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q.Innllimblufi}ll.J.U1qudi WDUl2f!lipUlgpfi hllimntq t hlliUUll.J.Ulpq~UlJpfi 
mblufi}ll.J.U1Jp h UUlpbUUlmpl.J.UlqUlfi finpUlqmJfi ubpnqfibp}l tlliJfinpbfi fibJlllplll
urr UlplDUlqpmpJmfimtI L hbmlliqnmlliqllifi wz.tullimllifipfibpmtI: "btillifi timnb
gmurr hllimml.J. t fillih qJmqllimfimbuwqllifi q}lmmpJmfifibp}lfi: UJu pfiwqlli
tlllinmtI pwpq h}ltifilli.lufiq}lpfibp}l 1m0tIU1fi dultillifilliq qnpc} mfitfiv UU1pbUU1-
mpl.J.U1ltwfi qUlllWtPlliPfibp}l hllitIU11.J.U1pqqllic} q}lmlliqllifi Unmbgmufibpp hb~: 
<!.lliUWqllipqUlJpfi qbptntITTllpJWfi UlnWfigpllij}lfi .lufiq}lpfibppg t.ibl.J.I! tiwpbUU1-
mpqwljllifi tfll6U1qlliqpnlpJWfi qlliU qpfillitipqlliqllifi tinqbtfibpp qppummpJmfifi 
t. npnfip npnzU11.J.p hlliJmfip hU1qllifiwqwfimpJU1UJ! fibpl.J.U1JWgfimtI bfi mumu
filliuppqnq plliqtiwqnpc}nfi qnp<)nfiplligf!: fi1Cibfiw1ntl hlliUlliUJ.WUllliU.lullifi mb
:qbqntpJmfi, ltwpbIIi t ]!fimpbt qpmU1$npabp}l wfihpU1ctbzm UJ.tllifi, qllinmgbt 
qnpOJ!fipwg}l tIU1pbUU1mpl.J.U11.J.wfi umitm h, np 2wm qlliphnp t, fiUJ.llilllU14}ifi 
hUlufibt wtibfiwltUlp6 6UlfiWUJ.U1phmf IufillPP OUJ.UlpUU1tU19UU1tip: Qfill npmti, 
ti}llliqnp®fi qpmlliqmpabp}l unU1filliqnptiU1fi dultillifiwq mllipllil}m.Iuhtntl tibl.J. 
qnpOnfil! L nfimpqwo UUll.J.wpqllil.J.fibpnuI llifiqmqm.tu pnqfibtm\ tifilligllic} qnp
bnfifibpfl, npnzqmti t hbmwqnmqnq tiMmpJwfi l.J.lli.lutlllic}mpJmfrl! tI}llliJfi utq 
qnpbnfi}lg: glliqtilliqnpc}nfi hllitilliqllipqp nmn1tifilliupptiwfi dU1tIU1filliq tIM 
ptlntl tIJ.iwqnpc}nfi . q}lmU1$npabp qwmllipbtDtl, qpw:}>}lqfibp}l mhuvml umw
fimtI bfiv pU1qUU1p}ltl l.J.lliluqlli0n1p1mfifibp: liJu ahntl umwgqllio Ulliufiwlj}l 
ljUl.lut{wantpJmfifibpf! hfiwpwqnp ~t ti}llliqnpbt tibq U1Upnq2mpJU1fi ub2: gwq
tiwqnponfi qnp<)nfiplligp pU1qUlliqnqtIU1fip mumtifiU1upptiU1fi fiUJ.UllllUlqntl 
tI}llliqnpanfi q}lmUlqmpabp \tllimlliphtliu UJ.lllhllifi2tlmtI t qllimllipbt plliqtiw
p}ltl qpmU1$npabp, np}l hU1UU1p tqUlhllifi2tlmtI t ~ tI}lwJfi bpqwp ctU1tillifiwlj, 
UlJth hfillipWqnp t, np UlJQ flfipUlgpmU npnz qnpc}nfifibp IJWDfillifi llifiqumw
qllipbtli, }lul.J. l}mpabp}l U1Jll1Jmfipfibpn fil.J.llimhtli tlmlltntutltfi: UJq t UJ.U1Ul6U1-
np, np tI}lwqnpanfi qpmllil}lnp&bPJ! tqpwqm}lq lufiq}lpfibp 1.IltObtDt hwtiwp UJ.}1-
mUlfip ~bfi: gwqtiwqnpc}nfi hwtiwltwpq}l mumtifilliupptillifi hwtiwp U1nwtlbt 
fiUJ.UlmWqwhUlptiwp t q}lmw$npa bpp UJ.tllifiwl{npUllifi l\plllli\twqpllil.J.llifi Ub
pnqfibp}l q}lpllillntpjmfin: q.pmlliqmpa bpp UJ.tWfiWl\IlpnlU]! tiwpbUllim}lqw
qwfi l(}i6U1lJ.U1qpmpJU1fi finp pU1ctpfi t: UJU utpmifibp]! zwm qbUJ.PbpmtI hfiw
pllil\llpnlpjlllfi bfi mwwu fil{wqlliqmjfi pwfiwlt}l qmpabpntl UlllUlfiUlt pU1qUw
qnpbnfi qnpOJ!Cipwgfibp}l wnllitlbt }lplliqllifi tinqbtfibp: 

q.J.imwqmpl'lbp}l UJ.tUlCiUlqnptiwfi l\}lllwqlliqpwltwfi tibpnqfibp}l tizwlt
tillifi qmqw1Jtwpn tqllimqwfimtI t wfiq1}lwg}l qp6U1ltwq}lp O-nfiw1q :b}lzbp}lfi 
(1920p.), npfi wnU12}lfin gmJg ml\bg mwpwm\wc} tI}lwqnp®fi q}lmw$npabp}l 
$nluUlpbfi qnpanfifibp}l .tutip}l tI}lU1dlUUllifiwlt.JU1 mwpwqm.Iulillifi q}lpumtillifi 
fiUJ.U1UlWljwhU1ptiwpmpJillfil!: 

3 



Upmwtiwpq qfnnwlbnp4bPll (qfiww!lanp4bp, npnOu tawuiw11ttrnu t.u 
OUJ.lilpdwtwgtiwO )uOqp]l tmlhlwa hwllwp) uuwOwl{npdwOp Ol{flpl{wil \UllW-

2]1.li qpPllf! (Pnl(u, fiLJltunO- UOql)iw) LDlJU uibuwl{ llJIWJG 19,.p.: 
Q.}unwllmP/abPla uuwOwl{npllwdp bliwpwl{np qwp6w" wpwq li pw1a611 

wpWWJlllllllllWl(wOmpjwllp bwuObt llfll{Wb liU1WLDwl(JaQ' QDpbndpwgp OUJ.
mpliwtwgdwlin: 

Q.}luiw1fmp4bp]l UltWliwqnpuwfi qwpqwgmtlf! ltWU1l{wb t fiwli ltliU
wnpliJt, 3>]16Jt '-lwtlllt. '-lwlibPli, IvwlimbpJt, Uwmbpql{w1m]l, Cu1b~]l. t1]ll>b
PP la WJtng wfintlilibPli hbm: 

U"l~ bpl{plibpmtI qpmwtlinllabp.p UJ.twliwqnpuwfi mbumpJntli(! ul{ubt t 
qwpqwliwt 1960 pl[wlfwlipg' '-l. '-l. vwlltlintllt 11bltwqwp.ntpjwup: Q.]l.uiw
tlinfl&bp]l. UILWliwl{npuw(i ubpIIJ}libpp hwlip.WUWUllbtlmtpjWli, lfwmwpbiw
qnpbdw(i la uzwquwfi qnp.bntu uba GwilWJDlPJDlli ntlibli qpmliwlfwlilibp b . 
'-l. U'wp.l{mtwli, Cl-. ti. lip.ntqf!, '-l. '-l. l>blll}Ilp.ntJ.J!, 801. "l. U1ut11I!. '-l. Q.. 
Cl-np.ul{pli, v. U. Obp.lim{wli h 0111p21ibp.: 

liJU ubpIUJlt lilfwmuwup Uta hflmwpppp.ntpjntfil! pwgwmptJ.mu t fipw
Ciol{, op $ip.6bPli Plttll! ltp.6rutntJ.mu t up prulip wliqwu, hliwp.rul[np.ntpJntli t 
umbqb1{mu qnp.bnfilibpp wqqbg01p1wli pruliwlfwlfwli qliwhrumuwli hwuw
UJ.wmwu}uwfi tirupbUwmpl{wlfwli UIIJ}bllt umwguwli, mtlJwt qnpbf!lipwgp iru
l{wqntJli UJ.WJtiwfifibpp np.n2uruli h WJtliP hruuwp.: 

q_ JilUJ.wmlimbuwlfwli qfimntpJWli pliwqwtJ.wnmu qfimw\}lDpo bp}l 
uuwliwtJ.npntul! lfwPIDl t pwgwnplf 11bp. JuWIJ.wt linp mb]uliplfwJp umb11auwli 
h 2whwqnpauwli mwppbp tlim1bp.n1u: 

vbp.lfW w2)uwmw(ipp fiUJ.WU1Wlfw(j t oqfibt qpmwlfwfi wzJuwUUlllfib
ppfi, lUUUJ.}lpwlimfibppfi U p01hbP1l DlUWfinqfibp.pfi' awfinpWfiWtnt UWpbUw
U1Jtlfwlfwli tl}l6wl}wqp.nipJwfi l.t qpmwqmpobp}l UJ.tWliwtJ.np.uwli wnwtlbt lt}l
pwm{nq ubpIIJ}libp}lli: 
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I. lfwphtiwmltqwqw6 tllil1wqwqymtpjw6 
mwpph}Il! 

lJ'wpbUrum}llfwl}wli tUi6wlfwqpntpJntlil! hrutlwliwlfwlintpJWli mbum
PJWliJ! limn ljlip.runwlJ.wfi uwpbUwmpl}rulfruu qptnntpjntli t, np hpulitlwb t 
WJI} mbuntpJWli ubpDl}fibp}l h hwulfrugotpjllllilibp.p tlpw, uwlfwjli PP. ubpill}
libpntl 1mbmu t lWlIDlialiwhwmmlt ]uli:q}lplibp: lJ'wpbUwmplfwltwfi tlMrultw
qpntpJWli, npUJ.bU q}lmntpJWfi, wnw2wgmul! l.t qwpqwgmuJ! ltwUJ.tlrua bli 
UJ.PWltm}llt UJ.whwli2litpp hbm: UJli tWJli lt}lpwn01p101fi t qmbt mlimbuwq}l
mwltruli, qJnu1_wmlimbuwl}wli, pd2ltrultruli, ltbliuwpwliwltwli, mb]ulipltwltwli, 
hnqbpwfiwltrufi, ungpwiwltwfi h WJL qpmwl}wfi hbmwqnmmpJmlilibpp pliw
qwtJ.wnlibp.ntu: 

1.1. qpCiwqwqpwqwfi wupnq2mpjwfi mwpwtlm}uuwfi 
mb. uwq fib.pJ! 

'4.}16rultw@wltwfi wupm.1_2ntpjntlif! umpbUwmpltwltmli tJ.}16w\twqJ1Ilt
PJWli hpulirupwp hwultwgntpjntfilibp.}lg ub\tli t. npp mwl} hmutiwlimu bu liblt 
tiwu up pwlip l}ml}m]uwltwli hwml}rulipzlibpntl u}lmubn upwtlnpfibp.p npn2w
lt}l pwlirultmpJntli: 

Unru2}lli hw1rugppg ptJ.mu t, pb ruupnq2mp1wli mumuliwu}lptlllll hwm
lfwu}lzp qmqm]uumli uwu}lli wlihpructb2m mb11_bltmp1mlilibp. umwliwtm u}lwlt 
hliwp.wtlnp lil}ruliwltf! lipw pninp. mli11wulibp}l mumuliwupp.ntpJntlili t: Uw
ltwJli l}lU Ill up2m t WJl}tqbu, lj_wfi l}bUJ.Rbp, bpp hwtiwmwpwb ajnnwp\tnui
fibpJ! fitqwmwltwhrup.uwp lbli, pult npn2 l}btqpbp.ntu UJ.PWltm}lltruUJ.bu wfih
fiwp}lli t: vzwliru\tmu t }llil-DP hwmltwliJ.:i21ib(l}l mumuliwu}lp.uwli dwumliwlt 
hwli:q}lUJ.ntU blip bp.l}m hwultwgmpJmlilibp}l' qtJuwtlnp. wupDIJ_2ntpJntli h uwu
liwltp ruupnq2mp1mli (J!lim11wlip): q..tJuwtlnp ruupnq2mpJruli mwlj_ hwultwg
tlmu t mumuliwupptlDll_ wupD11_2ntPJntliJ! ltwqunq mwppbp}l (opJbltmlibp}l) 
pwquwqwlimpJntlif!: Qlimp.ntl}i, utnmquwli blipwpqtJ.wa opJblj_wlibp}l pwliw
ltl! ltnltlntu t uwuliwljlI WUPllll_2ntPJntli l}wu UJ.Wpqwtqbu J!limpwlip: q..tJuw
tlnp WUPilll_2ntPJWli l.t J!limpwlip}l mwp.pbpp pwlirultl! 4.flltlntli t ITT.utlwi: 

q..tJurutlnp. wupilll_2mpJruli awtlww (N) hwnw]u mbuwltwlinpbli uwh
uwliwtfimlttlrua lt: UwltWJli UJ.PWltm}lltWJiltU WJU u}l2m uwhUwfiwtfiwlt t: 
Qlimp.wlip}l bwtlruw (n) ltwp.n11_ t J.lllibt n ~ 2: 

QfimpntJ.}l wuPilll_2ntpJmliJ! wnwfia}lli 11bUJ.nbp.n1u lfwqutJ.mu t qtJuw~ 

tJ.np ruupnq2mpjwli hwmltwfiJ.:i2}1 u}l2pfi wp.dbpp qfiwbwmuwli hwuwp u npn2 
11tuwbp.ntu qtJuwtlnp. WUPilll_2IllPJillUiltU Wjli auwtJ.np.tlntu t np.n2rulJli hrum
ltwli}lzlibpntl mruppbp}l pwfiwltntl: UJI} UJ.WU161Wlntl ltnliltp.bm ]uliIJ1iplibp im
ablltu wfihpmctb2m t 62mb[, pb }lfil fiUJ.lUUlW\tntl t ltwqutJ.mu J!lililpWUpJ!: 
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t flpiqtuq}l. Q}J.zm qfiwhwml{lt qlJuwqnp wtipnq2mpJil1UJ!, ]!fimpwfiim 
UI mp t l.J.wqtilfli UJ.wmwhwl.J.wfimpJwfi ul.J.qpmfipntl: 

Cfimpwfipfitp]!, l.J.w]ut{w(} l.J.wqtiwqnptiwfi 6L.tptig, l.J.WJIIlll tfi Uifitt 
tqwmwhwl.J.wCi, titfuwCiiil.J.wl.J.wfi, unqnpwl.J.wfi (mliUIIil.J.), utptiwl.J.wfi: "lpwl.J.
mtil.J.wJn1'.ti mpqw(} (}wqwintl (n) iqwmwhwl.J.wfi ]!Utnpwfip]! l.J.wmwpt{mu t 
hlitififiwl.J.U1:(imti uiwmwhwl.J.wfi pqtpti lllILJmuwl.J.Cihpntl. npmtq Ciztlmti t N > n 
l!W wl.J.nlPJWfi :qtiqp: 

Q..1Juwqnp WUPilIJ.2IllPJmfi!ig npnzwl.J.Ii uti2wl.J.wmmu ]!fimptlw(} n l}m
tlwtli ]!fimpwfipJ! l.J.Jl!tlmti t tit]uwfitil.J.wl.J.wfi: 

Unqnpwl.J.wfi )!fimpwfipli ctwtiwfiwl.J. qlJuwqnp wtipnq2mpJillfi1! pw
ctwfiqmti t ]utiptpti. Wtqw JmpwpwfiLJmp ]utip!ig l.J.wqtiqnuI t uiwmwhwl.J.wfi 
l!fimpwfip: Utptiwl.J.wfi ]!fimpwfip!i ctwtiwfiwl.J., Ii mwpptpn1pJmfi unqnpwl.J.w
fi!i. ]!fimpqmti tfi n~ pt wnwfi6Iifi mwpptp, WJL tIIiwutn tIIiwtlnpfitpti umwfi
ci!ifi l}mpp ]utiphp: 

Q..@wqnp wtipnq2mp1wfi qfiwhwmwl.J.wfil! )!fimpwfipnq ljwmwpqmu t 
J!UUl npnzwl.J.Ii hwml.J.wfiti2fitpti. npnfip mwpwl}ln]uqmu tfi opJtl.J.mM L. um
pJtlJ.mM, iqwm6wnfitpnq: liw]uqw(} munuifiwutiPtlllll hwml.J.wCiiizCitpli 
pfimJp!ig mwpptpnuI tfi mwpwl}ln]utiwfi tptp mtuwl.J.' pwfiwl.J.wl.J.wfi npw-
1.J.wlJ.wfi L. l.J.wpqwJiifi: ' 

.Qwfiwl.J.wl.J.wfi hwml.J.wfiii2fitp.p IJiCimti tfi wfi]!fi:qut2 L J!U:qhwm· 
"lp.wl.J.mtil.J. ]ufi1Jlipfitpti pfifiwpl.J.tiwfi ctwtiwfiwl.J. gwfil.J.wW. t hlitICiwl.J.wfi mzw~ 
l}JlDlPJDlfi]! :qwp.cifibtpwfiwl.J.wl.J.wfi L. npwl.J.wl.J.wfi hwml.J.wffpzfibp!i qpw: 

1.2. q_wppwg}m62wppbp 

. Q..timwhbmwqnmwl.J.wfi wz]ummwfipfibp l.J.wmwptUiu. tizmwiqtu 
hfiwpwi.J.np tfi UJ.wmwhbt WJfitqliuti Iipwl{lt6wl.J.Cihp, tpp ubq htmwpppJIIlll 
tib(}n1p1mfiJ!, l.J.w]utlwb UJ.Wmwhwl.J.wfi hwfiqwtiwfipfibp}lg, l.J.wJIIlll t ]!fi:qmfitt 
mwppbp ~p.ctbpfibp: Op!ifiwl.J.' mpwl.J.mnpti 2whwqnp(}tiwfi wtipnq2 J!Upwg
pmti pwfili ]uwtliwfimti l.J.wpnq t mbqp mfibfiwt. WJU hwpg!ifi ill l.J.wpbW. mwi 
Juiimn npnzwl.J.Ii UJWmwu]uwfi: -WwfiwmiiUJ. Iipwlflillwljfibpmti qnp(} mfibfip 
WJfitq}l.u}l tqwmwhwl.J.wfi tib(}n1p1mfifibp!i hbm, npnfig wpctbpfitpJ! l.J.w]uqw(} 
iqwmwhwptig, l.J.wpnq bfi mwppbp Uifibt: 

flpn"fip bfi iqwmwhwl.J.wfi tib(}n1p1wfi tiwutifi UUJ.Willi~ mbqbl.J.mpJmfi
fibpn: Ul.J.fihwJm t, umw2Iifi hhpp!ifi WJfi wpctbpfibp!i gmgwl.J.f!. npJ! l.J.wJIIlll t 
]!fiqmfibt iqwmwhwljwfi tib(}n1pJntfi]!: Uwl.J.wJfi qw pwi.J.wpwp ~t. pwfiti n~ 
hbzm t qmfitt tiMmpJmfifibp, npnfip tS2mn1pJwtip ]!fiqntfimti tfi fimJfi wpclbp
fibpJ!, mwppbp hwi.J.wfiwl.J.wfimpJwtip: 

Qfi:qmfitlwb t UJ.Wmwhwl.J.wfi tibITTi.1pJmfin pfimpwqptt npUJ.bu pwqtiw
PM twbpni.J. npnzi.J.IUJ. pi.J.w1Iifi .'pmfilJ.g}lw: opb PlllllP hfiwpwt{np mtlJwtfibp]! 
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timfimti tfi Xi. X2 , •• ., X... pwqtimpJWfi tit2. wiqw gwCil.J.wgw(} q>(Xi) pqwjiifi 
.'pmfilJ.giiw hwtiwpt{mti t iqwmwhwl.J.wfi: "lwmwhwl.J.wfi tIMmpJntfifibpli 
fitiwfi uwhtiwfitiwfi :qtiqpmti fipwfig qpw bfi mwpwm:[mti unt{npwl.J.wfi .'pmfilJ.
g!iwfitPii pninp lJ.wfinfifitpn. w1u!ifipfi :qp.wfip l.J.wpbllt t hwztJ.tL qmtiwptL 
pwqtiwuiwml.J.tt L. WJtfi: 

Uwhtiwfittuib optifiw~wl}lntpJmfifitplifi tfipwpl.J.tlnq qwfiqt{w(}mJ!ifi 
iqwmwhwlJ.wfi bpL.n11pfit}l1!. npnfip h!itifit{wb bfi lflillwl.J.wqpwl.J.wfi mlf.Jwtfib
Pli mumtifiwutiptiwfi qpw, tll.J.wJmti tfi WJfi tiwulifi, pt IiCh wpctbp t ]!fi:qmfibt 
mumtifiwutipt{nq hwmlJ.wfitiw: -4.IilSwl.J.wqpwl.J.wfi mtlJwtfibp!i mumtifiwuti
pn1ti]! ul.J.ut{mti t fipwfig ]uUpwtlnpntti!ig, L wiqw hwml.J.wfililli :qiimwplJ.t{wb 
wpcttpfit}l1! :qwuwt{npqmti tfi ]!Um wlltiwfi lJ.wpqli: UJU qnpbnqmpJmfi]! l.J.n~
qmti t :qiimwpl.J.tiwfi WpilJmfipfitpli nwfiqwt{npn1ti: UJfi PM1!. npJ! gm19 t mw
Uiu IJ:IimwplJ.tiwfi zwppmti mwp.pbpwl.J.Ii hwfi:qtu qw1m pwfiwl.J.1! l.J.n~tlmti t 

m. 
hwl'iwfun1p1mfi (rili): .:!.wllw]uwl.J.wfimpJntfil! W; = - 1 uti2wlJ.wJP!i hwfi:qtu 

N 
qw1m hwt{wfiwl.J.wfimpJmfifi t : 

UJfi UlllJDlUWl.J.J!, nPJ! hfiwpwqnpntpJmfi t mwlltu :qwmbtm mwppt
pwlJ.fitpii ti!i2h hwlSWfuntpjmfifibp!i flWUWt{IlpnlpJWfi UWU!ifi, l.J.n~qmti t ]!fil}
hwmntfi qwp!iwg!infi 2wpp, tiul.J. WJfi UlllJmutul.J.J!, DPJ! hfiwpwt{npmpJmfi t 
mwlltu :qwmtim mwpw$n]utiwfi tIIi2wl.J.wmbp!i ti!i2L. hwml.J.wfili2Ii wpcttpfit
Pli hwllwfuntpJntfifitpti qwuwt{npntpJmfi tiwutifi l.J.n~qmti t oti2wlJ.wmw1tifi 
qwppwgtinfi zwpp: 

U}1.2wlJ.wmw1Iifi qwp!iwgtinfi zwpp]! l.J.wqtiqmti t wfi]!fi:qtit2 L. ]!fi:qhw
mmfi, tIM pwfiwl.J.Ii mwppbpwl.J.fibpli hwm1J.w6Ii26tpli qpmwpqtiwfi wp
l}Jntfipfibpntl: 

U}1.2wlJ.wJpWJ!ifi t{wp!iwg!infi 2WP1!li l.J.wrungtiwfi hwtiwp Wfihpwctbzm 
t npn2t1 uti2wltwmti tiMmpJmfiJ!, uwhtiwfitt uti2wl.J.wmbp!i wtipnq2 uwfi:q
qwl.J.J!, ]!Um nPii ]utipwt{npbt :qiimwpl.J.tiwfi WPl}Jmfipfihp]!: 

U}1.2wl.J.wmii oUJ.mtitiwt tiMmpJwfi (h) npnztiwfi hwtiwp oqmqmti bfip 
Umtp2tuti pwfiw6L.Iig' 

h = XIDlll{ - Xmin 
K 

(1.1) 

npmtq' Xm.,. -n L. X..U.. -n hwtiwUJ.mmuw]uwfinpbfi hwmlJ.wfili2Ii wnwt{t1w
qn1Jfi L. Cii.J.wqwqntJfi wpcttpfibpfi bfi, K=1+3 .2l?gN oti2wl.J.wmbPli pwfiwl.J.fi t. 
N-1! IJ:Iimwpl.J.mtifibpli pwfiwlJ.n: 

'lwp!iwgtinfi zwppp qpw.'p!il.J.wl.J.wfi iqwml.J.bpn1tin hfiwpwi.J.npmpJmfi t 
1IlWIBU IlPlilllllWl.J.Wfi tqWUll.J.bp.wgmti UUllllfiWt hwml.J.wfiplli tib(}n1pJU1fi U1W
pw$n]utiwfi oppfiw~wl}lntpJwfi tiwupfi: Unwi.J.bt tWJfi l.J.IipwnmpJntfi tfi qmt1 
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qmpPmgpnfi zwpp]l qpm~]lljmljmfi lqlUUlljbpuwfi hbmL.Jllll oL.bpn' pmquwfi
ltJmfi, hpmnnq}lp, ltmmwltwJ]lfi (ljmumuwmpq) L. utwpwoL. ljnpbp]l: 

.AwqliwfiltJwfi 6L.1!, nptqbu ljwfinfi, ()umw1mu t {!fiqhwm qwp]lwgnfi 
zwpp]l lqlllWljbpUwfi hwuwp: <,wtiw}u U]l2lllltWJPU1Jpfi qwp]lwgpnfi zwppbpJ! 
fimJfitqbu tqwmljbpqmu bfi pwquwfiltJwfi mbupnq: 

<.tiuwnq}lpn bwnwJmlI t u]lwJfi u]l2wltwww1]lfi qmp]lwgpnfi 2wp11p 
tqwwljbpuwfi hwuwp: 

lm1mwltwJ]lfi (ljmumuwm]ltl) ljnpnq tqwmljbpqmu t qmuwpwJ)lfi hw-
6w}un.1pJmfin (Lint) L. qmuwpwJ)lfi hwtiw}uwljwfimpJmfi{! (2:w1 w,,): 

lm1wwljwJ]lfi ljnpp wnwfig11fibp}l tlmtlm}untpJmfi)lg umwsiwgwo 
U[WWljbp{! ltniqmu t UtlUJlWOL. ljnp: 

1.3. C6mpw6pp hpnliwqwfi 1.}]16wqwqpwqwfi 
lllUI pwlib.mphp[!. 

lTwpbUwm]lltwltwfi @tiwljwqpmpJmfimu mwppbpmu bfi u]l2]1fi wp
dbpfibp}l Up Jlwfi]l mbuwljfibp' U]l2]lfi pqwpwfiwljwfi, Ups>]lfi bpljplllillltPW· 
ljwfi, Up)!pfi fibpqwzfiwlj (hwptlnfi]llj), Up)!)lfi i;!UllllllljntUWJ)lfi, Up)!)lfi }unpUl· 
fiwpqwJ]lfi L. WJtfi: lfli2)lfi wpdbp]l mbuwlj nfimpbt}lu wfihpwdh2m t wnw2]lfi 
hbpp]lfi U[WUllUU}uWfiht WJfi hwpgpfi, pb WJq U)ls>}lfi wpdhpm{ 2wpppfi Jifii
tq)lu]l" hwmljmpJmfi t fibpljw1wgqmu, WJL ljbptq wuwo' u]l2}lfi wp<tt11}1 hw2-
q111pltn ]lfii fitqwmwlt t hbmwtqfi:qmu: 

~fi1µ11fibfi11, np N-n mwp111tJmlutlilll tlmtlm}uwljwfi)l pwfiwljmpJmfifi t 
l.t ljmqubfi11 WJq $n$n}uwljwfi]l n uMmpJmfiCibp)l nfimpwfipn' Xi, X2, ... , Xu: 

~UlplllfiJlp ljwpL.npmqm.Jfi pfimpWq)ip{! Ups>)lfi pqwpwfiwljwfifi t. 

(1.2.) 

bpb num hbmwqnmmpJwfi (q)lmwpljmufibp]l) ljunuugtlht t qwp)lwgp
nfi 21111111. WJu}lfipfi mwpwtJmlutlilll Jlllpw12rnfiump tlmtlm}u111lj111fi fibpltw1111-
qw() t Up pmfi)l q)lmwpljmufibpnq, UllqUl U}l)!)lfi pqwpWfiWljWfi"(!, UlJU qbtq
pmU lt2nJWffi, hwzqwpljqmu t hhmL.JWt pwfiwoL.nq. 

It 

_ :Lxilll; 
X=..o;;i=;:,,..1k __ (1.3.) 

Llll; 
i=l 
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npmbq' Xi - fi u}l2wltwJp}l u]l2pfi mpdbpfi t, llli - fi' u}l2wltwm]l hwtiw}um

pJmfin: 

w. 
N 

J 
J 

' 1 

bq. 1.1. lllwmwhwqwli ubbntpJmlilibp.}l pwz}uuwli 
pwquwlilJ.:lmlil! (1) t. h}lUlDllq}lp]! (2): 

x. 

bq. 1.2. lllwunnlrwqwli ubbntpjlllli pwz}uumli qmmwqmj}lli qnp: 
Xi 
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It. 

flifibfip Lm; = N (n), mump' 
i:;:l 

- 1 N 
X=-"xm. 

N ~ J , , 

i=l 

(1.4.) 

bpp N s: 25, wtqw npnzl[mu t 
1 It 

X=-l:X;m; (1.5.) 
N-1 i=1 

wpmwhwJmnlpJWUp: 
llJ.pwqmplJ. }ufi:q)lpfibp tmb'btti.u qwpnq t wfihpwdbzmmpJmfi lllilW)!W-

fiwt hwzl[btm 
N N _ _ 1 N 

l.:Xf = ~)X;)q lJ.wu Xq = - l.:X[ , (1.6.) 
i=I i=l N i=l 

npmb:q' q -fi I)ll.WlJ.w6 ljwu pwgwuwlJ.wfi p}ll[ t, 
Xq -fi lin.!.l[nttI t q-Jlil qwpqp up2pfi wump6wfiwqwfi: 
'-lwp}lwg}m6 2wppp mumufiwu}lpuw6 :qtuwmu pwfiw6h6 n61p116mu t 

hbmL.JWt mbupn' . 

- 1K 
X "" -L:X~m : 

q Ni=1'' 
(1.7.) 

fiwq. 

(1.8.) 

bpli:Jlilp:q qwpqp up2pfi wumprSwfiwqwfin 4112.lfmu t u}l2pfi pwnwqm
uw1}lfi, puq bppn.Jlil qwpqpfin' tip2pfi }unpwfiwp:qwJ}lfi: 

11-putqbpupwfi (gplfwbpn) ml.J.Jwt hwmqwfipzp nfipwg}ll1 wpdbpp h 
fipw U}l2pfi pl[wpwfiwqwfip mwppbpmpJWfi pwnwqmuwJpfi 2t:qnuifibpp qm
uwpfi t. 

(1.9.) 

IO 

S 2 ubbmp1m6n hwuwpl[mu t mumu6wupplfnq hwmljw6}12}1 llJ.mpn
}un1pJmfifi wpmwgntnq I!fiUlpWfipp gpUWfi lJ.wplinpwqnIJfi iWllJ.: Q.liuwl[np 
wupnq)?Illp]mfin q6whwml[mu t 0' 2 :q)lm.qbpupwjnl[: 

11-pmqbpupwJp pwnwlJ.nmp wpuwmp pl[wpwfiwlJ.wfi wpctbpJ! lJ.112.l[n1u 
t up2pfi pwnwlJ.milWJpfi 2b:qmu. 

(1.10.) 

5pl[wbpp iW$U 11.J.bmp t wpmwhwJtnl[}l WJfi tipwl[npfibpnl[, npn6gnl[ 
hwmqwfilil}l tiMmpJmfin. WJll 11.J.WmrSwnnl[ :q}lm.qbpupwJp llJ.n}uwpbfi hw-
6w}u oqmwqnpb'mu bfi :q}lull.J.bpupwJ}l {?wnwqnmp wptiwm'(!' tip2}16 pwnw
qmuw1}16 2b:qmun: 

f&b nppw6nl[ t hwmqwfilil}l up2}16 wpctbpn fibpqw1wgfin11I l[wppw
g}mfi zwppn, oqmwqnpbl[mti t qwppwg}m6 qnpb'wqpg'(!: .C:.bmwqnUlDlpJmfi
fibpp WP11Jmfipfibpp ti2wquwfi duluwfiwq hwrSw}u wfihpwdbzUllllpJmfi t 
umw2wfimu hwutuwmbt mwppbp pw2}un1u6bp, }16.!,ll.J.bu 6wh mwpwubn ut
b'mp1mfifibpp gpl[wc}pfibp, npnfig nmmtifiwu}lptiwfi hwtiwp ibfi qwpnq oq
mwqnpb'lfbt hwmqw6P2p Up2pfi Ulpdbpl! U Up2p6 l}UlIIUlljlllUUlJpfi 2b:qlllUJ!: 
fipll.J.l:m hwubtiwmuwfi iW$wfip2 qwJlilil t blllilw1tuw$nqwqw6mpJmfi iill
fibgnq l[wppwg}lnfi qnpb'wq}lgn: lufiqp.p mbuwqwfi pw2}utiudi l[wppwg}mfi 
qnpbwqpgn ppbfipg fibpqw1wgfimu t tip2pfi pllll1wqmuw1}lfi 2b:quwfi h ti}l2pfi 
wpctbpp hwpwpbpntpJmfi. 

(1.11.) 

'-lwppwg}lnfi qnpb'wqpgn qwJlilil t wpmwhwJmlJ.bt fiwh umqnufibpnl[: 
'-lwppwg}lnfi 2wppp umw2pfi wfi:qwup X 1>0 :qbll.J.PmU, l[wppwg}lnfi qnpb'w-
4li91! qwpbtli t IlJlI12bt hbmhJwtpwfiwalinl[. 

v sx 
x x-x ' z.q 

(l.12.) 

npmb:q' xlll • 1! hwmqwfi]l2}1 2bqtiwfi tibbmp]mfifi t. npfi npn2qmti t 

X = x - X, - X, wpmwhWJUl.IllpJmfipg h npmb:q X 1 -]! h X3 -]! hwllwtqw· · 
Vt I 2 

mwu}uwfiwpwp qfiwhwmlfnq gmgwfi]l2]1 umw2pfi h bppnJlil hwuwp]l wp
ctbpfibpfi bfi: 
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X211 > X1 qbtqvnui "[!.Ci:qmCil{nuI t X211 = X1, X211 :S: 0 -p qbtqpnui' Xz11 = 0: 
liwmwpl{wa hbmwqnmn1pJmCiCihpP. up2pG wpdhpCihpp u}uwtll tihbm

PJillUJ!. ljwpbtll t qCiwhwmbt u.ti2.tiu vwnwljnmw1.tiu ufuw1nl{, npJ!. hwl{wuwp t 
up2pu pwnwljmuWJPU zhqtiwCi L. J!UUlpwu11p 11wCiw\tll pwnwljmu)l wptiwmp 
hwpwphpntpJWUJ!.. 

~wpwphpwljwu U.P2.tiu vwnwlfmuw1pu u}uwm ltwphtll t npnzhi, 

100.S-
p = ±~% pwCiw6L.m{: 

x 

(1. 13.) 

~hmwqnmuwCi ozmntpJmCiJ! hwtiwpl{mu t pwl{wpwp. bpb P :S: 5%: 
95% hwl{wCiwljwumpJWUJ! ljwti a = 5% = 0,05 CizwfiwljwL)uupJWCi 

wumpowCinl{ hwliWUJ.Wmwu}uwCi l{umwhhllt up2wljwm.P tibampJmCig npn
zmti bu 

(X-t0,05 (t).Sx:,X +t0•05 (t).Sx:) pwCiw6hnl{, (l.14.) 

npmbq to,0s(f) -n 0,05 Cizwuwtiwuuup1wup UmJlllllbCimp qnpawljpgu t : to,os(f) 
- p wpdhpg qwlmtwtt t wqwmmp1wu wuwpowCiCibpp f p@g, f = n-1, npJ! tl.lt
owtiwqpwlfwCi uiwpwtihmpbpp DJlll2UWfi wfilfwJu $n$n}uwltwCifibpp pwCiw
ltCi t (uuumuwl{ 1.1): 

<l>n.p6CiwljwCi mtl.Jw1CihpP. @owljwqpwljwCi tizwljtiwCi ctwuwCiwlj 
UJb~ t Ciljwmlt mCihuwi.. np qpmw$nplihPJ! k wCiqwti ltPlfCil{mu hfi: 

f 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 

UrynwwfJ 1.1 
0,05 CizwCiwljwtiunpJWUJ! to,os(f) Um1m11hump qnpmu\tllguhpp 

wpcthpfihpg 

toos(fl f too« fl F to os(f) f to osm 
12,71 11 2.20 21 2.08 40 2 02 
430 12 2 18 22 2.07 50 2,01 
3 18 13 2,16 23 2.07 60 2 00 
2 78 14 2,15 24 2.06 70 1.99 
2 57 15 2 13 25 2.06 80 1 99 
245 16 212 26 2.06 100 1 98 
2,37 17 2 11 27 2.05 120 l 98 
2.31 18 2 10 28 2.05 200 l 97 
2,26 19 2,09 29 2.04 500 I 96 
2,23 20 2,09 30 2,04 00 1,96 

1.4. euwpwCipfl fiqwqwqnLJfi pwfiwtm 

BwCiljwgwa qpmwhhmwqnmwljwCi wzJuwmwuvmtI gCimpwuvp wCih
pwdbzm Ufill{wtli npnzmtig ljwpl.tnp $mt t hwtiwpl{mu: ~wtliwqwug tita 
awl{wtll J!UmpwCipCihpJ!. UJ.whwfi2mti bu wl{h1wgCiht CiJmpwljwCi L. wz}uw
mwCipwJpU aw}uuhpg, pulj wCipwl{wpwp pwCiwljg hCiwpwl{npntpJmCi ~p mw
tllu hwCiqh1m hwl{wump bqpwljwgmpJmCiCihpp: UJu JuCiqpp tmihlwCi hwuwp 
UlU}uWUJbU WUhpwctbzm t pUWUWl (pbljntqlt ljDIJ.Ufinpnzl{btm hwuwp) l{w
ppwgpWJp UUJ.WUtl.llII qnµawljpgJ!, pCi~UJhu Ciwlt umwl{h1wqntJCi hwpwphpw.
qwfi uJuwm E%, 95% hwl{wCiwljwCintpJWU l}btqpmli: QCimpwu11p n etwl{wm 
npnzmu bu gmn hbmh1wuwuw6L.p. 

n 1,96
2 

2. :e:-2-.v. 
E 

(l.15.) 

95o/e hwl{wfiwljwCintpJWUp up2pu pl{wpwCiwljwu wpcth11p qCiwhwm
tiwCi 11hUJ11mu wnwtl.b1wqm1Ci hwpwphpwljwCi u]uwm ~UJ.hmv t qhpwqwugp 
10%-p uwhtiwCiJ! (E :S: 10%): 

1.5. ~fiuipmftt pwd}lfifihpnq h}lufiwltwfi qp6wlJ.mqpwlJ.wCi 
uiwpwUbwphp{! 

~hmwqnmwlfwCi wzJuwmwGpCihpnui mumtifiwupptl.DII hwmlfwCipzg 
hwowJu npnzl{mti t tiwu pwctpGfibpntl. (tiwubpnl{) tiwu mntinuuhpnl{: 1lpUJ.hu 
ltwCinCi, WJUIDbtt lihCip qnµa mCibGp hwmltwCipzp nµnzwljp f!(impwu11p hhm, 
J!.Um npp quwhwml{nui t WJll pwctpCiJ!. (uwul!): U1uutlmnl{, JuCi@p t umw2w
Cimu l{umwhhllt up2wljww.P ozmuwCi OWUWUJ.Wphnl{ quwhwmht qt]uwl{np 
WUJ!Illl2IllPJWCi J!Cimpn@ pwctpCiJ!: 

Y:wmwphup hhmL.1w1 CizwCiwlfmuCitpn' 
N - ql}uwl{np WUJ!DI12Ill}lJWCi Ufill{wm, 
n - J!CimpwCipp cnmtwm. Po - n awl{wlltg mumtICiwupptlDIJ. hwmljwCipzp 

q}nnwpljmuuhpp pwCiwlj{!, Qo - n Uwl{Wlltg DlUDlUUWUpJltlllII pwCiwlj' 
(p0+q0=n), P - mumuCiwupptl.llII hwmljwfipzntl. opJhljmCihpp ql}uwl{np pwctpCiJ!: 

QCiqmCibCip Ciwlt, nJl p = Po -I! hhmwqmntllllJ. hwmljwCipzCihpnl{ 
n 

opJhltmCihpp pwctpufi t (J!Cimpnl{ll pwctpu), q = ~ -n' WJil hwmtiwu.tiw imuh-
n 

911Il opJbqmfibpp pwctpCiJ! (p+q=l ): 
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CfimpmU.1 pwdfip lili~Iifi pwnwl{muwJpfi u]uwm hw2tlwpl{mu bup hb
mL.JWL wpmwhWJUllllJ)JWUJ!. 

(1.16.) 

N-+ oo wpdbpp qbummu pwfiwllL.n llbnp t pbpn1u hbml.tJWt mtu1m. 

s = rqp: 
p f; (1.17.) 

UJu wpmwhwJmnrpJmfiiig l{wpbJ1i t oqmtlbt. bpb N>>n, npp 11tummu 
p qtJ:uwl{np pwdfip hwuwp 95o/. - ng tlumwhlaj:i u}l2w1J.wwn ltJ1ifip. 

P - t0,o5 (f)Sp < P < P + t0,05 (f).SP : 

v2bfip, np l{bpl! fi2l{wb WpWwhWJU1IllJlJillfipg l{WJlbtP t oqmtlbt. bpp 
0,25 < p < 0,75: Uliwgwb 11tumtpruu (Os; p s;; 0,25; 0,75 s;; p s;; 1,0) }unphmpq t 
mpl{ntu qtJuwqnp p pwdfip qumwhbtI:i up2wltwml! hw2itbt 

q> = 2 arcsin../P (l.18.) 

Wp\JlwhWjlDD.l}ljWUp: 

cp(p) - }l wpdbp6bpf! pbptlwb hfi hwtlbttlwbp plt4 2 WIJJnrnwl{mu: 

q> - Ii umwfi11wpui u}uwm hw24wpl{mu bfi s =-1- wpmwhw1mm., .Jn 
PJWUp, npmtq' n - I! nlimpwfipp mutl_wtfi t: 

VW}uwtqbu <l> U)WJlWUblilp}l hWUWp hw2qwpl{mu blip 95% t{umwbbi}l 
U}l2wl{WJ11}1 Ub~JJJillfi{! • q>-1,96.S• <cl> < cp + 1,968'1', WJfimhbml.t hwtlbl.ll.Wb'}1 

1.1 WllJillUUJltJ:ig qmlimu cp.. l.t <J><t. - pfi hwuunqwmwu}uwfiDIJ p. l.t Pt.1. wpdbp
fibp{!: qtp2mu nflil2mu blip, np 

Qfimpn$ pwdfibuwun IlP112bJ1iu nfimpwfip}l lil{wqwqntJfi bwl{wm 
hw2l{btI:iu wlihpwlfb2m t q}itnbfiwt qtJuwl{np WUJ!DI12IllPJW6 N b"wl\wm L 
mqwul{btI:ip (unmwl{np) (!fimpnlfli P pwitfibliwun: 

Opp pwdfibUwup uwupfi DiPlii hwjmlip it. nfi.qn.16mu blip p ::: 0,5: 
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n }!Umpwfip}l fitlwqwqntJfi muqwm hw2tl.wpljn1u bfip hbuiL.JWL wpu1w
hwJtnmp1mfifibpn4, 

bpp N-:;:. oo 

lOOOU 1,962 (1-p )N 
n> ( , (1.19.) 

- E
2pN+10000·1,962 1-p) 

N -+ oo qbuwmu 

n:?; 10000.1,962 (1-p) 
E2p 

(P -fi' upwqnpfibpnq, E -n uml{nufibpnq): 

1.6. UfiqwUn.Ci wp.dtpfihp.phwJmfiwphpmun 

(1.20.) 

~bwwqnmwqwCi w2.Juwmwfipfibp l{wmwpblliu hw6w]u }l hWJUl bfi 
qwU:iu mumufiwu}lptlnq hwml{wfip2p l{mpmlt wpmwhwJml{wb wpdbpfibp: 
Ufiqwfinfi wpdbpfibpn uwllimlifibp, wmwpl{mufibp l.t WJtfi) ltWJ.lilll. bfi bpl.twfi 
qWl WJll Ufllilgbup qnpbnfifibpp wq11bgmpJUlfi l{WU Pfii·Ilp U)uWtP hbmL.wfi
pnl{: UJqlq}lup wpdbpfibp{! l{WJlDil bfi tqwpmfiwltbt l{wpl.tnp mb11.bqritpJmfi
fibp, npnfip Uibmp t wpmwpubt qqm2npbfi, iluw}umbtntl hw2l{wpl{t{rui $tiw
l{wqpwqwfi tqwpwubmpbpp wpdbpfibpn: 

UJUUJ}mnl{, l:ifiiUJb'"u npn2bt l{wul{wblaj:i wpdbpl! hwuwptlm"u t, wp
qJnp, l{nlq}lm u}uw1 WJfi UJ.bmp t wpmwpub"t. pb" umwl{bt }unp hbmwqnmm
PJWfi qwppp mfi}1; 

Ufil{wfinfi wpdbpfibpp hwJmfiwpbpuwfi hwuwp wfihpwitb2m t hw2-

1x.-~ 
g=~· n-1 

S- -
x n 

(l.21.) 

npmbtf Xe - fi UJ.Wpwubmpp l{wul{wb"blii wnwl{b1wqmJfi l{wu fil{wqwqmJfi 
wpbplit, x -I!' up2pfi pl{wpwfiwl{wlin. Sx: -n· umwfiqwpm 2t11uwfi ubb"m-

pJmfin. n - I! qmpllbpp uwl)uuufibpp) PI:itln: 
a == . 0,05 (95% hwtlwliwl{wlimpJmli) li2wfiwl{wtI:impJwlip wumptiw

linl{ wpdbp{! t'iwfiwil{mu t wfil{wfinli g > g0•0j(f) tquiJUwfil111tummu. npmtq' 

f = n -2 ·n wqwmmpJwli wump6wfilibpp p}ll{fi t: g0 05 (f) - p wpdbplibp{! pbp

itwb bli hwtlbtl\wb"p PM 1.2 WIJJmuwl{mu: 
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OfiU1JU1Ct U11iqU11infi Ulpctbufibp)l npnztiUlfi U}UlpqmvJwfil!, U!Jli 2111m l!Pi 
t lJliplllmjmti: ~wi'.iw}u }upum qwuqwabUi wpcttufibpp npnzqmu bfi ni qn
nbqm, umpJbqm}li.l tibpnqfibpnq: Ilpll}hu qwfinfi, }u}lum qU1uqU1abUi bu hw
tiwpqmti uta vi.lni.l Ulpdbpfibpp, UlJI} U}wmi'.iwnnq fill}wmwqlllhlllptiwp t g -
qpnwqwqp}l lJlipwnmtip: Ili uba pqnq (n = 3,4) imiiimtifibp}l I}buwmu qwpb@ 
t hU12q111plflibpp qpn111mb1: 

.lliifilllpqbfiu tihq op}lfilllq. bfipUlllPhfip bpb12 imipmufibpnq 111pcth11fibpJ! 
l_llllU1llqnpqb1 bfi J!UUl 111!'.itilllfi qwpq}l' X1 S: X2 $ X3: liwqtiqmti t UlJQ wpctbp
fibpp m111ppbpmv1mfi1f X2 - X1 lt X1 - X2 lt qplllfigpg utan fi2Ulfiwqmu R11, 
llml2PI! R11i mwnbpnq: liUlpb@ t lllll}wgmgbi, np X., U1pctb11n hwtiwpqmti t 
qllluqwab@, tpb 95% hwqwfilllqwfimpJwfi qbuwmu p111q111pU1pn1ti t hb
mL1w1 wfihlllqwuwplllJlJWUJ!. 

Ra ->12,6034, 
Rtlt 

qwti ~ < 0,0793: 
X., qwJlllll t @libt bqplUJpfi wpdbpfibppg npltt tiblt11 np}l m111ppbpn1-

pJ111tip umwgi.lbt t R11 wpcttpp: Ufih111qU1uwpn1JlJUlUJ! ip111q111pU1pb1m qbll}
pmti wpctbpp lP hwtilllpqmti qllluqwab@: 

Jlfifiwpqtfiu n=4 I}blllPP. X1 :;;; X2 s; XJ :;;; X4: liwqtimti tau R1=X2 - X1, 

R2 = X1 - X2, R1 = X4 - X1 lt R1 + R.i + Rl = R, a = & a = R2 : 
I R' 2 R 

liwuqwabUi wpctbpfibpJ! mnmqmti blip llllwqpwti}l oqfimv1111up: 

1.7. lihfimpnfiwqwfi L. uqqpfiwqwli um.ihlimfibJl 

"l:.lwp}lwg}mfi zwPV}l ti}l5:1)lfi wpctbpp lt u}l2}lfi p111n111qmu1111}1fi zb:qmtip 
hwtiwpqmti bfi qwp}lwg}mfi zwpp}l wnwi.lbt pfiJihlllfimp hwuqwgmpJmfilibp}l' 
tintibfimfitpp tiwufiwlJli qblllPbp: 

libfimpnfilllqwfi lt uqqpfiwqwfi tintibfimfibpnq qwpb@ t h1112i.lb1 munuI
fiwuppqn:q h111mqwfi}12}1 ni tipwjli u}12}1fi wpdbpfi Ill u}12}1fi pUlnUllfmuwjpfi 
2t11mu11 IDJlh lllfihwuwillll}m1p1111fi (wuputmppwJ}l) lt tuug bup qnpawlj}lgfib
Pl!: 

Uljqpfiwljwti tfntfbti111tibp 

q- qwpqp uqqpfiwqlllfi tintibfimn (u.J q~qmti t mwppbplllqfibpp q-pq 
wumpnwfip u}l2)lfi Jli.llllpwfilllqwfi. 

k 

LX[m1 

u =Xq= i=l : 
q N (1.22.) 
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Qpn1111qlllu qlllpqp uqqpfilllqlllll um.Ibfiml!' 
k k 

_
0 

l:X~m; ~m, N 
I) -X _ i=I =-•=!-=-=}: 
o- - N N N 

Un1112}lfi qwpqp uqqpfiwqlllfi timibfim' u1 = X: 
k 

LX~m; 
bpqpnpq qwpqp uqqpfiqwfi tintibfim' u 2 = 5c2 = ;.,i N 

k 

L(X1)3mi 
i=l bppnpq qwpqp uqqplilllqlllfi tintibfim' uJ 

N 
k 

L(Xi)4 m1 

Onppnpq qwpqp uqqpfilllqwfi tintitlim' u4 = 1=
1 N 

q-pq qwpqp qbfimpnfiwqlllfi untibfimp q~qmti t Ullllppbplllqfihp}l (ti}l
})UlqUlJQhp}l) u}l2}1fi pqwpwfilllqwfip h u}12}lfi wpcth12}1 mwpptpn1pJlllfi q-pq 

wum}lnwfi' 

Qpn11114.111fi qwpqp qbfimpnfilllqlllfi timibfim' 
---o 1 k 

µ 0 =(X1 -X) = Nt;cx, -X)
0
m1 =0: 

Unlll2}lfi qwpqp qbfimpnfilllqwfi tintitfim' 
----1 1 k - • 

µ 1 = (Xi - X) = - L (X; - X)m, = 0 · 
N i=I 

bpqpnpq qwpqp qbfimpnfilllqwfi timibfim' 
-~,-·2 1 l< -

µ 2 = (X; - X) = - 2: (X1 - x)2 m1 = s2 
: 

N i=1 

(1.23.) 

'hmJfi uqqpmfipnq qlllph@ t libpqlllJlllgfibt filllh q=3, 4, .... n h lllJl qwp
q}l qtfimpnfiwqwfi unubfimfitpn: Slllppbp qlllpqp qblimpnfiwqwfi tintihfimfit
Pil uqqpfiwqwGnq qwpt@ t UlpUllllhlllJIDht hbmhJllllPUlfilll6Lnq. 

(1.24.) 



UJuUJJ.iumt, l(umwthulip 

µ 2 = u2 - 2u1 u1 + u; = u2 - uf; 

µJ = u3 - 3u1u 2 + 3uiu1 - ut = u3 - 3u1u2 + 2ui 

µ 4 = u4 -4u1u3 + 6ufu2 -4u~u1 + u1 = u4 -4u1u3 + 6u;u2 - 3u: : 

~wmqrufi]lz]l 4.P!'.iwltwqpwl(wfi lwl}lwCi)lzfibpf! ul(qpfiwl(wfi h ltbfimpn 
fiwl(wu dndbfimfibpml ltwphijl t npnzb1 hbmhJwt ltbptq. 

1. d]l2}1G pqwpwfiwltwtif!. 

X=X0 +u1h, (1.25.) 
2. u)l2)lfi pumwl(mUWJ}lti zbrpIIUJ!. 

cr=hJ;;, (1.26.) 

npmb:q' h-1! u)l2wltwm}l uMmpJmfiti t; opt qwp)lwg}lnfi zwpp]l pwqdwfi
ltJwCi ti}l q]lcrn, ul(uwo qwqwp}lg, tiltwmbijl t dJmu}lg, wuiw IUJquilm}l zwppf! 
ltni.tlmti t wu}ldhmp}ll(: Uu}lubmp}lwJ}l qnpawq)lgf! l(IUpbt}l t npnzb1 htmL.Jrut 
wpmwhIUJUllllpJWdp. 

A = ~µ 3 
: (1.27.) 

3 
µ 2 

{:;pb A=O ltnPJ! upubmp]llt t, wtqw A> 0-}l qbuipnui IUJU mti}l qpwl(IUCi 
wu}ldbmppw, )lult A< 0 -}l qhuipmu' pwgwuIUl(wfi wu)lUbmp}lw (Cilt. 1.3) 

'-1.wp}lIUg}lIUJti zwpp}l ul(qpfiIUqWfi U l(bfimpnfiUJl(Wti umibfimfibp}l pUl
gWltUlJillpJIUU qbuwnuI, n pwfiIUl(p J!Umpwtig)l hwuwp UJu)lubmp]lwJ]l qnp
crwlt)lg J! l(rupbijl t hIUzq ht hbmu JlUl pUlUWd L_nq. 

(1.28) 

lJ}i2wltIUJPWJ).lfi qIUppIUgpwjp zwppp qhtqpntti' k uti~WltWJP mfibgnq 
zwppp hwtiwp 

(l.29.) 
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Uu}:u.ibmp}lwJ}l qnpcrwlt]:tgI! i.lllfi}l ~ qbp)lfi, nl lt fibpgh}l uwhliwfi, npn, 
}lul Junup, fitlwqhgfinui t wu)lllbmp}lwJ}l tibOmpJillfiI! qfiwhWIDilIJ. fipw wpdh
PJ!: 

tpugbuf! l(wu l(npn1p1wfi qnpbulltJlgI! npnzqmd t hbuihJWl wpmwhwJ
mmpJWUp. 

E= µu -3, µ; (1.30.) 

l(wu 

n!(x. -xf 
E- i=I 3: 

-[~(xi-x) J 
E = o -]l qbtqpmu l(npli mfili CinptiIUt mbup, E > 0 -Ci q}lmqn1u t qpIU

l(IUCi tpugtm, l(npfi mfi}l upIUqIUqIUp mbup, E < 0 -Ci q}lmqmu t pwgIUuwl(wfi 
tpugbu, l(npti mfi]l hwppIUqwqIUp mbup (tilt. 1.4): 

1.8. <llnpdfiwqwfi lt mhuwqwfi pw2}unnifihp 

'-l_Ulp)lWg.lmfi zutppp gmgUiti)lzfibp)l IllUillUUWU)lptiut(i dutUIUfiWlt Wfih
pwdbzUllllPJillU t wnw2wumu hbmwqnmbt tipwtig pwz_lutIIUti op)lfiwl IU$m
J:lJillfiI!. IUJu]lfipCi hIUumumibt hwmltIUCi)lztibpp ubb"ntpJmfitibp]l h hIU!'.iIU_lum
pJmfitibp]l l}ln_luwqIUpa hIUuwtqUJmwu_tuwfimpJilltif!: UJu qtuwmu hbmwqn
UlllIJ.I! hwuwpJIU u)lzm qnpcr mti]l qtluwqnp IUUPilIJ.2Il1PJWfi UUJu l(wqtillIJ. J!U
mpwfil:?.P hhm: ~WUIUtqwmwu_tuwti tqIUJtiwfifibpnuI mumufiIUufl11uwCi W}l
rumfiptihpJ! mwpwcrhtntl utUPilIJ.2 qtluIUtlnp wtipllIJ.2ntPJWfi qpIU, titlt hwm
l.J.IUti]lzp mumdtiIUuppuudj qbtqpnuI qnpO mtihtip u)lwlUJ$, tibltpg utqbllt 
hwmltwti}lzCib11p qhuipn1u pIUqliIUlut$ pwz)unuitihp}l hhm: 4:IU_luqIUO tipIU
tipg ph mumdfiwu)l11tlllIJ. hIUmltwfiJ.iw J!li.qmfinui t tipIUJU wupnq2 pb gwfiltw
gwo )l11wltwti wpdhp, plllzlumtil! ltUJpn:q t tlifih1 J!liqhutmmti h IUti'[!tiIJ:tib2: 

~w!'.iw_tu l}ln11atiwltutti mtlJUJtfih}lI! hw11tiwp tfih11ltw1wgtih1 qpwl>}:tltw
l1wli mhupnq' ltwnmghtn4 h}lumnq)l}lI! h putz_lutiwfi ltnpJ!: 

lfwpMwm}:tltwltUJti 4.P!'.iwqwqpmpJIUfi ltwp1npIUqntJfi qpntJptibpµg t 
dbb pqbpp opbfipJ! (But. Pt11fimt}l]l phnphUJ!)' ubowawi.twt J!limµwtip]l IJ:htq
pnuI l{wphtli t hw1mtiIUpbpb1 gIDfil(wgwo pIUzlutiwti 011).ltiwlUJl}lntpJmtitibpf!: 
ltOhpwdb2m t Cizbi, np uto pqhpti ophUI!J! h tqwmwhwltIUfi hwmltwtipztihp)l 
pw2Jumdp tiw.tul{wo lbti l}lnpautpIUppg: 
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1'~. 1.3. l'.!wzludw!i ~DJlliJl l -A;. 0, 2 - A= O, 3 _A< O: 

f{x) 

20 

WilJillUW\tWJpfi ol.J! \tWJlllII. t ltltpwmlbl UpWJfi qbp~wtlnp ptlnq hfiwpwtlnp 
wpdbpfibpp J.lfiqhwm uiwmwhwlJ.wfi uMmpJntfifibpp hwtiwp: Ufiilfiqub2 
tqwmw.hwlJ.wfi ubmnpJmfifi mfibfimu t wfipM pwqtimpJwtip hfiwpwqnp wp
db11fibp, WJll uiwwllwnnq WILJmuwlJ.ntI :qpwfip fibplJ.wJwgfibm wfihfiwppfi t: 
"lwmwhwlJ.wfi tibbmpJWfi Jmpwpwfiump umwfiapfi wpdbp mfip fiwl.t qpn
JWlJ.wfi hwt{wfiwlJ.wfintpJmfi: 

Bmpwpwfiump mbuwlJ.wfi pwz]uuwfi opbCip pfimpwqpt{mtI · t bplJ.m 
.'PmfilJ.gpwfibpntl' ®bpbfig}lw1 lJ.wtI hwt{wfiw\{wfimp1wfi ]uum1pJwfi :Pmfi\{
gpw1ntl (fiq. 1.5) L: pfimbqpw1w1pfi qwtI pw2Juuwfi .'PmfilJ.gpwJntl (fiq. 1.6): 

Ll-p.'PbpbfigP.wt ~mfiqgpwj}l qnpnt{ uwhtiwfiwl}lwqqwit qwtI, np fim1fifi 
t, hwmlJ.wfiP.2P. pn1np hfiwpwt{np ubbmp1mfifibpp hwt{wfiwl.J.wfimp1mfifibpp 
qmuwpn hwt{wuwp t ubtw.: 

Cl-mnqpmu fi21l,wit bfi hwmlJ.wfiP.2P. tIP.2P-fi x wubfiwhwt{wfiwl.J.wfi (un-
11wu Mo l.t UP-2fiwqitp M. tIMmpJmfifitpn: 

f"lfimbqpw1w1p6 ~mCilJ.gpwfi (fiq. 1.6) umwgt{mu t :qp.:ptpbfigpw1 
~mfilJ.gpWJP hwmlJ.wfiP.2P. wpctbpfibpp uwhtiwllfibpnt{ npn2tlllll. tiwlJ.bpbufibpp 
hw2nPilwlJ.wfi qmtiwpnt{: 

1.9. "lwuiwhwqwli U.bmupJntlilibp.}l. pqwJ}l.Ci 
pfintpwqp.bPf! 

''lpwlJ.mP.lt npn2 JuCilllipfitp l.Dtc'tbtlm wfihpwctbzmmpJmfi !ltw p.tiwfiw-
1.Dl tqwmlllhwlJ.wfi utb'mpjmfifitpp PlllDP hfiwpwt{np wpctb11fibp].1 l.t fipwfig 
hwuwtqwmwu}uwfi hwt{wfiwlJ.wfimpJmfifibJlI!, lllJl hwpuwp t oqmqt1 up_ pw
Cip pwfiwlJ.wlJ.wfi gmgmCipzfibp}lg, npnfip ufilitI 6l.tn1l, pwt{wpwp pwfim\{m
pjwtip mbqblJ.mpJmfifibp lJ.wpnq bfi mw1 UJ.WmwhwlJ.wfi tIMmpJwfi uwu}lfi: 
"buwfi gmgwfipzfibpn lt~tlmtI tfi tqwmlllhwlJ.wfi tibitmpJWfi pt{w1P.fi pfimpw
qpbp: Ll-pwlig}lg hptiliwlJ.wfiGtpfi tfi' tiwpbtiwmplJ.wlJ.wfi utqwumtin. llliuUJ.bp
upwfi. mwppbp lJ.wpq}l tintitfimfibpJ!, mtitfiwhwqwfiwlJ.wfi WJ1db11n l.t tIP.2fiw
qp.b'n: 

lTwpbtiwmplJ.wlJ.wfi uuiwumtIJ.l uiwmwhmlJ.wfi tIMmpJwfi qpp11fi t 
pqwjpfi wnwfigpp t{pw, mfip npnzwltlt ufl2}1.6 wpctb11, npp 2mp2 tipw}utipqmu 
t.6 tqwmwhwlJ.wfi tibitntpJWfi pn1np hfiWJlWtlnp WJldbpfibp{!: UJq tqwmow
nn~, tiwpbtiwmplJ.mlJ.wG utqwumtIJ! hwllwfu wfit{wfit{mtI t uimmwhwlJ.wfi 
dLbmpJwfi tIP.2P.li wpcttp: .Rliliwp\tblig Xi, X2, .. ., X. mpctbpCibp l.t Pi. P2, .. ., 

P. hw~wCiwlJ.mfimpJmfi J!liqmlinq X J!liqhmmmli zwppJ!: Dpnzbfip uimmwhw
lflUCi llMmpJmfifibpp tIP.2P.fi wpctbpJ! lJ.mu fipwfig tiwpbtiwmpqmlJ.wfi UUJ.W
unnip' M(X). 
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n 

~wfipnp ~:Fi =l, nmmp M(X)= f x.P.: 
~1 w J 1 

f(x) 

F(x) 

1.0 
F(xJ 

F(x,) 

... 
"Uti. 1.5. 'l-.fl.!}>bpblig.ftwt ~nalitig]nuli: 

(l.31.) 

k ffi; lk 
M(X) = LX; - = - LX;m; : 

i=1 N N i=t 

lifi]!li1llib2 tqwmwhwlJ.wfi tIMmp]Wfi tiwpbtiwm.plJ.wqwfi UtqWUDlU]! 
ljnpnz\fli hbmL1w1 pwfiwc\Lntl. ... 

M(X)= Jxr(x);ix: (1.32.) 

P.fimbqpw1w1pfi F(X) ~mfilJ.gpwJp tip2ngnq tiwpbtiwuiplJ.wqwfi m.qw
umun qWpUlwhWJUlqp -· M(X)= JXdF(X): (1.33.) 

lilil!fi11ut2 tqwm.whwqwfi uMmp1wfi wtibliwhwqwfiwqwfi (tinqwl) t 
lJ.n~qnuI fipw WJfi wpctb121! Mo, npp 11tuwmu pwzJmiwfi ]ummpJntfil! umwqb-
1wqm1fifi t: 

"lwmwhwlJ.wfi tIMmpJWfi up2fiwqpb (Me) t ltn~tlmtI fipw WJfi wpctb
Pf!, npp hwtiwp 6}izm t hbmLJWl hwqwuwpnttIJ!. 

P(X <M.)= P(X > M.): (1.34.) 

liJUp!ipfi hwqwuwpwhWqwfiwlJ.wfi t tip2fiwq1tp wpctbppg UJ.WUlwhW
ljwfi tIMn.tpJwli 1mpwpwfium11 wpctb11}1 tIM lJ.wtI l}mpp tlifibm: bp.lJ.pw~w
itiwltwfi mbuwlJ.bmpg tip2fiwq}lbi! WJfi lJ.bm}l wpug}lufi t, npntl pwz]utiwfi ltn
p}l tiwlJ.bpbul! lt}luqnuI t bpltm hwqwuwp tiwubpp: 

f!wz]utiwfi lJ.npp wM tiwlJ.bpbul! hwqwuwp t tibltP, mump up2fiwq1t}l 
wpugpu}l wnwfig11ntl u ltnpntl uwhuwfiwtliwlttlw1t tiwlJ.bpbul! lJ.hwqwuwptlP 
0,5-p. 

F(M.)= P(X <M.)= 0,5: (1.35.) 

"lbm11 t fizbt, np bpb pwz]umtIJ! u}ltibmp}llt t, WUJ.W uwpbtiwmplJ.wltwfi 
uuiwumtI]!, UilI}Wl wpctbp]! L up2fiwqpb]! hWUJ!filtfimtI bfi: 

Qfiqhwmmfi tqwmwhwlJ.wfi ubbn.tpJntfilibp}l hwuwp tinqw1 wpctbl!l! L 
lll1yliwq1tp wpctbpJ! lJ.wpblli t hwztlb1hbmL1w1 ltbptq. 

(1.36.) 
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npmbq' x. ·f! d}151fiwqb-J'1 u}12wltwJRP ult}lqpfi t, m
110 

-Ii u}12fiwqa}l ti}11>wltwmJ1 

hw6~1pJmlif!, S., -I! dJlfit UJ12fiwq}la hwriw}umpJmfifibp}l qmuwpn, 

Sn :S 2 . h -rf UJ12wltwwJi utampJntfi'(!. N -I!' qpmwpltmufibp}l ljwu l}lnpabp}l 

f!WfiWltf!: '1-pmqbpupWJp h ti}l2}lli f!WllWljillUWJpfi zbqdwli u)12ngmt qwpbi.li t 
qwmbt dwpbdwm}lljwljwfi uiqwuuwfi 2IllP21! UJ.Wmwhwljwfi ubampJWfi gnp
l[wampJWfi uwu}lfi: 

Qfil]hwml{DIJ. UJ.Wmwhwqwfi Ubb'lllpJWfi hwuwp qpUUJ.bpu}lwfi npnz
l[md t WJU pwfiw6Lnl[. 

liCif!UIJdb;i> UJ.Wutwhwqwfi ub0n1p1n1fifitp}l hwuwp ftX) }ummpJWfi 
hwqwfiwljwfimpJwfi qbUJ.I!mU qputqbpu}lwfi lJ.tlifi)l' 

+oo 

cr! f[x- M(X)]2f(X~: (l.38.) 

F(X) pw2Im.twfi l>mfiligJlwJ}l u}l2ngnl[ q)luUJ.bpu}lwfi tiwpb!li t wpmw
hw1mbt hbmh.Jwt lJbpUJ.. 

+oo 

cr; = f[x-M(x)fdF(X): (1.39.) 

'1-}lutqbpu}lwJ)l pbpn1p1mfi t hwuwpl[mu WJfi, np mfi)l 111wmwhwl(wfi 
dbOmpJwfi pwnwqmum l.UitlimtwtiwfimpJmfi. npf! bpltPmtwl}lnpbfi ubljfiw
pwfib1 wfihfiwp}lfi t: 

1.10. '7npumuru12Juuudi opbfipf! 

1:rnp.uw1 pw2}un1d'J!., pwz}uuwfi opbfiJ;!fibp.}l wubfiwmwpmaqwb mb
uwl1fi t: 

L.np.dmt pwz}uumfi opbfip}l qJ1uwt.J.np. wnwfi6fiwhwmqlllpJmfifi lllJfi t 
op fip.mfi bfi umnbfimu pwztuuwfi ufiwgwa opbfipfibpn.: ' 

1:rnpuw1 pwz}uuwfi op.bfipf!. hmJmfiwqnpcrb1 t Umwt.J.p.l! l 733p uw
ltwJfi WJfi hwnw}u wfil[wfimu bfi firuh Q..wmu}l (1809) t. Lwtqiwup (t912) 
wfimfint.J., npnfip Umwtfp}lg wfitiw}u bfi hwJwfiwqnpab1 WJq opbfipn: 
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«l.npdwt pwzlumd» mbpd)lfil! lt}lp.wnqmu t qmm UJ.WJdwfiwljwli 
}ldwmnnt.J., npUJ.bu qpwqwfimpJmfimu htud[!fiqhwfimp 6wfiwtmd' qmwa wp.
mwhtuJlllillpJmfi, }lhwpqb, Ill WJfipwfi hw2mt: t.{.bp2}lfi}lu WUJ.wgmJgfi WJfi t, 
np bpb npht hwmqwfi)12 bfipwpljl[nui t finpdwt pwz}uuwfi opbfip)lfi, qw lP 
fi2wfiwqnut pb Wjl} bphnlJPP h}lUpmu I!filJ.wa t u}l Jlfit·Ilp wfil.}ml}ln}u finpu, 
np}l wpmwgntwfipfi t hwuwpl[nut WJll hwmljwfi)lw: Ublt WJt pwz}u~wfi 
opbfiJ;!}lfi bfipwpql[b1Jl lP WUJ.Wgmgmu WJll bphn11p}l wfifinptiwt tlifib1Jl: Op)l
fiwlt' tpb npht wqumuwm UblUIDr\Whwm hwuumg}l qpw llzwqt.J.nut tfi ub11b
fiwuwubp, WUJ.W find}lfiwt tW$bp}lg fipw zbl\ntUfibpf! qWPilIJ. bfi tlifibt Up
UJWfig}lg wfil(w}u, pwquwp}lt.l. tqWmlfomfitpnl[, qpwfip tfi' uzwquwfi nbdpu
fibp)l mwmwfimufibp[!, hwpuwpwfipmu ubpbfiwuwu)l mb11m1J.w1uwfi h pw
qw1wl[npuwfi wfirizlDillpJillfil!, llzwlJ.tlmt fiJmp}l wfihwuwubnmpJmfiJ!., qmpn:It 
qnpo)lp}l wfi62lDillPJillfiI! h llwzt.J.wbp[!, llzwqdwfi UJ.WJUWfifibp}lg qw}ul[wa 
hwuumgp hwfiqn1Jgfibp}l umw6qw1J.wfi qb~npuwg}lwfibpfi m pppnmufibp[! h 
WJtfi: lijU tqwm6wnfibp}lg JillpWpWfilJillPI! Wq:qmU t dtpbfiwuwuti l_UltPUbpp 
\{pw, WjUUJ.bU np qpwfigl[wo }lpwl(wfi l_W\jlU[! hwuwpl{mU t UM pl[nt.J. zbrtmd
fibp}l qmdwp: bpb qn11lwpWJ}lfi zbllmlifibpf!. dnmwt.J.npwtqbu fintJfi lJ.wpq)l tfi, 
WUJ.W zbllntUfibp[! lJ.UlPilIJ. bfi hwuwpl[bt UJ.UlIDWhwlJ.wfi UbOillpJmfifibp L. wfi
lJ.wlu zbIJ.ntUfibp}l UJ.WID!iUlllfibp}l pwfiwq)lg, qWPilIJ. bfi bfipwpql{bt finpUWt 
pwz}uuwfi opbfip}lfi: 

UfiI!fiqubsi UJ.Wlllwhwqwfi uMmpJUlU finpdmt pwz}uuwfi }umnt!)JillUJ! 
wpwmwhmJml{mu t hbmhJmtpwfiw6hnl[. 

t(x)= ~exp(-(x-~Y ). 
crv21t 2cr 

(1.40.) 

npmbrt' cr -fi UJ.WmwhwlJ.wfi uMmpJWfi U}l)l)lfi pwnwltmUWJpfi zbllmufi t, X-{!. 

UJ.WUlllihWqWfi UbGntpJillfifi t (-oo < X < 1-<X:>), X ·J! X UJ.WUlWhWqUJfi UbITTU

pJlllfifibpp u}l2}lfi pl[wpwfiwqwfifi t (uwpbtiwm}lqwqwfi UUJ.UlUillUf!): 
L.npdwt pwz}udwfi opbfipf! pfimpwqpl[mu t q~bpbfig}lw1 f(X) h }lfi

mbqpwt F(X) ~1filtg}lwfibpnl[: 'Unpdmt pwz}uuwfi opbfip}lfi hwuwiqwmwu-

}uwfi TJli~bpbfig)lw1 lJ.npf!. X = X qbm}l op1]}lJiwm}l fiqwmtiwup u)ldbmp)llj 
(hwdwtmll:t) t, fipw phbpf! X-+ ±oo wfil[bp2 unmbfimu bfi wpug}lufibp}l 
wnwfigp}lfi (filJ.. I. 7): 

bnpdwt pwz}uuwfi opbfi{!f!. lJ.wu pwz}uuwfi pfimbqpmtWJpfi ~mfilJ.

gliwli (lfiqhwfimp qbUJ.I!nui qwpbtli t qpbt hbmhJWt mbupnl[. 
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F(x)= jr(x}ix = ~ 7 exp[-(x-~r JdX, 
... crv 2x _., 2cr 

F(-co<X< +oo)= ~ je~ _(x-~f JdX=l: 
cr v 2 x _., "1, 2cr 

f(x) 

0 x. ~ x 
vlj_. L7. \Jnpuw1 pw2)uutuli oplilip}l IJJl!l>liJ1lilig}lw1 ti_wu 

hunlwliwlj_wlintpJndililip.}l }ummpJwli !l>mlilj_g}lwli: 

(1.41.) 

"lpwlj_m}ll{w1mtI hw6w}u wfihpwcthzm t hwztlht WJfi hwqwfiwlj_wum
pJmfi11 hp.p unptimt pw2}ul{w() i.qwmwhwlj_wfi tihbmpJmfil! qmfil{mtI t npn2w
lt]l uwhtiwfifibpn1tI 
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_ 1 x
2 

( {x-xY J . F(X1 < X < X2)- r,::- f exp - 2 dX. 
crv2n 2cr 

Xj 

x-x -
bpb --=t, WlqW X=ot+X, 

Ci 

WJU}lfipfi dX = crdt h 

F(X1 < X < X2) = b:-1 exp(- !_ JAt : 
v2n ti 2 r 

4.utmwp.btntl finp. uzwfiwqnuifibp' 

X1 -X X2 -X 
ti = -- L. t2 = ' 

Ci Ci 

lJ.mJlllll hfip hwztlht 

(1.42.) 

Jlwfi}l np --b= J exp(-£)dt = cj>(t) Lwunwu}l Cinpuwl{npl{wo :}>mfilt-
v2n 0 2 

g]uufi t, wi.qw umwfinuI hfip 

bnp.iiwt pw2}uuwfi op.hfip}l pumpwqp.ru_ wnwlh\fiwhwmqmpJmfi qw
phl}l t hwuwpbt WJfi, np. X tibb111p1wfi hwqwfiwqwfimpJntfi'[! h}lufiwqwfimtI 

qmfiqnuI t X- 3cr ~ X ~ X + 3cr uwhtimfiutpmtI, npn hbzuu11p1wtip rupmru

gntlf.mu t 
x. =X-3cr,Xb = X+3cr, 

X -X X-3cr-X 
ti=-·-·= =-3, 

Ci O' 

X -X X+3cr-X 
t 2 = _b - = = +3 pruuruc.\L.tpmu: 

O' O' 

U1ui.qJ::mnl{' 

p{x-3cr <X <X +3cr)= ~(3)-~(-3) 2~(3): 
Qum Lmuitum}l finptirul{npl{w() :}>mfiqg]lmJ]l UlllJmuruq]lg (hwlf.htl{ru()]l 

wq. 1.4) npnzqmu t. 
2cj>(3) = 0,9973: 

Nitiqhu uzqhg l{bpL.mtI, WJU hwl{wfiwqwfimpJDlUfl, np.}l .qhi.qpmtI x 
UjWmwhwqwfi uhoo1p1mfil! qmfiqmtI t ±3cr - ]l uw.Mwfiuhp.n1u unw t 1-]l 
1.twtI 100% - }l h ltntqnuI t uwL. hphp u}lqtiwutp}l qwfinu: 

unptimt pwz}uUwfi op.bup}l }lfimbqp.mtWJ.pU mbunl! qmp.b@ t fibp.qw
JlUgfibt WJUi.qhu. 
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X-X 
npmbq' t .= --, 

cr 

pwfi}l np' -
1
- J0 

e~ _ fJ ::;; 1 

Ji;_,,, h~ 2 2' 

1 I ( tl} }lul.f r;:;- Jexp -- t !j>(t), 
"t/21t 0 2 

. 1 
wuiw' F(X)=-+!j>(t): 

2 
X-X 

fhfihfiw1ntl t = -- -}l wpdbpfibp}!, hwtlt1tlwo p}ltl 1.4 twunrnmq]lg 
('l' 

l.jWPllIJ. blip }!fimpb1 c!>(t) -}l mpdbplibPJ.l h npn2bt }lfimbqpw1wJ}lfi :}>mfil.jg}lwJ}l 

F(X) titampJmfifibpf!: 

1.11. "bn111iwt tnqrup}l_puwqrufi pruzluurufi 011hfil!J! 

bnptiw11nqwp}lptiwqwfi ti~tlmti t }u}lum wwlJ.wfi x tihOmpJUlU WJU
ui}lup pw2tumtil!. np}l U = 1nX wpmtuhwJmnlpJwfi pwz}umtil! finptiwt t: 

"lwmtuhwqwfi tiMmpJwfi U pwz}utiwfi }ummpJlllfil! npnztlmti t hh
mhJw1pwfiwnhntl. 

(1.44.) 

"lwmmhwqwfi X tiban1p1wfi pwz}utiwfi }ummpJmfil! gmg~wJ}lfi :pmu
qgpwJ}l qhummti Ue" ubbmpJwfi pwz}utiwfi }umn1pJwfi hbm fipw qwum qwp
mwhw1mtl}l hhmLJWl qbp.lq. 

f(X)= dF(U} = dF[x(u)]dU f(U)dU ;:::..!..f(U): 
dX dU dX dX X 

(1.45.) 

U1umb11lig hbmhnlu t. np bpb X > 0, UllqW' 

f(X) = I exp[- ~x - M(x)
21], 

Xcr
0
.J2; 2cr! 

(1.46.) 
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}lul.j bpb X ~ 0, UllqW' f(X) 0: 
Lnqwp}lptiwqwfi finptiw1 pwz}umtil! pwtlwpmp tinmmpl.jbtli t u1wmw

hwqwfi tibampJmfi fiqmmblli w2wqnqtiJwfi wu}ltibmp}lw mfibgnq qmpnfiw
qmfi pw2}utiwfi hbm: UJu pmz}umtil! tmJfi l.jppwnmpJmfi t qmbt mb}ufi}lqw
qwfi 2wm qnp~fipwgfibp}l fibpqmJwgtiwfi h mfimbuwqwfi hbmmqnmm
pJmfifibp}l ut2: 

1.12. q}iJpnlJ}l pruztuuwfi op.hfipg 

fl. mwppbpmpJmfi finpum1 pwz}utiwfi opbfip}l, ~bJpmtli pmz}utimfi :qp. 
~bpbfig}lw1 qnp}! ri.1fi}l }u}lum wpmillhmJmtlm(} w51wl.jllI}UJWU IJ.wti nw}uwqnq
UJWU wu}ltibmp}lw: UJq uiwm6wnntl mumtifimu}lptl1lIJ. hwmqwli}lz}l U}l2}lfi, 
wtihfituhwtlwfiwqwfi (tin:qwl) wpdbpfibp}! h ti}l51fiwq(}}l tiMmpJlllfil! }lpwp 
hwtlwuwp ~hfi: 

~hJpmtli pwz}utiwfi opbfip}l }ummpJlllfil! qwti 11}l:}>bp.bfig}lw1 :}>mfilt
g}lwfi n]IIQtlmti t hbmhJWl hw4wmupmtin4. 

b (x )b-
1 

[ (x )b] f(X)=;-: exp - -;; , (1.47.) 

np.mbq' a -Ii h b -Ii ~hJPmtli ophCip}l lqwpwtihmpbpfi hfi, X; -Ii mumtifiwu}lp.
tlnq hwmqwli}lz}l i-Pll wpdbp}!: 

~bJpmtli op.bfip}l a uiwp.wtibmp.}! qwphtli t npnzht }!Um a = f\b, x1) 

~mfiqg}lwJ}l. 

}!UUl hwmqwfipzp u}l2pfi Ulpdbpp. 

x 
a=

K' 
b 

h f!UID hwmqwfipzp Up)>pfi pmnwqIUUWJpfi zbqtiwfi. 
cr 

a= 
Cb ' 

(1.48.) 

(1.49.) 

(l.50.) 
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y 

0 

_ pnx-M(u)]' 

2a'(u) 

!1nx-M(n)f 
1 2cr1(u} ___,==e 

x~2rca(u) 

x 

npmh1f Kb -fi u Cb -Ci °4.hJpmtli pw2tuuwfi op.hfip}l qnp.l)wlt.tigfibpfi bu. 

(l.51.) 

npwtq f -Ii qunhiw :t>mli\tgpwli t : ~JPilllP pwztuuwli .'limli\tgpwli npnztJ.mu 
t (O :s: x :s: + oo) up2wltWJpmu, npp plimbqpntUpg UUllllUillU bfip. 

'4.hJpmtli pw2Juuwfi opbfippg oqwtJ.btm hwuwp wfihpwctb2m t mfib
Ciwt a h b UJ.Wpwubwpbp{!: lltfibfiwtml l}lnpc:\Ciwltwfi pwzluliwfi tJ.wp}lmg.tinfi 
qnpl)wltpg{!' v {!Um Cipw, wrumuwlt.tig ltwpbtli t {!Citnp.bt b UIWpwubmp{! Kt. h 
CbqnpbwltpgfibpJ! (mb'u hwtlbtt[wl)p 1.7 Ul.IlJillUWltJ!): 

-4.wppwg.tinfi zwppp wnw2pfi wfiqwtlp X1 > 0, qwu Xz'I > 0 wp.ctbpfibpp 
ritu.mmu ~bJpmtli pw2Juuwfi op.bfipp $~bpbfigpw1 .'limfiqgpwfi mfip hb
whJWt mhupf!' 

( ) b(X; -X211 )1>-i [ Xi -X211 ]b f X =- exp - , 
a a a 

(1.53.) 

[ 
x -x ]b 

F(X)= 1- exp - ' a z11 : (1.54.) 

UJu :qbuumul '-lbJpmtli pwz}utlwfi opblip}l b 111.wp.wubmp{! u Cb, Kb, Sb 
O' s 

qnpl)wqpglibpf! I!fimp.t[mu tu {!Ulll v = ( )- ltwli v = wp.ctb-
M X Xzri X-X211 

l!fl: 

1.13. tpu111n6t.6mwjp6 pwzlmiw6 opb.6pJ! 

tpuUJ.nfibfimwJpfi pwztuuwfi IummpJWfi .'limliqgpwfi mfip hbmhJWt 
llll1UL?f!· 

f(X)= A,e-u: (1.55.) 

.Pwz]:uuwfi .'limfiqgpwfi hwzqwp.lttJ.mu t 0 ~ x :s: +oo up2w4wmmu u 
npn2~mu hbmuJwtpwfiwc:\ltntl. 

x x 

F(X)= ft(X)dx= fA-e->.:<dX=l-exp(-A-X): 
0 0 
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uq. 1.9. "<lliJpntJli pwzluuw(i qnplip}!: 

UJU opbfipp uwpbUmuiplJ.wlJ.wfi UUJ.UlUfilUJ! L q}wtqbpupwfi hwzlJ.wpl{
lJ.nuI t hbmLJllll lt bptq. 

+"" +oo 1 +oo 

M(X)= JXf(X)dx = JXA-e-i.xdX = -- f Xe->-xd(-A.X)= 
0 0 A, 0 

32 

lifi2wfiwlJ.l:t M(X) = cr = .!_, mpbUfi, v = ~) =I; v = 1 wpctbpp :qbtq-
A, M\XJ 

pnuI hwlfbtlfwb)l 1.7 WILJntuwti]lg umwfinni bfip b = I, Cb = 1, Kb 1, 
cr 1 

a - = - : Sbqtuqp.btnlf a It b-)1 wpctbpfibpJ! ~bJpmlli opbfipp ~bpbfigJ:iwt 
Cb /.., 

mbu11)1 ub2, mnwfimu blip. 

f(X)=~(~i r-i ex{-(~; rJ= 
• ±(~' )' 4-(~' )']-i.exp(-i.x) 

(1.56.) 

Umwglfbg, np tputqnlibfimw1J:ili pwztuuwfi opbfipJ! ~bJpmtli pwztu
uwfi opbfip)l umulimlfnp :qbtqpfi t, bpp b = 1, v = 1: Opbfip)l ufimgmb plfwJ)lfi 
pfimpwqpbpJ! lJ.wpbl]l t hwzlfbt mJlitqbu, J:ili~tqbu ~bJPmJli opbfipp :qbtqpmu: 

l. f(x);F(x) 

uq, 1.10. t]Jmqn(iblimwJlill pwzluuwli opb(ipji qnp.bp 
f{X) ·J! pwzluuwli lttUllll.pJWCi :}mtliqg]lwli t, 
F(X) -)!' pwzluuwli !J.>mliqgpwli: 

x 

33 



1.14. fi.hthf.l pwz}uuwli ophli~l! 

fi.b1b)l pwzluuwfi opbfilM! pfimpwqp.tfmu t uiwmwhwltwfi IJilWlJ.Wfi ub
OulpJWfi pwzJ:uuudi }ummp1wfi hbmhJWL mbupntf. 

x { x
2

) f(X)=-2 ex --2 : 
cr 2cr 

(l.57.) 

n.t1t}1. pwzlullwfi :).>mfiltg}l.wfi (0 ::;; x ::;; +ex:>) u)12wtiwrnmu mfi}l hb

UlUJlUl mbupn, 

x x x ( x2 ) ( x2 ) F(x) =I r(x)dx =!~exp - 2cr2 dX = 1- exp - 2cr2 : (1.58.) 

f(x) 

x 
bq. l.11. fl.li1li)l pwzluuwli op.lillp)l qnplip.J!: 

1.15 ~f.16.m:ijJJiwt pwz}unui 

f!}lfinup!iwt pwz]untlil! muhUwfitlht t unmwqnpwuibu 1700-wltw!i 
pqwltw!ifibppci f!bp!inr1P.)l ltnqu)lg: UJu, )lli!Uihu !iwh "lmwunfi)l opb!ipp 
uipwl[m)llt !izwfiwqmpJmli m!ib!i u)lwJfi J!liI}hWUlillli uiwmwhwl[w!i IJ11Wlttu!i 
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ubompJmfifibp)l pfimpwqpliwfi hwuwp, wubfip, bpp ltwmwpqnut t up zwpp 
hw2np:q.wltwfi wfi4wJ:u $npawpltn11ifibp, npnfig}lg JmpwpwfiiJlllPJ! wqwpm
tfnut t 2 u)lliJwfig hbm wfihwuwmbrtbtli WJlll.Jmfipfil:ip)lg llbltntl: UJuuibu, Jm
pwpwfi2.Jmp $npawplt1Iwfi dwuw!iwlt bpb A :qbuip}l hwfi:qbu qwi_m hwtfw
fiwqw!impJmfip hwtfwuwp t P-}l, wuiw A qtuiv}l hwfi:qbu iqw1m hwqwfiw
qw!impJmfin lttlifi}l. q = I - P: Jlw!i}l. np $npawpltm1Ifibpn wfilJ.wJ:u bfi, mmn}l 
A qhuiv}l. hwfiqbu qw1m ltwlI ~qw1m hwqw!iwlfw!impJmfiI! ltwJ:uqwa it fiw
J:unp:q. l}lnpawpqmllfibµ}l. Wp:q.Jm!ip!ibp}l.g: UJfi hwqwfiwqw!impJmG]!, np A 
11hUIPJ1 n tPnp.nwµltmufitpn1u hw!iqbu t qwtliu 0, 1. 2 .... m, ... n. wfiqwu, npn2· 
tfnuI t hbmhJWL wpmwhWJUlillPJWUp. 

(1.59.) 

npmbq' Pa(m) - I! n wfiltwJ:u $npnwpltmufihpnuI A qbUJ.p}l. m wfiqwu hwfiqbu 
qw1m hwqw!iwltw!impJmfi!i t: 

P 11(m) pn1np hwqwfiwltwfimpJm!ifibp]l qmuwp]! hwqwuwp t ublt}l.: 
f!pfinlI}1.fiw1 opbfippfi b!ipwpqqnq UJ.Wmwhwltwfi U:MmpJm!i!ibpfl 

pqw1}1!i p!impmqphpl! npnzqmu b!i hbmhJWL wµmwhwJumtpJm!i!ibpnq' 
M(m)=np, 

cr2 (m) = npq, 
Uuflubmp}lw!i 

q-p 
A=--

~npq' 
tpugbup 

1-6pq 
E=--: 

npq l (1.60.) 

Ill 
lJpb m UJ.Wmlllhwltwfi ubbmpJW!i l}lnJ:uwpb!i Ilflmwpltqmu t X = -

n 
UJ.Wmhwltwfi hw6wJ:uwq)lmpJmlip. WUJ.Ut' 

M(X) = _!.. M(m) = p, 
n 

cr(X) !cr(m)= fPQ: 
n v7 

(1.61.) 

flmmufiwu}lJ.lb!ip p}l!inupfiw1 pwzJ:uuw!i qpw~}lljfib}l)l mhupbpJ!, hpp 
n=20, )lult P=0,1; ·o,3; 0,5; 0,7; 0,9; (!ilj. 1.12.), fiuwfi pwzJ:uliwfi wnwfia!iw-
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hwmqmpJmfifi WJfi t. np m-p wqb1wguwfi hbm Pm.a• hwqwfiwqwfimpJmUJ! 
uqqpmu womu t L. wnwqb1wqntJfi wpcJbup hwufimu m = m0 wubfiwhwqw
fiwqwfi wpcJbpp llhuwmu. npf! npn2t.lmti t 

np-q~ m0 ~ np+q 

wpmwhWJtnntpJmfipg: 

p 

P-0.08 

1 3 I 1 I 11 13 15 17 11 
"Uti. 1.12. P}lfi.nu}lliwuwzluuw!i pwquw!ilum!i!ihp.p 

n = 20, p = 0,1; 0,3; 0,5; 0,7; 0,9 qhuwmu: 

(l.62.) 

m 

lllo - fi hwllwpqmu t p}lfinu}lfiwt opbfi12}1 wubfiwhwqwfiwqwCi (UJU}.Wt) 
wpcJb12f!: bpqm umwt.lbt hwqwfiwqwfi wpcJb12fibp}l qDJillpJwfi qbll}12mu pw2-
lumlll! qn~qntll t p}lUDI}Wl: u2bfi12 fiwL., np gwfiqwgwb p}lfinu}lfiwt pw2}uuwfi 
hwuwp uwpbUwtn}lqmqwfi UU}WUUWfi L. UDI}WL wpcJbv}l u}l2L. bqwb ltWUIJ! lP 
qbpwqwfigmu ubltlig: bpb np -fi WUPill12 PM t. WUJ.W uwpbtlwm}lqwqwfi 
uuiwumul! L. mubfiwhwqwfiw\f.wfi wpcJb12fibpJ! hiutil!filJ.fimu bfi: Unwt.lbt hw
qwfiwqwfi mo wpcJb12p hwufib1mg hbwn Pm,n hwqwfiwqwfimpJillUJ! uqumu t 
fitlwqb1: f!pfinll}lfiw1 pwzJ:unttil! J!UI}hwfipwuitu wu}lllbmp}lq t. pwgp p = 0,5 
I}hUW}lg (fiq. 1.12): 

1.16. '1lmwunfip qwu pwgwnpti hphmJpfihpli 
pwlfuuwfi ophfip{! 

UJfi qbuwmu. bpp finpuw1 pwztuuwfi opbfi12I! wnwt.lbt qwpLnp t w£i
I!fillub2 UJW1DwhWqWfi UbbDlpJntfiCibpp pwz}uuwfi p£impwqpuw£i hwuwp, 
f!Cil}hwwntfi uiwmwhwqwfi ubbmpJmfiCibp}l pfimpwqpuwfi hwtiwp qwpLnp
qmu t 1837p. "lnuuunfi}l \f.ID\U}lg hw1mfiwqnpbqwb ophfivl!: 
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<Tl.mwunfip opbfivl! fibpqw1wgfinul t U}lwqnp dwuwfiwqwhwmqwbmu 
mbq}l mfibgnq m llfiliwhpp vwfiwlJ.J!. U}WJllwfint.l. np qhuwhpJ! wbJtli bu ndib
fimu UpuJwfigpg wfiqwtu L. hwumwwmfi up2pfi pfiwbfiulit.lmpJWUp: UJU I}hut
vmu l}lnpc.\wpqmufibpp vwfiwlJ.I!' n -I! Uhb t. puq JillPWVWfil.)mp l}lnpllwpq
uwfi l!fipwgpmu I}hllll!P hWfil}bU qw1m hwqwfiwqwfintpJmfil!' p -fi l}lnvp: liJI} 
U}ww6wnnt.l ''lmwunfip opbfipf! q~qmu t fiwL. pwgwnpq bpL.mJpfibp]l 
opbfip: <Tl.niwunfip pw2tuuwfi U}Wpwubmp t hwuwpqmu a ubbmpJntfif!, DPI! 
pfimpwqpqmu t n l}lnpllwpqmufibpmu I}hUWhPP hwfil}bu qw1m ]lfitnbfiupqm-
pJwtip. · 

(np)'"e-np am -· 
Pm= =-e , 

ml m! 
(l.(i3.) 

npmb11_' m - I! mllJWl U}Wmwhwpp hw6wfuntpJmfifi t. n - I! 1llitnwpqmufibp]l 
(qmpllbp}l) pwfiwq{!. p - (j ubq l}lnp6wpqllwfi dwuwfiwq tqwmwhwp}l hwfi
qbu qWlill hwqwfiwqwfimpjntfifi t, a = np -fi ' tqWtnWhWqWfi ubbntpJWfi UW
pbUWUlpqwqwfi uU}wumun: 

<Tl.n1wunfip ophfi}2}1 hWUWp 1lliuutbpupwfi L. UW}lhUWtnpqwqwfi UutW-

UillUJ! }lpwp hwqwuwp bfi a 2 = a: 
<Tl.niwunfip pw2tuuwfi optfi12}1 hwuwp wu}lubmp}lwfi L. tnughul! npn2-

tlmll bfi hbtnL.JWl wpm.whw1mmp1mfifibpnq. 

::t} (l.64.) 

p 

0.5 

1 2 3 4 5 6 7 Sm 
"UIJ.. 1.13. ITJ.mwunli}l pwzluuwli op.hlip}l '1np.hJ1.1! 
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1.17. 'l.(Jinwl[wqpml[wfi hpU[nphqfibpp uwmqnui[! 

t.l}lnwqwqpwqwfi h}lU[npbqlibp}l um1llqn1UI! }u}lum qwU[qlll() t i.qwp.w
tlbmpbp}l qfiUlhwmuwfi mbun1pJwfi hbm: Pfiwqp1nmp1wfi, mfimbuwq}lmm
pJwli lt mb}ufi}lltwJp pfiwqwqumfibJlilltl WJU qwu UlJfi i.qlllmwhruqwfi l}lum
mp pwgwmptlwfi hwtllllp q}ltl1lltl bfi h}lU[npbqp oqfimpJwfig. nptt lJ.wpbJlt t 
ummqt1 tl}lnwqwqpnpbfi: t.l}lnwqwqpwljwli l.J.DJ.tlmtl bfi WJfii.q}lu}l h}li.qnpbq
libpl!, npnlip qbpwpbpn1u bfi i.qwmwhwqwfi ubampJwlin, mbuwqwfi qwtl 
wnwfio }lfi UJ.Wpwubmpbp}l pwz}utlwfin: 

q.pmwl}lnpohp}l ubl.J utp}llllJP u}l2}lfi WP11J1llfiI?fitpn (tl}l2}lli wpitbp, 
up2}lfi }?umwlJ.muw1}lfi zh:qmtl) fil.Jwmhtlinpbfi mwppbpqmu bfi utti mp}lz ut
ppwJ}i qpuiwl}lnpabp}l up2}lfi Wpl}Jillfippg: UJU :qbU[JJillU hwpg t wnw2wfimtl. 
tlp2pfifibp}l fil.Jwmqmo mwwtpn1pJmli11 qwpbtli"' t, WPilJn}?, pwgwmph1 q}l
mwl}lnpobpjl U[wmwhwlJ.wfi u}uw1fihpnq, pb WJfi qw}uqwa t ltfii-np wliliqw
mhtli l.Jwtl fintJli}luq wfihwJm op)lfiwiwl}ln1pJn1'ilihp}lg: 

b}il.Jnt 11fimpwfipfihp}l qp)lm)ll.J.wljwfi m}lpntJpfihpp qwnmgtlmfi hwtlwp 

mfihpwdhzm t hhmwqnmh1 s; L. s~ qfiUlhwmmqwfifihp)l hwtlwmb:q pwz}u-

"2 "2 
tlwfi ophfip]!: Sx li. Sy q)lnwqwqpmpJwfi WJ:qutliu)l hwtlwmh:q pwz}utlwli 

ophfip t hwtlwpqmtl F pwz}umUJ!, np11 lJ.nitlmlI t liwli. :bpzhp-Ufih:qhlJ.np)l 
pwz}umu: 

F U[UlUlUlhwlJ.mfi ubantpJlllfiI! npnzqmu t hhmli.JWl hwpwpbpntpJill
li}lg. 

(l.65.) 

lllhmp t liqwmht, Il)l Up2Ul l}WJ1htli t qmfibt WJfiutliu)l hwpwpbpnlpJmfi, 
A2 A2 

hpp S1 > S2 , n)l}lg · hhmL.mu t, np F ;;:: 1: 

lJ}l. zwpp }uliq}lpfihpnttl hhmwqnmqn:q U[lUU1Whwqwfi ubantpjWU 
pwz}uuwfi )lp.wl.J.wfi ophfipl! wfihwJm t, l.J.wtl hw1mfi}l t fipw h}li.qnphq]!, IlJlI! 
tl}lnwqwqpwl.J.wfi UUllllqlllU t iqwhwfi21ll1I: Unqnpwpwp l}lnpafiwqwfi nw
fiwiqwphm( umwgqwa pwz}unttlJ! unmwqnpwiqtu hlipwpl.J.qmtl t mbuwljwfi 
pwz}uuwfi )lfii-IlJl hw1mfi)l ophfip)l: Pwg)l :qpwfi)lg, mbuwlJ.wfi L. l}lnp6.fiwqwfi 
hwow}untpJmfifibpp u)12L. fiqwmqnui hli fiqwmhtli mwppbpntpJmfifihp: Sb
uwqwfi li. l}lnpQfiwqwfi hwnw}unlpjntfifihp)l u)12u wlihwtlwiqwmwu}uwfim
pJWU, iqwmwhwljwfimpJwli li. hwqwum}lntpJWU qfiwhwmtlwfi hwtlwp oqm
qnu.i hfi hwuw&mJfihguwfi iwl}lwfi)lzlibp)lg: 
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~UlUUlaUlJfibgtllllfi iU11}1Ulfi}lzfibp11 hlllulllptlmtl bfi UJ.Ulmlllhllll.J.Ulfi ub
runpJmfifibp ti. bfiplllJ1lJ.tlmu bfi plllz}utllllfi npnzllll.J.}l opbfip}l: firnmP, JillPlll· 
pU1fil.JmJ1 qbuw}l bllltllllp 11um hllltllllolllJfibgulllfi illll}llllfi}lz}l tlbmnpJlllfi \tlll· 
pbtli t npnzbt mbulllqlllfi li. l}lnpOfilllqUlfi ~mfil.J.g}llllfibp}l hlllUUlU[UlU1UlU}ulll· 
fimpJtuli bruqtufilllqlllfimpJntfiJ!, 11um np}l utbmp t l.J.tu'tl tlliqntfibt. qlll'tl tlbpdbt 

11
fimpqllliJ mbulllqlllfi plllz}utlUlfi opbfip11: lllbmp t fil.J.lllm}l mfibfillll fillllt, np 

npplllfi ti uM tlifi}l bllltII!-filtfililllfi hllltllllfillllJ.UlfintpJmfi11. UlJfi tlltlllJmtl t tl}l
UlJfi UlJli uruupfi, np 11limpqllliJ opbfil}I!- i]1 hllll.J.ummtl l}lnpOfiwqwli mllJw1lib
p}lfi, plllJQ w bplllz}ulllqnpn1tl filllli. UlJfi, np UlJU qbU[J}}l hlllUWJl WJU oplifi1m 
wtlttli 1wt1. t, pwfi utl.J. mp}lw ti. zmqmu t i.pnpafiwltwfi mtnitltmpJntfit!= ~w
uruaw1fitguwfi iWl}llllfi}lzfibp11 wnwtlht hwptlwp l.J.}lpwnqmu tfi WJfi 11tuwb
pnui, bpp bpl.J.m l.J.wtl up pwfi}l mbuwl.J.wfi opbfipfibp}lg wfibpwdbzm t 11fimpb1 
u}lwJfi tlhltl!: UJU 11hU[JJillU qwpbtli t iltruulJ.wiYtq, np wnwtlbt l!fiIJUlfibtli t WJli 
opbfiJJJ!, np}l hbm l}lnpafiwqwfi mb:qblJ.mpJWfi hwt111fil.J.fimt11! pfimpwqpqll1U t 
wlihwtlrui.qwmwu}uwlimpJWfi l}lnJJP ubbiJmpJtutlp: lllwmwhwqwli tlbiJm
pJwfi mbuwqwfi pwz}uuwfi opbfip l.J.wpbtli t 11fimpbt J!UU1 l}lnpQfiwqwli mh:qb
ljmpJUlfi qwp}lwg}lnfi qnpenuqg}l' v-P: bp.p v s 0,3, wi.qw npi.qbu mbuwqlllli 
pwz}utlwfi opbfip t 11fimpqmu finpuw1 pwz}utlwfi opbfipJ!, bpp v > 0,5, l!fimp
qmtl t t.lbJpmtli pwz}uuwfi opbfip]!, bpp 0,3 > v s 0,5, lllimpq1lltl t qu.lu finp
uwuwz}utlwfi, qw'tl t.[bjpll1Jlt pwz}utlwfi opbfiJ.2J!, bpp V = 1, I!fimpqll1U t tJ}u
u1nfiblimwJ}lfi pwz}uuwfi opbfipJ!, bpp v = 0,523' fi..b1h}l pwz}utlwfi opbliJJI!: 

J.17.J. t1JftplH10ft rrJ hwlfwtlwjObglfwO fWl/JWti}lllJ: 

f.lmz]:ullwfi opbfi}?)l hptqnphqp uUllllqliwfi umllltlht l.J.}lpwnbJ}i iwl}lwfi)lz 

qwpnll t ttwnwJhl {'y;1·) hw1Iwow1fihguwfi iwl}lwfi)lzg. llJlI! 1900p. umw2w:qp
tlht t Y:. lll)lpunfi)l qn:qlI)lg (t.l. 8m. fitppw}u 1963, q.. :b. LwlJ.Pfi 1980, U. U 
Pwpntll.J.ntl 1984): lll)lpunfi)l ('x;2) hwtlwaw1fitguwfi iwl}lwli)lw jlphfi)lg fihp· 
qWJWQfinttl t )lfi~nptlwgpWjp tl}lnwlJ.wqpwlJ.wfi zwpp)l Jill)lWpWfil.Jlll)l U)15!W
qwjp)l mhuwqwfi ti. l}lnpafiwqwfi hwnw:tu1llpJmfifihp}l mmpphpntpJmfifibp)l 

plllllwqmujlfibp)l qn11Iwp. 

(1.66.) 

npmb:rt' k -fi tl}lnwqwqpwl.J.wli zwppmu u)12wtiwwtp)l pwfiwqli t, Illi li. mu -fi 
hwtlwiqwmwu}uwliwpwp q}lnwqwqpwqwfi zwpp)l i-pq u)12wl.Jww)l l}lnpa

fiwqwfi ti. mhuwl.J.wfi hwnw}un1pJ1llfilibpli bli: 
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bpb btwltbmwJ}lli mbqbljwmlfntpJmfin mplfmu t $6wljmqpwqwfi 
2wpp}l mbu12nlf, IDUIW "l}lpunli}l (·l) hwtiwaw11ibgtiwli tw$mli}l2}1 lt]lpwn
tiwli hwtiwp wlihpwctb2m t UIWhUiwlibt hbmhJWt ljwlinlilitpn' k 2 4, m1 ~5: 
UJu :qblll[!nui pmnwmpqmti t ti}lwglibt lUJli ti}l2wltwJ12bpn, npnlig m; < 5: 

"4.linwqwqpwltwli 2mJ1R}l pwgw1.Jw1mp1wli :qtuwmti btwltbmwJ}lli wti
Pllll2 mbqbqmpJmlip f!UID wotiwli mpctb12libp}l ltwpbJli t pwctwfibt mwppbp 
Uballlp]Wfi U}l2WltWJ1>llljpli 2wppp WJliUiliU, np k 2 4 h lil; 2 5: 

Oqmtlbtntl (x.2) hwtiwO.wJlibgtiwli 1_W$.wfi}lJ]lg, hwtlbttlmup 1.9 IUIJJlll· 

uwlt}lg nIJ112qmti t mbuwljwli h $np61iwqwli mtlJwtfibpp hwtiwtqwmwu)uw
fimp JWfi hwtl wli w lt wlimp Jllllif!: 

Un hwlfwuwp UIWJtiwlifibp}l :qblll[!mti hwtiwUiwmwu]umlimp1mli hm
lfwliwqwlimpJmlin qm)ulfmb t lt]lpuuntnq }lli~nptimg}lwJ}l l.Jp.ljfintpJntfi}lg: 
UJ:q tqwmnwnnlf hwlfbtlfwu}l 1.9 WILJmumlt]lg oqmtlbJliu wlihpwctb2m t npn-
2bt wqwmmpJwli wum}lnwlilibp}l p}llff!. 

r=k £, (1.67.) 

npmbq' k-1.fllnwquiqpwqwli 2wp(!ntti ti}l2wltwn~tp}l pwliwqli t. L -n tqwpmm
qpp qwtqbp}l p}ltlli t (linptiwt h qbnmtJli pw2]uliwli opbliplibp}l hwtimp L =3 ): 

~mlfmliwltwlintp]wli p(%) < 10% wpdbp}l :qtuwmu, gum PW hwtlm
liwqwli qbtqpbp}l qnpbUwqwfi wlihfiwppfimp1wfi uqqpmfip}l, qwpbJli t wubL 
np tlJnpdfiwqmfi mbqbqmpJwli pw2)un1un IB hwtiwUiwmwu)uwfinuI mhum
qwli pw2)uliwli opblip}lfi: 

"lppunlip X,2 hWUWGWJfibgtiwfi 1,W$.Wli}1,zmt pw2)utiwli ophfiJ:!p h}ltqn
pbq]! umn1qbJliu mwppbp opbli[!lihp}l hwliwp oqmlfntti blip fiwh mwpphp wp
mwhw1mnip1mfifitp}lg: X,

2 !W$wli}l2}1 tibbntpjntlig ltWJlllll blip npn2ht {!UUl 
pfimbqpmtWJ}lli h num llP!l>tpblig}lwt ~mliqg}lwlihp}l wpdbplihp}l: Cum }lli
mbqpwtWJpli !l>mliqg}lwJ}l wpctb12libp}l, mhuwqwli hwnw)untpJmlifibp}l wp
ctbpfibpf! npH2lfn1tI bfi hbmh1w1 wpmwhw1mn1p1mfi}lg. 

(1.68.) 

npmtq' N -T! $np6bp}l pwfiwlr.li t, F(~i1) h F(xr) hwtiwUiwmwu)uwliwpwp 

i-p:q tI}l2wtiwm}l qhp}lfi h umnp}lli wpdbpfibp}lfi hwtiwtqwmwu]uwfi }lfimhq
pwtWJ}lfi ~mliqg}lwJ}l wpctbvfibpfi bfi: 

1.rnpliwt pui2)utiwfi opblip}l :qblll[!mti, {!Um ~hpbfig}lwt ~mfiqg}lwJp, 
wpctbpfihp}l mbuwqwfi hwnw)un1p1mfifitoo hw2tlwpltlfmti bfi. 

(1.69.) 
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1 ~ t2) npmtq' zli = &. e"'J:'~ -2 ' (1.70.) 

}lul.J 1 =xi '--X 1.Juru t == x 1 -M(x): 
a cr 

zti wpdbpfibpli f!fimpmti bfi hwtlhttlwap l.3 WILJmuwlt}lg: 

h 
0,5:;;;;:;;; 1,0 :qbtq[!IllU (1.69) WpUlwhWJUlillpJWUp mti . mpdb(!libp}l 

h 
hw2tlwpqfitpn pwtlwpwpntti bli, }lult 0:;;; - < 0,5 :qtuwnuI (l.69) wpmwhwJ

a 

mmpJwtip mti -}l hw2tlwpl(wJ}lli wpdbplibpn 1,hli pmtlwpwpmti: 1T2tlwa :qbtq

J:!hp}l hwtiwp wnw2wpqtlmti t hbmhJWtpwfiwaL:p. 

Nh 
m. =-r(xA 

ti a i • (1.71.) 

npmtq'f(X)= ~exp[-~-xYJ: 
<:1'V 21t 2cr2 

qbjpntJli pw2)utiwli opbu9p qtuwmu X,
2 ~wipwlipw hw2tlwpqt1mli t 

hhmltJwt pwliw6Lmt. 

(I.72.) 

npmhq' f•(x)i = ~ -p hwqwfiwqwfintpJntfifibpp )umntpJWfi $npafiwqwli 

~mfiqg}lwfi t wi r:; -fi i-Jlll u}l2wltwJllp hwow)untpjmfifi t, h-T! u}l2w

qw1p}l lihantpJiitfifi t. N-n $npatp}l pwfiwtm. rT(x),=;(~r\xp[-(~J'J·n' 

mhuwqwfi ~hpbfig}lwt ~mfiqg}lwfi: 

1.17.2. lolt1Inqnpml/1 hwlfwdwjlibglfwli A.1wl/JwOftlf! 

Pw2)uuwfi opbfip}l hflUinpbq}l. ummqtiwfi umwtlbt hwuwpwq tw.Pw
fi}l2 ltmJlllll t UwnWJbt A !W$wfi}l2J!. np umw2w:qptlht t wqw:qhtI}lqnu U. tr. 
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lm1unqnpmU1 ltllllu]lg: UJu twiJiwCi]lz]l IJltpwnuwfi :qlu.qnmu bfipw:qpl}mu t. np 
l}]lt'iwltwqp.wltwfi mt1Jw1Cibp]l pwzJ:umun mfi]l Cinpuw1 pwzJ:uuwfi pfim1p: flp
Uibu pwzJ:uuwfi UIWPWUbmp t flUI}lllfil}mu nfimpwfip]l hwUWUIWUlWU]:ulUCi 

pfimpwq]:tpl!: 
C;Ci:qn1Cih1ntl. np mbuwltwfi pw2}lniwfi UIWpwubmpbpl! hwl}wuwp bfi 

iJinpoCiwltwfi pwzJ:uuwfi UIWpwubmpbp)lfi, X - ]l gwfiltwgwa ubampjwli 

:qbUIRmu mti mbuwqwfi hw6w]:un1p1mfifibpn npnzmu bfi hbmu1w1 pwfiw-

<.\Lnl}. 

mti = W: f (x ),1 
1.twu h , (1.73.) 

mti = -Nq>(X) s 
1 ( t2] 

npmblf h- f! Ups>WltWJpbp)l UbaillpJillUU t, f (X) f (t) = & exp - 2) wp-

X - X 
dbpfibpfi flUUlpl}mU bfi hwtlb11lwo)l l .3 UlllJillUWlt)lg, f!UUl t = -' - ubamcr 

pJwfi: 
Sbuwqwfi L. iJinpofiwqwfi hw6w]:un1p3mfifibp]l tinm]lqmpJmfil! hfiw-

pwtlnpmp]Iltfi t mwt]lu bfipw:qpbt np pwzJ:utilllfi iJinpofilllqwCi ltnpf! bfipwplt

l}mu t finpuw1 pwzJ:uulllfi opbfip]lfi: 
Qum iJinpOfiwltwfi L. hfiwpwl}np mbuUllp.ufi pwz]:uuwfi hw61ll]:untpJmfi-

fibpti hwzl}mu bfi bUluwolllJfibgulllfi A- illl¢.wfi)lz]l utampJmfif!. 

A )11\ -~!max . .JN= D . .JN, (1.74.) 
N max 

npmb1f Dmax =IFT(xA-F9(xAlmax' 
k 

Lll\ 
R (X), = W = ..i:L- -I! tlwp)lwg)lwJ]l zwpp)l qmuwpwJ)lfi hwl'.iw]:um-

9 1 n N 
pJmfifi t ltllltI iJinp<.\Ciwqwfi )lfimbqpw1mJ)lfi l>mfiqg)lwfi, Fr (X), - pwzJ:uuwfi 

mbuwqwfi ]1Cimbqp.w1w1)lfi 1>mfiqg)lwfi t: 

~;~ r.r.~~G opb6

1

p)l hwuwp 

~ } 

(1.75.) 

+(t1 ~ Je _f_ t, 
"'127t 0 2 
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x-x 
t -·-.' 

er 
~(t), wpdbpfibpf! l}bpgfimu bfip hwtlhttlwo]l l.4 lllIJJmuwlJltg: 

"llb1pn1t]l pwzJ:uuwfi opbfip]l hwuwp 

(1.76.) 

C.um hwzqwpql}wa A- -]l wpdhp]l qwfimu blip hwtiwUIWmwu]:uwfim
pJwfi uwhUwfiwJ]lfi hwtlwfiwqwfimpJmfi1!' p(A-) (hwtlb1qwa]l 1.7 lllIJJlllUWlt): 

bpb p(A-)-)1 Ulpdbpf! umlllgq)l zlllw qmpp p(A-) ~ o,os. Wllllll bfipw:qp
tlmtI t. np iJinpOCiwqwfi ]lfi!j:mpuwg]lwJ)l pwz]:untti[I. !P hwtiwUiwmwuJ:uwCimu 
mhuwltwfi pwzJ:uuwfi opbfip]lfi: 

~wuwow1fihguwfi iw¢.wli]lzCibpnq pwz]:utlwfi opbfip]l h]lUinpbq]l 
ummquwfi dwuwfiwlt hw6w]:u hbmwqnUlllllfihpf! wbuwltwfi ]1Cimbqp.w1w1]lfi 
ltWU :q]l:pbpbfig)lWl !pmfiltgpWJp lUpcfbpfibpf! hwzqwpqmu bfi f!UUl Ups>WltWJ
p)l qbp]lfi qmu umnp)lfi uwhuwfi)l, ]lult qmpc:\Cimltwfi wpdbpfibp[I.' 1.1:um u]l2w
ltwJ.P)l u)l2]lfi wpdbpfibp]l qwu hwltwnwqp: 1.ruwfi :qbUIRbpmu h]lUinpbq]l 
uUlll1qmu[1. uJ:uw1 t ltwmwpl}mu: 

1.18. ti2qp.mn1pJmfi qfiwhwwwqudi, qummhhl]l 
uwhllwfifihit 

Sbuwqwfi pwz]:uuwfi h]lUCiwqwfi lllwp.wubmpbp[I.' uwpbUwm)ll.twlJ.wfi 
UUIWUillUl!' M(X) L. :q}lUUibpu)lwCi' D(X), npnzqnui bfi ublt pqntl: Ube) pl}nq 

tfmpobp)l :qbUIRillU ltmpbt]l t J!U:qntfibL np x = M(x) L. S2 = o(x): 1.ruwfi 

qfiwhwmwqwfifibp[I. lt~tlmu bfi ltbmlllJ}lfi: 
tl}wpwubmpbp]l qfiwhwmuwfi tl]ll'.iwqlllqpwqwfi mbump1mfi£!, pwg)l 

1tbmw1)1Ci qfiwhwmwqwfi)lg, qpwql}mu t fiwL. U]l2w1twmw1]1Ci qfiwhwmuwfi 
hwpgbpntl: U}l2wltmJ.PWJ)lfi qfilllhwmuwfi }ufi:q]lp£! [l.fi:qhwfimp mbupnq 1.tw
pbt]l t c:\L.wqbpUihl lllJUUibu' mt1Jw1 {!fimpwfip]l bwuwp f!limpbt pl}mJ]lfi w1fi
UI]lu)l u)l2wltwJP. f!UUl np]l u fiw.J:ullllllhll nfimpqwa hwl}wfiwltwfimp]wfi ltW· 
pbt]l t wubi., np wJ:q u)l2m1twmmu t qmfil}mu UIWpwubmp]l qfiwhwmtlllll wp
dbpf!: 

UJfi qllUIRbpmu, bpp {!Cimpwfip]l ()uil}wm, npUihu l[wfinfi, uM it, wfi
h[l.pllldbzw t oqmtlb1 u]l}!wltwJPlllJ]lfi qfiwhwmwltwfifibp]lg, npnfip npnztJ.mu 
bfi bpqm pqbpnl}' Up}!WqWJ,PlllJ}lfi bqpm)]lfi Wpdbpfibpnl}: UJis>wltWJPWJ}lfi 
qfimhwmwqwfil! hfimpwqnpmpJmfi t mwt]lu hwumwmb1 qfimhwmwltwfifib-
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p}l 62qpmmpJmfil! L hmuwunnpJmfil!, lllJU]lfipfi hfiwpwtlnpntpJmfi t mw1]1u 
qmfib1 pb M1111Imll' u]uwi]l l.J.lllllllll t hlllfiqbgfibt Xt mbuwl.J.wfi 111wplllubmpb
PP $n]ulllpjlfimtIJ! X., tl]16llll.J.wqpwl.J.wfi pfimpwqpntl: fip}lg hbmhmu t. np
pwfi $npp t u]12Ull.J.WJ1m. WJfiVlllfi qfiwhwmwl.J.wfil! 62qp}lm t (/Xt-Xo I< 8 ), 

J!lirpufimu bfiv 8 > O: U1u]lfi1ifi' IJPWl.J.wu PPtll! pfimpwqpn1u t qfiwhlllmulllfi 
62qpmmpJmU I!: 

Uwl.J.WJfi tlp6Ull.J.Ulqpllll.J.lllfi ubpm1fibp]! hfilllpllltlnpnlpJmfi zbfi mwW.u 
qmpwqwfiw111bu hwmnwmbi. np X., qfiwhwmlllqlllfi{l p111qwplllpmu t 
/X1-X0 I< 8 wfihwtlwuwpntpJWfi{l: UJU 11t111vmu l.J.wpbft1 t upwJfi Cizbt a 

hwtlwfiwl.J.wfimpJwfi uwupfi, np]l hwuwp WJ1J wuhwt1wuwpn1p1mfil! 6}lzm 2t: 
Cum X.,- p Xr qfiwhwmllll.J.wfip tlumwhhtli hwtlwfiwl.J.wfimpJmfi (hnmllltlin1-
p1mfi) t l.J.JlltlmtI a hwqwfiwl.J.wfimpJlllfi]!. npp qblllJ)mtI mbri]l mfi}l hbmLJWt 
wfihwtlwuwpntpJmfit!' I Xr - X 0 I <a: Unqnpwpwp a - }l wpdbp{l {lfi1p11fi

tlnuI t ubl.J.P unm L blipUlIJ:ll111U hfi, np tlbp2pfiu l.J.lllpmi bfil) fibpl.J.wJwgfiht fiwL 
hhmLJWt mbupntl' 

p[I Kr - X0 I < 8] = a, 

p[x. 8 < XT < x. + 8] = a : 

U.Ju wpmUlhw1mn1pJntfil! 1.J.wphtli t hwul.J.wfiwi hhmLJlllt l.J.bp111' hwtlw
fiwl.J.wfimpJlllfi]!, ph Xr 111w11wubmpJ! qmfil(mu t (X., - 8, X. + 8) u}l2wl.J.wrnmu 
h111l(wuwp t a - p: 

'-lmnwhbi]l (l.x) up2wl.J.WJP t l.J.Jlll(nuI (Xe - 8, X., + 8) up2wl.J.WJPJ!, np}l 
tib2 {lfiqqpl.J.l(mtI t a hwl(_wfiwl.J.lllfimp1wtip wfihw1m 111wpwtibmlll!, w1u]lfivfi 
Ulll u}l2wl.J.ww t, Ilplllll mt1Jw1 l(umwhhtli hllll(wfiwl.J.wfimpJWfi hwtiwp N 
qblllJ)hppg a puifiwlJI! 100% -nl( hwtil!fil.J.fimu t : a qumlllhhll1 hwl(wClwl.J.w
fimpJwfi J!U1IlpnlpJillfil! tiwFttiwmpl.J.llll.J.wCl ]ufiqpp iP hwtiwpl(mti, UlJl 
l!fi mpl(nui t l.J.nfiltP-bm imffi.lnq J:ufiIJP}l 111w1tiwfipg: 

UJfi uUlhtiwfifihp{l, npnfigmti tiwllllll bfi mwmwfitlbt a hwl(_wfiwqw
fimpJlllUp llllllpwtibmpp wpdhvfibPJ!, l.J.nitlmti bfi l(umwhbi]l uwhtiwfifibp' 

umnppfi t{umwhbtli uUlhtiwfi x~ h x~ t{bppfi l(umUlhbtli uwhuwfi: 

bnp:Uwi pwz]uti111fi opbfipp hwtiwp. bpp hw1mfip t up2pfi vwnwl.J.nmw
JPfi zb:qmuI!' cr, t1umwhbtli uwhuwfifibpJ! 1.J.wpbtli t hw2tlb1 hbmh1w1 pwfiw&b
tlntl. 

(1.77.) 
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npmb:q' N - II $npabp}l (qpmlllpl.J.mtifibpjl) vwfiwl.J.fi t, ta- Ci npnznuI bfi hwtlbt
l(wo]l l.6 WIIJmuwl.J.Pg ( 2<j>(t) a llllllJtimfi]lg), a - fi l(umwhbi]l hwl(wfiwljw-

fimpJmfifi t. npl! mpl(mti t I!U1Il ]ufiIJPP llllllJtiwfi}l: '-[umwhbi]l ti}l2wl.J.ww}l tib

b"mpJmfiI!' 1 .. = x~ - x~. npnz I}blllJ)bpmti' qfiwhwuuiwfi 62qpmmpJillfil!' 8, 

s . 
npnztlmti t 8 = t1 JN wpmUlhw1mn1p1mfipg, npmb:q' ty -6 lll:qJnmwlJUlJpfi 

qnpOllilj}tg t, np npnzl(mti t a mptlwb" hwtlwfiwl.J.wfimpJlllfi L n = k - I wqw
mmpJwfi wum}l6wfifibpnl( (hwl(b1l(wb"p 1.6 lll:qJnmwl.J.): 

UJu qblllJ)mti tip2}lfi vwnwl.J.muwJ}lfi zb:qmti{!' S-£!, npnzl(mti t hbmLJUll 
wpmwhWJlilillpJwtip. 

1 k 
s = - l:(.x; - xJ2111; : 

N i=I 

'-l.bJpmtli pw2]utilllfi opbfip}l hllltilllp l(umwhbi]l ulllhtiwfifibp£! npnzl(mti 
b(i UlJUlllbU. 

u s(l-cx.) X"' =Hk -
2

- a+X211 , 

(1.78.) 
~ _ s(l+a) · X,. -Hk -

2
- a+X

211
, 

npmb:q a - Ci '-lbJpmi]l pwz]uuwfi opbfipp 111wpwubmpfi t, H: -fi '-lbJPmW. 

pwz]utiwfi opbfip}l pt{wfimpifi t, np {!fimpl(mu t hwtlbttlmit}l 1.10 UlIJJillUlll-

1-a l+a 
lj}tg. {!Um '-l.bJpmtli ophfip}l b llllllPllllihmpp L -- l.J.wu -- wpdhpfihpp: 

2 2 

xlll. "I! gn1gwfi}l2}12h:qtiwfi uhOmpjmfifi t. DPI! npnzqmu t xzq = X1 _..;;;._2__,_ 

wpmwhw1um1p1mfipg, npmbq' X 1 h X 3 -I! qfiwhwml(nq gmglllfi}lzp l(lllp}lw
gpwJp 2lllPVP wnw2pfi h bppnp:q hwtiwpjl wpdbvfihpfi bfi: X 211. > X 1 Ulpdhp}l 
qblllJ)mu zb:quwfi ubmupJmfifi nfi:qmfit{mu t hwl(wulllp X 1 - p, pul.J. bpb X

2
1t ~ 

o. nliqmfitlmu t x211. = o 111wJtiwfif!: 
lJ2wl.J.l(wb" hlllpgbpp 111PWl.J.mpl.J. lj}tpwnmpJwfi fitqwmwl.J.nl( tmithfiv tip 

pwfi}l wpmw.qpwl.J.lllfi fi2wfiwljmp1wfi ]ufiq}lpfibp: 
Iufiq}lp 1: USQ tiwl.J.Cipz}l mpwl.J.mnpfihpp h}ltifiwl.J.wfi finpnquwfi dUl

Ulllfiwl.J. upljpnuhmpwl.J.wfi i_llll}lliwfi bfi bfipwpl.J.tlbt 200 upwmhuwl.J. ubpbfiw
uwubp, npnfig uwzp tihb"mpJmfifibpnl( l.J.Ulqul(b1 t t{wppwg]mfi 2wpp: lJw2}1 
111Ilwl(b1wqntJfi h fil(wqwqntJfi wpdbvfibpn hwuwuiwmwu]uwfiwpwp hwl(w
uwp bfi Xn- = 0,605tiu Xmm = 0,020 uu: '-l.wp}lwg]mfi zwppp up2wl.J.wwbp}l 
pwfillll.J.I! h ubompJlllfil! hwl(wuwp bfi' 
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k = 1+3,2lgN=1+3,2lg200~9, 

h = xmax - xmin = 0,605 - 0,020 = 0 065 uu : 
k 9 , 

Uwzp. tfi16wlj_wqpwlj_wfi gmgwCip.zCibpp. uti2P.fi wpctbp]!' X -1! h uti2P.fi 
pwnwlj_IllUWJP.fi zbqmU]!' (J -]! npnzbtm hWUUlp tpwgfibfip WllJillUUllJl! (l.2). 

- 1 N 
X=-:LX;.p-11\, 

N i=1 

Umwfimu bfip X = 0,29205; cr = 0,1344, 

cr 
qwppwgp.nfi qnpc)wlj_pg]! v = = = 0,460 x 
v = 0,46 qbiqpmu ubpbfiwtiwubpp timzbpp gmgwCip.zCibpp hbmwqw hwz
i.J.wplj_fitpp. hmtimp npuitu mtumltmfi pmzJutiwfi opbfip ]!fimpmti bfip ~bJpm
tli pwzJutiwfi opbfip]!: <!.mtlt1tlmc)p 5 WIJJmuwlJ.lig qwpp.wgp.nfi qnpc)wlj_gp v= 
0,46 wpctbplifi hwuwuiwmwuJuwfi J!fimpmu bfip ~bJpmtli pwzJutiwfi opbfipp 
b = 2,305 uimpmtibmp]! h Cb= 0,407,kb= 0,886 qnpc)wltligfibp]!, pult a uiwpru-

utmp]!' a=~= 0,3302: 
Cb 

llIJJnwwlj 1.2 
Ubpbfiwuwup. uwzp tfi16wlj_wqpwlj_wfi gmgwCip.zCibpJ! 

l.fwzli <!.wtiwtwu-
<!.wl'iwtuw- U}.2wqwJ-

ut12wqw]1!lip.]! pjntli]! 
qwlimpjntli]! Pit uti2ltfi IDiXi (x, -x)w, 

/uu/ m; W.=m' wp.dlip]! 
I N Xi-

0,020 ... 0,085 12 0,060 0,0525 0,6300 3,444. 10-3 

0,085 ... 0,150 23 0,115 0,1175 2,7025 3,506. 10·3 

0,150 ... 0,215 . 28 0,140 0,1825 5,1100 1,682. 10·3 

0,215 ... 0,280 34 0,170 0,2575 8,7550 2,040. 104 

0,280 ... 0,345 38 0,195 0,3225 12,5775 1,800. 104 

0,345 ... 0,410 28 0,140 0,3875 10,8500 1,274. 10·3 

0,410 ... 0,475 19 0,095 0,4525 8,5975 2,444. 10-3 

0,475 ... 0,540 11 0,055 0,5175 5,6925 2,794. 10-3 

0,540 ... 0,605 6 0,030 0,5825 3,4950 2,530. 10-3 

l:m;N=200: 
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lTwzli liP.2fiwqc)p. wpctbpJ! h UIIIlUll tib®1pJmfil! hwzqwplj_mu bfip l .36 
wpmwhw 1mn1p Jmfi Ci bpp.g. 

N _S 
M =X +h 2 n 

e e 
m. 

Mo =X+3{M. -x) 
X

0 
= 0,280; h = 0,065; S = 97· N = 100 '2 , 

m0 = 39;X = 0,2902: 
Umwfimu bfip M. = 0,2850; M 0 = 0,27<tu; 
Sbuwlj_wfi h tlinpllfiwlj_wfi pwzJutiwfi opbfipfibpp. hwtimtqwmwuJuw

fimpJmfil! umn1qbfip ITlP.punfiP. ·x.2 lw..PwfiP.zntl (l.19. l). 

x2 = Nht [c(xJ-rT(x)if 
i;,l fT(X)i 

(

X )b-1 JX· )b 
fT(X);=~ ~cp e\7 

r·(x); = ~i 

llIJJnwwlj 1.3 
Sbuwlj_wfi h tlinpllfiwlj_wfi qp~bpbfigpw1 ~mfilj_gpwfibpp. wpctbpfibp]! 

l.fwzli u}l2w- U}.2wqwjpp 
(r·(x), -rT(x).f qwJplip.}l u1t21ta. ((X); fT(X); 

uwhUwlililip]! wp.dlip]! fT(X)i 
<uu) x, __ 

0,020 ... 0,085 0,0525 0,923 0,625 0,1420 
0,085 ... 0,150 0,1175 1,769 l,655 0,0079 
0,150 .. 0,215 0,1825 2,154 2,498 0,0470 
0,215 ... 0,280 0,2575 2,652 2,873 0,1700 
0,280 ... 0,345 0,3225 3,000 2,626 0,0533 
0,345 ... 0,410 . 0,3875 2,150 2,024 0,0078 
0,410 ... 0,475 0,4525 1,460 1,330 0,0128 
0,475 ... 0,540 0,5175 0,846 0,792 0,0040 
0,540 ... 0,605 0 5825 0.401 0 361 0 0277 

x2 = 200. 0,065. o,319 = 4,147: 
<!.wi.J.b1i.J.wc)p. 1.9 WllJmuwlJ.lig r = k- l = 9 - 3 = 6 qmfimu tfip p = 65%: 
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Cfimpqwa mbuwqwfi pwz]utiwfi opbfi11p L. $npofiwlJ.wfi oppfiw~wlflm
PJWfi hwtiwtqwmw]uwfimpJWfi hwqwfiwlJ.wfimpJmfin p(65%)> Pmin(10%), 
w1ulifi11fi' nfimpqwa mbuwlJ.wfi pwz]utiwfi opbfiQTI pwqwpwpmtI t 1.flnpOfiw
lJ.wfi mbqblJ.mpJwfi: 

Umwgqwa WP1lJmfi11fibpnq 1.J.wnmgbfi11 mbuwlJ.wfi L. 1.flnpofiwlJ.wfi 11li
~bpbfigpw1 :t>mfilJ.gpwJp qpw~plJ.fibpn: 

qbJpml}l. pwz]utiwfi opbfiQp hwtiwp mbuwqwfi pfimbqpw1w1pfi ~mfilJ.
gpwJp wptfb11fibPf! npnzqmtI bfi. 

(X· )b 
FT(X); =1-e--; wpmwhw1mn1p1mfipg: 

lTwzp gmgwfip2fibpp qumwhbl}l. uwhtiwfifitpn hwzqwplJ.qmtI bfi 
(1.22)-pg. 

x~ = H~(I~a )a+x211' 

X~ =H~c~a )a+xw 

npmbq' x . = x - x3 - xi = 0 hwtlb1qwap 1.10 WIJJillUwlJ.pg num b lllWPW-
M l 2 ' 

tibmpp nfimpmtI bfip H~ • p wptfb11fitpn a = 0,90 wptfbpp hwtiwp: Ubp opp

fiwlJ.fibpn1tI b = 2,305; a= 0,3302; H~ (0,05) = 0,28; H~(0,95) = 1,63: 
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UmwfimtI blip X~ = 0,0925; X~ = 0,5382: 

lhynzuwlj 1.4 
SbuwlJ.wfi L. $npafiwqwfi pfimbqpw1w1pfi ~mfilJ.gpwfibpp wptfb11fibpn 

cI>nµcifiwlJ.wfi }lfimhqµw1w-

lfwzl:t u}l2wlJ.wjphp}l. 
J}lfi :pn.1CilJ.g}lwJ}l ShuwlJ.wfi }lfimhq11w1w-

wµcthpfih}lf! J}lfi :}_>n.1filJ.g}lwJ}l wp.cthp-
uwhtlwfifih}lf! (uu) LID· fihp.f! Fi(X); 

w =:LW.=-' n t N 

0,020 ... 0,085 0,060 0,0143 
0,085 ... 0,150 0,175 0,0884 
0,150 ... 0.215 0.315 0,2253 
0,215 ... 0,280 0,485 0,4314 
0,280 ... 0,345 0,680 0,6127 
0,345 ... 0,410 0,820 0,7650 
0,410 ... 0,475 0,915 0,8739 
0,475 ... 0,540 0,970 0,9361 
0,540 ... 0,605 1,00 0,9755 

3.0 

2.0 

1.0 •• ii .. 
•• .. 
!• 

0.020 0.085 0.150 0.215 10 0..345 0.410 0.415 0.540 0.&05 y 
M.-0.274 . . . '"I 

1+-~~--~~~_...1, 

a.-~....:;,;;;a,;;;•0~~~·~5~~-·~·i 

vlJ.. 1.14. Uliphfiwuum}l tlwzl:t 1}1.np.cifiwlJ.wfi L. mhuwlJ.wfi 
:qlJ.:}lhp.hfig}lw1 :}_>ntfilJ.g}lwfihp.}l qp.w:}_>}llJ.fihp.f!: 

qumwhbl}l. tip2wlJ.wrnp ubampJmfin' 

h"' = x~ -x: = 0,5382-0,0925 = 0,4447uu: 

liwnmgbfi111.flnpOfiwlJ.wfi L. mbuwqwfi pfimbqpw1w1pfi :t>mfilJ.gpwfibpp 
qpw:t>plJ.fibpn. hnppqnfiwlJ.wfi wnwfig11p qpw mbqwllPbtntl tiwzp tip2wlJ.wrnt
PP uwMwfiwJpfi wptfb11fibpn. mqqwhw1wg wnwfig11pfi' pfimbqpw1 :t>mfilJ.gp
WJP wptfb11fibpn: 

Iufi11pp 2. Cwp11p bplJ.wpn1pJWUp ubptifiwhwfi mfilitlbpuw1 wtqwpw
mnq gnpbfip ubptibpp pwz]utiwfi hwtiw~wlflmpJmfin qfiwhwmbtm hwuwp 
1.J.wmwpqb1 bfi 1wpnpwmnp $npobp, npnfig nfipwgnmu npnztlbt bfi $n]uw11-
PP~P zwptfwqwfi tfwtqwqbfip 25 uu tWJfiill}lJWfi N=50 pwtfwfitimfi11fibpn1tI 
TifilJ.w(t ubpUbpp QWfiWlJ.TI: 11pnzwlJ.P QWfiwlJ.p hwmpqfibp TifilJ.bt bfi hbmhJWl 
pqnq pwtfwfitimfi11fibpn1tI 4 hwmplJ. tiblJ. pwtfwfitimfi11mtI L. hwtiwtqwmwu
]uwfiwpwp' 5-2, 6-3, 7-4, 8-5, 9-4,10-5,11-6, 12-4, 13-4, 14-3, 15-3, 16-1, 17-1, 
18-1, 19-1, 20-1: UJutqpunq, tiblJ. pwtfwfitimfi11mtI tqwpn1fiwlJ.qnq ubptibpp 
wnwqb1wqn1Jfi L. fiqwqwqn11fi QWfiwlJ.fibpfi bfi' Xm.,. = 20, Xmin = 4: 
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1~ ·- ·-·-· -·-·-·- ·-·-·- ·-·-·-·-·-·-·-·-·~ 
D.I 

D.I 

0.7 

D.I 

D.I 

OA 
D.:S 

D.2 

D.1 

x, 
ult. 1.15 Ubplifiwfilip}l liwzli tJinp.6.liwqwli t. ml:iuwqwfi 

}llim.liqp.w1wJlifi !)m.11iqglnulilip.}l qp.w~}lqfi taw: 

<!.wm.}lq!ibp.}l pwz}uuw!i hwuw~wl}ln.1pJwfi lj]ltiwqwqp.wqw!i gmgw
Ci}l2Cibpn npn2b1m hwtiwp WJCi pwctwfihfiv u}l2wltwwtp}l (k = 8) L npn2h!ip 
Cip.w!ig ubbmpjmli}!. 

h = xmax - xmin 
k 

X, cr, v gmgw!irofibp.}l hwztlwp.quw!i hwuwp. fPwgCihfiv 1.5 uuumuwlJ.l!: 

lhynwwl; 1.5. 
<!.wm.}lq!ibp.}l pwz}utiwfi hwuw~wl}ln.1p1w!i tflitiwqwqp.wqwfi gmgw!i}lz!ihp.J! 

Bmgwlil12liliJ11! 
lflt1>w\iw1oh uwhliwlilili11n 

4-6 6-8 8 -10 10 - 12 12- 14 14 - 16 16 - 18 18 - 20 
lI}1~w1IwJp}l lill~}lli 5 7 9 11 13 15 17 19 w11dli1m x.ft 
hw6wJun11nmfinmi 3 8 9 11 8 6 2 3 
hwt\w}uw1Iwli.n1p-

JIDli{f W. • ~ 0,06 0,16 0,18 0,22 0,16 0,12 0,04 0,06 
I N 

qnulwp.wJllli hwt\w-
0,06 0,22 0,40 0,62 0,78 0,90 0,94 1,00 JuwbwlinuHmfin' Wft 
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- 1 k 1 
X =-Lxicp·mi = -(5.3+7.8+9.9+11.11+13.8+15.6 + 

N i=I 50 
+17.2+19.3) = 11.16 

cr2 = _!_ :t(xki> - xf Il\ = 13.254 
N i=t 

cr2 = 3,64 
, a 3 64 

"l.l.wp}nng}m!i qnpbwltligl! v = = = -'- = 0,326: x 11,16 

v = 0,326 wpctbp}l :qbtqpnui npUJ.bu mbuwqw!i pwz}uuwfi opb!i11 b!i11 
nfimpmu Cinpliwt pwz}uuw(j opbfil)l! (\.TgQ) 

\,-gQ-}l J}bUJ.PmU hwm}lq!ibp}l pwz}utiw!i l}lnpa!iwqwfi (pwquw!ilfjmfil! 
L h}lumnq}lpl!) L m.buwqw!i iyi~bpb!ig}lwl ~mfiqg}lw!ibp.}l qp.w~}lq!ibp.n qw
nmgbtm hwuwp. nPI12bfiv mbuwqw!i hwtiw}untpJmfiCibp.}l (Illii) wpctb11Cihpl! 
hhmLJWl pw!iw6Wn{. 

tl 
1-

np.mbq zti = -e 2 
: LWUJ.tWU}l finp.uwi.J.np.i.J.wit ~m!iqg}lwj}l wp.ctbpfibPl! np.n-

21t 
-x. -.h 

zmU hfip hwtlbtlJ.Witp 1.3 lllllJDlUWltli t; = •cp Ubblllpjmfipg: 
a 

Urynwwl; 1. 6 
<!.wm}lq!ibp}l pw2}uuw!i mbuwqw!i hw6w}un1pJmfiCibp.}l wpcthvfitpn 

lJ112wqwJPll t;. zi m; mn uwhliwfifilinn 
4-6 -1,692 0,0957 3 2,63 
6-8 -1.148 0.2083 8 5.72 
8-10 -0,599 0,3352 9 9,21 
10-12 -0,044 0,3986 11 10,95 
12-14 -0,505 0,3503 8 9,62 
14 -16 -1;055 0,2275 6 . 6,25 
16-18 -1.604 0,1109 2 3.05 
18 - 20 -2,154 0,0396 3 1,09 

<l-p.w~}lqCibp.}l qwnmguwCi hwuwp hnp}lqnCiwqwCi wnw!igp}l tIPw mh
IIWI)Jlbfiv Up'.iJWqWJVbp.p hwUWUJ.WUlUJU}uwfi uwhtiwfifibPl!, pu(t IlUJ.IIWhWJUIQ 
wnwugp}l tIPw' hw6w}un1pJmfiCibp}l tibbmpJmfifibPl! (fiq. 1.16). 
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m,;m,; 
11 

10 

9 

8 

7 

6 

5 

"' 
3 

2 

1 

1 8 8 10 i 12 14 18 18 20 
1:.IJ.~: u:.!llt;p.}l pw.zlutlwfi hWllW!WqmlpJWfi qmp.6firu1Jruli. 1. mhuw~wli 

w ..... tpJmlifibpjl 4ij1W!)IJ.IJfibpf!: l. fuqllwliltJmli., 2. hjmmnq}lp 
3. tnbuw\Wli. hwnw}wupJntli.libp.119 ltnP.1!: , 

Ubptibpp pwz}utiwfi hwtiwiwlflmpJWfi u}l.51}1.fi wpctbnn h unn ~b 
91! hwqwuwp bfi' ~i: ·-~UJL wpu -

N --s 
M - X h 2 n 25 - 20 .- .+ =10+2 =109 

m. 11 '' 

Mo =X +3{M. -x)= 11,16+3(10,9-11,16)=10,38: 
'hp6fiwltwfi u tnbuwljwfi pwzJuuwfi opbfiufitp}l hwuwm ... . 

fimpJndil! ummqtfiu lm. Un prufli p(/..) ,wmwu1 ... w-
tpwgfitfi12 1.7 w.ru~mwtri: qn . ~wlfi.wfi}lzfib}lnt{. WJQ fiUJ.wmwljmJ. 
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Urua1uwq /. 7 
Ubpubpp pwzlwlwfi mbuwlJwfi h 1f:m.p6fiw1Jwli }llimbqpw1wJ}lfi 

~mfilJgpwJp wpctbpfibp]! 

U}12wlJwJp]l X~-X ~+{t) FJ(X)i w .. D uwhdwli.li lip.I! t,=--' -
CJ 

4 ... 6 -1,418 -0.422 0,078 0.06 0 018 
6 ... 8 -0.868 -0.308 0,192 0,22 0,028 

8 ... 10 -0 319 -0 126 0.374 0.40 0,026 
10 ... 12 -0 231 0091 0,591 0,62 0,029 
12 ... 14 0.780 0283 0,783 0,78 0.003 
14 ... 16 1.330 0408 0 908 0 90 0 008 
16 ... 18 1,879 0470 0970 0,94 0030 
18 ... 20 2.429 . 0492 0.992 1.00 0,008 

!~(t) - p wpctbpfitpn l!CiUlf1tlbt tfi hwl.[t1t{wltp 1.4 UlllJmuwftll.g. 2 . 
Dm&K = 0,03, 

'.>.. = Dmax · ..fN = 0,03../So = 0,212: 

<!.wi.tt1qwb'p 1.7 UlllJntuwftll.g :>.. = 0,212 .qbutpnuI p(/..) = 1,0, WJUpfiI?fi 
qmpc:\fiwlJwfi pwzlt11Iwfi L. mbuwlJwfi pwz}miwfi hwtiwUJ.wmwu}uwfimpJntfil! 
hwt{wuwp t 100%-}l. mpbllfi mbuwltwfi pwz}uuwfi opbfipl! <ijizm t l!fimpt{wlt: 
4.wnmgbfil? l}lnp6fiwltwfi h mbuwltwfi }lfimbqpw1wJpfi ~mfiltg}lwJp qpw~}llt
fibp]!: 

Ubpllbp}l pwz}uuwfi hwuwiwlf:m.1pjwfi qumwhbtll uwluiwfifibPl!. 
- cr x: =X-t .. TN" 

~=X+t11 ~: 
-<!.wt{b1t{wltp 1.4 WILJmuwftll.g ]!filll}lnlU bfip t-p wpcttpn h umwfimtI 

bfip' 

x~ =11,16-1,68 
3~ =11,16-0,8=10,31, 
.... so 

X! = 11,16+1,68~ = 11,16+0,8=12,01, 
.Y50 

h=X~ -x: =12,01-10,31=1,7: 
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"UIJ.. 1.17. Ubpubpp PlllZ}uUlllfi tflnp6fillllJ.lllCi L. mbuwlJ.wti 
ltfimbqplllllllJpfi .t>mfilJ.gptuCibpp qpUJ.t>plJ.fibpf!. 

1. tflnp6fiwlJ.lllCi, 2- mbuwlJ.tufi: 

2. q.}:lmwtimpohpp uitwfiwtlnpuwfi mhumpJntfi{! 

2.1 <!,pufiwqwli uwhuwlimufihp 

2.1.1. fTJpwljwftljwfi 62tfwpU1111pJwfi 1wtftwfift2 

q.pmwl!inp6bpJ! IJ.wpLnp mbrt bfi qpwlj_mu qpmntpjWfi Ub2 L. tPfintU bfi 
:fl!iqplJ.wlJ.wCi. hnqbpwCiwlJ.wCi, Ulll}btWJPfi L. WJtfi: q.pmwlfmp6bpJ! IJ.wpbtli t 
IJ.µ.imwpbt J!UUl Ulll}btli, bpb, phwplJ.b, qbp2pfiu pwlj_wlJ.wfipfi opzm t fibplJ.w
JIUQfintU mumufiwuppqnq opJblJ.mJ!: fl.fi!UJ.bu Cizmu t .2nfi PbptnCif!, WUJ.PltnPP 
(»wnuwjpCi) 6L.nq wfiglJ.wgqnq qpmw$np6bpJ! q}lmwlJ.wCi hbmwqnmmpJntfi
Cibpp oq.q..(i Ciqwqbgfimu b(i upfi!L. 0,02: 

Unqnpwpwp, qpmw$np6bpJ! IJ.wmwpqmu bfi hpufiwlJ.wfi bplJ.m 
}ufiajlpfibppg ubqp tmWwfi hwuwp: Unw2pfi }uCiajlpJ! wfiqwfimu bfi wpmw
IJ.wpq, qpmw$np6bp, npnfi11 :qp.qmu bfi OUJ.Ulpuwtwguwfi }ufi:qp.p tmMwCi 
fiUJ.wmwlJ.nq: "Uuwfi }ufi:qp.p tmpJntfil! J!Cimpqwb UJ.Wpwubmpbpp oUJ.mpuwt 
wpctt12Citpp umwgmufi wUJ.whnqnq qnpb(!Cipwgp UJ.WJUwCifibpp npnfimufi t: 
UpmwlJ.wpq }ufiajlpfibpp hwmlJ.wCipzCibp bfi hwuwpqmu npnzwqp !)mCilJ.gpw
JP tpumpbumup npnfiuwfi UJ.whwfi2CibPJ!: bpljpnpq }ufiajlpf! wfiqwfimu bfi 
pfimbpUJ.ntwgpnCi: lufi:qp.p tmpJmfiCi WJU t. IJ.w}uqwb mumufiwupptlnq UJ.W
pwubmpbpp up ZWPl! qnpbnfifibppg, wpctt12Citpp IJ.wfi'tuwqn1zw1J.uwfi hwuwp 
I1CimbpUJ.ntwgpnfi pwfiw6L. bfi IJ.wnmgmu: UpmwlJ.wpq L. pCimbpUJ.ntwgpnfi 
}ufiajlpfibpp tmWwfi hwuwp wfihpwctbzm t mfibfiwt mumufiwuppqnq opJblJ.
mI1 uwpbuwmplJ.wlJ.wfi UD.l}bU!: OpJblJ.mp liD.l}bU! umwfimu bfi' uzwlJ.btnlJ. 
$np6bpp wpqJmCi12Cibpf!: Pwquwqnpbnfi qnpb(!Cipwgp hbmwqnmuwfi dw
uwfiwlJ. uwpbUwmplJ.wlJ.wCi tinqbtli pntnp hfiwpwqnp $np6bpp ppwlJ.wCiwgm
Uf! hulJ.wJwlJ.wfi bwtJ.wiP wz}uwmwfi12 t. 12wfip np wfihpwdbzm $np6bpp 12w
liwlJ.f! Ubb t: q.pmw$np6bpp UJ.tWfiwqnpuwfi }ufiajlpf! wfihpwdbzm filj_wqw
qntjfi pwfiwlJ.nq l!inp6bpp IJ.wmwpn1ufi t, Cipwfig wCiglJ.wguwCi UJ.WJUwCiCibpp 
pwgwhWJUlntUfi t, pfi!U[bU CiwL. $np6bpp Wpqjntfil!fibpp uwpbuwmplJ.wlJ.wfi 
uzwlJ.uwCi ubplll}Cibpp (!CiUlpnlpjntfi(! L. WJL npnzmufibpp (!fiqmCimUJ!: 

UpmwlJ.wpq q}lmwl!inp6bpf! llJ.twfiwqnpbtliu hbmwqnmuwfi fiUJ.wmw-
4.1! UJ.bUll! t humwlJ. 6L.wlJ.bpUJ.qwb Uifip L. mfibfiw 12wfiwlJ.wlJ.wCi qfiwhwmw
IJ.wfifibp: q.pmw$np6bpp llJ.twfiwqnpuwCi }ufiqppfibpp tmWwli dwuwCiwlJ. 
wfihpwdbzm t mfibliwt hwmmlJ. wtqnpppu-IJ.wfinfi, hwuw6wJCi npp qnpb(!Ci
pwgJ! pfimpwqpnq pntnp lfmlfm}uwlJ.wCiCibpJ! mwpw$n}uqmu b(i upwdwuw
CiwlJ.: OUJ.Ulpliwtwguwfi tufi:qp.p tntpjntCiJ! :qp.qwb fiUJ.WUlWIJ.ltfi IJ.wpo owliw
UJ.Wphnq hwufibtG t: lufi:qp.p opzm :qp.qwb'l!J! hbmwqnmnqpg U[Whwfi2mu t Il! 
upwJli qnpbf!Cipwgp tmpJWCi twtl UJ.WmlJ.bpwgmu. WJLL. qpmw$lp6bpp uw
pbUwmwplJ.wlJ.wCi mbumpJwfi }unp puwgmpJmfi. pulJ. hwow}u t( wfiuntlnp. 
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nt_ umwliqwpm ppw@owl(lihpnui umhqbi.uqnpbi.ul(wfi unmhgnuI: Uumph 
phpqmu t J:ufuyip IlJltlwbpf! ltwqunq lfmtthpp oppliwlthtlt gwliltf!: 
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1. C}.npb{!fipwgp h fipw mhJ:ufintn@wJp mumufiwuppnuI (qpwl(wfim-
pJwfi qhptmumpJmfi. bi.ufinpntpJmfi qnpb{!lipwgp f.WtPPi. UwPJ:!wtln· 
pntlifihpp L. wJt wfihpwdbzm qnpopplihpp hhm): 

2. C}.npb{!lipwgp mh):ufintnqliwltwfi uJ:uMwfihpp ltwqunuI: Iltumufitn-
uppqnq qnpb{!fiptugf! hw6wJ:u fihpwnmu t ill1 pwlip hw2n1llJwlttuli 
011wltfibp, npnlig hwuwp 6zmqmu hli UntUlpp h htpp ubumpjntlilib11I!: 

3. OUJ.utliUwtwguwli blipwltw oqwqp wnwli61iwgmuf!: Ufihpwdb2m t 
hwz@ wnfibt bpqm h wtlbtlt oqwqlibpf! ubq J:ulil}ltP ut2 upwtln1~t1m 
hliwpwqnpntpJntlif!: 

4. OUJ.tnpilwtwguwli bfipwqw qnpb{!lipwgp uJ:ubUwJp ljwqumu <4th 
wpljfllD> mhupnq, uwhUwfibtntl OUJ.UlPllWtwguwli UJ.Wpwuhmpbpg, 
~ljwpqwqnpqnq qnpoofilihpf!, ljwpqwqnpqnq qnponlilibpf!. ozmhtnil 
liwh pntnp lfmlfmJ:uwljwlilihpp i_Wt}luwli upwijnpuhpf!: 

5. OUJ.mpuwtwguwli UJ.Wpwuhmphpp mumuliwuppniu: bph wJqUJ.Pupr 
fibpf! lWUl hfi, gwfiqwtJt t IlJlWfip qpOWtnht upfit_h fiijwqwqntjfi pwfiw: 
qp. pnqlihtntl wnwtlht mhqbqwmmlihpf!: liJu liUJ.wtnwqp hwuwp ljw
phtJt t mumuliwuppht UJ.Wpwubmphpp up2h hqwb hwuwhwpwphpwq
gwqwli qwUJ.hPT!· tupmwpuhtntl lipwlip, npnlip mdhq hwpwph
pwqgqmu hli mppzlihpp hhm. PPi. ptiwumwqnp hli, qwu lipwlig npnz
uwli Oztnntpjntlif! t}:mpp t: 4p6WtnntUpg hhtnn, hph UfintU hfi OUJ.tnp
UWtWQUWfi hpqm h wtlhtlt UJ.Wpwuhmphp, wlihpwdbzm t npnzbt plii_
UJ.bu ppwqwliwgliht OUJ.tnliUwtwgmuJ!. 

qhl{wqwptlhtntl OUJ.tnpdwtwgtiwli qtJ:uwtlnp UJ.Wpwuhmpnij. uwh
tiwliwt}lwl{mulibp qliht liJmulibpp tlllw, 
OUJ.tnpUWtWQUWfi PlllllP UJ.WpWuhmphpJ! upwijnpht oqmwl(wpm
pjwli f!liqhwfipwgijw/t :t>mfiqgpWJp Uh2 h OUJ.U1PllWtWQfiht Wjli: 

6. Oltwpqwtlnptlnq qnpCtnfilibpp tiwlipwlJ.plJ.pm qhptmantpJmli: Ufih11w-
ctbzm t OQtnht qpOWtnhtnt WJil qnp(}nfifihpf! upfii_h liijwqwqntjli pwfiw
qp: OqmwlJ.wp t hpzht liwh hhtnhJWt hliwpwijnpntpjntfilihp}1 uwupli' 
wpowliwqpht qliwwlfmpohpp wliglJ.wguwli up pwlip UJ.WJliwlilibp. Jlll
pwpwfiLJmp i.IJ.wpqwqnpqnq qnpCtnlip up pwlip wump6wliwqnpmufib
PP hwuwp pwdwliht mwpwqm):uuwli up2wlJ.wJphpf! 4 WJil wump6w
liwqnpn1ulibpp pntnp hliwpwqnp qmQWilJ1lltpJwli hwuwp tmoht 
wnwliopli J:uliqppfihp: 

bph ~lJ.wpqwqnpqnq x qnpCtnlip tmpJntlif! hwuf!liljfimu t oUJ.mp
uwtwguwli y UJ.WJlWUhutpp hhtn (oppfiwlf Opjhljutp ):unfiwijntpjnt· 
Iii! ~npwgmupg wnw2 L. hhmn), WUJ.W hwow):u x qnp(}nfipg lJ.wphtJt 
t c:\hppwqwtnijht t(:m):uwpPfihtntl y UJ.WpWUhUlpf! y • X ljwu y/x Ub
Ctnlpjntfifihpnq, htlihtntl WJfi hwliqwuwlippg, J:lh t}lnt}ln}uwljwlip 

plii_UJ.Pup'° t}lnt}ln):umpJmlilibpli bli lJ.wpL.np qnpb{!lipwgp 11pwl(w
fiwguwli hwuwp: 

7. 4wpqwijnpijnq qnpCtnlifihpp ijbptntCtntpjntli: "4wpqwqnpqnq qnpCtnO· 
lihpp hwuwmhqmpJntfi h wlilJ.w):untpJntli, pfii_UJ.hu fiwh lipwfig qwp· 
qwqnpuwli wumpowfip ummqn1u: 

8. «liqUnt\tll>> uwlJ.WPilWqp qfiwhwtnwl{wli: C}.pmwt}lnpc:\hpp ppwl{W· 
fiwgUWfi dwUWliWq hwz@ wnfiht WJil uwqwp.qwqf!: 

9. <I>npc:\p pnijwliqwlJ.ntpjwli npnzmu: <I>npohpp Ulhnqntpjwli zwpmliw-
lJ.mpjWli L. umwgqwo wpctbplihpp qliwhwtnntu: 

10. C}.pmwlfmpc:\hpp UJ.tWliwqnpuwli uhpn.q)l h u}uhUWJP lJ.wu OUJ.UlPUW-
twguwli Uhl{ WJl Uhpnqp {!fitnpntpjmli: 
C}.ptnwt}lnpc:\hpp UJ.tWfiWijllpUWli UlhUntpjWli llh2 hW2IlP1l lJ.wpL.np 

uwhliwfimuf! «hhmwqnmuwli» opJhlJ.mfi t: llJil liUJ.wmwqp hwuwp oqmw
qnpootu hfi qpphplibmpqwlJ.wfi hwuwl{wpq (Ill{. 2.1), npf! hwow):u wliqwfimu 

bli «UL. wplJ.q»: 

Y1 Y2 ·•• Y; ... Yk 
"blj. 2.1. UhwplJ.llP u):uhliwfi: 

Yi -Ii wfiqwlimu hli hhmwqnmuwli liUJ.wmwlJ. l{wu OUJ.mpuwtwguwfi 
UJ.Wpwuhmp qwu tt liUJ.wmwlJ.ruJpli :t>mlilJ.gpw. «uh wplJ.riP» hw h WJtli: C}.p
mwqmpohpp lJ.wmwpuwfi hwuwp wlihpwcthzm t hliwpwijnpntpJmli mlihliwt 

lihpqnpbbt «uh wplJ.riP>> qwppp tlllw: 
1.JbpqnpCtntpJwfi pntnp hqwliwqlihpf! (xi) wliijwlimu hli qnpCtnulihp 

qwu «uh wplJ.riP>> ummp: 
x;{i = 1,2,. .. ;m) qnpCtnfifihpf! UJ.hmp t tJtlihli qwnwqwphtJt, wJuplipli ni_ 

UJ.WUlWhwqwli h upujwligpg wfiqw}u WjliUJ.hU, np t}lnpowpwpf! qwpnqwliw 

l(wpqwijnpbt qnpb{!lipwgf!: 
Pwgp qwpqwqnpijnq qn11Ctnfilihppg, «Uh wplJ.riP» tlllw fihpqnpCtntU hfi 

fiwh up pwfip UJ.WUlWhwlJ.wfi Wk{k 1,2,. .. ,q) Ubontpjntfifihp, npnfip lJ.wnw-

qwphtJt !:iii L hwuwlJ.wpqntu wqumlJ. hli wnw2wglimu: 'l-pwlip l{ni_qmu hli 

qpqnnq qnpoolilitp: · 
OUJ.mpuwtwguwfi Yi UJ.Wpwuhmpp h Xi qnp0nfilihpp up2h lJ.wUJ.P hw-

qwuwp.IllUf! mlip wJuUJ.Pup mhup h wfitlwliqmu t uwpMwmpl{wqwfi unqht. 

(2.1.) 
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liJuu.i}l.up :}lmlilJgpwli lJnitlnui t liwL. wp<\wqwliplibp]l !}>mlilJg]lw. pulJ 
JlPWUQ hWUWUJ.WlllWU}uwli uwlJbpLn1jplibp1f l1lPOWqwliplibpp uw4bpw11jp: 

Cl-pmwiitnp6bpmu JD1pw11wuvmp' xi qnpbnli lJwPJlll t mlibfiw1 npn2w
tili 11wliwltli (!fiqhwmmli uwlJwpqwlJ: 

n1un1uliwu]lpl{nq qnp~fipwgp mwppbp pwliwti]l ppwtl}16wlJCib111! 
npnzl{mu bfi pk wpmwhWJWillJJJWUp, npmhq k-fi qnpbnfifih11P 11wfiw1Jfi t. pulJ 
p-fi' qnpbnfifibpp UWlJwpqwlJfibpp pwfiwlJI! (bpb WJfi pn1np qnpbnfifib11}1 hw
uwp upwmbuwti t): 

Cl-]lmwtluip<\bpp uuwfiwl{npn1ul! bfipwqpmu t qnpc)nfipwgp l{pw wlJ
m}ll{ Up2WUllllltpjmfi, UwlJwpqwlJCibpp pwfiwti]l I!filllpntpjwli hfiw11wl{n1m1-
PJlllfi: '!JJqtq}l.up q}lmwi!tnpdJ! wfil{wfimu bfi wlJm}ll{, pulJ opJblJmrf lJwnwl{w
phJ.ll: ~hmwqnmuwfi bu.tl{w[}l Ciqwmuwup bpqpnpq UJ.whwfi21! l{bpwpmwqpb
t}lntpJmlifi t: 11-w fi2wfiw1Jmu t. np chuuwfiwti}l mwppbp· up2wtiwmbpmu 
fintJfi mwppbpwti]l qmpdp 1tplJCimpJwfi qhUJ.PntU UJ.bm12 t umwgl{bli l{}16w1Jw
qpw1Jwfi mbuwlJbmpg mumufiwuppl{nq UJ.Wpwubmpbpp upwmbuwlJ wpdbp
fibp: Umwgl{wb WIJilJmfi11fibp}l l{bpwpmwqpbL}mtpJwfi l{pw mdbq wqqhgm
PJntfi lJWPJlll bli mfibfiw1 tlJwpqwl{npl{nq qnpbnfifibpJ!: \f.hpwpmwJlPbtJi.111-
PJWfi ummquwfi hwuwp qnpc)nfilibp(! npnzl{mu bfi up pwfip uwlJwpqwlJCib
pnl{, L. iltnp61ipl! ltPlJCil{mu bli: liJq wpctbpfibpp gpl{wb"n1pJntfil! ljpfimpwqpp 
WPil.Jntfiplibpp l{bpwpmlUJlllb1lm1pJwfi wumpnwfil!: bpb WJfi tP qbpwqwfi
gmu Up pwfip fiw}uwUJ.bU mpl{wb" ubbmpJlllfilih111! (q}lmwl}mpdbpp 62mm
PJWfi lilJwmuwup ubp UJ.Whwli21ibpJ!), WUJ.W OpJb4ml! pwl{wpwpntU t l{bpwp
mwqpbt}lntpJWfi WMJntfipfilippfi fibplJWJWgqnq UJ.Whwfi2fibp):lli: 

Opb l{bpwpmwqphllmtpJwfi UJ.Whwfi2fibpJ! tbfi tiwmwpqmu. pulJ qw 
UJ.PWIJm):llJWJlllU hw6wtu t UJ.Wtnwhnui, WUJ.W wfihpwdbzmmpJmli t wnw-
2wfimu J'lllUbL wlJmpl{-UJ.wu}ll{ q}lmwqmp<\hppfi: Unqnpwpwp, b111Jpwqnpbw-
1Jwfi ub}uwfiplJwJmU WJl}uHlUP opJblJmfihp ~lJwfi: 

UpmwlJwpq q}lmwi!tnpdbpp UJ.LWfiwl{npntUJ! OUJ.lll}l.Uw1 UJ.WJUwfifibpp 
npnfiUwfi hwuwp wfihpwctbzm lil{wqwqn1Jfi pwfiwlt}l qmpdbp}l wfiglJwguwfi 
L. UJ.WJUWfifilipp I!filllplllpJWfi bJtwfiwlJCi t: 

fipnzlilltli q}lmwqwfi fuliqllpfihpp Lmbliwfi hwuwp hwowtu ti}lpwnl{mu 
t qhmb.pujlfiwgqwb" unmhgmu: t.uwfi qbUJ.Pbpntu bpL.ntJpp ubtuwfipqu]l uwfi
pwqfipfi mumufiwu}lpuwfi hpuwfi l{pw opJblJm}l uwpbUwm)llJwlJwfi unqbm 
1Jwqlin1u bfi ajl:}lhpbfigpwL hwl{wuwpmufibpp hwuwlJwpq}l mbupnl{: fit u}1 
qbUJ.PmU qbmbpupfiwgl{wb L. tl}l6wqwqpwlJwfi UnmbgmufibpJ! iUJ.hmp t u}1-
u1wfig hwlJwubfi, WJL (!fiqhwlJwnwlJfi, qpwfip 6zmnpbfi UJ.blllp t UlWgfib(i Up
UJWfig: 
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2. 1.2. OUJw}ltfw1wgtfwO UJWpwtfbwpbpp Lt Opw 
mbuwqtibPf! 

PpwlJwfi UJ.WJUwfifibpmu opJblJml! pfimpwqpqn1u t UJ.Wpwubmpbp}l 
wupnq2mpJwUp' mfimbuwlJwfi, mbfufin1nq}lwlJwfi, mb}ufiplJwlJwfi L. WJLfi: 
Cwpcti! qhUJ.}l OUJ.1llpUW1J! hfiwpwl{np t, bpb l!fiUlpl{wb t ublJ OUJ.mpuw1wg
uwfi UJ.WpwUbtnp, pUlJ UfiWgWb" UJ.WpwubmphpJ! hwfiqhu bfi qwllm UWhUW
fiwl}lwlJnqfibpp l}bpn1U: Ujmu 6wfiwUJ.wJilil! npUJ.bu pwquwp}ltl twbpp :}>mfi
lJgpw 0UJ.m}l.Uw1wguwfi l!fil}hwfipwgl{wb UJ.Wpwubmpp npnzmuli t: 

OIJJ.uihlfwlwglfwO IJJ.Wpwlf(µpnbp/10 Obpqw1wgl/nn wwhwOpOonu: 
OUJ.mpUWLWQUWU UJ.Wpwubmphp(! hwmlJwfi}lzlibp bli, J!Ulll npnlig OUJ.lllpUw
LWQl{ntU bfi qnp~lipwgfibpl!: 11-pwfip UJ.bm11 t [}lfibfi pwliwlJwlJwfi L. mpqwb" 
[}lfibfi pqbpnq: 

liJfi pwquwp]ltl wpctbpfibpJ!, npnfip lJwpnq t l!fil}ll1fibL OUJ.mpuw1wg
uwfi UJ.WpwUbtnp(!, lJn~l{DlU t fipw npnzuwfi mppntjp: \,pwfip lJwpnq bfi [}lfibt 
ajlu1tphm L. wfil!fil}ub2: bpb OUJ.mpuwlwguwfi UJ.WpwubmpJ! pwfiwlJwUJ.bu ~}l 
twl}ll{mu, WUJ.W lJppwnmu bfi nwfiqwqnpuwfi bqwfiwlJI! (pw1w1pfi linmbgmu' 
WJD. % LWtl, l{wm): . 

fl.wfiqwJpfi UJ.Wpwubmpfi mfip npnzuwfi ajlultPbm (uwhUwliwt}lwlJ) 
mppntj{!: 11-Wfiq(! OUJ.lllpUWLWQUWfi UJ.Wpwubmpp UJ.WlllwhwlJwfi pfintjpp 
pwliwlJwlJwli qfiwhwmwlJwfifi t: OUJ.mpuwlwguwfi UJ.Wpwubmp(! UJ.hmp t 
wpmwhWj\Dtljl ubq pqnq, (!U\D tl}16w1Jwqpw1Jwfi pUWU1llp [}lfip Upwpctb11, 
WPil.Jntfiwqbm L. pwquwqlUlUwfip pfimpwqpp opjblJml!: OUJ.mflUwLWQUWfi 
UJ.wpwubmpp pwquwlJnquwfi}lmpJwfi mwlJ UJ.bmp t hwu1Jwfiw1 opJblJmp 
hwuwlJIUluwlip pfimpwqpuwfi hwmlJmpJlllfil!: .PwquwlJIUluwfipmpJWfi 
hwmlJntpjmfi mfibfi upwjli J!fiqhwfipwgl{wb" UJ.Wpwubmpbp[!: 0UJ.tnpuw1wg
uwfi wnwl{b1 WUPIUl2WlJwli UJ.WpwubmPI! S tfimpntq}l.wlJwfi :}>mfilJgpwfi t. 

m n 

S=-""c .. IogC ..• L.JL.J IJ 1J 
(2.2.) 

i=l j=I 

npmbq' cij -Ci oppfiwlJ luutlt i-pq fuwnCintPllfl }ummpjmfifi t (fi11w m p_qnl{ 

l}mp<\bpp qbuwmu) i-pl} mbqwuwumu (n pl{nl{): 
BwfilJw[}l t. np OUJ.mpuw1wguwfi UJ.Wpwubmp{! :}lpqplJwlJwfi puwuw 

mfibfiw. t}lfip UJ.Wpq L. hb2m hwzl{wplJb[}l: l>}lqplJwqwfi puwump UJ.whwfi21! 
lJWUJ.l{Wb" t qmp<\bpp WMJntfipfibpp hbmWqW UblJfiwpwfiuw(i hbtn: 

.Pwgp tlbPI! Gzqwb UJ.Whwfi2fibp}lg L. gwfilJmpJntfifibppg_, OUJ.mfluw-
1wguwfi UJ.Wpwuhmp J!Cimpb[}lu wfihpwctbzm t filJwmp mfibfiwL. np OUJ.mp
uwlwguwfi UJ.WpwJibmpJ! npnzwti}l wqqbgmpJmfi t pnqfin1u hbmwqnml{nq 
OpjblJmp UWpbuwmplJwlJwfi UnqbtP l{pw: 
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lJ]1 pwOIJ bl.!Jbnm/, UJWpwubwpbo./J {ufi!)b.flfibo.IJ uwuflti: '1lpwquij1qw
Jnui hwnwJ:u wfihpwctbzui t t}1fimu hwztfll wnfib]_ u}l 9wfi}l twwJ]tfi UJ.wpw
Ubmpbp: lTwllbUwui}lqwqwfi linqbtfibpf! qwpbtJ1 t qwnmgbt Jmpw9wfii1mp 
UJ.WpWUbutp)t hWUWp, UWqWJU UpWUwUWfiWq U}l l!Wfip :J:>ntliqgpwfibp OUJ.
Ul}lUWLWQfibt hfiwpwqnp 2t: ~buiwqmnuwfi fiutwuiw4}1 uibuwfilJ.Jntfi}lg OUJ.
ui}luwtwgqmu t wU:bfiwqwpLnp :J:>mliqg}lwlibp}lg ubq{!, }luq ufiwgwC11ib11n 
C1wnwJntU bfi npUJ.bu uwhUwliwqiw4}12fibp: 

bwwJ}lfi UJ.Wpwubuipbp}l 9wfiw4}1 ltP6wuiuwfi fiutwuiwqml. qwuiw
pmu bfi hwpwpbpwqgwqwli qbptmbntllJntfi: UJu qbUJ.l!mu UJ.Wpwubui11bp}l 
pntnp hfiwpwqnp qntJqbp}l u}l2h qwutJt pfintllW@PI! ozuibtm hwuwp hwz
qmu bli qmJqwJ}lfi hwpwpbpwqgntpJwfi qnpC1w4}lg{!. 

f ~lu -yJY2u-YJ 
rY1Y2 = -:=~==1========, 

2:(Y1u -y,J~2u -Y2J 
(2.3.) 

u=l u=I 

npuil.:uf N-1!. qmpobp}l 9w6wqfi t, y1 u y2 ·f! UJ.Wpwubuipbpli bli, y1 L. 
-
y2 -I!' qpwfig uwllbuwm}lqwqw6 uutwuntuCibpf! • u-fi qmpop f!lipwg}lq hw-

uwpfi t: 
r - t! qwpnll t {!fiqmfibt -I - pg upfizh +1. bpb ubq UJ.WpwubUlp}l wpcth

l!P ub(Jwguwfi hbm wnmu t UJlllUf!, WUJ.W qnpC1wqg}l wpctb9{! qpwqwCi t. puq 
bpb Ciqwqmu t pwgwuwqwCi, bpb r ~ 1, WUJ.W Y1 L. y 2 - }l u}l2L. qllJillPJntCi 

ntCip qCrwjpli qWUJ. U qwpbtJ1 t q}lUlWpq ht qpwCigpg Ubqf!: 
11lwpwUbutpbpp up2h qCrwjpfi qwJ:uqwbnlllJWfi L. Cipwfig finpUWl 

pwz):uuw6 qbUJ.l!mU qmJq hwpwpbpwqgmpJwli qnpC1wlt}lgfi mfi]t hwumtq 
uwllbuwmwpqwqwfi }l.uwum: 

r - ubbntllJWfi mnmquw6 hwuwp wfihpwctbzm t wJq wpctb121! hwub
uwmbt fipw WILJmuwqwJ}lfi (ltP}l.m}lqwqwfi) r wpctbpfibp}l hbui (wrumuwq 
2.1): Urumuwltlig oquitJ.btm hwuwp wfihpwctbzui t }luwliwt lipw wqwmm
pJwfi wuuip6wfifibp}l lllttl1!' f = N -2 L. {!fiutpbt op]lfiwq a= 0,05 lizwliwqw

tlmtllJWfi npnzwqp uwqwpqwq: a -]l w1qutJtup wpctb9{! qn2tJ.mu t fiwL. hw
uwpowqnipJwfi uwqwpqwq, llpf! hWUWUJ.WtnWU}uwfintU t p = 1-a = 0,95 

qwu h]lutnllb@ ummquwfi 95% uUliltJq UJ.WUlwuJ:uwfi}l hwqwfiwqwfimpJw
lif!: 'l-w fi2wfiwqn1u t. np qbUJ.l!bp}l 5% -mu qwpnll t uJ:uwt qwmwptJ.bt: 
Uml.npwpwp, pwqwpwp t hwuwpowqntpjwfi. 5% -P. uwqwpqwl{f!. PWJ9 h 
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qwpbtJ1 t qbpgfibt t't wqbtJ1 UJ.Wqwu. 0,05: bpb qinpufiwqwlinpbfi UJ.Wpq\[hL t. 
n11 r - }l ubbntllJlllfif! tlinDP t \ul}lui}lqwqwfi}lg, WUJ.W UJ.Wpw\Ibuipbp}l uta2u 
qwutf! nz qC1wJ}lfi t: 

lbymuwq 2. 1 
,2ntjq hwpwpbpwqgntpjWU qnpC1w4}lgfibp}l \ul}lUl}lqwqwli 

wpctb9fibpf! a = 0,05 qbUJ.l!mll 

r-ti Uqwmmp- r-'1 Uqwumtp- r-ti 
UqmtnntpJWU 

tipltmtitiw· JWfi wutn)l· ljp)lmtitiw- JWfi wumlt· tiP'1Ul'1tiw· 
wum)lowllfih- ljwfi wpdbJ!- 6wfifihp)l ljwli wpdhp- 6wfifihp'1 ljwfi wpdbp-

P'1 pti11.tf j fihnn 'Ahiln' i lihnn 11hiln'.i !ihnn 

1 0,997 9 0,602 17 0,456 

2 0,990 10 0,576 . 18 0,444 

3 0,878 11 0,553 19 0,433 

4 0,811 12 0,532 20 0,423 

5 0,754 13 0,514 21 0,349 

6 0,707 14 0,497 22 0,273 

7 0,666 15 0,482 23 0,217 

8 0632 16 0.468 24 0 195 

r ~ 1 qbUJ.l!mU q}luiwpqmu}lg qwpbtJ1 t hwlibt y 1 - I! qwu y 2 - f!, wJfi. 

npf! qcttlwp t zwtlibt: 
Q.}luiwqmpobp}l uttwfiwqnpuwfi ctwuwfiwq gwliqwtJ1 t zwtlibt pninp 

UJ.WpWUbutpbpf!, qfiwhWUlbtnq fipwfig U}l2L. f • {! L. qwnmgbt UnqUU! (hfiwpw
qnp liqwqwqntJfi pqml qinpobp}l hwuwp. qwu oquii.lbt I!fiqhwfip.wgqwC1 UJ.W
pwubmpbppg):l}lCinui bfi qbUJ.Dbp, bpp wCihp.wctbzui t q}lmwpqbt hwpwpb
pwqgwqwCi UJ.wpwubuipbpf!: 

2.1.3. OUJmftuw1wguwti pfiIJllwtipwgqwh 
UJWJlWlflimpbp[J 

ontpW9Wfii)ntp WpoWqWfiJ;! lltfip pP zWtlillIJ.WqWfintpjntfi{!: fip111buq]l 
qpwCi9 u}lwqnpbt wfihpwctbzui t JntpwpwCii)ntpp hwuwp uzwqbt ziutliw
qmpq uwliqqwq: UwfillllWltl! u}lwqnpnll pntnP wpowqwCi9Cibpp hwuwp WJli 
uthuip t tJ1G}l U:]lwmbuwq, npf! fipwfig qwpofimu t u}llIJwfig hwuhuwuibtJ1: 
Bmpw9wGi)ntp wpowqwfi9]1 zwtliwqmpq uwfillllwltlt f!CiUlpntti]lg hbmn wCi
hpwctbzm t awu f!fiUlpbt hwU:wqgU:wli qwanalitpn: 

Qfiqmfibfi9 mumufiwu}lpi.lllIJ. opJbltutf! plimpwqpqmu t n U:wuliw4}1 
wpowqwfi11fibpnq' yJu = 1,2,. . .,n). npnfig]tg JntpwpwfivmpJ! zwtlitlbt t N 

qmpobp}l f!lipwg9mu h u-pq wpowqwCip}l i-pq qmpdmu ( i = 1,2,. .. ,N) wpcth-

61 



Pl! hwl[wuwp t Yw - p: 8n1pwpwfi1Jn1p Yu wpowqwCip ntfip pp :}>pq]1qwqwfi 

puwutnJ.1 h hwnwJ:u tt mwppbp iWtPrul.wlJ.wfin1p1n1Ci: OppCiwq, J!UI)Iltlibfip, np 
0 -Ci ItmmwCifi t, l-[1' UJlimwCip wpmwqpwfipJ!: Yu -Ci oL.wttinltmtU hCip l!Utn 

umwfiqwpt.n wfiw1nq-uwfiqqwqp, npli ntlip upwJli hpqnt wpd'h1i' 0- funmwfi. 
1- UJlimwCip: ~hwtltnJ:utlwb Yu wpd'bpfibpJ! Cizwliwqntu blip aui - nlf: 

CliI)Iltlitlntu t fiwh, np nfiqhwlipwglfwa wpawqwfipJ! uitmp t ntfihfiw 
0 tiwu 1 wpd'hplibppg uhiJ.J!: <I>npop chnuwfiwq bpb qnCih ubq a.ui wpowqwfip 

hwtl.wuwp t 0-p, wuiw J!fiqhwfipwgtl.wb" wpowqwfipJ! fintJliuibu hwl[wuwp t 
qpnjp. 

-~ Y. = n n a. ' 
J u=l UI 

(2.4.) 

- n 
npmhq' y. -fi J!Ci.qhwfipwgtlwa wpowqwfipli t i-pq $npdmu, Il -fi uwufiwiJ.11 

I u=l 

oL.w$nJ:utl.wa wpowqWfii;!fibpp <X1;,<X2;, .. .,a 0 ; WptnWqpJWtfi t: 
Op/lfiwg 1. ~hpqp wqpbqwmp wzJ:uwmwfipJ! qliwhwmt1.nui t (blipWfl· 

pbfip) bpbp btpwJpfi wp6wqwfi12-uiwpwubmpbpnlf' y1 - hmW ipzpuwli wum}l-

1'.iwfi, %-libpntl.. Y2 - hrutlt tPnlltPnlllll}ljlltfi, uu-mJ., Y)- pwpzwjpfi qpUWIJll.Ilt

PJlllUJ.l qq nut: i-pq ipnp&}l qbuwn1u mptl.wa bli wp.6wqwfiplibp}l qpwqwli 
qliwhwmuwCi hbtnuJWl uwhuwCilibptf Yi;<:: 500/o,y 2; <:: 1,5m1,y31 s10004.q nut: 

liJuuiPuntl umwlin1u bfip. 

{
l, bpb y 11 > 50 

ali = 0, bph Yi; s 50, 

{
1, hpb y 2i > 1,5 

<Xz; = 0, bpb y 
2

; S 1,5, 

Ur = {l, bpb Y3; > 1000 
I 0, bpb Y3i :<;; 1000: 

Pbpbfip bpqnt $npdbpp mtlJwtlibpl! i=l, 2, npnfig qbuwmu umwgl}bt 
bli hhmL.1w1 wpqJntfipfihpJ!. 

<l>np&p l.f wufiw lijt Ot.wi.pnfuqw() uwuliwqp Cfiqhw(i pwgq w() 

hrudwnn wndwnwlh fihn wnd.wnwlinuhn wn&wnw(infibn 
-

Y1 Y2 Y3 Cl.1 Cl2 <X3 y 

1 55 2,0 500 1 1 I ~l·l·l=l 
2 47 1,6 600 0 1 1 ~0·1·1=0 
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Cfiqhwfipwgl[wa wp&wqwfipfibpp umwguwfi wJfi qhuuibpnuI. bpp 

1n1pwpwCivn1p uwufiwqp wp&wqwCipp hwuwp hU1JtnCip t «pqbwp>·J!, npp.a 
wfihpwcthzm t &qmht. qn1n1p1n11i n11ibli <<IJ.hUJli pqhwtlili unm» iwtllwqpdwCi 
pwquwpptl bqwfiwqfibp: 0w$wqpht CizwCiwqntU t UlWl Ubq hbtnWJl]!~Jllll\ 
pwquntpjntfipg opjhlJ.mCihpp gwCilJ.wgwb qntjqp up5_>L. bqwa hhnwtlnpntpJWU 
qwCinfil!: 

u-pq wpawqwfipp pqhwtwlJ.wfi uhbntpJntfil! CizwfiwlJ.html Yuo - nl[. 

Yw -Yuo -Ii qwpbtli t qllmht pqhwtli.fi dnm W.Ci.btnt iWtltwllpz: .Rwlip np mwp

pbp wµawqwfipfihp IJ.wpnq bu n1fihfiwt mwppbp iWtltmtwiJ.wCin1p1n1fi L. 
lizwllfibp (±). np{! nJ1llzwqp q<hJ.wpnipJntlifihp t umbqanu1 J!Ciqhwfipwglfwb 
wp&wqwfil:!P qumniguwfi chnuwCiwlJ., wJu ql:n.qpn1u J!UI)IltCihllt t hhmL.JWl wp
mwhw1m1upJntfil!; 

(2.5.) 

b?h npnz ipnpohpp qtuwn1u pninp uwufiwlt}l wp.awqwli12fit111! hwilJ!li· 
qfintil bfi pqbw1w1J.wlip hbm, wuiw y- I! umwglfmu t qpnJ}lli hwtl.wuwp: Op-

pwli Y; - p wpdbp]! unm tP.llJ.i qpnJpfi, WJfipwfi 1wt1.: liJq wpmwhwJllllltpJwfi 

pbpntpjntfili Wjli t. np J!lllllJ.1. uwuliwqp wpdwqwfipfibpl! umlintil bfi J!llqhwli
pwgtlwa wpdwqwfipp Uh2 hwtl.wuwp U}WJUWfifibpnq: lijU pbpntpjnlfi[l qh-

pwgtl.ntU t, bpp (2.5) WJ.1.UlWhWJUllll})JWfi Uh2 Umgtl.ntd t au - pfi hwtlwuwp 

npnzwqp ubb"mpjntli. 

Y; =!au( Yui - Yuo )
2

, 

u=I Yuo 
(2.6.) 

n 

J!Ul} npn1u' La. = 1 ht au > 0: 
u=I 

2.1.4. BwO/jwtftn1p1wD uwOIJll.W/j 

Cfiqhwfipwgqwa wt\wqwlipp qwnntguwli wubliwhwpuwp bqwCiwq
uhp}lg ilh\tl! ~wppfiqumfip gwCilJ.wl]mt}}JWU J!Uqhwfipwgqwa ~ntfilJ.gpwfi t 
npp qwnntguwli hpupn1u J!liqwb t uwuuwqp wpdwqwfipfibpp pliwqwli wp
ctbpfibpp gwlilJ.wUintpJWCi qwu qbpwqwuhUintpJwfi iWtltwqntpq uwCiqqwqp 
aL.witinfuuwli qwqwqwpJ!: lijl} uwliqqwiJ.1! uiwmqwfintil t hnqbpwliw~]lq]1-
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qwqwfi uwfil}Ilwqfibpp qwupfi, npp CizwfiwqmpJntfiJ! :tipqplJ.wqwfi L. hnqbpw
fiwqwfi UjWpWUbmpbpp lip2u hWUWUjWUlWU)uWfintpJWfi hWUUlWUllllUfi t: 
liJumtu\, hnqbpwfiwqwfi Ujwpwlibmpbpp mwlJ. hwuqwgqmli t gwfilJ.wu1m
JlJWfi WJU 1.J.wli WJfi wpdwqwfipp wpc.tbpfibpp qmpowpwpp untpJhlJ.mpq qfiw
hwmwlJ.wfiJ!, puq :tipqplJ.wqwfi UjWpwlihmphpp mwq' hbmwqnmqnq opJhlJ.ml1 
qnpbmfibmpJntfiJ! pfimpwqpnq pn1np hwqwfiwqwfi wp6wqwfi12fibpJ!: 

BwfilJ.wuunpJwfi uwfil}q_wlJ. umwfiwtm hwliwp hwpliwp t oqmlJ.ht 
l.}lnp6fiwqwfi L.. pqwJ]lfi (hnqbpwfiwqwfi) hwliwqwpqbp]l li]12L.. hwpwpbpm
pJmfifibpp hwliwUjwmwu]uwfimpJWfi UjWUlpwump wIJ.Jntuwqfibp)lg: 

Urynwwlj 2.2 
BwfilJ.wtlnupJwfi uwfi1111wti.P qpw umwfiqwpm Cizmlifibpp WILJntuwlJ. 

Bwfibw1hnunmfi u1mufilm awfibw1hms1wfi uwfinnwljji(i 

Cwmtwll 1.00 ... 0 80 
Lwl[ 0.80 ... 0,63 
Pwl[wpwp 0.63 ... 0,37 
'-lwm 0,37 ... 0,20 
Cwm uwm 0 20 ... 0,00 

Bwfiqwt}lntpJwfi ~wl}lwqmplJ. uwfi1111wti.P 6L..wl}ln]uqwb" uwufiwq}t wp
dwqwfipfibpp wpc.tbpfibpJ! wp.mwhwJmlJ.mli bfi du {u = 1,2,. .. ,n) -)1 lil12ngnq L. 

wfiqwfimli liwufiwqp gwfiqwt}lntpJmfi (desirable - :ppwliuliplili gwliljwljzm
PJnlQ): 

Bwfiqwt}lntpJWfi uwfil}llwqfi mfi]l 0-)lg u)lfi~L.. 1 up2wl.J.ww: <llw11q t np 
1 ~du ~ 0 uwbliwfifibpmli 0,63 L.. 0,37 libbntpJntfifibpp J!CiuipntpJntfiJ! pw-

gwwptl_mli t hwzqwpqliwfi hwpliwpntpJwlip. 0,63 :=::{•-·;), 0,37"";: 

du = 0,3 7 wpc.tbpJ! unqnpwpwp hwliwUjwmwu]uwfimu t pntJtWmpbI.]1 w11-

c.tbpfibp]l uwhliwfipfi: 
UIJ.Jmuwqmli pqbpJ! hwliwUjwmwu]uwfimli bfi mpqwo hwqwuwpliwfi 

d = e-c-y gwfiqwt}lntpjwfi :timfilJ.gpwjp up pwfip pfimpwqpp~ lJ.bmbppfi: 
tmnpJlllfiwmwJ)lfi wnwfigpfibp]l lfpw mbqwqpmli bfi gwfilJ.wt}lntpJwfi 

d(O ... l) L.. y wpdwqwfipfibp)l wpc.tbpfibpJ! UjWJUwfiwqwfi liwuzmwpfibpnq: 

~wzqwpljJl ul.J.qpnui ,,O" - Ci wpug)lufibp]l wnwfig12]1 qpw {!fimpqmu t ,,y" 
gwfiqwt}lntpJwfi hwliwUjwmwu]uwfi d = 0,37 wpc.thnJ!: S4Jw1 lJ.bui)l J!fiuipnt
JlJiltfiJ! qWUjqWC>" t qnpp ZP2UWfi qbm)l hbUl (fiq.22): VntjfiJ! qwpbtli t WUht 
fiwu d = 0,63 - )lfi hwUWUjWUlWU)uwfi qbm)l uwu)lfi: lijU qnp]l J!CiUlpntpjntfiJ! 

W hwuwpqmu u)lwlJ. hfiwpwqnpJ!: ~bmwupppp t. np qnp)l «qqwJfintpJntfiJ!» 
WJI} hwmqwcmtu pwqwqwfipfi gwbp t pwfi u)12)1Ci qnmnuI: 
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d 
1.0 

0.80 

0.83 

0.37 

0.20 

. I 
I I 

. I I I .. . I I I .. 
· I I 

-4 -2 0 2 4 6 
L,q. 2.2. BwfiqwUimpJwfi !llmfiqg]lw: 

r 

QpnJpfi hwpwpbpwpwp y'wnwfigpp lfpw mtu\wl}Pqwb- bfi wpdw

qwfinfitpp qDJ}wqnpqwb- wpc.tbpfibpJ! (-6 ... +6): 
liJu qnppg oqwlJ.b1lm qbppz]umu bfi umpJblJ.mpq qnpbnfifibpJ!: <I>np6w

pw111! wp6wqwfipfibp)l pwgwp6wl.J. UbcmtpjntfifibpJ! 1.J.wpnq t Cizbt I!UUl 1111 
gwfilJ.ntpJwfi. op]lfiwl.J.' hmtJi 50% l}lzpntU{! 1.J.wpnq t hwliwplJ.bt «qbpwqwfig» 
L.. Cizl{ll +l lJ.bmp linm L.., J!frl}hwqwnwqfi, «qwm» 45%-pg gwbp 11tuwmu, hw
liwUjwmwu]uwfibgfibtml 2.2 WILJntuwqp m4Jwtfibp)l hbm: Uml_n11wpwp, 
gwfiqwt}lmpJwfi lJ.npJ! oqwwqnpbmu bfi npUjbu finlinqpwli. uwfr]l np WJfi 
hbzw t J!filJ.w1qmli: lllpwqmplJ.wJmU hwow]u WJU hwuwpwl.J. dL..J! ll1P4 pwqw
pwp t. uwqwJfi hwow]u tt gwfilJ.wt}lntpJwfi qpw:ti)llJ.wlJ.wCi npnzmliJ! wfipw
qwpwp t, pwfi)l np fipW ozmntpJntfiJ! 1.J.w)uqwb t y UWfil}IlWljJl l})lPl!)lg: liJl}
ui)lu)l qbUJPbpntU wfihpwc.tbzm t aj11ib1 gwCilJ.wt}lntpJwfi npnzuwfi wfiwtliml11.J. 
bqwfiwl.J.l1fi: 

Uwuliw{Jh wpdwqwliplilip,11 Lr wpdwqwliuliliaft uwuliw[/ft !/Jmliltqhw
lili{lh dlrw1/mfumulitmp: 

lJwufiwljJl wp6wqwfipfibpp hwuwp uwhUwfiwl}lwlJ.mlifibpJ! qwpnq bfi 
tlifibt li]lwlJ.llIJ.UWfi]l (Yu ~ Y mox lJ.wli Yu ~ Y min ) L.. bplJ.lJ.nqliwfip 

( Y min ~Yu ~ Y max ), 

{
o, bpb y u < y min } 

muwp : 
1, bpb Yu .<!; Y min 

'1-wuwqwpqntUJ! qwmwptl_bt t J!UUl Ymin fibpppfi uwhliwfip (fil.J.. 2.3): 
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"Uqwp 2.3-mu fihplJ.wjwglJ.wb t u}lwlJ.Illl.UWfi}l uwhUwfiwip.wqlj_wb 
hwmqwU}lzUhp}l gwfiqwJ]unpJwfi :}>mfiqg}lwfi: U}twqnquwfil1 uwhUwfiwip.w
qmufihp}lfi hfrpwqw hwmqwfi}l2fihp}l plJ.}lfi hfi UIWmwqwfimu fiJmphp.p npw
qp pwquwp}lt{ pfimpwqphp' 2hpuwlJ.wJmfintpJntUJ!, wup1npJmfiJ!, hwplj_wbw
J}lfi uwbmg}lqmpjlllfiJ!, gpmUll)}luwgqmfimpjmfiJ!, wnwoqwqwfimpjwfi un
IplllI!, hwpwphpwqwCi hpqwp.wgmiIJ! L. wnfi: Uju pntnp}l hwuwp uwhUwfiw
ip.wqmu lJ.wPilll. t hwfiq}luwfiwt Yu ~ Ymin, lJ.wphtP- t fihplJ.wjwgfiht fiwL. 

Yu so; Ymin u}lwltilll.ilwCi}l uwhUwCiwip.wqlJ.wo hwml[wfi}l2lihp: BwCil[wuun

JlJWli :}>mlilJ.gltwJ}l hplJ.lJ.Illl.uwfi}l uwhUwfiwtliwlJ.mulihpnlJ. qhuwhp wlJ.htP- pp~ 
hli hwliq}lUintU, pwli u}lwlJ.Illl.ilwfi}l uwhUwfiwip.wqmufihpnlJ. qhuwhpJ!, L. 
Cipwfip wpdwqwliplihp}l qfiwhwmuwfi mhuwqhm}lg wlJ.htP- pwpll hfi: 
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d = {O hpb Yu < Y min ht Yu > Y max} 
u 1 hph Ymm ~Yu~ Ymnx 

Cl 1.0 d ·--·----t·--·--·--
O.IO 

o.a. 

0.37 

0.2 

tua w" · · 

·~-·-+·-· ·-·~ 

-1 

y 

·-·-·_J 
~. 
nMcntU I 

·-·-·-·--1 
··-·-·-·-1 
i 0 

1 2 

y 
"UIJ.. 2.3 U]lwltnquwlip uwhllwliwl.JlwlJ.!lwlt hwmltmpJmlilibpp 

gwliltwtJimpJwli ~mlilJ.gpwfihpJ! 

2. 1.5 8wtiljwtftnzp1wti ptiI]hwtipwgl/w'7.]Jmtiljgftwti 

bph J!limplj_wo hli gwlilJ.wtP-mJlJWli uwfillllWlJ.J! L. gwfilJ.wllunpJwfi 
uwufiwqp :}>mfilJ.gltwJmiI dL.wip.nJ:uuwfi uwufiwq}l wpdwqwfipfihpJ!, qwphtP- t 
Y.wnmght J!Ciqhlllfipwglj_wb gmgwu}l21!' D: Cfiqhwfipwglj_wb gmgwfi}l2fihp}lfi 
WJI}UIPUP wfilj_wfimu t mplJ.ht ~wp}lfiqmnfip lJ.DIJ.iipg. 

1.0 

0.8 

0.83 

0.5 

0.37 

0.2 

0 

d. 

·1 0 1 

.J 
j 
3 y· 

v... v... y 
ult. 2.4 bpltlJ.nquwlip uwhUwliwl.JlwlJ.!lwlt hwmlJ.mpjmlilibpp 

gwlilJ.wtJimpJwli !l>mlilJ.gpwlihpf!; 

(2.7.) 

liJumh11 gwfilJ.wtltmpJwfi J!Uqhwfipwgt{wo :}>mfiqg}lwfi mplj_wa t np
Uihu uwufiwlJ.11 gwfilJ.wtP-ntpjwfi u}l2}lfi h11lJ.pw~WtPU1lJ.wfi: oph UIWpwuhmp}l 
hwuwu111}1 uh2 umfinq phqmq L. uhq uwufiwqp. wpdwqwfi,p w pwlJ.wpwp1uu 
fihplJ.wJwglJ.nq UIWhwfi2fihppfi, WUIW, nppwli tt twlJ. tP-lihfi UJntU hwmqwlipz
fih11J!, opJhlJ.ml! w qwphtP- J!Um fi2wfiwqmpJwfi. oqmwqnpaht: P11wqwfimu, 
hph qnfih uhq uwufiwqp gwfilJ.wtltmpjmfi' du = 0. WUIW J!fiqhwfi11wglj_w() 

:j>mfiqg}lwfi' D = 0, UJlllU qnqu}lg' D =I, hph pntnp d" = l(u = 1,2 ... n) WJU

Uihu, hph d1,d 2 , .. .,d 0 =0,63, WUIW D=0,63 L. hph d1.d2 , •• .,d
0 

=0,37, WUIW 

D = 0,37 WJtfi: 
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8wul}wtluupjw6 nuqhwupwgqwb !p:nul}gpwJp uh2 qwpnq b(i umfiht 
wubuwJ!wquwqwu uwu6wtiP wpowqw6pubp' mbfu6ntmll1wl}w6. mhfuu}lqw
mumbuwqwu, m6mhuwqw6, tupbmpl}wl}w6 L. WJt6: 

UJq !l>nt6l}gpwu hwuwpqmu t hbmwqnutqllll opJbl}mp upwpahp , 1!Ul}
hwmm6. pwuwqwl}wl}wu L. m6pqbpuwt gmgw6pz: t;q bph qpwu tt wqbtwg
Cibup WJ!iutltul1 hwml}mpJmfifibp, p!iiutltu}ll> b6 fimJfiwqwumpJntUI!, w1lllJm
uwqbmmpJmun L. qp<lwqwqpwqwu qqWJW\tWuntpjntUI!, WUJ.W UJ.Wpq t I}Wil
UntU, n11 WJli l}wpbUi t oqmwqnpitht npUJ.bu OUJ.utpliwtwguw(i iWlltwCi}lz: 

2.2 q.npbnfiGbp 

2.2.1. Q.np0nOObpft npn2mlif! 

~bmwqnmuwu oJ!Jhl}mp oUJ.mpliwtwguwu UJ.Wpwubmpbpp numpnt
u}lg hhmn J11tmwpqbup mumuuwu}lp4.11IJ. qnpb'[!fipwg}l ttPw wqJPlll qnpbnuub
PP hwuwfuntlIJ!I!: 

q.np<tnu t ltniqntu oUJ.m}luwtwguwu UJ.Wpwuhmp}l tlPw wqlJilll wu
tiwfu. l.}lnl.}lnfuwttwu ubitntpJmun: 

q.npetnuubpi! iWlPqDJl UhCtntpjntUubp bu L. hWUWpqmu bu Ulpqwet, bpb 
wuqwuuw(i hbm upwupu uzqwb t uwL. :qpwug npnzuwu utl1pntjpl!' pnp1p w11-
cthpubpp hwuwfumupn: ~wul}wuww t. np qnp<tnup wpctbpuhpp WJu hwuw
funtlIJ!I!· npl! oqmwqnpbqmu t q.npdbpmu hwuwpqmu t npnzuwu m}ipntJPl! 
l}wqunq wpctbp6bpp pwqwupJwu hupwpwqumpJm!i: Q.npbnuuhp}l n1mzuw6 
m}l}llltJPI! qwpnq t Uiubt w6nuqut2 t.. l!fil}hwmm6: Ubp 411IJ.lipg pfifiwpqmu
fibpmu l!fimpqnuI bu qnpbn6Cihpp l!fil}hwmmfi m}lpntJpCihp: 

q.npitnfi6bpl! J!Wdwfiqmu bfi J;!Wfiwqwl}wfi l.t npwl}wqwu fuuphpp: 
c+npb'nfit! npwqwqwu t , hpb hwuhUwmqmu b(i bpqnt hqwfiwl}6bp, bpqm ut
pbfiw(ibp, mbfu6ntnqpwubp, n}lll6g quwhwuuiwfi hwuwp qwquqmu bfi UJ.WJ
uwfiwqwfi uwfiIPlwl}6bp: 

2.2.2 . . Q.ftmwl/mpdbpft u;1wDwl/nptfwO clwuwOwlj 
lJilp0nOOlipftO Olipqw;wgl/11IJ u;whwOpObpf! 

Unw2p6 hhpppfi qnpbn66bpl! UJ.bmp t Uifih(i qwnwqwpbUi. WJup6pfi 
i!Uutphtntl qnpbn(ip wuhpwcthzm wpcthp , WJ6 WUJ!Ill\2 lltnpdp l!U}}Wgpmu l}w
phtli t UJ.WhUJ.w6ht hwumwum1u: Uw tt hbfig «wl}mpq» qpmwt}lnpdh11p 
puwutn6 t : Opp6wl}' wpmwppfi u}l2wtlwJpp 2bpuwum].inw6J! w!i\twnwqw
phlli t. WJil UJ.wmownnit WJ6 tl1 umgqmu qnpetnuuhp}l gwutiti ut2: ~np<tnuJ.i 
Opzm npnzuw(i hwuwp wuhpwahzm t uzbt qnpbrutntpjntllfihpp WJU hw2np-
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qwqwumpJnt!il!. npnug u}l2ngnq hwumwmqmu bu fipw qnuqpbm wpabpuhpJ! 
(uw\tWPJlW\t!ihpl!): q.npb'nup WJUlajlUp npnzntUt! qn2_qntu t qnp()runhw: UJU
UJ.bU, bpb pu2_-ll}l up UW}ll}IllU ouzntUI! qnpbn(i t hwuwpqntU, WUJ.W w6hpw
cthzm t CizhL pb n'p l}bmmu L. p'!ii uwppp up2ngnq t WJU 2.Wlltqmu: c+npbumb
uuupJw!i npnzuw(i hhut b(i l}WUJ.qWCt qnpbn(ip 2_WlP11IJ.Wl}W!intpJWU l!filillUll
pjntUI! L. upw qpwuguwu ozmmpJntfil!: c+np<tn6ub111! UJ.b~ t wutu upwp
ctbp : t;pb qnpitn!il! pwJ111 t (l}wfuqwet t WJt qnpbn66bppg). WUJ.W w6hpw
cthzm t WJfi (ibp\tWJWgfibt hWUWpWl}, Upwpdbp qnp@(i(ibpnq: .Pwpq qnpbn
Ul! 6hpqwjwgqmu t qnpbpp mwpJ!bp mwppbpwq6bpnq L. Jritpwpw6~mp l}np 
qp.mwpqqmu t wnw6op6, npUJ.bu qnpb'n6p uwl}wJ.lllwlt: q.npbnfil! UJ.hmp t Ui
up upwpabp L. qwnwqwpblli: 

2.2.3. Q.np0nOObpjJ hwuw]uupftO Obpljw)wgl/11IJ 
u;whwOpObpf! 

c+pmwl.}lnpobp}l UJ.tw!iwqnpuwu <twuwuwq unqnpwpwp J!ntnp qn11-
etn66bpn iWlltqmu b(i upwctwuwCiwl}: UJq mbuwl}bmpg zwm qwpLnp t 6}lzm 
dL.wl}bpUJ.bt qnpetn66bpp hwuwfuuppCi 6bpl}wJW94.11IJ. UJ.whwu2Cihpl!: llnw-
2pun (ipw6g hwuwmbJtbllintpJWU UJ.WhWU26 t. Il}ll! Cizwuwl}mu t. np llJ1WU9 
pntnp qnupp6wgpw6bpn UJ.bmp t ttiubu ppwqnpitblli L. wfiqmw6q: c+n11bnfi
fibpp wfihwuwmbqbtlimpJntCil! l}wpuq t ul}wmqbt upwfig npnzuw6 m}1pntJPP 
uwhUwfi6hpntu, nppg funmwq.mu h6 npnzuw6 mppntJPI! lltnppwg6htn4.: 

Cwm l}wpLnp t. np qnpbn66bpl! tti6h6 wCiqwfu, WJUpCip6 UJmu qnp
bn66hpp uwqwpqwqpg wuqwfu, gw6qwgwet w11cthpmu huwpwqnp i}lfip 

npnzbt qnpbnfin: 
t;pqpnpq UJ.WhWfi21! qnpbnfi(ihpp up2L. hwuwhwpwphpwqgntpJWfi 

pwgwl}Wjntpjnt66 t , UW\tWJU I}W W J!WQUlillltU qnpetnfi(ibpp wpcthpfihpp lil1-
2L. bqwet \tWUJ.1!'. Pwqwpwp t np \tWUJ.1! tliCi}l Ili qCtwjpCi: 

2.3. lfnqb\ll J!GmpntpJmGn 

lfnqbt wubtnll hwuqwumu bup wpowqw6pubpp !l>m6\tg}lwJp mbunl!: 
y = <J>(XpX

2
, ••• ,xk) !l>ntfil}gpw(i qnp(tn(i(ibpp wpowqw(ipubpp unqbtCi 

t : 
~m(iqgpwjp mhupp J!Utnpntpjnt!ipg hbutn UUntU t WJU hwqwuwpuw(i 

qnp()ruqpguhp}l pqwJp!i wpctbpubpp qCiwhwmuwfi hwuwp l.lllwuwt1.n11bt L. 
ppwqw6wg!ibt qpmwt}lnpdbp: 

y = cp(x" x
2

) !l>ntCiqg}lWJp bpqpwiwt}lwqw(i UnqhU! !ih11l}WJWgqmU t 

wpdwqwupubpp uwqbpltntjpntl. (ul}. 2.5): 
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3mpwpwCil.Jntp qnpc)nfi ntfiJ1 Cil{w w 
Cibp, WJJl tn}lpntjpnui qnpbnfil! lltmpn}ul{n~ t~LJ~ L wnwl{btwqntJCi w11ctb12-
lillltCi tibpUJ.nq: '+npbnCiCibp}l hwuwtn b w wCil!CiIJhwtn, qwu J!Uqhw
I}Jlwfig wpctbpfibpp uwhuwfifibpnq ti1:! ~~~J~Ci qbuwmu hwppmpJwCi tlltw 
Cibpwuu f!Citiwa titmbpl! hwtiwUJ.wtnw~· Ci 

0 
nbpnCi zwIUt DUJ.IJ.wCil{Jmfi. np}l 

tiDLJlJWfil!: iuW nt «uL wptiIJ..lt» 1.4wpntCiw-

Outm}luwiwgliwCi UJ.Wpwubtnph ctb h 
hwfi2tl.mli t L.u ub'· '•nnnnh(i Ci 1

• wp PP cu1wfiguwfi hwuwp U!W-
't 't J~.u· Wtnwtiw wnwfigp· UJu qb u 

pp uwtibpbUJ! timfibfiw hbtnLJWl tnbupl! (Citi 2 S)· u Ci uwm wp&wqwfipfib
nntgiJnui bli wp&wqwfipCibpp u tib Ln · · · J tnwpwb"pJ!, nptnbq tiw
pntJpfibp: '+npanfiwJpfi tnppnt ~ !~CibpJ! tinltl.mtI bfi qn11anfiwJpli tnp
libp}l pwfiwltlig : f:Jpb12pg wiJbJi ~panfifi~iwfibntpJntCiJ! tiwltniwcr t qnpbnfi
tibpLntJJlJ! qcttlwp t gmgwqpw w fib p q uwmu wp&wqwfipfibpp uw
tl.bt U}lWJCi Cipiufig wfiw1Ptnh1. !: P hpl{wJwglibi, wCihpwctbztn t pwtiwpwJl-

~ b . ,1 l''t ptnw Wjtnlllj}Jntfifibpnt{: 
Wtn tn't wp&wqwfipfibp}l uwtibpLn fib hn 

JlJntliCibpnl{ (Gti. 2.5), utnwlimu bCi h ,, LJp Pl! pJ1qnfiwtiwfi hwp}lnt-
. 12 w'twuwp w11<\wqwfipfibpp qbbpl!: 

y 

l,,q. 2.5. Updwqwfi~lihpfl liwqbpl.ntJpf!: 

Uq..J~U:~fip Mbtib~I! IItPCi}I OUJ.Ul}lliwt. npfi ti hbfig lltCimptinui t· 
uu i• ~UJ. u 'twtnwpbt tlmp&b b . 

qmfibCip UjWpwubmpp otqm}llintU{!: PI!. npui uqp Cit{wqwqntJfi bwltJubpntl. 

q..lljntpjntfi ntfibfi OUJ.Ul}lUWtWQUWCi U}l 
ilmu t npnzwtUi Ptlbpnt{ }lpwt1Ji6w fib pwfi}l bitwfiwtifibp: ltwmw11_ 
Cipwfigmu npnztlmu wp<\wqwlipfib ti i!:}1 ll!Wmwhwtiwfi (!fimpnt}lJntCi L. 
Cipwfig ub2 tiwu fipwCig umnpti: PI!· LUWtnq, np OU{tnpUntU(! tiqmCitlJt 

£wpnpn tfbgl11j. tiwqut{mu t uwpbUwtnJiti ti 
PJWUp tiwfifuwqntzwtitimu wp&wqwfipfibph w ctwb fiwbfi UI1Jlbt L. Cipw oqfim-

1· P P ·PI! WJfi ppwtlJtowtifib-

70 

pmu, npnCip t}mp<\fiwtiwfinpbfi lbfi mumuliwuppt{bt: UJuU1Pup utnpwmbqpwfi 
hwfiqbgfinui t pWJLWJpCi uqqpmfip}lfi: 

x. 
'11.J.. 2.6 ..!,wppmpJwli tlftw wpdwqwfin!ibpp liwlJ.bpl..n1Jpfl 

hwmmJpfibpp uuinJblJ.gpwfibp1r 

.ilw11wtftli ulµJpmlip: Cfiqmfintu bfi, np wp&wqwfipp dwqbpLntJPI! wfi
l!fiilub2 t. hwpp la. fipwfinui qw U}lWJfi ubti OUJ.UlpUntU: 

'buwCi qwfiiuwilPJ1tJpCibpJ! hfiwpwtl.npmpJmfi bfi tnwUiu mumufiwu
Cipptl.llll :}>mCitigpwCi fibptiw1wgfibt qnpbnfiwJ}lfi tnpJUltJPP gwlitiwgwcr hfiw
pwtl.np titmp untnwtiwn1mu, wumpowfiwtiwfi zwppp tnbupnq: lpCimu bfi 
qbUjpbp, bpp uwtibpLntjpJ! mfip Up pwfip OUJ.tnpumu, npnlip hwuwpctbp lbfi: 
Qfiqmfibtntl. np tiwfiiuWJllllltJpfibpl! ppwqnp~mu bfi, IufiqpPf! tntbtl.mU t hb
tnli.JWL tibpUJ.: :tiuwfiwtntl. OUJ.tnpUWLWQUWCi UJ.Wpwubtnplt wpctbp(! qnpc)nfiw
Jpfi tnppntjpp Up pwfi}l hwpL.wfi tibmbpntU, tiwPDil bfip bfipWI}Jlbt. pb pfi~ W}l
ctb12Cibp tiwpbtli t UUJ.wubt UJDLU hwpL.wfi tibuibpmu: ~bmLwpwp, tiwphi)l t 
qtnfibt wJCiutltup tibmbp. npnCigmu WUJ.whnt{qmu t UJ.Wpwubmphp}l wpctbp}l 
wnw\J.btwqotJCi w6: "lwpq t. np hui2npq iltnp<\bp(! UJ.bUlp t qwtnwptlbfi WJil 
qbtnbpp DUlllDLPJWUp: 'l-pwfipg hbtnn, UJ.Wpqbtntl Cinp tntlJwtfibp, t}mp&bpf! 
PWJL lWl l}WJL 6ztnqntd bfi WJUIJWU ctwuwfiwti, upCilL. tlt qmCil{mu 01.4tnpUntdf! 
(Ciq. 2.7) ' 

'bq. 2.7-nuI uiwmqbptJ.wb t fimJfi ouim}lumup npnfiliwCi bptim bqw
Ciwti: luw~bpnq Lizqwb' bCi tlmp<\p UJ.WJUwfifibpl!: Unw2Iifi1! tin~t{mu t '+wnw
Qwjqbtli ubpnq. bpp ubti qnpbnfi{! pDIJ.Cibtntl wfiquutm:tu, OJDLU{! hw2npqw
pwp qmtfm}uqmu t: UJCinthbmL. qtnfimtI L. !l>}lpumu bfi twtJ.wqntJCi wpctbpf!: 
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l:TpljpnPJl uiwppbpwltJ.i chuuwfiwlJ. ulJ.qpmu mumufiwuppi.J.mu t uwufiwltJ.i uip
pntJJll! npnzi.J.mu t hwpuwp up nu1.11wfilJ.Jmfi, L. t}lnp6bpl! 1.J.wwwpi.J.mu bfi WJI} 
DlllIJ.lllJlJWUp: ..ewJtWJpfi UbJllll}l! wnwi.J.bt WPll.Jmfiwi.J.bw t filJ.. 2.6 p-mu UJ.WUl-
1.J.bpi.J.wcr wwppbpwlJ.fibpp qtuwmu: 

x, 
x, 

0 x. 
"l..J\1.. 2.7. OU{tnltumuii npnliuwli bplJ.m bqwliwlJ.: 
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2.3. J. UiJIJbdi pfitnpnlpJDLUf! wnwpftO ljmpdbpft hwtfwp 

f!wquwqwfi Uru}btfibppg ubql! l!fiUlpbijm wfihpwctbzw t llzmbt unqbijlfi 
fibplJ.WJWQlJ.Illl UJ.~hwfi2fibpl!: 

fhumufiwuppi.J.Illl linqbijl filJ.wwuwup qtluwi.J.np UJ.Whwfi2l! 1Jinp6bpp 
hbuiwqw DlllIJ.lJ.wbntpJwfi lJ.wfi)uwqmzwlJ.uU1fi mfiwlJ.mpJmfifi t: Q.mzwlJ.liwfi 
llzwmpJntfil! pntnp hfiwpwi.J.np lllIJ.IJ.lllJlJmfifibpni.J. UJ.bUlp t ijlfip upwwbuwlJ.: 
'1-w !izwfiwqmu t, np unqbiP oqfimpJwlip wp<\wqwfipfibpp wpctbpfibpp qm
zwqmufibpl! up pwfip bfipwntnpwfibpntU lUJ.bmp t uiwppbpi.J.bfi fiw)uwUJ.bU 
wpi.J.wcr i.pwuwwgp ubcrlllJlJlllfifibppg: 

liJU 1.J.wu WJfi fiuwfiwWpUJ. UJ.Whwfi2fibppfi pwi.J.wpwpnq Ufll}hlJ! lJ.112-
i.J.mU t fimJfiwqwfi: ~bwwqwJmU iinqbiP fimJfiwlJ.wfimJlJllllif! UJ.bmp t uuim
qti: lJnqhtfibpp J!fimpnipJwfi ctwuwfiwlJ. wfihpwctbzui t 1.J.wfiq wnfibt hwuw
pwltJ.i i.J.pw: liJuUJ.Puni.J. bplJ.m qnpanfifibpp qbUJ.PmU 1.J.wpbijl t {!fimpbt hb
uiL.JWL pwquwfiqwufibppg ublJ.f!. qpnJmqwfi wuuipllwfip pwquwfiqwu' 
y = h0 , wnw2pfi wuwpllwfip y = h0 + h1x1 + h2x2, bplJ.npq wuwpllwfip 

y =ho+ h1X1 + hzX2 + h12X1X2 + h11X: + hz2Xi, bppnPJl wuuipllwfip' 

y =ho+ h1X1 + hzX2 + h12X1X2 + hllx~ + hz2Xi + h112X~X2 + h122X1Xi + h111X: + 

+ h222X~: 

2.3.2 . .PwqtfwOl)wtf Unl)b[Obp 

Qfiqmfibfip, np wfihWJW :t>mfiqgpwfi wpwwhwJmi.J.wcr t pwquwliqw
uni.J.: ~mpg t wnw2wfimu. wnw2pfi pwJLnlJ. p'"fi~ wuwpllwlip pwquwliqwu 
l!fiwpbfip: <l>np6bpf! 1.J.wwwpi.J.mu bfi pwquwfiqwup qnpawqpgfibpp pi.J.wJlili 
wpctbplibpp npnzuwfi hwuwp: "lbwp t qmlibt WJliUJ.Pul1 pwquwfiqwu. npJ! 
lJ.UJ.wpniliwqp pp~ pi.J.ntl qnpawqpglibp. uwlJ.wJU lJ.pwi.J.wpwpp unqbtfibppli 
libplJ.wJwgi.J.Illl UJ.Whwfi2fitppfi: Ulihpwctbzm t, np unqblJ! JllllJL mw quifibtm 
OUJ.UlPUWLWQUWfi UJ.Wpwubwpp wubfiwwpwq pwpbtwi.J.liw(i lllllIJ.lllJlJlllfilib
Pl!: liJuUJ.Pup mIJ.}lli 1.J.n~i.J.mu t zwpctmu qpWJ}ltbfiwp lllIJ.IJ.lllJlJWUp: Q.pwql1bli
uip flutP fizwfiwlJ.mu t OUJ.lllpUWtWQUWli UJ.Wpwubmpf! npnzbt wnwi.J.bt 1.J.wpl'.i 
llwfiwUJ.wphni.J.: ~W2Dllll )ufiajlp(i Wjli t, pb lJ.wpbJ.li"' t, WPll.Jllp, WJI} liUJ.WlflW
qp hwuwp oqwi.J.bt wnw2pfi 1.J.wpqp pwquwfiqwupg: liJU mbuwlJ.bmpg wlih
pwctbzw t qnpanfiwJpfi ntnpmmu bfipwntnpml! l!limpbt WJliUJ.bu, np qcrwJpli 
Ulll}blJ! tltfip fimJfiwlJ.wfi: 

Q.njlllJlJlllfi mfip gwfilJ.wgwc} 1.J.bmp WJliUJ.Pup ZP2WlJ.WJp, llplllU qaw
Jp(i unqblJ! limJfiwlJ.wfi t (limJliwlJ.wfimpJntfil! ummqi.J.mu t i.pnp6bpp w11-
11Jmlipfibpni.J.): "UzwfiwlJ.mu t, ulJ.qpniu {!fimpbtntl lJ.wuwJwlJ.wli bfipwmppntJJl, 
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qmfinui bfi fipw UJ.whwfi2qnq i_wljJ.bp{! lt hbmwqwJnul 1wp<fllnul qpwIJ]ibfi
Ulllq: 

4.ws>nJIIl $m1nul qb"wJ)lfi Un.qblJ! UJ.buip t $fimpb1 mp)l2 bfipwm}1pn1J
pnui: B)lltm ltPl.tfiqmu t WJfipwfi, np hbppwqwfi 1wpdntill! qi1wIJ]ibfimnq 
UJ.Wpq qwpafi)l UJ.wpwubmpp 0UJ.uipuw1 wpdbp)l mppntJPI!: 'UuwCi m)lpntJPI! 
lj_ni_qnuI t «qpbpb wCiijJ.nijJ.nJ:u»: liJUUlbq qO-WJpfi U:nqbll! WJtltu UJ.bmp i_t: Ufi
hnpw<fb2m t wfigfibt wqbJ.ll pwpdp qwpq]l pwquwfiqwup: 

bppbUfi i.qwhwfi2qmu t )lfiuibpUJ.nuwg}mfi unqbJ.ll qwnmgmu. bpp i.P 
hbmwppppn1u OUJ.uipumli{!: '1lwhwfi2qmu t wfihpwdbzm 02mmp1wup qm2w
ltb1 fiwJ:uwUJ.bu mpqwb u)l pwfi)l m)lpntJpfibp)l pn1np qbmbp)l wpdbpfibpu: 
'UntJfi qwpqnq wum}u'iwfiwpw11 wqb1wgfimu bfi pwquwfiqwu)11.tw11qJ! w1fi
pwfi. u)lfii_lt np unqbll! qwnCiw CintJfiwqwfi: 

2.4. Dpwqnpanli qpmwl):mp<\hp 

U}lwqnpbnfi y = f(x) ,\>mfiqg)1w1)1 qwquwqnpuwfi lt q)lmwijJ.npofiw-
1.twfi DlUntUfiWU}lpntpJWfi fiUJ.WUlWl{nq qWUlWpqntU bfi y UbOfitpJWfi pwquw-
1.t)l i_wl}m1ufibp x qnpOnfi)l mwppbp wpdbpfibp)lfi hwuwUJ.wmwu):uwfi Umwg
qwb wpdbpfibp{! fibpltwJwgfimu bfi Jifii.UJ.bu WllJmuwlt)l (wq. 2.3), WJfiUJ.bu t1 
qpw,\>)11.tP (fiq. 2.8) mbupnq: 

l'llwmwhwqwfi uJ:uw1fibp)19 J:umuwijJ.b1m fiUJ.wmwqnq gwfi1.twt11 t q]l
mwqmpdbp)l Jntpwpwfiump mwppbpwlt ltPl.tfibt wnfiqwqfi bpqm wfiqwu: 
l!wu1twbbJ.ll 2bqqwb wpdbpfibp)l qbuwmu wfihpwdb2m t qwmwpbt uu11u
qn1u (§ 1.6): 

Unw2wqpqwb ):ufiqp)l 1mbliwfi fiUJ.WUlWlJ.1! libltfi t' hWUUlWUlbt y = f(x) 
ltwJ:uqwbntpJwfi uifiwJ.llm)llt qWUJ.I!: 

lJiynww lj 2.3 
btwltbmwJ}lfi mtl.Jwtfibp}l wllJmuwq 

x 
y Yo 

lufiqp)l )lpwguwfi q<fllwpntpJntfifi WJfi t. np ijJ.npdfiwqwfi WPllJntfipfih-
11}1 (i_wljJ.mufibp}l) UJ.wmwhwqwfi uJ:uwtfibp{! (q]lmwijJ.npdbpn1u «wqumlJ11» 
wnltwJntpJntfi{!) wfimpwuwpwfiwltwfi bfi qwpdfimu WJfiUJ.}lu}1 pwfiwdlt}l 
[lfiUlpnlpJlllfi{!. llPI! n2mntpJWUp qfibpltWJwgfibp y-}1 ijJ.npdfiwqwfi tnwppb
pwltfib11)l pninp wpdbpfibpn: liJt ltbPUJ. wuwb' fiuwfi qbuwbpntu ppwltwfi 
~mfiltg)lwJ)l ltnpn W. wfigfi)l pntnP ltbmbpnq (fiq. 2.8), mump lt hfiwpwqnpnL
PJWfi uwhtiwfifibpntu UJ.bmp t WJfi 1mltb1: fl.hwpqb, «wqU:mlJlm 1mqmul! 
wnwqbt nzqppm lt hmuwJ.ll ltJ.llfi]l, bpb }lpwltwfiwgqwb ijJ.npdbp'(! pwquw11w
fiwlt J.llfibfi: 
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y 

x 
uq. 2.8. y = f(x) :Pmfiqfmfiwt lJ.wtm[wbntJ)JWU qpw:f>J:ilJ.: 

liJUUJ.bu, op)lfiwlt' y ax+ b ,\>mfiltgl:twJ}l hwuwp pwqwpwp t (xi, y1) h 
(x2, Y2) bpqm ltbm. bpb WJI} bpltm qbmbpn 02qpI1m hw1mfi}l bfi: U]lwqnpbnfi 
qw)uqwbntpJWU dwtiwfiwq lt)lpwnqnq UD.flbtfibp)l pwquwqwfimpjmfi{! unqn
pwpwp um}li.qmu t IJ]iU:btm t4.lf-}1 oqfimpJWlit!: 

Ilpnfiqnq pwfiwdltt! qwpbJ.ll t {!fiutpb1 fibppnh)12JWL wpmwhwJmm
pJmfifibp)lg npltt ubqnq. 

y = a + bx; y a + bx + ex 2 ; y = a + b In x; 

b b 

Y a+-; y=abx; y=axb; y=aex; 
x 

c ax I 
y=a+bx+-;y=~-;y=~~; 

x x +b c+ ab' 

Y""aehx +c; y a+bsin(mx+<p) 

U WJtfi: 

(2.8.) 

liJL qbpUJ. wuwb' J:uliqp)11mOn11l[1 hwfiqbgqmu t (2.8) wpuiwhwJmm
PJWfi a. b, c ... UJ.Wpwubmpbp}l npnzuwfin. w1fi qbuwtpn1u. hpp mbuwqwCi bfi
pwqpntpJmfifibpnq qwu ijJ.npdfiwqwfi uitl.Jwtfibpnq (wfiwJ.llmlilt fibplJ.wJwg
uwCi U)WpqntpJWfi fiUJ.WUlWqnq} fiW):uWUJ.bU hWJUlfi)l t pwfiwdhl:t UlbUJ;!l!: 
'Uzqwb ,\>mfiltg}lnfiw1 qwJ:uqwOnLpJntfil! fihpltwJwgfibfip hhmhJWl mbupnq: 

y = f(x;a 0 ;a1 ; ... ;aJ (2.9.) 

llbpqwb ao, ai, ... , 11u UJ.wpwubmphpl! '(!Um ~mfiqgpwJ}l Yi. y2, .. .,yN 
ijJ.npdfiwqwfi wpdbpfibpp 6'}12m npn2bll! ni. ufl2m t hfiwpwq1111. pwfip np qbp-
2}1fifibpu qwpnq bfi ntfibliwt U)Wtnwhwqwfi uJ:uwtfibp: liJuuibq junUJ11! llltWJfi 
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}lpwqwfi UJ.wpwubmpbp}l «pwlJ.wlJ.wfipfi tWtl» qfiwhwmwqwfifibp}1 mnwg
uwli uwu]lli t: 

"UlJ.wqwqntjfi pwnwqmu}llibp}l ubpmm hfiwpwlJ.npntpjntli t mwum 
mnwliwt pntnp ao. ai. ... , a,, uiwpwubmpbp}l ubqlJ.wb u hliwpwlJ.Iip qliwhw
mwqwfilibp, bfipwqplJ.mu t. np ~mlilJ.g}lwJ}l Y1 , yz, .. ., YN wpctbplibpl! zwlfilJ.bt 
hli u}lujwlig}lg wlilJ.wtu: 

l>mliqg}lwj}l (Yi. Y2, .. . , YN) wpdbplibp]! u}lulimjli n2mmpJWUp zwtlib-
1m qbuwmu ao, ai. . .. , a,, UJ.Wpwuhmpbp[! npn2qmu hfi 

N 

S = L[yk ...: r(xk;a 0 ;a1; . .. ;a.)f (2.lO.) 
k=I 

UlWJUWliflg WjliUJ.bU, np S-l! J!UJ}ntlip wubliwqinpp wpctbp: 
hpb zwqimulibpfl WMJmlipmu umwglJ.bt bli mwppbp qpuUJ.b1m}lwlib11 

u hlllJUlli}l t wnwlid}lli iwlfimulibp}l JlPUUlbpupwlibpp hwpwpbpmpJntlil!, 
WUJ.W. 

N 

S = L[yk -f(xk;ao;a1; ... ;an)f rok, (2.11.) 
k=l 

n11mbq' rok wpmwqp}lm hwqwqwpd hwubUwmwqwli t qpuUJ.bpupwlibpflli: 

(2.12.) 

ao; a1; ... ; a,, UJ.Wpwpbubmpbp}l WJli wpdbplibpl!, npnlip ~mliqgpwjpli 
mwwu bli lllnwlJ.bt \}uq:!p wpctbp' s = s(ao;al; ... ;an)~ min' hwliqbgtJ.mu bli 

hwqwuwpn1ulibp}l hbmuJWL hwuwqwpq}l. 
OS OS OS 
-=0;-=0; ... ;-= 0: 
aao aal aa. 

q.bwJ}lli ~mliqg}lwJ}l qbuwmu hwqwuwpn1ulibp}l hwuwqwpq[! limJli
UJ.bu qawJ}lli t: "UqwqwqntJli pwnwqnm}llibpfl ubpnqnlJ. qbuJJ}lli :Jimliqg}lwJfl 
UlWpwpubmpbpfl npnliuwli ctwuwliwlJ. lilJ.wmfl blip mliblimu, np WJil qflali 

wliglimu t ( x, y) qbumq, np}l ltnJ1llltliwmlibp[! hwuwptJ.mu bli WJil qbmb11p 

qnnpqflliwmlibpfl u}l2flli wpdbpJ!. 

(2.13 .) 
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npmhr\ rok -fi twqnnulibpp Ju}.mli t : 
"Uuwfi qbuwmu npnlilJ.nq hwqwuwpmul! liUJ.wmwlJ.whlllpliwp t q11ht 

y-y = a(x - x) mbupnlJ.: 

U1umbq}lg a UJ.WpwubmpJ! npn2lJ.nui t 

xy-xy 
a= (-r pwliwdLnlJ., 

x 2 
- x 

(2.14.) 

npmtq· 

X=LX~Olk . xy=LXkykook: (2.15.) 
LOOk ' LOlk 

Pntnp twtlimulibpp limJli 62mmp.1wup (ook = 1) }lpwqwUwguwli qhUJ.
pmu umlllglJ.mu t. 

(2.16.) 

q.buJJ}lli dhwqmptumulibp}lg hbmn umwlimu blip 

(2.17.) 

Q.b'wJflli ~mliqg}lwJ}l UJ.lllpwubmpbpl! npn2qmu bli hbuiuJWl wpmw

hwJuimpJmlilibpnq. 

- - - h uv-uv 
x=x0 +hu, y=y0 +h1V1, a= 

1 ("-¥' 
h U2 - UJ 

(2.18) 

npuibq' u-}l u v-}l hwuwp u}l2flli wpdbplibpl! hw2t1.wplJ.lJ.mu ta (2.13) pwUw
ohbp}lli hwuwliuwli: 



2.4.1. bp/jpnJ111 ljwpqft :Pmfiljgftw1ft UJWpwtfbmpbpft 
npnfimtfp 

y = ax2 + bx + c pwnwqmuwJ}lCi :J.>mCiqgpwJ}l t11.wpwubm111! npnzqmu 
bu qawJ}lCi hwqwuwpntufibp}l hwuwqwpq}lg. 

N 

aS4 +bS3 +cS2 = LYkXkmk 
k=I 

. N 

aS3 +bS2 +cS1 = LYkxkmk 
k=l 
N 

aS2 + bS1 +cS0 = LYkffi< 
k=l 

N 

(2.19.) 

npmbq' Sm = ~:>rmk (m = 0,1,2,3,4 ~ mk - Ci (k = 1,2, ... , N) ~wtiimuCibp}l lJ.z}lnCi 
k=l 

t: Q.awJ}lfi 1.J.wJuqwantpJwCi (2.13) hwuwfiuwCi hwzqwpl.J.Cibpl! qwpbl:ti. t 
t11.wpqbgCib1 hwzqwpl.J.}l ul.J.qp}l L. uwuzmwp}l 1!Cimpuwup: 

UJu qblll.11nui 12wnwqmuwJ}lCi :J.>mCiqg}lwCi Cit11.wmwqwhwpuwp t qpbt 
hbmL.Jwt mbupnq. 

y=a(x-~J +b(x-~)+c, 
N 

L:xkmk 
npmbq' x = ~k=~~--

'L mk 
k=l 

(2.20.) 

l>mCilJ.g}lwJ}l (2.20) t11.wpwubmpbpf! gwCilJ.wiP t npnzbt hbmuJWl pw
Ciw6L.nq. 

(2.21.) 

npmbq' 
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Sm = f (xk - xf mk, (m = 0,2,4 ~ 
k=l 

- I N s2 
y=-Iykmk, D=S4 _-1.: 

So k=l So 
hpb pn1np ~wqmuHibpl! qwmwpqntU b(i UphCinljCi 6zmntpjWUp, Wlll.W 

C01 = ffi2 = ... = ffin = 1 uwuCiwqnpwt11.bu 
- I N - I N 

x=-L>k> y=-Ly.,So=N 
N k=I N k=l 

2.42. .Pwqtfwfil)wtfft UJWpwtfbmpbpft npnfimtfp 

y = ao + a1x + ... + a,,x0 pwquwfiqwli}l t11.wpwubmpbpl! mbuwqwCinpbCi 
qwpbtl1 t npnzbt qawJ}lCi hwqwuwpntuCibp}l hwuwqwpq}lg. 

a0 Lffi + a1 L xm + ... an LX
0

CO =Lym, I 
~~ L ~~+a, ~~

2

m +.::·a. ~~n+lm =.~ yxm.' .. 

an L Xnffi +al L xn+l(O + ... an L x2nm = Lyx"m: 

(2.22.) 

\,zbCiu. np 6zmmpJwCi wCipwqwpwpntpJwCi t11.wm6wnnq qpqwa hw
uwqwpqJ! t11.PWlJ.m}llJ.wt11.bu lll.}lmwCi}l ~t pwpop wum}l6wCil1 (n > 2) pwquwCi
qwu}l qnpawq}lgCibp}l hwzqwplJ.uwCi hwuwp: ~wg}l wJq, pwquwCiqwu11 wu
m}l6wCi}l wqb1wguwCif! qmql!Cipwg wCihpwdbzm t WUPI1Il2 hw2qwpl.J.1! l.J.111.J.1!
Citr fltum}l JunphmJlll t mpqmu pwquwCiqwli}l t11.wpwubmpbp}l npnCiuwCi hw
uwp WJCi qpb1 hbmuJWl mbupnq. 

(2.23) 

npmbrf P0 (x~ P1 (x~ P2 (x~ m(x) (mk =m(xk)>O) l.J.znnq xi, x2, ... Xn pwquw

p}ltl qbmbpntu ObpbzL.}l oppnqnCiwt pwquwCiqwuCibpCi bCi: 'l-w CizwCiwqmu t. 
np pn1np i * j qblll.11bpntu mbq}l mCi}l hbmL.JWl wnCi~ntpJntCil!. 
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(2.23) wpmwhwJumtpJwfi UJ.WpwpuhmphpI! hwzl[wplJ.l[nui tli htmt
tl.Jw1 pwfiwd Lnl[. 

L. IJ.w}uqw(} lhli ppwlJ.wli pwquwliqwup. wumf16wlil1g: 

2.4.J. fl} qO"wj}lfi WflWWhWjUlDlpjDlfifi/ipft UJWpwtfbmpbpft 
npnfitfwfi tfnmwtfnp Lr UJwpqbgtfwO- tfbpm;filipl! 

(2.24.) 

ill q<}wJpfi WpmwhWJtnlllJlJlllfifihpp tqWpWUhmphpp npnzmu[! fiqw
qwqntJfi pwnwlJ.mupfihp}l uhpnqnq unqnpwpwp qwtql[w(} t hulJ.wJwlJ.wfi 
hwzl[wplJ.fihpp hhm: llmuip, liUJ.wmwlJ.whwpuwp t }ul1qp11I! hwliqhgliht UJ.W
pwpuhmpbp}l q<}wJpli IJ.wfuqw<}ntpJwfi qhp[! q}lmwpqqw(} qhuwJ1fi: Cwm 
}ufiq}lpfihpmu llPWfi hwufimu bfi t.}lnpdliwlJ.wli wpmwhwJmntpJwfi hwuw
tqwmwu}uwfi oL.wipnfumpJntfifihpnq, uwlJ.wJfi qhp~}lfiu fuw}uuuuu t fiqwqw
qlllJfi pwnwlJ.mu}lfihp}l ulJ.qpmllp(!: tfnmwqnp wpcthpfihp}l umwgowfi hwuw11 
4}1.pwnqmu bfi umnpL.phpqwa tqwpqbgqwb ubpnqfihp(!: 

y = f(x) IJ.wfuqw<}ntpjwfi uwpbuwmp~w~wfi filJ.wpwqpuwfi hwuwp 
tlmpdwpwp}lfi pwl[wpwpnui hfi wnwqh1 hwuwpwlJ. uhlJ. tqwpwohm1mq 
unqb1fibp, oppfiwq' 

m 
y=mx;y=-; y=.xm; y=mlnx; y=m"; y=em•: 

x 
liJu qh11U1nui uu wfihWJUl m tqwpwubmpl! Utqwuiwqwhw11uw11 t qfiw

hwmb1 fiqwqwqntJfi J:!WllW~lllUpfibpp Uhpnqnq, fiwfuWUJ.llU WJli phph1nq 
q<}wJ}lfi mhup}l: m-}1 wpcthpJ! hwzqwpqqmu t hhmuJw1pwfiwdknl[. 

n 

LX;Y; 
m=....._i=..:....I_ 

fx; 
i=I 

lnqwppput1ntl y = m• !l>mfilJ.gpwfi' umwfimu hfip lny = xlnm: 
'Uzwl1wqt1ntl lny = Y, Inm = m', umwfinui blip Y = m'x qb"wJ}lfi !pmfilJ.
gpwfi: UJfinthhmL. npnzmu bfip m' - (!, npp hwuwp tpwgqmu t hwliwUJ.w
mwu}uwfi WIUntuwq: 

un[Jm (a, h) wwuwlfbmnbnb gbwpmlfy = f(x; a; b) wpmwhwjtnnl}}Jnt
fi(! lihpqwJwgqmu t Y = a1X + h1 mhupnq, $mpn}uwqwfifibp}l hwuwUiw-
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mwu}uwfi l}m}uwppfiuwli hqwliwlJ.nl[. WJlinthhmL. hwzl[wplJ.l[nui uhq hhmw
PI!PPllllll a L. b UIWpwuhmphp{!: 

Sh}uliplJ.wlJ.wfi }uliqpplihp im(}htliu zwm hwtiw}u hwliqpupuu hli hhmh
tl.Jw1 qhuwhPI!· 

w) wum}ltiwfiwlJ.wfi !l>mlilJ.gpwJp UIWpwuhmphpp hwzl[wplJ.uwli hw
uwp oqmqmu tlip inqwpppuwlJ.wli dL.wqm}umpJmlilihppg. 

y = axb , (2.25.) 

In y = In a+ b In x L. t.}ln}uwp}llihtntl X = In x , Y = In y umwfimu hfip 

y = a,x +bi, (2.26.) 

npmhq a1 = b, b1 = In a: 
(2.26) q<}wJpfi !l>mlilJ.gpwJP. a1 L. h1 wfihwJm Uiwpwutmphpl! fiUJ.wmw

IJ.whwpuwp t hwzqwpqh1 htmL.JWl hwl[wuwpntufi hpp hwuwlJ.wpqpg. 

Nb,+a,LX=LY, } 

NLX+a1 LX2 =LXY: 
(2.27.) 

8wli1J.w1P t uwpMwmp~w~wfi unqhllJ. umwguwli h1wlJ.hmwJpfi 
uttlJWtfihpJ! L. hmzqwplJ.wJpfi Ub<}ntpjntfifibp[! tpwgfibt hhtnL.JWl WqjntUW
IJ.ntU: 

Urymuwlj 2.4 
bJ..wqhmwJpli L. hwzqwpl{wJ}lfi mtl.Jwtfibp 

l.,/l., 
x y X=Inx xi Y=Inx XY y 

I 
2 
3 

N 
~ - -- --

p) y = aebx WpUlwhWJ\Dlll}}Jntfi(! lllqWpppUWIJ.wfi OL.wqm}untpJntfipg 
hhmn umwfimu t hbmL.JWl mhupJ!. 

1n y .= lna +bx. (2.28.) 
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<I>n}uwp)lub1m.t Y = lny, X = x, mnwfinuI bfip Cinp)lg qCnuJpfi 1Jmfiqg}1w. 1111-
mhti a1 = b, b1 = ln a, Y b1 + a1X: 

l 
q) y = wpmwhwJmntpJntfi{! dhwqm}umpJmfipg hbmn mnw-

ax + b 
finuI t hbmhJWl mbup11. 

1 
Y=-=ax+b: 

y 
(2.29.) 

q) Y = a+~-x pwfiw<\L)l UJ.Wpwuhmphpp qwphtli t qmfiht Y = 1 
, 

y 

X = e-x dhwqm}umpjntfifihpp oqfintpjwUp: 

Q.C1wJPfi :j:>mfilJ.gpwJP. pbpi.[wa wpmwhw1mmp1mfifihpp UJ.Wpwuhmph
PP wpctb;pfihp{! IJ.wphllt t hwzi.[wplJ.ht wnw2wIJ11.l.[wo mwpphpwlJ.ni.[: Ufihpw
cthzm t filJ.wmp mfihfiw1. np w1u uhpnqni.[ umwgi.[wo tqwpwuhmphp]l uham
pJmfifihpl! i,hfi qwpnq pwqwpwpht fil.[wqwqntJfi pwnwlJ.mupfihp}l ulJ.qpmfip}1fi 
L. qwpnq hfi munwh1 nptqbu npnfitlllJl UJ.wpwuhmphpp qfiwhwmuwfi wnw2]lfi 
unmwi.[npntp]ntfi: 

apfJp UJWpwplifJwpbpft IJ.bUJJJIJ 

bphp tquipwuhmphpntl npnzwltlt tiinpdfiwlJ.wfi pwfiwdhpp qhlllDmil 
hw2l1Jll.[nui t unmwqnpntpjWUp qmfiht UJ.Wpwubmphppg uhlJ.{l, IJ.wu hwuw
UJ.WUlWU}uWfi <\uwtJ:lll}untpjntfifibpp oqfimpJWUp WpUlWl}Uht WJfi, ufiwgwa 
bplJ.ntU{! npnzhtlmlJ.uwfi Ubpnqnl.[: 

w) y = axb +c (2.30.) 

pwfiwdL.p qhlllDntil c UJ.Wpwuhmpp unmwi.[np 6zmmpJwup IJ.wpbllt t npnzbt 
hhmuJWL wnfii_ntPJWUp. 

(2.31.) 

npmhll'Yt>Y2,y3 :j:>mfilJ.gpwJp qmpdfiwqwfi wpcthpfihpfi hfi x 2 : x 1 = x 3 : x2 

bplJ.Ilwi.wlflwqwfi u.nmqphupw wnw2wgfil1Jl wpqnuihfimp wpctbpfibp)l qbtq
pmu: 

x1 h X2 wpcthpfihpp IJ.wphl.P t pfimpht lJ.wilwJwlJ.wfi. uwqwJfi c UJ.Wpw
ubmpp npnzuwfi u}uwm qmppwgfibtm hwuwp }unphmp.q t mpl[mu x 1 L. x2 
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wpctbpfibp{! 11fimpht ]lpuip)lg hhmu: c tquipwubmp)l 11fimpmu)lg hbmn 
X = lnx, Y = ln(y-c), dhwqm}ump1mfifihp11 hwfiqbgfimu hfi hbmJWL qenuJPfi 

iJmfiqgpwJpfi. 

Y = bX +lna;,, bX+bp (2.32.) 

b1 Ina: 

UJu qenuj)lfi qw}ui.[wmnp1wfi tqwpwuhmpbp{l qmfih1mg hbmn }unp

hmp.q t mpqnui hwubllwmht ( y-axb) mwppbpntpJWfi up2pfi pquipwqwfiw

fip wpcthp{l nfimpi.[wa c wpctbpfibpp pn1np IJ.hmh11]l hbm: Ubb mwpphpm
pJmfifibpp qhlllDnui tqbmp t qmpdht qmfiht c - p WJl wpctbp: 

t;ppbiifi fitqwmwqwhwpuwp t a, b, c tqwpwuhmphpn qmfiht WJL hw-
2np.qwqwfimp1wup: UJutqbu, hph b > l L. qmpdfiwqwfi mtlJwtfihpl! tqwpm
fiwlJ.mu tfi x - p pwi.[wqwfipfi uM wpcthpfihp, WUJ.W WJq wpcttpfihppg uqq
pmu qenuJpfi qw}ui.[wbntpJwfi hwuwp qwphtli t 11fimph1 b - )1 unmwi.[np wp
cttpn. 

Y = bX + b1 , n11mbrf Y =In y,X = ln x 

UJfimhbmL. a L. c tqwpwuhmphpp hwuwp fimJfitqbu ufimu t qCnuJ]lfi 
lJ.w}ui.[wbntpJmfi. 

y=aZ+c 

npmhq' Z = xb : 

(2.33.) 

(2.34.) 

pwfiwdhp hwuwp c UJ.WpwuhmpJ! IJ.wphl.P t npnzht (2.31) wnfii,ntpJmfi]lg. 
upwJfi :j:>mfiqgpwJp WJfi wpcthpfibpp hwuw11, npnfig wpqmubfimfib1t.P wpcthp
fihpl1 hwuwp mbqp mfip x2 -x1 = X 3 -x 2 pl.[wpwfiwqwfi UJ.pnqphupwfi: (:.h-

mwqwJmU tqbmp t wnw2finp.qtlht fintJfi qwum:qmpJntfifihpnq, uwlJ.wJfi hh
mL.JWl dL.wtltn}untpJmfifihpni.[, 

X = x; Y = In(y- c} (Y = b In eX +In a): 

q) y = axbecx 

pwfiwdhl! tnqwpppuh1mg hhmn umwfimu t hhmL.1w1 mhuJ;!p. 

lny =Ina+ blnx +ex, 

(2.35.) 

(2.36.) 

npp uh2 Ina, b, c UJ.wpwuhmpbpJ! umfimu hfi nptqhu qbulJpfi :j:>mfilJ.gpwJp wfi
qwufibp: (2.36) pwfiw<\up UJ.WpwuhmpbpJ! IJ.wpnq hfi npnztlht J!liqhWfintp Uh
pnqfihpnl[: 
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"lwpql{mu t' WJumtq mwppbpntpJmGGbp huwpwl{np bu WJU qbuwt
pmu, bpp x1c. wpqnuibCim}l wpctbpubp{!. npmbq iW$l{bt bu ~muqgJlwJ}l uMm
pJmuCibp{!, (\uwl{npntU bfi pl{wpwfiwqwfi qWU bpqpWiW$Wqwfi UJPDq11t
upw. 

u}lw. 

Alnyk =lnyk+1-lnyk =lnYk+l: (2.37.) 
Yk 

bpb wpqniublimp wctbplibpl! (\uwl{npmu bu pl{wpwuwqwu uumqi1t-

Axk = xk+• - xk = h, (pntnp k-}1 hwuwp), 

Alnyk = bAlnxk +ch: 

Y = a1X + b1 • mbupl! zmlJ.btnl{ umwCimu bCip l}m)uwp}lunqlibp. 

Y = Alny, X = Alnx, a1 = b, b1 =ch: 

bpb wpqmublimp wpctbpCibp]! (\uwl{npntu bli bpqpwiw$wqwG uumq
pbupw, WUJW xk+l = qxk. 

Axk = xk+1 '- xk(q-l)x, 

x 
A ln x k == In ---1:t!.. == In q : 

xk 
liJupCipli' 

A lnyk =bin q +c(q-l}xk 

CuilJ.btnl{ Y = a1x + b1 mbupl! umwCimu bCip 

Y = Alny, X == x, a1 = c(q-11 b1 = blnq: 

(2.38.) 

bpqm qbuwmu tt liw)u qwlimu bCip a1 u b1 UJwpwubmpbp{!. l!UUI 
npnCig hwzl{wpltmu b u c, }tuft hbmn a-li. 

(2.39.) 

2.4.4 Uwpbtfw111ftljwqwfi tfn1Jbtft qfiwhw111mtfl! 

lTwpbUwmpqwqwli Unqbl.lt UJ}lmwlibtlmtpjwu qliwhWUllltU]! unqb\ll 
ltnpbtwg]lnli pliqbpup u up2}1li JilWnwqmuwJJlli u)uwtlt 6zmmuli t: '-lb112Jlli 
ctwuwuwltCibpu mwpwC>ntu t qwbt Jmpwpwuvmp un.qbJll hwuwp E = Y; - y; 
uuwgnpqlibp}l l{bppuffiltpJntul! (§ 1.6): 
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lmpbtwg]lnu }lliqbpul! npnzl{mu t hbuiuJWt pwuw('Jhnl{. 

n 

L:(yi -yJ 
i= 1--'-'i=~l _ _ _ 

t(Y; -Y;J, 
i=l 

n 

- LY; 
npmbq' y = ..i.=L_: 

n 

(2.40.) 

i-}1 hCiwpwl{np wpctbpCibp}l w}lpntJPl! 0 ~ i :::;; 1 : nwwli Ulll}b1I! zww t 
unmblimu $np6liwqwli mtlJwtCibppli, WJUpwCi Ub() t i-}1 wpctbpl!: i-}1 hwz
l{wpltwJ}lli wpdbJil}l ub2 wlihpwctbzm t wqwmmpJwli wum}lowliubp}l pl{}l 
ub2 hwuwUJwmwu)uwli mqqmulibp umgCibt: 

i' = 1-[(1-i2)] n-l , 
n-m 

(2.41.) 

npmbq · m-1! Ulll}bl.lt UJwpwubwpbp}l p}ll{G t: 
i' - }1 wpctbpl! CimJGUJbu qmGl{mu t O ~ i':::;; I hwml{wmnu: 

n-}1 iiml!P wpctbplibp}l tiwu unqbJll wCihw2nq l!CimpntpJwli qtuwmu 
(2.41) wpmwhWJUllltpJWli wpuwmp mwlt umwgl{mu t pwgwuwtiwG p}ll{. 
llp{! l{ltWJntU t UUlDU}l{nq unqbl.lt wCioqmwltwpntpjwli uwupG: 

2.5. Lpfltl q.npbnCiwjflCi qflmwtflnpdbp 

<J.ftwwtftnpdlipft UJfwOwlfnpmliftg wnwp npnzmuO/ipft p01)1110mup: 

Cl-}lmw$fip('Jbpp m}lpntJpCi {!Ciutpbl.ltu wlihpwctbzm t liw)u qGwhwmbt 
qnpC>nlilibp}l npnzuwCi m}lpntJp}l uwhUwGlibp{!: llJu qbuwmu wubCi}lg wnw2 
wlihpwctbzm t tiwmwpbt qnpC>nlilibp}l wpctbplibp}l uwhUiuliwtltwtimu: c+p
mw$n11('Jbp}l wpdbpCibp}l ultqpmlipwJ}lli uwhuwCiw$wltmulibp ltwmwpbJllu 
Ui u}l $np(\}1 UJWJUWlilibpntU W ltwpbl.lt I}pWUJil )uw)umbt: 

~W2DPill!' qwmwpbt uwhUwCiw$wltmulibp, npnlip ltwUJl{WC> bu mb)u
lipltwmlimbuwltwCi liltwmwnmuCibp}l hbui: bl{ bppnpq. qpmw$np('Jbpp UJWJ
uwliCibp}l hbm tiwUJl{wC> uwhUwliwtltwtimulibp (uwppwl{npntulibp u WJLli): 

OUJui}luwtwgntul! unl{npwpwp uqul{mu t. bpp opJbltutl! liw)uwUJbu 
hbmwqnuil{bt t u qwli $Jlp('ibp}l l{pw h}lulil{wC> liw)uliwltwli mbqbltmpJmli
libp, npnlip wlil{wliblip WUJPJlnPWJ}lli: liUIPJlnPWJ}lli mbqbqntpjntli!ibp 1tw11b
u1 t oqmwqnpC>bt OUJUlpUWLWQUWli U}Wpwubuip}l, qnpffilulibp}l u $np(\ bpp 
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qwmwpuwli twqwqntJli UIWJuwlilibpp uwupli qwqwllJ.wp qwquhtm hwuwp: 
liJlimhbtnL., wlihpwctbzm t q}lmwllJ.npobpp llltwliwqnpuwli hwuwp J!litnpbt 
tnlill.WJ}:lli blipwtn}lpntjplibp: U1u qnpbnJ\ntpJntliJ! libpwnmu t bpqm llJ.mt' 
hpuliwqwli uwqw{lI}wlt}l h tnwpwl}lntuuwli up2wltwn1hpp {!litnpntpjntfi : 

2.5.1. <fttlfiwl.jwfi tlwl.jWpIJwl.jfilipft [}fimpmpJmfi 

liUJ.Ppnpwjpli tnbqbqntpJwfi qhptntbntpJntlipg {!litnpqwb twqwqnt]li 
UIWJUWlilibppli hWUWUIWtnwu):uwlimu t qnpbnlilibpp uwqw{lI}wY,lihpJ1 qnu
ppliwgpw (qwu up 12wlip qnuppliwgpwlibp): q.npbnliWjpli mppntJ}}ntU Jntpw
pwlii)ntp qnuppfiwgpw hwuwpqmu t pwquw~wip qbm: liJfi qwpbtlt t aj1-
wwpltbt npUihu q}lmwipnp6bpp UJ.twlip qwnmguwli btwltbmwJpfi qbm' h}1u
liwqwli (qpnJW\tWfi) uwqwpqwq: q.ptnwqmp6bpp llltWUp qwnmgntU{! hwli
qbgqmu t hpufiwqwli uwtiwMwY.P liqwmuwup hwuw~wip qmpoliwqwli qb
tnhpp l!litnpuwlil!: Unwfi6pli qbuwhpntu twqwqntJli Uiw1uwlilibpp tnpJUuJp}1 
uwupli qwpmi. bli12 ntfibliwt tnwppbp tnbqbqntpjntlilibp: bpb tnbqbqntpjntli 
ntfibli12 ubq 1wqwqntjli \tbtnp qnnpq}:lliwtnlibp}l uwupli. puq qnpbnfilibpp 
npnzuwli uwhUwlilihpp uwupli ~qwli mhqbqmpJntlilihp. WUIW WJI} lthtnl! 
qpuiqmu t npUihu hpuliwqwli uwqwpqwq: "Uuwliwtnp\ll npnzmu t ltw1wg
qmu liwL.. hpp hwJtnfip hli uwhuwfilihpl! L. twqwqntJli UIWJuwlilibpJ! qmliqmu 
bli w}lpntJP}l fibpumu: '1-pntpJntliJ! pwpqwlimu t. bpp wJq qbtnli J!fi\twb t mp
pntJP}l uwhUwlilihpp qpw (qwu zwm umn t uwhuwlipli): liJq qhuwmu twllw
qntJli uwlJ.wllilw\tli J!litnpqmu t twll.wqntJli UIWJUwlilibppg DJlll2 ~wipnq zb11-
qwb: lwqwqnlJli qbuip qnnpJ.i.Illiwmlihpp pwgwqwJntpJwli qbuwmu DJ.llllbu 
hpufiwqwfi UWqWpllWq t J!UtnpqntU qwu bfi}}Wtnpjllltj}}p qbfitnpnfil!, qWU Up 
UIWtnwhwqwli qbtn: blipwwppntjpp uwupli tnbqbqnt}}Jntli{! qbpgqmu t Ciuw
liwtnplll hbtnwqnumtpJntlilibppg qwu mbuwqwli bfipwqpmpJmlilibppg: <!,fiw
pwqnp bfi liwt.. qbuwbp, hpp qwli hwuwpcth12 up pwli}l qbuibp, npnfig qnnpajl
liwtnlibp{! mwppbp bli: buwli qbuwhpntu J!liuipntpJntlil! qwuwJwqwli t : 
<f>npop UIWJuwlilihppg htlihtnll qwphtlt t liwL. pntnJl qbuihpp hwuwp qpmw
qinpohp}l linp UJ.twli uzwltht: 

~pufiwqwfi UWqW{lI}W\tfibpp (tnwppbp qbuigbpp hwuwp) {!fitnplll}}JWli 
dmuwliwq ptnlJ.-utuMwJp mhul!nll npnzmulibpp J!lil}IltlimuJ! gmrn t uipqwb 
liq, 2.9 -mu: 

2.5.2. Swpwljmfutlwfi tlftpwl.Jw1plipft [}fimpmpJDififl 

liJdU ubp liUJ.wtnwqli t JDtPuil!WliiJntp qnpbnlip hwuwp {!litnpbt bpqm 
WJfiuiliup UWli.WpqWqfibp, Djllllig Up2L. q}lwwllJ.npobpp dmuwfiw!J. Uibtn12 t 
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ww wl!mtu® qnpbnlil!: up2wqwJpbpp l!limpntpJntlil! lizwliwqmu t Jm11w
pwfiJmp qnpffilfip hWUWp npnzbt hpufiwqwfi UWqW{lI}Wlt}lfi hwpwpbpwpwp 

bpqnt UWqW{lI}Wqfibpp hWUW~W$nt}lJntfi: fi h 
q.n fillip mwpwllJ.ntuuwli up2wqwJP1! qnnMltliwmwqwli wnw 91h• 

l{p.w hpuu~qwli L. qbppfi (uumppfi) uwqwp1}w\tlibpp up2L. hbnwqnpm~n~lifi 
t- Cum wnwfigJ;!libpp uwuzmwpfibpfi l!litnpqmu bfi wJfiUJ.bu, np qb~p _w
lt~Mwltltfi hwuwUJ.wmwutuwlip +l, umnppfip~' -1, puq hpuliwqwlipli qpn. 

Ufiq{!fiqub2 npnzuwfi mppntJpnq qnpffillilibpp hwuwp qnpbnfip lt1111w-

qnpqwb wpctbpl! npnzqmu t 

X: . -x.0 (2.42.) 
x. = J 1 pwfiwoLnq, 

i Ii 

npwbrf x. -I! qnpinlfip pliwqwfi wpctbpli t, Xio -I!' hpuliwqwli qnpbnlip pliw-
J • -(i' bnli)l hwuwp{!· 

qwfi wpcthI!l!· I; -1! tnwpw4J.ntuuwfi up2w\tWJl21!· J qnp . · 
Oppliwq' mpqwb bli I; = 2, x jo = 3 

pliwqwli wpctbJ;!libpJ!' I 3 5 x,, 
qnqwqnpqwb wpctbplibpJ!' -1 0 1 X1 : 

fipnzbfip xi wpcthl!I!· bpp xj = 2 . 

2-3 
X · =--=-0,5: 

) 2 ,, 
Sw wttmtu~wli up2w\tWJPI! w qwpnll llmPP Uiliht WJli utuwtlig. npn'1. 

ow 1PI! wupwqpmu t qnpbnlip uwqw{lI}W\tl!: ~wqwnwq qbUWnt~ 
$J.p pt L. qbppfi UW\tWPJlW\tfibpJ! qqwnliwli wfiqwfiwqwfibtli: lTJntU \tilll.UPQ 
~;2~\tWJlll! zwm uhb ~UJ.hm12 t tl1lip, hwqwnwlt qhuwmu qnpbnlip uwqwp-

lt quliw npnzuwfi mppntJPP uwhuwlifihppg: 
qm l! qmp':u w p hwuwp limJliUihu umgfihlip wumpnwliwqnpntu: .fWfiwp-

qbfi12 tn~~w::W.~uwfi tWJfi, up2}lfi u filill. U}l2W\tWjpbp, pfi~UJ.hu (iwu l}!UJ.PUJl~ 
b chlwp t upwliztuliwq npnzmulibp \tWJWgfibt: lJli2W\tWJ12P UlWJl llJ.ntu. /Pu q h I! qwqumu hli qnpbwqgp npnzuwli mppntJPP npnzwlt}l uwul!. 

:WP~;f uiwJuwfiwqnpqbt. np hph up2wltwJ12I! ~wqumu ~.niu:,zu~li tn~~~~: 
P n wtlhtlt 12wli 10% -I! wJli hwuwpbt libq, 30Yo-pg UIW'lwu .. 'l uwn 

:pfi t ufiwg:Ub qbUJ.llbpn:u tWJli: fl.hwpqb, upwfip tuputn UJ.WJUWfiwqwfi bli, 

q liqpbm tuliqltplibpp hwuwp qwprui bli tlmtlmtullbt: 
n liwpLnp t puwliwt liwh, pb qnpbnliwjpli tnppntJPP mwppbp qbwbpntu 

pli~1llPup· up2wtiwwhpntu t tnwpwttmtuitmu OUitnPUWLWQUWli UIWJ1WUUU1-

Jll!: OUitnpUWLWQUWli tuliqpplibpntu J!limpit.mu t blipwtnppntjp. llJll!. hliw-
11wqnpntpjntli t tnWtPU qbUIP OUltnpUntU zwpchlht12WJLWJpli bqwliwqnq. 
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f'\CimhplllntwgpwJp luCiqppCibpnui mwpwqmiuuwCi up2wqwnil! l!Ciqqp

qmu t Ciqwpwqpqnq mt2 mppntJpl!: 
q.npbnCip qpwCiguwCi gwbp 6zmmpJWCil! hwliwlllwmwuluwCimu t 

mwpwqmluliw!i LWJCi up2wqWJl~. up2pCipli-up2pCi up2wqWJl~ L. pwp<\p 6zmm
pjWCil!' UlWpwqmluUWCi Cibrt (uwhUWCiW$Wq qWU Up2pCi Up2WqWJpbp): 

2.53. 2k tnftUJ/l IPftlf qnpbnOw;jJO qjlmwljmpdbp 

q.pmwqmp<\I!, npnui ppwqwCiwgqmu bCi qnpbnCiCibpp liwquipqwqCihpp 
pntnP hCiwpwqnp qmqwqgmuCihPI!· qn~qmu t LPM qnpbnCiwJpCi: llJulllhu, hpp 
qnpbnlip uwltw!i!flwqCibpp PM!! hwqwuwp. t bpqmup, qmp.<\bpp pwCiwlt1!' 
N -I! ltUiCip N = 2 , npmlrr]_ k - Ci qnpbnCiCibpp pplj_Ci t: . 

q.l1mwqmp<\hpp llltwCiwqnpuwCi <twuwCiwq oqmqmu hCi CiwL. (+ 1 L. 
-1) qwo (+) h (-) wnwlig upwqnpCihpp qnpbnCip ItmiwlJ.npqwb wp<thpCihppg: 
q.pmwqmp<\p lllWJUwCilihpl! qwphlli t CihpqwJwgCiht CiwL. wrunmwqp mhu
pnq (q}lmwttinp<\p llltwCiwqnpuwCi uwmppgw), npntu mnqhpl! hwUwlllw
mwuiuwCimu bCi hbppwqwCi qmp<\bppli, puq u1mCiwqCih111!' qnpbnCiCihpp wp
<thpCihppCi, npnlip qn~qmu bCi CiwL. qbqmnp-uJntliwqCihp L. qbqUlllp-mnqhp: 
PwquwqnpbnCi u11wCiwqnpuwCi uwmppgwCihpp qp6wm fihpqwJwguwCi hw
uwp oqmqmu bCi mnqhpp mwnwJpCi CizwCiwqmuCihppg. npl! qwphlli t qwmw-

11ht hbtnL.JWL qhPlll· X1 =a, X2 = b, X3 = c, X4 = d L. WJLCi (wrunmwq 2.5): 

Urynwwlj 2.5 
q.pmwqmp<\bpp llltwCiwqnp.uwCi 2

3 
liwmppgw 

<llnpdlt Snqhplt OUjutltUWtWQ-

hwUWPI! X1 X2 X3 UlWilWJltU UWCi UjWpW-
lbwliwhmun uhmnn 

1 -1 -1 +l c YI 

2 -1 +l -1 b y, 

3 +l -1 -1 a V1 

4 +1 +l +1 abc V4 

5 -1 -1 ~1 (1) Ys 

6 -1 +l +l be Y6 

7 +l -1 +l ac V1 

8 +l +l -1 ab Vs 

q.npbnliCihpp pwliwqp wlJ.htwguwfi hhm wlihpwctbzmmpJmli t wnw-
2wlimu up pwlip qnpbnCiilbpnq uwmppgwilhpp qwnmgmli: £}.pmwpqhilp h11-
qm wubCiwhwuwpwq <\L.hpl!: Unw2pCil! hpUCiqwb t UzwuCihpp hhppwqWJlll
PJWCi qwCinCip qpw: Unw2pa uJmCiwqp (x1) Cizwilp hhppwqwJntpJntill! lipw-
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l(wfiwgtJ.mu t hbppwl(wfimpJwUp, bpl(pnp:qmu fipwfip hbppwqwJmU hfi 2-mL 
bppnp:qmu 4-ntJ., inppnp:qn1u 8-mL h)lfiqbpnp:qn1u 16-ntJ. l.t wJtfi, bpl(mu)l wu
m)lowfinq: 

bpl(pnpq bqwfiwl((! hpufiqwo t uwmp)lgwjp hbppwl(wfinpbfi l(wnmg
uwfi tJ.pw: '1-pw hwuwp finp qnp.bnfip wtJ.b1wguwfi hbm wfihpwdt2m bfi b1-
I!WJ)lfi uuwfi)l uwqwpqwqfibp)l l(nup)lfiwg)lwfibp. uqqpmu finp qnponfil1 tlb
p)lfi uwl(wpqwl(ntJ., )luq hbum umnp)lfi: bpl(mu}lg u)lfizL. h]lfiq qnpbnfifibpl1 
pwfiw4]1 wtJ.b1wguwfi qbuwmu uwuip]lgwj)l l(wnmguwfi hbppwqwfimpjlllfi{l 
gmJg t uiptJ.wo 2.6 W11Jmuwl(mu: 

2k mftUJft IJlftl/. qnpan{iw;ftO q/Jmwt]lnpdbpft wnw{id{iwhwmljnzp;nz(i(ibpf! 

1. Bmpwpwfizjmp qnµbnfi]l tlbl(uinp-uJmfiwl(]l mwppbp)l ptJ.wpwfiw
qwfi qntuwp[! hwtJ.wuwp t qpnJ)l. 

N 

:~::Xii = 0 , npmbq' j = 1,2, ... k: (2.43.) 
i=I 

2. BmpwpwfiZJmp uJmfiw4]1 mwppbp}l 11wnwl(mu}lfibp)1 qntuwpp hw
qwuwp t qmp6bp}l pwGw4]1fi' N -]lfi (pwGp np qnpanfifibp1! mptlwo bfi +l L. 
-1 u2wfiwl(nulfibpntJ.), 

N 

~>~ =N: 
i=I 

3. lfwwp)lgwJ)l gwfil(wgwo bpl(m qbquinp-uJmfiwqfibp)l wfiqwu wn 
wllqwu wpuiwqpJWtfibp)l qn1uwp1! hwtJ.wuw11 t qpnJp. 

N 

L xijxui 0 j 'I' u j, u = 0,1,2,3 .. .k: 
j;J 

(2.44.) 

UJu hwwqmpJmfiJ! ltnztJ.mu t llltwfiwtJ.npuwfi uwmppgwJp oppnqnfiw-
1mpJmG: 

4. fl..nuiwtnwpbtntpjwfi hwtnl(ntpjntCi. uwmppgwjmu qbmbp{l [!fiuip
qmu bfi WJGUlbU, np OlllUlPUWlWQUWfi lllWJ.lWUbmp.p wp.dbpfibpp qn12wl(uwfi 
02\.lllll}}Jlllfif! qmfiqmU t tltnpop qbfitnpnfi)lg Upwmbuwq hbnwqnpntpjWfi tJ.pw 
L_ l(w)uqwo zt fipw m.qqqwbntpjmfipg: 

<_btnL.JWl UWlllppgwjp Up~ngnq UUllltqbfip bpbp bwmqm.pjlllfifibpp. 

+ 
+ 

+ + 
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1. /-1/ +!+II+ /-1/ +!+II= 0 
2./-112 +/+l/2 +/-lt2+/+lt2 4 
3. /-11 · /-l/ + l+ll · l-11+1-11 ·/+II+ /+II· 1+11= 0 

2.5.4. lpftl/. qnpbnOw1ftO q/lwwljmpdfl L 
lfwpblfwwftljwljwfi tlnIJbllJ 

Oqmqbfip tJ.bp[! phpqwo 2k unqb1.lJ.g: '1-hutlt OlllUl)lUntU)l l(bUl[l zwptt
uwfi hwuwp uhq wfihpwdb2m t fiw)u qowJ)lfi unqb1. 

y = bo + b1X1 + b2X2 + ... + bkxk: 
l.Tbp filllwmwltfi t q)lmwqmp6bp)l wJlllJmfipfibpp h)luwfi tJ.pw qmfibt 

unqb1.lJ. wfihwJtn qnpITTil4)1gfibpp wpdbpfibp[!: q.npITTil4)1gfibp11 hw2tJ.wpl(tJ.mu 

hfi hbtnl.tJWl pwfiw61.tntl 

N 
j = l,2, ... ,k: 

OqmtJ.btntl 22 uwmp}lgwJpg, umwfimu bfip. 

(-l)y1+(-1)y2 +(+l)y3 +(+1)y4 
bl= 4 ' 

(-1)y1 + (+ l)y2 + (-l)yJ + (+ l)y 4 • 

b2 4 . 

(2.45.) 

UJu)l!ipfi' b 1 - I! hw2tlb1m hwuwp oqwqmu bfip X1 tJ.bqmnp-uJmfiw4)1g. 
)luq b2 - p hwuwp' x2 uJmfiw4)1g, b0 - p wpdbp[! umwfiwtm hwuwp oqmqmu 
bfip qbqo tiintJ.m)uwl(wfip (qnpanfi)l) qbqmnp-uJmfiw4)1g. uwl}wJfi WJU qblll
pmu wJfilllbu. np pn1np qmp6bp)l qbuwmu xo= ±1, mump 

b
l - ( + l )y I + ( + l )y 2 + ( + I )y 3 + ( + I )y 4 = y I + y 2 + y 3 + y 4 = y : 
0 - 4 4 

Ufil(w)u i.J.:mtltn)uwqwfifibp]l qbuwmu qnpow4)1gfibp[! gmJg bfi mw1.lJ.u 
qnpanfip WQl}bQillpJWfi nut]!: fiJ.l,J;lWfi UbO bfi qnpowqgp (±) wpdhpfibp[!, WJfi
pwfi ubO t qnpbnfi}l wqqbgmpjlllfi[! OlllUlPUWLWQUWfi lllWJ.lWUbmpp tJ.pw: 
q.npITTill(gp qpwl(w!i fi2wu)1 qbuwmu !ipw wpdbp)l ubc}tuguwfi hbm ?llltnlt
uw1wguwfi lllWJ.lWUbUlp[! UbITTilfimu t, puq pwgwuwqwfi)l l}bUU!lllU CitJ.w
qmu: q.npITTill(gp ubbn1pjmfi(! bWUWUlWtnWU)uWfiillU t qpnjwl(wfi UWl}Wp
qw4)1g tJ.bppfi qwu umnp)lfi uwl(wpqwq}l ml{Jw1 qnpanfip tiintiin)uuwfi ctw
uwfiwl( 01lltnJ:iUw1wguwfi lllWJ.lwubwp}l tJ.pw lipw fibpqnp0n1pJwCi wpdbppfi: 
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~wowtu qnpOnfi}l fibpqnpOntpJntfi(! hwpuwp t qfiwhwmbt fipw umn
p}lfi Uwqwpqwlt.}lg qbui}l qbp}lfi Uwqwpqwq(! wfigfib}}lu: q.npOnfi}l WJUUlPUP 
fibpqnpOntpJntfi(! qn~tlmu t qnpb"nfi}l t:t>hltm (h}lufiwqwfi qwu ql}uwqnp 
t!l>bqm). np(! ptlwuibu hwtlwuwp t qnpb"wqg}l qpqfiwuiwmlt.}lfi: 

4>npiip 
hwuwnn 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
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Urumuwlj 2.6 
bpqmu}lg h}lfiq qnpOnfifibpml \llLWfiwqnpuwfi liwmp}lgw3}1 

qwnmguwfi utubUw 
. 

Xo X1 X2 X3 X4 X5 

+ + + + + + 
+ - + + + + 
+ + - + + + 
+ - - + + + 
+ + + - + + 
+ - + - + + 
+ + - - + + 
+ - - - + + 
+ + + + - + 
+ - + + - + 
+ + - + - + 
+ - - + - + 
+ + + - - + 
+ - + - - + 
+ + - - - + 
+ · - - - - + 
+ + + + + -
+ - + + + -
+ + - + + -
+ - - + + -
+ + + - + -
+ - + - + -
+ + - - + -
+ - - - + -
+ + + + - -
+ - + + - -
+ + - + - -
t - - + - -
+ + + - - -
+ - + - - -
+ + - - - -
+ - - - - -

'-lbp(! ajlmwpqtlbg qb"wJ}lfi Ulll}bl.I!: bpb ulll}blI! nl qb"wJl1fi t. wuiw pw
fiwqwuihu }lfi~uibu qfiwhwmbtn~ qbwJfintpJntfi(!: 

~WOWlu hwfiajluintu bfi Ill qb"WJ}lfi mbupbp, bpp Ubq qnpb"nfi}l t!i>bqUl(! 
qwtutlwb" t bp\jpn}lll qnp0nfi}l UWqWpllW4}lg: liJU l}bUWntU hwfiqbu t qWUlU 
bpqm qnpOnfifibp}l l}lnlufibpqnpbru.pJWfi t:t>bqm(!: Cl>nlufibpqnpOntpJwfi t:t>blt
m}l ,l:!wfiwqwqwfi qfiwhwmuwfi hwliwp oqmtlmli bfi11 UJmfiwqfibp}l pwquw
uiwmquwfi qwfinfi}lg. umwfiwtntl bpqnt qnpbnfifibp}l wpmw1}11JW}}l u3mfiwlt: 
U3u uJmfiwltl! wfihpwdbzm t hwliwutwmwutuwfi qnpb"wqg}l hwztlwpltliwfi 
hwuwp: 'ltwplanp .t fiwL., np \llntufibpqnpOntpJWfi t:t>blt,mfibp}l UJntfiwqfih11}1 
wtlbtwguwfi hbm uiwhuiwfitl}l q}lmw$npc1bp}l uitwfiwtlnpuwfi uwmp}lgwfih
p}l hwmqntpJntfifibp(!: 

'-lbp(! wutlw~ ajlmwpqbfip op}lfiwqntl (wI1.Jmuwq 2.7). 
y = b

0
x

0 
+ b1x1 + b2x2 + b12x1 · x2 Uill}b}}l b12 qnpb"w4}lg(! hwzqwplttlntli 

t hbUlujWCi qbpui. 
(+1)y. +(-1)y2 +(+1)y3 +(-1)y4. 

bl2 = . 
4 

Urumuwlj 2. 7 

Cl>ntufibpqnpOntpJWfi t!l>hltmntl q}lmw$npc1bp}l uitwfiwqnpuwfi 
22 uwmp}lgw 

4>nplip 
Xo X\ X2 X1X2 y 

4>npii)l 
Xo Xt X2 X1X2 y 

hwliwnn hwliwnn 
+1 1 +1 +1 +1 +1 Yt 3 +l -1 -1 Y3 

2 +1 -1 +1 -1 y, 4 +1 +1 -1 -1 V4 

x1 1.. x2 uJmfiwqfibp(! npnztlmli hfi l!um $npc1}1 uiwJuwfifibp}l. }lult xo L. 
X1X2 Ujntfiwqfibpf! bwnWJntU bfi u}lWJfi hwztlwplt.}l hwuwp: 

11-}lmWpqbUp qnpb"wlt.}lgfibp}l hwzqwpqUWfi ~bjUlU}l Ub}}lll}(! (wq. 2.8): 

Urumuwlj 2.8 

fi.bqpbu}lwJ}l qnp<twlt.}lgfibp}l hwztlwpq[! [!UUl ~bJmu}l ubpru]Jl 

Unw2}lfi qbqmnp-uJmfiwltmli qpwfigqmu bfi ouim}lliwtwguwfi uiwpw
ubmpbpb ub0ntpjntfifibpf!: Unw2}lfi qnpb"nqntpjntfifibpnq (2-pq UJntfiWlt[!) 
WJl} ubbntpjntfifibp[! qntjq wn qntjq qntuwpntu u hwfiruu bfip U}lUJWfig}lg 
(fibJll2L.}l wpdb12}19 hwfimu bfip tlbph}lfif!). bp\jpnpq qnpb"nqmpJwlip (tppntnl 
u3mfiwq) fintJfil! ltwmwpntU bfip bp\jpnpq UJntfiwlt.}l wpdbpfibp}l hbm: Pw-
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dwfihtntl hppnPIJ: UJmfiwltli JlPtll! l}ulp6hpJ:l ptl}l tlPw umwfimu hli qn11c}wlt]1g
fihpJ:l uhbntpjotfifihpJ!: q.nuiwpuwfi L. hwfiuwli qnpbm]_ntpjotfifihpJ! qpqfimu 
hfip w}fipwfi wfiqwu, nppwfi qnpbnfifihp mfihfip: 'l-)lmwplJ.hfip uuwfiwqnp
uwfi 2 uwmpJ:lgwfi (WIJ.. 2.9): 

l!Jynwwfj 2.9 
23 tpJ:ll.I. qnpbnfiwJ)lfi qJ:lmwl}ulp6hpJ:l l}ullufihpqnpc}mpJwfi 

t!l>hlJ.mfihpntl uwmp)lgw: 

Cl>npd)l 
Xo x, X2 X3 X1X2 X1X3 X2X3 X1X2 X3 y hwuwnn 

1 +I -1 -1 +l +1 -1 -1 +1 Y1 
2 +1 +l -1 -l -1 -1 +I +l V? 
3 +l -1 +I -l -1 +l -l +l YJ 
4 +I +l +1 +l +l +l +1 +1 Y4 
5 +l -1 -1 -1 +l +I +I -1 Ys 
6 +l +I -1 +1 -1 +l -1 -1 Y6 

7 +l -1 +1 +l -1 -1 +l -1 Y1 
8 +l +I +l -1 +l -1 -1 -1 Y8 

UnwtlhtwqntJfi IJ.wpqJ:l lltnlufihpqnpbntpJwfi t!l>hlJ.mfi mfi}:l qnpc}nfifih11l1 
p@g uhq upwlJ.npntl wlJ.htl>- IJ.wpq (x1X2X3 hplJ.pnPIJ: IJ.wpq)l 11bUJ.1!11tU): ~wt'.iwlu 
oqmwqnpbntu bfi fiwL. upfinfi)lllfihp, wfitlwfimu hfi' qntJqWJ)lfi t!l>blJ.m (x1x2, 

x1x3), hnwltJl ( X1X2x1) t!l>h\J.m L. WJtfi: 
~fiwpwtJ.np pntnp t!l>hlJ.mfihpJ:l WUPilll.2 11wfiWIJ.J!, fihpwnJWL fiwh ho 

qbwJpfi t:)>hiJ.mJ!, L. pntnp IJ.wpqhpJ:l l}ullufibpqnpbntpjwli t!l>hlJ.mfihpJ! hwl[w
uwp hfi tp)ltl qnpbnfiwJJ:lfi qJ:ltnwlltnp6hp}:l pwfiwlJ.llfi: 

Il - PlJ: IJ.wpq}:l l}ullufihpqnpbntJlJWfi hfiwpwqnp pwfiWIJ.J! Dl1DZlJ.11tU t 
qmqnPIJ:DtJl JWfi ptl)l pwfiw6 LnlJ.. · 

cm - k! 
k - m!(k .... m)!' 

(2.46.) 

npmbq' K-fi qnpbnfifihpJ:l pJ:ltlfi t. m-]!' n-PIJ: IJ.wpq)l l}ullufihpqnpbntpJwfi 11w
fiwlJ.J!: 

bpp N = 24
, hnwltJl tlmlufihpqnpbntpJwfi JlPtll!' n = 3: 

3 4! 1·2·3·4 . 
C4 = ( ) = = 4 = x 1 · x 2 • x 3 + x 1x 3x 4 + x 1x 2x 4 + x 2x 3x 4 . 

3! 4 - 3 ! l · 2 . 3 . 

'1ltwfiwtlnpuwfi uwmp}:lgwJJ:l oppnqnfiwtntfJntfil! hfiwpwtJ.npntpJmfi t 
mwlJ:lu umwfiwtm u)llIJwfigJ:lg wOIJ.wtu qnpbwltligfihp)l wpdhpfihp]!: UwlJ.wJfi 
11w J:lpwlJ.wgJ:l t. bpp fihpwnmu t upwJfi qbwJ)lfi L. llmlufihpqnpbntpJwfi 
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t:}>hlJ.mlihp: q.npbnfifihp}:l pwnwqmuwJJ:lfi ( x~ ), JunpwfiWPIJ:WJJ:lfi ( x!) L. WJL 

11tuwhpn1u twlJ.wfi IJ.wPJlll hfi t}lfiht fipwfig qnpmultJlgfihpJ!: Opl1fiw1J.' 22 1lhUJ.-
12mu Ulll}hll! IJ.wJlllll hfip qpht 

(2.47.) 

x1 L. Xz tlhlJ.mnp-uJmfiwlJ.fihpJ:l IJ.wnmguwfi l}ulp&J! hwfiqhgfinuI t x0 - J:l 
h UpUjwfig hWUJ!filJ.finq UjntfiwlJ.p UUlWQUWUJ!: J!wfip np WJll UjntCiwlJ.CihpJ! 
upwmhuwlJ. hfi . WUJ.W 11chlwp t wuht. ph pfitlt hwztl)lli t umwgtJ.mu ho - fi: UJfi 
fihpwnntu t wqwm wfi11wup wpdhJ!J! L. pwnwlJ.muwJJ:lfi wpcth11GhpJ:l fihPIJ:
pmufihpJ!: UJu 11hUJ.1!0tli wumu hfi, np mhflli mfiJ:l tuwnJ! qfiwhwmwqwfi h 
uJ:lulJ.ntl>-IJ. 6LnlJ. WJfi qpnuI hfi WJUUJ.hu. 

k 

ho ~Po+ LPii' 
j=I 

(2.48.) 

npmhq' hmfiwlJ.wfi mwnhpntl lizqwc} hfi wfihWJUl Po wqwm wfiqwup L. pii 

pwnwlJ.ntuwJJ:lfi qnpbwltligfihpJ:l ppwlJ.wfi wpcthpfih11J!: 
PhwplJ.h, uh<>- pl[m.[ lltnp6hpp 11tuwmu IJ.wpbtJl t umwfiwt qnpc}wltlig

fihp)l J:lpwlJ.wfi wpcthpfibpJ!. UUlWIJ.mJ:liJ.wJmU WJll JlJ:ltll! uwhuwfiwlltwlJ. t: 
J!wnwqmUWJJ:lfi unqbtl>- hwuhUwUlnt}lJWUp bp\J.nt qnpbnfifibpp hWUWll 

11pwp tuwnfitlhtm hwuwqwpqJ! umwfimu t hbmhJWL mbUJ!J!. 

ho ~Po+ P11+1322; h2 ~ 132, 

b1 ~ P1 , h12 ~ P12 : 
Ujupfipfi' ho - pg pwg}:l pntnp qnpb-wlJ.llgfibpp qfiwhwmwqwfifihlll! 

J:lpwp tuJ:lum tuwnfiqwb- ~hfi: LpJ:ltl qnpbnfiwJpfi qJ:lmwlltnp6hpmu lltnp6h11l1 
p)ltll! qhpwqwfigmu t qbwJpfi Unl}htl>- qnpbwlJ.llgfihpp ptl)lfi L. qpw hwuw11 hp
phUfi )1uwum mfi}:l IJ.p6wtnht wfihpwdhzm lltnp6hpp pJ:ltlJ!, pwJg wJfiUJ.bu. np 
UJ.tWfiwlJ.npuwfi UWUlp)lgwfi ~qplJ.tl)l )lp LWlJ.Wqntjfi hwmqntpjntfifibppg: 

2.6. U-wuGwmqwb qnpbnGwJpG qltmwlltnp(\bp 

2.6.1. <l>npdbpft pwtiwlJ/l tilfwqwpljnufp 

Lp)ltl qnpbnfiwJ)lfi qJ:lmwl}ulp6bpntu l}ulp6hp)l pwfiwiJ.J! filJ.wmhtl>- qh
pwqwfigmu l: qmuJJ:lfi unqh1mu npnzl[nq qnpawlJ.pgfihp)l pwfiwiJ.1!: Bwfiltwtl1 
IJ.LJlfihp, hph fipwfig pwfiwlJ.J! IJ.p6wtnlJ.hp qmuJpfi Ulll}hLJl IJ.wnmguwfi hwuwp, 
n~ WJfipwfi IJ.wpLnp mbqhlJ.mpJmfifihp)l hwz@li: 

Swpwl}ultuuwfi J!Cimpqwc} u}:l2w1J.wwhpnuI qnp~fipwgp hpllfiwtJ.np
uwfi hfiwpwtJ.npntfJWfi qhUjplllU Ulll}hll! Cibp\J.WJWgfihtntl y = ho + h1X1 + 
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+ b2x2 + h12x1x2 :t>nllil.ig}:l.w1ntl, pwqwpwp t hwzqwp\jht ho. bi. b2 qnpc}wlt}:l.g
fihp[!: UJu qhuwmu b12 ~ 0, J:iuti x1x2 tlhtiump-u1mfiwl.i1! qwphlll t oqmwqn11-

0-ht finp X3 qnpbnfi}:I. hwuwp: <I>np6hp}:I. UJ.WJUWfifihpm.( WJll qnpmifi}1 wpcth12-
fihp[! npnzl.(mu hfi WJI} u1n1fiwlt}:I. Cizwfifihpntl: Umwgqmu t . np hphp qnpmifi
fihp}:I. mumufiwu}:l.puwfi ctwuwfiwti mp l}lnp6}:1. tllntuwphfi tiwphtl1 t tiwmwpbt 
lllPU[!, ll.inpgfihtnl.( UJ.tWfiwl.(npUwfi Uwmp}:l.gwj}:I. OUJ.Ul}:l.UWtWQUWfi hwmtim
pjmfifihpJ!: <l-lnuJ}:l.fi UllilhU! qwpuiwhwJuitlJ:i hhmhJWL uibupnq. 

(2.49.) 

UJuUJ.J:iun~, bnwqnpmifi qpmwlfmp6bp}:I. UJ.tWfiwqnpuwfi uwmp}:l.gwfi 
tin1fibfiw hhuthJWL mbup[!' 

N9 Xo X1 X2 X3 (x1 Xz) X1 Xz X3 (x1 Xz) 
1 +l + + 
2 +l + + + 

tiwu 
+ 

3 +l + + 
4 +1 + + + + 

UbO- pl.(ntl qnpbnfifihp}l qhumnul fiuwfi tufiajlp[! pw1111 t , qpmwptihfip 
WJfi UWfipWUWUfinpbfi: 

2.6.2. Uwuliwu11/wu ljftuwUJwmwujuwlili/Jp 
{ApoBHIJJI pco.nmrs) 

bphp qnpbn66bp}:I. wqqhgmpJWfi qfiwhwmuwfi hwuwp ~npu q}:l.mw
lfmp6 tiwmwphW.u tiwpnq hfip oqmtlht 23 

= 8 wtitl qnpO"nfiwJ}lfi ql1mwlfmp6b-
8 

PP tibu}:l.g 2 = 4 .tiwu «ti}:l.uwuiwmwufuwfifibp}lg» (pem1wca): 

UppDPI} qnpbnfiJ! (x3) uwmqhtntl X1X2 - }1 u}l2ngnq, tiumwfiwfip UWUl
p}lgwj}:I. hpl.iPnllli qbu[!: bpqm ltltuwUiwmwutuwfifibp}:I. }:l.pwguwfi qtuwmu 
qc}wJ}lfi h l}lntu6hpqnpmi1p1w6 t!i>hqmfihp}:I. hwuwp qfiwhwmwtiwCifihpJ! qw
phllt t umwfiwt wnwfi6}16-wnwfi6}1fi: 2.10 WllJmuwtimu uwufiwml.(wO- UIW
mwufuw61ihp[! fihpl.iWJWQqwO- hfi WJfiuihu, np (p) qO"wJ}lfi t:t>hqmCihp[! hwlJ.w-

uwp b6 l}lnlu6bpqnpO-mp1wfi t:t>hl.imfihp}lfi, WJl} l}hUIPmU Nqb = 2k-p: 
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.... 
E .5! 
~~ 
g. ~ 
d' 

3 

4 

5 

6 
7 
5 

6 
7 

8 

9 

10 

11 

12 

13 
14 

15 

Ulymuwlj 2.10 
U'wufiwml.(wO- lt}:l.uwUJ.wmwutuwfifihp}:I. UJ.WJUwfiwtiwli 

fi1wfiwunuifihnn 1. umn<\bnh owfiwlm 
<I>nnlibnh owfiwlm 

"lWJUWfiW· 
lfwuliwmlj_wb ltltuWUJ.Winwutuwlil! lfwli lizw- uwuCiwlffl lflfltl. qnpbn-

CiwlfnuICibp lfjlUWUJ.W· Ciwjjlli qjlmw-
lllwutuwlilibp 1Jmplijl hwuwp 

lf2-IWUWUjWUlWUfuCiCibp 23 -iJg 21.1 4 8 
1/2- lfjluwlljwUiwutulifibp 2• -.pg 24-1 8 16 
1/4- lfjlUWUjWUJWUtufiCibp 25 - jig 25-l 8 32 
1/8- lfjluwlljWUIWUtulifibp 26 --jig 26-l 8 64 
1/ 16- lfjluWUJ.WUIWUtuCilibp 23-jlg 27-1 8 128 
1/2- ltf!uWUjWUlWUtulilibp 25-jlg 2~-1 16 32 
1/4- lfjluwUJ.WUlWUl:uCilibp 26 -itY 2 6-2 16 64 
1/8- ltf!uwUJ.wUJWUfuCifibp 27 -jig 21.3 16 128 
1/16- lfpuwlljwlllwufuliObp 21 -Jig 2K-4 16 256 
1/32- lfjlUWUJ.WlBWUl:ufiCibp 29 -Jig 28·' 16 512 
1/64- lfjlUWUJ.WUIWUtufilibp 210 -fig 2'°..() 16 1024 
1/128- lfjlUwlljWUlWUtuCilibp ii• -pg 211-7 16 2048 
11256-tjjluwUJ.WUiwutufilihp 212 -jig 2 •2-8 16 4096 
1/512- lfpuWUJ.WlBWUl:uOCihp 21l -pg 2'3-9 16 8192 
1/1024-\{jluwlljWUJWUfuCiCibp 214-itg 214-IO 16 16384 
1/2048-lfpu~UJ.WUlWUl:uliObp 215-!ig 215-11 16 32768 

2. 6.3. l/ftuwUJWUJwujuwfilibpft pliwpn1p1mlip, lfbpwpmWIJpDipJwli 
hwpwpbpwljgnipJDifi Lt npn1111J. hw/jwIJpn1p1mfili/Jp 

23
•
1 lt}:l.uwUJ.wmwutuwfifibp}:I. qwnmguwfi hwliwp qnJmp1111fi mfi}l u}1-

WJfi t11tim hfiwpwl.(npmpJmfi. 

X3 = +X1X2 h X3 = -x.xl 

UJI} UIWUlOWnnl.( umwfimu bfip u}lwJfi hpl.im lt}:l.UWUIWU1WUtuw6fib11 
(wq.2.11 ): Unw2}16 ti}lUWUIWU1WUfuw6mu J!Iltllll X1X2X3 = + 1 ,}luti hpl.iPnpqmu 
x1x2x3 = -1: u Jnifiwtifihp}l wpmwqp1wtfibp}:I. u}lul.(n1P4 6zwfiwqmufihpJ! hw
i.twuwp hfi tiwu +l. tiwu -1, np11 h 4nli.tmu t npnzruJ. hwl.iW1}111ltpJm6; ~wtiwq~ 
p.n1pJmfi11 hfiwpwqnpntpJmfi t mwW.u npnzht fuwnl! t:t>ttimfihpJ!: fipUihuq}l 
npnzhfip, ph n'p t!l>btimfi t fuwnfil.(wO- mtlJwtfihp}l hbm, wfihpwctbzm t npn2rn1 
hwtiwl}plltpJwfi hptim uwuhp[! pwqliwUiwmlJ.ht ml.(Jw1 t!l>btim}lfi hwuwuiw
mwufuwlinq UJntfiwti}:I. hhm: 
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liJuutbu' x1xzx3 = +1 qbuwmu x,- ]1 hwuwp mfibup x1 = x~x 2x 3 = x2x3 

(pwu]1 np u]12m x~ = 1 ): 

23
•
1 utiwuwqnpuwu uwmp]1gw 

lliymuw lj 2.11 

<l>npdlt l X1-X1X1 <l>npdlt 2 X1= - X1Xo 

hWUWJll! X1 X1 X• X1X1X1 hwuWJll! X1 X2 x~ X1X?X3 

l + + + + 5 + + - -
2 - - + + 6 - - - -
3 + - - + 7 + - + -
4 - + - + 8 - + + -

Xz - ]1 hwuwp qmubfiwul} X 2 = X 1 X~X3 = X 1X3 • flW U2WfiwlJ.mu t. 11]1 

qbwJ]1u hwqwuwpuwu qnpb'wq]1g6bpf! qwpnq bu qfiwhwmtl.bt b, -.. 13 1 + f3 23 , 

b2 __.. 132+1313 , b3__..131+1312: 
UJfi hwpwpbpwl19mpJDL6f!, np{! gmJg t mwI}lu, pb mtl.Jwt t:)>hlJ.UlJ! np 

t!}>bqm]1 hhm t }uwnuqw~ ltn!qmu t qhpwpmwqpntpJwu hwpwptpwlJ.gm
PJmu: UJfi ljJJ.uwutwmwutuw66hp{!. n}lllfigmu h]1uuwqwu t!}>hqmubpf! tuwnfi 
bfi bp\tqnpbn6wJ]16 tltntuubpqnpb'ntpJm66hp]1 hhm, ltn!tl.mu bfi 3-riq qwpql1 
ql'inllll hwmqntpjntuubp]1 llltWfi (npn21lll hwqwqpntpjntumu wuhuw2wm qnp
bnfiubpn~) L. GzwuwlJ.qmu t 23

-
1
: 

2.._ ljJJ.uwutwuiwu}uwu]l nu10puw6 qbuwmu hUwpwqnp t mp tmbmu
ubp 

J. X4 = X1X2 , 2. X 4 = X 2X 3 , 

3. X 4 = -x1x2 , 4. X 4 = -X2X 3 , 

5. X4 = X1X3 , 6. X4 = -X 1X3 , 

7. X 4 = X1X2X3 , 8. X4 = -X1X 2X3 : 

liJu ljJJ.uwutwmwu}uw66hp]l ql'inIUJ. hwutl._tmpJmfi6bt1l! mwpphp bu : 
1...6 utwmwu}uwfilibpf! DJlll2Illl hwlJ.wqpmpJmumu mfibCi tpb11wlJ.w6 qnpimu
ubp, 7 L. 8-rf !DpuwlJ.wu: 7 L. 8 uiwmwutuwuubpu muhu wnwtl.tiwqntJfi tl.J!l'i
IUUJ. hwmqmpJmfifihp L. ltn!tl.mu bu qlluwl[np: '-l6nIUJ. hwmqmpJmu6b111! LDJ!p
qnul bfi mtlJwt utwmwu}uw6]1 tuwnfiuwa hwuwqwpqnq: liJu lJ.lltu)l wnwqb
iwqntJu. hpb qb'wJ]lu t:}lhlJ.muhpn tuwnUqwb lltuhu wubuwpwp6p hfiwpwl[np 
qwpq]1 lJmtuubpqnpb'ntpJwli t:)>bqmfibp]l hhm: 

cI>nfuubpqnpbntpjwCi t:}lbquiubp]l uwu)la WUIPPnPWJ)lu Ullu\blJ.ntpjwa 
pwgwlJ.WJlllJ)JWU qbuwmu ipnp6wpwp[! &qmmu t {!umpbt wubuwubb q6m1Jl 
hwmlJ.mpJmliQbpnq utwmwutuwuuhp, 9wli]l np bnwlt]l tltntuubpqnpbmpJmCi-
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ubpf! unqnpwpwp wqbllt Dlt! qwplanp h6 l}Wfi lJ.pquwljJJ.ubpf!: tJpb ipnfu6b11-
qnpimtpJWU t:)>bltmubJllt uwu]1u ti.w mlu\blJ.mpJmu, wutw WJfi ltwJlbllt t oq
mwqnJ10-bt ti.Iiuwutwmwu}uw6ubp]1 f!umpuwu dwuwuwlt: 

lhynzuwlJ 2.12 
1 = X1XzX3X4 DJlll2Illl hwltwllilllLPJlllUntl 

24
"
1 ljJJ.uwutwmwu}uwuubp]1 uwmp]1gw 

<l>npdlt 
Xo x, Xz hwuwnn X3 '4 y 

l + - - . + + YI 

2 + · + - + - Y2 

3 + - + + - YJ 

4 + + + + + Y4 

5 + - - - - Ys 
6 + + - - + Y6 

7 + - + - + Y1 
8 + + + ·- - YR 

lhynzuwlJ 2.13 
l = x1X2'4 IlJlll2Dll hwqwqpntpJmfiml 

24
•
1 ljJJ.uwuiwmwutuwuubp]1 uwmp]lgw 

<l>npdlt 
Xo X1 Xz X3 hwliwnn X4 y 

l + - - + + Y1 

2 + + - + - Y2 

3 + - + + - YJ 

4 + + + + + Y4 

5 + - - - + Ys 
6 + + - - - Y6 

7 + . - + - - Y1 
8 + + + - + v. 

liJU uiwmwu}uwuubPI!, llJlllUQntU !ltw ll! u]1 qJ.luwl[np t:}lhqm, npJ! 
tuwnl! W.u]l ntJ1lt2 qJ1uwqnp t:}lbltmubp]1 qwu lJ.plJ.uwlJ.]1 tltntufibpqnpmnpJwu 
hbtn, )lult PDlllP lJ.pquwlt]l tltntuubpqnpimtpjntuubpJ! u)lUJWUg hhm tuwnu tu, 
lJ.n!\[ntu bu 4-tlfl qwpq]1 (DJlll2Dll hwqwqpmpJDlUlllU wubuwubb pl[nl[ q1111-
b'nuubp)l qbuwmu) tl.l'inJU} hwl[WI}PlltpJmuuhp)l uitwu: 'Vpwu11 u2wuwlJ.l[mu 
bu 24

"
1
: l = + X1X2X3X, npn21lll hWlJ.WflJllltpjm6ubpnl[ mpl[wb ljJJ.UWUIWUlWU

tuwliuhp{! Jmpwpwuvn1p U1llajl hwuwp mfibu u)lwJu mwnbp)l !npu qnup]l
uwgpwubp (hwuwlJ.gmpJmuubp): ~w2tl.btQ.tl qmJq UUlllbPI!' WJli lJ.wpbllt t 
qpbt hbmL..Jwt 61.anq. I ad, bd, ab, ac, ed, be, abed: 
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Spl{wc) 1 = - X1X2X3X.. \tlJ.uwuiwmwutuwCiJ! mCip upwjCi qbfiui qnuppCiw
gpwfibp, a, b, c, d, abd, acd, abc, bed: 

liJI),uWUP \tlJ.uwuiwmwuJ:uwCiCibpJ! qn~l{mu bCi qlluwtJ.np, pwCip np 
fipwCi,p mCibfi wubCiwubc) l{nnnq hwuiqmpJmCifibp: 

bfipwqpbfi,p J!fimpl{wc) qpuwuiwuiwutuwCifibpJ! mpl{wc) bCi 1 = x 1x 2x 3x 4 

h 1 = - x1x2x3x.. npnznq hwqwqpntJlJmCifibpntJ.: UJq qhuwmu hwuwmbI]_ qCiw
hwuiwqwCifibpJ! npnztJ.mu bCi hbmLJWL hwpwphpwqgntpJmfiCibpnl{. 

Xt = X2X3X4, 

X2 = X1X3X4, 

X3 = X1X2X.., 

X4= X1X2X3, 

X1X2 = X3X4, 

X1X3 = X2X.., 

X1X4 = X2X3, 

X1 = - X2X3X4, 

X2 = - X1X3X4, 

X3 = - X1X2X4, 

X4 = • X1X2X3, 

X1X2 = - X3X4, 

X1X3 = - X2X4, 

Xt X4 = - X2X3: 

IuwnfiuwCi WJl}uWUP bqwfiw41! hCiwpwl{npntpjntCi t mwwu qbwjpCi 
t:pbqm.Cibpl! qfiwhwmbt bpqpnPll qwpq}l ttmluCibpqnpc)mpJWCi t:}>bqmCih1ilt 
hbm hwuwmbq. puq wnw2pCi qwpqp tlJ.nluCihpqnpb'mpJmfiCibpJ!' upliJWCig 
hbm: 

bpb 4PUWUjWU1WUluwCiCibpl! Ulpl{wc) b(i X4 = X1X2 L x.. = - X1X2 \{bpwp
UlWl}plllJlJWCi hwpwpbpwqgmpJWUp, WUJW npnznq hwqw1ynnpJmCiCihpl! 
qhwuwpl{hCi 1 = x1x2x.. L 1 = x1x2x.. wJupfipCi umwCimu bCip 3-1111 4wpql1 tl.1!6-
nnq hwmqntJlJWUp UILWfifibp. 

Xt = X2X.., 

X2 = X1X.., 

X3 = X1X2X3X4, 

X4= X1X2, 

Xt =-X2X..1 

.X2 = - X1X4, 

X3 = - X1X2X3:14, 

X4 =" X1X2, 

X1X3 = X2X3X4, 

X2X3 = X1X1X.., 

X3X.. = X1X2X3, 

X1X3 = - X2X3X4, 

X2X3 = · X1X3X.., 

X3X. = -X1X2X3: 

Ube) uwuCiwuil{wbntpjwCi (114. 118 L WJLCi) UJ.WUlwuJuwfiCibpp \{OilllJl 
hwmqmpJmfiCibpp qfiwhwmuwfi hwuwp oqmwqn11c)n1u bfi J!CiqhwCipwgl{wc) 
npnznq hwqwqpntpJmfiCibp: i5·2, 114 UjWmwutuwuCibpJ! qwpnq bfi ui11l{wc) Ui
fibt X. = x1x2x1 h xs = X2X1 tJ.bpwpmwqpntJlJWfi hwpwpbpwqgmpJmfifibpntJ.: 
liJU UIWmwutuwCifibpp UltWCiwtJ.npuwfi uwmppgwfi mpqwc) t 2.14 w1umuw-
4mu: 
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llpnztlmt hwqwl]llDtJlJmCinl{ WJU uiwmwu]uwCiCibpp hwpwpbpwqgm
pJntCiCib11 bCi hwuwpl{nui 1 = x 1x 2x 3x.i, 1 = x2x3xs. npnCigpg umwCimu bCip 3-Pll 

4wpq}l hwpwpbpwqgmpJntCi' 1 = X1X4Xs: 

C}.fiwhwmwqwCiCibpp ]uwnCiuwCi utubuwCi qmCimu bCip hbmLJWL qbpUJ. 

Xt = X2X3X4 = X1X2X]Xs = X4Xs, 

X2 = X1X3X4 = X3Xs= X1X2X4'ts, 

X3 = X1X2X.. = X4Xs = X1X3X4Xs. 

x.. = X1X2X3 = X2X3X4Jts= X1Xs, 

Xs = X1X2X3X4Xs = X2X3 = X1X.., 

X1X2 = X3X4 = X1X3X5 = X2X4X5, 

X1X3 = xi:x.. = X1X2X5 = X3X4Xs: 

Ulymuwlj 2.14 

<l>np6Ji 
Xo Xt X2 X3 x.. Xs y 

hwuwnn 
1 + + + - - - Yt 

2 + - + - + - Y2 

3 + + - - + + Y3 

4 + - - - - + Y4 

5 + + + + + + Ys 

6 + - + + + + Y6 

7 + + - + - - Y1 

8 + - - + - - Y8 

liJu qpuwUiwmwutuwfiCibpp \{onnq hwmqmpJmCiCihpl! wl{bllt UjWqwu 
bCi, pwfi 4-Pll qwpqp Ultwfifibpp qbuwnui, npnfig oqfimpJWUp qbwJpCi t:Phltm
Cihpl! npn{l{mu bfi qmJq lltnJ:ufibpqnpbmpJmfifibppg wCiqwtu: 

25• qpuwUiwmwutuwCip J!fimpuwfi 11tiuwmu, bph l{bpwpuilWJ.JUUJlJWfi 

hwpwpbpwqgmpJmCiCihpJ! mp\{wb bfi x 5 = ± x1x2x1x4 dLnl{, nppfi hwuwuiw
mwuJ:uwCimu bfi 1 :::: x 1x 2x 3x..xs h -1 = x 1x2x1x..xs npnznq hwqwqpntpJntfifihpl!. 

WUJ.W IJPWUQ bWUWp UUlWQl{ntU t' 
Xt = ± X1X2X3X..Xs 

X2 = ± X1X2X3X4Xs 

26•1 u pwpdp qwpqp \tlJ.UWUiwmwu]uwCiCibpp q}.lmwpqmliJ! wCiCiUJW

mwqwhwpuwp t. pwCip np uiwhwu2mu t ubet pl{nl{ tlJ.np6hp: 
liJl} 11tuwmu oqmtJ.mu bfi 114 L wtJ.bllt UJ.WmwuJ:uwCiCihppg (wll.Jmuwq 

2.10): UJumbq qwpLnp t tJ.bpwpmwqpntJlJWfi hw11wpbpwqgmpJwfi J!Cim11m-

JlJlllCiJ!: 
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<l-fiwhwunlDIJ. qnpbwltligfibpp pwfiwltJifi hwUwUJ.wutwu}uwfi Ci4wqw
qntJfi lfmp6bpp pwfiwqn4 UJ.tWCiJ! wfi4wfimu bfi hwqbgwb: 

lfwufiwqp Uf.Wutwu}uwCipbpp qp~wnuwfi WP11Jnifiw4butnt})Jntfi{! 
qw)u4wb t qbwJpfi t.)bqmfibpp lbi = cp(bik J] )uwnfiuwfi hwuwqw11qp hw2I111 

J!CitnJUlt})Jmfipg: <l>np6bpp lliilt tniowmuwfi hwuwp (uwufiwltJi UJ.Wtnwu)uwfi
fibpp qwnmguwfi qbuwmu) UJlwfimu finp qnpi>nlifibp uwgfibtm qbuwmu wfi
hpwctbzm t WJIJ qnpbnfif! tnhil.Wllllbt uwmptigwJp qm)ufib11qn11bm})JWfiJ! 
UJ.Wmqwurui uJmfiwqmu: · 

3wfiqwtli t fiwh Cizbt UJ.WpWUbtnpbpp Up2h hwUwhwpwpbpwqgnt}}jnt
fiJ!, puq bpb WJIJUJPUPJ2 t!iwfi, wfihpwctbzm t hwz4wpqbt qmJqWJpfi hwuw
hwpwpbpwqgm})Jwfi qnpbwltJigfibpJ! h wnwfiMwgfibt nt hwuwhwpwpb
pwljgm})Jwli UJ.wpwubmpbpJ!: 
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3. Q.Iimw$lpohpli qwuiwpuwfi J!CipwgpJ! 

~fifiwpqbfip t}1np6bpp fiw}uwUJ.wtnpwumuwfi , UJ.1wfiw4npuwfi uwm
ppgwJp ppwqwfiwguwfi, u)uwtfibpp hwzl.[wpqp h fipwfig qwuwqwpquwfi, 
JifitUJ.bu fiwl.t upm.ribUwmpq u}uw16bppg }umuwl}lbtm }ufiqppfibpf!: 

3. 1.1. "VwjuOwljwO Wb1JblJ.mp1mtiObpft hwlfwplfwO 
hwpgwpbpp 

uuwfiwtnpUJ. hwpgwpbp}lf! Uf.Wptnwqpp tt PlllDP qputwl}lnp6b1tli hw
uw11. uwljwJfi hwpuwp t oqm4bt fipwfipg: 

4wpgwpbppfi f!Ciqqpqmu t . 
I. opJbqtnp qnpb{!fipwgp qwpo fiqwpwqpnt}lJntUf!. 
2. hbtnwqnmuwfi fiUJ.Wtnwl[p 6hwqbpUJ.DlUf! (b}lb }ufiqppfibp{! up pwfipufi 

bfi , 1lPWfiJ2 UJ.btnp t nwfiqw4npbt f!Utn hfiwpw4nJUlt})JWfi wumpowfip). 
3. OUJ.tnpuwiwguwfi UJ.Wpwubmpbpp (wp6wqwfipfibpp) f!UtnJlllt})JntfiJ!. 
4. gwfiljwtli WJ1Il.lntfipJ!, l}WUWq{! h 6ztnnt})Jntfi{!. 
5. np WMJmfinl! qwpbtli t hwuwpbt qbpwqwfig. iw4. pwl.[wpwp, wfipw4w

pwp h WJtfi: 

Upliwqwlipp 
bwuwnn 

Urymuwlj 3. I 
lpwgfibt hbuthJwt WllJmuwqf!, Cipwfimu Cizbtn4 pninp 

hfiwpwl.[np wp6wqw6pfibpf! 

Uli~wlinuil! 
'.;lw1fin'lW· Opn2ifwli 

nzmntpjntlil! 
!:>wlinpm-

bwlims1mlin whnn11"n 9tmli 

3.1.2. <J.npbnOObpft ptiwpnzpJDlOfl 

1. Q.npb{!fi}lwgp 4Pw wql}Dll pninp «qwuqwbbtli» qnpbnfifibpp gmgwq{!. 
2. ppwqwfi qpmwl}lnpdbp.ntu wnqw qnpbnlifibpp gmgwqf!. 
3. hliwpwl{n•p t, WPll.JDp, tnp4wb pntnp Uwl[wpqwqfibJUltU ozmbt qnpbnfip 

dbbmpJntfif!. 
4. UUPD112 t}1np6p J!fipwgpnui UJ.WhUJ.wfiqm"'u hfi, WJlll.Jnp, uwl[wpqwljfih11l1 

mpl{wb wpctbnfibpf!: 
5. liwpn°q bfi, WllllJDJ2, qnpbnfifibpp Uwqwpqwqlibpp DJUlZ l[nlipl1liwgl1w-

6bp hwfiqbgfibt qnpb{!fi}lwgp f!UqhWtnUWU{! (oppfiwq' U!.WJ})Jlllfi , n~ 

mb}ufininqpwqwfint})Jntfi) 
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llqjnwwlj 32 
Q.npbnl.ifl 

U!.it[wl.inul'l! Owl}llllJ.W· Ilpnzuwl.i ~bmWpl!Jl· 
tizmmp- liwl.inpm-hlllUWflJ! ~wl.impJillfiJ! wppntJPl! J!PntpJml.il.ih· 

i nh tnfinm1An Jntlil! pJmli 

<Dnnal:inh nwliwyu 

I. <Dnpdbpp gwliqwJll pwliwl.J.f!, t.flnpo bpp i;iwliwqp uwhUwliwt.flwqmufibpJ!. 
2. hbmwqnuiuwfi wfigqwguwfi gwfiqwJll 6wuqbuif!. 
3. ubq t.flnpdp unmwtlnp mL.nqmpJntlif!. 
4. ubq t.flnpdp qwmwpuwfi wpctbpf! L. wz:tuwmwOuwJpfi b"w:tuubpJ!. 
5. ubq qnpb"nlip hwuwp uwqwpl}wqfibpp gwfiqwJll pwfiwl.J.f!. 
6. qmqwhbn t.flnpdbpp wfigqwguwli hfiwpwl{npmpJntfil! L. fipwfig gwfil.J.wrP. 

pwliwlu!· 
7. qn1qwhbn iWt.flmufibpp wfiqwguwfi hfiwpwqnpmpJntlif!. 
8. t.flnpdbpp wfigqwguwfi gwliqwJll umpwmbqpwfi (oppfiwq' opf! ubq wfi

qwu L. WJLfi): 

3.1.3. UUJ.Pftnpw1ftu mb.qliljmp1muulipft hw2lfwnnuff! 

1. 'buwfiwuiplll qnpbt!fipwgfibpp mumufiwuppuwfi ctwuwfiwq abnp pbp
qwa WJllllllllipfibpf! L. lllWJUW!ilibpf!. 

2. fiw:tufiwqwfi qpmwt.flnpdbpp WJlllllllfipfibpf! L. qpmwt.flnpdbpp u:tuwJll ub
b"ntpJWfi uii.J.Jwtfibpf! (qpwqwfimpJmfi L. WJtfi). 

3. qnpcrnlilibpp t.fln:tulihpqnpbnipJmfi[!. 

3.1.4. <J.ftmwljmpdlipft UJf WU/l ftpwljwuwgmlf[! 

q_pmwt.flnpdbppli wlihpwdbzui t :tufiwu1m\l liw:tuwlllwmpwumtlht. Iuu
qwpti, t.flnpdfiwqwli mbrtbqmpJmlilibpf!, liJmpbp[!, qpwliguwfi uw11pwtln
pmulibp[! L. UWUlJWfifibp[!: ow:tuwUJWUlpWUIDlllUf! lllhUlp t IJ.wuiwpbt WJfi
lll.hll, np t.flnpabpp hbppwqwlimpJntfil! ~:tuw:tumtfll: q_pmwl}mpabpl! qwmwiitr 
OWUlppgwjp llltWfipli hWUWUJWUlwu:tuwli L. hbuiL.bt lipw WJllllllllipfibpp tipzm 
qpwliguwlif!: 
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3.2. 'l-}luUJ.bpu}:mCi tlhptmbni_pJmCi 

q_}lUlWt.flnpdbpp un_wfip hpufiwqwfi UWqWpl}Wqfibpp L. qnpb"nfifibpp 
mwpwt.fln:tuuwfi up2wl.J.wJPbpp f!lluipmpJmfipg hbum wfigfinui bfin t.flnpdbpp 
qwuiwpuwfif!: 

lTwmppgwjp JlllPW1}Wfii.JillP U1l1Il t.flnpop lllWJUWli t: 
lllwrnwhwqwli u:tuw11ibpp wqqbgmpJillfil! qnulllbfiuwgfibtm hwuwp 

}unphmpq t uipl{mu Jmpw:pwlii.Jmp qmpd qpqfibt n wfiqwu: q_npb"nfip fimJfi 
wpdb:pfibpp qblllllmu up 12wfip qpl.J.fitlIUJ. t.flnpdbpf! 1.J.nitlmu bfi qpqfiqnq qwu 
qmqwhbn: Unqnpwpwp n = 2 ... 3, bppbufi tt 4 ... 5: 

l:Jpb hWJUlfip t t.flnpap u:tuwm. bpqm Up2pfifibpp UlWppbpntpJWfi Wp
ctbpf! qwpbJll t ummqbt t-~wt.flwllpzp oqfimpJwup (UmJnll}bfiuip iwt.flwlipz), 
hbuiL.JWL pwfiwaL.nq. 

(3. l.) 

n11uibrt' Yi-[! Up t.flnpdl1 lllWPWUhUlpp up2pli wpcthpli t, Y2 -I!' UJlllU t.fln11dl1 

lll.Wllwubmpp wpctb1,1'[!, S -I! t.flnpdp u:tuwtfi t. n1 -l! wnw2pfi t.flnpap qpmwp
qmulibpf1 pwfiwq[!, n2 -[!' bpqpnpq t.flnpdp qpuiwpqmulibpp 12wliwq[!: 

fi1libliwtntl wqwmmpJwfi wuuipowfilibpp PPtll! (t), 3.3 Wll.Jmuwqpg 
qWPIIIJ. blip f!limpht qnpcrnfip wpctbpfibpp UWqWpl}Wqf! L. hwubUwmbt Up
UJWfig hbm: 

~brnwqmnnipJmfilitpp 6wuwliwq qnpcr blip mliblimu qpqfioppliwq
uwli bpbp uiwppbpwqlibp)l hbui. 

I. qpmwt.flnpof! qwmwptlbt t t.flnpap hwqwuwpw~wt.fl qpqlioppliwquwup. 
2. q}lmwt.flnpdJ! qwmwptlbt t t.flnpa)l wlihwl{wuwpwiwt.fl qpqlioppliwq

uwup. 
3. qpuiwt.flnJldl! qwmwptlbt t wnwlig qpqoppliwquwli: 

~WqWUWpWiWtP qpqfioppfiwl[uwfi l}hUWlllU llltWfiwqnpuwfi Uwmpp
QWJP pn1np UlllIJ.DPI! mlibli limJfi pqntl qmqwhbn t.flnpdbp: Ufihwqwuw11wiw
t.flp qhlllllmu t.flnpabpp pwfiwq[! ppwp hwqwuwp ~bli: Y.pqlioppfiwquwfi pw
gwlJ.wJmpJwli qblllllmu l}mpdbp[! ~bfi l.J.pqfiqmu: Y.pqlioppliwlJ.uwli WJU bptp 
uiwppbpwqlibppg liwluf!liuipbJll t wnw2pfiJ!: 

liJu rnwpptpwlJ.)l qblllllntU qpuiwt.flnpaf! wnwlidliwlimu t pwpap OJ!2-
qm1mmpJwup, puq t.flnpdliwqwli uitlJwtlibpp uwpbUwuiplJ.wqwli uzwqmul!' 
PP lllWllqntpjWUp: 
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Urymuwlj 3.3 
"bzwUwqwtlmtpJwU 5% uwqwpqwq]l qbU}PntU t-]1 wpctbpGbp£! 

UqwwnLpjwU 
1 2 3 WUUJhawliUhnh nh1ln 

4 5 6 7 8 

t ·h wndhDn 12,71 4,30 3,18 2,78 2,57 2,45 2,37 2,30 
UqwmmpJwU 

wumhawOUhnh nh1tn 
9 10 11 12 13 14 15 16 

t hwndhDn · 2,26 2,23 2,20 2,18 2,1 2,14 2,13 2,12 
UqwmmpJwU 

WUUlhnwfifibnh nh1ln 
17 18 19 20 21 22 23 24 

t h wndhl!P 2,11 2,10 2,09 0,08 0,08 2,07 2,07 2,06 
UqWUlRlf}JWfi 

wuwhnwfi(ihnh ah1ln 
25 26 27 28 29 30 40 60 

t hwndbgp 2,06 2,06 2,05 2,05 2,05 2,04 2,02 2,00 

ltpqUqnrt (qwu qmqwhbn) \{:l.np6bp]1 WJlllllltUpfibp£! wupruwwUlbU ~h(j 
hwli{!Gqfimu, pwfip np u]lzm qnJntpjntCl mfiti \fln11dti uJuwt (tlbpwpUlWilllhllt
ntpJwfi uJuwtCibp): Cum qpqUqlll\ tlmp6bp]1 WJI} uJuwm qwpb!P t qUwhwmht 
hbutL.JWl wpuuuhwJumtpJwlip. 

• 

y=Y1+Y2+Y3+ ... +y 0 = ~Y •. 
n 

11 
• (3 .2.) 

BwCiqwgwo tlmpd]l WJlll)ntli11p zhqntU{! tip~]lfi pqwpwfiwqwli ( y) wp

<fhl!P9 1.J.wpbiji t hwztlbt Yi -y mwppbpntpJwlip, npmhq Yi -Ii i - PJJ. $npd]1 

WprlJntfip(i t : 
ltwuqwbbiji qwu qmpntq wpmwhwJmqwo WJllllntUpCibp]l ummquwfi 

hwuwp \tllpwnmu bfi hwmmq iw$wlipzlibp, npnClgpg t U hwpwpbpwtmm
PJntlif!. 

l{wu 

u =Y;,,...-Y} 
max $. ' 

I 

u . = y-yl!Jin 
·min $. , 

I 

(3.3 .) 

npmhq' Yi,_ - n qmqwhbn $npdbpp J!fipwgpmu qp.wUgqwo oUlm]luw1wg

uwfi UIWPWUbmpbpp wubUwubo wpctbpfi t . Yimin - Untjli U1tupwubmp}1 fiqw

qwqntjfi wpctt1m: 
Umwgqwb WJlllllltlil!J! qwpbiji t nzmbt a hwqwfiwqwlintpjwli quuiw

hblP UWqwpqwti)l WllJiltUWqWJpfi W}tctbp]lfi hWUWUIWUlWUfuwli j3 * - )1 hhm 

hwuMwmbtntl (13* -p wpctbpfi J!fimpqmu t Q.flUS 11.002-73 pPlJ. 1 WILJmuw-
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ti]lg): bpb uwwgl(}l U.,.,. ~ 13 , wtqw qwuqwbhiji wPJlJntlipJ! qwpb\ll t wp

mwpubt: ~wqwnwq qhUJPntU WJfi U}butp t hwuwpht finpuwr "hntJU 1.J.blllll, 
hpp Umin <:: 13 - ]1 qtuwmu wpcthpJ! Uihutp t wpmwputr 

Chqmufihp]l $tuUUlJ! (Yi - y} ql.J.WJDtU t $npdbp]1 WP11JDtUpfih11]1 $n

llintuw1.J.wUntpjWU uwu]lG: UJu qtuwmu $np6Uwqwfi mt!Jwtfibp]l q]luUibpu]l

wfi qwphtl1 t hwzqwpl.J.ht-

~Jyj-yf 
s2 = ...._r-=_• ---

, n-1 
(3.4.) 

puq up2pfi pwm.uqmuwJpfi zbqmu1f 

(3.5.) 

flntnp utuwtlibpJ! qwpbiji t pw<hufibt upumMwm]lq L. UlWUlwhwqwli 
tuupbpp: UpumMwmpq utuwtfibp wnw2wfimu bU qwlinfiwqnp qnp~ 
Ulwmtiwnfibppg: liJil qwpq]l utuwtlibpJ! qwpbiji t muntuUwuppbt L. npnzbt 

pwfiwqwU}bu: 
Otqmpliwtwguwfi uiwpwubmpp ajlulllbpu]lwfi hwzqwpqqmu t hb-

mL.JWl pwfiwd Lnq 

(3 .6.) 

npmb1.f N -I! uwmppgwJntU $npdbp]1 pwUwqli t' i = 1, 2 ... N, j = 1,2 ... n: bp
qm qpqlilJ.nrt $npdbpp qbUjpnttI pwUwdL.J! 6hnp t phpntu hwuwpwq mhup. 

(3.7.) 

'-lbpwpmwJllllltpJwfi qputqbpupwfi wnwtlbt hbzm t hwzqwpqbt. bpb 
p111np $npdfiwqwfi qbmbpntu U}WhUlwfiqmu bli qpl{litlnrt $npdbpp hwqw-

uwp pwfiwqfibp: 
Pfi~Ulhu Cizqbg wnw2pfi' \\wpMwmpqwqwfi l(}ltiwqwqpntpJmfi pwd-

fimu, hJ:tlllnpbqp mnmquwCi hwuwp oqmqmu blip hwuwdwJlibguwfi ~w$w
li]lzlibppg, np]l qtuwnui uwhuwfiqnui tfi fipwUg lizwUwqwtluttpJwfi uwqwp
qwqUbpl!: UnlJ.npwpwp ti)lpwnnui bfi lizwliwl.J.wtlmtpJWfi 5%, 2% qwu 1 % 
uwl.J.WPllWqlibp: Sbfuli]lqwjntU ]!Uqmfiqwb t 5% UwqwpqwqJ!. WJU]llipfi a = 
=0,05 , np]l qtuwmu hwlJ.wfiwqwfintpJntfil! qijili]l p = 1 - a= 1 - 0,05 = 0,95: 
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bpqnt l}]lmqbpupwfibpp hwuwubnntpJntfil! qwpnq t ummqlJ.bt l>pzbpl1 
F !WtPWfipznq, UPI! ppbfipg fibpqwjwgfimu t ubb qputqbpupwjp hwpwpbpm
PJDlUt! tlml!PPfi. 

F= s: s2 , 
2 

(3.8.) 

Urymuwlj 3.4 
l>pzbpp F ~wlltwfi}l.2fihpp wpdbpfibp£! 5% lizwliwlJ.wllunpJwfi 

uwqwpqwqfibpp qbuwmu 

Uqwinm-
PJWU WU- Ubl) '111uuihpu(lwlihp'1 hwllwp inil.Jwt wqwumipJwCi wuintill'wlilibpml 
mti6wCiOb- . iwiltwliltzlibplt wpdbplihpJ! 

nh 10h1ln 

I 2 3 4 5 6 12 24 00 

I 164,4 199,5 215,7 224,6 230,2 234,0 244,9 249,0 254,5 
2 18,5 19,2 19,2 19,3 19,3 19,3 19,4 19,4 19,5 
3 10,I 9,6 9,3 9,1 9,0 8,9 8,7 8,6 8,5 
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6 
5 6,8 5,8 5,4 5,2 5,1 5,0 4,7 4,5 4,4 
6 6,0 ' 5,1 4,8 4,5 4,4 4,3 4,0 3,8 3,7 
7 5,5 4,7 4,4 4,1 4,0 3,9 3,6 3,4 3,2 
8 5,3 4,5 4,1 3,8 3,7 3,6 3,3 3,1 2,9 
9 6,1 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7 
10 5,0 4,1 4,7 3,5 3,3 3,2 2,9 2,7 2,5 
II 4,8 4,0 3,6 3,4 3,2 3,1 2,8 2,6 2,4 
12 4,8 4,9 3,5 3,3 3,1 3,0 2,7 2,5 2,3 
13 4,7 3,8 3,4 3,2 3,0 ' 2,9 2,6 2,4 2,2 
14 4,6 3,7 3,3 3,1 3,0 2,9 2,5 2,3 2,1 
15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 2,3 2,1 
16 4,5 3,6 3,2 3,0 2,9 2,7 2,4 2,2 2,0 
17 4,5 3,6 3,2 3,0 2,8 2,7 2,4 2,2 2,0 
18 4,4 3,6 3,2 2,9 2,8 2,7 2,3 2,1 1,9 
19 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,9 
20 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8 
22 4,3 3,4 3,1 2,8 2,7 2,6 2,2 2,0 1,8 
24 4,3 3,4 3,0 2,8 2,6 2,5 2,2 2,0 1,7 
26 4,2 3,4 3,0 2,7 2,6 2,5 2,2 2,0 1,7 
28 4,2 3,3 3,0 2,7 2,6 2,4 2,1 1,9 1,7 
30 4,2 3,3 2,8 2,7 2,5 2,4 2,1 1,9 1,6 
40 4,1 3,2 2,9 2,6 2,5 2,3 2,0 1,8 1,5 
60 4,0 ' 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4 
120 3,9 3,1 2,7 2,5 2,3 2,2 1,8 1,6 1,3 
00 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0 
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l:ipb FP hwzitwpqwJpfi wpdbp£! i.tmpp t WllJmuwqwJpfi FT wpdhppg. 

WU}W qpuU}bpupwfi hwliwuhn t: 3.4 WllJmuw\J.llg oqmlJ.btm hwuwp wfihpw
dbzm t hwzqwp\J.ht wqwmmpJwfi wumptiwfifibpp PPllt!' l = N-(n-1): 'l-pu
U}bpu)ulfi zwppp hwuwubnmpJntfi{! ummqqnni t tmtupbfip qwli .Pwpmtbfimp 
lwi.Pwfipzfibpnq: cl>npc.\bpp hwqwuwpwlwllt qpqfioppfiwquwfi qtu.wmu qpu
U}bpu)ulfi 2wp12p hwuwubnmpJntfil! ummqmu bfi tmtuptfiti G !wi.Pwfipznq, 
np{! 11phfi}1g fibpqwjwgfimu t wnwtlb1wqntJfi qputqbpupwJp L. pn1np qpuU}b11-
upwfibpp qn1uwpp hwpwpbpmpJmfi. 

Gp= s2 s2 s2 I+ 2 + ... + n 

(3 .9.) 

i=l 

'}.puU}bpupwfi hwuwubn t, bpb GP hwzl.J.wpqwJpfi wpdbp£! W. qbpw

qwfigmu GT wIJ.JmuwqwJtifipg (wIJ.Jmuwq 3.5): llqjmuwqnu1 N 0 -li bwut

uwmqnq qpUU}bUpWJP pwfiwqfi t, puq n -If qmqwhbn lltnpc.\bpplil!, bpb 
Gp> GT qpull}bpupwli hwliwubn !l. wjuplipli htmwqnmi.J.nq y ubbmpjlllliI! 

w blipwpqqmu linpuwu1w2tuuwli opblippli: 
Urynwwq 3.5 

G !wlltwliti2P. (tmtupbfi) wpdbpfibpl} 5% lizwliwqwl}unpJwli 
uwqwpqwqp qbuwmu 

n-1 
N I 2 3 4 5 6 7 8 9 

4 0,9065 0,7679 0,6541 0,6287 0,5895 0,5598 0,5365 0,5175 0,5017 

6 0,7808 0,6161 0,5321 0,4803 0,4447 0,4184 0,3980 0,3817 0,3682 

8 0,6798 0,9157 0,4377 0,3910 0,3595 0,3362 0,3185 0,3043 0,2926 

10 0,6020 0,4450 0,3733 0,3311 0,3029 0,2823 0,2666 0,2541 0,2439 

12 0,5410 0,3924 0,3624 0,2880 0,2624 0,2439 0,2299 0,2187 0,2093 

15 0,4709 0,3346 0,2758 0,2419 0,2195 0,2034 0,1911 0,1815 0,1736 

20 0 3894 0 2705 0.2255 0.1735 0 1735 0,1302 0 1501 0,1422 0 1357 

bpb S~ lltnpc.\bpp qpull}bpupwli hwliwubn t, WU}W @Ulw$npc.\bpp qb

JlWJ1LnWqpbtPDl}}JWfi S~ l}]lull}bpupwli hwzqwpql.J.ntU t hbUluJWl WJlUlWhWJ

Ulill}}JWUp. 

s2 ;;:: _.!_ f s~ 
Y N£..i•• 

i=I 

11pmb1f N-1! lltnpc.\bpp qwu U}twliwqnpuwli uwmptigwJmli mnqtpp pwliwqfi 

t: 
CJ..hwwrjJnndbnjJ wnnmzfipfibnjl tf1w[Jnufn rjJnpdbnh wfihwljwuwpw-

/WW /uJ[Jfionhfiw/Jtfwfi nbWJ)nztf: 
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~wl'iwfu wnw!iop!i l}lnpobpp Wpr1Jm!i12!ihp ufuwt bu umwgqnu1 L. w!ih
pwctbzm t Llilimu llPWlil! wpmw11ubt, npp hbmL.w!i11ntl qmqwhbn l}lnpob11p 
11wuwlJ.!ibpl! Llilimu bu wwppbp: lp!imu bu qbUJl!bp, bpp WJU qwu wJ!i Uiwm
l'iwnntl ~bu lJ.wmwpqmu !intJ!i 11wuwlJ.mpJwup qmqwhhn l}lnp6bp: liJu qbUI-
11mu Juwfumqmu t uwmppgwJp oppnqnliwtmpJmliJ!, np}1 hbmL.w!i11ntl l}ln}u
l)_mu bu nbqpbu.tinu hwqwuwpuw!i qnpmulJ.Pg!ibpp L. lll!Pwlig ufuwlli npnz
uw!i pw!iwoL.bpri: ~bp2pu!ibpu pwpqw!imu bu: <l>np6bpp w!ihwqwuwpw
~wl}l lJ.plJ.!iopp!iwquw(i dmuwuwlJ. qpmwl}lnpbpp lllpr1Jm!i11!ibp{l uzwlJ.qmu h(i 
hbmL.JWL u}ubUWJntl: 
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1. "ltw!iwtJ.npdw!i uwmppgwJp Jntpw11wu~mp mnajl hwuwp ouim}1uw
Lwguw!i up2pu pqwpw!iwlJ.w!i Yi wpctb11ri npnzqmu t. 

(3.10.) 

npmbq' ni -Ii uwmppgwJp i-pq mnajl qmqwhbn l}ln11ob11P 11w!iwlJ.!i t: 
2. lTwmppgwJp Jntpwpw!i~ntp mnajl hwuwp s; l}l.npobpp ajmuibpu}1w!i 

hwzqwplJ.qmu t WJuuibu. 

s; = -
1
-

1 
f (yiu -Y'J2 

: (3.11.) 
ni - u=I 

3. <I>np6bpp · qpuuibpupwJp hwuwubnntpJW!i hpuinpbqri ummqqmu t 

ilwpmtbmp ~w$w!ipznq: Q..pmw$np6b11p qbpwpmwllPbilmtpJwli S2 
y 

qpuuibpupw!i hwztJ.wplJ.tlmu t hbtnL.JWt pw!iw6L.nq. 

s~ =-i-(f s~f;J. (3.12.) 
Iri i=• 
i=I 

npmbq' ti -Ii wqwwmpJw!i wumpl'iw!i!ibpp pptl!i t. npp oq!intpJwUp 

npnztlbt t i-pq l}lnp6p sf ajiuuibpupw!i: liJ!inthbmL. hwztlw11lJ.qmu t 
hwubUwmbtli Q ubbntpjntlil!. 

Q = ~{ flgS~ - t. f; lgS~}, (3.13.) 

npmbq' 

c=0,434Jl+-{ 
1
_ )(f J_ _ _!_)]• 1 3Nl i=if; f 

N 

f=.~);: 
i=I 

Pwpmtbmri illllllllQntQhL t. np (N-1) wqwmmpJw!i wumt16w!intl Q uh
OmpJntUI! unmwqnpwuibu b!ipwpqqmu l x2 pwztuuw!i. npmbq N-J! hwub

uwmqnq qpuutbpupw!ibpp l!lllliwq(i t: bpb Q < X~, WUIUJ qpUUibpupw!i hw

uwubn t L. }!Uqhwqwnwq(i (WllJillUWq 3.6): 
CJ.ftmwt./lnndlmh W[llJ,Jnzfiqfilmft lfzw/Jmlfn qhmwl}mndlmh ljp[/fioflh

fiwMwfi pwgw/Jw1mp1wfi !Jliwpmlf: 
'Uuw!i qbUJl!ntU qpmwl}lnp6bpp WprlJillUl!!ibp}! UzwqmU b(i hbmhJWL 

ufubuwJntl: 

Q..pmwl}lnp6bpp qbpwpUlWllPbtPntPJlllU qpuUibpupw!i S~ hwzqwplJ.b

llll hwuwp qpnJwlJ.w!i lJ.bmmu (UILWlip lJ.b!impn!imu) lJ.wmwpqntU bu Up 11wu}1 
qmqwhbn l}lnp6bp: ilpnJwlJ.w!i lJ.bmmu l}lnp6bp qwmwpbtliu pntnp qnpOIJ.!i
!ibpJ! qm!iqntU b(i qpllJWqw(i UWqwpqwqp lj_pw: liJUUlhq l}lnp<\bpp qbpwp-

lilWllPbtPntpjlllU qpuuibpupw(i' S~ hwzqwplJ.qmU t hbmhJWtpw!iw6L.nq. 

(3.14.) 

n11mb1f n0 -Ii qpnJwlJ.w!i lJ.bmmu qmqwhbn l}lnpt\bpp pw!iwlJ.!i t. y11 -ri' u-1n1 
t.Pn11omu ouimpliwtwguw!i uiwpwubm11p wpctb11J!. Y' -1!' no qmqwhbn l}ln116b-

(llltU ouimpliwtwguw!i UIWpwubmpp up2pu pqwpw!iwlJ.w!ip UbOntpjntli{l: 

l.hymuwlj 3.6 
x2wpctbp!ibp}! 5% !izw!iwlJ.wllintpJWU UwqwpqwlJ.!ibpp qbUJl!ntU 

Uqwuimpjwli x2 UqwuimpJwli x2 
wuuipnwlilibpp 

ahtln wpctbplibpJ! wuuipnwlilibpp Plttll! wpctbjllibpJ! 

1 3,84 16 26,3 
2 5,99 17 27,6 
3 7,82 18 28,9 
4 9,42 19 30,1 
5 11,07 20 31,4 
6 12,59 21 32,7 
7 14,07 22 33,9 
8 15,51 23 35,2 
9 16,92 24 36,4 
10 18.31 25 37,7 
11 19,68 26 38,9 
12 21,0 27 40,1 
13 22,4 28 41,3 
14 23,7 29 42,6 
15 25 0 30 43 8 
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3.3. Q..}lmwtlJ.npc\bp}l WpilJntfipfibp}l ll2Wlf.Il1Uf! 

lJwfipwqpljflm ljwmwpt[wb' qflmw$1poh11f!, wfiljwuljwa, hwowpttmu 
hfi hhmwqnmuwfi hw2ru1mpJwfi qtluwt[n11 tqWJUtufi[!: UwljwJli zwm J.iwpLnp 
t fiwL umwgt[wb' Wpll.Jmfipfibpfl tizwljmof!: \'..[fli'.iwljwqflpfibp[! uzwJ.ibt ta qfl
mwl(mpdbpfl Wpll.JillUJJUhpfl WUtPmputufi pwquwpfimjp bqWUWJ.ifibp: '1-j:t
lllWpljbfip fipwfigpg ufl IJWUflUI!: 

3.3.1. vl/wqwqn11U pwnwqnwftUbpft dbpnIJ!J 

Q.}lmwl(mpobpfl WJllllntfipfihpfl U]tuljilwfi WUbfitumtuptuGl{tuu hqw
fiwljfibpflg t fitlwqwqn1Jfi pwnwljmuflfihpfl uhpD.I),[!, np[! wnw2w11ptl.ht t wt[h
tP 11wfi 150 mwpfl wnw2 Lbdwfuylfl L Q.wnmfl ljnqoflg: 

U}lwqnpb'nfi, qawJflll tiwphtiwmflljwljwfi UD.I],hll! mfip hbmLJWL mbupJ!. 
Y = bo + b1X1 : lufi.qpfl fitqwmwljfi t hwztlht bo L b1 wfihtuJUI qnpb'wJ.il1gfibpf!: 

bpb l(mpOfiwljwli ljbmbp[! l!liljfibflfi }uflum nlJlltq qafl tlPw, WlqW jnt
pwpwfii.]mp ljhmfl hwowp 6pzm ytiifibp hhuthJllll hwt[wuwpnul[!. 

Yi-(bo+b;xJ=O, (3.15.) 

npmh1f i = l, 2, .. ., N l(mpofl hwowpli t: 
Uwljwjfi flpwljwfimu WJU hwt1wuwpn1U1! }uw}umtlmti t L ohn12 t pb

pntU hbuthJWL uthUDI!· 

Yi -(b0 + b;x.) = e;. 

npml:iq' ei-l! nbqphuflnli hwttwuwpuwfi i-Jlll l(mpofiwljwfi ljhmfl y - fl wpdh:p]l 

L ipnpoliwljwfi wpdh:pfl mwpphpntpJntfifi t: liJq mwppbpntpJillfil! wnw2w
limo t hfltiliwljwlimo hpljm uiwui6wnntl' qflwwipnpofl u.tuwtiig L Olll}htP wfi
hwtiwtqwmwuJ:uwfimpJmliflg: '-'2tlwb' tqwmi'.iwnfihpJ! tiflwluwnfit[wa bfi L ).fl 
ljwpbtii tqfiqbt. ph qpwfigpg npfi t qbpwiunblJl: 

fl.bqphuflnfi hwtlwuwpowfi qnpawqpgfihpn tqhm:p t hw2t[wpljhL WJfi
tqbu, np mwppbpntpJntfil! ,,U" -fi IJlfifl fitlwqwqntJfi. 

N 

U= L:e~~min 
i=l 

(3.16.) 

L hwfiqbgfifl fit[wqwqntJfi :pwnwljmuflfibpfl ubpnqpfi (\,. J2. lJ.): 
Q.GlliJflfi !}lmfiljgflwU mfifl bpljm wllhwJm qn11awljflgfihp. mphUfi 

tqbmp t qwmwpbt hpljmuflg wqhJ.li l(mpo: liJuflUvfi pntnp qbtq:pbpmu qw
mwptlnq tlutpohpfl 11wfiwltl! tqhm11 t qhpwqwfigp wfihwJm qnpawlJ.flgUbi111 
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pwfiwqpfi: "lwpqt[mu t. np qGUIJflfi hwt[wuwpmofibpfl hwuwqwpqJ! qwpnq t 
1}1fibt t[bpwnpn2qwb' qwo hwqwuwJ.iwfi (wJuflfipfi WJfi ljwpnq t mfibfiwt wfi
l{hp2 pt[nt[ tmb'mofibp J.iwti tmb'mofibp imfihfiwl): 

Unw2flfi qhtq:pl! mbtlJl ymfibfiw. bpb hwt[wuwpmufibpfl pfltlp ubb tPfifl 
wfihWJUlfibpfl ptlflg: ut(wqtuqlllJU :pWDWqlllUpfibpfl Ubpnqpfi pfinpnz t hwqw
uwpmufibpfl gwfiqwgwb' J.iwuwjwqwfi hwuwqwpqfl npnzwqflmpJwfi hwm
qmpJlllfil!: CJ,.pwfinq bwtlwuwpmufibpfl :pwfiwlm hwt[wuwpt(mu t wfihwJm 
qnpb'wqpgfibpfl :pwfiwqflfi, WJUflfi:pfi qawJflU hwt[wuwpowfi qbtq:pmu fit[w
qwqntJfi :pwnwljmuflfihpfl tihPill}l! qppwnblflu umwgt[mu t hpqm hwt[wuw-
11mo: 

t..I..hpJ! fizt[wa hwt[wuwpntuf! qGUIJflfi :timfiqg}lwJ}l qbtqpmu qwpnq t 
qpl{bt WJUUJ.bU. 

N N 

U =:Le;= L(Y; -b0 -b1xu)2 ~min, (3.17.) 
i=l i:l 

N 

npmbqpg' -,.2L(Yi b0 -b1xli)= 0 
i=I 

N 

L -2,L(y1 -b0 -b1xu)x 11 =0: 

N N 

<.wzt[wpquwfi hwuwp hwpuwp t pwgbt ipwqwqb'hp}!. Nbo + ,Lx1ib1 =LY; 
i=l i=l 

N N N 

h ,Lx1;b0 + L:x~b1 = LY1X 1;: 

i=l i=I i=l 

fl.hqpbuflnfi hwqwuwpuwfi qnpb'wqpgfihpfl hwztlwpquwfi wpmwhwJ
mmpJmfifihpl! qwpb1.P t qpht hbmLJWL mhu:pntl. 

N N N N 

LYiLX~ -L:yixli,Lxu 
i-1 i=l i=I i=I 

Ntx~ -(tx1iJ 
(3.18.) 
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liwpbt.Jl t wuiwgmgb1_, np gwliqwgwa pl[nl[ qn11anlilit11)1 qhuwmu 
qnpawlt)lglibpJ! qhwzl[wpql[bli hbmhJWL J!G.qhwlimp pwliw6Lnl[. 

N 

LY1X1j 
b. = ..._i;-'-1 -i N (3.19.) 

npmbq' j = 0, l, 2, ... , k qnp<}t}!i)l hwuwpli t (0 -fi qpl[wa tho qnpbwqglt hwz-
1.[wplt)l hwuwp): 

q..pmwl}mp<itpp hwl[wuwpwi.wtll h wlihwl[wuwpwiwtll tu1qfioplt
liwquwli qtuwnui uwphllwmpqwqwfi unqbt.Jl qnpawqpgfibp{! hwzt{w11ltt{nui 
tli htmhJWL wpmwhwJtnntpJntfifitpm[. 

I N 

ho= N LY;, 
i=l 

(3.20.) 

qbwJ)lli t:Phltml! plimpwqpnq qnpiJwlt)lglibpI! hwzl[wpql[mu tfi. 
1 N 

bi= NL. xiiYi pwliwaLnl[, )luq (3 
t=I .21.) 

tlln}ufitpqnp<}t}tpJWli t:ptqmfibpl! plimpwqpnq qnpiJwqpgfibpJ! hwzl[wpltt{nuI 
bfi WJUUJ.UU. 

(3.22.) 

npmbq j -fi qnp<}t}fi)l hwuwpfi t, xii h xy i - Jlll tj:mplmtu j h l qnp<}t}fifihpli wp

d'tpfi t: 

3.3.2. fl./Jqpliuftnli hwqwuwplfwli qnpbw/Jft.glilipft 
li2wliwljwlftntpjwli ummqnLlfIJ 

Umwgl[1;11b qnpbwlt)lgfibp)l Uzwliwqwt.JlntpJntfil! qwpbt.Jl t ummqht tp
qm bqwfiwqnl[ 1) qnpawqpgfibp)l pwgwp6wq wpd'tpfitp{! 1.[umwhbt.Jl up2w
ltw1pt~ bbm :wuhllwmhtntl, 2) Um1ni.qtfimp t 2Wl}lwlipzn1.[: 

w2lt bqwfiwqnl[ qnpbwlt)lgfitpp Uzwfiwqwt.JlntpJntfiJ! ummqhUiu 
1.[umwhbt.Jl up2w\tWJPUPI! npnzbtnt hwuwp hwzl[wpqt{mu t ntqptupwj)l qnp-

bwlt)lgfitpp qpuUJ.bpu)lwfi: i-pq qnp<}t}fip S2 {b;} qpuuitpupwfi nimzl[mu t hh

mhJWl wpmwhwJmntpJwup. 

s2{b }=-1 s2 
; nN Y' 

(3.23.) 
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Ab; 1.[uuu:Uhtt.Jl li)l2wltWJPI! qwpmwhwJmtl}l. 

Ab; = ±tTS{b;}, 
u11mb1f tT -fi f wqwmmpJWfi wum)l6wfifitp)l pl[ntl h fizwliwqwt.Jlmpjwli I!fi
tpufil[wa uwqwpqwqnl[ !W$Wfi)lz)l UlqJntUW\tWJ)lfi wpd'bpfi t (wq. 3.3): 

cJ>n116tp)l hwl[wuwpwiwtll lJ.pqliop~liwquwfi qtuwmu wqwmmp1wfi 
wum)l6wfifibp)l pPtll! npnzl[ntu t f = (n -1 )N wpmwhw1mmp1mfi)lg, npmtq' 

N-I! uitwfiwqnpuwli uwmp)lgw1mu l}mp6tp)l pwfiwqli t. n -11' qmqwhtn 

qmpdtpp pwfiwqJ!: 
n.tqptu)lwJ)l i-Jlll qnpawqg)l u}uwm hwzl[l[mu t S = {b;} = +~s2 

{bi} 

pwfiwdh)lg: 
q..npiJwlt)lQJ! lizwfiwqwt.Jl t, bpb fipW pwgwpdwq wpdbp{! UUO t l[{!U· 

mwhtt.Jl u)l2wqwJp)lg: 
bplJ.pnpq bqwfiwlt)l qbuiPnui tP iwtllwfiltZI! hwzl[wpql[mu t hbmhJWl 

w11mwhw1mntpJntfi)lg. 

t - lbd . 
p - s{b,} · 

U1limhtmh hwutuwmqnru t wrumuwqw1ltfi tr wpd'bpp htm. tpb 

tP > tT, wuiw qnpiJwlt)l9I! Uzwliwqwt.Jl t: 
Um1nrqblimp t !wtllwfiltZI! hwzl[wpql[mu t nbqptupwJlt Jntpwpwfi-

iJlllP qnpenuqgp hwuwp: 
q..puiwl}lnpdhpp wfihwl[wuwpwiwtll lt.Pltfioppliwquwfi qtuiPmu wqw-

un11p1wfi wump6wfifitpp Plttl.I! npnzl[mu t 
N N 

f = Lf; = 2:(n; -1) pwfiw6Lnl[, (3.24.) 
i:l i=l 

npmtq' n; -(i i -)lll qmqwhbn qinp6bp)l lJ.pltfiuwfi pwfiwqfi t: OlJ.pqfio1tltfiwq-
1.[wa qinp6tplt 

11
tuwmu Y; = y1 mpMli qnpawlt)lgfitplt utamp1mfiI! hwz-

1.[wpltbt.Jlu pwliw6hmu Y; - lt l}m}uwptli uitmp t wt11wllllhl Yi· 

s2 {b.}=..!..s2
: • N Y 

..Rwfip np n = I, pwfiw6hpg htmLntu t. np pntnP qnpawqpgfitpp qpu-
uiti1u)lwfibpl! hwl[wuwp tfi. puq qumwhbt.Jl up2w\iwJpJ!' Ab1 = ±tTS{bJ 
u

1
umb:q h - p wrumuwqwjpfi wpdbpI! npnzl[mu t f = no - 1 wpmwhw1mm

pJwlip, npmt11 no -fi qpn1wlJ.wli qtmnui qmqwhbn qinpatpp pwfiwqfi t: 
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3.4. lTwphtiwmf11Jw1JwO unqb!P 
hwUWlllWUIWUluW Ump JWO UUlillQIUU'(! 

lfwpbUwmpqwqwfi lIIll}bl.P qnpcnuqpgfibpl! npnzhtmg hbmn ubq hb
UlW:Qp1uuu1 wnw2pfi hwpgf! Uill}bl.P lllltmwfibtlmtpJwfi wumpnwfip npnznu.rn 
t: Ujq qnpb:tu}ntj:lJlllfil! qwfiqwfibfip unqbllt hWUWUJWUlwutuwlintj:lJWfi UUlnt
qmu: 

lffiwgDJlllWJpfi qpuUJbpupwfi qwu hwuwUJwwwutuwlimpJwfi q}lll
U}bpupwfi pfimpwqpmu t hwzqwplJ.wJpfi y -Ii filjwuiuwup ljmpdfiwqwfi Yi -11 
gpqwbntpJntfi{!: 

dLnq. 
<wuwUJwuiwutuwfimpJwfi qpuUJbpupwfi npnzl[mu t hbtnL.Jwl I!Wfiw-

(3.25.) 

npmbq' Yi -fi i-pq ljmpdmti oUJuipuwtwguwfi UJwpwubmpp til12pfi pl[wpwfiw

ltwfi wpdbRfi t, Y; -u· i-pq lftnpdp UJWJuwfifihpp hwuw11 tiill}htli hwzl[wpl.J.l[wo 

OUJUlpUWLWQUWfi UJWpwubuipp wpdbRf!. f "I! WqWUlnlJ:lJWfi wumMwfifibp}l 
J:lPtlfi t L. hwl[wuwp t' f= N - (k+ 1), k - fi qnpbnfifibpp p}ulfi t: 

'-lpowqwqpntpJwfi ub2 wqwmntpJwfi wumpnwfifibpp ppl[f! tlJ.n11abpj1 
L. qnpbnfifihpp ;Qwfiwqfibpp mwppbpntpJntfifi t: 

Q.pww$Jlpdbpp WllllJDtfipfibpp uzwquwfi l[bp2pfi lPnlll! UUlWQWO Ull
flbl.P hwuwUJwwwu}uwfintpJwfi hpUJnpbq}l mnmqmufi t. npf! ljwmwpl[mu t 
.bpzhpp F ~wipwG.pznq. 

s;s 
FP::;-2' 

SY 

DpUibq' S~ -I! qpUlWtPnpdbpp qbpwpmwqpbtPnLJ:lJWfi IlPUUJbpupwfi t; 

UqwwmpJwfi wumpowfip hwtiwUJwuiwutuwfi J:ltlP L. G.zwG.wlJ.wuuu
PJWCi f!Uqntfiqwo uw1Iwpqwlt}i Fp <FT hwpwphpntpjwfi ribu.wnuI Ufillbll! hw-

uwpqmu t hWUWUJWmwu}uwfi, puq bpb Fp >Fr' WUJW hwtiwUJwmwutuw

fintpJwfi hpUJnpbqf! ubp<.tqnut t: "ltwfiwqnpuwfi _hPJumJlll qwpqp nhqpbupufi 
linqhl.P hwuwUJwmwu}uwfiotpJDtfif! ummqbtm L. wnwfidpfi qnpcnuqpgfibp}1 
fiZWfiW\tWUmLJ:lJDLfil! 6zmbtm hwuwp fiUJWUlWqwhwpuwp t IPWgfibL 3.7 
WllJillUWljf!: 

'l-pUUJbpupofi hWpWI!bpwqgntpJntfifibll[! hwtibUwtnbtnt{ WflJillUWqW
Jpfi wpdbplibpp hbm' Fa(f.,f:} \tUJwpqtlP. np bph F '.:> FJf

1
,f

2
) .WUJW Ufillbtli 

hwuwuiwmwu}uwfimpJwfi hpUJnphql! w hwumwuil{mu: 'l-w w Uzwfiwqmu. 
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lit 1.J.w btli oqml[br UJu qbUJ.Pbpntu nptqbu 
1111 WJfl Ufillb~g ~fit~wfifi~~g~Ju" y wppdwqwfipp ljmpdfiwqwfi wpdbJ;!fibpp ~wfinfi fiqwm'lmu ..,m 'I. i• P u 

L. mm Ufillbllt hwzl[wpql[wb' Yu -p wpdbpp pwl[wqwfipfi twtl hwuwuiwmwu-

L fi b mu hbmwqw bqpwqwgntpJntfi-
tuwfintpJmfi: '-lbp2pfipu tlhPtDLOillJ:lJ~•fi fl ~1 . ·qnp....,fipwgp mqmpuwtwg-
libpf! qwpnq bfi oqmwqnpb'l{bt mumu WUpPLf.Dll ul! 

dwfi hwuwp: 

UI/}nwwlj 3. 7 
bpqpnpq qwpqp nbqpbupnfi hwl[wuwpuwfi qpmqbpupnfi 

l[b ntcmLJ:lJWfi ufubUwfi Pl 
J!wnwl.muhCibnh amuwnn 

' j"' 
c::s 

"'.::r' 3 .E.[~ "' - 5 j Fu =(f1,f1 ) 
~_a. §' ~~c::s .a ., c: 

3' ... ;: ~<:;~ 3' :> 3 ~ 
3' c::s 

PwCiwdi&bp "" .. ~!6. ""s s ::J ~ 'Q ~ c: ""' d' .:1 "" <:; 

'l.pUIW[IljUWCi 
N 

-W[ll\JnlUJIUb[Ip {yy)= ~)! N - -11wnwljmup - u=I 
fibnh unuiwnn 

tiwuiitwO- .)t.Y.)' I - - -
bo-Jl hbm 

N 
k N 

tiwuiitwo-
SIO = ~);~:x .. Y. k 

~-'1 hhm i~I i•I 

N 

tiwuiitwO- S2.10::; boLYu + 
k(k + 1) u=l 

bij' bii -Ji k k 2 
hhUl + i>ijLXiuxjuYu -So 

ij-1 u I 
UliWQDJllllUJJlCi sLF ::;(yy)-(so -S,o + (k+1Xk+2) N-ajluUjb[IupwG 

+ S2-10) 2 

<{bpW[IIDWlll!-

sboc s2(y) 
[IbJ.lintpjWU 

Sba,. = N1 (r-1))z {y} N(y-1) ~ -utuw!JlqCiw-
y hwmuwfi ajlu-

wbnuhwCi 
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3.5. Updwqwfip}l uwqbpLnlJJliltl qmpmq qhpl!fiJlWQ 

3.5. J. Cwpdnuf qpwlJ/lblimft DUJIJnlpJwtfp 

Q.plllJl1lbChn t qn~qmu WJCi qblJ.ump{!. np{! gmjg t mwwu npnzwl.J.ll ub
bnt}ljWCi wubfiwwpwq t.Pmp.nfumpJwfi nuv1mpJntfi{!. np)l wpctbp{! t.Pnt.Pntu
qmu t mwpwc)mpJWCi u)l qbm)lg qblajl UJlllU{!: 

'blJ.. 3.1-mu UjWmlJ.bpqwb bfi bplJ.m wfilJ.wtu t.Pnt.PntuwlJ.wfifibpntl nbq
pbupnfi hwtl_wuwpuwfi wp<\wqwfip)l Yi uwqbpLntJp)l hwtl_wuwp bwntl 1.J.n

p.bp: 
Up<\wqwtip)l uwlJ.bpLntJpfi mfilt ,,O" qwqwpntl_ tbnwfi mbup: Cw11ctm

U{! qpwajlbfiumtl_ tl_bp1mbb1m filljWIDwlJ.ntl i.pnp<\bfip upwqnpbnfi qpmwi.pnp
<\bp)l npL.t mwppbpwlJ.ntl A qbmltg {!fiqfibfip ,,O" lJ.bmp mwpwbp}!: 

Ll-pw hwuwp wfihpwctbzm t fiwtu lJ.wJmfiwgfibt wnw2l1fi qnpbnfiJ!, 
opitCiwlJ.' x1 = a1 , WUIW AC nutqmpJWUp t.Pnt.Pnlubt bplJ.pn}lll qnpbnfi{! WJfi-

pwfi, pwfi)l 11bn wllmu t hwt!' Yi : UlJ.uwb C 1.J.bm)lg hWI! fitlwqmu t. WJil 

UjWmllwnntl_ hw2rtpq pWJtntl lJ.wJmCiwgtl_mu t x2 - I! L. CimJfi lJ.wpqntl CD mq

qmpwup' x1 qnpbnfi{!: CwpctntU{! 11hll!P qwqwp WJU hqwfiwlJ.ntl ntnpw

\llUlillJID t L. wnwtlbt wztuwmwmwp t 11wnfimu wfiqwfu t.Pnt.PntuwlJ.wfifihplt 
wtl_btWQUWfi hbm: Ll-blajl qwqwp WUbfiwlJ.wpll OWfiWUjWph{!, !i>mfilJ.gltWJp 
wp<\wqwfip)l qpwajlbfimntl_ zwpctntufi t' AB nutqntpJWUp hwumwmmfi uw-
1.J.w}lllwlJ.Cibpp lJ.npbpp znzwtPnllfibppfi nutqWhWJ\.µQ{! (CilJ.. 3.1): Ufi{!fi11ub2, u11-
wpctbp cp :t>mfilJ.g)lwJp qpwqflbfiml!' Vcp tlhlJ.mnp t: 

Vcp= ap i+ ap j+ ... + ap k, 
ax. ax.2 axk 

npmbrf acp :}>mfilJ.gltwJ)l i-}lll qnpbnfip liwufiwlJ.)1 wO'wfigJWtfi t. i, j, k -fi qnp
axi 

bnfifibp)l wnwfigpfibpp lllllIJ.lllJlJWUp li]lwtl_np qblJ.mnpfibpfi bfi: 
~wliw<\wjfi fUbJlnpp wfiwi.limltti. :}>mfilJ.g)lwj]l zwppp mbuntpjwfi, 

:t>mfilJ.g)lwJp liwufiwl.J.P wO'wfigJWffi, f!UID qnpb'nfifihp)l' libbntpJwlip L. Cizwfintl 
hwtl_wuwp bfi nbqpbu)lWJP hwliwUiwmwufuwCi qnpO'wlJ.)lgfibppfi: ~bmL.w
pwp, y wp<\wqwfipp :pmCilJ.g)lwjp qpwajlbfim{! Vy tlblJ.mnp t, 

(3.26.) 

fl-bqpbupwJ)l qnpb'wl.J.Pg fibp)l libO'ntpJntfifibp)lfi hwliwliwufinphfi i.pn
i.pnfubtntl wfilJ.wfu t.Pnt.Pnfuwqwfifibpl!' wuhCiwlJ.wpll llwfiwUJ.wphnq lu_w11ct
tl_bCip wp<\wqwCipCibp)l !l>mCilJ.g)lwJp qpwajlbCimp llllllllllJlJWUp: UJIJ Ujwm6w
nm{ hwliwpJw umwgpnCiwp mppntJpnq zwpctuwCi f!CipwgwlJ.wpq{! lJ.n~tl_mu t 
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~Ulpntli. tl_bp{!Cipwg: lJmpmlJ. tl_bpf!Cipwg)l hwztl_wplJ.I! pCiCiw11lJ.bCip ublJ. qnpbn

Cintl X1 tuCiqp.)1 op)lCiwlJ.ntl (CilJ.. 3.2): Ci wCihWJUl :i>mCilJ.g)lwCi t: Q.)lmw

bCipwqp.bCi11 lJ.np{! (1) wp<\~q~b~L.wCipntl o qbmntu umwgtl_bt t 
1fin11<\bp)l UJ.tWCi)l )lpwqwCiwgliw u np{! qnp.bnfi)l X1 = (-1... + 1) m)lpntJ-

- b + b x nbqpbu)lnCi hwtl_wuwpm I!· 
y - o • • u t wp<\wqwfi11)1 :i>mCilJ.g)lwCi: 
1>mU CimJfiwqwCinpbCi wpmwh~J~lhwtl_wuwp t mtlJWt qnpbnCi)l wnwCig11)1 L. 

fl.bqpbu)lnfi qnpO'wlJ.)1~ ; !a wfi mwCiqbCiu)lCi: CCiipnCibfil! np, X1 

nbqpbu)lnCi qb)l u)12L. 1.J.wq w lJ.J t Ax mum)l wJCi pwquwUJ.WUllJ.b1ntl 

wnwCigpntl zwpctUwCi 1!WJ\.I! hwtl_wuw~lJ.wb A lJ.bm)l,lJ.nnP11PCiwmfib11l!: 
b1 -ntl, lJ.umwCiwfi11 qpwajlbCim)l qpw I! 

x. 

D 

x. 

x, x, 
· 1, cf11 (i u)utuwli 

vl{. 3.1 q.pw'flllblim).1 nu[qntpJWUP zwp w 
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bpqpnpll pwJl]lg hhUUl x 1 wnwugi:ip llJlw hhnwtJ.npmpJntCiJ! lJ.l]lCip 

2~x - p !WtlnuJ.: PwquwuiwmlJ.html. 2ruc -1! b1- ntJ., qmCinuI hCip qpwajlhCimp 

qpw qmCitJ.llll B lJ.bmp qnnPllltCiwmCihpJ! ( 2~x u 2b1~x ) u WJtCi: U1Cimhhmu 

qmp6hpJ! lJ.wmwptJ.mu bCi qpwajlhCimp qhmbpp(i hwuwutwmwufuwfi UJWJ
uwCiUbpntJ.: liJU qmp6bpp WpilJntCipntJ. npn2tJ.mu b(i OUJ.lD}lUn11Il1 UlPlllllJ{}I!: 
"lpwlJ.w.pq fuCiajlpCibp tmb-hl]lu q}lmwtlmp6bpp biutJ.wl]l l{p.l'iwmuwa Ciutw
muiqml. qmpmq tJ.hpQCipwgm.l CiwfuwmbutJ.wa n~ pn1np qmpdhpCi hCi qwmwp
tJ.mu: <I>np6bpp utwJuwCifibpJ! J!CimptJ.mu tfi wJCiUJ.hu. np oUJ.mpumuI1 m}lpn11-
P1! lJ.wpbtl1 l]1Cip wtJ.wpmbt «bqwCi»-ml.; 

<l-npanCiCibpp K ptJ.li qbummu qm1m1q tJ.hpJ!fipwgp 2w11ctmuJ! 1m11w
pwCil.Jmp qnpanCip wnwCig11ntJ. qwmwptJ.mu t fiuwCiwmpui bqwfiwqmJ., i:iwGI1 
np b1 qnpowqpgfibpQ npn2tJ.mu hCi upuJwfigpg wUqwtu: <l-pwajlbCimp hw2-

tJ.wpltli qpw ho -Ci D! up wqqbgntpjlllU w Pllllfimu: <l-pwq}lbCimntJ. 2w11ctuwCi 

I!WJll! QUmptJ.mu t WJfiuibu, np fipw CitJ.wqwqntJCi wpcthi:il! uba l]lfip qnp0nfil1 
qpwfiguw(i utuwwg: -RwJlli wnwtJ.b1wqn1JU wpctbnl! uwhUwfiwl}lwqtJ.mu t 
qnplmfip npn2uwCi mppn1JpntJ.: Ufihpwcth2m t fiqwmp mfibCiw1. np qmpp nw1-
1tpntJ. qbUJ}l ouimpumu zwpdntUJ! uiwhwU2mu t fiqwmbl]l ptJ.ntJ. l}lnp6hp, I1ulj 
ubc) pWJlhPI! qwpnq b(i hwUqbgUbt OUJUlpumup mwpwb-I!lt zp2wUguwUJ!, mu
mp zwpctuw(i l}WJU! {!UmptJ.mu t ubq qnpb-n(ip hwuwp. puq UJlllUCibpl1 hwuwp 
hwztJ.wpq4_mu hbmliJWl wpmwhw1mmpJwup' 

~i =~Lb;&; 
bLe:L ' 

npmbq' ~L-1! L qnpanfip hwuwp 2wpctUwfi J!CimptJ.wa I!WJtU t . ~i -U' i-p11 
qn11bn(ip 2wpctUw(i l}WJU!, b;, bL -I! nhqpbupwjp i - Pl1 u L -)ll} q1111b-11UUhpp 

qnpawq}lgUh111!. e:;, &L -Ci' i -M u L -M qnpanUCihpp mwpwqmfuuwCi up2w

qwJ1lbPI!: 
<l-pwajlb(imp DlJlQDlpjwup zwpdnuil! UJhmp t ulJ.utJ.P qp.llJW\jw(i qhml1g 

(Jmpwi:iwUl.Jmp qnpbnUp hpuUwqwfi uwqwPllwqpg), i:iwap np nbqphul1w1I1 
qnpbtultligUbpJ! hwztJ.wpqtJ.w<>- bfi qpnJwqwU ljbmp w2wljwwmu: bpb nbq
pbupnU qnpbtultligUbpJ! upu1wUgpg Uqwmhtl1nphfi mw11pbp4_mu hfi. tunp
lmt{ll} t mptJ.nuI l}lnqmfubt qnpbnCip mwpwqmfuuw(i up2w\tWJI!l! u qwmwpb1 
Unp l}lnplihp: 3mpw11wCil.)ntp qnpbnUp 2wpctUwU l}WJU! hwztJ.wpqb1111g hbmn 
qmCimu bU «bUpWIJPwqwCi» qmp6hpp UJWJIIwCiUbpJ!: 

«bUpwqpwqwfi» tu hwuwpqmu WJCi qmp6bpQ, npnCig qwmwpuwU 
uiw1uwUCibpJ! ljmpntq tJ.hpJ!fipwg l}lm1mu uwMwfitJ.mu bfi ' hwztJ.11 wnUb1ntJ. 
jntpwpwCil.)ntp qnpbnCip zwpctiiw(i I!WJU!: lJUl}llltq tJ.bpQCipwgp WI111.JntUpUb
pp ummquwCi fiUJwmwlJ.ntl ppwqwUwgtJ.mu t «bfipwqpwqwfi» l}lnp6hpp up 
UWU{!: 
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4. fl.hqphu]:mfi qhptmbntpJmfi 

f!wquwpfl.l.l ]llidhlihpwltwli Juliajlplibp]l imouwfi dwuwfiwlt wfihpw
<Jt2mn1pJntli t wnw2wlimu ltWUJ. hwumwmht Xp x2, .. .,xk wfiqw}u Ly tlm· 

qm)uwltwlilihpp up2L: <l>nqm)uwltwli ubbntpjntlilihpp up2L hfiwpwJ.lnJ1 hli 
ltwUJ.hpp hhmLJWl mbuwltfihpl!: 

I. l>mliqgpnliwt ltWUJ. lli UJ.UlUlWhwqwli uhbnt}ljntlifibpp up2L.: UJU :qhui
pmu y ltw)uJWl tlmtlmJuwqwlil! wupnq2mpJwup qwp.i1IJ. t npn2tlh1 
x1, x2 ,. .. , x. wliqw)u quupn)uwqwlifihpntl: 

2. l>ntliqgpnfiwt l!WUJ. UJ.WUlUlhwqwfi Uhbnt}ljntlilibpp up2L: 
3. l>ntfiqgpnfiWt qWUJ. UJ.WUlWhWltWfi Uhbnt}ljntfifibpp up2L., bpp UJ.WUlW

hwqwfi uhbntj}Jllllilibppg uhltl! wpdwqwlipmu t UJntU qmqm)uwqw!.ip 
lillllilJlg pp pwz)uuwli ophlipp \j:tnl}m}untpJntlilihppli: 

4. 4:UlUJ.l! UJ.UlUlwhwqwli L lli UJ.WUlwhwqwli ubO-nt}lJlllfifihpp up2L: llju 
ltWUJ.l! ltWP11IJ. t tPliht hpltwltP' W) ltw)uJUll \j:tmpn)uwqwfip zUl\j:tntU{! 
tiw)uqwa t iWtliilwli npnzwlt:ti u)uw!Pg. puq Xp x 2, .. ., xk \j:tmpn)uwqw!.i-

lih11l! iWtPtlntu bfi wfiu)uw1 tiwu WJ1l uJuwtfihJ1l!, hwubUwmwa qw)uJtul 
l}m\j:tn)uwqwfip u}uw!P hbm, l}l:npp bli: p) y \j:tnl}m)uwqw!.ip WJ1dhl'!l! 
qw)uitwa t lli UpUlJfi X1, X 2 ,. . ., Xk qnpbnfifibp}lg UlJlh up ZWJll'! ztlb11wbuq

tlllll qnpanfifihppg: 
OUJ.mpuwiwguwli UJ.Ulpwuhmpyf y -l! UJ.UlUlWhwltwli ubO-nt}ljntli t 

M[y] pwz)uuwfi lthfimpnfintl, mfip finpuwi pwz)umu L. \j:tn\j:tn)uijmu t 

x1, x2 ,. • ., xk qnpbnlilibpp l}m\j:tn)uuwli hhm: 

M[y]= f(x1,x2, .. .,x1:) wpmwhWJtnnlf}Jntlili wfitlwlimu hli Xp x2,. .. ,x. 
ubbnt}ljntfifibppg y UJ.WUlWhWltWfi ubant}ljUlli UWJlhUUlppqwltwfi UUJ.UlUUlllfi 
nhqp.hupnli hwi.l_wuwpntu: 

U1uUJ.Punl.j_, nhqphupnli qhptntbntf}JWli hpupmu l!fiqwa hli hbmLJWl bu
pwqpnt J pfi b Pl!· 

l. x1,x2,. .. ,xk wpdhplibpp gwfiqwgwcr qmqnprµupJWfi 11huwmu y ubbm-

JlJntlifi mfip finpuwi pw2Jumu, 

2. y UJ.Wtmuhwltwfi ubbntJlJWfi mhuwqwfi pwz)uuwfi cr2 ajluUJ.hpul1wfi 
hwumwmmli t. 

3. M{y]= f(x1> x 2 , ... ,x1J :),>mfiltgpwJp mhuwlm wlihwJm t, 
4. xP x 2 , ••. , X1: tlmtlmJuwltwfifihp}l tm\):tuwfi u)uwm wtlhtl1 qmpp t. nwu y 

uhbntpJntlif!, 
5. Xp x 2, ... ,X1: l}ml}m)uwltwfilihp}! qaw1finpbfi wfiqw}u bfi: 
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fl.hqphu)rnli hwl[wuwpuwli 13 A A 
qwfifib ' b b b 0 '.,1'.,2•····f3k qnpanfifibp}l qliwhtmnw-

PI! o• 1• 2,. .. , bk, npn2l[mu hli li••wqwqntJli 1. 
qnl[, 'i pwnw':lmu}llibpjl ubpn-

N N ••• ••• ... ... ... • ••.•• 

boLXouX1cu+b1"X1X +b~x LN 2 N 
u=I L., u ku 2£.., 2uXku + ... +bk X = "x Y. 

U::::) u=l ku L. Xu u' 
u=I u=I 

4:wmwpblip li2wliwqmufihp, 
N 

(ij)=(ii)=2:Xiuxju; (ii)= Ix~; (iy)=Ix y. i=012 k 
u=l u=t u:l iu u' ,. ' ' ... , i :/=. j ' 

N 

npl19 hbm.n "x2 u 
~ ou qnt Wpf! li2wliwqbfip /00/ (l!wli}l np WJq qbuunuu i= 0) 

N 

~ XouX1u qnuiwpl! /01/ (l!wlip np i =O, j = l) h WJtfi: 
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liJq Uzwliwltmulibppg hbmn hwl[wuwpmulibpp hwuwqwpql! [!Uqm-
tlm u t hbmLJWl mbupf!' 

b0 (00)+ b1(01)+ b1 (02)+ ... + bk(ok)== (oy) 

b0 (10 )+ b1(ll)+ b2(12)+ ... +bk (lk) = (ly) 

b0(20)+ b1(21)+ b2(22)+ ... +bk (2k)= (2y) (4.7.) 

b 0 , b1, .. .,bk qnpimllt}lglihpf! npnzbtm hwuwp wlihpwctbzm t hwzqwp

ltbt mnwgl[wa hwl[wuwpmulibp}l hwuwltwpq[!: -4wzl.(wpltwJpfi pwUwahbpf! 
utwpqbgUhtm Utqwmwltnl.( oqml.(bfip uwmppgwJpli hwlipwhwzlJ.119: 

X 0 ,XpX 2 ,. • .,xkwliltwtu 1.pmpntuwltwlilibp]l (x0 - li lthqa l.}1.mpntuw-

4wfifi t) w11ctbpfibpf! qpblip hbmhJWL mbupnl.(. 

Xo1 Xn X21 ··· Xk1 

X= (4.8.) 

XoN XIN XzN xkN 

Uju uwmppgwli ltn!l.(ntu t qpmw$np6bpp UitwfiUbpp uwmp]lgw: 
N $npdhpp wP11Jmlipnl.( umwgl.(wa y ubantpJwli wpctbplihpf! lihpltw

Jwgl.(mu t hhl.DhJWl UWlilppgwjnl.(. 

Y1 

Y= Y2 (4.9) 

YN 
y uwmppgwfi ltn21.(mu t qpmwl.}1.npdbp]l uwmppgw: 
bpltm uwmppgwlibpJ! u]lujwlignl[ pwquwtqwmlthtm hwuwp wlihp.w

ctbzm t. np wnw2pli uwmppgwli mfibliw WJlipwli UJntliwlt. nppwfi U1llll mlip 
bpltlmpq uwmp]lgwli: 

C}.uifihfip x uwmppgwj]l filtwmuwup lfhpwqwuwl[npl[wo x· uwmpp

gwli: X'X WPl.IllUllPJWl·UWUlp]lgwjp mwpphp{! uzwliwlthlip h,£, v, npmbq' 

l-1! milflll hwuwpfi t, v-li UJmliwlt}l hwuwpJ!: 

X'X UWl.DppQWJp 1.DWppbp[! Opp!iwq hll - [! lttPfi]l hll = -(Xo1Xo1 + 
N 

+x 02 x 02 + ... +x0NXoN)= :Lx~" =(oo}, h 12 ==(01}, h 21 ==(to) hWJtli: 
u=I 

liJU qbtqJ1ntU x·x uwmp]lgwfi qwpmwhwjmqp hbmLJWl mbupnl[. 
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(oo) (01) (02) ... (Ok) 
(io) (11) (12) ... (lk) 

x·x= (20) (21) (22) (2k) 

(ko) (kl) (k2) ... (kk) 
x·v uwmp1tgwu uputmptiti t, 11wCiJi np (ij)= Qi) 

Xo1 Xo2 ... XoN 
Y1 X11 X12 ... Xrn 
Y2 X21 X22 ... X2N x 

Xk1 Xkz XkN 
YN ... 

= 

N 
IxouYu 
u;I 
N 

LX1uYu 
u;I 
N 

LX2uYu 
u;I 

··········· ··· 
N 

IxkuYu 
U;I 

Oy 

ly 
;:: 2y 

ky 

(4.10.) 

(4.11.) 

ho, b1, bz .. ., bk qnpblllqpgfibpl! qpbfi12 hbtnhJWt uwmppgwJ}l mbupm[. 
ho 

bl 
B= b2 , 

(4.12.) 

bk 

B uwmp)lgwli pwquwUiwmqbtntl XX uwmppgwJn•' umwfimu bfin 
(x·x\.... x· 'i .. 

JD h Y uwmppgwfibpl!, npnfip mfibfi fintJfi ~wlfulil.wqwfimpJlllfil! h 
ti11wp hwi.twuwp bCi (x·x)J = x·y. 

(oo)bo + (01)b1 + (02)b2 + ... (ok)bk 

(1o)bo + (11)b1 + (12)b2 + ... (Ik)bk 

(x·x)3= (20)bo + (21)b1 + (22)b2 + (2k)bk (4.13 .) 

(ko )bo + (kl )b1 + (k2 )b2 + ... (kk )bk 

_1 A U~utppgwjp hwqwqwpd Uwmp}lgwfi qtlifip A-1• npp hwuwp o]izm t 
AA =A A = E wpmwhwJmntpJntfil!. ntum)l' 
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(x·xr1(x·x)3 = (x·xt(x·v), 
pwfilt np (x·xf1(x·x)= E, puq EB= B. wlll.w· 

B = (x·xJ1(x·v): (4.14.) 

(x·xy-1 uwmppgwJlt mwppbpl! fi2wfiwqbfip C;i - mt. npmt.q· i -fi mn

'llt hwuwpfi t. j -fi uJntfiwqp hwuwpl!: 

(X'X t h X'Y Uwutppgwfibpf! pwqUWUIWtnqbtml, (4.14.) wpmwhWJ
Ullltpjwfi Ub2 Ulhqwqpbtntl U UWtnppgwfibpf! hwtlwuwpbgfibtntQ hbtnn UUlW
fintU bfip, 

b0 = C00(oy)+ C01 (ly )+ C02 (2y )+ ... + C0k(ky) 

h1 = clO(oy)+ c11(1y)+ c12(2y )+ ... + c.k (ky) 

b2 = C20 (0y)+ C21 (ly)+ C22 (2y)+ ... + C2k (ky) 
(4.15.) 

bk = Cko(oy )+ ck.(ly )+ ck2(2y )+ ... + ckk(ky) 

Umwgtlwa hwtl_wuwpmufibpf! pmJl bfi mwttiu npnzbt b0, bl> b2 .. ., bk 

qnpawq'1gfibpp t1pwqwfi wpdbpfibpl!: UJu hwtlwuwpntuCibplt ht1uwfi tl.Pw 
Ciztlwb' qnpchuqpgfibplt hwztlwpquwfi hwuw11 qwpbtli t qpbt l!fil}hwfipwgtlwb' 
hbmhJWl pwfiwdL.1!, 

(.iy): (4.16.) 

UJulll.Puntl, nbqpbu}lnfi qnpblllqpgfibp}l npn2uwfi hwuwp wfihpwctbzm 
t qwmwpbt hbuihJWl qnpbm\ntpJntfifibpf!. 

1. qwqllbt finpllwt hwtl_wuwpmufibplt hwuwqwpqf!, 
2. qwqlibt finpllwt hwtl_wuwpmufibp}l qnpb-wqpgfibp}l x·x uwmppgwfi, 
3. nbqpbultwJp qnpbluqpgfibpf! npnzbt (4.16.) wpmwhwJuintpJWUp: 

fi.bqpbu}lnfi hwtl.wuwpuwfi qn1uwpbtlifibp}l 12wfiwlm hwtl_wuwp t nbq
pbupnfi hwtl_wuwpuwfi qnpchuqpgfibpp ptl.Pfi: <l-muwpblltfibp)lg Jmpwpwfi
~ntPl! qwtutl.wa t hwliwUIWtnwutuwfi wfiqwtu lfuupntuwqwut1g. WJ'l lll.WU1-
l'.iwm1tl. qnpchuqpgfibpl! ~bu qwptill npnztl.bt U}lUJwfigpg wfil{wtu: bpb ltfi~ np 
UIWUll'.iWnntl pbqmqh U]l qnpbwqpg wpmwputlmU t nbqpbullnfi hwtl_wuwpm
Upg, WUIW ufiwgwa qnpbluqpgfibpJ! Uihmp t hwztl.wpqbt: 

<l-npbluqpgfibpl! hwztl.btmg hbmn qwmwpmu bu nbqphu}lnfi hwtl_w
uw11uwCi tl.Pl'.iwqwqpwqwfi tlb11tmampJmfi: lJwpbUwmpqwqwfi UllJlbtP hw-
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uwUJ.wmwu.tuwumpJwu hpll{npbq}l ummquwu hwuwp np.n2qmu t uuwgn11-

qwJpu 4wu hWUWU)W\IlWUfuWulll}}JWU s:g qpuUJ.bpupwfi: 

S~=~R, (4.17.) 
R 

npmb1f SR-1! pwnw4ntupfibpp U:uwgnp.qwJpu qmuwpu t, fR = N -(k + 1 )-1!' 

wqwmntpJwCi wum)lowCiCibpp PPtlt!. 
N k N N k 

SR= LY~~);LX;uYu =LY~ -Lb;{iy): (4.18.) 
u=I i=O u=I u=I i=O 

~wU:wll{wmwufuwumpJwu hpUJ.npbqJ! ummqmu bCip l>p2bpl1 FP ~w

i.pwup2m.[ (wq. 3.4): 
'l-pmwpqbup wnwtJ.bt f!UqhwCimp 1lbllJ.P. bpp y ll{wmwhw4wCi U:Mm

}}JWU uwpbUwmp4w4wCi UUJWUUWU M(yj 4WUJJ! wCi4w.tu tltmtm.tuw1IwCiub-

1itig xpx2, .. .,xk uipmwhwJmlJ.mu t n qwpqp pwquwfiqwunq. oppuwq. 
k k k 

M[y]= 11 =Po+ ~);x; + LP0x~ + ~)ijxixi : (4.19.) 
i=I i=I lsisjsk 

llju hwqwuwpuw(i ub2 nbqpbupnCi C}IlJ1ITTn4pgCibpp pwCiwl.J.I! hwqw

uwp t c~+•: 
n~ PWJ.lll oL.wqinpnuuCibppg hbmn (4.19) hwqwuwp.nlUf! 4wpbLJ:l t Cib11-

4WJWQUbt 
y = b0 + b1x 1 + b 2 x 2 + ... + bkxk + b12 x 1x 2 + ... + 

(4.20.) 
+ bk-lxk_1xK + b11 x~ + ... + bkkx~ : 
<l>nfuwp)llibtml bpqpnJ.lll 4wp.qp wfiqwulibpJ! qawJpli mbupb1111tl L 

umgubtml 4btta tltntltn.tuw4wCil! umwlimu bup. 

X2 - x · x 2 
- x · · x 2 

- x I - k+l> 2 - k+2t•"t k - lk> 

X1X2 = X2k+1; ... ; xk_lxk = Xk1' 

npmbJt' kl = c;+2 -1 

u2wliwtimulibpp linp hwuwtiwp.qmu (4.20) hwqwuwpntul! 4wpbLJ:i t 
(ibp4WJWgubt. 

y = b0x0 + b1x1 + b2x2 + ... + bkxk: (4.21.) 

UJuUJ.J:lunq, gwCiqwgwa qwpqp pwquwfiqwu qbiuJ)lfi qwpoubtmg hb
mn, hwqwuwpntul! 4wpbtlt t qpmbt n11UJ.bu qcrwJpli hwuwubn L. upw hwuwp 
4):1pwnbtnbqpbupnCi qawJ)lu hwtJ.wuwpuwCi tJ.bptmampJwCi pwfiwoL.bpl!: liJu 
qtuwmu X uwIDppgw3mu tiwtJ.btwgtJ.bli unp tltntltn.tuwtiwuCibppCi hwuwUJ.w
mwu.tuwfi UJmliw4Cibp, pu4 B uwmppgw3mu' hwuwUJ.wmwufuwu unp ipnipn
fuwqwCiCibp: 
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q.nplnu411gCibpp hw2tJ.wpquwCi pwCiwoL.1! UJWpqbgCibtm l~wuwp ~~ 
b·h t Ci qnpbt WJCiUJ.bu np X uwmppgwJm mwpp [l 

Ulwtltnp&bpl! qwp u• llll~.Ci~ h \llllllhPP wpmWJlllJWtCibpp qmuw11l"! 
QwCiqwgwa tp4m UJmCiw'I P.1., l!Um 

h h(in(i ~ X· x . = 0 : liJU\llPU}l UJtWCiwllnp.ntUl! qn~-
hwqwuwp tltfi}l qpnJ1., WJU1· ,. LI '" iu 

u=I 

.r x•x uwmppgwCi obnp t pbp.ntu hbmL.JWl 
qmu t oppnqnuwt: liJu 11tuwmu 

lllhUI!l!· 
(oo) 

0 

x·x = .o 

0 

0 

(11) 
0 

0 

0 
0 

(22) 

0 

0 

0 

0 

(kk) 

(x•xf' hwtiwqwpo uwmppgwCi 4tltfi}l 

Coo 0 0 ... 0 

O C11 0 0 

(x'x J1 = o o C22 o · 

0 0 0 

npUlbif cij = 0 (i ;(:. j): 
fi.bqpbupnfi qnplnultl1gCibpf! np.nzitmu bCi u}lilJwCigpg wCi4wfu. 

(4.22.) 

(4.23 .) 

bo =C
00

(0y} b1 =C11 (ly); 
b

2 
=C 22 (2y} ... bt =Ckk(ky): b h 

(i ctw.r Ci i. nbnnbupnu qnpawqpgfi P1• 
OppnqnCiWL uuwliwqnpuw uW w'I -u· 

np.n2uwCi pwuwoL.bpp l!fiqhwump mbUl21! 4LJ:ifip. 
. N 

h; =C0 (iy)=c.IxiuYu: 
(4.24.) 

u=I 

bpb (x•xf' hwpwphpwqgntpJwfi uwmppgwu wu4JmCiwqawJpu t. 

fi 
awi.gh hwuwp qumwhb\lt uwhuwCiCibpJ! 4wpb\lt t 

WUJ.W jntpwpw tJlllP qnp 'i •• 

hwzqwp4bL 
b. _ t {b. } < A. < b; + t, {b;} , 

I I I . t-'1 
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npmbrf t -Ii UmJnlllbUmti ~wtltwlipzp wrumuwqwJpli wpitbpli t. s{bi }- pU bi 

-p n1mzuwU utuwm: 
UJuUJllunq, qbulJ}lli hwqwuwpuwU nbqpbupuU qbptmbmpJmliJ! qwpb

IP t UbpqwJwgCibt qnpbnqmpJmUUbpp hbmhJWL hw211MwltwlimpJwup. 
1. qwquqmu b(i $np6bp)l UJ.WJUWlilibpp X h qpmw11qmu!ibpp Y UWUlllPQW

Ubp]!: 

2. qwquqmu t X uwmppgwJp Uqwmuwup qbpwqwuwqnpqwb" x• uwmpp-
gwU, 

3. hwzqwpqqmu t x•x wpUlWllllJWt-UWUlppgwli, 

4. npnzqmu t x·x-p hwqwqwp6 uwmppgw(i (x·xt' 

5. hwzqwpqqmu t x•y wpmwqpJWt-uwmppgwU, 
6. npnzqmu bli nbqpbupuU hwtJ.wuwpuwU qnpbulqpglibpJ!, 

7. hwzqntU b(i. S2 {bi} U 0"
2 {b;} aj:IUUJ.bpupw!ibp]!, 

8. hwztJ.wpqtJ.mu bli S~8 aj:lmqbpupwU h ummqntu nbqpbupnli hwtJ.wuw11-

uwU hwuwtqwmwutuwCimpJWli hptqnpbq]!: 
.RUUwpqblip WJli qbUJ.PJ!, bpp y - p wplfbp]! ltwtutJ.wb t bpqm qnpb"nU

Ubppg, tiult nbqpbupuli hwqwuwpntuli mlip hbmhJWL mbupJ!. 

y =ho+ b1X1 + b2X2 + b12X1X2 + bllx; + b22Xi: 

4:wmwpb!ip Uzw!iwqmulibp, 

Xo =l; X3 =X1 ·X2; X4 =x;; X5 =xi: 
liJU qbUJ.PntU (4.25.) hwqwuwpntUJ! qumwliw hbmhJWL mbupJ!, 

y = boXo + blxl + b2X2 + b3X3 + b4X4 + b5X5 : 

(4.25.) 

llltwliwqnpuw(i uwmppgwU h qinp&bpp WMJlllliplibp]! pbpqwb" b(i PM 
4.1 wrumuwqmu: 

T.hymuwlj 4.1 
llltwliwqnpuwli uwmppgwU h qinp&bpp WMJntliplibpJ! 

<l>npdhpp Xo X1 X2 x1x2(xJ x;(x4) xi(xs} hwtiwnn y 

1 1 l 0 0 1 0 58,7 
2 1 -1 0 0 1 0 49,2 
3 1 0,5 0,866 0,433 0,25 0,75 50,5 
4 1 0,5 -0,866 -0,433 0,25 0,75 61,0 
5 1 -0,5 0,866 -0,433 0,25 0,75 43,8 
6 1 -0,5 -0,866 0,433 0,25 0,75 57,7 
7 1 0 0 0 0 0 50,l 
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ho, bp-··bs qnpb"wqpglibp]! hwzqwpltbtnt hwuw11 qwqublip x uwmpp

gwU h qpmwpquwli Y uwmppgwU. 
1 1 0 0 0 

-1 0 0 0 

0,5 0,866 0,433 0,25 0,75 

X= 1 0,5 -0,866 -0,433 0,25 0,75 ' 

-0,5 0,866 0,433 0,25 0,75 

-0,5 -0,866 -0,433 0,25 0,75 

0 0 0 0 0 

58,7 

49,2 

50,5 

Y= 61,0 

43,8 

57,7 

50,1 
x uwmppgwli qbpwqwuwqnpbtntl' umwUmu blip. 

1 1 l 1 1 11 

1 - 1 0,5 0,5 - 0,5 - 0,5 0 

0 0 0,866 - 0,866 0,866 - 0,866 0 

0 0 0,433 -0,433 -0,433 0,433 0 

1 1 0,25 0,25 0,25 0,25 0 

0 0 0,75 0,75 0,75 0,75 0 

PwqUWUJ.WIDqbtntl x h y uwmppgwlibp]! x· - nq' qmliblip (x·x) uw-

mppgWJP hwqwqwp6 (x•x r uwmppgwU: A u~mppgwJp hwqwqwp6 A-1 

- 1 A;; b ' \Al -U A 
uwmppgwJp aij1 mwppbp{! qwpllll. bCi12 hwztlbt a;; = lAf' npm fl 

uwmppgwJp npnzp~U t, A;; -a· \Al n1mzplmu a;; mwppp hwlipwhwztJ.wqwU 

fi1WQlllUJ!'. 
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7 0 0 
0 3 0 

x·x 0 0 3 
0 0 0 

3 0 0 

0 3 
0 0 
0 0 

0,75 0 
0 0,25 

3 

0 

0 

0 ' 

0,25 

371 

14,5 

XY = -21,131 
1,472 

161,15 
3 0 0 0 0,75 0,25 . 15975 

Op}lfi/ ~lf w/fihpwdhzm t qmfih. l A - }l hwlfwqw110 ~ -1 u h 

A= 3 I 1-/ 1 31 WUlP1•9Wfi, 
4 5 A - 4 5 =-7 

a11 mwp}l All hwfipwhwztJ.wqwfi 1PwgnuII! lftlifi}l A11 = (-1)1+' ,M = 
= 5 

ai2 - P A12 1Pwgmul! lftlifi}l A
12 

= (- l)1+2, M == n 
Ai2 =I: i2 -4, }lulf A11 = -3 L. 

U3u qhun;muI A •1 u 
qnpnzqhfi. wmpjlgw111 mwpphpf! hwuwiqwmwujuwfiwpw11 

-I - All s A 3 
a" - jA/ = -:; a~~= /Ali = 7' 
a-1 - A12 _ 4 -1 _ A

22 
1 L. 

ii - /AJ - 7 a12 - jAj = -, 

;_:'_ "i~r·1"i~matuw hhmt...Jwi mhuim. 

4 1 . 
- --7 7 

<.wJmfi}l hfi hwqwqwpo uwmp}lg j1 
op}lfiw~' Q.wmujl h:qwfiwlJI! I.a. w11fi: WJ npnzuwa fiwL. WJl b:qwfiwqfil:i11. 

fi.hqphujlnfi hwijwuwpuwfi qnpciwlJjlgfih 
hwJmntpJntfi]lg. npmb:q (oy1(1y'(2 ) (5 ) Pl! n1inzl:ifil} (4.16.) wpmw-

" Y ... Y qn1uwpfihp[I npnzijw() hfi X'Y 
uwmpjlgwJ]lg c c c 'x· )-i 

, oo' oi •· .. , ii ... ~ X uwmpjlgw3jl mwpph11fi hfi j1 II C 
~02~ Cm mwpphp[I hwl{wuwp bfi qpnjjl, WJUUtliunij. , u o1 • 

o - Coo((Oy))+ C04(49)+ Col5y) = 1·371-1·161,5-1·159, 75 = 50 I 
b, =Cu Iy = 0,3333·14,5 = 4,8333, ' ' 

b1 = C22(2y)= 0,3333(-21,131)=-7,04, 

b, = C33(3y )= l,3333·l,4722=1,963, 
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b4 = C40 (0y )+ C44 (4y)+ C45 (5y )= l · 371+1,5·161,16+0,833·159,25 = 3,85, 

b5 = C50 (0y) + C54 (4y)+ C55 (5y )== l · 371+0,8333·161,15+1,5·159,75 = 2,9167: 

qt112wiqhu nhqphupnfi hwqwuwpnulJ! qumwfiw hl:imli.JWl mhUPI!· 
y = 50,l · x0 + 4,8333x1 - 7,0437x 2 + l,9063x 3 + 3,85x4 + 2,9167x 5 : 

..Rwllwqnmpfihpp ufiwgn}lilWJ}lfi qlllUWlll!· 
7 j 

SR =LY: -l:bi(iy)= 19895,92-19895,278 = 0,042: 

'bmJfi wpcth12fi hfi umwfinul Gwt.... 
7 2 

SR= l:(y. -yJ =0,042: 
u=1 

~wuwiqwU1wujuwfimpjwfi qfmiqhpu}l.wfi. 

SR SR . 0042 Sag=- ( )= , ~ 
fa N- k+l 

s~ =0,02, 

h·•a' s~. . . / mp u F =-
2 

=2,l. 
P SY 

fi.hqphupnfi hw\{wuwpntUJ! hwuwiqwmwujuwfimu t munulfiwu}lplJ.nq 
hpli.nlJp}lfi. 12wfi}l np. FT > FP: 

fi.hqphu}lllli qnpbwliJigfibp}l q.}luiqbpu}lwfibpJ.1 l1tl1fihfi. 

S2 {b0 } = C00S~ = l · 0,02 = 0,02 , 

s2 {b1} = c11s; = o,333. 0,02 = 0,061, 

S2 {b 2 } = C22S~ = 0,333 · 0,02 = 0,067, 

S2 {b3} = C33S~ = 1,333 · 0,02 = 0,0267, 

S2 {b4 }= C44S~ = 1,5 · 0,02 = 0,03, 

S2 {b5 } = C55S! == 1,5 · 0,02 = 0,03 : 

fl.hqphu}lllfi hwqwuwpuwfi qnplrolliJigfihpjl lizwfiwqwIJlmpJmfifibpl! 
ummqhIJlu tqwpqqhg. np pntnpfi tt pwqwpwpmu hfi tP > tT tqWJUwfi}1fi: b0 , 

b4 , b5 qnplroltiJigfihp}l up2L. qnJntpJntfi mfip hwpwphpwlfgwqwfi qwiq: bph 

qnpb-wliJigfihppg uhqJ.l wpmwpuil}l hwtJ.wuwpmujlg, wiqw ufiwgwb)! wfih11w
cthzm t linppg hwzqwplfht: 

Shqwqpb1nlJ. qnplrolliJigfihpp hwuwiqwmwujuwfi wpcth12fil:ipJ.1 (4.25), 
hwtJ.wuwpmUJ.l Ohnp t phpntu hhmL.JWl mhUl!J.l· 

y = 50,1+ 4,8333x1 -7,0437x2 +1,963x1x2 +3,85x; + 2,9167xi: 
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5. Upmwqwpq qllmwtJinpMipp unwliwtlnpmu 

5.1. lzmh.qnqpg)lllG qbGmpnfiwqwG uuwfifibp 

q.pwqphump nuiqmf}JWUp 2wpctmtifi wqwpmqmti t ouimpumup mp
pntwlt hwJmuwphpmum.f., npmhq wpdwqwfi11Ghpp !l>mfil.J.gpwfi um.f.npwpwp 
fihplJ.wJwgl.f.mu t hpl.J.pn.PI} qwpq}l pwquwfuiwup mhupnq. 

y=bo + ~)ixi + ~.)ilxi ·X1 + ~)iix~ : (5 .1.) 
l:S:i:s:k l:S:i:S:l:S:k l:S:i:S:k 

bpl.J.pn.PI} qwpqp pwquwfi.qwufihpp qnpbwqpgGhpJ! qfiwhwmtum wfi
hpwcth2m t. np qpmwqmp&hpp UJ.twfimu JntpwpwGiimp qnpbnfi nG1pufip 
hphvltg Ill UIWl.J.wu wp<thp : fl.filUihu QntJ9 bu mwlltu npn2 hhtnwqnu11111fihp 
[2.7], WJU qhuwmu wnwtlht nwgpnGw1 hfi hwuwpqmu l.J.hfimpnfiwqwfi qnu
UJ.nqpglmG UJ.twfifihpf!: ..t,}Ifiqpg UJ.Wqwu qnpbnGGh}lp fli.Ui k < 5 qhuwmu 
qhfimpnfiwqwfi l{ntiUJ.nqliglmfi UJ.tWfi}l «ult2mlJ.»-l1 qm}uwµhfi umtn11wpw11 f!li -

mpl.f.mu t 2k tppq qnpbnfiwJpfi llltwfi : P.uq h}lfiqpg wl.f.hlltlt qhuwmu npUJ.hu 

«Ul12mlp> hfi l!fiUlpl.f.mu 2k lPlltl qnp®fiWJpfi qpmw1Pn11dhpp qpUWUJ.WUlWU
}uwfifihpf!: bpqm qn11bnfip hwuw11 hplJ.pnpq lJ.w11ql1 lJ.hfim1u1uwlJ.wfi qnuUJ.n-

qpg}Infi llllWUI! qWJ.1.Illl t (ihpqwjwgqht u}uhUWJP mhupnl.f. (Gl.J.. S. l): 2
2 

lPPl.f. 
qnpbnfiwJpfi q}luiwqmp&hp}lfi (I, 2. 3, 4 qhmhp) wl.f.h1wgl.f.mu hfi n 0 pl.f.ntl 

tlmpdhp UJ.tWfip l.J.hfiuipnfimu (l.J.hui 9) h l~JlU «WU~Wfip?~hpn\J.» ~bUlbJl (5 . 6. 
7. 8), npnGg qnnM}lfiwmGhpu hfi (+ o.,o), (-a,o), (o,+a), (o,-a). 

bpqm qnpbnfiGhpp hpl.J.pn}ll} qwpqlt UJ.lWfil! qwphllt t fih114.w1wgfib1 
uwm1ipgw1ntl (uuumuwq 5.1): 

x. 
~) 

1.(-l:t-1) 1(+1;+1) 

f{-G,'O) 9(0;0) 5(+a.-o) . 
~ 

., x. 

.t(-1;-1) 3(+1H) 

~) 

'Ult. 5.1. l:;pltqnpbnfi hpltpnpq ltwpqp qhlimpnliwltwli uuwu: 
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q b t Gq 5 2-mu, 
i...(i(ihph hwuwp fimJG u}uhuwG GhpqwJW9 w . . 

bpbp qnp.vu l' 

h Ii' mntntUW\J. 5.2-ntU: 
UWUlP,1•QW ..... u-. 

.<~ 

x. x. 
lt p lthfimpnliwltwfi 

u\t. 5.2 bnwqnpbnfi bpqpnpq ~pqtubllw : 
qnu1.4nq}19ltnfi UltW l' u 

UJ.LWUP uwUlp gw 
2 2 y 

<I>np<\\1 X1 X2 X1X2 x, X2 

"ltUIO!l Xo 
hwuumn + + + Y1 

onllwOnwbn111m10n + 
l + + + + Y2 

22 mbuwljll uttUIO + -
2 + - + + Y1 

+ - -
3 + + + + Y4 

+ - - a.2 0 Y5 4 0 0 
5 + +a a2 0 Y6 "UU1.nllw61lzW- 0 0 

OruJ!iO" uttruO 6 + -a 0 a2 Y1 0 
7 + 0 +a a2 Ys 

0 -a 0 0 
8 + 0 0 Y9 

0 0 0 
9 + 

QpnJuiqwO \tbtn 
wG nuuin-
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tmwqnpbnfi bpliJin11Il qwpqp 1.J.bfiuipnfiwqwfi qmhqnqp ~~11uwlj 5.2 
UJtWCill U 11 91u• wmp. gw 

"ltw!ilt Cl>np61t 
pmlw!iqw- hwuwpl! Xo XI X2 
bnrn1mfin 

X3 X1X 2 X1X 3 X2X 3 
x2 x2 x2 

I 2 3 y 

I + + + + + + + + + + Yt 
Q 2 
~ 

+ - + + - - + 

3' 3 + + 
+ + + Y2 

- + - + - + + + Y3 

~ 4 + - - + + 
5 

- - + + 

" + + + 
+ Y4 

.i:I 
- + 

9 
- - + + 

6 + 
+ Y5 

'M 
- + - - + 

7 
- + + 

+ + 
+ Y6 

- - - - + + + + Y1 
8 + - - - + + + + + + v. 
9 a..,, + +a. 0 0 0 0 0 0.2 

~2. 10 + 0 
0 0 Y9 

-a. 0 0 0 0 a.2 
Q 3' 11 

0 0 

3· + 0 +a 0 0 
Yto 

c::''i:I 
0 0 0 a2 

5 ..c:!. 12 + 0 
0 Y11 

:3 3 
-a 0 0 0 0 0 <:J.2 

: Q 13 + 0 0 
0 Y12 

14 
+a. 0 0 0 0 0 a.2 

+ 0 0 
YtJ 

-a 0 0 0 0 0 0.2 V14 
ilpnJW-

bwfi bbw 15 + 0 0 0 0 0 0 0 0 0 Y15 

5.2. bp'lfln{lll ltWJlq}l OJl}}IlqDUWl UUWCiCibp 

Pfi~u1bu wnw2!lfi . WJfiuibu tt b qpn 4 
wnwlJ.btntf)Jntfifi wJfi t. np. hwzlJ.wpqfi~ lt : wpqll oppnqnfiwt UlLWfififitpl1 
nbqpbuJ.1.wJ!l pntnJI qnpb"wlt}l.gfibpf! npnrqmu ~~h~wtlwm l}lnpp t, pw!ip np 
pnfiwqwfi qmIUJ.nqpgp.nU UJtWfip u i• JWfigpg wfiqw}u: ltbfim
pnqnfiwt_. npnqhhmh wmppgWJntU n~ Pntnp UJntfiwqfibpfi tfi op-

N 

~X0 -X~ -.F-0 L.J , y , j=I (5.2.) 

N 

LX~X~-.F-0: (5.3 .) 
j=l 

.Rwfip np Xo = + 1 L. x~ ~ 0 . mu mp n buqp 
f)Jntfil! qwnfiw op<>nqnfi fib • PUl (5.2.) wpIDWJWhWJUlnt· 

r Wt. W pwdbzm t U h 
l}m}ub( x~ -fi l}ln}uwp!lfibtntl x~ -nq. wmppQWJP UJmfiwqfibp[! oL.w-
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(5 .4.) 

x~ -fi l}ln}uwppfibtml x:-ml (5 .2.) wpmwhwJUlDLJlJDLlll! q6hwl}lntmlli 

htmhJWl mtupp. 
(5.5.) 

U1uuibu, oppfiwl.J., hpl.J.m qnpcmfip hwuwp 1.J.bfimpnfiwqwfi qnuuinqpgll
nfi uitwfip uwmpp.gw1mu (wq. 5.1) umwfinuI hfip finp l}lnl}lntuwl.J.wfifibp. 

4+2a.2 

9 

(5.6.) 

mp.hufi 
~ I ~ ( 2) ~ 2 -2 2 9(4+2a.

2J 
L,., XojXtj ::: L.. Xoj X;j - X1 = L,., x,j - 9xl == 4 + 2a. - == 0, 
j=I j=I j : I 9 

fimJfi 6tmq. 

Sbt\WJlllhtntl a.= 1 (a. -fi «WUUlJlWfiPZWJpfi» pwqml.J.fi t) (5.6.) wpuiw

hWJUlDLJlJWfi Uh2, qmfinlli bfip finp l}lnitintuwl.J.wfifibp{!' x: h X~ . 
I 2 2 I 2 2 

x, =X1 -3,X2 =X2 -3 : 
liJU qtiuuimu l.J.bfimpnfiwqwfi 1.J.niIUJ.nqpg)mfi bpl.J.pnPIJ: 1.J.wpql1 011pnqn

fiwt UJ.tWfi[! hpl.J.lll qnpcmfip hwuwp qwpbtll t fihplJ.wjUIQfibt UWUlJillQWJlll\_ 

(wIJ.. 5.3): 
bpbp qnpcmfifihpp hwuwp «WUU1JlWfiJ.l.2wJ}lfi» pwqmqp a = 1 wpctb-

l!n4 fimJChqpuJ.l. qnpbnqntpJmfifihpnq umwfimu bfip x:, x~, x~ finp ipnipn}uw-

1.J.wfifihp.. 

8 + 2(2,215f == x2 _ 0 73 
15 I . ' ' 
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I -
2 0 73· I l Q 73 . X2 - X2 - ' 'X3 = X3 - ' • 

ll!ymuwq 53 
bpqqnpbnli qbfimpnfiw~wfi qm.hqnqpg}l.nfi bpljpnp qwpq}1 

op}lnqnfiwt UJLWli 
"llWGjl 

tinpdjl 
2 2 2 2 pmtwGqwltm· Xo x. X2 X1X2 x -- X2 -- y PIIllfin hwllwp[! 
I 3 3 

I + + + + +1/3 +1/3 y, 22
UJbuwtijl 2 + . + . +1/3 +1/3 Yz uuwli 3 + + . - +1/3 +1/3 YJ 4 + . - + +1/3 +1/3 Y4 a=l 5 + + 0 0 +1/3 +1/3 Ys pwqmtintl 6 + . 0 0 +l/3 -2/3 Y6 "wumqw!izw· 7 + 0 + 0 -213 -2/3 Y1 liWJjlfi" lthUibp 8 + 0 - 0 ·2/3 1/3 y~ QpnJWltwG 

9 + 0 0 0 -2/3 ·2/3 Y9 
llbm 

bpt12 qnpbnlip oppnqnliwi UJLWfiwqnpuwli uwmppgwli Ubp!JwJwgqwa 
t WIJ]muwq 5.4-mu: 

"ltwfiwqnpiiwli uwmppgwJP. oppnqnliwimpJwli hJiuwfi qpw nbqpbuJi
nli qnpawqpgfibp[! npnzlj_mu bfi UJ1UJWfigJig WCiqw}u hbmL.JWl pwfiwllt.nq. 

N 

LXiiY; 

bi=4-· 
L:x~ 

(5 .7.) 

j-1 

npmbq' i .fi uwmpJigwJmu UJntCiwltlt hwuwpfi t. j --li ' tlinpdl1 hwuwp[!. xij .fi' 

uwmpJigwJP. hUJUWUJwmwujuwli UJntliwltlt mwppbp{!, Y; -Ci' i -pq tlmpllmu 
mqmpuwiwguwfi \llWpwubmpp wpctt11n: 

fl.hqphu}mfi qnpb-wqjlgfibpjl qpulJihpu]lwCihp[! npnz1J.mu hfi. 
si 

s
2
{b;}=-r- (5.8.) 

~>~ 
i•l 

Qum uwmpJigwJP. tJlnpdhpp Jipw~wfiwguwfi chmiwfiw4 llL.wqmjum
PJntCilihppg hbmn umwgqnuI t hblllL.JWl hwqwuwpn1un. 

y::: b~ + ~);x; + L b;1b;xL + Lb;;(x;-x;2): (5.9.) 
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!Sisk lsisist lsisk 

~wqwuwpritlif! f!liqhwlin1p wtu1mil qpbtm qhuwmu uwwgqmu t 
Y = b0 + ~);x; + L b;1X;XL + Lb;;X~ (5.10.) 

lsisk l:<islst ls1sk 

.§ 
:3 d ~ a "' ~ a. ~~ d ;:::1 d 3' d 

= !] r..! -- =~ s 3' II i .=.. E" ~ ~ §" 
~ .$ ~d 

~ 
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npmhif ho- p wpdl:i111! npn2t(nui t 
h0 = b0 -h 11x;- ... - bkkx~, 
puq qpmql:ipupw6' 

s2 {b0 } = s2 {b~ }+ x:s2 {b11 }+ ... + x~s2 {bk} : (5.11.) 

5.3. bplumJlll qwpq}l UJ.tWliwl{npuwli qnpbwltligfihpp npn2mul! 

fipUJ.hu qw6n6, munuHiwu)lpt(Jlll. qnp0'£!6wgp fiqwpwqruiwfi hwuwp 
pwt(wpw11t(mu hfi 11wnwqmUWJ)lfi WUPJlll.2W4wfi hwt(wuwpuwfi uwpbuw
m)lqwqwfi Ulll}htnt(. 

k k k 

y= b0 + L b;X; + Lb9xijxj + Lh;x;, (5 .12.) 
i=I ij i=I 

npmhif k -Ci i < j q1111bnfifihp)l 11wfiwqfi t: "buwfi hwt(wuwpntU umwfiw1m hw
uw11 wfihpwdh2m t. np l}lnp<\hp.1uu qnpbnCifihPl! mfibfiwfi wnfit(wqfi h11t11 
wpdh11: bplnmM qwpq)l q)lmwl}lnp<\bpp UJ.twfi}1 t!fiUlpnt}:)Jntfit! pwt(wqwfi}1fi 
qdt(wp )ufiqpp t. 11wfip np qnJmpJmfi mfihfi qpmwi.pnp<\hpp UJ.tWfiwt(npuwfi 
OUJ.m)1uw1mpJwfi pwquwpp.t( ~wl}lwCi]lzCihp: ~hmwqntnJlll.t! wnw2I1Ci hh11F)lfi 
UJ.hm11 t <\qm)l' 

1. qwmwpb1 Cit(wquiqntJCi, uwqwJCi liUJ.wmwq]lfi hwufibtm hwuwp pwt}w
pwp 11w6wq)1 l.lJ.np<\ hp (N). 

2. hwpuwpmpJWCi mhuwqhm)1g qnplmfifibpl! mwpwl.lJ.n}ubt Cit(wqwq.tnJfi 
pwfiwq]l uwqwpqwqCihpnt(: 

l.{bp~)lfi mwp)1Cihp)1Ci wnw2wqpt(b1 hfi OUJ.tn)1uw1wguwfi uiwhwfi2fihpg 
pwt(wpwJ1DI1. UJ.twfifihp: Unwtlht uM mwpwbmu hfi qmht hwpuw11 h )ufiwJn
qwqwCi ]unpwfiwpqwJ)1Ci UJ.tWfi6l:ipf!: bph k = 2 l.lJ.np<\CiwqwCi qhmhpt! q{!m
CiJ!t(mu hfi pwnwqmum ttPw. k = 3 tunpwCiwJlll]l. )luq k > 3 pwquw~wl}l )un-
11wfiwpajl (h)1UJ.bp}unpwfiwpqJi) ttPw: "buwfi ]ufiqppfihp 1mbbtltu qnpb11Cifih11t! 
mwpwl.lJ.n}ut(mu hfi pt(wpwfiwqwfi ll.J.Pilqphu)1wJp hwUwUJ.wmwu)uwfi hphp 
UWqWp.IlWqfihpnt{: 5.5 ... ... 5.9 WllJillUWqfihp.IllU mpt(wb bfi k = 2 ... 5 - lt hwuwp 
Wp.IlJlllfiwt(btn 1.t }ufiWJilllWqWfi u)l 11wfip UJ.tWfifibp 1.t nhqp)1unfi Ulll}bUI qnp
bw4)1gfil:ip)l hwzt(wpquwfi pwfiw<\1.thp: 

Uiymuwlj 5.5 
lmfin-2 ( k02 WIWUfl 

<l>npllft 
X1 X2 y Cl>npllft x, X2 y 

hwuwnn hwuwnn 

1 +1 +1 Y1 6 . -1 0 Y6 
2 -1 . +l Y2 7 0 +) Y1 
3 +1 -1 Yl 8 0 -1 Ys 
4 -1 -1 Y4 9 0 0 Y9 
5 +1 0 V5 
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<l>npll~ 
huniwnn 

1 
2 
3 
4 
5 
6 
7 

X1 X2 

+1 +1 

-1 +1 

+1 -1 
-1 -1 
+l +1 

-1 +1 
+1 -1 

1 14 . 
b. =-LX;uYu 

I 10 u~I 

i == 1,2 

g q 3 (B ) u.nwfit! nu 3 

Cllnplljl. 
X1 

X3 y hwdwnn 

8 . -1 +1 Y1 
+1 Y2 9 +1 

+l Yl 10 -1 
11 0 +l Y4 
12 0 -1 Ys 

-1 Y6 13 0 
0 -1 Y1 14 

i = 1,2,3 

11 1 14 l 14 2 

b .. =_!_ '°x;uYu --LYu +-LX;uYu i::: 1,2,3 
II 16 £.- 4 =) 2 u=9 

u~l u 

b _ _!_ ~ X· x. Yu i,j = 1,2,3 
·· - ~tu JU 
IJ 8 u=I 

(5.13) 

· UIJjmuwlj 5.6 

X2 X3 y 

-1 -1 Ys 
0 0 Y9 
0 0 Y10 

+1 0 Y11 
-1 0 Y12 
0 +l y13 
0 -1 V14 

(5.14) 
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cJ>npojl 
x, X2 X3 y <I>npo!J 

X1 hwiiwnn 
hwiiwnn 1 -1 +l 0 Yi 8 -2 +l -1 0 Y2 9 0 3 -1 +l 0 v. 10 0 4 "l -1 0 Y4 11 0 5 +l 0 +l Ys 12 0 6 +l 0 -1 Y6 13 0 7 -1 0 +l Y1 

Pnlju-.Pbfiqpfi - 3 uuwCiJ! 
ll!y11wwlj 5. 7 

X2 X3 y 

0 -1 Ys 
+l +I Y9 
+l -1 Yrn 
-1 +l Yn 
-1 -1 Y12 
0 0 Yn 

l 16 1 24 

b0 =--LYu +6 LYu 
48 uzl u=17 

1 24 

h. =-LXiuYu i = 1,2,3,4 1 

18 u=I 
16 l 24 I 24 

hii =_!_ LYu --LYu +2 LX;uYu i=l,2,3,4 
48 U=l 6 u=l7 u=l7 
l 16 . . 4 . . 

h .. = - °"' x. xJU. Yu l,J = 1,2,3, 1 < J 
IJ 16L,, JU 

u=I 

ho = Y13 IuwpmJll 5 (H - 5) uuwfiJ! 12 
h; =0,125LX;uYu i=l,2,3 

- I 

u=I 
13 3 13 13 

hii = o,25L:x~y. +0,1875IIx~y. -o,sI Yu i = 1,2,3 
u=I i=I u=I u=I 
12 

h;; = 0,25L:X;uxjuYu 
u=I 

i, j = 1,2,3 i < j 

<1>np6!J 
Xi X2 X3 ~ y <1>np6!J 

X1 X2 X3 
hwtiwnn 

hwtiwnn 1 +I +I +l +I Y1 13 +I +I -I 2 -1 +1 +l +I Y2 14 -1 +l -1 3 +I -1 +I +l YJ 15 +l -1 -1 4 -1 -1 +I +I Y4 16 -I -I -1 5 +I +l -1 +I Ys 17 +l 0 0 6 -1 +l -1 +l Y6 18 -1 0 0 7 +l -1 -1 +l Y1 19 0 +l 0 8 -I -1 -1 +l YB 20 0 -1 0 9 +I +l +l -1 Y9 21 0 0 +l 10 -1 +l +l -1 Yw 22 0 0 -1 11 +I -I +I -1 Yu 23 0 0 0 12 -I -I +l -1 Y12 24 0 0 0 
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(5.15) 

ll!ynwwlj 5.8 

~ y 

-I YB 
-1 Yt4 
-1 Y1s 
-1 Y16 
0 Y11 
0 Y1s 
0 Y19 
0 Y20 
0 Y2i 
0 Y22 

+l Y2J 
-1 Y24 

-
cJ>npo!J <I>npo!J 

hwlfwnn X1 X2 X3 X4 X5 y hwiiwnn X1 X2 X3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
11 
12 
13 
14 

+I +l +l +l +l 15 +l -1 -1 
-1 +I +I +I -I 16 -1 -I -I 
+l -1 +I +l -1 17 +l 0 0 
-1 -1 +I +I +I 18 -1 0 0 
+I +I -I +I -I 29 0 +I 0 
-1 +l -1 +I +l 20 0 -I 0 
+I -1 -1 +I +I 21 0 0 +I 
-1 -I -1 +l -1 22 0 0 -1 
+l +l +I -1 -1 23 0 0 0 
-I +I +l -I +I 24 0 0 0 
+I -1 +l -1 +l 25 0 0 0 
-1 -1 +I -I -I 26 0 0 0 
+I +I -I -I +I 27 0 0 0 
-1 +I -1 -1 -1 

16 26 
ho = -0,0134 7L Yu + 0,1077 LY u + O,l 380y 21 

u=I u=l7 
I 16 

h. =-Ix.,yu 1 

18 u=I 
i = 1,2,3,4,5 

16 1 
26 

4 
26 

1 · l 2 3 4 5 h _ _!_"" +-""x~y ---"-""Y.--Y21 1= • • • • .. - £..,Yu 2 £... w u 33 £... 33 " 16 -17 u=l7 us.I u-

l 16 
b .. =-LXiuXjuYu 

IJ 16 u=l 
ij = 1,2,3,4,5 i < j 

(5.16.) 

ll!ynwwlj 5.9 

X4 X5 y 

-1 -1 
-I +I 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

+l 0 
-I 0 
0 +l 
0 -I 
0 0 

(5.17.) 
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5.4. bpfumpq ltwpqll nmnnmwpht unwCiwt.{npnuI 

Niltqhu 9DLJ9 tfi lllWiPu hblllwqmnntpJntfifitpl!, oppnqnfiwtmpJwfi 
~wlJiw6Jlzfitpl! qtnL.u lhfi qWPDlJ. hwuwpl{bt bpqpnpq qwpqp qhfilllpnfiwqwfi 
qnutqnqj:tgJtnfi ll!tWfi]l OtqUl]lUWLWQUWfi ntdbIJ. lWtJiwfijlzfitp: bpt w116w
qwfipfitpp uwqbpLntJpfitp]l tltpwphpJWL hwl{wumji uihqbqmpJmfifitp lltwfi, 
wl{tiP lut1wu]lui ltiPfili oqml{tt nnumuiwpbtntpJwfi ll1Whwfi2fitp1_1 pwl{wpw
PDll qtfimpnfiwqwfi qmIUlnq}lgJtnfi tqtw!ifibp]lg. npnfip hfiw11wl{n1mtpJmfi 
qmwfi Ulllwfiw1 uitwfip 4tfimpnfijig hwl{wuw11 hbnwl{npntpJmfifitp}l hwuw11 
OUfmpuw1wguwfi tqwpwubmp]l wpcJbpl! 4wfiluwqmzw4lll UllJltr lJbfim1m
GwqwU qnlitqnqj:tgJtnfi ui1wfi]l ru1lllnmwpbtntpJWfi1! 1Iw11tt1i t hwufibt «wum
qwG]lzwJ.flfi» pwqmlijt J!fimpntpJwup: U}t2mqp hwuwp «wumqwfi}lzwJ)l(i» 

~ 
pwqm4Ji Ubc)mpJlllfil! hwzl{wpl!l{ntU t <X = 2' WpmwhWjUllllpJntfi]lg, jmq qp-

~ 
uwUiwmwutuwGfibpnl{ «u]l2mqp» hwuwp' a = 2 • -}19, n11lllbq' P - fi qn11m1G-
fibp]l Jlm.tufitpqnpbn1pJwfi t.'J>hl!m!ibp]l p]ll{fi t: 

bpqpnpq qwpq]l nnmnmwphtWJ}lfi UftWfiwl{npuwfi hwuwp qwpLn11 
fizwfiwqmpJmfi mfiJl llltwfi]l qhfilllpnfimu lJinp6 bpJl pwfiwtW 1.1fimpntpJmfi1_1. 
pwfip np WJumbq tJinpdbp]l pwfiwl!I! npnzl{mu t wp6wqwfipfihp]l uwqb11LntJ
PP uwu]lfi umwgl{wc) mtqbl!mpJwfi pwztuuwfi pfimnml{: 

'1l1wfiJl qbfimpnfimu tJinpdtp]l pwfiwqJ! l!filllpl{ntu t WJfitqbu. np wuiw
hnl{l{]l mfi]l.'j>npu-ui1wfiwl{npntu: llltwfiwl{npntul! qnll{ntu t mfi]l.'j>npu-nnum
mwpt1wJ]lfi. bpb umwgl{wb mtqt4mpJmfil! uzmwtqbu ufimu t O $;p ~I u]l-

2wtiwJp]l uwhUwfifibpmu, npmbq' p -fi mtqbqwlllm bqpwqb]l zwnwtllulfi t : 

l1tCi]l:f>npu-nnummwpt1wJ]lfi uitwfiwl{npiuul! hfiwpwl{np t. l:iph >... npn-
2wqp hWUlllWUlDLfiJ! lQbpwqwfig]l ubqpg. 

>...- k{n 0 -00 ) 

- {k-2pc ' (5.18.) 

n11mbIJ.' n0 -fi ui1wfi]l qbfimpnfimu tlinpdbp]l pwfiwqfi t (qpnjwqwfi qb

mbp]l ;gwfiwql!). n0 = N -n0 , N - !!' t}lnpdhp]l l!fiqhwfimp pwfiwq. k - (i' qnp
c}nfifibp]l pwfiwql!: 

bpqmuJig. Jnp qnpbnfifibpnl{ bpqpnpq qwpqp qhfilll1mfiwqwfi qnlIUjn
qj:tgJtnfi nnmnmwpt1wJ]lfi uitwfiwl{npuwfi uwmp]lgwfibp}1 qwnmguwfi wfih
pwdbzm mbqbqmpJmfifitpl! mpl{wc)- bfi 5.10 WIJJmuwqnuI: k = 2 qnpbnfifih11}1 
hwuwp bpqpnpq qwpqjl nnmnmwpt1wJ]lfi mfi]l:f>npil-Uitwfiwl{npuwfi uwmp.]1-
gwfi fibpl!wJwgqwb t 5.11 W11Jmuw4mu: 

144 

Urumuwq 5.10 
bpltJlnPll qwpqll 1.Jbfimpnfiwl.Jwfi 1.Jnulllnqpgpnfi nnmnlllwpbtiliJ]lfi 

UWUlppgwjJl 1.Jwnmguwfi llll{jWtfibp 

lJli2m1W "Uuun1wfi}l- fl(lllJWl{Wll "UUUll\W-
tinp6bpjt zwjjlll" ltb- qlllllbplt llltzwJltfi" ljblllbpjl 

(!fif\hwfimp 
C\.npltnfifibp '1l1wfifl 

pwllwltl! 111.bpp pw- 11wfiwlfl! pujl a uh-
11wfiwltt! 

"liji9m\m" owllwltt! 
11. fiWitl! Ila Do OntJ!JDlli[! 

2 2" 4 4 5 1,414 13 
3 21 8 6 6 1,682 20 
4 24 16 8 7 2,000 31 
5 2s 32 10 10 2,378 52 
5 2s.1 16 10 6 2,000 32 
6 26 64 12 15 2,828 91 
6 26-1 32 12 9 3,378 53 
7 27 128 14 21 3,363 163 
7 27-1 64 14 14 2,828 92 

Urymuwq 5.11 
k 2m Gp.) u nnmnmwphtWJ]lfi uitwfiwqnpuwfi iiwmppgw np -

ll>npc\jl 
X1X2 x2 x2 y x, X2 I 2 Xo hwuwnn 

1 +I +I +I +I +I +l Yt 
+l -1 +l +l I Y2 2 +l -1 
-1 -1 +l +l YJ 3 +l +l 

4 +l -I -1 +l +l +l Y4 
5 +l 1,414 0 0 2 0 Ys 
6 +l 1,414 0 0 2 0 Y6 
7 +1 0 1,414 0 0 2 Y1 
8 +1 0 1,414 0 0 2 Ys 
9 +l 0 0 0 0 0 Y9 
10 +1 0 0 0 0 0 Y10 
11 +1 0 0 0 0 0 Y11 
12 +1 0 0 0 0 0 Y12 
13 +1 0 0 0 0 0 Yl3 

0 -mnuiw btwJ]lfi Uftwfiwl{npuwfi uwmp]lgwfit11J! P 
bpltJlnpq qwpq]l nn ,, : buhnfi qnpbwltllgfit1l]l hwztlwpl.Juwfi wz-pnqnfiwt ~bfi, WJI} iqwm6wnn'l n qp l>U • 

{uwmwfipfil:ip(! pwqwl.Jwfipfia~!lu:1lllw:~~gbgbp(! hwzl{w111.Jht hbmL.JWl pw-IunphntPI} t mpttmu Z'lWv qnp 'lJ.• 

fiw6L.bpnl{ 17/. 
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b, = ~[21.'(k+ 2)ty, -21.ct,tx;y,J 
C N 

b; = N Ix;;Y;. 
i=l 

c2 ~ (5 .19.) 
bu= NA ~X;ix~yi' 

J=I 

b, = ~ {c'[(k+2Jl-k]t:X:y, +c'{I-A)t.tx;y, _21.cty•} 
n11mbq 

(5.20.) 

s2 {b }=£s2 

I N Y' 

s2{b,.}= ~s2 (5 .21.) 
u AN Y' 

s2{b;;} = Ac
2

[(k + t-(k-1)Js~: 

<t.w2t}wpqfibp}lg hbmn, l{llowqwqpwqwfi mbuwqhmpg wfifizwfi qnp-
c)wltl1gfihpl! wpmwput}mu b(i hwt}wuwpmupg: Umwgt}wcr unqhrli hwuw _ 
mwuJuwfimp~mfil! ummqt}mu t .'.b}lzhp}l ~wipwu}lznq. 1.4w 

s 
F =-2L· p 2 • 

S1 

OUJmpuw1wguwfi UJWpwuhmp}l qpulfjhpupwu· 

!:(Yu -yf 
S2 = -=..u=..:..I ---

y n -I 
0 
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ll(IUlhq' Do - fi uuwfip qhfimpnfill qmqwhhn \lmpc:\hpp pwfiwqfi t. Yu -fi. u - lllJ 

1fmpc:\mu mqmpuw1wguwfi Ufwpwuhmpp wpcth1m~ y-1! D0 ¢.npc:\hpni.u 01.4-

111(11iw1wguwfi UfWpwUhU1pp Up2pfi pt}wpwfiwqwfi wpcthpJ!, U -fi' UUWfip 
~bfimpnfimu qmqwhhn tlinpc:\hp}l hwuwpJ!: 

s~ npn2h1m hwuwp hwztlwpqmu hfi 

SR= f (yi-yiy, 
j=l 

(5.23.) 
u~I 

S -S l.UllfW S2 = R E 
•a . f 

n11mhrJ. · f = N - k -(n 0 - 1), k -fi l{ll6wqwqpwqwfi fiqwmhl.P nbqphu}lnU qnp

c'lwqpgfihpp pwfiwlm: t;ph FP <Fr, w1.4w hwUWUfWUlwu}uwCimpJwfi hpUJ.n

phqJ! hwumwmt}mu t: t;ph hpUfnphqJ! Hi hwumwmt}mu. WllfW wCigUmu blip 
bppn111J qwpqp UJ.twliwl{npuwUJ! (hwtlwuwpmu(ihpl1U): · 

5.5. bplumPll qwpqli pwquwCiqwuti otqmtiunuilt 
mtipniJplt hhmwqnmmun 

bpqpn111J . lJwpq}l UftWCip ppwqwfiwguwli Willl.JmCipmu umwgl{mu t 
h11tnmpq wumpowUp pwquwCiqwu hhmL.JWL mhupDl{. 

y=b0 + Lb;X;+ Lbilx1x1 + Lb;;X~ 
19 sk ISislst lsisk 

t;pqpnPI} wum}l6wCi}l hwt}wuwpniuli WJU mhuJ2Dtl l{hp1mcrhm PWM t. 
WJil UJ.WUlOWnml c:\L.wipntwuofihpp Up2ngnt} Wjli phpmU hfi lJ.w(inliwlJ.wli 
mhupp, np Uzwfiwqmu t \inM}lfiwuiwqwU Cinp hwuwqwpq}l ~CimpnipJmli, 
DJUltU hwt}wuwpmufi J!fiqn1fin1u t · wl{htJl bwuwpwq mbup: ltwliDCiwqwCi 
c:\l.twi.PnJuuwU WMJnt(ipmu hwl{wuwpmul! c:\hllll t phpniu umwCiqwpm lJwlin
UwtiwU hwt}wuwpuwfi mhup. 

y - Ys =Bux: + B22Xi + ... + Bkkx;, (5.24.) 

npmhrJ.' Y -I! 0Ufmpuw1wguwli uiwpwubmpp w11cthpli t, Y s - if Un11 lJ.11-
n111J}lliwmp utiqpfiwqhmmu 0Ufmpuw1wguwli UJ.w11wuhmpl1 wpctbpJ!. x., 
X2,. • ., Xk qnpbnfiUhpp qbwJpfi !i>ntfiqgpwJp lJwliDliwqwU tlmlfmJuwlJwUUt11U 
hli, B 11 • B22, .. ., Bick lJwlinliwlJwCi mhupmu nhqphu)lnli hwlj_wuwpuwli q11pcrw
qpglih11fi h(i: 
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4wlinfiwqwfi 6Lwtltntuuwfi wnw2pfi tltmtmu qwmwpl[mu t qnnpajl-., 
fiwmfib11p uqqpfiwqbmbpp mbqwipnfumu wpdwqwfipfibpp uwqbplunJpp, 
qbfimpnfi: liJU qbmp qnnpqpfiwmfibpp npnzuwfi hwuwp btwlJ.btnwJpfi hwqw- · 
uwpmul! llfl!libpbfigmu bfip l!Ulll wfiqwfu ipnipnfuwqwfifibpp: lTwufiwlJ.ll' 
wbrufigJWtfibpl! hw4,wuwpbgfibtn4. qpnJp, umwgqmu t hwl[wuwpmufibpp hb- · 
mLJWl hwuwqwpq{!. 

~ = 0, Oy == 0, .. ., Oy = 0 : (5.25.) 
ax, ax2 axk 

Updwqwfipfibpp :&imfiqgpwfi bpqpnJ1ll wumpowfip pwquwfiqwunq un
mwplJ.btmg L WJfi qfl:}>bpbfigbtn4. 1!UU1 wnwfidpfi wfiqwfu tltntltnfuwqwfifib11P' 
umwgqmu t K qowJpfi hw4,wuwpmufibpp hwuwqwpq: liJI} hwqwuwpmufib-
11li hwuwqwpqp npnzltlP qpnJp qtuwmu wpdwqwfipfibpp uwqbphntJi:tl! qbfi
mpnfi ,1_p mfibfimu: UJu qtuwmu qnnJ1llPfiwmfibpp ultliqp!! ,1_bfi mbqw1Imfumu 
qwu mbqwqmfumu bfi OUIUlpuwiwguwfi Uiwpwubmpp tw4.wcpnJfi wpctbpl1 
qbm: 

bpb UwqbpLntJ}ll! qbfimpnfi mfip, WJUpfipfi hwuwqwpqp npnzpm Ub
ljjlg mwppbµ t. WUIW qnnpajlfiwmfibpp uqqllpl! mbqwl}mfumu bfi finp qbfim
pnfi: lmobtn4. hwqwuwpntufibpp hwuwqw11ql! fiwJufiwqwfi hwuwqw11q]1 
qnnJ1llPfiwtnfibpntu' qmfimu bfi uwqbphntJPP S qbfimpnfi}1 qnnpajlfiwmfib111!: 
4nnpqpfiwtnwqwfi hwuwqwpqmu uwqbpLntjpp s qbCimpnfi qmqwhbn mb
qwtltnfuuwfi ctwuwCiwlt btwqbmwJpCi hwqwuwpntupg wfihbmwfimu bfi qow
JpCi t:}>bqm mfibgnq wfiqwuCibpl!, L. qmipnfuqmu t wqwm wfil}WU!!: btwlJ.b
mwJpCi hwqwuwpuwCi ub2 mbqw:qp.btn4. S qbCimpnCip qnn1111Pfiwmfibp}1 
utnwgqwo wpctbpCibp1f qmCimu tfi S qbCimpnCimu OUI.m}1uwiwguwfi Uiw11w
ubmpp Ys wpctbpJ!: 

4nnJ1llPfiwmfibpp qmqwhbn mtqwipnfuuwfi qtuwmu btwlJ.bmwJpfi 
hwqwuwpmufi umwfimu t hbuiL.JWL mbup{!. 

Y = Y5 + L b11 xix1 + Lbiix~: (5.26.) 
ISig,;lt ISi:>:k 

4wfinCiwqwCi dL.wipnJuuwCi b11tiPnllll qmqmu qnnpqpfiwmwqwfi finp 
qbCimpnfip wnwfig11fibpJ! UlUlUlntU bfi upfi!L. mumufiwuppl[Dil wpdwqwfi11fit
PP :}>ntfiqgpwjp bplJ.IiWlWtltwqwfi uwqbpLntjpp qttuwl{np wnwfig11fibpl1 hbm 
hwd!!filJ.fibm: tmnpqpfiwmwqwfi wnwfigpfibpp UI.Wmuwfi qbUI.PntU wfihbmw
fimu bfi ipnJufibpqnpompJwfi t:ptqmfibpn4. wCiqwufibpJ!, L. l}lnlu4.mu bfi hw-
4,wuwpntufibpp bp\J.pnJ1ll qwµqp wfiqwufibpp qnpawqpgfibpJ!: 

4nnJ1llPfiwmwqwfi wnwfigpfibpp UIIDWUwfi ctwuwfiwq wqwm wCil}W
UJ! w tltntlinfu4.mu: UJu qtuwmu umwgl[mu t htmLJWL mbupp hw4,wuw1111iu. 

Y-Ys = B11x: +B22X~ + ... +Bkkx~: (5.27.) 
· \,np qnnJ1llPfiwmwqwfi qbfim1mfimu wnwfigpfib11p UIIDmuwfi wfi\J.jm

fil! npnzqnui t 
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tg2a = b12 pwfiwdLnq: 
b11 -b22 t 

B 
B nnp~qpgfinbpp npnzuwfi hwuw11 wfihpwctbzm tnt-

B11 , 22 , ... , "" -r-

b bt pfimpwqpnq hwqwuwpntUJ!. 

.!.b b11 -B 
2 

12 

f(B)= 

1 lb b -B 
-bk! - k2 kk 

2 2 ll1 
UJu hwqwuwpuwfi wµuwtnfibpJ! lJ.Uifibfi Bn nbqpbupwJp npnfib 

i.h fib . 0 hfiw'•' wfihpwctbzm t qwfinfiwqwfi mbupp pbpbt hbtnhJWl 
qnpow'll.g Pl!· 111• 'i 

hwqwuwpntUJ!. 2 
y = 40- 2ox. -30X2 + 8X1X2 + l2x~ + 8X2: 

· fi.lhfi .hn•hnh•wqwfifibpp L. hwqwuwpbgubtn4. 
Uowugb1n4. l!um wnw u1• 'l ... 'l ... 1 .. 

qpnJp, umwumu blip. 

Cty =-20+8x2 +24X1 =0' 
ax. 
Cty = -30 + 8x1 + 16X2 = 0: 
ax2 
~wuwqwµqp npnzP.~I! hwzqmu bup wJu pwuwdLnq. 

!!. =\ 24 8 \= 384-64 = 320: 
8 16 

hwqwuwp ~t qpnjp, W\llW hbmwqnmqnq uwqb-
-'!wfip l~bll(i npnzfi~!Sl! '·bfimnnfih x h X2s qnn}llll1fiwmCibpJ! npnzmu bfip-

iihntJi:tfi ntfip 'i tnpll · 'i i-- l' IS . 

\ 
20 81 

- 30 16 = 80 =0,25, 
Xis - 320 320 

1
24 20 \ 

_ 8 30 = 560 = 1,75 pwfiwdL.bpnq: 
X2s - 320 320 

b 
.1 1 x wpctbpubpl! qwCimu bup OUIU1pUWLWQUWU 

Sbqwl}P Lll't Xis u 2s 

UI.WPW~~::~-20·0,25-30· l,75+8·0,25·1,75+12(0,25f +8(1,75f = 11,25: 
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4nnJlJ}lifiwuuuqwli 
hwt{wuwpntU'[! umwlimu t hwnb U:ug12lihpp qmqwhhn .. .. 

y - - - UluJWL uthu12[!. m ... twtlJnJumupg hbUlQ 
-11,25 + 8x,x2 + 12x:2 + S-2 • 

4 I ~· 
nnpq.fiUwmwqwli wnwug12Cih fl 

tg2cx =_bu _ 8 p Ujutmuwa Wfiluntli[!. 

h,, - b22 -12=8 = 2,0' 

2a == 63.48'cx = 31°54' . 
B11 lt B22 qnpblult]l lib 

hwlfwuwpnttf(!. 9 Pl! hwzlfwplJ.htm hwuwp llllO"hlip li 

f{B) =I bll -. B f b,21 p Dl.PWCUUU} 
1 == 0 

b ' l 21 b22 -B 

f{B) = 112 - B 41 2 

4 8-B ==B -20B+80=0: 
ln1bhtntl hwtl_wuw u 

=14,472 lt B22""· 5,528.pn~~; •• '::P~~m~ hfiu hhutltJwl wpuwmCihpl!. B "" Lb .. == ""B h 't '11' uztnnl.PJntli{! lt h• h II 
l.:ilc " ,ii ii Wt{wuwpnt.PJntfipg: wp u• t ummqhL 

UJuuijluml, npn(if.11.lt h 
mbuu[!. wlfwuwpn1ul! umwumu t hhmli •· 

JWL '1wfinuwl{wu 
y -11,25=14,472X2 + 5 528X2. 

b h I ' 2. 
P Bi; Pntnp qnpbluljp . 

lfnp hfi hhmltJwt qbUjphpl!. gfihpl! mwpphplfmu hli CUUlJpg, w 
1 

fi 
1. pninp qnpbulljpglih B-· < . UjW 1 w11w-

qnp(}nfifib h Pt! 11 O WUjw l{hfiutpnCi.fi 
2 P1• tltm,Pn}lmtU'[! Cilfwqhgfintu t g gwliqwgw(} DlJl.llnt.PJwup 

. =~:;ra:hwqp.gatpl! B;; > o WUjw l.J.tam~~Ul.fiUwtwguwa Ulw11wutmpl!, 

3. qnpbulljp:ftP~~~~:UPdr! uhmuglimu t OUjmRJ:Ir:u9~wgfiwo- nlll.11mpJwup 
.t 1' U14 UWU[! B·· < 0 h •.. t ulU UjwpwU'hutp 1 
uw(i UjwpwU'hutph Uh""·· II , 1'u'1 ujmu UWU[!. B-· > 0 J1, 
t{h 1' vwgtfwli hwuwp w(ib " OUjut.fiUtu[WQ-

l WJliUjhu, np Bi; s 0 qnpbluljp Cih pwdhzm t l{hCiutpnCi.fig zwpct-
qpn, w1u.fiU12Ci .'J>mliq P g PP hwuwp x· wpcth lib 
wnwCigplihpp h •· 9 WJp U'w12u.fiUmul! Ujhm12' t .h: Pl! qwnliwli 
hwu P'iwpn1p1wup lt hwl.J.wn '· . 't' utphL Bi; > o 

wp wCihpwdhzm t zwpchJht B-·< o w'11!· lllwpwuhmpp fit{wqhguwli 

hh 
ks 3 .qhummu nhqptutina hw·•~ wnwCig12lihpp lllJl.Itnt.PJwup· 

mn hhzw t npn h 'I uwpuwli ltwfinli 4 li · 

11wlwt~l.J.wfi Pfil~~:~:~';~~~;upplfllJ} wpdwqwCi12Ci~p; :p1!~~}:1J:~~t~ 
-2 ntunuiliwu.fiptlllJ} :p liq p 

Cibpl.J.wJwgCiht hqpwqbp qnphp;1 m:up~~ ~~ltPwlwtlJwl{wli mbupl! l{tuphfJi t 
150 . w11wlfnp t hq]lwqabpp inpu mb-

ltW~ {fil.J.. 5.3): SmpwpwfiilntP qpO pphfipg libpltwJwgfimu t hwppmpJwfi 
~pw wpllwqwli11Cihpp uwlj_hpLntjpp hWUllltjpCihpp 1Jlllllhl19pwCih11 Y1, Yz, y3, Y4 
llw~wJlllwl.J.Cihpnlf: UJuiqllup qb"hpf! l.J.n~lfnuI hCi hwlfwuwp wpowqwCipCihpp 
caObp, pwCip np jntpwpwfiilntP qp.o hWUWUIWUlWU):uwfintu t OUIUlPUWlWQ
llwfi UIWpwuhmpp npnzwti.P L hwuUiwmmCi wpdh12p: 

vlJ.wpruu (5.3 w) phplfwb" ttJiUIUCibpf! hWUWUIWUlWU):uwlintu bfi wp-
6wqwfipfihpp WJCi uwlJ.hpLntJppfi, npp tpumpMntu{! qmfiilntu t S lJ.bfiUI1m
Omu: B11 L B12 qnpmuti.PgCihp!.i mCibCi fintJfi lizwfiQ: bph qnpb"wltltgfibpf! pw
gwuwltwCi hli, WUIW UlWUllJ.bpCihpp lJ.hCimpnfiQ lJ.n~lfnttU t liwpuptintu, pulJ. 
l}PWltwfip qhl.JU!mli' u}lCi}lumu: ttJiUiul! ltqilwO t WJCi wnwCigp}l mqqmpJwlip, 
n11fi qnpmulJ.}lg{! pwgwpdwlt wpdh11ntl llmllP t: 

~Plllhppn1wCibpf! (CilJ.. 5.3 p) hWUWUIWUlWU):uWfintU b(i u}lCipuwpu Ulb
uwlJ.}l wpllwqwCiJ;!fihpp uwl.J.hpLntJppCi: B 11 L Bi2 qnpbwlJ.pgfibpli mfibCi Uiwp
php CizwfiCihp: 

Olllm}luwtwguwfi UIWpwuhmp(! UIWUilJ.bpp lJ.bfimpnfi}lg up wnwfigpml 
}wpctqhlltu wlfb1wCimu t. uJmu wnwfigpnlf zwpchlbtJiu' filfwqmu : 

Qmqwhbn qbhpJ:! (CilJ.. 5.3q) hWUWUIWUlWUfuwfimu hCi hWUUlWUllllCi 
w6nq wpdwqwCiJ;!}l liwlJ.bpltntJp}lCi: bpb B22 qnpmult}lg{! hwilwuwp t qpnJp, 
WUIW lJ.hfiUipnCif! ltwpnq t hwtI(!filJ.fiht X2 wnwfigp}l gwCilJ.wgwO lJ.bUI: 

'1lwpwpn[fibp}lCi (Cilt. 5.3q) hwuwlllwmwu):uwfimu t wum}ltSwCiwpwp 
wtSill} mhuwltlt wpowqwfi12Cibp}l uwlJ.hphn1Jp: bpp B22 hwlfwuwp t qpnJp, 
utwmlJ.hp}l ltbCiuipnfil! qmfiilmu t wfilfhp2mpJwfi ub2. ltnnllllPCiwUifibpp ultqp
fiwlJ.hml! UibqwlJ.wJlfmu t x2 wnwCigp}l \{pw, qmpdbp}l ltbfimpnli}l unUI' C ltb
Uimu L umwCimu UIWpwpntCibp}l hwilwuwpuwCi mhup. 

y - ye= Bnx; + B22X~' 
npmluJ. B12 qnpb"wltltgl! npnzmu t w6p zhzmwltlmtpJntCil!, WJupfiJ;!fi X2 
wnwCigl!nlf olllm}luwtwguwli UIWpwuhmp}l wpwqntpJwfi uhbwgmti(!: 

"VntJCi liltntl lJ.wpbtJi t qbptmb"bt CiwL K=3 ptlntl qnpcmlifibpnlf bplJ.pnJlll 
qwpq}l hwqwuwpn1ufihpnlf fihplJ.WJW9lfll11 wpc\wqwCipCihp}l uwlJ.hpltntjpfiblll! 
(CilJ.. 5.4): tiwfinfiwlJ.wfi hwlfwuwpuwCi pn1np Bii qnpbwltPgfihpp CintJCi Cizw!i}l 
11huwmu oUIUIPlimu}l m}lpntJPI! plimpwqplj_mu t UIUIUiilllll ttJiUiun}uµltJ. (CilJ.. 
5.4w), np}l lJ.bCimpnfintu t tpumphUntuf!: tJpltnt qnpb"wltltgfihpp fintJfi lizwfil1 
qbuwmu. b11p bppntll}I! unm t qpnJp, Olllmpumup mppntJPI! ltwpnq t pCimpw
qptJ.ht tlltUIUIPlt qtwCip Uibu12ntl (filJ.. 5.4p): UJu qbuwmu q1w!ip wnwCigpf! hw
Uf!filtCintu t tPnllP CizwCiwltwuuupJwCi qnpmuqg}l wnwfigp}lfi : Ublt qnpbwqp-
91! qpnJ}lCi unUI tJiCibtm qblllllntu lJ.wCinfiwlJ.wCi hwilwuwpuwfi OUIUIPlimup 
ml1pntJPI! lJ.Wptlll. t pfintpwqpil.bt CiuiL ttJiUimWltwCi lllWPWPDlDMnlf (filt. 
5.4h): '1lwmlthpCibpp ltbfimpnCiJ:! WJU qhl.JU!ntli qmfilfmu t wCilfbp2mpJmCimu: 
bpb ltwfinCiwltwCi hwlfwuwpuwfi qnpmuqpgCibppg ubltlt wpuhpl! hwltwnwti i 
bplJ.nt uliwgwb"Cihp}lfi . WUIW OlllUlPUotUp Ul}lpnljp(! pfimpwqplj_mu t ublt ltwu 
bpq):unnn~ hplllbppn1n}lqfihpntl (CilJ.. 5.4 q.q): UJCi qtuwmu, hpp ltwfinCiwlJ.wfi 
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hwlfwuwpuwfi hp\tm qnpbw\tflgfihpJ! unm hfi 
ltwflllll t pfimpwqpt{b1 qmqwhbn h qjlDJ}l. otqm}lumuJ:t m}lpn1Jp9 
lihltJ! hwliwUJwmwu]uwfimu t UJ.w wp!hntpJ~tfifihpJ:i ju1Ipw11wfiwlJ.ntJ., npnug}:l.g 

· . PWu WPJ• wtihfiwtibc} wpdhp}:l.fi : 

x. 

x. 

y x. 

1.q. 5.3. K:!!6.s~~~~~~pqnh1uwmufi bpqpnpq qwpqfl hwtJ.wuwpuiuu 
1• I' JPI! P mpwqpnq hqpwqith 

w) tpumphlintu, p) ufllifluwl!u. q) hwumwmmfi :6n11 
'l) wumf!ti'wfiwqwfi wllnq: ' 

k > 3 l}hlllJ1ntU Wpdwqwfil!fih }l ~muq . 
1lltumriw\twfi fihp\twJwgmtIJ! wfihfi~p}lfi t' g}:l.wJp hplJ.pwtwtiiw\twu mhup}:I. 
1.tw1tiwfi uwpzpu hfiwpwt{npntj}Jlllfifihp}:I. PU:.q W~WtP U1Ulpwmupjwfi J!fi
pnflll lJ.wpqJi hwt{wuwpniunq fi\tw pwgw':lwJmpJwfi tqwmnwnnq: bp\t
p}l wtipnq2 pwqtintpJntfiJ! ~wphW. i~;:;~nq w~dhwqwfipfihp}l uw4tpw11Jpfit
hphp mhuwqfihpnlj_' ':IWJwg l tiwqhpLn1Jpfihpj1 hhmL.Jmt 
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I. tnumpttimu-uwpu}lumu lJ.wtI u}lfi}lumu mfihgllIJ. uw4bpLn1Jpfihp (filJ.. 
5.3w, 5.4w). · 

2. u}:l.fi}luwpu mhuwq}:I. uwlJ.hpLntjpfihp (filJ.. 5.3µ. fiq. 5.4q q). 
3. wum}lnwfiwpwp wllnrt mhuwltlt tiwlJ.bpLntJpfihp (filJ.. 5.3q q, 5.4 h q): 

Updwqwfi~fihp}l uwlJ.bpLntJp}l wnw2}lfi mhuwltlt qbuwmu wpmw
lJ.wpq J:ufiqp}l 1mbntuJ! wt{wpml}mu t hwl}wuwpntUJ! qwfinfiwltwfi mhup}l µh
ph111l}: 

<f>npdwpwp}lfi UfintU t U}l J2Wfi}:I. lfmpdhp qwmwpht UJWUlljbp}:I. qbfim
pnfilllU L. hwunqt{ht. np tflnpofiwqwu mtl.JwtfihpJ! µwt{wltwfi iwll. hwliJ!filJ.fimu 
hfi nhqphupnfi hwqwuwpuwup npnzqwb wpdt11fihp}:l.fi: f'lpwt111nwlJ.1! wl}hl)l 
PWM t. hpp tiwltbpLntJPI! fibplJ.wjwgl}mtI t hpliPnJ111 lJ.wtI hppnpq lJ.w11q}1 
mbupbpnl}: liJU qhUUllllU UJhm12 t UJWJUwfiwlJ.wfi tpumpbtinttIJ! lfifimph1 qnp
bnfiwJ}lfi m}:l.pntjp}:I. WJfi hwml}wbfihpmtI, npmhq ltwmwptlht bfi q}:l.mwlfinp
ohpJ!: 

lufiq}lp: \,npnqtlnrt tihphfiwuwuhp}l t{hpwlJ.wfiqfiqwb utmwqwlJ.wfi 
2t11m}l uwfipwljwpc}pntj)JnlfiJ! bwbltntJp}l :t>}lq}llJ.wtibJ:uwfi}:l.itwltwfi 4wpLn11 
hwmqntj}jD.lfifibp}lg Ub\tfi t. llflJ! Uh!l lufiqp}l hWUWp J!fiI}ntfil}ht t llpUJhU OU}

Ul}ltIWtWQUWfi uiwpwtihmp: 
q.p.mwlfmpohpnl} WUJWQntgtlbt t. np UJnztUJWUlWUJ.WUlUWUp wnhgt{wc} 

UhU1WIJ.WqWfi zbpm}:I. UWfipW\tWpITTllj}JWfi t{pw Uhc} wqqbgntpjntfi hfi j}DIJ.fintU 
hnuwfip}:I. pwfiqnpw4wfi J:umntpJntfiJ! Dk(X1), tthltmpnl)lm}l 2hptiwum}:l.nwfi1!' 
T(x2) L. 2pwc}fiwJ}:l.fi gmg}:l.~J!' pH .: 

q.p.mwlfmpdhpJ! }lpwljwfiwgtlht bu J.!ULD Pnltu-Pbfiqpfi}:l.-3 uwmp}lQWJ}l 
(wzt. 5.7). qnpbnfifihp}:I. tiwltwpqwlJ.fibpJ! L mwpwtflnJ:utiwfi tI}:l.2wlJ.wJphpl! 
fihpitWJWgqwb hfi 5.12 Wil.JillUW\tmtI: 

l!Iynwwlj 5.12 
q.npbnfi}l tiwitwpqwltJ! L. mwpw$n):utiwfi tI}l2wltwJphpJ! 

U"wqw)11lwqfib11n 1.t I X1 X2 X3 uiw11wlf111fuiiwfi Cl.llfl&llfi(ibpn 
(llllf) (°k) PH uh9WllWIDbmi 

UIWflWljmfulIWfi Ufl2WqWJPil 500 20 06 
lj,hflpfi UWqWJ11lWlf + 1 2500 333 1,8 
hpufiwqwfi liwljWJ111WI{ O 2000 313 1,2 
u111npltfi uwtiwJ11lWI{ -1 1500 293 0,6 

q.p.mwlfmpohpJ! ljwmwpqb1 bfi J!UlD tiwmp}lgwj}:I. L. qplJ.fiop}:l.fiwlJ.tlht 
bpltm wfiqwtI: 
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x. 
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lhymuwlj 5.13 

lm!JCionhCiwlidwCi hwdwnn Q.ltuiwqmpdbplt 

'finpdfl W[lllJnt!ij!!ibplt 2 

hwdWpJ! 
I II llfll'ltli wpdbpJ! S; = I(Yi -y.)2 

Yi Y; Yui i=l 

v, 5250 5300 5275 7,07 
y, .5470 5390 5430 8,95 
V3 5050 5170 5110 1095 
V4 5240 5290 5265 7.07 
v. 5345 5450 5397,5 10 25 
v6 5300 5370 5335 8,37 
V7 5225 5130 5207.5 5.92 
Vs 5160 5130 5145 5.48 
V9 5220 5700 5210 4,72 
V10 5150 5170 5160 4,72 
Vq 5400 5390 5395 3.16 
y,, 5370 5300 5335 8,37 
Vn 5320 5300 5310 4 72 

4wu1J.wbbtli IJ.wu IJ.mpmlJ. wpmwhwJmtlwb WJ.1lllmli11lihpl! Ullliltqmu 
hfiJ;! hwp.wpbp.wl19mpJntliltg 13,51. 

U = Yimin -y 
max S. ' 

I 

13 

LYui 
-y = J:L__ = 5275 

13 ' 

u = 5470-5275 =2179 
max 8,95 ' ' 

5275-5050 = 20 55: 
l0,95 , 

J2wfiti np Uimax < ~ L. Uimin < ~, ntump. tlinp.dbp.}l Wflll)IllliJ;!fibp.I! UJhlllJ;! 

t hwuwp.bt finptiwt IJ.wti l!liqmlibtli: <.wumwmhtntl t}mpdbpp. hwuwuhnm
pJwli qwplJ.wi>'[!, 5.14 pwliwdhbpntl npnznui buv nbqpbu}lllli hwqwuwpliwli 
qnpc}wqp.glibpl!. 

b0 = 53 IO; b1 = 88, 75; b2 = -83, 75; b3 = 29,375; 

bll =-21,875;b22 =-18,125;b33 =-16,875; 
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b13 = O· b - O· b 2 
' 12 - ' 23 ::::- ' 

fl.tqptujma qnpc)wtwgat mt 
tlwptuwm]lqw~w(j Uruitm dhnn f.~t h l}hlllI}]1t1m1. (5.12) hwqwuwpuw(i ut2. 

_ · . " ..W PP tmhJwt mtupn. · 
y - 5310 + 88,75x -83,75x2 + 29,375x3 - 21 875x2 -18125 2 

16 2 ' I ' X2 -- ,875xl - 2,5X2X3 

Umwgqwo qnpc)w!WgCihpI1 GzwCi ~ llm 
hhij1 uwhUwCiCitp]l hwztl.wp~nuinq (3 32)~q.';: lPJlllfit! ummqtl.niu t tl.umll,I: 
n (j 82 nh . ' t•lnWl}lnpfibp]l tl.bpwpmwqpt•h"' 
rJW Y •u•utqbpu]lwCi hw2t1.wpqtl.b1 t hbmlt!JWt wp h u•ut• 

UlW WJUlD.l_f)JWUp. 
s2{y}= I.s.2 N ,, 

n 2 

_L(yj -y) 
]lu~ s; = _...i=_, __ _ 

n-1 
1 • 

Yi =-_Lyui: 
D i=I 

N
2 
= 13; n = 2 }uGqp]l hwuwp umwfimu ta

12 
S; = 26225,5 ; s2 {y} = 2017,346 : 

fl.bqptu}lnCi qnpc)w~pgGtp]l qputqbpuI1wa. 

s2{bJ= ~. 82 = 2017,346 _ . 
N . n Y 26 - 7' 7 6 . 

Um1m11bGm]l hw21{wpqw1]1G tP lWtJiwG]l2Cibpl!. 

t - /b;/ 
p - s{bJ 

t = 5310 -190 . t = 88,75 -
pbo 2,786- 6,2, pbl 2,786-31,86, 

t :::: 83,75 -30 . t =~-
pb2 2, 786 - ,06' pb3 2, 7 86 - 10,54 

t =~-786· t = 18,125 -
Pb11 2, 786 - ' ' pb,, 2, 786 - 6,5 J 

t . = 16,875 - . 2,5 
pb33 2 78 - 6,06' tpb = - :::: 0 90 . 

' 
23 2,78 ' . 

UmJnlJlbCim]l lwt}lwap2]1 1, 
3.3), f== N(n - I)= 13): WILJll1uw"'wJJ1G wpcthpJ! tr= 2,16 (wILJmuwq 
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.Qwfi]l np li]lwJCi tpb23 < tr. wtqw nbqpbu}lnG hwqwuwpmuJig w11mw

puqmu t op.wjG bi1 = -2,5 qnpbw\tllgI!: liJI} qhUjpntU hwtJ.wutufllllUI! obnp t 
pbpmu hbUlUJWt UlbUPI!· 

y::; 5310 + 88,75x 1 -83,75x2 + 29,375x3 - 2l,875x~ - l8,l25x~ -16,875x~: 
fl.bqpbu}lnG hwqwuw11uwfi hwowtqwmwu}uwGmpJwCi ummquwCi hw

uwp. tpwgCibCip (5.14) WllJfllUW\m, 3.7 WllJlllUW\tll UUWCi 

(yy) 
So 

S10 

S210 

SLF 

Sh icn 

Urumuwlj 5.14 
hptuurpq qwpq}l ntqptupna hwtl.wuwpuwa IllmUJ.tpu}lnfi 

tlhnm1®101wfi ututliw 

Uqwum1pJwCi ~uuihpuflw-
'l-f!uUJ.bpuflnfi 

Q.n11Iwpfib111! 
wuuiJtowCifibpl! fibp[! 

hwpwplipwlf- fa(fif2) 
OBllllntfin 

3,618 lOg 13 -- -- --
3,617 108 l 3,617 108 358603,12 4,67 
9453,1248 3 3151,0416 3,124 3,41 
2400155 6 400025,83 396,586 2,92 

4680618,l 3 1560206 0 1546,79 3,41 
26225.499 13 1008.673 -- --

Umwgqwo dwpMwm]lqwqwCi linqtm hwUWUJ.wmwu}uwGmu t 
mumUCiwu]lptJ.nq qnp.b'I!Cipwg}11i, pwfi]l op 

F111k::; SLF :s2{y}<Fa(f1;f21 
fLF 

- 1546, 79 < 3,41 : 
fl.tqpbu)lllCi hwtl.wuwpmlil! umwgqw~ mtupml qtptmObll! pwpq t, 

WJIJ: UJ.WUll'iwnml wJG ptpbCip qwlinGwqwCi mtup]l: 
lJwCinfiwqwG 61.twqm}uuwu hwdwp npnzbCip qllllpqpCiwmwl{wfi finp 

qbCim1mli]l qnnpl}}lGwmCihpf!: 

~==88,75-47,750x 1 , 
ax1 

ay = -83,75-35,350x 2 , 
Ox2 . 

f)y = 29,375 - 33,750x3 : 

Ox3 
U"wuGwq]l wbwCiQJWtCib(lI! hwt1.wuwpb9Cihpnl. Q1U1J]l, umwCimu tfip S 

qtCimpnCi]l qnnpq}lGwmCibpf!' Xis= 2,0285, x2s = -2,3 l 05, X1s::; 0,87037: 
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Uwwgl{wb wpctbpfihp[! tnhfllllJlilb1mJ. nhqpbujlnfi hwtJ.wuwpuwfi ub2, 
qmfimu bfip ljnnpqpfiwmwljwfi Cinp uljqpfiwljbmmu otqmpuw1wguw(i tqw
pwubmp[! ' Ys = 5509,55: 

Bu; Bi2; Bn - qnpb'wltligfihp}l npnzuwfi hwuwp 1nibhfi11 hhmL.Jwl pfimpwqp}li hwl{wuwpntil[!. 

[

-21,875-B 0 0 ] 

f(B)= 0 -18,125-B 0 :::0, 

0 0 -16,875-B 
(-21,81s-ax-1s,125-sX-16,815- s) = o 
B11 =-21,875;B22 =-18,125;Bn =-16,875: 

liJuUJlium}, hwqwuwpntU{! obnl! t pbpntu hbmL.Jwl UlhUI!!!· 
y-5509,547 = -21,875x;-18,125xi -16,875x~: 

Umwgl{wo ljwfinfiwljwfi hwqwuwpuwfi w11awqwfi11fih1I}l uwlf hph
llntJpfihpf! qbptmbbtlm lJ.wphI.P t Cizbt. np qnpc)nfifibp}l Plttl.1! hwqwuwp t hpb
pj1 (K=3) L. B11, Bn, BJJ qnpbwltligfibp[! hwtJ.wuwptl'wfi uu2 mfihfi tl'}1L.fintJfi 
uzwCi[!, mum}l otqm}lllmup mflpntJPI! pfim}}wqptJ.mu t tqmml{Ill} tunqunltqnl{. 
np}l tpumpbumul! qmfil{ntu t llhfimpnfimu: uptuiwiwiitwltwfi pfimhptqnuw
g}lwJ}l oqfimpJwup. bpp qnpc)nfifihppg ubtil! mfi}l hwumwmmfi wpctb12 (-1. 0. 
+ 1 ), lJ.wnmghfi12 nbqphujlnfi hwtJ.wuwpuwfi wpowqwfipfih1I}l uwlf h11Wi1JPfibp}l ljnphpf!. 
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opp X1 ""-1 -}l hwl{wuwpntU(! umwfimU t hhUlL.JWl U1hUl!f!. 
y == 5308,904-18,125xi-16,875xi, 
X1 =0 

y =5419,529- I 8,125xi -16,875xi, 
x1 =+I 

. 2 2 y = 5486,404- I 8,125x
2 

-16,875x
3

, 

X2 ::: -1 

y = 5478,428- 2 l,875x: -16,875x;, 
X2 =O 

y = 5412,80 I - 2 l,875x; -16,875xi, 

X2 =+I 

y = 5310,940-2 l,875x: - l 6,875xi, 
X3 =-I 

y::: 5540,514 _ 2 l,875x; - I 8,125xi, 

x =0 
3 2 

y = 5496,760- 21,875x: -18,125xz, 

X3 =+I 

y = 5509,264- 21,875x: -18,125xi: nn Ciwwwqwfi wnwfigpfihpJ! 

q.pw!l>pqfibpJ! qwnntgbtntgh.hh~~w~ x~ 2 029; X2s = -2,310; X1s = 
wbqwqmtumu hfip hWUWU1.WUlWU1 .. W w JS ' 

=0,820 (CilJ.. 5.5, 5.6. 5. 7): . Ci hw wuwpmufibpJ! L. qwnmgtJ.wO- qpw~plJ.CihpJ! 
Umwgqwb nbqpbu}lll ll hbmL. Wt bqpwqwgmpJmfifibpJ!. 

hfiwpwtJ.npntpJmfi bfi m~~ w~J~~wubbJ wqqbgmpJmfi pJlllfimu bfi lmuwfi-
1. UWfipwqwpbpntpjW ~h h h·i.nmpjntfiJ! L. t1blJ.UlllDWUlP 2pwO-fiWJpfi p}l tui.nmpJntfi{!, t1bqmpnu.U11· 1 .. 

gmg}llJ! . b _ 88 75 b
2 

= -83,75, b
3 

= 29,375 
2. qnpc)nfifibpp qttuwtJ.np t!l>b~;:1~~PI! w~q-tqw~dwnntJ. qnpbnfifihpJ! -I uw-

mfibfi pwgwpowq ubb w~.h 12 Ci PUbl.Jlu uwfipwqwpc)pntpJDlfil! Ciqwi.nbl.Jl qwMwqpg +I liwqwPl}w'il. w 9 

tltniltntutJ.mu t, b hnuwfipp tummpJwfi wlfh1wguwfi 
3. wnwtJ.bt npnzwqp qwpb~ t ~~~Ci:u t.. ttbl.ji.npnlltmp 2bpllwumt11Swfip 

hbm llwfipwqwpbpmpJm I! " "'fiwJhfi gmgpw wtJ.btwguwfi hbui b u u · '""ppwfimu. Jiu'!. 2pwu P ,,._ Ci 
wtJ. 1wg w p '!.... '· h lfh P.fi.. llwumu mfip wnw'lutW<}lUJ UwfipwqwpbpntpJntfi{! UP2W'l.WJP1• 1'2 
wpdbp: x. lf. 

"2.310 

r:_._~,r----:+1 

3" T('k) 313 
x, .. 1--. .,.., __ _ 

x. x, .. -·-·- i.. 
lt llwlipwlj_wpbmpJWfi tltmpnfu1um

"Ulj_ . 5.5. t;pqwp-filtlJ.htWJP~ bw:.~:: hnuwlipp pwfil[npwlJ.wfi }ummpJntJlJWfi qpw:t>itqfibplt }umllp Ii.w1u'l 
fipg (x1) I. ttblJ.mntlnn}l 2hpllwumflnwfi}lg (x2): 
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x, .. ,_ 
x._, ---
x,.e -·-·-

0 

'\.rq. 5.6 hpqwp-fipqhtWJpfi b'wb'qntj}lp uwfipwqwpb'pntflJWfi l}lmflnlunt-
}lJWfi qpw~qOhpfl }unu.ip' qwtuitwb' hnuwOpp pwfiitnpwljwfi tuurntpjwfi 
(x,) L. t1bl1mnlf11np ~pwb'fiwJflO gmgfltflg (x3) : 

T('ll} x. 

• . ,r--::;~:1;~iii:~~ 

... .,..,_ 

x. 

X,•1--- x. 
X.-0-·-·-

lrlt. 5. 7 bpqwp-fifllth1wJ}lfi bwbltntJpfl llwfipwltwpl)pmpJwli iJimpnfum
JJJWfi qpw~qfihpfl funuip' ltw.tuitwb t1hltmpnlfimfl ~hpllwumfl~wfipg (x ) 
L. ~pwb'OwJflfi gm.g~tflg (x3) : 

2 

6. 'buwfimpJlllfi L. ~lllt}l.wqwfimpJlllfi mhumpJlllfi 
oqmwqnpinuun qnpb"{!fiplllg fihp}l. 

Ull.t}htWtlnpuwfi fiUJ.WUlWqm.l 

UJ.llllmfiwpbplllpJWfi, Cl.Jlllll.WuifimbuntpjWfi L. zwm WJL pfiwqwt1.wnfib-
11mu qpmwtlinpdbp}l U1twfiwtlnpUw(i ctwuwCiwq hwl'.iwfu zwpwqptlwa (§2) 
u}ubUWJntl tlinpdbp}l Ptlli l!UUlplll}lJlllfil! uuiwutlhlltn WJ1llllllfipl! ~}l mwwu: 

UJutqbu, op}lCiwq' «.t.Illl-qmpwfi» hwuwqwpq}l ummp}1 tqwpwuhm11h-
11[1 tlhptmampJntfil! gmJQ t mwtlm. np mtlJwtfufiJlll}l tmauwfi hwuwp wCihpw
dbzm t hwz® wnfiht u)lfi~L. 15 qnpanfiCibp, npnCigpg bfi hnaj1 !l>]lq}lqwmbfuCin
l'lqltwqwCi hwmqmpJmfiCihpl!, }lpwCi}l L. qnipwfi}l uiwpwubmphp{!, tlwp}l fun-
1u1tpJmCi{! L. hwuwqwpqp wpwqntpJntfil! L. WJtfi: 

"huwfi qpmwt}lllpd bp}l uitwfiwtlnpuwCi ctwuwfiwq gwfiqwtll WpI}Jntfin 
iii mwum fiwL. uwuCiwmi.twa uiwmwufuw!ifibp}l L. n~ u}l ufubUw. nmm}l 
uzwqtlht bfi uhpDJ}fihp. npnfi» pmJL bfi mwtlm wnwfig qpl'.iwmhtm qnpanCi!ib-
11[1 p)ltll! Jn16wmht t}lllpdhp}l pwfiwq{!: liJu qwpq}l fufiaj1pfihp)1 tmauwCi fiuiw
mwqntl pwtlwqwfi qpwqwfi WpI}Jntfip t mwtliu ~wl}IwqwfintpJwCi 4.}lpwnm
JJJlllCi{!: 

~w.l}Iw4.wfintpJwfi mbumpJwfi tmpJmfifi WJU t. wnwCid}lCi qnpanfifibp 
u11wt1.npt1.mu hfi wfi~wl}Iwqwfi hwuwtltP}l mbupntl: liJll Citqwmw4.ntl !!Ulliltfi
tlntU hfi hwuwqwpqp wfiqwfu h}lufiwqwfi u}lwtlnpfihp bpqwpntpJntfiJf L. dw
uwCiwq{!' T, L. qwCiqtlwb"{!' M: P.Cil _tunup, qwphtli t qwnmght CiwL. WJL hwuw
qwpqbp, l!fimphtntl WJU qwU WJfi, ppwp}lg wfiqwfu Uhfuwfi}lqwqwfi ubOm
tlJntfifihpli ~wl}Iuwfi upwtlnpfihp: Op}lfiwq' {!fimphfip hhmL.Jwt h11bp lwl}Iw
qwfi UbbntpJmfifihp{! B (qntpwfi}l {!fillqp4.Uwfi tWJfimpJmfi), p (hrull1 fumm
tlJntfi) L. v (wpwqntpJmfi): 

i!hptlwb' hpb)l uhfuwfi}lqwqwfi UhOntpjmfifihp}l wfiqwfunt}lJWfi tqWJ
tiwfifi WJfi t. np WJll tiboutpJntfifihpp ~wl}Iwqwfi gmg}l~fih11}lg qwqul).wa npn
z}lm lhwtlwuwptlli qpnjp. 

L T M 

B~ 0 0 
d= ;i:O: 

p~ -3 0 1 

v~ -I 0 

QCi1}llwfimp dL.ntl WJll tqWJUWfil! qwpmwhwJmtlli hhmL.JWL npnz}l~ntl' 

a, P1 Y1 

d = a2 132 Y2 ;ii!: 0 

Cl3 pl y J 
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\,uwumpJWU mbuntpJWU ub2 ubbwqntJU qbp bu fuwqmu ubC>'mpjntU
ubpp wu~wl}lwl}wu hwuwwpubp(!, WJU\llbU qn~qw()' UUWUlllJlJWU ~wl}lwu}12-

ubp(!. npnup uzwuwl}qmu bu hmuwpbu 1t mwnnq. oppuwq' Vt = 1t1 h WJLU: 
I 

'UuwCimpJwCi ~wl}lwCipzCibJll! oqmwqnpC>'qmu bu npUJ.bu mumuuwupp
llllll hwuwqwpqp UJ.Wpwubmpbp t. l}lmpnfuwljwCiCibp: 'UzbCip Ciwh. np ~wl}lw
qwCi UbC>'ntpjntCiCibppg \jwqutlmU b(i ppwppg wCiqwfu CiuwCimpjwCi ~wl}lw
CipzCibp pqnq n - r, npmbq r - uwmppgwJp ljwpqCi t: UCihpwdb2m t puwCiwt 
Ciwt., np uwmppgwJp 1.J.wpq{! W 1.J.wPilll uM UiCibt {!CitnpqwC>' ~wl}lwqwCi hw
uwl.J.wpqp upwqnpCibpp ptflig, pwCip np uwmppgwJ}l tnllllbp}l PM!! hwqwuwp 
t hpuCiwljwCi upwqnpCibpp pqpCi: 

UCi~wl}lwljwCi hwuwUipfibpp 1ti UJ.WJUwfip hwuwp wfihpwdbzm t hw-

qwuwpuwfi mbupnq qpbt mllJwt ubC>'ntpjWCi gmgp~p ~Wl}lllllWqwCintpjlllUI! t. 
WJCi pwqUwUJ.wm\ibt hpuCiwqwCi i.lml}lnfuwqwfiCibpp ~W$IlllwlJ.wCimpJwCi1!' 

B - (L f • p - [ML~3 f . g~ T-2 f : CfiqhwfipwUJ.bu, wqwtn wfiljuwfi wpwqw

gmul! npUJ.bU l}lmpnfuwqwCi qnpC>'nCi {!Utnpqmu t WJl UJ.Wtnl'iwnnq. np Ubpb
fiWJP zwpdUwfi dwuwfiwl} mbajl mfip qwfiqqwC>'p mtriw2wpdp w11wqwgm
tinq: 

UJuUj}lunq, oqmwqnpC>'btnll fizqwC>' mbuntpJwfi mwppbpJ!, op}1Ciwqntl 
ljumwCiwfip qwpp qnpb]!Cipwgp unqb1wqnpntU(!: 

~wpp tfibpqbmpljwqwfi qfiwhwmuwfi UUJ.Wtnwl}nq wpmwp}1Ci qn11-
C>'nCiCibpp Ub2, pwgp hllllwJpCi UJ.WJUWCiCibppg, {!Ciqq11\jbCip qntpwCi)l }1pwCip 
UJ.Wpwubtnp(!: 'Uuwfi 1.J.wpqntl fuCiqp}l tmC>'mul! hCiwpwqnpmpJmCi t mwum 
qwmwpbtm qntpwCi}l tCibpqbmpljwqwCi qCiwhwmmu qbn CiwfuwqC>'uwCi l}lm
imu, wnwfig fiwfufiwl}wfi hbmwqmnmpJwCi: liJu fuCillP}l tmC>'UwCi h}1upmu 
{!Ul}DtCiqwC>' t PwCiwfunJ}l 4Illlli}lg wnw2wpljqw() pwCiw<\Lt! · P = cp(A.1, A. 2, V), 

npmbq' At -Ci QDlJ9 t mwwu hmtl1 hwmljwfi}l2Cibp]!. A.2 -(!' qntpWU{!. llllUJ.bU 
CiJntpwqwCi ljbm t. V -Ci CiJmpwqwCi ljbm}l zwpdUwCi wpwqntpJntCi{!: 

~najl hwm\jntpjntCiCibp{! wpmwhWJUlqntU bu hbml..JWL ubC>'ntpjntCiCib-

pnq. Cibpp}lCi zl}luwCi qnpmuti}lg' tg<p1
, fibpp}lfi ljguwCi mdbp' c[%]. fumm-

pjntfi' p[4
;] , wupntpJmfi' cr = ~[~] (E -Ci hnajt qb!i>npuwg}lwJ}l qnp-u 1-µ uu 

b"wti}lgCi t. }lulj µ -1!' lllmwunCi}l qnpmu\tltg{!): 

q.ntpwCi}l lJ.wnmgqw{)pWJ}lU UJ.WpWUbUlpbp}l Ub2 b(i UUlUntU' E - fun

l}l}l ljwquwC>' wfitumfi{! wljnu}l hwmw\tlt hbm, Yo - Iunl}l}l ltmPilll bqp}1 l}wq

uwC>' wCi\untCit! wljnuwUJ.wm}l hbm. Y; - pt.}l C>'Cip~Cibp)l 1.J.wquwC>' wCitumur! 
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1uqnuwuiwm]l hbm. BP - {!CiqqpquwCi ppwlJ.wCi LWJCintpJntCi{!. B - }lpwCip J!Ul}

q11quwCi LWJCintpJlllUI!, H - }lpwCi}l pwp<\1mtpJmCi(!, l - mrv1nPil ljnp}l hnp}lqn
liwlJ.wCi UJ.PllJblJ.g}lwfi, Q - }lpwfi}l ti.zl.mt! [U]: ~wzqp t wnfiqmu Ciwt. wqwm 
wCilJ.uwCi wpwqwgmli{! - g. qwpp funpntpJntU{! - at. 2wpduwfi wpwqntpJmfi{!: 

U1uuW.untl' qmpwfip pwpzwJpCi ajluwqpmpJmfil! ljwpmwhwJmqp hb-

UlLJWl mbupm[. 

P = cp(B,BP,l,H,e, y0 , Y;.p,c,cr, tgcp1,g, v,a,Q): (6.1.) 

npUJ.bU wfiljwfu ~wl}lwlJ.wCi ubC>'ntpjmCifibp l!Citnpntu bCip BP,p bt v. 

np.nCig gmgp~Cibpp npnzpm, }lpnp, hwqwuwp ~t qp.nJ)l: UJutqllunq, (6.1.) hw
~wuwpuwfi uMntpjntfifibp(!' BP, pt. v ,finp hwuwljwpqntu ljwpmwhwjtnqbfi 

hbmhJWL mbupnq. 

1t8 = (L)[Lf [ML-3 f[LF
1 f, 

1t1 = (L)[Lf[ML-3 f [LF
1f, 

1tH = [L](Lf[ML-
3 f [LF

1 f, 

1tYI = Y;' 

1tc = [Mr-2 )[Lf [ML-
3 
f[LF

1 t, 
1ta = [ML-1F 2 )[L f [ML-

3 f [L Y-
1 t, 

1t I = tg<pl' . 
'l' 

1t
8 

= [LF2 ][Lf [ML-
3 
f[Lr

1 f, 
1t

0 
= (L](Lf [ML-

3 
f[LF

1 f, 
1tQ = [MLT-2 ][Lf [ML-3 

f[LF
1 f: 

UCi~wl}lwljwfi bwuwUip}l ljwquwqnpuwCi UJ.WJUWCit! hwuwUJ.wmwu
tuwfi h}lufiwljwfi ~wl}lbp}l [M, L, T] qnpbwlj}lgfibp}l qntuwpCi t' 

aa + bl3 + cy = 0, mutn}l, 1t8 - p hwuwp ljumwCiwCip. 

M~J3=0, 

T~y=O, 

L~l+a-313+y=0 ljwu cx=-1 (pwfi}lnp J3=y=0): 
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B 
UJuUiflunq, 1tB = - hWUWU}WUlWU}uwli qwpqnq pn1n11 C}OlliJ}lli ub

Bp 
mupjntlilibp}l hwuwp quuiwliwlip. 

1t1 =Ii--' 1tH = : ' n. = ; , llliiU}hu liwL.' n, = E' 7tYo =Yo, 1tr; Y; ' 
p p p 

1t I = tgq>l: 
"' 

uwp: 
uuwliwuiplll hw2qwpqlihp qwuiwphlip c, cr, g, Q ilhbntpJntlilihpl1 hw-

n 0 - }l hwuwp quuiwliwlip 

M -+ I + 13 = 0, 13 = - I , 
T-+-2-y=O,y=-2, 

L -+ a + y - 313 = 0, a = -3 + 2 = - I , 
c 

1tc=--2: 
BPpV 

cr gBP Q 
umJli qwpqnq n., = --2 , 1t

8 
= - 2 , 1tQ = - 2 - 2 

: 

pV V BPpV 

Q.mpwli}l pwp2wJ}lli q}IuwqpnipJwli hwuwp linlJlitqhu qmlihliwliI! 
p 

1tP = - 2 - 2 : '1-0llwp lt fiqunnh1, np uuiwgqwb- pn11111 wliiwlftwqwfi ubb-m
BPpV 

PJlllfifihpfi mfihfi L°T"M' 2wlj:mqwqwfimpJmfi: 
liJuUiflunit, uwphllwuipqwqwfi illlllhll! (6. l.) wlizwlflwqwli mhuI!uit 

qlihpl{wJwg@ hhmL.JWl qbpU}' 

p { B l H c 1 cr gBP Q a ) 
s2 v2 = s'a'a'i::,yo,Y1·s v2 ,tgcp ·7· v2 's2 v2 'a 

pP P P P pP P pP P 

Umwgqwb wlizwlftwqwli ubb-ntpJntfifihp}lg 
B l H 

1tB =a-·· 1t1=B,1tH =B, 1t, =E, 1tYo =yo, 1tYi =yi 
p p p 

libpl{wJwglimu hli fiw}uwqbitnq }lpwfip hpl{pwiwlflwqwli liuwfimpJntfifihpJ!' 

C CT I 
1tc =--2 '1ta =-2' 1t I = tgq> 

BPpV pV "' 

fihpl{wJwglimu hfi hn.q}1 :}>}lqpqwuih}ulin1nq]lwqwli fiuwlimpJmlilibpJ!' 
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gBP Q P qwp}l dwuwfiwq wnw2wgwd mdhp}l 
n8 = V2 'B!pV 2 'B!pV 2 

' 

uuwlimpJntfilihhn' n, = ~ fibpqwJwglimu t itwp}l uib}ulin1nq]lwqwli qnpo
BP 

[tfipwg}l liuwfimpJntli{l: <!,wuwdwJli qnpat!lipwglihp}l illlllhtwitnpuwfi ilbpnq}I-
4wJ}l, qphlip hwitwuwpuwli qhp2fiwqwli mhup{l. 

[ 
B I H c 

p= b0 +b1 -+b2 -+b3 -+b4&+bsYo+b6Y1+b7B y2 + 
BP BP BP pP 

i cr gBP b Q b a ] B1 y2 (6 2) + b8tgq> + b9 --2 + b10 yz + 11 B2 y2 + 12 -B . pP · · · 
pV pP P 

Uuiwgqwb" hwqwuwpuwfi qnpawlt}lgfihp{l npn2itmu bli liw}unJ1.ll pw
dl1filih1m1u mpqwb uhpllllfihpnq: 

<!.witwuwpuwli (6.2.) qbp1mb-ntpJntli}lg :qch.lwp it qnwhht, np WJli lPllil 
hwilwU}wmwu}uwlimu t wqw:qhu}lqnu l.{. "l. Q.npJWzlt}lfi}l qmpwli}l pwp2}1 

mcl'l1 pwliwdL.}lli. p f0G + kab + eabv2
, WJli mwpphpntpjwilp, np qnpbwq}lg

lih111!' f 0 ,k L. e wpmwhwJuiitwb- bli pwgitwu mhupnit: 

Jlfifiwpqhfip L.u Ubl{ oppfiwq' l{WU}qWb hnqJ.i lfl}up}lzp hhm: 
fipU}hu h}lufiwqwli U}wpwuhmpbp WJU :qhU}PntU qhpgliblip B,p L. g: 

lfwuip}lgwJ}l U}Wpwubmp {llimpbfip 13 0 - lfl}up}lzp :qpqw(Tp}l wfiltJmliJ!. 

cr- hn.q}1 wupntpJillfi{l. V - wpwqn1pJntli{l, m - ubpbliwJ}l qwliqitwat!. a -
uzwquwli }unpntpJntli{l. g - wqwm wliquwli wpwqwgmil{l. p - hnqlI }uuuu
PJillfi{l, BP - {lfi:qqpquwli iwJlimpJmli{l: 

<!,}1uliwqwli U}Wpwilhmphp}l wliqw}untpJwli U}WJUWliJ! npn2}lzll A ::F- 0 
uhOl.upJmfifi t: 

~L.wlfln}uhlip wlizwlflwqwfi hwuwtlJ.plihpJ! 

1ti = [Lr1 j[Lf [ML"3 j[Lr2 t' 
M-+13=0, 

I 
T-+-l-2y=O, y=-2· 

I 
L -+ I + a - 313 + y = 0, a = -2' 
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.!!wpzwJ}lfi qfluwqpntpJwfi hwuwp lJwquwqnpqmu bfi _P_ = (~J 
pgB3 cp gB 

hwuwtlipfibp{!. npnfip oqmwqnpbqmu bfi is -}l 4mfuwpbCi, n11I! Jl11lJl t 

mwwu p = f(V) -I! pbpbt qbwJ}lCi wbup}l: 

UJu qbtqpmu _P_ = (~ _v_ er J 
. pgBJ cp1 B • .JiB • pgB ,... wpmwhWJUllltpJwfi fiuw-

fiwplJmuI! (anpoxcaM~JJ) }lpwlJwfiwgqmu t hbmL1w1 pwquwfinwuh oqmw-
qnpbmunq. ·1 1• 

Y =ho+ L b.,x,. + Ib .. x.x . · 
IJ I J" (6.3 .) 
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7. 4npbtwglinfi :pmuti.gpwfitp 

PCimpJwCi wnwCill}lCi hphntJpCihp}l u}l2L lJwUJ.hPI! pwp.q bCi L pwquw
~bpUJ.. uwlJwJCi qpwCip npn2wltl1 ll\Jllq lJwphtlI t qwuwlJwpqbt: Ubfuwfi}llJw
JlllU hwtiwfu funup t qfimu x L. y 1Jm1Jmfuw1Jwfifibp}l u}l2L. .'f>mfilJgflnfiwt 
~wtuqwbmpJwCi uwu}lfi. bpp x -}l JmpwpwCi1Jntp hfiwpwqnp wpcthpl1fi hw
liwUJ.wmwu}uwfimu t y -}l npnzwtifl u}lwpctbp ubOmpJntfi: 

PpwlJwfimu pfimpJWfi ub2 zwm bphntJpfibp tnbrt}l bfi mfibfimu pwq
uwp}lq qnpbnfifibp}l wqqbgnt}lJWfi tnWIJ, npnfig}lg JlllpWpWfi1jntp}l fibpqnp
Ontpjntfi{! lJwpnq t tlICibt wCiCizwfi: liJu qbUJ.VmU tiwuil! lJnpgCimu t }lp }lulJ 
fu}lum ·'lmtfilJgflnfiwtnt}lJntfiJ!. }lulJ mumufiwu}lptlllll .'f>}lqplJwlJwCi hwuwlJwp
qr. {!firpnfimu t n~ pb npnzwlJli, WJl npLt hfiwpwqnp tllJ.6wlJ: U1umbq funup 
\fwJlllil t tlifibt u}lwJCi, WJUUJ.bu tin~qwb, umnfuwum}ltiwlJwCi lJwUJ.ll uwu}lCi : 
Uumfuwum}llJwlJwfi IJWUJ.I! pwgwmpqmu t fipwfinq. np u}l UJ.WtnwhwlJwCi 
ipn1JmfuwlJwCi UJmu}l ljlnljlnfumpJWCif! wpllwqwCipmu t }lp pwzfuuwfi ophCi
u}l ipmpnfuuwup: '-l}l6w1Jwqpw1Jwfi qnpbCiwlJwfi hbmwqntnntpjntCiCibpnttI 
hwtiwfu qflmwplJqmu t w1qUJ.llu}l lJwUJ.ll uwuCiwqnp qbUJ.Pbp: 'l-w tin~qmu t 
iUitiwlJwqpwlJwCi tiwui: lijU tiwUJ.ll uwu}lfi flllwum mfi}l funubt U}lWJfi WJU 
dwuwCiwlJ, bpp u}l UJ.WtnwhwlJwCi 1Jmipnfuw1Jwfi}l UJ.WJUWCiwlJwfi uwpbUw
m}llJwlJwCi uuiwuntul! :}>mCilJg}lw t UJntU uiwmwhwlJwfi ljlnljlnfuwlJwCi}l wp
ctbpfihp}lg. 

M(y Ix)= f(x): 
UJuUJ.llunq,. tl}l6wlJwqpwlJwCi 1Jwfuqwbmp1wfi mumuCiwu}lpntpJntfiI! 

h}luCiqmu t uiwmwhwlJwfi 1JmtlmfuwlJwCiCibp}l WJfiUJ.llu}l tiwuibp}l hbmwqnm
uwfi tlJlw. np}l qbUJ.llntU ublJ UJ.WlDWhWIJwfi lPlllfmfuwlJwfi}l wpdhpCibp{! ipn
ipnfuqmu bfi UJmu uiwmwhwlJwCi ipmpnfuwlJwCifihp}l wpctbpfibp}lCi hwuw
Ujwtnwufuwfi: 

'1lwmwhwlJwCi ipmpnfuwlJwfifibp}l u}l2L. \ijl.6wlJwqpwlJwCi tiwfuqw
llntpjWU }luwgmpjntU{! qnpbCiwlJwfi ubb CizwCiwlJntpjntCi mCi}l: 'l-pw oqCim
!}JWUp lJwpbtlI t lJwfifuwqmzwlJht uiwmwhwlJwCi ljlniltnfuwlJwCi}l wpctbp{!. 
hCipwqpbtntl. np wfilJwfu 1JmtfmfuwlJwfiCi f!Ci1p1tCimu t npnzwltli wpctbp: U]lw
ctwuwCiwlJ, pwfi}l np qp6wlJwqpwlJwfi lJwfuqwbmpJwfi hwulJwgmpJntfi{! 
hwuwpqmu t u}l2}lfiwgqwb UJ.WJUWCi, mum}l lJwfifuwmbumufibp{! wCiufuwt 
1}lfibutfi lJwpnq: 

fltpbUCi ' qp6wlJwqpwlJwCi lJwfuqwOmpJwfi mumufiwu}lpuwfi hwuwp 
Ujhtnp t pUWUWl UJ.WUlWhwlJw(i 1Jm1Jmfuw1Jwfi}l UJ.WJUWfiwlJwfi UW.f}bUWtn}l
qwlJwfi uuiwuntu{!: '-lbp2}lCi}lu qfiwhwmuwfi hwuwp wfihpwctbzm t }luwfiwt 
(x,y) bplJ~wiP pwzfuuwfi wfiwtlim}lti mbup{!: UwlJwJfi bplJ~wip pwzfuuwfi 
wfiwtl1tn}llJ mbup{! lJwpnq t hwfiqbgfibt tntP.2 ufuwtfibp}l: liJq uiwm6wnnq 
UjWtnwhwlJwfi ljln.pnfuwlJwfi}l UJ.WJUWfiwlJwfi uwpbUwm}llJwlJwfi UUJ.Wlllll
u}lg wfiglimu blip UJ.WJUwfiwlJwli u}l2}16 wpctbp}l. 
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M(Y/X=x)=y(x): (7.1) 

Ublt h ll]lllll tqWIDWhwltwfi 4_impn}uwltwfifibpp UIWJUWfiwltwfi up2pa 
wpctb11fibpp up2h Itw}uqwompjntfi(! Itn,tqmu t qnpbtwgpnfi ltw}uqwbmpjlltfi: 
Iufiqppli WJfi t, n'pfi [!fixpufibt nptqbu Itw}uJWl 4_impn}uwltwfi, np1f wfiltwJ:u: 
UJq uitmp t 621DbtJmpwpwfiLJmp oppfiwltf1 qtuwmu: 

<.t1Dwqn1Dwltwfi w2}uw1Dwfipfibpntu ttuJfi ltJ.ipwnmpJmfi bfi qlllht qn
pbtwgpnfi qw}uqu,i0n1pJmfifibpf!, npnfip pfimpwqpi.jmu bfi Itwuw pwquwppq 
ohbpni.j Lt ubpmntpJtulip: 

q.1Dfit1 qwuw Ulbuwlm. fi2wfiw1tmu t hwJmfiwpbpbt Itw}uJtut uiwlllw• 
hwqtufi tpmpn}utulttufip UUlWQUWfi Ub}utufipqil[!: -.:.[p6tultwqpmltwfi lttu}uqw
Onli)Jlllfi qwuw lllbuwltf! qmpbtf1. t fibpltw1wgfit1 nbqpbupnfi :t>mfiltgpwJntl 
(q0w1pfi, pwnwqmuwJpfi. pwpop Itwpqp gmgituJpfi h WJtfi): 

7. I. fTJwmwhwljwu UJJlngliuulip 

q.JilU1Ultnfimbuwqwfi Ulb}ulipqwJp 4_inp6wpltuwfi h hbmwqnmuwfi 
<huuwfiwq UUlWgqwo mbrtb\jmpjntfifibpf! qqtujlllU bfi WJfi uwupfi, np umtnpp 
h twp uipngbufibpf!. tl}J.6wltwqpwltwfi puwuIDm.l, hwuwpl{mu tfi uiwIDwhw
Itwfi: q.npofiwqwfimu uiwmwhmu bli qbuwtp, bpp WJfl tqpngbufibpl1 uwupfi 
mfibfip uwhuwfiw4_iwq lllbqbltmpJmfifibp, WJll qtuwmu wfihpwdb2U1IltpJmfi 
t wnw2wfimu qwmwpb1 tqpngbufibpp pwfiwqwltwfi h npwltwltwfi qfiwhw
umtu: 

q.JllU1Wlllfi1Dbuwitwfi Ulb}ufipqwJJl tl}J.l'iwltwqpwltwfi hwzqwpltfibplt 
hwuwp [!fimpqmu bfi tqpngbufibpp mwppbp hwqwfiwltwfi unqb1fitp: Unwtlht 
hw6w}u ltf1pwnmu bfi tqwmwhwqwfi ubb-ntpjntfifibpp h tqwmwhwltwli :j_>mfi
ltgpwfibpp linqbtfibp: 

fiptqbu oppfiwq fibpqw1wgqwb bfi 4_in}uwfigdwfi mm4_1I1 wnwfigpw
qw1fibpltg Ubqp qptu hwqwqquwfi 4_ln$n}untpJWfi ougptnqpwu}l qpwfigqwb 
,tnpu hwmqwbfibp (fiq. 7.1): Unwfigpwqwl]l wz}uwlllwfipp qpmwpltuwfi dw
uwfiwltf1 jntptupwfiLJntp T hwlllqwb-ntu Xk (t) hwltwqquwG 4_ln4_in}uuwfi 

tqpngbuf! ltf!fiqntfip WJU Itwd w1fi qnfiqphlll mbupn: <l>npowpltdwfi f!lif)wg
pmu ulllwgqwb tqwmwhwl.twfi uumgbup Itnfiqpbm wpdbpfibpl! [xk (t )} Itni-

qmu bfi ppWgntufibp: X 0,{t) UJ.WU1Whwqwfi tqpngbup X~l(t1x~l(t1 ... ,X~)(t) 
ppwgmufibpp wupnq2mpJntlif! qwqumu bfi pwqlintpJmfi ttwu }ulnup (i = I, 2, 
... , n ): <l>npop f!fipwgpmu umwgqwb 1mpw11wliiJmp }lpwgmu qnLtlmu t nL 
tqwmwhwlj_wli :}_>mfiltg}lw, npf! qpmwplj_qnq op}lfiwltmu IDpqwa t qpw:t>J.ilt}l 
mbupnq: 

C!fiqntfibfip, np <huuwfiwltf1 gwfiltwgwa tP t 2, ... , ti (j = l, 2, ... , m) :J.>11-

puqwb tqwhpfi mfitlip utwmwhwltwfi tqpngbult wpdbpfibp{!: U1q 11tuwmu t; 
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bu tlbpwtiinJ:utlmil t unqnpwqwfi tqW-
1mpwpwliiJntP wpdbg}l hwuwp UIPllg 1! mu l!fiqntfimu t WJU qwu WJli wp-
mwhwqwfi ubbrl.tpJWli, npJ! 4_inpdp l!fi pw~Ulwhwqwfi :t>mfiqgpwJp hwUllltjp: 
dbpf!: "lwJUWliwqwfinpbli Wjfi qn.tb pi i. .h qtf1.li}l X (t) UIPllgbup un
Unwqbt pwpq. uwqwJli wnwtlbt pmlw qw'iWu·9 1c h _ 

i. h h Ulbupntl npp qblll.I!ntu n,t tqWIDW w 
qbll! lllWl tqw1Dwhwqwfi :t>mli'fg .. WJp · liqw wa t - p qtuwmu titll-
1.twfi wpqntublilllp :t>mfiqgpwlibpp wpdb~~~Pf!.?W ·" g unqt1mu X (t) tqw-
litfi WUlUJhwqwfi ubbntpjntfifibp: UJu'"'il.un'l Ul'IJWl k 

Ul qntU t utWUlUJhWqWfi ubbntpjntfifibpli pwq-
mwhwqwfi UJ.pngbuf! G.bpqwJW9 u u b]}l u2wqmupg ulllwgqmu t wnw
ump1wfi Ulbupnq: "lpngbup WJU1 p u;1 jli utWUlWhWqWfi UbOnt!}]ntfifibpp 
ti.ht pnqwfiqwqwtf1.g mbqbqntpjnt n.tw ~ opqpfiwmfibpp h utqbqum)lp qin
umlnpwqwfi !}tlWJpfi pfimpwqp1:fptu, !: fiwjpli h <huuwjpfi pfimpwqpbµl1 
)uwqwpo qwtqbpf! npnznrt hw w w'iw 

rntupml: 

X-.4(0 

X3(t) 

,,&,.;_.....--,· X2(t) 

t 

-----1. X1(t) 

------lxs(t) 

"Uq. 7.1. n wfiqw)u qmpdbpp x,(t) UJ.WUlwhwqwfi :pmfigpwfibpl!: 

fib h fi .h1Dpq I!fuihwCipwguwfi hfiw-
UJulllbil Junup t qfimu UJ.pnghu p .. w Wu· .h ctwuwliwqp qwfi-

·• hfi hfiwpwqnpntpjntli t UlWu•u J!UW 
pwqnpmp1wfi uUlUp • IlPl! u w wp tilbfilllpg qw}uqwb-ntpJntfi{!: 
)uwqm2wltht fipwfig 1!fipwgp~1!::m:!iq~(i :}ufipqwJp hwuwp l}wpl.tn11. 
Ujq pul} utWllll'iwnnq, qJDUl fifibpp i.pnp&wpwpwl}wli bqw-
pul} npnz 11tUII1ntU npn2Pifibfi h hb~~:~:~:tnt uwupfi wnwtlbt qumwhb]}l h 
Ciwl}fibpf!, npnfin ppwqw 1•PW'l..l• 'i 

opJbl}Ulpq mbqbqmpJm~fi~;1 b: :;.~~;~mfifibpf! i.pnp&bp)l [!fipwgpmu wfil!fifl· 
.t!,w6w}u UJ.WIDW w'iw fi tl wqwli tqwmwhwltwfi 

ut2 $n4_in}ui.jmu tfi. npnfip, P U:~::.:t~~t :t>:Uti:twfitp: 
uMmpjntfifibpp, wfiqwfim.U bfi Ul Jfiut}lui :j>mfiqgpwfi. np[! 4_inpap W]lll)ntfi-

lllwmwhwqwfi t qniqmu w fi fi utbu wfihWJUl qnfiqpbm mtunf!: 
pmu l}wpnJ1 bfi I!fiqntlibt WJU qwu WJh :!w:t>mfiqg)lwfibpp wpqntubfim I!fi-

Unqnpwpwp, npuitu tqwmw w b wmwhwqwfi :pmfiqgpwfibµp 
qntfiqmu t <hudwfiwqf!: tiwli qbUII11?P· PP n~· Oppfiwq' ppnuwutwmuwfi 
wpqmubfim t l!liqn1fiqmu wn hwu'fwgntpJ . 
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----.--X(1) 

t 

7.2. "lwmwhwqwG uumgbuGbp}l qwuwqwpqnull! 

U}i.Ci~L tl.tp2}lli ctwuwliwltlihpu ltw 
uwt.i.wpquwu u}lwufiwqwfi un b } mp UJ.Wtnwhwqwli UJ.pI1gbullb11l1 i1w-
1. , 1 11 m gm.... ··iwmwhwqw(i UJ.pllgbufib 
'iwpq'lm tpu f!Utn mwpphp hwmltwupzlibpp w tl.h h 15 111! qwuw-
pbm tqwmwhwltwli UJ.pllgbulih p 0 pli ' nw l w wfu f!Utn qnfiq-
uzwltuwli ubpnqflqwj}l: "1wmW:w1i:Uu UlbJJ.bqntpjntfifihpp umwguw(i h 
[!lil}hwm h l}}lul.J.pbm tltntltntuu u unmgtuCibpJ! qwpbtJ1 t pwctwfibt wfi-

w P wpqn1uhfimfibpntJ. lutipbpj1: Sw11pbpw4-
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~mu t liwh uiwmwhwl.J.wli L. qpul.J.pbm uiwmwhwl.J.wfi hbppwl.J.wumpJwup 
unmg buli hp: 

UGJ!fiquh2 i.qwmwhwl.J.wfi UJPDghuCihp}l wpcthl!CihpJ! h Cipwfig npnzuwu 
tn}lpntJpfihpJ! (l!um ctwuwfiwl.J.}l) wGJ!Ciquh2 pwqumpJmfiCihp hli: C};}lul.J.phm 
uiwmwhwl.J.wG UJ.pnghufibpp wpcthl!lihp}l tn}lpinJpJ! l}}lul.J.pbm pwqumpJntfi t. 
f1U4 npnzuwu mppntJP!!' wfi[!fiqut2 pwqlintpJmfi: 

'l-JDUlWtnfitnbuwl.J.wfi WlfuWtnWfil!fihp}l UJ.WlDWhWl.J.Wfi UJ..llDQhUfibp}l 
tnhuwl.J.fibp}l uwu}lfi hwpg(! UJ.whwfi2mu t hwwmlt mumuuwu}lpmpJmfilihp: 
UwqwJCi i.qhmp t fi2h1. np WJU hwpg}l tlhpwphpJWl bJJ.wb' CiJntp[! zwm uwh
uwfiwlJ!wlt t. mum.ti ipnp6ht hfip WJCi lPWgfiht hbajlfiwl.J.lihp}l mumufiwu}lpnt
PJntfilibpntl: 

lllwmwhwltwG UJ.Pllgbuubp}l qwuwqwpquwG hwuwp wnw1fb1 l.J.wphnp 
hwmqwli}lz t ctwuwuwl.J.}l ultqp}lg Cipw hwtlwfiwqwCintpJWCi pfimpwqp}l 
4wfutlwmupJntfi[!: UJu hwmqwG}lzntl UJ.Wtnwhwltwfi UJ.pngbulihp[! qwuw-
4w11qt1mu bu umwg}lnfiwp h n~ umwgpnfiwp fuup hp}l: 

lllwmwhwqwG l.l.JPilghuCihpp mhumpJWfi ut2 umwg}lnuwp bu l.J.n~tlmu 
WJUUJ.llup UJ..ilDQhulihpf!. npn(ig plimpwqphpJ! (!i>mlil.J.g}lwj}l unub(imfihp[!, 
pwzfuuwu :t>mliltg}lwuhp[! h WJtfi) 1Iwfut1wb' ~bu ctwuwuwl.J.}l hwztlwpl.J.uwli 
ultqp}lg: chuuwCiwltlJ. hwztlwpltuwli ultqp}lg qwfutlwb' hwt1.wfiwl.J.wlimpJwli 
pfimpwqphpntl. UJ.pnghulihp[! hwuwptl.mu bu D! umwgpofiwp: 

Ulihpwctbzm t li2t1. np J!Cil}hwfimp qhuwh1m1u qinlllwmfimhuwltwli 
Ubl!bfiw(ibp}l wzfuwmwfil!WJ}lU UJPDghu(ibpp. ltfilUJ.bU liwh gwfit.i.wgwb WJt 
aj11iwu}l1I hwuwqwpqhp}l wzfuwmwfil!Cibpli uqutlmu hli nl umwg{mliwp t}m1-
1ntl (wliqwJmli nbd}lu. pwlJ!wnl!): Ubpbliwlibp}l wligmliwJ}lli UJ.pllghulihp}l 
uwpntupg hbmn wlignui t l.J.wmwptlmu wzfuwmwlip}l l.J.wJmliwgt[wb nbct}lu}l. 
npli {!lipwfintU t hwubUwmwpwp hWUW!WtP u ntfi}l fipw li.ti2}lli wpctbppli hw
pwpbpt(flil wli{!liquh2 mwmwlinqwltwli mhup: Opnz nl fu}lum uwhUwliwt}lw-
1.J.mulibp}l qbUJPntU WJil UJPDghufibp}l q}lUlWpquwfi U}ls>WltWJP}l hwuwp l.J.W
pbtli t {!liqmliht umwgpnfiwp: .Pwg}l qp.wli}lg, wlihpwctbzm t fit.i.wm}l mfih
Ciwt_, np qJDUJ.WUlfiutbuwltwfi ubpbfiwfibp}l wzfuwtnwfipfibp}l ppwltwfi UJ.llll· 
gbufib11I! hwuwptlmu hli nl umwgpnfiwp h upwJli npnz linmwtlnpntpJWUp 
l.J.wJlllll bli l}}lmwplJ.tlht npi.qhu umwgpnliwp: flpwqwfi UJ.pDgbulibpp n~ umw~ 
g}lnliWpillpJntlil! UJ.WJUWliwtlnptlwb t wnw2}lfi hhpppli Cipwlintl. np lipw wp
ll.Jntliplibp}1 u2w1tuwli ctwuwliwq pwt1wpwpt1mu hli q}lmwpquwli npnzwltli T 
up2w1IwJ12nt1. WJUplipli blipwqp.mu blip, np x(t) = O.hpp t > T: .Pwt1wl.J.wlipli 
ubb T ctwuwliwl.J.whwmt[wb'p qtuwnuI, WJqUJ.ltu}l n~ umwg}lnliwpntpJntli[! 
qwphllt t qnpb'liwltwlinphli hwzt(P lwnlibt: 

'l-Jnu1wmfimhuw1Iwfi wqphqwmfibp}l t}lnp6wpquwG ctwuwfiwl.J. 
umwgt[wu ul.J.qpCiwltwG mbJJ.hltmpJmlifihpf! u2w1Itwu. npuitu qwfinli, ppw-
4wG D! umwg}lnfiwp UJ.pngbuhp[! pbptJ.mu bfi umwgpnfiwpp: 
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"lwmwhwqwfi uningbufibpp qwuwqwpquwfi qwphnp hwmqwlipz t 
hwuwpqmu fipwfig pqwjpli pfimpwqpbpp up2h brtwlt qwum: UJU hwmqwfil1-
znq UlWppbpwqmu b(i tpqnajlq h Ill tpqnajlq UJ.WUlwhwqwfi UJ.PilQhufibp]!: 
tpqnq}tq unmgbufihpp gwfiqwgwlt pfimpwqphpp.up2pCi wpcthplihpl! hwu{!fiq
fimu t . wpqmuhlimp up2pfi wpcthpp hbm: liJUUJ.)mnq, tpqnqpq pfimpwqphpf! 
qwpbtJt t npnzl:it J!UUl dwuwfiwll)t, ppwguwfi up2pfiwguwup (1): 

7.3. "lwuiwhwl{wu !pmul{g}lwfihp}l pfimJJwqphpf! 

P tnwppbpntpjntfi UJ.WUlWbwqwfi ubbntpjlllfifibpp pqWJpCi pfintpwq
pbpp, npnfip fibpqwJwgqmu bfi npnzwqp pqbpnq. UJ.Wtnwhwqwfi :t>mfiqgl1w
fibpp pfimpwqphpf! J!fiqhwlimp qhuwmu ppbfigpg fihpqwJwgfimu hfi nl pb 
pqhp, wJt :i>muqgpwfihp: 

X(t) UJ.WU1Whwqwfi :t>mfiqgpwjp uwphUwutwpqwqwfi UUJ.WUillUJ! w11-
mwhwjtnqmu t hhmhJWL qhpUJ.. 

mx(t)= M[X(t)]: 

UjuUJ.Punq, X(t) UJ.WUlwhwqwfi !l>mfiqgpwjp uwptuwmpqwqwfi UUJ.W
UlllUf! ltnlqmu t m,(t)nl UJ.wtnwhwqwfi !l>mfiqgpw. npJ! wpqmubfimp Jmpw·· 

pwfivmp t wpctbpp hwuwp hwqwuwp t UJ.wmwhwqwCi !l>mCiqgpwJp hwuw
UJ.Wmwutuwfi hwUllltjpp uwpbuwmpqwqwfi UUJ.WUiltUl1fi: Qum tntpjwli, UJ.W
mwhwqwfi !l>ntfiqgpwjp uwptuwmpqwqwfi UUJ.WUillUl! PUl-IlP up2pfi !l>mfiq
gpw t . npp zntP21! mwppbp dhhpnq mwpwtlintuqmu bCi UJ.WtnwhwljwCi 
:t>mfiqgpwJp qnfiljphm ppwgntufihpl! [2]: 

X(t) UJ.Wmwhwltwfi :t>mfiltgpwJp q}luUJ.hpupwfi' D(x) ltn~qmu t nl qbw
Jpfi, npp wp6hpJ! Jmpwpwfivmp t-p hwuwp hwqwuwp t UJ.WtnwhwqwCi 
!l>ntCiltgpwjp hWUWUJ.WUlwutuwli hWUlillJJ:lP IlPUUJ.bpupwjpli. 

Dx(t)= D[X(t)] : 

UltfihwJlD t. np D"(t) -Ii IlPWltwfi !l>mfiqgpw t : "lwmwhwqwfi !l>mCiq
gpwJp up2pfi pwnwltmuwjpli zhrtntlil!' 

crJt)= JD]tJ : 
G.Jnlll.WUlliutl:iuwqw(i uh11bfiwfibpp wztuwmwfil!WJpfi qnpll"J!fipwgfih

pntu hliwpwqnp t. np x 1(t) h x2(t) UJ.WUlwhwqwfi !l>mfiqgpwfihpCi mfibfiwfi un
mwqnpwUJ.hu fintJfi uwphuwmpltwqwfi UUJ.WUntUf! h qputqhpupwfi. uwtiwJCi 
11PWlig pfimpwqpbpf! \iWpnq hfi Ulfil:it upujwfigpg l:u}lUUl tnwpphp: li\tfihWJlil 
t fiwh, np hpqm UJ.WUlwhwlJ.wfi uningbufihpp fihp12pfi lJ.wnmgqwbpfibpf! pw
gwpdwltwUJ.bu mwpphp bfi, uwlJ.wJfi WJI} mwpphpntpJntfil! ~p wmwhwJtn
qmu nl uwphllwmpltwltwli mqwuuwup, n~ tt qputqhpupwJnq. WJU qhuwmu 
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wlihpwctbzut t hwuuuq plimpwqli.p: liJil pfimpwqpp]! ltnlqmu t qnph1wgpnli 

:pmliqgpw: i. 1. Ii 
tpqmllllt umwgpnliwp UJ.Wutwhwqwfi u.nmgbufibpp $6w':lwqpw':lw 

fim wqpbpp hwzqwpqfibpf! fiqwmhijmpbfi UJ.Wpq bfi: 
p p X(t) UJ.wmwhwqwfi :i>mliqgpwfi fibpqwJwgqwlt t qnpp mbupnq (Ii~. 
73): .mifiwpqbfip t, t' hwutntJpfibpp wpJmfipmu umwgqwlt X(t) h X(t) 

UJ.WUlWhwqwfi ubmnpjmlilibpp qwtuqwltntpjillli]!'. liqfihWJUl t. np X(t) h 

X(t')-1! qwUJ.qwb bfi ubpm qwtuqwltntpJwup h pfimpwqpqmu bfi tinph1w

gpnfi linubfimnq h bwuwpqmu bfi t t. t' bpqm wpqntubfimfibpp qnpb1wgpnfi 

:t>ntlil.J.gpw: ( ') b i. ubfim 
"lwmwhwqwfi X(t) :t>mfiqgpwfi qn1qmu t Kx t, t P':lnt wpqm -

fibpp Ill UJ.WUlwbwqwfi qnph1wgpnfi :t>mfiqgpw. np]! Jmpwpwfivmp t, t' 
qmJq wpctbpfibpp hwuwp bwqwuwp t UJ.Wmwhwqwfi !pmfiqgpwJp hwuw
UJ.Wmwutuwfi hwutntJpfibpp qnpb1wgpnfi linubfimfibppfi. 

K,.(t, t')= M[x(t)x(t')], (7.2.) 

npmbrt x(t)= x(t)-mx(t)' 

x(t')= x(t')-m, (t'): 

X(t) 

1,,\j. 7.3 ll(t) UlWUlWhW\jWfi ~mfi\jg~wfi: 

Upcpuublimfibpp hwuf!liltfiuwfi UJ.WJuwfip 11bU112mu (t = t') 

K (t, t) = M[x(t)2 ]= Dx(t), 
w1ul1fipli • t = t' 11hU112mu ltnpbtwgpnfi !l>mCiltgpwfi qbpwbqmu t tqwmwhw

ltwfi !l>mfiltgpwJp qpuUJ.bpupwjp: 
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J2wll}l np hp4m' X(t) l.t X(t') \llUlUlwhwtiwfi ubmupJmfifibp}l tin11t1w

g}lnfi unubfiUl)! 4w}utl_wa it fipwllg q}lmwptidwll hbppwtiwfimpjmfi}lg. mum}l 
4npb1wg}lnfi :t>mfitig}lwfi }lp wpqmuhllmllhp}l lltiwmuwup lu):ill}l u}lUhmp}14. 

K)t, t')= Kx(t', t): 

"1wmwhw4wll x(t) !l>mfi4g}lwJ}1 4npb1wg}lnll !J.>mfi4g}lwll qwnmgmu 
bll hhmltjw1 lJ.hPUl· wpqmuhllm}lll mptl_mu t hwtl_wuwpwhbn wpctb11!ibp l.t 
UlUlU1UlhUJ4UJ!i ubmnpjmllllhp}l hwuwtiwpq):i u}l2ngnq tiummgmu qnph1wg}l
nll uwmp}lgwll [2]: 

llju uwmp}lgwll Di WJt }lfii t, pwll hwppntpjwll tl_pw ( t, t') w11qn1-
uhllmllbp}l wpdhplihp}l 111.llll.UllilJ.jmll gwllgp qnpb1wg}lnll !J.>mfi4g}lwj}l wp
dbpfibp)l wrumuwti: <.tuiwqwJmlI J!llqu}l2wp4uwll tiwu unmwptiuwll hll.w
llwtintl 4wphi)l t tiwnmght fiwl.t hpqm wpqnuihllmllbpnq Kx (t, t') :t>mll4g)lw: 

ltnph1wg}lnfi Kx (t, t') !J.>mll4g)lwj)l tjm}uwpbli 4wpblJ:i t oqmqb1 fin11-

uwqnpqwa 4nph1wg}lnfi !l>mll4g}lwJ)lg, npJ! X(t) l.t X(t') uhbmpJmfifibp}1 4n

ph1wg}lnll qnpinult}lgfi t. 

( ')- Kx (t, t') . 
rx t, t - O"x (t ~Jt')' (7.3.) 

1..npuwqnpqwb" 4npb1wg}lnll !J.>mfiqg}lwfi hwuwfillwll t UlWUlwhwtiwll 
uhbmpJmllllhp}l hwuwqwpq]:i llnpuwqnptl_wa qnpt1wg}lnll uwmp}lgwJ}lli. bpp 
t' = t, WJfi hWqUJUUlp t Uh4p. 

( )
- Kx{t,t) _ Dx(t) _ . 

rx t,t -[crx(t)f-[aJt)f-1. (7.4.) 

7.4. 'llwmwhwqwCi umwgpnCiwp :j:>mCil:1.9pwUhp 

ltwfi Ulwmwhwqwfi UlPilQbufibpJ!, npnfi11 f!UUl ctwuwllw4}1 l!llpwfimu 
bll hwuwubn L. mllhll npL.t u)l2]1ll wpdbp):i zmp2f! WUJ!liquh2 UIWUlwhwtiwll 
mwmwllmufibp)l mhup: liJuUIPu)l UlWUlwhw4wll lllPllQhullhpJ! qn~tl_mu bll 
umwg}lnllwp: Umwg}lnllwp UlPilQbull mumufiwu)lphlJ:iu Cipw gwll4wgwb 
hwmtl_wbmu UihU112 t umwgqbll llmJll pllmpwqpbpf!: 

"1wmwhw4wu umwgpnCiwp :j>mCi4gpwCi J!UUl dwuwCiwlt}l Uibm12 t f!ll
J}Wllw bwuwubn. mum)l lipw uwphuwm]14w4wll UUIWUntUJ! hwumwmmli t. 

mJt)=mx ·=const: 

"1wmwhw4wll umwg}lnllwp !J.>mllqg)lwJ]l q}luUlbpu)lwll limJllUlbu 
hwumwmmll t. 

D x ( t) = D x = const : 
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UqllhwJUl t llwL., np bph U1Wmhw4wfi X(t) UlPilQhUJ! ppwtiwllmu 
umwg}lnllwp t. Ul\llW qnpb1wg}lnll unubllUlJ! qw}utl_wa t dpwjll 't hwmqwap 
uMmpJmll}lg. 

Kx(t,t +t)= Rx(t): (7.5.) 

<.tmL.wpwp, UlWUlwhw4wll umwg}lnuwp UlPilQhuti 1In11t1wg}1111l 
:j>mfi4gpw(i :)>mfi4g}lUl t llz pb bpqm, WJl Ub4 UlpqDlUbUUl}lg: lljU hwll(fW
UWUI!J! up zwpp qbU1Pbpn1u }u}lum Ulwpqbgllmu t U1Wmwhw4wfi umwg}ln
fiwp !J.>mll4gpwJ)l hbm 4wmwpqllll. qnpb-Dll.mpJntllllbpJ!: 

UqllhWJUl t. np X(t) umwg}lnllwp tp(fnq}lq UlPilQhup x(t) ppwguwll 
h}1Ufiw4Wll l{jl!'.iUJ4Ul@W4Wll pllmpw(fpbpJ! wpdbp h(i 6bnp pbpnlU UpWJU 
ch.udwllwlt}l 't t' t uwhppg tiw}uqwb: 

ltnpb1wg}lnll !J.>mll4g}lwJp upubmp)lwJp hwmtimpJmllpg umwllmu bllp. 

K,«t, t') Kx (t', t), 

npmbq}lg' 't t'-t,}lu4 R,(t)=RJ-t): 

Q..npbllw4wllmu }ullq}lpllhpJ! 1mb"hi)lu hw!'.iw}u 4npb1wg}lnll R,(t) 

!J.>mll4gpwJp l}ln}uwpbll oqmqmu bll llnpuwqnptl_wa 4npb1wg}lnll :t>mll4gl1w

J}1g 

Px(t)= R~(t), 
x 

(7.6.) 

npmhll.' Dx = RJO) -11 umwg}lnllwp UlPilQhup hwumwmmll q}lut4bpupwll t: 

Px (t) :j>mll4g)lwll J!UUl dwuwliwlt}l 't up2w4wJpbpnq pwdwliqwa 

UlWU1WhW4Wli !J.>mli4gpWJ)l hWUlllljpllbp)l U)12L. 4npbtWQ}lnU qnpbwlt}lgli t: 
"1wmwhw4wli UlPilghu}l hw!'.iw}uwqwllmpJllllif! Cfllwhwmbtlm O(f

Ulf!:tlmu blip l{Jl!'.iw4w@w4wll plimpwqp]lg. npll wliqwlimu bli UUih4m11w1 

S, (ffi) }ummpJmll: 
UU1h4m11w1 }ummpJmlif! UIWUlwhwqwll UlPilgbup uwu}1Ci finp mb11b-

4mpJntfi ill mwi)lu: Uw4wJll ctwuwliw4wJP.llJ:ig qbUIP hw!'.iw}uwtiwfimpJwll 
mp.pn1Jp wllgfihi)lu pwgwhwJmqmu t U1Wmwhwqwfi UlPilgbup Cibp12pll tiw
nmgqwapJ! (J!UUl hw!'.iw}uwtiwfintpJWll UUiblJ.mp)l): Sx {ffi) UUihlJ.mpwt }umm-

pJntUJ! l.t Rx (t) 4nphtwg}lnll :),>mfiqg)lwll u)lUJwllg hbm tiwUiqwb" bfi :bmpjb)l 

tinu)lllmu-tl_bpwl}ln]uuwup (I]. 

2"' 
Sx(ffi)=- JRJt)cosro-cd-c, 

1t 0 (7.7.) 
"' 

R, ( 't) = JS, (ro )cosol'tdro : 
0 
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• = 0 wpctbl!li qbuwmu bp4Jln.flll wpmwhwJutmpJmCipg umwfimu blip. 
QO 

R,{0)= f Sx(co}1co : (7.8.) 
0 

8wfiqwgwb' hwO:w]uwqwfimpJWli (co) hwuwp S, {co }1ro wputWllllJWl 

ppbfipg CibpqwJwgfimu t mwppwqwfi pwquwfiliJwfi uwqbpbu: UJmajmnl[, 
D. qpuUJ.bpupwG mpnhtJ.mu t {!Uut co hwnw]uwqwfimpJwfi wfi{!fiqhwm 

UUJ.bltmnpp wfiqbp2 ptJ.ntl mwppbpp: liJt qbpUJ. wuwi'f umwgpnfiwp UJ.Wutw
hwqwfi UJ.IU1gbup UUJ.bqmpw1 }ummpJntfi}! fipw qpuUJ.bpupwJp uUJ.bqUU1pu t: 

co = O wpctbl!P qtuwmu umwfimu bfip. 
2 QO 

Sx {o )= - f Rx {•}1•: 
7t 0 

'bnpuwtJ.nptJ.wcr UUJ.bqmpw1 }ummpJmfi t qn~tJ.mu cr, {ro) = S~ro) w11-
• 

mwhwJumtpJmfif!. DPI! ~w\}lqmu t tJ.wJpliJwCintJ.: 
QfiwJw~ UUJ.bqmpw1 }ummpJntfiI! npnzmu t R. (r) qn11t1wg}mu :}>mfilt

gpwJp UUJ.bqUl}lWtPWIJ.WJlPP!fibp}!. WJfi fibpqWJWgfimu t fiwL. UJ.WUlWhwqwfi 
UJ.Pilgbuti hwO:w}uwqwfimpJWfi qwqU}!: 

Pfi!UJ.bu qnpb1wgpnfi ~mfiqgpwfibpp, WJfiUJ.bu t1 bpqm umwgpnfiw11 
UJ.Wmwhwqwfi UJ.Pilgbufibpp hwuwp hu lfwpblli t npnzbt UUJ.blfmpw1 \}lntuw
qwp<\ pfimpwqpbp: lllwmwhwlfwfi x(t) h y(t) UJ.pngbufibpp ppwguwfi hwuwp 
Sxy {ro) UUJ.bqutpWt qm}uW'lWp<\ }ummpjntfi{! npnzqmU t DpUJ.bU \}ln}uwqw11<\ 

qnpb1wgpnfi !l>mfiqgpwfibpp :bntpjbp nutluJ. wpmwqpJWt. 

s.y(co)=; f Rxr(•t""dr: 
__, 

~WUWUJ.Wmwu}uwfi qm}uwqwp6 qnpb1wgpnfi ~mfilfgpwfi hw4_wuwp 
t. 

1 +oc 

Rxy(•)= 2 f S">'{ro)e;"''dco: 
-00 

J:!wfip np e-imt =cos ro't - i sin ro't 

ei"'' =cos ro't + i sin ro't , mu mp' 
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l+"' l+oc 
(7.9.) 

Rxr(•) = 2' f S,Y {ro )cos ro•d• + 2' f S">' {ro )sin ro•d•: 
__, -oo 

bpb Rxy {•) qm}uwqwp6 qnpb1wgpnfi ~mfiqgl1wfi qbfiut t. Wl.l.J.W qm

}uwqwp6 UUJ.bltmpw1 tummpJillUI! lilltfili wpqmubfimp ro hwowtuwltwum
pJWfi hwuwwp !l>mfiqgtiw. 

s">' {ro) = s~· (co) + iS~ {co), 

nputbrf S~ (co) u iS~ (ro) -fi hwUWUJ.WUlWU}uwfiwpwp qm}uwqwp6 UUJ.bqut

pwt }uutmpJWfi ppb:qbfi U pqWQJWl UWubpfi bfi: 

7.5. "l.wmwhwlJ.wCi uumgbuCibpJ.i lJ.npbtwg}lD.Ci 
!pmCilJ.gJ.iwCibpJ.i h utqblJ.mpwtlumm~JWCi h}utciwlJ.wfi 

hwmlJ.wCi}lzCibpCi m tqwpwubmpbpJ! 

Umwgpnfiwp UJ.Wmwhwqwfi UJ.llllgbup qnpt1wgpnfi :}>mCiqgpwCi hw
uwpqmu t qbfim' R,(•)=R.{-•): lijq UJ.WmO:wnn~ Rx(•) qpw~llq{! pwtJ.w· 

pwp t CibpqwJwgCibt upwJCi Os;• s; oo mtipmJpmu: 
4npb1wgpnfi !l>mfiqgpwJp bpqpn.flll qwpL.np hwmqmpJmfi{! hwuwp

tJ.mu t Rx {o) = D. ~ R, {•) wfihwtJ.wuwpmpJntCif!. wjupCipfi qnpb1wgpnCi 

:piltfiltgflwJp gwCiqwgwb' wpctbp qmpp qwu hwqwuwp t qpuUJ.bpupwjpfi: 
UmwgpnCiwp UJ.Pilgbup CinpuwtJ.nptJ.wb' qnpb1wgpnfi ~m!iqgpwJti hwuwp 

p(r)s;l: 

lllwwwhwijwli UJ.Ill1gbumu pwpfiqwb- UJ.Wppbpwlfwu pwqwqpti~li wn
ltWJDlpJntfil! wqqmu t qnpb1wgpnfi :}>mfiqgtiWJP {!fipwgpp pCintJpp tlJlw: ilp· 
UJ.bu 011}1fiwlt fiq. 7.4 fiqwpmu pbptJ.wb' bCi mpwqmnpp zwpdUwCi bpqm wpw
qmpJmCiCibpp' v = 1,4 u/t(pq (linp 1) L. v = 2,2 u/11Jlq (qnp 2) qtuwmu tiwtumU1 
qmpwCip J!Cipwgpp JunpmpJwfi qm\}ln]umpJwfi CinpuwtJ.nptJ.wcr qnpb1wg}111Ci 
:}>mfiqgpwfibpf! p{•): 

't - p wO:uwfi hbUl u.nmgbup o.flllllfiwmfibpp uti2L. ltnpb1wgtiwfi pnqw

Cimu t: 't = •o wpctbpp qtuwmu p(•) lfnpJ! hwmmu t wpugpufibpli wnwfigpJ!, 

L. hbmwqwJmU filfwmtJ.mu t WJfl wnwfigpli fiqwmuwup qnpp mwmwfiuwfi 
uwpmU: p('t) qnpp }!fipwgpp WJqUJ.liup pfintJPI! tJ.lfwjntU t UJ.Ill1gbumU pwpfi-

tJ.wb- UJ.Wppbpwqwfi pwqwqpfl~li qDJDlpJWfi uwufl!i: 
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Cwm hwllwtu UlPJlgbup nlipwg12mu IJ.wplUJ. t tqwmwhht ro hwO:wtuw
IJ.wlimpJWUp ha 111uufillmnu1ni.l lihpqw2liw1J. pwqwqppi: UJ1111huwmu, u!J.uwa 
nrm2wlJ.p 't - p wpdh12pg, p(t )- Ii W. uwrmtu h .qwnlimu t ro hwO:wtuwlJ.wfim-

pJwup libpqw2fiw4. mwmwfimu: 
Q.JfilIJ.WtnfitnhuwlJ.wfi tnhlufiplJ.wJlt wz}uwtnwfipfibJUltU hwqqwqhUJ. bli 

wnwfig tqwppbpwlJ.wfi PlUIJ.WllPPifibpp, WJUUJ.bu IJ.nii.lwa «uwpmp» UJ.WUlW
hwlJ.wfi UJ.PllghufihpJ! (filJ.. 7.4p): 

lmph1wgpnCi !l>mfil19'1wfih11'1 pCimpwqplt UJ.w11wuhmpbppg hfi qnph1w
gpWJP 'tx u1t2wlJ.wJ121! h mwmwfiuwCi uP.2ltli Tp 4.}l.uwUJ.w11phJU1tpJmCiJ!: 011-

phufi hwzqwpqntu bfi qnpb1wgpnli !i>ntCilJ.gpWJlt uwpuwli 0 liqwqwlipJ! (t}bq
}lhllhCiut}!): 

UnqnpwpwJl, IJ.nph1wgpwjp up2wlJ.uijp bfi wliqwlimu WJfi 'tK dwuw-

CiwltJ!. npp J!Cipwg12mu IJ.11ph1wgpwCi wCihwJmwfimu IJ.wu uwrmiu t : bph finp
uwqnpqwa IJ.nph1wgltwJlt !i>ntCilJ.gltwCibp(i mfib(i filJ.wp 7.4 p -p qnpl1 uthupJ!. 
WUJ.W IJ.nphtWQPWJlt 'tK Up2Wlf.WJl2J! Wjlitq}lupfi t. 11plt gwfilJ.WQWU 't > tK 

wCihwqwUWJUllJlJWCi qhUJ.l2IllU p(-r) pwgwpowlJ. wpdh11J! i.pnpp t E - 11 mm1-

qwa uMmpjntfipg: Unqnpwpwp, l!firimfimu b(i E = 0,05 [5]: 
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p(1:) 

1.0 

'l.lt. 7.4 4wtum.l}l qmpwlilt {!lipwgplt JunpmpJwfi lfimflnJumpjwli 
linptiwtJ.npqwb ltnpb1wgltnli !plnfiltgltwfibpn. 

w) 1 v = 1,4 u/q, 
2 v = 2,2 tI/tl., 

p) 'tt tIJt2w1Jwwnui ljnpb1wgJtwJlt uwpuwCi ljnpl!: 

1Chu11lii.twa UJ.Wppbpwqwfi PWIJ.WllPPilihpnq uumghufihplt hwuwp qhpp 
liztlwb" oLni.t 'tx - p npnzntilJ! hwpuwp it.12wCip Ilfl p(-r) qnplt op.q}lCiwmCihpJ! 

hwzqwpqmu hCi J!Utn UJ.Pllgbup J!lipwgpp Ili Uta 'tmax uwhpnq, O:zm'lmu hwz

!lwpqCi bpnq: lTjntU ltlllJ.tipg' tm .. wpdhJ;!J! tqbutp t hWUWUJ.WUlWutuwfihgtl}l 

11tiuuthpupwJ'1 UUJ.hlJ.mppfi: 'Uuwfiwmptq luCiriltpCihp imahtltu hwpuwp t hw,
ul:illwmuwfi hwuwp ulJ.qppg J!Cimph1 p('t) IJ.npp h wpugpuCihpp wnwfigpp hbw 

hwmuwCi dwuwfiwlJ.P 'to hwmqwb"lt uhantpjlllCiJ!: 

SwtnwCiuwCi up2p6 TP IJ.PuwtqwppbJUlt}lJntCiJ! hwzqwpqmu hCi hb

uthJWLJ!WCiwc:\Lnq. 
1 

Tp =- ~)'ti+I -'ti), (7.10.) 
n 

nptnhq' t; -Ci p(t) IJ.np}l h wpugpufihpp wnwCig,llp hwmuwCi IJ.hmhplt wp<thp
lihpCi bCi: 

Tp 4.}l.uwtqwpphJUltpJntCil! hwllwtqwmwutuwfimu t w2wCiwJpCi cop 

tiJ12pCi hwO:wtuuil{wfint}lJWfiJ!: Q.opaCiwlJ.wCi tufiqppCihp tntb"hl.P.u CitqWUlWqW
hwpuwp t p66wpltht Ciwh tltn}uwqwpo qnph1wgpwJ'1 !pntfiqgpwCibpl1 hwm
qmpJmCiCitpn: fl tnwppbJUltpJntCi qnpb1wgpwJp Rx (-r) !pmCiqgpwJp. $nfuw-

qwpo IJ.nph1wg}lwJp Rxy ('t) !l>mCiqgpwCi W. IJ.wpnq tltlibt IJ.bCim, WJUpCipCi 

Rxy(-r);eR,Y(--r):ci.w CizwCiwlJ.mu t. n11 Rxy('t) h R,Y(-'t) !l>mCiltgl1wCibpp 

qpw~ltltfi bpi! opqP.Ciwmp wnwfig11P. CilJ.wmuwup upubmpltlt bCi: 

lTjntU hwtnlJ.ntpjntCiif Rxy('t)~ [R.(O)Ry(o)}Yi ' nputhq R.(o) h Ry(o)

unmgbup IlPUtqbpultwCibp(i bfi: 
Uba pi.I.nil umwgpnliwp h umwgpnCiwplt pb11i.twa uumghufihplt hwuwp 

UuthltutPWL s. (co) tumnt}ljlllUJ! h ltnpb1wgpWJ'1 ~mCiqgpwfi upwupCi pCin-

1m2mu bCi uumgbufibpp ti.wnmgi.twb"I!I! I... CihpJ2'1Ci hwmqntpjntCi6h11J!. J!Cil} 
nJUltU, qnph1wgpwJp !l>mfilJ.gltwCi <twuwCiwlJ.wJltCi. pult utqbqtnpw1 futnmp1m
UJ!. hwO:wtuwltwfintpjwCi n1npm6bJU1tU: 

"lwmwhwqwfi tqp0gbup ppwguwfi utqbqmpw1 tummpJntfiJ! hwuwp
qmu t ro wpqnuibfitnp I}Pwqwli ~mfiqg}lw 1... W. qwJUlIJ. mfihfiwt pwgwuw
IJ.wCi wpdhJ.2, tUJUl11ipCi. 

s,(co)> O.(l]: 

~wCilt np u111bltmpw1 }uumtpJmfiJ! h qnph1wgpwjp !l>mfiqgpwfi IJ.wtq
qwa bfi ~nt[ljhp. ohwtltnfuntpjntfilibpnq, WtqW ll{l»WU lWJU t IlPUtqhpupwjp 
uuthltmnpJ! WJCipwCi 1}lnpp t 'tK ltnpb1wgltwli h hwqwnwlf.n: "lwtnwhwlJ.wCi 
UlJIIlgbulibpp Utqhqlll[lWL lutnnt}ljWli hpUCiwqw(i UJ.W[lWUhut}lhp qwpnq b(i 
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b'wnwJbt ro 0 quipqwb'pm.f hw6wfuwqwfimpJntliJ!, Aro mqbqmp}1 LWJlintpJm

fil! mqbqmpwt lumntpJwfi wnwqbiwqn1Jfi wpctb12)1fi hwuwiqwmwufuwfi ro
0 

hwl'.iwfuwqwlilllpJlllfil!. roo -)lfi hwuwiqwmwufuw!i s(roo) uiqbqmpwi fuuim

PJlllfiJ!. ro:::: 0 wpctbn)l qbllJ.llmu uiqbqmpwi lummpJntfi}!, uiqbqmp)l hwpwpb
pwqru!i fuum1pJnlfiJ! L. IDJL!i: l'llbm12 t lizbi, np P.filiqbu uiqbqmpwi fuutntf)JWfi 
iqwpwubmpbpJ!. WJfiiqbu tt fipwfig 12wfiwqwqwfi pfimpwqpbpJ! lhli hwuwp
qmu qwJmfiwgwo: 

lqqwa iqwpwubmpbp)l tmpJmlifibpfi m qfiwhwmwqwfifibpp qjlmrup
ltbfi12 finpuwqnpl[wb' UllJ.bqmpwt fummpJwfi bpqm qnpbp)l opfl.fiwqnq. npnfi12 
umwgqbt bfi bpqm qruzmbp)l uwqbpL.ntJf)fibp)l llJ.pn:PJltwqprufiguwCi wp
IlJmfipfibp)l uzwqmu)lg (fiq. 7.5): 

l'llpngbu)l hw6wfuwqwfimpJWfi uiqbqmp)l qbp)lfi uwhUwfin n11n2qmu t 
roe qmpl[won)l hw6wfuwqwfimpJWUp: J:!wfi)l np qjntqwmfimbuwqwfi ub12b-

fiwfibp)l w2fuwmwfi12wJ)lfi zwui iqpngbufibp)l hwuwp uiqbquipwi fummf)Jnt
fil! hwuwpl[mu t ro(O::;; ro::;; oo) hw6wfuwqwfimp1wup wfi{!fiqub2 :pmfiqg)lw. 

wiqw ro0 qmpqwb'p)l hwl'.iwfuwqwfimpJmfiJ! npn2mu t fiwL. hw6wfuwltwfim

pJwfi qnmm tWJfilllpJlllfi{!: U1uiq)lumJ., ro 0 -fi WJfiiq)lufl. hw6wfuwqwCimpJmfi 

t, np)l qbllJ.llmu sAro) qwu o{ro) qwnfimu t pwqwqwfi qmnp: 
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a(e) 
0.11 r------t----t----+-----1~ 

0 ... 4 • ... 12 ... 11 1D 
l..q. 7.5 '1-w2m)l uwqhpluujp)l UJJln~Jtllt finpuwtfnptfwa 

mqbqmpw1 fummpJmlifihpn (J- fihqwzhpm, 2-1w16wzbpUl): 

Uiqbqmp)l Aro LWJfintpJmfi bfi wfil[wfimu iqpnghu)l q}lullJ.bp)lu)lwJ(l L. 
ro0 hw6wfuwqwfimpJWfiI! hwuwiqwmwufuwfi uiqhqmpwi IummpJwfi wpctb

pfl. hwpwpbpwqgmpJlllfiJ!. WJU)lfipfi Aro= DX /Sx(ro) [6]: J:!wfi)l np s,(roo)= 
= Dxcr,(ro0 ). wiqw Aro==[crx(ro0 )j

1
: 

U1umfilt cr.{ro0 ) ro = ro0 qbllJ.llntU finpuwl[npl[wo fuutnlf)JWfi wpctb12fi 

t: Cum fi2wfiwqmpJWCi Aro hwubUwml[mu t iqwmwhwqwfi iqpngbu(l fihqw
zbpum1pJwfi qwu LWJfiwzbpmmpJWfi hbm: l'llpngbu{l hwuwpl[mu t Cibqw
zb11m, bpb fipw uiqbqmpwi fuutlllpjlllfil! qhCimpnfiwgl[wa t ©o hwnwfuwqw

fintpjWU 2P2WqwJpmu hwubuwmwpwp fihq qjlwiqwqnfimu. J!Ul} npn1u, Cib-
11wzbpuunpJWfi iqw1uwfi t hwuwpl[mu Am<< m0 wCihwl[wuw11111pJmfin: 

LwJCiwzhpm t hwuwpl[mu wJCiiq)lu}l llJ.pngbuJ!. 11pn1u !izl[wa llJ.WJUWCil! ~}1 

pwl[w11wpqmu: q.npafiwqwCi fuG.qjlpfibp imabLJlu ro = 0 - )lg u)llilh ro roe 
wfinfiquh2 hwl'.iwfuwqwfimpJWfi uiqbqmpnui qwphLJl t J!fiqmfibt Aro= roe . 

npJ! hbmwqwJmu 6zml[mu t "'Jcr(ro}.tro == 0,85 ..• 0,95 iqwJuwCi)lg, npmhq' 
0 

cr(ro )-1! iqpngbu)l finpuwl[npl[wa uiqhqmpwt fuuu11p1mfifi t: 

7.6 lmph1wg}lwJ)l qnpmuqg)l lf}l6wqwqpwqwfi qfiwhwmwqwfif! 

Qfiqhwfipwiqbu qnpb[wg)lwj)l qnpawqg)l r qCiwhwmwqwfi)l hwz
l[wpquwfi hwuwp hwpuwp t l}lllpdfiwqwfi mtl.JwtlibpJ! 111wglibt qnpb1wg}lwJ}l 
lUllJlllUWqmu {WilJlllUWIJ. 7.1) 

Unqnpwpwp, ubaw12wfiwq UltLJWtfibpp hwpuwp t fuupwl[npbt n1m2w
ltfl. pt.fnq fuupbpntu: x - bp)l hwuwp fuupbpfl. pwfiwlJ.J! qwpnl\ t LJlfibt n. )luq y -
)1 hwuw11 m. npmbq m L. n -I! qwpnl\ bfi )lpwp hwl[wuwp LJlfibt qwu' Di: m L. n 
fuupbp)l 6)1zm 12w!iwtm Cizbt hCiwpwl[np it. uwlJ.wJCi iqbmp t fiqwm)l mCibfiwt. 
np npnzwqp pwfiwqnl[ l}lllpdbp)l qbllJ.llmU fuupbp(l pwCiwltlt CiiJ.wqbgmun 
hwfiqbglimu t qnpbiwgpwJ)l qnpawqg)l l}lllppwguwun: 

lillJmuwlJ.}1 wnw2)1fi uinqmu X iqwmwhwqwli ubamp1wfi wpctb12!ibpfi 
bu, )lult wnw2)1fi u1mfiwqnur Y iqwmwhwqwCi uhampJwfi wpctbpCibpn: j -1111 
u1mfiwqp L. i - pq UU1lijl hwuiuwfi qbmmu fizmu bu ( xi; Yi) qmJq)l wpctt12fit-

11l1 hw6wfuwqwfimpJmCi11j = 1,2, .. .,n, i = 1,2, ... m: 
lmpbtwg)lwJ)l WllJmuwqpfi qpUUlIJ.wqwfimpJmfi hw11nPilhtm hwuw11 

qwpbtl1 t wt{btWQUbt hu hpqm Ulllq L. UJlltUWq: linw2)1Ci tPWQlllQ)ll UlllqlllU 
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m 

qpmu bfi N><i = 2.:Xij pwgwpawlt hwowtuwqwfimpJmfifib11p, }luq b11tum11-
i:1 

rpmi Y xj UJ.WJUWfiwltwfi U}l2}lfi pqwpwfiwqwfifibp{!: °UUwfiwtn}lUJ. wpdbJ;!fib-

11{! lPWQqlllU bfi lPWQlltQp~ UJntfiwqfibpntU: llnw2pfi lPWQntgp~ lllilllP qbp211lU 
uzitmu. bu. 

lJJynwwlj 7.1 
lmpbtWQ}lWJ}l W11JntUWlt 

x 
y 

X1 X2 X3 Xj 
Nyi xyi ... . .. Xn 

Y1 Nu N12 N13 ... N1; ... Nin Ny1 xy1 

Y2 N11 N12 N23 ... N1; . .. N2n Ny2 xy2 

Y3 N31 N32 N33 ... N3j .. . N3n Ny3 xy3 

... . .. ... . .. . .. . .. . .. . .. . .. . .. 
Yi Nil Nu Ni3 ... Nii . .. N;n Ny; Xy; 

... . .. . .. ... . .. . .. . .. ... . .. . .. 
Ym Nm1 Nm2 Nm3 ... Nm; . .. Nmn Nym xym 

Nx; N,.1 Nx.i N,.3 ... Nxi . .. Nxn N x 
-

Yxi Yx1 Yx2 Yxl ... Yxi . .. Yxn y 

lmpbiwg}IWJ.P W11Jntuwlt}l ml.{Jwifibpf! }lpwgfibllm qnpb1wg}lwJ}l qn11-
blult}lgfibpJ! hwzitwpltitmu bu hbmli.Jwl hhppwqwfimp1wup: 

I. <,wzqwpqmu bfi X li. Y UJ.Wtnwhwltwfi uhOntpJntfifihpl1 UJ.WJUWfiwltwfi 
u}l2l1fi pqwpwfiwltwfifibp}l wpctbJ;!fibp'[!. 

- l n 
Xy; =N LN;ixi, i = 1,2,. .. ,m, 

yi j;I 

l m 
Yxj =N LNijyi, j=l,2,. . .,n: 

xj i=t 

2. fipn2mu hfi x -}l L. y - p u}l2pfi pitwpwfiwqwfi wpctbpfibpf!. 
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SilJwtfib1l}l u2wquwfi t.{hp[! h}l2wmwqt.{wc} ubpnqplJ.wJp qtuwmu 1J.n119-
fimu hfip qwJut.{wc}nipJwfi pumpwqpp uwupfi UJ.wmqbpwgmu umwfiwtm 
hfiwpwlj_npmpJmun: 

7. 7 tmphtwgflwJp qmJqwJpU qnpmuqpg 

q.npc}fiwqwfimu hwowJu wfihpwdt2mmpJmfi t wnw2wfimu pfifiwp
ltht n~ U}lWJfi :}>mfiqg}lnfiwt, hpp uhq $mJmJuwqwfip JIUJ1Wl}Wfi~m11 wpdhppu 
hwuwUJ.wmwuJuwfimu t UJmup npn2w1W wpdhp, WJL fiwL. qnpbtwgpwJ}l (tl}l
owqwqpwqwfi) qwJut.{wc}ntpJWfi hwpghp (8): 

linphtwgpwfi hwuwpt.{mu t qmJqWJpfi, hpp ltWUJ.t! npn2t.{mu t hpqm 
hwmqwfi}l2fihpp u}l2L.. pwquwqp, hpp pwgwhwJmt.{mu t uhq hwmqwu}l2I1 
ltWUJ.t! up WJtlumup hwmqwfi}l2fihppg: hpqm' x L. Y, $n$nJuwqwufit11Ji ub
c}nlpjmfifihpp n qmJq (xi ;yi) wpdhpuhpp numpwup}l qhll!l}mu, fipwfig up2L. 
qc}wJpfi qwJut.{wc}nipJwfi wumpowfin qwpbt}l t npn2bt qnphtwg}lwJ}l r qmJ
qwJpfi qnpc}wqgnt.{. 

f (xi -xXyi -¥) 
r =_,_;~""""'----xy 

n ·Sx ·SY (7.12.) 

npmluf X, y -I! tnilJWt t!fitnpwfipmu $n$nJuwqwfifihp}1 up2pfi pt.{wpwfiw-

qwfifihpfi hfi, Sx, SY -n fipwfig hwumwmmfi 2hqt.{w~Ghpu bfi, n -1!' qmJqhpp 
PPtlt!: 

linptiwg}lwJp r qmJqWJpfi qnpc}wIUigfi nfiqmumu t -1 :::; r :::; + l wpdhp 
L. c}wnwjmu t qJluwt.{np wupnq2mpJmfimu x L. y $n$nJuwqwfifihp}1 u}l2L. 
qnptiwg}lwJp wfihWJtn p qnpc}wqgp qfiwhwmuwfiJ!: 

UqfihWJlll t fiwL. hpqri.t $n$nJuwqwfifibpp u}l2L. r > 0 qpwqwfi. r < 0 
pwgwuwqwfi qc}wJpfi qnphtwg}lnfi ltWUJ.f!: flPl}wfi I r I - p wpdhpJ! unm t uh
ltli. WJfipwfi ubpm t qnphtwg}lwJp lJ.WUJ.f!: linphtwg}lwJp r lJ.wUJ.I! 1J.w11tu1 t 
hw2tlht hhtnL.Jwt p·wfiwaL.nt.{. 

(7.13.) 

flbpt.{wc} pwfiwoL.bpnt.{ (7.12) L. (7.13) hw2t.{wpqfibp[! qwph!ll t UJ.Wp
qhgfiht. htwqhtnWJpfi tnilJWtfihpl! fiW}uWUJ.hU OL.W$nJubtnq: T,y WpdhJ21! ~}1 
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h h L. ,},"'hnh·w•·wfifihpp u}l2L. qc}wJpfi oL.w$nJumpJmGfihtlm$nfuqmu, p x Y 'i'-'''i' 1... 'i 
Pl! ppwqwfiwgqhfi hhmL.JWL mhu12nq. 

ax+ b = x'}· 
c +d = y' . 

h~p ac > 0, a L. c mfihfi fimJfi fi2wfi[!; a, b. c, d gwfiqwgwc} plJ.hp hu, hpp 
c < 0 WUJ.W r qimpnJuqmu t hwqwqppnphfi: 

a · xy · a fit iu hwowJu hwpg t c}wqniu, Wlll}Jlll} 

~hmJ;;~~:!~~ ~~=:p~n~u t~Jupfipfi pullwUJ.hu qc}wJpfi ltn11htw-

:~~ ~= qw ph n~. ph WJfi umwgtlht t mtlJwtfihpp UJ.Wmwhwqwfi J!fim11uwfi 

WpqJmfippg: h 95% hwtJ.wfiwqwfimpJwup fiqwmh!ll mwpphpntpJwfi 
rxy -I! qpnjpQ o rp ( ) 1 

- h hw2·•wpqwJpfi wpdhp{! hwutuwmhtntl ro,os n uw 1-uwupfi qwmh!llu, rxy 1' 'i 

I I rp ( ) h mu x L. y qimpnJuwqwfifihpp u11-uwfiwJllfi wpdhpp hhm, r,y > fo,os n Il UJ.P ' fi 

h qwJuqwc}mpJntCif! 95% hwqwfiwqw m-
2L. o2mqwc} qc}wJpfi qnphtWQPWJp fi •·wph!ll t qfiwhwmht r, 
PJWUp ppwqwgp t. puq Cipwfig u}l2L. uhpmmpJm I! 'i y 

I I rp ( ) $n$nJuw1Iwfifih11}1 u}l2L. w11dhpnq: ~wllwnwq qhuwnu.i, hpp rxy :::; ro,os n ' 

qWUJ.I! UJ.hllll} t hwuwphtn~ twqwfi: w np wupnq
2
mpJWfi qnphtwgpwjp 

linphtwgpwJp r qnpc}wqpgJ!. q~ .~ mwhh!ll up
2

wqWJl21! qwnmghtm 
qnpc}wqgp' p -p, qfiwhwmwqwfifi t. r 1• 'iu 

hwuwp wfihpwdh2m t wfigfihtfl.. ~}12hpp ~mfiqgpwJpfi. 
1 1 + r 

Z=-ln-. -
2 1-r 

z -p umwfiqwpm ufuwll! npn2mu hfi 

Sz = _l~ wpmwhWJllllll}}JWUp, 

.Jn - 3 3) _ · Z-p wqwmmpJwfi wu-npmhrt' n - I! {!fimpwfi12}1 c}wqwtfi t, (n - I! 

mpowfifihpp PMI!: hh·h uhaw"wJpf! qpqmu t hhtnL.Jwt mhu12nq. z _ p hwuwp 95% qumw u• l'z 'i 

Z -1 96 . s < z < z + 1,96 . sz 
' z '---v----' 
ZH Zt, 

qwu 
ZH < Z <Zs 

p - p hwuwp rH < P <rs 
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e-2z; -1 
npmhq' i: = i = H,B (mnnppCi L. qhppCi): 

I e2z; + 1 

z -pg r h hwqwnwlm wCiguwCi hwuwp qwqutlht t hwtlhttlwbp (1.12) L. 
(l.13) Wil.JntUWqCihpf!: 

UCihpwdh2m t humwq uwMwCiwqwmmuCihp qCiht qnphtwgpwJp hw2-
qwpqqw() r wpdhpCihpp hpqm hwuqwgmpJmCiCihpp up2L.' 

w) qnphtwgpwJp qnp()wqpgf! uhb t (qmpp t). 
p) qnphtwgpwJp qnp()wqpgf! CiqwmhiP t (CiqwmhiP ~) 
OppCiwq' r = 0,8 wpdhpf! pwqwqwCi uhb t, uwqwJCi i.pm,PnfuwqwCiCih

pp Up2L. qt}wjpCi qwum wCiCi2wCi t, hph n < 7: lTjntU qllll_Upg' Ubb bwqwlP 
QCimpwCipp qhuwmu (n = 100) r = 0,2 wCiCi2wCi, pwJg 95% hwqwCiwqwCim
PJWCi qhuwmu hwuwpqmu t CiqwmhlP: 

UCihpwdb2m t Ciqwmp mCihCiwt. np qnphtwgpwJp r">' qmJqWJpCi qnp-

bwqpgf! qwPilll_ t UpWJCi qCiwhwmht X L. Y i.pni.pnfuwqwCiCihp}1 u}l2h qbwJ}1G 
qwurn: lli qb"wJpCi qwlajl qhuwmu puwum intCip oqmtlht r - pg: bpp r - p w11-
dhpf! unm t qpnjp. 62w6wqmu t. np tPni.tintuwlJ.wCiCihpp up2h qb"wjpCi qwum 
pwgwqWjlllU t. lli pb CipwCig Up2L. lJ.WUI f!CiqhwCipWUihU ilJ.w: '-lhp2WUihU, hp
qm tlintlinfuwqwCiCibpp Up2L. pwgwhWJmqwb" qt}wJ}lCi lJ.WUII! qhnL.u W fun
umU CipwCig up2L. UJ.WUll'iwnwhhmL.wCipWjpG qwlajl UwupCi: U}l2m UihUll! t 
hp2ht qhqb" qnphtwgpwJp uwupCi. npf! qwPilll_ t wnw2w6wt hppnpq qnpb"nCip 
hhmL.wCii;mtl: 

7.8. lTwuCiwljp. IJ.nphtwgftw 

~hmwqmn.wqwCi w2tuwmwCipCihpn1u hwl'iwtu hwCiqpUJ.mU hCi fuCiqpp
Cihp. hpp hpqm hwmqwCip26hpp up2L. ltWUJ.I! npn2t1.mu t hppnJlllli. wnqwJm
pJwCi UIWJUwCiCibpn1u: 

OppCiwlt' uhq IlJllJ.mJqltg hJmpp hip(! tiwfuqwb" t lthCiuwqwCiqqwb"pg, 
UJ.Ulaj1 pwCiwltltg h Cipwg iWtlihppg: lllmmqCihpp pl1tl1! ntfllnl ltnph1wgp11Ci 
qwlajl Uh2 t lthCiuwqwCiqqwb"pg, lmlJ. iWtPf! hwtiwnwq ltwll!)l Ub2 t m11.tn1Jqll 
UIUUJ. wpw Ciwqpg: 

up pwCip tlintiintuwlJ.wCiCihpp $ntlintuuwCi mtl.Jw1Cih11li wnlJ.wJmpJwG 
qhuwmu hCiwpwqnpntpJntCi t umhqbttmli qmCiht gwCiqwgwb" qmJq tiintlin
fuwqwCiCihpp Up2h qb"wjpCi qnph1wgpwjp lJ.WUIT!· pwgwnhtntl UCiwgwb" i.pn-
1JmfuwqwCiCihpp wqqhgmpJntCi{!: x, y, z hphp i.pni.pnfuwqwCiCihpp qhuwmu. 
WJI} CiUiwmwqpCi tiwPilJl hCi bwnwJht hhmL.Jwt pwCiwaL.hp(!. 
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(7.14.) 

rY• - rxy · r .. 

ryz·x = J(t -r! X1-r!)' 

npmbrf- rxy, r,.,, ryz $ntiinluwlJ.w6Cihpp up2L. qmJqWJ}lG qnphtwgpwCihpp 

qnpb"wqpgCi t. rxy.z x L. y tiintiintuwlJ.wCiCihpp up2h uwuCiwqp qnphtwgpwCi t, 

hpp pwgwnqmu t z tlintiintuwlJ.wCip wqqhgmpJmCif! (CiuwCi aL.ntl hwuqwgqmu 

hCi Ciwh r ... Y L. ryz·x 62wuwtimu6hp]!): 

K pqntl i.pni.pnfuwtiwCiCihpp qhuwmu, oqmtlhtntl npn2ltiP hwuqwgnqm
pJmCipg, qdqwp it hw2t1.wplJ.ht qnph1wgpwJp uwuCiwtiP qnpb"wltPgCihpf!. 

R = 123 ... K · 

Tu f12 T13 • .. rlK 

f21 f22 T23 .. • T2K 

rK1 rK2 rK3 rKK 

(7.15.) 

npmhq' rii -Ci i L. j -Ci tlin$nfuwqwCi6hpp Up2h qnphtwgpWJP qntJqWJpCi qnp-

b"wqpgGhpCi hCi (ij = 1, 2, ... , K; i =f. j): 
rii qnpb"wqpgCihpp uwmppgwCi upuhmppq t q@wtl.np wCitiJmCiwqb"l1Ci 

( rii = rii ). puq qhp2p6pu mwpphp]!, wqCihwJm t. np hwqwuwp hCi uhqp 

( r;; =I , i= I, 2, ... , K): UJu qhuwmu gwCiqwgwb" hpltm $ntlinluwtiw66hpp up-

2L. lJ.n11htwgpwJp uwuCiwqp qnpb"wltpgCihpf! hw2tlwplttlntU bCi hhmhJWl lthPUI· 

r _ R12 (7.16.) 
12·34 ... K - 'R . R ' 

"" 11 22 

npmhq' R 12, R11, R22 -I! hwUWUiwmwufuwCiwpwp r12, ru, r22 mwpph11}1 (A) 

npn2l1imU upCinpCihpCi hCi: 
4nph1wgpn6 :}>n.1CiltgpwJp npn2uw6 oppuwti: 
llpUJ.hU x(t) UIWUlwhwqwCi :}>n.16qgpw Cih111.J.wJwgqwb" hCi wnwCigpw

ltw1wJpCi hw6qn1rnl1 pppnmuCihpp qpwCiguwCi ougptnqpw:}>p mtl.JwtCihpf!: l.Jq. 
7.6-mu 1wwup mpqwb" hCi 8 ppwguwCi hwuwtuupnq: 

11lwhwu2t1.mu t' 
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w) qmlibt UJ.wmwhw\twli :t>mliqgpwJp uwpbUwmpqw\twli UUJ.Wuntuyf m llJ 
llPuUJ.bpupwli' Dx(t), \tnpbtwgpnli :}>mfi\tgpwli' K. (t') L. linpuwl{npqwb qn.pb~ 
LWQ{lWJP r.{t, t') :i>mli\tg{lwJp pfimpwqpbpl!: 

LmbntU: .Rwlip np x(t) UJ.Wmwhw\twli :}>mli\tg{lwli lfimP.ntul{mu t hw
utu~m~pwp UWhntli, WUJ.W hWUlntjplibpl! tqbmp t J!liUlpbt ll1 hwllwJu, op{l
fiW\t t - 0,4 tlP\t tqWppbpntpjWUJ!, UJ.WUlWhwqwli :t>mli\tg{lwli \twphllt t pb
pbt. Jllp .UJ.W~W~w\twli ubbntpjntfilihpp. hbmhJWL hwmmjpCibpnl{ t = O; 0,4; 
0,8, 1,2, 1,6, 2,0, 2,4: "\,zqwa hwumtJpfibpmu \tnpbpp wpctbpfihpJ! tpwgqwo 
bli Wil.JlllUW\tntU: 

o.a 

o.e 

, .. 

X(I) 

x.(t) I 
I 
I 

'tr-t-ta'l'--i:"':"~~~~-=::q;;;.,..-i..,...:..:.--L_.. 

.... 

~ " inn 
I 
2 
3 
4 
s 
6 
7 
8 
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I 
• • . • . x.(t) I 

'Ult. 7.6. UnwligpwltwipppnnuICihp!i UJ.wmwhwltwU 
!l>mliltg!iwfihp!i \tnpbp mp $npdbp}l hwuwp: 

llizlmuw lj 7. 2 

0 0,4 0,8 1,2 1,6 2,0 2.4 

0.52 058 0.55 050 024 -0 01 -0,40 
030 046 0.33 026 -0 41 -048 -0 24 
0.20 023 030 050 062 0,70 0 80 
0.12 0.20 0.27 0 IS -0.20 -042 -0 40 
-020 -025 -0.35 -0.20 -0 05 0.05 -0 10 
-045 -0 SS -0 65 -060 -0 65 -0 50 -0,45 
-0 25 0 13 070 080 075 070 065 
0 18 -060 -0 30 -0 39 -0.45 -0 50 -0 59 

fipnzhlip x(O), x(0,4), x(0,8), x(l,2), x(l ,6), x(2,0), x(2,4) uiwmwhw\twli 
ubampJntlifibpp wpctbpfibpl!: Qum uJmliwqlibpp qn1uwpbtml wpctbplibpJ! t... 
pwuwlibtntl ppwguwli pwliwqp n = 8 iUiw, npnznu1 blip J!UUl awtiwliwqp uw
pwubmpqwqwfi UUJ.wuuwli lhlmwtlnp ttwtutlwbntpJntliJ!. 

1 n 

m.(ti)=-·~) 1; 
ll i=I 

Uizlmuwlj 7.3 

t 0 0.4 0,8 1.2 1 6 2,0 2,4 

m,(t) 0,0525 0,0250 0,1063 0,1275 -0,0191 -0,0575 -0,09125 

4.nphtWQPWJP ooublimlibpJ! L. qpUUJ.bpupwlibpJ! npnzmu blip hbmuJWL 
uJubUwJnq: ~pllwqwqpw\twCi aj1uUJ.bpupwCibpl! hwzqwpqbtm hwuwp hwuw
UJ.Wmwutuwfi ujmliw\tlibp.p wpuhpfibpp 11wnwttmupfibp.p qntUWPl! pwctwli
qmu t {lp.wguwli pwliw\tti n = 8 iUiw L. WpllJntlillPQ hwfiqmu t hwliwUJ.w
mwutuwfi uwpbUwmp\twqwfi UUJ.WUUWli pwnw\tmupli: Umwgqwb WilllJntfi-

n 
Pl! ozmbtnt hwi.iwp. Wjli pwqUWUJ.WUl\tqntU t -- wpmwqplt1nq: 

n-1 

nJt;)= - ~:X~ -m!(t;} - : 
n i=• n-1 [ 
1 • ~ n 

"\,Uwfi &t...nq qliwhwmqmii bfi liwt... \tnpbtwgpwJlt lhl\Iblimfibpl!: bpqm 
hWUlntjplibpnq qpllW\tWqpW\tWfi UnUbfimlihpl! qmlibtnt hWUWp hWUWUJ.W· 
mwuJuwfi UJmliw\tlibpp wpubplihpp wpmwI)IlJWtlibpp qnulwp{! pwuwliqmu 
t ppwg\Iwli pwfiw\tti iUiw n=8, wJllllmfippg hwfitlmli t hwi1wUJ.wmwuJuwli 
UJntfiw\tfibpp iiwpbUwmp\tw\twli uUJ.wumulibpp wpmwqp.Jwm: 4.npbtwgpw
Jlt unub!imfibpl! llzmbtnt hwuwp umwgqwb uhontpjntlil! pwqUWUJ.Wut\ttlntU t 

n 
-- wputW1lPP1ntl: 
n-1 

Kxi(t;tJ"'~[]_ i:Xlixii -m,.1(t1)m.(t} 
n-1 n i=I 'J 

j == O; 0,4; 0,8; 1,2; 1,6; 2,0; 2,4 
UJuUJ.llunq, x(O), x(0,4), ... , x(2,4) uiwmwhwltwli tibbntpjntlifibplt ltnpb-

LWQPWJP uwmppQWJP hwliw\twpql! t... \tnpbtWQPWJP K.;{t, t') :pmliqgpWJP 

wpubplibpJ! u1wgqmu tli wll.Jmuwttmu: 
UJumuw\t pptl 7.4-p qJ.luwtlnp wliltJmliwqbp WJ1Illntfiplibpl! hwuwp-

ilJJ.tU bli l}}l.uUJ.bpupwJlt wpubpfibpn: 
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Urymuwlj 7.4 

~ 0 0,4 0,8 1,2 1,6 2,0 2,4 

0 01043 0,0937 00809 00632 0.021 -0 0122 -0 0251 
04 0 1968 0 1841 0 1782 0l135 00736 00701 
08 02299 02257 0 1778 0 1327 0 1243 
1,2 02360 0,2126 0.1801 0,1730 
16 0,2625 0.2538 02307 
20 0,2661 0 2536 
24 0 2763 

Urymuwlj 7.5 

0 0,4 0,8 1,2 1,6 2,0 2,4 

D t 0,1043 0,1968 0,2299 0,2360 0,2625 0,2661 0,2763 

'1.puuihpuflwJp hwuwuiwwwu}uwfi wpcthpfihppg J!wnwqmup wp
uwmfihp hwuhtntl. UUlWUntU hup, ]lUUl cf'wUWUWqp Ul12pu pwnwqntUWjpfi 
ZbIJ.UWfi qw}utl.WffillpjDLfi[! 

Urynwwfj 7.6 

t 0 0,4 0,8 1,2 1,6 2,0 2,4 

cr t 0,3230 0,4437 0,4794 0,4858 0,5123 0,5159 0,5256 

lmph1wgflw1fl linpliwtl.npqwO- r. (t, t') ~muqgpwJp wpcthplit1111! npnz

l{h1 hfi hhmL.1w1 pwuw&Lntl.. 

r.(t, t')= Kxti 
O'xj"O'xt 

Urymuwlj 7. 7 

~ 0 0,4 0,8 1,2 1,6 2,0 2,4 

0 I 06541 05225 04027 0,1240 -0 0733 -0 1480 
04 1 08654 08266 04993 0 3217 03007 
08 1 0,9690 07239 05022 0,4583 
1 2 1 08655 0 6815 06379 
1 6 1 0,9601 0,8509 
20 I 09352 
24 1 
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±ox(tJ 
D = i=1 = 0,1965: 

x K 
'\.rnpuwl{npl{wb" qnph1wgpwjp !IJntliqgpwjp qliwhwwwqw(i(ihp{! up2p

Uwglih1nl{ qJ.luwl{np wu\umliwqb"fl llllfllll}lJWUp qumwliwlip pJ'r) :pmliq-

gpwjp wpcthpfihp{! {Wil.JD1UW\t 7.8) 
Urymuwfj 7.8 

0 04 08 12 16 2 24 

0,8749 0,7211 0,5105 0,3013 0,1137 -0,1480 

pJ-r) :pmfiltgl1wJp (fiq. 7.7) qpw!l>pltwltwfi ml{Jw1fihpp l{hp1mmup1m

lil! gmJg t mwtlm , np uiwmwhwqwu qpqnllll wqqwquhpp wqqhgmpjwli 
uiwlt qnph1wgflw1fl :pmultgflwfi npnzwlt}l ctwuwuwlt}l {!Gpwgpmu umwlinul t 
pwgwuwqwfi wpcthpuhp: d"Wuwuwltfl wtifl hhw !l>mfiltgflwli wump6wliw
pw11 uwpmu t: fippwfi :Pmfiqgpwu wpwq t UWplltU, Wjlipw(i qnpb"J!lipwg(! 

gwfiqwlfl t: 

pJ:c) 
UI 

u 

0.7 

1..q. 7.7 p.(1) :j>mfiqgflwJfl qpw:Pltlil!: 
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I . I. WflllllUWlj}l 2wpllltiwljlllpJlllti[} 

<p = 2 arcsin JP (p - t!fiutpwup]:i pwfiwlm, %) 

Tlnrmuw[J I.I 
P% 0 1 2 3 4 5 6 7 8 9 

0 0.000 0020 0028 0035 0040 0045 0049 0053 0 057 0060 
0 l 0063 0.066 0069 0072 0075 0077 0.080 0082 0085 0,087 
0.2 0,089 0092 0,094 0096 0098 0100 0.102 0104 0 106 0108 
0.3 0110 0 111 0 113 0 115 0117 0118 0.120 0,122 0 123 0125 
0.4 0 127 0128 0130 0 131 0133 0134 0.136 0137 0 139 0 14-0 
05 0,142 0143 0 144 0 146 0,147 0148 0.150 0,151 0,153 0,154 
06 0 !SS 0 156 0 158 0 IS9 0160 0161 0.163 0 164 0165 0166 
0.7 0,168 0169 0170 0171 0 172 0 173 OJ75 0 176 0 177 0,178 
0.8 0179 0180 0.182 0 183 0.184 0185 0.186 0 187 0 188 0189 
0.9 0 190 0191 0 192 0193 0194 0195 0.196 0 197 0 198 0199 
1 0,200 0210 0,220 0,229 0 237 0246 0254 0262 0,269 0,277 
2 0284 0291 0.298 0.304 0311 0318 0.324 0330 0336 0342 
3 0348 0.354 0.360 0365 0 371 0376 0.382 0387 0392 0,398 
4 0403 0408 0413 0418 0423 0428 0432 0437 0442 0.446 
5 0451 0456 0460 0465 0469 0473 0 478 0.482 0486 0.491 
6 0495 0499 0503 0507 0 512 0516 0520 0524 0528 0 532 
7 0 536 0 539 0543 0.547 0 551 0555 0559 0.562 0566 0.570 
8 0 574 0577 0 581 0,584 0 588 0592 0595 0 599 0 602 0 606 
9 0609 0613 0 616 0.620 0623 0,627 0630 0.633 0637 0.640 
10 0644 0647 0650 0653 0 6S7 0660 0663 0.666 0670 0673 
11 0676 0679 0682 0.686 0 689 0692 0695 0698 0.701 0,704 
12 0707 0711 0714 0.717 0720 0723 0726 0729 0 732 0735 
13 0,738 0741 0.744 0 747 0,750 0,752 0,755 0,758 0,761 0,764 
14 0767 0770 0.773 0.776 0778 0 781 0784 0 787 0790 0793 
IS 0 795 0.798 0.801 0804 0 807 0809 0812 0815 0 818 0,820 
16 0 823 0826 0828 0.831 0834 0837 0839 0842 0 845 0 847 
17 0 8SO 0 853 0.855 0.858 0861 0863 0866 0 868 0.871 0.874 
18 0,876 0879 0.881 0884 0 887 0 889 0892 0,894 0 897 0,900 
19 0902 0905 0907 0910 0912 0915 0917 0920 0.922 0925 
20 0 927 0930 0932 0935 0937 0 94-0 0942 0945 0.947 0950 
21 0952 095S 0.951 0959 0962 0964 0,967 0969 0972 0974 
22 0976 0979 0.981 0.984 0986 0988 0991 0993 0.996 0998 
23 1000 I 003 1.005 1.007 I 010 I 012 I 015 I 017 1.019 I 022 
24 1024 1,026 1,029 1.031 1 033 I 036 I 038 1,040 1.043 I 045 
25 I 047 I 050 LOS2 1.054 1 056 I 059 I 061 I 063 1066 1068 
26 1070 1072 1.075 1.077 I 079 1082 1084 1086 1 088 I 091 
27 I 093 1 095 1.097 1,100 1102. I 104 I 106 1 109 l.111 1 113 
28 I 115 1117 1,120 1.122 l 124 I 126 1 129 I 131 1.133 135 
29 1 137 I 140 1.142 1.144 1 146 I 148 I 151 I 153 I 155 I 157 
30 I 159 1161 1,164 1,1.66 I 168 1170 1,172 1,174 1,177 1,119 
31 1-182 l 183 l.185 l 187 1190 I 192 I 194 l 196 I 198 1200 
32 1.203 1205 1207 1.209 1211 I 213 I 215 1217 1220 1222 
33 1224 1226 1.228 1.230 1,232 1,234 I 237 1,239 1241 1,243 

P% 0 1 2 3 4 5 6 7 8 9 

34 1245 1.247 1.249 1.251 1.254 I 256 1258 l 260 1262 I 264 

35 1,266 1268 1270 1272 l 274 1.277 1279 1 281 1,283 1 285 

36 1 287 I 289 I 291 1.293 1.295 I 297 12.99 I 302 1304 1,306 

37 1.308 1310 l 312 1.314 1,316 I 318 1320 1.322 1324 1,326 

38 1.328 1330 l,333 1335 1,337 1339 1341 I 343 1 345 1,347 

39 1.349 1351 1.353 1355 1.357 I 359 I 361 1363 1365 1-367 

40 1,369 1 371 1374 1.376 1.378 l 380 1382 1.384 1.386 I 388 

41 1 390 J.392 1394 1.396 1.398 1.400 1402 1404 1406 l,408 

42 I 410 1412 1,414 1416 I 418 1.420 1,422 1424 1,426 l,428 

43 1,430 1.432 1434 1436 I 438 1440 1442 1444 1,446 1,448 

44 1.451 I 453 1,455 1457 l 459 1461 1463 1.465 1467 1469 

45 I 471 1473 1475 1477 1479 1481 1483 1485 1,487 1489 

46 1 491 I 493 1495 1497 1499 I.SOI 1.503 I SOS I 507 l 509 

47 l 511 1,513 1,515 I 517 1 519 I 521 l 523 l 525 1,527 1.529 

48 1.531 I 533 l 535 I 537 1 539 l 541 1543 1.545 1 547 1.549 

49 I 551 I 553 1,555 1557 1,559 I 561 I 563 I 565 1 567 I 569 

50 1 571 I 573 I 515 I 577 1.579 I 581 l.583 1.585 1.587 I 589 

51 l 591 1.593 I 595 1.591 l 599 1 Ml) l.063 1605 1607 l 609 

52 l 611 1.613 l 615 1617 I 619 I 621 1623 1625 l 627 1629 

53 l.631 1633 1.635 I 637 l 639 l 641 1643 1645 1647 I 649 

54 I 651 l 653 I 655 1657 1.659 I 661 1663 1665 1.667 1669 

55 l,671 1673 1,675 1677 I 679 I 681 1683 1685 1687 I 689 

56 1691 1.693 I 695 1697 1699 1.701 1.703 1705 I 707 I 709 

57 1.711 1.713 I 715 1.717 1 719 1.721 1.723 1725 I 727 1.729 

58 1.731 1 734 1.736 I 738 I 740 1.742 l.744 1.746 1748 1.750 

59 I 752 I 754 1.156 I 758 1760 I 762 I 764 1.766 I 768 I 770 

60 1,772 I 774 I 776 1,778 l,780 1,782 l 784 1-786 1.779 1,791 

61 I 793 1795 I 797 1 799 1.801 I 803 1805 1807 1.809 1,811 

62 I 813 1.815 1817 1.819 I 821 1.823 l 826 1828 1.830 I 832 

63 1,834 1.836 1 838 1840 1,842 1.844 1.846 I 848 I 850 I 853 

64 I 855 1857 J,859 1861 1,863 I 865 1867 1869 l 871 I 873 

65 I 875 I 878 1,880 1882 l,884 l 886 l 888 1890 I 892 1,894 

66 I 897 1899 1901 I 903 1.905 1907 1909 1,911 I 913 1,916 

67 1.918 1.920 1922 1.924 1926 1.928 1930 1.933 I 935 1,937 

68 1.939 1-941 1943 1946 1948 1950 1952 1954 1956 I 958 

69 t 961 1963 1965 I 967 1969 1971 1974 1976 I 978 1.980 

70 1 982 1984 1.987 1989 1.991 I 993 1995 1998 2000 2002 

71 2004 2006 2009 2011 2 012 2015 2018 2020 2022 2 024 

72 2.026 2,029 2 031 2033 2.035 2038 2040 2,042 2044 2047 

73 2049 2.051 2053 2056 2058 2-060 2062 2065 2067 2069 

74 2071 2074 2.076 2 078 2081 2.083 2085 2 087 2090 2092 

75 2094 2097 2099 2 101 2104 2106 2108 2 111 2 113 2,115 

76 2118 2.120 2 122 2 125 2 127 2 129 2132 2 134 2 136 2,139 

77 2 141 2 144 2146 2 148 2 151 2 153 2 156 2 158 2160 2.163 

78 2 165 2 168 2170 2.172 2 175 2 177 2,180 2 182 2 185 2,187 

79 2190 2,192 2 194 2,197 2 199 2202 2204 2,207 ~ .. 209 2,212 

193 
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J. J. WIJjfll U W ljft 2 Wjlfll UW {pllp Jfll Uf! 

P% 0 l 2 3 4 5 6 7 8 9 
80 2214 2.217 2.219 2222 2224 2 227 2229 2,231 2 234 2,237 
81 2240 2242 2.245 2247 2250 2 252 2 255 2 258 2 260 2 263 
82 2265 2.268 2 271 2273 2276 2278 2 281 2284 2.286 2 289 t 

83 2292 2.294 2.297 2.300 2 302 2.305 2 308 2,310 2,313 . 2 316 0.0 
84 2319 2,321 2,324 2,327 2330 2.332 2,335 2.338 2,341 2 343 0.1 
85 2346 2.349 2.352 2.355 2357 2-360 2 363 2.366 2.369 2 372 02 
86 2375 2.377 2.380 2.383 2386 2,389 2 392 2,395 2,398 2401 
87 2404 2407 2.410 2413 2416 2 419 2,422 2425 2.428 2,431 
88 2434 2437 2440 2443 2447 2-450 2453 2456 2.459 2462 
89 2465 2469 2472 2475 2,478 2,482 2485 2,488 2,491 2 495 
90 2498 2 501 2.505 2 508 2 512 2 515 2-518 2 522 2,525 2,529 
91 2532 2536 2.539 2543 2 546 2 550 2 554 2.557 2,561 2,564 

0,3 
04 
0,5 
0.6 
0,7 

92 2568 2572 2 575 2 579 2 583 2 587 2 591 2,594 2,598 2 602 0,8 
93 2606 2610 2.614 2 618 2622 2.626 2 630 2,634 2 638 2,642 09 
94 2647 2651 2.655 2,659 2 664 2.668 2.673 2,677 2,681 2 686 LO 
95 2 691 2,695 2.700 2.705 2,709 2,714 2,719 2,724 2,729 2,734 I, l 
96 2739 2 744 2.749 2.754 2 760 2 765 2.771 2 776 2.782 2 788 
97 2 793 2 799 2.805 2.811 2 818 2824 2.830 2 837 2,844 2,851 
98 2 858 2865 2 872 2 880 2888 2 896 2~904 2 913 2.922 2 931 
99 2,941 2942 2.943 2,944 2945 2946 2.948 2,949 2.950 2 951 

99 1 2952 2953 2.954 2.955 2956 2 957 2,958 2959 2.960 2 961 
99,2 2963 2964 2.965 2.966 2,967 2,968 2.969 2,971 2,972 2,973 

1,2 
l 3 
1,4 
1.5 . 
1,6 

993 2974 2975 2.976 2.978 2979 2 980 2 981 2 983 2.984 2 985 1,7 
994 2.987 2.988 2.989 2.990 2992 2993 2 995 2 996 2.997 2,999 1 8 
99 5 3 000 3.002 3.003 3.004 3 006 3 007 3009 3 010 3 012 3 013 1,9 
99 6 3 015 3.017 3.018 3.020 3 022 3 023 3 025 3 027 3,028 3 030 2.0 
99 7 3,032 3,034 3036 3 038 3,040 3,041 3,044 3,046 3,048 3,050 
99 8 3 052 3.054 3 057 3059 3.062 3 064 3 067 3,069 3,072 3 075 
999 3078 3.082 3 085 3 089 3.093 3 097 3 101 3 107 3 I 13 3,122 
100 3,142 

2,1 
2,2 
23 
24 
2.5 
2.6 

go,os (f) -p wpctbpfibpJ! (f - wqwmmpJwfi wmnpowfifibpp pPtlfi t) 
Unmww/J 1.2 

f g005 (f) f J!;oos (f) f goo<(£) f goo• (f) 
l 1.412 7 2.237 13 2 493 19 2 644 
2 l.689 8 2.294 14 2 523 20 2 664 
3 1,869 9 2,343 15 2,551 21 2,683 
4 1,996 10 2 387 16 2.577 22 2 701 
5 2.093 11 2 426 17 2.600 23 2 717 
6 2.172 12 2,461 18 2.623 

2,7 
28 
2,9 
3,0 
3,1 
3,2 
3,3 
3,4 
3,5 

194 

'bnpUWtPWztuuwfi hwqwfiwl[wfint}}JWfi tummpjntfi Z(t) 

xi -m(x) 
ti = cr 

Tinmww/J 1.3 

0 1 2 3 4 5 6 7 8 9 

,3989 3989 3989 3988 3986 3984 3982 3980 3977 3973 

3970 3965 3961 3956 3951 3945 3932 3932 3925 3918 

3910 3902 3894 3885 3876 3867 3856 3847 3836 3825 

3814 3802 3790 3778 3765 3752 3739 3726 3712 3696 

3683 3668 3653 3637 3629 3605 3589 3572 3555 3538 

3521 3503 3485 3467 3448 3429 3410 3391 3372 3352 

3332 3312 3292 3271 3251 3230 3209 3189 3166 3144 

3123 3101 3079 3056 3034 3011 2989 2966 2943 2920 

2897 2874 2850 2827 2803 2780 2756 2732 2709 2685 

2661 2637 2613 2589 2565 2541 2516 2492 2468 2444 

0 2420 2396 2372 2347 2323 2299 2275 2251 2227 2203 

2179 2155 2131 2107 2083 2059 2036 2012 1989 1965 

1942 1919 1895 1872 1849 1826 1804 1781 1758 1736 

1714 1691 1669 1647 1624 1604 1582 1561 1539 1518 

1497 1476 1456 1435 1415 1394 1374 1354 1334 1315 

1295 1276 1257 1238 1219 1200 1182 1163 1145 1127 

1109 1092 1074 1057 1040 1023 1006 0989 0973 0 0957 

0940 0925 0909 0893 0878 0863 0848 0833 0818 0804 

0790 0775 0761 0748 0734 0721 0707 0694 0681 0669 

0656 0644 0632 0620 0608 0596 0584 0573 0562 0551 

l>.0540 0529 0519 0508 0498 0488 0478 0468 0459 0449 

0440 0431 0422 0413 0404 0396 0387 0379 0371 0363 

0355 0347 0339 0332 0325 0317 0310 0303 0297 0290 

0289 0277 0270 0264 0258 0252 0246 0241 0235 0225 

0224 0219 0213 0208 0203 0198 0194 0189 0184 0182 

0175 0171 0167 0163 0158 0154 0151 0147 0143 0139 

0136 Olj2 0129 0126 0122 0119 0116 0113 OllO 0107 

0104 0101 0099 0096 0093 0089 0088 0086 0084 0081 

0079 0077 0075 0073 0071 0069 0067 0065 0063 0061 

0060 0058 0056 0055 0053 0051 0050 0048 0047 0046 

0.0044 0043 0042 0040 0039 0038 0037 0036 0035 0034 

0033 0032 0031 0030 0029 0028 0028 0026 0025 0025 

0024 0023 0022 0022 0021 0020 0020 0019 0018 0018 

0017 0017 0016 0016 0015 0015 0014 0014 0013 0013 

0012 0012 0012 0011 0011 0010 0010 0010 0009 0009 

0009 0008 0008 0008 0008 0007 0007 0007 0007 0006 
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1.3Wlljmuwljft1wpndiwljmp1mup 
1.4 WIJJnlUWl/ft1wpn1fiwljmp1mfip 

t 0 I 2 3 4 5 6 7 8 9 
3.6 0006 0006 0006 0005 0005 0005 0005 0005 0005 0004 
37 0004 0004 0004 0004 0004 0004 0003 0003 0003 0003 
3.8 0003 0003 0003 0003 0003 0002 0002 0002 0002 0002 
39 0002 0002 0002 0002 0002 0002 0002 0002 0001 0001 

~(t) .!.~(t) ~(t) 
1 

t t -~(t) 
2 2 

0,54 0 4108 02055 0 94 06528 0 3265 

0.55 0.4177 0.2090 0 95 0 6579 0,3290 

4wlj_wfiwqwfintpjwfi u112wl.J.wjphpl1 wpcthpfihpl! 
2 2 I I } 

cl>(t)= ~ Je 2 dt, L. -<!>(t) 
'\127t 0 2 

0.56 0.4245 0.2125 0 96 0.6629 0.3315 

0.57 0 4813 0.2155 0.97 0.6680 0 3340 

0 58 0 4381 0 2190 0.98 0,6729 0 3365 

0 59 04448 0.2225 0 99 0 6778 0,3390 

0 60 0 4515 02255 I 00 06827 0,3415 

0.61 0.4581 0.2290 1.01 06875 0,3440 

Unmww[/ 1.4 

t cl>(t) .!.c1i(t) T ~(t) 1 
-~(t) 

2 2 
0.00 0.0000 0000 0.27 0 2128 0 1065 
O.Ql 00080 0 004 0,28 02205 0 1105 
0.02 0 0160 0008 0.29 0 2282 0,1140 
0.03 0 0239 0 012 0,30 0,2358 0,1180 
004 00313 0016 0,31 02434 0,1215 
0.05 0 0399 0020 0 32 02510 0,1258 
0 06 00478 0024 0 33 0 2586 0,1295 
0.o7 00558 0 028 0 34 0 2661 0 1334 
0.08 00638 0 032 0 35 0 2737 0,1370 
0.09 00717 0.036 0,36 0.2812 0,140 
0,10 00797 0040 0,37 0,2886 0,144 
0 11 00876 0044 0 38 0,2961 0 148 
0 12 0.0955 0048 0 39 0.3035 0,1515 
0 13 0 1034 0.0515 040 0,3108 0 1555 
014 0.1113 00555 041 0,3182 0.159 
0,15 0,1192 0.0595 042 0,3255 0,1630 
0 16 0.1271 ' 0.0635 0 43 0.3328 0 166 
0 17 0.1350 0.0675 044 0.3401 0 1700 
0 18 0,1428 0,0715 045 0 3473 0 1735 
0 19 0.1507 0.0755 0.46 0 3545 0 1770 
020 0,1585 0.0795 0,47 0,3616 0,1810 
0 21 0.1663 0.0830 0 48 0,3688 0,1845 
022 0,1741 0,0870 049 0,3759 0,1880 
0 23 0.1819 0.0910 0 50 0,3829 0,1915 
0 24 0.1897 0.0950 0 51 0 3899 0 1950 
025 0,1974 0,0983 0,52 0 3969 0 1985 
026 0,2051 01025 0,53 0,4039 0,2020 

196 

0.62 0.4647 0.2325 1.02 0.6923 0 3460 

0 63 0 4713 0.2355 1.03 0.6970 0,3485 

064 0 4778 0.2390 I 04 0 7017 0 3510 

0,65 0 4843 0.2420 I 05 0 7063 0,3530 

0 66 04907 02455 l 06 07109 0.3555 

0.67 0.4971 02485 I 07 0.7154 0 3575 

0.68 0 5035 .02520 1.08 0.7199 0 3600 

0.69 0 5098 0.2550 l.09 0.7243 0,3620 

070 0 5161 0.2580 I 10 0 7287 0,3645 

0 71 0 5223 02610 l 11 0 7330 0.3665 

0 72 0,5285 02640 l 12 07373 0 3685 

0,73 0.5346 0 2675 I 13 0 7415 03710 

0 74 0,5407 02705 1,14 0.7457 0 3730 

0.75 0.5467 0,2735 1,15 0,7499 0 3750 

0 76 0 5527 0.2765 l,16 0.7540 03770 

0 77 0 5587 0.2795 I 17 07580 0,3790 

0 78 05646 0 2825 I 18 07620 0,3810 

0,79 0 5705 02850 1 19 07660 0,3830 

0.80 0.5763 0 2880 1.20 0 7699 0,3850 

0.81 0.5821 02910 l.21 0.7737 0,3870 

0,82 0.5878 0.2940 1,22 0.7775 0 3890 

0 83 0.5935 0.2965 123 0.7813 0 3905 

0 84 0 5991 02995 124 07850 0 3925 

0 85 06047 0 3025 I 25 0 7887 0,3945 

0.86 0 6102 0 3050 I 26 0 7923 0,3960 

0.87 0.6157 03080 1.27 07959 0.3980 

0.88 0.6211 0.3105 1.28 0 7995 0~000 

0 89 0.6265 0.3135 1.29 0.8030 04015 

0 90 0.6319 0.3160 1.30 0.8064 04030 

0 91 06372 0.3185 I 31 0,8098 0 4050 

092 0,6424 0 3210 l 32 0 8132 0,4065 

0,93 0 6476 03245 I 33 0,8165 0.4080 

197 



1.4 uuynwwljft 2WJWlUW/jlllpjnlUf! 1.4lUilJlllUWljjl1wpmfiwljmp1mup 

4>(t) 1 1 
t 24>(t) t 4>(t) -<l>(t) 

2 t <1>(t) !41(1) t <1>(t) !q,(t) 
2 2 

1 34 0.8197 0 4100 1 74 0.9181 0,4590 
1 35 0.8230 0 4115 1,75 0,9199 0 4600 
1 36 0,8262 0 4130 1 76 0.9216 0 4610 
1 37 0.8293 0.4145 1,77 0,9233 04615 
1 38 0.8324 04160 1 78 0,9249 04625 
1 39 0,8355 04175 1 79 0.9265 04635 
140 0 8385 04790 1 80 0,9281 0,4640 
1 41 0 8415 0.4205 1 81 0.9297 0,4650 
142 0.8444 0.4220 1 82 0.9312 0,4655 
143 0,8473 0 4235 1 83 0.9328 0 4665 
144 0 8501 0,4250 184 0,9342 04670 
1 45 0.8529 0,4265 1 85 0.9357 0,4680 
146 0.8557 04280 1 86 0.9371 0 4685 
147 0.8584 04290 1 87 0.9385 0 4695 
1 48 0 8611 04305 1 88 0,9399 04700 
149 0 8638 0.4320 1.89 0.9412 0,4705 
1 so 0.8464 04330 1,90 0,9426 04715 
I 51 0 8690 0.4335 1 91 0 9439 0.4720 
1 52 0 8715 0 4355 1.92 0 9451 04725 
1 53 08740 04370 1.93 0 9464 0 4730 
1 54 0 8764 04380 1.94 09476 04740 
1,55 08789 0 4395 1,95 09485 04745 
1 56 0 8812 04405 1,96 0 9500. 04750 
1 57 08836 04420 197 0 9512 04755 
1 58 08859 04430 198 09523 0 4760 
1 59 08882 04440 1 99 0,9534 0 4765 
1 60 0 8904 04450 2.00 0 9545 0,4775 
l 61 08926 04465 2.01 0 9560 04780 
1,62 0,8948 04475 2.02 0,9566 04585 
1 63 0 8969 04485 2.03 0 9580 04790 
164 0 8990 04495 2.04 0 9587 0 4795 
I 65 0 9011 0 4505 2.05 0 9600 0 4800 
1 66 09031 04515 2.06 09606 0,4805 
1 67 0,9051 0.4526 207 0,9620 0 4810 
1 68 0.9070 04535 2 08 09625 0 4810 
169 09090 04545 209 0.9630 0,4815 
1 70 09109 04555 210 09643 0 4820 
1 71 0 9127 0 4565 2.11 0 9650 04825 
1,72 0,9146 0,4575 2 12 0,9660 0,4830 
1,73 0 9164 0,4580 2,13 0,9670 0,4835 

2.14 0.9676 0 4840 254 0 9889 0.4945 

2,15 0.9680 0 4840 2.55 0.9889 04945 

2.16 0,9692 0 4845 2 56 0.9895 04950 

2.17 09700 0.4850 2·57 0.9895 0 4950 

2 18 0.9707 . 0,4855 2 58 0 9901 0.4950 

2 19 0.9710 0 4855 2.59 09901 0,4950 

2 20 0,9722 04860 2,60 0,9907 0,4955 

2 21 0 9730 0.4865 2 61 0.9907 0.4955 

2,22 0,9736 0.4870 . 2 62 0 9912 0.4955 

2,23 0.9740 04870 2 63 0 9912 0.4955 

2 24 0 9749 04875 2.64 0 9917 0 4960 

2,25 0 9760 04880 2.65 0.9917 0,4960 

2,26 0 9762 04880 2.66 0 9922 0.4960 

2.27 09770 0.4885 267 0 9922 0.4960 

2 28 0.9774 0.4885 2 68 0.9926 04965 

2 29 0.9780 04890 2 69 0.9926 04965 

2.30 0,9786 0,4895 2,70 0.9931 04965 

2.31 09790 04895 2.71 0.9931 04965 

2.32 0 9797 04900 2.72 09935 0.4965 

2 33 0.9800 04900 2 73 0 9935 0.4965 

2 34 0.9801 04905 2 74 0 9939 0.4970 

2,35 0,9810 0,4905 2,75 09939 0,4970 

2 36 0 9817 04910 2,76 09942 04970 

2,37 0.9820 0,4910 2.77 0 9942 04970 

2,38 0 9827 0 4915 2.78 0.9946 0 4975 

2 39 0 9830 0.4915 2 79 0.9946 0.4975 

2 40 0.9836 04920 2 80 0.9949 0.4975 

2,41 0.9840 0.4920 2 81 . 09949 0.4975 

2,42 0,9845 0,4920 2 82 09952 0.4975 

2.43 0,9850 04925 2 83 0.9952 04975 

2.44 0 9853 0.4925 2.84 0.9955 04975 

2 45 0 9860 04930 2.85 0.9955 0.4975 

2.46 0,9861 04930 2.86 0 9958 0,4980 

2,47 0.9861 04930 2.87 0 9958 0.4980 

2,48 0,9869 0 4935 288 0 9960 0.4980 

2,49 0,9870 04935 2.89 09960 0,4980 

2 50 0 9876 04940 2.90 0 9962 0,4980 

2 51 0.9880 04940 2.91 0.9962 0 4980 

2,52 0.9883 0,4940 2.92 0,9965 0,4980 

2,53 0,9089 0 4945 2 93 0,9965 0,4980 
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1.4 wrunwwljft 2LUJll1Llituqmp1mUIJ 
1.6UJiumuwljft1wpmfiwqmp1mlif! 

t . <J>(t) ~<J>(t) <t>(t) I 
t -<t>(t) 

2 
2,94 0.9967 0.4985 3.30 0 9986 0,4993 
2,95 0.9967 0 4985 3,40 0.999 0,4995 
2 96 0.9969 04985 3.50 0.999 0 4995 
2 97 09969 04985 3.60 0999 0 4995 
2 98 0 9971 0 4985 3.70 0999 0.499 
2.99 0 9971 04985. 3.80 0 999 0,499 
3.00 09973 04986 3.90 0999 0.499 
3.10 09986 04986 4.00 0999 0.499 
3,20 09986 0 4993 5 00 0.99999 0,49999 

a=60 a=80 a=090 a=95 

N x,.. 
x.. X- XN 

15 0.87 1 35 . 1.76 2.15 

20 0.86 l.33 1 73 2 09 

25 0 86 I 32 1.71 2 06 

30 0 85 l 31 J.70 2.04 

40 0.85 l.30 I 68 2 02 

50 0 85 1 30 1 68 2 01 

60 0 85 1 30 l.67 2,00 

80 0 85 1,29 1,66 1 99 

100 0,85 1.29 166 1,98 

\.f.bJpntllt pwz]uuwli opbfipp lllwpwubmp{! L. qnpltw\tlJ.gfibpl! 
llmmuwf/ 1. 7 

linttlnqnpmU1 p(A) ~wl}lwlifl2P. wpdbpfibp{! 
linimuwb 1.5 

A. o(A) A o(A.) A o(A) 
0.0 l.000 07 0,711 1.4 0,040 
0 1 l.000 08 0.544 1,5 0,022 
0.2 1.000 09 0 393 1,6 0 012 
03 .1.000 10 0 270 l 7 0 006 
0.4 0.997 l l 0 178 1.8 0003 
0.5 0.%7 12 0 112 1,9 0 002 
0,6 0 864 l 3 0,068 2,0 0,001 

\.f.umwhbllt uwhUwfilibpp qnpbulqpgfibp{! 
llnimuwf/ 1.6 

N 
a 60 a-80 a-090 a 95 

x_ X- Xn X-
3 I 06 1 89 2,92 4.90 
4 0 98 1,64 2 35 3.18 
5 0,94 l.53 2,13 2.78 
6 0 92 l.48 2 02 2.57 
7 0 91 1.44 l 84 2.45 
8 090 l,42 1,90 2.37 
9 089 1.40 1,86 2.31 
10 0,88 1,38 1,83 2,26 
11 0 88 l 37 1.81 2 23 
12 088 1.36 I 80 2 20 
13 0.87 l.36 I 78 2 18 
14 087 l.35 1,77 2 16 

b Kt, Cb v Sb Po. 

0 80 1.13 1.43 1 26 2.82 0.67 

0.84 1 10 1.31 1.20 2.61 0 66 

0,88 I 07 0 21 1.14 2 43 0 65 

0 92 l.04 0 13 I 09 2 27 0 65 

0,96 1.02 1.06 1 04 2.13 0.14 

1.00 1 00 l.00 1 00 2.00 0 63 

1 08 0 97 0,90 0.93 I 78 0 62 

1 16 0,95 082 0.86 I 60 0.61 

I 24 . 0.93 0 76 081 l.45 060 

t.32 092 0.70 076 1.31 0.59 

140 0 91 066 0.72 1.20 0,58 

1,44 0 91 0,64 0 71 1.15 0 58 

t.48 0.90 0.62 069 LIO 0,58 

1.52 090 0.60 0 67 LOS 0,57 

1 56 090 0 59 0.65 1.00 0.57 

I 60 0.90 0 57 0.69 0 56 0 57 

1,64 0,89 0,56 0 63 092 0,57 

1 68 0 89 0.55 0 61 0.88 0.56 

1 72 0 89 0 53 0.60 0.85 0,56 

1 76 0,89 0.52 0.59 0 81 0 56 

1,80 089 0 51 0.57 0 78 0 56 

1 84 0 89 0.50 0 56 0,75 0 55 

1,88 0 89 049 0.55 0.72 0.55 

1.92 0,89 0.48 0.54 0.69 0 55 

1 96 0.89 0.47 0 53 0.66 0 55 

2 00 0,89 0,46 0,52 0 63 0,54 
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/ . 7 WlljntUWIJjl zwpntfiW{Jlllpjlllfip /. 7 wrumuwljft zwpmfiwljmp1mfip 

b K. ch v s. Dnn 

2.04 0 89 0 45 0,51 0.60 0,54 
2.08 0.89 0.45 0.50 0.58 0.54 
2.12 0 89 0.44 0,50 0.56 0 54 
2,16 0 89 0.43 049 0.53 0.54 
2 20 0 89 0.42 0 48 0-51 0 54 
2 24 089 0.42 047 0.49 0.53 
2 28 0 89 0.41 046 047 0.53 
2 32 0.89 0.41 0.46 0.44 0 53 
2 36 0.89 0.40 0.45 042 0 53 
240 0.89 0.39 0,44 040 0 53 
2 44 0.89 0.39 0.44 0,39 0,53 
2,48 0.89 0 38 043 0.37 0 53 
2 52 0.89 0 38 042 0 35 0 52 

b ~ ch v sh Pon 

3 70 0 90 027 0.30 -0.02 0 50 

3 74 090 027 0.30 -0 03 0 50 

3 78 0.90 0.27 0 30 -0 04 0.49 

3.82 0.90 0.26 0 29 -0 05 0.49 

3.86 090 0.26 0 29 -0.06 0.49 

3.90 0 91 026 0 29 -0.07 049 

3 94 0 91 026 0 28 -0 08 049 

3 98 0 91 0.26 0,28 -0 08 0,49 

402 0.91 0.25 0.28 -0 09 0.49 

4 06 0.91 0.25 0 28 -0.10 0.49 

4,IO . 0.91 0 25 0.27 -0.11 0,49 . 

4.14 0 91 0.25 0 27 -0.11 049 

4,18 0,91 0 25 027 -0.12 0,49 

' 
2,56 0.89 0 37 042 0.33 0 52 
2,60 0 89 0.37 044 0.32 0 52 qbJpntt.lt pwztmiwfi opbfiplt tiumbqpwtwJltfi !}mtCilJ.gltwJti 
2 64 089 0.36 041 0.30 0 52 
2 70 0.89 0.36 040 0.28 0 52 

wpdbpfibpf! 
Ummuw(J 1.8 

2 74 0.89 0.35 039 0.26 0 52 
2.78 0.89 0.35 039 0.24 0 52 
2.82 0 89 0.34 0 38 0.23 0,51 
2,86 0.89 0.34 038 0,22 0,51 
2.90 0.89 0.33 0 37 0.20 0.51 
2,94 0.89 0.33 037 0 19 0 51 
2.98 0 89 0.33 0 37 0.17 0.51 
3.02 0.89 0.32 0 36 0 16 0.51 
3.06 0 89 0.32 0 36 0.15 0,51 
3 IO . 0.89 0.32 0 35 0.14 0.51 
3 14 0.89 0.31 0,35 0 12 0.51 
3 18 0.90 0.31 0 34 011 0 51 
3 22 090 0 31 0 34 0 10 0.51 
3.26 0 90 0 30 0 34 009 0 50 
3.30 090 0 30 0,33 008 0 50 
3.34 0 90 0.30 0,33 0.07 0 50 
3 38 0.90 029 0.33 0.06 050 

' 
342 0.90 029 0.32 0.05 0 50 
3 46 0.90 029 0,32 0.04 0,50 
3 50 090 0.28 0.32 O.Q3 0,50 
3 54 090 0.28 0,31 0,02 0 50 
3.58 090 0.28 0 31 0.01 0 50 
3 62 0 90 0.28 0,31 -0 00 0 50 
3 66 099 027 0.30 -0,01 0 50 

09 10 11 1 2 D 14 IS 16 17 1,8 19 20 2.1 22 23 24 

0,1 0 12 010 008 006 005 004 003 003 002 002 001 001 001 001 000 000 

02 021 018 016 014 012 010 009 007 006 005 oos 004 003 003 0 02 002 

03 0.29 0 26 023 0 21 0 !9 017 0 IS 0 14 0.12 0 II 0.10 009 008 007 006 0,08 

04 0 35 033 0 31 028 0,26 0,24 0,22 021 0 IS 0,18 0,16 0 IS 014 0,12 0,11 010 

0,5 041 039 0 37 0.35 0 33 032 0 30 028 027 025 024 022 021 020 0 18 017 

06 047 045 043 042 040 039 0 37 0 36 ou 0 33 032 0 30 029 0 28 0.27 0 25 

07 0 52 oso 049 048 047 o.46 044 045 0 43 041 040 0 39 038 0.37 0 36 0,35 

08 0 56 0 SS 0 S4 0 S4 OS3 0 52 051 oso 0 50 049 048 047 046 045 045 044 

09 060 0 59 OS9 059 0.58 0 S8 0 S7 0 S1 057 056 056 056 o.ss 0 SS 054 0 54 

10 0 63 063 063 063 063 063 0 63 063 063 063 063 063 063 063 063 063 

11 066 067 067 067 068 068 068 069 069 070 0 70 0.70 0 71 071 071 072 

I 2 0.69 0,70 071 071 072 073 073 074 074 075 0.1S 076 077 078 078 0,79 

I 3 0.72 073 0 74 075 076 0 76 0 77 078 079 080 081 0 82 082 083 0,84 0,85 

I 4 074 075 077 078 079 080 081 082 083 084 08.S 0 86 0 87 0 88 0 89 0 89 

1,5 076 078 079 080 082 083 0.84 085 086 0.87 089 090 090 0 91 092 093 

I 6 0 78 0,80 081 0.83 084 086 0 87 088 089 090 091 092 093 094 095 095 

1,7 080 0 82 083 085 086 0.88 089 090 092 093 094 094 095 096 097 097 

I 8 082 0 84 085 087 088 090 091 092 093 094 09S 0 97 097 0,97 098 0,98 

1,9 083 085 087 089 090 091 093 094 09S 096 097 097 098 0,98 0,99 099 

20 08S 087 088 090 092 093 094 09S 096 097 098 0 98 099 0 99 099 0.99 

2 l 0 86 088 090 091 093 094 0 9S 096 097 098 098 099 099 099 I 00 I 00 

22 0.87 089 091 092 0.94 09S 096 097 098 098 099 0.99 099 100 100 I 00 

2,3 0.88 090 092 093 0.9S 096 097 098 0.9'! 099 099 1.00 I 00 I 00 100 JOO 

24 089 091 093 0.94 096 0 97 0 98 098 099 099 1 00 1 00 100 100 100 I 00 

25 090 092 0 94 095 096 097 098 099 099 099 I 00 I 00 I 00 100 l 00 l ()() 

2,6 0,91 093 0.94 096 097 0 98 099 099 099 I 00 LOO I 00 I 00 1,00 1,00 1 00 

27 091 093 095 096 097 0,98 099 099 100 100 100 I 00 100 100 100 1 00 

2,8 092 094 096 097 098 0.99 099 099 1 00 100 I 00 I 00 100 100 I 00 I 00 

2,9 093 095 096 097 098 099 099 I 00 I 00 1 00 I 00 I 00 I 00 I 00 100 I 00 
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x2 hwuwowjlibguwu ~wt.Pw!ipzp wpctbplibpt! 
Ummuwl.J 1.9 Unmww// 1.11 

P% 
r 95 90 80 70 50 30 20 10 n r~os(n) n r~os(n) n r~Pos(n) N r~~05 (n) 
l 0.00 002 006 0 15 045 1,07 l 64 2,71 
2 0.10 0 21 0,45 0 71 l 39 2 41 3 22 4.60 
3 0,35 0 58 1,00 1 42 2 37 3 66 404 6.25 
4 0.71 1 06 l.65 220 3 36 4,88 5,99 7,78 
5 1 14 1,61 2.34 3 00 4 35 6,06 7 29 9,24 
6 1,64 2.20 3,07 3,83 5,35 7,23 8,56 1,06 
7 2 17 2.83 3.82 467 6.34 8 38 9.80 12.0 
8 2,73 3.49 4 59 5,53 7.34 9,52 11.0 13,4 
9 3,32 4.17 5 38 6 39 8,34 10,7 12.2 14 7 
10 3,94 4,86 6 18 7.27 9,34 11,8 13,4 16,0 

4 0,950 15 0,514 26 0,388 80 0,219 

5 0,878 16 0,497 27 0,381 90 0,206 

6 0,811 17 0,482 28 0,374 100 0,196 

7 0,757 18 0,468 29 0,367 125 0,175 

8 0,707 19 0,456 30 0,361 150 0,160 

9 0,666 20 0,444 35 0,332 200 0,138 

10 0,632 21 0,433 40 0,310 250 0,124 

11 0,602 22 0,423 45 0,292 300 0,113 

12 0,576 23 0,413 50 0,277 400 0,098 

13 0,553 24 0,404 60 0,253 500 0,088 

14 0 532 25 0 396 70 0 234 1000 0 062 

e2z I r(z) = --- wpctbplibpt! {bpp z < 0, r <O ) 
e2z +I llnmwwl.J I.JO 

llmnww// 1.12 
I:o; 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 2,5 3,0 3,5 4,0 

0,01 0 01 0,01 0,02 0,02 0,03 004 0,05 006 0,07 0 08 0,09 0,10 0,16 0 22 0,27 0,32 
0,03 0.02 003 004 0 05 007 0 08 0 16 0 II 0,13 0 14 0,16 0,18 0,23 0,35 0,37 0,42 
005 004 0 05 0,o7 0 08 010 012 0 14 0 15 0.17 019 021 023 031 0.37 0 43 0,48 
0 07 0.05 0.o7 009 011 013 0 15 017 019 0,21 0 23 025 0 27 0 35 0.42 0,47 0 52 
010 008 011 0 13 015 018 0,20 0 22 0 25 027 029 0 31 0,33 0,41 0,47 0,53 0,57 
0,15 0.14 0,17 0,13 023 0.25 029 0 30 0.33 035 0 38 040 0.42 0 50 0 56 0 60 0,63 
0,20 0 19 0,22 026 023 032 034 037 0.39 041 044 045 047 0 55 0,61 0,65 0,69 
0 25 0 25 0 29 033 036 0.39 041 044 046 048 0 50 0 52 0,54 0 61 0,66 0,70 0 73 
0,30 0,32 0 36 0 39 042 045 0.48 0 50 0 53 0 55 0,56 0,58 060 0,66 0,71 0,75 0,77 
0,35 0,40 044 047 0,50 0 53 0.55 0 57 0,59 0,61 062 064 0 66 0,71 0,75 0,79 0,81 
0,40 0,47 0,51 0,54 0 57 060 0,62 0 64 066 0,67 0,69 0 70 0,72 0 76 0 80 0,83 0 85 
0 45 0 57 0,60 0,63 0,66 068 069 0 71 0 73 0 74 0,75 0 76 0 76 0 81 0,84 0,86 0 83 
0,50 0,67 0,69 0,72 0,74 0,75 0,77 0,78 0,80 0,81 0,82 0,83 0,83 0,86 0,89 0,90 0,91 
0,55 0,79 0 81 0 82 0 84 0 85 0 85 0.86 0 87 0 88 0,89 0,90 0,91 0 91 0,96 0,94 0,95 
0,60 0,91 0,92 092 096 094 094 0 94 0 95 095 095 0,96 0,96 0,97 0,97 0,98 0,98 
0,65 I 07 I 06 I 05 I 05 I 04 I 04 1.03 I 03 I 03 1,03 I 03 1,03 1,02 1,02 I 02 1,02 
070 1,23 1,20 1,18 1,17 1,15 I 14 I 13 I 12 1,12 1,11 1,10 1,10 1,08 1,06 1,05 1,05 
0 75 145 140 I 36 133 130 127 125 123 1.22 121 l 20 118 I 14 1,11 1,10 1 09 
0,80 I 70 161 1,54 149 l 44 141 l 37 135 l 32 1,30 1,23 1,27 1,21 1,17 I 15 1 13 
0 85 2,11 1,96 I 84 I 74 1.67 I 61 155 I 51 147 145 I 39 I 32 1,31 1,25 1,21 1 18 
0,90 2,53 2,30 2,13 2,00 1,90 1,81 174 1,68 1,63 1,59 I 55 1,52 1,40 1,32 1,20 1,23 
0,93 2 96 266 2,43 2 26 2.12 2 01 192 I 84 I 78 1,72 167 163 148 1,39 1,32 1,28 
0,95 3 38 3,00 2,71 2,49 2.33 219 208 1.99 191 1,84 I 78 1,73 1,55 144 1,37 1,32 
097 4,03 3 51 313 2.84 2 63 2.45 2,31 2.19 2,09 2,01 194 I 87 165 1,52 I 43 I 37 
0,99 5,46 4,60 4 01 3.57 3,24 2.98 2 77 2.60 2 46 2,34 2 23 2.15 184 1,66 l 55 146 

0 . I 2 3 4 5 6 7 8 9 
z 
0 0000 0100 0200 0300 0400 0500 0599 0699 0798 0898 

0 I 0997 1096 1194 1293 1391 1489 1586 1684 1781 1877 

02 1974 2070 2165 2260 2355 2449 2543 2636 2729 2821 

03 2913 3004 3095 3185 3275 3364 3452 3540 3627 3714 

04 3800 3885 3969 4053 4136 4219 4301 4382 4462 4542 

05 4621 4699 4777 4854 4930 5005 5080 5154 5227 5299 

06 5370 5441 5511 5580 5649 5717 5784 5850 5915 5980 

07 6044 6107 6159 6231 6291 6351 6411 6469 6527 6584 

0,8 6640 6696 6751 6805 6858 6911 6933 7014 7064 7114 

0.9 7163 7211 7259 7306 7352 7398 7443 7487 7531 7574 

I 0 7616 7658 7699 7739 7779 7818 7857 7895 7932 7969 

8005 8041 8076 8110 8144 8178 8210 8243 8225 8306 
1,1 

8337 8367 8397 8426 8455 8483 8511 8538 8565 8591 
1,2 
1,3 8617 8643 8668 8692 8717 8791 8764 8787 8810 8832 

I 4 8854 8875 8896 8917 8937 8957 8977 8996 9015 9033 

9015 9069 9087 9104 9121 9138 9154 9170 9186 9201 
1,5 
1,6 9217 9232 9246 9261 9275 9289 9302 9316 9329 9341 

1,7 9354 9366 9379 9391 9402 9414 9425 9436 9447 9458 

1,8 9468 9478 9488 9498 9508 9518 9527 9536 9525 9554 

9562 9571 9579 9587 9595 9603 9611 9618 9626 9633 
1,9 
20 9640 9647 9654 9661 9668 9674 9680 9686 9693 9699 

2,1 9704 9710 9716 9722 9727 9732 9738 3743 9748 9753 

2,2 9757 9762 9767 9771 9776 9780 9785 9789 9793 9797 

23 9801 9805 9809 9812 9816 9820 9823 9827 9830 9834 

2,4 9837 9840 9843 9846 9849 9852 9855 9858 9861 9864 

204 
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1.12 UlllJnwwljft 2wpmuwljmpp1LUIJ 

z 0 1 2 3 4 5 .6 7 8 9 
25 9866 9869 9871 9874 9876 9879 9881 9884 9886 9888 
2,6 9890 9892 9894 9897 9899 9901 9903 9904 9906 9908 
27 9910 9912 9914 9915 9917 9919 9920 9922 9923 9925 
28 .9926 9928 9929 9931 9932 9933 9935 9936 9937 9938 
29 9940 . 9941 9942 9943 9944 9945 9946 9947 9948 9949 

t>wfinpmpJmfi' hbzmmpJwti hwuwp pntnp pqbp}1g wnw2 0 -Ii, pwg t 
JJilll fiqwl): 

r 0 
0 0,0000 

0 l 01003 
0,2 0.2027 
03 03005 
04 04236 
05 05493 
06 06931 
07 08673 
08 1 0986 
09 I 4722 

206 

() 
1 l+r · 

z r = - In- wpltbJilfibp{! (bpp r < 0, z < 0) 
2 1-r 

1 2 3 4 5 6 7 
0.0100 00200 00300 00400 00501 00601 00701 
0.1105 0 1206 0 1308 0 1409 0 1511 . 0 1614 0 1717 
0.2132 0.2237 0,2342 0.2448 02554 0.2661 0.2769 
03206 0 3317 03428 03541 03654 03769 03884 
04356 0.4477 0-4599 04722 04847 0.4973 05101 
05627 05763 0.5901 06042 06184 0.6328 06475 
07089 0.7250 0 7414 0 7582 07753 0.7928 08107 
0,8872 0.9076 09287 0.9505 0,9730 09962 1,0203 
11270 1.1518 1.1881 12212 1,2562 1.2933 1 3331 
l 5275 I 5890 16584 1.7380 1.8318 19459 2,0923 

llnmwwfJ 1.13 
8 9 

00802 0,0902 
0 1820 0 1923 
0,2877 02986 
0 4001 04118 
0,5230 0,5361 
06625 0 6777 
08291 08480 
I 0454 1,0714 
1 3758 1,4219 
22976 2,6467 

q..11wl}wfimp Jlllfi 

1. Mo.IIeJIHpOBaHHe ce.m.cKOX03JiiictBeHIDdX arperaroB H BX cncreM 

ynpaBJieHIDI. Ilo.II pe.IIaKnueA A. B. Jlypi.e. JleHHHrp8Jl. "Korroc".1979r.312cT. 
2. Be:amem. E. C., TeopHJI BepoJl'IHocreii. M., Hayxa, 1964r., 576cr. 
3. P}'MHDICKd. MaTCMa-raqecKaJI o:&pa:&o'JKa pe3yJII>ntTOB aKcnepBMeJITa. 

M., Hayx.a, 197lr.,192CT. 
4. M1mccrn A. JI., Kap.IIameBCKJdt C. B. Cra'IllllecKHe MeTO.ll.LI B ce.llhXoJ-

MamBHoC'IpOemm.M., MaDJBHOC'IpOeBBe, Cocf>HJI, 3eMB3.llaT. l 979r .3 60cT. 
5. H~eBlA 3. JI. CmmcTJ£1IecKBe MeTO.llbl npu aBTOMaTH3annn 

npomBO,llC11la.M., l 964r. 
6. JleBBH E. r. Teoptm1t1ecue OCBOBLI CTll11lC'I1NCCKOit pa,llHOTCX-

HHKB..M., 1969r. . 
7. llropM P. TeoplUl BepoJITHocrett: MareMa'J'HlleCKaJI CTa1BC111Ka: Cra

mcT.HllecICBitKompoJII>xallec'Dla: Ilep. c aeM. M.,Map,1970,368cT. 
8. KapaceB A. H. TeopHJI BepoRTHocrel H MaTeMBTINCCKaJI CTll1BC11lK8. 

M.,Cramc'IBKa, 1979r. 
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