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 CFUYBC LFYBIYEKT<F% fk,fsehb vf[fcbfst,kt,bc vtidtj,bs 

vjs[jdyfsf itvjcdkbcf lf vjvcf[eht,bc ghjwtct,bc^ fuhtsdt^ 

rfdibhuf,vekj,bc mctkt,bc tatmnehj,bc itafct,bc itcofdkf& 

  mctkbc yjhvfkehfl lfndbhsekj,bc itcf,fvbcb nhfabrbc 

vjwekj,bcf lf ufvnfheyfhbfyj,fcsfy vbcb sfyfafhlj,bc ufycfpqdhbc 

ghfmnbrekb eyfh-xdtdt,bc ufvjveifdt,f& 

 

 CFUYBC VBPFYB% 

 cfuybc itcofdkbc cfae'dtkpt cneltync eylf itt'kjc% 

• ntktnhfabrbc rjyrhtnekb cbcntvbcfsdbc fyfkbpbc itcf,fvbcb vtsjlbc 

fhxtdf* 

• rfdibhuf,vekj,bc mctkt,ib zfh,b lfndbhsdbc vjvcf[eht,bc [th[t,bc 

ufvj.tyt,f* 

• nhfabrbc vf[fcbfst,kt,bc uffyufhbit,f lf lfndbhsdbc ufpjvdf* 

• rfdibhuf,vekj,bc mctkt,bc fut,f fh[t,bc tatmnehfl ufvj.tyt,bc 

ghbywbgt,bc cfae'dtkpt* 

• rfdibhuf,vekj,bc mctkt,ib ,kjrbht,bc fk,fsj,bc ufycfpqdhf* 

• wbahek mctkt,ib veknbvtlbehb lfndbhsdbc fyfkbpb& 

 

 

 CFUYBC GHJUHFVF% 

nhfabrbc vf[fcbfst,kt,b& ntktnhfabrbc stjhbbc 'bhbsflb itltut,b& 

,kjrbht,bc fk,fsj,bc fyfkbpb - hjujhw vfcj,hbdb vjvcf[eht,bc stjhbf lf 

kjlbybc lhjbc fyfkbpb - hjujhw hbut,bc stjhbf& yfrflt,bc stjhbf nhfabrbc 

vf[fcbfst,kt,bc ufycfpqdhfib& nhfabrb lf byajhvfwbbc o.fhjc fmnbdj,f& 

vjs[jdyt,bc itvjcdkbc lhjbc vjvtynt,b lf lfrfdt,fsf [fyuh'kbj,t,b& 

lfndbhsdbc ufpjvdf& 

vjs[jdyt,bc itvjcdkbc lhjbc vjvtynt,bc ufyfobkt,f& jhlbyfhekb^ 

cnfwbjyfhekb lf eeremvtlt,j yfrflb& vjs[jdyt,c ijhbc lhjbc iefktlt,bc^ 

vjs[jdyt,bc itvjcdkbc lhjbc vjvtynt,bc lf lfrfdt,fsf [fyuh'kbj,t,bc 

ufyfobkt,bc rfyjyt,b& 

vjvcf[eht,bc cbcntvf rfhudt,bs^ ufyvtjht,bsb ufvj'f[t,t,bs lf 

lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs& 

ntktnhfabrbc cbcntvt,b cbuyfkt,bc o.fhjt,bc cfchekb hbw[dbs& 

rfdibhuf,vekj,bc mctkib ,kjrbht,bc fk,fsj,bc ufycfpqdhf& zfh,b 

lfndbhsdf& ntktnhfabrbc cbcntvt,b hbut,bs& 

ntktnhfabrbc cbcntvf afhlj,bsb ghbjhbntnbs lf vbcb aeymwbjybht,bc 

vjltkb& 
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ntktnhfabrbc nhflbwbek vjltkt,ib sdbsvcufdct,bc ptufdktybc 

ufsdfkbcobyt,f& 

 

 CFUYBC COFDKT<BC VTSJLBRF% 

 cfuybc cgtwbabrblfy ufvjvlbyfht^ vbcb itcofdkf itcf'kt,tkbf cneltynbc 

v[hblfy rjycgtmnpt lfvjerblt,kfl veifj,bc cfae'dtkpt& fvbnjv rjycgtmnb 

bctf itlutybkb^ hjv .dtkf cfrbs[bc ibyffhcb ufiemt,ekbf itcf,fvbcb 

vfufkbst,bc fvj[cybc ghjwtcib ufydbsfht,ekb vc]tkj,bs& hflufyfw cfuybc 

itcofdkbc vbpfybf nhfabrbc uffyufhbit,bc eyfh-xdtdt,bc it'tyf^ fewbkt,tkbf^ 

hjv cneltynvf rjycgtmnbc stjhbek yfobkpt lfvjerblt,kfl bveifjc 14 cffsb 

lf ghfmnbrek yfobkptw^ fctdt^ 14 cffsb^ cek 28 cffsb&  

 vfcofdkt,tkb xffnfht,c ktmwbf-ghfmnbrekt,c^ cek 14 cffsc^ hjvkbc 

vbpfyb bmyt,f cneltynbc v[hblfy rjycgtmnpt lfvjerblt,tkb veifj,bcfsdbc 

[tkito.j,f& 

 nhfabrbc cffyufhbij ajhvekt,b vjbs[jdc rjvgbenthbc ufvj.tyt,bs 

ufvjsdkt,bc eyfh-xdtdt,bc ufvjveifdt,bc fewbkt,kj,fc& fv vbpybs 

rjvgbenthek rkfcib eylf itchekltc itvltub lfdfkt,t,b%  

♦ gthcjyfkehb rjvgbenthbc ufvj.tyt,bs 

1. ffuts gefcjybc ufyfobkt,bc vhelb lf itcf,fvbcb w[hbkt,b 

λt=1-lfy 100-vlt afhukt,ib^ yt,bcvbthb^ smdtysdbc cfcehdtkb 

vybidytkj,t,bcfsdbc& 

 ffuts fhfevtntc i ufvj'f[t,t,bc itvjcdkbc fk,fsj,t,bc 

ufyfobkt,bc vhelb&  

2. pjuflb cf[bs ffuts lfrfdt,fsf [fyuh'kbj,t,bc 

tmcgjytywbfkehfl ufyfobkt,bc vhelb& 

3. itflubyts vt[est vfufkbsbc fvj[cyf pjuflb cf[bs bct^ hjv 

cblbltsf rjyrhtnekb vybidytkj,t,bcfsdbc vbbqjs itcf,fvbcb 

hfjltyj,hbdb gfce[t,b& 

4. pjuflb cf[bs fvj[ctybs vttmdct vfufkbsb& 
 

 ITAFCT<BC CBCNTVF% 

 @ntktrjveybrfwbbc mctkt,bc@ vjlekib nhfabrbc fyfkbpbc yfobkb 

itbcofdkt,f 7 rdbhbc ufyvfdkj,fib& fhf cfcofdkj w[hbkbs ufsdfkbcobyt,ek 

cffst,ib 2-]th ~4 rdbhbc lf 7 rdbhbc itvltu` xfnfhlt,f itafct,f ntcnbs^ 

othbsb ajhvbs&  

 

 NTCNBC YBVEIB% 

1. xfvjothts ufvj'f[t,fsf yfrflt,bc ufycfpqdhbc 'bhbsflb vtsjlt,b* 
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2. hfc ofhvjflutyc ufvj'f[t,fsf yfrflt,bc 'bhbsflb vf[fcbfst,kt,b& 

ufycfpqdhts wyt,t,b% yfrflbc byntycbdj,f lf yfrflbc gfhfvtnhb* 

3. hjujhbf ufvj'f[t,fsf yfrflt,bc rkfcbabrfwbbc 'bhbsflb ghbywbgt,b& 

ufycfpqdhts wyt,t,b% yfrflbc cnfwbjyfhekj,f^ yfrflbc jhlbyfhekj,f^ 

yfrflbc eeremvtlt,j,f lf eremvtlt,f* 

4. ufycfpqdhts wyt,f% ufvj'f[t,fsf evfhnbdtcb yfrflb& ofhvjflubyts fctsb 

yfrflbc vfstvfnbrehb vjltkb*  

5. hf 'bhbsflb vf[fcbfst,kt,bs ufybcfpqdht,f evfhnbdtcb yfrflb& ffuts^ 

pjuflb cf[bs^  fk,fsj,bc lfvjrblt,ekt,f k-cufy^ yfrflbc λ 

gfhfvtnhbc c[dflfc[df vybidytkj,t,bcfsdbc* 
kP (t)

6. hf rfyjypjvbtht,fc tmdtvlt,fht,f ufvj'f[t,fsf ijhbc lhjbc iefktlt,bc 

ufyfobkt,bc aeymwbf& ofhvjflubyts fv aeymwbbc [fcbfsb yfrflbc 

gfhfvtnhbcf lf iefktlt,bc [fyuh'kbj,t,bc itcf,fvbcfl* 

7. ufycfpqdhts wyt,t,b% @gefcjybc fhfcnfwbjyfhekb yfrflb@^ @gefcjybc 

fhfjhlbyfhekb yfrflb@^ @yfrflb vfhnbdb eremvtlt,bs@* 

8. hf sfdbct,eht,t,bs [fcbfslt,f yfrflb ufyvtjht,bsb ufvj'f[t,t,bs* 

9. hf thstekt,ib bpjvt,f lfndbhsdf lf lfndbhsdbc byntycbdj,f* 

10. xfvjf.fkb,ts stjhtvbc cf[bs vjvcf[eht,ekb lfndbhsdbc byntycbj,bc 

itafct,f* 

11. xfvjf.fkb,ts stjhtvbc cf[bs vbojlt,ekb lfndbhsdbc byntycbj,bc 

itafct,f* 

12. ufycfpqdhts wyt,f% elbltcb lfndbhsdbc cffsb& fqothts elbltcb 

lfndbhsdbc cffsbc ufycfpqdhbc otcb* 

13. hf fhbc lfndbhsdbc rjywtynhfwbbc rjtabwbtynb* 

14. xfvjsdfkts lf ufyvfhnts itvjcekb ufvj'f[t,t,bc vjvcf[eht,bc ghjwtcbc 

itcf'kj itvs[dtdt,b* 

15. hf fhbc fhfofhvflb lfndbhsdf lf hf cblbltc itb'kt,f fqotdltc* 

16. ufyvfhnts itvjcekb vjs[jdyt,bc vjvcf[eht,bc otct,b* 

17. hf fhbc ufvnfheyfhbfyj,f lf hf gfhfvtnht,ptf lfvjrblt,ekb vbcb 

vybidytkj,f* 

18. ufyvfhnts vjvcf[eht,bc [fhbc[bc vfxdtyt,kt,b* 

19. f[ctybs lfodhbkt,bs^ rfhudt,bc abmcbht,ekb vybidytkj,bc itvs[dtdfib 

hfnjv bphlt,f thsb fh[bc ufvj.tyt,f lfndbhsdbc byntycbj,bc phlbc 

ghjgjhwbekfl* 

20. fvjwfyf& 
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jhbdt ntcnb vjbs[jdc qbf gfce[bc ufwtvfc& ntcnpt veifj,bcfsdbc 

cneltync t'ktdf cfveifj lhj 90 oesb& 

.jdtkb rbs[df afclt,f 5 mekbs% itchekt,ekbf ahbflpt ~5`* 

itchekt,ekbf rfhufl ~4`* itchekt,ekbf lfvfrvf.jabkt,kfl ~3` lf 

fhflfvfrvf.jabkt,kfl ~2`& 

sbsjtek ntcnib lfuhjdbkb mekt,bc 15) fhbc cneltynbc vbqotdt,bc 

itafct,f& 

obyfcbn.dfj,f 

 

 f[fkb otksfqhbw[dbc vtcfvt fsfcoktekbc lfcfo.bcb lftvs[df 

evybidytkjdfytc vjdktyt,c^ hjvkt,vfw itwdfkf xdtyb nhflbwbekb 

it[tlekt,t,b ntktnhfabrbc stjhbfpt& erdt 2002 otkc vcjakbjib vj,bkehb 

ntktajyt,bc hfjltyj,fv vbfqobf 1^2 vbkbfhlc lf uflffzfh,f abmcbht,ekb 

ntktajyt,bc hfjltyj,fc& fvfcsfyfdt^ vjyfwtvsf uflfwtvbc lfndbhsdfv^ 

hjvtkcfw mvybc bynthytnb lf cfthsj cfhut,kj,bc c[df mctkt,b^ uflffzfh,f 

cfntktajyj lfndbhsdbc vjwekj,fc lf ufye[htkfl bphlt,f& vjcfkjlytkbf^ 

hjv 2005 okbcfsdbc vjyfwtvsf uflfwtvbc lfndbhsdf vbfqotdc 

rfdibhuf,vekj,bc mctkt,ib fhct,ekb cfthsj lfndbhsdbc 90)& 

fv jhb vjdktybc ehsbthsrfdibhb .dtkfpt vrfabjl dkbylt,f vfs 

fhfthsudfhjdyt,fib^ hjv vtn.dtkt,bc cbuyfkbc wbahekb uflfwtvbc ghbywbgb 

abmcbht,ekb lf vj,bkehb ntktajyt,bc mctkt,ib chekbfl ufyc[dfdt,ekbf& 

vtn.dtkt,bc cbuyfkbc wbahekb uflfwtvbc nhflbwbekb vtsjlb abmcbht,ekb 

ntktajyt,bc mctkib [jhwbtklt,f bvgekceh-rjlehb vjlekfwbbc cfae'dtkpt 

64 r,bn/ov cbxmfhbs lf^ vbe[tlfdfl bvbcf^ hjv wyj,bkbf uflfwtvbc cbxmfhbc 

vybidytkjdyfl itvwbht,bc vtsjlt,b^ cfltyt,bfyb rfdibhuf,vekj,bc mctkt,ib 

vfs afhsj ufvj.tyt,f dth vjbgjdtc& fvbc vbptpb bcff^ hjv rfdibhbc cfltyt,bfyb 

fh[t,b ufyf[kt,flb htcehcbf lf vbcb qbht,ekt,f^ vtn.dtkt,bc cbuyfkbc 

lf,fkcbxmfhekb uflfwtvbc hsekb cbcntvbc htfkbpt,bc qbht,ekt,fpt 

yfrkt,bf& vj,bkehb rfdibhuf,vekj,bc mctkt,ib rb hflbjcb[ibhekb pjkb fhbc 

fhfufyf[kt,flb htcehcb^ hfw fvfhskt,c vbvqt,-uflfvwtvb vjo.j,bkj,bc 

ufhsekt,fc& wyj,bkbf^ hjv vtjht sfj,bc vj,bkehb ntktajyt,b itbwfdty 

ofvib 10 vbkbjyb jgthfwbbc cbxmfhbs vjmvtl vbrhjrjvgbenthc& vtcfvt sfj,bc 

fgfhfnt,ib usdfkbcobyt,ekbf eahj v'kfdhb vbrhjrjvgbentht,b& tc afmnb 

fhbc bv rfyjypjvbtht,bc fyfhtrkb^ hjvtkbw lfvf[fcbfst,tkb b.j rkjl ityjybc 

tgjmbcfsdbc^ hjvtkvfw ]th rbltd 1948 otkc bobyfcofhvtn.dtkf byajhvfwbbc 

uflfwtvbc itcf'kt,kj,f cfhoveyjj,bc vfqfkb vybidytkj,bs [tkitikt,bc 

yt,bcvbthb ljybcfsdbc^ bv gbhj,bs^ hjv itn.j,byt,bc o.fhjc tynhjgbf yfrkt,b 

bmyt,f rfdibhbc fh[bc ufvnfheyfhbfyj,fpt& vtjwt cfereybc vtjht yf[tdhbc 

rdktdt,vf lfflfcnehf^ hjv hfw eahj vtnfl vbdef[kjdlt,bs r&ityjybc 

 6



obyfcofhvtn.dtkt,bc itcf'kj htfkbpfwbfc^ vbs eahj hsekb ufvjsdkt,bc 

xfnfht,ff ufsdfkbcobyt,ekb vbvqt,-uflfvwtv vjo.j,bkj,t,ib& fvbc yfstkb 

lflfcneht,ff cfntktajyj rfdibhbc ghbywbgt,b cfltyt,bfy lf ecfltyj 

mctkt,ib^ fuhtsdt^ wbahekb mctkt,bc vfhsdbc vhfdfkljybfyb fhmbntmnehf& 

fhct,ekb cfthsj cfhut,kj,bc cfntktajyj mctkt,b fh[t,bc rjvenfwbbs 

lqtbcfsdbc rdkfd hxt,f .dtkfpt ufdhwtkt,ekfl lf itmvybkbf obyf sfj,t,bc 

elbltcb 'fkbc[vtdbc itltufl& vbe[tlfdfl fvbcf^ fqcfybiyfdbf^ hjv ,jkj jh 

ntktnhfabrbc cfthsfijhbcj rjyuhtcpt 2001 lf 2003 otkc^ 'bhbsflb 

.ehflqt,f lftsvj bynthytnbc nhfabrbc ghj,ktvt,c& rth'jl^ 2001 otkc 

rjyuhtcb xfnfhlf ltdbpbs @ntktnhfabrb bynthytnbc mctkbc tgjmfib@ lf 2003 

okbc rjyuhtcbc ltdbpb b.j @vjvcf[eht,bc [fhbc[bc epheydtk.jaf 

fhfthsudfhjdfy ufhtvjib@&  

wbahekb mctkt,bc ntktnhfabrbc vybidytkjdfyb sfdbct,eht,ff 

uflfwtvekb itn.j,byt,bc vhfdfkljybfyb lfveifdt,f^ hbc ufvjw fcts mctkt,ib 

vjvcf[eht,bc [fhbc[b lfvjrblt,ekb [lt,f lfveifdt,bc ljytt,bc hfjltyj,fpt& 

vfufkbsfl^ yt,bcvbthb vjv[vfht,kbc vjvcf[eht,f [lt,f vhfdfkljybfyb 

fhmbntmnehbc itvwdtkb cfnhfycgjhnj ljybs lf vjvcf[eht,bc [fhbc[b 

ufygbhj,t,ekbf cfnhfycgjhnj ljybc vjvcf[eht,bc [fhbc[bs vbc mdtlf 

ljytt,pt^ rth'jl% mctkbc ljytpt^ fh[bc ljytpt^ abpbreh ljytpt& fv 

dbsfht,blfy ufvjvlbyfht^ gfrtnehb rjvenfwbbc ghbywbgbs vjmvtl bynthytnbc 

mctkib vjvcf[eht,bc [fhbc[bc vfqfkb ljybc epheydtk.jaf itcf'kt,tkbf^ se 

.dtkf ljytpt itsfy[vt,ekfl fhbc uflfo.dtnbkb ntktnhfabrbc fvjwfyt,b& 

vfhskfw^ IP ntktajybbcfsdbc^ hjvtkbw vjmvtlt,c mctkbc ljytpt^ lfveifdlf 

ghjnjrjkt,bc ybiyekt,bc rjvenfwbf (MPLS - Multi Protocol Label Switching) mctkbc 

yt,bcvbthb rdfy'bc o.dbkt,c ijhbc dbhnefkehb itvfthst,tkb upt,bc 

lfv.fht,bcfsdbc& tc b'ktdf vfubcnhfkehb mctkbc vfhihenbpfnjht,bc 

ufysfdbceakt,bc itcf'kt,kj,fc .jdtkb gfrtnbc lfveifdt,bc ghjwtcbcfufy^ 

fupfdybc hf gfrtnt,c itcf,fvbcb upt,bs& tc bltf ofhvfnt,bs dbsfhlt,f 

jgnbreh-,jzrjdfy vfubcnhfkeh mctkt,ib& 

sfyfvtlhjdt ntmyjkjubt,b b'ktdf fctekj,bs uflfwtvbc nhfmnbc 

epheydtk.jabc cfiefkt,fc jgnbrehb rf,tkbc ufvzdbhdfkj,bc cfhrvtkib^ 

ufyc[dfdt,ekb ~yfyjvtnhpt yfrkt,bs` nfkqbc cbuh'bc ufc[bdt,bc cfae'dtkpt& 

itcf,fvbcfl^ ghjnjrjkbc ybiyekt,bc rjvenfwbbc bltf ofhvfnt,bs fhbc 

ufvj.tyt,ekb jgnbreh rjvenfnjht,ib ghjnjrjkbc ybiyekt,bc 

ufypjuflt,ekb ghbywbgbc (GMPLS - Generalized  Multi Protocol Label Switching) fy λ-

rjvenfwbbc (MPλS -  Multi Protocol Lambda Switching) cf[tkojlt,bs&  

ntktnhfabrbc stjhbfib sfyfvtlhjdt veknbvtlbehb lfndbhsdbc 

uflfwtvbc ghjwtcbc fyfkbpc cfae'dkfl eltdc rfdibhuf,vekj,bc rkfcbrehb 

cbcntvt,bcfsdbc ufydbsfht,ekb lfndbhsdbc uflfwtvbc itafct,bc vjltkt,b lf 
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vtsjlt,b (Hui J.Y. Resource Allocation for Broadband Networks. IEEE journal on Selected 

Areas in Communications - 1988; Ross K.W. Multiservice Lass Models for Broadband 

Telecommunications Networks. London: Springer, 1995; Лагутин В.С., Степанов С.Н. 

Телетрафик мультисервисных сетей связи, М.: Радио и связь, 2000). 
usfdfpj,s ntktnhfabrbc stjhbbc aeylfvtynehb cfrbs[t,bc vjrkt 

rjycgtmnc^ hfw cneltync vbcwtvc v.fh cf,fpj ufyfskt,fc lf ufvjeveifdt,c 

ntktnhfabrbc stjhbbc vtsjlt,bc ufvj.tyt,bc eyfh-xdtdt,c&   

 

itcfdfkb 

 

 cfntktajyj mctkbc vjo.j,bkj,t,bc ~vjvcf[eht,bcfsdbc cfzbhj 

ghjwtcjht,b^ itvfthst,tkb [fpt,b lf c[df vjo.j,bkj,t,b` cfthsj hfjltyj,f 

ufybcfpqdht,f bv gbhj,bs^ hjv mctkbc .dtkf vjv[vfht,tkc thslhjekfl fh 

tcfzbhjt,f vjvcf[eht,f& ufvj'f[t,t,bc itvjcdkbc itvs[dtdbsb [fcbfsbc ufvj^ 

cfthsj vj[vfht,bc vjo.j,bkj,t,bc ~]ueaehb vjo.j,bkj,t,b` cfzbhj 

hfjltyj,bc pecnb obyfcofhvtn.dtkt,f ite'kt,tkbf& cfdfhfeljl^ mctkb 

itb'kt,f lfghjtmnt,ekb.j vjo.j,bkj,t,bc bctsb hfjltyj,bs^ hjvtkbw 

.jdtksdbc bmyt,jlf cfrvfhbcb yt,bcvbthb ufvj'f[t,t,bc lfe.jdyt,kbd 

vjvcf[eht,bcfsdbc^ ufhlf erblehtcfl bidbfsb itvs[dtdt,bcf^ hjltcfw cfmvt 

udfmdc lfndbhsdbc ufesdfkbcobyt,tk gbrt,sfy& vfuhfv fctsb uflfo.dtnf 

fhftrjyjvbehbf^ dbyfblfy mctkbc cfthsj ~fhfbylbdblefkehb` vj[vfht,bc 

vjo.j,bkj,t,bc vybidytkjdfyb yfobkb ufvje.tyt,tkb bmyt,f yjhvfkehb 

lfndbhsdbc vjvcf[eht,bc gthbjlt,ib& nhfabrbc fyfkbpbc 'bhbsflb vbpfybf 

c[dflfc[df ntdflj,bcf lf rjyabuehfwbbc trjyjvbrehfl tatmnehb mctkt,bc 

fut,bc vtsjlt,bc lflutyf&  

 rfdibhuf,vekj,bc mctkt,ib nhfabrb tojlt,f .dtkf bv vjs[jdyfsf 

thsj,kbj,fc^ hjvkt,bw itvjcekbf vjvcf[eht,bc vbpybs& mctkib ufvj'f[t,t,bc 

itvjcdkf itvs[dtdbsbf lf^ fvfcsfy^ vfsb vjvcf[eht,bc lhjbc [fyuh'kbdj,fw 

itvs[dtdbsb cblbltf& nhfabrbc fyfkbpbc gbhdtkb tnfgb itbcofdkbc 

ufvj'f[t,fsf itvjcdkbc ghjwtcbc lf vjvcf[eht,bc ~lfrfdt,bc` [fyuh'kbj,bc 

fqothfc fk,fsehb vf[fcbfst,kt,bc vtidtj,bs& fvbc itvltu rb mctkbc 

tatmnehj,f itb'kt,f itafcltc% 

1. bv nhfabrbc vjwekj,bs^ hjvtkbw ittcf,fvt,f mctkbc yjhvfkeh fy 

cfiefkjl lfndbhsekj,bc vlujvfhtj,fc*  

2. itvs[dtdt,bc cb[ibhbs^ hjltcfw nhfabrb fqtvfnt,f mctkbc 

ufvnfheyfhbfyj,fc& 
nhfabrbc fyfkbpbc vtsjlt,b itb'kt,f lfb.jc jh 'bhbsfl rfntujhbfl% 

rfhudt,bfyb cbcntvt,bcfsdbc lf vjvkjlbyt cbcntvt,bcfsdbc& rjyrhtnekb 
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cbcntvbc itvs[dtdfib fyfkbpbc itcf,fvbcb vtsjlbc fhxtdf lfvjrblt,ekbf bvfpt^ 

se mctkib hf [th[bs [jhwbtklt,f zfh,b lfndbhsdbc vjvcf[eht,f& rfhudt,bfy 

cbcntvfib zfh, lfndbhsdfc efhbs bcnevht,ty^ t&b& njdt,ty vjvcf[eht,bc 

ufhtit^ [jkj vjvkjlbyt cbcntvt,ib zfh,b lfndbhsdf ityfhxeyt,ekbf^ vbcb 

itcf,fvbcb ufvj'f[t,t,b lut,f hbuib lf vjvcf[eht,fc tkjlt,f vfyfv^ cfyfv fh 

ufysfdbceaklt,f vjvcf[eht,bcfsdbc cfzbhj htcehct,b& xdtekt,hbdb fh[t,bc 

rjvenfwbbc cbcntvf veifj,c hjujhw cbcntvf rfhudt,bs^ dbyfblfy zfh,b 

lfndbhsdf sfdbcsfdfl it,jzbkbf ~,kjrbhlt,f` cfrjvenfwbj vjo.j,bkj,fib 

lf bc f,jytynbc v[hblfy ufyvtjht,bsb ufvj'f[t,bc ufhtit fh bmyt,f 

vjvcf[eht,ekb& lqtdfyltk^ cf,fphj trjyjvbrbc gbhj,t,ib^ lfrfhuekb 

ufvj'f[t,t,b ofhvjt,bcfsdbc ofhvjflutyty itvjcfdkt,bc rfhudbc o.fhjc^ 

dbyfblfy vfsb vjvcf[eht,f fh [jhwbtklt,f ~itthst,bc lfv.fht,fpt efhc 

bqt,c`& 

itn.j,byt,bc fy gfrtnt,bc rjvenfwbbc cbcntvfc f[fcbfst,c vjvkjlbyt 

cbcntvbc 'bhbsflb sdbct,t,b^ vfuhfv^ hbu itvs[dtdt,ib gfrtnt,bc rjvenfwbbc 

ht;bvb itb'kt,f itbwfdltc rfhudt,bfyb cbcntvbc veifj,bc ufhrdtek vjdktyt,c& 

vfhskfw^ hbubc cbuh'bc itpqeldf^ vfs ijhbc^ dbhnefkehb fh[t,bc 

itvs[dtdfibw^ ybiyfdc uflfndbhsdt,bc uflf.dfyfc rfhudt,bc ht;bvib veifj,bc 

ghbywbgt,pt& fh[t,bc rjvenfwbbc cbcntvt,b^ fctdt itbwfdc ufhrdtek 

jgthfwbt,c^ hjvkt,bw vfsb [fcbfsbs ittcf,fvt,bfy vjvkjlbyt cbcntvt,bs 

vjvcf[eht,bc ht;bvc^ hfw fh fhbc lfrfdibht,ekb eiefkjl fh[t,bc 

itcf'kt,kj,t,sfy^ hjvkt,bw .jdtksdbc rfhudt,bc ht;bvib veifj,fc 

epheydtk.jaty& vfufkbsfl^ yjvht,bc rjlehb vbvqt,bc fy vjvcf[eht,bc 

epheydtk.jabc ghjwtcjhbc ufvj.tyt,fc vfhsdbc cbcntvf f[jhwbtkt,c hbuib 

v.jab vjs[jdyt,bc vjvcf[eht,bc ghjwtcbc cf[bs& 

rfhudt,bfyb cbcntvbc veifj,bc [fhbc[bc itafct,bc 'bhbsflb rhbnthbevbf 

efhbc fk,fsj,f ~ufvj'f[t,bc it,jzdbc fk,fsj,f`^ fy^ eahj ufdhwtkt,ekb 

ufvjsmvbs% @,kjrbht,bc fk,fsj,f@& vjvkjlbyt cbcntvt,bc veifj,bc itafct,f 

[lt,f vjvcf[eht,bc lfo.t,fvlt kjlbybc lhjbc [fyuh'kbj,bc vb[tldbs& fm^ hbu 

itvs[dtdt,ib^ itb'kt,f vjdf[lbyjs kjlbybc lhjbc cfiefkj vybidytkj,bc 

itafct,f^ [jkj hbu itvs[dtdt,ib rb^ ufybcfpqdhjc kjlbybcfsdbc lflutybkb 

ufhrdtekb lfcfidt,b lhjbc vybidytkj,fpt uflfzfh,t,f& 
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1& nhfabrbc vf[fcbfst,kt,b 

 

 nhfabrc fmdc itvs[dtdbsb [fcbfsb^ fvbnjv vbcb fyfkbpbcfsdbc 

fewbkt,tkbf fk,fsj,fsf stjhbbcf lf itvs[dtdbsb ghjwtct,bc stjhbbc 

fgfhfnbc ufvj.tyt,f^ vfuhfv rjycgtmnib vjwtvekbf ntktnhfabrbc stjhbbc 

v[jkjl 'bhbsflb itltut,b& xdtyb vbpfybf itdbcofdkjs^ se hjujh eylf 

ufvjdb.tyjs ntktnhfabrbc stjhbbc itltut,b lf fhf fyfkbpehb 

ufvjcf[ekt,t,bc vbqt,bc upt,b fy .dtkf odhbkvfybc itafct,f& vfuhfv 

ntktnhfabrbc fvjwfybc uflfo.dtnbcfsdbc^ itcf,fvbcb vjltkbc itlutybcfc 

stjhbbc cojhfl ufvj.tyt,bc vbpybs^ w[flbf^ pjubthsb 'bhbsflb itltub vtn-

yfrkt,fl lfodhbkt,bs fhbc ufiemt,ekb&  

 ufvj.tyt,bsb vfstvfnbrbc cathjib^ cflfw fvjwfyt,b uflfo.dtnbkbf 

ajhvfkehb vtsjlt,bs^ ,kjrbht,bc fk,fsj,bc fyfkbpbc cfrbs[t,b 

vbtresdyt,f vfcj,hbdb vjvcf[eht,bc stjhbfc^ [jkj kjlbybc lhjbc fyfkbpbc 

cfrbs[t,b - hbut,bc stjhbfc& pjuflfl tc cfrbs[t,b tresdybc yfrflt,bc 

stjhbfc& mctkt,ib fh[t,bc rjvenfwbbs^ itn.j,byt,fsf yfrflb fh fhbc bvltyfl 

vybidytkjdfyb afmnjhb^ hjujhw cfthsj vj[vfht,bc vjo.j,bkj,t,bc lfrfdt,bc 

lhjbc [fyuh'kbdj,f& fh[t,bc rjvenfwbbc mctkt,ib bmvyt,f itvfthst,tkb 

nhfmnb thsb lfvf,jkjt,tkb vjo.j,bkj,blfy vtjhtvlt^ hjvtkbw itbwfdc 

c[dflfc[df vjo.j,bkj,t,c ~itvfthst,tk [fpt,c^ rjvenfwbbc hujkt,c lf c[df`^ 

hjvkt,bw lfrfdt,ekbf rfdibhbc fhct,j,bc vstkb lhjbc ufyvfdkj,fib& mctkbc 

vjmvtlt,bc sdfkcfphbcbs vybidytkjdfybf mctkbc htcehct,bc lfrfdt,bc afmnb 

lf fhf mctkbc wfkrtek e,yt,pt byajhvfwbbc yfrflt,bc fhct,j,f& 

 fvfcsfyfdt^ itn.j,byt,bc rjvenfwbbc lf gfrtnt,bc rjvenfwbbc mctkt,ib 

cfmvt udfmdc eiefkjl byajhvfwbbc htfkeh yfrflt,sfy^ dbyfblfy fv cbcntvt,ib 

nhfabrb gbhlfgbh fhbc lfrfdibht,ekb byajhvfwbbc o.fhjc fmnbdj,fcsfy&  

 nhfabrbc ufyecfpqdhtkb [fcbfsb fhbc jhb 'bhbsflb itvs[dtdbsb 

ghjwtcbc - ufvj'f[t,t,bc itvjcdkbcf lf lfrfdt,fsf [fyuh'kbj,t,bc itltub& 

xdtekt,hbdfl^ eylf xfdsdfkjs^ hjv yt,bcvbthb rjyrhtnekb f,jytynbcfufy 

ufvj'f[t,f itvjlbc chekbfl itvs[dtdbs lhjbc vjvtynib ~ovbylf itvs[dtdbsb 

ghjwtcbf` lf cfpjufljl^ fh fhbc lfvjrblt,ekb c[df f,jytynt,bcfufy 

ufvj'f[t,t,bc itvjcdkbc ghjwtcpt& fvhbufl^ lhjbc yt,bcvbth ufycfpqdhek 

bynthdfkib ufvj'f[t,t,bc itvjcdkbc lhjbc vjvtynt,bc hfjltyj,f itvs[dtdbsb 

cblbltf& evtntc itvs[dtdt,ib lfrfdt,bc [fyuh'kbdj,fw fuhtsdt itvs[dtdbsb 

cblbltf sevwf^ hbu ufvj.tyt,bs fvjwfyt,ib itvs[dtdbsj,bc tc tktvtynb 

itb'kt,f ufvjbhbw[jc lfrfdt,bc [fyuh'kbj,bc velvbdb vybidytkj,bs 

~vfufkbsfl^ abmcbht,ekb cbuh'bc gfrtnt,bc ufyfobkt,bcf lf uflfwtvbc 

itvs[dtdfib`& cfpjufljl rb^ mctkib vbojlt,ekb lfndbhsdf vybidytkjdyfl fhbc 

lfvjrblt,ekb hjujhw ufvj'f[t,t,bc itvjcdkbc byntycbdj,fpt^ fctdt .jdtkb 
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ufvj'f[t,bc lfrfdt,bc [fyuh'kbdj,fpt& 1-tk yf[-pt yfxdtyt,bf lfvf[fcbfst,tkb 

cbnefwbf^ hjltcfw 20 c[dflfc[df o.fhjlfy ufvj'f[t,t,bc itvjcdkbc lhjbc 

vjvtynt,b lf lfrfdt,fsf [fyuh'kbj,t,b itvs[dtdbsb cblbltt,bf& yf[fpb itbwfdc 

wfkrtekb ufvj'f[t,bc o.fhjt,bc fmnbehj,bc fvcf[dtk cehfsc lf ]fvehb 

fmnbj,bc v.bcb vybidytkj,t,c& se ufvj'f[t,t,bc tc 20 o.fhj vbthst,ekbf 

[fpt,bc rjyfcsfy^ vfiby f,jytynt,bc fmnbehj,bc vhelb ufycfpqdhfdc [fpt,bc bv 

hfjltyj,fc^ hjvkt,bw lfrfdt,ekb bmyt,f lhjbc yt,bcvbth vjvtynib& fv 

yf[fpblfy xfyc^ hjv lhjbc ufhrdtek vjvtynib lfrfdt,ekb [fpt,bc vfmcbvfkehb 

hfjltyj,ff 16^ [jkj ufvj.tyt,ekb [fpt,bc cfiefkj hbw[db - 11-pt yfrkt,b& fv 

yf[fpbc ibyffhcblfy ufvjvlbyfht^ itb'kt,f itvfthst,tkb [fpt,b ufydb[bkjs^ 

hjujhw vjvcf[eht [tkcfo.jt,b^ [jkj [fpt,bc vstkb rjyf - hjujhw 

[tkcfo.jsf ]ueab& 

 

 

 
   ]fvehb 
fmnbehj,f  

 

 

 

 

 

 

  f,jytynt,bc  
   wfkrtekb    

  fmnbehj,f 

 

 

l  h  j  b s  

 

yf[&1& f,jytynt,bc vjmvtlt,bc ~fmnbehj,bc` lhjbsb lbfuhfvf^        

hjltcfw fhct,j,c .dtkf ufvj'f[t,bc vjvcf[eht,bc itcf'kt,kj,f 

 

1&1& lfndbhsdbc ufpjvdf 

 mctkbc ufvnfheyfhbfyj,bc itafct,bc ths-thsb pjvff lhjbc ufhrdtek [t1, 

t2` iefktlib vjvcf[eht,ekb lfndbhsdbc vjwekj,f& lfndbhsdbc vjwekj,f 

fhbc fv lhjbc iefktlib fhct,ekb .dtkf lfrfdt,fsf [fyuh'kbj,t,bc ]fvb%  

1 2
1

( , )
=
∑
V

i
i

t tτ
  ^ 
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cflfw iτ  fhbc -i yjvthb [fpbc lfrfdt,bc ]fvehb lhj [t1, t2` iefktlib& 

itcf,fvbcfl^ j(t), vjvcf[eht,ekb lfndbhsdbc cfat[ehjdfyb aeymwbbc byntuhfkb 

[t1, t2` lhjbc iefktlib f[fcbfst,c vjvcf[eht,bc cbcntvbc vbth byajhvfwbbc 

uflfwtvbcfsdbc itchekt,ek veifj,fc% 

2

1

1 2
1

( ) ( , ).
t V

i
it

j t dt t tτ
=

= ∑∫
 

 fvhbufl^ 1-tk yf[-pt lfndbhsdbc vjwekj,f njkbf afhsj,bcf^ hjvtkbw 

vjsfdct,ekbf rjjhlbyfnsf qth't,cf lf j(t) vhelc ijhbc^ rth'jl^ 84 oes-

lfrfdt,f& 

 ghfmnbrfib eahj [tkcf.htkbf lfndbhsdbc byntycbj,bc ~hbu 

kbnthfnehek o.fhjt,ib vfc lfndbhsdbc yfrflcfw eojlt,ty` vybidytkj,bc 

ufvj.tyt,f^ hjvtkbw njkbf lfndbhsdbc vjwekj,bc itafhlt,bcf lhjbc bv 

bynthdfksfy^ hjvkbc ufyvfdkj,fibw bpjvt,jlf lfndbhsdf% 

1 2
1

2 1

( , )
.

V

i
i

t t
A

t t

τ
==

−

∑
 

 fvhbufl^ lfndbhsdbc byntycbdj,f ofhvjflutyc lhjbc ufhrdtek 

iefktlib cbcntvbc fmnbehj,bc cfiefkj vybidytkj,fc − cfiefkj fmnbehj,fc& 

1-kb yf[-bcsdbc A=84 oes-lfrfdt,f % 8 oespt=10^5& fvhbufl^ lfndbhsdbc 

byntycbdj,f ghbywbgekfl eufypjvbkt,j cblbltf lf thstekbc ufvjcf[fnfdfl 

vfc vbybzt,ekb fmdc ufypjvbkt,f @thkfyub@^ lfybtkb vfstvfnbrjcbc fuytc 

rhfhea thkfyubc gfnbdcfwtvfl^ hjvtkbw b.j gbhdtkb vtwybthb ntktnhfabrbc 

stjhbfib& 

 lfndbhsdbc byntycbdj,f itb'kt,f itud[dltc ufvj[fnekb ~xhlbkjts 

fvthbrbc kbnthfnehfib` thstekt,ib - @/tmnjofv - lfrfdt,t,b cffsib@ ~CCS`^ fye 

thsb cffsbc ufyvfdkj,fib fhct,ekb fcofvbfyb lfrfdt,t,bc hbw[db& hflufyfw 

ths cffsib 3 600 ofvbf^ w[flbf%  

1 thk=36 CCS. 

 thsb [tkcfo.jc ~thsb fh[bc` vfmcbvfkehb ufvnfheyfhbfyj,f itb'kt,f 

b.jc 1 thk^ hfw ybiyfdc^ hjv tc [tkcfo.j velvbdfl lfrfdt,ekbf& itcf,fvbcfl^ 

[tkcfo.jsf ]ueabc vfmcbvfkehb ufvnfheyfhbfyj,f njkbf fv ]ueaib itvfdfkb 

[tkcfo.jt,bc hfjltyj,bcf& hflufyfw rfhudt,bfy cbcntvfib^ hjltcfw 

lfndbhsdbc byntycbj,bc vybidytkj,f njkbf vjvcf[eht [tkcfo.jt,bc 

hfjltyj,bcf^ itvjcekb nhfabrb velvbdfl ,kjrbht,ekb bmyt,f^ cfiefkj 

fmnbehj,f fewbkt,kfl vjvcf[eht [tkcfo.jt,bc hbw[dpt yfrkt,b fqvjxylt,f& 

fyfkjubehfl^ vjvkjlbyt cbcntvt,bw veifj,c vfmcbvfkehpt yfrkt,b 

ufvnfheyfhbfyj,bs bvbc ufvj^ hjv hjltcfw cfiefkj lfndbhsdbc vybidytkj,f 
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ef[kjdlt,f vjvcf[the [tkcfo.jt,bc hbw[dc^ kjlbybc lhj vbbcohfadbc 

ecfchekj,bcfrty& 

 lfndbhsdf [fcbfslt,f jhb vybidytkjdfyb gfhfvtnhbs% ufvj'f[t,t,bc 

itvjcdkbc cfiefkj byntycbdj,f λ lf lfrfdt,bc cfiefkj [fyuh'kbdj,f h& se 

lfndbhsdbc byntycbdj,fc ufvjd[fnfds thkfyut,ib^ udtmyt,f% 

A=λh,       (1) 

cflfw λ lf h ofhvjlutybkbf lhjbc thstekbc thscf lf bvfdt vfcinf,ib& 

vfufkbsfl^ ufvj'f[t,t,b/ofvib lf lfrfdt,f ofvb  [fyuh'kbj,bs&  

 fqcfybiyfdbf^ hjv lfndbhsdbc byntycbdj,f ufvj[fnfdc lhjbc ufhrdtek 

gthbjlib htcehcbc ufvj.tyt,bc cfiefkj vybidytkj,fc ~bc ufvj.tyt,bc 

thstekbf` lf fh fcf[fdc hfbvt rfdibhc itvjcekb ufvj'f[t,t,bc hfjltyj,fcf lf 

lfrfdt,t,bc [fyuh'kbj,t,c ijhbc& itcf,fvbcfl^ ufvj'f[t,t,bc lblb hfjltyj,f^ 

vfuhfv lfrfdt,fsf vwbht [fyuh'kbj,t,bs^ mvybc bvfdt lfndbhsdfc^ hfcfw vwbht 

hfjltyj,bc ufvj'f[t,t,b lfrfdt,bc lblb [fyuh'kbj,t,bs& ghfmnbrek 

fvjwfyt,ib^ evtntcfl^ fyfkbpbc itltut,b lfvjrblt,ekbf v[jkjl lfndbhsdbc 

byntycbdj,fpt^ sevwf^ fhbc fvjwfyt,b^ cflfw itltut,c ufycfpqdhfdc 

ufvj'f[t,fsf itvjcdkbc rjyrhtnekb [fcbfsb lf lfrfdt,fsf [fyuh'kbj,t,bc 

ufyfobkt,bc rfyjybc ~aeymwbbc` cf[t&  

 cfthsj cfhut,kj,bc cfntktajyj mctkt,bc lfghjtmnt,fc cfae'dkfl 

eltdc lqt-qfvbc ufyvfdkj,fib^ elbltcb lfndbhsdbc cffsib itvjcekb 

@f,jytynsf cfiefkj fmnbj,bc@ itcf,fvbcb ufvj'f[t,t,bc hfjltyj,f& fvfcsfyfdt^ 

elbltcb lfndbhsdbc cffsib ufpjvbkb lfndbhsdbc cfae'dtkpt cfntktajyj 

mctkt,bc lfghjtmnt,f lf fyfkbpb fhbc ufhlfedfkb rjvghjvbcb cbcntvbc 

cfiefkj ufvj.tyt,bc vybidytkj,bc cfae'dtkpt lfghjtmnt,fcf ~qfvbc cffst,ib 

afmnbehfl yekjdfyb ufvj.tyt,bc xfsdkbs` lf [fyvjrkt gthbjlt,ib 

lfndbhsdbc gbrehb vybidytkj,t,bc ~itvs[dtdbs ofhvjij,bkb` cfae'dtkpt 

lfghjtmnt,fc ijhbc& 

 elbltcb lfndbhsdbc cffsib xfnfht,ekb ufpjvdt,b flfcneht,ty^ hjv 

,bybc bylbdblefkehb ntktajyt,bc ufvj.tyt,f xdtekt,hbdfl itflutyc fv 

cffsbc 5 - 10 )& fvhbufl^ .jdtkb ntktajybc fgfhfnb mvybc 0^05 - 0^10 thk 

lfndbhsdfc& lfrfdt,bc cfiefkj [fyuh'kbdj,ff 3-4 oesb^ t&b& xdtekt,hbdb^ ,bybc 

bylbdblefkehb ntktajybc fgfhfnblfy elbltcb lfndbhsdbc cffsbc 

ufyvfdkj,fib cfiefkjl itvjlbc 1-2 cfntktajyj ufvj'f[t,f& 

 sfdbcb [fcbfsbs lfotct,ekt,bc ntktajyt,blfy itmvybkb lfndbhsdf 

vrdtshfl ufyc[dfdlt,f ,bybc ntktajybc fgfhfnt,blfy itmvybkb 

lfndbhsdbcfufy& thsbc v[hbd^ lfotct,ekt,bc ntktajybc fgfhfnt,b ufwbkt,bs 

byntycbehfl ufvjb.tyt,f^ [jkj vtjhtc v[hbd^ vfsb elbltcb lfndbhsdbc 

cffst,bw ufyc[dfdt,ekbf& vt-2 yf[-pt yfxdtyt,bf .jdtkb cffsbc ufyvfdkj,fib 
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cfntktajyj lfndbhsdbc vybidytkj,t,b lfndbhsdbc jhbdt o.fhjcfsdbc& hbu 

itvs[dtdt,ib itvfthst,tkb [fpt,bc hbw[dbc ufycfpqdhf [lt,f bvbc 

ufsdfkbcobyt,bs^ hjv c[dflfc[df cflueht,blfy ufvj'f[t,t,bc itvjcdkbc 

[fcbfsb ufyc[dfdt,ekbf^ hfw vtsjlbc egbhfntcj,fc ufyfgbhj,t,c& 

cfmfkfmsfijhbcj cflueht,bc itvfthst,tkb [fpt,b ,bybc fgfhfnt,bc e,yt,blfy 

egbhfntcfl lfrfdt,ekbf cfqfvjc cffst,ib^ [jkj cfmvbfyb f,jytynt,bc 

e,yt,blfy rb lbkbc lf lqbc cffst,ib& lfghjtmnt,f lfvjrblt,ekbf fhf vfhnj 

cfthsj lfndbhsdbc vybidytkj,fpt^ fhfvtl mctkbc cfpqdht,ib lfndbhsdbc 

vybidytkj,bc lhjib ufyfobkt,bc [fcbfsptw&  

cff,jytynj [fpt,bc lfrfdt,ekj,blfy ufvjvlbyfht^ cbcntvbc cfthsj 

lfndbhsekj,bc ufycfpqdhf itb'kt,f bvbc ufsdfkbcobyt,bs^ hjv cfrjvenfwbj 

cbcntvfpt vjcekb cfthsj lfndbhsdf njkbf cff,jytynj [fpt,pt vjcekb 

lfndbhsdbc yf[tdhbcf^ dbyfblfy lfndbhsdfc mvybc ufvjv'f[t,tkb f,jytynb^ 

[jkj fv ghjwtcib lfrfdt,ekbf ufvjv'f[t,tkb lf ufvj'f[t,ekbc cff,jytynj 

[fpt,b& 

lfrfdt,bc cfiefkj [fyuh'kbdj,f lf kfgfhfrbc [fyuh'kbdj,f 

ufyc[dfdt,ekb cblbltt,bf lf evtntc itvs[dtdt,ib fvbc euekt,tk.jaf 

lfeidt,tkbf& vfhskfw^ lfrfdt,bc cfiefkj [fyuh'kbdj,f^ se rfdibhb 

lfvsfdhlf kfgfhfrbs^ fhbc cfluehbc vpfl.jaybc cbuyfkbc vjcvtybc lhjbc 

( 3t =v&c o) ^ rfdibhbc lfv.fht,bc lhjbc ~tr=1,5m+2,5 o& ~cflfw m fhbc mctkib 

yevthfwbbc wbaht,bc hfjltyj,f* 1^5 ofvb ittcf,fvt,f lbcrbfyb yjvhbcfvrht- 

abs thsb wbahbc frhtabc cfiefkj [fyuh'kbdj,fc^ [jkj 2^5 ofvb vfhrbjht,bc 

veifj,bc cfiefkj [fyuh'kbdj,ff ]ueaehb 't,ybc jh cfat[ehpt rfdibhbc 

lfv.fht,bcfsdbc`^ ufvj'f[t,bc upfdybkt,bc ( 7 8= −tuu ov) ^ kfgfhfrbc 

( 100 210 )= −T ov  lf lfv.fht,ekb rfdibhbc lfikbc ( 0 1= −tl ov)  lhjbc 

[fyuh'kbj,t,bc cfiefkj vybidytkj,fsf ]fvb%  
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c f l q t q f v b c j     l h j 

yf[& 2& cfntktajyj ufvj'f[t,t,bc cflqtqfvbcj wdkbkt,f%  

     - cfmvbfyb j,btmnt,bc f,jytynt,b*      - ,bybc f,jytynt,b 

 

 

t t t t T t⋅ ⋅= + + + +v c r u u l & 

 tc fhbc thsb lfrfdt,bc cfiefkj [fyuh'kbdj,f^ hjltcfw rfdibhb 

lfcheklt,f f,jytynt,c ijhbc kfgfhfrbs^ [jkj kfgfhfrbc cfiefkj 

[fyuh'kbdj,f vstkb mctkbc fy vbcb e,ybc afhukt,ib ufybcfpqdht,f^ hjujhw Ti 

~itcf,fvbcb rfntujhbbc f,jytynt,bc i i in c p⋅
k  vbth ufy[jhwbtkt,ekb 

[fyuh'kbj,t,b` cblblbc itojybkb vybidytkj,f% 

1

1

=

=

=
∑

∑

k

iii i
i

k

ii i
i

n c p T
T

n c p

k

k

  ^ 

cflfw ni fhbc i rfntujhbbc f,jytynt,bc ~ufvj'f[t,fsf o.fhjt,bc` hbw[db*  

ic  − itcf,fvbcb rfntujhbbc thsb o.fhjlfy ufvj'f[t,t,bc 

cfiefkj hbw[db*  

ip
k  − i rfntujhbbc o.fhjlfy ufy[jhwbtkt,ek ufvj'f[t,t,ib^ 

kfgfhfrbs lfchekt,ekb ufvj'f[t,t,bc obkb*  

k − o.fhjt,bc ~f,jytynt,bc` rfntujhbt,bc hbw[db&  

 ufcek gthbjlib^ cfmfhsdtkjc rfdibhuf,vekj,bc mctkib f,jytynt,b 

lf.jabkb b.j [es rfntujhbfl^ ptvjs xfvjsdkbk gfhfvtnht,ib vrdtshb 

ufyc[dfdt,t,bc ufvj% n1 - ,bybc bylbdblefkehb yjvhbc vmjyt f,jytynb* n2 - ,bybc 
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ito.dbkt,ekb ~@,kjrbc@` yjvhbc vmjyt f,jytynb* n3 - cfmvbfyb ~lfotct,ekt,t,bc` 

ctmnjhbc f,jytynb* n4 - nfmcjajyt,b*  n5 - itvfthst,tkb [fpt,b cflfotct,ekt,j 

cflueht,blfy& w[flbf^ lqtbcfsdbc rfntujhbt,fl lf.jafc c[df htlfmwbf 

tcfzbhjt,f^ hfw lfodhbkt,bs fhbc ufy[bkekb gbhdtkb vfufkbsbc itvltu& 

 vbojlt,ekb ~lfghjtmnt,bcfsdbc uffyufhbit,ekb` lfndbhsdbc 

byntycbdj,f ufybcfpqdht,f itvltub yfvhfdkbs% 

A n c t= ⋅ ⋅  ^ 

hjvtkbw c[dflfc[df rfntujhbbc f,jytynt,bcfsdbc ufybcfpqdht,f wfk-wfkrt lf 

vbqt,ekb itltut,bc vfhnbdb fhbsvtnbrekb ]fvb b'ktdf chekb vbojlt,ekb 

lfndbhsdbc byntycbj,bc vybidytkj,fc& 

 ufpjvdt,bc itltut,bc cfae'dtkpt^ elbltcb lfndbhsdbc cffsbc 

ufyvfdkj,fib^ thsb o.fhjlfy itvjcekb ufvj'f[t,t,bc hbw[db njkbf% ,bybc 

bylbdblefkehb yjvhblfy − 1 0,7 1,0c = − * ito.dbkt,ekblfy − 2 1,0 1,5c = − * 

lfotct,ekt,t,blfy − 3 1,9 3,4c = − * nfmcjajyt,blfy − 4 6 10c = − * itvfthst,tkb 

[fpt,blfy − & 5 6 10c = −

 mctkib itvjcekb ufvj'f[t,f itb'kt,f lfvsfdhltc kfgfhfrbs lf 

cnfnbcnbrehb ufvjrdktdt,bs vbcb obkb − 0,5 0,6P = −
k & vfuhfv kfgfhfrb fh 

itlut,f^ se ufvj'f[t,ekb f,jytynbc [fpb lfrfdt,ekbf − * fy fh 

gfce[j,c − * fy itwljvbs fbrhbaf yjvthb − * fy 

fhct,j,c bctsb ntmybrehb gbhj,t,b^ hjv rfdibhb fh v.fhlt,f − & 

w[flbf ^ dbyfblfy tc itvs[dtdt,b itflutyty vjdktyfsf 

chek ~vskbfy` ]ueac& 

0,2 0,3= −P
lfr&

0,08 0,12= −P
fg&

0,04 0,1= −P
itwl&

0,03 0,05= −P
ntmy&

1+ + + + =P P P P P
k lfr& fg& itwl& ntmy&

 

 fvhbufl^ 

1
⎛ ⎞+ + +

= + =⎜ ⎟⎜ ⎟
⎝ ⎠

t P t P t P t P
A nct P nct P

t P
αlfr& lfr& fg& fg& itwl& itwl& ntmy& ntmy&

k kk k

k k & 

 

fm% α rjtabwbtynb fhfofhvfl lfndbhsdfc fcf[fdc* 

, 0⋅ ⋅ ⋅= + + + = −t t t t t tlfr& v c r lfr cbuy& l lfr cbuy&
cflfw   5 ov*  

, 3⋅= + + + =t t t t t tfg v c r fhg& fhg&l
cflfw   0 ov*  
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18 20= −titwl ov    ~ cnfnbcnbrehb lfrdbhdt,t,bs`*  

10 15= −tntmy ov    ~ cnfnbcnbrehb lfrdbhdt,t,bs`&  
 

 vfufkbsb 1& tmdcybiyf yevthfwbbc mfkfmbc cfntktajyj mctkbc 

lfcfghjtmnt,tkb tktmnhjvtmfybrehb cbcntvbc cfluehbc f,jytynt,b 

lf.jabkbf itvltu rfntujhbt,fl% n1=4000; n2=1000; n3=4000; n4=300; n5=100. 
elbltcb lfndbhsdbc cffsib sbsjtekb rfntujhbbc f,jytynbcfufy itvjcekb 

ufvj'f[t,t,bc cfiefkj hbw[dbf c1=0,7; c2=1,0; c3=3,4; c4=10; c5=10& itcf,fvbcb 

rfntujhbbc f,jytynt,bcfsdbc kfgfhfrbc cfiefkj [fyuh'kbdj,ff% T1=130 ov* 

T2=120 o* T3=100 o* T4=100 o* T5=100 o& c[dflfc[df cf[bc lfrfdt,fsf obkj,hbdb 

vybidytkj,t,b% Pk=0,6; Plfr&=0,2; Pfg&=0,1; Pitwl&=0,05; Pntmy&=0,05. 

 dbfyufhbijs% elbltcb lfndbhsdbc cffsib^ cfluehib itvjvfdfkb 

lfndbhsdbc byntycbdj,f .dtkf rfntujhbbc f,jytynt,bcfufy& 

 fvj[cyf% 

 ufydcfpqdhjs lfrfdt,t,bc cfiefkj [fyuh'kbj,t,b itvs[dtdt,bc 

vb[tldbs% 

3 (1,5 6 2,5) 7 130 0 151,5⋅= + + + = + ⋅ + + + + =t t t t T1k v c r uu 1 ov&  

141,5 121,5 121,5 121,5= = = =t t t t2k 3k 4k 5kov*  ov*  ov*  ov& 
hjltcfw fh fhbc sfdbceafkb ufvjcf'f[t,tkb f,jytynbc [fpb^ lfrfdt,bc 

cfiefkj [fyuh'kbdj,f ufvjv'f[t,kbc v[hblfy bmyt,f%  

3 (1,5 6 2,5) 0 0 14,5⋅ ⋅= + + + = + ⋅ + + + =t t t t tlfr& v c r lfr c& l ov&  
hjltcfw ufvjcf'f[t,tkb f,jytynb fh gfce[j,c% 

3 (1,5 6 2,5) 30 0 44,5⋅= + + + = + ⋅ + + + =t t t t tfg& v c r fhg& l ov&  

    20 15= =t titwl& ntmy&ov*   ov&  
 

.dtkf rfntujhbbc f,jytynt,bcfsdbc lfrfdt,t,bc cfiefkj [fyuh'kbj,t,b 

bmyt,f% 

2 3 4 594 82 82 82

151,5 0,6 14,5 0, 2 44,5 0,1

20 0,05 15 0,05 100 = = = =

= ⋅ + ⋅ + ⋅ + ⋅ + ⋅ = ⋅ + ⋅ + ⋅

+ ⋅ + ⋅ =

t t P t P t P t P t P

t t t t

1 1k lfr& fg& itwl& ntmy&k lfr& fg& itwl& ntmy&

ov*   ov*    ov*    ov*    ov&

+

 
 

lfndbhsdbc byntycbj,bc vybidytkj,t,b itcf,fvbcb rfntujhbbc 

f,jytynt,bcfufy ufybcfpqdht,f itvltuyfbhfl% 

1 11 1

1004000 0,7 77,7
3600

A n c t= ⋅ ⋅ = ⋅ ⋅ = thk*
 

A2=26,1 thk*  A3=309,8 thk*  A4=68,3 thk*  A5=22,7 thk& 
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vfufkbsbc fvj[cybc itltut,b fewbkt,kfl eylf ufdbfphjs& vfhskfw^ 4 

000 ,bybc f,jytynb mvybc 77^7 thk lfndbhsdfc^ [jkj 4 000 cfmvbfyb ctmnjhbc 

f,jytynb rb 309^8 thk-c& 300 nfmcjajyb sbsmvbc bvfdt lfndbhsdfc mvybc^ hfcfw 

4 000 ,bybc f,jytynb^ [jkj 100 itvfthst,tkb [fpb cflfotct,ekt,j cfluehblfy 

njkafcbf 1000 ito.dbkt,ekb yjvhbc f,jytynbcf& ufhlf fvbcf^ ufcffpht,tkbf^ 

hfc vjbs[jdc lfndbhsdbc byntycbj,bc sbsjtekb vybidytkj,f% hfc ybiyfdc 

vbojlt,ekb lfndbhsdf 309^8 thk fy 77^7 thk& se gfce[bc ufwtvf zbhc^ 

lfrdbhdt,bs eylf ufbhxtc rjycgtmnib @cfntktajyj lfndbhsdbc ufpjvdbc@ 

cfrbs[b& 

ufy[bkekb vfufkbsb b'ktdf nhfabrbc 'bhbsflb gfhfvtnht,bc abpbreh 

fhcib xfodljvbc cfiefkt,fc lf vfhnbdb sdfkcfxbyjt,ff& htfkehfl rb^ 

sfyfvtlhjdt mctkt,bc byahfcnhemnehf ufydbsfht,ekbf lf bub fhbc 

vfubcnhfkehb mctkbc^ cfbyajhvfwbj yfrflt,bc rjvenfwbbc cbcntvt,bc^ 

vbthst,bc mctkbc ~@,jkj vbkb@ fye vjv[vfht,kbc vbthst,bc vfy'bkb` lf 

vjv[vfht,kbc lfvf,jkjt,tkb vjo.j,bkj,t,bc thsj,kbj,f&  

vfubcnhfkehb mctkb fhbc cfae'dtkb lf bvbc itcf,fvbcfl^ se hjujh fhbc 

lfghjtmnt,ekb^ ufybcfpqdht,f byajrjveybrfwbehb ~fye sfyfvtlhjdt` mctkbc 

ufydbsfht,f lf vjvcf[eht,fsf cf[tj,t,bc epheydtk.jaf& fm cfmvt udfmdc .dtkf 

cf[bc cfbyajhvfwbj yfrflt,bc ufthsbfyt,fcsfy^ hfw ghj,ktveh fvjwfyt,c 

ofvjzhbc vfubcnhfkehb mctkbc obyfit& vfs ijhbc evybidytkjdfytcbf mctkbc 

itcf'kt,kj,t,bc vfcinf,bc wdkbkt,bc ufsdfkbcobyt,f ~vfcinf,bht,f`^ dbyfblfy 

f,jytynt,bc lf vfs vbth ufvj.tyt,ekb cfbyajhvfwbj yfrflt,bc hfjltyj,f 

bphlt,f sfylfsfy^ fvfcsfy^ ufcfjwfh cblbltt,fvlt&  

ptvjs ufy[bkekb fvjwfybcfufy ufyc[dfdt,bs ~ovbylfl cfntktajyj 

mctkb` dyf[js fvjwfybc lfcvbc sfdbct,eht,f byntuhfkeh mctkib^ hjvtkcfw 

vfcinf,bht,bc cfae'dtkpt ufydfdbsfht,s byajrjveybrfwbeh mctkfvlt^ hbcb 

eyfh-xdtdt,bw erdt itdb'byts^ hjltcfw nhfabrbc gfhfvtnht,b lfodhbkt,bs 

ufydb[bkts gbhdtkb vfufkbsbc fvj[cybc lhjc&  

ufydb[bkjs mfkfmb 500 fsfcb vw[jdht,bs& vfubcnhfkehb mctkbc 

fewbkt,tkb ntdflj,f ufvjbsdkt,f sfyfvtlhjdt cfpjufljt,bcfsdbc 

lfvf[fcbfst,tkb itvltub nbgehb cblbltt,blfy ufvjvlbyfht% 

− ntktajybc fgfhfnt,bc cbvrdhbdt itflutyc vw[jdht,sf 40)-c* 

− 56 r,bn/ov cbxmfhbs vjveifdt bynthytnbc vjv[vfht,kt,b − 4)* 

− jhufybpfwbt,bc hfjltyj,f^ hjvkt,bw b.tyt,c cfiefkjl 128 r,bn/ov 

cbxmfhtc − 5) ~rjhgjhfnbekb mctkt,b`* 

− cfntktajyj nhfabrbc lfndbhsdf − 0^15 thkfyub* 
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− bynthytnbc nhfabrb − 0^4 thkfyub* 

− nhfabrb lfotct,ekt,t,blfy ~rjhgjhfnbekb nhfabrb` − 0^5 thkfyub& 

fv vjyfwtvt,bc cfae'dtkpt dcfpqdhfds vjwtvekb mfkfmbc 

vjvcf[eht,bcfsdbc vfubcnhfkehb mctkbc cfzbhj ufvnfheyfhbfyj,fc% 

[(500/2)⋅ 0,15⋅ 40%⋅ 64+500⋅ 0,4⋅ 4%⋅ 56+500⋅ 0,5⋅ 5%⋅ 128]⋅ 103= 

=0,96 u,bn/ov+0,45 u,bn/ov+1,6 u,bn/ov≈3 u,bn/ov 

 

fvbc cfae'dtkpt bhxtdty STM-16 ljybc SDH mctkc& vfuhfv^ se 

ufdbsdfkbcobyt,s fctsb mctkbc ufvj.tyt,bc gbhj,t,ib vjv[vfht,kt,bc 

byajrjveybrfwbehb sdbsituyt,bc fvfqkt,fc^ vjcfkjlytkbf^ hjv .jdtkb 

vjv[vfht,tkb ufvjb.tyt,c 384 byajhvfwbek yfrflc ~b[& @Вестник связи" №3, 2003, 
ud& 53`^ [jkj sfyfvtlhjdt ntmyjkjubt,b epheydtk.jac .jdtk vjv[vfht,tkc 

10-45 vu,bn/ov xfvjvfdfkb nhfabrbs lf 256 r,bn/ov − fqvfdfkbs ~b[& @Вестник 

связи" №7, 2003, ud& 42`^ itcf,fvbcfl^ thsb mctkbc afhukt,ib byajhvfwbekb 

yfrflt,bc ufthsbfyt,f vjbs[jdc vfubcnhfkehb mctkbc vfcinf,bht,fc 3 u,bn-

lfy 4^5 n,bn-vlt^ fye 1500-]th eylf ufbpfhljc ufvnfheyfhbfyj,f ~1500-]th 

bphlt,f vfcinf,b`& 

rfdibhuf,vekj,bc mctkt,ib lfndbhsdt,bc itcofdkbc lhjc fewbkt,tkbf 

vbojlt,ekb lf vjvcf[eht,ekb lfndbhsdt,bc ufyc[dfdt,f& vbojlt,ekb 

lfndbhsdf fhbc cfthsj lfndbhsdf^ hjvtkcfw mctkb vjtvcf[eht,jlf v[jkjl 

vfiby^ se mctkc tmyt,jlf .dtkf itvjcekb ufvj'f[t,bc vjvcf[eht,bc eyfhb 

ufvj'f[t,bc itvjcdkbcsfyfdt& dbyfblfy trjyjvbrehb afmnjht,bc 

ufsdfkbcobyt,bs^ mctkbc ghjtmnb fh bsdfkbcobyt,c vfmcbvfkehb cfntktajyj 

lfndbhsdbc lfe.jdyt,kbd vjvcf[eht,fc^ vbojlt,ekb lfndbhsdbc vwbht 

ghjwtynb lfb,kjrt,f fy .jdylt,f& se lf,kjrbk ufvj'f[t,t,c mctkb fqfh 

tvcf[eht,f^ vfiby vjvcf[eht,bc ~veifj,bc` fcts ht;bvc tojlt,f ht;bvb w[flb 

rfhudt,bs& cbyfvldbktib buekbc[vt,f^ hjv lf,kjrbkb ufvj'f[t,t,b mht,bfy lf 

vjvcf[eht,bcfsdbc fqfh ,heylt,bfy& tc lfidt,f pecnfl ittcf,fvt,f bctsb 

itvfthst,tkb [fpt,bc veifj,bc ht;bvc^ hjvkt,cfw fmds itvjdkbsb upt,b^ 

cflfw lf,kjrbk ufvj'f[t,t,c vjtvcf[eht,f c[df itvfthst,tkb ~itvjdkbsb 

vbvfhsekt,bc` [fpt,b lf bcbyb cbcntvfib vfhskfw fqfh ,heylt,bfy& 

rfhudt,bc ht;bvib vjmvtl mctkib vjvcf[eht,ekb lfndbhsdf .jdtksdbc 

yfrkt,bf vbojlt,ek lfndbhsdfpt& vtjhtc v[hbd^ rb kjlbybc ht;bvbc mctkb 

~cbcntvf` lf,kjrbk ufvj'f[t,t,c fh rfhufdc ~fh eupfdybc lfrfdt,bc cbuyfkc`^ 

fhfvtl byfhxeyt,c vfyfv^ cfyfv fh ufsfdbceaklt,f rfdibhbc lfv.fht,bcfsdbc 

cfzbhj htcehct,b& bvbc ufsdfkbcobyt,bs^ hjv [fyuh'kbdb lhjbc itcf,fvbcb 

vbojlt,ekb lfndbhsdbc vybidytkj,f yfrkt,bf mctkbc ufvnfheyfhbfyj,bc 
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vybidytkj,fpt^ eylf lfdfcrdyfs^ hjv kjlbybc ht;bvbc mctkb vjtvcf[eht,f 

vskbfy vbojlt,ek lfndbhsdfc chekfl& vfuhfv^ hflufyfw ufvj'f[t,t,bc 

hbw[db^ hjvkt,bw tkjlt,f vjvcf[eht,bc lfo.t,fc^ ghfmnbrekfl cfchekbf^ t&b& 

ufhrdtekfl itpqelek hfjltyj,fptf ufsdkbkb^ kjlbybc ht;bvbc cbcntvf 

b'tyc w[flb rfhudt,bc ht;bvbc cbcntvbc sdbct,t,c& vfufkbsfl^ se hbub^ 

hjvtkibw lufc lf vjvcf[eht,fc tkjlt,f lf,kjrbkb ufvj'f[t,t,b^ cfchekb 

cbuh'bcff^ w[flbf^ bc ufvj'f[t,t,b^ hjvkt,bw itvjdkty hbubc uflfdct,bc 

itvltu^ lfbrfhut,f&  

 

1&2& ufvj'f[t,t,bc itvjcdkbc lhjbc vjvtynt,bc ufyfobkt,f 

 

 .dtkfpt vybidytkjdfyb lfidt,f^ hjvtkbw vbqt,ekbf ntktnhfabrbc 

rkfcbreh stjhbfib^ vlujvfhtj,c bvfib^ hjv ufvj'f[t,t,bc itvjcdkf 

vbvlbyfhtj,c thsvfytsbcfufy lfvjerblt,kfl& t&b&^ ufvj'f[t,bc itvjcdkf 

hjvtkbvt thsb o.fhjlfy ~ntktajybc [fpblfy` fh fhbc ufvjodtekb c[df 

yt,bcvbthb o.fhjlfy ufvj'f[t,bc itvjcdkbs& vfibyfw^ rb hjltcfw tc lfidt,f 

cftzdjf hjvtkbvt rth'j itvs[dtdbcfsdbc^ vskbfyb cbcntvbcfsdbc cfvfhskbfybf 

lf fyfkbpbcsdbc cfcfhut,kjf& vfiby^ hjltcfw yfvldbkfl fhct,j,c o.fhjsf 

ufhrdtekb ]ueablfy ufvj'f[t,t,bc itvjcdkbc lhjbc vjvtynt,c ijhbc 

rjhtkfwbf^ ufvj'f[t,t,bc itvjcdkbc itvs[dtdbsb [fcbfsbc vjlbabwbht,bc 

cfae'dtkpt vfbyw itb'kt,f [tkcf.htkb itltut,bc vbqt,f& fvhbufl^ bvbc 

lfidt,f^ hjv ufvj'f[t,t,bc itvjcdkfc fmdc itvs[dtdbsb [fcbfsb ~ufvj'f[t,t,bc 

yfrflb fhbc itvs[dtdbsb [fcbfsbc`^ udf'ktdc ghjwtcbc vfstvfnbrehfl fqothbc 

cfiefkt,fc^ hjvtkbw itb'kt,f bct bmyfc rjhtmnbht,ekb^ hjv vbdfqotds hbub 

fvje[cytkb fvjwfyt,bc vbf[kjt,bs uflfo.dtnfc& 

sfyfvbvltdhek ufvj'f[t,t,c ijhbc lhjbc iefktlt,bc 

tmcgjytywbfkehb ufyfobkt,f ~vfstvfnbrehb cbvrfwhbs^ efh.jabsb 

tmcgjytywbfkehb ufyfobkt,f`& thsvfytsbcfufy lfvjerblt,tkb ufvj'f[t,t,bc 

o.fhjt,bc lblb ]ueablfy ~f,jytynt,bc [fpt,blfy` ufvj'f[t,t,bc itvjcdkbc 

byntycbj,bc cfiefkj vybidytkj,f ~cfiefkj byntycbdj,f − cfpjvb thstekbf% 

@ufvj'f[t,t,b cffsib@` fqdybiyjs λ& itdsfy[vlts itvltu lfidt,t,pt%  

1. yt,bcvbth^ vwbht [fyuh'kbj,bc bynthdfkib itb'kt,f itvjdbltc 

v[jkjl thsb ufvj'f[t,f ~jhlbyfhekb yfrflb`* 

2. ufvj'f[t,bc itvjcdkbc fk,fsj,f yt,bcvbth^ vwbht [fyuh'kbj,bc 

bynthdfkib gbhlfgbhghjgjhwbekbf fv bynthdfkbc [fyuh'kbj,bcf^ t&b& 

ufvj'f[t,bc itvjcdkbc fk,fsj,ff λ⋅ ∆t^ cflfw ∆t fhbc bynthdfkbc 

[fyuh'kbdj,f ~cnfwbjyfhekb yfrflb`* 
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3. yt,bcvbthb lhjbc bynthdfkib ufvj'f[t,bc itvjcdkbc fk,fsj,f fh 

fhbc lfvjrblt,ekb bv vjdktyt,pt^ hfw vj[lf lhjbc obyf bynthdfkt,ib 

~eeremvtlt,j yfrflb^ fye yfrflb eremvtlt,bc ufhtit`& 

sfyfvbvltdhek ufvj'f[t,t,c ijhbc lhjbc iefktlt,bc ufyfobkt,fc 

itvltub cf[t fmdc% 

                                                       0 ( ) tP t e λλ −=  .                                                       (2) 

~2` ufynjkt,f ufycfpqdhfdc bvbc fk,fsj,fc^ hjv yt,bcvbth^ itvs[dtdbs 

ithxtek t lhjbc bynthdfkib fh itvjdf fhw thsb ufvj'f[t,f& tc ittcf,fvt,f 

fuhtsdt bvbc fk,fsj,fc^ hjv thsb ufvj'f[t,bc itvjcdkbc vjvtynblfy itvltub 

ufvj'f[t,bc itvjcdkbc vjvtynfvlt uflbc t ofvb& 

vfufkbsb 2& dbdfhfeljs^ hjv 10 000 f,jytynbc .jdtkb [fpblfy itvjlbc 

sbsj ufvj'f[t,f cffsib& ufydcfpqdhjs^ hfvltyfl [ibhbf jhb bctsb ufvj'f[t,bc 

itvjcdkbc itvs[dtdt,b^ hjltcfw vfs ijhbc bynthdfkb 0^01 ofvpt yfrkt,bf& 

fvj[cyf& ufvj'f[t,t,bc itvjcdkbc cfiefkj byntycbdj,ff% 

λ=10 000•1/3600=2,78  ufvj'f[t,f ofvib& 

~2` ufynjkt,bc cfae'dtkpt ufydcfpqdhjs^ se hfc elhbc bvbc fk,fsj,f^ 

hjv 0^01 ofvbfyb bynthdfkbc ufyvfdkj,fib fh itvjdf fhw thsb ufvj'f[t,f% 

0,0278
0 (0,0278) 0,973.P e−= =  

fvhbufl^ obyf ufvj'f[t,bc itvjcdkblfy 0^01 ofvbc ufyvfdkj,fib itvjlbc 

ufvj'f[t,bc 2^7)& hflufyfw ufvj'f[t,t,bc itvjcdkbc byntycbdj,f fhbc 2^78 

ufvj'f[t,f ofvib^ bctsb iefktlt,bc ufvjxtybc byntycbdj,f^ hjvtksf 

[fyuh'kbj,t,b 0^01 ofvpt yfrkt,bf^ bmyt,f% 

2,78•0,027=0,075-]th ofvib& 

efh.jabsb tmcgjytywbfkehb ufyfobkt,bc rfyjybc cfvfhskb-fyj,bcfsdbc 

fewbkt,tkbf ptvjfqybiyekb lfidt,t,bc fhct,j,f& cfvb lfidt,blfy gbhdtkb 

jhb% yfrflbc jhlbyfhekj,f lf cnfwbjyfhekj,f ghfmnbrekfl^ evtntc 

ufvj.tyt,bs fvjwfyt,ib cheklt,f^ vfuhfv vtcfvt lfidt,f^ rth'jl^ 

eeremvtlt,j,f lfrfdibht,ekbf ufhrdtek ghj,ktvt,sfy^ vfufkbsfl^ hjltcfw 

s,bkbcib f[fkb okbc vbcfkjwfl sbsmvbc .dtkf thslhjekfl ehtrfdc 

thsvfytsc^ fy hjltcfw tythutnbrek uflfvwtv [fpt,pt lfpbfyt,bc ufvj o.lt,f 

cfntktdbpbj uflfwtvf^ cfpjufljt,f ntktajybcsdbc bwkbc lf cfntktajyj 

mctkib bubdt vlujvfhtj,f bmvyt,f& fcts dbsfht,t,ib efh.jabsb 

tmcgjytywbfkehb ufyfobkt,bc rfyjyb fqfh bmyt,f cfvfhskbfyb^ dbyfblfy 

ufvj'f[t,t,bc yfrflb fqfh fhbc ehsbthslfvjerblt,tkb ghjwtcb&  

ufvj'f[t,t,bc itvjcdkbc ehsbthslfvjerblt,tkb ghjwtcbc eahj 

lfodhbkt,bs ufy[bkdf vjbs[jdc ufvj'f[t,t,bc o.fhjt,bc hbw[dbc 
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ufsdfkbcobyt,fc lf fhf vfs vbth ufvj'f[t,t,bc ufupfdybc [fcbfsc& se 

ufvj'f[t,bc itvjcdkbc fk,fsj,f lhjbc yt,bcvbth vwbht vjyfrdtsib^ fh fhbc 

lfvjrblt,ekb c[df ufvj'f[t,t,bc itvjcdkfpt^ tc ybiydc^ hjv fhct,ekb 

o.fhjt,bc hbw[db velvbdbf& se ufvj'f[t,t,bc hfqfw hfjltyj,f itvjlbc 

eiefkjl ufycf[bkdtkb lhjbc bynthdfkbc oby^ vfiby eylf dbabmhjs^ hjv 

itcf,fvbcb ufvj'f[t,t,bc o.fhjt,b lhjbc ufycf[bkdtk bynthdfkib ufvj'f[t,t,c 

dtqfh ufvjupfdybfy^ dbyfblfy erdt lfrfdt,ekyb fhbfy lf f[fk vjs[jdyt,c dtqfh 

mvybfy& lfrfdt,ekb o.fhjt,bc ufdktyf dkbylt,f bv afmnbs^ hjv vwbhlt,f 

ufvj'f[t,t,bc itvjcdkbc cfiefkj byntycbdj,f& fvhbufl^ vbvltdhj,bs 

ufvj'f[t,t,c ijhbc lhjbc bynthdfkt,b .jdtksdbc hfvltyflvt eahj vtnbf^ 

dblht fvfc cfpqdhfdc ~2` ajhvekf& v[jkjl thsflths itvs[dtdfib^ hjltcfw 

fhct,j,c o.fhjt,bc ecfchekjl lblb hbw[db^ ufvj'f[t,t,bc itvjcdkbc 

byntycbdj,f^ vfhskfw^ lfvjrblt,ekbf v[jkjl o.fhjc fmnbehj,fpt& 

 se ufvj'f[t,fsf o.fhjt,bc hbw[db lblbf lf vfsb cfiefkj fmnbehj,f 

itlfht,bs vwbhtf^ vfiby lfrfdt,ekb o.fhjt,bc fhct,j,f ufvj'f[t,t,bc 

itvjcdkbc byntycbdj,fc itcfvxytdfl dth itfvwbht,c& ufydb[bkjs^ vfufkbsfl^ 

lfvf,jkjt,tkb cfntktajyj cfluehb^ hjvtkbw tvcf[eht,f 10 000 f,jytync^ 

cflfw .jdtkb f,jytynb mvybc 0^1 thk lfndbhsdfc& fv itvs[dtdfib fhct,j,c 1000 

fmnbehb cff,jytynj [fpb ~t&b&^ elbltcb lfndbhsdbc gthbjlbc yt,bcvbth 

vjvtynib 1000 f,jytynb lfrfdt,ekbf`^ [jkj lfyfhxty 9000 f,jytync ite'kbf 

ufupfdyjc f[fkb ufvj'f[t,f& se fmnbehb f,jytynt,bc hbw[db bphlt,f 50)-bs 

~hfw yfrkt,fl vjcfkjlytkbf` lf [lt,f 1 500^ sfdbceafkb f,jytynt,bc hbw[db 

vwbhlt,f 8 500-vlt^ t&b& wdkbkt,f itflutyc v[jkjl 5^6)& fvhbufl^ 

ufvj'f[t,t,bc itvjcdkbc byntycbdj,f hxt,f itlfht,bs velvbd ljytpt 

o.fhjt,bc fmnbehj,bc lbl lbfgfpjyib& .jdtksdbc^ hjltcfw ufvj'f[t,t,bc 

itvjcdkbc byntycbdj,f velvbdb cblbltf o.fhjt,bc fmnbehj,bc .dtkf itcf'kj 

itvs[dtdt,bcfsdbc dfhfelb^ hjv o.fhjt,bc hfjltyj,f ecfchekjl lblbf^ 

cfvfhskbfybf&  

ufvj'f[t,t,bc itvjcdkbc vjvtynt,bc gefcjybc ufyfobkt,f& ~2` ajhvekf 

udf'ktdc jh sfyvbvltdhek ufvj'f[t,fc ijhbc lhjbc iefktlt,bc ufyfobkt,bc 

ufycfpqdhbc cfiefkt,fc& sfdbcsfdfl tc ufvjcf[ekt,f fh b'ktdf eahj 

cfcehdtkb itltubc vbqt,bc itcf[t, byajhvfwbfc& rth'jl^ se hfvltyb 

ufvj'f[t,f itvjdf yt,bcvbth^ itvs[dtdbsfl ithxtek lhjbc bynthdfkib& vfuhfv^ 

ptvjfqybiyekb lfidt,bc gbhj,t,ib^ hjltcfw ufvj'f[t,fsf yfrflb fhbc 

jhlbyfhekb^ cnfwbjyfhekb lf eeremvtlt,j^ itcf'kt,tkbf t bynthdfkib i 
ufvj'f[t,t,bc itvjcdkbc fk,fsj,bc ufycfpqdhf% 

( )( )
!

i
t

i
tP t e

i
λλ −=

&                                                 (3) 
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~3` ufynjkt,f fhbc gefcjybc ufyfobkt,bc rfyjyb& se fm i=0^ vfiby bvbc 

fk,fsj,f^ hjv t bynthdfkib fh itvjdf fhw thsb ufvj'f[t,f^ njkbf Po(t)-cb, 
hjvtkbw ittcf,fvt,f ~2` ufynjkt,fc& ~3` ufynjkt,f cfvfhskbfybf bv 

itvs[dtdfib^ se ufvj'f[t,t,b ehsbthslfvjerblt,tkbf lf itvjlbc     cfiefkj 

byntycbj,bs^ hjvtkbw fhfdbsfh lfvjrblt,ekt,fib fh fhbc eiefkjl 

ufycf[bkdtkb bynthdfkbc oby itvjcek ufvj'f[t,t,sfy& fvhbufl^ fk,fsj,fsf 

ufyfobkt,bc gefcjybc rfyjyb itb'kt,f ufvjdb.tyjs v[jkjl ecfchekj 

hfjltyj,bc lfvjerblt,tkb o.fhjt,blfy itmvybkb ufvj'f[t,t,bc 

yfrflt,bcfsdbc&  

~3` ufynjkt,f ufycfpqdhfdc pecnfl i hfjltyj,bc ufvj'f[t,t,bc 

itvjcdkbc fk,fsj,fc t lhjib& ghfmnbrek cfmvbfyj,fib cfbynthtcjf fhfyfrkt, i 

ufvj'f[t,t,bc ~i lf vtnb ufvj'f[t,t,bc` itvjcdkbc fk,fsj,bc ufycfpqdhf% 

1

1
0

( ) ( ) 1 ( ) 1 ( )
i

k i k k k i
k i k

P t P t P t P t
∞ −

≥ ≤
= =

= = − = −∑ ∑ −

+

  ^                              (4) 

cflfw Pk (t) ufybcfpqdht,f ~3` ufynjkt,bs& 

fctdt itb'kt,f dbgjdjs t bynthdfkib fhfevtntc i ufvj'f[t,t,bc 

itvjcdkbc fk,fsj,f% 

1 1( ) 1 ( ); ( ) ( ) ( ).k i k i i k i k iP t P t P t P t P t≤ ≥ + ≥ ≥= − = −  
vfufkbsb 3& itn.j,byt,fsf rjvenfwbbc rdfy'bcfsdbc^ cflfw^ 

xdtekt,hbdfl^ oesib itvjlbc js[b ufvj'f[t,f^ ufydcfpqdhjs se hfc elhbc 

bvbc fk,fsj,f^ hjv yt,bcvbth^ itvs[dtdbs t=30 ofvbfy lhjbc bynthdfkib itvjdf 

8 lf vtnb ufvj'f[t,f& 

fvj[cyf& ufvj'f[t,t,bc cfiefkj hbw[db^ hjvkt,bw itvjlbc 30 ofvbc 

ufyvfdkj,fib fhbc% 

4(30 / 60) 2.tλ = =  
bvbc fk,fsj,f^ hjv itvjdf 8 lf vtnb ufvj'f[t,f^ hjltcfw ufvj'f[t,fsf 

cfiefkj hbw[dbf 2^ bmyt,f% 

1 2 77
2

8
8 0

2 2 2( ) ( ) 1 ( ) 1 1 0,0011
1! 2! 7!k k k

k k

P t P t P t e
∞

−
≥

= =

⎛ ⎞
= = − = − + + +⋅⋅⋅+ =⎜ ⎟

⎝ ⎠
∑ ∑

& 

vfufkbsb 4& ufydcfpqdhjs^ se hbcb njkbf bvbc fk,fsj,f^ hjv vjyfwtvsf 

1 000 ,bnbfyb ,kjrbc [fpib uflfwtvbc lhjc^ cflfw itwljvfsf fk,fsj,f 

,bnt,bc vb[tldbs fhbc 10-5^ ufxylt,f pecnfl 4 itwljvf& 

fvj[cyf& eylf xfdsdfkjs^ hjv itwljvt,bc ofhvjmvyf 

ehsbthslfvjerblt,tkbf ~hfw cfpjufljl fh fhbc cojhb lfidt,f`^ vfiby js[b 

itwljvbc fk,fsj,bc ufycfpqdhf itb'kt,f gefcjybc ufyfobkt,bc ajhvekbs& 
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itwljvfsf cfiefkj hbw[dbf λt=103⋅10-5=0,01. fvhbufl^ js[b itwljvbc fk,fsj,f 

bmyt,f% 

4
0,01 10

4
(0,01)(0,01) 4,125 10 .

4!
P e− −= = ⋅

 
fvjwfybc fvj[cyf itb'kt,f fuhtsdt fk,fsj,fsf ufyfobkt,bc ,byjvehb 

rfyjybc ufvj.tyt,bs ~,thyekbc ufyfobkt,f`% 

(1 ) .k k N k
k NP C P P −= −  

Pk fhbc bvbc fk,fsj,f^ hjv N lfvjerblt,tkb o.fhjlfy k bmyt,f 

lfrfdt,ekb^ hjltcfw P fhbc lfrfdt,ekj,bc fk,fsj,f& xdtyc fvjwfyfib rb  N 

hfjltyj,bc ,bnblfy hjv k hfjltyj,f uflfbwtvf itwljvbs^ hjltcfw itwljvbc 

fk,fsj,f ,bnt,bc vb[tldbs  P=10-5^ udtmyt,f% 

1000
4 4 996 10

4 (1 ) 4,101 10P C P P −= − = ⋅ & 

,thyekbc ufyfobkt,fib   

!
!( )!

k
N

NC
k N k

=
−  fhbc ,byjvehb rjtabwbtynb& 

hjujhw d[tlfds^ vt-4 vfufkbsbc jhbdt fvjyf[cyb sbsmvbc thsyfbhbf& 

jhbdt itltubc fctsb lfvs[tdf bvbs fhbc ufygbhj,t,ekb^ hjv fk,fsj,fsf 

gefcjybc ufyfobkt,f afmnbehfl fhbc ,byjvehb ufyfobkt,bc pqdhekb 

vybidytkj,f^ hjltcfw  & N →∞

dbyfblfy ufvjsdkt,bc sdfkcfphbcbs gefcjybc ufyfobkt,f vj[th[t,ekbf^ 

vfc eahj [ibhfl b.tyt,ty hjujhw ,byjvehb ufyfobkt,bc vbf[kjt,fc 

~fghjmcbvfwbfc`&  

 

1&3& lfrfdt,fsf [fyuh'kbdj,t,bc ufyfobkt,f 

 

 bvbcfsdbc^ hjv ufydcfpqdhjs ,kjrbht,bc fk,fsj,f rfhudt,bfy cbcntvfib 

fy kjlbybc fk,fsj,f kjlbybc ht;bvbfy cbcntvfib^ hbu itvs[dtdt,ib cfrvfhbcbf 

dbwjlts lfrfdt,bc [fyuh'kbj,bc cfiefkj vybidytkj,f& cfzbhj itltut,bc 

vbcfqt,fl fewbkt,tkbf lfrfdt,fsf [fyuh'kbj,t,bc ufyfobkt,bc rfyjybc wjlyf& 

fvbnjv xdty ufydb[bkfds lfrfdt,fsf [fyuh'kbj,t,bc ufyfobkt,bc jh .dtkfpt 

ufdhwtkt,ek cf[tc% lfrfdt,f velvbdb [fyuh'kbj,bs lf lfrfdt,f 

tmcgjytywbfkehb rfyjybs ufyfobkt,ekb [fyuh'kbj,bs&  

 ufydb[bkjs lfrfdt,f velvbdb [fyuh'kbj,bs& lfrfdt,bc velvbdb 

[fyuh'kbdj,f vbeqt,tkbf xdtekt,hbdb cfntktajyj mctkt,bcfsdbc^ vfuhfv 

ufvj'f[t,bc cbuyfkt,bc lfveifdt,bc^ itthst,t,bc lfv.fht,bc^ cbuyfkbpfwbbc 

epheydtk.jabc yfobkib .dtkfathb [fcbfslt,f velvbdb [fyuh'kbj,t,bs& 
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fvfcsfyfdt^ velvbdb [fyuh'kbj,bs lfrfdt,f chekbfl cfvfhskbfybf gfrtnt,bc 

rjvenfwbbc mctkt,ib abmcbht,ekb cbuh'bc gfrtnt,bs&  

 se vfhskfw fhct,j,c itn.j,byt,t,b velvbdb [fyuh'kbj,bc lfrfdt,t,bs^ 

vfiby fmnbehb fh[t,bc hfjltyj,fsf fk,fsj,t,bc ufyfobkt,bc ufycpqdhf 

itb'kt,f ~3` ajhvekbc ufvj.tyt,bs& lfdeidfs^ hjv ufycf[bkdtk lhjbc 

vjvtynib .dtkf ufvj'f[t,f ~vjs[jdyf` vjvcf[eht,ekbf& vfiby fk,fsj,f^ hjv 

yt,bcvbth vjwtvek lhjbc vjvtynib lfrfdt,ekb bmyt,f i fh[t,b^ njkbf bvbc 

fk,fsj,bcf^ hjv h [fyuh'kbj,bc lhjbc bynthdfkib^ hjvtkbw eiefkjl 

ufycf[bkdtkb lhjbc vjvtynbc oby vbvlbyfhtj,lf^ itvjdblf i ufvj'f[t,f& 

dbyfblfy fmnbehb fh[t,bc cfiefkj hbw[db lhjbc vstkb gthbjlbc ufyvfdkj,fib 

njkbf lfndbhsdbc byntycbj,bcf A=λh^ bvbc fk,fsj,f^ hjv i fh[t,b bmyt,f 

lfrfdt,ekb^ lfvjrblt,ekbf v[jkjl lfndbhsdbc byntycbdj,fpt% 

( ) ( )
!

i
A

i i
AP h P A e
i

λ −= =
    ~5` 

cflfw λ fhbc ufvj'f[t,t,bc itvjcdkbc byntycbdj,f* h - lfrfdt,bc cfiefkj 

[fyuh'kbdj,f* A- lfndbhsdbc byntycbdj,f thkfyut,ib& 

 ufydb[bkjs lfrfdt,fsf [fyuh'kbj,t,bc tmcgjytywbfkehb ufyfobkt,f& 

xdtekt,hbdfl^ cfntktajyj kfgfhfrt,bc itvs[dtdfib^ lfrfdt,fsf 

[fyuh'kbj,t,bc .dtkfpt cfdfhfelj ufyfobkt,ff tmcgjytywbfkehb% 

      ( )
t
hP t e

−
> =      ~6` 

cflfw h fhbc lfrfdt,bc cfiefkj [fyuh'kbdj,f& ~6` ufynjkt,f ufycfpqdhfdc bvbc 

fk,fsj,fc^ hjv lfrfdt,f ufuh'tklt,f fhfyfrkt, ~fy cek vwbht` t ofvb& fv 

aeymwbbc cf[t^ hjltcfw h=100 ofvc^ yfxdtyt,bf vt-3 yf[-pt& 

 

bvbc fk,fsj,f^ hjv itthst,f ufuh'tklt,f 

yf[& 3& ufyfobkt,bc tmcgjytywbfkehb ~vfxdtyt,kbfyb` aeymwbf h=100 ov& 
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 aeymwbbc uhfabrb udbxdtyt,c^ hjv lfrfdt,bc vjwtvekb cfiefkj 

vybidytkj,bcfsdbc^ bvbc fk,fsj,f^ hjv lfrfdt,f ufuh'tklt,f 70 ofvpt vtnb 

[fyuh'kbj,bs^ itflutyc 0^5* 100 ofvpt vtnb [fyuh'kbj,bs ufuh'tkt,bc 

fk,fsj,ff 0^36^ [jkj 200 ofvpt vtnb [fyuh'kbj,bs ufuh'tkt,bc fk,fsj,ff 

0^13& 

 ufhlf bvbcf^ hjv lfrfdt,fsf [fyuh'kbj,t,bc ufyfobkt,bc 

tmcgjytywbfkehb rfyjyb cfjwfhb cbpecnbs tvs[dtdf htfkeh lfrfdt,t,pt 

lfrdbhdt,t,bc itltufl ufycfpqdhek ufyfobkt,fc^ tmcgjytywbfkeh ufyfobkt,fc 

fmdc fuhtsdt vybidytkjdfyb sdbct,f^ rth'jl^ rfdibhbc lfchekt,bc fk,fsj,f fh 

fhbc bvfpt lfvjrblt,ekb^ se erdt hfvlty [fyc uh'tklt,jlf lfrfdt,f& tc 

ybiyfdc^ hjv lhjbc vjwtvekb vjvtynblfy lfrfdt,bc [fyuh'kbdj,f 

ufybcfpqdht,f bctd ~6` ajhvekbs lf gfce[b fh bmyt,f lfvjrblt,ekb bvfpt^ se 

lhjbc vjwtvek vjvtynfvlt hfvlty [fyc uh'tklt,jlf lfrfdt,f& tc bvbs 

fb[cyt,f^ hjv tmcgjytywbfkehb ufyfobkt,f ittcf,fvt,f vrfabjl ufvj[fnek 

itvs[dtdbs ghjwtcc lf bvbc wjlyf^ se hfvlty [fyc fhct,j,c erdt vjwtvekb 

lfrfdt,f^ fh b'ktdf fhfdbsfh byajhvfwbfc bvbc itcf[t,^ se hjlbc lfcheklt,f 

lfrfdt,f& 

 fvbnjv lfrfdt,t,bc [fyuh'kbj,t,bc tmcgjytywbfkehb ufyfobkt,bcf lf 

ufvj'f[t,t,bc gefcjybc rfyjybs yfrflbc itvjcdkbc itvs[dtdfib fmnbehb 

~vjvmvtlb` fh[t,bc hfjltyj,bc ufyfobkt,bc rfyjybc ufycfpqdhf hseklt,f^ 

dbyfblfy lfrfdt,t,b itb'kt,f uh'tklt,jltc ufyecfpqdhtkb lhjbs^ vfuhfv 

ghfmnbrekfl cf,jkjj itltub lfvjrblt,ekbf lfrfdt,bc cfiefkj 

[fyuh'kbdj,fpt& tc rb bvfc ybiyfdc^ hjv ~5` ufynjkt,f cfvfhskbfybf lfrfdt,bc 

[fyuh'kbj,t,bc tmcgjytywbfkehb ufyfobkt,bc itvs[dtdfibw& itcf,fvbcfl^ rbltd 

ths[tk ufydvfhnjs ~5` ufynjkt,f% fk,fsj,f^ hjv lhjbc yt,bcvbth vjvtynib 

lfrfdt,ekb bmyt,f i hfjltyj,bc fh[t,b^ bvbc lfidt,bs^ hjv ufvj'f[t,t,bc 

itvjcdkbc ghjwtcb gefcjybc rfyjyc ittcf,fvt,f lf .dtkf vjs[jdyf ~ufvj'f[t,f` 

lfe.jdyt,kbd bmyt,f vjvcf[eht,ekb^ njkbf% 

( ) ,
!

i
A

i
AP A e
i

−=
     ~7` 

cflfw A fhbc vbojlt,ekb lfndbhsdbc byntycbdj,f thkfyut,ib& ~7` ufynjkt,f 

cfvfhskbfybf lfrfdt,fsf [fyuh'kbj,t,bc ufyfobkt,bc yt,bcvbthb rfyjybcfsdbc& 

 vfufkbsb 5& lfdeidfs^ hjv itvfthst,tkb [fpb itbwfdc fh[t,bc cfrvfhbc 

hfjltyj,fc^ hfsf vjtvcf[ehjc gefcjybc ghjwtcbc itcf,fvbc vbojlt,ek 

lfndbhsdfc ufvj'f[t,t,bc itvjcdkbc cfiefkj byntycbj,bs% thsb ufvj'f[t,f 

oesib& lfdeidfs fuhtsdt^ hjv lfrfdt,bc cfiefkj [fyuh'kbdj,f itflutyc 2 

oesc& ufydcfpqdhjs^ cfthsj lfndbhsdbc hf yfobkc tvcf[eht,f gbhdtkb 5 fh[b 
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lf hf lfndbhsdfc tvcf[eht,f lfyfhxtyb fh[t,b& ~w[flbf^ fv gbhj,t,ib 

vjvcf[eht,bc otcb lfotct,ekbf bct^ hjv ufvj'f[t,t,b fh[t,c brfdt,ty 

sfyfvbvltdhj,bs − gbhdtkb fh[blfy^ fh[bc yjvhbc phlbc itcf,fvbcfl`& 

 fvj[cyf% cbcntvfib vbojlt,ekb lfndbhsdbc byntycbdj,f njkbf 

A=λh=1⋅2=2 thk& lfndbhsdbc byntycbdj,f^ hjvtkcfw tvcf[eht,f i hfjltyj,bc 

fh[t,b ~t&b& i hfjltyj,bc fh[b lfrfdt,ekbf lfndbhsdbc vjvcf[eht,bs`^ njkbf i 
thk& itcf,fvbcfl^ gbhdtkb 5 fh[bs vjvcf[eht,ekb lfndbhsdf ufybcfpqdht,f% 

1 2 3 4 5

2 3 4 5
2

1 ( 2) 2 (2) 3 (2) 4 (2) 5 (2)

2 2 3 2 4 2 5 22 1,89. (94,5%).
2! 3! 4! 5!
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.dtkf lfyfhxtyb fh[t,b tvcf[eht,f 2 thk - 1^89 thk = 0^11 thk ~5^5)`& 

 

 

 

 

 

 

 

 

 

 

 

 

 

2& vjvcf[eht,bc cbcntvf rfhudt,bs 

 

 vfufkbsb 5 fhbc ,kjrbht,bc fk,fsj,bc ufycfpqdhbc sdfkcfxbyj vtsjlb& 

,kjrbht,f ofhvjbmvyt,f vfiby^ hjltcfw vjvcf[eht [tkcfo.jt,bc ~fv vfufkbsib 

fh[t,b` hbw[db yfrkt,bf vfmcbvfkehfl itcf'kj lfndbhsdbc vybidytkj,fpt 

~itb'kt,f fctw bsmdfc% yfrkt,bf ufvj'f[t,bc o.fhjt,pt`& vfufkbsb 5 udbxdtyt,c^ 

hjv lfndbhsdbc 94^5) vjvcf[eht,ekb ~ufnfht,ekb` bmyt,f v[jkjl 5 fh[bs& 

se xfdsdkbs^ hjv cbcntvfc fmdc v[jkjl 5 fh[b^ vfiby ,kjrbht,bc fk,fsj,f 

~fye rfhudt,b^ t&b& ufvj'f[t,t,b hjvkt,cfw dth vjtvcf[eht,f cbcntvf lf 

lfbrfhuf` njkbf 5^5)& sevwf^ vfufkbsb 5 bctsb vjyfwtvt,bs fhbc fvj[cybkb^ 

hjv vstkb lfndbhsdf vjvcf[eht,ekbf lf [fpufcvekbf^ hjv xdty udfbynthtct,c 

v[jkjl gbhdtkb [esb fh[bs vjvcf[eht,ekb lfndbhsdf& fvfcsfyfdt^ fhbc 
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vybidytkjdfyb ufyc[dfdt,f jh fk,fsj,fc ijhbc% gbhdtkb bvbc fk,fsj,f^ hjv 

lfrfdt,ekb bmyt,f 6 lf vtnb fh[b lf vtjht^ ,kjrbht,bc fk,fsj,bc 

vybidytkj,f^ hjltcfw cbcntvfc fmdc v[jkjl 5 fh[b& 

 fv ufyc[dfdt,bc 'bhbsflb vbptpbc f[cybcfsdbc ufdfhxbjs yf[&4^ hjvtkptw 

yfxdtyt,bf 20 o.fhjlfy itmvybkb nhfabrbc bctsbdt cehfsb^ hjvtkbw ufdfhxbts 

1-tk yf[-pt& ufyc[dfdt,f fv jh yf[fpib bc fhbc^ hjv vt-4 yf[-pt lfndbhsdbc 

vjvcf[eht,bcfsdbc ufudfxybf v[jkjl 13 fh[b& itcf,fvbcfl^ cfvb ufvj'f[t,f 

itvjcekb t=2,2; 2,3; 2,4 oest,pt ,kjrbhlt,f lf eylf xfdsdfkjs^ hjv njdt,c 

cbcntvfc lf hxt,f vjvcf[eht,bc ufhtit& lfrfhuekb lfndbhsdbc cfthsj 

hfjltyj,f yfxdtyt,bf lfinhb[ekb e,yt,bs^ hjvtkbw ofhvjflutyc itvjcekb 

~vbojlt,ekb lfndbhsdf^ hjvtkbw itvjcdkbcsfyfdt bmyt,jlf vjvcf[eht,ekb^ 

hjv fh udmjyltc fh[t,bc hfjltyj,fib itpqeldf` lfndbhsdbc c[dfj,fc^ 13 

fh[bs vjvcf[eht,ek lfndbhsdfcsfy& vt-4 yf[-bc .dtkfpt    vybidytkjdfyb   

ibyffhcb   vlujvfhtj,c    bvfib^    hjv  ufvj'f[t,f   hjvtkbw   

 

 
l  h  j^      o  e  s  t  ,  I  b 

yf[&4& f,jytynt,bc vjmvtlt,bc lhjbsb lbfuhfvf w[flb rfhudt,bc 

cbcntvbc itvs[dtdfib ~cbcntvf 13 fh[bfybf` 

 

itvjlbc  t=2,8  oespt^  fh b,kjrt,f^ vfibyfw rb^ hjltcfw 'bhbsflb nhfabrbc 

vb[tldbs ufvj'f[t,t,bc itvjcdkbc vjvtynbcfsdbc lfrfdt,ekbf wfvtnbdt fh[b& 

fvbc vbptpb bvfib vlujvfhtj,c^ hjv obyf gthbjlib lf,kjrbkb ufvj'f[t,t,b 

njdt,ty cbcntvfc lf fvbs vwbhlt,f lfndbhsdf vjvltdyj ufvj'f[t,t,bcfsdbc& 

itcf,fvbcfl^ lhjbc obkb ~fy )`^ hjltcfw lfndbhsdbc cfo.bcb vhelb uflbc 13-bc 
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ljytpt fy vbc ptvjs^ fh fhbc bubdt^ hfw ,kjrbht,bc fk,fsj,f^ vfiby hjltcfw 

cbcntvfc 13 fh[b fmdc&  

 

2&1& vjvcf[eht,bc cbcntvf w[flb rfhudt,bs 

 

 gbhdtkb cgtwbfkbcnb^ hjvtkvfw 1917 otkc ,kjrbht,bc fk,fsj,bc 

ufvjsdkfib .dtkfpt chekfl lf pecnfl ufbsdfkbcobyf ufvj'f[t,bc 

vjvcf[eht,fpt efhbc tatmnb^ b.j f&r&thkfyub& fv ufy.jabkt,fib ufydb[bkjs 

thkfyubc vbth vbqt,ekb itltut,blfy ths-thsb^ ghfmnbrfib .dtkfpt [ibhfl 

ufvj.tyt,ekb - thkfyubc gbhdtkb ajhvekf^ fy thkfyubc B- ajhvekf^ fy Ev(A)^ 
fctw fqbybiyt,f& itb'kt,f fvudfh ufvjyfsmdfvcfw itd[dlts% rfhudt,bc thkfyubc 

ajhvekf& tc ajhvekf b'ktdf cfiefkt,fc^ hjv ufydcfpqdhjs ,kjrbht,bc 

fk,fsj,f ~rfhudt,bc fk,fsj,f` cbcntvfib^ hjvtkbw veifj,c w[flb rfhudt,bc 

ht;bvib lf vfc vbtojlt,f gefcjybc nbgbc ufvj'f[t,fsf yfrflb& gefcjybc nbgbc 

yfrflb rb ofhvjbmvyt,f ecfchekj hfjltyj,bc ufvj'f[t,fsf o.fhjt,blfy&  

 thkfyubc vbth ufrtst,ekb lfcrdyt,b^ hbsfw vfy ufycfresht,ekb odkbkb 

itbnfyf cnjmfcnbrehb ghjwtct,bc sfyfvtlhjdt stjhbfib^ lfrfdibht,ekbf 

cnfnbcnbrehb ojyfcojhj,bc bltbc ufvj.tyt,fcsfy& cbcntvbc cnfnbcnbrehb 

ojyfcojhj,f ybiyfdc^ hjv cbcntvbc ufhrdtek vlujvfhtj,fib .jaybc fk,fsj,f 

~hjv lfrfdt,ekb bmyt,f ufhrdtekb hfjltyj,bc fh[t,b` fh fhbc lfvjrblt,ekb 

lhjbc bv vjvtynpt^ hjltcfw cbcntvf ufyb[bkt,f& cbcntvfib cnfnbcnbrehb 

ojyfcojhj,f v.fhlt,f [fyuh'kbdb lhjbc itvltu& vfufkbsfl^ hjltcfw f[fkb 

cbcntvf bo.t,c lfndbhsdbc vjvcf[eht,fc^ vfc ]th rbltd fh uffxybf lfrfdt,ekb 

fh[t,b^ vfuhfv ufhrdtekb lhjbc ufdkbc itvltu cbcntvf vbfqotdc ojyfcojhj,fc& 

cnfnbcnbrehb ojyfcojhj,bc gbhj,t,ib cbcntvbc .dtkfpt fk,fsehb 

vlujvfhtj,ff^ hjltcfw cbcntvfib lfrfdt,ekbf A=λh fh[t,b& 

 cnfnbcnbrehb ojyfcojhj,bc gbhj,t,ib cbcntvfib sfyf,fhb fk,fsj,bs 

[lt,f ufvj'f[t,bc itvjcdkf fy lfrfdt,bc lfchekt,f& se fqvjxylt,f^ hjv 

vjvcf[eht,bs lfrfdt,ekb fh[t,b ~fmnbehb fh[t,b` fzfh,t,c A-c cfiefkj 

vybidytkj,fc^ vfiby rfdibhbc lfchekt,t,b [lt,f eahj vjcfkjlytkb ~vtnb 

fk,fsj,t,bc` vjdktyt,b^ dblht ufvj'f[t,t,b& lf gbhbmbs^ se fqvjxylt,f^ hjv 

fmnbehb fh[t,bc hbw[db yfrkt,bf A-pt^ vfiby ufvj'f[t,t,bc itvjcdkbc fk,fsj,f 

vtnbf^ dblht rfdibhbc lfvsfdht,bc& fvhbufl^ se cbcntvfib itvs[dtdbs 

lfhqdtekbf cnfnbcnbrehb ojyfcojhj,f^ fye cbcntvf ufvjcekbf ojyfcojhj,bc 

vlujvfhtj,blfy^ cbcntvf twlt,f ~vbbcohfadbc` lf,heyltc ~fqblubyjc` 

cnfnbcnbrehb ojyfcojhj,bc vlujvfhtj,f&  

 hflufyfw udfbynthtct,c thkfyubc ajhvekbc ufvj.tyt,bsb v[fht^ 

ufvj.dfybc ~lfvnrbwt,bc` ufhtit usfdfpj,s% 
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cflfw  V fhbc vjvcf[eht [tkcfo.jt,bc ~fh[t,bc` hfjltyj,f* A fhbc vbojlt,ekb 

lfndbhsdbc byntycbdj,f thkfyut,ib& 

 ajhvekf ~8` ufycfpqdhfdc ,kjrbht,bc fk,fsj,fc cbcntvfib^ hjvtkcfw 

vbtojlt,f ufvj'f[t,t,bc yfrflb o.fhjt,bc ecfchekj hfjltyj,blfy lf 

lfrfdt,fsf [fyuh'kbj,t,bc pjuflb cf[bc ufyfobkt,bc rfyjybs& 

 fh[t,bc ~[fpbc fy [tkcfo.jc ufvjcfcdktkbc` ufvj.tyt,f 

~ufvnfheyfhbfyj,f` ths fh[pt vjcekb vjvcf[eht,ekb lfndbhsdff% 

 

       ^    ~9` (1 )= −
AB
V

η
 

cflfw A fhbc vbojlt,ekb lfndbhsdbc byntycbdj,f* B - ,kjrbht,bc fk,fsj,f 

~fye rfhudt,bc fk,fsj,f`* ~1-B`A - vjvcf[eht,ekb lfndbhsdbc vybidytkj,f& 

 ajhvekf ~8` udf'ktdc cfiefkt,fc^ ufydcfpqdhjs cbcntvbc .dtkf itcf'kj 

vlujvfhtj,fsf fk,fsj,t,b& vfufkbsbcfsdbc^ se^ cbcntvf itlut,f V=2 

[fpbcfufy^ hjvtkcfw vbtojlt,f A=1 thk lfndbhsdf^ vfiby bvbc fk,fsj,f^ hjv 

jhbdt [fpb sfdbceafkb bmyt,f^ fhbc% 

 

& 

        & 

0

0 0 1 2

1
0! 0,4

1 1 1
0! 1! 2!

= =
+ +

B

 

 

 bvbc fk,fsj,f^ hjv v[jkjl thsb [fpb bmyt,f lfrfdt,ekb^ fctdt 

ufybcfpqdht,f% B1=0,4^ [jkj jhbdt [fpb hjv bmyt,f lfrfdt,ekb^ bvbc fk,fsj,ff 

B2=0,2& fv itltut,bc cfae'dtkpt itudb'kbf lfdfcrdyfs% hjltcfw jh [fpc 

vbtojlt,f thsb thkfyub lfndbhsdf^ vfiby thsb cffsbc ufyvfdkj,fib itbrhb,t,f 

bctsb 24 oesb^ hjltcfw jhbdt [fpb sfdbceafkbf* bctsb 24 oesb^ hjltcfw 

jhblfy thsb [fpbf lfrfdt,ekb* bctsb 12 oesb^ hjltcfw jhbdt [fpb 

lfrfdt,ekbf^ fvbnjv ,kjrbht,bc ~itvjcekb ufvj'f[t,bc lfrfhudbc` fk,fsj,f 

B=0,2& vfiby vjvcf[eht,ekb lfndbhsdf bmyt,f 1 thk-0^2 thk=0^8 thk& fctsb 

c[dfj,f cfvfhskbfybf hjujhw lfndbhsdbc^ fctdt lhjbc lf ufvj'f[t,t,bc 

hfjltyj,bc vbvfhs^ dbyfblfy^ hjujhw ptvjs b.j fqybiyekb^ cbcntvfib^ 

hjvkbcsdbcfw cfvfhskbfybf thkfyubc B - ajhvekf^ yfrflbc λ gfhfvtnhb  fh 

fhbc lfvjrblt,ekb cbcntvbc vlujvfhtj,fpt& itcf,fvbcfl^ fh[bc ufvj.tyt,f  
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(1 0,2) 0,4
2

η −
= = thk&

 
 thslhjekfl lfrfdt,ekb [fpt,bc hbw[dbc vfstvfnbrehb vjkjlbyb 

bmyt,f% 

0⋅0,4+1⋅0,4+2⋅0,2=0,8 , 

hjvtkbw njkbf  vjvcf[eht,ekb lfndbhsdbc  vybidytkj,bcf^  fye ~1-0^2`=0^8 

thk& 

 vfufkbsb 6& jh lfvf,jkjt,tk cfluehc ijhbc eylf itbmvyfc vfqfkb 

ufvj.tyt,bc 24 fh[bfyb rjyf& udfbynthtct,c^ se lfcfidt,b ,kjrbht,bc 

vybidytkj,f 0^1 eylf b.jc^ hf lfndbhsdbc vjvcf[eht,fc it'kt,c tc rjyf& 

hjujhb bmyt,f vbojlt,ekb lfndbhsdbc byntycbdj,f& 

 hjujhw otcb^ cflueht,c ijhbc itvfthst,tk [fpt,pt ,kjrbht,bc 

fk,fsj,f eylf b.jc 0^01-pt yfrkt,b& vfuhfv itvjdkbsb upt,bc fhct,j,bc 

ufsdfkbcobyt,bs^ itvfthst,tkb [fpt,bc rjyt,b ghfmnbrekfl itb'kt,f 

b,kjrt,jltc 10)-pt vtnflfw& 

 fvj[cyf% ajhvekfib ~8` B=0,1; V=24. eylf ufydcfpqdhjs hfc elhbc A& 

vbqt,ekb A lf vjwtvekb B=0,1 itudfmdc ajhvekf ~9`-ib^ ufydcfpqdhfds η-c* 

dsmdfs^ vbdbqts^ hjv η=0,8. vfiby vjvcf[eht,ekb lfndbhsdf .jabkf 0,8⋅24=19,2 

thk& dbyfblfy ,kjrbht,bc fk,fsj,ff B-0,1, vbojlt,ekb lfndbhsdbc 

vfmcbvfkehb byntycbdj,f  bmyt,f A=19,2/(1-0,1)=21,3 thk& fvhbufl^ dbcofdkts 

lfndbhsdbc vfmcbvfkehb byntycbj,bc ufycfpqdhf lf fh[t,bc ufvj.tyt,bc 

vybidytkj,bc lflutyf&   

vfufkbsb 7& fhtylbht,ekb fh[t,bs vjyfwtvsf nthvbyfkt,bc js[b ]ueab 

eylf itdfthsjs rjvgbenthsfy^ hjujhw tc yfxdtyt,bf vt-5 yf[-pt& 5f yf[-pt 

vjyfwtvsf nthvbyfkt,b lf]ueat,ekbf^ hjvtksfw tvcf[eht,f wfk-wfkrt 

ufvj.jabkb fh[sf rjyt,b& 5, yf[-pt vjyfwtvsf .dtkf nthvbyfkbc lfndbhsdf 

rjywtynhbhlt,f lf vfsb vjvcf[eht,f [lt,f fh[sf thsb rjybs& ufydcfpqdhjs 

fh[t,bc cfthsj hbw[db^ hjvkt,bw cfzbhjf jhbdt itvs[dtdfib^ se ,kjrbht,bc 

vfmcbvfkehfl lfcfidt,b vybidytkj,f itflutyc 5)& xfdsdfkjs^ hjv ths ]ueaib 

24 nthvbyfkbf lf .jdtkb nthvbyfkb fmnbehbf lhjbc 10)-bc ufyvfdkj,fib& 

dbhxtds vjvcf[eht,bc ht;bvc w[flb rfhudt,bs& 
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yf[& 5& vjyfwtvsf nthvbyfkt,bc ]ueab% 

f& lf.jabkbf js[ ]ueafl* 

,& chekb lfndbhsdf rjywtynhbhlt,f ths ]ueafl 

 

 fvj[cyf& lfndbhsdbc byntycbdj,f^ hjvtkbw itvjlbc nthvbyfkt,bc 

]ueablfy^ fhbc 24⋅0,1=2,4 thk ~fm fqcfybiyfdbf^ hjv fmnbehb fh[t,bc hfjltyj,f 

ufwbkt,bs vwbhtf nthvbyfkt,bc hbw[dpt^ fvbnjv itudb'kbf xfdsdfkjs^ hjv 

vjs[jdyt,b vjvcf[eht,fpt itvjlbc o.fhjt,bc ecfchekj hbw[dblfy`& 

ufvjdb.tyjs ajhvekf ~8` lf B=0,05 ~fye 5)` lf A=2,4 thk& ufydcfpqdhfds^ hjv 

V=5^ itcf,fvbcfl^ vt-5 yf[-pt rjyabuehfwbf vjbs[jdc 20 fh[c& 

5 , yf[-pt rjywtynhfnjhbc rjyabuehfwbbs mvybc cfthsj lfndbhsdfc 

A=2,4⋅4=9,6 thk^ hfcfw ittcf,fvt,f V=14 fh[b& 

vt-7 vfufkbsb  yfstk.jac^ hjv lfndbhsdbc vwbht ]ueat,bc 

ufthsbfyt,fc ths^ lblb lfndbhsdbc ]ueafl^ vbd.fdfhs cfzbhj fh[t,bc hbw[dbc 

vybidytkjdfy trjyjvbfcsfy& lblb lfndbhsdbc ]ueat,b .jdtksdbc fhbc eahj 

tatmnehb^ dblht vwbht ]ueat,bc cbvhfdkt^ dbyfblfy vwbhtfk,fsehbf^ hjv 

c[dflfc[df vwbht ]ueat,ib thslhjekfl fqb'hfc uflfndbhsdt,b ~dbyfblfy 

ufvj'f[t,t,bc ufvjupfdyf ehsbths-lfvjerblt,tkbf`& cbyfvldbktib^ thsb 

]ueabc zfh,b lfndbhsdf itb'kt,f vjvcf[eht,ek bmyfc vtjht ]ueabc 

sfdbceafkb fh[t,bs& fvhbufl^ bc fh[t,b^ hjvkt,bw afmnbehfl 

ufsdfkbcobyt,ekbf v[jkjl lfndbhsdbc gbrehb vybidytkj,t,bcfsdbc lf^ 

xdtekt,hbd^ hxt,bfy sfdbceakt,b^ ufvj.tyt,ekb bmyt,f tatmnehfl se vstkb 

lfndbhsdf ufthsbfylt,f ths ]ueafl& tc sfdbct,eht,f fhbc ths-thsb 

vybidytkjdfyb vbptpb^ hjltcfw fcf,est,ty cfkfgfhfrj byajhvfwbbcf lf 

vjyfwtvt,bc byajhvfwbbs itmvybkb lfndbhsdt,bc ths mctkib byntuhfwbbc 

egbhfntcj,fc& lfyf[fh]t,bc cfthsj trjyjvbf ufycfresht,bs vybidytkjdfybf^ 

hjltcfw wfkrtekb nthvbyfkt,bc lfndbhsdbc byntycbj,t,b vwbhtf& 
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itcf,fvbcfl^ mctkbc gthbathbek e,yt,ib bmvyt,f .dtkfpt [tkcf.htkb 

trjyjvbrehfl tatmnehb dbsfht,f lfndbhsdbc rjywtynhbht,bc itvs[dtdfib&  

 lfndbhsdt,bc lbl ]ueat,fl ufthsbfyt,bc itltufl rfdibhbc fh[t,bc 

eahj tatmnehfl ufvj.tyt,f fhbc lblb ntdflj,bc ]ueat,bc egbhfntcj,f& 

cojhtl tc tatmnehj,f eltdc cfae'dkfl bthfhmbekb cfrjvenfwbj 

cnhemneht,bc ufdhwtkt,fc mctkbc fut,bc ghbywbgt,ib& bvbc yfwdkfl^ hjv 

itthsltc thsvfytssfy cfrjvenfwbj rdfy't,bc lblb hbw[db^ cflfw 

fewbkt,tkbf .jdtkb o.dbkb rdfy'bc thsvfytssfy lfrfdibht,f vwbht ntdflj,bc 

itvfthst,tkb [fpt,bs^ trjyjvbrehfl eahj [tkcf.htkbf wfkrtekb 

rdfy't,blfy vstkb lfndbhsdbc itrht,f lblb ntdflj,bc itvfthst,tkb [fpt,bc 

ths rjyfib lf fv lfndbhsdbc vbvfhsdf rjvenfwbbc nhfypbnekb rdfy'bs& vt-6 

yf[-pt itlfht,ekbf chekrfdibhbfyb mctkb dfhcrdkfdbct,eh mctksfy^ hjvkbc 

wtynhibw ufsdfkbcobyt,ekbf cfrjvenfwbj rdfy'b& w[flbf^ lfyf[fh]t,b 

nhfypbnek cfrjvenfwbj vjo.j,bkj,t,pt ufvfhskt,ekb bmyt,f vfiby^ 

hjltcfw fh[-rbkjvtnht,bc trjyjvbf cfrvfjl lblbf&  

 

 
 

yf[&6& cfnhfypbnj rdfy't,bc ufvj.tyt,f lfndbhsdbc rjywtynhfwbbcfsdbc% 

f`& chekrfdibhbfyb mctkb* ,`& dfhcrdkfdbct,hb mctkb& 

 
vfufkbsb 8& hjujh itbwdkt,f ,kjrbht,bc fk,fsj,t,b vt-7 vfufkbsbc @f@ 

lf @,@ cmtvt,bcfsdbc ~yf[&5`^ se lfndbhsdbc byntycbdj,f bphlt,f 50)-bs& 

 fvj[cyf& @f@ cmtvfib lfndbhsdbc byntycbdj,f .jdtk ]ueaib bphlt,f 2^4-

lfy 3^6 thkfyufvlt lf itcf,fvbcfl^ ajhvekf ~8` udf'ktdc^ hjv ,kjrbht,bc 

fk,fsj,f bphlt,f 5)-lfy 14)-vlt^ t&b& 280)-bs^ [jkj @,@ cmtvfib rb 

lfndbhsdbc byntycbj,bc ufphlf 50)-bs^ t&b& 9^6 thk-lfy 14^4 thk-vlt^ 

,kjrbht,bc fk,fsj,fc phlbc 5)-lfy 20)-vlt^ t&b& 400)-bs& 

 vfufkbsb 8 udf'ktdc cfiefkt,fc^ mctkbc lfghjtmnt,bc lhjc 

ufdbsdfkbcobyjs jhb vybidytkjdfyb vjcfpht,f& hjujhw lfdbyf[ts^ 

,kjrbht,bc ~rfhudt,bc` fk,fsj,f 'fkpt vuh'yj,bfhtf lfndbhsdbc byntycbj,bc 

phlbc vbvfhs lf vbs eahj vrdtshfl^ hfw eahj lfndbhsekbf fh[t,b& w[flbf^ 

dbyfblfy lblb ntdflj,bc fh[sf rjyt,ib fh[t,b ufvj.tyt,ekbf eahj 
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tatmnehfl^ bcbyb eahj vuh'yj,bfhtyb fhbfy lfndbhsdbc phlbc vbvfhs^ dblht 

vwbht ntdflj,bc fh[srjyfsf ]ueat,b^ hjvkt,bw vjvcf[eht,bc bvfdt [fhbc[ptf 

ufsdkbkb& ufhlf fvbcf^ ufvnfheyfhbfyj,bc thsb lf bubdt ghjwtynbc lfrfhudbc 

itvs[dtdfib eahj lbl ptufdktyfc ufybwlbc lblb ntdflj,bc fh[srjyt,b^ dblht 

hfvltybvt^ vwbht ntdflj,bc fh[srjyt,bc [fhbc[j,hbdb vfxdtyt,kt,b& jhbdt 

itvs[dtdfib^ lblb ntdflj,bc fh[srjyt,bc cecnb flubkb bcff^ hjv vfs fmds 

ufvnfheyfhbfyj,bc ufwbkt,bs yfrkt,b vfhfub^ dblht vwbht ntdflj,bc 

fh[srjyt,bc thsj,kbj,fc&  

 ,kjrbht,bc fyfkbpbc vtjht fcgtmnb^ hjvtkbw vt-8 vfufkbsibf 

ofhvjxtybkb^ bvfib vlujvfhtj,c^ hjv ufvjsdkfsf itltut,b vybidytkjdyfl fhbc 

lfvjrblt,ekb lfndbhsdbc byntycbj,bc vybidytkj,t,bc ufpjvdbc cbpecntpt& 

ufhlf fvbcf^ ufpjvdbc itltut,b pecnbw hjv b.jc^ tc vjyfwtvt,b fh 

epheydtk.jaty hfbvt pecn vbybiyt,t,c lfndbhsdbc itcf'kj yfphlbc sfj,fpt& 

fvhbufl^ ,kjrbht,bc fk,fsj,bc ufvjsdkbkb vybidytkj,f v[jkjl itpqelekb 

[fhbc[bs ofhvjflutyc cfylj cblbltc& fyfkbpbc tc vtsjlt,b vybidytkjdfybf^ 

hflufy bcbyb htfkehb cfiefkt,t,bf c[dflfc[df rjyabuehfwbbcf lf ntdflj,bc 

mctkt,bc itcflfht,kfl& vjvcf[eht,bc vjwtvekb [fhbc[bc ~,kjrbht,t,bc fye 

rfhudt,bc` itvs[dtdfib^ eylf itbhxtc bctsb ghjtmnb^ hjvtkbw bmyt,f .dtkfpt 

tatmnehb lfyf[fh]t,bc sdfkcfphbcbs^ vfibyfw rb^ hjltcfw lfndbhsdbc 

cnfnbcnbrf chekbfl /bgjstpehbf lf htfkj,blfy fh ufvjvlbyfhtj,c& se 

mctkb ufsdkbkbf lfndbhsdbc cohfab phlbc fy vbcb vybidytkjdfyb 

vjcfkjlytkb h[tdt,bc itvs[dtdt,pt^ vfiby fewbkt,tkbf ghjtmnt,bc itlfht,f 

lf ithxtdf itcf,fvbcb sdfkcfphbcbs& mctkbc ghjtmnb^ hjvtkbw bsdfkbcobyt,c 

vybidytkjdfy cfo.bc [fh]t,c^ itb'kt,f b.jc tatmnehb^ se vfc uffxybf vfhnbdfl 

itrevidbc fy ufafhsjt,bc eyfhb ufesdfkbcobyt,tk lfndbhsdt,sfy ituet,bc 

vbpybs& 

 

2&2& cbcntvf ufyvtjht,bsb ufvj'f[t,t,bs 

 

 obyf gfhfuhfaib ufy[bkek cbcntvfib^ hjvtkbw veifj,c w[flb rfhudt,bc 

ht;bvib^ dsdkbs^ hjv vjvcf[eht,bc ufhtit lfhxtybkb ufvj'f[t,t,b bqt,ty 

efhc^ njdt,ty cbcntvfc lf fqfh ,heylt,bfy& hjujhw fqdybiyts^ tc lfidt,f 

.dtkfpt cojhfl ittcf,fvt,f itvfthst,tk [fpt,c^ cflfw^ lf,kjrbkb 

ufvj'f[t,t,b bupfdyt,f c[df vbvfhsekt,bs itmvybkb upt,bs lf w[flbf^ 

vjvcf[eht,bc itvltu cbcntvfib fqfh ,heylt,bfy& vfuhfv^ w[flb rfhudt,bc 

ht;bvbc cbcntvt,bcfsdbc lfveifdt,ekb vtsjlt,b itb'kt,f ufvj.tyt,ek bmyfc 

bv itvs[dtdfibw rb^ hjltcw lf,kjrbkb ufvj'f[t,t,bcfsdbc fh fhct,j,c 

vjvcf[eht,bc hfbvt itcf'kt,kj,t,b& evtntcfl^ fcts cbcntvfib lf,kjrbkb 

ufvj'f[t,t,b rdkfd ,heylt,f cbcntvfib ufyvtjht,bsb ufvj'f[t,t,bc cf[bs& 
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 xdtyb vbpfybf ufvj'f[t,fsf itvs[dtdbsb ufyvtjht,bc vwltkj,bc itvwdtkb 

w[flb rfhudt,bc ht;bvbc cbcntvbcfsdbc lfdflubyjs ,kjrbht,bc fk,fsj,bc 

cffyufhbij ajhvekt,b&  

 ufyvtjht,bsb ufvj'f[t,t,bc ,eyt,blfy ufvjvlbyfht^ itvlujvb fyfkbpb 

itbwfdc cfv 'bhbsfl lfidt,fc% 

 1& .dtkf lf,kjrbkb ufvj'f[t,f ,heylt,f cbcntvfib lf ,jkjc lf ,jkjc 

vfibyfw rb fqotdc vjvcf[eht,fc^ hjltcfw fvbcfsdbc fewbkt,tkbf vhfdfk]thflb 

vwltkj,t,b& 

 2& ufvj'f[t,t,bc itvjcdkbc lhjbc vjvtynt,cf lf lf,kjrbkb 

ufvj'f[t,t,bc [tkf[kf itvjcdkbc vjvtynt,c ijhbc lhjbc bynthdfkt,b fhbc 

itvs[dtdbsb lf cnfnbcnbrehfl thsvfytspt lfvjerblt,tkb cblbltt,b ~tc 

lfidt,f fudfhblt,c bv fyfkbpeh cbhsektt,c^ hjvkt,bw ofhvjbmvyt,f 

ufyvtjht,bsb ufvj'f[t,t,bc lhjbc ths bynthdfkib sfdvj.hbc itltufl^ hfw 

bodtdc lfndbhsdbc fdfhlyfc bv ufyvtjht,bsb ufvj'f[t,t,bc [fh]pt^ hjvkt,bw 

lf,kjrbkbf chekbfl ufhrdtekb kjlbybc bynthdfkbs`& 

 3& xdtekt,hbd^ ufyvtjht,bsb ufvj'f[t,t,bc itvjcdkfvlt lhj hfvltyflvt 

vtnbf itthst,bc lfv.fht,bs lfchekt,ekb lfrfdt,bc cfiefkj [fyuh'kbdj,fpt& 

tc lfidt,f cbyfvldbktib flfcneht,c^ hjv cbcntvf fqotdc cnfnbcnbreh 

ojyfcojhj,fc vfyfvlt^ cfyfv itvjdf ufyvtjht,bsb ufvj'f[t,f& se ufyvtjht,bsb 

ufvj'f[t,t,b bo.t,c itvjcdkfc 'fkpt cohfafl^ w[flbf^ cbcntvbc uflfndbhsdbc 

fk,fsj,f lblbf^ dbyfblfy cbcntvfc fh vbtwf itcf'kt,kj,f^ vjvcf[eht,jlf 

ufyvtjht,bs ufvj'f[t,fvlt itvjcek .dtkf vjs[jdyfc&  

  pqdhek itvs[dtdfib^ se .dtkf ufyvtjht,bsb ufvj'f[t,f itvjlbc 

lfe.jdyt,kbd lf ufyeo.dtnkbd^ mctkbc veifj,f [lt,f kjlbybc ht;bvib vjmvtlb 

cbcntvbc fyfkjubehb ~ufydb[bkfds vjvltdyj sfdt,ib lfodhbkt,bs`& fm udfmdc bc 

ufyc[dfdt,f^ hjv vjvcf[eht,bc cbcntvf dth eotct,c ufvj'f[t,t,c vjs[jdyt,c 

hbuib lflujvfpt^ fvfc frtst,ty f,jytynt,b ~fy vfsb nthvbyfkt,b` itthst,fpt 

vjs[jdyt,bc ~yjvhbc frhtaf` eo.dtnb upfdybkt,t,bc cfiefkt,bs&  

 xfvjsdkbkb lfidt,t,b^ ufyvtjht,bsb ufvj'f[t,t,bc xfsdkbs lfndbhsdfc 

f[fcbfst,ty^ hjujhw cnfnbcnbrehfl ufyec[dfdt,tkc gbhdtkflb ufvj'f[t,t,bs 

itmvybkb lfndbhsdbcfufy& itcf,fvbcfl^ lf,kjrbkb ufvj'f[t,t,bc byntycbdj,f 

itb'kt,f vbtvfnjc  gbhdtkflb ufvj'f[t,t,bc byntycbdj,fc ~itbrhb,jc`& 

 ufydb[bkjs cbcntvf^ hjvtkibw gbhdtkb vwltkj,bc itcf,fvbcb 

ufvj'f[t,t,bc itvjcdkbc byntycbdj,ff λ& se b,kjrt,f B) ufvj'f[t,t,b^ vfiby 

cfvjvfdkjl itvjdf B·λ ufyvtjht,bsb ufvj'f[t,f& vfuhfv fv ufyvtjht,bsb 

ufvj'f[t,t,blfy^ B) bctd lfb,kjrt,f& se ufdfuh'tkt,s fv vc]tkj,fc^ vfc 

itvltu^ hfw cbcntvf vbfqotdc cnfnbcnbreh ojyfcojhj,fc^ itb'kt,f 

ufydcfpqdhjs ufvj'f[t,t,bc itvjcdkbc cfthsj byntycbdj,f β ecfchekj 

vorhbdbc cf[bs% 
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2 3 ... ,
1

B B B
B

λβ λ λ λ λ= + + + + =
−      ~10` 

 

cflfw B fhbc ,kjrbht,bc fk,fsj,f^ hjvtkbw ufybcfpqdht,f w[flb rfhudt,bfyb 

cbcntvbc uffyufhbit,bc vtsjlbs^ hjltcfw vbojlt,ekb lfndbhsdf A=βh&  

 ufynjkt,f ~10` frfdibht,c ufvj'f[t,t,bc itvjcdkbc cfiefkj byntycbdj,fc 

β^ hjvtkbw itbwfdc ufyvtjht,bs ufvj'f[t,t,cfw^ gbhdtkflb uvj'f[t,t,bc 

itvjcdkbc λ byntycbdj,fcsfy lf ,kjrbht,bc fk,fsj,fcsfy bctd λ cblblbc 

cfiefkt,bs& fvhbufl^ ufynjkt,f ~10` fh fhbc β fy B gbhlfgbhb ufycfpqdhbc 

cfiefkt,f^ dbyfblfy .jdtkb tc cblblt ufybcfpqdht,f thsb vtjhtsb& vfuhfv^ 

cfcehdtkb itltub vfbyw itb'kt,f bmyfc vbqt,ekb w[flb rfhudt,bfyb 

cbcntvbcfsdbc ufsdfkbcobyt,ekb ~8` ufynjkt,bc bnthfwbbc upbs& sfdblfy 

ufvjdb.tyt,s λ-c lf itdfafct,s B-c^ itvltu rb ufydcfpqdhfds β-c& fvbc itvltu 

ufvjdb.tyt,s β-c bvbcfsdbc^ hjv vbdbqjs B-c f[fkb vybidytkj,f vbcb 

lfpecnt,bs vbpybs& fct ufdfuh'tkt,s vfyfv^ cfyfv fh vbdfqotds β-c lf B-c 

ghfmnbrekfl lfv.fht,ek vybidytkj,t,c& 

 vfufkbsb 9& hjujhbf itvfthst,tk [fpsf rjybc ,kjrbht,bc fk,fsj,f^ 

hjvtkbw lfotct,ekt,bc fnc-c fthst,c wtynhfkeh cfluehsfy^ se rjybc 

ntdflj,f 10 [fpbf^ [jkj vbojlt,ekb lfndbhsdbc byntycbdj,f 7 thk( hjujhbf 

,kjrbht,bc fk,fsj,f^ se fh[t,bc hfjltyj,fc ufdphlbs 13-vlt( 

 xfdsdfkjs^ hjv ufyvtjht,bsb vwltkj,t,bc [fcbfsb .dtkf lf,kjrbkb 

ufvj'f[t,t,bcfsdbc fhbc itvs[dtdbsb&  

 fvj[cyf& itb'kt,f dbuekbc[vjs^ hjv 7 thk lfndbhsdfc mvybc 

cflfotct,ekt,j fnc-c cff,jytynj vjo.j,bkj,t,bc lblb hbw[db& fvbs 

dfcf,est,s^ hjv itb'kt,f ufvjdb.tyjs ufvj'f[t,t,bc o.fhjt,bc ecfchekj 

hbw[dbcfsdbc fhct,ekb vtsjlb& vbdbqt,s^ hjv ,kjrbht,bc fk,fsj,f B=8%& 

fvhbufl^ vbojlt,ekb lfndbhsdbc ]fvehb byntycbdj,f ufyvtjht,bsb 

ufvj'f[t,t,bc xfsdkbs bmyt,f% 

7,6
1 0,08

λβ = =
−    thk& 

 hjltcfw V=10 lf A=7,6 thk^ w[flb rfhudt,bc ht;bvbc cbcntvbc 

,kjrbht,bc fk,fsj,f B=10%& fvbc itvlujv jhb bnthfwbf rht,flj,fc 

tatmnehfl epheydtk.jac^ hjltcfw A=8 thk lf B=12%& 

 se rjyfib [fpt,bc hfjltyj,f ufbphlt,f 13-vlt^ vfiby w[flb rfhudt,bc 

ht;bvbc cbcntvfib ,kjrbht,bc fk,fsj,ff 1^5)& fvhbufl^ ufyvtjht,bsb 

ufvj'f[t,t,bc xfsdkbs lfndbhsdbc byntycbj,bc gbhdtkb vbf[kjt,f udf'ktdc 
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7/0,985=7,1 thk& itcf,fvbcfl^ chekb lfndbhsdbc gbhj,t,ib ,kjrbht,bc 

fk,fsj,f bphlt,f evybidytkjl 1^5 )-bc vbvfhs& 

 tc vfufkbsb udbxdtyt,c^ hjv ufyvtjht,bsb ufvj'f[t,t,bc fhct,j,bc 

ptufdktyf evybidytkjf^ hjltcfw cbcntvf veifj,c ,kjrbht,bc vwbht 

fk,fsj,bs& vfuhfv^ hjltcfw ,kjrbht,bc fk,fsj,f lblbf^ ufyvtjht,bsb 

ufvj'f[t,t,bc ptufdktybc ufsdfkbcobyt,f uffyufhbit,t,bc lhjc fewbkt,tkbf& 

se ,kjrbht,bc fk,fsj,bc ufycfpqdhbc vbpybs [jhwbtklt,f ufpjvdt,b 

ufvfdfkb itn.j,byt,bc itvfthst,tk [fpt,pt^ ufpjvdt,bc itltut,ib dth 

ufydfc[dfdt,s gbhdtkfl ufvj'f[t,t,c lf ufyvtjht,bs ufvj'f[t,t,c& itcf,fvbcfl^ 

se mctkbc bv e,fypt^ cflfw [jhwbtklt,f ufpjvdt,b^ fhct,j,c ufyvtjht,bsb 

ufvj'f[t,t,bc vybidytkjdfyb hfjltyj,f^ fvbc fyfhtrkb dkbylt,f v[jkjl bvbc 

fyfkbpib^ se hfvltyb [fpb eylf lfdfvfnjs uflfndbhsek rjyfc ,kjrbht,bc 

fk,fsj,bc itvwbht,bc vbpybs& vbojlt,ekb lfndbhsdbc vjxdtyt,bsb 

vybidytkj,f lfbo.t,c itvwbht,fc vjvcf[eht [tkcfo.jt,bc ~xdtyc itvs[dtdfib 

[fpt,bc hbw[dbc` phlbc itcf,fvbcfl^ ufyvtjht,bsb ufvj'f[t,t,bc itvwbht,bc 

ufvj& fvhbufl^ fv itvs[dtdfib cfzbhjf lfvfnt,bsb [fpt,bc yfrkt,b hfjltyj,f^ 

dblht ufpjvdt,bc itltut,ib ufyvtjht,bsb ufvj'f[t,t,bc fhfhct,j,bcfc& 

 

2&3& cbcntvf lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs 

 

 lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs vjmvtl cbcntvfib tc ufvj'f[t,t,b 

fh bqt,c efhc^ hxt,f cbcntvfib lf se ufysfdbceaklt,f cfzbhj vjo.j,bkj,t,b 

vbcsdbc^ bc bmyt,f vjvcf[eht,ekb& tc cbcntvt,b vrdtshfl ufyc[dfdlt,f kjlbybc 

ht;bvbc cbcntvt,bcfufy ~ufydb[bkfds vjvltdyj sfdt,ib` thsb ufycfresht,ekb 

gbhj,bs% cbcntvfib ufvj'f[t,t,bc fhct,j,bc ]fvehb lhj^ hjvtkbw vjbwfdc 

kjlbybc lhjc lf vjvcf[eht,bc lhjc^ fh fhbc lfvjrblt,ekb kjlbybc lhjbc 

vybidytkj,fpt& afmnbehfl .jdtkb ufvj'f[t,f vjbs[jdc vjvcf[eht,fc 

ufhrdtekb^ lhjbc eo.dtnb gthbjlbc ufyvfdkj,fib lf f,jytynb ~nthvbyfkb` 

sfdbc vjs[jdybkt,fc [cybc bvbcfufy lfvjerblt,kfl^ vjtvcf[ehyty vfc se fhf& 

vt-7 yf[-pt sdfkcfxbyjlff ofhvjlutybkb lf,kjrbkb ufvj'f[t,bc ityfhxeyt,bs 

vjmvtlb cbcntvbc veifj,bc ghbywbgb& cf.ehflqt,jf^ hjv lf,kjrbkb 

ufvj'f[t,t,bc evtntcb yfobkb ,jkjc lf ,jkjc fqotdc vjvcf[eht,fc^ vfuhfv 

lhjbc v[jkjl bv yfobkbc ufyvfdkj,fib^ hjltcfw ufvj'f[t,t,bc itcf,fvbcb 

o.fhjt,b fmnbehbf ~vjmvtlt,ty` fhbfy& 
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l h j^  o s 

yf[& 7& lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bc 

cbcntvfib f,jytynt,bc vjmvtlt,bc lhjbsb lbfuhfvf 

~13 vjvcf[eht [tkcfo.j` 

 

 rjvenbht,flb cfntktajyj mctkb fh aeymwbjybht,c lf,kjrbkb 

ufvj'f[t,t,bc ityfhxeyt,bc ht;bvib^ vfuhfv hbub c[df cbcntvt,bcf veifj,ty 

vjvcf[eht,bc fv ht;bvbs& lf,kjrbht,ekb ufvj'f[t,t,bc ityfhxeyt,bc ht;bvb 

ufvjb.tyt,f lhjbc htfkeh vfcinf,ib vjveifdt cbcntvt,ib^ cflfw ufvj'f[t,t,bc 

o.fhjt,b velvbdfl cfzbhjt,ty vjvcf[eht,fc^ bvbc vbe[tlfdfl^ fhbc se fhf 

itcf,fvbcb [tkcfo.jt,b& lblb lfndbhsdt,bc gbhj,t,ib lf,kjrbkb 

ufvj'f[t,t,bc ityfhxeyt,bc ht;bvbc cbcntvfib ufvj'f[t,bc vjvcf[eht,f vj[lt,f 

lhjbc v[jkjl bv yfobkib^ hjltcfw ufvj'f[t,bc ufhrdtekb o.fhj fmnbehbf& 

 fctsb cbcntvbc vfufkbsb^ hjvtkbw rfhufl tsfyflt,f lf,kjrbkb 

ufvj'f[t,t,bc ityfhxeyt,bc vjltkc^ fhbc vtn.dtkt,bc cbuyfkt,bc 

cnfnbcnbrehb itvzblhjt,bc cbcntvf - TASI& cbcntvf TASI epheydtk.jac 

vtn.dtkt,bc cbuyfkt,bc ufhrdtekb hfjltyj,bc o.fhjt,bc vbthst,fc uflfwtvbc 

fh[t,bc yfrkt, hfjltyj,fcsfy& o.fhjc vjvcf[eht,f ~fh[sfy vbthst,f` [lt,f 

v[jkjl vfiby^ hjltcfw bc fmnbehbf ~ufvjcfcdktkpt fhct,j,c cbuyfkb`& se 

o.fhj uffmnbehlt,f vfiby^ hjltcfw uflfwtvbc .dtkf fh[b lfrfdt,ekbf^ o.fhjc 

cbuyfkb ,kjrbhlt,f lf [lt,f cbn.dbc rkbgbht,f& w[flbf^ vtn.dtkt,bc cbuyfkib 

.jdtkb cbn.df bo.t,f lf vsfdhlt,f bvbcfufy lfvjerblt,kfl^ [lt,f se fhf 

cbuyfkbc o.fhjc vjvcf[eht,f& STS abhvbc vbth lfveifdt,ek cbcntvfib cbn.dbth 

ctuvtynt,c tvfnt,f vwbht gfept,b ~lf.jdyt,t,b`^ hfsf vbybvevfvlt bmyfc 
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lf.dfybkb rkbgbht,f& fv itvs[dtdfib @lf,kjrbkb ufvj'f[t,f ityfhxeyt,ekbf@ 

vjltkbcfsdbc& fyufhbib htfkeh cbcntvfc vrfwhfl fqfh ittcf,fvt,f^ dbyfblfy^ 

cbuyfkbc ctuvtynbc cbcntvfib .jaybc lhj bphlt,f vjvcf[eht,bc lf.jdyt,bc 

lhjbc itcf,fvbcfl& vfuhfv^ se cfiefkj lf.jdyt,f lfrfdt,bc [fyuh'kbj,bc 

v[jkjl vwbht ghjwtync itflutyc fy^ se lf.jdyt,ekb cbn.dbc rjlbht,bc 

cbxmfht vwbhlt,f bvbcfsdbc^ hjv uflfwtvbc fh[ib @vjd[dlts@ sfdbceafkb 

lhjbc bynthdfkib^ vjltkb bsdkt,f lfcfidt,fl& 

 lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs vjmvtl cbcntvt,ib^ itb'kt,f 

lhjbc yt,bcvbthb vjvtynbcfsdbc ufybcfpqdhjc cbcntvfib fhct,ekb 

ufvj'f[t,t,bc cfthsj hbw[dbc fk,fsj,f& dbyfblfy ufvj'f[t,bc o.fhjc 

vjmvtlt,f ~fmnbeh vlujvfhtj,fib .jaybc [fyuh'kbdj,f` fh fhbc bvfpt 

lfvjrblt,ekb^ tvcf[eht,f vfc cbcntvf se fhf^ lhjbc yt,bcvbth vjvtynib 

cbcntvfib fhct,ekb ufvj'f[t,t,bc hbw[db njkbf cbcntvfib fhct,ekb fmnbehb 

o.fhjt,bc hbw[dbcf& fvhbufl^ cbcntvfib fhct,ekb ufvj'f[t,t,bc hbw[dbc 

fk,fsj,fsf ufyfobkt,bc rfyjyb ofhvjflutyc gefcjybc ufyfobkt,fc& bvbc 

fk,fsj,f^ hjv i hfjltyj,bc o.fhjt,b^ hjvkt,bw vjbs[jdc vjvcf[eht,fc^ 

b,kjrt,f^ elhbc bvbc fk,fsj,fc^ hjv i+V o.fhjt,b vjmvtlt,ty ~fmnbeht,b 

fhbfy`^ cflfw V fhbc vjvcf[eht [tkcfo.jt,bc hfjltyj,f& fqdybiyjs^ hjv 

gefcjybc ufyfobkt,f cbcntvfib fhct,ek ufvj'f[t,fsf cfthsj hbw[dbc 

fk,fsj,fc ufycfpqdhfdc bctsb fk,fsj,bc cf[bs^ hjltcfw obyf h ofvbc 

ufyvfdkj,fib itvjcekbf i+V ufvj'f[t,f& fk,fsj,fsf ufyfobkt,f 

lfvjrblt,ekbf v[jkjl ufvj'f[t,fsf itvjcdkbc cfiefkj byntycbj,bc λ 

yfvhfdkbcf lfrfdt,bc h cfiefkj [fyuh'kbdj,fpt& 

 vfufkbsb 10& hjujhbf vtn.dtkt,bc cbuyfkbc rkbgbht,bc fk,fsj,f      

cbcntvfib^ hjltcfw udfmdc cbuyfkbc 10 o.fhj lf 5 fh[b( hjujhb bmyt,f 

rkbgbht,bc fk,fsj,f 100 o.fhjcf lf 50 fh[bc itvs[dtdfib( 

 xfdsdfkjs^ hjv .jdtkb vjkfgfhfrbc fmnbehj,bc rjtabwbtynb fhbc 0^4& 

 fvj[cyf& gbhdtk itvs[dtdfib rkbgbht,bc fk,fsj,f itb'kt,f 

ufydcfpqdhjs^ hjujhw bvbc fk,fsj,f^ hjv gefcjybc ghjwtcbc rfyjybs 5 fy 

vtnb cbuyfkbc o.fhj lfrfdt,ekbf lf vfs tvcf[eht,f [tkcfo.jt,bc cfiefkj 

hbw[db A=0,4·10=4& ufvjdb.tyjs ufynjkt,f ~4` lf ufdbsdfkbcobyjs ~7`^ vbdbqt,s%  

 

rkbgbht,bc fk,fsj,f 

2 3 44
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hjltcfw cfmvt udfmdc cbcntvfcsfy cbuyfkbc 100 o.fhjsb^ lfrfdt,ekb o.fhjt,bc 

cfiefkj hbw[db bmyt,f A=100·0,4=40& cfvtn.dtkj cbuyfkbc rkbgbht,f [lt,f^ 

hjltcfw thslhjekfl fmnbehj,c 40 fy vtnb vjkfgfhfrt& 

 rkbgbht,bc fk,fsj,f  

49

0

1 (40) 0,04.k
k

P
=

= − =∑
 

vfufkbsbc itltut,b udbxdtyt,c^ hjv cfvtn.dtkj cbuyfkt,bc 

cnfnbcnbrehb itvzblhjt,bc cbcntvf eahj tatmnehfl veifj,c cbuyfkbc 

o.fhjt,bc lblb ]ueat,bc itvs[dtdfib^ dblht vwbht ]ueat,bcfsdbc& rkbgbht,bc 

rjtabwbtynb 37)^ fh b'ktdf vtn.dtkt,bc cbuyfkbc lflutybkb [fhbc[bs 

uflfwtvbc cfiefkt,fc& vtjhtc v[hbd^ 50 fh[bc itvs[dtdfib vbqt,ekb rkbgbht,bc 

rjtabwbtynb 4)^ se rfdibhuf,vekj,bc fh[t,pt vjcekb lfyf[fh]t,b lblbf^ 

chekbfl lfcfidt,bf& 

,kjrbht,bc fk,fsj,t,bc vybidytkj,t,b^ hjvkt,bw vbdbqts vfufkbs 10-

ib^ cbyfvldbktib afmnbeh vybidytkj,fpt eahj vfqfkbf^ dbyfblfy xdty 

ufvjdb.tyts fyufhbibc vtsjlb^ hjvtkbw ufsdfkbcobyt,ekbf cbuyfkbc 

o.fhjt,bc ecfchekj hfjltyj,bcfsdbc&  

 

2&4& w[flb rfhudt,bc cbcntvf cbuyfkbc o.fhjt,bc 

cfchekb hbw[dbs 

 

 ufvj'f[t,fsf itvjcdkbc fk,fsj,t,bc gefcjybc ufyfobkt,bc rfyjybc 

ufvj.dfybc lhjc 'bhbsflb lfidt,f bcff^ hjv ufvj'f[t,t,bc itvjcdkf fh fhbc 

lfvjrblt,ekb ufvj'f[t,t,bc o.fhjt,bc hbw[dpt& w[flbf^ tc lfidt,f rfyjybthbf 

vfiby^ hjltcfw ufvj'f[t,t,bc o.fhjt,bc hbw[db ufwbkt,bs vtnbf vjvcf[eht 

[tkcfo.jt,bc hbw[dpt& fv ufy.jabkt,fib xdty ufydb[bkfds w[flb rfhudt,bc  

cbcntvt,ib ,kjrbht,bc fk,fsj,bc cffyufhbij sfyfafhlj,t,c bv 

itvs[dtdbcfsdbc^ hjltcfw ufvj'f[t,bc o.fhjt,bc hfjltyj,f fh fhbc ufwbkt,bs 

vtnb vjvcf[eht [tkcfo.jt,bc hfjltyj,fpt& fv cbcntvt,ib ,kjrbht,bc 

fk,fsj,f .jdtksdbc yfrkt,bf^ dblht bv cbcntvt,ib^ cflfw vjmvtlt,c ecfchekj 

hfjltyj,bc ufvj'f[t,t,bc o.fhjt,b^ dbyfblfy cfchekb hfjltyj,bc o.fhjt,bc 

itvs[dtdfib ufvj'f[t,t,bc yfrflbc byntycbdj,f vwbhlt,f lfrfdt,ekb o.fhjt,bc 

hbw[dbc phlbc ghjgjhwbekfl& 

 cfchekb o.fhjt,bc itvwdtkb cbcntvt,bc itcofdkbcfc ntktnhfabrbc 

stjhbf b.tyt,c gfhfvtnht,c^ hjvtkcfw tojlt,f rfhudt,b lhjbc vb[tldbs& 

rfhudt,b lhjbc vb[tldbs - fhbc lhj ghjwtynt,ib^ hjvkbc ufyvfdkj,fibw 

.dtkf vjvcf[eht [tkcfo.j lfrfdt,ekbf^ fye^ rfhudt,b lhjbc vb[tldbs bv 

fk,fsj,bc trdbdfktynehbf^ hjv itvs[dtdbs ithxtek lhjbc iefktlt,ib .dtkf 
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vjvcf[eht [tkcfo.j fhbc lfrfdt,ekb& vfuhfv rfhudt,b lhjbc vb[tldbs 

fewbkt,kfl fh fhbc ,kjrbht,bc fk,fsj,bc ~fye ufvj'f[t,t,bc vb[tldbs 

rfhudt,bc` njkb& rfhudt,b lhjbc vb[tldbs ufycfpqdhekbf bvbc fk,fsj,bs^ 

hjv .dtkf vjvcf[eht [tkcfo.j lfrfdt,ekbf lf^ w[flbf tc ]th rbltd fh ybiyfdc^ 

hjv erdt vj[lf ufvj'f[t,bc ,kjrbht,f& fvbcfsdbc cfzbhjf^ hjv fv lhjc 

itvjdbltc ufvj'f[t,f& 

 ecfchekj o.fhjt,bfy cbcntvt,ib rfhudt,b lhjbc vb[tldbs lf rfhudt,b 

ufvj'f[t,t,bc vb[tldbs thsvfytsbc njkbf^ dbyfblfy ufvj'f[t,t,bc ghjwtynb^ 

hjvtkcfw .dtkf [tkcfo.j lfrfdt,ekb lf[dlt,f^ pecnfl lhjbc vb[tldbs 

rfhudt,bc njkbf ~fm^ ghjwtcc^ hjv .dtkf [tkcfo.j lfrfdt,ekbf^ fhfdbsfhb 

rfdibhb fh fmdc ufvj'f[t,t,bc itvjcdkbc ghjwtcsfy& lhjbc vb[tldbs rfhudt,bc 

vybidytkj,f cbcntvbc cnfwbjyfhekb vlujvfhtj,ff& fctdt ufvj'f[t,t,bc 

,kjrbht,bc vybidytkj,fw cbcntvbc cnfwbjyfhekb vlujvfhtj,ff`& vfuhfv^ 

cfchekb hfjltyj,bc o.fhjt,bc itvwdtk cbcntvfib ,kjrbht,ekb ufvj'f[t,t,bc 

ghjwtynb yfrkt,bf^ dbyfblfy yfrkt,b hfjltyj,bc ufvj'f[t,t,b itvjlbc lhjbc 

bv bynthdfkib^ hjltcfw .dtkf [tkcfo.j lfrfdt,ekbf ~N fhbc ufvj'f[t,t,bc 

o.fhjt,bc hbw[db^ i − lfrfdt,ekb o.fhjt,bc hbw[db^ t&b& ufvj'f[t,t,b itvjlbc 

fhf N hfjltyj,bc o.fhjt,blfy^ fhfvtl N-i hfjltyj,bc o.fhjt,blfy - fye 

sfdbceafkb o.fhjt,blfy`& fvhbufl^ cfchekb hfjltyj,bc o.fhjt,bfy cbcntvt,ib 

rfhudt,b ufvj'f[t,t,bc vb[tldbs ~,kjrbht,bc fk,fsj,f` .jdtksdbc yfrkt,bf 

lhjbc vb[tldbs rfhudt,pt& vfhskfw^ hjujhw ufycfresht,ekb itvs[dtdf^ 

cfvfufkbsjl ufydb[bkjs cbcntvf njkb hfjltyj,bc o.fhjt,bs lf vjvcf[eht 

[tkcfo.jt,bs& rfhudt,b lhjbc vb[tldbs fhbc bvbc fk,fsj,f^ hjv .dtkf 

vjvcf[eht [tkcfo.jt,b lfrfdt,ekbf^ hfw chekbfl htfkeh hbw[dbs 

vybidytkj,fc vbbqt,c^ [jkj ,kjrbht,bc fk,fsj,f rb^ w[flbf^ yekbc njkb 

bmyt,f& 

 bvbc fk,fsj,f^ hjv N cfchekb hfjltyj,bc ufvj'f[t,t,bc o.fhjt,bc 

itvwdtk cbcntvfib lfrfdt,ekb bmyt,f n [tkcfo.j V hfjltyj,bc [tkcfo.jt,blfy^ 

ufybcfpqdht,f sfyfafhlj,bs% 
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( )

( )
=

=
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N

n n

n V
i i

i

C hP
C h

α

α
  ^     ~11` 

 

cflfw α fhbc ufvj'f[t,t,bc itvjcdkbc byntycbdj,f sfdbceafkb o.fhjlfy* h -    
thsb ufvj'f[t,bc vjvcf[eht,bc cfiefkj [fyuh'kbdj,f& 

 

~11` ufvjcf[ekt,f wyj,bkbf^ hjujhw tyuctnbc ufyfobkt,f& se fv 

ufyfobkt,fib lfdeidt,s^ hjv n=V^ w[flbf^ vbdbqt,s lhjbc vb[tldbs rfhudt,bc 

cffyufhbij ajhvekfc% 
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yfrflbc gfhfvtnhb ufvj'f[t,bc o.fhjt,bc cfchekb hfjltyj,bc itvwdtk 

cbcntvfib sfdbceafkb o.fhjt,bc Ni hbw[dbc ghjgjhwbekbf% 

λi=α⋅Ni=α(N-i), 

cflfw α fhbc ufvj'f[t,bc o.fhjc gfhfvtnhb ~byntycbdj,f`^ hjltcfw bc 

sfdbceafk vlujvfhtj,fibf* N - o.fhjt,bc cfthsj hbw[dbf* i - lfrfdt,ekb 

o.fhjt,bc hbw[db ~hfw ybiyfdc^ hjv cbcntvf i vlujvfhtj,fibf`&  

yfrflbc gfhfvtnhbc vfstvfnbrehb vjkjlbybf 
i i

i
Pλ λ=∑

^ cflfw Pi fhbc bvbc 

fk,fsj,f^ hjv cbcntvfib lfrfdt,ekbf i hfjltyj,bc o.fhj& λ-c vybidytkj,f^ 

lf.dfybkb ths o.fhjpt ν=λ/N^ ufycfpqdhfdc ufvj'f[t,bc o.fhjc cfiefkj 

byntycbdj,fc& o.fhjc cfiefkj byntycbdj,f fhbc ufvj'f[t,t,bc hbw[dbc afhlj,f 

itcf,fvbc chek lhjcsfy ν=n/T^ cflfw = +T t tsfdbcea& lfrfd&  sfdbceafk vlujvfhtj,fib 

v.jab ufvj'f[t,bc o.fhjc byntycbdj,f rb fhbc ufvj'f[t,t,bc hbw[dbc afhlj,f 

o.fhjc sfdbceafk vlujvfhtj,fib .jaybc lhjbc bynthdfkt,bc ]fvsfy% 
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=

=

∑
n

j
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n
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sfdbcea&

 

se 

1==
∑

n

j
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n

sfdbcea&

sfdbcea&

 udtmyt,f 
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t
α

sfdbcea&  ^ 

 

cflfw n  fhbc lhjbc sfdbceafkb bynthdfkt,bc hfjltyj,f& 

 

 

itcf,fvbcfl^ 

1
( )

=
+t t

ν
sfdbcea& lfrfd&  & 

 

fvhbufl^ .jdtksdbc α>ν. 

 42



bvbc ufsdfkbcobyt,bs^ hjv hjltcfw v vjvcf[eht [tkcfo.jt,b 

lfrfdt,ekbf^ ufvj'f[t,t,bc itvjcdkbc byntycbdj,f (N-V)/V ]th ufyc[dfdlt,f 

ufvj'f[t,t,bc itvjcdkbc bv byntycbj,bc vybidytkj,bcfufy^ hjltcfw fh fhbc 

lfrfdt,ekb cbcntvbc fhw thsb vjvcf[eht [tkcfo.j^ itb'kt,f ufydcfpqdhjs 

ufvj'f[t,bc ,kjrbht,bc fk,fsj,f cfchekb o.fhjt,bc cbcntvfib lf veifj,bc 

w[flb rfhudt,bc ht;bvib% 

1

1
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 &     ~13` 

 

hfw Pv -c njkbf^ hjltcfw udfmdc N-1 ufvj'f[t,bc o.fhj& vfhskfw^ 

ufvj'f[t,f^ hjvtkbw itvjlbc rjyrhtnekb sfdbceafkb o.fhjlfy^ lfbrfhut,f^ 

se lhjbc fv vjvtynib lfrfdt,ekbf .dtkf v htcehcb& w[flbf^ fv htcehct,bc 

lfrfdt,f ufygbhj,t,ekbf lfyfhxtyb N-1 o.fhjcfufy& itcf,fvbcfl% 

( , , ) ( 1, , ).tP N V P N Vα α= −
ufvj'  

vjvcf[eht,ekb lfndbhsdbc vybidytkj,f y=αh^ itvltuyfbhfl 

ufybcfpqdht,f% 

1

(1 )
1 (1

V
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N By iP
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α
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−
= =

+ −∑ )  &     ~14` 

 

vbojlt,ekb lfndbhsdbc vybidytkj,f bmyt,f Nν^ vfiby fv cblblbc vb[tldbs 

vjvcf[eht,ekb lfndbhsdf fct ufybcfpqdht,f% 

 

(1 )y N Bν= −       ~15` 

 

thsb o.fhjlfy vbojlt,ekb lfndbhsdf^ thk% 

/ ;
1 (1 )

h N
B

αν α
α

= =
+ −  

o.fhjc gjntywbfkehb lfndbhsdf^ thk% 

.
1

a α
α

=
+  

 

vfufkbsb 11& f,jytynsf ]ueab^ itvjvfdfkb lf ufvfdfkb ufvj'f[t,t,bc 

xfsdkbs^ bodtdc ufvj'f[t,t,bc byntycbdj,fc - [esb ufvj'f[t,f cffsib thsb 

ntktajybc fgfhfnblfy& xfdsdfkjs^ hjv vjvcf[eht,bc cfiefkj [fyuh'kbdj,ff 

4 oesb lf ufydcfpqdhjs^ hjujhbf ufvj'f[t,t,bc itvjcdkbc cfiefkj 

byntycbdj,f thsb sfdbceafkb o.fhjlfy ~ntktajybc fgfhfnblfy`& hfvltyb 
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fctsb ntktajybc fgfhfnb itb'kt,f xfdhsjs mctkib 12-fh[bfyb 

veknbgktmcjhbs ~rjywtynhfnjhbs`^ se ,kjrbht,bc fk,fsj,bc lfcfidt,b 

vybidytkj,ff 1)& 

 fvj[cyf& dbyfblfy .jdtkb ntktajybc fgfhfnb thsb cffsbc ufyvfdkj,fib 

fmnbehbf 20 oesb^ ufvj'f[t,t,bc itvjcdkbc byntycbdj,f thsb sfdbceafkb 

fgfhfnblfy bmyt,f α=5/40=0,125 ufvj'f[t,f oesib& .dtkf    o.fhjlfy vbojlt,ekb 

lfndbhsdbc vybidytkj,f^ se xfdsdkbs^ hjv lfndbhsdf chekfl fhbc 

vjvcf[eht,ekb rfhudt,bc ufhtit^ bmyt,f% νhN=5⋅4/60⋅N=0,33N& fvbc itvltu eylf 

ufydcfpqdhjs N^ hjltcfw^ fvjwfybc gbhj,bc sfyf[vfl^ B=1% lf vt-13 

ajhvekblfy V=12& dbcfhut,js rjhybitdbc obuybc vt-4 lfyfhsbs^ cflfw vt-13 

ajhvekbc vb[tldbs vj.dfybkbf w[hbkb ~cneltynb .dtkf fvjwfyfc [cybc 

gthcjyfkeh rjvgbenthpt^ w[hbkt,bcf lf uhfabrt,bc ufvj.tyt,bc ufhtit`& fv 

w[hbkbc vb[tldbs^ hjltcfw B=0,01; N=20 lf V=12, dbqt,s^ hjv νh=7,107 thk& 

hflufyfw N=20 mvybc Nνh=0,33⋅20=6,6 thk^ fdbqjs^ hjv N=21, hfcfw ittcf,fvt,f 

6^93 thk^ hfw yfrkt,bf 7^107 lf t&b& fhf evtntc 1) ,kjrbht,f ufhfynbht,ekb 

bmyt,f& hjv fudtqj N=22, vfiby Nνh=7,26 thk^ hfw vtnbf 7^107 thk-pt lf 

,kjrbht,f 1)-c uflffzfh,t,lf& 

 xdty tc fvjwfyf fvjd[ctybs mctkib cfchekb hfjltyj,bc o.fhjt,bc 

vjltkbc ufsdfkbcobyt,bs& bubdt fvjwfyf hjv fvjd[cyfs ecfchekj hfjltyj,bc 

o.fhjt,bc vjltkblfy ufvjvlbyfht ~t&b& thkfyubc ajhvekbs^ ajhvekf 8`^ 

vbdbqt,s^ hjv 12 fh[c ~t&b& 12 [tkcfo.jc` 1) ,kjrbht,bs ite'kbf vjtvcf[ehjc 

5^817 thk^ lfndbhsdfc& itcf,fvbcfl^ ntktajyt,bc fgfhfnt,bc vfmcbvfkehb 

hbw[db lfcfidt,b bmyt,jlf 5,817/0,33=17,63& fvhbufl^ ecfchekj hfjltyj,bc 

o.fhjt,bc vjltkbs fyufhbib b'ktdf 16)-bs yfrkt,b fgfhfnt,bc vbthst,bc 

htrjvtylfwbfc veknbgktmcjhpt& 

 

2&5& cbcntvf lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs lf 

ufvj'f[t,bc o.fhjt,bc cfchekb hfjltyj,bs 

 

 fctsb cbcntvbc fyfkbpb eylf xfdfnfhjs 2&3 geymnbc fyfkjubehfl^ cflfw 

ufydb[bkts cbcntvf lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs lf hjvtkcfw 

uffxybf ufvj'f[t,bc o.fhjt,bc ecfchekj hfjltyj,f& jhbdt itvs[dtdfib ~2&3 lf 

2&5` dflutys^ hjv cbcntvfib fhct,ekb ufvj'f[t,t,bc hfjltyj,f njkbf bv 

ufvj'f[t,t,bc hbw[dbcf^ hjvtkbw vjvcf[eht,ekb bmyt,jlf fhf,kjrbht,flb 

vjvcf[eht [tkcfo.jt,bc ]ueabs ~fhf,kjrbht,flb ybiyfdc^ hjv .dtkf 

ufvj'f[t,bcfsdbc bfhct,t,lf vjvcf[eht [tkcfo.j`& fvhbufl^ xdty ufvjdb.tyt,s 
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~11` ajhvekfc bvbc fk,fsj,bc ufycfpqdhbcfsdbc^ hjv hjltcfw cbcntvbc .dtkf 

N o.fhj fmnbehbf^ cbcntvfib fhct,j,c n hfjltyj,bc ufvj'f[t,f% 
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dbyfblfy fhw thsb ufvj'f[t,f fh brfhut,f^ o.fhjc byntycbdj,f ~thsb 

o.fhjlfy vbojlt,ekb lfndbhsdf` itb'kt,f ufydcfpqdhjs itvltuyfbhfl% 
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ha

h
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fv jhb ajhvekbc cfae'dtkpt cbcntvfib dbqt,s n hfjltyj,bc 

ufvj'f[t,t,bc fhct,j,bc fk,fsj,bc cffyufhbij ajhvekfc% 

       (1 )n N
n NP C λ n−= − &     ~18` 

 

se cbcntvfc fmdc V hfjltyj,bc vjvcf[eht [tkcfo.jt,b^ vfiby rfhudt,b 

lhjbc vb[tldbs bvbc fk,fsj,bc njkbf^ hjv lfrfdt,ekbf .dtkf N [tkcfo.j% 
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v n
n v

P P
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&      ~19` 

 

,kjrbht,bc fk,fsj,f lf,kjrbkb ufvj'f[t,t,bc ityfhxeyt,bs^ fhbc bvbc 

fk,fsj,f^ hjv ufvj'f[t,fc cbcntvfib [dlt,f c[df V fy vtnb ufvj'f[t,f ~fye^ 

hjltcfw .dtkf n o.fhj lfrfdt,ekbf ufvj'f[t,bc itvjcdkbc fk,fsj,bc 

afhlj,f ufvj'f[t,bc itvjcdkbc cfiefkj byntycbdj,fcsfy`% 
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cflfw ν fhbc thsb o.fhjlfy itvjcekb lfndbhsdf* N - o.fhjt,bc hfjltyj,f* V - 

vjvcf[eht [tkcfo.jt,bc hfjltyj,f&  

vfufkbsb 12& ufydcfpqdhjs vtn.dtkt,bc cbuyfkbc rkbgbht,bc fk,fsj,f^ 

hjltcfw vjmvtlt,c cbuyfkbc 10 o.fhj [es fh[pt& bubdt 100 o.fhjcf lf 50 

fh[bcfsdbc& fmfw .jdtkb vjkfgfhfrbc fmnbehj,bc rjtabwbtynb b.jc 0^4& vt-9 

fvjwfybcfufy ufyc[dfdt,bs^ dbyfhxeyt,s lf,kjrbk ufvj'f[t,t,c lf^ hjujhw 

d[tlfds^ cbcntvfib udfmdc o.fhjt,bc chekbfl cfchekb hfjltyj,f& 
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 fvj[cyf& dt't,s v[jkjl bvbc fk,fsj,fc^ hjv lhjbc hjvtkbvt gthbjlib 

vbvlbyfhtj,c vtn.dtkt,bc cbuyfkbc rkbgbht,f vfyfv^ cfyfv fh vj[lt,f 

sfdbceafk fh[pt vbthst,f& 

 fvbcfsdbc db.tyt,s ~20` ufynjkt,fc^ hjvtkibw thsb o.fhjc lfndbhsdfc 

dbsdfkbcobyt,s ν=0,4& 

 hjltcfw cfmvt udfmdc 10 o.fhjcsfy lf 5 fh[sfy^ 

9
9

9
5

(0,4) (0,6) 0,27n n n
n

n
B C −

=

= ⋅ =∑
& 

 

hjltcfw 100 o.fhj veifj,c 50 [tkcfo.jcsfy ~fh[sfy`^ 

99
99

99
50

(0,4) (0,6) 0,023n n n
n

n
B C −

=

= ⋅ =∑
& 

 

se itdflfht,s vt-10 vfufkbsbc itltut,c^ cflfw bubdt vjyfwtvt,bf^ jqjyl 

ecfchekj hfjltyj,bc o.fhjt,bfy cbcntvfib^ d[tlfds^ hjv ecfchekj 

hfjltyj,bc o.fhjt,bc vjltkbs fyufhbib b'ktdf rkbgbht,bc vtn vybidytkj,t,c 

0^37^ vt-12 vfufkbsib rb vbdbqts 0^27 lf 0^04^ hjltcfw vt-12 vfufkbsib − 0^023& 

hjvtkb vtsjlb eylf fdbhxbjs fyufhbibcfsdbc( - fv rbs[dfpt gfce[bc 

ufwtvf [lt,f ufvj'f[t,bc o.fhjt,bc hbw[dbc itafhlt,bs fh[t,sfy ~fye 

vjvcf[eht [tkcfo.jt,bc hbw[dsfy` lf fhf eiefkjl o.fhjt,bc hbw[dbc 

vb[tldbs& 

vt-12 vfufkbsib ufycfpqdhekbf bvbc fk,fsj,f^ hjv vtn.dtkt,bc 

cbuyfkbc ufhrdtek vjyfrdtsc ~ctuvtync` ittcf,fvt,f uflfndbhsekb cbcntvf lf 

fvbnjv [lt,f vbcb rkbgbht,f& fctsb fvjwfyt,bc fvj[cyf cfcfhut,kjf^ hflufy 

itdbcofdkbs hjujhw rkbgbht,bc cb[ibhbc^ fctdt vbcb [fyuh'kbj,bc fyufhbic& 

fvhbufl^ afmnbehfl xdty dcfpqdhfds lfndbhsdbc bv vjwekj,fc^ hjvtkbw 

vjlbc cbuyfkbc rkbgbht,ek yfobkpt& tc fh fhbc lfrfhuekb lfndbhsdf^ 

hjvtkbw ittcf,fvt,f uflfndbhsdbc lhjc itvjcek ufvj'f[t,t,c^ hjvkt,bw 

@chekfl@ brfhut,f&  

cbuyfkbc bv @yfzht,bc@ obkb^ hjvkt,bw brfhut,bfy^ itb'kt,f 

ufybcfpqdhjc^ hjujhw ufenfht,tkb ~uflfewtvb` lfndbhsdbc byntycbj,bc 

afhlj,f vbojlt,ekb lfndbhsdbc byntycbdj,fcsfy% 

1

1 ( )
= +

+∑
N

n
n V

B n N
Alfrfhu

,P
     ~21` 
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cflfw N fhbc ufvj'f[t,bc o.fhjt,bc hbw[db* A − vbojlt,ekb lfndbhsdbc 

byntycbdj,f* V − vjvcf[eht [tkcfo.jt,bc hbw[db* Pn − cbcntvfib n ufvj'f[t,t,bc 

fhct,j,bc fk,fsj,f&  

vfufkbsb 13& ufydcfpqdhjs rkbgbc cfiefkj [fyuh'kbdj,f 10 o.fhjcf lf 

5 fh[bc^ itvltu rb 100 o.fhjcf lf 50 fh[bc gbhj,t,ib& lfdeidfs^ hjv cfvtn.dtkj 

cbuyfkbc ctuvtynbc cfiefkj [fyuh'kbdj,f itflutyc 300 vo ~vo fhbc vbkbofvb 

fye 10-3 ov`^ [jkj vjkfgfhfrbc fmnbehj,f ν=0,4& cfpjufljl^ cfvtn.dtkj 

cbuyfkbc ctuvtynbc [fyuh'kbdj,f eahj hsekb ofhvjcflutybf^ bc 

lfvjrblt,ekbf @vjwekj,bc pqeh,kpt@^ hjvtkbw sfdbcsfdfl lfvjrblt,ekbf 

ν - @fmnbehj,bc gfhfvtnhpt@`& 

fvj[cyf% gbhdtk itvs[dtdfib - 10 o.fhj lf 5 fh[b 

10
5 10
10

6

1 ( 5) (0,4) (0,6) 0,059
4

n n

n
B n C −

=

= − ⋅ =∑lfrfhu

& 

 

 

fvhbufl^ cfiefkjl cfvtn.dtkj cbuyfkbc .jdtkb ctuvtynbc 5^9) 

rkbgbhlt,f fye 300 vo-lfy 17^7 vo& dbyfblfy^ obyf fvjwfyf 11-bc vb[tldbs^ 

rkbgbht,fc tmdtvlt,fht,jlf ctuvtynt,bc 27)^ rkbgbht,bc cfiefkj 

[fyuh'kbdj,f^ vtn.dtkt,bc cbuyfkbc bv ctuvtynpt^ cflfw [lt,f rkbgbht,f@^ 

njkbf 0,059/0,27=22% fye 66 vo - chekbfl lfeidt,tkb ljytf& 

 vtjht itvs[dtdfib - 100 o.fhj lf 50 fh[b 

100
100

100
51

1 ( 50) (0,4) (0,6) 0,001.
40

n n n

n
B n C −

=

= − ⋅ =∑lfrfhu

 
  

fvhbufl^ fv itvs[dtdfib cfvtn.dtkj cbuyfkbc itcf,fvbcb ctuvtynbc v[jkjl 

0^1)-bc rkbgbht,f [lt,f* tc bvfc ybiyfdc^ hjv se ofhvjbij,f rkbgbht,f^ 

brfhut,f cfvtn.dtkj cbuyfkbc 300⋅0,001⋅0,023=13 vo& 

 vt-12 vfufkbsbc itltut,b udbxdtyt,c^ hjv cbcntvfib ufvj'f[t,bc o.fhjt,bc 

ufvc[dbkt,f fhf vfhnj fvwbht,c rkbgbht,bc fk,fsj,fc^ fhfvtl fvwbht,c 

rkbgt,bc [fyuh'kbdj,fcfw& 
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3& rfdibhuf,vekj,bc mctkib ,kjrbht,bc fk,fsj,bc ufycfpqdhf 

 

 ptvjs xdty db[bkfdlbs ntktnhfabrbc stjhbbc bv 'bhbsfl vtsjlt,c^ 

hjvkt,bw eylf ufvjdb.tyjs ,kjrbht,bc fk,fsj,bc ufycfpqdhbcfsdbc mctkbc 

wfkrtek e,yt,pt ~itvfthst,tkb [fpt,bc wfkrtekb [fpsrjyt,b lf c[df`& 

ufydb[bkjs mctkib thsb lfvf,jkjt,tkb vjo.j,bkj,blfy vtjht 

lfvf,jkjt,tk vjo.j,bkj,fvlt itvfthst,tkb [fpt,bc ,kjrbht,bc fk,fsj,f^ 

hjltcfw lfvf,jkjt,tk vjo.j,bkj,t,c ijhbc fhct,j,c thspt vtnb itthst,bc 

itcf'kj upf& fv fk,fsj,bc ufycfpqdhfcsfy lfrfdibht,bs fewbkt,tkbf mctkbc 

c[dflfc[df vbvfhsekt,t,ib fhct,ekb lfndbhsdt,bc ehsbthsmvtlt,bc 

ufy[bkdf& fm ufycfresht,ekb vybidytkj,f tybzt,f ths vbvfhsekt,fib 

ofhvjmvybkb zfh,b lfndbhsdbc vybidytkj,bc ufdktyfc vtjht vbvfhsekt,fib 

,kjrbht,bc vybidytkj,fpt& 

 

 

3&1& thsb lfvf,jkjt,tkb vjo.j,bkj,blfy vtjhtvlt itvfthst,tkb 

upbc ,kjrbht,bc fk,fsj,f 
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 rfdibhuf,vekj,bc mctkib itvfthst,tkb upf itbwfdc [fpt,bc vbvltdhj,fc^ 

cflfw .jdtkb vfsufyb itbhxtdf c[dflfc[df [fpt,bc cbvhfdktsfufy& fvhbufl^ 

thsb lfvf,jkjt,tkb vjo.j,bkj,blfy vtjhtvlt^ ,kjrbht,bc fk,fsj,f fhbc 

fk,fsj,fsf rjvgjpbwbf vbvltdhj,bs lf gfhfktkehfl itthst,t,bc 

itcf,fvbcfl&  

 
 

yf[&8& mctkib rfhudt,bc cffyufhbijl ufvj.tyt,ekb  

fk,fsehb uhfabrb 

 

 vt-8 yf[-pt C cfrjvenfwbj rdfy'ib itlbc rfdibhbc lfv.fht,bc hfvltybvt 

upf& ,kjrbht,bc fk,fsj,bc ufvjcf[ekt,f^ hjvtkbw fv yf[fpptf yfxdtyt,b^ 

vbqt,ekbf c[dflfc[df lfidt,t,bcf lf ufvfhnbdt,t,bc cfae'dtkpt ~fm P fhbc 

lfrfdt,bc^ [jkj q rb^ @sfdbceakt,bc@ − ^ hjv [fpb sfdbceafkbf − fk,fsj,t,b`& 

vfufkbsfl^ fv ufvjcf[ekt,fib fh fhbc ufsdfkbcobyt,ekb cfrjvenfwbj 

rdfy't,bcfsdbc lfvf[fcbfst,tkb ,kjrbht,bc ~rfhudt,bc` fk,fsj,t,b& se 

cfrjvenfwbj cbcntvf wbahekbf^ fh[t,bc lhjbsb lf.jabs^ rfhudt,b bmyt,f 

bvltyfl vwbht^ hjv^ vfhskfw^ ,kjrbht,bc fk,fsj,bc ufvjcf[ekt,fib itb'kt,f 

vbcb euekt,tk.jaf^ vfuhfv se vbcb ufsdfkbcobyt,f fewbkt,tkbf^ vfiby 

itcf,fvbcb ,kjrbht,bc fk,fsj,f eylf ofhvjdblubyjs^ hjv tresdybc 

itvfthst,tk [fpsfy vbvltdhj,bs xfhsek cbcntvfc lf hfw ufhrdtekfl 

ufvjfcojht,c bvbs ufvjodtekb itwljvfc^ hjv cfrjvenfwbj cbcntvbcf lf 

itvfthst,tkb [fpt,bc ,kjrbht,t,bc fk,fsj,t,b ehsbthslfvjrblt,ekb 

cblbltt,bf& vt-8 yf[-pt yfxdtyt,b ,kjrbht,bc fk,fsj,bc ufvjcf[ekt,bc 

vbqt,bcfsdbc fewbkt,tkbf lfidt,f-ufyvfhnt,f^ hjv wfkrtekb itvfthst,tkb 

[fpsf rjyt,bc ,kjrbht,t,bc fk,fsj,t,b ehsbthslfvjerblt,tkb cblbltt,bf^ 

hfw udf'ktdc cfiefkt,fc^ hjv jhb gfhfktkehb upbc chekb fk,fsj,f 

ofhvjdflubyjs itcf,fvbcb fk,fsj,t,bc yfvhfdkbc cf[bs& 

 hjujhw otcb^ ufycfresht,bs rb cfthsj cfhut,kj,bc rfdibhuf,vekj,bc 

mctkt,ib^ cfnhfypbnj rdfy't,cf lf cfthsfijhbcj-cfmfkfmsfijhbcj 
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cflueht,pt ufvfdfkb itvfthst,tkb [fpt,b fnfht,ty ~tvcf[eht,bfy` vhfdfkb 

vbvfhsekt,bc nhfabrc& itcf,fvbcfl^ zfh,b lfndbhsdbc lblb vybidytkj,f^ 

hjvtkbw vbtojlt,f itvfthst,tkb [fpbc rjyfc^ lfvjrblt,ekbf gbhdtkb 

ithxtdbc fhfthsb upbc vjdktyt,pt& fv itvs[dtdfib bvbc lfidt,f^ hjv itvjdkbsb 

upt,bc ,kjrbht,t,bc fk,fsj,t,b lfvjerblt,tkb cblbltt,bf^ cojhbf& vfuhfv^ 

se nhfypbnekb vbvfhsekt,bc [fpsf rjyfib zfh,b lfndbhsdbc vybidytkj,f 

gbhdtkb ithxtdbc nhfabrbc njkafcbf ~itb'kt,f vtnbw`^ vfiby ,kjrbht,bc 

fk,fsj,t,bc rjhtkfwbbc ufesdfkbcobyt,kj,fv itb'kt,f vbudb.dfyjc 

lfeidt,tk itwljvt,fvlt& 

 hflufyfw fh fhct,j,c lfcvekb fvjwfyt,bc fvj[cybc pjuflb otcb^ lf 

cfzbhjf .dtkf wfkrtek itvs[dtdfib ghjwtct,bc lfodhbkt,bsb fyfkbpb lf 

fvjwfybc cojhfl ufut,f^ rfdibhuf,vekj,bc mctkt,ib ,kjrbht,bc fk,fsj,bc 

ufycfpqdhbc itvlujvb itcofdkf ufdfuh'tkjs rjyrhtnekb fvjwfybc fvj[cybc 

vfufkbspt& 

 vfufkbsb 14& jh cfrjvenfwbj cfluehc ijhbc rfdibhbcfsdbc 

ufvj.tyt,ekbf itvfthst,tkb [fpt,bc jhb rjyf^ hjujhw gbhdtkb ithxtdbc 

upt,b ~hflufyfw jhb [fpsf rjybs fhbc ufy[jhwbtkt,ekb rfdibhb^ eahj cojhb 

bmyt,f nthvbyb @gbhlfgbhb ithxtdbc upt,b@^ hfw^ e,hfkjl^ jhbdt [fpbc 

aeymwbfc fsfyf,ht,c`& gbhdtkb [fpsf rjybc ntdflj,ff 12 fh[b^ vtjhbcf rb 6 

fh[b& lfdeidfs^ hjv 12 fh[bfy rjyfc tojlt,f lfndbhsdf 10^8 thk& hjltcfw 

[fpsf tc rjyf lfrfdt,ekbf^ zfh,b lfndbhsdf vbtojlt,f 6 fh[bfy [fpsf rjyfc& 

ufydcfpqdhjs^ se hjujhbf ,kjrbht,bc fk,fsj,f 12 fh[bfy rjyfib lf hfvltybf 

zfh,b lfndbhsdbc vybidytkj,f^ hjvtkbw vbtojlt,f 6 fh[bfy rjyfc( 

ufydcfpqdhjs fuhtsdt 6 fh[bfyb rjybc ,kjrbht,bc fk,fsj,f^ se zfh, 

lfndbhsdfl vbdbxytds vfcpt vbojlt,ekb lfndbhsdbc vybidytkj,fc& hjujhbf 

bvbc fk,fsj,f^ hjv jhbdt [fpsf rjyf lfrfdt,ekbf( itlfhltc tc itltub thsb^ 

18 fh[bfyb [fpsf rjyf hjv itmvybkb.j fv jh cfluehc ijhbc^ vbcb ,kjrbht,bc 

fk,fsj,fcsfy& 

 itybidyf% mdtvjs^ fvj[cybc ghjwtcib cfv-cfvb rbs[dbsb ybifyb lfcvekb 

fmdc lfidt,t,c^ hjvkt,bw itwljvt,bc o.fhjf lf c[df fvjwfyt,bc fvj[cybc lhjc 

fctdt eylf fqvjdfxbyjs tc ufycfresht,ekb othnbkt,b& 

 fvj[cyf% ufvjdb.tyjs w[flb rfhudt,bc cbcntvbc uffyufhbit,bc vtsjlb 

~ajhvekf 8` lf ufydcfpqdhjs^ hjv rfhudt,b 12 fh[bfy rjyfib^ hjltcfw vfc 

vbtojlt,f 10^8 thk lfndbhsdf^ fhbc 15)^ fvbnjv zfh,b lfndbhsdbc byntycbdj,f 

njkbf 10^8⋅0^15=1^62 thk& 

 6 fh[bfyb rjybc ,kjrbht,bc fk,fsj,f^ hjltcfw vfc vbtojlt,f 1^62 thk 

lfndbhsdf ~ufvj'f[t,fsf yfrflb itvs[dtdbsb [fcbfsbcff(((` fhbc 0^5)& 
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 bvbc fk,fsj,f^ hjv jhbdt [fpsf rjyf lfrfdt,ekbf^ itb'kt,f 

ufybcfpqdhjc ~bvbc lfidt,bs^ hjv vfsb ,kjrbht,t,bc fk,fsj,t,b 

lfvjerblt,tkb cblbltt,bf(((` itvltuyfbhfl% B=0^15x0^005=0^00075& 

 itlfht,bcfsdbc^ 18 fh[bfyb rjybc ,kjrbht,bc fk,fsj,f^ hjltcfw vfc 

vbtojlt,f 10^8 thk lfndbhsdf^ B=0^013&  

 fvjwfybc fvj[cybc ghjwtcib uflfdkf[ts itwljvt,bc jhb o.fhj& gbhdtkb 

itwljvf% xdty xfdsdfkts^ hjv wfkrtek [fpsf rjyt,ib ,kjrbht,bc fk,fsj,t,b 

lfvjerblt,tkb cblbltt,bf& w[flbf^ tc fh fhbc wfkcf[fl fct& vtjht itwljvf 

ufvjodtekbf bvbs^ hjv xdty db.tyt,s ufvj'f[t,t,bc ovbylfl itvs[dtdbsfl 

itvjcdkbc itcf,fvbc vjltkc zfh,b lfndbhsdbc uffyufhbit,bcfsdbc^ hfw^ 

fuhtsdt 'fkpt e[tib vbf[kjt,ff&  

 cbyfvldbktib fv fvjwfyfib udfmdc jh itvfthst,tk [fpsf rjyfib fhct,ekb 

,kjrbht,t,bc ehsbthslfvjerblt,kj,f& fv itvs[dtdfib ,kjrbht,bc chekb 

fk,fsj,f jhbdt [fpsf rjybcfsdbc ufybcfpqdht,f itvltuyfbhfl% 

B=B1⋅(B2/1) ,      (22) 
 

cflfw B1 fhbc gbhdtkb [fpsf rjybc ,kjrbht,bc fk,fsj,f^ [jkj (B2/1) fhbc 

vtjht [fpsf rjybc ,kjrbht,bc fk,fsj,f bv gbhj,bs^ hjv gbhdtkb [fpsf rjyf 

lfrfdt,ekbf ~gbhj,bsb fk,fsj,f`&  

 hjltcfw itvfthst,tk [fpsf rjyf [tkjdyehfl fhbc uf.jabkb ~bctdt 

hjujhw fv vfufkbsib^ 18 fh[b [tkjdyehfl fhbc uf.jabkb jh rjyfl% 12 fh[b lf 

6 fh[b`^ jh rjyfl ,kjrbht,bc gbhj,bsb fk,fsj,f itvltuyfbhfl ufybcfpqdht,f% 

 

 

 

     

( )
( )

1 1

2 1
!(B /1)=B(V/V )

!
= =

= =

∑ ∑

n

V
V V n

n
n V n V

A
P V

AP n

~23` 

cflfw  bvbc fk,fsj,ff^ hjv lfrfdt,ekbf V hfjltyj,bc fh[b ~V 

hfjltyj,bc [tkcfo.j`^ hjltcfw wyj,bkbf^ hjv erdt lfrfdt,ekbf V

1B(V/V )

1 fh[b*  

Pn bvbc fk,fsj,ff^ hjv v hfjltyj,bc fh[t,blfy lfrfdt,ekbf pecnfl n 

hfjltyj,f ~gefcjybc ajhvekf`&  

 se ~23` ajhvekbs ufydcfpqdhfds gbhj,bs fk,fsj,fc ^ hjltcfw 

A=10,8, V
2B /1

1=12 lf V=18 vbdbqt,s^ hjv vt-14 vfufkbsib bc njkbf 0^033-bcf lf vfiby 

~22` ajhvekbs chekb fk,fsj,f bmyt,f B=0,15⋅0,033=0,005 lf fqvjdfxtys 

epecnj,fc% 0^013-bc obyffqvltu 0^005^ hfw ufvjodtekbf bvbs^ hjv zfh,b 

lfndbhsdbc vf[fcbfst,kt,b fh fhbc itvs[dtdbsb&  
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 ajhvekf ~23` cfvfhskbfybf v[jkjl vc]tkj,bc cfae'dtkpt^ kjubrehfl 

vjhut,ekb vjltkbc itvs[dtdfib^ vfuhfv cfpjufljl vbcb ufvj.tyt,f vfiby fhbc 

cojhb^ hjltcfw zfh,b lfndbhsdf hjvtkbvt vbvfhsekt,fib ljvbyfynbf&  

 vt-8 yf[-bc itvs[dtdfib vtcfvt vybidytkjdfyb lfidt,f bc fhbc^ hjv 

lfndbhsdf yf[fppt yfxdtyt,b mctkbc yfobkpt lfvjerblt,tkb cblbltf& vfuhfv^ 

se lfndbhsdbc wdkbkt,f ~h[tdf` lfvjrblt,ekbf ufhtit vjdktyt,pt 

~vfufkbsfl^ vjcf[ktj,fv ntktdbpbbs itbn.j^ hjv lf,jv,tc gfyrbcb fy ltcfynb 

itvjcekf rjljhib^ − bo.t,f cfntktajyj mctkbs ehsbthsfphsf ufwdkf lf 

lfndbhsdf fqfh fhbc lfvjerblt,tkb cblblt`^ fv itvs[dtdfib vybidytkjdfyb 

wljvbkt,t,b udtmyt,f uffyufhbit,bc itltut,ib − vfiby fv,j,ty^ hjv fyufhbibc 

.dtkf vfxdtyt,tkb ufefhtct,ekbf& 

 

3&2& zfh,b lfndbhsdf   

 

vt-14 vfufkbsib itwljvt,bc vtjht o.fhj fhct,j,c bvbnjv^ hjv vtjht 

[fpsf rjybc ,kjrbht,bc fk,fsj,bc ufycfpqdhbcfsdbc vt-~8` ajhvekfib xdty 

xfdcdbs gbhdtkb rjybc zfh,b lfndbhsdbc cfiefkj vybidytkj,f& vfuhfv^ 

thkfyubc ajhvekfib lfidt,ekbf^ hjv ufvj'f[t,t,bc itvjcdkbc lhjbc 

vjvtynt,b ovbylfl itvs[dtdbsb vjdktyt,bf lf t&b& fqbotht,f gefcjybc 

ufyfobkt,bs& vfuhfv^ ufvj'f[t,t,bc itvjcdkbc fk,fsj,t,bc ufyfobkt,bc 

gefcjybc rfyjybc ufvj.tyt,f vtjht rjyfpt itvjcekb yfrflbcfsdbc itwljvff& 

vfibyfw rb^ hjltcfw [fpsf gbhdtk rjyfc vbtojlt,f itvs[dtdbsb yfrflb^ 

uflfndbhsdbc ghjwtcb vbvlbyfhtj,c bct^ hjv [lt,f ufhrdtekb ufvj'f[t,t,bc 

]ueat,bc ithxtdf vtjht rjyfib ufcfupfdyfl& fvhbufl^ vtjht rjyfpt 

ufvj'f[t,t,bc itvjcdkbc lhjbc vjvtynt,b fh fhbc itvs[dtdbsb lf vfsb 

itvjcdkf vbvlbyfhtj,c ptlbptl^ ]ueat,fl& uflfndbhsdbc ghjwtcb 

bkecnhbht,ekbf vt-9 yf[-pt^ hjvtkptw zfh,b ufvj'f[t,t,bc itvjcdkbc cehfsb 

vtjht rjyfpt&  
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 zfh,b lfndbhsdbc ufsdfkbcobyt,bc .dtkfpt ufdhwtkt,ekb vtsjlb 

vlujvfhtj,c bvfib^ hjv lfv.fhltc itcf,fvbcj,f htfkeh zfh, lfndbhsdfcf lf 

,kjrbht,bc fk,fsj,bc vybidytkj,bc sdfkcfphbcbs^ vbc trdbdfktyneh 

itvs[dtdbs ~gefcjybc` lfndbhsdfc ijhbc& tc ufyvfhnt,f ufydb[bkjs vt-14 

vfufkbsbc cfae'dtkpt& zfh,b lfndbhsdbc byntycbdj,f 1^62 thk ufdenjkjs 

itvs[dtdbsb ~gefcjybc` lfndbhsdbc byntycbdj,fc^ hjvtkbw eylf fhct,j,ltc 

vtjht rjyfib^ rth'jl^ 2^04 thk ~gefcjybc ufynjkt,fib xfdcdfvs^ hjv P=0,005 lf 

i=6 ^ ufydcfpqdhjs λt=2^04 thk`& 2^04 thk-c se xfdcdfvs thkfyubc ajhvekfib 

~8`^ 6 fh[bcfsdbc vbdbqt,s^ hjv ,kjrbht,bc fk,fsj,f B=1,3% ^ tc fhbc vtjht 

rjybc afmnbehb fk,fsj,bc ,kjrbht,f^ dbyfblfy jhbdt rjyf lfrfdt,ekbf 

v[jkjl vfiby^ hjltcfw lfrfdt,ekbf vtjht rjyf& 

 zfh,b lfndbhsdbc itafct,bc fv vtsjlc tojlt,f trdbdfktynehb 

xfyfwdkt,bc vtsjlb ~fy dbkrbycjybc vtsjlb`& 

 

 

 

 

 

4& cbcntvt,b kjlbybs ~fye hbubs` 

 

 ntktnhfabrbc stjhbbc c[df rfntujhbbc vtsjlt,c ufytresdyt,f bv 

cbcntvt,bc itcofdkf^ hjvkt,bw f.jdyt,ty vjvcf[eht,bc ufhtit lfhxtybk 

ufvj'f[t,t,c^ vfyfv^ cfyfv fh ufysfdbceaklt,f vjvcf[eht,bc ghjwtcbcfsdbc 

fewbkt,tkb [tkcfo.jt,b& ufvj'f[t,t,b^ hjvkt,bw itvjlbfy vjvcf[eht,bc 
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cbcntvfib lhjbc bv vjvtynib^ hjltcfw .dtkf vjvcf[eht [tkcfo.j lfrfdt,ekbf^ 

lut,bfy hbuib lf ityfhxeylt,bfy fhbfy vjvcf[eht,bc lfo.t,fvlt& hbub itb'kt,f 

ofhvjflutyltc vt[cbtht,bc vjo.j,bkj,fc itn.j,byt,bc rjvenfwbbc rdfy'ib fh 

fhct,j,ltc^ hjujhw vjvcf[eht,bc vcehdtkb ufvj'f[t,bc o.fhjt,bc cbf lf fv 

itvs[dtdfib itn.j,byt,bc ityf[df [jhwbtklt,f eiefkjl ufvj'f[t,bc 

o.fhjt,ib& 

 cfpjufljl^ veifj,f kjlbybc ht;bvbs b'ktdf vjvcf[eht [tkcfo.jt,bc 

ufvj.tyt,bc ufphlfc^ dblht cbcntvt,b rfhudt,bs& ufvj.tyt,bc ufphlf 'bhbsf-

lfl lfrfdibht,ekbf bvfcsfy^ hjv kjlbybc cbcntvt,ib ufvj'f[t,t,bc itvjcdkbc 

ghjwtcbc fpdbhst,t,b @vidbllt,f@ hbut,bc itcf'kt,kj,bs& hbuib kjlbybc 

ghjwtcbc ufdktyf zfh,b lfndbhsdbc vybidytkj,fpt yfxdtyt,bf vt-10 yf[-pt& 

 kjlbybc itcf'kt,kj,t,bc vmjyt cbcntvfib .jaybc cfthsj lhj b.jaf 

kjlbybc lhjl lf vjvcf[eht,bcfsdbc lfrfdt,bc [fyuh'kbdj,fl& fm vjvcf[eht-

,bc otcb lfvjrblt,ekbf hbubc ghfmnbrek cbuh'tpt& se hbubc vfmcbvfkehb 

cbuh't yfrkt,bf o.fhjt,bc tatmneh hfjltyj,fpt^ itb'kt,f ofhvjbmvyfc ,kjrb-

ht,f ~ufvj'f[t,t,bc rfhudf`& fvbnjv eylf ufydb[bkjs vjvcf[eht,bc [fhbc[bc 

jhb vf[fcbfst,tkb cblblt% kjlbybc fk,fsj,f lf ,kjrbht,bc fk,fsj,f& 

               
yf[&10& ufvj'f[t,bc o.fhjt,bc fmnbehj,bc lbfuhfvf 

kjlbybc epheydtk.jabc cbcntvfib ~cbcntvf 13 fh[bfybf` 

 

 

rjyrhtnekb cbcntvt,bc fqothbc ufcfvfhnbdt,kfl hbut,bc stjhbbc 

cgtwbfkbcnt,vf c[dflfc[df nbgbc kjlbybc cbcntvt,bc rkfcbabrfwbbc vbpybs 

itvjbqtc itvjrkt,ekb fqybidyt,b 
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vfufkbsfl^ cbcntvf thsb vjvcf[eht [tkcfo.jsb^ itvs[dtdbsb yfrflbs lf 

vjvcf[eht,bc [fyuh'kbj,bc fk,fsj,fsf tmcgjytywbfkehb ufyfobkt,bs 

xfbotht,f itvltuyfbhfl% M/M/1 lf bv itvs[dtdfib^ hjltcfw fh fhbc vjwtvekb vt-

4 lf vt-5 sfyhbut,b^ brbs[t,f% ufvj'f[t,bc o.fhjt,bc hbw[db lf hbubc cbuh't fh 

fhbc itpqelekb^ t&b& ecfchekjl lblbf& 

 

4&1& vjvcf[eht,bc [fyuh'kbdj,t,bc tmcgjytywbfkehb ufyfobkt,f 

 

 fyfkbpbcfsdbc evfhnbdtcb vjvkjlbyt ht;bvbc cbcntvf cbcntvf 

ufvj'f[t,bc itvs[dtdbsb [fcbfsbc yfrflbs lf vjvcf[eht,bc [fyuh'kbj,t,bc 

tmcgjytywbfkehb ufyfobkt,bc rfyjybs% M/M/N. 
 vbdbxytds^ hjv yt,bcvbthb cbcntvf^ hjvtkcfw xdty fv ufy.jabkt,fib 

ufydb[bkfds^ ufvj'f[t,t,bc vjvcf[eht,fc fofhvjt,c itvjcdkbc 

sfyvbvltdhj,bs& ufhlf fvbcf^ fyfkbpb t.hlyj,f lfidt,fc^ hjv ufvj'f[t,t,bc 

itvjcdkbc fk,fsj,f fh fhbc lfvjrblt,ekb hbuib erdt fhct,ekb vjs[jdyt,bc 

hfjltyj,fpt^ t&b& cfmvt udfmdc ufvj'f[t,bc o.fhjt,bc ecfchekj hfjltyj,fcsfy& 

fv lfidt,bc cfae'dtkpt^ bvbc fk,fsj,bc ajhvekf^ hjv ufvj'f[t,f itvjlbc 

cbcntvbc uflfndbhsdbc gbhj,t,ib lf lftkjlt,f ~hbuib lflut,f` vjvcf[eht,fc^ 

itvjudsfdfpf thkfyuvf& rth'jl^ kjlbybc fk,fsj,f 

 

( 0) ,
(1 )

VBP
V A B

> =
− −

    ~24` 
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cflfw V − fhbc vjvcf[eht [tkcfo.jt,bc hbw[db* A - vbojlt,ekb lfndbhsdbc 

byntycbdj,f^ thk* B − w[flb rfhudt,bc ht;bvib vjveifdt cbcntvbc ,kjrbht,bc 

fk,fsj,f ~ajhvekf 8`& 

 ~24` ajhvekfc thkfyubc B ajhvekbcfufy^ fy thkfyubc gbhdtkb 

ajhvekbcfufy ufyc[dfdt,bs^ eojlt,ty thkfyubc C ajhvekfc^ fy thkfyubc 

vtjht ajhvekfc& ths[fpbfyb cbcntvt,bcfsdbc ~fye thsb [tkcfo.jc 

itvs[dtdfib`^ t&b& hjltcfw V=1 ^ kjlbybc fk,fsj,f vwbhlt,f η itvwbht,bc 

ghjgjhwbekfl^ cflfw η fhbc [tkcfo.jc ~[fpbc` ufvj.tyt,f fy thsb [tkcfo.jc 

vbth ~[fpbc vbth` vjvcf[eht,ekb lfndbhsdf& fvhbufl^ ths[fpbfy cbcntvfib 

kjlbybc fk,fsj,f njkbf vbojlt,ekb lfndbhsdbc λh-bcf^ w[flbf bv htfkehb 

lfidt,bs^ hjv λh<1 & 

 ufvj'f[t,fsf itvs[dtdbsb [fcbfsbc yfrflbc^ vjvcf[eht,bc [fyuh'kbj,t,bc 

tmcgjytywbfkehb rfyjybs ufyfobkt,bc lf ufvj'f[t,bc itvjcdkbc vb[tldbs 

vjvcf[eht,bc epheydtk.jabc itvs[dtdfib^ kjlbybc lhjbc ufyfobkt,bc rfyjyb 

itvltub cf[bcff% 

( ) /( ) ( 0) ,V A t hP t P e− −> = >     ~25` 

 

cflfw  fhbc kjlbybc fk,fsj,f^ hjvtkbw ufycfpqdhekbf ~24` ajhvekbs* 

h − vjvcf[eht,bc lhjbc cfiefkj vybidytkj,f^ hjltcfw vjvcf[eht,bc lhjbc 

ufyfobkt,bc rfyjyb tmcgjytywbfkehbf& 

( 0)P >

 ~25` ajhvekbs ufybcfpqdht,f bvbc fk,fsj,f^ hjv ufvj'f[t,f^ hjvtkbw 

itvjlbc lhjbc itvs[dtdbs vjvtynib^ bwlbc fhfevtntc vjvcf[eht,bc lhjbc t/h 

ufyvfdkj,fib& ghfmnbrfib ptvjfqybiyekb itvltuyfbhfl brbs[t,f% lfdeidfs^ 

udbylf^ hjv ( )P t> = 0,01, t&b& kjlbybc yjhvf ufvj'f[t,t,bc v[jkjl 1)-bcfsdbc 

fhbc uflfzfh,t,ekb lf dcfpqdhfds V-c vjwtvekb vybidytkj,bcfsdbc ~dsmdfs^ 

V=10` hf lfndbhsdbc ufnfht,ff itcf'kt,tkb& vbpfyitojybkbf vbqt,ekb 

vybidytkj,f itdflfhjs ( )P t> = 0,1 t&b& hjltcfw kjlbybc yjhvf ufvj'f[t,t,bc 

10)-sdbc bmyt,f uflfzfh,t,ekb lf lfdbyf[fds^ se hfvltyfl ufbphlt,f 

cbcntvbc ufvnfheyfhbfyj,f& 

 ~25` ufynjkt,bc byntuhbht,f lhjbc vb[tldbs^ udf'ktdc .dtkf itvjcekb 

ufvj'f[t,bcfsdbc^ kjlbybc cfiefkj lhjbc ufycfpqdhbc itcf'kt,kj,fc% 

( 0) .ht P
V A

= >
−

     ~26` 
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 fm t  fhbc kjlbybc cfiefkj lhj .dtkf itvjcekb ufvj'f[t,bcfsdbc ~t&b& 

ufcfiefkt,ekbf .dtkfcfsdbc^ dbyw hbuib bluf lf dbyw gbhlfgbh bmyf 

vjvcf[eht,ekb`& bv ufvj'f[t,t,bc kjlbybc cfiefkj lhj^ hjvkt,bw kjlbybc 

itvltu bqt,ty vjvcf[eht,bc itcf'kt,kj,fc^ ufybcfpqdht,f ajhvekbs% 

=
−
ht

V Acfi&  & 

  

vfufkbsb 15& itn.j,byt,bc rjvenfwbbc mctkb bct eylf lfghjtmnltc^ hjv 

mctkbc [fpt,bc ufvj.tyt,f b.jc 95)& bvbc lfidt,bs^ hjv itn.j,byt,fsf 

cbuh'tt,bc ufyfobkt,f tmdtvlt,fht,f tmcgjytywbfkeh rfyjyc^ [jkj vfsb 

itvjcdkbc byntycbdj,f rb itflutyc 10 itn.j,byt,fc oesib^ ufydcfpqdhjs 

kjlbybc cfiefkj lhj lf 5 oespt vtnb lhjbs kjlbybc fk,fsj,f& 

 fvj[cyf& ghfmnbrekfl^ itn.j,byt,bc rjvenfwbbc mctkib .jdtk o.dbk 

cfrjvenfwbj rdfy'c ijhbc fhct,j,c rfdibhuf,vekj,bc wfkrt fh[b& itcf,fvbcfl^ 

xdty udfmdc thsb vjvcf[eht [tkcfo.j cfresfhb hbubs& 

 dbyfblfy gbhj,bc sfyf[vfl P fk,fsj,f njkbf 0^95^ [jkj λ=10 ufvj'&/os^ 

vjvcf[eht,bc cfiefkj lhj itb'kt,f ufydcfpqdhjs^ hjujhw h=0,95/10=0,095 os& 

 kjlbybc cfiefkj lhj ~w[flbf^ vjvcf[eht,bc lhj vfcib fh bsdkt,f` 

ufybcfpqdht,f ~26` ajhvekbs% 

0,095( 0) 0,95 1,805
1 0,95

ht P
V A

= > = ⋅ =
− −

    os& 

 

 5 oespt vtnb lhjbs kjlbybc fk,fsj,f ufydcfpqdhjs ~25` ajhvekbs% 

5(1 0,95) /0,095( 5) 0,95 0,068P e− −> = ⋅ = & 

  

t&b& itn.j,byt,t,bc 6^8) .jdylt,bfy hbuib 5 oespt vtnb lhjbs& 

 

 vfufkbsb 16& ufydcfpqdhjs yjvhbc vbvqt,b rjlehb vbvqt,t,bc 

hfjltyj,f^ hjvkt,bw vjtvcf[eht,f 1 000 ntktajybc fgfhfnbc lfndbhsdfc^ se 

sbsjtekbcufy ufvj'f[t,t,bc itvjcdkbc cfiefkj byntycbdj,f itflutyc jh 

ufvj'f[t,fc cffsib& lfdeidfs^ hjv yjvhbc frhtabc lhjbc [fyuh'kbj,t,bc 

ufyfobkt,f tvjhxbkt,f tmcgjytywbfkeh rfyjyc cfiefkj lhjbs 6 ofvb& 

vjvcf[eht,bc [fhbc[bc vjs[jdyt,b itvltu afhukt,ibf% itvjcekb ufvj'f[t,t,bc 

99) cfluehbc vpfl.jaybc cbuyfkb^ ufvj'f[t,bc itvjcdkbc lfabmcbht,bc 

vjvtynblfy eylf vbtojljc 1 ov-bc ufyvfdkj,fib& 

 itdflfhjs kjlbybc cbcntvbc uffyufhbit,bc vtsjlbs vbqt,ekb itltub 

rfhudt,bfyb cbcntvbc vtsjlbs vbqt,ek itltuc^ se B=1% ^ hfw bvfc ybiyfdc^ hjv 
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se ,kjrbht,bc fk,fsj,f fh fqtvfnt,f 1)^ vfiby ufvj'f[t,t,bc fhfevtntc 1) 

tkjlt,f vjvcf[eht,fc& 

 fvj[cyf& ufvj'f[t,t,bc itvjcdkbc byntycbdj,f λ=2/3600⋅1000=0,555 

ufvj'&/ov^ [jkj vbojlt,ekb lfndbhsdbc byntycbdj,f rb bmyt,f 

A=0,555⋅6=3,33thk^ [jkj t/h=1/6. vjvcf[eht [tkcfo.jt,bc hbw[db ~24-25` 

ajhvekt,bs gbhlfgbh dth ufybcfpqdht,f^ fvbnjv eylf ufvjdb.tyjs hbw[dbsb 

fvj[cybc vtsjlb& fqvjdfxtys^ hjv cfrvfhbcbf 8 rjlehb vbvqt,b& 

 se ufvjdb.tyt,s rfhudt,bfyb cbcntvbc vtsjlc ~ajhv& 8`^ vbdbqt,s^ hjv 

ufvj'f[t,t,bc 99) lfe.jdyt,kbd itb'kt,f vjvcf[eht,ek bmyfc 9 rjlehb 

vbvqt,bs& fvhbufl^ fv rjyrhtnek itvs[dtdfib cbcntvbc eyfhb^ hjv ufvj'f[t,t,c  

vjtvcf[ehjc kjlbybs^ udf'ktdc v[jkjl thsb [tkcfo.jc trjyjvbfc& tc bvbs 

fb[cyt,f^ hjv hjltcfw vfmcbvfkehfl lfcfidt,b kjlbybc lhj fhbc vwbht 

vjvcf[eht,bc cfiefkj [fyuh'kbdj,fcsfy itlfht,bs^ fyufhbibc jhbdt vtsjlb 

thsb lf bubdt itltuc b'ktdf& fvbnjv^ cbvfhnbdbcfsdbc^ fv itvs[dtdfib 

[tkcfo.jt,bc fyufhbic thkfyubc ajhvekbs ~8` f[ltyty& vfhskfw^ fv fvjwfyfib 

vjvcf[eht,bc cfiefkj lhj 6 ofvbf^ vfiby cfiefkj lhj^ hjvkbc ufyvfdkj,fibw 

ufysfdbceaklt,f 8 [tkcfo.jlfy ths-thsb^ itflutyc 6/8=0,75 ov-bf& 

 

4&2& vjvcf[eht,bc lhj velvbdb ~ewdktkb` [fyuh'kbdj,bs 

 

 fm ufydb[bkfds ths[fpbfy cbcntvfpt itvs[dtdbsb yfrflbc ptvjmvtlt,fc lf 

vjvcf[eht,bc [fyuh'kbdj,fc ewdktkb ~velvbdb` cblblbs^ t&b& M/D/1& fmfw eylf 

lfdeidfs^ hjv ufvj'f[t,t,bc o.fhjt,b ecfchekj hfjltyj,bcff^ [jkj 

vjvcf[eht,f [lt,f ufvj'f[t,bc itvjcdkbc sfyvbvltdhj,bs ~thsb [tkcfo.jc 

yfwdkfl hfvltybvt [tkcfo.jc fhct,j,bc itvs[dtdfib bvltyfl hseklt,f 

fyfkbpb^ hjv vbcb ufy[bkdf rjycgtmnib fh fhbc vbpfyitojybkb^ vfuhfv 

cfzbhjt,bc itvs[dtdfib^ dbyw itbcofdkf rjycgtmnib vjwtvekb vfcfkf^ pjufl 

itvs[dtdfcfw bjkfl uffhxtdc`& 

 kjlbybc cfiefkj lhj thsb vjvcf[eht [tkcfo.jc itvs[dtdfib lf 

vjvcf[eht,bc velvbdb [fyuh'kbj,bs^ ufybcfpqdht,f itvltub ajhvekbs% 

,
2(1 )

ht η
η

=
−

      ~28` 

cflfw ufvjb.tyt,f ~ufvnfheyfhbfyj,f`^ thsb [tkcfo.jc ~V=1` itvs[dtdfib η=A lf 

vfiby kjlbybc cfiefkj lhj^ hjvtkbw ufycfpqdhekbf ~28` ajhvekbs^ njkbf^ 

vjvcf[eht,bc lhjbc tmcgjytywbfkehb ufyfobkt,bcf lf^ ths[tkcfo.jbfy 

cbcntvfib^ kjlbybc lhjbc yf[tdhbcf ~ajhvekf 26`& vjvcf[eht,bc lhjbc 

tmcgjytywbfkehb ufyfobkt,f udf'ktdc kjlbybc cfiefkj lhjbc lbl 

vybidytkj,fc^ dbyfblfy kjlbybc fewbkt,kj,bc ofhvjmvyfib vjyfobktj,c jhb 
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itvs[dtdbsb ghjwtcb& jhbdt itvs[dtdfib kjlbyb fewbkt,tkb [lt,f vfiby^ 

hjltcfw ]ueaehfl itvjcekb ufvj'f[t,t,bc hfjltyj,f fzfh,t,c vjvcf[eht 

[tkcfo.jt,bc hfjltyj,fc& vfuhfv^ ufhlf fvbcf^ vjvcf[eht,bc [fyuh'kbj,t,bc 

tmcgjytywbfkehfl ufyfobkt,bc lhjc ofhvjbmvyt,f [fyuh'kbdb kjlbybc 

itvs[dtdt,b^ hjvkt,bw lfrfdibht,ekbf lblb [fyuh'kbj,bc lfrfdt,t,bc 

fhct,j,fcsfy& itn.j,byt,fsf rjvenfwbbc cbcntvfib itn.j,byt,bc lfyfobkt,f 

gfrtnt,fl lf gfrtneh rjvenfwbfpt uflfcdkbc ths-thsb 'bhbsflb vbptpb b.j 

ptvjfqybiyekb afmnjhb& 

 se itdflfht,s thsvfytsc M/D/1 lf M/M/1 cbcntvt,c^ fqvjdfxtys^ hjv 

cbcntvf M/D/1 fmnbehbf ~vjmvtlt,c` eahj [fyvjrkt^ vfuhfv eahj [ibhb lhjbc 

gthbjlt,bs& t&b& M/M/1 cbcntvfc fmdc lfrfdt,t,bc gthbjlt,bc [fyuh'kbj,t,bc 

lblb lbcgthcbf& jhbdt cbcntvbc fmnbehj,bc ~vjmvtlt,bc` cfiefkj vybidytkj,f 

njkbf vjvcf[eht [tkcfo.jc ufvj.tyt,bc η  vybidytkj,bcf& fvhbufl^ jhbdt 

cbcntvbcfsdbc kjlbybc fk,fsj,ff% 

 

( 0) .P hλ> =  

  

M/D/1 cbcntvbcfsdbc^ yt,bcvbth t lhjpt vtnb [ybs kjlbybc fk,fsj,f 

ufybcfpqdht,f itvltub ajhvekbs% 

 

           ~29` 
( / )

0

( / )( ) [ ( ) ] 1 (1 ) ,P t η
!

− −

=

− ⋅
> = > + = − − ∑

i i i t hk

m
i

i t h eP k r t
i

η

η
 

 

cflfw k fhbc t/h afhlj,bc elbltcb vstkb yfobkb* r - t/h afhlj,bc yfisb& 

 vfufkbsb 17& gfrtnt,bc rjvenfwbbc rdfy'b veifj,c abmcbht,ekb cbuh'bc 

gfrtnt,bs^ hjvtkbw njkbf 300 ,bnbc^ lf rdfy'c vbtojlt,f 9 600 ,bnb/ov 

uflfwtvbc cbxmfhbs& hjujhbf cfiefkj lf.jdyt,f rdfy'ib^ se rfdibhuf,vekj,bc 

[fpbc ufvj.tyt,f eylf b.jc 90)( gfrtnt,bc hf ghjwtynb .jdylt,f 0^35o-pt 

vtnfl( hjujhbf cfiefkj lf.jdyt,f^ se vbojlt,ekb lfndbhsdf bphlt,f 10)-

bs( 

 fvj[cyf& bc^ hjv itn.j,byt,bc cbuh'tf 300  ,bnb^  [jkj  uflfwtvbc  

cbxmfht 9600 ,bnb/ov^ ybiyfdc^ hjv abmcbht,ekb cbuh'bc gfrtnbc vjvcf[eht,bc 

[fyuh'kbdj,ff 300/9600=0,031 ov& 

 lf.jdyt,bc cfiefkj lhj ~28` ufynjkt,blfy bmyt,f% 

 

0,9 0,031 0,140
2(1 0,9)

t ⋅
= =

−
  ov& 
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rdfy'ib gfrtnt,bc ]fvehb lf.jdyt,bc cfiefkj lhj^ cbuyfkbc lfveifdt,bc 

xfsdkbs^ ufybcfpqdht,f kjlbybc cfiefkj lhjbcf lf vjvcf[eht,bc 

[fyuh'kbj,bc lf]fvt,bs% 

 lf.jdyt,bc cfiefkj lhj =0,140+0,031=0,171  o& 

 dbyfblfy vjvcf[eht,bc [fyuh'kbdj,f njkbf 0^031-bcf^ 0^35 ofvbfyb 

lf.jdyt,f^ ofhvjbmvyt,f vfiby^ hjltcfw kjlbybc lhj njkbf 0^35-0^031=0^319 

ov-bcf& tc rb ittcf,fvt,f 0,319/0,031=10 vjvcf[eht,bc [fyuh'kbj,t,c& ~29` 

ajhvekbs^ hjltcfw t/tm=10^ vbdbqt,s^ hjv lf.jdyt,bc fk,fsj,f njkbf 0^12-

bcf& fvhbufl^ gfrtnt,bc 12) lf.jdylt,f 0^35 ov-pt vtnb lhjbs& 

 lfndbhsdbc byntycbj,bc ufphlf 10)-bs ybiyfdc^ hjv vbojlt,ekb 

lfndbhsdbc f[fkb byntycbdj,f bmyt,f 0^99 thk& ~28` ufynjkt,bs dcfpqdhfds 

kjlbybc cfiefkj lhjc% 

0,99 0,031 1,53
2(1 0,99)

t ⋅
= =

−
  ov& 

 

 fvhbufl^ se vbojlt,ekb lfndbhsdf ufbpfhlf v[jkjl 10)-bs^ vfiby 

rdfy'ib gfrtnbc cfiefkj lf.jdyt,f bphlt,f sbsmvbc 9-]th lf fqotdc 1^53 ofvc& 

 fv fvjwfybc itltut,vf lfudfhoveyf^ hjv kjlbybc ht;bvbc cbcntvt,ib^ 

hjvkt,ibw epheydtk.jabkbf vjvcf[eht vjo.j,bkj,t,bc vfqfkb ufvj.tyt,f^ 

vbvlbyfht ghjwtcb 'fkpt vuh'yj,bfhtf lfndbhsdbc byntycbj,bc phlbc vbvfhs& 

fvbnjv gfrtnt,bc rjvenfwbbc cbcntvt,ib yfrflt,bc vfhsdbc cfrbs[b fhbc 

ghbywbgekb fcgtmnb^ ufycfresht,bs vfiby^ hjltcfw fewbkt,tkbf lhjbc 

htfkeh vfcinf,ib byajhvfwbbc uflfwtvbc yjhvt,bc lfwdf ~IP-ntktajybf`& 
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