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Robotont on Tartu Ulikooli tehnoloogiainstituudis vilja tootatud avatud lihtekoodiga
robootika haridusplatvorm, mille litkumislahendus pohineb kolmel omnirattaga harjadega
alalisvoolumootoritel. Platvormi edasiarenduse kidigus on kaalutud iileminekut harjavabadele
mootoritele. Kdesoleva to6 eesmérk on selle iilemineku jaoks juhtimise prototiilibi arendamine.
To6o kdigus uuriti harjavabade mootorite t60pohimotteid ja juhtimismeetodeid, valiti sobivad
mootorid ning disainiti kaks elektroonika prototiitipi koos mikrokontrolleri piisivaraga.
Valminud lahendus on anduripdhine siinusjuhtimissiisteem, mis pohineb SVPWM-il ning

kasutab tagasisideks absoluutset magnetkoodrit.

UOU00: T125 Automatiseerimine, robootika, control engineering; T455 Mootorid ja ajamid;
T170 Elektroonika

(J0000000O: harjavaba alalisvoolumootor, piisivara, robootika
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Robotont is an open-source robotics education platform developed at the Institute of Technology,
University of Tartu, whose movement is based on three brushed DC motors with omnidirectional
wheels. As part of the platform’s further development, a transition to brushless motors has been
considered. The aim of this thesis is to develop a control prototype for this purpose. During the
work principles and control methods of brushless DC motors were studied, suitable motors were
selected and two electronics prototypes were designed alongside microcontroller firmware. The
resulting solution is a sensored sine-wave control system based on SVPWM, utilizing an absolute

magnetic rotary encoder for feedback.

UOUO0: T125 Automation, robotics, control engineering; T455 Motors and propulsion systems;
T170 Electronics
U0000000: BLDC motor, firmware, robotics
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+PPOJTUF MPFUFMYV

-JIUTVTUBUVE B IBSKBEFHBKB C IBSKBWBCB NPPUPSJ
.PPUPSJ"OHFM #& WBTUVFMFLUSJNPPUPSKpuV MBJOFI
' PMNFGBBTJMJOF QJOHFBMMJLB JOWFSUFS < >
,PMNFGBBTJMJTF #-%$ NPPUPSJ USBQFUTKVIUJNJTF BK
)BMMJBOEVSJUF WoeMKVOEJU GBBTJEF 7&.+ LVKV KB Wa
"KBTUVTEJBHSBNN LPMNFGBBTJMJTF IBSKBWBCB NPPL
LBTVUBC TBEVMQSPPJIMJ < >

7USEMVT LPMNF UBVTUT%TUFFNJ WBIFM OJOH TBBEVE
TBHFEVTFLPSSBM < >

)BSKBWBCB NPPUPSJWaeMKBPSJFOUFFSJUVE KVIUJNJTF
418. KB 4718. WUSEMVT < >
3VVNWFLUPSJNPEVMFFSJUVE MBJOFLVKYV
,PMNFGBBTJMJTF QJOHMFBMMJLB JOWFSUFSJWuJNBMJL
4718. MXMJIJUVTNVTUFS TFLUPSJUFT* 7* B KB C TFLUP
3PCPUPOEJ B WFSTJPPO C WFSTJPPO D WFSTJF
3PCPUPOEJ BSIJUFLUVVSJEJTBJO < >
&TINFTFQSPUPUY%%CJUS%LLQMBBEJ % WBBEF ,J$BEJ LT
QMBBU

5FJTF QSPUPU%%CJUSY%LLQMBBEJ % WBBEF ,J$BE LFTLL
5FJTF QSPUPUY%%CJ Q%TJWBSB BSIJUFLUVVSJEJTBJO
.PPUPSJBOENFTUSVLUVVSJEF KBVVFOEVTUT%LMJ QMPI
AFJTVNPNFOEJNUpPUNJOF LBBMVHB

1SPUPU%%Q LPMNF QTYISMFWB NPPUPSJHB FSJOFWBUFM



> BCFMJUF MPFUFMYV

SSBQFUTKVIUIJNJTF LPNNVUBUTJPPOJTBNNVE NPPUPSJ
/TaeMKVOEWFLUPSJIBTVLPIBUJOHJIJNVTFE < >
3PCPUPOEJ LeTVTUIJL< > < >
5SIJHPOPNFFUSJBGVOLUTIJPPOJEF KB VKVLPNBBSJUNFFI
,PPESIMVHFNJTF KB NPPUPSJVVFOEVTFQSPUTFTTPSJL
.PPUPSJ U%IJKPPLTVKBTFJTVNPNFOEJLBUTFUVMFENVTF



-%IFOEJE LPOTUBOEJE NpJdTI

"%$ "OBMPH UP %JHJBBMBEOBOIWPPHUESHIJUBBMNVVOEVS

#-%$ NPPURSSYTIMFTT %JSFD U $lvV ISBSSSHCBIWNBREBPESM BMJTWPPMV NP |
$$3 $BQUVSF $PNQBSE BFHWHUWRSEMVTSFHJTUFES

$13 $PVOU 1FS SHFWPMN/QVIMOTIEF BSW UsJTQTTSEF LPIUB

%." %JSFDU .FNPSZL'BDFFNaeMVQITSEVT

&." &YQPOFOUJBM .PANUBGHTYWFSBEGBTIJBBMOF MJCJTFW LFTLN.
&4%$ &§MFDUSPOJD 4Q FFERBWBUBSFMOEIMIOF LIJSVTFLPOUSPMM!
'‘'0$ 'JFME 0SJFO UFIE $\P-OMKBPE JFOUFFSJUVE KVIUJNJOF

‘16 '"MPBUJOH 1PIIOMKV/QPWBQMPLL

(1*0 (FOFSBM 1VSQPTHFYIOQVYUNRPWIVWBSCFMIOF TITFOE WaMl
)'- )BSEXBSF"CTUSBDU3IBOT-BWBSB BCTUSBLUTJPPOJLJIU
)'* )J)JHI'SFRVFODZFIQCKEBHIBEBFEVTTIJHOBBMJ MJTBNJOF

?$ *OUFS *OUFHSBUEBIFISDUNFMIOF KBEB TJEFQSPUPLPMM
*OUFM /6®UFM /FYU 60JU PG WaINNQVUBOW SNIGBLUPSJHB BSW\
UTTUBOVE *OUFM

-%0 SFHVMBBX PSSPQPVU SFFHMBBBMBS BEV SFHVMBBUPS
.04'&5 .FUBM OYJEF 4FNJDPOEVDUPS ‘JFMEI&;FDU
NFUBMMJ PLTJJEJ QPPMKVIU WeMKBUSBOTJTUPS

0-&% 0OSHBOJD -JHIU &NNIJUPCGHBBICPEKIJOF WBMHVTEJPPE
1*SFHVMBBBBSUJPOBM *ONRIRHSSMIPEQWUISPUBREE JOUFHSBBI
1*% SFHVMBBUPSISPQPSUJPOBM *OUFHSBM %FSBWBUJWF
QSPQPSUTIPOBBM JOUFHSBBM EJGFSFOUTJBBMSFHVMBBUPS
18. 1VMTFS8JEUI . PHYQEMIRMBIJVTNPEVMBUTJIPPO

304 3PCPUOQFSBURIQKHRPLZPWEIN QFSBUTIPPOJTYTUFFEN

31. 3FWPMVUJPOFILFQTISVUFBSW NJOVUJT

41*4FSJBM 1FSJIQIFRIBM ¥%OUBPEBDF KeSKFTUJLTVIUMVTF MJJE
418. 4JOVTPJEBM1VMTF S8BIREUNJOGEVMBABIBMOF QVMTIMBJIVTNF
4718. 4QBDF 7FDUPS 1VMTF SIEGIV.YEWMBWRBDODQVMTIMBJIVTNF
64# 60OIJWFSTBM BHSVBVWNITBBMOF KBEBTJJO

7&.+ WBTUVFMFLUSPNPPUPSKuVE

74* TPMUBHF 4PVIFDE QQWHBEBMHMILB JOWFSUFS



4JTTEFKVIBUVT

5eOBQeFWB UFIOPMPPHJBBSFOFC LJIJSFTUJKB SPCPUJE PO TE
,VJ WBSFN TFPTUBUJ OFJE QFBNJTFMU UYYTUVTUPPUNJTFHE
UFSWITIPIJVT QuMMVNBKBOEVTFT USBOTQPSEJT MPHJTUJL
LBTWBWB IVWJ UpUUV TVVSFOFC LB WBKBEVTUBSLWBSBBSFOE
ufTLT wWBKBMJLLF T%TUFFNF 4FMMFLT FUFUUFWBMNJTUBEB
eMIJLPPMJT NJUNFJEQMBUWPSNF KB QSPKFLUF clFLT TFMMJ"
NBHJTUSJUYTYT SBBNFT WBMNJOVE 3PCPUPOU < >

3PCPUPOU PO BWBUVE Me|UFLPPEJHB QMBUWPSN NJMMF LF
NPCJIJMOF SPCPU 1MBUWPSNJKVIJC *OUFM /6$ QBSEBBSWVU]
<> .BEBMB UBTFNF KVIUJNJTF FFTU WBTUVUBC 45. ' QFSFLI
WBTUV QBSEBBSWVUJ LeTVE KVIJC NPPUPSFJE WBMHVTMBI
PEPNFFUSJB BOENFJE UBHBTJ ,PMNBOEB HFOFSBUTJPPOJ KE
LPPOEBUVE LPHV WBKBMJLFMFLUSPPOJLB 7FSTJPPOJT UolJ
BSIJUFLUVVSJHB < > QBSBOEBEFT LPPEJIPPMEBUBWVTU KB M

-JJLVNJTFLT LBTVUBC 3PCPUPOU LPMNF IBSKBEFHB BMBMJT!
UBSLWBSBMJOF KVIUJNJOF PO TVIUFMJTFMU MJIUOF LVMVW
LPPSNVTF OJOH QJEFWB U LPSSBM LJJSFTUJ )BSKBWBCBE
IBSKBEFHB NPPUPSJUFHB QBSFNBU FGFLUJIJWTVTU KB QJLFNB
TFMMJTFMF MBIFOEVTFMF 4FF FJ PMF USJWJBBMOF ““MFTBC
WeMKBWBIFUBNJTU OJJ SJJTU LVJLBUBSLWBSBT

,BFTPMFWB UYTFFTNeSL POBOBMYWY“TIEB IBSKBWBCBEFMFE NP
TFMMFFFMJTFIJEKBQVVEVTIWUSSFMEFTPMFEFNBTPMFWB MBIF(
WuJNBMIL FEBTQJEJ 3PCPUPOEJ QMBUWPSNIMF JOUFHSFFSJE



, JSKBOEVTFZMFWBBEF

"MBMJTWPPMVNPPUPSJE

&MFLUSIJNPPUPSI UYTQUIINpPUF QuIJOFC OrIUVTFM NJMMF LP
FOEB “x“NCFS NBHOFUW=aMKB <> ,VJ TFMMJOF WPPMVKVIU Q
TFMMFMF KuVE 4FEB PNBEVTU LISKFMEBC "NQ"SF«J TFBEVT
WPPMVHB KVIUNFMpJHVMF NpuKVW KuVE PO WUSEFMJOF KVIFU
KB Q¥%»WTIJNBHOFUJ NBHOFUWeMKBEF WBTUBTUJLNpPKYV UVMENVT
NJEB TBBC NVVOEBEB NFIBBOIJMJTFLT MJJLVNJTFLT S5FLLJWE
WBMFENJ BCJM

= I sint\°

&MFLUSINPPUPS LPPTOFCLBIFTUQuUIJPTBTU SPPUPSJTUKBT
UFLJUBC SPPUPSJMF WBKBMJLVY NBHOFUWaMKB LBT Q%“TJNBHC
QTISMFWPTB NJTNVVOEBCFMFLUSJFOFSHJB NFIBBOJMJTFLT

.PPUPSJ QTISMFENJTF QuIJLPNQPOFOEJLT PO NalJTFE NJT QJC
3PPUPSJ NBHOFUQPPMVTFE UuUNCVWBE TUBBUPSJ QPPMU UF
SPPUPSJQYTISMFNB ,VINPPUPS QTYSMFC QJOHFTUBUBLTF N
FUSPPUPSJQPPMUUFLJUBUVE NBHOFUQPPMVTFEFJNJJEVLT
NolJTUF WeMKB M%“MJUBNJTU OJNFUBUBLTFLPNNVUBUTJPPOJ

4uMUVWBMU NPPUPSJ FIJUVTFTU KBLPNNVUBUTIJPPOJWJJTJIT
,eFTPMFWB UYYSBBNFTWBBEFMEBLTFLBIUFQuIIJMJTU BMBMJT
KBIBSKBWBCB #-%%$ BMBMJTWPPMVNPPUPSJE

+PPOJTFIJIUTVTUBUVE B IBSKBEFHB KB C IBSKBWBCB NPPL



J)BSKBEFHB NPPUPSJ LPNNVUBUTJPPO UPJNVC NFIBBOJMJTFI
QBJLOFC TFHNFOUFFSJUVE WBTLSPOHBT NJEB OJNFUBUBLTF
T%TJOJLIBSKBE NJT WuJNBMEBWBE WPPMV KVIUJNJTU SPPUP
MPPWBE FMFLUSIJMJTF LPOUBLUJ LPMMFLUPSJ FSJOFWBUF TF
NJT WHINBMEBC UFLJUBEB NPPUPSJT QITSMFWB NBHOFUW=zMK

J)BSKBEFHB NPPUPSJE PO KVIUIJNIJTTY%TUFFNJ QPPMFTU W=oHB
SBLFOEBUVE QJOHFMF %JHJUBBMMPPHJLB KVIUIJNJTF QVIVN
QVMTIJMBJVTNPEVMBUTJPPOJ 18. 4FMMFLBTVUBNJTFMNPPU
OJOH QJJTBWBMU LJIJSF MYAMJUVTTBHFEVTF LPSSBM SBLFOEB
NPPUPSJU%Y%CIQFBNIJTFLTQVVEVTFLTPONFIIBBOIJMJOF LVM)
LPOUBLUJTU NJT QJJSBC NPPUPSJUYYTIJHB KB IPPSEVNJITLBPEI

)BSKBWBCBE NPPUPSJE TFFWBTUV FJTJTBMEB IBSKVY FHB LPMI
FMFLUSPPOJLB QPPMU &SJOFWBMU IBSKBEFHB NPPUPSJUFTU
SPPUPSIJM KB Na|JTFETUBBUPSJM WUKPPOJT C 4pMUVWBNM
OJOH LPMNFGBBTIJMJTUFLT

-JTBLT LPOTUSVLUTIJPPOIJMJTUFMF FSJOFWVTUFMF FSJTUB
QBJLOFNJTF KeSHOSVIO@&BSWEMITF PRROGNSIOAHBQI NPPUPSJU
<> 4JTENJTF SPPUPSJHB NPPUPSJE PO UBWBMJTFMU LPNQ
TVVSFNBJE QTTISMFENJTLJISVTJ NJTUpUUV LBTVUBUBLTF OFJE
TVVS LJIJSVT KB WeJLF QITSEFNPNFOU OU WFOUJMBBUPSJE V
TFFWBTUV QBLVWBE TVVSFNBU QYYSEFNPNFOUJNBEBMBNBUF
PO TVVSFN < > 4FFUpUUV PO OFFE MFWJOVE OcJUFLT ESPPO.
QTIIYSEFNPNFOUJJMNB UeJFOEBWB SFEVLUPSJUB

ONB PMENVTFMU WpJC FMFLUSJNPPUPS UPJNJEB LB FMFLUSJH
NuUKVMJIJOEVUTFFSJUBLTF TVMFUVE LPOUVVSJT FMFLUSJWPPNM
JHB NalJT QJOHF NJT PO WNUSEFMJOF OVSLLJIJSVTFHB OJOH T\
NJEB OJNFUBUBLTF WBTUVFMFLUSIJNPPUPSKuVLT 4puMUVWBN
FSIOFWB LVKVHB 7&.+ MBJOFLVKVTJE ,POUTFOUSFFSJUVE N=
USBQFUTJMF WU KPPOJT TBNBT LVJ KBPUBUVE N=lIJTUF
< > ,sFTPMFWB UTY SBBNFT WBBEFMEBLTF BJOVMU NPPUPSF.
FIJUVTFHB



+PPOJTPPUPSJ"OHFM #& WBTUVFMFLUSIJNPPUPSKpnV MB

)BSKBWBCBEF NPPUPSJUF QFBNJTUFLT FFMJTUFLT PO OFOEF
-JTBLT WNJNBMEBWBE OFFE UesQTFNBU KVIUJNJTU OJOH TBB
NJT NVVEBC OFFE TPCIJWBLT SBLFOEVTUFT LVT PO OupVUBYV
4BNBT OFOEF QVVEVTFLT PO NaeSLIJNJTWeaSTFMU LFFSVLBN K
BSWVUVTSFTTVSTTF OJOH TY\WFOEBUVE UFBENJTJ OJJ T%TU
,FFSVLBT KVIUINJTMPPHIJLBWpnJC UpTUB TY%TUFFNJ ¥%2MEJTU NI

) BSKBWBCB BMBMJTWPPMVNPPUPS

S5TTQUIIJNHUF
#-%% NPPUPS PO TUUOLSPPONPPUPSIBMBNUYY2Q NJT UolFOEE
TBHFEVTFHB OBHY TUBBUPSJUFLJUBUVE NBHOFUWoMJ 4FMM|
LVKY KB BKBTUVTFHB WPPM < > "MBMJTWPPM KVIJUBLTF IBS
JOWFSUFSJ 74* LBVEV< > NJTPOUPPEVEWoMKBKPPOJTFM

+PPOJTPMNFGBBTIMIJOF QJOHFBMMJLB JOWFSUFS



1 JOHFBMMJLB JOWFSUFSJ USBOTJTUPSF KVIJUBLTF UBW
-%“MIJUVTTBHFEVTF TVVSFOEBNJOF UBHBC LY“%“MM TVKVWBNB Qf
M¥%2MJIJUVTLBEVTIJE 4FMMJTUF KVIUIJNJTBIFMBUF QVIVM PO PN\
PO TJTTF MYWMJUBUVE 0O0JJ “MFNJOF LVJ LB BMVNJOF USBOTJ
QuiIkvTuBC WeHB TVVSF WPPMV 4FMMF WaeMUJNBFBETUMNFBUB!
NIJMMF KPPLTVM PO NUMFNBE USBOTJTUPSJE WeMKB M¥“»ZMJUB|
SJJTUWBSBMJTF GVOLUTJPPOJOB WpJ KVIUTFBENF QPPMU

.PPUPSJUF LPOTUSVLUTIJPPOJIJMIJTFE FSJOFWVTFE OBHV FFN
LVKVHB WBTUVFMFLUSJNPUPPSKpV ,VIHIJ NuUMFNBU U%%QJ
TJJOVTFMJTF LVJ LB USBQFUTJLVKVMJTF WPPMVHB TBBWVU
KVIUINJTTUSBUFFHIJB WBTUBC NPPUPSJ 7&.+ LVKVMF

-JTBLT WPPMVLVKVY WBMJLVMF FSJTUBUBLTF #-%$%$ NPPUPSJU
SPPUPSJ BTFOEJ NroaSBNUHGTRF SBEEEO/EBVWEHEOHBE BMVFIUTUNJOF

"OEVSJUFUB NFFUPEJE QuMIJOFWBE WBTUVFMFLUSJNPUPPSKH'
IJOEBNJTFM Wo|FOEBEFT T%TUFFNJ SJJTUWBSBMJTU LFFSVL
OpuVEFE TIHOBBMJUTYUMVTFMF .BEBMBUFM QYTYSFUFM PO W
N%2SBUVOEMJL NJTSBTLFOEBC SPPUPSJBTFOEJU=QTFU N&oa$§S
TFEB QSPCMFFNJ LBTVUBEFT SPPUPSJ BTFOEJ UVWBTUBNJTF
WUINBMEBEFT UeQTFU KB VTBMEVTWaaSTFULPNNVUBUTJPPO.

.PPUPSJ KVIUIJNJTF LPOUFLTUJT PO PMVMJOF FSJTUBEB NFIBE
LSBBELJSKFMEBC SPPUPSJUFHFMJLLV G¥%YTIMITU QYTSEFO\
LSBBEJMF< > &MFLUSIJMJOF LSBBE LJSKFMEBC OVSLB %IF LPI
WBIFMJOFTFPT THMUVC SPPUPSJ QPPMVTUFBSWVTU WBTUBW

%
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/[aJUFLT OFMKBQPPMVTFMJTF NPPUPSJ QVIVM WBTUBC %LT NF
UeJTUT%LMIMF FIL FMFLUSIMJTFMF LSBBEJMF &MFLUSJIMJ
NPPUPSJ KVIUJNJTF TFJTVLPIBMU PMVMJOF LVOB LPNNVUB
OVSHB BMVTFM 4FFUpUUV NJEB SPILFN PO NPPUPSJM QPPM\
OVSHB NVVUVNJTF LJIJSVT %IF NFIBBOIJMJTF QYYSEF LPIUB 4
LPNNVUBUTJPPOJ QBSBOEBEFT NPPUPSJ UTY TVKVWVT 4B
BSWVUVTLPPSNVT KVIUT%TUFFNJMF LVOB LPNNVUBUTJPPOJ
OJOH VVFOEBEB TVVSFNB TBHFEVTFHB &EBTQJEJLeFTPMFWB
POBOUVE FMFLUSJOVSLBEFT LVIFIPMFUFJTIJUJU=QTVTUBU



SSBQFUTKVIUJNJIOF

SSBQFUTKVIUIJNJOF PO 4L T MJIUTBNBJE LPNNVUBUTJPPOJNEFF
KVIUINJTFM 4FMMF NFFUPEJ QVIVM SBLFOEBUBLTF NPPUPS

p GBBTJOJILFHB SVVUMBJOFLVKVMJTU QJOHFU WU KPPOJ"
WuINBMEBC FGFLUJIWTFMU LBTVUBEB USBQFUTLVKVKVMJTI
TBBWVUBEFT TFMMFHB NPPUPSJ NBLTIJNBBMTF UfTLJJSVTF K
M¥%MJIJUVTBSWV UpuuVvV LB MYWMIUVTLBPE WUSSFMEFT 18. QulJT
POUSBQFUTKVIUJNJOF MBJBMEBTFMULBTVUVTFM OeJUFLT FM
NJEB UJIUJLBTVUBUBLTF ESPPOJEF KBQSPQFMMFSJUFHB TYaT

+PPOJTPMNFGBBTIMJITF #-%$ NPPUPSJ USBQFUTKVIUJNJTF BK
BOEVSJUF WeMKVOEJU GBBTJEF 7&.+ LVKV KB WaMKVOEQTYSE

y,MWIJHF MJIUTBN KB UTTLJOEMBN NPPEVT USBQFUTKVIUJNJTU S
UBHBTJEFU 1BMKVE NPPUPSJEUBSOJUBLTFLPPT)BMMJBOEYV
LUSHF TIHOBBMJ QPPMF FMFLUSIMJTFUTY%LTJ KPPLTVM p K



OJOHBOEVSJ WeMKVOEJE PO pWpuSSB OJILFT 4FMMJOF LPOF
LPNNVUBUTJPPO TFJTOFC BOEVSJUF TFJTVOEJ WBTUBWVTTF
POUPPEVEUBCFMJT

SBCFM5SBQFUTKVIUIJNJTFLPNNVUBUTJPPOJTBNNVE NPPUPS

ABN N )BMMJBOEVSJ TJBBAOB QJOHF
S # $ 6 7 8
7 /$ 7
7 7 /$
/$ 7 7
7 /$ 7
7 7 /$
/$ 7 7

*HBLPNNVUBUTJPPOJTBNNV LPSSBM %ZIFOEBUBLTF Y%LT NPPUP
UFJOF OFHBUJJWTF UPJUF LMFNNJHB OJOH LPMNBT KeFUBLTF
MYMJUVTTIJHOBBMJOB LBTVUBEB QJOHFTUBNBUB GBBTJ 7&.+
BOEVSJ WeMKVOE NVVUVC LV] 7&.+ WBTUBWEBREBBPXTYOWHFT %
1SBLUJLBTFJUPJIJNVTFFUQTFMU TBNBM BKBM OJOH WJJWJUV

"OEVSJUFUB KVIUJNJTFT UVMFC NFFMFT QJEBEB FU WBTL
OVSLLJISVTFTU wBTUBWBMU WBMFNJMF < > ,VOB NPPUF
QBSBNFFUSJELPOTUBOUTFUFLT TBBCTFEBTFPTUFEBTJ MJIL

4/ #;A |

4:4|

4JJU UVMFOFWBMU BJOVT UFHVS NJT NpKVUBC UFLLIJWBU N
NJMMF LBTWBNJTFM LBTWBC 7&.+ QSPQPSUTJPOBBMTFMU 1.
TFEB MY%IJLFTF WJIJWJUVTFHB KB QJJTBWB UeQTVTFHB LBTVU
T“%WTUFFNJE FJTVVEB TJJTLJ VTIBMEVTWeaSTFMU NPPUPSJU NE
SFTPMVUTIJPPOJ UpUUV

,POTUBOUTF QYYSEFNPNFOEJ IPJENJOF OVMMLJISVTFM NV\
7TBMFNJ QuUIKBM UFLJC NBLTIJNBBMOF QYTSEFNPNFOU



FMFLUSPNBHOFUJMJOF WaMJ PO S J\TUIAS BeAMVUARKS X Q % E B\KEBBHN\CBA B
UFLJUBCGBBTJEFWPPMSPPUPSIMFBJOVMUPTBMJTU UuUNCEK
, JSKFMEBUVE FGFLUUFLJUBC LVVMEBWBU LUSHTBHFEVTMJLL"
TPCINBUVLT SBLFOEVTUFLT LVT PO WBKBMJL TVKVW EY.OBBN.

4JJOVTKVIUIJNJIOF
4JIJOVTKVIUINITF NFFUPEJ FFTNaeSL PO “MFUBEB USBQFUTKV|
18. BCIJM GBBTJQJOHF QJEFWBU KB TVKVWBU NPEVMFFSJNJ
EJTLSFFUTFUF QJOHFUBTFNFUF BCJM PO WHIJNBMJL TBBWVUE
TJJOVTKVIUIJNIJTFM GBBTJEFT MJHIJLBVEV TJJOVTLVKVMJITFE VW
NBHOFUWeMJ %I UMBTFNBBNQMJUVVEJHB NJT WelFOEBC PMVI
TFMMFHBLBBTOFWBUNFIBBOIJMJTU WIJCSBUTJPPOJKBBLVTU.

4FMMF NFFUPEJ QVVEVTUFLT PO WeJLTFN TBBWVUBUBW NBLT]J
M¥%2MIJUVTLBPEKBTFMMFTUUVMFOFWBMU NBEBMBN LBTVUFHYV
LBTVUBNJTFM TVVSFOFC MJTBLT LB BSWVUVTMJL LFFSVLVT |
SJJTUWBSBMF KBBSFOEBNJTFMF

4JIJOVTKVIUINITF LPSSBM PO SPPUPSJ BTFOEJ UeQOF NoaSE
NPPUPSJHB T%OLSPOJTFFSJUVE WPPMVMBJOFLVKVEF HFO
MBIFOEVTUFT PO WpJNBMJL NBEBMB FSBMEVTWHnJINFHB EJTLS
NUPUFT %IF )BMMJ QFSJPPEJ LFTUVTU 4FMMJTF MalFOFNJTF E
BKBWBIFNJLFLT OJOH TFFMaeCJ QBSBOEBEB BTFOEJIJOOBOHYV
PO WuJNBMJL NeeSBUB 18. TIHOBBMJEF BKBTUVT LBT SFBBI
FFMOFWBMU LPPTUBUVE PUTJOHVUBCFMFJE 1VVEVTFLT PO T
LeJWJIJUBNJIJTGBBTJT FCBUQOF 4FMMF QSPCMFFNJ WeMUJNJT
OJOH NJOOBLTF ¥4MF TJJOVTMBJOFMF LVJ LIJOEFM LJJSVT PO T
1SPCMFFNJTBBC MBIFOEBEB LB LPSHFNB SFTPMVUTJPPOJHB B

1SBLUJLBT LBTVUBUBLTF IBSKBWBCBEF NPPUPSJUF KVIUJNJ’
LVOBTFFFJ WpJNBMEB UJFMJLVMU aSBLBTVUBEB UPJUFQJO
QFBUYLIT "OEVSJUFUB KVIUIJNJTFM PO LBTVMJLLBTVUBEB
TBEEMF QEVP¥MHB GBBT%\B/&BI'KN’(NEBH?IB)MBM UBTFNFM < > WU
MelFOFNJOF WelIFOEBC MYAaMJUVTLBEVTJE OJOH MPPC TFMHF
OVMMQVOLUJY»WMFUBNJTFUVWBTUBNJTFLT



+PPOJTKBTUVTEJBHSBNN LPMNFGBBTIJMJTF IBSKBWBCB NPPU
TBEVMQSP<IMI< >

4JJOVTKVIUINIJOF LVKVUBC FOEBTU IFBE LPNQSPNJTTJ U
WFLUPSKVIUIJNJTNFFUPEJUF WBIFM 4FF “MFUBC USBQFUTKY
QPPMFTU OJOH QBLVC PTB UeJVTUBUVE KVIUIJNJTTUSBUFFHJB
BSWVUVTMJLV LFFSVLVTF 4BSOBTFMF QuIJNpHUUFMF UVHJOF
NJTLVKVUBC FOEBTU WFLUPSQMIJTU KVIUINJTNFFUPEJU LVT
KVIJUBLTFUFJOFUFJTFTU TUMUVNBUVMU
‘0%

7TeMKBPSJFOUFFSJUVE KVIUIJNJOF UpVTIT FTIMF KB IBLLBT |
BOEJT UpVLF QPPMKVIUUFIOPMPPHJB LJJSF BSFOH OJOH Uagn]|
BKBMPPT ,VIHINFFUPETBJBMHVTFUTITUVTTFLUPSJTUJOEV]
WeMIJTPSIJFOUFFSJINJTF QuIJNpUFU SBLFOEBEB JHBMF NPPUP
PSJFOUFFSJEB

,VIHJ'O$S UFPTUVT PO LFFSVLBT POTFMMF QuIIJNpUF MJIUOF .1
TBBWVUBUBLTF TJJT LVJ LPMNF NelJTF QPPMU JOEVUTFFSJU

p GBBTJOJILFT '0%$ SBLFOEBC TFEB QuIJNpUFU FU UPPUE
TVVSU QYIYSEFNPNFOUJ LB TJJT LVJ LPPSNVT NPPUPSJMF N
UBVTUTY%TUFFNJ

t BCD TUBBUPSJUBVTUT%“TUFFN NJMMFTLPNQPOFOEJE
BMM WBTUBUFT NPPUPSJLPMNFGBBTIMJTUF NelJTUF HFPI

tU-V PSUPHPOBBMOF UBVTUT%TUFFN TBNBT UBRTBPONERT B
POKPPOEBUVEB UFMKFHB 4FEBWPJC LeTIJUMFEB LPNQMF

t3-@ SPPUPSJTVIUFT EFPOFFSJUVE QK #3HS FRQUKE\PTOLEBATMEF
SPPUPSJNBHOFUW®PHAWYWBOBFEBBYBFMMFHB SJTUJ < >

SBVTUTY%TUFFNJEF WBIFM MJJLVNJTFLT LBTVUBUBLTF LBIUI
QITSEUFIJTFOEVT OUTURFJTFOEVTFE LBTVUBWBE TIJTFOEJUFO



QTTISEUFJTFOEVTUFT LBTVUBUBLTF SFHVMBBUPSJ WeMKVOEF

t10-1-2) * U-Y FIL $MBSLF*J UFJTFOEVT { LPMNF NelJTF WPF
LBIFLPPSEJOBBEIJMJTEMHAHTWHREG KR POE B& WB BJ UE M W MHIE BP
& HB 1SPKFLVRFSMKBWIFM.-BTVUBUB L Tcbs Kigh ISR/SJIUWTEIP R S EE
NJEB TBBC MJIUTVTUBEB LPOTUBOUJEFLT < > OBHV PO U]
TV%WTUFFENJT PONMPMFENB UFMKF TVVSVTFE TBNB TBHFEVTFHI
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+PPOJT7/TUSEMVT LPMNFUBVTUT%“TUFFNJ WBIFM OJOH TBBEVE W
LPSSBM < >

, VOB WPP &P O QWTIPMFLVT LPOTUBOUTFE TBBC OFJE LMBT
JTFTFJTWBMU SFHVMFFSJEB 4FMMFLT TPCJC IaTUJ 1* SFHVI
QMPLLTLFFNPO FTJUBUVE K& NGHIO-AVJ Va@ HIVSHEBENPTNABOOU J KV I U
LPNQPOFOUJ 4%OLSPPOTFUFT NPPUPSJUFT PO SPPUPSJ NBHC
NJTUpUUV UVMFC NBH® FBWPP OFNQIBOFOWEVLUTIJPPONPPUP
SPPUPSINBHOFUWPPHBLUJIWTFMUUFLJUBEB FUNPPUPS %N

+PPOJTBSKBWBCB NPPUPSJWeMKBPSJFOUFFSJUVE KVI

"OUVE LPOPHVSBUTJPPOJT QFBNJTFLT TJTFOEJLT PO QYTSEI
PO TFF WeMJTF LJIJSVTSFHVMBBUPSJ WaMKVOE $MBSLF-*J
FOBNJL LBBTBFHTFJE SBLFOEVTJ UBWBMJTF TJJOVTLVKVMIT



QVMTIJIMBVJTNPEVMBUTJPPOJ 4718. 5VMFC SplVUBEB FU N
UeQTFMF SPPUPSJ OVSHBMF NJTUpUUV PO UesQOF OVSHB Npp
BSWVUVTMJL LPPSNVT LVOB SFBBMBKBT PO WBKB LUSHF TBl¢
BSWVUBEB

"OEVSJUFHB SBLFOEVTUFTLBTVUBUBLTFSPPUPSJBTFOEJN®z®
OBHV PQUIJMJTFE KB NBHOFUJMJTFE LPPESJE "OEVSJWBCBT
NPPUPSJ FMFLUSIMJTUF QBSBNFFUSJUF BOBM¥“Y“TINIJTF UFF
MBIFOEBNJTFLTNBEBMBUFMLJJSVTUFMTBBC SPPUPSJBTFOE
LUSHTBHFEVTTJHOBBMJ )'* < > uSHTBHFEVTMJLFQJOHFTJH
QTISMFNJTU OJOH TBBEVE WPPMVWBTUVTUF BOBMY%TINJITF
BTFOEJLPIUB< >

7TaeMKBPSJFOUFFSJUVE KVIUJNJOF PO LeFTPMFWBT UYTT LpJdt
LeTJUMFUVE NPPUPSJKVIUIJNIJTF NFFUPE 4FF UBHBC LuSHF
OJOH NJOJNBBMTF QYYSEFNPNFOEJ WBSJFFSVWVTF KB WuJN
LIJIJSVTUFOJ FSJUJ LVJ LBTVUBUBLTKEMEOXEB €& GIBM¥H/I WM K |
opuvBC TFF VMBUVTMJLLY BOEVSJUF LBTVUVTU KB SFBBMBKBE
EJTBJOJ NaSLINJTWeaSTFMU LFFSVLBNBLT "OEVSJWBCB KVI
NUHHEFUBWBUF NVVUVKBUF BSWV LVJEUPPCLBBTBU=®IJFOEBW

+VIUIJNJTBIFM PO UBWBMJTFMU %MFTFIJUBUVE TITFNJTUF KB
VVFOEVTTBHFEVTUFM 4Jg AKN\gg OFOWRPMF LTLEERMOJOH UTTUB:
T%OLSPPOTFMU 18. M“MJUVTTBHFEVTFHB NJTLBBTBFHTFUF]
L)[LVOJ L)[< > 4FFUT%LLFM SFHVMFFSJCPUTFTFMUQYYSE
SFBHFFSJNB JHB M“MJUVTQFSJPPEJ KPPLTVM 7aMJNJTFE LJ.
VNCFT LY%YNOFOEJLV TJTEFNJTF UT%LMJ TBHEEVTFTU < > 4FEMN\
KaSHIJWBE SBLFOEVTFE “YMEJTEMU %IUF LBIEFTU MalFOFNJTFETL
NPPUPSJKVIUIJNJTFMF WpJLBTVUBEB QJJTBWB UTTUMVTWRHJINT

1IVMTIMBJVTNPEVMBUTIJPPOJNFFUPEJE

ceLTMBIJBMEBTFNBMULBTVUBUBWBJE QJOHFBMMJLBHB JOWFS
QVMTIMBJVTNPEVMBUTIJPPO NJTNVVUVWBUTIUT%LMIBCJIML
WoMKVOEQJOHF ,aFTPMFWBTUTYIT QuUIJOFC 18. UTTQMIINHUF N
TBFIBNCB WpJLPMNOVSLMBJOFLBOEKBTJHOBBMJWBIFM < >

7JINBTUF BBTUBLYWNOFUF KPPLTVM PO LIJISKBOEVTFT QBLVUVE
< > /FJTUPO LWIJHF MFWJOVN TJIOVTPJEBBMOF QVMTJMBJVTN
MBJBMEBTFMUTFMMF MJIUTB SBLFOEBUBWVTF UpUUYV



+PPOJHB18. KB 4718. WUSEMVT < >

43JJTLIJPO418. JIMNJUNFIJEPMENVTMJILLF QVVEVTJ NJMMFTU C
aSBLBTVUBNJOF ,BIFBTUNFMJTFT QJOHFBMMJLBHB JOWEFSL
OFVUSBBMTF QVOLUJTVIUFT 418.NBLTJN%—BM\D]FI'$B[[IVOBBIUJBS\E
WBJE UPJUFQJOHFTU /FOEF QJJSBOHVUF UpUUV PO 4718. 1
FFMJTUBUVJNBLT UFIOJLBLT 4FMMIip—éb\IBIN]TIITN/B|BJI\NGBIF/IWBiGS/IIKB®‘E
LVOJ UPJUFBMMJLBTU < > < > BIF NFFUPEJ QJOHFBMN
UeQTFN WPSEMVT PO FTJUBUVE KPPOJTFM SFLJUBUVE “uMF
LVJTJIJIOVT KBLPMNOVSLMBJOFTVNNBU NJTPOUPPEVE KPPC

+PPOJT3VVNWFLUPSJINPEVMFFSIJUVE MBJOFLVKYV

SVVNWFLUPSJNPEVMFFSINJOF
, VOB JHB GBBTJ x“MFNJOF KB BMVNJOF .04'&5 UTYfUBWBE LPNQ N
PO UFJOF BMBUJ WeMKBM¥»“@WMJUBUVE WpnJC T%TUFFNJ MJIUT
M¥%MJUJOB NJIJMMFTU JHBYLT NoeaSBC WBTUBWB GBBTJ QPUI
Yo“MFNIJHAR TIJBE'&S5 JPMFLVHB 4FFHB LPMNFGBBTIMJTF QJOHF
LBIFLTB WHIJNBMJLLVY TFJTVOEJU ,BLT OFJTU NPPEVTUBWBE (
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