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SRQW F] QD L SR@W ND ] DJUWDQLF] QD &KIQ -DSRQLL L . RUHL
1 DVRP [IDWV VHUD ) RFXV 2 6% NRQFHQWXMI VIO QD NUVMFK
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=HVSH 2 LRGND 6SWDZ $] NWFNFK SU\ JRVRZ XM LDSRUWV L RSUDFRZ DQLD QD ] GHFHQLH
Z DG] FHQWD@\ FK VDP RUCGRZ\FK RW)] LOQWWFM RVRF]HQLD EL QHVX
3U\JRWRZDQ P\ WSRUN P 1Q QD ]®FHQH pG] NHV6SHFNDAHMBWHI\ ( NRQRP LF] QHM
8 J UGX 0 DU DNRZWNHJIR : RMZ UG VED uG NHIR RW] SU\ ZVSDUFLX 0 LOMAMUNE D
6SWDZ =DUWDQIF]QFK 53 L )XQGDFM .*+0 3ROND 0 lHG< 7HP DWND LDSRUMZ
REHW RZ D D ] DIDGQIHQIH LQZ HWFM Z HQHUWILD IRVRZ ROBIE] QC SLRP RZ DQIH SLRGXNW.Z
LRQ@\ FK Z RMZ 1G] VED uG] NHIR Z &KIQDFK RWD] UHDFN SRAWF] QR JRVSRGDUF] \ FK &KIQ
] SD WEDP L(XLRS\ LRGNRZHMZ Z\P IDJ H FHOQAD@\ P LGN\D@)\ P
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&KIQDFK L -DSRQLL RW| DNWZQR FL JDIWDQIFJQHM REX SD WEZ Z WP IFK
RGG] ID\ Z DQIX WHIIRQD@HP X 3RQDGR SU\E@DP\ QDV]\P F]\ WI@INRP G\ QDP [INUJ
UR] ZRM VW WXDFM QD 3p Z\VSIH . RIHD WP D VBN>H ] DRWY DNIFC MU U Z D@} DFND
FKL VAR DP HUND WC Z $]M3R XGQIRZR : VWKRGQIHM: &$$ 3DSHW SUH] HQUXMIP \
V] HIRNL ] DNLHV Wi>Q\FK IGHL L SRI@GUZ  WIBQRZ ICA\ FK GRWRQD C SOMRWP U GR
HNVS@RUDFMQRZ \ FK SLRFHVUZ ] DFKRG] CR\ FK Z UHJIRQIH $] M: VFKRGQIHM
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&HOWH IRUSMDQ $1IDIWV %UHI &$$ %UHI VR SXEQNDFNA Z NIJ\ NX DQIJIHONP NWMU FK
FHGP MW NWWILH L SU\ WWSQH SU HGWDZ IHQIH Z VSu FJHVQ\FK ]P IDQ L
SURFHVUZ RWD] LQWAUDNFM P LUG]\ QDURGRZ \ FK NWWH ]DFKRG] C Z WHJIRQH $]1M
: VFKRGQIHML 3R XGQIRZR : VFKRGQIHM 6HUD &$$ %UH REHW XM WiZ QIH> DQDA \
SR ZIUFRQH SROWNRP ZHZQUWJ QP SD WE DJNMWFNFK L IFK [P SONDFNRP  GD
WWDFM Z WHIIRQIH 3XEQ\DFM W WIBQRZ IC VIIN>H IRWP U LHNRP HQGDFM G Z DG]
FHOWD@\ FK GND@\ FK RWD)] . RP LVM ( XLRSHMNHM
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C(UBTS . RGSRZIHG] L QD LRVQCFH ] DSRW] HERZ DQIH QD Z IHG] U RW] GHEDWD

_ §7<& | SXEWIQC R LR $]M 2 WRVXQNDFK P LOG] \ QDURGRZ \ FK SRZ WD
$=- SURMINW ' HEDW D] NWWFNHMS QIZ HUA VMWK iG] NHIR  NAU QD P D QD
WZDH ZSIMDE MU ] DNLHV VSR HF] QHM RGSRZ LHG] LD@R FL QDXNL RUD)]
XSRZ\V] HFKQIHQID EDGD  QDXNRZ\FK  3LRMINW SU HZ LGXMI  QDJLDQIH
GHEDWQDXNRZ\ FK RW)] SRGFDWMZ 7HP DWND RSDUD MMWR EDGDQD
DO RZDQH SUH HNVSHUMZ ] NWDM L ]DIWDQF  )RWPD
XSRZV] HFKQHQID EDGD RQIOH WDQRZL ]DWZQR SOMRWP U GO
QDXNRZFUZ VX>CFC Z\PIDQH SRI@GUZ GHEDW L SUH HOWDFM
Z\QINiZ EDGD SRGFDW NN L QRZRFHVQC IRWP U XP R>QZ LHQID
V] HIRNHP X JIRQX RGEIRUFUZ GRWDLFIH GR ZIHG]\ ] ]DNLHVX QDXN
VSR HF] Q\ FK
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FKL VNP L UHJIRQDP LD Z DG] H FHOQWD@H P XMID\ G\ QDP LF] QIH WHDJRZ DE
QD SRW HE\ SRGP IRWZ @&ND@\FK Z SROWFH ]HZ QUW] QHM 3LRMINW
RSDUN MIMWV]DR>HQIX 1> ZW] ]H Z] IRWWP LQVMDNFM ] HZ QOW] QHM
DNVRUIZ GRND@\FK WRVD IFK VLD ZHZQOW] QHJR RGG ID\ZDQID FR
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DODA\ SWRZDG|RQH SUH JHVSu EDGDZF\ Z (XWRSIH $]M $IUFH L
$PHUFH DFL WHM SWRMNW SUHGWDZID FKL WH P HFKDQU P \

P XOMDWILD@H L RG] ID\ZDQH QRWP DWZQH Z NRQWN FIH IRWP DWMZ

$6($1 IRLP DW ZVSp SIDR &KIQ ] (XWRSC LRGNRZC L
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&KL WHM5HSXE@\L / XGRZ HMZ REHF SD WX WHJIRQX ( XLRS\ RGNRZR

: VFKRGQIHMZ WDP DFK P HFKDQI P X Z VSp SWDR ]H V]F|HIp@\ P
XZ] JQGQHQHP LOVMLDNFM FKL VAR DP HU ND WNEFK %DGDQLD
NRQFHOWXNE QD QDWUSXNIR\ FK ] DIDGQIHQIDFK Z NINP  WRSQIX SROWND
&KIQ Z ( XLRSIH 3R XGQIRZ HMMMWAF] U FIC SROWNL &KIQ Z REHF 8 63" NON
RED P RFDUAYZD P RJIC ZVSp SWDFRZDE Z VJHW]\P REV|DUH NRU VDY \
WDQVSRURZ\ FK 3R XGQIH 3p QRF Z ( XWRSIH WRGNRZHML : VFKRGQLHM
NDINH VC J pZQH P RWZDFM SD WE ( XLRS\  LRGNRZ HML :  VFKRGQIHMZ H
ZVSp SR | &KIQDP ' 3LRMINWUHD@ RZDQ\ MIMWZ  ZVSu SWDR ] 6LIXU
&HQWU IRU $MDQ 6WXGIHY ( @RWVWBFKRRORI "QVMUQDMRQDO$ 1DV * HRWH
: DWKIQIVRQ 8 QLYHUIW

&+5/ 86% : '2%—-( &29-"'
*UDQW 8QLZHUV\WHWX JpG]INLHJ

3LRMINW  "QVALDNFMI SROWF] QR JRVSRGDUF] H &KL WNIHM 5HSXE@N\L / XGRZHM ]H 6ViXQDP L
=MIGQRF] RQ\P LZ GREIH &2 9™ PDQDFHX ZWND] DQIH LDQD@ U Z\]ZD GO CEHWD@HIR
SRU QGNX JBRED@HIR RW] ZS\ZX SDQGHP IL QD SRWUSXMFH P IDQ\ Z XNDGJIH VL QD
ZIHFIH &HBIP SWRMIN MMWWY RU HQIH P DS\ LQWALDNFM &KIQ L 6VDQUZ =MIGQRF] RQ\ FK

ZS\ZDMR\FK Z GHR\ GXMR\ VSRWIE QD WHGHILQIFNI XNDGX P UG\ QDLRGRZ HIR 3 XQNWP

Z\MFID SWRMINX MMV DQDO D EXGRZ\ SUHZDJ NRQNXWHOR M)\ FK &KL VNIHM 5HSXE@\L
/ XGRZHM NWWD QDWUSXMI Z RSDWFIX R WR]ZuMQRZ\FK WAFKQRM®IIL Z GREIH F] Z DUMM
UHZ RXXFMISU HP \ V RZ HM
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*UDQW\ :\G]LD X 6WXGLpZ OLUG]\QDURGRZ\FK L 3ROLWRORJLF]Q\F
* LDQW : \G] IDX 6WXGlpuZ 0 WG]\ QDLRGRZ \ FK L3RMR®ILF] Q\ FK 8

3LRMINMVEDGDZ F]\ NRQFHQWXM VLU QD ] P LDQDFK Z FKL VNIHVSR@NFH | DI WDQLF] QHMZ REHF $] M
3R XGQIRZ R Z VFKRGQIHM ] DFKRG] CAAFK RG SUHMIFID Z DG]\ SUH ;L -lQSIQID Z u
&HBP SLRMINX MMA] EDGDQH Z NONL VSRWLE &KIQ\ Z\ NRU \ WKNE NRQFHSFNI SDWRQ NIHQWZ
G\ S®P DFNM SHU IHU NpHMZ REHF SD WE ]DDQID>RZDQ\FK Z VSpU VWU VRUD@ QD 0 RU X
3R XGQIRZ RFKL VNP 3 LRMINW MMV UHD@ RZDQ\ ZH ZVSp SDA ] R WRGNHP EDGDZ F]\ P

6 5DNILDVQDP 6FKRRORI "QUWALQDVMRQDOSVXGLIHY 5676 Z 6lQIDSXU H
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) LODQVRZ DQIH]H URGNuZ ) XQGDFM.. * +0 3ROND 0 LHG<
=DGDQIHP SWRMINX EDGDZ F]HIR $NWZ QR E JRVSRGDUF] D L SR@WF] QD
&KL VWWHVB HSXE@\L/ XGRZ HVZ WHJIRQIH ( XLRS\ WRGNRZHML: VFKRGQIHM
NMVWZ\ N QIHQIH WRQ FKL WIHIR P HFKDQU P X P XOUDVALD@HIR Z
WHIIRQIH ( : RW] RNH GIQH MIJR HHNWZOR FL : WP FHX
VIFIHJu RZHM DQD@IH SRGGDQR MHUW GHNDWWZQC  IRWP DW
LOWMLBUHWNF RILFND@H NRP XQINDW SXEM\RZ DQH SR V] F]\BFK V] HIpZ
U CGuz SD WX | DDQID>RZDQ\FK Z SRZ\>V]\ P HFKDQU P ZVSu SWDR

8 '=(/2.8/1( : )250%8&—(
:VSDUFLH OLQLVWHUVWZD 6SUDZ =

3WIRMINW EDGDZF]\  "QWALDNFMI Z DG] @®RND@\FK Z IRWP DFIH DDA XM VSRWE
Z\NRU \ WRQLD DGP LOMADFM GRND@HVBU H] Z DG H FHOWD@H &KL VNIHVE HSXEQNL/ XGRZ HVGR
GIIDD P WG] \QDWRGRZ\FK |H VA HIL@ P XZ]JGGQHQHP SD WEZ |RWP DX :
SIHW V] HM NR®IMR FL ]RWD\ RP pZIRQH G]IDDQID FKL WFK Z DG GND@\ FK QD DUHQH
P LUG] \ QDLRGRZ HM 1 DWUJSQIH ] RWD\ RQH VANRQILRQVRZ DQH ] DNWZ QR FIC Z WDP DFK |RUP DWX
JG|IH SRGGDQR DQDA IH NMNR FIRZHMZV]\WMH NRP XQINDW Z\GDQH SR V] F]\ VIFK
QGHWZ IRWP DWMZ SRG NOWP QDZIGJD GR LOWAWDNFM SRP UG\ Z DGDP L V] F] HED®

GRNDO@QHIR
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2 WRGHN 6SWDZ $]MWFNFK MW/ ZQH> RUDQ] DVRUHP
QDM LONV HMZ WHIIRQIH (XWRS\  RGNRZR : VFKRGQHM V] NR \

GMOLHMGD SDUAHUMNEK XF] H@L] &KIQ 2 G LRNX Z VXP IH
QD 8 QIZ HUA VMW pG] NLSU\ MIFKD R SRQDG VWXGHQWZ RUD]
QDXF]\ FLHR DNDGHP IFNFK ] RNRR XFIH@L ] &KL VNHM

SHSXEQNL / XGRZHM 6WGHQFL XF]HWQIF|\@ Z Z\NDGDFK R
3ROFH KMRUL V]WFH L WDG\FNDFK D VBN>H Z\ FIHF] NDFK
IDNXODWZ QU FK GR : DWW DZ\ WJIRQX uGNHIR RW] Z
VSHFNDQ@\ P RSLRZ DG] HQIX SU H SUHZ RGQINuZ SR RG] L



https://www.osa.uni.lodz.pl/projekty

2 52' (. 635%: $=-$7<&. "&+

QERfH I ¢

.RPHQWDU] Z BDG
50) QD W HSFROON W
LQIODF\MQHM Z -I

IBEQiH |

.RPHQWDBOFRXWK &KLQ
ORUQLQJ ®MVWHPDW
Z\SRZLHG]L /L =KDQVK

INEQIET ¢
: \ZIDGGD ' ] HQQIN * D] HVD

3WDZ QD QW—3®IQXP RW)
HNRQRP LLSROW F] QHVEKLOQ

(NVSHUFL2 URGND 6SUDZ $] NDW FNLFK Z VS SUDFXM |
P HGLDP L XG] LHODMGF Z \ Z LDGuZ LNRP HQWU\ GR
ELH>CFHVM WKDFMLZ $]M: VFKRGQLHM

5e' : <673 (.63(57*: 26%

NEGHEI ¢
.RPHQWDU] Z BXGLEH
72. )O QW\ERUpZ
SUH]\GHQFNLFK QD

[eize §=AN¢

\ZLDGOD *RVSRGD LN
IDDQJD>RZDQLD 5HSX
Z (XURSLH URGNRZHN

I GEQ} B Bc
. RP HQ®E GD -QWHUD
: \GDYHQID Qw] DZ IHV] HQAD ELRQL
SRP IUG\ 7DNDQGICD. DP ERGC




2 52' (. 635%: $=-$7<&. "&+

. 63 35%&9%

=HVSH HNVSHUMZ 2 6$ ED] XMGF QD GR Z LDGF] HQLX L
Z LHG]\ RIHUXNH SU\ JRVRZ \ Z DQLH DQDQ@] UDSRUWiZ
GRUWDG] W R RUD] V] NRGHQLD LZ HELQDUD G Z DG]
VDP RU CGRZ \ FK RUD] LQW VW FN RVRF] HQLD EL] QHVX
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2 LRGHN 6SWDZ $] MWFNFK G] IDD QD U HF] Z]P RFQIHQID | DS®F] D
P HU VRU F] QHJR DGP LOMADFM SD WE RZ HML VDP R CGRZ HMRUD)]
LOWWXFM RVRF] HQID EL] QHVX LSU HGVUEIRUFUZ Z VSp SWDFXMER FK ]
SDUHLDP L D] NWFNP L IGHQWIINDFM L ZWND]\ZDQID REV] DU1Z
Z VS SWDR | $]1M SRSU H| XF] HWQLF] HQIH Z GHEDFLH SXEQF] QHVQD
SR]IRP IH ®ND@\P RIL@RSRONP RW| HXWRSHMNP  Z VSIHWDQID L
LR] ZRM ZVSp SWDR ] $] M QD SR] IRP [H RE\ Z DWIGNIP LEXGRZ DQID
] WR] XP LHQID VSRHFH WED GR WR]ZRM NRQUDNWMZ ] SD WEDP L
LHILRQX
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