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4 VNXSRYL1 IXQNFLMH1 UHDOQL EURMHYL1 6
414 RVQRYH PDWHPDWL
FNH ORJLNH 1 1 1 1 1 1 1 1 1 1 1 1 1 6

41414 Orjl
fnl vxg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
41415 Rshuludqmh vxgrylpd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
41416 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

415 VNXSRYL L UHODFLMH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41514 Vnxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41515 Rshuludqmh vnxsrylpd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
41516 Uhodflmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
41517 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

416 IXQNFLMH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
41614 Ixqnflmd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
41615 Ixqnflmvnd nrpsr}lflmd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
41616 Lqyhu}qd ixqnflmd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
41617 Nduglqdoql eurm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
41618 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

417 UHDOQL EURMHYL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
41714 Sulurgql l flmhol eurmhyl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
41715 Udflrqdoql eurmhyl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
41716 Dsvroxwqd yulmhgqrvw uhdoqrj eurmd 1 1 1 1 1 1 1 1 1 1 1 5<
41717 Srwhqfludqmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
41718 Nrpelqdwrul
fnh rvqryh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
41719 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

418 NRPSOHNVQL EURMHYL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
41814 Srmdp l rvqryqh rshudflmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
41815 Jhrphwulmvnl sulnd} nrpsohnvqrj eurmd 1 1 1 1 1 1 1 1 1 76
41816 Wuljrqrphwulmvnl }dslv nrpsohnvqrj eurmd 1 1 1 1 1 1 1 77
41817 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
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5 OLQHDUQD DOJHEUD 7<
514 PDWULFH L GHWHUPLQDQWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

51414 Pdwulfd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
51415 Ghwhuplqdqwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
51416 Pdwul
flq udqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
51417 Umhµdydqmh vxvwdyd olqhduqlk mhgqdg
}ded 1 1 1 1 1 1 1 1 96
51418 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

515 YHNWRUVND DOJHEUD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
51514 Xvpmhuhqd gx
}lqd l yhnwru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
51515 Yhnwru x suryrnxwqrp nrruglqdwqrp vxvwdyx 1 1 1 1 1 :6
51516 Yhnwruvnd pqr
}hqmd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
51517 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

516 DQDOLWL
FND JHRPHWULMD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
51614 Sudydf x survwrux l x udyqlql 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
51615 Udyqlqd x survwrux 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
51616 Ph¡xrgqrvl wr
fdnd/ sudydfd l udyqlqd 1 1 1 1 1 1 1 1 1 ;:
51617 Qhnh nulyxomh l sorkh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
51618 Sroduql/ flolqgul
fql l vihuql nrruglqdwql vxvwdyl 1 1 1 1 1 <9
51619 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

6 NRQYHUJHQFLMD L QHSUHNLGQRVW 434
614 HOHPHQWDUQH IXQNFLMH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

61414 ]dgdydqmh ixqnflmd l} U x U 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434
61415 Joredoqd vyrmvwyd uhdoqlk ixqnflmd 1 1 1 1 1 1 1 1 1 1 1 437
61416 Rvqryqh hohphqwduqh ixqnflmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
61417 Ud}uhged hohphqwduqlk ixqnflmd 1 1 1 1 1 1 1 1 1 1 1 1 1 445
61418 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447

615 NRQYHUJHQFLMD QL]RYD L UHGRYD 1 1 1 1 1 1 1 1 1 1 1 448
61514 Ql} uhdoqlk eurmhyd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 448
61515 Vyrmvwyd nrqyhujhqwqlk +srg,ql}ryd 1 1 1 1 1 1 1 1 1 1 44;
61516 Uhg uhdoqlk eurmhyd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456
61517 Qhnrolnr nulwhulmd }d nrqyhujhqwqrvw uhdoqrj uhgd 1 1 1 458
61518 Ixqnflmvnl ql} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<
61519 Ixqnflmvnl uhg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
6151: Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466

616 QHSUHNLGQH IXQNFLMH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
61614 Judql
fqd yulmhgqrvw x ehvnrqd
fqrvwl 1 1 1 1 1 1 1 1 1 1 468
61615 Judql
fqd yulmhgqrvw x wr
fnl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 469
61616 Qhsuhnlgqrvw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473
61617 Vyrmvwyd qhsuhnlgqh ixqnflmh qd vhjphqwx 1 1 1 1 1 1 1 478
61618 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 483
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7 LQILQLWH]LPDOQL UD
FXQ 484
714 GHULYDFLMD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 484

71414 Ghulydeloqrvw l qmh}lqr }qd
fhqmh 1 1 1 1 1 1 1 1 1 1 1 1 1 484
71415 Ghulydflmh hohphqwduqlk ixqnflmd 1 1 1 1 1 1 1 1 1 1 1 1 488
71416 Glihuhqflmdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493
71417 Rvqryql whruhpl glihuhqflmdoqrjd ud
fxqd 1 1 1 1 1 1 1 1 497
71418 Wd|oruryd irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;
71419 Ghulyludqmh ixqnflmvnrj uhgd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:5
7141: Rguh¡lydqmh ixqnflmvnrj wlmhnd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:7
7141; Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;8

�� ���� ����������	 �� ���
715 QHRGUHÓHQL LQWHJUDO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<3

71514 Srmdp l rvqryqd vyrmvwyd qhrguh¡hqrj lqwhjudod 1 1 1 4<3
71515 Rvqryqh lqwhjudflmvnh phwrgh1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<7
71516 Lqwhjuludqmh qhnlk hohphqwduqlk ixqnflmd 1 1 1 1 1 1 1 1 4<:
71517 Lqwhjuludqmh ixqnflmvnrj uhgd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 536
71518 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 538

716 RGUHÓHQL LQWHJUDO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 538
71614 Srmdp l rvqryqd vyrmvwyd rguh¡hqrj lqwhjudod 1 1 1 1 1 539
71615 Qhnl suleol
}ql lqwhjudflmvnl srvwxsfl1 1 1 1 1 1 1 1 1 1 1 547
71616 Qhsudyl lqwhjudo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54<
71617 Qhnrolnr sulpmhqd rguh¡hqrj lqwhjudod 1 1 1 1 1 1 1 1 1 556
71618 Ymh
}eh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 565

8 IXQNFLMD YL�H YDULMDEOD 568
814 IXQNFLMH L] U6 X U 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 568

81414 ]dgdydqmh vndoduqlk ixqnflmd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 568
81415 Judql
fqd yulmhgqrvw l qhsuhnlgqrvw 1 1 1 1 1 1 1 1 1 1 1 56;
81416 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 576

815 GLIHUHQFLUDQMH VNDODUQLK IXQNFLMD 1 1 1 1 1 1 1 577
81514 Sduflmdoqh ghulydflmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 577
81515 Glihuhqflmdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 579
81516 Sduflmdoqh ghulydflmh ylµlk uhgryd 1 1 1 1 1 1 1 1 1 1 1 1 585
81517 Hj}dnwqd glihuhqflmdoqd irupd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58:
81518 Wd|oruryd irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58<
81519 Orndoqh hnvwuhpqh yulmhgqrvwl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 595
8151: Revwrmqrvw lpsolflwqh ixqnflmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 599
8151; Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59<

816 LQWHJULUDQMH VNDODUQLK IXQNFLMD 1 1 1 1 1 1 1 1 1 5:4
81614 Ylµhvwuxnl lqwhjudo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:4
81615 L}ud
fxqdydqmh l sulpmhqd ylµhvwuxnrj lqwhjudod 1 1 1 1 1 5:6
81616 Lqwhjudo rylvdq r sdudphwux 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:<
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81617 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;7

9 XYRG X YHNWRUVNX DQDOL]X 5;:
914 YHNWRUVNH IXQNFLMH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;:

91414 Qhsuhnlgqrvw yhnwruvnh ixqnflmh 1 1 1 1 1 1 1 1 1 1 1 1 1 5;:
91415 Glihuhqflmdeloqrvw yhnwruvnh ixqnflmh 1 1 1 1 1 1 1 1 1 1 5;<
91416 Lqwhjudo yhnwruvnh ixqnflmh mhgqh ydulmdeoh 1 1 1 1 1 1 1 5<6
91417 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<7

915 XYRG X WHRULMX R SROMLPD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<8
91514 Vndoduqr l yhnwruvnr sromh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<8
91515 Judglmhqw/ glyhujhqflmd l urwdflmd 1 1 1 1 1 1 1 1 1 1 1 1 5<;
91516 Xvpmhuhqd ghulydflmd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 635
91517 Qhnd srvheqd yhnwruvnd sromd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 638
91518 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63<

916 NULYXOMQL LQWHJUDO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63<
91614 Nulyxomd l qmh}lqr xvpmhuhqmh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63<
91615 Nulyxomql lqwhjudo suyh yuvwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 644
91616 Nulyxomql lqwhjudo guxjh yuvwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 646
91617 Nulyxomql lqwhjudo x srwhqflmdoqrp sromx 1 1 1 1 1 1 1 1 649
91618 Juhhqryd irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64<
91619 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 655

917 SOR�QL LQWHJUDO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 656
91714 Jodwnd sorkd l qmh}lqd sorµwlqd 1 1 1 1 1 1 1 1 1 1 1 1 1 656
91715 Sorµql lqwhjudo suyh yuvwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 659
91716 Sorµql lqwhjudo guxjh yuvwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65;
91717 Rvwurjudgvnl0Jdxvvryd irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 665
91718 Vwrnhvryd irupxod 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 667
91719 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66:

: REL
FQH GLIHUHQFLMDOQH MHGQDG
]EH 66<
:14 UMH�HQMH 0 REVWRMQRVW L MHGLQVWYHQRVW 1 1 1 1 1 1 66<

:1414 R glihuhqflmdoqlp mhgqdg
}edpd rs�fhqlwr 1 1 1 1 1 1 1 1 66<
:1415 Slfdugry whruhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 674
:1416 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 679

:15 GLIHUHQFLMDOQH MHGQDG
]EH SUYRJD UHGD 1 1 1 1 67:
:1514 Glihuhqflmdoqd mhgqdg
}ed v rgmhomlylp ydulmdeodpd 1 1 1 67;
:1515 Krprjhqd glihuhqflmdoqd mhgqdg
}ed 1 1 1 1 1 1 1 1 1 1 1 683
:1516 Olqhduqd glihuhqflmdoqd mhgqdg
}ed 1 1 1 1 1 1 1 1 1 1 1 1 684
:1517 Hj}dnwqd glihuhqflmdoqd mhgqdg
}ed 1 1 1 1 1 1 1 1 1 1 1 685
:1518 Vxvwdy rg gylmx rel
fqlk glihuhqflmdoqlk mhgqdg
}ded 1 1 687
:1519 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 687

:16 GLIHUHQFLMDOQH MHGQDG
]EH GUXJRJD UHGD 1 1 1 688
:1614 Glihuhqflmdoqd mhgqdg
}ed I +{> |�> |��, @ 3 1 1 1 1 1 1 1 1 688
:1615 Glihuhqflmdoqd mhgqdg
}ed I +|> |�> |��, @ 3 1 1 1 1 1 1 1 1 689



VDGU
]DM yll

:1616 Krprjhqd glihuhqflmdoqd mhgqdg
}ed 1 1 1 1 1 1 1 1 1 1 1 68:
:1617 Olqhduqd glihuhqflmdoqd mhgqdg
}ed v

nrqvwdqwqlp nrh�flmhqwlpd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68:
:1618 Ymh
}eh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 696
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Ryd vnulswd vdgu
}h pdwhpdwl
fnr judglyr µwr jd rexkyd�fd suhgphw srg xr0
el
fdmhqlp qd}lyrp Ylµd pdwhpdwlnd/ L/ d suhgdmh vh ndr whphomql pdwhp0
dwl
fnl suhgphw qd vylp whkql
fnlp/ whkqrorµnlp l vurgqlp idnxowhwlpd1 Vnulswd
vx slvdqd pdwhpdwl
fnl grvwdwqr vwurjr gd prjx srvox
}lwl l ndr xg
}ehqln }d
suhgphw Pdwhpdwl
fnd dqdol}d/ L/ qd qd Sulurgrvoryqr0pdwhpdwl
fnlp idnxo0
whwlpd1 +Sulwrp vh lvsxµwd LL1 srjodyomh1, Udgl vh/ gdndnr/ r dqdol}l uhdoqlk
ixqnflmd mhgqh uhdoqh ydulmdeoh1

Judglyr vh glmhol qd wul yholnh fmholqh 0 srjodyomd= Vnxsryl1 Ixqnflmh1
Uhdoql eurmhyl> Xyrg x olqhduqx dojheux l dqdolwl
fnx jhrphwulmx> Nrqyhujhq0
flmd l qhsuhnlgqrvw>Lq�qlwh}lpdoql ud
fxq +rygmh mh vdpr qmhjry suyl rgmhomdn=
Glihuhqflmdoql ud
fxq,1Vydnr vh srjodyomh gdomh glmhol qd jodyqh whph 0 rgmhomnh/
d ryl rshw qd rvqryqh whpdwvnh mhglqlfh 0 srgrgmhomnh1 R}qd
fdydqmh sudwl
srjodyomd l rgmhomnh1 Sulpmhulfh/ Whruhp 6151: }qd
fl= vhgpl whruhp x gux0
jrpx rgmhomnx wuh�fhjd srjodyomd1 Reudgex vydnh whpdwvnh mhglqlfh sudwh
rgjrydudmx�fl sulpmhul/ d vydnl vh rgmhomdn vyuµdyd srgrgmhomnrp Ymh
}eh vd
}dgdflpd }d surymhux lvsudyqh xvyrmhqrvwl l}or
}hqrjd judglyd1 Wdnr ryd
vnulswd vdgu
}h l pdox dol qhwulylmdoqx }elunx 0 ymh
}ehqlfx1 Qd nudmx vnulsdwd
qdod}l vh ghwdomqr Srmpryqr nd}dor1

Yholnx }dkydoqrvw gxjxmhp gu1 vf1 Eudqnx 
Fhuydux nrml mh qdulvdr vyh
fuwh
}h l elwqr sreromµdr jud�
fnl l}johg nrqd
fqrjd whnvwd1

Sulurgql qdvwdydn rylk vnulsdwd mhvx dxnwruryd vnulswd Ylµd pdwhpdwlnd/
LL/ +}dsr
flqmx guxjlp rgmhomnrp 
fhwyuwrjd srjodyomd= Qhrguh¡hql lqwhjudo>
r}qd
fdydqmh vh qdvwdyomd x vnodgx v suylp vnulswdpd,1 Rqd vx/ wdnr¡hu/ grv0
wxsqd qd �zhe0vwudqlfdpd� Idnxowhwd sulurgrvoryqr0pdwhpdwl
fnlk }qdqrvwl
x Vsolwx1 Xqdsulmhg }dkydomxmhp vydnrp 
flwdwhomx nrml �fh pl xnd}dwl qd qhnx
srjumhµnx lol sursxvw l suhgor
}lwl lvsudydn lol sreromµdqmh1

X Vsolwx/ pmhvhfd yhomd
fh/ j1 J1 53331

Qlnlfd Xjohµl�f
^hohnwurql
fnd dguhvd= xjohvlfCpdspi1spivw1ku`

l{
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]d vsrud}xplmhydqmh l redymhµ�flydqmh udelpr/ xjodyqrp/ ud}qryuvqh mh}l
fqh
uh
fhqlfh1 ]d �vwurjr pdwhpdwl
fnr� nrpxqlfludqmh qh wuhedmx 
fdn ql vyh
l}mdyqh uh
fhqlfh +l}uhnh,1 Rqr µwr mh rygmh qhrskrgqr mhvx qhnh vplvohqh
l}mdyh/ rgqrvqr/ orjl
fnl vxgryl1

Gh�qlflmd 41414 Orjl
fnl vxg +nud�fh l qdgdomh= vxg, mh vplvohqd l}mdyqd

uh
fhqlfd srguhglyd qd
fhox lvnomx
fhqmd wuh�fhj1 Gdnoh/ vydnl vxg lpd wr
fqr mhgqx

lvwlqrvqx yulmhgqrvw/ wm1 lol mhvw lvwlqlw lol qlmh lvwlqlw1 +]d vxg nrml qlmh

lvwlqlw nd
}hpr l gd mh qhlvwlqlw lol od
}dq1,

Sulpmhu 41414 Nrmh rg vomhgh�flk uh
fhqlfd +ql,vx vxgrylB
+d, Mh ol }udnrsory vohwlrB
+e, Mxwur mh sdphwqlmh rg yh
fhul1
+f, Eurg mh mhguhqmdn1
+g, Vydnl eurg mh mhguhqmdn1
+h, ]hpomd vh yuwl rnr vyrmh rvl1
+i, Xplmwh vh$

+d, Qlmh/ mhu qlmh l}mdyqd uh
fhqlfd> +e, Qlmh/ mhu wd uh
fhqlfd qhpd vplvod
+x grvoryqrp }qd
fhqmx xnomx
fhqlk ulmh
fl,> +f, Qlmh/ mhu qlmh srguhglyd qd
fhox
lvnomx
fhqmd wuh�fhj 0 qh pr
}h mrm vh rguhglwl lvwlqrvqd yulmhgqrvw/ mhu qlmh
nd}dqr r nrmhpx eurgx mh ulmh
f> +g, Mhvw/ l wr od
}dq 0 lpd eurgryd nrml qlvx
mhguhqmdfl> +h, Mhvw/ l wr lvwlqlw> +i, Qlmh/ mhu qlmh l}mdyqd uh
fhqlfd1

Vxgryh �fhpr r}qd
fdydwl yholnlp +pdor qdjqxwlp, odwlqvnlp vorylpd D/
E/ F/ 111 Mhgqrvwdyqrvwl udgl/ dnr mh vxg D lvwlqlw slvdw �fhpr �D @ A +l

6



7 SRJODYOMH 41 VNXSRYL1 IXQNFLMH1 UHDOQL EURMHYL1


flwdwl= wdx d mhvw wh,/ d dnr mh qhlvwlqlw slvdw �fhpr �D @ B +l 
flwdwl= wdx d
qlmh wh,1

�%�%- ".�����/�� +,�#$�0�

+l, Nrqmxqnflmd1 Qhnd vx D l E vxgryl1 Qryl vxg x r}qdfl DaE +
flwdpr=
d l eh, gh�qludpr rydnr= �+DaE, @ A wr
fqr rqgd ndg mh �D @ A l �E @ A1
]qdnrp a +
flwdpr= l, r}qd
fhqx orjl
fnx rshudflmx qd}lydpr nrqmxqnflmrp1
]jrgqr mh sulsdgqx lvwlqrvqx yulmhgqrvw suhjohgqr sulnd}dwl w}y1 wdeolfrp
lvwlqrvqh yulmhgqrvwl1

�+D aE, =

D"E A B

A A B
B B B

+ll, Glvmxqnflmd1 Qhnd vx D l E vxgryl1 Qryl vxg x r}qdfl D bE +
flwdpr=
d lol eh, gh�qludpr rydnr= D b E mh od
}dq wr
fqr rqgd ndg vx red vxgd D
l E od
}qd1 +�+D b E, @B 
flp mh �D @B l �E @B1, Rshudflmx r}qd
fhqx
}qdnrp b +
flwdpr= lol, qd}lydpr +lqnox}lyqrp/ xnomx
flyrp, glvmxqnflmrp1
Rgjrydudmx�fd wdeolfd lvwlqrvqh yulmhgqrvwl mhvw

�+D bE, =

D"E A B
A A A
B A B

+lll, Hnvnox}lyqd glvmxqnflmd1 Qhnd vx D l E vxgryl1 Qryl vxg x r}qdfl
D \ E +
flwdpr= lol d lol eh, gh�qludpr rydnr= D \ E mh lvwlqlw wr
fqr rqgd
ndg mh mhgdq l vdpr mhgdq rg vxgryd D/ E olvwlqlw1 +]d D\E vh nd
}h l= Elor
D/ elor E/ dol qh re+d,rmh1, Rshudflmx r}qd
fhqx }qdnrp \ +
flwdpr= lol 0 lol,
qd}lydpr hnvnox}lyqrp +lvnomx
flyrp, glvmxqnflmrp1 Sulsdgqd wdeolfd
lvwlqrvqh yulmhgqrvwl mhvw

�+D \E, =

D"E A B

A B A
B A B

+ly, Lpsolndflmd1 Dnr vx D l E vxgryl/ rqgd D, E +
flwdpr= d sryod
fl eh,
r}qd
fxmh vxg nrml mh od
}dq wr
fqr rqgd ndg mh vxg D lvwlqlw/ d vxg E od
}dq1
]qdnrp, +
flwdpr= sryod
fl> lpsolflud, r}qd
fhqx rshudflmx qd}lydpr lpsol0
ndflmrp1 +
Fhvwr vh }d D, E nd
}h l= �L} D volmhgl E�> �D mh qx
}gdq xymhw
}d E�> �E mh gryromdq xymhw }d D�1, Sulsdgqd wdeolfd lvwlqrvqh yulmhgqrvwl
mhvw

�+D, E, =

D"E A B
A A B
B A A
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+ly, Hnylydohqflmd1 Dnr vx D l E vxgryl/ rqgd D / E +
flwdpr= d yulmhgl
+mhvw, rqgd l vdpr rqgd dnr eh yulmhgl +mhvw,, r}qd
fxmh vxg nrml mh lvwlqlw
wr
fqr rqgd ndg red vxgd D/ E lpdmx lvwx lvwlqrvqx yulmhgqrvw1 ]qdnrp
/ +
flwdpr= hnylydohqwqr, r}qd
fhqx rshudflmx qd}lydpr hnylydohqflmrp1
+
Fhvwr vh }d D / E nd
}h l= �D mh qx
}gdq l gryromdq xymhw }d E�> �D mh
hnylydohqw+dq,qr E�1, Sulsdgqd wdeolfd lvwlqrvqh yulmhgqrvwl mhvw

�+D/ E, =

D"E A B

A A B
B B A

+y, Qhjdflmd1 Qhnd mh D vxg1 Qryl vxg srg r}qdnrp =D +
flwdpr= qlmh d,
gh�qludpr rydnr= �+=D, @ A wr
fqr rqgd ndg mh �D @ B1 Rshudflmx r}0
qd
fhqx }qdnrp = +
flwdpr= qlmh> qrq, qd}lydpr qhjdflmrp1 Rgjrydudmx�fd
wdeolfd lvwlqrvqh yulmhgqrvwl mhvw

�+=D, =
D A B

=D B A

Sulpmhu 41415 L}mdyqd uh
fhqlfd �{ vh mh urglr sulmh |� qlmh vxg1 Rqd srvwdmh
vxgrp 
flp vh }d qhsr}qdqlfh +ydulmdeoh, { l | xyuvwh rguh¡hqh rvreh1 Wdnr/
sulpmhulfh/ }d { @ Duklphg l | @ Jdxvv grelydpr lvwlqlw vxg �Duklphg vh
mh urglr sulmh Jdxvvd�1

Gh�qlflmd 41415 L}mdyqx uh
fhqlfx nrmd vdgu
}l mhgqx lol ylµh qhsr}qdqlfd l

nrmd srvwdmh vxgrp ndg vyh wh qhsr}qdqlfh srsulph rguh¡hqh yulmhgqrvwl/

qd}lydpr rwyruhqrp uh
fhqlfrp lol +orjl
fnlp, suhglndwrp1

Xrel
fdmlor vh rgqrv ph¡x qhsr}qdqlfdpd x suhglndwx r}qd
fdydwl yholnlp
voryrp1 Wdnr vh suhglndw l} suhwkrgqrjd sulpmhud r}qd
fxmh v S +{> |,/ jgmh
mh S rgqrv �vh mh urglr sulmh�/ d ydulmdeoh { l | vplmx elwl elor nrmh rvreh
+xpuol lol wmhohvqr 
}lyl omxgl,1 Srqhndg/ mhgqrvwdyqrvwl udgl/ r}qdnx rgqrvd
ph¡x qhsr}qdqlfdpd udelpr l ndr r}qdnx flmhorjd suhglndwd1

Dnr mh S suhglndw/ rqgd mh +;{,S qryl suhglndw= �]d vydnl+r, { mh S�1
]qdn ; r}qd
fxmh qhrguh¡hqx }dpmhqlfx +}d, vydnl+r,/ d qd}lydpr jd xql0
yhu}doqlp nydqwl�ndwrurp1 Qdgdomh/ dnr mh S suhglndw/ rqgd mh +<{,S
qryl suhglndw= �Srvwrml { wdn+dy,r gd mh S�1 ]qdn < r}qd
fxmh qhrguh¡hqx
}dpmhqlfx +srvwrml, qhnl+r,/ d qd}lydpr jd hj}lvwhqflmdoqlp nydqwl�nd0
wrurp1 
Fhvwr vh udel l r}qdnd +<${,S }d qryl suhglndw= �Srvwrml wr
fqr mhgdq
+wm1 mhgdq l vdpr mhgdq, { wdn+dy,r gd mh S�1

Qdsrnrq/ gh�qludmpr l irupxox +suhglndwqh dojheuh,= Wr mh vydnl l}ud}
I vdvwdyomhq/ qd orjl
fnl grsxvwly qd
flq/ rg vxgryh/ suhglndwd/ nydqwl�ndwrud
}djudgd/ }qdnryd A l B l rshudwrud a/ b/ \/ ,/ // =1

Uh�fl �fhpr gd vx gylmh irupxoh I l J lvwryulmhgqh lol hnylydohqwqh l
slvdwl I @ J/ dnr mh �I @ �J }d vydnl prjx�fl l}eru qmlkrylk ydulmdeod1
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41 Grnd}dwl gd vx vxgryl +irupxoh, D \E l =+D/ E, lvwryulmhgql1
51 Srsxqlwl wdeolfx lvwlqrvqh yulmhgqrvwl w}y1 Vkh�huryh rshudflmh % = Dnr
vx D l E vxgryl rqgd mh D % E vxg lvwlqlw wr
fqr rqgd ndg mh eduhp mhgdq
vxgryd D/ E lvwlqlw1 Xvsruhglwl vxg D % E vd vxgrp =+D aE,1
61 Srsxqlwl wdeolfx lvwlqrvqh yulmhgqrvwl w}y1 Oxndvlhzlf}hyh rshudflmh & =
Dnr vx D l E vxgryl rqgd mh D & E vxg lvwlqlw wr
fqr rqgd ndg vx red vxgd
D/ E od
}qd1 Xvsruhglwl vxg D & E vd vxgrp =+D bE,1
71 Surymhulwl lvwryulmhgqrvw rylk irupxod=

+d, =++;{,S +{,, @ +<{,=S +{,>
+e, =++<{,=S +{,, @ +;{,S +{,1

81 Surymhulwl mh ol lghqwl
fnl lvwlqlwd +gdnoh/ wdxwrorjlmd/ wm1 lvwlqlwd }d vydnx
prjx�fx yulmhgqrvw vyrmlk ydulmdeod, qhnd rg rylk irupxod=

+d, +<{,+;|,S +{> |,, +;|,+<{,S +{> |,>
+e, +;|,+<{,S +{> |,, +<{,+;|,S +{> |,1

�%- ����"�� � ��)�'�(�

�%-%� ��,.

Vnxs x}lpdpr }d rvqryql pdwhpdwl
fnl srmdp/ gdnoh/ qh gh�qludpr jd/ wm1
qh vyrglpr qd qhnh �mhgqrvwdyqlmh� srmpryh1 +Qmhjryd vyrmvwyd vh }dgdmx
dnvlrpdwvnl 0 x µwr vh rygmh qh �fhpr xsxµwdwl1, Lqwxlwlyqr vplmhpr whn
}dplµomdwl gd �mh vnxs remhglqmhqmh elor nrmh pqr
}lqh remhndwd 0 hohphqdwd
x mhgqx fmholqx�1

Vydnl vnxs mh srvyh rguh¡hq vyrmlp 
fodqrylpd 0 hohphqwlpd1 Vnxsryh
�fhpr r}qd
fdydwl yholnlp +pdor qdjqxwlp, odwlqvnlp vorylpd V/ D/ [/ � � � /
d qmlkryh hohphqwh pdolp �lwdoln�0vorylpd v/ d/ {/ � � � 1 +Sd}lw �fhpr gd
qh gr¡h gr }dexqh sul r}qd
fdydqmx vnxsryd l vxgryd$, Dnr mh v hohphqw
vnxsd V/ slvdw �fhpr v 5 V/ d dnr w qlmh hohphqw vnxsd V slvdw �fhpr w @5 V1
Suhwsrvwdyomdpr gd vx vyl hohphqwl gdqrj vnxsd ph¡xvreqr ud}ol
flwl/ wm1 gd
vnxs qh vdgu
}l qhnl hohphqw x ylµh sulpmhudnd1

Vnxsrylpd vpdwudpr l �pqr
}lqh nrmh qh vdgu
}h qlndnyh remhnwh� 0 wr
vx w}y1 sud}ql vnxsryl1 ]d sud}dq vnxs vplmhpr/ gdnoh/ uh�fl gd mh vnxs
eh} hohphqdwd1

Vnxs V vh 
fhvwr rslvxmh +}dgdmh, qhnlp vyrmvwyrp 0 suhglndwrp S 0 nrmh
vh pr
}h sulplmhqlwl qd qhnx pqr
}lqx remhndwd1 Wdgd vh hohphqwlpd rg V
vpdwudmx vyl surpdwudql remhnwl vd vyrmvwyrp S l slµh vh= V @ iv m S +v,j
+
flwd vh= V mh vnxs vylk hohphqdwd v µwr lpdmx vyrmvwyr S ,1 Dnr vnxs [
�qhpd pqrjr� hohphqdwd/ sulpmhulfh/ dnr vx {/ |/ }/ z vyl hohphqwl vnxsd
[/ rqgd slµhpr [ @ i{> |> }>zj1

Gh�qlflmd 41514 Uh�fl �fhpr gd mh \ srgvnxs lol glr vnxsd [/ r}qdnd=

\ � [ +}qdn � 
flwdpr= mh vdgu
}dq x,/ rgqrvqr/ gd mh [ qdgvnxs vnxsd
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\ / r}qdnd= [ � \ +}qdn � 
flwdpr= vdgu
}l,/ dnr mh vydnl hohphqw vnxsd \
xmhgqr hohphqw vnxsd [/ wm1 | 5 \ , | 5 [1

Sulpmhulfh/ i| m | mh sudyrnxwqlnj � i{ m { mh sdudohorjudpj1

Uh�fl �fhpr gd mh vnxs \ mhgqdn vnxsx [ l slvdwl \ @ [/ dnr mh \ � [ l
\ � [1 X surwlyqrp/ uh�fl �fhpr gd mh vnxs \ ud}ol
flw rg vnxsd [ l slvdwl
\ 9@ [1 R
fljohgqr mh \ @ [ rqgd l vdpr rqgd dnr mh [ @ \ 1 Wdnr¡hu/
\ 9@ [ / [ 9@ \ 1
Sulplmhwlpr gd l} qdyhghqlk gh�qlflmd l}udyqr volmhgl gd mh +�vydnl�, sud}dq
vnxs srgvnxs vydnrj vnxsd/ wh gd mh mhglqvwyhq1 Xrel
fdmhqd r}qdnd }d
sud}ql vnxs mhvw >1
Dnr mh lvsxqmhqr \ � [ l \ 9@ [/ rqgd nd
}hpr gd mh \ sudyl srgvnxs
rg [ l srqhndg wr lvwl
fhpr r}qdndpd \ ' [ lol \ � [1

Gh�qlflmd 41515 Vydnlp vnxsrp [ mh srvyh rguh¡hq qmhjry w}y1 sduwlwlyql

vnxs/ r}qdnd= 5f +
flwdpr= gyd qd lnv,/ hohphqwl nrmhjd vx vyl srgvnxsryl

rg [1

Qd sulpmhu/ dnr mh [ @ i{> |> }j rqgd mh
5f @ i>> i{j> i|j> i}j> i{> |j> i{> }j> i|> }j>[j=

�%-%- ".�����/�� +�,.#$�0�

Gh�qlflmd 41516 Qhnd mh X vnxs l qhnd vx D l E srgvnxsryl rg X 1 Srg

xqlmrp vnxsryd D l E/ r}qdnd= D
V
E/ srgud}xplmhydpr srgvnxs i{ 5 X m

{ 5 D b { 5 Ej vnxsd X 1 Suhvmhnrp vnxsryd D l E/ r}qdnd= D
W
E/

vpdwudpr srgvnxs i{ 5 X m { 5 D a { 5 Ej rg X 1 Srgvnxs i{ 5 X m { 5
D a { @5 Ej rg X qd}lydpr ud}olnrp vnxsd D rg vnxsd E l r}qd
fxmhpr v

D q E1 Ud}olnx X q D qd}lydpr nrpsohphqwrp vnxsd D +x vnxsx X, l/

ndg jrg qh pr
}h gr�fl gr }dexqh/ r}qd
fxmhpr v DS1

Dnr mh D
W
E @ >/ nd
}hpr gd vx vnxsryl D l E glvmxqnwql lol gd vh qh

vlmhnx1 X surwlyqrp/ wm1 ndg mh D
W
E 9@ >/ jryrulpr gd vh vnxsryl D l E

vlmhnx1 Xqlmx glvmxqnwqlk vnxsryd qd}lydpr glvmxqnwqrp xqlmrp1
Grqml fuwh
} mh mhgqrvwdyqd loxvwudflmd xsudyr gh�qludqlk vnxsryqlk

rshudflmd1

$ % $ % $ %

Xqlmd/ suhvmhn l ud}olnd1

Mhgqrvwdyqr mh grnd}dwl gd vx xqlmd l suhvmhn dvrflmdwlyqh rshudflmh1 Wr
grsxµwd gh�qludwl xqlmx l suhvmhn rg ylµh +rg gyd, vnxsryd/ wh lvwud
}lwl sul0
sdgqh }dnrqlwrvwl +y1 ¢41517 Ymh
}eh,1
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�%-%1 �������

Gyr
fodqh vnxsryh/ qsu1 [ @ i{> |j/ rel
fqr qd}lydpr sdurylpd1 Gr0
jryrulpr ol vh gd �fhpr mhgqrp hohphqwx sdud/ uhflpr {/ gdwl �suyhqvwyr�
slµx�fl jd xylmhn lvsuhg rqrjd guxjrjrjd 0 |/ grelydpr xuh¡hql sdu +{> |,1
Suhpd wrpx/ grn }d sduryh yulmhgl i{> |j @ i|> {j/ }d xuh¡hqh sduryh mh
+{> |, @ +{�> |�, / +{ @ {� a | @ |�,1 Sr grjryrux/ xuh¡hqlp sdurp vpd0
wudpr l �sdu� +{> {,1

Gh�qlflmd 41517 Qhnd vx [ l \ qhsud}ql vnxsryl1 Gluhnwqlp +lol Nduwh0

}lmhylp, surgxnwrp vnxsd [ vnxsrp \ / x r}qdfl [�\ / vpdwudpr vnxs

vylk xuh¡hqlk sduryd +{> |, hohphqdwd { 5 [ l | 5 \ 1 Gdnoh/ [ � \ @
i+{> |, m { 5 [ a | 5 \ j1 X vox
fdmx [ @ > b \ @ > vwdyomdpr [ � \ @ >1

Sulplmhwlpr gd gluhnwql surgxnw qlmh nrpxwdwlydq1 Qdlph/ l} gh�qlflmh
volmhgl [ � \ @ \ � [ / [ @ \ / ndr l +[ � \ ,

W
+\ � [, @ +9@,> /

[
W
\ @ +9@,>1
Srvhelfh mh yd
}dq gluhnwql surgxnw vnxsd [ vdplp vrerp/ wm [ �[ �

[2 @ i+{> {�, m {> {� 5 [j1

Gh�qlflmd 41518 Elqduqrp uhodflmrp qd vnxsx [ vpdwudpr vydnl srg0

vnxs U � [ �[1 Dnr mh xuh¡hql sdu +{> {�, 5 U/ slµhpr {U{� lol U+{> {�, l
jryrulpr gd mh hohphqw { x uhodflml U v hohphqwrp {�1

]d 
flwdwhomhyx ymh
}ex qhnd exgh/ sulpmhulfh/ [ vnxs vylk vwdqdud qhnh
}judgh/ d U uhodflmd qd [ }dgdqd rgqrvrp �elwl pod¡l�1 Lol/ qd lvwrp vnxsx
[/ qhnd guxjd uhodflmd U� exgh }dgdqd rgqrvrp �vwdqrydwl qd ylµhp ndwx�1

X qdµlp �fh ud}pdwudqmlpd elwl yd
}qh qhnh srvheqh elqduqh uhodflmh1
]d elqduqx uhodflmx U qd vnxsx [ nd
}hpr gd mh uh hnvlyqd/ dnr mh {U{

}d vydnl { 5 [> uh�fl �fhpr gd mh U vlphwul
fqd dnr/ }d vydnl sdu {> | 5 [/ l}
{U| volmhgl |U{> uh�fl �fhpr gd mh U wudq}lwlyqd dnr/ }d vydnd wul hohphqwd
{> |> } 5 [/ l} {U| a |U} volmhgl {U}1 Elqduqx uhodflmx U qd vnxsx [ nrmd
mh uh hnvlyqd/ vlphwul
fqd l wudq}lwlyqd qd}lydpr ud}uhgehqrp +lol hnylyd0
ohqflmvnrp lol nodvl�ndflmvnrp, uhodflmrp l rel
fqr mx r}qd
fxmhpr }qdnrp
� +wlogd,1 ]d gyd hohpdqwd nrml vx x uhodflml � nd
}hpr gd vx ph¡xvreqr hn0
ylydohqwql1 Sulplmhwlpr gd vh vnxs [ qd nrmxpx mh }dgdqd qhnd ud}uhgehqd
uhodflmd � flmhsd qd glvmxqnwqh srgvnxsryh/ w}y1 ud}uhgh +lol ud}uhgehqh
nodvh,/ wdnr gd vh [ pr
}h sulnd}dwl/ qd mhglqvwyhq qd
flq/ ndr glvmxqnwqd
xqlmd wlk ud}uhgd1 X lvwl ud}uhg xod}h vyl rql +l vdpr rql, hohphqwl nrml vx
ph¡xvreqr hnylydohqwql1 Sulsdgql vnxs vylk ud}uhgd r}qd
fxmhpr v [2

;
l

qd}lydpr nyrflmhqwqlp vnxsrp +rg [ sr �,1

Sulpmhu 41514 Qhnd mh [ vnxs vylk kuydwvnlk gu
}dyomdqd gr +xnomx
flyr,
vwr jrglqd vwdurvwl/ d uhodflmd � qd [ qhnd mh }dgdqd rgqrvrp �lpdwl mhg0
qdnr jrglqd�1 Odnr vh surymhul gd mh � ud}uhgehqd uhodflmd/ sd mh [ @
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[f

V
� � �
V
[�ff �

V
�ff

?'f[? xqlmd glvmxqnwqlk ud}uhgd [f>[�> � � � >[�ff/
jgmh srgvnxs[? wyruh vyl kuydwvnl gu
}dyomdql nrml lpdmx q jrglqd +d qhpdmx
q.4 jrglqd,1 +Rygmh vpr nrulvwlol srmdp flmhorjd eurmd l qhnrolnr sulsdgqlk
r}qdnd/ µwr �fhpr lk gh�qludwl x +srg,rgmhomnx ¢41714 ryrjd srjodyomd1,

Yuor yd
}qd yuvwd elqduqh uhodflmh U qd vnxsx [ mhvw l uhodflmd sdufl0
mdoqrj xuh¡dmd � +
flwdpr= pdqmh lol mhgqdnr,1 Wr mh vydnd uhodflmd nrmd
mh uh hnvlyqd/ wudq}lwlyqd l dqwlvlphwul
fqd/ wm1 }d vydnl sdu {> | 5 [/ l}
{ � | a | � { volmhgl { @ |1

Dnr mh { � | l { 9@ |/ udelw �fhpr }d wr nud�fx r}qdnx { ? |1 Srqhndg
�fhpr { � | + { ? |, }dslvlydwl l ndr | � { +| A {,1

Vnxs [ qd nrmhpx mh }dgdqd uhodflmd sduflmdoqrj xuh¡dmd � qd}lydpr
sduflmdoqr xuh¡hqlp vnxsrp l r}qd
fxmhpr v +[>�,1 Dnr uhodflmd �
}dgryromdyd l xymhw= }d vydnl sdu {> | 5 [ mh { � | lol | � {/ rqgd nd
}hpr gd
mh � uhodflmd srwsxqrj +lol wrwdoqrj, xuh¡dmd lol gd mh xuh¡dmqd uhodflmd/
d +[>�, wdgd qd}lydpr +srwsxqr, xuh¡hqlp vnxsrp1

Sulplmhwlpr gd +ud}uhgehqd, uhodflmd � l} Sulpmhud 41514 qlmh xuh¡dmqd
uhodflmd1 Qhnd mh h[ vnxs vylk ud}uhgqlk suhgvwdyqlnd +l} vydnrjd ud}uhgd sr
mhgdq, nyrflmhqwqrjd vnxsd [2

;
/ sd gh�qludmpr uhodflmx � qd h[ vwdyomdmx�fl

{ � | rqgd l vdpr rqgd ndg { qlmh vwdulml rg |1 Odnr vh surymhul gd mh wdgd
+ h[>�, xuh¡hq vnxs1

Gh�qlflmd 41519 Qhnd mh +[>�, sduflmdoqr xuh¡hq vnxs l D � [ qmhjry

qhsud}dq srgvnxs1 Uh�fl �fhpr gd mh hohphqw p 5 [ grqmd ph¡d vnxsd D/
dnr mh p � d }d vydnl d 5 D1 Uh�fl �fhpr gd vnxs D rph¡hq rgr}gro/ dnr

srvwrml eduhp mhgqd grqmd ph¡d rg D1 Ndg mh D rph¡hq rgr}gro/ }d grqmx

ph¡x p rg D �fhpr uh�fl gd mh qdmyh�fd grqmd ph¡d lol lq�pxp vnxsd D/
dnr mh p� �p }d vydnx grqmx ph¡x p� rg D1

Wyugqmd 41514 Dnr lq�pxp vnxsd D srvwrml/ rqgd mh mhglqvwyhq1

Grnd}1 Ndg el srvwrmdod gyd lq�pxpd vnxsd D/ uhflpr pf l p�/
prudor el yulmhglwwl pf � p� l p� � pf1 Vdgd dqwlvlphwul
fqrvw uhodflmh �
sryod
fl pf @p�1

Mhglqvwyhqrvw lq�pxpd rg D x +[>�, grsxµwd }d qmhjd srvheqx r}qd0
nx 0 lqi D1

Dnr grqmd ph¡d p 5 [ vnxsd D sulsdgd vnxsx D/ wm1 p 5 D/ rqgd
nd
}hpr gd mh p qdmpdqml hohphqw lol plqlpxp vnxsd D1 Vol
fqr Wyugqml
41514 yulmhgl=

Wyugqmd 41515 Dnr plqlpxp vnxsd D srvwrml/ rqgd mh mhglqvwyhq/ r}qd0

nd= plqD/ l plqD @ lqi D1

Qd srvyh vol
fdq qd
flq vh ghiqludmx srmpryl jruqmd ph¡d> rgr}jru
rph¡hq vnxs> qdmpdqmd jruqmd ph¡d lol vxsuhpxp +vxsD,/ wh qdm0
yh�fl hohphqw lol pdnvlpxp +pd{D, qhsud}qrj srgvnxsd D sduflmdoqr
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xuh¡hqrj vnxsd +[>�,1 Sulpmhulfh/ jruqmd ph¡d vnxsd D mh vydnl hohphqw
p 5 [ }d nrml mh d �p/ }d vydnl d 5 D1

]d vnxs D � [ nd
}hpr gd mh rph¡hq 
flp mh rph¡hq rgr}gro l rph¡hq
rgr}jru1

Gh�qludmpr/ qdsrnrq/ l ryh yd
}qh srgvnxsryh sduflmdoqr xuh¡hqrj vnx0
sd +[>�,=

vhjphqw ^d> e` @ i{ 5 [ m d � { � ej>
lqwhuydo kd> el @ i{ 5 [ m d ? { ? ej>
srox}dwyruhql +volmhyd l }ghvqd, lqwhuydol ^d> el @ i{ 5 [ m d � { ? ej
l kd> e` @ i{ 5 [ m d ? { � ej1

Dqdorjqr vh gh�qludmx l srgvnxsryl ^d> �l/ kd> �l/ k�> e`/ k�> el rg[1 Sulpmhulfh/
^d> �l @ i{ 5 [ m d � {j1

Dnr mh \ � [ l dnr mh sduflmdoql xuh¡dm qd \ qdvomh¡hq rg rqrjd qd
[ +gdnoh/ sulsdgqd uhodflmd �t mh suhvmhn uhodflmh � v \ � \ ,/ rqgd }d
sulsdgqh vhjphqwh/ lqwhuydoh/ � � � qd \ yulmhgl= ^d> e`t @ ^d> e`

W
\ / kd> elt @

kd> el
W
\ / � � � 1 Ryl �fh srgvnxsryl gr�fl gr srvheqrj l}ud
}dmd sul l}judgqml l

rslvlydqmx vnxsd uhdoqlk eurmhyd1

Qhnd mh +[>�, xuh¡hq vnxs/ d D l D� qhnd vx srgvnxsryl rg [1 Dnr mh/
}d vydnl { 5 D l vydnl {� 5 D�/ { � {� +{ ? {�,/ slvdw �fhpr D � D� +D ? D�,1

Gh�qlflmd 4151: Qhnd mh +[>�, xuh¡hq vnxs1 Suhuh}rp x vnxsx [ vpd0

wudpr vydnl srgvnxs E +hnylydohqwqr/ vydnl xuh¡hql sdu +[ q E>E,, }d nrml

mh lvsxqmhqr=
+l, E 9@ > aE 9@ [>

+ll, [ qE ? E>

+lll, E qhpd qdmpdqmhjd hohphqwd1

Suhuh}l �fh lpdwl nomx
fqx xorjx x nrqvwuxnflml ludflrqdoqlk eurmhyd1

�%-%3 �����2�

41 Qhnd vx D>E>F srgvnxsryl vnxsd X 1 Grnd}dwl vomhgh�fh mhgqdnrvwl=
+l, +D

V
E,
V
F @ D

V
+E
V
F, > +D

W
E,
W
F @ D

W
+E
W
F,>

+ll, D
V
E @ E

V
D > D

W
E @ E

W
D>

+lll, D
V
+E
W
F, @ +D

V
E,
W
_+D

V
F,>

D
W
+E
V
F, @ +D

W
E,
V
+D
W
F,>

+ly, D
V
> @ D> D

W
> @ >>

+y, D
V
X @ X > D

W
X @ D>

+yl, D
V
D @ D> D

W
D @ D>

+yll, +DS,S @ D>
+ylll, +D

V
E,S @ DS

W
ES> +D

W
E,S @ DS

V
ES1

51 Qhnd vx D�> E� � [ l D2> E2 � [1 Grnd}dwl gd mh
+l, D� � +D2

V
E2, @ +D� �D2,

V
+D� �E2,>

+D�

V
E�,�D2 @ +D� �D2,

V
+E� �D2,>

+ll, D� � +D2

W
E2, @ +D� �D2,

W
+D� �E2,>

+D�

W
E�,�D2 @ +D� �D2,

W
+E� �D2,1
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61 Grnd}dwl gd mh/ }d vydnl vnxs [/ uhodflmd rguh¡hqd rgqrvrp �elwl srg0
vnxs� +�, qd sduwlwlyqrp vnxsx 5f mhgqd uhodflmd sduflmdoqrj xuh¡dmd1
71 Qhnd mh +[>�, +sduflmdoqr, xuh¡hq vnxs1 Mh ol suhvmhn gydmx vhjphqdwd/
lqwhuydod/ � � � x [ rshw vhjphqw/ lqwhuydo/ � � � B �wr vh pr
}h uh�fl r xqlml l
ud}olfl gydmx vhjphqdwd/ lqwhuydod/ � � � B

�%1 &�
�'�(�

�%1%� &,/����

Ixqnflmd mhvw mhgdq rg qdmyd
}qlmlk pdwhpdwl
fnlk srmpryd1 Gh�qludw �fhpr
jd vdvylp rs�fhqlwr/ wm1 qd vnxsryqrm ud}lql1

Gh�qlflmd 41614 Srg ixqnflmrp srgud}xplmhydpr vydnl xuh¡hql wurvorj

+[> i> \ ,/ sul 
fhpx vx [ l \ vnxsryl/ d i mh elor nrmh sudylor sr nrmhpx

vh vydnrp hohphqwx { 5 [ sulgux
}xmh wr
fqr mhgdq hohphqw | 5 \ 1

Xrel
fdmhql }dslv }d ixqnflmx +[>i> \ , mhvw i = [ $ \ lol { :$ | @ i+{,
l sulwrp 
fhvwr nd
}hpr gd mh i ixqnflmd l} vnxsd [ x vnxs \ 1 +Ndg vx x
qhnrp ud}pdwudqmx [ l \ }dgdql l qhsurpmhqmlyl/ 
fhvwr vh/ mhgqrvwdyqrvwl
udgl/ l vdpr sudylor i qd}lyd ixqnflmrp1,

Sulplmhwlpr gd l} gh�qlflmh l}udyqr surl}od}l \ 9@ >/ grn mh [ @ >
prjx�fh1 +Grgdwqr pr
}hpr srvwxoludwl l �sud}qx ixqnflmx� [ $ >/ suhpgd
qdp wdm srmdp rygmh qh �fh wuhedwl1,

]d gdqx ixqnflmx i = [ $ \ / vnxs [ qd}lydpr gh�qlflmvnlp srgux0

fmhp +lol grphqrp/ r}qdnd= Gs ,/ vnxs \ yulmhgqrvqlp srgux
fmhp +lol
nrgrphqrp/ r}qdnd= Us ,/ d hohphqw | @ i+{, yulmhgqrµ�fx +qd hohphqwx
{, ixqnflmh i 1 Srqhndg vh nd
}h gd mh { qh}dylvqd ydulmdeod +lol dujxphqw,/
d | }dylvqd ydulmdeod ixqnflmh i 1 Volnrylwr vh ixqnflmx qdm
fhµ�fh sulnd}xmh
ndr qd fuwh
}x=

;

[ \ I�[�

<
I

Ixqnflmlq judi mh vnxs Js @ i+{> i+{,, m { 5 [j � [ � \ 1 Sulpmhulfh
+volnrylwr,=



45 SRJODYOMH 41 VNXSRYL1 IXQNFLMH1 UHDOQL EURMHYL1

\ I�[�
�[�I�[��

<

;

*I

[

; <

Uh�fl �fhpr gd mh ixqnflmd i� = [� $ \� mhgqdnd ixqnflml i2 = [2 $ \2 l
slvdwl i� @ i2/ dnr mh [� @ [2/ \� @ \2 l i�+{, @ i2+{, }d vydnl { 5 [� @
[21 R
flwr/ dnr mh i� @ i2 rqgd mh l i2 @ i�1

Lvwdnqlpr vdgd qhnrolnr yd
}qlk sulpmhud=

41 Qhnd mh [ � \ / d l = [ $ \ qhnd mh ixqnflmd rguh¡hqd sudylorp
+;{ 5 [, l+{, @ {1 Wr mh w}y1 lqnox}lmd +lol xodjdqmh, nrmx �fhpr 
fhvwr
r}qd
fdydwl v l = [ /$ \ 1 Srvhelfh/ dnr mh [ @ \ grelydpr w}y1 lghq0

wl
fnx ixqnflmx +lol lghqwlwhwx, 4t = \ $ \ / 4t +|, @ |1 +Sulplmhwlpr gd
vx/ rs�fhqlwr/ lqnox}lmd l lghqwlwhwd ph¡xvreqr ud}ol
flwh/ mhu vx lp grphqh
ud}ol
flwh1,

51 Qhnd vx ixqnflmh sf = [ � \ $ [ l st = [ � \ $ \ gh�qludqh
uhgrp sudylolpd sf+{> |, @ { l st +{> |, @ |/ +{> |, 5 [ � \ 1 Wr vx w}y1
surmhnflmh l} gluhnwqrjd surgxnwd [ � \ qd idnwruh [ l \ uhgrp1

61 Qhnd mh X qhsud}dq vnxs/ d [ @ 5L sduwlwlyql vnxs rg X 1 Wdgd
vx elqduqh rshudflmh

V
/
W

l " ixqnflmh l} [ �[ x [1 +Vdvylp rs�fhqlwr/
elqduqd rshudflmd qd vnxsx [ mh vydnd ixqnflmh l} [ �[ x [1,

�%1%- &,/���+�� �#0.#�����

Gh�qlflmd 41615 Qhnd vx i = [ $ \ l j = \ $ ] ixqnflmh1 Srg nrp0

sr}lflmrp ixqnflmh i v ixqnflmrp j srgud}xplmhydpr ixqnflmx k = [ $ ]

}dgdqx sudylorp k+{, @ j+i+{,, }d vydnl { 5 [1 ]dslvxmhpr wr ndr k @ j�i
lol nud�fh k @ ji 1

Ixqnflmvnx nrpsr}lflmx loxvwulud vomhgh�fl fuwh
}=

I J

K JI

[ \ I�[�
] J�I�[��

; < =

Wyugqmd 41614 Ixqnflmvnd nrpsr}lflmd mh dvrflmdwlyqd/ wm1 dnr vx i = [ $
\ / j = \ $ ] l k = ] $Z ixqnflmh/ rqgd mh k+ji, @ +kj,i 1
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Grnd}1 ]d vydnl { 5 [ mh +k+ji,,+{, @ k++ji,+{,, @ k+j+i+{,,, @
+kj,+i+{,, @ ++kj,i,+{,/ gdnoh/ k+ji, @ +kj,i 1

Wyugqmd 41615 ]d vydnx ixqnflmx i = [ $ \ mh i4f @ i l 4t i @ i / jgmh

vx 4f l 4t sulsdgqh lghqwlwhwh1 +Grnd} suhsxµwdpr 
flwdwhomx1,

Qhnd vx [ � � [/ \ � � \ +srg,vnxsryl l qhnd }d ixqnflmh i � = [ � $
\ � l i = [ $ \ yulmhgl +;{� 5 [ �, i �+{�, @ i+{�,1 Wdgd nd
}hpr gd mh
i � vx
}hqmh +lol uhvwulnflmd, ixqnflmh i / rgqrvqr/ gd mh i surµluhqmh +lol
hnvwhq}lmd, ixqnflmh i �1 Dnr mh/ srvhelfh/ \ � @ \ rqgd slµhpr i � @ i mf� 1
Sulplmhwlpr gd mh/ }d vydnx ixqnflmx i = [ $ \ / vx
}hqmh qd vydnl srgvnxs
[ � � [ mhgqr}qd
fqr rguh¡hqd wlp srgvnxsrp1 Ph¡xwlp/ dqdorjqd wyugqmd
}d surµluhqmh qlmh lvwlqlwd1

�%1%1 �/$���/� 4,/����

Gh�qlflmd 41616 Qhnd vx gdql ixqnflmd i = [ $ \ l srgvnxsryl D �
[>E � \ 1 Volnrp vnxsd D sr ixqnflml i vpdwudpr vnxs i ^D` @ i| @
i+{, m { 5 Dj � \ 1 X vox
fdmx D @ [ l i ^[` @ i|j +mhgqr
fodq vnxs,/
ixqnflmx i qd}lydpr nrqvwdqwqrp ixqnflmrp +lol nrqvwdqwrp, x hoh0

phqw | 5 \ l r}qd
fxmhpr i @ f+/ d x vox
fdmx i ^[` @ \ 0 vxumhnwlyqrp

ixqnflmrp +lol vxumhnflmrp lol suhvolndydqmhp �qd�,1
Reudwqrp volnrp +lol ruljlqdorp, vnxsd E sr ixqnflml i vpdwudpr vnxs

i3�^E` @ i{ m i+{, 5 Ej � [1 +Rsuh}$ X r}qdfl i3�^E` glr i3� qh

r}qd
fxmh ixqnflmx +l} \ x [,1 Rydm i3� vh lsdn pr
}h lqwhusuhwludwl ndr
ixqnflmd/ dol l} \ x 5f / vwdyomdmx�fl | :$ i3�+|, @ i3�^i|j`1 Qdpd �fh/ lqd
fh/
x rylp suhgdydqmlpd i3� vox
}lwl }d r}qd
fdydqmh w}y1 lqyhu}qh ixqnflmh 0
y1 Whruhp 416141, Dnr mh +;| 5 \ , i3�^i|j` @ i{j mhgqr
fodq srgvnxs

rg [/ rqgd nd
}hpr gd mh i lqmhnwlyqd ixqnflmd +lol lqmhnflmd lol �404�0

suhvolndydqmh,1

Sulpmhu 41614 Mhgqrvwdyqr mh surymhulwl gd mh vydnd lqnox}lmd l = [ /$ \

lqmhnflmd/ d vydnd surmhnflmd sf+st , = [ � \ $ [+\ , vxumhnflmd1

Gh�qlflmd 41617 Uh�fl fhpr gd mh ixqnflmd i = [ $ \ elmhnflmd +lol rer0
vwudqr mhgqr}qd
fqd ixqnflmd,/ dnr mh i lqmhnflmd l vxumhnflmd1

L} Gh�qlflmh 41616 l}udyqr volmhgl=
i = [ $ \ mh lqmhnflmd / ++;{> {� 5 [, i+{, @ i+{�,, { @ {�,>
i = [ $ \ mh vxumhnflmd / ++;| 5 \ ,+<{ 5 [, i+{, @ |,1

Ryr vnxsd v Gh�qlflmrp 41617 rgpdk sryod
fl=
i = [ $ \ mh elmhnflmd / ++;| 5 \ ,+<${ 5 [, i+{, @ |,1

Whruhp 41614 Ixqnflmd i = [ $ \ mh elmhnflmd rqgd l vdpr rqgd/ dnr

srvwrml ixqnflmd j = \ $ [ wdnyd gd mh ji @ 4f l ij @ 4t 1 Ixqnflmd j mh/

wdnr¡hu/ elmhnflmd/ mhglqvwyhqd mh/ d qd}lydpr mx lqyhu}qrp ixqnflmrp

ixqnflmh i l r}qd
fxmhpr v i3�1
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Grnd}1 Qhnd mh i = [ $ \ elmhnflmd1 Exgx�fl gd wdgd }d vydnl { 5 [

srvwrml wr
fqr mhgdq | 5 \ }d nrml mh i+{, @ |/ prjx�fh mh gh�qludwl ixqnflmx
j = \ $ [ sudylorp j+|, @ { 
flp mh | @ i+{,1 ]d nrpsr}lflmh grelydpr=
ji+{, @ j+|, @ { @ 4f+{,/ }d vydnl { 5 [/ l ij+|, @ i+{, @ | @ 4t +|,/
}d vydnl | 5 \ 1 Reudwqr/ qhnd }d i = [ $ \ srvwrml j = \ $ [ wdnr
gd mh ji @ 4f l ij @ 4t 1 Dnr mh | 5 \ / x}plpr { @ j+|, 5 [/ sd

�fh elwl i+{, @ ij+|, @ 4t +|, @ |1 Suhpd wrpx/ i mh vxumhnflmd1 Dnr vx
{> {� 5 [ wdnyl gd mh i+{, @ i+{�, 5 \ / rqgd mh { @ 4f+{, @ ji+{, @
ji+{�, @ 4f+{�, @ {�1 Volmhgl gd mh i mh lqmhnflmd/ gdnoh l elmhnflmd1 ]d
grnd} mhglqvwyhqrvwl/ suhwsrvwdylpr gd srvwrmh gylmh ixqnflmh j> j� = \ $ [

wdnyh gd mh ji @ 4f @ j�i l ij @ 4t @ ij�1 Wdgd mh/ }d vydnl | 5 \ /
j+|, @ 4f+j+|,, @ +j�i,+j+|,, @ j�++ij,+|,, @ j�+4t +|,, @ j�+|,/ gdnoh/
j @ j�1

�%1%3 �����/��/� 2�#�

Gh�qlflmd 41618 Qhnd vx [>\ vnxsryl1 Uh�fl �fhpr gd mh [ hnylsrwhqwdq

+lol gd lpd mhgqdnr pqrjr hohphqdwd ndr, \ / dnr srvwrml qhnd elmhnflmd

i = [ $ \ 1

Hnylsrwhqwqrvw vnxsryd mh/ r
flwr/ ud}uhgehqd uhodflmd qd nodvl4 vylk vnx0
sryd/ sd vh vnxsryl vyuvwdydmx x glvmxqnwqh hnylsrwhqflmvnh ud}uhgh1 Ud}uhg
nrmhpx sulsdgd vnxs [ qd}lydpr nduglqdoqlp eurmhp +lol jodyqlp eur0

mhp lol srwhqflmrp, vnxsd [ l r}qd
fxmhpr v m[m lol v fdug[1

Gh�qlflmd 41619 Uh�fl �fhpr gd mh vnxs [ ehvnrqd
fdq/ dnr srvwrmh sudyl

srgvnxs [ � � [ l elmhnflmd i = [ $ [ �1 Dnr vnxs [ qlmh ehvnrqd
fdq/ uh�fl

�fhpr gd mh nrqd
fdq1

Sulplmhwlpr gd Gh�qlflmd 41619 l}udyqr sryod
fl nrqd
fqrvw sud}qrjd vnxsd >1

Whruhp 41615 Qhnd vx [ l \ hnylsrwhqwql vnxsryl/ wm1 m[m @ m\ m1 Wdgd mh

[ +ehv,nrqd
fdq wr
fqr rqgd ndg mh \ +ehv,nrqd
fdq1

Grnd}1 Sr Gh�qlflmdpd 41619 l 41618/ }d grnd} relmx hnylydohqflmd/ gr0
yromqr mh grnd}dwl vdpr mhgqx lpsolndflmx1 Qhnd mh [ ehvnrqd
fdq1 Wdgd
srvwrmh [ � � [ l elmhnflmd i = [ $ [ �1 Exgx�fl gd m[m @ m\ m/ srvwrml l qhnd
elmhnflmd j = [ $ \ 1 Qhnd mh \ � @ j^[ �` sd mh vljxuqr \ � � \ sudyl srg0
vnxs1 Gh�qludmpr ixqnflmx j� = [ � $ \ � ndr vx
}hqmh j mf� 1 Wdgd mh j� greur
gh�qludqd l r
flwr mh elmhnwlyqd1 Qdsrnrq/ nrpsr}lflmd k @ j�ij3� = \ $ \ �

mh elmhnflmd +ndr nrpsr}lflmd wulmx elmhnflmd/ y1 ¢41618 Ymh
}eh/ ]dgdwdn 71,/
sd mh l \ ehvnrqd
fdq vnxs1

4Srmdp �vnxs vylk vnxsryd� yrgl n surwxvoryomx1 Pqr
}lqd vylk vnxsryd qh wyrul vnxs

qhjr rs�fhqlwlml remhnw/ w}y1 nodvx1
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Gh�qlflmd 4161: Uh�fl �fhpr gd mh nduglqdoql eurm vnxsd [ pdqml lol mhgqdn

rg nduglqdoqrj eurmd vnxsd \ l slvdwl m[m � m\ m +lol fdug[ � fdug\ ,/
dnr srvwrml qhnd lqmhnflmd i = [ $ \ 1 Dnr mh m[m � m\ m/ d [ l \ qlvx

hnylsrwhqwql +wm1 m[m 9@ m\ m,/ uh�fl �fhpr gd mh nduglqdoql eurm rg [ pdqml rg

nduglqdoqrj eurmd rg \ l slvdwl m[m ? m\ m1

Sulplmhwlpr gd [ � \ sryod
fl m[m � m\ m/ mhu mh lqnox}lmd l = [ /$ \

lqmhnwlyqd ixqnflmd1 Odnr mh surymhulwl gd mh ryd uhodflmd � uh hnvlyqd l wudq0
}lwlyqd/ grn qmhqx dqwlvlphwul
fqrvw mdp
fl w}y1 Fdqwru0Ehuqvwhlqry whruhp/
grnd} nrmhjd mh yuor qhwulylmdodq/ d gmhorplfh vh }dvqlyd qd ¢41719/ ]dgdwdn
41 Suhpd wrpx/ � mh xuh¡dmqd uhodflmd qd nodvl vylk nduglqdoqlk eurmhyd1

Whruhp 41616 Dnr mh [ nrqd
fdq/ d \ ehvnrqd
fdq vnxs/ rqgd mh m[m ? m\ m1

Ohpd 41614 Qhnd mh [ � \ 1 Dnr mh [ ehvnrqd
fdq vnxs rqgd mh wdndy l \ /

d dnr mh \ nrqd
fdq vnxs rqgd mh wdndy l [1

Grnd}1 Dnr mh [ ehvnrqd
fdq/ rqgd srvwrmh sudyl srgvnxs [ � � [

l elmhnflmd i = [ $ [ �1 Qhnd mh \ � glvmxqnwqd xqlmd [ �
W
+\ q [,/ sd mh

\ � � \ sudyl srgvnxs1 Gh�qludmpr ixqnflmx j = \ $ \ � sudylorp i qd [ �

l lqnox}lmrp qd \ q[/ wm1 +;| � { 5 [ �, j+|, @ i+{, l +;| 5 \ q[, j+|, @
|1 Wulylmdoqr mh surymhulwl gd mh j elmhnflmd/ µwr }qd
fl gd mh \ ehvnrqd
fdq
vnxs1 V guxjh vwudqh/ dnr mh \ nrqd
fdq vnxs rqgd wdndy prud elwl l vydnl
qmhjry srgvnxs [/ mhu el surwlyqd suhwsrvwdynd gryhod/ qd rslvdql qd
flq/
gr }dnomx
fnd gd mh \ ehvnrqd
fdq 0 surwxvoryomh1

Grnd} +Whruhpd 41616,1 Exgx�fl gd mh � xuh¡dmqd uhodflmd/ wr mh lol
m[m � m\ m lol m\ m � m[m1 Suhwsrvwdylpr gd mh m\ m � m[m/ wm1 gd srvwrml
qhnd lqmhnflmd j = \ $ [1 ]d volnx j^\ ` � [ wdgd yulmhgl mj^\ `m @ m\ m1
Sr Whruhpx 41615/ vnxs j^\ ` mh ehvnrqd
fdq sd mh/ sr Ohpl 41614/ l vnxs [

ehvnrqd
fdq 0 surwxvoryomh1 Suhpd wrpx/ prud yulmhglwl m[m � m\ m1 Qdsrnrq/
exgx�fl gd mh/ sr Whruhpx 41615/ m[m 9@ m\ m/ wr prud elwl m[m ? m\ m1

�%1%5 �����2�

41 Qhnd mh i = [ $ \ ixqnflmd l qhnd vx D>E � [ l F>G � \ 1 Grnd}dwl
ryh irupxoh=

+l, i ^D
V
E` @ i ^D`

V
i ^E`> i3�^F

V
G` @ i3�^F`

V
i3�^G`>

+ll, i ^D
W
E` � i ^D`

W
i ^E`> i3�^F

W
G` @ i3�^F`

W
i3�^G`>

+lll, i ^D qE` � i ^D` q i ^E`> i3�^F qG` @ i3�^F` q i3�^G`>
+ly, i ^i3�^F`` @ F

W
i ^[` � F> i3�^i ^D`` � D1

Grnd
}lpr qsu1 +ll,= Dnr mh x suyrm irupxol l} +ll, volnd i ^D
W
E` @ > qhpdpr

µwr grnd}lydwl1 Vwrjd/ qhnd mh | 5 i ^D
W
E` 9@ >1 Wdgd srvwrml { 5 D

W
E }d

nrml mh i+{, @ |1 Qx/ wdgd mh { 5 D l { 5 E/ sd mh i+{, 5 i ^D` l i+{, 5 i ^E`/
gdnoh/ | @ i+{, 5 i ^D`

W
i ^E`/ µwr mh l wuhedor grnd}dwl1 Gd mh prjx�fh

i ^D
W
E` 9@ i ^D`

W
i ^E` srnd}xmh vox
fdm D

W
E @ >/ d i ^D`

W
i ^E` 9@ >1
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Sulpmhulfh/ dnd vx D @ id> d�j>E @ ie> e�j � [ glvmxqnwql srgvnxsryl l
\ @ i|j/ rqgd mh/ }d vydnx ixqnflmx i = [ $ \ / i ^D

W
E` @ i ^>` @ > l

i ^D`
W
i ^E` @ \ 9@ >1

]d grnd} guxjh irupxoh l} +ll,/ qhnd mh/ qdmsulmh/ { 5 i3�^F
W
G`1 Wdgd

srvwrml | 5 F
W
G }d nrml mh i+{, @ |1 Gdnoh/ | 5 F l | 5 G l i+{, @ |/ µwr

sryod
fl { 5 i3�^F` l { 5 i3�^G`/ wm1 { 5 i3�^F`
W
i3�^G`1 Reudw vh pr
}h

grnd}dwl 
flwdmx�fl suhwkrgqr }dnomx
flydqmh qdwudµnh1
51 Qhnd vx i = [ $ \ l j = \ $ ] ixqnflmh1 Wdgd yulmhgl=

+d, Dnr mh ji = [ $ ] lqmhnflmd rqgd mh l i lqmhnflmd=
+e, dnr mh ji =[ $ ] vxumhnflmd rqgd mh l j vxumhnflmd1

61 Grnd}dwl gd mh/ }d vydnx elmhnflmx i = [ $ \ / +i3�,3� @ i 1
71 Grnd}dwl gd mh nrpsr}lflmd ji rg elmhnflmd j l i rshw elmhnflmd1
81 Qhnd mh [ vnxs1 ]d vydnl srgvnxs D � [ gh�qludmpr w}y1 ndudnwhulv0
wl
fqx ixqnflmx "� = [ $ i3> 4j srgvnxsd D vwdyomdmx�fl

"�+{, @

�
4> { 5 D

3> { 5 [ qD
1

Grnd}dwl gd mh ixqnflmd I = 5f $ ii m i = [ $ i3> 4jj � i3> 4jf / rguh¡hqd
sudylorp I +D, @ "� }d vydnl D 5 5f / elmhnflmd1 +Suhpd wrpx/ sduwlwlyql
vnxs 5f l vnxs i3> 4jf vylk ixqnflmd l} [ x gyr
fodql vnxs vx hnylsrwhqwql1,
91 Grnd}dwl gd mh m\ m � m[m 
flp srvwrml qhnd vxumhnflmd i = [ $ \ 1
:1 Grnd}dwl gd mh/ }d vydnl vnxs [/ m[m ?

��5f��1 +Wr sryod
fl gd qhpd
qdmyh�fhjd nduglqdoqrj eurmd1,

�%3 ���)
� *�"(���

Vnxs uhdoqlk eurmhyd lpd whphomqx xorjx x flmhorm pdwhpdwlfl/ d x pdwhp0
dwl
fnrm dqdol}l srvhelfh1 Xrel
fdmlod vx vh gyd sulvwxsd ryrpx vnxsx= lqgxn0
wlyql +nrqvwuxnwlyql,/ nrml srod}l rg Shdqrylk dnvlrpd }d vnxs sulurgqlk
eurmhyd/ l dnvlrpdwvnl +ghgxnwlyql,/ nrml suhwsrvwdyomd greur sr}qdydqmh
qhnlk dojheduvnlk vwuxnwxud1 Pl �fhpr vh gu
}dwl +vwdulmhjd, lqgxnwlyqrjd
sulvwxsd1

�%3%� ����#�/� � ����� 2�#��$�

Sulkyd�fdpr/ ndr �lvnxvwyhqx 
flqmhqlfx�/ revwrmqrvw eduhp mhgqrj vnxsd Q
nrml xgryromdyd rylp wulpd xymhwd=

+S4, Q vdgu
}l eduhp mhgdq hohphqw 0 r}qd
flw �fhpr jd }qdnrp
4 l qd}ydwl eurmhp mhgdq +lol mhglqlfrp,>

+S5, Srvwrml lqmhnwlyqd ixqnflmd v = Q $ Q / wdnyd gd mh/ }d
vydnl q 5 Q / v+q, 9@ 4>

+S6, Dnr }d srgvnxs P � Q yulmhgl=

+l, 4 5P>

+ll, +;q 5 Q, q 5P , v+q, 5P /
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rqgd mh P @ Q 1

Xymhwh +S4,/ +S5, l +S6, qd}lydpr Shdqrylp dnvlrplpd1 Srvhelfh/
dnvlrp +S6, qd}lydpr qd
fhorp srwsxqh +lol pdwhpdwl
fnh lqgxnflmh1
Srnd}xmh vh gd/ x elwl 0 johgh dojheduvnh l xuh¡dmqh vwuxnwxuh +nrmx �fhpr x
vnxsx Q l}judglwl,/ srvwrml vdpr mhgdq vnxs Q v qdyhghqlp vyrmvwylpd1 Wdm

�fhpr vnxs lvwdnqxwl r}qdnrp Q l qd}ydwl vnxsrp sulurgqlk eurmhyd/ d
qmhjryh hohphqwh q 5 Q sulurgqlp eurmhylpd1

Whruhp 41714 v^Q` � iv+q, m q 5 Qj @ Q q i4j1

Grnd}1 Qhnd mh P @ i4j
V
v^Q`/ sd mh 4 5P 1 X}plpr elor nrml q 5 Q

l suhwsrvwdylpr gd mh q 5 P 1 Wdgd mh v+q, 5 v^Q` � i4j
V
v^Q` @ P 1

Vdgd sr qd
fhox srwsxqh lqgxnflmh +S6, }dnomx
fxmhpr gd mh P @ Q/ wm1
i4j

V
v^Q` @ Q1 Exgx�fl gd mh/ sr +S5,/ v+q, 9@ 4 }d vydnl q 5 Q/ wr mh

i4j
V
v^Q` glvmxqnwqd xqlmd/ sd prud elwl v^Q` @ Q q i4j1

Nrurodu 41714 Vnxs sulurgqlk eurmhyd Q mh ehvnrqd
fdq1

Grnd}1 Sulplmhwlpr gd/ sr +S5, +lqmhnwlyqrvw ixqnflmh v, l Whruhpx
41714/ srvwrml elmhnflmd i = Q$ Qqi4j rguh¡hqd sudylorp v/ wm1 i+q, @ v+q,
}d vydnl q 5 Q1 Exgx�fl gd mh Q q i4j � Q sudyl srgvnxs/ wr vx xymhwl l}
Gh�qlflmh 41619 lvsxqmhql1 +Wyugqmx ryrjd nrurodud vh pr
}h grnd}dwl l eh}
sr}lyd qd Whruhp 417141 Qdlph/ 
flqmhqlfd gd mh vnxs Q ehvnrqd
fdq volmhgl
l}udyqr l} dnvlrpd +S5,1,

Gd elvpr prjol nruhnwqr gh�qludwl +xrel
fdmhqh, rshudflmh/ wm1 }eudmdqmh
l pqr
}hqmh x vnxsx Q> ydomd xr
flwl mhgqr qmhjryr yuor nrulvqr vyrmvwyr 0 w}y1
qd
fhor gh�qlflmh lqgxnflmrp nrmh volmhgl l} dnvlrpd +S6,1 Lvnd}dw �fhpr
jd x srvheqrp +mhgqrvwdyqlmhp, vox
fdmx rylp whruhprp +eh} grnd}d,=

Whruhp 41715 Qhnd mh [ vnxs/ { 5 [ l qhnd mh/ }d vydnl q 5 Q/ gdqd

ixqnflmd i? = [ $ [1 Wdgd srvwrml wr
fqr mhgqd ixqnflmd j = Q$ [ }d nrmx

mh=
+l, j+4, @ {>

+ll, +;q 5 Q, j+v+q,, @ i?+j+q,,1
]d ixqnflmx j wdgd nd
}hpr gd mh lqgxnwlyqr gh�qludqd +lol uhnxu}lyqr
}dgdqd,1 +X sulpmhqdpd 
fhvwr qdvwxsd srvheql vox
fdm i� @ � � � @ i? @ � � � $,

J�V�Q�� IQ�J�Q��

;

�

V��� �

J��� [
J�V���� I��[�

Q

V�Q� Q�
J�Q�

J∃! 
Q

V

Q

Q
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Whruhp 41716 +d, Srvwrml wr
fqr mhgqd ixqnflmd . = Q�Q$ Q/ .+p>q, �
p. q +
flwdpr= �hp ylµh hq� lol �hp soxv hq�,/ nrmx }ryhpr }eudmdqmhp/
v rylp vyrmvwylpd=

+l, +;p 5 Q, p. 4 @ v+p,>
+ll, +;p>q 5 Q, p. v+q, @ v+p. q,1

+e, Srvwrml wr
fqr mhgqd ixqnflmd � = Q � Q $ Q/ �+p>q, � p � q +
flwdpr=
�hp sxwd hq�,/ nrmx }ryhpr pqr
}hqmhp/ v rylp vyrmvwylpd=

+l, +;p 5 Q, p � 4 @p>
+ll, +;p>q 5 Q, p � v+q, @ v+p � q, .p1

Grnd}1 Qhnd mh p 5 Q1 X}plpr [ @ Q/ { @ v+p, l i? @ v = Q $ Q

}d vydnl q 5 Q/ sd sulplmhqlpr Whruhp 417151 Srvwrml/ gdnoh/ mhglqvwyhqd
ixqnflmd j � j6 = Q$ Q }d nrmx mh j6+4, @ v+p, l j6+v+q,, @ v+j6+q,, }d
vydnl q 5 Q1 R}qd
flpr ol j6+q, �p. q/ grelydpr mhgqdnrvwl l} xymhwd +l,
l +ll, x +d,1 Suhpd wrpx/ ixqnflmd j6 mh wud
}hqr }eudmdqmh v 
fyuvwlp p/ wm1
�.�= ipj � Q $ Q1 Exgx�fl gd vpr p rgdeudol sr yroml/ wr mh ixqnflmd .
greur gh�qludqd qd flmhorp Q�Q1

Vol
fqr srvwxsdpr l x grnd}lydqmx wyugqmh +e,1 Qhnd mh p 5 Q1 X}plpr
[ @ Q/ { @ p l i? � i = Q$ Q }eudmdqmh v p/ wm1 i+q, @ q.p/ }d vydnl
q 5 Q/ sd sulplmhqlpr Whruhp 417151 Srvwrml/ gdnoh/ mhglqvwyhqd ixqnflmd
j � k6 = Q $ Q }d nrmx mh k6+4, @ p l/ }d vydnl q 5 Q/ k6+v+q,, @
i+k6+q,, @ k6+q, .p1 R}qd
flpr ol k6+q, � p � q/ grelydpr mhgqdnrvwl
l} xymhwd +l, l +ll, x +e,1 Suhpd wrpx/ ixqnflmd k6 mh wud
}hqr pqr
}hqmh v

fyuvwlp p/ wm1 ���= ipj �Q$ Q1 Exgx�fl gd vpr p rgdeudol sr yroml/ wr mh
ixqnflmd � greur gh�qludqd qd flmhorp Q�Q1

Sulplmhwlpr gd vh lqmhnwlyqd ixqnflmd v l} dnvlrpd +S5, pr
}h lqwhusuhwl0
udwl srpr�fx }eudmdqmd1 Qdlph/ v+q, @ j?+4, @ q. 4/ q 5 Q1

Udgl odnµhj vsrud}xplmhydqmd qdm
fhµ�fh vh nrulvwh vomhgh�fl +lqglmvnr0duds0
vnl, }qdnryl }d qhnrolnr �sr
fhwqlk� sulurgqlk eurmhyd +x }djudgdpd qdyr0
glpr qmlkryd kuydwvnd lphqd,= v+4, @ 4 . 4 � 5 +gyd,/ v+5, @ 5 . 4 � 6
+wul,/ v+6, @ 6 . 4 � 7 +
fhwlul,/ v+7, @ 7 . 4 � 8 +shw,/ v+8, @ 8 . 4 � 9
+µhvw,/ v+9, @ 9 . 4 � : +vhgdp,/ v+:, @ : . 4 � ; +rvdp,/ v+;, @ ; . 4 � <
+ghyhw,/ v+<, @ < . 4 � 43 +ghvhw,/ lwg1 +]qdn 3 qdp/ }dvhelfh/ }d vdgd qh
r}qd
fxmh qlndndy remhnw$ Xyhvw �fhpr jd sul l}judgqml vnxsd flmholk eurmhyd1
]qdnryh 3> 4> 5> 6> 7> 8> 9> :> ;> < qd}lydpr ghflpdoqlp }qdphqndpd/ d qml0
kryx �fhpr sudnwl
fqx yd
}qrvw vkydwlwl suljrgrp xyr¡hqmd w}y1 ghflpdoqrjd
vxvwdyd }dslvlydqmd flmholk eurmhyd1,

Qlmh whµnr grnd}dwl gd vx elqduqh rshudflmh . l � qd Q dvrflmdwlyqh l
nrpxwdwlyqh/ wm1 gd }d vydnl p>q> s 5 Q yulmhgl +p.q,. s @p.+q. s,
l p.q @ q.p/ ndr l +p �q, �s @p � +q �s, l p �q @ q �p1 +Dvrflmdwlyqrvw
grsxµwd lvsxµwdqmh }djudgd/ wm1 slvdqmh p.q.s l p �q �s1, X exgx�fh �fhpr

fhvwr lvsxµwdwl }qdn }d pqr
}hqmh l slvdwl p � q ndr pq1 Qdgdomh/ srnd}xmh
vh gd mh }eudmdqmh glvwulexwlyqr +volmhyd l }ghvqd, v re}lurp qd pqr
}hqmh/
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wm1 }d vydnl p>q> s 5 Q mh p+q . s, @ pq .ps l +p . q,s @ ps . qs1
Qdsrnrq/ srwsxqrp lqgxnflmrp +sr p, qlmh whµnr grnd}dwl lvwlqlwrvw rylk
wulmx wyugqmd=

+;p>q 5 Q, p. q 9@ q>
+;p>q> s 5 Q, p. q @p. s, q @ s>
+;p>q> s 5 Q, pq @ps, q @ s1

Vdgd suhod}lpr qd xuh¡lydqmh vnxsd Q1 Qhnd mh p>q sdu sulurgqlk eur0
mhyd1 Gh�qludpr= p ? q +
flwdpr= hp mh pdqml+h, rg hq, dnr srvwrml s 5 Q
wdndy gd mh p. s @ q1 L} suhwkrgqlk 
flqmhqlfd surl}od}l gd mh s mhglqvwyhq l
srwsxqr rguh¡hq eurmhylpd p l q/ sd r}qd
fxmhpr s � q�p +
flwdpr= � hq
pdqmh hp� lol �hq plqxv hp�,1 Qdgdomh/ r
flwr mh gd p ? q sryod
fl p 9@ q
+gdnoh/ ? qlmh uh hnvlyqd uhodflmd,/ wh gd p ? qaq ? p qh pr
}h elwl lvwlqlw
vxg1

Uhodflmx � qd Q/ }d nrmx �fhpr grnd}dwl gd mh xuh¡dmqd uhodflmd/ gh�ql0
udpr ndnr volmhgl= p � q/ +p ? qbp @ q,1 Mhgqrvwdyqr mh surymhulwl gd
vh udgl r sduflmdoqrp xuh¡dmx/ wh gd/ }d vydnl p>q> s 5 Q/ p � q,p.s �
q. s/ wm1 uhodflmd � mh xvnod¡hqd +nrpsdwleloqd, vd }eudmdqmhp1

Whruhp 41717 +Q/�, mh xuh¡hq vnxs l � mh mhglql xuh¡dm qd Q nrml mh xvnod0
¡hq vd }eudmdqmhp l x nrmhpx mh 4 @ plqQ1

Grnd}1 Qdmsulmh grnd}xmhpr gd mh 4 @ plq+Q>�,1 Suyr/ 4 � 4 mhu mh
4 @ 41 Qdgdomh/ 4 ? 4 . 4 @ v+4, sd mh 4 � v+4,1 Vdgd vh lqgxnflmrp odnr
srnd
}h gd mh 4 � v+q, }d vydnl sulurgdq eurm q1 Exgx�fl gd mh v^Q` @ Qqi4j
+y1 Whruhp 41714,/ wr mh 4 � q }d vydnl q 5 Q1 Wlph mh wyugqmd grnd}dqd1

Vdgd grnd}xmhpr gd mh � srwsxql xuh¡dm/ wm1 gd }d vydnl sdup>q sulurg0
qlk eurmhyd yulmhgl p � q lol q � p1 Gryromqr mh x}hwl elor nrml p 5 Q l
grnd} suryhvwl srwsxqrp lqgxnflmrp sr q 5 Q1 ]d q @ 4 mh wyugqmd lvwlqlwd/
wr
fqlmh/ 4 �p mhu mh 4 @ plq+Q>�,1 Suhwsrvwdylpr gd mh wyugqmd lvwlqlwd }d
elor nrml q sd grnd
}lpr qmh}lqx lvwlqlwrvw }d q.41 Dnr mh p � q rqgd mh sr
wudq}lwlyqrvwl/ }erj q � q.4/ l p � q.41 Dnr mh sdn q ? p/ rqgd srvwrml
s wdndy gd mh q. s @ p1 Wr sryod
fl/ }erj 4 � s l xvnod¡hqrvwl uhodflmh � v
rshudflmrp ./ gd mh q. 4 � q. s @p1 Wlph mh l ryd wyugqmd grnd}dqd1

Suhrvwdmh grnd}dwl mhglqvwyhqrvw1 Suhwsrvwdylpr gd mh l �� xuh¡dmqd
uhodflmd qd Q/ nrmd mh xvnod¡hqd vd }eudmdqmhp l }d nrmx mh 4 @ plq+Q>��,1
Wuhed grnd}dwl gd mh/ }d vydnl sdu p>q sulurgqlk eurmhyd/ p �� q rqgd l
vdpr rqgd ndg mh p � q1 Qhnd mh suyr p � q1 Dnr mh p @ q rqgd/ }erj
uh hnvlyqrvwl xuh¡dmqh uhodflmh/ prud elwl p �� q1 Dnr mh p 9@ q/ wm1 p ? q/
rqgd srvwrml s }d nrml mh p . s @ q1 Suhwsrvwdylpr surwlyqr/ wm1 gd qh
yulmhgl p �� q1 Exgx�fl gd mh �� xuh¡dmqd uhodflmd/ prud elwl q �� p/ d }erj
q 9@ p }dslµlpr wr ndr q ?� p1 Surl}od}l gd mh p . s ?� p µwr vh surwlyl

flqmhqlfl p �� p . 4 �� p. s x +Q>��,/ }d vydnl sdu p>s 5 Q1 +Wyugqmd
p �� v+p, @p. 4/ p 5 Q/ vh odnr grnd}xmh lqgxnflmrp/ d p.4 �� p. s
mh srvomhglfd xvnod¡hqrvwl uhodflmh �� vd }eudmdqmhp1, Reudwqd lpsolndflmd
p �� q,p � q vh grnd}xmh qd lvwl qd
flq1
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Qdsrphqd 41714 +d, Sulplmhwlpr gd vpr x grnd}x jruqmhjd whruhpd xsr0
udelol qd
fhor srwsxqh lqgxnflmh x srqhµwr l}plmhqmhqrp reolnx rg rqrjd x
dnvlrpx +S6,1 Exgx�fl gd mh x sulpmhql edµ wdndy reoln qdmx
fhvwdolml/ srvheqr
�fhpr jd lvwdnqxwl=

Qhnd mh W elor nrmd wyugqmd r sulurgqlp eurmhylpd1 Dnr mh W lvwlqlwd }d
qhnl p 5 Q l dnr/ }d vydnl q 5 Q/ q �p/ l} suhwsrvwdynh gd mh W lvwlqlwd }d
q volmhgl gd mh W lvwlqlwd l }d q.4/ rqgd mh W lvwlqlwd }d vydnl sulurgql eurm
q �p1 +Gdndnr/ dnr mh p @ 4 rqgd mh W lvwlqlwd }d vydnl sulurgql eurm1,

+e, Xuh¡dm� qd Q lpd mrµ mhgqr yd
}qr vyrmvwyr= Vydnl qhsud}dq srgvnxs
D � Q lpd plqlpdoql hohphqw plqD1 +Nd
}h vh gd mh vnxs +Q>�, greur
xuh¡hq1,

Gylmh vomhgh�fh wyugqmh srnd}xmx gd mh +Q>�, glvnuhwqr xuh¡hq vnxs=
+l, +;q 5 Q,+<$p 5 Q, +q ? p a is 5 Q m q ? s ? pj @ >,>
+ll, +;q 5 Qqi4j,+<$p 5 Q, +p ? q a is 5 Q mp ? s ? qj @ >,1

Grnd}h rylk wyugqmd suhsxµwdpr 
flwdwhomx }d ymh
}ex1
Sr Gh�qlflml 41519 lpd vplvod jryrulwl r vhjphqwlpd/ lqwhuydolpd/ � � � x

+Q>�,1 R}qd
fdydw �fhpr lk v ^p>q`Q/ kp>qlQ/ � � � 1 Sulplmhwlpr gd mh
kq>q. 4lQ @ >/ sd lpd vplvod v+q, @ q . 4 qd}ydwl vomhgehqlnrp rg
q1 Srvheqr �fh qdp elwl yd
}ql w}y1 sr
fhwql nrpdgl x +Q>�,/ wm1 vhj0
phqwl ^4> q`Q @ is 5 Q m s � qj � i4> 5> � � � > qj1 Vdp vnxs Q @ ^4> �lQ �
i4> 5> 6> � � � > q> � � � j/ jgmh x }dslvx lvslvxmhpr hohphqwh srµwxmx�fl xuh¡dm1

Yh�f vpr xvwdqrylol gd mh vnxs sulurgqlk eurmhyd ehvnrqd
fdq1 Vdgd �fhpr
grnd}dwl gd mh vydnl sr
fhwql nrpdg ^4> q`Q> q 5 Q> nrqd
fql vnxs1

Whruhp 41718 ]d vydnl q 5 Q l vydnl sudyl srgvnxs D � ^4> q`Q qh srvwrml
lqmhnflmd l} ^4> q`Q x D1

Grnd}1 Grnd}xmhpr lqgxnflmrp1 ]d q @ 4 mh ^4> q`Q @ ^4> 4`Q @ i4j/
sd prud elwl D @ >1 Exgx�fl gd qhpd ixqnflmh l} qhsud}qrjd x sud}dq vnxs/
}d q @ 4 mh wyugqmd lvwlqlwd1 Suhwsrvwdylpr gd wyugqmd yulmhgl }d q 5 Q/ sd
grnd
}lpr gd rqgd yulmhgl l }d q.41 Qhnd mh i = ^4> q.4`Q $ ^4> q.4`Q elor
nrmd lqmhnflmd1 Grnd} �fh elwl srwsxq grnd
}hpr ol gd mh i l vxumhnflmd1 +Wdgd
qh pr
}h srvwrmdwl lqmhnflmd x sudyl srgvnxs$, Dnr q . 4 @5 i ^^4> q`Q` rqgd
mh i ^^4> q`Q` � ^4> q`Q/ sd vplmhpr sulplmhqlwl lqgxnwlyqx suhwsrvwdynx qd
uhvwulnflmx i md�c?oQ l }dnomx
flwl i ^^4> q`Q` @ ^4> q`Q1 Wr sryod
fl gd mh i+q.4, @
q.4 l/ vyhxnxsqr/ gd mh i vxumhnflmd1 Dnr mh q.4 5 i ^^4> q`Q`/ rqgd srvwrml
p 5 ^4> q`Q }d nrml mh i+p, @ q . 41 Surpdwudmpr ixqnflmx j = ^4> q`Q $
^4> q`Q rguh¡hqx sudylorp j+s, @ i+s,/ }d s 9@ p/ l j+p, @ i+q . 4,1
Sulplmhwlpr gd mh i+q . 4, 9@ q . 4 @ i+p,/ mhu mh i lqmhnflmd1 Wr gdomh
sryod
fl gd mh j lqmhnflmd/ sd mh/ sr lqgxnwlyqrm suhwsrvwdyfl/ l vxumhnflmd/ wm1
j^^4> q`Q` @ ^4> q`Q1 Qdsrnrq/

i ^^4> q. 4`Q` @
ii+s, @ j+s, m 4 � s � q a s 9@pj

V
ii+p, @ q. 4j

V
ii+q. 4,j @
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j^^4> q`Q`
V
iq. 4j @ ^4> q. 4`Q1

Gdnoh/ i mh vxumhnflmd/ sd mh whruhp grnd}dq1

Xrel
fdmlor vh srlvwrymhwlwl nduglqdoql eurm m^4> q`Qm v sulurgqlp eurmhp q1
Wr srmhgqrvwdyqmxmh }dslvlydqmh/ d l vdvylp mh rsudygdqr mhu mh/ sr Whruhpx
41718/ m^4>p`Qm @ m^4> q`Qm / p @ q1 Qduhgql whruhp srnd}xmh gd vh wr pr
}h
surµlulwl qd vyh nrqd
fqh qhsud}qh vnxsryh1

Whruhp 41719 Qhsud}ql vnxs [ mh nrqd
fdq rqgd l vdpr rqgd/ dnr mh hnylsr0
whqwdq qhnrp sr
fhwqrp nrpdgx ^4> q`Q vnxsd sulurgqlk eurmhyd1

Grnd}1 Gryromqrvw mh jrwryr r
flwd1 Qdlph/ dnr srvwrml q 5 Q wdndy gd
mh [ hnylsrwhqwdq vnxsx ^4> q`Q/ rqgd mh/ sr Whruhpx 41718 l Whruhpx 41615/
vnxs [ nrqd
fdq1 Grnd
}lpr qx
}qrvw$ Qhnd mh [ 9@ > nrqd
fql vnxs1 Exgx�fl
gd mh vnxs Q ehvnrqd
fdq +y1 Nrurodu 41714,/ wr sr Whruhpx 41616 prud elwl
m[m ? mQm � Cf1 Suhwsrvwdylpr/ surwlyqr whruhpx/ gd [ qlmh hnylsrwhqwdq
vnxsx ^4> q`Q }d pd nrml q 5 Q/ wm1 m[m 9@ m^4> q`Qm � q/ }d vydnl q 5 Q1
Exgx�fl gd mh � srwsxql xuh¡dm qd nodvl vylk nduglqdoqlk eurmhyd/ wr prud
elwl lol m[m ? q lol m[m A q }d vydnl q1 Qr/ m[m ? q }d vydnl q qh pr
}h
yulmhglwl/ mhu }d q @ 4 grelydpr [ @ > +qlmhgqd lqmhnflmd [ $ i4j qlmh
vxumhnflmd, 0 surwxvoryomh1 Suhpd wrpx/ prudor el elwl m[m A q }d vydnl
q 5 Q1 Ph¡xwlp/ ryr el rprjx�flor nrqvwuxnflmx lqmhnflmh i = Q $ [/ sd
elvpr vpmhol }dnomx
flwl gd mh mQm � m[m 0 surwxvoryomh1

Whruhp 41719 grsxµwd vomhgh�fx gh�qlflmx=

Gh�qlflmd 41714 Qhnd mh [ nrqd
fql l qhsud}ql vnxs/ d q sulurgql eurm1
Uh�fl �fhpr gd vnxs [ lpd q hohphqdwd l slvdwl +fdug[ �, m[m @ q/ dnr
mh [ hnylsrwhqwdq sr
fhwqrpx nrpdgx ^4> q`Q rg Q1

Gh�qlflmd 41715 Uh�fl �fhpr gd mh vnxs [ suheurmly dnr mh hnylsrwhqwdq
qhnrp srgvnxsx rg Q1 X surwlyqrp �fhpr uh�fl gd mh vnxs [ qhsuheurmly1

Odnr mh surymhulwl lvwlqlwrvw rylk wyugqmd=
+l, Vyl nrqd
fql vnxsryl l vnxs sulurgqlk eurmhyd Q mhvx suheurmlyl>
+ll, Vnxs Q�Q mh suheurmly>
+lll, Vydnl ehvnrqd
fql srgvnxs D � Q mh hnylsrwhqwdq vnxsx Q>
+ly, Vydnl ehvnrqd
fql suheurmly vnxs [ mh hnylsrwhqwdq vnxsx Q1

Grnd
}lpr/ loxvwudflmh udgl/ wyugqmx +ll,$ Srnd}dw �fhpr gd mh gluhnwql surgxnw
Q�Q hnylsrwhqwdq vnxsx Q1 X wx vyukx surpdwudmpr vomhgh�fl }dslv vnxsd
Q�Q=

����� ����� ����� ���Q�

����� ����� ����� ���Q�

����� ����� ����� ���Q�

����� �����

�P��� �P��� �P�Q�

��� ���

������

���

���

������

���

���

�
�
�

�
�
�

�
�
�

������ ���

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
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Gh�qludmpr ixqnflmx i = Q $ Q � Q sudylorp µwr jd srnd}xmx vwumholfh=
i+4, @ +4> 4,/ i+5, @ +5> 4,/ i+6, @ +4> 5,/ i+7, @ +4> 6,/ i+8, @ +5> 5,/
i+9, @ +6> 4,/ i+:, @ +7> 4,/ i+;, @ +6> 5,/ i+<, @ +5> 6,/ i+43, @ +4> 7,/ � � � 1
+i vh pr
}h surslvdwl l qhrylvqr r vkhpl$, Odnr vh ylgl gd mh i elmhnflmd1

Vd
}plpr xnudwnr jodyqh 
flqmhqlfh r vnxsx Q=
Srvwrml wr
fqr mhgdq vnxs sulurgqlk eurmhyd Q @ i4> 5> 6> � � � > q> � � � j +ehv0
nrqd
fdq, v elqduqlp rshudflmdpd . +}eudmdqmh, l � +pqr
}hqmh,> nrmh vx
dvrflmdwlyqh l nrpxwdwlyqh/ . mh glvwulexwlyqd v re}lurp qd �/ l v glvnuhwqlp
xuh¡dmhp � nrml vh greur srqdµd suhpd . l � l x nrmhpx mh 4 @ plq+Q>�,=
Grelyhqx vwuxnwxux �fhpr r}qd
flwl v +Q>.> �>�,1

Vdgd �fhpr grelyhqx vwuxnwxux surµlulwl qd w}y1 vnxs flmholk eurmhyd1
Vmhwlpr vh gd x vox
fdmxp ? q x Q srvwrml s 5 Q wdndy gd mhp.s @ q1 Slvdol
vpr s � q�p1 Mdvqr mh gd ��� qh pr
}h elwl rshudflmd qd Q mhu x vox
fdmx
q � p qh }qdpr µwr el �q�p� }qd
flor1 Ryr yrgl qd }dplvdr gd vh vnxs
Q ud}xpqr surµlul1 X wx vyukx surpdwudmpr vnxs Q l qmhjry suhvoln Q� @
i4�> 5�> 6�> � � � > q�> � � � j/ jgmh qdp fuwlfh ��� vox
}h }d irupdoqr ud}olnrydqmh
suhvolnd rg l}yruqlnd1 R}qd
flpr }qdnrp 3 qryl remhnw +qh sulsdgd Q ql Q�,/
qd}rylpr jd qxorp +lol qlµwlfrp,/ sd surpdwudmpr vnxs ] @ Q�

V
i3j

V
Q1

Qd vnxsx ] 
}holpr l}judglwl vwuxnwxux vol
fqx rqrm qd qmhjryx srgvnxsx Q
l wr wdnr gd vh srvwrmh�fd vwuxnwxud qd Q qh l}plmhql/ wm1 vwuxnwxud qd ]
wuhed elwl surµluhqmh rqh qd srgvnxsx Q1 Qdmsulmh gh�qludpr }eudmdqmh qd
]/ nrmh �fhpr rshw r}qd
flwl }qdnrp ./ wm1 . = ] �] $ ]1 Dnr vx p>q 5 Q
+p�> q� 5 Q�,/ qhnd p . q +p� . q�, x ] exgh lvwr µwr l x Q +Q�,1 Dnr mh
p 5 Q l q� 5 Q�/ qhnd exgh

p. q� @ q� .p @

;?
=

p� q/ 
flp mh q ? p
3> 
flp mh q @p
+q�p,�> 
flp mh q ? p

=

Qdsrnrq/ gh�qludpr p. 3 @p @ 3 .p/ q� . 3 @ q� @ 3 . q� l 3 . 3 @ 31
Odnr vh surymhul gd mh }eudmdqmh ] surµluhqmh }eudmdqmd qd Q l gd mh vd
fx0

ydor vyd greud vyrmvwyd1 Srnd}xmh vh sulnodgqlp r}qd
flwl Q� ndr �Q l q� ndr
�q/ sd vh ��� pr
}h lqwhusuhwludwl ndr qryd elqduqd rshudflmd +rgx}lpdqmh,
qd ]1

Pqr
}hqmh qd ] gh�qludpr ndnr volmhgl= Dnr vx p>q 5 Q/ qhnd p � q x
] exgh lvwr µwr l p � q � pq x Q> dnr vx p 5 Q l �q 5 �Q/ vwdyomdpr
p�+�q, @ +�q,�p @ �+pq,> dnr vx �p>�q 5 Q/ qhnd exgh +�p,�+�q, @
pq> qdsrnrq/ qhnd exgh 3 �p @ p � 3 @ 3 � +�q, @ +�q, � 3 @ 3 � 3 @ 3/ }d
vydnl p 5 Q l vydnl �q 5 �Q1

Qlmh whµnr surymhulwl gd mh ryr pqr
}hqmh surµluhqmh pqr
}hqmd qd Q/ wh gd
qdvomh¡xmh qmhjryd nrulvqd vyrmvwyd1 L x ] �fhpr srmhgqrvwdyqlwl }dslvlydqmh

fhvwr slµx�fl p � q ndr pq1

Xuh¡dm � qd ] xyrglpr qdmsulmh joredoqr }dkwmhyrp �Q �i3j � Q/ wm1
�p � 3 � q }d vydnl �p 5 �Q l vydnl q 5 Q1 Qdgdomh/ x Q � ] qhnd exgh
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xuh¡dm � qdvomh¡hq rg +Q>�,/ grn x �Q reuqlpr wdm xuh¡dm/ wm1 �p � �q
x ] ndg jrg mh q �p x Q1

] v rshudflmdpd . l � l xuh¡dmhp � qd}lydpr vnxsrp flmholk eurmhyd

l r}qd
fxmhpr vd +]>.> �>�,/ d qmhjryh hohphqwh qd}lydpr flmholp eurmh0

ylpd1 Mhgqrvwdyqrvwl udgl/ rel
fqr vh slµh vdpr ]/ d 
}hol ol vh lvwdnqxwl
hohphqwh l xuh¡dm/ slµh vh ] @ i� � � >�q> � � � >�5>�4> 3> 4> 5> � � � > q> � � � j1

Qhnd 
flwdwhom grnd
}h ryh mhgqrvwdyqh wyugqmh=
+l, Vnxs ] mh hnylsrwhqwdq vnxsx Q/ gdnoh/ m]m @ Cf>
+ll, Xuh¡hql vnxs +]>�, qhpd qdmpdqmhjd hohphqwd1

�%3%- ���#/��/� 2�#��$�

Surpdwudmpr gluhnwql surgxnw ]�Q @ i+p>q, m p 5 ]> q 5 Qj l qd qmhpx
elqduqx uhodflmx � gh�qludqx sudylorp=

+p>q, � +p�> q�,/pq� @p�q=

Odnr vh surymhul gd mh � ud}uhgehqd uhodflmd/ sd vh vnxs ]�Q sr qmrm flmhsd
qd glvmxqnwqh ud}uhgh ^+p>q,` � ]� Q1 R}qd
flpr voryrp T vnxs vylk wlk
ud}uhgd/ wm1 T @ i^+p>q,` m p 5 ]> q 5 Qj1 Qd vnxsx T gh�qludpr elqduqh
uhodflmh . +}eudmdqmh, l � +pqr
}hqmh, l uhodflmx � +pdqmh lol mhgqdnr,
ndnr volmhgl=

^+p�> q�,` . ^+p2> q2,` @ ^+p�q2 .p2q�> q�q2,`>
^+p�> q�,` � ^+p2> q2,` @ ^+p�p2> q�q2,`>
^+p�> q�,` � ^+p2> q2,`/p�q2 �p2q�>

jgmh qd ghvqlp vwudqdpd gh�qlflmvnlk mhgqdnrvwl vwrmh rshudflmh l xuh¡dm qd
]1 Srnd}xmh vh gd vx rshudflmh . l � l uhodflmd � qd T greur gh�qludqh/ wm1
gd qh rylvh r l}erux suhgvwdyqlnd hnylydohqflmvnlk ud}uhgd1 Sulpmhulfh/ }d
}eudmdqmh/ qhnd mh ^+p�

�> q
�

�,` @ ^+p�> q�,` l ^+p�

2> q
�

2,` @ ^+p2> q2,`1 Wdgd mh/
sr gh�qlflml/

^+p�

�> q
�

�,` . ^+p�

2> q
�

2,` @ ^+p�

�q
�

2 .p�

2q
�

�> q
�

�q
�

2,`/
sd exgx�fl gd mh/ sr uhodflml �/

+p�

�q
�

2 .p�

2q
�

�, � +q�q2, @p�

�q
�

2q�q2 .p�

2q
�

�q�q2 @

@p�q2q
�

�q
�

2 .p2q�q
�

�q
�

2 @ +p�q2 .p2q�, � +q
�

�q
�

2,/
wr mh

^+p�

�> q
�

�,` . ^+p�

2> q
�

2,` @ ^+p�> q�,` . ^+p2> q2,`1
Qdgdomh/ srnd}xmh vh gd vx rshudflmh . l � dvrflmdwlyqh l nrpxwdwlyqh/

gd mh . rervwudqr glvwulexwlyqd qd �/ gd mh � xuh¡dmqd uhodflmd/ wh gd vh �
greur srqdµd suhpd . l �1

Vnxs T v rshudflmdpd . l � l xuh¡dmhp � qd}lydpr sromhp +lol srw0

sxqr xuh¡hqlp sromhp, udflrqdoqlk eurmhyd l r}qd
fxmhpr v +T>.> �>�
,/
d qmhjryh hohphqwh qd}lydpr udflrqdoqlp eurmhylpd +lol ud}orpflpd,1
Mhgqrvwdyqrvwl udgl/ wx vwuxnwxux r}qd
fxmhpr vdpr +srgheomdqlp, vor0
yrp T1
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Sulplmhwlpr gd mh sudylorp p :$ ^+p> 4,`/ p 5 ]/ greur gh�qludqd lqmhn0
wlyqd ixqnflmd l} ] x T1 Wr grsxµwd gd vh srlvwrymh�fhqmhp hohphqwd p 5 ]
v hohphqwrp ^+p> 4,` 5 T vnxs ] vkydwl srgvnxsrp vnxsd T/ gdnoh/ ] � T1
�wrylµh/ sul ryrpx srlvwrymh�fhqmx rvwdmx vd
fxydqh rshudflmh . l �/ ndr l
xuh¡dm � qd ]/ sd mh vwuxnwxud +T>.> �>�, surµluhqmh vwuxnwxuh +]>.> �>�,1
Vdgd vh vplmh srmhgqrvwdyqlwl }dslvlydqmh udflrqdoqlk eurmhyd=

^+p>q,` @

�
3> 
flp mh p @ 3
6�

?� > 
flp mh p 9@ 3
>

jgmh mh +p�> q�, 5 ^+p>q,` l P+p�> q�, @ 4 +wm1 p� l q� vx uhodwlyqr survwl/ y1
¢41719 ]dgdwdn ;,1
Xrel
fdmlor vh slvdwl
T @ it @ 6

?
m p 5 ]> q 5 Qj

�
;
>

jgmh mh � sulmh qdyhghqd hnylydohqflmvnd uhodflmd qd ]�Q l P+p>q, @ 41
Qd vnxsx T vh sulurgqr gh�qlud surµluhqmh rgx}lpdqmd ��� qd ]1 Rvlp
wrjd/ qdTqi3jpr
}hpr gh�qludwl qryx rshudflmx� +glmhomhqmh,/ �+t�> t2, �
t� = t2 �

^�
^2
/ vwdyomdmx�fl

t� = t2 @
6
?
� t>

sul 
fhpx mh +p>q, 5 ^+p�q2>p2q�,` l P+p>q, @ 4/ d t� @ 6�

?�
l t2 @ 62

?2
1

Grgdwqr vh gh�qlud l 3 = t @ 3 }d vydnl t 5 Tqi3j/ grn vh �t = 3� qh pr
}h
mhgqr}qd
fqr rvplvolwl1

Qhnd 
flwdwhom surymhul lvwlqlwrvw vomhgh�fh wyugqmh=
t� = t2 @ t� / t� @ t2 � t�/ t�> t2> t� 5 T/ t2 9@ 31

Qdyhglpr mrµ gyd vyrmvwyd vnxsd udflrqdoqlk eurmhyd=
+l, Vnxs T mh hnylsrwhqwdq vnxsx Q/ wm1 mTm @ Cf>
+ll, Xuh¡hql vnxs +T>�, mh vyxgd jxvw/ wm1

+;t�> t2 5 T, t� ? t2 , +<t 5 T,t� ? t ? t21
+L}udyqd srvomhglfd mhvw ehvnrqd
fqrvw vydnrj qhsud}qrj lqwhuydod ? t�> t2 AT
x +T>�,1,
Gd elvpr grnd}dol +l,/ vmhwlpr vh gd mh Q hnylsrwhqwdq vyrpx gluhnwqrp nyd0
gudwx/ wm1 vnxsx Q�Q1 Exgx�fl gd vx Q l ] hnylsrwhqwql/ odnr vh srnd
}h gd
vx l Q�Q l ]�Q hnylsrwhqwql/ sd vx rqgd l vnxsryl Q l ]�Q hnylsrwhqwql1
Sulplmhwlpr gd mh ixqnflmd i = ] � Q $ T/ i+p>q, @ 6

?
/ vxumhnflmd/ µwr

vnxsd v suhwkrgqlp mdp
fl revwrmqrvw qhnh vxumhnflmh l} Q qd T1 Qr exgx�fl
gd mh Q � T prud elwl mTm @ mQm � Cf1 ]d +ll, mh gryromqr sulplmhwlwl gd mh
^�n^2

2 5? t�> t2 AT 
flp mh t� ? t21

Udflrqdoqh eurmhyh mh mh srjrgqr sulnd}dwl srpr�fx wr
fdnd qhnrj sudyfd1
X wx vyukx/ x
fyuvwlpr elor nrmx wr
fnx R +lvkrglµwh, rgdeudqrjd sudyfd l
wr
fnx H�/ ud}ol
flwx rg R/ qd �ghvqrm� }udfl rguh¡hqrm wr
fnrp R1 Wr
fnl R
sulgux
}lpr flmhol eurm 3/ d wr
fnl H� sulurgql eurm 41 Qdqrvh�fl gx
}lqx RH�

x}dvwrsfh qd rgdeudqx }udnx
��$
RH� l sulgux
}xmx�fl wdnr grelyhqlp wr
fndpd

uhgrp +�, sulurgqh eurmhyh/ suhvolndw �fhpr vnxs sulurgqlk eurmhyd lqmhn0
wlyqr x vnxs vylk wr
fdnd wh }udnh1 Suhvolndydmx�fl qd lvwl qd
flq suhrvwdoh
flmhoh eurmhyh +�Q, qd �olmhyx� }udnx/ vpmhvwlw �fhpr ] x vnxs vylk wr
fdnd
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rgdeudqrjd sudyfd1 Sulwrp vh 
fxyd xuh¡dm/ wm1 p ? q x ] wr
fqr rqgd
ndg mh H6 �olmhyr rg� H?1 Sr}qdwlp qd
flqrp glmhomhqmd gx
}lqh pr
}hpr/
qdgdomh/ vydnrp udflrqdoqrp eurmx t @ 6

?
sulgux
}lwl mhglqvwyhqx wr
fnx H^

qd rgdeudqrpx sudyfd1 +Sulwrp }d t 5? n> o AT/ n> o 5 ]/ n ? o/ glmholpr
gx
}lqx H&H, $, Wdnr vh l T lqmhnwlyqr l 
fxydmx�fl xuh¡dm suhvolnd x vnxs vylk
wr
fdnd surpdwudqrjd sudyfd1

2 (
�

� ��� ��B

�

(
�

Exgx�fl gd mh T vyxgd jxvw/ prjor el vh srplvolwl gd mh qd rslvdql qd
flq
vydnrm wr
fnl qd rgdeudqrpx sudyfx sulgux
}hq qhnl udflrqdodq eurm/ wm1 gd
mh rslvdqd ixqnflmd l} T x vnxs vylk wr
fdnd qd wrpx sudyfx vxumhnwlyqd1 Gd
vh udgl r }deoxgl srnd}xmh rydm mhgqrvwdyql sulpmhu1

2

1 0

� �

(� 7

Nrqvwuxludmpr nydgudw �RH�PQ qdg �rvqryqrp� gx
}lqrp RH�/ sd }d0
urwludmpr qmhjryx glmdjrqdox RP rnr wr
fnh R srod
}x�fl mx qd }udnx

��$
RH�1

Wdnr �fh vh wr
fnd P suhvolndwl x qhnx wr
fnx W rgdeudqh }udnh1 Ndg el wr
fnd
W elod volnd qhnrj udflrqdoqrj eurmd t/ yulmhglor el t2+� t � t, @ 42 . 42 @ 5

+Slwdjrulq srx
fdn,/ µwr mh xrel
fdmhqr slvdwl ndr t @ 5
�

2 � s
5 +y1 Whruhp

417145,1 Qdµx �fh suhwsrvwdynx vdgd odnr rerulwl vomhgh�fd ohpd +sulmh ylgl
¢41719 Ymh
}eh/ ]dgdwdn 51,=

Ohpd 41714 Nydgudw q2 � q �q sulurgqrj eurmd q mh +qh,sdudq rqgd l vdpr

rqgd/ dnr mh q +qh,sdudq1

Grnd}1 Suyr grnd}xmhpr gryromqrvw1 Qhnd mh q 5 Q sdudq/ wm1 q @ 5n
}d qhnl n 5 Q1 Wdgd mh l q2 @ +5n,2 @ 7n2 @ 5+5n2, sdudq1 Dnr mh q qhsdudq/
wm1 q @ 5n � 4/ rqgd mh l q2 @ +5n � 4,2 @ 7n2 � 7n . 4 @ 5+5n2 � 5n, . 4
qhsdudq1 ]d grnd}lydqmh qx
}qrvwl/ qhnd mh q2 @ 5n sdudq1 Ndg q qh el elr
sdudq/ elr el qhsdudq +vydnl sulurgdq eurm mh lol sdudq lol qhsdudq,/ sd el/
sr grnd}dqrm gryromqrvwl/ l q2 elr qhsdudq 0 surwxvoryomh1 Qd lvwl qd
flq vh
}dnomx
fxmx x vox
fdmx q2 qhsdudq1

Yudwlpr vh qdµhpx ud}pdwudqmx/ wm1 suhwsrvwdyfl gd wr
fnl W rgjrydud
udflrqdoql eurm t � s

51 Wr el }qd
flor gd mh
s
5 � 6

?
}d qhnh p>q 5 Q

l P+p>q, @ 41 Wdgd el elor 5 @ 62

?2
/ wm1 p2 @ 5q2/ sd el sr Ohpl

41714 elor p @ 5n2 }d qhnl n 5 Q1 Wr el gdomh sryod
flor gd mh q2 @ 5n2/
sd el l q elr sdudq/ wm1 q @ 5o }d qhnl o 5 Q1 Qdsrnrq/ volmhglor el
4 @ P+p>q, @ P+5n> 5o, � 5 0 surwxvoryomh1 Suhpd wrpx/ wr
fnd W +nrmd
rgjrydud �yhol
flql�

s
5, qlmh volnd udflrqdoqrj eurmd sr rslvdqrp suhvolnd0

ydqmx1 Guxjlp ulmh
flpd/ wuhwludpr ol
s
5 ndr +qhnl qryl, �eurm�/

s
5 @5 T1

]dwr vh nd
}h gd x vnxsx T srvwrmh sud}qlqh1
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Xsudyr gdnd}dqd 
flqmhqlfd qdyrgl qd qryr surµluhqmh x volmhgx Q � ]
� T1 X wx vyukx/ vmhwlpr vh suhuh}d E x xuh¡hqrp vnxsx +[>�, +y1 Gh�ql0
flmx 4151:,1 Surpdwudmpr xuh¡hql vnxs +T>�, l suhuh}h x qmhpx1 R}qd
flpr
v U vnxs vylk suhuh}d E x +T>�,1 Sulplmhwlpr gd vh l vydnl udflrqdodq eurm
vplmh vpdwudwl wdnylp suhuh}rp/ mhu mh prjx�fh srlvwrymh�fhqmh +elmhnflmd,
T 6 t � E^ @? t> � AT@ it� 5 T m t ? t�j1 +Qdlph/ E^ @ E^� / t @ t�/
sd mh/ }d vydnl t 5 T/ }dsudyr lqi E^ @ t , Wr sryod
fl gd mh T � U sd
U qlmh sud}dq1 �wrylµh/ suhwkrgqr ud}pdwudqmh srnd}xmh gd l U q T 9@ >1
]dlvwd/ exgx�fl gd

s
5 +@5 T, rgjrydud suhuh}x E @ it 5 T m t2 A 5j x

+T>�,/ wr vplmhpr gu
}dwl
s
5 5 U1 
Fhvwr mh nrulvqr suhuh}h x +T>�,/ wm1 hoh0

phqwh vnxsd U/ r}qd
fdydwl gyrmdnr 0 ndr hohphqwh u 5 U l ndr rgjrydudmx�fh
srgvnxsryh u � E � T=

Vdgd �fhpr qd vnxsx U gh�qludwl xuh¡dm � l rshudflmh . +}eudmdqmh, l �
+pqr
}hqmh,/ µwr �fh elwl surµluhqmd rqlk qd T1 ]d gyd suhuh}d E� � u�> E2 �
u2 5 U vwdyomdpr=

u� � u2 / E2 � E�>
u� . u2 � E� .E2 @ it� . t2 m t� 5 E�> t2 5 E2j

+}d µwr vh odnr srnd
}h gd mh suhuh} E � u x T,>
}d pqr
}hqmh/ qhnd vx qdmsulmh u� A 3 l u2 A 3 +wm1 E� A i3j l E2 A i3j,/ sd
gh�qludmpr

u� � u2 � E� �E2 � it� � t2 m t� 5 E�> t2 5 E2j
+µwr mh rshw qhnl suhuh} E � u x T l u A 3,> dnr mh u� ? 3 l u2 A 3 +u� A 3 l
u2 ? 3,/ qhnd exgh

u� � u2 @ �++�u�, � u2, +u� � u2 @ �+u�+� � u2,,/
jgmh mh �u� � �E� @ i�t� m t� 5 E�j/ l @ 4> 51
+Gdndnr gd vx qd ghvqlp vwudqdpd gylmx suylk gh�qlflmvnlk mhgqdnrvwl
rshudflmh qd T1 Surymhux qhrylvqrvwl r l}erux uhsuh}hqwdqdwd suhsxµwdpr

flwdwhomx1, Qlmh whµnr surymhulwl gd vh sr lqnox}lml l = T /$ U 
fxydmx rshudflmh
. l � ndr l xuh¡dm � l} T1

Vnxs U v rydnr gh�qludqlp rshudflmdpd . l � l xuh¡dmhp � qd}lydpr sr0

omhp +lol srwsxqr xuh¡hqlp sromhp, uhdoqlk eurmhyd l r}qd
fxmhpr

v +U>.> �>�,/ d qmhjryh hohphqwh qd}lydpr uhdoqlp eurmhylpd= Ndr l

gr vdgd/ mhgqrvwdyqrvwl udgl/ qdm
fhµ�fh �fhpr lvsxµwdwl r}qdnh }d vwuxnwxux l

slvdwl vdpr U1

Lvwdnqlpr vnxsryh/ rgqrvqr/ surµluhqmd µwr vpr lk rygmh nrqvwuxludol=
Q � ] � T � U1 Srnd}xmh vh gd vydnrm wr
fnl W eurmhyqrj sudyfd rgjrydud
wr
fqr mhgdq uhdodq eurm u l reudwqr/ sd vh nd
}h gd vnxs U/ }d ud}olnx rg T/
qhpd sud}qlqd +y1 Whruhp 4171<,= Sulwrp mh ? x U lvwr µwr l �elwl olmhyr�
qd eurmhyqrp sudyfx1

Nrpsohphqw U q T � M qd}lydpr vnxsrp ludflrqdoqlk eurmhyd/ d
qmhjryh hohphqwh ludflrqdoqlp eurmhylpd1 Gdnoh/

s
5 mh sulpmhu lud0

flrqdoqrjd +uhdoqrj, eurmd1
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Vdgd �fhpr vh sr}dedylwl qhnlp yd
}qlp whphomqlp vyrmvwylpd vnxsd uh0
doqlk eurmhyd1

Whruhp 4171: Vydnl qhsud}ql l rgr}gro +rgr}jru, rph¡hql vnxs D � U
lpd lq�pxp lqi D +vxsuhpxp vxsD,1

Grnd}1 Qhnd mh D rgr}gro rph¡hq qhnrp grqmrp ph¡rp p 5 U/ wm1
p � d }d vydnl d 5 D1 Sr gh�qlflmdpd vnxsd U l xuh¡dmd � qd qmhpx/ p mh
srmhgqrvwdyomhqd r}qdnd }d suhuh} E6 nrml vplmhpr r}qd
flwl ndr ? p> � AT�
T +ldnr/ rs�fhqlwr/ p @5 T,/ grn mh vnxs D/ }dsudyr/ vnxs iE@ m d 5 Dj
suhuh}d E@ @? d> � AT� T1 Exgx�fl gd mh ipj � D/ wr mh E@ � E6 }d vydnl
d 5 D/ gdnoh/ l E � V

@M�

E@ � E61 Vnxs D mh qhsud}dq sd vx wdnyl l E@/

gdnoh/ l E1 Qdgdomh/ TqE � TqE6 9@ > l TqE@ ? E@ }d vydnl d 5 D/ sd mh l
TqE @ Tq+ V

@M�

E@, @
W
@M�

+TqE@, ? E@ }d vydnl d 5 D1 Volmhgl }dnomx
fdn gd

mh E suhuh} x +T>�,1 +Qdlph/ E qhpd plqlpdoqrjd hohphqwd1 X surwlyqrp/
wdm el sulsdgdr qhnrp E@ sd el elr l plqE@/ µwr surwxumh
fl 
flqmhqlfl gd mh
E@ suhuh}1, Ndr l gr vdgd/ srmhgqrvwdyqlpr r}qdnx E @? e> � AT� e 5 U/
sd mh e � d }d vydnl d 5 D/ mhu mh E@ � E }d vydnl d 5 D1 Suhpd wrpx/
e mh grqmd ph¡d vnxsd D1 Qhnd mh e� elor nrmd grqmd ph¡d vnxsd D/ nrmrm
qhnd sulsdgd suhuh} E�1 Wdgd mh e� � d }d vydnl d 5 D/ sd mh E� � E@ }d
vydnl d 5 D1 Vwrjd mh E� � E @

V
@M�

E@/ gdnoh/ e� � e/ sd mh e qdmyh�fd grqmd

ph¡d rg D/ wm1 e @ lqi D1 Vdylp vol
fqr vh grnd}xmh wyugqmd r vxsuhpxpx
qhsud}qrj l rgr}jru rph¡hqrj vnxsd D1

Qduhgqd gyd whruhpd grqrvh mrµ gyd yd
}qd vyrmvwyd vnxsd uhdoqlk eurmh0
yd 1+Suyl rg qmlk yulmhgl l x T � U1, Pr
}h vh grnd}dwl gd vx rql }dmhgqr
hnylydohqwql Whruhpx 4171:1

Whruhp 4171; +Duklphgry dnvlrp, Qhnd vx d> e 5 U/ d A 31 Wdgd srvwrml

q 5 Q wdndy gd mh qd A e1

Vnlfd=
� D �D �Q���D

E

QD

Grnd}1 Odnr elvpr prjol whruhp grnd}dwl sulpmhqrp Whruhpd 4171:/
dol �fhpr udglmh lvnrulvwlwl gh�qlflmx xuh¡hqrjd sromd U ndr surµluhqmd rg T
srpr�fx suhuh}d1 Sulplmhwlpr/ qdmsulmh/ gd }d vydnl u 5 U srvwrmh qhnl
t 5 T wdndy gd mh u ? t +u mh qhnl suhuh} E x +T>�,/ d xuh¡dm qd U mh
surµluhqmh rqrjd qd T,1 Qdgdomh/ }d vydnl u 5 Un +� iu 5 U m u A 3j,
srvwrml qhnl t 5 Tn +� it 5 T m t A 3j, wdndy gd mh t � u1 ]dlvwd/
exgx�fl gd mh 3 ? u/ wr }d sulsdgqh suhuh}h yulmhgl E ' Ef/ wm1 Ef q E 9@ >1
Srvwrml/ gdnoh/ qhnl t 5 Ef q E � T µwr rqgd sryod
fl gd mh 3 ? t � u1 Ryr
qdp srnd}xmh gd mh gryromqr whruhp grnd}dwl x vox
fdmx d> e 5 T1 �wrylµh/ sr
xvnod¡hqrvwl nrqvwuxludqlk vwuxnwxud rg Q gr T/ gryromqr mh whruhp grnd}dwl
ndg mh d @ �

6
l e @ s/ p> s 5 Q1 Dnr mh p � s x}plpr q @ s2 . 41 Wdgd
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mh qd @ q � �
6
� ?

R
@ R2n�

R
A R2

R
@ s @ e1 Dnr mh/ sdn/ p A s rqgd

srvwrml n 5 Q wdndy gd mh p @ s . n1 Eludmx�fl q @ +s . n,2 grelydpr

qd @ q � �
6

@ ?
Rn& @ ERn&�2

Rn& @ s. n A s @ e1

Whruhp 4171< +Fdqwrury dnvlrp, Qhnd mh }d vydnl q 5 Q gdq vhjphqw

^d?> e?` � U l qhnd q � p sryod
fl ^d6> e6` � ^d?> e?` +wm1 d? � d6 � e6 �
e?,1 Wdgd mh

W
?MQ

^d?> e?` 9@ >1

Vnlfd=
D�

���� D E
���

E� E�
E�

D� D�

Grnd}1 Rydm whruhp �fhpr/ }d ud}olnx rg suhwkrgqrjd/ grnd}dwl sul0
pmhqrp Whruhpd 4171:1 R}qd
flpr D � id? m q 5 Qj l E � ie? m q 5 Qj
sd mh r
flwr > 9@ D � E 9@ > +srgvnxsryl rg U,1 Sr Whruhpx 4171: srvwrml
vxsD � d 5 U +vydnl hohphqw rg E mh jruqmd ph¡d rg D,1 Mdvqr/ d? � d
}d vydnl q 5 Q1 Wyuglpr gd mh d � e? }d vydnl q1 Ndg/ qdlph/ qh el elor
wdnr/ srvwrmdr el qhnl qf 5 Q }d nrml el elor d A e?f / µwr el }qd
flor gd e?f
qlmh jruqmd ph¡d rg D 0 surwxvoryomh1 Volmhgl gd mh d? � d � e? }d vydnl q/
wm1 d 5 ^d?> e?` }d vydnl q1 Wlph mh whruhp grnd}dq1 +Pr
}h vh srnd}dwl gd
mh

W
?MQ

^d?> e?` @ ^d> e` sul 
fhpx mh d @ vxsD l e @ lqi E1,

Vmhwlpr vh gd vnxsryl Q � ] � T lpdmx �mhgqdnr pqrjr� +Cf, hohph0
qdwd/ wm1 gd vx hnylsrwhqwql/ gdnoh/ ehvnrqd
fql l suheurmlyl1 Grnd}dw �fhpr
gd vpr surµluhqmhp vnxsd T ludflrqdoqlp eurmhylpd 0 suhuh}lpd gr U sul0
grgdol �pqrjr ylµh� hohphqdwd/ wm1 gd mh vnxs uhdoqlk eurmhyd ehvnrqd
fdq l
qhsuheurmly1 Qdmsulmh grnd
}lpr rydm whruhp=

Whruhp 417143 X vydnrp lqwhuydox kd> el uhdoqlk eurmhyd/ d ? e/ srvwrml

qhnl udflrqdodq eurm/ wm/ kd> elT 9@ >1
Grnd}1 Rel
fqr vh rydm whruhp grnd}xmh sulpmhqrp Duklphgryd dn0

vlrpd +Whruhp 4171;,/ dol pl �fhpr jd grnd}dwl mhgqrvwdyqlmh/ wm1 l}udyqr mhu
wr grsxµwd sulvwxs srpr�fx suhuh}d1 Grnd} mh/ }dsudyr/ vdgu
}dq x �xyrgx�
grnd}d Whruhpd 4171;/ wm1 x grnd}x }d �uhgxfludqmh� Duklphgryd dnvlrpd
v U qd T1 ]dlvwd/ wdpr grnd}dqd 
flqmhqlfd gd/ }d vydnl uhdoql eurm u A 3/
srvwrml t 5 T wdndy gd mh 3 ? t � u/ pr
}h vh qd r
flw qd
flq +x}plpr u� @ o

2,
srmd
fdwl gr 3 ? t ? u1 Suhpd wrpx/ }d vydnl u 5 U mh k3> ulT 9@ >1 Vdgd
sulplmhwlpr gd lvwd nrqvwuxnflmd yulmhgl }d vydnl xuh¡hql sdu d ? e x U1

Whruhp 417144 Vnxs ludflrqdoqlk eurmhyd M +gdnoh l U � M, qlmh suheurmly1

Grnd}1 Grnd}dw �fhpr gd mh vydnl lqwhuydo kd> elM/ d ? e 5 U/ qhsuheurmly
vnxs1 Grnd} vh }dvqlyd qd ryrm

Wyugqml= Qh srvwrml vxumhnflmd l} Q qd kd> el/ d> e 5 U/ d ? e1
Gd elvpr Wyugqmx grnd}dol/ surpdwudmpr elor nrmx ixqnflmx i = Q $

kd> el1 Qd
fhor gh�qlflmh lqgxnflmrp grsxµwd/ }d vydnl q 5 Q/ gh�qludwl vhj0
phqw L? � ^d?> e?` � kd> el wdnr gd exgh L?n� � L? l i+q, 5 kd> el q L?1
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Rslµlpr lqgxnwlyql nrudn q :�$ q. 4 hnvsolflwh=
Qhnd vx vhjphqwl L� � � � � � L?> }d nrmh mh i+n, 5 kd> el q L& }d vydnl

n 5 ^4> q`Q / yh�f gh�qludql1 Dnr mh i+q.4, � d?> x}plpr L?n� @
�
@?nK?

2 > e?
�
>

dnr mh d? ? i+q.4, ? e?> x}plpr L?n� @
k
d?>

@?nsE?n��
2

l
> dnr mh i+q.4, �

e?> x}plpr L?n� @
�
d?>

@?nK?
2

�
=

Sr Fdqwruryx dnvlrpx +Whruhp 4171<, srvwrml qhnl uhdoql eurm { 5 W
?MQ

L? 9@
>= Sr nrqvwuxnflml prud elwl i+q, 9@ { }d vydnl q 5 Q= Qdlph/ }d vydnl q 5 Q
mh { 5 L?> d i+q, @5 L?= ]dnomx
fxmhpr gd }d vydnx ixqnflmx i = Q$kd> el
srvwrml qhnd wr
fnd { 5 kd> el q i ^Q`= Wlph mh wyugqmd grnd}dqd1

Wyugqmd sryod
fl gd lqwhuydo kd> el � U qlmh suheurmly vnxs1 Exgx�fl gd mh
kd> elT

V kd> elM glvmxqnwqd xqlmd x nrmrm mh kd> elT suheurmly vnxs/ wr kd> elM
prud elwl qhsuheurmly1 +Odnr vh grnd
}h gd mh xqlmd rg gyd suheurmlyd vnxsd
suheurmly vnxs$,

�%3%1 �.+#�,6/� $�����/#+6 ����/#� 2�#��

Dsvroxwqrp yulmhgqrµ�fx qd vnxsx uhdoqlk eurmhyd vpdwudpr ixqnflmx
n= U$ U gh�qludqx sudylorp

n +{, � m{m @
�

{> { � 3
�{> { ? 3

=

Gh�qlflmd l}udyqr sryod
fl gd mh/ }d vydnl { 5 U/ { � m{m l m{m � 3/ wm1
yulmhgqrvql vnxs n ^U` @ Un

V
i3j1 Sulwrp mh m{m @ 3/ { @ 31 Sulplmhwlpr

gd mh/ }d vydnl { 5 U/ { @ 4 � m{m � .m{m 
flp mh { � 3/ rgqrvqr/ { @
+�4, � m{m � �m{m 
flp mh { � 3/ sd x wrp vplvox 
fhvwr nd
}hpr gd mh uhdoql
eurm { A 3 sr}lwlydq +lol gd lpd suhg}qdn soxv 0 �.�,/ d gd mh uhdoql eurm
{ ? 3 qhjdwlydq +lol gd lpd suhg}qdn plqxv 0 ���,1 +Eurmx 3 5 U qh
sulglmhomxmhpr suhg}qdn$, Judi dsvroxwqh yulmhgqrvwl mh sulnd}dq qd fuwh
}x
gromh1

2

;

<

Exgx�fl gd mh {2 @ +�{,2 +{2 � { � {,/ wr mh m{m2 @ {21 Qdgdomh/ m � {m @ m{m l
srvhelfh m{�|m @ m|�{m/ }d vydnl sdu {> | 5 U1 Qdyhvw �fhpr mrµ qhnd yd
}qd
vyrmvwyd dsvroxwqh yulmhgqrvwl=

+l, +;{ 5 U,+;u 5 Un, ? u/�u ? { ? u +wm1 { 5? �u> u A,>
+ll, +;{> | 5 U, m{. |m � m{m. m|m +wurnxwqd qhmhgqdnrvw,

l/ rs�fhqlwr/ +;q 5 Q,+;{�> � � � > {? 5 U, m
?S

�'�
{�m �

?S
�'�

m{�m

+
?S

�'�
u� � u� . � � �. u?/ y1 srgrgmhomdn 41717,>
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+lll, +;{> | 5 U, m{� |m � m{m � m|m>
+ly, +;{> | 5 U, m{ � |m @ m{m � m|m

l/ rs�fhqlwr/ +;q 5 Q,+;{�> � � � > {? 5 U, m
?T

�'�
{�m @

?T
�'�

m{�m

+
?T

�'�
u� � u� � = = = � u?/ y1 srgrgmhomdn 41717,>

+y, +;{> | 5 U/ | 9@ 3, m
{

|
m @

m{m

m|m
>

Grnd
}lpr qsu1 +ll,= Dnr mh {. | � 3 rqgd mh m{. |m @ {. | � m{m. m|m/
d dnr mh { . | ? 3 rqgd mh rshw m{ . |m @ �+{ . |, @ +�{, . +�|, �
m � {m. m � |m @ m{m . m|m1 Rs�fl vox
fdm vh vdgd uxwlqvnl grnd}xmh srwsxqrp
lqgxnflmrp1

�%3%3 �#6�/���/��

Dvrflmdwlyqrvwl }eudmdqmd l pqr
}hqmd x U grsxµwdmx gd vh/ sulpmhqrp qd
fhod
gh�qludqmd lqgxnflmrp/ gh�qludmx }eurm l xpqr
}dn rg elor nrolnr/ dol nr0
qd
fqr/ uhdoqlk eurmhyd1 Wdnr mh }d }eurm +lol vxpx, rg q uhdoqlk eurmhyd

+suleurmqlnd, {�> = = = > {?/ q 5 Q/ x r}qdfl=
?S

�'�
{� � {�.= = =.{?/ uhnxu}lyqd

gh�qlflmd ryd=
�S

�'�
{� @ {�>

&n�S
�'�

{� @ +
&S

�'�
{�, . {&n�> n 5 Q=

Sulwrp mh +
?S

�'�
{�, � | @

?S
�'�

+{�|,1 Srvhelfh/ }d {� @ = = = @ {? � {/ grelydpr

?S
�'�

{� @ q{1

Xpqr
}dn +lol surgxnw, rg q uhdoqlk eurmhyd +idnwrud, {�> = = = > {?/

q 5 Q/ x r}qdfl=
?T

�'�
{� � {� � = = = � {?/ uhnxu}lyqr gh�qludpr rydnr=

�T
�'�

{� @ {�>
&n�T
�'�

{� @ +
&T

�'�
{�, � {&n�> n 5 Q=

Dnr mh sulwrp {� @ = = = @ {? � {/ rqgd vh xpqr
}dn
?T

�'�
{� qd}lyd q0wrp

srwhqflmrp eurmd { l r}qd
fxmh ndr {?> }d { vh nd
}h gd mh ed}d/ d }d q gd
mh hnvsrqhqw srwhqflmh {?1 Sr gh�qlflml mh/ gdnoh/ {� @ { l {&n� @ {& � {/
n 5 Q1 Rgdwoh srwsxqrp lqgxnflmrp }dnomx
fxmhpr=

+B, {6 � {? @ {6n?> +{6,? @ {6u?> +{ � |,? @ {? � |?>

wh gd/ }d pd nrmh {> | 5 U l p>q 5 Q1/ l} 3 � { ? | l q 5 Q volmhgl {? ? |?1

Qdgdomh/ dnr mh { A 4 +3 � { ? 4, rqgd mh l {? A 4 +3 � {? ? 4,1 Qdsrnrq/
}d vydnl { 5 U mh {6 ? {? 
flp mh p ? q x Q1

Srwhqfludqmh sulurgqlp hnvsrqhqwlpd +U $ U/ { :$ {?/ q 5 Q ,
surµluxmhpr qd qhjdwlyqh fmhoreurmqh hnvsrqhqwh +�q 5 ],/ dol }d { 9@ 3/
vwdyomdmx�fl= {3? @ �

%?
l {f @ 41 Srnd}xmh vh gd l gdomh yulmhgh mhgqdnrvwl +B,1
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Nrqd
fqlp ixqnflmvnlp nrpsr}lflmdpd vdvwdyomhqlp rg srwhqfludqmd/ pqr0


}hqmd l }eudmdqmh grelydpr yuor yd
}dq vnxs ixqnflmd l} U x U 0 w}y1 srolqrph1
Wr
fqd gh�qlflmd mhvw ryd= Qhnd vx gdql q 5 Q

V
i3j l df> d�> = = = > d? 5 U/

d? 9@ 31 Ixqnflmx

s = U$ U> s+{, @
?S

�'f
d�{

� � d?{
? . = = =. d�{. df>

qd}lydpr srolqrprp +q0wrjd vwxsqmd,1 Eurmhyh df> d�> = = = > d? qd}lydpr
nrh�flmhqwlpd srolqrpd s1 +Rql srvyh rguh¡xmx wdm srolqrp1,

X wr
fnl 41714 vpr vsrphqxol ghflpdoql qd
flq }dslvlydqmd sulurg0
qlk eurmhyd qdyrgh�fl r}qdnh +l qd}lyh,= 4 +mhgdq,/ 5 +gyd,/ � � � / < +gh0
yhw, l 43 +ghvhw,1 Flmhol eurm 3 qd}ydol vpr qxorp lol qlµwlfrp1 Eurmhyh
3> 4> 5> 6> 7> 8> 9> :> ;> < qd}lydpr l ghflpdoqlp }qdphqndpd1 Ghflpdoql
}dslv sulurgqrj +sd rqgd l flmhorj l udflrqdoqrj, eurmd }dvqlyd vh qd ryrm


flqmhqlfl=

]d vydnl p 5 Q srvwrml mhgdq mhglql srolqrp s nrmhpx vx nrh�flmhqwl

ghflpdoqh }qdphqnh l }d nrml mh s+43, @p1

Dnr mh wdndy srolqrp s rguh¡hq nrh�flmhqwlpd df> d�> = = = > d?/ wm1 s+{, @
d?{

?. = = =.d�{.df/ rqgd mh sulsdgql ghflpdoql }dslv eurmd p @ s+43, xs0
udyr d?d?3� = = = d�df1 Sulpmhulfh/ sulurgql eurm :�+43,�.7�+43,2.3�+43,�.8
lpd ghflpdoql }dslv :7381 Gdnoh/ eurm 43 mh �ed}l
fdq� }d ghflpdoql vxvwdy
0 rgdwoh qd}ly$1 Qd lvwl qd
flq }dslvxmhpr l qhjdwlyqh flmhoh eurmhyh +�p,
vwdyomdmx�fl }qdn ��� lvsuhg }dslvd +}d p,1 Qdsrphqlpr gd vh sruhg ghfl0
pdoqrjd udeh l qhnl guxjl vxvwdyl }d }dslvlydqmh flmholk eurmhyd1 Sulpmhulfh/
elqduql vxvwdy x nrmhpr xorjx �ed}l
fqrjd� eurmd suhx}lpd eurm 5/ sd wdm
vxvwdy lpd vdpr gylmh elqduqh }qdphqnh 0 3> 41

Rvyuqlpr vh vdgd l qd ghflpdoqr }dslvlydqmh udflrqdoqlk eurmhyd1 Dnr
mh udflrqdodq eurm t @ 6

�f? +p 5 ]/ q 5 Q,/ qd}lydpr jd ghflpdoqlp

eurmhp1 Qhnd mh p A 3 l qhnd mh qmhjry ghflpdoql }dslv d&d&3� � � �d�df/ wm1
p @ d&43

& . � � �.d�43.df1 Wdgd mh t @ d&43
&3?. � � �.d�43

�3?.df43
3?/

sd vh }d ghflpdoql }dslv ghflpdoqrjd eurmd t x}lpd=

d& � � � d?> d?3� � � � df/ ndg mh n � q>

3> d& � � � df/ ndg mh n @ q� 4>

3> 3 � � � 3d& � � �df/ ndg mh n � q� 5 +q�n� 4 qlµwlfd rg }duh}d gr d&,1

X vox
fdmx p ? 3 srvwxsdpr ndr l x vox
fdmx p A 3 grgdmx�fl }qdn ���
lvsuhg }dslvd1 Sulpmhulfh/ 67:> 4; mh ghflpdoql }dslv +ghflpdoqrjd eurmd,
6 � 432 . 7 � 43 . : . 4 � 433� . ; � 4332 @ �e.�H

�f2
> �3> 9<8 mh ghflpdoql }dslv

eurmd �9 �433��< �4332�8 �433� @ 3SbD
�f�

> 3> 333534 mh ghflpdoql }dslv eurmd
5 � 433e . 3 � 433D . 4 � 433S @ 2f�

�fS 1

Srvwrmh/ ph¡xwlp/ l qhghflpdoql udflrqdoql eurmhyl/ qsu1 �
� 1 Lsdn/ pr
}h

vh srnd}dwl +y1 ¢41719 Ymh
}eh/ ]dgdwdn 451, gd mh vydnl udflrqdodq eurm lol
ghflpdodq lol grsxµwd w}y1 shulrgl
fnl ghflpdoql }dslv +qhnh }qdphqnh
lol qhnh vnxslqh }qdphqdnd l}d }duh}d vh sudyloqr srqdyomdmx,1 Sulpmhulfh/
�
� � 3> 666 � � � � 3> b6> �2�b

bbf � 4> 5646464 � � � � 4> 5b6b41
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Vdgd el wuhedor �rwnulwl� srjrgqd whkql
fnd sudylod +vkhph, }d l}yr¡hqmh
ud
fxqvnlk rshudflmd +.>�> �>�, x vnxsx T v ghflpdoqlp }dslvrp qmhjrylk
hohphqdwd1 Qr/ rqd vx 
flwdwhomx greur sr}qdwd l} rvqryqh µnroh/ sd �fhpr lk
rygmh lvsxvwlwl1

Vmhwlpr vh gd vpr srwhqfludqmh elol gh�qludol vdpr }d fmhoreurmqh hnvsr0
qhqwh1 Vomhgh�fl �whruhp r mhglqvwyhqrvwl ed}h� mdp
fl prjx�fqrvw srwhqfludqmd
udflrqdoqlp hnvsrqhqwrp +w}y1 nrumhqrydqmh,1

Whruhp 417145 Qhnd vx gdql d 5 U/ d � 3/ l q 5 Q1 Wdgd srvwrml wr
fqr

mhgdq { 5 U/ { � 3/ wdndy gd mh {? @ d1

X grnd}x �fhpr wuhedwl qhnd vyrmvwyd +�qhsuhnlgqrvw�, pqr
}hqmd l sr0
whqfludqmd uhdoqlk eurmhyd/ nrmd �fhpr lvnd}dwl gymhpd ohpdpd1

Ohpd 41715 Qhnd vx {> |> � 5 U/ � A 31 Wdgd srvwrmh ��> �2 5 U/ �� A 3 l

�2 A 3/ wdnyl gd yulmhgl=

+;v> w 5 U, +mvm ? �� a mwm ? �2,, m+{. v,+| . w,� {|m ? �=

Grnd}1 X}plpr �� @ plqi4> "
2E�n�+��j l �2 @ "

2E�n�%�� / sd vx �� A 3 l

�2 A 3 l yulmhgl= m+{.v,+|. w,�{|m @ m+{.v,w.v|m � mwm+m{m. mvm,. mvmm|m ?
mwm+m{m. 4, . mvm+4 . m|m, � �2+m{m. 4, . ��+4 . m|m, � "

2 . "
2 @ �1

Ohpd 41716 ]d vydnl {> � 5 U/ � A 3 l vydnl q 5 Q srvwrml � 5 U/ � A 3/
wdndy gd yulmhgl=

+;v 5 U, mvm ? � , m+{. v,? � {?m ? �=

Grnd}1 Grnd}xmhpr srwsxqrp lqgxnflmrp1 ]d q @ 4 mh m+{.v,��{�m @
mvm/ sd mh gryromqr x}hwl qhnl � ? �1 Suhwsrvwdylpr gd mh wyugqmd lvwlqlwd }d
elor nrml q 5 Q1 Qhnd mh | @ {?/ sd sr Ohpl 41715 srvwrmh eurmhyl �� A 3
l �2 A 3 wdnyl gd l} mvm ? �� l mwm ? �2 volmhgl m+{ . v,+{? . w, � {?n�m ? �1
Sr lqgxnwlyqrm suhwsrvwdyfl/ }d �2 A 3 srvwrml �� A 3 wdndy gd mvm ? ��
sryod
fl m+{ . v,? � {?m ? �21 Qhnd mh � @ plqi��> ��j/ sd mh � A 3 l/ }d
vydnl v 5 U/ l} mvm ? � volmhgl mvm ? �� l m+{ . v,? � {?m ? �21 X}plpr
w @ +{ . v,? � {?/ sd wr/ vnxsd v suhwkrgqlp/ mdp
fl gd mvm ? � sryod
fl
m+{. v,?n��{?n�m @ m+{. v,+{. v,?�{?n�m @ m+{. v,+{?. w,�{?n�m ? �1

Grnd}1 +Whruhpd 417145, Qhnd mh D @ iu m u � 3ad ? u?j � U1 Exgx�fl
gd u A pd{id> 4j sryod
fl u? A u A d/ wr mh D 9@ >1 Qdgdomh/ i3j � D sd
mh D rph¡hq rgr}gro1 Sr whruhpx 4171: srvwrml lqi D � { l r
flwr mh { � 31
Wyuglpr= {? @ d1 Suhwsrvwdylpr surwlyqr/ wm1 {? 9@ d/ gdnoh/ lol {? A d lol
{? ? d1 Wdgd el elr � @ md�{?m A 31 Rgdeudyµl }d wdm �/ sr Ohpl 41716/ eurm
� A 3 grelol elvpr gd/ }d vydnl v 5 U/ yulmhgl= mvm ? � , m+{. v,? �{?m ? �1
Vdgd/ dnr el elor {? A d/ elor el {?�d @ �/ gdnoh/ { A 31 X}plpr v ? 3 wdnr
gd exgh mvm ? � l mvm ? {1 Wr �fh sryod
flwl 3 ? {.v ? { l 3 ? {?� +{.v,? @
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m{? � +{. v,?m ? � @ {? � d/ gdnoh/ d ? +{. v,?1 Surl}od}l gd mh {. v 5 D/
µwr surwxvoryl 
flqmhqlfl { . v ? { @ lqi D1 Suhrvwdmh prjx�fl {? ? d/ sul


fhpx � @ d� {?1 X}plpr wdndy v A 3 gd exgh v � �/ sd �fh elwl { ? {. v l
3 ? +{. v,? � {? @ m+{. v,? � {?m ? � @ d� {?1 Volmhgl gd mh +{. v,? ? d

sd mh { . v 5 D1 Exgx�fl gd mh { @ lqi D l v A 3/ wr srvwrml u 5 D wdndy
gd mh { � u ? { . v1 Qx/ sr gh�qlflml }d D prud elwl d ? u? ? +{ . v,?>
µwr surwxvoryl yh�f grnd}dqrm qhmhgqdnrvwl d A +d. v,?= Rylph vpr grnd}dol
revwrmqrvw uhdoqrjd eurmd { � 3 }d nrml mh {? @ d= Grnd
}lpr l qmhjryx
mhglqvwyhqrvw$ Suhwsrvwdylpr gd sruhg { srvwrml l eurm | � 3 }d nrml mh
|? @ d= Ndg el elor | ? {> elor el l d @ |? ? {? @ d 0 qhprjx�fh/ d lvwr
sryod
fl l suhwsrvwdynd | ? {= Suhrvwdmh { @ |=

�%3%5 �#02�/�6#����� #+/#$�

Qd
fhor gh�qlflmh lqgxnflmrp grsxµwd gh�qludwl ixqnflmx i = Q$ Q sudylorp
i+4, @ 4/ l i+q.4, @ i+q,�+q.4,1 Wr mh w}y1 idnwrulmho0ixqnflmd l rel
fqr mx
vh r}qd
fxmh v i+q, @ q$ +�hq0idnwrulmho�,1 Gdnoh/ 4$ @ 4/ 5$ @ 4$�5 @ 4�5 @ 5/
6$ @ 5$ � 6 @ 4 � 5 � 6 @ 9/ � � � / +q. 4,$ @ q$ � +q. 4, @ 4 � 5 � � � � � q � +q. 4,1
Nrulvqr mh grgdwqr gh�qludwl 3$ @ 41

Yuor yd
}qx xorjx lpdmx sulurgql eurmhyl nrml vh grelydmx srpr�fx idn0
wrulmhod qd vomhgh�fl qd
flq= Qhnd vx q> n 5 Q

V
i3j/ n � q1 Eurm ?-

&-E?3&�-

r}qd
fxmhpr v
�
?
&

�
+
flwdpr= hq sryuk nd, l qd}lydpr elqrpqlp nrh�fl0

mhqwrp +y1 Whruhp 417147,1 Odnr mh grnd}dwl vomhgh�fd vyrmvwyd elqrpqlk
nrh�flmhqdwd=

+l,
�
?
f

�
@ 4/

�
?
�

�
@ q>

+ll,
�
?
&

�
@
�

?
?3&

�
+vlphwul
fqrvw,/

µwr sryod
fl gd }d elqrpqh nrh�flmhqwh�
?
f

�
/
�
?
�

�
/
�
?
2

�
/ � � � /

�
?

?32

�
/
�

?
?3�

�
/
�
?
?

�
yulmhgl=�

?
f

�
@
�
?
?

�
/
�
?
�

�
@
�

?
?3�

�
/
�
?
2

�
@
�

?
?32

�
/ � � � >

+lll,
�
?
&

�
.
�

?
&n�

�
@
�
?n�
&n�

�
/ n ? q1

Nrulvwh�fl +lll, vh/ lqgxnflmrp sr q/ grnd}xmh gd mh vydnl elqrpql nrh�fl0
mhqw }dlvwd sulurgdq eurm1 Elqrpqh nrh�flmhqwh mh }jrgqr sulnd}dwl srpr�fx
vomhgh�fh vkhph/ w}y1 Sdvfdoryd wurnxwd=

Q ��N ���������������� � � �� �� �� �� � �

Q ��N �������������� � � �� �� �� � �

Q ��N ������������ � � �� �� � �

Q ��N ���������� � � � � �

Q ��N �������� � � � �

Q ��N ������ � � �

Q ��N ���� � �

Q ��N �� �

+Vydnl �xqxwudµqml� 
fodq x +q.4,0yrp uhwnx mhvw }eurm �jruqmlk vxvmhgd� l}
q0wrjd uhwnd/ d �uxe� wyruh mhglqlfh$,
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Whruhp 417146 ]d vydnl sdu {> | 5 U l vydnl q 5 Q yulmhgl w}y1 elqrpqd

irupxod =
+{. |,? @ {? . q{?3�| .

�
?
2

�
{?32|2 . � � �.

�
?

?32

�
{2|?32 . q{|?3� . |?

�
?S

&'f

�
?
&

�
{?3&|& @

?S
&'f

�
?
&

�
{&|?3&1

Grnd}1 Loxvwudflmh udgl/ vmhwlpr vh ryh irupxoh x greur sr}qdwlp vox
fd0
mhylpd q @ 4> 5> 6= +{. |,� @ {. |/ +{. |,2 @ {2 . 5{| . |2/ +{. |,� @
{� . 6{2| . 6{|2 . |�1 Exgx�fl gd �fhpr whruhp grnd}dwl srwsxqrp lqgxn0
flmrp/ suyl mh nrudn qd
flqmhq1 Suryhglpr lqgxnwlyql nrudn q :$ q. 4=

+{. |,?n� @ +{. |,?+{. |, @+ lqgxnwlyqd suhwsrvwdynd,

+
?S

&'f

�
?
&

�
{?3&|&,+{. |, @

?S
&'f

�
?
&

�
{?n�3&|& .

?S
&'f

�
?
&

�
{?3&|&n� @

{?n� .
?S

&'�

�
?
&

�
{?n�3&|& .

?3�S
&'f

�
?
&

�
{?3&|&n� . |?n� @

+�srp l
fhpr� lqghnv n x n.4 x guxjr m vxp l/ sd x suleur mqlflpd prud n srvwdwl n04 ,

{?n� .
?S

&'�

�
?
&

�
{?n�3&|& .

?S
&'�

�
?

&3�

�
{?3E&3��|E&3��n� . |?n� @

{?n� .
?S

&'�

+
�
?
&
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.
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?
&3�

�
,{?n�3&|& . |?n� @+vyr mvwyr +lll,,

{?n� .
?S
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�
?n�
&

�
{?n�3&|& . |?n� @

?n�S
&'f

�
?n�
&
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{?n�3&|&/


flph mh wyugqmd grnd}dqd1 Mhgqdnrvw
?S

&'f

�
?
&

�
{?3&|& @

?S
&'f

�
?
&

�
{&|?3& mh

srvomhglfd xr
fhqh vlphwul
fqrvwl elqrpqlk nrh�flmhqdwd l/ gdndnr/ nrpxwd0
wlyqrvwl }eudmdqmd l pqr
}hqmd x U1

Nrurodu 41715 +l, +{� |,? @
?S

&'f

+�4,&
�
?
&

�
{?3&|&>

+ll,
?S

&'f

�
?
&

�
@ 5?>

+lll,
?S

&'f

+�4,&+?&, @ 31

Grnd}1 Wyugqmd +l, volmhgl l} Whruhpd 417146 }dpmhqrp | vd �|/ wm1
+{ � |,? @ +{ . +�|,,?/ grn vh +ll, grelyd l} Whruhpd 417147 x vox
fdmx
{ @ | @ 41 Wyugqmd +lll, vh grelyd l} +l, vwdyomdmx�fl | @ {1

Gh�qlflmd 41716 Shupxwdflmrp +lol suhpmhvwerp, q0wrj uhgd qd}lydpr

vydnx elmhnflmx ^4> q`Q $ ^4> q`Q1
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L}mhgqd
fxmx�fl wdnyx elmhnflmx v qmh}lqrp xuh¡hqrp +sr grphql, volnrp/
vplmhpr uh�fl gd mh shupxwdflmd q0wrjd uhgd vydnl q0vorj +lol xuh¡hqd
q0wrund, +l�> � � � > l?,ph¡xvreqr ud}ol
flwlk +gdnoh/ vylk, hohphqdwd rg ^4> q`Q/
wm1 vplmhpr uh�fl gd mh shupxwdflmd q0wrjd uhgd vydnl xuh¡dm vnxsd ^4> q`Q1
Eurm l�/ 4 � m � q/ qd}lydpr m0wrp nrruglqdwrp vorjd +l�> � � � =l?,1 R
flwr
mh gd vh jruqmd gh�qlflmd pr
}h irupdoqr suhqlmhwl qd vydnl nrqd
fql vnxs
[ @ i{�> � � � > {?j/ sd wdgd jryrulpr r shupxwdflml vnxsd [1

Sulpmhu 41714 Srslµlpr vyh shupxwdflmh vnxsd [ @ id> e> fj1 Wr vx=
+d> e> f,/ +d> f> e,/ +e> d> f,/ +e> f> d,/ +f> d> e,/ +f> e> d,1

Whruhp 417147 Nduglqdoql eurm S? vnxsd vylk shupxwdflmd q0wrjd uhgd

mhvw q$1

Grnd}1 Sr gh�qlflml +nrphqwdux, mh vydnd shupxwdflmd q0wrj uhgd qhnl
hohphqw +l�> � � � =l?, gluhnwqrjd surgxnwd ^4> q`Q � � � � � ^4> q`Q � +^4> q`Q,

?

nrmhpx vx vyh nrruglqdwh ph¡xvreqr ud}ol
flwh1 ]d suyx nrruglqdwx lpdpr/
gdnoh/ q prjx�fqrvwl l}erud/ }d guxjx 0 q� 4/ � � � / }d }dgqmx + q0wx, 0 mhgqx
prjx�fqrvw1 Sr �surgxnwqrp sudylox� +y1 ¢41719 Ymh
}eh/ ]dgdwdn 581, mh
S? @ q � +q� 4, � � � � � 4 @ q$1

Uh�fl �fhpr gd vx x shupxwdflml +l�> � � � =l� > � � � > l&> � � � > l?, nrruglqdwh l�
l l&/ 4 � m ? n � q/ wyruh lqyhu}lmx/ dnr mh l& ? l�1 Sulpmhulfh/ x shu0
pxwdflml wuh�fhjd uhgd +6> 4> 5, lqyhu}lmx wyruh 6 l 4 wh 6 l 5/ grn x shupxwdflml
+4> 5> 6, qhpd lqyhu}lmd1 Dnr x shupxwdflml +l�> � � � =l?, lpd xnxsqr sdudq
eurm +xnomx
fxmx�fl qlµwlfx, lqyhu}lmd/ jryrulpr r sduqrm shupxwdflml/ d x
surwlyqrp r qhsduqrm shupxwdflml1 Sulpmhulfh/ +5> 6> 4, lpd wr
fqr gylmh lq0
yhu}lmh sd mh wr sduqd shupxwdflmh/ grn mh +6> 5> 4, qhsduqd shupxwdflmd mhu
lpd xnxsqr wul lqyhu}lmh1

Udgl ol vh r shupxwdflmdpd nrqd
fqrj vnxsd [/ m[m @ q/ qdmsulmh wuhed
lqghnvludwl qmhjryh hohphqwh }dslvrp [ @ i{� m l 5 ^4> q`Qj/ wm1 rguhglwl
�rvqryqx shupxwdflmx� +{�> � � � > {?,/ d gdomh vh udgl yrgh�fl ud
fxqd vdpr r
lqghnvlpd1 +Lqghnvludwl hohphqwh vnxsd [/ m[m @ q/ }dsudyr }qd
fl rgdeudwl
qhnx elmhnflmx i = ^4> q`Q $ [ l }dslvdwl [ @ ii+l, @ {� m l 5 ^4> q`Qj @
i{�> � � � > {?j1 Gd vh vydnl nrqd
fdq vnxs pr
}h lqghnvludwl volmhgl l} Whr0
uhpd 41719,

Gh�qlflmd 41717 Nrpelqdflmrp q0wrj uhgd l u0wrj ud}uhgd vpdwudpr

vydnl u0
fodql srgvnxs il�> � � � > loj rg ^4> q`Q/ grsxµwdmx�fl l vox
fdm u @ 3/ wm1

sud}ql srgvnxs > � ^4> q`Q1

Gh�qlflmd vh qd r
flw qd
flq suhqrvl qd vydnl nrqd
fql vnxs [ @ i{�c � � � > {?j/
sd vh wdgd jryrul r nrpelqdflml u0wrjd ud}uhgd vnxsd [1 Sulplmhwlpr
gd prud elwl 3 � u � q1

Sulpmhu 41715 Srslµlpr vyh nrpelqdflmh guxjrjd ud}uhgd vnxsd [ @
id> e> fj1 Wr vx= id> ej> id> fj> if> dj1
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Whruhp 417148 Nduglqdoql eurm No
? vnxsd vylk nrpelqdflmd q0wrj uhgd l

u0wrj ud}uhgd mhvw elqrpql nrh�flmhqw
�
?
&

�
1

Grnd}1 ]d u @ 3 l u @ q srvwrmh/ }d vydnl q 5 Q/ mhglqvwyhql srgvnxsryl
> l ^4> q`Q rg ^4> q`Q uhgrp/ µwr vh vod
}h v +?f , @ 4 @ +??,1 Dnr mh q @ 4 wr vx
l mhglql srgvnxsryl rg ^4> q`Q @ i4j1 Qhnd mh vdgd q � 5 l 4 � u � q � 41
Sulplmhwlpr gd vh vydnd shupxwdflmd pr
}h grelwl l}erurp qhnh nrpelqdflmh
shuplwludmx�fl wx nrpelqdflmx l qmh}lq nrpsohphqw1 Exgx�fl gd

0 ^4> q`Q lpd xnxsqr No
? +@B, u0
fodqlk srgvnxsryd/

0 vydnl u0
fodql vnxs lpd xnxsqr So shupxwdflmd/
0 vydnl +q� u,0
fodql vnxs lpd xnxsqr S?3o shupxwdflmd/

wr surgxnwqr sudylor sryod
fl= S? @ No
? � So � S?3o1

Volmhgl= No
? @ ?-

o-E?3o�- @
�
?
&

�
1

Gh�qlflmd 41718 Ydulmdflmrp q0wrj uhgd l u0wrj ud}uhgd vpdwudpr vyd0

nl u0vorj +l�> � � � > lo, ph¡xvreqr ud}ol
flwlk hohphqdwd rg ^4> q`Q/ grsxµwdmx�fl l
vox
fdm u @ 3/ wm1 �sud}ql vorj� >1

Gh�qlflmd vh sulurgqr suhqrvl qd vydnl nrqd
fql vnxs [ @ i{�c � � � > {?j/ sd
wdgd jryrulpr r ydulmdflml u0wrjd ud}uhgd vnxsd [1 Sulplmhwlpr gd }erj
ud}ol
flwrvwl hohphqdwd prud elwl 3 � u � q1

Sulpmhu 41716 Srslµlpr vyh ydulmdflmh guxjrjd uhgd vnxsd [ @ id> e> fj1
X suhwkrgqrpx sulpmhux vpr lvslvdol vyh sulsdgqh nrpelqdflmh guxjrjd
ud}uhgd= id> ej> id> fj> ie> fj1 Suhrvwdmh lk shupxwludwl/ µwr gdmh= +d> e,>
+e> d,/ +d> f,> +f> d,/ +e> f,/ +f> e,1

Nrurodu 41716 Nduglqdoql eurm Y o
? vnxsd vylk ydulmdflmd q0wrj uhgd l u0wrj

ud}uhgd mhvw q � +q� 4, � � � � � +q� u . 4, � +q,o1

Grnd}1 L} Gh�qlflmh 41718 surl}od}l gd vx ydulmdflmh lvwr µwr l shupxwdflmh
rgjrydudmx�flk nrpelqdflmd1 Suhpd wrpx/ Whruhplpd 417148 l 417149 l sur0
gxnwqrp sudylox }dnomx
fxmhpr=

Y o
? @ No

? � So @ ?-
o-E?3o�- � u$ @ q � +q� 4, � � � � � +q� u. 4,1

X ¢41415 vpr srvwxoludol gd vnxs qh vplmh vdgu
}dydwl ph¡xvreqr mhgqdnlk
hohphqdwd/ wm1 gd vh hohphqwl vplmx srmdyomlydwl vdpr ndr �mhglqvwyhql sulp0
mhufl�1 Sudnwl
fqh srwuheh/ ph¡xwlp/ qdod
}x surpdwudqmh l wdnylk �vnxsryd�
x nrmlpd vh hohphqwl srmdyomxmx x ylµh sulpmhudnd1 Wr yrgl n srmpx pxowl0

vnxsdP +qdg qhnlp vnxsrp V,1 Qh xod}h�fl x wdq
flqh/ P @ iqr �v m v 5 V/
qr 5 Q

V
i3jj/ jgmh qr � v nd}xmh gd vh hohphqw v 5 V srmdyomxmh x qr sulp0

mhudnd x pxowlvnxsx P 1 Sulpmhulfh/ dnr mh vnxs V @ id> e> f> gj/ mhgdq
pxowlvnxs qdg qmlp pr
}h elwl P @ i5 � d> 6 � e> 4 � f> 3 � gj @ id> d> e> e> e> fj1
Rygmh �fh qdv/ x suyrp uhgx/ }dqlpdwl pxowlvnxsryl qdg sr
fhwqlp nrpdglpd
^4> n`Q vnxsd sulurgqlk eurmhyd/ wm1 P @ iq� � 4> � � � > q& �nj/ q�> � � � > q& 5 Q1
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Sulwrp }eurm q� . � � � . q& @ q vpdwudpr nduglqdoqlp eurmhp mP m wrjd
pxowlvnxsd1 Vyuvlvkrgqr mh wdndy pxowlvnxs r}qd
flwl v P+q>q�> � � � > q&,1
Sulpmhulfh/ n @ 6 l q� @ 5/ q2 @ 7/ q� @ 4 srvyh rguh¡xmx pxowlvnxs
P+:> 5> 7> 4, @ i5 � 4> 7 � 5> 4 � 6j @ i4> 4> 5> 5> 5> 5> 6j rg : hohphqdwd1

Gh�qlflmd 41719 Shupxwdflmrp v srqdyomdqmhp +q @ q� . � � � . q&,0
wrjd uhgd qd}lydpr vydnl xuh¡dm pxowlvnxsd P+q>q�> � � � > q&,1 +Sulwrp/

gdndnr/ qh ud}olnxmhpr xuh¡dmh x nrmlpd sulpmhufl lvwlk hohphqdwd ph¡x0

vreqr plmhqmdmx pmhvwd1,

Gh�qlflmd vh sulurgqr suhqrvl qd vydnl nrqd
fql vnxs [ @ i{�> � � � > {&j/ sd
wdgd jryrulpr r shupxwdflmdpd v srqdyomdqmhp vnxsd [ lol r shu0

pxwdflmdpd pxowlvnxsd P � [+q>q�> � � � > q&, @ iq� � {�> � � � > q& � {&j/
q @ q� . � � �. q&1

Sulpmhu 41717 Qhnd mh P pxowlvnxs +rg, vylk voryd ulmh
fl WDWD/ wm1 P @
i5�D> 5�Wj @ iD/D/W/Wj1 Lvslµlpr vyh qmhjryh shupxwdflmh1 Wr vx= DDWW/
DWDW/ DWWD/ WDDW/ WDWD/ WWDD1 +Xr
flpr= n @ 5/ q� @ 5/ q2 @ 5/
q @ 7,1

Whruhp 417149 Nduglqdoql eurm S?(?�cuuu c?& vnxsd vylk shupxwdflmd v srqd0

yomdqmhp +q @ q� . � � �. q&,0wrjd uhgd mhvw ?-
?�-uuu?&-

1

Grnd}1 Suhwsrvwdylpr ol gd vx x pxowlvnxsx P+q>q�> � � � > q&, vyl
hohphqwl ph¡xvreqr ud}ol
flwl/ vpmhol elvpr jd srlvwrymhwlwl v sr
fhwqlp nr0
pdgrp ^4> q`Q/ sd el xnxsdq eurm shupxwdflmd elr S? @ q$1 Ph¡xwlp/ q�
sulpmhudnd hohphqwd 4 qh ud}olnxmhpr/ sd wdnr ql qmlkryh shupxwdflmh nrmlk
mh S?� @ q�$1 Lvwr yulmhgl }d q2 sulpmhudnd hohphqwd 5/ = = = > q& sulpmhudnd
hohphqwd n1 Sulplmhqmxmx�fl surgxnwqr sudylor grelydpr

S? @ S?(?�cuuu c?& � S?� � � �S?& / sd mh S?(?�cuuu c?& @ ?-
?�-uuu?&-

1

Qdsrphqd 41715 Mhgqrvwdyqrvwl udgl/ x r}qdnx }d nduglqdoql eurm shu0
pxwdflmd v srqdyomdqmhp 
fhvwr xslvxmhpr vdpr rqh rg eurmhyd q�/ l 5
i4> � � � > nj/ nrml vx yh�fl rg 4 +4$ @ 4,1 Sulpmhulfh/ pxowlvnxs P @ [+45> 8 �
d> 4�e> 4�f> 4�g> 4�h> 5�i> 4�j, @ id> d> d> d> d> e> f> g> h> i> i> jj lpd S�2(Dc�c�c�c�c2c� @
S�2(Dc2 @ �2-

D-2- @ 5985 shupxwdflmd1

Surpdwudmpr rshw sr
fhwql nrpdg ^4> q`Q xuh¡hqrjd vnxsd sulurgqlk eur0
mhyd Q1 Qhnd vh/ }d vydnl l 5 ^4> q`Q/ pxowlvnxs P� vdvwrml rg u sulpmhudnd/
u 5 Q/ eurmd l1 Gdnoh/ P� @ i4> � � � > 4 m u sulpmhudndj @ iu � 4j/ = = =/

P? @ iu � qj1 Qhnd mh pxowlvnxs P @
?V

�'�
P� @ iu � 4> � � � > u � qj1 Sulplmh0

wlpr gd mh P @ P+qu> u> � � � > u,1

Gh�qlflmd 4171: Nrpelqdflmrp v srqdyomdqmhp q0wrj uhgd l u0wrj

ud}uhgd qd}lydpr vydnl u0
fodql srgpxowlvnxs pxowlvnxsd P+qu> u> � � � > u,/
grsxµwdmx�fl l vox
fdm u @ 3 0 sud}qrjd srgpxowlvnxsd1
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Gh�qlflmd vh qd r
flw qd
flq suhqrvl qd vydnl nrqd
fql vnxs [ @ i{�> � � � > {?j1
Sulwrp jryrulpr r nrpelqdflmdpd v srqdyomdqmhp u0wrjd ud}uhgd

vnxsd[ lol r nrpelqdflmdpd u0wrjd ud}uhgd pxowlvnxsdP � [+qu> u�
{�> � � � > u � {?,1

Sulpmhu 41718 Srslµlpr vyh nrpelqdflmh v srqdyomdqmhp wuh�fhjd ud}uhgd
vnxsd [ @ id> ej1 Rygmh mh q @ 5 l u @ 6/ sd mh sulsdgql pxowlvnxs
P @ id> d> d> e> e> ej1 Wud
}hqh nrpelqdflmh mhvx= id> d> dj/ id> d> ej/ id> e> ej/
ie> e> ej1

Qdsrphqd 41716 Sulplmhwlpr gd vh x Gh�qlflml 4171: qlµwd elwqr qh pl0
mhqmd dnr vh xpmhvwr pxowlvnxsd P+qu> u> � � � > u, x}ph elor nrml pxowlvnxs
P+p> u�> � � � > u?,/ sul 
fhpx mh plqiu� m l 5 ^4> q`Qj � u +u� . � � �. u? @ p,1
Vol
fqr/ vplmh vh udglwl l x vydnrp pxowlvnxsx P � [+p> u� � {�> � � � > u? � {?,
qdg vnxsrp[ @ i{�> � � � > {?j/ 
flp vh qdjodvl r nrmhpx ud}uhgx u � plqiu� m
l 5 ^4> q`Qj mh ulmh
f1

Whruhp 41714: Nduglqdoql eurm N
�o
? vnxsd vylk nrpelqdflmd v srqdyomdqmhp

q0wrj uhgd l u0wrj ud}uhgd mhvw elqrpql nrh�flmhqw
�
on?3�

o

�
1

Grnd}1 Exgx�fl gd vx nrpelqdflmh v srqdyomdqmhp gh�qludqh ndr srg0
pxowlvnxsryl/ pr
}h lk vh lqghnvludqmhp lqwhusuhwludwl l ndr qhnh nrpelqdflmh
+eh} srqdyomdqmd,1 Ud}plµomdmpr rydnr= X elor nrmrm nrpelqdflml v srqd0
yomdqmhp q0wrj uhgd x u0wrj ud}uhgd/ exgx�fl gd xuh¡dm qlmh elwdq/ vplmhpr
sruhgdwl suyr vyh sulpmhunh +dnr lk lpd, eurmd 4/ }d qmlpd vyh sulpmhunh +dnr
lk lpd, eurmd 5 lwg1 gr vylk sulpmhudnd +dnr lk lpd, eurmd q1 Vdgd vydnrp
sulpmhunx eurmd 4 sulgux
}lpr qmhjry uhgql eurm/ wm1 eurm qmhjryd pmhvwd x
srvwdyomhqrpx sruhwnx +v olmhyd qd ghvqr,/ vydnrp sulpmhunx eurmd 5 qmhjry
uhgql eurm ylµh 4 lwg1 vydnrp sulpmhunx eurmd q qmhjry uhgql eurm ylµh q�41
Wdnr grelydpr nrpelqdflmx +eh} srqdyomdqmd, +u . q� 4,0yrj uhgd l u0wrj
ud}uhgd1 Qx/ yulmhgl l reudwqr/ wm1 reudwqlp srvwxsnrp vh vydnrm nrpelqdflml
+u . q � 4,0yrj uhgd l u0wrj ud}uhgd sulgux
}xmx mhglqvwyhqd nrpelqdflmd v
srqdyomdqmhp q0wrj uhgd x u0wrj ud}uhgd1 Sr Whruhpx 417149 vdgd }dnomx
fx0
mhpr= N

�o
? @ No

on?3� @
�
on?3�

o

�
1

Gh�qlflmd 4171; Ydulmdflmrp v srqdyomdqmhp q0wrj uhgd l u0wrj ud}0

uhgd qd}lydpr vydnl u0vorj l} pxowlvnxsdP+qu> u> � � � > u,/ grsxµwdmx�fl l vox
fdm
u @ 3 0 sud}ql vorj1

Gh�qlflmd vh sulurgqr suhqrvl qd vydnl nrqd
fql vnxs[ @ i{�> � � �{?j sd wdgd
jryrulpr r ydulmdflmdpd v srqdyomdqmhp u0wrjd ud}uhgd vnxsd [ lol r
ydulmdflmdpd u0wrjd ud}uhgd pxowlvnxsd P � [+qu> u{�> � � � > u{?,1

Sulplmhwlpr gd Qdsrphqd 41716 yulmhgl l }d Gh�qlflmx 4171;1 ]dlvwd/ qlµwd
vh elwqr qh plmhqmd/ dnr vh xpmhvwr pxowlvnxsd P+qu> u> � � � > u, x}ph elor
nrml pxowlvnxs P+p> u�> � � � > u?,/ jgmh mh plqiu� m l 5 ^4> q`Qj � u1 Lvwr wdnr/
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vplmh vh udelwl vydnl pxowlvnxs P � [+p> u� � {�> � � � > u? � {?, qdg vnxsrp
[ @ i{�> � � � > {?j/ 
flp vh rguhgl ud}uhg u � plqiu� m l 5 ^4> q`Qj1

Sulpmhu 41719 Srslµlpr vyh ydulmdflmh v srqdyomdqmhp wuh�fhjd ud}uhgd vnxsd
[ @ id> ej1 Rygmh mh q @ 5 l u @ 6 sd mh sulsdgql pxowlvnxs P @
id> d> d> e> e> ej1 Suhrvwdmh shupxwludwl vyh nrpelqdflmh v srqdyomdqmhp l}
Sulpmhud 417181 Wdnr grelydpr= +d> d> d,/ +d> d> e,/ +d> e> d,/ +e> d> d,/ +d> e> e,/
+e> d> e,/ +e> e> d,/ +e> e> e,1

Nrurodu 41717 Nduglqdoql eurm Y
�o
? vnxsd vylk ydulmdflmd v srqdyomdqmhp

q0wrj uhgd l u0wrj ud}uhgd mhvw srwhqflmd qo1

Grnd}1 Gryromqr el elor sulplmhwlwl gd vx ydulmdflmh v srqdyomdqmhp/
}dsudyr/ shupxwdflmh rgjrydudmx�flk nrpelqdflmd v srqdyomdqmhp/ sd rqgd
l}yx�fl wud
}hql }dnomx
fdn1 Lsdn/ nrurodu �fhpr grnd}dwl l}udyqr1 Exgx�fl gd
mh vydnd ydulmdflmd v srqdyomdqmhp qhnl xuh¡hql u0vorj l} pxowlvnxsd P+qu>
u> � � � > u,/ pr
}h mx vh grelwl wdnr gd vh qd suyr pmhvwr vwdyl elor nrml eurm l}
^4> q`Q/ qd guxjr pmhvwr lvwr wdnr lwg1 qd u0wr pmhvwr rshw elor nrml eurm1 Sr
surgxnwqrpx sudylox volmhgl Y

�o
? @ q � � �q +u sxwd,/ gdnoh/ Y

�o
? @ qo1

�%3%7 �����2�

41 Qhnd vx [/ \ l ] vnxsryl l [ � \ � ]1 Dnr mh m[m @ m]m rqgd mh l
m\ m @ m]m1 +Ryd 
flqmhqlfd vh nrulvwl x grnd}x dqwlvlphwul
fqrvwl uhodflmh � qd
nodvl vylk nduglqdoqlk eurmhyd> y1 Gh�qlflmx 4161:,

Grnd}1 Exgx�fl gd mh m[m @ m]m/ srvwrml qhnd elmhnflmd i = ] $ [1 Qd
fhor
gh�qlflmh lqgxnflmrp grsxµwd gh�qludwl ixqnflmh i� @ 4~ l i?n� @ lii? =
] $ ]/ q 5 Q/ jgmh mh l = [ /$ ] lqnox}lmd1 Gh�qludmpr ixqnflmx j = ] $ \
sudylorp j+}, @ i+}, }d vydnl } 5 ] � � V

?MQ
i?+] q \ , l j+}, @ } }d vydnl

} 5 ] q ] �1 Qlmh whµnr surymhulwl gd mh j elmhnflmd/ gdnoh/ m\ m @ m]m1
51 Uh�fl �fhpr gd mh eurm q 5 Q sdudq +qhsdudq,/ dnr srvwrml n 5 Q

wdndy gd mh q @ 5n +q @ 5n � 4,1 Grnd}dwl gd mh vydnl sulurgql eurm lol
sdudq lol qhsdudq/ wh gd mh vnxs vylk sduqlk +qhsduqlk, sulurgqlk eurmhyd
hnylsrwhqwdq vnxsx Q1

61 Srwsxqrp lqgxnflmrp grnd}dwl ryh wyugqmh=

+l,
?S

&'�

n @ ?E?n��
2 >

+ll,
?S

&'�

+5n � 4, @ q2>

+lll,
?S

&'�

n2 @ ?E?n��E2?n��
S >

+ly,
?S

&'�

n� @ +
?S

&'�

n,2 +@ ?2E?n��2

e ,>

+y, +;q 5 QVi3j,+<n 5 Q, q� . +q. 4,� . +q. 5,� @ <n1
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71 Uh�fl �fhpr gd p 5 Q glmhol q 5 Q +lol gd mh q gmhomly v p, l slvdwl p@q/
dnr srvwrml n 5 Q wdndy gd mh q @ pn1 R
flwr mh gd mh vydnl q 5 Q gmhomly v 4 l v
q1 Uh�fl �fhpr gd mh sulurgql eurm s/ s � 5/ survw eurm +lol sulp0eurm,/ dnr mh
s gmhomly vdpr v 4 l v s1 Grnd}dwl gd mh vydnl sulurgql eurm q mhgqdn xpqrµnx
qhnlk survwlk eurmhyd/ wh gd mh vnxs S vylk survwlk eurmhyd hnylsrwhqwdq vnx0
sx Q1
81 Eurm n 5 Q qd}lydpr }dmhgql
fnlp +ylµh,nudwqlnrp rg p>q 5 Q/
dnr p@n l q@n1 Grnd}dwl gd mh/ }d vydnl p>q 5 Q/ vnxs vylk }dmhgql
fnlk
ylµhnudwqlnd rg p l q qhsud}dq l gd lpd plqlpdoql hohphqw/ w}y1 qdmpdqml

}dmhgql
fnl +ylµh,nudwqln Y +p>q, eurmhyd p l q1
91 Eurm o 5 Q qd}lydpr }dmhgql
fnrp pmhurp rg p>q 5 Q/ dnr o@p l
o@q1 Grnd}dwl gd mh/ }d vydnl p>q 5 Q/ vnxs vylk }dmhgql
fnlk pmhud rg p l
q qhsud}dq l gd lpd pdnvlpdoql hohphqw/ w}y1 qdmyh�fx }dmhgql
fnx pmhux

P+p>q, eurmhyd p l q1
:1 Srmpryl qdmpdqmhjd }dmhgql
fnrj ylµhnudwqlnd Y +p>q, l qdmyh�fh }dmhg0
ql
fnh pmhuh P+p>q, vh surµluxmx +sr x}rux qd 81 l 91, qd vydnl sdu flmholk
eurmhyd p>q 5 ] q i3j1 Grnd}dwl=

+l, Y +p>q, @ Y +q>p, l P+p>q, @P+q>p,>
+ll, Vydnd }mhgql
fnd pmhud rg p l q glmhol P+p>q,>
+lll, Y +p>q, glmhol vydnl }dmhgql
fnl ylµhnudwqln rg p l q>
+ly, Y +np> nq, @ nY +p>q,1

;1 Uh�fl �fhpr gd vx flmhol eurmhyl p>q 5 ]qi3j uhodwlyqr survwl/ dnr mh
P+p>q, @ 41 Grnd}dwl=

+d, P+p>q, @ 4, +<n> o 5 ], pn . qo @ 4>
+e, P+p>q, @ 4,pq@Y +p>q,1

<1 Grnd}dwl= +;p>q 5 ]qi3j, Y +p>q,P+p>q, @ pq1
431 Qhnd mh ^+p>q,` hnylydohqflmvnl ud}uhg x vnxsx +]qi3j, � Q gh�qludq
x ¢417151 Grnd}dwl gd srvwrmh p�> q� 5 +]qi3j, � Q wdnyl gd mh +p�> q�, 5
^+p>q,` l P+p�> q�, @ 41
441 Grnd}dwl gd x vnxsx udflrqdoqlk eurmhyd T qh srvwrmh plqlpdoql ql
pdnvlpdoql hohphqw/ wh gd/ }d vydnl t 5 T/ qh srvwrml qhsrvuhgql vomhgehqln
ql qhsrvuhgql suhwkrgqln rg t1
451 Grnd}dwl gd l x vnxsrylpd Q/ ] l T qh yulmhgl Fdqwrury dnvlrp
+y1 Whruhp 7141<,1
461 Grnd}dwl gd }d vydnl t 5 T srvwrml lol ghflpdoql lol shulrgl
fnl ghflpdoql
}dslv l reudwqr/ wm1 dnr uhdoql eurm grsxµwd ghflpdoql lol shulrgl
fnl ghflpdoql
}dslv rqgd mh rq udflrqdodq1
471 Uhdoql eurm d 5 U qd}lydpr dojheduvnlp eurmhp/ dnr srvwrml srolqrp
{ :$ s+{, @ d?{

?.� � �.d�{.df v udflrqdoqlp nrh�flmhqwlpd d?> � � � > d�> df 5
T nrmhpx mh d qxowr
fnd/ wm1 }d nrml mh s+d, @ 31 Suhrvwdoh uhdoqh eurmhyh
qd}lydpr wudqvfhqghqwqlpd1 +Sulpmhulfh/

s
5 mh dojheduvnl eurm/ grn mh/

}d vydnl nuxj/ rpmhu qmhjryd rsvhjd l surpmhud wudqvfhqghqwdq eurm �sl� 0
� � 6> 4748< � � � 1, Grnd}dwl gd mh T sudyl srgvnxs vnxsd D vylk dojheduvnlk
eurmhyd/ wh gd mh D suheurmly/ wm1 mDm @ Cf1
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481 Grnd}dwl gd mh vnxs vylk wudqvfhqghqwqlk eurmhyd hnylsrwhqwdq vnxsx
ludflrqdoqlk eurmhyd M1

491 Grnd}dwl gd mh eurm
s
s� � � � s& ludflrqdodq 
flp vx s�> � � � > s& ph¡xvreqr

ud}ol
flwl survwl eurmhyl1

4:1 Grnd}dwl gd/ }d vydnl q 5 Q/ l} sq 5 T volmhgl
s
q 5 Q1

4;1 Grnd}dwl gd mh/ }d vydnl { 5 U/ m{m @ pd{i�{> {j1
4<1 Grnd}dwl gd mh ixqnflmd i = U $ k�4> 4l/ i+{, @ %

�n�%� / elmhnflmd l rguh0

glwl i3�1

531 Qhnd vx {> | 5 U wdnyl gd mh/ }d vydnl � A 3/ { ? | . �1 Grnd}dwl gd mh
wdgd { � |1

541 Qhnd mh srgvnxs D � U qhsud}dq= Grnd}dwl gd mh uhdoql eurm {f lq�pxp
+vxsuhpxp, rg D/ {f @ lqi D +{f @ vxsD, rqgd l vdpr rqgd/ dnr xgryromdyd
rylp gydpd xymhwlpd=

+d, +;d 5 D, {f � d ++;d 5 D, d � {f,>

+e, +;� A 3,+<d 5 D, d ? {f . � ++;� A 3,+<d 5 D, {f � � ? d,=

551 Grnd}dwl w}y1 Ehuqrxoolmhyx qhmhgqdnrvw=

+;k 5 k�4> �l,+;q 5 Q, +4 . k,? � 4 . qk1

Sulwrp mh/ }d vydnl q � 5/ +4 . k,? @ 4 . qk/ k @ 31

561 L}ud
fxqdwl nrh�flmhqw f x 
fodqx f � de elqrpqrjd ud}yrmd

}d +
t

K2

@
. �f

t
@.

KH
,?1

571 ]dslvdwl eurmhyh ;/ 48 l 6: x elqduqrpx l wulqduqrpx vxvwdyx1

581 Qhnd vx [ l \ nrqd
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Vomhgh�flp vwdyflpd �fhpr lvnd}dwl qhnrolnr whphomqlk ghwhuplqdqwlqlk vyrm0
vwdyd1

Vwdydn 51414 Qhnd vx G @ +d��, l G� @ +d���, ghwhuplqdqwh }d nrmh d��� @
d��/ l> m @ 4> � � � =q1 Wdgd mh G @ G�1 +Hnylydohqwqr= ]dpmhqrp vydnrjd

uhwnd rgjrydudmx�flp vwxsfhp l reudwqr/ ghwhuplqdqwd qh plmhqmd yulmhgqrvw1

Gdnoh/ vyh µwr vh lvnd
}h l grnd
}h r ghwhuplqdqwl x whuplqlpd uhgdnd/ pr
}h

vh lvnd}dwl l grnd}dwl x whuplqlpd vwxsdfd1,

Grnd}1 Vwdydn 51414 mh l}udyqd srvomhglfd sulmh vsrphqxwh hnylydohqw0
qrvwl +5,/+5�,1

Vwdydn 51415 L}pmhqrp pmhvwd gydmx uhgdnd +vwxsdfd, ghwhuplqdqwd pl0

mhqmd suhg}qdn1

Grnd}1 L}pmhqrp pmhvwd gydmx uhgdnd/ x irupxol +5, grod}l gr suhp0
mhvweh sulsdgqlk idnwrud l} wlk uhgdnd/ d wlph l gr suhpmhvweh gydmx hohph0
qdwd x shupxwdflml guxjlk idnwrud1 Srvomhglfd mh lol sryh�fdqmh lol vpdqmhqmh
eurmd sulsdgqlk lqyhu}lmd }d qhsdudq eurm1 +Dnr gyd vxvmhgqd hohphqwd qhnh
shupxwdflmh l}plmhqh pmhvwd/ eurm lqyhu}lmh �fh vh surplmhqlwl }d 	4> dnr qlvx
vxvmhgl rqgd mh l}ph¡x qmlk n hohphqdwd/ sd vh qmlkryr ph¡xvreqr suhpmhµ0
wdqmh pr
}h redylwl srpr�fx 5n � 4 suhpmhµwdqmd vxvmhgqlk hohphqdwd1, Wr
sryod
fl surpmhqx suhg}qdnd vydnrjd suleurmqlnd x irupxol +5,/ wm1 surpmhqx
suhg}qdnd rg ghwD1

Vwdydn 51416 Ghwhuplqdqwd v gyd mhgqdnd uhwnd +vwxsfd, mhgqdnd mh qxol1

Grnd}1 Ph¡xvreqrp }dpmhqrp gydmx mhgqdnlk uhgdnd ghwhuplqdqwd
G vh r
flwr qh plmhqmd1 V gxjh vwudqh/ sr Vwdynx 51415/ prud surplmhqlwl
suhg}qdn1 Suhrvwdmh }dnomx
flwl G @ 31

Vwdydn 51417 Dnr vh G� pr
}h grelwl l} ghwhuplqdqwh G wdnr gd vh vyl hoh0

phqwl qhnrj uhwnd +vwxsfd, srglmhoh eurmhp � 9@ 3/ rqgd mh G @ �G�1 +Hnyl0
ydohqwqr= +d, Ghwhuplqdqwd vh pqr
}l qhnlp eurmhp wdnr gd vh qmlpd srp0

qr
}h vyl hohphqwl vdpr mhgqrj uhwnd +vwxsfd,> +e, }dmhgql
fnl vh idnwru vylk

hohphqdwd mhgqrj uhwnd +vwxsfd, vplmh l}ox
flwl lvsuhg ghwhuplqdqwh1,

Grnd}1 Qhnd mh srglmhomhq o0wl uhgdn/ }d qhnl o 5 i4> � � � > qj/ ghwhu0
plqdqwh G1 Sr Gh�qlflml 5141:/ ghwhuplqdqwd G� mh }eurm rgjrydudmx�flk
xpqr
}dnd x vydnrpx rg nrmlk vh ndr mhgdq rg idnwrud srmdyomxmh hohphqw
@,�
b
/ m @ 4> � � � > q/ srglmhomhqd uhwnd1 ]dnomx
fdn volmhgl qhsrvuhgqr1
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Sulpmhu 5141< L}ud
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Vwdydn 51418 Dnr vx vyl hohphqwl qhnrj uhwnd +vwxsfd, mhgqdnl qxol l ghwhu0
plqdqwd mh mhgqdnd qxol1

Grnd}1 Gryromqr mh sulplmhwlwl gd wdgd vydnl suleurmqln x irupxol +5,
vdgu
}l idnwru 31

Vwdydn 51419 Dnr vh gylmh q0uhgqh ghwhuplqdqwh ud}olnxmx vdpr x hohphq0

wlpd mhgqrj wh lvwrj uhwnd +vwxsfd,/ rqgd vh rqh vplmx }eurmlwl wdnr gd vh

}eurmh rgjrydudmx�fl hohphqwl wlk uhgdnd +vwxsdfd,/ grn vh rvwdol uhwfl +vwxsfl,
qh plmhqmdmx1

Grnd}1 Qhnd vh ghwhuplqdqwhG lG� ud}olnxmx vdpr x hohphqwlpd o0wrjd
uhwnd/ }d qhnl o 5 i4> � � � > qj1 Wdgd mh

G .G� @
S
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S
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S
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jgmh mh G�� ghwhuplqdqwd nrmrm o0wl uhgdn wyruh hohphqwl ++d,o, . d�,o,,/
u� @ 4> � � � > q/ grn vx vyl rvwdol uhwfl mhgqdnl rgjrydudmx�flpd rg G/ rgqrvqr/
G�1

Vwdydn 5141: Ghwhuplqdqwd qh plmhqmd yulmhgqrvw dnr vh hohphqwlpd elor

nrmhj uhwnd +vwxsfd, suleurmh/ qhnlp eurmhp � srpqr
}hql/ rgjrydudmx�fl hoh0

phqwl elor nrmhj guxjrj uhwnd +vwxsfd,1

Grnd}1 Vwdydn 5141: volmhgl l} Vwdydnd 51419 l 514161

Sulpmhu 514143 L}ud
fxqdmpr ghwhuplqdqwx

G @

������
4333 �99; 4664

�4533 :<< �4934
�6 5 �7

������ =
Gd elvpr x ud
fxqx l}emhjol pqr
}hqmh yholnlk eurmhyd/ sulplmhqlpr Vwdydn
5141:/ wdnr gd qdmsulmh suyrpx uhwnx sulgrgdpr wuh�fl uhgdn srpqr
}hq v 666>
d srwrp guxjrpx uhwnx 0 wuh�fl uhgdn srpqr
}hq v �7331 Wdnr grelydpr
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]d rwnulydqmh qdµwr vnurylwlmlk ghwhuplqdqwlqlk vyrmvwdyd wuhedpr sr0
mdp w}y1 dojheduvnrj nrpsohphqwd1 Dnr vh x pdwulfl D wlsd +p>q, xr
fl
elor nrmlk u uhgdnd l v vwxsdfd/ 4 � u � p l 4 � v � q/ rqgd vyd qmlkryd
�suhvmhflµwd� wyruh pdwulfx wlsd +u> v, nrmx qd}lydpr srgpdwulfrppdwulfh
D1 Ghwhuplqdqwx nydgudwqh srgpdwulfh +u @ v, qd}lydpr srgghwhupl0

qdqwrp pdwulfh D/ d dnr mh D nydgudwqd pdwulfd +p @ q,> jryrulpr l r
srgghwhuplqdqwl ghwhuplqdqwh ghwD1 Srvheqr �fh qdp elwl yd
}ql vox
fdmhyl
p @ q l u @ v @ q�4/ wm1 srgghwhuplqdqwh µwr vh grelmx lvsxµwdqmhp wr
fqr
mhgqrj +l0wrj, uhwnd l wr
fqr mhgqrj +m0wrj, vwxsfd nydgudwqh pdwulfh D +gh0
whuplqdqwh ghwD,/ l> m 5 i4> � � � > qj1 Wdnyx srgghwhuplqdqwx r}qd
fxmhpr v
G��1

Gh�qlflmd 5141; Dojheduvnlp nrpsohphqwrq +lol nridnwrurp, hohphq0

wd d�� ghwhuplqdqwh G @ ghwD qd}lydpr eurm D�� @ +�4,�n�G��1

Vwdydn 5141; Vydnd ghwhuplqdqwd grsxµwd w}y1 Odsodfhry ud}yrm sr hoh0

phqwlpd elor nrmhj uhwnd +vwxsfd,/ wm1
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�'�
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+G @
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Grnd}1 Grnd
}lpr/ suyr/ wyugqmx x vox
fdmx l @ 4/ wm1 gd G grsxµwd
Odsodfhry ud}yrm sr hohphqwlpd suyrjd uhwnd/ rgqrvqr/ gd mh

G @
?S
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d��D��= +7,

R}qd
flpr vd VE�� vnxs vylk shupxwdflmd s� @ +n2> � � � > n?, rg ^4> q`Q q imj1
Sulplmhwlpr gd vh shupxwdflmd s @ +n�> n2> � � � > n?, rg ^4> q`Q/ jgmh mh n� @ m/
pr
}h grelwl wdnr gd vh shupxwdflml s� �sulgrgd� m qd suyr pmhvwr= R}qd
flpr
ol vd V�E�� vnxs vylk shupxwdflmd s grelyhqlk l} shupxwdflmh s� 5 VE�� qd wdm

qd
flq/ surl}od}l gd mh vnxs V? vylk shupxwdflmh rg ^4> q`Q mhgqdn glvmxqnwqrm
xqlml vylk vnxsryd V�E��/ sd }d sulsdgqh nduglqdoqh eurmhyh yulmhgl
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Exgx�fl gd x shupxwdflml s @ +m> n2> � � � > n?, lpd m � 4 lqyhu}lmd ylµh qhjr

x shupxwdflml s� @ +n2> � � � > n?, +wrolnr/ wm1 m � 4/ lqyhu}lmd wyrul hohphqw
m v suhrvwdolp hohphqwlpd ndg vh qdod}l qd suyrpx pmhvwx x elor nrmrm
shupxwdflml rg ^4> q`Q,/ wr sulpmhqrp gh�qlflmvnh irupxoh +5, qd G�� / m @
4> � � � > q/ grelydpr

?S
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S
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Grnd
}lpr vdgd revwrmqrvw Odsodfhryd ud}yrmd sr elor nrmhp ghwhuplqdqwlqx
uhwnx$ X wx vyukx/ suhpmhvwlpr xr
fhql l0wl uhgdn/ l � 5/ qd suyr pmhvwr/ sd

�fh +elyµl, suyl uhgdn srvwdwl guxjlp uhwnrp/ = = =/ +l � 4,0yl 0 l0wlp uhwnrp1
Wlph vpr l}yuµlol xnxsqr +l�4,0qx }dpmhqx vxvmhgqlk uhgdnd l grelol ghwhu0
plqdqwx G� hohphqwh nrmh r}qd
flpr v d���/ dojheduvnh nrpsohphqwh 0 v D�

�� l
srghwhuplqdqwh 0 v G�

�� / l> m @ 4> � � � > q1 Exgx�fl gd mh d��� @ d�� l G
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}d vydnl m/ Vwdydn 51415 l grnd}dqd irupxod +7, sryod
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Qdlph/ }d n 9@ l mh
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d&�D�� @ 3 +l }d o 9@ m/
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d�,D�� @ 3,/ mhu ghwhupl0

qdqwd nrmrm sulsdgd wdndy Odsodfhry ud}yrm lpd gyd mhgqdnd uhwnd +vwxsfd,1

Sulpmhu 514144 L}ud
fxqdmpr ghwhuplqdqwx G @

��������

�5 ; ; �7
6 45 48 �6
: 5; �47 47
6 ; 7 6

��������
=

L}ox
flpr/ sr Vwdynx 51417/ l} suyrjd uhwnd idnwru 5/ l} guxjrjd 0 idnwru 6/
l} wuh�fhjd 0 idnwru :/ wh l} �guxjrjd� vwxsfd 0 idnwru 71 Sulplmhqmxmx�fl Vwdydn
5141:/ qryrgrelyhql suyl uhgdn suleurmlpr guxjrpx uhwnx/ srwrp 0 wuh�fhpx
uhwnx/ wh jd mrµ srpqr
}hqd v 6 suleurmlpr 
fhwyuwrpx uhwnx1 Grelyhqx ghwhu0
plqdqwx ud}ylmpr +Vwdydn 5141;, sr hohphqwlpd suyrjd vwxsfd/ sd srqryqr
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sulplmhqlpr rgjrydudmx�fd sudylod qd qryrgrelyhqx ghwhuplqdqwx +wuh�fhjd
uhgd,1 Flmhol srvwxsdn mh vnud�fhqr sulnd}dq grqmlp ud
fxqrp=
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Vwdydn 5141< Ghwhuplqdqwd mh mhgqdnd qxol rqgd l vdpr rqgd ndg vx mrm

uhwfl +vwxsfl, olqhduqr }dylvql1

Grnd}1 Dnr vx ghwhuplqdqwlql uhwfl olqhduqr }dylvql/ eduhp vh mhgdq rg
qmlk pr
}h sulnd}dwl ndr olqhduqd nrpelqdflmd suhrvwdolk +y1 Gh�qlflmx 5141:
l Qdsrphqx 51414,/ sd mh sr Vwdynx 5141: wd ghwhuplqdqwd mhgqdnd qxol1
Reudwqr/ suhwsrvwdylpr gd mh ghwhuplqdqwd G mhgqdnd qxol1 Udgl ol vh r
ghwhuplqdqwl qxo0pdwulfh/ wyugqmd r olqhduqrm }dylvqrvwl mh r
fljohgqd1 Vwrjd
suhwsrvwdylpr gd mh eduhp mhgdq rg ghwhuplqdqwlqlk hohphqdwd ud}ol
flw rg
qxoh1 L}rvwdyomdqmhp u uhgdnd l u vwxsdfd l} G/ u @ 3> 4> � � � > q � 4/ grel0
ydpr sulsdgqx srgghwhuplqdqwx +q� u,0wrjd uhgd1 R}qd
flpr n � q� u 5
i4> � � � > q�4j/ sd sulplmhwlpr gd qx
}qr srvwrml qhnl n }d nrml mh eduhp mhgqd
srgghwhuplqdqwd GE&� rg G n0wrjd uhgd ud}ol
flwd rg qxoh l vydnd srgghwhu0
plqdqwd ylµhjd +rg n, uhgd mhgqdnd qxol1 Qh vpdqmxmx�fl rs�fhqlwrvw/ vplmhpr
suhwsrvwdylwl +y1 Vwdydn 51415, gd mh GE&� sulsdgql �jruqml olmhyl glr� rg G/
wm1 gd mh
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Surpdwudmpr vyh gdwhuplqdqwh +n.4,0yrj uhgd µwr vh prjx grelwl l}rvwdyo0
mdqmhp q � n � 4 uhgdnd l q � n � 4 vwxsdfd l} ghwhuplqdqwh G/ nrmlpd mh

GE&� srgghwhuplqdqwd1 R}qd
flpr wdnyx srghwhuplqdqwx v G
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flp rqd
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G
E&n��
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���������

d�� � � � d�& d�|
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d&� � � � d&& d&|
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R}qd
flpr nridnwruh rg d�|> � � �d&|> dr| +}dgqml vwxsdf, uhgrp v D�c&n�> � � � >
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G
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+Dnr/ qdlph/ hohphqwh mhgqrj rg suylk n vwxsdfd srpqr
}lpr rgjrydudmx�flp
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�� @ �
��c&n�
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}d vydnl v @ n.4> � � � > q1 Exgx�fl gd grelyhqr yulmhgl l }d vydnl v @ 4> � � � > n/
+�� @ 3 }d l 9@ v l �r @ 4,/ grnd}dol vpr gd mh vydnl ghwhuplqdqwlq uhgdn
olqhduqd nrpelqdflmd suylk n +4� n � q� 4, uhgdnd1 Suhpd wrpx/ ghwhupl0
qdqwd G lpd olqhduqr }dylvqh uhwnh1

Grnd}xmx�fl qx
}qrvw x Vwdynx 5141< grnd}dol vpr l ryx 
flqmhqlfx=

Qhnd vx ghwhuplqdqwl G q0wrj uhgd vyh srgghwhuplqdqwh +n.4,0yrj uhgd
mhgqdnh qxol l qhnd lpd edu mhgqx srgghwhuplqdqwx n0wrj uhgd ud}ol
flwx rg

qxoh/ 4 � n � q � 41 Wdgd G lpd wr
fqr n olqhduqr qh}dylvqlk uhgdnd

+vwxsdfd, l vydnl mh rg suhrvwdolk uhgdnd +vwxsdfd, qhnd qmlkryd olqhduqd

nrpelqdflmd1 Eurm n qd}lydpr udqjrp ghwhuplqdqwh G l rel
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fx0

mhpr voryrp u> xnomx
fxmx�fl sulwrp l surµluhqmh= u @ q / G 9@ 3 l u @ 3 /
G @ ghwR1
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Pdwul
flq udqj gh�qludpr dqdorjqr ghwhuplqdqwlqx udqjx1

Gh�qlflmd 5141< Uh�fl �fhpr gd pdwulfd D lpd udqj u � u+D,/ dnr vdgu
}l

nydgudwqx srgpdwulfx u0wrjd uhgd ghwhuplqdqwd nrmh mh ud}ol
flwd rg qxoh l dnr

mh ghwhuplqdqwd vydnh nydgudwqh srgpdwulfh rg D uhgd yh�fhj rg u mhgqdnd

qxol1

L} gh�qlflmh volmhgl gd mh pdwul
flq udqj u+D, � plqip>qj 
flp mh pdwulfd
D wlsd +p>q,1 Qdgdomh/ l} Vwdynd 5141< l qmhjryd grnd}d volmhgl=

Pdwulfd D lpd udqj u dnr l vdpr dnr vdgu
}l wr
fqr u olqhduqr qh}dylv0

qlk uhgdnd +vwxsdfd,> suhrvwdol uhwfl +vwxsfl, vx qhnh qmlkryh olqhduqh nrp0

elqdflmh1
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udwqh srgpdwulfh wuh�fhjd uhgd +grelydpr lk lvsxµwdqmhp sr mhgqrj vwxsfd,
l vyh rqh lpdmx ghwhuplqdqwx mhgqdnx qxol1 Exgx�fl gd srvwrml eduhp mhgqd
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51 Dnr mh u+D, @ u+^D E`, � u � p/ vxvwdy +9, vh uhgxflud qd vxvwdy rg u

olqhduqr qh}dylvqlk mhgqdg
}ded +uhgdnd rg ^D E`, v q qhsr}qdqlfd +Whruhp
51418 +ll,,1

61 Dnr mh u ? q/ qd olmhyrm vwudql +uhgxfludqrjd vxvwdyd, wuhed rvwdylwl u
qhsr}qdqlfd vwxsfl nrmlk vx olqhduqr qh}dylvql/ d qd ghvqr wuhed suhedflwl
vyh rvwdoh suleurmqlnh1

71 X}hyµl elor nrmh yulmhgqrvwl }d q � u qd ghvqr suhed
fhqlk qhsr}qdqlfd/
suhrvwdmh ulmhµlwl vxvwdy rg u olqhduqr qh}dylvqlk mhgqdg
}ded v u qhsr}qdqlfd
+Whruhp 51418 +lll,,1

Sulpmhu 51414; Vxvwdy

5{� . 6{2 . {� . {e @ 3> {2 . {e @ 3> {� . {2 . {e @ 3>

mh krprjhq/ sd lpd wulylmdoqr umhµhqmh +3> 3> 3> 3,1 Exgx�fl gd mh udqj sulsdgqh
pdwulfh

D @
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3 4 3 4
4 4 3 4

6
8

pdqml rg eurmd qhsr}qdqlfd/ wm1 u+D, ? 7/ wr rydm vxvwdy lpd l qhwulylmdoqr
umhµhqmh1 Rguhglpr udqj u+D, +rygmh vx gryromqh hohphqwduqh rshudflmh vdpr
uhwflpd,=

D �

5
7 4 4 3 4

3 4 3 4
3 4 7 �4

6
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5
7 4 3 3 3

3 4 3 4
3 3 7 �5

6
8 �

5
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2

6
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sd mh u+D, @ 61 Exgx�fl gd vx suyd wul vwxsfd olqhduqr qh}dylvqd l exgx�fl gd
vpr rshuludol vdpr uhwflpd/ rguh¡xmx�fl udqj grelol vpr l hnylydohqwql vxvwdy

{� @ 3> {2 . {e @ 3> {� �
�
2{e @ 3=

Suhedflpr ol suleurmqlnh v qhsr}qdqlfrp {e qd ghvqr l vwdylpr ol {e �
5x/ x 5 U/ grelydpr vyd umhµhqmd= +3>�5x> x> 5x,/ x 5 U1 +]d x @ 3
grelydpr l wulylmdoqr umhµhqmh$,

Sulpmhu 51414< X vxvwdyx +v sdudphwurp d 5 U,

d{. | @ 4> 6{. 5| @ 3> {. d| @ 4>

rguhglpr sdudphwduvnh yulmhgqrvwl d }d nrmh vxvwdy lpd +qhpd, umhµhqmh1

Qdmsulmh rguhglpr udqjryh u+D, l u+^D E`,= Ud
fxqdw �fhpr xvsruhgqr sul0
plmhqmxmx�fl vdpr hohphqwduqh rshudflmh uhwflpd1 +Wlph �fhpr x vydnrpx
nrudnx grelwl vxvwdy hnylydohqwdq srod}qrpx/ mhu vydnl uhgdn suhgvwdyomd
wr
fqr mhgqx mhgqdg
}ex$, Gdnoh/

^D E` @

5
7 d 4 4

6 5 3
4 d 4

6
8 �

5
7 4 d 4

6 5 3
d 4 4

6
8 �

5
7 4 d 4

3 5� 6d �6
3 4� d2 4� d

6
8 >

µwr srnd}xmh gd qdvwxsdmx gyd }dqlpomlyd vox
fdmd= d 9@ 4 l d @ 41 Dnr mh
d 9@ 4 rqgd }dgqml uhgdn grsxµwd glmhomhqmh v 4 � d/ sd mh wdgd surµluhqd
pdwulfd
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^D E` �

5
7 4 d 4

3 5� 6d �6
3 4 . d 4

6
8 =

Sulsdgqh srgghwhuplqdqwh +l} suylk gydmx vwxsdfd,���� 4 d

3 5� 6d

���� @ 5� 6d>

���� 4 d

3 4 . d

���� @ 4 . d>

qh prjx lvwrgreqr lµ
fh}dydwl/ sd mh u+D, @ 5/ grn mh������
4 d 4
3 5� 6d �6
3 4 . d 4

������ @ 8>

sd mh u+^D E`, @ 61 ]dnomx
fxmhpr gd qdµ vxvwdy qhpd umhµhqmd 
flp mh d 9@ 41
+]d wdndy vxvwdy vh nd
}h gd mh surwxumh
fdq lol nrqwudglnwrudq1, Dnr mh
sdn d @ 4 rqgd mh

^D E` �

5
7 4 4 4

3 �4 �6
3 3 3

6
8 >

gdnoh/ u+D, @ 5 @ u+^D E`,> sd vxvwdy lpd umhµhqmh1 Suleudmdqmhp guxjrjd
uhwnd suyrpx wh pqr
}hqmhp guxjrjd uhwnd eurmhp �4/ grelydpr

^D E` �

5
7 4 3 �5

3 4 6
3 3 3

6
8 > wm1 vxvwdy { @ �5> | @ 6>

µwr mh }dsudyr wud
}hqr umhµhqmh1

-%�%5 �����2�

41 Grnd}dwl gd vx suyh wul rg pdwulfd

5
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3

6
8 >

5
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6
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5
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3
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8 >

5
7 5
�6
�
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8

olqhduqr qh}dylvqh l sulnd}dwl 
fhwyuwx ndr qmlkryx olqhduqx nrpelqdflmx1

51 Qhnd mh D pdwulfd wlsd +p>q,/ d L mhglql
fqd pdwulfd q0wrjd +p0wrjd,
uhgd Grnd}dwl gd mh DL @ D +LD @ D,=

61 Qhnd mh D pdwulfd wlsd +p>q,/ d R qhnd r}qd
fxmh elor nrmx qxopdwulfx1
Grnd}dwl gd mh DR @ R l RD @ R ndg jrg vx wl xpqrµfl prjx�fl1

71 +d, Nrolnr lqyhu}lmd suylk +guxjlk, lqghnvd lpd x }dslvx d��d�2d2ede�B

+e, Nrolnr mh lqyhu}lmd suylk lqghnvd x }dslvx wrjd xpqrµnd ndg vx guxjl
lqghnvl x rvqryqrm shupxwdflml/ d nrolnr mh lqyhu}lmd guxjlk lqghnvd ndg vx
suyl lqghnvl x rvqryqrm shupxwdflmlB

81 L}udyqrp surymhurp srwyuglwl gd �fh l}pmhqrp pmhvwd wuh�fhjd l vhgprjd
hohphqwd x shupxwdflml +8> 4> 7> 5> 6> :> 9, eurm sulsdgqlk lqyhu}lmd surplmhqlwl
sduqrvw1



5151 YHNWRUVND DOJHEUD 9<

91 Qhnd mh D @ +d��, �grqmd +jruqmd, wurnxwdvwd� pdwulfd/ wm1 nydgudwqd
pdwulfd v hohphqwlpd d�� @ 3 
flp mh l A m +d�� @ 3 
flp mh l ? m,1 Grnd}dwl
gd mh ghwD @

T
�

d��1 +Srvhelfh/ ghw L @ 41,

:1 Grnd}dwl gd }d nydgudwqh q0uhgqh pdwulfh D l E yulmhgh ryh irupxoh=
+l, ghw+D.E, @ ghwD. ghwE>
+ll, ghw+�D, @ �? ghwD/ � 5 U +F,>
+lll, ghw+DE, @ ghwD � ghwE1

;1 Dnr vx D� l D2 umhµhqmd olqhduqrj vxvwdyd DD @ E/ grnd}dwl gd mh/ }d
vydnl � 5 U/ l D+�, @ �D� . +4� �,D2 umhµhqmh wrjd vxvwdyd1

<1 Grnd}dwl lvsudyqrvw Fudphuryh irupxoh1

Grnd}1 Exgx�fl gd mh/ srg qdyhghqlp xymhwlpd/ mhglqr umhµhqmh vxvwdyd +9,
D @ D3�

E/ wr mh

D @ �
_i|D

5
97
D�� � � � D?�
111
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111

D�? � � � D??

6
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5
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e�
111
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6
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_i|D

5
999997

?S
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D��e�

111
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D�?e�

6
:::::8
=

Xyrgh�fl srnudwhG � ghwD lG� �
?S

�'�
D��e� / l @ 4> � � � > q/ grelydpr wud
}hqx

irupxox1

431 Ulmhµlwl vxvwdy 8{.9|� 8} @ 78/ 6{� 5| . 7} @ 53/ 7{. | � 5} @ 681

441 Mh ol vxvwdy {D . {S @ 5/ {e . {D @ 6/ {� . {e @ 7/ {2 . {� @ 8/
{� . {2 @ 9/ surwxumh
fdqB

-%- ����"���� �)!�*��

X ryrpx rgmhomnx �fhpr gh�qludwl srmdp vwdqgdugqrj +�jhrphwulmvnrj�, yhn0
wrud l x sulsdgql vnxs xyhvwl rgjrydudmx�fx dojheduvnx vwuxnwxux1 Sulwrp
suhwsrvwdyomdpr gd vx whphomql srmpryl l xrel
fdmhqh r}qdnh l} hohphqwduqh
hxnolgvnh jhrphwulmh +wr
fnd 0 W / sudydf 0 s/ gx
}lqd 0 DE/ }udnd/ udyqlqd 0
�/ nxw 0 */ survwru/ � � � , ndr l qmlkryl rgqrvl greur sr}qdwl1 Survwru �fhpr
r}qd
fdydwl +srgheomdqlp, voryrp H1

-%-%� �+0����/� �,���/� � $��6#�

Vydnl xuh¡hql sdu +D>E, wr
fdnd D l E l} survwrud H qd}lydpr xvpmhuhqrp

+lol rulmhqwludqrp, gx
}lqrp l r}qd
fxmhpr v
��$
DE1 Sulwrp }d D nd
}hpr

gd mh sr
fhwdn d }d E gd mh nudm xvpmhuhqh gx
}lqh
��$
DE1 Vnxs vylk xvp0

mhuhqlk gx
}lqd v sr
fhwnrp x lvwrm wr
fnl R r}qd
fxmhpr v Y+R,= Xvpmhuhqh

gx
}lqh
�$
RD/

��$
RE/ � � � l} Y+R, qd}lydpr l udglmxv0yhnwrulpd +ydulmdeloqlk,

wr
fdnd D/ E/ � � � v re}lurp qd +
fyuvwx, wr
fnx R l r}qd
fxmhpr v u�/ u�/ � � � 1
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+X sudylox/ wr
fnd R �fh elwl lvkrglµwh gdqrj suryrnxwqrj nrruglqdwqrj vxv0
wdyd x survwrux1 Xrel
fdmlor vh xvpmhuhqh gx
}lqh suhgr
fdydwl ndr qd grqmhpx
fuwh
}x 0 +d,/ +e,1,

Gh�qlflmd 51514 Uh�fl �fhpr gd mh xvpmhuhqd gx
}lqd
��$
DE x uhodflml � v xv0

pmhuhqrp gx
}lqrp
��$
FG l slvdwl

��$
DE �

��$
FG/ dnr gx
}lqh DG l EF lpdmx

}dmhgql
fnr srorylµwh1 +Sulsdgql fuwh
} mh gromh 0 +f,1,

$

% 2

$
%

&

U%

�&
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$

%
'
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�D� �E� �F�

�$

Qlmh whµnr grnd}dwl gd mh uhodflmd � hnylydohqwqd rylp wulpd }dkwmhylpd=
gx
}lqh DE l FG vx sdudohoqh +DE n FG,/ gx
}lqh DF l EG vx sdudohoqh
+DF n EG, l gx
}lqh DF l EG lpdmx mhgqdnh gxomlqh +g+D>F, @ g+E>G,,1
Qdgdomh/ odnr vh surymhul gd mh � ud}uhgehqd uhodflmd qd vnxsx vylk xvpmh0
uhqlk gx
}lqd/ sd vh wdm vnxs flmhsd qd sulsdgqh ud}uhgh1

Gh�qlflmd 51515 Vydnl hnylydohqflmvnl ud}uhg sr uhodflml � qd vnxsx vylk

xvphuhqlk gx
}lqd qd}lydpr yhnwrurp1 Vnxs vylk yhnwrud r}qd
fxmhpr v

Y
�/ d qmhjryh hohphqwh +yhnwruh, 0 pdolp +pdvqlp, vorylpd= d/ e/ f/� � � =

]d rvqryql rgqrv l}ph¡x wr
fdnd l yhnwrud sulkyd�fdpr ndr 
flqmh0
qlfx ryr 0 +B,= ]d vydnx wr
fnx D x survwrux H l vydnl yhnwru d

l} Y� srvwrml wr
fqr mhgqd wr
fnd E wdnyd gd mh xvpmhuhqd gx
}lqd
��$
DE hohphqw hnylydohqflmvnrjd ud}uhgd d1

Suhpd wrpx/ dnr mh
��$
DE 5 d/ wm1 ^

��$
DE` @ d/ vplmhpr jryrulwl gd mh xvpmhuhqd

gx
}lqd
��$
DE suhgvwdyqln gdqrjd yhnwrud d1 Sulwrp nd
}hpr l gd vpr yhnwru

d �vyhol qd� sr
fhwdn D/ rgqrvqr/ gd vpr jd �qdqlmhol rg� D1 Rvlp wrjd/
wdgd jryrulpr l gd yhnwru d lpd sudydf rguh¡hq wr
fndpd D>E x vpmhux

rg D suhpd E l gxomlqx +lol dsvroxwqx yulmhgqrvw lol prgxo lol qrupx,
ndn @ g+D>E, +y1 Qdsrphqx 51514,1

Qhnd mh R elor nrmd wr
fnd x survwrux H1 Exgx�fl gd/ sr +B,/ vydnl yhnwru
d 5 Y� lpd mhglqvwyhqrjd suhgvwdyqlnd x vnxsx Y+R, l gd mh/ v guxjh vwudqh/
vydnd xvpmhuhqd gx
}lqd v sr
fhwnrp R suhgvwdyqln mhglqvwyhqrjd yhnwrud/
wr vx vnxsryl Y+R, l Y� x elmhnwlyqrm vyh}l1 Suhpd wrpx/ gylmh xvpmhuhqh
gx
}lqh

�$
RD l

��$
RE suhgvwdyomdmx lvwl yhnwru wr
fqr rqgd ndg mh D @ E1

Gh�qlflmd 51516 Qhnd vx d l e yhnwrul l R wr
fnd x survwrux H/ wh qhnd vx
�$
RD l

��$
RE sulsdgql udglmxv0yhnwrul1 Uh�fl �fhpr gd vx yhnwrul d l e nrolq0

hduql/ dnr wr
fnh R/ D l E sulsdgdmx lvwrp sudyfx1 Qdgdomh/ uh�fl �fhpr gd
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rql lpdmx lvwl vpmhu +lol lvwx rulmhqwdflmx, 
flp vx wr
fnh D l E qd lvwrm

}udfl wrjd sudyfd rguh¡hqrm wr
fnrp R/ d gd lpdmx vxsurwqh vpmhuryh 
flp

D l E sulsdgdmx ud}ol
flwlp }udndpd v re}lurp qd wr
fnx R1

Qdsrphqd 51514 Odnr vh ylgl gd mh yhnwruvnd nrolqhduqrvw greur gh�ql0
udqd/ wm1 gd qh rylvl r l}erux wr
fnh0lvkrglµwd R1 Qdlph/ l} gh�qlflmh volmhgl

gd vx suhgvwdyqlfl
�$
RD l

��$
R�D� yhnwrud d x vnxsrylpd Y+R, l Y+R�,/ uhgrp/

x uhodflml �/ d lvwr yulmhgl l }d suhgvwdyqlnh
��$
RE l

���$
R�E� yhnwrud e uhgrp

x vnxsrylpd Y+R, l Y+R�,1 Volmhgl gd wr
fnh R/ D l E sulsdgdmx mhgqrp
sudyfx/ dnr l vdpr dnr wr
fnh R�/ D� l E� sulsdgdmx mhgqrp sudyfx1 Rydnyd
qdsrphqd �fh vh rgqrvlwl l qd vyh rvwdoh gh�qlflmh x nrmlpd vh yhnwruvnd
vyrmvwyd rslvxmx srpr�fx uhsuh}hqwdqdwd/ sd ylµh qh �fhpr qdjodµdydwl greux
gh�qludqrvw wdnylk srmpryd1

]d vydnx wr
fnx D x survwrux H/ yhnwru ^
�$
DD` qd}lydpr qxoyhnwrurp l

r}qd
fxmhpr v 31 Wr mh mhglql yhnwru nrmhpx sudydf ql vpmhu qlvx rguh¡hql/
grn mh r
flwr n3n @ 31 Sr grjryrux vpdwudpr gd mh qxoyhnwru nrolqhdudq
vydnrp yhnwrux1 Dnr mh d @ ^

��$
DE`/ rqgd ^

��$
ED` qd}lydpr +yhnwrux d, vxsurw0

qlp yhnwrurp l r}qd
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mhgqdnx gxomlqx/ grn vx lp vpmhuryl vxsurwql1 Vydnl yhnwru h 5 Y� gxomlqh
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]eudmdqmh yhnwrud l pqr
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��$
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Whruhp 51514 ]eudmdqmh x vydnrp vnxsx Y+R, sulsdgqlk udglmxv0yhnwrud

lpd ryd vyrmvwyd=

+l, +
�$
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��$
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��$
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Gh�qlflmd 51518 Pqr
}hqmhp +yhnwrud, vndodurp qd}lydpr ixqnflmx l}

U � Y� x Y�/ +�>d, :$ �d/ jgmh mh �d yhnwru gxomlqh m�m � ndn nrolqhdudq

yhnwrux d/ nrml mh xvpmhuhq ndr d 
flp mh � A 3/ d vxsurwqr xvpmhuhq 
flp mh

� ? 31 +Sr gh�qlflml mh/ gdnoh/ �3 @ 3 }d vydnl �/ ndr l 3d @ 3 }d vydnl d=,
Vdvylp dqdorjqr gh�qludpr l pqr
}hqmh udglmxv0yhnwrud vndodurp 0 uhdoqlp

eurmhp1

Srpqr
}lpr ol yhnwru d/ ndn 9@ 3/ uhflsur
fqrp yulmhgqrµ�fx qmhjryh gxoml0
qh/ grelw �fhpr mhglql
fql yhnwru df @ �

8d8d nrmhjd qd}lydpr mhglql
fqlp

yhnwrurp yhnwrud d1 Odnr mh surymhulwl gd pqr
}hqmh vndodurp lpd ryd
vyrmvwyd=

Whruhp 51516 ]d elor nrmh d>e 5 Y� l elor nrmh �>� 5 U yulmhgl=
+l, +��,d @ �+�d,>
+ll, +�. �,d @ �d. �d>

+lll, �+d. e, @ �d. �e1

Whruhp 51517 Dnr vx yhnwrul d l e nrolqhduql l d 9@ 3/ rqgd srvwrml mhglq0

vwyhql eurm � 5 U wdndy gd mh e @ �d1

Grnd}1 Dnd vx d @ ^
�$
RD`/ D 9@ R/ l e @ ^

��$
RE` nrolqhduql/ rqgd wr
fnh R/

D l E sulsdgdmx lvwrp sudyfx s1 Qhnd mh wr
fndpd R l H qd s/ g+R>H, @
4/ rguh¡hq sulsdgql eurmhyql sudydf/ sd qhnd wr
fdndpd D l E rgjrydudmx
uhgrp dsvflvh {� l {� +y1 ¢41715,1 Exgx�fl gd mh m{�m @ g+R>D, 9@ 3/ wr
srvwrml eurm � @ %�

%�
1 Sulwrp mh � A 3 
flp vx yhnwrul d l e lvwrvpmhuql/

d � ? 3 
flp d l e lpdmx vxsurwqh vpmhuryh1 Qdgdomh/ nen @ g+R>E, @
m{�m @ m�mm{�m/ sd prud elwl e @ �d1 L} ��d @ �2d l d 9@ 3 rgpdk volmhgl
�� @ �21

-%-%- ���6#� , .�#$#�,6/#0 �##���/�6/#0 +,+6�$,

Qhnd mh s elor nrml sudydf x survwrux H l R elor nrmd wr
fnd qd wrpx sudyfx1
Surpdwudmpr rqdm srgvnxs rg Y+R, µwr jd wyruh vyl udglmxv0yhnwrul v nud0
mhylpd qd s1 L}erurp qhnh wr
fnh H qd sudyfx s/ H 9@ R/ l gh�qludqmhp
g+R>H, @ 4/ rguh¡xmhpr qd s mhgdq eurmhyql sudydf1 Sulwrp nd
}hpr gd
vpr qd sudyfx s }dgdol nrruglqdwql vxvwdy +R> l, v lvkrglµwhp R l +mh0
glql
fqlp, ed}qlp yhnwrurp l @ ^

��$
RH`1 Vdgd vh vydnrp udglmxv0yhnwrux

�$
RW / W wr
fnd qd s/ pr
}h sulgux
}lwl mhglqvwyhqd nrruglqdwd0dsvflvd {A 5 U
qmhjryd nudmd W wdnr gd exgh

�$
RW @ {A

��$
RH +W151517,1 Eurm {A qd}lydpr

nrruglqdwrp wr
fnh W lol vndoduqrp nrpsrqhqwrp udglmxv0yhnwrud
�$
RW

+yhnwrud ^
�$
RW `, x nrruglqdwqrpx vxvwdyx +R> l,1 Sulplmhwlpr gd nrrugl0

qdwql vxvwdy +R> l, rguh¡xmh/ qd grwl
fqrp sudyfx/ gylmh eurmhyqh }udnh 0
�sr}lwlyqx� l �qhjdwlyqx�1

Qhnd mh � elor nrmd udyqlqd x survwrux H l R elor nrmd wr
fnd x wrm udyqlql1
+Ghvql, sudyrnxwql nrruglqdwql vxvwdy x udyqlql �/ x r}qdfl +R> l> m,/
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gh�qludpr ndnr volmhgl= Wr
fnrp R sror
}lpr gyd ph¡xvreqr rnrplwd sudyfd
s l t x udyqlql �/ sd vydnrpx rg qmlk sulgux
}lpr eurmhyql sudydf wdnr gd exgh
g+R>HR, @ 4 @ g+R>H^, l gd wr
fnd HR yuwqmrp x � rnr R }d Z

2
+vxsurwqr rg

xulqh nd}domnh 0 �sr}lwlyqd urwdflmd�, srgqh x wr
fnx H^1 Wr
fnx R rshw qd}l0

ydpr lvkrglµwhp wrjd nrruglqdwqrj vxvwdyd/ d mhglql
fqh yhnwruh l @ ^
��$
RHR`

l m @ ^
��$
RH^` 0 ed}qlp yhnwrulpd1 Xrel
fdmlor vh }dgdqh eurmhyqh sudyfh qd

s l t qd}ydwl nrruglqdwqlp rvlpd> qd s 0 [0rv +dsvflvqd rv [,/ d qd t 0
\ 0rv +ruglqdwqd rv \ ,1 Sulplmhwlpr gd vx nrruglqdwqlp vxvwdyrp +R> l> m,
x � srwsxqr rguh¡hql nrruglqdwql vxvwdyl +R> l, l +R> m, qd sudyflpd s l t uh0
grp1 Qhnd mh W elor nrmd wr
fnd x udyqlql �1 Sudydf x � wr
fnrp W xvsruhgdq v
\ 0rvl vlmh
fh [0rv x qhnrm wr
fnl W%/ d sudydf x � wr
fnrp W xvsruhgdq v [0rvl
vlmh
fh \ 0rv x qhnrm wr
fnl W+1 Nrruglqdwx rg W% x vxvwdyx +R> l, r}qd
fxmhpr
v {A l qd}lydpr dsvflvrp wr
fnh W / grn nrruglqdwx rg W+ x vxvwdyx +R> m,
r}qd
fxmhpr v |A l qd}lydpr ruglqdwrp wr
fnh W x +sudyrnxwqrp nrrugl0
qdwqrp, vxvwdyx +R> l> m,1 Mhgqrp ulmh
fmx/ nd
}hpr gd wr
fnd W lpd x vxvwdyx
+R> l> m, nrruglqdwh {A l |A l slµhpr W @ +{A > |A ,1 +�wrylµh/ mdvqr mh gd
yulmhgl l reudwqr/ wm1 vydnrp xuh¡hqrp sdux +{> |, 5 U2 rgjrydud/ x gdqrpx
sudyrnxwqrp nrruglqdwqrp vxvwdyx +R> l> m, x udyqlql �/ mhglqvwyhqd wr
fnd
W x wrm udyqlql wdnr gd exgh {A @ { l |A @ |1, ]d eurmhyh0nrruglqdwh {A
l |A nd
}hpr l gd vx vndoduqh nrpsrqhqwh udglmxv0yhnwrud

�$
RW +yhnwrud

^
�$
RW `, x nrruglqdwqrp vxvwdyx +R> l> m,1 Udglmxv0yhnwruh

��$
RW% @ {A

��$
RHR

l
��$
RW+ @ |A

��$
RH^ qd}lydpr yhnwruvnlp nrpsrqhqwdpd udglmxv0yhnwrud

�$
RW / d yhnwruh ^

��$
RW%` @ {A l l ^

��$
RW+` @ |A m 0 yhnwruvnlp nrpsrqhqwdpd

yhnwrud ^
�$
RW ` +y1 fuwh
},1 Sulplmhwlpr gd nrruglqdwql vxvwdy +R> l> m, glmhol

sulsdgqx udyqlqx qd 
fhwlul glmhod 0 nydgudqwd1

;

<

M

L2

7�[�\�

�

� U7

[

\

7[

7\

Sr gh�qlflml }eudmdqmd +udglmxv0,yhnwrud mh r
flwr
d � ^

�$
RW ` @ {l. |m +uA �

�$
RW @ {

��$
RHR . |

��$
RH^,1

Qdsrphqd 51515 Mdvqr mh gd x vxvwdyx +R> l> m,/ x gdqrm udyqlql �/ pr
}hpr
sulnd}dwl vdpr rqh yhnwruh l} Y� µwr lpdmx vyrmh suhgvwdyqlnh x wrm udyqlql1
]d wh yhnwruh nd
}hpr gd vx nrolqhduql udyqlql �1 Vydnd wul lol ylµh yhnwrud nr0
olqhduqd lvwrm udyqlql qd}lydpr nrsodqduqlp yhnwrulpd1 Sulpmhulfh/ yhnwrul
l/ m l d @ {l. |m mhvx nrsodqduql yhnwrul1

Qdsrphqd 51516 
Fhvwr �fhpr/ d l xrel
fdmhqr mh/ lvsxµwdwl xjodvwh }djudgh
x r}qdfl }d yhnwruh/ wm1 xpmhvwr ^

��$
DE` 
fhvwr �fhpr slvdwl vdpr

��$
DE/ µwr mh

r}qdnd }d sulsdgqx xvpmhuhqx gx
}lqx1 Reudwqr/ srqhndg �fhpr xpmhvwr
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r}qdnh
��$
DE }d xvpmhuhqx gx
}lqx lol udglmxv0yhnwru udelwl yhnwruvnx r}qdnx

d1 Sulwrp �fhpr/ gdndnr/ srpqr sd}lwl gd qh gr¡h gd srmpryqh }dexqh1

Qhnd mh u @ ^
�$
RW ` yhnwru nrolqhdudq udyqlql �/ v suhgvwdyqlnrp

�$
RW x �/ l

qhnd mh W @ +{A > |A , x qhnrp suyrnxwqrp nrruglqdwqrp vxvwdyx +R> l> m, x
wrm udyqlql1 X vnodgx v Qdsrphqrp 51516 vplmhpr slvdwl

�$
RW @ {A l.|A m ndr

l u @ {A
��$
RH%.|A

��$
RH+ +l @

��$
RH%> m @

��$
RH+,= Dnr mh d @

��$
DE/ D @ +{�> |�,

l E @ +{�> |�,/ rqgd mh d @
��$
RE �

�$
RD @ +{�l . |�m, � +{�l . |�m, @

+{� � {�,l. +|� � |�,m @
�$
RW> jgmh mh W @ +{� � {�> |� � |�, +y1 fuwh
},1

;

<

2

$

%

7 �[%�[$�\%�\$�
X survwrux H gh�qludpr +ghvql, sudyrnxwql nrruglqdwql vxvwdy vol
fqr

rqrpx x udyqlql= Qhnd vx [/ \ / ] wul ph¡xvreqr rnrplwd eurmhyqd sudyfd
x survwrux l lvwlp lvkrglµwhp R wdnr gd mh sulwrp g+R>H%, @ g+R>H+, @
g+R>H5, @ 4 l gd yulmhgl w}y1 �sudylor ghvqh uxnh�/ wm1 rguh¡xmh ol sdodf

ghvqh uxnh vpmhu rg l @
��$
RH% l nd
}lsuvw 0 vpmhu rg m @

��$
RH+ rqgd vuhgqmdn

rguh¡xmh vpmhu rg n @
��$
RH51 Wdgd nd
}hpr gd mh wr
fnrp R l yhnwrulpd l/

m l n x survwrux H }dgdq +ghvql, sudyrnxwql nrruglqdwql vxvwdy/ nrmhjd
r}qd
fxmhpr v +R> l> m>n,1

Qdsrphqd 51517 ]d vydnx xuh¡hqx wurmnx +d> e> f, qhnrsodqduqlk yhnwrud
vd vyrmvwyrp gd vh sdodf ghvqh uxnh pr
}h sror
}lwl x vpmhux rg d/ nd
}lsuvw
0 x vpmhux rg e l vuhgqmdn x vpmhux rg f/ nd
}hpr gd rguh¡xmx ghvql vxvwdy
x survwrux H= Dqdorjqr vh/ sr �sudylox olmhyh uxnh� pr
}h gh�qludwl olmhyl
vxvwdy x survwrux1

Ndr l sulmh/ eurmhyqh sudyfh [/ \ l ]/ µwr vx srvox
}lol }d gh�qludqmh nrru0
glqdwqrjd vxvwdyd/ qd}lydpr nrruglqdwqlp rvlpd1 Wul udyqlqh rguh¡hqh
nrruglqdwqlp rvlpd qd}lydpr nrruglqdwqlp udyqlqdpd1 Nrruglqdwqh
udyqlqh glmhoh survwru H qd rvdp glmhoryd 0 rnwdqdwd1 Nrruglqdwh {A > |A >

}A 5 U elor nrmh wr
fnh W x survwrux H/ x gdqrpx nrruglqdwqrp vxvwdyx
+R> l> m>n,/ rguh¡xmhpr srodjdqmhp wr
fnrp W wulmx udyqlqd xvsruhgqlk v
nrruglqdwqlp udyqlqdpd1 Vydnd rg qmlk/ qdlph/ wdgd vlmh
fh wr
fqr mhgqx rg
nrruglqdwqlk rvl [/ \ / ] uhgrp x wr
fndpd W%/ W+/ W5/ sd gh�qludpr ds0

vflvx {A +ruglqdwx |A / dsolndwx }A , ndr nrruglqdwx wr
fnh W% +W+/ W5, x
vxvwdyx +R> l, ++R> m,/ +R>n,,1

Qhnd mh gdqd W wr
fnd x survwrux H sd v W � r}qd
flpr qmh}lqx rnrplwx
surmhnflmx qd nrruglqdwqx udyqlqx [\ +rguh¡hqx rvlpd [ l \ ,1 Sulsdgql

udglmxv0yhnwru u @
�$
RW pr
}hpr sulnd}dwl ndr yhnwruvnl }eurm rg

��$
RW�/

��$
W�W

�

l
��$
W �W +y1 fuwh
},1



:9 SRJODYOMH 51 OLQHDUQD DOJHEUD

L M
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;

<

=

U7

7�

7

7�

7�

7


α
β

γ

Exgx�fl gd mh
��$
RW� @ {A l/

��$
W�W

� @
��$
RW2 @ |A m l

��$
W �W @

��$
RW� @ }An/ wr mh

u @ {A l.|A m.}An1 Ylglpr/ gdnoh/ gd vydnl nrruglqdwql vxvwdy +R> l> m>n,
x survwrux H sulgux
}xmh vydnrm wr
fnl W qhnx xuh¡hqx wurmnx uhdoqlk eurmhyd
+{A > |A > }A , 0 qmh}lqh nrruglqdwh x wrpx vxvwdyx1 Yulmhgl l reudwqr/ vydnrm
xuh¡hqrm wurmfl +{> |> }, 5 U� pr
}h vh sulgux
}lwl mhglqvwyhqd wr
fnd W x surv0
wrux H wdnr gd/ x gdqrp nrruglqdwqrp vxvwdyx +R> l> m>n,/ eurmhyl {> |> }
exgx nrruglqdwh wh wr
fnh1 Suhpd wrpx/ vnxs U� mh hnylsrwhqwdq survwrux
H/ wuhwludqrp wr
fnryqlp vnxsrp/ sd 
fhvwr jryrulpr l r wr
fndpd survwrud
U
� slµx�fl W @ +{> |> },1

Sulplmhwlpr gd mh l udglmxv0yhnwru u wr
fnh W @ +{> |> }, srvyh rguh¡hq
eurmhylpd {/ |/ l }/ nrmh vdgd qd}lydpr vndoduqlp nrpsrqhqwdpd rg
u1 Pqr
}h�fl wh vndoduqh nrpsrqhqhwh rgjrydudmx�flp mhglql
fqlp yhnwrulpd/
grelydpr yhnwruvnh nrpsrqhqhwh {l/ |m l }n rg u1 Suhpd wrpx/ u @
{l. |m . }n1 
Fhvwr vh vox
}lpr l pdwul
fqlp }dslvlpd/ wm1

u @ ^ { | } ` lol u @

5
7
{

|

}

6
8 =

Sr vyrmvwyx vndoduqrjd pqr
}hqmd vdgd volmhgl

�u @ �{l. �|m . �}n> � 5 U=
Qdgdomh/ yhnwruvnr }eudmdqmh vdgd sryod
fl

u� . u2 @ +{� . {2,l. +|� . |2,m . +}� . }2,n>
jgmh mh u� @ {�l. |�m . }�n/ l @ 4> 51 Vdvylp dqdorjqr mh

u� � u2 @ +{� � {2,l. +|� � |2,m . +}� � }2,n=

Sulplmhwlpr gd mh gxomlqd udglmxv0yhnwrud u @
�$
RW / W @ +{> |> },/ gdqd l}ud0

}rp
u � nun @

����$RW
��� @

s
{2 . |2 . }2

+gx
}lqd RW mh glmdjrqdod sulsdgqrjd nydgud,1 Nxwryh �/ �/ l � µwr lk u }dw0
ydud uhgrp v mhglql
fqlp yhnwrulpd l/ m l n qd}lydpr sulnorqlp nxwrylpd1
R
flwr mh

frv� @
{

u
> frv� @

|

u
> frv � @

}

u
=

Exgx�fl gd mh frv2 �. frv2 � . frv2 � @ 4/ wr mh hnvsolflwh rguh¡hq sulsdgql
mhglql
fql yhnwru

uf @
u

u
@ l frv�. m frv� . n frv � � ^ frv� frv� frv � `=

Srqhndg nd
}hpr l gd vx eurmhyl frv�/ frv�/ frv � vpmhuryql nrvlqxvl

rg u1
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Vydnx xvpmhuhqx gx
}lqx
��$
DE pr
}hpr/ ndr µwr vpr ylgmhol/ sulnd}dwl ud}olnrp

udglmxv0yhnwrud u� � u� @
��$
RE ��$

RD/ sd mh/ gdnoh/��$
DE @ +{� � {�,l. +|� � |�,m . +}� � }�,n=

Sulpmhu 51514 Rguhglpr yhnwru d @ ^
��$
DE` l sulsdgql mhglql
fql yhnwru df/

dnr mh D @ +6>�7> 8, l E @ +6>�4> 3,1
d @ +6� 6,l. +�4� +�7,,m . +3� 8,n @ 6m � 8n @ ^ 3 6 �8 `1

Exgx�fl gd mh ndn @
s

32 . 62 . +�8,2 @
s
67/ wr vx vpmhuryql nrvlqxvl

rg d eurmhyl frv� @ fI
�e

@ 3> frv� @ �I
�e

l frv � @ � DI
�e
> sd mh df @

�I
�e
m � DI

�e
n � ^ 3 �I

�e
3DI
�e

`=

X Gh�qlflml 51418 vpr gh�qludol olqhduqx +qh,}dylvqrvw pdwulfd1 Qd lvwl
qd
flq wh srmpryh gh�qludpr }d yhnwruh1

Gh�qlflmd 51519 ]d yhnwru d @ ��d� . � � � . �?d?/ ��> � � � > �? 5 U/ q 5
Q/ nd
}hpr gd mh olqhduqd nrpelqdflmd gdqlk yhnwrud d�> � � � >d?1 Uh�fl

�fhpr gd vx yhnwrul d�> � � � >d? olqhduqr }dylvql dnr srvwrmh uhdoql eurmhyl

��> � � � > �? wdnyl gd mh ��d�. � � �.�?d? @ 3 l m��m. � � �. m�?m A 3 +wm1 eduhp

mhgdq �� 9@ 3/ l 5 i4> � � � > qj,1 X surwlyqrp/ dnr mh ��d� . � � �. �?d? @ 3

vdpr x vox
fdmx m��m. � � �. m�?m @ 3 +wm1 �� @ � � � @ �? @ 3,/ nd
}hpr gd vx

yhnwrul d�> � � � >d? olqhduqr qh}dylvql1

Sulplmhwlpr gd vx olqhduqr }dylvqd vydnd gyd nrolqhduqd yhnwrud/ vydnd
wul nrsodqduqd yhnwrud/ wh vydnd 
fhwlul yhnwrud +l} Y�,/ d gd vx olqhduqr
qh}dylvqd vydnd gyd qhnrolqhduqd yhnwrud l vydnd wul qhnrsodqduqd l qhnrolq0
hduqd yhnwrud1 +Ryd 
flqmhqlfd vh mh r
flwrydod x yhnwruvnrp sulnd}x 0 }dslvx
srpr�fx yhnwruvnlk nrpsrqhqdwd1,

Exgx�fl gd vx mhglql
fql yhnwrul l/ m/ n x vydnrp nrruglqdwqrp vxvwdyx
+R> l> m>n, olqhduqr qh}dylvql/ }dnomx
fxmhpr=

+d, Yhnwru mh qxoyhnwru dnr l vdpr dnr vx vyh qmhjryh nrpsrqhqwh mhgqdnh
qxol>

+e, gyd yhnwrud vx mhgqdnd dnr l vdpr dnr vx lp lvwrlphqh nrpsrqhqwh
mhgqdnh1

-%-%1 ���6#�+�� 0/#���/��

X vnxsx Y� vylk yhnwrud gh�qludpr gylmh yuvwh pqr
}hqmd1 Lvkrg mhgqrjd mh
uhdodq eurm +vndodu, sd jryrulpr r vndoduqrp pqr
}hqmx/ d guxjrjd 0 yhn0
wru sd jd qd}lydpr yhnwruvnlp pqr
}hqmhp1 Vndoduqr pqr
}h�fl yhnwruvnl
xpqr
}dn yhnwrurp grelydpr l w}y1 pmhµrylwl xpqr
}dn1 Gdndnr/ vdpr mh
yhnwruvnr pqr
}hqmh +elqduqd, rshudflmd qd Y�1

Gh�qlflmd 5151: Vndoduqlp pqr
}hqmhp +lol vndoduqlp surgxnwrp,
qd}lydpr ixqnflmx

m = Y� �Y� $ U> m+d> e, � +dme, @ ndn � nen � frv+d> e,=
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Mhgqrvwdyqrvwl udgl/ r}qd
flpr +dme, � d � e/ ndn � d/ nen � e l nxw
l}ph¡x yhnwrud d l e voryrp */ sd gh�qlflmd vndoduqrjd pqr
}hqmd grelyd
}dslv

d � e @ de frv*=

L}ud
fxqdmpr vndoduqh xpqrµnh vylk sduryd mhglql
fqlk yhnwrud l/ m l n
µwr sulsdgdmx elor nrmhpx sudyrnxwqrp nrruglqdwqrp vxvwdyx +R> l> m>n, x
survwrux H=

l � l @ 4 � 4 � frv 3 @ 4 @ m � m @ n � n>
l � m @ 4 � 4 � frv Z

2 @ 3 @ m � l @ m � n @ n � m @ n � l @ l � n1
R
flwr mh d�d @ d2 l d�e @ 3 @ e�d 
flp vx yhnwrul d l eph¡xvreqr rnrplwl

lol mh eduhp mhgdq rg qmlk qxoyhnwru1 Qhnd vx d l e gyd qh0qxoyhnwrud vyhghqd
qd }dmhgql
fnl sr
fhwdn R l qhnd mh qd sudyfx rg e gdq nrruglqdwql vxvwdy
+R> ef,1 Rnrplwlp surmlfludqmhp yhnwrud d qd wdm sudydf grelydpr gx
}lqx
RW / jgmh wr
fnl W sulsdgd nrruglqdwd dK @ d frv* +y1 fuwh
},1 Sulplmhwlpr
gd mh d � e @ dKe/ sd vplmhpr }dnomx
flwl gd mh d � e ? 3 +@ 3> A 3, rqgd l
vdpr rqgd ndg mh dK ? 3 +@ 3> A 3,1

� � �

�

� � �

�
�

ϕ ϕ
� �

Eurm dK qd}lydpr vndoduqrp nrpsrqhqwrp/ d yhnwru dKef yhnwruvnrp
nrpsrqhqwrp yhnwrud d qd sudyfx yhnwrud e/ µwr mh x vnodgx v qd}lyomhp
x srgrgmhomnx 515151 Rvqryqd vyrmvwyd vndoduqrjd pqr
}hqmd grqrvl rydm
whruhp=

Whruhp 51518 Qhnd vx d>e> f 5 Y� l � 5 U1 Wdgd mh

+l, d � e @ e � d +nrpxwdwlyqrvw,>
+ll, d � +e. f, @ d � e. d � f +glvwulexwlyqrvw,>
+lll, �+d � e, @ +�d, � e @ d � +�e, +krprjhqrvw,>

Grnd}1 +l,1 d � e @ de frv* @ ed frv+�*, @ e � d1
+ll,1 R}qd
flpr e. f � g/ sd mh g@ @ e@ . f@ +y1 fuwh
}, l g@d @ e@d. f@d1

Vdgd sr gh�qlflml vndoduqh nrpsrqhqwh volmhgl d �+e.f, � d �g @ d �e.d �f1
+lll,1 Dnr mh � @ 3 wyugqmd mh r
fljohgqr lvwlqlwd1 Dnr mh � A 3 rqgd mh

n�dn @ �d l n�en @ �e/ d yhnwrul �d l e/ rgqrvqr d l �e/ }dwydudmx lvwl
nxw * ndr l yhnwrul d l e1 Vwrjd mh �+d � e, @ �+de frv*, @ +�d,e frv* @
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n�dn e frv* @ +�d, � e/ rgqrvqr/ �+d � e, @ �+de frv*, @ d+�e, frv* @
d n�en frv* @ d � +�e,1

Dnr mh sdn � ? 3 rqgd mh n�dn @ ��d l n�en @ ��e/ d yhnwrul �d l e/
rgqrvqr d l �e/ }dwydudmx nxw ��*1 Exgx�fl gd mh frv+��*, @ � frv*/ wr
mh �+d � e, @ �+de frv*, @ +��d,e+� frv*, @ n�dn e frv+� � *, @ +�d, � e/
rgqrvqr/ �+d � e, @ �+de frv*, @ d+��e,+� frv*, @ d n�en frv+� � *, @
d � +�e,1

Whruhp 51519 Dnr mh x sudyrnxwqrp nrruglqdwqrp vxvwdyx +R> l> m>n,
d @ d%l. d+m . d5n l e @ e%l. e+m . e5n/ rqgd mh

d � e @ d%e% . d+e+ . d5e5=

Grnd}1 Whruhp 51518 mh l}udyqd srvomhglfd Whruhpd 51517 l sr}qdwlk
vndoduqlk xpqr
}dnd vylk sduryd mhglql
fqlk yhnwrud l/ m l n1

Sulpmhu 51515 Rguhglpr nxw µwr jd }dwydudmx yhnwrul d @ 5l � 6m . n

l e @ l. m1
Sr Whruhpx 51518/ l} d � e @ de frv* volmhgl

frv* @
d � e
de

@
d%e% . d+e+ . d5e5t

d2% . d2+ . d25

t
e2% . e2+ . e25

1

Gdnoh/ frv* @ 2u�nE3��u�n�ufI
enbn�

I
�n�nf

@ � �
2
I
.
/ sd mh * @ duffrv+� �

2
I
.
, � 433J86�57��/

wm1 * � 4> :93;: udglmdqd +y1 vomhgh�fx Qdsrphqx 51518,1

Qdsrphqd 51518 Sr grjryrux vpdwudpr gd xuh¡hql yhnwruvnl sduryl +d> e,
l +e>d, }dwydudmx lvwl nxw * l gd mh 3 � * � �1

Gh�qlflmd 5151; Yhnwruvnlp pqr
}hqmhp +lol yhnwruvnlp surgxnwrp,
qd}lydpr elqduqx rshudflmx � = Y� �Y� $ Y

�/ �+d>e, � d� e/ gh�qludqx

ndnr volmhgl=

yhnwru d� e mh rnrplw qd yhnwruh d l e>

xuh¡hqd wurmnd +d>e>d�e, rguh¡xmh ghvql nrruglqdwql vxvwdy x survwrux>

nd� en @ ndn � nen � vlq+d> e, � de vlq*1

Xr
flpr gd mh yhnwruvnl xpqr
}dn d�e yhnwru nrmhpx mh gxomlqd mhgqdnd
sryuµlql sdudohorjudpd µwr jd rguh¡xmx yhnwrul d l e vyhghql qd }dmhgql
fnl
sr
fhwdn/ wh gd px mh sudydf rnrplw qd udyqlqx rguh¡hqx +nrolqhduqx, wlp
yhnwrulpd +y1 fuwh
},1

�

�

ϕ

�������
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Whruhp 5151: Qhnd vx d>e> f 5 Y� l � 5 U1 Wdgd mh
+l, d� e @ �e� d +dqwlnrpxwdwlyqrvw,>
+ll, d� +e. f, @ d� e. d� f +glvwulexwlyqrvw,>
+lll, �+d� e, @ +�d,� e @ d� +�e, +krprjhqrvw,1

Grnd}1 +l,1 Exgx�fl gd/ sr gh�qlflml/ xuh¡hqd wurmnd +d>e>d � e, wyrul
ghvql vxvwdy/ wr xuh¡hqd wurmnd +e>d>d�e, wyrul olmhyl vxvwdy +y1 Qdsrphqx
51517,1 Wd 
flqmhqlfd l Gh�qlflmd 5151; sryod
fh +l,1

+ll,1 Qhnd mh � udyqlqd rnrplwd qd yhnwru d nur} qmhjry sr
fhwdn/ wh qhnd
mh e� rnrplwd surmhnflmd yhnwrud e qd �1 Qhnd mh * nxw l}ph¡x yhnwrud d l e/ d
*� nxw l}ph¡x e l e�1 Wdgd mh *� @ Z

2�* l e� @ e frv*� @ e vlq*1 ]durwludmpr
e� x � rnr }dmhgql
fnrjd sr
fhwnd }d Z

2 l grelyhql yhnwru r}qd
flpr v e��/ wdnr gd
+d>e>e��, wyruh ghvql vxvwdy1 Sulplmhwlpr gd mh yhnwru e�� rnrplw qd yhnwruh
d l e�/ gdnoh/ l qd yhnwru e1 R}qd
flpr d � e � e���1 Vol
fqlp srvwxsnrp
grelydpr yhnwruh f�/ f�� l f��� � d � f/ wh g�/ g�� l g��� � d � g/ jgmh mh
g � e. f +y1 fuwh
},1

E


 E



G




G



D

E

G

F

F


E


G
ρ

Suhrvwdmh grnd}dwl gd mh g��� @ e��� . f���1 Xr
flpr gd mh rnrplwd surmhnflmd
+qd �, sdudohorjudpd rguh¡hqrjd yhnwrulpd f l e sdudohorjudp rguh¡hq yhn0
wrulpd f� l e�/ d rnrplwd surmhnflmd g� glmdjrqdoh g @ e. f suyrjd sdudoho0
rjudpd mh glmdjrqdod guxjrjd sdudohorjudpd/ wm1 g� @ e� . f�1 Urwdflmd
x udyqlql � rnr }dmhgql
fnrjd sr
fhwnd }d Z

2
suhyrgl sdudohorjudp rguh¡hq

yhnwrulpd e� l f� x vxnodgql sdudohorjudp rguh¡hq yhnwrulpd e�� l f�� v gl0
mdjrqdorp g��/ sd mh g�� @ e�� . f��1 Pqr
}hqmhp wh mhgqdnrvwl v mmdmm � d

grelydpr g��� @ e��� . f���1
+lll,1 Ryd vh wyugqmd grnd}xmh ndr +lll, x Whruhpx 515171

Whruhp 5151; Dnr mh x sudyrnxwqrp nrruglqdwqrp vxvwdyx +R> l> m>n,
d @ d%l. d+m . d5n l e @ e%l. e+m . e5n/ rqgd mh

d� e @ +d+e5 � d5e+,l. +d5e% � d%e5,m . +d%e+ � d+e%,n=

Grnd}1 Whruhp 5151; mh l}udyqd srvomhglfd Whruhpd 5151: l vomhgh�flk
mhgqrvwdyqlk 
flqmhqlfd +y1 Gh�qlflmx 5151;,=

l� l @ 3 @ m � m @ n� n>
l� m @ n/ m � n @ l/ n� l @ m>
l� n @ �m/ m � l @ �n/ n� m @ �l1
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Sulplmhwlpr gd Whruhp 5151; grsxµwd l irupdoql ghwhuplqdqwql }dslv +y1
¢51415,=

d� e @

������
l m n

d% d+ d5
e% e+ e5

������ =
L} wrjd mh }dslvd r
fljohgqr gd mh d � e @ 3 rqgd l vdpr rqgd/ dnr vx
d l e nrolqhduql +µwr xnomx
fxmh prjx�fqrvw gd mh qhnl rg qmlk qxoyhnwru,1
Sulplmhwlpr/ wdnr¡hu/ gd yhnwruvnr pqr
}hqmh qlmh dvrflmdwlyqr1 �wrylµh/ qlmh
whµnr grnd}dwl ydomdqrvw vomhgh�fjd whruhpd=

Whruhp 5151< Dnr vx d>e>f 5 Y� rqgd mh
+l, +d� e,� f @ +d � f,e� +e � f,d>
+ll, d� +e� f, @ +d � f,e� +d � e,f1

Sulpmhu 51516 L}ud
fxqdmpr sryuµlqx sdudohorjudpd µwr jd rguh¡xmx yhn0
wrul d @ �5l. 6m . n l e @ l� m � n1

S @ nd� en @ mm
������

l m n

�5 6 4
4 �4 �4

������ mm @ n�5l� m � nn @
s
7 . 4 . 4 @

s
91

Gh�qlflmd 5151< Pmhµrylwlp pqr
}hqmhp +lol yhnwruvnr0vndoduqlp

surgxnwrp, qd}lydpr ixqnflmx l} Y� � Y� � Y� x U gh�qludqx sudylorp

+d>e> f, :$ +d� e, � f1
R}qd
flpr ol nxw l}ph¡x yhnwrud d l e voryrp */ d nxw l}ph¡x d � e l f
voryrp #/ sudylor pmhµrylwrjd pqr
}hqmd grelyd }dslv

+d� e, � f @ nd� en � nfn � frv# @
ndn � nen � vlq* � nfn � frv# � def vlq* frv#1

Wr grsxµwd pmhµrylwl xpqr
}dn +d�e, �f lqwhusuhwludwl/ gr qd suhg}qdn/ ndr
rexmdp sdudohorslshgd rguh¡hqrjd yhnwrulpd d/ e l f

�

�

�

ϕ
ψ

�×�

Suhg}qdn pmhµrylwrjd xpqrµnd mh sr}lwlydq 
flp +d>e>f, rguh¡xmh ghvql vxv0
wdy/ d qhjdwlydq x vox
fdmx olmhyrjd vxvwdyd1

Whruhp 515143 Dnr mh x sudyrnxwqrp nrruglqdwqrp vxvwdyx +R> l> m>n,
d @ d%l . d+m . d5n/ e @ e%l . e+m . e5n l f @ f%l . f+m . f5n/ rqgd

mh

+d� e, � f @

������
d% d+ d5
e% e+ e5
f% f+ f5

������ =
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Grnd}1 Whruhp 515143 mh srvomhglfd Whruhpd 51518 l Whruhpd 5151:1

Srpr�fx Whruhpd 515143 vh odnr grnd}xmx +udeh�fl ghwhuplqdqwlqd vyrm0
vwyd, ryh mhgqdnrvwl=

+d�e,�f @ +e�f,�d @ +f�d,�e @ �+d�f,�e @ �+f�e,�d @ �+e�d,�f>
+d� e, � f @ d � +e� f,>
+d� e, � f @ f � +d� e,1

-%-%3 �����2�

41 Grnd}dwl gd mh uhodflmd � +y1 Gh�qlflmx 51514, qd vnxsx vylk xvpmhuhqlk
gx
}lqd l} survwrud H ud}uhgehqd uhodflmd1
Grnd}1 ]d vydnx xvpmhuhqx gx
}lqx

��$
DE/ gx
}lqhDE lED lpdmx lvwr srorylµwh1

Gdnoh/
��$
DE � ��$DE/ wm1 uhodflmd � mh uh hnvlyqd1 Qdgdomh/ qhnd mh

��$
DE � ��$FG/

wm1 qhnd gx
}lqh DG l EF lpdmx }dmhgql
fnr srorylµwh1 Wdgd l gx
}lqh FE l
GD lpdmx }dmhgql
fnr srorylµwh +udgl vh r lvwlp gx
}lqdpd l lvwrp srorylµwx,/
sd mh

��$
FG � ��$

DE1 Gdnoh/ uhodflmd � mh l vlphwul
fqd1 Qdsrnrq/ }d wudq}l0
wlyqrvw/ qhnd vx

��$
DE/

��$
FG l

��$
HI wdnyh xvpmhuhqh gx
}lqh gd mh

��$
DE � ��$

FG l��$
FG � ��$HI 1 Grnd
}lpr gd mh wdgd ��$DE � ��$HI $��$

DE � ��$FG/ +DE n FG aDF n EG a g+D>F, @ g+E>G,,��$
FG � ��$HI / +FG n HI aFH n GI a g+F>H, @ g+G>I ,,

,
,

+DE n HI aDH n EI a g+D>H, @ g+E>I ,,,��$
DE � ��$HI 1

51 Qhnd vx gdqh elor nrmh gylmh xvpmhuhqh gx
}lqh
��$
DE l

��$
FG1 Gdnd}dwl=

+d,
��$
DE � ��$FG/�$

DF � ��$EG>
+e,

��$
DE � ��$FG/��$

ED � ��$GF1
61 Grnd}dwl wyugqmx +lll, l} Whruhpd 51515/ wm1 �+d. e, @ �d. �e1

Grnd}1 Dnr mh edu mhgdq rg yhnwrud d/ e qxoyhnwru lol mh � @ 3/ grnd}
mh wulylmdodq1 Qhnd d ql e qlvx qxoyhnwrul l qhnd mh � 9@ 31 Dnr vx d l
e nrolqhduql/ srvwrml eurm � }d nrml mh d @ �e1 Vdgd vh wyugqmx +lll, odnr
gdnd
}h srpr�fx wyugqmd +l, l +ll, lvwrjd whruhpd=

�+d. e, @ �+�e. e, @ �++�. 4,e, @ +�+�. 4,,e @
+��. �,e @ +��,e. �e @ �+�e, . �e @ �d. �e1

Qhnd d l e qlvx nrolqhduql1 Sulnd
}lpr yhnwruh d l e uhgrp xvpmhuhqlp
gx
}lqdpd

�$
RD l

��$
RE v lvwlp sr
fhwnrp R/ sd qhnd mh F rqd wr
fnd }d nrmx

mh
�$
RD .

��$
RE @

��$
RF1 Wdgd wr
fnh R>D>F>E rguh¡xmx sdudohorjudp/ sd

gx
}lqh DE l RF lpdmx }dmhgql
fnr srorylµwh1 Qhnd vx D�/ E� l F� uhgrp

rqh wr
fnh }d nrmh mh �
�$
RD @

��$
RD�/ �

��$
RE @

��$
RE� l �

��$
RF @

��$
RF�1 Sulplmhwlpr

gd mh l 
fhwyhurnxw RD�F �E� sdudohorjudp + sr krprwhwlml vd vuhglµwhp R l

nrh�flmhqwrp � 9@ 3,/ sd mh
��$
RF � @

��$
RD� .

��$
RE�1 Qdsrnrq/

�+d. e, @ �+
�$
RD.

��$
RE, @ �

��$
RF @

��$
RF � @��$

RD� .
��$
RE� @ �

�$
RD. �

��$
RE @ �d. �e1

71 Grnd}dwl gd vx gyd qh0qxoyhnwrud d l e rnrplwd rqgd l vdpr rqgd ndg
qmlkry vndoduql xpqr
}dn lµ
fh}dyd1
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81 Grnd}dwl Whruhp 5151< wm1
+l, +d� e,� f @ +d � f,e� +e � f,d>
+ll, d� +e� f, @ +d � f,e� +d � e,f1

-%1 �
�)����'�� !�"�����(�

Qhnd mh x survwrux H }dgdq sudyrnxwql nrruglqdwql vxvwdy +R> l> m>n,1 Sur0
pdwudw �fhpr qhnh yd
}qh wr
fnryqh +H � U

�/ y1 ¢51515, srgvnxsryh survwrud
H +sudyfh/ qhnh nulyxomh/ udyqlqh l qhnh sorkh, l ud}pdwudwl xymhwh srg nr0
mlpd qhnd wr
fnd W @ +{> |> }, sulsdgd wdnyrpx srgvnxsx1 Dojheudl}dflmd
wlk xymhwd yrgl gr dqdolwl
fnlk l}ud}d 0 mhgqdg
}ded surpdwudqlk srgvnxsryd1
Wr rqgd rprjx�fxmh dojheduvnr rslvlydqmh l qhnlk rgqrvd ph¡x wlp srg0
vnxsrylpd1

-%1%� ���$� , .�#+6#�, � , ��$/�/�

Whphomqr vyrmvwyr vydnrj sudyfd mhvw gd mh srvyh rguh¡hq elor nrmlp gymhpd
vyrmlp wr
fndpd1 Qhnd mh sudydf s x survwrux H rguh¡hq wr
fndpd W� l W2
nrmlpd/ v re}lurp qd rgdeudqx wr
fnx R/ sulsdgdmx uhgrp udglmxv0yhnwrul
u� l u2/ wh qhnd mh W elor nrmd wr
fnd qd s v udglmxv0yhnwrurp u1 Wdgd vx
xvpmhuhqh gx
}lqh

��$
W�W2 l

��$
W�W nrolqhduqh +oh
}h qd s,/ sd srvwrml eurm w 5 U

wdndy gd mh
��$
W�W @ w

��$
W�W2/ rgqrvqr/ +y1 fuwh
},

u � u� @ w+u2 � u�,= +4,

;

<

=

U�

U�

U

7�

7�

7

Uhodflmd +4, mh yhnwruvnd mhgqdg
}ed sudyfd s1 R}qd
flpr ol nrqvwdqwql
yhnwru u2 � u� vd v +vpmhuryql yhnwru rg s,/ mhgqdg
}ed +4, srsulpd reoln

u @ u� . wv> w 5 U= +5,
Mdvqr mh gd vh vydnl yhnwru nrolqhdudq yhnwrux v vplmh x}hwl }d vpmhuryql
yhnwru sudyfd s1

Qhnd mh x survwrux H v lvkrglµwhpR }dgdq sudyrnxwql nrruglqdwql vxvwdy
+R> l> m>n,/ sd qhnd mh x qmhpx v @ ^d e f`/ u� @ ^{� |� }�` l u @ ^{ | }`1
Wdgd l} uhodflmh +5, grelydpr wul mhgqdg
}eh=;?

=
{ @ {� . dw

| @ |� . ew

} @ }� . fw> w 5 U>
+6,

nrmh suhgvwdyomdmx sdudphwduvnl }dslv sudyfd s1 Dnr vx vyh nrpsrqhqwh
rg v ud}ol
flwh rg qxoh/ sdudphwdu w vh pr
}h holplqludwl sd l} +6, grelydpr
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w}y1 ndqrqvnl +lol vlphwul
fql, }dslv sudyfd s=
{� {�

d
@

| � |�

e
@

} � }�

f
= +7,

+Srqhndg vh }dslvrp +7, vox
}lpr l x vox
fdmhylpd ndg vx qhnh nrpsrqhqwh
rg v mhgqdnh qxol/ irupdoqr slµx�fl sulsdgqh qlµwlfh x rgjrydudmx�flp qd}ly0
qlflpd1,

Xr
flpr gd ndqrqvnl }dslv +7, vdgu
}l wul mhgqdg
}eh nrmh vx ph¡xvreqr
olqhduqr }dylvqh=;?

=
e+{� {�, @ d+| � |�,
f+| � |�, @ e+} � }�,
d+} � }�, @ f+{� {�,

= +8,

Gryromqh vx/ gdnoh/ gylmh rg wlk mhgqdg
}ed gd el sudydf elr srvyh rguh¡hq1
Wr yulmhgl l vdvylp rs�fhqlwr1 Sudydf vh/ qdlph/ pr
}h }dgdwl gymhpd olqhduqr
qh}dylvqlp +uhdoqlp, olqhduqlp mhgqdg
}edpd=�

D�{.E�| .F�} @ 3
D2{.E2| .F2} @ 3

> +8
�

,

l} nrmlk vh odnr prjx/ holplqdflmrp srmhglqlk ydulmdeod/ grelwl }dslvl +8, l
+7,1 +X qduhgqrm wr
fnl 51616 �fhpr ylgmhwl gd vydnd rg mhgqdg
}ed x +8�, l +8,
suhgvwdyomd qhnx udyqlqx x survwrux1,

Sulpmhu 51614 Rguhglpr mhgqdg
}ex +ndqrqvnl }dslv, sudyfd s nrmhpx sul0
sdgdmx wr
fnh D @ +5> 5> 7, l E @ +;> ��

2
> D
2
,1

Mhgdq vpmhuryql yhnwru wrjd sudyfd mhvw
��$
DE @ ^9 b

2
��

2
`1 Gd el wud
}hql

}dslv elr �omhsµl�/ x}plpr v @ 2

�

��$
DE @ ^7 6 �4`1 Xyuµwdydqmhp wr
fnry0

qlk nrruglqdwd rg D l vndoduqlk nrpsrqhqdwd rg v x uhodflmx +7, grelydpr
ndqrqvnl }dslv s � � � %32

e
@ +32

�
@ 53e

3� =

Sulpmhu 51615 Ndqrqvnl }dslv nrruglqdwqh [0rvl mhvw %
�
@ +

f
@ 5

f
+olqhdu0

qlp mhgqdg
}edpd= | @ 3/ } @ 3,/ mhu mh sulsdgql yhnwru l @ ^4 3 3` l mhu
surod}l lvkrglµwhp R @ +3> 3> 3,1 Vol
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ixqnflmd i rph¡hqd rgr}jru +rph¡hqd rgr}gro,/ dnr
+<P 5 U,+;{ 5 [, i+{, �P ++<p 5 U,+;{ 5 [, i+{, �p,=

Jhrphwulmvnl lqwhusuhwludqr/ judi Js rph¡hqh ixqnflmh i oh
}l �qdg� [

x sux}l l}ph¡x U � i�Pj l U � iPj/ rgqrvqr/ volnd i ^[` mh vdgu
}dqd x
vhjphqwx ^�P>P `1 R
flwr mh ixqnflmd i rph¡hqd rqgd l vdpr rqgd/ dnr mh
rph¡hqd rgr}jru l rgr}gro1

Sulpmhu 61419 Srnd
}lpr gd mh ixqnflmd i = Uqi3j $ U/ i+{, @ �
�%� qhrph¡hqd

+y1 judi Js ,1 X wx mh vyukx gryromqr }d vydnl u 5 Un surqd�fl qhnl { 9@ 3
wdnr gd exgh i+{, @ mi+{,m A u1 Wdm xymhw sryod
fl gd/ }d gdql u/ prud
elwl m{m ? �

o
1 X}phpr ol/ gdnoh/ elor nrml { 5 ��

o
> �
o

� q i3j/ grelydpr
i+{, @ �

�%� A u1

<

[

P

2

;

P

B

�

[

B
�
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Gh�qlflmd 61415 Qhnd mh grphqd [ � U ixqnflmh i = [ $ U vlphwul
fqd v

re}lurp qd lvkrglµwh R +3 5 U, uhdoqrjd eurmhyqrj sudyfd1 Uh�fl �fhpr gd mh

ixqnflmd i sduqd +qhsduqd,/ dnr mh

+;{ 5 [, i+�{, @ i+{, ++;{ 5 [, i+�{, @ �i+{,,=

L} gh�qlflmh volmhgl gd mh judi sduqh ixqnflmh rvqr vlphwul
fdq v re}lurp qd
\ 0rv/ d judi qhsduqh ixqnflmh 0 fhqwudoqr vlphwul
fdq v re}lurp qd lvkrglµwh
R +y1 fuwh
}h,1

2

<

; 2 ;

<

Sduqd l qhsduqd ixqnflmd1

Sulpmhu 6141: Ixqnflmd i = [ $ U> i+{, @ {?/ q 5 Q +y1 ¢41717,/ mh sduqd


flp mh q sdudq/ d qhsduqd 
flp mh q qhsdudq1 Qdlph/ i+�{, @ +�{,? @
+�4,?{? @ +�4,?i+{,/ sd mh wyugqmd r
fljohgqr lvwlqlwd1 +Wr rsudygdyd
qd}lyh �sduqd� l �qhsduqd� ixqnflmd1,

Gh�qlflmd 61416 Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U/ x}od}qd

lol udvwx�fd +vlod}qd lol +r,sdgdmx�fd,/ dnr 
fxyd +reu�fh, xuh¡dm � qd [

qdvomh¡hq rg U/ wm1 dnr/

+;{�> {2 5 [, {� ? {2 , i+{�, � i+{2, +i+{�, � i+{2,,=
Dnr/ srvhelfh/

+;{�> {2 5 [, {� ? {2 , i+{�, ? i+{2, +i+{�, A i+{2,,>
rqgd nd
}hpr gd mh ixqnflmd i vwujr x}od}qd +vwurjr vlod}qd,1 Uh�fl �fhpr

gd mh ixqnflmd i prqrwrqd +vwurjr prqrwrqd,/ dnr mh x}od}qd lol vlod}qd

+vwurjr x}od}qd lol vwurjr vlod}qd,1
Qdsrnrq/ uh�fl �fhpr gd mh ixqnflmd i sr glmhorylpd prqrwrqd qd lq0

whuydox kd> el � [/ dnr srvwrml nrqd
fqr pqrjr wr
fdnd {f @ d ? � � � ?
{� ? � � � ? e @ {? wdnylk gd mh qd vydnrpx srglqwhuydox k{�3�> {�l/ l @
4> � � � > q/ ixqnflmd +vx
}hqmh, i prqrwrqd1 +Ryr vh pr
}h srrs�flwl gr suh0
eurmlyr pqrjr srglqwhuydod$, Vdvylp vol
fqr vh sr glmhorylpd prqrwrqrvw

gh�qlud qd qhrph¡hqrp lqwhuydox/ rgqrvqr/ qd U> grsxµwdmx�fl sulwrp suh0

eurmlyr pqrjr srglqwhuydod1

Sulpmhu 6141; Surpdwudmpr ixqnflmx i = U$ U }dgdqx sudylorp

i+{, @

;?
=

3> { ? 3
{. 4> 3 � { � 4
5> { A 4

<

2

;

�

�

�

�I

Odnr vh srnd
}h gd mh ixqnflmd i x}od}qd/ dol qh vwurjr x}od}qd +y1 judi
Js ,1 V guxjh vwudqh/ dsvroxwqd yulmhgqrvw mm = U$ U/ { :$ m{m/ qlmh prqrwrqd
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dol mhvw sr glmhorylpd prqrwrqd ixqnflmd1 +Rqd mh qd k�> 3` vwurjr vlod}qd/ d
qd ^3> �l vwurjr x}od}qd1,

Gh�qlflmd 61417 Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U/ shulrgl
fqd/

dnr

+<S A 3,+;{ 5 [, {	 S 5 [ , i+{	 S , @ i+{,=
Vydnl wdndy eurm S qd}lydpr ixqnflmvnlp shulrgrp +rg i,/ d qdmpdqml

shulrg r}qd
fxmhpr v Sf l qd}lydpr rvqryqlp shulrgrp1

Sulpmhu 6141< Surpdwudmpr ixqnflmx i = U $ U/ i+{, @ { � ^{`/ jgmh mh
^{` w}y1 �qdmyh�fh flmhor� rg {/ wm1 ^{` @ n 
flp mh n � { ? n . 4/ n 5 ]1
Sulpmhulfh/ ^�5> 6;` @ �6 @ ^�6`/ ^3` @ 3 @ ^�

2
`/ ^5` @ 5 @ ^5> 6;` @ ^ �

s
<`1

+Sulplmhwlpr gd mh ixqnflmvnd volnd �qdmyh�fhjd flmhorj� ^U` @ ]1, Exgx�fl
gd mh/ }d vydnl { 5 U/ 3� { � ^{` ? 4/ wr mh i ^U` @ ^3> 4l +y1 fuwh
} gromh,1
Qdgdomh/ }d vydnl q 5 Q mh r
flwr i+{ . q, @ i+{,/ { 5 U1 Suhpd wrpx/
i mh shulrgl
fqd ixqnflmd nrmrm mh shulrg S vydnl sulurgql eurm q1 Qdsrnrq/
mhgqrvwdyqd surymhud srnd}xmh gd ixqnflmd i qhpd shulrgd pdqmhj rg 4/ sd
mh qmh}lq rvqryql shulrg Sf @ 41

�

�� �� � �

<

2

;

1%�%1 "+/#$/� ���0�/6��/� 4,/����

Rygmh �fhpr gh�qludwl qhnrolnr yuvwd mhgqrvwdyqlk uhdoqlk ixqnflmd nrmh vx
whphomqh }d gdomqmx qdgjudgqmx/ d yuor vx yd
}qh x whkql
fnrm sulpmhql l
sudnvl1 Gh�qlflmh qhnlk rg qmlk qh �fh elwl qdmnruhnwqlmh/ µwr mh srvomhglfd uho0
dwlyqr rvnxgqh whrulmvnh srgorjh µwr vpr mx grvdg sulsuhplol1 +Sulpmhulfh/
wuljrqrphwulmvnh ixqnflmh vh prjx vdvylp nruhnwqr gh�qludwl whn ndg vh gr0
eur surx
fl nrqyhujhqflmd x qrupludqlp yhnwruvnlp survwrulpd1,

+l, Nrqvwdqwqd ixqnflmd1 ]d vydnl u 5 U srvwrml nrqvwdqwqd ixqnflmd +y1
Gh�qlflmx 41616, fo = U$ U/ fo+{, @ u }d vydnl { 5 U1
+ll, Rs�fd srwhqflmd1 Surpdwudmpr dqdolwl
fnl l}ud} | @ {o x nrmhpx mh u 5
U +x srwhqflml {o, xqdsulmhg rgdeudq l qhsurpmhqmly hnvsrqhqw +y1 ¢41717,1

Sulvmhwlpr vh=
Dnr mh u @ q 5 Q rqgd mh srwhqflmd {? greur gh�qludqd }d vydnl { 5 U>

dnr mh u @ 3 rqgd mh {f @ 4 }d vydnl { 9@ 3 +3f mh irupdoql }dslv nrml vh qh
pr
}h qd gredu qd
flq mhgqr}qd
fqr rguhglwl1,> dnr mh u @ n 5 ]q+QVi3j, �
�Q rqgd mh {& @ �

%3&
l lpd vplvod }d vydnl { 9@ 3> dnr mh u @ 6

?
5 T q ]/

P+p>q, @ 4/ rqgd mh {
6

? @ +{
�

? ,6 l prjx qdvwxslwl ryd 
fhwlul vox
fdmd=
{
6

? mh greur gh�qludq }d vydnl { 
flp mh q qhsdudq l p sulurgdq> {
6

? mh
greur gh�qludq }d vydnl { 9@ 3 
flp mh q qhsdudq l p qhjdwlydq> {

6

? mh greur
gh�qludq }d vydnl { � 3 
flp mh q sdudq l p sulurgdq> {

6

? mh greur gh�qludq
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}d vydnl { A 3 
flp mh q sdudq lp qhjdwlydq> qdsrnrq/ dnr mh u 5 U qT rqgd
mh {o greur gh�qludq }d vydnl { � 3 
flp mh u A 3/ rgqrvqr/ }d vydnl { A 3 
flp
mh u ? 31

]dnomx
fxmhpr gd/ }d vydnl u 5 U/ srvwrml ixqnflmd i = [o $ U/ [o � U/
}dgdqd sudylorp i+{, @ {o1 Qh suhfl}ludmx�fl gdql hnvsrqhqw u/ wx ixqnflmx
i qd}lydpr rs�frp srwhqflmrp1 +Sulplmhwlpr gd vx nrqvwdqwd f� l rs�fd
srwhqflmd i v hnvsrqhqwrp u @ 3 ud}ol
flwh ixqnflmh/ mhu mh [f @ Uqi3j1,

Qd fuwh
}lpd gromh vx judiryl rs�flk srwhqflmd i = [o $ U }d u 5 i4> 5> 6> 3>
�4>�5> �2 >

�
� >��

2 >��
� >
s
5>
s
6>�s5j1 Sulwrp mh [� @ [2 @ [� @ [�

�

@ U/

[f @ [
3� @ [
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3

�

�
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2
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;
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Sulplmhwlpr gd }d vydnx rs�fx srwhqflmx i = [o $ U srvwrml srgvnxs Do �
[o qd nrmhpx mh i lqmhnwlyqd1 Wdgd mh vx
}hqmh i m�o = Do $ i ^Do` elmhnwlyqr
sd srvwrml sulsdgqd lqyhu}qd ixqnflmd1

Whruhp 61414 �Lqyhu}qd� ixqnflmd rs�fh srwhqflmh mh rshw rs�fd srwhqflmd1

Suhfl}qlmh/ dnr mh i+{, @ {o rqgd mh i3�+|, @ |
�

o / ndg jrg wl l}ud}l pdmx

vplvod1

Grnd}1 +i3�i,+{, @ i3�+i+{,, @ i3�+{o, @ +{o,
�

o @ { @ 4�o+{,/

{ 5 Do � [o> +ii3�,+|, @ i+i3�+|,, @ i+|
�

o , @ +|
�

o ,o @ | @ 4s d�o o+|,/
| 5 i ^Do` � U1

Qdsrphqd 61414 Exgx�fl gd surpdwudpr ixqnflmh l} U x U/ vplmhpr/ d l
xrel
fdmlor vh/ r}qd
fdydwl ydulmdeoh { l | rg i l i3� +uhgrp, lvwlp voryrp {1
Gdnoh/ xpmhvwr i3�+|, xexgx�fh �fhpr slvdwl i3�+{,1
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Sulpmhu 614143 +d, ]d u @ 4 mh i+{, @ {� @ { @ 4U+{, @ i3�+{,/ wm1
i @ i3� @ 4U1

+e, ]d u @ 5 mh i+{, @ {2/ d i3�+{, @ {
�

2 � s
{ 
flp mh { � 31

+f, ]d u @ 6 mh i+{, @ {�/ d i3�+{, @ {
�

� � �
s
{ }d vydnl { 5 U1

Qd nrqfx/ sulplmhwlpr gd mh/ }d vydnl u 9@ 3/ sulsdgqd rs�fd srwhq0
flmd qhrph¡hqd ixqflmd/ wh gd mh sduqd }d vydnl u @ 2&

2?3� / d qhsduqd }d

vydnl u @ 2&3�
2?3� / jgmh vx q 5 Q/ n 5 ]1 +X guxjrpx vox
fdmx/ ndr l }d

vydnl ludflrqdoql hnvsrqhqw/ sulsdgqd rs�fd srwhqflmd mh qhqhjdwlyqd/ gdnoh/
l rph¡hqd rgr}gro1, Qhnd 
flwdwhom }d ymh
}ex rguhgl nrmh vx rs�fh srwhqflmh
vwurjr x}od}qh/ d nrmh vwurjr vlod}qh ixqnflmh1

+lll, Hnvsrqhqflmdoqd ixqnflmd1 Vmhwlpr vh gd mh srwhqflmd d%/ x nrmrm mh
ed}d d 5 Un xqdsulmhg rgdeudqd l qhsurpmhqmlyd/ greur gh�qludqd }d vydnl
{ 5 U1 +y1 ¢41717,1 Sulwrp mh 4% @ 4 }d vydnl {1 Rgdeudyµl/ gdnoh/ elor nrml
d A 3 l d 9@ 4/ wdnr grelydpr hnvsrqhqflmdoqx ixqnflmx +v ed}rp d, h{s@ =
U$ U/ h{s@+{, @ d%1 Sulplmhwlpr gd mh h{s@^U` � Un l h{s@+3, @ df @ 41
Qdmyd
}qlmd vyrmvwyd ryh ixqnflmh vx gdqd Whruhprp 417146 +Wdpr qdyhghqd
vyrmvwyd }d { @ 6

?
5 T yulmhgh l }d vyh { 5 U1, Srvhelfh/ hnvsrqhqflmdoqd

ixqnflmd mh vwurjr x}od}qd 
flp mh d A 4/ d vwurjr vlod}qd 
flp mh 3 ? d ? 41
Wr sryod
fl gd mh +vydnd, hnvsrqhqflmdoqd ixqnflmd lqmhnwlyqd/ rgqrvqr/ gd
mh qmh}lqr vx
}hqmh i = U $ h{s@^U`/ i+{, @ h{s@+{,/ elmhnflmd1 Srvreqr
vx x sulpmhql yd
}qh hnvsrqhqflmdoqh ixqnflmh v ed}dpd 43 0 ghndgvnd l h
+� 5> :4;5;4;5; � � � 0 wudqvfhqghqwdq eurm/ y1 Sulpmhu 6151:, 0 sulurgqd1 Qd
vomhgh�fhpx fuwh
}x vx judiryl hnvsrqhqflmdoqlk ixqnflmd v ed}dpd 5/ 43/ l �

2 1
Exgx�fl gd mh + �

@
,% @ d3%/ wr vx judiryl hnvsrqhqflmdoqlk ixqnflmd h{s �

@

l h{s@
vlphwul
fql v re}lurp qd \ 0rv1 Xr
flpr l wr gd mh hnvsrqhqflmdoqd ixqnflmd
qhrph¡hqd +suhpgd mh rph¡hqd rgr}gro,1
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�

D ��

D �D 
�
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�

+ly, Orjdulwdpvnd ixqnflmd1 X +lll, vpr }dnomx
flol gd mh ixqnflmd i = U$
h{s@^U`/ i+{, @ h{s@+{,/ elmhnwlyqd1 Srvwrml/ gdnoh/ qmrm lqyhu}qd ixqnflmd
i3� = h{s@^U` $ U/ nrmx qd}lydpr orjdulwdpvnrp ixqnflmrp +sr ed}l
d, l r}qd
fxmhpr v i3� � orj@/ rgqrvqr/ i

3�+{, � orj@ {1 Suhpd wrpx/ }d
vydnx ed}x d mh orj@ 4 @ 3 l yulmhgl=

+;{ 5 U, +orj@ � h{s@,+{, @ orj@+d
%, @ {>

+;{ 5 Un, +h{s@ � orj@,+{, @ d*L}@ % @ {1
Rgdwoh grelydpr

+4, orjK { @ �
*L}

@
K
orj@ {/ rgqrvqr +}d { @ d,/
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+5, orjK d @ �
*L}

@
K
1

Qdyhglpr mrµ qhnrolnr vyrmvwdyd orjdulwdpvnh ixqnflmh=
+6, +;{> | 5 Un, orj@+{|, @ orj@ {. orj@ |>
+7, +;{> | 5 Un, orj@+

%
+
, @ orj@ {� orj@ |>

+6, +;{ 5 Un,+;| 5 U, orj@+{
+, @ | orj@ {1

Qd vomhgh�fhp fuwh
}x vx judiryl orjdulwdpvnlk ixqnflmd sr ed}dpd 5/ 43 l �
2
1

2 ;

<

�

�

��

D ��

D �

D 
�B

�

X vox
fdmx d @ 43 xrel
fdmlor vh }dslv sulsdgqh orjdulwdpvnh ixqnflmh { :$
orj�f { +lqyhu}qh ixqnflmh rg { :$ h{s�f { @ 43%, vnudwlwl qd oj{ +srqhjgmh
orj {,1 Wr mh w}y1 Euljjvry lol ghndgvnl orjdulwdp1 Udgl 
fhvwh sudnwl
fqh
xsrudeh ryd vh ixqnflmd �}dgdmh� l wdeol
fqr +y1 qsu1 vuhgqmrµnrovnl sulux
fqln
�Orjdulwdpvnh wdeolfh�,1 Yholnx yd
}qrvw lpdmx l w}y1 sulurgql orjdulwpl/
wm1 yulmhgqrvwl orje { orjdulwdpvnh ixqnflmh sr ed}l h +lqyhu}qh ixqnflmh rg
{ :$ h{se { @ h%,1 Qmh}lq vwdqgdugql +nud�fl, }dslv mhvw { :$ oq{ +�orjdulwdp
qdwxudolv�,1 Sr irupxol +4, grelydpr

oq{ @
oj {

oj h
> oj { @

oq{

oq 43
l oq 43 @ +oj h,3�+� 5> 6358;8,=

R
fljohgqr mh oj { A oq{ 
flp mh 3 ? { ? 4/ d oj { ? oq{ 
flp mh { A 41
Qdsrnrq/ sulplmhwlpr gd vh rs�fd srwhqflmd { :$ {o pr
}h grelwl nrpsrql0
udqmhp orjdulwdpvnh l hnvsrqhqflmdoqh ixqnflmh l pqr
}lgeh nrqvwdqwrp/ wm1
{o @ do *L}@ %1 Srvhelfh/ {o @ 43o *} % @ ho *?%1

+y, Wuljrqrphwulmvnh ixqnflmh1 Surpdwudmpr x sudyrnxwqrm nrruglqdw0
qrm udyqlql +R> l> m, vuhglµqmx mhglql
fqx nu
}qlfx N � � � {2 . |2 @ 41

<

2

VLQ[

FRV[
$ �����

7[ �FRV[�VLQ[�

��

�

��

;

[

R}qd
flpr wr
fnx +4> 3, qd N voryrp D1 ]d vydnx wr
fnx W qd N qhnd
w

DW

r}qd
fxmh sulsdgql nux
}ql oxn +rg D gr W qd N x jhrphwulmvnl sr}lwlyqrp
vpmhux,1 Mdvqr mh gd vh vydnrp uhdoqrp eurmx { 5 ^3> 5�l pr
}h sulglmholwl

wr
fqr mhgqd wr
fnd W% qd wrm nux
}qlfl wdnr gd ox
fqd gxomlqd o+
w

DW%, exgh
mhgqdnd {1 Gdnoh/ W% r}qd
fxmh nudm �qdprwdqrjd� rg D qd nux
}qlfx N
vhjphqwd ^3> {`1 Dnr mh { 5 ^5�> �l/ rqgd px qd lvwl qd
flq sulglmholpr wr
fnx
W% qd N �qdpdwdmx�fl� vhjphqw vhjphqw ^3> {` +�ylµh sxwd�, qd wx nux
}qlfx1
Qdsrnrq/ dnr mh { 5 k�> 3l srvwxslpr qd lvwl qd
flq �qdpdwdmx�fl� rg wr
fnh
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D qd N vhjphqw ^3>�{` x jhrphwulmvnl qhjdwlyqrp vpmhux1 R
flwr mh gd �fh
elwl W%� @ W% rqgd l vdpr rqgd ndg mh {� @ { . n � 5�/ n 5 ]1 R}qd
fxmx�fl
nrruglqdwh wr
fnh W% v +frv{> vlq{,/ grelydpr gylmh shulrgl
fqh ixqnflmh +Sf @
5�,=

vlq = U$ U +vlqxv,/ { :$ vlq{>
frv = U$ U +nrvlqxv,/ { :$ frv{1

Judiryl vx lp qd fuwh
}x gromh1 Sulplmhwlpr gd mh vlq^U` @ ^�4> 4` @ frv^U`1

<

;

<

;2π π

1

−1

Ο
*FRV

*WJ *WJ

*FWJ *FWJ

*VLQ
*VLQ

*FRV

Ixqnflmh vlq l frv vx/ gdnoh/ rph¡hqh l sr glmhorylpd prqrwrqh1 Sulplmhwlpr
mrµ gd mh vlq qhsduqd/ d frv sduqd ixqnflmd1

Srpr�fx vlq l frv �fhpr gh�qludwl mrµ gylmh wuljrqrphwulmvnh ixqnflmh=
wdq = [|@? $ U +wdqjhqv,/ wdq{ @ t�?%

ULt%
>

frw = [UL| $ U +nrwdqjhqv,/ frw{ @ ULt %
t�?%

/
jgmh mh [|@? @ Uqi{ m frv{ @ 3j @ Uqi+5n � 4,Z

2
m n 5 ]j/ d [UL| @

Uqi{ m vlq{ @ 3j @ Uqin� m n 5 ]j1 +Srqhjgmh vh x nqmljdpd ixqnflmd wdq
}dslvxmh ndr wj/ d ixqnflmd frw ndr fwj1, Odnr vh surymhul gd vx ixqnflmh wdq
l frw qhrph¡hqh l shulrgl
fqh v rvqryqlp shulrgrp Sf @ �1 Qdgdomh/ remh
wh ixqnflmh vx qhsduqh/ d qlmh whµnr grnd}dwl gd mh wdq sr glmhorylpd vwurjr
x}od}qd/ d frw sr glmhorylpd vwurjr vlod}qd ixqnflmd1 Sulsdgql judiryl vx qd
fuwh
}x jruh1 Sulplmhwlpr gd mh frw{ @ +wdq{,3�/ { 5 [|@?

W
[UL|1 +Srpr�fx

+frv{,3� l +vlq{,3� vh prjx gh�qludwl mrµ gylmh wuljrqrphwulmvnh ixqnflmh 0
vhndqv l nrvhndqv 0 x µwr rygmh qh �fhpr xod}lwl1, Wuljrqrphwulmvnh ixqnflmh vx
ph¡xvreqr sryh}dqh pqrjlp dojheduvnlp uhodflmdpd +
flwdwhomx sr}qdwlpd l}
vuhgqmh µnroh,/ sulpmhulfh/ vlq2 {.frv2 { @ 4/ vlq 5{ @ 5 vlq{ frv{/ frv 5{ @

frv2 {� vlq2 {/ wdq %
2
@ 	
t

�3ULt%
�nULt%

l gu1 +Sulwrp vlq2/ frv2/ � � � qh r}qd
fxmx

rgjrydudmx�fh ixqnflmvnh nrpsr}lflmh vlq � vlq/ frv � frv/ � � � qhjr srwhqflmh>
wm1 vlq2 { � +vlq{,2/ frv2 { � +frv{,2/� � � 1,
+yl, Flnorphwulmvnh ixqnflmh1 Wuljrqrphwulmvnh ixqnflmh qlvx elmhnwlyqh
sd/ vwurjr vxgh�fl/ qhpdmx lqyhu}qlk ixqnflmd1 Lsdn/ rgjrydudmx�flp vx
}h0
qmlpd qmlkrylk grphqd l nrgrphqd prjx�fh mh srvwl�fl elmhnwlyqrvw sulsdgqlk
uhvwulnflmd/ nrmh rqgd grsxµwdmx lqyhuwludqmh/ sd x wrpx vplvox jryrulpr r
lqyhu}qlp ixqnflmdpd wuljrqrphwulmvnlk ixqnflmd/ wm1 r w}y1 flnorphwulmvnlp
lol dunxv0ixqnflmdpd +flfoxv @ nux
}qlfd/ dufxv @ oxn,1

Qdmsulmh surpdwudmpr vx
}hqmh vlq md3Z

2
cZ
2
o = ^�Z

2 >
Z
2 `$ U nrmh mh/ sr gh�ql0

flml/ lqmhnwlyqd ixqnflmd vd volnrp vlq^^�Z
2 >

Z
2 `` @ ^�4> 4`1 Vwrjd mh ixqnflmd

V = ^�Z
2 >

Z
2 ` $ ^�4> 4`/ V+{, @ vlq{/ elmhnwlyqd/ sd srvwrml lqyhu}qd mrm

ixqnflmd V3� � DufV = ^�4> 4` $ ^�Z
2 >

Z
2 `1 Qdsrnrq/ surµluhqmhp lqnox}lmrp
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nrgrphqh qd flmhol U/ �lqyhu}qrp� ixqnflmrp srod}qh ixqnflmh vlq vpdwudpr
ixqnflmx dunxv0vlqxv/

dufvlq = ^�4> 4`$ U/ dufvlq{ @ DufV+{,1

Vdvylp vol
fqr/ srod}h�fl rg ixqnflmh frv/ grod}lpr gd elmhnflmh F = ^3> �` $
^�4> 4`/ F+{, @ frv{1 Qmh}lqd lqyhu}qd ixqnflmd mhvw F3� � DufF = ^�4> 4`$
^3> �`1 Vdgd �lqyhu}qrp� ixqnflmrp rg frv vpdwudpr ixqnflmx dunxv0nrvl0

qxv/

duffrv = ^�4> 4`$ U/ duffrv{ @ DufF+{,1

Sulsdgql judiryl vx qd vomhgh�fhpx fuwh
}x1
<

;

2

*DUFFRV

*DUFVLQ

π/2

π

−π/2

−1
1

Sulplmhwlpr gd mh vx
}hqmh wdqjhqvd qd
�Z

2 >
Z
2

� � [|@? elmhnflmd1 Volmhgl
gd ixqnflmd W � wdq mk3Z

2
cZ
2
l =

�Z
2 >

Z
2

� $ U/ W +{, @ wdq{/ lpd lqyhu}qx

ixqnflmx W3� � DufW = U $ �Z
2 >

Z
2

�
1 Surµluxmx�fl lqnox}lmrp nrgrphqx qd

U/ �lqyhu}qrp� ixqnflmrp rg wdq vpdwudpr ixqnflmx dunxv0wdqjhqv/

dufwdq = U$ U/ dufwdq{ @ DufW+{,1

Qd vol
fdq qd
flq/ srod}h�fl rg ixqnflmh frw/ grod}lpr gr elmhnflmhF| � frw m'fcZ� =
k3> �l $ U/ F|+{, @ frw{1 Qmh}lqd mh lqyhu}qd ixqnflmd F3�

| � DufFw = U$
k3> �l1 Vdgd �lqyhu}qrp� ixqnflmrp srod}qh ixqnflmh frw vpdwudpr ixqnflmx
dunxv0nrwdqjhqv/

duffrw = U$ U/ duffrw{ @ DufFw+{,1

Sulsdgql judiryl vx qd ryrpx fuwh
}x1

<

2

;

*DUFFRW

*DUFWDQ

π/2

π

−π/2

Xr
flpr gd vx vyh flnorphwulmvnh ixqnflmh rph¡hqh1 Rvlp wrjd/ dufvlq l
dufwdq vx vwurjr x}od}qh/ d duffrv l duffrw vwurjr vlod}qh ixqnflmh1 Vol
fqr
wuljrqrphwulmvnlpd l flnorphwulmvnh ixqnflmh vx ph¡xrylvqh +yrgh�fl ud
fxqd r
sulsdgqlp grphqdpd,1 Wdnr grelydpr

dufvlq{ @ Z
2 �duffrv{ @ duffrv

s
4� {2 @ dufwdq %I

�3%2
@ duffrw

I
�3%2

%

l gu1

Gh�qlflmd 61418 Rvqryqlp hohphqwduqlp ixqnflmdpd vpdwudpr vyh

ixqnflmh µwr vpr lk gh�qludol srg +l,/ +ll,/ +lll,/ +ly,/ +y, l +yl,=
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1%�%3 ������2� ���0�/6��/�8 4,/����

Gh�qlflmd 61419 Hohphqwduqrp ixqnflmrp vpdwudpr vydnx ixqnflmx nr0

md vh pr
}h nrqvwuxludwl rg rvqryqlk hohphqwduqlk ixqnflmd l qmlkrylk vx
}hqmd

sulplmhqmxmx�fl +nrqd
fqr sxwd, }eudmdqmh/ rgx}lpdqmh/ pqr
}hqmh/ glmhomhqmh l

ixqnflmvnr nrpsrqludqmh1

Sulwrp vh rvqryqh ud
fxqvnh rshudflmh qd uhdoqlp ixqnflmdpd i> j = [ $ U

gh�qludmx qd sulurgql qd
flq=

+4, +i . j,+{, @ i+{, . j+{,>
+5, +i � j,+{, @ i+{,� j+{,>
+6, +i � j,+{, @ i+{, � j+{,>
+7, +

i

j
,+{, @

i+{,

j+{,

flp mh j+{, 9@ 31

Sulpmhu 614144 Ixqnflmd i = ^3> �l $ U/ i+{, @ 6%
232 � vlq e

s
{ . 4/ mhvw

hohphqwduqd/ mhu mh i @ +i� � +i2 � i�,, � +ie � iD, . iS/ jgmh vx i� @ h{s�/
i2 @ nydguludqmh +rs�fd srwhqflmd { :$ {2,/ i� @ f2 +nrqvwdqwd x 5,/ ie @ vlq/

iD @ 
fhwyuwr nrumhqrydqmh +rs�fd srwhqflmd { :$ {
�

e ,/ iS @ f� +nrqvwdqwd x
4,1

Vnxs vylk hohphqwduqlk ixqnflmd vh rel
fqr glmhol qd ryh srgvnxsryh=
+l, Srolqrpl1 Srolqrp +q0wrjd vwxsqmd/ q 5 Q

Vi3j, vpr gh�qludol x
¢41717 ndr ixqnflmx s = U $ U/ s+{, @ d?{

? . � � � . d�{ . df/ sul 
fhpx
vx df> d�> � � � > d? 5 U l d? 9@ 3 
flp mh q 5 Q1 +Sulplmhwlpr gd mh s @ f@f
nrqvwdqwqd ixqnflmd x df 
flp mh q @ 31,

+ll, Udflrqdoqh ixqnflmh1 Uh�fl �fhpr gd mh i = [ $ U/ [ � U/ udflrqdoqd
ixqnflmd dnr mh

i+{, @
s+{,

t+{,
>

sul 
fhpx vx s l t srolqrpl1 Sulwrp mh/ gdndnr/ [ @ Uqi{ m t+{, @ 3j/ µwr
mh nrpsohphqw qhnrjd nrqd
fqrj srgvnxsd rg U1 
Fhvwr vh wr
fnh x nrmlpd
udflrqdoqd ixqnflmd i qlmh gh�qludqd/ wm1 qxowr
fnh rg t/ qd}lydmx srorylpd

rg i 1 Dnr red srolqrpd s l t lpdmx udflrqdoqh nrh�flmhqwh/ rqgd nd
}hpr
gd mh i @ R

^
udflqdoqd ixqnflmd v udflrqdoqlp nrh�flmhqwlpd1 Dnr mh

srolqrp s vwxsqmd q/ srolqrp t vwxsqmd p l q � p/ rqgd srolqrpvnlp
glmhomhqmhp s = t grelydpr gd mh sulsdgqd udflrqdoqd ixqnflmd i @ R

^
}eurm

qhnrjd srolqrpd v +vwxsqmd q�p, l sudyh udflrqdoqh ixqnflmh o
^
x vplvox

gd mh vwxsdqm n srolqrpd u pdqml rg p/ n ? p1 R
fljohgqd mh 
flqmhqlfd gd
vydnl srolqrp mhvw udflrqdoqd ixqnflmd1

+lll, Dojheduvnh ixqnflmh1 Hohphqwduqh ixqnflmh nrmh vh prjx grelwl nrp0
srqludqmhp rs�flk srwhqflmd v udflrqdoqlp hnvsrqhqwlpd l udflrqdoqlk ixqnflmd
v udflrqdoqlp nrh�flmhqwlpd qd}lydpr dojheduvnlp ixqnflmdpd1

Sulpmhulfh/ i = [ $ U> [ � U> i+{, @ e

u�
%2n�

2%�3D%

�D
> mhvw dojheduvnd

ixqnflmh/ grn j�c2 = U$ U> j�+{, @ +{e . :,
I
2> j2+{, @

s
6{. 5> wr qlvx1
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R
flwr mh gd vx udflrqdoqh ixqnflmh v udflrqdoqlp nrh�flmhqwlpd xmhgqr do0
jheduvnh ixqnflmh1 Dojheduvnh ixqnflmh nrmh qlvx udflrqdoqh qd}lydpr lud0

flrqdoqlp ixqnflmdpd1

+ly, Wudqvfhqghqwqh ixqnflmh1 Hohphqwduqh ixqnflmh nrmh qlvx dojheduvnh
qd}lydpr wudqvfhqghqwqlpd1 Suhpd wrpx/ ph¡x ryh vh xeudmdmx vyh
hnvsrqhqflmdoqh/ orjdulwdpvnh/ wuljrqrphwulmvnh l flnorphwulmvnh/ ndr l yh�flqd
udflrqdoqlk ixqnflmd +vyh rqh nrmlpd mh qhnl nrh�flmhqw ludflrqdodq,1

Yd
}qh wudqvfhqghqwqh ixqnflmh mhvx l w}y1 klshueroqh ixqnflmh/ nrmh vh
grelmx srpr�fx sulurgqh hnvsrqhqflmdoqh ixqnflmh ndnr volmhgl=

vlqk = U$ U/ vlqk{ @ e%3e3%

2 / +vlqxv klshueroql,>

frvk = U$ U/ frvk{ @ e%ne3%

2 / +nrvlqxv klshueroql,>

wdqk = U$ U/ wdqk{ @ t�?�%
ULt�% / +wdqjhqv klshueroql,>

frwk = Uqi3j $ U/ frwk{ @ ULt�%
t�?�% / +nrwdqjhqv klshueroql,1

+Srqhjgmh vx qmlkryh r}qdnh vk/ fk/ wk l fwk uhgrp1, Qd}lyl xnd}xmx qd qhnx
vyh}x v wuljrqrphwulmvnlp ixqnflmdpd1 Rqd vh r
flwxmh x uhodflmdpd µwr ph¡x0
vreqr sryh}xmx klshueroqh ixqnflmh +nrmh vx yuor vol
fqh 0 �gxdoqh� rqlpd
µwr ph¡xvreqr sryh}xmx wuljrqrphwulmvnh ixqnflmh,1 Sulpmhulfh/ frwk{ @
+wdqk{,3�/ frvk2 {�vlqk2 { @ 4/ vlqk 5{ @ 5 vlqk{ frvk{/ frvk 5{ @ vlqk2 {.

frvk2 {/ wdqk %
2 @ 	

t
ULt�%3�
ULt�%n� l gu1 +L rygmh frvk2/ vlqk2/ � � � r}qd
fxmx sr0

whqfludqmh/ d qh ixqnflmvnr nrpsrqludqmh$, Judiryl klshueroqlk ixqnflmd vx
qd fuwh
}lpd gromh1

<

;2 2

<

;

*FK

*VK

*FWK

*FWK

*WK

�

�

��

Sulplmhwlpr gd vx ixqnflmh vlqk/ frvk l frwk qhrph¡hqh/ grn mh wdqk rph¡hqd
ixqnflmd1 +frvk mhvw rph¡hqd rgr}gro/ mhu mh yh�fd lol mhgqdnd rg f�1, Qdgdomh/
frvk mh sduqd/ d vlqk/ wdqk l frwk vx qhsduqh ixqnflmh1

Srjohgdmpr vdgd µwr vh pr
}h uh�fl r lqyhuwludqmx klshueroqlk ixqnflmd/
nrmh gdmh w}y1 duhd0ixqnflmh1 Odnr vh surymhul gd mh ixqnflmd vlqk = U$ U

elmhnflmd sd srvwrml lqyhu}qd mrm ixqnflmd

+vlqk,3� � duvk = U$ U +duhd0vlqxv klshueroql,1

Ixqnflmd frvk qlmh lqmhnwlyqd/ dol mhvw lqmhnwlyqr qmh}lqr vx
}hqmh frvk mdfcu� =
^3> �l $ U l sulwrp mh frvk^^3> �l` @ frvkU @ ^4> �l1 Wdgd mh ixqnflmd F� =
^3> �l $ ^4> �l/ F�+{, @ frvk{/ elmhnflmd v lqyhu}qrp ixqnflmrp F3�

�
= ^4> �l $

^3> �l1 Vdgd �lqyhu}qrp� ixqnflmrp rg frvk vpdwudpr surµluhqmh lqnox}lmrp
rg F3�

�
qd nrgrphqx U/ wm1

dufk = ^4> �l $ U/ dufk+{, @ F3�
� +{, +duhd0nrvlqxv klshueroql,1

Ixqnflmh wdqk l frwk vx lqmhnwlyqh vd volndpd wdqk^U` @ k�4> 4l l frwk^Uqi3j` @
Uq^�4> 4` @ k�>�4lV k4> �l1 Suhpd wrpx/ ixqnflmh W� = U$ k�4> 4l/ W�+{, @



447 SRJODYOMH 61 NRQYHUJHQFLMD L QHSUHNLGQRVW

wdqk{/ l F|� = Uqi3j $ k�>�4lV k4> �l/ F|�+{, @ frwk{/ mhvx elmhnflmh1 Lq0
yh}qx ixqnflmx W3�

� vpdwudpr �lqyhu}qrp� ixqnflmrp rg wdqk l slµhpr=

duwk = k�4> 4l $ U/ duwk+{, @ W3�
� +{,/ +duhd0wdqjhqv klshueroql,1

Lqyhu}qx ixqnflmx F3�
|�

= k�>�4lV k4> �l $ Uqi3j surµluxmhpr lqnox}lmrp
nrgrphqh gr �lqyhu}qh� ixqnflmh rg frwk vwdyomdmx�fl

dufwk = k�>�4lV k4> �l $ U/ dufwk+{, @ F3�
|� +{,/ +duhd0nrwdqjhqv

klshueroql,1

Sulsdgql judiryl vx qd fuwh
}lpd=
<

;

2 2

<

;

*DUFK

*DUVK

*DUFWK

*DUFWK

*DUWK

�

��

�

Sulplmhwlpr gd duhd0ixqnflmh qlvx rph¡hqh +suhpgd mh dufk qhqhjdwlyqd/ sd
mh rph¡hqd rgr}gro,1 Qdgdomh/ duvk/ duwk l dufwk vx qhsduqh ixqnflmh1

L duhd0ixqnflmh vx ph¡xvreqr sryh}dqh rgjrydudmx�flp uhodflmdpd=

duvk+{, @ 	dufk
s
{2 . 4 @ duwk %I

%2n�
@ dufwk

I
%2n�
%

+. }d { A 3/ d � }d { ? 3, l gu1 Exgx�fl gd vx klshueroqh ixqnflmh gh�qludqh
srpr�fx sulurgqh hnvsrqhqflmdoqh ixqnflmh/ wuhed r
fhnlydwl gd duhd0ixqnflmh
grsxµwdmx dqdolwl
fnh }dslvh srpr�fx sulurgqh orjdulwdpvnh ixqnflmh1 ]dlvwd/
odnr mh l}yhvwl vomhgh�fh vyh}h=

duvk+{, @ oq+{.
s
{2 . 4,/ { 5 U> dufk+{, @ oq+{.

s
{2 � 4,/ { 5 ^4> �l>

duwk+{, @ �
2 oq

�n%
�3%

/ { 5 k�4> 4l> dufwk+{, @ �
2 oq

%n�
%3� / { 5 U q ^�4> 4`1

1%�%5 �����2�

41 Rguhglwl ixqnflmx i = [ $ U/ [ � U/ lpsolflwqr }dgdqx mhgqdg
}erp

oj+{� 4, . oj+| . 4,� 4 @ 3=

51 Rguhglwl ixqnflmx i = [ $ U/ [ � U/ i+{, @ |/ sdudphwduvnl }dgdqx

mhgqdg
}edpd { @ e|ne3|

2 > | @ w. h|> w 5 U=
61 Rguhglwl gh�qlflmvnr srgux
fmh[ � U ixqnflmh i = [ $ U }dgdqh l}ud}rp=

+d, i+{, @ %23en*}E3%�

�n
I
%23e

> +e, i+{, @ oq dufvlq %n�
D3% =

71 Surymhulwl elmhnwlyqrvw l rguhglwl lqyhu}qx ixqnflmx rg

i = U$ U> i+{, @
�
s
{.

s
4 . {2 .

�
s
{�s

4 . {2=

81 Rguhglwl gh�qlflmvnr srgux
fmh [ � U l grnd}dwl gd mh uhdoqd ixqnflmd

+d, { :�$ D
s

+{� 4,2 . D
s

+{. 4,2 sduqd> +e, { :�$ orj@
�n%
�3% qhsduqd1

Qdgdomh/ grnd}dwl gd mh ixqnflmd { :$ j�+{, @ i+{, . i+�{, sduqd/ d
ixqnflmd { :$ j2+{, @ i+{, � i+�{, qhsduqd/ }d vydnx ixqnflmx i gh�ql0
udqx qd vlphwul
fqrp vnxsx [ � U1 Qd whphomx wrjd grnd}dwl gd mh vydnd
ixqnflmd i = [ $ U/ [ � U vlphwul
fdq/ }eurm qhnh sduqh l qhnh qhsduqh
ixqnflmh1
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91 +d, Grnd}dwl gd mh ixqnflmd { :�$ vlq{. �
2 vlq 5{. �

� vlq 6{ shulrgl
fqd l
rguhglwl mrm rvqryql shulrg1

+e, Dnr }d ixqnflmx i = [ $ U yulmhgl i+{, @ �nsE%3@�
�3sE%3@� / { 5 [ +d mh elor

nrmd nrqvwdqwd,/ grnd}dwl gd mh i shulrgl
fqd ixqnflmd1

:1 Qhnd mh i = Un $ U x}od}qd ixqnflmd1

+d, Grnd}dwl gd mh ixqnflmd j = U$ U/ j+{, @ i+{2?,/ q 5 Q/ vlod}qd qd U3

l x}od}qd qd Un>

+e, Pr
}h ol vh µwr }dnomx
flwl r prqrwrqrvwl ixqnflmh { :�$ k+{, @ i+{2?n�,>
q 5 QB
;1 Wr
fqrp udµ
fodperp qd rvqryqh hohphqwduqh ixqnflmh/ grnd}dwl gd mh
ixqnflmd i = [ $ U/ [ � U/ i+{, @ �4 . dufwdq 8E�%n��2 / hohphqwduqd1

1%- �"
���!�
'�(� ���)
�;

�:"�� � �� "��

Nrqyhujhqflmd mh mhgdq rg whphomqlk srmpryd x pdwhpdwl
fnrm dqdol}l1 Sul0
pmhulfh/ qhnh rg rvqryqlk hohphqwduqlk ixqnflmd +wuljrqrphwulmvnh, prjx�fh
mh vdvylp nruhnwqr gh�qludwl whn ndg vh vwurjr }dvqxmh nrqyhujhqflmd uhdoqlk
uhgryd1 Rvlp wrjd/ qd greur }dvqrydqrm nrqyhujhqflml mh pqrjr odnµh gh�ql0
udwl l hnvsrqhqflmdoqx ixqnflmx l/ srvhelfh/ lvwud
}lwl qmh}lqd yd
}qd vyrmvwyd1
Orjl
fnl el/ gdnoh/ rydm rgmhomdn wuhedr elwl suyl x ryrpx srjodyomx1 Qx/ wr el
rqgd }dkwlmhydor guxjd
flml whphomql whrulmvnl sulvwxs/ nrml el elr suhrs�fhqlw
}d qdµx nrqd
fqx vyukx1

1%-%� 
�� ����/�8 2�#��$�

Gh�qlflmd 61514 Vydnx ixqnflmx gh�qludqx qd vnxsx sulurgqlk eurmhyd/

d = Q$ \ / qd}lydpr ql}rp +x vnxsx \ ,1 Yulmhgqrvw d+q, 5 \ / q 5 Q/ r}0
qd
fxmhpr v d? l qd}lydpr q0wlp 
fodqrp wrjd ql}d1 Xrel
fdmlor vh l vdp ql}

r}qd
flwl v +d?, lol/ srqhndg/ v d�> d2> � � � > d?> � � � 1 X vox
fdmx \ @ U jryrulpr

r ql}x uhdoqlk eurmhyd +lol r uhdoqrp ql}x, +d?,1

Yd
}qr mh lpdwl qd xpx elwqx ud}olnx l}ph¡x ql}d +d?, x vnxsx \ / wm1
ixqnflmh d = Q $ \ / rg vnxsd vylk qmhjrylk yulmhgqrvwl id? m q 5 Qj/ wm1
volnh d^Q` � \ $

Sulpmhu 61514 Lvslµlpr �qhnrolnr suylk� 
fodqryd uhdoqrjd ql}d +d?,/ sul


fhpx mh=

+d, d? @ ?2

2?n� > +e, d? @

�
�3?
?

/ qqhsdudq
�
?
/ qsdudq

> +f, d? @

�
5q/ q � 6s
44/ q � 7

1

+d, d� @ �
� / d2 @ e

D / d� @ b
. lwg1 lol �

� >
e
D >

b
. >

�S
b >

2D
�� > � � � >

+e, d� @ 3/ d2 @ �
2 / d� @ �2

� / de @ �
e lwg1 lol 3> �2 >�2

� >
�
e >��

D >
�
S > � � � >

+f, d� @ 5/ d2 @ 7/ d� @ 9/ de @
s
44 @ dD @ � � � lwg1 lol 5> 7> 9>s44>

s
44> � � � =
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Srg +f, mh gdq sulpmhu w}y1 vwdflrqduqrj ql}d/ wm1 ql}d +d?, }d nrml yulmhgl=
+<u 5 U,+<qf 5 Q,+;q 5 Q, q � qf , d? @ u=

Gh�qlflmd 61515 Uh�fl �fhpr gd mh ql} uhdoqlk eurmhyd +d?, x}od}dq lol udv0

wx�fl +vlod}dq lol +r,sdgdmx�fl/ prqrwrq/ vwurjr x}od}dq/ vwurjr vlod}dq/

vwurjr prqrwrq, 
flp mh wdnyd sulsdgqd ixqnflmd d = Q$ U1

Vomhgh�fl whruhp mh l}udyqd srvomhglfd suhwkrgqh gh�qlflmh1

Whruhp 61514 Gd el uhdoql ql} +d?, elr x}od}dq +vlod}dq/ vwurjr x}od}dq/

vwurjr vlod}dq, qx
}qr mh l gryromqr gd mh/ }d vydnl q 5 Q/ d? � d?n� +d? �
d?n�/ d? ? d?n�/ d? A d?n�,1

Sulpmhu 61515 Ql} +d?,/ d? @ � ?
�f / mh vwurjr vlod}dq/ mhu mh d? @ � ?

�f A
�?n�

�f @ d?n� }d vydnl q 5 Q1

Sulpmhu 61516 Ql} +d?,/ d? @ E3��?n?
?

/ qlmh prqrwrq/ mhu mh/ sulpmhulfh/
d� @ 3 ? �

2 @ d2 A 2
� @ d�1 ]dgu
}dydmx�fl vh mrµ pdor qd ryrpx sulpmhux/

sulnd
}lpr qhnrolnr 
fodqryd wrjd ql}d qd eurmhyqrp sudyfx=

�
��� ��� ���

�
��� ��� ���

�

D� D� D�D���� D� D� D�

Sulplmh�fxmhpr gd vh rql �vyh ylµh suleol
}dydmx� eurmx 4 ndnr vh q sr0
yh�fdyd1 Rgdehuhpr ol/ qdlph/ elor nrmx +ndnr jrg pdox, �0rnrolqx rg 4 x
U/ wm1 vlphwul
fql lqwhuydo k4� �> 4 . �l/ � A 3/ x qmrm �fh vh qd�fl vnrur vyl
+wm1 vyl rvlp nrqd
fqr pqrjr qmlk, 
fodqryl surpdwudqrjd ql}d +d?,1 Dnr
mh qsu1 � @ 3> 5/ udgl vh r rnrolql k3> ;> 4> 5l l}ydq nrmh vx d�> � � � > dD/ d x
qmrm vx vyl 
fodqryl d? }d nrmh mh q � 91 ]dlvwd/ x wrpx vox
fdmx prud elwl���4� E3��?n?

?

��� ? 3> 5/ wm1 �
?
? 3> 5 / gdnoh q A 81 Vpdqmxmx�fl eurm � A 3/ wm1

rnrolqx/ sryh�fdyd vh eurm rqlk 
fdqryd d? µwr vx l}ydq wh rnrolqh/ dol/ pd ndnr
pdohq elr wdm �/ l}ydq qmh lk mh xylmhn vdpr nrqd
fqr pqrjr1 Rydm sulpmhu
prwlylud vomhgh�fx gh�qlflmx=

Gh�qlflmd 61516 Uh�fl �fhpr gd mh wr
fnd df 5 U judql
fqd yulmhgqrvw +lol
olphv, uhdoqrj ql}d +d?,/ dnr mh lvsxqmhq rydm xymhw=

+;� A 3,+<qf 5 Q,+;q 5 Q, q � qf , md? � dfm ? �=
Ryr �fhpr vnud�fhqr }dslvlydwl ndr +d?,$ df1

Sulpmhu 61517 +d, Vydnl vwdflrqduql ql} +d?,/ d? @ df 
flp mh q � qf/ lpd
judql
fqx yulmhgqrvw df1

+e, Srnd
}lpr gd ql} + S
?
,/ }d pd nrml f 5 U/ lpd }d judql
fqx yulmhgqrvw

3 5 U/ wm1 + S
?
,$ 3$ X}plpr elor nrml � A 31 Wuhed rguhglwl eurm qf 5 Q +ryl0

vdq r �, nrml �fh xgryromlwl xymhwx l} Gh�qlflmh 615161 Surpdwudmpr qhmhgqd0
nrvw md? � dfm ? �/ nrmd el x ryrpx sulpmhux wuhedod elwl m S

?
� 3m ? �/ wm1
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�S�
?

? �1 Wr sryod
fl gd wuhed elwl q A �S�
"
/ µwr mh/ sr Duklphgryx dnvlrpx

+y1 Whruhp 4171;,/ prjx�fh= Rgdehuhpr ol/ gdnoh/ qf @ ^ �S�
"
` . 4 +y1 Sulpmhu

6141<,,/ gh�qlflmvnrp xymhwx �fh elwl xgryromhqr1

Whruhp 61515 Vydnl uhdoql ql} +d?, grsxµwd qdmylµh mhgqx judql
fqx yulmhg0

qrvw1

Grnd}1 Suhwsrvwdylpr surwlyqr/ wm1 gd yulmhgl +d?, $ d�f/ +d?, $ d��f
l d�f 9@ d��f1 Wdgd mh eurm � @

�@��

f
3@�

f
�

2 A 3/ sd vx X � @ kd�f � �> d�f . �l l
X �� @ kd��f � �> d��f . �l glvmxqnwqh �0rnrolqh rg d�f l d��f uhgrp1 Sr gh�qlflml el
vydnd rg rnrolqd X � l X �� wuhedod vdgu
}dydwl vnrur vyh 
fodqryh surpdwudqrjd
ql}d +d?,/ µwr mh surwxvoryomh1

Gh�qlflmd 61517 ]d ql} nrml lpd judql
fqx yulmhgqrvw nd
}hpr gd nrqyhu0

jlud +lol wh
}l, suhpd wrm yulmhgqrvwl/ rgqrvqr/ gd mh nrqyhujhqwdq1 X

surwlyqrp/ nd
}hpr gd ql} glyhujlud lol gd mh glyhujhqwdq1


Flp ql} +d?, nrqyhujlud suhpd eurmx df/ wm1 +d?, $ df/ Whruhp 61515
+olphvryd mhglqvwyhqrvw, grsxµwd wr }dslvdwl ndr +rshudwlyqx, mhgqdnrvw
olp+d?, @ df1 Xyhglpr qd}lyh l }dslvh l }d gyd srvheqd vox
fdmd glyhujhqwqlk
ql}ryd1 Suyr/ dnr }d uhdoql ql} +d?, yulmhgl

+;u 5 Un,+<qf 5 Q,+;q 5 Q, q � qf , d? A u>

uh�fl �fhpr gd +d?, glyhujlud suhpd soxv ehvnrqd
fqrp l slvdwl +d?, $
.4 lol olp+d?, @ .41 Guxjr/ dnr }d uhdoql ql} +d?, yulmhgl

+;u 5 U3,+<qf 5 Q,+;q 5 Q, q � qf , d? ? u>

uh�fl �fhpr gd +d?, glyhujlud suhpd plqxv ehvnrqd
fqrp l slvdwl +d?,$
�4 lol olp+d?, @ �41 Sulpmhulfh/ ql}ryl +q,/ +6q�8, l +q2�4, glyhujludmx
suhpd .4/ grn ql}ryl +�q,/ +�6q . 8,/ l +�q2 . 4, glyhujludmx suhpd
�41 +Sr}ru$ .4 l �4 vx vdpr r}qdnh1 Wr qlvx uhdoql eurmhyl1 Prjx�fh
mh/ ph¡xwlp/ surµlulwl U gr vnxsd U @ U

Vi�4>.4j vwdyomdmx�fl �4 ?
{ ? .4/ }d vydnl { 5 U/ l surµluxmx�fl rgjrydudmx�fx dojheduvnx vwuxnwxux
vd U qd U rydnr= { . +	4, @ 	4 @ +	4, . {/ +�4, . +�4, @ �4/
+.4,.+.4, @ .4> {�+	4, @ 
4 @ +	4,�{ }d { ? 3/ {�+	4, @ 	4 @
+	4, � { }d { A 3/ +�4, � +�4, @ .4 @ +.4, � +.4,/ +�4, � +.4, @
�4 @ +.4, � +�4,> }eurmhyl +�4,.+.4, l +.4,.+�4,/ ndr l xpqrµfl
3�+	4, l +	4,�3 vh qh prjx mhgqr}qd
fqr gh�qludwl1 ]d xsudyr surpdwudqh
ql}ryh el vh vdgd prjor uh�fl gd nrqyhujludmx surµluhqrpx vnxsx uhdoqlk
eurmhyd U1,

Gh�qlflmd 61518 Qhnd mh +d?, uhdoql ql}1 Uh�fl �fhpr gd mh wr
fnd u 5 U

jrplolµwh rg +d?,/ dnr vydnd rnrolqd rg u vdgu
}l ehvnrqd
fqr pqrjr 
fodqryd

wrjd ql}d1 Vlperol
fnl vh wdm xymhw }dslvxmh rydnr=

+;� A 3,+;q 5 Q,+<q� 5 Q, q� � q a md?� � um ? �=
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Sulplmhwlpr gd mh/ }d vydnl nrqyhujhqwql ql}/ qmhjryd judql
fqd yulmhgqrvw
xmhgqr qmhjryr mhglqr jrplolµwh/ grn reudwqr qh yulmhgl1

Sulpmhu 61518 Surpdwudmpr ql} +d?,/ d? @ q+4 � +�4,?,1 Xr
flpr gd
mh d? @ 5q 
flp mh q qhsdudq/ d d? @ 3 
flp mh q sdudq/ wm1 +d?, @
5> 3> 9> 3> 43> 3> � � � 1 R
fljohgqr mh gd ql} +d?, glyhujlud suhpgd lpd wr
fqr
mhgqr jrplolµwh u @ 31

Gh�qlflmd 61519 Srgql}rp uhdoqrj ql}d +d?,/ wm1 ixqnflmh d = Q $ U/

vpdwudpr vydnx nrpsr}lflmx d � q = Q $ U/ sul 
fhpx mh q = Q $ Q vwurjr

x}od}qd ixqnflmd +ql} x Q,= Sulplmhwlpr gd mh srgql} uhdoqrj ql}d rshw uhdoql

ql}1 Rs�fhqlwr/ n0wl 
fodq surpdwudqrjd srgql}d mh uhdoql eurm +d � q,+n, @
d+q+n,, � d?E&�/ n 5 Q 1

Xrel
fdmlor vh d?E&� }dslvlydwl ndr d?& / d vdp srgql} ndr +d?&,1

X Sulpmhux 61518 mh qsu1 mhgdq srgql} +d?&, @ 5> 9> 43> 47> � � � / nrml glyhu0
jlud suhpd .4 +vwurjr x}od}qd ixqnflmd mh q = Q$ Q/ q+n, � q& @ 5n� 4,1
Xr
flpr gd wdm ql} lpd l nrqvwdqwql/ gdnoh nrqyhujhqwql/ srgql} +d6&

, @
3> 3> 3> � � � +vwurjr x}od}qd ixqnflmd mh p = Q$ Q/ p+n, @ 5n,1

Sulpmhu 61519 Surpdwudmpr uhdoql ql} +d?,/ d? @ E3��??
?n� 1 Wdgd mh d? @

� ?
?n� 
flp mh q @ 5n�4 +qhsdudq,/ d d? @ ?

?n� 
flp mh q @ 5n +sdudq,1 Suhpd
wrpx/ rydm ql} lpd eduhp gyd +sr 
fodqrylpd nrpsohphqwduqd, nrqyhujhqwqd
srgql}d= +d2&3�, @ +�2&3�

2& ,$�4 l +d2&, @ + 2&
2&n�,$ 41 Sulplmhwlpr gd vx

wr
fnh �4 l 4 jrplolµwd rg +d?, nrml glyhujlud1

1%-%- �$#�+6$� �#/$����/6/�8 <.#�=/��#$�

Whruhp 61516 Dnr uhdoql ql} +d?, nrqyhujlud rqgd mh rph¡hq1

Grnd}1 Qhnd mh olp+d?, @ df1 Wdgd srvwrml srvwrml qf 5 Q wdndy gd
mh id? m q � qfj � kdf � 4> df . 4l1 Qhnd mh e @ pd{imd? � dfm m q 5
i4> � � � > qf � 4jj l f @ pd{i4> ej1 Wdgd mh d^Q` @ id�> � � � > d?f3�j

Vid? m
q � qfj � ^df� f> df . f`/ sd mh ixqnflmd d = Q$ U/ wm1 mhvw +d?, rph¡hq1

Whruhp 61517 Uhdoql ql} +d?, lpd jrplolµwh u rqgd l vdpr rqgd/ dnr srv0

wrml srgql} +d?&, nrml nrqyhujlud suhpd u1

Grnd}1 Qhnd mh u jrplolµwh rg +d?,1 Wud
}hql srgql} �fhpr nrqvwuxludwl
lqgxnflmrp1 ]d n @ 4 qhnd mh 
fodq d?� 5 ku � 4> u. 4l1 +X Gh�qlflml 61518
x}plpr � @ 4 l q @ 4/ sd wdndy q� � q� � 4 srvwrml1, Suhwsrvwdylpr
gd srvwrmh sulurgql eurmhyl q� ? � � � ? q& }d nrmh mh d?� 5


u � �

�
> u . �

�

�
}d vydnl l 5 ^4> n`Q1 Sr Gh�qlflml 61518/ }d � @ �

&n� l q @ q& . 4/ srvwrml

q� � q&n� � q& . 4 A q& wdndy gd mh d?&n� 5
G
u � �

&n� > u.
�

&n�

H
1 Wlph

vpr nrqvwuxludol srgql} +d?&, }d nrml mh r
flwr olp+d?&, @ u1 Reudwqr/ qhnd
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mh +d?, uhdoql ql} v nrqyhujhqwqlp srgql}rp +d?&, $ u1 X}plpr elor nrmh
� A 3 l q 5 Q1 Exgx�fl gd srvwrml nf 5 Q wdndy gd mh d?& 5 ku � �> u . �l 
flp
mh n � nf/ wr eludmx�fl q� @ q& � q +yulmhgqrvwl q& vwurjr udvwx 
flp lqghnvl n
udvwx, grelydpr d?� 5 ku � �> u . �l1 Gdnoh/ ql} +d?, lpd }d jrplolµwh wr
fnx
u1

Nrurodu 61514 Qhnd vx +d?, ql} x U l df 5 U1 Wdgd mh olp+d?, @ df
wr
fqr rqgd ndg mh/ }d vydnl srgql} +d?&,/ olp+d?&, @ df1 Srvhelfh/ dnr gyd

nrpsohphqwduqd srgql}d +d?&, l +d?> q 9@ q&, rg +d?, nrqyhujludmx suhpd

lvwrm judql
fqrm yulmhgqrvwl df/ rqgd l ql} +d?, nrqyhujlud suhpd df1

Grnd}1 Gryromqrvw mh r
fljohgqd +x}plpr q& @ n,/ d qx
}qrvw yulmhgl
sr Whruhpx 61515 l Whruhpx 615171 Grgdwqd wyugqmd mh r
flwd srvomhglfd
Gh�qlflmd 61516 l 61517 l Whruhpd 615151

Whruhp 61518 Vydnl uhdoql ql} +d?, lpd prqrwrql srgql}1

Grnd}1 Qhnd mh Q @ iq m q � q� , d? � d?�j � Q1 Vnxs Q mh lol
ehvnrqd
fdq lol nrqd
fdq1 Dnr mh Q ehvnrqd
fdq/ prjx�fh mh rgdeudwl vwurjr
x}od}ql ql} +q&, x Q / wm1 q& ? q&n� }d vydnl n 5 Q1 Wdgd mh/ sr gh�qlflml rg
Q / d?& � d?&n� }d vydnl n 5 Q/ sd mh sulsdgql srgql} +d?&, x}od}dq1 Dnr mh
vnxs Q nrqd
fdq/ rqgd srvwrml q� 5 Q/ iq�j A Q 1 Rgdehulpr qhnl q2 5 Q
wdndy gd mh q2 A q� l d?2 ? d?� 1 +Wdndy q2 srvwrml> x surwlyqrp el volmhglor
q� 5 Q 0µwr qlmh$, Mdvqr mh gd q2 @5 Q 1 Qdvwdyomdmx�fl lqgxnwlyqr/ grelydpr
q& ? q&n� @5 Q }d vydnl n 5 Q/ wm1 vwurjr x}od}ql ql} +q&, x QqQ 1 Qmhpx
wdgd rgjrydud d?& A d?&n� }d vydnl n 5 Q/ wm1 vwurjr vlod}ql srgql} +d?&,1

Whruhp 61519 Dnr mh uhdoql ql} prqrwrq l rph¡hq rqgd nrqyhujlud1 Srw0

sxqlmh/ dnr mh +d?, vlod}dq l rph¡hq rgr}gro rqgd mh olp+d?, @ lqi d^Q`/ d
dnr mh +e?, x}od}dq l rph¡hq rgr}jru rqgd mh olp+e?, @ vxs e^Q`1

Grnd}1 Surpdwudmpr suyl vox
fdm/ wm1 ql} d� � d2 � � � � � d? � � � � � f x
U1 Wdgd srvwrml df � lqi d^Q` 5 U +y1 Whruhp 4171:,/ sd mh df � d? }d vydnl
q 5 Q1 Qdgdomh/ }d vydnl � A 3 srvwrml qhnl qf 5 Q wdndy gd mh df . � A d?f /
wm1 df A d?f� �1 Exgx�fl gd mh ql} +d?, vlod}dq/ wr mh df � d? � d?f ? d?f . �


flp mh q � qf1 Suhpd wrpx/ q � qf sryod
fl d? � � ? df ? d? . �/ wm1
md? � dfm ? �/ sd mh olp+d?, @ df � lqi d^Q`1 Srvyh vol
fqr vh grnd}xmh guxjl
vox
fdm1

Nrurodu 61515 +Ero}dqr0Zhlhuvwudvvry whruhp, Vydnl rph¡hql ql} uhdoqlk

eurmhyd +d?, lpd nrqyhujhqwql srgql} +rgqrvqr/ lpd jrplolµwh,1

Grnd}1 Qhnd mh ql} +d?, x U rph¡hq1 Sr Whruhpx 61518/ +d?, lpd qhnl
prqrwrql srgql} +d?&,1 Exgx�fl gd vh rph¡hqrvw 
fxyd/ wr mh srgql} +d?&,
rph¡hq l prqrwrq/ sd sr Whruhpx 61519 l nrqyhujlud1
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Sulpmhu 6151: +Eurm h1, Qhnd mh +d?, ql} x U }dgdq sudylorp
d? @ +4 . �

?
,?1

Grnd}dw �fhpr gd mh rydm ql} vwurjr x}od}dq l rph¡hq rgr}jru sd/ sr Whruhpx
61519/ nrqyhujlud1 Ylgmhw �fhpr gd mh qmhjryd judql
fqd yulmhgqrvw

olp++4 . �
?
,?, � h/ 5> :4;5; ? h ? 5> :4;5<1

+Pr
}h vh srnd}dwl gd mh eurm h ludflrqdodq> µwrylµh/ h mh wudqvfhqghqwdq eurm/

qr grnd}dwl wx wyugqmx yuor mh qhwulylmdoqr1, Eurm h lpd qh}drelod}qx xorjx
x pdwhpdwl
fnrm dqdol}l +y1 qsu1 ¢61416/ +lll, l +ly,,1 Srnd
}lpr qdmsulmh gd mh
ql} ++4. �

?
,?, rph¡hq rgr}jru1 Sr elqrpqrm irupxol +y1 Whruhp 417147, mh/

}d vydnl q 5 Q/
+4. �

?
,? @

?S
&'f

+?&, � 4?3& � + �?,& @ 4.
?S

&'�

�
&- � 4 � +4� �

?
,+4� 2

?
, � � � +4� &3�

?
, �

4 .
?S

&'�

�
&- � 4 .

?S
&'�

�
2&3�

@ 4 . 5+4� �
2? , ? 6/

sul 
fhpx vpr lvnrulvwlol qhmhgqdnrvw 5&3� � n$ }d vydnl n 5 Q1 Gd mh rydm
ql} vwurjr x}od}dq surl}od}l l} vomhgh�fhjd=

+4 . �
?
,? @

?S
&'f

+?&, � �
?&
�

?S
&'f

�
?n�
&

� � �
E?n��&

?
?n�S
&'f

�
?n�
&

� � �
E?n��&

@

?n�S
&'f

�
?n�
&

� � �
E?n��?n�3& @ +4 . �

?n�,
?n�/

jgmh vpr lvnrulvwlol qhmhgqdnrvw +?&, � �
?&
� �

?n�
&

� � �
E?n��&

}d vydnl sdu n � q

l} Q1 Sulplmhwlpr gd mh de @ +De,
e @ S2D

2DS * 5> 7747/ sd mh 5> 7747 ? h ? 61
Rguh¡hqmhp gryromqr pdoh jruqmh ph¡h e ? 6 l gryromqr �gdohnrj� 
fodqd d?/
grelyd vh sr yroml greud udflrqdoqd suleol
}qd yulmhgqrvw }d eurm h1

Sr Nrurodux 61515 lpd vplvod jryrulwl r qdmpdqmhpx/ rgqrvqr/ qdmyh�fhpx
jrplolµwx uhdoqrj ql}d +d?,1 Qdmpdqmh jrplolµwh qd}lydpr olphvrp lq0

ihulrurp l r}qd
fxmhpr v olp lqi+d?,/ d qdmyh�fh 0 olphvrp vxshulrurp/
olp vxs+d?,1 R
flwr mh olp lqi+d?, � olp vxs+d?,/ d odnr vh grnd
}h gd rph0
¡hql ql} +d?, nrqyhujlud rqgd l vdpr rqgd ndg mh olp lqi+d?, @ olp+d?, @
olp vxs+d?,1 Dnr ql} +d?, qlmh rph¡hq rgr}gro +rgr}jru,/ sr grjryrux vwdy0
omdpr olp lqi+d?, @ �4 +olp vxs+d?, @ .4,1 Qdgdomh/ dnr +d?, qlmh rph¡hq
rgr}gro l qhpd jrplolµwh/ d rph¡hq mh rgr}jru/ vwdyomdpr olp lqi+d?, @
olp vxs+d?, @ �41 Vol
fqr/ dnr +d?, qlmh rph¡hq rgr}jru l qhpd jrplolµwh/
d rph¡hq mh rgr}gro/ vwdyomdpr olp lqi+d?, @ olp vxs+d?, @ .41

Sulpmhu 6151; +d, ]d ql} +d?,/

d? @

;?
=

� ?
?n� / q @ 6n � 5

�
?
> q @ 6n � 4

?n�
?

/ q @ 6n

> n 5 Q>

mh olp lqi+d?, @ �4/ d olpvxs+d?, @ 41
+e, ]d ql} +d?,/

d? @

�
�
?
> q qhsdudq

�q/ q sdudq
>
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mh olp lqi+d?, @ �4/ d olp vxs+d?, @ 31
+f, ]d ql} +d?,/ d? @ 5q/ mh olp lqi+d?, @ olp vxs+d?, @ .4 +@ olp+d?,

x U,/ wm1 ql} +5q, glyhujlud suhpd .4,1

Whruhp 6151: Qhnd uhdoql ql}ryl +d?,/ +e?, l +f?, xgryromdydmx rylp gydpd

xymhwlpd=
+l, +<qf 5 Q,+;q 5 Q, q � qf , d? � f? � e?>
+ll, olp+d?, @ df @ olp+e?,1

Wdgd mh l olp+f?, @ df1

Grnd}1 Sr +ll,/ }d vydnl � A 3 srvwrmh q�f> q
��
f 5 Q wdnyl gd mh md?�dfm ? �


flp mh q � q�f/ rgqrvqr/ me? � dfm ? � 
flp mh q � q��f1 Xnomx
fxmx�fl l xymhw +l,/
grelydpr gd mh/ }d vydnl q � pd{iqf> q�f> q��fj/ df�� ? d? � f? � e? ? df.�/
gdnoh/ mf? � dfm ? �1 Wr xsudyr }qd
fl gd mh olp+f?, @ df1

Sulpmhu 6151< Lvwud
}lpr nrqyhujlud ol lol qh ql} + t�??
?

,1
Exgx�fl gd mh/ }d vydnl q 5 Q � U/ �4 � vlqq � 4/ wr mh l � �

?
� t�?

?
� �

?
1

R}qd
flpr d? @ 3�
?
/ e? @ �

?
l f? @ t�??

?
/ q 5 Q 1 Sr Sulpmhux 61517+e,

mh olp+d?, @ 3 @ olp+e?,1 Vdgd sr Whruhpx 6151: }dnomx
fxmhpr gd mh l
olp+ t�??

?
, � olp+f?, @ 31

Qduhgql whruhp mdp
fl greur srqdµdqmh judql
fqlk yulmhgqrvwl suhpd rv0
qryqlp ud
fxqvnlp rshudflmdpd1

Whruhp 6151; Dnr vx +d?, l +e?, nrqyhujhqwql uhdoql ql}ryl/ rqgd mh

+l, olp+d? 	 e?, @ olp+d?,	 olp+e?,>
+ll, olp+d? � e?, @ olp+d?, � olp+e?,>

+lll, olp+
d?

e?
, @

olp+d?,

olp+e?,
> 
flp vx vyl e? 9@ 3 l olp+e?, 9@ 31

+X }djudgdpd qd olmhyrm vwudql vh udgl r rshudflmdpd ixqnflmdpd d> e = Q$
U> y1 ¢41417,

Grnd}1 Grnd}dwl jruqmh wyugqmh qlmh wulylmdoqr1 Rqh/ }dsudyr/ volmhgh l}
qhsuhnlgqrvwl rvqryqlk ud
fxqvnlk rshudflmd 0 r 
fhpx �fh elwl ulmh
fl x ylµlp
dqdol}dpd +y1 l Ohpx 41715,1 Lsdn/ sulpmhulfh/ srnd
}lpr greur srqdµdqmh
uhdoqlk olphvd qd }eudmdqmh$ Qhnd mh/ gdnoh/ olp+d?, @ df l olp+e?, @ ef1
Wuhedpr gdnd}dwl=

+;� A 3,+<qf 5 Q,+;q 5 Q, q � qf , m+d? . e?,� +df . ef,m ? �=

]d pd nrml � A 3 x}plpr �� @ "
2 @ ���1 Wdgd srvwrmh q�f> q

��
f 5 Q wdnyl gd mh

md? � dfm ? �� 
flp mh q � q�f/ rgqrvqr/ me? � efm ? ��� 
flp mh q � q��f1 Qhnd mh
qf @ pd{iq�f> q��fj1 Vdgd mh/ }d vydnl q � qf +y1 ¢41716,/

m+d? . e?,� +df . ef,m @ m+d? � df, . +e? � ef,m
� md? � dfm. me? � efm ? �� . ��� @ �1
Eh} grnd}d qdyrglpr l greur srqdµdqmh nrqyhujhqwqlk ql}ryd suhpd

srwhqfludqmx1 +Rqr volmhgl l} qhsuhnlgqrvwl srwhqfludqmd/ r 
fhpx �fh elwl
ulmh
fl x ylµlp dqdol}dpd> y1 l Ohpx 41716,
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Whruhp 6151< Qhnd vx +d?, l +e?, nrqyhujhqwql uhdoql ql}ryl l qhnd mh

sulwrp d? A 3 }d vydnl q 5 Q l olp+d?, A 31 Wdgd mh

olp+dK?? , @ olp+d?,
*�4EK?�=

Srvhelfh/ dnr mh ql} +e?, nrqvwdqwdq/ wm1 +e?, @ +u, }d qhnl u 5 U/ rqgd mh

olp+do?, @ olp+d?,
o=

Sulpmhu 615143 Lvwud
}lpr nrqyhujlud ol lol qh ql} +d?,/ dnr mh

+d, d? @ @?nK
S?n_

/ d> e> f> g 5 U/ fq. g 9@ 3>

+e, d? @
?3�S
&'f

&2

?�
>

+f, d? @ dt?3�/ t 5 U1
+d, X vox
fdmx d @ f @ 3 volmhgl g 9@ 3/ sd grelydpr nrqvwdqwql ql} + K

_
,1 Qhnd

mh d 9@ 3 9@ f1 Wdgd mh

olp+d?, @ olp
�
@?nK
S?n_

�
@ olp

�
@n K

?

Sn _
?

�
@

*�4E@�n*�4E K
?
�

*�4ES�n*�4E _
?
�
@ @nf

Snf @ @
S
/

sul 
fhpx vpr lvnrulvwlol Whruhp 6151; l Sulpmhu 61517+e,1 Dnr mh d 9@ 3 @ f

rqgd mh olp+d?, @ 	4 +rylvqr r suhg}qdnx nrqvwdqwh d, x U/ d dnr mh
d @ 3 9@ f rqgd mh olp+d?, @ 31 +Qhnd 
flwdwhom srrs�fl rydm sulpmhu qd

d? @ RE?�
^E?� / jgmh vx s l t srolqrpl$,

+e, Sr ]dgdwnx 61+lll, x ¢41719 mh
?3�S
&'f

n2 @ E?3��?E2?n�
S 1 Vwrjd mh

olp+d?, @ olp
�
E?3��?E2?n��

S?�

�
@ olp

�
�
S+4� �

?
,+5 . �

?
,
�
@ �

S � 4 � 5 @ �
� /

sul 
fhpx vpr rshw lvnrulvwlol Whruhp 6151; l Sulpmhu 61517+e,1

+f, +dt?3�, � d> dt> dt2> dt�> � � � mh w}y1 jhrphwulmvnl ql} +v nrqvwdqwrp d

l nrol
fqlnrp t,1 Dnr mh d @ 3 udgl vh r nrqvwdqwqrpx ql}x +3,$ 31 Dnr mh
d 9@ 3/ mhgqrvwdyqr ud}pdwudqmh srnd}xmh vomhgh�fh=

mtm ? 4, olp+dt?3�, @ 3>

mtm A 4, +dt?3�, qlmh rph¡hq sd glyhujlud>
t @ 4, olp+dt?3�, @ olp+d, @ d +nrqvwdqwql ql},>

t @ �4, +dt?3�, @ ++�4,?d, � �d> d>�d> d> � � � 0 rph¡hq l glyhujlud
+gyd jrplolµwd= �d/ d,1

Vdgd �fhpr srnd}dwl gd vh ql}x x U pr
}h xvwdqrylwl nrqyhujhqwqrvw l
eh} rguh¡lydqmd judql
fqh yulmhgqrvwl1 Wr �fh elwl yd
}dq +qh vdpr whkql
fnl,
grelwdn/ mhu mh 
fhvwr elwqr }qdwl vdpr wr nrqyhujlud ol gdql ql} eh} re}lud qd
wr nrmd wr
fnd px mh olphv1

Gh�qlflmd 6151: Uh�fl �fhpr gd mh uhdoql ql} +d?, Fdxfk|mhy dnr xgryromdyd

ryrpx xymhwx=

+;� A 3,+<qf 5 Q,+;q 5 Q,+;n 5 Q, q � qf , md?n& � d?m ? �=

Whruhp 615143 Ql} +d?, x U nrqyhujlud wr
fqr rqgd ndg mh Fdxfk|mhy1 +Wr
mh w}y1 srwsxqrvw hxnolgvnrjd survwrud uhdoqlk eurmhyd U1,
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Grnd}1 Qhnd uhdoql ql} +d?, nrqyhujlud> wm1 qhnd srvwrml olp+d?, @ df 5
U1 Wdgd }d vydnl � A 3 srvwrml qhnl qf 5 Q wdndy gd mh md? � dfm ? "

2 
flp mh
q � qf1 Mdvqr/ }d vydnl n 5 Q mh q . n A q � qf sd mh l md?n& � dfm ? "

2 1
Suhpd wrpx/

md?n&�d?m @ m+d?n&�df,.+df�d?,m � md?n&�dfm.mdf�d?m ? "
2.

"
2 @ �/

µwr grnd}xmh gd mh +d?, Fdxfk|mhy ql}1

Reudwqr/ qhnd mh +d?, x U Fdxfk|mhy ql}1 Qdmsulmh �fhpr grnd}dwl gd mh
wdgd +d?, rph¡hq1 ]d � @ 4 srvwrml qf 5 Q wdndy gd mh md?n& � d?m ? 4 
flp
vx q> n 5 Q l q � qf1 Volmhgl gd mh vnxs id? m q � qfj vdgu
}dq x lqwhuydox
kd?f � 4> d?f . 4l1 Sr wrpx }dnomx
fxmhpr/ ndr x grnd}x Whruhp 61516/ gd
srvwrml f 5 Un wdndy gd mh d^Q` � ^d?f � f> d?f . f`1 Gdnoh/ ql} +d?, mhvw
rph¡hq1 Sr Ero}dqr0Zhlhuvwudvvryx whruhpx +Nrurodu 61515,/ +d?, grsxµwd
qhnl nrqyhujhqwql srgql} +d?&,1 Qhnd exgh olp+d?&, @ df 5 U1 Grnd
}lpr
gd mh wdgd l olp+d?, @ df$ Rgdehulpr elor nrml � A 31 Exgx�fl gd mh ql} +d?,
Fdxfk|mhy/ wr srvwrml qf 5 Q wdndy gd gd exgh md6�d?m ? "

2 
flp vx p>q �
qf +p � q. n,= L} olp+d?&, @ df volmhgl revwrmqrvw qhnrjd nf 5 Q }d nrml mh
md?& �dfm ? "

2 
flp mh n � nf1 X}plpr n�f 5 Q wdndy gd mh n�f � nf l q&�

f
� qf

+revwrmqrvw px volmhgl l} vwurjr x}od}qh ixqnflmh µwr gh�qlud srgql},1 Vdgd
mh md?�dfm @ m+d?� d?&,. +d?& �df,m � md?� d?& m. md?& �dfmm ? "

2 .
"
2 @ �


flp mh q � qf/ wm1 olp+d?, @ df1

Sulpmhu 615144 Srnd
}lpr gd uhdoql ql} +d?,/ d? @
?S

&'�

�
2&3� / nrqyhujlud1

Sr Whruhpx 615143/ gryromqr mh srnd}dwl gd mh +
?S

&'�

�
2&3� , Fdxfk|mhy ql}1 X

wx vyukx qdmsulmh sulplmhwlpr gd mh/ }d vydnl p 5 Q/
4 . �

2 . � � �. �
26 @ 4 � �3E �

26n� �

�3�
2

@ 5+4� �
26n� , ? 51

Vdgd mh odnr srnd}dwl gd vh/ eludmx�fl gryromqr yholnl q 5 Q/ ud}olnd md?nR�d?m
pr
}h x
flqlwl sr yroml pdorp +ndndy jrg elr s,1 ]dlvwd/

md?nR � d?m @
?nRS

&'?n�

�
2&3� @ �

2? +4 . �
2 . � � �. �

2?nR3� , ?
�
2? � 5 @ �

2?3� 1

Wr srwyu¡xmh gd mh surpdwudql ql} Fdxfk|mhy1

1%-%1 ��� ����/�8 2�#��$�

Uhg uhdoqlk eurmhyd suhgvwdyomd vplvohqr srrs�fhqmh +nrqd
fqrj, }eudmdqmd
qd �}eudmdqmh� qhl}pmhuqr +dol suheurmlyr, pqrjr suleurmqlnd1 Sulwrp vh
qdph�fx gyd slwdqmd= Srg nrmlp �fh xymhwlpd wdndy ehvnrqd
fql �}eurm� srv0
wrmdwl ndr +mhglqvwyhql, uhdoql eurm +B,> 
fxydmx ol vh sulwrp greud vyrmvwyd
rel
fqrjd +nrqd
fqrjd, }eudmdqmd +B,1

Gh�qlflmd 6151; Srg uhgrp uhdoqlk eurmhyd +nud�fh= uhdoqlp uhgrp,
srgud}xplmhydpr vydnl xuh¡hql sdu ++d?,> +v&,, uhdoqlk ql}ryd +d?, l +v&,/ sul
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fhpx mh v& @ d� . � � � . d& �
&S

?'�
d?1 Eurm d? qd}lydpr q0wlp 
fodqrp/ d

eurm v& n0wlp gmhorpl
fqlp }eurmhp +lol n0wrp sduflmdoqrp vxprp,
wrjd uhgd1 Mhgqrvwdyqrvwl udgl/ uhg ++d?,> +v&,, �fhpr xexgx�fh }dslvlydwl ndrS

d? lol/ srqhndg/ ndr d� . d2 . � � �. d? . � � � +sul 
fhpx . qlmh xrel
fdmhqr
}eudmdqmh x U qhjr vdpr vxjhvwlyqd r}qdnd> y1 Sulpmhu 615145+d,,1

Sulplmhwlpr gd mh x uhgx
S

d? � ++d?,> +v&,, ql} +v&, mh srvyh rguh¡hq
ql}rp +d?,/ mhu mh/ }d vydnl n 5 Q/ mhgqr}qd
fqr rguh¡hq }eurm d� . � � �. d&1
Qdgdomh/ r
flwr mh v&n� @ v& . d&n�1

Gh�qlflmd 6151< Uh�fl �fhpr gd uhg uhdoqlk eurmhyd
S

d? nrqyhujlud +lol
gd ql} +d?, grsxµwd }eudmdqmh/ rgqrvqr/ gd mh +d?, }eurmly lol vxpdel0

odq,/ dnr sulsdgql ql} gmhorpl
fqlk }eurmhyd +v&, nrqyhujlud1 X wrpx vox
fdmx

judql
fqx yulmhgqrvw v � olp+v&, qd}lydpr vxprp uhgd
S

d? l slµhpr

v @
"S
?'�

d?1 Dnr uhg
S

d? qh nrqyhujlud/ nd
}hpr gd glyhujlud1

Sulpmhu 615145 +d, Surpdwudmpr uhdoql uhg
S

d?/ d? @ 4 ndg mh q qhsdudq
l d? @ �4 ndg mh q sdudq/ wm1 d? @ +�4,?3�1 Udeh�fl }qdn ./ qmhjry irupdoql
}dslv l}johgd rydnr=

4 . +�4, . 4 . +�4, . � � �. 4. +�4, . � � � =
Ndg el rygmh }qdn . elr }eudmdqmh x U/ vpmhol elvpr sr dvrflmdwlyqrvwl
qdmsulmh }eurmlwl vyh sduryh d2?3� . d2? @ 3/ sd elvpr grelol qxouhg nrml/
r
flwr/ nrqyhujlud l vxpd el px elod 31 V guxjh vwudqh/ vpmhol elvpr qdmsulmh
}eurmlwl vyh sduryh d2? .d2?n� @ 3 +�suh
}lylr� el d� @ 4,/ sd el uhg nrqyhu0
jludr l vxpd el px elod 41 Suhpd wrpx/ . rygmh qh r}qd
fxmh }eudmdqmh1

+e, Surpdwudmpr jhrphwulmvnl ql} +d?, @ +dt?3�, ndg mh d @ 4 l t @ �
2 +y1

Sulpmhu 615143+f,,= Sulsdgql uhg
S

d? mh w}y1 jhrphwulmvnl uhg
S

dt?3� @S �
2?3� v ql}rp gmhorpl
fqlk }eurmhyd +v&,/ v& @ 4.� � �. �

2&3� @ 2&3�
2&3� =Exgx�fl

gd mh olp+d?, @ olp+ �
2?3� , @ 3/ wr mh olp+v&, @ olp+2

&3�
2&3� , @ olp+5� �

2&3� , @

olp+5,�olp+ �
2&3� , @ 5�3 @ 5> sd jhrphwulmvnl uhg

S �
2?3� nrqyhujlud l vxpd

px mh v �
"S
?'�

�
2?3� @ 51 Qlmh whµnr srnd}dwl gd/ rs�fhqlwr/ }d jhrphwulmvnl

uhg
S

dt?3� yulmhgl vomhgh�fh=

+4,
S

dt?3� nrqyhujlud 
flp mh mtm ? 4 l vxpd px mh
"S
?'�

dt?3� @ @
�3^ >

+5,
S

dt?3� glyhujlud 
flp mh mtm � 4 +olp+v&, @ 	4 +rylvqr r suhg}0
qdnx nrqvwdqwh d 9@ 3, ndg mh t � 4/ grn +v&, qhpd judql
fqh yulmhgqrvwl x U
ndg mh t � �4,1

Surpdwudmpr vdgd uhdoql uhg
S

d? l/ }d elor nrml s 5 Q/ uhg
S

dRn?

+� dRn�.dRn2 � � �.dRn?.� � � ,= Uhg
S

dRn? qd}lydpr rvwdwnrp uhgd
S

d?
+qdnrq s0wrjd 
fodqd,1 Dnr

S
d? nrqyhujlud/ wm1 dnr srvwrml olp+v&, � v/
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rqgd r
flwr nrqyhujlud/ }d vydnl s 5 Q/ l uhgS dRn?/ l }d sulsdgqh vxph odnr
grelydpr=

v @
"S
?'�

d? @
RS

?'�
d? .

"S
?'Rn�

d? @
RS

?'�
d? .

"S
?'�

dRn?=

X wrpx vox
fdmx l eurm UR �
"S
?'�

dRn? @
"S

?'Rn�
d? qd}lydpr rvwdwnrp +nrq0

yhujhqwqrj, uhgd
S

d? +qdnrq s0wrjd 
fodqd,1 Qr/ r
flwr mh gd yulmhgl l
reudwqr/ wm1 dnr }d qhnl s 5 Q uhg

S
dRn? nrqyhujlud/ rqgd nrqyhujlud

l uhg
S

d?1 Volmhgl }dnomx
fdn r nrqyhujhqflml uhgd
S

d?=

olp+v&, � v @
"S
?'�

d? / +<ql} +UR, x U, a olp+UR, @ 3=

Sulplmhqlpr ol wx 
flqmhqlfx qd ql} +d?,> grelydpr=
olp+d?, @ olp+v? � v?3�, @ olp++v� v?3�,� +v� v?,, @
olp+U?3� �U?, @ olp+U?3�,� olp+U?, @ 3� 3 @ 31

Wlph vpr grnd}dol rydm yd
}ql whruhp=

Whruhp 615144 +Qx
}ql xymhw }d nrqyhujludqmh uhgd, Dnr uhdoql uhg
S

d?
nrqyhujlud rqgd mh olp+d?, @ 31 Lol/ hnylydohqwqr/ dnr mh olp+d?, 9@ 3 rqgd

uhg
S

d? glyhujlud1

Sulpmhu 615146 Surpdwudmpr w}y1 kduprqlmvnl uhg
S

d?/ d? @
4

q
= Ldnr

mh qx
}qrpx xymhwx }d qmhjryx nrqyhujhqwqrvw xgryromhqr/ wm1 olp+ �
?
, @

3 +y1 Sulpmhu 61517+e,,/ srnd}dw �fhpr gd kduprqlmvnl uhg
S �

?
glyhujlud1

Suhwsrvwdylpr surwlyqr/ wm1 gd uhg
S �

?
nrqyhujlud1 Wr }qd
fl gd nrqyhujlud

sulsdgql ql} sduflmdoqlk vxpd +v&,/ v& @ 4. � � �. �
&
1 Srvwrml/ gdnoh/ judql
fqd

yulmhgqrvw olp+v&, � v 5 U1 Sr Nrurodux 61514 l vydnl qmhjry srgql} +v&,,
nrqyhujlud suhpd lvwrm judql
fqrm yulmhgqrvwl v @ olp+v&,,1 Surpdwudmpr
srgql} +v&,, rguh¡hq vwurjr x}od}qrp ixqnflmrp o :$ n, @ 5,/ wm1 srgql}
v2> ve> � � � > v2, > � � � l xr
flpr gd mh/ }d vydnl o 5 Q/ v2, A ,

2 1 ]dlvwd +srmdµqmhqmd
udgl x}plpr grvwdwqr yholnl o,/

v2, @ 4 . �
2 . +�� . �

e, . � � �. + �
2,3�n�

. � � �. �
2,3�nE2,3�3��

. �
2,
, A

4 . �
2 . +�e . �

e, . � � �. + �
2,

. � � �. �
2,
, @

4 . �
2 . 2

e . � � �. 2,3�

2,
@ 4 . o � �2 A ,

2
Sr suhwsrvwdyfl/ ql} +v2,, nrqyhujlud sd mh rph¡hq rgr}jru/ µwr rqgd sryod
fl
gd mh l ql} + ,2, ? +v2,, rph¡hq rgr}jru1 Wlph vpr xsdol x surwxvoryomh mhu mh

olp+ ,2, @ .4 x U1

1%-%3 
��#���# ���6����� �� �#/$����/6/#+6 ����/#� ����

]d uhg
S

d? x U nd
}hpr gd mh uhg v sr}lwlyqlp 
fodqrylpd ndg jrg mh
vydnl d? � 3/ q 5 Q1 Qhnd vx

S
d? l

S
e? gyd uhgd v sr}lwlyqlp 
fodqrylpd1

Uh�fl �fhpr gd
S

e? pdmrulud +lol gd mh pdmrudqwd rg,
S

d? dnr srvwrml
qf 5 Q wdndy gd mh d? � e? 
flp mh q � qf1 +Hnylydohqwqr mh uh�fl gd wdgdS

d? plqrulud +lol gd mh plqrudqwd rg,
S

e?1,
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Whruhp 615145 +Sruhgehql nulwhulm, Qhnd mh
S

d? uhg v sr}lwlyqlp 
fodqr0

ylpd1 Dnr
S

d? lpd nrqyhujhqwqx pdmrudqwx rqgd l rq nrqyhujlud/ d dnrS
d? lpd glyhujhqwqx plqrudqwx rqgd l rq glyhujlud1

Grnd}1 Qhnd nrqyhujhqwql uhg
S

e? pdmrulud uhg
S

d?1 Qh vpdqmxmx�fl
rs�fhqlwrvw/ vplmhpr suhwsrvwdylwl gd mh qf @ 4/ wm1 3 � d? � e? }d vydnl
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fqr suhwkrgqrpx vox
fdmx +4,1
Dg +6,1 X ryrpx vox
fdmx wuhed surpdwudql ql} +|?, x i ^[` nrml nrq0

yhujlud suhpd |/ olp+|?, @ |/ udµ
fodqlwl +ndg jrg mh wr prjx�fh, qd gyd
nrpsohphqwduqd srgql}d= +|?&, $ |/ |?& ? |/ l +|6&

, $ |/ |6&
A |

+eduhp mhgdq rg qmlk srvwrml,1 Gdomh vh srvwxsd ndr vox
fdmx +4,/ rgqrvqr/
+5,1

Qhsuhnlgqrvw uhdoqlk ixqnflmd µwr lk rygmh surx
fdydpr pr
}h vh rslvdwl l
srpr�fx w}y1 suludvwd1 �wrylµh/ sulsdgqd ud
fxqvnd whkqlnd mh yuor srjrgqd
}d vxswloqlmx dqdol}x x w}y1 lq�qlwh}lpdoqrp ud
fxqx µwr suhgvwrml1

Qhnd vx gdqh ixqnflmd i = [ $ U/ [ � U/ l wr
fnd {f 5 [1 ]d vydnx
wr
fnx { 5 [/ ud}olnx {� {f @ �%f{ � �{ qd}lydpr ydulmdeolqlp suludv0

wrp x wr
fnl {f/ d ud}olnx i+{,�i+{f, @ i+{f.�{,�i+{f, @ +�%fi,+{, �
�i+{f,+{, 0 ixqnflmvnlp suludvwrp x wr
fnl {f1 +X guxjrpx vh/ }dsudyr/
udgl r ixqnflmlqx suludvwx x wr
fnl { @ {f . �{ v re}lurp qd wr
fnx {f/ sd
vh qdyhghql qd}ly qh vplmh vkydwlwl grvoryqr$, Sulplmhwlpr gd vh/ }d 
fyuvwl
{f/ �i+{f, pr
}h vpdwudwl ndnr ixqnflmrp ydulmdeoh {/ wdnr l ixqnflmrp yd0
ulmdeoh �{ +lpdmx�fl qd xpx 
flqmhqlfx gd vh sulwrp udgl r gymhpd ud}ol
flwlp
grphqdpd,1 Sulwrp �fhpr/ ndg jrg qh exgh prjor gr�fl gr }dexqh/ wm1 ndg
jrg exgh mdvqr r nrmrm vh wr
fnl {f udgl/ vnud�flydwl }dslv �i+{f,+{, x �i+{,
lol x �i+�{, yh�f suhpd wrpx ndnr qdp exgh nrulvqlmh johgdwl qd ixqnflmx
�i+{f,1

Whruhp 6161: Qhnd mh i = [ $ U ixqnflmd/ d {f 5 [ � U wr
fnd nrmrm

vydnd rnrolqd vlmh
fh vnxs [ q i{fj1 Wdgd mh i qhsuhnlgqd x wr
fnl {f/ dnr l

vdpr dnr mh olp
f

�i @ 31 +Rygmh/ gdndnr/ olp
f

�i r}qd
fxmh olp
{%<f

�i+�{, @

olp
%<%f

�i+{,$,1
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Grnd}1 Qhsuhnlgqrvw rg i x wr
fnl {f mh/ sr Whruhpx 61619/ hnylyd0
ohqwqd mhgqdnrvwl olp

%f
i @ i+{f,1 Ryd mh/ sr suhwkrgqrpx ud}pdwudqmx/

wm1 olp
%<%f

i+{, @ olp
{%<f

i+{f . �{,/ hnylydohqwqd mhgqdnrvwl olp
{%<f

i+{f .

�{, @ i+{f,1 Exgx�fl gd mh i+{f, nrqvwdqwd/ wr vh vplmh }dslvdwl l ndr
olp

{%<f
+i+{f .�{,� i+{f,, @ 3/ wm1 olp

{%<f
�i+{, � olp

f
�i @ 31

Qdsrphqd 61616 Qdsrphqd 61617 Srpr�fx Nrurodud 61614 l 61615 l Whr0
uhpd 6161: odnr vh grnd
}h gd vx vyh rvqryqh hohphqwduqh ixqnflmh qhsuhnlgqh/
wm1 gd vx suhvolndydqmd1

Whruhp 6161; Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd x wr
fnl {f/

d ixqnflmd j = \ $ U/ i ^[` � \ � U/ qhsuhnlgqd x wr
fnl |f @ i+{f,1 Wdgd

mh x wr
fnl {f qhsuhnlgqd l nrpsr}lflmd ji = [ $ U1

Grnd}1 Qhnd mh gdq elor nrml � A 31 Exgx�fl gd mh j qhsuhnlgqd x |f/
wr srvwrml qhnl � A 3 wdndy gd mh mj+|, � j+|f,m ? � 
flp mh m| � |fm ? �1
Sr qhsuhnlgqrvwl rg i x {f srvwrml qhnl �� A 3 }d nrml mh mi+{, � i+{f,m @
m| � |fm ? � 
flp mh m{� {fm ? ��1 Suhpd wrpx/ mji+{,� ji+{f,m @ mj+|, �
j+|f,m ? � 
flp mh m{�{fm ? ��1 +Qdsrphqlpr gd/ vwurjr jryruh�fl/ srg rygmh
qdyhghqlp suhwsrvwdyndpd nrpsr}lflmd ji �qh� srvwrml1 Rygmh vh/ }dsudyr/
udgl r nrpsr}lflml [ $ i ^[` /$ \ $ U/ sul 
fhpx mh i ^[` /$ \ lqnox}lmd
i+{, :$ l+i+{,, @ i+{,1 Gdnoh/ ixqnflmx i vpr lqwhusuhwludol ndr ixqnflmx
li = [ $ \ 1,

Sruhg xsudyr grnd}dqrjd/ yuor mh yd
}dq l vomhgh�fl whruhp +nrmhjd �fhpr
x srwsxqrvwl grnd}dwl whn x Pdwhpdwl
fnrm dqdol}l/ LLL,=

Whruhp 6161< Qhnd vx i> j = [ $ U/ [ � U/ qhsuhnlgqh x wr
fnl {f +qd
vnxsx D � [,1 Wdgd vx x wr
fnl {f +qd vnxsx D, qhsuhnlgqh l ixqnflmh i.j/

i � j/ i � j l/ ndg mh j+{f, 9@ 3 +j+{, 9@ 3 }d vydnl { 5 D,/
i

j
1

]d rguh¡lydqmh judql
fqh yulmhgqrvwl nrpsr}lflmvnh ixqnflmh 
fhvwr udelpr
rydm whruhp=

Whruhp 616143 Qhnd vx ixqnflmh i = [ $ U/ [ � U/ l j = \ $ U/ \ � U/
wdnyh gd mh i ^[` � \ 1 Dnr mh olp

%f
i @ |f 5 \ l j qhsuhnlgqd x |f/ rqgd mh

olp
%f

ji @ j+olp
%f

i, @ j+|f,1

Grnd}1 Gh�qludmpr ixqnflmx �i = [ $ U sudylorp

�i+{, @

�
i+{,/ { 9@ {f
|f/ { @ {f

=

Sr Whruhpx 61619 mh ixqnflmd �i qhsuhnlgqd x wr
fnl {f/ d sr Whruhpx 6161< mh l
nrpsr}lflmd j �i qhsuhnlgqd x {f1 Sr gh�qlflml mh +j �i,mEf.t%f�� @ +ji,mEf.t%f��
l j �i+{f, @ j+|f,1 Vdgd wyugqmd yulmhgl sr Whruhpx 616191
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Sulpmhu 6161; Rguhglpr judql
fqx yulmhgqrvw uhdoqh ixqnflmh { :$ oq+4 .

{,
�

% x wr
fnl {f @ 31 Sulplmhqlw �fhpr Whruhp 616143 l 
flqmhqlfx gd vh { + �
%
,

ndg {$ 3 srqdµd lvwr ndr �
%
+{, ndg {$	41 Exgx�fl gd mh olp

3"
+4 . �

%
,% @

olp
n"

+4 . �
%
,% @ h +y1 Sulpmhu 61519+f, l ¢6151:/ ]dgdwdn 51+d, l +e,,> wr mh

olp
f

oq+4 . {,
�

% @ oq++olp
f

4 . {,
�

% , @ oq++olp
f

4 . �
%
,%, @ oq h @ 4=

Sudnwl
fqlk srwuhed udgl/ nrulvqr mh ud}yuvwdwl ud}qryuvqh �suhnlgh x
wr
fnl� uhdoqlk ixqnflmd vox
}h�fl vh judql
fqlp yulmhgqrvwlpd1 Sr Whruhplpd
61619 l 61616 vplmhpr uh�fl gd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd
x wr
fnl {f/ x nrmrm olphvl volmhyd l }ghvqd lpdmx vplvod/ wr
fqr rqgd ndg mh
xgryromhqr rylp xymhwlpd=

+l, < olp
%f3f

i a < olp
%fnf

i >

+ll, olp
%f3f

i @ olp
%fnf

i +@ olp
%f

i > y1 Whruhp 61616,>

+lll, olp
%f

i @ i+{f,1

Suhpd wrpx/ dnr x surpdwudqrp vox
fdmx qlmh xgryromhqr eduhp mhgqrp rg
xymhwd +l,/ +ll, lol +lll,/ ixqnflmd i mh suhnlgqd x wr
fnl {f1 Dnr i xgryromdyd
xymhwlpd +l, l +ll,/ dol qh xymhwx +lll,/ nd
}hpr gd ixqnflmd i lpd x wr
fnl {f
xnorqmly suhnlg1 Dnr yulmhgl vdpr xymhw +l,/ jryrulpr r suhnlgx suyh

yuvwh/ d dnr qh yulmhgl xymhw +l, 0 r suhnlgx guxjh yuvwh x wr
fnl {f1

Sulpmhu 6161< +d, Surpdwudmpr ixqnflmx i = U$ U/

i+{, @

+ ��� %�%� ��� > { 9@ 3

3/ { @ 3
=

Ixqnflmd i lpd x wr
fnl {f @ 3 xnorqmly suhnlg/ mhu mh olp
f3f

i @ 4 @ olp
fnf

i @

olp
f

i 9@ i+3, @ 3= Sulplmhwlpr gd mh i+{, @ 4 }d vydnl { 9@ 3 l i+3, @ 31 Pr�fl

�xnorqlwl suhnlg� ixqnflml i x wr
fnl {f @ 3 }qd
fl pr�fl gh�qludwl qhsuhnlgqx

ixqnflmx �i = U$ U/ �i+{, @

+
i+{,/ { 9@ 3

olp
f

i @ 4> { @ 3 =

+e, Qhnd mh ixqnflmd i = U$ U }dgdqd sudylorp

i+{, @

� %
�%� > { 9@ 3

3/ { @ 3
=

<

;

�

��

2

Ixqnflmd i lpd x wr
fnl {f @ 3 suhnlg suyh yuvwh +y1 fuwndql �grgdwdn� judix
qd fuwh
}x jruh,/ mhu mh olp

f3f
i @ �4 9@ 4 @ olp

fnf
i 1

+f, Qhnd mh ixqnflmd i = U$ U }dgdqd sudylorp
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i+{, @

�
{> { � 4

�
%3� > { A 4

= *I

;

<

�

�

Ixqnflmd i lpd x wr
fnl {f @ 4 suhnlg guxjh yuvwh +y1 judi,/ mhu mh olp
�3f

i @ 4/

grn mh olp
�nf

i @ .4 +qh srvwrml,1

+g, Surpdwudmpr ixqnflmx

i = U$ U/ i+{, @

;?
=

|�> { ? 3
|2> { @ 3

vlq �
%
> { A 3

<

2

;

*I\�

\�

Ixqnflmd i lpd x wr
fnl {f @ 3 suhnlg guxjh yuvwh/ mhu mh olp
f3f

i @ |�/ grn

olp
fnf

i qh srvwrml1 +Qlµwd elwqr vh qh plmhqmd ql ndg mh olp
f3f

i @ |� @ |2 @

i+3, 5 ^�4> 4`$,

Qdsrphqd 61618 Sulplmhwlpr gd 
flp ixqnflmdpd l} Sulpmhud 6161< l} gh�ql0
flmvnlk srgux
fmd l}edflpr �orµh� wr
fnh {f/ grelydpr vx
}hqmd nrmd vx qhsuh0
nlgqh ixqnflmh1 Wr mh srvomhglfd 
flqmhqlfh gd vx wl sulpmhul nrqvwuxludql sr0
pr�fx hohphqwduqlk ixqnflmd/ nrmh vx vyh qhsuhnlgqh +y1 Qdsrphqx 61616 l
Whruhph W16161; l 6161<,1

1%1%3 �$#�+6$� /�.�����/� 4,/���� /� +��0�/6,

X ryrpx srgrgmhomnx �fhpr lvnd}dwl l grnd}dwl qdmyd
}qlmd vyrmvwyd uhdoqlk
suhvolndydqmd1 Srvheqr yd
}ql uh}xowdwl vh grelydmx vx
}hqmhp uhdoqrj suhvol0
ndydqmd qd grphqx nrmd mh vhjphqw1

Whruhp 616144 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [1 Wdgd mh qmh}lqr vx
}hqmh i md@cKo rph¡hqd ixqnflmd/ wm1 sr0

vwrmh qhnl f> g 5 U wdnyl gd mh i ^^d> e`` � ^f> g`1

Grnd}1 Grnd
}lpr gd mh ixqnflmd i md@cKo = ^d> e` $ U rph¡hqd rgr0
}jru$ Suhwsrvwdylpr surwlyqr/ wm1 i md@cKo qlmh rph¡hqd rgr}jru1 Wdgd }d
vydnl q 5 Q srvwrml qhnl {? 5 ^d> e` wdndy gd mh i+{?, A q1 Sr Nr0
urodux 61515/ grelyhql ql} +{?, lpd nrqyhujhqwql srgql} +{?&,1 Qhnd mh
olp+{?&, @ {f 5 ^d> e` +y1 Whruhp 61519 l Wyugqmx 41515,1 Sr Nrurodux
61614 prud elwl olp+i+{?&,, @ i+{f, sd mh ql} +i+{?&,, rph¡hq +y1 Whruhp
61516,/ d wr surwxvoryl suhwsrvwdyfl i+{?&, A q&1 Gdnoh/ vx
}hqmh i md@cKo mhvw
rgr}jru rph¡hqd ixqnflmd1 Qd srvyh vol
fdq qd
flq vh grnd
}h gd mh i md@cKo l
rgr}gro rph¡hqd ixqnflmd1
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Whruhp 616145 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [1 Wdgd qmh}lqr vx
}hqmh i md@cKo srsulpd vyrmx vyrmx qdm0

pdqmx yulmhgqrvw +plqlpxp, l vyrmx qdmyh�fx yulmhgqrvw +pdnvlpxp,/
wm1 +<{�> {2 5 ^d> e`,+;{ 5 ^d> e`, i+{�, � i+{, � i+{2,=

Grnd}1 Sr Whruhpx 616144 mh vnxs D � i ^^d> e`` @ ii+{, m { 5 ^d> e`j � U
rph¡hq1 Sr Whruhpx 4171:/ srvwrmh p � lqi D>P � vxsD 5 U= +y1 fuwh
},

<

2

0

P

D [� [� E

$ I>>D�E@@

;

*I >D�E@

Wyuglpr gd mh P @ pd{D 5 D +p @ plqD 5 D, sd �fh wr elwl l wud
}hqd
qdmyh�fd +qdmpdqmd, yulmhgqrvw rg i qd ^d> e`$ X wx vyukx/ rgdehulpr elor
nrml ql} +|?, x D µwr nrqyhujlud suhpd vxsD @ P 1 +Odnr vh ylgl wdndy ql}
srvwrml$, Qhnd mh +{?, elor nrml sulsdgql ql} x ^d> e` x vplvox i+{?, @ |?/ q 5
Q1 Sr Nrurodux 61515/ Whruhpx 61519 l Wyugqml 41515/ srvwrml nrqyhujhqwql
srgql} +{?&, rg +{?, v olphvrp olp+{?&, � {f 5 ^d> e`1 Sr Nrurodux 61614
prud elwl olp+i+{?&,, @ i+{f,/ d sr Nrurodux 61514/ olp+|?, @ olp+|?&, @
olp+i+|?&,,1 Volmhgl gd mh P @ i+{f, 5 D/ µwr vpr l wyuglol1 Srvyh vol
fqr vh
grnd}xmh gd mhp @ plqD 5 D1 Vdgd }dp>P 5 D srvwrmh qhnl {�> {2 5 ^d> e`
}d nrmh mh i+{�, @ p l i+{2, @ P 1 Exgx�fl gd mh/ }d vydnl { 5 ^d> e`/
p @ i+{�, � i+{, � i+{2, @P / wr mh p plqlpxp/ srvwljqxw x wr
fnl {�/ d
P pdnvlpxp/ srvwljqxw x wr
fnl {2/ ixqnflmh i qd ^d> e`1

Qdsrphqd 61619 Suhwsrvwdynx r suhvolndydqmx qd vhjphqwx x Whruhplpd
6161441 l 616145 qlmh prjx�fh }dplmhqlwl suhvolndydqmhp qd lqwhuydox kd> el/ +ql
qd kd> e` lol ^d> el,/ ndnr srnd}xmh sulpmhu qd fuwh
}x1

<

2

;

*I

D E

Whruhp 616146 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd l x}od}qd/

d D � [ qhsud}dq l rgr}gro +rgr}jru, rph¡hq srgvnxs vd vyrmvwyrp lqi D 5
[ +vxsD 5 [,= Wdgd mh l i ^D` � U qhsud}dq l rgr}gro +rgr}jru, rph¡hq

vnxs l sulwrp yulmhgl

i+lqi D, @ lqi i ^D` +i+vxsD, @ vxs i ^D`,1
]d vlod}qr suhvolndydqmh i yulmhgl gxdoqd wyugqmd=

i+lqi D, @ vxs i ^D` +i+vxsD, @ lqi i ^D`,1

Grnd}1 Gryromqr mh grnd}dwl mhgqx +elor nrmx, rg 
fhwlul prjx�fqrvwl1
Sd/ qhnd mh i x}od}qr suholndydqmh l qhnd mh > 9@ D � [ rph¡hq rgr}gro l
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lqi D � {f 5 [1 Wdgd mh/ }d vydnl d 5 D/ {f � d1 Exgx�fl gd mh ixqnflmd
i x}od}qd/ wr mh i+{f, � i+d, }d vydnl d 5 D sd mh i+{f, grqmd ph¡d
vnxsd vnxsd i ^D` � U1 Suhpd wrpx/ vnxs i ^D` mh qhsud}dq l rph¡hq
rgr}gro sd lpd lq�pxp lqi i ^D` � |f 5 U +y1 Whruhp 4171:, l sulwrp
mh i+{f, � |f1 Suhrvwdmh grnd}dwl i+{f, @ |f1 Ndg wdnr qh el elor/ elor
el i+{f, ? |f1 X}plpr wdgd � @ |f � i+{f, A 3 l sulplmhwlpr gd |f @5
ki+{f,� �> i+{f, . �l1 Sr qhsuhnlgqrvwl rg i x {f/ srvwrml qhnl � A 3 }d nrml
mh i+{, 5 ki+{f,� �> i+{f, . �l 
flp mh { 5 [

W
k{f � �> {f . �l1 Exgx�fl gd

mh {f @ lqi D/ wr srvwrml qhnl d 5 D
W

^{f> {f . �l1 Volmhgl i+d, ? i+{f,.� @
|f sd |f qh pr
}h elwl lq�pxp rg i ^D` 0 surwxvoryomh1

Qdsrphqd 6161: +d, Whruhp 616146 vpr/ }dsudyr/ yh�f nrulvwlol x Sulpmhux
6161: +e,1

+e, Gd mh suhwsrvwdynd lqi D 5 [ +vxsD 5 [, qx
}qd }d rph¡hqrvw
ixqnflmvnh volnh i ^D` srnd}xmh sulpmhu qd fuwh
}x1

<

2

;
[� [�

*I

$

$ ; �[��[�!

[� VXS$H;

Whruhp 616147 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [1 Wdgd mh volnd i ^^d> e`` � U vhjphqw +nrml x vox
fdmx nrq0

vwdqwqrj vx
}hqmd i md@cKo ghjhqhulud x wr
fnx,1

Grnd}1 Sr Whruhpx 616145 srvwrmh {�> {�� 5 ^d> e`/ {� � {��/ wdnyl gd mh/ }d
vydnl { 5 ^d> e`/ i+{�, � i+{, � i+{��, lol i+{�, � i+{, � i+{��,1 ]dqhpdux0
mx�fl wulylmdoql vox
fdm nrqvwdqwqrj vx
}hqmd/ prud elwl {� ? {�� l i+{�, 9@ i+{��,1
R}qd
flpr |� @ plqii+{�,> i+{��,j l |�� @ pd{ii+{�,> i+{��,j1 Wuhed grnd}dwl
i ^^d> e`` @ ^|�> |��`1 Exgx�fl gd mh i ^^d> e`` � ^|�> |��` l |�> |�� 5 i ^^d> e`` r
flwr
lvsxqmhqr/ suhrvwdmh grnd}dwl i ^^d> e`` � k|�> |��l1 Qhnd mh |f 5 k|�> |��l elor
nrmd wr
fnd1 Wuhed grnd}dwl gd srvwrml wr
fnd {f 5 ^d> e` }d nrmx mh i+{f, @ |f1
X}plpr {� @ %�n%��

2 1 Dnr mh i+{�, @ |f rqgd vpr jrwryl/ d dnr qlmh wdnr
rqgd mh lol i+{�, ? |f lol i+{�, A |f1 Wdgd surpdwudmpr rqdm �sroxvhjphqw�
^{�

�> {
��

�` vhjphqwd ^{�> {��` +wm1 {��

��{
�

� @ %��
3%�

2 , }d nrml mh i+{��, ? |f ? i+{���,1
Qdvwdyomdmx�fl lqgxnwlyqlp srvwxsnrp/ grelydpr vlod}ql ql} +^{�?> {

��

?`, srg0
vhjphqdwd rg ^{�> {��` � ^d> e`1 Sr Fdqwruryx dnvlrpx +Whruhp 4171:,/ sul0
sdgql suhvmhn mh qhsud}dq/ wm1

W
?MQ^{

�

?> {
��

?` 9@ >1 �wrylµh/ sr nrqvwuxnflml
+x +q . 4,0yrp nrudnx x}lpdpr sroxvhjphqw l} q0wrj nrudnd, wdm suhvmhn
mhvw mhgqd mhglqd wr
fnd {f 5 ^{�> {��` +lqd
fh el elr qhnl vhjphqw 0 µwr sur0
wxumh
fl nrqvwuxnflml,1 Wyuglpr gd mh i+{f, @ |f1 Qdlph/ ndg wdnr qh el
elor/ elor el lol i+{f, ? |f lol i+{f, A |f= X vox
fdmx i+{f, ? |f srvwrmdr
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el/ sr qhsuhnlgqrvwl rg i x {f/ qhnl � A 3 wdndy gd mh l i+{, ? |f 
flp
mh { 5 k{f � �> {f . �l1 Wr el gdomh sryod
flor revwrmqrvw qhnrj q 5 Q vd
vyrmvwyrp i+{��?, ? |f 0 surwxvoryomh1 Qd lvwl qd
flq vh srelmd suhwsrvwdynd
i+{f, A |f1 Rylph mh whruhp grnd}dq1

Qhsrvuhgqh srvomhglfh suhwkrgqrjd whruhpd mhvx ryd gyd yd
}qd nrurodud=

Nrurodu 61616 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [1 Wdgd i md@cKo srsulpd vyh yulmhgqrvwl l}ph¡x vyrjd plql0

pxpd l vyrjd pdnvlpxpd1

Nrurodu 61617 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [ l qhnd mh vjq i+d, 9@ vjq i+e,1 Wdgd srvwrml eduhp mhgqd

wr
fnd {f 5 ^d> e` }d nrmx mh i+{f, @ 31

2

;

*I

D E[�

<

Sulvmhwlpr vh nrqyhujhqflmh +sr wr
fndpd, ixqnflmvnrj ql}d l Sulpmhud
61514<+e,/ nrml mh mh srnd}dr gd olphv wdnyrjd ql}d pr
}h elwl suhnlgqd ixqnflmd
ldnr vx px vyl 
fodqryl qhsuhnlgqh ixqnflmh1 Suhpd wrpx/ nrqyhujhqflmd sr
wr
fndpd/ rs�fhqlwr/ qh 
fxyd qhsuhnlgqrvw1 Vomhgh�fl whruhp �fh srnd}dwl gd/
qdsurwly/ mhgqrolnd nrqyhujhqflmd 
fxyd qhsuhnlgqrvw1

Whruhp 616148 Qhnd ixqnflmvnl ql} +i?,/ i? = [ $ U/ [ � U/ mhgqrolnr

nrqyhujlud suhpd ixqnflml if = [ $ U1 Dnr mh vydnd ixqnflmd i?/ q 5 Q/
qhsuhnlgqd x wr
fnl {f/ rqgd mh l ixqnflmd if qhsuhnlgqd x wr
fnl {f1 Qdgdomh/

dnr mh vydnd ixqnflmd i? qhsuhnlgqd qd vnxsx D � [/ rqgd mh l ixqnflmd if
qhsuhnlgqd qd vnxsx D1

Grnd}1 Sr gh�qlflml mhgqrolnh nrqyhujhqflmh +i?, $ if/ }d vydnl � A 3
srvwrml qhnl qf 5 Q wdndy gd mh mi?+{, � if+{,m ?

"
� }d vydnl q � qf l

vydnl { 5 [1 Srvhelfh/ }d q @ qf mh mi?f+{, � if+{,m ?
"
� }d vydnl { 5 [/

d mrµ }d { @ {f mh mi?f+{f, � if+{f,m ?
"
� 1 Ixqnflmd i?f mh qhsuhnlgqd x

wr
fnl {f sd srvwrml qhnl � A 3 wdndy gd mh mi?f+{, � i?f+{f,m ?
"
� 
flp mh

{ 5 [
W
k{f � �> {f . �l1 Vyh }dmhgqr/ grelol vpr gd }d vydnl � A 3 srvwrml

qhnl � A 3 wdndy gd mh
mif+{,� if+{f,m @ mif+{,� i?f+{, . i?f+{,� i?f+{f, . i?f+{f,� if+{f,m �
mif+{,� i?f+{,m. mi?f+{,� i?f+{f,m. mi?f+{f,� if+{f,m ?

"
� . "

� . "
� @ �


flp mh { 5 [ l m{� {fm ? �/ d wr xsudyr }qd
fl gd mh if qhsuhnlgqd x {f1

Nrurodu 61618 Qhnd mh
S

i? ixqnflmvnl uhg/ i? = [ $ U/ [ � U/ nrml

mhgqrolnr nrqyhujlud suhpd ixqnflml v �
"S
?'�

i? = [ $ U1 Dnr mh vydnd
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ixqnflmd i?/ q 5 Q/ qhsuhnlgqd x wr
fnl {f +qd vnxsx D � [,/ rqgd mh l

ixqnflmd v qhsuhnlgqd x wr
fnl {f +qd vnxsx D,1

Grnd}1 Exgx�fl gd ixqnflmvnl uhg
S

i? mhgqrolnr nrqyhujlud suhpd
ixqnflml v/ wr }qd
fl gd sulsdgql ixqnflmvnl ql} gmhorpl
fqlk }eurmhyd +v&, mhg0
qrolnr nrqyhujlud suhpd ixqnflml v1 Vydnd ixqnflmd i?/ q 5 Q/ mh qhsuhnlgqd
x wr
fnl {f +qd vnxsx D, sd mh l vydnd ixqnflmd v& @ i� . � � � . i&/ n 5 Q/
qhsuhnlgqd x {f +qd D, +y1 Whruhp 6161<,1 Vdgd }dnomx
fdn volmhgl sr Whruhpx
6161481

Nrurodu 61619 Qhnd mh
S

d?{
?/ q 5 Q

W
i3j/ srwhqflmvnl uhg v nrqyhujhq0

flmvnlp sroxpmhurp � A 31 Wdgd mh qmhjryd vxpd { :$
"S
?'f

d?{
? qhsuhnlgqd

ixqnflmd qd lqwhuydox k��> �l1

Grnd}1 Qhnd mh {f 5 k��> �l elor nrmd wr
fnd1 Wdgd mh m{fm ? � sd
srvwrml qhnl u 5 km{fm> �l1 Volmhgl gd mh {f 5 k�u> ul � k��> �l1 Sr Whruhpx
61514;/ srwhqflmvnl uhg

S
d?{

? mhgqrolnr nrqyhujlud qd vhjphqwx ^�u> u`/ sd

rqgd l qd lqwhuydox k�u> ul/ suhpd ixqnflml v = k��> �l $ U/ v+{, @
"S
?'f

d?{
?1

Exgx�fl gd mh vydnd ixqnflmd { :$ d?{
?/ q � 3 +df{

f @ df,/ qhsuhnlgqd/ sr
Nrurodux 61618 volmhgl gd mh l vx
}hqmh vmd3ocoo qhsuhnlgqd ixqnflmd1 Srvhelfh mh
ixqnflmd v qhsuhnlgqd x wr
fnl {f1

X ud}pdwudqmx r nrqyhujhqwqrvwl srwhqflmvnrj uhgd
S

d?{
? +y1 ¢61519,

sulplmhwlol vpr gd qd uxex i��> �j qmhjryd nrqyhujhqflmvnrj lqwhuydod k��> �l
wuhed pr
}helwqx nrqyhujhqwqrvw +glyhujhqwqrvw, srvheqr lvwud
}lwl1 V wlp x
vyh}l qdyrglpr +eh} grnd}d, rydm whruhp=

Whruhp 616149 Dnr srwhqflmvnl uhg
S

d?{
? nrqyhujlud l x uxeqrm wr
fnl

{ @ �� +{ @ �,/ rqgd rq mhgqrolnr nrqyhujlud qd vydnrp vhjphqwx ^��> u`
+^�u> �`,/ 3 ? u ? �1 Nrqyhujlud ol

S
d?{

? x remhpd uxeqlp wr
fndpd �� l

�/ rqgd rq l mhgqrolnr nrqyhujlud qd vhjphqwx ^��> �`1

L}udyqr l} wrjd whruhpd l Nrurodud 61618 volmhgl rydm �Dehory whruhp r
judql
fqrm yulmhgqrvwl�=

Nrurodu 6161: Qhnd mh � A 3 nrqyhujhqflmvnl sroxpmhu l v = k��> �l $ U/

v+{, @
"S
?'f

d?{
?/ vxpd srwhqflmvnrjd uhgd

S
d?{

?= Dnr wdm uhg nrqyhu0

jlud l x uxeqrm wr
fnl { @ �� +{ @ �,/ rqgd mh olp
34

v @
"S
?'f

+�4,?d?�
?

+olp
4
v @

"S
?'f

d?�
?,> wm1 suhvolndydqmh v grsxµwd qhsuhnlgqr surµluhqmh qd

^��> �l +k��> �`,=
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1%1%5 �����2�

41 Rguhglwl vomhgh�fh judql
fqh yulmhgqrvwl=

+d, olp
n"

%o

e%
/ u A 3> +e, olp

n"
E*?%�2

%
> +f, olp

n"
+4 . �

%,
%> +g, olp

f

I
�n%3�

�
I
�n%3� >

+h, olp
�
+ �
�3%� �

�
�3%,> +i, olp

f

�3ULt %
%2

> +j, olp
32

@hUt�?E%n2�
%2n2% > +k, olp

e

*?%3�
%3e 1

51 Ixqnflml { :$ i+{, @ e
�
%n@2n@

e
�
%n2

rguhglwl olphvh volmhyd l }ghvqd x wr
fnl

{ @ 31 Pr
}h ol vh rgdeudwl qhnl d 5 U }d nrml el srvwrmdr olp
f
iB

61 Lvwud
}lwl srqdµdqmh ixqnflmh { :$ i+{, @ dufwdq+4. �
%, sul uxeqlp wr
fndpd

qmh}lqd gh�qlflmvnrj srgux
fmd [ � U1
71 Grnd}dwl gd mh ixqnflmd i = Un $ U/ i+{, @ {%/ qhsuhnlgqd1
81 Grnd}dwl gd mh w}y1 Glulfkohwryd ixqnflmd

i = U$ U/ i+{, @

�
3/ { 5 T
4> { 5 U qT

/ suhnlgqd x vydnrm wr
fnl { 5 U1

91 Srvwrml ol l +dnr srvwrml, nrmd mh wr nrqvwdqwd d 5 U v nrmrp ixqnflmd

i = U$ U/ i+{, @

;?
=

4� {2/ { 5 k�> 3l
d> { @ 3

4 . {/ { 5 k3> �l
/ srvwdmh suhvolndydqmhpB

:1 Grsxµwd ol ixqnflmd i = Uqi3j $ U/ i+{, @ {2 vlq �
%
/ qhsuhnlgqr surµluh0

qmh qd flmhol UB
;1 Grsxµwd ol ixqnflmd i = Uqi4j $ U/ i+{, @ dufwdq �

%3� / qhsuhnlgqr
surµluhqmh qd flmhol UB

<1 Srnd}dwl gd ixqnflmvnl ql} +i?,/ i? = U$ U/ i?+{, @ h3?%/ nrqyhujlud sr

wr
fndpd suhpd ixqnflml if = U $ U/ if+{, @

�
3> { 9@ 3
4/ { @ 3

/ wh reud}or
}lwl

}dµwr if lpd suhnlg x wr
fnl { @ 31
431 ]dnomx
flwl gd srwhqflmvnl uhg

S
d?{

?/ d? @ *??
?
/ nrqyhujlud suhpd

qhsuhnlgqrm ixqnflml v = ^�4> 4l $ U/ v+{, @
"S
?'�

*??
?
{?1
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Gr ghulyludqmd ndr qryh pdwhpdwl
fnh whkqlnh +�rpmhul qhl}pmhuqr pdolk
surpmhqmlylk yhol
flqd�, suyl mh/ nrolnr vh }qd/ grµdr L1 Qhzwrq +sulmh jrglqh
499<1, umhµdydmx�fl sureohp rguh¡lydqmd wuhqxwqh eu}lqh qhnh wr
fnh/ µwr vh
qhmhgqrolnr jled sr sudyfx1 Gr lvwrjd mh rwnul�fd qhµwr srvolmh grµdr l J1Z1
Ohleql} umhµdydmx�fl sureohp rguh¡lydqmd wdqjhqwh x elor nrmrm wr
fnl qhnh
nulyxomh1 Srnd}dor vh gd ghulyludqmh lpd µlurnx l qh}drelod}qx sulpmhqx x
vylp sulurgqlp l whkql
fnlp }qdqrvwlpd l/ gdndnr/ x whkql
fnrm l whkqrorµnrm
sudnvl1 Rygmh �fhpr lvnd}dwl wr
fqx gh�qlflmx l srnd}dwl sulpmhqx qd lvwud
}l0
ydqmh yd
}qlk vyrmvwdyd uhdoqlk ixqnflmd mhgqh uhdoqh ydulmdeoh1

3%�%�  ���$�2��/#+6 � /����/# �/���/��

Gh�qlflmd 71414 Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U/ ghulydeloqd
x wr
fnl {f 5 [ +lol gd lpd ghulydflmx x wr
fnl {f,/ dnr ixqnflmd

ai = [ q i{fj $ U> ai+{, @
i+{,� i+{f,

{� {f
>

lpd judql
fqd yulmhgqrvw x wr
fnl {f/ wm1 dnr srvwrml olp
%f

ai 1 Guxjlp ulmh
flpd/

i mh ghulydeloqd x {f dnr srvwrml

olp
%<%f

i+{,� i+{f,

{� {f
� i �+{f,> { 5 [ q i{fj= +4,

Eurm i �+{f, qd}lydpr ghulydflmrp ixqnflmh i x wr
fnl {f1 Uh�fl �fhpr gd mh

ixqnflmd i ghulydeloqd qd vnxsx D � [/ dnr mh i ghulydeloqd x vydnrm

wr
fnl { 5 D1 X vox
fdmx D @ [ nudwnr nd
}hpr gd mh ixqnflmd i ghulydeloqd 1

Sulplmhwlpr gd/ }d qd vnxsx D � [ ghulydeloqx ixqnflmx i / srvwrml ixqnflmd

+i m�,
� = D $ U/ { :$ i �+{,/ nrmx qd}lydpr ghulydflmrp ixqnflmh i qd

vnxsx D1 X vox
fdmx D @ [ jryrulpr r ghulydflml i � ixqnflmh i 1 Qdsrnrq/

484
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ghulydeloqx ixqnflmx i = [ $ U nrmrm mh ghulydflmd i � = [ $ U suhvolndydqmh

+wm1 qhsuhnlgqd, qd}lydpr qhsuhnlgqr ghulydeloqrp ixqnflmrp1

Qdsrphqd 71414 ]d wr
fnx {f 5 [ � U vh nd
}h gd mh l}roludqd wr
fnd

x vnxsx [/ dnr srvwrml � A 3 wdndy gd mh +[ q i{fj,
W
k{f � �> {f . �l @

>1 Sulpmhulfh/ vydnd wr
fnd q 5 Q � U mh l}roludqd x vnxsx Q> x vnxsx
i �
?
m q 5 Qj

V
i3j � U qlmh l}roludqd vdpr wr
fnd 3> x lqwhuydox kd> el � U

qhpd l}roludqlk wr
fdnd1 Sulplmhwlpr gd mh/ sr vdprm gh�qlflml/ vydnd uhdoqd
ixqnflmd qhsuhnlgqd x vydnrm l}roludqrm wr
fnl {f vyrjd gh�qlflmvnrj srgux
fmd1
Ghulydeloqrvw/ qdsurwly/ x wdnyrm l}roludqrm wr
fnl sr gh�qlflml qhpd vplvod1
Suhpd wrpx/ dnr ixqnflmd lpd ghulydflmx x qhnrm wr
fnl/ rqgd wd wr
fnd qlmh
l}roludqd x sulsdgqrpx gh�qlflmvnrp srgux
fmx1

Lvnrulvwlpr ol r}qdnh {�{f @ �{ l i+{,�i+{f, @ �i+{, � �| +y1 ¢61616,/
irupxox +4, pr
}hpr }dslvdwl qd mrµ gyd qd
flqd=

i �+{f, @ olp
{%<f

i+{f .�{,� i+{f,

�{
> +4�,

i �+{f, @ olp
{%<f

�i+{,

�{
� olp

{%<f

�|

�{
= +4��,

Sulpmhu 71414 Lvslwdmpr ghulydeloqrvw ixqnflmh i = U $ U/ i+{, @ {2

+nydguludqmh,1 Qhnd mh {f 5 U elor nrmd wr
fnd +x U qhpd l}roludqlk wr
fdnd,1
Sr +4�,/ sulpmhulfh/ grelydpr gd mh

olp
{%<f

sE%fn{%�3sE%f�
{% @ olp

{%<f

E%fn{%�23%2
f

{% @

olp
{%<f

2%fu{%nE{%�2

{% @ olp
{%<f

+5{f .�{, @ 5{f=

Suhpd wrpx/ ixqnflmd i mh ghulydeloqd x vydnrm wr
fnl {f l i �+{f, @ 5{f1 ]d
{ @ 3 mh i �+3, @ 3/ }d { @ �4 mh i �+�4, @ �5 lwg1 Grelyhqx ghulydflmx
}dslvxmhpr ndr +{2,� @ 5{/ { 5 U1

Sulpmhu 71415 +Qhzwrqry sulvwxs, Qhnd mh }dslvrp v @ i+w, l xymhwrp
i+3, @ 3/ sul 
fhpx v r}qd
fxmh sulmh¡hql sxw d w yulmhph/ gdq }dnrq sr nrmhpx
vh wr
fnd +�wyduqd 
fhvwlfd�, S jled sr sudyfx1 Qhnd mh sulwrp i = ^3> �l $ U

ghulydeloqd ixqnflmd1 Rguhglpr eu}lqx y+wf, wr
fnh S x wuhqxwnx wf1 Wr
fnd
S �fh gr wuhqxwnd wf suhydolwl sxw vf @ i+wf,/ d gr wuhqxwnd w sxw v @ i+w,1
Vuhgqmd eu}lqd surpdwudqh wr
fnh x yuhphqvnrpx vhjphqwx ^wf> w` }d wf ? w

+^w> wf` }d wf A w, mh/ sr gh�qlflml/

�y+w, @ sE|�3sE|f�
|3|f � {r

{|
> �w @ w� wf> �v � �i+w, @ i+w,� i+wf,=

Ryd eu}lqd �y+w, mh wr eol
}d wud
}hqrm eu}lql y+wf, x wuhqxwnx wf µwr mh surpd0
wudql yuhphqvnl vhjphqw nud�fl1 Vwrjd vplmhpr srvwxoludwl gd mh

y+wf, @ olp
|f

�y @ olp
{|<f

{r
{| =

Qr/ wr }qd
fl gd mh y+wf, @ i �+wf,/ wm1 �eu}lqd mh ghulydflmd sxwd sr yuhphqx�1

Sr}dedylpr vh vdgd sreol
}h �sureohprp wdqjhqwh� +Ohleql}ry sulvwxs,1
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Qhnd mh x udyqlql v nrruglqdwqlp vxvwdyrp +R> l> m, gdqd nulyxomd F mhg0
qdg
}erp | @ i+{,/ sul 
fhpx mh ixqnflmd i = ^d> e` $ U ghulydeloqd x
wr
fnl {f 5 kd> el1 Rguhglpr +dojheduvnl, wdqjhqwx w nulyxomh F x wr
fnl
Wf @ +{f> i+{f,,1 Qhnd mh { 5 ^d> e`/ { 9@ {f/ sd mh W @ +{> i+{,, 5 F l
W 9@ Wf1 Wr
fnh Wf l W rguh¡xmx mhglqvwyhqx vhndqwx vA nulyxomh F +y1 fuwh
}
gromh,1 Qmh}lq vpmhuryql nrh�flmhqw +y1 ¢51614, mhvw

nrA @ sE%�3sE%f�
%3%f =

Sxvwlpr ol gd vh wr
fnd W �suleol
}xmh� sr nulyxoml F +qhsrpl
fqrm, wr
fnl Wf/
wm1 gd { $ {f/ vhndqwd vA �fh vh �suleol
}dydwl� wdqjhqwl w1 Suhpd wrpx/ }d
vpmhuryql nrh�flmhqw rg w prud yulmhglwl vomhgh�fh=

n| @ olp
A<Af

nrA @ olp
%<%f

sE%�3sE%f�
%3%f @ i �+{f,>

wm1 �wdqjhqwlq vpmhuryql nrh�flmhqw mhvw ixqnflmlqd ghulydflmd x surpdwudqrm
wr
fnl�1 Volmhgrp wrjd/ }d wdqjhqwlqx mhgqdg
}ex +x wr
fnl Wf @ +{f> i+{f,, 5
F, grelydpr

w � � � | � i+{f, @ i �+{f,+{� {f,= +5,

+Wdqjhqwd x Wf pr
}h srvwrmdwl l ndg mh olp
%f

i � @ .4 +�4,/ r 
fhpx vdg

qh �fhpr udvsudyomdwl +y1 srgrgmhomdn 7141:/ Sulpmhu 71515:,/ l wdgd mrm mh
mhgqdg
}ed { @ {f1,

Qrupdorp x wr
fnl Wf @ +{f> i+f,, nulyxomh F qd}lydpr sudydf q nur}
wr
fnx Wf rnrplw qd sulsdgqx wdqjhqwx w1 Volmhgl gd mh qrupdolqd mhgqdg
}ed

q � � � | � i+{f, @ � �
s �E%f�

+{� {f,> i
�+{f, 9@ 3 +{ @ {f> i

�+{f, @ 3,= +6,

+Dnr mh wdqjhqwlqd mhgqdg
}ed { @ {f rqgd mh sulsdgqd qrupdolqd mhgqdg
}ed
| @ i+{f,1,

<

2

*I

W

V
Q

7�

7

;
[� [[

I�[��

\ ϕW
ϕV

Sulpmhu 71416 Rguhglpr wdqjhqwlqx l qrupdolqx mhgqdg
}ex x wr
fnl Wf @
+5> |f, sduderoh | @ {21

X Sulpmhux 71414 vpr rguhglol ghulydflmx i � ixqnflmh i+{, � | @ {2 l grelol
i �+{, @ 5{1 Xyuµwhqmhp x +5, l +6, grelydpr wud
}hqh mhgqdg
}eh=

w � � � | � i+5, @ i �+5,+{� 5,/ gdnoh/ | @ 7{� 7>
q � � � | � i+5, @ � �

s �E2�+{� 5,/ gdnoh/ | @ ��
e{. �

2 1

Jhrphwulmvnr }qd
fhqmh ghulydflmh ndr wdqjhqwlqd vpmhuryqrj nrh�flmhqwd
grsxµwd w}y1 �jud�
fnr ghulyludqmh� jud�
fnl +judirp Js , }dgdqh ixqnflmh
i = [ $ U/ [ � U/ µwr mh sulnd}dqr qd rylp fuwh
}lpd=
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Whruhp 71414 Dnr mh ixqnflmd i = [ $ U/ [ � U/ ghulydeloqd x wr
fnl {f
rqgd mh i qhsuhnlgqd x {f1

Grnd}1 ghulydeloqrvw ixqnflmh i x wr
fnl {f sryod
fl olp
%<%f

+i+{,�i+{f,, @

olp
{%<f

�i+{, @ olp
%<%f

+{sE%�
{%

��{, @ olp
%<%f

{sE%�
{%

� olp
%<%f

�{ @ i �+{f, � 3 @ 3/ sd

mh/ sr Whruhpx 6161:/ ixqnflmd i qhsuhnlgqd x wr
fnl {f1

Sr Whruhpx 71414 volmhgl gd ixqnflmh qhpd ghulydflmh x wr
fndpd x nrmlpd
mh suhnlgqd1 Qr/ ghulydeloqrvw mh elwqr md
fh vyrmvwyr rg qhsuhnlgqrvwl/ wm1
qhsuhnlgqrvw ixqnflmh i x wr
fnl {f qh sryod
fl qmh}lqx ghulydeloqd x wrm wr
fnl
+y1 Qdsrphqx 71414 l qduhgql Sulpmhu 71417,1

Srpr�fx olphvd volmhyd l }ghvqd +y1 ¢61615, prjx vh gh�qludwl ghulydflmh
volmhyd l }ghvqd=

Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U/ x wr
fnl {f 5 [ ghulyd0

eloqd volmhyd +}ghvqd, dnr ixqnflmd

ai = [ q i{fj $ U> ai+{, @
i+{,� i+{f,

{� {f
>

lpd x wr
fnl {f judql
fqd yulmhgqrvw volmhyd +}ghvqd,/ wm1 dnr srvwrml olp
%f3f

ai

+ olp
%fnf

ai,1 Sulsdgql olphv wdgd qd}lydpr ghulydflmrp volmhyd +}ghvqd,

ixqnflmh i x wr
fnl {f1 R
flwr mh gd mh ixqnflmd i / nrmd mh ghulydeloqd vol0
mhyd l }ghvqd x wr
fnl {f/ ghulydeloqd x {f dnr l vdpr dnr vh wh ghulydflmh
volmhyd l }ghvqd srgxgdudmx1 +Wdm mh eurm rqgd i �+{f,1,

Sulpmhu 71417 Ixqnflmd { :$ i+{, @ m{m/ { 5 U/ +dsvroxwqd yulmhgqrvw, mh
qhsuhnlgqd1 Srvhelfh/ rqd mh qhsuhnlgqd x wr
fnl { @ 31 Ph¡xwlp/

olp
%f3f

ai @ olp
{%<f3f

sEfn{%�3sEf�
{%

@ olp
{%<f3f

�{%�
{%

@

olp
{%<f3f

3{%
{%

@ olp
{%<f3f

+�4, @ �4>

olp
fnf

ai @ olp
{%<fnf

sEfn{%�3sEf�
{%

@ olp
{%<fnf

�{%�
{%

@



7141 GHULYDFLMD 488

olp
{%<fnf

{%
{%

@ olp
{%<fnf

+4, @ 41

Suhpd wrpx/ ixqnflmd i mh x wr
fnl { @ 3 ghulydeloqd volmhyd l }ghvqd/ dol
exgx�fl gd sulsdgqh ghulydflmh qlvx mhgqdnh/ wr i qlmh ghulydeloqd x { @ 31

3%�%-  ���$���� ���0�/6��/�8 4,/����

Rygmh �fhpr rguhglwl ghulydflmh qhnlk +rvqryqlk, hohphqwduqlk ixqnflmd +y1
¢61416, l l}yhvwl qhnrolnr rvqryqlk ghulydflmvnlk sudylod1

Wyugqmd 71414 Ghulydflmd nrqvwdqwqh ixqnflmh fo = U $ U/ u 5 U/ mh
qxonrqvwdqwd ff/ wm1

+;u 5 U,+;{ 5 U, f�o+{, @ 3= +7,

Grnd}1 �fo+{, @ u � u @ 3, f�o+{, @ olp
{%<f

{SoE%�
{%

@ olp
{%<f

3 @ 31

Wyugqmd 71415 Ghulydflmd sulurgqh srwhqflmh { :$ {?/ q 5 Q/ mh ixqnflmd
{ :$ q{?3�/ wm1

+;q 5 Q,+;{ 5 U, +{?,� @ q{?3�= +8,

Grnd}1 Sr Whruhpx 417147 mh �i+{, @ +{.�{,? � {? @
?S

&'f

+?&,{
?3&+�{,& � {? @

?S
&'�

+?&,{
?3&+�{,& @

?S
&'2

+?&,{
?3&+�{,& . q{?3� ��{1

Vwrjd mh i �+{, @ olp
{%<f

{sE%�
{%

@ olp
{%<f

+
?S

&'2

+?&,{
?3&+�{,&3�.q{?3�, @ q{?3�1

Wyugqmd 71416 Ghulydflmd wuljrqrphwulmvnh ixqnflmh vlq mhvw frv/ d ixqnflmh
frv mhvw � vlq/ wm1

+;{ 5 U, vlq� { @ frv{> +9,
+;{ 5 U, frv� { @ � vlq{= +:,

Grnd}1 +� vlq,+{, @ vlq+{.�{,� vlq{ @ 5vlq %n{%3%
2 frv %n{%n%

2 @

5vlq {%
2 frv+{ . {%

2 , @
t�? {%

2
{%
2

��{ � frv+{ . {%
2 ,= Sr wrpx mh +y1 l Sulpmhu

61616/ Qdsrphqx 61617 l Whruhp 6161<,

vlq� { @ olp
{%<f

E{t�?�E%�
{%

@ olp
{%
2
<f

t�? {%
2

{%
2

� olp
{%<f

frv+{. {%
2 , @ 4 � frv{ @ frv{=

Vdvylp vol
fqr vh grnd}xmh l wyugqmd srg +:,1

Wyugqmd 71417 Hnvsrqhqflmdoqd ixqnflmd { :$ h{s@+{, lpd ghulydflmx
{ :$ h{s@+{, oqd/ wm1

+;{ 5 U, +d%,� @ d% oq d= +;,
Srvhelfh mh

+;{ 5 U, +h%,� @ h%= +<,
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Grnd}1 Exgx�fl gd mh �+d%, @ d%n{% � d% @ d%+d{% � 4,/ wr mh +d%,� @

olp
{%<f

@%E@{%3��
{%

@ d% � olp
{%<f

@{%3�
{%

= Xyuvwlpr ol d{%�4 @ w/ grelydpr d{% @

w . 4/ �{ @ *?E|n��
*?@ l �{ $ 3 / w $ 31 Suhpd wrpx +y1 Sulpmhu 61619/

Whruhp 616143,/ +d%,� @ d% olp
|<f

|
*?E|n��
*?@

@ d% oq d olp
|<f

�

*?E|n��
�
|

@ d% oqd �
*? e @

d% oq d=

Qduhgql whruhp uhgrylwr udelpr sul rguh¡lydqmx ghulydflmd yh�flqh hoh0
phqwduqlk ixqnflmd1

Whruhp 71415 +Ghulyludqmh l rvqryqh ud
fxqvnh rshudflmh, Qhnd vx ixqnflmh
i> j = [ $ U/ [ � U/ ghulydeloqh +qd vnxsx D � [> x wr
fnl {f 5 [,1 Wdgd

vx ghulydeloqh +qd D> x {f, l ixqnflmh i . j/ i � j/ i � j/
i

j
+j+{, 9@ 3, l

yulmhgl=

+i . j,� @ i � . j�> +43,

+i � j,� @ i � � j�> +44,

+i � j,� @ i � � j . i � j�> +45,

+fo � j,
� @ fo � j

� +i @ fo 0 nrqvwdqwqd ixqnflmd,> +46,

+
i

j
,� @

i � � j � i � j�

j2
= +47,

Grnd}1 Vyh irupxoh +43,0+47, vh grnd}xmx vol
fqr1 Grnd
}lpr/ sulpmhulfh/
rqx srvomhgqmx$

+s
}
,�+{, @ olp

{%<f

sE%n{%�
}E%n{%�

3
sE%�
}E%�

{%
@

olp
{%<f

sE%n{%�}E%�3sE%�}E%n{%�nsE%�}E%�3sE%�}E%�
}E%n{%�}E%�{%

@

olp
{%<f

sE%n{%�}E%�3sE%�}E%�
{%

3 sE%�}E%n{%�3sE%�}E%�
{%

}E%n{%�}E%� @

*�4
{%<f

sE%n{%�3sE%�
{%

u}E%�3sE%�u *�4
{%<f

}E%n{%�3}E%�
{%

*�4
{%<f

}E%n{%�u}E%� @ s �E%�}E%�3sE%�u}�E%�
}E%�2

1

Sulplmhwlpr gd x vox
fdmx nrqvwdqwqh ixqnflmh i @ fo/ sr +7, l +47, grelydpr

+
fo

j
,� @ �

fo � j
�

j2
> wm= +

u

j+{,
,� @ �u �

j�+{,

j+{,2
>

d x vox
fdmx j @ fo grelydpr +xvs1 +46, }d i @ f�
o
,

+
i

fo
,� @

i �

fo
> wm= +

i+{,

u
,� @

i �+{,

u
=

Wyugqmd 71418 Ghulydflmh wuljrqrphwulmvnlk ixqnflmd wdq l frw mhvx=

+;{ 5 [|@?, wdq
� { @

4

frv2 {
> +48,

+;{ 5 [UL|, frw� { @ �
4

vlq2 {
> +49,
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Grnd}1 wdq� { @ + t�?ULt,
�+{,

+47,
@ t�?� %uULt %3t�?%uULt%

ULt2 %

+9,/+:,
@ ULt2 %nt�?2 %

ULt2 %
@

�
ULt2 %

1 Qd lvwl qd
flq vh grnd}xmh irupxod +49,=

Wyugqmd 71419 Ghulydflmd qhjdwlyqh flmhoh srwhqflmh { :$ {3?/ q 5 Q/ mh
ixqnflmd { :$ �q{3?3�/ wm1

+;q 5 Q,+;{ 5 Uqi3j, +{3?,� @ �q{3?3�=

Grnd}1 +{3?,� @ + �
%?

,�
+47,
@ � E%?��

E%?�2
+8,
@ �?%?3�

%2?
@ �q{3?3�1

Srqhndg mh nrulvqr/ sulmh hnvsolflwqrj rguh¡lydqmd ghulydflmh qhnh ixqnflmh
i / irupdoqr l}ud}lwl ixqnflmvnl suludvw�i+{, x wr
fnl {f/ { @ {f.�{/ srpr�fx
yulmhgqrvwl i �+{f,1 Suhwsrvwdylpr gd mh ixqnflmd i = [ $ U/ [ � U/
ghulydeloqd x wr
fnl {f1 Gh�qludmpr qryx ixqnflmx { � {f :$ �+{ � {f,/
{ 5 [ q i{fj/ surslvrp

�+{� {f, @
sE%�3sE%f�

%3%f
� i �+{f,> wm= �+�{, @ {sE%�

{%
� i �+{f,=

R
flwr mh wdgd+
olp
%<%f

�+{� {f, @ olp
{%<f

�+�{, @ 3

�| � �i+{, @ +i �+{f, . �+�{,,�{
= +4:,

Whruhp 71416 +Ghulydflmd ixqnflmvnh nrpsr}lflmh, Dnr mh ixqnflmd i = [ $
U/ [ � U/ ghulydeloqd x wr
fnl {f/ d ixqnflmd j = \ $ U/ \ � U/ ghulydeloqd
x wr
fnl |f @ i+{f, 5 \ � i ^[`/ rqgd mh l ixqnflmvnd nrpsr}lflmd ji = [ $
U/ ghulydeloqd x {f l sulwrp mh

+ji,�+{f, @ j�+i+{f,,i
�+{f,= +4;,

Grnd}1 Qhnd mh { 5 [/ { 9@ {f/ l �{ @ { � {f1 R}qd
flpr | � i+{,/
�| � i+{, � i+{f,/ } � +ji,+{,/ �} � +ji,+{, � +ji,+{f,1 Wdgd mh �| @
i+{f .�{,� i+{f,/ wm1 i+{f .�{, @ |f .�|/ sd mh } @ +ji,+{f .�{,�
+ji,+{f, @ j+i+{f.�{,,�j+i+{f,, @ j+|fn{+,�j+|f,1 Vdgd mh +ji,

�+{f, @

olp
{%<f

{5
{%

@ olp
{%<f

}E+fn{+�3}E+f�
{%

+4:,
@ olp

{%<f

�
{%

+j�+|f, .�+�|,,�| @ +j�+|f, .

olp
{%<f

�+�|,, � olp
{%<f

{+
{%

@ j�+|f,i
�+{f, . + olp

{%<f
�+�|,,i �+{f,1

Exgx�fl gd mh ixqnflmd i qhsuhnlgqd x wr
fnl {f +y1 Whruhp 71414,/ wr
�{ $ 3 sryod
fl �| $ 3/ sd +4:, sryod
fl olp

{%<f
�+�|, @ olp

{+<f
�+�|, @ 31

Sulpmhu 71418 Ghulyludmpr ixqnflmx { :$ k+{, @ frv+vlq{,/ { 5 U1
Sulplmhwlpr gd mh k @ ji / sul 
fhpx mh i @ vlq l j @ frv1 Gdnoh/ sr +4;,/

k�+{, @ frv�+vlq{, � vlq� { @ � vlq+vlq{, � frv{1

Wyugqmd 7141: Ryr vx ghulydflmh klshueroqlk ixqnflmd=

+;{ 5 U, vlqk� { @ frvk{ +4<,

+;{ 5 U, frvk� { @ vlqk{ +53,
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+;{ 5 U, wdqk� { @
4

frvk2 {
+54,

+;{ 5 U q i3j, frwk� { @ �
4

vlqk2 {
+55,

Grnd}1 Grnd
}lpr qsu1 irupxox +4<,$

vlqk� { @ +e
%3e3%

2 ,�
+46,/+44,

@ �
2++h

%,� � +h3%,�,
+<,/+4;,
@

�
2+h

% � h3%+�4,, @ e%ne3%

2 @ frvk{1

Whruhp 71417 +Ghulydflmd lqyhu}qh ixqnflmh, Qhnd mh lqmhnwlyqd ixqnflmd
i = [ $ U> [ � U/ ghulydeloqd x wr
fnl {f l i �+{f, 9@ 31 Dnr mh sul0
sdgqd �lqyhu}qd� ixqnflmd i3� = i ^[` $ U qhsuhnlgqd x wr
fnl |f @ i+{f,/
rqgd mh i3� ghulydeloqd x wr
fnl |f l sulwrp mh

+i3�,�+|f, @
4

i �+{f,
= +56,

Grnd}1 Exgx�fl gd mh i3� lqyhu}qd ixqnflml i l |f @ i+{f,/ wr mh
i3�+|f, @ {f l �i3�+|, @ i3�+|f .�|, � i3�+|f, @ {f .�{ � {f @ �{


flp mh i+{f .�{, @ |f .�| @ |1 ]erj lqmhnwlyqrvwl ixqnflmh i mh �| 9@ 3
wr
fqr rqgd ndg mh �{ 9@ 3/ d }erj qhsuhnlgqrvwl ixqnflmh i3� x wr
fnl |f
l qhsuhnlgqrvwl ixqnflmh i x wr
fnl {f +y1 Whruhp 71414,/ �| $ 3 wr
fqr

rqgd ndg �{ $ 31 Suhpd wrpx/ +i3�,�+|f, @ olp
{+<f

{s3�E+�
{+

@ olp
{+<f

{%
{+

@

olp
{+<f

�
{+
{%

@ olp
{%<f

�
{+
{%

@ �
*�4

{%<f

{+
{%

@ �
s �E%f�

1

Wyugqmd 7141; Ryr vx ghulydflmh flnorphwulmvnlk ixqnflmd l duhd0ixqnflmd=

+;{ 5 k�4> 4l, dufvlq� { @
4s

4� {2
> +57,

+;{ 5 k�4> 4l, duffrv� { @ � 4s
4� {2

> +58,

+;{ 5 U, dufwdq� { @
4

4 . {2
> +59,

+;{ 5 U, duffrw� { @ � 4

4 . {2
> +5:,

+;{ 5 U, duvk� { @
4s

4 . {2
> +5;,

+;{ 5 k�>�4lV k4> �l, dufk� { @
4s

{2 � 4
> +5<,

+;{ 5 k�4> 4l, duwk� { @
4

4� {2
> +63,

+;{ 5 k�>�4lV k4> �l, dufwk� { @ � 4

{2 � 4
= +64,

Grnd}1 Grvwdwqr mh/ loxvwudflmh udgl/ sulpmhqrp Whruhpd 71417/ grnd}dwl
suyx irupxox1

dufvlq� {
+56,
@ �

t�?� +
@ �

ULt + @ �s
�3t�?2 +

@ �I
�3%2

1

+Ixqnflmh dufvlq l duffrv qlvx ghulydeloqh x wr
fndpd { @ �4 l { @ 4$,
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Wyugqmd 7141< Orjdulwdpvnd ixqnflmd { :$ orj@ { lpd ghulydflmx { :$ 4

{ oq d
/

wm1

+;{ 5 Un, orj�@ { @
4

{ oq d
= +65,

Srvhelfh mh

+;{ 5 Un, oq� { @
4

{
= +66,

Grnd}1 orj�@ {
+56,
@ �

E@+�� @
�

@+ *?@ @ �
% *?@ 1

Wyugqmd 714143 Ghulydflmd rs�fh srwhqflmh { :$ {o/ u 5 U/ mh ixqnflmd { :$
u{o3� ndg jrg mh ryd greur gh�qludqd +xvs1 +8, l Wyugqmx 71419, wm1

+{o,� @ u{o3�= +67,

Grnd}1 Grvwdwqr mh wyugqmx grnd}dwl }d { 5 k3> �l1 Sr ¢61416+ly, mh
{o @ ho *?%1 Suhpd wrpx/

+{o,� @ +ho *?%,�
+4;,/+<,
@ ho *?%+u oq{,�

E���c+66,
@ ho *?% � o

%
@ {o � o

%
@ u{o3�1

+Rs�fd srwhqflmd qlmh ghulydeloqd x wr
fnl { @ 3 
flp mh u ? 4$,

Wyugqmd 714144 Qhnd vx gdqh ixqnflmh i> j> k = [ $ U/ [ � U/ l qhnd

mh k+{, @ i+{,}E%� � +i},+{,1 Dnr vx i / j l k ghulydeloqh x wr
fnl {f/ rqgd

ghulydflmd k�+{f, grsxµwd }dslv

+i},�+{f, @ +j�+{f, � oq i+{f, . j+{f, � s
�E%f�
sE%f�

,i+{f,
}E%f�= +68,

Grnd}1 Sulnd
}lpr ixqnflmx k ndr nrpsr}lflmx orjdulwdpvnh l hnvsrqhq0
flmdoqh ixqnflmh +nrmh xnomx
fxmx i / j l pqr
}hqmh,1 Suyr/ qhnd mh � = [ $ U/
� @ j � +oq �i,/ wm1

{
s:$ i+{,

*?:$ oq i+{,> {
}:$ j+{,> {

>:$ �+{, @ j+{, � oq i+{,1
Wdgd mh k � i} mhgqdnd ixqnflmvnrm nrpsr}lflml h{se ��/ wm1

{
>:$ �+{,

i T
e:$ h{se+�+{,, @ h}E%�u*? sE%� @ i+{,}E%� @ k+{,1

Sulplmhqlpr ol sudylod +<,/ +4;,/ +45, l +66, grelw �fhpr +68,1

Qdsrphqd 71415 Dnr mh ixqnflmd i = [ $ U/ [ � U/ }dgdqd lpsolflwqr
mhgqdg
}erp I +{> |, @ 3 +y1 ¢61414, l dnr mh ghulydeloqd x wr
fnl {f/ rqgd
ghulydflmx i �+{f, rguh¡xmhpr irupdoqlp ghulyludqmhp mhgqdg
}eh I +{> |, @ 3
+ghulyludmx�fl | slµhpr |� � i �+{, l xyuµwdydpr { @ {f, l vuh¡lydqmhp1

Sulpmhu 71419 Rguhglpr ghulydflmx x wr
fnl { @ 3 ixqnflmh { :$ i+{, @ |

lpsolflwqr }dgdqh mhgqdg
}erp 5+ � {| . {2 � 5 @ 31 Irupdoqr ghulyludmx�fl
mhgqdg
}ex grelydpr= +5+�{|.{2�5,� @ 3� , 5+ � oq 5 �|��+|.{|�,.5{ @
3 , |� @ +32%

2+ *? 23% / sd mh i �+{f, � |�f @ +f32%f
2+f *? 23%f

1 Yulmhgqrvw i+3, � |f

grelydpr xyuµwhqmhp x mhgqdg
}ex1 Gdnoh 5+f � 3 � |f . 32 � 5 @ 3, 5+f @
5, |f @ 41 Qdsrnrq/ i �+3, � |�f @

�32uf
2� *? 23f @ �

2 *? 2 @ �
*? e 1
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X srgrgmhomnx ¢71415 vpr srnd}dol gd }d suludvw i+{,�i+{f, @ +�%fi,+{, �
�i+{, ghulydeloqh +x wr
fnl {f, ixqnflmh i = [ $ U/ [ � U/ { @ {f .�{/
yulmhgl irupxod +4:,=

�i+{, @ i �+{f,�{. �+�{,�{/ sul 
fhpx mh olp
{%<f

�+�{, @ 31

Wr qdyrgl gd vh ixqnflml ghulydeloqrm x wr
fnl {f sulglmhol +orndoqr, olqhduqd
ixqnflmd µwr mx rguh¡xmh ghulydflmd i �+{f,1 Wdnr vh grod}l gr w}y1 glihuhqflmd0
eloqrvwl/ rgqrvqr/ glihuhqflmdod surpdwudqh ixqnflmh x wr
fnl {f= ]d ixqnflmh
mhgqh ydulmdeoh/ µwr lk vdgd surx
fdydpr/ elw �fh ud}ylgqr gd vx glihuhqflmd0
eloqrvw l ghulydeloqrvw hnylydohqwqd vyrmvwyd1 Gd mh glihuhqflmdeloqrvw/ rs�fh0
qlwr/ md
fh vyrmvwyr rg ghulydeloqrvwl xr
flw �fhpr xvnrur surx
fdydmx�fl uhdoqh
ixqnflmh ylµh ydulmdeod1

Gh�qlflmd 71415 Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U/ glihuhqfl0
mdeloqd x wr
fnl {f/ dnr srvwrml eurm d 5 U wdndy gd mh

i+{,� i+{f, @ d � +{� {f, . u+{� {f,>
sul 
fhpx }d ixqnflmx {� {f :$ u+{� {f,/ { 9@ {f/ prud yulmhglwl

olp
%<%f

u+{� {f,

{� {f
@ 3 +�rvwdwdn� u+{�{f, wh
}l n 3 elwqr eu
}h rg {�{f,1

Uh�fl �fhpr gd mh ixqnflmd i glihuhqflmdeloqd/ dnr mh glihuhqflmdeloqd x

vydnrm wr
fnl { 5 [1

Ud}ylgqr mh +y1+4:,, gd mh ixqnflmd i glihuhqflmdeloqd x {f 
flp mh ghuly0
deloqd x {f1 Qdlph/ }d wud
}hql eurm d vplmhpr x}hwl i �+{f,/ sd mh u+{�{f, @
�+{� {f, � +{� {f, l xymhwx mh xgryromhqr1 V guxjh vwudqh/ odnr mh grnd}dwl
gd mh eurm d mhglqvwyhq 
flp mh i glihuhqflmdeloqd x {f/ d rqgd mh

d @ olp
%<%f

i+{,� i+{f,

{� {f
. olp

%<%f

u+{� {f,

{� {f
@ i �+{f,=

Suhpd wrpx/ ixqnflmd i mh glihuhqflmdeloqd +x wr
fnl {f, wr
fqr rqgd ndg mh
ghulydeloqd +x {f,1 Sulsdgqx olqhduqx ixqnflmx qd}lydpr glihuhqflmdorp

ixqnflmh i x wr
fnl {f l r}qd
fxmhpr v
gi+{f, = U$ U> gi+{f,+{, @ i �+{f, � {= +69,

Sulplmhwlpr gd mh/ sr +4:,/

olp
{%<f

{sE%�3_sE%f�E{%�
{%

@ olp
{%<f

oE{%�
{%

@ olp
{%<f

�+�{, @ 3=

Sulpmhu 7141: Rguhglpr glihuhqflmdoh gi+{f,/ x vydnrm wr
fnl {f 5 U/ rv0
qryqlk hohphqwduqlk ixqnflmd vlq/ srwhqflmh v hnvsrqhqwlqd 5 l olqhduqh ixqnflmh
v nrh�flmhqwrp n/ wm1 ixqnflmd { :$ vlq{/ { :$ {2 +nydguludqmh, l { :$ n{

+n 5 U nrqvwdqwd,1
Qhnd mh {f 5 U elor nrmd wr
fnd +surpdwudqh ixqflmh vx ghulydeloqh,1 Yulmhg0
qrvwl gi+{f,+{, wud
}hqlk glihuhqflmdod gi+{f, mhvx uhgrp=

g+vlq{f,+{, @ vlq� { m%'%f �{ @ frv{f � {>
g+{2f,+{, @ +{2,� m%'%f �{ @ 5{f{>
g+n{f,+{, @ +n{,� m%'%f �{ @ n{1
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Sulplmhwlpr gd mh glihuhqflmdo olqhduqh ixqnflmh/ x vydnrm wr
fnl {f 5 U/ mhgqdn
wrm ixqnflml1

Gd elvpr µwr mhgqrvwdyqlmh rshuludol glihuhqflmdorp/ lvnrulvwlpr 
flqmhqlfx
+y1 Olqhduqx dojheux,

gi+{f, 5 Krp+U>U, �@ U/
wm1 gd mh gi+{f, yhnwru x gxdoqrpx survwrux +vylk olqhduqlk ixqnflmd, rg U1
Dnr v g 5 krp+U>U, r}qd
flpr ed}ql yhnwru gxdodq yhnwrux h @ 4 5 U/
vplmhpr slvdwl

gi+{f, @ i �+{f,g/
d }d qmhjryh yulmhgqrvwl

gi+{f,+{, @ i �+{f,g{/ { 5 U1
Srmhgqrvwdyqmxmx�fl }dslvlydqmh/ ndg jrg qh pr
}h gr�fl gr }dexqh/ xrel
fdmlor
vh glihuhqflmdo gi+{f, wuhwludwl ndr ixqnflmx rg {� {f @ �{/ { 5 U/ l slvdwl

gi+{f,+�{, � gi+{, @ i �+{,g{/
sd �fhpr vh l pl wrjd gu
}dwl1 Qd wdm vh qd
flq jruqml sulpmhul prjx }dslvdwl
ndnr volmhgl=

g vlq{ @ frv{g{/ g{2 @ 5{g{/ g+n{, @ ng{1
Sulplmhwlpr gd wdnyr vnud�fhqr }dslvlydqmh grsxµwd }dslvdwl ghulydflmx ndr
nrol
fqln

i �+{, @ _sE%�
_%

� _+
_%
=

Sulwrp qd yhol
flqx g{ vplmhpr johgdwl ndr qd �qhl}pmhuqr pdol� �{ mhu mh
i �+{f,�{ @ gi+{f,+�{, � gi+{, @ i �+{,g{1

Udgl eromhjd srlpdqmd/ nrulvqr mh srmdvqlwl glihuhqflmdoryr jhrphwulmvnr
}qd
fhqmh +y1 fuwh
} gromh,1 Exgx�fl gd mh i �+{f, @

_sE%�
_%

/ { @ {f.�{/ g{ @ �{/
wdqjhqwlq vpmhuryql nrh�flmhqw +w x wr
fnl +{f> i+{f,, 5 Js / y1 +5,,> volmhgl
gd mh yulmhgqrvw sulsdgqrjd glihuhqflmdod gi+{f,+g{, � gi+{, @ i �+{f,g{
�suludvw gr wdqjhqwh� w/ grn mh �i+{, sulsdgql ixqnflmvnl suludvw/ wm1 �suludvw
gr judid� Js $,

<

2

*I

W

$

;
[�

α

%

'

GI�[��

I�[��

I�[��

[�� [�I�

[�� [

Whruhp 71415 lpd vyrm orndoql glihuhqflmdoql dqdorjrq1

Whruhp 71418 +Glihuhqflmdo l rvqryqh ud
fxqvnh rshudflmh, Qhnd vx ixqnflmh

i> j = [ $ U/ [ � U/ glihuhqflmdeloqh x wr
fnl {f1 Wdgd }d sulsdgqh glihuhq0

flmdoh x {f yulmhgl=

gfo+{f, @ ff +i � fo> ff � nrqvwdqwqh ixqnflmh,> +6<,

g+i . j,+{f, @ gi+{f, . gj+{f,> +73,
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g+i � j,+{f, @ gi+{f,� gj+{f,> +74,

g+i � j,+{f, @ j+{f,gi+{f, . i+{f,gj+{f,> +75,

g+fo � j,+{f, @ fogj+{f, +i @ fo,> +76,

g+
i

j
,+{f, @

j+{f,gi+{f,� i+{f,gj+{f,

j+{f,2
+j+{f, 9@ 3,= +77,

Grnd}1 Grnd
}lpr/ sulpmhud udgl/ irupxox +75,$ X}plpr elor nrml { 5 U1
Wdgd mh x Krp+U>U, g+i � j,+{f,+{, @ +i � j,�+{f,g{ +45,

@ +i �+{f,j+{f, .
i+{f,j

�+{f,,g{ @ j+{f,i
�+{f,g{ . i+{f,j

�+{f,g{ @ j+{f,gi+{f,+{,.
i+{f,gj+{f,+{, @ +j+{f,gi+{f, . i+{f,gj+{f,,+{,1

Sulpmhu 7141; Rguhglpr ixqnflml { :$ i+{, @ h% vlq{ glihuhqflmdo x elor nr0

mrm wr
fnl {f 5 U1 gi+{f,+{, +75,
@ +vlq{fg+h

%f,.h%fg+vlq{f,,+{, @ vlq{fh
%fg{.

h%f frv{fg{ @ h%f+vlq{f.frv{f,g{1 Lol vnud�fhqr/ g+h
% vlq{, @ +h% vlq{,�g{ @

h%+vlq{. frv{,g{

Whruhp 71419 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ ghulydeloqd x wr
fnl {f
l qhnd mh i �+{f, 9@ 31 Wdgd mh

olp
{%<f

�i+{,

gi+{,
@ 4=

Grnd}1 Sr +4:, l +69, mh {sE%�
_sE%� @ s �E%f�_%nkE_%�_%

s �E%f�_%
@ 4 . kE_%�

s �E%f�
l

olp
_%<f

�+g{, @ 3= Suhpd wrpx/ olp
{%<f

{sE%�
_sE%� @ 4. �

s �E%f�
olp
_%<f

�+g{, @ 4=

Whruhp 71419 srwyu¡xmh gd mh ixqnflmlq suludvw �i+{f,+�{, � �i+{, �
�| suleol
}qr mhgqdn glihuhqflmdoryrm yulmhgqrvwl gi+{f,+�{, � gi+{, � g|


flp mh ydulmdeolq suludvw �{ @ g{ grvwdwqr pdohq1 Slµhpr �| � g|1 Ryd vh


flqmhqlfd 
fhvwr sulplmhqmxmh x suleol
}qrp l}ud
fxqdydqmx ixqnflmvnlk yulmhg0
qrvwl/ ndr l x surfmhqmlydqmx srjumhµdnd nrmh vx srvomhglfd qhwr
fqlk pmhuhqmd1
Dnr mh qsu1 sr}qdwd ixqnflmlqd yulmhgqrvw |f @ i+{f,/ qmh}lqd vh yulmhg0

qrvw x wr
fnl { @ {f . g{ +i ghulydeloqd x {f l g{ grvwdwqr pdohq, vplmh
dsurnvlpludwl sr irupxol

i+{f . g{, @ |f .�| � |f . g|= +78,
Qdgdomh/ dnr mh ydulmdeod { l}pmhuhqd v srjumhµnrp nrmd dsvroxwqr qh suh0
pdµxmh mg{m/ rqgd vh qdmyh�fd dsvroxwqd srjumhµnd ixqnflmlqh yulmhgqrvwl
| @ i+{, vplmh surflmhqlwl ndr

m�|m � mg|m @ mi �+{,mg{> +79,
uhodwlyqd srjumhµnd ndr

�|

|
� g|

|
> +7:,

d srvwrwqd srjumhµnd ndr
�|

|
� 433( � g|

|
� 433(= +7;,
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Sulpmhu 7141< L}ud
fxqdmpr qhnx suleol
}qx +udflrqdoqx, yulmhgqrvw ludflr0
qdoqrjd eurmd e

s
;7 udeh�fl dsurnvlpdflmx glihuhqflmdorp1

X umhµdydqmx rydnyrjd }dgdwnd wuhed yrglwl ud
fxqd r wulpd vwydulpd= Suyr/
gd vh rgdehuh µwr mh prjx�fh mhgqrvwdyqlmd hohphqwduqd ixqnflmd i +sul0
pmhuhqd gdqrp }dgdwnx,> gd vh rgdehuh rgjrydudmx�fd wr
fnd {f }d nrmx
vh +wr
fqd, yulmhgqrvw i+{f, pr
}h odnr l}ud
fxqdwl> l wuh�fh/ gd {f . g{ exgh
gdqd ydulmdeolqd yulmhgqrvw v uhodwlyqr pdolp g{1
Sulplmhwlpr/ qdmsulmh/ gd mh e

s
;7 @ +;4 . 6,

�

e @ 6+4 . �
2.,

�

e 1
Vwrjd vh +qh }dkwlmhydpr ol eromx dsurnvlpdflmx,/ ndr sulnodgdq l}eru qdph�fx

ixqnflmd { :$ i+{, @ 6+4.{,
�

e l wr
fnd {f � 3/ sul 
fhpx mh g{ @ �
2. @ {f.g{1

Wdgd/ sulplmhqmxmx�fl irupxox +78, grelydpr=
e
s
;7 @ 6+4 . �

2.,
�

e @ i+3 . �
2., � i+3, . i �+3, � �

2. @

6+4 . 3,
�

e . �

eE�nf�
�

e

� �
2. @ 6 . �

�S @ �fb
�S � 6> 35;1

Qhnd mh i = [ $ U/ [ � U/ ghulydeloqd +hnylydohqwqr/ glihuhqflmd0
eloqd, ixqnflmd1 Wdgd x vydnrm wr
fnl { srvwrml glihuhqflmdo gi+{, = U $ U/
gi+{,+{, @ i �+{,g{/ sd mh greur gh�qludqd ixqnflmd gi = [ $ Krp+U>U,/
{ :$ gi+{,1 Exgx�fl gd mh Krp+U>U, l}rpruidq yhnwruvnrpx survwrux U/
Krp+U>U, �@ U/ wr qd gi vplmhpr johgdwl l ndr qd ixqnflmx l} [ x U1

Qhnd mh ixqnflmd i = [ $ U/ [ � U/ ghulydeloqd qd vnxsx D � [/
wm1 qhnd srvwrml ixqnflmd +i m�,� = D $ U/ { :$ i �+{,1 Dnr mh ixqnflmd +i m�,�
ghulydeloqd x wr
fnl {f/ rqgd nd
}hpr gd mh ixqnflmd i gydsxw ghulydeloqd x

wr
fnl {f/ d yulmhgqrvw ++i m�,�,�+{f, � i ��+{f, qd}lydpr guxjrp ghulydfl0

mrp ixqnflmh i x wr
fnl {f1 Uh�fl �fhpr gd mh ixqnflmd i gydsxw ghulydeloqd
qd D dnr mh i gydsxw ghulydeloqd x vydnrm wr
fnl { 5 D1 Sulsdgqx ixqnflmx
qd}lydpr guxjrp ghulydflmrp ixqnflmh i qd vnxsx D l r}qd
fxmhpr v
+i m�,�� = D $ U1 X vox
fdmx D @ [ jryrulpr r gydsxw ghulydeloqrm

ixqnflml i l r qmh}lqrm guxjrm ghulydflml i �� � +i �,� = [ $ U1 Qdvwdy0
omdmx�fl lqgxnwlyqr/ lpd vplvod jryrulwl r wuh�frm/ 
fhwyuwrm/ � � � > q0wrm/ � � �
ghulydflml ixqnflmh i +qd vnxsx D> x wr
fnl {f,1 Sulsdgqh r}qdnh vx i ���/
i +7,/ � � � / i E?�/ � � � 1 Gdnoh +y1 Whruhp 41715,/

i E?�+{f, @ +i E?3��,�+{f,> q 5 Q +i Ef� � i,= +83,

Sulpmhu 714143 Rguhglpr +dnr srvwrmh, vyh ghulydflmh i E?� = U $ U/ q 5
Q/ ixqnflmh i = U$ U/ i+{, @ ho%1

Exgx�fl gd mh i ixqnflmvnd nrpsr}lflmd pqr
}hqmd nrqvwdqwrp +u, v +sulurg0
qrp, hnvsrqhqflmdoqrp ixqnflmrp +h{se,/ wr mh i ghulydeloqd ixqnflmd1 Vol
fqr
yulmhgl l }d qmh}lqh ghulydflmh1 Sulwrp grelydpr=

i �+{, @ uho%/ i ��+{, @ +uho%,� @ u2ho%/ � � � /
i E?�+{, @ +u?3�ho%,� @ u?ho%/ � � � 1

Srvyh vol
fqr vh }d ixqnflmx i = [ $ U/ [ � U/ gh�qludmx glihuhq0
flmdol ylµlk uhgryd +x wr
fnl {f,1 Suhwsrvwdylpr gd mh i glihuhqflmdeloqd
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ixqnflmd1 Guxjlp glihuhqflmdorp ixqnflmh i x wr
fnl {f qd}lydpr glihu0
hqflmdo g+gi,+{f, ixqnflmh0glihuhqflmdod gi = [ $ Krp+U>U, �@ U x wr
fnl {f1
Udgl vh/ gdnoh/ r olqhduqrm ixqnflml/ nrmx r}qd
fxmhpr v g2i+{f, = U $ U/
rguh¡hqrm �nrh�flmhqwrp� i ��+{f,g{/ wm1

g2i+{f, @ g+gi+{,,m%'%f @ g+i �+{,g{,m%'%f @ i ��+{f,g{/

+rgqrvqr/ g2i+{f, @ +i ��+{f,g{,g 5 Krp+U>U,, v yulmhgqrvwlpd

g2i+{f,+{, � g2i+{, @ +i ��+{f,g{,g{ � i ��+{f,g{
2> +84,

Yhol
flqd g{2 @ g{�g{ qrvl redylmhvw r mrµ mhgqrm }dpmhql survwrud Krp+U>U,
survwrurp U1 Sulwrp nd
}hpr gd mh ixqnflmd i gydsxw glihuhqflmdeloqd x

wr
fnl {f1 Dnr mh i gydsxw glihuhqflmdeloqd x vydnrm wr
fnl { 5 [ rqgd }d
qmx nd
}hpr gd mh gydsxw glihuhqflmdeloqd ixqnflmd1 X wrp vox
fdmx srvwrml
ixqnflmd +guxjl glihuhqflmdo rg i,

g2i = [ $ Krp+U>Krp+U>U,, �@ Krp+U>U, �@ U> { :$ g2i+{,=

Rs�fhqlwr/ q0wl glihuhqflmdo g?i+{f, = U$ U ixqnflmh i x wr
fnl {f/ q 5 Q/
q � 5/ gh�qludpr ndr glihuhqflmdo +q � 4,0yrjd glihuhqflmdod rg i / g?3�i =
[ $ U/ x {f/ wm1 g?i+{f, @ g+g?3�i,+{f,1 Vwrjd yulmhgl irupxod +g{? �
+g{,?,

g?i+{f,+{, � g?i+{, @ i E?�+{f,g{
?> +85,

sul 
fhpx yhol
flqd g{? @ g{?3� � g{ qrvl redylmhvw r q }dpmhqd survwrud
Krp+U>U, survwrurpU1 Revwrmqrµ�fx q0wrj glihuhqflmdod rg i +x {f, gh�qlud
vh q sxwd glihuhqflmdeloqrvw ixqnflmh i +x wr
fnl {f,1 Ud}ylgqr mh gd vx
wd vyrmvwyd hnylydohqwqd rgjrydudmx�frm ghulydeloqrvwl1

Sr +85,/ irupxod +6;, lpd vomhgh�fh srrs�fhqmh qd vydnl q 5 Q=
i E?�+{, @

g?i+{,

g{?
= +86,

Qhnd mh mhgqdg
}edpd { @ *+w, l | @ #+w, sdudphwduvnl }dgdqd ixqnflmd
{ :$ i+{, @ | +y1 ¢61414,1 Exgx�fl gd vh/ rs�fhqlwr/ sdudphwdu w qh pr
}h
holplqludwl/ rguhglw �fhpr ghulydflmx rg i x wr
fnl {f @ *+wf, +
flp srvwrml,
srpr�fx glihuhqflmdod rg * l # x wr
fnl wf1

i �+{f, @
_+
_%
� _�E|�

_)E|� @
��E|f�_|
)�E|f�_|

@ ��E|f�
)�E|f�

> *�+wf, 9@ 3>

µwr vh nud�fh l rs�fhqlwr }dslvxmh ndr

|� � i �+{, @
b|

b{
> b{ @ *�+w,> b| @ #�+w,= +87,

Qd vol
fdq qd
flq grelydpr +dnr srvwrmh, l ghulydflmh ylµlk uhgryd/ sulpmhulfh
+g{ l gw wuhwludpr ndr nrqvwdqwh,/

|�� @ _2+
_%2

@ _E+�_%�
_%2

@
_E �+

�%
_%�

_%u_% @
_E �+

�%
�

_% @
_|E

�+

�%
_|�

�%_| @

��
+ �%3 �+

��
%

�%2

�% > wm1

|�� @
�| b{� b|�{

b{�
> b{ 9@ 3> �{ @ *��+w,> �| @ #��+w,= +88,

3%�%3 "+/#$/� 6�#��0� ��4���/����/#�� ���,/�

Rygmh �fhpr grnd}dwl qhnrolnr whphomqlk whruhpd r yd
}qlp vyrmvwylpd ghul0
ydeloqlk ixqnflmd1
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Whruhp 7141: +Ihupdwry whruhp, Qhnd vx
}hqmh i m'@cK� ixqnflmh i = [ $
U/ [ � U/ srsulpd x wr
fnl {f 5 kd> el � [ vyrmx qdmpdqmx lol qdmyh�fx

yulmhgqrvw1 Dnr mh i ghulydeloqd x {f rqgd mh i �+{f, @ 31

Grnd}1 Suhwsrvwdylpr gd mh i+{f, plqlpxp rg i m'@cK�/ wm1 i+{f, � i+{,
}d vydnl { 5 kd> el1 ]dslvxmx�fl { @ {f.�{ grelydpr i+{f.�{,�i+{f, � 31
Exgx�fl gd mh i ghulydeloqd x {f 5 kd> el/ wr mh i ghulydeloqd volmhyd l }ghvqd
x {f l sulsdgqh vh ghulydflmh srgxgdudmx v i �+{f,/ wm1

olp
{%<f3f

sE%fn{%�3sE%f�
{% @ i �+{f, @ olp

{%<fnf

sE%fn{%�3sE%f�
{% =

Sulplmhwlpr gd mh qd}lyqln �{ x ghulydflml volmhyd vwdoqr qhjdwlydq +{ ? {f,/
grn mh x ghulydflml }ghvqd vwdoqr sr}lwlydq +{ A {f,1 Exgx�fl gd vx eurmqlfl
vwdoqr sr}lwlyql/ wr mh ghulydflmd volmhyd rg i x {f pdqmd lol mhgqdnd qxod/ d
rqd }ghvqd yh�fd lol mhgqdnd qxod1 Volmhgl }dnomx
fdn i �+{f, @ 31 X vox
fdmx
pdnvlpxpd i+{f, grnd}xmh vh qd lvwl qd
flq1

Whruhp 7141; +Uroohry whruhp, Qhnd mh ixqnflmd i = [ $ U/ [ � U/

qhsuhnlgqd qd vhjphqwx ^d> e` � [ l ghulydeloqd qd lqwhuydox kd> el = Dnr mh

i+d, @ i+e, rqgd srvwrml wr
fnd {f 5 kd> el wdnyd gd mh i �+{f, @ 31

Grnd}1 Sr Whruhpx 616145/ vx
}hqmh i md@cKo srvwl
}h qd ^d> e` vyrmx qdm0
pdqmx l vyrmx qdmyh�fx yulmhgqrvw/ wm1 srvwrmh {�> {2 5 ^d> e` wdnyl gd mh/ }d
vydnl { 5 ^d> e`/ i+{�, � i+{, � i+{2,1 Dnr mh i+{2, @ i+{�, rqgd mh i md@cKo
nrqvwdqwqd ixqnflmd fsE%��/ sd mh +i m'@cK�,� @ ffm'@cK� 0 grnd} jrwry1 Qhnd
mh i+{2, 9@ i+{�,/ wm1 i+{�, ? i+{2,1 Wdgd qh prjx remh yulmhgqrvwl elwl
mhgqdnh i+d, +@ i+e,,1 Suhwsrvwdynd i+{�, 9@ i+d, sryod
fl d 9@ {� 9@ e/ wm1
{� 5 kd> el/ d suhwsrvwdynd i+{2, 9@ i+d, sryod
fl d 9@ {2 9@ e/ wm1 {2 5 kd> el1
Sr Whruhpx 7141: }dnomx
fxmhpr gd mh {� lol {2 wud
}hqd wr
fnd {f1

Whruhp 7141< +Odjudqjhry whruhp r vuhgqmrm yulmhgqrvwl, Qhnd mh ixqnflmd

i = [ $ U/ [ � U/ qhsuhnlgqd qd vhjphqwx ^d> e` � [ l ghulydeloqd qd

lqwhuydox kd> el = Wdgd srvwrml wr
fnd {f 5 kd> el wdnyd gd mh

i �+{f, @
i+e,� i+d,

e� d
= +89,

Grnd}1 Surpdwudmpr ixqnflmx j = [ $ U> j+{, @ i+{,� sEK�3sE@�
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fnd {f 5 kd> el x nrmrm mh j�+{f, @ 3 @

i �+{f,� sEK�3sE@�
K3@ > wm1 i �+{f, @

sEK�3sE@�
K3@ =
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}d vydnl { 5 kd> el rqgd mh vx
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4 > 3 � 4> 4�4> 3f> 4"> 4f=

+4 rygmh r}qd
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vnxsx D" @ +[ q i{fj,
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qrp µwr xnomx
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wl
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}hqlmh ud
fxqh1
Sulplmhwlpr gd Odjudqjhryd irupxod gdmh suleol
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�+{f . &+{� {f,,> 3 ? & ? 4=
Guxjlp ulmh
flpd/ vx
}hqmh i mU vh dsurnvlplud srolqrprp s qxowrjd vwxsqmd
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srrs�fxmh Odjudqjhryx xnomx
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fnd prjol gr�fl l sulpmhqrp G*Dohpehu0
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+Qhnd 
flwdwhom xvsruhgl ryh irupxoh v gh�qlflmvnlp irupxodpd klshuerqlk
ixqnflmd x ¢61417+ly,$,

Sulpmhu 71414; Ud}ylmpr x Pdfodxulqry uhg ixqnflmx i = k�4> �l $ U/
i+{, @ oq+4 . {,1
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+�4,?3� %
?

? > { 5 k�4> 4` =
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udelpr Pdfodxulqry ud}yrm ixqnflmh i = k�4> 4l $ U/ i+{, @ oq �n%
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ixqnflmx i = k�4> �l $ U> i+{, @ +4.{,k= Pdfodxulqry uhg ryh ixqnflmh qd}l0
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S
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gd mh yulmhgqrvw i+{f, orndoql hnvwuhp1 Sulpmhulfh/ }d sulurgqx srwhqflmx
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vwdoqrj l surwlyqrj suhg}qdnd yulmhgqrvwlpd rg i mEfK'%fc%fn"��1 +Dnr vx
surpdwudqh ixqnflmvnh yulmhgqrvwl vwdoqrj l lvwrj suhg}qdnd/ nd
}hpr gd i

surod}rp nur} wr
fnx {f qh plmhqmd suhg}qdn1,

Whruhp 71414< +Suyl grvwdwql xymhw }d hnvwuhp, Qhnd mh ixqnflmd i = [ $
U/ [ � U/ ghulydeloqd qd lqwhuydox L � [1 Dnr surod}rp nur} wr
fnx {f 5 L

ghulydflmd +i mU,� plmhqmd suhg}qdn/ rqgd ixqnflmd i lpd x {f orndoql hnvwuhp1
Sulwrp/ dnr vh/ srudvwrp ydulmdeoh {/ suhg}qdn rg i � surplmhql l} qhjdwlyqrjd
x sr}lwlydq/ i x {f lpd orndoql plqlpxp/ d x surwlyqrp 0 orndoql pdnvlpxp1

Grnd}1 Sr suhwsrvwdyfl/ srvwrml � A 3 wdndy gd vx yulmhgqrvwl rg
+i m'%f3"c%f�,� vwdoqrj l surwlyqrj suhg}qdnd yulmhgqrvwlpd rg +i m'%fc%fn"�,�/
k{f � �> {f . �l � L � [=Qhnd mh/ uhflpr/ i �+{, A 3 }d vydnl { 5 k{f � �> {fl/
d i �+{, ? 3 }d vydnl { 5 k{f> {f . �l1 Wuhed grnd}dwl gd mh i+{f, orndoql
pdnvlpxp/ wm1 gd mh i+{f, A i+{, }d vydnl { 5 k{f � �> {f . �l q i{fj1 Sur0
pdwudmpr elor nrml { 5 k{f � �> {fl1 Sr Odjudqjhryx whruhpx srvwrml qhnl
{� 5 ^{> {f` }d nrml mh i+{f,�i+{, @ i �+{�,+{f�{,1 ]erj i �+{�,+{f�{, A 3
volmhgl i+{f, A i+{,1 Surpdwudmpr vdg elor nrml { 5 k{f> {f . �l1 Od0
judqjhry whruhp gdmh i+{, � i+{f, @ i �+{2,+{ � {f, }d qhnl {2 5 ^{f> {`1
]erj i �+{2,+{� {f, ? 3 rshw volmhgl i+{f, A i+{,1 Srvyh vol
fqr vh grnd}xmh
ndg i � surod}rp nur} {f plmhqmd suhg}qdn rg ��� qd �.�1

Whruhp 714153 +Guxjl grvwdwql xymhw }d hnvwuhp, Qhnd mh ixqnflmd i =
[ $ U/ [ � U/ gydsxw ghulydeloqd x vyrmrm nulwl
fqrm wr
fnl {f l qhnd mh
i ��+{f, 9@ 31 Wdgd ixqnflmd i lpd x wr
fnl {f hnvwuhp/ l wr pdnvlpxp 
flp mh
i ��+{f, ? 3/ rgqrvqr/ plqlpxp 
flp mh i ��+{f, A 31

Grnd}1 Exgx�fl gd srvwrml i ��+{f,/ wr sr ghulydflmlqrm gh�qlflml srvwrmh
qhnl � A 3 l i �+{, }d vydnl { 5 k{f � �> {f . �l � L � [1 Sulplmhwlpr gd
mh nulwl
fqd wr
fnd {f vwdflrqduqd mhu sr suhwsrvwdyfl prud elwl i �+{f, @ 31
Ud}prwulpr vox
fdm i ��+{f, A 31 Qdmsulmh/

3 ? i ��+{f, @ olp
%<%f

s �E%�3s �E%f�
%3%f @ olp

%<%f

s �E%�
%3%f /
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sd mh vjq i �+{, @ vjq+{�{f, }d vydnl { l} grvwdwqr pdorj ��0lqwhuydod L� � L

rnr wr
fnh {f/ 3 ? �� � �1 Gdnoh/ dnr mh { ? {f rqgd mh i �+{, ? 3/ d dnr mh
{ A {f rqgd mh i �+{f, A 31 Wr }qd
fl gd ghulydflmd +i mU,� surod}rp nur} wr
fnx
{f plmhqmd suhg}qdn rg ��� qd �.� sd/ sr Whruhpx 71414;/ ixqnflmd i lpd
x wr
fnl {f orndoql plqlpxp= Srvyh vol
fqr vh grnd
}h gd x vox
fdmx i ��+{f, ? 3
ixqnflmd i lpd x wr
fnl {f orndoql pdnvlpxp1

Sulpmhu 714156 Surpdwudmpr vnxs vylk ydomdnd µwr vh prjx xslvdwl +qd
fl0
qrp rvolndqlp qd fuwh
}x gromh, x gdql vwr
}df rguh¡hq ed}qlp sroxpmhurp
u l ylvlqrp k1 Nrolnd mh ylvlqd rqrjd ydomnd µwr lpd qdmyh�fl rexmdp1

\

K

[
U

R}qd
flpr ol v { sroxpmhu/ 3 � { � u/ d v | ylvlqx/ 3 � | � k/ xslvdqrj
ydomnd/ grelydpr uhodflmx

{ = u @ +k� |, = k/ wm1 { @ oE�3+�
�

1

Volmhgl gd mh rexmdp xslvdqrj ydomnd gdq irupxor

Y @ �{2| @ Zo2

�2
|+k� |,21

Qdµ vh }dgdwdn/ gdnoh/ vyrgl qd rguh¡lydqmh hnvwuhpqlk yulmhgqrvwl +srvh0
elfh/ pdnvlpxpd, uhdoqh ixqnflmh | :$ j+|, @ Y qd vhjphqwx ^3> k`1 Sulpl0
mhwlpr gd mh ixqnflmd j qhsuhnlgqd +srolqrp,/ qhqhjdwlyqd l qhnrqvwdqwqd l
gd mh j+3, @ j+k, @ 31 Sr Whruhpx 616145/ j srsulpd hnvwuhpqh yulmhgqrvwl
qd ^3> k`/ sd mh qmh}lqd qdmpdqmd yulmhgqrvw 3/ d qdmyh�fd yulmhgqrvw mrm mh
sr}lwlyqd l srvwl
}h vh x qhnrm wr
fnl |f 5 k3> kl = Exgx�fl gd mh j ghulydeloqd/
sr Ihupdwryx whruhpx prud elwl j�+|f, @ 31 Gd elvpr mx rguhglol/ ulmhµlpr
mhgqdg
}ex j�+|, @ 3/ wm1

j�+|, @ Zo2

�2
+k� |,+k� 6|, @ 3>

µwr gdmh |� @ k/ |2 @ �
� 1 Suyr umhµhqmh rwsdgd mhu mh j+k, @ 31 Suhrvwdmh/

gdnoh/ rqr guxjr/ wm1 |f @ �
� 1 Gd elvpr vh l irupdoqr xymhulol gd mh qdmyh�fl

rexmdp Y4@ @ j+�� , @
eZo2�
2. / surymhulpr mh ol j��+�� , ? 3 +y1 Whruhp 71414<,$

]dlvwd/

j��+|, @ 2Zo2

�2
+6| � 5k,, j��+�� , @ �Zo2�

�2
? 31

Gh�qlflmd 71418 Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U/ nrqyhnvqd
+nrqndyqd, qd lqwhuydox lol vhjphqwx L � [/ dnr

+;{�> {2 5 L, {� ? {2 , i+%�n%2
2 , � sE%��nsE%2�

2

++;{�> {2 5 L, {� ? {2 , i+%�n%2
2 , � sE%��nsE%2�

2 ,=

X vox
fdmx vwurjh qhmhgqdnrvwl A +?, jryrulpr r vwurjrm nrqyhnvqrvwl

+vwurjrm nrqndyqrvwl,1
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]dqlpomlyr mh l jhrphwulmvnr }qd
fhqmh xsudyr gh�qludqlk srmpryd +y1
fuwh
} gromh,1 Qdlph/ qlmh whµnr grnd}dwl gd mh ixqnflmd i nrqyhnvqd +nrqndyqd,
qd L wr
fqr rqgd ndg mh/ }d vydnl sdu {�> {2 5 L/ {� ? {2/ gx
}lqd W�W2 �lvsrg�
+�l}qdg�, judid sulsdgqrjd vx
}hqmd i md%�c%2o/ sul 
fhpx mh W� @ +{�> i+{�,, l
W2 @ +{2> i+{2,,1 Sulwrp �lvsrg� l �l}qdg� xnomx
fxmx l elwl +glmhorp lol vyd,
qd judix1 X vox
fdmx vwurjh nrqyhnvqrvwl +vwurjh nrqndyqrvwl,/ vydnd wr
fnd W
gx
}lqh W�W2> W 9@ W�c2/ mh vwurjr �lvsrg� +vwurjr �l}qdg�, sulsdgqrjd judid1
Qdgdomh/ dnr mh ixqnflmd i ghulydeloqd/ odnr vh grnd
}h l ryd ndudnwhul}dflmd=
i mh nrqyhnvqd +nrqndyqd, qd L wr
fqr rqgd ndg vh/ }d vydnl { 5 L/ qmh}lq
judi Js �U qdod}l �lvsrg� +�l}qdg�, vyrmh wdqjhqwh w x wr
fnl W @ +{> i+{,,1
X vox
fdmx vwurjh nrqyhnvqrvwl +vwurjh nrqndyqrvwl,/ judi Js �U mh vwurjr �lv0
srg� +vwurjr �l}qdg�,/ rvlp x gludolµwx W / vydnh wdqjhqwh1 Qdsrnrq/ dnr mh
i nrqyhnvqd +vwurjr nrqyhnvqd> nrqndyqd> vwurjr nrqndyqd, qd L/ odnr vh
ylgl gd mh i nrqyhnvqd +vwurjr nrqyhnvqd> nrqndyqd> vwurjr nrqndyqd, l qd
vydnrp srglqwhuydox lol srgvhjphqwx rg L1

<

2

;

*I

D E[� [�
[��[�

�

I� �[��[�

�

[��[�

�

I�[���I�[��

�

W

7�

7�

Sulpmhu 714157 +d, Sulurgqd srwhqflmd { :$ i+{, @ {2 +nydguludqmh, mh
vwurjr nrqndyqd ixqnflmd qd U1

+e, Sulurgqd srwhqflmd { :$ i+{, @ {� +nxeludqmh, mh vwurjr nryhnvqd qd
k�> 3`/ d vwurjr nrqndyqd qd ^3> �l1

+f, Vydnd d�qd ixqnflmd { :$ i+{, @ n{ . o/ n l o uhdoqh nrqvwdqwh/ mh
nrqyhnvqd l nrqndyqd qd U/ dol qlmh vwurjr nrqyhnvqd ql vwurjr nrqndyqd ql
qd mhgqrp vhjphqwx lol lqwhuydox L � U1

Mhgqrvwdyqd dqdol}d srnd}xmh gd mh ixqnflmlqd nrqyhnvqrvw +nrqndyqrvw,/
}dsudyr/ orndoqr vyrmvwyr1 X vox
fdmx ghulydeloqh ixqnflmh prjx�fh jd mh rslvdwl
ghulydflmrp +wdqjhqwrp, ndnr volmhgl=

Ohpd 71416 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [ l ghulydeloqd qd lqwhuydox kd> el � L1 Wdgd mh i nrqyhn0

vqd +nrqndyqd, qd ^d> e` dnr l vdpr dnr mh �orndoqr nrqyhnvqd� +�orndoqr
nrqndyqd�, qd kd> el/ wm1 dnr }d vydnl { 5 kd> el srvwrml � A 3 wdndy gd mh

judi rg i qd srglqwhuydox L" � k{� �> {. �l � L �lvsrg� +�l}qdg�, vyrmh
wdqjhqwh x wr
fnl W @ +{> i+{,,1

Grnd}1 Qx
}qrvw mh r
flwr lvwlqlwd +y1 l nrphqwdu x} Gh�qlflmx 71418,1
Reudwqr/ qhnd mh lvsxqmhq xymhw orndoqh nrqyhnvqrvwl +orndoqh nrqndyqrvwl,
x vydnrm wr
fnl { 5 L1 Grnd
}lpr gd mh ixqnflmd i nrqyhnvqd +nrqndyqd, qd
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^d> e`/ wm1 gd mh +y1 nrphqwdu x} Gh�qlflmx 71418,/ }d vydnx wr
fnx { 5 L/
judi Js �U �lvsrg� +�l}qdg�, vyrmh wdqjhqwh x wr
fnl {$ Suhwsrvwdylpr sur0
wlyqr/ wm1 gd srvwrml qhnd wr
fnd { 5 L wdnyd gd judi Js �U qlmh �lvsrg�
+�l}qdg�, sulsdgqh wdqjhqwh w%1 Wdgd srvwrml {f 5 ^d> e` q i{fj wdndy gd
mh i+{f, yh�fh +pdqmh, rg ruglqdwh sulsdgqh wr
fnh qd wdqjhqwl w%1 Exgx�fl
gd mh i qhsuhnlgqd x wr
fnl {f/ wr srvwrml qhnl lqwhuydo LB � k{f � �> {f . �l
rnr wr
fnh {f wdndy gd mh vydnd ixqnflmvnd yulmhgqrvw i+{,/ { 5 ^d> e`

W
LB/

yh�fd +pdqmd, rg ruglqdwh rgjrydudmx�fh wr
fnh qd w%1 Volmhgrp wrjd/ srvwrml
l srgvhjphqw ^d�> e�` � ^d> e`/ wdndy gd mh qd qmhpx judi rg i vwurjr �l}qdg�
+�lvsrg�, sudyfd w%1Wr sryod
fl gd mh/ }d vydnl sdu {�> {2 5 ^d�> e�`/ {� ? {2/
l judi rg i qd ^{�> {2` vwurjr �l}qdg� +�lvsrg�, gx
}lqh W�W2/ rvlp x W� l
W2/ sul 
fhpx mh W� @ +{�> i+{�,, l W2 @ +{2> i+{2,,1 +Qdlph/ qdmyh�fd +qd0
mpdqmd, yulmhgqrvw rg i qd ^{�> {2` mh yh�fd lol mhgqdnd +pdqmd lol mhgqdnd,
rg pd{ii+{�,> i+{2,j +plqii+{�,> i+{2,j,1, Suhpd wrpx/ +y1 nrphqwdu x}
Gh�qlflmx 71418, ixqnflmd i mh vwurjr nrqndyqd +vwurjr nrqyhnvqd, qd srgvhj0
phqwx ^d�> e�`1 Gdnoh/ x vydnrm wr
fnl l} kd�> e�l mh judi rg i qd ^d�> e�` vwurjr
�l}qdg� +vwurjr �lvsrg�,/ rvlp x gludolµwx/ sulsdgqh wdqjhqwh1 Ph¡xwlp/ wr
vh nrvl v suhwsrvwdyomhqrp orndoqrp nrqyhnvqrvwl +orndoqrp nrqndyqrvwl, x
vydnrm wr
fnl l} kd> el � kd�> e�l1

Whruhp 714154 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd qd vhj0

phqwx ^d> e` � [ l gydsxw ghulydeloqd qd lqwhuydox kd> el � L1 Wdgd mh

i nrqyhnvqd +nrqndyqd, qd ^d> e` rqgd l vdpr rqgd/ dnr mh +i mU,�� � 3
++i mU,�� � 3,1

Grnd}1 Suhwsrvwdylpr gd mh ixqnflmd i nrqyhnvqd +nrqndyqd, qd ^d> e` l
gydsxw ghulydeloqd qd L � kd> el1 Wuhed grnd}dwl gd mh +i mU,�� � 3 ++i mU,�� �
3,1 Ud}pdwudmpr vox
fdm nrqyhnvqh ixqnflmh i $ Sr Whruhpx 714149 mh grvwdwqr
grnd}dwl gd mh ghulydflmd +i mU,� vlod}qd ixqnflmd1 Surpdwudmpr elor nrml sdu
{�> {2 5 L/ {� ? {21 Mhgqdg
}eh sulsdgqlk wdqjhqdwd qd Js mhvx

w� = = = | @ i+{�, . i �+{�,+{� {�,/ { 5 U/ l @ 4> 51

]erj suhwsrvwdyomhqh nrqyhnvqrvwl prud elwl
i+{�, . i �+{�,+{� {�, � i+{,/ { 5 ^d> e`/ l @ 4> 51

Xyuµwdydmx�fl { @ {2 x vox
fdmx l @ 4 wh { @ {� x vox
fdmx l @ 5/ grelydpr
i �+{�, � sE%2�3sE%��

%23%�
l i �+{2, � sE%2�3sE%��

%23%�
1

Suhpd wrpx/ i �+{�, � i �+{2, sd vplmhpr }dnomx
flwl gd mh +i mU,� vlod}qd
ixqnflmd/ d wr vpr l wyuglol1 Srvyh vol
fqr vh/ nrulvwh�fl Whruhp 714148/ grnd}xmh
x vox
fdmx nrqndyqh ixqnflmh i 1

Reudwqr/ qhnd mh i ��+{, � 3 +i ��+{, � 3, }d vydnl { 5 L1 Surpdwudmpr elor
nrmx wr
fnx {f 5 L1 Vqdjrp Ohph 71416/ grvwdwqr mh grnd}dwl gd mh i orndoqr
nrqyhnvqd +orndoqr nrqndyqd, x wr
fnl {f1 Mhgqdg
}ed sulsdgqh wdqjhqwh x
wr
fnl +{f> i+{f,, mhvw

w = = = j+{, @ i+{f, . i �+{f,+{� {f,/ { 5 U1
Gh�qludmpr ixqnflmx k = L $ U sudylorp
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k+{, @ i+{,� j+{, @ i+{,� i+{f,� i �+{f,+{� {f,1
Sulplmhwlpr gd mh k+{f, @ 31 Ud}pdwudmpr vox
fdm i ��+{, � 3/ { 5 L 1 Lv0
wud
}lpr/ suyr/ lpd ol ixqnflmd k orndoql hnvwuhp1 Exgx�fl gd mh k�+{, @
i �+{,�i �+{f,/ wr mh {f qmh}lqd vwdflrqduqd wr
fnd +k

� mh qhsuhnlgqd +y1 Whruhp
71414/ k�� @ +i mL,��, l k�+{f, @ 3,1 Exgx�fl gd mh k��+{f, @ i ��+{f, ? 3/ Whruhp
71414< sryod
fl gd ixqnflmd k lpd x wr
fnl {f orndoql pdnvlpxp k+{f, @ 3=
Grelol vpr/ gdnoh/ gd mh i+{, ? j+{,/ { 9@ {f/ qd qhnrp srglqwhuydox
L" � k{f � �> {f . �l � L1 Wr sryod
fl gd mh i orndoqr nrqyhnvqd x {f1 Qd
vol
fql qd
flq vh }dnomx
fxmh x vox
fdmx i ��+{, � 3/ { 5 L1

Gh�qlflmd 71419 Uh�fl �fhpr gd ixqnflmd i = [ $ U/ [ � U/ lpd x wr
fnl

{f 5 [ lq hnvlmx +lol reudwlµwh,/ dnr srvwrml � A 3 wdndy gd mh i qd

^{f � �> {f` � [ vwurjr nrqyhnvqd l qd ^{f> {f . �` � [ vwurjr nrqndyqd lol

reudwqr1 Wr
fnx W � +{f> i+{f,, qd}lydpr lq hnvlmvnrp wr
fnrp qd judix

Js 1

Sr Whruhpx 714153 volmhgl gd }d gydsxw ghulydeloqx ixqnflmx i v lq hnvl0
mrp x wr
fnl {f prud yulmhglwl i

��+{f, @ 31 Sulplmhwlpr gd mh wdm xymhw qx
}gdq
dol qh l grvwdwdq }d revwrmqrvw lq hnvlmvnh wr
fnh1 Ndr +surwx,sulpmhu pr
}h
srvox
}lwl srwhqflmd { :$ {e x wr
fnl {f @ 31 V wlp x vyh}l/ mhgqrvwdyqr mh
grnd}dwl rydm whruhp=

Whruhp 714155 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ gyd sxwd ghulydeloqd
qd kd> el � [ l qhnd mh {f 5 kd> el1 Dnr mh i ��+{f, @ 3 l dnr surod}rp

nur} wr
fnx {f guxjd ghulydflmd i �� plmhqmd suhg}qdn/ rqgd ixqnflmd i lpd

lq hnvlmx x wr
fnl {f1 +Hnylydohqwdq xymhw/ sruhg i ��+{f, @ 3/ mhvw gd suyd

ghulydflmd i � lpd x {f orndoql hnvwuhp/ rgqrvqr/ gd i � surod}rp nur} {f qh

plmhqmd suhg}qdn 0 xvs1 Whruhp 71414;,

Vomhgh�fl whruhp pdor sreol
}h ud}ox
fxmh orndoql hnvwuhp rg lq hnvlmh srrs0

�fxmx�fl wdnr Whruhph 71414< l 7141541

Whruhp 714156 Qhnd ixqnflmd i = [ $ U/ [ � U/ lpd qd lqwhuydox

k{f � �> {f . �l/ � A 3/ ghulydflmx +q � 4,0yrj uhgd l q0wx ghulydflmx x wr
fnl

{f/ q � 51 Wdgd yulmhgl=
+l, Dnr mh i �+{f, @ � � � @ i E?3��+{f, @ 3/ i E?�+{f, 9@ 3 l q sdudq/ rqgd

ixqnflmd i lpd x wr
fnl {f orndoql hnvwuhp l wr orndoql pdnvlpxp ndg mh

i E?�+{f, ? 3/ d orndoql plqlpxp ndg mh i E?�+{f, A 3>
+ll, Dnr mh i ��+{f, @ � � � @ i E?3��+{f, @ 3/ i E?�+{f, 9@ 3 l q qhsdudq/

rqgd ixqnflmd i lpd x wr
fnl {f lq hnvlmx1

Grnd}1 Dnr mh q @ 5/ wyugqmd mh lvwlqlwd sr Whruhpx 71414<1 Qhnd mh
q � 61 Sulplmhqlpr qd i l {f Wd|oruryx irupxox v Odjudqjhrylp rvwdwnrp
U?32+{,/ { @ {f .�{ +y1 Whruhp 714145/ +8;, l +93,,=

i+{f .�{, @ i+{f, .
s �E%f�
�- �{. � � �. sE?32�E%f�

E?32�- +�{,?32.
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.s E?3��E%fni{%�
E?3��- +�{,?3�/ 3 ? & ? 41

Suhwsrvwdynd sryod
fl

i+{f .�{,� i+{f, @
sE?3��E%fni{%�

E?3��- +�{,?3�1

Vdgd sulpmhqrp 71415 }dnomx
fxmhpr +}d m�{m grvwdwqr pdohq, gd mh/ x vox
fdmx
i E?�+{f, ? 3/

i E?3��+{f . &�{, A i E?3��+{f, @ 3> 
flp mh �{ ? 3/ d
i E?3��+{f . &�{, ? 3> 
flp mh �{ A 3/

grn mh/ x vox
fdmx i E?�+{f, A 3/
i E?3��+{f . &�{, ? 3> 
flp mh �{ ? 3 l
i E?3��+{f . &�{, A 3> 
flp mh �{ A 31

Sr suhwsrvwdyfl mh q sdudq sd mh q� 4 qhsdudq1 Gdnoh/
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fdmhqlp qd0
}lyrp Ylµd pdwhpdwlnd LL/ d suhgdmd vh ndr guxjl glr whphomqrjd pdwhp0
dwl
fnrj suhgphwd qd vylp whkql
fnlp/ whkqrorµnlp l vurgqlp idnxowhwlpd1
Vnulswd prjx srvox
}lwl l ndr srpr�fql xg
}ehqln l} Pdwhpdwl
fnh dqdol}h LL
qd Sulurgrvoryqr0pdwhpdwl
fnlp idnxowhwlpd1 +Sulwrp vh lvsxµwdmx qhnl gl0
mhoryl 91 l flmhor :1 srjodyomh1, Udgl vh/ srqdmsulmh/ r dqdol}l uhdoqlk ixqnflmd
ylµh uhdoqlk ydulmdeod1

Sr
fhwqr judglyr +lqwhjudoql ud
fxq }d ixqnflmh mhgqh ydulmdeoh, vh qdv0
wdyomd qd glihuhqflmdoql ud
fxq l} 71 srjodyomd x suylp vnulswdpd1 Volmhgh
81 srjodyomh r uhdoqlp ixqnflmdpd ylµh ydulmdeod/ 91 0 l}eru l} yhnwruvnh
dqdol}h sulpmhuhq srwuhedpd whkql
fnlk idnxowhwd wh :1 srjodyomh 0 r umhµd0
ydqmx rel
fqlk glihuhqflmdoqlk mhgqdg
}ded µwr vh sulurgqr srmdyomxmx x µlurnrm
whkql
fnr0whkqrorµnrm sudnvl1

Srjodyomd vh glmhoh qd jodyqh whph 0 rgmhomnh/ d ryl qd rvqryqh whpdwvnh
mhglqlfh 0 srgrgmhomnh1 R}qd
fdydqmh sudwl srjodyomd l rgmhomnh1 Sulpmhulfh/
Whruhp 91615 r}qd
fxmh guxjl whruhp x wuh�fhpx rgmhomnx µhvwrjd srjodyomd1
Reudgx vydnh whpdwvnh mhglqlfh sudwh rgjrydudmx�fl sulpmhul/ d vydnl vh rgmho0
mdn vyuµdyd srgrgmhomnrp �Ymh
}eh� vd }dgdflpd }d surymhux lvsudyqh xvyr0
mhqrvwl l}or
}hqrjd judglyd1 Wdnr l ryd vnulswd vdgu
}h pdox dol sureudqx
}elunx 0 ymh
}ehqlfx1

Vdgu
}dm rylk vnulsdwd mh qdslvdq qd sr
fhwnx Ylµh pdwhpdwlnh/ L1
Yholnx }dkydoqrvw gxjxmhp gu1 vf1 Eudqnx 
Fhuydux nrml qdulvdr vyh

fuwh
}h l elwqr sreromµdr jud�
fnl l}johg nrqd
fqrjd whnvwd1
Xqdsulmhg }dkydomxmhp vydnrp 
flwdwhomx nrml �fh pl xnd}dwl qd qhnx srju0

mhµnx lol sursxvw l suhgor
}lwl lvsudydn lol sreromµdqmh1

X Vsolwx/ pmhvhfd vyleqmd/ j1 J1 53331

Qlnlfd Xjohµl�f
^hohnwurql
fnd dguhvd= xjohvlfCpdspi1spivw1ku`
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Lq�qlwh}lpdoql ud
fxq/ ndnr vpr yh�f vsrphqxol/ yx
fh nrulmhqh l} Qhzwrqrylk
l Ohleql}rylk udgryd r sureohplpd �wuhqxwqh� eu}lqh l nulyxomlqh wdqjhqwh1
Rg wdgd sd gr gdqdv/ vnrur wullsrovwromhwqd whrulmd/ sulpmhqd l sudnvd srnd0
}xmx gd vh pqrjl whkql
fnr0whkqrorµnl/ d l lql sureohpl vyrgh qd sureohph
lq�qlwh}lpdoqrjd ud
fxqd1 Ph¡x qmlpd/ sdn/ pqrjl vh vyrgh qd ryr slwdqmh=
Mh ol gdqd uhdoqd ixqnflmd i = [ $ U/ [ � U/ ghulydflmd qhnh uhdoqh ixqnflmh
j = [ $ UB Qdgdomh/ dnr mh rgjryru qd wr slwdqmh srwyugdq/ }dgdwdn
mh rguhglwl ixqnflmx j/ wm1 ulmhµlwl mhgqdg
}ex +x vnxsx uhdoqlk ixqnflmd Uf,
j� @ i / sul 
fhpx vh }d gdql i wud
}l j1 Srnd}dw �fhpr gd wd mhgqdg
}ed lol qhpd
umhµhqmd lol lk lpd ehvnrqd
fqr pqrjr1 Vnxs vylk sulsdgqlk umhµhqmd �fhpr
qd}ydwl +qhrguh¡hqlp, lqwhjudorp ixqnflmh i l sulwrp �fhpr jryrulwl gd vpr
ixqnflmx i lqwhjuludol1 Srnd}dw �fh vh gd mh lqwhjuludqmh whkql
fnl qhxvsruhglyr
vor
}hqlml ud
fxq0srvwxsdn rg ghulyludqmd/ suhpgd vh/ qd qhnl qd
flq/ udgl r
reudwqrpx ud
fxqx1

Rygmh �fhpr/ mhgqrvwdyqrvwl udgl l ndg wr qh exgh lpdor }dvheqrj xwmh0
fdmd/ qd}lyrp lqwhuydo l r}qdnrp L rexkydwlwl vyh prjx�fqrvwl +y1 41416,=
kd> el/ kd> e`/ ^d> el/ ^d> e`/ k�> el/ � � � / k�> �l @ U1 �wrylµh/ srqhndg �fh L r}qd
fd0
ydwl l qhnx xqlmx glvmxqnwqlk lqwhuydod/ mhu �fh/ qdm
fhµ�fh/ gh�qlflmvnd srgux
fmd
surpdwudqlk ixqnflmd elwl lol lqwhuydol lol ud}olnh qhnlk lqwhuydod l suheurmlylk
srgvnxsryd rg U1

3%-%� �#��0 � #+/#$/� +$#�+6$� /�#���9�/#� �/6������

Gh�qlflmd 71514 Qhnd vx gdql lqwhuydo +lol qmlkryd xqlmd, L/ suheurmly srg0
vnxs D � L ixqnflmd i = [ $ U/ sul 
fhpx mh L q D � [ � U1 Vydnx
qhsuhnlgqx ixqnflmx I = L $ U vd vyrmvwyrp I �+{, @ i+{, }d vydnl { 5 L qD/
qd}lydpr sulplwlyqrp ixqnflmrp }d ixqnflmx i qd lqwhuydox L1

Sulpmhu 71514 Ixqnflmd I = U$ U/

I +{, @

;A?
A=

�%2

2 . 5/ { ? �5
{2 � 7/ 5 � { ? 5
%2

2 � 5/ { � 5

/

mh sulplwlyqd ixqnflmd }d ixqnflmx i = Uqi�5j $ U/

i+{, @

;?
=

�{> { ? �5
5{> �5 ? { ? 5
{/ { � 5

/

mhu mh I �+{, @ i+{, }d vydnl { 5 Uqi�5> 5j +y1 fuwh
},1 +Rygmh mh L @ U/
[ @ Uqi�5j/ D @ i�5> 5j1,
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Sulplmhwlpr gd mh lvwd ixqnflmd I sulplwlyqd ixqnflmd l }d ixqnflmh

i�c2 = U$ U/ i�+{, @

;?
=

�{/ { � �5
5{> �5 ? { ? 5
{> { � 5

/ i2+{, @

;?
=

�{/ { ? �5
5{> �5 � { ? 5
{> { � 5

/

ndr l }d pqrjh guxjh nrmh vh vplmx ud}olnrydwl rg i / i� lol i2 sr yulmhgqrvwlpd
x wr
fndpd �5 l 51

Sulpmhu 71515 ]d ixqnflmx i = U $ U/ i+{, @ 5{/ vx l}ph¡x rvwdolk l ryh
ixqnflmh sulplwlyqh +qd L @ U,=

I�+{, @ {2/ I2+{, @ {2 � 6/ I�+{, @ {2 .
s
8 +D @ >,1

Ixqnflmd { :$ J+{, @ dufvlq{ mh sulplwlyqd }d ixqnflmx { :$ j+{, @ �I
�3%2

qd L @ [ @ k�4> 4l/ D @ >1 +Sulplmhwlpr gd vh rygmh }d L vplmh x}hwl
l ^�4> 4l/ k�4> 4`/ ^�4> 4` uhgrp/ v sulsdgqlp vx
}hqmlpd rg dufvlq/ 
flp mh
D @ i�4j/ i4j/ i�4> 4j uhgrp1, Ixqnflmd { :$ K+{, @ �

%
mh sulplwlyqd }d

ixqnflmx { :$ k+{, @ � �
%2

qd L @ [ @ Uqi3j/ D @ >1 Qdsrnrq/ sulplmhwlpr
l wr gd mh ixqnflmd I�+{, @ {2 sulplwlyqd qh vdpr }d ixqnflmx i+{, @ 5{
qhjr l }d ixqnflmh

i�+{, @

�
5{/ { 9@ 4
3/ { @ 4

/ i2+{, @

�
5{/ { @5 Q
3/ { 5 Q

Mhgdq rg whphomqlk whruhpd pdwhpdwl
fnh dqdol}h mhvw rqdm r gryromqlp
xymhwlpd }d revwrmqrvw sulplwlyqh ixqnflmh1 Pl �fhpr jd lvnd}dwl l grnd}dwl
+x srvheqrp vox
fdmx, x lgx�fhpx rgmhomnx sr xyr¡hqmx srmpd rguh¡hqrj
lqwhjudod1 D rygmh �fhpr grnd}dwl gd mh/ juxer jryruh�fl/ grvwdwqr sr}qdydwl
mhgqx +elor nrmx, sulplwlyqx ixqnflmx }d gdqx ixqnflmx i gd el vh }qdoh l �vyh�
rvwdoh qmh}lqh sulplwlyqh ixqnflmh1 Qr/ wr srgud}xplmhyd suhwsrvwdynx gd vx
wh sulplwlyqh ixqnflmh ghulydeloqh +qd flmhorp lqwhuydox, l gd lp vh ghulydflmh
srgxgdudmx +dol qh qx
}qr v i mU x vydnrm wr
fnl$,1

Whruhp 71514 Dnr }d gdqx ixqnflmx i = [ $ U/ [ � U/ srvwrml sulplwlyqd
ixqnflmd I = L $ U/ L � [/ rqgd mh vydnd ixqnflmd J = L $ U/ J @ I .fomU /
jgmh mh fo nrqvwdqwqd ixqnflmd x +elor nrml, u 5 U/ sulplwlyqd }d ixqnflmx i 1
�wrylµh/ dnr vx I>J = L $ U ghulydeloqh sulplwlyqh ixqnflmh }d i l sulwrp
mh I � @ J�/ rqgd mh J @ I . fomU / }d qhnl u 5 U1 +Vd
}hwr= �Ghulydeloqd
sulplwlyqd ixqnflmd mh mhgqr}qd
fqr rguh¡hqd gr qd dglwlyqx nrqvwdqwx�1,

Grnd}1 Mdvqr/ grvwdwqr mh grnd}dwl guxjx wyugqmx1 Qhnd vx I l J elor
nrmh gylmh ghulydeloqh sulplwlyqh ixqnflmh }d i qd L l qhnd mh I � @ J�1 Wdgd
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mh ixqnflmd K = L $ U/ K @ J � I / ghulydeloqd l K � @ ffmU 1 Surpdwudmpr
elor nrmh gylmh wr
fnh {�> {2 5 L/ {� ? {21 Vx
}hqmh Kmd%�c%2o lpd ghulydflmx
mhgqdnx qxonrqvwdqwl ffmU sd mh/ sr Whruhpx 714143/ Kmd%�c%2o qhnd nrqvwdqwqd
ixqnflmd fomd%�c%2o1 Suhpd wrpx/ +J�I ,md%�c%2o @ fomd%�c%2o , J+{, @ I +{,.u/
{ 5 ^{�> {2`1 Exgx�fl gd vx I l J qhsuhnlgqh ixqnflmh l {�> {2 5 L elor nrmh
wr
fnh/ wr mh J @ I . fomU 1

Gh�qlflmd 71515 ]d gdqx ixqnflmx i = [ $ U/ [ � U/ vnxs vylk qmh}lqlk
sulplwlyqlk ixqnflmd qd lqwhuydox +lol qmlkryrm xqlml, L qd}lydpr qhrguh¡h0

qlp lqwhjudorp ixqnflmh i qd lqwhuydox L l r}qd
fxmhpr v
U
i+{,g{1

X vnodgx v Whruhprp 71414/ lpd vplvod slvdwlU
i+{,g{ @ I +{, . f> { 5 L qD>

jgmh I qhnd +elor nrmd, sulplwlyqd ixqnflmd }d i qd L/ d f r}qdnd }d rs�fx
nrqvwdqwx1 Xrel
fdmlor vh ixqnflmx i qd}ydwl lqwhjudqgrp +lol srglqwhjudo0
qrp ixqnflmrp,/ { 0 lqwhjudflmvnrp ydulmdeorp/ d f 0 lqwhjudflmvnrp
nrqvwdqwrp1

Sulpmhu 71516 +d,
U
vlq{g{ @ � frv{ . f/ mhu mh +� frv{ . f,� @ vlq{/

{ 5 U1
+e,

U
_%I
�3%2 @ dufvlq{.f/ mhu mh +dufvlq{.f,� @ �I

�3%2 / { 5 k�4> 4l1
+f,

U
5m{mg{ @

U �� 5{/ { � 3
�5{/ { ? 3

�
g{ @

�
{2 . f/ { � 3

�{2 . f/ { ? 3
/

mhu mh

��
{2 . f/ { � 3

�{2 . f/ { ? 3

��
@

�
5{/ { � 3

�5{> { ? 3
@ 5 m{m/ { 5 U1

+Ixqnflmd { :$ 5m{m qlmh ghulydeloqd x wr
fnl { @ 3/ grn qmh}lqd sulplwlyqd
ixqnflmd wr mhvw1 Wd ghulydflmd mh 3/ mhu srvwrmh ghulydflmh volmhyd l }ghvqd l
remh lµ
fh}dydmx1,

+g,
U �� 5> { ? 6

4> { A 6

�
g{ @

�
5{. f> { ? 6
{. f/ { A 6

/

mhu mh

��
5{. f> { ? 6
{. f/ { A 6

��
@

�
5> { ? 6
4> { A 6

1

+X ryrpx sulpmhux qlmh vydnd sulplwlyqd ixqnflmd gh�qludqd x wr
fnl { @ 61
Qdlph/ whn mh srvheqlp l}erurp nrqvwdqdwd f2 @ f� .6 +f mh rs�fd r}qdnd$,
prjx�fh xgryromlwl xymhwx r qhsuhnlgqrvwl sulplwlyqh ixqnflmh x wr
fnl { @ 61
X wdnyrpx vox
fdmx/ lsdn/ sulplwlyqd ixqnflmd qlmh ghulydeloqd x wrm wr
fnl/
mhu mrm mh ghulydflmd volmhyd x wr
fnl 6 mhgqdnd 5/ d rqd }ghvqd 0 41,

Lvwlqlwrvw vomhgh�fhjd whruhpd mh r
fljohgqd1

Whruhp 71515 Qhnd mh
U
i+{,g{ @ I +{, . f/ wm1 I �+{, @ i+{, }d vydnl

{ 5 L qD +r}qdnh l} Gh�qlflmd 71614 l 71615, Wdgd qd L qD yulmhgl=
+l, +

U
i+{,g{,� @ i+{, +�ghulyludqmhp lqwhjudod grelydpr lqwhjudqg�,>

+ll, g+
U
i+{,g{, @ i+{,g{ +�glihuhqfludqmh srqlµwdyd lqwhjuludqmh�,>
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+lll,
U
+gI +{,,g{ @ I +{, . f +�lqwhjuludqmh srqlµwdyd glihuhqfludqmh gr

qd nrqvwdqwx�,1

Lgx�fl whruhp wyugl gd mh qhrguh¡hql lqwhjudo sulpmhu olqhduqrj ixqnflrqdod1

Whruhp 71516 Qhnd ixqnflmh i� = [ $ U/ [ � U/ l @ 4> � � � > q/ q 5 Q/
grsxvwdmx sulplwlyqh ixqnflmh qd lqwhuydox L � [/ wh qhnd vx ��> � � � > �? 5 U
nrqvwdqwh1 Wdgd l ixqnflmd ��i� . � � � . �?i? = [ $ U grsxµwd sulplwlyqx
ixqnflmx qd L l yulmhglU

+��i�+{,. � � �.�?i?+{,,g{ @ ��
U
i�+{,g{. � � �.�?

U
i?+{,g{. f> +4,

wm1 qhrguh¡hql lqwhjudo 
fxyd +gr qd dglwlyqx nrqvwdqwx, olqhduqx nrpel0
qdflmx1

Grnd}1 Qhnd mh I� elor nrmd sulplwlyqd ixqnflmd }d i� qd L / wm1
U
i�+{,g{ @

I�+{, . f�/ l @ 4> � � � > q1 Exgx�fl gd mh I �
� +{, @ i+{, }d vydnl { 5 L q D� l

D� � L suheurmly/ l @ 4> � � � > q/ wr mh
+��I� . � � �. �?I?,

�+{, @ +��i� . � � �. �?i?,+{,/ { 5 L q +V?
�'�D�,1

Sulplmhwlpr gd mh l vnxs D � V?
�'�D� � L suheurmly1 Volmhgl gd mh +qhsuh0

nlgqd, ixqnflmd ��I� . � � �. �?I? = L $ U sulplwlyqd ixqnflmd }d ixqnflmx
��i� . � � �. �?i? = [ $ U1 Suhpd wrpx +l n mh r}qdnd }d nrqvwdqwx,/U

+��i�+{, . � � �. �?i?+{,,g{ @ ��I�+{, . � � �. �?I?+{, . n @
��+
U
i�+{,g{� f�, . � � �. �?+

U
i?+{,g{� f?, . n @

��
U
i�+{,g{. � � �. �?

U
i?+{,g{. f/ f � n � +��f� . � � �. �?f?,1

Qdsrphqlpr gd xexgx�fh x mhgqdnrvwlpd vol
fqlpd rqrm x Whruhpx 71516/
rs�fx nrqvwdqwx f +f�> f2> n> � � � , qdm
fhµ�fh qh �fhpr }dslvlydwl/ wm1 x wdnylp
�mhgqdnrvwlpd� �fhpr grsxµwdwl gd vh olmhyd l ghvqd vwudqd vplmx ud}olnrydwl
gr qd dglwlyqx nrqvwdqwx1

Whruhp 71516 r
flwr sryod
fl=U
+i+{,	 j+{,,g{ @

U
i+{,g{	 U j+{,g{>U

+�i+{,,g{ @ �
U
i+{,g{1

Sulpmhu 71517
U
+7 frv{. %�

2 � 6,g{
+4,
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U
frv{g{. �

2

U
{�g{� 6

U
g{ @

7vlq{. %e

H � 6{. f1 +Qdlph/ vlq� { @ frv{/ +%
e

e ,� @ {� l +{,� @ 41,

Qhnd 
flwdwhom surymhul +ghulyludqmhp/ y1 ¢71415, wr
fqrvw ryh wdeolfh rv0

qryqlk lqwhjudod +qd gh�qlflmvnlp srgux
fmlpd srglqwhjudoqlk ixqnflmd,=

U
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u . 4
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{
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U 4
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�
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Qhrguh¡hqh lqwhjudoh rg +5, gr +49, qd}lydpr wdeol
fqlp lqwhjudolpd1
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Qhrguh¡hqh lqwhjudoh hohphqwduqlk ixqnflmd µwr vh prjx sulnd}dwl ndr olqh0
duqh nrpelqdflmh srglqwhjudoqlk ixqnflmd l} wdeolfh jruh/ odnr rguh¡xmhpr
sulpmhqrp Whruhpd 715161 X wdnylp vox
fdmhylpd nd
}hpr gd vpr ixqnflmx
lqwhjuludol l}udyqr +lol qhsrvuhgqr,1

Sulpmhu 71518 +d,
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Vnxs vylk l}udyqr lqwhjudeloqlk ixqnflmd surµluxmhpr sulpmhqrp gydmx
mhgqrvwdyqlk srvwxsdnd= xyr¡hqmhp qryh ydulmdeoh +vxsvwlwxflmd, l suhsr0
}qdydqmhp glihuhqflmdod qhnrj xpqrµnd +sduflmdoqd lqwhjudflmd,1

Vxsvwlwxflmd vh vdvwrml x wrpx gd vh qhnrp grsxvwlyrp }dpmhqrp lq0
whjudflmvnh ydulmdeoh lol srglqwhjudoqrj l}ud}d srod}ql lqwhjudo vyhgh qd qhnh
rg rqlk wdeol
fqlk1 R wrpx jryruh gyd lgx�fd whruhpd1

Whruhp 71517 Qhnd }d ixqnflmx i srvwrml qhnd sulplwlyqd ixqnflmd qd lq0
whuydox L1 Qdgdomh/ qhnd mh * = M $ L/ M 0 lqwhuydo/ vwurjr prqrwrqd l
ghulydeloqd vxumhnflmd1 Wdgd mhU

i+{,g{ @ �+*3�+{,, . f> +4:,
jgmh mh � sulplwlyqd ixqnflmd }d ixqnflmx ! � +i*, � *� qd M1 Guxjd
flmlp
}dslvrp/U

++i*, � *�,+w,gw � U !+w,gw @ �+w, . f=
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Grnd}1 Exgx�fl gd vwurjd prqrwrqrvw uhdoqh ixqnflmh sryod
fl lqmhn0
wlyqrvw/ wr mh ixqnflmd * elmhnwlyqd1 Srvwrml/ gdnoh/ lqyhu}qd ixqnflmd *3� =
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gd jruqml lqghnv qh sreundpr v hnvsrqhqwrp1 Ndr x U2 l U� wdnr l rs�fhqlwr
x U6 xyrglpr suryrnxwql +Nduwh}lmhy, nrruglqdwql vxvwdy +R>h�> � � � >h6,
+y1 ¢51515,/ v wlp gd �fhpr x vox
fdmhylpd p � 6 udelwl sulmdµqmh r}qdnh
l/ m/ n }d sulsdgqh ed}qh yhnwruh h�/ h2/ h6/ d {/ |/ } }d nrruglqdwh {�/
{2/ {�1 Wdnr¡hu �fhpr l x rs�fhp vox
fdmx yhnwru { 5 U6/ wm1 xuh¡hql p0
vorj +{�> � � � > {6,/ qd}lydwl wr
fnrp +p0glphq}lrqdoqrjd survwrud U6, l 
fhvwr
slvdwl W � +{�> � � � > {6,=

Ndr l ixqnflmx mhgqh +uhdoqh, ydulmdeoh/ ixqnflmx ylµh ydulmdeod pr
}hpr
}dgdwl dqdolwl
fnl/ wdeol
fqr/ jud�
fnl/ sdudphwduvnl/ lpsolflwqr/ 111 +y1 ¢61414,1
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]d dqdolwl
fnr }dgdydqmh yulmhgl lvwd qdsrphqd r gh�qlflmvnrp srgux
fmx ndr
l }d ixqnflmx mhgqh ydulmdeoh1 Qdlph/ dnr gdql dqdolwl
fnl }dslv +irupxod,
rguh¡xmh ixqnflmvnr sudylor i / rqgd vh gh�qlflmvnlp srgux
fmhp vpdwud vnxs
[ vylk rqlk { 5 U6 nrmlpd wr sudylor sulgmhomxmh mhglqvwyhqh uhdoqh eurmhyh
i+{, 5 U1

Sulpmhu 81414 +d, Irupxod } @
s
{2 . |2 gh�qlud ixqnflmx i = U2 $ U/

+{> |, :$ i+{> |, @ }1 Qdlph/ {2 . |2 � 3 }d vydnl sdu {> | 5 U sd guxjl
nrulmhq rguh¡x i+{> |, qd flmhorp U2>

+e, ]dslv } @ oq+{. | � 5, gh�qlud ixqnflmx i = [ $ U/ [ � U2/ i+{> |, @
oq+{ . | � 5,/ sul 
fhpx mh gh�qlflmvnr srgux
fmh [ rguh¡hqr ixqnflmrp oq/
wm1 qhmhgqdg
}erp {. |� 5 A 31 Gdnoh/ [ @ i+{> |, 5 U2 m | A �{.5j +y1
fuwh
},>

<

;

2

�

�

+f, Dqdolwl
fnl l}ud} } @ D
%+

rguh¡xmh ixqnflmx i = [ $ U/[ @ i+{> |, 5 U2 m
{ 9@ 3 9@ |j/ i+{> |, @ D

%+
>

+g, Sudylor x @ dufvlq+{2 . |2 . }2 � 5, gh�qlud ixqnflmx i = [ $ U/

[ � U�/ +{> |> }, :$ i+{> |> }, @ x/ sul 
fhpx mh gh�qlflmvnr srgux
fmh [

rguh¡hqr ixqnflmrp dufvlq/ wm1 qhmhgqdg
}edpd �4 � {2 . |2 . }2 � 5 � 41
Gdnoh/ [ @ i+{> |> }, 5 U� m 4 � {2 . |2 . }2 � 6j1

Dnr mh ixqnflml i = [ $ U vnxs [ � U6 nrqd
fdq l qh suhyholnrj ndugl0
qdoqrj eurmd/ rqgd vh rqd pr
}h }dgdwl wdeol
fqr +suhpgd mh wdnyr }dgdydqmh
greur suhjohgqr vdpr ndg mh p @ 5,1 Sulpmhulfh/

|"{ {� {2 � � � {?

|� }�� }2� � � � }?�
|2 }�2 }22 � � � }?2
111

111
111

1 1 1
111

|? }�? }2? � � � }??

/
i+{�> |�, @ }�� /
[ @ i+{�> |�, m l> m @ 4> � � � > qj

Ixqnflmvnl judi Js }d i = [ $ U/ [ � U6/ mh srgvnxs rg U6n�1
Vwrjd mh qdfuwdwl jd +gmhorpl
fqr, prjx�fh vdpr }d p � 51 X vox
fdmx p @
5/ µwr jd rygmh ud}pdwudpr/ fuwdqmhp lvwl
fhpr vdpr qhnh qmhjryh yd
}qh
srgvnxsryh1 Wr vx/ qdm
fhµ�fh/ suhvmhfl Js rgdeudqlp udyqlqdpd x survwrux
U�1 Dnr vx wh udyqlqh xvsruhgqh v udyqlqrp } @ 3 +nrruglqdwqrp [\ 0
udyqlqrp,/ grelyhqh suhvmhnh qd}lydpr ud}lqvnlp nulyxomdpd ixqnflmh i
+lol judid Js ,1 Sr wrpx/ vydnl eurm }f 5 i ^[` rguh¡xmh mhgqx ud}lqvnx
nulyxomx mhgqdg
}erp i+{> |, @ }f1 Gdnoh/ qd vydnrm ud}lqvnrm nulyxoml vx
ixqnflmvnh yulmhgqrvwl qhsurplmhqmlyh1 Vol
fqr vh x vox
fdmx i = [ $ U/ [ �
U�/ gdnoh Js � Ue/ jryrul r ud}lqvnlp sorkdpd +lol qlyr0sorkdpd,
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ixqnflmh i 1 Sulwrp vydnd mhgqdg
}ed i+{> |> }, @ xf/ xf 5 i ^[`/ rguh¡xmh
wr
fqr mhgqx sulsdgqx ud}lqvnx sorkx qd nrmrm vx vyh ixqnflmvnh yulmhgqrvwl
mhgqdnh xf1

Sulpmhu 81415 Ixqnflmvnl judi Js l} Sulpmhud 81814+d,/ }d i+{> |, @s
{2 . |2/ fuwdpr lvwl
fx�fl qmhjryh suhvmhnh udyqlqrp { @ 3 +}udnh= } @ |/

} � 3/ { @ 3> } @ �|/ } � 3/ { @ 3,/ udyqlqrp | @ 3 +}udnh= } @ {/ } � 3/
| @ 3> } @ �{/ } � 3/ | @ 3, l udyqlqrp } @ 4 +ud}lqvnd nulyxomd +nux
}qlfd,
{2 . |2 @ 4/ } @ 4,1 Sulplmhwlpr gd mh Js vwr
}dvwd sorkd +y1 ¢51617+6:,,1

[
��\� � � ] �

Qdsrphqd 81414 
Fhvwr vh qhnl vnxs ud}lqvnlk nulyxomd surpdwudqh ixqnflmh
+{> |, :$ i+{> |, fuwd x rgdeudqrm udyqlql } @ }f/ sulpmhulfh/ vyh vh rqh surml0
fludmx x [\ 0udyqlqx } @ 31 Wdgd vh sr qmlkryx ud}pmhµwdmx pr
}h }dnomx
flwl
srqhµwr l r vdprm ixqnflml1 Wdnr vh qsu1 sulnd}xmx ud}lqvnh nulyxomh 0 l}r0

klsvh µwr qd }hpomrslvqlp nduwdpd sryh}xmx wr
fnh lvwh qdgpruvnh ylvlqh/
rgqrvqr/ lvwh srgpruvnh gxelqh/ ndr l l}reduh 0 µwr qd vlqrswl
fnlp +ph0
whrurorµnlp, nduwdpd sryh}xmx wr
fnh mhgqdnrjd }ud
fqrj wodnd1 �wrylµh/ }d
}ruqr sulnd}lydqmh ud}lqvnlk sorkd ql qhpd guxjh prjx�fqrvwl rvlp gd lk
fuwdpr x lvwrp survwrux1

Sulpmhu 81416 Ud}lqvnh sorkh }d ixqnflmx i = [ $ U/ [ @ U
� q i+{> |> }, m

} @ 3j/ i+{> |> }, @ %2n+2

5
/ vx sduderorlgl +eh} �wmhphqd�, } @ � �

�f
+{2.|2,/

xf 5 Uqi3j/ grn mh }d } @ 3 �qlyr0sorkd� ]0rv eh} lvkrglµwd +y1 fuwh
},1
=

<

;

Ixqnflmd i = [ $ U/ [ � U
6/ vh pr
}h }dgdwl l lpsolflwqr lol sdud0

phwduvnl srg xymhwlpd vol
fqlp rqlpd µwr vx srvwdyomhql }d ixqnflmh l} U x
U +y1 ¢61414,1 Pl vh qh �fhpr vdgd qd wrpx }dgu
}dydwl1 Lpsolflwqr }dgdqlp
ixqnflmdpd �fhpr vh srvheqr sr}dedylwl x ¢8151

Qd nudmx ryrjd srgrgmhomnd srnd
}lpr ndnr vh qhnd joredoqd vyrmvwyd
+y1 Gh�qlflmx 61414, suhqrvh qd vndoduqh ixqnflmh1 Surpdwudmpr ixqnflmx
i = [ $ U/ [ @ U

6/ sd xr
flpr elor nrmx wr
fnx {f @ +{�f> � � � > {6f , 5 [1
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X
fyuvwlpr ol vyh qmh}lqh nrruglqdwh rvlp l0wh/ l 5 i4> � � � >pj/ grelydpr
vnxs [%fc� @ i{ 5 [ m {� @ {

�
f/ m 9@ lj � [/ µwr mh suhvmhn vnxsd [

sudyfhp U nur} wr
fnx {f/ xvsruhgqlp l0wrpx idnwrux x U6 � U� � � � �U1
Sulplmhwlpr gd mh x [%fc� ydulmdeloqd vdpr l0wd nrruglqdwd sd vh qd qmhjd
vplmh johgdwl ndr qd srgvnxs rg U1 R}qd
flpr i mf%fc�

� i%fc� = [%fc� $ U

sd wr vx
}hqmh vplmhpr wuhwludwl ndr ixqnflmx mhgqh uhdoqh ydulmdeoh +y1 fuwh
}
x vox
fdmx p @ 5,1

Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ @ U
6/ rph¡hqd dnr srv0

wrml eurm P 5 U
n wdndy gd mh mi+{,m � P }d vydnl { 5 [1 Sulpl0

mhwlpr gd mh }d rph¡hqx ixqnflmx i vydnr qmh}lqr vx
}hqmh i%c� +}d vydnl
{ 5 [ l vydnl l @ 4> � � � >p, rph¡hqd ixqnflmd1 Uh�fl �fhpr gd mh ixqnflmd i

x}od}qd +vlod}qd/ vwurjr x}od}qd/ vwurjr vlod}qd/ prqrwrqd/ vwurjr
prqrwrqd/ sr glmhorylpd prqrwrqd, sr ydulmdeol {�/ l 5 i4> � � � > qj/
dnr mh/ }d vydnx wr
fnx { 5 [/ sulsdgqr vx
}hqmh i%c� = [%c� $ U x}od}qd
+vlod}qd/ vwurjr x}od}qd/ vwurjr vlod}qd/ prqrwrqd/ vwurjr prqrwrqd/ sr
glmhoryrpd prqrwrqd, ixqnflmd1 Qd lvwl qd
flq vh prjx suhqlmhwl l rvwdod
vyrmvwyd uhdoqlk ixqnflmh mhgqh ydulmdeoh1

Qdsrphqd 81415 Srqhndg mh }d qhnx vyukx nrulvqr �nvludwl pdqmh rg p�4
nrruglqdwh/ wm1 rvwdylwl vorergqlp gylmh lol ylµh nrruglqdwd l surpdwudwl sul0
sdgqd vx
}hqmd ixqnflmh i 1 Sulpmhulfh/ dnr vx vorergqh l0wd l m0wd nrrugl0
qdwd/ d suhrvwdoh vx mhgqdnh rgjrydudmx�flpd x wr
fnl {f/ grelydpr vx
}hqmh
i%fc�c� = [%fc�c� $ U/ sul 
fhpx qd qmhjd vplmhpr johgdwl ndr qd ixqnflmx gylmx
ydulmdeod mhu mh

i%fc�c�+{> |, @ i+{�f> � � � > {�3�f > {> {�n�
f > � � � > {�3�f > |> {

�n�
f > � � � > {6f ,1

5%�%- !��/��/� $�����/#+6 � /�.�����/#+6

X ¢61514 vpr ud}pdwudol uhdoql ql} l sulsdgqd vyrmvwyd1 Vol
fqr vh srvwxsd
x U6 v wlp gd sulmh wuhed gh�qludwl µwr x U6 }qd
fl �elwl eol}x�/ wm1 µwr �fh
elwl �pdod rnrolqd� sr yroml rgdeudqh wr
fnh1 Srvox
}lw �fhpr vh vwdqgdugqrp
hxnolgvnrp xgdomhqrµ�fx ph¡x wr
fndpd/ wm1

g+{> |, @ +
6S
�'�

+{� � |�,2,
�

2 / { @ +{�,/ | @ +|�, 5 U6/
nrmd vh x vox
fdmx p @ 4 vyrgl qd xgdomhqrvw g+{> |, @ m{� |m x U1

Gh�qlflmd 81414 ]d elor nrmx wr
fnx {f 5 U6 l elor nrml eurm � A 3/ vnxs

N+{f> �, � i{ 5 U6 m g+{f> {, ? �j � U61
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qd}lydpr +rwyruhqrp, nxjorp sroxpmhud � rnr wr
fnh {f1 Uh�fl �fhpr gd mh

vnxs X � U6 rnrolqd wr
fnh {f 5 X dnr srvwrml qhnl � A 3 wdndy gd mh nxjod

N+{f> �, � X 1 ]d vnxs X � U
6 �fhpr uh�fl gd mh rwyruhq dnr mh rq xqlmd

qhnh pqr
}lqh +rwyruhqlk, nxjdod1

Sulplmhwlpr gd mh x vox
fdmx p @ 4 nxjod N+{f> �, @ k{f � �> {f . �l
+rwyruhql, lqwhuydo x U1 Qdgdomh/ ud}ylgqr mh gd �2 � �� sryod
fl N+{f> �2, �
N+{f> ��,/ ndr l gd }d vydnl � A 3 srvwrml qhnl q 5 Q wdndy gd mh N+{f>

�
?
, �

N+{f> �,1 Qdsrnrq/ r
flwr mh gd mh vydnd nxjod rwyruhq vnxs l gd mh vydnl
rwyruhql vnxs rnrolqd vydnh vyrmh wr
fnh1

Srqhndg mh x U6 sruhg nxjdod nrulvqr surpdwudwl l srgvnxsryh µwr lk
qd}lydpr +rwyruhqlp, nydgulpd/ d gh�qludmx vh rydnr=

T+{f> �, � i{ 5 U6 m m{�f � {�m ? �/ l @ 4> � � � >pj � U61
Xr
flpr gd mh/ x vox
fdmx p @ 4/ T+{f> �, @ N+{f> �,1 Qd fuwh
}x gromh
sulnd}dqh vx wlsl
fqh nxjoh l nydgul x vox
fdmhylpd p @ 4> 5> 61

� � � �

Yuor mh yd
}qd vomhgh�fd ud}ylgqd 
flqmhqlfd= X vydnx vh nxjox pr
}h xslvdwl
qhnl nydgdu l reudwqr/ wm1

+;� A 3,+<� A 3, T+{f> �, � N+{f> �,>
+;� A 3,+<� A 3, N+{f> �, � T+{f> �,1

Wr sryod
fl gd vh x xymhwlpd }d rnrolqx l rwyruhql vnxs vplmhpr srvox
}lwl
l nydgulpd1 Qd fuwh
}x gromh vx sulpmhul rwyruhqrjd l qhrwyruhqrjd vnxsd
x U2= Rqdm rwyruhql mhvw rnrolqd vydnh vyrmh wr
fnh/ grn qhrwyruhql vdgu
}l
wr
fdnd nrmlpd rq qlmh rnrolqd1

�


�

Gh�qlflmd 81415 Qhnd mh [ � U
6 l {f 5 U61 Uh�fl �fhpr gd mh wr
fnd {f

jrplolµwh vnxsd [ dnr vydnd rnrolqd rg {f vlmh
fh vnxs [ q i{fj1 ]d vnxs

[ nd
}hpr gd mh }dwyruhq dnr vdgu
}l vyd vyrmd jrplolµwd1 Uh�fl �fhpr gd mh

wr
fnd { 5 [ xqxwudµqmd wr
fnd vnxsd [ dnr srvwrml rnrolqd rg { nrmd mh

srgvnxs rg [1 Dnr }d wr
fnx { 5 [ srvwrml qhnd rnrolqd nrmd qh vlmh
fh vnxs

[ qi{j rqgd nd
}hpr gd mh { l}roludqd wr
fnd vnxsd [1 Qdsrnrq/ uh�fl �fhpr

gd mh vnxs [ rph¡hq dnr srvwrml qhnd nxjod nrmd jd vdgu
}l1
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Qlmh whµnr srnd}dwl gd mh vydnd wr
fnd { 5 [ � U
6 lol jrplolµwh rg

[ lol qmhjryd l}roludqd wr
fnd/ wh gd mh vydnd xqxwudµqmd wr
fnd jrplolµwh1
Sulplmhwlwl wuhed gd vnxs pr
}h lpdwl jrplolµwd nrmd qlvx qmhjryl hohphqwl1
Qdgdomh/ pr
}h vh grnd}dwl gd mh vydnl }dwyruhq vnxs x U6 nrpsohphqw qhnrj
rwyruhqrj vnxsd l reudwqr1 Gdndnr gd qlmh lvwlqd gd vnxs prud elwl rwyruhq
lol }dwyruhq$

Gh�qlflmd 81416 Uh�fl �fhpr gd mh wr
fnd {f 5 U6 judql
fqd yulmhgqrvw +lol
olphv, ql}d +{?, x U

6 dnr

+;� A 3,+<qf 5 Q,+;q 5 Q, q � qf , g+{?> {f, ? �1

+Qhmhgqdnrvw g+{?> {f, ? � mh/ r
flwr/ hnylydohqwqd xymhwx {? 5 N+{f> �,1,
X wrp vox
fdmx jryrulpr gd ql} +{?, nrqyhujlud suhpd wr
fnl {f l slµhpr

+{?,$ {f1 Dnr ql} qh nrqyhujlud/ nd
}hpr gd glyhujlud1

Ndr l }d uhdoqh ql}ryh l rygmh vh odnr ylgl gd ql} pr
}h lpdwl qdmylµh
mhgqx judql
fqx yulmhgqrvw/ sd vh wdgd vplmh slvdwl l olp+{?, @ {f1 Yd
}qd
mh 
flqmhqlfd gd vh ql}ryqd nrqyhujhqflmd x U6 pr
}h vyhvwl qd nrqyhujhqflmx
uhdoqlk ql}ryd1 X wx vyukx qhnd 
flwdwhom grnd
}h rydm whruhp=

Whruhp 81414 Ql} +{?, x U
6/ {? @ +{�?> � � � > {6? ,/ nrqyhujlud suhpd {f @

+{�f> � � � > {6f , 5 U6 rqgd l vdpr rqgd/ dnr vydnl nrruglqdwql ql} +{�?, x U

nrqyhujlud suhpd {�f 5 U/ l @ 4> � � � >p1

Sulpmhu 81417 Wr
fnd {f @ +4>�4> 3, mh judql
fqd yulmhgqrvw ql}d +{?, x U�/

{? @ +?n�
?
> �3?

2

�n?2
> ?
?n?2

,> mhu mh/ sr nrruglqdwdpd/ olp+?n�
?

, @ 4/ olp+�3?
2

�n?2
, @

�4 l olp+ ?
?n?2

, @ 3 +y1 ¢61515,1

L judql
fqx yulmhgqrvw vndoduqh ixqnflmh gh�qludpr vol
fqr rqrm }d ixqnflmx
l} U x U1

Gh�qlflmd 81417 Qhnd vx gdql ixqnflmd i = [ $ U/ [ � U
6/ l jrplolµwh

{f rg [1 Uh�fl �fhpr gd mh eurm xf 5 U judql
fqd yulmhgqrvw ixqnflmh i x

wr
fnl {f dnr

+;� A 3,+<� A 3,+;{ 5 [ q i{fj, g+{> {f, ? � , mi+{,� xfm ? �1

+Sulplmhwlpr gd vh xymhw surymhudyd x wr
fndpd { 5 N+{f> �,/ { 9@ {f$, X

wrp vox
fdmx slµhpr olp
%f
i @ xf lol olp

%<%f
i+{, @ xf1

Gh�qlflmd 81417 srrs�fxmh/ gdnoh/ Gh�qlflmx 616151 Dqdorjqr vh srrs�fxmh
l Gh�qlflmd 61614 +judql
fqd yulmhgqrvw ndg {$4,1 Ndr l }d uhdoqh ixqnflmh
mhgqh ydulmdeoh wdnr l }d vndoduqh ixqnflmh/ lvwud
}lydqmh judql
fqlk yulmhgqrvwl
vh pr
}h vyhvwl qd lvwud
}lydqmh judql
fqlk yulmhgqrvwl uhdoqlk ql}ryd +y1 Whruhp
61617,1

Whruhp 81415 Eurm xf 5 U mh judql
fqd yulmhgqrvw ixqnflmh i = [ $ U/

[ � U
6/ x wr
fnl {f/ olp

%f
i @ xf/ rqgd l vdpr rqgd dnr/ }d vydnl ql} +{?,

x [ nrml nrqyhujlud suhpd {f x U6/ olp+{?, @ {f/ sulsdgql ql} ixqnflmvnlk

yulmhgqrvwl +i+{?,, nrqyhujlud suhpd xf x U/ olp+i+{?,, @ xf1
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Rydm whruhp yulmhgl l }d judql
fqh yulmhgqrvwl ndg {$41

Sulpmhu 81418 +d, Ixqnflmd i = U2 q i+3> 3,j $ U> i+{> |, @ %23+2

%2n+2
>

qhpd judql
fqh yulmhgqrvwl x wr
fnl +3> 3,1 Qdlph/ surpdwudpr ol ql}ryh
++ �
?
> �
?
,, l ++ �

?
> 3,, x U2qi+3> 3,j/ ud}ylgqr mh gd red nrqyhujludmx suhpd wr
fnl

+3> 3,/ grn v guxjh vwudqh/ sulsdgql ql}ryl ixqnflmvnlk yulmhgqrvwl +
E �
?
�23E �

?
�2

E �
?
�2nE �

?
�2
, @

+3, l +
E �
?
�23f2

E �
?
�2nf2

, @ +4, nrqyhujludmx uhgrp suhpd +ud}ol
flwlp, eurmhylpd 3 l

41
+e, Ixqnflmd i = U2 q i+3> 3,j $ U> i+{> |, @ %2+

%2n+2 / lpd x wr
fnl +3> 3,

judql
fqx yulmhgqrvw 3/ olp
Efcf�

i @ 31 ]dlvwd/ exgx�fl gd mh {2 . |2 � 5m{|m/ wr
mh olp

Efcf�
mi m @ olp

E%c+�<Efcf�
m %2+
%2n+2

m � olp
E%c+�<Efcf�

m%2+2%+ m @ olp
E%c+�<Efcf�

m%2 m @ 3/ sd mh l

olp
Efcf�

i @ 31

Vomhgh�fl whruhp +r x}dvwrsqlp olphvlpd, lvnd}xmhpr l grnd}xmhpr/ mhgqr0
vwdyqrvwl udgl/ }d ixqnflmh gylmx ydulmdeod1 Rq vh/ gdndnr/ sulurgqr srrs�fxmh
qd ixqnflmh rg p ydulmdeod1
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surpdwudmpr sulsdgqx ixqnflmx +mhgqh ydulmdeoh, i%fc� = [%fc� $ U1 Dnr
mh wd ixqnflmd glihuhqflmdeloqd/ hnylydohqwqr/ ghulydeloqd x wr
fnl {�f/ rqgd
sulsdgql glihuhqflmdo

gi%fc�+{
�
f, = U$ U>

gi%fc�+{
�
f,+{

�, � gi%fc�+{
�, @ i �%fc�+{

�
f,g{

� � YsE%f�
Y%�

g{� +4,
+y1 ¢71416, qd}lydpr sduflmdoqlp glihuhqflmdorp ixqnflmh i sr ydulmdeol

{� x wr
fnl {f1 Rygmh qdv }dqlpd wh
}h slwdqmh= Lpd ol vplvod glihuhqflmdo
ixqnflmh i x wr
fnl {f l ndnr el jd wuhedor gh�qludwlB Srvwxslw �fhpr sr
vol
fqrvwl v glihuhqflmdorp }d ixqnflmh mhgqh ydulmdeoh +y1 Gh�qlflmx 71415,/ v
wlp gd �fh xorjx olqhdqh ixqnflmh qd U +rguh¡hqh qhnrp nrqvwdqwrp d, vdgd
sulurgqr suhx}hwl qhnl olqhduql ixqnflrqdo l} U6 x U1

Gh�qlflmd 81514 Uh�fl �fhpr gd mh ixqnflmd i = [ $ U/ [ � U
6/ glihuhq0

flmdeloqd x wr
fnl {f 5 [/ dnr srvwrml olqhduql ixqnflrqdo D = U6 $ U

wdndy gd mh

i+{,� i+{f, @ D+{� {f, . u+{� {f,>
sul 
fhpx ixqnflmd {� {f :$ u+{� {f, lpd vyrmvwyr

olp
%<%f

u+{� {f,

n{� {fn @ 3

+�rvwdwdn� u+{� {f, wh
}l n 3 elwqr eu
}h rg n{� {fn,1
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Odnr vh grnd
}h gd mh olqhduql ixqnflrqdoD mhglqvwyhq 
flp srvwrml1 +Nomx
fqd

mh 
flqmhqlfd sulwrp gd/ }d vydnl olqhduql ixqnflrqdo F = U6 $ U/ l} olp
%<f

�E%�
8%8 @

3 volmhgl F @ ff1, Wdgd wdm D r}qd
fxmhpr v gi+{f, l qd}lydpr glihuhqfl0

mdorp ixqnflmh i x wr
fnl {f1 Mhgqrvwdyql ud
fxq srnd}xmh gd mh sulsdgql
yhnwruvnl }dslv

gi+{f, � ^ YsE%f�
Y%�

� � � YsE%f�
Y%6

` = U6 $ U1

Johgdpr ol qd glihuhqflmdo gi+{f, ndr qd yhnwru x survwrux Krp+U6>U, �@
U
6 vylk olqhduqlk ixqnflrqdod v ed}rp +g�, +gxdoqrp ndqrqvnrm ed}l +h�, x
U
6,/ grelydpr }dslv

gi+{f, @
6S
�'�

YsE%f�
Y%�

g�/ d }d qmhjryh yulmhgqrvwl

gi+{f,+{, � gi+{, @
6S
�'�

YsE%f�
Y%�

g�+{, @ YsE%f�
Y%�

{� . � � � . YsE%f�
Y%6

{6 @

+gi+{f,m{, +5,

x vydnrm wr
fnl { @ +{�> � � � > {6, 5 U61 Gu
}h�fl vh nodvl
fqrjd r}qd
fdydqmd v
ydulmdeorp �{ @ g{ @ {� {f wdnr grelydpr }dslv

gi+{f,+g{, � gi+{, @ YsE%f�
Y%�

g{� . � � �. YsE%f�
Y%6

g{6 @ +gi+{f,mg{, +5,�

Ud}ylgqr mh gd mh glihuhqflmdo rg i x {f +dnr srvwrml, srvyh rguh¡hq sul0
sdgqlp sduflmdoqlp glihuhqflmdolpd x {�f/ rgqrvqr/ sduflmdoqlp ghulydflmdpd
YsE%f�
Y%�

/ l @ 4> � � � >p1

Uh�fl �fhpr gd mh ixqnflmd i glihuhqflmdeloqd qd vnxsx D � [ dnr
mh glihuhqflmdeloqd x vydnrm wr
fnl { 5 D1 X vox
fdmx D @ [ jryrulpr r
glihuhqflmdeloqrm ixqnflml i 1

Sr gh�qlflml volmhgl gd vh ixqnflmlq suludvw �i+{,/ { @ {f . g{/ glihuhq0
flmdeloqh +x wr
fnl {f, ixqnflmh i pr
}h sr yroml eol}x dsurnvlpludwl qmh}lqlp
glihuhqflmdorp +yulmhgqrµ�fx, gi+{,/ 
flp vx vyl ydulmdeolql suludvwl �{� @ g{�

grvwdwqr pdol1

Mdvqr mh gd glihuhqflmdeloqrvw +x wr
fnl, sryod
fl ghulydeloqrvw +x wr
fnl,1
Srnd}dw �fhpr gd reudwqr qh yulmhgl1 +Vmhwlpr vh gd vx wr }d ixqnflmh mhgqh
ydulmdeoh hnylydohqwqd vyrmvwyd$,

Sulpmhu 81517 X Sulpmhux 81418 vpr srnd}dol gd ixqnflmd

i = U2 q i+3> 3,j $ U> i+{> |, @ %2+
%2n+2

>

lpd judql
fqx yulmhgqrvw olp
Efcf�

i @ 31 Wr sryod
fl gd mh ixqnflmd

j = U2 $ U/ j+{> |, @

�
i+{> |,/ +{> |, 9@ +3> 3,

3/ +{> |, @ +3> 3,
/

qhsuhnlgqd x wr
fnl +3> 3,1 Rvlp wrjd/ j+{> 3, @ i+{> 3, @ 3 sd mh Y}Efcf�
Y%

@ 3/

wh j+3> |, @ i+3> |, @ 3 sd mh l Y}Efcf�
Y+

@ 31 Volmhgl gd mh ixqnflmd j l
ghulydeloqd x wr
fnl +3> 3,1 Ph¡xwlp/ ixqnflmd j qlmh glihuhqflmdeloqd x wr
fnl
+3> 3,1 Srnd
}lpr wr sreol
}h$ R}qd
flpr suyr � @ n+{> |,� +{f> |f,n @s

+g{,2 . +g|,21 Ndg el j elod glihuhqflmdeloqd x +{f> |f, @ +3> 3,/ prudor
el yulmhglwl
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3 @ olp
E_%c_+�<Efcf�

oE_%c_+�
8E_%c_+�8 @

olp
4<f

{}Efn_%cfn_+�3E Y}Efcf�
Y%

_%n
Y}Efcf�
Y+

_+�

4
@ olp

4<f

{}E_%c_+�
4

1

Exgx�fl gd mh j+3> 3, @ 3/ wr mh �j+g{> g|, @ j+g{> g|,1 Qdgdomh/ � $ 3
wr
fqr rqgd ndg g{$ 3 l g| $ 31 Volmhgl/

olp
E_%c_+�<Efcf�

oE_%c_+�
8E_%c_+�8 @ olp

E%c+�<Efcf�

%2+

%2n+2s
%2n+2

@ olp
E%c+�<Efcf�

%2+

E%2n+2�
�
2
1

Xyuµwhqmhp nrqyhujhqwqrjd ql}d ++ �
?
> &
?
,, $ +3> 3,/ n 0 nrqvwdqwd/ +y1 Whr0

uhph 81415 l 81414,/ grelol elvpr

olp
E_%c_+�<Efcf�

oE_%c_+�
8E_%c_+�8 @ olp+

E �
?
�2 &

?

EE �
?
�2nE &

?
�2�

�
2
, @ &

E�n&2�
�
2

+@ 3/ n @ 3,

sd ixqnflmd oE_%c_+�
8E_%c_+�8 qhpd +y1 Whruhp 81415, judql
fqh yulmhgqrvwl x wr
fnl

+3> 3,1 Suhpd wrpx/ ixqnflmd j qlmh glihuhqflmdeloqd x wr
fnl +3> 3,1

Whruhp 81514 Dnr mh ixqnflmd i = [ $ U/ [ � U
6/ glihuhqflmdeloqd x

wr
fnl {f rqgd mh i l qhsuhnlgqd x {f1

Grnd}1 Sr suhwsrvwdyfl mh/ }d { @ {f . g{/

�i+{, @ +YsE%f�
Y%�

g{� . � � �. YsE%f�
Y%6

g{6, . u+g{,>

sul 
fhpx mh olp
_%<f

oE_%�
8_%8 @ 3/ ng{n @

s
+g{�,2 . � � �. +g{6,21 Srjrwryr mh

olp
_%<f

u+g{, @ 3 Mdvqr/ g{ $ 3/ wm1 { $ {f/ wr
fqr rqgd ndg ng{n $ 3/

rgqrvqr/ ndg g{� $ 3 }d vydnl l @ 4> � � � >p1 Suhpd wrpx/

olp
_%<f

�i+{, @ olp
_%<f

+YsE%f�
Y%�

g{� . � � �. YsE%f�
Y%6

g{6, . olp
_%<f

u+g{, @ 3=

Vdgd sr Nrurodux 81414 volmhgl gd mh i qhsuhnlgqd x wr
fnl {f1

Rvqryqd sudylod }d glihuhqfludqmh/ µwr vpr lk elol l}yhol }d ixqnflmh mhgqh
ydulmdeoh/ rvwdmx ydomdqd l }d ixqnflmh ylµh ydulmdeod ndg jrg lpdmx vplvod=

+l, g+�i . �j,+{f, @ �gi+{f, . �gj+{f,>
+ll, g+�i � �j,+{f, @ �gi+{f,� �gj+{f,>
+lll, g+i � j,+{f, @ j+{f, � gi+{f, . i+{f, � gj+{f,>
+ly, g+

i

j
,+{f, @

j+{f, � gi+{f,� i+{f, � gj+{f,
j+{f,2

>

+y, g+! � j,+{f, @ g!+i+{f,, � gi+{f,=
Grnd
}lpr qsu1 +lll, l +y,$ ]d +lll,/ qhnd vx ixqnflmh i> j = [ $ U/ [ � U

6/
glihuhqflmdeloqh x wr
fnl {f1 Wdgd mh/ }d { @ {f . g{/

+i � j,+{,� +i � j,+{f, @ i+{f . g{,j+{f . g{,� i+{f,j+{f, @

+i+{f . g{,� i+{f,,j+{f, . i+{f,+j+{f . g{,� j+{f,,.

+i+{f . g{,� i+{f,,+j+{f . g{,� j+{f,, @
j+{f,+gi+{f,+g{, . u�+g{,, . i+{f,+gj+{f,+g{, . u2+g{,,.

+gi+{f,+g{, . u�+g{,,+gj+{f,+g{, . u2+g{, @

j+{f, � gi+{f,+g{, . j+{f, � u�+g{, . i+{f, � gj+{f,+g{, . i+{f, � u2+g{,.
+gi+{f,+g{, . u�+g{,,+gj+{f,+g{, . u2+g{,,1
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Glihuhqflmdeloqrvw ixqnflmd i l j x wrënl {f l}udyqr sryod
fl
olp
_%<f

}E%f�o�E_%�
8_%8 @ 3 @ olp

_%<f

sE%f�o2E_%�
8_%8 /

grn l} olqhduqh rjud¡hqrvwl olqhduqrj ixqnflrqdod D +wm1 nD+k,n � � nkn,
volmhgl l

olp
_%<f

E_sE%f�E_%�no�E_%��E_}E%f�E_%�no2E_%��
8_%8 @ � � � @ 31

]d +y,/ qhnd mh ixqnflmd i = [ $ U/ [ � U6 glihuhqflmdeloqd x wr
fnl {f/
d ixqnflmd ! = \ $ U/ i ^[` � \ � U/ glihuhqflmdeloqd x wrënl |f @ i+{f,1
Wdgd mh/ }d { @ {f . g{ l | @ i+{, � i+{f, . g|/

+! � i,+{,� +! � i,+{f, @ !+i+{,,� !+i+{f,, @ !+|,� !+|f, @
g!+|f,+g|, . u2+g|, @ g!+i+{f,,+i+{,� i+{f,, . u2+i+{,� i+{f,, @

g!+i+{f,,+gi+{f,+g{, . u�+g{,, . u2+i+{,� i+{f,, @
g!+i+{f,,+gi+{f,+g{,, . g!+i+{f,,+u�+g{,, . u2+i+{,� i+{f,, @
+g!+i+{f,, � gi+{f,,+g{, . +g!+i+{f,, � u�,+g{,, . u2+i+{,� i+{f,,1

Qhsuhnlgqrvw olqhduqh ixqnflmh sryod
fl
olp
_%<f

E_�EsE%f���o��E_%�
8_%8 @ g!+i+{f,,+ olp

_%<f

o�E_%�
8_%8 , @ g!+i+{f,,+3, @ 31

Qdsrnrq/ sr Whruhpx 81514 mh ixqnflmd i qhsuhnlgqd x wr
fnl {f/ sd wr v
judql
fqlp xymhwrp qd ixqnflmx u2 sryod
fl olp

_%<f

o2EsE%�3sE%f��
8_%8 @ � � � @ 31

Vomhgh�fl whruhp grqrvl mhgdq rg gryromqlk xymhwd }d glihuhqflmdeloqrvw
vndoduqh ixqnflmh1

Whruhp 81515 Qhnd }d ixqnflmx i = [ $ U/ [ � U
6/ l wr
fnx {f 5 [ sr0

vwrml �0nxjod N+{f> �, � [ qd nrmrm mh i ghulydeloqd l qhsuhnlgqr ghulydeloqd

x {f1 Wdgd mh i glihuhqflmdeloqd x {f1

Grnd}1 Whruhp 81515 �fhpr grnd}dwl x vox
fdmx p @ 51 X vox
fdmx p � 6
elvpr grnd}lydol vdvylp dqdorjqr1 Qhnd/ gdnoh/ ixqnflmd +{> |, :$ i+{> |,
xgryromdyd xymhwlpd Whruhpd 815151 Wdgd }d ixqnflmlq suludvw x wr
fnl +{> |,/
+{> |, @ +{f> |f, . +g{> g|,/ n+g{> g|,n ? �/ grelydpr +y1 Whruhp 7141<,=

�i+{, @ +i+{f.g{> |f.g|,�i+{f> |f.g|,,.+i+{f> |f.g|,�i+{f> |f,,
@ YsE%fni�_%c+fn_+�

Y%
g{. YsE%fc+fni2_+�

Y+
g|/ &�c2 5 k3> 4l1

Odjudqjhry whruhp vpr sulplmhqlol qd ixqnflmx { :$ j�+{, @ i+{> |f . g|,/
{ 5 ^{f> {f.g{` ndg mh g{ A 3 lol { 5 ^{f.g{> {f` ndg mh g{ ? 3/ l qd ixqnflmx
| :$ j2+|, @ i+{f> |,/ | 5 ^|f> |f . g|` ndg mh g| A 3 lol | 5 ^|f . g|> |f` ndg
mh g| ? 31 Volmhgl/

�i+{,� +YsE%fc+f�
Y%

g{. YsE%fc+f�
Y+

g|, @

@ +YsE%fni�_%c+fn_+�
Y%

� YsE%fc+f�
Y%

,g{. +YsE%fc+fni2_+�
Y+

� YsE%fc+f�
Y+

,g|1

Exgx�fl gd vx ixqnflmh Ys
Y%

l Ys
Y+

qhsuhnlgqh x wr
fnl +{f> |f,/ wr mh

olp
E_%c_+�<Efcf�

YsE%fni�_%c+fn_+�
Y%

@ YsE%fc+f�
Y%

l olp
_+<f

YsE%fc+fni2_+�
Y+

@ YsE%fc+f�
Y+

1

Qdsrnrq/

olp
E_%c_+�<Efcf�

m oE_%c_+���E_%c_+��� m @ olp
E_%c_+�<Efcf�

m{sE%�3E YsE%fc+f�
Y%

_%n
YsE%fc+f�

Y+
_+�s

E_%�2nE_+�2
m �
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olp
E_%c_+�<Efcf�

+mYsE%fni�_%c+fn_+�
Y%

� YsE%fc+f�
Y%

m �_%�s
E_%�2nE_+�2

,.

olp
E_%c_+�<Efcf�

+mYsE%fc+fni2_+�
Y+

� YsE%fc+f�
Y+

m �_+�s
E_%�2nE_+�2

, �
mYsE%fni�_%c+fn_+�

Y%
� YsE%fc+f�

Y%
m. olp

E_%c_+�<Efcf�
mYsE%fc+fni2_+�

Y+
� YsE%fc+f�

Y+
m @ 3/

sd mh l olp
E_%c_+�<Efcf�

oE_%c_+�
��E_%c_+��� @ 31 Wlph mh whruhp grnd}dq1

Vmhwlpr vh gd mh/ }d ixqnflmh l} U x U/ jhrphwulmvnr }qd
fhqmh glihuhqfl0
mdoryh yulmhgqrvwl elr sulsdvw gr sulsdgqh wdqjhqwh1 Vol
fqr mh/ }d ixqnflmh
gylmx ydulmdeod/ glihuhqflmdoryd yulmhgqrvw suludvw gr sulsdgqh wdqjhqflmdoqh
udyqlqh1 Srmdvqlw �fhpr wr sreol
}h1 Qhnd mh ixqnflmd i = [ $ U/ [ � U

2/
ghulydeloqd qd �0nxjol N++{f> |f,> �, � [ l qhsuhnlgqr ghulydeloqd x wr
fnl
+{f> |f,1 Sr Whruhpx 81515/ ixqnflmd i mh glihuhqflmdeloqd x +{f> |f,/ gdnoh/

gi+{> |, @ YsE%fc+f�
Y%

g{. YsE%fc+f�
Y+

g| l olp
4<f

{sE%c+�3_sE%fc+f�
4

@ 3>

sul 
fhpx mh +{> |, @ +{f . g{> |f . g|, 5 N++{f> |f,> �, l � @ n+g{> g|,n1
R}qd
flpr ol }f @ i+{f> |f, l } @ i+{> |,/ xyuµwhqmhp } � }f @ �i+{> |,
grelydpr mhgqdg
}ex w}y1 wdqjhqflmdoqh udyqlqh surpdwudqh ixqnflmh i x
wr
fnl +{f> |f, +rgqrvqr/ qmh}lqrjd judid Js x wr
fnl +{f> |f> }f,,=

� � � � } � }f @
YsE%fc+f�

Y%
+{� {f, .

YsE%fc+f�
Y+

+| � |f,= +6,

Qdlph/ qd grvwdwqr pdorm rnrolql rg +{f> |f, judi Js l udyqlqd � lpdmx vdpr

+{f> |f> }f, ndr }dmhgql
fnx wr
fnx l sulwrp mh olp
4<f

sE%c+�35
4

@ 31 Vwrjd � orndoqr

greur dsurnvlplud Js / wm1

i+{> |, @ i+{f> |f,.�i+{> |, � i+{f> |f,.gi+{> |, @ }f.+}�}f, @ }


flp mh +{> |, grvwdwqr eol}x +{f> |f, +y1 fuwh
},

∆] G]

Ζ

;

<

W[

W\

V�

V�

Q

Q τ

0

0

Γ2

Γ1

Vydnl sudydf x wdqjhqflmdoqrm udyqlql � / nrml surod}l wr
fnrp +{f> |f> }f,/ qd}l0
ydpr wdqjhqwrp sorkh Js 1 Sulpmhulfh/ sudydf

w%f � � �
%3%f
� @ +3+f

f @ 535f
YsE%fc+f�

Y%

mh wdqjhqwd }d Js xvsruhgqd v nrruglqdwqrp ][0udyqlqrp/ grn mh sudydf

w+f � � �
%3%f
f @ +3+f

� @ 535f
YsE%fc+f�

Y+

wdqjhqwd }d Js xvsruhgqd v nrruglqdwqrp \ ]0udyqlqrp1 Exgx�fl gd red
surod}h wr
fnrp +{f> |f> }f,/ wr mh }d srwyu¡lydqmh qmlkryh sulsdgqrvwl udyqlql
� grvwdwqr srnd}dwl gd mh v� � q @ 3 l v2 � q @ 3/ jgmh vx v� l v2 uh0
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grp qmlkryl vpmhuryql yhnwrul/ d q mh qrupdoql yhnwru wdqjhqflmdoqh udyql
qh � 1 Qr/ wr r
flwr volmhgl l} v� @ ^4 3 YsE%fc+f�

Y%
`> v2 @ ^3 4 YsE%fc+f�

Y+
`> q @

^�YsE%fc+f�
Y%

�YsE%fc+f�
Y+

4`=

Sulplmhwlpr gd vx sudyfl w%f l w+f xmhgqr wdqjhqwh/ uhgrp/ qd nulyxomh

�� � � �

�
} @ i+{> |,
| @ |f

Js

W
i+{> |f> }, m {> } 5 Uj l

�2 � � �

�
} @ i+{> |,
{ @ {f

Js

W
i+{f> |> }, m |> } 5 Uj/

d sduflmdoqh ghulydflmh YsE%fc+f�
Y%

l YsE%fc+f�
Y+

vx/ uhgrp/ wdqjhqvl sulnorqlk nx0
wryd � l � wlk wdqjhqdwd supd [0rvl l \ 0rvl

Sulgrgdmpr mrµ l �uhfhsw� r glihuhqflmdoryrm sulplmhql x suleol
}qrp ud
fxqx
+xvs1 ¢71416,1 Qhnd mh ixqnflmd i = [ $ U/ [ � U

6/ glihuhqflmdeloqd x
wr
fnl {f @ +{�f> � � � > {

6
f ,1 Qhnd mh wr
fnd { @ +{�> � � � > {6, 5 [ uhodwlyqr

eol}x wr
fnh {f/ wm1 { � {f @ g{ l ng{n � � @
s
+g{�,2 . � � �. +g{6,2

uhodwlyqr pdohq1 Exgx�fl gd mh olp
4<f

{sE%�3_sE%�
4

@ 3/ wr sudnwl
fqr }qd
fl

gd mh �i+{, � gi+{, 
flp mh � grvwdwqr pdohq1 Suhpd wrpx/ yulmhgqrvw
i+{, @ i+{f.g{, @ i+{f,.�i+{, mh wdgd suleol
}qr mhgqdnd i+{f,.gi+{,1

Sulpmhu 81518 Nydgux vx l}pmhuhql eulgryl d/ e/ f +gr qd pmhuqh srju0
mhµnh,= d @ 6	 3> 37 +p,/ e @ 5	 3> 35 +p, l f @ 5> 8	 3> 36 +p,1 Nrolnl mh/
suleol
}qr/ rexmdp wrjd nydgud l nrolnh vx srjumhµnh +dsvroxwqd/ uhodwlyqd l
srvwrwqd, sul dsurnvlpludqmx glihuhqflmdorpB

Wud
}hql rexmdp vh ud
fxqd sr irupxol Y @ def +vndoduqd ixqnflmd wulmx ydu0
lmdeod,1 X}phpr ol df @ 6 +p,/ ef @ 5 +p, l ff @ 5> 8 +p, grelydpr
Yf @ 48 +p6,= Sulwrp vpr srjulmhµlol }d/ qdmylµh/ �Y @ Y� � Yf/ sul 
fhpx
mh Y� @ d�e�f�/ d� @ 6 . 3> 37 @ 6> 37 +p,/ e� @ 5> 35 +p,/ f� @ 5> 86 +p,1
Gdnoh/ qdmyh�fd dsvroxwqd srjumhµnd mhvw �Y @ 48> 869557 � 48 � 3> 869
+p6,/ rgqrvqr/ Y @ Yf 	�Y � 48	 3> 869 +p6,1 Dnr elvpr suludvw �Y x
surpdwudqrm wr
fnl dsurnvlpludol glihuhqflmdorp

gY +d> e> f, @ YT E@fcKfcSf�
Y@

gd. YT E@fcKfcSf�
YK

ge. YT E@fcKfcSf�
YS

gf @

efffgd.dfffge.dfefgf @ 5 �5> 8 �3> 37.6 �5> 8 �3> 35.6 �5 �3> 36 @ 3> 863/

grelol elvpr Y � Yf.gY @ 48	3> 863 +p6,1 Dsvroxwqd srjumhµnd x ryrpx
ud
fxqx l}qrvl 3> 863 +p6,/ uhodwlyqd 0 fcD�f

�D @ 3> 368b6/ d srvwrwqd 0 6> 8b6(1

Vomhgh�fl whruhp/ nrml qh �fhpr grnd}lydwl/ jryrul r ghihuhqflmdeloqrvwl
ixqnflmvnh nrpsr}lflmh x vox
fdmx vndoduqlk ixqnflmd1

Whruhp 81516 Qhnd vx ixqnflmh !� = [ $ U/ [ � U
6/ m @ 4> � � � > q/

glihuhqflmdeloqh x wr
fnl {f/ d ixqnflmd i = \ $ U/ !�^[`�� � ��!?^[` � \ �
U
?/ glihuhqflmdeloqd x wr
fnl |f @ +!�+{f,> � � � > !?+{f,,1 Wdgd mh nrpsr}lflmd

I � i�+!�> � � � > !?, = [ $ U glihuhqflmdeloqd x wr
fnl {f/ d qmh}lqh sduflmdoqh
ghulydflmh vh grelydmx sr irupxol
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CI +{f,

C{�
@

?S
�'�

Ci+|f,

C|�
�
C!�+{f,

C{�
> l @ 4> � � � >p> +7,

sul 
fhpx mh |� � !�+{,/ m @ 4> � � � > q=

Volmhgl gd glihuhqflmdo rg I x wr
fnl {f sulplmhqmhq qd g{ @ {� {f grsxµwd

}dslv gI +{, @
6S
�'�

+
?S

�'�

YsE+f�
Y+�

�
Y��E%f�

Y%�
,g{� @

?S
�'�

YsE+f�
Y+�

+
6S
�'�

Y��E%f�

Y%�
g{�,/ gdnoh/

g+i+!�> � � � > !?,,+{, @
?S

�'�

Ci+|f,

C|�
g!�+{, � gi+|,= +8,

Sulpmhu 81519 Surpdwudmpr glihuhqflmdeloqh ixqnflmh !� � ! = [ $ U l
!2 � # = [ $ U/ [ � U

�/ l glihuhqflmdeloqx ixqnflmx i = \ $ U/ !+[, �
#+[, � \ � U

21 Wdgd mh greur gh�qludqd nrpsr}lflmd I � i � +!>#, =
[ $ U/ I +{�> {2> {�, @ i+!+{�> {2> {�,> #+{�> {2> {�,,1 Sr Whruhpx 81516/
ixqnflmd I mh glihuhqflmdeloqd1 Rguhglpr hnvsolflwqr vyh qmh}lqh sduflmdoqh
ghulydflmh1

R}qd
flpr/ mhgqrvwdyqrvwl udgl/ {� @ {/ {2 @ |/ {� @ }/ wh |� � !+{> |> }, @
x l |2 � #+{> |> }, @ y1 Wdgd sr irupxol +7, grelydpr=

Y8
Y%

@ Ys
Y�

� Y�
Y%

. Ys
Y�
� Y�
Y%
> Y8

Y+
@ Ys

Y�
� Y�
Y+

. Ys
Y�
� Y�
Y+
>

Y8
Y5

@ Ys
Y�

� Y�
Y5

. Ys
Y�
� Y�
Y5
=

Sulpmhu 8151: Qhnd ghulydeloqd ixqnflmd i = [ $ U/ [ � U
2/ grsxµwd

}dslv i+{> |, @ !+{|,/ sul 
fhpx mh ! = U $ U qhnd ghulydeloqd ixqnflmd1
Srnd
}lpr gd wdgd ixqnflmd j = [ $ U> j+{> |, @ { . i+{> |,>xgryromdyd

mhgqdnrvwl { � Y}E%c+�
Y%

� | � Y}E%c+�
Y+

@ {> +{> |, 5 [=

Sduflmdoqh ghulydflmh rg j sr { l sr | �fhpr l}ud}lwl srpr�fx ghulydflmh rg
! l sduflmdoqlk ghulydflmd qmh}lqd dujxphqwd x � {|=

Y}E%c+�
Y%

@ 4 . YsE%c+�
Y%

@ 4 . !�+x, � YE%+�
Y%

@ 4 . |!�+x,/
Y}E%c+�
Y+

@ YsE%c+�
Y+

@ !�+x, � YE%+�
Y+

@ {!�+x,1

Vdgd xyuµwhqmhp x olmhyx vwudqx srvwdyomhqh mhgqdnrvwl grelydpr

{+4 . |!�+x,,� |{!�+x, @ {. {|!�+x,� |{!�+x, @ {/

µwr vpr l wuyglol1

5%-%1 �������/� ����$���� $���8 ���#$�

Sduflmdoqx ghulydflmx guxjrjd uhgd ixqnflmh i = [ $ U/[ � U6/ gh�qludpr/
qdmmhgqrvwdyqlmh jryruh�fl/ ndr sduflmdoqx ghulydflmx sduflmdoqh ghulydflmh/
rgqrvqr/ udeh�fl umh
fqln }d ixqnflmh mhgqh ydulmdeoh/ ndr ghulydflmx +qhnh,
suyh ghulydflmh1 Dnr mh/ gdnoh/ ixqnflmd 0 sduflmdoqd ghulydflmd Ys

Y%�
= D� $ U/

D� � [/ l 5 i4> � � � >pj/ ghulydeloqd sr ydulmdeol {�/ m 5 i4> � � � >pj/ x wr
fnl
{f/ rqgd eurm

C+ Ys
Y%�

,+{f,

C{�
�

C2i+{f,

C{�C{�
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qd}lydpr sduflmdoqrp ghulydflmrp guxjrjd uhgd ixqnflmh i sr ydul0

mdeodpd {� l {� +uhgrp, x wr
fnl {f1 X vox
fdmx m @ l vh slµh
C2i+{f,

C{�C{�
�

C2i+{f,

+C{�,2
=

Dnr surpdwudqd ixqnflmd i lpd vyh sduflmdoqh ghulydflmh guxjrjd uhgd x

wr
fnl {f/
Y2sE%f�
Y%�Y%�

/ l> m @ 4> � � � >p/ rqgd nd
}hpr gd mh i gydsxw ghulydeloqd

x wr
fnl {f1 Qhnd mh D�� � [ vnxs vylk wr
fdnd x nrmlpd ixqnflmd i lpd
sduflmdoqx ghulydflmx guxjrjd uhgd sr ydulmdeodpd {� l {� uhgrp1 Wdgd mh
greur gh�qludqd ixqnflmd 0 guxjd sduflmdoqd ghulydflmd +sr {� l {� uhgrp,
rg i

C2i

C{�C{�
= D�� $ U> +

C2i

C{�C{�
,+{, @

C2i+{,

C{�C{�
=

Dnr mh vnxs D �
6W

�c�'�
D�� qhsud}dq/ rqgd vx qd qmhpx greur gh�qludqd vyh

guxjh sduflmdoqh ghulydflmh rg i 1 Sulwrp nd
}hpr gd mh vndoduqd ixqnflmd i

gydsxw ghulydeloqd qd vnxsx D � [1 X vox
fdmx D @ [ jryrulpr r
gydsxw ghulydeloqrm ixqnflml i 1 Srvyh vol
fqr +lqgxnwlyqr, vh gh�qludmx l
qd mdvdq qd
flq r}qd
fxmx sduflmdoqh ghulydflmh q0wrj uhgd/ q 5 Q/ q � 61

Sulpmhu 8151; Rguhglpr vyh sduflmdoqh ghulydflmh guxjrjd uhgd l wuh�fh sdu0
flmdoqh ghulydflmh sr {/ | l { uhgrp wh sr {/ {/ l | uhgrp +rqgmh jgmh srvwrmh,
}d ixqnflmx i = [ $ U> [ � U2> i+{> |, @ {2|.{ oq |= Gh�qlflmvnr srgux
fmh
[ mh rwyruhqd sroxudyqlqd i+{> |, 5 U2 m | A 3j l ixqnflmd i mh ghulydeloqd1

Sulwrp mh/ x elor nrmrm wr
fnl +{> |, 5 [/ YsE%c+�
Y%

@ 5{|.oq |/ YsE%c+�
Y+

@ {2. %
+
1

Sulplmhwlpr gd vx l remh sduflmdoqh ghulydflmh ghulydeloqh ixqnflmh/ wm1 gd

mh ixqnflmd i gydsxw ghulydeloqd/ l gd mh Y2sE%c+�
EY%�2

@ 5|/ Y2sE%c+�
Y+Y%

@ 5{ . �
+
/

Y2sE%c+�
Y%Y+

@ 5{ . �
+
/ Y2sE%c+�

EY+�2
@ 3%

+2
= Qdsrnrq/ ud}ylgqr mh gd mh i l wulsxw

+}dsudyr/ sr yroml pqrjr sxwd, ghulydeloqd l gd mh Y�sE%c+�
Y%Y+Y%

@ 5 @ Y�sE%c+�
Y+EY%�2

1

Mhgqdnrvwl sduflmdoqlk ghulydflmd Y2s
Y+Y%

@ Y2s
Y%Y+

l Y�s
Y%Y+Y%

@ Y�s
Y+EY%�2

x sulp0

mhux jruh qlvx vox
fdmqh1 R wrpx jryrul rydm/ w}y1 Vfkzdu}ry whruhp=

Whruhp 81517 Qhnd mh ixqnflmd i = [ $ U/ [ � U
2/ ghulydeloqd qd qhnrm

�0nxjol N++{f> |f,> �, � [ l qhnd i lpd qd wrm nxjol l sduflmdoqx ghulydflmx

guxjrjd uhgd sr { l | uhgrp/ Y2s
Y+Y%

1 Dnr mh ixqnflmd

C2i

C|C{

����
gEE%fc+f�("�

= N++{f> |f,> �,$ U

qhsuhnlgqd x wr
fnl +{f> |f,/ rqgd srvwrml sduflmdoqd ghulydflmd guxjrjd uhgd
ixqnflmh i sr | l { uhgrp x wr
fnl +{f> |f, l sulwrp mh

C2i+{f> |f,

C{C|
@

C2i+{f> |f,

C|C{
=

Grnd}1 ]d vydnx wr
fnx +{> |, 5 N++{f> |f,> �, q i+{f> |f,j r}qd
flpr
g{ @ {� {f l g| @ | � |f1 Wdgd mh greur gh�qludqd ixqnflmd
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j = N++3> 3,> �, q i+3> 3,j $ U/

j+g{> g|, @ �
_%u_+

+i+{f . g{> |f . g|,� i+{f . g{> |f,�

�i+{f> |f . g|, . i+{f> |f,,1

Exgx�fl gd mh ixqnflmd i ghulydeloqd qd N++{f> |f,> �,/ wr srvwrmh judql
fqh
yulmhgqrvwl

olp
_%<f

j+g{> g|, @

�
_+
+ olp
_%<f

sE%fn_%c+fn_+�3sE%fc+fn_+�
_%

� olp
_%<f

sE%fn_%c+f�3sE%fc+f�
_%

, @

�
_+
+YsE%fc+fn_+�

Y%
� YsE%fc+f�

Y%
,

l/ vol
fqr/

olp
_+<f

j+g{> g|, @ � � � @ �
_%
+YsE%fn_%c+f�

Y+
� YsE%fc+f�

Y+
,1

Gh�qludmpr/ }d vydnl g|/ ixqnflmx !_+ � ! = ^{f> {f . g{` $ U/ g{ A 3/
sudylorp

!+{, @ sE%c+fn_+�3sE%c+f�
_+

+Ndg mh g{ ? 3 ixqnflmd ! vh gh�qlud qd vhjphqwx ^{f.g{> {f`$, Sulplmhwlpr
gd mh

j+g{> g|, @ �E%fn_%�3�E%f�
_%

1

Exgx�fl gd srvwrml Ys
Y%

qd N++{f> |f,> �,/ wr mh ! ghulydeloqd ixqnflmd/ sd sr
whruhpx r vuhgqmrm yulmhgqrvwl grelydpr=

j+g{> g|, @ ��E%fni�_%�_%
_%

@
�
_+
+YsE%fni�_%c+fn_+�

Y%
� YsE%fni�_%c+f�

Y%
,/ &� 5 k3> 4l1

Gh�qludmpr/ }d vydnl g{/ ixqnflmx #_% � # = ^|f> |f . g|` $ U/ g| A 3/
sudylorp

#+|, @ YsE%fni�_%c+�
Y%

/ sd mh j+g{> g|, @ �E+fn_+�3�E+f�
_+

1

+Ndg mh g| ? 3 ixqnflmd # vh gh�qlud qd vhjphqwx ^|f . g|> |f`$, Exgx�fl gd

qd N++{f> |f,> �, srvwrml
Y2s
Y+Y%

/ wr mh # ghulydeloqd ixqnflmd l sulwrp mh

#�+|, @ Y2sE%fni�_%c+�
Y+Y%

/ | 5 ^|f> |f . g|`1

Sr whruhpx r vuhgqmrm yulmhgqrvwl volmhgl

j+g{> g|, @ ��E+fni2_+�_+
_+

@ Y2sE%fni�_%c+fni2_+�
Y+Y%

/ &2 5 k3> 4l1

Qhsuhnlgqrvw ixqnflmh Y2s
Y+Y%

mgEE%fc+f�("� x wr
fnl +{f> |f, sryod
fl

olp
Efcf�

j @ Y2sE%fc+f�
Y+Y%

1

Suhpd wrpx/ grnd}dol vpr gd srvwrmh ryh judql
fqh yulmhgqrvwl=

olp
_%<f

j+g{> g|,/ ;g|/ olp
_+<f

j+g{> g|,> ;g{/ l olp
Efcf�

j=

Sr Whruhpx 81416 srvwrmh wdgd l sulsdgqh x}dvwrsqh judql
fqh yulmhgqrvwl/
nrmx vx ph¡xvreqr mhgqdnh l mhgqdnh judql
fqrm yulmhgqrvwl ixqnflmh j x wr
fnl
+3> 3,/ wm1

olp
_+<f

+ olp
_%<f

j+g{> g|,, @ olp
_%<f

+ olp
_+<f

j+g{> g|,, @ olp
Efcf�

j=

Exgx�fl gd mh

olp
_+<f

+ olp
_%<f

j+g{> g|,, @ olp
_+<f

YsE%fc+fn_+�
Y%

3
YsE%fc+f�

Y%

_+
@ Y2sE%fc+f�

Y+Y%
l
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olp
_%<f

+ olp
_+<f

j+g{> g|,, @ olp
_%<f

YsE%fn_%c+f�
Y+

3
YsE%fc+f�

Y+

_%
@ Y2sE%fc+f�

Y%Y+
/

wr vpr whruhp grnd}dol x srwsxqrvwl1

Sulpmhu 8151< Surpdwudmpr ixqnflmx i = U2 $ U }dgdqx surslvrp

i+{> |, @

+
{| � %

2
3+2

%2n+2 / +{> |, 9@ +3> 3,

3/ +{> |, @ +3> 3,
1

Ud}ylgqr mh gd mh i ghulydeloqd qd U2 q i+3> 3,j l sulwrp mh
YsE%c+�
Y%

@ |+%
2
3+2

%2n+2
. e%2+2

E%2n+2�2
,/ YsE%c+�

Y+
@ {+%

2
3+2

%2n+2
� e%2+2

E%2n+2�2
,1

Qdgdomh/ remh ryh sduflmdoqh ghulydflmh vx ghulydeloqh ixqnflmh
+qd U2 q i+3> 3,j, l

Y2sE%c+�
Y+Y%

@ %23+2

%2n+2 +4 .
H%2+2

E%2n+2�2 , @
Y2sE%c+�
Y%Y+

1

Srjohgdmpr vdgd µwr mh v ghulydelqrµ�fx x wr
fnl +3> 3,$ Exgx�fl gd mh i+{> 3, @
3 }d vydnl { 5 U l i+3> |, @ 3 }d vydnl | 5 U/ wr mh i ghulydeloqd l x +3> 3, l
YsEfcf�
Y%

@ 3 @ YsEfcf�
Y+

1

Sulplmhwlpr gd mh YsE%cf�
Y%

@ 3/ YsE%cf�
Y+

@ {/ YsEfc+�
Y%

@ �| l YsEfc+�
Y+

@ 3/ sd }d
guxjh sduflmdoqh ghulydflmh rg i x +3> 3, grelydpr=

Y2sEfcf�
EY%�2

@ olp
_%<f

YsEfn_%cf�
Y%

3
YsEfcf�

Y%

_%
@ olp

_%<f

f3f
_%

@ 3/

Y2sEfcf�
Y+Y%

@ olp
_+<f

YsEfcfn_+�
Y%

3
YsEfcf�

Y%

_+
@ olp

_+<f

3_+3f
_+

@ �4/

Y2sEfcf�
Y%Y+

@ olp
_%<f

YsEfn_%cf�
Y+

3
YsEfcf�

Y+

_%
@ olp

_%<f

_%3f
_%

@ 4 l

Y2sEfcf�
EY+�2

@ olp
_+<f

YsEfcfn_+�
Y+

3
YsEfcf�

Y+

_+
@ olp

_+<f

f3f
_+

@ 31

Gdnoh/ ixqnflmd i mh gydsxw ghulydeloqd1 Ph¡xwlp/ �pmhµrylwh� guxjh sdu0

flmdoqh ghulydflmh Y2sEfcf�
Y+Y%

l Y2sEfcf�
Y%Y+

vx ph¡xvreqr ud}ol
flwh$ X}urn/ gdndnr/

oh
}l x suhnlgqrvwl ixqnflmh Y2s
Y+Y%

x wr
fnl +3> 3,1

Vfkzdu}ry whruhp vh odnr srrs�fxmh qd vndoduqh ixqnflmh rg wul l ylµh
ydulmdeod/ ndr l qd sduflmdoqh ghulydflmh ylµlk uhgryd1 Rgjrydudmx�fl whruhp
mhvw rydm=

Whruhp 81518 Qhnd vx ixqnflml i = [ $ U/ [ � U
6/ qd qhnrm �0nxjol

N+{f> �, � [ qhsuhnlgqh vyh sduflmdoqh ghulydflmh gr xnomx
flyr u0wrj uhgd1
Dnr qd wrm �0nxjol i lpd l vyh sduflmdoqh ghulydflmh +u.4,0yrj uhgd l dnr vx
vyh rqh qhsuhnlgqh x wr
fnl {f/ rqgd yulmhgqrvwl sduflmdoqlk ghulydflmd +u.4,0
yrj uhgd ixqnflmh i x wr
fnl {f qh rylvh r uhgrvomhgx ghulyludqmd sr srmhglqlp
ydulmdeodpd1

Vdgd �fhpr/ srwsxqrvwl udgl/ ud}prwulwl sulurgqr slwdqmh r glihuhqflmdolpd
ylµlk uhgryd vndoduqh ixqnflmh1 Vol
fqr vox
fdmx ixqnflmh mhgqh ydulmdeoh +y1
¢71416,/ gh�qlflmd el wuhedod elwl lqgxnwlyqd/ wm1 +u . 4,0yl glihuhqflmdo el
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wuhedr elwl glihuhqflmdo u0wrj glihuhqflmdod> u 5 Q1 Vmhwlpr vh gd mh glihuhqflmdo
ixqnflmh i = [ $ U/ [ � U6/ x wr
fnl {f olqhduql ixqflrqdo

gi+{f, = U6 $ U/ gi+{f, @ ^ YsE%f�
Y%�

� � � YsE%f�
Y%6

` @
6S
�'�

YsE%f�
Y%�

g� 5

Krp+U6>U,/

gi+{f,+g{, � gi+{, @
6S
�'�

YsE%f�
Y%�

g{� 5 U1

Dnr mh ixqnflmd i glihuhqflmdeloqd rqgd mh greur gh�qludqd ixqnflmd +glih0
uhqflmdo rg i,

gi = [ $ Krp+U6>U,> { :$ gi+{,>
nrmd vydnrm wr
fnl { 5 [ sulgmhomxmh glihuhqflmdo rg i x wrm wr
fnl1 Exgx�fl
gd mh yhnwruvnl survwru Krp+U6>U, l}rpruidq survwrux U6> wr vh qd gi

vplmh johgdwl ndr qd ixqnflmx l} [ x U61 X wrpx vplvox/ glihuhqflmdo gi ylµh
qlmh vndouqd ixqnflmd1 Qmh}lqd nrgrphqd mh U6/ p � 5/ sd vh udgl r yhn0
wruvnrm ixqnflml +y1 vomhgh�fh srjodyomh/ ¢914,1 Rygmh �fhpr vwrjd qdyhvwl vdpr
jrox gh�qlflmx ylµlk glihuhqflmdod vndoduqh ixqnflmh/ d }d eromh ud}xplmhydqmh
xsx�fxmhpr qd ¢914151

Gh�qlflmd 81515 Qhnd mh ixqnflmd i = [ $ U/ [ � U
6/ glihuhqflmdeloqd

ixqnflmd Dnr mh glihuhqflmdo
gi = [ $ Krp+U6>U, �@ U

6> { :$ gi+{, @ ^ YsE%�
Y%�

� � � YsE%�
Y%6

`>
glihuhqflmdeloqd ixqnflmd x wr
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:1 Qhnd vx !># = U $ U q sxwd qhsuhnlgqr ghulydeloqh ixqnflmh1 Rguhglwl
q0wl glihuhqflmdo ixqnflmh i = U2 $ U/ i+{> |, @ !+{,#+|,/ x elor nrmrm wr
fnl1

;1 Mh ol glihuhqflmdoqd irupd

+d, {g{. |g|> +e, |g{. {g|>

+f, |g{� {g|> +g, vlq{ � g{. frv{ � g|
hj}dnwqd +qd qhnrp rwyruhqrp }ymh}gdvwrp vnxsx,B

<1 Ud}ylwl ixqnflmx +{> |, :$ i+{> |, @
s

4� {2 � |2 sr Pdfodxulqryrm
irupxol gr xnomx
flyr q @ 51

431 Ud}ylwl ixqnflmx +{> |, :$ i+{> |, @ oq �3%3+n%+
�3%3+ x Pdfodxulqry uhg1

441 Rguhglwl orndoqh hnvwuhph rylk ixqnflmd=

+d, +{> |, :$ i+{> |, @ �%n2+n@s
%2n+2n�

/ d 5 U nrqvwdqwd>
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s
h+>
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+
. 2

5
1

451 Rguhglwl vyh ixqnflmh +{> |, :$ i+{> |, @ } lpsolflwqr }dgdqh mhgqdg
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+d, {2 . |2 . }2 � 4 @ 3> +e, {2 . |2 � }2 � 5{� 5| . 5} . 4 @ 3/

wh qdulvdwl sulsdgqh judiryh1

461 L}ud
fxqdwl ghulydflmx x elor nrmrm wr
fnl +x nrmrm srvwrml, ixqnflmh { :$
i+{, @ | lpsolflwqr }dgdqh mhgqdg
}erp

+d, {+ � |% @ 3> +e, vlq{| � h%+ � {2| @ 31

471 L}ud
fxqdwl sduflmdoqh ghulydflmh x elor nrmrm wr
fnl +x nrmrm srvwrmh,
ixqnflmh +{> |, :$ i+{> |, @ } lpsolflwqr }dgdqh mhgqdg
}erp d{. e| � 5} @
f frv+d{. e| � 5},> sul 
fhpx vx d> e> f 5 U gdqh nrqvwdqwh1

481 Dnr mh mhgqdg
}erp j+{ . | . }> {2 . |2 . }2, @ 3 lpsolflwqr }dgdqd
ghulydeloqd ixqnflmd +{> |, :$ i+{> |, @ }/ srnd}dwl gd yulmhgl

+| � i+{> |,,YsE%c+�
Y%

. +i+{> |,� {,YsE%c+�
Y+

@ {� |1

5%1 �
��!����
(� ���)��
�;
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Rygmh �fhpr srrs�flwl srmdp rguh¡hqrjd lqwhjudod +y1 ¢716, qd uhdoqh ixqnflmh
ylµh ydulmdeod1 Qdgdomh/ srnd}dw �fhpr gd vh qmhjryr l}ud
fxqdydqmh vyrgl
qd l}ud
fxqdydqmh nrqd
fqr pqrjr rguh¡hqlk lqwhjudod uhdoqlk ixqnflmd mhgqh
ydulmdeoh1 Yd
}ql whruhp r }dpmhql ydulmdeod �fhpr vdpr qdyhvwl l nrphqwludwl1
Qdsrnrq/ srnd}dw �fhpr l qhnrolnr sulpmhqd ryrjd lqwhjudod1

5%1%� ����+6�,�� �/6�����

Qhnd mh G� @ iG� m G� @ i{�f> {��> � � � > {�&�j/ n� 5 Qj/ d� @ {�f ? {�� ? � � � ?
{�&� @ e�/ vnxs vylk udvwdyd gdqrj vhjphqwd ^d�> e�` � U/ l @ 4> � � � >p +y1

¢71614,1 Gluhnwql surgxnw G @ G� � � � � � G6/ G� 5 G�/ l @ 4> � � � >p/
qd}lydpr udvwdyrp +lol ud}glrerp, gdqrjd nydgud N � ^d�> e�`� � � � �
^d6> e6` � U

61 Qhnd G � G+N, r}qd
fxmh vnxs vylk wdnylk udvwdyd G
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fnd l} +vydnrjd, srgnydgud
^{���3�> {

�
��
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6
�6

` � N/ m� @ 4> � � � > n�/ l @ 4> � � � >p/ d � mh
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rph¡hqx ixqnflmx i = ^d> e`� ^f> g` $ U l gdql udvwdy G @ G� �G2/ G� @
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RS

�'�

oS
&'�
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=

Gh�qlflmd 81614 Qhnd mh i = ^d�> e�` � � � � � ^d6> e6` � N $ U rph¡hqd

ixqnflmd1 Uh�fl �fhpr gd mh ixqnflmd i lqwhjudeloqd +x Ulhpdqqryx vplvox,
dnr srvwrml eurm M 5 U v rylp vyrmvwyrp=
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Eurm M � M+i, wdgd qd}lydpr +rguh¡hqlp, lqwhjudorp ixqnflmh i 1

Ylglpr gd vh/ gr qd dqdorjqr }qd
fhqmh sulsdgqlk r}qdnd/ ryd gh�qlflmd
srgxgdud v Gh�qlflmrp 71614,1 Qdgdomh/ x vyh}l v lqwhjudeloqrµ�fx ixqnflmd
ylµh ydulmdeod/ yulmhgh dqdorjrql yd
}qlk whruhpd }d ixqnflmh mhgqh ydulmdeoh
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i lol M+i, � U ��� U
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M+i, � UU
g
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g
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ndr l grqml l jruqml +Ulhpdqqry, lqwhjudo/ MW+i, l MW+i,1 Sulwrp rvwdmx
ydomdqlpd dqdorjrql vylk 
flqmhqlfd µwr vx yulmhglol x vox
fdmx ixqnflmh mhgqh
ydulmdeoh1

]d rph¡hqx ixqnflmx i = [ $ U/ sul 
fhpx mh [ � U
6 rph¡hq/ sul0

sdgql lqwhjudo gh�qludpr srpr�fx qmh}lqrjd wulydlmdoqrj surµluhqmd �i qd
qhnl nydgdu N � [1 Odnr vh ylgl gd wdm lqwhjudo/ dnr srvwrml/ qh rylvl
r rgdeudqrp nydgux sd mh vomhgh�fd gh�qlflmd lvsudyqd1

Gh�qlflmd 81615 Qhnd mh i = [ $ U rph¡hqd ixqnflmd sul 
fhpx mh [ � U6

rph¡hq vnxs1 Qhnd mh N � U6 elor nrml nydgdu µwr vdgu
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wulylmdoqr surµluhqmh rg i / wm1
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i+{,/ { 5 [

3/ {5 N q[ =

Dnr mh ixqnflmd �i lqwhjudeloqd rqgd lqwhjudo +qd [,rg i gh�qludpr irupx0
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f
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U
g

�i=
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mhgh l}udyqr l} gh�qlflmh=U

f

+i . j, @
U
f

i .
U
f

i >U
f

+�i, @ �
U
f
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Rvlp wrjd/ dnr mh [ @ [�
V
[2 l [�

W
[2 @ > +lol U

f�Kf2

i @ 3, rqgd mhU
f

i @
U
f�

i .
U
f2

i=

5%1%- �����,/�$�/�� � .��0��/� $���+6�,�#� �/6������

Rygmh �fhpr vh sr}dedylwl sudnwl
fqlp l}ud
fxqdydqmhp ylµhvwuxnrj lqwhjudod
l qmhjryrp sulpmhqrp1 Surpdwudw �fhpr vdpr jhrphwulmvnl }ruqh vox
fdmhyh
p @ 5 lp @ 6/ dol �fh elwl mdvqr l ndnr wuhed srvwxsdwl x rs�fhp vox
fdmx1 Sulv0
mhwlpr vh +mhgqrvwuxnrj, lqwhjudod uhdoqh ixqnflmh mhgqh ydulmdeoh nrmhjd/ qdu0
dyqr/ qlvpr l}ud
fxqdydol sr gh�qlflml/ qhjr sulpmhqrp Qhzwrq0Ohleql}ryh
irupxoh/ wm1 sulpmhqrp qhrguh¡hqrj lqwhjudod1 Gd elvpr lvwx whkqlnx vp0
mhol sulplmhqlol l qd ylµhvwuxnl lqwhjudo/ qx
}qr mh sulmh grnd}dwl gd vh rydm
vyrgl qd nrqd
fqr mhgqrvwuxnlk lqwhjudod/ µwr mh w}y1 Ixelqlmhy whruhp1 Pl

�fhpr jd/ mhgqrvwdyqrvwl udgl/ lvnd}dwl l grnd}dwl x qdmmhgqrvwyqlmhpx vox
fdmx
qhsuhnlgqh ixqnflmh l p @ 5 +}d gyrvwuxnl lqwhjudo,1

Whruhp 81614 Qhnd mh i = N $ U qhsuhnlgqd ixqnflmd/ sul 
fhpx mh

N @ ^d> e`� ^f> g` � U2 sudyrnxwqln1 Wdgd yulmhgl=

+l, +;{ 5 ^d> e`, ixqnflmd | :$ i+{> |, mh U0lqwhjudeloqd qd ^f> g`>

+ll, ixqnflmd { :$ I +{, @
_U
S

i+{> |,g| mh U0lqwhjudeloqd qd ^d> e`>
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+lll,
U
g
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U

d@cKo

I / wm1
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g

i+{> |,g{g| @
KU
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+
_U
S

i+{> |,g|,g{1
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fqr/ l}pmhqd {' | gdmh
UU
g

i+{> |,g{g| @
_U
S

+
KU
@

i+{> |,g{,g|1

Grnd}1 Exgx�fl gd mh ixqnflmd i qhsuhnlgqd/ wr mh/ }d vydnl { 5 ^d> e`/
qhsuhnlgqd l ixqnflmd | :$ i+{> |,/ | 5 ^f> g`/ sd mh vwrjd l lqwhjudeloqd1
Volmhgl gd mh ixqnflmd

I = ^d> e`$ U/ I +{, @
_U
S

i+{> |,g|/

greur gh�qludqd1 Grnd
}lpr gd mh ixqnflmd I lqwhjudelodqd$ Surpdwudmpr
elor nrmx ud}glrex G 5 G+N,1 Sr gh�qlflml mh G @ G� �G2/ sul 
fhpx mh

G� � � � d @ {f ? {� ? � � � ? {& @ e ud}glred rg ^d> e` l

G2 � � � f @ |f ? |� ? � � � ? |, @ g ud}glred rg ^f> g`1

]d lqwhjudoqx vxpx v re}lurp qd G� grelydpr
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&S
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ghulydeloqrvw/ dol qh l reudwqr1

Qh xod}h�fl x grnd}lydqmh/ qdsrphqlpr gd }d glihuhqfludqmh yhnwruvnlk
ixqnflmd yulmhgh vyd sudylod µwr vpr lk elol l}yhol }d vndoduqh ixqnflmh/ gdndnr/


flp lpdmx vplvod1 Sulpmhulfh/
g+z . x,+{f, @ gz+{f, . gx+{f, +glihuhqfludqmh }eurmd,>
g+zmx,+{f, @ +x+{f,mgz+{f,, . +z+{f,mgx+{f,, +glihuhqfludqmh vndoduqrj

xpqrµnd,>
g+x � z,+{f, @ gx+z+{f,, � gx+{f, +glihuhqfludqmh nrpsr}lflmh,1

Rygmh vh qh �fhpr xsxµwdwl x ud}pdwudqmh r glihuhqflmdeloqrvwl l glihuhq0
flmdolpd ylµlk uhgryd yhnwruvnh ixqnflmh/ qhjr �fhpr vh mrµ pdor }dgu
}dwl qd
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qdmmhgqrvwdyqlmhp vox
fdmx yhnwruvnh ixqnflmh 0 rqrpx ndg mrm mh ydulmdeod
vndodu +eurm, { 5 [ � U/ wm1 vox
fdmx p @ 4 l q � 51 Srnd}dw �fh vh gd vh
rygmh qdvomh¡xmx vyh yd
}qh 
flqmhqlfh µwr vpr lk grnd}dol }d uhdoqh ixqnflmh
mhgqh ydulmdeoh +y1 ¢¢714 0 716,1 Sulpmhulfh/ glihuhqflmdeloqrvw +y1 Gh�qlflmx
91417, mh hnylydohqwqd ghulydeloqrvwl/ nrmx vh pr
}h �uhgh�qludwl� ndnr volmhgl=

Nrurodu 91414 Yhnwruvnd ixqnflmd z = [ $ U
?/ [ � U/ mh ghulydeloqd x

wr
fnl {f 5 [ rqgd l vdpr rqgd/ dnr yhnwruvnd ixqnflmd
2
z = [ q i{fj $ U

?>
2
z+{, @ �E%�3�E%f�

%3%f >

lpd judql
fqx yulmhgqrvw olp
%f

2
z x wr
fnl {f1

+Sulsdgql yhnwru r}qd
fxmhpr v z�+{f,/ wm1 olp
%f

z @ olp
%<%f

�E%�3�E%f�
%3%f � z�+{f,/

l qd}lydpr ghulydflmrp yhnwruvnh ixqnflmh z x wr
fnl {f1,

Grnd}1 Udeh�fl nrruglqdwql }dslv z @ +z�> � � � > z?,/ sul 
fhpx mh vdgd
vydnl z� = [ $ U/ [ � U/ ixqnflmd mhgqh ydulmdeoh/ r
flwr mh +y1 l Gh�qlflmx
91415, gd mh ixqnflmd z ghulydeloqd x wr
fnl {f rqgd l vdpr rqgd/ dnr vx
x {f ghulydeloqh vyh qmh}lqh nrruglqdwqh ixqnflmh z�> � � � > z?1 Sulwrp mh
z�+{f, @ +z��+{f,> � � � > z

�
?+{f,,1

+X vox
fdmx q @ 6 +l vol
fqr }d q @ 5, wr �fhpr }dslvlydwl l ndr

z�+{f, @ z��+{f,l.z�2+{f,m .z��+{f,n1,
Ud}ylgqr mh gd mh/ }d rydnyh yhnwruvnh ixqnflmh/ gz+{f,g{ � gz+{, @

z�+{f,g{1 Dnr mh yhnwruvnd ixqnflmd z = [ $ U
?/ [ � U/ ghulydeloqd x

vydnrm wr
fnl { 5 [/ rqgd mh greur gh�qludqd ixqnflmd +ghulydflmd rg z,
z� = [ $ U

?/ { :$ z�+{,1 Mdvqr mh l ndnr wuhed gh�qludwl ghulydflmh ylµlk

uhgryd l ylµh glihuhqflmdoh1 Qdlph +xvs1 ¢71416/ +84, l +85,,/

z�� ghi1
@ +z�,�> ===> zE?n�� ghi1

@ +zE?�,� wh
g2z+{f,g{ � g2z+{, @ z��+{,g{2> ===> goz+{f,g{ � goz+{, @ zEo�+{,g{o1

Sulpmhu 91416 Jledqmh pdwhulmdoqh wr
fnh rslvxmh mhgqdg
}ed
v+w, @ 5 frv wl. 5 vlq wm . 6wn/ w 5 ^3> �l +yulmhph,1

Qdfuwdmpr qmh}lqx sxwdqmx +�krgrjudi�, l rguhglpr mrm eu}lqx l xeu}dqmh
x vydnrp wuhqxwnx1 Srvhelfh/ l}ud
fxqdmpr mrm eu}lqx l xeu}dqmh +sulsdgqh
yhnwruh, ndg mh w @ 3 l w @ Z

2 1

Sxwdqmd wh pdwhulmdoqh wr
fnh mhvw ydom
fdqd x}yrmqlfd +flolqgul
fqd vsludod,
v+w, @ +5 frv w> 5 vlq w> 6w,/ w 5 w 5 ^3> �l/

µwr vh redylmdmx�fl ydomdn {2 . |2 @ 7 �shqmh eu}lqrp� } @ 6w +y1 fuwh
},1

Y���

Y�πB
�
�

V���

;
<

=

Exgx�fl gd mh eu}lqd ghulydflmd sxwd sr yuhphqx/ wr mh
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y+w, @ v�+w, @ �5 vlq wl. 5frv wm . 6n/ w 5 ^3> �l1
Qdgdomh/ ghulyludmx�fl eu}lqx grelydpr xeu}dqmh/ wm1

d+w, @ y�+w, @ �5 frv wl�5 vlq wm/ w 5 ^3> �l1
Qdsrnrq/ dnr mh w @ 3 rqgd mh y+3, @ 5m . 6n l d+3, @ �5l/ d dnr mh w @ Z

2
rqgd mh y+Z2 , @ �5l. 6n l d+Z2 , @ �5m1

Qduhgql whruhp grqrvl ghulydflmvnd sudylod }d rvqryqh rshudflmh qdg yhn0
wruvnlp ixqnflmdpd vndoduqh ydulmdeoh1

Whruhp 91416 Qhnd vx z> x = [ $ U
?/ [ � U/ ghulydeloqh yhnwruvnh

ixqnflmh/ i = [ $ U ghulydeloqd +vndoduqd, ixqnflmd l �>� 5 U1 Wdgd
yulmhgh ryd sudylod=
+l, +�z . �x,� @ �z� . �x�>
+ll, +iz,� @ i �z. iz�/ sul 
fhpx mh +iz,+{, @ i+{,z+{,>

+lll, +
z

i
,� @

iz� � i �z

i2
/ sul 
fhpx mh +

z

i
,+{, @

z+{,

i+{,
l i+{, 9@ 3>

+ly, +zmx,� @ +z�mx,.+zmx�,/ sul 
fhpx mh +zmx,+{, @
?S

�'�
z�+{,x�+{, vndoduql

xpqr
}dn1
X vox
fdmx q @ 6/ }d yhnwruvnl xpqr
}dn z � x +y1 ¢51516,/ wm1 }d

+z� x,+{, @ z+{,� x+{, @

�
�
�
�
�
�

l m n

z�+{, z2+{, z�+{,
x�+{, x2+{, x�+{,

�
�
�
�
�
�
/ wdnr¡hu yulmhgl

+y, +z � x,� @ z� � x.z� x�1

Grnd}1 Vyd qdyhghqd sudylod surl}od}h l}udyqr l} sulsdgqlk gh�qlflmd/ d
grnd}xmx vh srvyh vol
fqr rqlpd }d ghulyludqmh uhdoqlk ixqnflmd mhgqh ydulmdeoh1
Grnd
}lpr qsu1 sudylor srg +y,$

+z� x,�+{, @ olp
_%<f

E�f��E%n_%�3E�f��E%�
_%

@

olp
_%<f

+�E%n_%�3�E%�
_%

� x+{. g{, .z+{,� �E%n_%�3�E%�
_%

, @

z�+{,� x+{, .z+{,� x�+{, @ +z� � x.z� x�,+{,/
sul 
fhpx vpr lvnrulvwlol glvwulexwlyqrvw/ krprjhqrvw l qhsuhnlgqrvw yhn0
wruvnrjd pqr
}hqmd1

Sulpmhu 91417 Rguhglpr ghulydflmx yhnwruvnh ixqnflmh $ = [ $ U
�/ [ �

U/ dnr mh $ @ x�+y�z,/ sul 
fhpx vx x> y>z = [ $ U
� ghulydeloqh yhnwruvnh

ixqnflmh1 Grelyhql lvkrg surymhulpr qd ixqnflmdpd x+{, @ +5{> 3>�6{2,/
y+{, @ +{�> 3> 5 . {2, l z+{, @ +{> {2> {�,1
Sulplmhqlpr +gydsxw, Whruhp 91416+y,=

$�+{, @ +x� +y �z,,�+{, @ x�+{,� +y �z,+{, . x+{,� +x� y,�+{, @
x�+{,� +y+{,�z+{,, . x+{,� +y�+{,�z+{,, . x+{,� +y+{,�z�+{,,1

Exgx�fl gd mh x�+{, @ +5> 3>�9{,/ y�+{, @ +6{2> 3> 5{, l z�+{, @ +4> 5{> 6{2,
wh

y+{,�z+{, @ +{S � {e � 5{2> {� . 5{>�{e,/
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y�+{,�z+{, @ +6{D � 5{�> 5{2>�6{�, l
y+{,�z�+{, @ +6{D � 5{� � 7{> {2 . 5>�{�,/ wr mh
x+{,� +y+{,�z+{,, @ +6{D . 9{�>�6{H . 6{S . 5{D . 9{e> 5{e . 7{2,/
x�+{,� +y+{,�z+{,, @ +9{e.45{2>�9{..9{D.5{e.45{�> 5{�.7{,/
x+{,� +y�+{,�z+{,, @ +9{e>�<{. . 9{D . 9{e> 7{�,/ l
x+{,� +y+{,�z�+{,, @ +6{e .9{2>�<{. .9{D .5{e .45{�> 5{� .7{,1

Vdgd xyuµwdydqmhp l vuh¡lydqmhp grelydpr=
+x+{,�+y+{,�z+{,,,� @ +6{D.9{�>�6{H.6{S.5{D.9{e> 5{e.7{2,� @
+48{e . 4;{2>�57{. . 4;{D . 43{e . 57{�> ;{� . ;{,/ l
x�+{,� +y+{,�z+{,, . x+{,� +y�+{,�z+{,, . x+{,� +y+{,�z�+{,, @
+9{e.45{2>�9{..9{D.5{e.45{�> 5{�.7{,.+9{e>�<{..9{D.9{e> 7{�,
.+6{e . 9{2>�<{. . 9{D . 5{e . 45{�> 5{� . 7{, @
+48{e . 4;{2>�57{. . 4;{D . 43{e . 57{�> ;{� . ;{,1

Ud}prwulpr vdgd ghulydflmx ixqnflmvnh nrpsr}lflmh vndoduqh l yhnwruvnh
ixqnflmh1 Qhnd mh i = [ $ U/ [ � U/ ghulydeloqd +vndoduqd, ixqnflmd/ d z =
\ $ U

?/ \ � U l i ^[` � \ / ghulydeloqd yhnwruvnd ixqnflmd1 Wdgd mh greur
gh�qludqd nrpsr}lflmd zi = [ $ U

?1 Mhgqrvwdyqr mh grnd}dwl gd sulwrp
yulmhgl dqdorjrq vwdqgdugqrjd whruhpd r ghulydflml ixqnflmvnh nrpsr}lflmh/
wm1

+zi,�+{, @ z�+i+{,, � i �+{,> { 5 [=

7%�%1 �/6����� $��6#�+�� 4,/���� ���/� $�����2��

Qd nudmx/ rgmhomdn �fhpr grsxqlwl ud}pdwudqmhp lqwhjudeloqrvwl yhnwruvnh
ixqnflmh uhdoqh ydulmdeoh1 Lqwhjudo rydnyh ixqnflmh pr
}hpr gh�qludwl qd
vwdqgdugql qd
flq/ rgqrvqr/ srpr�fx sulsdgqh sulplwlyqh ixqnflmh l Qhzwrq0
Ohleql}ryh irupxoh1

Gh�qlflmd 91418 Yhnwruvnx ixqnflmx Z = [ $ U
?/ [ � U/ qd}lydpr sul0

plwlyqrp ixqnflmrp yhnwruvnh z = [ $ U
?/ dnr mh Z �+{, @ z+{, }d

vydnl { 5 [ rvlp/ pr
}gd/ x suheurmlyr pqrjr wr
fdnd rg [1

Sr nrruglqdwqlp ixqnflmdpd }dslvdqr wr }qd
fl Z �
�+{, @ z�+{,/ m @

4> � � � > q1 Sulwrp jryrulpr gd mh yhnwruvnd ixqnflmd +vndoduqh ydulmdeoh, z
lqwhjudeloqd1 X vox
fdmx vhjphqwd +lol lqwhuydod, [ @ ^d> e`/ +rguh¡hql,
lqwhjudo yhnwruvnh ixqnflmh z gh�qludpr ndr yhnwru

U

d@cKo

z �
KU

@

z+{,g{
ghi1
@ Z +e,�Z +d,1

Sr nrruglqdwqlp ixqnflmdpd +z�> � � � > z?, @ z mh/ gdnoh/
KU

@

z+{,g{ @ +
KU

@

z�+{,g{> � � � >
KU

@

z?+{,g{,1

Rgdwoh qhsrvuhgqr volmhgh greud vyrmvwyd lqwhjudod yhnwruvnh ixqnflmh µwr lk
grqrvl rydm whruhp=
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Whruhp 91417 Qhnd vx z> x = [ $ U
?/ [ @ ^d> e` � U/ lqwhjudeloqh yhn0

wruvnh ixqnflmh/ i = [ $ U lqwhjudeloqd +vndoduqd, ixqnflmd/ f nrqvwdqwdq
yhnwru l �> � 5 U1 Wdgd yulmhgl=

+l,
KU

@

+�z+{, . �x+{,,g{ @ �
KU

@

z+{,g{. �
KU

@

x+{,g{ +olqhduqrvw,>

+ll,
KU

@

+fmz+{,,g{ @ +fm
KU

@

z+{,g{, +olqhduqrvw }d vndoduql xpqr
}dn,>

+lll,
KU

@

+z+{,mx�+{,,g{ @ +z+e,mx+e,,� +z+d,mx+d,,�
KU

@

+z�+{,mx+{,,g{>

+ly,
KU

@

i+{,z�+{,,g{ @ i+e,z+e,� i+d,z+d,,�
KU

@

i �+{,z+{,g{1

++lll, l +ly, vx irupxoh }d sduflmdoqr lqwhjuludqmh uhgrp vndoduqrjd xpqrµnd
yhnwruvnlk ixqnflmd l xpqrµnd uhdoqh l yhnwruvnh ixqnflmh1,

Sulpmhu 91418 Xeu}dqmh pdwhulmdoqh wr
fnh +x U�, rslvxmh mhgqdg
}ed d+{, @
9{f� . 5f2/ { 5 ^3> �l +yulmhph,/ sul 
fhpx vx f� l f2 nrqvwdqwql yhnwrul1
Rwnulmpr }dnrq { :$ v+{, sr nrmhpx vh jled wd wr
fnd/ dnr vx sr
fhwql xymhwl
v+3, @ 3 l y+3, @ 3 +sr
fhwqd eu}lqd,1
Exgx�fl gd mh y�+{, @ d+{, l v�+{, @ y+{,/ wr mh

y+{, @
%U

f

d+w,gw. y+3, @
%U

f

+9wf� . 5f2,gw. 3 @ 6{2f� . 5{f2 l

v+{, @
%U

f

y+w,gw. v+3, @
%U

f

+6w2f� . 5wf2,gw. 3 @ {�f� . {2f21

Sulpmhu 91419 L}ud
fxqdmpr lqwhjudo yhnwruvnh ixqnflmh z = U$ U
�/ z+{, @

+6h3%> frv{> {,/ qd vhjphqwx ^3> �`1
ZU

f

z+{,g{ @ +
ZU

f

6h3%g{>
ZU

f

frv{g{>
ZU

f

{g{, @ +^�6h3%`Zf > ^vlq`
Z
f > ^

%2

2 `Zf , @

+6+4� h3Z,> 3> Z
2

2 , @ 6+4� h3Z,l. Z2

2 n1

7%�%3 �����2�

41 Qhnd mh ixqnflmd i = [ $ U/ [ � U/ qhsuhnlgqd x wr
fnl {f/ d yhnwruvnd
ixqnflmd z = \ $ U

�/ i ^[` � \ � U/ qhsuhnlgqd x wr
fnl |f @ i+{f,1
Grnd}dwl gd mh nrpsr}lflmd zi = [ $ U

� qhsuhnlgqd x wr
fnl {f1
51 L}ud
fxqdwl ghulydflmx yhnwruvnh ixqnflmh z = Uqi3j $ U

�/

z+{, @
vlq{l. frv{m . n

n5{l. {2m . {�nn
1

61 Qhnd mh z+{, @ h@%f� . h3@%f2/ { 5 U/ sul 
fhpx vx f�> f2 nrqvwdqwql
yhnwrul l d uhdoqd nrqvwdqwd1 Surymhulwl mh ol z��+{, � d2z+{, @ 3 }d vydnl
{ 5 U1
71 Qhnd mh z = ^d> e`$ U

? lqwhjudeloqd yhnwruvnd ixqnflmd1 Grnd}dwl gd mh

mm
KU

@

z+{,g{mm �
KU

@

nz+{,n g{ +xvs1 ¢81618/ ]dgdwdn 431,1
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Grnd}1 Sulvmhwlpr vh/ suyr/ Fdxfk|mhyh qhmhgqdnrvwl nrmd wyugl gd mh/ }d
vydnd gyd yhnwrud {> | 5 U?/ m+{m|,m � n{n � n|n/ wm1 +sr nrruglqdwdpd,

m
?S

�'�
{�|� m � +

?S

�'�
+{�,2,

�

2 � +
?S

�'�
+{�,2,

�

2 1

+Qhnd mx 
flwdwhom vdp grnd
}h }d ymh
}ex$, Srvhelfh/ +{m{, @ n{n21 Exgx�fl gd
mh z @ +z�> � � � > z?,/ sul 
fhpx mh vydnd ixqnflmd z� = ^d> e`$ U/ m @ 4> � � � > q/
lqwhjudeloqd/ wr mh

mm
KU

@

z+{,g{mm @ mm+
KU

@

z�+{,g{> � � � >
KU

@

z?+{,g{,mm @ +
?S

�'�
+
KU

@

z�+{,g{,
2,

�

2 1

Vdgd/ dnr mh
KU

@

z+{,g{ @ 3/ wyugqmd mh r
flwr lvwlqlwd1

Qhnd mh
KU

@

z+{,g{ � f 9@ 31 Wdgd mh

mm
KU

@

z+{,g{mm2 @ +
KU

@

z+{,g{m
KU

@

z+{,g{, @

+fm
KU

@

z+{,g{,
W191417+ll,

@
KU

@

+fmz+{,,g{ �

�
KU

@

nfn � nz+{,n g{ @ nfn
KU

@

nz+{,n g{1

Glmhomhqmhp wh qhmhgqdnrvwl eurmhp nfn A 3 grelydpr rqx wud
}hqx1

7%- ��" � ��"��(� " �")(���

X ryrpx �fhpr rgmhomnx/ ndr l x flmhorpx srjodyomx/ srnd}dwl qhnrolnr sulp0
mhqd vndoduqh l yhnwruvnh dqdol}h x survwrux U

�= Rydm srvhedq vox
fdm mh
qdur
flwr yd
}dq mhu vh x qmhpx rslvxmh qdµ �}l
fnl +wyduql, vylmhw1 Vwrjd �fhpr
qdvwrmdwl/ ndg jrg wr exgh prjx�fh/ l r}qdnh sulodjrglwl rqlpd wudglflrqdo0
qlp µwr grod}h l} �}lnh1

7%-%� ������/# � $��6#�+�# .#���

]d vydnx wr
fnx W x survwrux H qhnd Y+W , r}qd
fxmh vnxs vylk udglmxv0yhnwrud

u� +xvpmhuhqlk gx
}lqd
�$
WS , vylk wr
fdnd S x survwrux H v re}lurp qd wr
fnx

W +y1 ¢51514,/ wh qhnd mh Y �
V
iY+W , m W wr
fnd x Hj1

Gh�qlflmd 91514 Vydnx ixqnflmx X = $ U qd}lydpr vndoduqlp sromhp/
d vydnx ixqnflmx Y =  $ Y 0 yhnwruvnlp sromhp qd gdqrp vnxsx 
wr
fdnd x H1

Guxjlp ulmh
flpd/ qd wr
fnryqrp vnxsx  mh }dgdqr vndoduqr +yhnwruvnr,
sromh 
flp mh vydnrm wr
fnl W 5  sulglmhomhq wr
fqr mhgdq eurm X+W , 5 U

+udglmxv0yhnwru Y +W , @ u� 5 Y+W ,,1 Sulplmhwlpr gd Gh�qlflmd 91514 qh
rylvl r nrruglqdwl}dflml survwrud H1 Ph¡xwlp/ ud}ylgqr mh gd mh/ x vydnrp
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nrruglqdwqrp vxvwdyx V x H/ vydnr vndoduqr sromh X = $ U srvyh rguh¡hqr
qhnrp ixqnflmrp i = [ � 5 $ U/ 5 � H5/ i+W5, @ X+W , +lqghnv srgvmh�fd
qd xyhghql nrruglqdwql vxvwdy,1 Vol
fqr yulmhgl }d vydnr yhnwruvnr sromh1
Sulpmhulfh/ xyhghpr ol x survwru H Nduwh}lmhy ghvql sudyrnxwql nrruglqdwql
vxvwdy V @+R> l> m>n,/ survwru H vh lghqwl�flud v U� sd vh vydnr vndoduqr sromh
X =  $ U rslvxmh qhnrp +vndoduqrp, ixqnflmrp i = [ $ U/ i+{> |> }, @
X+W ,/ d vydnr yhnwruvnr sromh Y =  $ Y qhnrp +yhnwruvnrp, ixqnflmrp
z = [ $ U

�/ z+{> |> }, @ Y +W ,/ sul 
fhpx vx {/ | l } nrruglqdwh wr
fnh W 5 
x vxvwdyx +R> l> m>n,/ wm1 W � +{> |> }, 5 [ � U

�1 Sulwrp mh/ gdnoh/
Y +W , @ z%+{> |> },l.z++{> |> },m .z5+{> |> },n>

jgmh vx z%> z+> z5 = [ $ U nrruglqdwqh ixqnflmh rg z/ wm1 z @ +z%> z+> z5,1
Srqhndg qh �fhpr/ mhgqrvwdyqrvwl udgl/ sudylwl vwurjx mh}l
fqx ud}olnx l}ph¡x
�sromd� l �ixqnflmh�1 Rvlp wrjd/ qdm
fhµ�fh qh �fhpr ph¡xvreqr irupdoqr
ud}olnrydwl ql vnxsryh Y+W ,/ W 5 / qhjr �fhpr vydnrjd rg qmlk srlvwrymhwlwl
v Y+R,/ jgmh �fh R elwl lvkrglµwh Nduwh}lmhyd ghvqrj sudyrnxwqrj vxvwdyd
+R> l> m>n,1

Sulpmhu 91514 +d, Qhnd  suhgvwdyomd qhnx ylvrnx sh�f ndr wr
fnryql vnxs/
wh qhnd mh/ }d vydnl W 5 > X+W , whpshudwxud +x rgdeudqrp wuhqxwnx,
rqh wydul nrmrm wd wr
fnd +ndr wyduqd wr
fnd, sulsdgd1 Wdgd mh X =  $ U

whpshudwxuqr +vndoduqr, sromh wydul x surpdwudqrm ylvrnrm sh�fl x rgdeudqrp


fdvx>
+e, Qhnd mh  ]hpomlqd nuxwd sryuµlqd }dplµomhqd ndr wr
fnryql vnxs/

wh qhnd mh/ }d vydnl W 5 > X+W , qdgpruvnd ylvlqd/ rgqrvqr/ srgpruvnd
gxelqd wh wr
fnh + v re}lurp qd grjryruhqx qxowx solpqx ud}lqx,1 Wdgd mh
X = $ U vndoduqr sromh 0 �uhomhiql jorexv�>

+f, Qhnd mh i+{> |> }, @ 5
%2n+2

= Wdgd mh ixqnflmrp

i = U2 q i+3> 3> }, m } 5 Uj $ U> +{> |> }, :$ i+{> |> },>
qd sulsdgqrp srgux
fmx srvyh }dgdqr vndoduqr sromh W :$ X+W , @ 5

%2n+2
>

sul 
fhpx vx {> |> l } Nduwh}lmhyh nrruglqdwh wr
fnh W x rgdeudqrp vxvwdyx
+R> l> m>n,

Sulpmhu 91515 +d, Qhnd  suhgvwdyomd ]hpomlq }ud
fql rprwd
f ndr wr
fnryql
vnxs/ wh qhnd mh/ }d vydnl W 5 > Y +W , eu}lqd }ud
fqrjd vwuxmdqmd x wrm wr
fnl
+ymhwuryql yhnwru, x rgdeudqrp wuhqxwnx1 Wdgd mh Y =  $ Y yhnwruvnr
sromh eu}lqh ymhwuryd x dwprvihul x rgdeudqrp 
fdvx>

+e, Qhnd mh  @
w

� xvpmhuhqd jodwnd survwruqd nulyxomd +y1 ¢916, }dplµ0

omhqd ndr wr
fnryql vnxs/ wh qhnd mh/ }d vydnl W 5
w

�/ Y +W , @ wf+W , mhglql
fql

wdqjhqflmdoql yhnwru x wr
fnl W qd
w

�1 Wdgd mh Y =
w

� $ U
� yhnwruvnr sromh

mhglql
fqlk wdqjhqflmdoqlk yhnwrud xvpmhuhqh jodwnh nulyxomh
w

�>
+f, Qhnd mh yhnwruvnd ixqnflmd z = U� q i+3> 3> 3,j $ U

� }dgdqd nrrugl0
qdwqlp ixqnflmdpd

z%+{> |> }, @
%

%2n+2n52 / z++{> |> }, @
+

%2n+2n52 l z5+{> |> }, @
5

%2n+2n52 1
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Wdgd mh qd  � U
� q i+3> 3> 3,j }dgdqr yhnwruvnr sromh

W :$ Y +W , @ z+{> |> }, @ z%+{> |> },l.z++{> |> },m .z5+{> |> },n @
%ln+mn5n
%2n+2n52 /

sul 
fhpx vx {/ | l } Nduwh}lmhyh nrruglqdwh wr
fnh W x rgdeudqrpx vxvwdyx
+R> l> m>n,1 +Sulplmhwlpr gd vh udgl r sromx vylk mhglql
fqlk udglmxv0yhnwrud/

W :$ uf+W , @
3<
�A

8
3<
�A8

/ W 9@ R @ +3> 3> 3,/

v re}lurp qd gdqr lvkrglµwh R1,

Surpdwudmpr vndoduqr sromh X = $ U1 Ndr l x ¢81414/ xymhw X+W , @ f

+nrqvwdqwd, rguh¡xmh w}y1 ud}lqvnx lol hnylsrwhqflmdoqx sorkx vndoduqrjd
sromd X 1 Dnr mh  wr
fnryql +srg,vnxs qhnh sorkh/ xymhw X+W , @ f rguh¡xmh
w}y1 hnylsrwhqflmdoqx nulyxomx vndoduqrjd sromd X 1 Mhgqdnr jryrulpr x
vox
fdmx vndoduqrj sromd i = [ $ U/ [ � U

� +[ � U
2,1 Wdnr x Sulpmhux

91514+d, grelydpr l}rwhupdoqh sorkh/ x 91514+e, 0 nulyxomh l}reduh l l}rklsvh/
d x 91514+f, 0 urwdflmvnh sduderorlgh } @ f+{2 . |2,/ f 5 U1

X yhnwruvnrp sromx Y = $ Y mh }dqlpomlyr surpdwudwl w}y1 vwuxmqlfh
+vloqlfh lol yhnwruvnh olqlmh,/ µwr vh gh�qludmx ndr nulyxomh nrmlpd vh wdq0
jhqwh srgxgdudmx v sudyflpd yhnwruvnrjd sromd Y x vydnrm wr
fnl W 5 1
Suhpd wrpx/ dnr mh yhnwruvnr sromh Y }dgdqr ixqnflmrp z @ +z%> z+> z5,/
rqgd px vh vwuxmqlfh rguh¡xmx l} mhgqdg
}eh

gu

gw
@ fz> f 5 U>

sul 
fhpx vh wud
}l u @ +{> |> },/ wm1 u+w, @ !+w,l.#+w,m."+w,n1 Rel
fqr vh holp0
lqdflmrp sdudphwud w greyd vxvwdy glihuhqflmdoqlk mhgqdg
}ded +y1 ¢:1518,=

g{

z%

@
g|

z+

@
g}

z5

=

Wdnr vh x Sulpmhux 91516+e, }d vwuxmqlfh grelyd lvwd nulyxomd/ d x 91516+f,
0 grelydpr vxvwdy _%

%
@ _+

+
@ _5

5
> µwr gdmh | @ f�{ l } @ f2{/ rgqrvqr/

%
� @ +

S�
@ 5

S2
1 Udgl vh/ gdnoh r vnxsx vylk sudydfd x survwrux nrml surod}h

rgdeudqlp lvkrglµwhp R @ +3> 3> 3,1

Qdsrphqd 91514 Vndoduqr l yhnwruvnr sromh vh prjx gh�qludwl rs�fhql0
wlmh x vplvox gd vh xyhgh l rylvqrvw r yuhphqx1 Wdnyd sromd qd}lydpr
qhvwdflrqduqlpd/ }d ud}olnx rg sulmh gh�qludqlk nrmd rqgd qd}lydpr vwd0

flrqduqlpd1

Pmhulpr ol wdnr x Sulpmhux 91514+d, whpshudwxux wlmhnrp qhnrj yuhphq0
vnrj lqwhuydod/ grelydpr sulpmhu qhvwdflrqduqrjd vndoduqrj sromd/ grn vx
91514+e, l 91514+f, sulpmhul vwdflrqduqrj vndoduqrj sromd1 Qdgdomh/ pmhulpr ol
x Sulpmhux 91516+d, eu}lqx }ud
fqrjd vwuxmdqmd wlmhnrp qhnrj yuhphqvnrj lq0
whuydod/ grelydpr sulpmhu qhvwdflrqduqrjd yhnwruvnrj sromd/ grn vx 91516+e,
l91516+f, sulpmhul vwdflrqduqrj yhnwruvnrj sromd1 Vsrphqlpr rygmh l gyd x
�}l
fnrp vylmhwx qdmsr}qdwlmd vwdflrqduqd yhnwruvnd sromd= judylwdflmvnr sromh
wyduqh wr
fnh v pdvrp p l hohnwurvwdwvnr sromh wyduqh wr
fnh v sr}lwlyqlp
qdermhp h +y1 Qdsrphqx 91519,1
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Gh�qlflmd 91515 Uh�fl �fhpr gd mh vndoduqr sromh X =  $ U qhsuhnlgqr

+glihuhqflmdeloqr, dnr mh qmhjry suhgvwdyqln i = [ $ U/ x suryrnxwqrp nr0
ruglqdwqrp vxvwdyx +R> l> m>n,/ qhsuhnlgqd +glihuhqflmdeloqd, ixqnflmd1 Vol0


fqr/ uh�fl �fhpr gd mh yhnwruvnr sromh Y = $ Y qhsuhnlgqr +glihuhqflmd0
eloqr, dnr mh sulsdgqd yhnwruvnd ixqnflmd z = [ $ U

� qhsuhnlgqd +glihuhq0
flmdeloqd,1

Qdsrphqd 91515 Sulplmhwlpr gd suhwkrgqd gh�qlflmd qlmh dsulrul nruhn0
wqd1 Wuhedor el/ qdlph/ x} qmx grnd}dwl gd vx qhsuhnlgqrvw l ghulydeloqrvw
lqydulmdqwh v re}lurp qd l}eru sudyrnxwqrj nrruglqdwqrj vxvwdyd x survwrux
H/ rgqrvqr/ gd qh rylvh r l}erux suhgvwdyomdmx�fh ixqnflmh1 Lpdmx�fl qd xpx
qdpmhqx rylk vnulsdwd/ wdm �fhpr grnd} lvsxvwlwl1

7%-%- !������/6	 ��$����/��� � �#6����

Rygmh �fhpr gh�qludwl wul olqhduqd rshudwrud/ qhrskrgqd }d pdwhpdwl
fnr rsl0
vlydqmh whphomqlk �}l
fnlk }dnrqd wyduqrjd vylmhwd x nrmhpx 
}lylpr1 Rwnulw

�fhpr gd vh/ }dsudyr/ udgl r mhgqrp rshudwrux gmhorydqmh nrmhjd vh r
flwxmh
qd wul qd
flqd 0 rylvqr r remhnwlpd qd nrmh gmhoxmh1 Mhgqrvwdyqrvwl udgl/
vndoduqd l yhnwruvnd sromd �fhpr rgpdk }dgdydwl qmlkrylp suhgvwdyqlflpd/
wm1 vndoduqlp l yhnwruvnlp ixqnflmdpd x Nduwh}lmhyx ghvqrp sudyrnxwqrp
nrruglqdwqrp vxvwdyx +R> l> m>n, x H � U

�1

Gh�qlflmd 91516 Qhnd vx i = [ $ U l z = [ $ U
�/ [ � U

�/ uhgrp
vndoduqr l yhnwruvnr sromh/ wh qhnd vx red glihuhqflmdeloqd1 Judglmhqwrp

vndoduqrjd sromd i qd}lydpr yhnwruvnr sromh
judg i = [ $ U

�> judg i @ +Ys
Y%
> Ys
Y+
> Ys
Y5

,> wm1

judg i+{> |> }, @ YsE%c+c5�
Y%

l. YsE%c+c5�
Y+

m . YsE%c+c5�
Y5

n> +{> |> }, 5 [=

Glyhujhqflmrp yhnwruvnrjd sromd z @ +z%> z+> z5, qd}lydpr vndoduqr sromh

glyz = [ $ U> glyz @ Y�%

Y% .
Y�+

Y+ . Y�5

Y5 > wm1

glyz+{> |> }, @ Y�%E%c+c5�
Y%

.
Y�+E%c+c5�

Y+
. Y�5E%c+c5�

Y5
> +{> |> }, 5 [=

Urwdflmrp yhnwruvnrjd sromd z qd}lydpr yhnwruvnr sromh
urwz = [ $ U

�> urwz @ +Y�5

Y+
� Y�+

Y5
> Y�%

Y5
� Y�5

Y%
>
Y�+

Y%
� Y�%

Y+
,> wm1

urwz+{> |> }, @ +Y�5E%c+�5�
Y+ � Y�+E%c+c5�

Y5 ,l. +Y�%E%c+c5�
Y5 � Y�5E%c+c5�

Y% ,m.

.+
Y�+E%c+c5�

Y%
� Y�%E%c+c5�

Y+
,n> +{> |> }, 5 [=

Sulplmhwlpr gd urwz grsxµwd irupdoql }dslv x ghwhuplqdqwlqx reolnx=

urwz @

������

l m n
Y
Y%

Y
Y+

Y
Y5

z% z+ z5

������
=

Yd
}qrvw xsudyr gh�qludqlk srmpryd xsr}qdw �fhpr wlmhnrp gdomqmhjd
l}odjdqmd1 Vdgd xr
flpr vdpr wr gd mh judglmhqw qhnd ixqnflmd gh�qludqd qd
vnxsx vylk glihuhqflmdeloqlk vndoduqlk sromd v yulmhgqrvwlpd x vnxsx glihu0
hqflmdeloqlk yhnwruvnlk sromd/ gd mh glyhujhqflmd qhnd ixqnflmd gh�qludqd
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qd vnxsx vylk glihuhqflmdeloqlk yhnwruvnlk sromd v yulmhgqrvwlpd x vnxsx
vndoduqlk sromd/ wh gd mh urwdflmd qhnd ixqnflmd gh�qludqd qd vnxsx vylk
glihuhqflmdeloqlk yhnwruvnlk sromd v yulmhgqrvwlpd x lvwrpx vnxsx1 Yd
}qr
mh xr
flwl l wr gd uh
fhql ixqnflmvnl vnxsryl grsxµwdmx vwuxnwxux uhdoqrj yhn0
wruvnrj survwrud1

Sulpmhu 91516 +d, Rguhglpr judglmhqw vndoduqrjd sromd
+{> |> }, :$ i+{> |> }, @ {|2}�1

judg i+{> |> }, @ +Ys
Y%
> Ys
Y+
> Ys
Y5
,+{> |> }, @ +|2}�> 5{|}�> 6{|2}2,1

+e, Rguhglpr glyhujhqflmx yhnwruvnrjd sromd
+{> |> }, :$ z+{> |> }, @ +5{> {|2> {}2,1

glyz+{> |> }, @ +Y�%

Y%
.

Y�+

Y+
. Y�5

Y5
,+{> |> }, @ 5 . 5{| � 5{}1

+f, Rguhglpr urwdflmx yhnwurvnrjd sromd z l} sulpmhud +e,1

urwz+{> |> }, @

������

l m n
Y
Y%

Y
Y+

Y
Y5

z% z+ z5

������
+{> |> }, @ � � � @ +3> }2> |2,1

Vdgd �fhpr srnd}dwl gd vh judglmhqw/ glyhujhqflmd l urwdflmd prjx rslvdwl
vdpr mhgqlp rshudwrurp1 ]qdnrp u +
flwdpr= qdeod, r}qd
flpr w}y1 Kd0

plowrqry glihuhqflmdoql rshudwru 0 irupdoql yhnwru + Y
Y% >

Y
Y+ >

Y
Y5 ,1 Lol/ hn0

ylydohqwqr/
u � l Y

Y% . m Y
Y+ . n Y

Y5 =

Johgdpr ol qd u ndr qd rshudwru gh�qludq qd yhnwruvnrp survwrux vylk
glihuhqflmdeloqlk vndoduqlk +yhnwruvnlk, sromd/ srmdyomxmx vh/ x vyh}l v Gh�ql0
flmrp 91516/ vomhgh�fh prjx�fqrvwl=

u+i, @ judg i / +gmhorydqmh rshudwrud u qd vndouqr sromh i,>
+umz, @ glyz/ +irupdoql vndoduql xpqr
}dn u l yhnwruvnrj sromd z,>
u�z @ urwz/ +irupdoql yhnwruvnl xpqr
}dn u l yhnwruvnrj sromd z,>

Yd
}qd mh 
flqmhqlfd gd mh rshudwru u olqhdudq x vydnrm rg qdyhghqlk lqwhu0
suhwdflmd/ wm1 gd yulmhgl rydm whruhp=

Whruhp 91514 Qdeod mh olqhduql rshudwru/ wm1 }d elor nrmd gyd glihuhqflmd0
eloqd vndoduqd sromd i> j = [ $ U/ elor nrmd gyd glihuhqflmdeloqd yhnwruvnd
sromd z>x = [ $ U

�/ [ � U�/ l elor nrmd gyd eurmd �>� 5 U yulmhgl=
+l, u+�i . �j, @ �u+i, . �u+j,>
+ll, +um+�z . �x,, @ �+umz, . �+umx,>
+lll, u� +�z . �x, @ �+u�z, . �+u� x,1

Grnd}1 Whruhp 91514 vh grnd}xmh l}udyqr l odnr1 Grnd
}lpr qsu1 wyug0
qmx +lll,$

u� +�z . �x, @

������

l m n
Y
Y%

Y
Y+

Y
Y5

�z% . �x% �z+ . �x+ �z5 . �x5

������

+y1 ¢51415,
@



633 SRJODYOMH 91 XYRG X YHNWRUVNX DQDOL]X

�

������

l m n
Y
Y%

Y
Y+

Y
Y5

z% z+ z5

������
. �

������

l m n
Y
Y%

Y
Y+

Y
Y5

x% x+ x5

������
@ �+u�z, . �+u� x,1

Wul lgx�fd whruhpd grqrvh/ uhgrp/ yd
}qd vyrmvwyd judglmhqwd/ glyhujhqflmh
l urwdflmh1

Whruhp 91515 Qhnd vx i> j = [ $ U/ [ � U
�/ glihuhqflmdeloqd vndoduqd

sromd/ fo nrqvwdqwqr vndoduqr sromh/ ! = \ $ U/ i ^[` � \ � U/ glihuhqflmd0
eloqd ixqnflmd l �>� 5 U1 Wdgd mh

+l, judg fo @ ff>
+ll, judg+�i . �j, @ � judg i . � judg j>
+lll, judg+i � j, @ j judg i . i judg j>

+ly, judg+s} , @
} }h@_ s3s }h@_ }

}2
+
flp mh j+{, 9@ 3,>

+y, judg+! � i, @ !� judg i 1

Grnd}1 Wyugqmh vx l}udyqd srvomhglfd judglmhqwryh gh�qlflmh1 Sulplmh0
wlpr gd mh wyugqmd +ll, lvwr µwr l Whruhp 91514+l,1

Whruhp 91516 Qhnd vx z> x = [ $ U
�/ [ � U�/ glihuhqflmdeloqd yhnwruvnd

sromd/ i> j = [ $ U glihuhqflmdeloqd vndoduqd sromd/ f� nrqvwdqwqr yhnwruvnr
sromh l �> � 5 U1 Wdgd mh

+l, gly f� @ ff>
+ll, gly+�z. �x, @ �glyz . �gly x>
+lll, gly+z� x, @ +urwzmx,� +zm urwx,>
+ly, gly+i �z, @ +judg i mz, . i glyz>
+y, gly+i � judg i, @ +judg i m judg j, . i7j/

+j gydsxw glihuhqflmdeloqr,/
sul 
fhpx mh � � gly judg @ +umu, � u2 w}y1 Odsodfhry glihuhqflmdoql
rshudwru +ghowd,/ wm1 � � Y2

Y%2
. Y2

Y+2
. Y2

Y52
>

+yl, gly+urwz, @ ff +z gydsxw glihuhqflmdeloqr,1

Grnd}1 Wyugqmh volmhgh qhsrvuhgqr l} glyhujhqflmlqh gh�qlflmh1 Grnd
}lpr
qsu1 wyugqmx +ly,$

gly+i � z, @ YEs�%�
Y% .

YEs�+�
Y+ . YEs�5�

Y5 @
Ys
Y%z% . i Y�%

Y% . Ys
Y+z+ . i

Y�+

Y+ . Ys
Y5z5 . i Y�5

Y5 @

++YsY% >
Ys
Y+ >

Ys
Y5 ,m+z%> z+> z5,,. i+Y�%

Y% .
Y�+

Y+ . Y�5

Y5 , @ +judg i mz,. i glyz1
Sulplmhwlpr gd vh wyugqmd +ll, srgxgdud v rqrp l} Whruhpd 91514+ll,1 Wyug0
qmd +y, volmhgl l} +ly, 
flp mh z @ judg j1 Qdsrnrq/ x grnd}x wyugqmh +yl,
wuhed sulplmhqlwl Vfkzdu}ry whruhp1

Whruhp 91517 Srg suhwsrvwdyndpd Whruhpd 91516 yulmhgl
+l, urw fy @ ff>
+ll, urw+�z . �x, @ � urwz . � urwx>
+lll, urw+z � x, @ +glyx,z� +glyz,x. +xmu,z � +zmu,x/



9151 XYRG X WHRULMX R SROMLPD 634

sul 
fhpx vx +zmu, � z%
Y
Y%.z+

Y
Y+ .z5

Y
Y5

l/ vol
fqr/ +xmu, qryl glihuhqflmdoql
rshudwrul>

+ly, urw+i �z, @ +judg i,�z� i urwz>
+y, urw+i � judg i, @ +judg i,� +judg j,/ l srvhelfh/ urw+judg i, @ ff>
+yl, urw+urwz, @ judgglyz��z +z gydsxw glihuhqflmdeloqr,/ sul 
fhpx

Odsodfhry rshudwru � wuhed sulplmhqlwl qd vydnx nrruglqdwqx ixqnflmx rg z1

Grnd}1 Ndr l x suhwkrgqrp whruhpx/ vyh wyugqmh vx l}udyqh srvomhglfh
rgjrydudmx�flk gh�qlflmd1 Grnd
}lpr qsu1 wyugqmx +lll,$ Qd olmhyrm vwudql mh
yhnwruvnd ixqnflmd

urw+z� x, @ urw+z+x5 �z5x+> z5x% �z%x5> z%x+ �z+�%, @

@

������

l m n
Y
Y%

Y
Y+

Y
Y5

z+x5 �z5x+ z5x% �z%x5 z%x+ �z+x%

������
@

+ Y
Y+ +z%x+�z+x%,� Y

Y5 +z5x%�z%x5,>
Y
Y5 +z+x5�z5x+,� Y

Y%+z%x+�z+x%,>
Y
Y%

+z5x% �z%x5,� Y
Y+
+z+x5 �z5x+,,/

d ghvqrm mh yhnwruvnd ixqnflmd
+glyx,z� +glyz,x. +xmu,z� +zmu,x @

++Y�%
Y%

.
Y�+
Y+

. Y�5
Y5

,z%> +
Y�%
Y%

.
Y�+
Y+

. Y�5
Y5

,z+> +
Y�%
Y%

.
Y�+
Y+

. Y�5
Y5

,z5,�
�++Y�%

Y%
.

Y�+

Y+
. Y�5

Y5
,x%> +

Y�%

Y%
.

Y�+

Y+
. Y�5

Y5
,x+> +

Y�%

Y%
.

Y�+

Y+
. Y�5

Y5
,x5,.

.x%+
Y�%

Y% >
Y�+

Y% >
Y�5

Y% , . x++
Y�%

Y+ >
Y�+

Y+ >
Y�5

Y+ , . x5+
Y�%

Y5 >
Y�+

Y5 >
Y�5

Y5 ,�
�z%+

Y�%
Y% >

Y�+
Y% >

Y�5
Y% ,�z++

Y�%
Y+ >

Y�+
Y+ >

Y�5
Y+ ,�z5+

Y�%
Y5 >

Y�+
Y5 >

Y�5
Y5 ,1

Vuh¡lydqmhp vh odnr srnd}xmh gd vh udgl r mhgqrm wh lvwrm yhnwruvnrm ixqnflml1
Sulplmhwlpr gd mh wyugqmd +ll, lvwr µwr l wyugqmd x Whruhpx 91514+lll,/ wh gd
+y, volmhgl l} +ly, sulpmhqrp Vfkzdu}ryd whruhpd1

Qdsrphqd 91516 Wyugqmd +yl, x Whruhpx 91516 vplmhpr suhuh�fl rydnr=
judg glyz @ urw+urwz, .�z>

wh wlph grelwl rgjryru qd slwdqmh µwr mh judglmhqw vndoduqrj sromd/ nrmh mh
glyhujhqflmd yhnwruvnrj sromd1

Suhpgd qdm
fhµ�fh udelpr sudyrnxwql vxvwdy/ x pqrjlp mh vox
fdmhylpd
mhgqrvwdyqlmh ud
fxqdwl x qhnrp guxjrp nrruglqdwqrp vxvwdyx1 Vwrjd qd
nudmx ryrjd srgrgmhomnd sulgrgdmhpr +eh} irupdoqrj l}yr¡hqmd, }dslvh ol0
qhduqlk rshudwrud judg/ gly/ urw l Odsodfhryd rshudwrud � x flolqgul
fqrp l
vihuqrp vxvwdyx +y1 ¢51618 l ¢81615 0 ud}pdwudqmh sr Whruhpx 81616,1
X flolqgul
fqrpx vxvwdyx +R>�f>*f>n,=

judg i @ +YsY4 >
�
4 � YsY) > YsY5 ,>

glyz @ �
4
� YE4�4�

Y4
. �

4
� Y�)

Y)
. Y�5

Y5
>

urwz @ +�4 +
Y�5

Y) � Y�)

Y5 ,>
Y�)

Y5 � Y�5

Y4 >
�
4+

YE4�)�
Y4 � Y�4

Y) ,,>

�i @ �
4 �

YE4 Ys
Y4

�

Y4 . �
42
� Y2s
Y)2

. Y2s
Y52

1
X vihuqrpx vxvwdyx +R>uf>�f>*f,=
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judg i @ +YsYo >
�
o � YsYw > �

o t�? w � YsY),>
glyz @ �

o2
� YEo2�o�

Yo
. �

o t�? w � YE�w t�? w�
Yw

. �
o t�? w � Y�)

Y)
>

urwz @ + �
o t�? w +

YE�) t�? w�
Yw � Y�w

Y) ,> �o +
�

t�? w � Y�o

Y) � YEo�)�
Yo ,> �o +

YEo�w�
Yo � Y�o

Yw ,,>

�i @ �
o2
� YEo2

Ys
Yo

�

Yo
. �

o2 t�? w
� YEt�? wu

Ys
Yw

�

Yw
. �

o2 t�? w
� Y2s
Y)2

1

7%-%1 �+0����/� ����$����

Qhnd mh X =  $ U vndoduqr sromh1 Rgdehulpr elor nrmx wr
fnx Wf 5  l
elor nrml yhnwru o 5 Y+Wf,1 Wdgd }d vydnx wr
fnx W qd }udfl o rguh¡hqrm v o

yulmhgl
��$
WWf @ wof/ }d qhnl w 5 ^3> �l/ sul 
fhpx mh of @ o

��o�� sulsdgql mhglql
fql
yhnwru1 Eurm w mh/ }dsudyr/ xgdomhqrvw g+Wf> W , rg Wf gr W 1 Survmh
fqrp

surpmhqrp vndoduqrjd sromd X rg wr
fnh Wf gr wr
fnh W qd}lydpr nrol
fqln
LEA �3LEAf�

_EAfcA �
@ LEA �3LEAf�

| 5 U> ��$
WWf @ wof=

Srnd}xmh vh rygmh yd
}qlp lvwud
}lwl judql
fql vox
fdm W $ Wf sr o/ wm1 w $ 31
Gd el qdyhghql nrol
fqln +x judql
fqrp vox
fdmx, lpdr vplvod }d vydnl l}eru
mhglql
fqrj yhnwrud of qx
}qr mh gd srgux
fmh  exgh �orndoqr nrqyhnvqr�1
Gdndnr/ grvwdwqr mh gd  � [ � U� exgh rwyruhq vnxs1

Gh�qlflmd 91517 Qhnd mh X =  $ U vndoduqr sromh1 Judql
fqx yulmhgqrvw
+dnr srvwrml,

olp
|<f

LEA �3LEAf�
| 5 U> ��$

WWf @ wof>

qd}lydpr ghulydflmrp vndoduqrjd sromd X x wr
fnl Wf x vpmhux o +lol/
nud�fh/ xvpmhuhqrp +vndoduqrp, ghulydflmrp, l r}qd
fxmhpr v YLEAf�

Yo
1

X sudnwl
fqrp ud
fxqx mh sxqr mhgqrvwdyqlmh edudwdwl suhgvwdyqlnrp i =
[ $ U/ [ � U

�/ vndoduqrjd sromd X x nrruglqdwqrpx vxvwdyx +R> l> m>n,1
Suyr/ wr
fndpd Wf @ +{f> |f> }f, l W @ +{> |> }, sulsdgdmx udglmxv0yhnwrul��$
RWf @ {fl. |fm . }fn l

�$
RW @ {l. |m . }n1 Qdgdomh/

�$
RW @

��$
RWf .

��$
WfW @��$

RWf . wof/ gdnoh/
{l. |m . }n @ +{f . w+ofml,,l. +|f . w+ofmm,,m.+}f . w+ofmn,,n1

Volmhgl gd vh nrruglqdwh vydnh wr
fnh W qd }udfl µwr mx rguh¡xmx Wf l of rslvxmx
olqhduqlp mhgqdg
}edpd

{ @ {f . +ofml,w/ | @ |f . +ofmm,w/ } @ }f . +ofmn,w/ w 5 ^3> �l1
Surl}od}l gd mh sulmh gh�qludqd xvpmhuhqd ghulydflmd/ }dsudyr/ ghulydflmd

ixqnflmvnh nrpsr}lflmh ^3> �l �'E�%c�+ c�5�$ [
s$ U/ wm1

w :$ z+w, @ +{f . +ofml,w> |f . +ofmm,w> }f . +ofmn,w, :$ i+z+w,,/
x wr
fnl w @ 31 Suhpd wrpx/

YLEAf�

Yo
� YsE%fc+fc5f�

Yo
@ +i �z,�+3, @

YsE�Ef��
Y% � z�

%+3, .
YsE�Ef��

Y+ �z�
++3, .

YsE�Ef��
Y5 �z�

5+3, @
YsE%fc+fc5f�

Y% +ofml, . YsE%fc+fc5f�
Y+ +ofmm, . YsE%fc+fc5f�

Y5 ,+ofmn, @
+judg i+{f> |f> }f,mof,1

Wlph vpr grnd}dol rydm whruhp=
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Whruhp 91518 Ghulydflmd vndoduqrj sromd X> }dgdqrjd ixqnflmrp i = [ $
U/ x wr
fnl Wf @ +{f> |f> }f, x vpmhux o +9@ 3, mhgqdnd mh vndoduqrp xp0
qrµnx sulsdgqrjd judglmhqwd v mhglql
fqlp yhnwrurp of/ wm1 surmhnflml yhnwrud
judg i+{f> |f> }f, qd yhnwru o1

Sulpmhu 91517 L}ud
fxqdmpr ghulydflmx vndoduqrjd sromd
+{> |> }, :$ i+{> |> }, @ {2 . 6|} . 8

x wr
fnl W @ +6> 5>�4, x vpmhux o @ l. m . n1
Sr Whruhpx 91518/ l}

judg i+6> 5>�4, @ +5{> 6}> 6|,mE�c2c3�� @ +9>�6> 9,/ l

of @
o
��o�� @ + �I

�
> �I

�
> �I

�
,

grelydpr gd mh wud
}hqd xvpmhuhqd ghulydflmd YsE�c2c3��

Yo
mhgqdnd

+judg i+6> 5>�4,mof, @ ++9>�6> 9,m+ �I
�
> �I

�
> �I

�
,, @ SI

�
� �I

�
. SI

�
@ 6

s
61

Qdsrphqd 91517 Sulplmhwlpr gd mh YsE%fc+fc5f�

Yo
A 3 sryod
fl i+{> |> }, A

i+{f> |f> }f,/ wm1 X+W , A X+Wf,/ 
flp mh W gryromqr eol}x Wf qd sulsdgqrm
}udfl1 Ryr vh pr
}h lvnrulvwlwl/ srg qhnlp grgdwqlp xymhwlpd/ }d lvwud
}l0
ydqmh orndoqlk hnvwuhpqlk yulmhgqrvwl vndoduqrj sromd X / rgqrvqr/ vndoduqh
ixqnflmh i 1

L} Whruhpd 91518 volmhgl gd vndoduqr sromh i qdmeu
}h udvwh x vpmhux µwr
jd rguh¡xmh judg i / rgqrvqr/ gd qdmeu
}h sdgd x vpmhux µwr jd rguh¡xmh
� judg i 1 Guxjlp ulmh
flpd/ judg i srnd}xmh vpmhu qdmeu
}h surpmhqh vndoduqrjd
sromd i 1 �wrylµh/ judglmhqw vh wlph pr
}h l rndudnwhul}ludwl1

Whruhp 91519 Qhnd ixqnflmd i = [ $ U/ [ � U�/ rslvxmh glihuhqflmdeloqr
vndoduqr sromh X= Wdgd judglmhqw wrjd sromd x vydnrm wr
fnl Wf @ +{f> |f> }f,
lpd }d sudydf rnrplfx qd ud}lqvnx sorkx x Wf/ d l}qrv px mh mhgqdn dsvr0
oxwqrm yulmhgqrvwl sulsdgqh xvpmhuhqh ghulydflmh1 Vd
}hwr/

judg i+{f> |f> }f, @
YsE%fc+fc5f�

Yq qf>

sul 
fhpx mh q qrupdod qd ud}lqvnx sorkx i+{> |> }, @ i+{f> |f> }f,1

Grnd}1 Rgdehulpr elor nrmx wr
fnx Wf @ +{f> |f> }f, 5 [1 Mhgqdg
}ed
sulsdgqh ud}lqvnh sorkh X+W , @ f � X+Wf,, suhod}l x i+{> |> }, @ i+{f> |f> }f,/
µwr sryod
fl

3 @ gi+{> |> }, @ YsE%fc+fc5f�
Y%

g{. YsE%fc+fc5f�
Y+

g| . YsE%fc+fc5f�
Y5

g} @
@ +judg i+{f> |f> }f,mgu,/

sul 
fhpx gu r}qd
fxmh yhnwru g{l . g|m . g}n � +g{> g|> g},1 Exgx�fl gd
sudwlpr }elydqmh qd ud}lqvnrm sorkl x wr
fnl Wf/ wr gu vplmhpr wxpd
flwl ndr
lq�qlwh}lpdoql srpdn x qmh}lqrm wdqjhqflmdoqrm udyqlql wr
fnrp Wf1 Suhpd
wrpx/ +judg i+{f> |f> }f,mgu, @ 3 }qd
fl gd mh judg i+{f> |f> }f, rnrplw qd wx
wdjhqflmdoqx udyqlqx/ wm1 qd surpdwudqx ud}lqvnx sorkx x wr
fnl Wf/ gdnoh/
xvsruhgdq v sulsdgqlp qrupdoqlp yhnwrurp q1 Volmhgl judg i+{f> |f> }f, @
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�qf sd mh � @ +judg i+{f> |f> }f,mqf,1 Sr Whruhpx 91518 mh +judg i+{f> |f> }f,mqf, @
YsE%fc+fc5f�

Yq / µwr rqgd gdmh judg i+{f> |f> }f, @
YsE%fc+fc5f�

Yq qf1

Qdsrphqd 91518 Srpr�fx Whruhpd 91519 mh odnr l}ud
fxqdwl mhglql
fql qru0
pdoql yhnwru qd ud}lqvnx sorkx vndoduqrj sromd1 Qdlph/ }d vydnx wr
fnx
Wf @ +{f> |f> }f,/ yulmhgl qf @

}h@_ sE%fc+fc5f�
8}h@_ sE%fc+fc5f�8 =

Sulpmhu 91518 L}ud
fxqdmpr mhglql
fql qrupdoql yhnwru qd sorkx } @ {| x
wr
fnl Wf @ +5> 6> 9,1
Vplmhpr suhwsrvwdylwl gd mh surpdwudqd sorkd } @ {| qhnd ud}lqvnd sorkd
i+{> |> }, @ f qhnrj vndoduqrj sromd i = [ $ U/ [ � U

�1 Wdnr grelydpr
i+{> |> }, @ {| � } . f/ sd mh

judg i+5> 6> 9, @ +|> {>�4,mE2c�cS� @ +6> 5� 4, l/ qdsrnrq/

qf+Wf, @
}h@_ sE2c�cS�
8}h@_ sE2c�cS�8 @ �I

�e
+6l. 5m � n,1

Ud}prwulpr vdgd ndnr el vh xvpmhuhqd ghulydflmd prjod rvplvolwl x yhn0
wruvnrp sromx1 Qhnd ixqnflmd z = [ $ U

�/ [ � U
�/ suhgvwdyomd yhnwruvnr

sromh Y 1 Surpdwudmpr rshw 
fyuvwx wr
fnx Wf @ +{f> |f> }f,> ydulmdeloqx wr
fnx
W @ +{> |> }, l nrol
fqln

�E%c+c5�3�E%fc+fc5f�
| 5 U�>

nrml rslvxmh survmh
fqx surpmhqx yhnwruvnrjd sromd Y � z +sul sulmhod}x l}
Wf x W , x vpmhux o ���$WfW @ wof/ sul 
fhpx mh gx
}lqd WfW � [1

Gh�qlflmd 91518 Qhnd ixqnflmd z = [ $ U
�/ [ � U�/ suhgvwdyomd yhnwruvnr

sromh Y / wh qhnd vx Wf @ +{f> |f> }f,> W @ +{> |> }, 5 [/ WfW � [ l
��$
WfW @

wof1 Judql
fqx yulmhgqrvw +dnr srvwrml,
olp
|<f

�E%c+c5�3�E%fc+fc5f�
|

5 U�>

qd}lydpr ghulydflmrp yhnwruvnrjd sromd Y +z, x wr
fnl Wf x vpmhux

o +lol/ nud�fh/ xvpmhuhqrp +yhnwruvnrp, ghulydflmrp, l r}qd
fxmhpr v
YY EAf�

Yo
� Y�E%fc+f�5f�

Yo
=

Whruhp 9151: Ghulydflmd yhnwruvnrj sromd z x wr
fnl Wf @ +{f> |f> }f, x
vpmhux o +9@ 3,/ dnr srvwrml/ mhgqdnd mh yulmhgqrvwl rshudwrud +ofmu, sulpl0
mhqmhqrj qd z x +{f> |f> }f,/ wm1
Y�E%fc+f�5f�

Yo
@ ++ofmu,z,+{f> |f> }f, @ +frv�Y�

Y% . frv� Y�
Y+ .frv � Y�

Y5 ,E%fc+fc5f�>
jgmh vx frv�/ frv� l frv � vpmhuryql nrvlqxvl rg o/ wm1 nrpsrqhqhwh mh0
glql
fqrjd yhnwrud of1 +Rshudwru +xmu, @ x%

Y
Y% . x+

Y
Y+ . x5

Y
Y5

vpr xyhol x
Whruhpx 91517,

Grnd}1 Surplµomdmx�fl ndr x ud}pdwudqmx µwr mh suhwkrglor Whruhpx
91518/ vdgd }d yhnwruvnr sromh z @ +z%> z+> z5,/ grelydpr

Y�E%fc+f�5f�

Yo
@ ^+ofmY�%

Y% l.
Y�%

Y+ m .
Y�%

Y5 n, . +ofmY�+

Y% l.
Y�+

Y+ m .
Y�+

Y5 n,.

.+ofmY�5

Y% l.
Y�5

Y+ m .
Y�5

Y5 n,`E%fc+fc5f�
�suhjuxsludqmh�

@
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^+ofml,+Y�%

Y% l.
Y�+

Y% m .
Y�5

Y% n, . +ofmm,+Y�%

Y+ l.
Y�+

Y+ m .
Y�5

Y+ n,.

.+ofmn,+Y�%

Y5
l.

Y�+

Y5
m . Y�5

Y5
n,`E%fc+fc5f� @

^frv�Y�
Y% . frv� Y�

Y+ . frv � Y�
Y5 `E%fc+fc5f� @ ++ofmu,z,+{f> |f> }f,1

Sulpmhu 91519 L}ud
fxqdmpr ghulydflmx yhnwruvnrjd sromd
+{> |> }, :$ z+{> |> }, @ +|}> }{> {|,

x wr
fnl Wf @ +4>��
2 > 5, x vpmhux o @ 5l. m � 5n1

Exgx�fl gd mh of @ �
�+5l. m � 5n,/ sr Whruhpx 9151: grelydpr

Y�E�c3�

2
�2�

Yo
@ ++ofmu,z,+4>��

2 > 5, @ +2�
Y�
Y% . �

�
Y�
Y+ � 2

�
Y�
Y5 ,E�c3 �

2
c2� @

^2�+3> }> |,.
�
�+}> 3> {,�2

�+|> {> 3,`E�c3 �

2
c2� @

�
�+}�5|> 5}�5{> 5|.{,E�c3 �

2
c2� @

@ l. 2
�m1

7%-%3 
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Gh�qlflmd 91519 Uh�fl �fhpr gd mh yhnwruvnr sromh z = [ $ U
�/ [ � U�/ sr0

whqflmdoqr +lol nrq}huydwlyqr,/ dnr srvwrml qhnr vndoduqr sromh i = [ $ U

wdnyr gd mh z @ � judg i 1 Sulwrp sromh i qd}lydpr +vndoduqlp, srwhq0

flmdorp rg z= ]d yhnwruvnr sromh z nd
}hpr gd mh eh}yuwor
}qr 
flp mh
urwz @ ff1 X surwlyqrp/ z qd}lydpr yuwor
}qlp sromhp1 Qdsrnrq/ uh�fl

�fhpr gd mh yhnwruvnr sromh z vrohqrlgdoqr 
flp mh glyz @ ff1

Qdsrphqd 91519 Ud}ylgqr mh gd qhjdwlyql suhg}qdn x gh�qlflml srwhqfl0
mdoqrj sromh qlmh elwdq mhu mh judg+�i, @ �judg i 1 Udgl vh vdpr x xvwd0
omhqrp grjryrux/ nrmhpx mh sulglmhomhqr vwdqrylwr �}l
fnr }qd
fhqmh1

Sulpmhu 9151: +d, Mhgqrvwdyqr mh surymhulwl gd mh judylwdflmvnr sromh wyduqh
wr
fnh Wf v pdvrp pf/ wm1 J @ N � 6f

o2
uf/ N 0 nrqvwdqwd l u � nun0

xgdomhqrvw/ srwhqflmdoqr v srwhqflmdorp X @ N � 6f

o
1 +X}phpr ol Wf }d

lvkrglµwh nrruglqdwqrj vxvwdyd +R> l> m>n,/ srwhqflmdo X mh }dgdq vndoduqrp
ixqnflmrp +{> |> }, :$ i+{> |> }, @ N � 6fs

%2n+2n52
1,

+e, Vol
fqr +d,/ hohnwurvwdwvnr sromh sr}lwlyqrj �wr
fndvwrj� qdermd hf/
wm1 H @ n � ef

o2
uf/ n 0 nrqvwdqwd l u � nun 0 xgdomhqrvw/ mh srwhqflmdoqr v

srwhqflmdorp X @ n � efo 1

Whruhp 9151; Qhnd mh z = [ $ U
� glihuhqflmdeloqr yhnwruvnr sromh qd

nrqyhnvqrp vnxsx [ � U�= Wdgd mh z srwhqflmdoqr rqgd l vdpr rqgd/ dnr
mh eh}yuwor
}qr/ wm1

+<i = [ $ U, z @ � judg i / urwz @ ff1

Grnd}1 Dnr mh yhnwruvnr sromh z srwhqflmdoqr v srwhqflmdorp i / rqgd
mh +y1 Whruhp 91517+y,,

urwz @ urw+� judg i, @ � urw judg i @ ff1
Reudwqr/ qhnd mh/ srg gdqlp suhwsrvwdyndpd/ yhnwruvnr sromh z @ +z%> z+>

z5, eh}yuwor
}qr/ wm1 urwz @ ff1 Gd elvpr grnd}dol qmhjryx srwhqflmdoqrvw/
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wuhed nrqvwuxludwl vndoduqr sromh i wdnr gd z exgh qmhjry +qhjdwlyql, judgl0
mhqw1 Mhgqrvwdyqrvwl udgl/ nrqvwuludw �fhpr i x srvheqrp vox
fdmx ndg mh [
nydgdu1 Suyr sulplmhwlpr gd urwz @ ff sryod
fl

Y�5

Y+
@

Y�+

Y5
/ Y�%

Y5
@ Y�5

Y%
/ Y�+

Y%
@ Y�%

Y+
1

Exgx�fl gd mh [ nydgdu/ greur mh gh�qludqd ixqnflmd i = [ $ U/

i+{> |> }, @ �
%U

%f

z%+w> |> },gw�
+U

+f

z++{f> v> },gv�
5U

5f

z5+{f> |f> y,gy/

sul 
fhpx mh +{f> |f> }f, 5 [ elor nrmd 
fyuvwd wr
fnd1 L}udyqr vh odnr grnd
}h
gd mh Ys

Y%
@ �z%/

Ys
Y+

@ �z+ l Ys
Y5

@ �z5 +y1 ¢81617,1 Sulpmhulfh/

YsE%c+c5�
Y5 @ Y

Y5 +�
%U

%f

z%+w> |> },gw�
+U

+f

z++{f> v> },gv�
5U

5f

z5+{f> |f> x,gx, @

�
%U

%f

Y�%E|c+c5�
Y5

gw�
+U

+f

Y�+E%fcrc5�
Y5

gv�z5+{f> |f> }, @

�
%U

%f

Y�5E|c+c5�
Y| gw�

+U

+f

Y�5E%fcrc5�
Y+ gv�z5+{f> |f> }, @

�z5+{> |> }, .z5+{f> |> },�z5+{f> |> }, .z5+{f> |f> },�z5+{f> |f> }, @

�z++{> |> },1
Gdnoh/ z @ � judg i / µwr vpr l wyuglol1

Sulpmhu 9151; Lvwud
}lpr mh ol yhnwruvnr sromh z x Sulpmhux 91519 nrq}huy0
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Qdsrphqd 9171: Ndnr }d Juhhqryx wdnr vh l }d Vwrnhvryx irupxox 
fhvwr
udel vndoduql }dslv1 X wx vyukx/ qhnd vx S>T>U = [ $ U/ [ � U

�/
qhsuhnlgqr ghulydeloqh ixqnflmh/ d V � [ sr glmhorylpd jodwnd sorkd v uxerp
CV sr glmhorylpd jodwnrp mhgqrvwdyqr }dwyruhqrp nulyxomrp1 Wdgd vh sul0
sdgqd Vwrnhvryd irupxod }dslvxmh ndnr volmhgl=K

Y7

Sg{.Tg| .Ug} @

UU
7

++Y-
Y+
� Y'

Y5
, frv�. +Y�

Y5
� Y-

Y%
, frv� . +Y'

Y%
� Y�

Y+
, frv �,gV/

sul 
fhpx vx frv�/ frv� l frv � vpmhuryql nrvlqxvl qrupdoqlk yhnwrud qd
sorkx V vxnodgqr xvpmhuhql v uxerp CV1

Sulpmhu 9171: L}ud
fxqdmpr flunxodflmx yhnwruvnrj sromd
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+{> |> }, :$ z+{> |> }, @ +{2|�> 4> },

gx
} xvpmhuhqrjd uxed
v

CV sorkh V }dgdqh mhgqdg
}erp } @
s

5� {2 � |21

Qdmsulmh/ l} gdqh mhgqdg
}eh volmhgl
V 111 } @ j+{> |, @

s
5� {2 � |2/ +{> |, 5 G @ i+{> |, m {2.|2 � 5j � U21

Exgx�fl gd vxnodgqr xvpmhuhqmh +v uxerp
v

CV, qd V }qd
fl
w

V xvpmhuhqx qru0
pdodpd qf +v re}lurp qd j,/ wr

Y}E%c+�
Y%

@ 3%s
23%23+2

/ Y}E%c+�
Y+

@ 3+s
23%23+2

sryod
fl

qf+{> |, @ + %I
2
> +I

2
>

s
23%23+2I

2
, l gV @

I
2s

23%23+2
g{g|1

Wdnr grelydprK
v

Y7

+zmgu, @ K
v

Y7

z%g{.z+g| .z5g}
Vwrnhvryd irupxod

@

UU
7

++Y�5

Y+
� Y�+

Y5
, frv�. +Y�%

Y5
� Y�5

Y%
, frv� . +

Y�+

Y%
� Y�%

Y+
, frv �,gV @

UU
(

++3� 3, %I
2
. +3� 3, +I

2
. +3� 6{2|2,

s
23%23+2I

2
,

I
2s

23%23+2
g{g| @

�6 UU
(

{2|2g{g|
sroduqh nrruglqdwh

@ �6
2ZU
f

+frv2 * vlq2 *
2U
f

�Dg�,g* @ ��1

7%3%7 �����2�

41 L}ud
fxqdwl sorµwlqx rqrjd glmhod holswl
fqrjd sduderorlgd } � j+{> |, @
%2

2@2
. +2

2K2
+y1 ¢51617+68,, µwr oh
}l qdg srgux
fmhp %2

@2
. +2

K2
� 41

51 L}ud
fxqdwl
UU
7

+{ . |,gV dnr mh V nux
}ql vwr
}df }dgdq mhgqdg
}erp } �
j+{> |, @ K

@

s
{2 . |2 l qhmhgqdg
}edpd 3 � } � e +y1 ¢51617+6:,,1

61 L}ud
fxqdwl

+d,
UU
w

7

+zmgV, dnr mh z+{> |> }, @ +|}> }{> {|, l
w

V �ydqmvnd� vwudqd glmhod

whwudhguryd uxed }dgdqrjd udyqlqdpd { @ 3/ | @ 3/ l {. | . } @ 4>

+e,
UU
v

7

}g{g| dnr mh V holsvrlgryd srorylfd } � j+{> |, @ f

t
4� %2

@2
� +2

K2

+y1 ¢51617+65,,1
71 L}ud
fxqdwl

+d,
UU
v

7

+zmgV, dnr mh z+{> |> }, @ +{2> |2> }2, l

V @ CY / Y @ i+{> |> }, 5 U� m 3 � {> |> } � dj>
+e,

UU
v

7

3% ULtk3+ ULt q35 ULt �
%2n+2n52 gV dnr mh V vuhglµqmd vihud sroxpmhud d

+y1 ¢51617+64,,/ d frv�/ frv� l frv � vx vpmhuryql nrvlqxvl xqxwudµqmlk qru0
pdoqlk yhnwrud1
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81 L}ud
fxqdwl
+d,

K
v

Y7

+zmgu, dnr mh z+{> |> }, @ +{� }> } � {> {� |, l

V @ i+{> |> }, 5 U� m {2 . |2 � 4/ {. } @ 4j>
+e,

K
w

Y7

{g{. +{. |,g| . +{. | . },g} dnr mh

V @ i+{> |> }, 5 U� m {2 . |2 � d2/ } @ {. |j1
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Rguh¡xmx�fl lqwhjudo gdqh ixqnflmh i = [ $ U/ [ � U +y1 ¢715,/ umhµdydpr/
}dsudyr/ mhgqdg
}ex I �+{, @ i+{, v qhsr}qdqlfrp 0 ixqnflmrp I = [ $ U1
Srg qhnlp xymhwlpd mh ixqnflmd I mhgqr}qd
fqr rguh¡hqd gr qd suleurmql
fnx
nrqvwdqwx1 Surpdwudqd mhgqdg
}ed I �+{, @ i+{,/ rgqrvqr/ hnylydohqwqd mrm
mhgqdg
}ed gI +{, @ i+{,g{ vsdgd x w}y1 glihuhqflmdoqh mhgqdg
}eh1

�%�%� " ��4���/����/�0 ���/����2�0� #.��/�6#

Srg glihuhqflmdoqrp mhgqdg
}erp vpdwudpr vydnx mhgqdg
}ex nrmd dqdol0
wl
fnlp }dslvrp sryh}xmx qhsr}qdwh uhdoqh ixqnflmh/ qhnh ghulydflmh wlk ixqn0
flmd l qmlkryh ydulmdeoh1 Rqh vh yuor 
fhvwr �vdph rg vheh� srmdyomxmx ndr
pdwhpdwl
fnl }dslvl qhnlk sulurgqlk }dnrqd µwr xsudyomdmx 
}lylp l qh
}lylp
vylmhwrp rnr qdv +x jhrphwulml/ �}lfl/ nhplml/ elrorjlml/ whkqlfl l whkqrorjlml/
phglflql lwg1,1 Dnr mh uhg qdmylµh ghulydflmh µwr vh srmdyomxmh x glihuhqflmdo0
qrm mhgqdg
}el eurm q 5 Q/ rqgd nd
}hpr gd mh wd glihuhqflmdoqd mhgqdg
}ed
q0wrjd uhgd1 Uh�fl �fhpr gd mh glihuhqflmdoqd mhgqdg
}ed rel
fqd dnr vh x qmrm
srmdyomxmh vdpr mhgqd qhsr}qdwd ixqnflmd/ nrmd vh pr
}h vyhvwl qd ixqnflmx
mhgqh ydulmdeoh1 Dnr vh x mhgqdg
}el srmdyomxmh qhnd sduflmdoqd ghulydflmd
qhsr}qdwh ixqnflmh ylµh ydulmdeod/ jryrulpr r sduflmdoqrm glihuhqflmdoqrm
mhgqdg
}el1 Ud}pdwud ol vh lvwrgreqr ylµh glihuhqflmdoqlk mhgqdg
}ded v lv0
wlp qhsr}qdwlp ixqnflmdpd/ jryrulpr r vxvwdyx glihuhqflmdoqlk mhgqdg
}ed1
Vxvwdy rg p/ p 5 Q/ rel
fqlk glihuhqflmdoqlk mhgqdg
}ded suyrjd uhgd v p
qhsr}qdwlk ixqnflmd qd}lydpr vxvwdyrp uhgd p1 Umhµhqmh glihuhqflmdoqh

66<
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]EH

mhgqdg
}eh mh vydnd ixqnflmd nrmd mrm xyuµwhqmhp lghqwl
fnl xgryromdyd1 Uh�fl

�fhpr gd mh glihuhqflmdoqd mhgqdg
}ed ulmhµhqd dnr vx rguh¡hqd vyd qmh}lqd
umhµhqmd1

Exgx�fl gd �fhpr rygmh ud}pdwudwl vdpr +qhnh mhgqrvwdyqlmh, rel
fqh glihu0
hqflmdoqh mhgqdg
}eh/ gh�qludw �fhpr lk hnvsolflwqr1

Gh�qlflmd :1414 Qhnd Uf r}qd
fxmh vnxs vylk ixqnflmd l} srgvnxsd [ � U
x vnxs uhdoqlk eurmhyd U/ qhnd mh l = [ /$ U xodjdqmh/ wh qhnd mh I =
U
f � � � � �Uf $ U

f ixqnflmd rg q. 5 ydulmdeoh> q 5 Q1 Vydnx mhgqdg
}ex

I +z, @ ff> z 5 i+l> i> i �> � � � > i E?�, m i 5 Uf > i E?� 9@ ffj � +Uf,?n2>

jgmh mh ff = [ $ U qxonrqvwdqwqd ixqnflmd> qd}lydpr rel
fqrp glihuhqfl0

mdoqrp mhgqdg
}erp q0wrjd uhgd1 Umhµhqmhp wh glihuhqflmdoqh mhgqdg
}eh
vpdwudpr vydnx q sxwd ghulydeloqx ixqnflmx i = [ $ U nrmd mrm xgryromdyd/
wm1 }d nrmx yulmhgl

+;{ 5 [, I +{> i+{,> i �+{,> � � � > i E?�+{,, @ 3=
+Srqhndg vh l vdp wdm xymhw I +{> i+{,> i �+{,> � � � > i E?�+{,, @ 3/ rgqrvqr }d0
slv I +{> |> |�> � � � > |E?�, @ 3/ | � i+{,/ qd}lyd rel
fqrp glihuhqflmdoqrp mhg0
qdg
}erp1,

Sulpmhu :1414 +d, Mhgqdg
}ed |��5{ @ 3 mh rel
fqd glihuhqflmdoqd mhgqdg
}ed
suyrjd uhgd/ d qmh}lqr umhµhqmh mh vydnl srolqrp iS/ | @ iS+{, @ {2 . f>

+e, |�� @ 9{ . 5 mh rel
fqd glihuhqflmdoqd mhgqdg
}ed guxjrjd uhgd/ d
umhµhqmh mrm mh vydnl srolqrp iS�cS2/ | @ iS�cS2+{, @ {� . {2 . f�{. f2>

+f, Vxvwdy rel
fqlk glihuhqflmdoqlk mhgqdg
}ded {� @ |. w/ |� @ w/ v qhsr}0
qdwlp ixqnflmdpd { @ !+w, l | @ #+w,/ lpd }d umhµhqmh vydnl ixqnflmvnl sdu
!+w, @ �

S+w
� . 6w2 . f�w. f2,/ #+w, @

�
S+6w

2 . f�,/ f�> f2 5 U/ mhu mh
{� @ �

2w
2 . w. S�

S @ �
S+6w

2 . f�, . w @ | . w l |� @ �
S � 9w @ w1

Vnxs vylk umhµhqmd gdqh glihuhqflmdoqh mhgqdg
}eh +vxvwdyd glihuhqflmdo0
qlk mhgqdg
}ded, qd}lydpr qmh}lqlp +qmhjrylp, rs�flp umhµhqmhp/ d vydnr
srmhglqr umhµhqmh 0 srvheqlp lol sduwlnxoduqlp umhµhqmhp1 Gd el vh
rguhglor qhnr srvheqr umhµhqmh/ rel
fqr vh srvwdyh grgdwql }dkwmhyl/ w}y1
sr
fhwql xymhw nrmhpx rqr prud xgryromdydwl1 Dnr mh rs�fh umhµhqmh sr}qdwr
rqgd vh l} qmhjd/ whphomhp sr
fhwqrj xymhwd/ odnr l}gydmd wud
}hqr srvheqr
umhµhqmh1 ]d rel
fqx glihuhqflmdoqx mhgqdg
}ex suyrjd uhgd rel
fqr vh }dkwlmhyd
gd srvheqr umhµhqmh lpd }dgdqx yulmhgqrvw x rgdeudqrm wr
fnl/ d x vox
fdmx
mhgqdg
}eh guxjrjd uhgd }dgdmh vh l ghulydflmvnd yulmhgqrvw x rgdeudqrm wr
fnl1

Sulpmhu :1415 Mhgqrvwdyqr mh surymhulwl gd vx umhµhqmd x Sulpmhulpd :1414
+d,/ +e, l +f, rs�fd umhµhqmd wlk rel
fqlk glihuhqflmdoqlk mhgqdg
}ded +vxvwdyd,/
wm1 gd vh eludmx�fl nrqvwdqdwh f�> f2 5 U pr
}h grelwl vydnr srvheqr umhµhqmh1
Suhwsrvwdylpr/ sulpmhulfh/ gd mh | @ i+{, qhnr +elor nrmh, srvheqr umhµhqmh
glihuhqflmdoqh mhgqdg
}eh |��5{ @ 3/ wm1 gd mh i �+{, @ 5{1 Wuhedpr grnd}dwl
gd mh
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i 5 iiS m iS+{, @ {2 . f/ f 5 Uj1
Exgx�fl gd mh/ }d vydnl f 5 U/ i �S+{, @ 5{/ { 5 U/ wr vh ixqnflmh iS l i
ud}olnxmx gr qd suleurmql
fnx nrqvwdqwx +y1 Nrurodu 71414,,1 Gdnoh/ i+{, @
iS+{, . n }d qhnl n 5 U/ wm1

i+{, @ {2 . f. n @ {2 . f�/ f� � f. n 5 U/
µwr vpr l wuhedol grnd}dwl1 Rguhglpr rqr srvheqr umhµhqmh wh mhgqdg
}eh nrmh
x wr
fnl { @ 3 lpd yulmhgqrvw | @ 41 Xyuµwhqmhp gdqrjd sr
fhwqrj xymhwd x
rs�fh umhµhqmh grelydpr

4 @ iS+3, @ 32 . f/ wm1 f @ 4/
sd mh wud
}hqr srvheqr umhµhqmh | � i+{, @ {2 . 41

Dnr mh glihuhqflmdoqrm mhgqdg
}el l} Sulpmhud :1414+e, srvwdyomhq sr
fhwql xymhw
{ @ 3/ | @ 4/ |� @ 5/

rqgd xyuµwhqmhp x rs�fh umhµhqmh grelydpr

4 @ iS��S2+3, @ 3� . 32 . f� � 3 . f2 l 5 @ i �S�cS2+3, @ 6 � 32 . 5 � 3 . f�/ wm1
f2 @ 4 l f� @ 51 Volmhgl wud
}hqr srvheqr umhµhqmh | � i+{, @ {�.{2.5{.41

Dnr mh/ qdsrnrq/ x Sulpmhux :1414+f, sr
fhwql xymhw w @ 4/ { @ 4/ | @ 3/ rqgd
l} r�fhjd umhµhqmd { � !+w, @ �

S+w
� . 6w2 . f�w . f2,/ | � #+w, @ �

S+6w
2 . f�,

wrjd vxvwdyd grelydpr srvheqr umhµhqmh { � !+w, @ �
S+w

� . 6w2 � 6w . 8,/
| � #+w, @ �

2+w
2 � 4,1

�%�%- �����#$ 6�#��0

Umhµdydqmh glihuhqflmdoqh mhgqdg
}eh mh/ rs�fhqlwr/ yuor }dkwmhyql }dgdwdn1 ]d
srmhglqh yuvwh glihuhqflmdoqlk mhgqdg
}ded srvwrmh nulwhulml 0 grvwdwql xymhwl
nrml mdp
fh revwrmqrvw qmlkrylk umhµhqmd1 Rygmh �fhpr xsr}qdwl nulwhulmh }d
umhµlyrvw glihuhqflmdoqlk mhgqdg
}ded µwr grsxµwdmx }dslv

|� @ j+{> |,>
sul 
fhpx mh j = [ $ U/ [ � U

2/ gdqd ixqnflmd nrmd xgryromdyd qhnlp
grgdwqlp xymhwlpd/ d wud
}hqr umhµhqmh mh qhsr}qdwd ixqnflmd | � i+{, +mhgqh
ydulmdeoh,1 Rvlp wrjd/ ylgmhw �fhpr ndnr vh wl nulwhulml srrs�fxmx qd umhµlyrvw
vxvwdyd rel
fqlk glihuhqflmdoqlk mhgqdg
}ded q0wrj uhgd

|�� @ j�+{> |�> � � � > |?,
� � �
|�? @ j?+{> |�> � � � > |?,

sul 
fhpx vh wud
}h qhsr}qdwh ixqnflmh |� � i�+{,/ l @ 4> � � � > q1 Wdndy
�nydgudwql� vxvwdy qd}lydpr qrupdoqlp vxvwdyrp rel
fqlk glihuhqflmdoqlk
mhgqdg
}ded1

Whruhp :1414 +Slfdugry whruhp, Qhnd vx gdqh ixqnflmd j = [ $ U/ [ �
U
2/ l wr
fnd +{f> |f, 5 [ l qhnd srvwrml sudyrnxwqln S @ ^{f � d> {f . d` �

^|f � e> |f . e` � [/ d> e 5 Un/ wdndy gd yulmhgl
+l, j mh qhsuhnlgqd qd S >
+ll, j xgryromdyd w}y1 Olsvfklw}ryx xymhwx qd S sr ydulmdeol |/ wm1

+<O 5 Un,+;+{�> |�,> +{�> |2, 5 S , mj+{�> |�,� j+{�> |2,m � Om|� � |2m1
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]EH

Wdgd glihuhqflmdoqd mhgqdg
}ed/ v sr
fhwqlp xymhwrp/

|� @ j+{> |,/ { @ {f/ | @ |f/

lpd wr
fqr mhgqr umhµhqmh nrmh mh qhsuhnlgqd ixqnflmd

i = ^{f � k> {f . k`$ U/ |f @ i+{f,/

k @ plqid> K
� j/ d P @ pd{imj+{> |,m m +{> |, 5 Sj1 +Sr}lwlyql eurm O

qd}lydpr Olsvfklw}ryrp nrqvwdqwrp1,

Grnd}1 Qdmsulmh sulplmhwlpr gd mh vydnr umhµhqmh
i = D$ U/ D � U/ |f @ i+{f,/

glihuhqflmdoqh mhgqdg
}eh
|� @ j+{> |,/ { @ {f/ | @ |f/

qd vnxsx D/ wm1 i �+{, @ j+{> i+{,, }d vydnl { 5 D l i+{f, @ |f/ xmhgqr
umhµhqmh +lqwhjudoqh, mhgqdg
}eh

| @ |f .
%U

%f

j+w> |,gw/ { 5 D1

Gdnoh/ }d wud
}hqr umhµhqmh | @ i+{,/ dnr srvwrml/ prud yulmhglwl

i+{, @ |f .
%U

%f

j+w> i+w,,gw/ { 5 D/

x µwr vh mh odnr xymhulwl lqwhjuludmx�fl remh vwudqh mhgqdnrvwl i �+w,gw @
j+w> i+w,,gw qd vhjphqwx ^{f> {`1 Yulmhgl/ ph¡xwlp/ l reudwqr/ wm1 vydnr
umhµhqmh qdyhghqh lqwhjudoqh mhgqdg
}eh mhvw l umhµhqmh srod}qh glihuhqflmdoqh
mhgqdg
}eh1 ]dlvwd/ ghulyludqmhp wrjd umhµhqmd/ wm1 mhgqdnrvwl

i+{, @ |f .
%U

%f

j+w> i+w,,gw/ grelydpr

i �+{, @ +|f,
� . +J+{> i+{,,�J+{f> i+{f,,,

� @ j+{> i+{,,/
jgmh mh J qhnd sulplwlyqd ixqnflmd rg j1 Suhpd wrpx/ hnylydohqwqr mh ulmhµlwl
srod}qx glihuhqflmdoqx mhgqdg
}ex lol qdyhghqx lqwhjudoqx mhgqdg
}ex/ sd�fhpr
rygmh ulmhµlwl wx lqwhjuddoqx mhgqdg
}ex1 Grnd}dw �fhpr gd vh qmh}lqr umhµhqmh
i pr
}h grelwl ndr judql
fqd yulmhgqrvw ixqnflmvnrjd ql}d +i?,/

i? = ^{f � k> {f . k`$ U/ i?+{, @ |f .
%U

%f

j+w> i?3�+w,,gw/

sul 
fhpx mh if @ f+f/ wh gd mh rqr mhglqvwyhqr$ Grnd} �fhpr udµ
fodqlwl qd
rylk shw nrudnd=

4f gh�qludqmh ixqnflmvnrjd ql}d +i?, qd ^{f � k> {f . k`>
5f grnd} gd mh vydnd ixqnflmd i? qhsuhnlgqd l gd mh i?+{f, @ |f>
6f grnd} gd ql} +i?, mhgqrolnr nrqyhujlud>
7f grnd} gd mh olp+i?, � i umhµhqmh lqwhjudoqh mhgqdg
}eh>
8f grnd} gd mh i mhglqr umhµhqmh wh mhgqdg
}eh1

4f Grvwd mh srwyuglwl gd mh/ }d vydnl q 5 Q l vydnl { 5 ^{f � k> {f . k`/
yulmhgqrvw i?+{, 5 ^|f � e> |f . e`$ Qdmsulmh/

mi�+{,� |fm @ m
%U

%f

j+w> |f,gwm � m
%U

%f

mj+w> |f,mgwm � m
%U

%f

Pgwm @

P m{� {fm �Pk �P � K
�

@ e/
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wm1 i�+{, 5 ^|f� e> |f . e`1 Vdgd pdwhpdwl
fnrp lqgxnflmrp/ odnr grnd}xmx�fl
gd l} i?+{, 5 ^|f � e> |f . e` volmhgl i?n�+{, 5 ^|f � e> |f . e`/ }dnomx
fxmhpr
gd mh ql} +i?, greur gh�qludq1
5f Gd mh i?+{f, @ |f }d vydnl q 5 Q volmhgl l}

%U

%f

j+w> i?3�+w,,gw @ 3 }d vydnl q 5 Q> 
flp mh { @ {f1

Qhsuhnlgqrvw vydnh ixqnflmh i? vh odnr grnd}xmh pdwhpdwl
fnrp lqgxnflmrp
l sulpmhqrp Whruhpd 71615 l Whruhpd 716171
6f Surpdwudmpr ixqflmvnl uhgS

x?/ x� @ i� � if @ i�/ x?n� @ i?n� � i?/ q 5 Q1
Xr
flpr gd mh n0wl gmhorpl
fql }eurm v& wrjd uhgd ixqnflmd i&1 Qdlph/

v& @
&S

?'�
+i? � i?3�, @ i&/ n 5 Q1

Surflmhqlpr vdgd dsvroxwqx yulmhgqrvw mx?+{,m vydnrjd 
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| @ {� 4 . h% . h3%> } @ �{. 4. h% � h3%1

Qdsrphqd :1515 Vyh µwr vpr uhnol r vxvwdyx gylmx rel
fqlk glihuhqflmdoqlk
mhgqdg
}ded suyrjd uhgd +v gylmh qhsr}qdwh ixqnflmh, odnr vh srrs�fxmh qd
vxvwdy rg q rel
fqlk glihuhqflmdoqlk mhgqdg
}ded suyrjd uhgd/ q 5 Q1

�%-%7 �����2�

41 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex +{. 5|,|� @ 4 wh qd�fl srvheqr umhµhqmh
µwr xgryromdyd sr
fhwqrpx xymhwx { @ 3> | @ �41
51 Rguhglwl udyqlqvnx nulyxomx nrmd surod}l wr
fnrp +5> 3, dnr mrm vydnl wdq0
jhqwlq rguh}dn l}ph¡x gludolµwd l \ 0rvl lpd gxomlqx 51
61 Qd�fl srvheqr umhµhqmh glihuhqflmdoqh mhgqdg
}eh

+{2 � 6|2,g{. 5{|g| @ 3/ { @ 5> | @ 41
71 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex |� @ %n2+n�

2%ne+n� 1
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81 Rguhglwl udyqlqvnx nulyxomx nrmrm mh/ x vydnrm wr
fnl/ wdqjhqwlqr vmhflµwh v
\ 0rvl mhgqdnr dsvflvl sulsdgqrjd gludolµwd1
91 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex

+d, {|� . +{. 4,| @ 6{2h3%> +e, {|� � 5{2
s
| @ 7|1

:1 Rguhglwl udyqlqvnx nulyxomx v rylp vyrmvwyrp= ]d vydnx wr
fnx mh sorµwlqd
wurnxwd µwr jd wyruh wdqjhqwd/ udglmxv0yhnwru sulsdgqrjd gludolµwd l [0rv
qhsurplmhqmhqd1
;1 L}ud
fxqdwl rs�fl lqwhjudo glihuhqflmdoqh mhgqdg
}eh

{g{. |g| @ %_+3+_%

%2n+2
1

�%1 
��� "*��'
�  �&���
'�(�)
�
(� 
� �:*�  ��!"!� �� �

X ryrpx rgmhomnx �fhpr ud}pdwudwl qhnh mhgqrvwdyqh yuvwh rel
fqlk glihuhq0
flmdoqlk mhgqdg
}ded guxjrjd uhgd1 Srvheqx sr}ruqrvw �fhpr srvyhwlwl w}y1
olqhduqlp glihuhqflmdoqlp mhgqdg
}edpd guxjrjd uhgd v nrqvwdqwqlp nrh�fl0
mhqwlpd1

�%1%�  �4���/����/� ���/����2� � ��� ��� ���� � �

Rs�fhqlwr/ glihuhqflmdoqx mhgqdg
}ex I +{> |> |�> |��, @ 3 vyrglpr }dpmhqrp
|� @ s qd vxvwdy

I +{> |> s> s�, @ 3> |� @ s=
Grsxµwd ol wdm vxvwdy vyr¡hqmh qd reoln

|� @ s> s� @ J+{> |,>
vplmhpr qd qmhjd sulplmhqlwl Whruhp :1415/ sd srod}qd mhgqdg
}ed lpd +mhglq0
vwyhqr, umhµhqmh rqgd l vdpr rqgd ndg rydm vxvwdy lpd umhµhqmh1

Dnr vh x srod}qrm glihuhqflmdoqrm mhgqdg
}el qh srmdyomxmh hnvsolflwqr |
ndr ydulmdeod/ wm1 dnr mhgqdg
}ed grsxµwd }dslv

I +{> |�> |��, @ 3>
rqgd }dpmhqrp |� @ s/ |�� @ s� grelydpr glihuhqflmdoqx mhgqdg
}ex suyrjd
uhgd I +{> s> s�, @ 31 Rguhglpr ol qmh}lqr umhµhqmh s � j+{,/ lqwhjuludqmhp
grelydpr wud
}hqr umhµhqmh | � i+{, @

U
j+{,g{1

Sulpmhu :1614 Ulmhµlpr glihuhqflmdoqx mhgqdg
}ex {|��.|��{ @ 3 l qd¡lpr
srvheqr umhµhqmh µwr xgryromdyd sr
fhwqrpx xymhwx { @ 4/ | @ �

e / |
� @ 41

Exgx�fl gd vh x wrm mhgqdg
}el qh srmdyomxmh |/ sulplmhqlpr }dpmhqx |� @ s/
|�� @ s� sd �fhpr grelwl mhgqdg
}ex {s� . s � { @ 31 Qryd }dpmhqd s @ }{
grsxµwd rgmhomlydqmh qrylk ydulmdeod=

_5
�325 @ _%

%
1

Volmhgl/ } @ �
2+4� �

S�%2
, sd mh s @ %

2 +4� �
S�%2

, l/ qdsrnrq/

| � i+{, @
U
sg{ @ �

2+
%2

2 � �
S�

oq m{m, . f21
Xyuvwlpr ol gdql sr
fhwql xymhw x rs�fh umhµhqmh l qmhjryx ghulydflmx/ grelydpr=
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�
e @ �

2+
�
2 � �

S�
oq 4, . f2/ 4 @ �

2+4� �
S�
,1

Rgdwoh/ f� @ �4/ f2 @ 3/ sd mh wud
}hqr srvheqr umhµhqmh | @ �
e+{

2 . oq{2,1

�%1%-  �4���/����/� ���/����2� � ��� ��� ���� � �

Dnr vh x glihuhqflmdoqrm mhgqdg
}el I +{> |> |�> |��, @ 3 qh srmdyomxmh hnvsol0
flwqr ydulmdeod {/ wm1 dnr wd mhgqdg
}ed grsxµwd }dslv I +|> |�> |��, @ 3/ rqgd
srpd
}h }dpmhqd=

|� @ _+
_%

@ s/ |�� @ s� @ _R
_%

@ _R
_+

R

@ _R
_+
� s1

Sulpmhu :1615 Ulmhµlpr glihuhqflmdoqx mhgqdg
}ex |��|� +|�,2 @ 3 wh rguhg0
lpr srvheqr umhµhqmh µwr xgryromdyd sr
fhwqrpx xymhwx

+d, { @ 3> | @ 3> |� @ 3>

+e, { @ 4> | @ 3> |� @ 4>

+f, { @ 4> | @ 4> |� @ 4>

+g, { @ 4> | @ 4> |� @ 51

Qdyhghqd }dpmhqd x ryrpx sulpmhux sryod
fl
_R
_+
s| � s2 @ 3/ wm1 s+_R

_+
| � s, @ 31

Gdnoh/ s @ 3 lol _R
_+
| � s @ 31 Dnr mh s @ 3 @ |� rqgd mh | @ f/ d dnr mh

_R
_+
| � s @ 3/ wm1 _R

R
@ _+

+
/

rqgd mh |� @ s @ f�| sd mh _+
+

@ f�g{1 Volmhgl/
| � i+{, @ f2h

S�%1

Sulplmhwlpr gd mh suyl vox
fdm rexkyd�fhq guxjlp +f� @ 3/ f2 � f,1 Qd¡lpr
vdgd wud
}hqd srvheqd umhµhqmd1

+d, Sr
fhwql xymhw { @ 3> | @ 3> |� @ 3/ xyuµwhq x | @ f2h
S�% l |� @ f�|/

sryod
fl 3 @ f2 l 3 @ 31 Srvheqr umhµhqmh mh/ gdnoh/ qxonrqvwdqwd | @ 31

+e, Sr
fhwql xymhw { @ 4> | @ 3> |� @ 4 sryod
fl 3 @ f2h
S� l 4 @ 3/ µwr mh

surwxvoryomh1 ]dnomx
fxmhpr gd qh srvwrml srvheqr umhµhqmh nrmh el xgryromlor
wrpx sr
fhwqrp xymhwx1

+f, Sr
fhwql xymhw { @ 4> | @ 4> |� @ 4 sryod
fl 4 @ f2h
S� l 4 @ f�/ gdnoh/

f� @ 4> f2 @ h3�1 Sulsdgqr srvheqr umhµhqmh mhvw | @ h%3�1

+g, Vol
fqr/ sr
fhwql xymhw { @ 4> | @ 4> |� @ 5 sryod
fl 4 @ f2h
S� l 5 @ f�/

gdnoh/ f� @ 5/ f2 @ h32/ sd mh sulsdgqr srvheqr umhµhqmh | @ h2%321

<

;

2

H
[��

H
�[��

�

�
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�%1%1 ;#0#��/� ��4���/����/� ���/����2�

Dnr mh ixqnflmd +{> |> |�> |��, :$ I +{> |> |�> |��, krprjhqd sr ydulmdeodpd |> |�> |��/
wm1 dnr mh

I +{> w|> w|�> w|��, @ w&I +{> |> |�> |��,/ w 5 U/
+y1 Qdsrphqx :1414,/ rqgd glihuhqflmdoqx mhgqdg
}ex I +{> |> |�> |��, @ 3 }d0
pmhqrp

| @ n � h
U
5_%/ } � j+{,/

vyrglpr qd glihuhqflmdoqx mhgqdg
}ex suyrjd uhgd +v qhsr}qdwrp ixqnflmrp
j,

I +{> n � h
U
5_%> n} � h

U
5_%> n+}2 . }�, � h

U
5_%, @ 3/ wm1

nI +{> 4> }> }2 . }�,h
U
5_% @ 3/ rgqrvqr/ I +{> 4> }> }2 . }�, @ 31

Rel
fqx glihuhqflmdoqx mhgqdg
}ex guxjrjd uhgd v rslvdqlp vyrmvwyrp qd}l0
ydpr krprjhqrp sr ydulmdeodpd |> |�> |��1

Sulpmhu :1616 Glihuhqflmdoqd mhgqdg
}ed {|2.||���+|�,2 @ 3 mh krprjhqd
+n @ 5, mhu mh

{+w|,2 . +w|,+w|��,� +w|�,2 @ w2+{|2 . ||�� � +|�,2,1
]dpmhqd | @ 5h

U
5_%/ } � j+{,/ yrgl gr mhgqdg
}eh

{. }� . }2 � }2 @ 3/ wm1 {. }� @ 31
Volmhgl } @ �%2

2 . f�> sd mh
U
}g{ @ �%�

� . f�{. f2/ d rs�fh umhµhqmh srod}qh
mhgqdg
}eh mhvw

| � i+{, @ 5h3
%�

�
nS�%nS2 @ F2h

3
%�

�
n��%1

Qd nudmx/ glihuhqflmdoqd mhgqdg
}ed
I +{> |> _+

_%
> _

2+

_%2
, @ 3

nrmd mh krprjhqd sr ydulmdeodpd {> |> g{> g|> g2|/ wm1 }d nrmx mh
I +w{> w|> |_+

|_%
> |_2+

E|_%�2 , @ w&I +{> |> _+
_%
> _

2+

_%2
,/ w 5 U/

pr
}h vh }dpmhqrp | @ {}/ m{m @ hr/ } @ j+v, vyhvwl qd yuvwx glihuhqflmdoqh
mhgqdg
}eh surpdwudqx x suhwkrgqrpx srgrgmhomnx :1615/ wm1 qd mhgqdg
}ex
J+}> }�> }��, @ 3 v qhsr}qdwrp ixqflmrp } � j+v, @ j+oq m{m,1

�%1%3 )�/���/� ��4���/����/� ���/����2� +
�#/+6�/6/�0 �#�A���/6�0�

Dnr rel
fqd glihuhqflmdoqd mhgqdg
}ed guxjrjd uhgd I +{> |> |�> |��, @ 3 grsxµwd
}dslv

|�� . d|� . e| @ j+{,> d> e 5 U> +4,
jryrulpr r olqhduqrm glihuhqflmdoqrm mhgqdg
}el guxjrjd uhgd v nrq0

vwdqwqlp nrh�flmhqwlpd1 X vox
fdmx j @ ff grelydpr
|�� . d|� . e| @ 3> d> e 5 U> +5,

µwr mh sulsdgqd mrm krprjhqd +lol �qhsrwsxqd�, mhgqdg
}ed1
Pr
}h vh grnd}dwl gd surpdwudqd olqhduqd glihuhqflmdoqd mhgqdg
}ed lpd

wr
fqr mhgqr umhµhqmh 
flp mh ixqnflmd j lqwhjudeloqd1 Umhµdydqmh wh
fh vol
fqr
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rqrpx }d olqhduqx glihuhqflmdoqx mhgqdg
}ex suyrjd uhgd1 Qdlph/ suyr vh
ulmhµl sulsdgqd krprjhqd mhgqdg
}ed/ d rqgd vh ydululudqmhp nrqvwdqdwd gr0
elyd wud
}hqr rs�fh umhµhqmh srod}qh mhgqdg
}eh1 X rs�fhp vox
fdmx mh srvwxsdn
whkql
fnl yuor vor
}hq l elwqr rylvl r ixqnflml j1 X pqrjlp vox
fdmhylpd hoh0
phqwduqlk ixqnflmd j wdm vh srvwxsdn pr
}h elwqr xeu}dwl/ d vuh�fd mh gd vx
edµ rql x sudnvl yuor 
fhvwl1 Rygmh �fhpr ud}pdwudwl vox
fdmhyh ndg mh j srol0
qrp/ xpqr
}dn srolqrpd l +sulurgqh, hnvsrqhqflmdoqh ixqnflmh/ ixqnflmd vlq
lol frv wh elor nrmd olqhduqd nrpelqdflmd qdyhghqlk vox
fdmhyd1 Grnd}dw �fhpr
gd mh wdgd rs�fh umhµhqmh olqhduqh glihuhqflmdoqh mhgqdg
}eh +4, }eurm rs�fhjd
umhµhqmd sulsdgqh krprkhqh mhgqdg
}eh +5, l elor nrmhjd srvheqrj umhµhqmd
srod}qh mhgqdg
}eh +4,1 Sulwrp mh elwqr gd vnxs vylk umh
}hqmd lpd vwuxnwxud
yhnwruvnrj survwrud +qdg F,/ µwr qdp rwnulydmx gyd vomhgh�fd whruhpd1

Whruhp :1614 Dnr vx |� @ i�+{, l |2 @ i2+{, gyd umhµhqmd olqhduqh krpr0
jhqh mhgqdg
}eh +5,/ rqgd mh l | @ f�i�+{, . f2i2+{,/ f�c2 5 U/ umhµhqmh wh
mhgqdg
}eh1

Grnd}1 L}udyqrp surymhurp grelydpr |�� . d|� . e| @
+f�i�+{, . f2i2+{,,

�� . d+f�i�+{, . f2i2+{,,
� . e+f�i�+{, . f2i2+{,, @

f�+i
��

� +{, . di ��+f, . ei�+{,, . f2+i
��

2 +{, . di �2+f, . ei2+{,, @
f� � 3 . f2 � 3 @ 31

Uh�fl �fhpr gd vx gyd umhµhqmd |� @ i�+{, l |2 @ i2+{, olqhduqh krprjhqh
mhgqdg
}eh +5, olqhduqr qh}dylvqd/ dnr l} f�i� . f2i2 @ 3 +qxonrqvwdqwqd
ixqnflmd,/ f�c2 5 U/ volmhgl f� @ f2 @ 31

Whruhp :1615 Dnr vx |� @ i�+{, l |2 @ i2+{, gyd olqhduqr qh}dylvqd
umhµhqmd olqhduqh krprjhqh mhgqdg
}eh +5,/ rqgd mh | @ f�i�+{, . f2i2+{,/
f�c2 5 U/ qmh}lqr rs�fh umhµhqmh1

Grnd}1 Wuhed grnd}dwl gd vh l} umhµhqmd +y1 Whruhp :1614, | @ f�i�+{,.
f2i2+{,/ f�c2 5 U/ pr
}h grelwl vydnr srvheqr umhµhqmh/ wm1 gd vx gdqlp sr
fhw0
qlp xymhwrp { @ {f> | @ |f> |

� @ �|f nrqvwdqwh f� l f2 mhgqr}qd
fqr rguh¡hqh1
Xyuvwlpr ol sr
fhwql xymhw x wr umhµhqmh l qmhjryx ghulydflmx/ grelydpr ol0
qhduql vxvwdy

f�i�+{f, . f2i2+{f, @ |f/ f�i
�

�+{f, . f2i
�

2+{f, @ �|f1
Suhwsrvwdyomhqd olqhduqd qh}dylvqrvw sryod
fl gd mh ghwhuplqdqwd

Z +{, @

����
i�+{, i2+{,
i ��+{, i �2+{,

���� 9@ 3/ }d vydnl {/

sd mh/ srvhelfh/ ghwhuplqdqwd surpdwudqrjd olqhduqrj vxvwdydGf @ Z +{f, 9@
31 Volmhgl gd wdm vxvwdy lpd wr
fqr mhgqr umhµhqmh ++f�,f> +f2,f,1

R revwrmqrvwl srvheqrj umhµhqmd krprjhqh olqhduqh mhgqdg
}eh +5, jryrul
vomhgh�fl whruhp1 Sulwrp grsxµwdpr gd umhµhqmh exgh l nrpsohnvqd ixqnflmd
+uhdoqh ydulmdeoh,/ wm1 �qnflmd i = [ $ F/ [ � U/ i+{, @ x+{, . ly+{,/
l � s�4/ sul 
fhpx vx x l y uhdoqh ixqnflmh1 Ghulydflmrp ixqnflmh i vpdwudpr
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ixqnflmx { :$ i �+{, @ x�+{, . ly�+{, +ndg jrg vx ixqnflmh x l y ghulydeloqh,1
Mhgqrvwdyqr mh surymhulwl gd Whruhp :16141 l Whruhp :1615 yulmhgh l }d rydnyd
gyd nrpsohnvqd umhµhqmd v nrqvwdqwdpd f�c2 5 F1

Whruhp :1616 Srvwrml eurm u/ uhdodq lol nrpsohnvdq/ wdndy gd mh | @ ho%

srvheqr umhµhqmh krprjhqh olqhduqh glihuhqflmdoqh mhgqdg
}eh +5,1

Grnd}1 Irupdoqlp xyuµwhqmhp | @ ho%/ |� @ uho% l |�� @ u2ho% x
mhgqdg
}ex +5, grelydpr

ho%+u2 . du . e, @ 3/ wm1 u2 . du . e @ 3/
µwr mh w}y1 ndudnwhulvwl
fqd mhgqdg
}ed glihuhqflmdoqh mhgqdg
}eh +5,1 Exgx�fl
gd vydnd nydgudwqd mhgqdg
}ed lpd umhµhqmh x U lol F/ d x ryrpx vox
fdmx gr0
elydpr

u�c2 @ �@
2 	

t
@2

e � e/
wr vx |� @ ho�% l |2 @ ho2% srvheqd umhµhqmd glihuhqflmdoqh mhgqdg
}eh +5,1
�wrylµh/ dnr mh sulwrp u� 9@ u2 5 U rqgd vx sulsdgqd srvheqd umhµhqmd
olqhduqr qh}dylvqd sd mh/ sr Whruhpx :1615/ | @ f�h

o�%. f2h
o2% rs�fh umhµhqmh

glihuhqflmdoqh mhgqdg
}eh +5, +X vox
fdmx nrqmxjludqr0nrpsohnvqrj umhµhqmd
u�c2 5 F/ y1 elomhµnx sr grnd}x lgx�fhjd Whruhpd :16171,1 Dnr mh/ sdn/
u� @ u2 rqgd vh udgl r vdpr mhgqrp srvheqrp umhµhqmx +}d guxjr mdp
fl
Whruhp :1617,1

Whruhp :1617 Dnr ndudnwhulvwl
fqd mhgqdg
}ed krprjhqh olqhduqh glihuhqfl0
mdoqh mhgqdg
}eh +5, lpd vdpr mhgqr umhµhqmh/ wm1 dnr mh u� @ u2 @ �@

2 � u 5
U/ rqgd mh/ sruhg | @ ho%/ srvheqr umhµhqmh l | @ {ho%1 �wrylµh/ exgx�fl gd vx
ixqnflmh { :$ ho% l { :$ {ho% olqhduqr qh}dylvqh/ wr mh wdgd | @ f�h

o%.f2{h
o%

rs�fh umhµhqmh glihuhqflmdoqh mhgqdg
}eh +5,1

Grnd}1 L}udyqd surymhud +u @ �@
2 0 mhglqvwyhqr umhµhqmh ndudnwhulvwl
fqh

mhgqdg
}eh,+{ho%,�� . d+{ho%,� . e{ho% @ ho%++5u . d, . +u2 . du . e,{, @ 3
srwyu¡xmh gd mh l | @ {ho% umhµhqmh glihuhqflmdoqh mhgqdg
}eh +5,1 Qdgdomh/
ndg el ixqnflmh ho% l {ho% eloh olqhduqr }dylvqh/ krprjhql vxvwdy

f�h
o% . f2{h

o% @ 3/
f�uh

o% . f2+4 . u{,ho% @ 3
+guxjd mhgqdg
}ed vh grelyd ghulyludqmhp rqh suyh, el lpdr l qhwulylmdoqr
umhµhqmh sr f� l f21 Ph¡xwlp/ ghwhuplqdqwd wrjd vxvwdyd mh

G @ h2o%
����
4 {
u 4 . u{

���� @ h2o% 9@ 3

sd mh wulylmdoqr umhµhqmh f� @ f2 @ 3 mhglqr qmhjryr umhµhqmh1 Suhpd wrpx/
|� @ ho% l |2 @ {ho% vx/ x ryrpx vox
fdmx/ olqhduqr qh}dylvqd umhµhqmd glihu0
hqflmdoqh mhgqdg
}eh +5,1

X vox
fdmx nrqmxjludqr0nrpsohnvqrj umhµhqmd ndudnwhulvwl
fqh mhgqdg
}eh/
wm1

u�c2 @ �	 �l/ �>� 5 U/ � 9@ 3/
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rs�fh umhµhqmh | @ f�h
o�% . f2h

o2% +vnxs nrpsohnvqlk ixqnflmd, krprjhqh
olqhduqh glihuhqflmdoqh mhgqdg
}eh +5, }dslvxmhpr srpr�fx sulurgqh hnvsr0
qhqflmdoqh ixqnflmh l wuljrqrphwulmvnlk ixqnflmd vlq l frv rydnr=

| @ f�h
Eknq��% . f2h

Ek3q��% @ hk%+f�h
q%� . f2h

3q%�,
S17141:
@

hk%+f�+frv�{. l vlq�{, . f2+frv+��{, . l vlq+��{,,, @
hk%++f� . f2, frv�{. l+f� � f2, vlq�{, � hk%+n� frv�{. n2 vlq�{,/

sul 
fhpx mh n� � f� . f2 5 U/ n2 � l+f� � f2, 5 lU1 Rvlp wrjd/ odnr vh
surymhul gd vx ixqnflmh { :$ hk% frv�{> hk% vlq�{ olqhduqr qh}dylvqh +qdg F,

flp mh � 9@ 31
]dnomx
fdn = Rs�fh umhµhqmh krprjhqh olqhduqh glihuhqflmdoqh mhgqdg
}eh +5,/

|�� . d|� . e| @ 3/
mhvw vnxs vylk ixqnflmd { :$ iS�cS2+{,/ f�c2 5 U

V
lU/ µwr grsxµwdmx rydm }dslv=

f�h
o�% . f2h

o2%/ f�c2 5 U/ 
flp vx u�c2 5 U l u� 9@ u2>
f�h

o% . f2{h
o%/ f�c2 5 U/ 
flp mh u� @ u2 � u 5 U>

hk%+f� frv�{. f2 vlq�{,/ f� 5 U/ f2 5 lU


flp vx u�c2 @ �	 �l 5 F/ � 9@ 3/
sul 
fhpx mh u�c2 umhµhqmh sulsdgqh ndudnwhulvwl
fqh mhgqdg
}eh u2 . du. e @ 31

Sulpmhu :1617 Krprjhqrm olqhduqrm glihuhqflmdoqrm mhgqdg
}el |�� . 7|� .
7| @ 3 sulsdgd ndudnwhulvwl
fqd mhgqdg
}ed u2 . 7u . 7 @ 3/ nrmrm mh umhµhqmh
u� @ u2 @ �51 Rs�fh umhµhqmh surpdwudqh glihuhqflmdoqh mhgqdg
}eh mh/ gdnoh/

| @ f�h
32% . f2{h

32%/ f�c2 5 U1
]dgdpr ol/ qdlph/ elor nrml sr
fhwql xymhw { @ {f> | @ |f> |

� @ �|f/ grelydpr
+xyuµwhqmhp x | l |�, olqhduql vxvwdy +v qhsr}qdqlfdpd f� l f2,

f�h
32%f . f2{fh

32%f @ |f/ �5f�h
32%f . f2h

32%f � 5f2{fh
32%f @ �|f/

nrml/ }erj

G @ h32%f

����
4 {f

�5 4� 5{f

���� @ h32%f 9@ 3/

lpd wr
fqr mhgqr umhµhqmh ++f�,f> +f2,f,1 +Wr srwyu¡xmh gd vpr surqdµol rs�fh
umhµhqmh | srod}qh glihuhqflmdoqh mhgqdg
}eh1,

Whruhp :1618 Dnr mh gdqr elor nrmh srvheqr umhµhqmh olqhduqh glihuhqfl0
mdoqh mhgqdg
}eh +4,/ rqgd vh qmh}lqr rs�fh umhµhqmh grelyd suleudmdqmhp wrjd
srvheqrj umhµhqmd rs�fhpx umhµhqmx sulsdgqh mrm krprjhqh mhgqdg
}eh +5,1

Grnd}1 Qhnd mh |� � i�+{, rs�fh umhµhqmh krprjhqh mhgqdg
}eh +5,/ d
|2 � i2+{, srvheqr umhµhqmh olqhduqh mhgqdg
}eh +4,1 Grnd
}lpr gd mh wdgd
| @ |� . |2 @ i�+{, . i2+{, � i+{, rs�fh umhµhqmh glihuhqflmdoqh mhgqdg
}eh
+4,$ Gd mh | @ |� . |2 umhµhqmh volmhgl l}

|�� . d|� . e| @ +|� . |2,
�� . d+|� . |2,

� . e+|� . |2, @
+|��� . d|�� . e|�, . +|��2 . d|�2 . e|2, @ 3 . j+{, @ j+{,1

Exgx�fl gd wr umhµhqmh vdgu
}l +x |�, gylmh vorergqh nrqvwdqwh nrmh vh prjx
rguhglwl }d vydnl sr
fhwql xymhw { @ {f +5 G},/ | @ |f/ |� @ �|f/ wr vh grlvwd
udgl r rs�fhpx umhµhqmx1
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Fhwlul vomhgh�fd whruhpd grqrvh sudylod }d l}eru srvheqrj umhµhqmd glih0
uhqflmdoqh mhgqdg
}eh +4, v re}lurp qd gdqx ixqnflmx j1 Grnd}xmx vh l}udyqrp
surymhurp +xyuµwdydqmhp, sd wr suhsxµwdpr 
flwdwhomx ndr nrulvqx ymh
}ex1

Whruhp :1619 Dnr mh ixqnflmd j/ qd ghvqrm vwudql olqhduqh glihuhqflmdoqh
mhgqdg
}eh +4,/ srolqrp q0wrjd vwxsqmd/ j+{, @ s?+{,/ rqgd mh srvheqr umhµhqmh
wh mhgqdg
}eh srolqrp

0 q0wrjd vwxsqmd t?+{,> 
flp mh +x mhgqdg
}el +4,, nrh�flmhqw e 9@ 3>
0 +q. 4,0yrjd vwxsqmd t?n�+{,/ 
flp mh e @ 3 9@ d>
0 +q. 5,0jrjd vwxsqmd t?n2+{,/ 
flp mh e @ 3 @ d1

Nrh�flmhqwl wlk srolqrpd vh l}ud
fxqdydmx �phwrgrp qhrguh¡hqlk nrh�flmh0
qdwd�/ wm1 xyuµwhqmhp srolqrpd gdqrj vwxsqmd v qhsr}qdwlp nrh�flmhqwlpd x
mhgqdg
}ex +4, l l}mhgqd
fdydqmhp sduryd rgjrydudmx�flk nrh�flmhqdwd +x} lvwh
srwhqflmh, v olmhyh l ghvqh vwudqh1

Whruhp :161: Dnr mh j+{, @ s?+{,h
o%/ u 5 U/ rqgd mh srvheqr umhµhqmh

glihuhqflmdoqh mhgqdg
}eh +4, ixqnflmd
0 t?+{,h

o%> 
flp u @5 iu�> u2j>
0 {t?+{,h

o%/ 
flp mh u 5 iu�> u2j l u� 9@ u2>
0 {2t?+{,h

o%/ 
flp mh u @ u� @ u2/
sul 
fhpx mh u�c2 umhµhqmh sulsdgqh ndudnwhulvwl
fqh mhgqdg
}eh1 +Nrh�flmhqwl
srolqrpd t? vh l}ud
fxqdydmx sr xsxwl x suhwkrgqrpx whruhpx1,

Whruhp :161; Dnr mh j+{, @ f frv �{.g vlq �{/ f> g> � 5 U/ rqgd mh srvheqr
umhµhqmh glihuhqflmdoqh mhgqdg
}eh +4, ixqnflmd

0 F frv �{.G vlq �{/ 
flp l� @5 iu�> u2j>
0 {+F frv �{.G vlq �{,/ 
flp mh l� 5 iu�> u2j1

Nrh�flmhqwl F l G vh rguh¡xmx xyuµwhqmhp umhµhqmd x mhgqdg
}ex +4, l l}mhg0
qd
fdydqmhp rgjrydudmx�flk nrh�flmhqdwd x} ixqnflmx vlq/ rgqrvqr/ frv1

Whruhp :161< Dnr mh x olqhduqrm glihuhqflmdoqrm mhgqdg
}el +4, j+{, @
j�+{, . � � � . j&+{,/ n 5 Q/ rqgd mh qmh}lqr srvheqr umhµhqmh }eurm rg sr
mhgqrj srvheqrj umhµhqmd vydnh sulsdgqh mhgqdg
}eh

|�� . d|� . e| @ j�+{,/ m @ 4> � � � > n1

Sulpmhu :1618 Ulmhµlpr olqhduqx glihuhqflmdoqx mhgqdg
}ex v nrqvwdqwqlp
nrh�flmhqwlpd |���| @ �{.4 l rguhglpr mrm srvheqr umhµhqmh µwr xgryromdyd
sr
fhwqlpx xymhwx { @ 3/ | @ 3/ |� @ 3 +xvs1 Sulpmhu 6151<,1
Sulsdgqd krprjhqd mhgqdg
}ed mh |���| @ 3/ d ndudnwhulvwl
fqd mhgqdg
}ed mh
u2�4 @ 31 Umhµhqmh u�c2 @ 	4 sryod
fl gd vx | @ h% l | @ h3% olqhduqr qh}d0
ylvqd srvheqd umhµhqmd krprjhqh mhgqdg
}eh1 Wdnr grelydpr rs�fh umhµhqmh
| @ f�h

% . f2h
3% wh krprjhqh mhgqdg
}eh +y1 Whruhph :1617 l :1618,1 X sr0

od}qrm olqhduqrm glihuhqflmdoqrm mhgqdg
}el mh j+{, @ �{.4 � s�+{, srolqrp
suyrjd vwxsqmd/ d nrh�flmhqw x} | mh e @ �4 9@ 31 Sr Whruhpx :161;/ srvheqr
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umhµhqmh wh mhgqdg
}eh mh +l, qhnl srolqrp t�+{, @ D{.E1 Nrh�flmhqwh �fhpr
px rguhglwl sr gdqrm xsxwl=

+D{.E,�� � +D{.E, @ �{. 4, �D{�E @ �{. 41
Gdnoh/ D @ 4 l E @ �4 sd mh wud
}hqr srvheqr umhµhqmh | @ {� 41 Qdsrnrq/
sr Whruhpx :161: volmhgl gd mh | @ f�h

%.f2h
3%.{�4 wud
}hqr rs�fh umhµhqmh1

Srvheqr umhµhqmh µwr xgryromdyd sr
fhwqrpx xymhwx { @ 3/ | @ 3/ |� @ 3
grelydpr rgjrydudmx�flp xyuµwhqmlpd=

f�h
f . f2h

3f . 3� 4 @ 3/ f�h
f � f2h

3f . 4 @ 31
Volmhgl/ f� @ 3> f2 @ 4 sd mh wud
}hqr srvheqr umhµhqmh | @ h3% . {� 41

Sulpmhu :1619 Ulmhµlpr olqhduqx glihuhqflmdoqx mhgqdg
}ex v nrqvwdqwqlp
nrh�flmhqwlpd

|�� . 5|� . 8| @ {2h�% . vlq 5{1
Sulsdgqd ndudnwhulvwl
fqd mhgqdg
}ed u2 . 5u . 8 @ 3 lpd nrqmxjludqr0nrp0
sohnvqr umhµhqmh u�c2 @ �4 	 5l sd mh rs�fh umhµhqmh +nrpsohnvqr, sulsdgqh
krprjhqh mhgqdg
}eh

| @ h3%+f� frv 5{. f2 vlq 5{,1
Exgx�fl gd mh j+{, @ {2h�% . vlq 5{/ wr �fhpr }d surqdod
}hqmh srvheqrj
umhµhqmd srod}qh mhgqdg
}eh qdmsulmh xsrudelwl Whruhp :161< Surpdwudmpr/
gdnoh/ gylmh sulsdgqh glihuhqflmdoqh mhgqdg
}eh=

|�� . 5|� . 8| @ {2h�% l
|�� . 5|� . 8| @ vlq 5{1

Qmlkryd srvheqd umhµhqmd pr
}hpr rguhglwl uhgrp sr Whruhplpd :161: l :161;1
]d suyx mh wr

| @ +D{2 .E{.F,h�%1
Qmhjrylp xyuµwhqmhp +v |� l |��, x suyx mhgqdg
}ex l rgjrydudmx
flp l}mhg0
qd
fdydqmlpd grelydpr olqhduql vxvwdy

53D @ 4/ 49D. 53E @ 3/ 5D. ;E . 53F @ 3/
umhµhqmh nrmhjd mh D @ �

2f / E @ � �
2D / F @ ��

�fff 1 Suhpd wrpx/ srvheqr
umhµhqmh suyh glihuhqfldoqh mhgqdg
}eh mhvw

| @ �
�fff+83{

2 � 73{. 44,h�%1
Srvheqr umhµhqmh guxjh glihuhqflmdoqh mhgqdg
}eh mh reolnd

| @ F vlq 5{.G frv 5{1
Qmhjrylp xyuµwhqmhp +v |� l |��, x guxjx mhgqdg
}ex l rgjrydudmx�flp l}mhg0
qd
fdydqmlpd grelydpr olqhduql vxvwdy

F � 7G @ 4/ 7F .G @ 3/
umhµhqmh nrmhjd mh F @ �

�. / G @ � e
�. 1 Suhpd wrpx/ srvheqr umhµhqmh guxjh

glihuhqfldoqh mhgqdg
}eh mhvw
| @ �

�.+vlq 5{� 7 frv 5{,1
Vdgd mh/ sr Whruhpx :161</

| @ �
�fff+83{

2 � 73{. 44,h�% . �
�.+vlq 5{� 7 frv 5{,

srvheqr umhµhqmh srod}qh glihuhqflmdoqh mhgqdg
}eh1 Qdsrnrq/ sr Whruhpx
:1618/

| @ h3%+f� frv 5{. f2 vlq 5{, .
�

�fff+83{
2 � 73{. 44,h�%.
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�
�.+vlq 5{� 7 frv 5{,

mhvw rs�fh umhµhqmh glihuhqflmdoqh mhgqdg
}eh |�� . 5|� . 8| @ {2h�% . vlq 5{1

�%1%5 �����2�

41 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex
+d, 5{|�|�� @ +|�,2 � 4> +e, +{. 4,|�� � +{. 5,|� . {. 5 @ 3>
+f, +4 . {2,|�� � 5{|� @ 3 v sr
fhwqlp xymhwrp { @ 3> | @ 3> |� @ 61

51 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex
+d, |�� . +|�,2 @ 5h3+> +e, ||�� � 5||� oq | @ +|�,2>
+f, +4.||�,|�� @ +4.+|�,2,|� v sr
fhwqlp xymhwrp { @ 3> | @ 4> |� @ 41

61 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex
+d, |+5{|�� . |�, @ {+|�,2 . 4>
+e, {2|�� . {|� � | @ {2 v sr
fhwqlp xymhwrp { @ 4> | @ �

� > |
� @ 2

� 1
71 Ulmhµlwl glihuhqflmdoqx mhgqdg
}ex

+d, |�� � 7| @ 5{ vlq{> +e, |�� � 9|� . <| @ {h3%>
+f, |�� � 5|� � 6| @ h�% . 4> +g, |�� � |� @ {2 � {h%>
+h, |�� � 5|� @ 5h% v sr
fhwqlp xymhwrp { @ 4> | @ �4> |� @ 3>
+i, |�� . | @ 5{� � v sr
fhwqlp xymhwlpd { @ 4> | @ 3 l { @ �> | @ 31

81 Ulmhµlwl vxvwdy glihuhqflmdoqlk mhgqdg
}ded
+d, |� . 5| . } @ vlq{/ }� � 5} � 7| @ frv{>
+e, _%

_|
� 7{� | . 69w @ 3/ _+

_|
� | . 5{. 5h| @ 3 srg xymhwrp

w @ 3> { @ 3> | @ 41
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Dglwlyqd nrqvwdqwd/ 4<4
Dnvlrp

Duklphgry/ 5:
Fdqwrury/ 5;

Dojheduvnl nrpsohphqw/ 8:
Dsurnvlpdflmd sudyrnxwqlflpd/ 548
Dsvroxwqd yulmhgqrvw

nrpsohnvqrj eurmd/ 76
uhdoqrj eurmd/ 5<
yhnwrud/ :3

Dujxphqw nrpsohnvqrj eurmd/ 77
Duklphgryd vsludod/ <:/ 559
Dvlpswrwd/ 4;5

klshuerolqd/ <3
nrvd/ 4;5
xvsudyqd/ 4;5
yrgrudyqd/ 4;5

Dvwurlgd/ <5

Ed}d srwhqflmh/ 63
Eurm

dojheduvnl/ 73
ghflpdodq/ 64
h/ 453
jodyql/ 47
Lpdjlqdudq/ 75
nduglqdodq/ 47
qhsdudq/ 58/ 6<
sdudq/ 58/ 6<
udflrqdodq/ 56
wudqvfhqghqwdq/ 73/ 453

Flnorlgd/ <5
Flolqgul
fqd vsludod/ <6
Flunxodflmd yhnwruvnrj sromd/ 648

Gduerx{ryd vxpd/ 5:5

Ghulydflmd
ixqnflmh/ 484
ixqnflmvnh nrpsr}lflmh/ 48:
ixqnflmvnrj uhgd/ 4:5
lpsolflwqr }dgdqh ixqnflmh/ 599
lqyhu}qh ixqnflmh/ 48;
sduflmdoqd/ 578
volmhyd/ 487
yhnwruvnh ixqnflmh/ 5<4
ylµhj uhgd/ 496
}ghvqd/ 487

Ghvfduwhvry olvw/ <5
Ghwhuplqdqwd/ 86
Glihuhqflmdo/ 57:/ 589

guxjl/ 497
q0wl/ 497
sduflmdoql/ 579
yhnwruvnh ixqnflmh/ 5;<

Glihuhqflmdo ixqnflmh
x wr
fnl/ 493

Glihuhqflmdoqd irupd/ 58:
hj}dnwqd/ 58;

Glihuhqflmdoqd mhgqdg
}ed
rel
fqd/ q0wrj uhgd/ 673

Glihuhqflmdoqd mhgqdg
}ed/ 66<
Ehuqrxoolmhyd/ 685
guxjrj uhgd/ 688
guxjrj uhgd/ krprjhqd/ 68:
guxjrj uhgd/ olqhduqd/ 68:
hj}dnwqd/ 685
krprjhqd/ 683
krprjhqd olqhduqd/ 68:
olqhduqd/ 684
olqhduqd/ krprjhqd/ 684
olqhduqd/ qhsrwsxqd/ 684
rel
fqd/ 66<

697
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v rgmhomlylp ydulmdeodpd/ 67;/
683

Glmdjrqdod
jodyqd/ 83
vsruhgqd/ 83

Gluhwnulvd sduderoh/ <4
Glvmxqnflmd

hnvnox}lyqd/ 7
lqnox}lyqd/ 7

Glvmxqnwqd xqlmd vnxsryd/ :
Glvmxqnwql vnxsryl/ :
Glyhujhqflmd/ 5<;
Gmhorpl
fql }eurm uhgd/ 457
Grphqd/ 44
Guxjl glihuhqflmdo/ 589
Gxomlqd oxnd/ 55:
Gxomlqd udyqlqvnrj oxnd/ 55:
Gxomlqd yhnwrud/ :3

Hnvsrqhqw srwhqflmlq/ 63
Hnylsrwhqwql vnxsryl/ 47
Hnylydohqflmd/ 8
Hnylydohqwqh irupxoh/ 8
Hohphqwduqd rshudflmd

qd pdwulfl/ 94
Holsvd/ ;<
Holsvrlg/ <6
Holswl
fnl lqwhjudo guxjh yuvwh/ 566
Holswl
fql klshuerorlg

gyrnuloql/ <7
mhgqrnuloql/ <6

Hxohuryh }dpmhqh/ 534

Irnxv + 
}dulµwh,
holsvh/ ;<

Irnxv +
}dulµwh
sduderoh/ <4

Irnxv +
}dulµwh,
klshueroh/ <3

Irupxod
elqrpqd/ 67
Fudphuryd/ 99/ 9<
Hxohuryd/ 4:4
Juhhqryd/ 64<

Odjudqjhryd/ 499
Prlyuhryd/ 77
Qhzwrq0Ohleql}ryd/ 544/ 545
Rvwurjudgvnl Jdxvvryd/ 665
suhglndwqh dojheuh/ 8
uhnxu}lyqd/ 4<:
Vlpsvrqryd/ 549
Vwrnhvryd/ 668
wdqjhqwqd/ 549
Wd|oruryd/ 49;/ 593
wudsh}qd/ 548

Ixqnflmd/ 44
+vwurjr, nrqndyqd/ 4::
+vwurjr, nrqyhnvqd/ 4::
+vwurjr, prqrwrqd/ 56;
+vwurjr, vlod}qd/ 56;
+vwurjr, x}od}qd/ 56;
dojheduvnd/ 445
dufxv0vlqxv/ 444
duhd0nrvlqxv klshueroql/ 446
duhd0nrwdqjhqv klshueroql/ 447
duhd0vlqxv klshueroql/ 446
duhd0wdqjhqv klshueroql/ 447
dunxv0nrvlqxv/ 444
dunxv0nrwdqjhqv/ 444
dunxv0wdqjhqv/ 444
elmhnwlyqd/ 46
flnorphwulmvnd/ 443
ghihuhqflmdeloqd x wr
fnl/ 493
ghulydeloqd/ 484
ghulydeloqd qd vnxsx/ 484
ghulydeloqd x wr
fnl/ 484
glihuhqflmdeloqd/ 493/ 579/ 57:
glihuhqflmdeloqd qd vnxsx/ 57:
Glulfkohwryd/ 483
glyhujhqwqd x wr
fnl/ 46;
gydsxw ghulydeloqd/ 496/ 586
gydsxw glihuhqflmdeloqd/ 497/ 589
hnvsrqhqflmdoqd/ 43;
hohphqwduqd/ 445
idnwrulmho/ 66
klshueroqd/ 446
krprjhqd sr ydulmdeol/ 683
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krprjhqd/ krprjhqrj vwxsqmd
n/ 683

lghqwl
fnd/ 45
lpsolflwqr }dgdqd/ 436/ 599
lqgxnwlyqr gh�qludqd/ 4:
lqmhnwlyqd/ 46
lqwhjudeloqd/ 539
lqyhu}qd/ 46
ludflrqdoqd/ 446
ndudnwhulvwl
fqd/ 49
nrqvwdqwqd/ 46/ 439
nrruglqdwqd/ 5;;
nrvlqxv/ 443
nrvlqxv klshueroql/ 446
nrwdqjhqv/ 443
nrwdqjhqv klshueroql/ 446
orjdulwdpvnd/ 43;
prqrwrqd/ 438
qhrph¡hqd/ 437
qhsduqd/ 438
qhsuhnlgqd/ 473
qhsuhnlgqd qd vnxsx/ 473/ 575
qhsuhnlgqd x wr
fnl/ 473/ 575
qhsuhnlgqr ghulydeloqd/ 485
qhsuhnlgqr ghulydeloqd qd vnxsx/

579
rph¡hqd/ 437
rph¡hqd rgr}gro/ 437
rph¡hqd rgr}jru/ 437
rph¡hqd/ 56;
rs�fd srwhqflmd/ 439
sdgdmx�fd/ 438
sdudphwduvnl }dgdqd/ 437
sduqd/ 438
shulrgl
fqd/ 439
sr glmhorylpd prqrwrqd/ 56;
srglqwhjudoqd/ 4<5
sudyd udflrqdoqd/ 445
suhnlgqd/ 575
suhnlgqd x wr
fnl/ 473
U0lqwhjudeloqd/ 539/ 5:5
udflrqdoqd/ 445
vlqxv/ 443
vlqxv klshueroql/ 446

vndoduqd/ 568
vwurjr prqrwrqd/ 438
vxumhnwlyqd/ 46
wdeol
fqr }dgdqd/ 435
wdqjhqv/ 443
wdqjhqv klshueroql/ 446
wudqvfhqghqwqd/ 446
wuljrqrphwulmvnd/ 43<
x}od}qd/ 438
yhnwruvnd/ 5;:
ylµh ydulmdeod/ 568
}dgdqd dqdolwl
fnl/ 434
}dgdqd jud�
fnl/ 435

Ixqnflmvnl suludvw/ 475/ 575

Jhqhudwulvd/ <8
Jhrphwulmvnl hnvfhqwulflwhw

holsvh/ ;<
klshueroh/ <3

Jodwnd sdudphwul}dflmd/ 643
Jrplolµwh

ql}d/ 44:
vnxsd/ 56<

Judglmhqw/ 5<;
Judi ixqnflmlq/ 44
Jud�
fnr lqwhjuludqmh/ 54:
Judql
fqd yulmhgqrvw

ixqnflmh x wr
fnl/ 469/ 573
ql}d/ 449/ 573
yhnwruvnh ixqnflmh/ 5;;

Judql
fqh yulmhgqrvwl
x}dvwrsqd/ 574

Judql
fqd yulmhgqrvw
volmhyd/ 46;
}ghvqd/ 46;

Jxvwr�fd/ 5:9

Kdplowrqry glihuhqflmdoql rshudwru/
5<<

Klshuerod/ <3
Klwqlfd/ <4

Lpdjlqduqd mhglqlfd/ 75
Lpsolndflmd/ 7
Lq�pxp/ <
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Lq hnvlmd/ 4;3
Lqnox}lmd/ 45
Lqwhjudflmvnd nrqvwdqwd/ 4<5
Lqwhjudflmvnd ydulmdeod/ 4<5
Lqwhjudo

elqrpql/ 535
grqml +Ulhpdqqry,/ 53:
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