
*�:URFKQD

)L]\F]QH�PHWRG\�GDWRZDQLD�
Z�EDGDQLX�SUHKLVWRULL�F]áRZLHND

• 0HWRG\
—UDGLRL]RWRSRZH
—OXPLQHVFHQF\MQH
—PDJQHW\F]QH
—DVWUR�NOLPDW\F]QH

• :\QLNL
—KRPR�HUHFWXV
—KRPR�VDSLHQV
—KRPR�VDSLHQV�QHDQGHUWDOVLV
—KRPR�VDSLHQV�VDSLHQV

.RORNZLXP�KDELOLWDF\MQH ����������

*�:URFKQD



:�DWPRVIHU]H�

NRVPLF]Q\�S���DWPRVIHUD� →�Q

Q�����1�→���&���S

σ ����EDUQ�GDMH�����NJ�URN
��&�→���1���H������NH9��

τ��� �����ODW

5yZQRZDJD����&���& ���������

��&���2��→���&2�

��&2��MHVW�DEVRUERZDQ\�SU]H]�UR�OLQ\

*G\�RUJDQL]P�XPLHUD��SU]HVWDMH�

DEVRUERZDü���&�L�VWRVXQHN���&���&�
]PQLHMV]D�VL
�

'DWRZDQLH���&

ODW



0HWRG
�RSUDFRZDá�:LOODUG�)��/LEE\�Z������URNX�

1DJURGD�1REOD������U�

3LHUZV]\�VSUDZG]LDQ��SLUDPLG\�HJLSVNLH
,PLRQD�IDUDRQyZ�]D]QDF]RQR�QD�Z\NUHVLH

+LVWRULD�GDWRZDQLD���&

3LHUZV]H�
]DVWRVRZDQLH�

ZLHN�PLDVWD�-HU\FKR

����������ODW

GZD�UD]\�ZL
FHM�
QL*�SU]\SXV]F]DQR



=PLHQLDM�FD�VL
�Z�SU]HV]áR�FL�LQWHQV\ZQR�ü�SURPLHQLR�
ZDQLD�NRVPLF]QHJR�Z\PDJD�ZSURZDG]HQLD�SRSUDZHN�

6NDO
���&�PR*QD�FHFKRZDü�]OLF]DM�F�VáRMH�GU]HZ�

5\VXQHN�SRND]XMH�NU]\Z��FHFKRZDQLD��±σ��
L�SU]\NáDGRZ��RFHQ
�SUyENL�

:LHN���&�������±���ODW�WHPX���SU]HNV]WDáFD�VL
�QD�UR]NáDG�
SUDZGRSRGRELH�VWZD�ZLHNX�SUyENL�

:\QLN������������O�S�&K��QD�SR]LRPLH�XIQR�FL�����

&HFKRZDQLH�PHWRG\���&



'R�GDWRZDQLD�QDMOHSLHM�QDGDM��VL
�VRVQ\�SLQXV�DULVWDWD�
ORQJDHYD�URVQ�FH�Z�NDOLIRUQLMVNLFK�JyUDFK�:KLWH�,Q\R�

1DMVWDUV]\�*\Z\�RND]��0HWKXVHODFK��PD������ODWD�

=OLF]DQLH�VáRL�GU]HZ

0HWRG
�PR*QD�UR]V]HU]\ü�GR�a�������ODW�SRUyZQXM�F�
]J
V]F]HQLD�VáRL�PáRGV]\FK�L�VWDUV]\FK�GU]HZ�



3LHUZRWQLH�]DZDUWR�ü���&�RFHQLDQR�PLHU]�F�LQWHQV\ZQR�ü�
SURPLHQLRZDQLD�OLF]QLNDPL�JD]RZ\PL�OXE�VF\QW\ODF\MQ\PL�

2G�ODW����W\FK�OLF]E
�DWRPyZ���&�RFHQLD�VL
�
Z\RGU
EQLDM�F�MH�]�SUyENL�]D�SRPRF��DNFHOHUDWRUD�
VSU]
*RQHJR�]H�VSHNWURPHWUHP�PDVRZ\P�

3UyEND��JUDILW�OXE�&2���MHVW�MRQL]RZDQD�XMHPQLH��E\�XQLNQ�ü�

SRP\áNL�]���1��SU]H]�ERPEDUGRZDQLH�MRQDPL�&V�

3RZVWDáH�MRQ\�IRUPXMH�VL
�Z�ZL�]NH��W\SRZR����NH9��
L�SU]HSXV]F]D�SU]H]�VSHNWURPHWU�,�VWRSQLD��NWyU\�Z\ELHUD�

MRQ\�R�PDVLH���������&−����&+−����&+�
−�

:L�]ND�WD�MHVW�QDVW
SQLH�SU]\VSLHV]DQD�GR���0H9�L�]GHU]DQD�
]�F]�VWHF]NDPL�JD]X�Z�FHOX�UR]ELFLD���&+−�L���&+�

−��
2VWDWHF]QLH�ZL�]N
�UR]S
G]D�VL
�GR���0H9�L�VSHNWURPHWUHP�
,,�VWRSQLD�Z\ELHUD���&�

��&���DNFHOHUDWRURZD�VSHNWURVNRSLD�PDV



0HWRGD���&��τ��� �����ODW��VL
JD�GR�������W\V��ODW�ZVWHF]�

3R��������ODW�]DZDUWR�ü���&�]PQLHMV]D�VL
�GR����

7DN�ZL
F�GRPLHV]ND�����QRZHJR�����&���& �����������Z
JOD�
PR*H�GRZROQLH�VWDU��SUyEN
��RGPáRG]Lü��GR��������ODW�

0HWRGD�XUDQRZR�WRURZD

���8�→����7K���α τ���� �����
�����ODW

���7K�→����3D���H τ���� ����GQL
���3D�→����7K���α τ���� ���JRG]LQ
���7K�→����5D���α τ���� ��������ODW

8UDQ�UR]SXV]F]D�VL
�Z�ZRG]LH��WRU�QLH��'ODWHJR�VNDá\�
RVDGRZH�Z�PRPHQFLH�WZRU]HQLD�]DZLHUDM��XUDQ��D�V��ZROQH�
RG�WRUX��6WRVXQHN����8�GR�SRZVWDáHJR�]H�����7K�SR]ZDOD�
ZL
F�RNUH�OLü�ZLHN�VNDPLHQLHOLQ\�

0HWRGD�SRWDVRZR�DUJRQRZD

��.���H��→���$U τ��� ���������ODW

$UJRQ�XODWQLD�VL
�]�UR]WRSLRQHM�ODZ\��:�PRPHQFLH�

]DVW\JQL
FLD�ODZD�]DZLHUD���.��D�MHVW�ZROQD�RG���$U��

=DZDUWR�ü�QRZRSRZVWDáHJR���$U�Z�VNDOH�ED]DOWRZHM�
SR]ZDOD�RNUH�OLü�PRPHQW�MHM�]DVW\JQL
FLD�

,QQH�UDGLRL]RWRS\



:�QLHNWyU\FK�NU\V]WDáDFK��NZDUF��NDOF\W��HOHNWURQ\�PRJ��
E\ü�SU]HQLHVLRQH�]�SDVPD�ZDOHQF\MQHJR�GR�SDVPD�
SU]HZRGQLFWZD�G]L
NL�SURPLHQLRZDQLX�QDWXUDOQHPX�

����7K�����8�����8����5E����.��OXE�NRVPLF]QHPX�

'\IXQGXM�F�PRJ��QDSRWNDü�GHIHNW\�VLHFL��Z�NWyU\FK�
]RVWDQ��XZL
]LRQH�

'RVWDUF]HQLH�HQHUJLL��QS��SU]H]�SRGJU]DQLH��SRZRGXMH�
LFK�XZROQLHQLH��SR�NWyU\P�PR*H�QDVW�SLü�HPLVMD�IRWRQX�

7HUPROXPLQHVFHQFMD��7/�

GHIHNW

G\IX]MD

α,β,γ
GHIHNW

G\IX]MD

FL
HS
áR

SDVPR
SU]HZRGQLFWZD

SDVPR
ZDOHQF\MQH

FHQWUXP
OXPLQHVFHQFML

OXP
LQH

VFH
QFM

D

H− H−

0HWRGD�7/�PLHU]\�F]DV�RG�RVWDWQLHJR��Z\]HURZDQLD��SUyENL�

WM��XZROQLHQLD�ZV]\VWNLFK�HOHNWURQyZ�Z�WHPSHUDWXU]H�!���R&
�NU]HPLH��UR]JU]DQ\�Z�RJQLX��Z\SDORQH�Z\URE\�JDUQFDUVNLH��
GáX*V]\�F]DV→ZL
FHM�H��Z�SXáDSNDFK→VLOQLHMV]D�OXPLQHVFHQFMD

3RPLDU�VNáDGD�VL
�]�WU]HFK�ID]�

�� 3RPLDU�LQWHQV\ZQR�FL�OXPLQHVFHQFML�/�SRGJU]DQHM�SUyENL

�� 1D�ZLHWOHQLH�(UyGáHP�Z]RUFRZ\P�Z�FHOX�]QDOH]LHQLD�
GDZNL�3�SRWU]HEQHM�GR�Z\ZRáDQLD�OXPLQHVFHQFML�/

�� 2FHQD�URF]QHM�GDZNL�'�]DDEVRUERZDQHM�SU]H]�SUyEN

—SRPLDU�SURPLHQLRZDQLD�Z�PLHMVFX�]QDOH]LVND��OXE
—SRPLDU�ODERUDWRU\MQ\�SU]\ZLH]LRQHM�VWDPW�G�JOHE\

ZLHN� �3�'



40 50 60 70 80 90 100 110

']L
NL�]DVWRVRZDQLX�7/�GR�GDWRZDQLD�NU]HPLHQLD�Z�
MDVNLQLFK�L]UDHOVNLFK��Z�NWyU\FK�]QDOH]LRQR�V]F]�WNL��
1HDQGHUWDOF]\NyZ�L�+RPR�VDSLHQV�VDSLHQV�VWZLHUG]RQR��
*H�JDWXQNL�WH�ZVSyáLVWQLDá\�QD�W\FK�WHUHQDFK�SU]H]�a���WO�

=DVWRVRZDQLH�7/

MDVNLQLD�.HEDUD MDVNLQLD�4DI]HK

ZLHN�Z�W\VL�FDFK�ODW

Z
]
J
O

G
Q
D
�J
á

E
R
N
R
�
ü



:\PXV]RQD�IRWROXPLQHVFHQFMD

2SWLFDOO\�6WLPXODWHG�/XPLQHVFHQFH��26/�

• 0HWRGD�SRGREQD�GR�7/
—HOHNWURQ\�XZDOQLD�VL
�QD�ZLHWODM�F�SUyEN


• 26/�MHVW�F]XOV]D�QL*�7/�
—JG\*�XZDOQLD�H�MHG\QLH�]�Sá\WV]\FK�SXáDSHN
GR�Z\]HURZDQLD�Z\VWDUF]D�VLOQH�QDVáRQHF]QLHQLH

• 1DGDMH�VL
�GR�GDWRZDQLD�RVDGyZ
—OHVV��Z\GP\��S\á�Z�ORGRZFDFK��GQR�PRUVNLH

3UH�QHDQGHUWDOVNLH�F]DV]NL�VSU]HG�����WOW�Z�%LDFKH��)UDQFMD�

(OHNWURQRZ\�UH]RQDQV�VSLQRZ\��(65�

/LF]ED�HOHNWURQyZ�Z�SXáDSNDFK�MHVW�PLHU]RQD�]D�
SRPRF��UH]RQDQVX�VSLQRZHJR�

—3UyEN
�XPLHV]F]D�VL
�Z�VLOQ\P��VWDW\F]Q\P�SROX�
PDJQHW\F]Q\P��a�7���NWyUH�SRZRGXMH�UR]V]F]HSLHQLH�
SR]LRPyZ�Uy*Q\FK�VWDQyZ�VSLQRZ\FK�HOHNWURQyZ�

—3RGGDMH�VL
�M��G]LDáDQLX�PLNURIDO��Ia*+]��
—5H]RQDQVRZH�SRFKáDQLDQLH�HQHUJLL�PLNURIDO�]DFKRG]L�
JG\�LFK�F]
VWR�ü�RGSRZLDGD�UR]V]F]HSLHQLX�

• =QDNRPLWD�PHWRGD�GDWRZDQLD�HPDOLL�QD�]
EDFK�

+RPR�VDSLHQV�VDSLHQV�
Z�MDVNLQLDFK�L]UDHOVNLFK�
6NKXO�L�4DI]HK�

���±���L����±��WOW

+RPR�HUHFWXV�QD�-DZLH��
��±��L���±��WOW�

26/�	�(65



0HWRG\�PDJQHW\F]QH

'RPHQ\�WOHQNX�*HOD]D�Z�UR]JU]DQ\P�PDWHULDOH�
�ODZD��JOLQD�Z�SLHFX�JDUQFDUVNLP��
XNáDGDM��VL
�]JRGQLH�]�SROHP�PDJQHW\F]Q\P�=LHPL��

=PLHQQR�ü�NLHUXQNX�]LHPVNLHJR�SROD�SR]ZDOD�QD�
Z\NRU]\VWDQLH��]DPUR*RQHM��PDJQHW\]DFML�GR�GDWRZDQLD�

']LHFNR�KRPR�HUHFWXV�QD�-DZLH�²�QDPDJQHVRZDQLH�
PLQHUDáyZ�³QRUPDOQH´�→�ZLHN ����±�����0�ODW�

0HWRG\�³JOREDOQH´

0HWRG\�DVWUR�NOLPDW\F]QH

.RUHODFMD�

• ]PLDQ�SRáR*HQLD�=LHPL�Z]JO
GHP�6áR�FD�

• GáXJRWHUPLQRZ\FK�]PLDQ�NOLPDW\F]Q\FK�

• RUD]�LFK�HIHNWyZ�IL]\F]Q\FK�L�ELRORJLF]Q\FK
—SR]LRP�RFHDQyZ�²�QLVNL�Z�RNUHVDFK�]ORGRZDFH�
—QDJURPDG]HQLH�S\áNyZ�NZLDWRZ\FK�Z�RVDGDFK�
²�ERJDWV]H�Z�FLHSOHMV]\FK�RNUHVDFK

—SU]HQLNDOQR�ü�PDJQHW\F]QD�RVDGyZ�²�]DOH*QD�RG�
UR]SXV]F]DQLD�PDJQHW\WX�Z�SURFHVDFK�ELRORJLF]Q\FK

—Z]JO
GQH�VW
*HQLD�L]RWRSyZ��QS��
��2���2�F]Xá\�QD�WHPSHUDWXU
�
��&���&�]DOH*Q\�RG�IRWRV\QWH]\��
LWS�

0 .78 .98 1.05 1.79 1.95 2.60

pole
“normalne”

pole
“odwrócone”

milionów lat temu



0RGHO�HZROXFML�]DNáDGDá�UyZQROHJá\�UR]ZyM�QD�Uy*Q\FK�
NRQW\QHQWDFK�RG�KRPR�HUHFWXV�GR�K�V��ZVSyáF]HVQHJR�

6WDQ�ZLHG]\�Z������URNX

Afryka

Europa

Bliski Wschód

Daleki Wschód

2000 1000 500 200 100 50 20 tlt

h.erectus archaic h.s. neandertal modern h.s.

5R]ZyM�UyZQROHJá\



0RGHO�³Z\M�FLD�]�$IU\NL´�]DNáDGD�UR]ZyM�RG�ZVSyOQHJR�
SU]RGND�KRPR�VDSLHQV�VDSLHQV�

6WDQ�ZLHG]\�Z������URNX

Afryka

Europa

Bliski Wschód

Daleki Wschód

2000 1000 500 200 100 50 20 tlt

h.erectus archaic h.s. neandertal modern h.s.

:\M�FLH�]�$IU\NL

³NROHEND
OXG]NR�FL´

3LHUZV]\�1HDQGHUWDOF]\N� =XWWL\HK��,]UDHO����������WOW
Z�(XURSLH� 6DFFRSDVWRUH��:áRFK\������WOW

2VWDWQL�1HDQGHUWDOF]\F\� $PXG��,]UDHO�����WOW
=DIDUUD\D��+LV]SDQLD�����WOW�

3LHUZV]\�KRPR�VDSLHQV�VDSLHQV��2PR�.LELVK��(WLRSLD������WOW
4DI]HK��,]UDHO�����WOW

Z�(XURSLH� &UR�0DJQRQ��)UDQFMD�����WOW��(ozdoby 34 tlt)



:\]QDF]DQLH�ZLHNX�L�JHQRW\SX�ZVSyOQHJR�SU]RGND�
SRSU]H]�RGWZDU]DQLH�Z�W\á�PXWDFML�NRQLHF]Q\FK�GR�
Z\JHQHURZDQLD�REVHUZRZDQHM�Uy*QRURGQR�FL�

������$�:LOVRQ��HW�DO��²�PLWRFKRQGULDOQH�'1$��PW'1$�
�G]LHG]LF]RQH�W\ONR�RG�PDWNL�
����OXG]L�]�$IU\NL��$]ML��$XVWUDOLL��.DXND]X��1RZHM�*ZLQHL

→�GZLH�JUXS\��³$IU\ND´�L�³UHV]WD´�]ELHJDM�FH�VL
��������WOW
→�³(ZD´��$IU\ND����������WOW
SURFHGXUD�REOLF]QLD�WHPSD�PXWDFML�]DNZHVWLRQRZDQD�Z�����

������.�7DPXUD��0�1HL�²�PW'1$�]�$IU\NL��(XURS\�L�-DSRQLL
→�³(ZD´��$IU\ND������WOW������������WOW�

������0�)�+DPPHU�²�IUDJPHQW�FKURPRVRPX�<
�G]LHG]LF]RQHJR�W\ONR�RG�RMFD�
��$IU\NDQyZ����$XVWUDOLMF]\NyZ����-DSR�F]\NyZ����(XURSHMF]\NyZ
→�³$GDP´��$IU\ND�����±���WOW�����������WOW�#�����&/�

������/�6�:KLWHILHOG��HW�DO��²�IUDJPHQW�FKURPRVRPX�<
:áRFK��0HODQH]\MF]\N��5RQGRQ��7VXPNZH��0EXWL

→�³$GDP´��$IU\ND��������WOW

������6�$�7LVKNRII��HW�DO��²�JHQ�&'��Z�FKURPRVRPLH���
�����OXG]L�]����SRSXODFML��$IU\ND��$]MD��(XURSD��3DF\ILN��$PHU\NL

→�³Z\M�FLH�]�$IU\NL´��PL
G]\�����D���������WOW

0HWRG\�JHQHW\F]QH



������0�.ULQJV��HW�DO��RGWZDU]D�VHNZHQFM
������SDU�
QXNOHRW\GyZ��PW'1$�1HDQGHUWDOF]\ND�VSU]HG��������ODW�
L SRUyZQXMH�]������VHNZHQFMDPL�OXG]NLPL�L����V]\PSDQVLPL�

%DGDQ��]PLHQQ��MHVW�OLF]ED�Uy*QLF��QDMF]
�FLHM�]DPLDQD�
SLUDPLG\Q�OXE�SXU\Q��PL
G]\�GZRPD�VHNZHQFMDPL�

• �UHGQLH�Uy*QLFH�
—F]áRZLHN�±�F]áRZLHN� � ���
—F]áRZLHN�±�1HDQGHUWDOF]\N� � ����
—F]áRZLHN�±�V]\PSDQV� � ����

—(XURSHMF]\N�±�1HDQGHUWDOF]\N� � ����
—$IU\ND�F]\N�±�1HDQGHUWDOF]\N� � ����
—$]MDWD�±�1HDQGHUWDOF]\N� � ����
—$PHU\NDQLQ�±�1HDQGHUWDOF]\N� � ����
—2FHDQRDXVWUDOLMF]\N�±�1HDQG�� � ����

• 5R]JDá
]LHQLH�KRPR�VDSLHQV�VDSLHQV�±�1HDQGHUWDOF]\N�
��������WOW

• ³(ZD´����������WOW

'1$�1HDQGHUWDOF]\ND



a�����WOW :\RGU
EQLHQLH�VL
�KRPR�HUHFWXV�Z�$IU\FH

���������WOW +RPR�HUHFWXV�SU]HQRVL�VL
�QD�LQQH�NRQW\QHQW\

��������WOW +RPR�HUHFWXV�SU]HNV]WDáFD�VL
�VWRSQLRZR�Z�
DUFKDLF]QHJR�KRPR�VDSLHQV

��������WOW +RPR�VDSLHQV�Z�EDVHQLH�0RU]D��UyG]LHPQHJR�
GDMH�SRF]�WHN�1HDQGHUWDOF]\NRZL��NWyU\�
RSDQRZXMH�FDá��(XURS
�L�%OLVNL�:VFKyG

��������WOW +RPR�VDSLHQV�Z�$IU\FH�GDMH�SRF]�WHN�
KRPR�VDSLHQV�VDSLHQV

�������WOW +RPR�VDSLHQV�VDSLHQV�SRMDZLD�VL
�QD�%OLVNLP�
:VFKRG]LH

a���WOW +RPR�VDSLHQV�VDSLHQV�JZDáWRZQLH�RSDQRZXMH�
FDá��(XURS
��Z\SLHUDM�F�1HDQGHUWDOF]\ND

a���WOW (NVSOR]MD�NXOWXUDOQD�KRPR�VDSLHQV�VDSLHQV�
�&UR�0DJQRQ�

3UDZGRSRGREQ\�VFHQDULXV]



(NVSOR]MD�NXOWXUDOQD

&KDXYHW�����WOW

:HQXV�]�:LOOHQGRUI��������WOW

0DPXW�]�3HFK�0HUOH�����WOW

+RKOHQVWHLQ�����WOW

JáRZD�]�NR�FL�PDPXFLHM�����WOW

/DVFDX[��������WOW



:�(XURSLH�RGNU\WR�!����MDVNL���&R�URNX�RGNU\ZD�VL
�QRZH��
)DGQD�MHGQDN�QLH�SU]HNUDF]D�PDJLF]QHM�JUDQLF\��������ODW�

'ODF]HJR�KRPR�VDSLHQV�VDSLHQV��
JHQHW\F]QLH�L�DQDWRPLF]QLH�QLHPDO�LGHQW\F]Q\�]�QDPL��
RG�����GR����WOW�QLH�UR]ZLQ�á�*DGQHM�NXOWXU\"

&R�VL
�Z\GDU]\áR��������ODW�WHPX"

'ODF]HJR�&UR�0DJQRQ�QDJOH�WDN�EDUG]R�VL
�
UR]SU]HVWU]HQLá��L�FDáNRZLFLH�Z\SDUá�1HDQGHUWDOF]\ND"

'ODF]HJR�]DF]�á�]GRELü�QDU]
G]LD��U]H(ELü��PDORZDü�QD�
�FLDQDFK�MDVNL�"

:\GDMH�VL
��*H�GODWHJR�L*�UR]ZLQ�á�M
]\N��]DF]�á�X*\ZDü�
V\PEROL��P\�OHü�DEVWUDNF\MQLH�

$OH�GODF]HJR�QDVW�SLáR�WR�WDN�QDJOH�L�GODF]HJR�GRSLHUR�
�������ODW�WHPX��D�QLH�QS���������ODW�ZF]H�QLHM"

$�PR*H�LVWQLHM��GDZQLHMV]H�PDORZLGáD�L�U]H(E\��NWyUH�F]HNDM��QD�
RGNU\FLH"

$OER�SRP\OLOL�P\�VL
�Z�GDWRZDQLX�SLHUZV]\FK�K�V�V��OXE�
SU]HJDSLOL�P\�LVWRWQH�Uy*QLFH�DQDWRPLF]QH�F]\�JHQHW\F]QH"

7R�ZV]\VWNR�PDáR�SUDZGRSRGREQH��DOH�QLH�Z\NOXF]RQH�

2GSRZLHG(�PR*H�SU]\EOL*\ü�MHG\QLH�FLHUSOLZH�
SRV]XNLZDQLH�L�GDOV]H�GRVNRQDOHQLH�PHWRG�IL]\F]Q\FK�L�
JHQHW\F]Q\FK�

�

3\WDQLD�EH]�RGSRZLHG]L


