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4. Omowienie osiggnieé, o ktorych mowa w art. 219 ust. 1 pkt. 2 ustawy
z dnia 20 lipca 2018 r. Prawo o szkolnictwie wyzszym i nauce (Dz. U.
z 2021 r. poz. 478 z p6zn. zm.).
I. Wykaz osiagnie¢ naukowych albo artystycznych, o ktorych
mowa w art.219 ust. 1. Pkt 2 Ustawy

4.1.  Tytul osiggnigcia naukowego.

Analiza wplywu budowy zwigzkow typu donor-akceptor i donor-akceptor- donor na ich

wlasciwosci fizykochemiczne pod kqtem zastosowan w nowoczesnych technologiach

42. Cykl powigzanych tematycznie artykuldéw naukowych wchodzacych w sklad
osiggnigcia naukowego.
*- autor korespondencyjny
[F- wspotezynnik oddziatywania czasopisma

PKT: Punkty MEiIN (dawniej MNiSW) w roku publikacji

H1. Filapek M.*, Matussek M., Szlapa A., Kula S., Pajagk M.

“The influence of experimental conditions and intermolecular interaction on
the band gap determination. Case study of perylene diimide and carbazole-
[fluorene derivatives”

Electrochimica Acta, 216, 2016, 449. IF o03y= 7.3, PKT=40

Moj wktad w powstanie tej pracy polegat na: sformutowaniu problemu
naukowego, zaplanowaniu struktur zwigzkow, wykonaniu i analizie
pomiarow  spektroskopowych — oraz  elektrochemicznych,  napisaniu

manuskryptu, korekcie manuskryptu i korespondencji z redakcjq czasopisma.

H2. Kula S., Szlapa A., Malecki J. G., Maron A., Matussek M., Schab-
Balcerzak E., Siwy M., Domanski M., Sojka M., Danikiewicz W., Krompiec

S., Filapek M.*
e



“Synthesis and photophysical properties of novel multisubstituted benzene
and naphthalene derivatives with high 2D-n-conjugation”

Optical Materials, 47, 2015, 118, IF023)= 3.9, PKT=35

Moj wktad w powstanie tej pracy polegat na: sformutowaniu problemu
naukowego, wspotudziat w opracowaniu struktur zwigzkéw,; wykonaniu i
analizie pomiarow elektrochemicznych oraz spektroelektrochemicznych,
napisaniu wigkszosci manuskryptu, korekcie manuskryptu i korespondencji z

redakcjg czasopisma.

H3. Szlapa-Kula* A.; Kula S.; Filipek P.; Krompiec S.; Filapek M.*
“The Influence of the Intramolecular 2D Interactions on the

Physicochemical Properties of Hexasubstituted Benzene Derivatives”

Energies, 16, 2023, 480. IF (2023~ 3.2, PKT=140

Moj wktad w powstanie tej pracy polegal na: sformutowaniu problemu
naukowego,; wspotudzial w opracowaniu struktur zwigzkow, wykonaniu i
analizie pomiarow elektrochemicznych oraz spektroelektrochemicznych;
napisaniu wigkszosci manuskryptu, korekcie manuskryptu i korespondencji z
redakcjq czasopisma.  Ponadto kierowatem projektem (Miniatura, nr

2017/01/X/ST5/01786) obejmujgcym czes¢ badan opisanych w tej pracy.

H4. Kula S., Sztapa-Kula A., Krompiec S., Gancarz P., Filapek M.*
“An electrochromic behavior of novel polythiophenes obtained from
unsymmetrical monomers- a comprehensive study”

Synthetic Metals, 247, 2019, 202-211. IF 2023)= 4.4, PKT=30

Moj wkiad w powstanie tej pracy polegat na: sformutowaniu problemu

naukowego; wspotudziat w opracowaniu struktur zwigzkow, wykonaniu i

¢

W



analizie pomiaréw elektrochemicznych oraz spektroelektrochemicznych,
przebadaniu  wlasciwosci  elektrochromowych;  napisaniu ~ wigkszosci
manuskryptu; korekcie manuskryptu i korespondencji z redakcjq czasopisma.
Ponadto kierowalem projektem (Miniatura, nr 2017/01/X/ST5/01786)

obejmujgcym czes¢ badan opisanych w tej pracy.

HS5. Kula S. *, Szlapa-Kula A. Krompiec, S., Schab-Balcerzak E, Chrobok
A., Gancarz P., Filapek M. *

“ New possibilities of 2-pyranone derivatives — Thermal, optical and
electrochemical properties”
Materials Science and Engineering B 263 (2021) 114820 IF2023= 3.6,
PKT=100

Mdj wktad w powstanie tej pracy polegat na: sformufowaniu problemu
naukowego,; wspoludzial w opracowaniu struktur zwiqzkow; wykonaniu i
analizie pomiaréw elektrochemicznych oraz spektroelektrochemicznych,
napisaniu wigkszosci manuskryptu; korekcie manuskryptu i wspolnej
korespondencji z redakcjq czasopisma. Ponadto kierowatem projektem

(Miniatura, nr 2017/01/X/ST5/01786) obejmujgcym czes¢é badan opisanych w
tej pracy.

H6. Filapek M. *, Hellwig H., Gancarz P., Sztapa-Kula A.

“Influence of various doping agents on organic semiconductors’
physicochemical properties”

Journal of the Electrochemical Society 168, 2021, 046508 IF(2023= 3.9,
PKT=100
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Mdoj wkiad w powstanie tej pracy polegal na: sformutowaniu problemu
naukowego, zaplanowaniu struktur zwigzkow; wykonaniu i analizie
pomiaréw elektrochemicznych oraz spektroelektrochemicznych,; napisaniu
manuskryptu, korekcie manuskryptu i korespondencji z redakcjq czasopisma.

Ponadto kierowatem projektem (Miniatura, nr 2017/01/X/ST5/01786)

obejmujgcym catos¢ badan obisanych w tej pracy.

H7. Sztapa A., Kula S., Btaszkiewicz U., Grucela M., Schab-Balcerzak E.,
Filapek M.*
“Simple donor-m-acceptor derivatives exhibiting aggregation-induced

emission characteristics for use as emitting layer in OLED”

Dyes and Pigments, 129, 2016, 80-89 IF 203= 4.5, PKT=40

Mo} wklad w powstanie tej pracy polegal na: sformutowaniu problemu
naukowego,; zaplanowaniu struktur zwigzkow, opracowaniu metody syntezy i
oczyszczania zwigzkéw; wykonaniu i analizie pomiarow elektrochemicznych,
przeprowadzeniu i analizie badan nad zjawiskiem emisji wzmocnionej
poprzez — agregacje;  napisaniu  wiekszosci  manuskryptu;  korekcie

manuskryptu i korespondencji z redakcjq czasopisma.

HS8. Filipek P.; Karon K.; Hellwig H.; Sztapa-Kula A.; Filapek M.*

“The Role of Intermolecular Interaction on Aggregation-Induced Emission
Phenomenon and OLED Performance”

Materials; 15, 2022, 8525 ; [F2023= 3.7, PKT=100

Mdj wktad w powstanie tej pracy polegal na: sformutowaniu problemu

naukowego, zaplanowaniu struktur zwigzkow, wykonaniu i analizie



pomiarow elektrochemicznych; przeprowadzeniu i analizie badan nad
zjawiskiem emisji wzmocnionej poprzez agregacje; napisaniu wigkszosci
manuskryptu, korekcie manuskryptu i korespondencji z redakcjqg czasopisma.

Ponadto kierowatem projektem (Miniatura, nr 2017/01/X/ST5/01786)

obejmujgcym catos¢é badan opisanych w tej pracy.

Omodwienie celu naukowego/artystycznego ww. pracy/prac i osiagnigtych wynikéw

wraz z omowieniem ich ewentualnego wykorzystania.
4.3.1. Wprowadzenie.

Trudno sobie dzisiaj wyobrazi¢ zycie bez zdobyczy nowoczesnych technologii
optoelektronicznych. Telewizory, smartfony, tablety i wiele, wiele innych urzadzen staty
sie juz niemal nieoditgcznym elementem naszej codziennosci. Nim jednak nowe modele
tych urzadzen trafia pod strzechy, musza zosta¢ gruntownie przetestowane i
zoptymalizowane. Optymalizacja dotyczy zarowno urzadzenia jako catosci jak 1 jego
poszczegdlnych podzespotéw — kazdego elementu sktadowego. W przypadku technologii
zaliczanych do organicznej elektroniki taki proces optymalizacji rozpoczyna si¢ od
poznania wihasciwosci  fizykochemicznych  pojedynczych  molekut  tworzacych
poszczegdlne ,,czesci” urzadzenia. I tu pojawia sie zasadniczy problem, gdyz wiele z
technik analitycznych i obliczeniowych koncentruje si¢ na badaniu pojedynczych
czgsteczek. Zatem w wielu przypadkach oddziatywania wewnatrz- i miedzyczasteczkowe
nie sg uwzgledniane (np. w obliczeniach DFT) lub sa niedoszacowane, gtownie ze
wzgledu na sposdb przygotowania probki (badane sa roztwory rozcienczone). Natomiast
(prawie) zawsze w finalnym urzadzeniu wystepuja one w formie ciata statego lub blendy.
Niekiedy ten przeskok (miedzy wlasciwosciami czasteczki w roztworze a jej
wiasciwosciami w formie ciata statego) jest bardzo brutalny np. za sprawa mechanizmu
ACQ (z ang. aggregation-caused quenching), czyli drastycznego spadku wydajnosci
emisji w czasie wzrostu stgzenia w roztworze, az do nieakceptowalnie niskich wartosci
dla ciata statego. Jest to oczywiscie jedno z wielu zjawisk utrudniajacych powigzanie
wplywu budowy pojedynczej czasteczki na wyznaczane parametry fizykochemiczne, a
docelowo na wiasciwosci urzgdzen konstruowanych na bazie danego materiatu.

Postep w dziedzinie nowoczesnych technologii jest mozliwy dzigki ciaglemu
sprzezeniu zwrotnemu "struktura <> obserwowane wlasciwosci". Dzigki temu coraz lepiegj
rozumiany jest wptyw budowy czgsteczki na parametry fizykochemicznych, a w
konsekwencji wydajnosci urzadzen konstruowanych na bazie danych zwiazkow. To z
kolei pozwala lepiej zaprojektowad i zsyntezowac czasteczki pod katem ,,wzmocnienia”
najbardziej pozadanej cechy. Niniejsze osiagni¢cie naukowe jest analizg wplywu budowy
czasteczkowej na site oddzialywan wewnatrz- i migdzyczasteczkowych a finalnie na
parametry fizykochemiczne w badaniach materialtéw na potrzeby nowoczesnych
technologii.

43.1.1.  Cel badan.
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1IDWRPLDVW ]JQDF]QLH ZL NV]H UR]JELH*QR FL |DREVHUZRZ
EDGDQLD GOD VXEVWDQFML UR]JFLH FIRQHM L FLD&D V
HOHNWURG\ GOD SRFKRGQHM SHU\OHQRZHM =DREVHUZ
UHGXNFMD Z W\P SU]J\SDGNX ]DFKRG]L JQDF]QLH WUXGQL
BNXWNXMH WR UyZQLH* ]JQDF] F Uy*QLF ASU]JHUZ\ |
HOHNWURFKHPLF]QLH+ (J GOD VXEVWDQFML UR]SXV]F]I
Z\]QDF]RQD GOD FLD4aD VWDAaHJR Z]JUDVWD GR H9

'\QLNL HNVSHU\PHQWDOQH VNRQIURQWRZDQR UyzZQL
PHWRG ')7 :DUWR WXWDM SRGNUH OLU L* Z REX SU]J\SDG
VDP\FK IUDJPHQWDFK F] VWHF]NLF] FKIRRIZRZ SER\SD@®X]D
SUJHQLHVLHQLH HOHNWURQX PL G]\ QLPL MHVW PR*OLZH
7DEHODRQWXU\ RUELWDOL +202 , /B02 GOD ]ZL ]NyZ
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: REX SUJ\SDGNDFK RSW\F]QLH Z\]QDF]JRQD SU]JHUZD H
HOHNWURFKHPLF]QD 2ELH MHGQDN V L WDN PQLHMV]H
FR MHVW JUHV]W F] VWR VSRW\NDQH Z OLWHUDWXU]H>

%LWLRIHQRZH SRFKRGQH W\SX " $ '

2UJDQLF]QH XNabDG\ W\SX GRQRU DNFHSWRU GRQ
]JDLQWHUHVRZDQLHP ]JH VWURQ\ EDGDF]\ [DMPXM F\PL VL
GRW G ]QDOD]a\ RQH ]DVWRVRZDQLH SU]\ NRQVW
HOHNWUROXPLQHVFHQF\MQ\FK WUDQ]J\WWRUyYZ SRORZ\FK
'L NL ]DVWRVRZDQLX WDNLHM Z4D QLH DUFKLWHNWXU
VWRVXQNRZR 4DWZH PRG\ILNDFMH SRGVWDZQLNyZ SU]\ ]
IRWRIL]\FIQ\FK > @ :LHOH ] SRFKRGQ\FK '$' Z\NDJ:
SR* GDQH [MDZLVNR WHUPLF]QLH DNW\ZRZDQHM RSy(QLI
ZLHOH ] W\FK SRFKRGQ\FK GRGDWNRZR QDOH*\ GR JUXS
RGZUDFDOQ\FK PL G]\W\VWHPRZ\FK SU]JHM & SRPL G]\
WU\SOHWRD\PL D7ZVWDQHP VLRQOHMRK RJIEYHUVHG LQWHU"
K5,6& > @ -H OL IUDJPHQW GRQRURZ\ MHVW IU
HOHNWURSROLPHU\]DFM WR F] VWHF]ND WDND MHVW MHC
SRFKRGQ\FK VNRQFHQWURZDQR VL Z F]DVLH QLQLHMV]\F
NWyUH ]DSURMHNWRZDQR ]JV\QWH]JRZDQR L SUJHEDGDQ
SRQL*HM

7TDEHOBPHVWDZLHQLH SRFKRGQ\FK W\SX ' $ ' ]I DSURMHNWR 2
L SUJHEDGDQ\FK Z UDPDFK QLQLHMV]HJR RVL JQL FLD QD>
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3LHUZV]D VHULD SUJHEDGDQ\FK XN&abDGyZ ' $ ' WR IR
KHNVDSRGVWDZLRQH SRFKRGQH EHQ]JHQX DQJ KH[DVX
=RVWD4a\ RQH WDN |[DSURMHNWRZDQH E\ FHQWUDOQ\ SLHL
L IUDJPHQW\ & QDGPLDURZH QDWRPLDVW Z SR]RV
DNFHSWRURZH L OXE PRG\ILNXM FH Z&4D FLZR FL IL]\NRF
PROHNX&\ JQDF]JQLH J\WND&\ QD JQDF]JHQLX GRSLHUR Z ;;.
VWUXNWXUDOQ\ PR*H E\ii QLHFR P\O F\ GR i 4DWZR PR*!
WV\SX QLH V SabDVNLH F]J\OL SRGVWDZQLNL V Z SU]J\
FHQWUDOQHJR SLHU FLHQLD =D]Z\F]DM Z PLDU ]ZL NV]L
UR QLH VL4D RGG]LD&\ZD PL G]\F] VIWWHFENRZAAK QNS M G
WHM NRQNUHWQHM JUXS\ ]ZL [NyZ ZHZQ WU]F] VWHF]NR:
QDMF] FLHM FKDUDNWHU GRPLQXM F\ FR SU]JHNA&DGD
IL'\NRFKHPLF]QH

3RFKRGQHW\QWH]RZDQH JRVWDA&\ Z RSDUFLX R WDQG
> @ L > @ 'LHOVD $OGHUD -DNR VXEVWUDW)\ Z\NI
PR*OLZR it VWRVXQNRZR 4DWZHJR X]\WNLZDQLD SRFKRGC
SRGVWDZQLNDPL KHWHURDURPDW\F]Q\PL Z SR]\FMDFK |
LQQH PHWRG\ QS VSU] JDQLH 3RZVWDM FH MDNR SURC
VWURQ\ A]JDEH]SLHF]RQ\P GLHQHP" Z ZDUXQNDFK] UHDNF!
GUXJLHM MHGQDN SRVLDGDM EDUG]R FLHNDZH ZaD FLZR
RPDZLDQLX S&®AFLHNDZH Z UDPDFK EDGD Z\ND]DQR L* V
WM F\NORDGG\FML > @ HWDSIH ®DMWBOW\DWRUQL
SUJHV]NDG]D Z NROHMQ\FK HWDSDFK OHF] ZU F] SRGQR\
3R]ZDOD WR QD SURZDG]JHQLH UHDNFML ZHGA&aXJ ZDULDQ
SURFHGXU

8]\WNDQH SRFKRGQH Z\ND]\ZD&\ FLHNDZH Z&D FLZR
VSHNWURVNRSRZIHOM PHDWREG]DM V\JQDa ZRGRUyZ WLRIHQF
SU]\ RNRAR SSP QDWRPLDVW Z MSHUGWE@ G NX\J@D g WZ ZW
SLHU FLHQLD SRMDZLD VL SU]\ ]QDF]QLH PQLHNMMBRP SU]
GOD SSP GODSSP G®@)QDF]D WR L* ZRGRU\ WH V ]QDF]C
Z\QLNX VLOQ\FK RGG]LD4\ZD HOHNWURQYZ & V VLDGXM |
GHORNDOL]DFMD WRURLGDOQD > @

. UDPDFK SUDENXSLRQR VL SUJHGH ZV]\WWNLP QI
HOHNWURFKHPLF]Q\FK RPDZLDQ\FK SRFKRGQ\FK ELWLRII
SRFKRGQ\FK GLHVBRE®ZNFX UHGXNFML VXJHUXMH L* SURF
Z\4 F]QLH QD FHQWUDOQ\P SLHU FLHQLX EHQJHQRZ\P ]H ]
FR RF]\ZL FLH QLH MHVW ][DVNRF]JHQLHP ELRU F SRG XZ
WV\FK*H JUXS 'RGDWNRZR SRWZLHUG]JRQR WH REVHUZDFN\
NWyUH Z\ND]D&\ L* RUELWDO /802 U]JHF]\ZL FLH SR&R*R
F] VWHFINL = NROHL RUELWDO +202 ZHGA&XJ W\FK SUHG\N



SRGVWDZQLNL ELWLRIHQRZH = IRUPDOQHJR SXQNWX
PRQRPHUDPL SROLPHUyYZ SU]JHZRG] F\FK JG\* SRVLDGDM
HOHNWURSROLPHU\]JRZDOQH &R MHGQDN |]DVNDNXM Ft
ND*GRUD]RZR SRZVWDZD& NDWLRQRURGQLN SROLPHU\]DF
FI\OL MHG\QHM Z VHULL SHQWDSRGVWDZLRQHM SRFKRGC
VSRZRGRZDQH RSLVDQ\P SRZ\*HM VLOQ\P RGG]LDA&\ZI
ELWLRIHQRZ\FK E G F\FK Z]JO GHP VLHELH Z SR]\FMDFK R
SUDZGRSRGREQH L* SR XWOHQLHQLX MHGQHJIR ] SLHU
MHV]F]H EDUG]LHM VL GR VLHELH ]JEOL* QD VNXWHN R
WLRIHQRZHJR ] FKPXU HOHNWURQRZ V VLHGQLHJR WLRI
GRGDWQL UR]JSURV]RQ\ MHVW QD ZV]\WVWNLH FJWHU\ SLHU
]JODF] F VWDELOL]DFM NDWLRQRURGQLND L XWUXGQLD
GRGDWNRZ VWDELOL]DFM SRWZLHUG]D UyZQLH* EDUCG
]JDLQLFMRZDQLD XWOHQLDQLD EDGD QAR LS RFIKR@Q HF R QL
GOD L]JRORZDQHJR SRGVWDZQLND ELWLRIHQXRBDHRR AL @
SUJHSURZDG]LU HOHNWURSROLPHU\]DFM FKRU Z\GDMQR
QDUDVWD SRZROL ZROWDPRJUDP

, >—3%@
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'ROWDPRJUIRROWDPRJUDP REUD]XM F\ HOHNW URGHRDHM®H U\
RUD] EDGDQLH VWDERO@IDBUDZSRIOLFPHEXNR i SUJHPLDWDQL

P9V HOHNWUROLW R18W ZHREBX® 3RWHO@PMDAa\ SRND
Z]1JO GHRH&S

6DP SROLPHU EDGDQ\ Z URJWZRU]JH SR]JEDZLRQ\P PRQR
PDNV\PDOQ)\ SU G SLNX VSDGD SRZROL Z PLDU NROHMC
SUJHZRG] F\ R F]\P ZLDGF]\ RVWU\ VSDGHN QDW *HQ
SRODU\]DFML HOHNWURG\ : ]ZL JNX ] SRZ\*V]\P Z\NRQD
VSHNWURHOHNWURFKHPLE]Q\FK

6SHNWURHOHNWURFKHPLD 89 9,6 MHVW EDUG]R X*\W
]ZL INyZ QD SRWU]JHE\ RUJDQLF]JQHM HOHNWURQLNL ']JL
Z]1JO GX QD IDNW L* XPR*OLZLD RQD REVHUZDFM MDN ]I
PDWHULDA&X SRGF]DV SUJ\SA\ZX SU GX Z\PXV]DM FHJR MHJ
WDNLH Z\PDJDM MHGQDN*H ]QDMRPR FL ]DUYZQR Z&D F|
DEVRUEF\MQ\FK Z EDGDQ\P ]JDNUHVLH ]Z\NOH QP F
RQH Z NLHUXQNX SRGF]JHUZLHQL 3RQDGWR FR ]D]Z\F]
EDGDQD SRFKRGQD QLH PR*H XOHJDi UR]JN4DGRZL SRC



RF]\ZL FLH SRVLDGDi#U EXGRZ ]DSHZQLDM F LVWQLHQLH
ZLG]LDOQ\P F]\OL ]D]Z\F]DM DOER XN4DG GRQRURZR DNF
VSU] *RQ\FK ZL ]DU SRGZYMQ\FK QS UR]JEXGRZDQH IUDJP
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'LGPR 6SHNWURHOHNWURRKRHPUDSIZN XN\ XFLX HOHNWURG\
R VW *HQLX 13)0Z2%& 0O 3RWHQFMDa\ SRND]IHQR Z]JO GHP &

© SU]\SDGNX SRRERGEOHGLH SRWHQFMDAaX ]JHZQ WU]QHI
SRWU]JHEQHJR GR UHGXNFML QLHPDO QLH ZS&a\ZD QD ZLG
SU]\MPRZDQ\ MHVW QD IUDJPHQW F] VWHF]NL NWyUD QLH
EDGDQHJR ]DNUHVX F]J\OL SR UD] NROHMQ\ SRWZLHUG]D
IUDJPHQFLH F] VWHF]NL = NROHL SRGSRZARCHWDH 5 8 R IVHLQ
VL FKDUDNWHU\VWVW\F]JQHJR SDVPD SRODURQRZHJR :LGF
SRFKRGQ\FK WHMRVEKWQHQLHQLX SRMDZLD VL GRGDWN
QL*V]\FK HQHUJLDFK SUJHVXQL WH R RNRAR QP GR Z
MHGQDN SR SRZURFLH S RAV\HDQFS 4 ¥ HHRAQNREMQL X GR IRU
LQQ\PL VARZ\ SURFHV XWOHQLDQLD MHVW RGZUDFDOOQ\

'DOV]H EDGDQLD KHNVDSRGVWDZLRQ\FK SRFKRGQ\FK
SRFKRGQ\FEKRVLDGDM F\FK Z SR]\FMDFK L SLHU FLHC
SR]\FMDFK L SRGVWDZQ+tNL. G@EDERGPHMNWRRZH V¥QWH
]JDSURMHNWRZDQ\FK PROHNXa Z\EUDQR UHDNFM F\NORD(



DONLQHP ZSURZDG]DM F\P SRGVWDZQLNL L Y4

WHWUDIHQ\ORF\NORSHQWDGLHQRQHP S5HDNFMD SU]JHELH.
] HNVWUX]M &2 EH] XG]LDa4axX NDWDOL]DWRUD 7DN*H L G
105 ]IDREVHUZRZDQR VLOQH SUJHVaDQLDQLH ZRG|
KHWHUR DURPDW\F]Q\FK ]QDMGXM F\FK VL Z SR]J\FMDFK

3RGF]DV EDGD HOHNWURFKHPLF]Q\FK Z\NRQDQR V]H!
&9 =DREVHUZRZDQR L* SRWHQFMD&a\ UHGXNFML V QL*V]
GRGDWNRZHJR HOHNWURQX MHVW XWUXGQLRQH ZROWL
ZLURZ\ Z REU ELH ND*GHJR ] SRGVWDZQLNyYyZ DURPDW\F]C
NWyUH RGG]LD4a\ZDM ] HOHNWURQDPL V VLHGQLHJR SLHL
XN4ADG REQL*DM F HQHUJL IDWRPLDVW SUJ]\M FLH GF
QDVW SLU QD RUELWDO DQW\ZL * F\ NWyUHJR ] XNAaDG\
ZS4\Q A4RE\ QD HQHUJL XNA&aDGX ]DUYyZQR SRSUJH] SRGQL
SLHU FLHQLD DOH WDN*H RVA4aDELA4RE\ NRUJ\WWWQH RGC
$QDORJLF]QLH Z SUJ]\SDGNX SURFHVYZ XWOHQLDQLD ]DF
QL* GOD DQDORJYyZ EH] SRGVWDZQLNyZ IHQ\ORZ\FK : W
GRGDWQL VWDELOL]JRZDQ\ MHVW SU]JH] HOHNWURQ\ & V V
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'ROWDPRJUDROWDPRJUDP\ Z\NRQDQH PHWRG ZROWDPS
VI\ENR U0 SUJHPLDWDQLD SRWHQFMD&HP P3)V HOHN
Z &+ 0O 3RWHQFMDa\ SRND]MQR Z]JO GHP &S

&R MHGQDN ZD*QH Z SU]JHFLZLH VWZLH GR ELWLRI
RSLVDQ\FK ZF]JH QLHM HSR&EBRRMEQIDNWURSROLPHU\]DFML



SROLPHU FHFKXMH VL Z\WRN VWDELOQR FL ]DUYZQR SR
MHVW QLH]Z\NOH FHQQ FHFK Z UyG SROLPHUyYZ SUJHZRG

] 10 4 poli-9 utlenienie

14 4 —— poli-9 redukcja
—— 1-wszy cykl 54

= 10-ty cykl
10 16-ty cykl o1
— 24-ty cykl
—— 30-ty cykl

-25 -20 -15 -10 -05 0.0 0.5 1.0
E/V (vs. FciFc') ENV (vs. FcIFc®)

[ t

—0V
1-wszy skan 104 M3 (0.8 V)
——10-ty skan —M3(1.0V)
50-ty skan —M3(1.1V)
104 —— 100-tny skan 0.8 M3 (0 V po utlenieniu)
200-tny skan
—— 500-tny skan

poli-M3 (aV)
—— poli-M3 (0.8 V)

-10 U S s S S S e S S B
-1.0 -08 -06 -04 -02 00 02 04 06 08 10
EIV (vs. Fc/Fc")

F

6FKHPDMOWDPRJUDP REUD]XM F\ HOHNWWR S RECAKPRIAD 0\
UHGRNVERREBL E VWDEERQRSISRGF]DV S GRPLHV]NRZDQ
VSHNWURHOBRWOWIBBRKXRELX HOHNWURG\ ,72 G HOHNWI
%A3) Z &&O0 3RWHQFMDa\ SRND]IHQR Z]JO GHP &S

'\ANRQDQR UyZQLH* VHUL SRPLDUyZ VSHNWURHOHNWUR
PRQLWRUXM F\P JPLDQ\ Z ZLGPLH 89 9,6 Z WUDNFLH HO
SRWHQFMRVWDW\F]QLH MDN L Z ZDULDQFLH EDUG]LH
RVDG]RQHJR QD HOHNWURG]LH ,72 XPLHV]F]JRQHM Z UR]JW.
PRQRPHUX ]JZDENRUEXMH ZLDWaR SRQL*HM QP QDWEF
SRWHQFMDaxX XWOHQLDQLD SRMDZLD VL GRGDWNRZH SD
QDVW SXMH GLPHU\]DFMD SU]JHVXQL FLH GR Z\*V]\FK Ga
EDUG]JLHM UR]JEXGRZDQHJR XNabGX VSU] *RQHJR 'LGRF]¢
DOH PD QD W\P HWDSLH QLHZLHON LQWHQV\ZQR G 3U]\ ]
GR 9 SDVPR WR ]QDF] FR SU]J\UDVWD L VWDMH VL MX*
B3RZUyW GR SRWHQFMD&axX 9 F]\OL SRQRZQD UHGXNFMD G
SDVPD SRODURQRZHJR DOH QLH ]J]DQLND SDVPR SU]\
SRZRGXMH QLHRGZUDFDOQ GLPHU\]DFM SRSU]JH] WHUPL
ZLGPR 89 9,6 MHVW EDUGI]R JEOL*RQH GR ZLGPD R SROLPFE
oOLQLD MDVQRQLHELHVND QD VFKHPDFLH =ZL NV]I
HOHNWURG\ SR RVOIROBRZRGCXMHKISRWDZLHQLH VL EDUG
SDVPD SRNU\ZDM FHJR FDa\ GRVW SQ\ |[DNUHV VSHNWUDO



'DOV]H SUDFH QDG XN4aDGDPL '$ '+RSDVDPRRLZFBQRF
JAYyZQLH XN&ADGRP Z NWYU\FK URO GRQRUD SH&QLA\
MHGQRF]H QLH E G FH PRQRPHUDPL : SLHUZVIHM ]
]JVIQWH]RZDQR SRFKRGQH Z RSDUFLX R UHDNFM F\NO
HW\Q\OR ELWLRIHQX GR RGSRZLHGQLHJR NHWRHVWU
SRFKRGQ\FK EHQ]J]HQX SRGVWDZLRQ\FK Z SR]\FMDFK L
SR]\FML JUXS HW\ORHVWURZ QDWRPLDVW Z SR]\FML
SDUDPHWU\ IL]\NRFKHPLF]JQH PROHNX& 'JL NL WDNLHM
QLHV\PHWU\F]QH PRQRPHU\ NWyUH PRJ XOHJDU GLPHU\]I
VFKHPDW

ORQRPHU SRWHQFMDOQH

% $$ %
$%$ %
$%%$

5 PHW\O SURS\O F\NORSURS\O WLRIHQ\O

6FKHPDSWVXQHN PRQRPHUyYyZ ZUD] ] WHRUHW\F]Q\PL SURGX

'OD ZV]\WWNLFK X]J\WWNDQ\FK ]ZL JNyZ XGDMH
HOHNWURSROLPHU\]DFM X]\WNXM F VWDELOQH SRGF]D
SROLPHU\ SUJHZRG] FH >+ @ .OXF]JRZH MHGQDN E\&F
HOHNWURFKURPRZ\FK EDGDQ\FK XN&4DGyZ 6NRUR ER:
NZDWHUWLRIHQRZH Z 4D FXFKX SROLPHURZ\P SRVLDGD
SRZLQQ\ VL RQH QLHFR Uy*QLi SRWHQFMDAHP XWOHQ
ZLDW&D 3RZLQQR WR SUJH&R*\i VL QD Uy*Q EDUZ SRO
HOHNWURG]LH ,72 FR E\AaRE\ EDUG]R X*\WHF]JQH ] S.
]JDVWRVRZD QS Z VIN4aDFK HOHNWURFKURPRZ\FK

$ %




> @

7UDQVPLWDQFH

7LPH >VHF@

6FKHPDWGM FLD HOHNWURFKURPL]PX GOD SROLPHUyYZ X]
$ % & ]DOH*QR i WUDQVPLWDQFML PRQLWRURZDC
SRWHQFMDAyZ ] S RYDL! 9 GOD

8]\WVNDQH SROLWLRIHQ\ SRGF]DV EDGD VSHNWURHOHNW!I
NLONXHWDSRZ\ HOHNWURFKURPL]JP FR XGRNXPHQWRZD
UyZQLH* SRGNUH OLiU L* SRWHQFMDA&a GRPLHV]NRZDQLD M
GR HOHNWURG SRWHQFMDAaX 9 Z\ZR4XMH ZLGRF]Q JRS
GRPLHV]NRZDQLD REVHUZRZDQR UyZQLH* GR i GX*\ VSDG
SROBU]\ QP JPQLHMV]D VL RQD ] GR

-DN MX* ZF]JH QLHM ]DVV\JQDOL]RZDQR SU]J]HGELARWHP E
XNabG\ '$ ' Z NWyU\FK URO GRQRUD SHaQL&\ IUDJPHQW
DNFHSWRUD XNabDG SLUDQRPRZGRWLGNHJIJR W\SX SRFK
EDGDQH Z NRQWHN FLH SRWHQFMDOQ\FK ]DVWRVRZD Z
]JRVWDab SUJHSURZDG]RQD VWRVXM F N)D@OFCRYOMWRD MW HD
F\INORDGG\FM RGSRZLHGQLR JPRG\ILNRZDQHJR NHWRHYV

= XzZbJL QD IDNW L* MDN GRW G QLH RSLVDQR SU]\
]I DZLHUDM FHJR SLHU FLH SLUDQRQX Z aD FXFKX JayZQ\F
SLHU FLH WHQ E G]JLH VWDELOQ\ HOHNWURFKHPLF]Q\ L
E G( UHGXNFML , UJHF]J\ZL FLH SRFKRGQH Z\ND]J\ZDa\ NL
SLHUZV]\ HWDS |]DFKRG]L4 QD IUDJPHQFLH FHQWUDOQ\F
NROHMQH QD SRGVWDZQLNDFK ELWLRIHQRZ\FK VFKHPIL
XWOHQLDM VL SU]\ QLHFR LQQ\FK SRWHQFMDaDFK ]H
SRGVWDZQLNyZ L EUDN V\PHWULL Z F] VWHF]FH
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6FKHPDWOWDPRJUDP\ REUD]XM F\ |DFKREDRUID]VEDGREK
VWDELOQR FER®RMLPHWXHNWURHOREWEHRGEKEGBLBU]\ X*\FL
HOHNWURG\ ,72 (OHNWUROLM R & O FHERMWKHQFMD & XSRND
Z]1JO GHRH&S

VI\VWNLH ]ZL JNL XGDaR VL SRGGDuU HOHNWURSR
SROLPHU\ SUPRAGDSRBDM®QR QD VFKHPDFLH FR SRW
EDGDQLD VSHNWURHOHNWURFKHPLF]QH 3RGF]DV ]ZL N\
HOHNWURG]LH ] RVDG]RQ\P ILOPHP SROLPHUX ]J]DREVHUZ
SRODURQRZHJR = NROHL Z SU]J\SDGNX JPQLHMV]DQLD SR
SRQLYHMQDVW SXMH SUJHVXQL FLH SDVPD DEVRUEFML GR
UHGXNFMD ]DFKRG]L QD IUDJPHQFLH V VLDGXM F\P ] IUDJ
ZIEXG]JHQLH HOHNWURQyYZ 3U]\ GDOV]\P REQL*HQLX SRWH
XWOHQLDQLX SDVPR SRNU\ZDM FH FDaH VSHNWUXP

-DN MX* ZVSRPQLDQR XN&4DG\ ED]XM FH QD DUFKLW
Z\NRU]J\WW\ZDQH ]DUYyZQR MDNR PRQRPHU\ GOD HOHNWL
GRQRURZ\FK MDN L MDNR PD&RF] VWHF]NRZH XNaDG\ S
2)(7 .OXF]JRZ |DWHP NZHVWL MHVW ]JGROQR i W\FK
GRPLHV]NRZDQLX : UD@DSHK]IBEDEDQPER Uy*QH VSRVRE\ G
HOHNWURFKHPLF]QH L FKHPLF]QH RUD] LFK ZSa\zZz QD SD

RJYOQR FL LVWQLHMH NLOND VSRVREyZ ZSURZDG]D
F] VWHFE]JNL RUJDQLF]JQHM S GRPLHV]JNRZDQLD AzZVWU]
]DSURMHNWRZDQR L [VIQWH]RZD GR\PLROGHDORE PR ONHAAX § H

F]\OL IUDJPHQW SRGDWQ\ QD XWOHQLDQLH FKHPLF]QH
QDGPLDURZ\ XOHJDM F\ XWOHQLHQLX HOHNWURFKHPLF
SRGDWQ QD SURWRQRZDQLH L PHW\ORZDQLH RUD] G IL
PRJ F\ WZRUJ\ii DGGXNW\ | NZDVHP /HZLVD :\PLHQLRQD Z
UyZQLH* ]Z\FIDMRZ VL4 RGF]\QQLND SRWU]JHEQHJR GR
QDMVADEV]HJR

=DWHP Z SLHUZV]HM NROHMQR FL SUJHEDGDQR PR*OL.
WZRUJHQLH SURVW\FK DGGXNWyZ NZDV |DVDG\/HEHWIV VR
RGF]\QQLN VWRVRZDQ\ GR |DEH]SLHF]DQLD ]DVDGRZHJI
SLU\G\QRZ\FK : W\P MHGQDN SU]J]\SDGNX FKDUDNWHU ]



WLD]RORWLD]RORZ\P RND]D& VL ]D VADE\ EUDN ]PLDQ Z .
VARZ\ RGG]LD4\ZDQLH SRPL G]\ FHQWUDPL NZDVRZR ]D\
]QDF] FR zZSa\Q & QD VWUXNWXU HOHNWURQRZ PROH
]JGRPLHVINRZDIi
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1LHFR LQQD V\WXDFMD PD PLHMVFH Z SUJ]\SDGNX ]DVW
W\P SUJ\SDGNX X*\WR NZDVX NDPIRURVXOIRQRZHJR &6
VIHURNLH SDVPR OH* FH Z ]DNUHVLH QP SUJ\SLVDQ
IUDJPHQWYZ ELWLRIHQRZ\FK SRJRVWDMH QLHWNQL WH 1
Z IDNUHVLH QP 1DMSUDZGRSRGREQLHM VSRZRGRZD!
JUXS\ WLD]JRORWLD]RORZHM L XWZRU]JHQLHP NDWLRQRL
XWZRU]JHQLHP QRZ\FK SUJHM & HOHNWURQRZ\FK Z W\P
PLHMVFX SRGNUH OLi L* FKDUDNWHU WDNLHJR RGG]LDA&\
QLJG\ QLH MHVW Z SH4AQL MRQRZ\ RGG]LDA\ZDQLH QDOF
ZRGRUX SRPL G]\ GZRPD FHQWUDPL HOHNWURXMHPQ\PL
NZDVX NDPIRURVXOIRQRZHJR 2ZRFXMH WR ]DWHP X]\VI
WLD]RORWLD]RORZHM GRGDWQLHJR &4DGXQNX F] VWNRZI
GR ZLDGF]HQLH W\P UD]JHP Z RSDUFLX R WULIODW PHW\O
&HOHP WHJR GR ZLDGF]HQLD E\4R Z\PXV]HQLH F]ZDUWR
XQLNQL FLX VWRVRZDQLD XWOHQLDF]D E G( RGF]\QQL
ELWLRIHQ\ORZ\ -DN ZLGDi QD VFKHPDFLH SRQRZOQLH
]JDNUHVLH QP F]\OL DWDN RGF]\QQLND PHW\OX
WLD]RORWLD]RORZ\ &R MHGQDN EDUG]LHM LVWRWQH SI
REU ELH IUDJPHQWYZ ELWLRIHQRZ\FK SUJHVXQL WH MHVYV
HQHUJLL FR UyZQLH* SRWZLHUG]L4\ REOLF]HQLD WHRUH\V
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SUJHM 0 HOHNWURQRZ\FK

OHW\ORZDQLH QLH W\ONR ]JPQLHMV]D SU]JHUZ H
DEVRUERZDQHJR L HPLWRZDQHJR ZLDWAD DOH UyZQL
NZDQWRZ HPLVML FR QDMOHSLHM REUD]XM SRQL*V]H
IOXRU\PHWUX Z FIDVLH SRPLDUX VFKHPDW
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- NROHMQ\P HWDSLH EDGD SU]JHDQDOL]J]RZDQR ZSa\zZ ]
Z ]DNUHVLH SRZ\*HM (R[ QD SDUDPHWU\ {DNNRIKKHPL
Z]PLDQNRZDQR EDGDQD F] VWHF]ND MHVW SRWHQFMDOQ
MHGQRVWNL ELWLHQ\ORZH L XOHJD SROLPHU\]DFML GDM
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P9V HOHNWUROLW R3VW ®8@.XRWHQRMDa\ SRND]DQC
Z]1JO GHPH&S

(OHNWURSROLPHU\]DFM PRQRPHUX Z FHOX S
VSHNWURHOHNWURFKHPLF]Q\FK Z\NRQDQR Z GZyFK ZDUL
, 72 Z ZDUXQNDFK SRWHQFMRG\QDPLF]Q\FK PHWRG ZROW
ZDUXQNDFK SRWHQFMRVWDW\F]Q\FK ] UyZQRF]JHVQ\P UHM
ZLGPLH 89 9,6
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& S)H

-DN ZLGDu QD ZLGPLH Z SLHUZV]\P HWDSLH SURF}
GRGDWNRZHJR SDVPD Z ]DNUHVLH QP SU]J\ MHGQ
SDVPD RGSRZLDGDM FHPX SU]JHM FLX Z REU ELH ELWLR
PRQRPHUX L XWZRU]JHQLH PRVWNyZ NZDWHUWLRIHQRZ\FK
VL MHGQDN SRZVWDZDQLD SDVPD SRODURQRZHJR 'RSLH
SR W\P SRWHQFMDOH PR*QD GRV]XNDuU VL QLHZLHONL
SRNU\ZzDM FHJR FDaH GRVW SQH VSHNWUXP 'DOV]H ]ZL
SRZRGXMH MX* EDUG]LHM UDG\NDOQH ]JPLDQ\ FJ\OL ]D
REU ELH ELWLRIHQyZ L SRZVWDQLH SDVPD SRODURQRZ
ZLGPD MHVW MX* FKDUDNWHU\VW\F]Q\ GOD S |]GRPLHV]NR

-DNR SRUYZQDQLH Z\NRQDQR SRPLDU\ GOD GRPLHV]N
HOHNWURG]LH ,72 Z UR]JWZRU]JH F]J\VWHJR FKORUNX PH
PRQRPHUX Z URJWZRU]H -DNSRIOGBRVQD GALGHHMRNLH
DEVRUEFML ] IDNUHVLH RG QP ] PDNVLPXP Z QP

9 SROLPHU ]DFKRZXMH VL EDUG]R SRGREQLH GR RWU]!
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& S)H

A\NRQDQR UyZQLH* HNVSHU\PHQW SROHJIJDM F\ QD
SRFKRGQFKWORUNLHP *HOD]D ,,, ]| MHGQRF]JHVQ UHMHVW
ZLGPLH 89 9,6 &KORUHN *HOD]D MHVW F] VWR VWRVR
RGF]\QQLNLHP XWOHQLDM F\P Z W\P GR SROLPHU\]DFML
PR*QD L* UHDNFMD XWOHQLDQLD MHVW EA&\WNDZLF]QD G
HT J)H®&®*OLZH MHVW J]DREVHUZRZDQLH MHJR SDVPD Z Pl
ZJURVWX VW *HQLD XWOHQLDF]D QDVW SXMH SRZROOQ\
AELWLRIHQRZ\FK"~ L SUJ\URVW QL*HM HQHUJHW\F]QHJR
RNRA&R QP MHVW WR |DWHP PQLHM QL* REVHUZRZDQRFR
DEVRUEFML GOD SROLPHUX X]\WNLZDQHJR HOHNWURFKH
XWOHQLDQLD FKHPLF]JQHJR ] X*\FLHP FKORUNX *HOD]D
UHJXODUQ\ L OHSLHM ]JGHILQLRZDQ\ GRPLQXMH GLPHU
UyZQLH* SRGNUH OLG L* QDZHW QDGPLDU RGF]\QQLND
GRPLHV]INRZDQLD
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BRFKRGQH W\SX " $ Z\ND]XM FH J]MDZLVNR HPLVML Z]PRF
$,(DJJUHIJDWLRQ LQGXFWHG HPLVVLRQ

2UJDQLF]QH SRFKRGQH W\SX GRQRU DNFHSWRU ]QI
QRZRF]JHVQ\FK WHFKQRORJLDFK -H OL MHGQDN RJUDQL
RUJDQLF]Q\FK GLRG HOHNWUROXPLQHVFHQF\MQ\FK WR ]Z
MHGHQ ] HOHPHQWYZ ZDUVWZ\ HPLV\MQHM 3R UD] NROH
PL G]\ EDGDQLDPL SRGVWDZRZ\PL SURZDG]RQ\PL QDMF]
VW *HQLX D ILQDOQ\PL ]DVWRVRZDQLDPL PDWHULDA
V]F]JHJYyOQLH FHQQH V ]ZL JNL Z\ND]XM FH Z\VRNLH Z\GD
ZL F FKDUDNWHU\]XM FH VL VLOQ\P [MDZLVNLHP $,( :\G
W\VSX ]ZL |NyZ Z UR]JWZRUDFK UR]JFLH FJRQ\FK V QLHGX*H
ZJURVWX VWRSQLD DJUHJDFML L RVL JDM PDNVLPXP Z S
SRFKRGQ\FK SUJHEDGDQ\FK Z UDPDFK QLQLHMV]HJR RVL .
VHUL PROHNX& Z NWyUHM IXQNFM GRQRUD SHAQL&\ PR
DNFHSWRUHP E\4\ MHGQRVWNL R Z]|RUW&+ RIRAQER 25 &+ ¢
JG]JLH SRGVWDZQLN 5 ZSa\zba QD VLa RGG]LD&\zZzD P
MHGQRF]H QLH QLHZLHONL ZS4\Z HOHNWURQRZ\ 3RFKRG!
R PHWRG ED]XM F QD NRQGHQVDFML .QRHYHQDJHO D 2Z\
EDGDQH HOHNWURFKHPLF]QLH L VSHNWURVNRSRZR 3R]Z
DJUHJDFML QD NOXF]J]RZH SDUDPHWU\ IL]\NRFKHPLF]QH
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3LHUZV]H GJLHZL i ]ZL [NyZ ]JRVWD&R ]VI\QWH]RZDQ
.QRHYHQDJHO D =D]Z\F]DM XN&4DG UHDNF\MQ\ Z\PDJD DN\
]DVDG\ QS WULHW\ORDPLQ\ QDVW SXMH GHSURWRQRZDQ
] GRGDWNLHP NZDVX QS RFWRZHJR QDVW SXMH SURW
SU]\SDGNX RPDZLDQ\FK VXEVWUDWYZ RSUDFRZDQR QRZ
'R PLHV]DQLQ\ VXEVWUDWYZ Z FKORUNX PHW\OHQX GDMH
=H Z]JO GX QD Z\WVRN UHDNW\ZQR & Z\WVWDUF]\ RQ MDNR
MHGQRF]H QLH MHGQDN SH&4QL URO F]J\QQLND ZL * FHJR .
SUJHVXZD UyZQRZDJ Z NLHUXQNX SURGXNWYZ .RQLHF U]
7/& + ]DQLND AV\JQD& DOGHK\GX : NROHMQ\P NURNX |
NROXPQ FKURPDWRJUDILF]Q L GR it 4DWZR RF]\V]F]D

%DGDQLD SRQRZQLH UR]JSRF] WR RG VHULL SRPLD
SUJ\SDGNX UHGXNFML ]DFKRG]L RQD Z REU ELH LUDJPHC
MHVW Z ND*G\PrSDVGEOUDNDOQD FKRiU ZDRUAW RQD RIQVHWAL S
Uy*QL GOD ND*GHJR ]H ]ZL |NyZ RG 9 GR 9 -H
SRGVWDZQLND GRQRURZHJR NWyU\ Z ]DOH*QR FL RG VZ
ZS4\zZzD QD J VWR i HOHNWURQRZ Z IUDJPHQFLH DNFHS!
SUJHSURZDG]DQLD SURFHVX XWOHQLDQLD Uy*QLFH V ]Q
ERZLHP SUJ]\SDGNX F] VWHF]NL JRVWDA&\ |DSURMHNWRZDQ



OH*D4& QD IUDJPHQFLH & QDGPLDURZ\P SRGVWDZQLND
SUDZLGARZR (i LP VLOQLHM GRQRURZ\ FKDUDNWHU SRVL
W\P EDUG]J]LHM GHVWDELOL]XMH RQ RUELWDO /802 F] V
WUXGQLHMV]D L ]DFKRG]L SUJ]\ QL*V]\FK SRWHQFMDADF
SRGVWDZQLN REQL*D UyZQLH* HQHUJL RUELWDOX +202
VWDMH VL 4DWZLHMV]H 1DMOHSV]\P SU]\NADGHP WHM ]I
XOHJD RQD XWOHQLHQLX SU]\ QDMQL*V]\P SRWHQFMDC
UyZQRF]H QLH QDMWUXGQLHM VL UHGXNXM F + GRSLHUR
L* Z ZL NV]R FL SU]\SDGNyZ HOHNWURFKHPLF]QD SU]JHUZD
GR ARSW\F]JQHM°~ FR GRZRG]L L* SUJHQLHVLHQLH &DGX
DNFHSWRURZ\ |DFKRG]L EH] ]QDF] F\FK VWUDW HQHUJLL
SRWZLHUG]L4\ REOLF]HQLD WHRUHW\F]QH :DUWR SRGNL
NRQVHNZHQWQLH ]DZ\*DM ZDUWR i SUJHUZ\ HQHUJHW\F]
Z\]QDF]DQLX HQHUJLL RUELWDOX /802 R W\OH GR il GREU
'\GDMQR FL NZDQWRZH EDGDQ\FK Z ]ZL JNDFK Z UR]W
V GX*H SRQL*HM JAYZQLH |H Z]JO GX QD SUJHM FLD
HQHUJLL ]H Z]JO GX QD URWDFM > @ 5RVQ RQH QDWIH
GaxJR FL IDOL ZLDWAabD HPLWRZDQHJR V SUJHVXQL WH
]JDWHP RPDZLDQH ]ZL JNL SRG N WHP LFK ZaD FLZR FL $,(
REVHUZDFML ]JPLDQ NRORUX L Z\GDMQR FL HPLVML ]ZL ]N
3XQNWHP SRF] WNRZ\P MHVW VSRU] GJHQLH UR]JWZRUX Z
F]\OL WDNLP Z NWyU\P F] VWHF]NL VXEVWDQFML V RW
UR]SXV]F]DOQLND EUDN OXE QLHZLHONL XG]LDa LQQ\FK
= NROHL SXQNWHP NR FRZ\P MHVW V\WXDFMD Z NWyU\P
SR4a FIRQH Z ZL NV]H DJUHJDW\ Z\PXV]D WR AJa\" UR]SX\
UR]JSXV]F]RQ\ $E\ REVHUZDFMD PRJ4D SU]JHELHJDU Z VS|
UHMHVWUDFM VWDGLYyZ SR UHGQLFK RED UR]SXV]F]DOQL
]JDNUHVLH SURSRUFML , WDN QD SU]\NADG EDGDQLD E\
PHW\OHQX ZRGD |JH Z]JO GX QD JE\W GX* OXN PLHV]DOQ
EDGDQLD Z PLHV]DQLQLH 7+) MDNR AGREU\" UR]SXV]F]D
3RQLHZD* ZV]\VWNLH EDGDQH ]ZL JNL SRVLDGDM Z ZLGQ
QP PR*OLZH E\4R JREUD]RZDQLH Uy*QLF ]DFKRZDQLD VL
ODPS 89 *G\ ]|DZDUWR i ZRG\ Z PLHV]DQLQLH E\aD Q
]JPLDQ QDWRPLDVW SR SUJHNURF]JHQLX WHM JUDQLF\ QD
NZDQWRZHM HPLVML L NRORU HPLWRZDQHJR ZLDWAaD

=GM FLH3U]\N4AabG REUD]XM F\ ]MDZLVNR HPLVML Z]PRFC

SU]\N4AaDG GOD SRFKFRRGQWHMU R VWP RHQLX T7+) URJWZyU
VW *HQLXPRO / Z PLHV]DQLQLH 7+) ZRGD RROWZyU R
Z PLHV]DQLQLH 7+) ZRGD MDNR FLDAR VWDAH =GM ¥

ZLDWaHP R GaXJR FL QP



%LRU F SRG XZDJ Z\QLNL EDGD HOHNWURFKHPLF
IRWROXPLQHVFHQFML EDGDQ\FK ]ZL JNyZ Z IRUPLH FL
SUJHEDGDQR GLRG\ 2/(" R DUFKLWHNWXU]H , 72 3('27
39. QP $O0 &R FLHNDZH EDUG]R RELHFXM FH Z\QLNL X]
Z\VRNLHM ]DZDUWR FL L SRFKRGQ\FK PDORQRQLWU

'\QLNL EDGD QDG Z\ND]XM F\PL JMDZLVNR $,( XN&4DG
SUD#\ RND]D4&\ VL QD W\OH LQWHUHVXM FH *H VWDa\ VL
NWyU\ X]\WND& ILQDQVRZDGLH .RQBBFFMDQG BAW|FFK ED
QDVW SXM FD ]DSURMHNWRZDQR L RWUJ\PDQR JUXS ]zZL
HQHUJHW\F]Q\FK DOH R Uy*QHM JGROQR FL GR RGG]LDA&\
VWDA&\P G]JL NL REHFQR FL RGSRZLHGQLFK SRGVWDZQLN
SRFKRGQ\FK $U+&+ & &1 &225 JG]JLH $U WR 1 HW\OR NDU
5 PHW\O HW\O WHUWEXW\O L RNW\O 3R RWU]J\PDQLX
Z\]QDFJRQR SRGVWDZRZH SDUDPHWU\ IL]J\NRFKHPLF]QH
SUJHUZ\ HQHUJHW\F]QH PHWRG ZROWDPSHURPHWULL |
UR]JWZRUyZ UR]JFLH FIRQ\FK Z\NRQDQR UyZQLH* REOLF]HC
MDN RF]JHNLZDQR SDUDPHWU\ Z\]QDF]JRQH GOD W\FK VXEV
V Z ]DVDG]LH LGHQW\F]QH SRWHQFMDA&\ UHGXNFML L XWC

6FKHPDW:ROWDPRJUDP\ ] OHZHM RUD] ZLGPD Z\NRQDQ
DEVRUSF\MQHM 8RBRQ6/ E OH&1 OLQLD FRAQ 44X FH&1 ZRGD

Y Y OLQLD SUJHU\ZDQD 'ROWDPRJUDP\ Z\NRQDQH
F\ANOLF]QHM V]J\ENR U0 SUJHPLDWDQLD SRWHQFMD&aHP
%A3) Z &&O

1DMZD*QLHMV]H MHGQDN E\4R ]JEDGDQLH F]\ X]\WNDQF

L MDN ZS4\QLH RQR QD Z&4D FLZR FL IL]J\NRFKHPLF]QH PDV
MDNR GREUHJR UR]SXV]F]DOQLND X*\WR DFHWRQLWU\O X
GR ZRG\ 'OD WHM JUXS\ ]ZL JNyZ PLHU]DOQH ]PLDQ
ZRG\ SRZ\*HM 3R SUJHNURF]JHQLX WHM ZD®RVR FL GOI
QDVW SXMH JZD4AWRZQ\ Z]JURVW Z\GDMQR]FL GRLVMLL QLF
QDMPQLHMV]\ GOD BRFERGQ\EK GR 'REU]JH REUD]XN
VHULD |JGM i Z\NRQDQ\FK GOD URJWZRUyZ R W\P VDP\P V
QDWRPLDVW SU]\ Uy*Q\FK VWRVXQNDFK ZRGD DFHWRQ
]JODF] FH Uy*QLFH Z ]DOH*QR FL RG SRGVWDZQLND Z J
SRFKRGQHM PHW\ORZHM ]MDZLVNR $,( MHVW [GHF\GRZ



SUJ\SDGNX SRFKRGQHM WHUWEXW\ORZHM MHVW EDUG]R
]JDREVHUZRZDU L* | UR]JWZRIXGEZIRYNMG R Z\VRNLHM Z
IRWROXPLQHVFHQFML

ZLHU]JR VSRU] GJRQH URJWZRU\ 5RIWURU\ SR

6FKHPDW=GM FLD REUD]XM FH |J]MDZLVNR HPLVML Z]PRF
URJ]WZRU\ ZH ILRONDFK XVWDZLRQD Z PLDU Z]JUDVWDM F



VW *HQLH VXEVWDQFML MHVRRO/WDaBMLFEZDQRWRQDQR
QD ZLHWODQLD ZLDWAaHP R GaxXxJR FL QP

1D ED]JLH ]ZL INYRRQVWUXRZDQR WHVWRZH XU] GJHQLH
72 o+, 1 QP _ 39, QP _ 39. 3% QP PRO
73%L QP _ /L) QP _ $O QP 8]\WNDQH XU] G]JHQLD
JLHORQR QLHELHVN HOHNWUROXPLQHVFHQFM &,(

3RGVXPRZDQLH

'\ND]DQR ZSa\zZ EXGRZ\ ]ZL INyZ L ZDUXQNyZ SURZDG]HQL
SDUDPHWU\ IL]\NRFKHPLF]JQH : SUJ\SDGNX XN&DGyZ F
PL G]\F] VWHF]NRZ\FK SRUyYZQ\ZDQLH ZDUWR FL SUJHUZ
Uy*Q\PL WHFKQLNDPL ZSURZDG]D GX*H URJELH*QR FL

2EOLF]JHQLH WHRUHW\F]QH V QLHJZ\NOH X*\WHF]QH SU
IL'NRFKHPLF]Q\FK 'R &' GREU]JH SU]JHZLGXM WUHQG\ ]PL
SU]\ PRG\ILNDFML EXGRZ\ FKHPLF]QHM F] VWHEF]JHN Mt
OLF]JERZH PDM QDGDO FKDUDNWHU RULHQWDF\MQ\ &I
REOLFJRQH ,3 L ($ ]J]QDF]JQLH GRNADGQLHM SUJHZLGX
Z\]QDF]DQ\FK SRWHQFMDAayZ SLNyZ XWOHQLDQLD L UHGXN
+202 L /802

=DSURMHNWRZDQR RWU]J\PDQR L SU]JHEDGDQR QRZH KH
'\ND]JDQR VLOQ\ ZS&4\Z RGG]|LD&\ZD SRPL G]\ V VLDG.
KHWHUR DURPDW\F]Q\PL QD SDUDPHWU\ IL]\NRFKHPLF]Q
SRWHQFMD&X XWOHQLDQLD WHJR W\SX ]ZL JNyzZ L ]
NDWLRQRURGQLNYyYZ

'RNRQDQR HOHNWURSROLPHU\IDFML QRZ\FK QLHV\PHWU\
W\SX GRQRU DNFHSWRU GRQRU RUD] SUJHDQDOL]JRZDQR
OHWRGDPL VSHNWUR HOHNWURFKHPLF]Q\PL Z\ND]DQR

SROLWLRIHQYZ 'LHORVWRSQLRZ\ HOHNWURFKURPL]P RU
GR GRPLHVINRZDQLD WHVWRZHJR XU] GIJHQLD SRWZLFE
]DVWRVRZDQLD WHM JUXS\ ]ZL ][NyZ GR NRQVWUXNFML V]N

=DSURMHNWRZDQR RWU]J\PDQR Z\G]JLHORQR L SU]JHEDGD
ELWLRIHQ\O :\ND]JDQR L* ]ZL JNL WHJR W\SX PRJ E\U0 \
WUZDa\FK SROLWLRIHQyZ 8]\WVNDQH SROLPHU\ SUJHEDGTE
VSHNWURHOHNWURFKHPLF]Q\PL L ][D SRPRF VSHNWURVN
VWDELOQR G SRGF]DV ZLHORNURWQ\FK F\NOL S L Q GRF
GREUH SUJHZRGQLFWZR HOHNWURQRZH L G]JLXURZH FR
SROLPHUyYZ SU]JHZRG] F\FK

SBRUYZQDQR FKHPLF]JQH L HOHNWURFKHPLF]QH PHWRG\
'\ND]DQR L* PHWRG FKHPLF]Q ]D SRPRF FKORUNX *HOL
QLH]J]GRPLHV]INRZDQH 'OD SUJ]\NaDGRZ\FK PRQRPHUyZ SRU
XJ\WNLZDQ\FK Uy*Q\PL PHWRGDPL



2SUDFRZDQR Z\JRGQ SURVW L WDQL PHWRG RWU]\P\.
GRQRU DNFHSWRU JG]LH URO DNFHSWSRUDNBOKEQLZD]NU
SUJHEDGDQR SRG N WHP [MDZLVND HPLVML Z]JPRFQLRQHM

3UJHEDGDQR ZSa\Z PRG\ILNDFML EXGRZ\ ]ZL JNyZ W\S}
ZaD FLZR FL IL]\NRFKHPLF]QH SUJHGH ZV]\WWWNLP Q
HOHNWUROXPLQHVFHQFML : W\P FHOX ]JDSURMHNWRZDQF
R LGHQW\F]Q\FK SDUDPHWUDFK HQHUJHW\F]Q\FK GOD L]
MHGQDN VLa RGG]LDa\zD PL G]\F] VWHF]NRZ\FK :\ND]D
SR]ZDOD ZS&4\ZDi QD Z]PLDQNRZDQH LQWHUDNFMH D SU]
G4aXJR U HPLWRZDQHM IDOL

'DOV]H SODQ\ EDGDZF]H

ORMH GDOV]H SODQ\ EDGDZF]JH ] MHGQHM VWURC
]JDSUHJHQWRZDQ\FK Z QLQLHMV]\P DXWRUHIHUDFLH ] GlU
QLHGDZQR SRGM WHM WHPDW\NL VI\QWH]\ L EDGD ZaD F
HOHNWUROLWYZ GOD XU] G]JH PDJD]\QXM F\FK HQHUJL HC

30DQXM VV\QWH] ]ZL JNyZ Z\ND]XM F\FK |JMDZLVNR Z
DJUHJDFM L GRN4DGQH SU]JHEDGDQLH LFK Z4aD FLZR FL |
VSHNWURVNRSRZ\PL MDN L HOHNWURFKHPLF]Q\PL 8]\VN\
Z4D FLZR FL IRWRIL]\F]Q\FK SRZL ]DQH JRVWDQ ] EXGRZ
QDGJ]LHM SRJ&a ELU ZLHG] QD WHPDW PHFKDQL]PX SRZV
$,( 2F]\ZL FLH QD ED]LH QDMEDUG]LHM RELHFXM F\FK
SUJHEDGDQH JRVWDQ WHVWRZH XU] GJHQLD 2/(' 5yZQRC
]JDVWRVRZDiU WHJR W\SX F] VWHF]JHN 3U]\N4ADGRZR VHUL
GR RSLVDQ\FK Z SUDF\ + ]JRVWDAD ]PRG\ILNRZDQD Z
SRZLQRZDFWZR GR ODGYyZ SRWRZR WAaXV]F]RZ\FK 'JL NL
GREUH ZaD FLZR FL IRWROXPLQHVFHQF\MQH ] SRZRG]HQ
XMDZQLDQLD XWDMRQ\FK ODGyZ OLQLL SDSLODUQ\FK

-H OL FKRG]JL R QRZH Z WNL EDGDZF]H NWyUH ]DPLH
ZVSRPQLDQR GRW\F] RQH SUJHGH ZV]\WVWNLP WHFKQF
HOHNWU\F]QHM : UDPDFK WHM G]LD4aDOQR FL SODQ
PRG\ILNRZDQ\FK RUD] HOHNWUROLWYZ VWDAa\FK 2VWDW:{(
JAYZQLH ZH ZVSYy4SUDF\ PL G]\XF]JHOQLDQHM

/ILWHUDWXUD

> @ $UDQWHV & 6FKRO] 0 G6FKPLGW 5 'HKP 9 OG5RFFR
*UWKQHU ) &RPSDUDWLYH DQDO\VLV RI WKH HQHUJ\ OH"
SHU\OHQH ELVLPLGHVY LQ VROXWLRQ DQG VROLG VWDWH
$SSOLHG 3K\VLFV $ ODWHULDOV DQG 3URFHVVLQJ

> @ : :DQJ / 6 /L * +HOPV + + =KRX $'4 /L 7R )ROC
&KHP ©6RF + ‘2, MD K

> @ 6FKZDUW] 3 2 %LQLHN / =DERURYD ( +HLQULFK %
6 3HU\OHQHGLLPLGH %DVHG 'RQRU*$FFHSWRU '\DGV DQG
SUFKLWHFWXUH RQ 6HOI $VVHPEOLQJ B3URSHWWLHV - $P
‘2, M D



> @ &DUGRQD & 0 /L : .DLIHU $ ( 6WRFNGDOH ' %D]D

&RQVLGHUDWLRQV IRU '"HWHUPLQLQJ $EVROXWH )URQWLH

3RO\PHUV IRU 6RODU &HOO $SSOLFDWLRQV $GY ODWHU
DGPD

> @ *DZU\V 3 =ROWRZVND $ =DJRUVND 0 3URQ $ $OW

ROLJRDU\OHQHY DQG QDSKWKDOHQH ELVLPLGHV DV ORZ |

HOHFWURFKHPLFDO DQG VSHF\WHFMOHRAKUR ERB BIEFDID EH

GRL M HOHFWDFWD

> @ &]LFK\ 0 :DJQHU 3  *U] GJLHO / .U]J\ZLHFNL 0 6]ZC

- 2IILFHU '/ (OHFWURFKHPLFDO DQG SKRWRHOHFWURQ

IXQFWLRQDOLVHG S(ROI\FW H B WHLLARLSKOH ®FW D

GRL M HOHFWDFWD

> @ 5\EDNLHZLF] 5 *DZU\V 3 7VLNULW]LV ' (PPDQRXLO

3URQ $ (OHFWURQLF SURSHUWLHV RI VHPLFRQGXFWLQJ ¢

S8OWUDYLROHW SKR W RHQUHMRMERQ R BSKHFMLWRWMAR SOHFWURF
+ GRL M HOHFWDFWD

> @ 5XL] '"HOJDGR 0 & .LP ( * GD 6LOYD )LOKR ' $ %UH

7UDQVSRUW 3DUDPHWHUV RI 3HU\OHQH'LLPLGH 6LQJOH &

)XQFWLRQDOL]DWLRQ $ 'HQVLW\ )XQFWLRQDO 7KHRU\ ,QY

A .

+ 2, M D [
> @ (OOLQJHU 6 *UDKDP .5 6KL 3 )DUOH\5 7 B6WHFNC
7DUDQHNDU 3 OHL - 3DGLOKD /$ (QVOH\ 75 +X + :H

6WU\ODQG (: 6FKDQ]H .6 G5H\QROGV -5 'RQRU $FFHS
20LJRPHUV IRU 1RQOLQHDU 2SWLFV DQG 1HDU ,5 (PLVVLR

G[ GRL RUJ FP D
> @ <DVVLQ $ /HULFKH 3 $00DLQ 0 5RQFDOL - 'RQR!
PROHFXOHV EDVHG RQ LVRLQGLJR DV DFWLYH PDWHULDO
2 "2, F QM
> @ :DQJ; /LX = *HQJ6 =KRQJ= /L + )HQJ:- =KD

DFFHSWRU*GRQRU PROHFXOHV IRU KLJK SHUIRUPDQFH Qt

GLRGHV YLD K\EULGL]HG ORFDO DQG FKDUJH WUDQVIHU S
+ "2, G WF J

> @ 7TDNHGD < 'DWD 3 OLQDNDWD 6 $OFKHP\ RI GRQR

SKRWRIXQFWLRQDO RUJDQLF PDWHULDOV IURP FRQVWUX

H[SORUDWLRQ RI IXQFWLRQV &KHP &RPPXQ 2

G FF J

> @ ,]XPL 6 +LJIJLQERWKDP +) 1\JD$ B6WDFKHOHN 3

7DNHGD < OLQDNDWD 6 7KHUPDOO\ $FWLYDWHG 'HOD\H

'RQRUi$FFHSWRUiI'RQRUi $FFHSWRU & &RQMXJDWHG ODFU

'LRGHYV

> @ =KX < 9HOD 6 OHQJ + &RUPLQERHXI & )XPDQDO |

3+RW ([FLWRQ  7ULDGV IRU +LJK 5HYHUVH ,QWHUV\VWHP &

ODWHU '2, DGRP

> @ .XPDU $ <DGDY 0O . B6LQJK - BLQJK - ' %XWFKHU

PL[HG 2 6 RU 6H EHDULQJ KH[DVXEVWLWXWHG EHQ]JHQHV

SUREBOWRQ 7UDQVDFWLRQV

> @ 6WX]KLQ 3 $ B6NYRUWVRY , $ =KDEDQRY < $ 6RP

ILNLWLQ , $ .RLIPDQ 2 , 3*6XESKWKDORF\DQLQHD]DDQI

VXESRUSK\UD]JLQHV ZLWK IXMHS BUDBLGRHQWIMWHQW YV’



> @ ;LDRKXL & x 6L/ x <DQ / x %R ; x 4LXVKHQJ < x *X
= 3+H[DSKHQ\OEHQ]JHQH EDVHG SXVK SXOO IOXRURSKRUF
GHSHQGHQW IOXRUHVFHQFH EHKDYLRU $,( ( FKDUDFWHU
‘"\HV DRQRABPHQWYV x DUW QR

> @ :DQJ 6 /L % =KDQJ ) B30ROHFXODU IOXRURGEKRUHYV
&HQWUDO 6FLHQFH

> @ 7DQDND < .RLNH 7 $NLWD O 'LPHQVLRQDO PROH
GHORFDOL]DWLRQ RI KH[DDU\OEHQ]HQH
&KHP FRPPXQ ‘2, & && *

> @ 5RVRNKD 6 9 1HUHWLQ 9HMU\ER@W H®RFRKWURQ PLJUD
S GRSHG DURPDWLF FRIDFLDO DUUD\V OHDGLQJ WR WKUH
- $P &KHP 6RF ‘2, M D Q

> @ =RX < =RX - <H 7 /L + <DQJ & BQH[SHFWHGLQ -
3URSHOOHU /LNH +H[DNLV IOXRUHQ \O EHQ]JHQH &RUHV |
20LJRIOXRUHQHV +LJKO\ (IILFLHQW 'HHS %OXH JOXRUHVF
7UDQVSRUWLQJ ODWHULDOV

$GY )XQFW ODWHU ‘2, DGIP

> @ +HLQ]H - )JURQWDQD SULEH % $ /XGZLJV 6 (OHFWI
3RO\PHUV23HUVLVWHQW ORGHOV DQG 1HZ &RQFHSWYV
&KHP 5HY "2, FU N

> @ 20HFK . 6RaRGXFKR - /DED . 'DWDKH 6ASWREZWINL
DQG &KDUDFWHUL]DWLRQ R (WK\OHQHGLR[\WKLRSKHOC
YHDWXUHV

(OHFWURFKLPLFD $FWD + ‘2, M HOHFWD
> @ 'DWD 3 =DVVRZVNL 3 /DSNRZVNL O 'RPDJDOD : .|
0 6ZLVW $ B6RORGXFKR - 'DQLNLHZLF]: (OHFWURFKH

6SHFWURHOHFWURFKHPLFDO &RPSDULVRQ 21 $OWHURQT
&RSRO\PHUV %DVHG 2Q &DUED]ROH $QG 7KLRSKHQH 'H
(OHFWURFKLPLFD $FWD * ‘2, M HOHFWI
> @ =KRX ) 6KDR - <DQJ < =KDR - *XR + /L ; -L 6
DV )OXRUHVFHQW 9LVFRVLW\ 6HQVRUV OROHFXODU 'HVLJ
&KDQJHV 6FUHHQLQJ 6ROYHQWY DQG 'HDFWAY DWIURQ &K
&KHP +'2, HMRF

,QIRUPDFMD R Z\ND]J\ZDQLX VL LVWRWQ DNW\Z
QL* MHGQHM 8F]JHOQL ,QVW\WXFML 1DXNRZHM

ORMD DNW\ZQR i QDXNRZD Z LQQ\FK QL* PDFLHUJ\V
EDGDZF]\FK MHVW ]ZL ]DQD SUJHGH ZV]\VWNLP ] ZL]\WDPL
NRQVRUFMyZ ZVSyOQ\PL SDWHQWDPL L SXEOLNDFMDPL =
UHDOL]JRZDAHP Z ]JHVSROH VSHFMDOL]XM F\P VL Z ]DNUH'
V]FIJHJYOQLH LVWRWQH JQDF]JHQLH ] SXQNWX ZLG]HQLD WH
3ROLWHFKQLFH O VNLHM Z JUXSLH 3URIHVRUD OLHF]\V&
SRPLDUYZ HOHNWURFKHPLF]Q\FK RUD] VSHNWURHOHNWRFKI

1LH]Z\NOH ZD*QD E\4D UyZQLH* DNW\ZQR i QDXNRZD S
25*%$120(7 ILQDQVRZDQHJR SU]JH] 1DURGRZH &HQWUXP %DC

A ,QQRZDF\MQH PDWHULDA&\ L QDQRPDWHULDA&\ ] ¢
V]IODFKHWQ\FK GOD NDWDOL]\ IDUPDFML L RUJDQLF]QHM
UDPDFK NRQVRUFMXP NWYyUHJR OLGHUHP E\4a ,QVW\WXW
NRQVRUFMDQWDPL E\OL &HQWUXP ODWHULDAYZ 3ROLPHUF



8QLZHUV\WHW $GDPD OLFNLHZLF]D Z 3R]QDQLX 8QLZHUV\W
&KHPLFDOV 6S ] R R SU]JHGVL ELRUVWZR

3R X]\WNDQLX VWRSQLD GRNWRUD SRGM aHP ZVSyasS
QDXNRZ\PL Z UDPDFK NWYU\FK SU]JHSURZDG]D&HP EDGDQ
X]\WNLZDQ\FK L EDGDQ\FK Z W\FK R URGNDFK ORMH EDG
SUJHSURZDG]HQLX SRPLDUyZ RSUDFRZDQLX Z\QLNyZ SU]\.
RUD] HZHQWXDOQLH RGSRZLHG]L QD S\WDQLD UHFHQ]JHQW
Z]JO GHP MDNR FLRZ\P MDN L LOR FLRZ\P E\4aD ZVSyaSUDFL
(Z 6FKDE %DOFHU]JDN EDGDQLD SURZDG]JRQH Z &HQWUX
: JORZ\FK 3%$1 3URIHVRU GU KDE $JQLHVIN ,ZDQ ‘RN
,Q*\QLHU\MQHM LP 3URI -y]HID .RVDFNLHJR GRNWRUHP
':DUV]DZVND L GRNWRUHP LQ* .U]J\WJWRIHP .DURQLHP 3R
UDPDFK DNWXDOQHM ZVSyaSUDF\ ] 3BROLWHFKQLN O VN
NRQVRUFMXP SURMHNW JUDQWX Z NRQNXUVLH 2386 VWDC
Z WNyZ EDGDZF]\FK

‘\ND] LQQ\FK QLH Z\PLHQLRQ\FK Z SNW R\
DOER DUW\VW\F]Q\FK

SXEOLNPH@HX$WNDQLHP VWRSQLD GRNWRUD QDXI

0 .URPSLHF 6 , JODVLDN + .URPSLHF 0O GO6WDQHN a )L«
SHQF]HN 5

(I LFLHQW FDWDO\WLF VI\VWHPV IRU VIQWKHVLYV RI Z GLEL
GLEURPR ELS\ULGLQH YLD FRXSOLQJ RI GLKDORJHQRS\U
WULDON\OVWDQQ\OS\ULGLQHV

S3ROLVK -RXUQDO RI &KHPLVWU\ SS &LWHG
0 .URPSLHF 6 3HQF]HN 5 .URPSLHF 0 3OXWD 7 ,J QI

ODWOHQJLHZLF] O )LODSHN O
7TUDQVLWLRQ PHWDOV IRU FRQMXJDWLRQ RI SRO\XQVDWXUL

&XUUHQW 2UJDQLF &KHPLVWU\ SS &LWHG
>y
0 %XMDN 3 .URPSLHF 6 O0DODU] - .URPSLHF 0 )LODS
0 *EDURZVND . *UXG]ND ,
6\QWKHVLV RI DPLQRLVR[D]JROLQHV IURP 1 DOO\O FRPSRXC(
LVRPHUL]DWLRQ GLSRODU F\FORDGGLWLRQ
THWUDKHGURQ SS &LWHG WLPHV
‘2, M WHW
0O .URPSLHF O .URPSLHF 6 *UXG]JND , )LODSHN 0 6Ny}

0
$ FURVV OLQNHG FRQMXJDWHG PHWDOORSRO\PHU FRPSULV]
WHWUD W EXW\O SKWKDORF\DQLQH FRQQHFWHG E\ TXDWHU

(OHFWURFKLPLFD $FWD SS &LWHG WLP
‘2, M HOHFWDFWD
0 .URPSLHF O *UXG]JND , )LODSHN O G6NyUND / .URPS

.DQLD 0 'DQLNLHZLF]



$Q HOHFWURFKURPLF GLTXDW TXDWHUWKLRSKHQH DOWHUQ
YLRORJHQ OLNH PRLHW\ LQ WKH PDLQ FKDLQ

(OHFWURFKLPLFD $FWD SS &LWHG WL
‘2, M HOHFWDFWD
0O 6HN ' %LMDN . *UXFHOD =DMDF O )LODSHN O 6NRI

6FKDE %DOFHU]DN (

6\QWKHVLYV DQG VWXG\ RQ WKH OLJKW DEVRUELQJ HPLWWL

DJLQHVY DQG SRO\D]LQHV ZLWK WKLRSKHQH XQLWV
6\QWKHWLF OHWDOV SS &LWHG  WLF

"2, M VIQWKPHW

0 *UXFHOD =DMDF 0 )LODSHN O G6NRUND / *DVLRURZVN

1HXJHEDXHU + 6FKDE %DOFHU]DN (

7KHUPDO RSWLFDO HOHFWURFKHPLFDO DQG HOHFWURFKL

EHDULQJ WKH $FULGLQH <HOORZ PRLHW\

ODWHULDOV &KHPLVWU\ DQG 3K\VLFYV SS
‘2, M PDWFKHPSK\V
0 %UDQRZVND ' &KDFLDN % 6LXFKWD 2 20HQGHU (
SRURQLN (  ::\VRFENL : .DUF]PDU]J\N = ©6NRUD / )LODSH]
BUEDQF]\N /LSNRZVND = .DOLFNL 3

B\QWKHVLY SKRWRSK\VLFV DQG HOHFWURFKHPLVWU\ RI QR
GHULYDWLYHYV

1HZ -RXUQDO RI &KHPLVWU\ Ss &LWHG
"2, F QM K
0 ODAHFNL -* ODUR $ .URPSLHF 6 )LODSHN 0 3HQN
6\QWKHVLY FKDUDFWHUL]DWLRQV DQG FDWDO\WLF DSSOLF
FRPSOH[HV ZLWK LPLGD]ROH FDUER[\OLF DFLG GHULYDWLY}

SRO\KHGURQ SS &LWHG WLPHV
‘2, M SRO\
0 .URPSLHF 6 )LODSHN 0 *UXG]ND , .XOD 64 6aRGH

IHGZRQ 3 /DSNRZVNL O
$Q DPELSRODU EHKDYLRU RI QRYHO HWK\Q\O EULGJHG SRO\
6\QWKHWLF OHWDOV SS &LWHG WLPHYV
‘2, M VIQWKPHW

SXEOLNDFMH SR X]J\WNDQLX VWRSQLD GRNWRUD

' ,ZDQ $ %RKDUHZLF] % 3DUDILQLXN . 7D]JELU , *RU
6FKDE %DOFHU]DN (

1HZ DLU VWDEOH DURPDWLF SRO\D]JRPHWKLQHV ZLWK WULS
WRZDUGYV SKRWRYROWDLF DSSOLFDWLRQ

6\QWKHWLF OHWDOV SS &LWHG WLPHV
‘2, M VIQWKPHW
60RGHN $ )LODSHN O 6]DIUDQLHF * *UXG]ND , 3LV
[/ *UHOD 0 'DQLNLHZLF] : .URPSLHF 6

6\QWKHVLY HOHFWURFKHPLVWU\ FU\WWDO VWUXFWXUHV L
ZLWK D « ELWKLRSKHQH PRWLI

(XURSHDQ -RXUQDO RI 2UJDQLF &KHPLVWU\ SS
‘2, HMRF



' *UXFHOD =DMDF O )LODSHN O G6NRUND / %LMDN . ¢
6FKDE %DOFHU]DN (

SKRWRSK\VLFDO HOHFWURFKHPLFDO DQG WKHUPDO SURSH
R[DGLD]ROH PRLHWLHV

6\QWKHWLF OHWDOV SS &LWHG WLPHV
‘2, M VIQWKPHW
' .URPSLHF 6 O0DODU] - 3LHWUDV]XN & 3RZDaD % ©5R
O )LODSHN O OXVLRa 5 -DPStOHN - 9HMVRYi 0 3ROD
'DQLNLHZLF] : .DQLD O ODUFRO %
1HZ VWUDWHJ\ IRU WKH VIQWKHVLYV RI WULVXEVWLWXW
&XUUHQW 2UJDQLF &KHPLVWU\ SS &LWH
>y
" *UXFHOD =DMDF 0 %LMDN . .XOD 6 )LODSHN O :LDF
*DVLRURZVNL - +LQJHUO . 6DULFLIWFL 1 6 1RVLGODN

%DOFHU]DN (
3KRWR SK\WVLFDO SURSHUWLHV RI QHZ PROHFXODU JODVVH
FRPSRVHG RI GLLPLGH DQG LPLQH XQLWYV

-RXUQDO RI 3K\ VLFDO &KHPLVWU\ & SS
‘2, MS E
-DUF]\N -HGU\ND $ %LMDN . 6HN ' 6LZ\ O )LODSHN
IHZLQVND * 1RZDN (0 6DQHWUD - -DQHF]JHN + 6PROI

%DOFHU]DN (
8QV\PPHWULFDO DQG V\PPHWULFDO DJLQHV WRZDUG DSSOL

2SWLFDO ODWHULDOV SsS &LWHG  WLPHV

‘2, M RSWPDW
.URPSLHF 6 )LODSHN 0 *UXG]ND )ODN , B6ORGHN $

- 6]DIUDQLHF *RURO * 3HQNDOD O 6FKDE %DOFHU]DN
ODWXVVHN 0O 6]ODSD $ 3DMDN O %ODFK ' ODUFRO %
,ZDQ $
OXOWLIDFHWHG VWUDWHJ\ IRU WKH VIQWKHVLY RI GLYHUVH

OROHEXOHYV SS &LWHG  WLPHYV
‘2, PROHFXOHV
' ,ZDQ $ %RKDUHZLF] % 7D]JELU , )LODSHN 0

(QKDQFHG SRZHU FRQYHUVLRQ HIILFLHQF\ LQ EXON KHWHUF
SRO\D]JRPHWKLQH ZLWK YLQ\OHQH PRLHWLHV DQG > @ SKH
DGGLQJ FDPSKRUVXOIRQLF DFLG

(OHFWURFKLPLFD $FWD SS &LWHG  WLPHV
"2, M HOHFWDFWD
' ,ZDQ $ %RKDUHZLF] % 7D]JELU , ODOLQRZVNL 0 )LO
% *ORZDFNL , .RURQD .3 .DPLQVND O :RMWNLHZLF]
$
1HZ HQYLURQPHQWDOO\ IULHQGO\ SRO\D]JRPHWKLQHV ZLWK
6RODU (QHUJ\ SS &LWHG  WLPHV
"2, M VROHQHU
' 6]DIUDQLHF *RURO * 64RGHN $ )LODSHN 0 %RKDUHZ
=XU / B6RAW\V 0 3LVDUVND - *UXG]ND )ODN , &]DMNR.:
: _URPSLHF 6
1RYHO LULGLXP ,,, FRPSOH[HV EDVHG RQ ELWKLHQ \

SKRWRSK\WVLFDO SKRWRFKHPLFDO DQG ")7 VWXGLHV
ODWHULDOV &KHPLVWU\ DQG 3K\VLFV DUW QR



"2, M PDWFKHPSK\V

6HN ' 6LZ\ 0 %LMDN . )LODSHN 0O ODOHFNL * 1R
-DUF]\N -HGU\ND $ /DED . /DSNRZVNL O 6FKDE %DOFHU
2SWLFDO DQG HOHFWURFKHPLFDO SURSHUWLHY RI QRYHO V
QDSKWKDOHQH XQLW

-RXUQDO RI (OHFWURDQDO\WLFDO &KHPLVWU\ Ss

"2, M MHOHFKHP

6FKDE %DOFHU]DN ( 6LZ\ 0 )LODSHN 0O .XOD 6 0D
IDSNRZVNL 0 -DQHF]JHN + 'RPDQVNL 0
1HZ FRUH VXEVWLWXWHG ZLWK HOHFWURQ GRQDWLQJ JURX
RSWRHOHFWURQLF DSSOLFDWLRQV

-RXUQDO RI /IXPLQHVFHQFH SS &LWHG WLPF

‘2, M MOXPLQ
,ZDQ $ %WRKDUHZLF] % 7D]JELU , )LODSHN O .RURQ
7 &LHVLHOVNL $ :RMWNLHZLF] - "URQNRZVND $ $ :UR

"QXNLHZLF] % *UDQNRZVND &LHFKDQRZLF] 6 .DPLQVND
+RZ GR FDPSKRUVXOIRQLF DFLG VLOYHU RU DOXPLQXP Q
HOHFWURFKHPLFDO HOHFWURFKURPLF DQG SKRWRYROWDL
WULSKHQ\ODPLQH EDVHG SRO\DJ]RPHWKLQH ZLWK FDUED]RO

(OHFWURFKLPLFD $FWD SS &LWHG WLPHV

‘2, M HOHFWDFWD
,ZDQ $ 3DOHZLF] O 7D]JELU , %RKDUHZLF] % 3LHWI
RMWNLHZLF] - 'LWNRZVNL % 6 *UDQHN ) *RGOHZVNL

,QIOXHQFH RI =Q2 $0 OR2 DQG 3('27 366 RQ HIILFLHQF\ LQ
VRODU FHOOV EDVHG RQ SRO\D]JRPHWKLQH DQG SRO\ KH[\C
(OHFWURFKLPLFD $FWD SsS &LWHG  WLPHV
KWWSV ZZZ VFRSXV FRP LQZDUG UHFRUG XUL"HLG V
"2, M HOHFWDFWD
' %LMDN . )JLODSHN O :LDFHN O -DQHF]JHN + *UXFHC
ODFNRZVNL 6 6FKDE %DOFHU]DN (
3UHSDUDWLRQ DQG FKDUDFWHUL]DWLRQ Rl QHZ DOLSKDWLF
GLLPLGHV
ODWHULDOV &KHPLVWU\ DQG 3K\VLFV SS &L W
"2, M PDWFKHPSK\V
' -DUF]\N -HGU\ND $ )LODSHN 0 ODOHFNL * .XOD 6
,ZDQ $ 6FKDE %DOFHUJDN (
6\PPHWULFDO 1 DF\OVXEVWLWXWHG GLK\GUD]RQHV FRQWDL
HOHFWURFKHPLFDO DQG WKHUPDO FKDUDFWHUL]DWLRQ
6SHFWURFKLPLFD $FWD 3DUW $ OROHFXODU DQG %LF
&LWHG WLPHYV
‘2, M VDD
6NyUND / )LODSHN 0 =XU / ODA&aHFNL - * 3LVDUVNL
.URPSLHF 6

+LIJKO\ 3BKRVSKRUHVFHQW &\FORPHWDODWHG ,ULGLXP ,,, &l

$SSOLFDWLRQV )LQH 7XQLQJ RI WKH (PLVVLRQ :DYHOHQJW
-RXUQDO RI 3K\ VLFDO &KHPLVWU\ & SS

‘2, DFV MSFF E

60RGHN $ ODWXVVHN O )LODSHN O 6]DIUDQLHF *RUF
, 6]F]XUHN O ODOHFNL -* ODURQ $ G6FKDE %DOFHU]DN
20HMQLN O 'DQLNLHZLF] : .URPSLHF 6



6PDOO 'RQRU $FFHSWRU OROHFXOHV %DVHG RQ D 4XLQROLC
SKRWRYROWDLF SURSHUWLHYV

(XURSHDQ -RXUQDO RI 2UJDQLF &KHPLVWU\ SS
‘2, HMRF
' 60ORGHN $ )LODSHN O 6FKDE %DOFHU]DN ( *UXFHOL
6PRODUHN . ODFNRZVNL 6 ODOHFNL -* -HGU]JHMRZVND

&KURERN $ ODUFRO % .URPSLHF 6 ODWXVVHN O0
+LIJKO\ /I XPLQHVFHQFH $QWKUDFHQH '"HULYDWLYHV DV 3URP

(XURSHDQ -RXUQDO RI 2UJDQLF &KHPLVWU\ SS
‘2, HMRF
' 6]DIUDQLHF *RURO * G6ORGHN $ 6FKDE %DOFHU]DN (
0 ODWXVVHN 0 =\FK ' ODFNRZVNL 6 %XF]J\QVND "' *U]
$ .URPSLHF 6
&S\FORPHWDODWHG 1&1 SODWLQXP ,, DFHW\OLGH FRPSOHI[H
IDEULFDWLRQ

2SWLFDO ODWHULDOV SS &LWHG WLPHYV
‘2, M RSWPDW

,ZDQ $ &DEDOOHUR %ULRQHV ) )LODSHN 0 %RKDUH.
*HUUHUR &RQWUHUDYV -
(OHFWURFKHPLFDO DQG SKRWRFXUUHQW FKDUDFWHUL]DWL
SHUIRUPDQFH DIWHU *2 DGGLWLRQ WR WKH 3('27 366 KROH

6RODU (QHUJ\ SS &LWHG WLPHV

‘2, M VROHQHU

.RWRZLF] 6 6LZ\ 0O )LODSHN O ODOHFNL -* 6PROD
ODFNRZVNL 6 6ORGHN $ G6FKDE %DOFHU]JDN (
1HZ GRQRU DFFHSWRU GRQRU PROHFXOHYVY EDVHG RQ TXLQR
EULGJH V\QWKHVLV DQG FKDUDFWHUL]DWLRQ

-RXUQDO RI /IXPLQHVFHQFH SsS &LWHG  WLF
‘2, M MOXPLQ
,ZDQ $ &DEDOOHUR %ULRQHV ) ODOLQRZVNL 0 )LOD
&RQWUHUDV - .DPDUDM 6

*UDSKHQH R[LGH LQIOXHQFH RQ VHOHFWHG SURSHUWLHV R
,QWHUQDWLRQDO -RXUQDO RI +\GURJHQ (QHUJ\

‘2, M LMK\GHQH

'  =\FK ' B6ORGHN $ ODWXVVHN O )LODSHN 0 6]DIUDC

.RWRZLF] 6 6LZ\ 0 6FKDE %DOFHU]DN ( %HGQDUF]\N

ODUNRZVNL 6 'DQLNLHZLF] :

+LIJKO\ /IXPLQHVFHQW + HWK\Q\OSKHQ\O T 1 97 7HUS\L

3RWHQWLDO $SSOLFDWLRQV LQ 2UJDQLF /LJKW (PLWWLQJ 'l

&KHPLVWU\6HOHFW SS &LWHG WLPHV
‘2, VOFW
=\FK ' 6ORGHN $ ODWXVVHN O )LODSHN 0 6]DIUDC

.URPSLHF 6 .RWRZLF] 6 6FKDE %DOFHU]DN ( 6PRODUH
'DQLNLHZLF] :
« 3KHQ\O ¢ ¢« Z WHUS\ULGLQH GHULYDWLYHV VIQWKHVLV
RI DFHW\OHQH OLQNHU RQ WKHLU SURSHUWLHYV

'\HV DQG 3LJPHQWYV SS &LWHG  WLPHV
'2, M G\HSLJ
' S5y]\FND $ ,ZDQ $ %RJGDQRZLF] .$ )LODSHN 0 *yl
ODOLQRZVNL 0 )U\Q 3 +UHQLDN $ 5\V] - 'DEF]\QVNL



6\QWKHVLY DQG FKDUDFWHUL]DWLRQ RI WZR QHZ 7L2 FRQW
FRPSRVLWHV IRU RUJDQLF GHYLFH DSSOLFDWLRQV
%HLOVWHLQ -RXUQDO RI 1DQRWHFKQRORJ\ SS
"2, EMQDQR
' B5R]\FND $ ,ZDQ $ %RJGDQRZLF] . $ )LODSHN 0 *yU
ODUJHF 0
BWUXFWXUDO DQG HOHFWURFKHPLFDO VWXGLHV RI 7L2 FRI
ELV RFW\ORJ)\ SKHQ\OHQH ELV HWKHQH GL\O ELV (
LPLQH GHULYDWLYH EDVHV WRZDUGV RUJDQLF GHYLFHYV
'DOWRQ 7UDQVDFWLRQV Ss &LWHG WL
"2, F GW F
%RJGDQRZLF] .$ *DQFDU] 3 )LODSHN 0O 3RFLHFKD
,ZDQ $
6ROYHQW IUHH WKLRSKHQH EDVHG HOHFWURO\WHV V\QWKF
IRU EDWWHULHV SDUW |,

'DOWRQ 7UDQVDFWLRQV SsS &LWHG W
‘2, & '7 *

5y*\FND $ )U\ 3 ,ZDQ $ %RJIJGDQRZLF] .$ )LODSH
"EF]\ VNL 3 5\V] - 3RFLHFKD ' +UHQLDN $ ODU]JHF 0

7KHUPDO VWUXFWXUDO DQG HOHFWURFKHPLFDO SURSHUW
SLSHUD]LQH PRLHWLHY EOHQGHG ZLWK WLWDQLXP GLR[LGH
3KDVH 7UDQVLWLRQV SsS &LWHG WLPHV

>y

6]ODSD .XOD $ .XOD 6 )LODSHN O )DELDQF]\N $ %
6 -DQHF]JHN + 6PRODUHN . ODUNRZVNL 6 .URPSLHF 6
6\QWKHVLY HOHFWURFKHPLVWU\ DQG RSWLFDO SURSHUWLH
PXOWLVXEVWLWXWHG QDSKWKDOHQH GHULYDWLYHV ZLWK V

"RXUQDO RI /IXPLQHVFHQFH Ss &LWHG WLP
‘2, M MOXPLQ

.RWRZLF] 6 .XOD 6 )LODSHN 0 6]aDSD .XOD $ 6LZ
- * G6PRODUHN . ODUNRZVNL 6 G6FKDE %DOFHU]DN (

'LF\DQRYLQ\O GHULYDWLYHV *+ 7TKHUPDO SKRWRSK\VLFD(
HOHFWUROXPLQHVFHQFH LQYHVWLIJDWLRQV

ODWHULDOV &KHPLVWU\ DQG 3K\VLFV SS &L\
‘2, M PDWFKHPSK\V

5R]\FND $ ,ZDQ $ )LODSHN 0O *RUVND 1 %RJGDOQR.
5\V] - 3RFLHFKD ' +UHQLDN $ ODU]JHF O

BWXG\ Rl 7L2 LQ DQDWDVH IRUP RQ VHOHFWHG SURSHUWLH
EHQW VKDSH WRZDUGV RUJDQLF HOHFWURQLFYV

JLTXLG &U\VWDOV SsS &LWHG WLPHYV
>y

.RWRZLF] 6 6 N ' .XOD 6 )DELD F]J\N $ 6LZ\ 0 )LO

ODAHFNL -* -RQVVRQ 1LHG]JLY4&ND 0 1LHG]LYaND -RQVVR
6FKDE %DOFHU]DN (
ODORQRQLWULOH GHULYDWLYHV DV SXVK SXOO PROHFXOHV
FKDUDFWHUL]DWLRQ

-RXUQDO RI /IXPLQHVFHQFH SS &LWHG WLP
"2, M MOXPLQ
' ODWXVVHN 0 )LODSHN 0 *DQFDU] 3 .URPSLHF 6 *l
6 6LZ\ 0 ODUNRZVNL 6 &KURERN $ 6FKDE %DOFHU]DN



6\QWKHVLYVY DQG SKRWRSK\VLFDO SURSHUWLHV RI QHZ SHU\
DV HPLWWLQJ PDWHULDOV LQ 2/('V

'"\HV DQG 3LJPHQWYV SS &LWHG WLPHV
‘2, M G\HSLJ
' .XOD 6 6]ODSD .XOD $ .RWRZLF] 6 )LODSHN 0 %XMN
ODUNRZVNL 6 O6FKDE %DOFHU]DN (
SKHQDQWKUR> G@LPLGD]ROH ZLWK WKLRSKHQH ULQJV W

'"\HV DQG 3LJPHQWYV SS &LWHG WLPHV
‘2, M G\HSLJ

.XOD 6 6]ODSD .XOD $ )LODSHN 0 %XMDN . .RWR?Z
6]DONRZVNL O ODUNRZVNL 6 6FKDE %DOFHU]DN (
1RYHO SKHQDQWKUR> G@LPLGD]ROH GHULYDWLYHV HIII
HWK\OHQHGLR[\ WKLHQ\O VXEVWLWXHQWYV

6\QWKHWLF OHWDOV SS &LWHG WLPHV
‘2, M VIQWKPHW

6]DIUDQLHF *RURO * G6ORGHN $ =\FK ' )LODSHN O
/IHV]IF]\QVND 6HMGD . &KURERN $ .URPSLHF 6
IXPLQHVFHQW 10&01 F\FORPHWDODWHG LULGLXP ,,, DFHW\
FDUED]ROH PRWLIV

-RXUQDO RI /I XPLQHVFHQFH SS &LWHG WLP
‘2, M MOXPLQ

.XUSDQLN $ ODWXVVHN O ©6]DIUDQLHF *RURO * )LOCL
6] XPLODV % , JODVLDN : ODaHFNL - * ODFKXUD % O0Da

3DZOXV 6 .URPSLHF 6
$3(; 6WUDWHJI\ 5HSUHVHQWHG E\ 'LHOV+$0OGHU &\FORDGGLW
6\QWKHVHV RI )XQFWLRQDOLVHG 3$+V
&KHPLVWU\ $ (XURSHDQ -RXUQDO Ss
'2, FKHP
' .XOD 6 .UDZF]\N 3 )LODSHN 0O ODUR $ 0
,QIOXHQFH RlI 1 GRQRU VXEVWLWXHQWY RQ SK\VLFRFKHPLF]
G@LPLGD]ROH GHULYDWLYHYV
-RXUQDO RI /IXPLQHVFHQFH DUW QR &LWHG
'2, M MOXPLQ
)DELD F]\N $ *QLGD 3 &KXONLQ 3 .XOD 6 )LODSHL
+ B6FKDE %DOFHU]DN (
(IHIHFW Rl KHWHURF\FOH GRQRU LQ F\DQRDFU\OLF DFLG FR
DSSOLFDWLRQV
6RODU (QHUJ\ SS &LWHG WLPHYV
‘2, M VROHQHU
.XOD 6 .UDZF]\N 3 .D(PLHUVNL & )LODSHN 0
6\QWKHVLYV SK\VLFRFKHPLFDO FKDUDFWHUL]DWLRQ DQG EL

SKHQDQWKUR> G@LPLGD]RO \O WKLRSKHQH FDUEDOG
-RXUQDO RI OROHFXODU 6WUXFWXUH DUW QR
‘2 M PROVWUXF

' .XOD 6 .D(PLHUVNL )LODSHN O .UDZF]\N 3
,QIOXHQFH RI D ELWKLRSKHQH VXEVWLWXHQW RQ WKH SUR!
7TKHRUHWLFDO DQG H[SHULPHQWDO VWXG\

-RXUQDO RI OROHFXODU 6WUXFWXUH DUW QR
‘2, M PROVWUXF



' ODWXVVHN 0 .XUSDQLN :yMFLN $ *RJRF 6 )LMRAHN $
'‘DWD(GHFWURDFWLYH '\HV %DVHG RQ IDSKWKDOLPLGH ZL
2/(" ODWHULDOV + WKH 5 HODWLRQVKLS %HWZHHQ 6WUXFW X
&KHP (XU - H'2, FKHP

,QQH RVL JQL FLD QDXNRZR EDGDZF]H

,QIRUPDFMD R UHDOL]RZDQ\FK SURMHNWDFK ED

.RPSOHNVRZD FKDUDNWHU\VW\ND ZADVQR FL VSHNWURHC
SROLPHURZ\FK RSDUW\FK QD KHWHURF\NOLF]Q\FK XN&4DGDH
PROHNXODUQHM RSWRHOHNWURQLNL RUJDQLF]QHM S
1DURGRZH &HQWUXP 1DXNL UROD Z SURMHNFLH :

1RZH ]DVWRVRZDQLD ]ZL [NyZ DOOLORZ\FK Z VI\QWH]LH R
ILQDQVRZDQ\ SUJH] 1DURGRZH &HQWUXP 1DXNL UR

(W\Q\ORELWLRIHQ XQLZHUVDOQ\ UHDJHQW GR V\QWH]\ Q
XNADGyZ NDUER L KHWHURF\NOLF]Q\FK QRZ\FK NRPSOHNV\
SROLWLRIHQYZ R RFJHNLZDQ\FK Z4D FLZR FLDFK" SURMHNW
&HQWUXP 1DXNL 1U JUDQWX % 67 UROD

A,QQRZDF\MQH PDWHULDA&\ L QDQRPDWHULDA\ ] SROVNLFK
NDWDOL]\ IDUPDFML L RUJDQLF]JQHM HOHNWURQLNL" SURM}
1DURGRZH &HQWUXP %DGD L 5R]ZRMX 1&%L5 UROL
ZVSYy4aZ\NRQDZFD

%H]RARZLRZH WOHQNRZR IOXRUNRZH V]JNAD L ZAyNQD V]N
FHUDPLF]QH DNW\ZRZDQH MRQDPL ODQWDQRZFyZ GOD IRWR
1DURGRZH &HQWUXP 1DXNL UROD Z SURMHNFLH :

3URFHV\ NRQZHUVML Z JyU Z VINA4DFK L XN4ADGDFK V]NOTL
ODQWDQRZFDPL SRGF]DV Z]EXG]HQLD GLRG ODVHURZ SUD!

SURMHNW 2386 ILQDQVRZDQ\ SUJH] 1DURGRZH &HQWUXP 1
SURMHNFLH Z\NRQDZFD

8NADG\ W\SX GRQRU DNFHSWRU Z\ND]XM FH [MDZLVNR Z]i
RWU]J\P\ZDQH RUD] EDGDQLH ZaD FLZR FL ILI\NRFKHPLF]Q\Fk
ILQDQVRZDQ\ SUJH] 1DURGRZH &HQWUXP 1DXNL Ui

&\NORDGG\FMD'LHOVD $OGHUD SRG Z\WRNLP FL QLHQLHP
SURMHNW 2386 ILQDQVRZDQ\ SUJH] 1DURGRZH &HQWUXP 1D>
Z\NRQDZFD

2G SHU\OHQX GR IXQNFMRQDOL]RZDQ\FK QDQRJUDIHQyYZ
SURMHNW 2386 ILQDQVRZDQ\ SUJH] 1IDURGRZH &HQWUXP 1D>

% 67 UROD Z SURMHNFLH Z\NRQDZFD

6WD*H QDXNRZH L ZL]\W\ EDGDZF]H Z R U

]JDJUDQLF]Q\FK
6WD* QDXNRZ\ RG GR Z .DWHGU]H
THFKQRORJLL B3ROLPHUYZ :\G]JLDaX &KHPLF]J]QHJR 3ROl
2SLHNXQ QDXNRZ\ 3URI 'U KDE LQ* OLHF]\V4DZzZ aDs



BUDFH QD U]J]HF] URGRZLVND QDXNRZHJR
SHFHQ]MH GOD F]DVRSLVP QDXNRZ\FK

‘\NRQDA&AHP NLONDG]LHVL W UHFHQ]ML GOD F]DVRSLVP
LQQ\PL

'"\HV DQG 3LJPHQWYV ) UHFHQ]ML
(OHFWURFKLPLFD $FWD ) UHFHQ]MD

-RXUQDO RI 3BKRWRFKHPLVWU\ DQG 3KRWRELRORJ\ &
-RXUQDO RI OROHFXODU 6WUXFWXUH ) UHFHQ
2SWLFDO ODWHULDOV ) UHFHQ]MH
6\QWKHWLF OHWDOV ) UHFHQ]ML

‘\AND] F]JaRQNRVWZD Z NRPLWHWDFK UHGDNF\MQ\FK L |
3RO\PHUV ) HG\WRU JR FLQRG YDPXPAHHLX SWBHHMLRG

&RQMXJDWHG 3RO\PHUV
3DWHQW\ L ]JJARV]HQLD SDWHQWRZH

SDWHQW\
>3 @ OLFKDa .URPSLHF ,ZRQD *UXG]ND )ODN OLFKI
6wDQLvVabDZ .URPSLHF .UJ\W]WRI =HPOBSRVYELJQL

RWUJ\P\ZDQLD SUHSDUDWX ]DZLHUDMXPHHIR S DONMQW

>3 @ OLFKD& .URPSLHF ,ZRQD *UXG]ND )ODN OLFK
6WDQLVADZ .URPLHF .UJ\V]WRI =HBS®®Wy E= RMWIQ]L P\Z BH)
SUHSDUDWX ]DZLHUDM FHJR 1XWRIGR SDWHEHQWRIHQ"

>3 @ OLFKD& .URPSLHF ,ZRQD *UXG]ND )ODN OLF
6WDQLVA4aDZ .URPLHF .U]J\W]WRI =HPOBASRVyELJQL]
RWUJ\P\ZDQLD DONLQ\OR § ELWLRIHQYZ QD GURG]
]JDZLHUDM FHJR MRGR § ELWLRIHQ ] WHUPLQDO
SDWHQW X

>3 @&H]DU\ 3LHWUDV]XN 6WDQLVA4DZ .URPSLHF %HL
%XMDN ,ZRQD *UXG]ND J)ODN ODWHXV] 3HQNDOD OL
(ZHOLQD .RZDOVND %HDWD ODUFRO 6]XPLODV -RDQ
6]\PRQ 5RJDOVNL A,]JRNVDJROLQ\WUYMSRGVWDZLRQH
1XPHU SDWHQW X

>3 @ &H]DU\ 3LHWUDV]XN 6WDQLVA&DZ .URPSLHF %H
%XMDN ,ZRQD *UXG]ND J)ODN ODWHXV] 3HQNDOD OL
(ZHOLQD .RZDOVND %HDWD ODUFRO 6]XPLODV -RDQ
6]\PRQ 5RJDOVNL A,]JRNVD]JROLQ\WULSRGVWDZLRQH 2
LFK RWU]\P\ZDQLD" 1XPHU SDWHQWX

>3 @ &H]DU\ 3LHWUDV]XN 6WDQLVA&4DZ .URPSLHF %H
%XMDN ,ZRQD *UXG]ND )ODN ODWHXV] 3HQNDOD OL



(ZHOLQD .RZDOVND %HDWD ODUFRO 6]XPLODV -RDQ
6]\PRQ B5RJDOVNL A,]JRNVD]JROLQD WULSRGVW
RWUJ\P\ZDQLD" 1XPHU SDWHQWX

>3 @ ,ZRQD *UXG]ND )ODN OLFKD& )LODSHN 6aDZJ
6WDQLVAaDZ .URPSLHF A1RZD SRFKRGQD DFHW\OHQX
1XPHU SDWHQWX

>3 @ %HDWD 3RZD&D &H]DU\ 3LHWUDV]XN ODWHXV]
ODODU] ODULDQ 3DOXFK 6HEDVWLDQ 3DZOXV 6]\P
6]XPLODV 6WDQLVA4DZ .URPSLHF A6SRVYE RWU]\P\Z
LIRNVD]ROLQ " 1XPHU SDWHQWX

>3 @ 0ODULDQ 3DOXFK 6WDQLVA4DZ .URPSLHF 'DUL.
64DZRPLU .XOD .LQJD -DQLFND 6HEDVWLDQ 3DZOXV
WULSRGVWDZLRQH L]JRNVD]JROH RUD] VSRVYE LFk
SDWHQW X

>3 @ 6WDQLVADZ .URPSLHF %HDWD ODUFRO 6]XPLC
JLODSHN 'DULXV] %aDFK ,]JDEHOD 1RVHN A6SRVYE
SURSHQ\ORZ\FK OXE ELV SURSHQ\ORZ\FK OXE D!
1XPHU SDWHQWX

>3 @ 6WDQLVADZ .URPSLHF %HDWD ODUFRO 6]XPLC
JLODSHN 'DULXV] %aDFK ,]JDEHOD 1RVHN A6SRVYE
SURSHQ\ORZ\FK ELV SURSHQ\ORZ\FK RUD] DOO
1XPHU SDWHQWX

>3 @ $JDWD 6]aDSD .XOD ODUHN ODWXVVHN 64DZRP
J)LODSHN 6WDQLVA4DZ .URPSLHF %HDWD ODUFRO 6]XP
/HV]E]\ VND 6HMGD A6SRVYE RWUJ\P\ZDQLD ELV
DFHW\OHQX" 1XPHU SDWHQWX

>3 @ $JDWD 6]4aDSD .XOD 64DZRPLU .XOD 'DZLG =\F¥
.URPSLHF %HDWD ODUFRO 6]XPLODV *U]JHJRU] %HQ
6HMGD A6SRVYE RWU]J\P\ZDQLD ELV 1 DONLORN
1XPHU SDWHQWX

>3 @ %HDWD ODUFRO 6]XPLODV 6WDQLVADZ .URPSL
JLODSHN *U]JHJRU] %HQNH .DWDUJ\QD /HV]F]\ VND
6]\PRQ 5RJDOVNL

6SRVYE RWU]J\P\ZDQLD QLVNRZU] F\FK HWHUyZ L VX
ELV SURSHQ\ORZ\FK ~ 1XPHU SDWHQWX

>3 @ $JDWD 6]aDSD .XOD 6&4DZRPLU .XOD 'DQLHO ¢
6WDQLVaDZ .URPSLHF (PLOLD :yMFLN -RDQQD 6]0
=X]DQQD OLWU JD A6SRVYE RWUJ\P\ZDQLD ELV
1XPHU SDWHQW X

>3 @ .DWDUJ\QD /HV]F]\ VND 6HMGD *U]JHJRU] %HQN
&LV]HZVNL OLFKD& 'U]D]JD *UD*\QD ODFKHOVND .U\\
OLFKD& )LODSHN 6WDQLVA4aDZ .URPSLHF A6SRVYE Z\V
9,, FKURPX ,,, " 1XPHU SDWHQWX

>3 @.DWDUJ\QD /HV]F]\ VND 6HMGD *U]JHJRU] %HQNF
&LV]HZVNL OLFKDa 'U]D]JD *UD*\QD ODFKHOVND .L
3HQNDOD OLFKD& )LODSHN 6WDQLVaDZ .URPSLH
EH]ZRGQHJR UHQLDQX 9,, FH]X  1XPHU SDWHQWX
>3 @ $QHWD .XUSDQLN 'DZLG =\FK OLFKD& 3DM N
J)LODSHN %HDWD ODUFRO 6]XPLODV 6WDQLVADZ .UF



>3 @ *UD*\QD 6]DIUDQLH *RURO 6WDQLVaAaDZzZ .URPSL

, JQDVLDN OLFKDa JLODSHN A GLII
HW\ORKHNV\OR EHQ]J]R>JKL@SHU\OHQRGLLPLG RUD] V.
SDWHQWX

>3 @ *UD*\QD 6]DIUDQLH *RURO 6WDQLVaAaDZ .URPSL
, JQDVLDN OLFKDa JLODSHN A GLIH

GLLIRSURS\ORIHQ\OR EHQ]R>JKL@SHU\OHQRGLLPLG F
1XPHU SDWHQWX

=JARV]HQLD SDWHQWRZH

>=J4 @ OLFKDa )LODSHN 6WDQLVA4aDZ .URPSLHF 3LR!
3DWU\FMD )LOLSHN OLOHQD -DURV] %DUWARPLHM .X
HW\ORKHNV\OR FLV GLEHQ]RSHU\OHQRGLLPLG RUD] \
]JJARV]HQLD 3 'DWD ]JARV]HQLD

'ILDADOQR i G\GDNW\F]QD
,QIRUPDFMD R SURZDG]RQ\FK |DM FLDFK G\GDNW\F]Q\FK

SRN DNDGHPLFNL

SRGVWDZ\ &KHPLL FIHQLD

SRGVWDZ\ &KHPLL QZHUVDWRULXP
&KHPLD 1LHRUJDQLF] QD + ODERUDWRULXP
6HPLQDULXP /LFHQFMDFNLH

SUDFRZQLD ODJLVWHUVND

SUDFRZQLD /LFHQFMDFND

RN DNDGHPLFNL

SRGVWDZ\ &KHPLL UZLF]JHQLD

SRGVWDZ\ &KHPLL NRQZHUVDWRULXP
&KHPLD 1LHRUJDQLF]QD + ODERUDWRULXP
6HPLQDULXP /LFHQFMDFNLH

SUDFRZQLD ODJLVWHUVND

SUDFRZQLD /LFHQFMDFND

J BURMHNW ,Q*\QLHUVNL

SRN DNDGHPLFEFNL

SRGVWDZ\ &KHPLL UZLF]HQLD

SRGVWDZ\ &KHPLL NRQZHUVDWRULXP

&KHPLD 1LHRUJDQLF]QD + ODERUDWRULXP

6HPLQDULXP /LFHQFMDFNLH

SUDFRZQLD ODJLVWHUVND

SUDFRZQLD /LFHQFMDFND

J BURMHNW ,Q*\QLHUVNL

SRN DNDGHPLFNL

D 3BRGVWDZ\ &KHPLL + GZLF]JHQLD

E 3RGVWDZ\ &KHPLL + NRQZHUVDWRULXP

F SBUIHGPLRW 2ELHUDOQ\ $ SRV]JHU]JRQD &KHP|
NRQZHUVDWRULXP

G &KHPLD 1LHRUJDQLF]QD + ODERUDWRULXP

*
*

*
*

—TIOTMMOUU—TIOTMO

*
*

—TIMOTMmMO



H 3URMHNW ,Q*\QLHUVNL

5RN DNDGHPLFNL

3RGVWDZ\ &KHPLL + GZLF]JHQLD

3RGVWDZ\ &KHPLL + NRQZHUVDWRULXP

&KHPLD 1LHRUJDQLF]QD + ODERUDWRULXP
BHPLQDULXP /LFHQFMDFNLH

3UDFRZQLD ODJLVWHUVND

3UDFRZQLD /LFHQFMDFND

J 3URMHNW ,Q*\QLHUVNL

5RN DNDGHPLFNL

D 3RGVWDZ\ &KHPLL + GZLF]JHQLD

E 3RGVWDZ\ &KHPLL + NRQZHUVDWRULXP

F 3BRGVWDZ\ &KHPLL + ODERUDWRULXP

G &KHPLD 1LHRUJDQLF]QD + ODERUDWRULXP

H 3UDFRZQLD /LFHQFMDFND

5RN DNDGHPLFNL

3RGVWDZ\ &KHPLL + GZLF]JHQLD

3RGVWDZ\ &KHPLL + NRQZHUVDWRULXP

&KHPLD 1LHRUJDQLF]QD + ODERUDWRULXP
3UDFRZQLD /LFHQFMDFND

3UDFRZQLD ODJLVWHUVND

'VSY4aF]HVQD 6\QWH]D 2UJDQLF]QD L 1LHRUJDQLF]
.DWDOL]D L 3URFHV\ .DWDOLW\F]QH tODERUDWRU
RN DNDGHPLFNL

1RZH 7THFKQRORJLH + Z\NaDG .RRUG\QDWRU SU]H
1RZH 7THFKQRORJLH + ZDUV]WDW

&KHPLD )L]\F]QD + ODERUDWRULXP

3UDFRZQLD /LFHQFMDFND

3RV]JHU]RQD &KHPLD )L]\F]QD + ODERUDWRULXP
'VSY4aF]HVQD 6\QWH]D 2UJDQLF]QD L 1LHRUJDQLF]
7XWRULQJ HNVSHUFNL

RN DNDGHPLFNL

1RZH 7THFKQRORJLH + Z\NaDG .RRUG\QDWRU SU]H
1RZH 7THFKQRORJLH + ZDUV]WDW

&KHPLD )L]\F]QD + ODERUDWRULXP

3UDFRZQLD /LFHQFMDFND

&KHPLD 2JyOQD L 1LHRUJDQLF]QD + ODERUDWRUL
'VSY4aF]HVQD 6\QWH]D 2UJDQLF]QD L 1LHRUJDQLF]

*
*
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+
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+
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,QIRUPDFMD R RSLHFH QDXNRZHM QDG VWXGHQWDPL
SUDFH OLFHQFMDFENLH

ODJGDOHQD .DANXV A:S&4\Z EXGRZ\ QD Z&aD FLZR FL
EDUZQLNYZ RUJDQLF]Q\FK”~ OLSFD

$OLFMD 6XUXV A%DGDQLD IL]\NRFKHPLF]JQH ]ZL
]JDVWRVRZDQLX MDNR HPLWHU\ Z WHFKQLFH 2/("
1DWDOLD 6WRODUF]\N A$SURPDW\F]QH XNA&aDG\ W\S,
]JMDZLVNR Z]JPRFQLHQLD HPLVML SRSU]JH] DJUHJEL
RSW\F]Q\FK L HOHNWURFKHPLF]Q\FK’ OLSFD



3DWU\FMD )LOLSHN A%DGDQLD IL]\NRFKHPLF]QH X
Z\ND]XM F\FK JMDZLVNR Z]JPRFQLHQLD HPLVML SRSU
Z\EUDQ\FK SRFKRGQ\FK NDUED]JROX L IOXRUHQX"
'DQLHO /DFK A6\QWH]D L HOHNWURFKHPLF]QH EDGI
]JDVWRVRZDQLDFK Z RUJDQLF]JQHM HOHNWURQLFH’
'DULXV] :DEHUVNL A.RPSOHNV\ PHWDOL SU]JHM FLR
FIHUZFD
-XVW\QD SLHF]JRQND A6SU] JDQLH SDOODGHP =+ V
SD(G]JLHUQLND
OLFKD& :\WNLHO A3ROLPHU\ SU]JHZRG] FH % V\QW]
SD(G]JLHUQLND
$QHWD .DZHFND A$PELSRODUQH SRFKRGQH NHWRQYy
SRWU]JHE\ IRWRZROWDLNL RWU]J\P\ZDQLH L EDGDQL]
ODAJRU]DWD 0 FLN A$PELSRODUQH SRFKRGOQH
KHWHURDU\ORZ\FK QD SRWUJHE\ IRWRZROWDLNL
Z4D FLZR FL° OLSFD

3UDFH LQ*\QLHUVNLH
3UJHP\V4DZ 6FK|SS A3SROLPHU\ SUJHZRG] FH + RWU]\
Z4aD FLZR FL° OXWHJR
.DPLOD /HV]F]\ VND A6\QWH]D RUJDQLF]Q\FK SRFKRGC
PDORQRZHJR R SRWHQFMDOQ\P |DVWRVRZDQLX Z GL
HOHNWUROXPLQHVFHQF\MQ\FK~ OXWHJR
$QHWD %RFKHQHN A6\QWH]D RUJDQLF]Q\FK SRF
PDORQRZHJR R SRWHQFMDOQ\P ]DVWRVRZDQLX Z IR
8UV]XOD 5DG]LDN A6\QWH]D RUJDQLF]Q\FK SRFK
SRWHQFMDOQ\FK ]DVWRVRZDQLDFK Z RUJDQLF]QHM
ORQLND %RUHFND A2WU]\P\ZDQLH L EDGDQLH ZaD F

PDUFD

3UDFH PDJLVWHUVNLH
OLFKDa4 3DM N A$ONLQRZH NRPSOHNV\ J4RWD
HOHNWURQLNL 2WU]J\P\ZDQLH L EDGDQLH ZabD FLZR
0DAJRU]DWD 0 FLN A:\]QDF]DQLH SRGVWDZR:
HOHNWURFKHPLF]Q\FK ]ZL JNyZ W\SX GRQRU D
]JDVWRVRZDQLX Z GLRGDFK HOHNWUROXPLQHVFHQF\
$QHWD .DZHFND A:4D FLZR FL HOHNWURFKHPLF]QH ]
MDNR QRZ\FK PDWHULDAayZ QD SRWU]JHE\ RUJDQLF]Q
.DWDU]J\QD O FIND A2SUDFRZDQLH HOHNWURFKHP
SRWHQFMDOQ\FK VXEVWDQFML SV\FKRDNW\ZQ\FK
SD(G]JLHUQLND
'DQLHO /DFK A6\QWH]D QLHV\PHWU\F]Q\FK L V\P
WLRIHQRZ\FK W\SX $ 'L $'$ PHWRG NRQGHQVDFML

SDWU\FMD )LOLSHN A(OHNWURFKURPRZH VXEVWDQF

ODGYyZ NU\PLQDOLVW\F]Q\FK~ FIHUZFD
1DWDOLD 6WRODUF]\N A(OHNWURG\ PRG\ILNRZDQH
FKHPLRWHUDSLL® FIHUZFD

=X]DQQD =LHOL VND A6\QWH]D L EDGDQLH ZaD FLZF
GRQRU SL DNFHSWRU R SRWHQFMDOQ\P ]DVWRVRZD
ODGyYyZ OLQLL SDSLODUQ\FK =~ OLSLHF



1DWDOLD 6]F]\SLRURZVND A6\QWH]D L EDGDQLH Za&a
W\SX GRQRU SL DNFHSWRU R SRWHQFMDOQ\P ]DV
Z\EUDQ\FK ODGyZ OLQLL SDSLODUQ\FK ~
3UDFH 'RNWRUVNLH
64aDZRPLU .XOD A5HDNFMH F\NORDGG\FML DONLQy
PR*OLZR FL Z VIQWH]LH SUHNXUVRUyZ SROLPHUYZ !
SURPRWRU SRPRFQLF]\

'ILDADOQR U0 RUJDQL]DF\MQD L SRSXODU\]DWRU"
=HvVSya GR VSUDZ UHDOL]DFML ]DGDQLD LQZHVW
, QWHUG\VF\SOLQDUQHJR &HQWUXP &KHPLL F]aRQH
&]aRQHN 5DG\ 1DXNRZHM ,QVW\WXWX &KHPLL 8QLZ

2JYyOQRSRQMNUV &KHPLF]Q\ ZVSYyaRUJDQL]DWRU HG
.UHDW\ZQ\ HNVSHU\PHQWDWRU SURJUDP SRSXODU!
VINya SRQDGSRGVWDZRZ\FK ZRMHZyG]WZD O VNL
ZDUV]WDWRZH

O VNL JHVWLZDO 1DXNL .$72:,&( NRRUG\QDWRU HG\
ZL WR OLFJE\ 3L :VSyaWZyUFD L ZVSYy4Z\NRQDZFED
RGE\ZDM F\FK VL Z ODWDFK
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