHYHO FKDUDFWHUL]DWLRQ - $SSO 3K\V - GRL

&RXWLQKR - $QGHUVHQ 2 'REDF]JHZVNL / %RQGH 1LHO\

6 %ULGGRQ 5 (ITHFW RI VWUHVYV RRWKXHQHQHUJ\ Ot

K\GURJHQ FRPSOH[ L@&RDQRGHQV BBWWHU ODWHU 3K\V -
3K\V5HY %

$OILHUL * .LPRWR 7 5HVROY-16Q & WX HD FQUDEHHNRHIP L
GHHS OHYHO WUDQVLHQW VSHFWURVFRS\ $SSO 3K\V /H'



6RQ 17 7ULQK ;7 /iYOLH /6 6YHQVVRQ %* .DZDKDUD
7 ,VR\D - ODNLQR 7 2KVKLPD 7 -DQ\yQ@HP RI &HIDRWQ Y |
ODFDQF\-&IQ&% +3K\V 5HY /HWW GRL

SK\V5HY/HWW

7ULQK ;7 6]iV] . +RUQRV 7 .DZDKDUD . 6XGD - .LPRWR
17 1HJDBWHRDRHE YDFDQF8LLEQ $4VHVVPHQW RI FKDUJH
VFKHPHY DQG LGHQWLILFDWLRQ RI WKH QHIJDWLYH FDUE
5HY % - &RQGHQV ODWWHU ODWHU 3K\V - GRL

.DZDKDUD . 7KDQJ 7ULQK ; 7LHQ 6RQ 1 -DQ]pQ ( 6XGD
4AXDQWLWDWLYH FRPSDULVRQ EHWZHHQ6L& FIS®® U DQ
3K\V GRL

.DZDKDUD . 7KDQJ 7ULQK : 7LHQ 6RQ 1 -DQ]pQ ( 6XGD
,QYHVWLJDWLRQ RQ RULJLQ RI = FHQWHU LQ 6L& E\ G|
HOHFWURQ SDUDPDJQHWLF UHVRQDQFH $SSO 3K\V /HW\

+HPPLQJVVRQ &* 6RQ 17 (OOLVRQ $ =KD® FHQWKYW¥QLQ
+ VLOLFRQ FDUELGH 3K\V 5HY % 5 -5 GRL
3K\W5HY% 5

.DZDKDUD . 7KDQJ 7ULQK ; 7LHQ 6RQ 1 -DQ]pQ ( 6XGD
AXDQWLWDWLYH FRPSDULVRQ EHWZHHQ-6L& FHRS\HU D«
3K\V GRL

'‘DQQR . .LPRWR 7 ,QYHVWLIDWE RQLR IHEH O P \GIKYH O
LUUDGLDW-H® ZUWKHOREWURQV - $SSO 3K\V - GRL

.OHLQ 3% &DUULHU OLIHWIERE HBDWYW XUHPFH® WKLQ Q-
GRL

$OILHUL * ORQDNKRY (9 B6YHQVVRQ %* /LQQDUVVRQ 0
EHWZHHQ URRP WHPSHUDWXUH DQG F & URD GELHDM\SH G HY
W\SH + VLOLFRQ FDUELGH - $SSO 3K\V GRL

&DSDQ , %URGDU 7 &RXWLQKR - 2KVKLPD 7 ODUNHYLF
OHYHOV RI WKH FDUER& %BPEQRLQQ® /DSODFH GHHS OHY
VSHFWURVFRS\ ZLWK GHQVLW\ IXQFWLRQD®RRRGHOLQJ



&RXWLQKR - 7RUUHV 9-% 'HPPRXFKH . gEHUJ 6 7K
LQ 66L& &U\WWDO ILHDIGGHD@Q@HIVHIXBRWY 3K\GBHY % -
3K\V5HY %

=KDQJ - 6WRUWDVWDQ -3 6RQ 17 -DQ]pQ ( (OHFWUL
LQ W\'SHVEOLFRQ FDUELGH JURZQOLQHD FWBW L F3S SCR @K \
- GRL

%H\HU )& +HPPLQJVVRQ &% FHROQWHWAJ|PL® +HQU\ $ -DQ]p
'HHS OHYHOV LQ LWROHBREH G $& DA GKSY Gl

&DSDQ , <DPD]DNL < 2NL < %URGDU 7 ODNLQR 7 2KVK
7UDS T\ H)-6L& 6FKRWWN\ %DUULHU 'LRGHV &U\WWDOYV
FU\VW

<DQJ $ OXUDWD . OL\D]DZD 7 7DzZDUD 7 7VXFKLGD +
OLIHWLPH\GRQHW\OQHG6I+& HSLOD\HUV - $SSO 3K\V

RFNVWHGWH 0 ODWWDXVFK $ 3DQNUDWRY 2 %RU
ODWHU 6FL )RUXP - - GRL Z72Z VFLHQWLIL
%RFNVWHGWH 0 ODWWDXVFK $ 3DQNUDWRY 2 ‘LIIH

LQWHUVWLWLDORHIGQ DMKHHGL BRWHRXY Witidd XVLRQ LQ 6L &
3K\V5HY %

'HIN 3 $UDGL % *DOL $ *HUVWPDQQ 8 W\ SGR B R SCLIONIH

LQ 6L& 3K\V 6WDWXV 6ROLGL %DVLF 5HV - GRL

/IHEHGHY $9% 'HHS OHYHO FHQWHUV LQ VLOLFRQ FDU
- GRL

%DUDQRY 3* ,09LQ , 9 ORNKRY (1 (OHFWURQ SDUL

ERURQ DFFHSWRDWV&GELEFU\WVWDOV 3K\V 6ROLG 6WDWH



$UDGL % *DOL $ 'HiN 3 5DXOV ( J)UDXHQKHLP 7 6RQ 17
6L& ODWHU 6FL )RUXP - - GRL 27272 VFLHC

'‘DYLG 0/ $OILHUL * ORQDNKRY (0 +DOOpQ $ %ODQFKDL
(OHFWULFDOO\ DFWLYHOG&EH IHBWS O QKAMUDGLBDWHG

GRL
&DVWDOGLQL $ &DYDOOLQL $ 5LJXWWL / 1DYD ) /T
HOHFWDRBQDWLRQ LQGXFIHEG GHHIDFIIKYWVL OHWW - €

&DVWDOGLQL $ &DYDOOLQL $ 5LIXWWL / 1DYD ) )HUUL
E\ SURWRQ DQG HOHFWURQ-L¥SIOGBRWLRQ LQ +GRL

+HPPLQJVVRQ & 6RQ 17 .RUGLQD 2 %HUJPDQ -3 -DQ]p¢

1RUGHOO 1 'HHS OHY HQ GBIGH BWWH G Q +H©OL&F WRIRWQD [ L |
$SSO 3K\V - GRL
%RFNVWHGWH 0 ODWWDXVFK $ 3DQNUDWRY 2 $E L

YDFDQFLHV DQG LQWH UV WLLVQMDHOUN MQ \F X B DF UH_.RRR PIDLFQ@
DJJUHJDWLRQ Rl FDUERQ i QRHGNQWL WD W ®AH U3 B DWW HHY 3% )
GRL 3K\V5HY %

$OILHUL * OLKDLOD $ ,VRWKHUPDO DQQHDOLQJ VW
QW\SH6I1+& - 3K\V &8RQGHQV-ODWGRILU LQ SUHWEDHDI

6WHHGYV -: )XUNHUW 6$ +D\HV -0 6XOOLYDQ : IRZ
2SWLFDO &HQWUHV LQ + 6+& ODWHUGKL )RUXP
ZZZ VFLHQWLILF QHW 06) -

'"HY\QFN ) $ONDXVNDV $ %URTYLVW 3 3DVTXDUHOOR $
(QHUJ\ OHYHOV RI FDQGLGDWH GHIHFWYV DW 6L&»6L2 LC

*DOL $ 6RQ 17 -DQJpQ ( (OHFWULFDO FKDUDFWHUL
FOXVWHUV LQ 6L&x $ WKHRUHWLFDO VWXG\ 3K\V 5HY %
3K\V5HY %

obuwLQ '0 .RUWHJDDUG 1LHOVHQ + /pYrTXH 3 +DOOpPAQ



%LVWDEOH GHHOHFWRIECROPSHIPWRQ LPSODQWHG + VLC
3K\V /HWW - GRL

%YURGDU 7 %DNUDp / &DSDQ , 2KVKLPD 7 6QRM / 5DGX
'HSWK 3URILOH $QDO\VLV RI -GS, (HYUHRGXFHBEWEA BQ G+ D

&U\WWDOYV GRL FU\WW

1LHOVHQ +. +DOOpQ $ 6YHQVVRQ %* &DSDFLWDQF

PHWDVWDEOH-W \FSH@ W& U3SKQV GHY % - &RQGHQV ODWWHU (
GRL 3K\V5HY %

1LHOVHQ +. +DOOpQ $ ODUWLQ FHOWHQWERRYPGOBD RWR Q@
LPSODQWIG %LVWDELOLW\ DQG FKDQJH LQ HPLVVLRQ U
- GRL ZZZ VELHQWLILF QHW 06) -

%H\HU )& +HPPLQJVVRQ & 3HGHUVHQ + +HQU\ $ -DQ]p
2KVKLPD 7 $QQHDOL QJFEHCKDE W R HIQBNHAK B 6 WaIR Z
HOHFWURQ MUBSHEGLED WHS RO 3K\V GRL

%H\HU )& +HPPLQJVVRQ &* 3HGHUVHQ + +HQU\ $ ,VR\LC
-DQJpQ ( %LVWDEG®K KBUWHIHRY N FVDUWR REZH 611D GILKDW H G (
status solidi- 5DSLG 5HY /HWW - GRL SVvvu

YURWKHUWRQ 6 7 KAWH B @AKVRM DWKHWOWRBER VLWLRQ U
LPSXULW\ PHDVXUHPHQWY 6ROLG 6WDWH (OHFWURQ

5HVKDQRY 6% 3HQVO * 'DQQR . .LPRWR 7 +LVKLNL 6 2
'"HYDW\ 53 &KR\NH :- (IMM"THFW RI WKH 6FKRWWN\ EDU
PLGJDS OHYH@AGVELGHHS OHYHO WUDQVLHQW VSHFWURVF
GRL

obQ 6< .LP .+ .LP -. -DQJ +: /HH .+ .LP 1. .LP (" /HH -
2KPLF FRQWDFW IRUPDWLRW\BHE KD QLS/FPOR3 KI\V RIDWQ
GRL

JWR 0 BWRUDVWD / 7VXFKLGD +6L& (SHWHQREB® HQRZRIK
7HFKQLTXH $FKLHYLQJ +LJK-$WRIDWSQ 5 DRAUH D\WR\G $B5 8 OH3 K \
([SUHVV GRL $3(;



1RUGH + $ PRGLIQH® RRWUEDW E FKRWWN\ GLRGHV ZLYV
UHVLVWDQFH - $SSO 3K\V - GRL

&KHXQJ 6. &KHXQJ 1: ((WUDFWLRQ RI 6FKRWWN\ GL
FXUUHQW(YROWDJH FKDUDFWHULVWLFV $SSO 3K\V /HW\

*RRGPDQ $0 — OHRLBPB QG XFWRU %DUULHU +HLJKW OHD
'LITHUHQWLDO &DSPFQMW BRQBPH LOHW BER/GVHP - $SSO 3K\V

SHDNHU $5 ODUNHYLFK 93 &RXWLQKR - 7TXWRULDO
WHFKQLTXHU HYH® GHHBFWV LQ VHPLFRQGXFWRUV - $SS

'REDF]HZVNL / 3HDNHU $5 %RQGHWUBQVHI@& GHHS$DSO|
VSHFWURVFRS\ 7KH WHFKQLTXH DQG LWV DSSOLFDWLR

VHPLFRQGXFWRUV - $SSO 3K\V - GRL

3RQV $FFXUDWH GHWHUPLQDWLRQ RI WKH IUHH FI
E\ VSDFH(FKDUJH PHWKRGV - $SSO 3K\V - GRL
/IDQJ ' 9 OHHYIHO WUDQVLHQW VSHFWURVFRS\ $ QHZ
WUDSV LQ VHPBEBRBQGGKRAWRUV — GRL

=RKWD < :DWDQDEH 02 2Q WKH GHWHUPLQDWLRQ R

FHQWHUV LQ VHPLFRQGXFWLQJ WKLQ ILOPV IURP FDSDF
3K\V - GRL

'DYLGVRQ -$ (YDQV -+ '"HWHFWLRQ VWDWLVWLFV RI
WUDQVLHQW VSHFWURVFRS\ - $SSO 3K\V - GRL
%ORRG 3 2UWRQ - : 7KH (OHFWULFDO &KDUDFWHUL]D\

&DUULHUV DQG (OHFWURQ 6WDWHYVY $FDGHPLF 3UHVV ,Q

+DPLOWRQ % 3HDNHU $5 :LJKW '5 '"HHS(VWDWH(FR
OLIHWLPH LQ Q(W\SH JDOOLXP SKRVSKLGH - $SSO 3K\V

%UXQZLQ 5 +DPLOWRQ % -RUGDQ 3 3HD Nairigr$5s "H\
WUDSV XVLQJ WUDQVLHQW VSHFWURVFRS\ (OHFWURQ /I



6QRM / $PEURALpPp . yXIDU $ *RULPDQHF 7 -D]JEHF $ /HC
5DGXORYLU 9 5XSQ&NURYAWMNQFDIREDU $ &LQGUR 9 .UTL
ODQGLU , OLNX& 0 %DUERW / &DUFUHIlI + 'HVWRXFKHYV

9LOODUG -) SDGLDWLRQ KDUGQHVYVY VWXGLHYV DQG C
75,*$ UHDFWRU (3- :HE &RQI GRL HSMFRQ
6QRM / AHURYQLN * 7UNRY $ &RPSXWDWLRQDO DQ

WKH -6, 75,*$ UHDFWRU $SSO 5GRILDW ,VRW -
M DSUDGLVR

*RRUOH\ 7 -DPHV 0 %RRWKE&R[BURXQNHBXO@VRQ - )H
JRUVWHU 5$ +HQGULFNV - +XJKHV +* -RKQV 5 .LHGURZ
OF.LQQH\ * 3HORZLW] ' 3UDHO 5 6ZHH]\ - :DWHUV / :L¢
,QLWLDO 0&13 5HOHDVH 2YHUYLHZ 1XFO 7HFKQRO

7UNRY $ 5DGXORYLU 9 6QRM / 7KH *583,17 QHXWURQ VS
JHQHUDO IHDWXUHYVY DQG FKDUDFWHUL]DWLRQ RI WKH V!
-6, 75,*$ UHDFWRU ,Q WK ,QWHUFQRULRYDLO HWRIS R 8 URH
DQG %RRN RI DEVWUDFWY 6DQWD )H 86%

+HLVVHQVWHLQ + 6DGRZVNL + +HOELJ 5 '"HIHFW FR
HOHFWULFDO SORS&SHUWIHBM WD[tDO OD\HUV GRSHG E\ QX
GRSLQJ 17" 3K\WV % &RQGHQV ODWWHU - - GRL

-2

%DWWLVWRQL * &HUXWWL ) )DVVz $ )HUUDUL $ 0XUDU
7KH )/8.%$ FRGH 'HVFULSWLRQ DQG EHQFKPDUNLQJ
GRL

OHUHGLWK :- IHXWURQ IOXHQFH PHDVXUHPHQWYV
GRL

OHQLFKHOOL ' 6FDULQJHOOD 0 ORVFDWHOOL ) %UX]]L !
RI HQHUJ\ OHYHOV UHODWHGGHBW& LR QXUPLSDILHYWIHEG HSS QWM
‘'LDP S HODW 6DWKBRL M GLDPRQG

%HQ .DURXL 0 *KDUEL 5 $O]DLHG 1 )DWKDOODK 0 7UH
,QIOXHQFH RI LOKRPRIJHQHRXV FRQWD& VEDWVHIGOH FV



6FKRWWN\ GLRGH 6ROLG 6WDWH (OHFWURQ - C

Gora9( $XUHW )' 'DQJD +7 7XQKXPD 6 1\DPKHUH & ,JXF
%DUULHU KHLJKW LQKRPR&HEHKRWMWNA BRQRB&GHY-LQ D

WHPSHUDWXUH UDQJH ODWHU 6FL (QJ % GRL
7XQJ 57 (OHFWUR Q - WHIPLARSIRGWF \B R/UPLHQWADHOU | D F H V
3K\V 5HY % - GRL 3K\V5HY %

%DUULHU 6 B6EGV ' 1HDUO\: %UH]HDQX * %DGLOD 0 7.
8GUHD ) $PDUDWXQJD *$- OLKDLOD $ $FFXUDWH OF
(IWUDFWLRQ IRU ,GHDO %UHDNGRZQ 9ROWDJH ,((( 7UDC
GRL

=KDQJ / =KDQJ < =KDQJ < +DQ & 1HRW&RQ UDGLD)
0(6)(7V DQG 6%'V - 6HPLFRQG GRL -

1DYD ) &DVWDOGLQL $ &DYDOOLQL $ (UUDQL 3 &LQGU
SURSHUWGBH& RFKRWWN\ GLRGHV LUUDGLDWHG XS WR
,((( 7TUDQV 1XFO 6FL - GRL 716

1IRYRVHOQLN % 3LOLSRYLF O -DFLPRYLF 5 3LYDF % 60

&DSDFLWDQFH FKDQJHV WQSGHXMOLRQ Q UTKHG LOXV HE | §-F W

, QVWUXPHQWY OHWKRGV 3K\V 5HV 6HFW % %HDP ,QWHUL
GRL M QLPE

+D]GUD 3 3RSHOND 6 =DKODYD 9 7TKH ,QIOXHQFH R
(OHFWULFDO &KDA6DBWHRZIENWHMLRHV+ ODWHU 6FL )RUXP
GRL ZZZ VFLHQWLILF QHW 06) -

,VWUDWRY $$ +LHVOPDLU + )OLQN & :HEHU (5 "HW
GHHS OHYHO GHIHFWV IURP QXPHULFDO ILW RI GHHS OH
$QDO\WVLV RI DFFXUDF\ DQG VHQVLWLYLW\ WR QRLVH 5H

.RL]XPL $ ODUNHYLFK 93 ,ZDPRWR 1 6DVDNL 6 2KVKLP
8FKLGD . 1R]DNL 6 +DPLOWRQ % 3HDNGLESBWXGLHG( W
ZLWK /DSODFH GHHS OHYHO WUDQVLHQW VSHFWURVFRS



*IW] : 6FK|QHU $ 3HQVO * 6XWWURS : &KR\NH :- 6WHL
1LWURJHQ G-RQRUNRPFBUELGH - $SSO 3K\V - C

+RUQRV 7 *DOL $ 6YHQVNRQ Ot (OHFWINWRIHLF 6 WUXFW XL
RI ODFDQFLEAH\& IBY LR J BdseriaHNG{HUKRI 6FUHHQHG +\EULC
)XQFWLRQDO ODWHU 6FL )RUXP - - GRL

ZZ2Z VFLHQWLILF QHW 06) -

3DVWXRYLU @ 6LHJHOH 5 &DSDQ , %YURGDU 7 6DWR 6
GHIHFWSLQLFWURGXFHG E\ LRQ LPSODQWDWLRQ WKH |
&RQGHQV ODWWHU GRDD F -

.DUVWKRI 5 %DWKHQ 0( *DOHFNDV $ 9LQHV / &R Q"
GHIHFWV E\ DQ Q HDQIDFGEMD\G IV R Q-

6HDUFK + -RXUQDOV & &RQWDFW $ ,RSVFLHQFH 0 $GG
QDWXUH RI GHHS OHYHO = = E\ FRPSHQVDWLRQ HIIHFW

%UBG 7 &DSDQ , 5DGXORYLU 9 6QRM / 3DVWXRYLU a &
IDSODFH '/76 VWXG\ RI GHHS G HUUD/GAMBRY HEGBLYEH G XLKD Q H X
, QVWUXPHQWY OHWKRGV 3K\V 5HV 6HFW % %HDP ,QWHUL
GRL M QLPE

&DSDQ , %URGDU 7 <DPD]JDNL < 2NL < 2KVKLPD 7 &KLI

5DGXORYLU 9 ,QIOXHQFH RI QHXWURQ UDGLDWLRQ
WUDSWISH&+& 1XFO ,QVWUXPHQWYV 0HWKR®\H 3 R FW5HMM
ODWHU $WRPV - GRL M QLPE

3HOOHJULQR 3 /pMHXRH 3 -RIDGLVK & 6YHQVVRQ %*
RI YDFDQF\ DQG LQWH UV WILR\S.MBDQ &/HHSSIMKL 81U R RLQD HYSIHQ ILI

REVHUYDWLRQ $SSO 3K\V /HWW — GRL
*DR ) :HEHU :- 3RVVHOW 0 %HONR 9 $WRPLF &RPS
OLJUDWLRQ L®L& DO@®HU 6FL )RUXP - - GRL

ZZ2Z VFLHQWLILF QHW 06) -

'"R\OH -3 /LQQDUVVRQ 0. 3HOOHJULQR 3 .HVNLWDOR 1



1RUGHOO 1 /LQGVWU|P -/ (OHFWUW FDHOEM&D FWLYH S
$SSO 3K\V - GRL

6LPRHQ ( &ODXZV 3 9HQQLN - 7TKH GHWHUPLQDWLF
LQ KLIJK UHVLVWLYLW\ VHPLFRQGXFWRUV E\ '/76 ZLWK \
3K\V ' $SSO 3K\V — GRL -

%H\HU )& 3HGHUVHQ + +HQU\ $ -D@LED\HUV *URIHF &V |
&KORWDWHM G (SLWD[\ ODWHU B6FL )RUXP - - GRL
2ZZ VELHQWLILF QHW 06) -

&KHQ ; =KRX : )HQJ 4 =KHQJ - /LX ; 7DQJ % /L - ;XH -
,UUDGLDWLRO6HE HRMGEX LG €\ QHXWURQ DQG KHDY\ LRQ
DQG KWIHIKROXWLRQ ;5' DQDO\VLV - 1XFO ODWHU -

M MQXFPDW

6DZDEH 7 $NL\RVKL 0 <RVKLGD . <DQR T UUD GQDMWLRRDQV
LQGXFHG GHIHEFWRE® RKDQJH LQ ;5" SHDN VKLIW DQG ")7
— GRL M MQXFPDW

$EGXOODK < &KH +DN &5 OHJDW $KPDG 0+$5 +DVEXOOL
(H $EGXOODK 1 (IHMTHFWV Rl 1THXWURG D& A RGHNW U R (
MDWHU 6FL )RUXP - GRL Z2Z VFLHQWLILF ¢

*HOF]XN a ' BUBRWWND .RONRYVN\ 9 6RFKDFNL O 6]PLGW

2ULJLQ DQG DQRPDORXV EHKDY¥ERY RWEXRPHGQ EQW C
FRQYHQWLRQDO DQG /DSODFH GHHS OHYHO WUDQVLHQV
GRL

6WRUDVWD / &DUOVVRQ )+& 6ULGKDUD 6* )RUPDQHN %
SURWRQ ,UUDGLDWLR®LQGXPWGE UHA FHHF WRUKX® +

GRL ZZZ VFLHQWLILF QHW 06) -
(EHUOHLQ 7$* -RQHV 5 gEHUJ 6 %ULGGRQ 35 '"HQV
FDOFXODWLRQ RI WKH ', RSWLFDO FHQWHU LQ 6L& 3K\V
- GRL SK\V5HY %
7RUSR / ODUOR 0O 6WDDE 7(0 1LHPLQHQ 50 &RPSUEL

RI SURSHUWLHYV RI PRQRY D F®LEF L-HYKDWY & RDQIGMHLOAM. W BIW W &



GRL



ALYRWRSLY DXWRUD V SRSLVRP REMavljen

7TRPLVODY %URGDGRVYB®REP BWLPpNX J1IDRQBPIPMDXRGLQH
SRWRgkuje LOQOWHJULUDQL SUHGGLSORPVNL L GLSORPVNL V

LV W UD Q. MBHINLG RVDWRMPRWLPNRP IDNXOWHWX X =DJUHEX N
V QDMYHULP SRKXDO@eDW W XRRMH JRGLQH XSLVXMH SRVOLM
studij fzike. 7LMHNRP L]JUDGH VY R Jzaih SjekePratdi RD UQGW LIWXW X 5
% R 4 N ®RDahdiatoriju]D SROXYRGLpH VXGMHOXMH X ]JQDQVWYHQRP
,YDQH &DBDRWRGYMQPHDAWWYHQLK UDGR ¥ alkod@® KGR LP D

rada.

(-PDLO WEURGDU#LUE KU

=QDQVWYHQR XVDYU&ADYDQMH

- ,VWUDALYDpPNL SRVMHW 6YHXpPLOLAWH X $

,VWUDALYDpNL SRVMHW 6YHXpLOLAWH X 0
.UDOMHYVWYR

.RQIHUHQFLMH

- PHYXQDURGQL ]QDTIVNKKHPYINLY Q@O RDWN
+UYDWVND
3 RV @tutilof radiation induced deep levels itype 4HSIC Schottky
barrier diodes

- PHYXQDURGQL |1QDQVWYHQL VDVWDQDN
I1MLYLFH +UYDWVND
3 RV Deddefects created in neutroradiated ntype 4HSIC



SDGQR LVNXVWYR

.—GDQDV $VLVWHQW /DERUDWRULM ]D SROXYRG|

- : 6WXGHQWVNL UDG /DERUDWRULM ]D SF
+UYDWVND

lzradaVHPLQDUD L GLSORRNWNRDILND ®EDNWICYQL GHIFE
XYHGHQL JUDpHQMHP

- '"HPRQVWUDWRU QD NROHJLMX 5DpXQDL
SULURGRPDONRHRIRVLPNL IDNXOWHW =DJUHE +U)\

Popis objavljenih radova

3DVWXRYLU @ 6LHJHOH 5 &DSDQ , %YURGDU 7 6DWR 6
GHIHFWSLBQLFWURGXFHG E\ LRQ LPSODQWDWLRQ WKH |
&RQGHQV ODWWHU GRDD F -

2. &DSDQ , %YURGDU 7 3DVWXRYLUOU = 6LHJHOH 5 2KVKLPD
SDGXORYLU 9 &RXWLQKR - 7RUUHV 9-% 'HPPRXFKH
FKDUJHG FDUERQ YDFUNDRWHBMNWQVKERREDQE'GN-6DBQOBFH
Y7 VWXG\ - $SSO 3K\V GRL

%URGDU 7 &DSDQ , 5DGXORYLU 9 6QRM / 3DVWXRYLU &
IDSODFH '/76 VWXG\ Rl GHHS G HUUD/G\MIKNG HEBYH & XLFQD Q H X
,QVWUXPHQWY OHWKRGV 3K\V 5HV 6HFW % %HDP ,QWHUL
GRL M QLPE

&DSDQ , %YURGDU 7 &RXWLQKR - 2KVKLPD 7 ODUNHYLF
OHYHOV RI WKH FDWERQ PFROPFEDL@QA\QUQ/DSODFH GHHS OHYF
VSHFWURVFRS\ ZLWK GHQVLW\ IXQFWLRQDO PRGHOLQJ

&DSDQ , <DPD]DNL < 2NL < %URGDU 7 ODNLQR 7 2KVK
7UDS T\ H)-6L& 6FKRWWN\ %DUULHU 'LRGHV &U\WWDOV
FU\VW



.RYDpLU O 3HURYLU . 3DSDF - 7RPLU $ ODWRK / &HQHLU

$. .X&LU + aAWDQJDU 8/ /RQpDUIRWHIRYQWIBHVLY RQBEXOI)

'RSHG 7L2 5HGXFHG *UDSKHQHL2[LG*2 &RIPSIR VP B/UHR YB6H G

3KRWRFDWDO\WLF $FWLYLW\ IRU WKH 5HPRYDO RI 'LFOR
GRL PD

&DSDQ , %URGDU 7 <DPD]JDNL < 2NL < 2KVKLPD 7 &KLI

5DGXORYLU 9 ,QIOXHQFH RI QHXWURQ UDGLDWLRQ
WUDSWISHE+& 1XFO ,QVWUXPHQWYV 0BMIDRG,) WK\WDFNW Z
ODWHU $WRPV - GRL M QLPE

%YURGDU 7 %DNUDp / &DSDQ , 2KVKLPD 7 6QRM / 5DGX
'HSWK 3URILOH $QDO\VLV RI-6UES, HYBRGXFHBWBA BEQ G+ D
&U\VWDOV GRL FU\VW

&RXWLQKR - 7RUUHV 9-% &DSDQ , %URGDU 7 (UH&a = ¢

6QRM / 3DVWXRYLU & 6DUEXWW $ 2KVKLPD 7 <DPD]D
FDUELGH GLRGHV IRU QHXWURQ GHWHFWIRIX YIDXIAHQ , {DV \
REMDYOMLYDQMH

=ERUQLN UDGRYD V NRQIHUHQFLMH

&DSDQ , %YURGDU 7 2KVKLPD 7 6DWR 6, ODNLQR 7 3D\
SDGXORYLU 9 &RXWLQKR - 7RUUHV 9-% 'HPPRXEKS& . "
HSLWODMBOV ODWHU 6FL )RUXP 06) - GRL

ZZ2Z VFLHQWLILF QHW 06)

2. 5DGXORYLUO 9 $PEURA&LPp . 6QRM / &DSDQ , %URGDU 7

2KVKLPD 7 <DPD]DNL < &BXK®HNDHKRROODERUDWa&rRdeg SURMHF

ODWHULDO 6WXGLHVY DQG '"HWHFWRU 3URWRW\SH 7THVWLQJ C
GRL HSMFRQI

5DGXORYLU 9 .OHPHQ $ 6QRM / &DSDQ , %URGDU 7 (L
2KVKLPD 7 <DPD]DNL < &BXK®HNODHKRROODERUDWLRQ 3URMHF
ODWHULDO 6WXGLHVY DQG '"HWHFWRU 3URWRW\SH 7THVWLQJ C
&RQIHUHQFH 31XFOHDU (QHUJ\ IRU 1HZ (XURSH " 3RUWRL
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