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U'blu (QwuqliJl U. Uwhwtuwfi' !i>]lq}J.qw-uwpbuwm]lqwl.J.wfi qp.mntpJmfi
ubp}l pbl.J.fiwmn, qngbfim: Utlwpmbt t bpL.wli}l UJ.bmwl.J.wfi hwuwiuwpwli]l 
ub}uwfi]lqw-uwpbuwm}ll.J.wl.J.wli :t>wltmtmhml! lTnuqtlwJ]l UJ.bmwqwli hwuw
iuwpwu}l wuUJ.lipwlimmpwli, npmhrt L. UJ.W2tDUJ.Wfiht t pblJ.liwbmwl.J.wfi wmb
fiwiunumpJntfil!: 

1967-1972pp. wz:tuwmbt t lTnul.J.tlwJ]l UJ.bmwlJ.wfi hwuwiuwpwlimu: 
1972-1975p.p. qblJ.wtlwpbt t q_u hw2tlDIJ.wlJ.wfi 1.J.bfitnpnli]11!fiqhwfimp 1.J.wnw
L[wpuwfi pwct]lfil!: 1975-l 984p.p. qwuwqwfil}bt t bJ1L.wfi]1 chuJ.ntlMwltwfi mfimb
umpJwfi }lfium}lmntmntu, ]luq 1984 Ptiwl.J.wCi]lg' bpL.wfi]l UJ.btnwl.J.wfi hwU:wtuw
pwfi}l mfimbuwqjlUllltp Jwfi :t>wltmttnbmntu: 

1979-1989J)p.hWUWUll:iqUWfi qwpqnq bJtbt t ~U~ UJ.btDUJ.tWfi}l tqnfim.ip-
1.{Wjp L. WMJntfiwpbpntpJwfi UfLWCiwtlnpuwfi qp.mwhbmwqnmwqwfi }lfium}lmm
mp hwmn14 hbmwqnmntufibp}l pwctfi]l wziuwmwfipCibp]l qp.mwqwfi qbqwtlwpl!: 

1990-1995pp. hrtht t ~~ q_1u UJ.Wtnqwliwtlnp' mfimbuntpJwfi qwpqwg
uwCi bfipwhwfi&Ciwctwqn@ fiw:tuwqwh: 

q.]lmwqwfi hbmwppppntpJmfifibp]l ninpmfi bfi qnpmttJpfibp]l hbmwqn
mmufi m qwnwtJ.wpntuf!, uwlJ.pnmfimbuwqpmntpJntlil!: ~hrt}lfiwl.J. t wtJ.btp pwfi 
70 qputW\J.Wfi bpWUJ.Wpwqm.u(ibp]l I.,. 5 UbfiwqpntpJntCifibpp, WJI} pqntU pnthbp}l 
ntuwliDIJ.fibp}l hwuwp ublt qwuwqpp}l L hpl.J.m mumufiwl.J.wfi 6bnfiwp4lt: 

1998 ptJ.wqwfipg «q_npbwpwpfibp}l L. qjlmfiwl.J.wCifibp]l u]lmpJmfi» ni 
qwnwtlwpwqwfi qwquwl.J.bputntPJWCi qbl.J.wt{wpfi t: 

++ 

unpwm U. Pb~fiwgwmwfi' mfimbuwqjlmmpJwfi pbl.J.Ciwbm, qngbfim: 
Ut{wpmbt t bpL.wfip 111tmw1.J.wfi hwuwtuwpwfip ubfuwCi]11.J.wuwpbuwmp1.J.w-
4wCi :tiwltnttUJbtn{!, bpL.wfi]l UJ.Dt}lUlbfufipltwqwfi ]lfiutnpUlntUlp WUUfPpWUUlm
pwfi: fcrblJuwmnwl.J.wfi wmbfiwfunumpJntfi{! UJ.W2lllUJ.wfiht t t;pL.wfip dDIJ.n
tlm:1qwl[wfi mfimbumpJwfi pfiumpmmmmu: 

Uz}uwmht t 1.J.wnwtlwpuw(i hwuwqwpqbpp qpmwhbmwqnmwqwCi 1w
pnpwmnppwJmu ( 1964-l 966p.p.), ttbl.J.mpnuttuwfipl.J.wJ]l hwuwu]lmpbfiwqwfi 
qptnwhbmwqnmwqwfi ]lfiumpmmmmu ( 1966-l 968p.p.): 1968-pg wzfuwmmu t 
~wJwumwfi]l UJ.bmwqwfi 6wpmwpwqpmwqwfi hwU:wtuwpwCimu: 

q_pmwqwfi hbmwqnuuupJntfifihpp n1npmfibpfi bCi mumbumpJwfi tlhp1m
mttpJwfi uwpbuwm]11.J.w1.J.wG hqwfiwl.J.Gbp[! L mlimhuwiwipwqwfi qwlifuw
mbuuwfi unqhtCihpf!: ~hrlltliwl.J. t 33 qpmwl.J.wG wztuwmmpJmfifibp]l L 5 mumu
Owubpnqwqwfi 6bnuwp1.J.libpp: 

1998 ptJ.wl.J.wfipg «q_npbwpwpCibpfl L qpmliwqwfifihp}l upmpJmli» 112 
l[wnwtJ.wpwqwli 1.J.wquwqbpUjntpJwli L4Wmwufuwfiwmm pw11mmqwp(i t: 
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*** 
IuwfiblJ y_. ..2bruig1wli' mb]:uliplJ.wlJ.wli qpumtpJmfifibpp pblJ.fiwc}m, qngbfim: 

q.t;pwqwlignt}}JWtip wl[wpmbt t bpL.wfip 14nttimb)ufiplJ.wlJ.wli pfiutnpumtmp 
nwajmlthlJ.mpnfiplJ.wJp :t,wlJ.mtmbm]!, bqbt t lhfipliJwfi pnzwljwnm: Unl[npht t 
lipL.p UjbmwlJ.wfi hwuwtuwpwfip ub)uwfiplJ.wuw}}buww.)1.lJ.wlJ.wfi :t,wlJ.mttnb
tnmti' UjwmwhwlJ.wfi qnpb]!li}}wglibp L. l.fl16wljwqpmpJntfi uwufiwq)lmwg
uwup: Ut{wpmht t lipL.)1 tqnttimt]:uliplJ.wlJ.wfi pfiumpmnttn)l wuUj}1.pwfitnm
pwfi, nptnbq L. Ujwzmtqwfibt t pblJ.liwbmwlJ.wfi wmhfiw]unumpJntfi]!: 

1979-1990})}). wz)uwtnht t up zwpp q)lmwhhtnwqnmwljwfi )lfiumpmntm
fibpnui, ljwqtiwljbptqbt u qbljwt{wpbt t q]lmwhbmwqntnwqwfi twpnpwmn
ppwfibp: '1-wuwl[wfiilht t t;puwfip L. li]lup tqnt]lmb)ufi]lljwljwfi ]lfium]lmmm
fibpmu, li)1u)1 Ujbtnwljwli hwuwtuwpwfimu: 

q.pmwqwfi hbtnwqntnntpJmfifibp]l ntnpmfi bfi qnpbntJpfibp]l hbmwqnm
uwfi, pwJlll hwuwljwpqbp]l Wll}btwi.J.npuwfi u otqmpuwguwfi bqwfiwlJ.lihp]!: 
~brt]lfiwlJ. t I 00-}lg wl[bJ)l qpmwqwfi wz]uwmmpJDtfifibp]l u 6 ubfiwqpnt})JDlfifihp]l: 

1998-]lg hwuwljwpq~wJ)lfi L. tnbqblJ.wml[wljwfi hwtiwlJ.wpqbp]l hwJlJ.w
qwfi wungpwgpwJp tpn)ufiw]uwqwhfi t, «SbqblJ.wtnt{wqwfi mbJufintnq]lwfibp 
L. ljwnwt{wpn1u» u}1.2wqqwJ]lfi wuuwqp]l qtJ:uwl[np J:utipwq]lp]!: 

**** 
swlithut 8. swltnmwli' :I,pqplJ.w-uwpbuwm]llJ.wlJ.wfi q]lmntpJntfifibpp 

pbqfiwc}m, J}Ilgbfim: Uni.J.npbt t t;pL.wfi]l tqbmwqwfi hwuwtuwpwfip uwpb
uwm]lljwJ]l !l,wlJ.nttmbmmu, wl[wpmbt t lfnulJ.i.J.wJ]l UjbmwlJ.wli hwuwtuwpwfi]l 
hwzi.J.nqwlJ.wli uwpbuwm]llJ.wJ]l L. ljppbnfibmplJ.wJ)l :t,wltmtmhmp wuUj}1.pwfi
mntpwfi, npmbq u Ujwzmtqwfibt t pblJ.fiwc)mwlJ.wli wtnbfiw)ununtpJntfi]!: 

1978 ptJ.wlJ.wfi]lg wz)uwtnntti t t;puwfip UjbtnwlJ.wfi hwuwtuwpwfi]l pfi
:i,opuwm]llJ.wJ]l L. ljppwnwqwfi uwpbuwm]lqwJ]l !l,wltntttnhmmu, bqbt t uw
pbuwm]llJ.wlJ.wfi ljppbnfibmpqwJ}J. wup)lnfi]l l[wpp~: q.]1mw4wfi hhtnwqn
UllltpJmfilibpp ntnpmfibpfi bfi q]lu4Pbm uwpbuwmpll.wli, qpw:i,litpp mbunt
PJntfi]!: ~bq]lliw4 t 20-pg wi.J.btP q]lmwll.wfi wz]uwmntpJntlilibpp L. 4 mumu
fiwubpnqwll.wfi obnfiwpqfibp]l: 

1995 pi.J.wll.wfipg ~wJwumwfip 611.wp]ltfihp]l u)lntpJwfi wliqwu t: 
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~bn(iwplJ.nuI zwpwqpqwo fiJnt}}J! J!UphpgDJUlfi owfinpwgfimu t cJmim.{Pilw-
1.J.wU mfimhumpJWfi unwfiwqnpuwa, 1.J.wnwtl_wpuwfi L. l{hPLDLOillJ}JWU fufiajlp
fihpmu qnpbntJpfihpp hhmwqnmuwfi ctwuwliwl.J.wl.J.}l.g uwpbuwm]tl.J.wl.J.wfi 
brJ.wfiwlJ.fihppfi: [c)-h hbrJ.}lfiwlJ.fihp]tfi }tUwwfinq t hw2I111tlht hwuUht WJI} fitqw
mwlJ.pfi, PI111lintu hfip J!Uphpgnajl qwm]tU: 

Q.npbntJpfihp]t hhmwqmnmu wnwpl.J.wfi, npJ! hwJmfi}t t fiwL. nptqhu 1.J.w
nwqwpuwa q}nnmpJmfi wfil{wfimum.f, uhpUlllphli wnfi~t[mu t hwuwl.J.wpqlw
Jpfi q}lmmpJwU, mfimhuwq}lmntf}JWfi, tl}lnwl.J.wqpmpJwU L. I.J.}l.pwnwl.J.wfi uw
phuwm]tl.J.wJ}t hhm: Q.npbntJpfihp]t hhmwqnmuwfi qwpqwgnuifi wfiu]12wl.J.w
UnphU 1.J.wtqqwo t LWJli )tuwumnl[ 1.J.wquwl.J.hptqlwl.J.wfi fuUajlpUhpmu ]1.Umm
pg}twfi q}lmwl.J.wUnphU h]tufiwt{npt{wb W111lJmfiwt[hm npnzmuUhp]t 1.J.wJwg
uwup 1}lnfuwp]11ihtm hhm: 

Q.npbntJpfihpp hhmwqnmn1u11 qnpbfiwl.J.wfimu I.J.ppwnhtpu wlihpwdhzm t 
npnzht hhmwqnmt[mi. fufiqp}l fitqwmwl.J.11, fil.J.wpwqphL WJlJ!UmpwUpwJltli 1m
on1ufihp(!, uwhuwfiht l{hp2ltfifihp]1u W111lJmfiwl{hmmpJmfi1.1, 1.J.wnmgh1 fuGflPp 
uwphuwui]tl.J.wl.J.wfi unqhlJ!, gmJg mwi qpw hwuwpdhp LlifihlJ! mumuUwupp-
1.{IlIJ. ul.J.qpfiwl.J.wfi }ufiqpltU L [!UqmUl{wo fitqwmwl.J.p hwuw6wJfi qmfiht 1wl{w
qn1JU 1monulf!: 

Oqmwqnpot[mi. uwphuwmltl.J.wl.Jwli hf\wUwl.J.Uhpf! pwquwqwU hU. fihpw
nmu hfi uwphuwmltlJ.wJlt hwpmum q}lfiwfing{l,, hltup hfi hwfiajluwfinuI 
mfimhumpJwfi mwpphp 011wl.Jfihpnul qnpOilf\ hwuwqwqhp}l 1.Jwquwqhpll!
uwfi L 1.Jwnwqwpuwfi fufiq}lpfihp}l 1mouwfi hwuwp L [!fiqqpl.J.mu hCi' 

l. lJwphuwm]tlJwlJwfi bpwqpntU(!, npmhq tftCimpmu hfi hwuwl.J.wpq}l 
LWt[wqntJfi qnpontfihntpJntfi(! zwm 1pmpn}uwl.J.wfifihplt hwpwphpw4wfi ll!WPQ 
1.Jwll!hp}l wnl.J.wJmpJwUp: 

2. {wl{wfiwqwfiwJltfi qnpb{lfif}wgfihp[!, npnfip fil.J.wpwqpn1u b(i hwuw-
1.J.wpqlt qwpqwgmu[! dwuwfiwlJ]t uh2 L npnCig t{wpp(! pfimf}wqpl{mu lll!WJ
uwfiwt{npt[wb/ t ll!Wmwhwl.Jwfi twhpnl[: 

3. luwrJhplt mhuntf}Jntfi[!, np(! fiqwpwqpnuI L hhmwqnmn11I t zml.J.wJlt 
uwufiwl.J.pgfihplt 4wu 1.J.wquwl.J.hplllltlfihplt uJi2L 11w2Jifip 1.J.wquhtm L 11.J.wu/ 
upgwl.J.gh1m unqbtfibp: 

4. "ltwCiwt{npuwfi m qwnwqwpuwli unqhtfihpp 011 WUPDJ'\9 pfimwfi!1p, 
npnfip tWJfi ltppwnmpJmfi bfi qmbJ wpmwqpmpJwli L ulllwuwpl.J.uwfi mwr1-
php n1npmfibpn11I: 

f:!w1.Jw1wt1P1twmp hwuwiuwpwliw4wfi bpwqJip11 ll!WJ1mfiw4mu t qnp
bntJpfihp]t hbmwqnmuwfi uwphuwmpl.J.wl.Jwfi h11wfiwl.J.lihpp hl!mLJWl t.111.J.111 
DlJ'\flDlJ}Jillfifibp(f 

• lJwpbuwm}tl.J.wlJwli opwqimur otqmpuwguwfi uwpbuwm!11.Jwl.J.wli h!1w-
fiwl.J.fihp[)., npnup mqqqwl> h(i wpmwJ]pntf}Jwfi wprumliw4hm 1.J.wquwl.J.bptq-
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uwliI!, mChnhuwlJ.wli hwuwlJ.wpqhp]:i h]:iuliwlJ.wli plimpwqphp)l hw24wplJ.uwG1f 
obnlihphgmpJwli L. lJwnwqwpuwli Cit.qwmwlJ.Cihpnq: 

• lfwmp)lgwJ]:ili fuWIJ.hp, hpp 2mlJ.wJ]l. uwuliwlJ.pglibp]! qmliqmu hli 
]lpwp CilJ.wmuwup fu)lum CihphwlJ.' hwlJ.wuwpm tl)16wlJ.mu: 

lfwqpumpnulibp)lli wnw2wplJ.tlllll bpwqpp]! ]!liqqplJmu t qnp0mJplihp)1 
hhmwqmnuwli uwpbuwmplJ.wlJ.wli 1:iJtwliwlJ.Cibp)l hhmL.Jwtpwd}lfilibp]!' 

• 'l.,wfuwqObp}l, wpmwqpwlJ.wli L. ut.qwuwplJ.uwli hwuwlJ.wpqbp]l, obn-
CiwplJ.mpJwli t.qw2wplihp)1 unwliwqnpuwfi m IJ.wnwqwpuwli linqbtlibp]!, 
npnfip tWJfi lJ.ppwnmpJmCi bli qmbt qnpOwpwp w2fuwphmu. 

• ~wqwliwlJ.wliwJ]lfi qnpO'(!Cipwglibp]!, npnlig qwpp]! plimpwqpqmu t 
tqwmwhwlJ.wli b)Pbpnq, npn2mulibp)1 IJ.wJwgmli'(! n}lulJ.p tqWJUwlilibpn1u, 
blJ.wununnq uwr11J.mi.Jwli qnpO'(!Cipwglibp]!, hbppbp)l mbumpJntlil!, liuwfiwlJ.
uwfi 1:iJtwliwlJ.fibp]!. 

• luwqbp)l mbumpJwli WJfi pwd}lfifibp]!, npml:iJt 2ml.J.wJ}1 uwufiwlJ.pg-
fibpli mfibfi pwliwlJ.gbtm L. qw2}1fip umbqobtm )1pw4mfip: 

UJq hwpghp]:ifi b(i fitl]lp4wo «SCimbuntpJWfi 4bptntQ01J)JWCi uwpbuwm)1-
4w1J.wfi bqwliwlJ.Cibp» qwuwqppp]l I uwul!, np'(! hpwmwpwlJ.llbt t 1997p, L. 
untJCi II uwu]!: bpb wnw2]1Ci uwul! Ciwfuwmbuqwo t pwlJ.wtwtlJlbp)l hwuwp, 
wt.qw bplJ.pnpq uwul! h]:iuliwlJ.wfimu fiwfuwmbuqwO t uwqpumpwmmpwJmli 
L. wutq]lpwlimmpwJmli unqnpnqlibp]:i hwuwp: 

~bnliwplJ.p hbm u]lwdwuwliwlJ. hpwmwpwlJ.tJ.nuI t Ill uwul!' «q.npon1Jp
Cibp]1 hbmwqnmntlil! mlimbumpJwfi 1J.wnw4wpuwli fuliq)lplibpn1u» fufiqpw
qppp]!, npmbq hwt)_wp4wo bli «SOmbuntpJwfi tJ.bptmontpJwfi uwpbuwm}llJ.w
ltwli bqwliwlJ.Obp» :qwuwqpp)l I L. II uwubpmu 2wpwqpt{wo mbuwlJ.wO liJm
llP Jmpwguwaa m IJ.:J:ipwnuwlil! 4bpwpbJ.1Wl fu(iq)1plibp L. l[wp<tmpJmfilihp: 

~~ pwpopwqntJli muntuliwlJ.wO hwumwmmpJmliCibp]l muwfimtfihp]! 
wnw2]10 wliqwu hli liwJpbfi}l tbq4ntJ. Owfinpwliwtm qnpontJplibp]l hhmw
qnmuwli dwuwliwlJ.wlJ.pg uwpbuwm)lqwqwli bqwliwqlibp]lli: 

CCinphwlJ.WtntJ)Jntli bu hWJUllintu Uubp]ll[wJ}l U}l.wgJWL bwhwliqlibp}l u}l-
2wqqw1]10 qwpqwguwli qnpowltwtmpJwli (USAID) rn{pwu)lw h)luliwqpwu}lfi 
~}lfiwliuwljwli w2wljgmp1wli hwuwp, obnliwplJ.p qpwfunulibp' unm~bunplibp 
'l.,npwJp bfiqppwpJwli]lfi, .lonpqnu bw11w21w0]10, Uwpq}lu UwpquJwfi]lli, 
:qngblim U}l.hpqwm ~wpmpJm0Jwfi}10 obnfiwplJ}l 2whwqpq}lp L. oqmwlJ.wp 
plifiwplJ.mulibp]l hwuwp: 

Ub(ip hbnm bfip WJfi UUlppg, pb WJU obnfiwplj]! Obpo t pbpntpJntli(ibp)lg, 
mum]l zlinphwlJ.wtmpJwup qliqmliblip obnfiwplJ.p twtlwguwlil! hbmwun1m 
wubli u}l wnw2wplJ.mpJmfi: 
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VIll. OPUQ.PbPfi "lllfuUl.J.ClPfi~lT b'-l 
lJ:Ufi.U'-lUPfi~lT 

trnunp 

U}JwJD tf]11/lnpp/llJ tiwup gnljg 10,/ft, 

{lljwgwuubp[! pDIJUb[nt/, np IJDI/} 

llpwug tf]1pngnt/ mun,tiuwuftpbp, 

liJ-bUJblD D/ JPftt/ Dl wtipDIJPDlpJwtip: 
Q.pltqnp l,wpliljwgti 
lfwutJwfi llllJ!lipqmpJwfi, P.wfi U,'l-, 

b. 1979: 

5pwqpp{! w2J:uwmw!ip!ibp)1 hwuwjuupmpJmli t, npnCip qwmwpt[mu bCi 
npn2wltlt mpwuwpwliwqw!i qwpqwt[npntpJwlip. wzfuwmwfipfibp]1 11]1 uwu]1 
qwmwpuw!i hwuwp 111.wpmwqfip t, np wqwpuil[wo tltfib!i mp]12 wzJ:uw
mw!ip!ibp: U2J:uwuiw!ipfibp]1 qwuiwpn1ulihpl! pfinpn24mu bfi dwuw!iwljp Li 
nbuntpuCibp)l ow}uubpn4: "lwhw!i2t[mu t opwqp]1 qwuiwpn1lil! 111.1wfiw4npt1 
wJCiuitu, np 0111.m]1.1iwg4bfi 01.Ufuubp{!: 

U]llitlt opwqpbp)l 111.1wfiwqnpuw(i m qwnwqwptiwfi bqwfiwq!ibp)l 
uuibqontUI! gwfigbp]l oq!impJwtip Ill ubowowl[w1 opwqpbp[! 111.1wliw4opn1ti 
l)1Ci mwppbp bqw!iwqlibpnl}: ctwuw!iwqwlt]lg opwqpbpfl pw)U)wliwl.I! 111.w
hw!i2bg u2wqh1 wl}hl1l WJUlJmCiwqbui bqwCiwqlibp: 

Bwlig]l u)12ngnq 111.1wuw4npuwli m qwnwl}wpuwli qwpqwguwCi h)1up 
hw!iqfiuwgwfi opwqpbpfl qwnmgl}wopwJpfi lt opwgmgwJ'1Ci 111.1wCiwt{npuwu, 
)lli!UJ.bu fiwlt 0111.bpwmlltl qwnwl}wpliw(i bpqm hqwliwqlibp, npnlip hwuwpJw 
ufl_wdwuwfiwq uuihqoqbgflli UlTl,-mu 1956-58 p.p. li hWJUllip b(i np111.hu Iutfi
Ul)ll{wltwli Dlf[nt hqwliwq (CPM - Critical Path Method) li opwqpbpp qwpqwg
uw(i lt l}bpwliwJtiwli hqwliwlt (PERT - Project (Program) Evaluation and Re
view Tecnique): llilw2p!i bqwliwltl! tizwlttlht t zftliwpwpntpJwli opwqpbpp 
hwuwp «E. I. Du Pont de Memours & Company» [!liqbpntpJwli qnqli!ig li hbuiw
qwJmti qwpqwgt{b1 Maucly Associates nfiltbpntJ>Jwfi wzJ:uwuiwuplibpn1u, bplt
Pillllll!. «ct>n1wppu» hpp)mlihpntl qpli4wo umqw!iw4hpp uuibqmiwli qpuiwhb
mwqmnwqwli lt tlmP-(\wnwqwli wzJ:uwmwliplibpp 111.1wfiw4npuwfi opwqpp hw
uwp Ulfl,-p nwquwonl}w1'1li mctbpp liwJ:uwpwpntpJwfi L4wuil[bpp }un[lh[lll
qwuit[wqwfi I!liltbpntJ>JWli qnquflg: ~buiwqwJmti WJU bqwliwqCibp[! wlitfunp
t{bg)l(i lt umwgwG opwqphpp Llltwfiwl[npn1u li qwnwt{wpn,u wli4wlimti[!: 

Bwligfl up2ngnl[ opwqpbpp 111.1wuw4npn1u(i m qwnwl[wpntli[! ubo hwuw
qwpqbpti qwnw4wpuwfi dwuwliwqwl{pg mbuntpJwfi pwdpCifibppg tibqli t, 
DLUI.Jl)l Ulfl, ll!htnwqw(i tiwput1fi(ibp(i nfiltbpntpJmCilibppg pfiqm(imti bCi upwJCi 
wJ!iUJ.}lup wnw2wp1J.libp, npnfip 111.wpn1Ciwqmu hfi liwu WJU bqwfiwl{p 4.11w 



hptilii.J.wb" liwfuwqb"uwli gwlig: 
C5pwqpbp)1 gwlig)l u}:t2ngni.J. unwliwi.J.npnuifi m qwnwl[wpntti{! pwqqw

gwb" bli hptiliwqwlimu bpbn lpllLU19' qwnmgi.J.wb"nwJpli uuwliwi.J.npntti, opw
gmgwJpli unwliwi.J.npmu h ol.ljhpwmpi.J. qwnwi.J.wpn1u: 

C>pwqpbp]! liqwpwqpl[mu bli gwligbpni.J., npnligmu hwfiqn1Jgfihp]1 nw
fiwqfibpJ! qwfui.J.wb" bli b"pwqpntti hIJ.wb" w2fuwmwlinlihpp nwliwlt)lg: Cum 
hwliqntJglibp]l nwliwqlibpp' b"pwqpbpJ! qwuwqwpqi.J.mti bli hbmhJWL ouni.J.. 

w) hwuwpi.J.mu bli tpnpp, bpb hwliqn1Jgfibp]1 nwliwlm w qbpwqwfigmu 
1000-)lg; 

p) hwuwpi.J.mti bli u)l.2}1.li, bph hwliqntJgfihp}l nwfiwlJ.1! 1000-p.g u}l.621.t 
10000 t; 

q) hwuwpi.J.mti t uhb", hpb hwliqntJgfibp]l nwliwltl! qbpwqwfigmu t 
10000-}lg: 

1. t>pwqptpp fitpqwJwgmli{! gwfigbpp 1Ip2ngml 

q.npb"liwqwfimti b"pwq}lpJ! lilJ.wpwqpl[mu t wzluwmwfiplihpni.J., WJI} 
w2fuwmwfinlibp]! plimpwqpnq pi.J.wJl•li mtl.Jwtfihpni.J. u qwmwpuwfi hhppw
qwfimpJwtip: "ltwliwl[nptiwli tinqbtmu Ujbtnp t qwnmgi.J.]1 gwlig'[!, np)l bw
uwp wlihpw<th2m t uifimu lihr1lJ.wJwgliht i.J.hp2w4np pwliwqmpJwlip w2fuw
mwfinlihp)l gmgwltl!, wubli u)l w2fuwmwlip]l hwuwp li2t1ni.J.' 

w) wJli wzluwmwliplihpJ!, npnlin Ujhtnn t wi.J.wpmqwct lltfibli mtl.Jwi 
w2fuwmwfin}11twmwpn.1ufi uqui.J.b1mg wfiu}12w1.1jbu wnw2; 

p) wJfi w2}uwmwfiplibp{!, npnfig qwmwpntufi uqull_htnt9 wliu)12w1.1jbu 
wnw2 l.ljUUlJ;! t wl[wpmi.J.wct lltfi}l mtl.Jwt w2fuwmwfip]!: 

U2}uwmwfinfibp)1 gmgwlt)l u 1Iwmwpuwfi hw2nllllw1IwlintpJwfi npn2m
UJ! pwi.J.wqwfi]lfi ctwll_wtmfi qnpb" t, u wlihpwut2m t, np qp.wfi uwuliwqgbli 
uwuliwqhmlihp: Uzluwmwfinfibp}l {!fitnpntpJwfi L. qp.wlig qwmwpuwli uwuw
fiwlt)l m l.ljwhwfi21lllIJ. nbumpulibp}l hwtiwp wfihpwub2m t, np filiwpwqpllIJ. 
pi.J.wJ]lfi mtl.Jw1fibp}1 hwuwtumtip]! npn.2wlt)1 puwumni.J. uifi}l hwuwuhn: 

UqfihwJm t, np JntpwJ;!wfi1.1mp w2}uwmwfin}1 qwmwpnttili mfi}l ult)lqp L. 
wqwpm: 

UJfi w2}uwmwliJ;!lihp{!, npnfig mpj12fihp]! thfi fiwfunllllmti 1Inti.J.mti bfi 
u1Iqpliwqwli, }luq wJfi wzluwmwfinfibpJ!, npnfig mp}12lihp]! tbfi hw2nllllmli, 
ltntll_mu bfi 1{bp2liwqwfi: 

Uzluwmwlinlitpp qwpqwi.J.npi.J.wctmpJntlil! gwfigmu fiqwpwqpi.J.mu t 
l.ljWlllWhntJpfihp}l oqfintJ}JWUp: "l.wmwhnLJJ}fihp]! WJfi l.ljWhhr1li bfi, np u}lu.p
wfigpg pwuwfimu bfi wfiu}12wll:lbu }lpwp hw2nPJPlll. wzluwmwfiJ;!libp}l 1Iw
mwpntd1!' w2}uwmwlinfibpp up uwu}l wi.J.wpmJ! L. tiJmu uwu}l ult)lqp]!: "l.w
mwhntJpfibppg uhq]! uqqpliwliwli t: 'l-w wJfi l.ljWhfi t, bpp nt tip w2fuwmwfip 
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qbn w uqut[h1, puq UJmutf "t[hp2Uwqwfi, hpp pn1np wzJuwuiw(ipfihpU wt[wpm
t[wo hU: UJuuJlluntl, wuhU up wzJuwuiwfip qw{lllil bfip pfimpwqph1 hpqm 
UJWuiwhntJplibpnt[' WJil wzJuwuiwfipp uqqpfiwqwfi UJWuiwhntJpnt[ (hpp 
wt[wpmt[wo bfi WJil wzJuwmwuppU Uw]unP1}11Il pn1np wzJuwuiwUpUbpl!) L 
WJI} wzJuwuiwfip]l t[bp2Uwqwfi UJWmwhrnwntl (hpp wt[wpmt[wo b(i WJfi 
pn1np wzJuwmwfipfibpl!, npnUp Uw}unpqntti bfi WJI} wzJuwuiwUppU hw2np
lJIII1 wzJuwmwfippU): 4wubUp, np UJWUlwhntJpU ppwqwUwgt{wo t, bph 
wt[wpmt{wo bfi pn1np wzJuwmwUpUbpl!, npnfig t[hp2fiwqwfi UJWmwhntJPl! 
WJI} UjWUlWhntJp(i t: 4wuhfip, np ti]l UjWUlWhntJp liw}unpqntti t UJntUpfi, hph 
fiw wt[htlt zmm Ujhmp t qwmwpl{}l, pwli UJntU}!: 

'l-pgmp' mfibfip apwqpp wzJuwmwfipfihr1p E gmgwql!' 
E = { e1,e2, ... ,em} 

L' wubfi up ei, j=l,2, ... ,m, wzJuwmwUpp hwuwp mfihfip A(ej) L B(eJ) 
gmgwqfihpJ:!, npmbri B(ej)-U wJfi wz}uwmwfipUhpU tfi, npnup wuup2wUJhu 
fiw]unpqnui bU ei wzJuwuiwuppfi, puq A(ei)-u wJfi wzJuwmwfipfihpfi hfi, 
npnfip wutip2wUJhu hw2npqntu hfi err.Ii: upb B(ei)=0, WUJW erU uqqp
Uwqwfi wzJuwmwfip t, hph A(ei)=0, WUJW ei-fi t[hp2fiwljw(i wzJuwmwfip t: 
UJu u11.lJw1fihpJ:! pwlfwpwp hfi opwq]lp}! fiqwpw(UU1Il gwfig qwnmghLm 
hwuwp: 

5WUQJ:! qowqpnpb(i UjWUlqhp'lfntti t hwuqmJgfibpp L WJJ\ hwuqntjglibp]! 
upwgUllIJ. u1wpUbp]1 up2ngnt[: ~wfiqnlJgUbpI! opwqpfl UJWmwhn1n1fihpfi hfi, 
npn(ip qhwtiwpwqw1bUp ni pwgwuwqwli wUpllIJ.2 pt[bpnt[' 

V={0,1,2, ... ,n}, 
J:!fiq npntti UJWmwhntJpUbpp hwuwpwqw1mO:J:! qqwmwpbfip WJfitqhu, np hph 
0:)1 UJWmwhntJPI! uw]unpqn.111 t UJntupli, wtqw liw ljmlihfiw wt[hLJ1 qmpp hw-
0:wp: UJl}UJPUP hwtiwpwltWLntUJ:! p(iwqwfi llLntl qwpqwlfnpntU t UjWt.nw
hntJplibpl! L hhzmwgfimu hht.nwqw hwzt[wpqUhpJ!: UqlihwJtn t, np wJu 
hwuwpwqw1uwfi qhUJPmu uqqpfiwqwli IJ.lWmwhntJPP ltmlibliw O hwuwp[!, 
puq t[bp2fiwqwfi1!' wuhfiwuho n hwuwpl!: 

5wligp ub2 u1wp(ibpnt[ (writqubpnt[) lfUhpltwJwgfibup wztuwt.nwUp
fibpl!: upb e wztuwmwfipp hwuwp uqqpfiwqwu tqwmwhn1JPI! i 1-u t, flu4 
t[bp2liwqwul! irl! (i,< i2), wtqw e wztuwmwlipp ltCihplJwJwgCihup c=(i 1,i2) 
mhupnt[ L qowqpn1u i1 hwfiqn1Jgpg r1hUJP i2 hwfiqntJ9 qmwfibfip e ULWPP 
(qa. l.l ): 

(;)1~~~~c~~~•~~ 

q.o. I. I 

q.npb'liwqwlimu wnw2wfimu hfi WJUtqbu Itnit[wo pwqwqplfwi> w7tuw
mwfipfitp· qwqut[wb' mwppwqwli uwubppg, npnOg 1twmwpuwfi11 hw9n1ulmu 
hfi mp]lz qnpbllIJ.mpJmufihp: Oppuwlf c w1Juwmwfipl! lJwqut[wi> t c1, c2, c1 
qnpbllIJ.mpJmfifihr1pg JmlJ e', c", e"' qnpbllIJ.mpJmfifihpp hw9npqn1u bO hwuw-



4 Vlll lJpwqpbpft 11/[Wliwtfnpnuf l, 1Jwnwt[wpn11f ~~~~~~~--=--=--=-=--=~--=--=---~-=----':........:...~~~~~~ 
lllWmwutuwfiwpwp e1, e2, e3 qnpOIIIJ.ntpJntfifibppCi (qb. 1.2): 

Q.b. 1.2 
liJu e, e', e", e"' wztuwmwfipCibp.J! npnz qbuwhpnuI wi.J.bIP lilllwmw-

1.J.whwpuwp t 1Plin11I gwfigmu fibp1.J.wJwgCibt bpbp wztuwmwCip}l up2ngni.J. 
(qo. 1.3)' ub1.J.I! ei, e' qnpOTIIJ.ntpJntfifibppg 1.J.wqui.J.wb wztuwmwfipfi t, (CizwCiw-
1.J.bCip e1 -ntl), OJDtuI!' e1, ei, e'-]lg (fizwCiw1.J.bfip ei -ntl), }lult bppnpryf e1, ei, e3, e·-pg 

(fi2wfiwqbfip e3 -ml): "l,np wztuwmwCipCibp}l 1.J.wmwpuwfi dwuurCiw1.J.fibpf! L. 

nbumpufibp(! hwtlwuwp lt1Pfibfi bwuwlllwmwutuwfi Pwrt1.J.wgmg}lt qnpOIIIJ.m
pJntfifibp}l chuuwCiw1.J.fibp}l L. ntumpufibp)l qmuwp]lfi: 

-

~~ l' b e-

Q.b. 1.3 Q.b. 1.4 
lJ.wnmgi.J.nri. gwCigl! hbmwqw hw2tlwp1.J.CibpJ! lllWpqbgfibtm L. hbzmwg

fihtm hwuwp lllhmp t pwtlwpwp]l hbmL.Jwt lllWJliw(ifibp)lCi. 
w) 1.J.wuwJw1.J.wfi w2tuwmwCipJ! gwfigmu fibp1.J.wJwgtlmu t ub1.J. u1wpml, 
p) bp1.J.m mwppbp wzluwmwfipCibp tntfib(i u)lwdwuwCiwlt fintJfi uqI)J!fiw-

1.J.wCi L. i.J.bp2Ciw1.J.wfi UlWUlWhntJpCibpJ!: 
Unw2pfi lllWJliwfi}lfi pwi.J.wpwpbtm hwuwp 1.J.bfipwqphlip, np wzluw

mwfipfihpf! qmJq wn qmJq )lpwp)lg mwpphp bfi, L. apwqpnuI wutli u]l 
wztuwmwfip ljwmwptlnuI t lI]1wJfi ub1.J. wfiqwu: opt apwq]1pfi wJlilllPu)lfi t, 
np wCihpwdbzm t 1Pfintu u]lL.Ci.ntJCi wztuwmwfip]l 1.J.p1.J.fimpJmfi, WlllW WJIJ 
1.J.p1.J.fimpJmCilibpl! 1.J.bwuwpbCip finp wztuwmwCipfibp: 

OpUjbuqp 1.J.wPnrtwCiwCip 1.J.wnmgbt wJCilllPUP gwfig, DPI! pwl{wpwp]l 
fituL. hp1.J.pnpq UjWJUWfipfi, fibpUDLOillll bCip WJUUjhU 1.J.ntl{WO ptlWQJWl wzluw
mwfipfibp, npnfig qwmwpuwfi chuuwfiw1.J.I! L. nhumpufibpJ! hwtlwuwp bfi 0-)1: 
Q.bwqpnpbfi pl{wgJWl wztuwmwfipfibpf! 1.J.fibp1.J.wJwgfibfip 1.J.bmwq]lb u1wp
fibpnl{: "l,wL. wCihpwdhzmmpJmfi t wnw2wfimu wl{b1wgfibtm finp UjWmw
hntJpfibp: bph e' L. e" wztuwmwliplibp]l bwuwp A(e) = A(e') L. B(e) = B(e'), 
WlllW WJIJ wztuwmwfinfitpfi muhfimu bCi u)lL.fintJCi u1.J.qpfiw1.J.wli i1 L. tlhp2-
liw1.J.wfi iz UjWU1wbn1JpfihpJ! (qb. 1.4): 

liJdu npUjbuqp gwfigl! pwl{wpwp)l p) UIWJUwfipCi, wCihpwdbzm t 
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IJ.wmwph1 hhmhJWl 2npu dhwtpnlumpJmfifihppg npht uhlJ.J!, wl{h1wgfih1ml i3 
finp U(wmwhntJPI! h uhlj_ pqwgJw1 w2tuwmwfip (qo. 1.5): 

7e 

, 
e 

3 

Ve 

/ 

3 

A e 

2 
e A ' 2 

e 

Cl-o. 1.s 
liJUU(pup dhwtpnluntpJmfi{! IJ.wfiqwliblip a dhwtpnluntf>Jntli: 
fch.l.wgJw1 w2tuwmwCipp lihpumbnttIJ! liwh wCihpwcth2m t gwfigmu w2-

tuwmwCipCihpp wliup.2wlJ.wCi hhppwqwlimpJwCi lJ.wU(hpJ! mpwuwpwCinphCi 
o}l2m wpmwhwJrnb1m hwuwp: Oppfiwlj_' 

w) hpb B(e)={e1,e2}, B(e')={e2,e3}, WU(W gwCignuI qw hCiwpwl{np t 4w-
10wph12.6-pll qowqpntU U(WtnlJ.bpl{WO h'lWUW\fntl; 

p) bph B(e)={e1,e2}, B(e')={e2}, WU(W gwfigmu qw hfiwpwl{np t qw-
10wpt1 l.7-flll qowqpmu U(Wtnqhptlwa t11wliwlfml: 

9 e' .. 
e2 o' --=-------. 
e1 J.. -u-

9 
I 
I 
I 
I 
I 
I 

e· .. 
e· e2 Q 

~~~----t• -~~~--

Cl-a. l.6 Cl-a. 1.1 
"lwpq t, op upuCintJCi apwqpp hwuwp qnJntf>Jntli mlihCi ptlwgJWI 

w2hwmwliplihpfi h U(Wtnwhn1Jplihpp pwliw4fihpnl{ 10wpphptln11 gwlighp, 
npnlip pwqwpwpnuI hfi h' w) l.t' p) U(WJUwlifitpJdi: 

~w2qwpqfibpp U(wpqmpJwli wnmuntl qhpwqwutLtt hfi wJli gwfighp[!, 
npnfigmu f>tlWQJWl w2tuw10wliplihpft pwliwqli w'-lhllt Pftl t: Bwlig[! qwpm1 
tli12 lfwnmghL oppfiwlJ., hbmuJWl w1qnpppup up~mgnl{: 

BwCigp lfwnmguwCi w1qnpppu 

Unw2ftli pwJL: U2tuwmwlipCihpp gmgwqpg [lfitnphfip h lizhCip u4qp
fiwlJ.wli w2tuwmwCi12CihpJ!: ltwnmghlip qbwU(wtn4hp, nprnt.11 0 hwCiqittJQP 
uqqpfiwqwli U(WtnwhntJpli t, Jtuq WJI} hwliqn1Jg)1g 1µnpu b4n11 u1wpfibpp 
uqqpliwlJ.wli w2tuw10wfi12fihpfi hCi (qb.l.8): 

bpltJlnPJl pwJi.;. U2tuwrnwliplibpp gmgwqpg [lfimpblip h lizhlip wnw2pfi 
2fi24wb e w2tuw10wlipf!, npfl hwuwp pn1np w2tuwmwfiplibpp B(e)-)1g lizl{wo 
hli: litlh1wglibfip linp l hwliqittJgJl, npft ub2 umlimu bli pn1np u1wpfibp11, 
npnfin hwtlwtqwmwutuwlimu bfi B(e)-Jt wztuwmwfipCibpftCi, h n11pg rµnpu t 



6 Vlll l5pwqplipft Uf/WUWt/npnuf I, fJwnwtfwpnuf 

qwum e-pfi hWUWUJ.WUlWU}uWfilll UtWJ2(! (qo. 1.9): 

~ " / ~.· 

Cl-0. 1.s q.o_ 1.9 
U1qnp}lpo}l (!fiqhwfimp 12w.1tJig wnw2 fiw}un{ll} pw.11tpmu qwnmgqwo 

gwligmu wz}uwmwfipfibp).1 u).1 uwuli mCi.).1 pb' uqqpliwqwfi L. pb' L[bp21iwqwli 
UJ.WU1Wh111Jplibp, UJillU UWU(!0 u).lwJfi uqqpliwqwli U(WUlWhntJ-pfibp: 

eliqhwfimp J2WJL: Uz}uwmwliplibp).1 gmgwq).lg (!fitnpbli12 L. lizbfip wnw-
2).lfi ~li2tJ.wo e wz}uwmwfip(!, np).1 hwowp pn1np w2}uwmwliplibp(! B(e)-}lg 
li2tJ.wo hli: bph wJqlllJ.iu}l w2}uwmwlip qnJmpJmli ~mli).1, WUJ.W qwliglihlip 
qtp2).lli pwJLJili: liJq e w2}uwmwli12p hwuwp B(e) gmgwtm mpnhhlip hh
mhJWl lj_bpll( (qo. 1.10) 

B(e) = CuD1u ... uDpuK1u ... uKq, 
npmbrf 

C-li WJli wz}uwmwliplihpli bli B(e)-).lg, npnlip mlihli uqqpliwqwli, pwJg 
~mlihli L[hp2liwqwli UJ.WmwhntJ-p; 
Di-Ii, i=l, ... ,p, wJli wz}uwmwliplibpli bfi B(e)-).lg, npnfip mlibli u).lL.lintJli 
~ qhp2liwqwli U(WUlWhntJfl!, np(! tJ.h2liwqwli ~t mpp.2 wz}uwmwliplihpp 
hwowp, pwg).1 Di·J.ili UJ.wmqwfilll wz}uwmwfipfibp).lg; 
Krli, j=l, ... ,q, wJli wz}uwmwlipfibpfi hli B(e}-pg, npnlip mubli op.L.limJli 
kj qhp2fiwqwli UJ.WUlWhntJfl!, np(! tlh2liwqwli t CiwL. DLPP.2 w2}uw
mwliplibpp hwowp, pwgp Kj-pli UJ.Wtnqwlilll w2}uwmwfiplihppg: 

q.o. 1.10 
w} bpb C=0, p=l, q=O, WUJ.W qqwnmgbup e u1wp(!, np(! qmpu t qwtJiu 

d1 hwfiqntJgpg (qo. 1.11): 

q.o, 1.11 
p) bph C=0, p=O, q=l, WUJ.W qwtJ.b1wgfihlip linp k; hwfiqntJg(!, K.-}lli 
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U}WmqwfiDIJ. pn1np u1w:pfibpJ! qmwfib!i:p qbUJ}l k; hw!iqntJ91!, qwtl_btwg!ibfi:p 

( k; ,k1) ptl_wgJWL wzJuwmwfi:pJ! L. k; hwfiqn1gpg qmpu qhwfib(ip e utWl!J! 

(qo. 1.12): 

q.0.1.12 
q) ~wqwnwq qbuwnur bpb C=0, p+q> I qwu C:;t0, wU}w ljqwmwpbfip 

hbmLJWU! (qo. 1.13): li:wtlh1wg!ibfi:p finp hwfiqntJgfibp' s,k'1, •.• ,k'q, C-Jt!i 
U}Wm\twfiilIJ. pn1np u1wpfihp[! qmwfib(ip qbUjJt s hwfiqntJ91!, Ki-Jtfi UjWU1-

4wfiI1IJ. pn1np u1wpfihp[! Jtmwfibfip qbUJ}l k~ hwfiqntJ91!, qwtl_btwg!ibfip (d;,s), 

i=l, ... ,p,( k~ ,s), j=l, ... ,q,( k~ ,kj), j=l, ... ,q, finp p+2q pl}wgJWL wzJuwmwfipfihp 

Lt ljl1wnmghfip e w2JuwmwfipJlfi hwuwlljwmwuJuwfiilIJ. u1wp, np[! qmpu t 
qwtJtu s hwfiqntJgf:lg: 

Q.i). 1.13 

~tp2Jtfi pwn: li:wtlh1wgfibfip finp' 4bps_>fiwJtwfi U}wtnwhntJp (hwfiqntJg), 
L WJfi pn1np w2Juwtnw!ipfihp[! (u1wpfibp[!), npnfip 4hp2fiwqwfi U}WtnwhntJp 
~m!ibfi lJmw!ibfip qbUjf:l wJq hw!iqn1rnt1: U1qnp}1put1 wtlwptnJlfi uJtLfimJfi 
uJtqpfiwljw!i l.t 4bp2uwqwfi U}WmwhntJpfibp!i m!ibgn11 pn1np w1tuwmwtip
!ibpf:l hwuwp ltltwmwpbfip a c.\Lwi.pnJumpJntfi{l: 

"l-dqwp lt fiqwmbt, np gwGgf:l Jtwnmguwfi wJu w1qnp'1pumu pwtfw
pwptfmu blip' wubfi uf:l e wzJuwmwfip(1 hwuwp mw1ntf WJI} wzJuwmwfip!1li 
upwJfi w6uJt2w11jbu fiwJunpqilIJ. wzJuwmwfipfibpJt B(e) gmgwlfp: uzbfip fiwL, 
np WJU w1qnpJtpuf! wnw2wgfimu t fiwl.t U}WmwhntJplibpJt hwowpwqw1mu 
num U}WtnwhntJpfibpJt Jtwnmguwfi hbppwqwfimpJwfi: 
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4wnn194wb gwCig(! npnz qhuwhpntu ljwphw t tpnppwgCihl, «tun2npwg
Cihtntl.» wztuwmwCipCihp[!: UJUUJ.hu, oppCiwlj, hph 

e1,e2, ... ,ek, ei = (ij-1,ij), j = l, ... ,k, 
wztuwmwCipCihpu ppwµ hw2nJ1Illltll hCi L. i1,ii, ... ,ik uiwmwhntJpCihpp hwuwp 
~ljwu umCinrt L. qmpu blJ.nrt mp}12 utwpCibp, L. tltw CiwL. (io,ik) wztuwmwCip[!, 
wuiw e1,e2, ... ,ek w2JuwmwCiplibpJ:i hw2np.qwpwp lJ.wmwpntll[! ljhwuwµbCip 
uhlj e=(io,ik) wztuwmwlip (qb. 1.14 ): 

~ 
~ 

q_<)_ 1.14 

UJq «tunznpwgl[wb» e w2tuwmwCipp lJ.wmwpuwCi di.uuwfiwlJl! hwl[w
uwp 4wliJ:i e1,e2,- .. ,ek w2tuwmwCiplibpp lJ.wtnwpuwCi ctwuwfiwlJ.fihpp qmuw
pp.Ci: U2tuwmwlipCihpp «tunznpwgmu» ljwpm\ hCip ljwmwpbt CiwL. wJCi qhui
pnu1, bpp WJil w2tuwmwlipCibp[! up uhb" <)pwqpp hfipw<)pwqltp bfi: «Jun2n
pwgl[wb"» w2tuwmwCipJ:i lJ.wmwpuwCi ctwuw!iwlj[! wJu qtuwmu ljWJlD.Il tap 
hwuwpbt wJq bUpw<)pwqpJ:i ljwmwpuw!i Ul[wqwqntJfi ctwuw!iwtm: "bzh!ip, 
np w2tuwmw!ipCihp]! «tunznpwg!ihwu» «tun2npwgl[mu» b(i CiwL. ui.whwfi2tl.nrt 
nhumpufibp]!, np{! pfipump!ipJwfi lJ.wpL.np lufiqpp t: 

5wfig{! ljwnntghtmg hbUlll ljwflllll hCip umwgl[wb uiwmwhntJpfibp[! 
l[bpwhwuwpwlJwtht hbmhJWL ljhpui: 

"1wmwhn1JpCihp}1. (gwfig}l. hwfiqn1JgCihp}1.) qhpwhwuwpwqw1uwfi 
wiqnp}l.pu 

Unw2pfi pwJt: UJCi hwCiqntJ9I!, npmhq u1wp w. umCimu, hwuwpwqwtbCip 0: 
'l-pgmp' Ciwfunp.q' 1-J:i.U, 2-p.q, ... ,k-1-p.q DWJthpn1u hwuwpwqwttl.ht bCi 

hwuwuiwmwutuwCiwpwp A1=l,A.i,, .. ,A.ic_1 hw!iqntJgCibp, npnfiD umwght b6 
0,1, ... ,nk-i-I hwuwpCihp, npmbJt nk-1=A1+A.i+ ... A.ic-1: 

k-Pll pwJL (k.>l): Ohwuwpwljw1l[wb hw6qn1J9Cihp}19 qpmwpqhfiD WJCi 
J!IlLilP hw!iqmgCihpJ!, npnfig hwuwp umCinq pn1np ULWI!Ubp{! qmpu b6 qwwu 
CiwtunPll DWJLhpmu hwuwp umwgwb" hwCiqn1Jgffhp}1g: UJq hwuqnljgfihpp 
pwfiwq{! fi2wCiwljbfip Ak-ntl. L. hwuwpwlJwthCiD nk_t,nk.1+ I, ... ,nk.1+~-l hw
uwp!ibpntJ.: 

U1qnpppuJ! qwt[wpmtl.lt, bpp hwuwpwqw1tl.wb qtplihCi pn1np hwfi
qntJgfihpJ!: 

UJu hwuwpwltwtntlil! uiwmwhntJpCihpJ! lJ.wpqwl[npmu t J!UUI 2hpmhpp.' 
k-Pll pwJLmu hwuwpwqw1l[wb A.ic ui.wmwhntJpfihpJ! lJ.qwquhfi k-p.q 2hpmJ!: 
.ct.b2m t Ciqwmht, np JillPWDWfi~mp 2bpU1D1u hw!iqntJgCihpJ! ppwp hbm ULWD
fihpnl[ u}lwgl[wct ~hfi, h k-pq 2hpm}1 ui.wmwhntJpfibpp !iwfunpqnq ui.wmw
hntJpfihpJ! k-pg qmpp hwuwp mCihgnq zbpmbppg hfi: "bzhCip !iwh, np wJu 
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hwuwpwlJ.wtn111U WJfitqpu}lfi t, np wuhfi u:ti w2tuwmwfipp uqqpfiwqwfi l.ljW· 
mwhn1Jp:ti hwuwpJ! iJmpp t 4hp2fiwqwfi uiwmwhntJPP hwuwp:tig (wJupCipG, 
hpb e={i,j), Wl.ljW i<j), npJ! hh2mwgGmu t hbmwqw hw24wr1lf GhpJ!: 

'L2wfiwqbfip B(k)-n4 gwfigp pntnp WJCi l.ljWmwhn1JpfihpJ!, npnfip wfiup-
2wuihu Gw}unpqmu bfi k-:tifi, L. A(k)-n4 WJfi pntnp tqwmwhntjpfibpJ!, npnfip 
wfit1}12w1.1jhu hw2npqn1u hfi k-pG (qb. 1.15): 

B(k) A(k) 

Q.b. 1.15 

~wfiqn1Jgfihp}l qwuwlfwpqntUJ! J!Utn 2tpmbpl1 uhb gwfighpti hwuwp 
w4hU1 hwpuwp t qwtnwpbt :bnpq}l hbtnLJWl wiqnr1tipup u}12ngn4: 

lmJlllll wtqnpflpu /pwJLw2wp/ 
'l.:tigmp' gwfigp hwfiqntJgfihpfi mfibfi l.jwtiwJwqwfi hwuwpwlJ.wimu 

0,1, ... ,n p4bpn4: 
'Lwlufiwqwfi tlmtt (0-tlmtt): 8n1J1wpwfi2.1mp k, k=O, ... ,n, hwfiqn1Jg)1Ci 

qhwuw1.1jwmwutuwfihgfihfip <Po(k)=O PMJ!: 
Cfiqhwfimp tlmtt (p-iJmq): 8mpwpwfi2.1mp k, k=O, ... ,n, hwfiqn1Jgpfi 

lfhwl1w1.1jwmwutuwfibgfihfip · 

<l>p{k) = I+ max <Pq (i), 
IEB(l) 

npmhq 

= {p -1, bf}h i > k . 
q p, hph i < k. 

litqnflliPUtI wztuwmwfipt1 l.jw4wpmp, hph hbpflwl.jwfi ttu111mu umwy4wb 
p4hpJ! hwUWl.ljWUlwutuwfiwpwp hw4wuwp bfi fiwtunfU} tlinttmti umwy4wb 
p4bp}1Ci: 

U1qnp}lpun4 umwg4wb hwCiqn1rn}l k hwuwpp gnLJg t. mw1Jm wJCi 7b11-
U1J!, npmhq qmfi4mu t WJI} hwfiqntJg(!: 1.,1.jwmbfip CiwL, np WJI} 1lfi411 gmJg I: 
mwwu uqqpfiwqwfi hwCiqntJgpg u}lfi2L k-pq hwfiqmrn mwfiru1 wubCiwb11tiw11 
mIJ.nt uiwpfihpp pwCiwlJ.J!: 



JO VIII. (Jpwqplipft UJfWUwtfnpnuf I, IJwnwtfwpnuf ~~~~~~~-'--'-'-....:....:...--=~......:...=--~-=-----'=--=-~~~~~~ 

2. Dpwqpp wzluwmwfipfibpp qwmwpuwfi dwuqbmfihp):l 
hwzqwpltl! gwfigbpp qpw 

Uz]uwmwliplihrtp bpwqpp hwuwp qwnmgtlwc} gwfig[! hliwpwtlnpm
pJmli t UlWUlU U}Wpq duntl U Wpwqnphfi l{WUlWpht Dpll2Wqp hw2tlwpl[fihp' 
tiwUitlwb opwqpp. w2]uwmwfiplihpp. tiwmwpuwli chuuqhmlihpp u U}Whwfi2-
'tlnrt UJ.w2wpfihp.p. oUJ.mp.uwguwfi hhm: UJu pw<tfimu qajtmwpqhfip chuulj_hm
lihpp. hhm l[wll}l[wc} hwpghprr 'llwpqmpJwli hwuwp qhfipwqpblip, np 
opwqpp. 4wmwpn111Ci ul{ui.tmu t O U}Whp.fi: 

U4qpfiwqwfi qtnttntll wl}uwmwliplihpp. E gmgwqp hhm up.wup.fi mptlmu 
bfi fiwu WJll w2]uwmwfipfihpp. lj_wmwpuwfi chuuwfiwqfihpJ!' 

{t(ei), t(e2), .•• ,t(e.n)}, 
npmhrt t(e)-fi e wz]uwmwfip)l qwmwpuwli munrtotpJmfifi t (wl[fihwJm t, op 
t(e)>O): bpb e w2]uwmwCipJ! Ciqwpwqptlmu t U}WmwhntJpCibp)l (ij) qmJqntl;
WUJ.W t(e)-li tiqphfip Ciwl.t t(ij) mbupnq: bpb w2]uwmwfipJ! pqwgJWL t, WUJ.W 
qpw tiwmwpuwCi munrtotPJDLliJ! hwl[wuwp t 0-)1: 4mumuliwu)1pblip hb
UluJUIL hwpghpJ!: 

w) UubfiwpJitl! pfiww'"Ci chuuwfiwlJ. t UJ.Whwfi2mu W11Pnrt2 bpwqpp. 
qwmwpntUJ! (fi2wliwqbfip WJll chuuwfiw4J! T-ntl): 

p) p.'"fit chuuqhmlibpntu qwJlllll t qwmwptlht Jotpwpwliifotp e wz]uw
mwfip, npll}huqp. W11Pnrt2 bpwqp.pli wtlwpml[p T chuuwfiwqmu: 

Unw2p.fi hwpgp hwuwp twqwli qhp hCi ]uwqmu npnzwqp wJuuihu 
l{n21J.wo qppmpl[wqwfi wz)uwmwfiplihpJ!, npn!ig l[wmwpuwfi chuuqbmfihppg 
twUJ.hu qw]uqwo t wopnrt2 bpwqpp lj_wmwpuwfi CiqwqwqntJ!i T chuuwfiw4J!: 
U1iwgwo 02 qppmpqwqwfi wz]uwmw!ipfihp]lg JmpwpwfiiJmp]l qwmwpuwfi 
chuutihmfi 1.twPnrt t lplllpll]utlhL np[! w wq:qmu bpwqp]l lj_wmwpuwli liqw
qwqntJfi T chuuwfiwqp qpw: UJq qhUJ.I!mU wuntu blip, op 02 qp.]lm]lqwqwli 
w2]uwmwfipli mlip chuuwfiwqp nbqhpq qwu u1whn1um: 

UJuUJ.jlunq, JntpwpwCiifntp e wz]uwmwli12]1 hwuwp uwhuwliqmu bfi 
hbtnuJWL 2npu chuuqbmfihpJ!' 

To(e) - uqu'lJ.btm wubfiw2mm chuutitmn 
T~ (e)- uqu'lJ.htm wubfiwm2 chuuqhmn 

T1(e) - qhp2thfiwtm wubliwzmm chuul[hmJ! 
T',(e)- tlhp2wfiwtm wuhfiwmz chuuqhmn: 
UJu u hw2nlJllI111. pqbp]l uwhllwlimufihpJ! hlipwqpmu hfi, op wz)uw

mwli12fihpp wupnrt2 c}pwqp.pJ! UJ.hmn t wqwpmtlp. T chuulJbmmu: Ufihpw<tbz
UliltpJmfi t wnw2wfimu JmpwnwliiJmp k, k = o, ... ,n UJ.WtnwhntJp]l hwuwp 
uwhuwliht hhtnuJWL bpqnt chuuqhmfihp[!' 

T(k) - ]lpwl[wfiwguwli wuhliwzmm chuul[hmJ! 
T'(k) - ppwqwfiwguwfi wubliwmz chuuqbtnJ!: 
UIJlihwJm t, np T(O) =T'(O) = 0, T(k) g'(k), T(n) = T(n) = T: 
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1.,wfunPIJ: pwdCinui Ciqwpwqpitwo hwuwpmlJ.wtmtICi w1Ci1.4lmp.Ci t, np 
bph iE B(k), WUjW i<k u bpb jE A(k), WUjW j>k: 

.RwCip np k UjWutwhntJPP ppwqwCiwguwCiJ! CiwfunPIJ:IltU bu B(k)-p.Ci 
UjWmqwfiilJl pntnp UjwmwhntJpfihpp ppwqwfiwgmuCibpJ!, }I.ult B(k)-pfi UjWlll
qwullll pntnp i UjwmwhntJpUhppg qmpu hlJ.IlJl (i,k) wztuwmwupfihpp qwmw
pntul!, WUjW UjWpq t, np 

T(k) = max {T(i) + t(i,k)}: 
iEB(k) 

.Rwup np k UjwtnwhntJpp ppwqwfiwgmul! uwfunPIJ:IltU t A(k)-pu UjWUl
qwUilJl pntnp UjwmwlultJpubpp ppwwqwuguwul!, puq A(k)-pu UjWtnlfwUilJl 
lfwuwJwqw(i j UjWtnwlultJpp (k,j) wzfuwmwup'1 qwmwpntUJ! CimJCiUjbu 
Ciwfunprpnu tj UjWtnwhn.tJPP ppwl.fwfiwguwCil!, WUjW Ujwpq t qwnumu CiwL, np 

T(k) = min {T(j)-t(k,j)}: 
JEA(k) 

UJu p4bp]1 hwz4wpqubp]! lfwmwpitmu bu hhmLJw1 bplfm w1qnp'1puutpn4: 

8wUg)1 DUUU1. wfiguwa (uquwa) WJqnpf113U 

T(o) = O; T(k) = max {T(i) + t(i,k)}, k = 1,2, ... ,n: 
jeB(k) 

liJu w1qnp]1pu]1 w4wpmp(i umwumu hCip T=T(n) PPLl!!: 

8wUg)1 hwltwqwp6 wCiguw(i (uquwCi) Wtqnp]1pu 

T(n) = T; T(k) = min {T(j)-t(k,j)}; k = n- l,n-2, ... ,0: 
JEA(k) 

OUijUl L hwqwqwpll wCiguwu wtqnpjlpuuhpjlg JmpwpwtiiJm11 k t11W
mwhn1Jp)1 hwuwp UUlWUillll bup T(k) L T(k) p4hp[1: 

Uwhuwfimu: e=(i,j) wztuwmwunl! lfwuitwutun twJlmp4w4wu, bpb 
T(i)=T{i), T(j)=T(j) u T(j)-T(i)=t(i,j): 

"lfiqmu 1: b'ph Up npLt k UjWUlWlllllJPP hwuwp T(k)=T(k), WUJW 

qnJntpJmfi mCip WJ(hqjlup k', k'E B(k) t11wmwlm1Jp, 1111 (k',k) wz}uwmwtin11 
4P)1m]14w4wfi t: 

litqwgmgmu: T(k) = max {T(i)+t(i,k)}: 'l-J1mwp4tC1n wJCi k'-p, k'E B(k), 
iEB(kJ 

np)l hwuwp WJU uwpujlumup hwuwfib[p t.' T(k)=-T(k')+t(k',k) (q<>. 3.1): 
U1umhJJ.lig T(k)=T(k)- t(k',k): 

B(k) 

A(k') 

q.c,. 2.1 
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T(k) = min {TG) - t(k'j)}, hhmL.wpwp T(k) ~(k) - t(k',k) =T(k) - t(k',k) = T(k), 
jeA(k') 

WJU}l!ipli T(k) ::; T(k): 
f!wJg pwli}l np T(k) 2:: T(k), wuiw T(k) = T(k) L. T(k) - T(k) = t(k',k) L. 

(k',k) wz]uwmwlip]! tui}lui}llJ.wlJ.wli t: 
lllCiquwCi wuiwgmgmu}lg Ciwh p]umu t, np hpb T(k)=T(k), wuiw lJ.p}lm}l

lJ.wlJ.wli hli pntnp (k',k), k'E B(k}, wz]uwmwuplibpJ!, npnlig hwuwp T(k) uwp
upumun qwnfimu t hwuwliht}l' T(k)+t(k',k)=T(k): 

fcrbnpbu 1: 8wligmu ulJ.qpliwlJ.wli UIWUlWhntJp):lg u}llitL. 4tp2liwl[wfi 
uiwmwhntJPI! qnJmpJntli mfi}l qnfib ublJ. nt1tp., opp pn1np wz]uwmwliplibp.J! 
lJ.p}lui}llJ.wlJ.wCi bli: 

Uuiwgmgntu[! hbtnhntu t T(n)=T(n) UIWJuwli}lg h uiliqmu 1-}lg: 
0-}lg u}lli2h n hwfiqntJg uiwlimJ. wJli nuuifi, npp pntnp wz]uwuiwliplihpJ! 

lut}luipl[wqwfi hfi, lJ.n2tJ.mu t lut}ltn}llJ.wlJ.wli nuui: fcrbnpbu}lg hbuiL.mu t np 
Jntpwpwfivmp lJ.p}ltn}llJ.wlJ.wli wz]uwuiwlip uiwuilJ.wCintu t npL.t lJ.ppm}ll[w
qwli nl.IJ.mfi: 4p}lui}llJ.wqwli n11J.ntl npnztJ.mu t $wuUlllpbli bpwqp}l lJ.wmwp
uwli litJ.wqwqntJCi T dululJ.huin, }lulJ. wJq dwuqhlDlltu bpwqpp wtJ.wpmJ! uiw
hwli2mu t, np lJ.p}lml1lJ.wqwli DUJ.DL }lµwp hw2nPJlllll wz]uwmwlipfihp]! lJ.w
mwptJ.bfi wnwlig f!liqhwuiuwli, uhlJ.r!' lIJmu}l wtlwpw}lg wfiu}12wuitu hbUlD: 

lllwuiwhntJpfihp.li hwuwp umwgtl_wc} T(k) h T(k) ptl_hpJ! hliwpwtl_npm
pJmCi bli mwum uiwpq ohntl hwztlht e=(ij) wz]uwmwlip}l hwtiwp uwhuwfi
tlwc} dwtiqbuilihp]! (mb'u qc}. 3.2)' 

I 
I I 
I I 

t ' l I 

' I • I 
I 

' I 

' I 

' • • 

T0 (e) == T(i); To(e) == TG)-t(ij); 
T1(e) = T(i) + t(ij); T[ (e) = TU): 

r1(e) 

ri(e) I 
I • 

r3(e) t(e) ·---------. 
r4(e) 

I I 

' t(e) I ·---------. 

I 
I 
I 

' I 
I • I 
I • q.c}, 2.2 

q.npc}Uwqwlimu lJ..tipwnmu hfi fiwL. dwuwCiwlJ..ti hhm lJ.wuitlwc} uiwhmu
uiwJpfi dwuwCiwlJ.Cihpl!, npnlip npnzi.J.mu bCi maj1Cibp}l, uiwmwhntJplibp}l L. 
wzluwuiwlipfibp}l hwtiwp: 
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'1-}unwpl(hfip gwfigmu ul(qpfiwl(wfi L. qhp2fiwl(wfi U(WUlWhntJpCihpJ! 
u]lwg fillil L mrtlJ.fi: 

Uwhuwfimu: L DUlnt dwuwfiwl(]l U(whntum l(n2_qmu t R(L) f})ltll!' 
R(L) = T-T(L), 

npmb.q T-fi c)pwqp]l l(wtnwpuwfi fil[wqwqntJli dwul(htnli t, )lul( 
T(L) = L t(e) : 

R{L) PM!! gmJg t mwum, ph L ntilm wzfuwmwCipCihp}l tDWlflntpJmfi
lihpJ! ]lfiwwlintl l(wJ11lll blip wtlbtwglih( c)pwq]lpli wqwptnbtntl T dwul(b
umuI: Ul(fihWJlD t, np R(L)=O WJfi L. u]lwJfi WJfi qbuwmu, bpp L ntilJ1fi l(p)l
m]ll(wl(wfi t: 

Uwhuwfinui: k U(WtnwhntJp}l dwuwliwl(]l U(whntum l(n2l[mu t R(k) PP41!' 
R(k) = T(k)-T(k): 

R(k)-fi gmJg t mwt}lu, pb k U(WmwhntJp)l ppwl(wCiwgmU(! t1fiwwlinq 
l(wJ11lll blip mzwgfib( c)pwq]lpCi wl[wpmbtntl T dwuljhtnntu: 

UmwgqwO WJlllJmliplibp)lg hbmLmu t, np k-Ci U(WU1l(wlimu t l(ppmp
l(wl(wfi 6wfiWU(Wphpfi WJfi L. u}lwJli WJfi qbuwmu, bpp R(k)=O: 

e=(i,j) wzfuwmwlip]l hwuwp uwhuwliqmu bfi dwuwfiwl(}l hhmLJWL 2npu 
r1(e), r2(e), rJ(e), r4(e) U(WhntumlibpJ! (mh'u qO. 3.2): 

Uwhuwfinui: 
r1( e )=r1 (i,j)=T{j)-T(i)-t(i,j) 
ri( e )=r2(i,j)=T(j)-T(i)-t(i,j) 
rJ(e)=r3(ij)=T(j)-T{i)-t(ij) 
rie)=r4Ci,j)=T(j)-T(i)-t(ij) : 

r1(e) PPtll! 1.Jn2qmu t e wzfuwmwlip}l dwuwliwl(}l tppl[ utwhnmm; 
r2(e) PM!! l(n2qmu t e w2.tuwU1wfip}l ctwuwliwlj}l wnw2ltfi mhuwl(]l 

uwufiwqnp u,1whn1um (l(wu uwufiwqnp U(Whnmm); 
r1(e) pJitll! l(n2qmu t e w2fuwmwlipl1 ctwuwfiwl(}l bpl(pnpq mbuwl(p 

uwuliwqnp utwhnmm (l(wu utwpqwUJ.hu wqwm utwhmum); 
r4(e) PPtll! l(n2t[mu t e wzfuwmwfipp ctwuwfiwlJ]l wliljwfu utwhntum: 
(BwfigwJpli uttwfiwqnpuwfi npnz wzfuwmwfipfihpn1u r4(e)-fi l(n1t[mu t. 

wqwm utWhntutn, flulj r1(e)-fi hwmml( wfit[wlimo 2mfifl): 
~wfi}l np 

T(i)+t(ij)$T(j):STU) 
T(i)$T(i)$T(j) t(i,j), 

WUJ.W r1(i,j)~O, r2(i,j)~O, r1(ij)~O: r4'i,j) pJttJ.p ljW[UUl t. 1J1fiht pwgwuwl(wti, L 
WJfl flhUJ.PntU fiw ppwljwfi pllWUUl 2mlip: 

(e)=(i,j) wz.tuwmwlipJt ctwuwfiw4l1 tp]ltl UJ.Whmum[l gmJg t. mw1Jm, pL i 
U(WutwhntJPJt Jtpwljwfiwguwli wuhliwzmm dwuljtmpg htum c wztuw-mwti
p}l l(wmwptiwli ctwuwliwlJ)lg pwgJt t1fi2pwfi dwowfiwlj t. ofimu uJtCi1L j UJ.W
mwhntJplt }lpwljw!iwguwu wubGwmz ctwtilJhmp: 
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(e}=(ij) w2tuwmwfip]1 dwuwfiwqJ:t uwufiwqnp uiwhntuut{! gmJg t 

mwwu, pt i uiwmwluuJpp ppwl.J.wfiwguwfi wubfiwm2 dwul.J.bm]lg hbUlll e 
w2tuwmwlip}1 1.J.wmwp11Wli dwuwliwqJ:tg pwg}l }luwwu dwuwliwl.J. t ulinui 
u]1u2Lj tqWtnWhnlJ}}P ppwqw(iwguw(i wubfiwm2 dwul.JbtnJ!: 

(e}=(i,j) w2tuwmwup}1 dwuwfiwqJ:t wqwm uiwhniumJ! gmJg t mwwu, pb 
i uiwmwhntJpp ]lpwqwuwguwfi wubfiw2mm dwul.J.bm}lg hbmn e w2tuw
mwup]1 qwmwpuw!i dwuwfiwqJ:tg pwgp }lfiwwfi dwuwfiwq t ufimu tipfi2L j 
tqWUlWhnlJ}}P }lpwqwuwguwfi wubfiw2mm dwuljbmJ!: 

l::;pb e=(ij) w2tuwmwfip}1 dwuwfiwqJ:t wulJ.wtu uiwhnrnmn nt pwgwuw-
1.J.wu t, wuiw wJ!i gmJg t mwlltu, ph i uiwmwhntJpJ:t ]lpwl.Jwfiwguwfi wub
uwm2 dwul.J.bmpg hbmn e w2tuwmwlip]1 1.J.wmwpuwfi dwuwuwqJ:tg pwg]l 
pfiwwfi dwuwfiwlt t ulimu 0}1fi2L j uiwmwhntJPP ppwl(wfiwguwfi wubfiw-
2mm dwul.J.bmJ!: l::;pb r4(e)<O, wuiw hfiwpwqnp tt. np i uiwmwbntJ}}t! }lpw
qwfiwgqp wubfiwm2 dwul.J.bmnui, L. j uiwmwhntJpJ!' wubfiw2mm dwul.J.b
mmu: ~b2m t fiqwmh1, np 

r1(e) =T~ (e)-T0(e) = T; (e)-T1(e) = T; (e)-T0(e)-t(e): 

e=(ij) w2tuwmwlip]1 L. uiwmwhntJPP dwuwfiwqJ:t tqwhntumlibp]1 uwh-
uwfimufihp]lg hhmLmu t, op 

r1(ij)-r2(ij) = R(i) 
r1{i,j)-r3(ij) = R(j) 
r1(i,j)-r4(i,j) = R(j)+R(i) 
ri(ij)-rJ(i,j) :,: R(j)-R(i) 
r2(i,j)-r4(i,j) = R(j) 
rJ(ij)-r4(ij) = R(i): 

Umwgtlwb" wJu 1.Jwtqbppg pfuntu t, op 1.J.wtiwJwl.J.wfi k uiwmwhntJPP 
hwuwp 62uwp]1.m bfi fiwL hbmLJWL WP11JmfipfihpJ!: 

fiTt.nphu 2: ~hmL.JWL tqfiqnuifibp{! ]1.pwp hwtlwuwpwqnp hfi. 
w) R(k)=O, 
p) T(k)=T(k), 
q) r, (kj)=r2(kj), I.J.wUWJWqwfi j, jE A(k) tqWlDWhnlJ}}P. hwuwp, 
q) r3(kj)=r4Ckj), qwtiwJwl.J.wfi j, jE A(k) uiwmwhntJpp hwuwp, 
h) r1(i,k)=r3(i,k), qwUWJwqwfi i, iEB{k) uiwmwhntJPP hwuwp, 
q) r2(i,k)=r4(i,k), qWUWJWI.J.wfi i, iE B(k) tqWtnWhnlJ})P. hwuwp: 
~bw.L.wfip 1: li:wtiwJwl.J.wfi (i,j) w2tuwmwfip)1 hwuwp R(i)=R(j)=O WJfi L. 

upwJfi WJfi 11hUIP0tU, hpp r,{i,j)=ri(ij)=rJ(i,j)=r4(i,j): 
~bwL.wfip 2: e=(i,j) w2tuwmwfipJ! qp]1.ml11.J.wqwfi t WJfi L. upwJfi WJfi 

qhUIPntU, hpp r,(i,j)=r2(ij)=r3(ij)=r4(ij)=O: 
.Rwfi]1. np T(j)g(j), wuiw wqfihwJm t, np r1(e)~3(e), uwufiwtlnpwtqbu, 

hph r1(e)=O, wuiw r3(e)=O: 
li:p]1.10t1qwqwfi w2tuwmwfipp hwuwp mbrt):J. mfibfi hbmL.JWL hbzm wuiw

gmgqDIJ. ]1.pwp hwuwp<tbp tqfiqntufihp: 
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"lfiipmi 2: e wz}uwmwfip{! tw}Im}IlJ.wlJ.wfi t WJfi 1., u}IwJfi WJfi qhuwmu, 
hpp To(e)=T0{e), T1(e)=T1{e) 1., T1(e)- To(e)=t(e): 

"lfiipnu 3: e wz}uwmwfip£! tw}Im}14wlJ.wfi t wJfi L. u}IwJfi wJfi qhuwmu, 
hpp wJq wz}uwmwfip}I ctwuwfiw4}1 wlnl ll}Whntum{! hwt{wuwp t 0-}l: 

8wfig}1 hwuwp filJ.wpwqpt{wo pninp hwzt{wplJ.fihpf! qnpofiwlJ.wfimu 
fihplJ.wJwgt{mu hfi hhmhJwt wrumuw4 (2.1 )-}1 u}12ngnt{. 

e t(e) 

Uuprn12 opwq}IpJ! 4wpht}I t lJ.wmwpht wt{ht}I zmm, hph npnzw4p 
wz}uwmwfipfihp}I lJ.wmwpuwfi ctwuwfiwlJ.Cihpf! tflnppwgfihup: U4fihwJui t, 
np WJI] wz}uwuiwfipfihpJ:1 ll}hmp t ll}Wtn{J.wfihfi lJ.ppmplJ.wlJ.wfi mrtJlfihppfi · 
JotpWpWfi~ntp lw}IU1p4.w4.wfi lllfUl ll}hU1p t l4WpntfiU14}1 WJllll}PUp wz}uw
UlWfip: 1:;ph twlim}IlJ.wlJ.wfi mrtJlfi upwlJ.fi t, Wll}W tflnppwgfihtntl WJll mqm 
lJ.wuwJwlJ.wfi ni pt{wgJWt wz}uwmwupp lJ.wmwpuwfi ctwuwfiwlJ.[1 1.pnp11w
fimu t GwL opwqp}I lJ.wmwpuwfi Cit{wqwqn1Jfi ctwulJ.hmJ:1: 

3. 1,4wpfihpp gmgwhwfiqtu}l tiwquwqhpUiliwfi wzluw
mwfipfihp}l fufiajlp 

UJu pwctfimu lJ.q}lmwplJ.hfip gwfigwJJ1fi hqwuwlJ.nt{ opwqpp UI\Wuwl.{1111-
uwfi hhm lJ.wll}t{wb hwpghpp J1pwlJ.wCimpJndl}1q t{hpgt{wb ufl 011J1Ciw4nt{: 
li:qpmwplJ.hup gmgwhwfiqbup 4wquwlJ.hpl4t'.iwfi hbm lJ.wUitfWb w7}uwmwfip
CihpJ:1, lJ.lJ.wnmghup gwugn L lJ.mumuuwupphup lJ.wnmyt{wb ywfi\JP: 

3.1 WTJ.JntuwlJ.mu ptfwplJ.tfwb bu WJU w7!uwmwfiptiL1111, ll)l wtih11wdh7m 
hfi filJ.wpuhp}I gmgwhwCiqhufl lJ.wquwlJ.h11UILiwti hwuwp: 

ltwnmghfip ptfwplJ.t{wb wz}uwmwtipUt11)1y lJ.wqut{wo gwfigi1 2-1111 pwu
fimu filJ.wpwqpt{wo w1qnp}lpuJ1 /pwJiwzwpJll uJ19nymj: 

l-}ICi PWJl (qo. 3.1): efim11mu htip c 1 1., ei-[l, pwtiJ1 llJI B(cr)~B(c1)'0: 
'-lhpgfimu h(ip O ll}WU1WhillWf1: 4wnmg111u bfip C1 L CJ U[Wptih[l[l: 

'l-b.3.l 
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Uztuw "lwhwli2tl.n 
inwCip U2tuwmwfip):i wfiqwfimu dwliwliwlrn 

w (ctwllhpnt{) 

e1 6 
e2 e1 24 
e3 24 
e4 e, e3 3 
es e2, e3 2 
e6 6 
e1 1 
es 3 
e9 4 

e10 2 
e11 e9, e10 6 
e12 e4 3 
e13 ~ 2 

e14 ~ 

e1s I e1 , e 4 
e16 e1, es, e12 3 

e11 e1, es 30 

e1s e1 e11 l 
e19 e3 7 
e20 e13, e1s, e16, l 

e1s, e 
e21 eio 1 
e22 e21 3 

2-pq pWJl (qi>-. 3.2): Cfimpnul bfip ert!, wtJ.biwgfinul 1-pfi UJ.WU1whI11Jpf! 
L. e2 uiwpf!: 

q.i)".3.2 
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3·).11}. J:!WJl (qb. 3.3): Cfimpшu Ыiр е4·1!, wtlb· 
tшg!inнI 2·).11}. щwmwhntJJЭI! L. е4 UlШJ;![! (wtqnppJЭ· 
up q) qЬщр): 

4·pq рwл (qb. 3.4): C!impшu b!i9 es·I!, wtlb· 
LWQUШ\l es ULW!![! (w1qnpp]ЭUp ш) qЬщр): 

5·pq ршл (qb. 3.5): Cfimpntu bfi9 е6·1!, wtlb-
1wgfiшu е6 ULШPI! (wLqnpppup ш) qЬщр): 

6·pq ршл (qb. 3.6): C!impn1u bfip ег(!, wtlb
LWQ!intu 3-м щwmwhnlJJЭI! ii_ е7 ULWPI! (wLqnpp]Э-

Q.b. 3.3

Q.b. 3.4 

Up q) qЬщр): Q.b. 3.5 

7·pq J:!WJL (qb. 3.7): C!impntu b(ip еа·(! L. шчbLШQUntU еа ULWIJ[! (щqnрр]Э· 
up w)qbщp): 

Q.b. 3.6 Q.b.3.7
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8-PI} pWJl (qiU.8): 
Cfimpn111 hfiJ;! e9-l!, wlJ.htlllQ
finu1 4-PI} U1.WU1WhnlJf)l! L. e9 

llllllJ;!l! (w1qnp.ppup q) qhlll.J;!): 

9-PI} J;!WJl (qo. 3.9): 
Cfimpnu1 hGJ;! ew-l! L. w4b-
1wgfimu eio u1wpf! (w1qnp}lp
u}:t w) I}hlll.J;!): 

%3.8 

q.c}, 3.9 
10-PI} RWJl (qo. 3.10): Q(impnlU hfiR en-]!, w4b1wgfimu 5-pq UJ.WWW

hnlJf)l! L. e11 UtWJ:!l! (w1qnpltf)up q) I}blll.J;!): 

q..c}, 3.10 
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11-Pll pwJt (qb. 3.11): CCimpmu bCip e12-I! h wt.lbtwgCimu e12 utWPI! 
(wtqnpppup w) qbuw): 

Q.c}. 3.11 

12-pq pwJL (qb. 3.12): QCimpntu bGp ewl!, w~biwgCimu 6-pq UJ.Wtnw
hntJJll!, (6,5) p~WQJWL w2tuwmwCipp (ljhwwq}lc} UtWI}{!), L e13 ULWPI! (wiqn
pppup p) qbuw): 

<l-c>. 3.12 

13-pq own (qc>. 3.13): CGmpmu bGp ew11 L w~b1wyCi111u c14 u1wP11 
(wiqnpppup w) qhUJ.P): 

14-Pll RWJL (qc>. 3.14): CGui1m1u bGp Cw(l, w~h1wgCimu 7-rui UJ.WLnw
hntJJ}I! L e1s U[WI}{! (w1qnpppUp q) l)bUJ.P): 

15-pq l)WJL ((\b. 3.15): CGmpntU bCip CwP, W~h1wgtimu 8-[ll} UjWUlW

hntJp{! la C16 ULWI}(!. (W[qDpppuJ1 q) l}bl.lJI!): 



e, .. 

e 
g 

q.b":3.l3 

%.3.14 

q.b", 3.15 
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16-M pwn (qb. 3.16): CGmpnui hCip e1r1!, withtwgGmu 9-M lllWmw
hntJPl!, (9,8) pl[wgJWL wztuwmwCipl! (I.J.hmwqpb UtWPl!) u e17 UtWPl! (wiqnp)lp
up q) 11tlllP): 

q.b. 3.16 

17-M pwJt (qb. 3.17): Cfimpmu hfip eis-1!, wl[h1w9Cimu 10-M h 11-pq 
lllWmwhntJpGhpl!, (10,8) h (I0,11) p4w9Jw1 wztuwmwCipfihp~ (4hmwqpb 
uiwpfihpl!) h e,s u1WP1! (wiqnpjlpup q) qhlllP): 
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18-Jlll pwJt (qo. 3.18): CCitn}llltU hCip e19-I!, wtlhtwglimu 12-pq t.qwmw
hntJPI!, (12,2) i,tlwgJWL wzfuwmwlip]! (qhmwqpo ULWPl!) L. e19 ULWPI! (Wtqtl
p).Ii,u)I p) qtuw): 

q.c)_ 3.18 

19-Pll pwJt (qc). 3.19): Climpmu blip e20-1!, wtllitwgG.mu 13-Jlll t.qwmw
hntJPI! L. e20 lllWPI! (wtqnp}lpu}l q) qlitqp): 

%. 3.19 
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20-Pll pWJL (qo. 3.20): CUmpnui hfip ei1-I!, wt.J.htwgfinui 14-Pll tqwuiw
hntJ}}I! l.t ez1 ULWJ:1[! (w1qnpppup q) qbtqp): 

e 
2 I 

q.<)_ 3.20 

21-Pll PWJL (qo. 3.21): Q(iuipnui hU12 e2rl!, wtJ.h1wgUmu 15-pq UJ.WlilW
hntJ}}I! l.t e22 UlWPI! (w1qnp}lpujl q) qbutp): 

q.<)_ 3.21 
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'-lbp2}16 pwJt (qb. 3.22): Utlh1wg6nui hUp 16-pq UjWUlwhrltJJ)l! ll qwmw
pmu a oL.wtfmltmtpJnt6(! ese6 h e1es qmqwhbn u1wpUbp}l hwuwp: 

1 5 

Q.b. 3.22 

Q.o-. 3.23 

'1lwwwhntJpfibpp t[bpwhwuwpwqw1mul! qwmwpb6p 6bpqwJwgtlwb 
wiqnp}lpu}l u}12ngntl: UJu t{bpwhwuwpwqw1mupg umwgtlwb gwUg(! Ubpqw
Jwgtlwb t 3.23 qmuqpmu: 

UJutqpumt, qwnmgt{wb gwfig]! Ujwpmfiwqmu t 19 hwfiqntJg6bp (lllW· 
mwhntJ})6bp), 22 uiwpUbp (UhpqwJwgt{wb wz.tuwmwfipUbp) la. 7 qhmwq}lb 
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u1wpfihp' (2,3), (5,6), (7,9), (8,13), (8,14), (10,12), (12,13), npn(ip hwliWUIW
mwutuwumu tfi pl{wgJwt w2tuwmwfipfitppfi: liJq gwfigmu l}wpnr[ tfip «tun-
2npwgfihp> e20, e21, e22 w2tuwmwfipfitpp hw2npqwpwp l}wmwpntUJ1, hwuw
pt1nl{ WJq tptp w2tuwmwfipfihp{! npUitu ubq w2tuwmwfip: 

Q.b. 3.24 
~wfiqntJgfitpp qwuw4wpqn1U{! l}wmwpt1ml {!UUl 2tpmtpJ-i' umwfimu 

tfip, np gwfigp hWUqDlJQUbpJ! pwctwfilj_ntU tu 12 zhptnhpp, npnup UJWlfl· 
l}tplj_wb tfi 3.24 qmuqpmu: 

1 fE 

liiJ 
liiJ 

{l.(). 3.25 

Oqm1fb1ntJ. gwugp m.r1Jut wfiguwti, }lti2UJt.u tiwL hwl}w11w11~ wliguwli 
w1qnpppufitr1pg, hw2tJ.wpljhCip umwgtJ.wb gwligl1 wzjuwmwlipliLJJti 4wmw11-
uwfi dwut.ibmfitp11: U(lilJmfiputpp UIWU14bptJ.wb tCi 3.25 qbwqJUIIU, IIJIUJLIJ 
u1wpfihpp tJ.pw qptJ.wb tfi WJT} wzJuwmwCipCib11l1 4wmw11uwli hwuwlllwmwu
juwfi dwol}bmllhpp: DtJUUl wfigowfi LUJqll]lppUJ1 LU(lilJntfipCibJl[l qbw41uuu UjWUl· 

qtplj_wb bfi UJWmwhntJpllbppfi hwUwUJwmwujuwCiru1 Cih11pL!1 tJ.wU1Jw4Utruuu, 
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puq hWqlUl}WpO wfiguw(i w1qnpltpUp WpllJntfip(ibpyf tlbpLp tlwfuiwq-fibpmU: 
UJu hw24.wpqCibppg hhutLmu t, np qppmpqwqwli 6wfiwui.wph(i t 0, l, 3, 5, 6, 10, 
12, 14, 15, 16, 17, ) 8 UIWUlwhntJpfibpntl Wfigfinq IlUW-U, U WJil nlIJ}lfi UI.WpntfiW
qntU t ei, e2, t!ti, es, e11, e1s, e20, e21, e22 qp)un}lqwqwli wlluwmwlipfibpf! h (5,6) m 
(10,12) ptlwgJWl qpltm}lqwqw(i wlluwmwlipfihpf!: UJu c)pwqpp qwmwpuwfi 
wuhliw2mm dwuqbutf! hwtlwuwp t 75 dwup: lllluwmwlipCibp]l hwuwp qw
mwp4.w<} hw24.wpqfihpf! fibpqwJwgCibfip 3.2 wrumuwq}l u}:12ngnl[ (qp}lmpqw
qwli w2tuwmwfipfibpf! tlhpg4.w<} hli 2p2wliwqlihpp ut2): 

lliJJmuwti 3.2 
li:wmwp- Uuhllwzmm Uuhfiwmz chuuwfiwltti utWhnlUUl 

UzJuw- uwfi 
utui'lJ! witWJlUI utui'lJ! W!lWJlUl IP'1il uwufiwitnp wfi~wfu mwfip dwuw-

wqwm 

Ciwl111 

e t(e) To(e) T1(e) T~ (e) T.' (e) r,(e) r2(e) r3(e) T4(e) 

w 6 0 6 0 6 0 0 0 0 

~ 24 6 30 6 30 0 0 0 0 

C3 24 0 24 6 30 6 6 0 0 

C4 3 30 33 56 59 26 26 0 0 

es 2 30 32 34 36 4 4 4 4 

(eJ 6 30 36 30 36 0 0 0 0 

C7 l 36 37 38 39 2 2 2 2 

G) 3 36 39 36 39 0 0 0 0 

C9 4 33 37 59 63 26 0 0 -26 

e10 2 30 32 61 63 31 31 5 5 

e11 6 37 43 63 69 26 0 0 -26 

e12 3 33 36 64 67 31 5 0 -26 

e,3 2 37 39 68 70 31 5 31 5 

C14 l 37 38 68 69 31 5 5 -21 

Cu 1 43 44 69 70 26 0 26 0 

e16 3 39 42, 67 70 28 0 28 0 

Q 30 39 69 39 69 0 0 0 0 

~ l 69 70 69 70 0 0 0 0 

C19 7 24 31 63 70 39 33 39 33 

~ l 70 71 70 71 0 0 0 0 

(ei) l 71 72 71 72 0 0 0 0 

~ 3 72 75 72 75 0 0 0 0 
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3.3 wJUmuwqmu fibpqwJwg1.[wo bfi pn1np uiwmwhntJJ}fibpp dwuwfiw
qp uiwhnmmfibp]!: 

0 l 2 3 4 5 6 7 8 9 10 11 12 13 14 

0 l 6 0 26 0 0 26 31 26 0 26 0 28 0 

4. fi.bumpufibp}l opwgmgwJp.fi uuwfiwt[npnuIJ! L. pwzlumuJ! 

'1-pgmp' opwqpp hwuwp qwnmg1.[wo t up gwfig, npp uiwmwhntJpfibpfi 
bfi V={O,l, ... ,n}-1!, puq w2tuwmwfipfibp1f E={e,,e2, ... ,em}-p: 

t>pwqpp gwfigwJpfi unqbtfI hw2tlwpqfibpp tlbp2fiwqwfi tpnqfi t opwgm
gwJ}lfi 1111wfiw1.[npn1un, npn1u wfihpwdbzm t hw2i.tli wnfib1 L 1wl[wqn1Jfi oLm.( 
pw2tub1 bqwo nbumpufibpp: 

bfil}w'lPtlmu t, np JmpwpwfiLJmp ei, j=l, ... ,m, w2tuwmw!ipp hwuwp 
mpl[mu t ll_j IlMI!, npp gmJg t mwtfiu w2tuwmnqfitpp pwfiwltl!, npnfip e1 

w2tuwmwfipp qwpnq bfi qwmwpbt t(ei) dwuw!iwqmu: ~w6wtu wfihpw<tb2m t 
tfifimu 1mob1 hbmLJwt tufil}}lpf!: 

fl.bumpufibpp hwtlwuwpw2wtfl pw2tuuwfi tufiq}lp: 
3mpwpwfiL)mp t, 0$t.$T, UJWhpfi a(t)-nl[ !i2wfiwqbfip t 111whpfi oqmw

qnpo1.[nq nbumpu!ibpp (mtlJw111buipmu· wztuwUlllillibpp) pwfiwqp, WJupfip(i' 

a(t) = Ia(e), 
eeE(t) 

npmbq E(t)-fi t uiwhp(i qwmwptlllll w2tuwmwfiplibpp gwfiq(i t: 1.,UJwmwq!i t 
w2tuwmwfipfibpp qwmwpntUf! WJfiutbu ui1w!iwl[npb1, np 

max a(t) 
0$t.$T 

:p)ll[p tpfip !il[wqwqntJfiJ!: 
UJu tufi11PPI! WJuUJ]luJJ pfil'}hwfimp 11pl[wbpnl[ uw:pbuwmpqwl.J.wfi 1mp2 

qdl[wpntpJmfi!ibp mfip L up!iiL WJ<tti JP uzwql[wb U:11 wJfiUJlluti bqw!iwq, 
npnl[ qwpbtlt Lltfili qmfibt 1wl[wqntJfi 1mbmU:[1: C}.npbfiwl.J.wfimu tufiqpft hw
uwp hwtiwtu qwquqmu b(i hbtnLJWL bpqm opwgmgwJpli uuwfifibpp: 

w) '-l.wq (qwu llw.tu) opwgmgwJp!i uuwfiw4npn1u· JmpwpwtiLJmp c 
wztuwmwfip ul.J.umu bfi To(e) uiwhJJ!i: 

p) 012 (qwu w2) opwgmgwJpfi uuwfiwtlnpmu· Jmpwpwfi1Jmp c 

w2tuwmw!ip uqumu b!i TJ(e) UJwh}1fi: 

~q L m2 opwgmgwJftfi UJLWfiwqnpmufibp(l h!iwpwqnpntpJmfi bti mwtltu 
}lpwp hbm hwubuwmb1nl[, qwqtibt npn2 qbuwbpntu wl[btlt 1wil UJ1w!iw-l[n
pn11I, npn1u oqmwqnpbt.(Illl nbumpu!ibpp wnwl[b1wqrnJ!i pwfiwl.J.p wqb1l1 
tpnpp qtftlifl, pwfi itwq L m2 opwgmgwJJtfi 1111wfiwl[npn1ufibp.p <twuwCiwlJ.: 
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OpwgmgwJ}l.fi unwfiwtJ.npuwfi hwuwp hwnwtu oquiwqnpmtmu t y=a(t) 
:I>mfiqg)lwfi UIWmqhpnIJ. <!.wfiui)l q)lwqpwul!, npnuI hnp)lqnfiwqwfi wnwfigpl! 
gmJg t mwLtiu chuuwfiw41!, )1u4 nt11.11whwJwg wnwfigpl!' nbwupufihpl!: 

'll.wq L mz opwgmgwJ)lfi UJtwfiwt[npntufibpl! ajnnwpqhfip, op)lfiwq, fiw
lunllll pwctfinu.i fiqwpwqptJ.wo gmgwhwfiqhu)l qwquwqhpUJuwli tuliqp.)1 hw
uwp: UmnpL pbptJ.nq WllJmuwqmu uiptJ.wo t wJq tufiqp.)1 Jmpwpwfi2.1mp ei 

wztuwwwfip)l hwuwp wztuwmnqfitpp ai pwfiwltl!, npnfip ei wztuwuiwfipl! 
44wuiwptfi Uiwhwli2tl.DIJ. t(ej) ctwuwfiwqmu 

llrumuwti 4.1 
e e, e2 e1 e• e, e6 e1 Cs C9 e,o C11 e,2 en C14 CJS C16 C11 Cu C19 C20 C21 e22 

t(c;) 6 24 24 3 2 6 I 3 4 2 6 3 2 I I 3 30 I 7 I I 3 
aJ 3 4 I 6 2 2 3 3 3 I 6 2 2 I I 3 6 2 3 3 6 6 

4.1 (w,p) q~qphpntU ~WfiUip q)lwqpwufibp[! UJ.WUI\tbptJ.wo hfi hWUW
UJ.WUlWUtuwfiwpwp tJ.wq h mz UJtwCiwqnpmufibp.)1 qhUIPhpmu fiqwpfihpp gm
gwhwfiqbup qwquwqbpUJ.Uwfi opwqpp hwuwp: 

'-lwq UJ.twfiwt[npuwfi qhUIPntU 3.2 w11Jmuw4)1g (mh'u T0(e) L T1(e) uJm
fiwqfihp) hhuiLmu t, np, op)l!iwq, 39-41 dw\ibpp!i u)lwdwuwfiwlt ltwmwp
qmu tu e11 , e16, e17 wztuwmwfipfihp[! L. wztuwuiwlip!ihpp pwfiwtm hwqwuwp 
t a(e11) + a(e16) + a(en) = 6+3+6 = 15 (uih'u W11Jmuw4 4.1): lltz UJ.twliw
tJ.npuwfi qhUIPntti 4.2 W11Jmuw4)1g (mb'u T~(e) h l;'(e) UJntfiJwltfihp) hh

uiuntu t, np, op)lfiwq, 69-M dwu)lfi upwdwuwfiwq qwuiwpqmu bfi e11, en, 
e14, e16, e11, e19 wztuwuiw!ipfibpf! L wztuwmwfipfibp)l pwliw41! hwt[wuwp t 
a(e11) + a(en) + a(e14) + a(e16) + a(e17) + a(e19) = 6+2+1+3+6+3=21 (mh'u 
W11Jmuw4 4.1 ): 4.1 (w, p) q~qppg hbmuntu t, np qwq unw!iwqnpuwfi qbUJ.
pmu wz)uwlflllllfibp]l wnwtJ.htwqntJfi pwfiw41! hwqwuwp t 15-p, mz UJ.twliw
qnpuwfi qhUJ.PmiI' 21-)1: l.JmJfi OJIW@Pl! qwpbLti t qwmwpbt 12 wztuwUU1IJ.
fibpntJ., bpb nl 4P]1m]1qwqw!i wztuwmwfipfibppg e3, e4, eio, e12, en, e14, e,s, e16, 
ewl! qwmwpqh!i tJ.wq unwfiwtJ.npuwfi aunt[, )luq es, e1, e9, e11, wz)uwmw!ip
fihpl!' mz UJ.tWliwqnpuw(i ounq: UJU bppnllll unwfiwqnpuwfi{! hWUWUJW
mwutuwfinq ~wfiuip qpwqpwU[! UJ.Wutqbpqwo t 4.1 (q) q~qpntu: 

UJU bpbp qpwqpwufibpntU umq qntJfintl Ciztlwo t 4Ppui)1qw4.w(i wz
tuwmw(ipfihppfi hwuwUJ.wmwutuwfinq wztuwmnq!ihpp pwfiwl.J.f! (hphpmu tt 
UlllJfiCi t): UqfihWJUl t, np WJU bphp q)lwqpwu!ihpntu Cizqwct tiwqhpbufibpCi 
]lpwp hwtJ.wuwp b(i (wJfi t' 485) L gmJg bfi mwLtiu OJIWqppCi wupnq2mpJwtip 
qwmwphtm hwuwp wfihpwcth2m wztuwmwfipwJ)lfi dwubpp S pwfiwtm' 

22 

S = L t(ei) · ai: 
j=J 

8mgwhw!iqbup 1.J.wquwl.J.bpUJ.UWfi luCiqpp[! tmb-bLtiu wnw2wCimu bfi finp 
umnbgmufibp, hpb wub(i up wztuwmw!ipp qwutwpuwa dwtiwfiw4)1 h nb
umpufibpp htm upwup.!i uwhuwfibfip fiwu UJ.Whwfi2tlDIJ. owtuuf!: 
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'1-pgmp' 4.2 wrumuwl.J.mu mpqwb bU WJtl bpwqpt1 ei w2J:uwmwUpUt11It 
hwuwp umjnpwlJ.wU lJ.wmwpuwU t(ei) dwuwUwlJ.Ub.111!, ai nbunLJrnUt11f! h c(ej) 
bw]uub.pf! {11f1WUntl), t1U2_utb.u Uwh w11wq lJ.wmwpuwU (uwhuwUwJp.U) t'(ej) 
chuuwUwlJ.Ubpf!, a; nbumpuUb.pf! h c'(ei) bw]uub11f!: Uiumuw4l1g hbmwuu t, 

np, opl1Uw4, e1 wz]uwmwUpf! um{npwlJ.wGmu lJ.wmw111.lmu t 3 hnqml 6 ctw
umu L. wpdb. 15000 qpwu, tml.J. wpwq wJq wz]uwmwUpf! lJ.lJ.wmwptU1 9 hnqml 
2 ctwumu L. qwpdb.Gw 27000 qpwu: Urumuwqmu mi.1Jw1Ut11J! utwpqntpJwU 
hwuwp 4.bpgqwb b.U wJUuthu, np JmpwpwU2.1mp ei wz]uwmwGpp «bwtlwm» 
uGw UntJUJ!' 

t(ej)-ai= t'(ej)· aJ, 
lml.J. c(e)-U hwz4.wpl.J.4.wb" t hb.tnhJWL pwGwt\L.p ut1211gn4.' 

c(e) = 2000·a + SOO·a·t(e) = 500·a·(t(e)+4): 
'1tp2l1U pwUwt\L.f! qwqu4.wb" t ppwqwUmpJmGl1g tlhpgtJ.wb hhmhJtul 

uttuJuwfi}1g· Jntp1JJpwU2.1mp wz]uwmlll.lt hpwlj_bppf! w11ctb 2000 11f1WU, L. Upw 
ubq dwuf! wGlJ.w]u wz]uwmwlipp pfintJ~pg qfiwhwm4.mu t 500 qpwu: 

lllumuwqmu wz]uwmwGplibpp un4.npwl.J.wli qwmwpuwfi dwuwliwlJ.
fibpU m nbumpuUbpf! hwUf!UlJ.Umu b.li wpi1b.U aj1mwpl.J.l[wb ctwuwUwlJ.Ubpp m 
nhumpufib.pp hhm, puq e1, es, e14, e1s, e1s, e20, e21, e22 wz]uwmwfipfibpp hwuwp 
unl[npwlJ.wU L. wpwq 1.J.wmwpuw(i ctwuwUwqfibpJ!, nbumpulib.pli m bw]uuhpJ! 
hWU]!filJ.fimu b.fi: 

vw]un.P11 pwctfimu 1.J.wmwpwb hwzlj_wpqfibppg hbmun1u t, np un411pw
lJ.wU 1.J.wmwpuwli mi.1Jw1Uhpp qhlllJ!ntU bpwqppf! 1.J.wpbtl1 t lJ.wmwpht 75 
ctwumu, bwJ:uub.1ntl 38050011f1tuu: 

liJu b"pwqppf! 1.J.wpb.tli t 1.J.wmwpbt wtJ.htl1 zmm, hph qmppwgfibUp 
umwg4.wb upwlJ. lJ.ppmplJ.wlJ.wU lllll.Ill Ill pqwgJWL e1, e2, e6, es, e11, e1s, e20, e21, 
e22 wzJ:uwmwliplihpp 1.J.wmwpuwfi ctwuw(iwqlibp.J!: liJu wzJ:uwmwfipUhppg 
]!Umpb.Up WJli wz]uwmwlipf!, npp hwuwp npllzqwb" t 

lie c'(e)-c(e) 
-=----
lit t(e)-t'(e) 

pp.tlf!: Urumuwltp.g hhmt...mu t, np wJu Plitll! npllztJ.wb t e1, e2, e6, e11 wzJ:uw
mwfipfibpp hwuwp t.. lil[mqwqn1Jfi wpdbpf!' 1000-f! ]!fiqmfimu t ei-p hwuwp 
(tlbpgGmu b.Gp Gqwqwqn1Jlil!, npUibuqp bpwqpp tiwmwpuwli ctwuwliwltp. 
lJ.p6wU1DLUf! lJ.wmwpbUp wl[btli tctwli): bpb f!limptJ.wb e2 wz]uwmwfipp ltw
mwpuw(i ctwuwfiwl.J.J! 24 ctwupg p.2hgfib.lip up.U2_t.. 8 ctwu, wtlb1wgfib1ntl bw]u.
Uf! 16000 11f1Wlintl, t.. qwmwr1tUp finp hwztlwpqfitpi WUIW qmbufihlip, np 
WUPilIJ.2 bpwqpp lJ.wmwpuwli li4.wqwqn1Jli ctwuwliwlJ.1! lJ.tlifilt 69 ctwu, 6 ctwu 
wtJ.htli pp2_: liJu Dlll.IJ.ntpJwup qwpbtli t zwpI11Uwtit1 L. wtJ.btli uwlipwuwuG 
mumufiwupr1h1 UlJ.wpUbp]l gmgwhwliqbu]l lJ.wquwlJ.bpUIUWfi J:ufiqp]l qwmwp
uwli ctwuqbm]l lJ.p6wU1DtUf! nbumpufibp.]1 L, hbmli.wpwp, bw]uubp.]1 wtJ.b1wg
uwli qblllJ!ntu: 
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liJuUJ..lmntl, q.npofiwljwumu apwqpbpp. gwugwJl1ti unwuwtlnpuwu hw
uwp 1ym1wpljmu b(i (iwL. wtJ.btp J!!iqhw!ipwgtJ.wo tufi111111ubp: 

bupwqpbfip, np ljwuwJwlJ.wu e wztuwmwupt1 hwuwp mptJ.mu bu d(e) L 
D(e), d(e) :5 D(e), i::nlbJlJ!, n1111up uwhuwuwillwlJ.mu bfi e wztuwmwupti ljw
mwpuwu t(e) chuuwfiwlJl!' 

d(e) :5 t(e) :5 D(e): 
'l-l1gmp· e wztuwmwfiplJ. hwuwp liwL mptJ.mu t WJ'l wztuwmwup[1 ljw

mwpuwli c(e) wpc:tbp{! (qliliJ!), npJ! IJ.wtut.Iwo t e wztuwmwCiI?l1 IJ.wmw11uwu 
c:twuwfiw4l1g (hl1uuwljtufimu wJq wpcJbpJ! illnppwfimu t IJ.wmw11uwfi ctwuw
uwlJ.J! ubawgfibJ1iu): liJUU1baj1g hbmLmu t, np e wztuwmwupti c(e) tupdbpJ! 
tutibfiwubofi t, bpb e-fi ljwmwptJ.nuI t d(e) dtuutufituqmu h' wubuwil1np11u, 
bpb e-u IJ.wmwptlmu t D(e) dtutitutitulJ.mu: 

Un muwlJ 4.2 

liztuw-
Untlnpwqwfi 1J.wum1pnuI- liptuq 4tumw1unu l'IC 

mwlip -
l'lt 

ei t(eJ) ai c(ei) f(eJ) a· 
I c'(cj) 

c, 6 3 15000 2 9 27000 3000 

e2 24 4 56000 8 12 72000 1000 

e3 24 l 14000 4 6 24000 500 

e4 3 6 21000 2 9 27000 6000 

es 2 2 6000 1 4 10000 4000 

e6 6 2 10000 2 6 18000 2000 

e1 1 3 7500 1 3 7500 -

Cg 3 3 10500 3 3 10500 -
C9 4 3 12000 2 6 18000 3000 

e,o 2 1 3000 l 2 5000 2000 

e11 6 6 30000 3 12 42000 4000 

en 3 2 7000 I 6 15000 4000 

C13 2 2 6000 l 4 10000 4000 

e14 1 1 2500 1 I 2500 -

C15 1 I 2500 l I 2500 -
CJ6 3 3 10500 l 9 22500 6000 

C17 30 6 102000 6 30 150000 2000 
e,~ I 2 5000 I 2 5000 . 
C19 7 3 16500 3 7 24500 2000 

C20 I 3 7500 1 3 7500 -

e21 1 6 15000 I 6 15000 -

e22 3 6 21000 3 6 21000 -
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Cwm 11tuwhJ1nuI q1111ouwqwtimu e wztuwmwupp qwmw1niwu wpcthpJ! 
4bJ1g4mu t hhtnL.JWl UJllilll pWUWOUh!l)lQ UhqJ.1 Ull2llQillf 

c(e) = µ(e) - v(e) t(e) tiwu c(e) = t(e) /t(e), 
npmhq µ(e), v(e) L. r(e)-u e wztmumwup}1 hwuwp tlh11gqwct hwmnwmmu 
qilJlctwq)1g(ihJl h(i: lJb.(lp qoqtnwqn11gb.(ip WJU pWUWaL.bpl1g W11W2}ll1J!: 

01m2t[mu t uwL. ct11wqpJ1 tiwmw11uwu w11cthpJ!, 11111! hwt[wuw11 tiL11lll1 
ctJlWqJl}l pntnp wzfuwtnwupubJtJl Wpctbpllhpll (qllbpll) qntUW}l)tll' 

Ill 

Ic(e): 
1=! 

liJU tnJ1t4.l.1 J:uuaj1pfit11I1 2w11pmu tiw11L.np mbrJ. t qpwqmu hhutL.JWt 
fufiajl}l[!. 

't.,tJ.wqwqn1JU wpcJbp mubgnq b]lwqp):1 qwmw11uwu 
U!Wpwubmpwlj_w(i fuGI}):lp 
SptJ.wa J, Td::;;J::;;T I), ptJ.11 hwuwp wfihpwcttzm t ctpwqpl1 J11tpwpwfi2.1mp 

e wzfuwmwfipl1 hwuwp qmliht wJfi t(e), d(e)St{e)g)(e) qwmwpuwfi cfwuw
UwtiJ!, npJ1 qtuwmu ctpwqJi!i lfwmwpuwfi GtJ.wqwqniJCi T ctwul1hmJ! lJ.1 qhpw
qwfigmu A ptlp.g, pul.J. ctpwqpJ1 wpcthpJ! lfllICip fitJ.wqwqntJCiJ!: 

uph i, i=O, ... ,n, U}WtnwhmJp}1 J1pw1.twUwguwfi cfwuwCiwqJ! CizwfiwlthCip 
t(i), Wlll.W WJU fufilJPlll! qWJlilll. h(ill aL.wqhpU}hl fiwh hhtnL.JWL oL.nq. 

Sp4wo hCi ctpwqp}1 gwfigJ!, L. 
d(e1}, ••• ,d(em), D(ei}, ... ,D(em}, A 

pqhpJ!, nptnhr! Td~::;;T o: 
UCihpwcth2m t qmCiht WJCitq)_mJ1 

pt[hp,np 

J!wCipnp 

t(e1), t(e2), ... ,t(em), t(O), t(l), ... ,t(n), 

ld(e) $ t(e)::;; D(e) Ve- p hwuwp 
t(e)::;; t(j)- t(i) Ve= (i,j) - p hwuwp 
t(n)- t(O)::;; ,1. 
minic(e) 

e 

Ic(e) = I(µ(e)-v(e)t(e)) = Iµ(e)- LV(e)t(e), 
e e e e 

WU}W lufilJPPl! hw4wuwpwqnp t hhtnL.JwllICi' 

t(e) $ D(e) 
- t(e) ::;; -d(e) 
t(e) + t(i) - t(j) $ 0 
t(n) - t(O)::;; ,1. 
max Iv(e)t(e) 

e 

Ve-11 hwuwp 
Ve-l1hwuwp 
Ve= (i,j)- p hwuwp 
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Umw94wo tufirll.1111! fib11lJwJwgfibfip uwm11I1gwJJ1li uibupu4· 

{
yA -5,c 
max by ' 

n11mbq y-J! L. b -fi hbmL.JWt m+n+ l-2w41wfiI1 tlblJuin11fih11fi b(i 
y = (t(e1), t(e2), ... ,t(e,n), t(O), l(l ), ... ,t(n)) 

b = ( v(ei),( v(e2), ... , v(em),0,0, ... ,0), 

c -fi htmL.Jwt 3m+ l 2w41wfiJ1 tJ.blJmn11fi t· 
c = (D( ei),D( e2), ... ,D( em),--d( ei),--d( c2), ... ,--d( em),0,0, ... ,0,A.): 

A -li hbtnliJWt (m+n+ l )x(3m+ l) )WtpwfiI1 uwm11I1gfi t· 

l 0 ... 0 -1 0 0 I 0 ... 0 0 
0 I ... 0 0 -l . .. 0 0 l ... 0 0 

: 
0 0 ... l 0 0 ... -1 00 . .. l 0 

A= 
-1 
0 

0 0 A 
0 
l 

m m m 

0-fi (n+ I )xm-2w41wfiI1 Qimfit11J1g lJwqutJ.wb uwui11J19 t: 

A = (a;) a;= { I bpb i - fie i - J1 ulJqpfiwlJwCi llJWU1wlm1Jpti t, 
1 ' 1 - I bpb i - fi c i - I• tlb112fiwltwfi lljWtnwlrmJllfi t., 

i=O,I , ... ,n, j= 1,2, ... ,m: 
Uuiwgtlwb lufi'1J•1111 qbwJJ1fi opwqpuwfi tufi11J1111.: 
~WJtnfiil t, 11}1 qowJilfi OllWCUlUWfi UlflllJll, pb]l411Il )ufi11J111fibJl(l UblJ[l 

UJmup bplJw4)1ti bu· 

lx ~ 0 
Ax~b 
mmcx 

Sbq)1 mfiJ1 hhmt..JWI 1bu11. 

{yA -5,c Ltu. b max y 

lx ~ 0 
Ax=b 
min ex 

ly ~ 0 
yA -5,c 

max by 

tuti11J1111.i I.: 
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U111.wgmgnuI. y t[bqump.J:! fihpltwJwgfihfip y= y' - y" tnbupnt[, 1111mhq 

y' 2: 0 , y" 2: 0 : 

{ yA:s;c {y'A-y"A:s;c 
b lufi@Pl! cu1hCip (b , b ") mbupmJ.: max y max y - y 

bph aj1mw11lJ.bfip A= (-1 j uwmpJ.igl! y = (y', y") L. b = (b, -b) tJ.hlt-

umr1fihpl!, w111.w fimJfi lufiajlpl! lJ.wpnq bfip qribt ly 2: 0 
yA :s; c mbupntJ.: 
max by 

lx 2: 0 
A~ 2: b lufiajtp]!: 
mmcx 

A'x 2: b hwtJ.wuwpwqnp t Ax2:b L. -Ax2:-b qwu Ax=b: ~bmL.wpwp' uqqpfiw- · 
qwCi lufiqp).l hpl}w4).J.Ci t 

!A~~ b tufillllpl!: 
mmcx 

flwm).l L. oquitJ.btntJ. WJU tbuJ.ig, uuiwfimu bfip, np 

{ yA ::;be luliqp.J.i hplJ.w4J.ili t It~ b fuCiajlp{!, 
max y lmincx 

npuibq X-1! 3m+ 1-twtliwfiti hbmL.JWL tJ.bl}ump(i t. 
x = (g(e1), ... ,g(em),h(e1) ... ,h(em),f(e1}, ... ,f(em},v): 

bpl}w4).l luli11PPt! qpbtntl pwgtJ.wb mbupntJ., uuiwlimu blip hbtnL.Jwt 
tuliajlpJ!. 

q.mlibt g(e1), ... ,g(em}, h(e1}, ... ,h(em}, f(e1), ... ,f(em) L. v WJCilll.IiuJ.i D! pwgw
uwqwfi JJtJ.hp, np 

g(e1) - h(e1) + f(e1) = v(e1) 
g( ei) - h( e2) + f( e2) = v( e2) 

g( em) - h( em) + f( em) = \I( em) 

{ 

V bpb j = 0 
L f(e)- L f(e)= 0 bphi¢0,n, 

eeA(i) eeB(i) - v hph i = n 

m m 
min(I:D(ei)g(e;)-I;d(ei)h(e;) +A.· v), 

i=l i=l 
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npmb11 g(e;), h(e;), i= l, ... ,m, (*) tuCi11Pf1 wnw9f1Ci bp4m wCihwt[wuwpmuCibpml 
mptlm1 tuupbpft uwhuwCiw41w4mufib11f1Ci hwuw111wmwutuwCin11 b111.J.wlJ.11 tuGqpJ1 
1.pmpntuw4wfiCibpCi bCi, f( e )-Ci bp1m1111 w!ihwt[wuwpmuCibpntl uipt[n.11 tuup !1 
uwl11iwCiw1.pwlJ.muCibpf1Ci hwuw111wmwutuwCiilll. t111.J.w1.J.l1 t}ln41ntuw1.J.wCiCibpCi 
bCi, L. v-Ci· t(n)-t(o)9. wCihwt[wuwpuwCiI! hwuw111wmwutuwCim1 bplJ.wlJ.11 1.pn-
41-ntuwlJ.wCiCi t: 

.QwCil1 np g(ej) - h(ei) + f(ej) = v(ej), j=l, ... ,m, w111w hwuwawJCi qowJI1Ci 
opwqpuwCi hwtl_wuwpwlJ..znmpJwCi pbnpbu)l (mb'u (11), 78 t9) b111.J.wlJ.11 tuCi1111!1 
hwuwp qnJntpJmCi mCif1 tuJCilllliul1 1momu, np g(ek) L h(ek) pt[b11l1g ub411 
hwtl_wuwp 1.J.lftCift 0-)1.: 

liJuuibrlftg hbuiL.mu t, np 
g( ei) = max (O; V( ei) - f( ei)) 
h(ej) = max (O; V(ej) - V(ei)): 

<.bmLwpwp bplJ.wlJ.]t fuCillltJtl! 1.J.wpblft t aL.wlJ.b11111t1 hbmL.Jwt 4bp111. 
Q.mCibt f(e1),f(e2), ... ,f(em) L. v WJCiuj}lu)l lll pwgwuwl.J.wfi pt[bJt, 1111 liltCi}l

u·.ugtl.)1 
m m 
L D(ei) max(O;v(ei) - f(ei))- Id(ei) max(O; f(e1) -v(e1)) + AV 
J•I j•l 

qntUWpff 
f( ei) 41n41ntuw1.J.wCiu CibplJ.wJwgCibCii;2 

f(ej) = f1(ej) + f2(ei) 
mbupnt[, npmb11 

f1(ej);?:0, fi(cj);?:0 L. f1(ej)~V(ej), f2(cj)<oo: 
liJq 11bllll2mu f,(e,)-J1 qn11ow4)1gu qmuwp]l ub9 lJ.lftCiJ1 D(c1)-Ci, Jiulj li(e1)-lt 

qnpbwl.J.ltgu· -d(ej): btl ut1Ci]1uwg4m1 qmuwp[! qwpm1 bCip qJtbt 
m rn m. 

L D(e, )v(e,)- L D(ei)f1 (ei) - Id(e,)f 2 (e,) 
J=I J=I J=I 

mbupnt[: 
bpb 'lltmwplJ.bCip vk(cj) L. dk(ej), k=l,2,j=l, ... ,m, ptl_L.p[l, n11mh11 

-{v(e1) bpb k = I -{D(e1) bpb k = I 
vk(e,)- oo bpbk=2 L. dk(cj)- d(e1) bpbk=2' 

w111w u]1CiI1uwgt[1111 qn1uwpj1 ub9 11tCi jibmhtntl. hwumwmm Ci wli11wuCiL.Jt[t, 
bp1.J.w4f1 tuCil})1pJ! 1.J.wpnri bCip CibplJ.UfJWgCibt hbmLJWI mbupmt. 

Q.uiCibt WJUllllm)l fk(c,), k=l,2, j=l, ... ,m L. v WJCi111lml1 111 pwgwuw4wli 
pt[b11, np 

L. 
2 m 

min(lv- LLddeJ)fk(eJ)): 
k=lj•I 
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bpb 011wqpl1 gwCigl1 JlllllWJ1WUtJlllJ1 e wz)uwutwCipj1(i hWUWUJWUlWU
)uwCi UJlllJ!I! 411qCiwUJwuilJ.hCip (uth'u qo. 4.2), 1111]19 hhum uhlJ.11 hwuw11 uwh
uwCihCip pm1mCiwlJ.mpJlllU{!, n111! hwtJ.wuwp t v(e)-J1, L wpcthp{!, 11111! hwtJ.w
uwp t D(e)-11, jmlJ. UJmuj1 hwuw11· 00 pm1mCiwqmp_1mCiJ! L. d(e) wpcthpJ!, WUJW 
t11qwlJ.J1 tuurit1111! wJu fi1111 gwfigmu hnupwJI1fi JuCi11]111 t: 

v(e),D(e) 

~ 
oo, d(e) 

<+b. 4.2 
Uuiwgtl_wb hnupwJl1Ci )uCir)llll hwuwp qw1uu1 blip 4.l1pwnb1 .'.bw11J.b1mnfil1 

w1qnpl1puu L. uuiwgtl_wo WP11Jmfipfib11I1 lil12ngn4 uuiwfiw1 fitJ.wqwqntJCi wp
ctbp mCibgnri b11wqpl1 IJ.wuiwpuwfi uiwpwutut11wlJ.wfi )uCillJlll 1mmuu[! (uib'u. 
[5,11]): 

5. St1.Jw1fihpp. hwqwCiwlJ.wfiwJtifi pw.2.lumuntl gwfighpp. 
up.2ngntl uuwfiwqnpuwfi JufirJlipfihpl! 

lJ11Ci~L. lllJ<hl utfip qpmwpqmu t)1Cip lllJfiuilmp. opwqptp, npnfig wz)uw
U1lllfipCit11p. hwuwp tCipwllJlqmu tp, np mpqwo t flllWfig IJ.wmwpuwfi tizqp)lm 
ctwuwCiwlJ.Gbpff UwlJ.wJCi WJil tGpwJ}PlltpJmfil! qn11bCiwlJ.wfimu pl1l t hwfiqp
uimu, pwfil1 np gwCigwJp.fi ui1wfiwt.J.npuwG tqwGwq[! oqmwqnpbi.lmu t 
lllJCiuilmI1 Gnp I,_ PWilfl uzwqmuCitp)l UJtWGtuqnpuwa hwuwp, npnCig wz)uw
mwGpGb11I1 qwmwpuwfi ctwuqtmfihp[! fiw)uwuitu hwJmfip. ~bfi L. qwpnq hfi 
hwt.J.wuw11tJ.t1 up zwpp wpcttpGhpp.g uhqp.G: UJuUifl.unt.J.' JmpwpwlitJmp e wz
)uwuiwfipl1 qwmwpuwfi ctwuwliwq[! UJlllmwhwqwfi ubmnpJmfi t, np[! pfim
plllqp\J.mu t )lp pwz)uuwli optfipntl la hhmlawpwp, pt.J.wJp.fi pfimpwqpti~fibpnt.J.' 
ufl.2l1Ci w1utbpml. qlllu uwpbuwmt1qwqwfi uUJwutumt.J. {WJfl wpctbp[! Cizwfiw
qtGp t(e) -nt.J.) la gpqwopntl (WJil wpdbp[! lizwliwqblip r(e)-nq): 

'-ll1tiwqwqpwqwli un1.Jw1fitp)1 htmwqnumtu[! gmJg t mt.J.bt, np mwpptp 
m)1UI11 wz)uwmwfiplibpp. U1WlJlntpJmfilitpl1 hwuwp qwph!lI t J.tl1pwnb1 uwpb
uwmI11twlJ.wli tlp.tiwqwqprnpJwfi pfiwqwLJ.wnmu hwJmfip. f3-pwztun1u[!: 

~bmwqnmtlnri apwqp)l hwuwp qnpctfiwqwCimu JmpwpwCi.DntP e w2-
)uwmU1Cip)1 ltwmwpuwli ctwuwfiwlt)l hwuwp mpt.J.mu bfi hbmlaJWL bpbp pqb-
11[!, npnCip n11112t.J.mu hfi apwqp]l lJ.wmwpuwG UJWU1wu)uwCiwmmCihpJ1 la tlmp
ciwqhmCitp]l hwpgmuG.hp)l. hpuwli t.J.pw: 

w) t1(e)' 1wt.J.wmhuwl(wli qCiwhwmwqwG, 1111[! gmJg t mwwu e wz)uw
mwG.pp ltwmwpuwCi Ciqwqwqn1Jli ctwuwCiwltI!,·llPI! qumwgtlJI e wz)uwmwfi
pl1 qwmw11uwG. pwptG.uiwum uiwJuwG.G.bp)l ritUIPmu: 
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p) t2(e)' hnnhmhuwljwG qGwhwUJw4tuG, npJ! gmJg t mwurn e w2tuw
U1wGpJ1 4wU1w11uwG wnwt]t1wq.i1tJG cttuuwGtu4l!, 11111! 4umwgtjJ1 e wzlutu
U1wGpf1 qwmwpuwG tuGpw11bGtqwuU1 LlJWJliwGGtpJ111hlllPmu: 

q) t'(e)' htutj_wfituqwu qGtuhwUJw4tufil!, np[! gmJg t mwt11u e tuzlutu-

mwGpJ1 4wmw11utuG uJ12J1G ctwutuGw4p, 11111! quU1tugtJ.11 e w2fuwU1wGpJ1 qw
UJWJJOwG unl[n11wqwG tqUJJuwGGtpJ1 qhtqj2mu: 

5nq1w12wG~mp e w2tuwmwG12J1 ljwUJwputuG awuwGwljJ1 /3 pw2Juuwli 
tlipw111mtpJlllU[! hliwpwtJ.11111npJm(i t UJWl_[IU t(e) -p L r(e)-11 hwuwp UUlW
Gwt htmLJWl pl[wJJ1G quwhwmwljwGGt111f 

-( t, (e) + 4t'(e) + t 2(e) 
te)=-'-~~-6~--'~, 

t'(e) = [ ti{e); t 1 (e) J\ 
'l.,zhGp, np untj_npwpwp uwuliwqbmGt11l1 hwuillp pwl[wqwGJ1G 11cttJ.w11 t 

mwt w,dL;wmwCi11l1 hwtJ.wGwljwCi qGwhwmw4wG1!, l.t WJI} l}htqj2mu t(\..) -G 
umwGw1m hwutuJI oqm4mll tG wtJ.hl11 tqWJlqhgtj_wb l.t ni WJfipwu 62qJ1J1m 
html.Jwt qGwhwmwljwuJ1g, np[! hJ1dGtjmu t uJ1wJu 1w4wmhuw4wG L. hnnt
mhuw4wfi quwhwtnwljwGGt11J1 l[pw' 

t(e) = 2t 1(e) + 3t 1 (e) 
5 , 

liJutqJ1untj, Jlll}lWJlWU)Jllllt c w7tuwuiwfipJ1 hwuwp hw7tjmu tG WJI} 
w2tuwmwupJ1 4wmw11uwu ctwowGw4l1 uwptowmJ1ljwljwli utqwut1J1G' t(e) -ti, 

L gptjwbpl!· r2(e)-G: 
011112 1]hUlJ2h11111u wfih11wctb7ui t. 1J1G111u qmfihJ uljqpliwlj1uG tq1umw

hmJp}1g lpll}IU hljnq L 11111111 wzfuwmwliplibJi!i ljwuiw11uwli dwowCiwljJ1 ut1-
9}1Ci w11ctbpJ1 ljwu uwptowwt14wljwfi UllJwut1f1G L. g11l[wbp11: UztuwmwGpCit-
11J1 pwtjw4wliJ1Ci ubb pwGwljm JlJIII CiGb11t1 11hUlJ2m u 4w1mri liGp oqm4li1 hwtJ.w
uwljwCimpJwfi mtumpJwfi 4liGui1mGw4wG uwhuwGwJJ1u pt1111tuf1g, npt1y 
htmw11u t, 1111 L mrim w1tuwuiwGpGt11!1 4wuiwpuwG ctwuwtiwlj]1 ut19f1Ci 
- 2 
t(L) w11ctt1111 L. r (L) g11l[wb1111 hwtjwuw11 41J1ubG WJI) m11111 w7fuwmwfipli-
t11J1 uJ19J1G wpdbput11J1 L YJ1tJ.wbpGbpJ1 q1111hu11J1Ci' 

t(L) = L t(e) L r\L) = L r 2 (e): 
<EL 

1JzliCip, 1111 hph w2fuwuiwCiptiL11I1 ljwmw11uwCi ctwuwfiwlJ!1 hwuwp 
tjhpgCihti11 uJ19J1Ci wpdbpGl:i1111 L ljwuiw11tGp Ciwfun1111 pwdJ1lilili11111ll liljw
pwqptj_wb dwuwliw4I1 hbui 4wllJtjwo hw7tJ.w114Cil:iI1[l, WllJW uuiLugl[wi> 411t1-
mJ1ljwljwG n111m b111.Jw11111rJ111 Ci11 ti111Jlitql:iu hwl{wuw11 41!1liI1 111q111 w7fuw
uiwupubJ1f1 ljWUIW\IUWU ctwuwliw4)1 ut19j1Ci wpdh11!1ti: 

nwugwJI1ti tqJwtiwtJ.n11uwli mtlJw1liL11t1 hwtjwliw4wliwJj1li pw7)uL'iLuli 



DlllJtillpJWfi hwuwp h)lufiwqwfimu q)ltnWflliqmu t hbtnhJWl lufiq)lpl!: 3mpw
pWfii]ntp 1.4wmwhntJp)1 hwuwp 1.4wmwutuwfiwmm wfio)l qnqu)lg uwhuwfi
tJmu t WJI} lqWUlWhotjp}:1 )1.pwqw(iwguwfi gwfiqW}P qbp2fiwqwfi uwutihm(! 
L.., oq1ml.htntl wztuwmwfip)l hwuwp npnzqnq t(e) L. r(e) qtiwhwmwl{wfifih
p)lg, DlllDl t(L) L. r(L) wpdhpfihp.}:lg, qwmwpqmu t hwzqwpq, nplt W)U]Jntfi
pmu umwgqmu t uwhuwfiqwo uwuqbllliltU UJ.WUlWhnlJPlt )1.pwqwliwguw(i 
hwqwfiwqwfiwJ)lfi qCiwhwmwl{wfi{! (mh'u [4,5]): 

6. Umn1qnqw{J.wfi hwpghp 

fipnzbp, pb hhmL.Jwt u1fiqmufihpJ:tg npCi t 6)1.zm L. npt!' utuwt: 

1. '-lwt.iwJwqwfi pqwgJwt wztuwmwfip)1 u1L.nqmpJntCif! hwqwuwp t 0-J:t: 
2. '-lwuwJwqwCi pqwgJWL wztuwmwCip)l ntmmpul! hwqwuwp t 0-lt: 
3. '-lwuwJwqwfi nt pqwgJwt wz.tuwmwCipJ:t qwmwpuwti uwuwfiwltf! 0-)19 

utot: 
4. '-lwuwJwqwCi D! pqwgJwt wztuwmwCip)l nhumpu(! 0-)1g uhct t: 
5. q.nJntpJmCi mCi)l wztuwmwCipCihp.lt ctpwqp)1 gwfig, DPt! UJ.wpmtiwqmu t 

qnqutinpnzqwc) g)ltii: 
6, q.nJntpJmti mCi)l gwCig, opp hwuwp 2-M pwd'Cinui fiqwpwqpqwct wztuw

mwfiptihpp tunznpwgmultg hhlllil umwfimu blip ubq wztuwmwtip: 
7. q.nJntpJntfi m(ip gwfig, np)t hwuwp 2-M pwdCimu Ci11wpwqpqwb wz

tuwmwtipfibp}l lunznpwgmupg hbtnD umwCimu blip bpqm wztuwmwfip: 
8. q.nJntpJmfi mfi}l gwfig, np.}! w 1.4wpmfiwqmu pqwgJwl wztuwmwfip: 
9. bpb e1EB(e2), WlllW e2 wztuwwwlipf! Uibtnp t uqutllt wfiu}12wtqbu e1-lt 

wqwpm)1g hbtnD: 
}O. bpb e1EB(e2), WlllW e2EA(e1): 
11. bpb e1EB(e2) L. e2EB(e3), WUfW e1EB(e3): 
12. bpb e1EA(e2), WUfW e2 wztuwmwfipl! utbmp t wtf_wpmqwo }Pfip e1 wz

tuwmwfip}l uqqppg wfiu}12wutbu wnw2: 
13. bph e1 wztuwmwfipp wqwpwpg wfiult2wlllhu hhtnn uquqmu t e2 wztuw

mwCipf!, WlllW e2EA(e1): 
14. bph ctpwqplt pn1np wztuwmwCipCibpf! tiwmwpntu t uhq wzfuwlDDJt, 

WUfW ctpwqp}l wqwpmuwCi wuhCiwznun uwuqbtn{! hwqwuwp t pninp 
wztuwmwCipCihp}l qwmwpuw(i uwuwCiwqCibrtli qmuwp]lCi: 

15. q.nJntpJntCi mti]l WJCilllltup ctpwqllp, np]l pn1np wzluwmwCipfihp{! qp)tmp
qwtiwCi bCi: 

16. q.nJmpJmCi mti}l wJfiuwu}l ctpwqllp, np)l ubq wztuwmwtipfi t lJP)lmpqw
qwCi: 
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17. 2-Illl pwctfimu fiqwpwcuutwcr U}WmwhntJpfibp!I t.J.bpwhwuwpwqw1mutig 
hbum, bph i<j, WU}W i U}WUlwhntJPI! U}butp t qwmwpt.J..11 wt.J.bll1 zmm pwfi 
j U}WUlWillllJPI!: 

18. 5wfig]1 qp]1mt1iJ.wqwfi mrpn pn1np wz}uwmwfipfibpJ1 iJ.wmwpuwfi ctwuw
fiwiJ.fihpJ1 qnuiwpJ! hw4.wuw11 t T-]1: 

19. 5wfigp pn1n11 qp}1mJiqwiJ.wfi w2}uwmwfipfihpl1 iJ.wmwpuwfi ctwuw-
fiwqfihp]l qmuwpl! hwt.J.wuwp t T-}1: 

20. 5wfigl! lJwJlllI1 t muhfiw1 uhqpg wt.J.hlP qp]lmpqwqwfi maj1uhp.; 
21. 4ppmpqwqwfi nlJllifihpJ1 t111J.wpntpJntfifibpl! iJ.wpnq hfi ll1fih1 mwpphp: 
22. 4ppmpiJ.wiJ.wfi nlJlliu iJ.wJlllI1 t U}WpmfiwlJ.ht pqwgJWL wztuwmwfip: 
23. bph mqpfi wfigfimu t qp]1mJ1iJ.wqwfi wzfuwmwfipm.t, WU}W wJfi qppm}l.-

1.twiJ.wfi t: 
24. li:ppm)liJ.wiJ.wfi mwpphp mqpfihp qwJlllI1 hfi mfihfiw1 J!fil}hwfimp wz}uw

mwfip: 
25. 4wuwJwiJ.w!i gwfig):l iJ.wuwJwqwfi qp}l.ml1ljwiJ.wfi wzfuwmwlip):l iJ.w

mwpuwli ctwuwliwiJ.J! tftnppwgfihtml tftnppwlimu t opu1qp):l iJ.wmwpuwli 
ut.J.wqwqn1Jli ctwuiJ.htnl!: 

26. bph uuiJ.qpfiwqwfi U}wmwhlltJppg 4.hp2uwljwli U}WtnwhntJPI! u1twgli11I1 
iJ.wuwJwiJ.wu nlJlli wfiglimu t e wzfuwmwlipm.J., WU}W e wz}uwmwlipl! 
qppmpqwiJ.wli t: 

27. 4p):lmpqwqwli wlJ:uwmwupft ctwuwuwq):l LPPtl U}Wlmiuml! hwt.J.wuwp t 0-ft: 
28. bph wzfuwmwfip):l ctwuwlilfl.iIP LPJ:ltl. U}Whmuml! hwttwuwp t 0-'1, WU}W 

WJI} wzfuwmwupJ! qpJ1mftqwiJ.wu t: 
29. bpb U}Wtnwlui1n}}l ctwuwfiwltJi U}WluirnmJ! hw4.wuwp t O-J1, WU}W WJI} 

U}WtnwhntJPI! U}wmqwlimu t qppmpiJ.qwli mqmfi: 
30. bph U}Wtnwlui1J:ll! U}WtniJ.wfimu t qp):lml1lJljwfi nU1.mli, WU}W fipw 

ctwuwliwqp U}Wlui1uml! hwttwuwp t 0-11:· 
31. bph DU\nt ctwuw!iwqp U}Whmum(! hwttwuwp t 0-):l, WU}W wJfi qpJ1m):l-

1.twiJ.wli t: 
32. bpb mqpfi iJ.ppm):liJ.wiJ.wli t, WU}W lipw ctwuwfiwq):l U}whmum[I hwt.J.w

uwp t 0-p: 
33. 4wuwJwiJ.wfi gwfignu1 qi1JmpJmli mfip wztuwmwlip, npt1 hwuwp ctwuw

fiwiJ.]1 LPM, uwuliwt.J.np, wqwm I.. wfiiJ.wtu U}Whmu111lih11fi )1pw11 hwt.J.w
uwp hfi: 

34. 4wliwJwqwli w2fuwmwfip)1 ctwuwfiw4l1 wqwm U}Wlunum11 211 qb11w
qwfigmu LJ1)14. U}Whmumt1g: 

35. U2fuwmwlip)1 ctwuwliwltl• wfilJwtu U}Wiuuum(l qw1m11 t ll•fibt pwgw
uwqwfi: 
uzt.j_wo U}firpuufibp!1g ufuw1 Uifi11muCih11I1 hwuw11ub11!i bli · 4,5, 7 ,9, I I, 12, 

13,19,21,23,25: 
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11 Winston W.L.,Albright S.C.Practical Management Science.DuxbUty Press,1997. 

===did! 



IX. <llUCUP'7bPJl. liUfl.U~UPUU'7 
SbUfil'-fcrBfil'-'7 

lTmmp 

fTJwIJWUJliL uwljwJfi wliwliutfwu tffiwi ... 
Q.p~qnp "t..wpt~wg~ 
lJwuiJwQ nl]JlhpqmpJw6. pwQ P-A 

l:i.1979: 

<llwzwpuhpp ljwnwqwpuw(i Juuqppuhp(i wnw2wumu hu, hpp wuhpw
dhzm t wumu umhqbht Ujntpwljw(i nhumpu(ihpp 4wu UUJ.Wntiw(i WL4PWUp
Cihpp. UJ.Wzwp(ihp, UUJ.WtnWlj muhuwtntl U14JWl dwtiw(iwljwhwtnqwbmti pw
qwpW[tht wpmw:ryunpJwCi 1, puwlj2mpJwCi UJ.Whwu2wplm: 

q.npbn1JpUhflp. hhmwqnmtiwu mhumpJwu uh2 !]pWug wnwu6uwhwmmlj 
mhq t hwmljwgqmu, npnqhhml, UJ.wzwpuhpp ljwnwqwpuw(i LWtlwqntJU t{w11-
tlh1wljhptajl dwuwuwlj]lu ljwmwpt{wb J!CimpmpJntGJ! hfiwpwqnpntpJm Ci t 
mwwu wqwmht qqww J!WfiwljmpJwUp ZP2Wfiwnm Up~mg(ihp, fiui!i p. l}hp2n 
fill!wuum1u t nhumpuuhpp WM.Jmfiwqhm oqmwqnpotiwCi[!: 

<llwzwpfihpp ljmmw4mllJ! hwfiqhgCimti t npnzwljp b"w)uuhpj1, npnqhhmh 
wfihpwdhzm t wfimu l]IlWUg ll!Whll!WUillJ}JWU[l hwmljwgfiht mwpwbpfihp, 
umhqb"ht npnzwlj]l UJ.WJUWUUhp, UJ.Whht hwUWll!WUlWU)uWU wz)uwmwljwqU 
I, w.11u: liJq mhuwulLJmfipg puwljwCi t hCipwl]IlhJ, np wuhu up 6hntiwpljm
pJwCi Cill!wmwljfi t mfihuw1 pum hCiwpwqnppu fi4wqwqn1Jfi tiwljwpqwljnl} 
L4wzwpfihp: liJfimwuhfiwJfipl}, L4htnp t hw74p wnGhJ Gwh WJG hwGqw
tiwfip[l, np ll!Whwfi2wpljp uh() UWUWUp UlfintU t wfinpnz, I, WJfl ll!Wtnt'.iwnnl} 
nppwfi PPl t wumti L4wzwpfihpp uwqwpqw4p, WJCipwG hwt'.iw)u t wnw9w
fin;u UJ.Wtnt{hpfihp ljwmwphJm qwpppp, h, npL4hu hhmhwfip, u~b"wtimu t. 
wpmwr:ipwfipp UJ.Wqwup wnw9wgtiw(i hw4wtiwqwtimpJmti11: llJu ljwu wJli 
WJlUlW!]pWCipp. ll!WlJwu):l wnqWJlllJ}JlllUJI ll(UIJWljj1 lj11JU11Utnlih11J1 WIJPJill[I t. 
r:iwnCimti gwfiljwgwb 6hntiwpljmpJwti hwuwp, j1liiL4hu WfllflWJlfllllpJwli 
n1npmmu, wJfiUJ.bu t1 hwt'.iw)unJ111tihp 1Jn11guh1m wnmun4: 

UJutajlunl}, L4wzwpp iwt.Jlp L. L4wm4p11uwti UJ.WhJl 111mz4mu t..li hwtiw
ll!Wmwujuwfi [lUI}hwtimp b"wjuuhpp :f>mCiqgj1wJI1 li4wqwqmJCi W[Hft..pn4, 
fihpwnJwJ WJCi bw)uubp11, npnlip ll!WJUwliw4np4wb" t..ti w4h1gm ljwJl1ti UJ.W· 
zwpnq L. UJ.wqwuj1 hhm lJwll!tiwo ljn11m umtibpnq: 

"lwzwpfihpp ljwnwqwpuwti Jutir:1f111lih1u11u oqmwq1111<>t{mu hli pwquw
qwfi uwphuwmpljwljwfi qnpotipfihp. puiUJ.Lu qwuwljwti r1ti:tit..phligl1w1 hw74t1 
L twqpwfidp pwquwll!wmJ1qtihJl):l triwtiwq11, wJCiL4hu t.1 t.lwuwliwljwlj!1g 
Oll!mtiuwgtiwfi hqwtiwqfitp· qowJpli I, ni qb"wJj1Ci, r1J1liwut1Li b"11w411uwli, hli11-
phpl1 mhumpJwfi, npnzm ufihpp r1tiqm tiuwti, tiuwtiwljt.'iwti li w JI li: 
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1. ~111.Hiwqwli hwuqwgntpJmlilihp L. UJ.w2wplihpp qwnw
qwpuw(i ullllht lihpp mtuwq lihp 

1.1 "lwzwpfibpp qwnw4.wpuwfi J:uCiqppfibp 

<llwzwpllbp}l 4wnw4w11uwu unqt1llbpl1 J!Ull(lp\.J.11tu1! pw4.wqwfil1G 1wJfi t' 
uquwb" qbmbpul1GwJJ1(i' WJU qwu WJU 6zmmpJWUp 4wuJ:uwmbutu1 hwuwqwp
qb1111 unqt1ut11I1g ul1GtL pw1111 u11qt1fit11, npnfigmu hwztll1 t wnu4.mu uiwm-
4.hpJ1 uwmwqwpwpuwu cJwuqhmubpJ1 qwu uiwhwu2wpq}1 wunpnzmpJntfil!: 

"lwzwpCibpJ1 qwnw4.wpuwfi wubCi 1111 unqbtl1 1mm1tu1! J1 4.hp211 uitmp t 
uiwmwuJ:uwCiJ1 hbmhJWl hp4m hwpgbpJ1Ci · 

w) }lfit pwuwqmpJwUp w11mwqp.wCip (wll!Pwfip) tqwzwpbt L 
p) bpp 0 tqwmtU111ti: 
llilw2}1Ci hwpg}1 tqwmwuJ:uwfil! mp1./mu t tqwmtlh11}1 b"wtlwtli up2ngn4., 

n111! ltwPJlil t chutiwfiwltl11!CipwgpmtI 1.jmtjlnJ:utlht' 4wJ:u4.wo I111wil_p6wltlig: 
bpqpnpq hwpg}1 tqwmwuJ:uwCi]! lJ.wJ:u4wo t tqwzwpfibpp qwnw4.wp1Iwfi 

hwuwqwpqp ohpg: bph hwuw4wpq]! bfipwqp.mu t u~wzwpJ1 tlti6wltli uiwp
pbpwqwfi 4bpwhuqmu hw4wuwp chuuwfiwqwhwmt.J.wb"Cibpn1u (oppuwq' 
zwpwp]! tihlJ., wu}lul! ubq h wnu), wtqw finp tqwmtJ.bpp tqwhl! untJ.npwpwp 
hwu]!Gqfimu t Jmpwpwu~mp cJwuwCiwqwhwmt[woJ1 uqqpp hbm: f-lul.J. bpb 
hwuwqwpqmu CiwJ:uwmbmlmu t uiwzwpp tltit'iwltli wG]!Ciqhwm tJ.bpwhul(mu, 
WUJ.w tqwmtJ.bpp mpuwCi tqwhl! npnzt[mu t tqwzwpp wnl.J.w uwl(wpqwlJ.ntJ.: 

"lwmtJ.bp}l b"wtlwm h tqwtntl}lpuw(i tqWh]! npnztJ.mu M' t1fit1ml UJWZWP
Cibpp lJ.wnwt[wpuwCi hwuwl.J.mpql1 CitJ.wqwqntJCi qn1uwpwJI1fi b"w]:uunuHibpp 
tqwJuwupg: 

r"lwzwp!lbp'1 l [ l 4.wnwlj_wpow!l · [OhnppbpuwGJ "lwmlj_hp'1 ["lwhutwGtiwOJ [ltnpmum!lhp] 
= + 6lawljhputtiwO + + 

hwowljwpq'1 owtuuhp owfuubp utwti.wuntpJl 
owtuubp 

bu1fuunuIObp 

~tn12ptpuwCi b-wJ:uubp]! lJ.wpLnp qnpb"n(i b(i qwnCimu, bpp utiwt[np 
wpmwqp.wupp qpCiJ! lJ.wJ:utJ.wb" t tlifimu tqwmtJ.bpl1 b"wtlwtiig: 'l-w tqWJUwCiw
tJ.nptJ.wb" t fipwfinlj_, np, bpp tqWUlqbpti b"wt[Wll! Ubb"wfintU t, WUJW Ui1W4.np 
wpmw:qpwfip)t qfip npnzwltli qbq~ t wpt[mu: 

"lwmt[bpfibpp ohwl(bptquwCi b"wJ:uuhpJ! hwumwmmfi b"wJ:uuhp hfi L. 
lJ.wJ:ut[wb" hCi tqwmtJ.bpfibpJ1 mpuwfi hw6wJ:un(pJmfipg, pul.J. tqWhUJw!impJwfi 
tjlnt)mJ:unt!i b-wJ:uubpf.! w6mu hfi tqwzwpp uwqwpqw41! pwp&pw!iw1mg: 

~bp2wtqbu, tqwqwumpqpg wnw2wgilll qnpnmm!ibpJf wfihpwdbzm 
wpmwqp.w!ipp tqwzwpp pwgwlJ.wJDL}}JWUp tqWJUwCiwt[npt[wb" b-wJ:uubpfi bu: 
1-pCi qowfiqwpmu tqwml.J.bpt[wb" hfi qmuwpwJpfi b"wJ:uuhpp 1.J.npl! L. tJ.hpn
htinwu_npu Plllll.WilJJ.p.~fihpl1 lJ.wJ:unuiCibp]! tqwzwpJ1 uwqwJ111wltlig, npmbq' 
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l. q.[luwfi ql1fi (buJtuutp) 
2. ITlwunlb11fibpl1 oL.wqtpuiuwfi owtuutp 
3. ITlwhuiwfimpJwfi buJtuutp 
4. Smqwfipfihp}1 hbm 1.J.wui1lmo 1.Jn1uuumfit11: 
5. q.lllUW(lWJ fi ow_tuubp 

5 

0 q Cl-a.I 
<.wpl.j t Cizbi, np UILUZWpfihp}l l.jwnw4.LU[1ULUG. um1h1f1 uh9 UIW[lUlWflllJl lt 

pntnp tnpu owtuuhpl1 Gbpwnmlif!, uwfiw4.LUfif}, bpp qpwG.p wGfizwG qm liw11 
bfi l.jwqtimti: f!LUgl1 qpwfil1g, npnz 11tuwtpn1ti pn1n11 owtuutpl1 Gb11wnmti11 
iwt}lwqwfig pwJ111wgfimti t qn1tiwpLUJl1fi owtuutpl1 :PmG4g}1wJ}1 mhup1i: 

ITlwzwpfihpJ1 l.jwnwt.(wpuwu· 4.hpLmti phpt.(wo tufiqpJ1 G4w11wq1m1pJmfip 
pwt.(wl.jwfit1G u~wpq t, L. hwpg t wnw2wGmti, pb }1Gin"t.( t. pwqwm11t.(111ti WJI) 
qwuf1 tufiqppfibpl1 L. rwwfig tntbtiwfi t11LUfiwl.jfih11l1 pwquwqwfi111pJmfi11: UJIJ 
hwpg]1 iqmmwutuwfi[l UfWJliwfiwt.(npt.(LUb t upwJti uiwhwu2w11411 pfimwJiy, 
llPI! Y.W(11Ul t l11fih1 qtmbptit1fiwJJ1ti ljLUU hwt.(LUGLU4wfiwJllfi: 

.·························.···\ 
! •1wpqw4n1JLi j 
! ..... d11qL1LiLP ••••• .J 

<}.i).2 

2-Jll} qbwfiljLU11111ti pb114.wb t uiwhwu9wJ1l1J1 wJG ljwnmy4wbp11, 1111 
[!Ciqmfit.(wb t. iqwzw11litpl1 ltwnw4wptiwu mtumpJwti ub9: UJuu1bu, qbUJL11-
uJ1GwJf1ti iqwhwfi2w114[1 ljwpn.q t. uuiwmfilj 1l1tib1 wJfi J1uwum114., 1111 uutwn
uwfi hwl'.iwtumpJm li[l dwtiwfiwljJ1 11fipwgp111 ti utimu t. wtiipnt.(rntu, 4wu t.1 
qpfiwlil14, t11p uiwhwfi9wp41! uutmJq hwJmtil1 I., pwrn t}lmlmlutlmu t. tlwuw
liw4J1g 4wtutlwb: 
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"lWtoWhw4wCi UjWhWfi2WJl4!1 4WJlllll t Ulfibt UlOWQimCiwp (4WJIUU). 
bpp uiwhwCi2w114l1 hwl.{wCiw4wCimpJwCi tuum1pJwCi l>mCi4gl1wCi ctwuwCiw4J1 
11Cipwgpmu wtii.pni.pntu t, L. ni utowgimCiwp, bpp WJCi i.pni.pntumCi t: 

UtowtoJ14 uiwhwCi2w11411 q.np0Ciw4wumu hwql.{w11tui t hwCiil11uimu, l.. 
WJU 4wpbtl1 t 1UlLnWJl4ht llJlUjhU UlWJlqwqntJCi qtuw: 011}1uw4, phUjhLnh hwg]1 
UlWhwCi2w11411 011tgo11 4w111111 t lflnlflntul(t1, pwJg WJll tpnlfln:twn!}JlllUCibJ111 
4W}lllJl b(i Ulfibt WJUpWU WUU2Wfi, 1111 llllWfig ULilWlO]l4 UIUhllll bCipwqpm
l}JlllU!l twuitu B1 wqwl(wqmu I111w4wCimpJmfi11: 

"lw2w11ut11J1 4wnwl.{w11uwu wtihCi 0)1 hwuw4wpqmu uiw2w11ut11l1 uw-
4w1111w41! lfi.111.pntul(mu t U[Wpphpwpwp, 11uq npmti' tiw4w1iqw4l1 lil(wqmlil! 
n}ll124mu t ll(whwu2wp4l1 pumJp[1g: "lw2w11l! wwgCit1m Ciuiwmw4nl( ctwuw
Ciw4}1 n}ll12w4l1 U[Whl1fi mpqmu t Cinp uiwtoqbp: 01m2 ctwuwCiwlJ. wCig, npu 
wuqwu,tmu t uwmw4wpwpuwCi dwULUUWl.J., U!LUU14hp{! 1wuulwpwpl(l1, [m4 
ULUqwpqmlJ.11 4Pw11011wCiw: '1-pwCil1g hbton uqul(mu t uiw2wpCihp):l qwquw
l[nptiwCi Cin11 uiw11pb11w2p2wCi: (St'u qo. 3): 

< "lwrn~hpl1 
~hpu4udw!i 
qlillll) 

lfwuiw~WJ1WJ1UW!i 
dwllw!iw4~ 

1.2 Oqmwqnpotw CizwCiwlJmtiCihp 

q - U[Wtnl(bpll Olll~Wll! 

"lwzwJ1I• 
pwgw4wJnt~Jq1!i 

q.c),3 

q; - UlWtnl[bp}l WJU Olll4Wll!, np mp1.jmu t i-Jlll u):l2wl.J.WJPP u1.Jqpmu 
qo - UjWm4hr1l11w4wqn1JCi awtlwll! 
r - Ulwhwfi2w114l! npn2w4l1 ctwuwfiwl.J.whwmqwomu 
r; - i-Jlll uI12wl.J.wJP):l U[Whwli2wpl.J.[! 
S; - U[W2WPll liutlJ.WJlllW41! i-Jlll u112w4WJPP uqqpmu 
S; - UjW2WPP uwqWJlllWIJ.l! i-Jlll u112w4WJPP 4hp2mu' s;=S;-r; L. S;=s;.1+q; 
So - ll(w2wp):l 1wtJ.wqn1JCi uw1.tw1111wlJ.l! 
t - ctwuwCiw4l1 u):l2wlJ.wjp 
t. - hpqm hw2n1111wlJ.wCi U[WU14hpCibpp up2L. l!UIJ.wo ctwuwCiw4}1 

Ull2WlJ.WJP{! 
t.o - U[WtnqhpCihp):l up2L. {!Ciqwb 1wqwqn1JCi ctwuwfiw4}1 up2wlJ.WJPl! 
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T - wJu <twuwuwqwhwmlj_wa{!, n11l1 hwuw11 n{lllzlj_mu t iwi.j_wqntJG 

tl.w11tlbtwltbI1ll}I! 
R - tppt.J. UjWhwu2w114I! T dwuw!iw1.twhwtn4wamu 
C1 - upw4n{l w11mwqpwupp ll}Whll}wuuwu awtuub{ll! iipw4n11 ctw

uwuwqwz112w Umu 
C2 - tnmqwUpp (mntJdp) !llllpl! (utbmpJntU{!) upw4np wpmwqpwCipp 

Ujlllqwumpajl qbuwmu 
Cs - UjWU14bp)1 ltwmwpuwa hbm 1.twUj4wa awtuubp{! (qCiuwCi L wp-

tnlllJ}PillJ}JWU qbuwmu) 
Q - UUjWU4btpp qntUW{lWJp.(1 awtuub{l{! 
Qo - UUjwu4btpp qn1uwpwJ)1u awtuubp)1 CitlwqwqntJU iwtlin 
P(r) - hwtJ.wCiwqwUmpJntU{!, n11 UjwhwCi2w111.tl! lt4wqup r tipw4np wp-

mwqpwup 
f(r)- r UJWtnwhwqwu ubampJwU hw4w!iw1.twCimpJw!i tummpJntCiII 
F(r) - r UjWU1Whw1.twu ubbmpJWU pwztuuw(i ,1>multgpw(i 

P(~S) - hw4wCiwqwumpJmfi, np t4whwCi2w111.tP 211 qbpwqwCig)1 S uw

ltwJl1lwltI! 
s 

F(S) = jf(r)drhw4wCiw4wfimpJmfi, np t4whwu2wpqp 21• qbpwqwCigl1 S 
0 

UW4WPJ}Wltl}: 

~wtpwqwfig qct11wp t umbqbb\ t4w7w11Cib11J1 ljwnw4w11uwli U:J1 WJCi
UjJlu)1 l}fiqhwfimp unqb\, npmhq hwztlJ1 wnCitJ.wb 1J1CibCi qJlJ1bCiwl.JwCi111u 11!1-
mwp4tJ.ill\ UjWJUwCiCibpp pninp tnwpwU1buw4Cib11p: 'l,mJCifm4 bpb 11w J111w-
4wfiwg4tp, WUjW qct4wp pt WJI} UllJ}tIB 4hJ1(111011pb(i \ntOh1!1 !llCihp: 

UU1nph Cihpl.JWJWQ4IUJ Unf}b\Cihppg hJ1fiqJ1 uhCiWJIUlWl}PWlipWJJlfi hfi, tm4 
ut4mu hwztJ.p t wnCilj_mu up pwCip «u11gm1» wpmw1111wmhuwljCit11J1 wqqb
gmpJmCip: lJnqhJfibpp hpuCiw4wCi tnwpphpmpJmli11 4wtutlwa t t4whwCi-
2wp4}:l pfimjf}pQ (UITTWU1p4 qwu f}!lUWU}:14 !JlUh(lllQ): 

lillJ}hJCihpp hhmwqnmuw!i hwuwp 04uiw41111c1Llm u t.Ci U:wtlhuwmJ14w-
4wCi 4tp1mampJmCipg hwJutCiJ1 qwuwtiwfi, J1Ci2ll!bu tiwh qawJltti, 112 4bwJJ1ti L 
q}lfiwu}lq opwqptiwfi tqwfiw4fihp: 

2.1 lJhfiw11111wqpwfipwJ}lU UIIlWUlP.4 llllJ}b\ UjW4WUlllPJ}}l 
pwgw4wJntpJwfi qhuwmu 

'l-}lymp· up dhnuw11tiwmh11 t4w11mw41111tJ.L1 t. J111 hw6wju111u1J1Ci T awuw
fiw4whwU14womu uwuiw4wpwph1 hwtJ.wuw11w2wtlJ. µw;,tutJ.wo R pwtiw4m
pJwup npnzw4)1 W{lUIWl}{lWUIJ Opp UjW4WUlll)Ul(I pwywntJ.11111 t.: 
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UJup6;i26' wwt(wpwpt(wo UIWhw62wpltlt qbi.qpnui mmqwfip{! w6t(hp2nph6 
oho t (C2~00): 

UpmwqpmpJwfi llmllm]umfi 01.U)uubp]! l[w]ut(wo bu' 
C1 - u]lwt(np wpmwqpwfi;i2]1 UJ.WhUJ.wfimpJwfi L. 
c. -wpmwqpwfip]l u]lwt(np ]uupw;i2w6wltlt pnqwpl[uwfi OUJ]uubp]lg: 
~bnfiwpl[wmbp]! Uibutp t npnz]l ]uupw;i2wfiwl[fibp]1 pnqwpl[uwfi hw6w-

]umpJmfil! L. Jmpwpwfi~mp ]uupw;i2wfiwltlt 01.Ut(wm: "l.,l[wpwqpt(wo ]1pwt(]l-
6wlt1! UJ.WUlqbpt(WO t 4-pq q01.Ufil[wpn1U: 

'l-]lgmp, 
q-6 wpmwqpwfip}t ]uupwpwfiwltlt 01.Ut(w1fi t, 
t.-1!' bpqm hw2npqwqw6 ]uupwpwfiwl[Cibp}t pnqwpl[uwfi u]12L. ]!Cil[wo 

dwuwfiwl[whwmt(wOJ! 
R-1!' tp]lt( tqwhw62wpl[6 t fiw]uwmhut(wo T dwuwfiwl[whwmt(womu: 

l 
q ~---1...-~+-~,....._~-t--~~~---..,--~t--,,r 

1.....--......--------
lfwuiwlawpwpdwG "lwua~bp]1 uuiwgdwG 

dw~w6w~whwu,~wbp 111wbp q.o.4 

UJq qbi.qpmu R/q-6 gmJg qmw wpmwqpwlin]l ]uupbp]l Plttl.1! T dwuw
liwl[whwmt(womu, }tul[ 

T t.= -= Tq/R: 
R/q 

bpb t. u}t2wl[wJnfi uqm.fmu t UJ.whbummu q ;i2wCiwqmpJwup wpmwq
pwlinlt wnqwJmpJwiip h wt(wpmt(mu UJ.wzwp]l pwgwlJ.wJmpJwlip, WUJ.W 
q/2-1! l[LJ16]1 u:J12lt.G UJ.W2WP1! t. ctwuwfiwl[whwmt(wonui, pulJ. ( q/2)C1t.-1! 
lJ.l[wqup UJ.WhtqwfimpJWCi ow]uubp]! WJI} up2wltWJJllllU: UJutq]lunt(, tqwzwp
Cibpp umbqouwu ]!liqhwfimp ow]uubp{! t,. ctwuwCiwl[whwmt(won1u hwlf w
uwp 4Llt6bli' C1t,.·q/2+C.-]1, npmbq c.-1! wpmwqpwlJ.wli ow]uubpli b!i: 

T dwuwuwl[whwmlfwonui tp]lll ow]uubp{! npnzbtm hwtiwp {!liqhwlimp 
ow]uubp{! tqblll]2 t pwqUWUJ.WmlJ.bt wpmwqpwlin]l ]uupbp]l plfnt(' 

Q = (C1t. q/2+C.)·R/q = C1T·q/2 + C.·Rlq: 
"lwpq t, np wpmwqpwun]l ]uupwnwliwlJ.p owt(wm ubowglibLJ1u {!llqhw

ump OUJ]uubpp wnw2]1ll qmuwpbtltli womu t, ]lult bpl[pnpqn' llt(wqmu: · 
"lwzwpfibpp lJ.wnwt(wpuw(i pbpt(WO )ufiqpp. LlllOillUCi WJll t, np UJ.blll)l t 
npnzbt )uupwpwfiwltlt LWt(wqmJfi iWtp{!' Qo-ll, bpp ]!llqhWUntp OW)uubp{! 
fil.{wqwqn1JCiU bli: UJq iWlpp. npnzmun UJ.WmlJ.bpt(wo t 5-pq qowlitJ.wpn1u: 
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Q 

Si!. 
q 

q 
q.i).5 

fipnzbCii;1 Q :J,mCi4g)1wJ(1 fil[wqwqntJfi wpdbp[J· qpnJ(l hwl[wuwpbgCibtml 
fipw wowfigJWU! [JUUl q-)1· 

dQ =_!_CT- C,R =0, 
dq 2 I q2 

npuibq)lg ljuuiwfiwfip fit)11unfi)1 hwJuiCi)l pwfiwoLII' 

q0 = ~2RC./TC, : (2.1.1) 

liJchl hfiwpwt[np t npnzbt l,;o-Ci L Qo-fi' 

t.o = Tqo = I._~2RC./TC 1 , 

R R 
(2.1.2) 

(2. 1.3) 

Op)1fiw4 l: :;,lbnuwr14wuihp[J L4bUll} t ut4 UlWlllllU L4WU1l[l111wutlllj1li Ulll
mwljwpwp)l 24000 u)lwl[np wpmwqpwup: CCiq nruuu· uwuiwqwpw1uuu11, 1mm 
L4WJuwfiwqp)1, L4bmp t qwmwpl.[)1 JmpwpwfiHntP op: U]twl.[1111 w11uiw1wwlipj1 
L4WhL4WUUWU awfuuhp[J Uh4 WUUnlU 4wqumu bfi 0.1, (luq uj1wt(llfl fuupw
pwfiw4(1 wpmwl1Jlw4wfi awfuubpp' 350 L4WJuwfiw4wG rwwu ut1wt[n11 (L4qu): 

Ufihpwdbzui t npnzh1 fuupwpwliwljJ1 qo 1wl[wq111JCi iwipp, 1wt[wqmJli l.o 
ctwuwfiwqwhwmt[wbu L hwzt[wpqh1 ut4wut[h1)1p uiwpbqwli 11fiqhwfinl(1 bwtu
ubp(l Cit[wqwqntJfi Q0 wpdhpp: 

Lmbmu: StlJw1 qhL4Pmu· T=l2 wu(lu, Rccc24000 uJ1w41111, c 1~ O,lt411u l, 

C2=350 L4qU: <!.bmLwpwp· 

qo= 
2 · 24000 · 350 3740 .<1 ,I 

= u IW'tllJl, 
12 ·O. l 

2 · 12 · 350 
... = = 1,87 wuJm == 8,IJWJ!Wf}, 

24000-0.1 

Q0 = ~2 · 24000· 12 ·0.1 · 350 ,c 4490 t411u: 
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Op}1Ciwq 2: OhnCiwpqmpJwCi npn2w4}l wpmwqpwmhuwq]_1 UJ.WhwCi-
2WPlti!, np[! wpmwI)11IltpJwCi l!Cipwgpnu owtum.{mu t wCil!Ciqhwm L. hwt{wuw
PWlwtjl, qwqumu t mwpbqwCi 120000 u}1wt{np: lllwmt[hpl! mpt[nui t mwp}1fi 
uhq wGquui, puq uwmwqwpwpntul! qwmwpt[nui t upL.GmJCi b"wt[wtlt J:uupw
pwGwqGhpnl.{, npnCig UJ.WhUJ.wCiuwG owtuuhp{! qwqumu hCi Oflhqwfi 0,35 UJ.I}U, 
puq WUPllIJ.2 tuupwpwCiw4}l uwmwqwpwpntliJ!' 10000 UJ.l}U: 

'1lwhwCi2wp4}l pwgwqwJntJ)JWG UJ.Wmownm.{ wpmwqpwfipp J)llIJ.WP4-
uwG hWUJ.WJJ.DlUI! wGpntJtWlDphtlt t: '1lwhwG2t[mu t' 

1. Dpn2ht wpmwqpwfip}1 tuupwpwCiwqp wnwtlht W(lI]JmCiwt[hm b"wt[wm 
L. tiwmwqwpwpnttifihp}1 u}12L. f!CiqCillIJ. twtlwqntJfi chuuwCiwqwhwmt[wb"J!: 

2. lllw2wpp hhm qwUJ.t[wb" b"wJ:uuhpf! Cit[wqwqntJfi b"wJ:uuhpp hwuh
tiwm pwCif{' umqnuntl qwtlhtwfiwG, hph wpmwqpwCip}1 tuupwpwGw4}l ow
tlwll! tiwqtip. 5000 upwt[np: 

3. lllwmwutuwGCitp· 4335 lipwt[np, 13 op: 1,2 %- nt[: 

2.2 Uptuwqpwfip}1 ]:utipwpwGw4}l wpmWlJillltpJwCi Wlllbt 

bCipwqphCip, np P L. D mwpphp wpmlUilllllllwltwCimpJwtip bpqm hwumng
Cihp}1 t.(pw hw2nJlllwpwp u2wq4mti t q owl.{wtlJ. tiwCipwtiwuhpp J:utipwpw
Ciwq: CCiq npntti hpqpnJlll hwuumgp wpmW11JlllIJ.wqwCimpJntCi{! wt[hlP gwbp t, 
pwCi wnw5>pCi hwuumgpCiJ! P > D: PCiwqwCiwpwp, wnw2f1Ci hwuumgp w2J:uw
mwCipp. {!Cipwgpmti liwCipwtiwuhpp tip llWUf! qmmwqt[mti t, WUJ.W UJ.W-
2wpt[mti tipfilL np hCiwpwt[np lPCip qpwCig u2wqmtil! hpqpnJlll hwuumg}l t.(pw: 

StlJwt qhUJ.11mU wnw2pCi hwmnngp wztuwmwchuuwCiw4}l J!Cipwgpmti 
UJ.wzwpCihpJ! hwt[wuwpwtwip womti hCi qpnJp.g tipCitL. q' L. WUJ.W uqumti hCi 
Cit[wqht tiJtCilL qpn, bpp ]:uupwpwCiw4}l pntnp tiwCipwtiwubpp u2wqmti{! 
wt[wpmt[mti t: 

\,qwpwqpt[wb" wpmwqpmpJwCi UJ.WJUlllCifibpntti wpmwqpwfipp tuupwyw
fiw4}l UJ.W2WpCihpp. lp.lllpll]:untpJDlfil! chuliwCiw4}l J!Gpwgpmti UJ.WlDqhpt[wb" t 
6-M qowCiqwpntu: 

d'wliwliwq 
(mwp):I) 

Cl-b".6 
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<.wpg t wnw2wumu ph n°pu t fuupwpwuwqp 1wt1wqmJu mntlwm L p"'u~ 
hw6w)untpJWUp tqhmp t pilIJ.wpqhr 

Uh4 mwpniu utqwutlhUJ.p qmuwpwJpu mnfuuhpJ! quhpwnhfi wpmwq
pntpJw(i L tqwhtqwumpJwfi butfuuhpJ!: 

Optqhuqp npnzhfip uiwzwpp up2pfi uwqwpqw4J!, uwCipwuwufi ajlmwp
qhfip Cipw tlmtfmfuntpJWU [!upwgpJ! U:h4 UIWPPhPWZP2Wfimu: l:Jph uwCipw
uwubpp pilIJ.wr1timua ppwqnpOl.{mu t mwpb4wCi P wpUIW'lflDilW4wfimpJWUp, 
pu4 hp4pnpq hwumngp wpmw'1Pllilw4wGmpJmuJ! D t, WU!W uiwzwpCihpp 
hwuwwmuJ! hwtl_wuwp t (P-D)-p: 

l:Jpb wpmW'1JllllpJwu tqwppbpw,2p2muJ! mLmu t 11 mwpp, wtqw wp
mwqpwfipp J!Gl}hwfimp owt1wm WJ'l dwuwuwqwhwmt1womu 44wqup 

q = P-t1 upwtl_np, 
npmbajlg 

11 == q/P mwpp: 
'1lw,2wp}I wnwtlb1wqnlJCi uw4wpqw41! hwtlwuwp t 

(P-D)t1= (P-D) q/P 
upwtlnpp, pu4 up2f1Ci uwqwpqw4cf 

(P-D)q/2P: 
liJctU: hCiwpwtlnp t 4wquh1 utqwut1htJ1p qmuwpwJJ1Ci owfuuh11p Gtqw-

mw4wJpfi -1>niU1-19pwu· · 
Q == C, Dlq + C 1 (P- D) q/2P, 

npJ! u4wqwqn1JCi wpcthp t {!Uqmfimu, hpp· 
Q' = -C.D/q2 + C1(P D)/2P = 0: 

liJu wnu~mpJmupg tt 4npn2tl]1 fuupwpwfiw4l1 wJfi 1wtlwqn1Jli bwt1w111, 
npp qhummu qmU:wpwJpfi owfuuhpp utl_wqwqmJfifi bu· 

2C,D P 
qo= --·-- (2.2.1) 

C1 P-D 

OpfICiw4 3: f).pgmv· wnw9pfi hwumngntl tih4 wuumu u7w4t1111u t. 2000 
upwtlnp uwlipwuwu, llJll! 7wpm fiw4mu t. h1141m1ll} hwuumyntl u7w4ht wl1uh-
4wfi 500 uf1wt1np vwuw4mpJwup, f1u4 uCiwgwb11 tqw7w11tlm u t.: :.>t.nliwptim
PJWfi uwufiwqhmlihpp q(iwhwmuwup· tqWhtqWUntpJWU bwfuut.1111 4uJqlllllU 

hfi uiwph4wli up9J1Ci lllwzwpfih11J1 w11dhpJ1 20%-11, 11u4 uJ1wt11111 w11mwq
pwfipp wpmwqpw4wa owfuubpp 4wqumu b(i 2.5 tqqu: 

flpvw"'Ci uwfipwuwupg tqhmp t. pw114w!Jwb 1J1CiJ1 fuupwpwliw41• L f1°lil 
hwnwtumpJwup U!hmv t. 4wquw4hpUJh1 uwlipwuwut.11!1 u;wtiuwli tqw11pt.
pw7p9wfi11: Pfi~tq)mp"'fi 4J]lfihp hw11gh11f1 t4wmwufuwli11, hpt fuupwuwliw4J• 
wr1mw11J1w4wfi owtuphpp hfiwpwtlnp 1J1lihp j19hgut.1 l111lilL 

w) 500 U!l}U·fl, 
p) 250 tqt}ti-p: 
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lufiqpp btwl.J.bmwJpfi uulJwtfibpfi bfi' 
Cs= 1000 UJ.J}U' ubl.J. fuupwpwfiwl.J. fllllWPl.J.btltu, 
D = wuuwl.J.wfi 500, 1.J.wu mwpbl.J.wfi 6000 uwfipwuwu, 
P = wuuwl.J.wli 2000, 1.J.wu mwpbl.J.wli 24000, 
C1 = 0,2·2,5 = 0,5 UJ.Il•f upwl[np uwfipwuwu fllllWPlthtltu: 

lmbnui: 1. lfwCipWUWUbpp Uzwl.J.UWU LWl[WqntJfi UWl.J.WpqWl.J.l! (!UUl 
(2.2.1) pwliwoL.p 41.J.wqup' 

qo = J2 · 1000 · 6000/0.5 · 24000/(24000- 600) =5656.8 = 5657 upwl[np: 

lThl.J. mwpmu wlihpwctbzm 1.J.tltlip fllllWPl.J.h( 
D/q0 = 6000/5657 = 1,06 futipwpwliwl.J., 

hbmhwpwp, fuupwpwliwqlihpp fllllWPlJ.liwli hw6wjumpJmlil! qqwqup' 
qo/D = 0,94 mwpp, 1.J.wu 11,24 wupu: 

UUjwul[btltp Cil[wqwqntJli qntU:wpwJpfi mufuul! ublt mwpmu 1.J.tpfip' 
Q0 = 1000-1,6 + 0,5·18000-5657/2·24000 = 2121,32 UJqU: 

Q.npofiwqwfimu q0 umwgl[wb' ubompJntfil! liUJ.wmwl.J.whwpuwp t 1.J.tn
pwgfibt liltfil unmwtiw WUPilll2 PMl!: 

l:,pb tibl.J. mwpmu PllllWPlJ.@ uwlipwuwubpp upwJfi ubq fuupwpwfiwlf 
6000 upwl[npp lwtltml., WUJ.W l[bpf! hwztJ.wpl.J.l[wb' mufuubpf! ltljwqubfi' 

Q0 = 1000 + 0.5·18000·6000/2-24000 = 2125 UJ.J}U: 
f!fiwltwfiwpwp, obnfiwpqmpJwfi qbqwtJ.wpmpJntfi(! qfiwfuf!fimpp wp

mwqpmpJwfi ljwquwljbpUjUWfi 4bp2pfi mwppbpwltf!: 
2. w) t,pb fuupwpwfiwlj}l wpmwqpwqwfi mufuubpf! fiqwqbfi upfilL. 500 

UJI}U,WUJ.W 
qo = J2 · 500 · 6000/0.5 · 24000/(24000-600) = 4000 upwtJ.np, 

D/qo= 1.5 fuupwpwfiwq, qofD = 2/3 mwpp, qwu 8 wupu, pu4 
Q0= 500 · 1.5 + 0.5· 18000-4000/2·24000 = 1500 UJ.J}U: 

p) ~WUWfiUWfi bwztJ.wpljfibpp WMJntfipfibpf! UlWlPU bfi' 
qo= 2828 upwtJ.np, D/qo= 2.12 fuupwpwfiwlt, 

qo/D = 0.47 mwpp, ttwu =5.6 wupu 

Qo= 1066.6 UJ.I}U: 

2.3 Ubfiwpmwty1wlinwJpli umwmplt Wlllbt UJ.Wltwuntpqml. 

liJu bfipwpwctlimu ajlmwplttl.Illl unqbtmli bfipwty14mu t, np UJ.Whwfi-
2wpq]! qbpwqwligmu t Ujwzwpfihp]!, npp hbmL.wfipntJ. wnw2wfimu t UJ.wqw
umpq h 4bp2pfi}lu hwUWUJ.Wmwufuwfi ~w1}1ntJ.' mmqwfip: 

1,uwfi ppwl[p6wlj_ t UJ.Wtnlj_bptJ.wo 7-pq qmufiltwpnui, Dplilbq}lg hbtnL.mU t 
np Jmpwpwfil.)mp ts up2wtiwwp utiqpmu hfipwqptJ.mu t S mutJ.wpitJ. UJ.wzwpp 
wnltWJillfJillfi: 
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<lwdwfiw4 

T q.o.7 
bnwfilLJmfifibpp CiuwfimpJmfipg hbmLmu t' 

S q-S 
t1=-t, Lt2=-1,: 

q q 

lJli2tifi UJ.W2wpp owJ.l.wll! t, ctwuwCiwljwhwm4wbmu ljwqumu t S/2, npp 
hbmLwCipn4 UJ.WhUJ.wfimpJwfi owfuuhp{! ljhw4wuwp4bfi Cit,S/2, pulj ufi2pfi 
UjWljWUillJUll! L 11PWfi hWUWUjWUlWUfuWfillJ\ mmqwfip{! 12 ctwuwfiwljw
hwm4womu ljljwqup (q-S)/2 L C2t2(q-S)/2: 

UJuUJ.ltun4, UUJ.WU4htl!p qmuwpwJ}lfi bwfuuhp{! WUPllJ\2 ctwuwfiwljw
hwm4womu ljnpn21.[bfi hbmLJWL wpmwhwJumtpJmfi}lg' 

S q-S R 
Q(q,S) =(-C1t1 +--C2t 2 +C,)-: 

2 2 q 

SbqwllPhtml. t,-}l, tr}l l.t t.-lt wpcthpfibp{!, ljumwfiwfi1f 

Q(q,S) = S2C1T + (q-S)2C2T + C,R : 
2q 2q q 

'-lhp2}1fi hw4wuwpn1u}lg hfiwpwl[np t tw4wqn1Jfi q0 L So-Ii wpdhpfihpp 
l}Iltpu pbpb( tmohtntl hhuil.tJWL hwuwljwpqn. ldQ = SC1T _ (q-S)C 2T = O 

as q q 

aQ =-S2C1T + 4q(q-S)-2(q-S) 2 CT- C,R =O 
aq 2q2 4q2 2 q2 . 

npmhq}lg hhml.tmu t' 

l.t hhml.twpwp' 
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t,o = Tqo = J2 TC, . JC•+ C2 : (2.3.1) 
R RC 1 C 2 

llpll}huq}l. UUIWUWUJ;! Q-u, uqwmhup, np 

S~ =q ( C 2 )
2

. 
qo o Ci +C2 . 

Shqwqph1ml So-}l L. t.o-}l wpcthpuhpl! htwlJhmwJpu hwtJ.wuwpuw!i uh2 L. 
qwmwph1ntl. UJ.Wpqhgmuuhp, p l{hp2n 4.umw!iw!ip' 

Q0 = ~2RTC1C, · ~, (2.3.2) vc;+c; 
C 

npmhq p = 2 uhbmpJntUl!, np}l wpcthp!ihpl! qm!itJ.mli hu [O; I] up2w-
C1 +C2 

4.wwmu wul{w!il{mu t ll!W'-1.wpwpl{wb UJ.whwu2wplJ.ub.ppg wnw2wgwb 
tJ.uwuuhpp ]ummpJmu: 

UJq libbmpJwli wpdhpl! lJ.wpL.np qwpqw4npltt qhp m(i}l WJU Jul!liq}lp!ih
pmu, npmhq umhqblJ.mu t wJullj}lu}l ppwtl}l.owlJ., hpp 111w2wpuhpl! wupwl{w
pwp iwl}uuJ. bu lJ.wu tJmtl}l.fi ull}wntJ.wb bu: UlJ.uhwJm t, np p<l lll!llJ'llwlil! 
hwuqhgumu t q0-}l L. t,0-}l wpcthpfihpp uhbwguwu, }luq So-ti L. Q0-}l tpnppwg
uw!i L., puwlJ.wuwpwp, Ul4JWl p-}l wpdbp}l qhU}l!ntU qo-lt L. So-lt wpctbpfihpl! 
UUJ.WmwlJwhwpuwp t I!UU1pb1 WJUtqbu, np pwqwpwp'-1.}l p=Sofqo U}WJUWUJ!: 

Op]lliwq 4: 'l-}lgmp' tqwh111wutJ.mu hu 1-pfi oppliwq}l pn1np h1wqbmwJpu 
tqwJuwfilihpJ!, uwl.J.wJu C2 mmqwfipp. tWtp.J! u}lwtJ.np wpmwqpwupp. uiwlJ.w
umpq}l qhUJl!mli lJ.wqumu t 0.2 tqqli: 

Oqmtlhtntl tlhPI! phptJ.wb pwuwoL.hp}lg, umwumu hlip' 

qo= 2-24000-350 -~0.1+0.2 = 4578 1.ihw••n 
12·0.l 0.2 i• 'i p, 

So= 2 · 12. 350 . J02 = 3056 u}lwtJ.np, 
12-0.1 vo.i+"iii 

t= 2-12-350 -~O.l+0.2 = 2.29wuhu:::9.9 w w 
~ 24000-0.1 0.2 ia 2 p p, 

Qo= .J2-24000·12·0.1·350 · J02 = 3667 tqqu: ·v~ 
U1ullj}lunq 1wi.J.wqn1Jfi qwpqb.1w1Jhpt.q}l qhUJl!m'll utqwutJ.ht_llp tqwlJ.w

Ulllfllll! Jdwuwfiwq}l mpwpwli~mp tqwpphpmpJwu ~hp2mu lilJ.wqup. 
4578 - 3056 = 1522 tip.w4np: 
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2.4 %bpp «luqmufibprn.[» ubfiwpmlUJlilwfipwJpfi umwmpq Ullllbt 

~w6wtu u}lwtl_np wpmwilJlmCip}l qllCiJ! qnpoCiwl.J.wCimu 1.J.wfuqwo t t}1Cinu1 
qfiilllJJ. tuupwpwfiwqp awtl_wt}lg: "uuwfi qbuwbpmu qfibpJ! qnu.pntutJ.mu hfi 
pn}lwwc\h. qwu tt qblubp bfi wpl.{mu uhawpwfiwl.J. qfimuCihp}l hwuwp: 

l.Jp.fiiu WJc:hl qpU1WfllJ.1{11JJ. llill}htCibpntU WJI} hwfiqwUWUpJ! WfiUlbUl.{IllU tp, 
h qCiuwfi awtuubpJ! hwumwmmfi t}lfi, wJCiu.ihu np tt}l.Ci wqrµuu UJ.Wzwp}l uw
lJ.wpqwqp tJ.pw: 

liJc:hl q}lmwpqbfip UJ.wzwpfibp}l lJ.wnw4wpuwCi up unqh1, npmu hwztl}l 
ljwnfitl}l tl_hpJ! Ciztlwo qfihpp 1.Jmqnifuuwfi hwfiqwuwfipJ!: b'fipw'lJltlmu t, np 
u}lwtlnp wpmwqpwCipp qllfiJ! hw4wuwp t p 1-p, bpp q< q·-}lg h hwtlwuwp t 
Pi-P, bpp q ~ q ", Pi> P2, }lul.J. q • -1! UJ.mmtlbp}l awtlwt fi t, npJ! qbpwqwCigtlhlltu 
qfiwqbrit t mptlmu: liJ'l qhUJ.PmlI npnzwq}l t. ctwuwfiwqwhwtntlwomu IJ.w
mwptlwo qmuwpwJpfi awfuubpfi [)Ciqqpljmu hfi qfiuwfi UJ.WzwpCibpp aLw-
1.J.hpUJ.UWCi u UJ.WhUJ.Wfilll}}JWfi owfuubp]!: ITT.UUWfiwqp Upwtlnpp htuUWp 
qpwfip hbtnuJWtfi bfi' 

R C,R C1 • 

K1=TP1+ Tq +2q,hppq<q 

R c.R c 1 • 
K2 ':" - P2 + -- + -q , hpp q ~ q : 

T Tq 2 

liJu :f>mCiqgpwfihpJ! UJ.Wtnl{bptlwb bfi 8-(11} ~wfiqwpn1u: 
K I 

K2 

0 q 
Cl-b.8 

Ufitnbuhtntl qfihp}l t19hguwfi wqqbgmpJmCiJI, 4m ntl Ci7wfiwqhti11 UJWlfl
tlhp}l WJCi bwtlww, hpp K1 L K2 :f>ml.ilJ.gpwfih11fi ptiqmCimu hfi t111LCig Citlwqw
qmJCi wpcth11C1t111!: Uqfipwtu t, np· 

4m = J2RC,/TC 1 

K, L K2 qmuwpwJt1ti bwfuuhp}l .1m1CilJ.yt1wfiL11]1 tnLu11l1g hhtnLmu l., 1111 
UJ.Wtntlhp}l qu 1wtlwqn1JCi owtlww l{wtutlwb t. fi11wtil1y, pL qOwCil{w111uu 
UJ.Wml{hptlwb hph11 qnm]1fihp}lg npn1u t qtnfitlmu qtil1 tuquwfi IJ.htn11: UJq qn
m}l.Ghp}l uwhuwfiwJ}lG wpcthpCihpJI UJ.WpqwpwCitlmu hti K 1(qm)=K2(qi) hwtlw
uwpuwfi 1mbmu]1g utnwgtlllJJ. 41-11 wpcthp]1 u}l~mgntl: f~Ciq n11m1f 

• wnw9p(i qnum1 u O :5 q • < 'Im, 
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• bpqpnPlJ: qnumuI qm :5 q • < Q1, 
• tppn(lll qnmmu q • 2::: q1: 
K1(Qm)=K2(Q1) hw\j_wuwpuwfi tmbmufihpti hphJ:! hfiwpw\J.np qtuwhPl! 

UJ.WUiljbp\J.wb bfi 9-(lll qbwfilJ.wpmu: 

K(q) 
Q,s:q'<qm 

K(q) qmsq'<ql 
K1 K1 

Kmin 

'YK, ~ /K, \ ti 
~\, .. -±, /I \ r-4'-

' I Kmin ---, I -1 I 
0 q• q m qi q 0 qm q• q I q 

K(q) 
q•~q I 

Kmin 

0 

%.9 
UJuUJ.ltun\J., UJ.Wmi.lhplt Qo twi.lwqntJfi bw\J.wm 1Inpn2@ hbtnLJWL wnfitm

PJntlilibppg 

jqm, bpb0:5q' <qm 
qo= q', bphqm:5q'<q1 

gm, hpbq'2:::q1 : 

"lwzwplihpp tw\J.wqntJfi bw\J.wtti hwz\J.wpljuwli J:!WJtwzwpf! t.iwpbtlt t 
libpljwJwglibt hbmLJWL J:!WJthPlt hw2nPJlw1IwfimpJwUp' 

1. Opnzbt 

Qm = J2RC./TC1 , 

bph q·< Qm (1-]1.fi qnm]l), WUJ.W q0=Qm, L. J:ufiq]lpf! tntbtl.wb t: ~wqwnwq 
I}bUJ.J;!ntU wliglibt 2-Pil J;!WJtltfi: 

2. Opnzbt Q1-]1 wpdbJ:!1! K1(q,,.)=Kz(Q1) hwi.twuwpnui]1g L IJ.llllpqbt, ph 2-Pil 
L 3-pq qnm]1fihp]1 liliwmuwup npmhIJ. t qmlii.tmu q'-]1 wpdbJ:!1!· 

w) bph Qm:5 q'< Q1 (2-pq qnm]l), WlllW Qo= q .. 
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p) hpb q•:::: q1 (3-M qnmp), WlljW qo= qm: 
Op}lliwq 5: '1-pmwpl.J.bfip uiwzwpfitpp 1.J.wnwtJ.wpuwfi llilI}hU! html.tJWL 

btwlJbmwJpfi mtl.Jwtfihpp hwuwp. C.=10 uiqu, C1=lll!flU, upwtJ.np chuuwfiw-
1.J.whwm4.wc)mu uiwhwfi9wpl.J.I! · R!T=5 upwtJ.np, P1 =2 ll!flU, P2 = l ll!flll l.t q • = 15 
upwl{np: 

lmbmu: bw}u' npnzb!ip Qm-P wpcthpt!' 

Clm= ~2 · 5 -10/1 =10 upwtJ.np, 

l.t pwfip np, q·>Qm-pg, WlljW wfihpwctbzm t npnzbt, pb q·-'(l np qnmmu t 
qmfil{mu: '1-pw hwuwp hwztlhfip q1-P wpcttp{!· oqml{htntl K1(Qm)=K2(q1) hwtJ.w
uwpnuipg: Sbqwqphtntl hwuwuiwmwu}uwli wpcthpfihp'(l, umwfimu blip' 

qr-30q1+ l 00 = 0, npmhq q1=26, 18, qi =3,82: 

Cum uwhuwuuwa· (!umptJ.mu t qpwugpg wtJ.blll ubo wpctbp' q1: .Qwfip 
Il[l ~<q.<q1, WlljW hqpwl.Jwgumll bfip, Il[l q•-p wpcthp{! qmfil{mll t 2-}llJ: qn
mmu: b1f WJUUjbU, qo=q • = 15 upwl{np, pul.J. upw4.np chuuwfiwl.J.mU QillUWpW
JPU ow}uubpt! 1.J.1.J.wquhfi' 

Ki(l 5) = l ·5 + l 0-5/15+ 15/2 = 15,83 UJqu/op: 

2.5 PwquwpmwqpwlipwJpfi umwmtilt UilI}tf uiwhbumwJpfi 
mwpwbpfibpp uwhuwfiwipwl.J. mwpnqmpJmfifitpp 11tuwmu 

4.hpfiwqpmu CiztJ.wb uwhuwuwipwljmup ll!WJllwfiw4.npn1u t mwppbp 
wpmwqpwmbuwl.J.ubpp pwfiwl.J.ubpp ipnluwqwp6 1.J.wll!(!: 'l-}1gmp' n wpmw
qpwmhuwljfihpp UjWhlljwfimpJwfi hwuwp CiwiuwmhutJ.wb UjWhbumwJpfi mw
pwopp wnw4.hLWQI1tJfi pmJ1wmpbLJl uwl.J.hpbu(! A-t: ufipwqpbfip, np i-Illl 
wpmwqpwmbuwl.J.p upwtJ.npft UjWhlljwfimpJwfi wfihpwctb7m uwl.J.bpbup hw
tJ.wuwp t a;-}1, pul.J. UJWml{b1ip owtJ.wLP 1.J.wqumu t q; upw4.np: UJq l]bUjpmU 
UJWhhumwJpu mwpwopp UjWhwfi9wpljp uwhuwfiwipwl.J.mup hhmLJwtfi t.' 

n 

Ia,q, ~ A: (2.5.1) 
i=I 

bupwqphfip CiwL, np Jmpwpwfii]mp wpmwqpwtipJ1 lljWJwplit11p hw
uww4.mu bfi wl.J.fipwppnpbfi, UjWI.J.WUDl(ll] 2P pntJLWUlfl41llU L qtiwqbiubp 
itiwu: Olwhwfi94.mu t npnzb1 CL ni pwgwuwljwfi ipntpn}uwljwfitibpl• wJli
Ujpup wpcthpfibp, npnfip pw4.wpwpbfi (2.5.1) uwhuwliwtftwljuwup ,pulj 

K(qi,qi, ... ,q,,)=f[C.,/3, + C11q, J(i= ~) 
o=I Q, 2 

filljWUiwl.J.wJpfi ~mfiljgpwli f!Cil]Iltfip pp fi4.wqwqntJti wpdbpp: UJumbri /3i-li, 
c.j-fi l.t C1,-U hWUWUjWUlWU}uwfiwpwp upwtJ.np dwuwliwl.J.whwtntJ.womu i-Illl 
upwtJ.np wpmw11pwupft UJWhwfi9wpljp, UjWU14.bpp L UJWhUJwlimpJwli bw}u
ubp(i bfi: 

lufiqp}1 [lfil]hwlimp 1mbmup 1.J.wphtl• t. qmlibt l.wqpwlidJ1 pwq_Owlljw-
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mpl{fihp}l hqwfiwlt}l u}12ngn4: UwqwJfi u}lfi!l.t WJIJ hqwfiwlt}l lt}lpwnmlif!, 
wfihpwcth2m t WJfi imoht wnw(ig hw2tl.ti wnfihtm (2.5. l) uwhuwliwi.pwqmlif!: 
bph umwgqwo 

q~ = ~2/J;C,;/Cli (i = l,n) 

wpcthplihpJ! pwtJ.wpwpmu hfi uwhuwliwi.pwquwfiJ!, wtqw )uliqp}l inu}muli 
wqwptntJ.wo t: ~wqwnwq qhtqpnui' tJ.hpl.tmu fi24wo hqwliwqnq tmomu hfip 
qwuwqwli uwphuwmpqwqwfi opwqpuwfi )uli.ajtpf!: UJu qhtqpmu tqbmp t 
npn2ht q;-bp}l Gnp wpcthplihpJ!, npnfi12 tqwhhum}l J!liqhwlimp uwqhphu}l 
(2.5. l) uwhuwliwi.pwquwliJ! pw4wpwpn1u hli hwtJ.wuwpuwG mhu12ntl: 

liwnmghlip LwqpwGct}l :pmUqg}lwG' 

L = (A,q1,%- .. ,q,,) = K(q1,qz, ... ,q,,)-

-A(ta,qi -A)= ±[C,J3i + Ctqi )-}..(±aiqi -A), 
1=1 1=1 qi 2 1=1 

npmhq A-Ii lwqpwfict}l pwquwtqwm}lqfi t: 
lntohtntl 

laL =- c .• ;/3; + cli -k. =O a . 2 2 I 

qi qi (i = 1,n) 
i)L D 

-=ra,qi -A=O 
dA.; i=I 

hwU:wqwpqJ!, qumwGwlip ~-bp}l l.t A.-}1 hwU:wtqwmwu)uwfi wpcthplibpJ!: 

bpqpnJUl hwl[wuwpntu}lg hbmL.n1u t, np q~ -}1 wpcthl!J! tqbmp t pwl[w

pwp}l (2.5. l) uwhuwGwi.pwquwGJ!: 
Unw2pfi hwl[wuwpn1U:pg hhmLmu t, np 

(2.5.2) 

n12wqpwl[ t, np q: -bpp wpctbpfihpJ! qw)utJ.wo bli lwqpwGct}l ,f pwq
U:wtqwm}llt}l wpctbppg: Pwg}l WJI}, X = 0 qbtqpmU: q: -tp}l wpcthpGhpJ! hw
U:wtqwmwu)uwGmu hfi wnwfig uwhuwfiwi.pwquwfi )ufiqp}l imWwGJ!~ 

;..• -1! qwphilt t qmfiht lpllpdwpqmufihp}l h uJuwtfihpp hqwGwqnl[: 
.Qwfi}l np J!UUl )ufiqp}l qpl[wopp A< 0-}lg, wtqw A-hp}l hw2nJUlwqwli 

ummquw(i J!UJ)Wgpmu npn2l[mu h(i . .f-1! L. u}lwctwuwfiwq q: -hpp WJU wp

cthl!lihpJ!, npnlil! qpwl[wpwphG hwl[wuwpuwfi mhupnl[ mpl[wo (2.5.l) uwh
uwliwi.pwquwGJ!: 

Op}lfiwti 6: 'l-pmwpqhfip hphJ2 wpmwqpwtnhuwqfihpnl[ (n=3) tqw2wp
libpp qwnwl[wpuwfi up )ufiq}lp, npp mtl.Jw1fihpJ! phptJ.wo hli 2.1 wrumuwqmu: 
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Urumuwl.i 2.1 

UpmwqpwCip i C,i (UJ.l]U) R; /T; upwt[np C1; (ut11u) a; (u2) 

1 10 2 0.3 1 
2 5 4 0.1 1 
3 15 4 0.2 1 

'1-pgmp' utwhhumwJpCi mwpwopfihpp [!CiJ]hwCimp A uwlJ.hphu[! IJ.wq
umu t 25u2: ~WUWlJ.IWlOWUfuw(i hw2l[wpqCihpp W.JlllllllCipCihp[! [!Utn (2.5.2) 
pwCiwoL.p upwphpl[wo h(i 2.2 WfUlllUWIJ.ntu: A=25u2 UJ.WhhUU1WJpCi uwlJ.h
phup t[hpwphpJWL uwhuwCiwtflwlJ.mU[! pwt[w11wpt[mu t nputbu hwt[wuw
pmpJmCi .?..-p pCi~-np wpdhpp hwuui11' A.E (--0,25,--0,37] up2w1J.wwmu: ,f-11 
w11cJhp[! IJ.wphllt t qfiwhwmht qbwJpCi up2wplJ.muCihJ1p up2ngnt[, npnCigm{ L. 
4nJU12tl.hfi q~ -h11p wpcJhpCihp[!: 2.2 uirumuwltJlg hhmL.mu t, np .?..·-]1 wpdhp[! 
zwm unm t --0,3-p, hhmL.wpwp q~ -hpp unmwt[np wpcJbpCihp[! 4lltCitu· 

q;=6,7, q;=7,6L q;= 10,6: 

Urumuwll 2.2 
n 

il qi q2 q3 Ia,q, -A 
1;;) 

0 11.5 20.0 24.5 +31 
-0.05 10.0 14.1 17.3 + 16.4 
-0.10 9.0 11.5 14.9 + 10.4 
-0.15 8.2 10.0 13.4 -16.6 
- 0.20 7.6 8.9 12.2 +3.7 
-0.25 7.1 8.2 11.3 H.6 
- 0.30 6.7 7.6 I0.6 O.l 

upb A ~ 52,4112, WlJ.IW q; -hpp wpdbptihpp IJ.w11h1l1 t. umwtiw1 wnwtiy 

hwz4Jt wnCibtm (2.5. l) uwhuwtiwtflwlJ.mu11, 11r1p hwuw1uJL.p I. il · ,- 0 11LUJ.pf1u: 

2.6 UbliwpmWl]JlWUpwJpCi N tpnqwCing qpCiwuplJ. UilI}ht 

Unw2w114tl.nri unrih1mu btipwri11t[mu I., 1111 UJ.Whwti9w11ti11 hwJUJLi/1 1., 
uw4wJCi dwuwCiwlj]l ptipwgpmu 4w1m11 t tjln11 wn tjlnq tjlntjlnfu4t..1, t1u4 u1w
zwpp uwlJ.WMW4fl, tjlnqhp]1Ci hwuwUJ.wmwutuwu, UJ.W[1pLpwpw11 4L[1whu4-
4mu t: ~UWJWO uwutwlJ.wpwpuw(i 1117wy111up JllllJ]WlilflLIJI I., u1111L.p11u 
bfipWJ]Jll[mu t, np UJ.WJWflfl hWUW]JlIIIU[I 4wmw114111u 1. wlJ.tipW[IJ)llflLli tjl11qt1 
ulJ.qpmu, L. UIW4wuntfll)fl pwgwm1mu I.: 

'1-puwu]14 ritmh11u]1CiwJ}1Ci unrit1J1 IJ.wnm y111 up hwti4111 u t. t.lwutuCiwlJ.t1 
4t112wt[np lmJ1pqnCi}1 hbmwqmnuwup: 'l-w pwywm114111u 1. u11wu114, 1111 hw
uwutwmwufuwti futiri)1pfih11p pt[wJ11li 1momuut11t1 umwyuwu hwuw11 u1tu
hwfi9t[mu t oqmwqnpoh1 qpCiwup4 011w'-111uwu t11wtiwlJ.11, 111111 m411u1 11Ltt[· 
l}lllU qnpofiwlJ.wfinpb(i lJ.wpb[}I t. 4]1Jll.Ulll..] u!ltuJU 41..[IYW411fl L!llll(l.i[i]I (J_llUJ-



thplt) wnqwJmpJwfi qhuwmu: 
UwqwJfi, U:hp tu!i'lPlt UJ.WpwqwJmU l}W LDLP2 tunmU1pnn 2.t, npm[hhmL. 

hbnwqnp WUJ.WqwJmU UJ.WhwCi2wpq[! unqnpwpwp twqw(i wqqhgmpJmfi 2.lt 
ntfibfimu IJ:ltmwpqqnq qhp2wqnp chuuw(iwqwhwmqwbmu [!Ul}Rtfiqnq npnzmu
(ibpp qpw: i=l,2, ... ,N tpntthpp hwuwp ll!whuiwUbtm.J. UwtultltU UzwUwqmuUb[l[!' 

CL - UJ.Wuttlltptlnq wputwl}}lwUpp pwUwltl! (UJ.wmqhpp 2.W411!) 
r; - wputwl}}lwfipp uiwhwu2wplt1! 
S; - htwlthmwJpU UJ.WZWPI! (i-M tpntUl uqqpnuI), tpwgmglt2. fihpunu}hfip' 
C1; - upwl[np uiwzwpp UJ.WhUJ.wfimpJwCi btup.1uhpl!, npnUp i-M 1.pllLU19 

wCigCimu hfi (i+ 1 )-M 1.plltt 
C,; - UJ.WlDqhpp oL.wqbpUJ.UWU btufuuhpl! 
k;(CL)- uwhuwfiwJpfi cnutuuhplt ,t,mUqgpwU: 

'1-pgmp' ~"!: ct) = ~c.i+ki( ct) 

0t = {0, bpb qi = 0 (i = l, N) : 
l, hphq; >0 

ki{ct) :tJmfiqgpwCi hhmwppppntpJmU t fihpltwJwgfimu upwJfi wJfi qhUJ.
pmu, bpp upwi.J.np wputwl}}lwUpp qfiuwU btup.1uhp[! tpnl.pllfuntU bu chuuw
Uwltlt t!fipwgpmu qwu qnJntpJmfi mfip qfihpp «fuqmu»: 

.RwUp np wptnllll}}1wUpp UJ.Wqwunt[llJ:I! pwgwnl[mu t, WUJ.W uiwhwU2-
1.[mu t npnzht ct·hpp WJfiUJ.ltup WpctbpUhp, npnfip upUpuwgfihfi UJ.Wzwp(ihpp 
ohwqhpUJ.UWfi, qliuwCi L. UJ.WhUJ.wfiuwfi t!UIJ:hwCimp btufuuhpl! l!UlD PDLDP N 
1.plltthpp: "lwhUJ.wUmpJwU cnu.tuuhp[! hlipWl}}ll.[mu hfi Dlflllll hwuhuwmwqwfi 
S;+1 = Si+CL-r; uhbmpJwU[!, npU pphfipg fihpqwJwgUmu t uiwzwpp wJfi btu
t.J.wm, np i-pl), 1.plllUlQ w(ig(imu t (i+ 1 )·PIJ: 1.plllt: UP1J:j0tfipmu' UJ.WhUJ.wCimpJWCi 
cnu.tuuhp[! i-M 1.pllttmu qqwqubfi CirSi+t upwt.J.np: liJu hUpWl}}lillJlJm!il! [!fi
qmfii.J.mu t pwgwnwUJ.hu .tufi'lPlt 'lPt.J.wbpl! UJ.WpqhgCihtm fiUJ.wmwltm.J., npni.J.
hbmL. UillJ:hll! hhztnntpJwup qwphw t t!UIJ:hwfipwgUbt cnutuuhpp qnpbtunntJpp 
wuhfi up mhupp hwuwp: 

'1-pUwupq bp.wqpuwU UillJ:hUl qwnmgmtil! ltUJ.wpqhgtllt, hph .tufi'lPlt tmb
uwfi t!Upwgp[! UbpqwJwgUhfip 9-M qbtuUqwpn1u phpt.J.wb utuhuwJlt mhupnt.J.' 

iql iq2 i qi i qi+I iqN 
I I I I 1 

S1 I S2 : S,· I S,·+1 I SN l S _ O 
•• •• 911 •• •' • N+I -rJ rJ rN l q.b,10 

8mpwpwU2.1mp 1.plltl bwUWUJ.Wlilwutuwfimu t U:blt pwJJll: Oqmwqnp
bbtnt.J. IJ:ltUwupq bp.wqpuwfi w!il}}lwqwpo hwqwuwpn1u1f i-M pwJtmti npn
zbfip hwuwqwpqp tllttiwlt(ibp[! npUJ.hu htwlthtnWJpfi S; UJ.WZWPP bwt.J.wr 

'1-pgmp' ~(Si) :t>mfiqgpwfi ppbUpg libpqwJwglimu t f!UqhwUmp fil.[wqw
qntJfi mu.tuuhpf! i, i+ 1, ... ,N 1.pDqhpmu: UCil}}lWIJ:wpo hwt.J.wuwpnuICi mCilt hb
mhJWL mhupf!. 
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DUUJq wfuyIUJllwpo hwt[wuwpnuit! ltwphllt t umwuw1 i-pq i.lm•llt tlli-
6wqUbp(! npnzbtmt' npi.qbu i.qwzwpp owt[wm i.tm1llt 4bp2mu: 10-}lll qowuqw
pmu WJI} tlli6wqUbp.t! tnpt[wo bU Si+I uMmpJntUUbpnt[: UubU up pwnmu S;+1 
ubbnrpJmUGbpt! i.qbtnp t pwt[wpwpbu hbtnL.Jwl uwhuwGw!llwlJ.mulibppU. 

0 ~ S;+1 ~ r;+1+ ... + rn: 
UJui.qpuntl, uwhuwUwJpU qbtqpmu UJ.WUltilIPtlill1 wpmwqpwUpp ow-

tlwm· (lj-U (i = 1, N) i-pq i.lmttntU lJ.wpn11 t u1Ub1 WJlipwa ubo, np S;+J UJ.WZWPI! 

pwtj_wpwpp hw2nP11 pn1np i.tm11tpp i.qwhwU2wplJ.Uhpl1G: 
'1-pgmp' f;(S;+d-t! GtJ.wqwqntJG t!GIJhwump owtuutpU bu 1,2, ... ,i-pq 

i.lmtthpmu, bpp hWJtnCip t i-pq i.lmtllt tlhp2mu UJ.WZWPP S;+J pwliwltl!: 
UJq qbtqpmu wUI}[lwqwpdwJpU hwt[wuwpnttil! lJ.mUbfiw hbtnLJWl utbUJ:!l!· 

fi(S2)= min {K 1(q 1)+C11S2 }, 
OS<!1S~+S2 

f;(S;+i) = .min {K; (qi)+ clisi+I + f(Si+I + q, - r,)} (i = 1, N): 
OSQ. sr. +s,.1 

OppCiwq 7: '1-pmwplJ.bfip JU1liwuplt qbmbpupliwJpfi utwhwfi2wpqntl bpbp
!llnttwJtiG utwzwpUbpp tiwnwtj_wpuwU hwuwltwpql!: luCiqptJ. h1w4bmwJ'1fi 
lnlLJWlfihpl! tnpqwc) b(i 2.3 WllJillUWltntU: 

lln lntUW~ 2.3 

<I>ntt "lwhwU2wplt1! "lwmt[bpp Upwt[np wpmwqpwCipjl 
(i) (r;) oL.wltbpUJ.UWU UJ.WhUJ.WUntpJWU 

owluubnn (C.,) owtuubn11 (C,,) 
1 3 3.00 1.00 
2 2 7.00 3.00 
3 4 6.00 2.00 

uwtufiwltwU u1wzwpp wnw2tiCI !llmtmti IJ.wqumu t I upwt{np: l.Jupw
qpt[mu t, np upwt[np wpmwllJiwfipp llbnppbpuwli uwhuwfiwJ!1fi bwfuub1111 
wnw2tifi bpbp upwt{npp hwuwp 4wqumu bfi 1 O UJ.J}U, tiult 1pwgmgt12 up.w
tlnpfibpp hwuwp' 20 ujqu: 

~bmLwpwp· 

K( >-{lOq, bpbO~q.~3. 
; 'Ii - 30+20(q, -3), bpbq, 2'.4 . 

luUqpp. 1mWwu pwnwzwpl! L hwztlwpltfihpp WJUlJmliptibpp upwph11-
tlwo b(j 2.4 • 2.6 WllJOIUWltfibpn11i: 
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.!!wn I' r 1 = 3, 0 ~ S2 ~ 2+4 = 6: 

Urumuwl 2.4 

f1(q,IS2) = K,(q,) + C11S2 LwitwqmJfi 
rnu)nuin 

01 =2 3 4 5 6 7 8 . 
S2 C11S2 Ki(q 1) = 23 33 53 73 93 113 133 

f1(S2) ql 

0 0 23 23 2 
I I 34 34 3 
2 2 55 55 4 
3 3 76 76 5 
4 4 97 97 6 
5 5 118 118 7 
6 6 139 139 8 

Urumuwti 2.5 
f2(q2IS1) = K2(q2) + C,2S1 + f,(S1+r2-q2) LwitwqmJfi 

1n11m11In 
q2= 0 I 2 3 4 5 6 . 

f2(S1) q2 

S1 C1,S1 K2fo2)=0 17 27 37 57 77 97 

0 0 
0+55 17+34 27+23 

50 2 =55 =51 =50 

I 3 
3+76 20+55 30+34 40+23 

63 3 =79 =75 =64 =63 

2 6 
6+97 23+76 33+55 43+34 63+23 

77 3 
=103 =99 =88 =77 =86 

3 9 
9+118 26+97 36+76 46+55 66+34 86+23 

100 4 
=127 =123 =112 =IOI =IOO =109 

4 12 
12+139 29+118 39+97 49+76 69+55 89+34 109+23 

123 5 
=ISi =147 =136 =125 =124 =123 =132 

.!!wJt 3' 

Urumuwl.i 2.6 
fl(q1IS4) = K,(q,) + CnS4 + f2(S,+r1-q1) LwitwqmJfi 

mtbnuin 

Q1=0 I 2 3 4 . 
S4 CnS4 K1'ci1)=0 16 26 36 56 

fJ(S4) q3 

0 0 o+!23= 16+100=116 26+77=103 36+63=99 56+50=106 99 3 
123 

UJulajluntl_, tmtl_wqntJ6 tmbnui6 t' q; = 2, q; = 3L.q; = 3, pult 6tJ.wqwqntJ6 

{!6qhw6mp mufuuhp]! ltltwquh6 99111qu: 
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3.1 uwtufiw4wli mbIJ.bqmpJmfifibp 

'-lhpf! pCiliwptitJ.wo UllJ}biutpmu bCipwllJltJ.mu tp, np pfilUJ.bu UJ.Whwfi-
2wp4J!, WJliUJ.bu ti UJ.Wmtl_bpfibpp uwmwtiwpwpuwfi dwuwfiwlJ.1! hwmnw
mmfi uhompJmlifibp bfi: UwtiwJfi qnpofiwlJ.wCimu pwquwlJ.11 UJ.Wzwpfihpp 
qwnwtl_wpuwfi hwuwqwpqbpmu t}tp2pfifihpu UJ.Wpmfiwqmu hCi wfinpnzm
pJwfi mwpp· UJ.Whwfi2wpq[! ctwuwliwlJ.11 f!fipwgpmu 41mfmtutJ.mu t L., npUJ.bu 
hbmL.wfip, UJ.Wuttl_bp(ihpp mpuwCi ctwuwfiwtiwhwmtl_wo(ibp[! wUnu.'i bfi U1UJ
ppbp: 

P mwpphpntpJmfi qhmtpup.UwJpU UllJ}tiUtpti «UJ.wppbpntpJmfi» hwu
qwgmpJntU(! tpntuwpp(itl_nu.'i t «UJ.wppbpwzp2wfi» hwulJwgmpJwlip, npntl_hb
mL. UJ.Whwfi2w114f! dwuwUwlJ.11 [!Upwgpmu 41n41nfutJ.nu.'i t: 

'l,uwfi hUJUUJljUJpqbpmU hwqpt( pb hCiwpwt(np tPfiP, q]1pwnbi WJfi UWpb
UWU1p4w4wfi llllJ}tifibp[!, np oqmwqnpot(mu tpU t.'il1Ci2L WJdt.'i: bph UJ.Whwfi-
2wplJ.p U:w4WPI1W4f! npnztlwo ~t, WUJ.W bCipwllJlt(mu t, np WJCi 41mfmtut(mu t 
npnzwlJ.11 pfimpwqptptifi hWUWUJ.WUlWUfuwU, npnUp lJwphtP t umwCiwi tpnp
ownwljwfi mtlJwiUtpp hpuwfi t(pw, tiwu ti [!fiqmCibL np UJ.Whwfi9wpti11 npn2-
t(mu t pwztuuwfi hWJUlCip opbUpfibpnt(' "lmwu,nfip tiwu pUwtiwfinfi: 

bpb UJ.WhwU2wplJ.p uwtiw111)w411, L' uwuiw4wpw11uwfi ctwuwfiw4p 4111-
41ntuwtiwfi bfi, WUJ.W hCiwpwtJ.nJl t, nJl wnw2wliwfi WJfiUJ.Jlup ppwtJ.pliw4fihJ1, 
Ilfl UJ.W]Wfl{! pwgwtiwJp: UJJb 4ti4fitl_nq UJ.WU14hJlp UW4WJ1J1W4[1 111Ul]41ll U t' 
t1fit1ntl U:J12Jlli dwuwfiw4whwm4womu up2!1li uiw2wpp pwtJ.wr1wr1uwli 
u4qpmfip'1g, WUJ.W UJ.WZWflP pwgwtiwJmpJmfiri 4wpnq t. wnw2wliw1 mw11tJ.w 
f!Upwgpmu qn11onri UJ.WZWJlfihpp 4wquwtJ.n11uwfi · n1m2 UJ.WJ1ph11w2112wlilih
pntu: 

'l-pgmp· UJ.WZWJlti pwgwtiwJmpJwli hw4wfiw4wlimpJmfi11 gwli4wywo 
UJ.WJ1phpwzp9wlimu hwtJ.wuwp t. 0,2-11: liph uiwuitJ.L1111 m11t1111u t mw11h4wli 
l.'ih4 wfiqwu, wuiw JlllJIWJ}Wlil.JmJ1 mwruuu uiw2w11J1 uiwtiwun111ril1 hliw11w-
4npmpJmfiI! uho 2t, pwrn hph mwptJ.w plipwgpmu hwJm11 m114111u t. 011tiliw4 
50 wfiqwu, wuiw uiw2w1iti uiw4wu1111uw I• hwJm 4qw 50-0,2-0 IO wliqwti: 

iTlwzwpfihpp UJ.W4wun1J111}1 hw4wliw4wCimpJwli 11li11111 Uhri• uLbml}Jmli11 
npnzhtm hwuwp, wCihpwclhzm t. uiw11qh1 UUJ.Wuw11tiuwli wJli uwtiw1u1wti11, 
nppCi liUJ.wmwlj mlihfip hwufit1m: Uuiwuwp4uwli uwljw11qwlJ11 111m2t1111ti l. 
( 1-p) uhompJwUp, npmL11 p-li uiwljwunqu1J1 J1 hwJm qw1111 hwtJ.wliw4wli111-
pJmfifi t: UJuuitu 011J1fiw4, hpL UJ.WJWJIJJ U1Wtiwunq111J1 hwt(wliw4wli111-
PJlllfiI! uh4 U1Wflp!Jpwz112wu111 u hw4wuw11 '· 0,2-JJ 4wu 20%-11, WUIUJ UU1UJ
uwp4uwli uw4wpqw4p hw4wuw11 t. 80'%-}1, L WJli pw11011wyliL1n1 hwuw11 
U1hmp t 41nppwgliL1 uiwtiwum11J1l• J1 hwJm qw1m hwl(wliw4wtimpJwli tiL0111-
pJmfi1f lflntuhtntl 1.J.114titln11 UJ.WtntlL11J1 owtJ.wui: 
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'-lbp2p.fiu qwpbUl t ubowgfib( UUJ.WUWpqUWfi Up.2p.fi chutiwfiwlJ.whWU1-
4W01llU tip.2.flfi UJ.Whwfi2u1pqp.fi wtJ.btwgfibtntl WJUUJ.bu lJ.n21.[wo UJ.Whmu
UlWJp.fi UJ.WZWPP owl[wur flppwfi uho t WJI} owl[wm, WJfipwfi lpllpp t 
UJ.WZWpfihpp UJ.WlJ.wumpqp. hwl[wfiwlJ.wfintpJlllfil!, PWJ9 tiho b(i UJ.WhUJ.W
fintpJWfi owfuuhpJ!: 

l'Jlwzwp]l ui.wlJ.wumpq]l wpcthp]l fil[wqbgmtI'[! pfiwlJ.wfiwpwp, UJ.hmp t 
tpnfuhwmmgtlfi ui.whUJ.wfimJIJWfi owfuuhpp wtlhtwgmunl[: 

l'JlwhiltUtDWJp.fi UJ.WZWPP hwuwui.wmwufuwfi owl[ww l!fiutpntl)Jntfil! 
tiwfut[wo t WJfi lJ.nfiqpbtA fiui.wmwqp.g, nppfi c.\qmmtI hfi hwufiht: UJqui.]lu]l 
fiUJ.WtnWlJ. tiwpnq b(i Ulfiht ]lfitUJ.hU UUJ.WUWpqUWfi fil[wqwqntJfi UWIIWPflWJ.tlt 
WUJ.whilqmtII!, wJfiUJ.bu lt 61.[wqwqntJfi qnttiwpwJpfi owfuuhp]!: 

SwppbpnttI bli ui.wzwpfibp]l lJ.wnwl[wptiwfi bplJ.m hwtiwlJ.wpqhp, npnfi
gmtI hwztlfi hfi wnfil[mu ui.whw62wpJ.tlt L. ui.wml[bp]l uui.wuwplJ.uwfi chuuw
fiwJ.tlt wfinpnzntJ)JntfifihpJ!· 

w) li:plJ.61.[n.q UJ.Wtnl[hpp. tiwlJ.wpqwlJ.wJpti hwuwlJ.wpq L. 
p) li:plJ.61.[n.q UJ.WtDl[hpp. ui.wpphpWZP2WfiWJjlfi hwtiwtiwpq: 

Unw2]1fi mbuwJ.tlt hwuwtiwpqbpmu· lplllpllfuwlJ.wfi chutiwfiw4whwml[wo
fibp]1 UP.2W4WJPfibpmU UJ.WtD4Pp4ntU bfi npnzwqp. OW\lWLD4 W[lUlWl}JlWfip
fibp: Qfiq npntu uiwml[bpfibp]! mpl[mtI bfi l11Jfi UJ.Whbppfi, hpp ui.wzwpp uw
qwp.qwtil! 61.[wqmtI t tip.fi~L. 6wfuwui.bu hwzt[wplJ.l[wo wpctbp]!: · 

l:;pqpnpq hwuwlJ.wpqhpmu· npnzwqfi hwumwmwqpl[wo chuuwfiwlJ.wJ]lfi 
ufi2wlJ.wJpfibpmtI ui.wmtlfipl[mu hfi mwppbp pwfiwlJ.mpJwup wpmwqpwfipfihp: 

3.2. '4pq6l{n.q ui.wml{hplt tiwqwpqwqwJ]lfi hwtiwqwpq 

U-unqb( uui.wuwpquwfi 61.[wqwqntJfi tiwtiwpqwqp. wui.whm{mtI: 
fltumuCiwu]lpl[n.q timthll! mwwu t ui.wmwuJuwfi hbtnL.JWL hwpgbp}l.6' 

w) UJ.wzwpCihp]l uwqwpqwqp. np'" wpcthp]l qhUI.Pmu ui.hmp t CihplJ.wJwg
Ciht Cinp ui.wtnl[hp]l bwJm: 

p) flppw'°fi bCi ]!CiqhwCimp mwphqwCi owJuubpf!: 
lfnqtw tmomtifi ]lpwqnpol[mu t bpqm tftmtntJ.. fiwtu' hwzt[wplJ.l[mu t 

UI.WIDl[bpp LW4WqDtJCi OW4Wffi' g0 -Ci ]!Utn ubq hWJtDCilt fltptunfip pw(iwc.\up, 
wui.w qpw htiuwCi qpw npnzt[mu t qpqCit[n.q ui.wmqhp]l hwumwmwqpl[wo R 
tiwqwpqwtil!: luCiqpp tmWwCi mtl.Jwt tinmhgnuII! n2 upztn t mwwu twtJ.w
qntJCi wpqJmCipJ!, uwqwJCi bCiwpwl{npntJ1Jnt6 t ntiohnmu umwfiwtm twtlw
qntJfi}l.Ci unm tntontu: 

'4pq61.Jnq uiwmtlhr1]1 R owl[wm hwumwmwqrihtm hwuwp wfihpwdbzm t 
}ltiwCiwt, ph ui.wmqbp}l qwmwpuwCi dwuwCiwqwzp2wCimu }lfitui.hu t lpll
lpl1Ju1lmu ui.whwfi2wplJ.1! u UUJ.wuwpquwCi uwqwpqwJ.tlt uui.wul[htpp wpcthp]!: 

Op}l.Ciwq 8: Swphl!wCi 50 (S opJw) zwpwl) wzJuwmn.q c.\hnfiwpqntpJwfi 
hwqwpuwfi wpmwqpwtiwul! oqmwqnpomu t npnzwltlt uwfipwtiwuhp, npnfig 
tI}lwl[npJ! tiwmwqwpwppg (wnwpn.qpg) qfiqmu t 250 qpwtint[: l'Jlwhw6-
2wplJ.1! ui.wpphpwpwp lplllpllful[mtI t, uwqwJfi WJfi unmwt.J.npwui.hu lJ.wpbtp t 
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Ciljwpwqpbt pfiwljwfinfi pw2tut1.wonJ!pJwfi opbfipnt[, npp up2pfi wpctbpJ! h 
up2pfi pwnwljmuwJpfi 2tqmuJ! hwuwUJ.wmwutuwfiwpwp hwt[wuwp bfi 80 h 
l O uwfipwuwubp l opmu: 5mpwpwfil.Jmp UJ.Wmt[hpp uU1wuwpljuwCi hwu
mwmwqpt[wo ctwuwfiwljwhwmt[wb-1! 8 op t, pulj ohwljbpUJ.U:wfi owtuubpJ! 
ljwqumu b(i 12500 qpwu: 

Cum obnfiwpljmpJwfi uwufiwqbmfibpp qfiwhwmuwfi UJ.WhUJ.wfimpJwfi 
owfuubpJ! \jwqUntU l:i(i up2pfi mwpb\jwfi UJ.W2Wpfil:ipp Wpdbpp 20%-1}: 

fipUJ.ltupp~ bfi Jmpwpwfil.)mp UJ.Wmt[bpp owt[wm h ljpljfit[nq UJ.Wmt[bpp 
UW\jW}11}W\j)}, bpb UJ.W2Wflfibpp UJ.W\jWUlll}11}J! wt[btlt pwfi 20 UJ.Wppbpw-
2I!Jl2Wfifibpmu gwfiljwtlt lt: 

P.UlUJ.PUpfi'" UJ.bUlp t Iltfip ltJiljlitlllIJ. UIWUll[hpllfi hWUWUJ.WUlWUluWfillIJ. 
UJ.WhnlUUlWJpfi UJ.W2WPl1 UW\jW}11}W\jJ!: 

lntontu: ci.pgmp· UJ.Whwfi2wp\jl} hwumwmmfi t h hwumwmwqp4wo t 
U:)12):ifi wpctbpp lWtpm.f: lufiqpp tiwljbmwJpfi mtl.Jwtfibpfi 1:ifi' 

C5=l2500 'lJlWU uh\j UJ.WUll[bpp hwuwp 
0=80x50x5=20 000 uwfipwuwu mwphljwfi 
C1=0.2-250=50 qpwu ublj uwfipwuwu)l hwuwp mwpbljwCi: 
~wumwmmCi UJ.WhwCi2wplj)1 qhUJ.Pnur 

q0 =~.2C,D/C1 = ·h-12500·20000/50 = 3162,3: 

fipUJ.bU ll!Wtnl[hpp owl[Wt J}fil}ntfibCiJ2 3162 UWUpWUWU: "lw2wpp UJ.W\jW
Unt}11})1 wnwt[b1wqn1JCi pmnwmpbtlt uwljw}11}w\jl! hwuwowJCi fu.Ciqp]l Ciwtu
Ciwljwfi UJ.WJUWfip \jWflilll t @Cibt 20 UJ.Wppbpw2p2w(iCibpJlg UpWJU ub\jntll, 
WJUpfiJ2(j' up2pCintU UJ.WppbJlW2J12WUUl:ipp UpWJU 5%-ntU t pntJlWlD}ll[ntU 
mlibliwt UJ.W2wpCibpl1 UIW\jwumPIJ: ~hmhwpwp UUJ.wuwpljuwCi uwljwpqwlj[l 
hwt[wuwp t 95%-)1: 

<.w2l.fll wnCibtntl, np ul:ilj opt[w UJ.WhwCi2wplj(! untnwpljt[mu t Cinpuwi 
pw2tuuwfi opl:ifipnt[, ljwpbtlt t bfipwl}Jlb\, np Ull!WUWllll~uwCi ctwuwfiwljw
hwmt[won1u Lu wJfi pw2tut1.wo litltCip fimJfi opbCipn~: 

"lwhwfi2wplj)1 up2]1fi wpctbp[! uwmwljwpwpuwfi mp opt[w 11Cipwgpmu 
\jWqUntU t 80-8=640 UWUJlWUWUbp, Jlu\j lil12pfi pWnWljntUWJ}lfi lhI]lllU[l' 

.J8o -JO = 28,28 uwfipwuwu: 

"lwhwfi2wplj)1 pw2fu~wompJmliJ! uwtnwljwr1w11uwCi ctwuwfiwljw
hwmt[womu UJ.WUl\jl:ipl[WO t ( (-PIJ qowfiljwpmu: 
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4p4!h.[nq UJ.Wmtlbpp uwtiwJ111m41!' R-1!, {!fitnpt{nuI t' btlibtntl hbmuJWL 
UJ.WJllwlipg. hwt{wlim4.wfinq:>Jntlil!, np UJ.Whwli2wp\tll ubroupJmfiJ! 1pnpp t 
4P4lit{nq UJ.Wmtlhpp um4wJ111w\tllg, tnplip 0.95-pg n2 UJ.Wtiwu: R-1! ppblipg 
lihp4wJwglimu t up2pli wpdbppfi qmuwpwb Z pwliwl.J.ntl 2l:iJ\muCihp, npml:iq 

R-640 
z=---

28,28 
'1.,npliwt pw2tuuwfi wrumuw4.lihppg, npnlip mp4mu h(i tl}16w4.wqpnt

PJWCi qwuJ!lipwglihpp hwt{btlJ.wblihpntu, qmlimu blip, np bpb 

WUIW z=l,645: 
~hmuwpwp' 

npmbqpg' R=686,55: 

P(-z> R - 640 ) = 0 5-h 
28,28 ' p, 

l 645= R-640 
' 28,28 ' 

U1ull.lltW1t{' 4J14lit{nq UJ.Wtntlhpp tlw4WJ111W4.l! 4.wphtJl t J!Uqmliht 687 
uwfipwuwu, nppg q111=47-I! (687-640) 44wquhu UJ.WhnrnmwJpli UJ.w2wpJ!: 
lJwfipwuwuhpp WJlJ: pwfiw4J! wlihpwdh2m 4tltlilt UJ.WhwCi2wp\tll mwmw
fimulibpp qhUJ.Pmu uUJ.wuwp4.uwli uw4wJ111W4J! mUJ.whntlhtm hwuwp: Cfiq 
npntll, hfipwqpl[mu t, np qpwfip b(i qtnlit{mu UJ.WhhUUlntU UJ.WpphpW2P2Ulfip 
wupnq2 <fwuwfiw4.whwml[wbntU, wJliUJ.hu np u(12pfi mwphlJ.wfi UJ.w2wp)1 
UW4.WJ111WlJ.f! 44wqup (q/2+47) UWCipWUWU: 

~bmuwpwp, hph hw2\J.ll 2wnlil[p UJ.w2wp)1 UJ.WlJ.wumJ111P wpdhpl!, WUJ.W 
{!liqhwfimp mwpblJ.wfi bwtuubpf! 44wqubli' 

Q = C.-Dlq+Ci/(q/2+q111) ~ 
= 12500·20000/3162+50/(3162/2+47) = 160465 qpwu: 

SwpblJ.wfi UJ.WhntumwJ)lfi UJ.W2WPP. wpdbp{! hwl[wuwp t 50-47=2350 
qpwu: 

f!-UllJlbt lit{wqwqntJfi wpdbpp WUJ.whnl[mu: 
Ufihpwctt2m t hpuliwtlnpl[wb npn2mu 4wJwgfibt fiwtunJ111' w) u p} 

hwpghp)l t{bpwphpJWt p.Ci2 u U-tilU]:htmti, pwJg liUJ.wmw4 mfibliwtntl hwulibt 
mwpbqwfi {!fiqhwfimp bwluubp)l lit{wqwqntJfi wpdbpp: 

U-unqbtlt tufiqp)l tmbntliJ! gmJg mwfip hhmuJWt oppfiwqnq: 
OppfiwlJ. 9: Ubbwmutu t{wnwnp)l tuwfintpJ! 4wmwpmu t npnzw\tll uw4-

fip.2)1 hbnmumwgmJgfihpp qumuuhp' ublJ. u)lwt{npp hwuwp t{6wpbtntl 125000 
qpwu: Swpt{w 300 opt{w J!fipwgpmu t{w6wnpp up2pfi bwqwm 4wqumu t 
475 hbnmumwgmJg: Smpwpwfivmp UJ.Wmt{bp ppwl.J.wfiwgfibtJlu tuwlintp(! 
mutuumu t 25000 qpwu, )lult UJ.UlhUJ.WUillJ>JWfi mutuuhp]! qwqunuI bfi u)l.2)1.li 
mwphqwli UJ.w2wpfihp}1 wpdbp)l 15%-1!: 
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"lwuul_bpp uwmwqwpwpuwCi du.iuwCiwqwhwm4won 3 op t, J!UJl npmu 
4tp2pCi 50 UJwppbpw2p2wCiCibp)1 milJwtCibpp hpuwCi t!Pw umwg4bt t UJW
hwCi2wpqCibpp hw6w]un1pJmCiCibpp hbmLJWLPW2Junlllf! (mb'u wq. 3.1): 

Un1muwq 3.1 

~lmmumwgmJgfihpJt 
llJWhwfi2wpltf! (hwm) 0 l 2 3 4 5 6 7 8 
uwmw4wpwpuwfi 
ctwuwfiw~whwm~wamu 

lllwzwpJt UIWflphpw- I 2 6 8 10 8 8 5 2 
JD9Wfifihnh DWfiwlrn 

UubCi wCiqwu, bpp hbnmumwgmJgfibpp UJW2WPJ! UUJwn4mt1 t, tuw
CimpJ! qwmwpmu t 2mwu.i UJWm4bp, npp hbm 4wUJ4wo wwgmgp~ owtuuhpJ! 
qCiwhwm4mu b(i ubq hbnmumwgmJgp hwuwp unmw4npwu.itu 10000 qpwu: 

UCihpwdbzm t mw1 hbmLJwl bpbp hwpgbpp UJWmwutuwCiCihpJ!. 
luwCintpf! nppw"'Ci hbnmumwgmJg UJbmp t t1)1w!i4wq UJWU14Ppp L '1Ci~

UJPUpCi UJbmp t LJ:i!i]l ljplJ.CitllllJ. u.iwm4bpp uwqwJlllWlJ.J!, npu.ituqp Ci4wqw
qn1JCip hwug4b!i mwpbqwCi qn1uwpwJ)1Ci owtuuhpff 

'1J.whwCi24mu t CiwL qmCibt ll!WhntumwJpCi UJw2wpp wJCi owtlwll!, np 
hWUWll!WUlWUtuwCimu t 4PlJ.Ci411IJ. ll!WU14hpp uwqWJlllWlJ.pCi: 

Lmomu: C,=25000 qpwu, 
C= 125000 qpwu/htmmumwgmJg, 

C1=0,15· 125000= = 18750 qpwu/htmmuUJwgmJg, 
C2=10000 qpwu/ hbnmuUJwgmJg: 

CCiqhwCimp mwphlJ.wCi bwtuuhpp qwqu4mu tCi tphp qn1uw11bLJ:iCibp)1g· 
UJWU14bpp oLwlj_bpll!UW(i, u)12)1Ci IJ.!Wzwpp ll!WJll!WCimpJWU, ll!WhnLUUIWJ'1Ci 
u.iwzwpp L 4hp2wu.itu, u.iw7wpp ll!W4wumJlll)1 hhmt.wfipn4 4wuiw114wo 
mwphlJ.wCi owtuubp)lg: 

liJuu.i)lun4· 
Q = C,D/q+C1q/2+C1q ... +C2M[q ... w4), 

npUJhq q ... -a· UJWhnLUUlWJpCi ll!lll2WPP ow4w1ti t, M[q ... w4]-11· UIWJ14W [lCipwg
pmu ll!lllZWP)1 ll!UJ4wumMJ:i uwphuwUJ)14wlJ.UJCi UUJwul.i1pti t.: 

uwtu' hwz4wp4bCip UJWhwCi2wplj_)1 U)12)lfi Wpabpp. 

q= J2c, ·D/C1 =·J2·25000-475/!8750 =35,6: 

"lwU14hp)1 hwuuiwmwqp4wc) bw4w1Ci 11ti1µ11tihtip 36 hhmuumwymJ~J: 
UCihpwdbzm t. llpnJhl UjWillllUUIWJpti ll!lll}UJJl)l UJJti UWlj_W[U}Wqfl, ll!l)l 

1Jhll!Pmt1 4hp2)1Ci h114m bwtuuhpJl pCi,µutimu hCi ti4UJqUJcµuJti wruthp, n1m-
4hhmt. wnw2pCi hp4mu[1 hwumUJUJJUfi hfi t. hw4wuw11 tfi· 

C,D/q+Ciq/2 = 25000 · 475/36+ 18750 · 36/2 = 667360 llflWU/UJWfl)l: 
bph ll!WhwCi2w1141! uwmw4wpwpt1wCi dwt1wCiwqwhwm4wbmt1 1)1 qh

pwqwCigmu u)12!1fi ll!Whwfi2wplJ.p wpdhpp. WUJW ll!W4ww11J11111 pwywn4mu t, 
pu4 hwqwnw4 rthll!Pmu wnw2wfimu t ll!WlJ.wum111i: 
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lJli2fiCi opwlJ.wfi t1jwhwfi2wplJ.f! lJ.wqumu t 475/300=1,58 hbnmumw
gmJg, fiulJ. UjWhwli2wplJ.l! uwmwlJ.wpwpuwli (mqwuwpquwli) wUpJlIJ.2 ctwuw
liwlJ.whwunl_wbn1u' 3·1,58=4,75 hbnmumwgmJg: tantJt mwtml l1li2-np utuwtwup, 
{!lirpufiblip, np qw lJ.wqumu t 4 hbnmumwgmJg: 

lTwmwlJ.wpwpuwli <h.utiwfiwqwhwu11l_wbn1u t1jwhwli2wplJ.fi hwll_wliw-
1.J.wlimpJmfifibpfi pw2tun1u{! lJ.wpbtfi t npn2bt hbnntutnwgmJgfibp.fl hwliwlljw
mwufuwli pw2tun1ufig (mb'u wrumuwlJ. 3.2): 

llr11muwli 3.2 
~bnntumwgmJglibpfi 
ll.J.Whwli2wplJ.l! (hwtn) 0 1 2 3 4 5 6 7 8 
uwmwlJ.wpwpuwfi 
<h.uuwliwliwhwmtlwbntu 

"lw2wpfi ll.J.Wppbpw-
1 2 6 8 10 8 8 5 2 

7n9w(ilibnh pwliwlm 

{wll_wfiwlJ.wlintpJntfi{! 0.02 0.04 0.12 0.16 0.20 0.16 0.16 0.10 0.04 

lTwmwlJ.wpwpuwli <h.utiwfiwlJ.whwmt[wbntli hwliwlljwtnwufuwli . UjW
hwli2wplJ.ubpfi hwtiwp wlihpwcJb2m ll.J.WhntumwJ}lfi 11J.w2wplibpfi cnull_wt
fihp{! pbpt[wb bli 3.3 wrumuwlJ.mtI: 

lln1muwl1 3.3 
{bnntumwgmJgfibp}l "lwhwu2wpltlt 

"lwhwli2wpltlt pwll_wpwp-
ll.J.Whwfi2wplJ.l! (hwm) hwll_wfiwqw-
uwmwqwpwptiwfi limp Jm fin 

uwli hwuwp wfihpwcJb2m 

<h.uuwfiwl.iwhwmtlwomu ll.J.whnlUtnWJ}lfi ll.J.W2WPI! 

4 0.20 0 
5 0.16 1 
6 0.16 2 
7 0.10 3 
8 0.04 4 

"lwhmutnwJ}lli 11J.w2wpfi Jntpwpwfivmp wpcJbp}l hwuwp hw2t[wplJ.bfip 
ublJ. ll.J.Wppbpw2P2wfimu 11J.w2wp}111J.wlJ.wumMfi uwpbuwm}llJ.wlJ.wfi Ull.J.wub
tltfihpf!: Umwgt[wo wpcJbpfihpl! pwqliwll.J.wml.J.htm.{ mwpt[w nfipwgpmu ll.J.Wp
phpw2p2wfifibp}1 pwfiwqnll_ qumwfiwfip 11J.w2wplihp}1 ll.J.Wl.J.wumprllt uwpb
uwm}llJ.wlJ.wfi UlljwubtfiCihp{! mwpll_w qtnpll_wbpnll_: 

StlJwt U(WhntuIDWJ}lfi ll.J.W2wpf1Ci hWUWUjWIDWUiuWfimt Ull.J.WUbllt {!fiq
hwfimp wpcJhp{! umwfiwtm hwuwp wfihpwcJh2m t hw2tl}l wnfiht }llitU(bu 
tpwgmgfi2 U(W2WPP ll.J.WhU(wfimpJwfi cnufuuhpf! (1870 qpwulhbnntumw
gntJg), WJfill.J.bU tt U(W2WPlt U(WqwunMfl hbtn 1.J.wll.J.ll_WO cnutuubpf! (10000 
qpwulhbnntumwgmJg): "lwpphpww2wfifibpp pwfiwlJ.l! uhq mwpnui qwq
untu t 475/36=13.2: 



3. ~wtfwuw1Jwuw1ftu tfI1JJlifulifl 67 

Urumuw~ 3.4. 
"lwhmu- f!w!J.w- "lwzwplibp)t UjWl.jwumpqfi Swpbljwli wpdbJl[! 
UlWJ)tli pwptlw1>" uwpbtiwmpljwljwli (qpwu/mwp)t) 

UjWZWP Jl!WhWfi- uwwuh1h 
2wplj "lwppbpw-

Swp!J.w "lwzwpfibp)l "lwhntUUlW- C!i)lhw-
l[l2Wfi)1 [!lipwgpmu UjWl.jWUnt[IJ} Jltli UjWZW[l ut!i(! 

n!iuwonmu 

4 8 0 0 0 
4-18750= 

75000 
75000 

3 7 I· 0,04=0,04 
0,04-13,2= 0,528-10000= 3-18750= 

61530 
0,528 5280 56250 

2 6 
2·0,04+1·0,I= 0, 18-13,2= 2,3 76· 10000= 2-18750= 61260 

0 18 2 376 23760 37500 

1 5 
3. 0,04+2· 0,1+ 0,48·13,2= 6,336· 10000= 1-18750= 82110 
+I· 0 16=0,48 6,336 63360 18750 

P!i2iqbu bpLmu t 3.4 wrumuw4}1g, uij_wqwqntJfi J!fif}hwfimp wpdbpJ! 
umwgij_mu t, bpp tqwhmumwJ}lfi iqwzwpJ! 4wqumu t 2 hbnmutnwgmJg: t,ph 
bfipwqpbfip, np uwtnwltwpwpuwfi dwuwfiwltwhwtnij_womu 11jwhwfi2wp4}l 
u}l2~fi wpdbpJ! hwij_wuwp t 4-}l, WlljW ltJllJ.fiwlJ.}l lljwmij_bpp lJ.lJ.wqu)1 4+2=6 
hhnmuwwgmJg: UJJ} qbiqpmu tnwpblJ.wfi [!fil}hwfimp ow)uuhp[l hwij_wuwp 
lJ.tJi!ibfi' Q = 667360+37500+23760 = 728620 qpwu/tnwp}l: 

UJuUj}lunij_ hwfiqn1u bfip WJfi bqpwlJ.wgmpJWfiJ!, np tnwpbltwfi fiij_w
qwqntJfi qn1uwpwJ}lfi ow)uuhpfi wiqwhniJ.btm hwuwp )uwfimpJ! Ujhtnp t 
Ujwpphpwpwp lljWtnl{llp)l 36 hhnmutnwgmJg}lg pwq4wgwo )uupwpwfiwlt
uhp, hpp UjWzwp(ibp}l uwlJ.WMWlJ.J! fiij_wqmu t u}lfi2L 6 hbnntutnwgmJgt1: 

3.3. 4plJ.fitlmt lllwmij_bpp ll!Wflpbpwzp2wfiwJ)lfi hwuwlJ.wpqJ! 

4plJ.fiiJ.mt lljWtnqbpp tqwpphpwzp9wfiwJ)lfi unqt1fitp)1 lilljwtnwltfi t. lljW
tnwu)uwfifibp ww1 hhwLJWl bplJ.m hwpgbp}lfi. 

· w) OpnQCip bfi hwutnwtnwqpij_wo u}l2w4wm)1 wJfi uwhuwtiubpp, npntig 
Cibppn tqbtnp t }lpwqnpol{ll 11jwhwfi9w11lJ.)111jwtn4.hp[1, 

p) P.Qfi2 pwCiwlJ.mpJwUp (owiJ.w1niJ.) wptnwru1wfip t wuh11wdb7ui lljWut
l{llph1: 

flfi2UjbU L lljWJWp}l uwlJ.WMWlJ.WJ}lU unqt1mu, Ul4.JWI )ufiq1111 [lll0111Up 
ltwUill!Pilmu t hplJ.m tpnttniJ.: 

°vw)u' hwzij_wplJ.tlmU t lljW(lpbpwzp9wfip UlWlllnlJ}Jntfip' hw74.)1 2WllUb
LD4. tqwhwfi2wplJ.}l L UwUJwltwpwpuwfi dwtiwtiw4whwtn4.wo)1 UJwutwtimll
fibpp, np}lg hbUJn [!fiUipiJ.mu t. fipw hwuU1wmwcu1iJ.wo wpdbpp: "uzbtip, 1111 
UjW]Wpfihp}l lJ.wnwij_wpUWfi hWUWi.tWpqDlU q.npofiwltwtimU UUllll(lJUUtibp(l 
4wmwp4.n1u bfi hwpuwpwiJ.hw dwuwfiw4whwtnij_wofibpmtI: UJq lm4 lljWUI-
6wnmt T-}l hwuwwwwqp4.wo wpdbpp uipij_mu t wup11q9J1 67wmpJwup: 
"uuwti unmbgmup unij_npwpwp hfiwpwiJ.npmpJmfi t. ww1lm uwwtiw1 112 f}h 
1w4.wqnlJU, WJL fipwfi pw4.wlJ.wCiw2w41 tinUJ 11110111u: 
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OtunuICiwupptJ.IlI[ hwuwljwpqU WJdu hbmwqnmhUp, pli2U1.hu h 3.2 
hUpwpwdUmu bp4m mbuwU4JmUp.g' UUJ.wuwp4uwU UtJ.wqwqntJU uw4wp
qw4P WUJ.whntJ.mu h qntuwpwJp.U ow)uubpp. UtJ.wqbgmu: 

U-UDJ}ht UUJ.wuwp4uwU UtJ.wqwqntJU uwqwpqw4p. wUJ.whm.tmu 

OpnzbUp ltP4UtJ.nq UJ.wmtJ.bpp. mpuwU wJU up.2wtiwJ111!, npntti u1w2wp
Ubpp ohwl{bpUJ.tiwU h UJ.WhUJ.wUmpJwfi ]!UqhwUmp mwptqwU bw)uubp]! 
f!UrµuUmu ta fitJ.wqwqntJU wpdtp, h wUtnbutUp UJ.WhwU2wp4f:l m tiwtnwl{w
pwpuwU chutiwUwqwhwmtJ.wop mwmwUmtiUbp]!: 

t;pt, opp.Uwl(, ltPltfitl.ru1 UJ.Wtm{hpp. up.2wtiwwt! hwtJ.wuwp t T mwpp, 
WUJ.W, pfiwqwUwpwp titq mwpntti UJ.WmtJ.bpUtpp. pwliwltt! ljqwqup 1/f h, 
hbmhwpwp, Jntpwpwfi2.1mp UJ.WuttJ.hpp. q bwtJ.wU! hwtJ.wuwp ltUilif:l q=D·T, 
npmrui D-U tnwptJ.w u1whwfi2wpqU t: f"'luq tpb UJ.WhnmtnwJpU UJ.W2WPt! 
wUtnbubt, WUIW UIW2WPP up.2p.U uwl(wpqwltt! l(l(wqup' q/2=DT/2 upwtJ.np: 

UJUUJ.Puntl., f!Uqhwfimp mwptqw(i bw)uubp]! l{npnztJ.bU hbtnL.JWL pwUw
oL.pg' 

Q = C,(l!T)+C1(DT/2): 
Q-U pp UtJ.wqwqntJU wpdbp]! q]!UqmUp, bpp' 

T=~2C,/C1D: (3.3.1) 

(3.3.1) pwUwoL.ntJ. npnztlwb T-p. wpdhJ!t! tiwpbtp t 6zqptnht UlililtqntuUbpp 
hwuwp hwpuwpwtJ.lnn chuuwCiwqwhwtntJ.wb umwUwtm UUJ.wmwtintJ.: 

t;pt, opp.Uwti, hwztJ.wpqfibp).1 WPllJmupmu utnwgtlmu t T=4,2 op, WUJ.W 
fiUJ.wmwtiwhwpuwp t 4tnpwgUht h ]!UqmUbt ubq zwpwp (hp.Ciq op): 

Op.p.Ciwq 10: bCipwllJlbCip' pCi2-np wptnWllJlwmtuw4p. hwuwp mwptJ.w 
}!Cipwgpmu UUJ.WUWpquw(i uwqwpqwq}! hWU}!UqlintU t UJ.Wtiwumpq).1 bwtJ.w
tp tibq wCiqwu fl hwJtn qwtm hbtn, ]!liq npntti ltPltfitJ.nq UJ.Wtntlhp).1 UIWppb
pww2wU]! qwqtimu t 2npu zwpwp: 

bCipwllJlhCip fiwh, np mwpp.U pwqqwgwo t 50 zwpwppg, pul( UJ.Wtntlbpp. 
uwtnwqwpwpuwU hwumwtnwqptJ.wb dwuwCiwtiwhwtntlwb}! tiwqumu t 2 
zwpwp: 

Stl.Jwt wptnwllJlwtnbuw4p. 2wpwpwqwU UJ.WhwU2wpltt! untnwptitlmu t 
pfiwqw(in(i /Cinpuwtf pwz)uuwup, np).1 u).12p.U wpdhpl! h pwnwqntUWJp.(i 
2ruimut! hwUWUJ.Wtnwu)uwUwpwp hw4wuwp bU' 300 L. 50 u).1.wtlnp.ti: 

lntbmu: "lwzwp.ti UJ.Wppbpw2p2wUfibpp. tnwpbqw(i pw(iwq]! qqwqup 
50/4=12,5, upwtlnp pul.J ubq UJ.Wppbpw2p2wfimu UJ.wzwp.ti UJ.WltwumPllli hw
tlwCiw4w6mpJntfil!' 1/12,5=0,08-Ii: ~bmL.wpwp, wJ(i UUJ.wuwpquwa uwtiwp
qwl.Jt!, np]! Uibtnp t WUJ.Whntlbt, hw4wuwp t 0,92-).1: 

lntbuw(i f!Cipwgpmu UJ.bmp t hwztl.ti wnCiht 1}:lmlm)um(i UJ.whwfi2wp4J!, 
"Pt! oLwtlnptlmu t ltP4litlllll UJ.wmtJ.bpli WUPlll\2 UJ.Wppbpw2p2wfip. f!Cipwg
pmu L. uwmwtiwpwpuw(i chuuwawtiwhwtntlwbmu: 
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tJi.wqhmwJpfi mit.Jwtfihp}l hwuwowJfi 41mpntumfi uiwhwfi2wp4P u}l2}lfi 
wpcthpJ! L. pwnwqmwuJpfi zbqmu{! 6 zwpwpmu («uiwpphpw2P2wfi}l mWUJ.m
pJntfi{!. 4 zwpwp» + «uwmwlfwpwpuwfi uwuwfiwqwhwm4.wa1f 2 zwpwp») 

hwuwL4.wmwu]uwfiwpwp qqwquhfi 6-300==1800 L ~6-502 u}lw4.np wpmwq

pwfip: "lwhwfi2wp4P pwz]uurnfi qowfilfwp{! pbpl[wc) t uumpL: 
: 

1400 1600 1800 M 2200 
q.c).l 2 

"lwm4.hpp OW4_Wlfi {!filllptlntU t WJfiL4.hU, np UIWzwpp UW4WflllWlffi WOp 
u}lfi2L. M uhantpJntfi: M-1! ]lphfi]lg fibpqwJwgfimu t u}l2]1Ci wpctbp]lfi 
qmuwpwo z pwfiwlfmpJwup zbqmufitp, npmbq 

z= (M-1800)/122,5: 
"L,npuw1 pwzjuuwfi WllJDlUW\.tlJ.g qtnfimu hfip' P(z>(M-1800)/122,5) = 0.08-p 

L z = 1,405, hbU1Lwpwp' M = 1800 + ( 1405-122,5) = 1972, I u}lwtlnp: 
bgpw~wgmpjlltfi' UJWZWpfibp]! 4 zwpwpp uhlf wfiqwu Ulllmqbtm ctwuw

fiwq tqhmp t lllptl.}1 finp tqwmtlbp, np}l 2w41p hfiwpwtlnpmpJmfi lfmw WfllllW
IlPWtnbuwlffibp}l uiwzwp}l uwlfwpqwlfI! hwugfibt 1972 u]1w4.npp: UJu qhuwmu 
hfiwpwtlnp 41Jifip utqwuwplfuwfi uwlfwflllW4I! wtqwlul4.b1 92%-]1 2wipntl, lfwu 
Up2pfintu tnWptlW J!Ul'}Wgpmll IJ.t}lfip tqwzwpfibpp ubq UJW4WUOutpq: 

f! UllJ}bf fitf wqwqntJfi wpctbp}l wtqwhntlmu 

UJfi unmbgnuip, npJ! ltJ1pwn4.bg U llll1'Jh1mu, 4wpbl11 t oqmwqnp<>ht fiwL 
IJ.plftiw4]1 tqwm4.tp}l qnpe)fiwqwfimu wnwtlht p!i11mfibtp UJWJ1pbpwn12w!iJ1 
UlWlIJ.Ill}}Jntfip npnzbtpu: 

"lwzwp}l wJfi M uwlJ.w1uiwlJ.11, npp qhuwmu uU1wg4.mu t [l!il}hwfimp 
tnwpblfwfi <>wJuubpp Ci4.wqwqn1Jfi wpdtpp, 4wpbtp t np117b.1 hwuwfiuwfin
pbfi 3.2 b.Cipwpwdfimu mp4.wo bqwfiwlJ.ntl: 

Op}lfiw4 11: OqU1wqnp<>b.1ntl 8-pq oppuw4}1 h1w4b.U1wJt1fi U1tl.Jw1!ihp11, 
npnzt1 4Jl4fiw4'1 tqwmtlhpl1 mpuwu hwumwmwqp4wb u}l2w4wmp: 

C.=25000 qpwu/htnmutnwgn1Jg 
0=475 hbnmumwgmJg /mwpt1 
C= 125000 'lflWU/ hbnmumwgmJg 
C1= I 8750 qpwu/ hbnmumwgmJg 
C2= I 0000 qpwu/ hbnn1umwgmJg 
L=3 op: 
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lmomu: 4pl.J6wltli UJ.Wtnlj_bpp tWlJ.wqntJ6 up2wl.JWJJ!1! npnzhlip (3.3. I) 
pwCiwoL.pg' 

T = -./,....(2---25_000_)_/(_1_87_5_0_· 4-7-5) = 0,07mwpp = 0,07-300 = 21 wzJ:uwm. op: 

b6pw11Pbtntl, np mwpp6 pwqljwgwo t 50 6-opJw wzJ:uwmw611wJp6 2wpw
ppg, ltPI.Jliwltli UJ.Wtntfbpp mpuwli wnwtfbt J!liqmlibtlt up2wl.JwJJ!1! qnpbliw-
1.Jwlimu liUJ.wmwl.Jwhwpuwp t hwuwpbt 4 2wpwpJ!: ~bppwljwli UJ.WtnqbpJ! 
ljwtnwpbtltu lipw OWqWfil UJ.blilJ! t tltlip WJliUUIUpli, np UJ.WZWplibpp UWljWp
I}WljJ! hwugl{p UplilL M UbontpJntli, npnl{hbmL. WJI} qbu.wmu liqwqbgl{mu b(i 
UJ.WhrlmtnwJpli UJ.wzwpp UJ.WhUJ.wlimpJwli L. UJ.Wl.Jwunplll}l hbw qwUJ.qwo 
J!liqhwCimp owJ:uubp{!: "1whrltutnWJp6 UJ.WZWPP owl{wm npn2tlmu t npUJ.bU 
M-p L. ltJlqliwltli UJ.Wtnqbpp UJ.Whw62wpltli u1t2lt6 wpdbJ!lt mwppbpntpJmli: 

Ubp oppfiwqnui' ltJlqliwltli UJ.Wtnl{bpp UJ.Wppbpwzp2w6J! qwqumu t 
4-6=24 op, pulj uwmwljwpwpuwli ctwuwliwqwhwml{wo)!' 3 op: UJuuwunl{, 
w6hpwctb2m t hw2tllt wnlibt WJli up2p6 UJ.Whw62wpq[!, np wnw2wumu t 27 
opl{w ]!Cipwg11mu,wJup6116' ( 4 7 5/300)-27=42, 7 5 hbnmumwgmJg: "lwhmu
tnWJpli UJ.W2WPJ! hwtfwuwp qtltlilt M--42,75, puq 6pw6g UJ.Whu1w6mpJw6 
owJ:uubp{! qqwqub6 (M--42, 75)-18750 11PWU/tnwrA1t: UUJ.WUl{btltI! tnwphl.Jwli 
wJ6 owJ:uuhpJ!, npnliJ! wnlillJ.mil hli UJ.w2wpp UJ.Wqwumpqp hbw, qwJ:ul{wo bli 
27 opqw [!lipwgJ;!mU UJ.Whw62wpltli mwmwfimulihppg: Swqnp, hbwwqw 
hwz4wr1l.Jfihp{! hCiwpwqnp lhfi btwqhlllwJpli mtlJwtlibpp llllillPJWfi UJ.Wtn-
6wnntf: Q.npo6wqw6mu wlihpwctbzm qtltlihp tinmwril.Jht UJ.Whwli2wpltlt pwz
J:untuJ! L. ummqht lipw hrltuwtltntpJntli{!' hwqwpwqpbtntl tpwgmgltl tntl.Jwt
lihp: UpwJ6 qpwlipg hbum hliwpwlj_np qtltlibp qwmwpht (3.2) blipwpwctlimu 
wpqwo hwuwfiuw6 4bp2fiwtiw6 hwzqwplJ.fib]!J!: 

3.4 fllwmwhwqwli J!(iqhwmmli L. wfi]!fit}hwm UJ.Whwfi2wpl{ntl 
UJ.w2wp6bpp qwnwtl_wpuwli UilJlbt 

bfipwqpbfil!, np T ctwuwliwqwhwUiqwop hwuwp Uipqwo t r UJ.Whw6-
2wpltlt p(r) pw2J:uuwfi ophliJ!J!, qwu <p(r) hw4wliwtiwlimpJmliCibpp ]umm
pJmli{!: bph r UJ.whwli2wpl{{! S UJ.W2WPP9 gwop t (~S), WUJ.W w4b19m4 
wptnW11PWUJ!P qlintU{! (UJ.WhUJ.WlintpJnt61!, l{w6wnJ;!J!) qUJ.whwli2lt tpwgmgltl 
(S-r) C1 ow]uu L. (r-S) C2 ow]uu, bpb UJ.w2wplihpJ! w6pw4wpwp bfi (r>S): 

"1wmwhwqw6 J!(iqhwum16 UJ.Whwli2wpltlt qbuwmu, npp pwz]uuwli 
ophfiJ!l! p(r) t, J!liqhwlimp ow]uubpp uwpbuwmpqwqwfi UUJ.wubtltfi mfip 
hbUIL.JWL tnbUJ!J!. 

Q(S) =cJ: p(r){S - r) + C2 I p(r)(r -S)= (3.4.1) 
r=O r>S 

UJumtq wnw2ltfi qn1uwpbtltli hwztllt t wnfimi qfiuwfi (UJ.whUJ.wlim-
pJwfi) wJfi owJ:uuhpJ!, npnfiJ! UJ.WJuwCiwl}npqwo bfi (S-r) upwtlnp wqb19m
qwJp6 wpmwqpwfi~nq,puq bpqpnp1m UJ.WJUwliwlj_nptfwo t UJ.mtiwuntpajl 
hbmL.wfi11n4 (r-S) upwqnp wpmwqpwlipp wmqwlipp ubontpJwlip: 
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"lwmwhwljwli wlil!Ilhwm UJwhwfi2wpqp qhuwnut npJ! mp1.fmu t q,(r) 
hwtJ.wliwljwlimpJmlilihp]1 luU1DtJ}JWUp Q(S)- ]1 hwuwp mfihlip' 

s -
Q(S) =C1f(S-r) (r)dr + C2 f{r-S) (r)dr: 

0 S 

"lw2wp!ihp]1 ljwnwtJ.wpuwli _tuliqp]l tmbnttIJ! mtlJwt qhuwmu UJWmwu
Juwli t mwtJm WJfi hwpgpli, ph ]16( S0 uwljwpqwqp UJw2wpfihp U)hmp t 
WUJwhntJ.ht, npUJhuq]l J!Ciqhwfimp muJuuhp]l uwphuwm]lljwlJ.wCi UUJwuhtpCi 
)!fiqmCi}l CitJ.wqwqmJ!i wpdhp: UUJ.wgmgtJ.wa t (mh 'u (6]), np WJCi UJ.hmp t 
pw-t{wpwpp htmLJWL lJ.p4fiwltlt wCihwt{wuwpntJ}JWfiJ!. 

P(r~So-l)<p< P(r~S0),. (3.4.2) 
npmbrJ. p-Ci wwt{wpmpt{wa UJ.whwfi2wplJ.}1g wnw2wgwa t{liwuCitp}l JuumtpJmfiCi t: 

"lw2wp]1 twtJ.wqntJCi uwljwpqwlJ.J!' So-fi, wfi(!fiqhwm UJ.Whwu2wpqp 
qtuwmu, (!Um mpt{wa p-]1 wpdtp}l, hliwpwt{np t npn2ht fiwL qmuCiqwplt 
u]1~mgnt{ (mt'u qi>". 13): 

P ( r) 

p 

Q.<).13 
Op)tliwq 12: :;)tmliwplJ.mpJntfil! umwqjlp t qliht uwppwt{npmufihp pphfig 

UJ.WhhumwuwuhpntJ.: '-lhp2plilihp)m u)1w4npp wpdhpJ! 5 UJ.l}U t: Uwppw4n
pnttI1! tuwipwlitlhtm qhuwmu UJWhbumwuwup pwgwlJ.wJntJ}JWli UJwml'.iwnntI 
Opw utWPWUJillMI! L bw)uuhpl!· lJ.wUJtlwb Cinp UJWtntl.hpf1 tipwlJ.wCiwguwfi 
hhm, lJ.wqumu tu 100 UJl}U: 

Uwppwt{npn1ulihpp ipnpdliwlJ.wli pwz)umup pum ipn)uwpJlCitl.1111 L4W
hhumwuwuhpp pwliwqp, mptJ.wb t 3.5 wrumuwtimu: 

Un1muwl.i 3.5 
<I>n)uwpfiCil(nq UjWhbuuiwuwubpp 

0 I 2 3 4 5 6 
nwCiwtip· r 

r pwliw~mJJJWIIp UfWhbuuiwllwu 
tltnfuwpfilibLm hwl(wCiw~wCim- 0.90 0.05 0.02 0.0 I o.oi 0.01 000 
p1mli11· P(r) 

Ulihpwdhzm t npnzht UJwhbumwuwubpf1 wJli pwtiwqp, n11 wuhpwdh7m t. 
qliht uwppw4npuwa hbm, npUJbuqJ1 li4wqwqn1Jfilt hwugtJ.bCi pfiqhwCi11111 
bwJuuhp{!: 
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l.ntooui: Cum UJ.WJuwlip C1 = 5, C2 = 100, hbmLwpwp' 

p= Ci =~=0,952: 
C 1 +C 2 5+100 

f'fJ.whwli2wpqp pw2lmiwG ,1,mliljgjlwJp hw24wplj4w<) wpctb12libp{! Ul{!p
tJ.w<) hli 3 .6 wrumuwljmu: 

muw 3.6 
0 2 3 4 5 6 >6 

0.00 0.90 0.95 0.97 0.98 0.99 1.00 

Urumuwqpg bpLmu t, np ui.w2wpp twtl.wqntJli uwljwPI}wljli t So=3, 
npn4hhmL wJq wpcth12lt qtuwmu pw4wpwp4mu t (3.4.2) wlihw4wuwpmu1f 

P(3) < 0.952< P(4): 
Opltliwq 13: lnu)ht liw)unPI} lulillPPI! r uiwmwhwljwli uiwhwli2wpqp 

wfi{!CiqhwmmpJwli UJ.WJuwlip qtuwmu, bpp WJli pw2tutJ.wb' t gmg~wJpCi 
ophli12ntJ.' 

P(r) = t-e·"', 
npmhq )..= 0.98: 

l.n1c)mu: f'flwhhumwuwuhpp UJ.m2wplihpp twtlwqn1Jli uwljwPI}Wq{!' So-Ii 
npn2 hli12 -1- e -.ISo =p hw4wuwpmupg 

1 
So=-;:fn(l-p): 

ShqwqpbtntJ. )..= 0.98, umwlimu hCi12 
1 

S0 = - --fn0.02 = 4: 
0.98 

UJU luliqplt UJ.WJUWlilihpntu h!ipwqpbli12, np UJ.W2WPP UUJ.WlllllU{! U:pw
tJ.np ctwuwliwlJ.mu hwumwmmli t: \.,uwli }lpwtJ.tiowq{! qwphllt t UJ.Wmljhpht 
qb'wliqwpp uti2ngntJ. (qb'. 14): 

S(t) ____ : ___________________ i ___ l 
... __ , 

S-r 

w) 

L ____ I --t s 
I 
I 
I f 
I 
I 

T 

S(t 

----1-------------------1--1 
I. ---, 

' ' s 

(r-S) 

p) 

q.().14 w, p 
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UJumhIJ., 14(w) qbulli4WPI! hWllWUJ.WUlWUfuwUmu t ~s qhuwpU, hpp 
UJ.whwU2wplm w. qhpwqwfigmu UJ.w2wpUhpp t.iw4wPflW41!, puq 14(p) qow
u4wp1f wJU qhuwpU, hpp r >S: ~wp4 t U2h1, np ppw4wumu pU~UJ.hu L UJ.Wm-
4hplJ.wb t 14-M qowliqwplihpmu, S(t) ,1>mU49pwJp qpw,1>li4I! wumpl'.iwUwoh 
phJ.uw1 t, pwJg t1111}h1.P hhmwqmnnuiJ! UJ.Wpqhgfihtm UUJ.wmw4ntl uhCip wJU 
fllimwpqmu blip nuJltrllt mhupntJ.: 

1TJ.w2wpfihpp up2pfi t.iw4wPf1w4fihpl!, npnUp hwUwUJ.wmwutuwUmu Mi 
14(w) L 14(p) qhu.jphppli hwUWUJ.WUlwufuwfiwpwp hwtJ.wuwp 4JltUhfi' 

- 1 1 
S1 =-[S+(S-r)]=S--r, 

2 2 
- 1 ti 1 S2 

S =-(r-S)-=-- (q=r): 
2 2 T 2 r 

Up2}1U UJ.w2wplihpp UJ.W4wumPf1(! t2 chuuwUwqwhwmt(wbnuI, hw2@ 
wnUhtnlJ., np t1=ST/r-p h t2=(r-S)T/2-p lJ.hp2}1U qhuwmu 44wqup.· 

S3 =.!.(r-s).!L=.!. (r-S)2 
2 t 1 2 r 

CUJ]hwfimp bwfuuhpp uwphuwmp4w4wu UUJ.wuhJltU hwtJ.wuwp 4Jltli}1.' 

Q(S) = cJ:<s- r/2)p(t) + c1 I. S2p(r)/2r + C 2 f (r -S}2p(r)/2r: 
r=O r=S+ I r=S+ I 

UUJ.wgmgtJ.wb t [6], np Q(S)-1! fit(wqwqntJfi wpcthp t [!lhµulimu WJfi So-li 
hwuwp, np{l pwt(wpwpn,u t hhmhJwt wfihwt(wuwpmpJw!ip' 

[P[~(S-1 )]+ (S-1) I, P(r)/r] < p < [P(r ~ S) + (S + t) f P(r)/r ], 
r=S r-S+I 

4wtI uiwpqhgqwo mhupnlJ.' 
L(S-1) < p< L(S), (3.4.3) 

npmhq 

L(S) = P(r ~ S) + (S+ 1/2) I P(r)/r: 
r=S+l 

Op}lfiwq 14: ITJ.whhumwtlnptlwi> wpUIW'lflWlip{l hwt(wuw11w2wlfl i>wtuu
tlmu t uh4 wuutlw pUpwgpmtI: l.Jpwtlnp wr1mwqpwlip~ UJ.WhUJ.wfimpJwli 
owfuuhp[! 4wqumu hfi I UJ.l}U, ~u4 uuuqwUp[! ut1wtln11p u1wqwumflT1l1 11buwn11f 
20 UJ.'lU t: Upmwl}}lwfip~ UJ.Whwfi2w114lt tlhpwphpJwt ub4 wuutlw qutpt(wo
pntl tJ.pnw4wqpw4wfi tntlJw1fitpp libp4wJwg4wo Lfi 3.7 w1umuw4111u: 

Un1muwli 3.7 
/J}whwCi9wp'-1[1 (r) 0 I 2 3 4 5 ~6 

'-lfi6wl.iwqpwl.iwCi 
0.1 0.2 0.2 0.3 0.1 0.1 0.0 

hwi.lwliwl.iwlim!l1mli· P(r) 
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lmomu: \,wJu' npn2tfip 
C 20 

p = 2 ==--== 0.9524: 
C1 +C 2 1+20 

~bmwqw hw2tJ.wp4.fibpp WilllJmfipfibp{! UpwpbptJ.wo ta hbutuJWL wrum
uwl{mu. 

lli muwl 3.8 

P(r) i: P~r) 
(S+t)i: P~r) 

L(s) = P(r :5 S)+ 

s r P(r) - P(r :5 S) 
+ (S + t )i: P~r) S+l r S+l 

s+l 

0 0 0.1 00 0.445 0.2225 0.1 0.3225 
l 1 0.2 0.200 0.245 0.3675 0.3 0.6675 
2 2 0.2 0.100 0.145 0.3625 0.5 0.8625 
3 3 0.3 0.100 0.045 0.1575 0.8 0.9575 
4 4 0.1 0.025 0.020 0.0900 0.9 0.9900 
5 5 0.1 0.020 0.000 0.0000 1.0 1.0000 

~6 ~6 0.0 0.000 0.000 0.0000 1.0 1.0000 

Uiumuwti.}l.g {!fiutpbfip S0-p WJfi wpdliJ;2(!, np pwtj_wpwpnui t (3.4.3) 
UJ.WJUwfit1fi: 

Ul{fipwJu t, op qw S0=3 wpdbpfi t: ~bmL.wpwp' UUJ.wutj_btpp fitl_wqw
qntJfi qn1uwpwJpfi owJuubp£! 4.4.wqlibfi' 

Q(3) = 1·(0,1·3 + 0,2·2,5 + 0,2·2 + 0,3·1,5) + l·(0,1·1,125+ 0,1·0,9) + 
+ 20·(0, l ·O, I 25+ 0, l ·0,4) = 2,9095 UJ.l}U: 

3.5 "1wzwr1fibpp 1.J.wnwtj_wpuwa umibtfibp, bpp uwmwl{wpwpuwfi 
hwUiwqntU:1! hwumwmwqpl{wo t dwuwfiwl.J.nl{ 

"lwzwpfibpp 1.J.wnwtl_wpuwfi' upfith wJctu 11Pmwp4.l{nri tinqbtfibpntu bfi
pwqpl{mti tp, np UJ.Wzwpfibpp hWllWllllllll(! qnpofiwl.jwfintU utbrtp t ntfibfintll 
wl.J.fipwppnpbfi: Uwl{wJfi uwmwl.J.wpwpliwfi hwUJ.wquwfi dwuwfiwltl! npnz 
ppwtl.}16wlj_fibpnui WJfipwfi fizwfiwqWUl t tpfintU, np WJfi wfimbubt W qwpbtp 
L. UJ.bUlp t unqb1mu hwztl.}1 wnfibr 

'l-pgmp' T d1lliiwfiwqwhwmtl_wmnu UJ.WUltl.}1ptlbt bfi n pwfiwl.J.mpJwtip 
wpmwqpwfipp lulipwpwfiwl{Cibp' Jntpwpwfiump(! Ct.==T/n hw6w}untpJWUp 
UJ.WppbpWZP2WfintU: • 

uzwfiwqb!ip S6.ui-ntl UIWzwpp fiwJu!iwqw!i uwl.J.wpqwltl! wnw2p!i 
UJ.Wppbpw2P2wfip u4.qpmu,pu4 S1, ri h ct-nl{' hwuwuiwmwuJuwCiwpwp i-pq 
dwuw!iwl{whwml{wop utwzwpp, UJ.Whw!i2wpl.jp L. utwzwpp hwuwwuwfi 
pwfiwl.fCibp[!: UJq qbuipmu n-Jlll dwuw!iwl{whwmqwop l{hp2mti Uiwhbum 
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D D 

qummpwqptlJi Lq;' puq UUJWUillUJ! qqwqup rri Upwlj_np wpU1W11PWfip, 
i=l i=l 

WJUpfip(i' 
n n 

Sn= Sau/ Lqi - rri' 
i=l i=I 

l.Jwu 
n n 

S0 =S-r,npmruiS=Sal.lj+Lqi ,r= Lr;: 
i=l i=l 

'1lwhwfi2t{mu t npn2ht }uupwpwfiwl.Jli hwJmp wJfi bwt{wm, np wli
hpwdh2m t tqwmtlJipht t{hp2pa· n-M chuuwfiwltwhwmlj_wbmu: 

q.muwpwJpfi mutuuhpp uwpbuwmpltwl.Jwli utqwuhlltfi 1tnpn2tlP J!UUl 
(3.4.1) pwfiwaL.p, puq tqwzwpp twt{wqntJfi bwl[wuf (3.4.3) 4P1tfiwl.Jli wfihw
t{wuwpmupg: 

fipn2htnlJ. UJW2WPP So tmt{wqntJfi uwqWMWltJ! L. qpmhfiwtml qi.qi, ... , Cln-1 
uhbmpJmlilihpJ!, hfiwpwl[np t hwzl[wpqh1 l[hp2pfi tqwmtlhpp CJn-p bwl[wm· 

n 

q,,= So-{Sallj+ Lq;) 
i=l 

p~UwaLp oqfimpJwtip: 
Oppfiwl.J 15: 3mpwpwfivmp op uwmwqwpwpl[llfl 2nnn lfliwgrui uphp

PI! }uwlimpmu J!Cirµnfil[mu t hwJmJ! fihpltwJwg4.h1mg 7 op hhmn: ~hppwqwli 
tqwm4.hpJ! fihpqwJwgtlhtm tqwhpfi uphppp UJW2WPJ! qwqumu tp 10 tqqu: 
Upwt{np pwpu uphppJ! fimJfi opfi ppwgqhlltu mwlltu t 0,95 UJ'lll hqwumm, 
pult hph wJq OJI!! 2P ppwgitmu, WUJw 4.w6wn4.mu t 0,1 UJl}U l[fiwunl[: 
<l>npaliwqwfi mt.lJwtlihpp hpuwli tlJlw umwgtlht t mt.lJwt uphppp u.iwhwfi-
2wpl.Jli hhmL.Jwt pwz}umUJ!. 

llr11muwll 3.9 
r 0 IO 20 30 40 50 60 70 80 90 100 
P(r) 0.00 0.00 0.01 0.02 0.05 0.08 0.11 0.12 0.14 0.13 0.10 
r 110 120 130 140 150 160 170 180 190 200 >200 
P(rl 0.08 0.05 0.03 0.02 0,02 001 0 01 0.01 0.01 000 000 

~WJUll! UhpltwJwgtlh1mg 7 op hhmn wfihpw<thzm l npn2h1 u.iwml[Jlpl.[1111 
uphppp 1wl[wqn1Jfi q7 bwl[wur 

lmbntu: fipnz hwJmhpp 2pwl[wpwph1m hhmt.w(ipnl[ tl(iwufih11I1 tumm
pJmlip 4wquh1 t· 

p = 0,95/(0,1 +0,95) = 0,905: 
'1lwhwli2wp4}1 pwz}uuwli '.pmfiqgpwJp hwztlwplJtlwb wp<thpfih11p ph11-

l[wb hli 3.10 W11Jmuw1tmu: 
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Ur 1muwl.1 3.10 

s r F(S)= s r F(S)= s r 
F(S)= s r 

F(S)= 
P(r<S) P(r < Sl P/r < Sl Plr < Sl 

0 0 0.00 50 50 0.16 100 100 0.76 150 150 0.96 
10 10 0.00 60 60 0.27 110 110 0.84 160 160 0.97 
20 20 0.01 70 70 0.39 120 120 0.89 170 170 0.98 
30 30 O.o3 80 80 0.53 130 130 0.92 180 180 0.99 
40 40 0.08 90 90 0.66 140 140 0.94 >190 >190 1.00 

'-1.tp]! ptpqwb' (3.4.9) wUhwqwuwpuwU]! pwqwpwpmu t S0=120 wp
dbp]!, npnqhbmu F(120) < 0.905 < F(130):UJuUJ}l.untl, hwUqmu tap htmuJwt tq
pwlj_wgmpJwU1f Jnp opqw hwuwp twtJ.wqn1JG UJ.W2WP1! lj_lj_wqup 120 UII}U: 
~hmL.wpwp' UJ.W1mU1ptl1lfl uphppp cnutJ.wm Jnphpnpq optJ.w hwuwp lj_tpUp' 

q1= 120- [lo+(lo+2o+lo+lo+20+10)] = 30 UJ.qU: 

Um.ntqD11.wqwfi hwpgbp 

1. P.GtUJPUp., cnufuuhp)lg ta lj_wquqmu UlW2wpatp_ll lj_wnwtJ.wpuwU hwuw
l(wpqp. qn1uwpwJ.lJ.G cnufuutp]!: 

2. J\atUlb"'u t npnzqmu uwmwlj_wpwptlllfl wpmwqpwap_ll fulipwpwawl(
atpp u)12u ]!Ul(wb' twtJ.wqn1Ja dwuwawti_whwmtJ.wbn: 

3. ti.atUlh"'u t npnzqmu Jmpwpwa~mp fulipwpwawti..ti. twtJ.wqntJU cnutJ.wm 
utawp10WJ1PwapwJ)la umwmp.lj_ Wlllttmli UJ.wlj_wun1P11}1 pwgwlj_wJm
pJwG qtuwnuI: 

4. P.litUJ.b"'u t npnzqnui UlWlll'qhp.lJ. twtJ.wqntJG cnutJ.WU! UlWl(wuntpqntJ. uta
wpmwqpwapwJpa umw10plj_ 1llll}btmli: 

5. J\atUlb"'u ta npnztJ.mu qntliwpwJ.lJ.G cnufuuhp.lJ. GtJ.wqwqntJa uwlj_wpqwl(f! 
UlWti.wumP11}1 pwgwl(wJmpJwa L. wnl(wJmpJwa qhuwmu: 

6. ti.atUlh"'u bli npnzqmu UlWlllqtpabp.lJ. u)12u (!Ulj_wb' twtJ.wqntJli dwuwawlj_.lJ. 
u.ti.2wti.wJpf! UJ.wl(wuntpqtl pwgwli_wtm:PJWli L. wnlj_wJmpJwa qbuwmu: 

7. J\UtUJ.b"'u t npnzqmu wpmwqpwap_ll fuupwpwliwti..lJ. twtJ.wqn1Ja cnutJ.wm 
wpmwqpntpJwli ntnpumuI: 

8. O"'p ubb'ntpJmUG t ti.nttlmli wwtJ.wpwptlwb' Ulwhwa2wpti_abp.lJ. ht-
10L.wlipntl tlliwuabpp futnntpJntli L. qw .lJ.'"Gt lj_wpqwtJ.np.lJ.t qtp t fuwqmu 
UlWl.fWWltpqnq UUlWtnplJ. 1llll}btntU: 

9. ul(wpwqpbp UJ.Wzwplibp_ll LWtlwqntJli cnutl_wtp hwzl.{wpquwa pwnw-
2WP1! qawqbqtml ubliwpmwqpwUpwJ.lJ.li umwmpq 1llll}htmli: 
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10. f"lli~UJh"'u t npnzt[nui wpmwllllwliplihpp tqwzwr1uhpp 1wt[wqntJli awt[w1-
lihp[! uwhuwliwi.pwlJ. UlWpllllntpJwup UJWhhumwJpli mwpwoplihpp qhtq
pmu: 

11. LJqwpwqphp q]11iwuplJ. opwqpuw(i unqhllt lJ.wnmgt[wop[! uhliwpmw
IlPWUPWJPU UJwzwplihpp qwnwt[wpuwli hwuwlJ.wpqhJUltll: 

12. Pfi~UJllup"' mhup mfip wfiqpwqwp&wJpfi hwt[wuwJUltll(! uhfiwpmwllPwli
pwJpfi N lltnttwfing q]1liwuplJ. unqh1mu: 

13. ITlwzwpfihpp uwlJ.wpqwlJ.lt n"'p wpdhpp qhuwmu tqhmp t qwmwpht finp 
tqwmt[hpp hwJm lJ.plJ.fitlilIJ. tqwmt[hpp uwlJ.wpqwlJ.wJpfi hwuwlJ.wpqmu: 

14. tifiiUJllup'"li t [!liqhwfimp mu1phlJ.wli aw]uuhp(! lJ.plJ.litlilIJ. tqwmt[hpp 
uwlJ.wpqwlJ.wJpfi hwuwlj_wpqntu: 

15. flJUl"'lip hli hwumwmwqpqwb' up2wlJ.wwlt wJfi uwhuwlifihp[!, npp Cihppn 
UJhmp t ppwqnpoh1 tqwhwli2wplJ.lt tqwmt[hp[!: 

16. f"l"lit awtiw1ntl wpmwqpwfip wlihpwdhzm t tqw1mU1pt1 tqwpphpwzp2w
fiwJpfi hwuwlJ.wpqmu: 

17. flpnfip b"fi lj_plj_fil.[1111 UJWUlqhpp UWY.WflilWY.WJpfi hwuwqwpqhpntll UJW
zwpfibpp lJ.wnwtlwpuwCi UL P unqh1fihpp twlj_wli mwpphpntpJmCifibp(!: 

18. f"lli~tqh"'u t npnzt[mu tqwzwpfihpp inpuwli 1wt[wqn1Jfi dwuwliwlJ.whwm
t[wO(! qplJ.fil.[1111 UJWUll[bpp UJWpphpwzp2wfiwJpfi hwuwqwpqntu: 

19. tali~tqh"'u hli npnzt[mu Ujwzwplihpp 1wt[wqn1Jfi uwlJ.wpqwlJ.Cihpl! UjWtnw
hwlJ.wfi [!fir)hwmmfi L wfi(!fiqhwm tqwhwfi2wplJ.fihJU1tl UjW7wplihpp lJ.w
nwt[wpuwCi unqh1fihpn1u: 

20. L1lJ.wpwqptp tqwzwpfihpp qwnwt[wpuwfi unqhtp, hpp hwztlti t wnfit[mu 
hwumwtnwqpt[wo ctwuwfiwlJ.ntl uwtnwlJ.wpwpuwfi hwUJWJJmup 



78 IX "1w2wpfibpft qwnwtfwptfwfi mbumpJmfi 
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X. nPncn~lfubPPC\A.fl~~Ulfl, 
~plffl~~J2~bP 

U-nunp 

ubp!Jwu wuq.n t, wug1w1u · wuopo2, 

qwlftpu. UJUUUJDIJ<J, . .. 
q.pfiqnp 't,wphljwgjl, 
lJWlllJWU n'l)'.!liJl'lnll'JWU, pw(i 15,tJ,q., 

tJ. 1979: 

chuuwfiwltlifi L. 6}12m npnzmufibp}l (1firµufimti[! wubu up wfihwmp L. 
hwm\jwUJbu qhljwtJ.wpp qnpomfihmpJwfi wnwfigpfi t: UJ:uwt L. UJWpqwll}bu 
wfihbphp npnzmtifibp(! \jw[lilIJ. bfi mfihfiwt wfimq11ht}l, tmlj hwliw]u fiwL. 
liwljwmwqpwljwfi hhmL.wfipfibp: Ommp npnzmufihp [!firµufihtpu zwm ljwpt.
np t, np. pntnJl hfiwp.wtJ.np up2ngfihpfi oqwwqnpotJ.bfi <<JwtJ.wqntJfi» npnzmU(! 
qmfib1m hwuwp: 

Opnzmtifihp J!firµufibtpu wfihpwobzm t humwlt at.wljbpUJhL pb ltfii t 
fi2wfiwljmu «twt.J.wqntJfi» npnzmu, mu hwuwp t wJfi twt.J.wqntJfifi L. }lfii liUJw
mwljntJ. t (!Ul}Jltfit.J.mu: Upt.umJfi ppwlfju'.iwljmu nJlilzmu 11firµuun11 mwpph11 
wfia}lfip \jw[lilIJ. hfi ljwJwgfiht u}luJwfig}lg mwppbp, }lulj hwliw]u fiwL. hwljw
IlPP npnzmufibp: liJU }1U:wuumt.J. «twt.J.wqn1Jfi» npnzmuuhpp pfiqmfintll(l ljw]u
tJ.wo t npnzmufibp (1fiqmfinq wfia}l fiw]uw1.1.1wm4mpJmufihpt1g, fipw hhww
UJ(lfiqwo fiUJwmwljubp}lg, 41npawnmpJmfil1g L. WJI umpJbltm}ltl qnponfiubpJ1g: 
«Lw4wqntJfi» npnzmufihp WUOfl 4wpnr1 t. pfirµ11uh1 }1fi)UJbU uh11pupnfiuwfi, 
mpwuwpwfiwljwfi, wJClUJbu tt wwppbp uwpbuwmJ11jwljwfi bqwliwljlihpl1 oq
CimpJwtip: 

Ufiljw]u npnzmulibp plil}Jltfirui wuat1 fiw]uw1.1.1wmt.J.mpJmlilib11}1y t. u11w 
ljnqu}lg oqmwqnpotlrui bqwuwl(Cibppg, «1w4wqn1Jli» n1mzn11Hihp ljwJwy
uhtm hwuwp wuhpwctbzm t }1pwljwfiwgfih1 hbmt.Jwt pfipwgwljwpqLpp: 

• :Jt.w4tp1.1.1ht 1mol(nq h}1ufiwhwpgl1 u1.1.1wmw41itpp: 
• ClimpbJ npnzmutibp}1 qliwhwmuwfi )W41wtil17uLpp: 
• flpnzht ht1ufiwhwpgl1 1mMwu hfiw11wl(n11 mw11pb11wljCih1111: 
• 3mpwpwfivmp mwpphpw4l1 hwuw11 ljwlituwmhut1 huw11w4nr1 b111t1111: 
• Q.(iwhwmbJ WilWU0}1U tmtpp W(ULJlllUJ)Uh(lfl: 
• Cum mpt.J.wb 2w41wti}17ub11.lt puq111fiL.1 «1wl(wq111Jli>> 1111117111utit.1111: 

Dpnzmufitpp pfiqmuuwfi ]ufiri}111fihpp t. ll(lwUg 1111Mwli t11wliwljC1t1111 
}llllll pwqUwqwfi bu: liJI] tuuI}}1plihJlJ1 4wpnrt b(i J]lUUW\jWJIQ4b\ pUUl UlW)lpL11 
hWJLllWU!i]fibpp; 0Jlpfiwlj· {lUUl IlJlll]lllUUltJl)l qfiwhWUJOWU )WlpWU!l}UO[lll pl{ll 
mwppb1u11 u bfi ubfiw~w41wfi!i2 t. pwquwiwtfiwCiflz n1mzn11iCit11J1 11lir1111 uowa 
]ufiq}lpfibp: Ubfiw2wtfiwfi}12 lufiIJ}lpC1b11l1 1111Mwli mw11pt.11 t.11wliwljfib11J11i 



uhfip mufinpwght bfil! wnw2):ifi hwmnpmu [l] L. untJfi qppmu: Qum wfinpn-
2mpJmfifihp):i qnponfi):i' mwpptrumi hfi' npnzwltlunpJwfi (r1bmbpu):ifi):iq) L. 
wfinpnzmpJmfifibpJ:i (qwu n):iuqwJJ:ifi) UJ.WJtiwfifibpntu npnzmufitp):i l!fiqmfi
uwfi lufiqppfibp: Dpnzmufibpp ]!Ciqmfiuwfi :qbmbpu}ICi}lq p.1Ciq):ipfihp]! pfinpnz
qnui hfi tntm.lilIJ. }uCi:qp}l uwu}lfi wUpI1IJ.2wqwfi L. hwqwump mbr(hltwmqm
J}JWfi wnqwJntpJwup: liJu mhuwlt}l }ufiqppfihp}lg bfi wnw2):ifi hwump}lg ubq 
mufinp uwpbuwm}lqwqwfi upwqpuwfi p.1fiqppfibp]!: 

bpqpnpq :qwup lufiqppfibp]! J!UUl wfinpnzmpJmfifibpp mbuw(tll pwc:twfi
qmu bfi' hwqwfiwqwCiwJpfi, «pfiwqwfi» L. qwpp}l wCinpn2mpJmCifihpn4 
}ufiqppCibpp: 

Qum npnzmufihp ]!fi:qmCinqfibpp pl{ll mwppbpmiI ta· npnzmiifibp}l 
WfihWlDWUJ.bU L. }uUpnl{ll ]!Ci:qntCillwCi }ufiqppCibp: 

liJu pwctfimu qqpmwpqqbfi wCinpnzmpJmfifibp}l (n}lultti) UJ.WJllwfiCibpntiI, 
iibfiwtwtpwCipz L. hplttwipwfipz wuhwmwqwCi npnzmufibpp [!fitpuCiuwCi }u[!fi
q):ipfihpntU oqmwqnpm.lilIJ. twlltwfip2fibp[!, L.1wL[wqntJfi npnzmiifibp}l ]!Ci:qntCi
uwfi br(wfiwqfibp[!: 

1. Opnznuifihp]:l ]!liqntfillwu mwpphp 

DpnzmGbpp [!Ci:qn1Ciuwfi c:twliwfiwq wfihpwctbzm t wnw2finpqtlbt npn
zwltti tWlltWfipzfibpnq: OJ}b npnzqwo b(i hpllCiw}ufi:qpp fiUJ.WIDWqfibp[!, WUJ.W 
npnzmufibp [!CitpuCinq (i [!fitDpntll t hCiwpwqnp npnzmiifihp}l. (tmOlltllfihpp) 
qfiwhwmiiwfi twtliwfi}l.zfibp[! L. tw1.[wqn1Jfi opnzmu)l [!Ci:qntfitiwfi br(wfiwlt
fibp[!: Ubfil! qqpmwplt bfip · 

• wnw(ig li!JJlipft hwt[w(iwljwfin1pJw(i wpdbp(lbpft oqwwqnpmfw(i 
(ljwtf ,twp.pp wlinpnzmPJn1(i(lbpnt/) npnzmti(ilipft plhpJLlitfw(i juliIJftplilip: 

• li!JJlipft hwt[w(iwljw{impJw(i wpdlip{ilipft oqwwqnpMwtfp (ljwtf hw
,fwtiwljw{iwJftti wlinpnzDLpjDltililipnl/) npnzmtlubpft [!UIJDLUUWU ju{iIJftpulip: 

q_bpfi wuqwb"[! ltJ!fiCiwplJ.bCip hbtoL.JWL oppfiwlJ.m.[: 
Op]lfiwlJ. 1: bfipw:qpbCip :qntl! «Unwqwum» up6wpwfip toCiopbfifi bp: 

{w6w}unP11fibpp UJ.Whwli2wplJ.1! pwl.[wpwphtnt hwiiwp wuhfi wnwtlnto :qntp 
UJ.hmp t qfibp npnzwltti pwCiwlJ.mpJwtip qwpw: 1,w}unpq opbp}l.Ci qwpwJ}l. 
UJ.Whwfi2wpltti mi.J.Jwtfibp[! ptpl.[wo hfi 1-}lfi WIJJmuwqmiI: 

muw 1 

2 3 4 5 
5 10 15 15 5 

{wpwpbpwlJ.wfi hw6w}uwlJ.wfimpJntfil! 
hw wfiw wfim mfi 

0.1 0.2 0.3 0.3 0.1 

'l-pgmp' qmp qwpwfi qwp.DIJ_ bp qfibt hwtD[! 70 qpwlim.[ L. up6wpwfimu 
1.[w6wnbt 130 qpwunl.[: flpUJ.huq}l. up6wpwfil! iwtl hwupwtl mCibfiw qmp 
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hwow]:un{lilUhppu upzm uwmmgmu hp pwpu qwpw, puq opt.J.w JlUpwgpmu 
wpwgt.J.wo qwpwfihpJl hphqnJmfi t.J.wownmu hp hlllUlJl 30 llJlWUntJ.: pfi~tqhu 
hpLmu t 1-pfi wrumuwlt:tig, wuhfi wnwt.J.nm qmp qwpnIJ_ hp quht I-pg 5 qw
pw: ~hq hwpqwqnp t npnzht wuhfi wnwtJ.nm upowpwfip hwuwp qfitJ.Ilfl qw
pwfihpp pwuwqJl: 

I. I llpnzmuuhp]l J!Ul)mfiuwfi ~wtltwli]lzlibp 

'-1.hpJl pbpl{wo )uliri]1pJl mumufiwupphup npnzmulibpp JlUrµnCiuwli 
mwpphp lWtltmGpzCihpp oqlimpJUlUp: UJU qhuwmu npnzmuuhpp I!UIJillUUWU 
hwuwp oqmtJ.mu bu uwpu]luwpufl, uwpupupup, upfi)luwpup, q.mri@gp, Uup2p 
u UlJl lllitpwfip.zubp}lg u qpwug hWUWUJ.UlUlWU)uWU bqw(iwlj_fih{lpg: 

1.,zhup, Ilfl wfinpnzmpJWU UJ.WJUWUUbpntU npn2mu 4wJmgutwu (ft6mw{] 
qwpw q6/i/) qmp lhP 4wpnIJ_ tJ.hpwhu4ht qpwfig hwuwtqwmwu)uwu hWhfll! 
(ft6mw6 qwpw IJ1/w6wm/}1), pwup np qpwup UJ.WJuwuwtJ.nptJ.wo bu hwow
J:unMuhp)l UJ.Whwu2wpqntJ.: UJu}lupu· q}lmwrilttl.Ilfl )uuqpmu npnzmuuhp}l 
hwhPI! «wCinpnzmpJWU qDflODUCihp» bu: 

LwtJ.wqntJG npnzuwCi J!UmpntpJwu hwuwp 4wquhup huwr1wl{nri tm
omuuhp}l L qpw(ig hWUWUJ.WUlwu)uwu twhpp A=lla;;II uwmppgp, npmhq a;j-U 
i npnzuwli Lj hw}l qhuwmu blJ.wummp 4wu lJ.npntutnp wpcJhpfi t: 

'l-pmwplttlilfl ]ufiqpp pn1nri tmomuuhpfJ. L hwhflp hwuwp h4wummfihri}l 
wpcJhpuhpl! phptJ.wo hfi 2-M WilJmuwlJ.mu: 

Un1muw" 2 

~fiwpw4np btphpp. 
'-lwownpp hwuwp wnlJ.w 

qwpwJp pwuw4p 
qwpwJp opwlJ.wu 

(hfiwnwdnn 1momuuhnn) 
UJ.Whwfi9wplJ.J1 

I 2 3 4 5 
1 60 20 20 60 .. 100 
2 60 120 80 40 0 
3 60 120 180 140 100 
4 60 120 180 240 200 
5 60 120 180 240 300 

q.tnuhfip )uuqpp 1w4wqn1JCi 1momufihpp npn;m1uuhpp 11Cirµ11fiuwu mwp
php ~wt1twupzuhp)1 qhuwmu: 

u. lfwpupuwpup lllllpWUpz 
UJu ~wi.pwfiflz)l qhuwmu 1wtJ.wqntJG npnzmuu pCimp4mu t. wnwtJ.h1w

qn1JG hqwummp uwpupuwguwfi UJ.WJUWfipg: Uqqpmu, pum hlJ.wummCihpfl A 
uwmp)lgp UlilJ\hpfJ., npnztJ.mu hfi max(a;i) -hpp. wJumhhmL' max max(a,i) UJ.WJ-

J I I 

uwfipg 11ump4mu t. 1w4wqntJU npnzmup: 
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3-Jlll wrumuwljmu pbpt.[wo bfi pntnp hCiwpwt.[np npn2muCibpJt hwuwp 
wnwt.J.htWQillJfi bljwummCibpl!: Pfi2UJ.bu bpLmu t wrumuwq}lg, wJu 2wqiwfi}l-
2}1 qb1.412mu wuhfi wnwt.J.nm upowpwCil! ui.tmp t qCiJt 5 qwpw: 

lln1muwll 3 
Opt.J.w l!li}}wgpmu wnl.J.w Opt.J.w wnwt.lhtwqn1J!i bljwun1U11!, 

Qw~w1h nw!iwlln (n.nwu) 
1 60 
2 120 
3 180 
4 240 
5 300 ~ wnwtlh1wom 1fi 

°u2hfip, np UUWfi 2Wt.pwfiJt2Jt qbl.412IllU, hpp llpll2lllllfi l!fiqmfit.J.mu t J!UUl 
hfiwpwt.J.np wnwt.J.b1wqn1JCi blJ.wununJt uhompJwli L wfimbut.J.mu bCi tiJmu 
mwppbpwl.J.libpl!, l!fiqmfit.J.wo npn2mul! lJ.wUJ.t.J.wo t ubo npuq}l hhm L. hwuw
UJ.WUlWUtuwfimu t tuwqwunllt t.J.wppJtCi: 

fl. lJWl}UJtup(iJt l_Wt.p.Wfi}:12 
UJu 2w1.pwu}l21! hwuwui.wmwutuwCimu t npn2muCibpJt l!fi11mfiuwfi hnnb

mbuwl.J.wfi unmbguwCil!: Lwt.J.wqn1JfiCi t hwuwpt.[mu wJCiUJ.ltult npn2mul!, npJ! 
uwpuJtuwgfimii t Cit.[wqwqntJCi bl.J.wuntml!: Uqqpmu hqwununCibpp A uwmpp
gJtg hw2t.[mu ta min(aij) -Ci, npJtg hbmn maxmin(aij) UJ.WJuwfi}lg qmCit.J.mu t 

J I J 

Ummuwll 4 
Opt.J.w J!Cipwgnmu wnqw Opt.J.w Cit.[wqwqntJfi bqwummJ!, 

Qw~w1h nwfiwlln (nnwu) 
1 60 ~ wnwtlb1wonufin 
2 20 
3 -20 
4 -60 
5 -100 

L}.p.mwpqt.J.nq tufuiim.1u Cit.J.wqwqn1Jfi bqwummCibpp wpdbpfihpl! pbpt.J.wa 
bfi 4-Jlll wrumuwqmu: lJwpu}lupfip 2w1.pwCiJt2lt hwuwo.wJfi upowpwfil! wubfi 
wnwt.[nm UJ.bmp t qfip uhq qwpw: 

q._ U}}fipuwpup 2wtftwfipz 
Upu 2wLtiwCip2lt qhuwnuI 1wt.[wqn1Jfi t hwuwpt.[nuI wJCiUJ.ltup npn2mul!, DPI! 

upfipuwgfinui t wnwt.J.h1wqn1Jfi hfiwpwt.[np qnpnmmfihPI!: UJu qbuwmu A uwm
ppgp mwppbpl! gmJg bu mwwu mwppbp twhp}lfi hwuwui.wmwufuwfim:J. hCiw
pwt.J.np qnpntumCibpp wpdhpCihpl!: .Pn1np 1mamufibpp. hwuwp hw2tJ.wplJ.t.[mu bCi 
wnwt.[b1w qntJCi 1.pipmuu1Cibpp wpdbpCi.bPI!' m~(aij)-Ci, wJfinthbu1L. l!fimptl_mu t 

J 



I. flpnznuffibpft pfi1µ11fitfwfi wwppbp 83 

max(ai;)-p ChJ.wqwqn1JCi wpcthpCi w14whm.[I1Jl tmmi1u1f m_in max(a;i) -Ci: Opp-
j I J 

Ciwlj, hph qwpwJp 14whwCi2wplJ.J! hwl{wuwp t 2-p L. up6wpwCiJ! qCiht t 2 
qwpw, w14w Cipw hljwummJ! ljljwqup 120 qpwu: bph CintJCi 14whwCi2wp4lt 
qh14Pmu up6wpwCiJ! qCiht t 3 qwpw, w14w Cipw hljwummJ! ljljwqup 80 qpwu, 
pulJ. hCiwpwt.[np lJ.npmumJ!· 40 qpwu: llJu 40 qpwuJ! wCit.[wCimu hCi pwg 
PllllCitl.wb hqwumm qmu hCiwpwt.[_np ltnpmum: 'l-pmwplJ.tlDIJ. JuCiqpmu uJuw1 
npn2nuiCihpp qh14PmU hCiwpwt.[np lJ.npnrnmCihpp wpcthpCihpJ! pbplj_wi) hCi 5-pq 
wrumuwqmu, pulJ. mwpphp hwhpp hwuwp wnwl{h1wqn1Jfi hfiwpwl{np 
qnpniumfihpJ!' 6-p11 wrumuwlJ.mu: 

Un1muwu 5 
{Ciwpwl{np twhpJ!. '-lw6wnpp hwuwp wnlJ.w qwpwJp pwfiwq(l 
qwptuJp opwljwfi (1mbmufihnh mwnnhnwuCihn) 

14whwCi2wp4J! 1 2 3 4 5 
1 0 40 80 120 160 
2 60 0 40 80 120 
3 120 60 0 40 80 
4 180 120 60 0 40 
5 240 180 120 60 0 

Un1muwl16 

Opl{w (!fipmgpmu wnlJ.w 0114w [!Cipwgpmu wnw4h1wqi11JCi 
QWl}Wlh ~wCiwun hCiwnwtlnn un1U11ump, (rmwu) 

I 240 
2 180 --
3 120 f- Citlwqwum 1fi11 

·-

4 120 f-fitlwqwqrnJtip -
5 160 

Pffilllhu hpLmu t 6-M wrumuwqpy, wJu 1wtflwu}17t1 11Llllp111u 1w4w
qn1Jfi npnzmu(l hwuwu~wU1wuJuwun11I t u116wpwfij1 ljm1u)1y 011wqwu 3 qwu 
4 qwpw qCihtmCi: UJu qh14PntU t11lJ.m npnzmulibpli t.1 hwuw11eJl:ip Lu: 

'l-. C}.mp@gp tpnJuqp2muwJpfi iwtlJ.wfiJI2 
C}.mpt.[pgp iwtlJ.wfipzp bwJpwum}16wu· 1w4wtnbuwqwli L lmnLuiLuwlJ.wu 

t.[wppbpp up9L hwzt.[bltz}m t hwutnwuimu h L 1- h 4JnwJ)1li q1111bw4l1yut11)1 

Up9ng114, npmbf\ hE (0, I] up2wlJ.wwt1fi L lJ.nit.[mu t lumliuiLu111 PJWU '-lll[IOW

IJ.pg: UJU iwitiwupzp qhuwmu (llll{WqtllJU ll[Ulllllll 11li1µ11uli1m hWUWJl ulJ.q
pmu (lfimpt.[mu t h qn11bwlJ.}1yp: IJpb A uwtnpJ1yt1 mw1111Lp11 ymrn I.au uiw1)1u 
lDWJlphp hwhpp qhuwmu hCiwpw4np hlJ.wumuiuhp(l, llllllW ll[llll4111U Lli 

hmaxa,1 + (1-h)mina,1 (l.lw) 
J J 

wpcthpCibpp, Jtulj hfiwpw4np lJ.npmumtih11J111tuwmu 11111174mu hu 
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h min au+ (1- h) max aij (l.lp) 
J J 

wpdbpUbp{!: 
lwl{wqntJU npnznuiU {!UrµuUl{nui t hbmhJWL UjWJllwUUbpp.g. 

max [h max ai; + (1- h) min ai;] (1.2w) 
i J , J , 

min[hmina .. + (1-h)maxa .. ]: 
j j I) j IJ 

(l .2p) 

q.mptlltgJ:!. ~w1.pwUJ:!.2J:!. qbUjpntll ulj_qpnuI hwzl{mu bU tw\}wqntJU h l{w
mwqntJU mwppbpwlj_Ubp{!: UJUmhhtnh (1.lw) h (l.lp) pwUw6hbpnl{ npn2-
l{mu bU qntuwpwJl•U U:J:i.2t1UUhp{!: Lwl{wqntJU npnzmuU {!UqmUtj_mu t hwuw-
6wJU (1.2w) h (l.2p) ~wqiwUp.zUbpp.: luUqpp. h qnpbwljp.g{!, blj_wummuhpp. 
twl{wqntJU h l{wmwqntJU wpctbpUbp{! phpl{wb- bU 7-pq WQJmuwlj_mu: 

llJ]Jmuwq 7 

Opl{w Opl{w 
ltznwJp.U h 

{!Upwgpmu blj_wtintml!, 
qnpOtU4J:!.gn 

CUqwuhuI! 
wnlj_w qwpwJJ:!. (nnwu) (op/qpwu) 

pwUwlfI! gwb-p pwp6p 0.4 0.6 

1 60 60 2.4 3.6 60 
2 20 120 8 72 80 
3 -20 180 -8 108 100 
4 -60 240 -24 144 120 

140f-
5 -100 300 -40 180 

wnw~b1won11Un 

"\.,l{wqwqntJU hlj_wtintmu umwgl{mu t ublj_ qwpwJp., p.ulj_ wnwl{btwqntJfiI!' 
5 qwpwJJ:!. quuwU qbUjpmU: bpb hnnbmbumpJwfi h qnpb-wltJ:!.gn hwqwuwp t 
0.4-p., WlljW {!UUl q.mpqp.gp., twtl_wqntJfi npnzmuu t 5 qwpwJp. qfimll{!: 

b. Uup.2}1 wtPunuwfipp. lwtJtwfipz 
U}lfip.Uwpup. ~WqlWfiP.21! WJfiJ;!Wfi «hnnbmbuwlj_wfi» t, llp hWOW)u lj_W

Jlilll. t pbpbt Ill mpwuwpfiwlj_w6 npn2mufibp]1: Uup.2lt lwtltwfiJ:!.21! pmJt t mw
um DUJ.qbt qp.6wlff! lj_npnmmubp)l finp B Uwtnpp.gp. ubpumMwup: B Uwtnpp.gf! 
lfnltlntll t <<WtPunuwfipp.» uwmpp.g, p.ulj_ fipw mwp.pbp]! gmJg bu mwum «p.pw
qw(i h wubfiwpwpbUuiwmn tmb-mu6bpp. up.2w> <<WtPunuwupp.» wpdbpf!: 
B uwmpp.gp. b;j mwppbpJ! npn2tJ.mu b(i hbtnuJWt pw(iw6up.g' 

b;- ={m~(a_"i)-a;i' h})h a;i hqwumm t 
1 aij -mm(a .. i), hpb aii qnpmum t 

k 

npmbI} b;i mwppbpJ! hwt.J.wuwp bu j-pq UJm6wlj_p. twtl_wqntJfi' m~x(ai;) wpdbpp. 
J 

h 3ii-P. mwppbpntpJUlfil!: UJuuwumJ_, birbPf! wpmwhwJtnntU: b6 npnzmu )!Uqm-
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UDJJ.ll «wt.punuwfip}!», hpp fiw j twp qhuwmu IB }!fiqmfiht tWtlwqmJfi npnzmu: 
UL.ps,p iWt.pWUjlzp qhuwmu wfi4wlu fipwfipg, ph A uwmppgp 3.;j UlWpfthp}! 
t4wummfihp hfi, ph 4npmumfihp B uwmppg}l mwpphp}! 1.J.npmumfihp hfi: 
«!.hmL.wpwp UL.p2p iWt.pwUpzp qhuwmu twt[wqntJfi npnzntU{! {!fil}ntfit[mu t 
UpWJU u}lfipuwpup iWt.pwfipzp oqfimpJWUp. 

minmax(b;i): 
I J 

lfhp lufiqpmu twt[wqntJfi npnzmuU t 5 qwpwJp qfimu}!: 
PfiiUJhU mhufinuI blip mwpphfl iWt.pwujlzUhp}l qhuwmu umwgt[mu hfi 

mwpphp WP11Jntlipfihp: 
£!. UnwtlhtwqntJ!i hwt[wuwl.J.wUntpJw!i iWt.pw!ipz 
UJU iWt.pwupzp qhuwmu LW4_WqntJ!i npnzmu(i }!fiIµnfit[mu t hwuwowJfi 

wuhfiwhwl[wfiw4wfi h4wummuhpp uwpupuwguw(i UJWJUWUp: 
<!,pzbgfibCip, np l}}lmwpl.J.t[nq fufil}plltll qwpwJp UJwhwfis,wpl.J.p hwqwfiw-

4wfimpJntfi!ihpJ! mpt[wb bu 1-p!i wrumuwqmu: 
UnwtlhtwqntJ!i 0.3 hwt[wfiw4wlimpJntliJ! hwUWUJWUlwufuwfimu t 3 h 4 

qwpwJp UJWhw!i2wpl.J.pfi: UJdtI l}}lmwr14hfip WJU twtp}1 hwtiwp h4wtimm
UhpJ! L pCimph!ip l}]lWCigpg wnwtlhtwqntJlil! ( mh'u. w11.8): 

Opt[w wnwtlhtwqn1Jfi h4wumU1J! (l}]lwti) 

3 180 h 
4 240, hpp qCitlwb t 4 h wt[htli f-wnwt[h1wq.i11Jfil! 

"lwpq t, np wJu iWt.pwfi'12)1 qhuwmu upt'iwpwfil! UJhmp t q!ip 4 qwpw: 
t. U}ls,}16 wpcthp}l OUJm}luwguw!i 2w1.pwfi}lz 
DpnzmuCibpp [ICil}mCitiwu fuUq}lp!ihpmu hwt[wUw4wCimp1muCib11f1 oq

mwqnpMwU wuh!iwmwpwi)t[wi) t11wCiwq[l b4wtimmCibp'1 4wu qnpmum
Ubp}l up9pCi wpdhpCibpp OUJ.tnptiwgmu(i t: UJU qbui.pmu 1wt[wqn1Jfi npr17mu(i 
{!Utnpt[mu t hwtiwowJCi u}ls,}l!i h4wtimw}l tiwpu}luwgtiwCi 4wu u}ls,}lU qnpmu
mti u}l!i}luwgtiwfi 2w1.pwCi)1z'1: IJb(ip 4oqtn4bfip ufl9}1!i h4wummfibpl1 uwpufl
tiwgtiw(i 2wljlwCi)1z}lg: 'l-}lgmp· E(m)-p ti'12'1fi bljwummfi t: 

II 

E(m) = Im,p,: 
••• 

UJutnh'l m,-Ci h p;-U i-M twti bqwumtnf1 h hwtlwliwqwfimpJwfi w1u.Jhp
Ubpfi hCi, flulj n-p· twhp}l pwCiwljCi t.: 

5 qwpwJfl qfiuw!i qbui.pmu E(m)-p wpcJhpt~ hw4wuw11 t' 
E(m) = 0.1x(-100)+(0.2x0.0)+(0.3xl 00)+(0.3x200)+(0. l x300) ""110 qpwu: 

UJu}lUpCi· up6wpw0)1 opwljwfi ufl9flCi b4wummp 44wqtij1 110 qpwti: 
9-M wrumuwqmti pbpt[wi) bfi mwppbp npr1zmtilih11t1 11hui.pmu u116w11w

!ip u)12)1Ci bljwum mp wpdbpCibp[l: 
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Un1muwl.i 9 

q.WJ}WJP 
OptJ.w hqwummJ! (qpwu) 

opw4wCi 
Opqw [!Cipwgnmu qCiqw~ 

<!.wqwCiwqw-
hCiwpwqnp 

qwpwCihp}l pwfiwltl! 
ump JntCiJ! (1m®tUCib 1lt mwn t:!hnwl.iCihn) 

UJWhwu2wpq(! 
l 2 3 4 5 

1 60 20 -20 -60 -100 0.1 
2 60 120 80 40 0 0.2 
3 60 120 180 140 100 0.3 
4 60 120 180 240 200 0.3 
5 60 120 180 240 300 0.1 

fl.Ci~UJbu hbmLn1u t 10-Jlil wrumuwl.j}l m1.lJwtCibp}l qhptm®tpJmfi}lg, 
UUJwubtfl hlJ.wummCihpp wnwtJ.hiwqntJ!i wpdhpJ! hwqwuwp t 140 qpwu}l: 
lwqwqntJCi npnzuwCi(! hwllwUJwuiwu}uwCimu t 3 ljwu 4 qwpwJp qCimUJ!: 

Un mmwti 10 
<!,Ciwpwqnp btphpJ!, Opqw J!Cipwgpmu qfiqwo qwpwuhpfl 

qwpwJ}l UJWhwu2wpq{! 12wuwlm (1m®1uCihnh mwnnbnwl Cibn) 
opqw J!lipwgpmu 1 2 3 4 5 

1 6 2 -2 -6 -10 
2 12 24 16 8 0 
3 18 36 54 42 30 
4 18 36 54 72 60 
5 6 12 18 24 30 

Opqw UUJWUhLfl 60 110 140 140 110 
hl.iwummn (nnwu) 

4npnmmfibp}l up.fi}luwg1.h11fi qhu.wmu npnzmufihp]l )!fiqmfiuw(i hwuwp 
oqmqmu bfi ljnpnmmCibp]l wrumuwl.j}lg h hCiwpwqnp btpbp]l hwqwfiwljw
CimpJmfiCihp}lg (wrumuwl.J. 11): 

Urumuwll 11 

<!.liwpwqnp 
<!.liwpwqnp ljnpntuUIJ!, opqw 

J!lipwgpmu wnl.J.w qwpwlihp}l <!,wqwfiwqw-
btphpn' opqw 

wCiwl.i11 limp Jntli I! 
UJWhwu2wpltf! 

1 2 3 4 5 
1 0 40 80 120 160 0.1 
2 60 0 40 80 120 0.2 
3 120 60 0 40 80 0.3 
4 180 120 60 0 40 0.3 
5 240 180 120 60 0 0.1 



1. flpnznuflilipft pli1µnlitfwO mwpplip 87 

lwl{wqntJCi hwuwpl{mu t wJCiUiltup npn2mul!, npCi wtqwhnl{mu t CitJ.w
qwqntJCi up2pfi ltnpntum: 

fl.fitt.Lthu mtufimu hfip 12-M wrumuwlJ.pg, ajlmwplttlllIJ tufiqpntu Ci(!tJ.w
qwqntJfi lJ.npnmtnl! hwtJ.wuwp t 46 llPWOp: UJupCipCi' WJU qbuipmu 1..tu iwtJ.w
qntJfi imouwfil! hwowtqwtnwutuwfimu t 3 lJ.wu 4 qwpw qfit1.I!: 

llrJJmuwti 12 

{fiwpwl{np btphpl!, Omlw J1Cil)wapmu wntiw ow9wfitnh gwCiwlm 

optJ.w 11jwhwCi2U1Pltl! 1 2 3 4 5 
l 0 4 8 12 16 
2 12 0 8 16 24 
3 36 18 0 12 24 
4 54 36 18 0 12 
5 24 18 12 6 0 

OptJ.lll UUjWUbtp 
hCiwpllltJ.np 126 76 46 46 76 

Linnmmnn <nnwu) 

1.2 {wl{wump. mbJ\blJ.wuitJ.mpJwli wpctbI!l! · 

npn2mulihplt (!CiqrnCiuwCi fuCiqpplibpntu wfinpn2mpJntCi(! lJ.wphtlt t tfmp
pwgCiht tpwgmgltt uibqt4mpJmliCihp hwtJ.wut1ntJ.: .t.wulJ.wliwtlt t, np CiuwCi 
mhqhtiwuitJ.ntpJwCi hwuwp hwplJ.wtJ.np t tJ.6wptr UJCi wnwtJ.t1wqi11Jfi qnt
uwp(!, np fiuwCi qbtqpmli Ujhmp t tJ.6wpt1 tiwqumu t hwl[wuuip. mbJ\hltw
uuJmpJwCi wpcthp(!: uph CiwtuoJlilI! hwJmCilt t. flb pCii11jput1 tw 4PPW4lllliw
fiw, Wlljlll 4wpbtp t pCiqmCih1 WJUUjpup npn7mt.'i, npCi wtqwhntJ.!1 wnwtJ.t1w
qntJli b4wumtn: Opltfiw4, «Unwqwum» up6wpwliJ1 fuCiqpn1u 67mb1n4 hw-
6wfunPJ}Cihplt I.inqup.g qfitJ.llIJ qwpwCibpp pwfiwlJ.p, 4wpt1J1 t hwuuh1 wnwtJ.t-
1wqntJfi t4wum1t: Q.fitlllIJ qwpwCihplt I!Wfiwtit1 tJ.JJw wJumL11 wq11mu t 1111wtig 
tqwhwfi9wp4(!: UtqwutJ.n11 01t9'1Ci ttiwumut(l hwtJ.wuw11 t· 

60x0. I+ I 20x0.2+ I 80x0.3+240x0.3+ 300x0. I= 186 ru1wu 
<t.wl{wump uihqt4wmtJ.mpJwti wpdl:.ipfl hwtJ.wuwJJ I: umwgtJ.wb uf19pti 

hlJ.wunpmlt' 186 l)pwufl L wnwtig hwtJ.wumt1 mhrlh4wmtlmpJwu wnw4b-
1wqn1JCi UUjWUhtp Ult9f1(i ttiwum utp' 140 qpwut1, UlW}lJ!LJllll f)Jnt UJI, 186 140 "" 
46 IU1WU: 

UJuLLttiuntJ. hwtJ.wuutjl uibqblJ.wuitJ.mpJwu w11dh1]G t 46 ru1wu: 
l;pb hWJU1Cif1 t hwtJ.wuuit1 uit11blJ.wuttJ.m !}JWU WJldUU)l, lllUjW hwJutUll I. 

wJfi wnwtJ.h1wqn1JCi qmuwpp, n11 ltw11b1J1 t. tJ.6w11L1 twt.11!1 hwtJ.w(hulJ.wtim
pJm CiCibpJl uwultCi tpwgmgt1i uibqb4mpJmuGbJ1l1 hwt.'iwp: 'l-t1uiw114tJ.nri Ju11u11-
pn1u qwpwJp UjWhwCi9wplJ.p Uwut1Ci 674J1}1ut Ulbf1blJ.wuttfntf)JWU hwuw11 
upliwpwfin ltwpnq t tf6wph1 011w4wfi 46 1111wt.'i: 
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1.3 fl.)1.u{tll qfiwhwmuwfi hwuwp u)12)1.fi wpdb12)1 L. 
qwfinfiwl.J.wfi zbquwfi oqmwqnpbmu]! 

Cum uf:12)1.fi hl.J.wummfihpfi qwu up.2)1.fi 1.J.npmumfibp)1 twtlwqntJfi npn
zmuCihp [!CiqmCibtm hwuwp fiwtunJUl pwdCimu ubfi12 oqmqbg)1.fi12 hl.J.wumm
fihpfi qwu 1.J.npmumfihp)1 wrumuwqCibp.fig: UJq wrumuwl.J.fibpn hwl'.iwtu tpwg
tlmu bu fiwL. hCiwpwtlnp mwppbp twhp)1 hlJ.wummfihpp hwtlwCiwlJ.wCim
pJmfifibp)1 wpdh12fihpntl, npnfig tlhptmbmpJmfin pmJt t mwtfiu qfiwhwmht 
Jmpw12wfil.)mp hCiwpwtlnp npnzuwfi np.ul.J.p. wum)16wfi{!: 

. Opnzmufibp)1 np.uqp qfiwhwmuwfi hwuwp um{npwpwp oqmwqnpmuu 
bfi bl.J.wununfihp)1 u)12J:iCi 12wnwl.J.muwJ)1.Ci' qwfinfiwlJ.wfi zbrtmli{! lJ.wu gptlwbvl!: 
'1-pmwplJ.hCi12 hpl.J.m CibJU1pn1tifihp)1 hlJ.wumwpbpntpJwU L. nflul.J.p. hwuhuwm
uwU tufiqppn: 

Opp.fiwl.J. 2: '1-)1.gmp' mptlwb bCi bpqm UbJU1pnttiCibp)1 hfiwpwtlnp qmm 
hlJ.wummfihp{! L. qpwCig hwtlwUwl.J.wCimpJmCifihp{! (wrumuwq 13): 

3 4 
Qmm blJ.wuntm{! 
u U. wu m· 

-3 -2 

0 0 0.2 0 
0.1 0.1 0.1 0.2 0.2 

Unw2)1.fi fihpry11iwfi hwuwp u)12)1.fi hlJ.wuntm{! hwtlwuwp t 
E1=(-3x0)+(-2xO)+(-lxO.l)+(Ox0.2)+(lx0.3)+(2x0.3)+(3x0.2)+(4xO)= 

=1200000 qpwu: 
bplJ.pnJUl fibpqpuwfi qhuwmu' 

E2=(-3x0.0)+(-2xO)+(-lxO.l)+(OxO.l)+(lx0.1)+(2x0.1)+(3x0.2)+(4x0.2)= 
= 1100000 qpwu: 

bpb hwubuwmhfip up.wJfi fibJUlpntUfihp)1 u)12)1.fi bqwummfihp{!, WUJ.W 
wqfihwJm t, np wnw2pfi CihJUlililtU{! twtlwqntJfifi t: UwqwJfi fiuwfi qfiwhw
mwlJ.wfi{! hwztlfl w wnlimu qpmwplJ.tlllll. fihJUllllltUfihpp npul.J.l!, wJu]1u12fi' 
hfiwpwtlnp WJUlJmfipfihp)1 gptlwbvl!: UJu tufiqpmu fihJU1pn1Ulihp)1 n]lultl! 1.J.w
pbtfi t qfiwhwmht qpwfig hqwun1mfibp)1 gptlwbvp qwu up2)1.fi 12wnwl.J.muwJ)1.fi 
(ltwfinfiwqwfi) zbqtiwfi' cr-)1 oqfimpJwtip: 

~wtlwfiwl.J.wfimpJmfifihp]l pwztuuwli gptlwbvl! cr 2 qwphtJ:i t npnzht 
hhmL.JwtpwfiwoL.ntl. 

0'2= LP;ID~ -(E(m))2' 
i 

npmbq l11j-fi i-Jlll fihpqpuwfi hqwun1mli t, )1.ult Pi-fi mtlJwt hqwun1m)1 umwguwli 
hwtlwCiwl.J.wCimpJmfifi t: 14-Jlll wrumuwqmu phptlwb hfi hpltm fibJUlllllttifibp]l 
0)12)1.Ci bl.J.wummfihp)1 wpdh12fihp{! L. hwtiwUJ.wmwutuwfi hwztlwpl.J.fihp]!: 
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oywunttnJ! u lihpqpmu 
(u11i. nnwu) 

m 0 om om2 0 

-3 0 0 0 0.1 
-2 0 0 0 0.1 
- l 0.1 - 0.1 0.1 0.1 
0 0.2 0 0 0.1 
l 0.3 0.3 0.3 0.1 
2 0.2 0.4 0.8 0.1 
3 0.2 0.6 1.8 0.2 
4 0 0 0 0.2 

Clinwuhlin 1.0 1.2 3.0 1.0 

Unw2}1li libpqpuwli hwuwp' 

a~= 3.0-{l.2)2= 1.56: 

fipmhaj:tg fihpqpuwfi n}lu4}1 hwuwp yumwfiwfip · 

a1 =./1.56 =1.25 titli. qpwu: 

P lihpqpnu1 

om 
-0.3 
-0.2 
-0.l 

0 
0.1 
0.2 
0.6 
0.8 
1.1 

oplfpnpq fibpqpuwfi n}Iu4}1 hwuwp hwUwUfwmwufuwfiwpwp' 

a;= 6.9-(l.1)2 = 5.69, a2=./5.69 = 2.385 litfi qpwu: 

om2 

0.9 
0.4 
0.1 
0 

0.1 
0.4 
1.8 
3.2 
6.9 

PfilUfbu hpLmu t umwg4wc} tn4.JWtfihp}1g, wnw2}1fi lihpqpuwfi npuljp 
w4btp ljmpp t, pwfi hpypnpqflfiJ! (l.25<2.385) L bph npUfbu nfU12nuilihpp 
J!llqmliuwfi lwlflwfi}l.2 oqmwqnpc}tllt npu4}1 uhc}n1pJntfiJ!, WUfW wljfihwJm t, 
np fiwfuwUfwm4mpJmfiJ! Ujhmp t mptllt wnw2}Iu fibpqpuwfiJ!: '1-}Imwplj4nq 
fullqpmu }IfitUjbU gmJg t UlWUlU UUjWUhlfl hljwummfibpp L npulj}l hwubuw
Ullll}}Jntfil!, fiwfuJ!Gmpblflu wnw2}1u ubpqpn1uu t: 

1.4 flpn2mufihpp oqmw4wpmpJwfi qliwbwmn1u 

'1-pmwpq4wb oppliwljfihpfl 4bp1mc}n1pJmfip gnlJg t mw1_}1u, np npnzmu
fibp}1 J!liqmfiuwfi upLfimJCl JuCiajlpJ! 1mbb1Jm mwpphp ~wlflwliflzCihflp lj}lpw
nmu[! ywpnq t hwfiqbguh1 mwpphp tmbmuCiLp}I: 

~fi(iwpyuw(i OWUWfiWlj Ubfip hwztllt 2WDWfip, pb WJI] }WlpWfiflz(ibpfi 
[!fiUlpnf[ Wfi6J! t1fiwfi t fiw)uWUjWU14nlJ}JillU U14ht: liJufl(ip(i' npnznniubflll 
[!fiqntCiuwfi cJ-wuwfiwlt WJIJ wfi611 nppwfin4 t hwlj4wb n}1ulj)1 ajlub1m, 4wu 
fipw hwuwp }1u2 wpcJ-bp mCibfi Ul4.JWL ubbmpJwup L4wummp ljwu ltnpniump: 
Oqmw4wpn1pJwG 4bp1mc}n1pJntfi[! npnzmu [!UqmfinriJ1(l pntJL t mwlflu pum 
]lp fiw)uwUfwm4mpJm(ifihp]1 qliwhwmLt mwppb11 npnzmufibpp oqlllw4w
pmpJntUJ! L 4hpJ! p(lfiwp44wb ~w41wfi]12fib11!1 oqumpJwUp 1111wfigl1g [lLIUl[lbl 
1w4wqn1Jfi[!: ~wufl np hljwummuhr1p (ywu ljnpn1umuhpf1) u}ILfimJ(i w11<fbp
fibpJ! npn2mu [!fiqmfinri mwppbp wfi6wfig hwuwp tiwrmri bu mfibfiwt mw11-
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php oqmw4wpntpJmli, WUJW hwu4wliwtp t, np npnznurnhpp ]!liqmliuwli upli
UntJli ~wt}lwlipzp qhuwmu lipwlip 4uinwliwli mwpphp <qw4wqntJli» tmmitulibp: 

OppUw4 3: Umlw~ pliliwp4hlip 500 UJl}U fihpqpmufihpp hp4m mwpph
pw4Cihpp hwuhuwmuwli oppliw4ntl: Unw2pfi mwpphpw4}1 hwuwowJfi qm
uwp]! 1.J.wphtp t lihJ.lllPhL n}m4wqbpc} qnpc}wpp}l uh2 mwphl.J.wfi 10%-ntl u 
mwp4w tlhp2pli umwliwt 550 UJl}U: Cum hp4Jmpq mwpphpw4}1, qntuwp]! 
4wphJ.P t lihJ.lllPhL npu4wlJ.np qnpc}wpp}l uh2 li mwp4w 4tp2pfi qwu umwliwt 
1000 UJl}U, 4wu 1.J.npgliht wupruu, qmuwp]!: ShulihUp ph fili!UJ}mpli t 550 UJqt'i
}1 oqmw4wpntpJmlil! npnzmuUhp nliqmfiilJl mwpphp wliowlig hwuwp: 

'l-pgmp · wnw2pli lihPI}Pllill! muwfiilJl t, npli WJil qmt'iwpntl UJhmp t 
41'.iwpp }lp hw2npq mwptlw muuwli 4wp&]!: UJu qmuwpp 4npntumn lipwli 
1.J.qp4}1 muntun zwpn11iwl.J.htm hUwpwtl_npntpJmfi}lg mutil.p wJq lihpqpuwli 
oqmwl.J.wpntpJmlin Upw hwuwp zwm pwpop t: Oqmwl.J.wpntpJwli qUwhwm
uwU hwuwp muwfiilil:tili wnw~wpqbfip liwfupwli nplit npnzmu 4wJwgUhL1! 
qliwhwmht WJli wnwtlhtwqntJli P hwtl_wliwl.J.wlimpJmfil!, bpp 550 UJl}U hw-
4wum}lnphli umwfiwtm 1.J.wu P hwtl_wliwl.J.wfimpJWUp 1000 UJl}U umwliwtm u 
1-P hw4wliw1.J.wUntpJWUp qpwfup uwtnfitlh1m twtp]! }lp hwuwp hwuwpcJhp h(i: 

'l-pgmp' P=0.95: t,ph U(x)-ntl CizwCiw4hlip x qn1uwpp oqmwl.J.wpn1-
pJntfiJ!, WUJW' 

U 1(550) = P U(lOOO)+(l-P) U(O): 
t,ph U(O)-li J!liqmfihfip hw4wuwp t 0-p, pul.J. U(lOOO)=lOO-p, WUJW 550 

UJl}U-p. oqtnwl.J.wpntpJmlin 1.J.qliwhwmtlfi 95 u}lw4np: "lhmp t UzhL np oqmw-
1.J.wpntpJwfi uwfilJ1lw1.J.1! 1.J.wPilJL t nlimptlht 1.J.wuwJwl.J.wCinphli: q.npc}fiwl.J.w
fimu hwl'.iwfu hli oqmwqnpc}lJ.nui [0.1) L. [0.100) up2w1.J.wwhp]!: 

UJutqJ.mntl qpwuwl.J.wli 0-550-1000 uwlilJ1lwl.J.n tpnfuwp}lfitlhg oqtnwl.J.w
pmpJwfi 0-95-100 uwfil}11.wl.J.n4: 

'l-p.gmp' tr1qpnpq Cihpqprum 500000 tqqu qpwuwqtmfu mfihgilJl ohnfih
phg t: <!.wul.J.wfiww t, np 500 tqqu-}1 1.J.npntutnl! Cipw hwuwp twl.J.wfi Cizwliw-
1.J.mpJmfi tmli]l, u npnzuwli nUqmliuwfi dwuwliwl.J. n]lul.J.n uM qhp tlt fuwqmu: 
Qbnfihphg}lli fimJCitqhu wnw~wpl.J.hfip qfiwhwtnht P hwt.J.wfiwqwfimpJmfiJ!: 
'l-]lgmp' wJu 11tuwmu P==0.2-]1: <!.hmliwpwp 550 u1qu-]1 oqmwqwpntpJmfiJ! 
lipw hwuwp hwtl_wuwp 4J.Pli]1' 

U 2(550) = 0.2xU(l000)+0.8xU(O) = 0.2x100 = 20: 
UJu}llipli' obnlihphgp hwuwp 550 tq:qu-li mlip. 20 u]lwtl_np oqmwqw

pntpJmli: UJu :qtuwmu qmuwpwJ]lli 0-550-1000 uwfilJ1lW41! t}lnfuwp}lfit.J.nui t 
0-20-100 oqmwl.J.wpntpJwfi uwliqqwltntl: 

UJutq]luntl u]lL.fimJfi qmuwpwJ]lli uwfil}11.W\t1! ltwphJ.P t tpnfuwp]lliht 
mwpphp oqmwltwpntpJwli uwUIJ1lwl.J.fihpn4: OqmwltwpntpJwfi uwfil}11.w4}1 
4:tipwnuwfi wnwt.J.h1mpJmfilihp]1 pfifiwpltuwli hwuwp q]1w.wpqhfip fihpqpntu
lihp]l hhtn 4wtqqwc) Up2]1fi hqWUUlp UWpUpUWQUWfi hbUlUJWl fufillPPl!: 

Op]lfiwq 4: 'l-p.gmp' :qmp mlihp 5000 tq:qu pfiwltwpwfi qfihtm hwuwp: 
"uuwfi qntuwpn tlt pw4wpwpn1u pfiwl.J.wpwfi qfihtm, u :qmp tqww.pwuw. hp 
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5000 UJllU fibJIIl1lht npht qnpawppp uh~r :;;itq wnw2wplJ.4.mu t qniuwpp 
fihMJluwfi hplJ.m unupphpwlJ.: Unw2pfip qhUIPmU qniuwpn mwphlJ.wfi 9%-ntl 
fihMJlt[mu t pwfilJ.mu, h mwpqw t[hp2pfi qmp umwfimu hp 5450 UJllU: oplJ.
JlllM mwpphptulJ.p qhuwmu qntuwpl! fibJIIl1lqmu t npulJ.wt[np qnpawppp uh2, 
npp hw2IlIJ.mpJwfi hwt[wfiwlJ.w!impJnt!il! hwt[umwp t 0.3-p h mwpt}w t[hp2pfi 
rµnp lJ.wPilIJ. hp umwfiw1 30000 utlltI: Q.npawppp owturutuwfi qhuwnuf 0.7 
hwt}w!iwlJ.wfimpJwup qmp lJ.wPilIJ. hp lJ.npgfibt 5000 UJIJU qniuwp]!: 

5mpwptufil)mp mwpphpwlJ.p hqwummfihp]! phpt}wo hfi tmnph: 

Un1muwli 15 

q.nuiwpp fitpqpuwfi 
<!,wiJ.wfiw4w-

<!.fiwpwiJ.np twbPI! hfiwpwiJ.np mwppbpw4fibpf! 
fimrJntfi{! 

q.nnownn Pwfili 

.t.w~mqiJ.wo qnpowpp 30000 - 0.3 
Ohw9nql{wo qnpowpp 0 - 0.7 
Up~Jtfi b4wummf! (Ujqu) 9000 5450 

Pfi~uthu hphmu t wrumuwlJ.pg, 1!UU1 qpwuwlJ.wfi uw!il}llwlJ.p wnw4.h1w
qntJfi up2pfi hlJ.wumUl}! utnwgtjmu t qnu1WP1! qnpowppjI ub2 fihpqfibtm qhut
pmu: UwlJ.wJ!i fiuwfi fihpqpntUIJ lJ.wtqtjwb t ubb njiulJ.J, hbm, L qnpowppjI ow
turutuwfi qhUIPmu 1111111 lJ.lJ.npgfibp wupmw qn1uwpl! L mmfi qfihtm hfiwpw
tlnpntpJm!ip: OqmwlJ.wpmpJw!i uwfil}llwlJ.p mfiJl hbutL.JWI mbupp . 

0 - 64.wqwqntJfi hlJ.wumm - 0 utllli, 
100 - wnwt}b1wqntJCi hlJ.wumm - 30000 utriu: 

UJuJlfipfi' U(O)=O h 0(30000)= I 00 U:Jlwt}np: LJwfunpq opJlfiwlJ.Jl fiuwfim
pJwup npn2h!ip 5450 tqqu-jI oqmwlJ.wpntpJmfip: 'l-Jlgmp· q.npbwppjI hw'.i>n· 
11mpJwfi 0.6 hwt}wfiwlJ.wfimpJwfi qbUIPmu fibpqpuwfi bplJ.m mw11phpwlJ.fibpfi 
ti abq hwuwp hwuwpcJbp bfi: <!.hmLwpwp, wnw9J1li fihPrtr1uwli oqmwlJ.wru11-
pJmlip' U(5450)-IJ hw4.wuwp lJ.tJ1fi'1' 

0(5450) = 0.6 X 0(30000) + 0.4 X U(O) = 0.6 X I 00 +0.4 X 0=60 luJ1w4.n1lf: 
'1-Jlmwplttl11I1 fuliqpJl hwuwp oqmwlJ.wpmpJwli q!iwhwmwlJ.wlifibpp phr1-

t}wo hfi 16-Prt wrtJmuwqmu: 

Un rmuwli 16 
C).muwpp libpqpuwli 

<!.wiJ.wliw41u-
.t.Ciwpwl{npp twhPI! hCiwnwtJ.nn mwnpbnwliliLnn 

C).npowpp f!wli4 
limrJmli 

.t.w9nql{wo qnpbwpp 100 - 0.3 
Ohw9n11L{wb qnpbwpp 0 - 0.7 
Up9Jtli oqmw4wpmrJntli{! 30 60 

Pfi2Uihu hbmhmu t wrumuwlJ.Jlg pum wnwt}L1w4111J!i uJ19J1!i oqmwlJ.w
pntpJwfi 1wt1wqn1Jfi 1mMwfip hwliwutwmwufuwlimu 1. (.J.111 uw11J1 11JmLtwqb110 
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CihprymtU{!, IlPI! wnwtJ.h1wqntJU up2pu hl.J.wutnp lWlpW6]:l2}1 hwuwowJ6 {!6qmli
tfwb npnzuw6 nlll.qwl.J.p hwl.J.wqwpoli t: "uuwli WMJntlip{! UJ.WJUwCiwqnpqwb t 
qnpbwppp hw2nqmpJwli uhb n]:lul.J.ntJ.: UJq n]:lul.J.p qliwhwmuwli hwuwp 
1.J.wnmghCip oqmwl.J.wpntJ>JWCi qliwhwwwl.J.wliCihp]:l hl.J.wumtnlibp]:lg 1.J.wpuiwli 
1.J.np{!: (O,U(O))=(O,O) L. (30000,U(30000))=(0,100) 1.J.bwbp{! u]:lwgUbtntl ljutnw
liwlip up Illll.M qpb (tnb'u qb. I). 

U(x) OqmwqwpmpJwfi 

100 

80 

60 

40 

20 

qfiwhwmwqwfi 

10 20 30 X bt1wumm (hwqwp UillU) 

%.1 
bph 5450 UJ.l}U-]:l oqwwl.J.wpntpJwli qliwhwmwl[wlil!' (5450,U(5450)) = 

= (5450,60) qbtn]!, qb]:lg pwpop t, WUJ.W rpnp qqntzwqnpntpJWUp bp )!liqm
lintU npnznuilibp{!, hwl.J.wnwlj qhuwmu, qmp UwJuf!limpntli hp n]:luqwt{np lihp
qpn1uUbp]!: 'l-]:lmwpl.J.tlnq Jufuyl]:l qhummu qmp Uwlul!limpn1u hp n]:lul.J.p lIJP
libtm qqmzwl[np t{wpp]!: 
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2. Opnznuifihplt bwn 

'1-}lmwplJ.tJ.wo oppCiwlJ.fibpmu npn2nuWbp}l J!Utpnfimun lj_wmwptJ.mu tp 
tibl.J. wfiqwti: q.npofiwlj_w(i 2wm Jufiq}1pfibpntu hw6wJu blip hwfiq}1lljntti hw-
2npqwlj_wfi npn2mufibpp nurµnfiuwfi wCihpwcth2umtpJWfiJ!, hpp nfi11mfi4wo 
npn2mun lljWJtiwliwtJ.npntu t tip wn npn2mu (1.J.wu npn2muGhp) nuqmCihtm 
wfihpwcth2umtpJmfin: Opn2mufibp}l CiuwCi hw2npqwlj_wfimpJmfin hfiwpwtJ.np 
2-t CilJ.wpwqphL l.t hhmwqnmh1 hlj_wununfihpp wrumuwlj_fihpp oqfintpJwup: 
UJutqJ:mp l}hll.JPbpntU oqmtJ.mu bfi WJUUjbU lj_nl_tj_wo npn2mufibpp ownp bqw
fiwlj}lg: 

Opn2mufihpp b'wnJ! pp lj_wnmgtj_wopntJ. fiuwfi t hwqwfiwlj_wfimpJwfi mh
umpJntfipg ubq hwJmfip hwtj_wfiwlj_wfimpJmfiCihpp bwnjtfi: UJu bJ\uiCiwliG 
oqmuiqnpomti hCi wJCi qhll.JPhpntti, bpp wGnpn2mpJwCi ll!WJUwfiCihpmu 
wfihpwcth2m t nuqmCih1 mwpphp npn2muCihp, npnCigpg Jntpwpwfil_Jmpn 
lJ.wJutJ.wo t J!UrpnCitJ.wo fiuifunpq npn2uwfi (npn2muGbpp) lj_wu twp (hwhpjt) 
WJU]JntfipGbppg: 

Opn2mufihpp own!! wpmwgn1mu t tmoqnq hpufiwJufiqpp 1.J.wnmgtJ.uiopn 
l.t 1.J.wqutj_wo t pCipg, hwfiqntJgCihppg Ill qpwCigpg J}lllflU hl.J.nq OJntqhppg: 
Opn2muCihpp b'wnJ! GbplJ.wJwgqmu t liwJu)Ig ui2: l,pw l'.iJmqhpJ! gmJg hfi 
mwtJiu hGwpwqnp WJU!Ciuip'wfipwJ)Ifi npnzmuCibp[l L qpwGg l!fil}lltfiuwfi 
l}hlljpntll hCiwpwqnp twhpJ!: own)I fihplJ.uiJwguwCi hwuwp oqmuiqnpotj_mu 
bfi bplj_m mbuwq OJntqbp' hfiwpwqnp npn2mufihppfi hwUWU!WUiwuJuwfinq 
l}hmwqbbp L. twtp)Ifi hwuwll!wmwuJuwfinq hnO qObp: 

Opn2muCibpp ownCi J!Uqqpl.J.mu t hpl.J.m mhuwl.J. hwfiqnlJgCihp: 01q11wCi-
4JmCintl fi2wCiwl.J.4mu hG npn2muCibpp J!fiJ}lltfiuwCi hwGqntJgfihpp, frnl.J. 7119w
fiwlj_n4' hCiwpwqnp ll!Wmwhwl.J.wfi twtppfi hwuwll!wtnwuJuwCin11 hwfiqnljg
GhpJ!: J:!wfiti np npn2mu J!UJ}lltfinrtl! 2.ti lj_wpnq wqqh[ pntn11 hfiw11w4np htphpp 
itPw, WU!W Ownp hbmwqmnuwfi ctwuwGwl.J. fiw qfiwhwmmu t upwJti mw11-
php twhplJ hwtJ.wfiwl.J.wlimpJmCilibpJ!: 

Opnzmufihpp ownp hhrnwqnmmup 1.J.wmwptJ.mu t uf1 pwtil1 tfmqhJmtJ.: 
Ulj_qpmu· «zwpdtJ.htntl liwJu)Ig qbtqf1 w2», lj_wnmgtJ.mu t Ownt1 lJ.uwJup11, 
npmhq npnzmuGhppCi hwuwll!wtnwuJuwfinq 6Jm11hplJ unm q11tJ.mu hti 1111wfig 
hhm lJ.wll!tJ.wo owJuuhpJ!, pul.J. twhpjt 6Jm11hpp unm· qpwGg hwtJ.wfiwlJ.wCim
pJmfiCihpJ!: UJCimhhmL 1.J.wmwptj_mu t mwppbp twhpfl hwtJ.uitiwlJ.wCimpJmCi
Gbpp lt qpwCig hwuwll!wutwuJuwlinq hl.J.wummfibJ* hw74wpl.J.11: u111m1u1 
lpllqmu l.J.wmwp4mu t tnwpphp hwCiqnlJgUhJUnU up9!1Ci hlj_wumrntihpl1 hw7-
4wpl.J.[1 lt «zwpcttJ.htntJ. w9pg l}hll!P liwJu» pfil}ll1Ci4mu hfi wnwtJ.btwqtnJti ut1-
2Jifi bl.J.wummfihp wll!whnqnq npnzmufihpJ!: 

'\..,wJuvwfi npnzmufibplJ bwnp bqwfiwl.J.p pfifiw111.J.uwfifi wliyfih[p, tlh11ht1-
zhliv hwtlwliwlJ.wfimpJwfi mbumpJmfilJg up pwtip uwhuwfimufitr1 L pwfiui
liLhp: 



94 X flpn2mtffibpft [!Ul}Jllfitfwfi hfttfmfiplibp 

'1-p.gmp' A-fi L. B-fi ljwuwJwljwfi UJ.WtnwhntJpfihp hfi: P(A)-ml L P(B)-m.[ 
!izwliw4.hfip 'lJlWfig hwl.[wfiwqwfimpJmfifihp(!: 

A L. B UJ.WtnWhntJplihpp. qmuwp(! (fi2wfiw4.hfip AuB) WJfi\llllu}l UJ.WtnW
hntJp t, np}lli hWUWUJ.Wtnwutuwfimu t qwu A, qwu B UJ.WtnWIDllJpfihpp 4.wu 
t1 'lJlWfig up.w<huuwliwltJw }lpw4.wliwgmu{!: 

A L B UJ.wmwlultJpfihpp wpmW'lJlJWffi (fi2wuwljhfip AnB) wJli\llllup. 
UJ.WtnwhntJJJ t, nppfi hwuwUJ.wmwutuwlimu t A-p L B-p upw<huuwfiw4.Jw 
}lpwqwfiwgmu{!: 

A L. 8 UJ.WtnWhnlJJJfihp(! 4.Illi.[ntu hfi wfihwuwmbIJ.hUl, hph 'lJlWlip up.w
<huuwfiw4. ppw4.wfiwfiw1 lhfi ljwpnJt, WJupfipfi 'lJlWfig wptnW'lJlJWU! wfihl!
fiwp UJ.WUIWhnlJp t: 

. Ai,Az, ... ,An, UJ.WtnWhntJplihp(! ljwqumu h(i wlihwuwmbqhtJt UJ.WlilW-
hnlJJJfihpp lPP.tl. }umup, hJJh. 

w) gwfiqwgwa i~j-p hwuwp A;nArfi wlihfiwp UJ.wmwhn1Jp t, 
p) A 1uA2u ... uA0 qmuwp(! hwl.[wump UJ.Wtnwhn1Jp t: 
l::;ph B UJ.WtnwhntJJJP. hwuwp P(B)>O-p.g, WUJ.W 4.wuwJw4.wfi A UJ.WUIW

hntJplt hwfiqhu qw1m UJ.WJuwfiwqwfi hwl.[wfiw4.wfimpJntfi{!, UJ.WJuwfinl.[, np 
B UjWtnWhnlJJ)I! mhajt t mfihght (1izwliw4.hlip P(AIB)-nl.[) npnzi.[mu t hh
tnLJWL pwfiwoL.nl.[' 

P(AIB) = P(AnB)/P(B): 
UJu pwfiwoL.pg A L. B UJ.WmwhntJJJlihpp wptnW'lJlJWUl hwuwp qumw

fiwfip' 
P(AnB) = P(AIB)/P(B) = P(BIA)P(A): 

l::;ph ALB UJ.WtnwhntJplihpl! uptiJwCigpg wfiqw}u hli, WUjW' 
P(AnB) = P(A)P(B), P(AIB) = P(A), P(BIA) = P(B): 

l::;pb A1,A2,, .. ,An, UJ.WtnlllhnlJpCibp.(! qwqumu hli wlihwuwmbqhw UjW
mwhwpCibpp lPM 11..1.mup, WUJ.W qwuwJwqwCi B UJ.WtnWhnlJPP hwuwp 6zuw
ppw hli tppl.[ hwt.[wfiw4.wCimpJmCiCihpp' (2.1) L PwJhup (2.2) pwCiwoL.hp(!' 

P(B) = f P(B IA;)P(A;)• (2.1) 
i=l 

I P(B I Ai) P( Ai) 
P(Aj B)=-D--------

rP(BIA;)P(A;) 

(2.2)1 

i=l 

Opp.Ciw4. 5: '1-pgmp' «tiwmwq» ohnCiwpqmpJntfi{! q}1ub1 t pwfi4}1fi ub4. 
mwpnt.[ 15 u1Ci. qpwu t.[wpq t.[bpglihtm hwJuml.[: 1.,w}unpq mwpplibp]l tpnpo)t.g 
pwCi4}1fi hwJmfip t, np t.[wpqwnmfihpp 4%-(! l.[wplJ.I! tli l.[bpllllJ:wpoCimu: 
PwfilJ.I! qwpnJt t «tiwmwq» .'pppuwJ}lfi mwphqwfi l 5%-m.[ wJq qmuwpp 
l.[wpq WWL uw4.wJfi Ciw qwpnJt t CiwL wJq qmuwpf! mwpb4.wfi 9%-nt.[ 
fibpqpht npLt n}mqwqbpa qnpawpp}l ub2: ~bp2}1fi qbuwmu pwfiltl! mfi]l 
fibpqpt.[wa qn1uwpl! hbm umwfiwtm 100%-wfing bpwz}u}lp: 
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liJmajmm.J. pwalm UJhm:u t I!firµnfip «4wmwl.p> otmfiwplJ.mpJwfi l}wp
lJ.wl}npt1m lJ.wu qmuwpl! npulJ.wqbpb qnpb-wp:up ut2 fibJ11lllb1m npnzmu: 
lufillJlp 1mWwfi hwuwp lJ.wJll11l hfi oqmwqnpbtlht pfi~UJbu blJ.wunu.nfibpp 
wiumuwlJ.p, wJfiUJbu t1 npnzmufibpp b-wnp bqwfiwqfihpl!: 

'1-pmwplJ.hfip bplJ.m bqwfiwqfibpfi tr 
blJwuntmfihpp wqJmuwlJ.p hqwfiwlJ 
'1-pmwplJ.t[nq fufiqpnui pwfilJ.pfi wfihpwdbzm t I!firµnfiht WJUUJPUp 

npnzmu, npl! uw:uupuwgfip mwpl}w 4tp2pfi umwgt[hlti:u qnnn bljuiuntuil!, 
WJupfipfi' mwpt[w tlhp2pfi umwgl}htpp lt mwptlw ulJ.qppfi fih(ll1Jlt[wo qniuwp
fibpp uiwpphpntpJmfil!: trpb pwfilJI! 4wpljwl}npp «4wmwq» ohnfiwpljmpJw
wfil! lt uiwpt[w l}hp2pfi hhui uuiwfiw wupnq2 qmuwpfi m zwhl!, WUJW fipw 
qmm bqwumuil! lJ.lJ.wqup· 

( l5.000.000+0.15xl 5.000.000)-15.000.000 = 2.250.000 'lJlWU: 
bpb «4wmwlJ.» ~ppuwfi mwptlw tlhp2pfi 2tlhpwqwpofi'1 qntuwpl!, WUJW 

pwfi41! 44npgfi'115000000 qpwu: 
bpb pwfilJ.I! qniuwpl! uiwphlJ.wfi 9%-ntl fibpqpp wfinlmlJ qnpowpp}l uh2, 

WUJW mwpl}w tlhp2pfi fipw qmm blJ.wumml! lJ.lJ.wqufl 1350000 ripwu: 
lufiqpp mtlJwtfihp[! php4wo hfi 17-pq WIJJm uwlJ.mu: 

0.96 
-15000000 0.04 

1560000 1350000 

St1Jw1fihpl1 4hp1mompJ111tip gmrn t mw1J1u, np 11fiui11t1wo 2wipwfi!17f1 
qtuwmu pwfilJ.1! UJhuip t puqmfi}l «4wuiwlj» ohntiw11lJ.mpJwfi t1t.11wpt.11Jw1 
4wpljwl}npuwli npn2m u, nrtli 11hUJPlllU J1p wnwtlh1wqr11Jti qmm hlJwumtn[I 
44wquf1 1560000 I]pwu: 

Opn2mulibpfl b-wnp bqwliwlJ. 
liJu qhUJPmu Lu ljoqmtlhlip nru17111utiL11J1 qliwhwmuwti li111Jli 2wipw

fi}12pg: fufiqpp npn]lllUfibp}l OWll[l ph[ll}Wb t_ 2-111} qowfiljW[llll 0: 
A L B hwfiqn1Jglihpn111 mqwul}t1J1p qm m hlJ.wum mtit.1111 hw7t{w11lJtln1 u 

bfi hbtnLJWL ljhpUJ. 
A hwtiqntJg· 

(l 7250000x0.96+0.04x0) 15000000 ~ 1560000 1wwu: 
B hwfiqn119· 

(l6350000xl.O I 5000000) ~ 1350000 t1[1w1.L 
P-wfi}l np A hwfiqn119mu uUJwut11111 qmm hljwumm11 wtlh1J1 uho I., WUJW 

pwfilJp Linfiqmtil1 «4wmwlJ» olmtiw11lJ.111pJwli11 4wplJ.wt11111h1m 1111117mu: 
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S wpq w tl hp~flCi 
umwgqhtJlp qmUW(II! 
(Utli.'lJIWU) 

17.25 

4.wpl1wqnph1 ......... -··· 
........... -···· 

~--···············-···-·········· 

l....!....J----------:ilf. (-15) 

:)qwp~wqnplit ------ (I) --~ 
nflu~wqhpb' 

(1.35) qnpmufll! 

0 

16.35 

ll-0.2 
UJm.i plHiwpqbCip wtlhllt PWPll }.lpwtliJ.6wq, bpp liwlupwli tlw11qwqnp

uwli npn2mu J!CiqmliblJ! pwCiqJ! qwpmi t ummqbt hWJUlllll ohnCiwpqmpJmli
Cibp}.l qumwhblltntpJmCiJ!, q6wpn1CiwqmpJntCiJ! L. upgmCiwqmpJmliJ!: "\,uw(i 
ummquw(i hwuwp pw6tm qwpilI]_ t q}.lubt hw2tlwull1Iltq}.lt OWDWJillpJmCilibp 
}.lpwqwfiwglin.q «Umq}.lm» :PJ.ipuwJ}.lfi, npn ubq ohnliwpqmpJwfi ummquwfi 
hwuwp utwhwli2mu t qtiwpht 80000 qp.wu: UJulllPumt Citi_wpwqpqwo ppw
tl}.16wqmu pwCilJ.1! tqbmp t lJ.wJwgfi}.l bplj_m nP.J12mu. '1wlu' hwJgtlnp ohnCiwp-

' lJ.mpJwCi hw2tlwutnmqmu qwmwpbt, pb nt L., bpti.PnPll, «4wmwq» ohnCiwp-
qmpJWCi{! qwpqwqnpbt, pb nt: 

Unw2}.1Ci npn2mu1! tiwJwglibtm hwuwp pwliltl! qwpmi t ummqbt 
«Umq}.lm» :PJ.ipliwJJ.i wqwo mbrJ.blj_mpJmfiCibp}l hwtl_wum}lmpJmlin: L!-pw 
hwuwp fiw lj_wprui t, op}.lliwq, ]!Cimpbt «Untq}.lm» :t,ppuwJJ.i qn.qupg WPI1hfi 
hw2tlwuwmqtl_wo hwqwp ohnliwpqmpJwCi L. wfihwm: ~wuw111wmwutuwli 
mtl.JwtCihpn phpqwo bCi 18-Pll wrumuwqmu' 

muw 18 

Unw2wpqmpJntCi1! 
ummqn1upg hblDil 

Uqqpmu tl_bptmbbCip npn2nuilibp}.l bwnp. 4-pq hwCiqn1Jgp. hCiwpwtl_np 
twbp]!: bpb pwfiqfi n!iqmfimu t «4wmwq»-}1Ci t{wpqwt{npbtm npn2mu, wtqw 
mwpt{w t{bp2p.Ci 0.04 hwt{wliwqwfin1pJwup qmuwp.J! hbm w umwliw, }.luq 
0.96 hwqwliwqwfintpJwup obnfiwpqmpJntlil! qtiwp}l t.[wpq]!: 

F hwUqn1Jgmu uutwutl_blltp bqwun1mJ! qqwqu}.l' 
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E(F) = l 7.25x0.96+0x0.04=16.56 dtfi. qpwu: 
bph pwfiqfi l!firµufip qmuwpp npulJ.wqhpo fihJ111Ptiwli npnzmu, WUIW G 

hwfiqnlJgnui UUjwul.j_htpp hlJ.wumml! lJ.lJ.wqup· 
E(G)=l6.35xl.0=16.35 U:tfi. qpwu: 

SwplJ.w lJ.hfll!PCi 
11U1wglJ.wO qnuiwp[! 

(iitli.ryiwu) 

qwp4wlJ.npmlI[! 
hpwztuwiJ.npiJ.mu t 

16.35 

4.WP41! tlwplJ.mtl t 17 .ZS 

:;lhnCiwpl1mpJntli[! 4.W[141! UlfliJ.ntiI t @<];0.9) 
hwziJ.wuU1mqiJ.mu V' ,,, D (0.1) 

/ ,,,<15 0 
/ 3 ' '-lwplrn tfi uwptlmu 

,/~.08 .... < .. -15 fl.pu4wqb110 

[::i:J:.'.... qwplm ubp<tqn: .. ; .... -@ qnpOwpp 16.35 

.................... 0<::'"'-wf141!1IwplJ.mtlt 17_25 
:;lbnliwp4mpJntli[! w .............. qwp41! U1p\J.mu t (0 96) 

hwzlJ.wuU1mqiJ.mtl .......... , F 
',, ,,' 

...... ,,' -15 0 'f~}:::.... 4.WJl41! w uwpiJ.mtl 
...... -15 

4.WJ141! uhpdlJ.m;t'',@ 16.35 
n.pu4wqh110 

qn110wpp 
q_o.J 

UJdu pfifiwplJ.hfip twhpti hwtlwfiwlJ.wfimpJmfifihpp A hwfiqntJgnui: 
tili1Uihu hpLmu t Wll.JmuwlJ.tig, «Umq}un» :t,}lpuwli hpwztuwtlnf1mu t hwrn
tlnp lihnfiwpqmpJmlilihp}lg utiwJfi 75%-}l tlwpqwtlnpmu1r <!.bmLwpw11· A 
hwfiqntJgl"tg qhllllt 2-JU) hwfiqntJg qfiwglll 6Jnu1p qmlihfiw 0.75 hwtlwfiw
lJ.wfimpJmfi, }lulJ. qblllti 3-(lf) hwfiqntJg qfiwgru1 6Jntfl(f 0.25 hwtlwliwljw
fimpJmfi: 

Sbufihlip, ph pfiiti hfi hwtlwuw(l B hw!iqntJ9fl btpbp}l hwtlwfiwqwum
pJmfifibpp, bph hwJmfi}l t, np «llnui}lm» :t,}1puwfi bpwztuwtlnpb1 t tlwp
lJ.wtlnpmu}!: «4wmwlp> libnfiwpqmpJwfi tlwpq(l uwph1m hwtlwfiwqwlim
PJlllfiJ!, L4WJliwfintl, np tlwplJ.wtlnpntup bpwztuwtlnptlbL t, qwpbtl1 t npnzbt 
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ll,lWJuwuwqwu hwqwuwlJ.wumpJmCiutpp qwu .PwJtu)l pwfiwdLp.g: 
18-Jlll wrumuwltp.g npnztup hhmLJwt hwt.[wuwqwlim.JJJmufitpJ!. 
P(tlwpqwqnpnti1J! tpw2fuwt.[npt.[wb" t, L tlwPltI! uwpt.[tt t) = 0.735: 
P(qwpqwt.[npntuJ! hpwzfuwqnpqmu t) = 0.75: 
P(qwpqwqnpntuJ! hpw2fuwqnpqwb" t, pwJg t.[wpltJ! w uwpt.[bt) = O.Ql5: 
P(tlwplJ.wqnpntUJ! IB tpw2fuw4np4wb", pwJg qwplJ.J! uwptltt t) = 0.225: 
P(tlwpqw4npn1un w hpw2fuw4np4wb" t, L tlwr1lJ.n w uwptlhu = 0.025: 
P(tlwpqw4npn1un IB tpwzfuwt.[npt.[wb") = 0.25: 
UJumhajtg B hwuqntJgmu qwpltJ! uwphtm twp ll,lWJUWfiwqwfi hwt.[w

(iwqwumpJWU hwuwp qumwuwfip' 
P(qwpljwqnpmun hpw2fuw4npt.[ht t L tJ.wplJ.J! t.[hpwqwpotJ.ht t) _ 

P(tJ.wpljwqnpmuI! tpwzfuwqnptltl t) 
= 0. 735 = 0.98. 

0.75 
Put,_ B hwfiqntJgmu t.[wplm ~uwptim twp ll,lWJUWfiwqw(i hwt.[wuwt,_w

fintpJntUJ! hwtJ.wuwp tnpup 0.02-p.: 
D hwuqn1Jgp hwuwp t.[wpltJ! uwpbtm L luwpbtm twtpp. lllWJUwuwt,_wfi 

hwt.[wfiwqwUmpJntlifihpJ! qnpnzt.[hu CimJCi dLntl' 
P(tlwpltwt.[npntu{! IB hpw2Juwqnpt.[tt t L t.[wpq{! t.[hpwqwpdt.lht t) = 

P(tlwpqwqnpnttil! hpw2Juwqnpt.[wb" lt) 

= 0.225 = 0.9. 
0.25 

Put,_ D hwuqntJgmu t.[wpl.J.J! luwpttm hwt.[wfiwqwumpJntUJ! hwqwuwp 
lJ.tpUp 0.1-p.: 

UJulll:tiunt.l wqwpmt.[mu t npnzmuUhpp b"wnp l.J.wnmguwfi t}mtIJ!: llJdu 
npnzhUp b"wnp. hwUqn1JgCihpn1u ulllwuqttpp hlJ.wumuiUtpJ! L t!Utnpb{ip wnw
tlhtwqntJU tqwunnn Wll,lwhntl.DIJ. w.1mumpwUpubp'(!: vwtu pCifiwr1lthUp B L C 
hwUqntJglitpJ!: 

B hwUqntJQDlU Ull,lWUt.[htpp hltwuntUlJ! hwqwuwp r 
E(B) = I 7.25x0.98+0x0.02 = 16.905 litU. qpwu, pul.J. Ull,lwm{htpp qnun 

hl.]wunttnl!' 16.905-15=1.905 utli, qpwu: 
C hwliqntJgmu Ull,lWut.[h[}1p hl.J.wununn' hwt.[wuwp t 
E(C) = 16.35xl.O = 16.35 u1U. qpwu, J.iult Ull,lWUqbtpp qmtn h4wununn' 
16.35-15 = 1.35 11tfi qpwu: 
UJdu qp.tnwplthfip npnzmuUbpp. J!fiqmfiuwfi hwUqntJgUhpJ! (pwnwltm

uUhp'(!): UJUUl@t wnwtJ.htWqDtJfi Ull,lWUt.[btpp tltwunttn{!' 1.905 u1U. qpwu, 
umwgqmu t B twp qtll,lPmu, tpp nuqmfiqmu t «liwmwlt» dbnfiwp4mpJWUJ! 
tJ.wplt tnWtnt npn2mu: Opnzmufihpp. b"wnp. 2-Jlll hwUqntJgp. qpw qptJ.mu t WJll 
hwUqntJgmu Ull,lWUtJ.IlIJ. tltwump wpdbpJ! L J!fi:qq<)qmu t tJ.wplt mwtmfi hw
tiwll,lwtnwuJuwUilIJ. 6JDUJ.I!, }lult lIJnm WJU!fitnpwfipwJltfi twhpJ!' 6JnUJ.tPI!, 
fi2i.tmu bfi x fizwlint.[ (mh'u qb-.4): 
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Swptf_w tf.h112lili 
umwgtf_wo qmuwpn 

(u1li. JYlWU) 

4.Wfl4l! UWptf_mu t 17.25 
4.WJlq[! tnptf_mu t ,-.._· ~8) 

1905 ,/'~Z) 
. ,,,,.,,.._15 <lwpq[! w uwptf_mu 0 

'-lwpl1w1tnttntU[! 2 ',)( 15 fl.puqwqbpo 
hr1w2fuw1tnptf.mu t ,,-,',,(c) qnpowpp 

(0.75) '-1.wpq[! ubpcttf_mu t 16.35 

( l.686) '-1.wpq[! uwpljmu t 17 .2S 
:;lbnliwpqmpJntli[! A '-1.wpq{! mpljnul t ,,..-.. ~9) 
hw2tf.wummqtjmu t /" 0.25) l.)S ,,,,'~I) 

~ ,X' -15 O 
,/ '-1.wp4wtjnpntU{! Ul ) : 4.Wpq[! Ul UW(lljntU 

1.686 ,/ .o.os bpw2fuw1Jnp1tmu ,,...._ -15 fl.puqwqbpo 

IT}' ',,, ~npowpp 
',,,.. '-1.wpq[I ubpcttf.mu t '® 16.35 

:;lbnliwpqmpJmli[! ',,',,,--x. '-1.wpq[I uwptf.mu t 17 25 

w hw2tf.wummqtf.nu! ',,, '-1.wpq{! mptjmu t ~O 96) 
' ,, F o 04 
',,, 1.56 ,,¥.15 . ) 0 

',.fTl-,' '-lw114!12'1 uwptjmu 
~''-x,,-J5 

'-lwpq(l ubpdljmu t ',© fl.]luqwqbpo 

qnpowpv 

16.35 

Q.o. 4 
umJG ol.tDtl hwzitwp4Ghp[! 4wmwp4mu hG tiwL D L E hwGqn1JgCibpl1 

hwuwp: D twti hwuwp uUJwu4bLJlp t4wumtn{! npnz4mu t." 
E(D) = l 7.25x0.9+0xO. l = 15.525 u1G. qpwu: 

J2wGp np, lihnGwp4mpJwG hwz4wuuimqmua wpdh 0.08 u1G. qpwu, 
WUJW A hwGqnlJgmu UUJWutlh1)1p qmtn h4wumuip hw4wuu1p 41lifil1' 

1.766--0.08 = 1.686 U(Ci. qpwu, 
pu4 uUJwutlhLJlp qmtn h4wumuil!· 

15.525-15 = 0.525 u1G.qpwli: 
E hLPfl hwuwp UUJWutlhLJlp b4wlimtn(l hw4wuwp t· 

E(E) = 16.35xl .0 = 16.35 u,a. flPWU, 
flu4 UUJWutlhLJlp qmm h4wumm[!· 

16.35-15 = 1.35 U(Ci. !]jlWU: 

liJuUj)luntl 3-Jlll hwGqntJgmu wnw4h1wcµuJG uUJwutlhtPP blfwumm11 
hwtlwuwp t 1.35 u1G. 11J1WO}l: ~btnLwpwp, pwG4p UJhmp t. pG1]111Gt1 «4wmwlf» 
libnGwp4mpJwGp tlwplf UlWlJl ubpdh1m nru1z111 li L cµ11 uw1111 l1h1u1pl1 uiw11hlfwCi 



JOO X llpn2n11flilipft IJUIJDllitfwli hfttfmliplilip 

9%-ntl nJ::tuqwqhpo qnp01.UppJ::t uh2: 
liJctu qJ::tmwpqbCip A L. 1-pCi hwCiqntJgCihpl!: Oqmwqnpobtntl 2-pq L. 3-pq 

hwCiqntJgCibpmu umwgqwo W.(lllJntCipCihpl!, A hwCiqntJgmu mqwutlh!.P11 bqw
ummp hwliwp qumwCiwCip' 

E(A) = l.905x0.75+1.35x0.25 = 1.766 iitfi. qpwli: 
{bmL.wpwp 1-J::tCi hwCiqntJgmli utqwul[htpp wnwl[htwqntJfi hqwlintlll(! 

qtpli]l l.686 litCi. llPWU, WJUJ::tCip(i' pwCiltl! tqbmp t l!firpnli):l «4WU1Wq» :tJ):lp
UWJ]l hwzl[wuuuuquwu nflllzmli: 

OflllzmuCibp):l bum]l l[pw utwpfihpnl[ Cizwuwql[wo hfi hwCiqntJgCihfllltli 
wnwtlhtwqntJfi utqwul[htpp qmm hqwlimmlihp wtqwhntlmi npnzmufihp]lfi 
hwuwu.iwmwutuwumi 6Jn1.Jlbp[!: Op]1Ciwq' ajlmwpql[wo IuCilijllltU 1-J::tCi hwli
qntJgmli tqbmp t ):lpwqwCiwgCibt hwJgl[np ohnCiwplJ.ntpJwCi hwzl.J.wuwmqntu, 
hph hWJUlllJl ahnuwpqmpJwli l[wpqwqnpntliCi hpwztuwtJ.npqmli t, wtqw 2-pq 
hwCiqntJgmu tqbmp t l!CiqmCiht qwpqwl[npliwCi Dflllzmli, hwqwnwq qhuwmu, 
3-pq hwCiqntJgmli tqhwp t {!Ciqmliht mwphqwfi 9%-nl[ nJ::tuqwqhpo Cibpqpntli 
qwmwph1m npnzmli: OpnzmliCibp):l 01.Un}:l qhp2fiwqwfi mhupf! phpqwo t 4-M 
qOl.UtqWUlq hpntU: 

2.2. Opnzmlifihp]l qqwJmfimpJwCi qbp1numtpJmli 

fl.fittqhu mhuwup pCifiwpql[wo op]1Ciwqnu1, own]l oqfintpJwlip f!UqmCi
tl_wo npnzmliCihpf! qwlul[wo hfi Cipw hwfiqn1Jgfihpn1u twhp.]1 hwqwfiwqwfim
pJmfifihp]lg: ..Rwfi):l np qnpofiwqwCi IufiilJ::tplihpntli hwfiqntJgCibp]l hJPhp]l hw
l[wCiwqwfimpJmfifihpf! unqnpwpwp qwutuwmhul[mli hfi Dflllzwlt]l utuw1ntl, 
wtqw l!fiqmlihtntl npL.t npnzmli' wfihpwohzm t tqwpqhL ph nppwfinl[ t qw 
qwtutJ.wo lizqwo hwl[wfiwqwCimpJmfifihp]l wpohplihp):l 1}mt}lnlumpJntCi]1g 
(qwu utuw1}lg) L. ]lfittq):lu]lfi t f!UlpltCil[wo npnzmuCihpp «wupntpJWCi tqwzw
pf!»: liJupfipCi tqhwp t qfiwhwmht'lPwfig qqwJmCimpJntCif!: buwCi qbptmbm
PJillCil! qwmwpqmli t wJCi {!fiqmfiqwo npnzmufihpp qqwJfimpJntfi[! hbmwqn
mhtm fitqwmwqnq, npnfip l!Citpufitl_ht b(i' Ciqwmp mCibtiwtntl hwfiqntJgfihp]l 
hwhpp hwqwfiwqwfimpJmfifihp]l t}ln1}m)untpJmli(!: 

Op}lfiwq 6: '1-)1.gmp' «Uplihfi]lqmu» qhIJ.wqnp01.Uqwli ahnfiwpqmpJntfil! 
uzwlthL t zmqWJlllU tWJfi tqwhwfi2wpq mCibgmi u):l finp qhIJ.wli]12ng: UwqwJCi 
li]l zwpp PWM mbiufin1nq]1wqwCi qnpbJ!fipwgfihp}l oqmwqnpontli[! qhIJ.wliJ::t-
2ng]1 wpmwqpntpJntfil! pwfiqwglimli t 2.5 litfi. tqqu-nq: '1-]1.gmp' WUJ!IlJl.2 
wpmwqpwqwCi qnpc,nfipwg]l qwquwqhptqmlil! mL.n1u t ubq mwpJ::t L. uJ::twJfi 
0.55 hwtlwfiwqwlimpJWUJ! qwphtlt t wtqwhmlht Cipw mhlufil11.twtiwu wfi
tl_mwliqmpJwCi wlihpwobzm uwtiwMWltl!: UpmwqpntpJwfi wfiqwwfiqmpJwfi 
UWl!WJlllWq)1 J!WpOpWQUWfi hWUWp qWpllll t fihpqpqbt fipw hwuwtiwpq
tWJpfi l[bpwhuquwli hwliwqwpq ({'-1.{): {wJmfi]l t, np fiuwCi hwuwqwpq]l 
uzwtiuwfi L. fihpqpuwfi hwtiwp tqwhwfi2tJ.mu t uhti mwp]l dwuwliwq L. wpob 
l u1fi. u.iqu: <llwhwfi2tllll1 wfiqmwliqntpJwfi uwqwJll}wqfi wu.iwhntlmi hwuw
Jiwpq]l uzwquwfi hwqwfiwl!wfimpJntfil! hwqwuwp t 0. 75-]1: Cfiq npntli 
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4hpwhuquwfi hwuwqwpqp uzwqmul! qwphJli t u4uh1 pfi2u.ihu wpuiwqpwqwCi 
qnpbTifipwgp hhui upwdwuwfiwq, WJfiu.ihu t1 wpunuqpmpJntfifi uqub1mg 
hhum, hpp u.iwpq qJlifip mbtufin1nqpwqwfi qnpbTifipwgfibpp wfi4uiwfiqm
pJwfi ppwqwfi uwqWP11W4l!: opb hwuwqwpq2wJpfi 4bpwhuquwfi hwuw
qwpqp uzwqmufi uqu4Ji wpuiwqpwqwfi qnpbTifipwgp hbm upwdwuwfiwq, L 
4bp2}1lipu wfilJ.utwliqntpJUlfi uwqwPllW4l! hwuwp4Ji pw4wpwp, wu.iw 1.[bpw
huquwfi hwuw4wpq)1 lihPllPiltUl! wl[b1nP11 4Jlifip, pu4 6bnfiwr1qmpJntfil! 44PP 
1 utfi utllU-p lJ.Ciwu: lfJntU qnqupg, hpb hwuwqwpqlt uzwqmu{! hbmwdq4Ji, 
puq uibtufinJ.:Il.qpwqwfi QllPOI!fipwgfibp"[! ~wlJ.wpwpbfi wfit.[mwfiqntpJwfi u.iw
hwfi2fitppfi, wu.iw 6hnliwpqmpJntfil! umpu.ilj_wo 4Jli.Cilt Cinp qbqwup2ngp wp
uiwqpmpJntfi{! hbmwdqh1 uhq uiwpnlJ.' u1tli2L hwuwqwpqlt uzwqmU{! L uib
'l W11Jl111 U {!: 

tnl, lJ.hp2wu.ihu, bpb wfilj_uiwliq wpuiw11Jl11tpJwli qwquwqbpu.imufi 
wfihpwdbzm t, puq lj_bpwhuquwfi hwuwqwpqf! w wu.iwhnlJ.mu u.iwhwfi2tl.Ilil 
uw4wPllw41!, wu.iw 6hnliwpqmpJntli{!, 2mlibfiw1ntl qbqwt1p2ngp wpU1W11Jl11t
PJWfi w.1mfimpwlipwJpli bqwfiw4fibp, umpu.il[wo 4Jlifip hpwdwpt.lht liuwCi 

liwtuwqopg: UpmwrymtpJntU(I t;ljwllnttnl! 
wCilj_mwCiq t (hwq. UJl}U) 

UpwJCi .wpmw- / 
ryin1pJwCi tlzw~nnI ,' 

, 
, , , 

,' -2.5 , , 
/ UpmwrymtpJntll(I 

r-7""1,' wCilj_mwCiq it L.!.J, 
' ' ' ' ' 

UpUJWl]JIDIJ)JWIJ t. \, -3.5 
' <.'-f.<.-fl u2wljn11l \ 

\ 

' 

(0.55) 

<.4.<.·fl u2wljn1~, 
,,' ,, 

.,.,.-,' -] 
', ', ', 

10 

8.5 

Unw(iy <.~~~',,-@ 0 
ll2wljtlwll \,wfuwqOfl 

Upmw,ymtflJntCi[! i\wfunqnul 

wlliJ.inwCiq t 
1--~~~~~~~~~~~~~~ 10 

(0.55) 

JO 

0 

q.l),5 

opb 6hnGwpqmpJntfi'[l qbf1WUp2ngp wputw11Jl11tpJmlip 4wquwqbpu.in11i t 
ubq mwpn1u, wu.iw lipw bljwumm{!, wnwlig hw2tUi wnfibtm wpmwqpwqwG 
up2ngfibpp uw2t.[wopwqpn1ul! hwuwljwpq2wJpfi lj_bpwhuljuwli hwuwlfwpqp 
wpdbpl! 44wqup Io llLli. u.i11u: 
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~h qtqwu]:t2ng]:t wpmwl}lllltpJntfil! hhmwoqt.fll uhl.J. mwpml., wuiw zm-
1.J.wJmli hfiwpwt[np upgw(tligfihp]:t hwJmfitlh1m uiwm6wnm.l. obnfiwpqmpJwfi 
hqwummfihpJ! 10 u1fi. UJ.l}U-):tg 1.J.J!fil.J.fibfi 8.5 u1fi. UJ.l}U-):t: 

'1-tqwqnpmul1wfi abnfiwpqmpJwfi qbqwt[wpmpJWUJ! wfihpwcth2m t 
J!Ul}Iltfih1 hbmL.Jw1 npnznuHihpJ!' 

1. f"l.fi2.UJ.hu lJ.wquwlJ.hpUJ.bt qtqwu):t2ng]:t pnqwpqmUJ!, npuihuq]:t obn-
fiwplJ.ntpJmfifi umwfiw wnwl[h1wqntJfi hqwumm: 

2. f"l.fi~tajiu]:tfi t J!fil}Iltfit[nq npn2uwfi qqwJmfimpJntfi]!: 
Ufigfib6p tuWU1]11mWwfiJ!: 
Iufiqplt npnzmufihp]:t ITTll1lJ! pbp4wc} t 5-PI} qmuqpmu: 
t>wn]:t qwnmguw6 hwuwp hwzt[wpqhfip fipw hwfiqn1Jgfihpn1u uuiwu

tlh!Pp qmm hqwummfihpJ!: 
D hw6qntJgmu mqwut[nq hqwuntmJ! hw4wuwp t 

8.5x0.75+0x0.25 = 6.375 u1fi. UJ.J}U, 
ItulJ. uUJ.wu4htpp qmm bqwumm]!' 

6.375-1=5.375 016. UJ.qU: 
E hw6qntJgmu uUJ.wut[htpp qmm bqwummJ! hw4wuwp t 0-):t: 

~hmuwpwp, 2 hwfiqntJgntu uthmp t J!lil}Iltfih1 ~Y.~-p. uzwquwfi npnzmu, npfl 
qhuwmu 1.J.umwgt.fll 5.375 u1fi. lllllu qmm hqwumm: 

A hwfiqn1Jgmu UUJ.wutlillJ. qmm hqwunttnf.! hw4wuwp t 
(10x0.55+5.375x0.45)-2.5 = 5.419 u1fi. uiqu, 

p.ul.J. B hwfiqntJgmu' 
10x0.55+(10x0.75+0x0.25)x0.45)-3.5 = 5.375 016. UlJlU: 

~bmuwpwp 1 hwfiqntJgmu UJ.hmp t {!fiqmfiht up.wJfi wpmwqpwqwfi 
qnpb]!fipwgp. u2w1.J.uwfi npn2mu: ~h ubl.J. mwp}l. hbmn uiwpqt.fll, np wpmwq
pmpJntli[l wfit[mwfiq 2.t, WUJ.W obnfiwpqmpJnt6]! qwfigfi]:t t[hpwhuquwfi hw
uwqwpq}l. u2w1.J.uwfi]! L. mtqwqpuwfi(l: 

Upmwqpwqwfi qnpi>J!fipwg}l. P wG4mwfiqntpJwfi hwt[wfiwqwfimpJm
fi]:tg qw_tutl_wc}' hbmwqnmbfip [lfil}Iltfil[wct npn2uwfi qqwJmfimpJntfil!: \,zhfip, 
np A u B hwfiqntJgfihpmu UUJ.wut[btpp qnun hqwummfihpJ! up.uJwlig 2wm 
unm hfi L. hwuwuiwmwutuwfinpbfi hwt[wuwp hfi' 5.419 u 5.375 u1fi. UlIJ:U: 
'1-p.mwpql[wc} qhuwmu P=0.55-}1.: 

P-]1 1.J.wliwJwl.J.wfi wpcthp}l. qhuwmu A hwfiqn1Jgmu ulllwut[htpp qmm 
hqwun1ml! hw4wuwp t' 

10xP+5.375x(l-P)-2.5=4.625P+2.875111fi. UJ.l}U, 
}'I.ult B hwfiqn1Jgmu' 

10xP+(lOx0.75+0x0.25)(1-P)-3.5 = 2.5P+4.0 u1fi. UJ.flU'. 
~wt[wuwpbg fih1ntl hpqm WPll.Jmfipfihpl!, qumwfiwfip' 

4.625P+2.875 = 2.5P+4.0, 
npmbq}l.g' P = 0.529: 
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,A 
I.JpwJll wpmw- , 

I 

'lPnl)}JW(i U2W4ntti , 
I 

I 
I 

I 

'-2.5 
I 

(5.419) ,' I UptnWIJPlll)}Jntll[! 

w< wnitmw(iq lt 

' ' ' ' ' \ -3.5 

UptnWIJPlllpJWCi I, ~' 

~Y..!.-p u2w1tmu ' ' ' 

UpUIWljJlnlflJnlU[! 
wlltlUJwCiq lt 

UptnWIJPlllflJRlUI! 
w!itltnw!iq t 

(0.55) 

.!,q.!,-p u2w1tmu --__ y--

---- -I 
', 

(5.375) '',x..,, (0) 

Unw(lg N.~-~',,® 
u2w4uw!i 

UptnWljJlntpJntCi[! 
wCitltnwCiq t 

(0.55) 

103 

t,4wunttn1! 
(hwq. UJ'lli) 

IO 
.!,q.!,-[l 

u-l)ltnwllp t 8.5 

0 

0 
uwtuwqbp 
~wJum1mu 

IO 

IO 

0 

q.b.6 
UJuuwuntf, tpt wpUlW'lflWqwa qnpb(lfipwgti wfi~utwfiqmpJwfi p hw

tfwGwqwfimpJm(ip hwtf wuwp t 0.529-ti, WUJW t111tm hfl4pfimpwfipfitpfi tt 
l.jphphfi ulJ.LfimJfi qnnn t4wumut(l: l:Jph P-fi i.pnpp t 0.529-tJ.g, WUJW qnpo-
110pwg}l L tfhpwhuquwfi hwuwqwflq}l uzwquwfi npnzmu(l qpt1iti wtftJjl utb 
qmm hqwumut, wJu}lfip(i' wfihpwdhzui lttJtG}l uqqpuwqwfi npnzmul! i.pn]uw
p}lfiht WJll!fiutpwfipwJ}lfintf: .f!wfilJ., np P=0.529 uwhuwfiwJt1fi wpdhpp zwm 
unm t 0.55-pfi, WllJW 11fi1µufitfwb uqqpfiw4wCi n11n2111up qqwJmfi t. P-11 wp
dhp}l i.pni.pn]uuwfi fiqwmuwup Lt P-}1 Wfldhpti UntJCilJ.u4 1,PllJ!fl WOP. 1tw111111 t. 
hwfiqhgfiht WJI} npn2uwfi i.pni.pn]uuwfip: 

3. llhJ11lPI111Hibp}l tp.wphp_ti ]!fiUipntJ}JWfi iufiq}lp 

llwjunpq pwdfimu pfifiwJJlJhgpfip tit1111JU111Hiti11t1 qtiwhwmuwti JufiqJ1.1111, 
hpp DflllllllU ltwJwgCin1111, t1Gt1mt u111wutfhJjlp tqwumwpt1m1pJmtit1g L nJiu4J1 
uhbmpJmfi}lg, hwuhuwmh1mt mwppbJl CibJll)Jll1tufibpl1g uUJwutf b1l1v wnwtfb
twqn1Jfi hwutmJgfibpp, (lfiutflllLU t qmuw11tit11f1 1wtfwqi11Jti tih(ll}JtUwti mw11-
pt11wltJ1: UJu ]ufil}}1pp wfiuJ19w4wfinptfi ltwUJ~Wb I: m(hntuwqtmmtpJwti ut9 
hwJutfi}l fihJl'lPlltufibflp i.pwpbplJ. pfimpntJlJWti tuti,lflf• hbm: 



tJdmm ltqJI du 'l JlmltmgmZg m-t, :mJtdmm ltqJI l dmnmJtmq 'ilitmgmJlrnp 
gmpmqtnmdqm l[tlqtlmtfl .. !Jagqnrm 'ilmql\Jlrnp !)mJltfudq'). :doJtmtJp 00000 I 
l JllUJlbmit ildmJ1.1ob lmJtdlnlqg J11Udqdm<1> =%Z:I ,ilgtJdqdmtfl a Itntl 'l %8 ilgmrd 
-111dqdmmJ1.mltq at{J.qJtnmlnn gml\qdmm qdqtlmqi. v :dq9dqdmtfl gqrmctgmd 
-mgill\dq a 'l V ,ml}dq gq Qmltl}dmomum gqlmtlln:Iqg ,cf11161{i, :£ ItmutJtlo 

:ilitntJu 
,ilJlmliql gmf\mguumlt 'l il9111fd111dqdmm11mltq ntJotJii 69mdu gq Jlmlt.Qdubmm 
-bo 'dqglqgmqi.m? gmJlmmqmgb tJdq9tlqdmqi. qdq9J1.1odudq9 nqlndu :lmrdqd 
-mtlqJt 111lqumtlq9 oqii tJdqdmtfl cf9mdu 1q!)6mrml} iimZutlu 'l iliimliqZ nm'ftmu 
-ugmlt 111 99111rd111tlqdmmJ1.mltq gtJotlii tJtlqdbdq.ptlm tlqdtlmm lqmmqmgb utJq 
-mln gmitmgdbl\n O=l =t lmtlmlt illnn:Hnlq'). :9111rd10.QmJtn(Zmd nonml}mgd tJ9111 
nqtngrmg iltlo 'l gmr«:hO.QqJI gml}mqmmmtn i19111rtI111tlqdmmJ1mltq tJdqtimqi 
.qmJtiibmit 6tJ69mdu l=t nqtngrm 'qtlqdbdq.ptlm 9l{99mum nqln?gq tlo 'tlnum 
l[ltlmq l clmqln illnn:Hnlq!) mflqn6mfmlt ii1olutlu 9mJ1tfudq9 l[tlqgtlmJlm"b :Jlmcl 
-6md!)il tJltmgmJlrnp 9mJ1mqlnmdl[m lt!l!l grml[Jl lqmubmmqq iltlqtlbmtimgd 
l[dqtlmtfl nqlmm l lrlud ilgmrtiunlbmdgq !JfflJl'1. :gq J1.mJtum9mJt iltlqdbdq.p 
-tlm tlolml l[tlqtimqi gl[otlqJt l[ltmgmJlm.p !JIDJlmqlnmdl[m du 'l Jlmltdumd 
-!)Q :oqJl qtIQdmqi Qm6mf(bmd 6l{tlqdbdq.ptlm tlqdtlmm mlqtfudqg 'T}mgmJl 
-m.p !)IDJlmqlnmdl[m qdqdmtfl l J11UJt?uit iltlu 'Jtul}m!)mJlm.p l[ltmlotln l mnmtl 
-mmln mu ildo 'dmJ11ub :) l[ltmlotlu 1{9111 9lnn:Hnlq9 gl[qmln O=l tfllmumJlm.p 
:diimiiliqZ 9ml}m909mq m Jmcfq.pdm utlotlii tlq l iimJttlbmtimgd 'l 9111rd10.Qmlt 
-n(lmd 909ml}mgd q9111 il9111rEhotlqdmmJ1.ml\Q qtlqdbdq.ptlm tluJtmf\ntl-u 

:mtlJt qtlqgtlr nnlu 1mr11mqq 
l J11Ult!)J1tfq il910ftlmnqm tJ6tlJtuftdmJl gmfthudmgil qd![dmtfl l[dq!J!llmHnlq'). 

:Jtuc1Qm}ld6 111 }lucfq.pdm gqotlii 'Jtufm1{61\!Jm<(; !JIDJln{Zmd l iimJtlotlugd 
'l l 9111rd10.QqJl nmJ\mqmmmln i19111rd1otlqdmmJ1.mltq qtlqdbtiq.ptlm gmJl.'1. 
:pmdfmdqm QQJl lqJtnlntflmfi l butlmlt iimct6md9il tfllmumJlrnp 11 Jtudq!)!)O.Q 
-dub nmbm9mb l QmJttluJtmnmJlfmln i1910fdmtlqdmmpmfiq nqtlq!J!Jtlilitlqp. :!)q 
!Jdqdbdq.ptlm m !JtlqnJlmnqu.pmd l[dq!)!)1Ufd1utlqmqn.pmd 11 qtlq!J!)1Ufd1otlql\!)il 
'qdq9!)111fdml\tlmnuq9 dqddmm ildqdbtlq.pdm tJ'1mnqm udotl'1dq :ildqnJlmn 
-mmdmln mqqprnpm9dmf\ gmqmmqln 'ltmntJtlo '!JQ 6qdqdbdq.pdm tfllmnqm 
!JfflJl'1. :ilqml Jlmlt il!JtJ.pmdmthuqml 9mnlnmmmlnmJ1mq 1:t nqtnnrm 'ildmiimb 
QmJttfudq9 nqln?!Jtl l ll1U!Jmmn Jtubdmf\ QmJtduJtmnflmdq ntfodqJt tl'ftmnmJlm.p 
!JIDJlmqlnmdqm l[dqdbdq.pdm Jlmlt m}'ldmm illnn:Hnlq!J 11 'Jtuahudumnu'ftum 
nm'ftqdmm !)Q JllUJttlbmdmnd ildqdbdq.pdm l[ltmnqm ntfomun :ildqdbtlq.p 
-dm duJtml\ntJn 1:t nqlnnfm '.qdqbml\m{u nqln?ntl !JQ JllUQdubmmbo dmJlmq 
!JIDJ1duJtm119 tftiqdmqi. J1111!Jm'ftm!JQdU1) :}lul\mudm'ftmJI tJ'1nqu m dJ1mfd1otlqd 
-mmJlmltq l[ltmlotlu l JllU}ltlbmdmgd ildu 'dJ11un{mJ1mq Qmlipbml\ 6tJdqdbdq.p 
-dm dqddmm l pmn6mfmfidq!J 6t{nqdtf ildqdmqi tftlqmnududq'1_ :6t{J1lmlt 
q6l[ltuqtlmJ1 qddm'<' mqbmnqmnm tlnmfmq ·dz:!;61 l qm}'lqdmomum ilJ1lD.Q1U1 
nmqmnmll tfdu!)n( gmfdunlm!Jil 11 9mJ1dn1'm119 qdqdmtfl qdq!JJ11ududq'). 

d!J!]dg1uprfq gmpgurflgil rfd!Jgp1uludu x 1'0! 
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hhmn A tlJ.wphJlp. qhuwnui fibJUlIUll1J! 4umwfiw 108000 up.wtJ.np, p.u4 B-p. 
qbtqpmu' 112000 up.wtJ.np: bpb fibJUlIUll11! hw21{11 wnfip. up.wJfi UUJ.wutJ.buip 
h4wlimmp. ubc)mpJmliJ!, WUJ.W w4lihwJm t, np fiw 4Uw]uJ!limpp. B tlJ.wpbpJ! 

ci-p.gmp' A L. B tlJ.wpbplibpp. t4wumwpbpntJ)Jwfi 4wfinliwlj_wfi 2hqmu
libpJ! hwU:wUJ.wmwu]uwlinpbli hwqwuwp bfi' 10%-p. L. 20%-p.: Pli~UJ.bu bpL.mu 
t umnpL. pbptJ.wb- 20-Pll wrumuwlt}lg, fibJUlIUll1J! B tlJ.wpbpp. qbuwmu 0.02 
hwtlwliwlJ.wlimJ)JWUp lih4 mwpp. hbmn lj_umwliw 70000 up.wtlnpp.g UJ.W\J.wu 
qmuwp, p.u4 A tlJ.wJ)bJ)p. qhuwmu 70000 up.wtlnpp.g UJ.W4WU qmuwp UUlW
fiWLill hwtlwliw4wlimpJntlil! hwqwuwp t QIUlJp.: 

llrumuwu 20 

Swptlw qhp2p.fi Swptlw uw4wpqwlt}lg gwb-p qmuwp umwliwtm 
umwgtlhLltp qmuwpJ! hwt1wfiw~wlim131mlin 

(u}lwtlnp) A tp.WJ}h}3 B t.fiw13b13 
70000 0 2 
80000 0 5 
90000 4 14 
100000 21 27 
110000 57 46 
120000 88 66 
130000 99 82 

umJli lJ.bpUJ. B tlJ.wJlhpfl qhtqpmu fibJUlIUlill! 80000 upwtlnp}lg gwc)p 
qmuwp 4umwliw 0.05 hwtlwliwlJ.wlimpJwlip, flu\J. A-p. IJ:huwmu Ciuwli UJ.W
mwhntJPP. hwtlwliw4wCimpJmliJ! qwpllJWL hwqwuwp t QIUlJp: bph 2wpm
Ciw4blip tlhp1mbbt wrumuw41!, WUJ.W lj_mbufiblip, np lihJUlIUll11! B tlJ.wpbpfl 
qbuwmu 0.27 hwtlwfiwlJ.wlintpJWUp 4Wf1I111 t UlfiWUWL I 00000 up.wtlnppg 
UJ.W\J.wu qmuwp, p.u4 A-fl qhuwmu Ciuwfi UJ.WtnWhnLJIJU mlip UjlWJU 0.21 
hwqwliw4wlimpJmli: .Rwlip. np libJUlIUll1Ci mlijl J!lifJ:wUhli[I I 00000 upwtlnp 
ulj_qpfiw4wfi qmuwp, WUJ.W qw Ci2wliwlj_mu t, np Ciw B ipwpbpjl qhtqpmu 
wqhLlt uM' 0.27 hwtlwCiw4wfimpJwup 4wpnri t umwliw1 pwgwuw\J.lUCi wp
llJDlliJ!, pwfi A-fl qbuwmu' 0.21 hwtlwfiw4wCimpJwup: P tlbp2n· wrumuw4pg 
hbmL.mu t, np A qiwphpn uiw4wu njlu\J.wtlnp t pwli B-Ci, u fibP1lf1I1Il.P hwuwp 
\J.Wf1I111 t Lltlibt wtlbLlt Ciwtuf!CimphLlt: 

'ubMJlilllP 41Ulliflg A lj_wu B 1pwpbpfl t_1Cimpn1pJmfit_1 qwtutlwb t Ciwl.t 
Cipw CiwtuwUJ.wmtlmpJmCiCihppg' np(i t. Cipw hwuwp fiwtuJ!Cimph1}1, npu4jl 
q}uih'"LI!, pb"' blJ.wumwpbpntpJmCiJ!: <!.wzl{wpltlihpmu hCipw11ptlnru t, np hpqm 
lfiwphplihpjl bqwumwpbpmpJmCiCibpCi t1 mtibfi pfiwqwlinCi pwztutlwbm11Jmfi: 

liJuUJ.liuntl fihPllPiltulibpp 1pwpbp'1 pfiuipntpJwti tufillPPI! 4wph1'1 t 
llL.wqbpUJ.bt npUJ.bu bp\J.2w1pwfip.2 OUJ.ui)uiwguwCi tuCiq}lp: 
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4. '1bP11Jllltufihp}l t}lwphp):l qfiwhwmuwfi twt}lwfi}12fibpn 

'l-]1gm11' libPJlP1Ulli mu]l npn2wlt]1 C qmuwp, npt! gwuqwumu t lihMPht 
N wpi.tbpl'\Pbp]lg pwqqwgwb t1twpbpmu: 3mpwpwu2.1mp wpctbpnUIP pun-

pn2tJ.mu t ]lp u]12pu bqwumwpbpntpJwup' i\, ti qwunuwqwu 2trinuintl' a;, 

i = 1, N : opt C;-ntl u2wuwqbCip i wpctbpl'\Pmu lihMPtJ.wb qmuwp]l uhbm

PJillU{l, WUIW x;=C/C hwpwphpntpJntli[! gmJg qmw lihpl)Jluwu i.pwphpmu 
\DqJWL wpi.thpl'\PJ:i uwu(iwpwi.f]l(it!' lt2J:in1!: r -ntl u2wuwqhu11 i.pwphp]l u]12]1u 
bqwumwpbpntpJmlit!, ]luq a-ntl upw qwCinuwqwu zbqmti{!: N wpctbpl'\Pbppg 
pwqqwgwb i.pwphpp hwuwp r -u L O'-u npnzqmu bu hhmLJWL pwuwoLbp]lg. 

N N N .1. 

r=l',x;~, O'=[l',l',aiixixi]2 (4.1) 
1=1 1=1 j=l 

UJumbq CT;rli i ti j wpcthpl'\Phpp hqwumwphpmpJntfiubpp hwuwutltntiw(i 
(Cov' qnqwp.tiwg.tiw) uwmp.lig.li mwppCi t: CT;rli gmJg t mwwu i ti j wp
cthpl'\Php]l bqwuwwpbpntpJmfiubp.li tltnJuwqqbgmpJwli ~Wt.pt!: opt CT;j>O 
qpwqw(i t, WUIW I}W Cizwfiwqmu t, np i wpcthpl'\P.li bqwumwpbpntpJWU Wl'i{! 
UIWJUwuwqnpntU t j wpctbpl'\PJ:i tip2pupg pwpop bqwumwpbpntpJmli, puq 
Oij<O qhUIPillU i wpctbpqpp bqwumwpb(lillpJWU Wl'it! UIWJUWCiw4npn1u t j 
wpcthpl'\Plt u.ti2.tiu.tig gwap bqwumwpbpmpJmli: CT;i=O-p. qhUIPDLU i ti j 
wpctbpl'\PhP.li hqwumwpbpntpJmuuhpt! .tipwp.tig wCiqw)u bu: O';i qnpbwq]lg
Cibp[! qwpnq b(i npnztlbt 

O\i= CT; OJ Ai 
pwfiwolinl.[, npmbq Arli i L.j wpcthpqphp]l bqwumwpbpntpJmfifitp.ti hwpwpb
pwqgmpJwfi qnpbwq]lgfi t: Arfi tltni.pnJul.[nui t [-1,1] up2wqwJpmu: opt 
Ai= -1, WUIW bpqm i l.t j wpctbpqphp.ti u.ti21.t qnJmpJmfi mu.ti pwgwuwqwCi 
hwpwpbpwqgmpJmfi, Ai=+ 1-.li qhUIPmli, qpwqwfi hwpwpbpwqgmpJmfi, .tiuti 
Ai=O-.ti qhllll!ntu' i ti j wpcthpl'\PhP.li bqwumwpbpntpJntfifibp{! up.uJwCig.lig wfi
qw)u bfi: Op]lfiwq, bph Ai=+ 1, WUIW i wpcthpl'\P.li pwpop (gwap) hqwumwpb
pntpJntfit! DUJ.bqgl.[mu t j wpctbpl'\P.li pwpop (gwap) hqwumwpbpntpJWUp: 
Ai= -1-.ti I}Ullll!Illll i wpcthpl'\P.ti pwpop (gwap) bqwumwphpntpJillfit! DUJ.hlt
gl.[mu t j wpdbpqp.li gwap (pwpop) bqwumwpbpntpJwup: 

u2tfi11 hwuwui.pnuwfi' Cov uwmpp.g.ti up pwfi.ti hwmqDL}}JDLfiubp: UJCi 
pwnwqmuwJp.fi uwmp)lg t l.t mfi]l N lllllllhP m N uJmfiwqfibp: lTwmp)1g)1 O'u 

wCilt]mfiwqbwJ.lifi mwppbp]! hwl.[wuwp bCi i wpdh}}l'\PP bqwtimwphpnt}}JWCi 
gpl.[ wbp]lfi' o;; = a.2: 

Cov uwmp]lgt! hwuw~wi.p. uwmp)lg t, wJu.lICipfi' CJ1FOJ;, ij=l,2, ... ,N: 
'l-pgmp' fibpqptiwfi i.pwpbpt! qwqul.[wcr t bphp A, B, C obnfiwr1qmpJntfifihp]1 
wpdhpqpbp.lig: 2l-pq WI1Jmuwqmu pbpl.[wb bfi Cizl.[wb wpi.tbpl'\Pbp]l l}lwpb
pmti mfibgwcr uwufiwpwct]lfifibp{! l.t up.2.tifi bqwumwpbpnt}}Jillfifibp]!: 
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UmmuwlJ 21 

UpdbpIJP}l UpdhpIJPhp}l UpdbpIJP}l UUJ.WU- UpdbpIJPbp}l uwuUwpw-
wUt{wUmti]! uwuUwpwd}lUJ! t{b]}lp hqwumw- d}lU{! i.pwpbpp UUJ.WUblP 

i.pwpbpmu phpntpJntCil! hlJ.wumwphpntpJwU ub2 
(x;) fr;) (x;r;) 

A 0.2325 16.2% 3.77% 
B 0.4070 24.6% 10.01% 
C 0.3605 22.8% 8.22% 

<I>wphp}l u}l2}lfi blJ.wumwphpntpJntli!!' f =22%: 
bph wpctbpIJPhpp blJ.wumwphpntpJmCifibp}l hwuwuqmuwu uwmp}lg{! 

hwlj_wuwp t· 

(
146 187 145] 

Cov = 187 854 104 : 
145 104 289 

UUJ.w i.pwphp}l anpulJ.1!' lJ.wCinCiwlJ.wCi zh11mu11 lJ.npnzlj_p (4.1) pwCiwot.pg· 

[ 
J J ]1 

a= I I x,x p~ =16.65%: 
J;I J;I 

4.1. lwqwqntJti lihMPliwli tfiwphp}l ]!UtnpmpJwli fuliq}lp 

bpb t=O UJWh}lli lihMP11Jlli mfi}l C qmuwp, npJ1 Ciw gwfilJ.wfimu t. 
fibpqpb1 N n}lulJ.w4np wpcthprwhp}lg pwqlJ.wgwb qiwphp}l uh9, WUJW 1w
t{wqn1Jti i.pwphp}l {!limpn,pJwfi fuliq}:lpJl 4wpnq t ot.wqhp1114h1 hhtnl.Jw1 
bplJ.~wi.pwtipz oUJm}luwguwfi lulil1Jl}l mhupmf 

N 

r = Ix, r, ~ max 
o•I 

I 

(1 = [f IX, XjO,j]J ~ min 
1.a.)1.cl 

hbmLJwt uwhuwfiwi.pwlJ.mufihp}:l qhuwmu· 
N 

L X; = l, x,~o. i= l, N: 
1::::I 

lulil1Jl}l liUJWl.flW41i t N n}lulJ.wqnp wpcthpqphpl1 hwuw11 pCimph1 WJUUJlmJ1 

uwutiwpwct}lfifihp' x;, i= l, N, np utnwgl{wb lih11Ill1uwCi i.pwpbpG mlihfiw wnw

l{h1wqntJfi u}l2}lli hlJ.wuwwphpn,pJmfi la lil{wqwqmJG 4wCinUwqwfi JhI]mu· nJm4: 
lwl{wqn1Jli i.pwpbp}l {!fiUlpntpJwfi fuG11}1p11 lJ.w11h1J1 t. 1mbht pwquw

~wi.pwtipz OUJtn}luwguwli mwpphp hqwGwlJ.libpn4: 'l-11wwplJ.hfip LJwpqntftlgl1 
wnw9wplJ.wb qpwl•}llJ.wlJ.wCi-4bp1mbwlJ.wU hqwUwlJ.(l: UJu hrJwliw4.}l hjtu
pmu l!lilJ.wb hli lihMPDilP wfimwppbpntpJwti qnphp{! L WMJntfiw4bm tpw
phpfibp}l pwqumpJntfi{!: 
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UCitnwpphpntpJwfi qnphpG mfihfi tupum wfihwmwqwa pfimJp L. pfim
pwqpmu ta fihplllllll'[P fiwtuwUJwmtlntpJntfifihpl! hqwumwphpntpJwfi L. npu-
1.tli fitiwmuwuwp: UJU qnphpJ! qwnmgtlmu hfi r L. (J PWll.WllPPtfihpp hwuw
tiwpqmu, npmht\ mqqwhwJwg wnwfigppfi hwuwUJwmwutuwfimu t t}lwphpp 
up2pfi htiwumwpbpntpJntfiJ!, putt hnppqnfiwtiwfipfi hwuwUJwmwutuwfimu t 
t}l.wpbpp npuqJ!· u tiwfinliwtiwfi zht\muJ!: UmnpL. 7-M qbwUJwmtihpntu pbp
tlwb hli lihPJlllilll.P wlimwppbpntpJwfi qnpbpp oppfiwqfihp: Ufimwpphpnt
pJwfi qnpbpJ! pfimpwqptlmu bli hbtnL.Jwt hwmqntpJmfifihpntl. 

Uhli wfimwppbpntpJwfi 11.npp tlPw qtnfitlllll pntnp t}lwpbpfibpJ! fibPJlllilll.P 
hwuwp hwuwpdhp bfi: l.JpL.fintJfi fibPJllllll11i WfitnwpphpntpJWfi 11.nphpf! up
UJWlig qmqwhbn hfi L. thfi 11.wpnq hwu11.J.hi: "uhpllpnqp hwuwp 1.J.wphtlt t 1.J.w
nmgbt wfitlbp2 ptlntl wfitnwppbpntpJwfi qnpbp: UfimwppbpntpJwfi qnpp tIPw 
t}lwpbpJ! nppwfi qhUJlt owtu L. tlbpL. qmfitllt, WJfipwfi wLJ.btlt fiwfuwUJwtntlhtlt 
t fihPJllllll11i hwuwp: UJumbJJ. bfipwqpt.l_mu t, np lihpllpnqJ! tun1uwt}ln11i t npu
qpg L. upL.fintJli nputiP qbUJJ!ntU fiWluJ!litnpntu t wnwtlht up2pfi bqwumwph
pntpJntfi mlihgllll t}l.wphpf!: 

f 

15% 

10% 

O' ... 
0 10% 20% q.c,-, 7 

• 
~qpmu pbpqwb AL. B t}lwpbpfihpl! fibpllpn1lp hwuwp hwuwpcthp bfi: 

Oppfiwq· B t}lwpbpp npulm 2 wliqwu uhb t A t}l.wphpp npuliltg, pwJg fiw 
wtqwhnLJ.ntu t A-p hwubuwtnnrpJWUp 1.5 wliqwu ubb up2pfi bqwum.wpbpnt
pJntfi: "uhpqpnrtlt hwuwp C t}lwpbpl! wtJ.htlt liwluf!litnphtp t pwfi A L. B t}lw
phpfihPI!, npntJ.hhmL. fiw qtnfit.l_mu t wtlhtlt puapop wfitnulpphpmpJwfi 1.J.npp 
tlPw, pwfi A L. B t}lwpbpfihpf!: @-b ltfitUJltup t}l.wpbp 1.J.liwluf!fitnpp Cibpqpnqf!, 
qw 11.wtutJ.wb t fipw CiwluwtqwmtJ.mpJmlifihppg: LwtJ.wqntJfi t}l.wpbpp (!fitn
pntpJwfi luliajtPI! tntbhtltu lfwptintlltgl! hfipwqpmu t, np fihpqpnqf! upufintJfi 
up2pfi hqwutnwpbpntpJwfi qhll.Jl!mu fiwluf!fitnpn1u t fit.l_wqwqntJfi nputif!, puq 
upL.fintJfi nputiP qbll.Jl!ntu' wnwtJ.b1wqn1Jfi up2}1fi hqwumwpbpntpJntfif!: q.npc>"
fiwl.J.wfimu fihpllpnqfihpf! qwPllll bfi mfihfiwt npuqp fiqwmuwup mwppbp 
fiWluWUJWUltJ.ntpJntfifibp: 
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~wuqwliwJlt t, np lipwlip qm(ib(iw(i CiwL. mwppbp w!imwppbpntpJw!i qn
pbp: UtnnpL. qcnmqwmqbpntu pbptJ.wo b!i CibPJlllllllfibpp mwppbp !iwp.iwtqwm
lJ.mpJmfifibppCi hwuw11.1wmwutuwlinrt qnpbp: OppCiwq' qcnuuiwmqbpntu 11 
qnpl! hwuw11.1wmwu}uw!imu t unJlt (ibpqpnajl(i, npn uw}unumpmu t ubo npu
qp hbm qwuilJ.wO $wpbpubp[l, puq Ii qnpl! hwuwuiwwwup.iwumu t npuqp 
Gqwmuwup wumwppbp libJllllllllUlfi: lJnJlt !ibpqpnaj1 hwuwp B $wpbp[l 
wlJ.bJlt fiw}uwuiwtnlJ.bl}l t pw!i A-Ci, puq lhqnp (ibpqpnajl hwuwp WJU bpqm 
$wpbplibpfi tt hwuwpdbp b!i: 

U!imwppbpntpJw!i qnpbpp qwnmguw(i hwuwp Cibpqpnaj1(i qCiwhwm
uw!i b!i mpqmu mwppbp ummqwfium2wJpfi $wpbpubp: 

f 

0 10% 20% 
q.o.s 

\,bpqpnajl I!fitnpwO hwuwpdbp $wpbplibpp pwqumpJwCi oq!impJwup 
tt qwnmglfmu bu wCimwppbpntpJwCi qnpbpl!: LwlfwqmJ!i lftwpbp}l I!Citnpm
pJw!i hwuwp CibJlllllilil[l tqbmp t I!Uut tip9pu bqwuinwpbpn1pJwli L npu4Ji 
q!iwhwm}l pn1np hp4I!CitnpwlipwJpCi lftwpbplitp{! L, oqmtlt1ntl wtimwppt
JllltpJwfi qnr1bppg, qpwligpg {!Cimpp LWtlwqntJ!i[l: UwqwJli N wpdtpllJ}bppg 
4wpbl.lt t qwqilhL w!iqbp9 ptl.ntl $wpbpCibp: N wpclhpllJ}bppg pw11qwgwO 
lftwpbplibpp hwuwtumupI! qwqumt.I t pmnwinpbl.lt tpwpbplibpp pwqum
pJmlitr 9-llJl qOwtqwmqbpnui pbpqwO t WJllllJPUP pwqtintpJwCi t.Ip opptiwq: 

Cuin lfwpqm{pgp' 1wt1.wqntJ!i lftwptpti I!limpntpJw!i hwuwp libP1lJllUlllfi 
pwtJ.wqw!i t qfiwhwmbt upwJfi W[lllJmfiwqbw pwqt.ImpJwfi ub9 utnfillfl lftw
pbpfibpI!, npnfigpg Jmpwpwfi~mpn. 

w) SplfwO n}luqp wpdbp}l qbtqpmti wuiwhntl.mtl t wnwl{b1wqn1Jfi up9}1fi 
t4wumwpbpntpJmfi: 

p) Up9pfi bqwumwpbpntpJwfi inplfwb wpdbpp 11tuwmu wuiwhnlfmu t 
litl.wqwqntJCi n}luq: 

'v21.{wO bpqm llJWJliwlifibp}lfi pwl{wpwpnr[ lftwpbplibp}l hwuwfumlip(l 
4nltl.ntd t WllllJmfiwqbm $wpbpfibpp pwqtimpJmti: 
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r 
H 

G 
(J 

Q.b.9 
UJdu pCifiwpqbCip pmnwmpbtp ipwpbpCibp}l pwqumpJmCinuI WJllllmCiw

t.fhm pwqumpJwCi mbJtwpwztuuwCi hwpg[!: 9-M qbwUJ.wmlthppg bpLmu t, np 
pntJtwmphl]l pwqumpJmfimu wuhfiwipnpp npuqCi mfihgnq lltwpbpp6 hwuw
uiwmwutuwumu t E qhml!, }lult wnwqbtwqntJfi ufl2flu bqwumwpbpmpJwup 
tltwphppfi ' S lthm[!: <I>ntPntu1.Jnq n)lutw wpctbp)l qhuwmu wnwt.fbtwqntJfi 
Ufl2flfi bqwumwpbpntpJntfi WUJWhmlnrt ipwphpfitip}l pwquntpjnt6[! qwquntU t 
pmJtwmphtp pwqumpJwfi EL H ltbmbpp up2L [!6qwb tlbp)lfi uwhuwfi[!, puq 
lp1l1.p11futlnrt Ufl2)1fi bqwutnwpbpntpJWU qbUJl}ntU {it.[wqwqntJfi npuq WUJWbn
tlnrt tltwpbpfihp}l pwqumpJntfi{! qwqumu t pntJtWutpbtp pwqwnpJwfi s t... G 
qbmbpp u}12L I!filtwb owtu uwhuwfin: .Rwfi}l np WJlll]ntfiwtlhm pwqumpJwfi 
qiwphpCihp[! UJhmp t u]lwctwuwfiwlJ. pwtlwpwphfi Ciztlwb hpqm UJWJliwfifib
p)lfi lt, WUJ.W WJU pwqumpJWU tnwppbp{! qqtnfitlbfi pntJtWtnphl.P pWqUntJ}JWU 
ELS tihmhp}l ufl2L J!filtwb- tlhp}lfi owtu uwhuw6p tlJiw: 

<I>wpbpfihp}l WMJmfiwqbm pwqumpJntfil! qnqwtlnp t L w ltwPnrt 
UJ.Wpm6w(tbt fl2tlwc,plihp nt pwpomfiplibp: UJllllntfiwtlbut pwquntpJWfi oL}l 
plifiwpquwfi hwuwp q}lmwplt bfip bpqm · 1-pfi L 2-M wpctb1nwhp}lg pwq qw
gwb- tpWphp(ibpp pwqUntp Jntfi{!: 11-}lgntp' lpWphp}l UU2 1-p{i wpctbpqpp UWU
(iwpwctpli[! hwtlwuwp t x,-}1, }luq 2-}1' 1- x,=xrlt: 1--}lfi It 2-M wpcthpqpbppg 
qwphtp t tiwqubt mwppbp tltwpbpfibp' tltntltnluhtntl qpw6g x, L x2 uwuliw
pwctpfifihp}l wpctbplihp[!: 11-}lgmJf WJU wpcthpqpbp]l 0)12)16 bqwumwpbpnt
pJnt6fibp{! hwtlwuwp bfi r1=5% L r2=15%, )luq n}1uqhp{!' a1=20% L 0'2=40%: 
11-]lmwpqhfip WJU wpdbpqpbp]lg qwqut.fwb hbmLJWL tltwpbp6bp[!' 

Ummuwl.i 22 
A B C D E F G 

o<x,< 1 1.00 0.83 0.67 0.5 0.33 0.17 0.00 

O~x2~ 1 0.00 0.17 0.33 0.5 0.67 0.83 1.00 
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A L. G tpwphpuhp[! 4wqulJ.wo bu u}IwJCi 1-(16 h upwJG 2-JUl wpcth
Pl!JlPhpp.g hwuwuiwmwu}uwuwpwp h rA=r1=5%, crA=CT1=20% p.u4 rG=r2=15%, 
crG =cri=,40%: B,C,D,E L. F tpwphpuhpp. r u}I2t1Ci t4wumwphpntpJmU(! 4wph1P t 
npn2ht hhmL.JWl pwCiwahp.g' 

T = X1X5o/o+ X2Xl5o/o, 

p.u4 cr4wunGw4wG 2hqntu[!' np.u4}1 uhompJmCi[!' hbmhJWt pwuwoL.p.g. 
l 

a= [(x~ x 400) + (x~ x 1600) + 2x1x2a AG F: 
-'2w6p. np, o;i=o;O)P,j, WUJW aAG=PAax20x40=pA<,X 800, npmh11Pg a-jl 

hwuwp 4umwuwCip' 
l 

(1 = [x~ X 400 + x; X 1600 + 2X1X2PA0800]': 

J2(iuwp4tlll11 tpwpbpuhpp. up.2p.Ci t4wumwpbpmpJmCiCibpjt hwuwp 
4uuiwCiwCip' 

r8 =6.7%, i'c=8.3o/o, fr, =10%, rE =1 J.7%, ff =13.3%: 

-'2wCip. np, hwpwpbpwlrnmpJwCip12 qnpbw4}Igf! tpntpn}ul[m u t [-1, 1] 
u(12wltWJPlllU, WUJW qpmwp4lJ.nq tpwphpCihpp. hwuwp npnzbCip njtuqp (u4w
qwqntJCi' p 12= -l-(1 h wnwl[t1wqn1JCi' P12=l) wpctbpubp[!: 

Un1muw4 23 

<I>wptputp 
1,lJ.wqwqntJG np.u4}1 Unwl[t1wqn1J(i n(lult(l 

wpctb:QCibTtfl (%) wncttnCihnn (%) 
A 20 20 
B 10 23.33 
C 0 26.67 
D 10 30.00 
E 20 33.33 
F 30 36.67 
G 40 40.00 

10-pq qbwtqwmltbpmu pbp4wb bCi qpmwplttlnri ipwpLpliL1111= "lt.u1p t. 
Cizh1, np wnwtlh1wqn1JCi np.u4 mCibgnq pn1np ipwpbpCihpp qtnlitlm u bli A L (i 

lthmhpl} u(lwgCinq qbp lJ.pw: 'l-w G2wuw4mu t., np r1Jimw11ljl[m1 w11dhpqph11J1g 
lP. 4wpbtp 4wqub1 WJUUWUP lpWpbp, DJlll n!mqll Wfldbp[l qmlilJ.J1 WJU qbJlg 
wl[htp w2: liJu wpdhp11PhJ1pg 4.wqul[wb tflwptpCitp11 ltqmlil[hli qbJ1 tl11w ljwu 
CipwCipg ow}u: 'l-w CizwCiwlJ.mu t., np tflwptpt1 uL9 lih11wn4wb w11ctbp11pt11t1 
p4Jl ubbwgmup hwCiqhgCimu t. Cipw 4wlinuw4wli zbrpiwti ipnp11wguwli: 
4wCinCiwlJ.w(i 2hrimuubp(1 ul[wqwqmJfi w1u.tbpfibp Ill libg1111 tflwpbput.1111 
qmCil[mu bu A, (8.3%,0) h G 4tmt1111 uJ1wglirnt hwml[wbliti1iti 4..11w: ~L
mLwpwp, qpmwpljl[nq bp4.m wpdhpf!Php!1g 2fl 4.wphl11 qwquh1 tflwpL11, 1111!1 
4.wfinfiwlJ.wfi 2t11mup 1.Jilil1 wl[htJ1 aw}u, pwli liztlwb hwmlJ.wblih1111: .P.wCil1 1111, 
/.kU wpdhplibp t. [lfiqmCinu.i [-I.I] ut19wljwwt1g, WUJW 1JJ1mw11ltl[m1 w11-
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dbprwbppg qwquqwc) $wpbpCibpl! qqmlil[bli umnpL. pbpqwc) lmwlituwli ub2: 
Oppfiwq, x1=0.5, x2=0.5 qbuwnui q}nnwp\J.t.llll\ $wpbplibpl! lJ.qmfil[b(i lmwfi
lt)wfi ub2 pbpl[wc) IJ.npp l[pw: Ilppw(i Pirl! unm t-l-pfi wJCipwfi WJU lJ.npl! 
qnqwqnp ltwfi~ f 

15%5 -------------------------- G 

10% 

8,3% 

5% 

0 10% 20% 30% 40% 
Cl-0.10 

UpqJmCiwl[bm pwqtintpJwU li2qwc) hwmlJ.mpJmfifibpl! 62uwppm b(i liwL. 
N wpdbpl\J}bp}lg IJ.wqul[wc) tiiwpbpCibpp hwuwp: lwqwqntJli $wpbplt l!CiUl
pntpJw(i fu(iq}lpl! tmc)qmu t hbmli.JWL IJ.hp111: UIJ.qpmu IJ.wnmgl[mu bfi fibPilJlD
q}l wCimwppbpntpJwfi IJ.npbpl! li. N wpdbpJUlbpp.g IJ.wquqwc) tltwpbpfibplt wp
qimUwt{bm pwqtintpJntlll!: UJUnthbuili. npn21.[nuI t wUmwppbpntpJwU ltnpp L. 
WJlll.JntUwt{bm pwmtn,~JwCi 2n2wtiiuwCi ltl\ml!: 

f h Ii 
I, 

H 

--~~~~~~~~~~~-cr 
Cl-0.11 

UJu qbmpfi hwuw111wmwufuwCinq tltwpbfl! w111whnqmu t uitlJwt wCi
mwppbpmpJwU IJ.npp qbuwmu wnwtlbtwqntJCi uti2ltfi bqwumwpbpntfJntlll! h 
fit{wqwqntJU lJ.wCi.nCiwqwfi 2bJtmlit!' n}lulm: UJu l}WUlDIJ.Ill}}JntCifibPI! fibpltw
Jwgt[wb bfi 11-pq qc)w111wmqbpn1u, nptnbq 1wt.1.wqntJCi lftwpbp}lfi hwuw111w
mwutuwCini.u t O IJ.buin: 
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4.2. <l>wpbpfibpp WJl.llJntfiwqbm pwqtintpJwfi lj_wnmguwfi Wtqnpppu 

Utqnp}lpup h}lupnuI I!CilJ.wo t «wfiti.JntfiWJp.fi» 1p.wpbpfihpp hw~IIlPIJW
lj_w(i lJ.wnmguwfi brJ.wfiwlJ.f!: UCiti.JmCiwJpfi 1p.wphpCihpl! WJlll.JmCiwqhm pwq
umpJwCi wJfiUIPu}l mwpphp hCi, npnCip mCibCi hhmLJWl hwmlJ.mpJmfit:!' hplJ.m 
hwpwlt}lg wfiti.JmfiwJpCi 1p.wphpCihpp hwUWllJlUWup lJ.wphllt t 4.wnmgh1 
wJl.llJmfiwtl_hm pwqumpJmfinuI fipwfig u]12L I!filJ.wo pn1np hCiwpwtl_np ip.wphp
fihpJ!: Utqnp]1pu]1 wzfuwmwCipl! pfifiwplJ.hCip hphp wpcthp11J}hppg pwqlJ.wgwo 
tpwphpfihpp hwuwp WJl.llJmliwtl_hm pwqumpJw!i lJ.wnmguwfi op]1CiwlJ.nlj_: 

Utqnp]1pu]1 ulJ.qpmu npnzlj_mu hfi J!DlDP qpmwplJ.tJ.nq wpcthp11J}hpp up2pfi 
hlj_wumwphpntpJmCifihp{! L Cov uwmppgJ!: '1-]lgmp' pfifiwplJ.tJ.nq A,B LC wp
cthp11J}hp]1 hwuwp u]12]1fi hlJ.wumwphpntpJmCiCihpJ! L lJ.ntJ.wp]1wg]1wJ]1 uwm
p]lg{! hwtiwUJ.wmwufuwCiwpwp hwtl_wuwp hfi' 

[
146 187 145] 

(16.2; 24.6; 22.8), Cov= 187 854 104 : 
145 104 289 

UJfimhhtnL wpcthp11J}hJ11! lJ.wpqwtl_nptl_mu bu J!UUl 0]12]16 hlJ.wumwphpn1-
pJmfifihp]1 w6}1: '1-]lmwpljtl_nq op]1Ciwljmu wnwtJ.h1wqn1Jfi hlJ.wumwphpntpJmfi' 
24.6% mfi]l B wpcthpnlIIJ}J!: Cum wpcthp]l' hplJ.pnPIJ hlJ.wumwphpntpJntCil!' 
22.8% mfi]l .C wpcthpnlIIJ}J!: f"\ulj wohuw1p.0pp hlJ.wumwphpntpJntfil!' 16.2% 
mfi]l A wpcthpDlIIJ}I!: 

Unw2]1Ci «wfiti.JmCiwJ]1Ci» ip.wphpl! lJ.wquttmu t wnwtJ.h1wqn1JCi u]12]1Ci 
bljwumwphpntpJm!i m!ihgnq wpcthp11J}]1g: .Qfi!iwplJ.tJ.nq oppfiwqmu wnw2pu 
«wfiti.JmfiwJ]lfi» 1p.wphpl! lJ.wqutl_wo lJ.LltCi]l upwJfi B wpcthp11J}pg L lJ.mCib!iw 

x(l) ljznwJ]1Ci tl_hljmnpJ!: 

ro,ol 
x(l) = 1,0 : 

0,0 

UJu 1p.wphp]1 up2]1fi bljwuU1wpbpmpJmCiJ! L n]lulJ.[l hwuwuiwU1wufuw
finphCi hwtl_wuwp lJ.lltfihCi 24.6%-]1 L 29.22%-p: 12-pri qowuJwtnlJ.hpmumu 
wnw2pfi wfi4JmCiwljwJ]1fi tpwphpn lizwfiwlJ.tl.wo t C( I )-ntl_: 

bpljpnJUl «wCi4JmliwJ]1fi>> tpwphpf! lJ.wnmgtl_mu t pum bljwumwpbpmpJwCi 
wnw2pfi L hplJ.pnPIJ wpcthpqphp]lg (uhp oppCiwlJ.mu· B L C wpcJhp11J}hppg): 
UJu «wCilJ.jmfiwJ]lfi» tpwpbp]l ljznwJpfi tJ.hltITTnpfi pfimptl_mu t wJfiutbu, up 
umwgtl_wo 1p.wphpl! mCibfiw fitl_wqwqntJfi ntmlJ.· ljwCinCiwlJ.wCi ztqmu: lJph y-p 
B wp<thp11J}p uwufiwpwctpCiCi t tpwphpmu, wuiw C w11ctbp11J}p uwuCiwpw
ct]lfif! hwtl_wuwp lJ.lltli]l 1-y-]1: bplJ.pnPIJ «wCi4JmCiwJpCi» tpwphp]l ljwCinfiw
lJ.wli zbqmun lJ.npnztl.P hhmLJWL pwfiwdL]lg. 

U 2 = (u;y2 +u[(l- y) 2 + 2y(l- y)u8c)t 

Urp filj_wqwqntJfi wpcJbpl! UUlWQlj_IllU t y=0.20 l'}butnntll: 
~hmLwpwp, hplJ.pnPIJ «wfiti.JmfiwJpti>1 tpwpbpp ltJnwJpti tJ.hltU1111111 hw-
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t[wuwp 1.nJilip' 

[
0.00) 

x(2)= 0.20 , 

0.80 

pu4 lipw uft2ltli bqwumwphpntpJntfil! L. npu41! hwuwuiwmwufuwlinpbfi ltn
pnzt[hli hhtnL.JWL pwfiw6L.bppg. 

r2 =24.6x0.2o+22.8x0.80=23.16%, 
I 

a2=(854x0.04+ 289x0.64+ 2x0.2x0.8xl 04) 2 = 15.89%: 
Q.owuiwmqbpntu hp4pnpq «wli4JmfiwJpfi» qiwphpf! 6zw6wqt{wb- t 

C(2)-nt[: .ewfip, np wnw2pfi L. hp4pnpq t{lwpbpfibpf! hwpw4lig hfi, WUfW 
lipwfig up2L. {!fiqwb- wubfi up WJllllntfiwt[hm t{lwpbp qwpbtlt t umwfiwt 
fipwlig hwUllll}PiltJ}Jntfipg: UJutajmp 1.pwphplibpp 4znwJpli t[bqumpf!' Xii-I! 

npnzqmu t hbmhJwtpwfiw6L.}1g. 
x12 = zxx(I)+(l-z)xx(2), 

npmhrJ. z-1! tpnt{lnfut[mu t [0.1] up2wtiwwmu: UJ1fll1P1l «wli4JmfiwJpfi» t{lw
pbpf! tiwqut{ntu t (!UUl hqwumwpbpntpJWfi bpqpnPI} L. bppnpq wpctbpfibpfi 
mlibgll.IJ. wpctbpqpbpnl[: 'l-)tmwp4tlllll op)tliwqmu C L. A wpctbpil}}hpnt{: UJu 
wpcthpqpbp)t uwufiwpwct}llifibp.I!' y-(! L. 1-y-I!, npnzt{mu bli wJfii.qbu, np bp
pnpq «wfi4JmfiwJ}lfi» qiwpbp}l qwfinfiwqwfi zhrJ.ntul! }}lli).l fit{wqwqntJlil!: 
'l-}1mwp4tlDIJ. op}luwtinuI bppnPI} wli4JmliwJ).lfi t{lwphpp n}lu4li wpd"bp(! 
npnzt{mu t hbu1L.Jw1pwfiw6L.}lg. 

a 3 = (a~y2 + a; (l -y)2 + 2y(l - y)a Ac)1: 

a3-)1 fit[wqwqntJfi wpctbp]! umwgt[mu t y=0.01-).l qhuwmu: ~hmL.wpwp, 
bppnPI} «wfi4JmliwJ}lfi» qiwpbp}14znwJ}lfi t[h4ump(! x(3)-I!, hwt[wuwp lttltfilt' 

[
0.99] 

x(3)= 0.00 , 
0.01 

}luq fipw u}12Jtfi bqwumwphpntpJntfi(! L. qwfinfiwqwfi zhrJ.ntlil! qnpnztlbfi 
hbmLJWt pwfiwahbp.)tg. 

r3 = 16.2x0.99+22.8x0.0l = 16.27%, 

a3= (0.01 2x289+0.992xl46+2x0.0lx0.99xl45) t =12.08%: 
Q.owuiwmqbpmu bppnPI} «wfi4JmfiwJ}lfi» t{lwpbp]! Gzwliwqt[wb t C(3)

nq: .Qwli}l, np hp4fll1P1l L. hppnPI} t{lwpbplihp]! hwpw4lig bfi, wuiw qpwfig 
u}12L. I!liltwb wubfi u}l WPilJntfiwl[bm t{lwphp qwph}}l t umwfiwt qpwfig 
hwuwqpntpJmfi}lg: UJul.lfltu}l t{lwphpfihp}l 4lnwJ}lfi t[hqump]! qnpn2tl}l hh
mL.Jwt pwliwoLpg. 

x23 = zxx(2)+(1-z)xx(3): 
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Opmhq z-n i.timJmfi.nlmu t [O. l] up2wl.Jw wmu: 
Opp6wlj, bpb z=0.33-p, WUIW 61.iw(i WP11Jnt6wtl_bm i.tiwpbpp lJlnwJp(i 

X23 tl_bljmnpf! bwtl_wuwp ljtpUp' l0.57] 
X23=0.33xx(2)+0.67xx(3) = 0.07 : 

0.36 

U1qnpppti[! Uuw(i aLntJ. 2WJ1DtUwljtl_mu t u(iwgwo wpctbpqpbpJ:t hwuw1.1: 
1..l_hp2}1U (ubp qhuwmu C(3)) «wUI.JJnttiwJp(i» i.tiwpbpJ:tli hWUWUIWUlWUfuw-
6mu t WflilJntUwtJ.hm pwqumpJwU E ljhmn: 

E 

cr 
q.0.12 

q.pw))l.ljwljwli-tlh1.11mowlJ.wfi hqwUwl.Jp qhuwnul «wlitumliwJJ:tli» tJ:tw
phplihpp oqfimpJwup hw2tJ.wp4tl_mu h(i WflllJm(iwtl_hm pwqumpJwli fiwh 
UJntU mwpphp(!: Untl_npwpwp bp4m hwpw4J:tg 1.pwflbplibpp uJ:t2h hw1tJ.w114-
tl_mu hfi 10-J:tg 20 wpI1Jmliwtl_htn tJ:twphpUtp· W(ll}Jntfiwtl_hm pwqU:ntJ}JWfi ljn
PI! 62qpmb1m tiUiwmw4ntJ.: U1qnpppli'1 wztuwmwlipli wtJ.w1iu1tl_mu t 1.pwpbp
fihpp WflilJmliwtl_bm pwqumpJwli 4npp 6zqpmh1mg hbum: 

l,bJlillllllUl wfimwpphJ1DlpJwfi 4np!1 h WflilJmfiwtJ.bui 1.pwpbpfihpl1 pwq
llntpJwli mwppbp'1 npnzmli!ig hhmn ljwmwp4111u t Cih1u1puwfi 1wtJ.wqi11Jli 
tJ:twphp'1 [1fimpn1pJmli(!: Pfi2Uihu w(lf}bfi CiztJ.b1 t, liuwli 1.pwphp!1li hwuwlljw
mwutuwfimu t fih(Ulllilil]t wUmwpphJ1DtpJwli ljnpp L WP11Jmliw4bm pwqum
pJwfi zn2wtJ:t1lwli o· lthmp: UJu 4bmpli hwU:w11jwuiwutuwli11IJ hljwuLrtwpbflllt-

pJwfi r' h npu4P ,/ wpdbp(ihpJ:t nJ1Dzmti!1g hhum, 4wmw11tJ.mu t. 1wtJ.wqn1Jli 
i.tiwphpp ljwquJ:t plim1.1D,pJmfip: '1-pw hwuwp W(ll}Jmfiwtl_hm tJ:twphplih1tlt 
pwqumpJwfi uh2 tJ.hpg4mu hfi wJliUitiuti t111.Jm hwphwli wfi4JmliwJl1li 1.pw
phpfibp, np 1w4wqn1Jfi lflwpbpJ:t hljwumwph11111pJwli W(HJbp11 qmlitJ.11 wJu 
tJ:twphpfibp!i bltwumwph1.1DtpJmfifihpl1 up2L: 'l-!1mw111.JtJ.mt oppfiw4mu o· ljh
uip hljwuuiwphpntpJmfip qmlitl_mu t. bp4JmflI} h tr11m11q wliltJmfiwJl•fi tJ:tw
phpfibpp bljwumwphpn113Jmlilibpp ut12h: .f!wfil1 1111 hw11hwli wli4JmliwJt1fi 
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lflwpbpfibpp hwuwqpuwup qwpbllt t qwnmgbt fipwfig u):121.t J!fiqwc) wubfi up 
WP11Jntfiwqbm lflwpbp, WUJ.W twtJ.wqn1Jfi lflwpbpmu wfiltJmfiwJ]:ifi lfl.wpbp
fibpp. uwufiwpwd)lfifibpJ!' y-t! L. (1-y)-t!, qnpnzqhfi hhmL.Jwt pwfiwoL.p.g. 

r° = Yfn + (1-y)rm, 

npmhq r11 -fi L. rm -t! hwuwUJ.wmwu]uwfimu bfi r" -):lg pwpop, wJu):ifipfi' hpq

pnp.q L. gwc)p, wJu]:ifipfi' bppnp.q bqwumwpbpntpJntfi mfibgnq wfiltJmfiwJpfi 
lfl.wphpfihp):ifi: 

liJumhq):ig y-p hwuwp qumwfiwfip' -· - -· -_ r - r111 _ r - r2 • 
y------. 

fi1 - fin r2 - r3 

5. fi.}lutiwtlnp L. n}lultwqbpb' wpdhpiu>hpltg fihJlllilD.uiwJltfi 
qiwphpfihplt dL.wqnpnuI{! 

\,hpqpn1liwJ]:ifi lflwpbpfihp 61.twqnphtlm fihp.qpnqfibpt! wz]uwmntu hfi 
fipwfigmu J!fiqqpqht J!Ulll hfiwpwqnp]:ifi pwquwmhuwq wpdhpqphp: <l>wpbp
~bp]l pwquwmhuwqwguwfi zlinphptJ. qwphllt t qqwtltnpbfi lfl.nppwgfibt 6hw-
4np4nq lflwphpfihp):i n):iulJ.J!: vw]unp.q pwdfimu ubfip JYlmwpqhg]:ifip u):iwJfi 
n):iuqw4np wpd'hpq:phppg 1twqu4wc) lflwphpfihpJ!: vzhgpfip, np fiuwfi wp
d'hpq:phpp l.t qpwfigpg qwqu4wc) lflwphpfihpp hqwumwphpntpJntfil! UJ.Wlllw
hwl(wfi uhbntpJmfi t l.t pfimpwqp4mu t up2J:ifi wpdhpntl m ltwfinfiwltwfi zh
qmunq: bbpqpuwfi wJuUJ.J:iup lfl.wphpfihpt! lJ.nttlmlI bfi n]:iultwtJ..np lfl.wpbpfihp: 

fl.]:iuqwqbpc) wpdhpq:phpJ! L. qpwfig):ig qwqu4wc) lfl.wpbpfihpJ! pfim
pwqp401u bfi hqwumwphpntpJwfi hwu10wmn1fi wpdhpm{: \,uwfi wpdhpq:ph
PP hqwumwphpntpJwfi qwfinfiwqwfi zhqntUJ!, pfi~UJ.bU fiwl.t wuhfi up WJl wp
dhpqpp hhm hwpwphpwqgmpJwfi qnpc)wlj}lgJ! hw4wuwp bfi qpnJp: 

liJu pwdfimu qpfifiwpqhfip npuqw4np L. n]:iuqwqhpc) wpdbpq:pbp]lg 
qwquqwc) fihpqpuwCi lflwphpfihp):i 0L.w4npuwfi JufiJYlp(!: 

'1lwpqntpJWfi hwuwp uqqpmu IIJY1U1Wpqhfip uhq npuqw4np 1. uhq 
npuqwqhpc) wpdhpq:p)lg qwqut{wb lflwphpfihpp pfimpwqphpJ!: ci.pgmp' r1 -I! 
L. r2 -I! npuqw4np h npuqwqhpb wpdhpq:php}l hqwumwphpntpJntfifihpfi hfi, 
}luq cr,-1! L. CTz-J! qpwfig qwfinfiwqwfi zbqmufihpJ!: bph x1-ntl Uzw!iwqhfip n}lu
qw4np wpdhpq:pbp}l ltz}lnt! (uwuf!,pwdpfiJ!) lflwphpmu, }luq x2-nt{' n}luqw
qhpc) wpdhpqpbppfiJ!, WUJ.W ajlmwpl(t{nq wpdhpqphppg qwqul{wb lflwphp
fihp}l f hltwumwphpmpJntfit! L. er ltwfinfiwltwfi zbqmliJ! qwphllt t npnzht hh
mhJWt pwfiwli hhp}lg. 

f =x1 r, +x2r2 (5.1) 

_ 2 2 2 2 f _ 
C1-[X10'1 +X2C1'2 +2X1X20'12J -
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l 
=[x~a12 +(1-x1)2a; +2x1(1-x1)a12 ]2: 

.Rwfip np npuqwqbp<'> wpctbJnJPlt a2= 0 L. a12= 0, wu1.w qp1nwpl}tJ.nrt 1pw
pbp!ibpp <J qw!infiwqw!i zhquwfi h r bqwuuiwpbpmpJw!i hwuwp (5.1) pw
!iwohpg quinwfiwfip' 

(5.2) 

UwqwJfi (5.2)-I! Ciqwpwqpmu t ( ri ,a1) h (r2 ,0) lthinhpmt wfigfinrt q<'>)l 

hwtJ.wuwpmun: 
~binL.wpwp, qpmwp4tl.11Il wpctbpllJ)hp)lg 4wq1hlw<'> pntnp lftwphpCibp{! 

qqmfiqbfi ( Fi ,<Ji) L. ( r2 ,0) qbmhp{! upwgfillJl qb)l tl.pw: x ,-)1fi inwintl uiwpphp 
wpcthpfihp, 4wr•hllI t umwfiwt njml.J.wtJ.np ( r1 ,a1) L. n)luqwqbp<) ( f2 ,0) wpctb
PI!IIPhPJ:i9 qwqutJ.w<'> pninp hfiwpwtJ.np ipwpbpfihpl!: 

liJctu q):imwpqbfip N-1 wpcthpllJ)hp UfWpmfiwl.J.nrt n)1u1.J.wl{np ipwphppg 
l.t Uhq npuqwqbp<) wpctbpllJ)pg qwqUqw<') fih}lilllllWfi tpWpbp(ibp{!: '1-pgmp' 
npuqwtJ.np \ftwpbpp hl.jwumwpbpmpJmfin hwl{wuwp t r -)l, puq qwfinfiw-
1.jwfi 21:irtmuyf ii -p: liJu qhUfPntll npuqwtJ.np ipwphp)1g L. npuqwqhp<'> wpcth
PI!IIPhftpg qwqutJ.w<'> lftwpbpfihpp r hl.jwumwphpmpJntfiI! L. a qwfinfiwl.jwfi 
zbqmun, Ciw]unpq oppfiw4lt CiUWfillJlDLJ)JWUp, 4wphl}1 t hwztl.ht hhmL.JWL 
pwfiwohhpntJ.. 

f = x, r +x2 f2, 

[ 2 -2 2 2 2 1t . 
(1 = X1(1 +XzO'z + X1X2C112 ' 

liJumbq x1-I! npul.jwtJ.np \ftwphpp, )1ult x2 npuqwqhp<) wpdhpqpp 
4lpnfibpfi hCi: .Rwfip np, x2=l-x1, <J2=0, <112=0, WUfw· 

r = x,( r - f2) + f2' a= x, a : (5.3) 

UwqwJCi (5.3)-1! Cil.jwpwqpmu t ( r2 ,0) h ( r, a ) 1.J.humtl. wfigfillJl q<'>p 
hwt1.wuwpn1un: ~bmL.wpwp, Ciwfunpq oppfiw4lt CiuwfinqmpJwup, nfmltwtl.np 
ipwpbp)1g h npul.jwqhp<'> wpcthpqppg qwquitwb pn1np \ftwphpfihp{I lfqmfitl.hfi 
(r2 ,0) L. (r, a) lthmhpn upwgfinq qbp tlJlw: l:iph A=( x (1), ... , x (N-1),0)-Ci 
npulfwtl.np ipwphpp, pult B = (0,0, ... ,0,1 )-I! npuqwqhpc) wpdhpqp)l ltznwJpfi 
tlhl.jmnpfihpfi hfi, wUfw qpwfig)lg lfwqutl.w<'> lftwphpfibp)l ltznwJpfi X = (x( I), 
... , x(N)) tl.h4ump)l hwuwp lfumwfiwfip' 

X = Ax 1 +(l-x 1)B: 
liJctu q):iinwpqbfip n)lul.jwqhp<'> wpcthpqphppg L. nfiu4wtl.np lftwphppg 

1twqut1.wil fih}lillluwfi \ftwphpfihpp pmJ1wmph1p L. wpqJmliwtl.bui pwqum
J)Jmfifibpp 4wnmgl{wltp1!: 



JJB X flpn2nuffilip}1 pfi1JI1zutfw{i hfttfmtiptilip 

Uumph 13-M qowll.jwmlthpmu gmJg t mpqwo liwfunfl1l pwdfimu q}l
mwp4tJ.wo hphp wpdhp11Phppg 4wquqwo tp.Wphpfihpp f}IllJLWUlphUI pwqum
f}Jlllfil!, tpp hw2tlfi hfi wnfiqmu fiwh npuqwqhpo wpdhpllPhPI!: 

r 
30% 

20% 

10% 

4% 

10% 

s 

20% 30% 
q.a. 13 

UJU qtuwmu f}IllJlWUlphui pwqumpJillfil! 4wqutl_wo t npuqwqhpo wp
cthp11Phpp Ii npu4wqnp 41w_phpfitr1p pninp hwuwqpm_pJmfifihrtfig umwgtJ.nrt 
41wph_plihp]19: fchunwmphui pwqumpJmfimu wfihpwdh2m t wnwfiofiwgliht 
fipw hpltm qawJ)Ifi uwhuwfifihp{! (mh'u. qo.14): \,hpp]lfi q]lOTI n)Iuqwqhpo 

wpdh.P11PJifi hwuwtqwmwutuwfinrt ( r2 ,0) 4hutl! u]lwgfimu t wnwqhiwqn1Jfi 

hltwumwptpmpJmfi mfihgilIJ. n)Iu4wtJ.np tpwphp)Ifi hwuwtqwmwutuwfinrt S 
lthm]lfi, )Iult tl_hp]Ifi q]lOTI' ( r2 ,0) qhml! u}lwgfimu t WJJ} lJ.hm)Ig WP1lJmfiwtl_hm 

pwqumpJwfin mwpt[wo 2n2wlpll1'l]lfi: 
Cn2w41uwfi T qhm]Ifi hwuwtqwmwutuwfimu t n]Iuqwtl_np wpcthp11Ph

p}lg lJ.wqutl_wo npn2wlJ.}1 Wfll}Jmfiwtl_hm l)lwph_p: UJu 1p.wph_pl! Jntpwhwmmlt t 
fipwlintl, np fipw Ii ( r2 ,0) lthutl! u}lwgfiilIJ. qo)Ig wtl_hui owtu Ii wtl_hui tJ.hpL. 

qm(hl.IlIJ. tp.WJ:)h_pfihp J:)IllJLWutphui pwqum_pJwfi uh2 ~ltwfi: 
~hmhwpwp, I!UUl WP1lJmfiwqhm pwqumpJwfi uwhuwfiuwfi, ( r2 ,0) lJ.hutl! 

T-}lfi u}lwgfiilIJ. qo]I tl_pw qmfitlnrt 1p.w_phpfihpl!, T-lJ.hml! S-}lfi u}lwgliilIJ. ltnp}l 
tl_pw qmfitlilIJ. tpw_ph_pfihp.}1 hhm u}lwu]Ifi, lJ.qwqubfi q}lmwplJ.tl.nrt tufi11P]1 wp
IlJmfiwtl_hm pwqumpJmfin: ( r2 ,0) qhml! T-)Ifi u}lwgfiilIJ. qo}l tl_pw qmfitl.nrt 41w-

_pt_pfihpl! qwquqwo bfi T lJ.hm]Ifi hwuwtqwmwutuwfinq n]Iultwl{np. tpw_ph_p)Ig Ii 
n)IulJ.wqhpo wpdhp11P}lg, }lulJ. T lJ.hutl! S-}lfi u)lwgfinrt ttnp}l tl_pw qmlitl.nrt 
41w_ptpfihpl! lJ.wqutl_wo hfi u}lwJ!i n}luqwl{np wpdtp:qphp.}lg: 

'l-}lmwplttl.IlIJ. op]lfiwqmu WPilJmfiwtl_hm pwqumpJmlil! 1.twnmgl{mu t 
hbuthJWL 1.J.bp.tq: Ul.J.qpmu, }!Uut hqwumwpbpntpJwfi w6]1, qwuwl(wpqqnui bfi 
n]Iultwqnp. wp.dhp:qphpf! h !iwfunfl1l pwct!imu p!ifiwp.1.J.t[wo hqwliwltml. np.n2-
qmu t wnw2}1fi «wfiltJm!iwJ]l!i» C(l) 1p.wphpl!, np}lfi hwuwtqwmwutuwfimu t 
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wnwtlbtwqntJfi tqwumwpbpmpJmfi mfibgllfl wpdtprw]lg ljwqut.(wo qiwptpn: 
liJfimhbmL ljwnmgt.(mu t bpltPnJlil «wCiltJmfiwJ}lfi» · C(2), qiwpbpl!, npn 
qwqut{wo t wuhCiwuM bljwumwpbpntpJmfifi mfihgllfl wnw2tifi tpljm njlu-
1.twtfnp wpdhprwhpjlg: 

b'pb ( r2 ,0) ljbmjlg C( I) L C(2) ljbmtpn u}lwgfillfl ljnpjlfi ljwpl:itP t mwfibt 
2n2w1.pmf T ltbmJ! qmfiqmu t Cizqwo ljl:imtpn ujlwgfinrt ljnpJ1 qpw, WUJW npn2-
tfmu l:ifi T ljtmti ltnPlllifiwmfitpn, h wtfwpmqmu t WPilJmfiwqbm pwqum
J}JWfi qwnmgmun: <.wqwnwlj qtuwmu ljwnmgqmu t C(3) «wfiltJmliwJjlfi» 
1.pwpl:ipn: 

r 

30% 

20% 

10% 

4% 

O' 
10% 20% 30% (}.a. 14 

l:;pb T ql:imp qmfitfmu t C(3) Li C(2) ljl:iml:ipp utiwgfinq ljnpti tl£1w, WUJW 
npn2t.(mu hfi upw ljnPllliliwmCihpJ!, L wt.(wpmqmu t WMJmCiwlfhm pwqum
J)JWU ljwnmgmup: «UfiltJmUwJtifi» 1.pwpl:ipfihpti ljwnmgntU[! 2w11m(iwljlfmu t 
WJfipwfi, utifi~L np npnzt.(li T ljhmjlfi hwliwUJwmwujuwfin11 ipwphp(!: Lwlf w
qn1J(i 1.pwphp}l (!UutpntpJWfi hwuwp wJu qtuwmu wfihpwdb2m t qtimwpljbt 
bpqm mwppbpwlj: 

Unw2tiu qbuwmu wfilllwppbpmpJwfi ljn11ti L wMJmCiwlfbm pwqum
PJWfi zn2w1puw(i o• 4hm{l qmfit.(mu t (r2 ,0) LT ljbmhp!1 ti!12L. (lllb·u qb. 15): 
liJu qbu.tpnni 1w4wqn1Jfi 1.pwpbpp ljwqut.(wb t ( r1 ,0) n!mljwqbpb wpcJhp11pt
Pli9 T ltbmtifi hwUWUJWUlWujuwfillfl npuljwlf1111 1.pwpbp}lg: 

bpltJmPJI mwpphpwltti J}bu.tpmu wtimwpphpmpJwti L1np}l L W(U}Jlllliw
tlhm pwquntpJWU 2n2w1.puwfi o• ljblllp qU1fi4111u t. T l.. S 4hlllh(lfl ut1wgtim1 
ljnpti tl£1w: UJu qbu.tpmu 1wt.(wqn1Jfi 1.pwptp11 ljwql14wb t. ujtwJti n!mljwt.(1111 
wpdbpqpbppg: 
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f 

30% 

20% 

10% 

4% 

X flpn2n11flilipft f!liJJDtliuwli hftuntliplilip 

10% 20% 30% 

q.i)", 15 

bpl.J.m mwppbpwl.J.libpp qhuwnui twlf wqntJli tltwpbpp qznwJ)lli lfbl.J.mnpf! 
npn2lfmu t liwltmPll pwctlimu q)lmwpl.J.lfwb op)lliwl.J.p liuwCintpJwup: 

Q.pwlJ.wumpJmli 

1. Uwhwl.J.jwlilf.U. l.t mp)12lihp: SlimbumpJwCi lfhptmb"ntpJwCi uwpbuwm)l
lJ.wlJ.wli bqwfiwlJ.Cibp.fq.npmttJplibpp hbmwqmnmu.liwnwlfwpuwfi qll
mntpJmli/ lfwu 1, bpl.twli, ttiUq.lJU~P, 1997. 

2. ToMac P. KoJIH'leC1BeHHbie MeTOJn>I amunBa X03HHC1BeHeoii ~eJITeJibHOCTH. 
/flep. c aHrJI,/-M.: Jleno e cepBDC, 1999. 

3. 3Moyc M., CreeccpDJib~ P. Mero.1n>1 npelUl'IIDI pemeHHii /flep. c aHrJI.1-M.: 
IOHHTil,1997. 

4. lliapn Y., AneKcaH,Ilp r., ilia Thtc. ~- /flep. c aern/. - M.:HH<I>PA, 
1997. 

5. Paircpa X. AeaJIB3 pemeenl'i. /flep. c aHm.1.-M.: HaYKa 1977. 
6. Winston W.L., Albright S.C. Practical Management Science. Duxbury Press, 

USA,1997 

====c:::!f'dF 



XI. UUPliO'-LP C.CW-U\,bfl b"ll. 
UUPliO"ll.3U\, 01'- liflUUUUfllill"ll.3U\, 
Q.Ofll')Q\,fcTUB\,bfl 

lfmmp 

Cwwbpft hwtfwp tffinuf l;{i JJlml,u wfipwgwwpblft, 
/iJ-bt, ftu;-np !JbpUJ !Jwpblft t w1fi tfb!Jfiwpwfihr 

Q-p~qnp \,wpb4wg~. 
lJwmJwU nf[l'bpqmpJwfi pwfi {.I'. 

L; IY79 

lfwplpnlJ1 z@wCibp[!, uw11qmlJ1 m 4lmwuw11timlJwCi qnpouCipwgCib111! 
hwqwCiwqLUCimpJmCiCibpl1 mbumpJwCi LWtl hbmwqnmqwo pwctI1CiCibp!1g bCi: 
.ri.pwCip ubbwUJ.bu 4l1pwnqmu bCi qnpontJpfibp!1 hbmwqnmuwCi mbumpJwCi 
llb2 U UlCiUlOULUqllUllllJ}JLUCi pwqllwp!1tl fufiaj1pfib11 llllObLJIU: 

lfw114ntl11 zrwwCibpli, uwp4ntlJwfi m 4liuwuw11qntlJwCi qnpO}!CipwgCihpl1 
tJ.wppCi m Jm11whwmqmpJmCiCibpJ! hwu4wCiwt111 hwuwp WJU pwctCim u 41l11-
mwp4tCip l)flWfig qwnmgqwopwJl1Ci Ciqw11wqllpJ!: 

1. lf wpqnl}p 211Pwfibp 

"lwmwhw4wfi ubompJmGCibpJ1 Wn)} hw~mpl)wqwfimpJmCi11 qwqumu t 
lJw114mJp 21"\PW, bpb e(n) Ubblll!)JWCi lUIHJOpJ! gwCi4wgwi) n-11 hWUWp 
qwtuqwb t uJ1wJCi ~(n-1) UIWU1whw4wu ubbm!)JUJCi w11ctbp!1g L 4wlUL!wo ~t. 
e<n'-2),~(n-3), ... w111JbpCibp!1g: 

UbCip 4'lllU1LUpqbCip UJJCi l)bUJPJ!, bpp e<n)-b1111 wupnr12wp!1tl bCi L w11ctbp
CibpCi r1CiqmCimu bCi E= (0,1,2, ... ) pwqumpJmCiJ1g: 

.ri.11mwp4bGp n11Lt. hwuwqw11q, npCi !111 llJ16w4Cib1111 ipnfum u t. cJwuwCiw-
411 t = 0, 1,2, ... UJ.Whbp!1Ci L. ctwuwCiwlJ.]1 gwCiqwgwo uLhmtwo UJ.Wh!1li qw111111 
t qmCitlbt E pwqumpJLUCi l1!1wJCi ub4 tlJ16w4mu: {wuwqw11q!1 tlwJIPLI liqw
pwqptlmu t. lJw114ntlJ1 711pwJntl, hpb. 

I. ctwuwfiw411 t=O UJ.Wh]1Ci hwt1w4w11q11 qmlitlmu t n11Lt i tll16wqmu, iE E, 
2. ctwuwCiw41• t= I UJ.Whl1Ci hwuwqw11q11 i tl]16w1.Jt1g Cin11 j tlJ16w4 wCig

Cimu t. p1J (l)~O hwtlwliwqwfimpJwup, t1Ciq n1m1u gwli4wywo I tlJ16w1.JJ1 hw 
llWil L PiJ(I) =I, 

~E 

3. ctwuwliwlJJt t=2 U1WhJ1Ci hwuwqw11qp j tlJ16wqt1g IIJILI. k tl!16wq 
wCiglimu t. Pjk (2) ~O hwtlwCiwqwtimpJwup L WJ'llllhu zwpmliwq: 
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liJqUJlium.( Iu.uuwlJ.w11ql1 l.{w1111lt wupmu,wlJ.wll lllJ.wpw<lJ.1uwl1 hwuw11 
11Ihm11 t mllhuwt. 

I) hwuw4.wpql1 hllw11wl.{np 4l16wlJ.llh11l1 pwqumJ:}JntllJ!' E= (0,1,2, ... ), 

2) t = 0 11IWhl11l t1l16wlJ.llhpl1 ulJ.qpuwlJ.w(i pwztuuwll p0= ( P? ,iE E) tlhlJ.

Ullllll!, 
3) n-pq llWJLnLU ut1 4l16w4ltg UjlUUJ! uhlJ. llWJllll.{ wllgmullhpll hwt1wuw

lJ.wllmJ:}JntCiuhpl1 P(n) uwmppgJ!' 
P(n) = 11 Pij (n)II: 

GJ:lh ;(n)-1!' n-tll} tuugnui]1g hhmn (n 11Iwhl1Ci) Z11JlWJl1 tl]i6w411 t ;(n) = j, 
pulJ. {(n-1)-1! Z'lPWJll tl]il'.iwlJ.Ci t n-1 11IWhl1Ci, h ~(n-1) = i, WUJ.W Z'lPWJP 
wllgmuCihpp htutlwuwlJ.wCintJ:}JntllllhpJ! pllnpnzt1mu hll uwplJ.m.1.Jwll hwm
lJ.IllJ:}JWUp: 'l-w llzwllwlJ.mu t' ~(n) Z'lPWJl• tl]i6wlJ.Cihpl1 gwCilJ.wgwc)" ;(u1) = i1, 
{(u2) = i2, ... ,;(uk) = ik,;(n-1) = i tuupp hwuwp, nprnhq u1<u2< ... <uk<n-l, 
UJ.UllOWhwqwCi uhi)"ntpJWU 1.l.J.WJUWCiwqwll pwzp.tlllUf! lJ.wtutlwb 2t {(u1), ecu2), 
· · ., ecuk)-p wpcthpCihpl1g· 

P{g(n) = jlg(u1) = i1, g(u2) = i2, ... ,e(uk) = ik,g(n-1) = i} = 
= P{g(n) = jle(n-1) = i} = Pij (n), i,jEE; n=0,1,2, ... : 

liJutnhT[ Pij (n)-1!' lfwpqntl]i 211JlWJP n-pq J1WJtmtI i l.{lt6w4}tg j tll16wq 

wllguwCi hwtlwllwqwCimpJmllCi t: liJulllltuml. qwphtl1 t tnWL hbmhJWL uwh
uwCimUJ!. 

Uwhuwllmu 1: lfwplJ.nl.{lt z@wOhpJ! J!llqhwm pn]lwwoh UJ.WtnwhwlJ.wll 
qnpbJ!llpwgObp bCi, npnllg wllgmuwJpll hwtlwllwtiwCimpJmfillhpJ! pCimpw
qptlmli bll uwptintlJwCi hwml.J.mpJwup: 

liJ<f}l l.J.wrnwpbCip lfwpl.J.nl.{lt z@wCihpl1 uiwpqwqntJCi qwuwl.J.wpqnttIJ!: 
Uwhliwllmu 2: lTwpl.J.niUi 2f\PWl1 1.J.n~l.{mu t hwliwubn, bpb Cipw Pu(n) 

wllgnuillbp]l hwl.{wGwqwCimpJmCiGbpf! lJ.wtutlwc)" 2hG n wllguwCi UIWhpg 
Pij(n}=pij, ijeE, n=0,1,2 ... : 

Uwhtiwllmu 3: lTwpl.J.nl.{jwll zqpwll lJ.nttimu t tlhp2wtlnp, hpb Cipw E 
tJ.lt6wl.J.Cihpp pwqlimpJntUJ! l.{hp2wtlnp t' E = (0,1,2, ... ,N), N<00: 

~hp2wl.{np, hwuwubn lfwpl.J.ntl}l Z'lPWJP wllgmuCihp]l hwtlwGwl.J.wllm
PJntCiCihpJ! pwtlwpwpmu hCi hhmhJWL UJWJuwGpfi' 

P{{(n) = jlg(u1) = ii, g(u2) ":' ii, ... ,g(uk) = ik, e(s) = i, (l.1) 
U1<u2< ... <uk<s} = P{g(n) = jle(s) = i}= Pij(n-s) '. 

liJulllltuntl hwuwubn lTwplJ.m.(]1 zf\PWJ]l P{e(n) = jle(s) = i} UJ.WJUWfiwl.J.wfi 
wCigmuwJpfi hwqwCiwl.J.wGmpJmllGhpJ! lJ.wtutJ.wb bG u]lwJG n-s mwppbpnt
pJmCi]lg: (l.1) pwCiwoLmu hwuwubn Zf\PWJP uw111.tntlJwG hwmlJ.mpJmCiJ! wp
mwhwJmtlmli t wnw2p.O hwtlwuwpmpJwlip h ublJ.llwpwlitJ.mli t hbmuJWL 
qbpUJ.: 



C11pwJ]1 t(wppJ! s UJWh)1g hbum, ~(s)-]1 tl)1t'.iw4]1 hwJtnCil1 w11cftp)1 111:iUJ
pnui, ltwtut(wb ~t uI1Ci~L. s UJWhl! (wugJw1mu) 2TWutJI1 t(wppJ1g: 

<.wuwuhn lTwplJ.ntll1 2rwwJJ1 n+s pwJ1mu wCigmuCit11!1 hwtjwCiw4wG.m
pJmfiCihJ11! pwt(wpwpmu tfi tm1unqnpnt(-~bUJubCip. hwt(wuwpuwG.1!' 

p;j(n+s)= IP,k(n)pk/s), i,jEE, s,n2!1, (1.2) 
kEE 

npl! hwu11p.uwfimu t lTwpl{ntl11 21wwubpl1 hwt(wfiwltwfiwJJ1Ci hwmltmpJmCi
G.bpJ1 hhmwqnmuwCi b1wlthtnwJ!1Ci wmupl}wCi: (l.2) pwCiw6hl! wltfihwJUJHJJbCi 
rp111m t phpt(mu lTwpl}ntll1 2rwwJI1 hwuwutnmpJwfi hwmltmpJmCi]1g L u1Jnl 
hwt(wfiwl}wCimpJmCiCihpp. pwCiw6hpg: 1.,uwCiwUJ.hu, (1.2) pwCiw6hl! h u1J1t( 
hwt(wCiwl}wumpJmCiCibr•l1 pwCiwoL.Ci oqmwqnpbt1nt( lTwpltnt(J1 211PwJJ1 ~(u1) = j 1, 

~(u2) = jz, ... ,~(uk) = jk tl.116wltfibpJ1 t(tp2wt(np hw~111pI1wltwGmpJwG hwuwtnhq 
UJWJuwGwl{wCi pw2JuuwCi hwuwp, l}wphtl1 t qph( 

P{ ~(ui) = j1, ~(u2) = jz , ... , ~(uk) = jkl~(s) = j }= 

= p jj, (u,-s) p J,fa (ui-u 1), ... , p Jk-Jk (uk-uk-l ), 

npmtq· s<u1<u2< ... <uk: 
upt n;(n)-1!' lTwp1tntll1 2rwwJ)1 n-p!l pwnmu i t(p.t'.iwl} I1CiltCihtm hwt(w

Ciwl}wumpJmCiCi t, put} P°-Ci' 2IWWJJJ ultqpCiwl}wCi pwzjumuu t' 
o { o . E} p = Pi' IE ' 

WUJ.W 2rwwJp t[p.t'.iwltCihpp. wCiUJ.wJuwCi pw2JumuI1 npnzt(mu t 

n;(n) = IpfpJ1(n), iEE, n=l,2, ... : 
JEE 

n;(n) hwt(wCiw4wCimpJmCiCibJ11! 4wphl11 t npnzbt CiwL. hhmhJWL wu1ww
I}wpo pwGwoL.J1g' 

n;(n)= In/n-l)Pji• iEE, n=l,2, ... : (1.3) 
jEE· 

f.!wCiwohJ1 hw2nPI}wl}wCi Lt1111wruuun4 1Z(n) = {n:;(n), iE E} tlhltmn11J1 hwuwr1 
ljuuiwCiwCip · 

n(n) = p0P(l)P(2), ... ,P(n), n=l,2, ... , 
npmbq P(n) = II p,J (n)ll-1! lTwpl}nt(J12f\PwJ}1 wCigmuCit11!1 uwm11!1gCi t n-1u1 UJ.WhJ1Ci: 

<.wuwubn zrtpwCibpp 11hUJPmtl, t11p P(n)=P, n;?:l, 7l(n) 4bljmn11I1 hwuw11 
umwgt(m u t' 

1l(n)=p0P", n:J,2, ... , (1.4) 
npuit11 P"-[l' P uw1npl1g}1 n-1111 wu1nJ1t'.iwCiCi t: 

'l-Jnnw114bup lfwpl}ntl.11 zrwwubpJ1 U:!1 pwut1 opJ1CiwlJCihp: 
Oppfiwlt I: -RCiCiwpqbCip pn1t2J1 muwliJ'11lll t(wppt1 111u111utiwnmJlJWCi 2111m 

mw11I1Cib11J111Cipwgpmu: l7Cipw1u1tup, np Jm11wpwCi11m11111umutiwljwti mw11J1 
muwCinrm p hw4wCiwltw(h11JlJWUp I}tllJlll t utimu p111t2l1g, q hwt(wtiwljw
CimpJwup uCimu t CintJCi ltnqmmu h r hwt(wliwltwCimJlJWUp t(mtuw•wtlmu t. 
hw9n1111 l}mpu: "lwpq t, n11 p + r + q = I L p > 0, r > 0, q>O: 4wqublip 111uwli1111l• 
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l{w11121! liqwpwq1nn1lfw114mU1211pwa· fit11umi)h1nl{ hhmltJtut l[J16w4fit11J!. 
s,- pn1h2}19 1µu11u t 1Hiwgh1, S4- um{n11mu t h111m1111 4m1mmu, 
s2-12n1t2fi w4wpmt1 t, ss- umjnJJmu t hpllJ1.111111 4m11umu, 
sr um{n1m1 u t 2n111m1u1 qmpunui, s"- u114111uILU t wnw2}1li qmpumu: 

C1wwJlt wfign11.llih11}1 hw4wfiwl.jwfimpJmfiuh11I1 P uw1.11pJ1gl! mfiJ1 hhmhJWJ 
1.11hupJ!' 

P= 

100000 
010000 
prqOOO 
p O r q O 0 
p O O r q 0 
p O O O r q 

uph 2fWWJ}l hUwpwtJ.n11 l{J1awlJ.fih11I1 pwqumpJlllfil! 4hp2wtJ.np t, WUJ.W 
2rwwfi l.}1124.nu.l t 4hp2w4.np lfwplJ.ntl}l. 2rww, hwl}wnwlJ. 11tuwmu' hw2l{tw 
tl}l.nwl}Uhpp pwqumpJmCiml. lfwpqntl}l. 2rww: bph P{;;(n+l) = i1,~(n+2) = i2, ... , 

,;(l'+k) = ik} hw4wCiwlJ.wfimpJmfifih11J! n-}19 4wJut(wo 20Ci 4.l1awqfih11!1 ~wfilJ.wgwo 
i1,i2,·· .,ik }uup}l h k=0,1,2, ... -}l hWUWfl, WUJ.W hWUWUbn lfwplJ.nl{Jt 2£WWfi lJ.112-
4.ntU t umwgp.nfiwp: 

lfwplJ.nl{J1 2rwwfitpp mumuCiwu}1puwCi dwuwCiwq lJ.wpLnp t J11iwfiw1 
Cipwfig l{J1aw1J.lihpp 11wuwqw11qntliJ!: Phphfip lfwpqntl}l. 2qpwfihpJ1 l{J16wl(
fihpl1 hwmlJ.mpJmfiUhpp hhm IJ.wUJ.4.Wo uJ1 pwUJ1 uwhuwlinuHihp: 'lf.p.6wlJ.lih
pp. 4hp2w4np i,i1, ••• ,i,j JumlipJ! n11112mu t i l{J16w4l1g j tl}l.nwti s hpl(wpmpJwli 
mr1..h. hph' Pu 1 , Pi,i 2 , ... , Pi,i >0: j tl}l.awl(J! lJ.1124.mu t i l{J1aw4Pg hwumCib1}1, hph 

qDJntpJnt(i m(i}1 j-pg i tl}l.6wl( UlWCiilJl IllfUl: l:;plJ.m i h j tl}l.nwl(Cihp l(Ili4.Illll h(i 
hWJtilJlll4.IlI1, hpt j tl}l.awlJ.[! hwuwCitw t i-}1g, p.ulJ. i tl}l.awlJ.[! j-pg: i l[J16w4Pg i 
tl}l.nw~ tpwlJ. maj1fi ltnitJ..mu t i l{p.6w4p. gfllu: ~JI} IllJ1Ill tpl(wpn~pJntCi[! 
lJ.1124.mu t gp.41}1 hpywpmpJmCi: l:iph pii(n) > 0, WUJ.W qnJmpJmCi mlil1 i tl}l.6w4l1 
n hplJ.wpntpJwCi g}1lJ.i: n p4.hpl1 di J!liqhwfimp wuhCiwuha pwchuCiwpwp[!, npp 
hwuwp PiiCdi)>O, lJ.nitJmu ti tl]l6w4p. UJ.WpphpntpJntli: 

'l-I1gm12· E1-1!' npht i tl}l.aw4p. hhm hwqnpqwlJ.gtl.Ilil pn1np tl]lnwUhp}1 
qwuCi t: "lwpq t, np Ei-}1 pn1np tl]lnwlJ.Cihp[! hwqnpqwqgtJ..Ilil hfi: liJUUJ.PUP. E, 
pwqumpJmCi[! l(n24.mu t hwqnpqwygtl_nq tl]lnwlJ.lihp}l qwu: liJuUJ.p.untJ. E 
pwqumpJntli[! pwchulil{mu t hwqnpqwlJ.gl{nq tl]lnwyfibpp. ihwmtl_nq qwuh11]1: 
l:;ph E1=E, WUJ.W lfwplJ.ntJ..lt 2rwwli l(n24.nui t itlhp1mbll.11IJ.: l:;ph E1-l! UJ.Wpnt
Ciwymu t U)lWJCi .uhlJ. 4.POWq, WUJ.W WJli qnill_ntU t lJ.tWfiUWfi l.j]l6wlJ.: 4:tWfi
UWli i l{J1aw4P hwuwp Pii = 1, Pii = 0, i ,t; j, 12wli]1 np WJfl tl]l6w4p.g ilt l(wph1}1 
wligliht npLt WJl tl]l6wlJ.: E1 qwuJ! ltnitJ.mu t 1.pwlJ., hpb fipw gwCilJ.wgwo iE E1 
tl]l6wlJ.]1 hwuwp iE E1 wligmtiwJ)lfi hwtl_wCiwlJ.wfimpJmCilihpJ! uho hCi qpnJp.g' 
Pii > 0 u)lwJCi jE E1 tl]l6wlJ.lihpp. hwuwp: 
-!.wqnpqwygtl_nq l{J16wlJ.Cihpl11.pwq qwu[! lfnill_mu t tpqnajllJ. qwu: 
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t11qm1I1lJ. qwumti J!Ciqqi14tJ.wo 4J16w4Gb11J! ltn2tJ.mti bG tJ.bpwqwpotui, 
Imlt 211u11qp4tJ.woGbpJ!' wfitJ.bpwqwpotui: lfw114114.1wG 211pwCi "11CiltCih1ntJ t11q11-
aj14 tJ.116w4Gt11I111wu, WJCiU1h1tl1g LUJ]LU 1µ1qm 211 qw1J1u: 

lrwfutJ.wo uw114114.1wCi 21wwJ!1 4..l16wlJ.CibJ1J1 U1buwlJ..l1g· U1WJ1pb1unu bu 
tJ.bpwqwpobui L wGtJ.bpwqwpobui tlJ16w4Gb11J1 pwqumpJmGntJ. 21wwGb11: 

U.1w2!1Ci U1buwlJ..l1 lfwp411tJ.11 zqpwGbpl1 tl.J16w4Gh11J1 E pwqumpJmGJ! 
4wqtitJ.wo t tiblt 4wu uJ1 pwGJ1 t11qnqJ14, ipnfu2hwU1tJ.m1 tGpwpwqumpJmG
GhpJ1g: 

bplJ.JmM mbuwl.J.p 2qpwCibpJ1 11bummu E pwqumpJmfiJ! pwq4wgwo t 
bpqm ipnfulhwU1tJ.mf Eo wG4hpw11w116bl11 4]16w4GtpJ1 t. E1 tJ.hpw11w11ob1!1, 
tpqnaj14 tJ.116w4Gbp!1 tCipwpwqump_pnGCibp}1g: 

bpt E1 pwqumpJlllUJ! pw114wgwo t ublt tl.J16wq!1g, WUIW lUJlllllltuJ1 
2rJPWfi ltnitJ.mu t lnwfiuwup lfwpqmU1 2qpw: ~t1.t111motJ.n11 lfwplJ.ntl.J1 Jljr)lUCi 
4n2tJ.mu t n2 ll1WJ1pbpw4wG, tph Ci11w Jmpwpwfi)Jlllll tl.]16wlJ..l1 UIWJ1pL.1m1-
PJntCil! hwtJ.wuwp t l -J1: 

bpt zqpwJJ1 Jill 1m1pwG2_JmJ1 tl.J16w lJ.j1 UIWJ1ph1unp JIUUJ! d> I, Wl4W 2tlhf1-
tntbtJ.nq lfwp4n4..l1 zqpwCi lJn2tJ.mu t UIWJlpbpwlJ.wfi' d UIWJlpbpntl}Jwtip: <lltUlt 
qwuj1 pn1np t1.11nwl{CibpJ! mGbCi umJCi d UIWflpb1m1pJmCiJ!, 11111! lJ.n24mu t qwujl 
utwppbpntpJmG: bl}t d> I, WUIW 11wu1! lJ.n~tJ.mu t utwpptpwlJwG: · 

q.n11bntJJ}fih11!1 htmwqumuwCi fuCi11!111Gb1m1u, tpp 1111lllbu UtUphuwm)1-
4w4wCi un11t1Cihp oqmwqnpotJ.mu bG lftUJ1ltntl.J1 211pwfiL.111_1, 4wfutJ.wo G11wCiy 
mtuwlJ..l1g, mumuGwuI1ptJ.mu hCi hhmuJWl h)1t.lCiwlJ.wCi hw11gw111rn1t.1Cibf11i: 

tpqnqpq lfwpljntl.Jl zripwfitpjl qtuwmu· 
I. t>Ci2ll1lmjl'"fi t n pwJL11g hbmn j tJ.J16wlJ. 11Ciljfibp11 hwtJ.wGw4wCi111-

pJmG11, tpb u4qpGwljwG t = 0 UIWh)1fi 211PwG qmCitJ.b1 l i tJl16wlJ111u: 
2. t>G2}1'° t hwtJ.wuwp 211pwJ!1 i t1.116w4m ti uCiwpH u112!1Ci <.twuwGw411 t. 

I1G2Uitu t Gw lJ.wfutJ.wo z1tpwJJ1 ul{qpGwqwCi pw2tu111ti!1g: 
3. tiG2J1'" t hw4.wuw11 i 4.J16wl{J1g j t1.11ow4 [1Gqlib1m pwJ1b11!1 fitJ.wqw

qntJfi pwfiwq)1 uJ12I1fil! L WJtG: 
lr1wGt1wup lfwplJ.ntl.Jl 211PwGtpp qtuwnur . 
I. tiG2}1"' t hwtJ.wuwp uJfitlL.11wqwp6b1J1 i 4.J16wl{J1g m4.1w1 t.11q11qJ1lJ. 

bGpwpwqumpJm fi l!filJGb1m hw4.wfiw4w(lm pJm G11: 
2. tiG2}1'° t hwtJ.wuw11 711pwJt1 i tJ.}16wlJ.mu U:Ciw1111 uj19J1fi <.twuwCiw411 

uj1G2L wGgmup tpqm1}1lj pwqumpJntfi: 
3. f"lfi2J1'° t. hwtJ.wuwJJ i wCitJ.b11wqw116L]]1 tJt16w4j1q uJ1(l~L t11qm1J1lJ. ptuq

umpJmfi J!filJ.ub11u J?WJJbJlJl GtJ.wqwqllLJU pw(lwlJ.!1 uJ19t1G11 L WJ[Ci: 
lqwGuwup lJw111.tntJ.J1 z•u~wGb11J1 hWUWJI 67uw11J1U1 I. hlimLJWI pL1111t.u11: 
Lo-tnpbu: 4.bp9w4np tl.J16w4(lt11J1 pwqumpJ111Cintl 41wfiuwup lJw111.tntJ.J1 

zrtpwfib1m1u n J)WJtb11J1g hhmn, b11p n ~ oo, 1.t1wauwCi ~J16w4 p(llJ.(ll.i1111 hwtJ.w
fiwljwG111pJlllGJ!, wGlJwtu ulJqpGwlJ.wfi pw7tu111ot1q, oqurn1u t. uhltt1: 

'l-J1gmp· lfwplJ.ntl.11 lllPWJJ1 tJ.J16wlJ.GbpJ1 E pwqumpJ111fi11 U1JmhtJ.wll I. 
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h11qm · Eo L E1 t.pnfuthwm4m1 hCipwpwq1.h1tpJntCiCihJ1)1' E= EoUE1, EunE1= 0, 
n1nnh11 Eu-Ci' wfil[hpwqw11oh1[1 tlJ16w4Cihpl1, Imlt E1-I! lttwfiuwfi tlJ16w4Cih11l1 
hfiptupwqumpJntCifih11u hu: li1wuuwup trw111tntU1 .?.£\PWfih11I1 wfigmUWJ[lfi p 
uwm11f1gu 4wfinfiwqwfi oLntl mfil1 hhmL.Jwt mbu1n1. 

p = r J ~ l · npmbq I = [ t I n 
1-G. lttwfiuwfi l[p.6wqfihp}1fi hwuwUJ.wmwufuwfim1 11]1wtln11 uwm11J1g t, 0-fi 
QJlllJwqwu mwppblllltl uwm11I1g t, R-1! w!iqhpwqwpohll1 tlJ16wqfihpJ1g lttwfi
uwCi l[p.6wqfihp)1 wuguwfi Pi;, iE En, jE E1 hw4wfiwqw!impJmfifihpl1 uwmpt1gfi t, 
)luq Q-!i wfiqhpwqwpohtp l[Ii6wlJ.fibp}1 E0 pwqumpJmCimu Pi;, ijE E0, wfigmu
G.hp)l hwl[w!iwqwfimpJntfi!ih11I1 uwmpt19Ci t: 

fctbnpbu: litwliuwup trw111.tm.U1 gwfiqwgwo 2.£\PWJP hwuwp 1-Q uwm
Pltg{! hhmwqwpobll1 t, J!Ciq n1nuu hhmwqwpo (I-Qr1 uwm11t19J! npnzqmu t' 

(I-Qr1=I+Q+(,/+ ... = fQk: 
k=O 

Uwhuwfimu 4: N=(I-QY1 uwmp]lg{! ltnttl.mu t lttwfiuwup trwpqnl[p 
2£\PWll hpllfiWpwp UWmppg: 

<.)lufiwpwp N uwmp]lgft n;; mwpphp{! ijE Eo, gmJg hfi mwtpu 2£\PWJ)l j 
tU16wq {!liqlihtm 11)12ftfi pw!iwqmpJntfi{!, UJ.WJUwfin4., np uqqpfiwqwCi UJ.Whftfi 
2£\PWU qtnCil[ht t i l[p.6w1J.mu: N uwmppg)l n;; mwppbpJ! qWpnll hfi npnztlht 
CiwL. hhtnL.Jwt hwi.J.wuwpntufihp)l hwuwqwpq)lg' 

nij = 8ii + L Pil: nxi, ijE Eo, (1.5) 
keE0 

npmhq S.rfi' lipn!ibqhp)l hwmnwmmfihpfi bfi' 8.;=l, bph i=j, L. 8.;=0, bph i:;1:j: 
Op}lfiwq 1 (zwpnt!iwqmpJmCi): fituwfimtCihp}l l[wpp{! Ciltwpwqpnll trwp

qnl[p Zl1JlWfi mfi}l lttwfiuwfi hpltm l[p.6wl.f S1 L. S2, npnfig hwUWUJ.Wl.llWUfuW
fimu hfi muwfinq}l pn1b2)1g qmpu ufiwm L. pn1b2fi w4.wpmbm: 

trhp op}lfiwqmu I-Q L. N uwmpp.gCibp{! mfibli hbtnL.Jwt mhup{!. 

I-Q=[p_+/ p:r ~ ~ l 
0 -r p+r O ' 
0 0 -r p+r 

_1 [ r}c:: ::2 l/(p
0
+ r) ~ ~ ] 

N = (I - Q) = r 2 /(p + r/ r/(p + r) 2 1/(p + r) 0 : 

r 3 /(p + r) 4 r 2 /(p + r) 3 r/(p + r) 2 1/(p + r) 
N uwmppgmu qpnfihp{! gmJg hCi mwtpu pwpop ltmpu]lg gwop qmpu 

wfigmuCibpp. wCihCiwpntpJmli{!: N uwmp)lg{! hwzl[bfip p, q, r hwl[wfiwqw-



Cim}')JmCiCit11I1 hhtnL.JWl JltlwJI1Ci wpcJ-hptihpJ1 qhuwnuf p = 0.2, q = 0.1 L. r = 0. 7 

[
1.11 0 0 0 l N = 0.86 1.11 0 0 . 
0.67 0.86 0.11 0 · 
0.52 0.67 0.86 0.11 

'1-J1gmp · r =( r;, iE Eu)-Ci lJwpqmU1 211pw1I1 wCignuHitpp 1IJ12I1Ci pwuw4!1 
tJ.hl!mn11G t tII1fi2L. lttwfiuwfi UJUihl!: r Lj_tqumpJ1 mwpphp(! npn2tJ.mtI hfi 
hhtnl.JUil hwLJ.wuwprn ufi h11I1 hwuwtiwpql1g· 

tJ= I+ Ir;pj,, jEEo, 
ieE 

qwu uwU1ppgGhpl1 U1bupnLj_' r= N·I: 

(I 6) 

lJw11tintl.JwG 211pw1J1 i wGLJ.hpwqwpo tl.Jt6wljj1g j 41wuuwu t1.116w4 (4bp-
2wLJ.np pwJLhp]l I!UJ3WgpmtI) (!GqCihtm b;i hwtj_wuwqwGmJ)JlllU(! hwtlwuwp t" 

b;j = Pii + I Pik bkJ , iE Eo, jE Ei: ( l . 7) 
kEEo 

lrwu uwmp]1guhp]1 tnhupntl' B = N·R, npmhrf B = II b;ill: 
Op]1Gwq I (lw11muwqmpJmG): bJ)h G2wuwqhup t==1,{p+r)-!1, w1.1.1.w 

2fl.13WJJ1 pumpwqph11J1 hwuwp qumwGwGp · 

N=~r/2 : ~ g], r= _!_[l=!:],B=[l=!: !:]: 
p )f3f 2 fl p]-f 4 l-f 4 f 4 

5wuqwgwb qn11rnJ1 muwGnaj1 hwuwp 1m1t2(! pwpbhw2m1 wt1w11mb1m 
hwt1wuwqwGmpJ1HU(.l qw]utlwb t f=r/(p+r) hw11wpb1m1pJ11tGJ1g: f-1.i muw
Gruw hlll2llJlll qmJlU LpllJuwru1tlh1m hwtlwCiwqwGmJ}JlllUCi t UJUIJUWCintl, 11)1 
muwunrrn WJLL.u WJll qmpumu ifJ. un4npJ1: f UJWpwubU1pJ1 wumJ16wCitib11p 
QlllJg b(i UlWLJlU, llll wub(i WUqWU, bpp lltUUICilU}L1 J}llf\CilllU t hbppwqwti 
qmpu(!, Gw ni ph J}IlllCimu t mumti(!, WJL 1.pnJuwq11tlmu t hw2nJlll l{nq1u: 3111-
pwnwfivmp qmpumu unLJ.npb1m UlWlf}lllJ}JWU tJ.11w uwhUWUUILpwqmutiup 1hti 
qptlmt.i: lJJ}b pwgwnhup fimJG qmpumu utiw1111 htiwr1wt1nrunpJmti11 4=0, 
Um.JUI quuiwuwCip' f=r t. 

N=[J r ~ g], r=[!:~+r2 ]· 
r 3 r 2 r I I+ r + r 2 + r 3 

J1uq B uwU1r,J1911 quCiw wti1.pnL1inJu: 'l-Jm1w111tt1wb ptlwJJtti w11dbpuh11l1 11uu1-
pmu quU1wGwfip' 

[
I.I 1 0 0 0 l [I.II] [0.22 0.78] N _ 0.86 I.I I O O _ 1.98 B _ 0.40 0.6 . 

- 0.67 0.86 1.11 0 ' r- 2.65 ' - 0.53 0.47 · 
0.52 0.67 0.86 1.11 3.17 0.63 0.37 
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B uwmp!1g!1 wnw2I1Ci UJWCi]_] hwtlwUJ.wmwutuwCimu bCi pnth2}1g 1pnpu 
uCiwtm hwtlwCiwqwCimpJmCiCihp[!, lm4 t1141m1u1!1Ci' hw2m1mpJwup w4w1m1t
tm hw4wCiwqwlim}}JlllCiCit11J!: B uwm11J1gI1 mw1111t11J1 tlh11tmOI1tJ}J1Uli]_1 gmJg t 
mwllm, n11 muwlimm wnw2!1Ci L. t1141m1u1 4m1mt1m1u 0,5-}19 wtlhl11 hwl[wliw-
4wlimpJwup 4w1m11 t pm1liht pn1b.2t1, Im4 t111m1u1 L. ~nppnJt'l 4m1mt1m1u· 
hw2m1mpJwup w4w11uitr 

Uwhuwlimu 5: ~tp2wtln11, n~ tqwppb11wqwCi lJwp4m111 21wwCi, np[1 
Plllllll l{l1owqlibp]_1 hw11111111w4gl[mu bli l.t qwqumu ut4 lpWq qwu 4nttlmu t 
qwlinliwqnp lJwpqnl{l1 21ww: 

liwlinliwtln11 4hp2wt1_np lJwp4nl{l1 z1wwJ!1 hwuw11 qnJntpJmli mCiµ 

!~P" =A, A=r~: ~~ ~:~1 
Pi P2 PN 

uwhuwli(!: A-Ci' NxN 2wll1I1 hw4wliw4wliwJ!1Ci uwuippg t: A uwuipJ1g!1 
umqbpf! iju.qutl_wo hli u}1LlimJCi p =(pj, iE E) hwtJ.wliwqwliwJ}lCi tJ.bquu111i1~: 
liJu}lCipli' p tl_hquinpJ1 pnp1p rnwppbJlf! nt pwgwuwqwCi hCi L pwqwpwpmu hli 
Cinpuwlj_npuwli UJWJUWCipli' 

o:s;p1:s;1,ieE, LPi=l: 
jeE 

Q(iq npmu, p 4hlJ.ump(! hwliqpuwCimu t hhUluJWl hw4wuwpmulihp}1 hWUUl-
qwpqp hwuwp u}1w4 lillOillU(!. I 

Pi= LPjPji, iEE, (l.8) 
jEE 

tiwu uwrnp}lgCihpJ1 uihupntl' p = p P: 
p tl_blJ.umpf! I.J.n2tlmu t lfwpl.J.nl{ll ZIWWJ}l uwhuwCiwJ)lfi (umwg)lnCiwp) 

pwztuuwfi tl_hqump 1.J.wu uuiwg)lnCiwp pwz]:umu, Jmlt Cipw pi rnwppf! gmJg t 
UlWlPU 2ll}}WJll i, iE E l{l16wqmu qmfitlhtm hwtl_wCiwqwfintpJntfi(! wCi4bp2 Uho 

ptl_m.J. wfigmuCibppg hbum: pi-• ·I! hwqwuwp t i ulJ.qpCiwqwfi l{lltiwlJ.pg i l{ll

tiwl.J. wnw2pfi wfiqwu l[bpwqwnliw1m pw]thpp u)12pli pwfiwlJ.pfi: 
liJll UJ.Wtntiwnm.J. P; hwqwfiwqwCintJ}JntCiCibpf! 1twr1bll1 t ubqCiwpwlibt 

CiwL. npt.qhu 2IWWJP i l{l1nwq (!CiqCibtm hwnwtuwltwCintpJntCifibp: 
A uwuippg(! pwqwpwpmu t hbml.tJWL hwtl_wuwpmuCibppCi' AP=PA, 

A mP"=A, npmh11 m,n=l,2,, .. ,: liwCinCiwtl_np lTwp4nl{l1 2ll}}Wfi 4tl16}1 uuiwg)ln
Ciwp, bph p l[b4uu1pf! l[hpgCibCip npUJ.bu uqqpliwlJ.wCi pwztumu: ~bp2wtlnp 
lJ.wCinfiwl[np lfwpqnl{ll 21WwJ}1 hwuw11 qnJmpJmCi m6J1' 

Z = (I+ (P-A))-1 

uwuippgf!, npf! 1J.n2t1.mu t qwfinCiwl[np zqpwJp h)lufiwpwp uwmp)lg: 
Ll-}lgmp' mirCi 2IWwJI1 i ultqpCiwltwCi l{lltiwlJ.pg j l{lltiwl.J. wnw2pfi wCiqwu 

f!Ul.J.Cibtm wCigmuCibp}l tl:112}16 pwCiwlJ.mpJmfifi t: 'l.,zwCiwqbCip M = llm;jll: 
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M uwm11J19J1 m;i mw1111h1111 npnz1.Jmu hCi ( l.9} hwt(wuw1m1.uCi t11]1 hwuw-
4wpq}1g · 

m;i = IPikmki -pijmiJ +l, m;;= 1/p,, i,jEE (1.9} 
keE 

Opp.Ciw4 2: .fl.CiCiw1141::iCip ungJmp1qJ1w4wu· uwuuwqJ1uimt,JmCiCib11J1 zwp
ct11LCiw qlllf} JwCi ( unp }11mp JwCi) tuu11J111Cibpmu U-w114n t1.11 Z 11J3WU hfl ]l 4!111wm1wCi 
op}1Ciw4: lvCi1111}11111t(wbpJ! h mt!Jw1ut111! t(bpgt(wb bu [3] q11pJ1g: 

U-wuCiwq}nnmpJmCiCibpJ1 zwpctmCiwqm pJwfi hbtnwqntnuwCi CiUJ.wmwqnt( 
wCigqwgt(wb ung}m1nq}1w4wu hw11gmuub11J1 hl1uwCi tlJ.1w (lUUl t(wpqwCil1zJ1 
wnw2wpqt(11Lu t uwuCiwq.l1mmpJmUCibpJ1 hbmL.Jw111wuw4w11qmu[!. 

1. U-wuCiwqbmCib11 h pwpo11wqmJCi t(w112wqwCi wzfuwmnqCihp: 
2. SCiopbCiCibp h 4wnwt(wpJ12Cih11: 
3. '-lw11J1lCih11, mbumiuhp L. CiuwCi 4w11qJ1 WJJ ownWJllllGhfl 
4. umJCi(l, pw19 wt(hLl1 gwa11 4wJ1qJ1 ownwJm1ut11: 
5 . .'.bJ1qJ14w4wG wztuw1muup 4wuiw1m11 L nJ1wqwt(1111mu 2111.Ghgnq w7-

fuwtruUjGb]1 h zwppwJJ1G ownwJnrJCihp: 
6. .'.bJ1qJ14w4wu wzfuwtnwGp qwtnwpnq 111m7 n11w4wt(n1uuu mGhgnri 

wztuwmnri (i hj1: 
7. l>l1qJi4w4wG wztuwmwCip 4wuiw1m11 L 1111w4wt(11111nu mCibgnq 

wztuwmnqGhp: 
Swpphp qwut11G J:lUl}lltCih1nt.l 1111UJ.bu t.lJ16w4Gt11, 4wmngbGp uwuGwqt1uu11-

f}JntGGbpJ1 zwpctmCiw4mpJmG(l G4w11wq_i11111 1Iw114nt(]1 zqpwu, 1111]1 t(l16w4ut11J1 

pwqumrJwG mw1111bpG bu 1,7 -11: Quui t.ll1C'.iw4wq11w4wG uit1Jw1Gt11t1, 71uHuJt1 
w(igmuwJJ1G hw4wuw4wGmrJmGGhpJ1 p UWU1Jlll9[l III Lill hL.utl.tJWI U1hum1· 

0.388 0.147 0.202 0.062 0.140 0.047 0.016 
0.107 0.267 0.227 0.120 0.207 0.053 0.020 
0.035 0.101 0.188 0.191 0.357 0.067 0.061 

P = 0.021 0.039 0.112 0.212 0.431 0.124 0.062 
0.009 0.024 0.075 0.123 0.473 0.171 0.125 
0 0.013 0.041 0.088 0.391 0.312 0.155 
0 0.008 0.036 0.083 0.364 0.235 0.274 

CqpwJt1 umwgJmCiwp pwztuuw(i p t.lb4mn1111 hwtjwuwp t.' 
p = (0.023; 0.041; 0.088; 0.127; 0.41 O; 0.182; 0.129): 

Ct@WJl1 wGgnu.iGhpt1 uJ12l1Ci pwuw4J1 M uwut1•l•!-111 hw4wuw11 t· 
l 2 3 456 7 

I 43.9 26.2 9.9 9.2 4.0 8.4 11.5 
2 63. I 24.2 10. I 8.5 3:5 8.1 I I. I 

M =3 70.13 30.5 11.4 8.0 2.9 7.6 10.3 
4 72.3 33.0 12.7 7.9 2.6 7.0 10.0 
5 73.7 33.9 13.5 8.7 2.4 6.5 9.3 
6 74.9 34.6 14. l 9.1 2.6 5.5 8.8 
7 75.0 34.8 14.) 9.2 2.7 5.9 7.7 

M UWU1J1J1gt1 wu4J111GwqowJJ1u uiw11pb[1l1 hwtjwuwp Lu p UUlLU~Jlmtiwp 
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pw2tuuwfi 4.b4mnpJ1 hwuw1.1.1.wmwutuwfi mwJ111b11J1 hwljwqw116}1Ci: mii uiw11-
ph11I1 QlllJQ bli mwum hwuw1.1.1.wmwutuwCi j-1111 l}WWUU l!fi11cu11.J.4.wa UWJlll
ljwfig uwup: n11pwG 1.pnp11 t uw11114wfig uwu1! U14.JWl qwwml, wJfipwCi ubb t 
wJq qwu wGgmufih11J1 uJ12J1fi 11wfiwlJ.l!: i-1111 qwu(19 j-1111 qwu l!fi4Cihtm wli
gmufih11I1 ut19l1G pwfiW4J! hwuhuwmhfip ffi;;-Jl hbtn: M uwui11J1gJ1g hpwuu t, 11(1 

gwCiljwgwo i 11wuJ19 j qwu l!filJ.fihtm wfig111.uCit11J1 uJ12(1fi pwCiw41! fi4.wqmu t 
hpp i qwuJ! unmbCimu t (hwuwpwlJ.wlJ.wfi 4.wpljwfiJ12J1 puwumm.l) j qwu(1fi: 

{huiwqnuibfip u(12(1fi qwumu l!Ull'lJ.144.wa 3,4,5 uwufiwqpmwlJ.wfi tuupb
r1(1 4.wp12J! pw116pwqn1Jli (I l.t 2) l.t uumpt1fi (6 l.t 7) qwubpCi l!Ciqmfihtntl. np111tu 
4twCiuwCi tU1owljfihp: "L,uw(i lJ.twfiuwup lJwplJ.nlijl 21\PWJ}l Q L R UWU1-

11l1gfihp[! hw4.WUWJ1 bfi' 
3 4 5 

3(0.188 0.191 0.357] 
Q =4 0.112 0.212 0.431 , 

5 0.075 0.123 0.473 
1 2 6 7 

3(0.035 0.101 0.067 0.061] 
R = 4 0.021 0.039 0.124 0.062 : 

5 0.009 0.024 0.171 0.125 

'l-t1mwplJ4.I1IJ. lJ.1wfiuwup 21'1.fWJJ:i h}1ufiwqwfi pfimpw'lJ.lhPl! hw4.wuwp hfi' 
3 4 5 

3(1.44 0.58 1.45] 3(3.47'\ 
N=4 0.36 1.60 1.55 , t'=4 3.51 I, 

5 0.29 0.45 2.47 5 3.21) 

1 2 6 7 

3(0.08 0.20 0.42 0.30] 
B = 4 0.06 0.14 0.49 0.32 : 

5 0.04 0.11 0.49 0.36 

UJutnbq t' 4.hqmnp[! gmJg t mwwu zqpwJJ:i wfigmU:Cih1tll U:J:i2J:ifi pwfiw4l!, 
(3,4,5) pwqumpJwfi gwfilJ.wgwc) uqqpfiwqwfi 4.J:i6w4J:ig u}lfillt (3,4,5) pwqum
PJntfiJ:ig wnw2t1fi wfiqwu qmpu qwm: B uwmpJ:ig[! gmJg t mwwu (3,4,5) 
pwqumpJmCi}1g qmpu qwtJ:iu (1,2) qwu (6,7} 4.J:i6wlJ.CibpJ! l!filJ.fibtm hwl{wfiw
qwfimpJntfifihpn: U}lw4.npbtntl. (1,2)-l! pwpc\pwqntJfi (.P), (3,4,5)-l! u}12}1fi (lJ), 
]luq (6,7)-l! uumppfi (U) qwuhpmu, B uwmppgp oqfintpJwtip qwphtJ:i t hhmw
qnmtn u]12l1fi qwu]lg qmpu qwtJ:iu pwpc\pwqntJfi qwu umnp]lCi qwul;ipCi nfilJ.
fih1m hw4.wfiwqwfimpJmfifihpl!: 

UJq hw4.wfiwqwfimpJ0tfiCihpl! hw4.wuwp bli' 
.P u 

3(0.28 0.72] lJ 4 0.20 0.81 : 
5 0.15 0.85 
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lfwui11J1g]1 mw1111t11J1 l[hptnu)mpJmlit! gmJg t uiwL]iu, 1111 uuin11J1li 11wuI1 
Jnq1wpwlilJm 11 tlJ16w4l1g umnp!1li 11wu wliglihtm hwtlwGw4wG111 pJ11tfit~ wt.{h
tJ1 uta t, pwCi pwpo11wcµ11.1ll qwu wCiglibpufil!: Oppwli gwoi.1 t uwuGwqI1um1-
PJWG t.{wp4wut12l!, tuJlipwfj ipnpp t uJ12J1li qwuJ19 pw11011wq11tJG!i wligCibtm 
hllltlmli Ill 4w limp Jill GI!: 

tJwp4ntlJ1 21ipwlip t.{wpp]! wnwtlbt UJWutljhpwtfnp lihp4w1wglib1m hw
uw11 oqmwqnpbmu bli litHU wGgmuGhpl! L. tU16w4Gt111! li4W}lU1.q1111ri cu1w:t>l!, 
1111]1 qwqwplib11]1!i hwuwu1wmwutuwlimu llG 2flPWJ!l tlJ16w4libpp, }ml( mri-
11111111t.{wb l(m1hpJ1li· wGgmuGbpf!: 

3mpwnwGl)mp qw4w1* unm q11t.1mu t GpwG htuUWUJ.Wtmuutuwlirui 
tlJ16w4l1 hwuwpl! (ubbmpJntfi{!), Jml( lp1aj1 unm· wfigmuwJJ1G hwtlwfiwl(w
GmpJwli ubbmpJmliI!: 

2. lfwpqmlJwfi qnpb-£!fipwg fihp 

liJdU pliGwp4hlip wfiplir1hwm ctwuwCiw4ntl lfw114mU1 211rwGbp11· uwp-
4nt.1Jwli qnpb11Gpwgfib11~: 

'1-J1uiwp4bfip tlJ16w4Gt11J1 tfb112wtfnp 4wu f}l[wp4b1J1 E pwqumpJmfintl 
{~(t). t~O}. hwuwub11 uwp4nt.1Jwli qn11b11liemg{!, 1111p GwJi·u1111 pwdlimu 
nGGtup4tfwb lfwp4nt1J1 211rwJJ1g uiwppb11t.{mu t li11wlintl, 1111 t ctwuwGw4wJt1U 
uiw11wutm1111 wG{!G11.bum t ipnipntutfmu L. u]1 t1J16w4J1g UJmu11 wClgmup 
hGw11wt.{n11 t owuwfiw4l1 gwGl{wgwb t uiwhJ1G: 

lfw111Jnl[J1 l!li11.hwm 7rtpwGbp!1 liuwfimpJwt1p q]1uiwr14bCip ut1 hwuw-
4w11qJ1 tfw11pp, npJi' dwuwGw4l1 L ipwgnmu 1111uw111wb cµ111bL1u.14t11ui11 Cil{w
pwqptfm u t uwp4ntlJwG q1111b]!lipu1gml.: 

• ctwuwGw4l1 uL.hnJWL t=O u4qpCiwljwli UJWh~G hwuwljw1um qmtit.1111u t 
tlJ16wljlihp]1 E pwqumpJwCl n11Lt i tll16wlj1~.u· iE E: 

• i tlJ16wljmu hwuwl{w11qp uCimu t .A1>0 uiwpwubui1mtl gmgiwJJ11i 
ophlinntl pwztutlwb Bo uiwuiwhw4wG dwuwliw4: 

• t = 80 uiwhl1Ci huniw4wpq[! (wljGpw11p1111hti) p,J ~ 0 hwtlwliw4wlim
pJwUp wfigmu t 4wuiw1u11u i tlJ16wljJ1g Cin11· j tl]16w4: r~u11 n1u11u p;J hwl[w
CiwljwlimpJmCifib111! gwCi4wywb iE E-J1 hwuw11 pwtlw11w1u11u hfi hhmL.JWL 
UJWJUwGt1fi. 

LP,J =I: 
]el 

• j tlt16w4mu l1tuuw4wpqp UUJIIU t. AJ>O UJW[IWUhUl[lllll. gmg2WJl1!.i 
011hG1mtl pwztutlwb o, utwuiwhw4wli dwuwCiw4 L WJJlUJhu 7w1m1Ciw4: 

UJuUJ11u11t[ uw114ntlJwG qn11bt1Cipwgt1 t.1w11n11 hwuw11tfmll t wup1111~m
pJwUp 11Jlll2~Wb, hpb uiptlwb ta· 
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1. u4qpfiwlJ.wG p0={ p~, iEE} pw2}unull!, 1111!1 oqGmpJwup 11Gm11t1.rnu t 
qn11~f!Cipwgl1 t1wlJ.bmwJltCi tJl16wlJ.1! t=O UJ.Whl1Ci: . 

2. qn11bnfipwg}1 E pwqumpJwCi 4.l16wlJ.Gb111uu ufiw1m ctw1.hufiw4Gt11I1 
UJ.WU1Whw4wfi ubOlllt='Jlllfifibplt QlllQtWJ}lfi pw2}uuwfi A; UJ.Wpwubuq1bpJ!: 

3. i tJl16wl.J.11g j t1.11ow4.l1 wfiguwfi hw4wfiwlJ.wfimt='Jlllfiub11)1 P = IIPiill 
uwm11}1gJ!, tiwu u}1w~11pt1ntl 2 L. 3 lJ.bmhpJ!' Q = J\(P-I) wqGpw111HuJ}1fi tlwm-
11}19]!, npmhq J\={ 0.iAi; i,jE E }, I={ O,j; iJE E} u}1w411p uwmp}1g l, }mlJ. O.i-Ci' 
lipnfi blJ. bp}t hWUUlWUlntfi (i hpfi b(i: 

Uwhuwfimu 6: trw111J.n~wfi q1111bnfipwgJ! wupm1.2ml)JWUp n11112t1.mu t 
tll16wljfit11I1 ulJ.qpfiwljwfi pw2}uuwCi p0 t(hlJ.umpm[ L. Q wljfipw111HuJ}1fi uwm
p}1g114: 

p;j(t)-ml fi2wCiwljbfip qn11c,J!Cipwg}1 t ctwuwfiwljmu i tJl16w4]1g j tll16wlJ. 
wfiguwli lnut1.tuuw4wlimpJillfil!, ljwu (n11 fimJfifi t) t ctwuwfiml.J.11q hbmn t+s 
UJ.Wh]1li q1111c>J!lipwq[1 j tl]16wlJ.mu qmCitlbtm hwt(wfiw4.wfim}}J1UCil!, UJ.WJUW
fintl, 1111 uqqpCiwljwfi s UJ.Wh}tfi qnpe)'{!fipwgJ! qmfitlbt ti tJl16wlJ.mu: 

Pii(t) = P{ ~(t+s) = jl~(s) = i}, i,jE E: 

UlJ.fihWJUl t, up Pij(t)-Ci ljw}ut[wb' 2t uljqpfiwljwfi s UJ.Wh}1g: 

q.11110J:lfipwg}1 p0={p?,ie E} uljqpfiwqwCi pwz}uuwfi qtuwmu (1.2) pw

fiwoL.pg ljumwfiwfip' 

Pii(t+s) = L Pik (t)pk/s), iJE E, 
kEE 

(2.1) 

p;(t) = I,p~p/t)' 
j,E 

n1m1hq Pi(t)-fi' t tqwhl1Ci qnpcl']!fipwgp i 4.l16wqmu qmCitlhtm luut(wfiwljw
fimpJmfifi t: 

· 'l-l1gmp' npL.t to UJ.Whl1fi qi111c,J!fipwgJ:l hwJtnfitlht t i 1U16wljmu: \,zwfiw
ljbfip lXj-nt[ qn11c>]!fipwg}1 uI1filL. hw2nJU1 t(l16wlj wfigfihtm UJ.Wutwhwljwfi 
ctwuwfiwljJ!: £Xj-}1fi i t[p6wlt}lg :rpupu qw1m UUJ.wuuwfi dwuwfiwqfi t: 

trwpljn~wfi qn11bnfipwgmu lXj, iE E UJ.Wutwhwqwfi uhmupJmfifihpf! 
mlibli gmg2wJl1li pwz}umu' 

Ai(t) = P{lXj>t}=e-A;t, t>O, 

npmbq ,t;-Ci n2 pwgwuwqwfi hwumwmmli t L. qn2t[mu t i t[p6wlJ.l1g twti 
}umntpJntli qwu' hwow}untpJmli: 

il.-l -I! gniJg t UlWUlU qnpb']!fipwgp i tJl16wqmu ufiw1m u112}1fi dwuw

liWq]!: 

A;= 0-11 qhUJ.Pmu i-11 bw(hymwlinuI t lttwliuwfi t[1111w4., .:I.,= oo-p qbUJ.PmU i-11 
wqlipwppwJ]:ifi 4.l16w4 t, npmu qnpb']!lipwgp ufiwtm ctwuwfiwltl! hwtJ.wuwp t 
qpnjp: 
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f"lu4 O<A.;<00 11buwnu1 qnponupwgl1 tll16wltl1 qimpntuuwli hwt.[wGw4w
CintpJmu11 111 «ipn12p» ctwuwGw4]1 uGpwgpmu hwt.[wuw11 t' 

A;llt + O(LH), 
npmb1f lim O(llt)/ llt = 0: 

lit---->0 

i tU16w4mu <Xi uiwmwhw4wG ctwuwCiw4 uCiw1mg hbum uw114nt!JwG 
qnpo{!Gpwgu Pii hwt.[wGw4wGmpJwup wGgGmo t j tU16w4: 

p;i wGgmuwJpli hwtjwGw4wGmpJ111GGb11!! n1mzmu bu qn1101!tipwg)1 
t.[wp1211 U]lW wCigmufibpll UjWhb11I1G L G4wpwq1m1u qnpo{!Gpwg fih11urn ot.[wo 
lJw114ntU1 2J1PWU: 

At UlWUJ.lllPJWUp dwuwuw4whwmtjwomu uwp4_nt!JwG qnpo11upwgu 
Pii(At) = (I- e --l,ac )Pii = ).iiAt + O(At) 

hwt.[wGwqwfimpJwup qwmwpmu t wGym u i tjj16w4l•g j tU16wql1, npmtq A,J-G 
i tU16wlt11g j tl116w4 wliguwG hw6wtump_pnGG t' 

\ = A,P,i, i,jE E,i;tj, 

Au =-A,, Ai= LA,J: 
"J 

(1.2) pwGwaL]l hwuwowJG q.i111011Gpwg]1 wugmuwJt1fi p;i(t) hwtjwGw
qwfint):)JntGCibpl• hmuwp qw11tl11 t q11t1 hbmLJWL hwt.[wuw1u11uGb11u· 

Pii (t+At) = t P,k (At)pk/t) ( = f P,,. (t)pk/At)} i,jE E: 

<t.w2tl11 wnGb1nt.[, np At~0-!1 qbUJPmU 
I - p,,(At) = .,1..,.11 + 0(111), 

Pi Al)= A;JAI + 0(£11), i,jE E 
p;i(t).hwt.[wfiw4wlimpJntuGb11)1 hwuw11 4uuiwtiwlip' 

p/t+At)-p,/t)=~[ 1 O(At)) ()·(=~ ()( 1 O(At)])· 
kJ /1.,k + Pki t , kJ P;k t /1.kJ + · 

At k At k At 

"umJGwuiJ1ui hwtlwuw1m1ufit11 4.w11L1l1 t 4wqut1 liwL UJWJ1Wllhm11)1 ( At) 
pwgwuw4_wfi w6J1 qbUJP111li: UJ11 hwt.[wuw11111uub11111u wGglib1ntl .:lt~O uwh
uwGJ1, WUjWgmgt.[mu t p;J(l) wbwuy1w1J1 qllJ111pjlllU[I: 

UGgGbtntl uwhuwfi)1, L11p At~O. p,it), hw4wtiw4wti111p1111lilibp[1 hwuwp 
ljumwGwfip hhmLJWl qJ1.')>t11bGgl1w1 hwtjwuw1m11.Hib1111· 

p~(t) = LAikpk/t), p,i(O) ~ 6,p (2.2) 
k 

(2.3) 

npuibq 8.;-G' 4pnGh4t11J1 hwuuiwm111tiliL11li hti: 
(2.2) Ii (2.3) hwtlwuwpnultih1111 4.nit.[mu Lti hwuwuiwuiwutuwlinpLG 

4111unq.i11mtll1 llUJPll L hw4wriwpo 11t1'.fiL11Ltig)1w1 hw4wuw11111uliL11: p,(t) hw-
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t[wuw4wfiml)Jmufit11]1 hwuw11 fiuwuwml1ui 11wm1111mpJmGfibpl1 oqfimpJwup 
4umwuwup, 

p;(t)=LP;(t),\. jEE: 
i 

tpqi111l1l.J. uwpqml.Jwu qi111a{!fipwgfit11l1 l11.uuw11, b11p t~oo, qnJmpJmu 
mfibfi pj(t) hwt[wfiwqwGmpJmfifit11I1 uwhuwGwJl1fi w11ctbpfit111!· 

pj=limp/t), o:::;p/::;; I, LPj=l,jEE: 
l...... j 

UJumtq Pj uwhuwfiwJltfi hwt[wliw4wGmpJmGlibp1! 4wJut[wa ~bfi qi1pcl{!fi
pwgp u4qpuw4wli pw2Jumtil1g, puq uw114ntl.Jwli qnpcll!Cipwgl1 {pj, jE E} 
pwqumpJntfif! ltn~t[mu t mnwg}lllfiwp pwz)umu: Pi hwt[wfiw4wfimpJmfilit111! 
np.11z4mu bu htmL.Jw1 hw4wuwp.111ufit11J1 hwuwl(wpql1g. 

P;A; = LP/lji, iEE, LP;= 1: 
p!i ieE 

bpb ~(l) uwpl.J.ntl.Jwli qnpOJ!fipwgp u4qpuw1.J.wfi pw2Jun1UJ! hwul!ulJGmu t 
fipw umwg}lllfiwp pwzJuuwa hhm P{~(O=i}=p;, iEE, wuiw ctwuwfiwltl1 gwG-
4wgwa t>O UJWh]l ~(t) qnpOJ!Upwgp tl]16wqlibpp pwzJuntUJ! qUUw wfiqm
qmJu, ]lUm UzwUwqnuI t, np qnpOJ!fipwgJ! qUilit[mu t uuiwg]:ln.Uwp nbd]lumu: 

~(t) uwpl.J.ntl.Jwli qnpOJ!fipwgp t ctwuwUwlJ.mu wfiguwfi P(t)=IIP;i(t)II uwm
ppgp mwp.pbp{!, hwqwfiwqwlimpJmfilibp{! qwp.11q b(i npnztlbt liwL. hbmL.Jwt 
uwplJ.ntl.Jwfi tlbpwqwfiqfiuwa pfimb<111w1 hwt1.wuwpntufibp]l hwuwl.J.wpqpg· 

I 

( ) ~ 1 f -},(1-x) ( )d _ s: -),1 · · E· Pii t - LJA-iR e PRi x x - uije , IJE . (2.4) 
i"'R 0 

lm1unqnpntl.]1 Ill:i:i>tpbfig]lw1 hwt[wuwpmufihpJ! 1.J.wpbtJ:i t umwfiwt (2.4) 
hwt.J.wuwpuwfi J!Ulll t-p q]l!l>bpbfiguwup: 

UJuUJl:iWltl, uwpl.J.ntl.Jwfi qnpOJ!lipwg{! WUJ!ll.Il2ntfJwup npnztlmu t Q=IIAiill 
wlJ.fipwppwJpfi uwmppgnt.J. 1.J.wu qnpOJ!fipwg fibpumaqwa lJwplJ.ntl]l 2@wJl1 
P = IIPiill wfigmuwJ]lfi hwt.J.wfiwlJ.wfimpJntfifibpp uwmppgp L. il = ().;, iE E) hw-
6wJuntpJmfifibpp t.J.bl.J.mnpp u]12ngnt.J.: 

lfwpl.J.ntl.Jwfi qnpOJ!fipwgp L. fipw fihpumaqwa lJwplJ.ntl]l zqpwJ]l umw
g}lllfiwp p L p pwzJuntufibpp l.J.WUJJ! tnpt.J.mu t hbtnLJWL pwfiwoL.ntl' 

Pi = (gTJ;) I L Plli , iE E: (2.5) 
jeE 

UJutnbrt TJ;-U uwpl.J.ntl.Jwfi qnpOJ!fipwgl1 i t.J.p6wqmu ufiw1m ut12pfi ctwuwuwl.J.fi t' 
1Ji = l/A;, iE E: 

(2.5) pwfiwoL.fi ntfi]l hbutL.JWt hwt.J.wfiwlJ.wfiwJpfi utlJ.fiwpwfintpJmUn. 
P;-fi gmJg t mwtJ:iu uwpl.J.m.l.Jwfi qnpOJ!fipwgl1 i tl]16wl.J. nfil.J.fihtm hw6wJun1-
J}Jotfil!, pulJ. /J;TJ;-fi' qnpOJ!fipwgp i t.J.p6w1.J.mu qmfit.J.bpu umwg]:lnfiwp up2]1fi 
ctwuwfiwl.J.n: L PjTJj -fi gmJg t UlWWU qnpOJ!fipwg]l 1.J.wuwJwlJ.wfi t.J.p6wqmu 

j 

quifit.J.t1m umwgpnfiwp u]12]1fi ctwuwfiwlJ.J!: {bmL.wpwp p;-fi l[wpbtll t fiwL. 



ut4Ciwpwfit1 n11UJ.bu uuiwg[mfiwp nhctfnimu uw114ntlJwCi qn11aufipw9}1 i 
tl}lowqmu quifitlhtm ctwuwfiwlJ..11 lllWUJ.ntpJwfi u}12}1Ci t114w1mtpJmfi: 

q.npafiw4wCi lJ..11pwnmpJmfiCibpmu hwpuw11 t oqmwqn11ot1 lJw11lpu.J_J1 
211pwfih11ll hhmL..1w1 4wnmgt1wopJ!: 'l-pgm1f uw11qmlJwCi qnpoJ!Cipwgp JlllllW
pwfiiJmp tl}lowqp hwuwp mptlwa hCi A;i hwowtumpJmCifih1mtl gmg~wJ}1Ci 
pwztuuwup hwuwtuupntU Wfi4wtu UJ.WU1Whw4wfi UbOllll}JIII fi(ihp[l tumupu· 
<X;j, ijE E, i=il=j: liJupfipfi' 

P{a;i >t}=e-.1,i' i,jEE, i=il=j: 
E tlhp2wtln11 t111ow4fitpt1 pwquntl}Jmfintl 4wCinCiwtlnp lJw114nt111 21wwu 

mpl}mu t hbmLJWL umntuwumI14 wnCi~ntpJmfiCit1mlf 
a,= minaij, iEE: (2.6) 

J 

"1wmwhw4wfi uhompJmufibpp hwtlwuwpmpJntfi[l hfipwqJmtu t '1J1Wfig 
pwztuuwCi !l>mfi4g]1wfibp]1 hwtlwuwp LltCituf 

P{ a;J >t}= P .(minaij ~ t}: 
J 

lJwp4ntlJwCi qnpb-f!fipwgfl tl}l6w4fihpmu 1Hiw1m UJ.WU1u.1hw4wa ctwuw
fiw4Cih11I! hwl}wuwp hfi gmg2wJpfi pwztuuwup a;1 wfi4wtu UJ.WUlwhw4wCi 
uhantpJntCiCihpl1 CitlwqwqmJfi!1fi, ]1u4 ut4 tl.]16wlJ..11g UJlllU}lfi wfigmuCihpf! 
npnzl}mu ta a;;-hpJ1g fitlwqwqntJCifl. wpcthpnl}: 

lX;j UJ.WU1WhW4Wfi UbOntpJntfi{! wCil[wfintU hfi i tl]16wlJ..11g j wfiguw(i 
UUJ.WUUWfi dwuwfiw4: 

(2.6) umntuwmnJ14 hw4wuwpntl}JntCiCibp[l, npUJ.hu uh4uw114w.1)1fi 4wpnri. 
hfi oqmwqnpo4h1 uwpljntl.Jwfi qnpG{!fipwgCihpJ1 hhlllwqoj1 UllfJ.hLw-411puwCi 
ctwuwfiwq: 

lJnqh1wl[npntl.l1! 4wmw11t1mu t hhmLJWl 4h11UJ.: Uljqpmu m114mu t qnpo
l!Upw9)1 uqqpfiw4wCi io tl)16wqu: liJ!inthht.AL. unqh1w4npt11111.i hCi a,0J, jE E 

gmg~wJ)1Ci pw2tuuwup UJ.Wtnwhwljwfi uhompJmfifit1111 t. 111m2t1mu t fi11w!ig!1g 
fiqwqwqntJfil!, 011)1Ciwlj i1-I!: liJ'l qhuwmu io tl]16wljmu (lllJlOf!Upwg)1 wfiguwli 
UUJ.WUuwfi ctwuwfiw41! hwl[wuwp t' a,<>', -)1, npJ1g hbmn uw11lJntlJwfi qi111o{!fi-

pwg[l qwfigfip i 1 tllt6w4 L. WJ'lUihU zwpmfiwq: (2.6) umnfuwuuiJ14 hwtlw
uwpmpJmfifitp[l pntJl hCi uiwt]iu npnzht uw114ntlJwCi q1111011fif)wgt1 pn1n11 pCim
pwqphp[l: 011)1fiw4, i tlJ16wljmu uCiw1m a; dwuwfiwljp ljmlihfiw .ii.; hwaw1:t1111-
pJwtip gmg2w1)1fi pwztumu, IIJll! hwtlwuwp t a;, lqWlllwhwljwfi uhompJmli
fitp}1 hwow)umpJmfiCih11)1 qiuuwpJiu· 

..l;= I,l.J : 
,sE 

q.npapfipwg)1 wfigmuw1)1Ci hwtlwfiwljwCimpJ111CiCit1111 111m2t1mu L.fi hh
mt.Jwt pwfiw6t.)1g· 

P,; = P{a;1 < min a .. }= .il.;1 I A,: 
·-1 
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UJullllmml (2.6 l pwliwah1_1 Ciltwpwqimu1 t 1.hu11ltml.Jwu qi111b'J!Ci1nugt1 
tlw11p1_1111m2m1 hw4wCiwljwUwJ)1Ci UJWU1WhmJPCih11ll: q.npb'J!lipwgl1 m114wc) i 
t111owtimu qUJlOlllll h(i tlhtl2W4llll )34114 WUltwtu UJWlflWhWltWli qil}H)n(iCihp, 
npnCip ltw1m11 hCi hwGqhgCiht q1111b'J!lipwgl1 tU16wlt}1 tp.ntpntumpJwCi: q.npbnli

Cihppg Jnq1wpwli2.1111111_1 tiwruu1 t 1.pn]uht qnpb'J!Upwgl1 tl}16wltl! a;i gmglwJltU 
pw2]uuwup UJWUlWhwltwli <twuwliwlt}1g hhum: UJfi qn11anfi1_1, npfi 111u)1 
wqqbgmpJw(i fi4wqlllqi1tJfi dwuwfiwlt, qhwfiqhgfil1 qnpb-[!lipwgl1 tU16wltl1 
tpntpn]umpJlllli i-1•9 j, UJWJUwfimJ., n11 

a; == min aik : 
I k*r 

lfw11ltntlJwli qn11b-(!upwgfih1ip tl_wppJ! UJWU1lth11wtl_np fibpltwJwgfihtm 
hwuwp oqmwqi1pbmu hfi wfigmuwJltfi qpw:put11J!: liwtutJ.wb uwpltntlJwli 
qi1p0]!fipwgl1 fit11ltwJlllQUlllfi ohl1g 1. hhuiwqnmtl1lll nhdl1u]19' oquiwqnpmuu 
hCi wfigmufihpl1 hw4lllCiwqwfiwJpfi qi1w~I!, hlll6w]umpJmGlihp}1 qpw~l! tiwu 
qnpO]!Cipwg libpumc)ll_wc) lfw11ltntl}1 211pwJl1 wfigmuwJpfi qpw~J!: q.npb{!li
pwgl1 t1.11owltlihpl1fi <11•w~mu hwuwUJwmwuJuwfimu hli qwqwpfihpl!, Im4 
wfiguwa hwtl_wliwqwlimpJmCiCihppCi' qpw:}>11 Ilt.J'[flllPI}tl_wc) ltnqhp{!: Opl1liw4· 
uwpqntl.Jwli qnponlipwgJ! aj1:}>h11bligI1wt mbupntl filtw11wqpuwfi dUlUWfiwlt i 
qwqwppg wfigmulih1•1! Gh11ltwJwgtl_mu hfi hbmhJWL mbupntl_' 

1-(rA;; }• 

~. 
k i j 

Umwglmliwp nhdluip hhmwqnmuwfi dwuwliw4 qnpbnfipw.9}1 hw6w
]umpJmlifihpl1 qi1w:}>J! iufip hhmhJWL mhupl!' 

Aik Aj· 
~: 
k i j 

q_n11onlipwg fihpumc}tl_wc) U-wpqntl}l 211.fWJP wfigmuwJpfi qpw:}>{! mfilt 
hbmhJWl mhup{!· 

~: 
k i j 

f!bphfip uwp{tntlJwCi hwtl_wfiw{twfiwJltfi Ulll}btlihpp {twnmguwfi tpnqbpp 
wupI1112wltwfi mptl_wqpb'{!: 

I. tJtlibtntl hbmwqnmtl_nq hwuw4wpqp w2]uwmwfipp tw1wfiofiwhwm{tm
pJntfifibppg, fipw wnwfidpfi' :Pl1qp4w4wfi hfiwpwtl_np h hhmwqnmuwfi hwuwp 
wCihpw<th2m ltpwqwCi t1.11ow{tCibppg uwhuwfitl_mu t hwuw4wpqp tl}lowti. hwu
ljwgmpJntUJ! L. qwnmgtl_mu t Cipw hfiwpwt.J.np tl}1owqfibpp E pwqumpJntfiJ!: 



2. 3mpwpwli2.1m11 i, iE E 1.[p6w4I1 hwuwp n1m2t.J.mu bli LUJli wlil{wlu q11p
onlilibpl1 hwuwtumupJ1, 111mlip hwfiqbglimu bli i t.J.116w4Pg j, jE E 1.[pe'.iwl.f wlig
uwli11 l, WJfl wfiguw(i UU{LUUUWCi lX;j U{lllU1WhW4wfi chuuwCiw4P uhbntJ3J11LCiJr 
Cljrbr1}1 uI12ngntJ. npn2t.J.mu bfi Q=IIAiill wl{Cipw11pwJ}1!i uwmp}19}1 mwppbp11: Airli 
i 1.[p6wltJ1g j t.J.p6wl.J. wliguwli uutwuuwli dwuwliwl.f}1 hw6wlumpJmlili t, 

P { Clji>t} = e -,1,,, , 
.tm4 A;-li i t.J.116wl{mu uliw1m ctwuwliwltJ1 hw6wlumpJmlili t: liJuutlrnntJ.' 

A; = L A,i = -,l" , npuihr[' P { a;i>t }= e -,i,, : 
1tj 

3. li:wnmgt.J.mu t qnpbJ1Cipwg}1 wligmuCib11}1 qpw:PI! L nimz4mu hCi 
l{wtiwJwl.fwli i tJ.116wlJ.J19 4wuwJwlJ.wli j t.J.116w4 wligmulibpp hwi.J.wCiw4w
CintpJmliCihp[I' 

P,i=A,/A.,, i,jEE: 

3. ''lmwunU):l qnpb"f!Cifwg 

q.npmnJplihpjl hbmwqnmuwli mtumpJwli mwppbp pwdplilihim1u· hbp
phpp, hmuwtpmpJwli, UJW2wpGhp}1 mbumpJLUli l, WJl hw4.wGwl{wCiwJI1Ci 
4PpwnwlJ.wli mqrimpJmlilihim1u utwmwhw11lih11J1 lmu12h11J1 Cil{wpwq11b1}1u 
hw6wlu t oqmwqnpbi.J.mu "lmwu11G}1 q.i111b11fipwg11: '1-Junwpl{hup utti11 
UJmupli hw2nprµ1q hwuwuhn UJWU1whw11Cih11]1 hw~inpqwl{wfintpJmli11, 1111]1 
bp4m hw2nJU1wlJ.wli l4Wutwhw11lihp}1 wnw9wguwli UjWhhplt ut1S:JL 11G4w<) 
dwuwCiw4whwm4.w<)l1 a U1ltn11mpJ111 CiJ1 111CiJ1 A>O Ujlll(lWuhmimi.l (hw6w
fumpJwup) gmg2wJJ1Ci pw2tumu' 

P{a> t} =e-A': 

'1-}1U1wplJ.hGp E= (0, 1,2, ... ) t.J.p6wl{lihJm4. hwuwuhn uw111.tntlJwCi qn11<)pCi pwg11 · 
~(t)-li, np[! gmrn t mw!.lm t dwuwliwl{111 u hwliqhu hltwb UJWU1whw11Cih[1]1 
vwCiw4J1: 

Oqm4hCip 4h11J1 php4wi) uw11tintlJwli um1L1J1 tiwnmguwCi ptiJ}wgw
lJ.wpqtpt19 L hhmwqnm4nrJ UJWU1whwpGh11l1 hw9111111wl{wCimpJwti hwuw11 
1.Jwnmghlip ~(t) uw114ntlJwli qnpi>J1Gpwgl1 mw1111h1111: Unwti&liwgtihtiD wJfi 
qnpbnfiCihpJ1, 111mtip hwuqhgCimu hu ~(l) q1111i>11Cipwgl1 t.J.116w4tih11I1 Lfln
ipnJuuwG: 

q.11pb11fipwgt1 gwCi4wgwi) i i.ll16w4·111u WJllUJI1uI1 qi111i>nti t l4WU1whwp]1 
hwCiqhu qwl]l, 1111}1 UUJWUULUCi dwuwCiw411, WJU!1tip(i' wtiguwli UUJWUUWCi 
dwuwfiw411, hwtjwuw11 t a-t1: lJ11LCimJti ctwuwliw4, i t1J16wltmu utiw1m 
dwuwCiwltl! limJUUjhu hw4wuw11 t a-]1 (mlm (2.6)): <!.hmLwpwp, i i.lI16wltl1g 
i+ l t.J.116w4 wligGhtm A.;;q hw6w)umpJmCi11 hwtjwuw11 l A-J1, ltu4 wligmuI1 p,,. 1 

hw4.wliwl{wli111pJ111CiJ1' lih411: UJuUjj1u114 ~(t) uw114ntlJwti qi111<)pfiIJwgJ1 Q 



1. i 8 XI. lJi.uflftm/f, lf/fltulibfl l, tiwflftm/Jcuu m ftf,u1u1Ituf11tnt/Jwli qnf1Uf!lipwglibfl 

Lu 4apwJlt}LUJ}iCi uwmp}1g}1 mw1111b11l! 4n1m14t(i hbmhJwt 4h1mf 
A1 =A.;;+1 = A,A;;= -A;= -Ah A;i = 0, bpb j<i qwu j>i+ 1: 

'bpb p;(t)-n4 CizwGwqbup t chuliwGw4.I1 J!Cipwgpmu i pwCiw4.nL! UJWU1W
htupCibp)1 hwCil}bu qw1m hw4w(iLu4wGmpJmCil!, WUJW p0(0) = 1, p;(O) "' 0, 
ic 1,2, ... uqqpGwqw(i UJWJUWUCib11]1 ritu.wmu Ci11w(ig hwuw11 (2.2)-J1g qw11tu1 t 
umwGw1 hbtnhJWL aj1!l>t11tug}1w1 l1W4wuw1uu11Cibp}1 hwuwqwpq(!· 

{
p~(t) = -Ap0 ( t) 

(3.1) p; (t) = -AP; (t) + A.Pi-I (t), i = 0,1,2, ... 

f!b114wo uqqpCiwqw(i UJWJULUCiubp}l qbu.wmu (3.1)-Jig p;(t), i= 0,1,2, ... 
hwtfwUwqwUmpJmCiUbpl1 hwuwp 4umwUwGp · 

( ) - (At); -Al . - 0 I 2 >O· p; t --.1-e , 1- , , , ... , t2 . 
I. 

'-lt112J1Ciu hwCipwhwJm ''lmwunCi]l pwztumuCi t, WJU}1(ip(i' htmwqnm41111 
UJWtnwlunwCibp.11 hw2nJ:1I1tu4wCimpJmCi(! (hnup(!) UJillWunGJwCi t: 

q.npbl!Cipwg]l Q wljCipwppwJ}1Ci uwm,;!1gl1 mwppbp(! ljwpbll1 t np.nzbt 
uwh qll.!l>bpbGg]1.w1 hr]_wCiw4.li oqCimpJwUp: Cum 4(t) qnpb(!Gpwg]l l[wpp}1 
a4wpwqi1l1 ~t chutiwCiw4.l1 f!Gpwgpmu Gpw i l.{}16w4.lig i+ I tl}16w4 wGguwCi 
hw4wGwqwGmpJnt6(! hwtfwuwp t· 

p;;+1(~t) = l -e-.1.a, =}.~t + O(~t), 

lmlt i l.{}16w4.lig rpnpu lqw1m, tuJut1GpG WJil tl]16wljmu uCiw1m hwtfwCiw-
4wUmpJmul!· 

p;;(~t) = e-At., = 1-A~t + O(~t): 

i tl}16w4]1.g tiJmu huwpwl[np wCigmuCibp.11 hwtf wCiw4wGmpJm6Gbp(! ~t 
Lp.npp chuliwuw4.Ii f!Gpwgpmu hw4wuwp bu O(~t)-]1: 

Sbqwl]Jl.btntl p;;+1(~t)-]1 'h p;;(~t)-11 wpdbpGlip(! (2.2) pwGwoL.]1 ub2, ~t~O 
uwhuwCiwJ}1!i wGgnu1]1.g hbmn qumwCiw!ip (3. l) ri]1.!l>bpb(ig]1.w1 hw4.wuw
pmuGbpJ!: 

4(t) qnpb(!!ipwg]l wugn111Gbpl1 qpw!l>f! mG]l hbmL.Jwl ljwnmg4wbpf!' 

I -Mt 1-J~t 1-Mt 1-Mt 

~ 
0 2 

4. J!wquwguw6 L. qnpbw6uw6 qnpb'J!fipwg 

f!wquwguwG L. ljnpuwGuwG qnpb(!CipwgJ! 1wJCi 4]1pwnmpJntG t qtnbL 
qnpantJpCibp}1 hbmwqnmuwG, op]1.Gw4· UUJwuwpljtiwG L. hntuw!lmtpJwCi l[bp-
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tntantpJwU ]uUaj1p(ibpnu'i: Ph11h(ip qnp01!UpwgI1 uwluiwUnu.il! L. hbmwqn
mhUp G.pw pumpwqptp11: 

UwhwuUnui 7: Pwquwguwa L.. 4npowUuwa qn1101!Upwg t 4niitmu t1t11-
2wtlnp 4wu hwztlhll1 f)tlntl tlJ16w4Utpp E = (0, 1,2, ... ) pwqumpJmUntl hwuwubn 
uw114nt!JwG. qnpCJ1!(if)wgi1, npl1 Q w4apwppwJI1U uwmpl1gI1 tntulllthpl! hwtlw
uwp ta· 

A;,i+I = A; > 0, A;,i-1 = J.I.; > 0, 
µo = o h A.;1 = o, tpt IHI> I • 

bph qnp0]!UpwgJ1 t1116w4Uhpl112wUw4t! t1tp2wt11111 t E = (0, I ,2, ... ,N), N <00, 

WUJW AN= 0: 
Q.npCJ1!Upwgl1 tlp.6wlj(ihpl1 p;(t) hwtlwUwljwUmpJmfiG.h11(! npnzqmu hfi 

hbtnhJWL ajl:)>hphUgpw1 hwt1wuw11muUhpp hwuwljw11ql1g· 

P~(t) = -iloPo(t) + J11P1(t), 

p: (t) = il;-1P,-1 (t) - (A, +µ,)pi (t) + Jli+lPi+I (t)' i = 1,2, ... ,N-1, 

p~ (t) = ilN-IPN-1 (t)- JlNPN (t), (4.1) 

Po(O) = I, p;(O) = 0, i= I, N uljqpUwljwU pwz)uuw(i qbuwmu: 

Q.npot!Upwgl1 tlJ16wljfibpl1 umwgpnUwp hwqwUwljwUmpJmUUhJlfl npnz-
tlmu ta hbtnLJWl hwt1wuw11mufit11I1g' 

jiloPo = J11P1, 

(ii.;+ µ,)p, = ..l,-1P;-1 + J1,.1P,-i • i = l,N -1, 

JlNPN = ilN-IPN-1 : 

<!.wuw4wpql11mbmup mG.)1 hhuiL.JWL mhupp· 

P = AoAi .. .ili-t p i· = -1 N 
I (h , , 

J11Jl2· .. µi . 

-r ~ iloili .. .il,-1 i-1 Po - L.. 
,~1 µ,µ2 ... µ, 

(4.2) 

UuiwgJmUwp nbdf1umu pwquwguwu L. ljnpbwtiuwu q11pbplipwyj1 wli
gmuwJjlfi qpw:)>(! pbpqwb I: umnpL: 

I-A¢,t l--(A1+µ1)8l l--(A2+µ2)8t l-{,l,+µ,)6t l--{AN1+µN1)8I l-µN61 

)..p..--.--~~---~--- ~· µ~~ 
2 I. A,8! AN 18! 

0 N I N 

U(itlbp9 Jltlntl tll16wljfihpl1 qbUJL!ntU hwJmlij1 I.. 1111 umwq!mliwr1 pwz)u
uwli qnJmpJwCi hwuwp wGhr1wdL7m l. L pwt1w11w11 hLmLJWI u1wJuwtilibpj1 
4wuiwpmuu. 
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~ AoAi ... ,l,_, ~ µ1µ' ... µi 
L..; <oo k - :;::oo• 
i=! µ1µ2 ... µ, , i=I A1A2--.A, . 

UJq qtuwnu.i p; umwglmCiw11 hwt[wfiwlJ.tufimpJmfiCihpCi mCihfi htmL.Jwt 
mhupl!' 

npmhrf 

d _ AoA, .. .Ai-I · _ 0 2 . 
;- , 1- ,I, , .... 

µ,µ2···µ; 
q.npOJ!CipwgI1 wCigmuCihpl1 hw6wtumpJwfi qpw:t>Ci mCiii hhmL.Jwt mhupl!' 

Ao A1 A2 AN.2 AN-I 
... ~: 

0 µI µ2 µ3 µN-1 µN N 
.f!filiwpl.J.hfip qnp0]!Cipwgl1 ( 4.1) wfigmuwJltCi L. ( 4.2) umwglmliwp 

nhdiiuCihpp hwt[wuwprmilihpp umwguwCi up pwCil1 hqwfiwl.J.Cihp: 
11-p:t>tphCigpwt hqwCiwl.J.Ii qtuwmu pCiCiwpl.J.t[mu hCi At dwuwCiwl.J.whwm-

1.[wmuu i ul.J.qpliwl.J.wli t[p6wl.J.Iig qnpO]!Cipwgp wCignuilihp):l hwt[wCiwl.J.w
CintpJmCifihp{!: Cum qnpb"]!CipwgI1 t[wppl1 111.J.wpwqpp' p;i(At) L. Pij(At) hwt[w
liwl.J.wlimpJntlilihpJ! hwt[wuwp h(i' 

Pi;(At) =e-µ;a•e-;.,a, = e-<µ;+,l,Ja•= 1- (.u;+il;)At + O(At), 

Pii+1(at) = (I - e-,l,ru )e-µ;At = il;at( 1-µ;At) = il;At + O(At), 

p;;.1(At) = (1- e-µ.,llt )e-).,llt = µ;At( 1-il;At) =µ;At+ O(At): 

. UUlilfuwum):11.J. hwt[wuwpntpJmfilihp):l hqwCiwl.J.Ii qtuwmu fi~fuCiwl.J.wCi 
hCi hwuwpt[mu gmgtWJpfi pw21umu ntCihgnrt CX;j UJWUlWhwl.J.wCi uhmllf}Jntli
Cihp{!: "lwpqmpJwfi hwuwp hfipwqp.tfin, np qnpb"]!Cipwgn Cil.J.wpwqpnuI t 
uwhuwfiwt}twl.J. hhppnt[ hwJmhpli UUJ.wuwpl.J.uwfi hwuwl[wpq):l wzfuwmwCi
PI!: UJU qtuwmu qnpb"]!Cipwg):l i tlfl6wl.J.Iili hWUWUJWUlWUfuwCimu t hwuw-:-
1.J.wpqntu i pwCiwl.J.mpJwup hwJmhp qmfitlhtm UJ.WmwhntJPI!= a;;wPCi 1.J.hwuw
UJ.WUlwufuwlip hwuwl.J.wpqp i t[p6wl.J.mu Cinp hwJmp qwtmfi UUJWUhtm dw
uwCiwl.J.I!, pul.J. a;wpli' hwuwl.J.wpqmu hwJmp uUJ.wuwpl.J.uwCi wqwpmpfi 
UUJ.WUhtnt OWUWCiWl.J.{!: Cl-npb"]!Cipwgp i tlli6wljntU UCiWtnt CX; OWUWCiWl[{! hw-
1.[wuwp t· 

a;= min (a;,;+1, a;,;.1), i = 1, N -1, 

£lo= £lo1, aN = aNN.1: 
Cum (2.6) pwCiwoL.p, qnpb"]!Cipwg):l i tl116wl.J.mu liCiwtm a; dwuwliwl.J.n 

1.J.mlihliw hhmt..Jw1pw2fumun· 
P{a; > t}=e-<,l,+µ;>•, i = l, N -1, 



P{ao>t} =e-)'<>1 ,P{aN>t} =e-µN', 
Im4 qnpbi!Cipwg ubpumm.J.wu lJwplJmU1 2r11nuJ!1 wCigmuwJI1u p;J hwt[w6w
lJ.wCimpJm6UbpJ! lJ.nJ11124.b(i hhtnLJwi pwCiwdhhJllltl 

Pii+I = A./(A;+µ;), Pii-1 =µ;!(µ;+A;), i = 1, N -1, 

Poi = 1, PNN-1 = I: 
q.npU'(!upwg)l umwg)lnCiwp pw2lmiwU ( 1.19) hw4.wuwpmuCihp11 l}wqut[mu 

hU hw6'wluntpJmUCibJ1)1 hw24.b42np oqfimpJwup: i tl}16'wlJ.11g cµ111bi!Upwgp 
qmpu qwtm hw6'wJumpJmCi1f ,1;+µ;: 'l-bUJ.11 i tl}16'wlJ. i-1-pg hwnwtumpJmUn 
hwlj_wuwp t A;.i-11, )ml} i+ I tl}16'wlJ.11g qhUJ.11 i tl}16'w4· ti;wl1: i-Jlll 4.lt6'w4l1 
hwuwp hw24.blJ.2nI1 hw4wuwpmuCi mu.fl hhuihJWL mbupJ!· 

P,(,1;+µ;) = P;-1A;_1+P;+1J.';+1, i = I, N -1, 

PoAo = µ1P1, µNPN = },,N-IPN-1: 

Q.npunCipwg Cib111imu4.wu lJwpqn@ 2rwwJJ1 wUgmuCit11!1 q11w:t>n php-
4.wu t uUlilpu· 

µ1/().1+µ1) µzf(A.z+µ2) µ,/(A.;+JJ;) µN-1/()..N-I+µ N-1) 

~~: 
0 2 i N-1 N 

A.1/(A.1+µ1) A.:?f(A.z+µ2) A;f(A.,+µ,) )..N 1/(.il.N-l+µN.J) 

OppCiwq 4: fl111.4bu mUuibuwql1uiwlJ.wCi JuGIJ.1111Cih1m1u hwtfwuwqw
CiwJflU (uwpqnlJ.JwU) Uill}htGhp!1 l.t G11wug hbmwqnmuwU triwUwqGh11!1 
4}111wnuwG 011]1Gw4· pGCiwpqhU~ LhnGmL}1 hwfi11whwJU1 hw2tfbq;nwJf1Ci un
qbm: '1-pmwpqhup r 6'Jntflhp!1g pwql}wgwb ll!WJ1qwqmJCi mCimbuwlJ.wCi hw
uwqwpq[!, npmu JntpwpWU2JlllJl 6'Jnlfl J?IlfllUJll}ntu t U:!tWJU ublJ. mbuw4J1 
WUJJlwGp: Swpph11 6'JmrihJ1I1 hwuwqnpuwljgmu bu u/1uJwCiy hhm wJG wnm
untf, np GpwUg]1g Jmpwpwu2.1m111! i11uqhuq]1 4w1mr1wuw 2w1uuGwlJ.hL fl.JI w11-
lllWJ}Jl11LpJmfil! U!hUlp t qup u1muuhp!1 4nflli!1g pn11wplJ.tlnIJ 111m2w4J1 pwGwlJ.J1 
wpuiwl}{lwup: '1-]1gmp qij -bJll! mbJuG11L'1qJ1wljwG qnpbwlJ.11gGb11 bu, npnCip 

gmJg bu mwum j 6'Jnntfl W)ltnWijpwGp!1 pwCiwlJ.Ll, llfl[l u1bmp t qutl}1 i 6'Jnlfl)l 
lJ.OIJlipg uhlj '1IlWU)1Ci hwuwpcfhp wuwwup w11mw1111btnt hwuwp: Q-ntl Cizw
GwlJ.hCip q;j mwppbp!1g pwqljwgwb r ljw11qt1 pwnwl}muw1)1u uwmpJ1g[1: 

<.b2ui t CiqwuihL np Q uwui11!1g!1 U1WJIIIh1111 111 pwgwuwljwfi bfi, Im4 pum 
mnqbp}1 Cipwfig qmuw111! pwtfw11w1uuu t hbmLJWI U!WJliwuJ1u· 

r 

:EqiJ$1, i=l,2, ... ,r: (4.3) 
J;I 

Q uwmp)1g]1 mwp11h11I1 oqumpJwup ljw11b1l1 t hhmwqnmb1 wnwudt1G 
6'Jmqbpp 2whrnpwpbpmpJntCi[!: 

bpb i-M UJntfiwlJ.11 uiw11phpt1 qmuw1111 hw4wuw11 t uh1.t)1, WU!LU G11wfi 
hwuwll!wUlwuJuwGnq 6'Jm11u wz)uwum,u I: wnwuy zwlu111pl1, tmlt Jul1um 
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wfihwt{wuwrunf}Jwfi 111:rnwmu uitl.Jwl 6'Jnum 4tl1CiI1 2wlm1f}wph11: SCiuibuwql1-
uiw4wfi [ufi11l111fit.1uuu ( 1.20)-1! wfi4.wfi4.mu t Q uwm11]1gl1 wputWI}Plllwtiw
fimpJwCi lllWJuw(i: UfigCit.fip 6Jntqb1unu pm1wp44.1111 wpuiw1yiwfipl1 pCiCiw114-
uwCiJ!: '1-J1gmp· x,-li i-1u1 6'Jntajl wpuiwqpwupI11111wuwJJ1Ci hwuwpctbpfi t, Irn4 
X==(x1,X2, ... ,Xr)·J! WJI} hwuwpcthpfibpl1g pw114wgwo t{hl]Ulllll UlllJlU t: -P-wCiJl 
1111 i OJnum lJ.wpJ1p mCil1 j 6Jntrtl1 x;q;i pwfiwlJ.mpJwCi w11mw1yiwfipl1, WUJ.lll 

XQ-fi wfihpwcth2m aw[uuhpJl tlb4mnpfi t: 
{:;pt c;-Ci i-1u1 6Jmaj1 t{bp2Ciw4wu UUJ.wnuwfiJ! hwmljwgt{llll qmuw11Ci t, 

WUJ.W UlllwnuwCi y== (c1,c2, .•• ,cr) 4.bqUlilp!1 mwpphpJ! UJ.huip t pwqwpw11bfi 
hbmhJWl UJ.WJUwCi!1fi' 

Y ~ 0 (c1 ~ 0, C22'. 0, ... , Cr2'. 0): 
<.hmhwpw11, mfimbuntpJwfi hwtlwuw11w4lnntpJwCi lllWJUWCi[!, np!1 11bUJ.

pmu pwt{w11wpt{mu hfi pfi2uitu ut126Jnu1wJ!1Ci, wJCilllhu t1 qbp2fiwljwfi 
UUJ.wnuwfi 4wp!1pfihpJ!, 4mfihfiw hbmhJWL uibupg' 

X == XQ + y: (4.4) 
t>w[uubp-p1111wp4mu hw24.b4lnwJ!1Ci wJu Ulll}h1m1~ uiwhwfi24.mu t qmfibt 

(4.4) hw4.tuuw11uwfi r n~ ptugwutu4wfi 1momufih11g: liJq [ufiqp)l 1mauwfi 
hwutup 4WPllll bfip oquiwqnpb"bt lftup4n4.l1 Z'lPWfibpg: 

<.tuz4.h4.2nw Jltfi unqblltfi hwuwuiwmwu}uwfillll lfwp4n4.l1 211Pwfi 4w
nmg4.mu t hhmhJUJL lt t11UJ.. 

1. CrwwJl• 4.l16wlJ.fihp bfi htufiqpuwumu LbnCiuihp unr1b.LP r 6JmrthPJ!, 
w4.httug4.wo L.u uhlJ.' lJ.twGutufi O tl.P6tultt!, n111! lJ.wG4.wfit(ip ptufilt: 

2. li(igmUWJllfi P uwmppgp mwppbp.J! llJ.1lll4.lllU bfi hbuthJWL ltbptq. 
Poo = l, Poi = 0, j> 0, 
Pu = <ti, i,j>O, 
P;o== I - I,qij, i> 0: 

j 

lfwplJ.ntl.Jwfi zrwwfi 1.J.wpbllt t ublJ.fiwpwCiht hbmLJWL 1.J.bptq: bpb i-pq 
OJntqntu fibpqplj_mu t 1 qpwu, WUJ.W fiw WJll qntuWpJ! oqtnwqnpomu t j, 
j==l,2, ... ,r 6Jntqbpp wpmwqpwfipJ! qfibtm hwuwp, pulJ. ufiwgnpqfi, wJupfipfi 
p;0-Ci, bpb WJfi lttu, 6Jnlll11 zwhntJJ}fi t, llpf! Cibpqp4.mu t pwfiq: 

liJU unqbtntU pw(ilm hwfiqpuwfimu t lttwGuwfi tl.P6wlt, WJU)tfip(i' fiw 
u)twJfi umwfinui t qmuwpfibp h n2 u)t Cibpqpmu 2J:i ltwtnw)1lltu: liJutq]:iuntl 
pwfiq, WJU)tfip(i O tl.P6wq, ltWPllll bfi J!fiqfiht U)tWJfi zwhntJ}llltl wz):uWUlllIJ. 
6JntqbpJ!, n)1llCig unm p;o>O-)tg: fiptqbuq]:i hwuwlJ.wpqJ! ltwJ.1llllwfiw WUJ.W· 
hntlhL gwfiqwgwa UJ.whwfi2wplJ., Ciw UJ.htnp t 1.J.wqu4.wo Ll.tfi)t ·llJ.1ll2wltl1 
zwhntpwpbp L. Cipwfig}1g 1.J.w):utlwb" n2 2whntpwphp 6Jntqbp)tg: '-ltp2)1Cifihpu 
1.J.wPllll bfi pwfil.J. l!filtfibt u)twJfi zwhntpwpbp 6JnUJ.bpp u)12ngntl: .PwCi4]:i, 
nptqbu tpqnajll.J. lttwfiuwfi O tl.P6wlJ.p, u)twqmpJwfi UJ.WJUWfiJ! uwpqml.Jwfi 
tlnqhtntll WUJ.Whnlj_mu t N h}tufiwpwp uwtnp)tgp qnJnt}}Jntfil!, puq utfiutbuw
q)tmwqwfi }u.Ciqpntu' hwuwltwpq)t gwCiljwgwo UIWhwfi2tuplJ. pwtlwpwpbtm 
hwmljmpJntfiJ!: 
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bph G24.wo ll}WJUWG]} 2]1 pw4.w1nu114.mu L lfwplJmU1 zqpwu mG}1 m11J12, 
0-)1.g tnlll]lphp, tpq.naj11.j hupwpwq1.l:iup.1mGuh11, WutW hwuwljtuJl(}l} 2J1 ljW(lllll 
pw4.w11w11ht gwuljwgwo ll}WhwG~nu111.J, h G11i.u N uwmpJ1gu q.i1JmpJmG ~mGJ1: 
CGqhwum11 qhuwmu, h11p ll}LU JUlUU[l >]1 pwl{wpw11L{mu, 41.umw11L{mu t p 
uwm11J1gj1 4.hp1momp.1mG, n]1J1 w111umli12mu ll11wGJ1g hbnwg4111 u bu J1G~UJhu 
0-}1g mw11php t11q.nrJ_j14 bGpwp1.uqumpJ111GGbJ1[1, LUJGUJbu ti ll1m1llg hbm ljw1.4-
L{wo wlll{bpwqwpobll1 L{l16wljllb1111, n1rnGg mllmbuwqJm1wljwG unqbpuu hw
U:wll}wmwuJuwGmu bu n~ 7wlm1pwpbJ1 6Jm11hp[1: 'l,uwG 0Lwi.pn]umpJmG
Cihp}1g hhmn mnwglj_wo Gnp lJwJJI.Jm.U1 mpwG, L G11wG hwlituUJWl.lltuu]uwG 
mGmhuwqJ1mwljwfi unqbJ[l, p111n11 6J1m1bJJJ1 hwuwp pwtJ.w11w1unu bG P,o > O-l1g 
UJW JUWU J1Ci: 

lbnGmL)l unqbll1 112 pwgwuwlji.uG 1mo111uGbp[1 q11JmpJlll G mGbG ut1wJll 
wJfi ctwuwGwlj, bpp hwuwll}wmwu]uwG uwpljntl.JwG um1tvnu pwGIJu hwli-
1y1uwllmu t u}1w4 41wGuwG 4]16wlJ11: 

'l-JnnwpljtJ.m1lfw111.J114)17qptuJ)1 hwuwp qi1J111pJ111G 111GJ1 N = (I Q)'1 h)1uGw
pwp uwm11!lg[1, n1iti n,i mtupJ1b11J1 ylllJY LG mw1Jm w11mw1111wu12l1 wJG 12u1Gt11-
ljmpJmG[1, n11 j 6Jlllfll! UJbUlJ2 t. WJJUlWilllJI, llJIU}hUqJ1 i 6Jlllf]ll ljwlilWJlJl I 
l}JlWUJl UJWlilLjbp: 

.QwGJ1 np j 6Jn11u1 I IlJIWU w11dnqI11pJwli WUJpwGp)1 WJllilWIUU1tu}1g 
umwGmu t Pio 7whrnw, Wll}W i 6.1111111110 I Il)twu llh111u1111ut1y j 6JlllllU ljmnw
fiw n;iPio zi.ulmtJp: .P-wGI1 1111 0-G pwGIJ11, uJnulj 41wGuwG tJ.J16wljli t WUJW 
pn111p zi.uhI11JpGbp)1 q.i11uw1111 hw4wuw11 41J1GJ1· 

I,n,iP,o =I: 
J 

liJUtnhll]1g hhLrlLmu t. 11]1 UJWlil4)111wm111t1 ljnqut1g 46w]14WO ll!IWUJI llllUJLU 
7wlm1Jf} 4111 mwlj4m u I. 7wlu11 pwpliJllll p JlUUJ' 1.u7 Juwm1111 6Jn111 L1111ui: 

.f!GGw111.JbG12 GwL hLu1LJW] hWJIY(L LpL i-Jll] 6J11111Ci · uuHuCimu I. iiLIJ 
qpwuj1 UJWmlJ.liJI, Wll}W l]W J1Ci)UL)1UJ1 l}IIJIOUWljwli wlJmlt4111pJUIU lJ1.unw-
9wgGJ1 U1Gmhu111 p Jlll Gm u: r~um Llm1L1!• 11w lJUJwhwG9J1 j 6J111 qJ1 n,1 uJ1w411p 
WpUllllllJIWGJ2: 

Q(iqhwli11111 WJIUlWl]JIWGpJ1 pwliwljp 41l1lij1' 
r,=In,1 

J 

<J}whwG9w11lJJ1 y lj_t.ljm111111 11Lumm u 11li11hi.ulinq1 WJ1mw11111ulip11 IJ11111174J1 
r. r lillllilWl}JlJW\114: 

'l-J1U1w11lJLfip uJ1 011J1liwlj: 'I-J1y111J) LJ1Lp 6J11111L11J1 111.uuwp LT1LJuli11111ql1-
wljwli q1111owljJ1gGL1111 mJ14wb Lli hLmLJWJ () uwmpJ1y11f 

[
1/2 0 1/4

1 
r 1/4 1/2 g 1/4

1 Q = 0 1/2 1/4 , WutW J> -~ l/4 Q 1/2 J/4 , 

1/2 O 1/ 2 0 1/2 0 1/2 
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Imlt N=(l--Qr1 uwmpl1gl1 L. r4bl(wnp}1 hwuw111J.uww(iw(ip' 

N ==[
1i/; 6/5 ~&5 

], r==r~~~~i: 
12/5 6/5 12/5 6 

liJUlflbajig htnnwuu t, 1111 2-1111 OJllUpllU I 1wwup tqwmtlh}l1! ]upwlimli t 
6 1111wlil1 Wlll11wup}1 W}lUlWllJ.lillpJntU, 1111119 6/5-g' I, 6/5-g' II L. O' III 0:JDU\DlU: 
liJ'l '1PWlil19 I 6Jn1Iln l(umwliw 6/5-1/4=3/I O zwl11uJp, II-cf 6/5-1/4==3/10, 11ulJ. 
III-!! O·O=O zwlm1Jp: bph m11tlli y==(l,3,2) tqwhwu2wpl(, wtqw 6Jm11hpJ! qwp
UlwllPbfi yN=(54/5,6,6) lipw4np wpmw'lPwlip: Uup1ll12 wpmw1111wliol1 wpctb
on hw4wuwp til11lil1 yr=22,8 qpwli: 

5. li):iuwuwpqmlJwCi qnpb-J:!Cipwgfibp 

lJwpqntlJwfi qnpct[!upwgfihnp CiuwumpJwlip qJ_1mwpqhup hbmL.JWL 
4.bp2w4.np tUiowlj_ubpl1 pwqlintpJm!inq hwuwtiw11qp tlWPDl!-

1. ctwuwliwlJ.11 uqqpuwqwli t==O tqwhl1li hwliwqwp<m O(O)==a; tqwmw
hwlj_wu ctwliwfiwlJ.11 [!Upwgpmli qmfi4mli t hfiwpw4np tUi6wlJ.Cihpl1 E=(l,2, ... ) 
pwqlimpJmfijlg npL.t i tUiowqmli, nppg hhmn (wlJ.Cipwppnpbli) wfigfimli t 
npL.t j, jeE $0:wq: Cfiq npmu hwliwlj_wpqp li}lfitL. mtlJwtj tUiowq wuglibm i 
4ltowqmli lifiw1m chmiwfiwlJ.1! CX;rfi' Gij(t) ;wz]uliwfi :pmG.qg}1wJntl tqwmw
hwqwfi ubompJntli t: 

2. ~wuwqwpq)_1 wfigmli[! i tUiowlJ.119 j tl.116wq lj_wmwpt{mu t p;; hwt{w
G.wl(wumpJwlip' 

Pii;?: 0, LP;; = 1 , i,jE E : 
jEE . 

3. bpb j 4ltowlJ.llg ~l)=~ tqwmwhwqwfi ctwuwliwqpg hbUlll qwmwp
t{mu t wfigmli npL.t k, ke E tUiowq, WU[W j tUiowlj_mu hwliwqwpql! liCinuI t 
G;k(t) pwz]uliwfi :PmfiqgjlwJnl[ <Xik UJ.Wmwhwqwfi ctwuwfiwq: 

liJuUJ.11unl[ lJ.lluwliwpqnl[Jwfi hwliwqwpq)_1 l[wpp[! fiqwpwqpl[mli t 
hpltm hw2npqwqwumpJm!ifibpp oqfimpJwlip. { ~(n), n;?:0}' n-pq wfigmli]lg 
hhUlil hwliwltwpqp $6wltfihpp L. { ~n), n;?:0}' n L. n+ 1 wugmlilibpjl li]12L. l!fi
qwo hwliwl(wpqp 4lt6wl(Cibpntli lifiw1m ctwuwfiwqfibpnl[: {~(n), n;?:0} hw-
2npqwqwfimpJntlil! liqwpwqpmli t P wfigmliwJjlli liwmp]lgntl. 4.hp2wl[np 
lJwpqntllt ZllPW, llPI! tinll[ntu t 'ltlluwliwpqntl.Jwli qnpO{!fipwg (4(J(l..) libp
lintbi{wct lJwpqntl.Ji zqpw: 

5wuqwgwct i L. j $6wl(Cihpli hwliwp Qij(t)-ml Cizwuwqbfip WJfi hwliw
mrui_ hwl[wfiwl(wumpJmfil!, np qnpct[!fipwgp i tUiO:wl(mli ufiw1m a; ctwuwliw-
1.IP UlWIIJ.IllPJntfil! w qtpwqwligmli t-Ci, L. qnpU[!lipwgl! i 4ltowtwg wlignuI t 
qwmwpmu j $0:wl.J. (ije E): 



Q;j(x) = P{i;(n+l)=j, 8(n) ~ x I i;(O)=i0, i;(l)=i 1, ... ,i;(n)=i, 8(0), 8(1), ... ,8(n-l)}= 
=P{i;(n+l) =j, e(n) ~ x li;(n) = i}= 

=P{ i;(n+ 1 )=jli;(n)=i} ·P{ 8(n)~xli;(n+ l)=j,i;(n)=i I = p;p;i(x), i,je E, 
npmhrf 

pij=P{ i;(n+ l)=jli;(n)=i }, G;j(x)=P{ e(n)~xli;(n+ 1 )=j,i;(n)=i }: 
~hmL.wpwp· 

n1nnhr( 
P;i= Q;j(00). IQiJ(00) = LP;j = 1, i,jeE: 

j,E j,E 

Q,j(t) ~ma4g}1wat11u pw4wpw1umi ta hhmL.Jw1 uiwJuwaat11J1a· 
Q;j(x)=O, hph x<O, i,je E, 

x2::0-}1 qbuwmu Q;j(x)-bpJ! w2}1g wfiuG11hwtn ~a4wqn11 ~11tGlI9}1wabp ta, 
IQ,/x)~l,bf}b x2::0,ieE: 
JCE 

Q;i(t) mwpptp matgn11 Q(t) uwm11t1gu 411~4mu t 4JiuwuwpljntlJwCi uwm
pp.g, ljwu li:lJCl..-p. wfigntUWJp.fi UWUlp}lg: 

p0=( P?, ie E)-ntl Ci2wCiwljbfip q1111011frpwgt1 u4qpfiw4wa pw2tumUJ!, }lUlj 

H;(t)-ntl' i 4..l16wljmu uaw1m ctwuwfiwlj}I pwlluuwa :f>mfiljgJ1w(i' 
H; (t) = L Q,/t), ie E: 

JC E 

l{lJq.-(i hwuwpt(mu t Ulpt{wo, tpb ll]lll24WO bfi (lpw t1J16wljfitpp E pwq
Ulllf}JlllG(l, uljqpfiwljwfi pw7tuuwG p0 4bljU1llJlJ! L. Q(t) l1}mwuw114ntlJwfi UWU1-
pJ1gu: 4 {Jq.-a hwuwp4111 u t ljwunaw4np, bpt tlh112w4np ctwuwfiwljwhwU1t{w
omu ublj hwt(wfiwljwCimpJwup ljwmwp4mu bfi tlh112wtln11 pt(ntl wfigmufibp: 

'1-}1gmp· p,i(t)-Ci t UJWh}1fi qn11onfipwg}1 j t(J16wljmu qmG4b1111 hw4wfiw-
4wampJmGCi I: UJWJUwfintl, 1111 t=O uljq_pfiwljwfi UJWh}1a li:lJCl..-Ci qU1a4t1 t i 
t1J16wljmu· p,i(t)=P { {(t)=jl{(O)=i}: UJu 11tuwmu IJil•tl hw4wuwljwumpJmli
CibpI1 pwuw6L!1 oqfimpJwup pij(t)-J1 hwuwp ljumwtiwfip htmLJWl uwpljml.Jwu 
4bpwljwfiqfiuwa hw4wuw1unuutpp' 

I 

p.i{t)=(l--Il,(t))c5,J+ IJp,/t-x)dQ"(x), ijeE, (5.1) 
reEo 

npmb11 8,1-bp(l· li:1mCibljb11J1 hwumwmmCitib11ti bu: 
f!wfiw6LCi 111CiI1 UJW(l4 hw4wuw4wfiwJl1Ci uLljliwpwtimpJmti L umwg-

4mu t lJlfCl--11 wnw2]1fi pnl•wl• (tlJ16wlj]1 ljlm}mtu111pJwli) UJWh!1 hblQ.wqmn
uwu uJ12ngnt(: ~w2t(J1 wntit1ntl l{{Jq.-]1 wnw2]1Ci flll]1w11, 11p11 mt11t1 t mCibfim u 
a, UJwmwhwljwu ctwuwuw4l1g htmn, uil1t( hwt(wliwljwCimf}JmCiut11]1 pwUw-
6L.J1g P.it)-]1 hwuwp ljlllnwfiw(lp · 

p,1(t) = P{i;(t) = j, a,> t li;(O) = i}+ P{i;(t) = j, a,~ t li;(O) = i}, 
npmb11 wnw2t1u qmuwpb1J1u hw4wuw11 t.· 

P{;(t) = j, a,> t I i;(O) = i} = 1Vl 11,(l)): 
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b1141m11Il qnuiwphtl1Ci n1mzi.tmu t u1M hw4wCiwlJ.wCimpJml1Cih11l1 pwfiw-
0Lt1g' hwz4.l1 wnfihL11t.l pnt1~pl1 UJWhl111 4m-11 hwuwuhnmpJmfiJJ Li uw114ntl
JwCi hwmlJ.mpJntfiJ)' 

t 

= I. JP{~(x) = k,x <a;< x +dx 1~(0) =i}·P{~(t) = 
kEE O 

t 

=jl~(x)=k}= I. Jpk/t-x)dQik(x): 
ktoE O 

Unw2f1Ci qn11Iwphtl1Ci umwgtlmu t hhmLJWl qw1Illlllntf}Jntl1Cihpl1 oqCim
pJwup: UlJ.qpfiwlJ.wCi t=O UJWhl1Ci qn.pOJ!Cipwgg qmCitlht t i tlflowqmu, lm4 Ci11w 
wnw2l1Ci pnlIWI! mhIJ11 t mCihgh1 t chuuwfiw4l1g hhum' a;>t: b114!111pq qmuw-
11htl1fi utnwgtlmu t hhtnL.JWl lJ.hpUJ.: UlJ.qpuw4wCi ~O)=i tl}lowqmu ylfq..(j 
uCiwght t a;=x~t chuuwCiwlJ., n11flg hhmn dQik(x) hwtlwCiwlJ.wCimpJwup (x, x+dx) 
ctwuwCiwlJ.whwmi.twomu wCigmu t lJ.wmwpht npL.t k, kE E tlfll'.iwlJ.: t-x ctwuw
Ciwltlt f!Upwcimtu 4lJQ.-Ci ulJ.qpCiwlJ.wfi k tlflowlJ.pg j tl}lowq wugmu t lJ.wmu:
pmu Pkj(t-x) hwtlwCiwqwfimpJwup: 

lfwplJ.ntlJwCi tlhpwqwfiqfiuwfi hwtlwuwpmufibpp tlhptmompJwfi hwuwp 
oqmwqn11ontu bfi f!Utn t t1miJtntuwlJ.wfil1 lwUJ.1wu-Ump1mbul1 oLwi.pntum
pJntfil!' 

~ - -
P;i(s) = f e·"p;/t)dt, Qij(s) = f e-51dQ/t), Hi(s) = f e-51dHi(t), 

0 0 0 

npmbq s>o-u· LwUJ1wu-Umfltmbu}1 oL.wi.pnfuntpJwfi utw11wubmpfi t: 
Ufigfihtntl (5.1)-mu f!UUl t tlmtlmfuwlJ.wCip lwUJ1wu-Ump1mtuI1 oL.w

i.pnltmtpJWfiI! qumwfiwfip hbmL.Jwt hwfipwhwztJ.wlJ.wfi hwtlwuwpmufibpl1 
hwuwlJ.wpqf!' 

p/s)-I.Ct.(s)i\(s)=dij(s), ijeE, (5.2) 
eeE 

npmbq' 

du(s) = 8i/1- Hi (s))/s: 

(5.2) hwi.J.wuwpmufihpf! uwmp}1gfibpp mbupni.J. lJ.qptlbfi' 
P(s)-Q(s)P(s) = D(s), 

nptnbq' 

D(s)= II dy(s)"II, Q(s) =II Qij (s) 11, P(s) =II pij(s) II: 

<!.bmL.wpwp (5.2) hw4wuwpmufibpp 1mon1ufibpp P(s) uwmppgp hwuwp 

lJ.utnwfiwfip' 
P(s) = O-Q(s)r1 fi<s) : 

UJUUlbq (l-Q(s))-1-1!' 1-Q(s) uwmppgp hbmwqwpo uwtnppgfi t: 



P. mwppb]11llf}JlllU ULUJl\.jllljJWU qnponupwgub11J1, Pij(t) wugmUWJllU 
hw4wfiwljwuntJ3Jmfiub11J! LilN--li wuplll12mpJwU:p ~ta npnzmu: UwljwJG 
u11wug hwmljmpJmulibJIJ! ljw11Lnp 11bp ta tuw111nu 4lN--J1 t11qrny11.j nhctJ1uJ1 
hbmwqnmtiw(i ctwuwliwlj: 

l:,ph 4lJ-q_-J1 lib11umb4wo lJw11lJm.U1 ZflPWli t11qnqJ11.J. t L t[l16wljlihpmu 
ufiwtm up2}lli ctwuwliwl[f.it11J! uwhuwCitmpwlj ta, WUJW q.i1110]11ipwg{! 4nt-
4mu t tpqmllllj: "uuwa lJlJQ.-fib11]1 p;i(t) wliguwfi hw4wuw1.J.wlimpJmCilib11J1 
hwuwp, wuljwtu uljqpuwljwG pwztunu.l:J1g, t~00 qbu.wnui qtlJntpJmfi mfibG 
hbmLJWL uwhuwfiGb111f 

tr;= limp,j(t) = P/li/IP,TI,, jEE, 
•~- n:E 

npmhq p =(p,, iE E)-G. LilJC+-[1 fih11umo4wb lJwpljnt[l1 2'1PWJP umwg[mfiw11 
pwztumuG t, pulj 7J;-G q.i111011Gl}wg]1 i t[l16wljmu U:Gwtm u]12l1li ctwuwGwljG t: 
UJuJ1Gpfi' 

= 

1J; = JO- H, (x))dx, iE E: 
n 

4lT<+-p j t[l16w4mu qmGtJ.htm 7rj uuiwgJmGwp hw4wGw4wfimpJmfifihp[! 
pwtJ.wpwpmu ta hbmLJWl UJWJtiwGGb11t1n· 

In, = l , 0 :S tr; :S I, jE E: 
J'lc. 

n=(tr;, jE E) umwgfmGwp pwztuntti{! lJ.w11bL11 t npnzbt GwL hhmLJwt 
hw4wuwpmufihp]1 hwuwl.J.wpqt1g· 

n, = I(77J7J,)7r,p,,, jEE, In,= I: 
ieE ]'E 

'l-}lmwpl[bCip 41wCiuwCi 4]16wljCibpn4 4lfQ.: 'l-]1gmp· E1-11· 41wCiuwCi, Jmlt 
Eo-u· wCigmtiwJt1G l[J16wljGLpl1 pwqumpJmuGb11Ci hCi' E=E1uEo, E,nEo=0: 
"uzwuwl.J.bfip <p,(t)-114 uJ1CiiL 4twfiu.w(i UJWh(l (E1 pwqumpJmGCi [!Gljubl[l) 
4lfQ--p Eo pwqumpJWCi 4]16wltuh11mu UCiWJlll dwtiwCiwltJ1 pwztu1111i11, UJWJ
uwGntJ., np t=O u4qpCiwljwu UJWhl1G qnpbpCipwm1 quiG4t1 t i 4J16wljmu, iE Eo, 
Jm4 r;-ntl.' wJq dwuwGwltt1 ut12J1Ci wpdhp(}: Oqm4bp14 111114 hwtJ.wCiwljwCim
pJmCifihpp pwfiw6Ll1g, q,,(t)-hpl1 hwuw11 ljw11b1]1 t q11L1 hhmLJWl uw111.jntl.Jwfi 
tJ.bpwljwCiqCiuwfi hw4wuw1u11ufit11l!· 

I 

q,,(t) cc I Q,/t) + I f q,i(l - x)dQ,,(x), iE E0 : (5.3) 
J' h1 ,c I:0 o 

(5.3) hw4wuwpm11GL11111u wCigCihtntJ. l.w~.11wu-Umt11uihut1 6Lwl}lntum
PJWfi, ipi(s) -h11J1 hwuw11 tiumwliwfip hhmLJWI hwCipwhw74wljwCi hw4wuw-

1u11ufihpfl hwliw4w11q11· 

'P;(s)= I C>;i(s)+ I Q/s)<p,(s), iEEu, (5.4) 
JCL1 Jel'<J -

npmhq ip;(s) = J e-"q,, (t)dt: 
0 
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- - d<p;(S)I . E 'r; - , IE O, 
ds s = 0 

(5.4) hwl{wuw1uuuCitp}111}1:t'>hptCigmunl{ J.iumwfiwfip' 
,; = 1]; + L 'iPij , iE Eo: (5.5) 

.i=Eo 
''Himp t G2tt. np qupofiwqwCi )uCiql111fitpmu '-IlfCl.-Cihpl1 fiqw11wqpuwfi 

hwuwp oqmwqn1101.Jmu hfi u11 pwfi)l hwl{wfiwqwfiwJ)lfi qwnmgl{wopfihp: 
lfwpJ.imlJwfi qnpbi!fipwgfihp}1 fiuwCimpJwUp 11J1mw11J.ihfip hhmhJWl qwnmg
l{wupJ!: 'il1gmp' 4lfCl.-l1 JntpwpwfiLJntp t(116wltl1 hwuw11 mpl{wo hfi a;/ i 
LJ.p6wlt}1g j lJ.116wlJ. wfiguwU UU(WUUwfi ctwtlwfiwltCihpJ!, ijE E: a;i U(WUlW
hwljwfi uhumpJmfifihpJ! u]1tiJwfigl1g wfiJ.iw)u tfi, nt pwgumwqwfi h mfihfi 
wUJ!Ciqhwm pw2Juuw!i :i-,muqgJ1w6hp' 

Aii(t) = P{a;/;t}= 1-e"•i<•>, 

A;i(t) = - ln(l - A;j(t) ), 
npmhq Aij(t) :t>mulJ.g}1wfi npn2mu t i lJ.116w4Pg j i.l}l.6wq wfiguwa hw6w)um
PJntCi{!: .Rwul1 np' 

dAij(t) = dAij(t) /(I -A;j(t)) = P{t $ a;i $ t + dtla;i > t}, 
WU(W dJ\;j(t)-fi lJ.wphl11 t Ubqfiwpwfiht npU(hU (t,t+dt) U)12WijWJpntU i i.l}J.OW
ltl1g j lJ.)16wlt wuguw(i hwl{wuwqwCintpJntfi, UJWJUWunq, np U)l!ith t U(Wh{! 
wCigmu mhq.(1211 mCibghr 

4lfCl.-)1 i i.l}l.owqmu ufiw1m a; ctwuwfiwltl! h Ciptu pw2JuuwCi H;(t) !l>mfiq
g]lwfi npn2qmu hfi hbmhJWl qhpuf 

a;= min{a;;}, H;(t) = P{a; $ t}= P{ min{a;;}S t}=l-e-"1<1>, 
.)EE • .)EE • 

npmhq A.;(t)-fi qnpUJ!Cipwgp i i.l}l.6wqpg qmpu qw1m hw6w)umpJnt6G t' 
A;(t) = L Aij( t)}, iE E: 

jeE,i~j 

Q.npOJ!fipwg)l i i.l}l.6wqpg j lJ.)11'.iwq wugmuJ! qwmwpqmu t wJG qbuwmu, 
bpp a; =a;j, ijE E: 

lJlfQ.-)1 wugmuwJ]16 uwmppgjl Qij(t) mwppbpJ! npn2qnu1 bfi hbmhJWl 
pwfiwoLnq' 

I I 

Q;j(t) = Jn_(l -Aik (x))dAij (x) = I e-A;(•)dAij (x), i,je E: 
ObJ 0 

UJU pwuwoh)lg 1.twpbtp t npn2b1 Ciwh fibpumuqwo lfwpltniUt 211PWJ)1 
wugmliwJpG hwqwfiwqwfimpJmfiubpf!' -Pii = Q;j(+oo) = I e-A;(•)dAij (x), ije E, 

0 

h '-IlfCl.-p i lJ.)16w1.J.mu ufiw1m ctwuw!iwqjl pw2Juuwfi :t>muqg}l.wu' 

H;(t) = P{a; $ t}=l-e-A;<i>, ieE: 



'l-l1mwp4bup hbmL.Jwt tiwufiw4np qbuip\!: 'l-l1gmp' pntnJl a;, iE E uiwmw
hwlJ.wfi tibompJmfifihpl! mfibll A;j hwowjump_]lnufibpntl gmg2wJl1fi pw2funui' 

A·(t)-= 1- e -,v iJ'E E IJ , , 

npmbq A;rb111! t[b112wtln11 bll, A;j~O L. I!U'l n1mttI n2 pntnp A;rbJlfi bu hwt[wuwp 
qpnJ}l: 

UJq qhu.wnuI qnpbi!fipwg}l tl}16wlJ.ub1untI tillwtm a; dwtiwCiwltfibpu 
pw2jut[wa bu gmg2wJt1u opbfipmf 

H;(t) = 1- e-;.,,, iE E, 

npmbq A; uiwpwtibmphJll! t[bp2wt[np bu L. qJlllJP9 mwppbp' 
).,= -A;j =LA.ii, 0 <A[< +00, iE E: 

UJqUJllu]1 ltlJq.-(i hwfiqpuwllnui t WUI!UlplWUl dwtiwllwltnt[ Q=ll,1,;ill 
wlJ.fipwppwJl1G uwmp}1gml_ lfwplJ.mU1 2qpw: UJu 11hu.wnu.i ltlfCl.-11 wfigm
tiwJp.G Q(t) tiwmpp.gl1 mwpphpl! 411pn2tlhfi hbmLJWl pwCiwoL . .nt.1· 

Qij(t)=p;J(l-e-;.,'), i,jEE: 

UJumbq ltlfq. ubptimmiwa lfwplJ.ntl}l 2JJ.PWJP. Pii wCigmuwJ}1Ci hwt[wCiwl.Jw
CimpJmfiCibpJ.1 hwl{wuwp b(i' 

PiJ = ,1,;/,1,;, i,jE E: 
lfwpltntlJwCi 2JJ.PWJ}1 i tl}16w4mtI ufiwim u]19}1Ci ctwtiwfiwlt!!' 1];-G, hwtlw

uwp t A; hwowfumpJwfi hwlJ.WJlWJlo ubbmpJWfiJ.1' 
11,-= l/,1,;: 

6. Uhb" twtiiwIIwJfintf}JWup IufiqppCibpp tmWwCi 
bqwCiwqCibp 

q.npbmJpfib11}1 hbtnwqnmtiw(i L mfimbuwq}1tnw4wCi 2wm juuq{111Cibp}1 
hbuiwqnmmup 4wuit[wb t tibb iwtflw4wJCimpJwup qbwJ!lti hwl{wuw1m1tI
ubp]1 tmc>tiwu hbui: u2bup, 011{1uw4, uitwCiwt[nptiwCi, tiwnwl{wptiwCi, 111w
hbuuiwl{npuwu fuuqppfibpp L WJtli: 

lfba iwtflwtiwJfimpJwtip tuu11t111Cib11t1 wptiwmwl.Jwfi 1mbmtI[! Cibp4w
Jntuu npnCitlmtI t }un2npwguwu, wqpbqw4n11uwCi L tiwuCiwmuwCi 02q11{1ui L. 
tinuiwt[np bqwGw4Gb11I1 uzw4tiwCi L 4I111wntiwti n1n11mub1u11u: u2l{wb bqw
Gw4Gtpp pm.11 t(i uiwu1u ubb iwtflw4tuJCimpJwtip {ufi1wt1 1mb111u[.1 tiwtI 
hwfiqbgfibt tIJ1 2w11p tflnp11 (gwCilJ.wL11) 2wtflw4wJCimpJWUp }uti11)111tib[1lt 1mb
uwu· 111whuiwub1ntl u4qpfiw4wa tuu1111)1 uwfipwuwu(i fi4w11wql1J1.1!, tiwu t1 
hwuqbgfibt }un2npwgt[wb, tflnpp 2wtflw4wJCimpJwtip ut4 {utiru1)1 tmbuwfi, 
wCigCibp1t[ u4qpuw4wu futiru1t1 funz1111wg4wb a4wpwqpuwli[.1: UCi4w}u Ci11w
ut19, pb np unmbgmtICi t t111wqn11bl{mu· wnw2l1Cip, h11lt1m1lJll!° pb 11pwClg 
qmqnpqmpJmfip, fi7l{wb bqwCiw4CibpmtI tiw11L.np pfipwgw4w11q t u4qpC1w-
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qw(i fuu1111J1 JUlOlllUfitJ1!1 t.ih]lW4W(iqfilllUJr 4Wfut.lw() LUJI} J!fipwgwqw11q}1 
LUP11Jlllfip!1g. UllllllPhJllllU h(i CizqppUl h unuiwqnp tun21111wguwli, wqphqw
t.lnpuwfi L. uwufiwmuwfi t11wfiUJl.(fit111!: 

'l-wuw4wfi tun2npwguwfi fuCiqp.p 

'l-J1gmp · A=lla;;ll-fi nt pwgwuwl(wli mwp11t1mt.l l1wm11!19 t, np!1 uiwpr1t111! 
npn2w4.l1 w11mw1111wfip}1 u}1wqnp!1 1m11w1141iwfi hwl1w11 wlihpwcth2m liJmpt
PP owtuu}1 qn11bw4.l1glitpli tfi, x=(x,, ... ,xN)·l! lizqwb 111111zw4l1 wpuiwqpwliplt 
111Jit.l fllllWitl.(11wli t.1ttiuin11li t, }ml( y=(y1 , ... ,yN)-1! npnzw4.l1 wpuiwqpwlipl1 
qhp2liwl(wfi filllWitl(uwli qtl(Ulllpfi t: UUJ.w up26Jn1I1WJpli hw2t.lh4lnp 
hwqwuwpntUJ! mfilt hhmL.1w1 mhupJ!. 

qwu 

N 

xi= Ixiaii +Yi, iE {1,2, ... ,N}, 
pl 

X = Ax+y: (6.l) 
'l-}1gmp' N wpuiwq11wfiplih1ip filllWPltntUJ! ppwl(wCiwgqmu t M 6Jn1I1h

pmu: Cliq n1nuu wnw2}1li 6Jnu1mu wpuiwqpljmu hfi l-}19 S1 wpwwqpwlip
lihpJ!, tpqpnpiµuu' S1+ l-}1g S2, L. WJtli, M-pq t'iJnlllmu· SM_1+ 1-pg SM wpmw
qpwliplihp)!: 

A =11 aij 11-ntl lizwliwltbli12 MxM twtiiwltwJfintpJWUp (M<N) up26Jilll1WJpli 

hw2tlh4lnp ow}uuhpp qnpmultliglihpp uwwppgJ!, x =(X., ... ,XM)-nq· 6Jnlllhpp. 

wptnUll]llWlipp Ullttl fllllWPltUWli qbqtnnpJ!. }1u4 y =(YI, ... , y M) -mr OJillllhPlt 

wpunuqpwlipp qhp2fiwqwfi pllIJ.wpquwfi 1.[hqmnpJ!: 
Cum qwuwlj_wli wqpbqwqnpuwli mbumpJwli' 

. X = Tx: (6.2) 
llJumhll T=llt;ill-li wqphqwl.[npuwli qwu tun2npwgl1wli uwuippgli t, npp. t;i 

UlWPPI! hwqwuwp t 1-p, bpb j wpuiwqpwlipJ! PilllWPI.J.t.lmu t i OJDllllllU, L. 
4i= O' hwqwnwq qbUJ.12mU: T uwwppgli mlip hhmhJWl 1.J.wnmgqwopJ!. 

N1 N2 NM 
~~ ~ 

1 1 1 0 0 0 0 0 0 

0 0 0 1 1 1 0 0 0 
T= (6.3) 

0 0 0 0 0 0 1 1 

U1umhl1 i.qwpqmpJwli hwuwp hfipwqpqmu t, np pn1np wpmwqpwlip
libpf! hwuwpwqw1qwct bli f!UUl ppblig qmqnpquwli lJ.wpqp: UJuplipli' hpb i-pq 
6Jn1I1ntU wpmwqptl_wct bli N;=S;-S;.1 ptl_ntl_ wpuiwqpwlip6bp, wi.qw qpw6p 
hwuwpw1J.w1tJ.wct tfi S;.1+1-pg uplitL. S;: 
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llllllJlQ t, UJJ, 
M 
IN; =N: 
i=I 

ut111.huobup tunznpwguwfi tunwJpfi C uwmppg{!· 

[

a 0 •.• a 0 0 . ·. 0 · .. 0 .. · 0 
I.I 1.s, 

0 .. · Oa0 .. · a 0 • .. 0 · .. 0 C == . 2,s,+1 2.s2 

0 .. · 00 · · · 0 .. · a 0 ... a 0 
M,SM-1+1 M,SM 

(6.4) 

np)1 ai1 mwpphJlJl gmJg h(i mwuiu i WJJUlW'lJlWfipp mtuw4wpwp luimI! j 

CiJnUJ.11 p11I[LUJ1ljwo wupru12 wpuiw11J1wCipmu: liUiw wqphqwtln11t,lwo· u)126Jm
l)WJ)lli hw2t(h4lnI1 hwt,lwuwpntUJl ljmCibCiw hhuiLJWl uihupJl. 

X=AX+Y, 
npuih'l' 

A T A 

A=TAC , Y='ly: 

liJUUlO'l c1-Ci uuiwgt,lmu t C uwmp)1g)1 tlhpWJ}WUW4llJIIUUpg: 

bph ai1-t1111 npn24mu bCi u4qpfiw4wCi uJ12w11tnw11J1wCipwJ)1fi hw2t(h4ln)1 

hwt(wuwpuwCi 1mon1uCibpf:t oqCimpJwUp' 

a~= x,( Ix,, iEN;, jE { 1,2, ... ,M}, (6.5) 
,e N' 

WUIW J}cJ4w11 it. hwunqt(hJ, n11 11J1WUJ2 WUIWlm4mu hCi (6.1) hwtlwuw111Iwfi 
Ci2qp)1ui wqpbqw4npuwfi (Jun2npwguwCi) UIWJUwu11· 

A ~ 
X, = L X), iE {1,2, ... ,M}: 

J~s._ 1+1 

liJuUIJ1un4 11wuw4wCi wq11hqw11n11uwCi JuCi1)1UJLU a,~ qn11ow4J19Cihpl1 

n1m2uwli hwuw11 wfihpwctbJtn t 111 CihCiw1 (6. I) hw4wuw11uwu 11110111uubpJ1: 
Uq11hqw4n11uwu L Jun2npwguwu hf1wuw4ub1111 uiwppbpt(mu bCi C uwui

rl1g)1 tnwppbpl• 111m2uw(i brJwliw4lib1m4: -I-Wliw114btip qbwJ]tli hwti11whw7-
4wljwu hw4wuw1m111fibp)1 Ciiq11]1ui L untnw41111 Ju11;1111wguwti hl)wtiw4tihpp, 
npnup 1wJCi 4J1pwnmu tu quit.1 uwL UIWUlwhwljwti qn11011tipwgut11I1 hbuiw
qntntiwti Juti1Jl•11ti bpn111: 

n2qppui Jun2npwguwu h11waw4 

U4qpmu r1J1uiwp4ttip hw,lwulm qbwJ)•li hw4wuw1u110Cib11J1 6iqpl1U1 
Jun2nJlwguwCi Juu1ll1Jl(1: 'l-J1gmp· m114wb I.' 

N 

a;=IaJpJ'' iE{l,2, ... ,N} (6.6) 
J=I 

qbwJltti hw4wuw1m11mt.11)1 hwuw4w11q11, 11J1U1h11 P=cllp,111-ti' II) pwgwuw4wa 



152 XI. Uwpqm//l 211Pwut;p I, tfwpqnt/}wli m IJ/JuwtJwplJnt/Jwli qnpUIJfipwgfit;p 

U1lllfllth1mtl hllltlwfiwl.J.wuwJltu uU1m11!1g t' 
N 
LPi=l, O~p;j'.~1. ijE{l,2, ... ,N}, 
j=I I 

Imlt a=(a1, ... ,aN)-u n~ pwgwullll(wG 4.bqmnp t' 
N 

O~a;~I, iE { 1,2, ... ,N}, Ia;= 1: (6.7) 
j;l 

'1-]lgmp. N 1.fu11.pnfuwljwuubpJ! pwchuutlwo bu bpqm futiplt: buplllqphup, 
np wnw2J:tu fuupmu {!UqqJ_tlJ.tllllb bu 1-ltg N1 1.Ju11.pnfuwqwuubpJ!, Jmq bplJ.
pnJ1Ill1tti' N1+ 1-119 N: 

. .tun2npwgt(wo hw4.U1UU1pntuubp]1 hlllUUl\tlllpq]l 1.J.wnntQUUlfi hwuwp 

npn21.Jmu bfi fun2npwguwu C L C uwmpl1guhp{!, npnup mt1.Jw1 qtuwnuI 
mfibfi hbmLJWl 1.J.wnmgt(U1ap{!, 

1 0 
}N1 ( a'" a«> · · · a«> 0 0 ) 1 0 C= 1 2 N1 

(2) (2) • c- = 0 I 
}N-N1 

(6.8) 
0 0 aN,+1 ··· aN 

0 I 

liJumbq C uwmp]lg{! C-J:t 1.J.)1uU1hU1IJ.wqwpc.\ uwmp]lgu t L C =TT: 
d 1> L <12> t(bqmnpubpp mwpphpl! pU11.(U1pwpmu bu hbmLJllll U(lllJUlllfi

fibp]lfi' 

!N < (1) < · (I)_ o_ai _1, lE{l,2, ... ,Ni}, a; -1, 
i=l 

N 
O~a;'2l ~1, iE {N1+1,N1+2, ... ,N}, }:.a;'2l =I: 

i=N1+l 

't.iwll(bp]l P uwm)l]lgl! ubJllJ.WJwgfibfip {!Utn pinl.J.fib)l]l' 

p = (P11 P12 ): 
P21 P22 

liJumbq Pu-I!' N1xN1 ~wl,llwl.J.wJfimpJwtip uwmp]lg t, nJl]l mwppbpl! gmJg bfi 
mw)]1u l,llnl,llnfuwl.J.U1fifib]1]1 l.J.wUJ.l! U1nw2]1fi futipnuI: P1rl! N1x(N-N1) ~wl,llwqwJ
fimpJlllUp uwmp]lg t, np]l UlW)lph)ll! gmJg ta mwwu wnw2pa futip]l l,llnl,lln
tuwl.J.wlifibp]l qwum bpl.J.pnpq futip]l l,llnl,llfuwl.J.wlifih)lp hhtn: P12-l!' (N-N1)xN1 L 
P2r1!' (N-N1)x(N-N1) ubqfiwpwfitj_mu bfi hwtiwutwmwufuwlinpbfi: 

d,1> L d,2> t(bl.J.mnpfihpl! npn21.(mu bfi hbutLJWl hwt(wuwpmufibp]lg. 
N 

!a?> =1, (6.9) 
i=I 

N 
I,a?l =l: (6.10) 

i=N1+l 



.lvnznpwglj_w() hwlj_wuwpnuHibp}1 hwuwl{w)lqCi mCi}l hlnnhJWL uibUl2\!· 
A 2 

a=aP ~a =I 
• '~ 1 , 

(6.11) 
I 

a= aC- = (a.,a2 ), P = CPC-: 

UqqpCiwqwfi hwuwqwpq}l a tmbmuCihpJl, C uwmp}lg}l cfi>, i=l,2 
mwpphp}l h }unznpwglj_wc) hwuwqwpql1 a;, i= 1,2 tmbmuGbpl1 11}12h qt1Jm-

pJmCi mCihCi hhmhJWL wnCi2mpJ111CifihpJ!. 

(6.12) 

(j) - I A ·-1 2 a; - a; ai , J- , , (6.13) 

a; =ap?, iE {1,2, ... ,Ni}, bpbj=I h 

iE {N1+1,N1+2, ... ,N}, hphj=2: (6.14) 
UJumhq (6.12)-l! ~mm t wwwu uqqpCiwlJ.wCi L tunznpwgl[wb hwlj_wuw

pn11IfihpJ1. tmbnuifihp)l ljWUjJ!, (6.13)-[! npnzmu t funznpwgtiw(i C llWltlpflg)1 
mwpphpl! h WUjWhnl[mti t 6zqpflm tunznpwguwCi UjWJUWCiJ!, puq (6.14)-1! 
pmJt t mwwu l}t11wljwliqCiht utfqpCiwqwCi hwuw4wpqjl tmbmuCibpl!, bl:}h 
hwJmCifl hll Junznpwgl}w() hwuwlJ.wpql1 tmbnuHibJll! h tunznpwguwCi uwm~ 
PP.QI!: 'flhmp t CizbL np tunznpwguwCi [!llpU1gw4wpqG mll)l tlm}uwCigwltw
fiotpJwCi hwwqmpJmll, WJUJlCipll· WflllhCi tunznpwglj_w() hwtiwqtt!pqJ! finpflg 
l{wpnq t bllpwplti.lbt :tunza11wguwfi: 

UJchl q}1mwplJ.hfip wllhwtlwubn qbwJflfi hwtj_wuwpnuHibpJt )unznpwg
llwfi tufil}}lpl!: '1-J1gmp · mptj_w() t · 

N 

x;=-}:X 1a;;+Y,, iE{l,2, ... ,N} (6:15) 
J=I 

hwtj_wuwpntllfihpfl hwtiwljwpq[!, npmtri A= lla,ill-Ci ni pwgwUU14wG mwpph
N 

pntl uwmp}lg t, O~a;1~1, ijE{l,2, ... ,N},~a,1 ~I. ]1u4 Y=(y1,.,.,YNH!° "l pw-
J=J 

gwuwlJ.wfi mwppbpntj t!blJ.mnp t: 
~wllwljwpqjl tunznpwguwCi hwtiwp tiwnmghfip hwllwubn hwlj_wuw

pnuIGbp)l hbuthJWl odwCiqwlJ. hwuwl{wpq11. 
N N 

a,=}:a1p1,, o~~~l,ie{l,2, ... ,N}, !a,=I: (6.16) 
J•I 1=1 

UJumtri· P=llp;i!I-Ci hwlj_wfiw4wCiwJJ1Ci uwmp!1g t, npl1 mwppbpf! npnztj_mu bU 
hbmhJWl pwfiw&Lbpnlj_. 

Pii = a,/r,t;, r1 = y1/f Y,, t, = 1- f a;i, ijE { 1,2, ... ,N}: 
o=I l"I 

(6.15) L (6.16) hwuwljwpqbpJt pnbmuUbpp uJtliJwCig hbm 4wllllfw() hfi · 
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N N 
x;=ba,, iE {1,2, ... ,N}, b=IyJI.a;t; (6.17) 

i=I i=I 

hwt{wuwrunuutru1t{: 
Uuhwuwuhn hwtJ.wuw11uwu )unznpwguwu hwuw11 oqmt{hup hwuwutm 

hwt{wuwrumHihpp hwuwp pt11t{wo w1qn11l1pul1g: 
'1-l1gmp · (6.15) hwt{wuw111nuuh11I1 1.fun}ln)uwl}wuuh111! )unznpwgtJ.mu hfi 

t11lJ.m )uuphpnt{ {l,2, ... ,N1} L. {N1+l, ... ,N}: lil4W l!UUl (6.14)-11 L. (6.17)-11 
fipwug 1mon111fihpp hwuw11 lJ.umwuwup · 

Xj = bltj = ba;a;o = X;xji), jE { 1,2, ... ,N}, hph i=l L.jE {N1+ l,N1+2, ... ,N}, hph i=2: 

N 

"2 = LX;, (6.18) 
i=N,+I 

npmhJJ. 
x<i) =a(i) =a/a = ba-/ba = x-/x . 

j J J I ) I ) I ' 

liJUU.WWltl., (6J5) hwuw1.Jw11ql1 )un2n11wgmuJ! hwuwpctbp t octwfiqwlj 

(6.16) hwuwlJ.wpqp Jun2npwguwfiJ!, J!fil} npn1u l}PWug Jun2npwguwu C L. c
uwmppgfihpJ! hwuJ!uqfimu hu: bpb ochu(iqwq hwuwqwpqpg npnzl(hL hu CL. 

C-uwtnppguhpJ!, wuiw (6.15)-11 tunznpwgtJ.wo hwuwqwpqJ! l}mfih(iw hh
mL.JWL mhupJ!. 

X=XA+Y: 
UJumhrf 

X = xc- ' y = YC- ' A = CAC- : 

trnmwl[np funznpwguw(i b.qwfiwq 

''lhmp t Ci2h1, np unmwt{np .tunznpwguwu b.JJ.wCiwljfihpJ! 1wJfi qppwnm
pJmfi hfi qmht pwJUl hwuwqwpqhpp mumuuwuppuwCi L. qnpon1wfihpp 
hbmwqnmuwa _tufil}}1pCih1m1u: \,hpqwJmuu oqmwqnpoqmu ta unmwtJ.np 
.tunznpwguwfi pwquwqwu t11.wfiwljfibp, npnfip mwpphpqmu hfi qppwnl[IlJJ. 
uwphuwmpqwqwCi umnhgmuCibpntl L. pphfig J!fipwgwqwpqhpp qnpofiwqwCi 
uhqCiwpwCimpJmCiCibpnq: liJu pwcHimu ql}}1mwpqhCip lmpnumqp wnw2wp
l}wo b.JJ.wfiwltJ!, npfi wnwCioCiwCimu t pp uiwpq qwnmgl[wi)pnl[ m WJUlJmCip
Cihp]l uwphuwmpqwqwCi hpuCiwl[npn1p3wup: 

l:nJ.wCiwqp hpupmu J!Ciljwo t WJCi hCipWl}pnlJ}JlllCiJ!, np ppwqwfi pWJUl 
hwuwqwpqp 1.[wppJ! 1.J.wphtp t Cil.J.wpwqph1 npnzwq]l }luwumnl[ CipwCi unmpl} 
wJuuihu 1.J.n~l[wo h]luCiwJpCi, wl[hLl1 uiwpq hwuwlJ.wpqfi oqCimpJwlip: hpl}m 
hwuwqwpqhp}1 1.[wpphp}l unm}1l(mpJntCiJ! qCiwhwml[mu t CipwCig l(wUjbpp 
(wCigmliwJpfi) tiwmppgCihp]1 mwpphpn1pJwfi u}l2ngnl[: CCiqmfiqmti t, np WJI} 
mwpphpnt-pJmfifi mCip Ciw_tuopn:J2 uwhtiwCil[wo E t}ln:J2p UjWpwtihmp]l 1.J.wpq: 
'1-w pmJt t mwwu, hh1.0wqnmh1nl[ hpuCiwJp.Ci, hwuwl(wpqp pfimpwqpbpJ!, 
quwhwmht uqqpfiwl}wfi (]lpwlJ.wfi) hwuwqwpqp pCimpwqpbpJ!: 
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'l-]1gmp' htmwqmm.J.mu t (6.6) hwuwutn hw4wuwpmufit11J1 hwuw
ltwJtqJ!, 1111]1 wfigmUWJJ1G P UWlil[l]tgJ! pmJt t mwum hbtnhJWL lil[lllhmU{!. 

P = Po- eB: 
UJumhq Po-G p1nl[Cih1mtl wCilIJmfiwqawJ]tfi hwl{wfiwl[wCiwJJ1fi UWU1[1[1g t, 11111! 
pfimpwqpmti t hJ11.ifiwJJ1fi hwuwuhn hwuwl[w11qJ!: UJu uwm11J1gu mwilm t 
ul[qpfiwl[wfi hwtlwl[wpq]1 lil]mlmttl{! {!UUl tpmp.n]uw4wGfitp[1 ]uupbp!1: opt 
hwtiwl[w11q{! lilJmhl{mu t M ]uuphp]l, WUJW Po-fi mfi!1 hblilhJtut 4wnmgl{wopJ!. 

[
Po1 0 0 1 0 P ... 0 

Po= : f : 
0 0 ··· P0M 

B uwm11!1gJ! gmJg t mwum ul[qpfiwl[wfi hwuw4w11q]1 2brJ.mti{! h]1uCiw

J]1fiJ1g: upw UlWJlllbflJ! ll1 fib(i € lp11p]l UJWpWUbtnilJI 4WJ1q h pwl{tu[lW[l.11lU b(i 
hbtnhJWL hwtJ.wuw11.11t!}JWU[f 

Ib,J =0, iE{l,2, ... ,N}: 
J 

a,0 -114 h 11;>-ntl u2wfiw4tfip Po1 tfipwtiwm11]1gJ1 ow]u m w2 ubtpw4wa 

l[hqmnpfihpJf 
N 

a~ =a,0P01 , f ai =I, o::;a,~::;1, jE {N,.1+1, ... ,N,}, (6.19) 
J:::-N 1 • 1+1 

I c,J = Poi I (i), iE { l ,2, ... ,M}: 
UJuutbf\ I Ii> 4hl[mnp)1 pn11111 mwppbpp hwl{wuwp bfi l -)1: Iim711pwgtiwti Co L 

c~ UWU1p]1gfihp[1 4wnrnyl{mu hti hhmLJW\ l[hJlUj. 

(6.20) 

~ 0 .. · a~ 0 () (,Mi 

Co=[a?

0 

:~ ~ ]· C~ =[
1
~

1 
11:i ~ ]· 

lfomwl.[1111 triwfiw4ntl 4wnmgl{wb ]u1171111wyl{wb hwuw4wpq)1 a 11u
bmufit11p 11Jllll41llU ta hhutLJW( hw4wuw1m1utib11)1y· 

M M 
• - ~ • ' O< • <I . { I 2 M} ~ • - I · a, - ,:.,aJpJ,' _a,_, 1E , , ... , , ,:.,a, - . 

J•I I 

(6.21) 

liJumt11 P -ti· ]u11711J1wyl{wll hwtiw4tu[lq)1 4wu~L11)1 uwui11)1gti t.· 

P =C0 PC,~: 

U4qpGw4wu hwuw1.tw11q)1 1mb111utib[1[1 l{L11w4wliqli4111u bu hhmLJtut 
pwCiwoL.114. 

(6.22) 

"lhmp t fi7b1, 1111 unmwl.{1111 briwtiw411, >UWJtub 67q11)1U1)1 hbm w1qn
p)1puw4wli tlbb [Ltil}hWUJUll p JWU[l Ill till u4qp111 tiptuJ)IU UlW[LphJllll}}Jlll (j p 
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uwm11]:lgl1 m1111huwli J!lil}wgwl.J.wpqmu: b'ph 62qi1Iun bqwliwlt.(1 qbuwmu ljw
Pilll. bli fuupw4.n1nlht hw4.wuw1niwli gwliljwgwi> t.fuupnfuwl.J.wlilihp{!, WUIW 
unmw4.npl1 qbuwmu fuupwl[npl{mu bli u11wJfi WJli t.fmt.fmfuwljwlilibpl!, n1mlip 
pwqwr1wllll1u hli fuup'1g qmpu qwtm hwl[wliwlJ.wlimpJwfi O(E) ljwpq}l tpnp
lllllPJWli UIWJUw!iI1!i: tiJuplipli' unmwl{np bqwfiwltI• qbuwmu UJ.Whwli2l{mu t, 
np B uwmpl1gp mwppbpfi mlib!iwli O(s) 1.J.w11q: lJJmu lJ.nqupg' unmwqnp 
bqwuwlt}l qbUIPmu huwpwl[np t wJCiUJ.lm'1 hl1uliwJp!i hwuwl[wpq l!fitnpbL 
npl! lJ.wPffil. t WUIWhmfht ]1li2Uibu tufiqp}1 tmbuwli uba 62mmpJntCil!, WJfiUibu 
lL Po uwmp[19I1 wfihpwttb2m hwmlJ.mpJmfiCib11Ci m hwuwqwpq}l hbmwqnm
uwu W.(lJlJntCiwl{hmmpJntCil!: 

.f!Ciuwpljhup pb114.wa bqwliwl.J.Cihpp wnwCioCiwhwmqmpJmCiuhpl!: Unw-
2l1Ci hhpp}1Ci li2tlip I1li2Uibu wupm12 wtqnp]1piI[1, WJfiUibu lt Gpw wnwuopli 
{!fipwgwqwpqbpp ljwnmgqwbpl!, npJ! pmJL t mwu1u oqmwqnpbqnq uwm
ppgfibp}1 L. tmbmuubp(1 umnfuwum}ll.J. plimJp}l 2Gnph}ltl qbpwhul.J.bt L. ubl.J.fiw
pwfiht hbmwqnmt.[nq fuuqp}l pfi2UJ.hu u}12wliltJwt, wJCiUJ.bu lt qbp2Uwqwfi 
W.(lJlJntliplihpJr qbptmbwl.J.wu L. mqm}luwgiiwfi 2wm fuliq}lplib!llltU tun2n
pwg1Iwli bqwuwqlibp(i wpdbpwqnp bu n2 u}lwJG hw2l[nqwqw(i mbuwli
ltJmfi}lg, wnL. [11iwumwJpCi m uhpllllwl.J.wli: b'ph 62qp}lm tun2npwguwCi bqw
liwl.J.Cihp}l hw24.nqwl.J.wli pwp1µ11pJntlifi mfi}l fimJfi qwpql!, pCi2 np q_wmu}l 
ptnl.J.fib!llltl. wpmwpuuwu bqwfiwl.J.I!, WUJ.W umnwqnp tun2npwguwfi bqwfiw
lt}l W.[l11Jmliw4.b1mnpJntfil! UIWJuwfiwqnpqwa t E tpnpp UJ.Wpwubmp}l L. 
hp.uliwJ}lli hwuwl.J.wpq}1 hw2rui l!fimpmpJwup: 

Op]lfiwti (2tu!llltfiwlJ.ntpJmfi): 'l-}lmwpqhfip lbnfimL.}1 Ullllhl.P tun2npwg
uwfi fuliq}lpl!: 

'l-}lgmp' iI}lwJ.lnpt.[miI bu wnw2p.!i bpl.J.m 6Jmqbpl!: Pbpqwa wfihwuwubn 
hwJ.lwuwlllltufibp}l tun2npwguwfi Wtqnpp.pup. hwuwowJG. 1.J.wnmgbfip pwg 
unqbIPfi hwuwpdbp tpwl.J. hwqwfiwlJ.wG.wJ}lG. (uwpl[ntlJwfi) Ullll°bll!, npp. wli
gmiiwJ}lG. P uwmppg}l mwpphpJ! ltnllll2tlbfi hbtnL.JWL pwfiw&Lntl' 

/
3 n 

Pii = Clii+rjt;, npmbq rj = Yi ~ Y;, t; = 1- ~aij : 
1=1 Fi 

4wpliw t UUllll(lbL op P uwmpp.QI! hwl[wuwl}w(iwJ}lfi t' (ipw Jntpw-
pwuvmp i=l,2,3 lnllJt pwqwpW!llllll t 

3 

UJ.WJUWfip(i: 

LPr =l 
j=I ~ 

.f!fifiwp4tlmt op}lfiwl.J.mu P uwmp}lgp hwuwp qumw(iw(iJf 

[
13/24 3/24 8/24] 

P = 1/24 15/24 8/24 : 
1/2 0 1/2 



lfwpqmlJw!i. zrwwJ!1 umwg!111fiw11 pwztuuw!i. p 4.bl.jm11111! 111mz4.mu t 
hbutL.JWl hwll_WUW]UUUUb]ip hwt'iwl.jwpql1g' 

3. 

p = pP, I, P; = 1: 
1 

OpmbJJ.11g, p 4.bl.jump}1 hwt'iwp umwfimu bfip 
p = (9/20, 3/20, 8/20): 

Pwg UilI)htli 1mmnt'ifihp]! n1m21.J.mu hCi 
X; = Xp-., i = 1,3 (6.23) 

pw!i.woL.}1 oqCimpJwUp, npmbrt X= 40: ~bmL.wpwp' 
X, = 18, X2 = 6, X3 = 16: 

lunznpwguwCi uwmp}1gl1 nJlllzt'iwfi uuiwmwl.jntl l L. 2 4.l16w4Cibp}1 hwtiwp 
l.jwnmgbCip wCigmt'iwJ}lfi P1 t'iwmp!1gl!· 

-(13/24 3/24) ,(8/24) .L -(21/24 3/24 )· 
P, - 9/24 15/24 + l_ 8/24 <2 O)- 9/24 15/24 . 

P 1 tiwmppg}l &wtu w!i.zwpd a 4.hl.j_tn:1p}1 mwppbp!i. tu· 
a= (3/4. 1/4): 

~hmL.wpwp tunznpwguwCi CL. C t'iwmp}lgfihpl! l.jmfibfiwCi hbutLJWl mbup{!. 

C=(3/4, 1/4, o), c- =[i 8]: l 0, 0, I O l 

liJUtnbJ1}1g qn]lllzll_b(i tunzn11wg4.wb wCignulWJ!lCi P llWUIJlJIQ[! L. fiJIW Cl 
1.J.bltmnp{!' 

~ _ .- ~ _ ( 2/3 1/3) ~ _ ( ) . 
P ~ CP C , P -l l/2 1/.2 , a - 3/5, 2/5 . 

lunznpwgl.J.wb hwztlhtunwJ}l!i. t'iilI)btp 1mbmufihpl! 4L11fibfi' 

x = xc- = (24,16): 

(6.18) pwCiwdL.Q oqmwqnpOb1m.( X t(bl.jmnpp mwp11h11l• hwuwp, l.jumw
fiwfip · 

Xi =Xa;, i=J,2, X: 1 =40-3/5=24, X: 2 =40·2/5=16: 
lunznpwglj_wb UIWhwfi9t'im!i.pl1 i.(bltmn111! hwt(wuw11 t 

-y=yC-=(4,2): 

f-lu4 wupnq9 wpmw1u1wfipJ1 w11dbp[! 4L11CiJ1' 

x:1 +x: 2 = 40: 

liJdti 4wnmgbCip tunznpwgt(wO hwzt(b4lnwJI1!i. tinl}hlP, npp n1m2t(mti t 

Q tunznpwgll_wb mbtufinl'1ql1wl.jwfi q.npbw4l1gCib11J1 tiwmp!1gnt(, X tw12n11wg-

4.wO 4.b\.jumJllltl L. y tunzn11wgt(wb UIWhwCi9umfip}1 t(b4mn1mt(' 
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6 == cQc·, x = xc·, r = re·, 

'_(1/21/4] ._ • • ·- . Q- 1/2 l/2 , X- (X1,X 2), y-(4,2), 

X = (XQ)+y: 

flpmti!l}1g Jun21111wgl[wb UI1Ilhtl1 t1nc)mufihpl1 hwuwp 1.J.uuiwfiwfip' 
' ' 
X1=24, X 2 = 16: 

UJuUJ.lrnnl[ h111.J.m mwpphp hrtwUwlJ.fihpmJ. lJ.wphl}l t lJ.wnmghL h hhmw
qnuiht ]unznpwgtJ.wb hwztlhlJ.2nwJl1fi 1.hu1tm: 

Opp.fiwlJ. (zwpmfiwlJ.mpJmfi): -'l-l1mwpl.J.hfip zwpchufiwlJ.mpJwfi ]ufiqpmu 
ZrtPWJ]l junznpwguwfi hwpg{!: '1lhmp t Gzht, 11}1 p.UlUihU u11 zwpp lJ.1111wnm
pJmfiUh1m1u, wJu 11hllll2mu L.u junznpwguwfi nfipwgwl.J.wpq{! L. fi11w oqfim
pJwup umwgtJ.wb Wflll.lntfipfihp{! hhmwqnmtJ.nrt hwuwl.J.wpq]l uwuitU mwl}lu 
hfi npwl.J.wll!hu finp mhrthlJ.wmiJ.mpJmfi: '1-p.gmp' ]!um qwuhplt u11w411pl[mu b(i 
hhmLJWL 1.[]11'.iwl.J.fihp]!. wnw2I1fi qwumu, np]! UIWJll•uCiwlJ.wCinphfi I.J.wfitlw
fih(ip pwpapwqntJU qwu, l L 2 tl]low1.J.Uh111!, hplJ.pnpq' ut12l1fi qwunui' 3, 4 h 5 
tlli6wl.J.fihp{!, p.ul.J. umnpp.Ci qwumu' 6 L 7 4l1owl.J.Cihp]!: 

Iunznpwguwfi CL. C uwmp}1gfihpfi wJu ]ufiqpmu mfihfi hhmLJWL mhup{!. 

1 0 0 
1 0 0 

(
0.359 0.641 0 0 0 0 0 l O 1 0 

C = 0 0 0.141 0.203 0.656 0 0 , c· = 0 1 0 
0 0 0 0 0 0.585 0.415 0 1 0 

0 0 l 
0 0 1 

IunznpwgtJ.wb ]ufiqp.p wfigmuwJpfi P uwmp}tg]! hwl[J.Uuwp t' 

r
0.432 0.5 0.068] 

P = 0.053 0.699 0.248 , 

0.011 0.504 0.485 

p.ul.J. ]unznpwgtJ.wb zrwwJp. ~~wgJm.U_wp pw~]untO:Jf. 
a -(0.064, 0.625, 0.311). 

P uwm11p.gp. hhmwqnU111tll{! mwptJ.mu t hplJ.m mqqmpJwup: Unw2p.fi' 
qp.mwpl.J.1.[mu t l4hU111tpJwfi WUPllll.2 pUwtumpJntU]! L lJ.wfi]uwmhutJ.mu t 
npnzwl.J.p. ctwuwfiwl.J.p. J!Upwgpmu, opp.Ciwq· uhl.J. 1.J.wu u]l pwfip. uhpntUqCihpp. 

hwuwp fipw pwz]untul! num qwuhpp.: UJu qhuwmu P -Ci wfitJ.wfimu hfi 
«lJ.nthlJ.mM qnpb]!fipwgp.» wUgmuwJp.fi uwmpp.g: t;plJ.pnpq' qpmwplJ.1.[mu t 
wnwUap.fi ]!fimwUp.pp. UIWmuntpJmfi{!: UJu qhllll2mll P -a 1.J.nltlntu t «wfihw
mwl.J.wfi qnpb{!fipwg]1» wUgmuwJp.fi uwmpp.g: 
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Unw2]1Ci m1111mpJwup P uwuip]1gJ1 hhuiwqnumttl[l gmJg t utw!lm, n11 
pw116pwqmJG 11wuJ1 11GuiwGJ1pGb11J1 qwtJ.wlJ.Ghp]1 43 .2%-]! uCinuI t CimJG 11w
umu, 50%_.[1 wGgCimu t u}12J1Ci l}WU, ]m4 6.8%-tf UUlilflltG IJWU: U}12t1G 11wtiJ1g 
5.3%-G t wGgGmu pwpd11wqinJG 11wu, 69.9%-[1 uGnuI t CimJCi. uJ12I1G 11wumu, 
J1ulJ. 24.8%-]! wGgGmu t uu111pJ1G 11wu: ~buiwpppJ1p bG wGgmuGb11J1 uuinpJ1G 
l}WUJ1g: liJUUlb'l I.I %-[1 wCigGmu t pwpO}lWq.tllJfi, 50.4%-[1 u]12]1G, ]m4 48.5%
[1 uCimu t uht]1wlJ.wG l}Wumu: Pw116pwq.t11J!i l}Wupg uu111p]1G 11wu wGgnui
!ihpJ1 pw!iwlJ.11 6 w!iqwu ubb t, pw(i UUlllllPCiJ:ig PWJlOJlUJq.tllJU wGgmuGb1111: 
U}12j1G 1Jwut1g wnwtJ.bt, unui 5 wGqwu, ubo t uump]1Ci !JWU wugCihtm hw4w
CiwlJ.wllmpJmCi[1, pwG pwpapwqmJG 11wu: 

«UGhwuiwlJ.w!i qi111011Gpwgmu» P uwuip}lg}l mw11phpl1 htm1wqnu11nu11 
gmJg t mwl11u, pb !1!iLt4lm}1 hw4wCiwljwG11t}}Jwup qU14U1lJ.[1 lJ.f!UUIJ1]1 Imp 
uwuGwql1mm}}JmG11 h lJ.uGw hwuwu~wuiwuJuw!i IJWumu: 011t1Gw4, h}}h 11G
mwG]1121! ~wuilJ.wGmu t pwd11wq111JCi 11wu}1G, w~w qwtlw4]1 GmJG 11wumu 
uGw1m hwtJ.wGwljwCim pJm G1! hw4wuwp t 0.432-]1, u]19]1G qwu wGg!ib1111 G11 
0.5, }1L.4 uuinpJ1G 11wu wGgGh1mG1f 0.068: liJ!JUU1Untl pwp611wqmJLl l}wut1 
nGmwGJ1pGhp]1 qwtJ.wlJ.Gh11I1 hwuw11 qphph 7 wGqwu oho t u]12]1G qwum u 
hwJm!itJ.h1m hwtlw!iwlJ.wlimpJmU[l, pw!i umnp]1Gmu: J.ulj uuin11t1u 11wut1 
nGuiwGl1pGb11J1 qw4wljGb11]1 hwuwJl qJlbf}b 46 wCiqwu p]12 t uuinr1t1Ci 11wu[1g 
wCiut12w~hu pw11611wcµnJG, pw!i ut12]1!i 11wu wGg!ibtm hw4wGwljwG111 pJmCip: 

SbuGbCip, pb pGw4im}}Jlll Cip tihlJ. ubpmG!J hhuin t1G2t4l1u]1 11wuwJltli lJ.w
nmg4wop lJ.mGbCiw, bph t1wljtuiwJJ1Ci ~wh]1G !iw mGt1 hbutLJWL lJ.wn111g
t1.wopif ! 0% - UUlll!l]lU l}WU, 70%, - uj19j1(i L 20% -pW[lO[IWqlllJU l}Wll: n ub
pntfiqfibJtJ1g hhuin p!iwlj~111 pJwCi 11wuwJ]1!i ljwnm g4wopr1 lJ.1u11t1]1 t. 111m1 tr 
hbmLJWl pwCiwow14. 

n(n) cc n;iP": 
.QGCiwJ1ljtJ.11q 11t.~pmu n( I) 4tljwn11]1 hwuw11 ljuuiwliw!ii 

[
0.432 0.5 0.068] 

(7r1(1 ),Jr2(1 ),Jr3{1 )) = (0.2;0.7;0. l) 0.053 0.699 0.248 = 
0.011 0.504 0.485 

=(0.125;0.638;0.237): 

liJumbq blipw1111Lj111u I., 1111 P uwm11l1g11 w!itJ.1mJmtu t. p11p111 uLpm!iqliL11J1 
hwuww 11{1) tlh4mn11]1 ww1111h11J1 tJ.h111111omu11 q111rn t. uiw1J1u, 1111 uL4 uh11111!iq 
wUg pWJlOJlWqJIIJCi 11wu11 pGwlJ1mfJJW!i uh9 20%-]1 tJ.mtuw)lt.li 4wqu111u I. 
L1U11wuhG11 12.5%, [1u4 uwnpJ1G 11wu11 IO'Yo-]1g 23 .7%-]1 l. hwulimu hw11wpt.11w
ljwunr1bG lJ.wJIIIU (63.8% 70%-]1 tJ.111tuw11LG) ut12]1li l)WUJI ~LUJUW!i!iL11111u: 

UfJh pGw41111pJw!i !iwJuCiw4wU 11wuwJ]1!i hw11wpL11w4~JlllPJlllli[I (4w
nmgtJ.wbpp) hwupti4Ci111U t. )l]pLUJ]I U "-(a1,a2,a1) UUIW!.J]IIIUWJI pw7fuuwli 
hhui' a =(0.064; 0.652; 0.311 ), wu1w, ]l!i~~tu hLlllltmu t. Jllf)WJ]t t.11qnqj14111-
PJntG]1g, hw9n1u1 ut1m1u11ut.pJ1 hwuw11 p!iwlj1111pJwfi 11wuwJJ1!i ljwn111q4wop11 



160 XI. Uwpl/Dt//1 lifPWlibp I, thupqnt/Jtuli n, l[/111wlfwpl[nt/}wli qnpb[!lipwglibp 

quCiw wCi1pmpntu: J2Ciuw11ltllID111huwmu no=(0.2; 0. 7; 0.1) uqqpCiwqwCi pw2tu
uw(i lWlqWJnl~JWup uh4 uh1u1tfu} hhum umwCimu hCip' 11(1)=(0.125; 0.638; 0.237): 
UJupCipCi' pG.wlttntfJWG. qwutUJpli qwnmgtlwbJlmu hl11iG.wltwG. lll,mpnlum
pJmuG.hp1f mbqwztupdhpJ!, uqwmllmu hG. uumpl1u L. pwJ1opwqn1JU qwuhpp 
@21.t: ~w2l[wpq_G.b11:ti oqG.mpJwup 11<h.lwp tt hwunqt.[ht, np til1wJU 5-pq ubpuqp 
opnp t hwumwuupnu pliw~mpJwCi qwJmli qwuwJpU qwnmgl[wgp[!: UJu 
qbuwnui n(S)-t! a -I1g 2hrtllwb" t iG.tpli ubbmpJWUp: 

q.pwqw(im.pJntCi 

1. KopomoK B.C. CroxacmqecJCBe MOJleJIH CBCJeM.-KHee: Hayicosa JJ:YMKll, 1989 
2. 4>ennep B. Bseneoe B -reopmo eepo.srmocrei II ee DpHJIO::itreHWI .I Ilep. c aarn./ T 2. 

-M.: MBp, 1984 . 
3. KeMe&e !be., C&eJVI J.l;K. Koue'IIHhJe uena MapKm1a./ Ilep. c aurn.J 

-M.: Hayica, 1970 
4. Athanasios Papoulis. Probability, Random Variables and Stochastic Proces

ses. -Nev York: Mc Graw-Hill, Inc., 1991. 
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XII. nPncn~lfubPP lIU8UBUlru 
UUP"llll~8UL1 Q.fiPtH~\Jia-UBL1bP 

lfmmp 

-<JulpJ! qgnuf /;if, pwJg f/;,I wtfwp,nnuf: 
q.p~qnp 'l,wpt.4wg~ 

lTwl!lJWfi nllJ!t.pqmpJwfi pwfi <.U,f!, 
I; 1979 

blJ.wunnnUhJUitl 1.4wmwhwlJ.wCi qn11b"f!Gpwguhpf! 1wJU lJ.11pwnmu tu qmh1 
ungpwiwl.J.wu, mlimlmwl.J.wli L. mhluUI11.J.wlJ.wU hwuw1.J.w11qhp}l 1.J.wnw4w11uwu 
Ill UJtWUwqnpuwa qbpwphPJWL npn2muUbp}1 1.J.wJwguwli Iuuaj1pubpmu: 

q.npbntJpubp}l hbmwqnmuwa lu(iajlpubpmu aj1mwp1.J.4mu ta qbp2wqnp 
L. wUqbp2 UJtwGwtl_npuwa ctwuwUwlJ.ntl., h1.J.wummuhp}1 4.bpwqUwhwtnuwup 
L. wnwag 4.hpwqUwhwmuwa, 1.J.twUuwfi tll16wl.J.Ghpntl 1.J.wnw4wptl.lll1 UJWU1w
hw4wa qnpb"f!UpwgUbp}l OUJU1}11.iwguwa IuUajlptiup: 

UJu pwdUmu 1.J.nfiuwplJ.4.hG w(h.lt112 UJtWUwtl_npuwa dwuwCiwlJ.ntl 1.J.w
nwqwptlnri lfwpl.J.ntl]l 2rwwut:ipf! L. 4.liuwuw111.J.ntl.Jwli qnpb[llipwglibpJ!: 

1. bltwllmmCihpntl lfwpqnqp. 2iwwCihp. h 4Jmwuwp4mlJwCi 
qnpbt!Cipwg Cihp. 

I. 1 bljwun1mfibpml lfwpl.J.ntl]l 2f1pwUtp 
'l-pgmp· uipqwb t 4.bp2w4np tlli6wl.J.Ub11)1 pwqumpJmlin4. hwuwutm, 

tpqnaj1lj lfwpl.J.nqp 2rww ~(l).~(2); .... ~(n), ... , ll(l(l, }1fi21.4tu q}imbup, ll(U12tfntu t 
(E,p0,P) hnJwlJ.ntf: liJUUl@l E= { 1,2, ... ,N}-11' tll16wl.J.libp)1 pwqumpJmuli t, p0=( P?, 

p~ .... , p~ )-Ci· 211PWJl1 ul.J.qpfiwl.J.wli pw2Iumup, J1ul.J. P = IIP,ill-Ci' ubl.J. pwJtmlI 

wligm uUbpJ1 hwtl_wliwljwfim pJmCiUbpJ1 uwmppgp: 
'l-puiwpljbUp lfwplJ.ntl.11 2JU}tuGbpmu b1.J.wum mfibpJ1 1.J.mmwlJ.uwCi hbmL.Jtu\ 

1.J.wnmgtfwbpf!: bpt dwuwfiwl.J.I• n UJWhJ1Ci lfw111.J.ntll1 zripwfi qtnfitfmu t i tll•
(iwljmu· ~(n) = i, iE E, w1.4w mnwgtl_mu t r(~(n))=r, bl.J.wumm: l.JGJ}wru1tfmu t, 
np 211PWJ1• pninp tll1owljubpn1u r, b1.J.wumuiat1111 4b112wtf n11 tfi: 

n 
y(n)= Ir(~(s)),n=0,1,2, ... 

s=O 

qmuwpfibpJ1 hw2nJUlwlJ.wUmpJntUJ! 1.J.nitl_nuI t lfw111.J.ntll1 zqpw.111 4.11w 1.J.nunwlj
uwa qnpbI!Upwg: y(n)-[l hwtl_wuwp t zrtpwJll n wligmuUb11J1g hbm11 1.J.muiwl.J.
tfwb qn1uwpwJ)1u hlJ.wummI1G: q.npbUwlJ.wUmu blJ.wumU1!ih1mtl lfwpl.J.ntll• 
lflPWUbpntu hbUlWQillJl~lllU t, y(n)·JL til12}1(i W(IdLp\l, WJUJ!Uf2(j' n wligmu!ib-



ppg hhum ljmmwql{wb- qmuwpwJpfi up2pfi' v;(n) hlJ.wuntmf! i ulJ.qpfiwlJ.wfi 
tUttiwlJ.lt qhuwmu: 

v;(n)-p hwuwp hlJ.wummfihplt hw2l{h4lnp hwl{wuwfllll.Ufi mfip hhtnL.Jwt mhu:Dl!-
N 

v;(n) = r; + I v/n -l)p;i , iEE, n = 1,2,3, ... : (1.1) 
pl 

UJfi umwgl{mu t hhmL.Jwt lthpll!: 'l-pgm:p· 2qpwfi qmfil{mu t i @tiwljmu: 
UJq @tiwlJ.pg n wfigmufihpp (:pwJtbpp) f!lipwg:pmu ull!wul{nq qmuwpwJpfi 
up2l1!i hqwummf!' v;(n)-1!, hwl{wuwp ti tllttiwltmu wfiup2wUJ.hu (uhq J!WJtltg) 
UUJ.Wul{nq u1t2ltfi r; hqwump L. ufiwgwb- n-1 w!igmufihppg UU!Wul{nq 

N 
LPrv.(n -1) 
j=I ~ J 

qmuwpwJpfi up2pu hltwump qmuwppfi: 
liwmwphfi:p hhtnL.Jwt Uzwfiwltmu!ihpf!. r = (r1,r2, •.• ,rN)-1! uhlJ. l}WJtmu wfi

up2wlJ.wfi UU!Wul{nq blJ.wuntmfihpp l{hqumpfi t, v(n) = (v1(n),v2(n), ... ,vN(n))-1! n 
J!WJthpntU UU!WUl{IlJl qruuwpWJlt!i Up2pfi hljWUnttnfibpp l{bqtnnpfi t: 

UJuUJ.ltunt{ (1.1) hwl{wuwpntUf! l{bqlllilpwltw!i mhunntl 4tltfilt · 
v(n) = r+ Pv(n-1), n = 1,2, ... : (1.2) 

~WJtnfip t [mb'u. l], np l{hp2wl{np, tpqnqpq lTwplJ.ntllt 2qpwfihpmu, hpp 
n~oo, v;(n)-1! mlip hbtnL.JWL t{hptmb-mpJntfi{!. 

v;(n) = ng + v;+ 0(1), n~oo, ieE: (1.3) 
UJumhIJ. v;-bpf! 1.tznwJpfi qnpb-wlJ.pgfibpfi bli, npnlig ub<>mpJntfi{! hwl{w

uwp t v;(n)-lt wupUU!tnnlllp L. opajlfiwmfibpp wnwfignlt hwmuwup umwgl{wb
hwml{wb-pli: g-fi WUp2wqwfi (Ublt l}WJtntll) UUJ.WUl{DJ\ qDlUWpWJp(i Up2pfi 
bqwunm1li t' 

g=IP;r;, 
ieE 

(1.4) 

npmhIJ. P;-hpf!: lTwpltntllt 2qpwJp umwgpnliwp hwl{wfiwlJ.wfimpJntfiCibpfi bfi' 
Pi= LPjPj;, LPj = 1, iEE: (1.5) 

j;E j:,E 

P.U!U!bU bpL.mu t (1.3)-pg, n~oo qhuwmu, V;(n)-bpf! wfiuwhuwfiwipwlj 
wtimu hfi: UJq ll!Wtntiwnnl{ wnwfig hlJ.wummfibpp l{hpwqfiwhwmuwfi tpqn
qplj lTwplJ.ntllt zqpwlibpp oUJ.mpuwguwfi Iufiqppfibpntu npUJ.bu fill!wtnwljw
Jltfi :t>mfiljgpw oqmwqnpb-llmu t g qnpb-wlJ.ltgf!· wfiup2wlJ.wfi umwgl{IlIJ. 
qnuiwpwJ}lfi up2}1fi blJ.wunttn{!: 

ShIJ.wqpbtntl (1.3)-pg v;(n)-lt wpdhl}I! (1.1)-lt ub2 L. tuupwl{npb1ntl tlmtpn
tuwlJ.wfifibpf! g qnpb-wqgp hwuwp lJ.mfibfiwfip hbmL.JWl hwl{wuwpn1ufibpp 
hwuwlJ.wpqf!. 

g+v;=r;+ni = Iniqii, i=l,2, ... ,N: (1.6) 
_jeE 
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-Rwfip np (1.6) N hwlj_wuwpnulfihpp hwuwqwpql! UJ.Wpn1fiwqmu t N+I 
wfihWJUifihp' g,v1,V2,, .. ,VN, WUJ.W g-p IlJlI12UWfi hWUtup l!UJllllfilj_mu t, np V; 
4lnwJpfi qnpawqpguhppg uhql!, unlj_npwpwp Ywl!, hwt.(wuwp t 0-p: (I .6) 
hwlj_wuwpmufihp}l hwowqwpq{! uhCip qoquiwqnpc}hfip lj_wnwlj_wplJ.Ilil lJwp
ltn® 2qpwGhpp OUJ.tnpuwguwfi qawJpu c}pwqpuwu fuCiqpp 1mWwCi ctwuw
Ciwlf ~nt.(wpqp pmhpwgpn.Ci w1qnpppup 11Cipwgwqwpqhpnu.i (mh 'u. [2,6]): 

.Ruawp4hup ti1wauwu lj_p6w4nlj_, lJwpqntJ.p zqpwCihp11: 'l-pgmp' I tJ.pnwlJ.11 
2TJPWJP ti1wCiuwCi @owqli t, pulj P1-fi' t.i1wCiowup lJwpljnlj_p Zf\PWJP uhlj l)WJ-
1mu wligmuuhpp hwlj_wuwljwumpJmfiuhpp uwmppg(i t: P1 uwmppgp qnCih 
uhlt, oppfiwlj_' i-pq, UlDILfl hwtiwp 62uwppm t hhmLJWl UJ.WJllWU{!. 

N 

LPiJ < 1: (1.7) 
J=2 

liJumhrt}lg hhmLmu t, np lJwpqnlj_p zqpwu p; 1>0 hw11wCiwqwGmpJwup i 
@6wqpg uhlj_ l}WJLillU lJ.wPilil t {!Gqliht ] ' 1J.1wauwa lj_pnwlj: ~WJtnUJl t, np 
n~oo qhUJ.PmU 41wGuwup lJwpqnlj_p 2f\PWU gwCiqwgwc} i, i=2,3, ... ,N lj_p6w
qpg t.(hp2wt.(np pwJLhpp {!Cipwg11m11 I hwt.l.wGwljwGmpJwllp {!filjGmu t t.i1wa
uwli @owlj: 

'l-pgm11· mpt.(wc} hli' r'=(r2,r3, ... ,rN) uhq pwJ1mu uUJ.wut.1.lll1 uf:t2pfi hqwumm
uhpp t.(hlj_mnp{!, p01 = ( p~,p~, ... ,p~) Zf\PWJP uljqpfiwqwfi pwzfuntll[! L zqpwJp P 
wfigmufibpp uwmppg{!: PGwljwliwpwp, hlipwqpt.(mu t, np 

N O 0 
LPj =l LP, =0: 
j=2 

~wqwnwl.J. qhUJ.l1mU hliwwpwt.(np t hhlig O UJ.tuhpli qpwl.J.wti hwt.(wfiwl.J.w
GmpJwup {!li4Gh1 t.itwliuwli @owlj: i uljqpliwl.J.wCi 41towqpg ut1liih 1.J.1wliuwli 
lj_p(iwlj_ {!filjfibffi fl ptu]lhppg UUJ.WUt.(llI} V;(n) qillUWpWJjlfi ut12p(i blj_WUlllUlUbfl(l 
qwpbtp t npn2ht hhuthJw1. hwlj_wuwruuulibpp hwuwljwpqltg. 

N 
v;{n)=r,+ LP;;v/n-1), i=2,3, ... ,N, n=I,2,3 ... : (1.8) 

j=2 

~wJmlilt t, np t.i1wlhiwup lJwplJ.nt.1.t1 Jf1PwGtr1m o uhb n-tr1l1 IJhUJ.121110 
(n~00) UUJ.tuUt.l.llll qntutu~G u.ti2flli hl.J.wumuiutp11· v,{n)-hfl(l uwhuwliw
ipwl.J. tu: ~huihwpwp, i= 2, N h n~00 qbUJ.l1mll )tit.(wqnq {v,(n)} hw9nr1qw-
1.J.wlimp1wu hwuwp qnJntpJm mfifl uwhuwa· 

V; = lim v,(n), i = 2,3, ... ,N: 
n--.-

liJUUlhfl v;-li ul.J.qpfiwqwli i @6wl.J.l1g oJtti)h 1.J.1wliuwli t.1.)16wq ( I t.l.)16wq) 
pfiquh1G UUJ.WUt.(nri qmutupwJt1G oj19titi hqwumuili I.: Utigtih111t.1. (1.8)-1110 uwh
uwli.ti, bpp n~oo, V;-hplt hwuwp quuiwtiwtip hbuihJWI hwt.1.wuw11111 utiLJlll 
hwuwljwpqp. 

N 

v; = r,+ LP,JVJ, i=2,3, ... ,N: ( 1.9) 
F2 
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'1-ltgmp' v'=(v2,V3, .. , ,vN)-If Upfitu lUWUUWU 1.jJ:16wq J!OqfiblJ! UUJ.WUl{nq 
qnuiwpwJpfi tip2pO bqwummfibpp qbqumpO t: UJu qbU1Pntli (1.9) hwl{wuw
pnuifihpp hwuwqwpq1! l{hqmnpwqwO mbupnl{ qqpljJ:l' 

v'= r' + P'v': 
~bmL.wpwp, (1.9) hwuwqwpqp 1mm11ufibpp' v'l{bqumpp hwtiwp qutnwuwfip' 

v'= (I-P}1r'= M· r': 
UJUUlhq M-J! ti1wOuwup lfwpqnllJi 2ll.PWJP bptifiwpwp uwmppgfi t, 

M= (l-P}1: 

UJdu plifiwpqhfip bqwtimmObpp l{bpwqOwhwtnuwup lfwplpllllt 2ItPWfihpn: 
'l-pgmp' fJ-u' hqwuntmfihpp l{hpwqOwhwu11Iwu qnpbwltltg6 t, npmhq' 

0</kl: fJ-u gmJg t tnwtltu, np lfwpqnljJ:l zrwwJmu umwgqwb bqwump Jmpw
pwuvmp tipwl{np n wfigmufihppg hbUlD qntfib(iw /3° wpdbp: f3 qnpbwltltgn 
qwpbtlt t uhqOwpwObt up pwfip hqwOwqnq: Oppuwq, fJ-0 qwpbtlt t qpmwp
libt npUJ.bu ubq pwJtntti u}lwl{np bqwun.1tn pbpnq 1.tw\llltmwt}l ubbntpJmO.: UJu 
qbU1PntU fJ-0 qwpbtlt t npn2h1 /3=1/(l+R·) pwO.woLnl{, nptnhq R·-1! 2whm
pwqpn1jpp ubbmpJntOO t: flt qpnJwqwO 2whmpwqpn1Jpp qhU1Pntll, bpp R;tO 
qumwuwfil} 0 < f3 <1: 

q.npbntJpuhp}l hbtnwqnutuwfi 2wm J:u(iqp.pubpn1u fJ-0 ubqliwpwul{mu t 
fiwL. np\llbu bqwununlibp}l qmtnwqtiwO. qnpb"r!(ipwg}l 2wpn1liwquwO hwtl.w
liwqwlintpJntfi: UJu qbtqpmu (1-/3)-0 hwtl.wuwp t ubq pwJ1mu qnpf}J!Upwgp 
qwqwpbgtiwO (J:uqtiwO) hwl{wUwqwfimpJWO]!: 'u2l{wb ubqfiwpwOmpJmO
fibpl! pwgwhwJumtti bO tlbpwqfiwhwmtl_wb bqwuntutfibpnl{ L. 1.t1wfitiwO 1.jJ:1-
nwqntl qnpU[!Upwgfibpp nOqhwfipntpJmO}!: bJ:1qm J:uO.qppfibp).lli t1 Jntpwhw
mn1q bfi hbw.L.JWl wnwfiouwhwutqnpJntfifibp]!. 

• flp\llbu fiUJ.wmwqwJ).10 :},mOqgpw oqmwqnpatl_mti t qmuwpwJpfi 
u1t2ltfi bqwun.1mObp}l tlbltmnp}!: 

• <l-nuiwpwJ).10. u).12).1.G. bqwun.1mfihpJ! uwhliwfiwi.pwq bfi: 
bpb vi(n,P)-nl{ G.zwG.wqhOp i uqqpuwqw6 1.jJ:16wqpg 2qpwJp n wfigmu

fibp).lg hbum UUJ.Wutl_nq qnuiwpwJpli up2).lfi tlhpwqfiwhwmtl_wb bqwuntuiJ!, 
WUJ.W, (1.1)-).1 fiuwfimpJwtip, vi(n,P}-).1 hwuwp qwpbtlt t qph1 bqwununfibp}l 
hw2tlbqzn).1 w(iqpwqwpo hwtl_wuwpn11l]!' 

v;(n,P) = r;+ {3 LPijvj(n -1,/3), ieE, n=l,2,3, ... : (1.10} 
j:E 

~WJtnfip t, np n-)1 tiba tupdbpfibp).1 l}b\llPnttl qDltlWpWJ).lfi Uft2PU tl_b
pwq(iwhwtntl_wa bqwun.1w.fibp]! uwhtiwfiwi.pwq b6: ~bmL.wpwp, vi(n,/3)-lt 
hwuwp (1.10)-).1.g, bpp n~oo, quw.w(iw(ip' 

v;(/3}=1imvi(n,{3), ieE, 
D-

N 
v;(/J) = r;+ {3 .L Pij v; (/3) , ie E: 

j .. ] 
(1.11) 
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UJumrui. vj{/3)-ml fi2wfiwqtlwc} t i uqqpfiwqwfi tUi,6wlt}l qbi.qpnuI uuiwutlllll 
qnuiwpwJ}Ifi u}I2}IU tlbpwqliwhwmqwc} blj_wummn: 

1.,zw!iwqblip v(/3) = (v1(Pl,v2(/3), ... ,vN(/j))-ntl qniuwpwJ}Ili u}I2}Ili tlbpw
qliwhwmqwc} hqwummlibp}I lJ.hqU1Dp]!: ~bmuwpwp, (1.11) hwuwqwpq]! 
tlbl.J.mnpwqwfi mbu1:mtl qqptUi, · 

v(/j) = r + {JPv(/j), 
nptnrui.}Ig hbmumtI r 

v(/j) = (I-/3Prlr : 
UJumbq /3P-fi' up uwmppg t, np(i umwgl[mu t P-pg !ipw pn1np mwppbp{! 
/3 qnpc}wqgnl[ pwquwuiwmqb1nl[: 

~bzm t Uqwmb1, f3P wligmt1wJpfi uwmp}Ig}I L tnwfit1wt1p lfwpl.jntUi, 2T[}}W
JP P' wfigmt1wJ}Ifi uwmp}Igp {!UqhwfipntpJntfi[!: P.ulJwll!bu, pwfip np O </3 <l, 
Wll!W tlbpwquwhwmuwup lfwp4nl[p 2T[}}WJP wfigmt1wJ}Ifi uwmppgp gwfi-
4wgwc} UlilT[}I hwuwp 6zt1wp}Im t hbmLJWl wlihwl[wuwpntpJntfi[!. 

L Pij/3 <1, iE E: 
jeE 

<!.bmLwpwp ltwpbtp t wub1, np J3 bqwummfibpp L[bpwqliwhwmuwli 
qnpbwl.jgntl L P ubl.j pwJ1mt1 wligmulibpp uwmppgntl L[bpwqliwhwmuwup 
lfwpqnl[p 2f[J)WJpli hwt1Wll!Wlflwutuwlimt1 t f3P wligmliwJlJfi uwwppgntl 
lt1wfit1wt1p lfwpl.jnl[p 2f[J)W: UJu qbi.qpmu lfwplJ.ntlP 2f[J)WJP JmpwpwCiiJmp i 
tl}I6wlj_mt1 l.J.1w!it1wli hwlJ.wCiwlj_w!impJntlil! hwl[wuwp t ( 1-/j)-p: 

1.2 ul.jwunnnfibpnl[ l.J.liuwuwpl.jntlJwCi qnpc}J!CipwgCibp 

'l-pgmp · mpl[wc} bli ((t) 4.tiuwuwplJ.ntlJwCi qnpltnCipwglJ (ltl.Jq.-p) Pnt.DP 
mwpptPI!· L[p6wl.jlibpp E={l,2, ... ,N} pwqumpJntfil!, ltltuwt1wp4m1.Jwli Q(t) = IIQj(t)II 

uwmppgn L ul.J.qpliwqwfi pw2tuuwfi p0 = (p? .p~ •...• p~) tlblfU1Dp[!: 

Pli2ll!hu hwJmfip t, Q(t) uwmppglJ mwpphp"(l pwl[wpwpnttI bfi hbutLJWl 
ll!WJdwfi(ibplJfi. 

Q;j(Q) = 0, ijE E, L Qij (00) = LP,, = l, iE E, 
jeE ,sE 

nptnbf[ P,i= Q;;(00)-pu· 4Q.lf (ibpumc}lJ.wc} lfwr11.J.nl[p 2IlPWJP ubl.J. l)WJlDtU i 
L[p6wlt}lg j L[p6wlj wfiguwCi hwL[wfiwqudimpJntfili t: 'L,zwliwltbCip' 

Hi(t) = L Q,, (t) -ntl, iE E 
J 

4Q.lT-p i L[p6wlj_mu ufiw1m ctwuwfiw4.ti pwztuuwfi :t>mfiltglJwfi, lJulj fipw 
t1p2)1U wpdbpn· -11, = J (l - H; (t))dt -nl[, iE E: 

0 

'l-}ItnwpqbCip 4(Jq.-fibpntt1 bqwununfibplJ ljnunwqt'iwli hbtnuJWL ttw
nmgtJ.wb1m: 'l-flgm1:i' 4(.Jq.-fi qmfiitmu t i L[p6wttmu: UJq L[p6wttmu ufiw1m 
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dwuwCiwltli uhq u}lwt[np}l hwuwp uuiwgtJ.mu t r; hqwunun: t dwuw6w4P 
{!lipwgpmu umwgl[wb hlJ.wumuiCihpf! qwphui t Ciqwpwqph1 a(t) qnu.nwquwCi 
qnpb")!Cipwg}l oqCimpJwup' 

l 

a(t)= fr(((u))du, 
0 

npmluf r(((u))=ri, hph dwuw6wltli u 111wh}1Ci l.J.tfq.-fi qmCil[mu ti t.l.P6wqmu: 
"uzhlip, np a(t)-fi WUhfi Up t-p hwuwp UjWUlWhwqw(i UhffillJ)Jntfi t: 

Ubfip qhhmwqnuih6p a(t)-}1 u]12}1fi wpctbpf!, w1u}lfipfi' t dwuwfiwltli 
f!Cipwgpmu qmmwql[wb qmuwpwJ]16 u]12}16 hqwunun[!: 

. V;(t)-ni[ lizwfiwqbfip a(t)-)1 0)12)16 wpctbp]!, WJU)tCip(i' t dwuwCiw4P 
{!fipwgpnuI qnunwql[wb qniuwpwJ]tCi u]12}1Ci hqwumml!, UJWJUwfint.l., opt= 0 
uqqp6wqwCi UJWh}lfi lilfCl.-fi qmfitlht t i, ie E l[p6wqmu: vi(tH1 hwuwp 
qwptui t qph1 hhmL1w1 l[hpwqwfiqCiuwCi hwl[wuwp01uCibp]!. 

' v;(t) = (1-Hi(t))t·r;+ I,J(r;x + v;(t- x))dQij(x), ieE: (1.12) 
,eEo 

~wl[wuwpnuifihpCi umwgl[mu bCi lilJ'"Cl.-]1 wnw2]1Ci pn]tw]t UJWh]t hhmw
qnmuwup L hbUluJWl qWUlllJ\IllJ)JntfiCibp)t u)12ngnl[: 

Unw2}1Ci qmuwpblltfi umwgl[mu t, bph qnpb")!fipwgp wnw2}1Ci J)UPWI! mhrtlt 
mCibCiw dwuwfiwltli t UJwhpg hbmn, wJupfipfi' qnpb")!fipwgl! ufi.6tu <twuwliwltli 
t UJWhp uqqp6wqwCi i t.l.]16wqmu uCiw 1-H;(t) hwl[wCiwqwfimpJwup: UJq 
dwuwCiwqwhwmt.1.wbmu umwgl[wb ufi.2fi.Ci bqwuntml! hwt[wuwp t t·r;-]1: bpq
pnpq qniuwpb1ltfi umwgl[mu t lilfCl..-}1 hwuwubnntpJwCi u uwpqnt.1.Jw6 hwm
qmpJm66bpft m 1PM hwt[w6wqwfimpJmCiCibf1fl pwCiwot..]1 oqfimpJwUp: 

l).]tgmp' lilfCl.-]1 wnw2ftli pnflwl! mlutlt t mCibgb1 x (x<t) UJWhfi.Ci, L. 
qnpb"J!6pwgl! i t[p6w4Pg dQ;j(x) hwl{w6wqwCimpJwup wCigh1 t j t[p6wq: q.m
uwpwJpCi u]12pCi blJ.wuntut{! wJu qbuwmu hwt.1.wuwp t rix-]1 u j uqqpliwqw(i 
l[p6wljpg t-x dwuwCiwqwhwml[wmmI qmmwql{wb- qnuiwpwJp!i v;(t-x) up-
2]1.fi bqwummCihpp qniuwpft!i: "lwpq oL.wtpnlumpJntlifihppg hbmn (1.12) 
hwt.l.wuwpntli{! qwph1lt t pbpht hbmL.JWl mbupp.. 

I t 

v;(t)=~ Jv;<t-x)dQij(x)+r;·J(l-H;(x))dx, ieE: (1.13) 
,EEO 0 

~bpwqwCiq!iuwfi hwl{wuwpmu!ibpp. tmb-ntuCihpp. umwguwCi hwuwp 
oqmwqnpmtmu t lw1111wu-Um.Jt1mhu}1 ouwtpn_luntpJntCi{!: 

liwmwphCip hbuiL.Jwt Gzw6wqmufibpJ!. 

v; (s) = j e-'1dv; (t), ggCs) = j e ... "dQ/t), h; (s) = j e--s'dH; (t), 
0 0 0 

P; (s) = !Lo- h; (s))' g(s) = llgij (s)II, ije E 
s 
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V(sJ =[ ::~~J} P(sJ =[ ::r:i] 
Ufigfihtnil. (1.13) hwl[wuwpnuIGbpmu num t lflmfm]uwljwfip Lwuuwu

UmJ:itmhup oL.wlp.Il]untpJWfiJ! ljumwfiwfip hbmL.JWL hwl[wuwpnuHibpJ!. 
v; (s) = Pi (s) + L v;(s)g;/s), iE E, (1.14) 

jeE 

npJ! l[bljmnpwqwfi mbupnl[ l.jqptl}l.' 
v(s) = p(s) + v(s)g(s) : 

UJumbajlg npnzmti bfip hwqwuwpnttifihpp hwuwljwpqp 1mbllttifibpff 

v(s) = (I- g(s))-1 p(s) =(I+ M(s)p(s)), 

npmbq M(s) -I!' t{hpwqwfiqfiuwfi uwmppgfi t' 

M(s) = (I - g(s))- 1 - I: 

~wJmfip t, np l[powljfibpp t{bp2wl[np pwqumpJmfintl tpqnajllj 4lfCl.-l1bpp 
hwtiwp, s~O-p qtuwmu v; (s) -bpJ! pntJL bli mwtJ:iu hbmLJwt 4bp1nu)mpJntfif!. 

v; (s) = ! + v; + 0(1) , iE E: 
s 

~wJmfip t, np WJU hwt{wuwpntupg, bpp t ~ oo v,(t)-p hwuwp ljwphtJ:i t 
umwl1wt hbmLJWL l[bptmblltpJml1p. 

vi(t) =lg+ v; + 0(1 ), iE E: ( 1.15) 
liJUUlUJ} V; -hp{!' 4lOWJpfi qnpowlt}lgfibp bfi, g-u· UpWqnp ctwUwfiwljmU 
Ul4WUt{IlIJ. umwgpnfiwp up2pli bl{wummfi t' 

g = LPll/i/ LP/Ji, (1.16) 
,e E JEE 

npmbq {P,,iE E}-U fibpumot{wc) lfwpl{ntl}l. zrwwJJl umwgpnCiu1p pw7]umuli t' 
p; = LPiP,i' iEE, LPi =I: 

jsE IEE 

'l-pgmJ;i° n;-li ltq.lf-p i t1]towl{mu qml11.[t1m umwgpnliw11 hw4wfiw4w
fimpJmfifi t: g qnpc)wljgp hwtiwp (1.15) pwliw6Lpg ljuwwfiwCip' 

_ ~ _ P/li · r;. g - L._,r;1C; , 1Ci - , IE ,. 
ieE LPlli 

je I: 

01.4m)luwguwfi ]ufiqppCibpntu g qnpc)wljg)1 n[U17uwli hwuwp oqmw
qnpc)t{mu t fiwL hw4wuwpn1ul1hpp hbmLJWI hwuwljwpqp. 

1Jig + vi = r;7J1 + L Piiv i , iE E: ( 1.17) 
je E 

.Qwfip np, ( 1.17) N hwl[wuwpn1ufibp)1 hwuwljw11qp 1.4wpn1Ciwljmu t. 
N+l wfihwJmfitp· g,v1, v2, ... ,vN, w1.4w g-p npn7uwfi hwuwp pliqmlhtmu t., np 
ljJnwJ)lfi qnpc)wlj)lglibp)lg ublj[l, oppCiwlj vN"p, hw4wuw11 t. qJtnJll: 



'1-puiwpqbfip lttwfiuwfi tl}l6wlJ.fihpntl bqwununlibpnl{ titJCl.-fihpl!: UJu 
qnpltf!fipwgfibpnui hbmwqmnl{mu bfi upfi2L. lttwfiuwfi ui:whl! qnunwql{wb 
qntliwpwJpfi up2pfi bqwummfihpl!: 

'1-pgmp' E={l,2, ... ,N} qp6wqfibpp pwqumpJmliml tilJCl.-mu 1 l{p6w41! 
Upwq 4twfiuwfi l{p6wqfi t: V;(t)-ntl !izwfiwqbfip upfilL. lttwfiuwli l{powq 
wfigfihll! t dwuwfiwlJ.mu qmmw\fll.wb qntuwpwJpfi u}l2}1li bqwuntuil!, UJ.WJ
uwfintl, np t=O uqqpfiwtiwfi UJ.Whpfi titJCl.-fi qmfitlht t i, ie {2,3, ... ,N} l{p6w
qmu: v;(t)-p hwuwp ( 1.12) hwqwuwpntufihpp fiuwfimpJwllp qumwliwfip' 

NI I 

V;(t): rJv/t-x)dQij(x)+r;J(l-H;(X))dx, i=2,3, ... N: (1.18) 
r20 o 

J!wfip np, ajlmwplftlllll titJCl.-fibpntu tlbp2wtlnp dwuwfiwtimll llb4 hw
tl_wfiwqwfimpJwup lJ.twfiuwfi 1 l{p6wlJ.1! hwuwfibllt t gwCiqwgwb i tl}l6wlJ.pg 
iE {2,3, ... ,N},wui:w t-+oo qhuwmu vi(t)-bpp hwuwp qnJntpJntfi mfib(i' 

v;=limv;(t), i=2,3, ... ,N ....... 
uwhuwfifibp{!: ~bmL.wpwp, (1.18)-mu wfigfitinll uwhuwlip, bpp t-+oo, tiumwliwfip' 

N 

v; = r;17;+ 2, V;Pij• i=2,3, ... ,N: 
j=2 

liwmwpbtntl hbutL.JWL !izwliwqnu.ifihpl!' 

.,J :: 1· j ~;: 1· l VN lrN7'1N 

(1.19) 

(1.19) hwll.wuwpntufibpp hwuwlJ.wpql! lJ.wpbllt t qpht tl_bl{umpwqwfi mbupmf 
v' = r' + P'v', (1.20) 

npuibJt P'-fi' lttwfiuwup lJtJCl.-}1 fibpunu)l{wb lfwpqnl{p zqpwJp wligmuwJpfi 
uwmppgfi t, }luti r( -1! i l{p6w1J.mu umwgtlD.IJ. u}12pfi t4wun1mli t: ~wubuw-

mhtntl (1.9)-1! L. (1.20)-1!, qdtlwp 2t hwunqtJ.bL np lttwliuwli tl}l6w1J.lihpntl 
lfwptintlli zqpwfihpl! u lJtJCl.-libpn filJ.wpwqptl_ntu bfi fintJfi bpuliwpwp 
hwtl_wuwpntufihpntl: 

1.3 b1{wwumlihpp l{bpwqliwhwtnuwup liUQ....fihp 

UJuUJ:ltu}l litJCl.-fibpnuI {!liqmfiqnuI t, np bqwunu.nfihpp tl_bpwqfiwhw
umtu{! ppwqwfiwgtl_nuI t gmglWJ}lfi ophfipntl_, np}l UJWpwubmpn hwtl_wuwp t 
a-}1: '1-w fi2wfiwqmu t, np hph dwuwfiwlJ.p npht UJWhltfi umwgtl_mu t 
upwl{np bqwuntm, WUJW t dwuwfiwlJ.pg hbum wJq btiwuntm{! lJ.wpdbCiw e-ai 
upwl{np: p qnpbwlJ.gp CiuwlintpJWUp a ubbntpJotfil! qwpbllt t ubqliwpwfiht 
fiwu npUJ:bU qnpltf!Cipwgp fuqliw(i (luw(iuwli) hWOW)untpJntli, WJU}l(ip(i' dt 
UlUD.IJ.ntpJwup tpnpp dwuwfiwqwhwmqwbmu qnpltt!fipwg}l fuquwli (qwqw
phguwli) hwqwfiwqwfintpJntfil! hwl{wuwp ltlltlilt adt-}1: 
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bqwununCibpp tl_bpwqCiwhwmuwup lilJCl.-Cibpmu untl_npwpwp hbmw
qnmtl_mu t tl_bpwqCiwhwmtl_wo qmuwpw1!1Ci up2pCi bqwumm}!: 

'1-pgmp' v;(t)-Ci' t ctwuwCiwqp t!Cipwgpmu umwgtl_wb" qmuwpwJp.Ci up2pu 
bqwummCi t, UIWJ-uwCintl, np uqqpCiwqwCi t=O UIWhp(i qnpb"}!Cipwgt! qmCitl_bt t 

i tlti6wqmu, puq vi (a) -Ci a qp.ntJpntl tl_bpwqCiwhwmtl_wo qntuwpwJpCi up.2pCi 

bqwummCi t, UjWJUWCint{, np uqqpCiwqwCi t=O UIWhpCi qnponCipwg}! qmCitlbt t 
i tlti6w4mu: 

f\CiiUihu wpqbCi Ciztlbt t, tl_bpwqCiwhwmuwCi a qpntJPJ! qwpbllt t ajunbt 
npUibu bqwummCibpp qmmwquwCi qnpb"}!Cipwgp JuquwCi hwawJumpJmfi: 

'l.,zwCiwq bCip' 

V; (a)= f e-ardv; (t), iE E: 
0 

UJutnhrJ v; (a) -Ci qwpbtll t ubqCiwpwfibt npUibu i uqqpCiwqwfi tlti6wljpg 

upCitL. qnpb"}!Cipwgp JuquwCi UIWht! qmmwljtl_wc} qntuwpwJpCi up2p.Ci bqwumm: 

ShrJwllJlbtntl (I. I 5) hwtl_wuwpmuCibpmu s=a-p, qumwCiwlip · 

v, (a)= !Lo - h; (a))+ L g,J (a)v)(a), iE E : (I .22) 
a jaE 

UJuuibq gij (a)-Ci L. h; (a) -Ci hwuwlllwuiwufuwfinpbfi Q;i(t) L. H;(t) lmliljgpw

Cibpp LwUI1wu-Ump1mbup 6L.wtflnJuntpJmCiCibpCi bCi s=a ljbmmu: tizuwppm 
bCi hbuiL.JWL hwt{wuwpmpJntUCibp[l. 

-
hi(a)= Lgi/a)= rJe-axdQ,/x), iEE: 

jeE jeEo 

'-lbquinpwljwfi mbupntl (1.22) hwt{wuw[UltU[l qqptl_lt' 
v(a) = p(a) + g(a)v(a), ( 1.23) 

npmbq}lg' 

v(a) = (I - g(a)r1 p(a) =(I+ M(a))" 1 p(a): (1.24) 

Uw bljwummCibplt tl_bpwqCiwhwmmumt LilJq.-Cibpp hpuCiwpwp hwtlw
uwpmuCi t qptlwb LwUI1wu-Uuip1mbup 6L.wtflnfumpJwCi uibupnt{: 

UJUUjpUntl, ]lCi~UibU ti1wCiuwup LilJQ.-Cib[UllU, bqwumuiCibpti tlb11wqCiw
hwuiuwup qnpoJ!fipwgCitrm1u L.u 4mmw1tt1wo qn1 uw11wJf1Ci ut19t1fi bqwumui
!ibp(l t{bp9wtlnp bCi L nrmztlmu bCi qbwJl1ti hwtl_wuwpmuCibplt hwuw4wpqt1g: 

'l,zbCip, np (1.22) hwtlwuwrunt.'iCib1unu wCigCibJntl uwhuwCip, b11p U40, 

tpqruip4 LilJQ.-Cibppg qwphtll t uuiwliwJ ubq wpqbli hwJuiCiJ1 v, (a) -I• 
wutiuUimnmwljwCi t{bp1mompJwCi pwfiw6L11' 

- g O . I' v,(a) = - + v, + (I), 1E ~: 
a 

( 1.25) 

UJuuihri g-Ci u}lwtl_np dwuwfiwtimu uuiwgtl_nr1 umwgJmliwp ut19}1Ci hqwummli t.: 



t;ljwununubpm.J. qnpbi!fipwgutpmu qlunwplJt(mu tCi blJwununGbp}l &Lw
t(npuwCi mwppbp ljwnmgt(w~Cibp: Opl1Ciwlj' lfwpljn@ 2JUlWCibpmu bljw
ummfibpl! ljwpnq bu umwgtlbt }lCi~utbu npL.t tl}lnwqmu qmutJ.btm hwuwp, 
WJ!iutbu tt WJI} @6wq}lg npL.t WJL @6wlJ w(igfibtm bwuwp: liJU qhuwmu 
gw!iqwgwo i @6wq}l hhm qwUJ.tlwo LPfltl qmuwpwJ}lfi blfwuntml! hwtlwuwp t' 

rt= r; + Ipijrij, ieE: 
iEE 

lilJCl.-uhpmu q}lmwpl.J.t(mu t uwL. tqwuntmfibpp ublj mpp2, wtlhtli 1!UI1-
hw!imp qwnmgt(w~: bpb qnpbi!fipwgl! qm!it(mu t i 4P6wqmu, L. lipw hw
~mJlll lij16w1JI! j-(i t, WutW UlOWQtllllU t Up hqWUntlO, npp UUOlllJ)Jllllil! npn2-
t(mu t mpt(wo R;j(tlr) :t>mlilJ.gpwJnt(: liJumtq r-!i i t(pnwqmu uCiwtm utwmw
hwlfwCi dwuwCiwqCi t, puq t-fi i t(pnwtr l!Ci41ihtnt utwhpg wCigwo dwuwfiwqfi 
t, npmtq O $ t ~ r : 

bpb R;j(tlr) :t>mCiqgpwCi pwt[wpwpntu t R;j(Olr)=O, Rij( 'ljr)=R;i( r) utWJ
uwCiCibppCi, WU(W i t(powqmu umwgt[wo t[hpwq!iwhwmt(wb' u)12pfi blJ.w
unttnf! 1.J.tlifiJ::t' 

P;(a)=k 7fe--<D<dRii(xjr}iQ;/•), ieE: 
JEE 00 

lfwu!iw!.[np 11tuwmu, hpp R;j(xlr) = xri, 1.J.umw!iw!ip bqwununfihpp upfit 
WJil q}lmwpqt[wb' qwnmgt[w~I!: 

2. liwnwt{wptlnrt lf wpll_nlllt zqpwfihp 

2.1 'l-pmwpqbCip l{tp2w4np pwfiwqn4 t[pnwqfibpp E={l,2, ... ,N} pwq
untpJmfint[ ~(O)J(l), ...• ~(n), ... ,I.J.wnw4wpt[nq lfwpqnt(p 2JUlWfi (l(lJC), np
mtq ;(n)-1! 2JUlWJp t(pnwqli t dwuwfiwq}l n U(wbpli: CqpwJ)l JmpwpwCitlntP 
i t(pnwqmu pmJtwmpbtp npn2mufihpp (WJlJ!CimpwupUbpp) pwCiwq]! 4hp2w
t(np t L. mpt(mu t K ;={ 1,2, ... ,k;}, iE E pwqumpJmfin4: 

.QCifiwpqhlip lilJC-p qwpp]!: 'l-)lgmp' lilJC-!i ctwuwfiwq}l n utwh)1Ci 
qm!it[mu t i t(pnwtrmu L. l!fi11mfit[bt t R npn2mul!, WU(W wCilfwtu ;(O),;(l ), ... , 
;(n-1)-ppg L. upfi~L n U(Wh]! {!Uqntfit(wo npnzmu(ibppg' 

1. umw94mu t rr bqwuntul, 

2. 2JUlWCi i t(p6wq}lg p~ , ijE E hwt(wfiwqwfimpJwUp wfigumu t j t[p6wq' 

LP:= l, 0 $p:, ijEE, RE~, ieE: 
jsE 

t;{ipwqp4mu t, np rr hqwun1mCibp{! pntnp ie E L. RE K;-hp)l hwuwp uwh

uwfiwi.pwq hu: liJulll.PunlJ., lfwpqnt(p ZJUlWCibp)l lJ.wnwl{wpuwCi lufillPPl! lipw 
wCigmu!ibp}l utwhhp)lu pntnp tl}l6wlf Cibpmu npn2mufibp)1 ]!fu)n1Uuwfi tufiq}lp t: 
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4wnmgbUp K;, i = 1, N pwqumpJmfifibpp. nuurrt (qbqwpmJwfi) wpmwq

PJWIJ!' F=K,xK2x ... xKN : F-t! tin!tl.ntti t qwptl.btwlJ.bpuibp.p. pwqumpJmfi, p.ul.J. 
fipw mwppbp{!' qwptl.btwltbpuibp: 

'l-p.gmp, f0 -{! <h.uuwfiwlt}l. Il UJ.Whp.fi {!fiqmfiqwo qwp4b1wqbpUJ.fi t' 
f0=(fn(l),f0(2), ... ,fn(N)), f0 E F, npp fn(i) UlWPPl! gmJg t mwtpu n UJ.Wh)lli i 
tl.}l.owqmu {!fiqmfiqwo npnzmti{!: 

UwMwfimu 1: '-l.wp4h1wlJ.bpUJ.l! IJ.n2t1.mu t umwg]mfiwp, hph fipw mwp
php{! ltwtutl.wb' 2tfi lflPWJp wfigmufihpp ptl.}l.g: 

~hmwqwJmU umwg]mliwp 4wp4h1wl.J.bpum qfizwuwqbfip f=={f(l ), f(2), 
... ,f(N)) 4bl.jmnpn4, npp f(i) mwpp{! wfiqwtu t wfigmufibpp n ptiltg L. gmJg t 
UlWtpU 2JWWJP i t11tow4mu {!fiqmCi4wo f(i)E K; npnzmti{!, fE F: 

liJuuip.um.( uuiwg]mfiwp 4wp4t1wlthPUJ. mCibgilIJ. 4lTC-lihp[! npnz4mu tfi. 
tl.lt6wltuhpp. E pwqumpJmfintl, pmJtwuiptllt qwptl.htwlthpUJ.bpp. F pwqUntf}Jnt-

lintl, p0 = ( P?. p~ , ... , p~ )' ul.jqpCiwl.jwfi pw2tuuwli tlh4Ulllpntl, rr == (rt. rt ... , r~ )' 

f t1.wp4h1wltbpui}l. IJbUJ.PmU, hJ.twummfihpp tlhltmnpntl L. Pr· f 4wp4t1wl.J.bpUJ.}1 
qhUJ.PntU ubl.J. pwJlmU wugmuutpp hwlf.wfiwljwCimpJmfilibpp uwmppgnq: 

~tmwqwJmU ljajlmwpl.jtCip uuiwg]mfiwp 4wp4t1wlthp1.1.1 mfihgilIJ. ltw
nwlJ.wpt!IlIJ. lfwptintllt ziwwCibp)l lf.wpp(!: 

.i:!fiuwplthup ttiwummubpp 4hpi.uqfiwhwmuwup 4lTC-fihp: 'l-pgmp' V p(0-1! 
f lf.wptlh1wljhpui}l. qtummu 4hpwquwhwmt1.wo qmuwpwJjl.fi u)12pfi tl.jwumm
fitpjl. tlhltmnpfi t: 

Uwhuwumu 2: ( 4wptlt1wljbpUJ.I! ltnitlmu t /J 1w4wqnlJU, tpt ~11 uL.
tnJWl wpdhpp qtuwmu pn1np fe F t1.wp4h1w1.ttp1.1.1tp}1 hwuwp 6zuwp}1Ul t 

Vp(() 2:Vp(t) 
UjWJUWfi{!: 

fcrtnptu l: u4wummuhp}l tlhpwqfiwhwmuwup 4lTC-Citp}l hwuwp qnJm

J}Jnt fi mu}l Jhwtlwqn1Ju umwgJmliwp lf.wpi.lhtwljhpur 
LwtlwqnlJu uuiwg}lnuwp 4wp4t1wlttp1.1.1hpp n1mzuwti hwuwp tiwphllt t 

oqmwqnpc>ht qbwJpfi L. ajlliwu}llt bpwqpuwfi t11wfiw4fihpp, ~n4w(ll1}1 J1mhr1w
g]mfi w1qnpppu(!: 'l-jl.liwup.4 bpwqpuw(i oqlimpJWUp tutiqpp 1mbmu11 ph114wc> I: 
wnw2pu hwumpn1u: liJf) UjWUlOWnn4 WJUUlbrJ 4vuuwpljhtil} ~ntlwpaj1 WJq.n
JlpJ}UI! L. qowJjl.Ci c>pwq.puwfi tuCiqppp: 

~ntlw(lll}l w1qnpppup pwriljwgwc> t hp4m pupwgwljwpqjl.g: 

1. 4z}ll11lhftp npnzuwfi {!fipwgwqwpq 
4wuwJwltwCi pmJ1wm11hllt fe.F i.twpt1.t1w4h11u.it1 hwuwp v,,v2, ... ,vN 

wfihWJUlUhpp fiqwuiuwup, 1m<>t1.mu t. 
v==rR+/J~pRv iEE 

I J L. IJ J' 
J. E 

hw4wuwpn1uCitpp hwuw4wpqp, npmt11 R"' Hi): 
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2. IlpnznuHihp]l twi.[wguwCi nlipwgwqwpq 
3mpwpwli2.1mp iE E 1.[pl'.iw4.ti hwuwp G(i,f)-ni.[ CizwCiwljhCip wJCi R-hp}l, 

REK; pwqumpJmli(!, npnCig hwuwp v 1,v2, ... ,vwlt wnw2]1Ci (!Cipwgwl.J.wpqmu 
npnzl[wb- wpcthpCihp}l qhuwnui 6zuwp]1Ul t hhmuJWL utWJUUlCi{!. 

rt+ /3 I,p:vi > V;, iEE: 
jeE 

bph pntnp i, iE E 1.[pl'.iwljCihp]l hwuwp G(i,f) pwqumpJmCifihp(! qwmwpq 

hCi, WutW f-1!' /31wl[wqn1JCi 4wp1.[h1wl.J.hput t: 
'l-pgmp · qnJmpJmCi mCip qnuh Uhq iE E 1.[pl'.iwq, np]l hwuw.p G(i,f) pwq

umpJmCin qwmwpq tt: l.Juwu 1.[p6wqCihp]1 pwqumpJmCin CizwCiwqhCip E+-ni.[: 
LwiJ.wglJ.wb-' a qwp1.[h1wqh[lutl! qwruugi.[mu t hhmuJWL qhput. Jmpwpwu2.1mp 
iE E+ 1.[p6w4.ti hwuwp a(i)-Ci' G(i,f) pwqumpJwCi qwtiwJwl.J.wCi mwppu t, puq 
ire E+-P qhuwmu {!CiqmCimu blip a(i)=f(i): a t[wplJ.h1wqhputP ouwt[npntupg 
hhum qwmwpi.[mu t wligmu ubl.J. {!CipwgwlJ.wpqpCi: 

,R(i(iwplJ.lJ.llll fuCiqpntU /3 qnpbl.uqgp u}l~mgni.[ WutwhnlJ.1.[mu t qntuwpw
Jp.Ci up2pli hqwummfihpp uwhuwliwtpwq tp.Cihm: ,8-]1 wpdbp}l tp11tp11}um
pJmlil! hwCiqbgfimu t }uCiqp]l 1w1.[wqn1JCi 1mc)muCibpp tp11t.}m}umpJwCi: Uwh
uwCiwJpfi qhuwmu, hpp ~ 1, V ,ll(n)-]lg umwCimu blip wnwCig 4bpwqfiw
hwmuwfi qntuwpwJ]lfi up2]1Ci V(n) hqwununCibp]l l[hqlDBp(!' 

V(n) = lim VfJ (n) : 
{J-->I 

PCituthu hbmumu t (1.3)-]lg tpqnajlq lfwpl.J.n1.[p zqpwCibpmu V(n)-1!' qn1-
uwpwJ]1fi u}l2pCi hlJ.wummCihp]l tlhqmnp(!, n--+oo qhuwmu wfiuwhuwfiwtpwq 
w6mu t: UJq UJ.Wml'iwnnl[ wnwCig bqwummCibp]l 4hpwqCiwhw10uwCi 4lJC
fihpmu nputhu outmftuwguwfi twtpwCipz (CiUJ.wmwqwJpCi :t,mlil.J.gpw) oqmw
qnpmjmu t u}lwl[np dwuwliwqmu umwg4wb- u]12]1Ci bqwuntm(!' gf-n: 

UwhuwCimu 3: f° 1.[wp1.[b1wl.J.hpum qntl[mu t 1w4wqn1JCi, bpb F pwqunt
pJwCi gwfiqwgwb fmwpp]l hwuwp 6zuwp]1m t 

yr· (n) ~Vr(n) 

utWJUWCi{!: 
[c)-bnphu 2: UnwCig hqwuntmCihpp. 4bpwqCiwhwmuw(i 4lJC-Cihp]1 hwuwp 

qnJotpJmfi mCi]l twlJ.wqntJfi ( umwg]lnCiwp 4wp1.[h1wqhput: 
Lwi.[wqntJfi umwg]lnfiwp 1.[wp4h1wqbpUJ.]1 npnzuwfi hwuwp qbl.uJpfi 

bpwqpuwfi tufiq]lpCi mfi]l hbmuJWl mbupl! 

(gr= I,x[rt) ~ max 
iEE 

hhtnuJw1 uwhuwCiwtpwqmufihpp. qhuwmu. 
r ~ r r . E 

X; = L-Xjpji, lE , 
jeE 

~ r -1 r > 0 . E· L- X; - , X; - , IE • 
ieE 



N 

liJUtnbq 1;ai = l -[! lfwpljm.l]1 zrwwJ]l f tJ.wptJ.htwljbp\ll]l l}hlljpilll.) j tl.]1<'.iwljmU 
i=I 

qmGtJ.htm hwtJ.wGwljwCintpJntCiCi t: 
liJu luCillPP. tmbuwCi ~ntJ.wJ1llll pmhr1wg]1nCi w1qnpppU[! hhtnLJw1Ci t: 

1. lizpnlihpp npnzuwG [!Cipwgwljwpq 
flpLt uljqpGwljwli fE F tJ.wptJ.h1wljhpuw hwuwp g,V1,V2, ... ,VN-1 wlihWJUl

lihpp liljwmuwup [!liqmlih1ntl, np v~O, 1mot1mu t hwtJ.wuwpmulihp}l 
hhtnuJWl hwuwqwpq[!. 

R N-1 R . 
g+vi= r; + Iv1pii ,1=1,2, ... ,N: 

j=I 

2. Dpnzmulihp.p 1wtJ.wguwli [!lipwgwljwpq 
Oqmwqnpoh1ntl g-p Lt vi-hpp i=l,2, ... ,N npnztlwo wpcthpGhp[!, Jntpw

pwGvmp iE E tl]lowtw hwuwp [!Gmpt1mu t G(i,f) pwqumpJWfi WJGuwuI1 R 
tnwpp, RE Ki, np[! pwt1wpWJUllU t hhml.tJWl ll}WJUWfipfi. 

R N-1 R ·-1 2 N· g+v,<r, +1:v,piJ' 1-,, ... ,. 
J=I 

bph G(i,f) pwqumpJntG[! qwmwplJ. t pn1np L!Ji<'.iwlJ.fihpp hwuw11, Wll}W f-[l 
1wtlwqn1JG tlwptJ.h1wlJ.hpll}G t: bph qnfih uhq tl}lowtw hwuwp G(i,f)-11 qw
mwpq it, Wll}W 1wt1wgt1wo a t1wptlh1wlJ.hpll}f! npnztlmu t hhmLJWJ 4hPUI· 
a(i)E G(i,f), hph G(i,f)-[! qwmwp4 it, L a(i)=f(i), hph G(i,f)-[! qwmwplJ. t: 
'l-pwGpg hhmn wfigmu t ljwmwptlmu I [!fipwgw4wpqpfi a u4qpfiwlJ.wG 
tJ.wptlh1wljhpll}ntl: 

.Qwfip np qpmwpqtlJlJJ oll}mpuwguwfi tuGqpmu tlwptlh1wqhpu~hpf1 F pwq
untpJmCi[! tlhp2wtlnp t, wu~w ~ntlwpqp w1qnpppuntJ. tlhp2wtJ.np ptJ.ntl puihpw
gpwGhpp [!Gpwgpmu npnztJ.mu t ( 1wtJ.wqn1JG uuiwgpnGwp tJ.wptJ.h1w4hflUIJl: 

fcthnphu 3: tJph npLt. f'E F tJ.wptJ.h1w4t11lllfi hwuwp 6zuwpfm1 t 
rr' + pf' V(f) > / + pr V(f) 

wGhwtJ.wuwpntpJntG[!, npmbrt g(f)-p f umwgtmGwp tJ.wptJ.b1w4h11UI11 qhll}pmu 
ut4 wCiguwCi ctwuwfiwlj UUlWQtlJlJJ up2}1G t4wunnnG t, Wll}W g(f') > g(t): 

t>u4wll}hu, qpgmp · y-Ci y(l ),y(2), ... ,y(N) mw1111t1untJ. tlh4mn11 t, n11p 
npnztJ.mu t hhmLJwt hwtJ.wuwpntl}Jntfi!ig. 

y=r1' +Pr'V(f)-r' -PrV(f): 

3-fll} pbnpbupg hhmt.n1u t., llfl y tlhlJ.ump11 pwtJ.wJIWfllllU t y >O ll}WJUW
Gpfi: y>O wGhwtJ.wuwpntpJmGp G7wGwlJ.111u t., np y tlhltmnpp p111n11 pwqw
IlP!iiGhpp ubc') hG 0-pg: lJpljm' f L f' tJ.wptJ.h[W4hJIU}hJljl hwuw11 6!1JU1 LG 
hhmLJWL hwtJ.wuwpn1uGhp11. 

g(f') I+ V(f') = rr· + pf' V(f'), (2.2) 

g(f)l+V(f) = r1+P1V(f): (2.3) 
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(Sh'u. <!.mlwPllll wtqnpppup l J:!fipwgwqwpqntu), npmbq 1-fi' uhqhppg pwq
qwgw~ tlhl.J.mnp UJntfiwlJ. t: 

Unw2pfi' (2.2) hw4wuwpmupg hwfihtntl hpqpnJ.lll(!' (2.3)-1!, L qwmw
Phtntl hhtnLJWL Gzwfiwl.J.mufibp(!. 

1.J.umwliwlip' 

Lig = g(f')- g(f), 
LiV = V(f')-V(f), 

(Lig) l+LiV = y+PrLiV: (2.4) 
,!,w4wuwpuwli hpqm I.J.DIJ.Ubp(! owfu 1.J.DIJ.U:pg pwquw1.4wmlJ.htntl liUC-p 

umwgpnuwp pwzfuuwfi p(f) 4hl.J.umpn41.J.umwfiwfip' 
Lig = p(f)(Lig)I = p(f)y, (2.5) 

pwfip Op (!UUl p(f) 4bl.J.mnpp UWhUWUUWfi' 
p(f) = p(f)Pr, IP; (f) = I : 

ieE 

oph hpl.J.m (!fipwgwqwpqntu npLt i tllt6wl.J.p hwuwp G(i,f) pwqum
pJmlipg p hWJtn bfi qwum uhl.J.pg wtlhIP pntJtWUlphIP npnzmufibp, Wl4W 
twlJ.wgliDIJ. lJ.wptlhtwlJ.hp1.4u (!fiutplj_mu t hbmLJwt UJ.WJUwupg. 

R N-1 R . 
[r; + LPij vi]~ max . 

. J=I 

Uqqpliwqwu f4wptlhtwqhp1.4u nfimpt[mu t r;R ~ max 1.4wJU:wfipg: 

2.2 lq_wliowli tllt6wltlihpn1{ tiUC-lihpp oUJ.mpowgowli fuliqpp 

"lwpqntpJwli hwuwp (!liqmfiblip, np l tllt6wtm ZJWWJP upwq Lttwliuwli 
tllt6wqli t: UJu qhUJ.Pnu.i pntnp fE F 4wptlhtwlJ.bpUJ.hpp 1.,. npht i l{powl.J.p 
hwuwp 6zowppU1 t hbUlUJWL UJ.WJUWfi(!. 

N -
Ip: < I , i = 2, N : 
j=2 

,!,bml.,.wpwp, qltmwplttlDIJ. ti UC-Ii npht i @6wl.J.pg p~ > 0 hwt[wliw-

1.J.wlimpJwOp pntnp 4wptlhtwlJ.hpUJ.bpp qhUJ.PntU qwPDIJ. t (!liqliht tuwliuwli I 
tlfiowq: ti-li.2.UJ.hu hqwummfibpp t[bpwqfiwhwmowup fufiqpn1u, wJu qhUJ.PmU hu 
qmuwpwJ]lfi u]12]1fi hqwummlibp(! uwhuwfiwi.pwq bfi, 1.,. np1.4bu liUJ.wmw
lJ.wJpfi :t>mlilJ.g)lw oqmwqnp~mu t 211PWJP. upfi.2_1.,. IJ.twliuwli tlfi6w4 wliglihll! 
qn1uwpwJ}lli up.2]111 t4wonunlihpp v'=(v2,- .. ,vN) tlhlJ.mnpn: 

fo-bnpbu 4: litwfiuwli l{powqlihpntl lilft-fibpp hwuwp qnJntpJotli mfi)l ( 
twtlwqntJli umwgpnliwp qwpl{htwlthpUJ.: 

lwt[wqntJli t l{wptlhtwltbpUJ.lt npnzowli hwuwp quwJ)lli bpwqpuwli 
fuliqp)l liUJ.wmwlJ.wJ)lfi :t>mliltgJlwli t' 

N 

I Irtx~ ~ max 
f(i)EK; i=2 

hhmLJWL uwhuwliwi.pw4mulihp]1 qhUJ.PmU. 



xr ~ 0 i=2,3, ... ,N, f(i)E K;, (2.6) 

npuitq p0 = <P? , ... , p~) -u z.qpwJlt ul(qpuwltwu pwztumuu t: 
lwtJ.wqntJu f° qwrulh1wlthpllllt npnzuwu ~nqwlllllt ptnhpwgpnu w1qn

JlP.f)UI! mup hhmhJtuL tnhup{!: 

I. 4zlmCihpfl npnzuwCi (!U.f}Wgwqwpq 
4tuUlUJtulttuu fEF qwpqh1wlJ.hpllllt hwuwp V2,V3, ... ,VN wuhtuJtnuhp}l ulttutn

uwup, qhpguhtntl R=f(i), tmotJ.mu t hhtnLJtul hwtJ.wuwpntuuhpp hwuwltwpq(!. 
N 

v; =r,R + Ip~vJ, i=2,3, ... ,N: 
J=2 

2. llpnzmuuhpp 1wqwguw(i (!fipwgwqwpq 
Oqtnwqnpoh1ntJ. ublt JlUJ}Wgwltwpqmu V;-bpp npnzqwo wpdbpuhp{!, Jmpw

pwfiijntp i=2,3, ... ,N tl}l6wqp hwuwp pn1np RE K; l}bU.WntU qtnuqmu t G(i,f) 
pwqUnt.f)JlUCi WJfiu.timlt tnwpp, npp hwuwp 6zuwp}ltn t hhtnhJWL utWJUWCiJl. 

R N R · 
v; < r, + IP,J vJ, i=2,3, ... ,N: 

J=2 

bph G(i,f) pwqumpJmfiJl l}Wtnwp4 t, Wuttu · f qwptlhLtulthPutJl LWtlw
qntJfifi t: bph npht i tl}l6wqp hwuwp G(i,f) pwqumpJmu11 l}tuU1wplJ. it, wuiw 
1wqwgqwo a qwptJ.htwlthPutfl 4wnmgqmu t. hhtnhJWL l(hpui. a(i)E G(i,f). ht>h 
G(i,{)-11 qwmwpl( it, h a(i)=f(i)' hph G(i,f)-[I l}Wtnwpl( t.: liJfimhhtnL 4tutnwp-
4mu t wfigmu wnw21tu (lupwgwl(wpqpu a u4qpuw4wa qwpqh1wlthfllllntl: 

Oppfiwq 1: 'l-pgmp · lthfitnpnuw4wa pwli4fl wptnwpctmJpl1 Gh11wp4mu
uhp]t oqfimpJWUp wzfuwtnmu t. U}WhutwGht l]JIWUp lflnfuwpdhpp uwfuo1111p 
npnzqwo tnppntJpmu: 

'l-pw hwuwp tpnfuwpdhpp tpntpnfuuwfi wupm19 mppmJJlp pwctwfi4mu t 
K+l ihwtnqnq qhp2wqnp ptlntl uwuhpp (4ltowl(fihpp)' E={O,I, ... ,K}. n11uitr1 O 
tl}lowqpa hwuwuiwmwufuwum u t l]Jlwup tpnfuwrdhpp fiqwqwqmJG wpcthm1, 
tm4 K-pu· uwhuwuwJp!i (wnwqh1wqn1J!i) wpcthpp: 'l-pwup tpnfuwpdhpl1 
iwtpntufihpJl l(wtnwpqmu h(l ctwuwfiw4]1 hwqwuwp hwtnqwouhpltg hbtnn 
t=0,1,2, ... utwhhppfi' oppfiw4· opp uhl( wfiqwu: ~w1Ju11u!ih11'i wpllJmfipmu 
npnztJ.mu t. lflnfuwpdhpp 41t6w4[1· ~,-fi: chuuwuw411 p!ipwgpmu lflntuwr1-
clhpfihpp i;" t=0,1,2, ... hw2nJll}wl(wfimpJmfip a4wpwq11tJ.mu t. P{~1q=jli;1=i)=p,., 
i,jE E utnwgpnfiwp wfigmufihpp hwqwfiwl(wfimpJmufihJmtl lJwr1ltntJ.J1711pwJnq. 

I p,j = 1 , P,,~o. ijE E: 
,et 

ctwuwfiw(tll Jmpwpwfii)mp t=O, I ,2,... uiwhl1 2wlflmufih11lt wru11111 lipntJ. 
4bumpnCiw4wG pwuqp l]flWUll lflnfuwpdhpJ1 4WJIIIUUJguwfi hwuw11 (lUl}JIIUDIU t 
Cibpwptimufihp 4wmwph1111 npn7mu: D,.-ntJ. li7w!iwl(hfip l}(twup tlJnfuw11dbpl1 i 
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l[p.6w'1}lg s l[p.6wq pbpb1m nJU12uwfi hwtfwfiwqwfintpJntfil!, UIWJuwCintf, np 
2wl}luwfi UIWhpfi lpllfuwpctbpJ! qtnfitfbt t i l[pnwqmu: D;s nJUlzntufibpp hwtlw
fiwqwfintpJntfifibpJ! pwqwpwpmu bfi hbtnL.JWl UIWJliwfifibppfi. 

LD;, = 1, Dis~, i,se E: 
!EE 

(2.7) 

~wzl[p wnfibtml. D;5 hwqwfiwqwfimpJntfifibpJ! I]JlWU):l tlm.:tuwpctbpp 
1.[wppf! dwuwfiw'1}1 f!fipwgpmu qfiqwpwqpl[p q;i umwgpnfiwp wfigmliwJ):lfi 
hw4wfiwqwfimpJmfifibpntl tpqrulllq qwnwqwpqnq lfwplJ.nl[p zeywJnq. 

qii = LP;.0,i , ijeE: 
oeE 

4wnwqwpqnq lfwpqnl[p 2'1PWJP umwgpnfiwp n;, ieE hwqwfiwlJ.w
fintpJmfifibpf! npn2tlmli bfi hbtnL.Jwt hwqwuWJUltlifibpp hwuwqwpqp.g. 

n; = rniqii, ieE, L1r; =I: 
jeE ieE 

CeywJp Jntpwpwfivmp l[pnwqmu (:qpwup l}lnluwpctbpp hwuwp) 4bfi
tnpnfiwlJ.wfi pwfilJ.I! lJ.wJUlll t npnzmu l!W}ntfib( 

1. :qpwup l}lnluwpctbp]! pnqfibt qptnwplJ.1.[wo i 4PllwlJ.mu, 
2. wpmwpdntJpp fibpwplJ.uwfi oqfimpJwlip I]JlWli):l l}lnluwpctbpf! i l[pllw

'1}lg pbpb1 s l{ll6wq: 

UI14.PnM npnzuwfi ppwlJ.wfiwgntU{! UIWhwfi2mu t npnzwlJ.p rr b-wJuubp' l . -- -- bpb {!fiqmfitlbt t R npnzntu{!· qwtnwpbt 
A.,1 = O,K-1,R = O,K -1, 

rR = wpmwpdn1Jp):l lJ.wfi:tuwpqbtp2 fibpwpqmu, 
' . -- bpb {!firpufitlht t R IlJUl2IllU1!' qwmwpbt 

A2 ,1 = K,R = 0,K-1, 
wpmwpdntJp):l wpmwqwpq fibpwp1{mu : 

liJumhrJ. A1-l! wpmwpdntJPP uti2J:ifi pwfiwlJ.fi t, npf! b-wlumJmu t 
lJ.wfi:tuwpqblli-! fibpwpquwfi hwuwp, pulJ. Ari!' wpmwpdntJp):l up2pfi 12wfiwlJ.I!, 
bpp :qpwup wpctbqpquwfi uwqwpqwlm pwp&p t uwhuwfiwJpfi wpctbppg: 

4bfitnpnfiw1{wfi pwfilJ.p qnqupg nfu}mfi4wo npnzmufibPI! utl(fiwpwfi4mu 

tfi hbtnL.Jwt lf bPUI· i= O, K -1 tl):lowl(fibpn1u lJ.wfi:tuwpqhw.2 A1 utompJwfi ut

pwplJ.mufitpp zCinphJ:itl I]Jlwlip l}lnluwpctbpJ! UiwhtJmu t pmJ1wmpbllt mppn1J
pmu; i=K l[p.6wlJ.mu l(wmwpl)_mu t A2, A2>A1 ubompJwfi wpmwp-dntJPP 
wpmw1{wpq fibpwp1{mu· qpwup l}lnluwpcthpf! uwhuwfiwJpfi ubom-pJmfipg 
pmJtwmptw mppntJp pbpbtm hwuwp: 

"l-pwup l}lnfuwpctb12p qwpqwtfnpuwfifi nUJ.qtfwo up2pfi mbuwqwpwp g 
b-wfuubpJ! npnztfmu bfi hbmL.JWLPWfiw&Lntf. 

K K-IK-1 

g = A2 L1rKDKR + Al L L1r;DiR : 
R=O i=OR=O 

lnunwtfwpuwfi fiUIWtnwln! qbfiuipnfiwlj_wfi pwfilJ.p lJ.nqti]:ig WJfiUIJ:iup DiR 
Il)1Il2Il1Ufibpp J!fiqnlfintUfi t, npnfip WUiwhntlbfi g b-wfuubpp fi1.[wqwqntJfi 
uhontpjlllUJ!: Dis npnzmufibpf! UihlJll! t pwtfwpwpbfi CiwL. (2.7) UIWJUWfifibppfi: 



1.Jwmwphtntl hhmL.Jwt u2wuw4nuHibp(l' 
X;R=n;D;R, p=Ai/A2, 

hwuwtqwmwufuwu qawJp(i bpwqpuw(i }uUl}Pp(l 40L.w4bptql[p hbtnL.JWl qbptq. 
K K-lK-1 

(g I A1) = Ix KR + p I Ix iR ---7 min , 
R=O i=OR=O 

K K K 

IxiR-IIxiRpRi=O, j=O,K, 
R=O 1=0R=O 

K K 
I IxiR =I: 
i=OR=O 

Q.i>luJp(i c)pwqpuw(i }uuqp.p X;R tntb-mU(ibppg D;R tnWppbp(l npnzl[mU b(i 
hbtnL.JWl pwfiwoL.nl[. 

/
K -

DiR =xiR Ix1R =l, R,i=O,K: 
j=O 

D = //D;R/1 npnzmufibpJt uwmppgp mwpphp]! hwt[wuwp bu 1-p 4wu 0-p: 
{Jpb D;;= I, wtqw i tlJt6w4mu 4hfimpnfiw4wfi pwfi41! nl up ubpwp4nui w 4w
mwpntu: opt D;1= 1, wtqw i tlJt6w4mu wUhpwcthzm t wptnwpctntJpfl Ubpwp-
401u 4wtnwphr 

D;.= 1, it:s mwpphp(l qwqumu ta wptnwpctntJP'1 twlfwqn1Jfi fihpwp4uwa 
tnppntjp(l, pu4 WJq UlflpntJJ}IllU WUbfiwtjmpp hWUWpfi m(ibgllfl tlJt6wltltfi 
hwuwtqwmwufuwfimu t iwlfwqn1JU fitpwp4uwfi ( uwqw£1IlW41!: 

'1-pgmp' 1.fmfuwpctbpfl tjuufm}uuwfi wupllfl2 mfifU1tJPl! pwctwfitjwc) t 7 
uwup: tiu4 w1unwpctn1Jpfl tfmfuwuwquwfi qpmwti qimjln}uuwa tlJt6w4wqpm
pJmfipg P = /lp;ill uwmpflgJ:! hwl{wuwp t" 

0,3 0,2 0,2 0,12 0,1 0,05 0,03 
0,1 0,3 0,2 0,13 0.12 0,08 0,07 

IIP,111= 
0,08 0,1 0,3 0,2 0,12 0,1 0.l 
0,05 0,1 0,1 0,3 0,2 0,15 0,1 
0,05 0,1 0,1 0,15 0,3 0,2 0,1 
0,02 0,08 0,1 0,1 0,2 0,3 0,2 

0 0 0 0 0 0 1 

Utqw otqmpuwguwfi }uUqp.fl Utqwmw4wJpfi }mfiqgpwfi t" 
6 S S 

I x6, + p I Ix,. ---7min 
i=O 1-<h=O 

hbutl..JWI uwhuwuwtpwqmu(itpp qhuwmu. 
6 6 6 - 6 6 
LXjs-LLX;,q,j=O,j=0,6, LLX;,=I, x .. ~o. i,sE0,6: 

s=O i=Os=O ,=Os,e() 

lvfiqpp 1mbuwu wflilJmUpmu nJU1zlf h1 hfi IID,ill uwui11J1gp uiwpphpp, n1mlip 
tnptjwc) p qnpb-w4gfl Wpctbpp qblJ.WntU uJ1fipuwgfi111u hfi libpWJt4lftu\ W(lUlWJl-
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dntJpfl bunlwtfibpl!: bph p = 0,09, WUJ.W tufi@fl tmmiwfi WpilJntfipnui umwg
t[mu t hbuthJWL IIDijll uwmpltQI!• 

100000 
010000 
001000 
100000 
100000 
100000 
100000 

lTwmp)1g)1 Jmpwpwfi~mp llllll1 UJ.Wpmfiwqmu t ubq n~ qpnJwqwfi 
mwpp, np}l wpdbpf! hwt[wuwp t 1-}1: U}lwt[np mwppbpp tip uwul! qmfit[mu t 
quuwt[np WfiqJntfiwqbntu, ufiwgwbfibpt!' wnw2)1fi UJntfinui: Ubqbpp WilW-
2Pfi UJntfiwqmu qmfit[bll! gmJg t mwuiu wpmwpdntJPP qmfuwfiwquwfi qpntJ
l!P upfi~h fit[wqwqntJfi wpdbp }12bgfibtm UJ.Wpmwq}lp wfihpwdbzmmpJmfil!, 
}luq quuwt[np wfi4Jmfiwqc}}1 t[pw' $ntuwfiwquwfi qpntjpp qmqmfuuwfi wfi
hpwdbzmntpJmfi ~qw: p UJ.Wpwubmpp mwppbp wpdbpfibp.}1 qbUJ.Pntu twtlw-
qntJfi qwfifuwpqbtlil fibpwpqmufibp}l t[powqfihpl! hbmhJwtfibpfi bfi. · 

0 ~ p ~ 0,01 0,05-0,08 0,09 0, 1-0,2 0,04 ~ p :s; 1: 
I 2 3 5 6 

3. ltwnwqwpqnq tiituwuwpqmlJw6 qnpb]!6pwg6bp 

3.1 'l-pmwpqbfip t[powqfibpp t[bp2wt[np E={l,2, ... ,N} pwqumpJmfint[ 
qwnwt[wpt[nq 4}1uwuwpqntlJwfi qnpUI!fiPW91! (lll!UCl--fi): Q.npUI!fipwg}l 
JntpwpwfitlntP iE E t[pow4}1fi hwt.iwtqwmwutuwfimu t pntJtwmpbllt nJUlzmu
fibp}l (WJU!fitnpwfipfibp}l) K;= { 1,2, ... ,ki} t[bp2wt[np pwqli.ntpJmfi: 

44{.fq.-p tlWPPt! fiqwpwqpt[ntu t hbmhJWL qbpUj_: 'l,pgmp' l{l{U'Q.-fi 
qmfit[mu t iE E tltiowqmu h qwJwgtlht t RE K; npnznuit!: Clli}ntfimu bfip, np' 

I. i tltiowqmu u}lwt[np dwuwfiwq uliwtm hwuwp umwgqmu t r;R 
bqwlintm. 

2. wfiqwtu fiwltmllll t[powqfibJUltU qwJwgtl_wc} npnznuilibp}lg h qnpa-

l!fipwgp fiwtuwUJ.WUillntpJmfi}lg, fipw hbmwqw t[wppf! nJUlztlmtI t Q~ (t) · i 

t[pow4}1g j t[powq t dwuwfiw4}1 l!fipwgpntt.i lihlJ. l}WJLDUi wfiguwfi hwt[wfiw
qwfintpJntfifihpnq, ijE E: 

ufipWllPt[nttI t, np r;R -hp!!, RE K;, iE E uwhuwfiwqiwq tIMmpJmfifihp bfi: 

F-ml UzwCiwqhfip l!l!lJl+-p pmJtwmptq}l qwpt[hiwqbpUJ.bp)l pwquntpJmfirf 
F=K1xK2X ... xKN: 

UJumbtJ. X-1! qbl.J.wpUIJWfi WPUIWllPJWUl 6zwli6 t: 
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Uwhuwfinui 4: fE F tj_wptJ.biwqbpum qn2.tJ.mu t umwg}mliwp, bpb Jmpw
pwli.ump tUil'iwlJ.mu l!liumliqwcr WJlJ!limpwlipl! wdpl1IJ.2mpJwup npn2tJ.mu t 
mtl.Jwi tUil'iwqntJ. L qwJutJ.wcr 2.t n'2. WJll tUil'.iwlJ. l!filJ.libtm U1tuhpg, n't tt qnpcr}!li
pwgp liwJuwllltuUIUntpJntlipg, WJupli121i' qnpcr}!lipwgp fiwlunPll tl}ll'.iwqlibppg, 
lipwfigmu ufitutm chuuwfiwqfibppg L l!fillmfitj_wcr WJU!liUipwliplitppg: 

Umwgpnfiwp tj_wptJ.tiwlJbplllJ! liqwpwqptj_mu t f=(f(l),f(2), ... ,f(N)) tlh4-
umpnq, npp f(i) mwpppfi hwuwlllwmwuJuwlimu t qnpcr}!lipwg)1 i tUil'.iwqmu 
qwJwgtJ.wo npn2mu1f 

f(i)E K;, iE E: 
Q.npi>"fiwqwlimu plifiwpqqmu bli 44lJCl.-tpp OUIUIP.uwguwli Juliqp}l 

mwpptp qplj_wcrplibp: Olllmiiuwgliwli wubli u}l Juliqpmu oqmwqnpcrqmu hli 
hWUWUIWUltuUfuwli fiU1WU1WljWJpli ,1,mliqgpw 1..t LWlJ.wqntJli uuiwgpnfiwp 
tJ.wptJ.btwl.JhplllP npnfiliwli bflwliwlj: 

tifi2.U1bu WP11hli li2lJ.hL t, tljwummlihp)1 t{hpwqfiwhwumuint{ 1..t 4iwfiuwfi 
tUinwljfitpnlj_ lilJQ.-Cihpntli qntuwpwJpfi up2pfi bl.Jwumuifihp[! uwhllwliwl}lwlj 
tfi, J:m4 wnwfig hljwlimmfihpp tl_bpwqfiwhwmuwli, tpqnajllJ. 4lJQ.-fitpnuf 
wCitfbp2: UJu U1WU11'.iwnntl wnw2pfi mhuwlJ.p 4lilJQ.-Cibp)1 OU1U1P.Uwguwli 
Juli11Ppfibpn1U nplllhU UU1WU1Wl.JwJpfi ,1,mlilJ.gpw oquiwqnpcrqmli t qntuw
pwJpli u}12}1fi hqwuntmJ!, pulJ. bp'-IJlnPllP l}blllPmli' li}lwlj_np chuliwfiwljmu 
umuigtlDIJ. u}12}lli hljwuntmJ!: 

3.2 bqwuntmp lj_hpwqliwhwmuwup 44lJQ.-libpp OU1U1)1liwguwfi JulillPP 

'1-pgmp' v(a. f) -r!' a t{tpwqfiwhwtnliwfi qnpowlrnfl l.t f lJ.w11lJ.b1wlJ.bpllllt 

l}hlllPmli qn1uwpwJ)11i up2flfi hlJ.wlimmfibp}l lj_blJ.mnpfi t · 
v(a,f) = (v1(a.f). Vz(a,f), ... , vN(a.f)), fE F: 

Uwhuwfimu 5: r" E F t[wplJ.h1wlJbpU1p lJ.n,tJ.mu t a iwtJ.wqn1JCi (a> 0), bph 

v(a,() 2:: v(a,f) 

gwfiqwgwo fE F t[wpt{b1wlJ.bpllllt hwuwp: 
fctbnpbu 5: ulJ.UlllillUlfibpp tJ.hpwqliwhwtnOWllp 441.fQ--jl hWUW[l qilJDI

J}Jillfi muti umwgpnliwp a 1wtJ.wqn1Jli tfwplJ.h1w4hJilll: 
a 1wlJ.wqn1Jfi tfwptlhtwlJ.hpllll:i npn7uwfi hwliw11 oquiwqi111otfmu bu 

qowJtili crpwqpliwli bflwCiwlJ.p, -!.ntlwPllP J1mhpwgfl11Ci w1qnptipli11 Lt qpwfig 
mwpphp t[hpwl}lnfumlilihpp: 'l-flmwplJ.tlnri l.J4lJ<l--tihJ1li olllm!1liwgliwti hw
uwp t\l.twlJ.hJ1U1hfip hwuwlllwmwu]uwfi qowJJ11i or1wqr1uwu Jufi11ti1111: "lw11-
qmpJwfi hwuwp l})1mwplJ.hfip Juwnp umwgJmuw11 tJ.w11lJ.h1wlJ.bpU1h1111: 

'1-tigmp· d~ -[!· iE E, RE K, qi1popfipwgJ1 i tf!16wlJ.mli R n1mzuwti [tti1µnti

ow(i hwt[wCiwlJ.wfimpJmfifi t: "lwpq t., n11· 

Ld~=l, d~2::0, iEE, REK,: 
ReK, 
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liwuwJwqwCi umwglmCiwp f l{wptlbtwljbpUIP hwuwp v(a, f) l{bljumpl! nJU12-

1.{mti t htmhJWL h):lufiwpwp hwl.{wuwpmti):lg. 

v(a,f) = (I-q(a))-1 p(a): (3.1) 

p0 = (pf , ... ,p~) uljqpCiwqwfi pw2}uuwfi qtuwmu qmtiwpwJ):lfi 1.{bpwqCiwhwm

llwct ti).12):lCi bqwum):l hwuwp qumwfiwfip' 

p0 · v(a, f) = p0 • (I -q(a))-1 • p(a) =. L p~ · il;j(a)pi (a): 
I.JEE 

UJumbq' (I - q(a))-1 =II jlii(a) II: 
{ dr , iE E, RE Ki} pwz}umtifi oqmwqnpctbtnll ljwtiwJwqwfi f umwgtm

fiwp llwptlbtwltbPUIP hwtiwp, qumwfiwfip hbmLJWL hwllwuwpmpJmfil!. 

p0 • v(a,f) = _L L p~jlij(a)pt(a)df, (3.2) 
1,JeE ReK; 

npmbq' 
R 

PiR (a)= L (1- hf (a)), hf (a)= I, qif (a), ie E: 
a ~E 

u2bfip, np jlij(a) ubimtpJmfifibpl! ljw}ul{wct hfi df hwllwfiwljwfim

pJmfifibp):lg h fllwpllbtwljbpUJlig: ubpumctbtml finp quupn}uwqwfifibp' 

xf = LP?flu(a)df ~ 0, jEE, 
ieE 

p0 • v(a,f) -).1 hwuwp ljumwfiwfip' 

p0 • v(a,f) = I, I, pf (a)xf : 
jEE ReK; 

q.muwpwJ):lfi u).12):lfi l{bpwqfiwhwmllwct bljwummfibp!! uwpu):luwgfiillJ. a 
twl{wqntJfi umwglmfiwp t[wptlbtwltbpUIP DJU12UWfi qctwJpli ctpwqptiwfi 
}ufiqppl! cihwqbptqt[mti t hbmhJWL 1.ibpUJ.. 

I, I, pf (a)xf ~ max 
JEE ReKj 

hhmhJwt uwhuwfiwl}lwqmufibpp qbUJ.PntU. 

I, xf- I, I, q;(a)x~ =pf, jeE, 
ReKi ieE ReK; 

xf ~ 0, jEE, REKj: 

bpb pntnp p~ -fibPI! qpwqwfi bfi, WUJ.W qnJmpJntfi mfip qctwJpfi bpwqpuwfi 

}ufiqpp HUwnfitl.wb hbfipwJ}lfi tmim1u· x~ -1! hwt[wuwp t 0-}1 qwti 1-lt: bpb 

xf = I, WUJ.W ( twtlwqntJli umwgtmfiwp tlwptlb1wqhpl4ntti r" (i) = R-}1: 
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'l-pmwpq4wb 44lfCl.-mu iwtJ.wqn1J(i tJ.wptJ.hiwlJ.hpUJlt npn2uwu hwuwp 
oqmwqnpbhfip fiwl.t ~ntJ.wpajt pmhpwgpnfi wiqnpppUJ!, npJ! pwqqwgwb t 
hhml.tJWl hpqm J!fipwgwqwpqhppg. 

l. 42]mfihp}l npn2uwCi J!Cl.pwgwqwpq 
4wtiwJwqwfi umwgpnuwp fE F uqqpfiwqwfi tJ.wptJ.htwlJ.hpUJlt l.t a 

qnpbwqgp mptJ.wb wpdhpp hwuwp v1,v2, ... ,vN wfihwJmfihpp uqwmuwup 
tmbtJ.mu t hwtJ.wuwpmuCi.bpp hwmhJWL hwuwqwpqJ!. 

V; = P,R (a)+ L ci;f (a)vj , iE E, 
jaE 

npmhq R-J! hwUwUJ.wmwu}uwfimu t f!CimptJ.wa f tJ.wptJ.hiwlJ.hpUJltU' R=f(i), 
WJupCipCi' ftJ.hqmnp}l i-M mwpp}lCi: 

2. Opn2muObpp iwtJ.wguwa J!lipwgwqwpq 
Oqmwqnpbhtml v1,v2, ... ,vN-hpp npn2tJ.wa wpdbpfihpJ!, JmpwpwULJmp i, 

iE E tJ.powlt}l hwuwp qmCimu hfip G(i,f) pwqumpJwfi wJfiUJltu)l R mwp.p, np}l 
hwuwp ozuwp}lm t hhml.tJwt wUhwtJ.wuwpntpJntUJ!. 

p,R (a)+ I q,: (a)v j > v;: 
,eE 

bph G(i,f) pwqumpJntCi(! pninp i-bp}t, iE E hwuwp qwmwpl.J t, WUJ.W f 
tJ.wptJ.hiwlJ.bPUJ.1! hwuwptJ.mu t a 1wtJ.wqntJU: t,-pb qnJmpJmfi mfi}l qnfih ublJ 
iE E tJ.powq, npp hwuwp G(i,f) pwqumpJntfil! qwmwpq ~t, puq E+-1! pninp 
WJIJUJltuti tJ.p6wqfibp'1 pwqumpJmfifi t, WUJ.W 1wtJ.wg4wb y tJ.wptJ.biwlJ.bPUJ.I! 
&l.twtJ.nptJ.mu t hhmLJWl lthpUJ.. y(i)E G{i,f), hpp iE E+, L y( i)=f{i), hpp ill: E+: 
UJfimhhml.t y-U J!Ciqmfihtntl npUJ.hu uqqpfiwqwU tJ.wptJ.htwlJ.hpUJ., wCigCimu hfip 
uhq J!CipwgwqwpqpCi: 

Un~npwpwp uqqpCi.wqwCi f ~wp~htwlJ.hpll!fi J!llmptJ.mu t Pt (a), iE E 

qnpbwlt}lgUhpti uwpu}luwguwfi UJ.WJUWfi}lg: 
.gw(i}l np 44lfCl.-)1 ~wp~h1wlJ.bpl4hpp F pwqumpJntfi\_l tJ.hp2w~np t, 

WUJ.W w1qnp'1ptI{I tJ.hp2w4np ptlntl pwJ1hppg hhmn npn7mu t Jufiqp}l a 
1w4wqn1Jfi 1mbmufihpJ!: bph w1qnpppu}1 hpqm J_1Ci.pwgwqwpqn1u up pwfil1 
~wp4h1wljhpUJ.hp hfi pwtl_wpwpmu OUJ.mpuwguwU UJ.WJUwfipti · 

v(a, r·) = max[p 1 (a)- q1 (a). v(a, f )) , 
f 

Wll!W fipwfip pn1npfi ti a 1wtlwqn1Jfi hfi: 

3.3 Unwfig bqwummp l{bpwqGwhwinuwfi 44tJ"Cl--fihpp 
OUIUlflUwguwa Jullqpp 

pfiill!hU WJlI}bfi fi24t1 t, WJU qhuwmu npUjhU Cill!WUlWqWJp.Ci. ~mtiqg)lw 
oqmwqnpo1~mu t upwtl_np dwuwfiwqm u uU1wg4nJl up2J1U uU1wgpnfiw11 blJ.w
ummJf g-fi: v(t,t)-nl{ tizwGwlJ.bCip f 4wptJ.b1wlJ.hpUJlt rituwmu t dwuwUwlt}l 
pfipwgpmu umwg4wa qmuwpwJ}tfi up2pO bqwwumfibpp tlblJ.mnp1f 



v(t,f)=(v1(t,f), ... ,vN(t,f)): Spttwb uljqpfiwljwfi p0 =(pf, ... , p~) pwzJ:uuwfi qbUj

pmu ajunwpljhfip hbmLJWl uwhuwfitf 

(f) I. p0 ·v(t,f) 
g = 1m , 

·-- t 
npml:iq g(f)-1!' f qwpqh1wl.J.bpUfP qhuwmu u}1wqnp dwuwfiwqmu utnwgqmi 
u}12}1fi bqwununfi t: g(f)-1! hwqwuwp t' 

g(f)= LP/f)1JfrtlI.p/f)1Jf, R=f(i)EKi, iEE, fEF, (3.3) 
jEE jEE 

npmbq p(f)=(p1(f), ... ,JJN(f))-1!' fqwptJ.h1w1JhpUfP qbuwmu 44lJCl. fibpumbilwb 

lJwpqnl.{ll ZilPWJP umwg]ulfiwp pwz_lumufi t, puq 77f-l! h rr-1! hwuwtqw

mwuJ:uwfinpbfi f qwp4h1wljbpUfP qhuwmu 44lJCl.-p j-1.{llowqmu ufiw1m 
u}12}di dwUWfiWllf! h WJll l.{llowljmu U}1wqnp dwuwfiwtimu U\DWQllllll bltw
Ulll\DU bfi: p(f) lj_bqmnpp mwpphpJ! npnzqmu bfi hwqwuwpntulibpp hbmhJWl 
hwuwtiwpqpg. 

p;.(f)=I,p/f)pj;(f), iEE, 
jEE 

I,p/f)=l, pj(f)~O. jEE: (3.4) 
jEE 

UwhuwG.ntu 6: ( 4wptJ.h1wltbpUj£! ltnllJ.ntu t 1wtlwqmJU, bpb F pwqum
pJwU gwUtiwgwb fmwpp.(l hwuwp 6zuwp.(lm t hbtnhJWl wUhwtlwuwpntpJntUJ!. 

v(tl) ~ v(t,t): 
Io-bnpbu 6: UnwUg bqwi.inttnfibpp qbpwqUwhwmuwli, tpqnajllt lililJCl...p 

hwuwp qnJntpJmU mUp 1wt1wqn1Jfi umwg]ulUwp tlwpl{h1wltbpUj: 
g(f)-J! uwpu}1uwgUmi umwg}lnUwp 4wpl{h1wlJ.hpUfP npnzuwU J:uUqflp£! 

c:\hwljbpUjtjmU t hbmhJWl qbpUj. 

I.xR77RrRII.xR77R ~max (3.5) 
jEE J J J jEE J J 

hbtnhJWl uwhuwUw1,llwtimufibpp qhuwmu' 
R ~RR o·E X; - ""X j p ji = , IE , 

jEE 

I. x~ = 1, xf ~ 0, iEE, REI<;: 
ieE 

(3.5)-1! WJUUjbU qnltlwb ltmnnpwltwqowJpU bpwqp.uwU J:uCi.rtlipU t, Dpf! 
1,lln1,llnJ:uwqwUfibp}11,llnJ:uwp}lfiuwup qwpbt_lt t hwUqbgUbt qowJ}1U bpwqpuwU 
J:uUqpp: 4.nmnpwtiwqowJpU bpwqpuwfi J:uUqpmu tiwmwphUp hbtnhJwt Uzw
fiwtimuUbpJ!. 

R R 
Y R - 77; X; yR > 0 . E 

i - R R ' i - • lE • L7J· X· 
jEE J J 
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}:YR=l: 
jeE J 

liJumbajlg' qowJtiCi bpwqpuwCi fuCiq)lp]! qoL.wqbpUJ.t{ll hbmL.JWL l(bpUJ.. 
~rRYR ~max 
L., L I ' 
iEE 

hhmL.Jwl uwhuwCiwtjlwl(muCihpti :qhuwmu. 
yR yR 
_i - I-) pR -o iEE, 
rJt jeE rJf J, - ' 

(3.6) 

yr~o, IYt =l, REKj, jeE: 
}SE 

183 

..QCiCiwpl(bCip 1wt.J.wqntJCi umwgfmCiwp t.J.wpt.J.htwl(hpUJ.hflli npnztiwCi .t.n
tlwJlllll timhpwgtmu w1qnp)lpUJ!: 

1. lizlmCibp)l npnzuwCi ]!Cipwgwl(wpq 
DpL.t fE F ul(qpCiwl(wCi uuiwgpn.Ciwp t.J.wpt.J.h1wl(hpUJ.li. hwtiwp [!Ci:qmCih-

1ntl virO g,v1,v2, ... ,vN.1 wCihwJmCihp)l Cil(wmuwup tmmfmu t hwt.J.wuw
pnuHihpp hhml.Jwt hwuwl(wpqJ!. 

R R R N-l R , . 
f/; g+ v, =r,, r, + LP,J vJ' R=f(1)EK;, 1=1,2, ... ,N: 

j=l 

2. Dpnzmulibpp 1wt.J.wgtiwCi ]!Cipwgwl(wpq 
Oqmwqnpbbtntl v;-hp)l L. g-fi npnz11wb wpdhpfihp[! JntpwpwCiLJmp i, iE E 

t{ll6wlt]1 hwuwp, qmCit.J.mu t G(i,O pwqumpJwCi wJCiUJ.li.up m mwpp, npf! 
pw4wpwpniu t 

N-l 

g < r.'" + (r,,"'f1[ Ip;vj -v, I 
J=I 

wCihwt.J.wuwpn1pJWCi[1: bpb pn1np t{ll6wl(Cibpp hwuwp G(i,f) pwqtimpJntCi]! 
qwuiwpl( t, wuiw f t.J.wpt.J.h1wl(hpUJ[1 1w4wqmJCifi t, fiul( g-fi 1.ifiwt.J.np dwuw
fiwl(mu umwgt.J.n11 u)19}1Ci b4wuu:i)1 wnwt.J.h1wqn1Jfi wpctbpCi t: 

bph nr1L.t i, iE E 1.t}16w4p hwuwp G(i,f)-p riwmwpl( it, tml( E,-p WJl}UJ.li.u)1 
i tJ.ti6w4Cihpp pwqumpJmCiCi t, wuiw 4wnmgt.J.mu t 1wt.J.wgt.J.wb cp t.J.wpt.J.b1w
l(bpUJ.f!. <p(i)E G(i,f), bpp iE E+ l, <p(i)=f(i), bpp G(i,1)-p J)WlllWplj t, ii E,: 
liJfimhbmt. wCigmu t l(wtnwpt.J.mu 1.ih4 [1Cipwgw4w11q}1Ci <p 1wt.J.wgt.J.wb u4qpfiw
l(wCi t.J.wpt.J.btw4bpUJ.nt.J.: 

.t.ntlwpq)l w1qnpppupg 1wt.J.wqn1JCi umwglmfiwp t.J.w11t.J.b1wljhpUJp qmCit.J.mu t 
t.J.bp9wt.J.np pt.J.mt pwJ1hp)lg hbmn: lipb qJlJIIIJ}Jntfi mfihti 0UJ.mt1uwguwfi 
UJWJuwCipli pwt.J.wpwpn11 ufi pwCifJ t.J.wpt.J.btw4hpUJ.hp· 

R R R N-I R . . 
TJ; g + v, = max[r,i ri + L Pii vi]. 1E l:, 

R J"I 

wuiw CipwCig)lg JmpwpwfiLJmpp 1wt.J.wq111Jti!i l. t. ph1u11u t ut1wt.J.n11 dwuw
fiwl(mu uuiwgt.J.n11 lintJfi ufi9pCi bljwuntUl[l'. 



3.4 lJiwCiuwup 44lJ'l.-Cihp 

P.U~l4hU Wp1]hCi Ciztlbt t WJqul}m)l 44lftl.-Cihp)1 Ol4Ulpliwguw(i )uCiqpp(! 
Ciuw(i t blfwummfihp)l tlhpwqfiwhwmUWUp 44lftl.-fibp)1 OUJ.lDpuwguw(i 
)ufiqp.)lli: l:,plfm )ufiqppubpmu tt qmuwpwJltli u)12]1G hlfwununlibp(! tlhp2w
tlnp bfi h Cipwlig otqmlniwguwCi hwuwp oqmwqnpcnlmu bCi limJGwm]ltq 
liUJ.wmwtrwJ)lfi :t,mulfg)lwlihp: 

'11.wpqmpJwli hwuwp blipwqpbup, np gwulfwgwct f tl_wptl_htwlf hpul}l, 
fE F qbtqpnuI 1 tlp.tiwq(! 44lftl.-]1 u)lwlf lftwCiuwli tlp.tiwlfli t: Q.npOJ!Gpwg)l 
lttwCiuwfi tlp.nwtrf! hwuwlibtlt t Cipw gwlilfwgwct tlp.owtr:tig gwlilfwgwct fE F 

t[wptlhtwlf bpul}l qbtqpmu: p0 = (p~ , ... , p~) uqqpuwqw(i pwz)uuwfi qbtqpmu 

u]lu~h lttwfiuwu tqwh(! umwgtl_wct qnuiwpwJ]lfi u)12]1Ci b1fwunun(! hwt.1.wuwp t' 
0 f I I I 

p v = r + p0 v , 
npmbq P'-1!' 4uq. Cibpumcntwct lfwplfntlp. zrwwJ]l wCigmufiwJ]lfi uwmp]lgfi t: 
UJumbJf 

r'= (r27/2, ... ,rN71N), v'= (v2, ... ,vN): 
@-hnpbu 7: litwfiuwfi tlp.tiwqfibpntl lJlJ{J'q.-nuI qnJntpJmli mfi]l twtlw

qntJfi umwg]lnfiwp tl_wptlbtwlJ.bptq: 
£I-)1mwplJ.tlllll lJlJl]'q.-Gbp)l OUJ.m]luwguwfi GUJ.wmwltfi t qmfibt p0v'-(! 

uwpu]luwgullll ( umwg]lnfiwp l.[wptlhtwlJ.bpum: 
blJ.wununfibp]l tlbpwqfiwhwmuwup )ufiqp]l CiuwlimpJwup qpmwplJ.bfip 

lJ.twCiuwup 44lJCl...]1 qctwJ)lfi ctpwqpuw(i )uCiqpp(!' 
N R R R L L 71 · r x. · -> max. 

j=2 ReKJ J J J 
(3.7) 

hbmhJWL uwhuwfiwipw4mufihp)1 qbtqpmu· 

L x.f - f L p:x.f = P1' x.f ~ 0, REK;, j=2,3, ... ,N: 
ReKj i=2 ReKi 

'\.,zbCip, np WJU )ufiqpmu uu tWtlwqntJfi t[wptlhtwlJ.bpul}l npnzuwfi hw
uwp lJ.wJlllll t oqmwqnpcttlht ~nt.1.wpqp ]lmbpwg]lnfi wtqnp)lpuf!: 

1. 4z]lnfibp]1 npn2uwli ]!fipwgw4wpq 
4WUWJW4Wfi fEF uqqpfiw4wfi l.[wpl.[t1wqhpul}l hwuwp V2,V3, •.. ,VN wli

hwJmfihp)l filJ.wmuwup 1mctl.[mu t hwt[wuwpmufihp]l hhm1.Jwt hwuwlJ.wpq(!. 
R R N R • V; =r; 71; + ;EPii V;, 1E {2,3, ... ,N}: 

)=2 

2. Opn2mulihp)1 twtlwguwfi J!Cipwgwqwpq 
Oqmwqnpcthtntl v;-hp]l npnzt[wct wpdhplihp(! Jntpwpwlivmp i, 

ie {2,3, ... ,N} tl)16wtrlt hwuwp qmfil.[mu t G(i,f) pwqumpJwfi wJfitq]lu]l m 
mwpp, np)l hwuwp 6zuwp)lm t hbm1.Jwt wCihwl.[wuwpntpJmfiJ!. 
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bpb G(i,f) pwqtimpJmfiJ! pntnp i-bp}l hwtiwp, iE {2,3, ... ,N} qwmwp4 t, 
WUIW f t[wptlhtwlJhpum twt{wqntJfifi t: bpb qnfih tib4 tl}16w4}1 hwtiwp G(i,f) 
pwqtintpJntfi(! qwmwp4 2t, pulj E+-1! pntnp fitiwfi tl}16w4fibpp pwqtimpJmfifi t, 
WUIW twtlwqntJCi y t[wptlhtwlJbPUII! ljwnmg1.jmti t hhmLJWl ljbpUI, y(i)E G(i,f), 
bpp ie E+ L. y(i)E f(i), hpp ie E+: UJCimhbmL. (!fiqmfihtntl y-Ci npll!bu uljqpCiw
ljwCi t[wptlbtw4hPll!, wfigfimti hfip ublj J!fipwgwljwpqpfi: 

UljqpfiwlJwfi ft[wpl(htwlJbpllllt tlblJmnp}l i-pq UlWPPI! (!fimpl[mti t 

max[rtT1iR], ie {2,3, ... ,N} 
REK, 

UjWJllWfipg: 
Utqnpppti{! t[hp2wt{np pt{ntl pwJtbppg hhmn npnzmti t tipfi2L. 4twfitiwfi 

UIWhfi umwgtlnri qmuwpwJpfi up2}1fi t4wummfihpJ! uw12upuwgCiI1IJ. 1wt[w
qnlJCi f° umwgpnfiwp t[wpt{htw4hpUI{!: 

'1ltwfiwt[nptiwfi wfit[bp2 dwtiwfiwljnt[ 4lilfll.-fihp}1 L. 4lJC-fihp}1 Oll!UlP
uwguwfi }uCiqppfihpnuI h}lufiwlJwfimu oqmwqnpmtmu hfi qowJ}lCi bpwqpuwfi 
h1Iwfiw4J!, ~tlwJUlP }lmbpwgpnfi WtqnpppUJ! L. t[hp2pfipu mwppbp ipn}uwljhp
Uintlifihp{!: Q.npbfiwlJwCi }uCiajlpfihpp 1mbuwfi hwuwp wnwtlht fiw}u11fimpb1p bfi 
pmhpwgpnfi w1qnppptiCibp{!: UwljwJfi pmbpwgpnCi wtqnpppufibp[! phpntpJmCi
fibppg q@lb 2bfi: l,pwfig hptiCiwljwfi pbpntpJntfiCihpJ1 ll!WJUwfiwl(npt[wb hfi 
ubo 2wtiiwJfimpJwfi qbwJp.Ci hwt[wuwpnttifihp}l tmbuwfi wfihr1wcth2mmpJwtip: 

l,zl(wc) Wtqnppptifibpp WJll)JntfiwqbUlntf}Jntfi{! IJwphtP t qqWUlll(lhfi 
pwpopwgfib1 oqmwqnpbbtntl wqribqwt{npntti{!, }unznpwgtiwfi ljwti uwufiwm
tiwCi hqwliwl.ilH:ipll m w1qnpppulihp11: 

4. '4wnwtlwptlll1l lTwptin1.fll 2qpwfihpp L. '4lJQ-Cihpp 
tun2npwgnuil! 

q.c)wJpfi bpwqptiwfi, pmhpwgpnfi w1qnpJ1ptifihpl1 m runuCig mwpphp 
t[hpwtpn}umpJntfiGhpp up2ngnl[ 1wl[wqn1Jli IJwnwl[wpuwli l(w11l[b1wtih11llllt 
npn211wli pwpqntpJmfip hpuliwljwfimu tqwJtiwfiwl[npl[mu t. olllml1tiwguwli 
}uli'lflp tihb 2wljlwJCintpJwtip: Oppfiw4· qc'JwJI1Ci c)11wq111Iwli tuli1)Pmti hhli
pwJpfi 1mc)mtilihpp n1m2uwli cJwuwliw4, pu4 ..t.nl[wJ1T1l1 w1q1111J1pti111u· 4Jpnlih
PP npn2uwfi (!fipwgwlJwpqmu, UjWlnuli2l[111u t. 1mc)h1 tiwll!hr1t1 P tiwm11J1ynl[ 
N 2wljlwJfintpJwli qc)wJpli hwl(wuwpn1utihpp hwuwtiwr1q11: 

4wnwt[wptlllll lJwpljnLt}l 2ripwtihpl1 L li4lJ<}.-tit;pl1 Oll!llllttiwyuwG tu11Ci
qppCihpp 2wtli}l tpnppwguwti hwtiwp 411pwnhlip tihq hwJmtit1 tun11111wgt'iwli 
6zqppm L unmwt[np hqwtiwqtihpl!: 
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4.1 4wnwt1w1itlD1J. lfwpqml}12qpwllbp}1 f:un2npwgn111 

'l-}1gmp' mptlwb hll' 4UC-}1 tl}16wl.J.llhp}1 E pwqun1pJillU1!, F tlwptlhtw-. 
l.J.hpuihpp. pwqun1pJlllU1!, pf wllgmUWJp.ll uwmp]1g{! L. rr ublJ. J!WJLlllU UUJ.WUtl.DIJ. 
up.2p.a hl.f.wum}l tlbl.J.UU1pf!: '1lwhwG.2t101u t 1.J.wnmght f:un2npwgtlwb 4UC-}1 
PWlllllllPPl G. bpi!. 

.... ,. ,.. ( .... f 
E = {1,2, ... ,k}, F, P L. r -I!: 

Iun2npwgt1.wb 4ut-}11.J.wnmguwa hwuwp E={l, ... ,N} pwquru.pJmfil! mpnh
tlmu t K lhwmtl.DIJ. hllpwpwqun1pJmfillbp}1' 

K 
E i= {Ni_,+l, ... ,N;}, i=l,K, E;nEF 0, i:;ej, LJE; = E: 

I 

bpb K;-6 21'@WJ)1 i tl)lowqmU J}lllJLWUlpbtp llpll2IllUfibpp pwqWlllJJDlfi(i t, ]1uq 
F=K1xK2x ... xKN-1!' pmnwmpbtp tlwptlbtwl.J.bpuihp)l pwqun1pJntlll!, wuiw 
pmznpwgtlwb 4UC-}1 hwuwp qumwG.wlip · 

F= K1 xK2 x ... xKK, 
npmhq 

K; =Kl';-1+i xK~_,+2 x ... xKI';, i=I,K, E;={N;.1+1, ... ,N;}: 

f!hptlwb wn!itmpJm!i!ibp)lg hhmLnui t, np ul.f.qp!iwlJ.wll L. f:un2npwgtlwb 
4UC-llbpp ltwmin[wpuwfi t1.wptlhtwltbpUJ.hp}1 pwG.wl.f.G.bp[! hwtlwuwp b!i, L. 
ultqpliwlfwfi 211.PWJP Jmpwpwavmp ftlwptlbtwlthpUJ.ltfi u)lwpcJhpnpbfi hwuw-

UJ.WUlWutuwamu t f:un2npwgtlwb 211.PWJP i tlwptlbtwlf bpUJ.: 
lfwu!iwtlnpwUJ.bu, bpb E=(l,2,3), K1=(1,2), K2=(1,2,3), K3=l L. E =(1,2), 

npmhrJ. 1 tl]16wlf}lll hwUWUJ.Wlllwutuwfimu t E1=(1,2), )lult 2-p!i' E2=(3), wuiw 

K1 = K1xKr (l,2)x(l,2,3) = ({l,l),(l,2),{l,3),{2,l),{2,2),(2,3)), 1<2 = K3: ~wptlb

twlfbpUJ.hpp PMI! uqqpfiw\fwfi L. f:un2npwgqwb 2qpwllbpmu hwqwuwp t 6-)1: 

Qfiq npn1u f:un2npwgtlwb zqpwJp i = (l;l) tlwptlhtwlfbpUJ.:ti!i hwuwuiwmwu

tuw!imu t uqqpfiwqwfi 211.PWJP f=(l ;1;1) t1.wptlh1wqhpUJ.1!, i = (2;1)-}16' 
f(l;2;1)-fi L. WJtll: ~w2tl]l wnllbtntl i -)1 L. f-)1 u)lwpcJhp hwUwUJ.wmwutuw
G.n1pJmlif!, hbwwqwJmU gmg)lt!ibpmu qoqmwqnpbb!ip u}lwJ!i f-J!: 

U!ig!ibap f:un2npwgt1.wb' 4UC-]1 wfigmliwJ)lll pf uwwp)lg)l L. ublt pwJ1mu 
up2}1!i bqwun1m!ibp)1 i' tfblfU1Dp)1 npn2uwlif!: 'l-)lgmp · f t1.wpt1.t1wqhpUJ.]1 
qhUJ.l!DlU ubq hWJUlfi]l f:un2npwguw(i tizqp)lm w1qnpppunt1 npnztlwb b(i f:un2n
pwguw(i er L. er- uwwp)lg!ihp]!' 

er =[i!o f {,, : :: ~ ] ; er-=[~" ~,, : :: ~ ] · 
0 O ... P[K) 0 0 · · · l(K) 
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hlnnLwpwp' 

pr= c'Prc'-, r' = cV 
Iun2npwgt{wct 21\PWJP uhlJ. pWJtmu umwg}mfiwp up2pfi bqwuntm{! npn2-

tlmu t hbmLJWl pwfiwoLnt{. 

g' = l, p{i;' : 
iEE 

(4.1) 

.la'hnpbu 8: UlJ.qpfiwlJ.wfi L Jun2npwgt{wct, lJU-C-fihpp uhlJ. pwJ1mu 
umwgt{wct umwg}mfiwp up2pfi hlJ.wummfihp{! pn1np fE F tlwptlh1wl.J.bpU(bpti 
bwuwp hwt[wuwp bfi' 

l =gf: 

UutwgmgnuI: utlihtntl ublJ. pwJlmU umwgt{nq umwg}mfiwp up2pfi bqw
ump uhompJwfi (4.1) pwfiwoL.pg L ulJ.qpfiwqwfi m Jun2npwgt[wct lJU-C-fihpli 
t[wpt{h1wqbpU(bpp upwpdhp hwuwutwmwutuwfimpJmfipg, npLt f t[mptlb1w
qbpll(p hwuwp qumwfiwfip' 

r r r K Ar -r r K Ar -r r K AfAf Ar 
g =2,r;P; =2,2,pipiiri =2,pi 2,pijri =2,pirJ =g ,fEF: 

rl 0iE~ 0 iE~ 0 

@'bnpbu 9: t,pb ( E F-[l Jun2npwgt[wct 4U-C-ti 1wt[wqntJfi umwg}mfiwp 
t[wptlb1wqhpU(fi t, WU(W fiw 1wtlwqn1JCifi t CiwL. u4qpuw4wu lJU-C-ti hwuwp: 

Uutwgmgmu: Ll-pgmp· ( t[wptlh1wqbpU({! Jun2npwgt[wct }ufi11Jlp 1wtlw
qn1Jfi tmitmuCi t: <.hmLwpwp, gwfi4wgwct f, fE F t[wptlhtwlJ.bpll(p hwuwp· 

~g = g'° - g1 > 0 : 

<.WUWilWJfi 8-pq pbnpbup· 

8-pq L 9-pq pbnpbufihp[l pmn bfi 10w1Jm uqqpfiw4wCi uM iwtltwJfim
pJwtip OU(tnpliwguwCi }ufiqpp[l tltn}uwppfib1 wtlhlti tltnpp (gwfi4wtti) lwtltwJ
fimpJwup Jun2npwgt[wct 4U-C-p OU(tnpliwguwfi }ufil}JlJlt[: 

JlwCip np 02qp}ltn w1qnptipti{l tun2npwguwfi C tiwtnppgp mwppbpp 
npn2uwfi [lfipwgw4wpqn1u U(Whwfi2mu t hwl.J.wqwpll uwmppgfihpp hwz
t[wpl.J.mu, WU(W }ufi11Jlp ubb 2wt1twJfimpJwfi qbll(pmti qw 1.J.wpnq t hwfi
qhgfiht hwzt[nqw4wfi qqwtti pwfllliltpJmfifihpfi: 01uU1fi wlfbtfi fiuiwmwl.J.w
hwpuwp t oqmwqnpbbt }unznpwgtiwfi unmwt[np w1qnppptip, np[l hwl.J.w
qwpll uwmppgfibpp hwzt[wpl.J.uwfi [llipwgwqwpqbp ~mfip: 

Ll-flgmp· ul.J.qpfiwl.J.wfi 4U-C-p wCigmuwJpCi pr uwmptigp hwtiwp 02uw
ppm t {!Um e tltnpp U(wpwuhmpti t[bp1mbmpJmficf 

f f 
P = Pi - eB: (4.2) 
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liJumhq PJ -{l h}nHiwJpfi ZllPWJP Ptnl.rfibpml. wfil.rJmfiwqm.uJpfi wCigmUwJpCi 

uwmppgCi t, pu4 Bf uwmp}lg11 gmJg t mwtpu f tJ.wptlbtwl.J.bpUj}l qbuwmu 
h}lufiwJpfi 211PWJP zbqmu11 uqqpfiwl.J.wfipg: 

PJ uwmp}lg(! E pwqumpJntfil! mpnhmu t K lhwmtJ.IIIJ. E;, i= l,K bupw-

pwqumpJmCifibpp: PJ uwmp}lgu mfip hbmL.Jwt qwnmgtJ.wbl?l!, 

f = ~I p~ ... 0 
Po : : ' [

pf O ... 0 1 
0 0 ... piK 

npmbq Pcii -hp]! hwqw!iwl.J.wfiwJpfi uwmp}lgfibp bfi: 

upb P! -(! L. P6(i> -fi hwuwui.wmwufuwCinpbu ul.J.qpliwl.J.w!i L. i-M h}lu!iw

J}lfi ZllPWfibp}l umwgpnfiwp pwztumufibr1u bCi, }lul.J. l(i)-1! p~ UWU1.ppg}l w2 

ubl}lwqwfi tJ.bl.J.tnnpfi t, WUJ.W C~ L. C~- funznpwguwfi UWUlp}lgCibp{l 1.J.npnz

~b(i hbtnL.JWL qbpUJ.. 

npmbq' 

[
Picn O o l ll(l) o o ] er= o P6(2) .. . o er- = o 1(2) .. . o 

0 : , 0 : ; , 

o o ... P6cK> o o ... l<K> 

-r (I pr ) 0 . - ~ -r 1 Po(i) - Oi = , I= 1,K, k Po@ = , 
jeE, 

(1-PJ; )l(il = 0, iE 1,K, fEF: 

lunznpwg~wb" l!UC-}1 hwuwp pr wfigmtiwJ}lCi uwm11}lgl! L. r1 bqw
ummCibp}l tJ.bl.J.UlllPI! npnzqnui bfi hbmL.Jwt pwfiwoL.bp}lg. 

P1 =C~P1C~-. rr =C~r', (4.3) 

}lul.J. 211PWJ}1 umwgpnfiwp pwztun1u1!' 

p~ (I - pf) = 0, L P~i = 1, fE F 
ieE 

hwl[wuwpmpJmfifibpnq: Ul.J.qpfiwl(wfi ZllPWJP P! umwgpnfiwp pwzJuuwfi 

hwuwp 6zuwp}lm t hbUIL.JWl l[bptD1mtlpJD1U1!, 

pr = p~C~ + O(c): (4.4) 

vzwfiwl(bfip g~E) -ntJ. ul.J.qpfiwl.J.wfi l!UC-}1 f l[wptJ.btwl.J.bpUJ.bp}l qbuwmu 

ub1.J.12wJ1mu umwgl[nq u}l2}lfi bl.J.wuntUIJ!: 
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[r}hnphu 10: eyh uljqpCiwljwCi 4U-C-p wCigmuwJpCi P: uwmpfigt! pmJt t 

UlWtpU I!UUI E tpnpp ll!lUPWUhmpp (4.2) 4hp1mompJntCit!, Wll!W g:€) -{! lJ.wphtp t 

CihpljwJwgliht hhmhJWl 0Ln4. 

g~n=g~+O(E),fEF, (4.5) 

npmbJi g~ -Ii' ]un2npwg4wo 2iwwJp uhlj pw11mu umwg4wo up2pCi hljwtinun!i t' 

g''=p''t -p''C'rr. 0 0 - 0 0 · 

[r}hnr1M 11: bph uljqpCiwljwCi ziwwJp w!igmuwJp!i P: uwmppg(! gwCi-

1.J.wgwo fE F t{wptlh1wtitpuw 11hll!PDlU t!UUI E tpnpp ll!lllPWUhmpp pm.11 t lDWtpU 
(4.2) 4.hp1mompJmli, Lr t{hlJ.mnpp mwpphpl! t{tp2wt{np hCi, Wll!W gwCiljwgwo 
umwgpnuwp ( t{wpl{h1wlJhpll!, npJ! 1w4wqntJ!iu t ]unznpwgt{wo 2JWWJP 
hwuwp, O(E) tizmn,pJwUp 1w4wqntJlil! ljtp!ip CiwL uljqpuwljw!i ziwwJp hwuwp: 

10-flI} L 11-M phnphuuhpl} pm.11 h(i lDW\PU uho iwtfl.WJUlllJ}JWUp 
uqqpuwqwCi ]uCiajlp[! tfln}uwppliht tflnpp (gwCil.J.w1p) iwtflwJ!intpJwup ]unzn
pwgt{wo umJGwmpll! Ju!iqpnt{: 

uzhCi.u unuiwt{np ]unznpwguwCi w1qnpppup ut1 pwfip wnw!ia!iwhwm-
r lJ.mpJm!i: .Rwup np B uwmppgp [!fimpmpJwfi dwuwfiwlt pm,11wmp4mu t 

npnzwlJ.p wqwumw1mCi, Wll!W E tflnpp ll!WpwuhuipI! 4wpttfi t pwgwhwJ
mnphfi 2wnwCiofiwgfih1. upwJCi pwl{wljwfi t Wll!Whnl{ht B uwmppgp mwp
phpp O(E) ljwpqp: 

lunznpwgt{wo 4U-C-fi UJWpmCiwljmu t O(E) 6zqJIU1IlLJ}JWUP gf-p Oll!Ul}l
uwguw(i hwuwp wuhpwdhzm Ilil2 mhrihljwm4mpJmu11: 'l-w J}IllJl t mw1pu, 
oqmwqnpoh1ml. hwuwll!WUlwutuwfi phnphufib1111, O(E) 6zqpuunpJwup qmCiht 
uljqp!iwljwG ubo lwtflwJfimpJLUUp Jufirwl11wt{wq111Jfi 1momuCihp11: 

Phpt{wo W\qnpppufihplt lJ!1pwnuwup Oll!UIJtULUguwCi Jufil}}IJIUhjl(I ]hfi 
oqmwqnpomu 1momuCihpf1 t{hpwljwCiqfiuwfi 11fipwgwlJw11qh11 L uwuliwljf1 
[IllOillUfihpp pWQUWUWljWPJlLUlj QfilllhWUJWljLU!ifihJl, pfin1 [WLI_WqlllJfi UU1WgJ1-
nfiwp 4.wptlh1wljhptajl npnzuwfi ]ufiqppfihpmu hwuqhgfimu t hw7tlm1.wljwfi 
qnpOllI]ntpJm fifihp}l bwtlw1t1 qqw1t1 mlimhuuwCi: 

n7qppm L unmwl{np Jun7npwguLUfi w1qnp}lpufihp11 ljwpnri hli lj}lpwntlht 
fiwL l{hpwqfiwhwml[wo hljwummfihpnt{ L 41wCit.'iwup l.JlJT,-fibpl1 <>ll!mrt.'iwg
uwfi ]uCiajlpfibpmu: UJU 11huwmu wpr1hli oqmwqn11bt{mt.'i b(i wlihwuwubn 
hwt{wuwpn1ufihpp Junznpwgt.'iwfi w1cµ1pppt.'ifit.p11: 

4.2 44(](}.-fihpp ]unznpwguwCi )ufil1ltp 

lvn7npwgt{wo 44lJ4--11 ljwnmguwfi hwuw11 4tfipw11pbCip, n11 mr1tlwo t. 
uljqpfiwljwfi 4ltlJq.-p t{J16wljfibp}1 E pwqumpJwCi m1mhmup K ihLLimtlm1 
E1,E2, ... ,EK bCipwpwqt.'impJmCifihpp: Jun7np1ugt{wo qn11opfipwgJ1 t{}16wljlib11J1 

E pwqt.'im ()JW fi mwppbp11 npn7t{m t.'i bCi E, bCipLUpwqt.'im f}Jlll fiCibpl1 Ju117n11wg-
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uwup (u)lwt(npuwup) uhq i, t(}l6wqmu, E ={ 1,2, ... ,K}: Iunznpwgl{wo qnpi)"

f!Upwg)l t(wptlhtwqbpUJ.hp)l F pwquntpJntU{! qnpnzh6p lilJC-uhp)l hwuwp 

l{hpf! phpl{wo brJ.wuwqnl{: Iunznpwgt(wo qnp~upwg)l ff hqwunun6hp)1 l{hq

mnp)l L. pf w6gmuwJ)16 uwmp)lg)l hwuwp oqmwqnp~mu hfi fun2npwg
.uw6 6ntJ6 Cr L. er- uwmp)lguhpf!, npnug mwpphpf! npnztlht h6 t(hpf!: lunzn
pwgl{wo lililJQ.-fihp)l hwuwp t(}l6wq6hpntu uuwtm u)12J:tu dwuwuwqfihp)l 

fjf t(hqmnp{! npnzl{mu t 

WUU!DlfJnt6)1g: 
UJuUUJ.untl, hph mpt(wo hu uq~fiwqwfi lililJl1-)1 mwpphpf!' 

F, r, Pr, r/, E-fi 

L. t(}l6wqfihp)1 E pwquntpJwfi mpnhntuf! wnwfio)lfi !hwmt(DIJ. hupwpwqwu
pJmuubp)l, WUfW 6zqppm tunznpwguwu brJ.wuwqp oqumpJwup qwnmgl{nui 
hu er h cf- fun2npwguw6 uwmppguhpf!, L. npnzl{mu tun2npwgt(wo lililJCl..-p 
mwpphpf!' 

"'f A f Af A A 

r • P , 11 , E h F -{!: 

.Qfi(iwpqhfip lJlilJCl..-fibpp OllJ.UlpUWQUWfi fuuqppubpntu funznpwguwfi 
brJ.wfiwqubpp oqmwqnpouwfi hwpgf!: 'l-)19m11' qpmwpql{mu t wnwug hqw
ununfihpp l{hpwqfiwhwmuwu lililJCl..-hp.)1 OUftnpuwguwu fuuqppf!: Pfi!u1hu 
qpmhfi11, WJu fuuqpmu nplllhu fiUiwmwqwJpfi :t,mfi1gpw oqmwqnp~nui t 
u)lwl{np dwuwuwqmu umwgl{wo u)12)1u bqwuntm{!' g-{!: 

l<thnpbu 12: 8w6qwgwo feF t(wpt(btwlthPUUJ. hwuwp uqqpfiwqwu L.. 
tunznpwgt(wo lililTQ.-ubpp upwt(np dwuwuwqmu umwgt(wo utnwg)lnuwp 
up2pfi bqwunttnfibpf! uptiJwfig hwl{wuwp bu' 

t =gf: 

£a-hnpbu 13: 1::;pb ( e F-1!' tunznpwgl{wo lililJl1-p twl{wqn1Ju umwgpnuwp 
l{wptlhtwlthpUfu t, WUIW aw tmtlwqntJuu t uwL.. uqqpuwqwu lililJCl..-}1 hwtiwp: 

UJu phnphuuhp)l WllJ.wgmgntuf! qwmwpl{mu t lilJC-uhpp hwtiwp 
qptnwpql{wo)l fiuwum:pJwup: UJutnbrJ. hwzt(}l t wnul{mu, np u)lwl{np dwtiw
uwqmu umwgl{DIJ. utnwg]lnuwp u)12pu bqwuntlO{! l[wpht.P t npn2h1 

g= rnl; 
ieE 

pwuwoLnl{, npmbrJ. llj-fi' lilJCl..-p umwg)lnfiwp pw2fun1uu t: 
.Pbpt(wo pbnpbuuhpJ! :pntJL bfi UlWI.PU ubi)" !WtltWJWllfJWUp lililJQ.-)1 

OUIUI]luwguwu fufiajlpf! t1mfuwppuh1 wtlht.P tPnilP (gwuJtww) !WtltWJUDt
l}JWUJ! fun2npwgl{wo fuCiqpnl{: 

Iun2npwgl{wi)" fufilylp tmbuwu hwuwp qwPDIJ. bu oqtnwqnp()"l{ht J:tfi!lllhu 
qi)"wJ]lfi opwqpuwfi brJ.wOwq{!, wJOUihu ti ~nl{wpq]l ]lmhpwg)lnu wiqnpppuf!: 
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uph 44lJ"Cl.-}1 pf WUQlllUWJ}I.Ci UWtnp}I.QI! qwpbtlt t ll_bp1moht f!Ulll E tpnpp 
i.qwpwubwp}l' 

pf= pi - Br, ( 4.6) 

h 1,C m l t{hqmnpubp}l mwpphpf! gwfiqwgwo fe F t{wpt{b1wqbptq}l qhi.qpmu 
uwhuwuwl}lwq bu, wi.qw u}lwlj_np dwuwuwqmu umwgt{wo umwgpnuwp 
up2}1.u hqwummtf gf-1!, hu qw.ptui t t{hp1moh1 f!UUI E tpnpp u1wpwuhmpp: 

@-bnphu 14: Upwqnp dwuwuwqmu umwgt.lwo umwgpnuwp up2}1u 
bqwumm}l· l-lt hwuwp gwfiqwgwb feF LJ.wplJ.b1wqbpU!}l qhuipmu ozuwp}lm t 

g~=g~+O(E) (4.7) 

g~ =gr+ O(E): (4.8) 

fo"bnphu 15: t;ph gwuqwgwc} feF umwgpnCiwp qwpt{h1wqhptq}l hwuwp 
pf wfigmuwJpfi uwmp}lgJ! fntJl t mwuiu J!UUl e l}lnpp i.qwpwuhmp}l (4.6) 
l[hp1mon1pJmfiJ!, 1,' h r' t.lhqmnpuhp}l mwppbpJ! uwhuwCiwipwq hfi, w111w 
tunznpwgt.lwb 44lJQ.-}1 1wl[wqn1Jli umwg}lnfiwp t.lwptlh1wqhp111J! 1wl[w
qn1Jfili t fiwL. uqqpfiwqwfi 44lJQ.-}1 hwuwp: 
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XIII. ~bPfcrbPti SbUflt-fcrBfit-'7 

trnunp 

Um/npnuf litf tlftlm, uwljwJli 62uwpftm 
q_pmmp1wu hwum 1M IJWnlimu lippbp: 

4-ri~qnp \,wphljw9~. 
lJwmJwG nripbpqmpJwG pwG ./.,U,r-. 

l;.1979 

Cin11oliw4wlimu hh11pb11]1 hwliq]iUJ.mU blip wubG1upbp · hwlipwfuwlim
pmu tiwu zm4wJmu qfimulib]l 4wmwJ1hllm, oqwliwt(wtiwJwlimu tiwu bpqw
i:mu1m qwJwpwlimu' 6wliwUJ.w11h qfiw1Jm, UJ.nll1Lil11fiJ1ljwJJHU qwu hiitlwfiqw
lingmu· pmdt(bllm, pwmpnfimu L fimJli]m4 pmhmu pliGmpJmfi hwfiofibllm: 
Oppwfi ti h]1ufiwt(npt(wo, ]1ulj hw6wtu fiwh w1uiw11wgj1 1J1fij1 ut11 tlluint(umfipJ! 
hb]lppg' n1u11bu bpwuwJ1 qnJmpJrn fij1g, G11w 4wunuw4w]lqj1g h 4wnmgt(wo
pj1g. 111JGmwubfiwJfilltl, Ujbtnp t hwt(wutnbt wJfi 1.pwu1n11, np hbppp •upmw
gn]JHU t plimpJwli ltw11w111wq.inJu 011blipG.t11J1g ub.411· uwhuwfiwi.pw4 pnrpn
fiw4mpJwfi ljwu uJ12ngfibpJ1 uw4w4mpJwli UJ.Wtn6wnnt{ wnwfi6J1li hnupt11J1 
4wu ut4 lmup]1 mwpph11J1 u11gwqg111J3JlllUJ1 hwliqbgumu t. hbjlJ)Wq.JIJWguwli: 
UG41.utu Ll[1gw4g1111 hnupb11J1 qw1.l IJJJWGg UWUJl ljwqu1111 1nw1111t11J1 Li UJJgwlj
gmpJwG wnwpqw hwur1Jrnwgm1 uJ1211gfitr1J1 ljnli4JJl.itn pnLjwu11wlJ111pJmliJ1g· 
ht11pWQilJWguwG q.i111011fipwgfib11J1 111umuCiwuj1plllpJWUp t qpwljt{mu t ht11-
pb11J1 tnbumpJmfi11: 

t>-li1u.J.lm]1~ opbGpfit1mtl bli ljwpqwlj1111t(mu hb11pt1111, J1lilu.J.l1UJ1'' gmywli]11-
lih1mtl bfi plimpwq11t(mu, Jili)Jt lJw1u111 Lli hwGqhgliL1 hL11p 4wqu1111 mw1111LpJ1 
qwu flJlWUg UUJWUWJJ4uw(i Uj1~rnglib11J1 WJU 4wu WJU t{W[lpJl L ljwnmyt(WOJ2(1: 
uuw(i oppliw4 L zwtn nq1j1z hwpgLJ1j1 Ill um uliwuJ1111Iwup t qpw11t(mu hh11-
phJ1j1 mhumpJ111CiJ1: <.bppbpJ1 hbmwqnmuwCi 1uu11J111uL1111 wnwt(L1 LCi pw1111w
fimu, t11p lmupJl L 1111w UUJ.wuw11ljuwli uJ1~>11yliLpJ1 plimpwq[1LJ111 wli4wlinli, 
wu ljwli]uwtnbub1]1, hwt{wfiw lj wliwJ]1li Lli: 

l. ~hpphpp mhumpJwfi mwppbp[! 

1.1 UUjWUwpljuw(i hwuwljwpq 

<.wt{wliwljwCiwJJ1Ci I111upL1mtl hb11pL11)1 mum uCiwuJ111uwCi hwuw11 oqU1w
qn11ot(111 u hli hwtnm4 uWJlbuwtnJ14wljwCi um1L1liL[1, 111111lip hw6wtu wlit(wli
Ljrn U bti UUJ.WUW]1ljUWfi hwuwljwpqbp: UUJ.WUW]lljuwli hwuwtiwJ1q]1 wupnq-
2W4Wli liljwpwq11uwG hwuw11 wlih11wcJL7ui t n11111L1 li11w hbtnLJWI LpLp 
pWl]WflJJ)l)U h1111' 

• lf111 tnp]1 Imup11 liltw11wq111111 hwt(wliwljwliwJJ1li 41111011Cipwyp: 
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• ~nupJ1 uiw11ph11Ci UUJ.WUwplJ.nq u)12ngfihpl1 pfimpwqphpJ!, lJ.wnmg
•~wopJ!, uih]1wlJ.w JntUJ! L uirui.wpw2fwuun: 

• ~hppJ1 uiw11php)1 UUJ.WUWplJ.uw(i op)lfiWtWlplllpJntUJ!: 
~hpphpp mhumpJwfi ut2 ummpl1 hnup)l uiwpph11n lJ.nitlmu hfi hwJmbp, 

UUJwuw11lJ.tiwfi uJ1~mgfih111f uUJwuwplJ.uwfi uwpphp, uu1wuw11lJ.uwfi lJ.wpqyf 
uUJ.wuwplJ.uwfi lJ.wfinfi: UUJ.wuwpqtiwfi hwuwqw11qhp]1 uiwpr1hpl1 mwpphp 
op)1fiwlJ.Cihp ph11tlwb" hfi WllJmuwlJ.mu I-mu: 

Uwpphpf! 

U111.wuwplJ.uwfi htutlwqwpqbpmu ummp}1 hnupf! hw6wlu filJ.wpwqpmti 
bu. bpqm hw2nJU1wlJ.wfi hwJmhpp qwtDL UJ.whhpp tip2L. t!fil.twct ctwuwfiwlJ.w
hwml{wct)l A(t) pw2Iuuwfi :J.>mlilJ.g)lwJp oqfimpJwup' A(t)=P{hpqm hw.qnJUlW
lJ.lUfi hwJmhp)l u)12L. t!filJ.wct ctwtiwfiwqf! ~ t}: 

~hpphp)l. mhumpJwfi uhf npUJ.hu 4wlinfi, bupwqpqmu t, np filnmn)l. hnu-
1211 bpqm hw2nJU1wltwli hwJmhpp up2L. l!fi.4wct ctwuwfiwqwbwmll_wctfibpf! 
UpUJWlig)l.g wfi.lJ.wlu, up.L.fintJU. pw2tumu(i ntubgnq UJ.WUlWhWqWfi. ubbm
pJntfiubp tlfi.: 'l-)1.uiwpqtlmu bfi hwuwubn, 01uy1liwp, wnwug hhmwqqhght
pJwfi L. mnwgpnuwp hnupbp: liJq qhuwmu A(t) pw2Iuuwu :J.>mfiqg}lwfi u)l.wp
dbpnpbu npn2mu t hnupf!: ~wtiwubn hnupnui wnwli&pli mwpphpf! u)l.uJwfi
gpg mwpphp4mu hfi upwJfi pphfig hwfiqhu qwtm UJ.Whn4: ~nupf! lJ.nlll_ntu t 
oJUlllliwp, bpb ~t tlmt!P ctwuwfiw4)1 nfipwgpmu uhltl19 wll_bIJ.i hwJmhpp qwtm 
hw4wfiwlJ.wfimpJDLfi{! w4hIJ.i pwpop qwpqp 1.pnpp ubbmpJmli t pwfi .M-fi: 
Umwgpnuwp hnupDLU r ctwuwfiw4)1 {!fipwgpmu WJU qwu WJfi p4n4 hWJUlh
PP (!WLDL hw4wfiwltwfiDLpJntfi{! lJ.wlu4wct t upwJfi WJI} ctwuwfiw4)1 mL.nqm
pJmfipg L. lJ.wlu4wct tt ctwuwfiw4wJ)1fi wnwfigp)l ll_pw r-)1 qmfill_btnt mlil\llg: 
~uphp}l lJ.wpLnpwqntJfi hwmlJ.mpJntfifibp}lg t hbmwqqhgmpJwfi pwgwflw
JntpJDLfiJ!, f!UUl np)1, bplj_DL' •1 L. r2 tlmfuihwmtlnq ctwuwfiwqwhwm4wctfibp)19 
ublj_mu hwfiqbu h4wb" hwJmbp}l pp.tlf! l{wtu4wct tt lIJmuntu bl{wct hwJmhpp 
ptlPg' wfil{wlu T1-P L. •rP ctwuwfiw4wJpfi wnwfigpp ll_pw mfibgwct mb.ri}lg: 
Upwctwuwfiw4 opq]1fiwpmpJwup L. hbmwqqhgmpJwfi pwgwltwJDLpJwup 
ochn4wct upwl( hnupf! '1lntwunfip. bnupfi t: '1ln1wunfip umwgpnfiwp hnupmu 
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tpJ.im hwpl.twu hwJmtpp qwim uiwhtpp u}12u (lUJ.iwo ctwuwCiwltl1 tnwlllm
}}JlllUJ! mCi}1 il 111wpwutm111uJ. gmgiWJ}1Ci pwzJum11' A(t)= l-e-;·', t >O, ,bO, n11-
mt11 il-Ci 4nilJnuI t hnup}1 hwowJuntpJntU L. gmJg t mwum ut1w4.n11 ctwuwCiw
J.imu ttiwo hwJmtpp up2pu pwuwq(l: 

U111wuwpquwu hwuwl.Jwpqt11111u t11l{J1111lll J.iwpunpwqi11JU pw11w1111]1i(l 
hwJtntp]1 Ul.l.flllUWptiuw(i hwuwp wuh11wcttzm ctwuuwCiwltlt tnl.tnqlll}}JlllUU t, 
npJ! 111wmwhwljwfi ubantpJma t B(t)=P{hwJm]1 u111wuw11lJuwfi ctwuwCiwti]1 
munqmpJmal! :-:; t} pwzJuuwCi ~mCilJg]1wJntf: 

UuiwuwplJuwa hwuwlJwpq]1 lJwnmg4.wbp]1 al{wpwq11uwu hwuwp 
n1111zljmu ta hbtnUJWl uhompJmCiCibpJ!. hbpp]l lJwu ht11ptp}1 U1Wlll111lllf}JlllU1! 
hwliwtiwpqntu, nputbq lJmtnwlJljntU ta UUfWUWplJUwa UUJWllllll hWJUltpJ!, L. 
u111wuwp4n11 uwpptp}1 ppqJ!: Um.J.upwpwp htpp]1 tnWpnlllll}}JlllUJ! CizwCiw-
4mu tu K mwnnlJ.' KEN, puti hwuwl.Jw11qmtl u111wuw11l.JUIJ. uw11ptp]1 pwCiw41!' 
m mwnml' mEN, npmt11 N-(l pUwtiwa plJ.bpJ1 pwqumpJntU t' N=(0,1,2, ... }: 
bpb m > I, WUJW JntpwpwaiJlllfl uwppJ1 hWUWJl UlJlljnttl t hWJUlbJt}l u111w
uwp4uw(i ctwuwUwl{J1 B(t) pwzJuuwU :tm1 !itnJ1wa: bpb hwuwLtwpqinu tlmm
l!P !111upbpJ1 pwUwl.Jl! uho t ubl{}lg, w111w UpwCigJ1g JmpwpwUiJmpJ1 lnutlw11 
mplJ.mu t A(t) pwzJuuwu ~mUl.JgJtwU L K ubompJmUn: 

Uui.wuwp4uwfi hwtlwl.jwpqJ1 1.tw11unpwq111JU ltwmng4.wopwJJ1Ci pUm
pwqph11J1g t hbpppg t4UIJ. hWJtnb11J1 UU)WUWpl.juw(i 4wpq(l: UUJLUUWJlltUwfi 
tiwpqp opJ1fiwl{ tiwJlllll b(i ownwJbt. wnw2J1(i(i ttiwtl, wnw2J1(i(i uui.wuw11Lt
ljbg, l.jwU' 4.bp2)tU(l l:iqwlJ., WllW2]1UU UU)WUWJllilJ.bg l.jWftqbil]l, hbpp)tg htin'l 
hwJmt11J1 UJ.WU1Whwl.Jwfi UUJWUWJ14lllll!! l, LIJJIU: 

U111wuwpl.Juwfi hwuwl{w11qt11111u hwc'.iwJu rtl1mw11ltlJ.mu bu Imupb11J1 wJu
UJ.]m}t JuupwlJ.n1mu.rntp, nJ111Gg uJ12t. hwumwmlJ.wb ta uuiwuwp4uwa uwppb11u 
qpw11tgUt1m wnw2umpJmaut11: 011J1Uw4· pwgwpaw4, hw11wpb11wt1wG, aj1-
UwuJ14 Li WJl wnw2Um }}JWUJ! hwJ1I1bpJ1 uui.wuwptimu: "uuwCi hwuwtiwpqbpJ! 
wu4wUnuI ta wnw2CimpJmCiCibpn4 uui.wuwptiuwCi hwuwtiwpqbp: 

Uuiwuw114uwCi hwuw4wpqtJ1111U aj1mw111.tlJ.mtl l:iti hwJuib11J1 lJ.w11pJ1 Ciwu 
WJl f\bUJ.Php' hWJUlbpJt qbpwtiwJillJ)JWCi, hbpr]1g hbpp tiwu uJ1 UUJ.WUW[!lJ.IIw(i 
uwpp}1g tlb4 WJJ uwr112 waguwCi, hh11pJ1g 4wu uuiwuw11lJuwti uwppJ1g ni 111114. 
UUJ.WUWJltilJ.wb hwJutll hbnwgmu, «JuwpbpWJlllJ)Jllltilihp» hbflfllllU l, WJL hh
UlWUPUllp f\hUJ.Php, npnUp uw1n14wCig tun11r 1bCi wnopJwJmu: 

UUJwuw1141IwU hwuwLtwr1qh11jl uit1ui.tpl1 mw11pb11w4uwli hwuw11 oq
mwqnpoljmu tu l:ibCiqw1]1 wnw2wpltwb in1m 11J1ppbp UJWfllll Ciw4n'l hbutL.JWI 
111wpq hwuiwlJ.111 uCit111f AIBlmlK, n111nbq A-ti L. B-Ci gm Jg bCi mwtJm hwuw
ljwpqJ1 ummpJ1 lmup}1 A(t) Lt hwJmb11l1 UUJ.Wuwr1tiuwli dwuwtiwtiJ1 U(t) pw7-
JuU:wCi :\JmCi~gJ1wlih11J1 tn}1uit1111, m-1!" hwuw4w11qm u UUJwuw11LtuwCi uwpph11l1 
pwuwtiu t.. lmlt K-u. hwuwtiw11qmu hWJU1bt1J1 UUJ.WUUWti tnb11t..11J1 pwCiwti[I: 

A-}1 l.t B-!1 m}1uit..11}1 hwuw11 oqmwqnpblJ.mu bti hbtnl...JWI Ci7wCitiLp.[1. 
M - gmg~wJJ1U pwzJumu (Markovian); 
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E, - r ljwpq}1 tn1wG.q}1 pw2tunu1 (Erlangian); 
H, - r lJ.wpq}1 hl1ll1bJ1gmg2wJl1Ci pw2]umu (Hyperexponential); 
D - hwuU1wumtli ubbm}}JlltU (Deterministic); 
G - lJ.lllllWJUJljw(i pw2tumu (General): 
lJwuCiUJtJ.1111 qtuwmu, bl}b wJu u2wfiG.bpJ! qmCitJ.rm.i bCi A-11 uibqnuI, WUJ.w 

Cipwfig hUJUWUJ.WUiwutuwfi pw2tuuwfi tumml}JlllUJ! a(t)=dA(t)/dt-Ci lJ.m(ibliw 
hl:HnhJWt mbup(!' 

M. a(t) = ,k''\ 

Er. ( ) rA.(rA.tr-1 -r}J at = e 
(r-1!) ' 

H,' a(t) = ±a)i,e-;.,' ( ±a; = 1, 0:Sa;:Sl), 
i=I i=I 

D' a(t)=o(t-l), 

G a(t)-Ci 1.J.wliwJwlJ.wfi t: . 
UJUUJ.bu, ''lmwu11Cil1 ummpp. hnupntJ. h gmgtwJI1Ci pwztuuwup uUJ.wuwpl.J.-

uwCi ctwuwfiwl.J.ml., m CimJCiwmiuq UUJ.wuwplJ.uwfi uwppbpntJ. L. wfitj_bp2 hbppntj_ 
qwuwlJ.wCi UUJ.wuw11tiuwfi hwuwqwpq(! CizwG.wlJ.4.mu t hbmhJWL qbpuf 

MIMlrnl00 qwu MIMlrn: 
UUJ.wuwpljuwfi hwuwqwpqb11}1 tj_wpp)l G.ljwpwqpuwfi hwuwp, qw]utl_wo 

ununpI1 hnupp L. hwJmbpl1 uUJ.wuwpl.J.uwG. ctwuwuwl.J.p pw2]uuwfi ~mfil.J.g)1w
Cibp}1 mbuwl.J.pg oqmwqi111ol{mu bfi mwppbp u1wmwhwl.J.wfi qnpOJ!Cipwgfibp, 
I!Utn n}lilfig hbppbp)l mbumpJntfi(! U!WJUwfiwl.J.wfinpbCi pwdwfimu bfi bpl.J.m 
uwuli' uwpljntl.Jwfi h Di uwplJ.ntl.Jwfi: {bppbp)l uwpl.J.ntl.Jwfi mbum-pJmfifi 
(!fiqqpl.J.mu t uw11ljntl.Jwfi qiipOJ!CipwgCibpnl{ CilJ.w11wqptJ.IlfJ ulllwuwpl.J.-uwfi 
hwuwlJ.wpqbJl(!, npnfip hwow]u 1.J.ntl{ntu bfi fiwh uw11qntl.Jwfi-hwuw1.J.wp-qbp: 
UJu hwuwlJ.wpqbJliltll A(t) h B(t) pw2]uuwfi ~mfil.J.g)lwfibp(! gmgiwJpfi bfi: 
<.bppbp)l Di uw111.J.ntl.Jwfi mbumpJntfi(! mumufiwup.pntu t uUJ.wuwpl.J.uwfi fiwh 
wJCiajmp. hwuwl.Jwpqbp(!, nJlilfigmu hnupbJlp.g wnfitl_wqfi uhlJI! 1.J.wu hwJmbpp. 
UU!WUWJllj_UWfi cf-WUWfiWI.J.fi ntfibfi QillQiWJ}lfip.g tnUlpphp pwz]untU: 

lJwpl.J.ntl.JwCi ulllwuwpqtiwfi hwuwlj_wpqhpp. mumufiwup.puwfi(! fil{l1p
i,lwo wJu pwctI1fil! hl1tifitl_wo t lmttinqiipnl{-'.:;>hll!ubfil• hwqwuwJliltufibplt qpw: 
lfwufiwqnpwll!bu, uwpl.J.ntl.Jwfi hwtiwl.J.wpqbpp mumufiwul1ptiwfi hwtiwp 
oqmwqnpotJ.mti hfi pwquwgtiwfi h l{npowfitiwCi qiipOJ!Cipwgfihp(!, npnlig hp.u
fiwl.J.wli pfimpwqr1b111! h hwmljnt}}Jntfifibp(! l]Jlmwpl.J.qwo bfi X pwdfimu: · 

1.2 {b.pphpp. pfimpwqpbpJ! L. UIWhUJ.wfiuwa opbu12fihpJ! 

<.bppbpl1 mtmmpJntfi(! qiipontJpfib.pp. hbmwqnmuwfi ljwpL.npwqiitJfi pw
dl1fifihpl1g t, npfi mumufiwultpntll t hnupwJiili hwuwlj_wpqbpp. qnpownntJPP 
opblipfibp(!. lipwlig hwml.J.ntpJm(i(ibpfi m plimpwqpbJl(!: <.bpphpp mhumpJwfi 
h}1upmu (!UI.J.wo b(l 11}1 zwpp hpufiwpwp opbfi12ubp' UJ.WhUJ.wfiuwfi opbfipfihp(!: 
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liJu opbfipfihpf! hwumwuuuu bfi hhpphpp mwppbp pfimpwqpbpp w(hpntlm
IuwltwfimpJntfil! hwJtnbJlp timmpp hnupp L UUJwuwpquwfi chuuwfiwlj_p 
pwzJuuwfi ophfippg, hhppntU hWJUlhpp UUJWUWpquwfi qwpqpg L WJtfi: 

~bJlphpp mbumpJwfi fuliqpJifibpp L qtp1ml>mpJwfi hqwfiwqfihpp mumti
liwuppntu]! mbaj1li t uqut1 hbpphpp mhuntpJwli hptiliwlj_wCi fuliqpplibpp, 
hpufiwpwp plimpwqpbpp L UJWhUJwliuwli ophlipfibp.p pliliw11lJ.nuim,l: 

~bppbpp mbumpJwfi fuliqpplitp11 UJWJUwliwlj_wlinpbli pwchufimu bli 
bpqm fuupp' tlhPtntbntpJwCi L OUJtnpuwguwfi fuCiajlpCibp: 

Unw2pfi tuupp fuliqppfitpmu hhmwqmnmu hll hbpphpp qnpawnn1Jpp 
pllmpwqphpJ!· lJ.wful(wa Cipwfig mw11ptp UJWJlwubmphppg, lJ.wnmgl(wappg, 
hWJUlhpp UUJWUWplJ.uwll lJ.wpqpg L WJtli: liJU fuupp lJ.wpLnp fullajlpllbppg h(i 
fiwL hhpphpp uuiwgtmliwp nhctpulibpp qnJmpJwll UJWJUwllllhpp hhmw
qn1.11murf lJ.wful(wa hbppp phnlll(wampJwli qnpawlJ.gpg, lipw pllmpwqphJlp 
qfiwhwumtUJ! L WJtll: 

bpqpnPIJ UlpUJP fuliqpplibpJ!· OU)tnpUwguw(i fullajlpfihpJ!, pwctwfimll hfi 
bplj_m hlipwfuupp' hhpphpp fiwfuwqWwli L twtlwqntJll lj_wnwqwpuwli fuliajlp
fihpp: llnw2pfi hfipwfuUpp fullajlpfibpntU {!Utn tnpl(wa UUJWUIWlJ.WJpfi )mfilJ.
gpWJp qw1.11wpl(mu t hhppp UJLUJlLUUhmpbpp, lJ.wnmgl(wbpp, UUJwuwpliuwli 
uwppbpp pl(p, flPWfig mbqwqwJUWfi [!fil.llpntpJmli L wnli: bplJ.pnPIJ hfipw
fuupp fuliajlpfihpn1u· lJ.wtul(wb hhppp l[powlJ.pg, f!Ul.ll m11l(wb fiUJwmwlJ.wJpfi 
)mfiqgpwJp, lJ.wmwpqmu t hwJtnhpp UUJwuwpquwfi lJ.wpqp L hhppp UJWJlW
uhmpbpp lj_wnwl(wpnui: Unw2pfi hfipwfuupp fufiaj111lihp[! fiutwmwlJ.wJpCi 
:Pmlllj_gpwJp l(tp1mbwlJ.wfi hwJmfip 1.11bupf1 111:iuwmu umtnpwpwp pbpl(mu bfi 
ni qowJpli l>pwqpuwfi fufiaj1pfihpp mtupl1, npnfig htmwqnmuwli hqwfiwlt
lihp{l L mwpphp lj_ppwnmpJmfilihpp pllliwplJ.l(wl> bfi wnw9pfi hwmnpmu: PulJ. 
bpqpnPIJ fuupp fufiT)ppfitpmu· qwnwl(w11t1nri uwplJ.ntlJwli L l(puwuw11-qnl(Jwli 
qnpbf!fipwgfihpn1 u 1w4wqn1J!i 4w114t1wlJ.b11UJl1 npnzuwti futiril1plitpJ1, npnfig 
hhmwqnmuwli triwfiwqfihpf! L mwpphp ltJ1pwnmpJmfifihpf1 p!ifiwplJ.-l(wb bfi 
umJCi hwmnpp XII pwctfimu: 

~hppbpp Olljtnpllwyuw(i fu!il))lpfibJllllll llJllljQU filljWtnWlj_WJfJfi )ntfiljgflw 
unl(npwpwp oqmwqnpbm u hti htppfl qn1u)wn111Jpl1 hhtn lJwL44wb up9flli 
lJnpntUtnfihpf!, lJ.wu hqwummfitpn: 

Ufigllbllp hbpptpp mtumpJw!i n1mz lljWhUJw!iuwti ophllpfit[Jti pfillw11lt
uwllp: ~hpphpp htmwqntnuwti zwtn triwllwq!ibpjl ht1upmu [lfiqwb t. ut1 hpu
fiwpwp opbfip· hnupfl lljWhL4wfiuwfi 011blip11, 11um npt1 gw!ilJ.wywl> UUJW
uwplJuwfi hwuwqwpqm u hwJtnbpJ1 p4J1 w<'.ij1 hwowtum pJmfip hwqwuwr1 t 
llpw ummpp L twfl hnupbpj1 hw<'.iwfumpJmlilit.pJ1 mw11pL11111pJwfi11: 

liJ'l opt!ip[l pntJ( t mw1I1u, wfiywJu ht.mwqnml(nq uL4wuw11yuwu hw
uwqwpqp PWPIJDIJ:}JD1Uj1y, (ipw p(impwq11tpl1 hWUWJl ywqut1 hWUWUJWUlWU
tuwll hwqwuwpn, ufitpt1 hwowtiw11q: 

-R!iliwpyttip GIGI I mtuwltt1 ublt ulljwuw11lJuwli uw11pnl( htppl1 ht1u
uw4wu p!imf}wqptJl(l L UJWhlljwtiuwti 011lifiplit1111: 
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lrwmw11hCip hhtnLJWL fi2wCiw4muCih111!' 

t -Ci m4wuwp4uwfi hwuw4w11q h4nq bp4m hw2nJ.UlwltwCi hwJmh11I1 
ti!19L f!Ci4wb ctwuwCiwlJJ1 ut12l1fi wpcthpCi t, 

). =llt-G uuiwuwp4uwG huniw4wpql1 ummpmu hwJmbp)1 hnup)1 hw6w
tumpJmCiG t, 

X -1! UllJ.WUWplJ.uwfi uwppmu uhlJ. hWJlOP UllJ.WUWpltuwfi ctwuwCiwlJ.p 
u)19!1Ci wpctbpG t, 

µ =l/x-J! UllJ.WUWplJ.uwG hwliwltwpqnuI hWJtn)1 Ul4WUWptiuwG hw6w-
tumpJmG6 t: 

~GGwplthGp hhpphpl1 hbtnLJWL pGmpwqphpJ!' 
p - ulllwuwptiuwG hwuwtiw11ql1 phnGlJ.wbntpJwCi qnpowljJigJ!, 

N - Ul4WUtup4uwfi hwuwlJ.wpqnui htuJmhp)1 uf12]1G PMI!, 
Nq - hhppmu hWJtnhJtli u112l1G PMI!, 
T - hWJUlll Ul4WUwplJ.uwG hwuwlJ.wpqnui uGw1m dwuinfituljJI uf12l1G 

wpdhpJ!, 
W - hhppntU hWJtnp UllJ.WUbtnt dWUtufiWljJI up2)1fi Wpdhp{!: 
~fiCiwpl.jhGp p phnfilJ.wbntpJwfi qnpawqpg{!, npJ! 4wpLnp qbp t Juwqmu 

hhpp]l umwgpnGwp nhdlniGhpp mumuGwuppuwfi tuCiqp.pGhpnui: p qnpaw
ltP91! ltwphllt t npn2t1 L ubtifiwpwfiht mwppbp tqwfiw4fihpnlJ.: UumpL 
lJpCiCiwplthCip IlPWGg]lg up pwfilml!: 

£I-}1gmp' R-1! uUJ.wuwpltliwfi hwuwtiwpqpg UJ.Whwfi2lJ.11ll hwJmhpp Ul4W
uwp4uwfi wpwqntpJntCifi t, pul.J. C-Ci hwuwlJ.wpqp J}llll.ntfiwlJ.mpJntfifi t· hwJ
mhpp utqwuwp4uwG wnwlJ.h1wqntJfi wpwqntpJntUJ!: f!hnfilJ.wbntpJwfi p qnp
aw4ligJ! npn24mu t hhmLJw1hwpwphpmpJwup' 

p = R/C: 
"lw11q t, np R<C UJ.WJUWG]l qhuwmu hwuwlJ.wpqmu lJ.ohwlJ.np4}1 qbp-

2wlJ.np hhpp h hwuw4wpq hltllll. pn1np hwJmhpJ! ltuuiwuwplJ.lJ.bfi: C<R-p 
llJ.WJUwCi]l qhtqpmu· Pllll.lllliwltmpJwCi wfipwlJ.wpwpntpJwfi UJ.Wm6wnn4, hw
uwlJ.wpqJ! quwrnCilJ.)1 qhpphnCilJ.wbntpJwfi 4f16w4li, ]1u4 hbppnui hwJmbp).1 
PMI! wpwqnphG h wqhmwlfinphfi qw6)1: R<C (wJupGpG' p<l) wfihwlJ.w
uwpntpJntUJ! hwCiqp.uwfimu t qp.mwpqi.J.nq hwuwqwpqp umwg)lllfiwp nbd):iu).1 
qnJntpJwCi wfihpwdhzm h pwtl_wpwp U[WJUWfi{!: ~wuwltwpqp umwgjmfiwp 
nbd)1Ul1 l}hUjpntU qDJllt}}Jntfi ntfih(i Cipw qwppJ! pfintJ}W@llll. pn1np U[WUlW
hwltwfi ubantpJntfifihpp. uwhuwfiwJ):ifi pwz}umufibp{!: UmwgpnCiwp nhct}lup 
qDJlltJ)JWG l}hUjpntU hwuwqwpq bl.J.nq pn1np hWJUlhpJ! qpnpg uba hwqwfiw
ltwlintpJWUp uuiwuwplti.J.mu bCi i.J.hp2wi.J.np dwuwCiwltmu: bppbufi, op)1Ciwlt 
DIDll mbuw4li utqwuwpquwCi hwuwtiwpqmu, p=l uwhuwfiwJpCi wpdbpJ! 
CimJGtqbu J!Ul}qJ!P4tlmu t hbpp)1 mnwg]mfiwpntpJwfi m)1pntJpmu: 

p pbnfiqwbntJ)JWCi qnpaw4ligJ! npn2i.J.mu t fiwh npUibU UU[WUWpquwfi 
hwuwqwpqp ummp)1 hnup]l ). hw6w]:untpJWfi h hwJtn]l uU[wuwpquwfi x 
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u }12} 1 fi OlUUWfituqp. llilltnWl}PJW( 

p=.Ax: 
bpt hwuwlJ.wpqmu htuJmt11}1 uui.wuw11lJ.mtl[! lJ.wmwpt[mtl t m uwµpt11}1 

u}12ngntJ., wJu}1llpfi· aj1mw11lJ.t.1mu t GIGlm mhuwlJ.}1 hwuwl.J.w11ql!, wui.w p-}1 
phnfitJ.wbmpJwfi qn11bwlJ.11gl! n1m2tJ.mu t' p =.Ax Im pwfiwaLnt[: 

-c!,hpphfl}l UlhUntJ)JWll lJ.}lflWil1UJ)JlllfiUhfllllU UUJ.WUW)llJ.Utufi hwuw4wpq}1 
ummpmu w2tuwmwfip]1 hwowtumpJmfiJ! hµphufi wlitJ.wfimu hli phnCit[w
l1ntpJwfi hwowfuntpJmfi L. ~wtJmttl tll tntwCiqfihp.ntJ.: GIGI I mhuwqp. hwuw-
4wµqn1u phnfit.jwbmpJwfi hwowtumpJntUJ! hw4.wuw11 t hwuwljwµq}l p 
phnfitJ.wbmpJwll qnµbtu4gJ1fi, }lulJ. GIGlm uihuwlJ.l1 hwuwlJ.wpqmu' mp -}1: 

f"lulJ.wui.hu, pwli}l np, u]1wtJ.n11 ctwtlwliwlJ.mtl mqwuwµlJ.uwli hwuwl.J.w11-

qn1tl umwgtJ.mu tu u112J1Ci pt[m-I ,l hwJuihµ, nµnfigl1g 1m11wpwfii)ntf11! ui.w
hwfi2mu t uI12}1lil! x u11w4np uui.wuwp4uwfi ctwtlwfiwlJ. (uui.wuwµljtlwfi 
uwµp}1 w2tuwuiwfip), WUJ.W hwtlwtiw11q]1 umuipmu w2fuwmwfip}1 (phnfi4w

biltpJwfi) hwowfumpJmfiu hw4wuw11 lJ.J]1lll1 .Ax -11, w1ul1fipfi' hwuwtiw11q}1 
pbnfit[wbmpJwfi qnp01•1lJ.gpfi: 

p plmfi4wbmpJwfi qnpbwlJ.!191! lJ.wpbJ]1 t ublJ.fiwpwGbt fiwL. n11ui.bu 
umwgpnuw11 nbd}lumtl hwuwl.J.w11q}1 uui.wuwpltnrt uwppp qpwqt{wbmpJwfi 
<h..uuwuwqp. uwu lJ.wtl qpwqtJ.wmitpJwfi hwtJ.wCiwlJ.wumpJmfi: 

'1-pgmp' Pq-fi umwg}1nCiw11 nbdl1U:mu hwuwlJ.w11q}1 uui.wuwplJ.nri uw1112l1 
qpwritlwbmpJwfi hw4wfiwlJ.wfimpJmfifi t, lIUlJ. Po=I-Pq-11' UJ.WflWUJ.lllflilll hw

t[wfiwlJ.wfimpJmGCi t: -c!,Ciwpw4.11pJ1fi iwtfl tlbb r dwuwfiwlJ.11 l!fipwgpmtl 
hwuwlJ.wpq}l uui.wuuipljuwfi uwJlPI! qpwq4wb lJ.J]11.il1 rPq dwtlwfiwlJ.: rdwuw
fiwqp. J!fipwgpmu hwuwlJ.wpqmu uu~wuwplJ.4wb hwJ1.11h11p pl1tl1~ hw4wuwp 

lJ.LJlfil1 unm rPqlx -11, }lulJ. hwtlwlJ.wpqmu uuiwg4wb hwJuihpp pl1tl11' unm TA-11: 
~nupp_ UJ.WhUJ.WfiUWU opbupt1 htuUWOWJU, hWUWlJ.W]l(}ll UUlW!JlU1Ciu1r 11hdJ1-

UntU T dwuwfiwlJ.11 huw1uut.fn11I1Ci iwtfl tlbb W]1<Jhpl1 I)hUJ.PlllU hwuwlJ.w11qmu 
umwgt}wb L. uui.wuwpl.J.t}wb hwJ1.11hpl1 pwfiwlJ.fih11p uI1tlJwug hwt}wuw11 hu L., 
hbmL.wpwp, 62ump}ltn t 

r). = rP/x 
hwt}wuwpmpJntU[!, np1.11hri}lg· r~oo-}1 J)hUJ.Plll u, umwCim u b(ip' 

..lx = Pq: 
UJuUJ.}lunt[' GIGI I mhuw1.t]1 hwuwlJ.w11qJ1 hwuwp 6zuw11J11.11 t' 

p=l-P0 =Pq: 
liJctu puuw11lJ.bCip uuiwgtmuw11 hhppb11'i Lu uf1 lJ.wpLll]l Ojlhfip, 111111 4tuUJ. t 

hWUl.l1WUllllU UUJ.WUWI!l.J.uw(i hwuw4wpqmu hWJU1hti!i uf12f1fi pt})l, Ullll.11-
l}WJp(i hnupj1 hw6wfumpJWU L hWJU1bpl1 hwuwlJ.w11q111u uuw1m uf12t1fi 
dwtiwCiwlJ.l1 ul12L' l}lptJi pwCiwa"-f!: 

'1-}lgmp' a(t)-fi (0,t) dwuwl.iwl.J.J1 11!lpwgpmu hwuwlJ.w11qiutl umwgt}wb 
hwJuihpf1 pl1t}fi t, I1ulJ. y(t)-u· (0,t) cJwuwtiwlJ.!1 11!lf}tugpmu hwuwtiw11qmu 
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pni1111 hwJuih11J1 1.rnw1m qmUUJJIUJJJICi dwuwuUJ4£i t: (O,t) GUJUWUU1lJ11 J!UpU1g-
1m1u hwJmb11l1 mnwgtlh1m A., hwt'.iwJ1.mtpJlllGJ! 4UJJthl11 t n1mzh1 hhuiLJw1 
pwCiw6L.11t1· 

A.,= a.(t)/t: 
T,-ml. CizwGwlJ.hCip (O,t) dwuUJCiwlJ.lt J!CipUJgpmu hwuw4wr1q h4wb- pn1np 

hWJtnbpntl Ull2ltCiwgtlUJO Ublj_ hWJUlJl hWUl.UijWJlqlllU qtnCitlhtlll <hllUWUWlJ.Jr 
T,-G lJ.wpbl11 t npnzbL hhuiLJWl pwuw6Lmf 

T, = y(t)/a(t): 

bph N, -Ci (0,t) dwuwCiwlJ11 J!Cipwgpmu hUJuwlJ.wJmtu umwgtlwb 

hwJmhpJ1 uJ12l1Ci plul.fi t, WUJ:W wJG lj_wphJ.li t n1m2h( 
N1 = y( t )/ t 

pwGw6Lntl, npmhajlg' N, -11 hwuw11, lJ.umwCiwup' 

N, =AtT,: 

bph hhPPI! qmfit1mu t umwg1ntuw11 ntdJ1umu L qnJmpJmCi mfihCi 
hhuihJWL uwhuwfiCihpt!' 

).. = lim)..,, T = lim T, 
t---->oo [~-

WUJ:w hwuwlj_wpqntu hwJmh11p uJ12pfi ptllt hwuwp lJ.umwCiwfip' 

N =limN, 
t-+~ 

liJull.Jlluntl umwglmfiwp nhdl111mu. hpp t'.izuwp!im t O::;p<l UIWJUWGJ!, 
hwuwlj_wpqnni hwJmhpl1 uti2l1fi N pp.ti{! hwtlwuwp t hwuwqwpqntu hwJ
mhpp umwgtlhtm ).. hwaw}umpJwfi h hwuwqUJpqntu hwJmp uUw1m up2pU T 
dwuwCiwlJ.lt wpmwl)jlJWJ.liU' lT: 

Uw hhpphpp mhumpJmCiJ1g hwJmfip l}lpJ.li pwUw6L.U t' 
. N = lT: . 

liJU pl.UfiWOh}! 0211lllp.pm t UUJ:WUWpqUWU PilLilP hWUWqWpqhpp hwuwp, 
wfiqwtu hwJmhp]l ummp]l. lmupp A(t) L I)jlwfig uUJ:wuwpquwU dwuwUwlJ.11 
B(t) pwztuuw(i :t,mfiqgpwfibpJ1 mhupl1g, hhppmu qmfitlmt hWJUlbp]l. 
UUJ:wuwpquwU qwpq}lg qwu uwpphpp ptlltg h wJ1fi: Uw hhppbpp mhumpJwfi 
UJ:WhUJ:WUuw(i ophCipfihp]lg uhqfi t: 

.RwGJ1 np, T=x+W, npmhrt W-6 hhppnui hwJmbp]l. 11Gw1m (uUJ:wuh1m) 
u112pfi dwuwUwqU t, WUJ:W N -p hwuwp lpptp pwCiwaL.pg qmnwfiwUp' 

N=lT=l(x +W)= N 0 +Nii: 

liJutnhrJ. Nq=}..W-p' hhppmu qmCitlmt (uUJwumi) hwJtnbp]l. 11]12]1.G p}ltlt1 t, 

puq N" =Ax -]1 UUiwuwpquwU uwppmu qmfii.J.mt (uUJwuwpql.[nq) hwJtnhp]l. 

u112J1U p}1i.J.Ci t: Pwfiw6L.]1g hbmhmu t, np hwuwlj_wpq}l p-p pbnCitlwb-ntpJwCi 
qnpbwqpgl! hwi.J.wuwp t u111wuwpquw6 uwppmu hwJtnbp]l. up2pt1 pt!PU' 
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p=Nu, fm4 GIGl00 uihuw4l1 Ju111Iw4wpqf1 qhuwnur hWJUlhpll UUJ.WUWJ141lwup 
qpwqtJ.wo uwpphpj1 uj12I1fi pt.jJ1fi: 

liJclu pufiwp4hfip hwJU1bpl1 wnw2fimpJmfifibpntJ. UUJ.Wuwp4uwu hwuw-
4wpqhpntu qnpon.11 UJ.WhUJ.wfiuwU ophUpfihp(!: 4qfunwp4hUp hwJrnhpl1 wnw2-
fimpJmCifibpntJ. UUJ.wuw114uwfi WJfiUJ.liup hwuw4wpqh11, npnfigmu nl uj1 wz
]:uwmwfip (finp UUJ.wuwr1411wfi hwJm) w umbqbi.lmu L l}1 4np2mu: ~wuw-
4wpqn1u wz):uwuiwfipp qnpuuipfi ltwJll111 t hwuwutwuiwu]:uwfibt, oppfiw4, 
hwuw4w11qf1g hwJtnp hbnwfiwm fiw]:upwfi fipw UUJ.Wuwp411wfi wtJ.wptn(!, 
pu4 wz):uwrnwfipl1 umbqouwfiJ! ltWJll111 t hwliwutwrnwu]:uwfibt hhppp wntiw· 
JntpJwU qbuwmu Upw UUJ.wuwpqnq uwppp (lm4 GiGlm tnhuw4l1 hwuw4wp
qfl qhuwmu· npLt uwppj1) UJ.WPWUJ.mp1m: ouwfi' qnunwtitJ.wo wz):uwrnwfi12I1 
UJ.WhUJ.wfinq hwuw4wpqhp[! tinitJ.mu bfi «UJ.WhUJ.wfiwtiwfi»: liJuUJ.lml1 hwuw-
4wpqb1m1u UJ.WhUJ.WUUWfi ophfi12fibp)! hbfitJ.mu bfi t UJ.Whpfi hwuw4wpqmu 
timrnwtitJ.wo wfiwtJ.wptn w2J:uwrnwfi12fi' U(t)-p, hwJtnbpJ:i UUJ.wuwptiuwfi 
tiwpqflg wfi4w}u tpfibtm hwmqmpJwfi tJ.pw: 

U(t)-fi 4wpbll1 t npnzbt fiwL npUJ.bu t UJ.Wh!1fi hwuw4wpqn1u qmfitJ.nq 
pninp hwJtnbpp UUJ.wuwpquwfi qmuwpwJpfi ctwuwfiw4 4wu t UJ.Whldi hwuw
qwpqntu urnwgtJ.1111 hwJtnlt UUJ.wuuwfi hfiwpwtJ.np (tJ.ppmmwt) ctwuwfiw4: 
U(t)-p uwhuwfimut1g hbml.tntu t, np U(t)>O UJ.WJUWfip qhuwmu I lU[lWqnt
PJWUp (wfi4JmfiwJj1fi qnpow4gntJ.) fitJ.wqnq ni pwgwuwqwfi :Pm114g!1w t, ltu4 
hwuwqwpqntu hwJmbJlfl umwgtJ.htm UJ.WhbpJ1fi fiw mfip WJ'l hwJmhpl1 
UUJ.wuwp4uwfi <twuwfiw4l1 wp<th12pfi hwtJ.umwp mqqwhwJwg f>Hl1wfitp: 
liJUU1baj1g UJ.WJlQ t, up U(t)>0-11 qtuwmu hwuwtiwpqfi qpwqtJ.wo t hwJtnh11J1 
UUJ.Wuwp4uwup, fiu4 U(t)=O-j1 qhuwmu wqwtn t hwJtnhpltg: 

'1-Jnnwpl.ihfip k ptJ.ntl hwJmbpJ1 hnuphJmtl MIGi I mhuw4J1, wnw2fim
pJmfifibpn4 UUJ.WUWJ14UWfi hwuwtiwpq)!: '1-j1gmp· hWUW4WJlqlllU hWJtnbpjl 
hnuphpJ! hwuwpw4w1tJ.wo hfi i= 1,2, ... ,k f>tlh1mtJ.: 41!fi11mfihfip, 1111 uha hwuw11 
mfihgnq hwJmhpj1 hnupj1fi hwuwutwmwutuwfimu t w4h1!1 pw11611 wnw9fim
pJwfi 4w11q, WJUJ1fi12t1· i hwuwpp hnupJ1G UJ.Wrn4wfinq hwJmh1111 mfib(i wtJ.h1J1 
pwp6p UUJ.wuwpljuwfi wnw9fimpJmG pwli l,2, ... ,i-1 hwuw11fihpl1fi UJ.WU1-
4wUnqUhp[!: 

4wmwphfip hhml.tJW[ fi2wfiw4muGh1111. 
A; i-(ll} wnw9fimpJwfi hwJmhplt hnup!1 hwciwlumpJntfi[t, i= 1,2, ... k; 

x,, x'. 21 i-pq wnw9GmpJwli hnupJ1 hwJmb11J1 UUJ.wuw11tiuwfi ctwuwfiw411 

wnw2J-tfi.1.t hp4JmJl[) 4wpqJ1 unuhCimlihpp; 
p, i-1111 wnw2fimpJwli hnupf1 hwJtnbJmtl hwuwtiw11qJ1 phnU4wompJwli 

qnpowljj19[l 0 

P; = A; x,; 
A hwuw4wpqj1 umU1pmu hwJU1hpJ1 qm uw11wJJ1fi hnupJ1 hwO:wtumpJmfi11· 

A.=L,A.;; 
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p hwuw4wpq}t plmfit.(wclmpJwfi qn11mult}lg1f 
p= LP; =Lil; x;; 

X hwuw4wpqntU hWJU1hpl1 UUJWUWpl{Uwfi Ult2ltfi ctwuwfiwl{(!' 
x=Lil;lil;xi; 

W; hh111nuu i-M wnw2fimpJwfi hwJuihpp ufiwtm ut12t1fi <fwuwfiwl{]!: 
Cuui UJ.WhUJwfiuwfi ophfipp' gwfil{wgwct MIGi 1 m}u.4.l1 UJWhUJwfiwlJ.wfi 

hwuw4wpqjl hwuwp 62uwpp.m t hhmLJWL hwt.(wuwpmpJillfiJ!. 

npuihrf 

k l pWo , hpbp<l, 
LP; W; = (1- p) 
1=1 J.. J.. > 1 oo, upup _ , 

k .itx<2> 
Wo=L-'-'-: 

l=i 2 
liJul1fi11u' pfifiwplJ.t.(nrt hwuw4wpq}t hwuwp LP. W; qnuiwp]!, w!ilJ.w)u 

hwuwl{wpqmu oqmwqnpbllllI( wnw2fimpJmfiubpp pwPJliltpJm!ipg, up2m 
uumu t hwumwmmfi: 

'1lwhuiwfiuwli ophuppg hhmLmu t, np npLt wnw2fimpJwfi hwJmhpp 
hhppmu ufiwtm up.2pu ctwuwfiwlt}l' W;-p wp<fbl}p tpnppwguw(i UUJWUlWlJ.ml. 
fipwfig UUJWUWpquwfi lJ.wpqjl ohwtp.D)uUWU gwfilJ.wgwo tlmpo lJ.hwfiqhgfip 
npnzwlt}l hnuphpp. hWJUlhpp W;-hp}1 j:;t:i wp<fhpfihpp utmuguwfi: liJup.Cipfi' 
npLt wnw2fimpJwCi hwJmhpp. hhppmu uuiwuhtm up2pfi ctwuwfiwlt}l $Jlppw
gmfil! wfiuiwJliwfi lJ.hwfiqbgfi}l hbppmu npn2wlJ.11 wnw2fimpJntlilibpp hwJtnb
pp. UUJWUbtnt ctwUwfiwlJ.fibpp Ubb'wguwfi: 

bpb pntnp i-bpp. hwuwp x = ~ , WUJW UJ.Wlnqwfiuwfi opbfi11}19 lJ.umwfiwCip' 

k ).W : 
LA; W; = --0-, 1=1,2, ... ,k: 
i=l (1- p} 

UwlJ.wJli l}lptp pwliwoL}lg hwJmG}l t, np il;W;= Nq;, npmhrtpg gwli

lJ.wgwo UJ.WhUJ.WfiDitwlJ.wfi UUJ.wuwr11J.uwfi lJ.wpq}t qbUJ.l?mu lJ.umwfiwfip' 
_ k- ;.w 
N =IN. =--0-=const: 

q i=l q, (1- p) 

bpb W-G hbppnuI hWJUlbpp. ufiwtm up.2p.u ctwuwliwlJ.fi t, WUJ.W' 

W= N/).=Wof(l-p)=const: 

UJUUJ.P-Ullll. x = X; -]1 UJ.WJUWfi}l qhUJ.PillU hhppmu hWJtnhp]l u]12}1fi p]lt.l.]! L 

hhppntU UUJ.WUbtnt u)12)1fi ctwuwfiWlJ.]! lJ.w)uqwo tbfi hWJUlhpp UUJWUWplJ.
UWU lJ.wpq]lg: 1,zbCip, np X = X; UJ.WJUWfi]l qhUJ.PlllU hwuw1J.wpqn1u hWJUlbp]l 

ptl]l pw2Jun1liJ! fimJfiUJ.bu lJ.w)uqwo tt hwJtnhp]l UUJ.wuwpquwfi qwpq]lg: 
'1lwhUJ.wfiuwfi opbfipfihpfi oqmwqnpbllmu bfi ]lfitUJ.bu hhppbp]l pfim-
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pwqptq1}1 l[hp1mampJwfi, wJfilll.hu t1 ru1wug olll.mJuiwguwu h 1.fwnwt[wpuwCi 
tuGaj1pGh11}1 1m<hlw(i hwuw11: l)..JunwplfhCip hhppmu hwJmhpJ1 wnw2GmpJmfi
Gbpnt[ Ul4U1Uwplftlw(i 1.fw11qJ1 1wt[wqntJCi mwpphpw4l1 l!fitnJllllJ)JWCi tuGll11p(!: 

OppCiwlJ. I: '1-}1mwplf hCip uwpuwJJ1fi awnw JntpJwfi hw6wfun1U1fihpp Ul4W
uwpquwCi 1wt[wqn1Jli 1.fw11qJ1 l!fim11111pJwfi _tuliajipl!: 

ci}1gmp' lihpuminJ.11IJ. IJ.wu w11mwhwfit{I1IJ. phnlit11}1 ohwlfhpl4Uwfi hw
uwp hw6w_tunpqlihJl(! ajllllllll hfi UWJ!UWJ}IG OWl1U1JillJ)JWfi11: <!.w6w_tunpqlihp}l 
Ul4WUWplfUWfi (!fipwgpntll llWJ!UlUUllllfill Wl4W]Ulljntll t fiJlWlig ptm(ibp}l 
l4Whhumwt[npuwfi h 112w1.fuwfi hwuw11 wlih11wdt2m lll.WJUwCilih11 m mw
pwopfihp: '1-}lgmp' dwuwCiw4l1 JmpwvwG2.1m11 l4WhJ1Ci uwpuwmmli11 1.fwrlilIJ. t 
IJ.wmwph1 Ci}1wJfi ut4 hw6wfun1aj1 hwJm}1 ul4wuwp4mu' phnCihJ1}1 u2wqmu h 
ahwlfhpl4mtl: 

liwful[wa fih11umat{m1 1.fwu w11mwhwfit.!m1 phnGbpJ1 mhuw4}1g h fi2w
aw4mpJmfipg' uGG11wuph11v, mGmhuw4wa Wlll.Jlwfip, 4wnh1wfiJmp h wnfi 
hw6wfunpqfihp.J1 hwJmhJll! pwdwfit[mu hfi k pt[ntl tuupb11J1: 011J1Gw4' mfimh
uw4wfi Wlll.I1Wfiplihp11 4wphtl1 t (!fif}qp4ht uJ1 fuupmu, 4wnh1wfiJmp[! UJmu 
tuupmu, Jm4 uGG11wuph11vu hIJJlllJllpllU Ii WJtfi: flppwG pwr1011 t tuupJ1 hwllWil[!, 
WJGpwfi wnw2fiwJ}1li t WJI} fuupJ1 uh2 [lfif}qp44wo phnlih11J1 u2w4uwG h 
o Lw4hJllll.11Wfi hwJU1hp}1 Ul4Wuw111J.mU[1: 

'1-pmwplJ.hGp uiwppb11 futlph11}1 hwJuih11J1 uUJwuwpquwG hw11wphpw4wG 
wnw2CimpJntGfihJ1ntl 4wr1ql!: l;ph i hwuwpJ1 tuupJ1 phnfih11J1 uUJwuwp4t1wCi 
hwJtnG umwg4h1m UJWhJ1fi uwpuwmmfifi qpwq4wo t hw6wtunP11fih11'i 
hwJmhp}l UllJWUWII4llWUp, WUJW hWJUll! hb11pJ1 t l}Jl4111U' UllJWUhtntl U}lfilh 
UWJ2UWUllllU[l wqwmt{jl i+ I, i+2," .,k hwuwpfibpJ1 fuupb]l}l h i tuupJ1 wtlh1J1 
4wq h4wo hw6w}unJll}lih11]1 hwJmh11J1g: l;pb hw6wlun1111J1 qw1m UJWh)1(i 
uwpuwmntfi[l wqwm t. WUJW wGuJ12wUJhu ulJ.ut.111111 t G]lw hwJmJ1 uUJwuw11-
4mu(l, phnfihpp. 112w4mt1p L oLw4h11UJlllUf1: 

<!.w6wtunpaj1 hwJtnJ1 UUJWUWJ14uwG w4w1nn[1q hhmn G11w pbnfihpp 
hwfi4mu hfi uwpuwmwG UJWhhutnGhfll1g L mw11wopGh11J1g: 

'1-J1gmp' UWJ2UWU1WUp i hwUwpJ1 tuupt1 pbnuLpJ1 UUJWUWJllJ.Uw!l hWJUlh
Jl]l hnupfi rnfi}1 A, hw6wfumpJwt1p UJlllWunfiJwfi pw7lm11u, Jm4 uwpuwuiwu11 
fipwfig UUJWUWpquwfi dwuwGwlJ.11· x, ut12t1G wpdl,p114 B,(t) pw7tuuwu :pmu4-

gj1w: i hwuw11J1 tuupJ1 phnuL11t1 uwpuwuiwu hL11pmu ut1wl[1111 cJw11wuw4, 
opJ1Gw4· uhlJ. cJwu IJ.wu llhlJ. O[l, UUJWUL(lll qhllJP.lllU hw6wfu111111ut11t1 l[!lwu
fil:ipf!' 4n1m1umfil:i1111, 4wqu111 u Lfi C, 11t1wl[np: l11111111 umfil:i1111 4w11m1 Lill 
UJWJuwfiwt.111111.{wo 1J1fih1 pbnut.1111· UJWhLumwl[upuwu owtuut.1mtl, u11wliy 
ipiwguwup, ipnfuw1lJ1wuJ12nyfiLpJ1 t{w11<'iw4w1uwG otuluuL1111l[, UJWJUwtiwq· 
pwJJ1fi dwu4hmlihpl1 tuw)ULnuwup Ii WJ(U: 

.QuGwp.41:ilip uwpuwmwG hb11pm11 hw6wfu111111GL11l1 UUJWumunt.1 u1wJ
uwCiwl[np~wc'.1 qmuwpwJIJCi uJ19t1u 4n11111UU1Uh[l]l uJ1uJ1uwqlinq plinGl:itili UlW[I· 
php tuupb11)1 u}l9L hw11wpL11w4wli wnw9u111 fl Jill liGt.1111 1wl[wqn1Jli 4w11ql1 
fi7wfiw4uwu tuGfJp.pp: 
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'1-[nnwp44llll. }ulil]Jll1ttl iiwpuwtnw!i w2}uwtnwlipJ! ltwpb.tl1 t lib.11tiwJwg
lib.1 k 134114 hwpwpb.pwqwli wnw21impJmli!ib.1m4 hwJtnb.Ji!i uutwuw11lJ.uw!i 
MIGi I mb.uwltlt hwuw4.wpqt1 oqlimpJwiip: lTwpuwU1w!i w2}uwmwlipl! 4Pliliw11-
lJ.b.lip mnwgtm!iwp nb.d}uimu. h11p 02uwp}11n t hhtnl.iJwt UIWJUWUl!, 

k 
I,(x;<l: 
i=I 

Umwg]tnfiwp nb.d}1iimiI iiwpuwUlwCi w2}uwmwlip}1 qhUIPmiI hwl'iw
}unp.qfihpl1 ut1w\{np dwuwCiwymu qmuwpwJltli C ut12p!i qnpnmut!ihpJ! qw
pb.tl1 t 111m2 ht hhmL.Jwt pwliwoL.m.J.. 

C=~C;P;W; 
L, - , 
i=l x, 

npmb.rt' Pi=Ai X; -Ci iiwpuwmwG. i }uiiplt hwJmb.pn4 l4WJtlwCiw\{np4wb pb.nli4w

bmpJwfi qnpbwljpgfi t, tmlt W;-li uwpuwtnw!i hhppmu i }uupp hwJtnhpp 
Ul4WUUWfi UP,2P,fi dwuwfiwqfi t: 

liwtnwph1nl{ hhtnli.Jwt Ci2wfiw4muG.hpJ!· f; = C/x;, g;=p;W; qntuwpwJpli 

C u112p.6 ynpnmmfihpp up(ipuwguw!i }ulillJ:tpn qwphtlt t ali.wl,ibputht npUibU 
If;g; qmuwpp up.Cipuwguwfi tufillJ:tp: ..2w!i}l np qp.mwpl}\{llll. hwiiwqwpqJ! 
«utwhutwCiwlJ.wCi» t, WUIW wnw2G.mpJm!i!ibpn\{ hwuwqwpqbp}l U1.WhU1.wG.
uw!i ophfipp. hWUWOWJ!i (mhu pwd!intu) hWJUlhp)t tnwppbp }utiphp)t U)t2U 
hwpwphpwlJ.w!i wnw2!impJmli!ib.pp gw!iqwgwb \{hpwpwituuw(i qbUIPntll 
02uwpp.tn t hhtnli.JWL l4WJUWliJ!' 

If;g; = const: 
l.J11w\{np dwuwG.wqmu qnuiwpwJltll C i.ift2ltli qnpntumfib.pp. U\{wqw

qn1Jfi wpcthpfi wutwhn\{llll. wnw2UmpJnt!i!ibpp. \{hpwpwztuuwfi qwpqJ! npn2-
\{mu t· f1<f2< ... <fk UIWJllwlipg: UJuplip!i' npUihuqp. qn1uwpwJp.6 C iip.2ltli 
qnpnmmCihpJ! tltCib.U Ut.[wqwqntJliJ!, wG.hpU1cth2m t hwJmhpp. }uupbpp up.21. 
wnw2UmpJm!i!ibpJ! pwzfub.t J!Utn f; uhbmpJm!i!ibpp wpctb.pfib.pp. wl'ip.' nppw(i 
uM t f;-11 wpcthpJ!, wJ!ipw!i wnw2!iwJ]t!i t Upw!i hwtiwutwmwu}uwfillll. hwJ
tnbpp. }uUpp Ul4WUWpl}UW!i qwpqJ!: 

'1-p.mwpl.J.b.Cip hb.mhJWl p\{wJltli opltliwqJ!: '1-pgmp' uwpuwmwliJ! qJ:tunq 
hWOW}unJ11l!ibpp hWJtnb.pJ! pwdw(itl_wc} b(i hpbp }uUpbpp: linW2P,fi }utipntll 
J!liqqpq\{wb bCi uUCiqwiipb.ppp pb.nCihpJ!, b.pqpn.(llliltU' l[wnb1wfiJntp)tliJ!, puq 
bppn.(llliltU' tn!imbuwqw!i Li. Wpqjntliwphpwqwli WUJPWlipfibppCiJ!: 

'1-p.gmp' hwiiwutwmwu}uwG. }utipb.plt hwJtnbp(i ntfib(i hbmli.JWL UIWPW· 
utmphpJ!· · 

A(=O.l, A.2=0.1, A.3=0.2, x1 =l, x2 =1, x3 =3, C1=22, C2""IO, C3=15: 

q_muwpwJltCi C qnpmum!ibpJ! up!i]tuwglillll. hwJtnbpp uutwuwpqiiwCi wnw2-
UmpJm!i!ibp]t U2wliwl.J.1Iwfi 1.J.wpqJ! 1.J.wphtlt t npn2b1 hhtnli.JWl hwpwphpnt
I)JntCi!ibpp oq!impJwtip' 

c,rx1 = 2212 > C2/x.2 = 1011> C3/x3 =15/3: 
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liJuUJ}rnmf UUJWuw114t1w!i umwtJ.b1wqntJ!i wnw2!impJntCi UJbtnp t m!ih
Ciw!i wnw2}1U tut1p}1 hwJtnhp[I' u!iCiqwt1phpp}1 phn!ihpJ!: U1u}1Cip!i' WJU tut1p}1 !in11 

.hwt1wpJ!, npJ! hwUWUJWtnwutuw!imt1 t wnw2UmpJm!i!ihp}1 !i2wUw4t1wG 1w
tJ.wqntJCi 1.tw11ajl!i, 1.tu1U}1 3-J!: bpltPnPflI! 1.tt11Cih!i tJ.wnhtWCiJntppCiJ!, 111mCig Un11 
hwt1wpJ! ltl11Ci}1 2-1!, L, tJ.hp2wUJhu, hppnJlflI! lttliGhCi mGmhuwlJ.wG L W}llUlll
GwphpwlJ.wfi Wlll}lWGpCihpJ1 phnCihpJ!, npnCig finp hwt1wpJ! ltriwnGw 1-[1: 
Unw2UmpJnt!ifihp}1 CiuwG G2wGw4t1wG 11tuwmt1 qntuwpw1J1Ci C uJ12J1Ci 4n
pntutnCih11J1 fitJ.wqwqntJG wpctt1m hwtJ.wuwp t 54.498-jl: Unw2fimp1mGGhpJ1 
gwfilJ.wgwo WJl !i2wGw4t1wG qhuwmu qmt1wpwJJifi C t1J12J1G ltnJllnutnfih11J1 
wpcthm! ltll1CiJ1 wtJ.htli uho: OpJICiwlJ., wnw2fimp1mGGhpp hhtnLJWl !i2wfiw4-
t1wG 1.tw11q}1 rituwmu, h11p wnwtJ.h1wqntJfi wnw2GmpJm!i mCihfi Ulutnhmu
ltwG L WJllllntCiwphpwlJ.wG Wlll}lwCipGh11}1 phn!ihpJ!, npn!ig Gnp hwuwp!i t 3-]1, 
hpltJmPflll 4tli!ihfi tJ.wnh1wGJmphpl!, npnfig Cinp hwuwpG t 2-[1, L, LJ.h112wu1hu, 
hppn}ll}Il 4l11fib!i u!iCiqwt1pbpp}1 ptm!ihp11, n1m!ig Gn11 hwt1wpll t 1-rf qmt1w
pwJJ1Ci C t1J12J1fi qnpmumGh11}1 wpcthp[I_ hwtJ.wuwp 4.1}111}1 149.5-}1: 

liJctu pCillwp4hfip hw6wtunP11CihpJ1 hWJtnhpp tut1phpp t1J12L UUJWUWp4-
uw(i pwgwpowlt wnw2llmp1mGCihpJl 11huwmt1 qntuwpwJ}1li L t1}12[1fi ltntmtum
CihpJl wpcthp[I UJ1CiJit1wgfinJJ wnw2GmpJmfillhp}1 G2wGw4t1w!i qw11qp: bfh 
uwpuwmw!i hw6wJunllfl!ihpJ1 UUJWUWJ14ntU{! 4wtnwptJ.mu t hwJmb.11J1 ]1G11-
hwintJ.wo UUJwuwplJ.ntt1{! 2w11mCiwlthtm inwpphpwljnlj_ pwgwpow4 tunw9Gm
pJntllCihpntl L uwpuwmwGJ:! i hwuwpJl fut1pl1 hw1mhpJ1 UUJWUWJlltUwli dwuw
Ciw4.[1 mCip µ;, i= I ,2, ... ,k hw6wJun1p1wt1p gmg1w1J1Ci pw2Jun1u, WUJW uJlwtJ.1111 
ctwt1wCiw4.mt1 qn1uwpwJJICi C uJ12I1Ci qn1m1Uuilih11I1 w11dhp11 t1J1CiJ1uwgCim1 
pwgwpowlt wnw2GmpJmfiCibp}1 G2w!iwquwCi 1wtJ.wqn1JCi 4.wpqp hwu(lliljlimt1 t. 
hwpwpbpwqwCi wnw9fimp1111CiCihpJl qhuwmt1 tlh!lJ! pGCiw114.tJ.wo 4wpq}1 hhui: 

1.3. Uwht1wCiwipwlJ. hbpp' MIMIIIK: 

'J:.j1UlW}llJ.hfip Uwp4.ntl.Jw(i UUJWUWJ14·uw(i hWUWlJ.WJlqp Lj_WilJ)II, 111111 
pwq4.wgwb l t1b4 UUJWUWJlltUwCi uwppJ1g L mfij1 hhJlJHHU htuJU1h11J1 4.111mwl1-
t1wCi uwhuw!iwtfiwlt pwuwlJ.mpJwUp mh11hp: 

4hCipwru1h!ip, 11)1 hwuw4.wpqj1 u111mp111U hWJlflh(lll l111u1211 111CiJ1 %mu
unCi}1 pw2tumu Ji; UJWpwubuiJll1Lj_ (hw6wlumpJwUp), tph hwt1w1.tw11qi11t1 hwJ
mhp}1 pwCiwltl! hwlj_wuwp t i-}1: ~wJuih11J1 uUJwuw111.tuwCi dwuwliw4r• mCiJ1 
gmg1w1J1Ci pw;tumu µ; UJWpw,ihmpntJ. (hw6wJumpJwt.lp), Lt}h hwt.lwlJ.wpqmu 
hwJmhp'1 pwuw4.11 hwtJ.wuwp t i-J1: ~wuwljw11q111u hw1uit11t1 UUJwum111.tnni11 
JlpwlJ.wCiwglJ.mu t. hhml..JWJ ljh11UJ: l;ph hw1uil1 qw1111 UJtuh!1Ci hwuw4wpq111u 
mpl12 hWJUlh}l iltw!i, L UUJWUWJ14Hll UWfl{l(l tu41UU1 I., lUUJW wlit.lJ12wu1liu 
u4utJ.m u t hWJUlfl UUJWUWJlljlll U(l: lJph UUJWUIUJlltll'l UW!lJ>[l 4p1u11lJ.wb I., L 
hbppmu 4.wCi i plJ.ntl hwJmh)l° i<K, wu~,u Gnp htuJUl(l hh11p t. ljwCiqCirn u L 
hwuw4.wpqn1t1 t1Cimt1 t. t1J1!i1L I111 uu1wuwp4uwli wLJ.w11ui11: {h11pJ1 wnw4h-
1wqmJ(i hGw11wtJ.n11 t114WJllllJlJilIU[l uwhuwCi1114rn14 t. L hwlJ.wuw11 t. K-J1: l;pb. 
hWJUl}l qw1111 UJWh!1G hwuw4WJlq.tllU lttuli K + I hWJUlh(l (uh411 UUJWUWJt41~JllU I., 
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pulJ. K hwJmbp qmliqnui hli hbppnui), WUIW blJ.wc) hwJtnt! ubp<htnui t: 
chuuwliwlJ.p ulJ.qpliwlJ.wCi (t=O) utwhpli hwuwlJ.wpqt! hwJmhppg wqwm t: 
~hpppg hWJuthpp UUIWUWplJ.ntUt! ppwlJ.wliwgqmu t WJUuthu lJ.n2tlwc) 

WMWpwgp hhppp ulJ.qpmCipntl' WJuplipli' mt 2nun t hbppp qwliqlihL Ciw 
wtlhlP zmui quutwuwr11.ttlP: 'llhmp t li2hL np hwuwqwpqbpmu hbpp}lg hwJ
mhpp t!limpmpJwli qwpqt! w wqqmu hwuwqwpqp npn2 qwpLnp plimpw
qpbpp t{p.w: Oppliwq· hwuwqwpqp hw2nP11wqwli uutwuwpqmupg wqwm 
up2wtiwwtpp hpqwpntpJmliubpt! qwu hbppmu qmlitlllll hwJmbpp pwliwtm 
qw}utlwb 2tli hwJmhp}l hbpppg [!CimpntpJwli lJ.wpqpg: lTwpqntlJwli hwuw
lJ.wpqhp)l u)l 2wpp WJl plimpwqpbpp wfilJ.w.}umpJntCit! hwJmhp}l hhpppg 
t!UUlpntpJWU lJ.wpqpg U1WJUW!iw4np4wb t bWJUlbpp UUIWUWpquw(i chuuw
awqp L. qpwlig ummp}l hnup)l gmgiwJ)lli pw2}uuw(i hwmqmpJmliCihpntl: 

'l-)1.mwplJ.tlllll hwuwqwpqp tlWPPt! qwpbtP t 6lJ.wpwqpb1 hwuwubn 
uwpqntl-Jwu qnpb}!upwgntl: q.npb}!fipwgp tl)16wq wub1ntl qhwuqwCiwlip mtlJwt 
t utmh)lli hwuwlJ.wpqmu hqwc) hwJmbp}l pwCiwltt!: q.npb}!fipwg}l hfiwpwtlnp 
tl}16wqubpp E pwqumpJntfit! 4bp2wtlnp t L. pwqqwgwb t 0,1,2, ... K+l mwp
pbp}lg: 

PCi2uthu fi2tlb1 t XI pwctfimu, hwuwqwpqp tlWPPt! fiqwpwQPDll uwpqn
tlJwG qnpbt!Cipwg)l hbmwqmnnttit! hwliqntu t hwuwutwmwutuwG Q hwow
tumpJmCifihp)l uwmp}lg]l mwpphp]l npn2uwfi[! L. lm1unqnpn4-::>bUJ.libfip hw
tlwuwpmulihp}l 1mWwfit!: ~bp2]1GCibpu fiqwpwqpmu hli hwuwqwpqp wfigm
liwJ}I.Ci nbct)lli(!' qw}utlwc) t chutiwfiwlJ.]lg, puq t~oo qbtqpmu hwuwqwpqp 
wu]ltiUJ.UlllUlWJ}I.Ci qwppt!' tiwuliwqnpwuthu umwg)lnfiwp nb<tltlit!: 

XI pwctfimu pufiwpqi.J.wc) b6 tiwpqntlJw6 qnpbt!fipwg]l L. fipw uwu
uw4np qbtqp hw6llltuwgllll pwquwgtiwfi m qnpbwfitiwfi qnpbt!fipwg]l 
hwtiwp Q uwmp}lg}l mwppbp]l npn2uwfi bpltm hqw6wltlihp' qnpbt!fipwg}l 
wfigmtiwJp.6 hwtlwfiwqw6mpJmCifihp}1 L. mwpphp tlP6wq6bpntti wliguw6 
UUJ.Wutiwli chu-uwliwltlibp}l umntuwum)llt wnli!ntPJntfiCibp)l hqwliwqfibpt!: 

'l-JtmwplJ.tlllll hwtiwqwpqp tlWPPt! Ciltwpwqptl_mu t tl]16wqfibp]1 t[tp2w
t[np E={0,1, ... ,K+l} pwquntpJmfint[ pwquwgtiwfi m lJ.npbwfiuwfi qnpb
t!lipwgntl: 

UJctu wfig(ihfip Q tiwmp}lg}l mwpphp}l npn2uwfit! tr1lJ.m hqw6wq6hp)1 
oqfimpJwtip: 'l-)1.mwpti.blip .1.t «i.pnpJl>> chuuwuwlJ.p t!lipwgpmu hwuwti.wpqp 
tl]16wqp bliwpwt[np i.pni.pn)untpJmfiuhp]l hwtlwliwltwfimpJmfifihpt!: 

'l-}lgmp' n;(t)-6' chuuwliwqp t UJ.Wh}I.Ci hwuwti.wpqntu i pwCiwlJ.]1 hwJmh
p)l qmut1t1m hwtlwuwti.wumpJmfifi t: 'l-}lmwpl[bup hwuwqwpqntti hwJtnhp}l 
pwuwqp huwpwt[np i.pni.pn)untpJmuubpt! (t,t+.1.t) chuuwfiwltwhwmtlwc)inti: 
chuuwuwlJ.p t+.1.t utmh}lu hwuw4wpqt! ltqmfitlP i tl]16w4nui, bpb ti.wmwptlht t 
hbmL.JWL wfihwtiwmhqblP i.pn}upwgwnnq bphp UJ.WJUwfifihp]lg npL.t tibltl!' 

1. chutiwfiwlJ.]1 t UJ.Wh]lli hwuwti.wpqnuI hwJmbp}l pwuwtm hwi.J.wuwp t 
i-)1, L. (t,t+.1.t) ctwuwfiwti.whwmi.J.wc)mu tl]lowlJ.p i.pni.pn)untpJmCi w qwmwptlbt. 
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2. chm.'iwfiwlJ.l1 t 111whl1fi hwuwqw11q.nui hwJmbpp pwfitu41! hwt{wuwp t 
(i-1 }-p, L. (t,t+At) ctwuwfiwqwhwmt{womu blJht t finp hwJm. 

3. chm.'iwfiwlJ.ll t 111whl1fi hwuwl)wpqmu hwJmhp}1 pwfitulJJ! hwt{wuwp t 
(i+ l )-p, L. (t,t+At) ctwuwfiwqwhwmt{womu u111wuw11lJtlbt t ubq hwJui: 

Unw2}1fi 111wmwh11tJp}1 (UIWJUwfij1) hwqwfiwqwfimpJlllfil! hwt{wuwp t t 

111whl1fi hwuwl)wpq}1 i tlJ16wqmu qrnfit{b1m .n;(t) hwtJ.wfiwqwfimp_1wfi L. At 
ctwuwfiwqwhwmt{wmmi i tlJ16wlJ.l1g i tlJlowlJ wfiguwfi p;_;(M) hwt{wfiwqw
fimpJwfi wpmw:qpJtutpfi: 

bpljpnflll 111wmwhntJpp hwt{wfiwqwfintpJmfi]! hwt{wuwp t t 111whpfi hw
uwljwpqp i-1 tl}l.owqmu qmCitlbtm n;.1(t) hwt{wCiwlJwfimpJwfi L. At ctwuwfiw-

1.twhwmt[womu i-l-l1g i tl}1.6wlJ. wCiguwfi p;_JiAt) hwt{wCiwlJwfimpJwCi wpml.W}
pJwt11fi: 

bppnflll l4WU1whn1Jpl1 hwt{wfiwlJ.wCimpJmCil} hwt[wuw11 t t l4Wh)1u hwuw-

1.twpqp i+l tl}1.6wqnu.'i qmfit{t1m n;+1(t) hwl{wfiwqwfimpJwfi L At ctwuwfiwqwhwm
t{wonui i+ 1-pg i tlJ1ow4 wuguw(i P;+JJ(At) hwqwuwljwumpJWU tupUlWllJIJWUJCi: 

q.np0]!Ci13wgl1 gwuqwgwo mp~z tlJ16w4.ut11}1g i tlJ16w4., 1.twu Cizl{wb bphp 
qbl4Phpn1u up2wfi4Jw1 tlJ16wlJCibp t!CilJCih1ntl wugmufibp}1 hwl{wCiwqwCimpJmfi

CibJlJ! At ctwuwfiwlJ.l1 {!Cipwgpmu mCihCi O(At) wul{hp5! 1.fmp11 ubbntpJwu qwpq: 

liJUl4PUntj .n;(t+At) hwl{wCiwqwfimpJmGOh1ip hwuw11 Ullttl hwl{wCiwqw-
Cint):)JntCifihpp pwuw&L}1g qumwfiw(ip · 

11;(t+At) = .n;(t)p;,;(At)+ .n;.1 (t)p;.1 ,i(At)+.n;+ 1(t)p,+ 1,.(At)+O(A), I$ i$K: 
i=0-}1 L. i=K + 1-}1 qhUJPhpmU hWUWUJWUlWufuwO hwt{WUWJllll ti(ihp(i 

mCihCi hhmLJtul tnhupt!' 

11Q(t+At) = 11Q(t)p0,0(At)+ ni(t)p 1.o(At)+O(tlt), 

1li<.+ 1(t+tlt) = 1li<.+1(t)PK+ 1.K q(tlt)+rrK(t)pK,K + ,(At)+O(tlt): ( 1.1) 
uzhfip fiwL., nJl .n;(t) hwt{wCiwqwfim13Jmfiub1111 t-11 gwuqwgwb wpcJbp}l hw
uwp l4hmp t pwtJ.w11wpbfi finpuwt{n11uwl1 hbmLJWI 111wJuwut1Ci · 

Ktl 

L7r,(t) =I: ( 1.2) 
o=O 

Oqtntlhtntl gmg~wJl1fi pwztuuwfi hhmwq11bgml}JWfi pwgwqwJmpJwfi 
hwmqm13JmG}lg L u1}1l{ hwt{wGwlJwCimpJ111Ciuhp)1 pwuw6L!1g, p,1(tlt) wCigm
uwJ}1Ci hwtfwGwqwfimpJmfiGhp}l hwuw11 4umwOwCip' 

Pi.i+1{tlt) = e-µ,t., (l -e -).,t.o) = ( I -µ,At)A,tlt+O(At) = A,tlt+O(tlt), i2:'.0, 

P,+1,;(tlt) = e-).,,,t., (1-e-µ,,,l\,) = (I A;. 1At)µ,, 1tlt+O(tlt) = µ,qtlt+O(tlt), i~O. 

p;;(At) = e-µ,ru - e-).,l\, = e-,µ,+)., )ru = I (µ, + A,)At+O(At), i~ I: 

P;i(At) hwl{wCiw4.wCimpJmCiCibp}1 wpcJhpfih1111 mh11w1wbp1l{ ( 1.1) hwtlw

uwpntuGhpp uh2, lfm1.fmtuw4wfifih11I1 tuupwl{111m1u}1g Lt (±At----tO} uwhuwfiw
Jjlfi wfigmupg hhmn Wl4wgmgl{mu t rr;(t) wowligJw1t1 qnJllll}Jlllfi[l: 
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UJuutllll119 1Ii(t) hwtJ.wuwqwGmpJmGCit11l1 hwuwp uuiwgtl_mu t qfl!pbpbugpwt 
hwtJ.wuw111nuut11l1 htutL.Jwt hwuw1.tw11q(!. 

d1Ii(t)/dt = - (}.,+,u;)n;(t) + }.,.1.n;.1(t) + ,LJ;+1.1Z';+1(t), l::S: i::S:K, 
d11Q(t)/dt = -A.o11Q(t) + µ1.1Z'1(t), 

d1Z"i<+1(t)/dt = -JJ.K+11Z'K+1(t) + Ax1Z'K(t): (1.3) 
"12wGl1 np t=O U}Wh]lu hwuwqwpq(! wqwui t hwJuib11l19, WU}W 1Ii(t) 

pwz)untti(! pwlj_wpw111nu t GwL. htmL.Jwt U}WJUwCiGb11)1.G. 
11o(O) = 1, n;(O) = 0, 1::S: i:5K +I, 

{wuwqwpql1 lj_wpp(! Gqwpwqpllfl uwplJml.JwG qnp0]!fipwgl1 wGgmu
ubp]l hwtJ.wGwlJwfiwJpG qpw:t,(! pbplj_wo t uU111pL.' 

I-Mt l-{A1+µ1)6t l-{i!-i+µ2)6t i-{A;+J.l;)6t l-{).K+µiJ6t l-µK+16t :Ee At 

~6t A16t il-i6t A;.1~t I A;~t 

Pul.J. qnp0]!upwgI1 hwow)untpJwfi Q uwuip]lgG mG]l htmL.Jwt uitup(!. 

-Ao Ao 0 0 0 
µI -(A1+µ1) A1 0 0 
0 µ2 -(Ai+ µ2) A2 0 

Q= 0 0 

0 0 µK-1 - (AK-I + µK-1) AK-I 
0 0 0 µK+l -µK+l 

Q uwuip]lgp mwppbpp L. n;(t) .hwtLwuwqwGmpJmGfibpp npnzuwfi hw
uwp GwL. qwptl11 t oqmtJ..bt qnpb(!Gpwgp wGgmuGtp)i hwow)untpJmGCitpp 
qpw:t,pg L. qnpb(!Gpwgp Jntpwpwfil)mp tl.]1.6wl.J.mu hwJmbpp hnupp hwow
)untpJmfifibrtli hwztlbl.J2npg: 

q.npb(!fipwgp wGgmuwJpG' hwow)un1pJmfiGbpl1 qpw:t,(! hbutL.Jwtfi t. 
µl µ2 µ3 Ji; ,LJ;+1 JJ.K JJ.K+l 

... ~ ... ~ 
Ao A1 Ai Aj.J i Aj AK-I K AK K + I 

Cum hwow)untpJm!ifibp.p hw2l{b42np qn.pO"f!!ipwg]l' npL.t i· tl.]1.6w4Pg 
qmpu qwtm L. wJq tl.]1.6wq (!UqGbtm hwnw)unt}}Jmfi!ibpp mwppbpmpJntfiJ! 
U}butp t hwlj_wuwp tpG]l wJq tl.]1.owqmu hwtJ..wGwqwfimpJmfiGbpp hwnw
)untpJwfi tpntpn)untpJWU(!: -RfiGwpq\J.rui. qbll}PntU i+ 1 L. i-1 tl.]1.6wqG.bpl19 
qbll}P i tl.]1.6wq hwowfumpJmGG.bp(!, hwuwU}wutwufuwG.npbG. hwtLwuwp bG 

,LJ;+11ll+1(t)-p L. A;.11ll.1(t)-p: i tl.]1.6wltlig qmpu qw1m hwowfumpJntU(! hwtLwuwp t 
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(il;+µ;)n;(t)-J1, Jm4 i tJ.116w4111u hw4wGw4wl.impJntfiCihp}1 1.pmpnjumpJntGI! lnu
tlwuwp t dn;(t)/dt-11 (hpzhGp UIWUlwhwqwu uhbntpJwG pwzjuuwG juumtpJwCi 
hw4wGwqwCiwJl1Ci ubqGwpwGmUJ!): liJuajmntl, {!Utn hw6wju11tpJntGCih11l1' 
hwztlb4zn]:i i tJ.li6w4P hwuwp qumwCiwCip' 

dn;{t)/dt = n;_1(t)il;rn;(t)(µ;+ il;)+ 1!;+1(t)l';+i, i~l: (1.4) 
0 h K + I tJ.116wqCib11l1 hwllW]l 4w11tu1 t qpt1 hbuiL.JWL hw4wuwpmuCib111!' 

d71o{t)/dt = n1(t)µ1-ilo11o(t), 
d1Zi(+1(t)/dt = .li.K7lk{t)-i'K.+11Zi<+1(t): 

'l-<h.J.wp lt hwunqtlbt, np (I .4) hw4wuwpmuCit11J1 hwuwqw11q11 6zuin11tG 
hLUU{!CiqCimu t (l.3)-}1 hbui: liJmajmntl' hw4wuwpmuCibJ1I! 4wqut1m hwuw11 
pLUqwqwCi t nJlllzbt Q uwmpl1gl1 U1WJ1JlbJ1J! L. ltli11wnb1 tm1unqnJ1ntl-~tuiutGI1 
mqJnl 4wu hw4wqwp6 hwqwuwpmuCibJl{l: Q uwm11l1gJ1 rnwpJlbJtp nJlllzuwG 
ubq WJL qwnmgqwopwJl1Ci bqwGw4, np{! h)1uCi4wo t umnjuwumpq hwtJ.wuw
JllllpJmfiCi.t11J1 L. qnpb{!Gpwg fit11umbtJ.wb uw114mtlJwG Z1WWJ'14JIW, q}lrnw11lt-
4wo t X pwctGmu: 

(l 3) hw4WUWJllllUCit11J1 1mbmuGt1111 llJlll]lllU{l L hhuiwqnuintt~[I '1IllJU
'1u4 uiw11qwqn1Jfi Ull}WUWJ14Uwfi hWULUltWJ1qhJ1'1 hWUWJl 4wuiqwb t hwz
tJ.nqwqwG ubb pwJlllmpJmGCit11l1 hbm: U111 Im4 t11wrn6wnml qnpofiwltwfim u 
q}luiwJ144ntU t hwuwqwpqb11)1 uuiwgpnGwp nhctl1U[!: <1-uiCibCi.p ubp hwuw
lJLUJlqp hwuw11 i tJ.116w4mu qtnfitJ.btm :n; uuiwg)mfiw11 hw4wCiwltwCimpJmCi[!: 
bpb hwuw4wpqJ1 hwuw11 qnJmpJmCi. mCip uuiwg)mGwp nbct)1u, wll}w 
d11;(t)/dt=O L n, = limn,(t): U1uuibaj1g n;, 0:5j:5K+l hw4LUfiw4wGmpJmfifih11J1 ·--hWUWfl 6zuw11J1U1 t hbmLJWL hw4wuw1m1ufit11}1 hwuwqwpq{l. 

(il;+µ,):n; = .11.,.1tz;.1+J.i,,in;,1, 1:5 i:5K, 
A<111o= µ,n1, 

µKH 1rKq = .li.K1l°J<: (f.5) 
( 1.5) hW4LUUWJUIIUUbJlU W]1UlW911tntU h(i uuiwglmfiWJl nbcJt1umu qnflb

{!fipwgp i tJ.lt6w4 uuili1111 L IJlllllU h4nfJ hnupLpp hw6wJumpJmfiGt11J1 
hwtJ.wuwp Lltfibm: ( 1.5) hw4wuwrm1uCit1111 qwqut1111 hwuwr1 pwtJ.wltwfi t 
hLU6wjumpJmCiGhp}l qpw~111u wnwG6CiwyliL.t npLt. i qwqwp L. hwztJ.hJ l}huiJ1 i 
qwqwp b4IlfJ (i- I L. i+ I 4l16w4Citp)1g) L i qwqwpJ1y 1µ111m b4rut (i -1 L i+ I 
4l16LU4Ci.bpl!) Jumpbr1J1 hw6w)u111pJ111 Ci.tit11J1, n1mfig hw14Ll.1,ml1 hLU4wuw111u
J}JWfi ll}WJtiwCi)1g 4umwGwtip ( 1.5) hwt1w4w11ql1 hw4wuwJ1111Utit1111: <.wuw
ltLUpq[! t11hui12 t. 1pwgfit1 n;, OsisK-1 I, htu4wtiwqLUti111p1111tilit11J1 tinpliwtJ.1111-
uLUCi ll}WJUWti114· 

(l.6) 

(I .5) hw~wuwpmufibpJ1 l11uuwqw11qJ111110111ufit.11li mliL.ti hbtnL.JwJ uibup11. 
, -I 

n; = no O (.11.J µ J• I), 0:5 i:SK +I, 
1~0 

( 1.7) 
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npmb.q 71o-u 11111124.nuI t ( 1.6) UjLUJUW!il1g' 
K+li-l 

1Zi> = 1/(1 + I. n (},j µj+1)): 
. 1=1 ,=<> 

(1.7)-1! ULUpl.im.1.Jwu hwuw4wpqh11l1 mhumpJwu h}1111iLU4wli hw4wuw
pmuli t, npl1g ll}lUjhU llWUUW411p ijhUWh}l UU1Wg4.ntll hfi 0Wp4D4JWU ZWU1 
hwuwl.J.wpqbpp tntontUlihp]!: liJ'l tntOlltllfibp{! qtnfibtnt hwuwp utWptnwaj1p 
~t 4wqub1 hw2tJ.b42n}1 hwtJ.wuwpmufibp}!. pwtJ.wl.J.wu t hwunqtJ.bt, np hwuw-
1.J.wpqp tJ.w11nl! fi4wpwqptJ.mu t pwquwguwli m tinpawliuwfi qnpb'J!fipwgntJ. L 
npnzht fipw hwl'.iwfumpJmfifihpp Q uwmppg{!: 

UJctu pliliwp4hfip ( 1.4) hwtJ.wuwpntulibpl1 umwglmfiwp 1montufib11}1 
qnJntpJwli hwpgl!: 'l-}1mwp4tlllll qhuwmu, pwfi)1 np hwuw4wpqp tJ.wppJ! 
fi4wpwqpilll uw114ntlJtuli qnpb'J!fipwg{! tpql1Jl}14 t, WUIW t~oo qtuwmu qnp
b'J!fipwgl! upztn ntli]l umwgpnfiwp (4wJmli) n; 1montufibp: uph K=oo (K-fi 
oqmhgfimu hfi +oo-fi), WUIW utnwg]lnfiwp LlllOlltUlihpp qnJnt}}JWfi hwuwp 
wfihpwdhzm t, 11o>0-]1g: Umwgpnfiwp 1montufihpl1 cµ1Jnt}}Jntlil! hhmwqn
mt1m hwuwp 4wqubfip hl,tnLJWl qnuiwplihp}!. 

oo j-1 oo j-1 

S1 = L TI (A;/µj+I), S2 = L TI (µdAi+1): 
j=li=O j=li=O 

'l-]1mwp4tlllll pwquwguwfi m 4npawfiuwfi qn11b'J!fipwg]1 pn1np 4l16w4-
fibpf! tpqrnyi.4 tu]llitli uI•wJli wJfi qtllll!mu, tpp 

S1< oo L S2= oo: (1.8) 
\,zhlip, np U]lWJfi tpqru].pqnt}}JWli (1.8) utWJUWlip pwtJ.wpwpuLUli qhut

pmu qnJntpJmfi mlihfi (1.4) hwtJ.wuwpntulibpp. qwJmfiwgtJ.wb 'Ii 1montufihp}!: 
tpqnqpqnt}}JWfi UIWJUWU{! pwtlw11wp4mu t upwJfi WJfi qhuwmu, hpp 
uqutJ.wb npLt i tlltl'.iwl.J.pg {ii.;/J.1;+1} hw~inp11wlJ.wfintpJwfi pn1np wfiqwufihpf! 
t)mpp hli ·ut4l1g, wJup.fipfi' hpp q.i1JntpJmfi mfihfi wJfiut11u]1 io L c<l-]lg; np 
pn1np i~i0-hpp hwuwp ozuwppm t A;l,t.t;+1< c < I wlihwtJ.wuwpntpJntfi]!: 

~bpphpp mhuntpJWfi zwm unqbtlihpntU uzl{wb tpqllJl}tlJ.ntpJWfi utWJ
UWfi]! pwl{wpwptJ.mu t, p.fim pntJt t tnwtltu oqtnwqnpbht pwquwguwfi nt 

1.J.npawfiuwfi qnpb'J!lipwgp 'Ii hwl{wfiwqwfimpJmlifibpp hwuwp umwgtJ.wb 
]!fiqhwfimp 1montuCihpJ!: 

UJdu wfigfihfip qwuwqwli uutwuwpquwfi hwuwl.J.wpqhpp umwgpnuwp 
pCimpwqphpp hhmwqnmuwfi{!: 

1.4 UCiuwhuwfiwt}1wll hhpp' MIMll~ 

~wuwqwpqntu hwJmbp]l ummpl1 hnupli mCi}l '1lmwunli]1, ]lul.J. lipwlig 
uutwuwpl[uwfi dwuwCitul.J.1!' gmg!WJpfi pwztuntu, hwuwutwmwu}uwfinphfi ). 
L. µ utwpwuhtnphpntl: ~wuwqw11qp l{wppJ! l[wphi]l t fi4wpwqpt1 
pwquwguwfi Ill l[npawliuwli qnpb'J!fipwgntl, np}l wligmufihp]l A;j hwow
luntpJntfifihp]! hwl{wuwp hfi' 
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A; ;+1 = J., i=0,1,2, ... , 
µ,+1.; = µ, i=O, 1,2, ... : 

<.wliwqwpqnuI hwJmt11I1 uwuwq[! uwhuwuwt}lwlt 2t, Imlt 1wwfig 
uuiwuwpqmlil} qwmwptlmli t WPl}Wpwgf1 hbpJ)fl uqqpmfiuntl: 

<.WUWqW!lqll 4W!l,12{! uqw)l.W(lllllll pwquwgUWU Ill qnpawfiuwfi qnpa
l}fipwgf1 E tll1nwqfib11I1 pwqumpJmU{! pw11qwgwb t hbmLJWl mw11pbpf1g· 
E={0,1,2, ... ,n, ... }, npmbq n-]! hwuwqwpqmu hwJmbpf112wuwqu t: 

q.npb{!upwg}1 wugmullbpp' hwnwtumpJm(i(ibp]1 qi1w:f>U mUlt hbtnLJWl 
mtumf 

A A A >.. A A 
bph pw4wpwptlmli h(i tpqnajlltmJ)JWU ( 1.8) UjWJUwfiUb111}· 

S1= I,()./µ)'< oo, S2 = i(J./µ)-i = °", 
i=l i=l 

wuiw hwuwqwpq[l mUp umwgfmfiwp nhdl1li, 111111 tr. tmbmuuhp[l 111mzt1111u ta 
hhtnLJWL pwfiw0Lhpn4. 

,-1 

n; = no fl Alµ= 1ro(A/µ)', i:2'.0, no= 1/(1 + I(J./µ)'): (l.9) 
J=O ,;() 

<.hzm t uqwmht.., np hwuwljwpql1 t11qnq.l1qmpJwU UjWJliwliUb1111 pw4w
pwp4mu b(i lillWJU L uI1wJfi A.1µ<1-pg r]hUWillll: 

no hw4wUwqwUmJ)JWll hwuw11 Si-11 qmqwuf1muw(i UjWJuwliI1g tiumw
liwfiv· 7lii= 1-(A.Iµ)= 1-p, npmtri p =Alµ-G hwuwljwpqlt qpwq4wbmpJwl1 
(phnl14wan1pJwfi) qnpaw4Pgfi t: 

tr. umwg]mUw11 hw4wUw4wlimpJmlilibp]1 hwuw11 quuiw(huUp' 
n; = (1 -p)p', i=O, l ,2,... ( I.I 0) 

liJuutlmntl, tiwJmu nbdpuI1 l}tuwmu hwuwtiw11qmu i hwJU1liJ1]1 qmfitlt
tm hw4wuwqwGntpJlllfi{! 4wtutlwb t t1]1wJG A-]1 L µ-l• hwpwpb11mpJmfi!1g· 
ltwliwljw11qt1 pbnlitlwbmpJwG p qi111bwqgl1g: 

<.wuwljwpq}l pfimpwqphpp npnzmli]!: <.wt1wtiw11q111u hwJmbpp N 
ufi2pfi pwfiwqp hwuw11 uwpht1wmJ14w4wn uutwuLt11J1 pwliwoLJ1g mlitup· 

- - - a -
N"" Iin, = (1- P)Iip' = (I - p)p-(Ip') = p/(1- P): 

,=<J ,=<J dp ,.o 

Ll•ptl1 pwGwoLn ltll!lwnLtntl hwuwljw11q111u hwJtnJ1 0Gw1m t up2pfi 
dwuwfiwltli hwuw11, ljumwtiwup· 

t= Nj)., t = pl(l -p)A. = 1/[µ(I p)]: 

<.wt1w4w11ql1 4wr1Ln11 pG111pwq11L11t19 t GwL hwuwqw11q111u i-pg n2 PPl 
hwJmbp)l qmfitlbtm hw4wfiwqwfimpJmfi[! · 
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- -Pi= L1Z"j = L pi(l- p) = pj, i=O,l, ... : 
j,oi j=i 

~h{ipmu hWJtnhpll u}12}1U pwUwtuf Nq -U, 11p.nz1.Jmu t hhuthJWt 4h111.q: 

ci.11gmp· v-(i hhppmu hwJmh11}1 1.qwmwhw4wU pwUw4fi t: UqUhwJm t, np 
v=O-p, hph hwuw4wpqmu hWJI.Dbp llJWfi h v=n-1-11, n=l,2, ... , bph hWUW
qwpqmu 4w n hwJtn (n-l-J!' hhppmu h ubqyf u1.qwuwp4t1wU uwp.pmt1): ~hp
pmu n hwJmbp}l qmutlhtm hwtlwfiw4wfinrpJmfiJ!, bpp n>O-)lg, hwtlwuw11 t 
11;iw)1, Im4 n=0-11 qhuwmu· (11o+1r,)-11: ~bmL.wpwp, hbppmu hwJmbpl1 Nq 
u)12}1fi pwfiwtm hwi.J.wuwp. t 

Nq =}:(n-1):irn =N-p=p 2 /(l-p): 
• n=I 

Umnp}l(i q }lfiqbpul! queue (hbpp) pwn}l ulJ.qp(iwmwn(i t: 
<wJm)l hbppmu 2mqwubtm (qpnJwlJwfi u1.qwuuwfi) hwtJ.wfiwqwUm

PJntfiJ! hwtlwuwp t 7ro-p, 7ro=l-p, puq tipwt.J.np <hut1wUwqmt1 hwtiwqwpqnt.J. 
wCigwb hwJmbpp u)12)1U p]11.J.J! hwqwuwp t ..:l.=(l-7ro)µ-}1: ci.w wJu1.qbu ·41121.{wb 
hwtiwqwpq]l biufuu)l hwtJ.wuwpmtifi t: tiJfi pmJt t mwtJm hbzmmpJwtip 
npnzht 7ro-)1 wpctbpl!: 

1.5 Uwhuwfiwtpwlj_ hbppntl u111wuwpl{uwli hwtiwqwpqJ! 

C}.)190112· hwuwqwpqn1t1 hwJmbp]l pwfiwl{J! uwhuw(iw1.pwlj_ t L. hwtlw
uwp t K-}.l: ci.w 6zw6wqmt1 t, np hwt1wqwpqn1u wnwl{btwqntJfil! qwpnll bfi 
qmfill_ht K+l hwJmbp' K hwm hbppmu, Im4 tih4f! uuiwuwpquwfi uwppmu: 
bpb npht hwJm)l qw1m l.lJ.Wh]lfi hwuwqwpqmu hbpp}l bplJ.wpntpJmlil! hw-
1.{wuwp t K-p, WUIW WJI} ilWJl.nl! ubpdtJ.mti th tlt Ul.lJ.WUwplJtlmu: 

"lwJtlwfiwqnpi.J.bfip, np hwuwqwpq]l hWJI.Ilbp]l timmp}l hnup}l h UUIW
uwplj_uuili <hut1wliw4}1 pwzfutiwli !}>mfilJ.g).lwfibpf! gm~nwJ).l!i bfi' ..:I. h µ l.lJ.Wpw
ubmpbpnt.J.: 

~wuwqwpq]l qwppl! lj_wpbtJi t filjwpwqpbt i.J.]16wqfibpp 4bp2wl{np 
E={0,1, ... K+l} pwqumpJntlint.J. pwquwguwli m lJ.npbwfiuwfi qnpb)!lipwgnt.J., 
npp wfignuilibp).1 hw6wfumpmfifibpf! hwi.J.wuwp hfi' · 

A; = {;\., bpb i < K + 1, 
0, bpb i ~ K + l, 

/Ji=µ, i=l,2, ... ,K + 1: 
J!wfi]l np E pwqumpJlllfil! 4bp2wt.J.np t, Wl.lJ.W hwuwqwpqf! u}lzm tpqn-

1}]14 t L. mfip umwg)lnfiwp pwzfumu: q.npb]!fipwg)l wfiguwfi hw6wfun1.pJmfi
libp]1 qpw!}>f! L. Q uwmp]lgJ! mlihfi hbmL.Jwt mbupJ!. 

µ µ µ µ µ 

A A A ~I 



Q=[J-(tµ) -({µ)I I] 
Oqmt.fbtml (l .7) pwfiwoL.h11f1g, hwtiwqwpajl umwgfmfiwp hwt.fwuwqw

fimpJntfifihpp hwtiwp qumwfiwup· 
i-1 

n;= n0 CT(..1.Iµ), i:5K+l, n;=O, i>K+l, 
J=O 

qwu 

K+l 

UJumhq ~-fi npn2t.fmu t L 1l'; = 1 finptiwt.fnpuwfi UIWJuwfipg L. hwt.fwuwp t' 
i=O 

~= [1+·IJ(..1./µr]-· =[1+Ji./µc1-cJi./µt•I>]-· 
i=O J-Ji./µ 

Dpmbruig· qnpltJ!fipwgp umwgpnCiwp hwlj_wfiwqwCimpJmCiCibpp hwuwp 
qumwGwCip · 

~=(l-p)/(l-pt•2, p=Ji.lµ, 

n. =o- P>Pj /o- pK•2>, o:5 i:5K+1, n.=o, i>K+I: 

{wuwqwpqmu hwJmbpp tip2pG N pwGwqJ! hwl{wuw11 t· 
- K+l 

N= Iin;, 
1=1 

- K+J 
N4 = L(i -1)1l';: 

p:;J 

{wJtnhpp hwuwqwpqmu t L. hhppmu t4 uGwtm dwuwCiwqfihpp up2tiG 

wpdbpGhpf! nJlll2t.fmu bu l)1p~1 pwCiwoL.11 oqCimpJwtip, l!UUI npt1· 

t4 = N4 /Ji., i = Nik 

UJuajmmj 11wuwqwfi UUJWuw114tiwCi hwuwqw11qt1 h)uifiwqwti umwgl1-
nfiwp pCimpwqphpI1 hhmwqnmmuu wt.fw11u1l{mtI t: Ufigtitti12 u11jwuw11qtiwti 
hwuwqwpqhp!1 qnpltuwqwu 4I111wnm pJlll Citih11t1 12fi!iw11qtiw!iu wl{mnmhtu
UUjWuwr1quwfi ohnfiwpqmpJwfi opJ1Ciwqnl{: 
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2. Uqummhfumqwuwpquwfi o.lmfiwplJ.ntpJwfi llllllht 

2.1 UuiwuwpquwCi hwuwqwpqp CiqwpwqpmpJmfi 

011utbu utqwuwpquwu JuuuwqwpqJ.1 tnJ1tqwJI1Ci 011I1Ciwq, 1111}1 awnwJm
pJmfifib11}1 hhtn wnopJw 1.iJwCipmu pwt[wqwli}1Ci hwcwtu hCip wnfi~t[mu, rl11-
mwpl}Cib(ip wt[mmnbtuuutwuwpquwfi obnfiwpl}mpJntCi]!, np]! utqwuwpqmu t 
npnzw4l1 tnwpwap}1 pfiwlJ.112fit11I1 wt[mnut12hfiwfihp]!: CmqwJwqwli upgwq
gmpJwfi uiwJuwufihpmu fiuwu otnuw11qmpJwli Wfllllntliwt[tmmpJwfi WUJW
hm.tmu]! tqwhwfi2mu t hhmwqmnt1 }1fi~uitu hwcwtunJ1IICihp(1 tqwhwfi2Cit11l!, 
liwtuwu}t1unpJntfifihp]! L. t[w1112l!, WJfitqbu t1 otnCiwpqmpJwCi w2tuwmwCip}1 
lJ.wquwqhpUJuwfi L. qwnwt[wpuwfi mwpphp tqwCiwlJ.Cibp]!, Cipw wnwCio}lCi 
awnwJmpJmCifitp)I lJ.wqu]! L. hwnwtunJ1IICihpl1 uutwuwplJ.uwCi lJ.wpq[l: 

OtmCiwplJ.nrpJwfi w2tuwmwfi12}1 qwquwqbputliwfi oL.tp]l L. hw6wfun1lll
Citp}1 UUJWUWpljUWU ljwpqp htmwqntnUWfi L. ]!CiUlpnlpJWCi chuUwCiwlj tqbUlp t 
hwztll1 wnfiht, np hw6wfunJ1IIfihpl1 L. otu1CiUJpqmpJwCi Citqwmwljfihp]! L ~wtpw
Ci]lzCihpJ! ljwpnq bCi hwljllll]1lt[t1 u:11uJwCig: 

Op}1fiwq' bpb hw6wfunf1IlCihpl1fi htmw12pppn1u t wpwq, npw4Jw1, tchufi 
L. wnwCig hWtqWqntUubp}l UtqWUW}lltntU]!, WtqW ohnCiwplJ.mpJntfi]! zwhwqp
q[!Ill[WO t WUIWhm.tt1 )lp muhgwa u}1~ngubp]1 wnwt[b1wqn1Ju ptnfit[wam
J}JlllU]! L. bljwumwphpn1pJntCi]!: ~bp2J1CiCibpu uiwJU:wCiwt[npgt[wa bfi WJfi
t4J.m]1 qnpan(ifibpnt[, J:iu2t4J.m]112 b(i otmuwplJ.mpJWU munWJlllpJntfiutp]l L. 
uuiwuwpqnq pp_]lqwqCihpp. pwCiwq]!, Ciptufig mbfuCip.qwqwCi qp.ut[wan1pJntU]!, 
wztuwmnqubpp uwufiwqJ.1mwqw(i npwqwt(npnlU]!, UUIWUWpquw(i wupnq-
2wqwfinLJ}Jlllfi]!, aumwJillJ}JmCifibpl1 L. ppl1qwqCibp]1 J}nqmCiwqmpJntCi]! L WJtCi: 

OtmCiwplJ.mJ}JWCi wztuwmwupp. qwquwqbptquw(i utwppbp bqwuwlJ.
Cibp]l q(iwhWtnUWU hWUUl[l qwpnq bfi _ oqmiuqnpbl{bt hbppbp)I lllhUillJ}JWfi 
mwppbp um1t1uhp, npmbq otmuwplJ.mpJntU]! q_]lmwpqt(mu t 11[1\llbU uhlJ. 
]!Ciqhwupwgt[wb uu1wuwpquw(i hwuwtiwpq lJ.wu upUJWfig hbtn tlmtulJ.w
UJWlJ.gt(wb mwppbp uutwuwpquwu hwuwlJ.wpqhpp. gwfig: 

'l-pmwpl}bCip wt(mmnttuuUJwuwpquwu otmuwpqmpJmCiJ!, nputhu Ull!W
uwpquwu hwuwl[wpq: Otmuwpl[mpJwfi ummpJ:i hnup]! oL.wt[npt(mu t hw6w
lunJ1Illibp]1 hwJmbpnt(: ~w6wfunflllfibpJ1 UU!Wuwpl[uwfi hwJtnhpJ! l[w-pbllt t 
qpmt1 DflUihu 11]11.iJwfig}lg wfilJ.wtu wnw2wgnq bpL.ntJJ}fihp, npnfig hwCiqbu 
qw1m U!Whbp]l u]12L ]!Ciqwo chuuwuwq]! uqwpwqpt(mu t npnzwlJ.}1 pwztuuwfi 
opbfipnt(: ~wzt{wpqCihp_]l hwuwp pwt(wpwp czmmpJwup bupwqpbup, np 
otmfiwpqmpJwCi ummpmu hwJmhpp. hnu12l! mCiii ''lmwunCi]l pw2tunuI, J:iuq 
hpqm hw2nflJlwqwCi hwJmhp}l qw1m UJWhhp}l u}12L. (!fiqwo chuuwfiw4J!' gmg
~wJp.Ci pwztun1u: 'l-}lmwpl[hCip hw6wfunflllCihp}l t(wppp. bphp mwppbpwquhp, 
npnCip UJWJllwfiwtiwfinpbfi tiwfit(wubfip' 
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w) ~wlipbpwmwp hw6w}un}1I}; 
p) Uuhwliphp hw6wpmp11; 
q) ~w24bu4wm hw6wiunJ11l: 
Unw2pu 11tuwmu hw6w}unpquhpJ! q}lut1m{ o.hnfiw114mp1mu' u11w ow

nw1mpJmfifibpl1 h p11l1qwqfihpp qpwqtJ.wontpJwfi 11tuwmu uiwmpwum hu 
hwliph11wmw11 uuiwut1m li]1uih l1phfig hwJmp 4wmw11uwfi wtJ.wpmJ!: 

bpqpn1111 qtuwmu hw6w}unPI}CibpJ! qw1114 o.hnuwplJ.mpJmCi, lJ.wiutJ.wo 
WJJ} uiwhf1Ci o.hw4.np4wo hhppl1 bplJ.wpmpJmCipg, ownwJlll}}JmUfih11{1 h ppl1-
qwqfihpp qpwq4.wompJmfil1g, 1.J.wpnq hfi hpwctw11tlh1 hh11pmli u11jwuh1mg 
1.J.wli UUjWUwplJ.mliI1g: 

bppnpq qhuwmu hw6w}unpqfihp(! 1.J.wpnq hfi hhnwfiw1 hh11p1tg, hpb 
Cipwug uuiUJuwp4uuiU UUjwut1m dwliwfiw41! qb11wqwfigmu t n1111zw4]1 
mpt{wo uhompJmfi(!: 

liJctli 'l)1tnwplJ.hfip o.hnfiuiplJ.mpJmfimu hw6wiunpqfihp]1 hwJmhpf1 UUjlll
uwplJ.uw(i lJ.wqliwlJ.htHlJllwfi u]1 pwfip hfiwpwt{n11 mwppbpuilJ.Cihp: 

l. ~w6ui}un1111UhpJ1fi UUjWUUlplJ.nuI hfi m CitnJCiwmjm1 wziuwmw4wq
lihp(!' pppqwquhpJ!, npnfip 4wqli4wo tu wlipllJl2w4wfi UUjwuwplJ.liwu hwuui11 
wfihpwcthzm mh}uUJ14w4wu liJ12ngfihpnt{ h wphhumw4wpct uwufiwqhm
Cihpnt{: .Pppqwqfibp(i wziuwtnmu h(i upUJWfigltg wfilJ.wiu, Jm4 u11w(ig 411Jll1J1g 
hw6wJunpqp wlipru12w4wfi ulljwuwplJ.liw(i dwuwfiwlm, CihpwnJWl wuuw11-
pmpJmfiuhp1' npnzmu11 h Cinpnqn1u11, muJ1 gmglwJJ1u pwztumu: 

2. ~hnfiwpqmpJwfi wz}uwmwfipwJpCi ppJ1qwqUh1111 4wqut{wo hfi (!Utn 
Dpl12W4Ji UWUfiwq}IUllll}}JlllfiUh[lp, L "hUJOWp!DJll}{l WUp1Ul9WlJ.Wfi UUjWUWp-
4mU umwfiw1m hwuwp u1hmp t wfigfiJ1 lil1 pwfil1 pppqwqfih1mt{' ownwJnt
pJmfifibpf1 gwUgntJ.: 

UJu qhuwmu Lu 11fiqmfihfip, np mwpphp ownwJD1}}Jlllfifit1m1u III ppJ1-
.qwqfihpn1u hw6wiunpqJ1 uuiwuwplJ.uwfi chuuwfiw4a 111fiJ1 gmg1w1I1fi pw2frnuu: 

liJctu pfifiw11lJ.hfip o.bnfiw114mpJmfimu hw6wiunJtqfihpf1 hhppJ1 4wquw-
4hp11jmlip L hhppJ1g Ci11wCig uuiwuwplJ.uwfi 4w11q11: 'Gzbup, n11 o.bnfiw11-
4mpJmfimu hbppwqnJwgmUJ!, up ltllJll1J1g, pmJL I. mwtim pwpo.pwgfiht u11w 
ownw1mpJmfifihpl1 phnfi4wompJmUJ1 L wupnq9 o.bnuwpqmpJwfi pnqmliw-
1.J.mpJmfip, J1u4 UJmu 411qtIJ1g, wwgmgJ1l owtuut11 t Ujwhwu9mu mw11wc'>p
Cibp}l t{wpo.wlJwtliw(i L. hhppp lJ.wqtiw4tpuiuwCi hwuw11: 

'1-J1mwplJbfip hw6wtunJ111fihp1' hb11pJ1 qwquwqhJ1UjlIWfi hhmLJWl mw11-
phpwqfib.Jl(!: 

l. ~w6wtun1111ut11)1U uuiwuwplJ.mu Lu m p11J1qwl)CiL11, hh11pmu uuiw
uh1m uihrihpp pwgwqwJmU bu: bpb p11111J1 p11)1qw1]lib11~ qpwq4wo bli, wuiw 
finp hi.two hw6wfrn1Jlllfihpp hwJtnhpJ! uhpdtJ.mu hli: 

2. ~wowtunJtqfihpJ1U u11jwuwp4111u hfi m p11J1qwqlibJ1, hL11ph11J1 wnwl[L-
1wqn1JCi hpqwpn1pJmfi1! o.hnuw114mpJmfimu uwhuwliw1pw44wo t. K~O, KEN 
hwuuiwmmfin4: bpb hh11ph11J1g ubqmu qwti K hw6wiu111111fih11, L w111 htpv t 
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qwum K + 1-Jl.J}I!, WUJ.lll UJllll hwJtnl! ut11Ch.J.nul t: {w6wtun11Ill! w JU qtu.wmu 
4W]lllJl t 4LUU tpnpott llfll12lll4ll dWUlllfiW4l1g httnn finp}1g ajlUhL WJU otn
UWilqntpJWUJ! qwu ut11dmuJ19 httnn qptltt utti mp]12 otnfiw11qmpJwfi: 

3. {wowtunlU}fitppfi UllJ.wuwpqmu tfi m pppqwqfitp, puq fipwfig htp
ptpl1 tp4wpmpJmfifitp(! uwhuwfiw1.pwqi.J.wo ~bfi: {wupb11wmwp hw6w)ut111-
1m 4Wf111T[ t obnfiwp4ntpJmfimu UUJ.WUbt u]lfi~L. PP UUJ.WUW]lqtlwfi wtlwptnJ!: 

4. {w6w]un11.J}fitpJ1 UUJ.wuwpqmul! obnfiwp4mpJmfimu uqui.J.mu t wfi
up2wUJ.bu, fipwfig qwtm UJ.WhJ1fi' nppwfi hw6wtunl1Il, WJfi11wfi uUJ.wuwplJ.llll 
p11pqwq mwpptpwqnq: 

ObnfiwpltmpJmfiJ! pp u2mwqwfi hw6wtunlU}fitp]1 4.wu, hwuwll(wmwu
Iuwfi UJ.WJU:wfiwqpp qhUJ.Pmu, npL.t ~p.puwJp wptnWJlPWO qwu i.J.w6wnwo 
wi.J.mnubpbfiwfibp}1 qfinlU}fibpp. hwuwp lJ.wflllll t p.pwltwfiwgfiht I1fi~UJ.hu 
tpwztu]1pwJ}1Ci UUJwuwpqmu, WJUUjtu tt UJ.Wmwhwl.{wCi l!CipwgplJ. hw6w
]unlU}Cibpp UUJ.WUWpltmtl: linw2}1Ci qbl.l.}llnttl' tpw2lttpJ2WJp(i UUJ.WUWpltuw(i 
UUJ.Wllllll hwowtunlU}Citpp. PM!! uwhuwfiwtpwl.{ t L. dwuwfiw4l1 ]!fipwgpmu 
I! ]1~ t tpm}m tu 1.[nui: 

bp4fll111Il qbllJ.PmU: obnfiwptimpJwfi hw6w)unlU}Gbp]1 hnup]! ohwqnpi.J.mu t 
Jlfitll(bu fipw UUJ.wuwplJ.uwfi mwpwc)pmu pfiwlJ.i.J.nrt wl.{mnmbpbp]l, WJfiU(hu tt 
mwpwfigJ11.{ hw6w]unlU}Gbp]1 4nrtu]1g: 

'-ltp2wll(bu, filJ.wpwqpbfip obnfiwplJ.mpJmfimu hw6w]unlU}fitp]1 htpppg 
UUJ.wuwptiuwfi l.{wpq]!: :::>fiwJwb hfiwpwqnp UU(wuwpquwfi l.{wpq]l pwquw
qwfimpJWfiJ!, hbmwqwJmtl l.{aj:lmwplJ.bfi12 hw6w]unlU}fibpp UUJ.wuwpquwu 
«WPllW]lWgp.» hbppp. UlWppbpW\J.]!, bpp hWOW)unlU}fibpp UU(WUWpl.jntUfi 
J1pwl.{wfiwgqmu t J!UUl fipwCig hhpp]l: 

UJdu wfigCibfip obnfiwplJ.ntpJwfi qnpbbtwl{bpUJ.J! filJ.wpwqpllIJ. UUJ.W
uwpl.{uwfi hwuwqwpqbp]l pfifiwpquwfi]!: "lwpqntpJwfi hwuwp ull(wuwr14-
uwu hwuwqwpqbpJ! qfizwfiwqbfip hbpptp]l mbuntpJntfimu ]!fiqmfiqwo 
hWU(Wqmufibpnq: 

3. MIMlmlK m}nqp mqwuwptiuwCi hwuwtiwpq 

'1-]lmwpqbfip m fimJfiwm]lUJ. uUJ.wuwplJ.uwfi pppqwqlibripg pwqqwgwo 
obnfiwpqmpJWfi Unqtur bfipwJlPhfil}, np hWOWjunlU}fibp)l hnUl}]! obn(iwp
qntpJntU mfi]l }. hw6w]un1pJwup (UJ.wpwutmpml) "lmwunfi]l pwztumu: 3m
pw12wfillntP pp]lqwqmu hwow]unflllll uUJ.wuwpquwfi dwuwfiwltU mfi]l µ 
UJ.W]lWUbmpnq gntg~WJpfi pwzlttmU: bpb hw6w)unl1Ill1 qwtm UJ.Whpfi Obn
fiwpltmpJlllfintU wqwm t qnUb utti pp]lqwq, WU(W fipw hwJUll! wfiup2wUJ.tm 
J!lllpufil.{ntU t UU(WUWplJ.uwfi, L. aw obnGwplJ.mpJntGmu uamu t u]lU!L. Jtp 
wupnrt2wl.{w6 uUJ.wuwplJ.uwfi wqwpmJ! (wJu]1u126' aj:lmwpqtl_mu t hwuptpw
mwp hw6w]unP11fihp]1 mwpphpwlJ.]!): bpb hwow]unpaj:l qwtm UJ.Wh]16 pn1np 
ppJtqwqUbpfi qpwqtl_wo hli, pwJg hbppmu qwu wqwm mhqhp, WUJ.W hwow-



3. MIMlmlK m)ltqp uUJ.wuwplJ.uwCi hwuwlJ.wpq 2/i 

fi.mJIIll! hbpp t lJ.wfiqfinuI L. hwtipbpwmwp UUJ.WUDlU U)lfiiL. pp UUJ.WUWplJ.liw(i 
wqwpmJ!: 

.c!_w6Wp.mJIIlfibpp UUJ.WUWp{J.ntUl! Obnfiwp{J.ntJ}JillCiDlU ppW{J.WfiwgqntU t 
num fipwfig mfibgwa hbpp)l' nq blJ.bt t wnw2Jlfil! fiw t1 UUJ.wuwr11J.qmu t 
wnw2fJ.Cil!: ontpwpwfivmp hw6Wp.mJIIl UUJ.WUWplJ.qmU t UpWJCi UblJ. pppqwqp 
lJ.llllliflg: ompwpwfitJmp pp)lqwq. u)1wctwuwfiwlJ. mfiwlJ. t UUJ.wuwplJ.htm 
u)lwJfi ublJ. hw6wfi.mpq)1: ~hnCiwplJ.mpJmfimu hw6wp.mJIIlfibp)1 hbpp)1 bplJ.w
pmpJmfiJ! uwhuwfiwt.pw{J.qwa t IQ 0, Ke N hwumwmmfinq: b'}lb hw6wtunp
q)1 qw1m UJ.Wh]lfi hbppmu pn1np K mbqhpJ! qpwqqwa bfi, WUJ.w Cipw hwJml! 
ubplftlmu t: 

UUJ.wuwp{J.uwfi hwuwlJ.wpq]l pfimpwqr1bp)1 hbmwqnmuwfi hwuwp 
lJ.wnmghfip fipw t{wppn fi{J.wpwqpnq pwquwguw(i Ill qnpawCiuwfi qnpb"l!fi
pwgn: fipUJ.bu qnpb"l!Cipwg)1 tlfl6w{J.Cibp' 1ltnnwpqbfip hwuwlJ.wpqntti (wJu)1CipCi' 
hbppmu L. UUJ.wuwplJ.nq uwppbp]l unw) qmCitlnq hw6wtunJIIlCibp)1 p}ltlJ!: .c!.bmw
qmnlJ.nq qnpb"l!Cipwg)1 tlfl6wlJ.Cibp]1 JlMI! lJ.hp2wlJ.np t, )lu{J. tlfl6w4Cibp]1 E pwq
untpJmCi mCi)l hbmL.JWl uthupn. E={0,1,2, ... ,m+K}: q.npanCipwgp Q hwowtun1-
pJmCifibp]1 uwmp]lg}l mwpphp[! npn2lJ.mu bfi hbmL.Jwt hwlJ.wuwpntpJmfifihpnlJ.. 

Ai = A, i= 0, m + K , 

{ 
iµ, hpb i ~ m, 

µ = 
' mµ, bph i ~ m : 

J!wCi}l op qnpb"l!Cipwg}l tl}l6w4fibp.)1 E pwqumpJntfi(! lJ.bp2wlJ.np t, WUJ.W 
hwuw-4wpq]1 hwuwp qDJDl}}JDlfi mfi}l mnwg]lnCiwp nbd}lu: q.npanCipwg}l 
wCigmuCibp)1 qpw:t>I! pbpqwa t qawqpntti: 

µ µ (m-1)µ mµ mµ mµ mµ mµ 

~~··~·~ 
A 1'. >. 1'. 1'. k k k 

q.npb"(!Cipwg)1 n; umwg]lnfiwp hwlJ.wCiwlJ.wCimpJmfiCibp(! nJ1Il2tlmu bCi 
hbmL.Jwt hwlJ.wuwpmufibp)1g. 

)..~= µ1r1, 

(Miµ)n; = An;.1+(i+l)µn;.i, i~-1. 
(A+mµ)1Z'm = A1!'m. 1+mµn;,,.1, (3.1) 

(A+mµ)n; = An;.1+mµn;. 1, m~i~+K-1, 
mµn;,,.k = A1Z'm+k-1 

L. pwlJ.wpwpnuI bCi finpuwlJ.npuwCi UJ.WJliwfi}lfi' 
m+k rn, =I: 
i=O 

.c!.wlJ.wuwpnu1Cibp)1 Lmamufibp£1 1J.wph1}1 t Cibpl!wJwgfibt hbtnL.JWl mhupntl. 
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(J,./µ)j . -
n, =-.-, -n0 , 1=0,m, 

I. 

1t'01+; = (J,./mµ);nm, i =O,K : 

Cl-npb'[llipwg}1 1l; umwg}mliwp hw4.wliwqwlimpJmli!ih111! npnz4.nui hli 
hhmLJWL hw4.wuwpnuilihp}19. 

A1lo = µn1 , 
(Miµ)1Z; = A1Z;.1+(i+l)µ1Z;+ 1, i:sm-1, 

(J,.+mµ)n;,. = A7lm.1+mµn;,,+ 1, (3.l) 
(J,.+mµ)1Z; = A1l;.1+mµ1l;+ 1, m:::;i:sm+K-1, 

mµ,z;,,+k = )..,z;,,+k-1 
U pW4.WpWpntU hfi fin11uw1lnpUWU UJ.WJUWfipfi' 

m+k 

I,.ni = 1: 
i=O 

~w4.wuwpmulihp}1 tntclntUlihpJ! 1.J.wphtp t lihpqwJwgliht hhmLJWt mhupnlJ.. 
_ (AJµl . _-

nj - -.-1 -1t'0 , 1 -0, m, 
I. 

lrm+i = ()./mµi.nm, i = 0, K : 

UJummi. 1lo-li' hwuwqwpqJ.1 UJ.WPWUJ.ntpajl hw4.wliwlJ.wlimpJmli!i t L. npnz-
4.mu t linpuwi.J.npuwli tqWJUWlil1g: bhpumi)htni.J. hhUlUJWl lizwliwlJ.mulihpJ!' 

a= J,. Iµ, P(i,a) = d Ii!, i =O,K, 

RU,a) = ±a;/i! = ±P(i,a), x=J,./mµ, 
j=() ie-0 

1l\ hw4.wliwlJ.wlimpJmlilihpp hwuwp 1.J.mnw!iwfip' . . -
1l; = P(i,a)1lo, i = 0, m, 

1!m+; = x;P(m,a)1lo, i = 0, K, 

n0 = }:a'-:-+ L x' - = 1/ R(m,a) + P(m,a)x --: Y[m-1 . 1 K . am) 1- XK 

i=O 1! i=O m! 1 - X 

J:!wlip np qnpcl'J!lipwgJ! umwg}mliwp tmclntu!ihp mlip x-p pn1np wpd'hp
lihpp qhUJ.Pnui, wtqw hhmwqwJmU qajunwpqbCip bpl[m qhUJ.P' xt:l L. x=l: 
l12lJ.wa qhUJ.Phpmu 1Io-l1 hwuwp qumw!iw!ip' 

,... -11/R(m,a) + P(m,a)x l- xK·, hpp x :;t: 1,. 
1•0 - 1- X ' 

1/R(m,m) + KP(m,m), hpp x = l 

UCigCib!ip utqwuwpquwfi hwuwlJ.wpqJ.i plimpwqphpp hhmwqmnuw!in: 
~wnwtunp.qp uUJ_wuwplJ.uw!i Ps (service) hw4.w!iwl[w6ntpJntlil! hw\J.w

uwp t hwnwtunpajl qw1m UJ.whp!i qn!ib ubl.J. wqwm pppqwq qwu hhppnuI 
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qnfib OblJ. WqWtn UlbrJ. 1Pfibt0t hw4wfiwlJ.wuntpJWfi{f 
m+K-1 K 

P, = L n; =1-nm+K =1-x nm: 
i=O 

(3.2) 

~wiiwlJ.wpcpuiI hw6wfunJlllfibp}l uuiwuwplJ.iiwiip qpwq4w<) pp}lqwq
fibp}l iI}l2}lu pwliwlJ.I! hw4wuwp t' 

R = X, in; +mX,nm+i = P, ·(AIµ), 
i=O i=O 

npmbrJ.pg, hw2tl}l wnfibtml (3.2)-I!, R -}I hwiiwp lJ.umwCiwfip' 

R = a(l-xKnm): 

~bmLwpwp, iiblJ. pp}lqwajt qpwq4wmnpJwli 1li, (buzy) hw4wliwlJ.wfim
pJntli{! hwl}wuwp lJ.tltCi}l' 

1li, = R/m = a/m(l- X Knm): 

ObnCiwplJ.mpJwli IPP4 pbnli4w<)mpJwli hwl}wfiwlJ.wlintpJntli{! hwl}w
uwp t fipw pn1np pp}lqwqfibp}l qpwql}wmnpJwli hwl}wliwlJ.wlimpJwfit!' 

K 1- X K+I 

11i.=Inm+i = nm: 
i=O 1- X 

~bppmiI hw6wfunpqlibpp Nq iI}l2}lli pwliwlJ.I! hwl{wuwp t· 

- K nmX 2 ' p X "I: ' 
N = ~ in . = (l - x) j 1-xK[K(l-x)+l) b b 1 

q L.t m+1 
i=I K(K + l) b b - l. nm 2 , p X - . 

~w6w)unpqlibpp hbppnui 1Ifiw1m up2pli tq dwuwCiwlJ.I! npn2l}mu t 

L}lptlt pwCiw&t..}lg l.t hwttwuwp t' 
iq =Nq/;..: 

Pu\t &bnliwplJ.mpJmfimu (uuiwuwplJ.uwCi hwuwlfwpqmu) hw6wfunpq

libpp uliw1m t iI}l2}lli ctwuwliwltI! npn24mu t hbuiLJwt pwliw&t..pg' 

t=(Nq +R)/A=N/A, 

npmbrJ N ·I! uuiwuwplJ.uwli hwuwlJ.wpqmu hw6wfunPIJCibp}l u}12}lfi pwliwlfO t: 
'l-}lmwpql}w<) uuiwuwplJ.iiwli hwuwlfwpqft oqCimpJwup lfwpblti t 

hbmwqnmbt &bnfiwplJ.mpJwCi Ciwt.. wfihwupbp hwl'.iwtunpqCihpft pCimpwq
pbpt!: UJJl qbtqpmu hw6wtunpqlibp}l 4wpg(! qwpbtlt t Ciqwpwqph1 hbmt..Jwt 
lJ.bpUf. bpb hw6wfunpq(! }lp qw1m UJWh}lfi &bnfiwpqmpJntfimu qmCimu t qnfib 
UblJ. WqWUI ppflqWJl \tWU hbppntU qn(ib ubq WqWUI Ulbf\, WUfW UW UUlllU t 
&bnfiu1plJ.mpJmfimu la uuiwumu pp UUJWuwplJ.uwCi(!: bpb t\bnCiwplJ.mpJmCimu 
hbppp bpl.J.wpntpJnLlit! hwtlwuwp t K-}l, WUJW hw6wtunPJll! hbnwfimu t 
&bnliwpqmpJmfi}lg lJ.wu qpunui t mpftz t\hnCiwplJ.mpJwCi: 



22(, Xlll ,<bppbpft UlbUntPJnlli 

'1-}lmwp41.[wc} hwuwljwpq}l oqfinrpJwup 4wpb1P t hbtnwqnuibt CiwL. 
wnwCig hbppp (K= 0) L. wCil[tp2 mqwuuwCi mbqbpnl[ m hwupbpwmwp hw-
6w]un1u1Cibpnl[ (K= 00) obnCiwp4ntpJntGGbp}l pCimpwqphp{!: 

l..,21.[wc} qbuwbp}l hwuwp n; umwgtmGwp hwl[wGwljwfimpJmGCibp(! 
hwuwtqwmwuJuwGnpb(i hwl[wuwp hfi' 

:Tr; =(a;~)/( f ai ~) = P(i,a)/R(m,a), i = 0, m, K=O, (3.3 ) 
1. J;() J. 

ruri = 
( . I )V( m . I J amx I x a•-:- :fol - + = P(i,a) (R(111a) + P(m11)-, i = O, ... m, K = oo, 

1! i=O j! m!(l-x) 1-x 

i-m i-ml( X J . itmx =P(ma)x / R(ma)+P(m11) l-x , 1 =m,m+l,K=oo: 

(3.3) pwfiwoh{! ljntl[mu t tn1wCiqp qnpmutnCibp}l pwCiwoL. L. pntJl t 
UlWUlU i = m-}1 I}bUWntU hw2l[ht hWUW4wpqmU hWOWJunpq(ibp}l hWJutbp}l 
ubpcluwfi (4npum}l) hwl[wfiwqwCimpJntG{!: l..,21.[wb- qhuwtpp hwuwp pCimpw
qphpl! ljwphlP t hw2llh1 MIMlmlK tn}lUJP hwuw4wpq}l hwuwp umwg4wb
pwCiwoL.bp}l oqCimpJwup: 

4. MIMlmlK mJ.illlP L. hbppmu uuw1m uwhuwfiw1.pwq 
dwuwfiwqnq c\hnfiwptintpJwfi 1.Ulllhll! 

'1-}lgmp' CiwJunpq pwdCimu qtunwpljl[wb obnliwplfntpJntli{! UUjwuwp
qmu t «wlihwuptp» hwowJunpqCihp}l, npnfip, bpb hhppmu u6w1m Cipwfig 
dwuwfiwq{! qhpwqwfigmu t npL.t • UjWUlWhwqwfi ubb-ntpJWfiI!, PDilfintU b(i 
hhppf! L. hbnwfinuI: 

'1-}lmwpqhfip wJCi qhuwl!, hpp r-6 mCi}l v UIWpwuhmpnl[ gmgtwJ}lfi 
pw2Jumu, wJu}lCipG' v-fi hwowJunpqlihp}l ltDI1li}lg hhppf! wtim hw6wJun1-
pJmfifi t: ~bnliwp4mpJmfinuI hw6wJunpqlihµ}l UUjwuwpqmufi }lµwqwfiwg-
1.[mu t m CimJfiwm}lUI pp}lqwqfihp.]1 ltDilli.]lg: ~hppnui hw6wJunpq6bp}l pw
liwltt! uwhuwliwl):lwq t L. hwl[wuwp t K-}1: ~w6wJunpq6bp}l hnupf! m6}1 
''lmwun6]1 pw2]un1u, ]lulj fipwfig utqwuwpquw6 dwuwfiwqli' mli}l hwuwtqw
mwuJuwfinpbfi .il L. µ UjWpWUbmpbpnl[ QlllQtWJpfi pwz)untU: 

bpb hwnwJunpql! }lp qw1m Uiwh}lfi obnfiwr11jmpJmfimu qmfinuI t qnlib 
Ubq wqwm pp}lqWIJ:, WUjW UW WCiU}12WUihU f!fiqntfil[ntU t UUjWUWpqUwfi: 
bpb pn1np m pp}lqWIJ:libp{! qpwqbgl[wb hfi, pwJg hbppmu 1.J.w qnCib ubl.J. 
wqwm mbq, WUIW hwnw)unpqf! hbppwqpl[nni t: bpb hwnw]unpq]t qw1m 
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U)Whl1u otmuw11ljmpJIUU1UU ht11pl1 t114lllflillpjntCTJ! hwtfllluwp t K-)1, 
WUJW (ipw hWJUll! t'it11chlmt'i t: 

"uwltmpt]: t'i1111bl11 (it'iwumpJlllUp WJU UU!WUWjlljllwG hwuwljwpq}l tfwppJ! 
I.tu ljwpht.1_1 t uljwpwqpt1 t.J116wljub11I1 E tlb112wtJ.n11 pwqllmpJmuntf' 
E={O,l, ... ,K+rn} pwqllwgt'iw(i m ljnpowut'iwfi qnpbJ!fipwgl1 oqUmpJwt'ip, np}1 
U1ugmuw1I1u Q t'iU1m11l1gf1 tnlllppbpJ! npn2tJ.mll bu hbml..Jllll 4bpui. 

Ai = A, i = 0, m + K , 

!iµ, bpb i = 0, m, 

µ; = mµ + i V, bpb i = 0, K : 

q.npbi!Uplllg)1 wugmt'iubp}1 qpw!}ln pbptJ.lllb t umnpt..: 

µ 2µ mµ mµ+v {mµ~v-~~~ 

~-~ ~---¥i-+-
A. A A A A A t 

J!wUp np qi1pOJ!upmzt1 tJ.11awljubp)1 E={O,l, ... ,m+K} pwqt'impJmCiJ! 
L{hp2wtJ.np t, lllUJlll hwllw4.wpq)1 hwt'iwp qnJlll})Jmu mUJ1 UtnlllgJmuwp nbct)1t'i: 

~wztJ.hUp qnpo11upU1gl1 n; utnwg!muwp hwtJ.wuw4wump1mGGbp{!, nrmug 
hwt'iwUJw-mwuJuwu hw4wuwpmt'iuhpl1 hwuw4wpqU muJ1 hbmt..Jw1 mtuvn· 

..111o"" n1µ, 
(..1+iµ)11j = A1lj_ 1+(i+ I )µn;, 1, i= 0, m - I , 

(..l+mµ)1C,n=A1t;n_1+(mµ+ v)n;n, 1, 

(..l+mµ+i v)1t;n+; = A1l;n+i-i+(mµ+(i+ I )V)1l;n,i+ 1, i = 0, K - I , 

(mµ+kV)1l;n+k = AJz;n•k-( 

~wt'iwljlllpq)1 1momuUbp{! 4.U1phl11 t uh114wJU1gub1 hbmhJWL pwuw-
ot..bpm{. · 

(..1/µ); 
1lj =-.-, -n0 , i =-0,m, 

I. 

..1'1r., . 
1l;n+; = I ' I = o. K : 

v'O(mµ + jv) 
j;I 

'-lwmwpbGp hbmL.JwL Uzwuw4111 t'iGh1•1!-
a = )Jµ, r= )Jv, ~= mµlv: 

1Zo hwtJ.U16U14wUmpJmu[! npi174111t'i t. fin11uw41111t'iwG utWJUwGJ1g· 

npuihajlg' 

m+K 
Ini = I, 
j;Q 

(4.1) 
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7fo = I ~rf ~i + a": t(r•/n (0 + j)))= 7 I ,=0 i. m. •= J=I . 

- f ( R(m,a) + P(m,a) t.[ r/ D (0 + i) J) 
1ro-I1 wpctbp(! uibqwqpt1ml (4.1)-11 ut2, n;-bpp hwuwp 4uuiwuwup· 

,r, -P(i,a/( R(m,a) + P(m,a)t.[ r/D (0 + i) J} i-0,m, 

?rm . = P(i,a)(r/n (o + i)) 

" ( R(m,a) + P(m,a>t,( r/ g, (0 + i) lJ' 
'l-l1gmp' 8-G n~ pwgwuwlJwCi wupnri2 Plnl t, WUJ.w· 

ri rio! P(o + i,j) 
-,---- = --= ------fl (o + j) co+i)! P(o,r) ' 
i=l 

f i Yi - R(K+o,y)-R(o,y). 
!;ICT(c5+j)- P(c5,y) . 

j=I 

i=O,K: 

Uugubup abnfiwplJ.mpJwli plimpwqpbpp hbuiwqnuiuwli(!: Obnuw111.J.mpJwli 
qpwqtJ.wb" pppqwqubpli up2pu R RWUWlJ.(! npn24mu t ~bU1uJw1pwuwaLmJ.. 

R _ f. f _ (aR(m,a) + mP(m,a))(R(K +o,y)-R(o,y))/P(o,y). 
-;=0tn; +m;=0n",...; - (R{m,a)+P(m,a))(R(K+c5,y)-R(c5,y))/P(c5,y) · 

~wowfunpqubpp UUJ.wuwplJ.uwu P, hwtJ.wuwlJ.wfimpJmli(! hwqwuwp t· 
P.=~/;.,: 

~l:ippmu hwowfunpqfihpli up2pu Nq pwCiwq(! hwtJ.wuwp t' 

N -f· _ P(m,a)(R(K+c5,y)-R(c5,y))/P(o,y)) . 
q - i=0tnm+i - (R(m,a)+P(m,a))(R(K+o,y)-R(c5,y))/P(c5,y). 

lJhq pppqwlllt qpwqtJ.wcmtpJwli 1Zi, hwtJ.wCiwqwCimpJntCit! npn24mu t 
hl:iUluJ WL pwCiwa untJ.. 

1Zi,=R/m: 
ObnliwpqntpJwli LPPtl pbnutJ.wb"ntpJwCi hwqwCiwlJ.wCintpJntCit! hwqwuwp t' 
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K 

7Zi, = I1Z'm+i =: 1Z'm/P(O, y)[R(K + 0, y)- R(O -1, y)): 
i=O 

<.wnwtun11.11Cihp}l. hhppnu11rnwim ut12J1Ci tq d"wuwCiwlm hwi.twuw11 t' 

tq = Nq/J..: 

223 

f"luq ohnuwplJntpJmumu uuw1m ut12l1Ci d"wuwfiwiJI!, f!UUl LJ1ptl1 pwfiw-
6L.]1, hwtJ.wuwp t· 

npmhrt N -I!· ohnCiwplJmpJmfimu hwnwtunPJ1fihp}1 up2pu pwuwl{Ci t: 
QhnCiwpqmpJmCimu hh11pp wniJwJmpJwfi hwtJ.wfiwqwCimpJntfi[l hwtJ.w

uwp t' 
Pncq= ~(R(K+8,y)-R(8,y))/P(o,y), 

pulJ hhpp}1 qnJmpJwfi u}12I1fi d"wuwCiwlJtf 
t =_!_R(K+8,y)-R(8,y) 

qc J.. P( o, y) 

nputhrt neq L. qe 1Jp6wmn11Hihpfi hCi hhmL.JWl pwnbpl1 · non-empty queue L. 
queue existence hwuw1.4wmwup.1wCiwpw11: 

Utq pp}1qwq]1 qpwritJ.wc>ntflJWCi u}12pCi dwuwCiwlJ(l hwtJ.wuwp t' 

lb=_!_+ n'" [R(K +8,y)-R(8,y)]2 

µ )._ P(o,y) 

'l-dtJ.wp ~t hwunqtJ.bt, np rJJ1mw111JLJ.wc> u1.4wuwpquwCi hwuw1Jw11411 v=0-}1 
TJhuwmu hwUJ!CiiJCimu t Ciwfun1111 pwdCimu pfiCiw111JLJ.wc> hwuwtiwpq}1 hhm: 
PCi21.4hu L. fiwtunJlrt pwdfimu, qwpb(jl t hhmwqnmht 6h11Ciw11ltnrpJwfi pCim
flWqphJ1(l m-}1, k-}1, L. v-}1 mwppt11 wpcthplihpl111tuwnui: 

5. MIMlm mputli L. wfihwuphp hwawfunpqfihpml 
UUJWUWpquwfi hWUWlJ.Wpq 

'1-pgmJi otmfiwpltmpJIHfi(! pw11ltwywc) t (irnJCiwm}11.4 u1.4wuw111Juwti m 
ppI1qwl}Cihp}1g L mfi}1 hw6wfw1JlrtCih11)1 u1.4wuuwCi hwuw11 wCiuwhuwCiwtJ.iwlt 
ptJ.ntJ. u1.4wuuwCi mh11hp' hhpp: OlmCiw111JmpJwfi ummpmu hw6wtun1U1Cih11)1 
hnup[! "lmwu11fi)1 t.' )._ 1.4wpwuhmp11LJ., J1u4 CipwClg u1.4wuw111JuwCi dwuwCiwqp 
gmy~wJ)1Ci t' µ 1.4w11wubmpn4: uph hw6wfw111aj1 qw1111 U!Wh!tti 6tmClw111Jm
flJlllCimu !Jw qnCib uhlJ wqwm pp!1qw11, WU!W wClu}12w1.4hu uqutJ.mu t hw6w
tunP1lli llU!WUW]lqmup: uph Pl1lll(l pp!1qwf}CibJl(l qpw11LJ.wc) Mi, L. hbpp!1 L(llJW
JllllflJlll UJ1 hwtJ.wuw11 t i-}1, w1.4w hw6wfunJU}(l p, hw4wCiwqwClmpJwup hL11p t. 
qwfiq(imu, }1u4 I p, hwtJ.wCiwqwCimflJWup hlmwCl111u t 6LnliwpqmpJ111lil1g: 
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Qhnuw114mpJwCi pumpw(ll1hp1_1 hhmwqnmt1111 hwuwp upw 4w11p1~ 
4w11hl11 t u4wpwq11ht tfl1aw4ut11)1 E pwqumpJmCintl' E={0,1,2, ... ,} pwq
uwguwu Ill 4n11muuuw(i qnpb-J_lfipwgnt.l, 1111)1 Q uwm11)1gJ1 mwppbpJ! np1124nu1 
bu hhmLJWl 4hpt.q. 

}.,=)., i= 0, m, 

}.,=Ap;, i = m+ l, m+2, ... , 

-{iµ, hph i :5 m, 
µ; - mµ, hph i ~ m : 

q.n11b-1_1Cipwgfl wugmuwJ}1Ci (lltW:J>I! phptlwo t uumpL: 
µ 2µ 3µ (m-1)µ mµ mµ mµ 

~~---~··· 

A A. A A A; Ai+I 
n; umwgJmliwp hw4wuw4wumpJntCiCihp{! npn24mu hfi hw4wuwpntu

lihpJ1 hhmLJwt hwuwl}wpqflg. 
).11o= µn1, 

().+iµ),z; = l,z;.1+ iµ,z;+1, i= 1, m-1, 

(A+mµ)7Cm=A7Cm.1+ mµ1Cm+1, 
(A;+mµ)1Cm+;=).,..1 1Cm+;.1+ mµ,J;,.+;+1, i= 1,2,3 ... : 

4wmwphCip hhmL.Jwt li2wfiwqmulihpl! cr-=AIµ, x= Almµ:: Phpl[wo 
hwqwuwpntufihpflg n; hwqwfiwl}wfimpJmfifihpp hwuw11 wJCimhhmL. l}umw
Ciwfip' 

a; . 
,z;=-n 1=0m: 

i! 0 ' ' 

11o hwqwfiwqwlimpJntfil! npn24mu t finpuwqnpuwfi t.qwJuwfipg' 

})r; = 1, 
i=O 

1 
1io = : (5.1) 

~ai/i!+( am/m!~xt!Pi) 

q.npO{!fipwgp umwg]mfiwp nhctpup qnJntpJwfi lllWJuwfil! wlJ.fihwJm t. 
wfihpw<th2m t, np 11o>O-pg, wJupfipfi' (5.1) pwfiwoL.mu hwJmwpwpfl 2wppf! 
qmqwupmp: bpb fihpumoblin hhmL.JWt UzwfiwqmulihpJ!' 

R(m,a) = }:.ai/i!, p(m,a) = a"'/m!, 
i=O 

oa i-1 i-1 

<p= rxtIPj, <A =flpj, 
i=O j=O j=O 
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WUIW n; hw4.wUwqwUntpJmuGh11I1 hwuwp qutnwUwUp' 

n;=P(a,i) l , i= O,m, 
R(m,a) + R(m,a)qi 

~+;=tz;n<p;_i, i=l,2,3, ... : 
UG.gGhG.p hwuwqw11q_[1 pG.mpwq11t11p hhmwqnmuwG]!: :;,lhnG.wp4mpJmG 

1.pwumwg)1 ununp qnpowo hwowtun1lIJGb11)1 hwowfumpJmG.]! hw4.wuw11 t" 

i=O 

~bppmu hwow}unPIJUh11J1 N~ u}12}1G. pwG.wlJ]! n1mz4.mu t hhtnliJWL 

pwG.wol.t}1g. 

Nq = I inm+i = nm I iXi(I), : 
i=O i=O 

~w6w}u11PIJG.hp)1 hhppmu uuwtm up2}1G. dwuwGw41! hw4wuw11 t 
iq =N.,/A: 

Qpw114.wo pp)1qwqG.h11J1 u)12)1u R pwCiw41! hw4wuw11 t" 
- 111 

R = Lin, = 11oaR(m-· l ,a): 

:;,lhnCiwp4mpJmCimu hw6w}un1u1Cit11I1 u}12)1Ci N pwCiw4[1 hw4wuw11 t" 

N = Nq +R, 

)1uq hwowtun1rr1fil:ip}1 ol:inG.w114ntpjlllCimu uG.wim u)12)1Ci i dwuwCiwq[.l 
hw4wuw11 t· 

i=N/).: 
bpl:i p;= I /(i+ I )-11, llJ.U!W n; hw4wGw4wGmrJmCilih11J1 hwuw11 (5.1 )-Jig 

4umwCiwCip · 

n;=(a/i!)n;,, i=O.m; 

1l'.n•i = 7l",nX f i!, i= O,J , ... 
I 

n;, = : 
R(m,a) + P(m,a)ex 

bph p,=8', ll]ltnhrt O<O~l. Wlllw· 

a' 
n, = -.1 n0 , i = 0, m ; 

I. 
., ... u 

n 111.,=n 111x'B~. i-=0,1,2, ... · 

1lo = -------_--,-,, -:--,, . 

R(m,a) + P(m,a) .L x"'O-, 
1-0 
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Phr1tCip 1111 pwCit1 hhmwpppp11 wnCi2ml}J11tCiCih11 tiwUfl[wo' p; qn11owl}t1g
fit11t1 mhup!1 h 11;,,+; hwl[wfiwqwCimpJmCifit11I1 pwzlmiwCi 011hfipfihpl1 hhm: 
bl}h p,=(N-i)/[N(i+ I )]-J1, n11mhq N=const, WUIW 7l;n+;-Ci 11tfiJ1 hJlqwCiqwu 
pwztumll: p;=(N+i)/[N(i+ l )]-}1 qhUfJ}mll' pwgwuwqwfi hpqwfiqwll pwzlumll, 
Jmq p;= e-i'•-1111hUfPmll, n11mh11 a= const, Cin11ilwt pwzlumll: 

6. MJMJm m}najl h N hw6wfunPIJ:fihpnq qiwq 
uuiwuwpquwfi hwuwqwp.q 

'l-lm1w11l}hCip ohnfiw11qntpJwCi wztuwmwupfi wJu qhUfPlllU, t11p Ciw 
qwmw111111l t uwhuwCiwtflw4 N pl[m.J. hwowfuntll}fihpf1 hpwzlul1pwJJ1fi UUIW
uwpqmll: liJu 11hUfPnui qhupwqphCip, 1111 Jntpw11wfitlmP hwowtunJlll ohn
fiw11l}ml}JWUJ! aj1uhtm wCihpwcthzmmpJntCi t m fihfimu .?. U1Wpwllhm111nt gmg-
2w1J1u pwztumll mfibgnq ctwuwuwqwhwmt.{wout11111u: bpb hwzt111 wnfihfip, 
n11 hwowtun11lluh11f1 ohnuwpqmpJWfiJ! aj11ihtm UIWtnownJ! wt.{mnuhpbfiwJp 
wfiuwppmpJmfifihpfi bfi, WUJ.W, I1Ci2llfhU hwJtnfif1 t lmmwuuupJwfi mhumpJ11t
uJ1g, ummp}l l111upf1 gmg2w1I1fi pwztuuwfi bfil}Wlllllll}}JlllUJ! pwt.{wqwfip(i hf1u
Ciwt.J.n11t.J.wo t: 

'l-J1gmp' otmfiwpljntpJmfimu hwowtun1ll}fihpp uUJ.wuwpqmllCi ppwqw
fiwgqmu t m fimJfiwtnpUJ. pppqwqfibpJ1 q11111il1g: '1lwpqntpJWfi hwUWJl bfi
}}Wl}Jlbfip, np pntnp hwowtunpqfibpfi tt hwupbpwmwp bfi t.., qwtntl ohn
fiwpqmpJmfi, WJfitnbq (hbppntU h. UUJ.WUWpqnq pppqwqfibpp Untn) UfintU b(i 
Upfi2h ppbfig UUJ.WUW]lqUWfi Wqwptn]!: ~WOWlunMit UUJ.WUWpqUWfi UWUW
fiWllJ! ubq pppqwqmu ntfiJ1 µ UJ.WJlWUbUlpnq QlllQ2WJpfi pwz}umu: 

ObnfiwpqmpJwfi wztuwmwfipJ! qwpbtl1 t fiqwpwqpbt tlbp2wtJ.np pqntJ. 
@owlJ.fibJip E pwqumpJmfintl pwquwgliwfi m lJ.npm.ufiuwCi qnpU[!CipwgntJ.: 
flpUihu qi1pU(!CipwgJ1 tJ.116wlJ. hwuwpbfip abnfiwplJ.mpJmCimu hwowtunpq
fih11p lllllfiwq]!: 'l-<hJ.wp 2t hwunql[bt, np E pwqumpJwCi mwpphpJ! hwtJ.wuw11 
bCi 0,1,2, ... ,N: 

'l-J1tnU1plji.J.nq uUJ.wuwplJ.uwfi hwuwlJ.wpqJ! lJ.n2tJ.mu t tflwl.J. UUfwuwplJ.
uwfi hlllllwl.J.wpq: bpb ohnfiwpqntpJntCimu qtnCitJ.mu b(i n hwowtunpqfibp, 
wtqw finp hwowtunpqfibpp qwtm hw6wluntpJmfiJ! tiwtutJ.wo t n-pg h hwtJ.w
uwp t' 

Ao= A(N-n)-p: 
<!.wuwqwpqp i.J.wppJ! Ciqwpwqpnq pwquwguwfi m 1.Jnpbu!Ciuwfi q.tlpU[!fi

pwgp Q uwmpI1gJ1 U1wppbpJ! npnztJ.mu bfi hbtnh.Jwt hwt.l_wuwpntpJmfifihpntJ. . 

.?.;= A(N-i), i =O,N, 

{
iµ, bpb i ~ m, 

Jl;= 
mµ, bpbi~m: 
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{huiwqwJmU UJWJiqmpJWU hwuw11 qbupwqphUJ!, np N>m-p.g, WJUlifipfi' 
hWUWqUIJlqntU ljWpllll t hhpp WilW2WUWf: 

q.npbnupwgl1 wfigmufihpl1 qJ1w:PI! ph11t1.wo t mnnpL: 

µ 2µ 3µ mµ rnµ mµ mµ mµ 

~~~---~ 
{wu~tw11~-Jlp11riilfd:i1wqJlllJl qi~blrtl~wgu muI1 ~t'ii~~tiuw11 nhctI1U:, 

L. fipw n; uuiwglmliw11 hwtlwliwljwlimpJmGlihJII! npn2t1.mu bu hhutLJWl lnu
tlwuwpnuiuhpp.g. 

N A1Zo = µn1, 
(X(N-i)+iµ)n; = A.(N-i+ I )n;.1+(i+ I )µn;+1, i = 0, m -1, 

(A.(N-i)+mµ)n; = l(N-i+ 1 )n;.1+mµn;+1, i = m, N - l , 

mµnN = A7rN. J: 
{wtJ.wuwpn1ulihpl1 tmomuuhp{! m(ih(i hhmLJWL tnhUJ!{!. 

_ N(N -1) ... (N - i + 1) (A)' _ N! (A)' n;- - 1[ - - ,r 
1·2·3· ... ·i µ 0 i!(N-i)! µ 0 ' 

N! (A)' n; = . - no, 
(N - i)!m!m 1-m µ 

m~i~: 

uhpumoh1ntl. hhmLJWL Gzuiuwqm1Hibpp. 
m' a=}Jµ C"= . 

, m (m-n)!n!' 

1l; huit1wuwquilimpJlllfiuhpJ1 hwuwp quuiwuuilin. 

n; = C~a'n0 , i~m , 
·, 

C l I. ' ·,,-,., 
7r, = N a n 0 , m~ J::c,1'1 : 

8m!m•-m 

UJUUlhf\ 1Zo-fi npn7tJ.mu t unpuwtl.npuw(i UJWJUWUj1y· 
N I 
LTr,=}, 7Zo=m-l N : 

•=0 }:;C~a' + }:C~ i!a'/(m!m 1• 11 ) 

1=0 1;:::m 

"< ,_m, 

UJ<hl wliguttin 61.in(iwpljntf)JWU pCimpwq11tpJ1 hhuiwqnuiuuili11: Qbnliw11-
4ntpJwfi QPWJ\tJ.wb pr1I1qwq~bpj1 uf12f1G pwtiwlj11111mzt{mu t hhUILJWI pwliwoL11t1.. 

_ 111 N 

R=}:in,+m }:n,: 
i=I 1=m-tl 

:)tmfiw11ljmpJuiG hw6wtun11J}ubpj1 uI19I1li N nwuwlj11 hwtlwuw11 t" 
- N 
N=}:in,: 

•=I 



22h Xlll <bppbpft mbunipJnlli 

~bpfJntU hw6wfunPJ}Ubpp up2JIU Nq pwUwlm hwqwuwp t' 

N-m 
Nq = I inm+i : 

i=I 

~w6wfunPJ}Ubpp hbpJJmu uUJwuhtm uJ12t1U tq ctwuwUwlm hwtf.wuwp t' 

tq = Nq/AA = N/).(N -N)-1/µ, 

puq <\bnUwpqmJJJmUmu UpwUg uUwtm i uJ12JIU ctwuwUwltl! hwqwuwp t· 
i = N/..lR = N/}..(N -N): 

~bnUwpqmJJJmUmu hw6wfunMUbpp qpnJwqwU utqwuuwU hwqwUw
qwUmJJJntUf! hwi.J.wuwp t' 

A.1 = (N - N)A -Ii hwqwuwpntfJJntU'(! gmJg t tnwtJiu hwuwqwpqfl ljwJntU 

nbdpuntu hw6wlunMlibp]1 hnup]l up2JIU hw6wfuntpJnt!i{! L. qnitlmu t hwtiw
qwpqfl aw_luup hwqwuwpn1u: 

~bnUwpljntpJwU wztuwtnwUp}t WJlillmUwqbtnntpJwU iwt1twUJ12 bU 
hwUiymw!imu UwL. hbtn.LJWL qnpawqpgUbpl!· pppqllll}Ubp}l pbnUqwbntpJWU 
qnpawltJigl!, 

p = )..'/mµ = (N - N)A/mµ = (N - N)a/m, 

hbppmu hw6wtunPJ}Ubpp UU(WUUWfi qnpawqpg{!' 

R1 =Nq/N, 

pppqwqfibpp UJWPWUJDlMP qnpawqpg}!· 

R2 =(m-R)/m: 

7. MIMlmlK m}nq}l uwhuwuwqiwq hhppml L. N 
hwnwfunp.quhpml qiwq uUlwuwpquwa hwuwqwpq 

UJu hwuwljwpqnui, Ji tnwppbpmpJmfi fiwlunP1l pwd"fimti qlunwpqqwb}t, 
hbppmu hw6w_lunpllfibpp wnwtf.h1wqn1Jfi JJlttl.1! uwhuwCiwtltwlt t L. hwtl_wuwp t 
K-}t: bph &hnUwptimpJmCi hw6wlunMCibp}! qwim tqwhp.fi tnbuCinuI hfi, np 
hhpfJmU pn1np tnbqbp]! qpwqhgqwb b!i, WU(W fipwfig hwJtnbp}! tibpd"tlnuI hfi: 
Ubpmtwo hw6wlunMfibpl! finp hwJm qwpn.q hfi fihptiwJwgfiht up.wJU npn-
2wltJI ctwuwfiwqpg hhlllil, npfi mfip. .,'l tqwpwuhtnpnq gmgiwJp.fi pw2_tunui: 

~bnfiwpqmpJwfi hw6wtunP11fihpp. pwfiw'11! uwhuwfiwtltwti t L. hwqw
uwp t N-p.: 3mpwpwfi!Jmp hw6wfunP1l &bnfiwpqmpJWlil! qpumu t }tp Uw]:unPJ} 
uU(wuwpquwU wqwpm}t U(Whp.g .,'l U(Wpwubmpntf. gmgiwJp.fi pwz.tun1u mlih-



7. MIMlmlK mj11qj1 uwhtfwliwi/Jwlj hbppm/. .. 22<; 

gnq chuuwfiwqwhwun[wbl1g hhum: :;.lhnCiwpqmpJmCimu hw6wtunpqfih11I1 
u111w-UU1J1qnurn ]lpwqwCiwgtjmu t m (m < N) CimJCiwuiI1111 PJ1l1qwqCihpl1 
u112ngml: 

'1-)1uiwpqtfin l!UUI qpwtjlllb hhJ11})1 hU16wfun1111CihpJ1 u111wuwp4uwCi 
lJw11q11: ~wowtunpqfihpl1 u111wuwpquwCi dwuwCilll4Ci mCi)1 µ 111w11wuhm1mt[ 
gmglwJI1G pw2fumu: 

:;.lhnGwptimpJWU t.lWJlDJl 4w11tu1 t CilJw11wqi1h1 t1.t112U1l{np t.l.\16wqGhpl1 
E={O,l, ... ,K+m} pwqlin(lpJmCi muhgnq pwquwguwCi m tinpbwCiuwCi qnpb
J!Cipwgnl{, npl1 wCigmuCihp)1 Q uwm11J1gI1 uiw11phpJ1 n11112t1mu hCi hhmLJWl 
qhp111. 

A;= A(N-i), i = 0, m + K , 

_ = {iµ, hph i ~ m, 
)1; mµ, t1=1h i 2:: m : 

q.npbJ!Cipwg]l w(,igmuCit11t1 qi1w:f>u pbpl{wb t uuin11h: 

~ 
0 I 

mµ mµ mµ mµ mµ 

~~-
m m+l m+k-1 m+k 

NJ.. (N-l)A (N-m)J... (N-m-l)A (N-m-K+l)A 

q.npbl!CipwgCi mfi)1 uuiwgimCiw11 nhctt1u, npI1 n, hwtlwCiwqwumpJntfi
Cihp(l 11111121.{mu tu hhmLJWl hwtjwuw1m1ufihpl1 hwuwqwpq)1g. 

NAJli,= µn1, 
((N-i)A+iµ)n, = (N-i+ I )An:. 1+(i+ l )µn;q, i~. 
((N-m)A+mµ)n;,, = (N-m+ l )A1C,n.1+mµn;,,, 1, 

((N-i)A+mµ)n;= (N+l-i)An;.1+mµn;,i, m~ i~m+K-1, 
((N-m-K)!,.+mµ)n;,,.k = (N--m- K + I )An,n•k-1: 

~wt1wuwpmufihpl1 hwuwlJw11qJ1 n, p11b111uub11Ci mCihu hbUihJWt mbupJ!. 

_ N(N -1) ... (N - i + I)( A )j _ Ci , .< n, - . - no - Na 1Co, Lm, 
l ·2· 3· ... ·I µ ., 

n, = cNi I. aj1Co' m~ i~m+K ' 
I ,-m m.m 

n11uih11 a= )Jµ, Jm4 11Q-Ci 11(11171.{mu t Cin11uwtjnpuwCi UJWJuwut1y· 
111tK 

Ini = 1, 
j=(J 

UCigCihfip 6 hnfiwpqm 13 Jwfi pum 13wq11t11l1 11.11117uwu11: 
~w6wfunpqfihp]1 ubpchiwfi P, (reject) hwl[wfiwqwfimpJmfi[! n1m7t[mu t 
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hhtnL.JW[ pw!iw6lu14. 

P - -cm+K (m + K)! m+K . 
r - 1tm+K - N K Q 1!o · 

m!m 
<.h)lJ}lllU hwow]u111u1!itp]1 u]12I1!i Nq pw!iwlrn hw4wuwp r 

-N _ ~. ~cm+i (m + i)! i+m 
q - L., 11!m+i L., N ; a 1!0, 

;~ i~ m!m 
f1u4 atn!iwpqmpJm!imu hwow]un}ll}fihpl1 u]12]1!i N pwfiw41!' 

N = l:in; = 1!0 l:iC~a' + 1:(i + m)C~ ; · ai+m : 
_ m+N (m .. K (m+i)I J 

i=I i=I i=t m!m 

Obn!iwplfmpJmfimu qpwq4wo ppl1qwqfih11f1 uf12]1Ci R pwfiwq(! hw-
4wuw11 t' 

_ m K m . . K . (m + j) I . 
R = 'C' in. + m 'C' 1C . = 'C' iC' a'n + m 'C' cm+, , a 1• 01 

L., 1 L., m+1 L., N O L., N I i ' 
•=t •=t ,=0 •=I m.m 

p.uq lll.WJlWlll.ntMll ut2 qmfi4nq ppp.qwqfib11I1 u]12p.fi n 12wfiwlu!' 
m -n = 1:(m-i)7r; = m-R: 

i=O 

<.hppntU hwl'.iwjunpqfihpp. UtqWUOtnt tq Up2flfi cJwUWUWq{! hw4wuwp t' 

iq = Nq/A(N -N): 

Otn!iw114mpJntfimu hwl'.iw]un}ll}fibpl1 ufiwtm i up.2}1fi ctwuwfiwql! hw
qwuwp t' 

t = N/ A(N - N) : 

OhnfiwplfntpJwCi owtuup. hwqwuwpnuICi 1;uCip. hhmhJWL mbu121!, 
,l' = (N - N),l : . 

<.wl'.iw]unp.qfihr1I1 lll.WPWlll.IllMP R1 U ppp.qwqCibrtp. lll.illPWllllllPTlP R2 
qnpow4l19Cibpf! hwuwlll.wmwutuwCinphCi hwqwuwp bCi' 

R1 = Nq/N, R2 =n/m: 

8. lfwpl.J.m.J.Jwfi mqwuwplJ.uwCi gwCighp 

UnopJW qJWCipp.g qwphlP t phpht pwqliwp}lll opp.CiwqCibp, hpp hwl'.iw
]unpqCibpp., qCinp.qCihpJi, h]ltlwfiqCihp]l L. WJL hWJtnbpJi Ulll.WUWpqmU{! ]lpwqw: 
fiwgqmu t up.uJwfig htm 1pntul(wtqw49qwo mwpphp ulllwuwpl(uwfi hwuw
l(wpqhpp. up.2ngnq: ~l12hCip' qfin}ll}fihp]l ulll.wuwpl{mul! hw!ipw]uw!impmu, 
hpp qCimuCihp u ql'.iwpn1U!ibp qWtnWpblPU fipwfip UUJ.WUWpl(qmu b(l bw!ipw
]uwfimpp. tnwpphp pw<tp.!ifihpmu l.t l}JlWUwpl(qhpmu; h]ll[w!iqfihp]l utqwuwp
Illlll! lll.lllP4I.Pfi]ll(wJmti l(wu h]ltlwfiqwfingmu, npmbrt h]ltlwfiqn1pJwfi 
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wfrnnnpnzuwfi L. pmctuwfi l1wuw11 fi11wfip wfigfimu hfi mwpphJ1 
1wpnpU1mn11l1U1fi h1mt{, hlllti lll jun p11fi h11I1 UUJ.lllUlllfllJmUJ! U1t{mnmhjuuUJ.U1-
uwpquU1fi otnuU1114mpJmfimu, tpp U1t{mnutptfiwJl1 wfiuwppm13Jmfifit11I1 
n1m2uwfi L tlh1m1qwfiqfiuwfi hwuU1p wGh11wcth2m t wfigfiht 6hnfiw114mpJwfi 
mwpphp ownwJmpJmfifih1mt{ m p11l1qwqfihpnt{, L wnfi: 

U}1uJwfig hhm 1pn]u4wUJ.w4gt.lwo uUJ.wuwpquwfi hwuwl.Jw11qh1ili pwq
wnpJntfil! lJn~t{mu t ui.qwuwpquwfi gwfig: Ui.qwuw11lJuwli gwfighJlI! pfimpwqi1t{mu 
hfi pphfig lJwnmgt.lwopml, gwfigmu l!fil}qi1ljt{wo mqwuw11lJ.uU1fi hwuwljwp
qhpp L. mqwuwpl.J.t.lnr1 hwJmh11p 131.{nt{ m mhuwlJfihpm[, UUJ.wuwplJuwfi hwuw
lJwpqhpmu hwJmhpl1 UUJ.lllUWJllJUwfi qwpqmJ., hwJmt11}1 ummpI1 hnupl1 L. 'lflWfig 
UUJ.WUWpl.J.Uwfi chuuwfiw4l1 pwzjuuwfi ophfipm} L WJlfi: 

Ui.qwuwpquwfi gwGg!1 l.J.w11Lnp lJwnmgt{wopwJltfi U1WJ1phpj1g hfi fipw 
hwfiqn1Jgfihpl!, npnfig hwliwUJ.wmwu]uwfimu bfi gwfigmu J!CiqqplJt{wo ui.qw
uwpl.J.uwfi hwuwlJwpqbpJ!: 

5wfigl1 lJ.wnmgt.lwbpJ!, Cl.Jlw hwfiqinJgfihpl1 uJ12L. t11wo. lJwUJhPI! Ciqw-
11wqpt{mu bfi mI]qnrqt.lwb qJ1w:J>I1 oqfimpJwup: Q.11w:J>l1 qwqwpfitpj1fi hwuw
UJ.wmwu]uwfimu bfi gwfigl1 hwfiqntJgfibp{!, Irnl.J. mn11tjwb 41l'lhf111fi· hwJuit11J1 
lmuphp{! gwfigl1 u)1 hwfiqmJ9)1g qbUJl1 UJmu1r ltwtmtwo gwfigmu quifit1_1111 
hWJU1hpl1 R ptl_pg' U1Wflphpt1_mu bfi pwg L tpwlJ UUJ.WUWl14Uwfi gwfigt11: .Pwg 
gwfigmu hwJmh11}1 R PM!! UJWmwhwqwfi utbmpJmG t, Irnt.i. ipwl.J. gwfigmu 
hwumwtnmfi ubontpJmfi t· R<oo: 

bpb gwfigmu UUJWUWpqt1_ru1 pn1np hWJlflhJlll UlllJfiWutJ1u1 tfi, WUJ.W Guwfi 
gwligJ! lJn2tjmu t hwuwutm: 5wfigmu hwJmt11}1 mhqwzw1uthpJ!, w1u)1fipfi· 
gwfigl1 Up hwfiqn1JgJ1g UJillUJ! wfigmufihp[l, Ciqwpwqpt{ntU hfi wfigmufitpp 

1.Jwu bppntrtwJpfi P hwt{wfiwqwfiwJpfi uwmppgntf· P=IIPiill: Ufig111ufih11I1 P 
uwmppgp PiJ mwpJlhpp gmJg bfi mwurn gwtig)1 i hwfiqntJgmu hwJmt1l}l 
UUJ.U1uwpl.J.mu)19 hhtnn fi11wfig j hwfiqmJg wtigfit1m hwt1_wfiwlJwlimJJJmti1!: 

'1-11mwp1.Jhlip M, O<M<+oo hwfiqi11Jgfih11)1g pwIJl.J.wgwb pwg hwuwuhn 
UUJ.wuwplJuwfi gwfig11: 'uuwfi gwfig hwJU1bJ1p qw1Jm bfi n11Lt w11U1wp)1fi 
W'lPJntppg· 0 hwfiqn1rnl1g: UpmwpJ1fi wqpJm11j1g gwGgJ1 i hwfiqmrn hwJui11 
lJWtlllI] t pfil.Jliht Po, hwtjwfiwlJwtimpJwup· 

M 

LPo, = 1: 
i=I 

liJuuthI] rifi,µufit{mu t, 1111 P(w1=0: i-1u1 hwtiqi11Jgmu UUJ.wuw111.Jtjhp11g htum 
hWJUl[l Pio hwtjwfiwlJwCirnpJwup lJwpmJ t. tP-br gwti911· 11Cil.Jfiht O hwficµnJg: 

tJ11pmqwJ)1fi P uwm11J1gt1 mw11pb1111 pwt1_w11w111uu hfi htmLJWI UJ.WJUWfi
fibp)lfi. 

M 

O~p,,~,, LP1J=I, i,jE{0,1,2, ... ,M}: 
j:0 
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liJUUUlWlll, gwfig}1 p hpplllllWJ}lfi UWUlJljlgJ! hw4wfiwlj_WfiWJllfi UWU1pl1g t: 
UUJwuw11quwfi gwCigh11J1 hhtnwqnmuwfi }ufiqJ111uh1uuu P uwm11}1gJ! aj1mw11lt-
4mu t n11UJhu gwfigmu hwJmb11I1 mhqru2w11dt111! Gtiw11wqiulll t11cµ11I114, 
~t(hJ11mai.tnr1 uwpqnt(Jwfi 211pwJlt wCigmliwJ]1Ci uw1.1111l19: 

Pwg gwugmu hWJtnh11J1 UlllUlJ!ll hllUJ!J! 11Jlll24lllU t ZR= tR - tR-1 UJWtnwhw
qwfi UhOill}}JlllUUhpll hwuwtnbq pw2}uuwup. 11lltnbq tR-hJlJ! hWJUlh}tlt qWLlll 
UJWtnwhwqwfi UJWhh11fi hfi, R ~ l, to= 0, 0 ~ t1 ~ t2 ~ .•. : bph ZR UJWmwhwqwfi 
uhmupJmfifihpJ! hwuw}uupmu wfiqw}u hfi L. pn111p R 2'. 1-hplt hwuwp n2uwppm t 
AR(t}=P{zR~t}, A,(t}=A2(t}= ... =A(t) UJWJUWCiJ!, WUJW gwGgl1 ummpl1 lulupJ! 
wup1U12mpJwup npn2tlmu t A(t) pw2.tuuwfi :t,mulj_g]twJntl: 

bph i.pwq UUJwuw11quwfi gwfigJ1 pn1np hwCiqmJgfibpmu hwJmhpp UUJW
uwpljuwfi dutuwfiwljfihpU mUhfi gmg~wJ)tfi pw2.tumu, lmq pwg gwfig}l qbUJ
pmu CiwL. ummp}1 lmupCi mfip '1lmwunUp pw2.tumu, WUJW fiuwfi gwfigbpJ! 
ljn~tlmu tfi uwpl.J.nt(Jwfi ljwu gmg~wJpU: t,ph gwug}1 npL.t i-pq hwfiqn1Jgmu 
hwJmh11]1 uUJ.wuwplJ.uwfi dutuwfiwlJ.11 pw2.tuuwfi B;(t), :t,mfil.J.g}1wfi, i=l,2, ... ,mi 
lJ.wu gwfigp ummp}1 hnupfi mfip gmg~·uJpfipg mw11php pw2fumu, WUJW uuwfi 
gwfighpJ! ljn~tlmu hfi n~ uwp{tnt(Jwfi: .!.hmwqwJmU uhfip 4Pfifiwp4bfip upwJfi 
hwuwutm, uwr11.J.nt(Jwfi i.pw{t L. pwg uUJwuw11lJ.uwu gwfigh11J!, npnfig hwuwp 

A(t)=l-e-..u, Bi(t)=l-e-µ,t: 

liJumbq il.-a· wpmwp}1U wqpJmp}19 hwJmhplt hnupp hwnw}umpJmfili t, pu{t 
,LJ;-(i' gwfigf1 i-pq hwfiqn1Jgntu hWJUlbpp UUJWUWplj_uwfi. hwowfWU}}JDlfiJ!: 

DpnzhCip umwgpnfiwp nhdpumu pwg gwCigmu 2P2WUJU1DLJU1 ljwmwpnJJ. 
hwJmhpp hnupbpf1 hwnw_tumpJmfifihpJ!: '1-}1gmp· A;-fi umwg}mfiwp nbdpumu 
gwfigp i-pq hwfiqntJgl1 ununpmu hwJmhp}1 hnupp qn1uwpwJ}1Ci hwnw_tum
pJmCifi t: .!.wJmhpp lmuI!fl hw2tlhlJ.znI1 UJWJUwfif1g hbmLmu t, np i-pq 
hwfiqn1Jgl1g hwJmhpf1 twp lmupl1 qn1uwpwJpfi hwnwfumpJmfiJ! fimJCiUJbu 
UJhmp t hwt{wuwp tp.fi.f1 il;-11: ..E.wfip np j-pq hwCiqn1Jg}1g i-pq hwfiqntJg hwJ
mhpp hnuI!J.1 hwnw_tumpJntfiJ! hwt{wuwp t AjPi;-11, WUJ.W ljwJmfiwgtlwb nbctp
unui gwCigp hwfiqntJg Cibpp hwuwp nzuwpptn hfi hbmL.JWL hwqwuwpmufibpJ!. 

M 

~ = Ao Po; + L iljp ji , i=O, 1,2, ... ,M, 
i=I 

(8.1) 

npmbq ilo-fi wpmwppfi wqpJmppg· 0 hwCiqntJgpg hwJmhpp hnupp qnuiwpwJpfi 
hwnwfwnpJmfifi t: 

ilo-J.i wpdbI!ft hwJmCip LltCihtm qhUJPmu (8.1 )-119_ l.J.wpbtp. t upwpdbpnpbfi 
npn2ht A;-bpp i=l,2, ... ,M wpdbpCibp{!: u2tUp, np pwg gwfigbpntu' i\.o;cO, pulj 
i.pwlt gwfigbpnui ilo=O: q_tp2J.ifi qbUJPmu gwfigmu hwJtnhpp R pwfiwltl! 
hwumwumtfi. ubbntpJmfi t L. mpt{mu t gwfi.gp hbmwqnmuwCi uqqpfiwqwCi 
UJWJUwCifibpnui: 

<l>wl.J. gwfigmu A; hw6wfwnpJmlifihpJ! npn2tlmu bCi hbmhJWL hwuwubn 
hwqwuwpnuICibpp hwuwqwpqpg. 
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M 
Ai= L\Pji , i=l,2, ... ,M: (8.2) 

J•I 

Pfi~UJ.bu qJm1hfip, fiuwfi hwtJ.wuwJlllttlfit11I1 hwuwtiw11q!.i mfi[1 wutJ.hp2 

ptJ.ml. tntomufit11: liJUllfi:p(i' bph hWJUlfip t (8.2)-p n11t.t ,1.=(A1 ... ,AM) tm<)mu, 

WUJW gwfi4wgwo /3>0-11 hwuwp J3k=(j3A1, . .. ,j3AM)-r!' fimJfiUJt.u 4l11Cil1 (8.2) 
hwtJ.WUWJllllUCih11I1 hwuw4wpq}l 1m0111u: 

Cl>w4 gwCigbpmu ,l;-bpl1 upw11dbp n1m2uwfi hwfiw11 hbuiwqwJmu 
4J!firµnfibCip, np qpwCip pwtJ.wpWJllltU hCi hbuihJWL CinpuwtJ.npuw(i UJWJUwfiI1u· 

M 

I,\=l: 
i=I 

liJu Jlbll.J.Pmll ,l;-b111! 4wpbtp t ub4fiwpwfit.1 npu1bu UUJ.wuwpquwfi 
gw!igl1 bppnlllWJpG P uwuip)1gJ1 tJ.pw 4wnmgtJ.wo uwpltntl.JwCi 211JlWJJ1 
umwgpnfiwp hwtJ.wCiwljwCimpJntfiCihp: A;-hpp fiuwCi ut.ljCiwpwCinuiu pmJt t 
mwtlm qqwtlmphfi UJWJlqhgCibt i.pwlt gwfigh11J1 hbmwqnmmu11 Pwg gwCigmu 

A; hwowtuw4wCimpJntCiCihpf! 4wphtl1 t Cih11ltwJwgCib1111 :nl.Jwt uihupml. 
,l; = CXj~, i=0,1,2, ... ,M, 

npmt11 CXj-hpf! 4nttJ.mu hCi lfmtuwfiguwfi qnpowlt}lgfihp h n1m2tJ.mu hCi (8.1) 
hwtJ.wuwpmufihpp hwuw4wpqJ1g: <1>w4 gwCigmu A;-h1111 4w11t1I1 t Cihp4w
JwgCiht npht, opJ1fiwlt wnw2[1Ci, hwfiqn1JgJ1 hwowtumpJwfi oqfimpJwup· 

,l;= CXjA.1, i=l,2, ... ,M: 
Pwg gwfigmu CXj qn11ow4J1gfihpf! gmrn hu uiw1j1u hwJml1 gwfig qw1m 

UJ.Whpg uJ1uih gwfigltg U}llU hhnwfiw1m UJWhJl, WJUJ1li11Ci' ywugnui uGwt1n 

{!fipwgpnui i hwCiqntJg ti11w f!Cl4fihtm uJ12l1G pwGwltt1, J1uti 41wlt gwCigmu· a. 
gmrn t UlWUlll n11Lt hwtiqmJg hpltnt hw2n1u1w4wa hwowtu111utihp)1 u112h 
I!filtwo dwuwuwljJ11~fipwgpmu hWJUlP i hwGqntJg 11Ciltfih1m u)1yf1G pwCiwlt11: 

41:iCipw'lJthGp, 1111 gwCigl1 i-Jlll hwGqmJgmu hwJLnhJ1'J uUJwuw11timuti 
J1pw4wuwgtJ.mu t m; umJfiwml1UJ. uuiwuw11tiuwCi uw11phpl1 u)1911ymJ.: i-1111 
hwCiqntJgll llhlj UUJWUWpljUWU UlUflplllU hWJUlbpll UlljlUUWJlljUWli dWUW

fiwlj(i mfil1 µ. UJWJ1wtihui1u11J. gmgiwJ[1G pwzfumu: 
P-wg UUJWUWJ11.juwli gwfigl1 uuiwglmfiwp nhdf1um u qLnCitJ.b1111 hwuwp 

wGhpwdh2ui t., nJl Gpw pn1n11 hwCiqn1JyCib11)1 uUJwuwpljuwli hwuwtiw11qbp11 
pwtJ.wpwphli ~hwqbgwompJwCi UJWJUwuf1fi · 

A,/µ.<I (il;<µ.), i=l,2, ... ,M: (8.3) 

.Qwtif1 1111 il;=a,A(i, WUJW pwg gwfigf1 UlllwgJmfiW[l ntdt1uj1 (IIIJIIIPJWLi 
wCih11wdbzm l, pw4wpw11 UJWJl.lwfip 4w11t1)1 t. lJh114wJwylJLJ hLml.JW[ wlihw
tJ.wuWJllllJIJWUp. 

A(i< min{µ, /a,): 
o•l,M 

<1>w4 gwtighpmu µ. UJ.Wpwubmpl:i11)1 ywu4wywo tJ.h11ywtJ.np w1H.thp
fihpl1 l}hUJ.Pmll qnJmpJmli mlip uuiwgtmlJwp nhdlttl: l!Ju 11hUJpmu n)lLt. 
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hwCiqmJgmu (8.3) U}tuJliwCiJ1 tuwtummu[! hwUqbgCinui t mtlJw1 luufiqntJ
gmu hwJmb11J1 qbp4mmw4uwfi: <1>w4 gwCigmu CiuwCi hwCiqmJgCihpl! 
tin24mu bCi gwUgp. Cibq mbr[bp L. n11112l[mu bfi hbtnL.JWl u1wJuwfiJ1g. 

min [(Ajµ,) = P;] =Pm .. • 
1=1.M 

nptnb11 Pmax-U 41124mu t gwCigp. hwqbguwCi qnpi>ulqp.g: 
liJdti wCigCibCip UU}wuw11lJuwCi gwCigbpp. pfimpwqpbpJ1 npn2uwCi[!: '1-p.

mwplJbfip A U}tupwubmpntl n1mwunCit1 pw2Juuwup ummpJ1 hnupntl, M hwCi
qntJgfihpntl, hwuwubn, uwpltntlJwCi pwg UU}tuuwpltuwCi gwCigl!: ~wJ-mbpp. 
UU}tuuwp4mul! gwCigl1 i-llll hwfiqntJgmu p.pw4wCiwg4nul t J.i; U}tupwuhmpntl 
m; CimJCiwml1lll ull!wuwplJuwCi uwpphpnl[: 5wCigp. hwCiqntJgCibpntu hwJmbpCi 
UUIWUtuplJtlmu b(i WP11WPW9l1 hhppl1 lttupqntl.: ti.ult gwCigmu llJ.ltufig tnhqw-
2wpcJ-hp[! CilJwpwqp4mu bCi P bppmqwJp.Ci uwmpp.gnl[: 5wCigp. tl.wppl1 Ciltw-
11wqpuwCi hwuwp aj1mwp4bup hhmL.Jtul M 2w1.pup. uwpqntlJwCi qnp~Cipwg[!' 

N(t)={n,(t),n2(t), ... ,nM(t)}, O~;(t), i=l·,2, ... ,M, ~o. 
nptnhq 1,.(t)-fi' ctwuwCiwqp. t Uituhpfi gwfigp. i-M hwfiqntJgntu (hbppmu L. 
UU}WUtupltuw(i Utuppbpntu) qtnfitlllll htuJtnbpp qntutupJWL pp4Ci t: 

1.,zwuwlthlip P( n, t )=P{n,(t)=n1, ... ,nM(t)=nM,t}-ntl. cJ-wuwCiwqp. t Uituhp.fi 

gwugp. n ={n,,n2, ... ,nM} tl.p.6w4mu qtnfitl.b1m hwqwCiwltwCintpJntU[!: bph 
gwug)l. hwCiqntJgCibp{! ptutl.tuptupntu b(i 2hwqbgqwompJtuCi (8.3) UIWJUtuCip(i, 
tuUIW pwg gwfig)l. hwuwp qnJntpJm!i mfip umwgp.nuwp nhdp.u: 
P( n )=P(n1,n2,, .. ,nM)-ntl. u2wCitultblip umwgpnCiwp nb<tplimli gwCigp. n tl.p.6w-
4mli qmCitlh1m hw4wCiwqwCimpJntCi[!' 

P(n) = lim P(n, t) : 
1--+oo 

Oqmtl.h1nt1. hwJmbp]l hnup]l htuztlb42n]1g P( ii )-bpl1 hwliwp lJwpbJ.P t 
qpb1 hbmL.JuiL hw4.wuwpn111Cibpp. hwtiwltwpq[!' · 

P(n{ Ao+ ~c5(ni)Y;(ni)µi )= 
= IIc5(nj -l)y;(n; +l)µipijP(ni,n 2, ... ,ni_"ni -1,ni+l'"''n;_.,ni +l,n;+i,···,nM)+ 

1=IJ=I 

+ Ic5(ni -l)A0p;oP(ni,n 2 , ... ,ni + l,n;w ... ,nM) + 
i=I 

+Ir;(n..i +l)µ;p; 0P(ni,n 2 , ... ,ni +l,ni+1>· .. ,nM), (8.4) 
i=I 

1-,., J.ftr) = {l, bpb K = 1,2, ... , ( ) -{n, bpb n :s; m;, 
npui ..... L U\.= 0, bph K :s; 0, l'i n; - mi, bpb n ~ m; : 

o(K) !l>mUqgp.wCi gmJg t UlWJ.PU, np qwwwpq hwCiqntJgmli hwJmbp]l 
UUituuwpqliwu hwowtumpJntCi[! hw4.wuwp t qpnJp.: }'i(n) libbntpJntCi[! gmJg t 
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UlWtpU i-Jlll hwCiqntJQlUU UllWITTllUWUWlt UUJWUWillttJnrt hWJlilhpjl pWCiWIH!, 
hpp hwCiqntJgmu ljwCi n; hwJmhp: 

(8.4) hwy_wuwpuwCi aw]u uwul! hwlj_wuwp t n 4.l16w4l1g qmpu h41111 
hw3mh11J1 hnupl1 qmuwpwJpCi hw6w]umpJwCi[!, Im4 w2 uwu1f gwCigp UJmu 
ll.]l6wlJ.Cihppg qhUJ.11 ii @6wlj hnupp qmuwpw.1J1Ci hw6w]umpJWU(!: 

\,2wfiwlJ.hCi12 P;(n)-ny_ gwCigJ1 wnwCiaCiwg4wo i-p11 hwfiqntJgp Ull[W
uwp4uwCi hwuwlJ.wpqmu n hw3mh11p qmlhlhtm umwg{mCiwp hw4wCiw

lJ.wCimpJntCi{!: UJctu gwCig}1 umwgpnCiwp P( ii) pw2]umuI! nrm24.mu t hhml.tJWL 
pwCiwoLnlJ.. 

P(ii)= P1(n1)XPi(n2)X ... XPM(nM): (8.5) 
(8.5) pwfiwal.t[! Cihpl[wJwgCimu t gwCighpJ1 mhumpJwCi ut2 hwJmCiJ1 

QbpunCip pbnphU[!, J:!UUl npp pwg gwCigp umwg}mCiwp pw2tumUJ:! hw4wuwp t 
Cipw wnwCiaCiwgy_wo hwCiqntJgfibpp UUJwuwp4uwCi hwuw4wpqbpp umwgp
nCiwp pw2]umuCibpp wpmwqpJwtpfi: 

· \,tpumotCip /J.(n) :timulJ.gI1wCibpf!· 

/J, n = {n!, hpb n :<,; m,, 
,( ) m,!, hph n:?: m,: 

UJdu (8.4) hwy_wuw11muCihJip hwuwlJ.wpq}1g gwCigj1 P( 11) umwgfmtiw11 
pw2fuuwCi hwuwp 1.J.umwfiwup· 

P( ii ) = nM () .. oa;)"· G -I 
11 /3 M • 

1;] µ, I I ( n I ) 

(8.6) 

npmhq GM-I! Cinpuwy_npuwCi hwumwmmfi t· 
M - M (A a)"' 

GM= I In ° · : (8.7) 
1;] n,;Q 1•1 µ,n, /3, ( n I) 

a;-,jmfuwCiguwfi qnpowqpgCibpp npnzy_mu b(i hbmt.1w1 hwlJ.wuwpmuCibp}1g. 

a;= Po,+ Ia,p1;, i=I,2, ... ,M: 
j=l 

fl.ulJ. P;(n) hwy_wfiwqwfimpJmfifih11p 111mz4111u liti hbutl..JWI pwfiwol..mJ.. 

il"•a"• 
P,(n) = P;(O) 0° ; , i= 1,2, ... ,M: 

µj I /3,(n) 
liJumb11. P;(O)-Ci' gwCigJ1 i-1111 hwfiqnl]ymu hw1mh11J1 pwgw4wJlllf3JWti 
(wJupfip(i' hwfiqn1JgJ1 UJWIIWUJlllJlt}ll) hw\1wfiw4wli111f3Jlllfifi t.: 

UJ<hl qptnWJllJbfip Lltw4 UUJWUWpltuwCi gwtigb1111: PCiit11bU WJll}bti fiJ4.t.1 '·· 
CiuwCi gwfigbpmu hwJtnh11I1 11fiqhwfim11 pwlhu4p hwumwmmCi t., 011I1liw4· 
hwy_wuwp t R-p: \,uwCi gwfig}1 4w11p11 Ciltw11wqpnf) N(t)=(n1(t),ni{t), ... ,nM(t)) 
uwp4ml.Jwfi qnpo[!fipwgp hwuwp upJtn q11Jlllf3Jlllli 111tij1 umwgJmliw11 

nbdpu, npti P( 11) hwy_wfiw4wfimp1111 CifihJILI 11111174111 u hli hbtnl..JWL hwy_wuw-
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P( ii) I8(ni)Yi(ni)µi = 
i=I 

= II8(nJ -l)y;(ni +l)µ;P;l(ni,n 2 , •.. ,nj-l,nJ+l'···•n;_1,n; +l, ... ,nM): (8.8) 
J=l 1=1 

<l>wq gwfigp l[wpp[! fiqwpWqpllil UWpqm.lJwfi qI1J10TifiJ}WQp tll16wqfibpl1 
n l[bqtnllJlll tnwpphp]! pwl[WJlWpmU hfi hbtnL.JWl tqWJUWfil1fi. 

M 

In; =R, 
i=I 

Im4 fipw mwppbp t1.116wqfit11I1 uwfiwltl! hwl[wuwp t R hwJU1bpl1 M hwfi
qiuJgfibpmu mhIJ.wqp.uwfi mwpphpwqfihpl1 pwfiwltl1fi' c~:~-1 -p.: (8.8) hw4.w

uwpuwfi tmanuUihpfi mfibfi hhmL.JWl mhup(!' 

P( n ) = I n( a; )n, _I - : 
GM (R) i=I U; /3; (n;) 

liJumhIJ. GM(R)-1! finpuwtJ.npuwfi hwumwmmfifi t L. npnzl[nui 
pwfiwoL.ntJ.. 

u2tfip, np qmuwpntUJ! qwmwptJ.mu t 
M 

Lil;=R 
i=l 

(8.9) 

t hhU1L.JWl 

(8.10) 

tqWJUWfip.fi pwtJ.wpwJlilll n tJ.hltumpp mwpphpp pn1np hG.wpwl[np 
wpcthpG.hpp hwuwp: 

<l>wlJ. gwfigp hwuwp Cl'.; qnpmultp.gfihpJ! npnzl[mu hfi hhmL.JWl hwl[w
uwpmufihpp hwuwlJwpqp.g. 

M M 
a;=Iaipii' Ia;=l, i=l,M: 

j=l i=l 

'1-pmwplJhfip utqwuwplJ.liwfi gwfighpp.hpufiwlJwfi umwgpnfiwp pG.m
pwqphpJ!: <Dwlt gwG.ghp]1 hwuwp i-Jlll hwfiqntJQpg hwJmbpp tw]1 hnupp A;(R) 
hw6w.tuntpJmfi1!' hwG.qntJg]1 pnqmG.wqmpJntfil!, hwl[wuwp t mtl.Jwt hwfi
qntJgmu u]lwl.[np ctwuwfiwqmu utqwuwpltl.[wcr hwJmtr1p u}12t1fi pwfiwltp.fi' 

R 

A.;(R)=IP;(n,R)A =a; GM(R-1)/GM(R), (8.11) 
n=l 

npmb.q P;(n,R)-1! gwfig]1 i-Jlll hwfiqntJgmu hwJmhp]1 pwfiwltp. uwhuwliwJ]lfi 
pw2.tun1ufi r 

P;(n,R)= x~ [GM(R-n)-x;GM(R-n-1)1/GM(R), xi=<X://Ji: 



N ifwplJnt/Jw{} UUjwuwpqtfwli gwligl;p 2J'i 

bpb R, -1! i-]lll hUJfiqntJgmu qpwqtj_wo- UUJUJUUJillJIIwfi uw1112bp!1 u112!1fi 

pwfiw4fi t. illll!W' 

Ri = ,.1,(R)/µ;, 

RJRj = a;µ:/'4K (8.12) 

liJumb11ltg hUJfiq.nLJguh11}1 pnqmfiwqmpJwu A;(R) qnpawq}1gubp!1 hw
iIU111 4w11tt11 t umwfiwt' 

A;(R)/Aj(R) = CJ./<Xj: 
5wfigJ1 i-]lll hWUq.JllJgDLU hWJUlbpp ut12pfi pUifiUiqp hwt{WUW]l t· 

Ni(R)= Ix~(GM(R-n)/GM(R)), i=l,2, ... ,M: (8.13) 
n=I 

Cuui Lpptp. pwuwaL.}1, i-111J: hwfiqntJgmtI hwJuthp}1 ufiUJtm u112!1fi 

t; (R) dwuwfiw41! hwi.twuwp t hwfiqntJgmu hwJuib11}1 u}12I1fi pUifiw4}1 L fi11w 

ummp}1 hnupp hwnw]umpJwfi hw11wphpntpJWfiJ!. 

ti(R)= Ni(R)/,.1,(R), i =l,M: (8.14) 

bf}b ViCR)-1! hwJutp i-Illl hwfiqn1Jg}1g qmpu qwim iqwh}1g utiGtL. WJll 
hwfiqntJ9 wnw2pu wuqwu t{t11wqwnfiwvn iqwhfi J!filjw<) dwuwuwlJ.!1 uiL.n
qmpJwu u}12I1fi wpdbpu t, wiqw fipw hwuwp 4.uuiwfiwfiu" 

M -
Vi(R) = L(a;/ai)ti(R), j=l,2, ... ,N, 

i=I 

(8.15) 

Yj(R)N;(R)=<Y;/<Xj: 
UJuuthq a/<Xj hwpwphJUHf}JlllUJ! gmJg t mwtlm hwJU1h11!1 i-1111 hwClqmJg 

bpqm hw2nll1J:wlJwG wfigmtifih11I1 J!Upwgpmu j hwfiqntJg 11fiquh1111 u)12I1fi 
pwuw4p: 

P-wg gwfighpp u}1 pwfil1 pfimpwqpbp}1 hwuwp pbphfip pwuw0Lh1111: 

'l-}1gmp· N -1:i' gwfigmu, Im4 Ni -fi· i-tlll hwfiqn1Jgmu hwJU1b11t1 ut12)1fi pw-

fiw4ut11fi bu: liJU qbll!J!ntU N -11 L Ni -fi 111m2i.tmu b(i hbutLJW[ pwtiwoLhtmtJ.. 

Ni = p/(l-P,), (8.16) 

(8.17) 
i=l i=l 

CuUI Lfi:pLl1 pwfiwaL}1' N = Aot, n11U1h11 t -fi hwJuth[J!l gwtiymu utiw1m 

ut12I1Ci dwuwfiw4u t: Pwg gwfign11.i i-fi np112t{mu t hhU1LJw1 pwtiwaLutJ.. 

t = (( Aoi!pJ(l- P;)): (8.18) 

Oppfiwq 2: 'ijIU1w11lJbup wtj_U1mnb]uuiqwuwp4uwfi ahntiw11lJm13Jwfi w7tuw-
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inwUpt!, 111111 ownwJmpJmUllb111! lJ.wq1hJwo b(i ]!UUl 111m2wlJ.11 utuuUwqlmuu
J} Jmuu h11t1 inJ111wUJhmm1 uwuuwqbmuh1mtl: :Jhnuwp4mJlJwfi hwo, u 1unpqfih11I! 
wupru12wlJ.wu uUJwuw11timu uuiwfiw1m hwuwp wfigfimu bfi fi1nu bwnwJm-· 
pJmufihpp gwugntl: '--Iw)utlwo hwl'.iwJ:unJ111fihp)1 w4umuhpbCiwCibpl1 wCiuwppm
J}JlllfiCit11t1 intuw 4I1g · a hnfiw11lJ.mpJmfimu 4wmwp4.mu t 1y1wfig J!G rwg}14 4wu 
h}1ufiw4wfi fin1111qmu: 

:JhnGwp4mpJwCi omnwJlll}}JlllfifihpJ1 qwlllltg4.wop]! h hw6LUJ:unpqfibpl1 
UUJWUWp411Wfi lplllthJll! phplJ.WO bfi qpw:pmu: 

I 2 5 

3 
:;;>tnliwp4mpJwul! IlJ.1uwo JmpwpwfiLJmp hwowJ:unpilJ.1 wtJ.mnubpbG1uJp 

hwuwp uqqpmu tiwmwptJmu t wfiuwppmpJmfifihpp UJwpqmu (1-pfi hwCi
qntJg), npp WpqJntUpuhpn4. npnz4.ntU t finpnquw(i hwuwp wfihpwdbzm 
wzJuwmwfipCibpp gwfi4I!: -'1-l1gmp' I hwfiqntJgmu q1 hwt[wfiw4wlimJ}JWUp 
[!fiqmfit[mu t 1ml_mmibpbfiwJp [!lipwgpq finpnqnui, p.uq 1--q1 hwt[wfiwqw
umJ}Jwtip' hpuuw4wG Unpnqmu qwU1wph1m npnzmu: q.pw:pmti ]!UJ}W9P4 
4.hpwfinpnqtiwfil! hwUWUJWU1wu]:uwfimu t 2 hwfiqntJ9I!, pu4 hpullwqwfi fin
pnquwfip' 3-pq h 4-pq hwuqn119Uhp{!: U4.U1mihphCiwCihpp. hpuCiwqwCi Cin
pnquwfi w2]:uwU1wUpUhpCi ppwqU1Gwg4.mti h(i hp4m tlin1tntl: Unw2p.li tiin11mu 
(3-pq hU1fiqn119) 4wmw114.mti t wll_llllluhphfiwfihpp. tlp.6wltll qfiU1hwU1mti, npp. 
WMJmlipfihpn4. qp.wfip q2 hw4.wfiwqwfimJ}JWUp 4wpnq bu 6wfiU124.h1 hptifiw
qwfi finpnqtiwfi hwtiwp UUltnwfip (4-pq hwliqn1Jg), p.ttlj l-<12 hw4.wfiw-. 
ijWUntJ}JWUp' n2 UUlUlWUp: 1..J..hp2I1fi :q.huwmu hwowp.mpqfihp]! (3-pq hwfiqntJ
gpg) hhnwfimti hfi ohnfiwpljmJ}Jmfip.g: 

Qfipwgplj h hptifiw4wfi Gnpnqn1ullhpp. w4.wpmpg hhlilll, wJupfipfi' 2-pq 
h 4-pq hwUqn119Ghpn1ti ull_lwuwpljtJ.h1mg hhmn, qwU1wp4.mti hll wt.f.umtihph
llwfihpp. mh]ullp4w4wfi tlp.6wltll tl_hp2Gw4wa umntqntti h hwtiwUJwmwu]uwll 
ipwuU1wpqphpp 6hwqhpUJmU (5-pq hwfiqntJg), npp.g hhlilll hwow]unpqGhp{! 
hhnwGmti hfi 6hnfiwpqntJ}Jmll).Ig: 

Qfi:q.mfihllp, np hwowt,.mpqllhpp hnupJ! llljwpwqptJmu t 'llmwunllp 
pwzp.mttim.{ A hwowt,.mtJ}Jwtip: :;;>tnGwpqmpJwG U1wpphp ownwJmpJmG

Ghpmu hw6U1p.mpqGbpp UUJU1uwpqmufi ppwqwliwgt{mu t m;, i= 1,5 pt.f.ntl. 

fimJfiwtnp.UJ pppqwqfihpn4.: i-pq hwfiqn1Jgmti hwowt,.mpqGhp).I u111wuwpq
uwa ctuniwfiwlJG map gmgtwJJ:iCi pwzt,.mtu Jli hwow]unrpJwtip: :Jhnfiwpqm
JlJWG omnwJntpJmfifihpnui hwowt,.mpqfihp}l hhpphp]! uwhuwGwqiwq thfi: 
q.wim-1. 6hnUwplJ.mpJmli hwowt,.mpqlibp{! hwtiphpwmwp Ull}wun1ti hfi tiJ:ifith 



8. lfwpljm/jwfi mqwuwp!Jtfwfi gwfighp 

l1phfig wupnq2w4lllfi Ulll.WUWJ14uwG wtjWJlUll!: <.w6wJw11111fibp]1 Ulll.WUlU(l
qnni(! l1pwqwfiwg4nui t W}1JlWJ1wg}1 hhppl1 u4qpmCipn4: 

Otnfiwp4mpJwfi wztuwmwCipJ1 fiJ.iw11wqpuw(i hwuwp oqm4bfip µwg 
uwpqnt!Jwfi Ulll.wuwpquwCi gwfig}1 w111btl1g: UJu l}hlll.Pmu gwfigl! pwqqwgwc, t 
5 hwfiqntJg)lg: ~hnfiwpljmpJmfimu hw6wfun1u1fit11]1 mbqwzwpcJi! fi4w11wq
JlilII. P hppmqwJ}1U uwmp}1gfi mfiJ1 hb111l.Jw1 4wnmg4wopl!. 

[

Oq 1 l-q 1 0 0 
0 0 0 0 1 

P= 0 0 0 l-q 2 0 
0 0 0 0 I 
0 0 0 0 0 

OhnCiwp4mpJwfi pfimpwqpbp(! ll}IDZbfip G11w 1ll.WJ1WUbm11tp]1 hhtnLJWL 
UIWJUwfiw4lllU wpdbpfihpJ1 qblll.Pmu. q1=0,8; q2=0,6; µ 1= 1,5; µ2=2; µ3=c0, 7; 
,£14=0,15; ~=1,5; m1=2; m2=2; m3=1; m4=3; m~=2; .il.=2,5: 

Uljqpmu ll}llllhfip gwfig]l hwfiq.iurnfil:i11J1 hnupbp}1 hw6wfumpJmfiCihpp' 
A1=A=2,5; A-2=..1,q,=2; AJ'''"J-1J-q,)=0,5; .A.4=.il.1q2=0,3; ..ls=..12+.il.4=2,3: 

'l-chlwp ~t hwiinqtJ.bL np gwfigJ1 pn1n11 hwfiqntJgfibp}1 hwuwp pwljw
pwptl_mu hfi umwg}mfiwp nbctJ1uJ1 qnJmpJwG UIWJuwfifibJ1l!' 

A,lmiµ, < l, i= 1,5 : 

~bmuwpwp 4wpbllt t htmwqmnht gwCigj1 umwgtmfiwp pGmpwqpbp[l: '1-11w 
hwuwp n}lllzmu bfi' i hwUqntJgp ppJ1qU111fih11I1 qpw114.wl}mpJwfi P. qnpi'lw-

ltP.91!, hw6wfunJlllfibpp ut19pfi pptl_p· N;, hl:i11pmu hw6wfunJll}fibJip uj19j1G 

PP4I!' Nq,' hwfiq.iuJgmu hw6wtunJllltibpt1 ufiW[Ill L hb11pmu UUIWUbtm ut19J1(i 

dwtiwtiwtm: ObnfiwpljmpJwfi pfimptuqpb1111 pL114wi'l bti 2-1111 w1umuwljmu: 

llr11muwli 2 

N~, 
-

i hwllqntJYP hwuwpn • P, Ni I lui I 

I. 0 83 4 57 6 24 2 50 I 83 
2. 0 50 I 10 2,10 1,05 0,55 
3. 0 71 I 79 2 50 5 00 3 58 
4. 0,67 0,38 2,38 7,93 1,23 
5. 0 77 219 373 I 62 0 95 

Obnfiw11ltntpJmfimu hw6wfun}ll1Uh11J1 uj19J1Ci N pj1411 hwtl_wuwp t' 
- s 
N = IN; =6,24+2,1+2,5+2,38+3,73 = 16,95: 

i=l 

01:infiwpljnipJmfimu wljmmihpbtiwfih11l1 Cinpuquwfi uJ12t1ti tP dwuwfiwlj11 
hwqwuwp t gwfigmu wJfi hw6wfun1111tibpl1 uCiwtm uj19!1fi ctwuwtiwltt1fi, 
npnfip gwfigpg hhnwfimu hfi 5-p11 hwfiqmrn!1y: 

"'Luwfi hwnwtunJt.qfib11!1 uwu11 ohntiw11lj111pJn1fi bljwll htu6tufunr1qtib11t1 
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f!UI}hwCimp pl{llg hwtJ.wuwp t' 
Q = q1+(l-q,)q2 = 0,8 + 0,2x0,6 = 0,92: 

.c!.tmL.wpwp' 

tP =t1 +(q1(t2 +t5)+(1-q1)(t3 +q2(t4 +t5)))/Q= 

= 2,05 + (0,8(1,05 + 1,62) + 0,2(5,0 +0,6(7,93+ 1,62)))/0,92 = 7,16: 

9. ~bppbpfl nt uwpqm.(Jwfi mbumpJwfi hflufiwqwfi 
Wpll)ntfipfibpfl flfiutpwfifl 

Q..npc}fiwqwli ]uCiq}lpCibpp tntcniwCi chuuwCiwl.J. A(t) L. B(t) pwz:tuuwfi 
)mCil.J.gpwfitpn hw6w]u mlihli gmgtwJpfipg mwpptp pwz:tumu: '1-w UJWJ
uwCiwtlnpmu t hbppbpp hbmwqnmrlwCi wtJ.ttli nCil}hwlimp tqwliwl.J.fihpp L. 
up2wlil.J.Jw1 mhumpJwfi 1.J.ppwnuwfi wfihpwdhzuunpJmCin: llnwfig 1.J.wCiq 
wnCibtnt wJq tqwliwl.J.Cibpp u qpwlig 1.J.ppwnuwfi wnwfiofiwhwml.J.mpJntfifibpp 
411w, npnfin pwtJ.wl.J.wfi}lfi wupnIJ.2wl.J.wCi u tunPl! zwpwqpqwc} bfi hhppbpp 
mhumpJwfil! fil{llplj_wc} qpwl.J.wCimpJwCi ut2, pbpbfin GIGlm, MIGlm, u GIMlm 
tn}llajl UUJWUWpQUWU hwUwl.J.wpqbpp hpUUWQWfi pfintpwqptpp hWUWp 
Utnwglj_wc} U}l zwpn WJllllntlipfihp: 

GIGlm mplajl hwuwl.J.wpqbpp hwuwp 1.J.wpunpwqntJfi ui.wpwubtnp t p 
qpwqtJ.w@tpJwCi qnpc)wlJ.ltgn· 

p = Xx/m, 
Dp{! QillJQ t lDWtpU hwuwl.J.wpqmu qpwqqwc} UUJWUWpQUWll uwpnbpp Up2pCi 
nwliwl.J.I!: liJutnhq .,,l-fi ummnp hnunp hwtiw}untpJmfifi t, x -li' hwJm}l uui.w
uwpl.J.uwfi u}12}1fi chuuwfiwl.J.n, }lul.J. m-n' hwuwl.J.wpqntu uui.wuwpl.J.nIJ. uwpnh
p}l Ptitll!: liJulajlu}l uui.wuwpl.J.uwli hwuwl.J.wpq}l ltwJmfimpJwfi hwuwp wli
hpwdhzm t' 0 ~p <I UI.WJUWCi}l pwlj_wpwpntun: 

.c!.wuw4.wpqntu hWJtntp.}1 ufiwtnt u}12}1fi T chuuwCiwltn hwtJ.wuwp t hbp
pmu qpwfig uliwtnt up2pli W dwuwuwlt}l u hwJtnp x uui.wuwp4.uwli up2pfi 
dwuwCiwl.J.p qnuiwppCi' T = x +W: 

LPJ>l.P pwliwoup hWUWOWJli, hwuw4.wpqmu hWJUlbp}l up2}1li N nwfiwltl! l.t 

hhppmu hwJtnbp}l u}12}1li Nq nwliwl.J.I! hwuwui.wmwu:tuwlinptfi hwtJ.wuwp bli' 

N = 11.T, Nq = 11.W. 

GIGlm tnplajl hwuwltwpqbp}l hwuwp N = Nq + mp 

Ube} ptnliqwc}ntpJwli qhui.nmu (bpp ~l), W-p hwzqwplt}l hwuwp 
hwpuwp t oqmwqnpc}bt hbtnl.tJwt unmwtJ.np pwllwolit!. 

(m2cr2 + e12).,,l 
W= a b 

- 2m2 (1- p) 
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' 2 npmh11 a; L ah -u hw1mhp{1 unnnp!1 lmu11l1 L 1111wfig uu1wuw111.Juwfi dwuw-

CiwlJ11 gpmuCibp(i h(i: 

MIGi 1, mJmJ.11 hwuwl.J.wpqmu hWJUlbJilt uJ12J1(i N pwCiwlm L hb)l]3lllU 
hw1mh11J1 ulllwuuwG u{12J1fi W dwuwCiwlJJI 111m2tJ.mu hG "lnuwib4-luJ1GLl1fiJ1 
pwGwoL.ntJ.' 

N = p + ()..2x 2 )/(20- p)), 

W=(,lx2)/(2(1-p)): 

Ul4WUWJ11.J.uw(i WJUuJ.lmJ1 hwuwqwpqJ1 qpw11tJ.womp1wG dwuwuw4J1 

u}l.2}1.G wpdhpu g L ai uJ12I1G pwnwl.J.muw1l1Ci 91m1ul! hw4wuw11 bu' 

g = x/(1- p), al= (aJ + p(xi )lo- p) 3 : 

U1uuJ.lmJ1 hwuw4wpqJ1 qpwqtj_wompJwG l4WJ1pb1m1131mG111u Ulljwuw114-

tJ.wa hWJtnhpJ1 uJ12]1Ci n pwGwq(l L aJ gJllllll(l ll)lll24.lllll bCi hhmLJWL 

pwGwoLhp!1g. 

n=J/(I-p), aJ =(oO-p)+-l2<x>2Vo-p)3 : 

Ar, x,, r = 1,2, ... ,R l4WpwuhmJ1bJmtJ. R wnw2umpJmCiCihJ1l1tl hwJmt11l1 

lmupntJ. MIGi! mbuw4l1 hwuwl.J.wpqhJlmu ljnunwljtJ.wo )W4WJ1U14wo wzfuw
mwGpl! l4Whl4wunr1 gwCiljwgwb Ul4wuwpljuwCi 1.Jw11ql1 11tuw111 u 67owp!1m t 
l4Whl4wGuw(i opbGpf 

~ W = {pW0 /(I- p), bpL p <I, 
~Pr r b b > I 
r=I 00 • f) p - ' 

DJlUlUTJ. 
R _ 21 R . 

W0 =1:-l,x, 2, p=I,p,: 
t=I •=I 

'1-Jnnwpl.J.bGp pwgwp6w4 wnw9GmpJ111Cilil.iJmtJ. uu1wuw111.Jowti hwuw
ljwpqb11p: liJU hwuwljwpqbpntU bpb hWJUl[t Ul4WUW[1ljtfw(l OWUWCitulj 
qwtJm t wnw4t1 wnw2Gw1!1G hWJUl, Wl4W UW(ll)IIIU qtnGtJ.1111 hWJtnfl Ul4W
uwpl.J.muG pGqhwmtJ.mu t L wliu!19wl4bu u4utJ.111u 1. Cinp bljw<'l hwJmJ1 
ul4wuwpl.J.mu11: 4wiutJ.w<'l hwuwl.Jw11qmu Ul4wuw111.J111uti 11ti11hwm4w()- hwJ
uit11!1 hhuiwqw tJ.wppJ1g· mwppbpmu tti uf1 pwtit111tuwt11. 

I. I. UnwtJ.bt wnw9GwJJ1G hwJmb11J1g hwuwl.Jw11qJ1 wqwtntl bpng ht.LDn 
ul4wuwpljuwG uwppG wtiuJ12wUil:iu wtiyti111 u I: 11ti11hwui4wo 11wJLDbJ1!1 uu1w
uwp4uwG 2w1unGw4uwfil! pum Ci11wGg wnw9Ci111pJwti L 11ti11hwunjwo LDb11t1y: 

1.2. J1wpOJl wnw9GmpJmfi mCibgnq hwJmt.1mtl Ul4wuw111.J111uti 11ti11hwLD
tJ.wb gwo11 wnw9GmpJmfi mfibgm1 hwJLDbJtjl JHt1Jti111u hti hwuw1.Jw111.w· 
1.J.nplmu hG: 

1.3. q.tpwnw9fiwJp.G hwJuib11J1g hwuwljw11q[1 w4wuitJ.b1111g hhtnn 11ti11-
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hwunJ.wo hw.1mhpl1 u1.4wuwplJ.mu(! t[tpulJ.ut[mu t wnwug hwzl[l1 wnlihLm 
(!G11hwuunut1g wnw2 111nuug u1.4wuwplJ.uwu iu1w ow]uuqwo c:twuwliw41! 
(uw4w1111wlJ.(!): 

2. ~W)lWphpwlJ.w(i Wl1W2UlllpJWUp UUJ.WUWJll.J.UWU hwuwl.J.wpqntu, hpb 
ulJ.utlht t n11L.t wnw2GwJt1G hwJmI1 u1.4wuwplJ.nttI(!, w1.4w WJfi zw111ufiwlJ.qmu 
t Uf1[i~L. UUJ.WUWpl.J.uw(i WtjWJltn(!' wGlJ.w]u hwuwl.J.wpq hlJ.wo wnwqht W11W2-
UWJ]lfi hwJmh11I1 pwuw4I1g: liJuI1up1.r WJU qhUJ.Pmu hwJmhpl1 wnw2C1mpJm
(il! hwzl[l1 t wn(ilj_mu U!lWJU npL.t hWJUlll UUJ.WUWpl.J.mlifi wt[wpmlJ.bLIU 
UJ.WhJ1G, finp hwJutli' uui.wuw114uwu uwpp tJ.bpgfibtm ctwuwfiwlJ.: '1.,uwfi hw
uwlJ.w11qmu hwJmb11l1 UUJ.wuw111.J.uwu (!fiqhwuuuuClbp 21.J.wu: 

1.1 mtmJ..11 hwuwlJ.wpqt11111u i wnw2fimpJwu hwJmbpl1 hbppmu L. hwuw
lJ.wpqmu uuw1m u112I1G c:twuwfiwljubp(! hwzt[wpljtJ.mu tu hbmL.Jwt pwuw
out1mtl 

R 

:EXx . J J . i 

cr; =~Ali, i=l,R 
J=I 

w. = 1=J 

, 2(1- 0';-1 )(l - G;) , 

T = W· + h h· = x /(1- c,.) I I 1, I 1 1 

liJu hwuwlJ.wpql1 hwuwp umwglmClwp pw]uzuwU qnJntpJwfi ui.wJUwCiCl 
mUI1 hbmL.JWL mhup(!. 

R 

LAiX; <I: 
i=l 

<owpwpb11wlJ.wCi wnw2fimpJwtlp hwuwqwpqmu umwg):lnCiwp pwz]u-
uw(i qnJntpJwU UJ.WJUWfiCi mfi]l hhm1.Jwt mhup(!. 

R 

LA.iX1 <I: 
i=2 

~ulJ. hwuwlJ.wpql1 w; L. T; pfimpwqphp(! npnzt[mu tCi hbm1.Jwt pwClw
oL.bpnt[. 

W; = !Alf jc2(1-cr;_1)(l-cr;)), 

T;=W;+ x";: 

'llbmp t Gzbt, np wnw2UmpJntfifibpnt[ hwuwqwpqbpmu GntJfiui.bu qnp
omu t l]lptlt pwCiwoL.(!, pfim pmn t mwwu pu2ui.tu Jntpw12wfivmp wnw2-
fimpJwfi, WJUUJ.bu t1 hwJmbpp qnuiwpwJpfi hnu12p hwuwp hhppmu L. uui.w
uwplJ.uw(i hwuw"qwpqntu npnz ht hwJuthpp up2pfi pwClwq(!' 

N r =A.,W,, N, =N r +p,, 
q q 

- R- _ _ R 

Nq =:EN,, N = Nq + :EP,: 
• r=l q r=l 
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10. Utnntqnittul.J.wfi hwpghp 
I. (l}.mwwifi}l pwlluuw(i u)12J1fi w11ctby(j Ill 911tj_wbp11 hwtj_WUlU]l i.11Cibt ~h(i l.J.wprur 
2. l::;pb qwuqtj_wawJj1(i UUjWUtujll.jUWU hWJUlbjl)l U11tU1pJ1 UjWhbtI[! pwztutJ.wo 

b(i J!UUl 11).mwurtfijl 0[1hUy]1, WUjW ll!lUlJl hW21l[llplll hWJUll:ipjl U}12L. J!fil.J.WO 
ctwuwliwl.J.whwwt.[wofih11J! pwztutl.wo bli tvull!nr.iht:igjnur 

3. bph ummpj1 hnup11 ll!lllwunuJwt:i t, Wll!W ctwuwliwljJ1 wt:it.[t112 ipnpp 
hwint.[womti hwuwl.jwpq l.jtu[lllll t tinunp qnpohL t111.Jm htuJUl: 

4. %nwunt:iJtuU timmpJ1 lmupj1 hwJtnt11J1 tiJ12J1li hw6wtumJ3JlllUJ! hw4wuwp 
t' 1mm t11uuinfitfig]1wt optt:iyj1 pwztut.[wo, hw2nJ1I1wl.Jwfi htuJU1bp)1 11J12lt 
J!Ul.jwo tifi2)1fi chutiwfiwl.J.whtuUitjtuop(i: 

5. (:;pt hwuwl.jwpqnu.i hWJU1bJ1j1 U1UU1p)1 ll!Whhp1_1 UjlllWWlUJWU pwztumu 
mutfi, Wll!W t.[tp2J1fi ummpj1 ll!tuh)1g wt:igwo ctwuwt:iwl.jwhwmt.[woI1g t 
l.J.w)ut.[wo hwlj_wliwl.J.wlimpJmt:iu WJU pwliJ1, np htUiwqw n[1J12w4]1 ctwuwfiw-
1.jwhwmt.[woniu mhaj1 l.jmfitt:iw ull!wuwpl.juwu hb11pwl.jw(i hwJU1!11111unpJ!: 

6. bpt }lpwp hw2nprµm hwJU1bJ1)1 uI12lt 1_1t:il.jwo ctwuwt:iwl.jwhwmt.[wolitpl! 
pwztutj_w<J t(i tpUUjllfibfigJIW[, Wll!W J!UUl htu}tlil Jllll1W!]WfiiJlll(l Uj1Jll1J11l 
(J!upwg}14.!1 hw1.Stuwmm pJwtip) hwJmhpj1 um mpl1 ll!whtp11 fimJCill!tu 
pwztut.[wo tli tpuuinutGgJ1wr 

7. bpt pp htppm t'i u11jwum1 hw6wtun111m wulrwupt11 t.,wlljw Gw lttu1m"ri_ t 
pp hbppj1g wfigt:it1 011 WJL htpp: 

8. Opnz ctwuwfiwq ht11r111u UlljWUbtntl L hwtinq4bp1t.[, 1111 uu1wuw11l.J.1111.rn 
ppwqwt:iwgt.[mu t ~wtj_lwqwGg 11wfiriwri., hw6wtun111111 1.Jw1m"11 l hpwdwp
t.[t1 Wll!wuwpl.J.uwli 111tl.Jw1 hwuwlJw11qJ1g: 

9. Uuhwuphp hw6wtun1u1J1 hb11pl1g hbpp wfigGLt11 w1uun"p pwgwm11t.[mu t 
fipwlint.[, np hw6wtun1u111 hmJu mfij1 qp6wmt1 J1J1 ulljwuuwt:i mLnqntpJmt:ii1: 

10. Ulljwuuwfi tnLm1mpJmt:ifib11I1 pw7Jumu11 l.jwfut.[wc> I. WJU pwfi!1g, pb ht11-
pj1 np l.J.wt:infiwqtuJiqntj_ J. qWtnWJ14,lllll UU[WUUWU hwUtul.J.WJiq!1 Uh2 
ummp qn11c>nq hWJtnb]l(l UU1WUW[Iquw(i [lUl]IIIUb)III hb[J]lWqWUIIIJljlllUI!: 

11. Ulljwutiwli uJ12J1t:i inLnrimrJ111 u11 w4t1J1 l.J.w116 t. wJfi hwuw4w11qn1u, np
mhri uuiwuwpquwli hwuwl.JwJlq u111111p q1111c>111\ u1tuhwu9ut.pt1 pwuwl.J.11 
uwhuwuwipwl.J.t.[mu t.: 

12. Ulljwuwpl.Juwli utlj hwJmt1G m114wc> ull!wuuwu u112J1u awuwuwtm 
U1wmwhw4wu t.i111U1pj1 !uJUp III fi!Jgnl} UlljLuuw111.Juwli hwuwlJw11qm u 
w~htp Pill t., pwu 4tuUWJWljwu [IUlfl[l~Wll hWJU1ll UUJWUUWU uJ12J1li dw
uwuw411 JlllJIWJ,?WU~JlllJl hw6wtu11JUJ!l UUJWULUJ14UWU u!JIJ11111(i dtuUW
(iwl.J. mubgllfl hwuw1.tw11q111u: 

13. Uuiwuw114t.iwfi hwuwl.J.w11q u111!irn1 hwJ1111J11l1 w111u111!iwtjt.U1 hw6wtum
pJmfi[! lP l.J.wpnq qt11wqwugt.1 u4qpuwqpJm11J1g ut.[141111 UJWhwli9Gt11I1 
umwguwli llJ.IJ11whu4411q hw6wtu111pJwliti:lipt.. hwJ111Cil1 t.fi umwgtmt:iw11 
hwtj_wuwl.jwlintf}Jlll (j(ibJIJl WJ1dl.ipuLJ1Jl, ll[lllUp hWUWUJWIIIWUfuWlilllU b(i 
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hw1hultw11qiuu b11wcr hWJUlU!lJlG, qW]lUUl t hwzl[ht qw(iq4.wawJJ1(i UUJ.W
uwp4uw(i hwuwljwpq}1 pn11111 h(1uUwljwU qnpawnwqwU pumpwq]ibp(!' 
hw6wtu111ll1Ghpj1 umm1:1J1 L hwJ1 pwztuuwCi UJ.whh11J1 qwuwJwtiwu mh
uw4Gt11J1 hwuwp: 

14. UUJ.WUWpquw(i uhq UW11!1 ntlihgnT[ qw(iq4.wawJp(i hwtiw4w11qmu UUlW
g]mGwp tlti6wltt! t11qwpunnL ctwuwuwlJ.whwmt[wcrmu hwuwuht11 t ,hpp 
tit4 uJ1wl[n11 ctwuwG.wtw f!Cipwgi:imu umm1:1 qnpOTIT[ hwawtun1111Gh11]1 ut1-
2J1Ci ~l1tlJ! lpll!!P t utq ut1wl[np ctwuwCiwlJ.l11!Upwg1:1mu UUJ.WUW114l[m1 hw-
6wtunJ111G.hpJ1 uJ12J1Ci ptl.119 l.t hph hhppJ1 hpqwpntpJntCi(! uwhuwliwtltw4 t: 

15. UUJ.wuwpqilT[ hwuwCiuwU uw1112h11J1 t!l1wtJ.npnttil! tl1 qwpilT[ hwG.qbgG.ht 
Ullllflll qnpbnT[ hWJUlbp}l UUJ.WUUWfi 11}12J1Ci UlUllT[ntpJWCi Ci4.wqbguwG(!: 

16. UJU ttiwumJ!, np 19wlJ.wJwUG.bpmu wtJ.umubpbCiwG.bpp tJ.wpn1111G.hpJ! J111hG.p 
hCi uJ1wgG.mu h wU2wmmu phG.qwuinuuin, hCiwpw4.11pntpJmCi t mwwu 
19w4wJWliJ! ajm1wpqh1 npuihu J1upUwuuiwuwpquwCi hwuwqwpq: 

17. Ul[mnuh1:1hUwCih11l1 lJ.wJwfiuwCif! hwmqwgl[wa mwpwc}i:if! ltw11hllt t 
aj1mwp-qh1 npUJ.hu qwUqtJ.wawJl1fi UUJ.muwplJ.uwU hwuwlJ.wpq, npmu 
UUJ.WUWplJ.-uw(i hwfiqntJgfibpll !!WUWlJ.l! hwtJ.wuwp t WJU UlbT[hpp !!W· 
Ciwq[1U, npn(igpg Jntpwpwfi~IllJl(! lJ.wpllT[ t awnwJht ublJ. wtJ.umuhphUWJP 
l[WJWUtiw(i: 

18. Q.bpwqwJmpJwup hwuwtiw11q}1 uh2 w4.btp. pwp6p qhpwltwJmpJwtip 
hWJUIP ummp qnpob1m qhUJ.Ilmli uuiwuwpqmti(! w qw}lllT[ J!Uqhwml[h1: 

19. "lmwunCiJwCi ummpp. hnupp twl1 hnup'(! CimJUJ.hu UJ.mwunUJwG. t: 

q.pwl,lwfintpJmfi 

l. r. Koq:,MaH, P. KpHoH. MaccoBoe o6cJIY)KHBaeHe reopIDl H rrpHJIO)KeHWI. 
illep. C q:,paHI.{./-M.: MHp, 1965. 

2. Kneu:HpoK n. TeopIDl MaccoBoro 06cJIY)KHBaHHJ1. illep. C anrn./ -M.: MamH-
HOCipoenae, 1979. 

3. Bamep r. OceoBLI accnenoBaHIDI orrepan;mr. T. 3 /llep. c a.Hrn.l -M.: Map, 1978. 
4. KoKc .il)K., TeopIDl 011epenee:. -M.: Ha}'Ka, 1978. 
5. KeHHr n., Illrowrn n. MeTO)J;hl reopHH MaCCOBoro 06CJIY)KHBaHWI. -M.: PaJUIO 

H CBH3b, 1981. 
6. Taxa X. HcCJienoBaHBe orrepaJ.UIH. T.2,- M.: Mep, 1982 
7. raeneeKo E.B., KoBaneeKo 11.H. BBeneeae B reopaIO Ma_ccoBoro o6CJIY

)KHBamui:. -M.: Ha}'Ka, 1984. 
8. Eamapae r. n., EoqapoB n.n., Koran $I.A. Aurum:3 011epenee: B Bbl'IHC

JIHTe.JlbHbIX cHcreMax. -M.: Ha}'Ka, 1989. 
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<Pnju,fwu· f/umwtiwfi tift finp f/lipUJwpwtip: 
UuUJwpliq f/qwti qnpulip[! uwumf/, ... 

Q.p~J!np uwpb~wg~. 
U'w111Jwfi nrwbpqnrpJwfi pwfi .:,1,t,/1, 

(;_ 1979 

Unw2pa hwumpmu t,. umJU hwmnp)1 awtut!Upwg pwcJJ1UUbp.mu aw
UnpwgwUp qnpantJJlUbp)l hbmwqnmuwfi qwUwqwU Ul11}btfibpt1U u qpwfig 
tlh111maw4wa bqwfiwlJ.Cihp!iU: '1-)1mwp44wa tufiaj1pfib1111 h um1t1fihp{! pw4w-
4wCi UJWpq tpU: Uw4wJU ppw4wampJmfil! 2wm wtlbll1 pwJl'l t h hwowtu 
hwli'1f1UJIUU bu WJfiuwu)1 tuu'11111Ub11, nrrnGg 1mantuCibpJ1 qmpu bfi qwum tlbp[l 
'1f1mwp44wa unqh1uhp)1 2p2wuw4J1g: 'l..,uwa qbllll}bpmu um)nqtlwb hGp aj1-
ut1m ~npantJpfibp)l hbmwqnmuwCi wtlb!l1 hqnp t,. 11Ciqhw!im11 bP,!IJ'lw4Ji' 
p!ituwu)1Ci t fiuwfiwqmU[l 4wu Uuwfiwqll} unqh1wtlnpntU[l: 

liJU hqwCiw4G oqmwqnpatlmU t WJfi p111np qhllll}hpntu, bpp tuu11J1p[l 
tlbp1mow4wa h11wfiwlj!ibpntl 1mobill ljwu wUhfiw11)1fi t qwu t1· wfiwP11Jmfiw
tlhm: 'l..,uwCiwlJ.uwfi qw11wipwp11 2wm u.iwpq t h pmJt t uiw1J1u hbmtuqnmtlIUJ. 
hwuwljwpqp Uill}blP hbm ljwmwpb1 ipn11dbp, pwJL wn pWJL 11J1mw11lJ.b1 fipw 
tlwpp[l, hwtlwph1 qwfiwqwu uitlJw1ubp L qUwhwuib1 Ulll}b1J1 qnpbwnmwJ• 
pum1nuqf1bJ11!, L WJtli: Pwfl'l hwuwljwpqbp)1 hbmwqnmuwti 1wm tuti11l111-
fibpn1u uuwuwljmul! hhmwqnutIUJ.jlfi uwmihtJ1 u}twlj hfiwpwtjnp qnpo)1pfi t: 
'l..,uwfiwlJ.11'1 Ulll}htwtlnpn1ul! )1p uha hfiwpw4npntf}Jmuuh11J1 L 01q11uimpJwfi 
2finph)1tl 1w1unpbG qppwni.tmu t J1G2UJhu :PJ1qj1ljwJJ1, pJ1uJ1wJl1, ljbuuwpwlim
flJWfi, wJUUJbu t1 mtimhuwqJ11nw4wa, mttuuJ1ljwlJ.wG', unyJ1w1wlJ.wu L wn 
PWfl'l hwuwljwpqbp)1 hhmwqnuuiwfi tufi11)1pfih11 tntbb!lm: 

1. '1uwfiwquwfi J!fipwgwqwpqtp 

Opu.ibuqjl hwuljwCiwllt tJ1fibfi Ciuwfiwl11lw(i lJ.l111wnt1IunpJwli 1119wtiw4-
Gbp(!, ll]tmwpljhfip bpbp hwpg. 

• PpbfiJ1g Ji"'Cii t Cib11ljwJwgCimu CiuwliwljuwCi h11wliwlJ.11. 
• opp t GUJwmw4whwpuw11 Cipw oqmwq.i111amu11 
• Mi2uwu)1"' {!Cipwgwljw11qt11J1g t liw pwqljwgwa: 
'l..,uwfiwljuwfi triwfiwlJ.[! hwuw4w11q)1 qn11ownmwI1 hbmwqnmt'iwli, 

fipw hhmwqw tlwpp)l 4wfituwmhuuwu L mwpph11 t1w111.lh1w4b11UJb11l1 ql1w
hwmuwfi fiUJwmwljntj ptlwJpli-w1qnpJ1puwlJ.wti unJJh1ut11J1 umhqbt'iwti L 
qpwfig hhm tfmpdb11 wfihtm qn11bJ1fipwg t.: 
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fiputbu hwuwqwpqbpp hbmwqnmuwfi qmpc\wnwqwfi bqwfiwlf fiuw
fiwqmli[! UJmu qmpc\wnwqwfi b.qwfiwqfibpp hwubuwmmpJwlip mfip up 
lWPP wnwlJ.btntJ}Jntfifibp, WJI} plJ.ntu' qmpobpp qpqfintpJntfifi nt l}lnp6p UIWJ
uwfifibpp l[hpwpmwqpn1pJmfi[!, qpwfig IlJmppfi qwqwpbgmufi m l[bpuqumul! 
,ipnpobpp UIWJUWfifibpp qwnwl[wphtpnlfJillfi[! h WJtfi: "1.,uwfiwquwfi dwuw
fiwq qmpowpquwfi wnwpqw bfi hwfiqpuwfimu nt pb ppwqwfi hwuwqwp
qbpf!, WJl qpmfig wiqnpppuwqwfi linqhtfihpf!: lJn.qtiwlJ.npuwfi dwuwfiwq 
hwuwqwpqplfibpp qppwnmlll! pntJl t mwtpu qqwtpnpbfi qp6wmht qpmw
i.pnpobpp wfigqwguwfi dwuwfiwql! h utwqwubgfibt hfiwpwlJ.np uJ:uwtfihpf!, 
hwuwqwpqp lJ.wpp[! hhmwqnmht pfi2utbu dwuwfiwqp npn2wqp utwhpfi 
(umwmpq fiuwfiwqnui), WJfiuthu ti mL.wqwfi dwuwfiwqwhwmlJ.wbp l!fipwg
pmu (JJl:tfiwuplJ. Ciuwfiwqmu): 

fiputhu hwuwqwpqhpp hhmwqnmuwfi pl[wJpfi bqwfiwlJ.' fiuwfiwqmlil! 
hpzhgfimu t fiwJ:uf!fipwg pwcJ-pfifihppg ubq hwJmfip 11Jmu pl[wJpfi bqwfiwlJ.
fihpl!: UwqwJfi, bpb l[hp2pfifibppu qppwnmpJmfifihpl! uwhuwfiwipwql[wb' bfi 
pfifiwplJ.l.[1111 lllll}htfibpp pwpqmpJwup h 2wlftwJfimpJwlip, wtqw fiuwfiw4.uwfi 
linqhtfihpl! qbpct hfi fiuwfi uwhuwfiw41w4.mufihppg: 

Pwpq hwuwqwpqbpp hhmwqnmuwfi cJ-wuwfiwlJ. wfihpwctbzm t hwzt.Ui 
wnfibt tqwmwhw4.wfi qnpb'nfifibpp wqqhgmpJmfi{! qpwfig pfimpwqpbpp L. 
l[wppp l[pw: "1.,uwfi hwuwqwpqhpf! l[hpimctwlJ.wfi bqwfiwlJ.fihpntl hbmwqn
tnhll! hw6wJ:u utwhwfi2mu t, np qpwfig l[wppl! fiqwpw~ utwmwhwqwfi 
qnpct(!fipwgfihpf! pwl[wpwpbfi lJ.wJmfimpJwfi, hwuwubnmpJwfi, wfil!fiqhw
mntpJwfi L. WJl utWJuwfifibppfi: UwqwJfi fizl[wct utWJU:wfifibpp pwl[wpwpuwfi 
qtuwmu wfiqwu, pfituibu fiztl.ht t XI pwctfimu, fiuwfi hwuwqwpqbpp hhmw
qnU1D1Uf! hw6wJ:u lJ.wuil[wb t hwzl[1111wlJ.wfi pwpq (!fipwgwqwpqhpp hbm: 
UJqUitiuti hwuwqwpqbpp hbmwqnmuwfi hwuwp wl[btp fitqwmwqwhwpuwp t 
oqmwqnpbbt hwl[wfiwqwfiwJ):16 fiuwfiwquwfi bqwfiwlJ.I!, np{! hwJmfip t 
lJnfimb llwpinJ):l lu\wfiwq wfil[wfimlintl: 

{wzl[p wnfihtntl fiuwfiwlt1111 un.qhiwl[npuwfi ubct hfiwpwlJ.npntpJmfi
fibpJ!, uwqwJfi ppwqwfiwguwfi qqwtp wz]:uwmwmwpntpJntli.J!, WJU b.qw
fiwlt.P JmpwpwfitJmp 4ltpwnmu tqbmp t f!UUl wubfiwJfip. hp.ufiwl[npl[wb tpfip: 
"l.,uwfiwqmu{! fitqwmwqwhwpuwp t oqmwqnpctbt hbmuJWl UJ.WJliwfilibp):lg 
nput Ubqp wnqWJillfJWfi 1}01.ljpillU' 

• {wuwqwpqp hbmwqnmuwfi l[bptmctwqwfi lu\wfiwqlibp mwqwl[pfi 
qnJillJ}Jillfi tntfibfi: 

• {wuwqwpqp hbmwqnmuwfi l[hptmctwqwfi lu\wfiwqfihp qnJntpJmfi 
mlihfi, uwqwJfi qpwfig {!fipwgwlJ.wpqhpJ! zwm pwpq bli u wzJ:uwmwmwp: 

• {wJmfi]l bfi hwuwqwpqp pfimpwqphp)l pwfiwc\ubp{!, uwlJ.wJli qpwlig 
qppwnntU{! ubct pwpqntpJwfi uiwm6wnnl[ fiuiwmwqwhwpuwp tt: 

• {wuwqwpqp pfimpwqpbp}I qfiwhwmuwfi hbm up.wup.fi fiwh wfihpw
ctbzm t fipw l[wppp ajlmwpqmul! muwqwfi dwuwfiw4.P l!fipwgpmu: 
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• t>11w4wu ll}WJUtuCifihJllltU hwliw4w11qh11I1 t[w11pl1 aj1mwr14uwfi L 
lflnpohpJ1 4.wquw4t11ll!UWCi qdqw1m1pJmCifib11l1 ll}wmownntj 1111wfig hbmw
qnmuwfi u11w4 hfiw11wt[np q.n110}1p]! Ciuwfiw4uwfi h11wfiw4.(i t: 

..(wuw4.w11qh11J1 Ciuwfiw4mlil! 1~I1 PWlll} m pwquwqmq qnpo]!Cipwg t. np11 
pwqljwgwo t hhmLJWl lflntth11l1g. 

I. <.wuw4.wpq)1 Ulll}htwtjnpuwfi tufil}P}l pmlwfiqw1J.wu1g (i4.wpWQ1llltU: 
2. <.wliw4.wpq]1 w1qnp]1puw4.wfi Ulll}bLl1 oL.wlJ.hpll}mU: 
3. StlJw1fitpJ1 hwtjwpmu L. uzwtimu: 
4. lJlll}hLl1 wztuwmwfipp opwqpwtjnJlllui: 
5. lTlll}hUl L. I1pw4.w(i ll}Wm4.hp}1 hwuw11ctbpmpJtufi qfiwhwmmu: 
6. Q.}1mw1.pnpahp}1 nwquwi.J.wpw4.wfi L. uwpLnwtjwpw4.wli opw'l}unu: 
7. uuwfiwquwfi uJ1llbU1 t.pnpow11lJmu: 
8. UPJJ.Jmfipfihp}l t[tp1momp1mfi: 
9. f-1.pwqnpomu: 
I 0. <l>wumwqJmtu: 
UCigCib.Cip fiuwfiwquwfi hqwfiwlt}l wnw(ic\ ]1fi l}lm1tp.t1 pntjwfiqwlJmpJwfi 

uhljfiwpwCiuwfi{!: 
l. Pfilll!hu np wuhfi up mumufiwuJ1Jlll1pJmG, CiuwCiwlJ.mli[! CinlJCill!bu 

ulJuitmu t hhmwqnmtjllfl h}1ufiwtufi11PJ1 L. Ciutwmwqfit11]1 oLwljhpUJntUpg: 
<.hmwqnmuwfi Ull}Wtnwquhp{! untjnpwpwp oLwljbpll}tjmu tu· 

• <!.w11gbpp mtunntl, nJlllug ll}htnp t ll}wmwutuwGbt hwuwlJw11qJ1 
hhmwqnLntlwu wp11Jntfipnui: '1-pw hwuwp wuh11wctt2m t tltll}htwtlnpuwli 
ulJqpmu humwlj L. hwuqwfiwtlt oLwqhpUJbt hwuw4wpqJ1 hbmwqnmuw!i 
tufilllt11fihpt!, mw1 llJIWfig hfiwpwtjnp 1mc)mufihpl1 qfiwhwmuwfi lwlflw
fipzfihp{!: 

• 4..1.up4wofibpp mhupntj. nJlll!ip ll}htnj? t ummqtjbfi l1wuw4wpq]1 
hhmwqnmmuntj: UJu qtuwmu wfihpwctbztn t UJWpqnru1z 0Lwljt11ll!h1 uu1111q
uwfi b!ipw4w tjw114.wc)fihp11 L llJlwfig qfiwhwmuwli' pCiqmCiuw(i qwu ubpct
uwfi, ~wlflwfiJ12ubp(1: 

• Q.fiwhwmwljwfi!ibpJI mbupnt[, npnfiv ll}btnp t qwmugtjbfi hwuw-
4.wpql1 pfimrwqpbpJI hwuwp: <!.wuw4wpqJ1 mw11pbp tjwpt[b1wlJ.b11UJbJ1!1, 
ummpJ1 lflnlflntuwlJ.wfiCibpJ1 L ll}wpwubmpbp]1 mwppt11 wpctbvut11t1 t1bll}pm u, 
fipw pfimpwqpb11J1 hwuwp qwnmgtjmu bG mw11pbp qfiwhwmwqw!itibp L 
tjumwhhtltmpJwfi lil19w1J.wmbp: 

2. <.wuw4.w11q]1 u11I}h1wtjnpuwCi Cit11wmw4fibp'1 0Lw4t11UJ111lit1g hbmn 
• wfihpwctbzm t 4ummgt1 fipw 6Lw4wfi-w1qn11!1puw4wu u1111t111, 111111 hwuw-
4.wpql1 ununp]I l}lnqmtuw4wfifib1111 4wlllmu t. li11w 4wnwtjw11uwfi L twt1 4111-
1.pnJuwlJwfifibpJI hhm: UJu pfipwgw4w11qmu wnwfi6liwgtjmu hfi hwuwqw11-
q]I tjwpp(l pfimpwqPilfl hJ1ufiw4.w(i qn11c)nfifit1111 L. lJwnmgtjwc)pwJJ1Ci mw11-
php{!: '1-w UjWhwfi9mu t htuuw4wpql1 pwJJ.Wil[l!1ifitpl1 L. 1u1wfig tjmJuwqqb
gmpJmCifihpJ1 tjt111mc)mpJmCi: 
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<.wuw1J.wpq}1 wtqn11]1~uw4wu u1111b.ll1 1.J.wnmguwu ctwuwCimlJ hwztfl1 hU 
wnCitjnui hwuwl{wpq}1 tlw11p[! GIJ.w11wcull1IJ. twl{wU tfnnlmtuwl{wUUb11J!, um1h1}1 
pw1ll}lnp Jill GJ!, a11wcu1wtln 11u wu thq tjntl Ii b.111jw Jwgt.[ htm 111m]lllt}}Jntfi[!,un11h-
1 wt[nptl1111 hwuwl{w11q}1 qn11ownmJp)1 filtw11wqpuwfi 6zcuunm}}JlllliJ! L. WJL 
qn11anfifit11: lJm1htwtln11utufi hw~Jll!U} tpmtl1fi 1.tw11hu1 l wfigfiht, b.pb. hwuw
lJ.w11q}1 u1111htmu hwztfl1 hu wnCit.[wo ummpl1 pntn11 twl{wfi tpmpntuwl{wfifit-
111!, 6l1zm hfi o L.wlJ.h11Uitlwo ummpl1 L. tw}1 tpntfnituwlJ.wfiG.hpl1 tpn):uwqwpo 
.'.pmfilJ.glmGwt 4wUihJ1J!, ummJq tfi qfiwhwmtlwa Utll}htl1 UIW}lwutm11t11J! L. 
wnfi: 

3. <.wuwl{wpq}1 Jm11wpwliLJm11 hhmwqnmmu J!Ciqcu1lJmu t fipw tlw11pJ:!, 
pCimpwqpnit mwp11t11]!, 1wwfig tlintuwqqhgmpJmCi{!, ]ifitUihU GwL. qnpaw
nmJpp. UIWJUWCiCih]lJ! pCimpW(Ulllll mt.1.JwtCib.11J1 hwt.[wpuwfi Ill uzwtiuw(i 
[!GpwgwlJ.wpq{!: lJIU}htwt11111tiwfi wJu qinqmu mumufiwuJ1ptl_mu tfi hwuw
lJ.w11q}1 tl_wppJ! CilJw11wcu11u1 ]1fitUihu uwfiwlJ.wl{wfi, wJUUib.U lt n11wqwljwCi 
mt.1.JtutfihpJ!, L. ll]lllltlntu l tfn111ownwl{wfi m mhuwl{wfi hwtl_wfiwlJwfiwJ]1(i 
JHU7luntuUhpp. oqmwqn11ouw(i UUIWU1Wltwhwpuw1mtpJlllUJ!: LJ\llUGwlJ.uw(i 
J!fipwgpmu mt.l.Jw1litp}1 umwguwfi hwuwp umJ.npwpw11 oqmwqnpm.[mu Mi 
ptJ.wJ]1fi hqwfiwltfib.11 L. hwtiwlJ.wpqtwJI1fi hfipwapwqpb.p: "lwmwhwltwfi 
ptl_h1i!i L. uhompJ11tfifihpl1 umwgtiwCi mw11ptp ptltuJl1fi h11wfiwl{fib.pJ! L. qp.wfig 
lm11mpwCi apwqpb.111! ljpfiliw11lJ.4hCi 2-1111 hfipwpwctfimu: 

4. ~w2nP11 pwJtmti l{wmwptl_mti t hwuwlJ.w11qp wtqnpp.puwljwfi Utll}hl11 
opwqpwtJ.nJUUU, lUJUl1fipfi' npL.t opwcu1wtl_npuwfi thqtl_ntl Cipw GlJwpwqpmu: 
LJUWfiwl{uwfi Uill}htfib.pJ! untl_npwpw11 mfihfi pw}U} mpwuwpwfiwljwfi ljw
nmgtl_wop L. pfimpwqptl_mu hfi t1phfig hfipwhwuwqwpqhpp. L. mwpphpp tpn):u
wqqhgmpJmfifihpp aj1fiwu114 tpmJ:mtuuwup: lJlll}htfihpl1 wnwficifiwhwmqm
PJntfifihpJ! UIWhwG2mu hfi l}]lWfig fiqwpwqpuwfi L. ppwlJ.wfiwguw(i hwuwp 
oqmwqnpoht opwqpwtl_npuwfi hwmmq 1tqmfibp: UJqajmp thqmfibppg uto 
mwpwomu bfi qmht GPSS-I!, MIDAS-I! COBLOC-J! 'l-f'l.LJUlTfi-fi L. tuJtfi: 

CTpwqpwtl_npuwfi hwmmq thqmfibpJ! pfinJU12t1.111u bfi up zwpp wnwtl_h-
tntpJmfifibJUltl, nJU1figl1g qwphtp t Uzht' 

• Ulll}btfihpp apwqpwtl_npuwfi UIWpqmpJntliJ! 
• fiuwfiwquwfi J!Cipwgpt1G. hhmL.htm hfiwpwtJ.nJUltpJntfiJ! 
• apwqpwJp.G. tpntpnlumpJmfifibpp ppwqwfiwguwfi 6qmfimpJntli{! 
• llill}btp qwnmgtl_wopmu wfihpwdbzm tpntpnluntpJmfifibpp. ppwlJ.w

Gwguwfi 61.J.mfimpJwfi WUiwhntl_mti{! L. w.11fi: 
~wuwqwpqp wtqnp]1puw4wli tilll}btp qwnmguwfi L. apwqpwtl_npuwfi 

1hqtf11 [!fiW}UltpJwfi tpmtbpp qwpL.np fuGqppfibpp.g hfi hwuwqwpq}1 @6wqp 
dwuwliwl{wJpfi qnnJUlllfiwmfihpp 6zqpll1IltUJ! L. hwuwqwpqnui mwppbp tqw
mwhntJpfihpp m wwppbpp. tpn):uwqqbgntpJwfi hwuwciwJfihg!lwcm1pJwfi 
WUIWhntJ.ntU{!: 
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'111:imp t hwzt1.11 wnfil:it. n11 wtqn11}11n1wlJ.wfi um1l:il11 qnp.ownmJrfi 11fiptu
finul t hwiiwiJ.w11qwJJ1fi' wp.hl:iumwiJ.wfi ctwiiwfiwiJ.mii, npl1 ulipLugprn ii 
wlihpwctbzm t UJUjwhmJ.l:it mwppl:i11 Ujwmwhmwu l:ipu hw!iql:iu qwt1n 1J.w11qfi 
m fipwGg ii]12L triwo ctwiiwGwiJ.wJJ1!i iiJ12wlJ.wwl:i111r 

Oqmwq.npot(nul l:ifi ii1111l:itwtln11uw(i ctwiiwGw4l1 GhpiJ.wJwgiiwG t111J.m 
hJ1iifiw4w!i l:iqw!iw4· ctwiiw!iw4l1 hwumwmmfi L t(rnt(m)uwlJ.wfi iiJ12wiJ.wJ
phpnt(, n1mGu hwow)u wlitlwfit(mii l:ifi GwL uL.l:im{wo pwJtntl L ii}l.CizL. hw-
2npq UjWUlWhntJJ}I! PWJtllt{ tqwGwlJ.Gl:ip: 

Unw2J1fi hqwliw4l1 111:iuwmu hwuwiJ.w11qwJJ1li ctwuwfiwiJ.}1 hwzt(w114G 
}lpwljwliwgt(mu t fiw)uopnp llllllZtlwo hwumwmmfi mw111mpJWUp llt dwuw
fiwiJ.wJ!1fi up.2wlJwwt1mt(: b11lJimrlfl l:iqwfiwlJ.!1 ql:iuwmu Ullflhtwt11111t11111 hw
iiwljwpqp. t(}l.6w4u finpwgtlmii t JmpwpwliiJmp twljw!i uiwmwhmJP(I 
hwJmfitJbllm: UmnpL qowGIJ.wJlluU pl:i11t(wa l:ifi !izt(wa t11wGwlJfihpj1 111:auwmu 
hwuwlJw11qwJp.fi ctwuwfiw4J1 hw2t(wp4l1 oppfiwlJGl:i11: 

I 0 

llt 
0 

f ff f f ctwuwuw~ 

tu lll 

liJumtri ctwuwfiwlJwJ]tG wnwGgpj1 1.J11w !-JlllJY I. m11t(wo c, u1wmLu
hn1jpfil:i1J!i hw2nllf1wl.JwGmpJmliJ): UtwpGLflp !-JIIIJ~J Lfi ITTWJjJU L114111 L11wGw4-
fitp}l qtuwmu hwiiwiJ.w11qwJJ1fi cJwuw!iwlJI1 w6J1 4t.mL11p L hbppwlJwli u1w
mwhmJp!il:i11J1 hwJm!it(t1m Lllwhtpp: Unw9J1G L1Jwliw41• 11Luw111u hwuwlJwJ1-
qwJ]1G cJwuw!iwlJ.J1 w6j1 ljLmt.1111 hw~m1111wljwG111pJ111lip hbmLJwtG I.' S1= c 1, 

S2=e2, ... ,S5=c6, n11mtri dwuwtiwlJ.11 w6j1 S1,S2, ... ,S5 IJ.LmLpp hwupGlJlimu LG 
e,,e2, ... ,er, Ll1WU1wl11nJplihpj1 hwJU1Gt(L1m uiwhbpjt hL.m: l;pl:i t,-G i-1111 Ll!WUlW-
hn1JpJ1 hwJmtit(l:i1m Ujwhj1ti hwuwiJ.wpqwJpti ctwuw!iwlJ.p w1uJLvli I., wu1w 
t;=l,.1+S,, i=l,2, ... , i(,=O: l,111J.1m1111 b11wliw41• 11LUip111u, hwu1uiJ.wJ1t1wJ]1G 
ctwuwGwiJ.11 11tiqm Gmu t. htmLJWI w11dtpGL1111 

s: =M, s~ ,,:2llt, ... , s~ '' SM 

liJu ql:iuwm u hwiiwiJ.w11qwJJ1G dw1lwGwiJ.]1 wnj, u1whb1111 l1Lufut(1uo it.ti 

UjWU1WhmJpfit11J1 hWJU1fit(L1m UjWhhJlll!-J L llJIIl}t{IIIU LU UjllUJfi llt-]1 wpdL.pml: 
1.Jp.lJ.m t11wGw4GbJ1fi t.1 uho 4J111wn111u LG qu1L1 liuwGtuiJ.nq u1111b1wt111pu1uli 
uhs,: 1Jriwfiw411 11firn11111pJ111up UJWJOwGw41111t(wo L tuG11[1]1 wnwti6Gwhtum-
4m fl Jill utihJJntl, UIWhwG9t(m1 67qpm111 p1wup: 
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5. UJu tlin11J1 I111w4wfiwguwli hwuw11 umtn11wpw11 oqtnwqn110-4mu bfi 
t1J16wqwqJ1U1lJ.U1fi qfiwhwuuiwfi L. l{U1plfU1ofih11)1 utnmquwfi tnw11pt11 bqw
fiw4fit11: Ummql{mu hfi J1fi2ui.tu um1hll1 hl1U:pmu 11fi1Iwo lJ.wpqU1alit.11J!, wJfi
UJ. t.u ti qjnnwtpnpah11I1 hJ1uU1fi tlJ1w w111.J.wo hqJ1whwficµnufi h11p: l ~Ju fiui.w-
1muqfih11I1 hwtiwp h}ltifiwqlllfimu oqmlllqnpol{mu ta· 

• uI12I1fi wpctbplib11'i ummqnuI[! 
• gpl{wop{1 L. lfnlJ.w11I1U1gl1wJJ1 t[hp1mompJmliJ! 
• (!Utn hWUUIOUIJUlll}lJUlfi 2wtpwfiJI2fihpI1 Utnmqmun 
• nbqpbufiwJI1 L. hw11U1pbpU1ljgmpJwfi t[bppnan1pJmli1!'. 
6. liJu tiin11mu ppwlJ.wfiwgt[mu t hwuw1Iw11q{1 unqh1wt1n11uwu wfihpw

ctb7m mt1Jw1fihpfi wui.whnlJ.rn1 q]unwtpnpob1ifi opw(l]lillU!!: Op112t[mu hfi hwuw
qw11q]l un11hl11 tpnpobpll Pill{[!, uqqpfiwqwfi UJ.WJUWfifihJll!, lllllllfig tntlJllltfibpJI 
hwt[wpuwfi m u2wlfuwfi hqwfiwltfihp[!: 1.,uwfiwlfuwfi tpnpahp lfwmwphllm 
hwuwlJ.wpq]1 qnpownmJpl1 lfwJmliwgt[wo nbctJ1uJ1fi hwuwui.wmwutuwlirui. 
tlJ16w4l1fi hlllulihtm hwuw11 ui.whwli24mu t 11pn2w4JI · wfigmuw JJ1fi, ctwuwfiwlt: 

UJu tpn1]}1 [!fipwgpmtI npn24mu bG '.pnpohpJ1 WJliUJ.fiu}l ulJ.qpfiwqwfi UJ.WJ
uwlifibp, n1rnfip lJp.owurntu bfi wfigmuwJ]lfi nhct]lufi mL.rui.mpJlllfil!: liJfimhhmL. 
npn24mu t unqt1wt[npuwli WPilJmCipfibpl1 02qpmmpJmfili wui.wlrnt[nri wligw
t[wqpbp]l fit[wqwqntJCi pln.J.[!: Ufigwt[wqpbp]l ptlJ1 npn2uwfi mwppbp tlJ16w
qwqpwqwfi hI]_wfiwlJ.fibpn ajunwpqt[mu bfi 4-M bfipwpwctfimu: 

7. liJU lpillllllll llJlWqwliwgt.[11tU bfi hWUWqwpq]l WLqilJl{lpUwqwfi UnqbJ}l 
hwuwqwpq2wJ]1fi tlinpowpqmufibp[! l.t fipw qqwJmfimpJwfi t1tp1momJlJmfin: 
{tmwqnmt[mu t Ulll}hll1 mwppbp ui.wpwubmpbp]l tpntpnfumpJmfifibp}l wq
q.bgntJ}Jntfi[! hwuwqwpq]1 pfimpwqpbp]l t[pw: '1-pw 2finphI1tl hfiwpwt[npn1-
pJmfi t umbqm.J.mu qqwurnpbfi pwpopwgfit1 qutnwhbllmtpJillfil! unqt1wqnp
uwfi WPilJmfiplibpp filJ.wmUWUp: 

8. liJfimhbmL. qwtinupt[mu bfi q]lmwtpnpobpJ1 oqfintpJwup umwgqwo 
WJll}Jntfipfibp)l t[bp1man1pJ11tfil!, hbtnwqnmtlrui. hwuwlJ.wpq]l lJ.wpp]lli m pfim
pwqpbp]lfi L[bpwpbprui. t[wpqwofibp}l u2wqmul!: t.l.bp2)1fiu hfiwpwtl_npmpJmfi t 
mwJ}lu finp tl_wplJ.wofibp]l L. }1pwtl.]16wlJ.fibp}1 umhI]_anuI, unqt1wlJ.npmu m 
hbmwqnmmu: 

9. liJu tp.DttJ:i l!fipwgwlJ.wpqnuI qwtnwpqmu t mnwgl{wo WPl}JntfipfibpJI 
qnpofiwlJ.wfi 4Jipwnntuf!, npfi ]lp hbpp]lfi hbmwqnmuwfi finp tufil}}lpfibp]l 
W11J!Jntp 4wPllll t hwfiq}luwfiwi: 

10. t.l.tp2]1fi tp.111ll1 nfipwgwqwpqn1u tiwmwptl_nui t hwuwqwpq]l 
Ulll}btwtl_npuwfi, fipw oqfimpJU1Up umwgtl_wo WMJnifipfibp}l fibPl}Puwfi m 
oqmwqnpWwli llll2 qnp0[!lipw9]1 41wumwqpn1Uf!: 

U}1 2wpp qnpoliwltwfimu hbmwppppntpJmfi fibpqwJwgfirui. hwuwltwp
qbpp, WJII- ptl_mu, hbppbp]l, uiw2wpfibp]1 tiwnwtl_wpuwfi l.t uwpltntlJwfi m 4fi
uwuwplJ.nt1Jwfi qnpO[!fipwgfibp)l fiuwfiwlJ.uwfi Ulll}btfibpf! 4PfiCiwpl(t[bli 3-M 
bfipwpwctfimu: 
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2. UnUmh l!wptnJll tuiwUwlJ. 

~wt{wCiwlJ.wGwJ]1Ci Ci1.huCiwlJ.uwCi um1t1Cit11J1 4w11111guwG 1huuwCiw4 wG
hpwctt2ui t w1.1jwlmtl_t1 JlUUl ui11t{wa W11Jmuw4]1 ljwu J!Utn hwt{wGwl}wCiwJ]1Ci 
pw2JuuwCi opbCipl1 llj_wmwhwl}wCi utb"mpJmGCit11]1· Unl}h1l1 lll.W[IWUhU1J1h11]1, 
1.pn1.pnJuwl}wCiCitpt1 L, gmgwCi]12Citp]1, umwguwCi hliw11wt{npmpJmG1r 

liJ11 CiUjwuiwl}ml Citpl}wJmuu 1wJGn11tCi oquiwqnpat{mu t lJnCimh 4wp
tnJp. trtwuwltJ!: b11wGwlf Ci J111 wut{wllmuG umwgt1 t 40-wlJ.tuCi pt{w4.wliCih11J1 
t{hp2}1Ci :pnCi 'l,11JiiwGJ1 L. flqwuJ1 1J.m1ut19 Lnu U1wunumu (UlJu) «ISnCimh 
4wp111» awaqwfit{wup qwqmCiI1 apw<umtl ut12mltwJJ1Ci hhmwqnmmpJmCiCitp 
4.wmw11tum: liJu b11wGwlf Ci wJCipwCi w111umGwt.jbm triwt{, 1111 2wm wpwq 
mwpwat{tg mCimtumpJwCi mwppbp pGwqwt.jwnfit11111u pW[Ul hwt{wliw4.w
GwJt1u hwuwl}wpqtp hhmwqnmhllm: uh114tuJ11tUu lJnGph 4wn1nJ!1 t11wCiw4Ci 
oqmwqnpat{mu t J1Ci21.4hu ptuJlll hwt{wCiwljwGwJJ1Ci, wJCi1.4hu t111hmt11ut1G}14 
hwuw4wpqtp]1 hhtnwqmnuwG )uG1lfl11ub11mu: 

'1-]1gmp' A 1.ljWUlwhntJPP. hwfiqhu qw1m hwt.jwClw4tuflmpJ11tG1! hwt{w
uwp t p-p: UJu 1.4wmwhmJp]1 um1t1wt{n11uwCi hwuw11 pwt{w4wG t 111 CitCiwJ 
[0,1] up.2wl}wm111u hwt{wuwpw2wtp pw2Jumu 111Ghglll1 r ppt.j: bph rE [0,p) 
up.2wtiwmJ1Ci, lUUjlU hwuwpt{mu t np U1t'1]1 t. mfitgt1 A UjlUU1WhlllJP(LPU4 
hwqwnwq qhumnul, tpp p~l, A 1.4wmw!U1tJPP. mh'1]1 it1 mfihgtr P1,P2,---,PN 
hwi.J.wCiw4wCimpJ111 CiGh1mt{ 1.ljtuU1whmJ13Gh11J1 unqh1wt{n11uwG hwuw11 IJ"nfiph 
4wp1.nJp hqwGwqn1 u oqU1wqi111Dt{mu bG (0, I] uJ12wlJ.wmmu hwt.jwuw11w-
2w1.p pw2Jumu mGhgnq uiwmwhw4wG 13Ljb11: 'l,uwu pw7Ju111u 111lib~1nr1 
1.ljWtnwhw4wG pljh11 umwGw1m hwuwp qwpb1J1 t oqU1wqn11Dh1 1.4wU1whw
l}wCi pt{bpl1 W11J111uwl}uh1% hwuw4wpqiwJl1Ci hwU1m4 hGpwD11wq11t.pp 4wu 
hwt{wuwpw2wtJl pw2Jut{wa 1.ljwutwhwqwCi pt{bpJ1 WJ[, 011}1Gw4 hwuwGuwCl, 
WflPJntpGtp: ~WULU4w11q2wJ]1Ci hwurn14 hCi13LUapwqpt11J1 oqCim J3JWUp umwg
t{wa hwt{wuw11wiwtJ1 pwz)ut.jwo 1.ljWU1whw4wli pljhJILl 1.Jni4n1 u bli ljhqo 
UjlUUlWhwl.jwG 13Ljt11: [0,1] uJ12w4wmmu htut{WUl.Ujll.UiwtJl pwz)umu 111liby1111 
qhqa uiwuiwhwljwti pt{hp]1 uuiwguwG uiw11pt11 t11wliwljGt111! L .'.1>111nn11wli 
1tq4nlj 11Pwfig bCi13tuapwqphJIJ! qj1uiw11lJLjwD LG hw9npl} hlipwpwtJlinul: 
"lwmwhwljwG ubompJmGGh11J1 Ullflhtwt{npuwCi hwuw11 tiw111111 Lli oqU1w
qiipat{h1 pCiill!hu iwtJ!muuh11]1 oqfim13Jwup uutwgt.jwo tJ111116wnwljwG uitl.Jw1-
Cihp[!, wJCiUJbu ti hwJuiGt1 hwLjwGwltwG111f}JlllCiliL11J1 pw2Juuwli tummpJwli 
:pmul}gpwClbpp: 1 l-t1uiwpl}htip wnwli6!1U llj_WU1tuh111JPGt.11J1 L UJWU1tuhwlJ.wli 
uhampJntGGhr1J1 unqh1wtln11uw(i h1JWUW4 [i L1111: 

UUl}w)u 1.ljllltnLU!IJltJpGhpl1 A= {A1,A2,- .. ,ANl llll•tl JuupJ1 UJIIJL\LU~lljlULUli 
hwuw11 GmJGuihu pwLjwljtuCi t mGhtiwt r 1.4wuiwhw4wG p~J1 uL4 w11tJt.p: 
~LUULUJILjlllU t, llJl Ar, 1.ljlUUlLUhlllJf}I! htutil}UU I. Lljt.1, Lph 

11·1 11 N 

LP,~ r <LP;, n=l,2, ... ,N, po= O, IP,= I: (2.1) 
1•1 i:.I 1~1 



252 XIV u1fw6wlµIwli luzwliwft 

1,zwuwljhup F(x)=P] y~x }-nt{ y llJ.WUlWhwljw(i UbompJWU ljmuiwljl.iw(i 
pw2tuuwfi :t,mulJgl1wCi: bph y UJ.WutwhwljwG uboml}Jlllfil! wfi]!Cil}.hwm t, lm4 
F(x)-u pwgw11ow4 mfiJ!G11hwm t, WUJ.W 

• 
F(x) == f f(t)dt, 

0 

npmbrJ. f(x)=dF(x)/dx-]! y u1wmwhwljwfi ubmnpJw!i hwt{wuwljwumpJmGfibpl1 
pw2fut'iw(i fuUlJlll}JWU :prnulJgl1wG t: euqhwm UJ.WUlwhwljwG uMmpJWU 
r1tuwmu F(x)-1! npn21.{mu t hbtnL.JWI pwuwom{. 

X 

F(x) == Lf(x;), 
(;() 

npmhri. f(x) :tm1Ciljgl1wG x wpqmutfim):i wupruu~wljwfi wpdbplibp}l qtuwmu 
np112t{mU t hbtnhJWl pwfiwaL.m(. 

f (t) = P(x=t), t = 0, l ,2, ... : 
Spt{wo F(x) hwt{wuwljwfimpJmfiCibp):i pw2tuuwli :i>mGljgl1wJnt{ wG)!fiq

hwm llJ.Wmwhwljwli ubmnpJmGGt11I1 Uill}.htwt{npuwli hwuw11 oqmwqnpot{mu 
bG nt qawJllli .:iL.wipntumpJmfilibpl1, wpmwpumulibp}l, pwIJ.WJ}.]lJWl L. WJL 
b:qwfiwljfibpJ!: 

Ot qawJp.fi oL.wipnJumpJmGfit11li b:qwfiwljfit11]1g wutGwmwpwOl.[wOJ! 
hwljwqwpa :pmfiljgpwp. t11wfiwljfi t: UJu hqwfiwljp qtuwmu fiwtu ljwnm
gmu bfi y tqwmwhwljwfi utmnpJwG F(x) pw2tuuwfi :pmCilJgl1wG: UJGmhbmL 
F(y)=r UJ.WJllwfipg, npmbq r-J! [0,1] up2w4wwnui hwt{wuwpwtwtlt pw2)unuI 
mlibgllIJ. UJ.Wtnwhwljwfi PM t, npn2t{mu t y tqwmwhwltwfi uhampJntfiJ!: 

Jupum unfinumfi F(x) ,l>mfiljg}nuJp qbUJ.:pmu y tqwmwhwltwfi utmu
J}Jntfi)! upwpdhpnpbfi npnzt{mu t F(x) :Pmfi4gp.wJl1 hwljwqwpo ohw!.pllJum
pJwtip: bpb F 1(x)-1! F(x) :t,mfiljgpwJl1 hwltwqwpofi t, wuJw y=F1(x): Or1p
~w4, Ilmy UJ.Wpwubmpnt{ gmgtwJ}l.G pw2)un1u mfibgllIJ. y tqwmµihwqwfi ub
ompJnwCi Uill}.btwt{npuwfi hwuwp WJU hqwfiwljp oqfimpJwup qumwliwfip' 

y = -myln(l-r), f(y) = llmyexp(-ylmy): 
Gpb y-)! f!fil}hWUl UJ.WUlWhWltWCi UUffiltpJntfi t, WllJ.UI fipW WpdbpfibpJ! 

npn2t{mu bfi F(y-1) < r ~F(y) llJ.WJUwfil1g, npmbq r-J! [0,1] up2wlJwwmu 
hw4wumpwtwtlt pw2Jumu mfibgllIJ. UJ.Wtnwhwqwfi p):itl t: 

'l-l1mwpqbfip lfnmfib lrwp1nJl1 b:qwfiwljp 4}1pwmiwfi up llJ.WpqwqntJfi 
oppfiwq: 'l-).lgmp' utq dwu.Jw tqwppbpmpJmfifibp}l f!Cipwgpmu mmp}lumw
qwfi obnfiwpltmpJwfi unm hw4wp4wa hwow)unJlllfibp]l Plttll! L. qpwlig 
hwqwfiwqwfimpJmfifibpJ! ptpqwc) bfi l-l1fi wrumuwtimu: 

lfnqt1wtlnpbfip 5 ctwuqw f!lipwgpnuI obnfiwpqmpJwfi unm hwnwJunJlll
fibpp p].ltlJ!: lrwnmgbfip hwl,lwfiwljwfimpJmfifibp]l qnnnwquwfi pw2tuowfi 
F(x) :Pmfiqgpwfi: UJfinthbmh UJ.Wmwhwqwfi ptJ.bpp W:qJntuwljpg (mb'u hw
tlh14wc)) l[bpgfitfip hpfiq bpltfili-2 ppl[, op]lfiwlt' 09,54,42,80 h 20, L. qwnm
gbfip qpwfig hwuwtqwmwuJuwfi mwufinJlllwqwfi pqhpJ!' 0,09; 0,54; 0,42; 
0,80; 0,20: UJu pl[tppg Jntpwpwfitlntpfi oqmwqnpc)bfip ubq dwu]l l!fipwgpmu 
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abnuwpl}mpJw(i unm hw4wpl[wo hw6wtunJ1Jtlib11]1 ptll1 n1mzuw(i hwuwp: 
(2. l) pwllwaL.}1 oqumpJwup umwgtlwo mw11pbJ1 ctwub11}1u abnuw11l}mpJwli 
umn lumlwp4wo hw6wtun11qub11}1 ptlb11J1 pb11tlwo bll 2-1111 wrumuwl}mu: 

Urumuw~ I. 
~w6wjunp!Jlibp~ ~wtJ.wCitu~wCim- linu.nw~tJ.wa F(x) 

ahun fl 1m!i11 hwuw!iwliwlinlfl1mu[l 
0 0.40 0.40 
I 0.25 0.65 
2 0.20 0.85 
3 0.15 1.0 

"lwmwhwl}wu p4bJ1]1 wrumuwl}]1g tlb119C1btntl uumzub11, 4wptI]1 t hw
unqtlbt, np hw6wtun1111ut11J1 pJ1tlJ1 ul}w11wqp4wo 011t1uwl}mu l}mubuw umJu
uuiu}1 hwpwpbpwl}w(i lllll6UJplllll}JlllU, }1u2ut1mt1u pb114wo t I-Jiu UJIUlllUW
ljmu: "uuwu 5 uu1112ut11]1 oqCimpJwllp umwg4wo hw6wtuntll}Gbp]1 pJ1tl11 (mt'u 
wq. 2) timub(iru WJlJ}bU hw4wuw4wuwJ}lU pumw 

4 
5 0 

°uuwCiuil}uw[i Ulll}btUJ4.IlllUUJU Juu11J111lib1u111l u4qptiw4wu LillLJWJ ubJJJl L 
1.pnpabpJ1 UJfllllntGpubpJ1 hbmwqnmuwCi ct1uuwuw4, hwowtu wCih11w<.IL2m t 
I]lunul ummqb1., pb 1.pnpawnwlj_wCi l}wu Gu111zwJJ1ti m4Jw1tit1111 nppwlintl tu 
tnuipphpl}mu huiuw~uimwutuwCi mhuwl}wCi pw;tuuwti oqtimpJwUp utnwg
l}wofibp!J.g: '1-pw hwuwp tlJ16wl}wq11wl}wCi t11wuw4CiL1m4 um111q4111u t Ho 
tluipl}WO[l, J1UU1 llJlll l!UlDilWUl]UJJllfi lillLJWtCiL.1111 hU1llU1tumup11 U1Luui4wu11r1t(i 
4wutuwuibuljwo!J. hwubllWtnlllpJWllp iu2j1(i LllWJlpb]llllf}JlllCi mCit1: 1.,UWU 
ljw114wo!J. tU16w4wq11w4wti qCiwhwmuwCi hwuw11 oqtnwq.i111om u hli hwuw
awJGhguwCi iw1p.wCiJ17tib1111: q.llJ10UW4wfimu ubo 411pwnmpJmti t. qmb1 t 
iw1p.wCiJ121r i tlJ16w4wtit1fi n1rn2t1mu t. hbtnLJWI pwtiwaL..!14. 

2 ~(f0 -f,)1 
X = £.., , 

1•1 f 
I 

npmbrJ firfi ui.wmwhmJpCib11}1 tuup}1 11t1mw11lJ.41111 hw6wJumpJmtiti t., t;-G i-1u1 
tuupJ1 u1.4wu41111 (mbuw4wG) hw6wtu111pJ111tiCi I., k-ti 1.4wmwh111wtiL11j1 tuupL-
11p pJ14Ci t: bpb, i==O wui.w 11J1lflwr1441111 L tnbuwl}wti1111LCi lj_wCiJuwmbu4wo 
hw6wtuwl}wCimpJmtiGbpl1 WJ1<.lbntiL1111 6!17tn hwu11G4G111u bti, J1u4 i>O-J1g 
qbuwmu JPJ1tl hwuJ!lilJ.Cib1Im1pJ111 ti ~4w: fl 11puiG uL.<) t. i-u, 11}1mw1144m1 L. 
u1.4wu4nrJ wpdbptib11J1 uJ12L WJCipwti ub<) t. unu11pl.i1u11pJ111 ti11: 
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liJu 11bummu i-11 hw2l{wp4wJl1Ci wpctb121! hwubuwumuI bCi Cipw WllJlll

uwljwJl1Ci w11dbl)Cib11l1 hbm: i-(1 w1uttpCib111! w1umuwljwl{npl{wo tCi tuqwuuu
!}JWCi mwpphp wum(1owCiGbpl1 pL{l1 L l-a 4umwhhtlnnpJiuCi hw4wCiw4w
CimpJwG mwppb]l uwtiw1n1wqfibpl1 hwuwp: 

3. ~wppwb- wUgnP1J.li fu(iajlp{! 

lfnfimh lrwptnJll bqwCiwlt}l oqfimpJWUp ru1mw114hfip hwppwo wCigll(Ulil 
tlw11pl1 CiuwCiwljuwCi )ufiql1pl!: 'i-l1gmp· hw11pw0}! qmfil{mu t Juwiut1un4mu L 
upwtptfbtm hwuw11 I1fU12mu t qpnufiht pwqwpmu: ~tppwlJwfi Juwluhpm4mu 
fi11w hw11wl{, hJmu(m, wphhw tiwu wphummp 2w11<tl{tim hwtlw!iwqw
CimpJ11tCiCib111! l!CirµnCibCip l1pwp hwlj_wuwp: Shu!ib(ip ph hw11pw0}! I1Ci2UJ.l1ut1 
hw4wfiwlJwCimpJwup 10 Juw2uhpmlt wfigCihtnt9 hhum 4qmfil[l1 qpnuwfipfi 
uqub1m tlwJ11l1g 2 Juw2ub111114 hhnwt.J.n1unpJw!i 4.11w: ~w11pwo}1 qmCit.J.htm 
t{WJPl! h 2wpctuwCi mqqmpJmfiJ! 4a4wpwqJ_1bCip (x,y) t{tqumpnl{, 1111mbq x-J! 
gmJg t mwJltu w11utwt1g wpLumwp llUJ.rJ.lnpJmliJ!, tm4 y-J!· hwpwl[l19 hJm
utm: luw~uhpm4l1g qhutlt wpLtw qCiwtmCi hwUWUJ.WUlWU)uwfimu t x-p utti 
Ul1wl{ll[Ull{ Will!, lm\t wpl.tUntUlp qCiwtmfi' Ubq UitWt{npnt{ (ilj_wqbll!: VUW
fiWUJ.bU, qhUJ.l1 hJmutm qCiwtmCi hwumUJ.wmwu)uwfimu t y-p ut4 ut1w4npnt{ 
WOJ!, puq hwpwlj_ qCiwtmCi' lihq upwt.J.npnt{ Cit.J.wqbll!: Ol}h qpnuwCipl1 uqqpCiw
qw(i tlwJpJ! Ci2wCiwqhCip (0,0)-nt.J., WUJ.W hwppwop JmpwpwCiBntP pwJJltg 
hhum qwpbtl1 t ozqppm npnzht uqqpCiwqhml1g fipw hbnwl{n(UltpJntfil!: Ol}h 
l O Juw2uhpm4ltg htum· qpnuwCipp l{hp2mu, x-11 h y-f1 pwgwpowlj wpctbp
Cihpl1 qntuwpl! hwl{wuw11 4tl1Cip 2-p, WUJ.W hwppwOI! qqmCil{ll uqqpfiwqhm(lg 
2 )uw~Ub[Ultl.J. hhnwt.J.npmpJwCi t.J.pw: .Rwfil1 np pwqwpp tuw2utpmqfib[U111I 
pntnp mqqntpJmCifit1mtl zwp<h.lhtm hwt.J.wCiwqwCimpJmfiCi~Pl! ppwp hwl{w
uwp hfi, Wll}W hwppwOI! npLt nUJ.11mpJwup 4zwpctt.J.p 0.25 hwt{wfiwqw
CimpJwUp: 

.Rwqwpmu uhp hhpnup qpnuwfipl! CiuwfiwlJhtm hwuwp UJ.Wlllwhwl.J.wfi 
pt{hpp WI1Jmuw4ltg l{bpgfihCip 10 hpqCipz UJ.wmwhwqwfi plj_hp' JntI1wpwfi2-
Jm11 Iuw~ub(Ultlt}l hwuwp l ppt.J. hwzt.J.nt.J.: '1J.wJUwCiwlJ.npt.J.bfip, np UJ.WU1whw-
4wfi pl[l1 00-pg 24 UP2Wl.J.WJPDtU wpctbpfihppCi hWUWUJ.WUlWU)uw(imu t ubp 
hbpnup )uw2uhpntlt}lg qbutlt W[Iuhw zwp<h.lhll! u x-p l-nt.J. WO[!, 25-pg 49-[! 
wp<thpfihpl1Ci' qhUJ.11 wphummp zwp<h.lbll! h x-11 I-ml Cil{wqhll!, 50-pg 74 
wpdhpubpl1fi' qhutlt hJllI!Ultu zwpdtlhll! L y-p l-nl{ WOJ!, pu(! 75-119 99,.1! wp
ctbpCibp]lCi' qhUJ.l1 hwpwtl 2wp<h.lbll! h y-p I-ml fil{wqhll!: 

UumpL phpl{wo t Ciuwfiw(!uwfi 5 1Jtnpobp]1 W}ll}Jntfipfihpl! (mbu wq. 3) 
L )ufiqpp unqh1wi.J.npuwfi w1qn.pppup Ptn4-ututuwfi,npmhq N-1!· wCigwo )uw~
UbfU1tltCihpl1 ppl{Ci t: 

PfitUihU hhml.antu t WilJillUWlt}lg, hwppWOI! p=3/5 hwt{wfiwqwfintpJWUp 
qqmfitJ.lt (0,0) uqqpfiwqhmpg 2 Iuwtuhpmq hhnwtJ.nfU1tpJwCi tJ.pw: 
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lli11muwti 3. 
I nnnli II lhnnli Jll 1hnna IV lhnna V 1hnna 

U!ignulClbpp -:::,' =- E.. 
-:::,' -:::,' 

.r:.. .c. = 
Piitll! N a.. -;-; a.. -;-; a.. -;-; a.. -;-; a.. -;-; 

5 i, s i, 5 i, 5 i, 5 i, 
3 3 3 :::, 3 
E' E' E' €' E' 

I 7.3 0.1 10 I 0 05 I 0 06 1,0 64 0,1 
2 21 I.I 89 1,-1 88 I ,-1 95 1,-1 76 0,0 
3 45 0.1 14 2,-1 10 2 -1 04 2 -I 79 0,-1 
4 76 0.0 81 2,-2 04 3,-1 67 2,0 54 0,0 
5 96 0.-1 30 1,-2 48 2,-1 51 2,1 28 -1,0 
6 94 0 -2 91 1,-3 19 3,-1 95 20 05 0,0 
7 53 0,-1 06 2,-3 44 2,-1 73 2,1 71 0,1 
8 57 0.0 38 1,-3 21 3,-1 10 3 I 75 0,0 
9 96 0,-1 79 1,-4 95 3,-2 76 3,0 53 0,1 
10 43 - I -1 43 0.-4 II 4,-2 30 20 29 - I I 

lxl+lyls2 U1n 0) n> u,n u,n 

<.wuljwfiwI11 t, np 5 1.p11116bpl! pwtJ.w11w11 ~h(i p hwitwfiwl.twfimpJwli 
a2qp.tnn qfiwhwmtiwfi hwuw11: <1>11116 h11l1 pwGwltl1 1!Gui1m1 J}JWU hw11gl! 1.t11l1-
U1WJ1ljbup 1.pnp6bp!1 apwqp.tiWfiJ! UtijlJltl.WG pwdfimti: 

<.wppwa wfignJlllll itwppp fitiwfiwljtiwfi Ulll}b(P ptnlJ-ufuhuw 

UqJntuw4jtg hp41ijt2 
r uiwutwhw~wli 
pt{bpjt pliutpn11! 

N=N+l 

U~qpliw~wli 
ut4JW[libpjt liDlUlJ;! 

Z = IXitlYI 

Suiwqrbt X,Y,Z-jt 
wpdbolib1111 

UJ JD 
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4. «lrhq<))> tqwmwhwlJ.wfi ptl_hp}l umwgmu 

LTUtu!iwl{uw!i J!li]:lwgpmu Uilu[wc} pw2tuuw!i :Pmul19l1wJntl UJ.LUUiwhw-
4LUu pt[b.11 umwliwL11t hwuw11 oqmwqn11ot[mu hG hwt{LUuw11w2wqi pw2tutfwb 
UJ.WU1whwl{w!i 1n.J.h11J1 U1wpph11 w1tpJm11uh11: LThJ1l{wJ11tUu hwJtn!il1 hti hwtfw
uw11w2wqi pw2tutlwb ui.wmwhwqw!i pt[hp.11 hwuwqw11q2wJI1u t[h11w11U1Wl1flllt· 
PJWU pwquwpl1tl b.JJ.wtiwlt!ihp: t>11wqpwJI1Ci b.JJ.wuwq!ihpl1 u11s;l!lgntf hw2tfmu b.(i 
WJUUJ.hu ltn24wo ltb.JJ.b UJ.Wtnwhwltw!i ptJ.hPI!, n1mtip 2!iwJwo I1pb.Cig 11huihp
uI1CiJ14 um!i2mpJmliuh1mtf hw2tfw114uwti[!, [O, l] u112wtiwJpmu mCih!i hwtfwuw-
11w2LUqi pw2tutlwo pt[hpl1Ci ptinpn2 tfll.6wqwqpwlputi hwmqmpJm!i!ib11: 

~wUllltq @6wl{wqi1wqwCi phuphpnt[ (hwowtuwltwCi, I1!ipCiwhwpwph
pwl{gwl{wCi h WJLCi) ummqtfhtmg hhmn ltb.JJ.o ui.wmwhwltwCi pt.[h11J1 hw2np-
11wl{wCimpJntlil! lJ.mphtl1 t oqmmqnpbht nr1UJ.hu «I1pwltwli» 111wmwhwl{m(i 
pt[h11J1 hw2nPJltultwCimpJmfi: 

l.J.wmwpJwt wqpJmpl1g umwgt[wo 4b.JJ.o ui.wmwhwltwfi pt.lb.1111 hw2n11-
11wlJ.wCimpJntfi{! 111hmp t lJ.wqtitlmi't tl1fiI1 hwt[wuwpw2wtii pw2tutfwo, tll16w
lJ.wqi1wtiwfinphfi tuCiltwtu, tJ.hllWplllWflJ.lhtil h il.wlJ.fi4nq ptJ.bppg: l.J.bi\b UJ.W· 
mwhwqwfi pt.[hpp WI\PJillJ.1.I! 111tmp t Ciwh w2tuwmI1 wpwq L m(ib(iw CitJ.w
qwqmJfi utphUwJwltwU hp2nqmpJmU: Q.npoUwlJ.wfimu tWJU lttipwnmpJmfi 
hCi qmbt lJ.b.JJ.o ui.wmwhwlJ.w(i pt{hpp. umwguwU hwtiJ!filtfihtpntpJwfi hhtnLJtuL 
bphp hqwUwltUhp{!' pwqtiwui.wmlJ.wltwU, tuwn{! L hwtiwl19t.lwo: ~tuti[!CilJ.Uh
tpntpJtufi IDJ.WUwlJ.(ibpll hf1tip11tll llJ.1.4WO t wtipnq2 pt{bpp. htutihllWUlbUllll:f}JWfi 
hwmlJ.mpJnt!i{!: bplJ.m · A h B wtipnq2 pt{hp hwuwpt.[mti ta J!Utn m timp1ttl1 
hWUJ!lilJ.uhw, hph qnJlll:f}JlllU mfip WJUUJ.PUP wtip1iq2 R pptJ., np A-B=Rm: A L 
B ptJ.b.11]1 htutil!lilJ.lihtlunpJnt!i{! J!UUl m UmpltUl qptfmti t hh-tnhJtut lthPlll· 

A= B (mod m): (4.1) 
PwfiwoL{! u2wfiw{imu t, np Ah B p,.J.hpl1 mwpphpntpJntCil! wnw!ig ti!iw

gnPTl]i pwchufit.lmti t m ptl.11 tJ.pw: Opl1fiw4· 
1897=7(mod 5), 4339=39(mod 10): 

~wtit!filJ.fihtlunpJwfi pn1np hqwCiwlJ.wfihpf! hpuCitfmu hli hhmhJtut 
wCiqpwqwpo pw(iwahp. tJ.pw. 

n;_1 = An;+µ (mod m), (4.2) 
npmhq A-Ci, n;·J!, m-1! L µ-Ci n2 pwgwuw{iwCi wupruw pt.[hp tu: 

(4.2) pwCiwohpg n;-p hwtiwp lJ.umwfiw(ip' 
n; =in 0+µ(i-l)/(A-l)(mod m), (4.3) 

l:;ph mpt{wo b(i n0 u{iqpCiw{iwfi wpahp{!, A h µ hwumwmmCiCihpl!, WUJ.W 
(4.3)-1! npn2mti t wupnq2 pt.[hpl1 wJCiUJ.liup. (n1,n2, ... ) hw2nPJlw{iwfimpJntfi, 
npp mwpphpf! tiwqutJ.wo hfi (ino+µ(i-1)/(A-l)) hw2nPJlwltwCimpJwfi mwp
phpp m p@ tJ.pw pwchufimupg umwgt.[wb tiCiwgnpr1Citp}lg: ~wCi}l np gwCiqw

gwo i~l-}1 hwuwp n;<m, w111w upwt[np up2wltwmmti {iwphtp t ljwqliht (n/m) 
nwg]m.fitut p\J.bp}l hw2npqwljwfimp JillU{!: 
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<!.wuuG4lihllunrJw(i t11wuwqlit11li l111wpl1g mw11ptp4n11.\ t(i .-1.-11. no-]1 L. 
µ-11 w11dtplihpl1 [1um1m113Jwllp: 011l1Uw4· pwquwuiwmljwljwli t11wUwql1 
qhUI12mll µ=0, lm4 m um1nttG J!UqmUt{mu t hwtfwuw11 p0-l1, 1111mt11 p'-li hw
uwljwpq~mu oqmwqi111a4m1 hwzt{wpljwJ]1U hwuw4w11qJ1 fH.Jt11li pwuw4U t, 
Jm4 e-a· 13t{l1 qpwUguwli hwuwp oqmwcp111at{n11 tihpbGwJwljw(i pwn]1 b)lqw-
1unpJmliJ!: b'114mwljwG ut12hGwJl1 hwuw11 p=2, Jm4 mwuwljwGl1 qhummu· 
p=IO: t,p4mw4wG uhphuwJmu m=2b, npmt11 b-U ut12tGw.1w4wa pwnJ1 ut2 
hpqmwtiwG pt(hJI!J 12wUw4li t: liJU t11wUw411 oqGmpJwup mnwg4wa hw2n11-
11w4wGmpJwli wnwt{b1wqn1Jli uiwppt1unpJmlil! hwt{wuwp t 2b-J1: 

luwnJl t11wUw4l1 11tuwmu f.#0: liJu uiwpwuhm11J1 wntiwJmpJmGI! J31llJl t 
U1wl11u m-]1 mpt{wa wpdhpl1 11hUI12ntU umwGw1 wJGUiimJ1 4tqi> UJWU1whw-
4wG pt(t11, npnUg wpdbpUhpJ! qmG4111u bli (I, m~ I) ul12w4wmmu: 

'l,hp4WJlllUU <JJlWqJlW4npuwG pn1n11 1hqmUb11mu ljw(i 4b11a UJWlllW
hwqwG pt{hpl1 umwguwu 4wGnuwqwli tlipwi>11wqJ1t11, ,qmUp 11 uiwmj14 
RAND Corporation ahnliwpl{mpJwU, np11 uzw4ht t uiwmwhwljwG pt{bJtlI 
wnw2J1li a11wqphJ11!, qpmu hu RAND tiwu RANDUM 1'.1G4wGmu11: 

5. fJlwmwhwtiwfi pqhpfl mnwgmu 

'l,tlwliwtiuwG JuCi11J1pUtpmu wnwt(bt hw6wJu oqmwq1111a4111u hG uiw
mwhwqwG J}t(hp]1 pw7JuuwG hhmLJWI ~m1 u4gj1wGb1111. wli11li11hwm pw1-
JumuCitpj1g· hw1~wuwpwiwlfl, pliw4wGnG, gmgtwJJ1li, qwuuw, J1u4 pli11hwm 
pwzJumuGbp]1g· t11ljpw2wlflw4wG, <Tlwu4w1J1, L11ljwU11wu, 1TJ.111wunCil1 Umn
pL ph11t(wi> bG 1u1wUg h]uHiwqwCi pCimJ}wq11t1111 L. :bnJHI1J1wCi 1Lq4mj UJWU1w
hw4wG ubompJmUGbpJ1 umwguwu apw~lJlbpp: 

<!.wt(wuwpw1wlfl pwzJumu 

PwzJuuwCi JummpJwU :p111tiqgj1wu· 
f(x)=l/(b a), 

bpp a<x<b L f(x)=O, hwljwnwq 1JhUI12111U: 

"lwpwuhm11tp11' a I., b: 
lJwJ}buwmJ14w4wU uuiwut1J1f1 · E(x)=(b+a)/2: !\11tfwi>pp· V(x)~ (b-a)2/l 2: 
.'.bn1111111w(i 011wqJ11111· 

SUBROUTINE UNIFRM (A,B,X) 
I. CALL RAND(R) 
2. X "'A + (B-A)+R 
3. RETURN 
4. END 
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.P6wqwfinll /Cinpuwt! pwz]untu 

.Pwztuuw6 tummpJw6 !lim6qgpw6' 

f(x) = exp(-(x-µx) 2 /2a;)/ax ./ii,-oo < x <+co: 

"lwpwubmpl:ipyf µ._, <Ix : 

lfwpbuwmpqwqwll UUJ.wubtldi' E(x) = µ._: Bptlwbpc!' V(x) = a; : 
l>npmpw6 bpwqpp[!' 

SUBROUTINE NORMAL (EX,STDX,X) 
1. SUM 
2. D04 I=l *12 
3. CALL RAND(R) 
4. SUM=SUM + R 
5. X = STDX*(SUM---6) + EX 
6. RETURN 
7. END 

BmgiwJ}l6 pwz]unui 
.Pwztuuw6 tuuuupJwfi !limfiqg}lwll' 

f(x) = kxp(-AX), .:l>O, x~O 
"lwpwubmp'(!. ).: 
lfwpbuwm}lqwqwfi UUJ.wubtltfi' E(x) = 1/).: Bpqwbp~' V(x)=l/).2: 

l>npmpw(i bpwqpp[!' 
SUBROUTINE EXPENT (EX, X) 
1. CALL RAND (R) 
2. X = -EX*LOG (R) 
3. RETURN 
4. END 

C}.wuuw pwz]untti 
.Pwztuuw(i tumntpJwll :i,muqgpwll' 

k (k-1) ( ) 

!( ) = a x exp -m O k O >O· 
X (k -1) ! ' (P ' > ' x_ . 

"lwpwubmpl:ipl!' a, k: t5pwqpmu A= a 
lfwphuwmpqwqw(i UUJ.Wubtltll' E(x) = kla: Bptlwbp'(!' V(x) = kl«: 
l>nptnpwll bpwqpp'(!' 

SUBROUTIN GAMMA (K,A,X) 
1. TR= 1.0 
2. D04 l=l,K 
3. GALL RAUND (R) 
4. TR=TR*R 
5. X = -LOG (TR)IA 
6. RETURN 



5. fTJwwwhwlJw{i ptfbpft uwwgnu.f 

bpqpw~wipwltwCi pwzfun1u 
Pwz}uuwfi }ummpJwCi :}>mCiltgI1wu· 

f(x)= pq\x = 0,1,2, ... : 
fllwpU1ubm11hp{!' p L. q, O~p~ I, q = 1-p: 
lfwpbuwmI1lJ.wltwCi UlllwubL11Ci' E(x) = q/p: 5p4wc)pJl· V(x) = qlp2: 

liJU plllzlwnu~ fllwu1tw1.l1 plllz}uuUJCi uwuCiwt.1.1111 qbuwli t, bJlp k = ] : 

fllwutiwlli pU1zfun1u 
Pwz}uuwCi }uUllllPJWCi :tm1filtgl1wCi' 

f(x)=(k+:-l}kq• ,x=0,1,2, .. : 

fllwpwubmpbp{!· k, p, q: k-u U1upru1_2 Pl•tl t 0~ p~ I, q= 1-p: 
lfwpbuUJmI11twltwCi Ulllwub1.l1Ci' E(x) = kq/p: 511~wb"p\l V(x) = kq/p2: 

.'.bnpmpwCi opwql1111f 
SUBROUTINE PASCAL (K,Q,X) 
I. TR= I,Q 
2. QR= LUG (Q) 
3. DO 5 I= l,K 
4. CALL RAND(R) 
5. TR= TR*R 
6. NX =- LOG (TR )/QR 
7. X=NX 
8. RETURN 
9. END 

or11twfiqwu pwztunui 
Pwz}uuwfi }uuuupJwCi :pmultg!1wCi' 

f( ) -(n) • cu-,i -O I 2 . - I . X - X p q , X- , , , ... n, q- --p. 

fllwpwubmpbpJf p, q, n, n11U1bq 0~ p ~ I: 
lfwpbuwU1!11twltwfi UlllwuhtlICi. E(x) = np: 5114waup· V(x) = npq: 
:bnpmpwfi opwq}1p\l· 

SUBROUTINE BINOM (N,P,X) 
I. X = 0.0 
2. DO 61 = I,N 
3. CALL RAND (R) 
4. IF(R-P) 5,5 
5. X = X + 1.0 
6. CONTINUE 
7. RETURN 
8. END 

259 
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6. L1Uwfiw4.uwfi UI1IJ:htp qwnmgmu 

5wlil1wgwo 1hu1bt 4wpbl11 t ajlUlbt 1111u1hu n11ut l11iw4wCi hwuw1.tw11ql1 
tJ.b11wgw11lJmu, 1111li oqmwqnpmtmu t upw pCimpwqpbpl1 hhmwqnmuwCi, qCiw
hwmuwCi, tj_wpp]1 ljwutuwmlmuw(i L J.iwnwtJ.w111lwCi hwuw11: ~hmwqnmmm 
um1hll1 oqCimpJwup 1.tw1m11 t mumuCiwut111ht um1htwtJ.111utnr1 hwuwljw11ql1 uh4 
ljwu 011 pwCiJ1 UJWpwuhmphpJ1 1.pn1.pntumpJwCi wqqhgmpJmCiJ! u11w twI1 
lplllplltuwlJwuCih11J1 ljwu wuprnw hwuwljw11q}l l{w11pJ1 lj_pw: 

~wuwljwpql1 um1hll1 npwlJ.1! quwhwmlj_mu t Ci11w J1pwqwCi UJWmqh11l1Ci 
hWUWJlUhp ijlCihtm 11tCiw4.11tpJWUp, WJU}1(ip(i hwuw4.wpql1 lj_w11pl1, Cipw mwpph11 
pw'l_wqp}1iCitpJ1 1.pntuwqqhgmpJmCiCihpJ1 CilJw11wquw(i 6zUU1tpJtuup: l.Jl1 l.J.nqup.g· 
um1tm Ujhtnp t oj12m Ciljwpwqpl1 hhmwqnmtlllll hwuw4.wpql1 qn11crwnntJPI! L 
hw2tJ.l1 wnCiJ1 u11w 1~wpp]1 h]1uCiwqwCi wnwCiaCiwhwml1mpJntCiCihpJ!: lfJmu 
4.nquj1g· urn1tm Ujhmp t pwt{w4.wCil1Ci UJWpq t11Cij1, npUJhuqp. hCiwpwt{n11 1]1Up. 
hwu4wGwt G11w hJ1uuwqw(i hwmlJ_11tpJmuuhp[! L oqmwqnpihl11 w1u11mCiwlj_h
umphCi: 5wlj_np' ll!llUlJ.lUUillJ}JlUCiJ! hwuwpahp Unqht!ih~{! hwqlj_Wl}OUj b(i UifintU 
UJw11q, Im4 UJWpq lil11}htCihpJ! hwowtu zwm hhnm hCi J111wlJ.wCimpJmCil1g: 

~wuwlJ.wpqt11l1 uwphuwm]l.ljwqwCi UI11}htCih111! unlj_npwpwp pw'l_qwgwo 
b(i hhmLJWl illJlU UIWJlllhp]l.g' 

• pWIJ.WIUI!liUhp 
• 1.pn1.pntuwlJ.wCiCihp 
• UJWpwuhmphp 
• ,1,mCilJglmCiwt ljwUJ.hp: 
lfnqhtp pw11w11P]l.tCihp{! }1.ptCigp.g ljwPfi11 hCi !ihplJ.wJwgfiht hhmwqnm

lj_n'l_ hwuwlJw11ql1 mwppbp bupwhwuwlJ.wpqhp]l. unqh1uhp: '-lhp2l1Ci(ibpu 
p.pbCig htppl1Ci lJwrmq tCi mutCiwt pwpq qwnmglj_wop L ljwqulj_wo tpCiht 
wlj_hl11 UJWpq tCipwhwuwqwpqhp]l.g · L WJlllllhu 2wrm.1uw4: lfl11}htl1 pwqw
llPP.tCihp]l. J!UmpmpJmfiJ! tqwJuwCiwtl_npt{wo t hwuwqwpq}l UI11}btwtl_npuwu 
Citqwtnwquhppg Ill pwpqnt}:lJntfipg: 

<I>mpntuwlJ.wCiCibpf! fibptimm{nul hfi htmwqnmtl.llll hwuwqwpql1 mwp
php pwqw11Pl1ifihpl1 u]12L qwtqhpp CilJ.wpwqpuuifi hwuwp: '1-pwCip hwuwtqw
mwutuwCinphCi pwchufitl_mti bfi' qw}u.Jwt, wfiqw}u, qwnwtl_wpuwli L tl_pnwqp 
1.pntpnfuwlJ.wfiCitpp: '4wfuJWL 1.pmpn}uwl.J.wlifihpf! fil.J.wpwqrm.1u tfi hwuw
J.iwpq}l tw]l. tqwpwubutphpf!: Ll-pwfip nrm.ztJ..mu hfi bwuwlJ.wpqll qnpow
nntJpjl hwt{wuw1mullihp)lg: lfnqhtp Jmpwpwfii.)ntp twpfi hwuwUJ.wmwu
tuwfimti t uhl.J. hwtl_wuwrm.1u: Opp.fiwlJ.' atnfiwr1lJ.mpJwfi tw]l. tp11tpntuwlJ.wCi
fihp qwPfi11 hfi l11fiht Cipw ow}uubpf!, wpU1W11PWfip[!, tl_wnwnpJ!, zwhillJPI! L 
WJtfi: -<.w6wtu twl1 lplltpn}uwl.J.wfifihpp. u]l. uwu!i oqmwqnpm{mu t liwL. np
tqhu l.{)16wl.J.p tpntp11JuwlJ.wfifitp: '-lhp2}1.Cilitpu pwgwhwJmnptfi ihfi umCimu 
hwuwl.J.wpq}l lJ.wnwtl_wpuwfi npwq[! pCimpwqrm.q hwtl_wuwrm.1tifihp]1 uh2 L 
fihpummtmu hfi unqhtp !ilJ.wpwq].lpf! wupllll2wgfih1m CitqwmwlJ.ntJ..: 
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4wnwtJ.wpuwU tjlmp.nJ:uw4wGut1111 111m2t{mu hCi hwuw4wpq]! ljwnw-
4.wpru1 uwpuG}1 lJru1uJ1g: 011!1Gw4· t11411!1 mUmhumpJwG ljwnwt{w11uwU 
tjlntjln}uwljwfifihp ljWJlllIJ. hfi Il1fiht 4wp4hpl1 m hwpqhp!1 mnljnuw111m1Jpfihp1!, 
[m4 ahnuwpqmpJwu hwuw11· w11mwqpwup}1 pwGwlJTI h mbuw4wGJ1G, 
oqmwqnpm.J.IlJl w2J:uwmnu:l-1! h wnu: 

l>mfiqgpnfiwt 4wuihPl! n1m2mu h(i lnuuw4wpql1 Ulli}hil1 tjlntjln}uwqwfi
Gb11}1 m Pllll1WI]J1j1~Gbp!1 tjlnjuwq11hgmpJ11tU1! L. pwctwfit{mu hCi t11ljm qwu)f 
CimJfimpJmUGhp L. qnpaummJpp pCimpwqphpp. hwt{wuwpmuuhp: Qfi11 npmu 
GmJCintpJm(ifihpJ! hwCiqhu h(i qwum qwu UU1huw(imu(ihp}1, lJ.UlU hwuwqwpq!1 
pw11w111lfliuhpJ! pfinpn2m1 hwumwmmuubp}1 awn{: \,mJfimpJmufibJi!i op!1-
fiwqfih11 bU abnCiwplJ.mpJw(i 2wlm1wt1 uwMwfimu1f npl4bu G11w uiPtl h4.w
umm}1 h LPP4 awJ:uubp}1 mw11ph111npJmu, obnuwplJmpJUlG wlJmlnl.11 hw4w
uU1pntpJntG1! fipw uwufiwt{np ljwlll11mwu1 m t{wplJbp}1 qn1uw11}1fi L wnu: 

PUmpwqpbpJ! }1pbug}1g fih11lJwJwgGmu bu Ulli}bLJl twJ1 L 4J1ciwltJ1 tjlntjln
J:uwqwfiUbpp uU1pbllU1m}1ljwljwfi wnCi~mpJmfiub11'1 mbupnt{ w11mwhwJmt{wa 
ljlllll!l! ummph tjlntlinJ:uwqwGGbpJ1 hbm: P-Gmpwqpbp}1 op!1Uwljfib11 bu mGmb
umpJwfi uwqpnmUmbuwqwu gmgwU(12Ghp[!, mfimbumpJwU n11Lt OJlltJUl wp
tnWI)JlUlGp)l l4Whwu2wpltJ1 :timfiqgJ1U1fi, 6bnUwpqmpJwfi w11mw1111w4wU 
'.pmuqgpwubp[! L. WJtG: {wuwtiw11ql1 qn11ownmJp}1 hwt{wuw1m1ulib11l1 l4Wpw
uhmphpJ! npn24.mu bfi t{l1ciwljwqpw4wU qGwhwmw4.wUfih11I1 oqUmpJwllp: 

'1-pmwpljb(ip hwuwtiw11qbpj1 hbmwqnmuU1U J:uCiaj1pfih1m1 u uho ltJ111w
nmpJmU qmwo up pwup fiuwuwljuwfi unqb1fit11: 

6. I lTwpqut{p 211PWJP L. 4Puwuwpqnt{Jwfi qnpb-j!fipwgfibpp UJll}btUbp 

lTwpqnt{l1 211Pwfihp11 L. 4Jmwuwpljnt!JwCi qn11o[!fipwyfih1111 ubo 4}1pw
nmu bG qmht qi1pomwutp!1 hhmwqnmuwfi · hhpphp}1,ll!w2w11fib11!1, UJ.Whbu
mw4npuwfi, ljwnwtJ.w11uwfi L WJJ J:ufilJ!111fibpmu: '1-J1mw11ljt.Gp 4hp2wt{np 
p4nt{ t{p6wljfibpj1 E={O, l , ... ,N} pwq1.h11pJ111 fin4 h P=llp II ublj pwJ1111 u wfigmu-,, 
Ghpj1 uwmp}1gn4 lTw111.Jn4p ;qpwu, 1111}1 uhlj t{J1ow4}1g UJ111u11 wfiymufitpr1 
lJwmwptJ.mu bfi ctwuwfiwlj}1 r1Gqhwm t=O, 1,2, ... UJ.Whh11!1fi: '\.JuwU um1htfihpp 
oqmwqnpat{mu tfi, opt1Gwl.f wnLtnpl• UJ.1wGw4n11uwfi J:uG11!111lib11111u uUJ.wnn
JJWlJwfi UJ.Whwfi2wp1.JI1 fiuwfiwljuw(i hwuwp: liJU 11tuw111u }J\PWJ!l wnwfi6t1G 
4j1ow4Gtp}1li hwUWl4WtnwuJ:uwu111 u bG mw11pt11 n11wljt1 hwuwulm wUJ.11wfip
ubp!1 mw11php qb11wqwuuwli 4wn111y4woplit1111: lJw114mH1 21111pwfi tiuwfiwq-
4.mu t fiJlW p UWU1J1!1y!1 Ullll\hJtll oq(irnpJWUp: <.WUWJ14_lllU 1., 11)1 z11pwfi uhlj 
pwJJmu i L(11c'.iw4!1g wugm u t 4wmw1m1 u j t1!16w4l1, hpb 

rPil ~ r < f p,k 
k=O k =0 

n11mt11 r-Jl (0, I) u!12wtiwJpl1y ljb110 l4wmwhw4wli Plttl t: 
UJUJ.1wn4 qbqo UJ.WUlwhwljwG ptlb11l1 r1 ,r2, ... ,r n hw2111u1wljwlim J)JWG oq

Gm pJwUp M pwJ1b11I111lipwyp111u u1111b1wt111114111u 1. lJw11~114]1211pwJI• tJ.w11pt1: 
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liJdU r1t1mwpqh(ip 1~hp2wiJ.n11 E={O, 1, ... ,N} 1.Uu'.iwljlihpl1 pwqun1 ~JWUp 
hwuwuhn 4.lmwuw11ltniJ..1wU qnJ•OJ!LIJ-lwgUh11l1 Ulll}htwtlnJltJ.mu fuUr1l11111: t>U~-
1.llhu !i2tlh1 t XI pwcHimu, 4.lmwuwplJ.ntlJwfi cµ111c:>nfipwguh11J! lJw1u111 hfi 
npnztlbt ut1 pwfip hqwUwlJm(: C).Jnnw11lJ.hCip hhmL.JWl t11lJm hqwCiwlJ.Cih111!, 
tpp qnpOTICipwgf! npnzt[mu t' 

l. Q(t) wfigmtiwJl1ti uwm11l1g)1 oqCimpJwup: 
2. Ufig1.hufi ulllwuuw!l a=lla;;II dwuw!lwlJCih11l1 L. G11wfig F(t)=IIFij(t)II, 

Fij(t) = P{ a;;~ t} pwzfuuwfi :t>mUltgl1wfih11l1 uwmpl1g!ihpl1 oqCimpJwup: 
Unw2ltfi qhuwmu, qnpc:>nllpwg\! npnzt[mu t w!lgmu!lh11p hwtlwCiwlJw

CimpJmUCihpp Q(t) = IIQ;;(t)II uwm11}1gntl, npl1 Q;;(t) mw11phpf! npnzttmu hfi 
Q;;(t) = P;;Qi(t)-}1 pwfiwc:\L}1g: 1.,uwfiwlJm,rn l1pwltwfiwgl[mu t hhmLJWl lJhpUI: 

L}..pgmp' 8=(9,, iE E)-Ci qnpc:>nUpwgl1 E pwqumpJwfi tjJ16wl[Cihpntti ,rnwl'u 
ctwuwfiwl[Cih11l1 UIWmwhwltwU uMmpJmfiCihpp l[hl[UlllpU t: 3mpwpwuvm11 i 
tl}16w4]1 hwuwp ul[qpmu unqh1wt111111.J.mu t Q;(t) pw2fuuwfi ,1>mUIJ.gl1wJntl e, 
UIWU1Whwlj_wli UhcmtpJntfi(!, WJCimhhmL P UWU1ppgl1 i-Jlll UlllllP (lfwplj_nl[p 
2qpwJlt fiuwCimpJwlip) 

H j 
I Pile ~ r < I Pik : 
k=O k=O 

Uuw(hulj_uwfi UIWJliwfipg npnzttmu t qn110l!Cipwgp hw2nflll j, jE E t[p6wlj_[!' 
1.,uwfiwlj_uwfi hwuwqwpqwJI1Ci ctwliwfiwq(! mpt[mu t hhmLJWl pwfiw

c:\Lml' Ti=Ti_1+6,1c, i=l,2, ... , kEE, npmh.q Ti-Ci hwuwqwpqwJpU ctwuwUwqCi ti 
wfigmufih11p qhuwmu, T0-U hwuwqwpqwJpU ctwuwCiwqll wpcthpU t Ulll}htw
tlnpuwfi uqqpfiwqwfi t.qwhl16, 6,k-!i i-]1.q pwJ1mu rk t[p6wqmu qnpoi!Upwgp 
uuw1m ctwuwUwqfi t: 

bpljpnllll qhuwmu mpLJ.wo t a=lla;;ll wfiguwfi UUIWUUWfi ctwuwfiwqfih
flll uwmppg(!, npp a;; mwpp[! qnpOl!Cipwgp .i tl}16w4]1g j t[p6wq wCiguwCi 
ulllwuuwfi ctwuwfiwqll UiwtnwhwqwCi ubompJmfifi t: hwJmUl1 t CiwL F;;(t)-li' 
a;; uhompJWU pwztuuwfi ,1>mfiqg]1wfi: 1.,uwfiwqmufi ppwl[wfiwgLJ.mu t hh
mLJWl qhplll: q.npOl!lipwgJ1 i l[p6wqmu iE E npnzl[nui hli Fij{t) pwzfutiwli 
:t,mfilJ.gpwJntl a;; UIWmwhwqwfi uhompJmfilihpp a;1,a;2, ..• ,a;N wpcthpfibpf!: 
liJfimhhmL a;1,a;2, ••• ,a;N pt[hpl1g qmlimu hfip a;.=min{a;;, jEE} L [!Uqmfimu, 
np qnpOl!fiPWQJ! i t[ptiwqllg wfigmu t 1J.wmwpn1u s t[ptiwlj_, nppg hh.U1I1 Guw
Gwqmu hfip qnpOl!fipwgp hw2nfll1 t[p6wq wfigmuf! h WJI}lllhu zwpn1Gwq: 

6.2 ~hpphp]l UllJlhtCihp 

Pfitt.qhu hwJmUp t XIII pwctU]lg mUmtmwqwCi, uihfuCipqwqwU h WJl 
hwuw!.J.wpqhpl1 qnpomlihmpJntli(! qnpoUwqwCimu ltwUil[wo t, hw6wfunfll}
lihp}l UIW1.I1l[hplihp]1 U bwJmhpl1 UUIWUWpquwli hhm: ilpl.llhU hWJUlhp qwphtp 
t qpmht wputwqpntpJwli qwu wnLmp]l UIWUILJ.hplihpf!, ubptawJp l[hpwlin
pnqntUf!, h]lLJ.wliqlihpp pmctuUiwuwpqmuf!, muwUnrtlihp]lg pliOmpJmlilihplt 
]!liqmlintti(! h WJtO: 
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D11UJhU UUJWUWJ14thu(i uw11pt11· wpU1wry1wlfwG qnpOTICipwg}1 mw11pb]1 
tp.mthJlJ!, pwu4.npw4wu pp}1qwqCihpl!, pctz4w4wu 1wpn11wum11}1wCi, •lJ1U1u
wp4.fJ.l! L. wnU: UUJwuw11yuwCi hwuw4wpqt11}1 lllWilPbJl op}1Ciw1Ifit11 L.1wwfig 
hbU1wqnU1uwCi tlb111mowywCi t11.wuwl.fCib111! pCifiw111.ft.jwo bfi XIII pwcJCinu5: 

<!.bppbpj1 wnw2wguU1fi hbUI tiwUJtlwo l{fiwufib.1111 UJWJUU1CiU1tJ.n11t1mu bu 
hw6wtu1111J1G b.11}1 1.fnJ1UU1ntJ., UJWhbuUiwl{npuwfi, UUJU1uwplf uU1Ci u}12nq Ci t11}1 
UJWPWUJlllJ1J}!1 L. WJl 0U1juub1m4: <.bpphp}l hhU1wqnU1uwCi tufitJllJlJ! mCiUibuw
q}lmwywCi mbuwfilIJmfi}1g hwfiqmu t UJWU1tJ.b11fih11)1 l.t hwJU1h11}1 hb11pmu 
UUJWUbtm L. hwuw4wµqj1 uwpphpl:t UJWPWUJlllpajl hblll 4WUJl{WO tin!llllUUl
fibp).1 CitJ.wqhguwCi{!: 

liJctu IUlUlWlll.f hfip UUJWUWplfUWU hWUWl.fwpqb(lp fiuwfiwl.fuwfi Ullt}ht
fibp).1 tiwnmguwfi u}l pU1Ci)1 op}1fiwtivtp: Uqqpmu pCiCiwµqhCip t1h4 UUJWUWp4-
uwfi uwµpntJ. I.. wfil{bp9 ht11pnl{ GIGI I U1buw4J.1 hwuw4wpqJ!: 

'l-}1gmp· A(t)-fi hwuwqwpq}1 ununp}1 lmup).1, }m4 B(t)-G hWJU1hp}1 UUJW
uw114.uwfi UlWlllill]}JWU pwz}"uuw(i :t,m(iqgpwfibpfi l:i(i: 

6.2.1 qGll hwuwqwpqp GuwfiwquwCi Wll}ht 

b'wJ.i tp.Iltp.njuw qwG a hp 

Wt - hWJUlp hbppmu UUWLl1l UJ19}1Ci chuuwfiwq1!; ldt - hbppwqwu hWJlll)I 
uUiwguwuu UUJwubt11u hwuw4.w11qp UJWPWUJilll1Jll1 t1}12}1fi ctwuwCiw411: 

'4.}l6w 4).1 tp.ntp.ll}"uw4 w Ci Ci hp 

Wlj- i-M hwJm}l UUJwuuwfi ctwuwCiwlfl!, i=l,2,3, ... m; ldlj - i-M hwJUiti uUiwg
uwfiCi UUJWUblPU hwuwqwpq}l UJWJlWUJlllpajl dWUWfiW4Jl, i=l,2,3, ... ,m: 

U-mmpJ.i 1.p.mJm}"uwqwCiubp 

At; - i-M L. (i+ 1)-Jlll hwJmb11f1 umwguwu u}12L pCiljwl> chuuwfiwljwhtuU14w()11; 
Slj - i-Jlt} hWJllllt UUJWUWJlljUWU OWUWUWljJl, i= 1,2,3, ... ,m: 

<!.wuwl.J.wpq}l qnpbmCihntpJwfi pfimpwqpbp 

f(At) - bpljrn hw2nJIT}w4.wG hwJU1hpJ1 umwguwfi UJwhbr1)1 t1J12L 11G4wo 
ctwuwfiw4whwm4wbCibp}1 pwztuuwCi }"ummpJwG :i>m Cil.19J1wfi; 
f(St) - hwJmh11)1 UUJWuwp4t1wCi ctwuwuwlj)1 pw7tut1wfi }"ummpJwfi '.pmCi4-
g).lwfi: 

untJCintpJntCifibp 

Wt,i= TWl/m, ldt,i=T/mldt: 
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GIGI 1 hwuwqwpqfl fiuwfiwtiuwfi UIU}btp Ptnlt-uJ:ubuw: 

2 

3 

4 

UltqpGwltwfi 1.U11'iw4.J:i 
hwuutwmmu 

At-J:i wpdhpfihpJ:i 
umwgnui 

At::At-Wt 

St-J:i wpdhpGhpJ:i 
umwgmu 

I Id O I· > 6 t = • 

7 Wt = St-At 9 

8 Twt = Twt+Wt 10 Idt = 0 13 Tldt = Tldt+Idt 

1. UJu ptnltmu qpnJp bfi pbptlmu uruibtlt up 2wpp qmtlmJ:uwqwfifihp' 
wnw2pfi hwJmp umwgl{htm dwuwfiwll.t!, qpw UUJwuuwfi dwuwfiwltt!, hw
uwl[wpqp. UJWPWUJmpq}1 dwuwfiwltl!, lifilUJbu fiwh tptil{ uUJwuuwfi tqwpw
UJmpq}1 dwuwfiwqfihp(!: 'l.pwfinl{ tiult hwumwmtimu t hwuwqwpqp. uqqpfiw
lJ.wfi tllt6wltt! h qpwfigl{mu t wnw2tifi hwJmti umwgl{b1m tiiwuml!: 

2. Opnzl{nul t finp (bpltpnllll) hwJmti hwJmfitlbtm hwpwpbpwqwfi dwuw
fiwltt!, DPI! hwzl{wplttlnui t fiw]:unpll (wnw2tifi) hwJmti umwgtlbtm Ujwhtig: 
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3. Umwgt[wo uh01nJ}Jmfi}1g hwCit[mu t fiwjunJlll hwJml1 uUJwuuwfi chu
uwfiwq[1:U1u mwpphp.tnpJmfi[I n1111zmu t finp hw_1m}1 qwpn hw11wphpwljwfi 
ctwuwuw 4l1 fin]l U1pcthp[1: "u]ltu hw2t[wfipJl wJctu UlWJltlmu t CiwjunJll} hwJm}1 
UUJ.wuw114mufi u4u4h1m UJ.Wh}1g: 

4. n,mzt[rnu t htuJUl}l UUJ.WUW]lqUtuCi ctwuwCiwlJ.]1 UlWU]BLPJillUJl: OJ}h 
WJCi qh]lwqwfigmu t Cin]l hwJm}1 umwgt[h1m hwJ1wph11wqwCi ctwuwfiwlj[I, 
WUJW t[h112J1Ciu UJ.hUIJ! t UUJ.WU)l hhJlJ}lllU: Ull]l htuJmJ1 UUJlllUUWU ctU1utuCiwlj(! 
lllJU 11hUJpmu hw4wuU1p t Ciwjun]ll} hwJm}l UUJWUU1p4uwfi mUllJlmpJwli L 
fiJilll umwguwfi hwpwphplllqwfi ctwuwfiwlj}1 mwpphJmtpJWfi(!: liJ'l mwpph
JliltpJmfiJl hwz4U1p!J4mu t 7-Jlll pp1qmu, np}lg hhtnn 8-Jll} pp11J.mu t[hpwhwz
tlw111J.t[mu t hwuUJlJ.wpqmu w]1t[ UUJwuuU1Ci ctwuwfiwlj(!: bph Cinp hwJmfi 
umwgtlbtm hUJpwphpwqwfi ctwuwGwlm uba t fiU1junJU1 hwJm]1 UUJU1uw114-
uUJfi ctwuwfiwqj19,U1UJW Ciw 2]1 UUJlllUillU hbppmu: liJU 'lhUJJ!IllU wnw2U1fimu t 
UJlll]lWUJlllJ1'l, 11]1}1 UGOillpJlllfi(! ll]lll24lllll t 12-]l'llllll, Il]lUJbU uz4wa OWUW
fiwqCibJI]l mwpp hjUlt p JlllCi: 

13. l.J.wmwp4mu t hwuw!Jw11q}1 UJW[1UJUJm1ul11 wJ14 ctwuwCiU14l1 4bpw
hw2tlw11q: bpb htuJU1)1 umwgt[h1m hw11wphpwqwfi ctwuwCiwqp L fi11w 
UUJlllUW]lqUWfi ctWUWfiWlJ.Jl U}l.UJWCig hwt[WUW)l bCi, WUJW UJW]llllUJlllJlll L 
hhpp 2hG wnw2wfimu: 

2-Jll} p1nlJ.]1g uqut[nq gpql[I qwphtJ1 t 411lJ.Gh1 pwquwqJ1 wfiqwu L 
wJ11UJ.}lunt[ 'll1mU1plJ.h1 lJ.wuwJwlJ.wCi ptlrn.f hwJmhp: "uuwCi hwzt[wpqfihp)1 
oqCimpJwup lJ.wphtJi t qmCiht hwuwlJ.wpqJ1 hwt[wGwqwCiwJJ1G pCimpwqpbp]1, 
op)1uwlJ.· UJlll]lWUJlllJUlll, hbppmu ULLJWUbtm htuullllJ.W(l<pllU UCitutm L WJL ctwuw
CiwlJ.Cihpl1 ut12t1Ci wpctbpfihpp L qpwfig tU16wlJ.wqpwlJ.wCi qCiwhwmwlJ.wGCit1111: 

Ph11qwo unqhtJ1 UJ.}lmwCi}mtpJwfi ummquwG hwuw11 lJ.wph1l1 t. wCiglJ.wg
Ciht [IUUI hwmmlJ. pwzjuuwCi :t>mCiqgJ1wfib11J1, oJ1J1CiwlJ., gmg2w1J1G pw7juuwli, 
hwuwqwpq}l unqhtJi 1jmp6wpqmufihJ1 L Cipw pG111f)wq11hp]1 hwuw11 umwg-
4wo tl}l.6wqwqpwqwCi qCiwhwmwlJ.wCiCihp[! hwubuwmb[ 4h111111ow4wli h11w
Gwqn4 hwJmGJ1 W]II]JmCipCihpJ1 hbm: XIII pwctli111u TJ]1mw111J411q uUJ.wuw114-
uwCi hwuwqwpq}1 hwuwp, bpp u111uip}1 hnupli mG]1 A LLJWpwutmrmtl <fl111w
unfiJ1 pw7jumu, ]mq UUJwuwpquwCi ctwuwliwqp· µ UJWJtwtibmpnt[ gmglwJ!1Ci 
pw7jumu, hwuwqw11q}l lJ.wJmCimf)JWG )Jµ <I UJWJUUJtiJ1 pwt[U1JlU1J1uwli 11hUJ
pmu Cipw lljUl} pfimpwqpbp]1 hwllWJl 0 (hU1JU1bJ1J1 hhJlf)IIIU UUJlllUG\111 tip9J1li 
ctU1uwCiwq]1, hwuw4wpq}1 pbnGt[wbm p Jtufi, hhpflll 11]19]1li t111Jw1uu p Jtuti, 
hwullllJ.wpqinu hU1JmhpJ1 uJ19J1Ci pwliwqJ1, hwuwlJ.U111q111u n hwJmh11J1 qmCi4b-
1m (n>O) hw4wCiU1lJ.U1CimpJU1Ci L lllJ(li) umwg4t.1 hli 4h111111bwqwli pwliw6Lh11: 

lJn11t1J1 6Jlilntf)JWfi ummqtllllli hwuw11 wCi11pwdhJlII t. hw74h1 GwL fi11w 
hWUWUJllllillllUjulllCi pCimpwqpt11}1 911t[U10111pJ111Ull: 'l·Jllll hwulllp unqt1]1 tj11111-
6wpqmufihpl! qU1tnwp4mu tCi 4hrio UJWUilllhwqwli pt[h11J1 umwyuwti 011wq11J1 
llllllpphp ulJ.qpCiU1lJ.wfi wpctbpfit11]1 qhUJPm u: 

Umwgt[wo tu]lJlJntfiputpp p111J1 tli 111w1t1u hhU1lll<.JllU1ht pw;juuwti 
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:}>mfiqgJ1wGb11}1 UjWJ1wUbU1J1bpJ1 1.pmpnfuuwu wqqbgmpJmfi(! hwuwqw11ql1 
pfimpwqpbpl1 l{l16wqwq11w4wfi qGwhwmwqwufih11J1 4.11w h um1bll1 qqwJm
Cimp Jill liJ!: 

01mz ahw1.finfuJHPJlllfilib11I1g hbmn pbpt.J.wo 1.hn1btmU qw11bu1 t ql11.nw114.Lt 
hWJUlhJlll tnW].Ipbp UUjWUW]1qnuHibpJ1 qwpqbpJ!, hb11p}1 b11l}wpmpJlllfiJ! L. WJL 
pumpwcu1!1itib11: '1-j1rnw111J.4wo um1hl1! qwpbLl1 t fiwh oqmwqn11obt n1n4bu 
wt.J.hLl1 pWJ.1.11 hwuwqw11q}1 (011tiuw4.· u1.4wuwpquw(i gwCigl1) pw11wqp}1i: 

6.2.2 U1.4wuwpquwli N fimJliwtn}lll! uwPl!hpnt.J. unqbt 

'1-J1tn1.UJ1qbu12 wJctU u1.4wuwi1quwli N limJliwm}11.4 uwppbp mubg1lf\ 
GI GIN hwuwqwi1qj1 liuwGwquwG umihlI!, npl1 u11 zwpp 4l1pwnmpJmfilib[1 L 
uwpl[nt.!JwG unqhll! ph11t.J.wb bu XIII pwctGmu: 

'1-!1gmp' A(t)-G hwuwl[wpqmu hpl[m hw2nJ.l.llwl[wu hwJtnhpl1 umwg
t.lhtm uiwhh11l1 u112L ]!fiqwo chuuwGw4li pwztuuwG 1>mlil[gl1wfi t, }lulJ. B(t)-ti 
i-Illl UW!lI!lllU hWJtnll UUjWUWplj_UWU chuUWUW4ll pwzfuuw(i lntfil[gltWU t: 
bupwqJ.IhfiI!, np t=O ulJ.qpfi1.Uqwu lll.Whp(i hwuwqwpq{! wqwm t hwJmbpl1g: 

Ui111hl1! ul[wpWqpnr\ 1.p111pnfuw1J.wfifihpn hwuwuuw(i hfi UWfunJ.l.ll' GI GI I, 
uruihll1 hwuwp oqtnwqnpot.J.wo(ibpldi, pwgwnntpJWUp' 

Tat; - pwgw11owlJ. dwuwfiw4.I! i-J.l.ll hwJmfi umwgt.J.htm U1.Wh!1fi, 
T;j=St;j+Idt;i (i-1 )-J.l.ll L. i-M hwJmhp}l uuiwuwpl[uwu w1.{wpu:1p U1.Whbp'1 

u112L.1!Gtiwo chuuwGwlJ.whwml.{wOJ!, i=l,2, ... ,N,}==1,2, ... ,N, 
Tt; - pwgwpowl[ dwuwfiw4.l! i-M uwppp 411IJ.1111g i-J.l.ll hwJml1 ulll.wuwpq

uwfi wt.J.wptn}l ll!wh}lfi, 
Srnin - Tt;.1j uhontpJWU fit.J.wqwqntJU wpdhp]! PlllllP j-Lpp hwUWJl 

j=l,2, ... ,N: 
bupwll111.{mu t np hwtiwqwpqnui wnw2l1fi hwJtnp umwgtlhtm lll.WhltG 

pw1.{w11wp1.{mu h(i hbmhJWL uqqpCiwqwfi U1.WJULUliCihp1!' 
At1 = 0, Idt1j = 0, Wt1i = 0, j = 1,2, ... ,N, 
Tt11 = St11 . St1i = 0, j = 1,2, ... ,N, 

i-1111 hWJUilt hWJU1U1.{hLnt9 hbUlII umitw 1.{}16w4l1 tpmpnfuwqwfifibp)l wpdhp
(ihp(! npnzl.{mu h(i Tt;j UbOIItl}Jntfifibp)l fil.{wqwqntJU wpdbpfihp(i WU1.Whnt.J.11IJ. j 
hwtiwpp hwuwp qpl.{WO hhUIL.JWl pwfiwoL.hpnt.J.. 

bpb Tat;> Smin, Wlll.W D l;j = Tat; - Smin, L. Wt;i = 0, i=l,2, ... : 
bpb Tat;$'. Smin, Wlll.W Wt;i = Smin-Tat; L. Id t;j = 0, i=l,2, ... : 
\,zhfip, np i p.fiqhpU(! phpt.J.wo WllfitntfJntfifihpntU ljpqfiw4li qhp t fuwqnui: 

At; L. Tat; ipmpntuwl[wfifihpmti i-fi hwuwll!wmwu}uwunui t hwuwqwpqntu 
umwgt.J.wo hwJm]l hwuwp]lfi, )luq Sd l;j, Id l;j, t;i, Tt;i, j L. Wt;rmu i-G gmJg t 
UlWUlU j-Ilfl UWppmU i hWJU1)1 Ulll.WUWpqtiwfi hWUWpl!: 

lfruihlP GuwfiwlJ.uwfi w1qnpl1pti}.l PLnq-u}ubtiwfi pbpl.{wo t UUlilpu: 
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UU}wuwpl(uw(i N 6ntJ6wm)1U} uwPl!bpml. UJlllbllt PLDl(-u):ubuw 

U4qpuw4wfi 
UllLJWtlibpp Ununp 

r--- Br4t 
i =2,N 

4 Tat=Tat+At 

5-6 

8 

9 

10 

7 

S\,j=l,N 
wpctbpfibpp 
umwgmu 

Tt1=Tdt1+St1 

················ 
Ttrr-:Tdt~St 

A 

14 

C 

20 

> 

15 L=j 

11 L=l 

12 

16 

Bt•4L 
i=2,N 

A 

------4 

18 
At wpdbp!ibpp 

UUlWgmu 

19 Tat=Tat+At B 

'-lp6w4wqpwl1wli UpilJmliplibpp 
plimpwqpbpp d1..w4tpuimu 

hw2l[wf14 21 

267 
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22 j=j+ l, W~=B-D 

+ 

Wt(L) =-Dif 

ldt(L)=O 

=l =N 

31 3 

St1 wpcthpfihplt St2 wpcth11fihplt StN wpdh11fihplt 
umwgnuI umwgmu umwgmu 

34 3 

St=St1 

37 

Tt(L)=Tat+Wt(L)+St C 

lTDIJ:btwt[npnuHi u{J.ut[nui t UDIJ:btwt[npl[DIJ. hwJutbp}l M p@, mqwuwp{J.
uwli uwppbp}l N p@, A(t) L. B(t) pwz)uuwli !l,ntli{J.g}lwlibp}l u}l2}lli wpdbp
fibp}l L. gpt[wilp}l libpumbuwup: UJlinthbmL. wnw2}lli hwJmli umwgt[btnt 
pwgwpowlt dwuwfiw\J.1! h uuiwuwp{J.uwli uwppbpp uiwpwuimpqp dwuw
fiwltlibp{! pbpt[mu bli qpnJw{J.wli wpdbpp: 

3-6-M Ptn\tlibpp g1•4U! ]!Ciqqp{J.mu l hw2nM N-1 hwJmbpfi umwgt[btm h 
2-}ll} ptn\t}lg N hwuwplibpp uwppbpp u{J.qpfiw{J.wli uiwpwuimpqp dwuw
liwqlibpp hwzt[wpqlibPl!: ~wuw{J.wpqmu hbpp qwpnll t wnw2wliwt upwJfi 
wnw2pli N hwJmbp{! hwuw{J.wpqmu umwgt[btmg hbmn: i-}ll} uuiwuwpquwli 
uwppp uqqpfiwqwli uiwpwuimpqp druuwliwq]! hw~wuwp t j-}ll} hwJmli 
umwgt[tum uiwhp pwgwpowq dwuwuwti}lfi: 
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7-pq p1nltmu qpw!igtlnui t N Ptlntl hWJUlbllll UUiwgtlbut u2t!ip, 11]1 lllJU 

I}bUWlltU UW]lpbpl1g JlltpWpWfitllllPl! UUlWQb] t Ublj hWJUl: liJfi11thbmL. llpn2-
tl11tU bfi WJIJ hwJmbpl1 UUfWUU1pljUU1Ci ctwuwfiwljfit111!, ·np[1g hbum hui2-
tlwpljtlmu bfi uw11pbpmJ. U1nU12l1Ci hwJinbpl1 uutwuw11ljmufi tutlw1m1tlb1111 
UfWhbpJl 10-lig u}lfi{L. 15-111} p1nltf! qnpomu t ljtp2wt.Jn11 p4b11l1 hw2n1lJ)wljw
fimpJmCi]1g wubfillltlmPP lllfil}WUJl qmCih1m bCipwopwqJ1pCi: liJI} opwq]1pCi 
oqmwq1111m\mu t Ttii ctwuwfilll4}1 wubfiw4m1;n1 wpctbp[1 npn2uwCi hwuwp: 

511lttl1 wt.J.U1pmJ1g hbum i }lfi11bpu[1 w11cthpf! w4h1wgtlmti t ublp1t.J., n11[1Ci 
hwuw1.4wmwutmufimu t hwuwljw11qmu finp hwJml1 umwgt.J.blJ!: 

17-Jll) p1nljmu hwubUWUltlmu t l}}lUllll[lljtlwo hWJUlb[l)l i Ptul.I! M-)1 l1bU1 
bpb i=M-}1, w1.4w fiuwfiwljmufi l!fi11hwmtlmu t L. ljwtmuptlmu t hwuwljw11qJ1 
pfimpwqpbpf1 t.U16wljwqpwljwfi qCiwhwmwljwfiCib11}1 hw2tlwplj: bpb i<M-[1g, 
w1.4w n1m2tlmu t hwuwljU1pqn1u hbppwljwCi hwJm)1 umwguwfi pwgwj16w4 
ctU1uwfiwljf!: '1-pwfiJ1g hbtnn hw2tlU1fllttlmu t Cipw L. L-lll} (wnw2)1fi wqwm) 
uwpp}l wqwmuwfi ctwuwfiwljfib11)1 Dif mw11pbpn1pJmfi{!: liwJutlwa Dif-11 
fi2wfipg' htuzl[wpljl[IHU t hbppmll hWJlil)l UUlllllll O\IIUWUWlj[! ljWU hWJlil)I 
umwguwfi[! L-M uwpp[1 u1.4wuuwfi ctwuwCiwlj11: liJfimhbtnL. n1m24111u t. 
J:!Cl}}wg}14 hwJm)1 u1.4wuw11ljuwfi ctwuwCiwltff 

37-lll} p1nljmu wJG qn1uwp4mu t hwJUifi umwg4b1111 L. u1.4wub1m 
ctwuwCiwljfib11)1Ci: '1-pwCig qn1uw11p J111hCi!1g CibplJwJwgCimu t pwgw11ow4 
ctwuwCiwlj}l wpcttm1 L-1ll) uwppp wqwm qmCitlb1111 lllwh)1Ci: '1-11wfi}lg hbtnn 
wCigmu t ljwmwptlmu I 0-Jll) p1nlt L. finp)1g 411ltCi4nul bCi wqwm uw1112)1 11p11Ci
uwfi {!fipwgwljwpqf!. hb11pwljwfi hwJU1)1 uUJwguwCi ctwuwfiw4[1 n1m2mu11. 
u1.4wuuwfi, u1.4wuwpljuwfi L. 1.4w11wlllntlll)l1 ctwuwtiwljfit11[1 hwzljwpl.111 L. 
wnCi: Q.npopfipwgp 2wpmfiwljljmu t uf1fi2L. M-Ill) hwJU1)1 hwuwljw11qmu 
umwgtlh11r lJnqbtl1 up2ngntl umwgljwo WJlilJ11tGpfib11J1 ummquwCi hwuwp 
ltwPilll bG uqUJwqnpotlhL X pwctfimu A(l) L. U(t) '.pmCiljg)1wCib11J1 .A. L. µ 
1.4wpwubU1pbpntl gmgiwJ)lfi pwztuuwCi qhummu umwy4wc> pwfiw6L.h1111: 

6.3 "lw2wpfibp}l ljwnw4wpuwCi CiuwCiwljuwCl UllJJbt 

"lw2w11Gbp)1 ljwnw4wpuwfi JuCiqf1pGbp11 hwowju ljw11h1[1 t 0L.wljbpu1t1 
nplllhu uwmwljwpwpmufibpp 1w4wqn1Jfi pw2JuuwCi mwppt11w4J1 nru1Guwti 
tuG11}111: OpJ1fiw4, [1Cin2wCi 1.4bmp t obnfiwr14111pJmti11 wpmw,111[1 (U1WU1tlf111)1) 
L. nppwCi hwowtu 1.4bU1p t wpmw1111)1 (lqWtntll111]1) ll(UlJWlj[l WJIUlWIHlWUp, 
np1.4buqf1 Cl~wqwqi11JCi)1 hwugfi)1 lqWhbumw411puwCi qm uw11wJJ1G owtuut.1111, 
UWUJw4wpw1101uCib11J1 4wquwljbplqllWG ow)uuhp[l L lqWljWUlllJIIJlltl lqWJUW
Clwt.J.npljwb ljnpmumfitp11: 

'1-J1mw114hGp UjW2WflCibplt ljwnw4wpuwG U:[1 hwuwljw11q, nJ1U1b11 111111-
zwlj}l WUUJWUpJ1 wubCiopJW lqWhWfi9WJ14L1 Li UWU1WljWtlWJ11llUtib11J1 UJWlll-

4bpfibp}l pw4w11wpuwfi dwuwClwlt1! m11~wo pw;tuuwti :pm ti4gJ1wJntl u1w
mwhwljwr.l ubornpJmfifihp bCi: "lwhbum[1y wuhfi 011 hwfi4m1 Wlq(lwtip)1 pw
Clwlj[1 npnz4mu t. 11GpwgJ14 lqwhwCi9w11ltntl: 
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b11p ll}w2w11I1 uw4w1111w41! I12Gmu t m1ulwb" uwljw1u1w4.l1g (\ll.w2wpl1 
qhpwljwGqGuwCi ljhml1g), ll}WhhumI111t4wtlw1unpJotfil! lfwmw111uu t npnzw4.l1' 
1w4wq.i11JCi pwGw4l1, wuu1wuv11 uwmwlJ.wpwpuwfi ll}Wmtlt11: '1lwmqtp}1 · 
lfwmw11uwCi ctwuwfiwl.fl1 w4w11m!1g htmn W\ll.PWfiJ21! hwfioCimu bfi ll}Whhum 
l.t uiwgfimu WJ11 ll}Whl1Ci tqwo uiwlJwuJ!: 

ulfw11wq11tJ.wo hwuw4wpq(l pfimpwqi1qmu t html.tJWl 1.pmpnluwlJ.wCi
Gt110tl l.t ,1>mu4gJmCiw1 wnu2mpJmfifihI1Dtl-

GWP 1.pmpnluwl{wfifibp 
TC - hwuwl(W[lClll u1M b"wluuhpJ!, 

'l.f.p6wqCibpp i.pmpnfuwqwfifitp 
TCl - u1w2wr1lt UIWhll}wfiuwu w.]ltl b"wfuuhp[!, 
TC2 - uwmwlfwpwp:numtp}l ljwquwlJ.hpll}UWfi hhtn l{wll}qwb" u1M b"w_tuutp[!, 
TC3 - 1.4whtummu WU!Pwfi12l1 ll}Wl{wumpaj1g wnw2wgwo u•lnl l{npmum
uhp[!, 
CLOCK - J!G.pwgplJ. ctwuwfiW41!, 
T - htpv..uqwfi uwmwljwpwpuwfi ctwuwfiwl.fl!, 
VI -1.4whtumwqnp4wb" wuuu11G12p pwfiwl{[!, 

lfmm12)1 tpni.pnJuwqwfifihp 
P; - i-pq op4w hwuwp tqwhwu2wpl{[!, i = 1,2, ... 
Plti - j-pq tqwmtjhp]l l{wmwpuwfi hwuwp wfihpwctt2m ctwuwfiwl{[!, 

liwnwqwpuwfi $n$nluw4wfifibp 
EOQ - uhq uwmwlJ.wpwpuwCi mutJ.wm, 
ROP - ll}w2wpp tlhpwl{wfiqG.uwfi ljhm[!, 

'1lwpwutmpbp 
Cl - u11wqnp lllll}PWfipp utl( op tqwhbtm hhut qwll}qwb" mu.tuuhp[!, 
C2 - uhlJ. uwtnwqwpwpuwfi lJ.wquwqhpll}UWfi mu_tuuhpl!, 
C3 - WU!PWfipl1 u)lwqnpp ll}Wl(wumJ:lllll hhm qwll}qwb" lJ.nI1DtuU1fihpl!, 
B 1 - ll}w2wpl1 uqqpfiwl{wfi uwqwpqwlJ.l!, 
TT - qp.mwr14tlnrt ctwuwfiw4}1 UIWlll.IllPJntfil! (ophI1Dtl): 

~wuwl{wpq]l pfimpwqphp[! 
f(P) - 1.4whwCi2wp4P pwz.tuuwfi J:umntpJwfi ,1>mfiqgpwfi, 
f(PLT) - ll}Wmqhpl1 qwmwpuwu ctwuwfiw4l1 pwz.tuuwu ~mfiqg)lwu: 

l71ll J ump Jntfi 
TC= TC!+ TC2 + TC3; 

lf1111h1P oqG.mpJwUp qwphl11 t hhmwqmnht EOQ L. ROP ubb"ntpJntfifibpp 
wqqhgmpJntfi(! lPl•ll mu_tuutpp muqwtp qpw qwu qmfiht TC mu_tuuhpl! Ciqw
qhgfinrt fipwfig 1wL[wqntJfi wpctt12fihpl!: uuwfiwquwfi unqttp p1nq-uJ:ubuwfi 
phpl[ll.li) t UtnnflU: 



6. utfwOwlJtfw{i tfnqbt11 IJwnmgmtf 

"lw2wpfibpp qwnwi.J.wpuwu uuwuwquwCi unqt-1}1 Ptnlt-u}ubuw 

S~JW[Ubpjl 
oin,up 

2 CLOCK=O 
T=O 

TCl=O, TC2=0 
TC3=0,TC=0 

4 Vl=BI 

S D-'1 wpdb~6b-
pJi uu,wgn1oi 

6 CLOCK=CLOCK+I 

< 

Vl=Vl-D 

TC3=TC.1 -VI"C3 

ls 
VI =0 

TC l=TC l+V PC I 

I 7 

I 8 

19 TChTC2+C2 

20 PLT-lt wpdb11-
6bp~ uu,wun1ol 

21 T=CLOCK+PL 

271 

lJruihtwl(npmuCi u4ul(mu t EOQ, ROP, Cl, C2, C3, Bl, IT ubbmpJmCi
uh11]1 L D m PLT Lfl.111pntuwlfl.uCiubpJ1 pw7tun11Iut.11p Ci4w11wq1m11 llJW11wubm
flbp]1 Cibpumbuwup: UJfinthbutL CLOCV, T, TCI, TC2, TC3 L TC-J1 wpdbp
!ib[ll! pbpl(mu ta qJlllJJ1, Jm4 llJw2w11J1 J1Cipwg]14 VI WtHlhp11 hwumwml(mu t 
BI uw4wpqwltl1 lfpw: 'l-11wu.J1g hbum hwuwllJwmwutuwCi bllpwb11wqpJ1 oq
CimpJwtip npn2l(mu t Ujwhwu9w114]1 ubbmpJ111!ip L tih4 opnl( wnw9 t uiw11-
l(mu hwtiwqwpqwJJlli CLOCK dwuwuw4p: 7-1111 p1n4mu ummql(111u t tinr1h-
1wl(n11uwCi dwuwCiw4J• wl(w11uiJ1 llJWJUw!ip: 

opt hwuw4wpqwJJ1!i dwuw!iw4J1 11upwgl14 w11dtp11 qb11wqwCigmu t 
TI-J1fi, WllJW un11h1wl(n1u11tICi wl(w11ml(111u t L hw7l(w114l(mu bti TC 111l1l( 
bw}uubpl!: ~w4wnw4 11bllJPmU ummql(mu t. 11tipwgJ14 dwuwllw4]1 L wl(t.1!1 
l(w11 uwwgl(wb lljWtnl(h1ml( uwmw4w11w1u11uti J111w4wCiwql(b1m llJWhJ1 hwu
pu4uuwfi lljWJUw(ip: 
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b},h 1.4wJtiwCiJ! pwtJ.wpwptJ.mu t, w1.4w 1.4wwpl1 pwCiwlm wtJ.htwg4mu t 
EOQ uhc)mpJwtip: '1-pwCi)lg hhtnn, wCiljwfu pinlJ.11 w2tuwU1wCipl1 w1uumCip
Cibpl19, 1.4wzwpl1g hwUtJ.mu t {!Upwgl11t 1.4whwu2wplm: 

Umwg4wo mwppbpmpJntU!! lJlllllflil. t t11uht pwgwuU1ljwfi, wJu!1fipfi' 
1.4whbum}1g hw(itJ.ht t wtiplllJ.2 wptnwll11wfipl!, L wnw2wgh1 t 6trwt.lwop: liJu 
qh1.4Pmti hwz4.Uiplj4mu hfi 6hlll!tlwbp)1 hhm lJwll!t.lwb ljn1uuumut11J!: Q(iq 
n1uuu l!u11mu4mu t, np 6trwtlwbnl! lll ljU1phtl1 11JmlJht WUJ.wqw tJ.w6wnpl1 
hwzt111U: lm1uuum(ihpl1 hwz4.wpltlig hbmn w(ihpwcthzm t qimJwgCibt UJ.Whbu
mmu l!Cipwg}1lj ll!lllZWplibp)l wpctbnl! (ptnlJ 15): 

~Ul2IlJlll PtnlJmu 4hpwhU1z4U1plj4mU h(i UJWZWPll UJWh1.4wfiuw(i lPM mutu
ut11J!: bpb Uiwzwp}1 J!lipwg)llt uwljUlflilllllJI! qhpwqwUgmu t ROP-11 w11cthpl!, 
lllUjW ljwnw4U1pnttil! wfigfimu t 5-Jlll ptnlJ: liJutnhq n1mz4.mu t 14whwCi2U1p4l1 
Cinp wpcthpI! L tu1l1Cit.lmti t uljwpU1qp1lwo m12 J!lipwgwlJw11ql!: bph 14whhu
mmu U1UWwUp)112wCiU1lJI! w qhplllqwfigmu uwhuwuwJl1li ubbmpJmCil!, b}1U1-
ql1pJ! aj1umu t 18-p.q ptnlJ, np(! ummcpuu t hwuwqwpqmu wt[htl1 t[lllq umwg-
4.wb, pwJg IBPlllClJlllmlwb uwtnlllqlllpwpuw(i u11um4bpl1 wnljwJmpJlltCi{!: 
bpb U1Jqtqpu)1 UJWuttfhp qlll, Wll!W t[hpwqwnunuI hCip 5-Jlll p[nlj: ~lll\tlllnwlj 
qb1.4Pmti \tU1nU14wpmtIJ! mpt[mu t 19-p.q ptnlJ., npmbq ulju4.mu t Cinp UJ.U1U1-
t[hp}1 UljlllpWqpntUI!: liJUlil@l tl_hpwhU1z4wp41.Jmti b(i UWUlWlJ.WpllllllllUUhpp 
ljwqtilllqhptquwCi hhtn lJ.U1144.wb lPJ:itl. owfuuhpn: liJlinthbmL np.nzqmu t Cinp 
UJ.Wtnqhp)l lJ.wtnUlpUUlCi ctUluwliwlm: Umwgt[wo Ulpcttnn cp11.uwpqmu t 
hwUU1lJ.wpqwJpCi ctwuU1CiU1ltli J!Cipwg)lq wpctt12)1Ci: liJu cp11.uwp{! np.nzmu t 
uwmwqlllpwpuwfi ppwqwfiwgtiwCi UlWhJ!: q.nponqntpJmfifihp)l w4wpm)1g 
hbU111 opwqppJ! qptinuI t 5-M p1nlt, L uquqmu t Ullllhtwtlnpuwfi Cinp gpqlJ!: 

EOQ h ROP qwnwt{wpuwli t}lnt}mfuwqU1fifih11fl mwpphp wpcthnfihp)l 
hhm qwmwpt{nq t}lnpobppg pwgp lJ.wphllt t hbmwqnmbt fiwL TC 1PM mufu
uhpp 1wtJ.wcp11Jfi wpcthnp tlPw Cl,C2,C3 L Bl UJ.Wpwuhmpbp)l wqqhgm
pJmUn: Cfimphtntl WJU tIMmpJmfifihp{! L t}lnfuhtntl llJlWfig pwzfumtifihpp 
UJ.WpwuhmphpJ! qwphLJ:i t npnzht hwuwlj_wpq)l mwpphp pfimpwqpbpJ!: 

7. Q.}1mw$npo}1 liuwliwlJ.uwCi bpwqpntu 

7. l uuwfiwl[uwfi q)lmwt}lnpobpp nwquw4.wpwlj_wfi 011wqpnuI 

q.pmwt}mpohpp O"}lWqplllU{! hwuwlj_wpqhp{! fiuwliwlj_Ill]_ Ul1I}b1wt[npuw(i 
qwphnpwcp11Jfi {!fipwgwlJ.wpqbp)lg uhlj_fi t: q.pmwt}lnpobpp bpwqpmufi )lpw-
1.J.wfiwgqnui t Ul1I}htwtlnpt[I1IJ. hwuwl[wpq)l 4.wp12p munttifiwup.ptiwCi, fipw 
pfimpwqpbp{1 hbmwqnmtiwfi m qfiwhwmtiwfi hwtiwp wfihpwctbzm Ul4JWL· 
Ci.hp umwfiwtm CiUJ.wmwlj_n4.: t>pwqpntJ. t UlWJUwCiwt{npt[wcl" hwtiwlJ.wpq)l 
Ul1I}btp t}lnpawnwqwfi hbmwqmnuwfi mLDI]_mpJmfil! h bwfuubp{!, umwg4.wo 
WJlllJmfinfibpp 6zU1111pJntlil!, llJlWCig t.l.)16wl[wqpwqw6 4.bp1mWw6 qwpql!, 
t}lnpowpqmulibpp PMI! L WJtli: 
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q.I1mw4mp6l1 011wqj111Ci WUJ.Whmjmu t htnnwqnuit[rn1 lnm1w4w11qj1 pCim
pwq11hpl1 qCiwhwuiuwCi ci2uimpJmCi]!, pmJt t mwurn qqwl1m11hCi qpciwuih1 
1y1w hwuw11 wuh11wctt2m 4mpohpl1 pl1t[Ci m ow:tuut111!: 1,11w ]!CitnJl11tpJmuu 
J.iw:tutl_wo t Ciwh hwuwJ.iwpqI1 un11t1wtJ.npt1wCi CiUJ.wtnwJ.iCihpl19 h pmJ1wui11htJ1 
aw:tuut11I19: <!.wuw4wpqh11I1 t11111htwtlnpuwCi :tuuriI111Cit1unt1 oqmwqn1104mu 
bu qj1mw411111oh11I1 hbuiLJWL uihuw4CihJl(!. 

1. Sw11php h114pCimpwCipCihpl1 r1tuwmt1 hwuwJ.iwpql1 pCimpwqi1bpl1 t1I1-
2I1Ci wpcttvutpt1 h gptJ.wopJ1 qCiwhwmmu, 

2. <!.wuwJ.iwpqj1 4wpvl1 h pCimpwqi1hpl1 tl_pw mwpph11 41mfi.n:tuwl.J.wCiCib11J1 
h uwlniwCiw41wJ.imuCib11l1 wqritgmpJwCi 2w41p. L. J.iw11L.np.1npJwCi npn.2mu, 

3. <!.wt1wJ.iwpq11 pCimpwqphpl11wtJ.wqntJCi wpctbpCibp)l npn.Cimt1: 
Unw2I1Ci mhuwJ.iJ1 q)1mwtJm11ahpl! un4npwpwp wCitJ.wCimu bCi ut1w

qnponCi qj1mw41npohp: '1-11wCip pw4w4wGJ1Ci UJ.Wpq qp.uiw41npab11 bu, npnCig 
opwqpmu ht1uCiw4wCimu npn.2mu bCi Cium2)12w411!, 4111110)1 uJ.iqpCiwl.J.wG UJ.WJ
uwCiCibpJ! h I1Civuwhwpwpbpw4gmpJwCi wnJ.iwJntpJmfitr bpJ.i1m1111 mbuwJ.it1 
tJmpohn(! wCitJ.wCimu bCi pwquwqnponCi qJ1mw411111obp: '1-11wCig wpn 1mCip
Cihpp. U:2wl.J.uwCi hwuw11 oqmwqnpomt1 hCi gp4tuopu11)1Ci L. nbqptutmG 4h11-
1mompJWG hqwCiwJ.ilit111r bpflllJlll mtuw4J1 qlluiw41npobp.mt1 oqmtuqn110-
tlmu tCi 4mpowpJ.imuCibp)1 4tuquwJ.ibpUJ.l1wCi hw2nJ111wJ.iwCi h np.11CiuwCi bqw
CiwJ.iCihpu: 

<l>npobpp. opwqpuwCi ctwt1wuw4 ritimw11J.itj_mu bCi t11J.im mhuwl.J.J1 41mjm
:tuwJ.iwCiCitp· qnponCiCihp L pCimpwqpbp: Q.nponCiCih1111 qJ1mw4111pol1 wGJ.iw:tu 
(U:nunpp.) 41ntJm:tuwJ.iwGCihpCi hCi, Jrnti pCi111pwqpbp1f twt1 J.iwu 4wJu1w1 4111-
41n:tuwJ.iwGCibJ1t!'. Q.J1mw41npaJ1 opwqpI1 1~Gui1m1pJwCi hwuwp wCih11wctbzui t 
npn.2ht 41npaj1 opwq11uwG 2w41wG)12Gtp11, J.iwqub1 411111ownwJ.iwG U:nrthlll L 
u2wJ.iht qpuiwpnpllI1 01m1q)1p11: 

q.pmw41npop. 011wqp]1 u2w4mt1Ci J1pwJ.iwGwgtJ.111 u t h11hp 411111114: 
UJ.iqpmt1 J.iwnmg4mu t Ci11w J.iwnmgt[wopw1J1ti Uilllh[p, wJtimhbuit.· :p111GJ.igt1-
nGw1 Lt 41npownwJ.iwG unrit1Gt11J!: 

U'l1IlhtGhpJ1 umt.riouwli ctwt1wGw4 hw24]1 bu wnCiljmu 411111611 011wq1111-
uw(i hhmL.Jw1 hptp 2w41wCip2Gtp1.f 41114111:tutlnrt qnponCitib11t1 plnt11, Jn111w
pwG21mp qn11011Gt1 tJintJm:tuuwCi U:wJ.iw11riwJ.iCibpJ1 (w11ctt.puh11t1) pl1LJ11, twt1 
41ntJin:tuwJ.iwtiGbpJ1 2wtJimU:CihpJ1 w1H111wctt2ui pl1411: Unw2t1Ci 2w41wtit12t1 
l}hUJ.nntU ptiGwpJ.itJ.mU: bu hwuwJ.iwpqp. tJ.wppp L. ptimpwq11bJ1I• 4pw wnwljhJ 
wqritgmpJmG mGbgnq qn11011Ciut1111: 1.J11J.ipn.111l 2wtJiwtiJ12)1 11hu.wmu p11Ci
Ciw111j4mu t qi111<>11liGbJ1)1 pfimJp[f npwJ.iwljwti pt pwtiwJ.iwJ.iwfi, ni qbw1)1li 
t11wnJ13fibpp qfiwhwmuwli wtih11wctbzm111pJmfip L pwtiwJ.iw4wli qi111011fi
Cib11t1 tJintJin:tuuwli uwJ.iWJl1lWJ.itihpf1 flll4Jl'. liJlllllJlll ~w41wlipz]1 l}hUJ.PlllU 
pGGwpJ.i4mu bu mwJlph11 qi111onliut11J1 4111Juwq11hg111pJwli ht.uiwqnmuwti 
wCihpwctt2uim )}Jill ur1, uwhuwCiw41w4m utit11f1 pfi111Jp11, pfi111 pwq11t11f1 UJW
hwCi24nq ci7mmpJ111Cip L WJ[fi: 
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lil1w2J1Ci h11ltm 2wtjlwuJ12Cit111! npn2J12 11h11 bG tuw111nu qpuiwtj11111011 
1.J.wnmgtJ.wcrpwJ]:i.G WU}btp n1m2uwCi ctwuwuwl{, 11P1! pCimµwqptJ.mu t q}1uiw
tj111110J1 qn11b"nCiGhpJ1 ptJ.mj L Jmpwpwlit1m11 qnpm1GJ1 uwl{wJlllwl{Cit11l1' (w11-
cthpub11l1) ptJ.ntJ.: liJu UJ.W11wubmpt11J1 1!Cim11111pJmCi1! ltwtu4wo t qpuiwtj111110J1 
CiUJ.wmwl{CibpJ1g, qnp2m1GutpJ1 2wtj1uwCi 02mmpJmfiJ1g L wnG: 

q.J1mwtj1npol1 lJ.wnmg4wb"pwJJ1Ci u1111btCi mGJ1 hbmL.Jwl mhup1!' 
Nk=q1q2 ... qk, 

npmhq Nk-1! q}1mw$n110J1 mwp11t11J1 p'14Ci t, k-u q}1uiwtj1npol1 qnp@fiuhpJ1 
PP41!, q;-G i-Jlll qnp@GJ1 uwlJ.wJlllWl{GhpJ1 PlltJ.1!, i=l,2, ... ,k: 

q.]:i.mwtj111110J1 qnpm1CiCibp]:i. pJ1tJ.n' k-Ci, L. pCimJp1!' pwCiwlJ.wqwG ph n11w
lJ.wqwCi, npn2tJ.mu hfi htfihtntJ. q}1mwtj1n11of1 fiUJ.wuiwl{l1g: flpn2l.[mu bCi hwuw-
1.J.wpql1 htuiwqnmuwCi l{wu U11w tJ.w11pJ1 qCiwhwmuwCi hwuwp wfihpwctt2m 
pCimpwqJ1hpl}: liJGmhbmL n1m2tJ.mu bG hwuwlJ.wpq]_1 pGmpwqpbp]:i. tlilw wq
I}lll1 qi1p@GCihp[!: UntJ.npwpw11 ql1mwtj11Ipo]:i. qnp@fifibpJ1 pltt((! 2wm uho t L. 
qpwfigJ1g wnwl.[ht twlJ.wGCit11J1 (!fitnpuwfi hwuw11 wCihpwctt2m t.1.J.wmwpt1 
qnponfifitp]:i. l.[bptmITTit!Hmfi: liJGmhbmL. n11112t(mu t JmpwpwUvmp qnp@fiJ1 
oqmwqnpWwfi 1.J.wpq]!: q..n11@GGbp]! ljWillll1 bCi hw2l.[l1 wnfil.[ht htmL.Jwt 
tptp aL.tpnt(' 

1. q..n11m1fin 1.J.wlll1l1 t tpfiht hwumwuimCi L. qwnCiwt tj1npo]:i. uwhuw
fiwJJ1G UJ.WJUwfi: 

2. q..npITTIGJ! Ltwlll1l1 t tpGbt wfilJ.wnwtJ.wpbtp tpntjllifuwlJ.wfi L. qpwfint.l. 
ubawgfibt tpnpo]:i. utuwtfibp(!: 

3. q.npITTIG[! ljwlll1l1 t l11fiht twtpbtp L.1.J.wnwt(wphl11: 
li:wnmgtJ.wcrpwJ]:i.Ci Ulll}bl11 umbqWwCi hw2nJlll pwJtmti hwpqwt(np t 

npn2ht Jntpwpwfivmp qnp@UJ1 uwlJ.wJlllwqfibpJ1 p]:i.t((!: ~wumwmmfi qnp-ITTI
Ci]:i. uwlJ.wJlllwl.J.Cihp]:i. p]:i.t(l! hwlj_wuwp t bplJ.muJ1' qpn 1.J.wti npL.t p]:i.t(: UlJ.CihwJm 
t, np qnpbnfil1 uwlJ.wP11wlJ.CibpJ1 pJ1t(n UJ.bmp t [!Cimpbt hfiwpwl.[np]:i.Ci ~wtj1 
tjllipp, uwqwJG' $npo]:i. fiUJ.wuiwqfitpJ1 WUJ.wlmtJ.uwfi hwuwp pwtJ.wpwp: l:Jpb 
qpmwtj1npol1 pntnp qnpITT1fiubpJ1 uwqWJlllWl.J.fibp]:i. p]:i.t(]! GmJfi(i t, WUJ.W Nk-P 
hwtiwp qumwfiwfip' 

Nk= qk: (7.1) 
Cl-]:i.mwtjllipol! Ltnitl.mu t hWUWlWl.pWl.J.wfi, bpb PillDP qnp@fifibpfi 

mfibCi hwtl_wuwp pt(nt( uwlJ.wP11wlJ.Gbp: ~mfiqg]:i.nCiwt Ulll}bll! npnzmu t qp
mw,p.npa]:i. ctwuwGwq wfiu}12wljwfi lWtlitl.Illl ljwnmgtJ.wcrpwJpfi WU}bUl mwp
pbp]:i. p]:i.t(l!: l:Jpt Nrl! :t>m61,19Jm!iw1 Uill}hUl mwppbp]l p]ltl.Ci t, WUJ.w' Nr<Nk: 
Nr=Nk-]1 qtuwmu !l,mGlJ.g]:i.nGwt unqtm wfit(wfintu b(i lJ.wlDWPJWl, ]:i.ulJ. Nr<Nk-P 
qbuwmu' wCiqwmwp: l:Jpb N-1! ubpbCiwJp wfigwiJ.wqpbp]:i. [!CiqhwCimp pp.tl.fi t, 
puq p-fi' qplJ.CintpJntCifibp)l p]ltl[!, WUJ.W' 

N = pqk: (7.2) 
PwCiwoL.]:i.g hbmL.mu t, np q]lmwtjllipomu wCigwtJ.wqpbpp p Ptl.P ublJ.nt.l. 

wl.[b1wgmli(! hwfiqbgfimu t qlnnwl.}lnpobp]:i. [!GqhwCimp ptl.P wl.[t1wguwfi qk-nt(: 
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lflll}htwi.l_npuwfi u)1~mgfihp]1 uwhuwfiwtpwqmpJwfi tqwJU:wfifibpmtI p, q L. k 
tqwpwuhmphp]l 6)1.zm [!limpmpJwfi hwuwp qwmwpi.J.mu t N-)1 tlPw Gpwfig 
wqqhgmpJwfi 4bp1mi>mpJntCi: 'l-pw hwuwp hhmwqnmi.J.nuI hfi hhmL.JWl hw
pwphpntpJmfifihp[!' 

dN/dK qlnq dN/dp q dN/dp 1 
dN/dq =-k-, dN!dq = kp' dN/dk = ping 

bph kp > q L. k > q lnq, WUIW N-)1 tJ.pw qhp)lzlwuu t uw4wpqw4fihp]1 
pl(}l wqqhgmpJDlli[!, kp > q L. k < q lnq qhuwmu' qnpi)nfifibp]l pl(}lfi(!, )1u4 p < q 
L. p lnq <1-)1 :qhuwmu· 4P41impJmfifihp]1 pl(}lli[!: liJu UIWJU:wfifihpp hhmwqn
mntu[! pmJt t mwlltu wnwfioCiwgfiht q)1mwtp11pop wi.J.bllt wqqbgp4 UIWPW
uhmphp[! L. qqwlltnphfi 4P6wmh1 tp11pobp}l [!liqhwfimp pwliw4(!: 

liJdu 1}]1mwp4bfip pwquwqnpi>nfi q)1mw41npobpp bpwqpuwCi hqwliw4-
fihp[!: 'l-pgmp' npnzl[wb hfi q)1mwtp11pop p, q L. k UIWpwuhmphp[!: Ufihpw
cthzm t hhmwqnmht twp t}1nt}mtuw4wfip 1.(pw k qnpbnfifibp]l wqqbgmpJmfi(!: 
liJu qhuwmu oqmwqnpbl[mu hfi nhqphu)1wJ]1 l[tp1mi>ntpJwfi hqwfiw4fihp[!: 
Pwquwqnpbnfi q)1.mwt}1npohp}l hhmwqnmuwfi UIWpqwqnLJfi hqwliw41! k-1 
qnpi>nfifihp]l uL.hnJWL wpdhpfihp]l qhuwmu twti t}1ntiintuw4wCip t.(pw k-pq 
qnpbnfi]1 wqqbgntpJWfi npnzmUfi t: liJU llOU.WntU qnpi)nfi(ihp[! hbppm.[ lplllpll
tuntU blip L. hhmwqmnmu: 

'l-]1gmp· X=(x1,x2, ... ,xk)-fi hwuw4wpq)1 unqhllt qnpbnfifibp]l tJ.b4mnpfi t, 
]1u4 x;rfi j-pq q]1mwt}1npop dwuwliw4 x;-p wpcthpl.i t· x;=(x;1,x;2, .. ,x;k), 
i=l,2, ... ,n, y-(!· hwuw4wpq)1 Ulll}htwtJ.npuwfi ctwuwliw4 hhmwqnuutnq pfim
pwqphp]1g' unqhllt tw]1 tpn41ntuwtiwfi(ihp]1g, uh4a t: y-(1 utiwuwp ubi>nt
PJlllfi t L. Uqwr1wqpl[mu t qlimwtfmp6]11}]1mwpljuwfi hbmLJWl hwl[wuwpmunit· 

y(X)= 7/(X)+E(X), 
npmhq 7/(X)-I! unqhllt wp6wqwfip]1 :pmCi4g]1wfi t, pu4 E(X)-(1 qliuiwtpnpc.\]1 
utuw1Ci t: 71(X)-IJ. qhmbpu}1Ci]14 uhi>mpJmCi t, ]1u4 e(X)-(1 UIWU1whwqwu utom
pJmU t, np]1 u]19]1Ci wpohpIJ. hwtJ.wuwp t qpnJp, ]1u4 Cipw pwzJumup tiwtutlwi> t 
X tJ.bltmnppg: q.pmwtpnpc.\p CiUiwuiw4Ci t umwfiw1 7/(X) wpowqwfil!ll '.l,mU4-
gpwJp qUwhwuiuwa hwuwp wfihpwobzm uitl.Jw1Cit.p: UJq CiUiwuiwtintl qp
mwtp11pop qnponCiUbpp mwppbp wpctbpCibpt1 hwuwp rit1uiwp41.[mu L iwtti-
1.[mu bCi y(X) tpntpntuw4wfip wpdhl!fihpIJ., npnfig oqfimpJwup 4wnmgtJ.mu t 
7/(X) '.l,mfi4gp.WJP qfiwhwmw4wfi(!: J2wfip np y(X)-p wpctt.p!ibpp UIWU1W
hw4wfi ut.brupJmUCihp t.Ci, WUIW 71(X)-(1 qfiwhwmmu bfi y(X)-]1 up9p.Ci w11-
ohp]1 up9ngntt: bpb 71(X) :pm!i4gpwJp uibupp Ciwtuopnp hwJmCi]l lt. WUIW 
nbqpbupwJp 4hp1mompJwfi t.qwuw4Ut.pp oqCimpJwup 4wnmg4mu bCi (!UUl X 
tlh4tnnpp mwpphpp pwquwCiqwufibp L 71(X) :tJmli4gl1w!i CibpljwJwgl[mu t. 
hbutLJWL UlbUI!Iltl, 

k 

7/(X) = /30 + L /3, x, + L /3,J x, X J + ... 
,~1 1,J 
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UJutnbr]_ /J,, IJ.rbPJ! nbqpbupwJp hwl{wuwpuwCi wCihwJtn qnpblllq}lgCibpCi 
bCi: Q.pmwqmpap WpllJmCipCibpp 1.{p.w tqwmwhwtiwCi qnpbnCiCibpp wqqbgm
PJWCi h ipnpobpp pl{p uwhuwCiwtfiw4mpJwCi tqwtn6wnnl{ /J,,/J,i-P pntnp wp
ctbpCibpJ! ljwflllll bCi qCiwhwml{bt upwJCi unmw~npwtqbu: 

UJuuumnl{, qflmwt}Ulpop WJ11UntCil!ntlI qwnniglJmu t hbmL.Jwt !l>mCiq
gpwCi. 

y· = b0 + I_b;X; + ~bijxixi + ... 
I I,) 

nptnbq y•-T! ri(X) !l>mCilfgpwJp qCiwhwtnwqwCiCi t, puq b;,b;i-bpJ!' lpfil!PWqntJCi 
l!WnwqmupCihpp br]_wCiwqnl{ hwzl{wo /J,, /J,j qnpblllq}lgCibpp 1.{p6wqwqpwqwCi 
qCiwhwmwqwCifibpfi bCi: C}.pmwipnpobp}l pl(}l wl{btwlill.1tm hbtn y•-p L. pntnp 
b;, b;rbp}l qCiwhwmwqwCiCibpp 6zmn1pJntCiJ! uhblUCimu t: '1-pgml!' 17(X)-}1 
qfiwhwmuwCi hwuwp lfwmwpl{mu bu tw}l y lp.DipnJuwqwfip n iWtlmtlifibp: 
UJU qtuwmu X1,X2,- .. ,Xk t}Ulpahp}l qhtnhpp hw2npqw4wCintpJntUJ!, npnCigmu 
qwmwpl{mu hCi y twp lpllt}UlJuwqwup iWtlunlifihp.J! npnznui bfi qflmw
lpllpap opwqflpJ!: '1-J:imwr1qhCip T/(X)-}1 qCiwhwmuwCi hwuwp hwUWiWlpW
qwfi qfltnwt}Ulpobp):i opwqpuwfi JufiIJlipJ!: UJU qhllfl}ntU JDtPWl!WUVDlP qnpbn(i 
qWJlllil t J!CiqmCiht UpWJU bplj_nt wpctbl!: lJUWfi QPlDWlpl1pOntU y ipntpnJuw
qw(ip wpcthl!fihpp iWt}UltlICibpJ! p):11.{J! hwl{wuwp t 2k-):i: k qnpbnCifibp}lg 
JntPWl!WfiVntPJ! qw}lllll t J!fiqmCiht npL.t ulJ.qpfiwqwfi uwqwpqwq}l fiqwtn
uwup Utnnpp(i L. fipwfi hWUWiWtpWqWfi 1.{hp}lfi wpdhl!fihpJ!: 4J!fil}Dtfihfil!, np 
i-Jlll qnpbnCi]:i utnnpl1Ci wpcthp):i qmm hwl{wuwp t -1-):1, wJut1CipCi' x;=-1, lJ.wu 
nlJlqwq}l (-), puq t{bppfi wpctbl!J! + 1-p' x;=+ 1, qwu (+): Q.}luiwt}Ulpop opw
QPPI! fihpqwJwgl{mu t opwqpuwfi hwuimq wqJmuwq}l oqCimpJwtip: UumpL. 
php~wo t 22 tP):il{ qnpbnCiwJpCi qfltnwipnpo]:i (l Q.Q.) WqJillUWqJ!: 

# Xt X2 y 

1 -- -- V1 

2 + -- Y2 

3 -- + V3 

4 + + V4 

UJu WqJntuwq'(! h):iufiwJJ:iCi t wl{btJ:i pwpq' 2k LQ.q...}1 WqJntuwqCihp)l qw
nmguwCi hwuwp: 

23 LQ.Q.-p uwmp}lgJ! lJ.wnmgl{mu t hbtnhJWl lJ.bp,tq: Unw2pCi hplJ.m' x1 L. 
X2 qnpbnCiCihpp UJntfiwltCihpnui qpl{mu t 22 l Q.Q.-p UWUlpp.g'(!: oppnplf X3 

qnpbnCip. uJmCiwqmu wnw2}1.fi 22 t}Ulpohpp. hwuwp qpl{nui hCi x; 1x;2 wpmwq
PJWtfihpp wpcthpfihpJ!: ~w2npq 22 qmpohpp hwuwp wnw2J:iO hpqm UJntCiwq
Cihpmu qpl(fimu hfi 22 l Q.Q.-Ci, puq X3 qnpbnCi)l UJntfintU qpl{ntU hfi X;1X;2 

WplDWl}PJWtfibpp wpctbpfihp'(!: 23 l Q.Q.-p opwqpuw(i WqJillUWlll! phpl{wo t 
umnpL.: 
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# X1 X2 X3 y 

I -- -- + Y1 
2 + -- -- V2 

3 -- + -- VJ 

4 + + + V4 

5 -- -- -- Ys 
6 + -- + Y6 
7 -- + + Y1 
8 + + -- YH 

1,uwfi 61.,m{ tiwnmgtlwb L q.q._p. uwmpt1guh111! mfihfi hhmL.Jwl hwmltm
pJmfifihpl!' 

~WUWlWtpmpJmfi' gwfiltwgwb qnpbnfil1 UJmfiw4}1 pn1np mwpphpfl wp
UlWI}JlJWl[! hw4WUW[l t qJllljp.' X1JX2J· .. Xnj= 0, j= 1,2, ... ,k: 

UllflUWqnpqwbmpJntfi' gwfiltwgwb UJntfiw411 U1Wrphpp pwnw4mut1Cih
pp. qmtiwp{! hw1.[m•1wp t tpnpohpt1 ptl}lfi' x\+x\ + ... + x nj =n, j=l ,2, ... ,k: 

OIJlqwCi4JmfimpJmCi' gwfi4wgwb hp4m UJmfiwltfihpp wfi11wu wn wfi11wu 

WpUlWI}JlJWtfihpp qmUWPI! hwi.twuwp t qJlllJ}i' X1iX le +x21X2c+ ... +xnJXnc=O, j;te: 
2k mhuw4P L q.q. wrumuwltfihpl! mCihfi CiwL tqmmwqwfi hwm4mpJmfi, 

wJufJ.fipfi' tqwmwutuwfil1 :Pmfi4gl1wJl1 qfiwhwmuwli utuwlfl. gp4wopl! qnpou
CiwJpfi mwpwompJwfi gwu4wgwo 4twmu ufimu t wCitp.ntpnfu: 

L q.q._fi pmJl t mwtlm pwfiw4wllJhu qliwhwmht qn11onCiCihpl1 pn1np 
qowJpfi 4wllJhPIJ Lt 1.pnfuwq11hgmpJmCifihpp: Uw Ci7wfiw4mu t, np ut1 qnp
onfifl wpdhpl! 4wtutlwb t tiJmu qnponfit1 wpcthppg: 

q.pmwtpnpolt wprumfipfih1mtl nhqpl:iultwJfl hw4wuwpuwCi qn11ow411g
fihpp hw24wp411 hwuw11 oqm4tp14 I. q.q._l• Cl11wq11uwfi tiwU111}1g!1g, 4wnmg-
4ntu t k UJmCiw4ut11!1g L 2k mnrit11}1g 4wqu4wc, hwmm4 uwm11}1g: 'l-11wfi 
6wfuflg wtll:i1wgfimu b(i xo 4bqc, 1.p111.pntuw1.J.wfit1 UJntliw4IJ, 111111 4wqu4wel t 
(+)-Cibpltg, pulJ w2t1g wtlh1wgumu hG 1.pn116!1 qi1J1ClnCiCibpf1 pn1n11 hliw11w4np 
wpwWl}PJWtfihpp' X1X2. X1X2X3_ tnhu umn111..t pt11t.1wc, w1umuwljn; 

# Xo x, X2 X3 X1 X2 X1 X3 X2X3 X1 X2 X3 y 

I + -- - + + - -- + Y1 
2 + -- + -- -- + -- + Y1 
3 + + -- -- .. -- -- + + Y1 
4 + + + + + + f -t Y4 
5 + -- -- -- + + + -- Ys 
6 + -- + + -- -- f -- Yb 
7 + + -- + -- + -- -- Y1 
8 + + + -- + -- -- -- YK 
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Uiumuw41111i phptlmo t nbq11hu}1w.1}1 hmt1wuw1niwfi qi111bU14}1gfihp}1 
hw7~U1p4l1 !1Wuw11 23 L Q..Q..-}1 hw1.0m4 UU1U1J1}1g[l: Q..n11on(Wh11}1 WJlU1WilJ:lJWL
fih11J1 UJntfiU14fih11}1 UllllllJlGJl[! Ullllllgtlmu b(i hUJUWUIWUllllUtuwu 41111011fifih11I1 
lllfiqwu wn wfi11wu pwquwutwmljmunt[: L Q..Q..-J1 uwmpJ1gJ1 m111JUJli4.Jmfim
pJwfi hwuilpupJwfi 2finr1.hJnl 

k 

y = b0 + Ibixi, 
i:J 

nbq11hu}1w1p hwqwuw11uwfi qn11ow4I1glibpJ1 hwuU111 u1.0wg4mu bfi wfil{wtu 
qfiwhwmwl{wfifibp: <!,w4wuw1niw(i qi111awlj}1gfibpJ1 qfiwhwmw4wfifihpl! 
npn2\J.mu b(i hhUlL.Jllll pwfiwoL.h1m4' 

}n In In Jn 
b0 =-Ix0yi, bi =-Ixijyi, bi• =-Ixijx,.xiryi, bi•r =-Ixijxiexiryi 

n i:J n ;:1 n ;:1 n i:1 

Q..fiwhw1.0wljw!ifibp}1 wfilJwtumpJmfil! Wll!wlmt[t[mu t uJ1wJfi L Q..Q..-p 
hw1.0m4 bpwqpf1 {!fi1.01mrp.1wup: opb bpwqflPI! ljwnmg4l1 qwuwJwljwfinphfi' 
WUIW qfiwhwmwljwfifihJll! lJ.Il1fibfi tfi hwpwph11w4gtl_wo L. hfiwpwtJ.np w {Pfip 
ubljfiwpwfiht uuiwgy_wo hwtJ.wuULi:mul!: 

2k mbuw4l1 L Q..Q..-p oqfimpJwup hCiwpwt[n11 ~t qfiwhwmht qnponfifihpp 
h1141mJU1 L. wt[ht11 pw11op wum}16wfi}1 qi1pow4l1gfihp]!: 'l-pw hwuwp wfihpw
dbzm t tlmpowpljmufih11 4wmwph1 qi1ponfifihp}1 2-pg wt}htl1 uwljwpqwl{fihpp 
11huwmu: <l>npobpp Pt.IP 4P6wmuwfi WP11JlllUW4hm bqwfiwljfihpl1g bfi n~ UlPY. 
qnponfiwJpfi qpmwtimpohp]!: Oppfiwlj, bph wfihpwdh2m t qfiwhwmht hw
tl_wuwptiwfi qnpaw4l1gfihpJ!, WUIW 2k tlmpohpl1 t.Imtuw11hfi 4wpht11 t ppw-
4.wliwgliht tipwJfi k+ l 1.pn11ohp: 

UwqwJli .pnpobpl1 pt}p 4P6wmmu[! hwfiqhglimu t f1pwqh4.mpJwfi 
ljnpump L. pfi~u.i:hu L Q..Q..-p 11tuwmu ni L Q..Q..-fi L.u u.i:tmp t tiwfipw4P4lnn 
011wqphi: 

Opp!iw4, hph. 23 L Q..Q..-mti ppw4·wuwgt}bli uf1wJfi wnw2pfi 4 i.pnpohp[!, 
wu.i:w .pnpop WMJntlipfibpp tuwnfitl_wompJwfi utwm!'iwnntJ. hwy_wuwptiw(i 
qn11owtuigfihp]! lhfi 4WJ111fl wfilJwtunptfi qfiwhwmtl_ti: 

7.2 Q..pmw.pnpobpp tiwpwwt}wpwlJ.wu bpwqpmti 

Q..pmw.pnpobpp nwqtiw4.wpw4.wu bpwqpmup.g hhmn wfih11wdbzm t 
pfifiwpl1t1 fipwfig hwtiwljwpqlwJpfi I1pw4.wfiwguwfi tiwpmwtl_wpmpJwu hbm 
4wu.i:t}wo up zwpp tufiqp.pfihp: ~wfip np hwtJ.wfiwqwfiwJpfi fiuwfiwlJ.tiwfi 
llllflhtfihppfi pfinpnz bfi !l>t11t4mmwgpwfihp[!, wutw llllflbtwtlnptiwfi WPilJillfip
fibpp i.qwhwfi2tl1111 6zumtpJmfifi wu.i:wlmtlbtm hiuuwp wfihpwdtzm t wfig
qwgfiht 4PlJ.fiwqwfi .pnpowpqmufibp' JntpwpwfitlmJl wfiqwu tlmfuhtntl Ullflb
IP u.i:wmwhwlJ.wfi qnponfifibpp wpdbpfibp]!: Untl_npwpwp J!Wllfl hwtiwqwpqb
pp. Uill}htwtJ.nptiwfi [!fi:qhwfimp dwtiwfiw41! uwl11Iwfiwi.pw4 t pulJ. :qpwfig 
fiuwfiwlJ.uwfi uill}htfihpl1 tih4 hwuwlJ.wpqlwJp.fi wfigwtl_wqp[! qqw{P dwuw
fiwq t i.qwhwfiS,mtu: 
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UJu UJWm6wnmJ. qpmw$npdbp]! opwqph1lm wuh11wcthzm t n1mzbt Ljln11-
6b11J1 4111.J.umpJtuU tuJU 111.{wqwqtuJU pwuwl.J.u- 1111!1 WUJWhnt.{mu t un11b1w
t.J.n111.iw(i UUJWU1Wq!ib11J1 J1pw4wuwguwG htuUlU}l wuh11wctbzm mt.J.Jw1utpu: 
lfJmu 4nquJ1g· t.{mpo.b111! UJ.bmu t 4wquw4hpUJL1 wJfiUJbu, 1111 hfiwpwt.J.1111 L11fij1 
WUJwh11t.J.h1 1111wug 0}12119111.{ umwgt.J.m1 tuJll1J111 fiufit11!1 UJWhwu2t.J..1111 6zmm
pJml1u: 

q.Jnnwt.{mp6bpJ1 w1uumupfibpj1 6zu1111pJwli wum}16wuu UJ.WJl.iwuwt.J..1111-
t.{wa t 111wmwhwqw(i qnpanuub11}1 w11ctbpubpj1 gpt.{tuap}l ubompJmfi}19: 
tizmmpJtuU gwfiqwJll wum}16w!i[! qw1m11 t m11t.J.bt mwppb11 t11wliw4ut1m'-l: 
Opj11iw4. 4wunuwqwu zbquwfi uwuJ1 mbupnt.{, u}12p.fi w11cttuJ1 ubompJtuU 
m11qnu114, pwgwpowq wpctbpmf h wnli: 

q.n11anfij1 wqqbgmpJw!1 qfiwhwmuwfi uJuwJll t.{mppwguwfi hwuwp 
oqmwqnpat.{mu bu mwpptp hfJ.tuliwl.[ut11: Opj1uw4· gpt.{_wop}1 Ljln1211wguwu 
l[wu t.{m110.bp}1 qplJ.fimpJwfi pt.{p. wt.{t1wguwfi twufiwqfihp[!: <l>npo.b11J1 4114fi111-
}}Jtu!1 PJi'-lt! n1mz4.mu t Ul1J}hl_wt.{np4.m1 hwuw1.J.w11q]1 wnwt.J.bt 4w11hl111 pCim
pwqpj1 6zmmpJwfi WUJ.tuhnt.{uwCi uttuJl.iw!1!19: b'flh Ciuwu pfimpwqi1t11u 1111 
pwfijmCi tu, WUJW t.{mp6bpp lJP4fimpJwfi p'1t.J.u n[U1z4.mu t fipwfigj1g wuhfiw
uto gpljwcrv mut91111 pfimpwqimt.{: <1>11116b11J1 utwhwfi2'-l1111 J3P4.l! 4w11t1J1 t 
qfiwhwmbt Ciwh Ljlnpomu hbmwqnmtlm1 pumpwq11hpJ! uJ12J1!1 wpcthpubpj1 L 
upwfig uJ12J11i riwnw4muwJ}lfi uJuw1Citpl1 hw11wpt1unpJmCij1g: 

'1-!1mwp4turi t.{mpowp4.mufibpj1 OJlllnlf}Jlll li11 L owjuub1111 UJWJUwGw-
1.{nJlilll hbmLJtuL qnpcrnfiGbp[!· t.{Ulpo}l u4qpfiw4.wu UJ.WJl.iwGGhp[!, liumzti iwt.{1[! 
I.. utWJltuUbmphp.}1 uumtuwump4. qmqwu}lmmU[!: Un411pwpw11 uGwCiw4.uwli 
1111J}btl1h11G oqmwqi111cr4.mu tu hwuwtiw11qh11'1 4wpm1 lJ.wJmGwg4wo nhctl1-
umu hbmwqnmt1m hwuwp: ~w4wuw4wGwJl1fi CiuwGwlJ.uwfi unqt1lit1mlU 
qnJ11tpJm!1 mfib(i ljwJmfiwg4we) nbdj1uj1G 112 plintmz uljqpfiw4wli WJHUI11fiU
GtpJ1 lfw116wmL zbfJ.ntUUbp: "uuwuw4uwfi u1111t1w4n11uwli W]IIUI11Gplib11J1 
4hpp11ouwa ctwuwfiw4 wGhpwctbzui t. hwzL111 wnut1 Guwu wfigmuwJJ1u nb
ctI1uutpp L hwzt.J.wplf ubp}lg hwGbt l}]lWUg hwutuutWUltuUJuwli W]l!Ulll Gp
fihJl(!'. UJq uttuU16tunmf wfihpwctbzm t 111111zb1 Ulll}hJjl l.[WJlll ti nbct!1U uuilib[IH 
dwuwGwltl! lfwu qpw hwuwp wGhpwdb7ui t.{1111u~b11J1 pwliw41!: 

l,uwfiwljuwfi unqt1wlfnpuwfi w111u111Gplib11}1 lf11w 411111ow114111uUt11J1 
u4qpuw4wa utwpph1m1pJwfi wqqbgmpJmli11 t.{lnppwgfih1111 hwuw11 oquiw
qnpomu bu hbml,JWL unuibgmuGbp[J· 

I. flp1.4tuqj1 wCigmuwJl1fi nbdJ1uJ1 uilfJw1fit11J1 PJ!tlt1 4wJ111liwgwo 
nll'dl1u}1 U1lfJwtGh11!1 fltlJ1 hwutuwuimpJwup wfili7wli 1J1GJ1 l.[wU1wJ14111u Lti 
fiuwGwljuwG unqhtl1 t114wpwmL w!igw4wqpLp, 

2. LJ11qhtl1 t.{m11owp4uwCi uqqpfiwl.[wG wtigw4w4ph11l1 1u111umtipuh1111 
rl11U1w114mu}19 pwgwm,lmu ta, 

3. Oputbu UnIJhL11 ulj_qpCiwlJ.wfi 4j16w4 11liui11lf111u t. tipw 4wJ111tiwg4wb 
nbctj1uJ1G pfin1111z npt,t t.{p.owlj_: 
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lJmnbgmuUbpj1g .1m11wpwlii.1m11p. oqmwqnpanu.il! lJwui4wo I. u11 2w11p 
tuli11J111Uhpl1 tmauwa hbm: Unw2!1Ci unmhgmul! ltw11hl11 l oqmwqnJ1ah1 u!1wJli 
WJli 11huipmu, t11p um1btl1 uhlt wCigw4wqpp J1pw1twliw!-JmUJ! uho Jwuwliwlt 
B1 uiwhwCi9mu: u11ltp..111u1 unmbguwlil! plinp..112 hli hhmL.1w1 ph111uJ} JmliCih111!. 
uljqpliwqwCi hw24.w11qlihpj1 J1pwljwliwguw(i hwuw11 ctwuwuwqG oqmwqn110-
4mu t wCioqmm, hqwCiw4J1 oqmwqn11omllJ! um1h1wtln11uwCi dtuuwCiwqj1 
4I11SwmuwG uiwmnwn114 hwnwju hwGqhglimu t wp..111mupuhp}1 gpt(wopj1 
wnj1, qtCi lihtnt{llIJ. rntl.Jw1lit11J1 2.wtlll! np..112h1m hwuw11 wlihpwcth2m t J1uwuw1 
wCigmuw.1}1Ci ctwuwCiwljj1 ml.un1mpJntUJ! u w.11Ci: 

lfwpmwt{wpwljwCi 011wq11uwCi hpltJlnpq 4wpl.illp juCiaj1pJ! [!GmpwGpp 
2.w41wJCintpJwCi npn2muCi t UJu 11huipmu wfihpwcth2rn t n1m2h1 um1htl1 pCim
pwqpbp}1 ll(Whw2t{Ill1 n2mmpJ1UUJ! h UllIJ.h1wt{npuwU bwjuuhpp lit{wqwqntJli 
wpcthpJ! WUJ.Wllllt{llIJ. J!litnpwli12l1 lit{wqwqmJli 2.w1.pwJ1intpJ!llGJ!: 

L1tim2)1 2.w1.pwJGmpJntliJ! ljw11hl11 t np..11zht hpltm 6wliwll(wplmt{· Ulll}bl11 
w2tuwmwUp)lg wfiqwju' Wll(l1JmpJi, h UllIJ.hlP 1.pnp6w11ljuwli J!Upwgpmu 
urnwgtlwo wPI}JmlipUhpt1 ht1uwCi t{pw: 

Unw9)1Ci qhuipmu oqmwqnpomu hU hwt{wfiwltwlimpJmUCih11J1 mhum
pJwli lthfimp..11Uwqwfi uwhuwliwJl1li phnphu)l t{pw h)lulit{wo h11wfiwltlibp{!: 
Op}11iwlf hwuwtuupJ1 up9)1fi wpcthpfibpJ1 qCiwhwmuwU, l{umwhhtl1 uJ12wltwJ-
12h11Ji hJ:twUwltfihpf! h w.11U: 'l-l1rnwpqhfip UllIJ.htlt UJ.WpwuhmptpJ1 qfiwhwmuwfi 
t{pw hpufil{wo }!(hnpwli12I1 2_w1.pJ! np..112uwfi u)l pwUp b.IJ.wliwti.Uhp: 

~wuwjuup}.l u)19)1U wpcthpp qfiwbwmuwli bIJ.wliwq 

'l-)1gm12 · wlihpwcth2m t hwuwtuup)l )lpwqwfi u)12J1fi wpcth12}1 hwuwp 
qwnmgh1 WJfill()lu)l i qUwhwmwti.wU, npUJ.huq}i' 

P{µ-d ~u~µ+d}=l-a (7.3) 
npmhq Xu-fi 1!Utnpwfip}1 uj19}1Cili t, (1-a)-fi (µ±d) uiiw2u.rtiw.1p)1 X.r!! UJ.Wpn11iw
lthtm hwl{wUwqwfintpJmlili t: bph }!litnpwUpjl wpcthplihPJ! m(ihli pUwl(wUnU pw2-
}un1u, WUJ.W {!Utnpwfip)12.wt)lw.1fin1pJntCiJ!' n-1! qwph})l npnzht hhtnhJw1pwliw6L)lg' 

n = (aZar.dld2 (7.4) 
npmhq Zan -I! hr•ltltllllUWU}l pCiwqwfinU t{pnwlJmlijlli t: 

U.1uu-IJ1unl{ n -p np..112uwli hwuwp wlihpwctbzm t puwliwt' 
l. ~wuwjuupp tPnlplltuwltwlimpJwli (gpl{wompJwli) ubompJmlil!' d-li: 
2. fcmtJttumphtlt a npuqp wpctbpJ!: 
3. "lwpwubtnpp ]:ipwlj_wli µ wpctbpp h Xu qliwhwtnwqwlip mwpphpm

PJWliJ! pmJtwmpbtJ.i d wpctbpJ!: 
~wowju l!limpwCipp 2_wqi.J! lj_wpbtlt t np..11zbt wnwlig d gpt{wop}.l h 

wnwfig d UJ.Wpwuhmpli puwliw1m: 
'1-)lgmp wlibpwcthztn t qmliht J!litnpwfip)l n 2_wqi.wJlimpJntlil!, npJ! 0,95 

hwqwliwlj_mpJwup WUJ.tuhnl{mu t UllIJ.hUl plimpwqpp Xu qliwhwmwqwlip 
(µ±aim) uwhuwUfihp..1110 qmlitlhm: 



1 q.ftwwljJnpdft liifwliwlpfwli i7pwqpmif 

~wliI1 np, d=cr/m, Za12= 1,96, Wll(W n-I1 hwuw11 ljutnwliwli1f 
n = (oZa12)2ld2 = (l,96m),2 

bph m=4, WUJW n=6 l: 
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~h tp.npoGwljwli wligw4wqpl19 hwJtn!iI1 t twl1 tp.nl{l1l)uwljLuliI1 gp4wb
p]1 s2 qliwhwmwljwli{l, Wll(W lium2I1 n LWIPI! qwphtJ1 t n11n2bL hh-tnLJWl 
pw(iwow11.r 

n = (ts/d),2 (7.5) 
n11mh11 t-li Wll.Jmuwljwtl_nptJ.wb uhbntpJntli t, d-u hwtl_wuwp t Ljumwhhtlun
J3JWli up2wtiwm)1 ljhui11i, s2-li tp.npaliwljwu wligwtl_wqp)1 huiU:w]l hwz4wpq-
4uib gptl_uibpp qliwhwmwljwlili t: 

'-1..umwhhJ.lrn.tpJwli up2wqwmhpp bqwliwq 

'-1..mnwhhJ.lrn.tpJuili U:l12w4wmhpl1 ljwnmguwli hwuuip oqtnwqnpmtmu t 
(!!itnpuilip)1 gptl_uib"pJ:! qwu J!litnpuilipp up2f11i puinuiqmuwJ)1li zhqmU{l: <!.uiuw
Juupp gptl_uib12p quuihuitnnttIJ! quipht_li t ajm1h1 n11UJbu· 

P{(l-d)d:-s; s2 :-s;(l+d)cr} = I-a (7.6) 
UJUlJUwlipli pui4wpuiPilll. s2 qliuihwmwqwlil1 npnliuwCi Juli'll.111: UJutnhq d-Ci, 
O:-s;d$I s2 qliwhuitnwqwuJ1 t... cr J1puiqw(i 9114wbpt1 untn)1qntJ3JWCi UlUtnp6w(ip 
pumpwqp1111. PM t: (7.6)-p uh2 hwpuwp t oqmuiqnpbht (n-1) wquimmpJwli 
wutnpow(i!ihpntl t tl_powqwlif11i. 

(n-1 )s2la2, 
11111! pmJL t mwtJrn 4umwhbJ.lrn.tpJwli hw4uiliwqw!impJntlil! qwpouh1 a2 
9114wbppg w!iqw)u: bph n-1! pw~wqwliwiuiip ubo p)14 t., Ulll(W i pw2Jumup 
qwphJp t U:ntnwp4ht pliwqw!inu pw2Juuuiup, nptnhql•Y n-J1 hwuuip qutnw
liui!ip hhtnl..JWl J!WUWOLJ!' 

. n = 1+2(Zan/ld2: (7.7) 
.Phptl_uio t11uiuw4uhpJ! pmJt tu mui1I1u n1m2t1 UJui11uiuttn11t11I1 tnptlwb 

67tnmpJw!i uiUJwlm4uui!i huiuuip wlih11wdb,7tn 11!itnpwCip)1 1w4111: uuwliuiq
uuili q}1mui41npohJm11I huiow)u unl}hJui41111uw!i uljqpmu Ul(tt(mu h!i hJPlt 
l}rnipnjuwqwli!ihp.'1 4utnuihh11mtpJw!i u)12ui4wwt1111, t... lin1Jb1)1 4111poui11q111up 
11wl}wphglimu hli wJli UJuihJ1!i, b)lp tl_m41nJuwqwCitibr1t1 w11dt.p!ih1111 UJWtnljw
umu bli UlJ'l u)12uiljwjphp)11i: l)..ui pmJl t. mw1I1u t1!im11h1 uiCigwt(wqp)1 dwuw
tiwljp 1wtl_wqn1Jli llijtdbpfl: 1,uui{i hquiCiuiqt1 ljJ111wn111 Ufl quiUJt(Ulo t ut1 7w11p 
J!UlPl}IltpJmlilihpl1 hbtn, nrm!iy)1y li2tap· 

I. '-lumwhh1lm1pJwli up2w4uiwtr1J1 n111),7uuiti hbtn 4uiUJ4wo 1puiy111gl11 
huiztl w pq!i bpp ui Cihpwdb,7 tnlll p Jill !iJ:!; 

2. <l>npo)1 JlWl]Uljlhguw!i UJUlJUUl!i!ihJl(l huioui)u 4lliflllll t,(j pui4ui
Jlllip~bt lium2ut11)1 }UllD ipnpp 2w41bp)1 l}tiUJVlllU, )1tin1 ljWJllll] I. huiliqhguh1 
Unl}htp plimpwq11hpJ1 q!iwhuitnuuili ufuw1tih11I1: 

uuwuwqm1 u1111t1wt1.nJ1llllifi Juli11J111titpm u tiw t... oqmuiqn11bt(111 u bti 411111-
0)1 t1fipfiuiphpuiljwu l}Ull}W[lhguuifi lDUlJIJ!ti(I h11wtiwljtib11: 011]1tiui4· Ull1Jb1]1 
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4111powp4muJ! 4wmw111.Jmu t 2 tjlmtntl: U4qpmu tjlw116liw4wli wligwi.J.wqp 
bu lJ.wmw1unu J:!lim11wlipl1 n ~wtjlli umwliw1m hwuw11, wJlimhbmL. unqhtl1g 
umwg4.wc) j!limpwlipl1 oqlimpJwUp n1u12mu bli mp4wc) 02mmpJ11tlil! w111w
lmi.J.m1 n·-11 wp<thpf!: bpb n·<n-119, w111w linqbtl1 wligwi.J.wqpJ! qw11wphg4.mu t, 
hw4wnwlJ. rihUIPntU wligw4wqp11 zw1uuliw4t{nuI t lil1li2L. uliwgwc) n·-n 
fium2fibp]1 wpdhplihpli umwliwm: 

1.,uwuw4uwli unqbl11 wfigw4wqpl1 11w11wphguwli hwuw11 oqmwqnp
c)mu hli liwL. gp4.wb-p]141np11wguwli, (!Utn li2wliwqwI1m1J}JWli fium2fihpp hw
mmguwli L. wn hqwliw4lihp: 

Optqhu liuwliwqnq unqhtwi.J.npuwli \tll11wnn1J}Jwfi opl1liw4 qpmwpqhlip 
w4.mnmhtuuuiwuwp4uwfi 6bnliwpqmJ}JWli unqtur 1.,4wpwqi1hlip ohnliwp
qmJ}Jwli wztuwmwCipf! L. hl1ulhulpfi hfiJ}WflPlllJ}Jntlilibpf!: 

I. OtrnliwpqmJ}Jmlimu hwowtunP11fip]1 u111wuwpqmtI1! 4wmwpmu hli k 
uwuuwq}lmwgi.J.wa pp]1qwqlibp{!: {wowtun1U1libpli u4qpmtI u111wuwpq4.mu 
tu 1-ltli pppqwqp qnqut1g: UJlimhhmL. wugllmtI bli 2-P11 pppqwq L. WJflUibu 
2w1uuliw4: k-P11 pp}1qw1µutI uuiwuwp4tlh1mg hbmn hwowtun1U1lihpf! hbnw
limu hfi otrnliwr1ltmJ}Jmli]1g: bpb i-P11 pp]1qwqmtI u111wuwpqmtICi w1~wpm
tlh1m 111wh]1li i+ 1-Pll pp]lqwqli qpUlll.i.J.wb- t, w111w hwowtunprm hhppwqpi.J.mtI t 
WJfl pp]:tqwqmtI: ~n1_11p pppqw11Cibpnui hhpp]:t pm.1twmphtl1 hplJ.wpntpJntlil! 
wliuwhuwliw41wq t: 3mpwpwfivmp pp]1qw1µntI hwowtunP11llhpp u111wuwp-
4mtIJ! qwmwpi.J.mtI t· «wnw2plili t hltht wnw2l1lili t u111wuwpq4.mtI» 4wpqn4.: 
liJuUIJlumt obnliwpqmpJwli unqtm lJ.wr1htli t filJ.wpwqpb1 utqwuwplJ.uwli k 
hw211P11wltwfi gwlig]l oqlimpJwup, npmhq 1-1! ununpI1 hwliqn1Jgli t, pulJ. k-li 
u111wuwpqtiwCi twp hwliqn1Jgli t: 

2. 3mpwpwfivmp pp]lqwq pfim}}wqpqmu t uh41wqwli wpmwqpwqwfi 
qnpawnntJJ}n\.[, npf! tiwtui.J.wa 2t UJmu pp]lqwqfihpp wpmw11Pwltwfi qnpc)w
nntJ}}li bp]lgntl : 

3. i-P11 pppqwqmu upwqnp dwtiw!iwqnuI u111wuwpq4.wa hw6w]lm.P11-
lihpp 'Ii (i=l,2, ... ,k) pp.tl(! (wpmwqpwqwli wpwqn1pJmliJ!) 111wmwhwlJ.wli 
uhant}}Jmli t: Upmwqpwqw!i wpwqn1pJwli f;(q;) hwqw!iwqwlimpJmlilihpp 
luU11npJwli !pmliqg]lw!i wupnq2mJ}Jwtip npnzi.J.mu t apwqpwJpli TM dwtiw
liw4]1 {!lipwgpmu i-Pll pp]1qwqp 1.J.nqu}1g wpmwqpwl.J.wli qnpanlilibpp oqmw
qnpWwfi uwlJ.wP11wlJ.n4: <l>n!Jmlubtntl wpmwrtpwqwli qnpanlilibpl1 pwzlwntII!, 
obnliwpqmpJlllfil! qwpnq t lpllluht q; wpmwqpwqwfi wpwqnt}}JWli pwztutiwfi 
!pmlilJ.g]1wfi: bph f;(CJi)-li npnz4.wc) t, wuiw hwJmlip hfi fiwL. Cipw E(CJi) tI]12pli 
wpcthpJ! L. Var(CJi)-p gptl.wapl!: 
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4. q; wpuiw11J1wljw!i wpwqmpJw!i !iljwpwqpuw!i hwuwp hwpuwp t 
oqmwqnpbt1 !ipw hwljwqwpo St;=l/q; ubbntpJntfit!' ublj hw6w}unpajl mqw
uwpquw!i hwuwp w!ihpwctbzm ctwuw!iwlJI!, npl! npnznu1 t i-M pppqwq{!: St; 
ubbntpJw!i hw4w!iwljw!impJm!ifibpp }umntpJw!i .'l>m!iqgpwfi L !ipw tqwpw
utmr1bp!i Wllpllft2lll}}JWl.lp npnz4ntll b(i i-Pll pppqWllP WpU1W11J1Wljwfi qnp
i)n(ifibpp oqmwqnpMw!i uwiJwPllwiJntl: 'L,zwuwljb!ip f(St;)-ntl St; tqwmwhw
qwfi pl(p hw4wfiwljw!intpJnt!ifibpp }utnntpJw!i .'l>m!iqgpw!i, puq E(t,)-ntl m 
Var(t;)-ml !ipw up2p!i wpctbL!l! L gp4wbpl!: q.npbn!i!ibpp pwz}uuw!i up2ngn4 
obn!iwr1qmpJnt!il! 1JwJ1Illl. t t!J.mtmtubt E(t;)-p L Var(t;)-p wpctbL)!ibpl!: 

5. U]Iw4np dwuwfiwljmu obn!iwpqmpJm!i bljwb hw6w}unP11!ibpp d 
Plttlt!. f(d) hwtlw!iwljw!impJm!i!itpp pwz}uuwfi }ummpJwup, E(d) u:ti2ltfi 
wpdhJ;!ntl L Var(d) gptlwbpntl tqwmwhwljw!i ubbntpJm!i t: ObnfiwpljhtpJntfil! 
tlt ljwPllft 6zqppm ljw!i}uwmbuht UJtwfiwJp!i TM ctwuw!iwljp l!lipwgL)mtl 
hw6w}unP11fibpp pptlJ!: UwljwJli tpn}uh1ntl pp qnqwqJ'lll bw}uubpp nwquw
tlwpntpJntfil! fiw ljWPllft t wqqt1 f(d) .'l>mliljgpwJp mbuL)p, E(d) L Var(d) 
ubbntpJmfilibpp wpctbplibpp tlJlw: \,zw!iwljtfip At;-ntl i-1-Pll L i-Pll hw6w
IunP11libpp qw1m tqwhbpp up2L l!lilJwb ctwuwfiwljwhwmqwbj1 UJWmwhw-
4wfi ubbntpJntli]!, f(At,)-ntl pwz}uuwfi )m!iljg]lwCi, ]1u4 E(t)-ntl m Var(t)-ntl 
fipw up2p!i wpctbp!i m gptlwbp]!: 

6. '111wUw4npuwU wupilIJ.2 dwuwfiwljp {l!ipwgpmu obnliwpljmpJnt!il! 
wnwfig uwhuwfiwl}"1wljmu!ibpp l}Ciqm!imu t pn1np hw6w}unP11Cibppfi: 

7. QbnUwpljmpJmfitt UJtwliwtlnpuwU TM ctwuwUwlj]l u4qpmu l!li,µu
fimu t npn2mu· qn4wqq]1 bw}uubpp uwlJwP11w4J1 L pn1np pftpqwqfibpntu 
qnpbnfi!ibpp pwz}uuw!i tlbpwpbPJwr TM tqtw!iwtlnpuwCi cJ-wuwUwljp hw
uwp npn24mu bU f(d)-!i, E(d)-fi,V ar(d)-fi L f(q.)-1!, E(q;)-p mVar(q,)-p: 

liJchi q]lmwpljb!ip obnwr11JmpJw!i tlwpL)p !iljwpwqprui uwptuwmpljw
ljw!i UJ"U}bm: 4wmwpb!iL! hbmLJWL !izw!iwljmufibp[f 

At,- i L (i-1)-M hw6w}unP11!ibpfl qw1m tqwhbpp ut19L pUljwi) cJ-wuwtiwlJ11, 
St;i - i-Pll hw6w}unP11fibpfl uUJwuwpljuwti dwuwtiwlj[l i-Pll pp)1qwrµmi, 

i= 1,2, ... ,m; j=l ,2, ... ,k, 
Wt,i - i-M hw6w}unJlll j-Jlll pppqwajl hbppmu UUJwuuwti dwuwtiw411 

i= 1,2, ... ,m; j= 1,2, ... ,k, 
Dt;i - j-Pll pp]lqwqmu u!iw1m tP)14 ctwuwtiwljp, 
t,i=Dt;i+Wt,J - i-Pll hw6w}unpajl j-Pll pppqwrµnu uL4wuw111Jtlt1m ctwuw

tiwljn i= 1,2, ... ,m; j= 1,2, .. k: 
CCirµn!ibfip, np wnw9]1Ci hw6w}unJU1J1 qw1m tqwhjtti · (i= I), obntiwpljm-

pJw!i tl]16wljp !iljwpwqp4mu t hbml..Jwt wnti2mpJmtiUL1mtl' 
At1= 0 (8.1) 
Dt1 ,= 0, Dt12=Dt11, Dt1k= Dt11 + Dt12+ ... + Dt1k-1 (8.2) 
Wt 11 = 0, Wt12=0, Wt1k=O (!U) 
t1 ,= St 11, t12=St12, ... , l1k=St1k: (8.4) 
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"vnp hwawfunMfihpp qwtm ctwuwliwq hwtJ.wuwpmufihp[! bwuwll.jw
mwu}uwlinphli lfmi.pn}utJ.mu hli, L. (8.4) hwl[wuwpmuli [!fiqmlimu t hhtnL.Jwt 
UlhUI}[!' 

ti1=Wti1+S~1, ~2=W~2+S~2, t;k=Wt;k+St;k, i=2, ... ,m: 
lillllJill} hwaw}unp.q[! Ull.jWUillU t hhppmu, ph pppqwq(i t qmlil[mu 

1.1.jwpwuimpajl uh2, qw}ul[wo t hbmL.Jwt mwpphpmpJmCifihpp lizwlipg' 
Dif1=t;-1, 1-At1; Dif2=( t;-1.1+t;_1.2)-(At;+ Wt; I +St; I); 

Difk=(t1,1+ ... +t;-1, k)-[A~+St;1+Wt;1+St;2+Wt;2+- .. +St;k-1+W~k-1]: 
oph j-llll pppqwqp hwuwp Difj>O, Wll.jW (ipw ll.jWpWll.jlllPI}P ctwuwliwq[! 

hwl[wuwp t qpnJp, puq hwaw}unpqp u1.1.jwuuwa ctwuwfiwq[! hwtJ.wuwp t 
W~i=Difj, i=2,3, ... ,k, j=l,2, ... ,k: 

oph Difj<O, Wll.jW i-M bw6W}unJ1.IlP Ull.jWUUWli ctwuw(iwtm hwl[wuwp t 
qp.nJp, l:m4 pp)lqwqp 1.1.jwpwuimllllP ctwuwliwq[! hwl[wuwp t 

Dt;t"-Difj, i=2,3, .. _,k; j=l,2, .... ,k: 
oph Difj<O, wuiw i-M hwaw}unpajl uuiwuuwa L. pp)lqwq)l 1.1.jwpw-

1.1.jntpajl ctwuwliwqfihpf! hwl[wuwp hli qpnJp: 
liJchI 12Gliwr1qhfi12 ohnfiwpqmpJwli plimpwqphpf!: Cfirpulihfi12, op UDllh

twtJ.npuwCi ctwuwfiwJ.tll mL.nqntpJntfi[! 90 opt (TM=90), WJup(ip(i ohnfiwpqm
J>JWfi wzluwmwfi12lihpp hwuwp 1.1.jhm12 t uzw4ht 90 opJw opwqpp: 'ijlmwr•4tlnrt 
}ufiqpntU ttpp lplllfm}uwqw(i t ohnfiWflqnt}}JWli zwbntjp[!: q.pmwlfmpop. qnp
on(ifihp hli wpmwqpwqwfi ow}uuhp[! (wz}uwmnut, hntup, uwppwl[npmufihp 
L. WJtli) L. qnl[wqqp ow}uuhpf!: upqm qnponfilihpfi tt pwfiwqwlj_wli hfi: 
'1-pgmp' ohnfiwpqmpJmfimu q)lmwpql[ouI t wz}uwmwfipfihp)l opwqpuwfi 5 
mwpphpwq, npnCigpg Jntpw12wfivmpf! 1.1.jWpntfiwqmu t htmli.Jwt gmgwlipzGhPf!' 

1. q.ol[wqqp owquw~wpntpJntfi: 
2. Up2ngfihpp pwz}untu[! mwpphp pppqwqlihpp up.2L.: ofipwqp~nui t, 

op pppqwqfihpp p}l.l[[!' k=4-p: 
3: C' tp)ll[ ow}uuhp[! L. 5 mwpphpwlJ.lihpp. hwuwp ulJ.qpfiwl,rwli uul.Jwt

fihp[! phpl[wo ta umnr1t..: 

Un1muwll 1 
mwppt- E(d) E(a;) C 

pwq i=l J=2 J=3 J=4 
I 3,00 3 33 3 75 4.00 3,50 800 
II 3,00 3 50 3 33 6,00 3.50 800 
III 3,00 5 00 4,25 6.00 5,00 1250 
IV 3,75 5,00 4,25 6,00 5,00 1550 
V 3.75 5,00 -- 4,50 4,50 1720 

lJilllhLP htmwqnmuwfi ctwuwfiwlJ. uiwpqmpJwli hwuwp [!liqmfihfil}, np 
f(d) L. f(q) pwz:tumulihp{! gntQtWJ]lCi hCi: '1-w Uzwfiwqmu t, np p(ifiwplJ.tlilll 
Jntpwpwfivmp mwpphpwlJ. WUPilll2lllPJWUp npnzl[mu t C lPPtl ow:tuuhp]l L. 
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E(d), E(qi), i=l,2,3,4 lll.W]IWubmpbpJ1 w11ctbplibpn4: rit1gm1;;,' At L St lll.WU1W
hw4wfi pqbp[! Lu mGbfi gmgiwJt1fi pw2J:urn u, Jm4 upwfig uJ12J1u w11ctbpfih11t1 
lllll4WUW]1 b(i E(At) = 1/E(d), E(St;j) = 1/E(q, ). i= 1,2,3,4: <l-J1U1Wlpll[10!1 {IU]:)Wg
j2lllU ]!Ul}lllfi4mu t, np ub4 hwowJ:un1lll11 LJljllj lllll.WUW!Il}uw(i w11ctbp{! hwlj_w
UWJl t 15 u]1w4.npJ1: 

'1-J1mwpl}bfip fiuwfiwl}uw(i um1btl1 w1qnpJ1]:)0[! L. Pll14-uJ:ubuwG: 
QfiIµufihfip, np Jm11wpwfi~m11 mw11pbpw4 tinI}b1w41111uwG TM ctwuw

fiw4.l1 l!fipwgpnu1 uuwfiwlJ.lj_nuI t 25 wfiqwu. 3mpwpwfi~mp fiuwuw411uimj 
11111124.mu t ohnfiwpl}ntpJilWU wuplllJ2 2wlm1w11· 

R= PxQ C, 
npmh11 P-fi uh4 hwowjun1lll11 UU~WUWf14tlwG wpctbp(l t, Q-u· O]llllqJlWJJJfi TM 
ctwuwuwlJ.]1 [!Upwgpmu lllll.WUWpl}l}wo hwowJ:un1111Cibpl1 rl1tl11, lm4 C-fi 
abnfiwpl}nt]:)JWfi tpj14 awtuul!: 

l-J1Ci PLn4mt1 l}wmw114mu t k ppJ1qw11fi b11J1 lll.WpwtibtnflbJ1J1 · E(St,i),j= I ,k 
L. P, C, TM, E(At), N w11ctbpfibpJ1 ummpwq11mu: liJutnbrt N-11 unl}b1J1 mw11-
pbpwlJ.fibpjl fiuwfiwl}muCib11t1 4.I1lJ.CimnJwCi p!14Ci t: 3-1111 L 4-1111 p[nl}Cibf1111u· L-!1 
uhompJwCiyf wCigw4wqpJ1 1!CipwgJ14 hwuwp]1Ci,m114111 u t I w11cthp, !IU4 Q-!1Ci 
mqwuwpl}4wb hwowjunf1I}Cibpl1ptljlfi. 0 w11ctbp: 5-1111 p[114111u umwg4mu bCi 
QillQlWJllfi pw2J:uuwup hwowtunflI}UbJlll Ulll.WUWJ14Llwu ctwuwtiw4tib11l1 Llb
bmpJmCifibp{l, npjlg hbtnn (8. l )-(8.4) pwCiw6Lb1mtl hw24w114tlmu bG lll.WJlw
lll.Illpqjl, hbppmu wnw2t1u hwowtun1111.l1 ulll.wubpn Li Jm11wpwfi2J11111 PJ1!1qw
I}llttl uCiw1m tpJitl ctwuwfiw4fibp{l: 

fltn4-uJubt1wJmu hwuw4w11qw_1]1u dw1hufiw4]1 CLOCK tp111.pnjuwl}wCip 
hw24wp44mu t nJllll.bu k-1UJ p11J1qwaj1 lll.WflWlll.1111111!1 L ulll.wuw114uwli ctw
uwaw4fitp]1 qn1uw11: 

lillI}btwtlnpnttl[! I}WI}Wllbg4mu t, bpb CLOCK-Ji ubompJ111Ci11 hwuwlJ.w11-
qwJj1Ci ctwuwuwlJ.I! qbpwqwCigmu t. TM-I•!-! 8-1111 pp14m u 11111174111 u l. b114111 
hW211]1I}W4Wfi hwowjunJU]fib11'i qw1111 ~whL11]1 ut19L pCil}wo AT c.Jwuwliw4p: 
9-flI} p1ntimu npnz4mu bfi k p11pqwl}fibp]1 UUJWUW[llJ.Uwti Ullll dwuwliw4CibJ1)1 
ubom ]:)JlllCifibp[!: 13-2 I -Jll} p1n4l1 tpp 4114li 4111 u Lli JllljlWj2lllU2Jlll ll Pl1'14W1})1 
hwtiwp: ~wuwlJ.wpqwJJ1fi ctwuwCiwlJ.11 4t[1whw74w1144111u t 22-1111 p1114mu: 
l;pb CLOC~TM, w~w wnw2J1fi tnwppbpwl}]1 wnw9]1Ci hw74w11lJ.11, wJu)1tipli 
w1qnp}1pujl ublJ. wfigw4wcw11, w4wpm4wo I.: UJtimhLmli l}wmtu11tlmu I. '1l1-
mwp44m1 mwppbpwlt]1 hwuwfl wupru19 zwhrnw]1 (mbuw4wti) hw74w114· 

R = PIE(d)TM-}'::E(d)/(E(q,)-E(d))]-C', 

n11mtri E(d)TM-p TM dwuwCiwlJ.11111 u~wL1]1 hw6wju111111tib[Jl1 p!14li I:: 
l.Jpb L< N, Wlll.W L-!1(1 qmuw114mu I. I L u4u4111u t ti1111 hw74w114, L~N-11 

I}b~mu mwppbpw411 hw74w114ti w4w11m4111u I.: 
~bnfiwplJ.mpJWU tiuwuwlJ.uwfi Ulll)b(]I lll.]ltnWli]lllljlJWU UU1111quwli hw

UWJl lJ.wpbtp t oqmwqi111ot1 pwquwlfrn11 y111 !-nwJJ•li u~wuw114uwti ~1wligb11t1 
hwuwp uuiwg}mCiwp nbd}1umu umwy4wo pwtiwoLL1111: 
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UtJ.ummbtuulljwuwpI.tuwCi o hnCitupltm~JwCiCiutuCiwltwU:Ci unqbtJ1 p1n1.t-ututuw 

B 
3 

4 

5-6 

7 

8 

U4qpliLu4tull 
ln4.JlULlibpJl ummp 

Uu4qpllw4wfi 
tijl6tu4Ji 

hwmntummu 

Stj, tJ, j= 1,k 

wpctbpfihpJi 
umwgnuI 

At-Ji wpcthpfih
pp umwgmu 

9-11 

Q=Q+l 
B=t1 
D=At 

B 

13-14 

16 

<O 

25 

Wti=Wti 
Dti=O 

22 

24 

L=L+l 

+ 

CwhmJJIP wpcthpfihpJi 
LDUjWqpmU 

< 

18 

Wti=O 
Dti=-Wti 
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<..bmwqnmuwu ctwuwuwlt btipw11J14mtl t, 1111 E(d)/E(q)<l, wJu]1upu 011wq
[1WJ!1Ci TM ctwuwCiwltl1 J!upwgpmu abntiwpltmpJmu{! qmu4mu t umwg]1-
nuw11 ntct)u.uuu: UU111[1L. pt114.wi) w1umuw4utpmu 5 U1Wpph11w4Cih11!19 JlllJIW
pwuLJm1111 hwuwp hwuhuwm4mu bCi 2whmJp]1 mbuwlJ.wu (pwu6L.!1g umwg
tJ.nri) wpcthpJ! L. uuwCiwltnrt Ulll]htw4n11uwup umwg4wo J!CimpwCipJ1 uJ12J1CiJ!: 
ShuwlJ.wCi wpctbpfibp[! hw2tJ.wp4tJ.b1 bu 2-IU] Wll.JmuwlJ.}l. mtl.JwtGbpJ1 oqum
pJwup: St1.Jw1Gt11l1 4b11tmompJmG[! gmrn t mwum, np pn1np 5 tnwpphpw4-
Cibp!1 Cium2wJl1G til12J1Gub11J! unm bCi hwuwUJwmwuiuwu mbuwtiwCi wpcthp
ub11J1u, !1Ci21! hwumwmmu t CiuwuwlJ.uwCi uru1tu1 h UJlW hbtn lJ.wtnWJltJ.WO q)1-
U1Wl}1Ilpol1 WJlllJmGpub1ill 62mmpJmCiJ!: <l>np6!1 ultqpfiwlJ.wG UJWJt1wuuh111! 
aj1mwplJ.tJ.nri mwppb11wltCibplltU fimJGfi tu· JntpwpwuLJmJl wugw4.wqpl1 
ulJ.qpmu abnuwplJ.mpJmfimu hw6wlun1ll}Gt11 2ltwli: lTI1Ilhil1 1mpwpwCiLJm11 
tnwppbpwlJ.}l. hwuwp lJ.wmwptJ.bt t 50 wugwt.jwqp: 

<..w2t.JwplJ.CibpJ1 w1u11mlipCib11J! pt11tJ.wb bfi 2-(ll} Wll.Jmuwl.jmu, JmlJ. 1.1Gm-
11wlipCib11I1 u112I1liCih]lJ! L. 2trimuuh]l[! pb11tJ.wa bCi 3-Jll} Wll.JlllUWlJ.mu: uum2wJ]tG 
til12p.uuh11J1 02mn•pJwfi qCiwhwmuwli hwuwp l.jwnmgbfip 99% hwtJ.wfiwlJ.w-
limpJwtip 4.umwhbil1mpJwfi u112w4wJpbfll!, n11mt11 X -I! {!fim11wfipJ1 uJ12J1Cifi t, 
s-J! l!litnpwfipJ1 l.jwCinCiwl.jwfi 2t11mu1!, N=50, Za1rl! pfiwl.jwfinCi pw2tuuwfi 
UJ.ImgblimI11fi t, Jml.j R-1!' J111wl.jwfi 2whmwJ1 ubompJmfin: 

R = X + Za 12s/ .JN 
3mpwpwfiLJmp opwqpp l1Wuw11 99% tJ.utnwhbtlmtpJwfi til12wl.jwmt111.1 

hw4.wuw11 ta· 29 l 2<R1<3040, 29 I 8<R2<3065, 2584<R3<2766, 3185<~<3345, 
3031< R5< 323:;: 

u2bCip, up I L 2 mwppbpwl.jfib11J1 R1 L R2 wpctbpfibpJ! unU1bfimu bfi 4uU1tu
hhtlnnpJwCi til12wl.jwwt11J1 uwhuwCi!1G: UJI) mwppb11wltfibpmu wnw2wfi111tl bu 
WUbUWUbO hb11pbpJ!, l}JlW hWUWp obnfiwpljntpJWfi 4.wppJ! Ulll}D]W411Jlllll 
qnpi)J!fipwgJ! qwfiqw11 t l.jwJmfiwGmu L R1 m Rrl! tJ.wm bu unmw111.j11111 
hwuwUJwmwutuwu umwg!mGwp w11cttpGt111!: "l1wliwJpG TM ctwuwtiw4J1 uL
i)wguwG qbuwmu l L 2 mwppb11wl.jlibpp Lu tium(ib(i umwg!mtiw11 nt<.ttu1 L 
wu4wu4wa ltlit.Jwgbti ]111wl.jwG 2whmJP]1 qtiwhwmuwli 02mmpJm ti 11: 
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Un1muwl.i2 
inwnnb11wli I II III IV V 

hm 
I 3055 3175 2275 3325 3605 
2 2665 3310 2470 3220 3335 
3 2860 3280 2350 3250 3333 
4 2995 2890 2665 2755 2855 
5 2935 3220 2990 3130 3635 
6 2875 2905 2530 3265 3140 
7 3025 2635 3055 3355 3665 
8 3115 2785 3085 3520 3110 
9 2845 2515 2515 3220 3215 
10 2965 2830 2500 3235 2945 
11 2920 3085 2800 3265 3590 
12 2890 2980 2.A5 2980 3125 
13 3040 3145 2770 3070 2765 
14 2920 2950 3010 2995 3680 
15 3445 2845 2755 3490 3305 
16 2845 2830 2710 3070 3470 
17 3265 3055 2575 3145 3390 
18 2815 2845 2770 3475 2840 
19 3250 3055 2800 3500 3170 
20 2890 3100 2890 3475 3200 
21 3400 2830 2725 3610 3665 
22 3040 2785 2830 3220 3110 
23 3130 3145 2455. 3130 3225 
24 2755 3070 2845 3430 3140 
25 2800 3025 2995 3145 2900 

Un mrnwti 3 
Swpphpwlt Utqwutlnq zwhmJ- "l.,l'imzwJJtfi l:iwfinfiwltwfi 

## 13Jt wpcthpn R uJt2Jtfin x~ 2t11mun s 
I 2918.64 2976.40 175.83 
II 2918.64 2992.30 202.20 
III 2704.00 2675.20 -250.51 
IV 3285.00 3265.30 221.81 
V 3147.50 3131.90 277.04 
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'llwuiwhwqwG IJtlbp}l w:rumuw4 

3513 2883 5675 7526 5988 6531 7513 
6976 882 2501 9890 3214 515 7581 
9847 4311 7238 2642 829 3775 4348 
1722 2741 945 7480 4491 7600 13 
3874 2020 7257 6422 7 7370 8252 

6793 6904 283 4834 6771 5664 1217 
5587 7242 3170 4524 162 1641 3713 
4368 1157 7628 3463 6466 8621 125 
7740 9490 7272 3880 8113 7013 2466 
2544 1043 3355 4256 5332 2650 3461 

1247 2749 5269 3781 8111 6253 3469 
4679 7881 5173 4089 107 7228 7756 
1275 3774 1169 372 8833 9661 7572 
7556 3225 1644 7503 5383 7136 9398 
5297 6238 9944 6337 3958 526 103 

9636 3854 6403 4748 4992 2243 5116 
4353 4503 7840 8497 5086 508<, 8005 
627 9998 4341 7311 SIRS 6896 3969 
8749 743 5716 4171 1300 7283 5744 
3644 2297 976 2397 3868 2662 9125 

7028 9175 9776 8477 8902 6846 2282 
896 9497 6306 9231 9260 8196 7443 
7677 1153 7834 5720 5122 6861 5303 
7719 1679 4311 19 2116 9952 8086 
8276 4871 8221 8918 9556 3070 4023 
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q.pwqwfimp JmCi 

I. i1cCJJcJJ.0Ba1rne onepaum't B 3KOHOMHKe. ITon pen. npo¢. H.III.KpeMcpa. 
- M: IOHMTl1, 1997. 

2. A. ITHHCKep. BBcne1rne B HMHTilUHOHHoe Mone.rmposanne n H3hlK CJlAM II. 
ITiep. c aHrn./ -M: Mnp, 1987. 

3. JioroB AB. BseaeHHC e 3KOHOMnqecKoe Moaennposaene. -M: Hayi<a.1984. 

4. Mccnenosanne onepaunu. Merononorn'lecKHe oceoBhl e MareMan1qecKHe 
MeTOLlbl. B 2-x TOMax. IToJJ. peJJ.. ,lbK. Moynepa, C. 3JIMarpa6n. ITiep. c anrn./ 

- M: Mup. 1981 
5. EycneHKo H. IT. MouenupoBaHue CJIO)KHblX cHcreM. -M.: Hayi<a, 1981. 

6. P. IIleHHOH. 11MHTIIUHOHHOe Monenuposa111:1e CHCTeM. /Ilep. C aern./ 
- M: Hayi<a, 1978. 

7. IO.M. MaKCHMOB, M.M. PmKKOB, M.A. CaaKHH. MareMemqcKoe Monenu

posaune M-: ,alJJI)'prn'leCKOro npou3eonC1Ba. -M: Menumypnm, 1976. 
8. T. HeHJJop. MarnHHHblC HMHTilUHOHHble 3KCnepnMeHThl C MO.[(e.JUIMH 3KOHO

MnqecKHX cecreM. /Ilep. c aarn./-M: Mup, 1975. 

====di'dF 



lat/.llu f1J.l7SP/lUBUu 
Uwfi!Jw ITJbwbppmpqft UJbuiwljwfi 

hwuw1uwpwfift UJJ111:Pbunp 

/l'°li,12wh upwliftg, IJwtf ftlid ft'°ti,1 oqm111 ... 
q.p~qnp l.,wpb4wg~. 

lfwmJwli nqpbpqmpJwfi, pwli t2,U, 
b. 1979 

Iuwqhpp mhumpJntU[l ctwuwfiwl.J.w4}1g titipwnwl.J.wu owphuwmpltwJl• 
llJOL11.hppg t, np[l uUJ.wmwl.J. mup 4.bp1mbh1 fiuwGwmpUJ. 1.J.wu mwpphp zwhhp 
hbmwUJ.firµu\ hwl.J.wqpp 1.J.nquhpp hwpwphpntpJmGCihp[l: 

Iuwqhpp mbumpJmCi11 npUJ.hu qpuuupJmCi uzwltbt bCi Qnfi :J>nG 'L,nJt1wCi[l 
h Oul.J.wp lJnpqbCizumbnfi[l: 'L,pwup tuwqbpp mbumpJmfi(l qwpqwgpb1 b(i 
pw[lJl m(itntuwl.J.wG hwuwljwpqbpmu npnzmt1Ghp ljwJwgGb1111 fiUJ.wuiwl.J.114.: 
t>ptCig «Iuwqhpp tnbuntpJm Gp t, mGmhuwl.J.wu 4.wptJ.htwl.J.b11UJ.11» q11pnt t1 
(l 944p.), hbqpuwlJ.uhp(l UJ.Urµuu bu, np qwuwl.J.wu uwpt.uwmj1ljwG, qw11qwg
tlhtntl uhtuwG)lljwJmU l, :i>pqpljwJmU ltPpwntJ.btm hwuw11, l4wpm1wgw4. Gljw
pwqpb1 h pwgwmpht tnCiuihuwqpmmpJw(i ub9 t, hwuw11wljwljwwti 4Jwti11n11i 
mbajl muhgnq ppwlJ.wCi qnpbpCipwgCihpp: 'L,pwCiu fiwl. Ciljwmbgl1ti 7wm 11Ci11-
hwCimp qnpbnCiCihp, JiUlUJ.l1Upp b(i hwlJ.wUW[lUl zwhb[l(l, lll111}lll utit:.11 ltWJWg
(inqCihp}l mwpphp GwtupGmpn1pJmlil.ibpp, JlllpwpwtilJlllll wtihwmJ1 lJwtu1111i11 
ppwl.J.wu tuwqhpnu.i, t, mumbuwltwli p[lWflJllllpJmtiGbJUut.i WJJ wtihwmtib11t1 
ltllIJUpg lJ.wJwgtJ.nq n11nzmu(ibppg: lltumj1, O.lJn11qbti7mbntip L Q.1,nJuwti11 WJU 
Cinp m}lUJ.}1 uwpbuwmfiltwG wti4.wCihgl1Ci tuw11 t.11t1 mbum pJm ti: 

'l,wtu4}1Ci IunplmL[lJlWJpCi IJJu11pJ111limu tuw11t.11J1 mt:.umpJmtip JWJlin
pbCi mwpwbtJ.hg I 968p. u11L.wlimu tnbqj1 mtibywb Unw9t1li <!.wuwutuurb
Ciwl.J.wCi tuwqhpl• mhumpJwti 4.11ti:t,t11wCiut1y hbmn:SLql1li l. ti7L.1 UJ.Jm:t>bun11 
'L,)llJ.ntWJ 'L,. '-UlpnpJntl.Ji hwtiqrngwJI1ti 11t1111 liwtul.J.ltti UH!-JJ1w1]1umwljwti L114I1lib
pn1u tuwqt.p}l mhumpJwCi mwpwl:luwti L. qw11qwyuwti ul.9: 
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~hqp.fiwtw uwupfi 

Lt.nu "ltnnpnUJWUJ! bfalbt t l 940p. p.Uwuqm-"lbmbppmpqmu (Lb(ip(i
qpwqmu) umwtJ.npwqwuubpp numwu)l.pmu: l 957p. nuqmutJ.bt t t;pL.wup 
UJ.bmwqw(i hwtiwtuwpwup ubfuwup4w-uwphuwmp.4w4wu .'}>wqnqmhmn: 
1960p. tflllfuwqptJ.ht t lhu)l.uqpunyi UJ.hmwqwfi hwtiwtuwpwup. uwphuwm]1.4w
ubfuwu)1.qwqwfi .'}>wltmt mbm L. uwufiwqp.mwg ht fulllll bp)l. mhump Jwfi qontJ.: 

l 965p. UJ.W2U1UJ.Wfiht t pbljfiwcnuwqwfi, )1.uq l 972p. qnljurnpwqwfi wmh
fiw]unWltpmfi{! ajl.'}>bpbligJwt fulllllbp)l. ntnpurnui: 1974 ptJ.wqwfip.g Uwfiljm 
"lhmbppmpqp. UJ.hmwqw(i hwowtuwpw(ip wup]1nfip tJ.wpp~ t, puq 1975 ptJ.w-
1.J.wup.g hwuwmlilJ.mpJwtip' li:ppwnwqw(i uwphuwmpqwJp. - qwnwtJ.wpuw(i 
qnpbt!upwgubftp .'}>wqnqmbmp qbl.J.wul!: 

LL.nfi "lhmpnuJwfiT! hwtJ.wmwppu t ufiwght fuwqbpp mbuntJWfiJ! L. w111 
pfiwqwtJ.wnmu hwuht t tntP2 WP1l.Jmfi9(ibp}l' Uw hpwmwpw4ht t 15 ubfiw
qpntpJm(i L. qwuwqp.p9, opnugpg 3-J! pwpquwfitJ.bt tfi wUqtbftbu: "L,w hhq}l
fiwq t wtJ.btll pwfi 150 qp.mwqwfi w2fuwum1p1wu: luw.qbpp mbWltJIJWfi pfiw
qwtJ.wnmu fipw qbljwtJ.wpn1p1wup UJ.W2tnUJ.Wfitlht t u)l. pwfi}l mwufiJw4 pbq
uwontwljwfi L. qnqurnpwljwfi rumbfiwfunumpJmli: 

"L,w hpwtl}lptJ.ht t qwuw]unuhtm w2fuwphp wnw2wmwp 2wm hwuw-
1uwpw(i(ibpn1u' Pbplttll, .QhuppJul2, LoUqnu, lfnfipbw1, Snqpn, Ujmfifubli, lJh
fu)l.ltn, Uwfi "lwm1n, ~UqnUq ... L. pwqu)l.gu t;pL..wli]l. UJ.bmwqwU hwuw1uw
pwCinuI: 

LL.nu "lbmpnu1wli1!' «International Game Theory Review» wuuwqp]l. L.. 
«Game Theory and Applications» mwpbqp9]1. h)l.ufiwajlp fuupwqp.p(i t: "L,w UwL. 
fl-muwqwli pwdwfiumlip]l. ajlfiwupq fuwqbp)l. u)1.9wqqwJ]1.li qp.mwqw(i J!lilth
pntpJwfi liwfuwqwhli t: 



I. UUSPfiBUSfi"u IuU'lbP 

1. !lfiwqwfinli mhup}l hwqwuwpm luwl}}l uwhuwfin1U}! 

UmJu pwctu]l npnz hwul.jwgmpJmuubp L. uwhuwUnuiubp ljpl.jumu ta 
wnw2]1u hwlllllpp hwt.J.bttlwbmu puUwp4tlwb hwu4wgmpJmUUbpu m uwh
uwUmuUbPl!'. UJq 4P4UntpJntU{! 4wuiwptlbL t WUPI1IJ.2W4wUntpJntfr[! tluwtu
tnbtnt L. f!UpbpgwumpJntUf! hwpuwpwtlbui qwpolib1m liUjwmwl.jntl: 

1.1 Uwhuwlimu: .!,bmL.Jwthwuw4wpqf!· 
r=(X,Y,H) (l.l) 

npmbJt X-1! L. Y-1! ni qwmwpl.j pwqumpJmulibp bu, L. H:XxY ~R1 npL.t 
:}>mli4g]1w t, 4nitlmu t puw4wlinli mbup]l hw4wuwpm Juwq: 

xE X L. yE Y mwppbp(! 4nitlmu bli hwUWUjWUiwuJuwliwpwp wnw2t1U L 
bp4pnpq JuwqwgllIJ.Cibpp tlwptlhtw4bp1.4b11 r Juwqmu: XxY qb4w11mJwfi 
WflUIWqpJwtp mwpflbfl(! (wJu]lfip(i' tlw11tlbtw4bfll4bflp (x,y) qmJqbpf!, npmbJt 
xE X L yE Y) 4nitlmu bli ]1pwtllt6w4fihp: H(x,y) :}>mu4g]1wli 4nitlmu t 
wnw9pli JuwqwgllJUl zwhmu]l (tl6wpntu]1) :}>mul.jg]lw, ]1u4 l:ipljpnpq fuwqw
QllJUl zwhnui]l :}>mfil.jg]lwli uwhuwfitlmu t, npUjbu' -H(x,y): UJq 1.4wm6wnntl 
H(x,y) :}>mfi4g]1wu wfitlwfimu bli liwh 1.4wpqw1.41:iu r tuw'1lt zwhn1up :}>mu4-
gpw, )lul.j r tuw111!' qpn qmuwpntl fuwq (pwlip np gwul.jwgwb (x,y)E XxY 
hwuwp' H(x,y)+(-H(x,y))=O): UJul.4J1untl, oquiwqnpob1ntl {!liqmlitlwb uil:ipu]l
uwpwfimpJmCi(!, np1.41:iuq]1 r Juwq(! tnpt.J.wb tpu]l, 1.4hmp t tnpt.J.wo tpfihu 
wnw9]1Ci L l:ip4pnp1} JuwqwgI1IJ.Uhp)1 t.J.wpt.J.b1wl.jhpt1jl:ipp X L Y pwqumpJmu
fibpf!, ]1fi11.4hu fiwL. pn1np ]1pwtllt6wl.jUbp]1 XxY pwqtintf}JWCi t1pw npnztlwb H 
zwhntu]l :}>mul.jgpwu: 

r fuW'l[! Uh41iwpwut.J.mu t hbUJLJWL 41:ipUj. 
luwqwgllI]_Uhp{! U]lwctwuwUwq Li uptiJwugpg wUl.jwfu (lUtnpmu b(i XE X Li 

yE Y ttwpt.J.btwl.jbpUjbp(!: UpqJmlipmu wnw9]1u tuw11wgI1IJ.U urnwfinni t H(x,y) 
zwhntu (H :}>mUl.jgpwJ]l wpdbpu (x,y) qbtnmu), bp4pnpq[f -H(x,y) zwhmu: 

Uwhuw!inul: r= (X',Y',H') fuwq[l tinit.J.mu t r=(X,Y,H) tuw'1lt bfipw
fuwq, bf>b X'C){, Y'r;;,Y L H':XxY'~R1 :}>mCi4gpwU H :t>mutigI1wJ]1 fihqwgmuu t 
X'xY' pwquntf>JWU t1pw: 

UmJli pwd!imu q]lrnwpl.jt.J.btm hli hpuliwl.jwlimu wJfil.4J1up hwl.jwuwpm 
fuwqbp, npnfigmu tuwriwgI1IJ.Cibp]1 t.J.wpt.J.b1w4hp1.4bp]1 pwqUntf}JmfiCibpp t.J.bp-
9wt.J.np bu: 

1.2 Uwhuwfinui: liJfi hwl.jwuwpm fuwl)bpp, npnfigmu bpl.jm tuwriwgllI]_
fibpfi t1 muhfi t.J.wpt.J.bLw4bpUjbpp t.J.hp9wt.J.np pwquntf}Jntfifibp, 4nitfmu bfi 
uwuip]lgw]lli fuwqbp: 
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'l-}1gmp· (l.l) uwmppgwJI1fi tuw11mu wnw2}1fi fuw11wgnqfi mfip {!fiqw
utfi{! m pl{m.J. l{wpl{btwlttpur 4wpqwl{nptfip wnw2pfi tuw11wgllIJ.}1 l{wpl{btw-
1.tbpUfbpp X pwquntpJntfiI!, WJU}lfipfi' X L. M={ 1,2, ... ,m} pwquntpJotfifitpp 
u}12L. umtqatfip tlmfuupwpcttp hwuwuiwmwu}uwfimpJmfi: <!,wuwfiuw!inptfi, 
tpb tpljpnpq tuw11wgnqfi mfip n pl{ntl l{wpi.J.btwltbptq, wuiw Y L. N={l,2, ... ,n} 
pwqumpJntfifitpp up2L. qwphllt t hwumwmbt tlmfuu}lwpcttp hwuwi.qwmwu
}uwfimpJmfi: liJq qtuwmu r fuWIJ.I! ttinl{}lfi npn21.J.mu t A={a;j} uwmp}lgntl, 
npmhq' 

a;i=H(xi,Y), (ij)EMxN, (xi,Yj)EXXY, iEM, jEN: 
liJumhq}lg tt' fuwq}1 wfiqw!imul!· uwmp.}lgwJpfi: Qfiq npmu f' fuwIJ.Ci 

}:tpwqnp01.[mu t htmL.Jwt qtpi.q: Unw2pfi lttwqwgnqfi {!fimpnui t iE M Ulilll., 
pul{ tpljpnJlll fuwIJ.WQilIJ.I!. wnw2pfi]1 htm 11]1wctwuwfiw4· npL.t jE N uJmfiwq: 
Dp}lg htum wnw2]1fi fuw11wgnqCi umwfimu t a;i 2whn1ul!, ]rnlt tpljpnpqf!· -a;i 
2whntU{!: opt 2whntllf! hwqwuwp t pwgwuwqwfi pl{}l, wi.qw ppwqwCimu 
funupf! qnpwptpqmu t wJq qn1uwpf! mwCimt mw1mCi: 

Cwhntufitp}l A uwmp]lgntl r fuWilI! fi2wfiwittCip r A-ntl L. wfillwfitCip 
(mxn) fuwIJ. ({!UlD A uwmp}lgp lwi.putpp): opt 2wpwqpwfip}lg hwuitwfiwllt t, 
pt funupf! pfil uwmppgml fuwq}1 uwu]lfi t, wtqw A }1fiqhpuf! itCip liz}l: 

liwmptigwJpfi fuw11mu l1wpl{t1wltbptqbp}l hwuwpwlJ.w1mu[! ItwPilll t 
l{wmwpl.J.bt mwppbp hqwfiwltfihpnll, htmL.wpwp Itwpqwll.npqwampJwfi Jnt
pwpwfil)ntp hwpwpbpntpJWfiI!, fupum wuwa, hwuwutwmwu}uwfinuI t qpw 
uwmp]lg{!: liJutq]luml, l1tp2wtlnp hwl{wuwpm fuwlll! ItwPilll t filJ.wpwqptlbt 
mwpptp uwuip]lgCibpnl{, npnfip u]lliJwfig}lg mwpphptlmu hfi u}lwJfi Ulilll.hpp 
lJ.wu UJmfiwlJ.fibp]l ltwpqni.J.: 

1.3 Op]lfiwq 1. (.2WIJ.Wp]1 UfW2llltqWfilll]}Jntfi): liJU op]lfiwlJ.I! hwJmfip t 
nputbu "qfiqwi.qbm PtnmnJ}l fuwIJ." [4]: q.fiqwutbm Ptmnnfi mCip m hwm 
qmfiq, ]lulJ. ]1.p hwlJ.wnwlJ.npqf!' n hwm qmfiq: <!,wlJ.wnwqnJlllI! utw2mutwfimu t 
bpqm q]1p11: q.fiqwi.qhm P1nmnfi q]lpJ;!f! lJ.qpwtllt, bpb hwp&wl{tl.IlIJ. qfiqbpp 
PMI! uba lltfi]l q]lppf! U[W2lDUfWllilIJ. qfiqbp]l p@g: <!,wlJ.wnwltnpq 4.IlIJ.ubp]lg 
Ufwhwfi21.J.mu t qCiqhp{! pw2fubt bpltm q]lpJ;!bpp up2L.: 

DpnzbCip qfiqwU[bto Ptnmnp (wnw2pfi fuw11wgnq}1) 2whntuf! Jmpw11wfi
l)ntp q]1ppnuI: opb PP qfiqbpf! npL.t q]lppmu wt[bw zwm bfi, J;!Wfi hwqwnw
qn]1Il]1fi{! (bplJ.pn.pq fuwIJ.WQilIJ.I!), wi.qw ]lp 2whn1uCi WJI} llPPJ!IllU hwqwuwp t 
hwqwnw1J.n]1Il]1 qfiqbpp p@Ci qmuwpwa ublt (q]lpp]l qpwt[muf! hwuwpcthp t 
ubq qfiq]l qpwl.[UWfi{!): upb npL.t q]lppmu hplJ.pnpq }uWIJ.WQilIJ.P qfiqbpf! wi.J.blP 
zwm bfi, pwfi wnw2}1fi fuw11wgnq}1fi]!, WUfW wnw2pfi fuWIJ.WQilIJ.1! qnpgfimu t 
WJI} q]lppmu pp pn1np qCiqbpJ! L. L.u ubq upwtlnp (q]1ppJ! qnpgfibtm hwuwp): 
opb mtlJwt q]lppmu bpqm ltilIJ.ubpp qfiqbpp p]ltln hwt[wuwp t, wi.qw Dl opp t, 
L. ltilIJ.Ubppg nl uhltl! nwfil w umwfimu: Unw2]1fi fuwqwgllIJ.}1 ]!fiqhwfimp 
zwhntUJ! hwtlwuwp t bpqm qpppbpnuI umwgtlwa 2whn1ufibp]1 qnuiwp]lfi: 

UqfibpL. t, np fuw1m hwqwuwpm t: 
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ulJ.wpwqphfip }uwqwgnqfihpp i.J.wpi.J.htwl.J.hptqhp{!: 'l-]1.gmp' npnzwlJ.]1.m
pJwli hwuwp, m>n: Unw2]1.fi }uwqwgnqli mfi]l. hhmLJWL i.twpi.J.htwl.J.hptq{!. 
xo=(m,O)' pntnp qfiqhpli m.qwpl.J.ht wnw2]1.Ci q}lpp, x1=(x-l,l)' (m-1) hwm 
qmfiq IlU}WftlJ.ht wnw9]1.fi q}lpp, ]1.ul.J. uhl.J.I!' hpl.J.pnpq, x2=(m-2,2), ... ,xm_1=(1,m-l), 
xm=(O,m): ~wqwnwlJ.npqt! (hplJ.pnpq }uWIJ.W9flIJt!) mfi]l. WJutq}lu)1 i.twpt.lhtw
lthptqhp. Yo=(n,O),y1=(0-l, I), ... ,yn=(O,o): 

'l-)1gmp' wnw9t1fi }uwqwgnqfi {!fimpmu t Xo tJ.wpt.lhtwlJ.hpUJ.{!, )1uq hpq
pn.(11} }uwqwgnq{!· Yo i.J.wpi.J.htwl.J.hptq{!: ~wztlhfip wnw9]1.fi }uw11.wgnq]1 aoo 
zwhmufi WJlJ ]1.pwt.l}l.6wlJ.mu: .Rwfi]l. op m>n, WUJ.W wnw9]1.fi q}lppmu zwhmu t 
wnw9]1.fi }uwqwgnq{!: Pp zwhmut! hwqwuwp t (o+ I )-]1 (u]l.wi.J.np · JU1PPI! 
tqwhhtm hwuwp): bplJ.pnpq q}tppmu ni-np]l. t: liJutq}lumf aoo=n+ l: ~wzt.lhfip 
ao1-{!: .RwCip op m>o-1, WUJ.W wnw9pfi q]l.ppmu wnw9]1.Ci }uwqwgnq]l. 
zwhmul! hwi.twuwp t· o-1 +l=o: 

bplJ.pnpq q}lppmu zwhmu t hplJ.pnPJl }uw11.wgnqJ!: ~hmLwpwp, wnw9pCi 
}uwqwg011.Ci WJlJ q}lppmu qopgCimu t uhlJ. upwi.J.np: liJuUJ.ltuntJ.' ao1=n-1: liJu 
qwulll1llllPJntCiCihpt! zwpntCiwlJ.htntJ., umwCimu tap· aoi=n-j+ 1-l=n-j, 1:5j~: 
t,ph m-l>n, WUJ.W a10=n+l+l=n+2, a11=o-l+l=n, a1i=n-j+l-l-l=n-j-l, 2:5j~: 
CCiqhwCim.p qhuwmu (gwCilJ.wgwo m L n pt.lbp)1 hwuwp) zwhmufihpp 

uwmppgp %, i= 0, m, j= 0, n mwpphpf! hwzt.li.J.mu bfi hbml.tJWL lJ.hpUJ.. 

n + 2, hpb m - i > n - j, i > j, 
n - j + 1, bpb m - i > n - j, i = j, 
n - j- i, bpb m - i > o - j, i < j, 

- m + i + j, hpb m -i < n - j, i > j, 
a;i = H(x;,Yi) = j + l, hph m - i = n - j, i > j, : 

- m - 2, bph m - i < n - j, i < j, 
- i -1, hph m - i = n - j, i < j, 

- m + i -1, hpb m - i < n - j, i = j, 
0, hph m - i = n - j, i = j : 

liJuUJ.hu, m=4, n=3 qhuwmu q]l.mwplJ.htntl pn1np hCiwpwt.lnp I1pwt.l}l.-
6wljfihp[!, umwfimu hfip w1u }uwfJ.P zwhmufibpp A uwm11}:lgJ!· 

Yo Y1 Y2 Y1 

A= ::r-1 ! ~ :!]: 
x3 -1 0 3 I 
X O 1 2 4 

4 

Op}lfiwlj 2: (Chqt.lhtm }uwq): Unw9pCi Lt hplJ.JlOM }uwqwgnqCihpCi (lUIJl

pmu bfi l I.a n ptJ.hpp 0}19\.a J!GlJ.wo hwuwUJ.wmwu}uwGwpwp i Lt j ptJ.hp, pG11 
npntu wnw9}lfi }uWJJ.W9flIJl! 7whmu t IHI ubClntf)Jnlfip: liJU }uWlijl uwmpt1gp 
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pwnwti_muwJpfi t, (nxn) 2wl,ltuhpp, 3jj=li-jl: UJt}Uibu, hph n=4, wtqw tuwri}l A 
OWUlpjlg[! mfihfimo t hhUlUJWL UlhUp[!' 

l 2 3 4 

1(0 l 2 3] 2 1 0 1 2 
32101 · 
4 3 2 l 0 

2. lfwpu}nI)1fiwJ)lfi lL u)1Ci)1uwpu)11IwJJ.16 tlwptlh1wtihptqhp 

2.1. 'l-pmwpti_hfip r=(X,Y,H) hwti_wowpm )uwrm: UJumbq )uwqwgmi.
lihppg Jntpwpwfi23mpn PP 4wp4htwli_hptqli [!fitnphtnt op2ngntl oqmmo t 
umwliwt wnw4h1wqntJ!i 2whmo: UwqwJfi wnw2)1fi tuwqwgnqjl hwowp wJ!i 
npn24mo t H(x,y) :t>m!iti_gpwJnll, puti_ hpli.pnMlt hwowp' -H(x,y) :t>mliti_gp
WJnll, WJUpfipfi' fuwqwgmi.lihp}l fiUIWtnwqlihp[! tlmll)16 6hphwti_ hCi: ~w2ll)1 
wn!ibtnll, np -H :t>mfiti_gpwJ}l owpu}llintOJ! qmlibtm )ufiajlp[! hwowpctbp t H 
:t>mliti_g}lwJp u]1Ci)1untun qmfihtm )ufiqppu, ti_wpbllt t bqpwti_wgfibt, np wnw2pu 
)uwqwgnrm oqwmu t H )m6ti_g}lwJ]1 µmw4b1wqn1Jfi wp<tbp]16, }luti_ bpltJlnM 
)uwqwgmi.I!' 6ntJ6 )mCiti_gtiwJp fiqwqwqntJfi wpcthppfi: UJu tqwmnwnntl t1, 
wnw2pfi Juwqwgnqjlfi hwnw)u wfitlwlimu bu uwpu}luwgumi., J:iuti. bpti_pnp
ajl(i' u}lfipuwgfimi. tuwqwgmi: ~lt2bgfibfip [!fiqhwfimp hwti_wowpm tuwqbpp 
tlhpwpbpJWL wnw2]1li hwmnp}l ~wti_wuwpm )uwqbp qttun1u phpqwb up 2wpp 
uwhuw!imufibp L. hwuti_wgmpJntfiCibp: 

8wfiti_wgwb r=(X,Y,H) hwqwuwpm )uwqmu 
y =supinfH(x,y) (2.1) 

xeX yeY 

plttl.6 w6qw6mu bfi r tuwl'J..lt umnp}lfi wpcthp: bph (2.1) wpmwhwJumtpJwfi 
wpmwp}lfi tpumphumu[! hwuwfibllt t, WUIW y plt4Ci wfi4wfimo bfi fiwu 

uwpupupfi, qwo wnw2]1fi )uwqwgmi.]1 WUiwhnq4wb wnwtJ.b1wqn1J6 2whmu: 
'-lwptlb1wltbplllJi nfimpmpJwfi wJq uqqpmfipfi wfiqwfimu bfi uwnupopCip, 
qwu wtqwhntltlwb wnwl[b1wqn1Jfi 2whn1up uqqpmfin, }lult WJll uqqpmfinntl 
[!fimpqwb x qwpqb1wqhpUin' uwpu}luwJ]ICi 4wptlb1wl.J.bptq: 

~wuwCiuwCinpbfi' 
v = inf supH(x, y) (2.2) 

yeY xeX 

p}ltlfi wfitlwfimu bfi r )uwqp qbp}lfi wpcthp: bph wJu wpmwhwJumtpJwfi 
wpmwpp(i tputnpbOUlU]! hwuwCibllt t, WtqW V -Ii wfiqwfintu bfi fiwu U}lfi}l
uwpu qwu bpti_pn}lll )uwqwgmi.]1 litlwqwqntJCi wtqwhnqtJ.wb qnpmum: '-lwpl[h-
1wl.J. hpu1 nfimph1m wJq uqqpmfipfi wfiqwlimu hli upCi}11Iwpu]1uwJpfi, }lult wJq 
ulJ.qpmCipntl nfimptlwb y qwpt{h1wlJ.bpum' opli}luwpuwJ}lfi tlwptlbtwqbpUI: 
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~wJmfip t, np bplJ.nt l}uupn}uwlJ.wfip gwfilJ.wgwo H(x,y) :t,mfiqgpwJp 
hwuwp' 

sup inf H(x, y) :Sinf supH(x, y) 
xeX yeY :,,EY xeX 

Uw fi2wfiwlj_mu t, np gwfiqwgwo r={X,Y,H) }uwrimu· 
v~v: (2.3) 

J2wfip np uwuippgwJpli }uwqhpJ! qtp2w4np hwqwuwpui }uwrihp hli, 
wJupfipfi' 4wptlh1wlJ.bpUJbpp X L. Y pwqumpJmlifihpJ! tl_hp2wt1.np hfi, WUJW 
uwmppgwJ]lfi }uwqbpmu (2.1) L. (2.2) wpwwhwJmmpJntlifibp]l wpwwppfi 
tpuuipblimufibpJ! hwuwfibi]1 bfi: ci.pgmp' wp4wo t r A uwuip]lgwJpfi (mxn) 
}uwq: UJIJ: qhUJPntU 

v = max min a .. , 
- is;,;m t,;jSo 9 

v = min max ar : 
t,;jSn t,;i,;m 1 

UJUUJUU, 

A =[1 ~ :1 
6 0 I 

(2.4) 

(2.5) 

uwmppgnq r A }uwqmu _y uump]lfi wpcthpJ! (uwpupu]lfiJ!) t, wnw2Jifi }uwqw

gnq]l io uwpupupCiwJpli 4wptJ.t1wqbpum hw4wuwp bfi' _y =3, io=2, pulJ. v 
qbppfi wpctbp{! (upfipuwpu{!) t, bplumflil }uwqwgnqjl jo ut1upuwpuwJpfi 4wp
tlh1wlJ.bpum hwtl_wuwp b(i' v =3, jo=2: 

3. ~wtlwuwpwqznmpJwfi }lpw1fll6wl!fihp 

3.1. ci.pmwpqbCip hwqwuwpm }uwqmu }uwriwgruiCitpp 1wtJ.wqn1Jfi (out
mpuwt) tl_wppwqop hwpgJ!: 

Uwhuwfinui: r=(X,Y,H) hwqwuwpm }uwqmu (x ·,y·) ppwtJ.p6wq[l lJ.n1-
4nui t hwtl_WULUpUJltlnmpJWfi ppwtl.fl6wq qwu pwupwqbm, bpb 

H(x,y·) :S H(x·,y\ (3.1) 
H(x·,y) :S H(x·,y\ (3.2) 

pn1np xE X l, yE Y hwuwp: 
r }uwq]l hwtJ.wuwpwvnmpJWU pn1np ftpwtJ.p6wlJ.libpJ! fi2wfiwlJ.bfip 

Z(r): iflwpq t, np Z(r)g(xY: 
r A uwmppgwJpfi (mxn) }uwrimu hwqwuwpwtqnmpJwfi ppwtl.}16wq

fibpp uwhuwfimufi l!fi11mfinui t hbml,Jwt wtiuv(l: (i° j ) ppwqp6wtm hwqw
uwpwltlnmpJwli ppwqp6wlJ. t rA }uwqmu, bpb (uj1wglibtn'1_ (3.1) t, (3.2) 
wfihwtl_wuwpmpJmfifibpJ!) ~i· :S ll_;•j• :S ~·i pn1np I :Si:'.'illl l, I :Sj:Sn hwuwp: 
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fchuupwqhumtu uwmppgp aj•j• mwppf! upwctwuwGw4 l.t lpllppwqntJ!ifi t 
pp UlllJlmU, Lt wnwt.1.h1wqn1JG1! pp uJmGwqmu: \Jwlunprf 2.1. qhmmu qpmwp4-
t.1.wa 

A= r~ ~ :1 
6 0 1 

uwmppgml tuwqmu (2.2) ]1pwt.lp.6w41! hwqwuwpw4lnqwa t: 

3.2. r hwqwuwpm }uwqmu hwqwuwpw4lnmpJwfi ]1pwt.lp.6w4Ghpp 
pwqumpJntfil! ochnqwa t wJGtq]lup hwmqmpJmGGhpnt.l, npnfip pmn hfi 
mwtlm Iunuht hwqwuwpw4lnmpJwG ]1pwt.lp.6w4]1fi tqwmqwfiltlJ. qwpt.lh1w-
4hptqbpp 1wtlwqntJfi tpfihtm uwu]lG: 

@-hnpbu: -'l-]lgmp' ( x;, y; ), ( x;,y;) ]1pwt.lp.6wlJ.Gbpf! hwi.(wuwpwlu]ln bfi 

r hwqwuwpm tuwnmu: UJq qhUil!ntti' 

I) H( x;, y: ) = H( x;, y; ) = H( x;, y;) = H( x;, y; ), 

2) ( x;,y; )EZ(r), ( x;,y; )EZ{r): 
UtqwgmgnuI: {w4wuwpw4lnmpJwG ]1pwt.lp.6w4]1 uwMwGnuipg' 

H{ x, y;) :s; H( x;, y;) :s; H( x;, y) (3.3) 

H(x, y;) :s; H( x;,y;) :s; H( x;,y) (3.4) 

pn1np XE X l.t yE Y hwuwp: {3.3) wfihwtlwmupmpJwli ow}u uwuntti mhqw

qphfip x;, ]lulJ. w2 uwunuf y;: (3.4) wfihwi.(wuwpntJIJWG ow}u uwuntu mh-

qwqphfip x;, puq w2 uwuntu y;: lmmwfiwlip' 

H{ x;, y;) :s; H( x;, y;) :s; H( X:, y;) :s; H( x;, y;) :s; H( x;, y; ): 
Opmtqpg hbml.tmu t 

H( x;, y;) = H( x;, y;) = H( x;, y;) = H( x;, y;) {3.5) 

hwi.(wuwpntpJntfif!: BmJg mwfip bplJ.pnpq tqGquwG 62uwpmntpJntfi[!: -'l-p

mwpqhfip ( x;, y;) ppwt.lp.6wtm: {3.3)-(3 .5) wnGimpJn.tfifibppg umwlinu.i bGp' 

H( x, y;) :s; H{ x;, y;) = H( x;, y;) = H( x;,y; )g:{{ x;,y) {3.6) 

pn1np xEX, yEY hwuwp: {x;,y;) ppw@ow4]1 bw4wuwpw4lni.(wb tpfihm 

Wtqwgmgi.(mu t hwuwfiuwGnphfi: 
@-hnpbu]lg hbmt..ntti t, np hwi.(wuwpwlunntJIJWG pn1np }lpwt.lp.6wlt

GhpnuI 2whmup :t,mGlJ.g}lwG l!fi:qmfimu t u]ll.tfimJfi wpctb111!: 01um}l }ut1wgp t 
fitpumbht hbmhJWl uwhuwfimtif!: 

UwhuwfinuI: -'l-]1gm11' {x • ,y ·)-1! hw4wuwpwtunn1pJwfi }lpwi.(p6wlJ. t r 
fuwqmu: UJfl flbUil!ntti 

v = H{x·,y·) {3.7) 
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PJull! 4n2i.tmu t r Juwqp wpctbp: 
litbnpbup bp4PnJ1Il UJUl}IllUpg uwuliwtlnpWUJbU hbmLmu t up WJUlajlU}l 

t}lwum: Z(r) pwqumpJwli UJPDb4g}lwlibpJ! X L Y pwqumpJmUCibp(l i.tPw 
lizwUwqblip hWUWUJWlflWU}uwliwpwp x• Ly•, WJUpfip(i' 

x· = {x ·1x· EX, 3y·E Y, (x·,y· E Z(r)}, 
y• = {y.ly.EY, 3x.EX, (x.,y.EZ(r)}: 

UJI} qbuwmu Z(r) pwqumpJmfiJ! qwpbw t libr•4wJwgCibt 
Z(r) = x·xy· (3.8) 

mbupnl!: UJu UJlil}IlulCi wUu}12wUJbu hbml.antu t pbnpbup bp4Pnpq tqlil}Iltli}lg: 
Uwhuwlimu: X 0(Y•) pwqumpJntfiJ! 4n2t1mu t wnw2}1fi (bp4PnJ1Il) Juw-

11wgnqp twl{wqntJfi l{wpl{btw4bpUJbpp pwqumpJntli, puq l}JlW mwppbpJ!· 
wnw2t1li (bp4PnJ1I1) Juui11wgnqp iwl{wqntJli l{wpl{htwlJbpUJbp: 

\,4wuihfip, np (3.5) hwl{wuwpntpJntfiJ! gmJg t mwwu, np Juw11wgnajl 
iwl{wqntJfi l{wp\{btwltbpUJbpJ! 4wf1Il11 bfi t}lnJuwppfiht upu}lwlig, wJuJlfi12fi· 
iwl{wqntJU l{wpl{btwltbpUJbpp gwfil}wguic) qmJq l}wqumu t hw4wuw
pwltznmpJwfi Jlpwl{p6w4, }lu4 zwhntUJ! WJI} Jlpwt{pow4mu hwl{wuw(l t 
Juwqp wpctbppfi: 

3.3. tuw11wgil1lfihpJ1 l!wppwqbJl 1wl{wqntJli wfitm W t}ln}ul{}l, bph Juw11lt 
l{wpl!btw4bpUJbpJ1 pwqumpJm!ilibpJ! ufiwfi fimJfi(l, Jlu4 zwhn1u!1 ~mfi4g}lwfi 
pwquwUJwmti® npt.t l}JlWl}wfi hwumwmmfin4 (l}wu TJ[1Wfi qn1uw[1\{}1 
hwumwmmfi p}14): 

Lbu (uwuzmwpp l{bpwpbpJwL): '1-pgmp' f'=(X,Y,H)-p L r=(X,Y,11)-p 
hpl}m hwltwuwpm Juw11hp bfi, J!fi'l npnuf 

H'= {JH+a, /3> 0, a= const, /3= const: (3.9) 
UJl} l}hUJPmu· 

Z(r) = Z(f'), vr = /3 ·vr+a: (3.10) 

Uiqwgmgmu: '1-pgmp· (x·,y·)-(l hwl{wuwpw4zmnpJwli J111wl{J16wlj t. r 
Juw11mu: UJI} qbuwmu mfibfip' 

H'(x ·,y ·) = /3H(x ·,y ·)+a~ /31I(x° ,y)+a = ll'(x • ,y), 
H'(x,y·) = fJll(x,y·)+a~ /311(x°,y.)ta = ll'(x°,y°) 

pn1np XE X L yE Y hwuwp: flt umti' (x ·,y .)E Z(r), Z(f')E Z(r): 
~wljwnui4J!, l}}lgmp· (x,y)E Z(r): UJr111hUJpmu 

Il(x,y) = (l//3)11'(x,y) al/3 
L., hwuwfiuwfinpbfi qwmh1nl{, umwCimu blip, 1111 (x,y)E Z(I'): f ltumf1' Z(l')-·ZW), 
J!Utn npntu 6pzm t. hbmLJwt hwl{wuwpntpJmup· 

vr = Ir (x·,y·) = /31l(x 0 ,y°)-1a"' /Jvr+a: 

S~w1 thti[!. ll4wJmu t. wJCi uwuJ11i, n11 uJ1wJCi zwluu 0Cib11J1 hw7i.tuwli 
u4qpuw4tmnl{ L l}pwfig iwtftuwfi uwuzmwpnl! uJniJwlig(lg mw11pb114n11 gwCi-
1.(wgwll bp4m Juw11hp l!wptlhtw4hpUJWJ}lfi hwuw11dhp Juw11hJ1 hli: 
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3.4. UJchi hwmnwmbup hwtJ.wuwpwltznntpJwu ul{qpmup}l m uwpu}l
u}lup l.t u)1Ci)1uwpup uqqpntCipCibpp llmtuwqwpo qWUJ.1! hwqwuwptn tuWJJ.mU: 

fcrbnpbu: fiputhuq}l r=(X,Y,H) hwqwliwpm tuwqmu qnJntpJmu mCihCiw 
hwtJ.wuwpwtunmpJwCi }lpwl{pawq, wCihpwdhzm t l.t pwtJ.wpwp, np qnJm
pJmu mCibuwa u)1Ci}luwpun l.t uwpupu}lun' 

minsupH(x,y), max.infH(x,y) (3.11) 
y • • y 

l.t qwmwpl{p hbtnL.JWL hw4wuwpmpJmU1f 
y = max inf H(x, y) = minsupH(x, y) = v (3.12) 

X Y Y X 

Uutwgmgmu: UCihpwdbztnntpJntfi: 'l-}lgmp' (x0 ,y0 )eZ(r): UJq qhui.pmu 
pnplp XE X L. yE Y hwuwp a}lztn b(i 

• • • • 
H(x,y) $ H(x ,Y) $ H(x ,y) (3.13) 

wuhwl{wuwpntpjntuuhp{!, nptnbq}lg' 

supH(x,y0 )SH(x°,y°): (3.14) 
X 

'l-pw hbtn libl.J.tnl:iJJ. mubUp' 

infsupH(x,y)SsupH(x,y·): (3.15) 
y X X 

~wubuwtnbtntl (3.14)-t! L. (3.15)-t!, umwumu·tup' 

inf sup H(x, y) $ sup H(x, y·) ~ H(x ·, y·): (3.16) 
y • • 

~wuwuuwunpta qwtnbtnll, hwuqntli tap hbtnl.tJWL wUhwtJ.wuwpm
pJmUCibp)l(i' 

H(x ·, y°) $ inf(x ·, y) $ sup inf H(x, y): (3.17) 
y • y 

UJuU[}lunq' 
inf supH(x, y) $ sup inf H(x, y): 

y X X y 

Ujmu qnqli)lg, u)lzm 6)1zm t (2.6) hwqwnwq wCihwqwuwpmpJntfi{!: 
UJunthbtnL., umwUmu bUp' 

sup inf H(x, y) = inf supH(x, y): (3.18) 
X y y X 

eaq npntli (3.16) L. (3.17) wfihwtJ.wuwpntpJntCifitpn ]lpwqwfiwfimu b(i 
nputhu hwtJ.wuwpntpJntfifibp' 

inf sup H(x, y) = sup H(x, y ·) = H(x ·, y 0 ), 

y • • 

sup inf H(x,y) = inf H(x 0 ,y) = H(x·,y0
), 

• y y 

WJUpfipfi' Upfi)lliwpu)l u UWllUpUp(i)l W~U1W~)1(i lputnpbuntli6bp{! hwuwfibtlt 
ta qwn6mu hwliwutwmwutuw6wpwp y l.t x 1.J.bm.bpntu: 

PwqwpwpntpJntfi: 'l-pgm12 upu)luwpuU m uwpu)lu]lu{! qnJntpJntfi mUbfi' 
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m ax inf H(x, y) == inf H(x •• y) (3.19) 
• y y 

minsupH(x,y) == supH(x,y') (3.20) 
y • • 

L. (3.12) hwtl_wuwpmpJmUfi mct)l ub2 t: 8mJg mwUp, np (x*,y°) )1pwtl)16wlm 
hwtl_wuwpwqz)ln t: P.pnp' 

H(x ·, y 0
) 2'. inf H(x ·, y) == max inf H(x, y) (3.21) 

y • y 

H(x • ,y 0 )::; supH(x,y°) = minsupH(x,y): (3.22) 
y 

Cum (3.12) hwtl_wuwpmpJwfi, til1fi)luwpun hwtJ.wuwp t uwpu)lu)lfi)lfi, )lulj 
(3.21)-)lg L. (3.22)-)lg hbmL.mu t, np WJU uwL. hw1lwuwp t H(x 0 ,y0

) uhbm
J:IJWU1!, wJu)l!ipCi' (3.21)-)1 l.t (3.22)-)1 wfihwtJ.wuwpmpJmfiuhpn ljwuiwptJ.mu 
hfi nptqhu hwtl_wuwpntpJmfiubp: UJchI mfibfip' 

H(x*,y°) = infH(x 0 ,y)::, H(x 0 ,y), 
y 

H(x 0 ,y 0
) ==supH(x,y·)2: H(x,y°) 

pntnp xEX L. yEY hwuwp, WJUfiupfi' (x.,y.)EZ(f): 
LJzb!ip, np WtqwgmguwU [!Upwgpmu QntJQ mptJ.bg, np ufiufiuwpu)l L uwp

u)lu)lU)l (!UqhwUmp wpcthpf! hwtl_wuwp t H(x ,y°y tuwJUI wpcthpt1U, [!Ciq npm.u 
phnr1hu)1 lllWJUWfiUbpmu utiu)luwpuwJfiU (uwpu)lupCiwJpU) gwCiljwgwc') y (x ) 
tJ.wptJ.htwljhptqf! twtJ.wqn1JU t, wJufifipU (x·,y0

) fir1wtlfi6wlj(! hwtJ.wuwpw4lpn t: 
fcrhnphufi wtqwgmgliwfi (!Upwgpmu uuiwgwUp hbuiL.Jwt utfiqmup: 

{bUll.intpJmli: bpb (3.11)-mu upufiuwpU[I L uwpupufiUI! qnJntl}Jntfi m(ib(i 
L. hwuwfiblti bU hwUW1llWU1wutuwfiwpwp y L. x ljbmhp)l tJ.pw, WUJw· 

max inf H(x, y)::; H(x, y) $ min sup H(x, y) : (3.23) 
• y y 

{)lzbguhup, np wJfi J:uw11tpp, npnugmu qnJml}Jmfi mCihCi hwtl_wuw
pwqznmpJwfi fipwtl)lowljUhp, ljn2tl_mu b(i Lfinpnz J:uw11bp, hhmLwpw11 l}hn
phul! l{wpblti t tJ.bpwlaLwljhplllht hhmLJWl ljhput: flpUJhuqJ1 fuw.rtp L11Uti 
Lltnpnz, wfihpwctbzm t L. pwl{wpwp, np uplifluwpu{! L. uwpuJtut1U11 (3.11 )-mu 
qnJDLJ}JntCi mCibCiwU L. tnhJUI mCihCiw (3.12) hwt1wuwpn113JmCip: 

LJ2b(ip, OJl r A UWtnppQWJ)lfi ):uWJ1DlU (3.11 )-fl tputnphtim UUb(IJl Ultzut 
hwuwfihlti hfi, mumfl WJll ):uwqhpp hwuwp l}hnpbuCi [ICi1µ11Cimu t hhtnL..JWL 
mbupf!: 

{bmL.wCip 2: flp111buqjt rA uwmp!1gwJflfi (mxn) tuw1m LfiCit1 1tin1mz, 
wCihpwdbzm t L. pwtl_wpwp, np 

. min . max a0 = max min a;, 
J=l,2, .. ,n 1=1.2 •.. m ,~1.2. ,n J=l.2 .. ,u 

(3.24) 

LJljwmhCip, np 1.3 ljhtnmu phptl_wc'> 01l.(1CiwljCibpn1u c\L.tuljt11llltlwc'> fuw
qbpf! Lfinpn2 2hCi, pulj 3.1 ljl:immu phptl_wc'> J:uw1Jp 1pnpnz t.: 
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4.1. '1-pUiwpqbfip r A UWUlppgwJpCi tuwrm: b}}b WJI} fuwqmu qnJntpJmCi 
mfip hw4wuwpw4lnmpJwfi ppw4}16wq, WUIW upCipuwpuJ! hwl{wuwp t 
uwnupupfipfi, (!fill npmu hw4wuwpw4lnntpJwfi ]1pwl{p6wqp uwhuwCiuwCi 
hwuwowJfi, tuwqwgnqfibppg JntpwpwfiiJDlPJ! qwpnq t hwlJ.wnwqnPll)lfi hw
qnpqbt pp twl{wqntJCi l{wp4btw4hPUII!, L. WJI} hwfiqwuwfiJ;!l! fuwqwgnqfibp]lg 
Ill ubqpfi W, qWJlllil tpWQlllQPl OQillUl UIWt: UJ<hl b(ipwry1bCip, np r A tuwqmu 
qnJntpJmfi imfip hw4wuwpw4lnntpJwfi ppw4li6wq: UJq qbu.wmu f!UUI 3.4 
lJ.bUip pnpbup L. 2.2 ljbUip thuP. mfitCin' 

min max a -max min a. > 0 
j j IJ j j U 

(4.1) 

UJU qtu.wmu UWJ;!UpupfiwJpfi L. UltfipUWJ;!UWJpfi ~wpl{btwljbpUibpfi 
twl{wqntJfi itfi: U4bil1fi, fuwqwgnqfihpl1fi obnfiUim !t WJI} tJ.wptJ.btwljbpUihPJ! 
qppwnht, nwfip np fipwfin ljwpnq bfi mnwfiwt wl{btp uho zwhmu: UwqwJCi 
hwqwnwqnpqpfi pp l{wpll.htwlthpUiti J!fimpntpJwfi uwupfi mhqhqwgfibU! 
qwpnq t hwCiqbgfibt w4btp uho qnpntutnfibpll, nwfi UWJ;!UpupfiwJpfi qwu 
UpfipUWJ;!UWJ]lfi l{wpl{tiwqhpUibp]l qtu.wmu: 

PpnJ;!, pnq A uwmp]lgCi mfip hbmL.Jwt U1bun1!' 

·A=(~~} 
UJu uwmp]lgp hwuwp 

rninmax a .. =5 maxrnina. =3 
j j U > j j IJ > 

w1uJ.l.fipfi' hwl{wuwpw4znmpJwfi )1pw4li6wq qnJntpJmfi !Illfip: i°-nl{ Cizw
fiwqtfin wnw2)1fi fuwqwgnq)l uwpu)luwJ)lfi tlwpl{btw4hPUII! (i°=l), )1.uqf-ntl' 
tr1tumpq fuwqwgnqp upfi}lUWJ;!UWJp.Ci 4wp4htwlthPUII! ((=2): '1-)1.gmn' hplt
pnpq tuwqwgnqfi J!UUlpntu t pp 11)1.CipuwpuwJ]l.Ci f =2 l{wptlbtwlthPUII!, p.uq 
wnw2}1fifi {!fimpntu t i=2: UJq qbu.wmu l{bp2pfiJ! qumwfiw 5, w1u]1finfi 2 
u}lw4npnl{ wl{btp, nwfi uwpu]lu}lfiwJ)lfifi t: UwqwJfi bpb tptumpq fuw
qwgnql! qnwh]l wnw2)1Ci fuwqwgnq)l l!fimpntpJmfi(!, WUIW Ciw qlplltu)l )1.p 
l{wpl{btwltbPtlll!, l!Cimpbtnl{ j=l, L. WJI} qbUIPillU wnw2)1CiJ! qutnwfiw J!Ciqw
ubfiJ! 2 u}lw4np, WJU}lfinfi utq u)lwl{np wl{btp PP.!, pwfi uwpu]lu]l.Cip qblllJ;!IllU: 
~wuwfiuwfi qwlllllllntPJntfifibp qwpbtp t wfi ht fiwL. bplumpq fuwqwgnq)l 
hwuwp: Cum tmpJwfi, hwpgfi WJCi t, pb (4.1) qntuwpl! fi.fi!Uibu pwctwfibt 
fuwqwgnqfibpp. up.2L.: 

"lwpql{mu t, np WJil qbUIPntU fubtwupm lttltfip., op tuwqwgnqfibpl! 
qnpobfi UIWtnwhwltwfinpbfi, p.fim ltwtllwhnl{J.l. l{wptlbtwltbpUiti wnwtJ.btw
qntJfi qwqmfipntpJmfi: CfimpntpJwfi WPI}Jntfip]! w qwJlllil hwJmfip. qwnfiwt 
hwqwnwqnpajlfi, nwfip. op qw fimJfip.uq ]lpbCi' fuwqwgnqpfi, hwJtnfip. !t pwfip. 
qbn UiwmwhwltwCi uwppl! w wzfuwmbgl{ti: 
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4.2. Uwhuwfinu.I: "lwmwhwqwli uhcmtpJntlil!, npp wpctbplihpl! tuwqw
gnqp tl_wpl.{btwltbpUjhpli bli, qn~tl_mu t fuwqwgnqp fuwn(! 1.{wptlhtwlthpur 

liJUUjbu, r A uwmppgwJpCi fuwqmu wnw2pu fuwqwgnajl fuwnl! 4wp1.{h-
1wqbpll}I! UjWIDwhwqwfi uhcmtpJmCi t, npp wpcthpCibp(! A tiwtnppgp IIlllflhpp 
iE M hwuwpCihpfi hfi, M= { 1,2, ... m}: <.wtiwfiuwfinpbfi t uwhuwfitl_mu hpJuu1Jlll 
}uwqwgnqp tuwnl! 1.{wp1.{h1wqhpll!I!, npp wpcthpCibpl! A tiwtnppgfl jE N UJnt
fibpp hwuwpCihpfi bu: 

<.w2® wnfibtni.I fuwnl! 4wptl_b1wqbpUI}1 WJU uwhuwCimti(!, Ciwfultflli 
1.{wp1.{btw4hpll!hPI! qwfil.{wCihfip "uwpmp": .QwCip np ll}Wtnwhwqwfi U:hcmt
PJntfi{! pfimpwqptl_mu t pp pw2futl.wmnpJwtip, Wll!W hhtnwqwJmti tuwnt! 
tl_wptl_htwlthPll:11! qlimJfiwgfiblip U:mpmp 4wptlhtwqbpUjhpp pwquntpJwCi IUllll 
mpqwo hwl.{wliwqwuwJpfi pw2}u4wcmtpJwu hhtn: UJ11UI}luntl_, uwmpflgwJflli 
fuwqmu wnw2pfi fuWJ'lW911I\]1 x tuwn(! tl_wpt(h1wqhpll!(! m lwtpwlip tlhqump t' 

X = (i;1,- .. ,i;rn)E Rm, f i;, =I, i;;2'.0, i= I, ... ,m: (4.2) 
i=l 

<.wtiwCiuwfinphfi, bpqpnJlll tuwqwgnqp y tuwn(! t(wpLl.htwlthpUj[l n 
lwtfiwlip tlbqump t' 

n 

y= (T/1,···,T/n), LT/1 = I, 7/j2'.0,j=l, ... ,n: (4.3) 
/=I 

Cuq npmu ~;2'.0 L. 7/lO pqhp(! iE M L. jE N uwpmp 4wpt(h1wqhpll!hPfl 
I!fiutpmpJwu hwt(wliwqwfimpJmfilihpfi bu tuwriwgnquhpp qnqupg hwtiwutw
mwufuwliwpwp x L. y fuwn(! t(wp4h1wqhpll!bpp oqmwqnpbuwfi qhll}PmU: 

Unw2}1fi L. hpqpnJlll fuwriwgnqlihpfl fuwnp t(wpt(h[wqbpUjhpjl pwqum
pJntfifibp(! fi2wCiwqbCip hwUWUjWlilwufuwCiwpwp X-ntl L. Y-nt(: 'kh.[wp 1t 
CiqwmhL np Jntpwpwfiljntp fuwqwgnqfl tuwnp 4wptlh1wqhpUjhpj1 pwqum
pJntfi(! qntiutwltm t hwllwUjwmwufuwfi tlhp2wtlnp2w1.pwfit1 ln!lttllJ'lhUJWfi 
mwpwbmpJwu uh2 (1.pwq, uwhuwliwtfiw4 pwqumpJmfi): 

Uwhuwfimu: '1-flgmp' x=( i;1, ... ,~m)E X-(! wnw2J1fi fuw11wg111l11 fuwn11 
tl_wptlhtwlthpll}Ci t: UJq J')hu.wmu· 

M.={il iEM, i;;>O}, (4.4) 
npmbq M= {1,2, ... ,m}-1!, qwfitl_wfihfip x 1.{w11tlh1w4hpUjjl uuili4m11: 

<.WUWfitiwfinpbfi, hp[umJlll fuw11wgnru1 y=( 7/1,. '", 7/n)E Y J:uwn11 tl_w11tl_h
tWlthpUjj1 Ny UUjbqtn(l{l uwhuwfitl_mu t hhtnL.JW[ qb)lUj. 

Ny=UijEN, 7/J>O}, (4.5) 
npmbq N= I 1,2, ... ,n}: luwnp tl_wptlh1wlthttUilt uuihlttn(l[l pwriqwgwb t. WJfi 
uwpmp t(wptlh1wqhpuihppg, npnfip (IUutptl_wb b(i J')IlWltwli hwtl_wliwqw
limpJmfifihpntl: 

8wliqwgwo x fuwnp tl_wptlh1wqhpuiJ1 hwuwp M,:10, pwlil1 1111 x 
tlhqtnnpp pw11wqpfl1lihp(! n1 pwgwuwqwCi b(i, L. ru1wCig q111 uw1111 hwtlwuw11 t. 
uhqp [tnh'u (4.2)]: 
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'1-)1.mwpl.J.blip u;=(e1, ... ,e;, ... J 0 )EX, npmb.JJ. ei=l, ej=O, j¢i, i=l,2, ... ,m: 
UJutqpu)l 1.[wpl[htwl.J.bpum pbtwqpnui t A uwmppgp i-pl} UllU\P {!limpmpJmlil! 
1 hwlj_wliwlJ.wlimpJwup: Pliwl.J.wli t U;E X tuwnl! 1.[wpt{htwqbpUJ.l! limJliwglibt 
i-pl} lillll1P l!limpntpJwli, wJu)llipli' wnw2)1.li tuwqwgllllP ie M uwpmp 1.[wp
tlhtwl.J.bptqp hbm: ~wuwliuwlinpbli, wr(11i, ... ,17i,···,'1n)EY, npmb.JJ. 7J;=l, 7J;=O, 
i¢j, j=l,2, ... ,n, tuwnl! 1.[wpl[btwl.J.bpum limJliwglibfip bpl.J.pnpl} }uwqwgW\}l 
je N uwpmp t{wpl[btwlJ.bpUJ.ti hbm: UJutqpunl[ uhfip umwgwlip, np tuwqw
gmtlt J:uwnf! itwpt{btwlJ.bpUJ.bp)l pwqumpJmfil! )1.p uwpmp 1.[wpl[btwlJ.bpUJ.bpp 
mwpwc}mpJwli {!lirnwJfintuli t: 

Uwbuwlimu: r A UWUlppgwJ)lfi }uwqntu }uwqwgnqlibpp tuwnl! itwpl[btW· 
qbpUJ.bpp (x,y) qmJql! I.J.nlitmu t }uwn{! 1.[wpt{btwqbpUJ.bpnl[ )1.pwtUi6wlJ.: 

r A UWtnppQWJ)lli (mXD) }uwqntU WflW5!)11i }uwqwgnq)l ZWhntU{! tuwnl! 
itwptlhtwltbpUJ.bpnll (x,y) )1.pwtUi6wqmu uwhuwlihfip npUJ.bu )1.p zwhmup 
uwpbuwm)llJ.wlJ.wli UUJ.wubLJ1: luwqwgnqlibp)l 1.J.nqu)lg 1.[wp!lhtwlJ.bpUJ.bp)l 
l!liUlpnlIJJilllil! qwmwpitmu t u)luJwlig)lg wlil.J.w}u, mum)l x=(e1, ... ,em) L. 
y=(171, ... ,7Jn) tuwnn 1.[wp!lhtwltbpUJ.bpnl[ (x,y) ppwtUi6wqmu zwhmu)l H(x,y) 
uwphuwmf1lJ.wqwfi UUJ.wuhLJ11i hwitwuwp t' 

ID D 

H(x,y) = IIaij~i'1i = (xA)y = x(Ay): 
i=I j=l 

{!UUl npntu H(x,y) :t,mfil.J.gpwfi wfiJ!liqhwm t num xE X u ye Y: 1,qwmhlip, np 
wJli qhUJ.Pmu, hpp }uwqwgnqlihppg ubl.J.fi nlimpn1u t uwpmp 1.[wpl[litwlthpUJ. 
(hwliwUJ.wmwutuwumpwp, i 1.J.wu j), )1.ulJ. liJntul!' tuwnl! 1.[wptlhtwlthpUJ. (x 
lJ.wu y), H(i,y), H(xj) zwhmulihpli mfihfi hhmLJwt mbup{!. 

D 

H(i,y) = H(u;,y) = Iaij7J; = a;y, i=l, ... ,m, 
j=I 

m . 

H(xj) = H(x,w;) = Iaijei = xal,j=l, ... ,m, 
i=I 

npmbq a;-fi u ct-Ii A uwmp)lgp hwUWUJ.wmwu}uwfiwpwp i-pl} Ulllllfi m j-pq 
UJntfiwlJ.fi bfi: 

UJUUJ.PUDtl, rA=(M,N,A) uwmp)lgwJ]lli fuwq)lg ubfip bl.J.wlip finp' fA = 

=(X,Y,H) ]uwq]lfi, npmb.JJ. X-n u Y-1! ]uwnn 1.[wp\J.h1wlJhpUJ.hpp pwquntpJmfi
fihpfi tfi rA ]uwqmu, )lulJ. H-1!· zwhmu}l :t,mfiqg}lwfi Juwnl! 1.(wpt{htwlJ.bpUJ.h
pnl[: fA ]uwrm lJ.wfil[wfihfip r A ]uwq)l fuwnrr f!liqLWJfimu: r A tuw11.n fA ]uwq]l 

bfipw]uwqfi t, wJu)lfipfi' r Ac fA : 

4.3. Uwbuwlimu: fA ]uwqmu (x·,y·) ppwtUi6wlJ.l! hwl[wuwpwltznmpJwfi 

}lpwtUi6wlJ. t, }lulJ. v=H(x0 ,y0
) PMl! fA ]uwq)l wpdhpfi t, hph pntnp xeX u 

yEYhwtiwp' 
H(x,y0

) ~ H(x0 ,y°) ~ H(x ·,y): 
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3.2 qbmp ptnp~upg hbmLmu t, np hwl[wuwpw4lnmpJwfi ppwl[p.6w4}lfi 
UJWmqwfiilll x L y 1.[wpi.J.btwltbpUJbp(! twi.J.wqntJufi bfi: UllbtliU, 3.4 qbmp 
pbnpbu]tU hwuwawJfi, x· L. y· 1.[wptlbtwltbpUJbpl!, hwUWUJwmwufuwuwpwp, 
uwpupupfiwJ]tfi L. up.UpuwpuwJp.U 1.[wptlbtwlJ.bpUJbp bfi, pwUp np (3.11)-mu 
wpwwpp(i tpumpbuniufibpl} hwl[wuwp bfi (H(x,y) ,11mUqgpw(i wUf!Uqhwm t): 
(X L. Y qnutqwqm pwqumpJmUbp]t qpw): 

3.3 qbwmu gmJg tp mpl[wo wJUUj)tup bpltm fuwqbpp 1.[wpi.J.btwltbp
UJWJpfi hwuwpdbpnt}}JlllUf!, npnfip wwppbptlmu b(i Up.WJU zwhmufibpp 
hwzl[uwfi ulJ.qpUwlJ.bU1Dtl, fiUtUJbu uwL. llJlWfig lwttiuwa uwuzmwpnl[ (uwu
zmwpp 1.[bpwpbpJWL tbu{!): ITlwpql[mu t, np bpb r A L. r A' bplJ.m uwwppgwJpU 
luwqbpf! qmfitlmu b(i wJq tblip UJWJIIwUUbpnul, wtqw llJlWUg tuwnU {!Uq
LWJumuUbpf! tlwpi.J.btwlJ.bptqnpbu hwuwpdbp bli: :;.lL.wlfwfinpbfi wJq l}lwum(! 
hwumwml[mu t hbwL.Jwt UJUIJ..lltllmf. 

Ltu: '}.flgmp' rA-a L. rA, -I! bplJ.m uwmp]tgwJJtu (mxn) fuWflbp bU, f!Uil npmu 

A'= aA+B, a>O, a=const, 
pulJ. B-u· up.L.umJfi /3 mwppbpnll uwmppg t, WJUpup(i' /3.i=/3 pn1np i,j-bpp 
hwuwp: UJq qbuwmu· 

z(fA, ) = z(.FA ), v A' = <:iv A + /3 , 

npmbq fA. -I! L. fA -U hwuwUJwuiwufuw(wpwp rA, L r A fuwqbpp fuwnU 

f!UllLWJfimuUbp(i bu, pulf VA' ' VA ptlbpf!' fA. L. fA fumqbpp wpdbpubpf!: 

UUJwgmgmu: A L. A' uwwp}lgub)].} bpltmufi tt (mxn) lwl}lubpp bfi, 
lllUUljt rA' I,_ rA }uWflbpntU }uWil(! tlwptlb.Wlfbptqbpp pWQUillJ}JillUfifibpl! hWU

(!filf(imu bU: BmJg wwfip, np gwfi4wgU10 (x,y) fumnp ppwl[p.6wltmtI 6ztiw
ppm t 

H'(x,y) = aH1x,y)+/3 (4.8) 
hwtlwuwpntpJntU[l, npmbq H'-[l L. H-[l wnw~pfi fuwriwgnri}l zwhmufibpu bU 

hWUWUJWlilWU}uwfiwpwp fA, L. fA fuuqbpntu: 

Ppnp, pninp XE XL yE Y-ubpp hm1wp m(ih(ip' 
1-l'(x,y) = xA'y = a(xAy)+xBy = aH(x,y)+/3: 

lJwuzmwp}l 4.bpwphpJwt itupg hbmLnu t, np· 

Z f A' = Z f A , VA' ::: av A + /3 : 
Or1pfiwq 3: Ummqbup, np x·=(l2, 114, 1/4) L y0 ={1/2, 1/4, 114) tlwptlbtw

ltbpUJbp{l 1wtlwqn1Ju bu, pult v=O' fA -u uwmppywJftti fuw11J1 w11dbp(i t., 
npmbrf 

A=(-~=~ -l]: 
-I 3 -1 

ITlwpqbgCibUp A uwmppg{l (1pUJbuqf1 wnw4.L1wq.iuJti Jli.J.114. <umtibp 



306 l ifwtnp/lgwJ/lli fuwqlip 

umwfiwfip): A uwmp}lg}l pntnp mwp.pbp}l.Ci wi.f.btwgfibtml. ubq, qumwfiwfip 

[ 2 0 OJ A'= 0 0 4 
040 

uwmp}lgJ!: H' uwuip}lg}l Jmpwpwfivmp uiwppn pwdwfibfip 2-}1 l{pw: \,np 
uwmp}lgn l!fifllltCinui t hhutuJwt mbupn' 

[ l O OJ A"= 0 0 2 : 
020 

Cum tbu}l' )uwqbp}l wpdhpfibpn qwll(l.{wc) hfi 
v A'= l/2v A'::: l/2(v A +1) 

hwl.{wuwpmpJwtip: 
UJqll(}lunl.{, hwpqwl.{np t uumtqbt, np rA. )uwq}l wpdtpn hwl.{wuwp t 

l/2: P.pnp, H(x·,y·)=x·A"y·=l/2: 

lTJmu qnqup.g, gwliqwgwo yE Y, r-(771,772,771) 1.f.wpi.f.htwltbpll(bpp. hwuwp 
mfihfip' H(x.,y)=l/2771+1/2772+1/21!J=l/2·1=1/2, }luq pntnp xEX, x=(e1,e2,e1) 
hwuwp' H(x,y°)=I/2e1+112e2+1/2e:i=l/2·1=1/2: <!.buihwpwp, Cizi.f.wb x·,y· 1.{wp
tlbtwlJ.bpll(hpJ! twtlwqntJCi bli, puq v"=O: 

5. lTwmppgwJpfi lullll'IP tmmiw6 qnpntpJntfil! 
Juwnl! qwptlhtwlthpUJ.hrti qwunui 

5.1. Ull(wgmghfip, np gwfiqwgw~ uwmp}lgwJ}l.Ci )uwq tlm@Ci npnzqwc) t 
)uwnn t[wptlhtwltbpll(bp}l qwumu: 

@-bnpbu: Bwfiqwgwc) uwuip}lg~Jp.Ci )uwq mli}l )uwnn tlwptlbtwltbp
ll(bpntl hwl.{wuwpwltznntpJWU }lpwl.{p.ouq: 

llll(wgmgmu: 'l-}lgmp' rA-Ci qwu~wqwfi (mxn) )uw..2_t A={~i} )u}lum 

qpwqwfi uwuip}lgn4, wJu}llip6' ~i>O ~tnp i= 1, m h j= 1, n hwuwp: BmJg 
uiwCip, np wJq qbll(pmli phnptun 6}!.2m 

'l-pw hwuwp ajluiwpqbfip qowJ Ci c)pwqpuwfi hhmL.JWL tpwgmg}l.1 
)ufiqp.p"[!. 

(5.1) 
u qpw bpltwltll )uliqp.p]!' 

max yw, Ay , y2:0, (5.2) 
npmbq u=(l,l, ... ,l)ERm, w-=(1, ... ,1) ERQ: 

.Rwli}l np A uwuiptigl! )u}luui qpwlt t, Wll(W qnJntpJmli mfilt WJ!ill(ltu}l 
x>O llb\J.Ulllp, np]l hwuwp x.A_>w, wJu}IpCi' (5.1) )uCiqp.pn pmnwmptui t: 
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Ujmu lJ.Ill\UP.Q, y=O l{bqmnp]! (5.2) lufillPP pntJtwmpbtp tmonurn t: 
flrnm)l, J!UUI qmuJpfi bpwqpuwfi hplJ.wlJ.Ju:npJwfi phnpM)l, (5.1) L (5.2) 
tufiqppubpJ! hplJ.mufi tt mfihfi hwliwutwmwutuwfiwpwp x L y twl{wqn1Jfi 

tmon1ufihpJ!, J!Ull npmu· 
XU = yu = () > 0 : (5.3) 

'1-pmwplJ.hfip x·=x/8 L y·=y/8 l{bltUlllJ1fihpJ! L gmJg mwfip, np qpwfip 

fA fuw11mu hwtiwutwmwu)uwfiwpwp wnw2)1u L hplJ.pnpq )uwqwglll\fihpp 

twl{wqn1Jfi l{wpl{h1wqhpl.lfhpu bu, ]!fiq npmu fuwq)l wpdbpJ! hwl{wuwp t 1/8-p: 
tipnp, (5.3)-pg mfihfip' 

x·u=(xu)/8=(yw)/8=y·w= l, 

JmlJ. pwfi)l np (5.1) t. (5.2) tuwritpp hwuwp x l, y l{hqmnpfihp]! pmJtwmpbtp 

hfi, Wl.lfW 
x·=x/8 ?:.0, 

y·=yw/8, 

WJupupfi' x·-1! L y·-1! wnw2pfi l, bplJ.pnpq Juw11wgn11fihp'1 )uwn{! t1wptlhtw
lJ.hpUfhpfi bfi f A fuWJlntU: 

,!,wztl.h(ip wnw2)1li tuwriwglll\Ji zwhntUJ! (x ·,y 0 ) tipwtl)16wqmu· 
H(x.,y.)=x·Ay·= (xAy)/8 2 : . (5.4) 

lJJmu lJ.Ill\U)lg, pwlip np x l, y l{bqmnplibp]! pmnwmpbtp bli (5.1) L 

(5.2) tuwqbpp hwuwp, l, (5.3) hwl{wuu1pntpJmli)1g mliblip' 
8 = wy :5 (xA)y = x(Ay) :5 XU = () : (5.5) 

liJuUf)luntl, xAy = () t. (5.4)-Jig umwlimu hup· 

H(x 0 ,y 0 )=1/(): (5.6) 
L).pgmp' xE X-1! t. yE Y-1!' wnw2pfi L bpqpnpq tuwqwynrifitpt1 qwuw

JwlJ.wli tuwn]! l{wpl{btwlJ.bpUjbpfi bfi: liJI} l)bUfPmU' 
H(x·,y)=(x.A)y= (xA)y/0?:. (wy)/0 = 110, (5.7) 

H(x,y 0 )=x(Ay 0 )= x(Ay)/8 :5 (xu)/() = lf(): (5.8) 

,!,wubuwmhtntl (5.6)-(5.8) wnfi2mpJmfifih(l(l, umwtimu hfip, 1111 (x·,y·) 
'1pwtl)16w1J.p hwl{wuwpwltznmpJwli J1pwt111t'.iwq t., lmlt 1/8-11 futium 1111w4wfi 
uwmppgntl rA tuwqfl wpdhpfi t: 

liJdU J})lmwpqhfip A'= { a'.i} qwUwJwqwfi uwmp!ignl{ I~- (mxn) tuw1111: 

liJq qhUfPmU qnJntJ}Jntfi mfiti WJfiuwul1 /J>O hWUUlWUllllfi, np A=A'+B UWUl

ppg(l )u)lum qpwqwfi t, npmhrt 8={/3,i}-fi (mxn) uwm11J1g t., /3,1=/3, i=l,m L 

j= ~: rA tuwrimu qnJntJ}Jmfi mCi)1 tuwn(! tlw11tlh1wlth11uih1mtl (x°,y°) hwl{w

uwpwltznmpJwfi ppwtl)lt'.iwq, )luq )uwrw wpdbp1~ hw4wuw11 t v "= 110, 1111mhq 
8-li npn2l{mu t WJfiuthu, pfi2uthu (5.3)-nui: 
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4.3 qbmp. tbup.g hbmLnui t, np (x 0 ,y·)-1! hwl{wuwpwlt.znntpJwfi p.pwlfll-
6wq t fuwnl! l{wpl{btwqbpUJ.bpnl{ rA. }uwqnur (x0 ,y0 )eZ(fA. ), (luq }uwqp. 

wpctbpl! hwl{wuwp t· 
VA' =VA - /3 = 1/(J - /3: 

fa-bnpbufi WUJ.Wgntgl{wct t: 
luwnl! qwptl.btwqhpUJ.hp}l qwunui tmc)uwfi qnJntpJwfi l}lwuml! Uzwfiw

qnui t, np uwpmp l{wptl.btwqbpUfbpp. hwl{wfiwqwfiwJp.fi l!fimpntpJwlip. fuw
qwgnqfibpf! upzm qwJlilll hfi qhpwgfibt WJfi wfinpnzmpJntfil!, npfi wnqw tp 
fuwqfi uqubtnt9 wnw2: {wpq t Uzb1, np nt pntnp hwqwuwpm fuwqbpmu 
qnJntpJntfi mfip fuwn[! qwptl.btwqbpUJ.hpml tntctnuS: q.nJntpJntfi mfibfi 
wfil{bp2 pl{nl{ uwpmp l{wpl{b1wqbpUJ.bpnl{ hwqwuwpm ]:uwqbp, npnfip ):uwn[! 
l{wpl.J.btwqhpUJ.bpnl{ tmcmtu lntfibfi: 

'l,zbfip fiwL., np pbnpbup. wtqwgmgntli[! qwnmgnqwqwfi t, pwfip. np 
uwmp}lgwJpfi ]:uwajl tntctntlil! hwfiqbgfimu t qctwJpfi ctpwqpuwfi ]:ufil}Pltfi, 
[!fill npntU fA, ):uW@ tntc}uw(i WtqDp(lJ}UI! hbUIL.JWtfi t. 

1. Cum A' uwmp}lg}l qwnmgmu bfip A=A'+B ):up.um qpwqwfi uwmppg[!, 
nptnbq B={/3,j}, /3,i=/3>0: 

2. Lmctntli bfip (5.1) L. (5.2) qctwJ}lfi bpwqpuwfi ):ufiqp.pfibpl!: q.mfinui 
bfip x ·L. y l{bqtnnpfibpl! L. (Jpp.l{I! [tnb'u (5.3)]: 

3. li:wnmgmu bfip wnw2p.fi L. bplumpq fuwqwgnqfibp(l twtl.wqntJfi l{wp
tlbtwqbptqbp!!' 

x • = x/e , y • = y /e : 
4. {wzl{ntU bfip fA, ):uwajl WpcJbpl!' 

VA' = 1/(}- /J: 
Oppfiwq 4: 'l-pmwpqbfip 

A=(~~) 

UWUlp.pgm.J. npnzl{nq UWUipp.gwJ}lfi f A }uwql!: 'l-pwfi hWUWUJ.WUlWU):uwfi' 
qctwJ(lfi ctpwqpuwfi ):ufiqp.pfibpl! mfibfi hbutL.JWL uthUPI!· 

g1+~2~ min, 111+112~ max, 
4g1+2~2~l, 4771~1, 
3~2~1. 2171+3712:::;;l, 
g1~0. g2~0. 11,~o. 112~: 

'l,zbfip, np wJu ]:ufiqp.pfihp[! qwpnq bfi qpl{bt hwuwpctbp mbupnl{' hwl{w-
uwpntpJntfifibpp. mbupnl{ uwhuwfiwqiwqnuifibpp. hwuwp' 

g1+~2-4 min, 11,+112~ max, 
4g,+2gz-g3= 1, 411,+713=}, 
3~2-~= 1, 271,+3112+114= I, 
g, ~ o, g2 ~ o, g3 ~ o, ~;;:;: o, 11,~o. 112~, 1J3~. 11~: 
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UJqutlmml, qOl.UJ}lfi op.wqpuwfi ]ufiqppfihpp tmbuwCi gwfiqwgwo hr]_w
fiwq qwJlllll t hwpuwphgtlht uwmppgwJp.Ci ]uwqhp tmb-htm hwuwp: UJqutlmp 
fuliqppfihpJ! tntb-htm hwuwp wuhCiwhwpuwpJ! u}luuuhpu hqwfiwqfi t: 

5.2. q.awJpfi op.wqpuwfi fuliqppJ! npnzwltlJ. pt'iwumnl{ hwt'iwpcthp t r A 

uwmppgwJpfi fuwqpfi: flpnp, q)1mwpqhfip qawJp.Ci op.wqpt'iwCi hhmLJWL 
nl.JUlll. L hpqwJ.tlt fufiq)1pfihpJ!. 

XU~ min, 
xA?:w, 
x~O. (5.9) 
yw~max, 
Ay:s;u, 
y~O: (5.10) 

'l-pgmp (5.9) u (5. l 0) fufiq}lpCihpp twt[wqntJCi tmanuiCihpp pwqt.'impJmCi

CihpJ!, hwt'iwi.qwmwufuwCiwpwp, X L Y pwqt.'impJmfifihpfi hfi: 
\,zwfiwqhfip, 

(I/8)X={x/8lxE X}, (l/8)Y={y/8lyE Y}, O>O: 

f<Tbnpbu: 'l-pgmp' r A-fi A qpwqwCi t.'iwmppgntl (J!n1np mwpphpJ! qpw
I.twCi hCi) (mxn) fuwq t, u mplJ.wo hCi qowJltfi 0-pwqpthufi (5.9) L (5. l 0) hpltm 
bpqwltp. fuliqppfihpJ!: UJq qhi.qpmu tizuwppm hfi hhmLJWl i.qfiqmufihpJ!. 

I. Cl-OwJpfi op.wqpuwfi hpltm fuCiq)1pfihpfi t1 mCihfi tmomu ( X "I:- 0 L 

Y * 0 ), J!liq npniu' 
0 = min XU = max yw : 

• y 

2. rA fuwqp vA wpcthpJ! hwt[wuwp t· vA = l/0, puq 
x·=x/0, y·=y/() 

t[wptlh1wl.JhptqhpJ! 1wl{wqn1Jfi hfi, nplllhrJ. (5.9) Dlflpq ]ufiqpft 1mm11t.'i[! x E X t, 
puti (5.10) hpqwltp. fuliqpp 1man1u11 ye Y t: 

3. luwqwgnqfibr1.lt gwfitiwgwb x ·Ex· L y ·e y• 1wl{wqn1Jfi tlwptlh1w
lthptqhp(). ltwJ1ID1 hfi qwnmgt[h1 Gzl{wO- hqwfiwqml, WJuJtCipfi' 

x· = 0/0)X, y• = (l/8)Y: 

Ui.qwgmgmu: l L 2 i.qfiqmufihpp, }tfiii.qhu fiwL O/O)X ex·, (l/O)Y cY· 

fihpwnnnifihpJ! wfit.'iJt9wi.qhu hhmLmt.'i hfi 5.1 qhmJt phnphult wi.qwgmgmt'ipg: 
5mJg uiwCip hwtiwnwq fihpwnmti().: 'l-pw bwuwp qJtuiwpqhfip 

x • = ( ,;i" , ... ,,;;,) l, x = ~ , ... ,(... 

tlhqumpfihpJ!, npmhq x = 9x • : 
UJq qhtqpmt.'i pn1np jE N hwuwp mfihfip · 

xai =9x·a,~~l!O) = I, 
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{IUI} OJUllU x ~O, pwu]1 op &>O L. x ·~o: fituut]1 x -{l (5.9) )uuqp]1 pOlJLWUlJlbt.lt 
tntmittiu t: 

~w2t1.bup ui.qwmwqwJl1u !l>muqg]1wJ]1 wpctbpJ!' 
XU= Ox• u = 8 = min XU , 

• 
WJupupu' x E X tlbltUlDJlI! (5.9) )uuqp]1 twt(wqntJCi 1mmit1Ia t: 

~wtiwuuwunpbu wi.qwgmgqmu t 
v·c(l/8)Y 

Cibpwnntti{!: .CO-bnpbtifi wi.qwgmgt(w<) t: 

6. lvwqll wpdbp):l h twtl_wqn1Jfi tl_wptl_btwlJ.bptqbp):l 
hwmlJ.mp Jntfifibp{! 

6.1. '1-}lmwpqbfip twtlwqntJfi qwptlb1wqbptqbp}1 hwmqmpJmfifibp{!, 
npnfip tip 2wpp qhi.qpbpntti oqumu hfi qmfihtm )uwqp wpcthp{! L. hwt1.wuw
pw4lnmpJwfi }lpwtl}lowqfihpJ!: 

'1-}lgmp · (x • ,y ·)-]! tuwn{! t(wptlh1wqhpi.qbpntl npL.t ]1pwtl.}16wq t r A 

tuwqmu ((x0 ,y·)eXxY): "lwpqtl.mti t, np (x·,y·) ]1pwtl.}16wlt]1 hwt(wuw
pw4lnmpJntfi{! uum1qb1m hwuwp pwtlwpwp t (4.7) wfihw~wuwpntpJntfifi 
ummqb1 nt pb pn1np xEX h yEY-Cibp]1 hwtiwp, WJl tipwJfi iEM h jEN-p 
hwtiwp, pwup np 6p2ui t hhtnuJWl i.qfiqntUJ!. 

fcl-hnphu: fipi.qbuq}l (x ·,y ·) ppwtl.}16wlt1! r A fuwqmti hwlj_wuwpwltlntlwb' 
LJiup, puq v=H(x • ,y ·) JlPtl.1! tp.fip r A )uwqp wpctbp]!, wfihpwctb2m t h pw
tlwpwp hbmuJWL wfihwt1.wuwpn1pJmufibpp 62uwptont}}Jntfi]!' 

H(i,y0
) $ H(x·,y·) $ H(x.j) (6.1) 

pn1np iE M u jE N-bpp hwtiwp: 
Uui.wgmgnui: Ufihpwctb2um1pJmfi: C}.pgmp · (x ·,y ·)-I! hwt1.wuwpw4lnn1-

J}JWU ppwtlp.6wqfi t r A tuwqmu: liJq qbi.qpnuf 
H(x,y·) $ H(x·,y·) $ H(x·,y) 

pn1op xE X h ye Y hwuwp: ~bmhwpwp, tiwufiwtl.opwui.bu, u;E X u wjE Y 
hwuwp mfihfip' 

H(i,y0
) = H(u;,y•) $ H(x·,y·) $ H(x°,w;) = H(x0 j) 

po1np ie M u jE N hwuwp: 
Pwtlwpwpnt}}Jntfi: '1-pgmp' (x·,y·)-1! tuwn{l tlwptlhtwlthpUJ.bpp qmJq t, 

opp hwtiwp qwuiwpqmti bfi (6.1) wfihwtlwuwpnt}}Jntlifibp]!: '1-pgmp· CiwL, 
x=( ~1, ... ,~m)E X L. y=( 1]1, ... , 1Jn)E Y tlhqtonpfihp]! hWUWUJ.WUlWUfuwuwpwp 
wnw2pfi L. bpqpnJlil Juwqwgnqfibpp qwtiwJwqwfi t1.wptlb1wlthpi.qhpfi bfi: (6.1) 
wnw2pfi L. bpqpnJlil wfihwt1.wuwpn1pJntfifihpJ! pwquwui.wmltbtntl hwuwui.w
mwutuwfiwpwp ~;-ntl L. 17;-ntl L. qn1uwph1ntl mnwfinui bfip' 
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fe;H(i,y.)g{(x',y')fe; =H(x·,y•), (6.2) 
i=l i=l 

n • " • n • • 
~)7iH(x ,j) 2fl(x ,y n:11i = H(x ,y ) , (6.3) 
j=l j=l 

]!liq npmu mliblip' 

(6.4) 
t=L 

D • • 
L11iH(x ,j) =H(x ,y): (6.5) 
j=l 

(6.4) L (6.5) mbqwqpb1ml wpmwhwJmntpJmlilibpJ! hwuwuiwmwutuw
liwpwp (6.2) L (6.3) wlihwi.twuwpntpJmlifibp}l ub2 L hwzi.t}l wnfih1ml xEX L 
yE Y i.twplJ.b1w4.hpUjbp}1 4,wliwJw4.wfi llilihll!, umwlimu blip (x ·,y·) }1pwi.t}l-
6wq}1. hwlJ.wuwpw4,znntpJntliJ!: 

~bml.twfip 1: '1-}1gmp· ((,f) qntJqJ! hwitwuwpw4.znntpJwli }1pwi.1}16w4. t 
rA fuwqmu: llJu qhuwmu ((,f) }1pwi.1}16w4.l! hwlJ.wuwpw4.zni.two t liwL 'FA 
fuwqmu: 

0Jt}16w4_ 5: (Chr[uwli fuliry1}1 tntbntU(!): ulipwqpqmu t, np fuwqwgnq
libpli J!limpmu hli i L j wupnq5> plJ.hpJ! 1-}1 l.t n-}1 u}151L, pu4 wnw9Jtl1 tuwqw
gnrm zwhmu t ll;j=li-jl, WJU}llipli i L j plJ.hp}l 11)121.t triuu) hl:inwitnpntpJntliJ!: 

'1-pgmp' wnw2f1li fuwriwgnqCi [lUUlJllllU t x·=(l/2,0, ... ,0,1/2) lJ.wplJ.h1w-
4.hpUjJ!: UJ1111tuwmu' 

H(x.,j) = l/211-jl-t-l/21n-jl = 1/2(j-l)+l/2(n-j) = n-1/2 
pn1np 1 ::5j31-hp]1 hwllwp: 

w) 'l-pgmp' n=2k+ I p]1lJ.(l 4,bCim t: UJq qhuwmu hp4.flJlP'l tuwriwgDflCi 
m tip f ={n+ I )/2=k+ I uwpmp lJ.wplJ.h1w4hJ1UJ WJfiUJltu}1li, np · 

3;j•= IHn+l)/21 = li-k-ll::5k = (n-1)/2 
pn1np i=l,2, ... ,n-hpp hwuwp: 

p) ulipwqphlip, np n=2k p]1lJ.(l qmJq t: UJq qtuwmu hplumP'l fuw
fl.WQilflli mli]l WJfiUJltup y·=(O,O, ... ,l/2,1/2,0, ... ,0) lJ.wplJ.h1w4,hpUJ, npmhq 

11: = 112, 11:.1 = 112 , 71j=O, j,1:k+ 1, jtck, np 

H(i,y •) = I /2li--kl+ l/2li- k--11 ::5 l/2k+ l/2(k- I) = (n--1 )/2 
pn1np I ::5i31-hpp hwuwp: 

UJdU, oqmwqnpohtnlJ. phnphup, qd4wp it hwunqllht, np tuwllfl wpcJbp[l 
hw4wuwp t v=c(n-1 )/2, wnw5>}1Ci J'uwqwgllfll1 1w4wqn1JCi lJ.wplJ.htw4_bpUJJ1 x • t, 
pu4 hplumP'l fuwqwgnqti 1wllwqntJCi lJ.wplJ.b1w4.h11UJp hwlJ.wuwp t f-p, bph 
n=2k+ I, L y • -p, hph n=2k: 

~bpb(ip Up zwpp WP11Jntliplibp, npn(ip 6.1 4_bmp pbnpbu}1 WUUp5>w4_w(i 
hhml.twliplibpli hli: 
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.l&bnpbu: 'l-pgmp' rA-u (mxn) tuwq t: Ilpuihuqp (x°, y·) tuwnJ! i.J.wpi.J.h
twljhpuini.J. ppwi.J.pOWI.J.J! hwqwuwpwl.J.lpn UlUP [A fuwqntU, WUhpwcJ-h2Ul t U 
pwi.J.wpwp, np' 

max H(i, y ·)=min H(x ·, j) : (6.6) 
l,;;i5m l,SjSn 

Uutwgmgmu: UuhpwctbzmmpJmu: upb (x·,y·} p.pwi.J.powl.J.1! hwtJ.wuw
pwlJ.lnmpJwfi ppwi.J.p6wlj t, WUIW (6.1) ljhm)l phnpbu]l hwuwowJfi' 

H(i,y•) g{(x°, y•)g{(x·,j) 
pntnp iE {l, ... ,m},jE {l, ... ,n}-bpp hwuwp: firnm)l' 

H(i,y •) g{(x ·, J) 
gwfil.J.wgwi)" i-p L.j-p hwuwp: bfipwqphfip hwlJ.wnwlJ.J!, w1upfipfi' np (6.6)-1! w 
lJ.wmwptJ.mu: UJq qbUIPmu' 

max H(i, y·) < min H(x ·,j): 
l,;;iSm L,s_j,;n 

~bmuwpwp, 6pzm hfi hhmli.Jwt wuhwtJ.wuwpntpJmfilihpJ!. 

H(x·,y·} = f~tH(i,y·) $ maxH(i,y·) < 
i=I 1515m 

< min H(x ·, j) $ ± 11;H(x ·, j) = H(x ·, y ·): 
l,S)Sn j=l 

UmwgtJ.wi)- hwqwuntpJmfifi wutwgmgmu t pbnphup utfiquwli wfihpw
cthzmntpJntfiJ!: 

Pwi.J.wpwpnt}}Jntfi: 'l-)lgmp' (x, y) ]:uwnJ! tJ.wptJ.htwlJ.hpuihp]l qmJqfi WJli-

u.i]1upfi t, np max H(i, y) < min H(x, j): 5mJg \DWCi;e, llfl WJU qhuipmu (x, y) 
I J 

]1pwtJ.i.J.p6wlJ.f! hwtJ.wuwpwlJ.lnntpJlUfi ]1pwi.J.p6wlt t r A :tuwqmu: 
t:iz\iwp)lm bfi hhmuJWl wnfitnt}}JntfifihpJ!. 

D m 
min H(x,j) = LffjH(x,j) = H(x, y) = L~;H(i, y) $ ~axH(i, y): 
l,S)Sn j~I i=I IS1Sm 

Otump mlibfip' 
H(i,y) $ maxH(i,y) = H(x,y) = ~nH(x,j) $ H(x,j) 

i J 

pn1np 1$~-hp)l L. ISjSn-hp]l hwuwp 1., J!Uln 6.1 qhm]l pbnpbu]l, (x, y) -I! 
hwtJ.wuwpwlJ.lnntpJwfi p.pwi.J.powlJ. t r A :tuwqmu: Uutwgmgmupg hbmL.nui t, 
np (6.6)-)1 pl[hp.)lg JntpwpwfivmpJ! hwtJ.w-uwp t :tuwrui wpcthp]lli: 

6.3. f&bnpbu: ['A UWtnppQWJpfi tuWIUl hWUWp 6pzm h(i hhllluJWl WDJ!fi-

tntP JntlifihpJ!. 
max min H(x, j) = v A = min max H(i, y) (6. 7) 

X y Y X 

Cfiq npntu (6.7}-p tpumpbumufihpJ! J!Uln x L. y :tuwnJ! tJ.wptJ.htwlthputhpp 
hwuwfihtP hfi fuwqwgnqfihpp twtJ.wqntJfi i.J.wpl[h1wqhpu.ihpp i.J.pw: 
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UmJfi pbnphU(l 3.4 L. 6.2 lJ.huihpp pbnphuCihpp hhmL.wfipfi t, L. llPW 
wiqwgmgnui(l pnqfimu blip (lliphpgnqpli: 

6.4. fitbnphu: f A UWUlppgwJpfi }uwqmti JuUlllWQl1flUhp}l tWl{WqnlJfi }uWil(l 
t{wptlhtwlJ.hptqhp}l x· L. y• pwqun1pJmlilihp(l mnmg}llJ. pwquwCi}lumlihp hli: 

Uiqwgmgmu: 6.1. lJ.hm}l phnphu}l hwuwliwJfi x· pwqumpJntfi(l wfihw
t{wuwpnuifihp}l hhUlUJWL hwtiwlJ.wpq}l J!DLDP tmbntufihpp pwqumpJntfiCi r 

xa'~A, jEN, 
xu=l, x~O, 

npuihq u=(l, ... ,l) EKm, vA-fi JuwJ\ll wpdhpfi t: UJutq}lunt{, x·-(l nunug}llJ. 
pwquwfi}lum pwqtinlf>tmfi t: lfJmu lJ.nqupg, x·cX, opmhq X-~ mnmg}llJ. pwq
uwfi}luui t: flmm}l X -I! uwhuwliw1.pwlJ. t: ~hmhwpwp, X pwqumpJntfil! 
mnmg}llJ. pwquwfi}lum t: 

~wuwfiuwfinphfi wiqwgmgi.J.mu t, np y• -I! mnmgplt pwquwfipum t: 

6.5. OpUjhU 6.3 lJ.bm}l pbnphu}l op}lfiwlJ., pbphfip WJCi Juwqbpp hplutWlW-
1.pwlJ.wfi tmbntU{!, opmh11 Juwqwgnqfihppg tiblJ.Ci mCip bpltm uwpmp l{wpt{h
twlJ.hptq ((2xn) h (mxn) Juwqbp): q.pwlJ.wfimpJwfi uh9 wJqtq}lu}l unmhgmli[l 
fiwL. wfit{wfimu hfi Juw11hp}l 1mouwCi qpw:t,wt{hptmowltwCi hllwCiwlr q.r1w
:t,wt{hptmowltwfi bqwCiwlJ.Cibp}l h}lupmu l!filJ.wo t wJCi, np 

v A = max !Tlin H(x,j) = min max H(i, y) 
X j y i 

hwl{wuwpntpJwfi wpmwp}lfi tpuuiphumufilipl! hwuwfibtlt bfi 1.wt{wqntJCi 
t{wptl.btwlJ.bpUjbp}l t{pw: 

OppfiwlJ. 6: ((2xn) }uwq): 'l-}luiwplJ.hfip up }uwq, npuihq wnw9}1fi }uwqw
gnqCi mfi}l hplJ.m t{wptl.htwlJ.bptq, }lulJ. hplJ.pnpq Juwqwgnqp· n hwm 4wpl{b-
1wlJ.hpUj: lfwuip}lgfi mCip hhmliJWL mbup{!· 

A=[~'.'. ~:~ ::: ~'.:): 
a 21 a 22 ••• a 2n 

'l-pgmp' wnw9pfi }uwqwgnqfi pfi111pht t x=(e,1--e} }uWil(l t{wplfbtW
lJ.hpUjp, pulJ. bplJ.pnpq }uwqwgnqp· jE N uwpmp 4wp4h1wltbplljp: UJq .qhiqpmu 
wnw9pfi }uwqwgnJ\ll zwhntU{! (x,j) }lpwtl}16wltmu hw4wuw11 t· 

H(xj)= ea.;+(l-e)a2f (6.8) 
bplJ.pWlWt.pnpbfi uw "lllPll qpo t ce.H) 1.jnnpaj1fiwmfibpn1u: liJqtqpun4, 

Jmpwpwfivmp j uwpmp lfwpt{t1wltt11IJ!ltfi hwuwlljwuiwu}uwfimu t }1p maj111p: 
H(g) = minH(x,j) 

J 

~mfiltgflwJp qpw:t,plJ.1! (6.8) ntl\Pllfihpp (lfiuiwli}lpp u111np}1fi pfiriqpltnqfi t: UJq 
~mfilJ.g}lwfi qnqwifnp t· nplljbu qnqwt{np (mtlJw1 11tiqpmu· qowJpfi) ~mlilt
g}lwfihpp uuinp}1fi pfiriqplJ.nq: UJfi ( ltbuip, npuitq H(e) :t>mfiltg}lwfi pp uwp
upumu}l!i t hwuumu [lUUl ee [O, l ], la UlWIPll t UjWhwfi9tln11 x • = ( (, 1-f) 
1wl{wqntJfi tntOOlU[l h v A== H((r Juw11}1 wpdbp[l: 
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Opn2wltlmtpJwli hwuwp ajunwpl!bfip 

A =(l 3 1 4) 
2 l 4 0 

uwuip.p.gml fuwrm: 3mpwpwli2.1mp j=l,2,3,4-p. hwuwp mfiblip. H(x,l)=-~+2, 
H(x,2)=2~+ I, H(x,3)=-3~+4, H(x,4)=4f {H(xj)} nUUUJ.libpp. f!fitnwlip.pp. f!liIJ:
qJ!PIIIlll, p.li2.UJ.bu fiwL. p.pbfip· H(xj), j=l,2,3,4 Ot11.Mfibpf! UJWtnl!bpqwb bfi 1-p.fi 
qbwfitiwpntu: H(~ :tJmfil!gp.wJp. H(() uwpup.umU:J! qtnliqmu t wnw2p.fi L. 
2_nppnf1Il maj1.fibpp. hwmuwfi tituuuu: liJutajmnq, (-1! hbtnL.Jwt hwqwuwp
uwfi tmbmufi t' 

4(=-(+2=vA: 
liJutnb.q umwfimu bfip wnw2p.fi fuwqwgllllP x·=(2/5,3/5} twtlwqntJfi 1.[wpqb
tml!bpUJf! L. fuwqp. wpdbpf!' v A=8/5: bplumPIJ: fuwqwgnqp. twtlwqntJfi 1.[wpqb
twtibpUJ.f! qp.tnbfip hbtnL.Jwt fitiwmwruuufibpp.g: 1.,4wmbfip, np qp.tnwptitl.Illl 
11tuwmu' H(x.,l}=H(x·,4}=vA=8/5: 

I( 

Q.b. I 

lw1.[wqn1Jli y·=(17;,11;,11;,11;) 1.[wptlbtwl!bpUJP hwuwp UJbmp t pwqw

pwpt(Jl 

vA = H(x·,y·) = 11;H(x·,1)+71; H(x ·,2}+71; H(x.,3)+ 11: H(x·,4) 

hw1.[wuwpnt]:1Jntfif!: Cfiq npntu' H(x°,2)>8/5, H(x.,3)>8/5, hbmL.wpwp' 11;, 11; =O, 

.lmq 11; -I!, 11:-1! qwpbUl t l}tnfibt (6.l) lJlWJUWfipg' 

11: + 411: = 8/5, 217; = 8/5: 

liJUUJPUml., 11; =4/5 L. 11: =l/5 L. bplumPJl fuwqwgnajl iwqwqntJfi tlwpqb

twqbpUJ.f! hwqwuwp t' y·=(4/5,0,0,l/5): 
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OppUwq 7: ((mx2) Juwq): liJu oppfiwqmu hplnm[lll fuwqwgmJ.fi ntU)l hp
qm uwpmp 4wptlhtwlJ.hpUJ., puq wnw2)1fi }uwqwgmuf m hwm uwpmp 4wp
tlbtwl.jhpur 01um)1 A uwmppgf! l.jmfihfiw hbmLJwt mbupJ!. 

A=(;;; ;;;J: 
am! arn2 

liJu fuwqp 4hptmbmpJntUJ! J.twmwp4mu t hwuwuwufinphfi: Ppnp, 
ajlgmp' y=(77,l-77)-fi hpl.jpnJlll Juwqwgmw qwuwJwqwfi }uwnl! 4.wptlh1w
l.jhpUjU t: liJq qhUJPntU, wnw2)1fi Juwqwgmw 2whnLuJ! (i,y) )1pwtl}l6wqmu 
hwtj_wuwp t· 

H(i,y) = a,ir,+a,2(1-77) = (a,1-a,2),,.+a,2: 
H(i,y) :Pmlil:19flwJ)1 qpw:Pflltl! majlq q]1b t: 'l-flmwpqbfip WJIJ majlqCibpfl 

qhpp(i {!fil}qpqnrl(!, W JUpfip(i' 
H(7j)=max[(a;1 -a;2 )77+a, 2 ] 

I 

:PmGqg]lwfi: H(77) :pmuqg)lwG mnmg)llt :pmuqgflw t (npUJ.bu mnmg)llt :pmGlt
gpwfihpp {!GmwCiflpp 4.bppfi l!filJqpltmJ.): 

H(17) :pmfiqgftwJ)l u)1G)1umu)1 7j. lthlDI! l.JlWtpU t y·=c11·,1-11·) 1wt1wqmJ(i 
tlwptJ.htwlthPUJ.I! L }uwqp wpdtvl!· 

vA= H(77•) = min H(~): 
11EIO.ll 

6.6. PhphGp up WJlllJmGv, npa oqmwqwp t }uwf\lt 1mbmup ttiumpt1)1u: 

.fc>'hnphu: '1-)lgmp· x·=(~; •...• ~:) l.t /=(77; •... ,77:) 4.hqmnputrr 1wtlwqmJCi 

4.wptfhtwltbpUjhp(i t(i fA }uwqmu L VA-G Juwqj1 wpdhp(i t.: liJI} qhummu, 

gwGqwgwb i-)1 hwuwp, np)l qhUJVmu H(i,y0 )< vA, 6)17ui t ( = 0 hwlj_wuw1m1-

}}Jntfil!, )lult gwuqwgwb j-)1 qbUJVmO, np)l hwuwp v A<Il(x ·,j\ 6)17m t 11; = O 

hwtfwuwpntpJntGI!: 

CGqhwqwnwl.jl!, bph ( >0, WUJ.W II(i,y ·)=v A, frnlj hJlh 17 >o, WUJ.W 

H(x.j)= vA: 

Uutwgmgmu: f.Jupwru1tGp, np npt..t i0E M-)1 hwuwp· II(io,/)<v A, 11liq 

npn1u (: t: 0: UJI} qhUJVmli umwumu hup, np 

H(io,Y·)~,: < vA(:: 

Pn1np iEM-hp)l hwuwp H(i,y.)SvA, 111um11· 

Jl(i,y•)( $VA~,•: 

~tmLwpwp, H(x ·,y.)<v "' )1Grn hwljwumu t. wJCi hwliqwuwlipflli, n11 v "-ti 
Juwrifi wpdhpfi t: fcthnphu)l hplfpn(lll uwuG wUJ.wgmgtfmu t hwuwCiuwtinpbti: 
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Uwhuw6mu: Unw2p6 (bpt.iPnpq) fuwqwgllllP iEM(jEN) uwpmp l[wpl[b
twlJ.bpum tin21.[mu t twlJ.w6 lJ.wu qnpc)m6 1.[wp\J.btwlJbpU(, bpb qnJntpJnt6 m6p. 

x·=a; , ...• ~~ )(y·= ( 11: , ... ,7]:)) LWlJ.wqntJCi i.J.wp\J.btwlJ.bpU(, npp hwuwp ~;° >O 

(77;'>0): 

UJu uwhuw6mupg L. \[bp2p6 pbnpbup.g hbtnL.mu t, op f\ fuwqmu wnw-
2PCi fuwqwgllllP gw6lj_wgwc) i twlJw6 i.J.wp\J.btwl.ihPllIP L. bplJpnJlll fuwqwgnqp 
y • E y• twtlwqntJfi 1.[wptlhtwlJhpllIP hwuwp' 

H(i,y·) =a~Y = vA: 

~wuw6uw6 hw\[wuwllDtPJntCil! npzm t bplJpnJlll fuwqwgnqp gw6tiw
gwc) twtiwa jEN L. wnw2pCi fuwqwgnqp gw6lJwgwb x·EX. twi.J.wqntJCi i.J.wp
l{btwlJhpllIP hwuwp' 

H(x.j) = a:ix· = vA: 

bpb iE M uwpmp i.J.wp\J.btw\tbPllIP L. yE Y fuwnl! i.J.wpl{btwl.ibpU(p. hwuwp 
npztn t !liy=v A, WU(W wuntll bU, np i l{wpi.J.btw\tbPll.11! y fuwnl! i.J.wplfbtwlJbpU(I! 
hWl[WUUlpwliznntU t r A fuwqntU: 

UJullIPuni.J., pbnpbul! \twpbJ}l t l[bpwoL.w\tbpu1bt hbmL.JWL \tbpU(: bpb 
fuwqwgllllP uwpmp l[wptlbtwlJ.bPll.11! twtiwu t, WU(W wJ6 hwl{wuwpwliznmu t 
hw\twnwqnpq}l gwli\twgwb twi.J.wqntJCi l[wptlbtwlJbpU({!: 

lwi.J.wqnLJCi l{wptlbtwl.ibpllIP UU(blJmpp. pllwgmpJnt6(! U(wpqbg6mu t 
fuwqp. tm@tU(! qmCibm: PllDP, IJltgmp' Mx•-1! wnw2p6 fuwqwgllllP x· OU(Ulp
UWL t{wptlbtwlJbpllIP UU(bqmp6 t: UJq qbuwnui bplJpnJlll fuwqwgnqp Jntpw-

pwliljntp y·=(11:, ... ,17:) LWl{wqntJ!i t{wptlbtwl.ibpU({! L. fuwqp v wpctbp{! pw

l[wpw11DtU bli w6hwi.J.wuw11DtPJntlilibpp hbtnL.JWL hwuwlJwpqp.G.. 
• . M 

a;y = V, IE x•, 

a~ ~ v, iE M\Mx•, 
D 

L11; =l, 11; ~0,jEN: 
j=I 

eaq D11DtU gwG.qwgwb x· twi.J.wqntJ!i l{wptlbtwtibpllIP Mx• UU(bqmpti ub2 
tiwpnq bCi U(WUl\twCibt tipwJ6 twtiwCi i.J.wptlhtwltbpU(bp{!: 

7. qwpqh1wqhpUJ.hp}l qhpwqwJntpJntfi 

U"wmppgwJpCi fuWillt tntbuwli pwpqmpJm66 w6nui t A uwmppgp 2wip
ubpli w6btnt hbtn ubtimbIJ.: .Pwgp WJq, up zwpp qbuwbpnui zwhntuCibpp UWUl
Pli9P l{bptntbntpJntli{! pntJL t mwJ}lu hqpw\twg6tq, np npn2 uw11mp l{wpl{bJ.wtibp
U(bp 2bU U(Wlll\tw6mu LW\{wqntJ6 l{wpi.J.bJ.wl{hpUIB UU(bl{mptili: l).w hwCiqbg6mu t 
uqqpliwl{wCi uwmppgp. tpnfuwppliuwlin wl{htlt 1.pllllp 2w$ubJ111 uwmp}lgnl{: 
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7.1. Uwbuwlinui: Uunu1 hfi, op rA uwmppgwJl1fi (mxn) tuwqmu wnw-
2l1fi tuwqwgnqp x' tfwptfb1wlJ.hpUJI! qhpwlJ.wJmll t x" tfwptfhtwlJ.bpUJltfi, hph 
hplJ.pnJlil tuwqwgDJUl pntnpjE {l, ... ,n}-hpI! uwpmp tlwptfhtwlJ.hpUJhp}l hwuwp 
pwtf wpwpmu hfi 

(7.1) 
wfihwtf wuw pmp Jntfifihp}lfi: 

{wuwfiuwfinphfi, hpqpnJlil tuwqwgnqp y' tfwptfhtw4hPUJ1! pp y· tfwpt(h
twli.hpUJltfi qhpwlJ.wJmll t, hph wnw2pfi tuwqwgnqp pn1np iE { l, ... ,m}-hpp 
uwpmp tf wptfhtwlJ.hpUJhpp hwuwp' 

a;y'~ a;y·: (7.2) 
bph (7.1), (7.2) wfihwt(wuwpntpJmCifihpI! qwmwptfmu hfi npUJhu tu)mm 

wCihwtfwuwpntpJmfiCihp, WUJW tunumu hfi tupum qhpwlJ.wJntpJwCi uwu}lu: 
\.f.wptlhtwlJ.hplll.hPlt qhpwlJ.wJmpJwfi uwuuwt(np qhUJPI! qpwfig hwuwpdhpm
JJJntfiCi t: 

Uwhuwfimu: Unw2pfi tuwqwgnqp x' h x· tJ.wpt(htwli.hpUJhpI! hwuwpdhp 
wCit(wCibCip rA tuwqmu, hph pn1np jE {l, ... ,n}-hpfl hwuwp' x'.r=x·ai L u2wuw
qhup x'-x": 

bplJ.m hwuwpdhp x' L x· tlwptfhtwlJ.hpUJhpp hwuwp (Jmpwpwuvmp 
yeY-p hwuwp)' 

H(x",y) = H(x",y): 
{wuwfiuwfinphu, hpqpnJlil tuwqwgnajl y· h y· t(wptlh1w4hr1UJhPI! (y'-y") 

rA tuwqmu hwuwpdhp hfi, hph pn1np iE {l, ... , m}-hpp hwliwp· 
y'a; =y·a;: 

liJumhq}1g mfihfip, np wnw2pfi tuwqwgnqp gwCilJ.wgwb xe X tuwn[! 
tJ.wpt{h1wlJ.hpUJti hwuwp' 

H(x,y) = H(x,y"): 
lJwpmp tlwptlbtw4hpUJhpp hwuwp limbtJ.wb uwhuwfimutihp[! oLw

tfmtutlmti bu hhtnhJWI 4hPU!· hph wnw2pfi tuwqwgnqp uwpmp' i' tlwptlh1w
lJ.hpUJ(! qhpwti.wJmu t ( tlwptlh1w4hplllflfi, flu4 h114pn1111 tuw11wgnqJ1 j' uwpmp 
t{wpl!htw4hpuuf CimJCi tuwqwgnqp j" l!wptlhtw4hpUJflfi, WU!W pn1np i= I, ... ,m, 
j=l, ... ,n-hpp hwuwp· 

a;J ~ 3;j, 3;f ~ 3;f: 

'l-w qwphlfl t l!h4mnpw4wfi mbupntl qpht hhmLJtUt lJ.hJlUf. 
3;· ~ 3;·, al' ~ i" : 

~wptJ.htwlJ.bpUJbpJi i',_i" L j', f qmJqbpfl hwuwpdhpmpJmtip (i'-i", j'--j1 
fi2wfiwqmu ta;·= a;-, i = i hwtlwuwpmpJmCitihpfl IJ.wmwiuuu: 

Uwhl1wfimu: Unw2pfi (bpl[pnPJl) tuwqwgnq}1 x"(y") l!wpl!h1w4h1uqp l[w
uhCip, np qbpwl.jwJnq t, hph qnJmpJmCi mfifl WJI} tuwqwgnrtJ1 x·~x"(i*Y1 
l!wptlhtwltbpll!, DflI! qbpwlJ.wJmu t x"(y") l!wp4h1wqhputJ1ti: ~wlj_wnw4 tlhll!
pmu, x"(y") tfwptlhtwlthpum ni qhpwl[wJt{nq t.: 
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~wl.iw(iuw(inph(i, wnw2)1Ci (hpltJrn.PI\) fulllllwgmi)1 x· (hwl.iwlllwmwutuw
Ciwpwp, y') l{wpt[t1wlJbpum ltnll[ml.i t fu)lum qtpwlJwJl[IIJJ., tpt qnJmpJmCi 
mCip. WJI} fulllil.WQIIJJ.P WJfolJliu)l x'(y) l[wpl[t1wlthPut, np.(! fup.um qbpwqwJmti t 

x"(y') l{wpl[b1wltbpt1Jli(i, WJup.CipCi' pn1np j= l, n (i= 1, m )-bp)l hwuwp' 

x'ir< x·ai, ~y'< ~y·: 
~wqwnwq I}UU[pmll qwutCip, np wnw2l1Ci (br•ltPnM) fuwqwgnq}l x·(y") 

l[wpl{t1wlJbpl4bp(! fup.um qbpwqwJtl.IIJJ. lbfi: 

7.2. BmJg mwGp, np tuwqwglll\GbpJ! lJwJ111Il bCi loqmwqnpbbt qbpw
lmznl[IIJJ. l[wpl[t1wltbpl4bpl!: UJI} 1.pwuml! hwumwmmu t hbmL.Jwt t4.CiI}IltU(!: 

firbnpbu: opb I'A fuWT[IllU fuWT[WQIIJJ.fibp)lg Ublt)l x' l{wpl{btwlJbpU[l! qh

pW\ul1Dlll t x • 1wl{wqntJCi l{w.pl{b1wlJbpt1Jli(i, Wll{W x' l{wpl{btwltbpll{l! GmJfi
ll{bu 1wl[wqntJfi t: 

Uui.wgmgmu: 'l-p.gmp' npnzwlt)lntpJwG hwuwp, x'-l! L. x·-1! wnw2}1.a 
fuwqwgill1J1 l[wpl{t1wlJbpl4bp(i bCi: UJI} qbuwmu qbpwqwJm:pJw(i zCinph}l.l[' 

x'ir~ x·ir 
pn1np j= 1, n -tpp. hwuwp: UJumbqp.g x· l[wpl[b1wlJbpt1Jli 1w4wqntJCi tJiCibtm 

zCinphp.tl (mb'u 6.3 4but(!) pn1np j= 1, n umwCimu bCip' 

V =minx•aj~minx'aj~minx•aj=V A . . . A 
J J J 

Otum)l, 6.3 lJbmp. pbnpblip. hwuwawJCi, x' l{wptlbtwltbpllll! CintJCiutbu 1w4wqntJCi t: 
UJutlJliunl{, 1wl[wqntJCi l[wp4h1wlthpt4.{! lJwpnT[ t qbpwlJwJtlht up.wJCi 

1w4wqntJCi 4wp4b1w1.ttpui.nl[: 1.rJntu 4Illll1)1g, Ill up 1wl[wqntJCi l{wpl[b1wqbpll{ 
fup.um qbpwqwJi.lllll lt, mump. fuwqwgIIJJ.Cibp(! lUihutp t oqmwqnpbbCi fup.um 
qbpwlJwJtl.Illl l[wpl[h1wlJ.bpU[bp: 

fcrbnpbu: U}}U I'A fuwqntU fuW'lWQilJ\fiUpp.g np\J.t tib4}1 X• l{wptlhtW

IJ.bpU[(! 1w4wqntJCi t, wui.w x • -I! fu)lum qbpwlJwJi.lIIJJ. ll: 
Uui.wgmgmu: 'l-p.gmp' npnzwlt)lmpJwfi hwuwp, x·-1! wnw2pCi fuwqwgn

'lP 1wl[wqntJCi 4wptlh1w'-1bpU[Ci t: bCipWI}llhCip, np x ·-I! tu)lum qbpwlJ.wJtllllJ. t, 
WJu)1CipCi' qnJntpJntCi mCi)l wJGtlJliu)l x'E X 4wp4b1wlJ.bpU[, np 

' i • i ·-1 2 · x a > x a ,J- , , ... ,n. 

minx'aj ~ minx*aj: 
j j 

UwqwJCi, x ·EX 4wp4b1wl.J.bpt1Jli 1w4wqntJCi tJiGbtm zCinph.ptJ. 6p.zm t 
min x0 ir= vA 

J 

hwl[wuwpntpJntfil!: Omm)16p.zm t L. hbmL.Jwt tu)lutn wCihw4wuwpntpJntCi(!' 

max min xa i > v A , 
• J 

)lfim hwlJ.wuntu t Cipwfi, np v A-Ci tuW'lP wpctbpCi t (qbm 6.3): U01wg4wc} 
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hwqwumpJmCif! WUJ.wgmgmu t pbnphuI!: 
lllwpq t, np hw4wnw4 UJ.UJ}ntUf! I!Cil}hwCimp wnuwup op2m tl: UJJ}UJ.hu, 

(b ~) 
uwmp}lgn4 ]uwqmu wnw2p.Ci ]uwqwgnajl wnw2p.Ci l.t hplumM uwpmp 4wp-
4h1wqbpUJ.hpf! tu)lum qhpwqwJ4nq lhCi, uw4wJCi J}PWCip 1w4wqntJCi thli: 

Ujmu 4nqu)1g, fihpf!UpnCinphCi hwu4wfiwt.lt t, np hph A uwmpp.gp. i-M 
Ullllll! U·M UJntCiw4n) qhpw4wJ4nq t, WUJ.W wCihpwcth2mmpJmfi l4w J}PWCi 
mw1m J}Pw4wli hw4wCiw4wfimpJmCi: UJuUJ.)1un4, 1w4wqn1JCi 4wp4h1w4hp

UJ.hPI! qmfibtm hwuwp r A ]uwq]l tlm]uwphfi pw4w4wfi t 1mbh1 r A. hCipw
]uw:rm, npmhq A'-[! uwtnp}lg t, DJ1I! umwg4mu t A uwtnpflg)lg 2fi2h1n4 qhpw-
4wJ4nq tnnr[hpf! l.t UJmCiw4fihp{!: 

UJu WMJmCipp. 02qpp.m <'iliw4hpUJ.UWfi[! Li WUJ.Wgmguwfifi wfigfih1mg 
wnw2, un1c)hfip <<X ]uwn[). 4wp4h1w4hpUJ.l1 {!fil}tWJfimu i-pq mbqmu» hwu4w

gmpJmfin: uph x={~1, ... ,~m)EX l.i l~+l, WUJ.W i-pq UlbqntU X 4wp4h1wqhpUJ.P 

l!UJ}LWJfintu ywfi4wCibCip X; =(~I,·. -,~i-1,o,e;, ... ,em> 4h4Ulllp{!: liJUUjbU, hpqpnpq 

mbqmu (l/3,2/3,l/3) 4h4U1Dp]1 t!liiitwJCimut! (l/3,0,2/3,l/3) 4hljU1J1pfi t, lnppnpq 
mbqmu' (l/3,2/3,2/3,0) 4hyU1Dpfi t, wnw2p.fi LDbqmu' (O,l/3,2/3,1/3) l}h4UlllJ1(l: 

7.3. fcttnphu: '1-pgmp' rA-Ci (mXn) tulUil t: bCipWJ}PhCip, np A uwtnpflgfl i-pq 
Ulllllt! qhpwywJ4nq t (wJu]lfipfi' qhpwywJ4nq t wnw2]1Ci ]uwqwgnq]l i-pq uw

pmp 4wp4h1w4hPUJI!) Li J}]lgmp· r "-fi A' uwmpgn4 ]uwq t, npCi umwgLJmu t 
A-pg i-PJ} mnq{! 2Ci2h1n4: liJq qhUjpntU 0.fl.?lll hCi hhmliJWL Ujfirµuufihp{!. 

l.vA=v"": 
2. r". ]uwqn11i hplumM ]uwqwgnl}]l gwCi4wgwc) y· 1w4wqmJG t1.wr14h-

1wyhpUj LWlJ.WQillJfi t fiwl.i r A tuwqntU: 
3. bph x ·-I! wnw2f1Ci tuwqwgnl}]l 4wliwJw4wfi 1w4wqmJCi 4wJ14t1w-

4hpUjfi t rA. )uwqntU l.i X~ ·f! X• lj_wp4b1w4hpUJ.11 {!fil}tWJCintUCi t_ i-p.q UltiJ}IllU, 

WUjW x; ·(! WJJ} )uwqwgnl)]11w4wqntJfi 4WJ14ULWlfbpUjU t_ r A !uWIJ.lllU: 

4. bph A uwU1p)19]1 i-pq mnqp tu]1uU1 qhpwlfWJ4ll11 t, WUjW wnw2]1fi 

]uwqwgnq]l 4wU:wJw4wfi x· 1w4wqn1Jli 4wp4h1w4h11UJ11 r" tuwqnui 4w11nq t 
umwg4h1 r A" ]uwq]l nplit x· 1w4wqn1Jfi 4wp4h1w4br1u.u1g' i-1u1 U1h11mu 11u11-
lWJfih1n4: 

UUJ.wgmgmu: CfiqhwCiIIDt]}JntCiI! ituw]uU1h1n4, 4w11h1J1 t hCif}WJ"){lbl, 1111 

qhpw4WJ4ll111! 4hp2J1Ci' m-pq LillllJ.U t.: 'l-J1gmp· x=(e,, ... ,em)·[l tuwn11 lJ.w114b
[WyhpUjCi t, llfl(! qhpw4WJlllU l m-pq Ulllll(!: Uf}b em=O, WUjW qh11w4WJllll}JWfi 
UjWJtiwCip.g pn1np j= 1,2, ... ,n-h11t1 hwtiwp umwCimu bfip' 

m m-1 

1e,ai1 = I(a,1 ;?: a.,u, 
1::.I J~I 
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m-1 

rei = l, e;~O, i=l, ... ,m-1: (7.3) 
'i=I 

~wqwnwq qtuwmu (em>O) ruunwp.lJ.bCip x'=( e; ..... e:) l[h\tlDilPI!, npmhq' 

e' = {eJ(l- em>• i :;t m, (7.4) 
I O i=ffi 

q_bqlDilp}l J!WllWIJ:flPtCibp{! Dt pwgwuwqw(i b(i ( e; ~O, i= l , ... ,m): lTJIUU 

ltilJ\U}lg, pntnpj=l, ... ,n-bp}l bwuwp mCibCip' 
I m 1 

1-em ~eiaij ~ a,aj 1-em ei' 

qwu 
1 m-1 1 m-1 

~ reiaij ~ a,aj -_- ~ei : 1 '=>m 1=1 I em 1=1 

<.w2tUi. wnlibtntl (7.4)-1!, uwmlimu blip' 
m-1 m-1 

re;aij ~ a"li re;= aug' j=l, ... ,n, 
i=I i=l 

(7.5) 

m-1 re:= 1, e; ~o. i=l, ... ,m-1: 
i=l 

liJilUJPUD\[, m-pq 1.Ililllli qhpwqWJ4IlI\ UlfihtIUQ Upzlll hbmlintU t, op WJfi 
IB qhpwqwCigmu uCiwgwo m-1 Ulllllhp)l mnmg}llt qowJ}l.Ci hwuwqgmpJWCiJ!: 

'1-pgmp' (x • ,y ·)E Z(f A') qmJql! hwl[wuwpwltznntpJwCi }lpwtl)16wlt t r A' 
• J:.• J:.* • • • luWJtntU, X =( ':,1 , ••• , ':>m ), y =( 11, , ... ,Tim): fcl"bnpbu}l 1-}l.Ci, 2-pq, 3-pq UJ.CiqmuCibp(i 

w111wgmgbtm hwuwp pwl[wqwCi t w111wgmgbt, np 
D • m-] • 

ral1j s; v A' s; raije +O · aij (7.6) 
j=I i=l 

pnplp i=l, ... ,m, J==l, ... ,n-hpp hwuwp: 
Unw2ldi hwi.twuwpmpJmCiCi wqCibpL. t, puq fA. tuWJtmU (x·,y•) i.twptlbtw

lJ.bpUJ.bp}l twtlwqntJCi wCibtntQ hbuit.nuI bCi 
n • m-1 • • . 
ral1i s; v A' s;raije +O·aij, 1=1, ... ,m-1, j=l, ... ,n (7.7) 
j=l i=l 

wCibwtlwuwpmpJmCiCibpJ!: (7.7)-}1g wqCihwJUlilpb(i hhmL.nuI t (7.6) wCihw
tlwuwpmpJntCiCibppg w2J!: Uutwgmgbfip owtu wCihwi.twuwpntpJnt6J!: '}..pw 
hwuwp pwtlwlJ.wCi t gmJg mwt, np' 

n • 
LaijTlj s; VA' ; 
j=l 

(7.3) L. (7.5) wCihwtlwuwpntpJmCiCibppg umwCintu hfip' 
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np]! h WUJ.Wgmgmu t ptnpbu}l wnw2pCi uwu]!: 
fcrtnpbup bpqpnPIJ: uwul! (4-PIJ: UJ.CirµnU!!) WUJ.wgmghtm hwuwp pwqw

ljwCi t Ciljwmht, np m-PIJ: UlilllP fupum qhpwljwJtlnq tltCihtm qhuwmu (7 .3) L. 
(7.5) wllhwlJ.wuwpmpJmCiCihp[! lJ.wmwpqmu hCi npUJ.hu )upum wfihwl[wuw-

pmpJmCiCihp pntnp j= 1, n -hpp hwuwp: Ornmp' 

liJI} qhuwmu 6.6 lJ.hmp phnpbupg umwCimu blip, np r A tuwqmu wnw2}1Ci 
tuwqwgnqp. gwCilJ.wgwo twtlwqntJCi qwptlhtwlJ.hput}l m-PIJ: pwqwl]Jl}l.n1 hw
qwuwp t qpnJp: fcrbnphUG WUJ.Wgmgl[wo t: 

~L.wljhpUJ.hfip hpqpnPIJ: tuwqwgnqp. qwptlt1wlJ.bpUJ.hr1p uwupfi fbnpbu]!, 
npp WUJ.wgmgmUt! pwg hCip pnqfimu: 

fcrbnphu: 'l-pgmp' rA-fi (mxn) tuw11 t: bfipwl]JlhCip, np A uwmppg}l j-PIJ: 
uJmfiwlJ.I! qhpwlJ.wJlJ.nq t, L ajtgmp· r A-[l A' uwuippgnl[ )uwq t, npfi umwg
qmu t A-pg j-PIJ: UJntCiwlJ.[! 2fi2t1mt: liJI} qtuwmu 6pzm tCi hbmlaJWl UJ.U[JntU
Cihp[!. 

1. VA= VA·: 

2. Unw2pCi tuw11wgnqp. gwCilJ.wgwo x· 1wtlwqn1Jfi ttwpl[b1wlJ.hpum rA. 
)uwqmu 1wtlwpitJCi t CiwL. r A )uwqmu: 

3. b"pt y -(l bplJ.flD[lI} )uwqwgilllP lJ.wUwJwlJ.wfi 1w4wqmJli tlwpl[h1w-

lJ.hpUJ.Ci t ['A" )uwqmu, L. y;-P. y· l[wp4h1wlJ.bpUJ.p JlUl}LWJCintUti t j-flll mhqmU, 

WUJ.W y; qwpl[h1wlJ.bpUJ.J1 tplJ.pnflll )uwriwgnq)l 1w4wqmJli 4wp4t1wlJ.h11111Ci t 
l A fuwqntU: 

4. b"pb A uwmp}lgp j-PIJ: UJmCiwlJ.11 tufiutn qhpwlJ.wJtlilll t, wu1w r A tuw

qmu bpqpn(lI} )uwqwgnqp lJ.wUwJwlJ.wCi f 1w4wqn1JCi 4wptlt1wlJ.hflUJ.[l lJ.w

pnq t umwgl[h1 rA. Juwrt.Ji npLt y· 1wl[wqn1Jfi tlwp4h1wlfh1•UJ.l1g· j-Jll} mtrimu 
[!Cil}tWJlibtntl: 

7.4. ~wCipwqn1uwpp pbphCip umwy4wo wpru111Cipfih11p: 7.3. lJ.hml1 fhn
pbt1Cibpp mwtpu bfi tuwqp Uwlilppg}l 2wlfluhpl1 titlwqbguwti w1qn1*13up: 

UJqut}lun4, bpb uwmppgp n1M. lilllrJ (uJmCiwlJ.) uM (LpllPJl) it. WJI} llwlil
p}lgp ufiwgwo lilnqbpp (uJmCiwlJ.Cibpp) npLt mnmgplJ. qllwJt1u hwuwlJ.gmpJm
fipg, WUJ.W tuwl1.lI tmi>"mup qmtih1m hwuwp wJ•l mm111 (uJmfiwlJ.11) lJ.wpbtp t 
2u2tr Curi npmu hwmJWl uwmp}lgnl[ tuwrip 1wl[wqmJti ttwp4h1wlfhpUJh111t 
pfiq1wJfintU1! lJ.mw ulJ.qpfiwlfwG tuwrip 1w4wqn1Jfi 1mamu11: l.iph wlihw4w
uwpmp1mfiCibp(l fupuU1 tpfi, WUJ.W ulfqpliwlfwti tuwqJ1 1wtlwqmJCi l[wp4h1w
lfbpUJ.bpp pwqumpJmfi[l lJ.wph1)1 t. ul1lwtiw1 hwU1J1U\ fuwril• 1wl[wqn1Jti 4wp-
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tlbtwqbpuibpp pwqumpJwfi [!UI}lWJfimunt[, hwqwnwq qbu.wmu WJI}ll!PUP 
qnpbi!fipwg qppwnbtliu iwt[wqntJfi t[wptlhtwl.ibpUJ.bp[! qwpbtli t qnpgfibt= 
StlJwt pbnpbufibpp qppwnntll[! pwgwuiphfip oppfiwqntl: 

Oppfiwq 7: 'l-puiwpqtl.mti t 

A=[~ 1 f ~1 3 l 2 0 
0306 

tiwuippgntl fuwrm: .Qwfip np 3-pq llllllll!' a3-[! qbpwqwJmu t wnw2pu UlrulPfi 
(a3~ a1), wuiw, 2U2htntl wnw2pa llllllll!, uuiwfimu bfip' 

A1 =(~ii JJ: 
0306 

UJu uwuippgmu 3-pq uJmfiwlfl!' a3-[!, w qbpwqwfigmu wnw2pCi uJmCiw
qpCi' a1-pCi: Otuuip, uuiwfinui bfiJ;!' 

A2 =[i i ~1: 
306 

~hp2pCi uwuippgmu nt up Ulll1J. (uJmfiwti.) w qhpwl.J.wJtlnu'i WJL UllllJ.ntl 
(uJmCiwl.J.ntl): 'l-pw hhui uhl.J.uihIJ. a I wnw2pfi uJmCiwl.J.1! qbpwqwCigmu t a2 L. a1 

uJmfiwqCihpp mnmgpl.J. qowJpfi hwuwl.J.gmpJWCi[!, pwCip np a1~l/2 a2+1/2 a1: 

J:l.pnp, 3>1/2+1/2.3, l=l/2·2+112·0, 3= 0·112+112·6: Upuiwpub1ntl l-f1Ci uJmfiw
l.J.1!' umwfimu hCiJ;! 

[H} 
UJu uwmppgmu wnw2pCi UllllJ.I! hwuwp<thp t x=(O, 1/2, 1,2) fuwnf! 4wp

tlh1wl.J.hpUJ.ltCi, pwCip np l=l/2°2+1/2°0, 3=112·0+112°6: UJquiPuntl, wpuiwp
uh1ntl wnw51pCi UllllJ.1!, uuiwCimu hfip 

(6 ~) 
uwmpµg(!: UJu uwmppgnt[ fuWIJ.mU fuwqwgilllCihpµ x· l.t y· 1wtlwqntJfi 1.(wp
tlhtwl.J.hpuihpf! hwt[wuwp hCi' x·=y0=(3/4, 1/4), t!UUl npntu fuwrtp wp<thpf! 
hwl(wuwp t 3/2-]1: 

~hp51µCi uwuip}lgfi umwgtlht t wnw21J.fi uwmp}lg}lg hpl.J.m U101J.hPt! L. 
UJntfiwl.J.fihpt! 2u2t1nl(, muui]l ul.J.qpfiwl.J.wO fuwqmu fuwqwgnqOhp]l twl(w
qntJfi t[wpl(h1wlfhpuibpt! li2tlwb qwpqb1wlJ.hp111bpµ t!OrnwJfimufihpfi bO wnw-

51µ6 L. tpt.J.pnpq uihIJ.hpn1u, w1u1i-a12a· x:2 = y:2 =(0,0,3/4,114): 
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lwt[wqntJCi t[wptlhtwl.J.hpUIP utqhl.J.mpu ptiwuwm tqwpqhgumti t ]uwq11 
imantti(! qmuhm: lwtJ.wqntJCi t[wptlhtwlJ.hput}l utqhlJ.mppu lJ.wpllll bu tqwm-
1.J.wfiwt ]uwqwgllllP tipwJfi twlJ.wCi uwpmp tJ.wptlbtwlJ.hptqbp(!: CCiq npmu Di 
up twlJ.wCi t[wptJ.btwlJ.bptq ]upum qbpwlJ.wJtl.Dll tt, pfim wCiup2wlJ.wCinpbCi 
hhtnWltti t 7-pq 1.J.hmp phnpbtipg: 

8.1. 'l-pmwptibfip ]uwqbpp up qwu, npmhq utqhlJ.mpCi ptiwfiwm pwtJ..w
pwp t JuwrtI! tmb-htm hwuwp: 

Uwhuwfinui: Unw2pCi (bp4Pnpq) ]uwqwgllllP x(y) tJ.wptJ..btwltbptq(! lJ.nt
tJ.nuI t llmtJ.liCi fuwn(!, hpb qpw utqhltutPI! pwqltwgwo t ]uwqwgDllP pntnp 
tiwpmp t[wpt.J.btwltbptqbpp pwC\tin!pJmfipg, WJUpfip(i' Mx=M (Ny=N): 

~wtJ..wuwpwlJ.lnntpJWfi (X ,y ) ppwtJ.lillWltJ! lJ.nttJ.ntU t UUltJ.lifi }uWil(!, hph 
x • L. y • t[wptJ.htwltbpUJ.hPI! t.linl(ltCi ]uwnu bu: r A fuwrtl! 4ntt.J..mti t llmtl.Pfi 
]uwn(!, bpb WJ'l fuwqmti JntpwpwliiJmp hwtJ..wuwpwlJ.lnmpJwCi ppwl(ltl'.iwlt 
umtL.tiu ]uwnCi t: 

~htnhJWt ptnpbu(! UJUI}Dtti t, np llml(ltCi ]uwnn ]uwrm mu.ti tipwq tntomu: 
@-hnphti: rA llmtl.PCi ]uwnn (mxn) fuwrm mCip uftwti hwt[wuwpwlJ.lnm

pJwCi ppwtJ..ptiwlJ. L. pwnwtimup uwmppg (m=n): bpb v A~O, wtqw A tiwmppg(! 
t.J.bpwot[Dll it, L. 

• uA-1 

X =-
uA-1u ' 

• A"1u 
y = uA ·•u ' 

1 
V =--· 

A uA-1u · 

(8.1) 

(8.2) 

(8.3) 

Utqwgmgmti: 'l-pgmp, x • =( g; , ... , g;, )Ex· -[I L y • =( 11; , ... , 11,:, )E y• ·I! tuw

I1WQD11Ubpp lJ.wtiwJwlJ.wCi 1wt.J.wqn1Jfi tJ..wptJ.hwlJ.bp111t11Ci hCi, t1ulJ. v A-Ci r A-Ci 
fuwaj1 wpdbp(i t: .Qwfip D[l r A-Ci UUltJ.liCi )uwnp )uWfl t, WtqW X • -[I L y • ·[I 
llmtl..tifi ]uwn{! tJ.wptlbtwlJ.bptqbp bfi, npnfip (L tipwJCi qpwtip) (6.6) lthmlt 

xcr=v A, xu= I, x>O, j= l , ... ,n, (8.4) 

ya;=v A, yw= I, y>O, i"' l , ... ,m, 

u=(l, ... ,l)ERm, w=(l, ... ,I) ER", 

qowJpCi wlihwt[wuwpntpJmfiCibpp hwuwtiw11qf11momuCihpCi bfi: 

(8.5) 

@-bnpbtip tqCiqnttiCibp(! hbmU111u bli qowJpCi wfihwtJ.wuwpntpJmtiCib11t1 
hwtiwltwpqbppCi tJ.bpwpbPDll hwJmfip WpqJntCipCihpl•g: 

~bmLJWL pbnpbtip WUJ.wgmgmup CimJCiUJ.bu pnIJCinui bfip pfipb11gnr1ltfi: 
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fcrbnphu: 'l-]1gmp' rA (mxn) tuwqmu A uwmpJlgl! 01 tJ.bpwOl[w<) t: UJq 
qbun:muI, bpb bpqpnpq fuwqwgmm r A fuwqmu mCi.]1 tpn@Ci tuwnfi twtJ.wqntJCi 
qwptJ.btwlJ.bpui, wuiw wnw2]1Ci fuwqwgnqfi mCi.]1 u]1wlj x· twtJ.wqntJCi t[wp
tlbtwlJ.bpui (8.1): 

t;ph r A fuwqmu wnw2]1Ci fuwqwgnqfi mCi.]1 umtlltli tuwnfi twtJ.wqntJCi 
l{wptJ.btwlJ.hpUJ., wuiw bpqpnpq fuwqwgnqfi mli]1 u]1wlj y' twtJ.wqntJCi l{wp
tlbtwlJ.bpUJ.' (8.2), {!liq npmu tuwq]l vA wpdb121! npnzlJ.mu t (8.3)-nlJ.: 

Op]lliwlJ. 8: ((2x2) luwq): 'l-]1gm12· inplJ.w<) t 

A =(a11 a12) 
a21 a22 

uwmp]lgnl{ (2x2) tuwq: Unw2]1li Juwqwgnq]l ljwuwJwljwli x Juwn{! qwpqb
twlJ.bpum lJ.wpnq t qpi.J.ht x=(e,1-~ mhupnl{, npmbq 0~~1: ~wuwfiuwlinpbli, 
bpqpnpq fuwqwgnq}l y tuwn{! l{wptJ.htwlJ.bpUJ.Ci mfi)l y=(17, 1-11) mbupl!, 
npmbq 0~17~1: (x,y) ]1pw@6wlJ.mu zwhntUf! hwqwuwp t' 

H(x,y)= e[a117J+ a1i(l-17)]+(l-~ [a217J+ an(l-17)]: 
UJdu hfipwqphli12, np r A tuwqmu uwpmp tJ.wplJ.htwlJ.bpuihpntl hwqwuw

pwqznmpJwli ]1pwtlJ16wlJ. 1lJ.w (hwlJ.wnwlJ. qhuipmu tmootUf! hbzm t qmfiht 
u]lli]1uwpuhp]1 hwt[wuwpmpJDtli]1g), la, q]1gmp' x'=(c;,1-()-{! Lt y·=(11·,1-r()-I! hw
uwuiwmwuJuwliwpwp wriw2]1li Lt bpqpnpq fuwqwgnqlibp)l lJ.wtiwJwqwli 
twtJ.wqntJli IJ.wptJ.htwltbpuibpli bli: (x0 ,y·) ppw1Jp.6wq{! Lt r A tuwq{! umtl.]111 
tuwnli bli ((>0 L.17°>0): 

~bmL.wpwp, f!Utn 8.1 ljbm]1 pbnpbu]l, Juwqmu qnJntpJmli mCi.]1 twtJ.w
qntJCi Juwn{! IJ.wptJ.btwlJ.bpUJ.bpp upwq qmJq: UJq t[wptlbtwltbpuibpf! hwqw
uwpnuHibpp hbutltJWL hwtiwljwpqp tmootuli bfi' 

a1111°+(1-17°) a21=vA, a11( +(1-c;) a21=vA, 
a2111'+0-17°) a22=vA, a12( +(1-c;) a22=vA: 

bpb tibfip t[umwh hfip, np v A~O (bpp, oppCiwlJ., A tiwmp)lgp pntnp 
mwppbpf! qpwlJ.wCi hCi, WUJ.W wJq wfihwqwuwpntpJntCi{! pwt[wpwpqmu t), 
WUJ.W Juwq]l tmootU{! hbmL.Jwtli t. 

I • .1 • -1 
v A= uA-iu, x =vAuA , y =vAA u, 

npmbq u=(l,l): UJqUJ.hu, hbzm t ummqhL np 

A==( _f ~) 
uwmppgmu pwupwl.J.bin tl.J.w: ~wl.J.wqwpo A"1 uwtnpJlgl! hwt[wuwp t' 

A-1 ==O ~): 
llJu tuwq]l tmootUJ! hbtnL.Jwtfi t. 

VA= 1/3, X 0 = (2/3, 1/3), y• = (1/3, 2/3): 
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8.2. ~hmwqmnbfip hwmmlj mhupp uwmppgfihpntl tuwqbpp up uwufiw
tlnp I}wu: 

Uwhuwlimu: J!wnwljmup A uwmppgntl r A tuw1m 1Jn2tlmu t hwuw2wtli 
tuw11., bph A uwmppgJ! 2hqhwuw2wt1i t, wJupapa· hpb ilii=-a;i pntnp i-hpp L 
j-hpp hwuwp: 

UJu qtuwmu A uwmppgp pntnp wfiljjmfiwq01UJpfi mwpphpJ! hwtlwuwp 
hli 0-p, wJuplipCi' a;i=O pntnp i-hpfi hwuwp: Chqhwuw2wtli A uwmpfigfi hw
uwp up2m pw4wpwpn1u t AT=-A lll.WJUwliJ!: J!wCip np A uwmpftgJ! pwnw
ljmuwJftCi t, Wlll.W fuwqwgnqfibpp tuwnJ! t.f.wpt.f.btwlJhplll.bPfi pwqumpJmCi
GhpJ! hwuJ!liljCimu ta, wJupapa· X=Y: 

lilll.wgmghCip hwuw2wtli r A tuwllfi tmWwfi hwmljmpJmfifihpfi l{hpw
pbpJWl up pbnpbu, npa oqmwqwp t hwl{wuwpw4lnmpJwCi fipwtl:ti6wl(J! 
tpCimptwu: 

@-hnphu: l}.pgmp· rA-fi hWUWtWtp fuwq t: liJJJ qbUjpntU' 
VA= 0, 

L fuwqwgnqfibpp twt(wqmJfi 4wpt(htwl(bplll.bpfi pwqumpJntfiCihpJ! hwUJ!lilt
fimu tu, w Ju pfip Ci· 

lilll.wgmgmu: l}.pgmp A-Ci tuwllfi uwmppgCi t, fiult xE X-c!' qwuwJwqwa 
l{wptJ.btwltbplll. t: liJq qbuwmu· xAx=xA Tx=-xAx: f1tutnfi xAx=O: 

l}.pgmp· (x.,y.)EZ(A) hwt[wuwpwtunmpJwCi ppwtl:ti6wqfi t, fiuq vA-fi 
tuwllfi wpdbpfi t: liJI} qbuwmu' 

vA=x·Ay.'5.x·Ay, 
vA=x·Ay·?. xAy· 

Pntnp xE X-p L yE Y-p hwuwp: ~bmLwpwp · 
vA'5. x·A x°=O, 
vA?.y.Ay·=o: 

liJumbllfig· vA=O: 
l}.pgmp· X • t(wplJ.hLWqhplll.[! LWl{Wqnljfi t r A fuwrimu: liJq qhUjpnLU 

(m'bu 6.1 qbmp phnpbu[l}" 
x·A?.0: 

UwqwJfi WJUmhllfig hbmumu t, np x·(--AT)?.0, mump. x·AT-5.0: UJulll.PuntJ. 
umwfimu bfip · 

Ax.'5.0: 
f11pbufi, [lUUl WJI} fimJfi 6. J qbutp pbllJlbUp, X •-)l htlllJmPJ} Juwqwgnllfi 

twtlwqn1Jfi l{wptJ.btwlthplll.fi t: liJulll.Puntl wlll.wgmgt.f.wb t., n11 x· cv·: ~w4w
nwlj fibpwnmuJ! wlllw.gm~t.f.mu t hwuwau_wfinphfi: 

~bmwqwJmu, X c=.y hwt.f.wuwpuwfi hfiuwCi tlflw, Junubtnl{ hwuw2wip 
Juwrimu tuwriwgnqp twl{wqn1Jfi t.f.wptJ.htwlth11lll.P uwup.fi, ubfip it.up fi7ft, pb 
np fuwqwgnqJ1 uwupfi t Junup(l: 
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Oppliwq 9: lnu)blip 

A=( ~ -J -i] 
-1 l 0 

uwmp)lgmf. fuwq)!: 'l-pgmp' x·=(;; . .;;,.;; )·J! twtlwqnlJCi qwptlbtwltbptq!i t rA 
fuwqnui: liJq qbuwmu tqbmp t pwqwpwpl[bfi hbmL.Jwt wCihwqwuwpm· 
pJmfifibpJ!' 

.;; -.;; ~ 0, 

-.;; +.;; ~o. 
.;; -.;; ~o . 

.;; + .;; + .;; = l, .;; ~ 0, .;; ~ 0, .;; ~ 0: 

(8.6) 

BmJg mw!ip, np WJU fuwq)! tpn@li fuwn!i t: Ppnp, 11.PQntp' .;; =O: liJq 

qhuwnuI w!ihwqwuwpnlpJmlifibp)l (8.6) hwuwqwpqpg umw!inui bCip hb· 
mL.Jwt hwuwqwpqJ!. 

.;; -.;; ~ 0' 

.;; ~o. 
-.;;~o . 

.;;+.;;+.;;=1. 
npJ! 2mfip n2 pwgwuwqwfi tmmnu: ~wuwfiuwCi qwmnqmpJmfifibpJ! gmJg bfi 

UlWl.PU .;; =O qwu .;; =O qbtqpbp)l wfih(iwpplimpJntfi)!: fllUtnp r A fuwqJ! lltntlltfi 

fuwnJ! fuwq t: ~bmL.wpwp, .;; • .;; ,;; pwqwqpp2fihpJ! hbtnL.JWt hwuwqwpqp 

tntbmufi bfi: 

.;; -.;; =0, 

-.;; + .;; = 0 ' 

.;; -.;; =0, 

.;; + .;; + .;; = 1, ;;>0, i= 1,2,3: 

liJu hwuwqwpqCi mfip u)lwq tmmuu: lwqwqnlJfi qwptlbtwlthPutl! 
x·=(l/3, 1/3, 113) qbqumpfi t: 
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1. Lptitl }lpwqhtiuwup pwquwpwJt }uwqhp 

1.1 Unw2)1Ci hwU1I1pnui qpmwpqt.J.wb hCi pCiwqwCinCi mhupnt.J. fuUlllhPJ!'. 
Uqqpmfipnphu' fiuwfi mhupp qwphw t phph1 q)1Ciwupqnpbli (wJuplipfi' n2 pb 
wqCipwppnpbCi, WJl pu2-np <twuwfiwqwhwmLJ.wbmu [!fipwgnq), fihphwqnphu 
qwnwt.J.wpLJ.nq qnpb"(!fipw91f uwpmp 4wpLJ.b1wqbpUj hwuqwgmpJw(i oLwqw(i 
fihpumoouinLJ.: liJu qhuJPhpnru, hpp LJ.wptlh1w4hpUJhp)1 mwpwootpJwfi hqnpm
pJmCil! uhb 2t L hCiwpw4np t quil1ht ptlwJpU 1mootufihp, uuwfi umnhgntU[! tpn@u 
[!fuµulihtp t: UwqwJfi fibphwqnphfi qwnwt(wptlJlI\ qnpb"(!Cipwgp uwufiw4ltg
Cibp)1 1wt.J.wqnljfi t.J.wppwqbp npnliuwli }ufiq):ipfihpp ubb uwumu pfiwqwfin(J 
mhupp wligmti[!, wJupupfi' }uuqppl! uwpmp LJ.wpLJ.h1w4hpUJhp)1' npuitu mwpw
ootpJwli tnwppbpp, UpWUJWUipq [!CltnpntpJWU hwliqhgfibl(!, 1moo1uuhp qtnfihtnt 
wpqJmfiwt.J.hm hqwfiw4 w [!Ciohnmu, phL hfiwpwtlnrunpJntu t mwttiu wljfipw
funpbu UjWtnqhpbt OUJUlltUWQUWfi WJU qwu WJU uqqpmfip[!: 

Up zwpp qhUJPhpn1u pfiwqwfin(i mhupnt.J. tuwritpti hwuwp 1mbmuCihp)1 
qnJmpJwli [!liqhwfimp phnptulibp[! hfiwpwt.J.npmpJmCi 2hfi uiwttiu quilihtm 
qwu fintJfipuq uwufiwt.J.nphgCihtm 1wtlwqn1Jfi LJ.wppwqpbCi wJCi }uwqhpmu, 
npnfig pfiwqwfinliwgmu[! qpwfip hfi: tifi2uihu gm Jg qtnptllt umnpt., «2w}u
uwuimu» qnJntpJntfi mfip 1mbmu uwpmp LJ.tuptlh1wqhpUJhpp qwumu: Uw
qwJfi WJ'l wJUUmCip[! hCiwpwt.J.np 2t umwliw1 uwmptigwJpfi }uw'llt mririwtilt 
mumuliwuppntpJtutip: liJu UJWpwqwfi 2wm wt.J.hllt gwJtnmu t. hhtnWUJl!li'l
uwfi qp,l>hphCig)1w1 tuwritpfi mumuCiwu)1r1hlltu, nfUJfig hwuwp up zwpp qtui
phpn1u hw2Jlf\t.J.mu t qmuh1 pwgwhwJm mhupnt.J. 1mbmuuhp, uwqwJfi ri:ti.'l>t
phug)1w1 }uw'llt pliwqwCinli mhupCi wJCipwCi pfiIJ.hwCimp t., np qnpbfiwqwCimu 
wCihCiwp t ljnCi4Phtn wprLJmfipfihp umwuwi: 

1.2 \,bphwqmpJmCifibpp uwphtiwmpqwljwCi unqt1fihp(}, npnCip hwzt.J.p 
Mi wnfimu q)1Ciwu)1qwCi, mumufiwuppt.J.mu hfi q):ippwJpfi }uwqbpp uibumpJwti 
uh2: 'l-pppwJp(i }uwqhpp wnwt.J.t1 uiwpq qwup 1PM ppwqhquwup l[tp2fiw
pwJ1wt.J.np }uwqhpp qwufi t.: Lpp.LJ. tipwqhquwup n wCiowCig t.J.h112CiwpwJ1w
LJ.np }uw'llt uwhuwCiuwfi hwuwp wfihpwdh7tn t. q11w,1>tihp)1 mhumpJwfi lllWJl
pwqwli puwgmpJmli: 

'l-tigmp· X-p npLt. t.J.hp2wLJ.np pwqumpJmfi t.: £l11111wpwli21111p xE X lllWJ1JtJ1fi 
f{x)E X lllwpp[! hwuwuiwmwu}uwCihgliJlf\ f ljwtinCip qn2t.J.mu t. X-)1 upwpdbp 
wptnWUJWUlqbpmu X-)1 ut2, qwu X-)1 LJ.pw ll]lllJt.J.wb l, X-J1 uh2 wpdhpCihJt 
pCil}IltCiJlf\ ,1>mCiqgpw: X pwqumpJwfi F pwquwpdhp WJ1lllWUjWtnqbpniup X 
pwqumpJwCi uh2 uti ljwCinfi t., npp Jmpwpwfi21mp xE X uiwpptifi hwuwuiw
lllwu}uwfihgfimu t. npnz F,EX hfipwpwql'imf)Jlllti (11G11 HfllllU, 2!1 pwgwnLJ.m!,1 
F,=lfhfiwpwt.J.npntpJmli[!): 



liJwit.hhmL «pwquwpcthp wpmwUJ.wmqhpnui» pwnwqwUJ.wqgmpJw(i 
t}tnJuwph(i UJ.wpqmpJw(i hwuwp qoqmwqnpbhUp «wpmwUJ.wmqbpntu» hqp(!: 

C}..jlgmp' F-I! X-)1 wpmWUJ.WU1qhpn1u(i t X-)1 ub2, puq AcX: A pwqum
pJtuU UJ.Wmqbp wubtml qhwuqwUwUp FA= u F,. pwqumpJntlil!, npmbq 

,eA 

F(U)=U-: li:wphtll t hwunqt{h1, np hph A;EX, i=l, ... ,n, WUJ.W 
n n n D 

F(uA;) = uFAi, F(nA;) = nFA; 
i=I i=I i=I •=l 

UwMwUhlip F2,F3,. .. ,F\ .. wpmwUJ.wmqbpntuUbpf! hhmLJwt qhpUJ.. 
F ~ = F(F,.), F ! = F(F: ), ... ,= F(F ~-i ),. .. (1.1) 

" X pwquntpJwU F wpmwtqwmqbpnuil! X-)1 ut2 tinttfnuI t F wpmw-
tqwmqhpuwa tpnluwUgwqwU upwqgmu, bph 

F,= {x}uF,2 u ... uF,ku... (1.2) 

F wpUlWUJ.WUlqbpuwU(! hwqlllllWPO F 1 wpmwuiwmqbpntU(! npnzt{mu t 

npUjbu F;1 = {xly E F,.}, wJupUpU' qw wJU x qhmbpJt pwquntpJmUCi t, npnUg 

uiwmqhpf! uiwpmUwqmu t y qhtnf!: F: wpmwuiwmqhputulil! hwuwUuwU 

npn21.Jmu t (F-1) ~ wpmwi.qwmqhpntlil!, wJU t' 

(F-1)~ = F 1(CF\), 

(Fl)!= F'((F-') ! ), ... , (F-')~ =Fl((FI) ~-I). 

l:Jph B c X, wuiw hUpwqpmu hUp, np 

(1.3) 

F-1(B) = {xlF,.nB:;itlJ} (1.4) 
Op}lliwq I: (Cwtuuwm) h.Jwqwwwtumwqp t{pw JntpwpwlitlntP qppp 

npnztlmu t }lUtuihu JntpwpwUvmp tuWIJ.wgillJ.lt luWIJ.wpwphpp pwUwqml m 
qwquntl, wJCiUJ.hu tt mtlJwt UjWh}lU qpwlig qwuwt{npntpJwlip, ltUtlljbu UwL. 
UpwUnt{, ph tuwqwglllJ.Uhppg muU t J:!WJL wUhtm hhppf!: C}..}lgmp' mpt{wb hli. 
X-1! qppphpJt pwquntpJntUU t, F,., xEX-f!' wJU qppphpp pwqtintpJntliU t, 
npnUp qwPillJ. hU wCiu)12wqwlinphU ppwqnpb'tlht x qpppJtg hhmn: l::;ph x 
qpppnui uL L UUJ.Ptnwq tuwqwpwr1hp)1 p}lt{f! hwt{wuwp t qpnJJt, WlljW F,.= U-: 

liJq qhllJ.Pmu {l.1)-ml npnzt{IllJ. F:-1! wJCi q}lpphpJt pwqumpJmUU t, np x qpp-

ppg qwPillJ. t umwgtlht k pWJL qwmwphtmg hhUlil, F. -I! WJ6 pntnp qppphpJt 

pwquntpJmfiU t, npn6p qwPillJ. bfi umwgtfht x qp.ppJtg, F-1(A) (AcX)-1! WJ6 
qpplJhpJt pwquntpJnt66 t, npn6g)1g uhq pwJtntl h6wpwtlnp t w6gUbt A pwq
tintpJw6 q}lpphp}lli: '1lwmqbphtntf qpppbpf! L. utwpnt{ u}lwg6btntl x Ly, yEF,., 
bpqm qppphpf!, mbuwqwfinpb(i qwpbtll t qwnmgbt luWIJ.Jt' ul}qpfiwqwli q}lp
p]tg htlilllJ. qpw:PI!: UwqwJCi qJtpphpp twt}twqw6g uh<} ptlJt uiwm6wnnq hliw
pwtjnp tt 6qwpbt WJI} qpw!l>f!: 
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\.[bp2wt1_np pwqumpJmCiuhp}l tl_pw pwquwpcthp wputwUjwmqtpmuutp}l 
oqutwqnpontUJl huwpwtl_npotpJmCi t mwwu CihplJ.wJwguh1m pwquwp}ltl pwq
uwpwJ1 tuw11tp}l' zwtuuwm}l, zwzqm, «qn»-}l L. wn }uwqhp}l qwnmgtl_wopff 

Uwhuw!imu. (X,F) qmJq(! 1J.n2tlmli t qpw:t,, bpb X-(! npL.t tlhp2wtl_np 
pwqumpJntCi t, }luq F-1!· X-}l wpmwUjwmqhpnttI(! X-}l uh2: 

(X,F) qpw:t>Jl Cizwuwqhup G UIWJl1wuwuzwuntl_: UJumhhmL. X pwqum
pJwfi mwppbpJl lJ.Ujwmqbpb(ip hwppmpJw(i tl_pw qbmbpntl_, }luq x L y qbmhp}l 
qmJqhpJ!, npnUg hwuwp yE F,, qu}lwgub!iy u1wpwtJ.np wCi]!liqhwm qohpntJ., 
(!UI} npntll u1w12uhp(i OlIJ.IJ.tl.WO h(i x-}lg qhllll1 y: liJI} qhlllJ!OLU X pwqumpJWli 
Jmpwpwlivmp mwppJ! lJ.lJ.nitl}l qpw:t,}l qwqwp qwu hwCiqntJg, }luq mwpphp}l 
(x,y) qmJqJl, npntu yEF,. qpw:t,}l wqh11: P=(x,y) w11bIJ.}1 hwuwp x L y 
qwqwpubp(! lJ.nitJ.mu bli hqpwJ}lU qwqwpubp, (!liq npntu, x-£1 wqbr[}l ult}lqpli t, 
}luq y-1!' tl.hP21!: p L q hpqm wqhIJ.lihp(! 1J.n2t1.mu bfi lt}lg, hpb qpwUp mwppbp 
b(i L m(ib(i ]!Uqhwump bqpwJ}lCi qhm: 

q.pw:t,}l w11bIJ.uhp}l pwqumpJmUJ! Cizwliwqhup P-ntl_: G=(X,F) qpw:t,mu 
mptJ.wo wqhI]_Ubp}l pwqumpJotUJ! npnzmu t F wpmwUjwmqhpmuJl L., (!Ciqhw
qwnwlJ.l!, F wpt0w1.1jwtnlJ.bpntU:£l npnzmu t P pwqumpJmUJ:l: UJq UjWut6wnntJ. G 
qpw:t,(! qwphUJ. t qph1 }lUlUjhu G=(X,F), wJfitijbu t1 G=(X,P) tnhupntl: 

G=(X,F) qpw:t,mu DLTtP t lJ.nitJ.mu p=(p1,P2,• .. ,pi.) wqhI]_(ibp}l WJUllll1u}l 
hw2nJ111wlJ.wCimpJmliJ1, op Jntpwpwlivmp w11hq}l tlhP2l! hwupliqlimu t hw-
2DMP uqqpp hbm: p=(p,,p2, ... flk) mqm hpqwpntpJntfijl hw2nP11w4wCimpJwCi 

WIJ.hrtfihpp l'(p)=k pJ:ttlli t; wCitlhp2 P DLIJ.DL qhuwnuI [Iliqmfin11I hfip, np l'(p)=oo: 

G=(X,P) qpw:t,p ljnq t lJnitlmu x,yE X tp401 mw11phppg pw114wgwb 
pwqumpJntli(!, npmhq (x,y)E P ljwu (y,x)E P: ti uiwpphpntpJmli wqhaj1, qnaj1 
qnqufinpnztJ.wompJmUJ:l twljwu 2t: '-lnqbp(! fizwfiwqhfip p L. q mwnbpntl, f1u4 
qnqhpp pwqumpJDLU(!. P-ntl: Cll}}w wuh1nt1.· qhwuqwfiwup (P1,P2, ... ) lJ.nIJ.b(lp 
hw2nJ111W qwqwfimpJmfiJl, npmu JmpwpwCivmp Pk qnqp hqpwJpli qwqwp
Cihppg ubljjl hqpwJ}lCi t CiwL. Pk-d1, }luq UJOIU(l Pk•I-P hwuwp: 

BP4lll up tlhp2wtJ.np zllPw t, np(i uqut(mu t fllil-llfl qwqwpru u L. t(b112w
fimu t fimJCi qwqwpmu: <l-pw:t>Jl 4nitlmu t qw1.1jwljg4wb, hph fipw gwCi4w
gwb hpqm qwqwpCihp qwphUJ. t uflwgfibt zllPwJntl: UwnJl qwu ownwqhpUj 
qpw:t>Jl, JlUtn uwhuwCiuwfi, wnwCig gti41hp}l tlh119wt(11p 4wlllwlJ.gqwb q11w:t, t, 
np(i mfi}l wnu4wqfi hp4m qwqwp: 5wti4wgwb bwnqpw:t>mu 4-11JmpJ111fi mlif1 
u}lwq xo qwqwpl} · WJCillj}luflti, np F, 0 = X: x0 qwqwpp lJ.nitlm u t. G q11w:j>j1 

uqqpuwqwfi qwqwp: 
Opl1fiwq 2: l-}1fi qbwfi4wpnu1 ph11t1wb t. xu uqj1qp m fibg1111 own11 qwo 

ownwlJ.hPlll qpw:t,11: '-lhmbpntl Ciztlwb bli xE X hwfiq111Jgfih1111 4wu q11w:J>]1 
qwqwpfibp[!: q.pw:t,p wqbJlfibp(l l4WutlJ.b11t1wb Lli u1wvwtln11 hwuttlwbfib
pntl, npnfig u1wpp gmJg t mwtpu w11bq}l uq}lqpti III tlh11211: 



330 fl PwqUWJJWJ[ Juwqbp 

~------ ..... , 
, ' 

I ' 
I I 
\ I 

, , , 

I 
I 

I 
I 

Q-o. 1 
Opp.Ciwq 3: Cwzli.PCi ttwu zwfuuwml! lbCi ltwpnq UJ.Wmljbpt.lht ownwltbpUJ. 

qpw:},p up.2ngnl[, hpb qpw.'.pp qwqwp wuhtnt.l hwultwCiwCip fuWIJ.wpwphp]l 
qwuwl[npnt}}JntCil! mt.1.Jwt UJ.Wh]1Ci L. pwJtp Cizmu(!, pwCiti np fuwqwpwpbp)l 
u)lL.CintJCi qwuwl[npntpJntCil! ljwJ11111 t umwgl[ht mwpphp nu[}I.Cibpnl[: U}l.1.
CintJCi uwuwCiwlj, hph zwzljm ljwu zwtuuwm]l ljwnmgl[wopl! UJ.WmlthJ11111 
qpw.'.p]l qwqwp wubtnt.l hwuljwCiwCip )uwqwmwfumwltlt l[pw fuwqwpwr1hp!i 
qwuwl[npntpJntCil! mt.1.Jwt UJ.Wh!iCi, pWJlp Cizmu]! L. fuwq]l fi112 Ciw)uWUJ.WUl
umpJntCil! Quwqwpwphpp pn1np hw2nJ1I1wlJ.wCi qwuwl[npntpJntCiCihpl! Ciw
JunJlll pWJthppg wnw2), Jntpwpwuvmp qwqwp ultqpGwljwG]lg ljwpnJl t 
umwgt.lht u)lwJG uhq oL.nl[ (wJu]lGpG' qnJnt}}JntG muti u}lwlt zqpw, npu 
ulJ.I!qpGwljwG qwqwp)lg mqqtjmu t qhUJ.lt ljwuwJwqw(i mt.1.Jwt qwqwpl!), 
mum}l L. fuwq]l hwuwUJ.wmwu]uwCi qpw)I! gliltthP IB UJ.Wpntfiwqmu L. own t: 

1.3 'l-ltgmp' zEX: G=(X,F) ownwlJ.hpUJ. qpw:t>}l Gz hCipwqpw.'.p t lJ.nll[ntU: 

(Xz,Fz) mhup]l qpw!l>I!, nptnbq Xz= F2 , )lulJ. Fz x=Fz nXz: 
1-pG qowuljwpntu qhmwqoml_ Gzl[wo t z qwqwppg ultltqp wnllnq hGpw

qpw:t>I!: Pn1np xEX-hpp hwuwp ownwqhpUJ. qpw.'.pnui Fx pwqU:ntpJntCi]! hwu
I!CilJ.Cimu t FzX pwqumpJWU hhm, WJUp(ip(i' Fz wpmWUJ.WtnqbpntU]! F wpmw
UJ.WUllJ.bpuw(i CibqwgmuCi t X, pwqumpJw6 l[pw: liJq UJ.Wm6wnml_ ownwlJ.hpUJ. 
qpw:t>p bllpwqpw!l>fihp]l hwuwp qoqmwqnpohfip G,=(X,,F) CizwCiwlJ.mti]!: 

1.4 liJctu wfigfibCip lj_hp2w\J.np ownwlJ.bpUJ. qpw:t,]1 l[pw LPl:UI. ).lpwqhlJ.
uwup pwqUWl}WJl )uwq]l UWhuWUUWfi]!: 

'l-pgmp' G=(X,F)·I! ownwqbpUJ. qpw:t, t: 'l-]lmwplJ.hfip X qwqwp6hp]1 
pwqumpJwG mpnhnttil! n+ 1 pwqumpJntCiGhp]l' 

n+I 

X1,X2,· .. ,Xn,Xn+I, U Xi=X, XknX(=0, k;tf, 
l=l 

npmbq xEXn+dt hwuwp Fx=0: Xi, i=l, ... ,n pwqtintpJillUI! qn~tlntti t i-pq 
]uwqwgllflll hhppwqw6ntpJwfi pwquntpJmli, ).lulJ. Xn+1 pwqumpJmCi)!' 
tlhp2CiwqwCi IJllllllhp]l pwqumpJmCi: Xn+I tlhp2CiwlJ.wCi IJllppbp]l pwqumpJWCi 
lj_pw npnzqwo b(i ppwlJ.wCi Il .'.pntCilJ.gpwCibp H1(x), ... ,Ho(X), xEXn+I: HiCx), 
i=l,2, ... ,n .'.pmCiqgpwG qn~tlmti t i-pq )uwqwgnq]l zwhmu: 
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luwqCi (!CipwCimu t htmhJWl lj_hptq: Sp4wo t JuwqwgnIJ.Cibpp N pwqum
pJntGf!, npnGp hwuwpwlJ.w14wb bG pGwlj_wCi 1,2, ... ,i, ... ,n p4bpn4. (hhmw
qwJmU N={l,2, ... ,n} ): 'l-pgmp' x 0E X;,, WJIJ: qhtqpmu xoqwqwpmu (qpppmu) 

«Juwqmu t» [«pWJL t wGmu»] i1 Juw.qwgrum h f!Umpntu x1E F,0 qwqwpf!: bph 

x1E X;~ , wtqw x1 qwqwpmu «fuwqmu b> i2 JuwqwgnIJ.1! h f!Cltnpntu hw2nP11 

X2E F,, qwqwpf! (IJ:PPPI!), l.t UIJtU: liJUtqpun4, hph k-P11 pw_nmu Xk,I qwqwpu 

(qpppf!) tqwmlj_wCimu t X;k pwqumpJwU, wtqw wJqmhq «Juwqmu t» ik tuw

qwgn.q(! l.t (!Cimpntu hw2nP11 qwqwpf! (IJ:PP121!) nGmp4mu t F,k_, pwqumpJm

Cipg: luwqCi w4wpm4nui t, hpp npl.tt JuwqwgnIJ. hwufimu t t{tp2Ciwlj_wQ x1 

qwqwp (x,EXn+1), npp hwuwp F,, = 0: 

'l-pppbpp hw2nP11wlJ.wCi nGmpntpJwG WP11Jntfipmu upwpdbpnpbfi ppwg-

4mu t pCi~-np Xo,---,Xk, ... ,x, hw2nJll1wlJ.wfintpJmli, npJ:! G bwnwlj_hptq qpw
.'.}>mu npn2mu t WJfi mqpfi, np ulj_pqp t wnfimu x0 ulj_qpGwlj_wli ajlpppg l.t hwu
fimu Juwqp 4tp2Ciwlj_wG qppphppg uhlt}lli: liJ'lUIPUP m.qpCi hhmwqwJmu 
lj_wCiqwlihfip tqwpmpw: 

..Rwfip np G-li own t, wtqw JntpwpwCi~Jmp tqwpmpw upwpdhpnphCi 

npn2mu t x 1 qtp2!iwlj_wQ qppp(l, nppli fiw hwCiqhgGmu t, L, pCiqhwlj_wnwlj_p, 

x1 t{tp2fiwlj_wfi IJ:PPPI! upwpdhpnphG npn2mu t tqwpmpwCi: 3mpwpwGiJIIIJl i
Jlll, i=l,2, ... ,n, JuwTJW9nIJ.fl x, 11pppmu umwfimu t 11,(x,) 2whmup: bfipw

qphfip, np i Juwqwgn.ql! xE X; qpppmu [1Cimpn1pJmCi lj_wmwpbtpu qpmh WJll x 
IJ:PPJ;ll!, htmLwpwp L, G qpw:pp· ownwlj_hptqmpJwfi 2Cinphpl[ lJ.w1111q t 4t..11w
lj_wCiqfit1 CiwL GwJunJUl pn1np 11]1pptpp: l,uwli 11buwmu wumu bCi, 1111 fuw!]w
gn.qfitpll mllbfi lPP4 ppwqblj_mu: l.pptJ. ppwqhlj_uwup tuw11t11J1 O)lpCiwlJ. hli 
zwJuuwma m 2wz4}1Ci, pwfip np Juw11wgm1liL11[.1 lJ.wJlllfl bCi qpwliyt.1 pwJ1bp[1 
L., mphuQ, ljwpbtp t hwuwphL np fipwlip Juwqj1 liwfuwtqWtnUlll(lJlllli[I q!1-
mt(i JntpwpwUiJmp htppwlj_w(i pWJl[l ljwmw11t1]1u: 

Uwbuwfimu: u, upwpctbp WJ1UlWU}WLJ1ljh1m1u11, 11(1(1 JIIIJIWpwli~JIIIJI XE X, 
qwqwppfi (11]1pppCi) hwuwtqwmwuJuwCihyfimu t 11pn7 yE F, qwqwp (11t111p) 
lJ.nil(mu t i-P11 Juwqwgnqp 4wptlh1wlJ.bpu,r 

U,-ntJ. fi7wCiwlj_blip i-P11 Juw1jwy11'l]1 pn1n11 htiw11wtt1111 tJ.w11tJ.h1w1.tt..11-
U}bpp pwqumpJmllp: UJutqpunl[ i-1u1 juwqwym1t1 l[w11tJ.h1w1.tt.11UI11 li11wli 
U}WJlU1Wqpn1u t. J1p X, hh11pwlj_wlimpJwti pwqumpJwti gwliltwgwb x 11J1f1p111u 
upwpdbpnphfi pfiLr1ph1 hw2np1] r1J1ppp: 

5mpwpwfivmp u=(u1, ... ,u,, ... ,Un) lJ.w11qwl[nptJ.wb hwl(wpwlil1fi, 1111rnb1] 
0 

U;E U;, lj_n)l[lll 11 t Juw'lP ppwl(p(iwlj_, j1ulj_ U = n lJ, ijhlj_W(ltnJWli WIJUlWlltlJWll1. 
1=1 

fipwl(p(iwlj_fibp]l pwqumpjmCi: Uuha u11 u 0 (u1,U2, ... ,u,, ... ,u .. ) t111w~j16w4 
upwpdhpnpbCi nJU17mu t juw11]1 U}Wf1m)1wCi L, hlm1Lwpw11· luw1Jwg1111CiL11J1 
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2wluuufihpJ!: P.pnp, qpgmp' XoEXj: UJU qhuwmu u=(u1, ... ,ui, ... ,Un) )1pwtUt-
6wlJmu hw2nP11 x1 llPPPT! u)lwpdhpnr1tfi npn24.mu t ui2 (xo) = x1 qwfinfin4.: 

l).)lgmp' wJdu x1E Xi2 : llJq qtunmui Xrl! u)lwpdhpnpbCi npn24.mu t u(x1)=x2 

qwfinCiml_: bpb wJdu k-bpnpl} pWJlntU )lpwqnpml_bt t xk-1E X;k llPPPI!, Wll!W xk-11 
u)lwpdhpnphfi npn24.mu t xk= u,k (xk-i) qwCinfintl L. wnfi: 

l).pgmp' u=(u1,u2, ... ,u;, ... ,u0 ) ]:ipw$1'.iwqpCi Ci2qwct wnmunq,hwuwlllw-

mwutuwfimu t xa,x1, ... ,x1 ll!Wpm]:lwCi: UJq qbuwmu qwphtp t umgfibt i-M 
tuwqwgnajl K; 2whmu]:i :t,mfilJg):iw hwuqwgmpJntfi(!, JntpwpwfitintP u )lpw
$6wlJmu 2whmu}l :pmlilJ.gpwJ}l wpdbpJ! hw4.wuwpbgfibtml. u=(u1, ... ,un) 

}lpw$6wqpfi hWUWUjWUlWutuwfimi Xo,Xt,. -.,X1 UjWpUlpWJp 4.hp2Ciw1.J.wfi qpp
pmu H; 2whmu)1 wpdbp}lfi, wJupfipfi' 

i=l,2, ... ,n: 
n 

K;, i=l, ... ,n, )mfil.J.gpwfihp(! npn24.wb hfi U = 0 U; }lpw4.lt6wlJfihp}l 
i-l 

pwqumpJwfi tl_pw: U111utlmn4. umwCimu blip f=(N {u;};eN, {K;};eN) pfiwl.J.wfinfi 
mhupnq tuwq, npmbq N={ 1, ... ,i, ... ,n}' tuwqwgmifitpp pwqumpJmfiCi t, U;-Ci' 
i-M tuwqwgnajl 4.wp4.b1wlJhpUjhpp pwqunrpJmCi(!,K;-fi' i-M tuwqwgnq}l 2w
hntup )mCiqg]:iwCi: 

1.5 r tuwqp. hhmwqw mwuufiwu}lpntpJwfi hwuwp wfihpwdb2m t qp
mwplJht hCipwtuwq hwuqwgmpJntfil!, wJupCipCi' tuwq· h]:iufiwqwCi fuwq}!. G 
qpw)]:i hCipwqpw)]:i tl_pw: 

l).pgmp' zEX: l).pmwpqhCip G2=(Xz,F) bCipwqpw:PJ!, np]:i hhm r 2 bCipw
tuwq(! 41.twUihCip hhmhJWt 1.J.bpUj: luwqwgmilibp]l hhppwlJ.wCimpJwfi pwq

umpJmCiJ! f 2 bCipwtuwqmu npnz4.mu t Yt= X;nX2 , i=l,2, ... ,n, 1.J.wCinfin4., 

4.hp2CiwlJwCi qpppbp]l pwquntpJntCiJ!' Y:+i = Xn+1nXz i-M fuwqwgnq}!. H~ (x) 

2whmu1f hfipwtuwqmu hwuwptl_mu t hwi.l_wuwp 

Hf (x) = H;(x), XE Y:+1 • i=l, ... ,n: 

~WUWUIWU1wutuwfiwpwp, i-M fuwqwgmi]l uf 1.l_wpl[b1wqbpUIJ! fz bCipwtuw

qmu npn24.wb t npUjbu r tuWJtll i-M fuwqwgmi]l u; 1.l_wpi.l_btwltbpUllI fibqw
gmu Yt pwqUiltJ)JWCi 4.PW, WJUpCipfi' 

uf= i(x),xE Yt=X;nX2 , i=l, ... ,n: 

l:Jfipwfuwqmu i-M fuwqwgmi]l pn1np t[wpi.J.htwlthpUjhp]l pwquntpJntliJ! 

Ci2wliwlti.l_mu t Uf -ni.l_: ti. tlhp2n' JntpwpwfitintP Gz bCipwqpw)lt hhm uhCip 

lJ.wUimu blip pCiwltwfinCi mbupntl bfipwfuwq' 

fz = (N,{ Uf },{ K~ })-J!, 
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D 

npmbq, K~, i=l, ... ,n zwhnuip :tJntCil.J.gpwCibpl! npnztJ.wo bli U2 = CT U~ qb.1.J.wp-
i-1 

UIJWU wpUIWl]pJWtp tJ.pw: 

Uwhuw(imti: ~.tu.rnwqwli fuwqp u·=(u; , ... , u:) "l.,b.z}l hwtJ.wuwpw4znm

JJJWli ppwtlltowl.J.l! 1.J.nttJ.mU t r fuWIJ.IllU 1.,b.zp J!WQWpOWq hWtlWUWpWlll!z
llDlJJJWli ppw@owq, b.pb gwlil.J.wgwo zEX-p hwuwp (u.)2=(( u; )', ... ,( u: )') 

ppwtllt6wl.J.1!, npmb.q ( u~ )'-(! u~ tJ.wptJ.btwl.J.bpUJlt lib.qwgmuli t r, b.lipwfuwIJ.P 

tJ.pw, 1.,b.zp hwljwuwpwl.J.znntpJwfi ppw@owq t r hlipwfuwqmu: 
tizuwppUI t hhUIUJWl hptifiw4wfi pbnphu(!. 
@-b.npbu: 5wCil.J.wgwo I.PM ppwqb.1.J.uwup pwqtiwpwJt fuwqnui ljbp9w

tJ.np oumwqhpUj qpw:pp tJ.pw qnJmpJmfi mup 1.,hzp pwgwpowlj hwtlwuwpw-
1.J.znntpJwCi ppw@ow4: 

Op]tliwq 4. 'l-pgmp. r luWIJ.1! UlhIJ.P t mCib.umu 2-pl] qowliljwpm u UjWUl
qhptlwo qpw.'pp tJ.pw L N pwqumpJmlip pwqljwgwo t hp4m tuw11wgnqJ19. 
N={l,2}: 

2-pl] qowli4wpn1u npnzblip hbppw4wfimpJWU pwqumpJmfilibpl!: X1 
pwqumpJwfi qwqwplibpp UJwm4hpbfip 7p9wfiw41ibpnlj, tm4 X2 pwqumpJwfi 
qwqwpCibp[l· pwnwljmupfibpnlj: luwqwgnqlibpp 7whm ulibp{l fi7tlwb bu 
ljbp91iwljwfi 'lPPPhpntu: X, l.t X2 pwqumpJmfiutr1p ub9 uuifi1111 qJ111phJlJJ 
hwuwpw4w1bCip bpltJwq hwuwpljnlj, pulj Jmpwpwu2.1111p qwqw!)Jlg htfinq 
Wf[bqfibpf!' ublj hwuw1ntnlj: CuuipntpJntli[I X qwqwpmu hwuwpcJhp t hw91111ri 
x'E Fx qwqwpp pfiuipntpJwfip, muuip ljhwuwpbfip, np JmpwpwULJIIIJl qwqw
pmu ljwpljb1wlJ.bpUjbp(! gmJg bfi UlWtpU WJU Wf[bI]jl hwUWJl(l, DJllllj UjhUlp t 
{lfipwCiwt wnw9: Opjlfiw4, wnw9pCi tuw11wgnaj1 u1=(2, 1,2,3,1,2, I, I) ljw11ljb-
1w4hPll!I! fipwfi UjWpmwl)pn1u t 2-Pll wqhriu pCim11h1 I-J1Ci qwqwpmu, l-11fi 
wqtrm· 2-pl] qwqwpmu, 2-pl] wqbqf!· 3-pl] qwqwpmu, 3-1111 wrih1w· 4-1111 
qwqwpmu L WJJCi: .P-wfip np wnw9J1fi fuwqwyn11J1 hhJ1pw4wlimpJwfi pwqum-
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PJntli[! pwqqwgwo t mp qwqwppg, mphuli Cipw qwptJ.htwlJ.hpll}[! mp~w41wlip 
4h4.urnp t: ~wuwliuwlinphfi, 2-M }uwqwgnqp gwli4.wgwo 4wp4t1w4.hpll} 
Jnp~wtltwfip l[h4.urnp t: Unw2pfi }uwqwgruiG mlip 864 qwptJ.htwll.hPUI, pu4. 
hpljjmprm' 576 1.[wptJ.htw4hPUI: liJuUj}luml, hwliwll}wmwu}uwli pfiw4.wGnli 
mhupt! 864x576 ~wtltp uwmppgfihpntl hpquwmppg }uwq t: Pfiwqw!i t, np 
WJqUj}luJl hpquwmppg }uwqhpJl 1mb-n1Ut! pwqwqwGJlCi pw{lll t: UwqwJCi 
ajnnwpl{tlnq }uWIJ.t! U}Wpq t L. tmohui: 

Puqwll}hU, Gzwfiw4.hlip V1(x), vi(x)-ntl rx hfipw}uwqp zwhmufihpt! 
pwgwpaw4. hwqwuwpwtunmpJw!i npL.t uL.hnJWL ppwt1..11nwqmu: Ultqpmu 
lillOlllU bfip rl,6, rl,7, r2,7 hfipw}uwqhp.t!: ~hzm t hwunqqht, np V1(1,6)=6, 
V2(1,6)=2, V1(1,7)=2, V2(1,7)=4, V1(2,7)=1, V2(2,7)=8: liJfintbOUlU tutb°nLU h(ip 
r2,5, r2,6, r1,8 hfipw}uwr1hp[!: r2,5 hlipw}uwqmu 4.w "l.,hzp hpl]nt hwqwuwpwtu
nmpJmfi, pwfip np 2-M }uwqwgnqp hwuwp upL.CimJfili t, ph np WJU!fim
pwlipli f!limpp: Upwchuuwfiwq Cipw [!Utnpwofi!i tw4.wli t qwnumli wnw2Jl!i 
}uwqwgnajl hwuwp, pwfi}l np 2-M }uwqwgnqp tiruiu}lg aw}u wqhqfi [!fimp
tJ.h1m qhUIPntU wnw2pfi }uwqwgnqli umwCinuI t + 1, }luq hpltJmM wqbq!i 
f!litnptlhtm qhUIPmu· +6: 1.,zhlip wJu hwfiqwuwlip[! L. hfipwqphfip, np 2-M }uw
qwgruil! <<pwpJwgwqwu t» L. (2,5) q}lppmu {!limpn1u t w2 w11hIJ.I!: liJq qhll}
pmu v1(2,5)=v1(1,6)=6, v2(2,5)=v2(1,6)=2, v1(2,6)=v1(1,7)=2, v2(2,6)=vi{l,7)=4, 

v;(l,8)=2, vi(l,8)=3: liJCinthhmL. 1mb-n1u bfip r1.3, rt,4, r1,s, r2,3, [\_4 }uwqhpf!: 
r 1,3 bfipw}uwqmu qw "l.,bz}l bpqm hwl[wuwpwtunmpJmfi, pw!i}l np wnw2}1Ci 
}uwqwgnqp hwuwp ut1L.CintJfili t, pb np WJU!UUlpwlipli [!fitnp}l: Upwchuuwliw4. 
Cipw [!CitnpmpJmCiCi tw4.wfi t 2-M }uwqwgnqp hwuwp, pwli}l np 1-}l.Ci }uwqw
gnajl qnqu}lg ow}u WJU!CiUlpWCipli {!Utnptlbtm l}UUII!IllU, }l.Cipli umwfimu t 1, 
}luq w2p qtu.wmu· -10: bfipWiythCip, np wnw2pli }uwqwgruil! «pwrnwgwqwu t» 
L. (1,3) q}lppmu {!limpmu t w2 WJLqlimpwlip[!: liJq qhUIPmU' vi(l ,3)=5, 
V2(1,3)=10, V1(1,4)=v1(2,5)=6, V2(1,4)=v2(2,5)=2, V1(1,5)=v1(2,6)=2, V2(1,5)= 
=v2(2,6)=4, V1{2,3}=0, V2(2,3)=6, V1(2,4}=3, V2(2,4)=5: liJfinthbtnu Lntb°nlU hfil} 
r2.t, rl,2, r2,2 }uwqbp{!; V1(2,l)=v1(1,3)=5, Vz(2,l)=vz(l,3)=10, V1(1,2)=v1(2,4)=3, 
Vz{l,2)=v2(2,4)=5, V1(2,2)=-5 V2(2,2)=6: UJ<hl 1mb-n1u bfil} r •.• }uwq[!: liJumhq 
v1(1,l)=v1(2,l )=5, v2(1, l)=vz(2,1)=10: 

UMJmfi11mu umwlimu hfi11 ( u;, u;) "l.,bz}l pwgwpowq hwqwuwpw-

4.l!ZIDitpJwli }lpw@nwq, npmbq 
u: = {l,2,2,2,2,3,2, 1), u; = (l,3,2,2,2, 1,2) (1.5) 

(u: ,u;) }lµw@owqmu }uwqt! qwpqwfimu t (1,1), (2,1), (1,3) majuut: 

lnunmguwfi {!fipwg11mu Ciqwmtlbg, np u;, i=l,2, qwptlhtwltbpll}hp[! <<pwpJwgw

qwu bfi» wJCi wruitunq, np i-pl} }uwqwgnq[! pp l}WJU! qwmwphtpu, hwtlwuw
pwll}bu zwhwqpqntlwo lltlibtntl hhmwqw WJU!fimpwfip!ibp}l [!Cimµn1pJwup, 
qpwfig}lg f!UlilfllllU t UJntU }uwqwgnajl hwuwp wnwtlht pwptciU}WUlil[!: 
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r )uwqmu qnJntpJmCi mCibCi pwgwpo.wlJ. hwt[wuwpwlJ.lnmpJwCi ]1pwtl}l-
6w1.J.G.bp, npnCigmu JuwqwgnqCibpl! 1.J.mfibfiwfi WJL 2whmuCibp: liJqlllJ::tu}l. hw
t[wuwpwlJ.lnmpJmfifibp 1.J.wnmgbtm hwuwp pwt[wlJ.wCi t hwfibt )uwqwgnq
fibp}l. «pwpJwgwlJ.wumpJntfi» llJWJUWfil! L. l}ln)uwp}l.fibt «wCipwpJwgwlJ.w
umpJmCi» hwlJ.wqwpo. U(WJUwfint[: fx bfipw)uwqmu «wCipwpJwgwlJ.wu» hw-
1.[wuwpwlJ.lnmpJwCi oqmwqnpauwfi qtu.wmu JuwrtwgnqCibpp 2whmuCibp1! 
G.2wCiwlJ.bCip v1 (x), v 2 (x)-nl[: liJq qbu.wmu mfibfip 

V1(l ,6) == v, (1,6) == 6, V2{1,6) == V 2 (l ,6) =2, V1(1 '7) = v, ( 1,7) = 2, 

vz(l,7) =v2(l,7) = 4, v 1 (2,7) = -2, v2(2,7) =v2 (2,7) = 8: 

PUlU(hu u2t[bg, f2.s bCipw)uwqnuI qnJmpJmCi mCip 'ub2p bplJ.m hwt[wuw
pw[unmpJmfi: P. mwppbpmpJmCi Ciw)unPJJ qtu.w}l., bCipwqpbCip, np 2-pq Juw
IJ.W91lJ\1! «wfipwpjwgwlJ.wu t» L. (!fimpmu t wJfi qwqwpf!, npmu pp wnwt[t
twqntJfi 2wlu11up qpuwg wnw2t1u )uwqwgI1IJ.ll 2whn1u11 fit[wqwqn1Jfi t: liJI} 
qtu.wnui 

v1 (2,5) = 1, v 2 (2,5) = 2, v1 (2,6) = v1(I,7) = 2, 

V2 (2,6) = Vz(l,7) = 4, vi (1,8) = V1(1,8) = 2, V2 (1,8) = V2(l,8) = 3: 

liJCimhhmL. ipfimpillll hfip f1,3, f1,4, f1,5, f2,J, f2,4 Juwqbpp JntbntU)l: ru hlif)W
)uWIJ.ntU 1.J.w 'ub2p bplJ.m hwt[wuwpwlJ.lnmf)Jmfi: t>CiiLLJhu fiwJunPJJ 11tuwmu, 
{!fimpbfip wnw2}1G. JuwqwgI1IJ.ll «wfipwpJwgwljwu» qnpbllJ\ntf}JmCifit.1111: liJ'l 
qbu.wmu mfih(ip 

v1 (l,3) = v, (l,3) = s, v2 (l,3) = 1, v1 (1,4) = 2, v1 (1,4) =3 

v1 (1,5) = v1(2,6) = v1{l,5) = 2, v 2 ( 1,5) = v2(2,6) = v 1 (2,6) = 4, 

v 1 (2,3) = v1(2,3) = 0, v2 (2,3) = vi{2,3) = 6, 

v 1 (2,4) = v1(2,4) = 3, v 2 (2,4) = v2(2,4) = 5: 

liJfimhtmL. tmomu bfip r 2.1, f1.2, r2.2 )uwqhpf!: fltfibup 
v1(2,l)=v,(1,5)=2, v 2(2,l)=v2 (1,5)=4, v 1(1,2)=v1 (2,4)=3, 

V2 (1,2) =v2 (2,4) = 5, v2(2,2) = V2(2,2) = 6, v,(2,2) ==vi (2,2) ;c 5: 

UJctU tmbbfip r==r1.1 JuWJJI}: liJUlilhq v, (I, I)= v, (1,2)=3, V 2 (I ,I)= V 2 ( 1,2)=5: 

UJULLJ}mnt[ umwgt[bg 'ub2J1 hw4wuwpw4JnmpJwli li1111 l111wtll16w4· 
v1(·)=(2,2,l,l,2,3,2,I), v2 (·)=(3,3,2,2,1,l,3): ().6) 

upqm JuwqwgnrtCihp}t 2whmuuhr111 ( 1.6) tir1wtlJ16wlj111u ipnp11 h(i ( 1.5) J1pw4J1-
6w1.J.mu Jwhwbpg: (1.6) f1pwt[J16wlJ.11 JtCilU(hu L (1.5) t111wtlt16wlJ.11, pwyw11-
o.wq hwtlwuwpwlJ.lnmpJwli J1pwt[!16wlJ. t.: 

1.6 UlJ.G.hwJ10 t, np 1,h]p pwgwpo.wlJ. hw4wuwr1w4Jn11tpJwCi «pw11Jw
gw4wu» L «wCipW(IJWgwljwu» }1r1w4p6wlJ.Cih11py pwyt1 4JIJnlPJIIIU Ill uJ1 pwyw11-
o.w4 hwt[wuwpw4Jnn1pJwCi ut19wfiltJw1 t111wtlJ16wlJ.uh1i!i ut1 wupm19 11!imwut1p: 
~tmwppppwljwu t WJU hwpgp, pt b11p lJ.w(lh[ll 1. LLJUl}h[ Juwqwyn1Jfib11t1 
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zwhmuCibpnq mwppbpl{IlIJ. pwgwpdwq hwqwuwpw4lnmpJWCi tpqm mwp
pbp ppwtl}l.l'.iwqCibp)t pwgwliwJntpJntCi]!: 

Io-hnr1M: '1-p.gmp' r tuwqmu J:uwqwgilIJ.Cibpp H;(x), i=l, ... ,n zwhmuCihpJ! 
wJCitqpup.p bCi, op bpb qnJmpJntCi mu[l wJutqpup. i0 u wJutqpup. x, y, np 
H;0 (x) = H;0 (y), wuiw Hi(x)=H;(y) pn1np iE N-p. hwuwp: 

UJq qtuwmu r J:uwqmu J:uwqwgilIJ.Cibpp. 2whmuubp]! hwul!Cil.J.umu bu 
pwgwpdwlt hw4wuwpw4lnmpJwu pn1np ppwtl}l.t'.iw1.tutpn1u: 

2. ~pufiwltwCi :}>mfiltgfm.Ciw1 hwqwuwpmufihp 

2.1 '1-}lmwpltbCip 1PM ppwqtquwup pwquwpwJl hwltwuwpm tuwqbp]!: 
l:;pb 1.4 bCipwqbmp uiwJuwCiCibpn1u J:uwqwgilIJ.Cibpp N= { 1,2} pwqumpJmCil! 
pwqqwgwo t bpqm mwpppg u H2(x)=-H,(x) po1np xeX3 hwuwp (X3-(! 
4hp2Ciwqw(i ql1ppbp}l pwqumpJntUCi t r tuwqmu), wuiw l}W 

r = <N, U;, K;> 
1PM ppwqhquwup hwqwuwpm pwquwpwJ1 J:uwq t: UqCihwJm t, op CimJCi 
hwml.J.mpJwup ochnqwo h(i Ciwu r tuWI\11 pn1np r, bCipwtuwqhp(!: ..Qwup op 
H2(x)=-H,(x) uiwJuwCipg wCiup2wuitu hbmumu t, op po1np u1EU1-lt, u2EUrll 

hwuwp K2(u,,u2)=-K1(u1,u2), wuiw ( u;, u;) \,b2lt hwqwuwpw4lnmpJwu ppw

tUiliwqmu pn1np u1EU,-p, u2EUrll hwuwp l'.i2uwppm bCi 

K1(u1, u;) ~ K,( u;, u;) ~ K1( u; ,u2} 

wuhwqwuwpmuCihp]!: liJq qtuwmu ( u; , u;) qmJqt! qwCi4wCihCip hwl{wuw

pw42nmpJwCi ppwtl}l.t'.iwq lJ.wu pwupwqbtn, puq hw4wuwpwlJ.l!lnntpJwfi 
):I.pwtl}l.l'.iwlJ. qwqunri t{wptlh1wlthpuibpf!' oui1npuw1 lJ.wu 1wl{wqn1JCi l)_wpl{h-
1wlthpuitp: Cwhmup .'}>mulJ.gpwJJ:i wpdbpCihpf! hwl[wuwpw4lnn1pJw6 ):Ipw
tl}l.t'.iwlJ.mu 62wuw4hCil! v-nl[ u wlii.J.wuhfil! r J:uwajl wpdhp: 

2.2 t-pfi uiwpwqpw.'}>pgJ:i.g htmun.1u t, up 1PM ppwqttJ.uwup pwquw-
1!WJ1 hwlJ.wuwpm tuwqmu 4bp2wl[np ownwqbpui qpw.'}>p l[pw qnJmpJmCi 
m6}1 pwgwpowl.J. hwl[wuwpw4lnmpJw6 ):Ipwl[pt'.iwq, wJultCil!fi' WJCitqpup 

( u;, u;) ppwl[powq, opp CihqwgmtlJ! r tuWI\11 gwliqwgwo r, t6pwtuwqp l[pw 

r,-mu umhqomu t hwl[wuwpw4lnn1pJwfi ppwtl}l.l'.iwq: :Sw!iqwgwo rr bfipw
tuwqp hwuwp liwu qwptw t npn2t1 v(y} PJ:i.tll!, np(i WJI} bupwtuwqp hwl[w
uwpw4lnlllpJWU ppwl[pt'.iwqmu 2whmup .'}>mulJ.gpwJp wpdbpu t u 1.J.nll[mu t 
rr b6pwtuWI\ll wpdbp: f"l.Cillllhu wpqhu ll2t1 b6p, hwqwuwpm fuwqp wpdbpJ! 
(wJup(ip(l' hwt{wuwpw4lnn1pJwll ppwl[pl'.iwqmu wnw2}1ll tuwqwgllIJ.P 2w
hn11Ip .'}>muqgpwJp wpdhl!l!) npn21.{mu t u)lwq dun.l[, WJ'l lllwml'.iwnnl)_ v(y) 
.'}>mll4g)1wu npn2i.J.wo t pn1np yEX1, yeXr)l hwuwp h upwpdbp t: 
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2.3 v(y) ~mfi4g}lwfi hwztlbtm hwuwp wpuiwcrbfip ~mfi4g]mfiwt hwtJ.w
uwpmul!. v(y)-}1 uwhuwfimu}lg hbml.tn1u t, np 

v(y) = Kl (( u: )Y ,( u; )Y) = - Kl (( u: )Y ,( u;) Y ), 

npuibq (( u:) Y ,( u;) Y )-1! rY bfipwfrn.LIJJ.mU hwtj_wuwpw4twuupJwfi ppwtfii0:w4fi t, 

np(! ( u:, u;) pwgwpaw4 hwqwuwpwqznmpJwfi ppwtfiiO:wJ.tli Cibqwgnu.rn t: 

'1-pgmp' Y1E X1 L. ZE Fy: liJI} qbuwmu mfib(ip 

v(y) = max K: (( u; )' ,( u; )')=max v(z) (2.1) 
z=Fy z=Fy 

yE Xi-)1 hwuwp hwuwfiuwfinptfi umwfimu blip 

v(y) = -K; (( u; )' ,( u; )')=-max K; (( u; )' ,( u; )' ) = 
z=Fy 

= max (-v(z)) = min v(z): (2.2) 
z:fy z.=Fy 

(2.1) L. (2.2)-pg l{bp5>fiw4wfiwUJbu mCibfip 
v(y) =max v(z), yEX 1 (2.3) 

z=fy 

v(y) = min v(z), yE X 0 (2.4) 
z=~·, 

(2.3), (2.4) hwtlwuwpmufibpl! imotj_mu tCi 
v(y)I JEX)= H,(y) (2.5) 

hqpwJ}lCi UJWJUwCip IJhUJI!mU: 
(2.5) tqpwJpCi UJWJUwfintl (2.3 ), (2.4) hwl{wuwpmuCihpp hwU:w4wpq(! 

hfiwpwl{npmpJmfi t mwtJlu }1pwqnpab1m JuwJUl w11ctt1m L tuwriwgilll.Cihp}l 
1wtJ.wqn1JCi tj_wptJ.btw4bpUJhf1l! qmCihtm hum(!Cipwg wfi11pw11w110 riCipwgw

lJ.wpq[!: Ppnp, l}Pgmv· P(z)~-1 hplJ.w11mpJwup pn1np r, ufipwfuwqupp w11-

dhpfihp(! hwJmCip hfi L hwtj_wuwp uCi v(z)-Jl, l}Pgmv· fy-11 f(y)=k hplJ.w

pn1pJmCi mfihgilll. hCipwtuwq t: liJq qhUJI!mU, hph yE X 1, WUJW v(y)-p n1m1-
tj_mu t (2.3) pwCiwaL.nl{, pu4 upb yE X 2, WUJW v(y)-p npn1t1mu t (2.4) pwliw
aL.ntj_: Cfi11 npn1u (2.3), (2.4) pwCiwaL.hpntu v(z) :J,mCi4g}lwJf• wpdhpliupr• 
hwJmCip tci, pwfip np hwUWUJWl.llwufuwCi bCipwfuwqhpp hplJ.w1m1pJmCip k- l-f1g 
uto it: UJu pwCiwoLhp{l gmJg bCi mw1Jrn fuwqwg11.11lit11Jl tj_wptlbtwlJ.hpUJhpp 
lJ.wnmguwCi bqwuwlJ.ri: .t>ulJ.wUJbu, hph yE X,-flu, WUJw wnw5>}1li fuwqwgn.1111 
(uwpupuwgfiilll.l!) UJbmp t y lJ.bmmu (lfimpp zE Fy qwqwp11, n11Jl hwuw11 
hw~mPIJ hfipwfuwrifl wpctbp11 wnwtJ.b1wqn1JCifi t: Pulj_ bpb yE Xr!1Ci, WUJW 2-M 
tuwJtW9IlJtt1 (upfi)niwgtiilll.ri) UJbl.llp t pfimpp zE I\ 'lPI•VIl, npp hwuwp hw2n1l'l 
hCipwtuwJUl wpdbp(! Citj_wqwqntJfifi t: 

UJCi qbUJPmU, bpp fuwqwgilll.fihpp pfim1m1pJmfilibpp hwlj_wuwpm pwq
uwpwn tuw11mu hbppwqwJtJ.mu hCi (hhppnttll fuwq), (2.3), (2.4) hwtj_wuw
pn1ufihp(! 4Wf1IlI1 h(i qptJ.u1 ub4 hwtj_wuwpuwfi mhupntj_: PulJ.wUJhU, 11flmw11-
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l.jbfip rx bfipw}uWf[I!, L qpgmp' npnzwltl1mpJWfi hwuwp, XE X,-pfi: liJl} J}bll!
pnui hw2nllll qpppmu }uwqnui t 2-Pll }uwqwgrnm, l.jwu WJI} flPPPI! (Juwf[I! 
hbppntllt t) qbp2fiwl.jwfi t, WJUpfip(i' FxC X2UX3: flmmp, l.jwpbUI t qpbt 

v(x) = max v(y), xE X 1 , (2.6) 
yEf, 

v(y) = min v(z), yE F xcX2UX3 (2. 7) 
lEfy 

(2.7) lDillJ.Wl}Pbtntl (2.6)-p Ub2, UlDWfintU bfip 
v(x) = max [ min v(z)], XE X1 (2.8) 

yeF, ZEFy 

UJlb xE X2, WUJW hwuwfiuwfinpbfi mfitfip 
v(x) = min [ max v(z)] (2.9) 

zeFy yeF, 

(2.8), (2.9) hwqwuwpntufibpl! hwuwpdbp bfi 1. ll!bmp t ajlmwpl.jqtfi 
v(x)l ,ex3 = H,(x) ul.jqpfiwl.jwfi 11.1.WJUwfinq: 

2.4 'l,bzp pwgwp&wl.j hwqwuwpwl.jznmpJwfi qnJmpJwfi pbnpbul!' 
qpmwpl.jtJ.btml. hwl.jwuwpm hbppntllt pwqliwpWJL }uwqbpp fil.jwmwup, hfiw
pwqnpntpJmfi t mwwu 11.1.fiqbtm «zw}uuwm», «zwzltl»> }uwqbpntu uwpmp 
tJ.wptlhtwltbPll!hPP qwumu hwtJ.wuwpwl.jznmpJwfi ppwiUinwltli qnJmpJmfi(!, 
pul.j (2.8), (2 .. 9) hwqwuwpntufihpl! gmJg bfi mwwu Juwqp wpdhpJ! qmfihtm. 
DU\Pfi: C).pw hbm uhqmbJJ. wqfihwJm t, np }uwqp wpdhpl! L twtlwqntJfi qwp
tl.htwlthpUihPl!I! qmfibtm hwuwp mtl.Jwt :t,mfiqgpnfiwt hwqwuwpntlifibpp tm
bntU(! unm w11.1.wqwJmU w ppwqnpm.fll t<!.U--Cibpnq L ubfip WJI}lll.hu ti tbfil! 
puwfiw, pb l.jwpn°f[ t, WPllJllP, «Ulll.PlDWl.jfibpni.J.» l.jwu «uLtpntl.» npLt }uwqw-
9l1Il tpwz}uwqnpht pp hwqpwfiwl.J.I! wubfi up 11.1.wpmpwJmu, pb lipzm hfiw
pwtJ.np t <<Dt nppfi»: UwqwJfi zw}uuwmmu L zwzltlimu pwqwl.jwfil•fi hw2Ilfl 
tpnp&bp bfi l.jwmwptJ.mu up I!Wfip pWJL wnw2 umwbnq bpwqpbpll oqfim
pJwup l.J.wnmghtm unmwqnp twtJ.wqntJfi tmbmufibp]! L oqmwqnpbhtm 
(np11.1.bu qwfin(i lflnp&wnwqwfi l'iwfiw11.1.wphntl. umwgqwb") ]!fipwgpq ajlpphp(! 
qfiwhwmnq pwquwlll.liup :t,mfiqgllwfihp(!: UJqlll.liup unmbgmlil! hfiwpwqnp t 
fiwL lPPtl ppwqbquwup l!lil}hw!imp hwqwuwpm pwquwpwn }uwqhpp 
mumufiwuppntpJwfi J}hlll.PmU: q.(iwhwUlilf[ :t,mfiqgpwfibpp hw2nllllwqwfi 
pwquwqpqfimU(! up l!Wfill pwJt wnw2 qWPilfl t gw!iqwtp WPllJmfipfibp mwi: 

3. "lwmchiwfi qwptlhtwtihptqhp 

3.1 1-llfi 11.1.wpwqpw:t,mu uh!ip wnw2wpqbgl11ip qhp2wtJ.np dwnwqhpUI 
qpw:t,ti itpw tppq ppwqbquwup pwquwl!WJL }uwqbpntu pwgwp&wq hwqw
uwpwqznntpJwfi ({!UUl \.,bzp) flpwiUi6wltli qnJntpJwli phnphu{!: UpL!imJli 
dwuwfiwq wJq qwup qnfiqphm Juwqbp]! mumufiwuflphtpu qwpbtp t hwJm
!iwpbr1bt hwtJ.wuwpwqznmpJw!i wJ!illl.liufl ppwtl}ll'iwqlibpll up WUPl1Il2 
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{!fiutwCipp, npnCig CibqwgmufibpI! UJ.Wpmwq}Ip tt, np hwlj_wuwpwt.unmpJwfi 
ppllllj_pl'.iwljfihp tpCihCi uljqpCiwljwCi )uwqp pninp hfiplllfuwqbpntu: liJJ1UJ.PUP 
ppwlj_pl'.illlljfihpp pttl1Ci hfi UJ.Wutljlllfimu hwlj_wuwpllllunmpJmCiCihpI! UJ.Wmct
uwCi lj_wplJ.htwlJhpUJ.hpntu: liJu hwuljwgmpJmCi[! gmJg mwCip oppfilllljnlj_: 

Opp.Ciwlj 5. 'l-pgmp. r )uwqCi f!CipwCimu t 3-Jlll qowCiljwpntu UJ.U1utljhp
lj_U10 qpw:t>p lJ.plll: N={l,2} pwqumpJntfi(! pwqljwgwo t hpljm }ulllJ\W9lll1.P9: 
X1 pwqumpJilLU{! ltwqUilJ\ qwqwpCihp{! UJ.Wtnljhplj_wo hfi zp2wfiwl.J.Cibpnlj_, X2 
pwqumpJntCiI!' pwnwljmupCihpnlj_: Cl-pw:t>Ii qwqwpfihpf! hwuwpwltwtlJ.wo hCi 
hpltJwlj hwuwplj_bpnt{, lllJ\hqCibpf!' uhltwf.tutCi hwuwplj_bp: 

fl-a. 3 

'l-ctt{wp it hwunqlj_h1, np u :=o, 1,2,2,2), u; =(I, I) J111w4J11'.iwf.tLl pwgwp

llwlj hwlj_wuwpwljzpn t r tuwrtmu: Qui} nrm111 tuwrtwgnrtlib11J1 7whmufihp11 
hwtiwUJ.wmwufuwuwpwp hwlj_wuw11 hCi 8 t. 2 tipwlJ.n11J1: UJdti 11J1uiw11f.thCip 
u,=(2,1,2,1,2), u2 =(2,2) )1pwlj_pl'.iwf.t11: UJu l111wlj_Jll'.iw1.tmu fuwrtwgm1Gt.11)17w-

hmuuhp{! hWUWUJ.WlnWUfuwfiwpwp hwlj_WUWJI h(j J0-)1 l, l-)1: 'l·tlWUll4 !1Ulj 

wnw2pfi tuwriwgnqp umwCimu t wlJ.btJiCi, pwCi ( u;, u;) )111wt{J16w1.t111u: 

(ii,, u 2 ) )1pwlj_Jl6wljp hwlj_wuw11wll]Jm tr )uwqmu, uwljwJ!i pwgw116wlj hw-

4wuwpwll]fm it: touljwUJ.bu, r,.4 blipw)uw11mu u1 t1w11tlL1wljt.11UJ.j1 ubqw

gmll[! wnw2)1Ci fuwrtwgnl\Jifi pb1wru1mti t 6wfu wqhq)1 11limpml}Jmli11, 111111 1.4 
q}1ppmti Cipw hwtiw11 LWtlwqn1JG11 it.: 1.4 'lflJ1pm ti wnw9)1Ci fuw11wgm1)1 CitiwCi 
qnpbn11mpJmfip ljwphL)l t ubljuwpwfiht n11UJ.bu 2-1u1 fuwqwgn11)1 «UJ.w
tn{!chiwu» UUJ.WnuwL)lp, hpb Ciw 2.2 11)1ppm ti 7brilJ.J1 wnw9l1Ci fuwqwgnrt)i 
hwuwp gwuljwL)l 2-M wqbf[}l pCiuipn1pJmCi)1g, l}pwCinlj_ J1ulj wnw2)1Ci tuwriw
gnqJ1Ci qplJbtnlJ. IO u}lwt{np wnwt{b1wqn1Ju 7wlu11u)1g: UwljwJ!i «UJ.wtnduwCi» 
Ciuwu UUJ.WnfiwLiipCi [!um tm J}JWCi hwqJ1lj_ pb ljw11t1)1 t. qn11<lm ti 11112119 hw
uwph[, pwfi)l n11 UJ.wmctnqll )lfipp ljwpn11 I. ljn11gtib1 5 l'iflwlJ.1111 7wlunu (n~ 
1wlJ.wqn1Jfi lit.ml qnpbhtntl r,.4 futurtmli): 
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3.2 Swfip UIWutchiwfi t[wptlhtwlfhpUihPlt }uumnpn2 uwbuwfinui1r "lwp
qmpJwfi hwuwp uwhuwfiw41wljt[hfip hpljm wuowfig wfihwqwuwpm }uwq}l 
oppfiwqnt[: 'l-pgmp' mpt[wo t hpljm wfidwug wfihwljwuwpm }uwq' 

r = <u1, U2, K1, K2 > 
r }uwq}l hhm r1 h r2 hpqm hwljwuwpm }uwqhpl! lfwUihfip hhmhJWt lthPUI· 
r 1-I! up hwljwliwpm }uwq r ljwnmg1{wo r }uwq}l hplipp t[pw, npmhq 2-pq 
}uwqwgnql! }uwqmu t wnw2pu }uwqwgnq}l qhU, WJU t' K2=-K1: rrl! hwljw
tiwpm }uwq t' ljwnmgt[wo r }uwq}l hptipp t[pw, npmhq wnw2pu Juwqwgnqn 
}uwqnui t 2-pq Juwqwgnq}l qhti, WJfi t' K1=--K2: r1, r2, r }uwqhpp qpw!l>fihpl! 
h qpwfigmti l[wpl[htwlfhpUihpp pwqtimpJntfifibpl} hwti{!fiqfimti hfi: r1 h r2 
}uwqhpmu pwgwpdwlj hwl[wuwpwlJ2nmpJwfi ppwl[p6wljfihpl! hwtiwtqw-
mwu}uwfiwpwp fi2wfiwqhfip (u:1.u;1 )-nl[ h (u;2 .u;2 )-nt[: 'l-pgmp' r1x-l! h 

r2x-1! r1 h r2 }uwqhpp h(ipw}uwqhpfi hfi, pulj V1(X)-I! V2(X)-1!' WJI} hfipw
}uwqhpp wpctbpfihpl!: U111 qtuwmu { u;~ ,u;~ } h { u;2, u~} ppwl[p6wqfibpl! 

hwt[wuwpwlJ2pn bfi hwUWUIWtnwu}uwfiwpwp r1x, r2x Juwqbpntti h 

v1(x)= K; ( u;2, u;; ), v2(x)= Ki ( u;2 ,u;~ ): 
'l-ppmwpljbfip r }uwqp (u1,u2) l[wpl[btwlfhpUibpp qwtiwJwqwfi qmJql!: 

Phwr1lfh, l[wpl[b1wqbpUibJ1p WJU qmJql! WJl}UlPUPfi t fiwh rt, r2 Juwrthpntli: 
'l-pgmp' Z=(xo=:zo,z1, ••• ,z., ... ,zt)-1! wJfi mqpfi t, op ppwqnpm{mti t (u1,u2) 
ppwl[p6wljmti: 

UwMwfinui: u1 O l[_wpl[b1wqbpUif! qn~l[_mti t wnw2]1fi }uwqwgnq}l tqw

tn{!chiwfi l[wpt[h1wqbpUI, hph 
u1 (zk)=zk+1, ZkEZnX1-lt hwtiwp, 

u1(y)=u;2 (y}, yEX1, yeZ-p hwtiwp: (3.1) 

u2 O l[wpt[h1wqhpum qn~l[_mti t 2-p.q }uwqwgnq}l uiwmchiwfi l[_wptl_h1w

ljhpu1, hph 
u2 (zk)=zk+l, zkE ZnXrlt hwuwp, 

U2 (y)= u;I (y), yEX2, yeZ-p hwuwp: (3.2) 

3.3 "lwmchiwfi t[wpt{t1wqbpUihPlt uwhtiwfimupg wliu)12wUibu umw
umu bfip hbmhJWL hwmqmpJmlifibpf!' 

1 °. K1( u1 0, u2 0) = H1(zt), K2( u1 (·), u2 0) = H2(ze): 

2°. 'l-]lgmp' npht }uwqwgnq, oppfiwq' wnw2]1li }uwqwgnq(i oqmwqnp
bhtntl_ u10 t{wpt{b1wqbpUif!, np]l hwuwp zkEZnX1 llltPPl! wnw2plili t Z Illll.Ill 

t[pw, npmhq u10-1! pbtWl}JllllU t z~+1 hw2npq 1}]1pp]1 f!limpmpJntfil!, np'(! 

mwppbpt{mu t u10 l[_wpt{btwlfbptqnl[_ pb1wqpl[_nq 1}]1pppg, WJU}lfipfi' z'k+1*Zk+1: 
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liJq qbUIDmu u2(·) UJ.WuutuwCi l}wptlbtmlJ.bpUJll uwhuwCimu]1g hbmLmu t, np 
K,(u1(·), u2 (·)) ~ v,(zk) : (3.3) 

~wuwliuwlinpbli, bpb 2-pq ]uwqwgnqli oqmwqnpomu t u20 l}wptlbtm

lJ.bpUJ.{!, np]1. hwuwp zkE ZnX2 '1.PPPI! wnw2]1.Cili t Z m11m l}pw, npmbrJ. ui{· )-1! 
pt1wqpmu t z'k+l hw2npq q]1pp]1. {!Cimpn1pJmli{!, np{! mwppbpl}mu t u2 (·) 

l}wpl}btWlJ.bpUJ.DI} J)btW'lJll}Ilfl q]lpppg, WJUpCip(i, z'k+l;t:zk+I WUJ.W ll1 (·) lljlll

Ul{!ctUW(i l}wptlbtwlJ.bpUJll uwhuwlimu]1g hbmLmu t, np 
K2(u. (·), Uz(-)) ~ V2(ZJ: (3.4) 

liJumbrJ.]1.g uwuCiwl}npw1.4bu umwlimu blip hbmLJWl pbnpbu(!. 
[c}bnpbu: 'l-]1gmp · ( ii 1 ( • ), ii 2 (-) )-I! UJ.WmctuwCi l}wptlbtw lJ. bpUJ. bp]1 ]1pwtl]t-

6wlj t: ( ii1 (·), ii2 0) ]1pwtl]t6wlJ.]1. hwl}wuwpwltznmpJwli hwuwp pwl}wpwp t, 

np pn1np k=0,1, ... ,f-1-bp]l. hwuwp 6zuwp]1.m tli 
K1( ii1 0, u2 (·)) ~ v,(zk), 

(3.5) 

wlihwl}wuwpntpJmliCibpJ!, npmbrJ. :zo,z,, ... ,z1 -{! (ii 1(-),ii2 (·)) ]1pwtl]16wljmu 

]1pwqnpol}wo mJJ..!1li t: 
3.4. 'l-]1.gmp' u;1 (·)-1! L u;2 0-1! wnw2pli L hpljpnpq ]uwqwgnqlihpp 1w

l}wqn1Jli 4wpl}b1wlJ.hpUJ.bpCi bU hwuw1.4wmwu]uwCiwpwp r 1 L. r 2 octwCiqwlj 
hwljwuwprn ]uwqbpmu, L z={z0 ,z1, ... ,z, }-I! wJCi mqpCi t, np hwuw1.4wmwu-

]uwCimu t ( u;1 (-), u;2 (-)) ]1.pwtl]16wlj]1li: blipwqphCip, ii 1 O L. ii 2 (-) 1.4wmctuwCi 

l}wpl}b1wlJbp1.4bpJ! wJfiUJ.tiu]1Ci bfi, np ii1 ( zd= u;1 (z:,, ), zk E ZnXdt hwuwp L 

ii2 (zk )= u;2 ( zk ), zk E ZnXrp hwuwp: liJll llhUJ.PntU ( ii1 (-), u 2 (·)) ppwtl]16wljJ! 

UJ.wmctuwCi l}wpl}t1wlJhp1.4bpmu ljwqumu t 'ubzp hwll_wuwpwltznmpJwCi }1pw
tlli6w4: UJu 1.4CirµnuCi w1.4wgmgb1m hwuwp pw4wl.JwCi t gm Jg mwt, n11 

K1 (u;10.u;20> = K1 (ui(-),u20) ~ V/zk), 

K2 (u;10,u;20> = K2(u1(),u2(·)) ~ V2(zk), (3.6) 

K= 0,1, ... /-1 
L oqml}h1 fiw]unpq 1.Jbm]1 plmpbupg: (3.6) w!ihwll_wuwpmuGhpp hhmwuu hU 

hwuw1.4wmwu]uwCiwpwp r. h r2 ]uwqhpmu u;1 (-) h u;2 (·) l}wpl}h1wl.Jbp-

1.4hpp 01.4mftuw1mpJmCipg: 'l-pwCig hpuCiw4npmuU wnw2w111.Jmu hCip np1.4hu 
l}wpctntpJmCi: UJuUJ.tiunl}, umwgwfip hhml.JWI phnphup: 

[c}bnpbu: f ]uwqmu 1.4wmctuwU 4wpl}h1w4hp1.4hpmu up7m qi1JntJ}Jntfi 
m!ip hwl}wuwpwltznmpJw!i ]1pwtUi6wl.J, p!iq npm u WJ'l ]111wl}}16wl.Jmu 7w-

hmuCihpJ! hw4wuwp hli KiCu;10,u;2 (-)), npmhl) u;1 {-)-11 L. u;2 0-11 hwuw-
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U}WU1wu):uwllwpwp r 1 lt r 2 odwfiqwq hwqwtiwpui ):uwqhpmu wnw2)1U 1. 
hpl.J.npq ):uwqwgnqllhp)1 twtlwqntJli tlwptlhtwlthpU}hpCi hli: 

'1lwuiduw(i tlwptlhtwlJ.hpU}hp)1 )1tiwuU1Ci WJCi t, np ):uwqwgnq{! hwqw
nwl.J.npqpll uU1)1U}ntU t ):uwqp tih2 J!llpwCiwt npn2wqp mqpntl (npn2wqp 
{!llmpntpJmlilihpntl), oqmwqnpb'htntl u2mwl.J.wll UU}wnllwtppJ!' wligllhtm WJll 
tlwptlhtwlJ.hpU}Pfi, npJ! twtlwqntJCiCi t hw4wnwqnpqp qM hw4wtiwpm tuw
qmti: '1lwU1duwCi tlwptlhtwl.J.hpll}hpp qwumti hwtlwuwpwltlnmpJwll )1pwtlP-
6wlJ.Cihp}1 pwqtintpJntUJ! pwtlwqwCiw2wLti llhplJ.wJwgmg2wltwCi t, uwqwJfi 
WJil tlwptlhtwlJhpll}hpJ! 2Uihmp t hwtiwpht «2wm tWtll!», pwG.)1 np, U}Wtn
dhtntl hwl.J.wnwljnpq)1Ci, tuwqwgnqJ! 1.J.wpnq t t't wtlhtli ):umnnr1h(i U}Wmctwb' 
tpfiht )1fipfi )111hfi: 

Opltfiwlj 6: 'l-pmwpljhfip N wllowfig tuwIJ.I!, npJ! U}Wtnljhptlwb' t 4-pq 
qb'wfi4wpmti 

I A 2 A n-1 A n A 

(2,2, ...• 2) 

D D D D 

(1,1, ... , I) (J+---4) ( I I I ) ( 1 I 1) 
n-l'n-J'"""n-1 -;;·-;;·····;;; 

Q.b'. 4 
UJu ):uwqmti JmpwpwCiiJmp tuwqwgnq qwmwpmti t tihlJ. pWJL lt ):uwqw

gnqfihp{! )1phfig pwJthPI! qwmwpntu hCi hhppntl, JmpwpwCiiJmp q}lppmu 
hfiwpwqnpntpJmfi mllhllw1ntl hpl.J.]!Ci.mpwllppg ]!(itnphtm uh41!' A-11 qwu D-li: 
luwqwgnqllhr1)1 2whmullhpJ! fi2qwb' hll qhp2Ciwljwfi l}}lpphpmu: 4}1pwnhtntl 

)111qmljg)1wJ)1 hqwfiwltJ! ):uwqp tlhP2P9, hh2m t hwunqtlht, np u~ ==A, i==l, ... ,N, 

u·==(A,A, ... ,A) )1pwtlP6w41! \,h2}1 hwqwuwpwlJ.lnmpJwll }1pwtlP6w4 t 1. 
(2,2, ... ,2) 2whmullhpnq pwgwpowl.J. hwqwuwpwlJ.lpn ppw@nwq: 

PuqwU}hu, q}lgmp' i-pq J:uwqwgnqfi J!Ci.Ulpntu t ui==D, wJq qhllll!mti 
(u./u;)==(u•/D)==(A,A ... ,A,D,A, ... ,A) }1pwtlP6wqmu pntnp J:uwqwgnqfihpp 2w
hmuCihp.J! hwtlwuwp h(i hwUWU}Wtnwu):uwfiwpwp l/i,l/i, ... ,1/i: UJu)1Cipfi' 

2 == K;( u; ) > K;(u • lu; = D) == 1/i, 

L u·-u \,h2)1 hwqwuwpw1t2nmpJmfi t: UqCihwJtn t, np WJU fimJll qwUlDI}nt
pJmllJ! n2uwp}ltn t gwCiljwgwb' hfipwJ:uwqp hwuwp' uquwb' k-pq pwn}lg: 

UwqwJfi, WJll }1pwtlP6wltJ! wfiqwJmCi t wJCi p.uwutnntl, np uhb' pqntl 
J:uwqwgnqCihp)1 qhUII!lllU, wnw2}:lli J:uwqwgnqlihp]! 2hli qwpnq tlulllwh tpliht, 
np J:uwqwgnqCihpp.g npltt uhq]! tl1 «uJ:uwt®» 1.A-)1 tfmJ:uwphli tl1 ]!llmpp. D-fi 1. 
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wJq qtuwmu pn1np JuwqwgllI}!ihpl! (02 u}lwJ!i Uw, ml «uJuw11.J.hg», 2whmu}l 
lJ.npmum!ihp lJ.m!ihUwCi: 

luwqp ut2 UJ.WmchiwCi t[wpt[t1wlJ.hpUJ.hpmu qnJntpJmCi m!i}l !iwh hwt[w
uwpwlJ.2nmpJwCi }lpwtl}16wlJ.!ihp}l hwpmmn pwqumpJmfi: llJfi }lpwtl}ltiwlJ.1!, 
np}l qtuwmu wnw2}lfi I.. gwCilJ.wgwo WJl JuwqwgllI} J!fiutpmu t D-Ci, \,h2}1 
hwt[wuwpwlJ.2nmpJwfi ]1pwtl}16wlJ. t: llJu]1!ip(i' utwpqt[mu t, np hwt[wuw
pwlJ.2]1n h!i hhuthJWl mhup]1 }lpwtl}16wlJ.fihpJ!. 

ii= (D,A, ... ,D, ... ,A), 
(D-nt[' wnw2]1fi I.. l.tu uhlJ. D-nt[' gwfilJ.wgwo WJt mhqmu): PntnJl fiuwfi ]1pwtl}1-
6wlJ.Cihpmu 2whmu!ihpJ! u]11..CimJ!i hfi I.. hwt[wuwp hfi (l, 1, ... , I )-]1: 

J"!.ulJ.wUJ.hu, I}}1gmp · u }lpwtl}16wlJ.mu 2-pq JuwqwgllI}I!, npCi l!Ciutpmu t 
D-Ci, mfi]1 k> I hwuwpl!, hph i~2 JuwfJwgnqfi J!Uutpmu t u;-!i, npJ! 2}1 utwm
qw!imu u ]1pwtl]16wlt}l!i, w111w JuwqwgllI}!ihpp 2whmu!ihpl! 2hCi 41nJut[mu, 
pwCi}l np 1-pCi Juwqwgnq]l qllI}u]1g wnw2J1Ci pwJtntU D UIJlJ!CitnpwCipp l!fiID
pmpJntfil! hpw2Juwt[npmu t Juwqp wt{wputl! WJ'l pwJlntu, npp qhuwmu pn
tDP JuwqwgllI}Cihp}l 2whntUl! hw4wuwp t 1-}l: bf}h i= I JuwqwgnqJ! D WJt
l!Ciutpwfip}l tpnfuwphCi l!fimpmu t A WJlJ!CiutpwCiul!, wutw 2fin(lhpt{ ii I}}1ppmu 
hu ut4 JuwqwgllI}}l wnqUJJntf}JWCi, npCi pfimpmu t D-fi (k hwuwpntl Juwqw
gnq11), _1-)l!i Juwqwgnqp 2whnuiJ! utwlJ.wumu h hwtl_wuwptl_mu t f-)1: 

u }lpwtl}l6wlJ.mu zwhn1ufihpJ!, phwp4b, p)12 h!i u·=(A,A, ... ,A) ppwtlJ16w

lt}l 2whn1ufihppg, uw4wJCi 4wJutlwb 2hCi uhi) p4ntl Juwqwgnqlibflp utuw1!ih11}lg: 

4. Um.npwqwpq tuwqhp 

U!ihw4wuwpm pwquwpwJl Juwqbp)l 4wpLnpwqmJli b!ipw11wu bu 4wq
umu mnnpw4wpq Juwqbpp: liJu tuwrihpJt' unqb1wtlnpn1u bfi umn11w4wpq
uw!i 4wnmgtl_wbu nnCihgnq !ihphw4npb!i 4wnwt[w11tln11 hwuwtiw11qbpp: 
liJqUJ.}lu}l 4wnmgt[wapp npn7t[m u t npn7w4l1 qhpw4wJIIIJ}Jwli 4w11qmf t1pwp 
hw2npqnq 4wnwtl_wpuw!i uw4wpqw4!ibpp hw~mpqw4w!intpJwlip: Umnpw-
4wpq fuwqhpl! uwpbuwm)14npbCi qwuw4w11qt[mu bli JJUlD tiwlJ.w11-qw4fibpp 
pt[}l l.t IllTJ'lWhwJwg qw111hp}l pfimJpp: 'l-pwlig}lg 111wpqwqmJtip Lp4uwljw11-
'1W4 hwuw4wpq(i t.: 

A o 

II " 

(}.(), 5 
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4.1 vbphwlJ.npbfi tiwnwtlwptlllIJ. tp4uwlJ.wpqw4 hwuw4wpql! qnpbmu t 
hbmhJWl lJ.bpur 4wnwl{wp.11IJ. (4nnpqpuwgfillIJ.) Ao lJ.bfimpnlil! qmfitlmli t 
umnpw4wpqntpJwCi wnw2t1li uw4wpqwlJ.mu, U tiwnwtiwpntulibp)l mpqwo 
pwqumpJmli)lg l!fimpntU t u=(u1, ••• ,un) tlb4mnPI!, npmbq ui-fi lJ.bfimpnfi)l 
lJ.wnwqwPilIJ. wqqbgmpJmfifi t )lpbfi bfipw4w B;, i= 1,2, ... ,n umnpwpwdw
fimufibp)l qpw, npnfip qmlitimu bfi umnpw4wpqntpJwfi bpqpnpq uwlJ.wp
qwlJ.mu: tipbfig hbpp)lfi, B;-fihpl!, i=l,2, ... ,n l!fimpntu hfi viEV;(u;), lJ.wnw4.w
pntulihpJ!, npmbq V;(u;)-fi' Bi-fibpfl umnpwpwchuliuwfi 4wnw1~wpntufihp)1 
pwqumpJmfifitr1fi hfi' Ao 4hfimpnfi)1 U lJ.wnwqwpnilintl lJ.wfi]unpnztlwo: UJq
Uf}1witl, !lwnwl[wpnit 4bfimpnfifi mfi)l wnw2t1fi pwJtJl ppwl[mfip L. lJ.wPilIJ. t 
uwhuwfiwt}lwltbt )lpbfi hfipw4w umnpwpwdwfimufihpp hfiwpwl[npntpJmfi
Cihpl!' wfihpwctbzm hmfi)l ut2 qfihtntl fipwfig qnpODIJ.mpJmfifihpl!: Ao 4hfim
pnfi)1 Citqwmw4li t hhmwqwJmU uwpupuwgfibt Ko(u,v1, .•• ,vn) :t,mlilJ.gpnliwIB 
J!Ulll u;-Cibp)l, )lulJ. B;, i= 1,2, ... ,n umnpwpwdwlimulihpJ!, mlihliw1ntl uht}lw4wfi 
fitqwmw4lihp, oqmntu hli uwpu)luwglibt K;(u;, v;) :t,mli4gpnliwt lihpJ! J!Um v;-p: 

4.2 UJu fufiqppJ! ohwJliwglihfip nptqbu (n+ l) wlio)l (Ao l[wp2_w4wfi 4blim
pnlip L. B1, ... ,Bn wpmlUI}Pw4wfi umnpwpwdwlimufihpp) r pliwltwlinfi mbup]l 
wfiqwz]lfip fuWIJ.: '1-ltgmp · Ao fuWIJ.WQilIJ.fi J!fimpntll t uE U tlh4lDllPI!, npmhq' 

• U ={u = (u1,- .. ,Un)I U;~O U;E R(, i=l, ... ,n, LU;= b}, b~O: 
j;( 

Ao-Ci fuUtflwgnajl \{wptfbtwlJ.bputhpp. pwqumpJmlili t r fuwqmu: lli tlh4lDilPI! 
uh4fiwpwfihlip nptqhu f wfitJ.wfimulihp)l UJwzwplihp)l hwl[wpwfi)l, npnfip Ao 
4hfimpnliJ! hwmlJ.wgfimu t i-pq wpmwqpw4wfi umnpwpwdwfiuwfil!: 

'l-)lgmp' B; fuwqwgllIJ.lihppg JmpwpwlivmPI!, )luwfiwtntl Ao-)1 J!limpnt
pJwfi uwu)lli, J!Umpniu t v;E V;(u;) tlh4lDilPI!, npmhq 

V;(u;) ={v;ERm :v;A;~u;+a;, V;~O}: (4.1.) 
v; tlhl(UlllpJ! uh4liwpwfiqmu t nptqhu i-pq wpmwqpw4wfi umnpwpwdwliuwfi 
mwpphp wpmwqpwmhuwlJ.lihpp wpmwqpntpJwfi opwq)1p; A;-fi (A;~O) i-pq 
wpmwqpw4wli ulDilpwpwchufiuwfi wpmwqpw4wfi tiwu mhlufintnqliwtiwfi 
uwmp]lgfi t; a;-Ci (a;~O) i-pq wpmwqpwqwfi umnpwpwdwfiuwfi wntiw tqw
zwpfihp]l qhltmnpJ!: 

r fuwqnuI B; tuwqwgnq)1 l[wpl{htw4hpUJhp wuhtntl, hwuqwlimu hfip 
wJCi v;(·) :t,mliqg)lwlihp)l pwqumpJntliJ!, npnfip Jntpwpwfivmp u; mwpp)lli, 
(u1, .•. ,u;, ... ,un)EU, hwllwtqwmwutuwlihgfinuI hli v;(u;)EV;(u;) qhqtnnpJ!: UJq
tq}1u)1 :t,DtfiqgJiwlihpJi pwqumpJntfil! fizwliwqhlip V;, i=l,2, ... ,n: flpnzhlip r 
tuwqmu tuwqwg11IJ.fihp)1 zwhmulihp)1 :t,mliltg)lwlihpJ!: Ao fuwqwgnq)1 hwuwp 
zwhmup :t,mli4g)1wli mfip hhmhJWt mhupJ!' 

npmhq a;~, (X;E Rm uL.hnJWl qhqmnp t, i=l, ... ,n; a;v;(lli)-fi a; L. vj{U;) qhl{tnnp-
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Utpp. ul.Jwuwp wpmWilJlJWU!: t;fipwqpnui tfip, np B; fuwqwgnajl 2whmup. 
:j>mfil.Jgpwfi hw4.wuwp t' Ko(u,v1(-), .•. ,va(·))=e;v;(U;), npmhq C;~, C;ERm, i=l, ... ,n· 
uL.bnJWl tlhl.Jmnp t: 

UJuuJlmml, r fuwqfi mfip r=(U,V1,V2,-- .,Vn,Ko,K, ... ,Kn) mtupn: 
4.3 r fuwqmu 1.Jwnmgtfip ut2.ti hwlj_wuwpwl.JlnmpJwfi ppwt{p6wl.J.: 

'l-flgmp' v; (u;)EV;(u;) 4.tqmnpn 

max c;v;=c; v; (u;), i=l,2, ... ,n, 
v1eV1(u1 ) 

(4.2) 

uiwpwutmpwqwG qbluJJlfi opwqpuwfi lufillPP. tmomufi t {tqwpwutmpn u; 
4.tqmnpG t), puq u•EU -G 

ma.x.Ko(u·,v;(-), ... ,v:(·)) (4.3) 
ueU 

tufiilJlp tmomufi t: 
"lwpqmpJwfi hwuwp tfipwilJlbfip, np (4.2)-mu I.. (4.3)-mu uwpupumu

Gbpf! hwuwfibtp tfi: '\,qwmbGp, np (4.3)-1! twUJhU fuqtl1111 fiUJwmwljwJpfi 
:j>mfiqgp.WJil4. n2 qbwJpfi opwqpuwG fufiaj1p t (uwpupuwgmu(! ljwmwp4.mti t 

f!UUl u-p, puq v; (u;), (!Gl}hwGmp wnuwup, u; tqwpwtibmpp fuqtl1111 :j>mfiljgp-

wfitp bfi: 8mJg mwGp, np r fuwqmti (u·, v;(-), ... , V:()) ljhm(! hw4.wuw

pwl.JlnmpJwU ppwt{p6wq t: Ppnp' 

Ko(u •• v; (·), ... ' V: (·))~ Ko(u ·, v; (·), ... , V: (· )), UE U: 

liJfimhtml.., pntnp i=l , ... ,n ptlhpp hwtiwp· 

K;(u ·, v; (-), ... , v: (·)) = C; v; (u) ~ C;v; (u;) = 

= K(u·, v; (·), ... , v;_1 0, v: (-), v;. 1 (-), ... , v: (·)) 

hw4.wuwpntpJmUJ:! 6fl2m t gwfiqwgwb v;(·)EV,-p hwtiwp: UJmajmml. 
Ao,B1,- .. ,Bn fuw11.wg1111Ghppg n2 tihljpu 6hnumm 2t upwqnJJ.tiwlipnptu 7bq4.ht 

(u 0
, v; (-), ... , v: (·)) ppw4.Ji6wljpg, mphuu WJli hwitwuwpwtilpn t: '\,qwmhup 

np Ul4.JWl Jtpw4.Ji6wq(! qwJmfi t fiwl.. qpwfi}tg 2triitwb Sc{Br, ... ,B0 } gwfi
ljwgwo qw2uwfutipJt fiqwmtiwtip, pwfi}t np i-fll} fuwqwgnflll K; zwhmtip 
tiwtuitwo 2t vj(-), jE {l , ... ,n}, j;ti 4.wpitb1wl.Jbpu1bppg: 

4.4 4ptifiwljp hfipwqwJmpJwli mnnpwpwdwfimulibp mCibgn11 uumpw-
1.Jwpq hwtiwqwpqbpf! l.Jn2itmti bli 2bqwGIIJmCiw6l.. ((}.o.6): 

Ao "·<> 11, 
C 

<1-b. 6 
4pqfiw4}1 bfipwljwJmpJwfi C umnpwpwdwlitiwli 1.J.wnwlJ.wpnuip 1.J.wtu-
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t[wb t 8 1-)11.jwnwt[wpmu)lg L. Bz-)11.Jwnwt[wpmu)lg: li:wpbw t uiwmljbpwg
Cibt wJfiUUluJ:i )1pwtl]16wl.J, npmu pfiwqwt[wn)l 2whbpf! fibpl.JwJwgfimu t 8 1 
1.Jbfimpnfi{!, )lul.J mwpwbw2p2wfi)1 2whbp{!, fibpwnJWl 2112wl.Jw u}12wt[wJp]1 
UIWhutwfimpJwfi fufiq)lpfibpJ!, 82 I.JbCimpnfi{!: liwnwt[wpuwfi UIWpq 2bIJ.wfi
lJJmCiwo.L. hwuwljwpcm npn2muCibp}l {!Cirµufiuwfi bnwuwljwpqwl.J umnpw-
1.Jwpq hwuwljwpq}l op]lfiwlj t: "l..[wptwl.Jwfi ljbfimpnfi[! qmfit[mu t wubCiw
pwpop uwljwpqwljmu L. )lp mpwuwqpntpJwfi mwl.J mfi)l CiJmpwljwfi L. w2-
tuwmwfipwJ)lfi utwzwpfibp: 'uw wqrµuu t )lpbfi bfipwljw bpl.Jm ljbfimpnfi
fibp)l qnpmnfibntpJwfi t[pw, npnfip utwmljwfimu bCi hw2npq uwljwpqwl.J}lfi: 
liJq bpl.Jm I.JbfimpnCiCibp)l {!firµufiwo npnzmufitp)lg t 1.JwtulJ.wo wJCi obnfiwp-
1.JmpJwfi wpmwqpntpJwfi owt[wm, np qmfilJ.mu t mnnpwl.Jwpq hwuwljwpq}l 
lJ.hp2]1fi uwl.Jwpqwljmu: 

npn2mufibpp {!fiqmfiuwfi wJu qnp~fipwg{! qpmwpl.Jbfip nputbu tnpu 
wfiowfig tuwq: liJfi CizwCiwljbfip f'-nlJ.: UfigfibtnlJ. tuwqwJ)lfi qplJ.wop}l, UIWJ
uwfiwlJ.nplJ.bfip, np 1-}lfi pWJL[! ljwmwpn1u t Ao fuwqwgnq{! L. {!(hnpmu t 
u=(u1,u2) mwpp[! (1.lwptlbtwl.Jbputl!) npnz U pwqumpJntfi}lg, npmbq U-Ci Ao 
tuwqwgnajl tl_wplJ.btwl.Jbpuibp}l pwqumpJntfifi t: uEU mwpp{! uwhuwfiwipw-
1.jmu t hw2npq pwnmu B1 h B2 fuwqwgnqfibpp 1.jnqu}lg {!CitnpntpJmfi 
ljwmwpbtm hfiwpwtl_npntpJmfifibpl!: Un I.Jbput, B1 fuwqwgnq}l {!fimpntpJmfi
fibp}l pwqumpJntfi[! hwfiq)luwfimu t u1 utwpwubmp]l }mfil.Jg}lw (CizwCiwl.JbCip 
wJCi B1(u1)), L. hwuwfiuwfinphfi, B2 fuwqwgnajl {!CimpntpJmfifibpp pwqum
PJntfil! hwfiq}luwfimu t u2 utwpwubmpp l,mfiljg}lw (fizwCiwl.JhCip wJCi B2(u2)): 
w1-ntl (w1E B1(u1)) L. wi-ntl (w2E B2(u2)) CizwCiwqbfip hwuwutwmwutuwfiw
pwp B1 L. B2 fuwqwgnqfibp}l numpmpJmliCibpp pwqumpJmCifibft}l mwppbp{!: 
B1 h B2 fuwqwgnq!ibp)l 1.Jnqu)lg ulimpt.[wb w1 L. w2 utwpwubmphpl! C tuw
qwgnq}l {!CitnpmpJmCi!ibp}l pwqumpJntCi{! uwhuwCiwipwljmu bCi tuwqp bp
pnp.q pwJwCi, wJu}lfipfi, wJq pwqumpJntfi{! qwnfimu t w1 L. w2 uiwpwubmpbp)l 
l,mfiqg)lw: 'uzwfiwljbfip wJfi C(w1,w2), )luq WJI} pwqiimpJwfi mwp.pbp[! 
(wpmwqpwljwfi opwqpbp{!)' v : 

'l-)lgmp' Ao, B1, B2, C pnLnp tuwqwgnqfibp]l zwhmufibpf! 1.J.wtutlwo bfi v 
wpmwqpwljwfi bpwqp)lg, npfi {!Cimptl_mu t C fuwqwgnq}l ljnqu)lg L. hwuw
utwmwufuwCiwpwp hwtl_wuwp bfi f 1(v), f2(v), f3(v), f4(v), nptnbq f;(v)~O: 

liJqui)lu)l umnpwlJ.wpq tuwrtl! 1.J.wphw t fibplJ.wJwgCibt npuibu tnpu 
wfillwfig pCiwlJ.wfinCi mbupp wfiqwz}lCip fuwq, bpb hwuwpbfip, np Ao fuwqw
gnajl tl_wptl_btwlJ.bputbPI! u=(u1,u2)EU mwppbp bfi, }lult B1, B2 L. C fuwqwgnq
fibp)l tl_wptlbtwJ.ihputbp[! w1(u1), w2(u2) h v(w1,w2) }mfilJ.g]lwCibpfi bfi, npnfig 
wpctbpfibp{! hwuwutwmwutuwfiwpwp utwmlJ.wfimu bfi B1(u1), B2(u2) L. 
C(w1,w2) pwqumpJmfifibp]lCi (wJqui)lu}l ~mfiljg}lwfibp)l pwqumpJmfifibp{! 
CizwCiwlJ.bfip B 1, B2, C), L. npnfip wnwtlbt pwpllp uwlJ.wp.qwlJ.mu qmfiqnq tuw
qwgnq}l (1.J.wu fuw.qwgnqfibp)l) Jntpwpwfi~mp hfiwpwqnp nfimpntfJWCil! hw
uwutwmwutuwfibgfimu bfi mil.Jwt tuw.qwgnqp {!fimpntpJntfi{!: 
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Cfirµnfihtmf 
K;(u,w10,wz(-),v(·)) = f;(v(w1(u1)w2(u2)), i=l,2,3,4, 

qumwfiwfip r tuwJUI pfiwqwfinfi mhupf!' 
r = (U,B1,B2,C,K1,K2,K3,~): 
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4.5 <l>Cimptfip r tuwqmu 1,hzp hwi.J.wuwpwltznmpJwfi ppw4lt6wq{!: 
'l-pw hwuwp qwmwptfip ochufiqwq qwnmgmufitp: 

3mpwpwfil)mp (w1,w2), (w1,w2)E u B1(u1)xB2(u2) uLtnJWL qmJqp hw-
ueu 

uwp v·(w1,W2)-n4 UzwfiwqhCip hhmLJWl UjWpwuhmpwlJ.wfi tufillPP 1momu11· 
max f4Cv) = f4Cv·(w1,w2)): (4.4) 

veC(w1,w 2 ) 

(<.wuwpmu hfip, np (4.4)-mu uwpupumuu hwuwfihtp t:) "lwpqi.J.mu t, np (4.4) 
}ufi11PP v·o=v·(w1,W2), 1momu11 W1, W2 L. v·(·)EC UjWpwuhmphpp :t>mCiqgpw 
t: 'l-pmwpqtfip UjWpwutmpwqwCi (u 1, u2 UJ.Wpwutmptpn4) B1 L. B2 tpqm 
wfi6wtig r(u1,u2)={B1(ui),B2(u2),l2,f3} wfihwqwuwpm tuwriu, npmhq 
f2=f2(v·(w1,w2)), f3=f.3(v·(w1,w2)): r(u1,u2)-mu B1 }uwqwgllJUl 4wp4h1wqtp
ll!hPI! W1E B1(ui) mwppbpfi hCi, B2 fuwqwgllJUl 4wpi.J.htwlJ.hpUjhJ1t!' w2E Bi(u2) 
UlWppbJI{t UfiJ}WllPhfip, np r(u1,U2) tuWJtfllU qDJntpJntU ntCip 1,hzp hw4w-

uwpwltznntpJWfi ppw4lt6wlJ., npf! G.zwCiwqhCi12 ( w; (u1), w; (u2))-n4: 1,7t.fip, 

np w; (-)-fi u; UjWpwuhmpp ,1mtfiqgpw t, L w~ (·)EB;, i=l ,2: 

'l-pgmp· WJfimhbmL u·=( u;, u; )-I! hhtnLJWL tpumphuw1 }ufiqpp tmbmufi t. 

max f 1(v·( w; (u 1), w; (u2))): (4.5) 
ueU 

LM: (u°,w;o,w;(·),v 0
(·)) ppw4lt6wltn 1,hzp hw4wuw11wlmznmpJWCi 

ppw@t'iwq t f tuw11mu: 
UUjwgmgmu: Cum u·-ti uwhuwfiuwCi, (4.5)-pg htmLmu t' · 

K 1(u·, w; (·), w; (·), v· 0) = max f 1(v·( w; (u 1), w; (u2))) ~ 
ueU 

> • . • - . . . -l.'1(v (w, (ui), w 2 (u2)))- K,(u, w1 (·), w2 (-), v (·)) 

wnfiimpJmfin pn1np uE U-p hwuwp: 

i!wtip np w; (u,), w; (u2)-hJ11! r· ( u;, u; ) odwtiriwlt tuw11111 u umhqomu hCi 

1,t.zti hw4wuwpwltznmpJwti ti11w@6wq, gwtiqwgwo w1( • )E B1 wi( u; )= 

= w 1,E 81( u;) :j>mfilJ.gpwJf1 hwuwp 6zuwpJ1m hti hhtnL.Jw1 wntiimpJmtiCihpt1· 

Ki(u ·, w; {-), w; (,), v • (· }) = f 2(v • ( w; ( u; ), w; ( u;))) ~ fi(u • ( w ,, w; (u; ))) = 

= K2(u·,w1(-}, w; (·),v.(-)): 

<.wuwtiuwfi wtihwi.J.wuwpntpJmtip 6p7m t liwL. B2 tuw11wgm1J1 hwuw11: 
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Cum v· :t,mfiljgpwJp uwhuwCinuip (4.5)-pg mCibfiJf 

K.(u·, w; (·), w; (-), v • (·)) = f4(v·( w; ( u; ), w; ( u;))) = 

.m~ , • f4(v)~f4( v) = K.(u·, w; (·), w; (·),v(·)) 
veC(w 1 ,(u 1 ),w 2 (u 2 )) 

gwfiljwgwo v(·)E C ,1>mCil(gpwJp hwuwp, 

v( w; ( u; ), w; ( u;) ) = v E C( w; ( u; ), w; ( u;) ) : 

lbuJ! wuiwgmgtlwo t: 

5. ni IPP.tl}lpwqblJ.uwup pwquwpwnJ:uWIJ.bp 

5.1 1-4 UJ.Wpwqpw,1>Cibpmu qpuiwr1titlbgp(i 1PM ppwqbljuwup pwquw
J:!WJl fuwqbpl!' npn2tlwo P=(X,F} tlbp2wtlnp awnwl(bpUJ. qpw,1>p tlPw, npnCi
gmu fuwqwgllIJ.Cibppg JmpwpwCiilntPJ! pp J:!WJlP l(wmwpuwCi uiwhpCi uumtJq 
qpmbp, pb np qpppmu ljwu awnp np qwqwpmu t qmCitlnui pCipJ!: <!_bfig WJil 
UJ.Wm6wnml hCiwpwtlnp bqwtl umgfibt i-pq fuwqwgllllP tlwptlb1wljbput hwu
ljwgmpJmCi1f npUJ.bu xi hbppwljwCintpJwli pwquntpJwli tlPw npn2tlwo upwp
dbp uj{x) ,1>mfiljg]1w, npp wpdbpCibp{! F,..pwquntpJntfimu bCi: 

Uwl(wJfi, bpb ipnpobCip hbmwqnmbt wJCiUJ.ltup pwquwpwJL fuwqbp, 
bpp tuwqwgllIJ.UbpCi ]lpbCig {!limpntpJntli{! ljwmwpbtltu umntJq tq}lmbCi ppblig 
IlPPl!I! pWJlJ! l(wmtupbtm uiwh]1Ci, ljwu ljwPDIJ. bCi 1nlt bCipwqpbL np wJq 
IlPPl!I! UJ.Wmljwfimu t X; hbppwljwCimpJwCi pwqumpJwCi npn2 A bCipwpwq
untpJwCi@, WUJ.W fuwqwgllllP tlwptJ.b1wl(bpUJ.lt ]lpwl(wfiwgmu, npUJ.bU xE X; 
IlPPl!P ,1>mCi1J.g]1wJ]1, wCihUwp]lCi l(qwnfiw: 

UJuUJ.ltuntl fuwqp ]1pwqb1J.wJ]1Ci ljwnmgtlwbp{! pwpqwgCibtnt gwUl(m
pJntfi{! wUfumuwqibtltnpbU hwUqbgUmu t tJ.wptlb1wl(bpUJ. hwul(wgmpJwU 
ipnipnfuntpJwU: Umn1Jq ouwlJ.bpUJ.muUbp]l hwuwp wUhpwdb2m t wnw2]1U 
hbpppfi ouwJUwgUbt )tpwqbl(mu hwul(wgmpJntU{! fuwqp hwuwp: UJumbq 
ljwpunp qbp t Juwqmu )tpwqbljuwU pwqumpJntU hwulJ.wgmpJntCi{!: 

Uuqwb'J! UJ.WpqwpwCibUp up pwU)t UJ.WpqwqntJU oppUwljUbpntl_, npnCip 
fuwqbpp mbumpJwCi mumuUwljwU qpwlJ.wUntpJwfi ub2 qwpobt bCi qwuwljwCi: 

Op]10wlj 7: (<!,wlJ.wuwpm fuwq): liwmwpbtntl wnw2pCi J:!WJU!' 1-pCi fuw
flW9IlIJ.I! {1,2} pwquntpJntCipg {!lilDpntU t up plttl: t;pltpnpq J:!WJlJ! lJ.WUIWpDlU t 
2-pq fuWJtWQilIJ.I!: q.pmbliwtntl 1-pU fuwqwgnqp {!limpntpJntli{!, Ciw ti t { 1,2} 
pwquntpJntli]lg {!Cimpntu up ppq: bppnpq pWJlJ! qwmwpmu t qwpoJWL 1-pO 
fuwqwgllIJ.{!: q.pmbliwtntl 2-pq fuwqwgnqp {!UtnpntpJntli{! u hp2b1ntl ubqiw
qwli {!UtnpntpJntlil!, Gw {1,2} pwquntpJntlipg {!limpmu t tip PPtl: 

UJumbq fuwq{! qwqwpntu t, u 1-pCi JuwqwgllIJ.Ci umwlinui t H 2whnuI 
(2-pq fuWJtW9IlIJ.I!' -H zwhn1ti, wJu)tCipli' fuWIJ.I! hwlJ.wtiwpm t), npmbq H 
,1>mliqgpwli npn2tlmti t hbmuJWl l[bpUJ.. 
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H(l ,1,1): -3 H(2,l ,1) = 4 
H(l,1,2) = -2 H(2,l,2) = 1 (5.1) 
H(l,2,1) = 2 H(2,2,l) = 1 
H(1 ,2,2) = -5 H(2,2,2) = 5 

IuwJJ1i r:(X,F) qpw}I! t.qwmqhpt(wo t 10-Jlll qowuqwpmu: 

XI 

q_i), 7 

q.pw}p t(pw oqwl.Juhpnt( t.qwtnqhpt(wo h(i WJU qppphp[!, npnugmu J}WJ
thP t qwtnwpniu 1-pu tuwqwgnrm, puq pwnwqmupuhpnt(' wJCi qppphp[!, 
npnugmu pwJthP t 1.Jwtnwpniu 2-Jlll tuwqwgnrm: b"ph X1 pwqumpJntU[l 
u2wuwlJ.hup X-nt(, X2 pwqUmpJmfi1f Y-nt( L WJI} pwqumpJmCifih[lp tnwp11hp[! 
hwuwt.qwmwutuwuwpwp, xE X, yE Y, wt.qw 1-p!i tuwqwgnajl u1(,) t(wpt(htw
qhpt.q{! tnpt(mu t u10= { U1(xi), U1(X2), U1(X3), U1(X4), U1(X5)} hfiqw2wtjt 
t(hqumpnt(, np{! X pwqumpJWfi JmpwpwUvmp qpppmu UJ.Whwu2mu t { 1,2} 
hpl.Jm pt(hppg uhqp f!UtnpntpJntU(!: 2-Jlll tuwqwgnajl u20 t(wpt(htw4h11111L• 
hwuqmUwt.qhu fihpl.JwJwgumu t u20={u2(Y1), u2(Y2)} hp42wtjl t(hqtnnJl[l, np(! 
t.qwhwfi2mu t { 1,2} hpqm pt(hppg uhq]l JlUUlpntpJlllUJl Y pwqumpJwG 
Jmpwpwul.Jmp qpppmu: liJut.q]lunt( 1-]lG tuw11wgnriU WJU tuwILDLU map 32 
t(wpt(htwl.Jhpt.q, pul.J 2-Jlll tuw11wgnri11· 4 t(u1pt(htwlth11111: lvw11]1u hwUwt.qw
tnwutuwuflil pfiwl.JwunU tnhupp' 32x4 2wtjtp uwuipJ1g t, n1111 uwl.JwJG mul1 
hwt(wuwpwtunmpJwfi ]1pwt(jl6wl.J· uwpmp t(wpt(h[w4hpt.qhJimU: l1w11htJ1 t 
hwunqt(ht, np q]lmwplt~IlfJ tuwri]1 wpdhp[l hwt(wuwp t 4-lt: I-Jiu tuw11wgn11u 
mfi]l lnpu 1wt(wqmJfi uwpmp t(wpt(tiwlthpt.q' (2,1,1,1,2), (2,1,2,1,2), 
(2,2, 1, 1,2), (2,2,2, 1,2), jlulj 2-Jlll tuw11wgnrifi mfip hpl.Jm 1w~wqn1Jfi t(w11-
t(h1wqbpt.q. (1, I), (2,1 ): 

OppUwq 8: U]1 Ljtnpp Ljtntuhup 7-Jlll opJ1uwltJ1 Ji11wqh4uwfi t.qWJUwli
fihp{!: lvWJJ.I! hwqwuwpui t: 4wmwph1nt( wnw2J1li pwm1, I-J1li tuwriwgruip 
{1,2} pwqUntpJmfipg Jl(hnpmU t Up ppt(: IJpqpIIJUl pWJl)! 4WtnWJUUU t 2-JU} 
tuw11wgnri11: q.puihfiw1nt( 1-pfi tuwqwgnqji putnpntpJmli[I, fiw t1 t 11,2} pwq
umpJmfipg 11firnpnui up pJtt(: t;ppnJUl pwJl[l 4wrnw1m1u t 11wp0Jw1 1-Jili 
tuwqwgnri1r Qpuwliw1nt( 2-Jlll tuwqwgnr1J1 t1CitnJ111tpJmlit1 L. u1mwuw111~ 
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ulHpwqwG. J!UUlpnlflJillUJ!, Gw up pfitl t J!Cimpmu {l,2} pwqumpJmG.(lg: 
UJuU1hI1. J:uwil.fi wqwpml[mu t, (luq 2whn1UJ! npn21.[mu t (5.1) pwCiwolinq, 
(1.Cittqhu np Ciw)unf1ll oppCiwqmu: 

luwilti r=(X,F) qpw:t>I! W l}ln]:uqmu, uwqwJU, qmutlhtntl X2, X3, X4, X5, 

hwuqn1Jgfihpmu, (luwil.11 hppnf1ll pwJLpCi} 1-l•Ci J:uwI1.W9Il.lJ.I! w qwPil.lJ. npn2ht, 
ph ppwqwumu np hwG.qn1Jgmu t qlllfiqmu pUp{!, pWJg, qpmhfiwtntl pWJLhpp 
hhppwqwG.mpJntU{! (hppnf1ll pwJt), uw qWPil.lJ. t hwunql[wb tllfihl, np w 
qmfiqmll XJ hWUqDlJQillll: r qpw:t>mu X2, XJ, X4, X5 hwfiqntJgfihp(j Wnfihfip IJ.h
UlWqpO 2p2wuw4lt uh2 (qb.8): UJ1l1.jntUpmu X1 hwCiqntJQI! hwJmfil[hg 

X] I 

q.()_ 8 
2p2wUw4}1 uh2, pfitl! qwphtll t ubqfiwpwfibt nptqhu 1-pfi J:uwI1.wgnajl lJil.lJ.Upg 
WJIJ: hwfiqn1Jgp UUliltJq pUWgnt}}Jntfi"(! , bpp pfip"(! qmfiqmU tp WJfilllhq: Y1,Y2 

hwfiqn1Jgfihpfi wnfiqwo bfi pwnwqmu}1fibpp ub2: Uw fimJfillJhu fi2wliwlJ.mu t, 
np 2-f1ll. J:uwil.WQmtfi pp pwJm IJ.wmwpbtllu qmfitlbtntl qpwfigpg uhqmu, 
qwPil.lJ. t uhlJ. mpp2pg WJfi mwppbpbt: x2, x3, x4, x5 hwliqn1JgCibpn J:utipwqnph
tntl Up pwqUnt}}JWfi Uh2. Ubfip gmJg b(ip UlWWU IJ:PlUCig wCiqwliwqwlibtll
Ill}}JWfi t}lwutn{! 1-pfi ]:uWI1.WQnajl hwtiwp: UJfi pwqUDt}}Jntfifibp"(!, npnCigmU 
]:uupwqnpqwo bfi hwliqn1JgCibp"(!, qwfiqwfihlip ppwqbquwCi pwqtimpJmlilibp: 

UJ<hl wfigfihCip 4wpt.lbtwlJbptqbp}1 fil[wpwqpntpJwfi]!: 2-f1ll. J:uwqwgnajl 
ppwqblJ.mpJwfi tl}16wlJ.J! w l}lnJ:utlbt, WJIJ: tqwmownntl lipw qwptlhtwlthptqbpp 
pwqun1pJmfi{! fimJlifi t, plit np 7-pq op}1fiwl[mti, WJuplipli' pwqtiwgwo t ~npu 
tlb4UlllpCihp}1g' (1,1), (1,2), (2,1), (2,2): 1-}1fi J:uwqwgnajl }l.pwqhtimpJwfi tl}1-
6wtm tltnJ:utlht t: luWflll hppnpq pwJtmu fiw q}lmh upwJfi wJq pwJtll hwuwpJ!, 
pwJg ~q}lmb WJCi llPPPI!, npn1u qmCiqmu t: .i!.bmL.wpwp, fiw W tiwPil.lJ. 
ppwtiwliwgCibt hw2nJ1ll. qwqwp}l. numpntpJDLUi! (qwti {1,2} pwqtimpJDLli}lg 
p@ (!CimpmpJmfin)' qwJ:uqwo WJfi q}l.pp}lg, npnuI qmfiqmti t bppnpq pwJtll 
dwuwCiwq: UJq tqwmownnq bppnf1ll pwJtmiI G.w umptqqwb t, wliqwJ:u 
}luqwtqbu ppwqwfiwgl[wo q}l.pppg, numpht { 1,2} hr1qm pl[hp}1g ubqn: UJq 
tqwU16wnnl[ Cipw l[wptlhtwl!bptq{! ppbfipg CihpqwJwgG.mu t (ij), ie {1,2}, 
je { 1,2} pqhpp qmJql!, npmhq i pfitl.Ci J!Cimpl[mu t x1 q}l.ppmu, puq j PMI! pntnp 
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x2, x3, x4, x5 ajlpphpmu fimJfifi t hppnpq pwJtp chuuwfiwli: liJutajmml UJWpq
t{mu t, np j l'i.J.li J!fitnpnt}:IJntfiJ! pwqtint}:IJUJfi !pmfi4gltw t L 4wJlllll t mfihfiwt 
u{x2,x3,x4,x5}=j mhupJ!: StlJwt }uwqmu hp4m }uwqwg11IJ.fihpu ti mfihfi 
tnpuw4wfi t{wptlhtwlJhpUJ., L }uwlllt uwmppgfi mfip hhmLJWt mhupJ!. 

(l.l) (1.2) (2.1) (2.2) 

g~;r=! =! _; -!1 
(2.1) 4 1 4 1 

(2.2) I 5 1 5 

liJu }uwqmu uwpmp t{wptlhtw4hpUJhpntu 24w hwtJ.wuwpw42nmpJwfi 
ppwi.J.p6w4: luwlllt wpdhJ!I! hwt{wuwp t 19/7, 1-pfi }uwqwgilll.P iwtJ.wqntJfi 
}uwnJ! 4.wptJ.htrn4hPUJI! (0, 0, 4/7, 3/7) tlh4mnpfi t, pu4 2-pq }uwriwgnaj1 
twtJ.wqn1Jfi }uwnl! t{wpt{tiwljhpUJ.J! hwtJ.wuwp t ( 417, 317, 0, 0)-p: 8-[lll op)1-
fiwJ.tll hwlituwmmpJwup 1-pfi }uwriwgilll.P hpwztuwt{nptJ.wo zwlunliJ! fi4.w
qmu t: 'l-pw UJWIDOWnJ! fipw ppwqh4mpJwfi i.J.p6wltp t{wmpw11wfiwtCi t: 

~hlDWJ!Pl!PP t, np 9-pq oppfiw4}1 }uwlllt uwmp)lgfi mfi)l 4x4 2wtll, u)lfitrihn 
8-pq op)lfiwltp }uwlllt uwlDppgJ! 32x4 2wtll)l t: liJuUJ.)luntJ. uwm2h1)l )111wqh4m
pJwfi fitl_wqnnil! i.pnppwgfimu t zwhmufihpp uwmp]1g)l 2wtJll!, mulD)l L hh7-
mwgfimu }uwlllt iman1UJ!, )lfi21! hw4wW11U t LWJfi mwpwbmu qmwb wJli 4w11-
bpppfi, pt ppwqh4mp1wfi fitJ.wqmuJ! pW[ll}WgCimu t n11n1muCihp)1 pfiqmfimu1i: 

<l>ntpn}uhtntl tipwqt4uwfi UJ.WJOwfifihp11, 4w11t1)1 t umwfiwt 8-p11 011J1-
fiw4mu fi4wpwqpt{wb }uwlllt WJl mwppbpw4Cibp: 

Oppfiw4 9: liwmwphtntl wnw9)lfi pw Jill, 1-)lu }uwqwgnrtp {1,2} pwq
umpJntfipg J!Cimpmu t 11)1 }:l)ltl: b"p4pn[lll J!WJIP 4wmwpn1u t. 2-1111 }ulllrJill!Jlll]ll, 
npJ!, 2}1tiwfiwtntJ. 1-pfi }uwqwgnlllt 11fimpm J}Jnt fip, 0)1 pJ14 t. pfim1uu ti { 1,2} 
pwqtint}:IJntfipg: liJfimhhmL 4wmwpbp14 bppnJlrJ J!WJW, I-J1fi }uw11w!-Jllll(l 
{1,2} pwqumpJntfipg u)l pJ14 pfiuirm1ti t" J1uwfiw1ntl 2-pl} }uwqwynq)1 [ltiUl

pmpJOIU!! L hpzhtntJ. wnw9)lli pwJ1mu J111 4wmw11wb 11lim1m1f}Jllllif1: r-wh111u11 
IlJlil24.ntll t OntJU llLntJ., )lfi2UJhU IlJl 8-Jlrj OJlJluUJ4111u (mt,'u. qb.9) 

Xi I 
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.f!wup np hppnpq pWJU! lJ.wtnwphtJ:iu tuwqwgrnm qptnh WJU llPPl!I!, npnuI 
p!ip(! qmut[mu t, hppnPIJ: uwlJ.wPIJ:wltJ:i qppphpu wn!it[wb h!i 2112w!iwlJ.!ihpp 
ub2, hplJ.m hw!iqntJg!ibpJ!, npnugmu pp pwJt!i t lJ.wmwpmu 2-PIJ: tuW11.wgnrm, 
!izht b(ip lJ.htnwqont[' 11JlWUp (ihpwnhtml ublJ. ppwqhquw!i pwqumpJWU ut2: 

Opp(iwq 10: liwmwph1ntl wnw2llli pwJU!, 1-p!i :tuwqwgnq(! {1,2} pwq
umpJm(ipg (!!itnpntU t Up pJ:itl: bplJ.pnPIJ: pWJU! lJ.wtnwpntU t 2-pq :tuwqwgnq(!' 
tltliwuwtntl 1-pu tuwqwgllltp J!UtnpntpJntU(!: U1!imhhtnL. lJ.wtnwph1ntl bppnPIJ: 
l!WJU!, 1-p!i tuwqwgnq(! up pJ:itl t (!UtnpntU {1,2} pwqumpJmupg' wuw!iw1ntl 
2-pq tuwqwgllltp (!UtnpntpJntU(! L. thpzhtntl wnw2pu pwJ1mu pp qwmwpwb 
(!!itnpntpJntU(!: CwhntU(! npnztJ.mu t UntJU oLnt[, PU!UihU np 8-PIJ: oppuwlJ.p 
:tuwqmu (q_b.10): 

-3 -2 4 5 

q_b, 10 
UJumbq 1-pu tuW11.wgnqp tJ.wptJ.btwlJ.bpum pwqlJ.wgwb t (i, j) ptJ.hpp 

qmJqpg, npmbq i-u wnw2pu pWJtntli lj_wmwpwb (!UtnpntpJmufi t, pulJ. j-u' 
hppnpq pwJtntli: 2-pq :tuwqwgnqp t[wptJ.btwlJ.bpUI(! tuwqp hplJ.pnPIJ: pwJ1mu j 
ptJ.p (!UtnpntpJmfifi t: UJutlJlmntJ., 1-pfi tuwqwgnq(i mfip !DJlU tJ.wptJ.btwlJ.hpUI, 
pulJ. 2-pq tuwqwgnq(!' hplJ.m tJ.wptJ.btwlJ.bpUI: PuwlJ.wunfi mhuplt }uwqp 
uwmppg(! 4x2 twtJ:ip t' 

I 2 

(1.1) r-3 21 (1.2) -2 -5 : 

(2.1) 4 I 

(2.2) 1 5 

luwqp wpdhpJ! hwt[wuwp t 19/7-}1, 1-pu tuwqwgnqp 1wtJ.wqntJU tuwnJ! 
tJ.wptJ.btwlJ.hptq(! (0,0,4/7,3/7) t, 2-pq }uwqwgnqp 1wt[wqntJU tJ.wpt[b1wqhpUIJ!' 
(4/7, 3/7) t: 

UJu tuwqmu wpdbp(! fimJu t, put np 9-pq oppfiwl.j}l tuwqmu, wJutiupu' 
tqwpqtJ.bg, np 2-pq tuwqwgnqp ppwqblJ.uwu UIWJliwuubplt tJ.wmwuwU! aw
tJ.wgpbg 1-p!i :tuwqwgnqp tJ.p6wq(!: StlJwt qbtqpmli wJu hwuqwuwupJ! UIW-
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mwhwqwfi plintJp t qpnui, L. uiwml'.iwnl! 2whnuip. :Pmfiqgp.WJP. Jntpwhwm
qmpJmfiCi t: 

Opp.Ciwq 11: "uwJunJl11 opp.liwqnui JuwqwgDr[Cihpl! lhfi mwpphpnui Juw
q]l bu.mp. limJCi liw4WJ111wl.fmli qmfitlnrt llPPPhPt!, uwqwJli, WJfimwlihfiwJCitnl, 
Cipwlip qp.mhfi, ph np pwJtli b.Ci qwmwpn11i: liwphtp t qwnmghJ w ,auwup. 
}uwq, npn1u Juwqwgnrtlihpl! hwliqhu hli pb.pntli wnwt{ht wGqp.mmp1mll: 

'1-p.mwpltb.fip b.f1qm wfidwfig WJfiUWUP. hwqWUWptn Juwq, npmll WilW-
2P(i Juwqwgnrm ub.q liwJ111 t p.uq b.pqpnJ111 Juwqwgnrm· A L. B hpqJ11 u1urupng 
pwqqwgwb pp.Ii: upbpfi tt lib.qmuwgtlwb hli lih41! UJmupg (qmfit{111 u bfi 
mwppbp ub.CiJwl.flihpn11i) L lb.Ii qwJ.1IlI]_ hwqnJ111wl.Jgt.lht lipliJwfig hhm: lutuq]l 
uqqpmli up.2CinJ111f! umfimu t WJCi uhfiJwlJI!, npmhq qmlit.Imu t wnw2flfi }111u
qwgnrtl! L Cipwfi wnw2wr1qmu t {1,2} pwqlimpJmGpg f!Cimpbt lip. pM: l,--ph 
wnw2pG JuwqwgllJJ.li l!litnpn1u t I ppt{f!, WUIW up2CinJ1111! liwJu limlimli t wJfi 
uhfiJWl.fl!, npmhrt qmG1.Jmu t A-G L wnw2wpqmli { 1,2} pwqlim)}Jmlipg l!lim
pbt up PPtl, wJCimhbmL. limfimu t B-p unm L wnw2wpqmu [!CimpmpJmCi 
qwmwpbt { 1,2} pwqlimpJmfipg: Puq b.)}h 1-p.fi JuwqwgllJJ.G 1!Gmpn1.u t 2 
pptlfi, wuiw up2GnJ1111! B Juw11.wgnq]1Ci t wnw2wpqmli wnw2p.GJ! l!fimpm p1111 Ci 

qwmwpti: upp hpb.p )}4b.pfi f!limp4mli bli, 1-pfi }uwqwgnrm 2whmu t K(x,y,z) 
lihbmpJntGI!, npmhq x, y, z-1!· 1-pG Juwqwgnq]l L 2-J111 pp.up wliq1uuul,11l1' 
hwliwtqwmwuJuwCiwpwp A-p L. B-p, l!fitnpntpJmG!ihpli hli: K(x,y,z) l>mliq
gpwG npn24mli t hbtnLJWl qbptq. 

K(l,l,l)=l, K(l,1,2)=3, K(l,2,1)=7, K(l,2,2)=9, 
K(2,l,1)=5, K(2,l,2):::l, K(2,2,1)=6, K(2,2,2)=7: 

luwqp qwfinfifib.ppg hpL.nui t., np bpp ppup wfi11wulibp)1g n11Lt tib.lt}lfi' A-pfi 
qwu B-pfi, wnw2wpqtlmti t 11fim11111rJmCi qwmwpht, fiw 2qp.mh, ph pp pfiutpn1-
J}Jntlil! Juwq)l 2-pJ], pb 3-1111 pw11111u t lJwmwpntti: luwq}l qwnmg4wbp[! 
tqwmqhp4wb t I l-J111 qbwfiqw1m1 u: 

I 3 79 5 67 

C\-b. 11 
UJuuwunt{, 2-J111 JuwqwgilfJ}l ppwqhljtiwli pwqlirupJmlifib.1111 tqwpmfiw

qmti bfi utwppbp tiwlJWJ111WlJl1 qwqw13Cibp, J1Cin1 hWUWUJWUlWUJuwGmti t 
Juwq]l f!Cipwgpmti pwJtp hwtiwp(! 2fitiwfiw1mfi: UJuuthr1 1-llli Juwqwg1Ulfi 
mfip hpqm t.Iwpt{hJwqhpUJ: 2-J111 Juwqwgnqli mfip in11u t{w11t{h1wlJhp111, 
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qpwfip pwq4wgwb' hfi pp ppu):J. A L B wfiqwufihpp {!fimpmpJmfifihpp pntnp 
hfiwpwl[np hwuwl19mpJmfifihppg, WJu):J.Cipfi' fipw l[wr1tlhtw4hpuihp{! ( l, l ), 
( 1,2), (2, l ), (2,2) qmJqhpfi hfi: 

~wutiwfiwtm hwuwp, ph J:i.fituihu hfi npn21.[mu 2whmufihpp uwmp):J.g):J. 
mwpphp{!, q):J.mwp4hfip {2,(2, l)} ):J.pwl[lt6w4ff Jlwfi):J. np l-t1fi Juwqwgnqfi 
{!fitnpht t 2-1!, u):J.2finp.11I! qfimu t B-):J. timn, np{! (2,1) l[wptlhtw4hplll}l hwtiw
owJfi, {!fitnpntti t 1-{!: UJfinthhmL fiw qfimu t A-lt tinm, npfi {!fimpntti t 2-{!: 
UJulll}lwil[ { 2,(2, l)} ppwl[lt6w4mti 2whntll{! hwl[wuwp t K(2, 1,2)= 1-p: Pfiw-
4wfinfi mhupp Juwq):J. hwtiwp 2whn111Cibp):J. tiwmp):J.gfi mfip hhmLJWL mhup{!. 

(1.1) (1.2) (2.1) (2.2) 

l [ 1 3 7 9): 
2 5 6 1 7 

luwq):J. wpcthp{! hwl[wuwp t 17/5-):J., L 1-):J.fi m 2-Pll Juwqwgnqfihp]:t 
1wl[wqn1Jfi Juwn{! l[wpl[h1w4hpuitp{! bwuwuiwmwu}uwfiwpwp hwl[wuwp 
hfi (2/5, 3/5), (3/5, 0, 2/5, 0)-):J.: 

1.,4wmhfip, np wJ:i.tl )1pwqh4uwup pwquwpwJL Juwqhpn1u qnJmpJmfi 
mfi):J. \,hz]l hwl[wuwpw4lnmpJwfi ):J.pwl[lt6w4 uwpmp l[wpl[h1wlihpuihpp qw
umu, pu4 1PM ppwqh4uwtip hwqwuwpm pwquwpwJt Juwqhpp qhlllJ;!mu· 
uiwpqwuihu hwl[wuwpw4lnmpJwfi ppwl[lt6w4 uwpmp l[wpifh1wqhpuih
pn1u: Cfiquti)lfi, n2 1PM ):J.pwqh4uwup pntnp Juwqhpn1u q):J.mwp4ifwb' 8-11-Pll 
oppfiwqCibpn1ti, bwl[wuwpw4lnmpJwfi ]:tpwl[lt6w4 uwpmp l[wpl[h1w4hpuih
pn1u qnJmpJmfi lmfip: 

5.2 UJctu mwfip pwquwpwn q):J.ppwJpCi Juwq):J. uwhuwCimti{!: 
Uwhuwlimu: n wCiowCig r pwquwpWJL q):J.ppwjpli JuWIJ.I! npn21.[wb' t, bph' 
1) Spl[wb' t r=(X, F) munwqbpui qpw:t,{!· u4qpfiwqwfi xo qwqwpnl[, np{! 

4nltlmti t Juwq):J. u4qpfiwqwfi q):J.pp: 
2) Pn1np X qwqwplibpp pwqumpJmCifibp{! mpnhl[wb' bfi n+l X 1,X2, ... , 

Xn,Xn+I pwqumpJntfifihp)l, npmbq X; pwqumpJillU{! tin21.[mu t i-Pll Juwqwgnq)l 
(i=l,2, ... ,n) hbppw4wfimpJwfi pwqumpJmfi, ):J.u4 X 0+1={x: Fx=0} pwqum
}}Jntfi{! qn21.[mu t l[bp2fiw4wfi q):J.ppbp]:t pwqumpJmfi: 

3) XE X 0 +1 l[tp2fiwqwfi q):J.pphp)l pwqumpJwfi l[pw mpl[wb' t K(x)= 
=(K1(x), ... ,Ko(x)) l[ttimnp :i,mfi4g]1wfi; K;(x) :t>mfiqgpwfi 4nll[mu t i-Pll 
Juwqwgnq):J. 2whn1u: 

4) 5mpwpwfivmp X;, i=l, ... ,n pwqtintpJmCi bfipwmpnhl[wb' t 2hwml[nq 

Xf hCipwpwqumpJmfifihpp, npnfip qn21.[mu bfi i-Pll Juwqwgnq):J. ppwqbquwfi 

pwqtimpJmfifihp: Qliq npn1u ppwqhqui.ufi upLfimJfi pwqumpJwfi gwfiqwgwb' 
q):J.ppbpp bwuwp fipwfi hw2nJlllllil qwqwplibp]l pwqtintpJntfi{! uitmp t uiw-

pn1fiwlt}l upLlimJli pwfiwlt}l qwqwplihp, wJuplipli' gwfiqwgwb' x,yE X/ hw

tiwp IFxl=IFyl, (IFxl-1! Fx pwqumpJwG mwpphpp pwfiwqG t), L ppwqhquwfi 
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pwqtintpJWfi Di Up qwqwp 2ll(htnp t hW5)llJlllll WJfi fintJfi pwqUntI}JWfi nput 

WJl qwqwpp, WJUpfip(i' bpb XE X/, Wll(W qDJntpJntU intfip Ublj WJl yE X/ 

qwqwp WJfiuiltupfi, np yE F,: 
Lplttl ppwqhljuwup pwquwpWJL tuwqp uwhuwfintUl! WJUtnhrJ fihpltw

Jwgt(wcrpg mwpphpt(mu t upwJfi 4-Jlll ll(WJUwfint(, npp uh2 umgt(mu hfi X; 
.tuwqwgI111fihpp hhppwlJ.wfimpJwfi pwqumpJmfifihpp octwfiqwlJ. mpnhmufihp{.l 
ppwqhlJ.uwfi pwqumpJmfifihpp: Pfiill(bu hpLmu t oppCiwlJ.fihppg, WJI}ll!PUP 
tnpnhuwfi pnt(wfiqwlJ.mpJwCi puwumfi wJfi t, np xEX; l}Pppmu pp pWJU! 
4.wmwphllm, i-Jlll .tuwqwgilllJ!, Di lltPtl ppwqhlj_uwfi ll(WJUWfifibpntu 2qpmb 

pmfi x 11PPPl!, WJL qpmh upwJfi, np WJI} llPPPl! qmfit(mu t npn2 x: c X, 

pwqumpJwfi ut2 (xE X/ ): 4-Jlll ll(WJUWCil! npn2wlJ.'1 uwhuwCiwipwlJ.mU:Cihp t 
qfimu Juwqwgnqp ppwqhlj_uwCi pwqumpJntfifibplt t(pw: f"\pwqblj_uwfi ublj_ 
pwqumpJwfi gwfiljwgwcr hplJ.m qwqwpfihpp hwuwp IF,l=IFyl uJwhwfi2l! 

qpt(mu t npll(huq}l, x,yE X/ qwqwpfibpJ! lltfibfi 2mw11pbpt(I111: f"\ulj_wll(bu, 

IF,li=IFyl-lt qhuwmu i-Jlll JuwqWQillll! lJ.WPilll tp x,yE x: qwqwpfibpJ! ppwppg 

mwpphpt1 fipwfigpg l}lllflU hlJ.Illl wqbqCibp)l pwfiwlj_nt(: b"pb ppwqblJ.U:wCi U:blJ. 
pwqumpJwCi uh2 qnJmpJmCi mfibfiwJ)lCi hplJ.m wJfitqpulJ. x, y qwqwJ}fibp, np 

yE F, Wll(W qw ltCizwCiwlj_tp, np Juwqp ll(wpmpwCi lJ.wpnq tp bplJ.pgu hwmht 

utlj_ ppwqblJ.uwfi pwqumpJntfiJ!, ftult qw pp hbpJ})lfi hwt(wuwpwqnp ltlltfihp 
Cipwfi, np j-M Juwqwgnql! tlJ hpzmu pWJIP hwuwp{l mtlJwt ll(WpmjtwJmll, 
ftCiiJ! 11<htwp t ll(Wtnltbpwgfiht )lpwqwfi Juwqmu: 

CwpntfiwlJ.hCip n2 lPPtl ppwqhlj_uwup pwquwpwJJ JuwriJ1 mumuCiwuJ1-
pntJ}JntCiI.1 L gmJg mwCip, np pn1np Juwriwgn11fitr1p 1J1w4.wmwp hJ17nrintJ}JWfi 
qbll(pntU WJI}ll!PUP JuwriI.l mfip hwt(wuwpw4lru11pJwCi J1pwt(J16wlJ. 4w11pwqc,p 
t(wpt(b1wltbpll(ntU: 

6. I <.bmwqw mun11Hiwutipn1pJwfi hwUW(l wfih11wctb7m t Cit.11umc,t1 uJ1 
zwpp wwgmgft2 hwulJ.wgmpJmfifibp: 

Uwhuwfimu: xE X qwqwpmu wJmfim11wfipfibr1 bu lJ.11241110 wJfi w11t11-
CibpJ!, npnfip ll(Wmlj_wfibtp hfi x qwqwppfi, wJCi t' ( (x, y):yE F,}: 

bph IF,l=k, Wll(W x qwqwpCi mfij1 k pt(nt( wm1Cimpwlip: <!.wuw11bfip, 1111 

bpb x qwqwpmu qnJmpJmfi mfi)l k pt(ml. WJ(flfimwfip,Wll(W 1u1wCip hwuwpw
ltw1t(mu tfi l, ... ,k wupn112 pt(hpn4, {!Cirµ11m1u x qwqwpp z11p51wCigt(mu t dw
uwgmJglt u1wpp mqrimpJwllp: x0 qwqwJJJl wnw2J1Ci wm1Ci mpwfip11 ltw111111 t. 
Ciz4b1 lJ.wtiwJwltwfinpbfi: hfJh npLt x;tx0 qwqwp 1119wfigt(111 u t dwuwgmrnl• 
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u1wpp DlJlIJ.ntpJwup, wtqw x qpppmu wnw2pfi wJmfimpwlip[! hwuwpt[mu t 
WJfi Dp[! hhmLmu t x-p uh2 utnfitlIJ. ( F;1 ,x} u]:iwq WIJ.tajlfi (qb".12). 

F, 

p;• 
q.c), 12 

~wuwphfip, np r }uwqmu pn1np wJmfimpwfipfihpl! hwuwpwqw1t[wb" hfi 
hp2JWl hqwfiwqnt[: 'l-pgmp' Ak-fi pn1np xEX qwqwpfihpp pwqumpJmfifi t, 
npnfip mfibCi op2m k wJmlimpwfip, wJupfipfi' Ai.={x:IF~l=K}: 'l-pgmp' 

Ii= {X/ : X/ c X;} pwqumpJDLUI! i-pq JuWIJ.WQDIJ.P ]1pwqhquw(i pn1np pwqum

pJmfifihp]1 pwqumpJmfifi t: i-pq }uwqwgnIJ.lt uwpmp t[wpt[h1wqhpui wuh1nt[ 
qhwuqwfiw!ip ui :t,mfiqgpwfi, np[! Ii-Ci IlPWqwfi pt[hpp pwqumpJwfi uh2 

wpmwu1wmqhpn1u t WJfiuihu, np ui( X/) ~ k, hph X/ cAk: 4wuhup, np u; 

t[wptlh1wqhptqCi [!UUlpDLU t f WJll!fililpwfipl! XE x/ q}lppmu, hph uj{ x/ )=f, 

npmhq f-I! wJmfimpwup}l hwuwr1fi t: 
f'lfituihu np 1-}lli uiwpwqpw:t,mu' qwphtp t gmJg UIWL np u(·)=(u1(-}, ... ,u..(·)) 

ppwqpowqpCi upwq oLnt[ hwuwuiwmwu}uwlimu t w uiwpmpwfi, mum}l L' 
WJI} tqwpm}lwJ)l t[hp2fiwqwli q}lpp)12whntl11!: 

'l-pgmp' xE X 0 +1-I! npn2 t[hp2Ciwqwfi q}lpp t L w-fi :xo-)lg qbui)l x tnWfitlIJ. 
u}lwq ntrlllfi (F-I! c)wnfi t): y q}lppp uiwm1.twfih1mpJwfi tqwJuwfil! w m11mfi 
qlihpqwJwgfihfip yE w qwu y<x mhupnl[: 

Uwhuwfinui: xE X q}lpp[! ltntt[mu t u;(-)-)1 hwuwp hliwpwt[np, bph 
qnJmpJotfi mfi)l uj(-) uiwpntliwltnrt WJfiui}lu)l u;(·) ppwqpowq, np u(·) }lpw
qpowqmu ppwqnpm[mu t w DlllPU, DPI! uiwpntfiwqmu t X llPPPI!, WJfi t' XEw: 

X/ ppwqhquwfi pwqumpJntfi[! tintt[ntu t ui(-)-)1 hwuwp twqwfi, hpb npn2 

xE X/ llPPPI! hfiwpwtlnp t u;(-)-p hwuwp: 

ui(-)-p hwuwp hfiwpwtJ.np q}lppbpp pwqumpJntfi[! fi2wfiwqbfip Possu{)-nt[, 
)luq u{)-p hwuwp ppwqhquwli twqwfi pwquntpJntfifibpp [!fimwli):Jp[!' Relu;(-)-ntl: 

6.2 flt tppl[ ppwqbquwtip pwquwpWJl r JuwqbpntU }uWil[! 4wpt[b1wqbpllffi 
uwhuwfit[mu bfi lintJfi qbpui, .lifituibu q. 3-mti' tJ.bp2wtJ.np }uwqbpp hwuwp: 

Uwhwulinui: i-pq }uW11W9tlIJ.P µ }uwn[! tlwptlh1wqbpui t tinttJ.mu i-]Ul 
IuW11W9tlIJ.P uwpmp t[wpt[h1wqbpuibpp pwquntpJwli tJ.pw hwtlwfiwqwfiwJpfi 
pw2}umuf!, npf! JntpwpwfitJDLP ui(-) uwpmp t[wptlb1wqbpui)lfi hwuwtqw-
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mwu.tuwfibgfinui t qu (,) hwtJ.wfiwl[wfimpJntfil! (UJ.wpqntpJwfi hwliwp hb-
' 

mwqwJmU DUJ.I]_Wl[}:t qu, ): 

µ = (µ1,µ2, .•. ,tir,) }lpwtl.}l6wlJ.l! .tuwnl! tJ.wptJ.btwlJ.bpUJ.bpmu npnzmli t hw
tJ.wfiwlJ.wfimpJmfifibp}l pwz.tumliJ:! pntnp w UJ.Wpm}lwfibp}l tJ.pw (hbmL.wpwp, 
h X0 +J tJ.bp9fiwlJ.wfi q}lppbp}l tJ.pw) f!UUl 

Pµ(W}= Lqu ... qu Pu (w) 
I n 

u 

pwfiwoh}l, npmbl]_ Pu(w)=l, bpb w 111wpm}lwfi }lpwqnpb1.[mu t u(-) }lpwtl}l-
6wlJ.nui L. Pu(w)=O hwlJ.wnwlJ. qbUJ.Pmli: 

lbli: Pµ(x)-ntl fi2wfiwlJ.bfip x q}lpp}l }lpwlJ.wfiwguwfi hwtl.wfiwlJ.wfim
pJmfil! µ }lpwtl}l6wlJ.mli: liJq qtuwmu mbl]_}l mfi}l 

n 

P µ(x)= L _ qu, , ... ,qUn = fl L qu, (6.1) 
(u(·t•ePossu1(-)j;l,ol i;I (u1lEPossu, I 

pwfiwot.{!: 
µ }lpwtl}l6wlJ.mli i-PI} fuwqwgDl]_}l E;(µ) zwhmlip uwpbuwmplJ.wlJ.wfi 

u111wuhlltfi hwtl.wuwp t 
E;(µ)= L K;(x)Pµ(x), (6.2) 

xEXn+I 

npmhq Pµ(x)-[1 hwztl.wplJ.l[mli t (6.1) pwfiwoL.nl[: 
Uwhuwfinui: xE X llPPPl! lJ.n~l[mu t hfiwpwl[np µ,-}l hwuwp, bph fuwnf! 

l[wptl.htwlJbpUJ.hpmu qnJmpJmfi mfip µ, UJ.wpmfiwljnq µ ppwtl.}16w'4, wJfiUJ.}l

u}lfi, np pµ(x)>O: i-PI} fuwqwgnl}P X! ppwqbquwfi pwqumpJmfil! lJ.nll[mu t 

twljwfi µ;-p hwliwp, hpb npL.t xE X! hfiwpwtl.np t µ;-}l hwuwp: 

µ,-}l hfiwpwtl.np q}lpphpp pwqtimpJntfi[I uzwfiwlJ.bfip Poss µ,-ntl., }lulJ. µ,-p 
twljwfi ppwqhlJ.tiwfi pwqumpJmfifibpp pwqumpJmun· Rel µ,-nl[: 

6.3 Ornmufiwupphtntl. JPPtl. ppwqhljtiwtip pwquwpwJt fuwqhpp, gmJg 
mtl.bgpfip, np tl.wpl[h1wlJ.hputlt )!fimpntpJmfi[l ljwpnq t 4.wJwfiwt fuwq}l hw
Uwlljwmwutuwu aj1ppp Jmpwpwfitlntfl pwJtmu, pulj ljnulJ.phm tufi11pplihpJ1 
tmWwu l}hUJ.PmU UJ.Wpmwq}lp lt (qnpbfiwl[wfimu htiwpwl[np t1 it) fiwjuw
Ujbu nJU1zh1 l[wptl.htwlJ.bpUjf!, wJupupu, hwu6fiwpwpt[nq tJ.wppwqop 1Pl1tl hw
tl.wuwomu pntnp l}}lpphJU!tU (}lpwqhljuwu pwqumpJmfitit.1m11i), pwup np 
fiuwfi ljwunU[l «lnlllllllllljDlll t ubo hwtl.hJntPl}Dtl.»: liwphtJ1'" t WMJDP, hwtiw
fiuwu UjWpqbgmu lJ.wutwphJ ni LPPtl. }lpwqbljuwup fuwqhJUllU, WJUpup(i. 
tl.wptl.btwlJ.bpUjf! ljw11mgbt ni pt· nplljbu [lUIDJUIIJ)JWU tiwfuwUjbu (nJUlz) hwu
mwmwqptlwo 4.wun(i tipwqbljuw(i PDLDP pwqtimpJmuuhJUIIU, lllJl LUJU oL.w
tl.npbt }lpwqhljuwu· hwtlwlljwmwutuwfi pwqumpJwG ub9 pfiljfih1mfi qmq
(lGpwg: "lwpqtl.mli t, np (!ul}hwfimp 11hUJ.Pmti riw htiwpwtl.np it: UwlJ.wJti, 
qnJmpJmfi mfip ni LPPtl. )1pwqhlJ.tiwup tuwqhpJ1 qwu, npmbq fitiwti Ujwpqh
gmti[l hfiwpwtlnp t: lJutgfibfip tl.wppwqb!1 t1.wptl.h1wljhpllj hwuljwg111pJwti11: 
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Uwhuwlimu: i-Jll} )uwqwgnqp /Ji 4.wppwqb)l tJ.wptlhtwlthPUI wuh1ntl 
4hwu4w!iwlip WJliUIJ:tu)l 4wfinfil!, DPI! J:tpwqhquwfi i-pq Juwqwgnqp Jmpwpwli-

vmp X/ cAk pwqt'imJJJWfi hwt'iwUiwmwu)uwlihglimt'i t k JJtlnq b( x/, v)~O, 

v=l, ... ,k p4.hp)1 hwt'iwqwpq WJfiUIJ:tupp, np 

I. b(X/. v) =l, 
V 

npmhrf Ak={x:lf,l=k}: 

b( X/, v) JJtlhPI! ltwllllll hfi uh4fiwpwfitJ.h1 npUihu v wJmfimpwfip]:i l!lim

pmpJwli hw4.wfiw4wfimpJmfifihp X/cAk ppwqhquwfi pwquntpJwfi ut2, npp 

JntpWJ;!WULJntp IlPPJ!I! UIWpntfiwqmu t 6fizm k WJU!UUlpwfip: 
n )uwqwgnrifitpp hwt'iwp 4.wppwqap tJ.wptJ.h1wlthPUihPfi gwfiqwgwa 

/3 =(/31, ... ,/3n) hwtJ.wpwam(i npnzmu t )uwqp UIWpm)lwlihpp L tJ.hp2fiw4wfi 
IlPPJ!hpp i1Pw hw4wliw4wfimpJmCifihpJ:t pwz)untul! hhmLJWl lthPUI· 

Pp(w) = 0 b(X/ ,v): (6.3) 
x/ nw,o0 

vew 

UJumhr[ wpmwqpJWU! 4.hpg4mt'i t l!Utn pntnp wJfiUIJ:tu)l X/, v-hpp, np 

x/ nw~0. L v hwuwpli wJmfimpwlipJ:t {!fiutpntpJmfil! x/ nw 4hmn1u ·hwfi

qtgfimu t w DlIJ.IllU UIWtnqwCinri IlPPJ!J:i: 
~hmwqwJmu "nUJ.P" hwuqwgmpJntfi{! hwpt'iwp t hwu4wfiw1 Dl up.wJfi 

npUihu wJfi 4wqunri IlPPJ!hpp. hwtlwpwfip, WJtL hwuwlllwmwu)uwCi WJll!fi
mpwCipCihpp (wqhr[fihpp) hwqwpwfip: 

t.I.wppJ:t 4wp4.t1w4hpUihpn1u /3 ={/31, ... ,/3n) ppwtllt6w4mu UUIWUtlnrt E;(/3) 
zwhmut! uwhuwCitlmu t, npUihu 

E;(/3)= I: K;(x)Pp(wx),i=l, ... ,n, 
xEXo+l 

uwphuwpp.4w4wfi UUIWUhtp, npmhr[ Wx-1! XE X 0 +1 ·A 4tp2CiwqwCi IlPPP mCih-
9DIL Uiwpmpw t: 

6.4 8m.pwpwfivmp µ, )uwnl! qwptlh1w4hpUIJ:tCi 4wphlfi t hwuwqpt1 /Ji 
qwppwqb)l npLt 4wp4h1wqhpUIPli: 

Uwhuwfi.mu: i-Jlll JuwqwgDILP µ;={ qu } Juwnt! 4wp4t1wlthpUIJ:t6 hwuw-
' 

UIWtnwu)uwlinri 4.wppwqap qwptlh1wlthPUI 1Int4mu t /Ji 4.wppp 4wp4b1w-
4hpUI, DPI! uwhuwCi4.wb t hhtnLJWt lthpUI: 

upb X/ E Relµ;, WU!W 

L qu, 
b( x/) = (ui:X/eRelu, ,u,(X/)=v) 

L qu, 
{u,:X/eRelu,J 

(6.4} 
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~b X/ e Relµ;, wtqw X/ pwqumpJwG fJ, tl_wptlb1wlJ.hpUJJ! 1.J.wpbllt t npn

zh11.J.wuwJwlJ.wCi, (6.4)-pg mwppbp al.tntl_: (X/eRelµ;-p 11buwmu (6.4) w11-

mwhwJumtpJwCi hwJmwpwp]! tl_bpwotl_mu t qpnJp): OpnzwljprnpJwG hwuw11 
bGpwllJlbGp' 

b(X/,v)= L q 0,v: 
(u 1:u,(X!>=v} 

(6.5) 

UwhuwGmu: r Juwq[l ljnztlmu t i-M Juwqwgnaj1 hwuwp lPPtl hpz1tqm

pJwtip Juwq, bpb gwCiljwgwo u;(·), X;, x-bpp hwuwp X/ E Relµ; h xE X/ 

UJWJtiwCiGhppg hbml.tntu t, np xE Poss u;: 
Uwhuwumupg hbtnhntu t, np i-M tuwqwgnaj1 hwuwp lPPtl hflznqm

pJwup Juwqmu' U;(·)-p flpwqbljuwCi pwquntpJWU hwuwp twljwG gwuljwgwo 
qppp huwpwtl_np t u;(,)~ti hwuwp: «Lp)ltl hflznqmpJmG» mhpupGCi 1!fi11qomu t 
wJCi hwCiqwuwCip1!, np hwJmCitl_htntl gwuljwgwo ppwqbljuwu pwqtimpJm
Cimti i-JUJ Juwqwgttq1! ljwpttq t 6ztnnpbCi tlbpwqwGqGht, pb fl.Cip[! 1111 WJL
]!CitnpwCipCibp[! (WJU t hwtiwpCibpG) t J:1UU1pb1 pp pn1np GwJunIUl J!WJ[h(lmti 
(upwpdbp hwuwtqwmwutuwCimpJwCi zGnphfltl): Lppt{ hflznqmpJwtip tuwrm 
pn1np JuwqwgttqGhpp hwuwp tl_bpwmtmu t 1PM ppwqhljuwup JuwqJ1, tph qpw 
flpwqbljuwfi pn1np pwqumpJm6Cihp[1 UIW(lmGwljmu hG ubljwljwCi qwqwp: 

[c)-bnphu: 'l-flgmp' tJ.wppwqofl tl_wpt{h1wljhptqhpn1u f3 ppwlijlO:wljp hw
UWUJWLilWUJuwGmu t r Juwqmu (npn1u pn1np qppphpfi mlibG wnfitJ.wqfi 
bpljm WJffiUUipwCip) µ JuwnJ:1 tl_wptJ.t1wlJbptqbpfl flpwtJ.p6w4l1Ci: liJfl qhummu, 
npUJbuqp E;(/3)=E;(µ), i=l,2, ... ,n, wCihpwdbzm t li pwtlwpwp, n11 r-u pn1np 
Juwqwgnqubpfl hwuwp wfltl hflznqmpJwup tuwrr 

7 . .'.bmfil.J.g}lllfiwt hwt[wuwpnuifihp uflwdwuwCiwljJw 
pwquwpwJt ]uwqhplt hwuwp: 

~wppfl t{wpt{h1wljhpUJbpfl phnphu1_1· 11Gl}hwfimp rituwmu hfiwpwtJ.n
pntpJmCi 2fl [!fiotnmu wCiuf19wljw6nptG 1mi)b1111 wfltl hp7nqntpJwup pwqtiw
J!WJL fuwqhp1!, uwljwJCi flpwqhljtiwCi pwqum ])Jill Cifih11!1 111wpq ljwnmgtl_wi)pl1 
rituwmu WJTJ ptnphup hfluGw411pn1u t. fuwqJ1 w1uJhpJ1 hwuw11 :Pmlilrnlmliw1 
hwt{wuwpn1tifihpp wpUiwbmtip l, WJI'} hwtl_wuw1m1tilihpl1 t1.11w hl111litJ.wb 1w
t{wqn1Jfi t{wptJ.h1wljhpUJhp qmfit1m hqwCiwqlih11p: l.11!11.{ hl17nq111pJwtip wnw
t1.t1 UJwpq tuwqhpp, Ciljwmp 2m fihfiw1ntl 1J1l1tl f111wqhljuwup fuwqt.1111, wJu
UJbu 1.J.n24wo, upwdwuwfiwljjw pwquwpwJJ tuwqtr1li bli: Upmwbhfip wJ11-
U1.tiufl Juwrihpp wpdhpGbpfl hwuwp :j>mfilrnlmtiw1 hwt{wuw1u11u11 Li 11Jrn1w11-
ljbup up pwfip hwCipwhwJtn opptiwljtih11, n1mtigmu WJIJ hwt1.wuw11111utib1111 
1moh1.lt tCl: 
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7.1 PmJ.wliqwqwJpli wnnuiml til1wdwuwfiw4Jw pwqtiwpwJL fuwrm tip 
WJUUUJUp hwqwtiwpm pwquwpwJl fuwq t, npnui Juwillt Jntpwpwfi2.1mp 
PWJUIU 1-pfi L. 2-pq tuwqwgnqfihp{! upwdwuw(iwq h(i {!filDpnlU pphug qnpcm
IJ.IllPJilllifihp{!, WJup(ig(i' ppwqhq tl1tfih1m.J. WJfl UIWhpu pphfig hwqwnwqn11-
qp {!fiUipntpJwCi uwupu: t;pp f!litnpntpJmfifihp{! qwJwgwb- tu, qpwfip hwJmlip 
hfi qwnCinui hpqm fuwqwgnqfihppCi ti, L. uwuCiwqpgCihp{! tu1qpfi upwdwuw
Ciw4Jw {!UutpmpJmli hfi ljwmwpniu L. WJtli: lllwJUwfiwqwfinph(i WJflUUJUP 
fuwrm 4Uiwtnl.Jhph6p qpwlp mhupm.J., npfi mfip hpqm UIWUlqhpCihppg uhq{! 
(qb. 13): 

w) J!) 

q.<)_ 13 
q.pw)n iqwmqhpmu t qmJq p1.Jml pwJ1hpp hhppmfp tuw11, npniu wnw-

21tu pwJ16 wunq fuwqwgnqp ppwqhqliwfi pwqlimpJmlifihp{! up tnwppwfip hu, 
puq uJmupfi{!' hpqmwppwlip: UJquuiup r fuw11.mu hpqm fuwqwgnquhpu t1 
muhli lPPtl hpznqmpJmCi, hhmL.wpwp, num 15.4 qhtnp phnphup, hwi.J.wuw
pwltz)m ppw4}16wq npnfihtltu qwphllt t uwhuwliwi.pwlttlht 4wppwqbp tlwp
tlhtwlthpUihpp qwuni.J.: 

'l-pgmp' npnzwqpntpJWfi hwliwp, r-mti wnw2pfi{! pWJlfi wCimU t 1-p{i 
fuwqwgnqn, JmpwpwliiJmp xEX1-lt hhm 4wUII.J.nui t r tuwIJ.lt J:!11wqblttiwli 
qwnmgl{wopni.J. rx hfipwfuWIJ.t!: .£i7hpp ppwqhqUwllp hwqwliwpm l.j_hp2fiw-
1lWJLW4np QWliqwgwi)- fuWIJ.P pfiwqw{in(i uthUp{! pph{ipg (ihplfWJWgfintU t 
uwmppgwJpCi fuWIJ., wJupfip(i l.{hp2wl.{np pi.J.ntl 4wptlh1wqhpUihP mCihgnq hw
qwliwpm fuwIJ., WJI} lm4 tqwtn6wnnl{ pn1np rx, xEX1 hlipwfuwqhpmu (uhp
wnJWL r= r.o fuwq{!) qDJillPJillli mup hwl.{wuwpwltznntpJWU ppw4}16wlt 

fuWDt! l{wpi.J.h1wqbptqhp)1 qwunui: eum 15.4 qhmp phnr1hu)1, WJl}UlPUP hw-
1.J.wuwpwltznmpJwli )1pw4}16wq qnJmpJmCi mli)l liwL. 4wppwqbp 4wptlh1w-
4hpUihp)1 qwuniu, L. tuwIJ.lt wpcth11fihpt! (wJuJ:i.6116' zwhmup )mfi4gpw1)1 wp
dhplihp{! fuwnt! l{wptfh1wqbptqhpp qwumu l,. tlwppwqb-)1 l{wplfhtwlthptqhp.p 
qwunui hwl{wuwpwltznmpJwli )1pw4}16wqmu) )lpwp hwi.J.wuwp hfi: 

"uzwliwqblip rx fuwIJ.lt wpdhp{! v(x)-ni.J., xEX1-)1fi, Lt qwqlihfip )mfiq
g)lnliwt hwi.J.wuwpnilifihp v(x)-p hwuwp: 
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5mpwpwfivmp xE X1-P hwuwp x' hw2opq qppp[I (hph wJq1ajmpfi [lfiq
hwfipwUfhu qnJntJ}Jntfi mfip), opmhrt pwn t lJ.wmwpmu wnw2pfi }uwqwgmm, 
tqwmljwfimu t F: pwqumpJwfi[I: x· llPPPl! ppwqnpm.tmu t hplJm hw20JUlw

lJ.wfi [lfimpmpJmfifibp}l WJUlJmfipmu. 1-}lfi }uwqwgnaji ljnqu}lg wJfi wqhq}l, 
np[I UfWmlJ.wfihlP t x qwqwp}lfi, h 2-pq }uwqwgnaji qnqupg wJfi wqhq}I, opl! 
qmfit[mu t 2-pq }uwqwgnaji ppwqhqllwfi pwqumpJntfifihp[I l{wqunq yE F, 
qppphpnuI: iltump, ljwpblP t bwuwpht, op x' qpppfi umwgt[mu t T,-}1 wpmw
UfWlllqhpmupg, op{! ltw}ut[w<) t 1-pfi h 2-pq }uwqwgnqfihp}l a, /3 [1fimpn1-
J}Jntfifihp}lg, WJfi t' x'=T,(a, /3): 

.Rwfip op a h /3 mwpphp wJmfimpwfipfihpp p}ltl[I L[hp2wtJ.op t, wtqw 
Jntpwpwfivmp xEX1-}l hwuwp l{wphllt t qpmwpltht A,={v[Tx(a,/3))} 

zwhnuifihpp uwmppgwJntl uwmp}lgwJpfi }uwq: 'l-pgmp· p; (x) = {b; (x,a)}, 

/31~ (x) = {b;, (x, /3)} -fihp[I LWL[wqn1Jfi }uWn[I lfwpt[htwqhpUfhpfi bfi A, uwm

p}lg mfihgnq }uwqmu: liJq qhtqpmu mhq}l mfip r, }uwqmu twlf wqntJfi 
lfwplfhtwlthptqhpp ljwnmgtlw<)p}l uwu}lfi hhtnhJWl phnphu{!: 

@-bnpbu: r Juwqmu 1-pfi Juwqwgnaji lfwppwqb}l iwt[wqntJfi tJ.wplfhiw
qhptq}! x qhmmu (1-}lfi }uwqwgnaji Jmpwpwfivmp }lpwqtl{uwfi pwqum
J}Jntfi[I r }uwqmu pwql{wgwb t xEX1 u}lwlJ. q}lpppg) Jmpwpwfivmp a WJLI!fi
mpwfip}lfi UfWpmwqpmu t hwt[wfiwljwfimpJmfi' A, uwmppgntl }uwqmu 1-pfi 
}uwqwgnq}l }uwn[I 1wlfwqn1Jfi L[wpt[h1wlthpUfltfi hwuwutwmwu}uwfi, wJupfipu· 

bi(x,a) = b; (x,a): 

r }uwqmu 2-pq }uwqwgmllt {bi( x: ,/3)} tlwppwqbp iwtlwqnlJfi tlwpt[h

LWqhptqJ! Jmpwpwfivmp /3 WJLI!fitnpwGp}lfi UfWptnwqpn1u t hwl{wfiwlJwfim
}}Jntfi' A, uwmppgnt[ }uwqmu 2-.M }uwqwgrnllt }uwnp twtlwqn1Jfi L[wpl{h
twlJhptq}lfi hWUWUfWlDWU}uwfi, WJupfipfi' 

b2( x~./3) = b;,(x,/3): 
npmhrt' x=F;1 tpt yE X;: 

luwq}l wpcthp[I pwt[wpwpn1u t hhmLJwt :J>mGlJgjmfiwt hw1~wuwpuwfi[1 
v(x) = Val{v[T,(a, /3))}, xEX 1, (7.1) 

hhmhJWl uwhuwfiwJt1fi UfWJuwfintl 

v(x)l,.x, = H(x): (7.2) 

(liJumhq ValA-G A uwmppgot[ }uwrlJl wpcthpfi t.): 
fcthnphuf! WUfwgmgt[mu t pfiqml{gpwJt• hr1wfiwltntl: 
7.2 Optifiwlj 12: (ShuiwlJwfi ummquwli tuwq:) E tuw11wgnrm (ltw11-

qwqwfigl!) mqmu t l{wmwpht npL,t wpqhit[wb qnpbnqmpJmli: C).nJmpJmfi 
mfihG N ctwuwfiwqwhwmlfwbfihp, npnfig [1UflWQJ2lllU WJl} qn11bnqmpJruli11 
qwpnq t ppwl{wfiwgt[ti: P }uwqwgnq{! (mhu111n1), npp gwfiqwlimu t. l{wlituht 
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WJI} qn11011!lntPJntli[!, ltwflllll t tII1wJ!i tihlt mhu2wltwli ummqntti ltwtnw[lht 
WJI} ctwuwfiwltwhwmtJ.wc>fih[lpg gwliltwgwcl'p. {!fipwgpmti: E fuwqwgnajl zw
hmti[! hwtJ.wuwp t 1-p., hph wpqhttJ.wb qn[lOilllillPJntfiJ! mhqlt t mfihghL m 
ti!iwght 2hwJmfiwphptJ.wcl', L. hwtJ.wuwp t (-1)-p., hpb fuwqwgmm pnCitJ.wcl' t 
(JJw ltwlifl wJ!i qhuwmu, hpp qnpclmJ.mpJntCiJ! ltwmwpbtm hwtiwp !iw J!lim
pntti t WJfi fimJfi ctwtiwfiwltwhwmtJ.wbJ!, npJ! mbwt12fi [!Cimpmti t mnmqtiw!i 
hwtiwp). zwhmtil! hwtJ.wuwp t qpnJp., hph }uw}ul.llllf[fi I!fiqhwfi[lWU{hu w qn[l
cl'mti: UJJ}UIPUP N-pWJLWfip. tuw111! lizwfiwltbfip f N-ntJ.: 

Unw2}1.Ci ctwuwfiwltwhwmtJ.wbmti (wnw2}1.fi pwJtl:tfi) Jnt[lwpwfivm[l 
fuwqwg11Jl mfip. hpltm WJffiCitnpwCip: E fuWfl.WQilIU! ltwflllll t qnpbnqmpJntfi[! 
dbnfiwpltht ltwti 2obnliw[1ltht, P fuwqwgnqJ! ltw[ll11l t ummqh1 ltwu 2ummqht: 
b'ph E }uwqWQ11Jll! qnpcl'mti t, }I.ult P fuwqwg.nrm' ummqntti, wur.w fuwqCi 
wtJ.wpmtJ.mti t, L. zwhntU[! hwtJ.wuwp t (-1)-p.: b'ph E fuwqwgnrm w qnpbmti, 
}I.ult P }uwqwg11Jll! ltwmwpntti t mhuiwltwfi uuuuqntti, WUfW E fuwqwgnrm 
ltw[ll11l t qnpbnqmpJntli[! dbnfiwpltht hw2npq ctwtiwfiwltwhwmtJ.wbmu 
(bCipwqptJ.mu t, np N>l), L. zwlunu[! qwpdJwt hwtJ.wuwp t 1-p.: b'pb E fuw
f[WQ11Jll! w qnpbmti L. P }uwqwgnrm ummqntti tli ltwmwpntu, WUfW wfigCimu 
hG fuwqp hw2opq pwJtpfi, np[! Ciwfunpqpg mwppbptJ.mu t upwJ!i !ipwCintJ., op 
up!i2L. fuwqp tJ.hP21! ufimu t wtJ.ht}I. Plt2 ptJ.otJ. ctwtiwGwltwhwmtJ.wb, WJultfipfi' 
hwJinfitJ.mti t h!i r N-I hfipwfuwqmu: ~hmL.wpwp, tuwqp wnw2ftCi pwJtp 
uwmpp.gJ! ur.wmlthptJ.mu t wJuur.hu' 

(-1 1) (7.3) 
1 VN-1 • 

UJu qhuwmu (16.1) hwtJ.wuwpnttiCi mCip. hhmL.Jwt mhupyf 

v~vai(-~ vN_~} (7.4) 

UJumhq v(x)-1! fimJfifi t upL.fimJfi uwltwpqwltlJ. fuwqp po1op qppphpp. 
hwuwp, WJI} UfWmownntJ. tt ltw}u4wb t tipwJ!i' tip.Ci2L. fuwilP wtJ.wptn'(! hqwb 
ctwuwCiwltwhwm4wc}(ihpp pt.(pg: liJJJ utwmownntJ. v(x)-p. qmfuwph!i qp4wb t 
vN: ~hmwqwJmU gmJg ltmp@, op vN_,<l, hhmL.wpwp (7.4)-1:i tiwmp]lg[! 2mfip 
pwupwlthm, wJu]lfipfi' (7.4) tiwmp}l.904 fuwqn tpntJ.ltfi tuwnfi t: UJumhqltg 
umw!imti blip 

V~ VN-1 +l (7.5) 
-VN-1 +3 

wfiqpwqwpd hw4wuwpntlll!, O[ll! 

v,=(-J J)= 0 (7.6) 

ultqpliwltwfi ur.wJtiwfi]l hhm opnzmu t Vr,J!: 
~L.wtfmfuhCip (7.5) hw4wuwpntti[! t~l/vN-t mhqwqpmpJwCi oqCim

pJwup: tmmwfiwfip t~N-1-1/2, t1=-l fiop wCiqpwqwpo hw4wuwpn1un: UJu 
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hwlj_wuwpnuHi m!ip tt;=--{N+ 1 )/2 wlJ.!ihwJtn 1mm1tti(l, npmhajlg m!it!ip 

V - N -1. (7 7) 
~N+l · . 

UJdu fuwIJP Jntpwpwlil.Jmp pwJtltli lJ.wphtlt t hw2tltt lj_wppwqb)l 
1w4.wqntJfi 4.wp4.b1wlJ.hplll.hPJ!: P.ulJ.wlll.hu, (7.4) fuwajl tiwtnp)lgfi (lU(}Ilt!imti t 

( - l 1) tnhup(l, lj_wppwqb)l 1wlJ.wqntJfi 4.wp4.h1wlJ.hpUJhp(l WJUUJltu)lp 
1 (N -2)/ N 

hfi. 

bN=(-1 ~)bN=(-1 ~)-
I N+l'N+l' O N+l'N+l . 

Opp!iwlJ. 13: ('1lw2wpp 1w4.wqn1JU bwtuu)l mhuwlJ.wu tuwqwJp(j 
wnw!iofiwhwtnlJ.ntpJmlifihpJl): ci.pgmp, ulJ.qpfiwuihu 1-p!i l.t 2-pq tuwqw
gnqfihpCi mfih!i npn2 uiw2wp)1 hwuwuiwinwutuwuwpwp r l.t R upw4.np, 
pU~lll.hu fiwl.t hplJ.mwlJ.wCi uwpmp 4.wp4.h1wl.J.hplll.: ufipw11Phfip, np hph tuw
qwgnqfitp!i (llitnphfi fimJ!i hwuwpp uwpmp 4.wp4.h1wlJ.hpuitp, wuiw 2-Jlll 
tuwqwgnajl UJW2WPJl 1.J.li4.wq)1 I tipw4.npn4.: Pul.J. hph tuwqwgnqfihpfi (!fitnphfi 
mwpphp hwtiwp)l uwpmp 4.wp4.h1wlJ.hplll.hP, Wlll.W 1-)1.!i tuwqwgnIJP uiw-
2WPJ! 1.J.litJ.wqp I uftw4.npn4.: Iuwqfi w4.wpm4.mu t, hpp tuwqwgnq!ihpftg uhlJ.)1 
lll.W2WPJ! hw4.wuwp4.mu t qpnJp: Cfiq npmu 1-pfi tuwqwgnIJP zwhntU[l hw-
4.wuwp t 1-)1 tph 2-Jlll tuwqwgnajI lll.W2WP(l hw4.wuwp t qpnJp, L hw4.wuwp t 
-1-)1, hpt pp uht}lwlJ.wfi uiw2wp11 hwtfwuwptl.]1 qpnJp: 

rvntl fi2wfiwlJ.hfip pwquwpwJt tuwrm, npmti 1-)1.fi tuwqwgnqfi mfip 
uiw2wpft k(k= 1,2, ... ,r) u)1w4.np, )lulJ. 2-Jlll tuwqwgnqp · f(f== 1,2, ... ,R-· r) 
upwtJ.np: 

UJq rituwmu· 

Vair = Val(ValI'k,t-1• Va!I'k-1.,) 
k,, Va!I'H.1• Va!I'u-1 , 

npinbq Vatrk,o=l, Vairo.1=-I: 
ci.pmwplJ.hfip 4.tp9pg hw24.wb wnw9J-tfi pw.1111, WJuJ-tfipfi · t11p hplJ.m tuw

qwgnqfihppfi ti ufiwgt1 t Ujwzwpp uhlJ.wlJ.wfi u)1untnp: UlJ.uhwJm t, 1111 WJfl 
pwJ1mu tuwqwplJ.4.nuI t uwmpltg hbutLJwt tuwqp. 

r •.• =(-~ -!) 
r •.• tuwqp hwuw~wlfl t, fipw wpdhl![l, npp uhlip lJ.UzwfiwlJ.blin V1.1-!14., 

hw4.wuwp t qpnJJ-t, J-tulJ. tuwqwgnqfihplt 1w4.wqn1JU 4.wp4.b1wlJ.bJ1UjbJ111 hwu
JJUlJ.fimu bu l.t hwtfwuwp tu (1/2, 1/2): 

\.f.hp9)1g hw2tJ.wb hpltJtnJlll pw11mu, wJuJ-tunfi' hpp tuw11wgnqlit11t1fi uliw
gt1 t lll.WZWpfihpJ-t bpbp uJ-tw4.np, tuwqwplJ.4.mu l. UWtnpJ-typ f1,2, lJ.wti 1'2.1 

tuwqhpftg ublJ.(l: 
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CCiq npnuf 

v1.2=Valr1,2=Va{ ~-1 -lJ V -1 l I.I =--=--, 
vu 2 2 

( 
} V ) V +} } 

V =Vair =Val I.I =-1·1-=-: 2,1 2,1 V } 2 2 
I.I 

'-lbp2fig hwzt{wb bppnpll pwJLnui (wJupCipCi' bpp ):uwqwgllil.CibpCi [ICil}
hwCimp wmiwup mCibU uiwzwpp !Dpu upwt{np) J:uwqwplJ.t{mu t hbmL.Jwt 
J:uwqbppg ublJ.1!' r1.3, r2,2, r3,I: CCiq npntti' 

V1 3=Valr1 3=Val · = -· - = --( v12 -lJ v12 -l 3 
. · -1 v 1.2 2 4' 

. = . ' =0, Y12) v21+v,2 
V2,I 2 

( 1 V ) V +l 3 V =Vair =Val 2•1 = - 2•1- = - : 3,1 3,1 V 1 2 4 2,1 

UJCinthbwL., zw.pntCiwlJ.btntl hwuwuuwCi hwzt{muCibpJ! ti]lCiiL. 4bp2pg 
hwzt{wb N-J:lll pWJlJ!, ulJ.qpuwqwCi J:uwqp wpdbpfi hwuwp qumwCiwG.p hb
ml.tJwt wpuiwhwJmntpJntfi'[!. 

V _=Vair _=Val(v•.R-r-1 vr-1,R-r): r,R r r,R r V V r-1,R-r r,R-r-1 

rr,R-r }uwqp zwhnuifibpp uwwppg]l hWUW!Wt.funpJWU tqwm6wnnt{ 
mCibCip 

v,,R-r= ! (vr,R-r-1-Vr-l,R-r), 

J:uwqwgllil.Gbpp t{wppwqb]l 1wt{wqntJfi 4wpt{b1wlJ.bpl.llbPU Jntpwpwfi!]ntp 
PWJtntti hwunCilJ.Cintti bfi L. hw4.wuwp bG. (112°, 1/2): 

Op}lfiwl{ 14: li:wmwqw}uwqmu 1-pG. }uwqwgllil.fi t' m1 lJ.}lfi u m2 qwmnt, 
2-M J:uwqwgllil.I!' n1 umq L. n2 lllil.WUWJ:lll: SmpwpwCi!Jntp pwJLmu J:uwqw-
9IlI1.Cibp}lg Jntpwpwfi!JmpCi I!fimpntu t pp CibplJ.wJwgmgwli: CG.mpl[wb bplJ.m 
CibpqWJWQDtQIBQ Ubq'(! «hbnwg4.ntU t» hbtnuJWl qw0.n0.Cibpp hWUWOWJCi. 
4l1Cin «hbnwg!imu t» lllil.WUWpl}lltfi, lllil.WUWJ:lllI! «hbnwgG.nui t» 4.wtn4.ltCi, 
qwmmO. «hbnwgCinuI t» tiqwG.n, tintlJ.I! «hhnwgG.ntti t» 4.un2n: .lvwqn zwpnt
Ciwqt{mu t WJfipwfi OWUWUWq, Upfitu Dp tuupbppg Ubqntu qUUWU UpWJU ubq 
tnbuwl{]l J:uwqwgnqCibp: opp tip J:unttip'[! WJLl.tu nCimpntpJntCi !DtCip, UJntU 
J:untUpJ! WqfihWJUlDpbO. zwhntU t: 

UlJ.qpO.wlfwCi J:uwqp wpd'bp'[! CizwCiwlJ.bO.p v(m1.m2,n1,n2)-n4.: bCipwq
pbO.p, np 

v(m1,m2,n1,0) = v(m1,m2,0,n2) = 1, bpb m1.m2> 0, 
v(m1,0,n1,n2) = v(O,m2,n1,n2) = -1, bpb n1,n2 > 0: (7.8) 
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liwmwphCip hhmL.JWl !izwCiwqnui!ihp"[!. 
v(m1-l) = v(m1-l,m2,n1,n2), v(mi-1) = v(m1,m2-l,n1,n2), 
v(n1-l) = v(m1,m2,n1-1,n2), v(n2-l) = v(m1,m2,n1,n2-l): 

7.1 qhmp phnphup hwuwc.\wJ!i opzm t 

_ (v(m1 -1) v(n 2 -1)) 
v(m1,m2,n1,n2) - Val v(n, - l) v(m2 - l) 

wnli!ntJ}JntCi"(!: 4wphIJ1 t gmJg mwt, np qpmwpqtJ.llIJ. luWlll! IJ1ntJ.p.Ci tuwnCi t L. 
v(m1 - l)v(m2 -1) - v(n1 - l)v(n 2 -1) 

v(m1,m2,n 1,02) = --'---'---'----'--.:,.._-'---.......... ----=-----
v(m1 -1) + v(m2 -1)- v(n 1 -1) - v(n 2 -1) 

.t.wztJ.p wnlihtntl (16.8) uwhuwCiwJp.Ci UJWJUw!iCihp(!, WJumhqpg umw
!imu blip, np 

( 1 1 1) = v(m 1 -1) + 1 
vm1,,, 

-v(m 1 -1) + 3 

L. v(l,1,1,1)=0: PwJg wJu hwl[wuwpmuCihp"[! hwtI(!liqfimu hCi (16.5), (16.6) 
hwl[wuwpmuCihpp hhm, hhmL.wpwp' 

v(m,1,1,1) = (m-1)/(m+l) 
L. 1wl[wqn1Jfi tJ.wptJ.htwqhpUjhp(! WJU :qhUjpmU fimJCiUjhu hWU(!CiqCimtI hfi 27-p:q 
oppfiwqmu phptJ.wbCihpp hhm: 

8. lmnUjbpwm}nl qpfiwu}tq }uwqbp L. 
qpfiwu}tq lJWJntfintpJntfi 

.t.pup (!fi1pufihtntl f' pwqtiwpWJl )uwq(!, w1ctu uwhuwCihCip qnnUJhpw
mptJ. Iuwllff linnUJhpwmptJ. )uwqmu hfipwl}Jll[nuI t, np )uwqwgnqCihpp qnp
amu hfi wJfiUJhu, np uwpupuwgfihfi qmtiwpwJp.Ci 7whmup: liJufl.fipCi )uw11w
gllIJ.Cihp1! uflwup.Ci (!Cimpmu hfi wJCiUJiiup ii= (ii"."' ii,, ...• ii.) ppwtJ.p6wq, npp 

:qhUjpntU 6zuwpp.UI t 
n n 

IKJii., ... ,ii;, .. ,,ii0 ) = max IK;(u 1,u 2 , ••. ,u 11 ) 

i=I (u1.u2,· ,ua>1=l 

hwl[wuwpntpJntfi{!: ii= (ii,, ... , ii,, ... , ii.) ppwtJ.p.6wq(! upwpcthpn11hfi umh.q

bmu t X = (x., ... ,X;,, .. ,x,) UjWpmpwfi: X UjWpmpwCi t.initJ.mu t iwtJ.wqmJCi 

hhmwq)lb f' qnnUjhpwmptJ. )uwqmu: liJuUjJiuntJ., )uwqwgllIJ.Cihpp qnnUJhpwg
uwfi L. npUJhu hhmL.wCip ii= (ii., ... , ii;, ... , ii,.) ppwtJ.p.6wqp qpppmu tuu•111! 

qwpqwfimu t x = (x0 ,x1, ••• ,x;, ... ,x,) UJWpmpwJp bpqwJCimpJwup: 

Op]lfiwq 15: '1-pmwpqhfip 14-.(11} qbwfiqwpn,u UJWmqhptJ.wb hpbp wfi
c.\wfig r fuwrm: 



366 If Pwquwpw11 juwqbp 

3,3,3,) 

- - - -.. •• ., ., 

B B B 

(6,6.6) (3.3,3) (2.2,2) 

r r' 

Q.b. 14 
UJumbrt qpw:t>p JmpwpwU1.1mp hwUqntJgmu 1,2,3 JuwqwgnqUhpp 

2whnuIUhpf! Uzlj_wb h(i tflwltwqbhpmu: N={l,2,3}: X1=X2=X3={A,B} ]uwqw
QllllUhpp t{wpt{htwlthpuihpp pwqumpJm(iCihpf! pwqltwgwb hCi A h B hpltm 
mwpphppg: Juwqwgllll(ihpp 2whn1uUhpf! hwt{wuwp h(i 

H1(A,A,A)=H2(A,A,A)=H3(A,A,A)=(l2,12,12) 
H1(B,x2,X3)= H2(B,x2,x3)=HJ(B,x2,X3)=(9,9,9) gwCiltwgwb X2EX2, X3EX3 

hwuwph 
H1(A,B,x3)= H2(A,B,x3)=H3(A,B,x3)=(9,9,9) gwUltwgwb x3E X3 hwuwp 
H1(A,A,B)=H2(A,A,B)=H3(A,A,B)=(l l,l l,l l) 
CwhntuUhpf! bw2lJ.htm ltwCin(i(ihpp(i ltwphIP t hhmhh( oqmwqnpbhtotl 

14-Jlll qbtuCiltwpf!: A,A,A hw2nJlllwltwUmpJwU ppwguwCi qhuipmu ]uwqw-
911llP zwhntU{! hwt{wuwp t qpw:t>p JntpwpwU1.1mp qwqwpmu Cipw zwhnuI
Uhpp qntuwppCi, hph ppwqnpcn[wb ntIJ.PCi JuWIJ.WQllllCihptig uhljJl ltlllltifig Cihp
wnmu t B {!CimpmpJntCi{!, WUJ.W Jmpwpwfi1.1mp ]uwqwgDIIP zwhntUJ! hwt{w
uwp t zwhntufihpp qn1uwptifi wJCi nlIJ.m hpltwJUntpJwtip, np wt{wpmt{mu t B 
lj_wplJ.htwlthpUJ.ti wnw2]1U J!CimpmpJwtip: 

{wzt{hfip pUmpwqp]lt :t>mfiqg]lwJ]l wpdhpCihpJ!: UJumbrt hfiwpwlj_np b.Ci 
hhmhJw1qwzUw)uuphpJ! {1,2,3}, {1,2}, {1,3}, {2,3}, {l}, {2}, {3}: 

v( { 1,2,3} )=36, pwU]l op J!Umph1otl A-Ci, JmpwpwU1.1mp JuWIJ.wgnq 
umw(imu t 12 (]lult qwzCiw)umtipfi wupnq2mpJwtip' 12x3=36): 

v({l,2})=22, pwCi]l np 1-)16, 2-pq ]uwqwgllllfihpJ!, J!Cimph1nll. A-Ci, lj_w
mwqntJCi qhUJ.PmU ltwpnq hfi ]lpb.Cig hwuwp wuiwhntlht 22-)!: ~wmwqntJCi 
qhUJ.PJ! ltIPCifi, hph 3-Jlll JuWIJ.wgnqCi J!Cimp]l B-Ci: 

v( { 1,3} )=18, pwCi]l np 1-)16 ]uwqwgllllJ!, )!Citnph1m.[ A-Ci, ]lp h 3-pq 
]uwqwgllllP hwuwp lj_wmwqntJCi qhUJ.PmU qwpnq t wuiwhnlJ.ht 18 zwhnttI: 
~wmwqntJCi qhUJ.PJ! ltIPfi]l, hph 2-Jlll ]uwqwgnqfi nfimp]l B-0.: 

v{2,3 }= 18, ptUCi]l np 1-)10. ]uwqwgnq)!, {!G.tnph1otl B-0., upzm ltwpnq t 
wJG.tqhu wCiht, op {2,3} )uwqwgnqG.hp]l zwhntU{! tqhpwqwG.g)l 18-{!: 1-)10. 
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tuwqwgnajl tih4 WJL J!UtnpmpJwG qbuwmu {2,3} p.1wqwgnriGhpG w4UhwJ
mnr1tG wtftrtli uho 2whmu qmGbCiwCi: 

v( { 1} )=9, wJu 2whmuG umwCimu 1-pG tuwqwgnriJ!' J!Utnphtml. B-G, L 2-
M tuwqwgnrtl!' J!Umpbtntl. B-Ci: UqUhwJtn t, np B-lt J!CimpmpJwup 2-lll} 
tuwqwgnriJ! 1-pU tuwqwgnajl 2whntUJ! uwhuwGw41w4mu t 3 ptfml.: 

v( {2} )=9, WJUUibq 1-pG fuwqwgnriJ!, J!Utnpbtntf B-Ci, 2-lll} p.twqwgnajl 
2whntUJ! uwhuw!iw41w4mu t 9 ptfmJ.: 1-pU tuwqwgnajl tinriu}lg ut4 WJL J!Um
pmpJwCi qtuwmu 2-M fulllqwgnajl 2whn1un qwflJUl t wtfblltU lltUbr 

v({3})=9, WJU qbuwJ! (iuwG t UWfunJlllPU: 
~w2tfhUp ChUJ.lltP tl.h4UIOPJ!' 

Sh1=76/6, Sh2=76/6, Sh3=64/6: 
liJuplipu, ChUJ.tliP tfb4UIOPI! 1-pG h 2-M p.1wqwgnquhppU UJ.Wpmwqpmu t 
u}lwliuwli qlllqwpUtp: 

Opp!iw4 16: q.mubup p!impwqpflt ,1,mliltg}lwU 4-M qowu4.w1lDLU UJ.Wtn-
4hptfwo or1t1Gw1.Jjl hwuwp (WJUtnbq tuwqwgnqCibpp 2whmu(ibp{! (iqw
pwqp.tfntu b(i. WJCiUJ.bU, pG2UJ.bU 4-pq oppUw4.mu, WJUpCip(i' tJ.hp2Ciw4wa IUlP
phpmu): 

PUmpwqpp~ ,l>ntCi4.gpwG mCip hbmLJWL mbupJ!. 
V({l,2,3})=6, V({l,2})=2, V({l,3})=2, V({2,3})=2, 
V({l})=l, V({2})=1/2, V({3})=1/2 

CbUJ.lltP tJ.hqUIOpp hwuwp UlOWUntU hfip 
Sh1=2, Sh2=2, Sh3=2 

wpmwhwJUIOtpJntUJ!: 
Stl.Jllll oppGw4I! uhCip 4.oqmwqnpohGp hhmwqw w.[U1JmfipfihpJ1 UJ.Wp

qwpwCiuwCi hwuwp: 

'l-pmwpqbCip f p.twqp llllPPhflJ! X -p hpqwJCimpJWUp, WJUJ1Up(i.' 

f=fi,r,2 , ... ,ri1 hupwJuwqbp{!: UqfihwJm t, 011 x" =(x ..... ,x,, ... ,x1) mhupp 

x hhmwqoti hwmtfwOJ!, np{! q}lmwpqtfht t. r,. hCipwp.1wqmu, hwCiqpuwUmu t 
WJ'l bCipwtuwqp 1wtJ.wqn1JCi hhmwqJ10 (f!h1uwfit1 0UJ.m}1uwguwli u4uq
pmUp): V(S,K)-ntJ., ScN-}lCi CizwCiw4hCip pumpwqp}1i ,1>111U4gJ1wli r.. hlipw-

tuwqmu: IJ"wuUwtfnpwUJ.hu V(S,O)=V(S), ScN-l1Ci r tuw11ti pUmpwqpp2 
,1,m!iqgpw(i t: q.pmbCiw1ml. bCipwp.twIJ.P pCimpwqi1}12 ,l>mCiljgpwlih1111, tiw11h1!1 t. 
4wnmgh1 ChUJ.tliP iJ.h4mnp{! r,, hCipwp.1w11}1 hwuw11: UJU Ci7wUw4blip 

Sh(k)= {Sh,(k),i= I, ... ,n}: bCipwqpbCip, IIJl r,u =f 4m1UJ.h]lWU1!14 p.1w11111u 

npUJ.bu OUJ.tnpuwguwCi u4qpmlip pCimptfw<') t. CLUJ.1l1J1 tf b4mn1111: 'l-w li7wCiw-
4mu t., np p.1w11wgnquhpJ! UJ.WJUwCiwtfnptf h1n4 ii= (ii,, ... , ii,, ... , ii,,) 4wp4h1w-

4tpUJ.bp)1 hw4wpwCi)1)1 pCimpmpJwfi 7mp9p, n11p bpwztuwtf111m1u t. tuw11w
gnqfihpp wnwtfh1wqn1JCi qn1uw11wJpfi 7wlm1up, w4fi4w111111 bfi umwtiw1 wJCi-
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uuiuti zwhnuifibp, npnfiJ;! CbUJ.lPP l[bqumpntl npnzl[mu b(j r.o Juwqp hwuwp: 

{bfig l}W tt hpUJ;! t munWJntU CipwCig ltnnUJ.bpwguwfi hwuwp: ii ppwl[liow
qmu Juw1m qwpqwfimu t x=(x0 ,x1, ... ,xt)twl[wqntJfi hbtnwqop bpqwJfim-

pJwup: Unw2pfi pwJtpg hbum tuwqJ! mbqwtpn}uqmu t x1 qwqwp, h fuwqw

gnqfibpJ! ipwumnpbfi JuWIJ.ntU b(i ri1 finp }uWIJ.J!, DPJ! r,o luWllP blipwtuwqfi t: 

UJu bCipwtuwqmti Sh(l) CbUJ.tpp tlhlttnnpJ! mwppbpl[mu t Sh(O)=Sh ChUJ.I.P.li 
tlbqmnpp.g' r,o }uwqnuI: UJU UJ.Wtnnwnntl, hpb gwfiqwCimu bfiJ;! r.o -mu t{nw-

pntulibpJ! qwmwpbt J!Ulil Sh(O)-p., DPJ! ltnnUJ.hpwguwfi hp.upfi tp r,o -mu, 

WUJ.W ri1 -mu qnnUJ.bpwgmuJ! UJ.Whtqwfihtm hwuwp }uwqwgnqlibpJ! UJ.htnp t 

wqfiltwthCi zwhntulibp' Sh(l)-p.Ci - Ctuiw.ti tlbqtnnppfi hwUWUJ.Wtnwutuwfi, 
IlpJ! hwzl[wpl.J.l[wo t 111 -p hWUWp: {wpg(i WJfi t, pb WllllJD.,p b(iwpwl[np t, 

}uwqp JmpwJ;!wfivmp pwJtmiI l[nwpntufibp qwmwphtntl, hwufibt wJfi pwfi.lifi, 
np ufiwgwo l[owpntufibpJ! pphfigp.g fibpqwJwglibfi CbUJ.I.PP. tlhqtnnpp. pwqwq
p}1.2fibp' mtlJwt pwJtpg uquqnq bfipw}uwqp hwuwp: 

Uwhuwfimu: /3i =(/3~,/3/, ... ,/3;_1,/3;), i=l, ... ,n l[bqtnnpJ! 1.J.n21[mu t 
Cbtqtpp qbqmnpp pw2Juuwfi J!Upwgwtiwpq (C'-IJlC), bpb' 

D . 

I) L /3~ =Shi(O)=Sh;, (8.1) 
k;() 

2) /3i (k) =Sh;(k)=Shi(O), (8.2) 

npmbq' 
m=O 

Uwhuwfimu: CbUJ.I.P.li tlhlJ.w.npJ! r luwqmu qnil[mu t qp.fiwup.4 tiwJntfi 
(owuwfiwqp. ut2 qwJwgwo), bpb qnJntpJntfi mfi).1 CbUJ.t]l.li l[bqump).1 pw2}u
uw6 ni pwgwuwqwfi J!Gpwgwqwpq: 

UJuuuiuntl, bpb CbUJ.t]lp. tfbqtnnpJ! qllfiwup.qnpbfi 1.twJmfi t, WUfW hb
mwqop. Jntpwpwfivmp pwJLmu }uwqwgnqfibppfi qowpnttICibp qwmwpbtntl' 
CbUJ.nthp qbqmnpp. pw2Juuwfi J!fipwgwtiwpqpfi hwuwUfwmwuJuwfi (wJfi t' k 

pwJtmtI i-pq Juwqwgnqpfi tf nwpbtntl /3~ ubontpJntfiJ!), tiwpbtp t hwufiht WJfi 

pwfi.lifi, np ChUftltP. tfbtiumpJ! r1k bfipwJuwqp hwuwp hwliwUJ.wmwuJuwfip 

WJfi zwhntufibppfi, np )uUJJJ.wgnqfibpp.(i ti(iwght t UtnWOWtlll lyk b(ipwJuwqmu: 

bpb 2UJ.whwfi2tl.ti /3~, i=l, ... ,n, k=l, ... ,f-p n~ pwgwuwqwfi tpOblI!, WUJ.W 

(17.2)-p. wnJ!fi~mpJntfi{! u].izm tt hfiwpwqnp t ppwqnpob1, uwqwJfi pwgwuw

qwfi /3~ -hp{! mfimbuwqpmwqwfi pdwum 2mfibfi, pwli).1 np tuwqwgnqCibpJ! 

hwqptl pb hwdwowJCibfi ppbfig u}1.2ngfibp{! mwthwfimfi qnnUjbpwguwu: 
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Op):l.!iwq 17: 15-PJl op):l.!iwlt)1g IJ}lmwpqb!i12 r tuwruf nplll.bu lPinl ):l.pw
qbquwup pwquw12wJ1 tuwq: llJumbq V(N)=36, ii=(A,A,A) l.t 1wt{wqnlJli hh

mwq):l.oCi m!i):l. (x 0 ,x.,x2 ,x3 ) =x mhup: r=r,0 fuwq}l hwuwp p!impwqpp2 

:}>mfil.J.gpwli qmbt tpfip 16-pl}. opp!iwljmu. 
V({l,2,3},0)=36, V({l,2},0)=22, V({l,3},0)=18, 
V({2,3},0)=18, V({l},0)=9, V({2},0)=9, V({3},0)=9: 

Cblll.lPP t{bljUlilp{! m!ip 
Sh(O)= {76/6, 76/6,64/6} 

mhu121!: r., .r.2 .r.J Juwqhpp hwuwp p!impwqpwl.J.wfi :}>mliljgpwfihp]! hwzt{-

t{mu h!i hwuw!iuw!inphCi l.t hwtiwlll.wmwu]:uwliwpwp hwt{wuwp bu' 
v( { 1,2,3 },1)=27, v( {1,2 }, 1 )= 14, v( { 1,3 },I )=12, 
v( {2,3 }, l )= 18, v( {I}, I )=6, v( {2},l )=8, v( {3}, 1 )=6 
Sh(2)={5f,5f,7}, Sh(3)={3,3,3} 

Sh(O)= (5f,lf ,If )+Sh(l) 

Sh(I)= (It.Sf,2)+Sh(2) 

Sh(2)= (2f,2f,4)+Sh(3) 

Sh(3)=(3,3,3): 

liJupCipCi' /3~ > o, i=l,2,3, k=I,2,3 1.t Cblll.IPP t{b4lDDPI! r tuwqmu q]lCiwupltn

pbCi 1.J.wJmCi t: {w2nP11 oppfiwl.J.1! gmJg t mwwu, np qw wub!ila):l.!i lt u)lzm it. 
np mbqp mCi)l: 

Op):l.Ciwlt 18: 16-pl} op):l.!iwlt)l ]:uwrm IJ}lmwpl.jb!ip npUJbu tppt{ ):l.pwqhlt
uwup pwquwpWJl fuwq: 

UJumbq V(N)=6, ii =(A,A,A) la iwt{wqntJCi hbmwq):l.ol!, pCiiUJhu np fiw

tunP1111tuwmu, mfip (x 0 ,x"x2,x3) = x mbup: r= r, 0 )uwqp hwuwp pfimpw-

QPPl ,1>mul19pwfi qmht t)lfip 16-pl} op):l.fiwl.J.mu. 
V( { 1,2,3} ,0)=6, V( {1,2 },0)=2, V( { 1,3 },0)=2, 
V({2,3},0)=2, V({l},0)=1, V({2},0)=l/2, V({3},0)=l/2 

CbUJi):l.p t{hl1mnpl! mfip 
Sh={2,2,2} 

mbupl!: r., .r.2 ,r,) Juw11bp):l. hwuwp pfimpwqp):l.l :pmul.J.g):l.wfibp[l hw7t{t{mu 

hfi hwuwfiuwfinpbfi l.t hwtiwUJwmwu)uwfiwpwp hwt{wuwp bfi 
v( { 1,2,3}, I )=6, v( { 1,2}, I)= l, v( { 1,3}, I)= I, 
v( { 2,3}, I )=4, v( { l } , l )= I /2, v( { 2), I)= I /2, v( { 3), l )= I /2 
Sh(2)=Ws,H,~}. Sh(3)={2,2,2}, 

Sh(O)= (1,-t,-t) +Sh()), Sh( I)= (-n-,*,--Af) +Sh(2), 

Sh(2)=(--ji-,--lf,f) +Sh(3), Sh(3)=(2,2,2): 
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StlJwt opjlliwqnui Clm.J.lltP 4hqtnnp]! qjlliwu)lqnphli wliqwJntli t, pwli)l 

np /3~ uhbntpJmlilihpjl p4mu qwli pwgwuwqwfi uhmnpJmfifihp: ~h2m t 

CH1wmh1., np wJu hwfiqwuwlip]! p!inpn2 t mhpu)1Gwt 2whntu!ihJU14 )uwqhpjlG, 
wJu)l!ipfi' hpp )uwqwgnqGhpJ! 2whntuG umw!imu bu Juwajl u)lwJ!i 4hp2-
GwqwG qjlppmu: 

C).)1Gwu)14 qwJmGmpJm!i hwuqwgmpJnt!i{! qwpnq t mwpwchJ.ht qnnU.J.h
pwmJitl mhuntpJw!i oU.J.m)luwguwfi fiwl.t WJL uqqpmfipfihp)l tlPw: StlJwt U.J.W
pwqpw~mu h!iwpw4np 2t ]!fiqqp4ht oU.J.mpuwguwfi uqqpmGpGhp)l qjl!iwu)14 
qwJmfimpJwfi hhm qwU.J.4wc} pntnp hwpghp]!: UpwJfi fiqwmhfip, np qjl!iwli]14 
qwJmfimpJmfi hwuqwgntpJntlil! wnw2)1fi wfiqwu uwhuwfitlht t' hhajlfiw4)1u 
qnqu)lg: U4hllt m2 l.t ]!Utn hpl.tntJp)lfi, ubqwfi)lg w!iqw]u, wJG 4hpwhwJm!iw
qnpm!ht t wpL.umJwfi uwphuwmpqnu!ihp)l qnqu)lg l.t w!il{wfil{ht time-consis
tency (4wJmfimpJmfi dwuwfiw4)1 ut2): ChU.J.llt)l l{hqumpjl q]1G.wu)14 qwJm
fimpJwG 21.Jwmwpmul! wfihfiwpjlCi t qwpofimu pwdwfipp wJq uqqpm!ip)l 
)lpwl.Jwfi 4):ipwnnuII! qjl!iwu)lqnphfi qnnU.J.hpwm)14 )uwqmu, pwfi)l np hfiw
pwtJ.np 2t 1.JwquwqhpU.J.ht pWJL wn pwJt tJ.6wpntufihp Juwqwgnqfihp)l!i WJfi
U.J.hu, np Juwqwgnqfihpl! 2whnui!ihp}l wpqwp pw2)uuw(i hntJu m!ihfiw(i 
(ChuuJ:t}l 4hqtnnp)1 hwuwtqwmwuJuwfi pw2]uuwfi, npJ! fipw!ip numpht t)l!i 
npU.J.hu OU.J.m)luwguw!i uqqpm!ip) Jmpwpwfivmp ]!lipwgpq hG,pwJuwqmu: 
5w4np, qwuwqwfi qnnU.J.hpwm)ll{ mhuntpJw!i OU.J.tnpuwgliwfi uqqpm!ip!ihppg 
2wmbp]! qjlfiwli)lqnphfi w(iqwJm!i hfi: 

C).)1fiwtI)14 ]uwqhpp dwuwfiwqw4)1g mhuntpJwfi l1wpl.tnpwqntJ!it ful!li
IlPPI! OU.J.tnpuwguwfi q)l!iwu)lqnpbfi qwJntU finp ulfqpmfip(ihpp umbqcmurn t 
l.t munurnwujlpntpJntfil!: 

C}.pwltwfintpJntfi 

1. TI.A.Ik1pocsm, H.A.3emceBBq,E.A.CeMBea TeopIDl erp. B.Ill. -:M. 1998. 
2. Leon A.Petrosjan, Nikolay A.Zenkevich. World Scientific. Singapur • New 

Jersey • London • Hong Kong, 1996. 
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~wtlh1qwb- 2. 

Unw2f1Ci uwumu Ciqwmqwo l{pp.tqwqlibp 
h wlihpwdb2m 1PWQnttICibp 

UurnpL pbpJ.lmu b(i qwuwqppfi I uwu}l qnp?nubn1pJwG ~fipwgpmu (i~wm-
4.wb l{pfitqwqUbpf! h npn.2 wCihpwdb2m tpwgmuCitp·: OqutwqnpoJ.lmu t «tpn
:tuwpfifibp> Ci2wCi{!' <<=>»: OpfiCiw4' w=> p U2wfiwqmu t, np mtqwqptJ.wo t 
w, pwJg tqbmp t lfICip p, mpMCi' w-Ci tpn:tuwpfiCibt p-ntl: 
Lnwgmufihn 
t2 89. Lblf 3: => bfipwllflhfip p tl.hqmnpft tl.hPLillcnltJ}JWfi /31,· .. ,/3m qnpbiultJigfihp'(! (!UUI 

(5.5) hhfip]l pwgwuwljwfi thfi I, (5.12) tl.hp1mcn1tpJwfi ub2 /3~ ~: Oputhuqfi p tl.hljmnpft 
IJ.hpLmb"ntpJwfi 13 1 ·, ••• ,/3m' qnpcnulj]lgfibp(! (!UUJ (5.7) hbfip]l I.cu pwgwuwljwfi aJlCibfi 
wfihpwdbzm t t. pw!J.wpwp, np 

w) a..> 0-]lg, p) min(/3/Cl;) ~ {j3k/~: 
bpb j3k:c:0-Jl, wutw (!Um Lhu 2· Pi~-ftg i=l, ... ,m L thu 3-(! 6zuwp]1m t, hbml.cwpwp 

hbmwpppJlp t /3k>O-Jlg utWJUwfift qhu.wl!- I, Pk ~=>Pk > 0: 
t2 170 . .BWJ/ 4-pJJ:~ Uuimqbfip pwl(wpwp utWJUWfi(!: 

1,zwfiwljbfip H 0 Lwqpwfidft !pmfiljg]lwJJ:i l!fi'ltWJfi!J.wo ~bu]l uwmppg(!· 

H"'=(~g?f"" }npmbriv'g = (Vg1>Vg 2 , •.. ,Vgm): 

~WJUlfip t np, bpb (x*, A*) \jbUl(! Lwqpwfidft L (x, X) :j>mtiljgJ:iwJJ:i UlIIWg]ln

Ciwp ljbm t, wutw x • hwfiajluwfimu t' 
),;,, uwpupumup 4hm, bpb H"' uwmpJJgJl (m+ I )-pq qtJuwiJ.np upfinppg u4uwb hw2npq 
(n-m) qtJuwlfnp u]lfinpfibp(! 4wqumu bti CizwCiwljmlu plf wJJJfi hw2npqwljwfintf!Jntfi, 
npJJ wnw2Jlfi wfiqwu]l fi2wfi(! npnzi.tmu t (-] )m' 1 pwqUWL11WU1\jptlJ GzwGnlf: 
),;,, uJJG]lumuJJ ljhlII, bpb H"' UwU1ppg]1 (rn+ I )·fill qtJuwtl.np u]lfinp]lg uljuwb hw9npq {n
m) quuwlfnp ut1Cinpfihr1JJ fi2wfifibp(! npnzlj_mu bti (-] )m pwquwu1wmtuiw uzwtim.(: 

lfwufiwl(np qhuwmu, bpp n-m = 1-]1 uthui12 t ummqhL bpqpnpq qwpqJJ pw!J.w
pwp utwJuwun· hw2lfhL H"' (!llllLWJll!J.wb ~bu]l uwmppgJJ o• npn2Jirn · 

bpb D*>O, wutw x • 4hm(! (mbqwJJJCi) uwpupumu]l ljbm t, bflb o•< 0, x •-n 
(mhqwJJJfi) u]lCiJJumup 4hm: bpb D"'= 0-JJ, bqpwljwgntf!Jntti wtibL 2blip 4wpnq: 
OpftliwiJ I: => 

f(x1,x2) = 2x1 -3x2 -> max, 

g (x 1, x2) = - x ~ + 2x 2 - I = 0: 

• UU/f]JJWO i/pftUfwiJlibpp li1Jwwb1 I, pplilig JJftwnqmpJmlilibpti m wnwpwpiJmpJntli
libpli bli wpb/ · qngbliw IJ..Utfbu,pu1wlip {fl.U.}, ufTJ<-J, wliwbuwlJpU1wlJwli JJwlJm1wb
wft I, f>pl,wli/1 tfwuliwlfJn/.J//1 wliu,liuWlJ/IU1wlJwti JJwiJm1wliu,ft muwlinqlibpp, npp hw
tfwp lipwlig hwJwlinuf bu j,,J funphpfi 2linphwlJw1mpJntlip: if. UwhwiJ.Jwli 
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lmcmui: 
'2wJl I: 4wnmgtfin Lwqpwfictp !l>matrnpwfi' 

L(xi,x2,A) = 2x 1 -3x2+ A (I- x/+2x2) 

'2WJl 2: ~wzqbfin wnw2pfi Itwpqp uwufiwlt)l winufigJwtfibp{! L hwl[wuwpbgfibfip 
qpnJp. 

L = 2-2h. = o x1 I 

L =-3+2l = 0: Xz 

L>. =1-xf +2x2 = 0 
'2WJl 3: Uutwgqwb' hwqwuwpmufihpp hwuw4.wpqjl 1mcmurn t. 

11.=3/2, x1 = 2/3, x2=13/l 8: 
'2WJl 4: Uutmqhfip pwqwpwp lll.WJuWfi{!:4wnmghfil! H* UWUlfLPQt! 

H* =[O t· i'' ]=[-t, ~Jr• 5)=[-t3-~~3 2
00) g,, •,•, x,•, 2 0 0 2 0 

g,1 L,,x, L,,., 

D* = 12~ o L x *= (2/3.13/18) uwnupumuti lthm t,: 
Unw2wnbnuvmfi (IJ.. U.),. t2 l 70. J2w11 3- jtg hhmn. 

'l-pgmp' (i*, A *)-I! (2,8) hwuwitwpqjt nr1Lt 1mcm1u t: UJ111lhlll.Pntu, bph 

• g;( x) !)>mfiljgjlwJJt qpwqJthfimfihpf! qbnphfi wfiltwfu hfi X * ljhutntu. 

• L(x,f)-Jt 2-pq ItwpqJt uwufiwltJt winufigJwtfihpf! wli"f!liqhwm hfi x * 4.hmmu, pulj 

L(x) 2 wfiqwu qJt!)>hpbfighlJt t X *-ft zp2wltWJ1!ntU. 

• (Lxx(x,X°)h,h)>O (<O)pn1np h:#0 l[bltmnpfihpJt hwliwp, npnfip pwqwpwpmu 

hfi (Vg; (x), h) = O, i= l , ... ,m lll.WJliwfi}tfi, 

Wlll.W x * mbqwJJtfi li}tfi}11fo11S}t (uwnu}tlinuIJt) qhm t f{x) !)>m\g}twJft hwuwp (2.2) 
uwhuwfiwipw4.mufibpft wnqwJntpJwup: <Lxx·ml lizwliwq11wb t lwqpwfid):l !)>mfiqgft-

wJJt ~bu}t uwmppgn num X ipmfmfuwltwfiJt, ftuq V g;-):lfi g;( X) !l>mfilt.g}twJ}t qpw'lJl
hfiutfi t): Uuqwb'{! libqfiwpwlibfi11 lt.nfilt.Phm op}tfiwlt.nl[: 

Onhfiwb: f(x 1x 2 )=3~1 +4x 2 +5-Hxt 
g(X1X2) = X1 + 2X1X2 = 2 

lwqpwlid}t !)>mfiqg):lwfi' L(x1,x2 ,A)=3x1 +4x2 +5+).(xf +2x1x2 -2) 
q.phliJ! tnumphunuij1 wfihpwdbzm lll.WJUwlifihpn' 

{
LX = 3 + 2u1 + 2u2 = o 

I 

L =4+2h.1 =0 x, 
Li!= xf +2x1x2 -2 ::a 0 

(2.4) 

bplt.Pnpq hwl[wuwpmu):lg' x1= -2/A, wnw2}1fi}tg' x2 = l/211., mhqwqpb1nl[ hppnpqp 
uh2 lt.umwfiwfi11' (4/A2)-(2/}..2) =2~). =± I: 

UJulll.Punq (2.4) hwuwqwpqjl 1n1cm1ufihpfi hfi' 
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(A=I, x1=-2, x2=1/2) la (A= -1, x1=2, x2= -1/2) 
rrJ.wpqblip (x1= -2, xz=l/2) It (x1=2, x2= -1/2) 4hmhp{! tpumphtinuip 4hmhp hli, ph n1: 

Lxx =2il, Lxx =Lx x =2A, Lx x =0-4Lxx = , r2A 2Al 
I I I 2 2 I 2 2 2A 0 

mump 

(Luh,h) = 2Ah: + 4Ah 1 h2 , (WJUUlhq h = (~;}, (2.5) 

[!GI} npmti (2.5)-mti h1-I! It hr{! 111bmp t pwtlwpwpbli bli ipwgmgp1111wJtiwlip' 

gx1hl +gx2h2 =0, 

nptnhq gx1 la gx2 wmuligJwtlihpn hw2tltlwb hli pfifiwp4tlnq 4hmmu: 

Ulip oppliw4mu· gx1 = 2x1+2x2, gx2 =2x 1: flrnmp (-2, 1/2) 4humtti 

gXI (-2,J/2) = 2·(-2)+2·1/2 = -), gXl (-2,1/2) = -4 

-3h1 - 4h2 = O; h1= (-4/3)h2 
mhqwIJPhtntl hi-p umwgtlwb wpcthnI! (2.5)-mti It hw2tl.fl wnlihtntl A = I, tiumwliwlip 

4 4 16 
(Lx.xh,h)=2·(--h 2 )2 +4·(--h2)h 2 =--h~ <0 gwli4wgwbh2¢0I}h1ll-

3 3 9 
pmti, mump (x1 = -2; x2 = 1/2) 4hmn 1ntiw1 tiwpuptinuip 4hm t: 

"umJfi 41.tntl gmJg t mptlmti, np (x 1 =2; x2 = -112) 4hmn 1nliw1 tipfiptimtip 4hm t: 

'-lnhwwblibn 

max 

Ai Ai 

L'x L : 
J •, 

t2 173 l[bpl,pg 11-JlI} e-l-1.. e·•·>-

t2 176, 14-Jlll. X1 X1 

t2 179. 2-JlI} Xj ~ 0 '>O XJ -
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ts, 181, t{hpl.t)lg 2-flil. L1.. =0 L =0 A; 

181. Cihppl.t)lg 6-flil A.2 ~ 0 A;~O: 

181. Cihppl.t)lg 9-flil. J = 1, ... ,h J = l, ... ,n: 

18 l. Cihppl.t)lg I 0-pl}. m 

(f~ +}\;(g;)~) ·Xj fx + :P.;(g; }x · X j 
' i=I 1 1 i=I 1 

ts, 182, Cihppl.t)lg 8-pl} min mm, 
xEA xEA 

L(x,y) L(x,y) 

~ 185, t{hpl.t)lg' 3-pl} L·x- (x"-I")x \ ~o . . . 
L (x ·).. )x *. = 0 

J Xj J 

ts, 186 t{hps,)1Ci A;=2A;• l.t _b=O • =).;. A;>A; -flq l.t A;= · : 
t2 187. qhpl.t)lg 1-):lCi )..=O A·=O 
t2 188.qhpl.t):lg 2-pl} e:Jx<o~. b; !!;(X(O~ )> b;: 

t9 189. lihnol.tha' 2-nn (7. 12) (7. 11) 
t9 190. tlhnl.tha 3-nn (8.8) - (8.9) (7.13)- (7.14) 
t2 190. t{hpLpg 2-)lI} m • 

LA; (b; -g;(x ))~O m • • LA; (b; -g;(x )) ~o 
i=I i=I 

t9 190. tlhnWm 5-nn (7.12) (7.10) 
t9 190. lihnnl.tha 6-nn (x) (-x} 
t2 190. tlhp2f11i x+Ax2 - x+Ax2: 

t2 190. qhpLltg 4-)lI} m • -
l)-; (b; -g;(x)) = 0 

m • • 
LA; (h; -g;(x )) = O 

i=I i=I 

t2 193.libppl.t]:lg 9-)lI} A.= h;(X) A.;h;(X) 
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