Utjecaj kristalnih defekata na fazna pobu enja u
valovima gusto e naboja

Dominko, Damir

Doctoral thesis / Disertacija
2012

Degree Grantor / Ustanova koja je dodijelila akademsWnivesgity afi stupar
Zagreb, Faculty of Science / Sveu iliate u Zagrebu, Prirodoslovno-matemati ki fakultet

Permanent link / Trajna phttpszfHucmnsk.hr/urn:nbn:hr:217:472492

Rights / Prikveapyright

Download date / Datum pre 202010724

AS) 2,
< &
& %
é}o % Repository /| Repozitorij:
8 7
7% E‘J: Repository of Faculty of Science - University of
S ey Zagreb
2% I
< SN
Q t\k-

L
Ay \
0. MATEN"F“

DIGITALNI AKADEMSKI ARHIVI I REPOZITORILII


https://urn.nsk.hr/urn:nbn:hr:217:472492
http://rightsstatements.org/vocab/InC/1.0/
https://repozitorij.pmf.unizg.hr
https://repozitorij.pmf.unizg.hr
https://repozitorij.unizg.hr/islandora/object/pmf:1714
https://dabar.srce.hr/

6YHXpLOLAWH X =DJUHEX
SULURGRNDWHWORWLPNL IDNXOWHW
)L]L b N\LMRHQN

'‘DPLU '"RPLQNR

UTJECAJ KRISTALNIH DEFEKATA NA
)$=1% 32%8 (1-$VBLOVIMA
*86720( 1$%2-%

'RNWRUVNL UDG

=DJUHE






8QLYHUVLW\ RI =DJUHE
)DFXOW\ RI 6FLHQFH
'"HSDUWPHQW RI1 3K\VLFV

'‘DPLU '"RPLQNR

INFLUENCE OF CRYSTAL DEFECTS ON
PHASE EXCITATIONS IN CHARGE
DENSITY WAVES

'RFWRUDO WKHVLYV

=DJUHE






6YHXpLOLAWH X =DJUHEX
SULURGRNDWHWORWLPNL IDNXOWHW
JLILDNL RGVMHN

'‘DPLU '"RPLQNR

UTJECAJ KRISTALNIH DEFEKATA NA
)$=1% 32%8 (1-$VBLOVIMA
*86720( 1$%2-%

'RNWRUVNL UDG

OHQWRU GU VF 'DPLU 6WDUHA&ALQL

=DJUHE






6BYHXPLOLAWH X =DJUHEX DokWRUVNL UDG
3ULURGRVORYQR-PDWHPDWLpPNL IDNXOWHW
)LILPNL RGVMHN

UTJECAJ KRISTALNIH DEFEKATA NA FAZNAPOB 8 (1-$ 8 9$/29,0%
*86720( 1$%2-$
DAMIR DOMINKO
L QVWLWXW ]D ILJLNX

URYRM GLVKYPWDBEQMLH X WMH 8§ D MMGIKIBINO W/ DQMH YDOD JX\
VYRMVWYD QLVNRHQHBH WD XLK] SREXKGH® MDGRSOYDQLP X]F
VLVWHDB 6P U]DYDQMH ID]QB GIHPISRLINGHY K UGR RH)Y RMVW Y D

QLVNRHQHUJHWVNLK SR E X {B-RYNMDMEGIHABWMDMWEB PLROWLPD L
VORERGQLP QRVLRFLPD QDERM]D YDRHWEDD R 4 NR MRHEPU MWHHQD. M
EURMHP VORERGQLK QRVLODFD QDMERMBHX KRR HDD XNRWU HGA
LVWUD&LYDQMD X RYRMD GURHWEWDEF LMI ROR\R MWUGMEBD\D G H I H
TUDQVSRUW Q DD P MGHLLHOHWIW UL pXL URNRP WHPSHUDWXUQRP ¢
SRGUXPpMX GSIR NGIHBGNIRN X M Xu SIRFCBMWIHQLVNRIUHNYHQWQH GL
GLHOKMEQM¥WDQW QHelY P& QMDYRY WAR N] Q6 REDPRE QD VDPR
SURPMHQD X OLQHDUQRM YRGOMLYRVWL 3RND]JDQR MH G
L]IQDA®DNRJ D X GRSNDDQNWSNREGBRIEROMD VH Q HRIGHHVDLYRLY W
VNRNRYD YDULMDELOQRJ GRVHJD

147 VU QLF D VOLND WDEOLFH OLWHUDWXUQL QDYRG

.OMXpQH YDOMHEKNVWRIUH QDERMD NULVWDOQL GHIHNWL VWD
VSHNWURVNRSLMD WUDQVSRUW

OHQWRU VF 'DPLU 6WDUHALQLUO YLAL ]QDQVWYHQL VXUDGC

2FMHQMWRIpIGU VF 60DYHQ %DULaLG UHGRYQL SURIHVRU
GU VF 6LOYLD 7RPLU YLaL ]QDQVWYHQL VDYMHWOQL
GU VF 'DPLU 6WDUHAaLQLUO YL&AL ]QDQVWYHQL VXUD






8QLYHUVLW\ 'RIFAMRIWHE WKHVLV
J)DEXOW\ RI 6FLHQFH
'"HSDUWPHQW RI 3K\VLFV

INFLUENCE OF CRYSTAL DEFECTS ON PHASE EXCITATIONS IN CHARGE
'(16,7< :$9(6
DAMIR DOMINKO
, QV WL BK\Wé. RV

,Q WKLV GLVVHUWDWLRQ WHKH LVQU®RK Q@RHRRY LOH | HDWN RO:
VWD®@®E SURSHUMQH&IR S IOIRZH L W XD V RESHVIHXQG L DG ILWLIHIG) D Q G
GRSHG VRRSOMWWHM:6PKDVH G\QUDHWHAWJ DW DTW HR/SBUDW)
SDUW Rl FRPSOH[ SH®ISHUWH[HV 8RD VOIRRAY VIPMWQD FRQVHTXHQF
&': FRXSOLGHIMRWY DQG IUHH ¥ K®DKHHP DD URRKHAYHD U F K
SURSRVHGFIWHHWIDRRRUGLQT-W®B W HURP\LRKBEHU RI1 IUHH FKD
FDUWIHWKL Q BK&OVH FRUUHORDW. RFRERGRRAIPIHG LQ VDPSOHV ZlL
UDQJH RITGWIGIVSRUW DQG GLHORIFAW DFZRBBIVIWHAS8HQBW X U H
IUHTXHQF\ UD\KIW WKIRIZ G H MWHEM W K Q HO/KHRQRET KIHHIOFG GOQ R P L F
DQG GLHOHFWULF FRQVWDQW EXWQRWL K FE BOMRA DOUQ FR Q
LQIOXHQFH RQ WKH OLQHDU FRQGXFWLYLW\ KDV EHHQ RE
PHFKDQLVPAYVIDERFRQILURDGUIR BRBPSO HV S H F WlHYTR
YDULDEQHH KRSBRROWLRH DY IPRQGFAW DSSHDU

147 SDJHYV ILJXUHV WD EROMRD W L ! 16D G DEHIM

. H\ZRUBSKRMWDWUJIH GHQVLW\ ZDYB DNV\WNOGOQHAQMMAR @YV VSHFWUR)
WUDQVSRUW

6XSHUYGWRWYWF 'DPLU 6WDUHAaLQLUO UHVHDUFK VFLHQWLVW
SHYLHZBURI GU VF 60DYHQ %DULaLO IXOO SURIHVVRU

GU VF 6LOYLD 7RPLO VHQLRU UHVHDUFK VFLHQWLYV
GU VF 'DPLU 6WDUHaLQLUO UHVHDUFK VFLHQWLVW






2YDM MH GRNWRUVNL UDG LJUDYHQ QD ,QVWLWXWX ]D IL]JLN
X VNORSX 6YHXpLOLaAaQRJ SRVOLMHGLSORPVNRJ GRNWRUVI
SULURGRPDORHRIRNLPNRI IDNXOWHWD 6YHXpLOLAWD X =DJUH






2YLP SXWHP ELK VH KWLR ]DKYDOLWL ...

« VYRP PHQWRDRLGEXMHEWQUIX QD SUXA&HQR PNRRIG WWMYXMLX
YHU SXQR GHVHWOMHiIH D SRVHEQR QD VWUSOMHQMX

GU/F.DWLFL %LOMDNRYLi QD YRyHGMMDPUDXSHUNPRQ

VWUSOMHQMX

« GU VF OLONX -DN&aLiX L GU VF =GUDYNX 6LNHWL
SRQHNDG WUDMDOD L GXJR X QR

« GWFLIQY7RPLU QD YULMHG®QUP PHQM HGOR]SOMH QM X
RAWULP L NRQVWUXNWLYQLP NULWLNDPD

..PURGU BFDYHQX % RMORBHKRGDYUHPHQX QD GLVNXVLME
RFMHQL UDG

..PURI -RH %ULOOX QD VXRNVGRIMLE POUARIEMWNK NIRP ERUD Y
X 6YHXp L GIOAWMXE X \ X

.NROHJDPD L SULMDWHOMLPD SRV HEIQWRX GOUG I-@RKIQXO D \
1ILFKROVX VD NRMLPD MH ]Q DNQWRY YGILQULH N IV® X LVRX PIDBLPNOM L

... SURI 4HOMNL /HSRJODYHF PHQWRULFL X VUHGQMRM
VYLMHW IL]JLNH L INLLRND\OWQHG [DWREGRICAHND QDWMHFEDQMD

« SRVHEQR VYRMBMXGIUDDROMQWLQL URGLWHOMLPD -FR
VHVWUL 'DULL QD SRWSRUL UD]JXPLMHYDQMX JXUDQMX L U






6DGUaDM

R - 1 PP OTUPPPRN 1
2 T(25,-3 98/3 *BBT720( LB U228 i 4
E/(.75216.3 686 & (BIENDST . uuuuiiieeiiiriieeeeeiiititeteesaaittteeeessannstreeeessansntaeeeessannnreeeeessansnnns 4
MS7(087,¥., 23,6 8 02'(/8 YO5B 7 (.OLmlererirrrrrereerinrrrreeeesinirreeeeeesansnneeeeessnnneeees 6
S92-679(193 32%8 (1908 678 L-G ittt 13...
L A N (R A PSPPSR 15.......
S8 0-(5/-,90 % i e e e e e e et et etaaaaaas 16......
SOLITONI 1ttt ettt ettt e oo e ettt ettt a e o oo e e et e e e ee ettt e b aa e e e e e e aeeeeeessbbnba e e e e eaaaaaeeennnns 17.......
3 6758.785% , 261298%2-679% 2572520%6.2G3TAS .ccoeiviiveiinenennn 19
4 UTIECAT "()(.$37% 13 93/ *86720( L1BYW2-F i 23.
4.1 N(/,2($51% 92'/-,92687 ,67260-(5120 32/aB8.cuueiieeiiiiirieieesinirieeeeessninieeeeesannnes
4.1.1 Polje praga u modelu Krutog VGAI..........ooovveeeeieeiei et 25...
4.1.2  Nelinearna VOAIJIVOSL ...ttt 26.....
7THPSHUDWXUQD RYLVQRVW.SRQMD.SUDJD.X.7.D6......ccccvvrririeernnn
L L (8518 92" /=, 02 Bt iiuieieeeeiittiiee e e e e ettt e e e e ettt e e e e s s bbbt e e e e e e bbb e e e e e e s e bb e e e e e e s abreeeeaenans
4.2 1 MetastabilNOSL........veeiiiieiiiiie it 33......
4.3 F=0-(1,912 32/-((/(075,9 1, 2" =, Otreiieeiiiiieiiee et iiiieeee e ettt e e e e s s e e e s nneneeeeeas 35...
4.3. 1 Model Krutog VGNAL......cceieeeeieii ettt a e e e e e e e e e e s e eee s 35.....
432 *UDQLFD QDGNULWLPORILIXAHQMD.....oovivivieeiiiieeenn 36....
433 9H]D SROMD SUDJD L DPSOLWXGH.GLHQHNWULPORI RG]LYI
434 O0OHYXGMHO R DIDBOHNIBATSIOCA.......evvieiiiiiiiiiieeiiiice e 40..
THKRPRIH QL O L et e e 43........
435 1LVNRIUHNYHQWQL GLHOHNWULPQL RG]JLY X aLURNRP IUHN
4,36 SEAKIA...ceii et 48........
4.4 I A W B R T R e AP UPPTRPPS 5l.....
441 SIaDO ZAPINJANJE...eeeteeeeieeei ettt e et e e e e e e e e e h2......
A.4.2  JAKO ZAPINJANJE. ..ttt e e et e e e e aaaaaaaa s 55......
4.4.3  Aternativii MOELi.........oooii i 55......
TXENHURY.LRRGH. O oottt a e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeees 55........
SSVOHVHY PR GHO. et enae e e anneeee s 56.........
WDUGHHQ.RY.LPRGHO. e
4.5 E)(.7, 892 (1-3 1(5('ATASISISTEM.cciiiueeiiiiesiiitieeteesaiitireeeesasntbeeeeesssnsbeeeeessanneneeas
TSt R I T o 11 = - St ha......
OLVRNH WHPSHUDW XU H. it s a1 e 111 e e e e e e e e e e e e e aaeaeaaaeaeasaeeeeeeeneeenees
ILVNH WHPRSHUDMW. XU H et

452 2JUDPLY.D.QMH e 64.......



4.5.3 GeomMEtrijSKi €FEKLi......cccceie it ————————————— 61......

5 0(72 ( (:683(5,0(17 S riiieieeieeeeeeeeeeeeeseeie s ee ettt 70.....
5.1 O =5 8,08 - ( 8725 B it iiirutiiiirtriie e e e etiia e e et aa e e e e r e e e r e a 71.....
NELINEARNI TRANSPORT. .....uuiitttttttrssreesetettetteesaeeesaessssssssssaesn s s e e e ettt raeaaaeeeeaeens 75.....
5.2.1 Pulsnha metoda MJEIrENJaL......cccuiiiieeeiiiiiiiiiiiiiiiiiitieiieeeeeeete e e e e e e e e e e e e e e eseneneeeeee d Dl
BWUXMQ.L.SXOMHEY L. L e
IDSRQVNLUSXONMHEY L s e e e e e e e e e e e e e e e e e e e aeaeataeaeeeeeeeeeeeeeeenes
5.3 D, (775,918 683 (.7526.230m  iiiuiiiieiiriiiiieriiiiineerettieeesest e et
531 $XWRUDYQRW.HAQ.L.PRMMW. .ot 82.....
5.3.2 |-V RF Analizator impedancCije.........ccccuuuuuiiiiiiiiieiiieeee e 83....
B  T5PL632571F 692-6.7.9F it 85.....
6.1 T(03(537851$ 29,612/6F($512% 273258 uuiiiiiiiueiirieiiienieenieesreesneesneesneesneens
N(/,2($51$ 92'/-,926732/-( 3555 uiiiuiiiieiirieeiieaieesiee st e et e s et siee e eennees
YLV W L X RULE L oottt
2 TUDPHQ L X IR L oottt ettt ettt ee et en e e e,
"R SLUD Q L X R L et e e e et e e e e e e e e et e eeeaaae e s
Il O N 1V 1 3 3 U O TP TP P TP
6.2.1 Analiza niskotemperaturne NeliN@arNOSL.............uuuueeiiiiiiiiiiiiiaaaa i 104
7 (T 5, Y L, 2 S, Dot 110....
7.1 (O R I T T - G T PRSP
R I G R N T S O TP U U UPPTOPPPRUPRTPN
T.2.1  AQIENEA294A ... e 112...
T7.2.2  AQIENT AL ... e e e e e e e e e e a e e 114....
7.3 O%53$'$ 6,529, + 32" S 7 BKA . .cciiiiiiiiiiiiiiiiir et e e 115..
Tl R(E8/T S Tereeeeeeeeeeeeeeeeeee oo ettt et et et ettt et ettt et ettt et oottt ettt ettt ettt 117.....
8 DISKUSII A L et e e e e e et et e e a s 126......
U7-(&3- "()(- 373 18529/ -,9 26 Teurruirieierrinieeeiriinsaasettineeseesnnseeessnneeseetnaaeereaeer
8.1.1 Linearna VOUIJIVOSL.........ccoeiieiiiiiiiieieee e e e e e e e e e e e s s s s s e e e e e e e e e aeeaeeeas 126....
SHLHUOVRY..SULMHEQD ] ittt e e e e e e e e e e e s neneeeeeeas
SNWLYDFLRQL UHALPL.L.JDUDY.QDQMH. ....ooiiiiiiiiiiieececece e,
BROEWRIDILMHIN. QLR e e et e e e s e es
8.1.2 Nelinearna vodIjivost i POlJa Praga.........coccevrriieieeeiniie e 131.
ILVNH WHRSHUDW. XU H . 131......
ILVRNH WHPSHUDW XU H. et 131,
U7-(&3- "()(-373 18, (/ (75,71, 2 50t iiiiiiiieieeiiiiieeeeeininneseetiineeeeeanneeesesnnnaeaaes 133
ILVNH WHRSHUDW. XU H . 133.....

ILVRNH WHPSHUDWXUH. e 133



10

8.2.1 Staklasti prijelaz i dinamika faze...........coooiiiiiiiicic e 134.

BURYMHUD NULWHULMD..V.RPU]LD.Y.D.QMD.....c...cotiitiiiiieee e 135

A03/,78'$ ", (J(.75,Y2* 2'=,938 , 32/- BB ccccuiierrrerriiieererninrerriininneseniiinaas 137
I < VTSP SPR ORI 140......
71 [ L1 o N 143.....






1 8YRG

1 8YRG

*RGLQH OKIOLRK MH SRQXGLR PRG MG /XBGDYRGIQR QYD
' NULVQD RYBORWDRO B WIRHIROSARYW HQ D ]W H P STH URGWXRAQ R
RVOQRWQHRQMRMHP MH A BNXOYRERES U $IHUQGEhMWR U] L Mom
UHAHWNH *@®RIXRQDPRGHMEDOD GD WDNR PRGXO LIFDMR Y R M
SURVWRUX EH] XWUR&AND HQHUILMHQ WHPIV®NEGINRBXGEW L V\
VXSUDYRGBMMLYRWHV L X VLVWHPLPD VD &WHRR MM HG XPSHQI LLYRDQE
QHNRQJLVWHQWQRVW RYH WHRULMH 'YD GHVWWEMHWYDWQI
PHWDOQL GEKDDOR RXSENAL VXVWRRLPD MH MDVQR SRND]D!
BHLHUOVRYRX \BW DR NM®BDPRG X O LU D @R B MHLEPRQMR YG L VLY NVFH_ RV
QLVX SRND]JLYDOL VXS | DINFRONAY Dp QRRMIFMDYDQR GD RYD
RSLVXMH VXSUDYRG O MIRRRVS\RIGUNKH MRIW Y RWIHORRHG HQ]LUD
OSLVDQR VWD QMBIOMHX QW RUMHQ @D'E RMMHDNROMHNWLYQR VWL
MRSLVDQR YDOQdsP YNHRNWWRHMRPDN GYRVWUXNRP JHUPLMHYRI
kk DPSOLWXGRPODYIQIRBD]ORJ ]DAWR X RYRP VWDQMX Q
YRGOMLYRVW MH G\HD NX JAMRRI DOMEXQIWMIDIO QD.]HD R XORPEVNH
LQWHUDWNF QMHWDM QDpLQ VODPDMX WUDQVODFLRQX VLPHW
,DNR RYDNYL VLVWHPL QHPD@MLPGHEB QOMHBRIKIQIK]Y RV
IHQRPHQDG,RGUHYyHQH MDNR VIRIO M DESNMDINPERRGDSRIDM N D QL
YRYHQMDNRWUXMHRNXMH SRMDY X ' IQHH®H.XQW D UYRD YR N QM E
RYDNYLP VLVWHPLPD RWNULYD JLJDQWVNL UHODNVDFLRQL
YDQMVNRP SROMX 5HOYINNWYORELRGRLY DLRGIPHHYHQR MH EURME
QDERMD L SUDWL RWSRUQX NDUDNWHULVWLNX X aLURNRP V
5DGL NROHNWLYQRJ VYRV YWH G QIR X WBIQHWIBY XPD | D] H
GUXJLP PMHQMMWIPD GRPHQH L L]YME I@Y@D 5D MLRIID X]U|
YDQMVNRP SREXGRP QSU HOHNWULpPpQLP SROMHP [UXVWI
2YDM DVSHNW X BRL-DiS\DWIDNOLQIDN 4WR V HL & RINRIG DO@R YWHRIE O



VWROMHGD L] UH]XOWDWD P MU HYMDWHPSBIQRPN RIH NGB AL
L VOLpQRE WXL MO RUWRURPEV RLDZE VD6 U RG L QDA L
VWDNODVWLP WHNXiLQDRDH |XOMWPMW D RN HLOLGNHRAED R-NONHRNS A
8 QFiMLIPVWUDALWO R MEP IV XVVWRBDAWEB ULMH@DIPLNH 9*1 ID]H
VWD QM HQ BMPBNHOD W X UL RV W DRNUOAML IUNDIMDAI DV WPYNYCDR W L S D
HNVSHUURH@QMIDYLVQR SRWYUGLOD- SR VXV RMWILPVOJRR MHG®DQLC
HOHNWURQ S BRHPGIKMO®HNWULPpQD PMHUHQMD L PMHUHQMD
LIELMDQMD7LPBE&MH SRVWDYOMHQ W]Y NULWHULM RVWDNONM

1R NIVNRSRPHRXWWDD SIUNRDGIMNBNIIM XpLYR QD [SIRMWLRPMX] R
SRWUHED GD VH RYDM NQD WHRIUW M. BR ¢ I WQIRP SRR WU 1A W R
VH PR&H SRVWLUL XYRYHQMHP GHRNRMWMDR X VRN ¥ K/ENMDLGEN LA
RVWDNOMLYDQMD ID]JH UH ELWL SURYMHUHQ PMHWYHQMHP
X]RUDND GRISREDMHR WH RJUDpPHQLK SURWERQSR D WH@DMH WVXLRV
SRVHEQR @QMRGOWDYRQVW L &LHD I&MWDIONDLP R GP.YDQMD Q M D
QHPLVWRUDPD 7UDQVSRUWQD VYRR VNODDMDNRYyGIH RWBIHIM
GLR 9*1 VWDQMD

PUL M DFENQHADH Q GBI R S@IDIC QR U pH @ILPQ D- 76X NOMXpXMX GRYV
VHOHNWLYQD PMHUHQMD D UH]XOWDWL VX QHGRMWDWQ
RV W D NOWILY]RQW NRMLXYXDYQRP GRSLUSOQRYBGRBIDMINWKX &LU
IUHNYHQWQD PMHUHQMID] GRG O BEWHIPLSHURIWRXGIIIDY B R G U X b M X
WHPSHUBWXUDPMHUHQLWMNRIUHNYHQWQL GUSRG NWU4pQX R
YUHPHQVNRMRORAMHBUILHOHNWULPQL RG]LY ~X- SRGHIXpMX I
PMHUHQL VX L]®RGMH SUDJD ]D 4LURNL UDQSRQVEREDPDQ
PMHUHQ MK QD R]JUDpHQLP X]JRUFLPD SURYHGHQD @X PMHU

*+]LVSRG.® WH SROMD SUBJODPROBBGUXpMH RNR WHPSHUL

MH GREUR L]XpHQR L X GRJUDPBHQPPORUFLPD

'DNOH NDNR EWSIWHEDWHVUNODIULYDQMD GRPHQD QD SULL
GLHOHNWULPQD L IUHNYHQWQD PMHUHQMD X NRPSOHWQRP
LQWHUHVD 3URYHGHQD VX WUDQVSRUWQD L GLHOHNWULDC

L IUHRRAGWGUXpMX] ]JD+RED VLVWHPD R]UD pH®IH UHIRSDL U

QHOLQHDUQH YRGOMLYRVWL VXe HORMHGHGPD RID SRORNR S
LVWRVPMHUQH L SXOVQH PHWRGH



1 8YRG

2YD BUVDMHLRUJDQL]LUDQD & B UNRWHSRIRDYEHOE H O D |
X 9*1 VWDQMH L RVQRYQD VYRMVWYD RYRJ VWDQMD X YL
SRQDEDQMH YDOQRJ YHNWRUD L -DQWH NN KMWDX KX P MHUZ
GUXJRP SRJODYOMX QDYHGHQPDL VXD BB PR WQDME YRINYWR D 7
SRJODYOMX SKMGWHNFDWO RHRLWIWRGD QD VY R MMM D VODL IV X \
]DSLQMDQMD XWMHFDM LVWRVPMHUQRJ L LIPMHQLPQRJ YD
QRVLRFLP DV XWHURIEDVY SRIFOM ER BXQMHQH MK WPHHOWRIG W UD Q V' S
L GLHOHNWULPQLK VYRMVWDYD NRMLPD VPR SURXpDYDOL
SULSUHPH RJUDpPHQLK LX]RH\SMRIPD B YHHAMXRBU NGV RSO MHQL
QM L KRREYLOD GNOR QDB I @ WBWHQMD WUDQVSRUWQLK L GLHOHNW
SRJODYOMXVXLGRE WY H Qi @H | SOGVDERY OVPDWHRULMVNRJI VWE

"]



/HRULMD YDOD JXVWRUH QDERMD

7HRULMD @41]YLMHQD MH QD WHPHOMX MHGQRVWDYQRJ
L IRQRQD WLWUDMD UHEHWNH X VWURJR YMRHPG ®RRIZOLIPHMNILXR
SUYR QD WHPHOMX L]JUDpXQD HOHNWURQVNH VXVEHSWLELO
WDNR ASRVHEQRS3 SRQDADMX GD PRJX GRYHVWL GR SRMDY!
GDMOWHPDWLPNL RSLV QDVWDQNDPMHIR R VK BRE KIF/HONEDD VKD
NUDMX X REMDVQLVEINDRRAHUDROWLLY YWNVWRRWHP S HOWMMHW X U L |
YDOQL YHNWRUPMBHUOMLY V YDOQLP YHNWRURP NULVWDO
SREXyHQMD 8YH SULND]DQR X RYRP SRJODYOMX RGQRVL Vt
GRN itH XWMHFEDM QHpPLVWRUD NRMH VX RGJRYRUQH ]D YHiu
RSLVDQ X SRJODYOMX4 ]DMHGQR V HNVSHULPHQWDOQLP S|

(OHNWURQVND VXVFHSWLELOQRVW

(OHNWURQVND XX¥YFHBOWURNOQRMMLML ]D VWDWLPNX VP
X VLVWHPX GLPHQ]JLRQDOQRVWLRIYMIHI XQUIFAMPD SUHNR /LQG

Eq 3K 94k 1

2YDM MDPMR RYLVL R GLPHQ]JLRQDOQRVWL VLVWHPD NDR &W

a 0]

« 1 '§%’ »
OKg 1 q
foa e f —Slod O
« — F q»
< Y,
Fp a4 en QO° q‘



THRULMD YDOD JXVWRL

6OUNIRND]XMH SRODEEQRWWSIR D ' L LL O XSEKPIENMDPR VWL NRM
MDYOMDMX ]D YDOQL YHNWRU YDQMVNH VPHWQMH MHGQDN
ke RDJORJ GL¥ISRI-DQULME LEUIGQR WW Y WOHIPMKPYD X J GeMHDSG @ R M

Y HNOW RUDEL YBIQMVND VPHWQMD RYRJ YDOQRJ YHNWRUD SR
AWRRGVXWQR ' VOXpINRHYRUBDRV&H |DNOMXpPLWLVGHPL SRGO
SRMDYL SURVWRHOJ¢ PWRGRQDRRN QDERMD QD

6 OLINDOHNWURQVND VXVFHSWLELOQRVW ]D WUL VOXpDMD (¢
XJQMHAYHQMD NRG NYD]L ' H/QHINGWOQBRQVMRKLGQVBHUSFIMD X
VOXpDMX GHVQR

1D NRQDpQLP WHPSHUDWXUDPD XPMHVWR GLYHUJHQF
SRODUL]DELOQRVWERNBWW R/F &WHP SWHIIHVX Y

FkT n oBME 3
ok T 1

=DYULMHEGQRWELPQR X]LPD )H OMLOWHWYND IMPHWQMD NRMD L
VWDQMH MH IRQR@RWNL MPHR CX MHUEE) IRV HND\E B RIQ U Net VIDANLRV H
]JDVMHQRGITRVQR RPHNAZDQWDM HOOHNWURQVNL L IRQRQVNI
PHYXVREQR XWMHpX MHGDQ QD GUXJRJD



6OLNMHNEGDQMHRORVNRI PRGDIRQRQ MO HNWDRR- ' PHWDOX

ODWHPDWLpPNL RSLVY X PRGHOX pYUVW

=DPDWHPDWLPHNRRRBHVSRVOX&LWL +DPLOWRQEIEMDQRP X
RVQRYQRJ VWDQMD HO HN&XWRDWN MK RESFDQ BRPRAE NODV
HOHNWURQVNLK L IRQRQVNLK GLMHORYD +DPLOWRQLMDQD
UDGL SRPDND SRORADMD MHGLQLPBEKWNBLMD XJURNRYDQL

1.
!Zq%qbq o I<k

I
H E.a, a, Lo
kK"l

k ! 'V | oulKaa, 4
JGMH SUYD GYD pODQD SUHGVWDYOMDMX VSRPHQXWH NO
HQHUJLMDPB PRGERBQEBRWr-I-uy R]QDpBYBRPMHQX SRWHQFLM
MHGLQLPQH {HO M H DUDBML SRPDNBUHWKRGQRB53UD]D UGHP
PRGHOX pYUVWH YH]H kJDS/ DW.R BQWLHP WWDDQMW.P D GRELYDP

olph L{R& e ™' Vr | y|Raa, 5

RR kk'I

H

=DQHPDULY D QMWMER HH/ON\HRRNHDQV D MHGQRJ DWRPD QD GUXJL SUE
RedR WH VXSVWLWXFLMDPD

"R R R 6
"Ugr Ug Ug g 7
,(QWHUDNFLMVNL pODQ L]QRVL

He o I & e“FR J'R 'u,, aa,
k k'

R



THRULMD YDOD JXVWRL

JGMHI(WRH'Urr) SURPMHQD LQWH&UWP &S URVMRGED SRRDND

8NXSIQRRAHPR UD]YLWL SR P QA ISRPOFWPDPODQ UD]YRMD
KDPLOWRQLMDQ pYUVWH YH]H NREBI MH NBIUDNWBYHQWL 5O}
DWHQXDNFHBFEMN.QWHUDWRPYNRPGURPMMMNOMHP SUYRJ pODQ
VXPDFLMRP SR SUYLPAVXVMBG@GSPYLYDQMHP pODQD SRPDND
NRPSRQHQWL

H | ij"u &R a qlékRe k'R 'R

el ph 1
R Rk g a ‘ W

6XPDFLMD SR tHOLMDPD UH&GHWNH GDMH

ik q'R

[ 'm
Hopn | g ,4Qq 11
'Rkq .

JGMBrREHUDWRU SRPDNDur XNBBR EXEMRVAWRNODGX VD RV\
+DPLOWRQLMDQD DIRR&QWMHQW®MHDOHNW UR Q-

RGQRVQR

J [,

Okq |Z Tévk VLR 'R
8] SRMHGQR V\&DXYNOABHQAMHD RLOWRQLMDQ SRVWDMH
P, m - ['m
H : E.aa : 5 qmq 4 QQ, - g: a8y q léQq 13
k a © 1 kq .

JGMH{I¥®REUR ]QDQL RSHUDWRUL IRQRQVNLK LPSXOVD L S

! / Im
Pq T% bq bq Qq 74 bq bq 14

.DNR EL QD&aoL QRYH VYRMVWYHQH IRQRQVNH IUHNYHQF
NRPXWDWRUD

o 2k @ 15
8] RVQRY Q> INVRWHKEMDF L M X
®, P, @igG, 16

JRUQML NRPXWDWRUL VX MHGQDNL



P
o, H @ir—2 17
m

2.0 @ @ zq o laa

X Im

-HGQDGAED JLEDQMD SRVWDMH

Q ZQ g\/% Y,

,RQVNL SRPDFL GRYRGH GR SURRMHH®RMLLRQ@GKFLUDREHR
HOHNWURQWAH JXVWRUH

m
v, o0, v Ay,

WH MHGQDGAED JLEDQMD SRVWDMH

o 20, 9 2 FQ,

SHQRUPDOL]JLUDQD IRQRQVND IUHNYHQFLMD MH MHGQDND
9 4
I

Zng 4 FqT

5DGL NDUDNWHULVWIgh ®&RX¥ SROBDURKXPHLQORVWL ' KOHNWUF
IRQRQWRNL iH QDMYL&H PHNaADWL VQLA&DYDQMBP UYGRSHUD W
W H P SHULD BUT-MH@IDNBDWR GROD]L GR IRUPLUDQMH VXSHUUF
DQRPDOLMH YD®QRIOHNWRWDR BHWPRS R G WMIEGIV RERDPD YD WL
T» PRAHPR L]JUDPpXQDW3:L] L]JUD]D

e 114Ee 9

kB

1R UDGL WHUPDOQLK IOXNWXDFLMD SDUDPHWUD XUHYVI
SULMHOD] ELW 0H QD QL&RMRQRNMSGDDNRMRM MH SDUDPFL
IOXNWXDBBRNMDDQR MH GD MH WHPSHUDWXUD SULMHOD]D QD

KTF
5P
To TPMFe K

JGMHKRAMMHU WUDQVIHU LQWHJU DD XHVIP MHUKKMRNR PQ WRPF

PMHUD DQLUERMpORSMMHDNWRU RGUHYHQ HNVSRQHQFLMDORQF
3bUDPHWDU XUHYyHQMD GHILQLUDQ MH NDR DPSOLWX

SRWHQREMDAOIMHOXMH QD HOHNWURQVNL VXVWDY



THRULMD YDOD JXVWRL

le" albi) (b )
,JUD] X |1DJUDGL MH SURSRUFLRQDODQ VWUNRKNM HH S\RRRQDINDD (
PHNaGDIQMMQRQVNRJ PRGD .DNR MH LRQVNL VWDWLpPNL SRW
VORERGH ID]JH NRMXIPRWHARRPIHMHQMDWL
Dio KDPLOWRRMMREDVXMH XWMHFDM QD HOHNWURQVNL

k

H | Eaa 9] aa,b, by,
kq
1D WHPHOMX VXVFHSWLELOQRVWL X ' VOXpDMX +@DMYHuL

|RQRQDXVU&GQN}RQQVNL(b@)OD@R(F\?;va LVWL SD VH +DPLOW

DSURNVLPDFLML VUHGQMHJ SROMD PR&H UHGXFLUDWL QD
H ! Eaa gl aa . (b,) aa . (b)
k

k

KRULVWHUL SJWHWKBBRSRVWDMH
H | Eaa ']} aa ¢ aa ,e"
k

k
8 |DGQMHP L]WDKXkVWD @PMEBHEDMKEODM®BL 6YRMVRWYCHNYHR HQH '
+DPLOWRQLMDQD VH UMH&ADYDMX %Qm®IR OHXFERYQRAN MPU R © M LR
]D AWRUMMODGQLMD QRYD QRWDFLMD VWDQMD SRVHEQR Q
YULMHGQRVWLP I WD RQ®D NYCHNDW R.UID NFRHQUHGILMH VWDQMD
YHNWRUH MH SUXNRGGRN MH¥RKMHRGWRNQR VWD KBND

NRULVWHUL VWDUH R]QDNH ]D HQH U JLKVHQ H lY.DLOI@L VVWHINOWRDJ
LPD QHJDWLYQX YULMHGQRVW X RGQRVX QD JRQX SD +D

Hi | Baa, aa, ||l aaé aae'
k

Kk



60O BNIRWDFLMD YDOQLK YHNWRUD L HQHUJLMD X %RJROMXE
QRWDFLML SRVHEQR R]QDpHQH X RSHUDWRU LIPLD HVQ#HNUDJU R Q M
R]QDpIO@ VOLRLMDDAHQL UHODMIIEEXYQR RG SRORADMD *

6XVWDY VH PRAH GLMDaR R BOW PMIBDISIL HPROYMOWHWG H:iLP UHOD
"Zk Uk%k Vl:ak
Jk Vkalk U;ak
.RHILFIUMIVQWRGL QRURDGRMRQMBY DM X EHOBFWRXV X REUQ X
UHODFLMH PHyX RSHUDWRULPD REOLND

& Ucd Vi Ji
ak VkI‘L Uk‘]k

31

JGMH VX NRHIMFNRROQWHNVQL =DPMHQEBEREIYDPRRIUDD] ]
SUHWKRGQL +DPLOWRQLMDQ

Ha ) BV Mo PV wdid 4

1 od el BJUN ULV,



THRULMD YDOD JXVWRL

'D VWDQMD EXGX GLMDJRQDOQID GNMDMDQUKPQ MRIEHEPIR E) I
NRHILFUMNQWRML VX UDGL QRUPDOL]DFLMH YH]DQL SD F
NRHILFLMHQW

|w|FRLM|VEI 33

'D EL QHGLMDYRRIDOOMRQEMD QD ELR PRUD YULMHGLWL
EJUM] ] ], M, 34
RGQRVQR

I'l
g7 = 35

k

.YDGUDWL QRUP L NRG QIFA/MRW)IDADD MMHG QDN L

§ .
13 B 36
© Ek ' 1

D VYRMVWYNQ@BHQADVMEMEHURFLMHS RNR )HUPLMHYRJ QLYRD

E VJB E. . E 37

60NBLMHSDQMH HOHNWURQVNH GLVSHU]JLMH RNR )HUPLM
FUWNDQRP OLQLMRP

2WYDUDQMHP SURFMHSD HQHUJLMD RORRWHRD VANNRIS §
HOHNWURQWNH HQHRHEBLIXH®¥*1 VWDQMD L PHWDOQRJ MHGQDN

11



= li\/'i " Elg YR ' ERdE
UJUD&LFLYULMHGL

'E, nE. > ' ORE
© ©' 11

6D GUXJH VWUDQH HODVWLPQD HQHUJLMD UDGL SRPDND Ul

mZkF<u kF>

1
EUH&”\HWNH

8] GHILQLALMMODFLMH ]D RSHUDWR UX NRXGROVNERB WEIR-MDN M H G

' Z, - .
'E —% — nE 3. 0|§LE—F , 41
g © ©' 1
OLQLPL]DFLMRP JRUQMHJ L]UD]D SR SROX&LULQL SURFMHSD
'3 keTe

.DR @8WR MH VSRPHQXWHR ®SIURMVIRDE NMMDDEHY KA @®DHI BRIQ N
IOXNWXDFLMH S D NRRHWIX RNRHHHMBBHOD/WMH. NH 8]LPDM X
X REJLU IOXNWXDFLMH VWY DUQ DG WHAS HRGRIMSAHFONHS UR. IMAHLOVL
VUHGQMHJ SROMD

ORGXODFLMD HOHNWURQVNH JXVWRUH PRaH VH L]JUDpX
DSURNVLPDFLML VUHGQMHJ SROMD

ux l(a.a)k* G G, 43

|
qu
aAWR UDpXQRP SRVWDMH

s vl FRY.x M, 44
© vk O 1

,RQVNL SRPDFL PRJX VH L]JUDpXQDWL SRPQ)QF)} XAWDINHRSYGIMI HX) L

DSURNVLPDFLML VUHGQMHJ SROMD
! i kex

u x /WZKF}“)"J <bkp>e cc.' 45

.RULVWHUL GBIPHQWMMUWD MU IBPHIQOMD RYDM LJUD] JODVL

u x L U 46
NMZ, g



THRULMD YDOD JXVWRL

6YRMVWYHQD SREXYyHQMD 9*1 VWDQM|

9*1 VH PRaH SURPDWUDWL NDR HODVWLpPQL PHGLM X
YHNWRUD ID]JH L-DPPOMWXREGEVWXISDQMH RG UDYQRWHAQLK
DOL NRawbMX HQHUJLMH .DNR MH SURPMHQD YDOQRJ YHI
NRRUGLQDWL VD SURPMHQRP IDJH GRYROMQR MH JOHGEL
6YRMVWYHQD SHERRHRYWH SHNRRIVWUDIMDIIERYRYD PRGHOD S
SDUDPHWUD XUHYHQMD

(o]
SIX 47

Y

JGMH MHRPMHQD VORERGQH HQHUJLMH VLVWHPD Xi RGQRVX
b RGUHYyXMX UDYQRWHa®RX] YWYRNONBHRGERRANXNVE D QM X RBAIH WHQRW F
LIYHRWR WH YULMHGQRVWL 3RVWDYOMDPR RSUX IRUPX S
SRPDND L] UD¥QRWHAaH

xt P Gxt @

JGMFSUHGVWDYOMD Y DULMDFWMMD DIPNI® LMXKE H, ] D] X ]DJU
/DJUDQJLDQD NRML |D PDOHaSIREPWWONHWDYQRWHEH _

a d. dl
. 3.4 4 4 a
s onad| g el 4G

L aGxt c, @xt d vGxt c ' w/ xt d "' w/xt
5MHADYD QMBI PUDXPHUMHGQDGREHB]1IPR GR MHGQDGAEL JLEDC
dw cw/
dw 6w G aG 51

5SMHADYDQMHP ]DGQMLK GYLMX MHGQDGAEL GRELYDPR GD
DPSOLWXGH DPSOLWXGRQ YDORNRMD SRGASM { DWXL B DJ HD
RSWLPNX IRQRQVNX JUDQX:

C
Z _
/G dq

AN
0

a C
— — 53
d a7

13



'"HWDOMQ D PDRONPIHDIJLMH VLVWHPD X VOXpDMX SURPMHQH
YUHPHQVNH SJHRPWMHQXVS$RUHGERP @DMHUDRRIPLFLMHQWH |
UHVSHNWLYQR

| *
c Ve 4oom

4 4
6SRPHQXWH IDJ]QH SURPNMREPHDNIHHXYPIRWNRWMDVWIRYUALQH X
JHUPLMHYRJ YDOQRJ YHNWRUW/]IDSLHQBGMIDY/ILHD/G{LMEE(E!WQHD]]UHD

1

54

LIQRV RGUHYHQ EU]L-@R®P/ NIOLUIDXEOH FU]LQH QDVEERDMHYR
7DNRYVHU PRAHRREBXIYBDOUPMOX pLML MH NYDGYDW WHHRERQ B!
GXOMLQD NRKHUHQFLMH

6OLNDHNWL NRMH QD VWUXNW OUWX NAURSIPHH (GHMOS R R V IV R IUNDIDF
ID]H

9LGLPR GD RVQRYOQLLEpHRFDONNDMYIRMH iHPR YLGMHWL GD
UHDOQLP VXVWDYLPD GRN MH RVQRYQL DPSOLWXGRQVNL
PRJOL GRQDMWWPHOMX PLNUWRWRMRM HY ¥ OLMNHL SRWHQFL
GHIRUPDFLMH UHAHWNH UDGL SURPMH®H B PSIOMWAXREH $D U
SRYLVL ]D YHUX]YSUMWSRRWWYNX UDYQRWH&QRJ VWDQMD

QHSRYROMDQ L RGDWOH GROD]L NRQDPQD HQHUJLMD SREX(

14



THRULMD YDOD JXVWRL

60BNDLMHYR DPSOLWXGRQVND L IDJRQVND GLVSHU]J]LMD GI
IDJRQVNLK GROMH SREXYyHQMHP

)DJRQL L DPSOLWXGRQL GLVSHU]JLMRP SRGVMHiUDMX Q
RPHNLYDQR REJLURP GD SU-®PMHMHDL BMIHDRPYE B RIXQLAWD Y
9*1 VWDQMD 2SWLPNL PRG RNV S HULLUSHHINIDR/IR 5 PQA HIQ IQ H X V
UDVSUEHQMIHODVWLp QH ENDWBIRMAMNXQGQH ODVHUVNH VS
=D UD]JOLNX RG SURPMHQH DPSOLWXGH NROHNWLYQL SRPD
XODJDQMH HQHUJLMH 8 UHDOQRP NULVWDOX ]JERJ SULVX\
IDJH SRWIWHHBENRIRDpQD HQHUJLMD GD VH 9*1 ID]D RVORE
JBKOLFKRYD LGHMD MH ELOD XY HWQW.U BRAENMMMNEO BW Q R IEH N)OS.
IDJH YDOD NRMH SUHGVWDYOMD VWUXMX YDOD JXVWRiUH C
VDXFHIQL NDQDOWYRNNBIDWID VX WR VXSUD Y RGLDILSDFEHINM M 6 R.G
DNWLYLUDQ MH WHN L]QDG GRYROMQR YHOLNRJ HOHNWUL
QHpPLVWRUD

O9DOQL YHNWRU

.DNR MH YDOQLDVHINCWRY MR WMWY RIMHYRJ YDOQRJ Yl
EURM VORERGQLK QRN L\OD KDL UHNERYDU BHBBHPRLISD QDER N
QHXWUDOQRVWL 8NXSDQ EURM HOHNWURQD LVSRG L L]QD

MHGQDN QMHJRYRP EURMX QD . 8 "VOXpDMX WR PRAHPR
aT .
N —33 “1 tTdk & fTdk I 55
S© ke 1 S

15



uzfe )JHUPLUDFRY X UDV SR G NHEO(S -NEIHNDNVG, RQD QDFD %ULOOR X |
]JRQH %URM VORERGQLK HOHNWURQD L 4XSOMLQD MHGQDNI

qm ' ‘F

nT — 3f Tdk N.e ¥ 56
St
qT
L
pT < 3f Tdk Ne 57

NgiNg VX HIHNWLYQL EURM VWDQMD YRGOGMSRNWDNDHDHQWQH
a ar

S S

OGOQRWXIROQL YHNOWRUYRIOXLUD VD WHPSHUDWXVEARERWGRE KU |
axXxXsoOoMLQD L HOHNWURQD NRMD QN WDMH UDGL UD]JOLpPLWL

p n

6XPMHWQMLY

] QDpPDORMQH QKXW YDOQRWWHNW R U&MHN R R F WHQMNMRLPY
LQYHU]QH UHAHWNH MHGLQR QD . 1R X RYDM UDpXQ QL]
SULVXWQD NDGD NMLYWDOQD UHEZHWND VXPMWDQMDY Y D QDL
YHNWRWPVX HNYLYDOHQWQD &WR WUHED X]JHWL X REJLU SU
VWDQMD VLV \WHPDp2® X R EMHLW H 3DAHNW UR Q VN LK NRWDLPNDD | R
VX L]RVIQLK YHANNWREDEEQERE LMHXNMMNS®PH UMLWWHPD YLiH Q
QHRYLVQD R ID]L SDUDJPH@#TDVRRIEH XM DVAVLWL QD UH&HW
NRQDPQX HQHUJLMX ]D SRPLFDQNMHVHNRMI §RYMWARD HQHRIQ V
PRGRYIRYRP VOXpDMX LPD SURFLMHS @DN YR ORNR/F & BIRNAKRL
QHVXPMHU® BLIYIRBYDNXp YU A UDPM HMH RGVXWQR -D BR]JLFLNM
SURL]YBO/MIPDMX pHWYUW SRSXQMN®MDHURGMLENRWRY P D 8 MH
QHJR |D VOXpDM SROXSRSXQMHQH YRGOMLYH YUSFH

n: ' §L.M
comm O@i
JGMB WHGD )HUPLMHMHRPAPQHUJII*MHSHULRGD L NRQVWDQWH L

VXPMHUOUNRRVWD QDR QRIH X M| DRM D

E F RW/

16



THRULMD YDOD JXVWRL

2SUHQLWR VH UDYQRWHAQL $DOQELBBHNMMIRUNWURQHXW L
WHPSHUDWXURP D RGMWERORYWD BCDRDPMXY WH HODVWLpPQR
JHUPLMHYRJ QLYRD =DWR MH QD GRYROMQR QLVNLP WHP
PDOD GD MH QDGYODGD HQHUJLMD VXPMHUOMLYRVWL L 9*
VXPMHUOMLYRWWIPRIRNRYNMRHIJ]LVWHQFLMD GYLMH ID]JH V
LIPHyX NRMLK VH MDYOMD ID]QL GHIHNW NRML VH QD]JLYD V

BROLWRQL

8 SULVXVWYX SRWHQDPB LWMXORMH PEDSMIOWMRDVQWI DMH G QD GAED
SULND]DWL-SRUHGRQRYHXMHGQDGAEH

m
Wolve W/ Z VN

JUHNYH@FREDHYHQD MH MDpPLQRP SRWHQFLMMBOR & HEIMIM I
SRVWXSDN GDMH UMH&AHQMH ID]H

4 _§r & xut -
Ixt —tgte V" . 61
M © :

)D]D MHREEONOKWYD YDOQLPUSIDQRHWBRPEMHQMHERM REOLN
RGQRVQR VROLWRQVNLP YDORP 3URBKRHQWMH®OQH R DMN\HY RE
1DERM VROLWRQD MHGQDN MH

I_

e

M
)D]QD Etd:QDP”* L MDpLQD FOEWDMMDRR:VROLWRQD
g JMc, 6

Z

aLULQD VRGIGDROOMHEHQH NRKHGHGPIMHO D1 DD GX OMLQY.D* M H (
(QHUJLMD ID]QRJ VROLWRQDMEKGCOWDW IMMRM JUDQLFL

' M

E. — 15 -

M\ Od 1

SRMDYRP VROLWRQD RpHNXMH VH SRMDYD ORNDOL]JLUDQLK

64

17



8]JLPDQMHP VSLQVNRJ VWXSQMD VORERGH L SURPDWL
YUSFH PR&H VH SRND]DWL GD MH RVLP QDERMQLK PRJXiD
9*1-D L] GYLMH HOHNWURQVNH YUSFH LP®WMXG VRN R @HN R
RYDNDY VROLWRQ QH QRVL QDERM BDVQRMVD]\IKQVRROYM R € D\
i DPSOLW ¥YXQQMDIRYH HQHUJLMH SREXYyHQMD ]QDWQR YL&H
L] UD]JPDWUDQMD

"]



3 6WUXNWXUD L RVQRYQD VeYRMVWY

3 6WUXNWXUD L RVQRYQD/BDERMVWY

'R vDGD MH SNHGWRMWOWOIMBQ@HODVND X 9*1 VWDQMH
RVQRYQLP VYRMVWYLPD 5DGL BRORW® RYUHD OHYGRIM-M REDD W |
76 NRML MH NRULaweaQ@ X VwDMGNMB QM WHRIPUXRL RW R P XV LOAVE H P X
QDSWUVDPDHWL P RG LGXULK SRJODYOMD X NRMLPD X SRND]DW
RYRJ VLVWHPD WH SRVOMHGLFH SR 9*1 NRMH XYRGH GHIHN

6O LZNDNUXNWXUD XIQXWADDE D DREDLFDL p QD GWALMDODQFD E

,ULVWDOQX W¥eh XKV X BXWREW/WDBH G D UDVVYD BBRPDRGXP SF
YUKRPNR@QWDORYRJ DWRPD NRWMDNGLGHQH p&YOD i\ B WD M/
IRUPXOVNH MHGLQNH UDGL pHJD V X COEMEHYIDHG G & P H/DL B M
SDUDPHWNUBLYWODOQH L.®RGOWMUXRWN UHVPRMEX MHQQBMY
IDYHGHQL 9*1 SDUDPRGBMRYHRVHPID WHPSHUDW XU X



/DEHUWUXNWXUQL SDUDPHWUL PHWDIGG RVWHPIDQ NMA& GLH BINVIL |

R]QDpDYDMX VPMHU X]GXa& RGQR\WBOR RANRPD W RJ H)EH W R M HXU (
RIQDpH@ MAMDUL NRQVWDQWL NULVWDOQH L 91 UHaAHWNH

a C
"HGLQLpQD

b ¢ 15.173
GHOLMD

cC C 3.3
SDUDPHWUL U_:FP 4
PHWDOQH ne FP

YRGOMLYRVWLU Y

Tp

9*1 SDUDRHWU#®#ag+
b/b g+1

clc 9+%1

1IRYLMD LVWUDRNALMYNDD GYLVRNH UD]JOXpLYRVWL RW|
WHRSDWXUQD SRGUXpMD 1D YLVRNLP VDHMSIHQ B WXRNDP DO
UHAHWNRP 6SXZWDQMHRNRHPSHUNMXBRMDYOMXMH VXPM]
NRHJ]JLVWLUD VD QHWMX@PMHRNRMLY RPY DGIRON-DWH SRR G XQRV W I
VXPMHWD MUIHGHWRORRDGXPMHUOMLYD ID]D gq&«PD YD O GIRN HNW
QHVXPMHUOMLYD ¢RD YBDPQLGMMWRUF NRQVWDQWD UHA
SURVWRUX X VPMHUX ODQDFD 6MWDWNDMQ LKN VISHWLFH @ WV WG
SULMHOD] X VXPMHUOMBRR HMWDOMMHYQDQRJ. YHNWRUD VD
VNODGX VD &XSOMLQVNRP YRGOMLYR&UX UHODFLMD



3 6WUXNWXUD L RVQRYQD VeYRMVWY

6OLNDIUDNAUMMNMD RNR SR]JLFLMH VXPMHUOMLYRJ YDOQRJ Yt
VUHGLQD L . GHVQR RWNULYDM-D Q0L MHDLDP] WHEBEMXPM
SUHNR VWDQMD VD GYD YDOQD YHBPWRUD L XL P W\DHRVEHH IV X WM

GHVQL PDNVLPXP GROD]JL RG VXPMHUOMLYRJ YDOQRJ
SULND]DQD MH WHPSHUDWXUQD RYLVQRVW XGMHOD LQWHQ

YLVRWUWRURPEXNEGMN@MEMHP WHNVWX UH E LWLLRWHDH WG QT
VREQRM WHPSHUMWSRIX@MWAB®MLYRP YUSFRP 1D RNR
SHLHUOVRY SULMHB®IR] BR]R OXB WR\FIMQHINE®D RNR )HUPLMHYRJ QL
PHO ,VSRG WH WHPSHUDWXUH YRGOMLYR V3R GRXYYRIG VLN
DNWLYDFLRQD

VT ~e K 65
JGMH' ENWLYDFLRQD HQHUJLMD NRMD MWOMMNBHMDEND QY HO |
SUR PR @ B i H5Q X PIVKH UMDHLIKQ L N D i SFONDD IDXQMHH LV Q HVODQ B © RIBIW ¢
PMHUHRSUERD R P DM HMME MDHUHEBGMRI+ODSRAD]XMX UHODWI
PDOD RGVWXSDQWMBU PRVENIEEIERDMDX ]D | BXWBURGQRVQR
]D IDNWRU  SWUWLDM HSBUGRRARVERSIRIG U Hiz HADUHD Q V 8 RIIW B2DRRD
]JDMHGQR VD QHRpPHNLYDQRP SURPMHQRPXSKQR &l B QYD WOHRUI
WHUPRGLQDPLNX L HQHUJHWVNL N.UDMWHRIHNRE R QDS RAID 9
RWNULYDMX &XSOMLQVNL NDUDNWHU VORERGQLK QRVLRFD
VSRG . YRGOML YIRNVWL ROBFMEBD RGH QDVWISWRIE ]DUD
. SRQRYR QDVWXSD DNWLYDFLRQR CSWRI DGO M MWD PYDI)R
DNWL¥DFAQR@WEMDNYR SRQDADQMH YRGOMLY RV WWWUSXN XM H
L] NODVLPQLK VORERREXY HYXK] LIpMO\NENSD RIANHWS\OLFH VD P
DNWLYDFLRQRR/ SIRGUJLBRRDYOMXMH VH QRYR ]DUDYQDQM|



6OLNDYLVQRVW QRUPLEDQB DRQONIDULRWINPLY KBIYEBOLYDGLME
LQYHU]X WHPSH GHUSERMMIMEH ID]JL SULMHOD] NDR X]DN PD
DNWLYDFLRQ8 XPHWUNXMKH GHULYDFLMD SULND]DQD X X&H
5H]XOWDWL SULND]DQL QD VOLFL VKDBREEYMIQL ]D SRWUHEF

"]



4 8WMHFDM

4 SWMBHDWINDWD QD YDO JXVWRUH C

SWMHFDM QHpLVWRUD QD ]DSLQMDQMH ID]JH pLQL 9*1 V
UDGL VYRMH VORAHQRVWL ,SDN UHODWLYQR PDOR LVWUD
GHIHNWLPD X NULVWDD BXOWH R M RN X V \DUXIRA M@ 5 YIRVED HENLDRA OW Y
QBURPMHQX WU BQWUORHKWRUBEYDK D X RYRP SR XWDWKRADM ii )
YDQMVNRJ SROMD L FHQWDUD ]DSLQMDQMD QD GLQDPLNX
QLVNH HQHUJLMH SREXGH

8 NULVWRRXQNPLRWRIH IRUPLUDMX )ULY GPpIOWRLY M HR WAL
YHNWRU MHGQDN YDOQRP YWONWRDXLD*IQHPLVWRDDQIDNOM)
PMHVWX JGMH VHXROQRNKMHIUHQ FDMWD 9YULHGHORYLP RVFLO|
RNROQRP SRGUXpMX VOLND

60LNPULHGHORYH RVFLODFLMH SRWHQFLMDOD L 9*1 NRML

,DNR VSUHpPDYD LGHDOQX YRORORWRY WRGIBONCEMNP BMH)
QHPLVWRUGD |DSLQMDQMH ID]H L ®B R]DL pSIRKO WIDGUXF Y *pL W
IDMNDUDNWHULVWLPQLML PHYyX QMLPD MH QHOLQHDUQD YR
HOHNWULp QMRDIpRGNED W]Y BEROMDSBPRJIQHDIMDRD SUHVNRpL
SRWHQFLMDOQX EDULMHUX QHpPLVWRUH 8VNRSRMDVQL &X|



SROMD YHUHJ RG SROMD SUDJD SULOLNRP pHDD NVRIMNRIMY K& M
VXSHUSRQLUDQD RVFLODWRUQD NRPSRQHQWD ]D NRMX N
9+*1-D ]|D MHGDQ SHULRG7® WRN R UQ Hd MMINDRIMSE @ D VKPR B FR. A Bl UWHX
UD]J]PDNRP PHYyX QDSRQVNLP NMAQ B/UDINVY MAHI HYGH OLH LAHHI BW L Y
RWEMUYLVRNLPLBRIDVMERODMD SUDJD NRMLHNDH NRE M DE@RUH F
VXSURWQRJ VPMHUD RG RQRJ X RVWDWNX X]JRUND UDGL SR
X EOL]LQL GHDMMPWQRLPR GD MH RYDM HIHNW PRJXiUH SUL
PMQWHD PHWRGRP NRQWDNWD NRMD GH ELWL REMD&aAQMHQ
9RGOMLYRVW 9*1 VLVWHPD VH WDNRYyHU PLMHQMD QD
YRGOMLYRVWL QD YLVURBLELURNLY RQNVMEBRBALRNR]IUHN
,PDJLQDUQL GLR YRGOMLYRVWL SRVMHGXMH GYD X&D PD
IUHNYHQFLMDPD QD NRMLPD UHDOQL GLR YRGOMLYRVWL
RGJRYDUD RG]LYX QDGNULW IR\MFR QEDEVMHRERSROBLU BRI QY IY HNOREL M F
VUHGLQL PDNVLPXPD X YRGOMLYRVWL 2RGODRYMHQR MM QLE
IDJRQVNRP PRGX NRML LPD NRQDpPQX HQHUJLMX UDGL Sl
UH]RQDQFLMD ]DSLQMDQMD
S8WMHFDM ]D SIDQMWDLPPNMHOHE QP HKDQLPpNLP VYRMVWYLPD
9*1 VLVWHPL QDJOR RPHNADYDMX X YL&X PRGXIRY BRI RIGWKK
.DNR VX RED WLSD HNVSHULPHQWD YRYHQD SURPDWUDQMH
HNVSHULPHQW XJ M@MSHIWHK @IMHIUH QM D WHRXLQIRYMR\DL PGRXGAX O D
X]RUND X VOXpDMX PMHUHQMD PRGXOD WRUJLMH L] IUHNY
GD VX JXELFL SULOLNRP WLWUDQMD YHOLNL WH GD MH LVS
1IHGDYQR MHRSGDPVMHIR® XWMHFDMHP HOMXNMMOMRRD S
RNR f X VPMHUX NRML MH RGUHY{HQ@ YWIPNV HHUIRIR VW W H XBAR1 W
SXWD YLYHQ L XVSRUHYHQ MH VD SLH]RHOHNWULpPQILMHXpLQ
SULVXXWBQHULUDQMH HO$HWVOUXNERRIQQIDS RIRKWND ,DNR QLN
JHQHULUD RYDM HIHNW SRVWRMH LQGLFLMH GD VX ]D LVWI
8 RYRM GRNWRUVNRM WH]L EDYLW UHPR VHOMADDQVSRU
SD UH X RVWDWNX SRJODYOMLPD] LWL YFORMDENREH G B OG/LQ
SULVXVWYo QHpLVWRUD



4 8WMHFDM

41 1HOLQMRGOQMLYNRWRNPMHUQRP SROMX

"HGQROLNR NOL]XQBHWRYWRUX SUHGVWDYOMD WLWUD
UDYQRWHAQLK SRQMEDMDERMRPDRFQDMMHGQRVWDYQLMD PM
9*1-Du QHNRM WRPNIDMBHWH @P1 VWD KMk ROMNROUROHD QDER
9*1 QRVL X MHGQRP SHULRWMXMBGRINWEH MHGQRJ ODQF
MHGQRVWDYQR L]JUD]JLWL NDR

dg dgq, e-
— —/ = 66
Uodt d/ S

8 RYRM Mid ROOBREYD JXVWRWX QSFRNMDBE R QH QRRAN WHXMH
GRELWL L QD WHPHOMX VWUXNWXUH YUSFH NRG YUHPHQVN

411 3ROMH SUDJD X PR®HOX NUXWRJ 9*1

(JJDNWDQ SULND] 9*1 X YDQMVNRP HOHNWULpPQRP SR
HODVWLpPQLK VWXSOMMNOXWEIBMYLWEDH RPHQH NRML VX R
5LFH X QL]¥*UD@FOWD GREUR VODJDQMH VD HNVSHULPHQ
MHGQRGLPHQ]LRQDOQRJDP RBGROPPNRIKGWHRIXIOLVX GR]YROMH
9*1 IDJH YHU RQD PR&H VDPR.MOLRYWR B WD LIDHRIDMNPRINMH
QD QHPLWMREREB SwWdaRDQXWIRNW V¥ ONDFIOLFD X SHULRGLpPNRF
QHpPLVWRINDS L]UD] ]|D VORE&G QRX\VaH® HODIQWXPRUD VH XYUVYV

]IDSLQMDQMD QDZQM p LIKW RQIBWHD laap OD Q L Q W-DU DBN B UM WXOAW Y )

HOHNWULE@PRIUBRRMINOMXpPLWL L pODQom QMWRINID VFL M HI UL D ©
NUXWR-D9PRA&H SULND]DWL pODQRP
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JGMH MHDNWRU JXIHIRQODQWQD LUWHNYHQFLMDGRORYLPD S
QHPLVWRHDHNWLYQD IPDVD 9*1-

1D WHPHOMX MHGQDGA&E H BRIOBIH B D DLID L PUREBHDE B DI UMLD X C
VWDWLPNRJ SRPDND QD YUK SRWHQFLMDOD
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4 8WMHFDM

60LND SRND]XMH YRGOMLYRVW 9*1 NRPSRQHQWH NUR] VY
HOHNWULpPpGRIESREMDDNOH X RYRP PRGHO->D YR GR O WKV W
LPD GLYHUJHQFLMX X GLQDPLPRRMNYER®RGCEWNRRWMY L R G R
2YDNYR SRQDADQMH YRGOMLYRVWL VD SROMHP QLMH RSD:
GUXJDpLMLP LIERURP JODYHJ SRWHQFLMDOD |]DSLQMDQMD L

ORGHO GLQDBLNRMIFIX]LPD X RE]JLU WXQHOLUDQMH VH D
SULODIRGIBWUDNWHULVWLNH QHOLQHDUQRJ YRYHQMD 5MHa
SURFMHSRP MHGQDNLP IUHNYHQFLML |]DSLQMDQMD 9RVHQWM

NUR] SUR MOWLHND

E
E .t

= 76PRJUHAND .QMLAQD R]Q

i
Ko v 1

nije definirana.
JGMH MM OQNFLMD SURFLMHSD Hy DXQREMMLLY 5 ERFLOHSD L YHO
2YDM PRGHO UH ELWL GHWDOMQLMH REMDaAaQMHQ X RGMHOM

60U X PRGHOXINMUXWRIIS MLIHNDNDQ NXJOLFD X SHULRGLPNRIE
VXSHUSRQLUDQRP YDQMVNRP HOHNWULPIRVHSRAEWX Y(L UDL M]
ErL SUHOD]L X SODWR QD YLVRNLP SROMLPD GHVQR



6OLNIHIRUPDFLMD YUSFL X SULVXWQRVWL YDQMVNRJ HOHN\

Temperaturna ovisnost polja praga u §aS

U 0-7 D36V X V WBIRYXV R M H P®Y Q HIOH.&A H D B°Q IR & RIR™NL KYWRW W D P R
UHALP SRMDYOMXWORILNDRQOVERG . . SULVXWQD VX RED UHaAL
GHILQLUDWL GYDBaERPOYBOESQYBIDNQRVWL NRML VH SRMDYOM
SRGUXpMX NDUDNWHULYRWGHDMMHR § I1E5Q B> SRR RSBRNDLU IV H M
VDPR QLVNLP WHPSHUDWXUDPD NDUDNWHUL]JLUDQ MH EOI
SUEID NRMH MH QLaH RGE



4 8WMHFDM

BOLISRPYLVQRVW YRGOMLYRVWL X GLMRFRSRG WHRAVEH UHDW XSUF
NULWLpQLE'SEBWORED]OLPLWH N ULYDX@BMHXNXDGXMR RR 4AH X]RU

9LAH SROMH SUDJD LPD YL4H UHALPD WHPSHUWMLXUQH
PHYXGMHORYDQ 3% WHMUIBRD GUWNKEIDP WHPSHUDWXUDPD SUHYC
FHQWULPD MDNRJ ]DSLQMDQMD D HIHNWLYQD HQHUJLMD
IOXNWXDFLMD SRPDND ID]H W®PLAID ¥ B JID W RPS USHRPMDM B{H DI M

E ~e 77

1]1QDG  Er.SRVWDQH VDVYLP V@B ERU HO 3] [F P$ XGWURW\WADIG B L P.
REMDAQMDYDMX GD X RYRP RWKDSHL] D W X D SIRGMDRGABNRNN L P
YL&H QLMH WBISNQWID@®MH QD VODELP FHQWULPD SRVWDMH C
YL&H QH YUMWMH GHQWDUD ]DSLQMDQMD REMDAQMHQD VX X F
*RUQMD DQDOL]D MH QDSVBYYDMRQO@RY LY UHYX®\W DNDIS B M
x-]JUDND PLQOLOR. @IS\WLBIMBD] X VXPMHUOMLYR VWORMH LC
]JDSLOQMD @UMHD{HHWRX]RERR GD JRUQMD UHODFLMD YULMH
8]HYaL X RE]LWHQRNMCRIMHRIOMLY L QHVXPMHUOMEX 9*1L NRHJ
K ,]JODG RYRJ WHPSHUBRXWRRIL NVOQWR YD OIDP MATRER L Y
VXPMHUOMIDWBYHED X]JHWL X REJLU GD PRJXiUD SURPMHQEL
RYDNYRJDIEYSRG . ]JDSUDYR QDVVIDHI EDUDERMB B DYNM B R WIW



8 JUDQLFL YLVRNLK WTHPSRIQNDM YSWD JE OLH NSLRKY HiDYD L
SDUDPHWUDL YPHHOMIMD EURMD NRQ ®HQ ] EWRQ VR DHIOMDAHU
NRMRP SROMH GMHOXMH QD NRQGHQ]DW
ILVNRWHPSHUDWXUQD @H OM I HDXWQRR ¥ VQRINR L BIRIDAHIDR D ¢
Er 8 UDQLMLP UDGRYLPD MH SUHGORAHQR GD RYDNYD RYL
NDR SRVOMHGLFD SUHVNRND VROLWRQEF $¥WRR LSRR /G FL
WYUGH GD MWPNWEHIDRY MH@RW WL RGUHYHQ MH Y HOHE@WRE G|
YHOLPLQD GRPHQD GRELYH®D X ovom UDGX L]QRVL P

ILQHDUQD YRGOMLYRVW

3RND]JDQR MH GD VH 9*1 NOL]DQBE4H 8D WV WIDWIN XV HNPIR] &
NODVLILFLUDWL NDR VODER LOL MDNR D-NFS IMH RND@WID LYARL
VWUXMH QD VODELP SROMLPD HVMLSRNELR MCHP § HUDGV SURFE
QMLKRY GRSULQRYVY YRGOMLYRVWL OLQHD N SH QIHP A QMHD@NDE
SRND]J]DQR GD VH QD QLA&LP WHPSHUDWXUDPD MDYOMD RGVYV
X OLQHDUQRM ORNGIS®PDY RRPLSRGUXPMX SRVWRMH L GUXJL
MGQRPHWRGIOMLXNRWM? QD WLP WHPSHG®MWHDUDRRNDD | X&pH | D
WHPSHUDWXUQX RYXV®REVWW MFIGXDRFIDRRVWR QD ODQFH 8 RI
VPMHUX MH SUNMHGQRMIYWREMRGOMLYRVWL dWR XSXiXMH
NRML GRPLQLUD QD QLVNLP WHPSHUDWXUDPD GROD]L RG II
SRWMHpH RG-DPRJ 9*1



4 8WMHFDM

60UNMDIRGOMDGRMWVBNDPMHUX ODQDFD L X VPMHUX RNRPLW
WURNXWLUL QD QDBMNIRFPNWERPCGMUPIWXUQRP SRGUXpMX 8 VPN
ODQFH MHGQRpHVWLUQL NDUDNWHU YRYHQMD VWUXMH MH
OLQHDUQD YRGOMLYRVW LPD GYD GRGDWQD UHALPD GUX/:
QHVWDMH RNR . JGMH VH XNOMXpXMH UHALP YRBGOMLYRYV

6ROLWRQVND SREXYyHQMD X REOLNX ORNDOL]JLUDQRJ QT
WHPHOMX WHRULIMWNIXK SRERPHVEREIEBMDVQLWL WHPSHUDWXI
YRGOMLYRVWL QD WHPSHUDWXUDPD LVSRG S U.RRR HIQHP |
IDJH NUR] RGUHYHQR SRGUXpMH X ODQFX LPD ]D SRVOMHG
QDERMD 8u SRUGBDNVPHIQ X WO IGPRYH Q@BERMMH X YRGOMLYR)
PDQLIHWNVWIRID@DROGOMLYRVWL NRML LVSRG S XM\RINPIXMM - S
DN W MWINRRLHWU JE RIW JBIEMUK RY X NUHDFLMX DYHR VRKM3R B B WHDQIMIH
SURPMHQD 5B PDORM GXOMLQL D QMLKR WM HUIN G HD RV
RGJRYDUD DNWLYDFLRQRM HQHUJLML YRGOMLYRVWL LVSRG

3ULMD&QMPS W DHWNDW PRIHUHQMD - LQ G X MISHRQ IR HRSW R B B/R
SRND]DOD UH]XOWDWH NRML EL SRWYRYWRMDLQ MRV WRRODAOR
ELOR GRVWD XSLWQR LDNR MH GREUR REMDAQMDYDOR W

31



HNVSHULPHQDWDBD**t X8R ¥ RN MDY BRWWRMDQMH NROHNWLYQ
8SDGQLP JUBPREHRWORR/RIDERMDR SURSRQPIR XBOQ@QRJI JUDDpF
REUQXWR SURSRUFLRQDODQ EURMX QRVLODFD 'DNOH ]D L
WUHEDR EL VOLMHGLWL LVWL ]DSRQYRRMHFVYSURPBGIL YDRC
YLVRNLP WHPSHUDWXUDPD IRWRYRGOMLYRVW VOLMHGL RY
HQHUJLMR PO SRIRWRYRGOMLYRVW MH VYH PDQMD L PDQMD
7R SRND]XMH GD GRGDWQL GRS U&IQRW XYURDGCO®MQ M RRVGNDLD LD RGL
AXSOMLQD YHiU RG NROHNWSRGXNS\REXYWR D 9*1

7DNRYHU PMHUHQMD IRWRYRGOMLYRVWL X RYLVQRVWL
HQHUJLMDPD QHAWR QLALP RG'SRENVHDPMDDN]YBGV B DR MX\W
WHPSHUDWXUD VPDQMXMH D QDSRQ QD X]RUNX SRYHUD
SRVWRMDQMHP VWDQMD XQXWDU SURFMHSD 6QLADYDQMH
MH IRWRYRGOMLYRVWL X SROXYRGLpLPD L SRVOMHGLFD S
XQXWDU SURFMHSD 'D EL RYDNYL QRVLRFL PRJOL YRGLWL

,VSRG . PDOD MHW N VAHL®RQHD VIRNRAMWRXREMBYOULMHN SRV
QMLPD VOLDQL]HGRHMHN QD V VEHMXNXGHIA HWRFRSHQ]DFLMD EO
VXPMHUQMLORYWRNYD SREXYyHQMD SUHVNDpX SUHNR GHIH
YDULMDELOQRJ GRVHJD X MHGQRM GLPHQI¥ML HQJ AYDUL

OMHUH®RI® LV. XSXiUXMX GD OLQHDUQL GLR YRGOMLYR\
YRGOMLYRVW MH YHiU QD VEOM\EQ WMERD@WRIR QOO LY HDRDOQIR
SX]DQMPDBUIR] LOL SUHNR PDULMHWXHRQFDDRYWRIDPDOR QH
SUHYODGDYD MDNR ]DSLQMDQMH IDJH D 9*1 ID]DVWXQHOL
XpHVWDORAUX NRMD QH RYLVL R WNPMUDRVIXIDQMHR B M[F
SXXRHGBAEIMNIGMH SUNGDEROYBLQMH YRGOMLYRVW MH W
EURMHP QHpPLVWRGD HQHUJLMD ]DSLQMDQMD SR YROXPHQ)
YL4AD QHJR X VOXpDMX MDNRJ |]DSLQMDQMD

B3RGUXpMH RNR SULMHOD]D M HNWRD R/R PSS WHREGXOUVBE Q RO
QDJOR SRUDVWH VD WHP SHRIDQXGRRPGOMLY® W\ GQLLLM I HP HW D
XYLMHN SULVXWQH IOXNWXDFLMH SDUDPHWUD TOMNYWRIQMD
VWDQMH VH PR&H SULMHWLWL L] EODJRJ SRUDVWD YRG
GRPLQDFLMWWBQMDQRRMH XJURNXMH EODJL SDQ@DGRGOMLY
K %U]JL UDVW YRGOMLYRVWL RGQRVQR ID]QL SULMHOD]
ORJDULWPD YRGOMLYRVWL SR LQYHU]X WHPSHUDWXUH NDF
NDVQLMH HUWBRLMB LW RGUHYLYDQMH WHPSHUDWXUH SULM
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,VSRG WHPSHUDWXUH SULMHOD]D YULMHGQRVWRYNDGHULY
\O LI§.D

601UBIORJIJDULWDPVNDVGEHIRAFUMDREWIQ MDVQR SRND]XMH W
YULMHGQRVW DNWLYDFLRQH HQHUJLMH RG

OHWDVWDELOQRVW

.DNR MH SRND]DQR X SUHWKRGQRP SRUDDYQRWXVLUDIGA
YHNWRWD *AD WHPSHUDWXUQX RYLVQRVW NRMD MH SURSRL

Uz HIHNWLYQH 4LULQH YR GBWL YHH P SHOUDHNW@HD YWY SRFHX F L M D
GDQD MH L]JUD]RP

qT q v e ST VL IBTi|gzekT
JGMH g w ]D PDOH NHPLWVNJH SBPDNEQRVW YDOQRJ YHNWR
RVOQRYX LI MM WDYQRWHaQD 6LVWHP VH PRaH QDuUL X PHWD
SULQFLS HOHNWURSBHMRAUNYOORM®IL WOD VH SRYHUDYD XN
PLMHQMD VH YDOQL YHNWRU EURM VORERGQLK QRVLRFD I

UDYQRWHA&H VX GDNOH YLGOMLYL L] PMHUHQMD WUDQVSRU
QHUDYQRWHAQR VWDQMH

33



60LMD OLMHKRVWHUHWLPQD L WHPSHUDWXU QYRR COONWLLYYRLMMVD
WHPSHUDWXUDPD L]QDG . VD SULND]RP SRQD&EamMQMD QDI
SROMHP QD QHNROLNKPHMANSH WDHWSUDND]DQD FLMHOD KLV
'HVQRBULND] GHULYDFLMH ORJDULWPD YRGOMLYRVWL X VOX

8 7RBVSRGHPSHSDWMMED]D D L]QDG WHPSHUDWXUH QD
YRYyHQMH MDYOMD VH KLVWHUH]DVR DG OMNM YHRIHWN W RE NP DAX
NDAQMHQMBPYDOQRIJ YHNWRUD ]D UDYQRGIHADORFD YA R HA
SURPMHQH YDOQRY BRRMRUPDEWLMHYD SUHVNDNDMHIH SUH
GD EL VH X MHGQRM GRPHQL GRGDR LOL RGX]HR SHULRG X
XQLAWLWL &WR ]DKWEMHDN RN R/@ID P QIX SURHPUWMIHMRKP WHPSH L
PHWDVWDELO@WRPVHWO QWWR YULMHPH SRYHUDYD L HODVWL
YHNWRU UD]YODpPpH X RGQRVX QD UDYQRWH&AQX YULMHGQR
WHPSHUDWXUQX SURPMHQX S B H GNDN®! DR GUOMDROMMHINRVRWHDE §
E@RLADYQRWH&L 2GQRVQR LOXVWUDWLY<®LIRPMHBHUNHP LO/D/
SRWHQFLMDO WH VH HQHUJHWVND WRSRO RIILAMD GPH\WMMADNH
9*1 VNOL]QH X VWDQMH HQHUJHWVNL EOL&HSRW@DBNMHQRP V\
GRGDWQR UD]YODpL [P H\\MDI/GV SRIOMIR \BW DX DSYRRIGIXMOLRARW W
SRSULPD YULMHGQRVW X VUHGQ Q& DKLD/ \@iH NS IDRIHDGERV R HS R N D
SURRBXaV9PHOMD

7DRYHU MH SRND]DQR GD VH 9*1 PR&H GMHORPLPQR R
SRYHUDYDQMH HOHNWULPQRJ SROMD YUEL SRVWHSHQR X P
L]JQRV YRGOMLYRVWL SURYMHUD YWDOQN DRY BIMP HY H NWH K& B FREW,
QHKRPRJHQLP GRPHQVNLP VDVWDYRP X]JRUND &WR XNOMX
GRPHQH RGQRVQR UDVSRGMHORP SROMD SUDJD

34
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FOLND3URFEMHORPLPQRJ RSXAWDEMWDYVWIDELOQLK VWDQ
SRYHUDQMHP HOHNWULpPQRJ SROMD YLGL VH L] NULYXOMD X
MDNRVWL SROMD PLMHQMD WHN DNR VH SULPMHQL SROMH
QDNRQ JULMDQMD FUYHQR .RGQRVQR KODyHQMD SODYR

43 ]JPMHQIRQRH L GLHOHNWULPQL RG]LY

9*1 VXVWDYL LPDMX NRORVDOQL GLHOHNWULpPQL RG
I[UHNYHQFR M\DHP O5 BV WNMRAG LED MH 9*1 UHODWLYQR VODER YF
MDPH QHpLVM RRH HaARVGL V DNVRLQ @ B OMHWH IOIMBRINRWID MBH QD RV Q
UHJRQDQWQH IUHNYHERLIMD L] L]JUD]D

k m™Z
.DNR UHPR NDVQLMH YUGMHBQRRPMEHUHIP 2QD MH GRYROI
GMH NRQWDNWQLP WGE KHQ NRDRRE LEEHEIUROMDEVGUMRW RU VLV WHF
QD IUHNYHQFEMRQUMH MM DEBNMGRYROMQR QLVND GD RPRJIXU.
L] UDYQRWHAH SD MH DPSOLWXGD UHODWLYQRJ GLHOHNWL

431 ORGHO NUXWRJ 9*1

SULPMHQRP PDOLK $& SROMD X GXJRYDOQRM JUDQLFL
SRWHQFLMDOD QHpLVWRUH SPRMWGOBGAED JLEDQMD ID]H
JGMHUWNRHQDNRP UDGL MDVQRUH XYHVW UHPR MR& MHGQR
5MHEADYDQMHP JRUQMH MHGQDGAEH PRAMPR L]JUD]JLWL GLHO
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QSU NYDUFX MRQYVWDMOUPBSRPDNQXW MH QD QL&H IUHNY
VWUXNWXUD Ui PROBRIYWP IG REDWQQMD QD QLALP HQHUJLMDF

8 XVSRUHGEL VD DPRUIQLP NYDUERPDNRSQOR GULNL KR
YUSUBRLNDBULND]DQL WRSOLQ@GRE INHID MIHVR@/XKLPDOMHP G )
RG NRMLK SUYL GROD]JL RG NYDGUXSROQH TDXNDOHRCPDQ HX K |

VOXbDM7§( DD6UXJL RG QLVNRHQHUJHWVNLK SREXy¥yBQMD NR
'UXJL GRSULQRV LPD RGOLNH SRQDaADQMD QDVXPLpPQH L]PM

OD67I'—7D3UYL GRSULQRV VH PRAH UD]JOXpLWL LVSRG . D G



4 8WMHFDM

X YLAH VLVWHPD GD MH SRULMHNOR ER]JRQVNRJ YU&ND Gl
RGQRVQR SURFMHSX X IDJRQVNRM GLVSHU]JLML

60LNDLMHYR ER]JRQVNL YUADN X NULVWDOQRP L DPRUIQRF
YLAH 9*1 VLVWHPD X XVSRUHGEL VD DPRUIQLP NYDUFRP

60BNBULND] WRSOLQVNRJ NDSDFLWHWD L] '"HE\HRYRJ OLM
To MH '"HE\HRYD WHPSHBOMXDWX DCE (LQVWHLQRYRJ PRGD

44 -DNR L VODER |DSLQMDQMH

ORGHO NUXWRIDIMHGQRVWDYDQ QDpPLQ RSLVXMH XWMFE
GLHOHNWULPQDDVYRMYWRDPREIHOX SROMH SUDJD RYLVH F
]DSLOQMBQMDHBWULPQD NRQVWDQWD LQYHU]X NYDGUDWD |
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NRMD QH RYLVL R EURMX QHpLVWRUD 1R RYDM PRGHO QH
RYLVL R EURMX QHpLVWRUD 8 RYRP SRJODYOMX SUHGVW
RSLVXMX |DSLQMDQMH QD QHpLVWRUH L SRVOMRGHEK) QD S
SDaQMX uX SRVYH\ALE&‘\H.LW‘]YPR)A@NQM L MDNRJ |IDSLQMDQM
.DNR J)ULHGHORYH RVFLODFLMH GLUHNWQR XWMHpX QD
9*1 NUXW QD VNDODPD GXOMLQH NRKHUHQB VMizblQ Bl WR.G U H
47 SURVMHPQD GXOMLQD L]PHVX QHpLYNSHEVR GUHDL X/MHR ©
8] SUWXVWYR QHPLVWRUH VOMRERGDDEXMHIGXRVMD BNNVNSDQ]LML
M
° 5
7
7UHGL pODQ X LQWHJMBOXQ LHR WV EP@L LID®IB O RV VRV QRS QR
OQMH SURSRUFLRQDODQ NYDGUDWX GXQMLQR YNDRMEWHH QDB DM
VWPRAH SUHYHVWL X LIRWURSQL REOLN WHBJY[fRUPBHLMRP
GRELYDPR REOLN XNX3MH VORERGQH HQHUJL

Y/

F nF3J3r1|| l] "o ]

X la l 1_)| o S
S T T A
z - 4

=DGRODQ MAEYVRID MHGQX QREIOLWRUX MH

- R ° g -
v/ awd R.iQF%éGNr /%.ﬁ

JGMHYNPRGXODFLMD QDERMD @4 XJDNRODME@ $RWHILFAIMOLO ¢
KUDWNRGRVHNAMDQURNYHPLUDWL SB GONDB WKESEBER&HPPR SLVDVW
VOMHGHUHP REOLNX

A, QVFREMGNR /%ﬁ

8 MHGQDGAEL JLEDQMD RYDM b@D G RPDYINNBRI MHQS Y IQND | B
L]wD] .

441 60DER ]DSLQMDQMH
=DSLQMDOMH) D *QHMWARWRPH GD YULMHGQRVW ID]H
YULMHKROQ RWWWRUHED SODWLWL. HODY RO QK NSIRMD ULIMH W U T
XUHYHQMD RG UDYQRWHRGERMORAMABQRYERWHBGREMBRD ]D ¢
NDUDNWHUL]JLUDWL SDUDPHWURP



4 8WMHFDM

K V q 1
rlF /;([y[z

8 RYRM JUDQLFL SRND]®IURD M H\WDIkaXN H § HID ki DOXH o XW W R YK

PLMHQXQBMOU GXOMLQHB NFKNVRM) BUDBLFL HODN WLHRH OVOD
L]UD]D

a— 0 -
Fo  NtLly 30 S0 Myt [[IM
GRN MH LQWHUDNFLMVNL pODQ QD MHGQRM QHpPLVWRiGL MH
FLQW Q(/\/E

JGMH SMHHIHULUDQD 1D D Q\PHQ H pIMHROIG IMNEOBMDHS RWHQFL ML
IDSLQMDQMD MHGQH QH pLQMMHIHG RFDR@ B G FBIRDNGDQ HIONDIVOV L p C
GHIRUPLUD ID]X WROLNR GD RQD SRSULPIORIBRMNDGROMHY UL
9*1 X JUDQLFL NDGD QHPD QHpLVWRUD WH NDGD SRVWRML

6OLNBULND] MDNRJ VUHGQML FUWH& L VODERJ ]DSLQMDQ
FUQLP WRpPpNLFDPD

PUHWSRVWEMLFIAIRBDHOLUDQD QD SXQR YHURM VNDOL F
VODELK Q& ELVOWRIND )X NDMEEFRFH )/5 GRPHQHBVWOP@LWDGD
OLQHDDVWH MODLQWHUDNFLMVNL pODQ VD NRULMHQRP EURM
UDGL QDVXPLPQH ID]H  QRGWQFOWRM QHpLVWRUL

Fo net /L

FLQW W [}-[y v Lsni

JGMH VH SUHWS RDNRDMHOM D DGXD MWWHBR QHNROLNR ODQDFD
|IDSMQQMD SURYHGHQD HNYLYDQURN QR pX{ WWR W USRGNM A B QQU
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R]QDpHQ (DR PL]DFLMRP XNXSQH HQHUJLMH SR MHGLQLFL Y
VD3 GRELYD GWHRBUDOMMWR SUESIRWAL RG D DDWR i D

JTv 140" LKL

n3 VU

RGQRVQR HQHUJLMD ]DSLQMDQMD SR MHGLQLFL YROXPHQD

1Nt/ /L . 8H"

_—V n "_-’ X zZ

s il " g L
[,

(OHNWULPQR SROMH XNXSNRWRGHQRPEDLERV.L pODQRP

e

Qven
3ULO RVROREDYDOQRI® QHpLVWRGIH OSREMHD [RWSILLSOE® R\DW
bHIJD GROD]L GR W]Y SURNOL]DYDQMD ID]JH HQJ ASKDVH V
GRELYD VH LIMHGQDpPDYDQMHP ]DGQMD GYD L]JUD]D L] pHJD
SROMH SUDJD SURSRUFLRQDOQR NYDGUDWX EURMD QHpLVW

f ]

E vn
.YDOLWDWLYQR LVWL UH]XOWDW VH*GR MR \L.O X pbDMXQ HFLD
HQHUJLMD MH REUQXWR SURSRUWIRRPQ B O R DD 18] X OO WK D& URHP M
RPMHUD GXOMLQH L]PHYyX GHIHNDWD X ODQFX XPMHVWR YR
8 JUDQLFL QH]DYYLVRLKFAQQDEM RH PRJXiU L DNR MH X
NROLpLQD GHIHNDWD SD SRWHQFLMDO ]DSLQMDQMD QLMt
SURVWRUX L]PHYyX GIGEXLQHPRFPWNROOIIM VYDNRP ODQFX R
HQHUJLMH ]DSLQMDQMD L“HODVWLPpQH HQHUJLMH MHGQDN N

vV U

nVe
8 |DGQMRWL WHOBEIHWSRVWDYOMHQR GD ID]D YDULUD QD V
'DNOH ]D GRYR®MQ@&MWMHDMMN iH SULMHUGL L] MDNRJ X VODER
7DNRYyHU VOR&AHQLMLP UDpXQRP MH BDHOIBYVHQpRRP |
QH]DYLVQIGK DOKMWDLPpQD NRQVWDQWD REUQXWR%SURSRUFI

1

4

n K

K

Hv 131
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4 8WMHFDM

JGMH MH X]JHWR GD RPMHU HODVWQ QN HHGRHRUE LOMHHRLY BRCRHI U J L
EURMX QHpLVWRiUD ,DNR EL NRPELQDFLMD HnGHOMNXERDLL]U
UDGD QLVX GDOL REMDaQMHQMH RYDNYRJ SRVWXSND

-DNR ]DSLQMDQMH
=D PDOL EURM GRNROWMRIFD YHOLN SWRY\DHNDF LQMDQ VMVDB LR
]DVHEQR &L YDWL 9D NYRX]DSLQMDQMHUMMR R DINBXCHDSRXPMD Q
GRVWD MHGQRVWDYQLML SRAWR X@DSS®DMHEG J)ODWP R (i B HIOQ
HQHUJLMHNRML MH EOL]X SURNOL]DYDQMD ID]JH RWSULOLNH

fo nt [/ Sn
SROMH SUDJDN®R\WUHNEK) RD]JH MH GDNOH SURSRUFLRQDOQR E
E vn 133

8 RYRM JUDQLFL DXWR]JWID&EY.MXQRN WS GLAOWQRURMRH N
QHpPLVWRUQD DMVHPNEBMX L]UD]D@ PRIAH ]JONOMXpLWL GD MH
NRQVWDQWD QHRYLVQD R EURMX QHPLVWRUD

443 $OWHUQDWLYQL PRGHOL

8 RYRP RGMHOMNX X GDWL RVEPRGGLPQIRNPIDFU MG MD
VSRPLQMX X OLWHUDWXUL

Tuckerov model

7XFNHYYRP[UPWXUGL GD VX L QDELMHQH QHpPLVWRIiH L
MDNRJ ]DSLQMDQMD SRAWR MH SOHDR. [POHXEMVDN R E W PSR HN@IH G L
X YHUPLMHYRRPD QR pIyYWNRUWLH WD O Q (0 IMAHWINHR SROMH X
GHIRUP DFL REOIDXDERGQWFIMORADMD L]JPHYyX GYDMX Qt
GLVNRQWLQXLWHWRP X GHULYDRWRIDRNRI VPRRH SR NDJDAR
GLHOHNWULPQD NRQVWDQWD RHWRMX QHpPLVWRUD RYLVLWI

1D ARODSMUDJID GHDRIYPDENR QWRIOUWR UGB MHCHONDVWLpQD H
9*1-D UHGD YHOLpPLQH SURFMHSD &WR X]JURNXMH NRODSV
VWYDUDQMH QRYRJ VD ID]RR VSR NIPDSMEM PIMS QOU HW L U
ELWQR GUXJDpLNML)ED P RGHRBMNRIQILKS L PWIXYMD]DBUDY R QD V
]DSLQMMMIR XYRYHQMDRNROPOSWDD]H 1DLPH MDND QH
GHIRUPDFQEXVDFIR MHG QR M 0D\ R R IXG M RO [) KHERHQR-L & H
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L~4A L . A SRYUEALQD MHGRRJQAGUDRFANRDIXFNHU MH XYHF
WUDQVYHU]D G &R HY X]D& MMHMH BRFP@N NR|GV WP ROXP H Q X
SXQRHUHP YROXPHQD MHGBWWRH GRIRMWHBHIQDWHN VORBR ]DSH
SRMHGHYPLAWRDBPIDX )/5 PRGHOX VODERJ ]D S LAND/XVILF IL MR
IDJH QD FHQWULPD ]DSLQWFDIMER V2 IQ®IF HVHDNOVD]DKERERHVNDFQ. M D
PDQMRP RG D NRMEURMM G RE RETWDW Y RJ ]DSLQMDQ!
SROMH SUDJD NRMH RYLVL R EURMX QHpPpLVWRUD VD SRWHQI

1D QLVNLP WHPSHUDWXUDPD GHIRWP DEFRMH R\ HY HVOH NRR
VDPR RQH RNR MHGEGQMLQ®Bp NRWBDHREUHBFXMN IDSLQMDQMD
YROXPHQRP RNR MHGQH Q@HDLDPWERIHO HMM RIYAQYD. NRQVWDQV
SUDJDREURMX QHPLEVWRB QR WDPRmM

Apsleyev model

1D SRPHWNX SRJODYOMD MH VSRPHQXWD QHOLQHDUQI
NRMD GROD]L RG VROLWRQD D REMD3aQMRY @ R MDH VRNSRWNRM E
YDULMDELO QLK DBNRARH MIRYHQMH VWUXMH MH QHOLQHDUQR
SROD]L RG YMHURMDWQRVWL SUHVNRNDX®&R O M¥BRIENMIG QNRH/ GV
RL YL&H X HQHUJMML ]D YULMHGQRVW

mrWN
P~e KT 134
JGMH}KBNOMLQD DWHQXDFLMH YDOQH IXQNFLMH 3UHODVNRI
FmY orw 135
KT

PRJX VH L]JUDpXQDWL JXVWRUD VWDQMD L YMHURMDWOQR)\
9RGOMLYRVW MH RGUHYHQD L] VUHGQMH YULMHGQRVWL SU|
V~e " 136

=D R&G&Y¥BYMH RYH YHOLPLQH WUHED RGUHGEWLf XNXSBDQ E!I
YMHURMDWQRVW GD VH SUYLfVRYMHG QD OD ]Y HTEELHM GO B H C
SRYUALRWPUWOYQLWL LRSPMEQLMH 'UXJD YHOLPLQD MH VORA
MH EURMX VWDQMD fX W DYQNRM @B RIS DRED Y RW B W H P
VD 0 VWDQMD L]QRVL

Wig Nf

137
wfoe M ! w f
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4 8WMHFDM

3ULOLNRP UDpXQD WUHED SD]LWL QD GYLMH HLDQOKHYRBR
V W DBQ M D

R! [&a W B
KT

2YDAMRGHO X]LPD X RE]JLU NRQ VWD QW QXL [ XW 0 RRREG\ RNOD DX
IXQNRLMX f B+a i f>B+a VOBBIIRH]XMDW UDpXQD X ' SURVWRLU
SRQDEDQMH YRGOMLYRVWL QD QLVNLP WHPSHUDWXUDPD Sl

58
V_,,e@s(Ti
AWR MH SR]QDWL 95+ WIDBACDADW YRXGRNDHRNMWEHQMXMH VH
HNVSRQHQWRP %.

SWMHFDMD HOHNWRE&EHQRI SROMMHQLWL WDWRRED VH Y
YULMHERRVWEMHTMKW L]PHYyX VPMHUD VNRND L SROMD =I
YRGOMLYRVWL ELWL tH SURSRUFLRQDOQD NYDGUDWX SRON
VDWXUDFLMH VD EODJLP SDGRP $XWRD pIDNDROQND KIDWIHHRHFN M
NDNR RYD GYD NDUDNWHULVWLpQD SRQDZDKQRIH B Y BRM O] 05Q
MH GD MH MRONMM MWD SULPLMHIHQR RGVWXSDQMH RG JR
SRQDEDQMD RGUHYyHQR UHODFLMRP

eE
RT

8 UOBX® RYD WHODWNRDLRGWHYDRLYDQMH YHILMHH]EBREBBOQHH
GXOMLQRP DWHQXDFLMH YDOQH IXQNFLMH

60BBIBRGUXpMD LQWHJUDFLMH RE]JLURP QD YHOLpPLQX
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60BIRYLVQRVW SURVMHpPQH YULMHGQRVMMLDYNRNDD GRREWWH
EURM ORNDOL]JLUDQLK VWDQMD SR DWRPX

Bardeenov model

2YR MH PRGHO NRML X]LPD KKNRNUIRQ W REHINAB D QMR SR (
GHIRUPLUD UXERYH YUSFL L QD WDM Q DNMIQURRIPIXQRMW B
PHVWLFH SUHNRI S yIR@EMHS D

Er

P~e E 141
JGMEr RIHQLPDOQD YULMHGQRVW SROMD ]D WXQHOLUDQMH p
SROMH PERRYROMOR MDNR GD LIMHGQDpL JRUQML UXE YDOH
SUHNR GXOMLQH NRUHODFLMH ID]H

ET:_|_

SRGUXpMH QD NRMHP HOHNWURQL PRJX WXQHOLUDWL VD M|

L "%’E—ETi 143
©

SD MH SURPMHQD YRGOMLYRVWL SURSRUFLRQDOQD L]JUD]X

E
VE E'eE
© E1
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4 8WMHFDM

8 VOXpDMX XYRYHQMD QHpPpLVWRDDSRDWMGHSIDDNB BYUXIP HH@W
QHPpLWDODRUDVPDQMHQMD GX®OMMIH SRRYHHIOQMIIMBURFMHSD S|

n;.

45 (IHNWL XYRYHQMDN LQMWWUHHRGD X 7D6

.DR 4WR MH ELOR L SULMH VSRPHQXWR HIHNWL XQRA
X]JRUND VDPR VX GMHORPLPpQR LWHWHEDEH G L RIDRR. RGE M HL
XJODYQRP RE]JLURP QD PMHUHQMD WUDQVSRUWQLK L GLHO}

451 'RSLUDQMH

8]RUFL VX XJODYQRP ELOL GRSLUDQL DWRPLPD QLREL
SXEOLNDFLMH VD LVWUDALYPQWINOR@DL XV R 0 HIQFRP G RISR.EID\M)
LIRHOHNWURQG/RN WH YWDER L]RHGSBNXWRYRK ONHP MXW B KRR XH O
QHXWUDOQ

Visoke temperature

7UDQVSRUWQD PMHUHQMDnX X]JRUGXRGRIEGDUSRRP]X/NDX
SULNHIODL QHDUQRWQXK&SM-ORWHLE DW RPDOBIMID NRYHU. MH
SRND]DQR/IGMRQIDP WHPQHOD@YHKDND®D GLR YRGOMLYRVWL WU
6OLPQR VH GRELYD L GRS LIDDWM R A COMKRERLPIBVIRIRIMWQ L Q G L U
MHRSD]DQR GD VH SROMH SUDJD SRYHUDYD VD NYDGUDWRI
QLRELMHYL DWRPL SUHGVWD Y OINRD ML WQB EMHH FIHVQMDNHQ XD\ALL
YRGOMLYRVW QHVWDMH YHO ]D QLYR GRSLUDQMD RG
SUHWHQFLR]QR RGUHGLOL SROMMNOSMMHO L QD WQ RV YL YR «
WHPSHUDWXUDRD GRMB GIRIQMMWD UH]XOWDWD



BOLEDLMHYR RYXVRQRWWLPD GRSLUDQLP DWRPLPD QLRELM
SUDJP]R PLVWH L RJUDpHQH X]RUNH VD UD]OLPLWLP QLYRLP

[ ]

6OMYLVQRVW YRGOMLYRVWL R SROMX ]D pLVWL X]RUDN
YRGOMLYRVW ]D X]JRUDN VD 1E QD SROMX R]QDpPpHQRP V
PR4H RGUHGLWL L] ORJDULWDPVNH ¥NDO/HK MMDWRRDKXRWNDY L
XPHWNX MH RYDM GLR SRYHUDQ L VNXSOMHQ SR ALULQL GEC
WRpPNLFD R]QDpDYD SURPMHQX RG QD ORJDULWDPVNRM V
QD R]QDpHQRP SROMX SUDJD



4 8WMHFDM

DLHOHNWULp QDG INFOHWMWNMDUIAWOD IXQNFLMD X VWDWLpPN
NYDOLWDWLYQR WHPSHUDW X UQXG N Bl O RPWHLR B NMHWHE @ DR W 8
YULMHGQRVW SDGD NYDGUDIMEP QLYRDGERBSUDRQ®WDR G G
IXQNFLMD SDGD ]D JRWRYR GYD UHGD YHOLpPLQH X RGQRV)
SULPLMH{GHQ UHODNVDFLMVNL RG]JLY ]DNOMXpHQR QD RVQF
QHGR VWD RKNWYFhQRGHIH. M H G Q R VO K@ B®RWND p GHR OIRD \SWDQ B
NRQVWDQWQD QD RYRP WHPSHUDWXUQRP SRGUXpMX EH] R

60OBRNDLMHYR WHPSHUDWXUQD RYLVQRVW GLHOHNWULpPQH I
1E DWRPD .UXaLUL SULND]XMX WHPSHUDWXUQX RYLVQRV\
GLHOHNWULPpQH NRQVWDQWH R SROMX SUDJD ]D pLVWH NU

OMHUHQMLUFALWRNRP IUHNYHQWQRP SRGUXpPMX XSRWUH
VSHNWURVNRSLMH L PLNURYDOQH WHKQLNH X UHJRQDQWQ
IUHNYHQFLMX V@SN MID QRWI RY X UH]XOWDWD LEONMHILHQ MO Ry
UBGVDFLRQR YULMHPH QH RYLVHNR HQURMMO GH SH QMDD M B R
YHOLPLQH L]PHyX pLVWRJ L X]JRUND VD 1E a4WR MH X
NRQVWDDBWHE 1LVNRIUHNYHQWQR UHODNVDFLRQR YULMHPH
1DSRPHQLPR GD MH ]D X]JRUDN VD QDMYHi{iRP NRQFHQWUDF
MHU MH IUHNYHQFLMD ]DSLQMDQMD L]DAa0D L] IUHNYHQWQR
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BOLNDLMHYR GLHOHNWULPQL RGJLY QD . RNR IUHNYH
SULPDUQRJ UHODNVIRALRQRINYHBFHRQD |DSLQMDQMD L LQY
UHODNVDFLRQRJ X RHAW@RVWL R QLYRX GRSLUDQMD 'LUHN
L]JUDp XQDMHGQYRVW ]DGQMHJ SDUDPHWUD QD RVQRYX SUYD

Niske temperature

OHWRGRP GLUHNWQRJ PMHUHQMD RG]JLYD X YUHPHQV
IUHNYHQWQRM RGUHV+DQD MKHRAINGMDBRISD WWFQH QLRELMHP
QUHPHQVNL SURJRU MH XNOMXpPWBR YD HPHBDH X DIMDNHRY [
WHPSHUDWXUDEH]XOWDWL SRND]XMX GD VX UHODNVDFLMYV
DNWLYPIFNRQ VD HQHUJLRAVMRP DWOINOBRMNRGOMLYRVW QRU
YULMHGQRVW QD . SDGD GRSLUDQMHP ,DNR RG X]RUND
NRUHOLUDQH VD QLYRRPDGRSLYDFQRQD ,MSRG DINDRYP D GMXR\
MH RWSULOLNH XRpHQR L L] PMHUHQMD OLQHDUQH YRGOM
NDR L QMHQD DNWLYDFLRQD HQHUJLMD

7DNRYHU MH X LVWRP H N VISHIQDG/HHE@HBN B/RIN PIODQ R RGO/ W D
X pLVWLP X]RUFLPDY \YIDWHIEBQRV®"HGRN VH X R]JUDpPHQLPD R
LIPHYX YULMHERRVWUNX VD "EXGRRUNX VD 1E 8 X]R
GRSLUDQLP VD 6H RQD X QRYRP GRSLUDQLP. VINOH1L
QLVNRWHPSHUDWXUQD GiLH®HNWLED /I NR YRR P QGRS LW D Q|
JRWRYR GYD UHGD YHOLpPLQH EH] REJLUD QD QLYR L YUVW



4 8WMHFDM

6OLNPYLVQRVW YUHPHQD UHODNVDFLMH L OLQHDUQRJ RWS
GRSLUDQD X]RUNBD L - 6 H

8 SuLMbaQMLP HNVSHULPHQWLPD SRND]DQR MH GD
PDNVLPXP X QLVNRIUHNYHQWQRR G LDHOOXX BW K L1bB /R \RGH IPYR
SODYRM BAMARQMWES WRULMHPH SRVWRMDOR M$R QHWRNMQNR R

DQRPD®D2MgLVNLP WHPSHUDWXUDPD L VWDNODVWD GLQD
WRSRORJLMH QLVNRWHPSHUDRW XPWRN XWOHR ENRUGLQNHL p I @ H XIS\
WHPSHUDWXUL RVYWODDNOMH®DOKQBH GLQDPLNH VROLWRQLF
SRQDADQMX YUHPHQOLPBADAR/®HFOMHLWWOHZRRGDLRID YLALI
IHQRPHQRORANRP PRGHOX [DRS\MINRRANLREB@OBNNMEBPRD MH
HQHUDISMDMD Q NRLY L RRBIDV WH Q HPMNRWRIGD VOXpDM RVODQMD
VLVWHPD X WRM VOLFL UHODNVDFLRQR YULMHPH EL WUH
MHGLQL NRQJLVWHQWDQ RSLV RVWDOR REMDAQMHQMH ]DV
VROLWRQVNLK SREXYyHQMD VOLpPQR VOXpDMX QD YLVRNLP \
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6OLNDHPSHUDWXUQD RYLVQRVW GLHOHNWULPQH IXQNFLMH

2]UDPLYDQMH

8 SULMDAQMLP HNVSHULPHQWLPD R]JUDPLYDQMH MH YU:
OH9 RGL PDOH HOHNWURQV NMXREIDAH. MDJ D Q VH B H NAVQBIRIQ DMQID
MH PDOL SB RDVWEFOFR LD @QQWHJRYRJ SRORADMDHOQKUMNGMHYD Yt
L] LVWRRHMIDHNWURQL SULOLNGR QHUGDMB JXEHMPDGXELQD
HOHNWURQD X NULVWDO YHOLND =DWR R]JUDpLYDQMH HOH
GHIHNDWD ]D GHEOMH PHWH

$QDOL]JRP MH RGUHYyHQR GD MH DWRPH VXPSRUD ODNA&
DWRPH WDQWDOD ]DKW LOMHYDHRIDRE Y O D@ HpLWH HQH
HOHNW UFRRIIRNOL Q\QONW A PEHSUDW XURQIRGIRMRM VX SULPLMHGt
SURPMHQH VD GRJRPPMHDGB RWOSRUD MH SULPLMHUHQD WHN
QD NRMRpPLQMH L]JEDFLYDQMH WDQWDORSBKXRSRWRFD DWRRN
LJEDFXMX VH QD QL7alPiH HV-H SRINVDOPRR GD VX WDQWDORYL
VXPSRURYL SRGORAQL AINRAMWNMSINRPELQWFILIMUEHQ QD PRQI
X]JRUNX LVWL UH]XOWDW VH RpHNXMH L ]JD RUWRURPEVNL
VXJH UL U D MK HNH) WOWRWDpPLYDQMD QR%N YOV WD) HUD PR U |
9*1 VLVWHPXMHEBHRND]DQR GD VX XGLR GHIHNDWD L EUR

SURSRUFLRQDOQi GR]L JUDPHQMD
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4 8WMHFDM

604UMPURPMHQD WHPSHUDWXUH 3HLHUOVRYRJ SULMHOD]D
O’FOULWDPVNH GHULYDFLMH ]D YL4H XGMHOD GHIHNDWD.

7TUDQVSRUWQLP PMHUHQMLPD MH SRND]DQR GD VH V
R]JUDPpLYDQMHPVO R LEDIYMMGEMHGARPLGHIHNDWDUNKDNR LV DO X
UD]J]OLNX RG OLQHDUQH YH]H L]PHYVXXEGRBIDUGGLERNBMD FIL F
RJUDpHQLP X]RUFLPD SURPMHQD MH SURSRUFLRQDOQD NRI
SURSRUFLRQDOQRMWIARPRiUX. HOHNWURQVNH GLIUDNFLMH
RJUDpLYDQMHP JXEL NRKHUHQFLMD X WUDQVYHU]QRP VPMI
UHGD SSP 8 LVWRP UDGX PNOUNQDNRH X SIRIONNDHX SVUD .
SPRMHQD SROMD SUDJD RGVWXSDQMH RG YULMHGQRVWL X
XSXiXMH QD MDNR ]DSLQMDQMH IDJH SLWDQMH MH NROLN
SDQHOX SULND]DQH VX DSVROXWQH YULMHGQRVWL SROMD
SUDJD QH SUDWL OLQHDUQX RYLVQRVW R EURMX GHIHNDWEC
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6OLNDLMHYR SURPMHQRBUPROE QLB WRIN LX XRR UD @RWWRL R
R]UDpLYDIOMDiH WHP-SHUDWXRMRP VX R]JQDpHQH WRpPNH NRN
SULND] DSVRO XNWQLLYEGBRQRENSE DI QRP SDQHOX.

OWSRU XBWRDRPEWWRIUHIMS MH PHWRGRP AN RGW.DANW D
SULORNRPp LYRRWDD)DQR MH GD VH RWSRU X]JRUND QD QLVNL
RJUDpLYDQMHP GRN VX QD VREQRM WHPSHUDWXUL RSDA&H
QLYRHP RJUDPLYDQMD ]D a X 8 LRIWRPHOQREXXPRKWNRUL V
UH]XWW PMHUHQMD YRGOMLYRVWL X PLNURYDOQRP SRGU:
PMHUHQMD RGUHGLOL VX UH]JRQDQFX ]DSLQMDQMD SUHPD
SRWHQFLM RCQRWIRPHLILG GPHPROGHOPQHPDUHQ LRHUFLM
NDNR VH UDGL R YLVRNLP |UH EY HGPALRV PIP@HE R B PMWOLAEIDQ ELH\
GRELOD GREUD YULMHGQRVW G LB GCPHRND MIXp @ R J REEXK]|IHWDL WDYF
NRML QH RGJRYDUDMX GLQDPLFL IDJH NDR LVWRVPMHUQ]
YLVRNLP IUHNMHQBXMBPDULMHGQRVW QLMH PRJXiUH RGUH
LVWRVPMHUQH YRGOMLYRVWL L GLHOHNWULpPQH NRQVWD(
GRELYHQH YULMHGIDB\W MDIQOMBYWWOEVOIBRIONRQLPDUGRELYH
QMLKRYLP NDVQLMLE UHIXGWDMMPDWL X RJUDPHQLP X]RUF

66



4 8WMHFDM

SRYHUDQMH IUHNYHQFLMH |DSLQMDQMD QLYRHP R]JUDpPLYDC
QD WHPHOMX WLK PMHUHQMD MH WDNRWBU RGUHVHQD IUHN

604BPGUHYHQD IUHNYHQFLMD J]DSLQMDRIMNIJ RY P VG IO[ [P NAl K OX &
RGOQRVQR SROMD SUDJD R

453 *HRPHWULMVNL HIHNWL

1RYLMD PMHUHQMR >JBUWDRINLPDND &6 R QP SRND]DC
SRQD3EDQMH OLQHDUQH YRGOMLYRVWL EOL]X WHPSHUDWX
V QL&D DGMHHQMWH ODSBGUXPMH |JDUDYQDQMD NRMH MH X |
VHXEVOUND QDMWDQMLPD MH NRK CBNRINVCR B B95SH3 V@B | L
NDUDNWHULVWLp D RRFG VRIMPSSIHILIL\W KU R P

67



60UMNOMHYR NDUDNWHULVWLND W DTN LND X TRNMD i D L \GMHIVNIIR L

6OUBIPWSRUQD NULYXOMH UD]JOLpPpLWLK X]RUDND X BD]OLpLYV
X VPMHUX RNRPLWRP QD ODQFH XONRQMDIXROQ WINKIMAAD NI
SULNDX DX HWONDN HMR p DM RUDEN VD9 FRLQLMMHMQDPMHUQR GRS
X]RUDEy VD FPOLQLMDQLMD MH GRELYHQD X ORQJLWXGLQI
X]RUN® OLQLMD X ORQJIJLWXGLQDOQRP VPNRIGURG QI HQPW R P
VDix SUHGVWDYOMDMX YRGOMLYRVW X VPMHUX®RNRPLWR
8PHWDN SULND]XMH VKHPX PMHUHQMD X NRQILJXUDFLML

VWUDQDPD ODVHUVNL LJUH]DQL SURUH]L 6WUXMQL NRQWDI



4 8WMHFDM

,VWR SRQD&DQMH MH SULPLMHUHQR X X{RHFRE[L UDX QP
GLPHQ]LMH XPRWDINND UH]XOWDWL VX REMDaQMHQL SULM

WHNXUINRMD MH RVQRYQR VWDQMH " VXVWDYD X NRMLPD C
RYDNYLP WHNXULQDPD SREXYyHQMD VX NROHNWLYQRJ ER]RC
QDERMQLP VWXSQMHYLPD VORERGH 9RGOMLYRVW VOLMHGI

"]



5 OHWRGH HNVSHULPHQWD

8 RYRP SRJODYOMX iiXRRSLPVED W P RPRMGRVASHOULW QMBI N W U L p
VYRMVWDYD X]JRUDND 1DJODVDN MH VWDYOMHQ QD RJUDQL
WH SULQFLS UDGD DXWRUDYQRWH&QRJ PRVWD L DQDOL]D
PMHUHQMH RG]JLYD X ALURNRP [UHNYHRW QRPUBRGLPID M G
IUHNYHQWQLK SFNRDA)BRRIGVA) A6XSHU /RZ JUHTXHQF\® GF
JUHTXHQ@EWIDVQLW iUX L DQDOL]X NRMY P/DYXERW MNDS UR P NWR L
GRELOL X]JRUNH VD KRPRJHQRP UDVSRGMHORP L NRQWUROL

8]RUFL NRULAWHQL X -PB6XURQML BRISREEMDAP ROL R]JUDp
LRQLPD HQHUJINIER pLYMAL 'K$RUBPIQL X]RUFL L MHGQD VHUL
GRELYHQL VX RGDSYURB)/HOAVDRIMWMHND GRN MH GUXJD VHU
GRELYHQD RG-BURD 6/NKHRXQ B L, WKD FOR USGBHOWVHEULMH pLVWLK
NRULEW 8QHOWMN MW WIUDX V S R UWPQIS LPLM pHUR-DQ ) LAWHKO B B B IHNOHH
WHPSHUDWXUL L ALULQL SULMHOD]D PHyX QMLPD X RGQ
GHIHNW]PDpHQL X]RUFHQESUVSURPUDPLYDQMHP pLVWLK X]R
OLQHDUQRP WDQGHP XEUJLYDpX QD ,QVWLWXWX 5XyHU %R3

8ORJD QLRELMD X GRSLUDQLP X]JRUFLPD MH ]DPMHQ!
DWRPLPD QDOD]H VH X LVWRBYDW X'RNVD GBHIAQR G QR X\OWD W\
SRND]XMX GD MH XWMHFDM RYDNYLK GRSDQDGD XYRyHQMHFE
SRND]DQR X RGMHOMNX 4.5.1.

8GLR GHIHNDWD X R]JUDPHQLP X]RUFLPDHRLWRNRWO
LIEDYRWIHGLQLFDPD SSP 3A SGEUMMW\O B HD PEIOWVDRQR XYHGHQL
QD EURM VYLK DWRPD GRN HPR NRG GRSLUDQLK X]JRUDND
X SRVWRFLPD XGMHOD GHIHNDWD REJLURP QD EURM IRUP
RGVWXSIDQM&ADXDQMX QL]PRFXGR]HEPM@LK L GRSIWWDIBQLK X F
DWRPD X IRUPXOYNRM MHGLQNL 7D6



5 OHWRGH HNVSHULPI

=D HNVSHULPHQW VX ELOD GRVWXSQOGEMD IR QLRE LORS
SRWSXQRJ VSJERNMM@MOWREH DD YRRSLUDQMD UXUHH/ B R NBD)D
VHMDYLOD SRW BHWEDXPHWIB RYDAIQAeARGHIHNDWD &WR VPR S
XYRYHQMHP GHIHNDWDLHENDPUY @M HPP D@/H | HNDV LX PXX RGEDO L
L]JRHOHNWWRRDY QLKRBLMD NRML VMHGD MXQ@IH B MW Y LRV Y DR
YDNDQFLMD WDQWDORYLK DWRPD QLVX LVWRYUVQL GHIHN
]DSLQMDQMH 9*1 ID]H

1LYR GHIHNDWD MH L]JUDpXQDW REJLURP QD XNXSQL EL
SRND]DQR X SRJODFFRO WX WDQWDORYL GRFLNWIO YR D FU DKL
YULMHBWRWH GHIHNDWD SWRH DWW RRX DHAHFWNRGQRVL QD EU
W D QMMIDOMRRPRGQRVQR SR IRUPXOVNRM MHGLQFL &WR MH X
XGMHOD GHIHNDWD X RJUDpPHQLP X]JRUFLPD VH NUHWDR RG
L]QDG SSP VX VH SRND]DOL QHNRQJLVWHQWQLPD WH V
PRJOD MHD ELWUWXMDNLRQVNRJ VQRSD NRULAWHQD ]D QDMY
VWUXMD PRJOR VH MDYLWL MDNR JULMDQMH X]RUDND &WI
EURMD GHIHNDWD SXWHP QMLKRYH PHYXVREQH UHNRPELQD
SRJODYOMX 5.1.

(NVSHULPHQWL NRMLPD VPR LVSLWRGOM LY|RUMNHD BLO L
Y L VR MSIRFO MWREDL H O H NWEHINVD DRYIN RFSDLGILDP SR O M LN UM B MIXQ
WHPSHUDWXUQR SRGUXpMH BB QLREBIG H WNHHORVEDH X DIMWXWURY BIR H L
VX QDSUDYOMHQD X =DJUHEX QD ,QVWLWXWX ]D ILJLNX GI
$XIJVEXUJIX QD ([SHULPHQWDOSK\VLN & XGXWXBLi{i%URRJIGDRO
REMDWYQRMX. RG QDYHGHQLK PMHUQLK WHKQLND NDR L SULS

51 2]UDPLYDQMH X]RUDND

3ULMDaQML SRVWXSFL R]JUDpLYDQMD X]J]RUDND XJODYQI
RNR OH9 LDNR VX VH XSRWUHEOMDYDOL L SURWRQL VOL{
2]JuDpLYDQMH SURWRQLPD VH LIEMHJDYDOR L] EDU GYD
HOHNWURQL WLMHNRP MHGQRJ VXGDUD UDGL VYRMH PDOH
JXEH PDOR HQHUJLMH GRN SUROD]H NUR] RHOUDMN WOQRDJIL
GRYROMQD GD L]EDFL WDQWDO L] QMHJRYRJ SRORAaDMD
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3RAWR MH RWRAMDUHGD YHOLHLMHKNMIDRRG POVRWRQ SUI
VXGDUD JXEL SXQR YL4A4H HQHUJLMH QHJR HOHNWURQ SD M
HQHUJLMX XSDGD =DWR R]JUDpPLYDQMH SURWRQLPD SUH
QHKRPRJHQRJ XYRYHQMD GHIHNDWD NUR] SUHVMHN X]JRUNTC
NXWX UDVSUGZHQMD DWRP NRMHJ SURWRQ L]JEDFL L] QMHJI
YHOLNX HQHUJLMX GD L RQ VDP L]JEDFL MR& QHNROLNR D\
NDVNDGX VHNXQGDUQLK VXGDUD 2YR MH GUXJL UD]ORJ
XSRWUHEOMDYDOD 1DLRHXGMOL®REOQMDWID BO@POND IPRQD X PIL
XOD]QLK LRQD GRYROMQR GD VH PR&H QDSUDYLWL GREUI
DWRPD XNOMXpXMXiUL L XSDGQH DWRPH L YDNOQBMMD L \
NROLNR MH RJUDpPLYDQMH KRPRJHQR SR GXELQL XJRUND L
JRGLQD SURE0ORJ VWROMHUD MH ELOR QHPRJXiUH X]JHWL X R
EURMX XYHGHQLK GHIHNDWD 'RGX&H GRVDGD&QML HN!
HOHNWURQLPD SRND]DOD VX NDNR WUHWLUDWL HIHNWH |
UH]XOWDWH QD MHGQRVWDYDQ QDpLQ PRAHPR NRULVWLW
X]JRUFLPD R]JUDpPHQLP SURWRQLPD .RUL&ZWHQMH GUXJLK |
SURGLUDQMD EU]JR RSDGD VD PDVRP LRQD QR EURM GHIHNI

3ULMH QHJR VX X]RUFL ELOL RJUDpHQL WUHEDOR MH L]
]D &HOMHQX NROLpPLQX GHIHNDWD =DWR VPR NRULVWLOL ¢
,RQV LQ ODWWHU YHU]JLMH L] JRGYQM DUXRURDP MDH N WL
SRWUHEH D SULRUL RGUHYLYDQMD QLY RCEVREKHRIKMY M DDP H'
NRULVWL VH ED]JRP SRGDWDND HNVSHULPHQDWD XGDUQLK
HQHUJLMD L DWRPD X PHWL 3ULWRP VH NRULVWH UD]OLD
VLPXODFLMD SRWUHEQLK GD VH NRUHNWQR L]JUDPXQD GX
.DNR GHWDOML NULVWDOQH L HOHNWWYRR MK H MU WD X @& HO
GHILQLUDQMH PHWH ELOR MH SRWUHEQR XQLMHWL VDPR
JXVWRiUX =DGQMD MH RGUHYHQD QD WHPHOMX NRQVWDQV
LIQRVL 3 J FP

3ULMH NRQNUHW®UL WALPEODMARMIYH MHGQRVWDYQLP P
UDpXQD GXELQH LRUFRG HOHYMDM+H XJRHDNX 7RELYHQR MH GD
SURQMWDDUD¥WH WBRPHWQQRSD D ]D 0P 90RMGD LRQRWISRND]DO
MDNR SRJRGQR JINRKNRUMNBYVWX6 X REOLNX QLWL GXOMLQH G
GHEOML@®H GR



5 OHWRGH HNVSHULPI

'

GRPHW®
T

-3

(QHUJLMD OH9
60UBIBXELQD SUR®RIQID R WPBLB X R-

1DNRQ RGUHVLYDQMD GXELQH SURGLUDQMD SULVWXSL
GHIHNDWD 5H]XOWDW L]JUDPpXQD SRND]XMH XQLIRUPQL GXE
GXELQHAR®OUND=D YLAMHQHRWOID X VQRSX EURM GHIHNDWD
GXELQL VH VPDQMXMH DOL VH PR&H GRELWL MR& XQLIRUP(
YL4AH HQHUJLMH VQRSDLRQWXQBRVRUNSWHRPRRE XEUJLYDpX 71
]J]ODWQR YL4H HQHUJLMH DOL ]JDWR LP MH GXELQD SURGLUI
X NULVWDOX VX XJODYQRP YDNDQFLMH L LQWHUVWLFLMH
YRGLNRYLK DWRPD %URM LQWHUVWLFLMVNLK DWRPD YRGL
MH XQXARDRR ]D IDNPWRML RG EURMD LQWHUVWLFLMD WDQW
VYL LRQL YRGLND NRML XyX X X]JRUDN VDPR SURYyX NUR]
VXPSRURYH DWRPH VD QMLK&YGEKVRMHVWD X UHAHWEL VOL!
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60LNDGXELQVNL SURILO YDNDQFLMD X PHWL QDNRQ R]JUD
SDUFLMDOQR ]D VYH DWRPH LRQL YRGLND VX SULND]DQL F

.RQDPQL UH]XOWDWEVRRXQOWNRWH QLK YDNDQFLMD SR L
GXELQH 1D]JRYLPR RYX YHOLpPLQX UD VASRSGMIROG H | HHNIIDNADDY (
XOD]QRP LRQX X NULVWDOX RGUHyHQ L]JUD]RP

o Nk
N —
VUC

JGMH NMXSQL EUBMRXYWRPOD X]RUND RINRPEMID QRRVQMPS
YROXPHQ MHGLQJENWRMIBWRRE X MHGLQLPQRM GHOLML 3UH
SUHNR VUHGQMH JXVWRUH XpLQNRYLWRVWL :L XNXSQRJ QDE

n, </§—§NVU; 146

=D RGUHJHQX VWUXMRMRQMORJLVIQRSBUILYDPD NYDGUXSR(
PLMHQMDWL S Y U&L QOR PRIRISIX J X XQRKWKD ¥ WSLIHWHAHND  V Q1
GHIHNDWD NRML VH VMQRWHGERDMMHBHQLFL YUHP
Na </§$IVA 147
eN S

'RELYHQ XGLR GHYDNDIW B LMHWHERGRWLDRQ RNDL K DLWNRPDS R U R
JEDPHQL VIWWRFGUADYDMX X N NL\DWINKX GKIDW LLGPAB MPDR G L U D
VXPBRU RGQRVQM D WRQN DIOMRFHDIJLBIHY 1D NRQDpQLP
WHPSHUDWXUDPD PR&4H GRUL GR UHNRPELQDFLMH RGQRV!
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5 OHWRGH HNVSHULPI

GYDMX YUVWD GNIGRMWOQXPHULPpNLK VLPXODFLMD MH SRND
VXPSRU SXQR QHVWDELOQLML RG WDQWDORYLK SD PR&HI
GHIHNDWD SUH&LYL QMLK L YH]DQL VX YHOLNRPR AWRQR
MH VSRPHQXWR X.'RGX&HDBRIXWHORD WHPHOMX QDALK HNVS
QDMR]JUDPHQLMLP XNRUF RPN CSRRINWFORHDEL PRJOR ELWL JULM
YLVRNLK VWUXMD VQRSD Q$ X RGQRVX QD Q% L QLAH
MERWDNQXOR UHNRPELQD.F.IIMRX AWRQMWH OB RIPK GXWHRN QW 5 R p
UH]XOWDWH HNVSHULPHQDWD QD YL&LP QLYRLPD JUDPHQMEC

IHOLOQWDDQVSRUW

1IHOLQHDUQX YRGOMLYRVW PMHULOL VPR PHWRGRP
QDSDULYDQMHP ]JODWD D VSRM VD HOHNWULPQLP-YRGRYL
LIREXWLO NHWRQD RVX&H®DLNDLREYQR M O MARSEU D W R QW D
LIEMHJDYDQM MW R WDMW BDMD AMRMUHQMH YRGOMLYRVWL 7R pl
VWUXMQH NRQWDNWH X]RUND SXaWDPR VWUXMX NUR]
RpLWDYDPR QDSRQ 2YDNR RpLWDQD YRGOMLYRVW QHPD XV
SXQR PDQML RG RWSRUD YROWPHWUD 7DNRYyHU GD EL PN
QDSRQVNLK NRQWDNDWD PRUD ELWL SXQR PDQML RG RWS:
YUGHQD HOHNWURPHWURP .HLWKOH\ :$ SERWH QRDPH RR.D
PMHULWL RWSRHWJHGRRBEDWQLKDNRVEBRFAMOMHQRM SUHFL]QR
X]JRUDN MH SX&WDQD L]YRURP VWUXMH .HLWKOH\ L]OD]Q

60OLNDODLMHYR QDpLQ SRVWDYOMDQMD NRQWDNDWD ]D PM
UbDJPMHaAawbDM HOHPHQDWD QD PMHGHQRM ED]L
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(NVSHULPHQW MH YRYHQ X KHOLMHY&®&5K®GIDGQ MR & R V|H
&\FOH 5HIULNRMDVRRBRIXUXMH SRVWL]DQMH WHPSHUDWXUH
GR VOLNRWSRU FHUQR[ WHUPRPHWUD MH PMHUHQ PXOW
VQDJH .HSFR MH QDSDMDR JULMDp RG NRQVWDQWDQRYH ¢
VSRMHQH VD YUKRRBEDRMLRZAEDEN®GRWQR OMHGHQD ED]D Y
WRSOLQVNRPLYRD®NLWREWR B LRDVIOILAXO WIH PHOUDW XUH L]PH:
L X]JRUNDR L PDOH. TOIRISW XM D WLMH R V\LWDIEDR OMARR/ WN R Q W U R
JULMDQMHP W]Y 3, PHWRGRP NRMD PLMHQMD VQDJX JULN
WUHQXWQH WHPSHUDEWUA R B DSULDRPFHWHIDIH W HDP S.H U@ W B WUHD Gl
RGVWXSDQMD WUHQXWQH URISP HDAGIDN/HS HUH APSHHOUAD \WIXIU ¥R yaHDQ
]D PMHUHQMH SUHNR *3,% YH]H NRMRP MH UDpXQDOR VSRM

60OLNEORN VKHPD SRVWDYD PMHUHQMD QHOLQHDUQRJ RWSH

3XOvQD PHWRGD PMHUHQMD

=D SRWUHEH RGUHYLYDQMD YRGOMLYRVWL QD YLVRNLP
PMHUHQMD HOHNWULpQ H/ PIRGNDMMMWIRYMH. X RAREMRIPU NUHR IO M/ L U L
RpLWENYIDIM HJ RWSRUD X]JRUND X VOKpDMR BROQXRKRGR pRD
XQLAWMERMUMND 3ULOLNRP RGUHYLYDQMD SR®MAHSERPHEWILR
SDGPWILVSRG SROMD PISDHRPMHQH WoHYPIH HDMNW HVH RELpP Q|
SULPLMHWLWL X BHRPNRGH bGYBSWIRD/ X ] RUNGLD G&JDW Q

RYLVEBHRNWULPQH VQBDIG IR RIDSRGQMD WRSOLQH X RNROQX |
SURPMHQD WHPSHUDWXUH ELWL SURSRUFLRQDOQD HOHNWL
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5 OHWRGH HNVSHULPI

Strujni pulsevi

'RYROMQR NUDWNLP SXOVHYLPD PRAHPR L]JEMHIL GD
]JDJULMBINRY HNVSHULPHQW VH PR&H SURYHVWL QD YL&H U
VYRMH SUHGQRVWL L PDQH (NVSHULPHQWH i¥DPRGR WR OWIEDNRR
GD ]D MHGQX YULMHGQRVW VWUXMH RNLQHPR VDPR MF
HOHNYWWWRPP NRML LPD PRIXUQRVW PMHULWL YULMHGQRVW
SXOVHYLPD NUDiUL RG PV PRUDGR AMNRELY \RVWILORWMKLRSBR R
VYDNX WRPNOUDNWHULVWLNH VPR GRELOL XVHB@®®&MDYDOQ
XSRWUHEOMDYD NRQWLQXLUDQR RNLGDQMH SXOVHYD VD
SXOVD NDNR EL VH LJEMHJDR HIHNW DNXPXODFLMH WRSOL
VH X RGJLYX YLGH X REOLNX VSRURJ SDGD QDSRQD QD YUH

MHWRPBMHUHQMD VD VDPR MHGQLP VWUXMQLP SXOVRP L
X PMHUHQMLPD UD G IIDM@IGVQNRL\PVWAD M B8 N B/E W XRMISIENR X ]RUD N
3RAWR RVFLORVNRS LPD UHODWLYQR PDOL XQXWDUQML
WHPSHUDWNXBD®DMH HNVSOLFLWQR Q DARWHREIRR QFOMM K HO L
NRQILJXUDFLML NRQWDNWD RVLP QD QDMYLALP SROMLP
REMDAQMHQR X QDVWDYNX SRJODYOMD

O [e0]

i RVFLOR
HOHNWU

T R o Rs

I o 4 6 8
w W
6OLNDOLMHYR SRMHGQRVWDYOMHQD GYRNRQWDNWQD \
NDSDFLWHWWRWQLP L]YRURP 1DSRQVKQIRMJWONR RVFLORVN

HOHNWURAMWYR RPUHPHQVNL RG]JLY RYDNYRJ VXVWDYD

,JPHYyX YRGRYD NRML GROD]JH GR X]J]RUND L X VDPRP X]R
NRML X]JURNXMX GD QDSRQ QD X]JRUNX QH SRUDVWH WUHC
SRpHWNX SXaWDQMD VWUXMWOEXOQFHGSDN B PLAL VIBRECRNME/D MLHP!
SUREOHPDWLPQLMH QD QLALP WHPSHUDWXUDPD UDGL HNV
PMHUHQMLPD XWYUYyHQR MH GD MH NDSDFLWHW YRGRYD |

77



YMHURMDWQR SRVOMHGLFD WRJD aWR VX YRGRYL PHYXVRE
PP VORMHP ODND =D RWSRUHMHPGDUHODINDYDHALMHINL]QRVL

Naponski pulsevi

=D YLVRNH QDSRQH SRWUHEQR MH VNUDDNPWH UHILMB
VWUXMQLP FBMXYUIMHYYIHRID SDUD]JLWVNLP NDSDFLWHWRP YRGR
YLVRNLP SROMLPD SUDJD X] UHODWLYQR QLVNH YULMH
PRGLILFLUDQMD HNVSHULPHQWD 2YDNYL XYMHWL VX ELOL

(IHNWH SEMDEMALNMHWD PRJXiUH MH LJEMHGL WDNR GD
NRULVWL QD SR @WNMHMWRUQBSRQD PMHUL VWUXMD NUR] X]I
VOBND8 pHWYHURNRQWDNWQRM PHWRGL PMHUL VH L QDSRC
L]IYRU LPD XQXR/DUBRMH@®WSKJRUNRP XVXHDENMRISQVEIXW C
NRQVWDQWX =DWR VH XSRWUHERP QDSRQVNRJ L]JYRUD Y|
XVSRVWDYL QDSRQ QD X]JRUNX L YDQMVNLP L XQXWDUQML
MDNR SR UDMMHGRIRWYSDFLWHW SUHGVWDYOMD NUDWNL \
SXQMHQMDCr .BN@LVHWUXMD VH UHORMRYL QD @ D/HFRHUMWHNEDDR \
WRy;RsCr ]QDN __ R]QDpPpDYD RWSRU SDUDOHOQRJ NMBRKD GYL
RG VOXpDMD VD VWUXMQLPQOORURWMH ACIN BPHRE G U B GULY B QDN
YUHPHQD UHODNVDFLMH QDSRQVNWUWXWRUL RRERB R/ B LPFORDLW
VSRMHQLP RWSRULPD QD QMHJRYRP L]OD]X

4 6 8
W W

6OLNDPDGRPMHVQDLMKMRRO LY VWUXMH GHVQR X VOXpDMX
LIYRUD SXOVHYD 1DSRQVNL L]YRU MH SULND]DQ SRPRuUX VW

OHYyXWLP NDNR VPR UHNOL GD 9*1 VLVWHPL SRND]XMX
VH L]JPHYyX NRQWDNDWD X]RUND PRaH MDYLWL GRGDWDQ
IUHNYHRWMPBQ 1DGRPMHVQX VKHPX WDNYRJ VOXpDMD PR
XJRUND X SDUDOHOX GRGRRRNDK DIFM VREWRI RWD B I/SIRVIDW S U



5 OHWRGH HNVSHULPI

NDSDFLWHW QD QLVNLP IUHNYHQFLMDPD GRN GRGDQL R
YLVRNLP TUHNYHNAELDNDARP VY H NIRSEBRLWHIWHNRER RWGIR XD XWUD A&
RWSRU YROWPHWUD X RYRP VOXpDMX QH PRAHQ®RM NUDMD !
PRJIJXUH YULMNBDFHMHUGBNRVEGQRVQR WR MH RQR UHODNVDF
uUHPR X VOMHGHUHP SRJODYOMX RGUHGLWL X L] PMHUHQM
RYR UHODNVDFLRQR YRWLMRPIE MH .N DX HR R/ p B8 Q LW UNRHP RMMVRVE
WPRJ 901 QLMH RJUDQLpPDYDMXUuL IDNWRUVH SKIDWAMP 6 RE D
HNVSHULPHQWX QD NUDWNLP YUHPHQVNLP VNDODPD D WR

'RGDWQH NRPSOLNDFLMH X]JURNXMX LQGXNWILDYSDWFHWH W
LIPHYyX YRGRYD SB®VKFHOMBLNMMNMD/MNMRIMMN H X INNAXKIXH RWSRUR
2YDNYL HIHNWL XRpHQL VX QDPY WHRPRIXMML PKVR B RGWL
RALUDYDQMHP NRDNVLMDOQLP NDEHOLPD
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60OLNDQDGRPMHVQD VKHPD 9*1 X]RUND VD YHOLNLP GLHO}
QDSRQVNLP L]YRURP

6WUXMD VH P MAHWH UW DNCRS BQ § BR'S UINHRG/R\VWSHR W @VIDNYMD X1 IV D
X]RUNROGBI 2WSKUHGRWSRUR LENIDW PG M HOLPLQRGP RGNS RUD
X]JRUNDNR RQ QH EL SXQR XW6OMB FD®R UQDUBRMHE RRW\E R W
SURWSRPQUMDELWL GR®GROWID RWHORVINRSD PR&HPR RpLWD
NRML UDGL &XPD PRUD.ERWD YYBHMENBRRIDVYNPIOMX VD L]YRURP
PLMHOHMIDNVDFLRDIRN RYH M HFR G R YSD V BMVASIRNIHE@ B/ B MP D
APDVWDB VX RQL X SDUDOHOL VD SUHGRWSRUQLNRP (IHNW V
RE®DSDPNWH®XOW QR QD E IQDIS RODY R GMHKEHFIMSARNRDS D F L W H W D
NDNRQ WRJD iiH VH REDDNQISWE LSWHWER RWSRUQLND NRML VX
VWYRUL UDYQRWH&QL SDGRYL QDSRQD/ORRWABBRDQLFLPD R

2YDMHMW PR&HPR L]JEMHUL VPDQMHQMHP YULMHGQRV
DUJXPHQWLUDQR GD (iHPR QD WDM QDpLQ L]JIXELWL QD UL
SUHGRWSRUQLNX LOL X]JRUNX VWDYLPR GRGDWDQ NDSDI
SUHGRWSRUQLNX: QD SRpPHWNX SXOVD



L QD NUDMX SXOVD

R
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ELOL LVWL 7LPH VPR L]JEMHJOL WUDQ]JLFLMVNL SHULRG ]D
GRELOL WUHQXWQR SRYHUDQMH VWUXMH 8 VOXpDMX JULN
SHULRGD RQR EL VH YLGMHOR NDR LVNULYOMDYDQMH NRQ
SUHGRWSRUQLNX
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6OLESIVKHPD RM WD QDSRQVNLP L]YRURP L SDUDJLWVNLP N
X]RURVDSUHPD PDVL SDUDOHOQR VD SUHGRWSRURP NRML V
5DGL MHGQRVWDYQRVWL VX JDQHPDUHQL HIHNRIQ NFRORYV
SUHGRWSRUQLNX VH PMHUL QD NDQDOX RVFLORVNRSD
RGX]LPDQMHP QDSRQD QD NDQDOX L RVFLORVNRSD 2YD
NUDWND YUHPHQD SXOVHYD

'RGXaH UDGL WRJD awR X]J]RUDN QHPD GYD WRJR pHV
QHSRAHOMQH JUDQH WRND VWUXMH N U R]QSIXNDA IL WANRMH.\WALD S |
XJURNXMX RVFLODFLM&GhNMYDMWN PRLLSB T WRDWANDOD XMHGQR
JUDQLFX FOMIHNRIRSWHR IDFLMVIRR RIRWYWRGBWRORQWDNWQRM NRQ
NDR |IDGQMX RSFLMX RGUHYLYDQMD SROMD SWRPRIXiuERBLU
PMHUHQMD SO)XOOWNMYDL&®IDP DOL MH XMHGQR L QDMQHSUHFL]QL
PHWRGD MH SRND]DOD GMSMUDKROG MH RUMAMLPD TRYDMR ML. YXANF
RG 9 FP ,]JQDG RYLK YULMHGQRVWL SULPMHULYD®L VPR
VDRRV



5 OHWRGH HNVSHULPI

53 'LHOHNWIHNYDDRVNRSLMD

3ULQFLS UDGD YHULQH DQDOL]DWRUD LPSABWG@BXMiE V'
NRMRM VH PMHUL VWUXMD NUR] X]JRUDN L QDSRQ QD X]RU|
YHOLPLQH WM UHDOQH L LPDJQERMDDEGH XIR B S\RUA-PTRMAW@DIS F
LPSHGDRQ NHER HYyXMH YROMWPSRIQRAMHGQRVWL RWSRUD 5
GLUHNWQR PMNUILBFRBWRRVVRWSRRUQLND 5 RELPQR VH XSRW!
ELWQR SRMDpDYD VLJQDO DOL RGR]GR RJUDQLpPDYD IUHNY

8 VOXpDMX YHOLNAKHBDOWHEBRXWERUHGLYR VD XQXW
YROWPHWUD VWUXMD VH PRUD PMHULWL ,G\LW HASWW @R DU O
RWSRUDRML MH PDOE, XHRGOQWFDSR@VNRJI L DPSHUPHWDUVN
RGUHYLYDQMD LVWRVPMHUQH YRGOMLY-RWVWNIR @Y R XMKNRSRW
VWRMQL YDORYL X YRGLPLPD L]EMHJDWDWIXQ WIRUWLPEDNMHROMH
SULODJRGEH LPSHGDQFLMH 2 RYRM iH PHWRGL ELWL UHpH

(o)
>

R
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60LMDWKHPBEPY9 ,PHWRGH RGUHYLYDQMD L PC5 HRGIDMHF L WIUHL NKHi RS QI
LPSHGDQFLMH

2YRP RVQRYQRP PMHUQRP WHKQLNRP PR&H VH PMHULW
LPSHGDQFLMH UDGL SDUD]JLWVNLK NDSDFLWHWD NRML X]U
VSRMHQRP AM@R:PDWRQWDNW 5DGL WRJD VH NRULVWH DX\
NRPSHQJLUDMX HIHNW FXUHQMD VWUXMH VD / NRQWDNWD |
QD SRWHQFLMDO PDVH 2YDNYLP QDPMH&AWDYDQMHP YLUW X
LApH]DYD.



531 $XWRUDYQRWHAaQL PRVW

2YDNYD PHWRGD PMHUHQMD NRULVWL VH X GLHOHNW!
RPRIJXUXMH PMHUHQMD L]JPHyX  +] L 0+] 3ULQFLS UDGD
WHNVWX 6D X]JRUND VX L]YXpHQH A&LFH NRMH VH VSDM
LQVWUXPHQWD 6DP X]JRUDN MH VORAMQBEXDRYRNR @ WDINW Q
VSDMDQMD VH NRULVWL VH X VYUKX WRpQLMHJ RpLWDYDQM
YRGRYD

L® ®

60L%DOLMHYR PHWRGD PMHUHQMD LPSHGDQFLMH X]RUND
GRGDWQL SRRWS\ RDLU)YOMHQ MH SDUDOHOQR VYDNRP WHUPLQD!
YDORYD

1D / NRQWDNW X]JRUND X VHULMX VD X]JRUNRP MH VSRMtE
NUR] X]JRUDN 80D] X SRMDpDOR MH VSRMHQR L]PHyX / NRQ
IRUPLUD VH WDNDY QDSRQ NRMV, MH. /KB WRHN D@ ) MFRIR ¥ RP(
SUHRWSRUQLND 5 QDWUDJ QD NRQWDNW / RYDNYD SRYUL
SRWHQFLMDO QD NRQWDNWX / NRML MH MHGQDN SRWHQF
NRQDH@bF]QXWR ]DSUDYR |]QDpL GD RYDNR VORAHQL DPSH
QULMHGQRVWL RWSRUQLNDDS URRIHIGMDR WAKMASHIR SHDEBRE GHEOVHLP H (
NDNR EL VH SRVWLJOD &WR EROMD SUHFL]QRVW

.DNR / SRWHQFLMDO QLMH JDOYDQVNL VSRMHQ VD PDV
QD YLUWXDOQRM PDVNR D] XORBQ NDIR] RRSBMER. NL ][RRV X E
MHGQDN®DpPH MH VWUXMD NRMD WHpHVX NRROMWD DN WK N R |
MHGQDN QXOL 1DSRQ RPpLWDQ L]JPHYyX GHVQRJ NRQWDNWD
RWSRUQLNX 'DNOH WWHRAHERHPGQHESR®D VWUXMX NUR] X]R
SUHFL]QRVWL PMHUHQMD XPMHVWR NRUL&AWHQMD GYD YF



5 OHWRGH HNVSHULPI

LIPHYyX PDVH L SUHNORSQLND PXOWLSOHNKLRKRQWBNW DD
GHVQRJ NRQWDNWD RWSRUQLND

3RMDpDOR VH VDVWRML RG XVNRSSRIND QRQMDR G B DL ]Y
SRMDpDOD 6YDNDVWRGXBERHDFLRQRJ SRMDpPDOD =D QLVN
N+] PR&H VH NRULVWLWL RYDNR MHGQRWWS®N QR HKYRHQ|
NDUDNWHULVWLNH RSHUDFLRQRJ SRMDpDOD OR&H L PRUD
V, QD GYD GLMHOD NRPSRQHQWX NRMD MH X IDJL L NRPSR«
RGQRVX QD XOD]QX VWUXMX

$NR VX GXOMLQH NDEORYD QD SULPMHU SXWD PDQMt
VWRMQL YDORYL 6WRMQL YDORYL QD / NDQDOX iH RQHPF
NDEORYD RG FP WR ]QDpL GD IUHNYHQFLMD QD NRMRM i
.DNR EL VH WDM SUREOHP ULMHALR ¥ Q MM HNERD NRM BIROQILN
RG : .DNR MH LPSHGDQFLMD NRDNV LMDOBNK LNWME B O DNW D R
RQHPRJXiUHQH &WR VSUHPDYD SRMDYX VWRMQLK YDORY
IUHNYHQFLMDPD L]QDG 0+] ]DYLVQR R GXOMLQL NDEORYD

-9 5) $QDOL]DWRU LPSHGDQFLMH

OMHUHQMD DXWRUDYQRWHAaQLP PRVWRP QD IUHNYHQFL
SD PRUDPR NRULVWLWL GUXJH WHKQLNH-9D5P 0IQDDQ MDN R
RPRIXUXMH PMHUHQMD GR **] 8 RYRM PHWRGL X]RUDN
LQVWUXPHQWD VABEDWYBRYW:PHWRGD PMHUHQMD NRULVW
VSHNWURPHWUX $JLOHQW $

*HQHUDWRU DIWNQRUMWRQWDNRML UHJXOLUD UD]JLQX SRE
vLIQDO VH SRMDpDYD SUHNR WUDQVIRUPDWRUD NDNR EL V
7THVWQL HOHAHOMFH 8QGH B IOMUBWAH VHULMVNL VD VHNXQGI
SDUDOHONN ¥ SDMD IMMHDLR S HAWIMHNR NRMH VE: &MU G WAIXR Q
VWUDQX WUDQVIRUPDWRUD VSRMHQINRMDMR@A XNH G Q DP MPSIHHC
NUR] NUXJ PMHUHQWXOeWQLBHORQMWM PMHUH RED QDSRQD LVWI

,PSHGDQFLMD X]RUND MHGQDND MH

L=
E

2SLVDQD PHWRGD GREUD MH ]DMH ®IH LY GLLNUH G QRMWR MHPSIH G
D PMHUHQD V@D XN\DUXMDXNNR] XLRSH & MIRKVHEHRH LPSHGDQFLI

ZX



NRULVWL VH DOWHUQDWLYQL VSRM X NRMHP VH VWUXMD P
X]JRUND L LNPISHG-DVQWVQ R/JO B BPHVQQWRINR EL VH WR SRMWDLJOR

QD JRUQMHP NUDMX WUDQVIRUP DHVUR MV NAS IV 2 DX MRHU N FPRH § %P §
X]JRUND X RYRP MH VOXpDMX MHGQDND L]JUD]X
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6OBBIDLMHYR VKHPD SULQFLSIH XYRIWNHID-N BF HGRHZRPQFD PDO

YULMHGQRVWL LPSHGDQFLMH GHVQR SRMHGQRVWDYOMI

LPSHGMEAFX]RUND

"]



6 7TUDQVSRUWQD VYR

6 TUDQVSRUWQD VYRMVWYD

8 RYRP SRJODY OXHJXSRNDWHVPMHUHQMD OLQHDUQH L C
RGUHYLYDQMD SROMD SUDJD X WHPSH PWKUE R M 3 RXULX YN
NDUDNWHUL]DLF ISWHR X RYDQ@MH XWMBBDWYREYRMWD G H LHN-DOD
VWDQMH PHKDQQRFHYRYGQMD W.BNRSIWWQQPDNORUWQDPHL GLH
VYRMRWWMH R QLVNRHQHUJHW VDIL A DSR EXEDEDMAQ APLYWRGDP |
XVSRUHGERP RYD GYD HNVSHULP 8 Q®W HISPENBLIM Qi pS RAWRXIQ
WD RNGILOPH L QLVNRISREXFAYMN L

(OHNWULPQL WUD Q\pIR UM PMX]RIWABLBHBIML R DXY] RQULFYLRPRM
RJUDpLYDQMISP -WH QD GYLMH YUVWH GRSLUDGQIEKP BRNRUDN
YDQMVNLK NRQWDMNBWDDQPHFXRKONMOMHPWSRU X]RUDND QD
WHPSHUDWXUL NUHWDR VO-MHJPHI@MD ZLULQH L GHEOMLQH X

VSHFLILPQL RWSRRYBPJRUINDMHGQRVW:EPD IQHOR WLHALDRV QWU M F
R]JUDPLYDQMD LOL QLYRX GRSLUDQMD OMHUHQ MH L RWSRL
QLMH SRND]JLYDR ELWQH UD]JOLNH VD QLYRRP R]JUDpPLYDQMD

7HPSHUDWXUQH RYLVQRVWL OLQHDUQRJ RWBER®DHP MHU

P9 FP LVSRG . 9LAL QDSR®L MH VNRRIWL UDHOQQH &XPD
WHUPRQDSRQD

1HOLQHDUQD YRGOMLYRVW PMHUHQD MH NODVLpQRP '&
R SRGUXpMX WHPSHMDDQXWNDLR WEHBBREBRW® XEPPWQD PHWRG
PMHUHQMD MH EQDDGRJIDPNH pSIQDVHYH SREZWR VX YHOLNL
PMHUHQMH RVFLORVNRSRP .DHNIRH N WHIRNPHRVPIF IL IR S\RSFOWDD |
PMHUHQMD VX ELOD RJUDQLPHQD ALULQRP SXOVHYD L]QDG
VPR RVFLORVNRE MRIDUN @ DMHIPLWK @V LPDYDNYRP PHWRGH
VPR PMHULOL pLVWL X]JRUDN WH GYD RJUDpPHQD L SSF
PMHUHQL NODVLpQRPSLY POIWRIFRRIFL VX X RYRP SRGUXpM X
OLQHDUQRVW X ROWDSRRM RMR SIWLDAG IMEMIA H Q R



9HULQD PMHUHQMD GR . UDYHQD VX QDYDB]RWHLPDQ D
VX SRND]DOD LVWH NDUDNWHULVWLNH NDR L PMHUHQMD I
]JODWQLP NRBRYWIINAVOLRMHDUQH NDUDNWHULVWLNH NRMH UH E
VX PMHUHQH X NRQILJXUDFLML NRQWDNWD

61 T HPSHUDWXUQD RYLVQRVW OLQHDUQ|

2WSRU QD QLVNLP SROMLPD RGUDA&DYD NDUDNWHULVW
QDERMBMHOGIMRRHDPR@EAMLY R VaMX JRWIWNIK GDMH PRJXiH NDU
MHGQRVWDYQLP PRGHORP YRGOMLYRVWL pLVWRJ SROXY
DNWLYBR@MIDQMH X FLMHORP WHPSHQEDWXUQBK LPRIGIW XM
]DUDYQDQMH MIMB®#BHUXJIJL DNIHALPFLRIQPLO5+ YRGOMLYRVW
WHPSHUDMWMIRIP VOILNB RYRP GLMHOX iHPR SRND]DWL QD N
WHPSHUDWXUQD ND U DN RJHDHHE IGNRS YOG R L XRRWFILPD  2W
VREQRM WHPSHUDW X G M NEHRI@IHINIBY B\W R WP R/ SUL M MS$IRPHQ X
XWYUVHQ R POLHPHOIMMDND SRG RSWLPNLP PERVMRYRR®RP GR
RGQRVQR PMHUHQMHP RWSRUD SULMH L SRVOLMH o]UDpLYD
9ULMHGQRVW ROWHRQPWNHOMK. SIBQRGRSLUDQREp BIR
L]QDG:. 5D]ORJ RYDNR YHOLNRM UD]JOLFL MH WDM &WR VX R
QHSUDYLOQLMRM IRUPL QHJR pLVWL X]JRUFL LOL GRSLUDQL
GRH]DOH VX YULMHGRIRMBLO. [RIBN GB L]GRSLUDPQL VD 1E
=DWK PMHUHQMWDME@PSHUDWXUDPD X QHNLP VOXpDMHYLPD
SDAQMRP L GXJRP RGJRGRP RPLWDQMD QDNRQ SXaWDQMEL
XVWDELOLLRUHDOGNVE®¥1LMH L]D]YDQH SDUDJLWVNLP NDSDFL\
JUDQLPQL VOXpDM SULOLNRP P:MHSBQ ML \RWSRU N DX R E/INVD HF
GRELYD VH UHODNVDFLMVNR YULMHPH RG V 9ULMHPH pt
JUHEND X RpLWDQMX QDSRQD PDQMD RG MH SXWD GXA&aH
GX&H RG UHODNVDFUMMMNR/IY PNRBHRPDWDQMD QDSRQD SULOL
MH QDSRQ NDGD QHPD VWUXMH 1L WLMHPHQ DB RQLPDI UMD
X]RUDN SUHOD]JLR GXEOMH X QHOLQHDUQL UHALP
BOLNBRND]XMX]RWGRUHPSHUDWXUH SURMHRDI®Q RWW LP
OLQLPXP X RHVSPYOMDKOQBRVOMHHWDOMRI SRQDADQMD YR



6 7TUDQVSRUWQD VYR

YLALP WHPSHUDWOEPWHQMD IOXNWXDFLMD 9*1 SDUDPF
WHPSHUDWXLUPDERHU DW X U Dp RLVGH. KXRFHQMHP GHILWNSIRWBD QH P
SSP R]JUDpHQRVWASPGR §DQ PR QW PN FD P D Q M HWLL] B B @By X
QLYRD R|DDphHQ SB® VH X SRWSXQRVWL JXEL &WR MH RSDA
8]JURN RYRPH EL PRJOR ELWL VWDELOL]JLUDQMH 9*1 SDUD
10X NWX SRLHWNR |DSLQMDQMD BDEHR RIDUREhPVWRUBEPD RYDM
MDpH LJUD&HQ

6OLRBRQEDaADQMH PLQLPXPD X RWSRUX SULMH SULMHOD]D V

7HPSHUDWXUD SULMHOD]D VH VQLADYD QLYRHP RJUDpH
AWR MH NYDOLWDWLYQR YLGOAMNLUWD]YRDNMWL]PRW®B RWRID WL
GHULYDFLMHXRMWBRQW LPRDWLYQR RGUHGLW IALRNMH B YSUMHI M @& C
RPpLWDQD SR NULWHULMX SLULQH NULYXDMH QPOSRAM: W KV+
OD[LPXFHPSHUDWXUR BULIVHHDMOM QLBRSJIIRUFLPD MH XJODY
L]IQRVL .- GRN MH X pLVWRPH RQD EI3WQRHOEDXLARSRVDC
SXQR ALULQLAH YULNMHGOQRX®BUXL DRGRQRVIQRULMHOD] MH E
QHJR X RJUDPHQLP &WRLY AV H PGSLHUHNWXQURY MLREY.LVQRVWL RW S



6OLNDXVSRURBEVQRVWL RWSRUD R WHPSHUDWXUL QD YL\
RJUDpHQH L GRSLUDQH X]RUNH

BOLNXVSRUGKBEDYDFLMH ORJDULWPD RWSRUD SR LQYHU]X
GRSLUDQH
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7TDEHODUDNWHULVWLND PLQLPXPD X RWSRUX L]JPHyX PHWD

TeLoRTPLR . WHPSHUDWXUD L &4LULQDHQHUNEHWD DV SRIG D
1LYR R]JUD[ Teig. |RTeLcR . [ T . ALULQ
SSPQLYR SULMHOD]D
GRSLUDQMD
PLVWL " 14
“ / / /
6.7 " 15 /
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%H] REJLUD QD QLYR GHIHNDWD VYL X]J]RUFL QD WHPS
DNWLYDFLMVNX HQHMUWNDSXVRIGYDFLRQL UHALP NRML VH XVS
NDUDNWHUL]JLUDQ MH QLARP DNRM®DFDRW R PQ HQREND RRID p |
OLMHMMOBG GRSLUDQLMHXYREDND X]RUDN VD 1IET 3RGUXD
NDUDNWHULVWKFR]JUDpHBLPDX|RWULP EURMWR SRVWARDWED H 7
QDMMBN@LMH RPMHUD RWSRUD QD . L VRE QRI] WDHMSHID W
NDNFBWHND]DQR KOXRBWREXUDQRP X]RUNX VD 1E ]DUDYDC
PLVWRJ X]JRUND D ]D X]JRUDN V 1EMH ELWQR SRWLVQXW

.DNR X]RUFL QL&HJ SRSUHPQRJ SUHVMHND VOLMHGH MFH
SULMHOD]DISRGMBEMDNRGOMLYRVW X VPMHUX RNRPLWRP
SRND]XMX EULVDQMH SRGUXpPpMD ]DUDYQL WHW®DBINDOL VPR
GHVQL SDQHO 9LGL VH GD SRGDFL QH VOLMHGH MHGLQVWY



60LNP7 NDUDNWHULVWLND VBPRPRWDX MPDLLNBHIMBLINBDW SR U L
QD . L VREQRM WHPSHUDWXUL uUuRYLVQRVWL R EURMX GHII

GO NMDLMHWRHPSHUDWXUQD RYLVQRVW RWSRUD pLVWRJID
FLMHORP WHPSHUDWXXRPR® NSREGNDUPMEDp XQDWD QLVNRWHP
DNWLYDFLRQD X @®RYUMQPROVWL R X&UMHHON PG NIUHDNEDWIDPD VX S
GRSLUDQL X]J]RUFL VD NRRUGLQDWDHWDQ®D IDWBNIEEFISRGDFL IX Sl
UT
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IHOLQHDUQD YRGOMLYRVW L SROMH ¢

3ULMDAEAQML U HPXIRMNDWMIX BGREWBEIDD pLVWRJ X]RUND L]Q
SULEOLAQR NRQVWDQWQR GRN LVSRG . LPD NRPSOHN
PLQLPXPRPRNR 1IYOLND/SRG . SRVWRMH GYD SERWOMISUDJ
NRMH WDYO®D YHWRNLP WHPSHUDWXUDPD YL&H L UDVWH
WHPSHUDWXUH D QL&H SROMH LP D REGLARIMOINDKO WHIFS HU D W
SRIDBUBURPMHQD YRGOMLYRVWL RHASRGWDPIDNRH B ORJIRI
HIHNDWLQMDQMD VROLW RN QW XPHPQR VERJR P D UIMDQMD QD

3XOVQLP PMRYADMRPORSRP LVSRG . QLSAPHRPBRRAL F
RWSRUD RVIFMORX NRBPRV X X]RUREMS RUVPR QD QLVNLP WHPS
PMHULOL LVNOMXpPLYR HOHNWURPHWURBWRQXWUBSGIGNW D
RJUDQLPHQMH GXOMLQH SXOVHYD7DWMRYHUMHGGRYWH G QR
HNVSHULPHQWD NRULVWUG®M QBPYR ] YSRUH WBHIDGR. UH]XOWDWL
NRULAWHQMHP VWUXMQRJ L]YRUD GRN VPR QDSRQVNL LJY
GRSLUDQLK X]RUDND L]QDG . NDR. &WRM XQMR ONRFLPQ W
PMHUHQBIUFR B RNIDIRM O D N \BDFL @ISR QDHODNVDFLRQL UDVW V
NRULAWHQRM PHWRGL PMHUHQMD GRN MH X LVWRVPMHL
SRVWRML NYDRYDWQRY W G

6YL UH]XOWDWL NRML iH ELWL SULND]DQL X RYORP SRJC

NRQWON@HOLQHDUQRMWLX MH RPRIHW QRRGOMLYRVWL QD ¢
WHURVWUXNRR CSLRXHWDXY SHDYJDGOMLYRVWL D SRND]PQR MH |
VOLMHGL LVWR WHPSHUDWXUQR % R@DGEDIQMHSRBR.DNR QHD U
MH ORJDULWDPVND VNDOD QDMSRJRGQLMD ]D RpLWDYDQMH
MM GA&RJ VNDOL YRGOMNRL WRVWMHGQROMDLQMHQR L UDGL R
PMHUHQMD NRML UL B ¥RARNEBXNEVR@ XWXV B ROVD E HErNULY XO
RYL RPMHBMNGQR/WD WDM QDpLQ PRAHPR SULRRHUHIQRHOL
WHPSHUDWXUQRJ SRGUXpMIRARS RG@UDKIHHM DY S RIGIM DP REIX tilH] ] D N
OSRVWRML NRQDp R GROYRH GLJ MID QH O L MIHDIVUQLRAVY W SR M WHRC
SROMLPD 1SU DI @WERWNDDOL LPDDNRWWMDQR QHOLQHDUQRYV
RG [ =DWR UBUENW]DQH QHOLQHDUQH NDUDNWHULVWLNH L
WHPSHUDWXUD L X]JRUDND



.DNR UH ELWL SRND]DQR NDVQLMH SRVWRMH GYLMH Y
SRGUXDPIMNIDOLNDSROMH SUDJD LPD PDNVLPXP QD . WHPSHL
SRGUXOMDND5DGL WRJD UHPR X GDQMHP WHNVWX SRGUXpM
QLVNRWHPSHUDWXUQR SRGUXpMH D L]QDG . YLVRNRWHP.

yLVWL X]JRUFL

6OLNBULND]XMH UH]XO \WDWYWHDEXY R UAQRDD POQDLP SROML]
YRGOMLYRVW MH NRQVWDQWQD DErL BRPG QRVGIU H PHVQH. Y 2\ V!
PQRJR VODELMH L]JUD&HQ QD WHPSHUDWXUDPD QLALP RG
SULNDQBNDID RNR . YRGOMLYRVW MH OLQHDUQD GR YULN
MDYOMDWL HIHNWL JULMDQMD '6WMIBPDGIPJI® L M ONQN ¥ X\OH [ L
JGME WRGOMLY R \WPW XDR D NJIB LBRMXPNDDEX) [GIOMHO HQHDUQD SURF
YRGOMLY RVQDWRPMH QHOLQHDUQRWWRSUWRUDDQOMR JWIHWES @ A
SRGUXpMH SRGLMHOLOL QD YLVRNRWHPSHUDWXUQR L]QDG

1D QLVNLP WHPSHUDWXUDPD RSDAHQR WHPSBIRID WIXGBLO F
UD]JOLNX RG SULMDAQMLK PMHUHQMD NRMD SRND]XMX GYI
SROMLPD 5D]ORJ &SRB ALY RRYKBRIQMD UQ RV WMQEDME 5. R LR O
WHPSHUDQHQIDPHDUQRVW MH ¥ XDEROLJGRAMDDQLAMRWHPS
QHOLQHDUQRAEIX L]QDG QL&HY. SROMD WDIM HP U8 RVUIHIO BB
SRND]XMH GD QHOLQHDUQRVW SRVWRML YHU L QD QDMQLAL
VWIHY OBND=DWR MH SUREOHP X GHILQLUDQMX SROMD SUDJ
SRVWXSND X NRMHP VH ]D SROMH SUDJD X]LPD RQR SROM
2VLP 4&WR MH QD QLALP SROMLPD UHODWLYQL QLYR &XPD X
AXPD QD QLVNLP WHPSHUDWXUDPD GRGDWQR SRYHUDYD QH
SUDJD 2YDM HIHNW X NRPELQDFLML VD VODEWWR QHC
QLVNRWHPSHUDWXUQRJ SROMD SUDJD 8 GDOMQMHP WHNYV
UDVWD YRGOMLYRVWL L]QDG SROMD SUDJD
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6OLNPRUHQHOLQHDUQL R W]SRRUN P LVWRJX7 D 6L . GWROMH
5DYQD GUQDNIRUQMRM VOLFL R]QDpDYD OLQRMX ANXFS@WAD Q W
VLPERIQDpBEPMMRYLVQRVW



6O0IBIDHOLQHDUQH NG®E DNWHDXVOIINBDDQHDUQRM VNDOL ]D C

1D YRA3ROMXPBMHVWR RSDA&DQMD RESDAH \Q-H @QIDJ B DU KRR
YRGOMLYRVWL NRMDLMMOIRMRMH HNYSHULPHQWD®KIM. UH]X
WHPSHUDWXUDBRBRND]XMX GD YRGOMLYRVW QDHQJB RDERLP VV
SRPLOQMH ARG BIWVHNWLY QR RGJR Y IHWH GFR WMBNEQY&EURM DEQ ML P
PMHUHQMLPD RYDNDY HIHNW MH SULPLMHUHQ LVNOMXpLYR
QDSRQVNLK NRQW D NDXOMGRPIHRAHY G NYD \DH CoLUQLHPDL IM@VRHA O
i X SXOVQLP PQYRVWWFRMIVPOIRB] SRSUDW QH NDHNOYDXN E D FRVHHN L Y T
VOXPIDMMDQMH ]D YR MAHHPRYIGUD SRVOMHG L KD BEM]WUNGPQD
WHPSHUDW XU D P DH WNRIVRESHIDHARMROM 3DQMHP HNVSHULPHQV
XJURN RYRJ HIHNWD WUHEDR EL ELWL MDVQLML 'LMHORY
RYDNYR SRQD&DQM HXQGHLAVDH LMD OL]LUDW L

1D YLALP WHP SHOOL\WXDDPRVW MHMMDDD) XD QWDCPL BHD U
YRGOMLYRVWL X&L 3RO MSUISED]IIGCN/MILEADINHRIR VXULH QL P LC
SROMX SUDJD. QIH MDVQR LVWDNQXW &MHORNXSQR WHPSH!I
X VNODGX VD VWBULMLP UH]XOWDWLPD
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2]UDPHQL X]JRUFL

5H]XOWDWL PMHUHQMD RH®LGHPR B BIHP P REULMDYBR P W IV X \
ORJDULWDNPWARNMPHILQD RJUDPpHQLK > RUDONL [PQRFPU HQ B HW R
L]QDG . MHU VX P NKHYBIOWHSKXDEDQMMHK QLND MR QLMH
&&5 MRA QLMH ELR WL BRI RVOHP SRINPD W X UDM B YIRFE O/HHP JULMDC
UDGL VPDQMHQMD RWSRUDS XJRUMB i HQWOG b Q MBURWDSH R P M
VQDJRP RQGD SROMH SUDFRGQByWRMQWHPSHUDWXUL QLMH



6OLMMH NULYXOMH QHOLQHDUQRDWN HPIQURDE BISIRKEU X pRIXD N Q
WHN X i HJ GLXYER NRRD U R pHIIFAMVQD SRMHGLQRP JUDIX
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'] QHOLQHDUQLK NDUDNWHULVWLND MH MDVQR GD VH
SRYHiUDYD 1R MDNRVW QHOLQHDUQRVWL VH G&QMEDR QH F
SRND]XMH QRUPDOL]JLUDQH YRGOMLYRVWL X RYLVQRVWL R
QLYRD R]JUDpHQMD QD . 2EMH YHOLpPLQH VX QRUPDOL]L
SROMH SUDJD 5H]XOWDWL SRND]XMX GD QH SRVWRML NRU
RJUDpHQRVWL

6OBBIQRRUPDOL]LUDQD YRGOMLYRVW X RYLVQRWWILETR QRUPD
QD . ]D YL3&H RJUDPHQLK X]RUDND 1LYR RJUDpPHQRVWL
MDVQRuH

1D N R QMEAXR WHDO® MNH U HERVIDD RYW. MH QD V RRRV BOYD RXUDpHC
X]JRUND VD L SSP GHIHNDWD NRMD VX PMHWGIQND X FL
66. Time MHSRW S W@MMNDR NRPSOHWQR WH P $B URD WIXHHIRE BXR 8 U X piV
QHOLQHDUQH RDUGWIVRUULDWHMD X]RUND QLYRID @HUDPBARV
-HGBRG RYLK X]JRUDND MH PMHUHQ SULMH D GUXIN@GDNRQ
QRYLMD PMHUHQMD XNOMXpXMX L QLVNH WHPSHUDWXUH [
UH]XOWDWL PMHUHQMD QD RED X]RUND 3UHWSRVWDYOMDTF
VWYDUQL QLYR RIXDPHQMR QLAR\LXQRRQSHP\SQIDNBDY DM
X]JRUDN MH X JUDIRYLPD R]Q®%FFQ R]QDNRP A SSP



6O0OLGDNULYXOMH QHOLQHDUQRVWL QD NRPSOYBWDBPQWHP .
XIRUBBNYIMHVWR RIQIDp@MED PR QHNRE@ISMRIDAMLXEBEBOMHIJ VQDOD
aXSOML VLPEROL SULND]XMX RGUHYHQD SROMD SUDJD L YU
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60GNOHOLQHDUQH NIBUEDNSWHNDYXIONH OLQHDUQRM VNDOL ]
SRGLMHOMHQR KRUL]J]RQWDOQR L GYD QLYRD R]JUDpHQMD

/JLQHDUQL SULND] QHOLQHDUQRVWL SRND]XMH GD MH ]
QHOLQHDUWMRYXMAHQD DOL X RED X]JRUND QHOLQHVDUIQNRVW S
67.,] ORJDULWDPVNRJ SNQ N B pR EHOR &HYDKRJPEDMX RWSBWLOLN'|
XGLR QHOLQHDUQH NRPSRQHQWH YRGOMLYRVWL X JUDQLFL
LPD EU]JL XVSRQ QD YLVRNLP SROMLPD UDGL JULMDQMD

Dopirani uzorci

1IHOLQHDUQD YRGOMLYRVW GRSLUDQLK X]J]RUDND L]PM
SRGUXpMX LVSRG . OMHUHQMD QD YLaLP WHPSHUDWXUD|
GR YUOR YLVRNLK SROMD RG 9 FP LIQDG NRMLK GROD]L ¢

S9RGOMLYRVW]BREBNDDL] DK G . QD YLVRNLP SROMLPD
VWUXMQLP D NDVQIWRURPQ INDRNRVMIHP REMD&EQIMHQRERNX XRJIC
LIPMHUHQLP YULMHGQRVWLPD YRGOMLYRVWL NDR L YUF
SRND]DWHOM JULMDQMD QUL MHAHRNEIRUDB\VRODMLEDSRQD E



NRPSHQ]DFLMVNRJ NRQGHQ]DWRUD SULOLNRP PBDIMUHQMD C
'RGDYDQMHP RYRJ NRQGHQ]DWRUD SDUDOHOQR RWSRUQLN
YULMHPH SRUDVWE RRUHUWO@MDL PMS\RUD VD NRQWDNWD Q
QD NUDWNLP YUHPHQVNLP VNDODPD HIHNWLYQRJ 5/& NUX
4LFD 2YDM HIHNW MH RGR]GR RJUDQLPLR YUHPHQVNX VNE
JULMDQM® WYDDOD QD NRMRM VH XJXatD RNRQOVDANWB X [/RCU
PHYXVREQR VX VSRMHQLYPWHNRRSBERR WD PDVRP =DWR QL
SLVDQL QDpLQ SRVWLiUL GD QDSRQ QD VYDNRP GLMHOX X]
QHPD WOWRH GLQDPLNH

8QDWRp RYDNR NUDWNLP QDSRQVNLP SXOVHYLPD X |
QHOLQHDUQRVWL X YRGOMLYRVWL QL5 X. REDNMM DD PS REORIL
NRMLPD QLMH SULPLMHMMMQR JBLAWD QINDH WHOR®IMXD RYDNY F
]JDNOMXpXMHPR GD SRVWRML RVQRYDQD LQGLFLMD GD QD
QHOLQHDUQRVW X GRSLUDQLP X]J]RUFLPD LOL MH RQD GRY
XRpLWL 7DNRYHU SRVWRML PRIJXUQRVW GD QHOLQHDUQRVYV
SXQR YL4H YULMHGQRVWL 'RGDWQR SREROM&DQMH PHWR(
NRQWDNWD QFDJREEM@YDQMHP NRDNVLMDOQLP NDEORYL
SDUD]JLWVNL NDSDFLWHWL

1HOLQHDUQH N D U DUNIWHILPLWNARLAN HS UXL NEDRXEDUS_FONLIN]EK MY W L
QHOLQHDUQRJ GLMHOD YRGOMY®RNID NR JIMNRQ NKL WL WR.K L R

QLYRRP GRSLUDQMD SULQHAWR XVQN Q LAWHDGMIL QIHERBLWR Y
OLQHDUQRJ SULND]D VOLND
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BOLNDNULYXOMH QHOLQHDUQRVWL XGQIDVIERW HP SEOSDRIRU DR
VLPEROL SULND]XMX RGUHYyHQD SROMD SUDJD L YULMHGQR



BOLNDHOLQHDUQH NGB DSIWHDIXWIIN D XQHDUQRM VNDOL |D
QLYRD GRSLUDQMD

Polja praga

6OLNBULND]XMH SROMD SUDJD RGUHYHQLK L] PMHUHC
GRSLUDQLK L RJUDpHQLK X]J]RUDND X GYD RGYRMHQD WHP:¢
REJLURP QD NYDOLWDWLYQR UD]JOLPpLWR SRQDADQMH QH
1LVNRWHPSHUDWXUQD QHOLQHDUQRVW MH UHODWLYQR QH
REOLNX QLRELMHYLK GRSDQDGD ELOR X REOLNX LQWHU'
RJUDpLEDROWRIP WHP SHUD WEUIPR/RN 8 RVGDU YWHWPXS H MIBIWXX P RVPYWLR @ [
X]RUNX 6XVWDEQXDBRNFANDPMHP EURMD GHIHNDW D GLWIH Q
WHPHOMX UH]XOW D W DED@D@I [HRN RN D QWL M R G QIRI\DWIRNYWK Lii [ C
UDJ]ORGIX]RUND GR X]RUND MAYDWYARG]DSHHBID YMOILYUQMHGL E
JOHGROHE®R GRSLUDQH L RJUDpHQH X]JRUNH LOL QH 8 V
DQDOL]RP ]D QHO 9@ HIUSRN ¥ RYW QMIPR GD ]DSUDYR QH SRVV
SROQM NRMHP QHOLQHDUQL GLR YRGOMLYRVWL UHODWLYQR
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60LNBROMD SUDJD pLVWRJD X]JURND ¥H QLYDNLRPQWKASERDB L
OLMHYR L YLVRNLP WHPSHUDWXUDPD GHVQR

SWMHFDM R]WRNRNRWHP SBUDWXUQX QHOER®D WQBMW M
YULMHGQRXWNMHBERM GORS IGWD QMOQWHERM B Q K MERVQIRME SROM
SUDJD HNVWUHPRR SUWVRWRDYOMD MHGQX RG JODYQLK Ul
RIJUDpHQLK2RNRWWDMIRNDOQRJ PDNVLPXPD QD . L PLQLPX
PLMHQMD VH RJUDPLYDQMHP VXGHUGL L] SXOVQLK PMHUHQ
SRND]XMX VPDQMHQ@MBENRY RS RPIMHUDH]XOWDWL VX PRJIXUD
RGUHYLYDQMX SROMD SUDJD L] LVW RWEPBGQ LK .P MR MHQQLD/
XVSMHOL L]GYRBMWH iH RGYOMNYBEDQMH QDVWDMH |D YLAH Q
JULMDQMD L]UD&HELDME RID|GURRGPLPWMDX]RUDN L ]D X]RUDI
UDJLQRP R]JUDpPLYDQMD LPD JRWRYR LVWX WHPSHUDWXUQ X
GHIHNDWD R]UD [SIRYHAUM& BW D PR
BOLMIRND]XMH ERRLN@RVWQWUDGDML G H IGHN PWRBDR M (

PLQLPXP L ]D NRMX SRVWRMH HNAHS H D LIPGHH) R/ DD IEYSIREGWDF L | |
n RYLVQRVW VOLMHGL ]JDNRQ SRWHQFLMH AV R N\HS @ B H@VDA F
VMHGQLP RSLVDQLP PHKD(@UBRP ]DEYDM BHNMBRQHQW MH N



BOZNRYLVQRVW SROMD SUDJD R NRQEVWWW XDEUDN BHINXD @
VLPEROLPQR VD NRQFHQWUDFYN@P WRPHNNDWD L]SSPVH L]
]JDNRQ SRWHQFLMH NRML .MH R]JQDpHQ FUQRP OLQLMRP

$QDOQIPNRWHPSHUDWXUQH QHOLQHDUQRVWL

.DNR QLVNRWHPSHUDWXUQD QHOLQHDUQRVW SRpLQMH
ELWQR UD]JOLNXMH RG YLVRNRWHPSHUDWXUQHRR®HDSRMPY O N
VNRNRYD YDULMDELOQRIY B RR|WID H@DHGIRIAMR@N e, DNR M
MHGQRGLPHQ]JLRQDOQR 95+ SRQD4DQMH YRAWMERGRVWL QD
UH]XOWDWH QHOLQHDUQH YRGOMLYRVWL VPR WHVWLUDOL
AW RXW U [55U 9 GIWGODAX GD RYDM QHOLQHDUQL GRSULQRV Y
WHRUHWVN$SWX HR\S L VADXONKRMIDMV R LVNLPSEBROML®ID GD SRVWR
GRSULQRVD YRGIOWDLEIRO/QLLIP SUHWE R FG&R S U IMYRYVQGRBIG IQ HY R \
RYLVL R SROMX WH GRSULQRV P&DM YEEDRVERRED NEIGYDRBRWD W R
SDGDHPD |JDNRQX SRWHQFLMH SRWHQFLMD ]D ' VOXpDM L]

BURYHGEAWY WOMMQ®VNDRUDFLPD RG . VD GYD RJUDpPHQD |
X]JRUNRP QD QLVNLP WHPSHUDWXUDPD NDNR EL PRJOL G
6ORAHQX IXQNFLMX R $LNV P KW@ ROWHIFRVWDY QP IXQN
RSUHQLWLP HNVSRYNQW LIFRIMXPLWR VOLMHGEEF]DNR@D SRW|
YLVRNLP SR®M QDD EQ
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SE

—IG —
L gi.b@ﬁ 3
oE 1
(NVSRQMWMBEWHEEHQ UDGL YRGOMLYRVWL QD YLVRNLP SROMLP!
SRQDaADQMD RSLVDDRD QOIDPREHROAUXP SROMLPD L EADJL SDC
ODMYLALP SROMLPD RNJRYD QAP MMREDQ?SMIDMYMHURMDW
JULMDOQIMMDXOMH SULODJRGEH GREUR VH VYODAaX]QMMMXUM]XOV
WHPSHXBWRUWLWPSOLWXGH QHOLQHDUQRJ GLMHODV®RWWDMH
. UJIRUDNQRPLQDO®SP GHIHNDWD SRND]XMH QHRELVNLE SDC
SROMDPQDNRQ WRJD RpHNLFRP@DBEDWX GDLODIRYDYDQL X]
YULMHGQRVWL QD QLVNLP SROMLPD
SDUDPHWDUbSMHODIBGERIP PDOL SD MH SRQDaADQMH QI
XJODYQRP RGUHVHQOR WRIFENDIRMBIDRM HV N DP WVRERWIRW NR
SUHGKYLADXJODYQRP QH RYLVOIRDMEDPRDIPUGNDWDBBRAMASULOLNH
SURFLMGEE NWUDLDLNWHULVWLNH NDR SROMH QD NRMHEHP MH SU
QHLMHQMD VD WHPSHUDWXURP L SRSULPD YULBNMHGR RWW R C
G OLQHDUQD YRGOMLYRVW SRND]XMH DNWLYDFLRQR SRQI

GE G

3DUDPHBWNMDH SULEOLAQR DPSOLWXGD QHOL@HDW QMH YR
SULEOLAQR LVWD NDR L OLQHDUQD DR PDNMQYRWW QID QD. Y]R(
QD VREQRM WHPSHUDWXUL RQD MH QDMYL&AD X R]JUDpPHQF
QDMVODELMD X X]RUNX WDIAN BBEWRREMXHNDWRWSULOLNH LV
RYRP WUHQXWNX QLMH MDVQR



6OLNBULODJRGED QLVNRWHPSHUDWXUQH QHOBQBDRIGERY W L
VX SUHGVWDYOMHQH SXQLP OLQLMDPD D RULJLQDOQL SRG
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6O/RBDUDPSFWOIDIRGEH QLVNRWHP S\ HUDMAXX X (RHU [NHOD 1QQDH D UL
/IHIHQGH VYLK SDQHB®D JRY DUMMXRWMRERWUDXJRUDN RG SS



6OLMDBPSOLWXGD QHO LQRHIDADIPR.]LEGDMIPOOD YULMHGQRVW Y
WHPHSUDWXUL

9RGOMLYRVMLP BROMDADQD X RYLVQRVWMHN@DLW VRS HF
SRND]XMH VODJDQMH VD PHKDQL]PRP SQKWBORN D DQDEDM
NDUDNWHULVWLPpQRPXVSIRORRPp WK PSHVUOWBNIZMD WHPSHUDW X
RYLVL R ERRMOL]LUDQLK VWD®MID 3R IMHGY Q5F@ RHQ HIWOL Mt
VWDRMD QDpLQ

Iji 153
s

SUHWSRVWDYOMDMXiL GD MH ES®RHVBRD U0 Q WHEIL K D/ WD Q
YUSFH ORNDOLYLUMBGLRLFWPRQMBOYLQD MH RWSUDYMNH VD |
EURMHP GRIGINDIWDNUHED LPDWL QD XPX GD MH QDYHGHQT
WHPSHUDWXUQRP SRGUXpMX JGMH MR& XYLMHN YULMHGL L
SULODJRGEH XSLWQD
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60OLRBDWHVWIGRRIEQMHQLK UH]XOWDWD SULODJRGEH QD 95-
NDUDNWHULVWLPpORP WHPSHUDWXURP

"]



/7 'LHOHNWULpPQL RG]LY

1LVNR UDOGHRYHQWQL GLHOHNWDG hQAMRGHLY X LAMIRN
IUHNYHQWQRP L WHPSHUDRNO] QR PVMSIRGI XM % USRNFRIN LUWHD D N
MDYOMD QD YLVRNLPSWRPBRUIDWYRUDRPDRNRHGOR&HQL NUL)
VPU]DYDROMDXMH WHPSHUDWXUXTS UV WHHOR 0. XRP* 16 R WIDQID R
ID]JH 9DINRMD MH RYLVQD R JXVWRiUL GHIHNDWD *ODYQD PR
RYDNNRIWHULMD=DRUR DVOQ Q VMMEHUHQMD GLHOHNWULpPNRJ R
X]RUDND VD QDPMHUQR XYHGHQLP GHI HRNEW LRI QIDRER WHHY § |
GRSLUDQMHP WH WDQWDORYLK LQWHUVWLFLMD L YDNDQF

3UYR UX GDWLSBBMWHOMHD HN SURFMHQH JUDQLFD SR.
IUHNYHQWQRP L WHPSHUDWXUQRP SRGUXpMX 1DNRQ RSL

HNVSHULPHQW DIO @DKS ERGIH\RWHR UL MV NSIU NND YDMIM i X UH]X
PMHUHQMD L RYLVQRVW L]YHGHQLK SDUDPHWDUD R WHPSH!

71 2SIPMHUHQMD

.DNR YULMHG QR MV NGEIH\DH RWUV.b @ JHRPHWULML X]JRUD M
GXOMLQX L SRSUHpQLDSRBHVMHWS KEFR LLE KRR BEWMSIR UQ O DBR E Q
WHPSHUDWX&P QH PLMHQMD ELWQR RJUDpLYDQMHP LOL G
PMHUHQMD SRSUHpQRRUSBVWYHNRIPRNYHQW Q P MG URIQRI@W [
YRGOMLYRVWL QD VREQRM WHPSHUDWLIP HYQMDPH X MIL
JODYD LQVWIXRERDMBH2WSRUL X]RUDN P SHVU DARE QR M LVOH
UDVSRQX : -1D RSLVDQL QDBIRG RHPQHYISQH VIRIYRLA L@ D OLH &)
YHOLpt@H 2YR MH XVDNG®DBEEIRQDND NRMH]R/Mé EHDVER
R]JUDpLYDQMX W@PRNWL GD iUH XYHSHQDQGEHKRRR.LHEIRWS RGX )R
SREXGH VX NRULAWHQH DPSOGI/NXGH RPSHBRD 2YDNYD SRONM
OPRJIXiXMX SURPDWURGHYLY DLBEBNQYRRPOHRILPX X pLVWLP X
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SROMD SUDJD X RJUDPHQLP L GRSILWKDXY L \XWR B F X PPU F HRID
]JDNOMXpPLWL GD VX PMHUHQMD YRy M®DPXXPRIQHIPDQRP UHA&L]

8]RUFL VX SKVA&BYNORMIQLPD NUXWL NRaD NS MR OIQE HND E |
RG WHUPP@EDRODL UWDQLP X]RUNRP MHGEHHY DWMBRRI GRIUPLQL
SULNOMXpPLYDQMH LQVW UXPBQWWNDL WHDIGRRINQNBMNVR LSIUQ Ml O M X
LQVWUKRHGWGDW Q L2k INNDYEFOFRR YPDYHGERP YH]H L]JPHyX X]RUN
RPRJIJXUHQR M HX WIMRNRINO MG QD SBB PRHPOX DDYDGL JHRPHWU
DOL SULMH VYHJD VDP ID]QL SRPDN MH PLQLPDODQ UDGL N
RPRIJXiUXMH PMHUHQMORQ® MiH NEYHH GBFRWIDWPHBE W\ IR M PLRKQ WO B
VYDNRJ XQRSRDH O MSRIP BINEDNMAID ]EDUD]JLWVNLK NDBD FMHVHW L
NRPSHQMJUSRRRU HWDORMQWNWKLSURBDYRUHQL VSRM NRQG
WYRUQLPNRJ SURJUDPD LQVWUXPHQWD

3RMHGLQL X]JRUDN MH X LVWRP SRVOWDIMNQRWHUISQ NRE
RPRJIXUXMH PMHUH®@M Db R HIQAY $ NRML RPRJIXUXMH PMF
IUHNYHQFLMD 0+] +TLPH MH SRNULYHQR ALURNR IUKKNYHQW:/¢
HNVSHULPHQWX VH QLMH PMHULOR QD | HSYHQ BOMWVSIRIM i \
UH]XOWDWD GY DX X UHNYHIQFERMIOMKW BHNDGH 0+]0+EWR MH
RPRJXULOR SURYMHUX NRQJLVWHQWQRVWL GYDMX PMHU}
SULODJRGEH 3UYL LQVWUXPHQW NRML MH QDNRQ L]YU&HQ
L] &&3 ELR MH $JLO|PD@\R RNHIUWOMD QD YLVRNLP IUHNYHQFL
SURPMHQH L]D]YDQH PHKDQLpPNLP PDQLSXODFLMDPD VSDN
$IJLOHQW $ VSDMDR VH QDNRQLPMWUK®MOQWRP SEHIW K
NDOLEUDFLWM IR R NIDIN A EERWXWRIU GHPRQW D &DD LYODRIHD NULRV YV
SUDNWLPNLEUHIMEWRYMBPRQLAWHQMH

7HPSHUDWXUQR SRGUXpMH X NRMHEB RVWRENMHUW & R SELUD
VD YHOLNLP RVFLODFLMDPD X WHPSHUDWXUL SULOLNRP C
LIYHGHQH WHPSHUDWDOU /IR E\QVR IVE IMOH.R [S EIUNDAVMHUGEHNYHENQXW Q H
YDULMDFLMH YRGOMLYRVWL &dWR XSXUXMH QD GREUX NYD(
UD]JOLN® RBGOMLYRVWL GLHOHNWULpPQL RGIJLY QH PRAHP
NRQWDNWD

111



*UDQLFH PMHUHQMD

;] LIPMHUH Q LKXR WHMB@RYWDGLWL QD NRMLP IUHBNLYHQFLN
PRIJQDVWWDRHOHPL X RHGIRVHQRIX NRMHP VX SRGUXPMX UH]XC
QD NDUDNWHULVWLNH, ®¥WURRKQW \L\W D XPGWWDL UHDOQL
L] DSVROXWQRJ LJQRVD L IDJQRJ SRPDND RGQRVQR DNR M
YHUD RG GUXJH PDQMX NRPSRQHQ@WX WBY M} ZNRIJDY RGO
XVSRUHYHQH Y ULM HIBGPRYWDLO LSWMHR O RB\DRHO XW QL YL]QRV YR
YULMHGQRVWL RPMHUD LPDJLQDUQH L UHDO®DBDNRPERQRB'
WHPSHUDWXUQRP L IUHNYHQWQRP SRGUXPMX X VYUKX RGU

$IJLOHQW $
2YDM LQVWUPOFRHQ@DMBX XORJIX X RYRPVONRERHHGHD W)
X]RUNELR®& Y R O M DH)QNDH S@ANED PAMNEN D] R WDQLYRD RJUDPHQMD
SSP QD iQDMBN& HQER BMHPFS HU R MWXNWHGH L W [R@F HWeS HUD W X U +
SULMB®DLPQDG &aWR MH SULPLMHUGHQR L X pLVWRP X]RUN:
SRGUXPIMXYHUDQMHP IUHNYHQFLMH VHQIDVRYPDRIRW DpHQMD KLV

60/BIDGPLWDQFLMD OLMHYRUHRPYH YRCOWLQRVYH X]RUNI
RJUDpHQRMWU B § WKonxX B BHIQOMH Q W $
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6OZRDGPLWDQFLMD OLNKORM L (RPIMHUHLPRGOMLYRVWL X]RL
R]UDpHQRMWU B g WHorX B BIIQONM Q W $

6OLNDGPLWDQFLMD OLMHYRUHIRPMHUYRCONMLYBRYQYH X]RUNI
R]UDpHQRMWIL B § WKIX B BIIQOMH Q W $

.DNR YULMHGQRVWL DGPLWDQFLMH QD QDMYLALP IUHN
YHi L] VLURYLK SRGDWDND PRJXiH MH ]DNOMXpLWL GD GLH
VOINIVOLNDLD pLWDYRP WHPSHUDWXUQRP SRGUXpPpMX YULMLI
4XPD QR UDGL YHOLNH UDJOLNHGA Y RXGA MR YARH/A\EH MDW & M D F
IUHNY HQFG M DD B/ REBGIPRVVW. aWR SUHGVWDYOMD JUDQL
RYDM LQVNWUXBRHQW PMHUHQMH RYDNYLK DGPLWORQBLMD S|
1R YULMHGERY W IWNLP WHBSHDVWKUBRDUHGD WHQAMH@®R
LPDJLQDUQH NRPSR QIHMWKYNIRGOGILWIR WBLPS R Q6 (DRMR P

LQVWUXPHQW LPD |]D ]DGDiX L] XNXSQH YRGOMLYRVWL DGP
VX SR YULMHGQRVWLPD EOLVNHD GRDWERPDDUHONEP & UH O H G

11¢



IXQNFLMH MH MR& XYLMHN GRYROMQRQWRIQQRL A DO UHNRHNQP
SRYHUDQMHP EWRPWHQRWVIDIDEDUQRYRGONDLERRW LG. SO DL \
=DWR WomQEM HGKHOHNW U L pMIB¥ DRAX] LAYOP RY M H1 R D NYDINNRR N L P
WHPSHUDWIX GDRDPLND EU]D D QD YLWGRNLEOIUBNYWHQLIEMMG €
QD YLVRNLP WHPSHUDWXUDPD WDNRYyHU QHPD SUREOHPD X

UJRUFL NRML VX R]JUDpHQL VD YHULP GR]DPD SRND]
WHPSHUDWXUDPD L L]QDG IGMNY NAFY MG LRIGE WERHIWG Q AL D
QD QDMYLAEALP ISRNYGIPXKLSVRINFDD SDWL NDNRpWHWHBSRUDW XL
RIUDpHOIRWW IMH |D WH X]RUNH ELOR SRWUHEQR SULPLMHQL
QD YL&ALP IUHNYHQFLMDPD =D WX VYUKX VPR NRULVWLOL $

6OLNDRQWXUH RVMHWOMLYRVWL L OLMEYWRUKPHQBDQM
GHWOYRSURVWRUX

$JLOHQW

RDGL YL&HJ SRGUXpMD IUHNYHQFLMD PMHUHQMD RYLP
DGPLWDQFLMD MH YL&4D QHJR RQD PMHBACHQD V@INDUXPHQ!
9ULMHGQRVW DGPLWDQFLMH QD QDMQL&LP WHPSHUDWXUD
QHJR NRG PMHUHQMD $JRYOMDWRFWUXRS QWWRID LINRA K LR/NH

114
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DGPLWD Q SN KRBIBQND SQD QDMQLALP WHPSHUDWXUDPD QI
WRPQRVWL OH§yHWHOMDDGL VSRDHQGLQDWNNM WHIPSHUDW X UL
PMHUHQMD RYLP LQVWUXPHQWRP QLVX ]DQLPOMLYL QD
WHPSHUBWREDRMP PDOHQB®WDWMMQMLRAMHU LPDJLQDUQH L U
XJODYQRP XQXWDU JUDQLFD ]D PMbBkd HOMH |DGRYROMDYDM!

6OLNDGPLWDQFLMD OLMHYR L RPMHU NRPSOHNVQH L UHD
GHIHNPWDXSIRQVWUXPHQWD $JLOHQW

6OLNDGPLWDQFLMD OLMHYR L RPMHU NRPSOHNVQH L UHDC(
GHIHNDWD SRPRUX LQVWUXPHQWD $JLOHQW

73 2EUDADNRYLK SRGDWDND

RHDOQPDJLQ®UXRGOMLHEX]WUNDVSRPHQXWRP IUHNYHQ
WHPSHUDWXUQRP '8RGUK® QI ENRMSRQHQWH OWRHGLUOMAL Y R\

11¢



IUHNYHQFLMH LQVWUXPHQDWD \WXH G Q BpE®M®ARE R PHOGIMBPD RS |
GRSULQRYV YRGOMLYRVWL NRiQW\MDBQIHORG WML YBMWYH QF LW\
LVWRVPERONMRRVHPHOMX L]PMOPSRQB QWUXMRHUNX WH ID]QR
RYLP GYMHPD YHOLpP@RRAPDU DIQVIDWKIP NQ8H YHOLpPLQD .DN
SULVWXSLOL VD PRGHORP XNXSQH YRGOMLYRVWL X X]RUNX
L NROHNWLYQL 9*1 ]DGDOL VPR LQVWUXPHQWX GD UDpXQE

Y ZG ZziXx Z 154
aAaWRWHUPLQLPD 9*1 L MHGQRpPpHVWLUQH YRGOMLYRVWL
YZ Gy Gy 21 & Z 155

JGMH VLILRPIERGDYD UHDOQL GLR YHOLpPLQD X L]JUD]X

6OLNMLMHYR XNXSQL UHDOQL L LPDJL@®DVQL 233 RJ HHEDGHQIR\D
GLMHOD PRUD VH RQGR{iHWIR GGG ORPHWWNDNR EL VH GRELOI
'"HVQR L]J]UDpPpXQDWD 9*1 NRPSRQHQWD GLHOHNWULPQRJI RG
NRPSOHNVQX IXQNFLMXRRGUBYMYRREXKROMX UHODNVDFLMV
4.3.5

*HRPHWULMRRMHDBNWSRY U3GLQH $ GEREILYOHQ XVRIURD RV
VSHFLILPQH YRGOMLYRVWL L YRSBEGMLYRVWIDAR VREQRRP W
QD SRpHW N XoPRIIOHISNOEMIH R & LYp-@GRELYD VH L] XNXSQH NRI
YRGOMLYRVWL VLVWHPD RGX]LPA4RQMHRYLNVOMEY R MMHRYH. WRHG
QD QLVNLP IUHNYHQFLMDPD

VVDC
i Z
JGMHMR]QDPDYD XNXSQX NRPSOHNVQXDA/SHF INRPREH YR E O N
GLHOHR\NRGJLMINOH GD EL GRELOL LPDJLQDHOU YA R RALHHROR N

156

11¢€
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RGX]JHWL GLR YRGOMLYRVXWLREGRRY @R YSRGS GDPRYW QD '&
LPDJLQ®URMLYRGOMLYRVWL VDVWRML WODALRI.DE 8D ®'QAL NGRLPFS R
GLHOHNWULp®RRVRR]2¥ID RGDVYADR MG VWD FQIRENRBILPD VX
NDUDNWHULVWLPQH IUHNYHQFLMH GDOHNR L]YDQ PMHUQRJ
NRQVWDQW QG IGHBHIND@RY RG]LYX 2YX NRPSRQH®WX GLHC
PRUDPR RGX]JHWL UR® OQRISGREHOW UL p ORIR RMHL WD OLEUD
LQVWUXPHQWD XpLQMNERWIDLMGLPIRIDBQOWONL GRSULQRV
NRML VH PRJX SRMDYLWL VX PDOL L QLVX X]JHWL X RE]JLU

'LHOHNWULpPQL RGJLY VH SULODJRYDYD QD NARQOKOMX
GLVWULEXFLMRP UHODNVDFLMVNLK YUHPHQD

" H

zZ —— 157
(& 1 0P e

JGMHHRASOLWXGD GLHOHRSDULDPRWRGNKBL XWMHpH QD il
VOXpDBRWBERYM UHODNVDFLMVND SURFHVD SRGDWNH PRUL
UHODNVDFLR®DNRG]MMDXIBRMXVRIEOLNX &YUMB OWQRMS HRAFRV C
PDNVLPXPD X LRRPSRIMREW®MEYEDVHMIP PMHUHQMLPD ELOR
NRULVWLWL NULYXOMX SULODJRSERPHVRPPR MHGQLP UHOTL

7.4 5HIXOWDWL

,]QDG WHPSHUDWXUH SULMHOD]D IUHNYHQWQL RGJLY N
QHJDWLYQH RpLWDQH YOLMBO Q\RVASIH ND®XELWSHWDMHOD]D Q
NDSDFLWLYQL pODQ RGJLYD D UHDOQD YRGOMLYRVW VH VF

0+] QH YLGL VH IUHNYHQWQD RYLVQRVW YRGOMLYRVWL
NRML PRJX UH]XDVOLLKD WD NDBOBVMWEWY QRP HOHNWQDRPQL N



XTRUN X

60OLNDLMHYR UHDOQL GLR GLHOHNWULpPQRJ: RERIGOMLRRR W
RNR WHPSHUDWXUH SULMHOD]D 'LR NULYXOMD E&DNVNMHVREQ

I[UHNYHQFLMH LVBRGPH®MNMKXQGILNH L LVSR®G NOEYeXOMH V
SUHNO P SIBHNWKERR  k.+]
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SULOLNRP RSLVD GLHOHNWULPQLK PMHUHQMD NRULVWLW
QLVNRWHPSHUDWXUQRJ SRGUXpMD NDR aWR MH GHILQLUDAC
UH]XOWDWH QHOLQHDRISHU DYWWGEWUOML YRWIWIQRVW GLHOHNWU
I[UHNYHQFLMD GDMH XYLG X GLQDPLNX L DPSOLWWXGIXNRG]LY

BOLNBD/HPSHUDWROXFDLMD GLHOHNWULPQRJ RGJLYD WUL RJUL
PLVWRJIIUHNID RFAMD K+]] ,VWD OHJHQGD ERMD Y.WBLHGL ]D
SDQHOX UH]XOWDWL QD pLVWRP X]JRUNX VX SULND]IDQL SXQ
D SDQHOX VX R]QDpHQD GYD PDNVLPXPL RGJLYD QD QLVI
PDNVLPXPPB8O LMWEKSIRFHVD

yLVWL X]JRUDN QD YLVRNRWHPSHUDWXUQRP SRIBUXpMX
SURFIRBDVDQRJ X4.3RJNRMIMXQLAHQMHP WHPSHUDWXUH SR
L VYH \GRMILWMQH® QHVWDQH L] GLHOHNWULPQRJ RG]L
WHPSHUDWXUL XMHG QESAHR MDY 08] R UDUNINBMR VMY QDM P D Q A
PDORGVWXSDQMH GLHOHNWULpPQRJIDKG RFRIE DR Y RNBWRIPSH L
X]RUMUOSRYHUIBBLYRD R]JUDBSHGRRMWI QDAQR SRWLVNXMH 8



X]RUFDBDRMHVRGVXWDQ 8 VXS URMHADMMHF DGR YDNWDPMH X\
QDQLVNRWH P EBWRW MNERRMWOMHD Y QRBURP LEHGM HMH X]RUDN
RJUDpPEYB® VH UDGL R GRSLUDQom X]RUNX.

2YR RSD&DQMH MDVQLMH VH YLGL L] /6 DGFRPHWMDRBRD
SULODBRIGIBH QLK UH]XBWBGWDNGRNDPONMH SULPMHBB BNHILY X (
UH]XOWDWD PMHUHQMD GRELYHQLK QD YL3H WHPSHUDWX!
'RELYHQH DPSOLWXGH SULND]XMH VOLND

6OLNDNULYSOMHDJRGED UBDMMMHYR L LPDJLQDUQL GHVQR
RG]LMDXALUL QD YLAHD WKHRSE N DAMDX URSG S P p@IWMRIDOLFH SRND]:

VPMHU VQL&DYDQMD W HMSH.U MW XIQRNIBINDQNRY H UWHP SHUDW X
NULYXOMD
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BOLNDRUH WH P SHYPOWALQMD DPSOLWXGH GLHOHNWULpPQRJ
QLYRD GHIHNDWD R]UWHGHRSELUWRUDND pLRE®MHX]KYBKDQL
QLVNRWHPSHUDWXUQL GLR VD pLVWLP RED GRSLUDQD X]RL

$PSOLWXGD GLHOHNNWREH/D \RGJRYOR PLMHQMD GR Q
GHIHNDWD RG SSP 1D YHULP NRQFHQWSWURFAHMDP [ DGHD HV
NRQFH@WAHIANMWD ,]QDG NRQFHQW UFSRLRVFH BHI BLNEBX B LRI®
L YLAH VH QH PLMRDPMDpDHOMRLGRAP VH X GRSLUDQLP X]U
GLQDPLND X WHPSHUDWXUQRPSIRGHXKMIDNRMWNRBIRMPS B
YLGL GD VH ASRURFIHVOGOH VQLADYD XYRYHQMHP GHIHNDWD
PLVWLP XFSURIFHD/ MH XOBMRGHWDDNRRIN MH X REBDRABYP X]
SULPLMHGHQ L QD YL4LP WHPSHUDWXUDPD . ]D @LYR GR:
SURFHV MDYOMDSQRRMNVDQRYOGIDY ]DNKO MM DOINWDXAJIH UPLMIHDU |
GRSLUDQRP X]JRUNX RG QLRELMD



6OLNIWHPSHUDWXUQD HYROXFLMD YUHPHQD UHODNVDFLMH
QLYRD GHIHNDWD RJUDpPHQLK X]REUNDWHDO LGRS R UDEDHID @ DML X WL
SRGUYpMBURFHVD WH PLQLPDOQR{gYYD G HPHD VWG RIDHN WIXF ISV
R]QDpHQL QHNL RG QLYRD RJUDPpHQRVWL QLVNRWHPSHUD\
YLVRNRWHPSHUDWXUQRJ UHODNVDFLMVNRJ Y VWRH®DL PRP ¢
SUHPD GROMH

9ULMHPH UHODNVDFLMH QD YL4LP WHPSHUFTSWREBRD SR
XYRYHQMHP GBILINDDWHAWR LVSRGUIPLMHRBPLQLPXPL X
UHODNVDFLMMN®RH MBMPHVH VQLADYDMX SRYHUDQMHP XGN
WHPSHWDSNRFHY EU&MN RYSRUHYIEP DLOMIRR X\WRFLRD'LGL N
SRYHUIBMNW L¥ BBIHRIQGWM RYLVQRV WL

3RYHUDQMHP NRQFHQ WS DREWW HG WIRIAMDWODXR.WH ]DWR
AWROD WHPSHUDSWRFIHYGMVHYNY DB H LAXIM X SXQR SRDYXHPHQ
LVWR YDIWRIPHS ROBEDRQMHP NRQFHRDWWDBP®E LGHEE R BRAGDL Y
GHIHNDWD QB DXWM®DPN\LMHASNNREHMD NDR AWRLWMER SRND]:
QLVNRWHPSHUDWXUQRP GLMX ONU H,MHNGRX SUSIMRNR/HYBLORHRM HQ
YHOLRIQHHQLVX NRUHOLUDQH VD EURMHP GHIHNDWD
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(YROXBLESURFHVD QDMLOXVWUDWLROPLWVIGIRYRND[XKXY H
VSHNWDUD LPDJLQDUQRJ G LAVR @ K YGH.UH]OX HWM WeJS b IR W RIGHL Y D
QLMH SRNULYHQR zFWMRO R UBRNWEFRFGKH YHi XJODYQRP
GLMHORYL QD NRMLPD SRVWRMR RGYL W QBINIR J' G LS\UIR FHIV IV
PMHUBEBRMDNVDFLMVNR YULMHPH QD RGUHYyHQRM WHPSHUD!
PDNVLPX# XBWRX NDR OLQLMH WWRIGWLIDGIGR GWGDULHODNVDFLM
LQYHWHDDNVDFLMVQRJISR M MBHGIHU DQDX Y DWMDRRUGLQDWL YL
RG PDNVLPDOQH/ Y WIMHRG QRVBIL GRAOR @R GRDH I BMWLIXQ M D
JUDMR QD QHNLP PMHVWLPD GROD]IOL®R MID WQHODODVEH SD Y
PDNVLPXPKHPDSNUDWNRDNVDFLWWNQLS VREMDPD NREHB NDR E
VSDMDMX ANDWQIPOX iM®XpDMX pLVWRJ X]JRUND X R ¥HRDVH
NRMD SUDWL YUKRY HI1HW®DY @ LYXRMHMNRILWIQ R DW

8 PLVWLP XPRRUWMHPDGRPLQLUD VYRMRP DPSOLWXGRP |
WHPSHUDWXUDPD QD NRMEBDRFHWW RPHQOERBW D WBPELML
SURFHVAWHY N LLV WL p HE SWREHWRWHPGHUDWXUH QD NRMLPD
RGQRVQR SRMDYOMXMH GUXJL SURFHVKWYS HIRZP KQMVH { IMB M
RG SSP VOLMHGH RYDM WUHQG GRMS QRFXN\R WNXWROLNB S
GIBRPLEISWRANRML MH QHSURPLMHQMH®DI7BSIRRAH VY HRY GG
SRPLM@DDQDpPLQ GD MHGDQ SURFHYVPRUIKONDPL @ RGUNIIE Y RH!
SURFHVD L] VSHNMWHBUDLGURMRY ANDQD @ISIFR KHW IQ DAQ B ] L
WHPSHUDWXUDPD.



6OLNBD SORWRYL LPDJLQDUQRJ GL MHVEIGRDHHO RMIMMUQRQWR L F
LOQYHU]X WHPSHUDWXUH L IUHNYHQFLMH X D pLVWRP X]R
GHIHNDWD F R]UDp GBP KGIRHNWOWD G RJUDpHQRP X]RU
GHIHNDYDMAHU QR BPRDR]QDPDYDMX LQYHU] UM ORWIMDFR WIW N LF
LOQYHU]X WHPSHUDWXUH RGQRVQR YUKRYH IUHNYHQWQLK N

6OLNIBRND]XMH RONVORNRMBOLWXGH RG]JLYPLQDPXPD
YUHPHQD UBDGLRFEBERVERBISUDWH QLYR R]JUDpHQRVWL SUHPD
(NVSRQHQW X |DNRQX SRWHQFLMH DPSOLWXGHLEQ®IOIXNMH
MDNRJ |DSLQMDQMD .DNR MH SRND]DQR X SUHWKRGQRP S
RIJUDpHQMD WDNRYHU VOLMHGL ]DNRQ SRWVIQIEN DNRMLOMH/ D
EOL]DN HNVSRZHE@PWR NRMUWPRMHP GHIHNDWD
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6OLNDRYLVORBWLWXGH GLHOHNWULPQRJ RG]JLYD R EURMX
PLQLPDOQRJ UHODNMDFGMYQRI YWUNRL X]RSBDNNMWDQV LMIEI
NRQFHQWUDFLMRP GHIHNDWD RG SSP

"]



'LVNXVLMD

8 RYRP SRJODYOWX SSUMHI®OWEDYHW OWDWD QDAaHJ HNV:!
UH]XQWDBWMKJILK L]YRUD NRML GH VOX&LW.L.PB QLW NiXXV IRNBX
WUDQVSRUWQLK VYRMVWDY DGH R MD VD3 EXDHARINDR B WELU IXNVHVC
SRQDEDQMH OLQHDUQRJ RWSRUD X WUL NDUDNWHULVWLE
]JDUDYQL WH QD QHOLQHDUQD VYRMVWYD LVSRG L L]QD
PMHUBRWDIX RVYUW QD XWMHHED ¥SERIFHHNDW D] QCH &0 QX PLLY
VWDNODVWL SULMHOD] L NULWHULM RVWDNOMDXRGMD NF
iX GLVNXWLUDWL L YUVWX FHQWDUD ]DSLIIMBQBMXXiUR]VE
RVYUQXWL L PRGBO YHPXWRBSDUWXGH GLHOBNWREMDQRIH R
SULEOL&QR MHGQDND GLHOHNWULPQRM NRQVWDQWL L SR

SWMHFDM GHIHNDWD QD YRGOMLYRYV

/ILQHDUQD YRGOMLYRVW

Peierlsov pijelaz

$XWRUL SHNVMPHQIMAHKQDWD QD 'RYXDWHOE POSURINY @ O]
VQLABYRSRUFLRQDOQR NRULNHHR@X VEDAW R PG & UHRNIRW B L RY@®D
KSSP GRNDXWRUL HNVESH GIRHQDW B PX W YRIGFLEID OLQHDUQR
Tr VDEWLRMGHIHNWINBQVWDQWRP SURSRUFLROIXOQFWWL QDB
HNVSHULPHQWD QD R]JUDpPHQLP X]J]RUFLPD SRND]XMX NYDC
UH]XOWDWLPD QD RJUDpPHQLP X]RUFLRDW HDRIFRD BLKHREINMKR
XYHGHQLK GHIHNDWD NRQVWDSEPH \SQIRNSIR.WRHRRRUMHP QR V W L
UH]XOWDWLPD QDA&HJRANY¥BRERNPHQWD L GREUR VODJDQMF
| X Q R EM R MIDNGWID NRQVWDQWRP SURSRUQRNEHOV@R WL P
MH X GREURM VXJODVQRVWL VD R@RF LPEWHLPHNGRE D ©O0 XG R



'"LVNXVLMD

RGVMHpPDN QD RWED\ ]¥ ULLWAVG Q RNRWIDN\O HS UBIPDIO HEBSHULP
R]JUDpHQLP XYOUFLWDWLY QRVSNDREBEK REREYROMHQD WUHQ
Te-D

6OLNDRYLVRRRRPWRULMHQX EURMD GHIHNDWD OLMHYR L
RJUDpHQLP X]RUFLPD 1D RED SDQHOD MH QD]QDpHQ WUH
SULMH®DYD NRULMHQRP QLYRD R]JUDpPpHQMD L VD QLYRHP R

(NVSHULPHQW QD GRSLUDQLP XJURFLPD SRNWHXMH Rt
SUDNWLPNL QH-PID LISPRPXMIBQ D TQLYRD .GIRS LRMHUVHI MWD @ B O
VD 1E SRNODPXNB-BHMHD ROSPHMEPMHUHQKIDX RGQRVX QD
SULMH L]PMHUHQ]LK D QUM HEIMOMW GRSLUDQLMHPLEJRUN X
NRQ@LFL PRAHPR ]DNOMXpPLWL GD EYLWXMFD VG R XH NCHPI HYID V
SULMHOD]D

OLQLPXP RWSRUD L]QDG eSQDMHGH]DVWMS BB WXNXML C
QLYRD RJUDpPHQRVWL SRR FDME (G ROLYRBDQRM WHPSHUDYV
VDPERU3DG RWIS RWHP S HUMAMOY R FUH ] X® YIRS LUD QLMD X]RUD

1E NRML QH VOLMHGLRRWSRULYBD QRO SBRROWEHNQMWLNH

1E NDR QL JOREDDWDL $OGH W MPBAMBIWXUH 3HLHUOVR

$SNWLYDFLRQL UHALPL L |1DUDYQDQMH

3R]QDWR WODERS XUDSR®PXYRGLPLPD VW D QMO XOQKWDW 3
SRMDYX SPGDNEMDSRUQRMTNUNRMHMXMHGQR RGUHYXMH
SRGUXpPMH UDGD DNWLYQLK HO HND@RYIHIN IRW SRE QR QML
RSLVDWRYLPLUHALPRP VD YLARP DNJDLYDE&ELR Q\RPP B B H D WX



VD QLARP DNWLYDFLR QRW HPGHWIMMRRIRD MM XIOPV DW W RJID
QD YLELP WHPBHRNQKADMEBRNLREDOJFHOHNR FLMHORJ SUF
LQWULQVLPOD QRMIPRMIHPSHUDWXUDPD EURM LQWULQVLp
QHJR EURM QRVLRFD SREXyHQLK VD DWRPD GRSDQDGD
DNWLYDFLWXH QD=BQWRNLP WHPSHUDWXUDPD RWSRUQH NU!
HQHUJLMRP NRMD RGJRY DU D DRSERORDN @RNR PYDU IORS®@P\G
YDOHQWQH DRNGFHBWRRJ YRGDGIRHPR WY UBFH LVRNLP WHPSHU
DNWLY¥DRAQREMNRAMD RGIJRYDUD SROXALULQL SURFMHSD

6OLNWUL SRGUXpMD SRQDaAabQMD YRGOMLYRVWL GRSLUDQLI

2YDNYR SRQD&DQM Hu IR LRUHRLPFOR ME®D G . X VYLP X
DNWLYDFLRQR SRQDADQMH VH PRAH RSLN®WL WDLNDWRP D
=DUDRDMB RUQH WWNHU LQDX@®I H P S BathDMQAMPU Y DO VSR G
SRMDY ODMNXWILHY PALR QL UMHNWR Y\DIF LRGRP HQHUJLMRP &aWR
QDERMD NRML OH&H XQXWDU SURFLMHS&ve BXRAHD®WHRGH
HQHUSRWHFDQMH GRQMH JUDQLFH YLVRNRW HMSIHEDQ@MH Q
SODWRDX]RUDN VD SRNIRERRDADQMH EOLVNR MH/ WRP
QHRPHNLYDQR N IRBMHGRRYVW WHPSHUDW SR B&DEMOVRWYR
L]QDG WH YULMHGQRBIWL WHPSHUDWXUH VOLND

7HRULMVNL @RBWHMD DJRBNVWRQEWR RGJRYDUD DNWL
HQHUJLML WHPSHUDWXUQH R DUDQIRRIGN LS WHRVGORMW BRY NRP |
QLVNRWHPSHUDWXUQL UHALP YRGOMLYRVWL RGUHVHQ VI
VSRPHQXWLK RSDA&DQMD XWMHFDMD G K IGINDVRIV QPSR WBW L
DNWL¥HFQMYNDMILED ]JDUDYQL WH VQL&DYDQMD WHPSHU



'"LVNXVLMD

]JDUDY@IRAH ]DNOMXpLWL GD XYRYHQMHHGHWHMB®/IDW R QIR N
VPDQMHQWRODEWRMD.RNR ]DUDYQL

Solitoni- porijekl®

,DNR VX VROLWRQVND SREXyHQMD X REOLNX ORNDO
VXVWDYLPD QD WHPHOMX WSRIUMMEMRE WERP NCDHPWIDQ M D
HNVSHULPHDGX FRSRRHSEPREOD SRIRVWWERMIQMH RYDNYLK
RH]XO\MDBWYHR\KS HDWRMWERYREXBXVRBRYWRMDQMH NROHNWL
XQXWDU SPRIFMHBOVSHULPHQWLPD VX VROLWRQL GMHC
HNVSHULPHQWDOQH VWUDQH JOHGLAWD

3RND]DQR MH GD GHIHNWL UH&HW N H XQWMM¥W X1 KX HXDH Y|
NRMX PRAHPR SULGL MR OQWNMHVRDYWRQMPY QRNRGDMQH VR
HNVSHULPHQW] WWINDH'NPRMK SRPRiL X UDJUMHAMRDMX RYRJ
HNVSHUQIHQWHEBX]RBPMH SRND]DQR GD L]PSHRXWRMH GYD
9*1-D VD GYD YDOQD YHNWRUD 'LIUDNFLMVNL PDNVLPXP F
GUXJRJ VODEL VQLAHQMHFOOW MPSH | J®IQHRY RJ WHPSHUDW
SRGUXpMD SRVWRML VDPR MHGQD 9*1 NRPSRQHEM®KDLNRNF
SRVWRML UD]OLpLWD HIHNWLYQD JXVWRiUD VWDQMD YRG
QDERMQH QHXWUDOQRVWL PLMHQMD VD WHPSHUDWXURP
QHVXPMHUOMIMXPBDHMUDMLY VD NULVWDOQRP UHERUWNRP
9*1-DLPD QL&X HOBWVWOXMEMX GD MH QHVXPMHUOMLY YDOC
VXPMHUOMLYRP PRJX VH MDYLWL SRGUXpROGLMNOMHQO
VROLWRQVNLP GLVORNDFLMDPD IDJH NRMD RVLJXUDYDNM
SURSRUFLFORNODR |MHORMR L]BDLNDGHVQL BORWWUDWLYC
SRND]XMH W BkoDANH UDXYp@PEMMGANOW RU RQDM GHILQLUDQ L] ¢
QHXWUDOQRVWSUHNMG@BFUMBDLNXMH RG VXPMHIROWUMRQRRY
YLAH &WR UDGL HQHUJLMH VWYDUDQMD VROLWRQD QLMH

8 RYRP VYMHH GR PRIZQPUH]XOWDWH REMDVONWL QD V
YLVRNLP WHPSHUDWNDPRD QHYLXPMWHRID WIS HDTDV X UQR R
YDOQLP YHNWRURP LVSRG SUIMBHOQLIYNLP WHISHUDYV
SULVXIVOD VXPNVHEOMNRQVWDQWQLP YPBWDX AV N HIN W FEWR D |
VXPMHUOMLYRVWL L VN\DR/MVMRMH $H RGN & YONWHL]PMHQM XM X
NRML LPD QHVXPHNWRWLY YDOQL



6OLNDLMHYR SULMHOD] L] QHV XM HU O3Vl LPYNRH S)H INBIWD QU O
SUHNR XGMHOD LQWHQ]JLWHWD VXPMHUOMLYH OLQLMH '}
QHVXPMHUOMLYRVWL X REOLNX VROIWWRQVNLK GLVORNDFL

.DNR VH UDYQRWH&QL YDOQL YHNWRU SULEOL&DYD Y
SDGD GR®RD WHPSIHUDWXWL LIPHyX GYD VROLWRQD QH SURW
GRPHQH NRUHOBRIGMWHDWHPSHUDWXUH MH SEULR/M WIRQ LWHR
QHVODJDQMD ID]D QD V XOHOHIBIRIPHQ K h V WWR R WVRHFRBU NDX
VROLWRIRNXMH SRV HRXWRIH GROD]L RG VXPMHRUQDILYF
WHPSHIYOGNMWXSDQMH UDXPRWHARRYRRIGYDGQRJICHNWRUD
'Qo+1/c*= ElgrpiontllcrriodDNR WISRPHQRGPDK LVSRG TWHPSHUD
RGVWXSDQMH UDYQRWH¥®RM DO RYRNUHLNG BDIR \RGL VX P M|
YDOQRJ Y HRNMGRMDR 'qo+1 Tp C : IWHPHOMBNWQEBBLRQ
HQHURIGM i UHOMMAVRMQH QHXWH P B QRVWRGAB] UD b Q@D W L
WHPNMOMKGHULKBGYLMX UHODFLM

"G ve ™

"G, ve ™
L L]JQRVL &aWR RGJRYDUD WHPSHUDWXUR JRUWMBQYIRQWM
PMHUHQMD QD RYRM WHPSHUDWXUL RpHNXMH VH WHN R\

PLQLPXP EURMDNEBGOLWRIMQOL GRSULQRYV SRMDYOMLYDQMLCL
QD WHMBOGIMXY SHOL PFHUMMEORAHQRJIVX\W M G MO MEYIRWN R J



'"LVNXVLMD

1HOLQHDUQD YRGOMLYRVW L SROMD SUDJD

(NVSHULPHQWDOQL UH]XOWDWL SRND]XMX GD SRVWR!
YRGOMKYRVWRG VYLK X]JRUDND &WR M@EEM DI\YQORV D L SXORA MYH
WHPSHUDWXUMDRSWH QHOLQHDUQRVW QD YLVRNLP WHPS
L]QDG GREUR GHILIMWRBRDRRJ XSREWODVQRVWL VLD WHRULN
QHOLQHDUQRVW QD QLVNLP WHRSHEDWIRILAMK ®Bi RG C
NRMLPD MHOPMHBRQRH SUDJD QD QLVNLP WHPSHUDWXUDF
MDNRJ XWMHFDMD JULMDQMD

Niske temperature

,DNR SURPMHQDVBSRGOSMILERMWQR VOLMHGL NYDGUDW
SUYL SRIJOHG XSXuUXMH QD HIHNW JULMD QRIDO LRFPQ 8 R@UWLHP [X
3ROMH SUDJD X QLVNRWHPSHUDWXUQRP SRGUXpMX SDGD
EURMX L YUVWL QHpLVWRUD $QDOL]D QDSUDYOMHQD QD |
NRQDpPQRJ HOHNWR NDQRM MSOSMIMPEBHWL W J R GE H Q 8§ R®MWHQo
WHPSHUDRWNEURMWH YUY¥WIMGSDUIBPWWDU QH PRaH VH SR
SUDJBUIDROR&EQRYDUD SROMX QD NRMHP YRGOMLYRVW UDV

Visoke temperature

3XOVQRP PMRRVEED X GRSIJRNEDPDLQHDUQR YRYHQ
SRVWRML VYH ,@®DWJISRF@MYPR PRJOL L]EMH GUWXH LHDNXWHRILLL
SXOVQLK¥PWH 8 H QRUBVOHLVDLHDLU GRADWKP YU QD R GSRROMVL SUD JD
X X]JRUFLPD GRSLUDQLPD QD 1E NS&H SRIQ MHWRUDPD X X]RUI
1EL]QRVR FP MWIQHOLQHDUQRVW WIRSN® WM XD ER L]ULD&EHQD
SULPLMHUHQD MH QH OOBHRUMBRRIGR IR RM p LM W D/RS & JRRUHDL P D
LIQRVL VYHJB XJRER X VD 1E QHOLQHDUQRVW Q@IXMH VSR
SRND]DOD GD VX GHIHNWL X RE&DR E XML RFHH@NNIL URGD/ER K ]I
8VDYUADYDBNWSODERHQWDOQRJ SRVWDYD PRJOR EL XYHO
SURPMHQD YRGOMLYRVWL GRSLUDQLK X]JRUDND L SURXp
WHPSHUDWXUDPD

U RJUDpHQLP X]JRUFLPD XWYUGLOL VPR GD RYLVQRVW
UDVWH VD NRULMHQRPOQKBDRDNPY DL XD@MIV QH JRYRUL X
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RG RSLVDQ LKS MGHVRIJQMEDU [MBIZQ M H P *HQ B SRIJWIDAHHQ@WR X]RUF
DXWRUL VX SRND]DOL GR BGRRM X QYD SR WECHIBRY®WNQ RV W
EURGHIHNDWD 1D WHPHO IS X HENGRRA VM BE&B GHNRWILD pH QL P
X]JRUFLPD FHQWUL MDNRJ ]DSLQMDQMD 8 SULND]X DSV
NYDOLW MG DYERY BHODSHOLPYEOMDDNRYHU QD&L UH]XOWDWL
SURPNMRQD DWSONDRIPH UV @ LIRWH. & D RO HEDYRERIND RHILFLMHQW
VPMHUD@LL]QRVL "FPIWSS R GV W X6\ YRIGHRIFRPM H U P DM
IDNWRIW QRVL ‘FP SBWR XKDiIXMPX UHNRPELQDFLMX GHI
X]RUELPD

6OLNDYLVQRVW SROMD SUDJD R XGMHOX GHIHNDWD X R]JUL

$XWRDGD L] USB@UWPBBEIR GMHMSIUDJID L]QDG . SRV
DGLWLYQD GRSULQRVD MDIQ®J Y] DBLR MIHPIS B G N R\MHHLOPFIDDE
10X NW X DFLWODIER B ]D S L @ M DWQOME RY BINBHRAM B R GUHUDWKX W BL P
8] SUHWSRVWDYNX GD R]UDpL YCHIMHPH XM R 6 REFPEIDESNDRMLON
GROD]L RG VODERJ ]JDSLQMDQMD EL WUBSHBEDRDEUWVWR QV®
VD EURMHP XYHGHGXO WS B WN BESNDS/HDMAMHEKX O \@ D WH.J
HNVSHDSRMOW X MXFRODNRRMNDNR MH WHPSHUDWXUQD RY
NYDOLWDWLYQR LVWD X VYLP X]JRUFLPD PLQLPXP RNR
UH]XRBBWWULIJDYDMX JRUH VSRPHQXWX WHPSHUDMDMNRUX R
]JDSLQMDQMD



'"LVNXVLMD

SWMHFDM GHIHNDWD QD GLHOHNWUL

Niske temperature

1D WHPHOMXGEU IR/ VANREHVAHI HNVSHULPHQWD QHOLC
QD QLVNLP WHPSHUDWXUDPD PRJXiH MH REMDVQLWL 95+
SUHVNRIRD VNRNWDWHDERH GGLHOHNWULpPQL RG}DX RRMKPMHXO |
IRUPLUDQL VROUDRRSAND GHIBNRYRURP JX3HQRJ KDUPRQ
7DNRYyHU DPSOLWXGD RGJRMRU N ROH WRIQWLIP BS @ DDL QiR M
RG [a[ MH GXOMLQD INRKHWBHQFLIMMHH SUHWSRVWDYNH GLC
WHPSHUDWXUDPD GROD]L RG IRUPDFLMH VROLWRQD L G
GXOMLQRP L]JPHyX GYLMH QHpPLVWRiUH VSRPHQXWL XYMHW
8 RYRP VYMHWOX VH PRJX REMDVQLWL L UH]XOWDWL F
GLHOHNWULPQD NRQVWDQWD QH RYLVL R EUSROMHR UV YV
SUDJD

Visoke temperature

SWHQXBBIJMDBSURFHGRSLURIRWPFMPRDOLNR NMHQUDRPR G
SULPLMHWLOL RGAWUYMBERVSSHWR PHNIDWX pLYDOL VX L PMHUH
GRSL URJEI PWDD QLRELMD NRML VX SRNDQDOYL&LPDAH
WHPSHUDWXUDPD ,VWL X]RUFL VX FSRAMENFORL V& BP S RWV\D R/M L
SRGUSPMRW Yty RELVQRVWL SROMD L GLHOHNWULpPQH NRQ\
WYUGH GD MH X VXVWDYLPD GRSLUDQLP LPRHOHNNWRQDE
]DSLQNIDBED QDJODVLWX WANDHEDRRGBIDBRJI |DSLQMDQMD QD
VOLMHGL NYDGUDWQD DWHQXDFLMD GLHOHNWULPQH NR(
SRWHQFLMR DNR VH NRPELQLUD WHRULMD NRMD RGUHYVXM
FHQWULPD ]DSRR®HD® NI PW RD G DIVHFLNKHEp QDRN Y DGRDW Q [
NRMD QLMH RSUHQLWR SULKYDUHQD

VWL S UNLRQWILFS \RRUBIU J X P H @QWLHU@XOLFLMX GLHOHNWULpC
NYDGUDWRP BUWRINDWDD PLRREHPR XSRWULMHELWL NDNR EL
FHQWDUD ]DSLQMDQMD GLHOHNWULPQD NRQVWDQWD VOLI
OVDNYD RYLVQRVW GLHOHNWULPQH NRQVW DRMHLRMBIMSULPL
RJUDpPHQLP X|®RUNRPMH GRGDWDQ GRND] GD VX LQWHUVWL
]DSLQMDQMD

13¢



6WDNODVWIG SIQNDIW HXJ B ]

6PDWUD YHBURRBNRYRWISRODUL]DFLMRP SUHNR FLMHO
GRN VABJURFRDWUD GD MH RGGRORU @DP D UDNRNLBPDQLFD GR
VNODGX VD PHKDQL]PRP SRODUL]DFLMH SXGOHMADVROLWI
LOXVWUDWLYQR SRNBDPXMRIORED]NFHNDXO BLXWDHP 9*1 GHIRUP
VORERGQL QRVLRFL NRML VH X LIPMHQLpPQRP GBD\GX NUFH
5DGL SRPDQMNDQMD EURMD MHGQ®RAHQWL QDK DPDR BRE]
NRUHODFLMH UD]JPDND PHyX QHpLVWRLQPMLNDRFHS R V@D M
QLVNLP WHPXWSRWRMPROPYD . 8 SULORJ WRPH JRYRUL
UHODNVDFLMVNR YULMHPH SUDWL RWSRWVQXNMW Y XOWHKQGR
GLQDPLND R YWRQOLMHGQHAMRGIRQDGMHOD]L X NULWLPQR Si
QHVWDMH.

6OLNDKHPD SRODULLIVH MBI H SDHNR DFL M HDGSHU RERXHOWKL QIR (BHR |
WH SUHNR PDORJ GISWHRE B V&XRIFGFQMWKRYLPD VX SULND]DQL
ID]WA L JXVWRUDKQDERMIX QHpPLVWRID

,VSRG . X pLVWEBURIBRWWHDMH GRPUER QW DBL N
IDJH NRMD MH WDNRYHU RGUHYyHQD RWSRAR P LNQULHXIOADR
PLOMHQLFD GD DPSOLWXGD RYRJ SURFHVD QH RYLVL R EL
PHYX GHIHNRWIRFPDL X SULORSUWRBRWDELYH YL&H QLMH SR
MHGQRPHVWLUQLK QRVLODFD QDERWIDM BHR AVHY RGN WL
SRQDADQMH
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'"LVNXVLMD

6OLNIRGUHYHQRVW GLQDPLNH ID]JH EURMHPLYWREPR & [RUKN ]
YLGOMLYD MH XVSRUHGERP UHODNVDFLMVNLK YUHPHQD L

SHOD MWINBIHPHXBMW RFHVD X RJUDPHQLP X]J]RUFuPD L]QEC
RGVWXSDQMH RG RS IVAHNQIKH P HIGID UIH @ BVNS\RMBEL INKDINDUW PYHX O M D
LDNDRNWRYBRHUIJLMD NRMD RSLVXMH RW$SRUH HR YWLWLY ROBMUIR
GHIHNOWMRYEBRIHUJLMD NRMD NRGK WK RMEHSHURHID DINRWODRM H X p LY
MHGQDNODDVWH VD EURMNHMN DGEDIMONRODOWWRPH PRJOD EL ELW
GLQDPLND iD]BUI*QLNRP XYRYHQMD FHQWDUD ]DSLQMDQMI
QSUNDNMOL

Provjera kriterija smrzavanja

7THPSHUDWXUD SUIMHODPOQD WVRINGERKHULMD GD UHOD
YULMHPH]QRVL \e DPWNREBPGL VODEOMHQMD DRSDUHWAXGH
QD WHPSHUOGCWKNUBDIPRY DM BEAYWLH WV SRQMMEY L VIH SADHDXR D QM
NULYXOMH @QD IDONDNRWGIEMHLRQL ]JDNRQ VOLND

ke
1D LVWRM VOLFL VX SRNDI]D®L 9% CUPRHGIU LV K5 UDDLNODLIRSAEHR
SRYHUDYD DV'WNULDMIEHKAMH R]JUDWRYYVDQ NHHNRESR QHBRSWHIFD & X U D
RGUHMHHRDD |R P

kB-l-G T A
MO R

13t



JGNMHR]QDpDYD NULWHULM RVWDNOMLYDQMD \%

-5

6OLNBRVSRUDIURFHYVD X RJUDpHQLP X]J]RUFLPD MH-VWUPLM
D 1D SDRGOVRDOSEHLND]DQL SDUDPHWUL SULODJRGEH

1D pLVWLP X]JRUFLPD MH VWUXNWXUQLP PMHUHQMLPD
SROSMMND]DQR GD MH JXVWHREWNBRWHQHGQDNR NRQFHQW
AXSOMLQD QD-WHPISHHOWXUWHUPDOQR VWLPXO L&D MH VWU
XSUDYR RYD NRQFHQWUDFLMD VORERGQLK QRVLRFD ]DI
2YDNYH VOXRDMEBRWWDFLMD GDOH VX ]D QDVOXWLWL GD
9*1 IDJMSURFHVD @D NSRWWRML VDPR MHGQD VORERGQD 4&X
VOXA4L NDR PHGLMDWRU SRODUL]DFLMH

2YLV QRS HODRWEUWHR X RJUDPHQMD JRYRUL X SULORJ R
MHU VX EURM™M GHIIBIQIDWNWLY D F L\WO/LNLEPN VWDINFDFRRMVND HQH |
RYRP VOXpDMX L]QRVL . @4WR MH VD . PDQMH RG RC
L]IQDG $NR ]DQHPRULPFOLN XizheoNG’®D MH EURM GRPHQD X
MHGQDN EURBWRBHOHNB@WUH MDNRJ ]DSULIQ NRDO@ME HPSHDDA
QD NRMRM SRVWRML VDPR MHGQD 4XSOMLQD X GRPHQL
NULWHULM VPU]DYDQMD

13€



'"LVNXVLMD

60OLNBURM GHIHNDWD SRWUHEDQ GD EL WHPSHUDWXUD SU

8 WHNXULQDPD NRMH ORUEPESURMKY VWD NNOORNRYHU S U
HNYLYDOHQWQLP REMDAQMHQMLPDRW®WIDHQMBPDWGKPIQRNLR G
SRODUQLK PROHNXOD NRMH QD QLVNLP WHPSHUDWXUDPL
]DX]LPDQMD SRYROMQH RULMHQWDFLMH RGUHYHQH YDQM
LIDJLYD IUXVWUDFLMH NRMH YRGH QD RVWDNOMdaw&DQMH W
WHPSHVBWXRBDFEGLILY RG PDOLK SRPDND VORERGQLK GLM
SRODUL]DFLMH L PHYyXGMHORYDQMD QD PDOLP VNDODPD
XVSRUHYyXMH VD VWDNOLPD

$PSOLWXGD GLHOHNWULPQRJ RG]JLYCLC

UmMRGQHNUXWR-IDSRND]DQR MH GD VX DPSOLWXGEGD LGLHOH
SROMH SUDJD LQYHUSQR PJRBRUWIHR GDO@MLKRY XPQRADN
EURMX GHIMMHNIDUVRXY MHUX RYRJ UH]XOWDWD X SULMDaQML
WHPSHUDWXUQH RYGVRE®NNMIUCRASIOYWNHGHD SROMNDSUDJID
SRND]DQR MH SRNODSDQMH X a8LURNRP WoKFPSRIGD@APMDQ R P
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NRMHP QMM VODWABDRAMDYQULVNLP WHPSHUDYRXMBIPQL&H SRD
SDJD DPSOLWXGD GLHGHNRNFHOIPRIL RE]XOMIQWYRGGRELYHQL
X]JRUFLPD QLRELMD

FOLNDRUQMLSBNQHOMH VODJDQMH QDALK PMHUHQMD V
PLVWRP X]RUNXLLIYBSRBG.DIKDNWHULVWLpPQL PLQLPXP SROM
V@DAH VD NDUDNWHULVWLPQLP P D N\OPUKPRRBRY BHLGHRO BINHWIU LGP
QLVNLP WRMSRUQWPXP SROMDRSUBJID eQBP OVMAPDNVLPXPRP
GLHOHNWULPSRRFRI¥BY® L . GRODJL GR QDJORJ SULM
RYLK GYDMX YHOLPLQD &WMRQNECRCUHEDSBRAGKPSRND]
WHPSHURPYWXQ®RVW XPQREND SROMD SUDRODEGDRAAHNWDRE
X]RUINeRED GRSLUDBQMR &HIN N UOWRUHGNLYHQD MH QHRYL!
XPQRAND R EURMX GHIHNDWD L WHPSHUDWXUL GR QD YL
WHPSHUBWXVYRWDH VX YDULMDFLM K I IDH NOHA B ERBUIRV YL RIX L
QD VYHJD SRODPADEDSRWSXQRVWL REJLURP EURM GHIHNLE
XPQRAND SROMD SUDJD X]RUND VD SSP L GLBDHRIWULp
GHIHNDWD R]QDpHQL ]HOH®D LV XV QRIGRWWRMDOL SRGDFL G
X]RUND VD SSP GHIHNDWD .D NSFS PMB\DBIPG G LHOHNWUL
NRQVWDQWH RYL SRGDFL SRND]XMX SXQR QL&H YULMHG!
SRND]XMX L WHPSHUDWSWQR QIQ XPRIWMD QW @RVWLP WHPSH
SRYHUDQMH RYRJ XPQRAND RNR . GRN VH RNR . SULEC
]D pLVWD X]RUDN

2YLPH VPR SRWBHPOD IGIGHDOHNWULPQH NRQVWDQWH L SR
PRGHOX NUXDBREWRIRKIDVDQDNLP L YLVRNLP OVUHPS HWBHWK G
RNR . EH] REJLUD Q@H IHNPEMNRYHUVWXLMHGQRVW RYR.
QLVNRWHPSHUDWXUQRP SRGUXpMX SRSULPD ]D IDNWRU ¢



'"LVNXVLMD

6OLND*RUKKVSRUMGEHPBHUDWXUQH RYLVQRVWL LQYHU]D S
GLHOHNWULPQRJ RG]LYD QD &L UR NRPV MAHPREEHBISDON XWUXIERP
GLHOHNWULPQRJ RG]JLYD L SROMBDSAJDEROMHIL A DOQPRBQ
VYDNH NULYXOMH MH R]QDPHQLYNYR WHMHPHYDWMODD P D

NDUDNWHULVWLND MDBR §BUPIMNRIN YWRUDNUHGVWDYOMDM
GYD EOLVND QLYRD R]JUDpHQMD

"]



=DNOMXpDN

8 RYRP UBGKNDZEQMMUWQDALYDQMH X WHNIRAD B ) I WIY\RWID
7D:6X]RUDND VD QDJODVNRP QD QLVNRHQHUJHWVND SREXVF
WUDQVSRUWQLK L GLHOHNWULPpQLK PMHUHQMD 8 WUDQVSF
PMHUHQMD NDNR EL LJEMHJOL XWNDHRDMHIVERP B ®POWFD XY G
X]JRUFL GRSLUDQL VD 1E VX SRND]DOL QHRELPQR RGVW
WRJD VPR UH]XOWDWH PMHUHQMD QD RYLP X]RUFLPD X]HOL

.DR JODYQL UH]XOWDW YDOMD L]GY RMV®NRINRNPSUHED WM
ID]QH GLQDPLNH QD VNDODPD @ RN LLQYRV R AL @KV BB KC
QDPMHUQR XYHGHQLK GH | HWRBAYIDMBRHGUHQDN W H 8 R 'O\W X OG IUHD@H |
PMHUBQ PMHUHQMD WHUPDOQR NRMBP XOL $X 6 6 LVANIWDRVB N D
PMHUHORNDYRMUH QD WHRSHIFOW XORERGQLK a&XSOMLQD XQ:
UHGD YHOGBRINQMH GUXJR SRND]JDOR GD MH LVSRG RYH WHP
QDERMD RAHRNOULL GGHREYBRPEONVR NDVQLMH RYDM NULWHULM
EURQFRQDpPQR UH]XOWDWLPD GMHOX NRYWDRpBELF SH]NRW B RR/DN
VPR GD MH RYDM NULWHULM ]JDGRYROMHQ L X X]JRUFLPD VD
QLRELMHP NRML VX ELOL SUYL L]JERU ]D RYX VYUKX QLVX
NROLPLQH GRSDQDGDON FSNWIR BB \WRRGEHTRNRH X

NDQLVNLP WHPSHWDRGK WIMDAQRD GLQDPRSOLWXGD GLHOH!
RGIJLYD XYRYHQMHPXGRUFRPMWINIURPLMHQMHQL EH] REJLUL
GHIHNDWD 1D WLP WHPSHUDWXUDPD ID]QD GLQDPLND MH |
MHGQRPHVWLUQH SULURGH QD QLVNYR UWHC SIHROHM YWLLY I L
ORNDOL]JLUDQL QD GXOMLQDPD SXQR NUDULP KRG FRD MpR PH
JRYRUL L WR GD VX GLHOHNWULpPQD NRQVWDQWD L SROMH
YUVWX GHIHNDWD

8 pLVWLP X]RUFLPD MH SRND]DQR GD UHODNVDFLMVNR
NULYXDORIMH X VNODGR YPP/P\WR & OBIERBXANVH B Q MDVIXRERG QL k
QRVLRFD QD IP{QXOGMH)DPLWXYQR SURPMHQD SRODUL]DFLN
QRVLRFH QDERMD NRML UDGL SULQFLSD QDERMQH QHXWUI
QDERMD OMHUHQMD R]JUDpPHQLK X]JRUDND RWNULYDMX RGVYV



=DNOMXpDN

WHPSHUDWXUDPD RWSRUQH NULYXOMH QH RYLVH R EURM
DNWLYDFLMVNL ]JDNRQ VD YL&RP DNWLYDFWR@RRUB QKXWUDLR
VLWXDFLMD REUQXWD RWSRUQH NULYXOMH VOLMHGH DNWI
,QYDULMDQWQRVW RWSRUQLK NULYXOMD QD YLVRNLP WHP
XWMHpX QD SURFLMHS 6D GUXJH VWUDQH NDNR GLQDPLNE
u SUVWKEFXQWODNRJ |DSLQMDQMD VPDQMHQMH YHOLHLQH G
L]JPHYyX GRPHQD UDGL NRRSHUDWLYQRVWL NRUHODFLMD
SURPMHQH ID]JH NRMD MH SU|YXNODOKQRLEWAP GTRWPLMND
PRIJXiH MH SRVOMHGLFD SRYH b QNPMI HNY IS@ALWMH HQBLRY
X]RUFLPD

,]ODG e SBDM L GLHOHNWULPpQD NR QS RNDIY WM XX GR L/Dx
YDNDQFLMH L LQWHUVWLFLMH WD QW D ORJ$E K LONV\R A B SHHUDMUL
RYLVQRVWL SROMD SUDJD X RJUDpPHQLP X]J]RUFLPD VOLpDC
0GVWXSDQMH SROMD SUDJD RGVRPBMNUZHNRY LWNORSRDIH G B HW|
77 L]QDG . QH QDVWDMH UDGL DGLWLYQRJ GRSULQRVD \
RJUDpLYDQMHP RQ ELR GRPLQDQWDQ QD 4LUHP WHPSHUD
WHPSHUDWXUQH RFIB®RWWAELFRSRWYNPBEISUDDAY)RU MAHEBL X QHC
SULPLMHUGBQRPLM&EOD]X QHVXPMHUOMLY X VXPMHUOMLY 9
- .U GRSLUDQLP X]RUFLPD QLVPR XVSMHOL SURYMHUL
QLRELMHYLP DWRPLPD DOL QD RVQRYX SULMDAQMLK PMH!
]JDSLQMDQMD

1DQLVNLP WHPSHUDWXUDPD VHHpPHRW IG D H X WIMIGIOL @D |
ID]JMLEH QHJR A4WR XWMHpPpXHO LpQ MU O DX FREFQAMDYRVW QD RY
QDMYMHURMDWQLMH SRVOMHGLFD VNRNRYD YDULMDELOQ
SULODJRGEH 95+ GRSULQRV YRGOMLYRVWL QD PDIDQP SROI
UuMDNR WDQNLP X]RKNtBRNBDDYLS\RER GD X X]JRUFLAD VD XY
95+ GRSULQRYV OLQHDUQRM YRGOMLYRVWL QLMH SULVXWDQ

.DNR MH X GLVNXVLML SRND]JDQR VROLWRQVND VWDQM

QLVX SRV-GEMSGLNMBROMIDMH XWYUJHQ QHGD YIQRR H.{D MMM
DNWLY¥ BIRHURWMRUQLK NDUDNWHULVWLND QD QLVNLP WHP
]JDUDX®PRYHQMHP GHQHMBWMPRJXWHR REMDVQLWL PRJIXULP XW
VROLWRQVND,¥DOWHCSEMWHRBRULMHNOR RYRJ XpLQND MH
NDR L WRPQR SRULMHNOR HYHQWXDOQLK VROLWRQD
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3ROMD SUDJD L GLHOHNWULPpQD NRQVWDQWD -RYDOLWD
RGQRVQR UHODFEMKXNRQWLQXLWHWRP RNR . 1R NDR L X
SRVWRML NYDQWLWDWLYQR QHVODJDQMH XPQRAND RYLK C
XYRYHQMHP GHIHNDWD VOLND

UVSRUHGERP SUHWKRGQLK®UHR]O WHMIR BFD PGRSDUQ DAL
UH]XOWDR/IUD HQR BBISRND]DQRVQIHAHGOMH WHRSRYBDQ/MK P
GHIHNMHWRYLVL R Y UYWIR WDIMHRN RRWOML B R RRPHEWUFOWXD L]QDC
SULMHOD]D GHIHNWL ]DSLQMDQMHP ID]H-WW®IE L\OH. ] P HB/NDXO (
YRGOMLYRVW SRWLVNXMH QD YL&H WHPSHUDWXUH &4WR MH

"]
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