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‘IgLogoao
@olgol s@bo. Qobsbly® LygdmTo Gobigdol doMomswo Lobggdo.

30bsblyE0 Molzgdol dstmgs
9340bmdogodo  do@mgol bgdolidog® mbgby gowsfyzgdomgdol dowgdols

30m3glo  30dobs®gmol Aoy s dogo gomgdml  Iywdogo  mobdbengd
23obglobmg®gemdols  30MMbgdTdo, @Omdgeoi  doGomss  Aoblobwgdagl
Logdosbmdols Lodmaneme ‘dggaol bofogrmddog ob MMy
2569bobmgMgemdsl.  g3mbmdogodo gobylobwgtgemdols (uncertainty) Jgg9d
03 900lbdgds bodgfo®mdgm Logdosbmdols ‘dglobgo 0bxgm®@ds300l
SOSLOY@MoS  ob s@SbYLEHMbS, o dm@ol sbsbo®yxol s dowgdyero
dggagool  dgbobgd.  2obyglobwgaganmdol  dobgbl  Fo@dmopagbls  Lodo
JoM0moEo  FoJdmAo:  wm@obsGmds,  dgdmbyzggommds s @ fdawgde.
396 dm, 235699 Lob@gM g mds s0blibgds 0dom, ®md 93bm30 390
30mdengdgdo  ©504g5bgds s gMboBoggdol  @owor  Momgbmdowsb
sdm@hggol sdm3obsdwy, 5dsbmsb g3mbmdogy®d 53963 9ol — m@yobobsiogols
> 0b0g0gdl — o@ goohbosom m3Godsgry®o s@hggolomgol Lo ysiool
dglobgd LOy@o 3mwbs, sbggg @ ogm Logdom Lodeog@dols godmmgeromo
Agdbogs  dom  bgmmms@dlgdyeo  dogero  0bgm@IsEool @333 M0
s g®olsmgols.

0obsdg®mgy 93M3md0 396 0 9mG05do 2569 Lob@gMgenmdols
06000 35S aodmeols 3°093MM0 Aol go. @obgls S
35699Lob@gM g ool dm@ols do@omoo aoblbgoggds 0dsdo doamdsdgmodls,
3bmbdogno  s@ol  my oM AosfyzgBoagdol  dodwgdo  Lydogd@olbomgols
2350339900  bmdognmdgbols @osymdol Momgbmd®ogo sgrdsmmdgdo. My
@obgo sdsbosbomgdganos Jobimd®ogo, obdgm®gdso bpmdogrmdgdols d]mby
Lo{o®dmm-g3mbmdogyg@o  LobBgdgdobomgol, aobylobrg®germds, Gmam®3
Vabo, o®Lgdmdl 03 Jgdmbggzgddo  Om@Es  gogagdol  sadsmmdgdols
2oblobwgds  bpgds  Lydogddydse  Fobs  3g@omegdols  LEsGoLE0g M0
dmbs39dgdol  o@  Jmboll  asdm.  @olgol o aobylobrgdgambols
320983000960l 0bF9M3M o300l slgmo dopamds dowgdygamos g30bmdogy®o
dg(3bog®mgools 69 390bLosbyao dodo@myan 96 94do, dodob OIOTES
bgegealiogg@o bimans mgmol, Gmd gl 3696900 Amaaslos.!

I Downward P. Risk, uncertainty and inference in post-Keynesian economy. A realist commentary. Paper presented
at the INEM-ROPE conference, University of New Hampshire, June 15-17, 1998.
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M5m©9bg0M03 J0do®mgdsdo  2obyglobwgdgammds  gyeolbdmdl  dgogaols
dologmebganoliogsh, oby  Lodygogmbogseb, Gmamei3 bsgergd olg 3@
dbodgl  goob®dols  dgbodergdermdsl.  olgm  aobylobwgdgermdsl  3Jg0e
» 13939530900, ,,§30bologob”  goblbgoggdom, ®mdgamoi  aygaolibdmdls
boJdosbmdols  Lodmamm  dgogaosh  dbo@mme  godymgomo  aosb@ols
‘dgboder gdamdsl. dgbododolbo@  @o@dg@s@yg®sdo @obgol (3bgds dgodemgds
dggbodsdgdmgl @mame g L3ggges3oyg®  gobylobmg@gmmdbsls o
dmo3ogeglh Omame 3 woswgbom, olg godygmxzgom dgogagdl  (dspsomsw,
30bobly® dobodby 03953090001 dods@m), olsg (dobws
23obgLobOgMgemdsl (53 sbMom @obgo dmbob@gds Lowsbrgggm Lodgdo).
30bobliy® Mol g-d9b9xd96@do @olgol (risk) Jggd ¢30@s@glo® dmosb@gds
boggmo@o Lobldgdol bofoemols @ogzodagol dglodagdamods, dgdmbogamgdols
Jogmgdamods  ob  ods@gdomo  bodxgéol  [o@dmImos  Lofo@dmm
LoJdosbmdols gobbmdiogamgdol dgogasm, Gmdgmoi dggbodsdgds (dobws
23ob699Lob@gMgeombols (369ds50.

3ob99Lob@gMgembologeb  goblbgoggoom,  @olgo  bmds  Lowowgl
Foddmoagbl; dol  Gomgbmd®og bmdse  2393e00bgds  s@obgerlog®geno
dgogaol  sgdsmmds.  ggem  gofOm  goagbom  g3mbmdogydo  @oligo
3obolobwgdgds Amam@ 3 Jommgdgero bsmggdarol o6 %0b56La@m0 SiBoggdol
SGGRgol oG daagdol  sbsyo@mgob,  bsobgglGoiom G055 30056
d9dmbsgarol  Joyegdarmdol s  o.d  gobmdswo  sardommds. oo
bgdolidog®o @olgobmgol,  @mdgools o8 gbols J3995¢3 0394M23960506
Qoboblyg@mo  m@goboboiogdo,  o@ s@ol  dgbodengdgemo  sgndommdols
3oblobwgds  0d  dmbob@gdomn  Omam®E ol dgdmwgdygemos  LodsbO™
@obgobmgol.

@obgol do@mgol 3OMbergds sOLgdMdL gg3mbmdogol bgdbolidogd Lgd@m®do
— bogaol 3g96bgmdosb s Fo®@dmgdowsb ©ofygoyemo gok®mdsdeg wo
0boblgdodeg  ©odmogdgdyaro, Go3  blbol  dol  dydog  oJ@goermdsb.
@5dgbooi3  g3mbmdogols  gggams oMo  ©s353d0MgdYmos  gOMIsbgmmsb
Qoboblyy®@o  Lggdml  Fysermdom, odgbs  dobmgol  sdsbsbosmgdgan
@obggol gdwgbgds gl (opbo.

odgodo@, Bobsbly® mgm®mosdo xg® oM s@ol ‘dgdydoggdyeo @obggools
bmgows  do@gdymo s sdmd[ygdego  geosbogogsigos. gl 0dslbmobos
©5353doMgdgmo, @md  3@oJBogodo  Lbgoslbgs  @olgol  godmgergbols
dogrosh oo MomEgbmds  sMLgdMolL, sSdobmeb  F@swoiogms  @olgol
9JOM0s0803g Lobg dgodangds o@bodbymo ogml Lbgopslbgs @g@dobom o,
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bdo@o@, dognosh dbgeros @oligol o gggero Lobol go®bggs, dopseomsw,
300FBI@g@0l s Ladsb@mbo.

dogbgoogom  sdobs, 2oM3399@0  oMamdMogo  3mblgbylbo  @olbgol od
JoGomoe geslgdlbs s G03gdl dm@ol, Gmdagdbsi sfywgdosh gobsbliygmo
‘dygodogangdo,  doobz  do(gygmos.  sdgedo  dowgdymo  LESbpo®EGYao

gooboggogozool  dobgwgom  gobsblyy@o  0blGo@YBgdol  3gmogmgmdols
dnogo® Log®mnbgl Toddmowagbgb Lodsb®m, Lsg@goodm ©s m3g@siEoygeo

03900, @0330090Mdol Aolzgdo s bpmdogmdboms @oliggdo.

Lodsbdm @olgo (market risk) — gL o@ol Lodm®EgbBm  aobsiggmgdols,
Logogogdm  3gebol, ojgosms  gslbol, mdmogsiooll s  3mb@d®sdgdol
@bggol  dgogaom  odBoggéol  @odgdbyagbols  Igigerol  dgbodengdermds.
Lodob@m  @olgol boso@lobgmdols Fo@dmopagbl, 39Mdme, Logogry@m  ©o
bod®mgb@m ®olggdo.

Log®goodm @obgo (credit risk) by 3mbdMsggbdol @oligo (counterparty
nsk) — gl o@ol  gobd®moggbdgdol  dogd  mogolo  gomgdye gdgdols
‘dgbOgegdol gubs@mdomn godm{ggygmo ©obsgo®dpo, 3g@dme 3MMm39bE o0l
S gogols dJoG0md>O 0nobbols Lo g3M g0 m bgendg 30 gdom
aomgoeolobgdyen  gosdo  powoygbogermdbols  godm.  Lsg@goodm  @olgl
d0g39mgbgds obggg WgnmEEol Golgo s goedpgemo oxgs®mgol Mol go.

2ob35@Bgdol  Lodmygeol  doybgosge, Logdgoodm @obgo, LodsbOm
@0obgobogob goblbgoggdom, msgobo bybgbom sbodgd@omaros. gl bodbsgl,
Omd  ©530ge0Rgdol  ™m3gas3Eogéol @AMl 3m@Fgbzoydo  dmggds
dgboygogmos  dgosdgdomn 3oty ©spgdomo  dgdmbsgeosbmdomn (gboswos
SO goOmo  3Mgeodmao  dsbgl  o®  gopoygbool  bgandg i@ e gdom
3omgogolbobgdyabg  Ig@l), dopa®sd  dobgol  3mEgaoyg®o  sbsgo@ao
‘dgodgngds  dg@ygmdogl  as@3ogrgdom 393 ©@os3obmbdo:  gobmogligdyero
Lobl®gdol 0-ob  100%-dog  (Yggersdg omgl  dgdobggasdo  obsgo®gds
‘dgodgngds  goosko@oml  Lglbol  bmdobogoyy@  dbodgbgermdols  gognols
5MYbgbols  momdsbyg Lobodo®merm  bodxgdol, dogwgdgero  Lodggdenols,
obggg 3mBgbiog®o xoModgdol, dom dogdH ©s3MgeoRgdobsmgol dmbsbowo
Lobl®gbdols 3@geoRm®gdols d0g@ Aoo350gdols 5b ©o1bMYbgdamdbols 4sdm).

sdoll  goMs, oMLgdmdl  jopgg dJmgero @opo @olgo, OmImgdoz o
Vo®dmowagbgb UL3gEoxnoydl dbm@mme kobsbly®o Lxygambsmgol, dop®sd,
dogbgoogom odols, domo dbodgbgamdbols po@ogsligds ‘dgygdangdgenos. dom
d093903b9605b:
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® 00 330099Mmdol  @oligo (liquidity risk): o) ULsdsbdm @ojzgooy®™dols
@olgo (market liquidity risk) — gl o®ol  ©osbsgompaol  Jglodengdenmds,
Omdgeoi  2odmfgggmos  oJBoggdol  Lododm  @osmegbmdomn  gowgo-
3540©35Lmsb OAMOoLs dgo®gdom dmgeng 3900m©do Lodob®m
30609963 ®0l 20950 gLgbol godm; &) Lodsgnsblm @ogzgoygdmdols Golgo
(funding liquidity risk) — gl s@ol 3MbEMS396@go0l [0bsdg gomwgdayegdgdols
‘dglobO g gdao bomwo Lobl®gbol ob Lbgs domogenoggoy@o oj@oggdol
©09503030L §om3dmJdbol dglsden gdanmds;

* m3gMs309eo  Mobgo (operational risk) — gL oMol M3gASE0gdOL
hoBomgdol @Ml 39@bmbogools dog® 2obb@sb my 9bgderogo ©sdggdeyeno
®9dbogud0 ‘dg30m3g600, 535M0YE0 Lo@eoiogdols, o35G ®ols
23o9doOmomdol, 0bgm®dszoye LolGgdgdby s@sbobio®gdyao dgofggols
dggaoe dowgdygao  aogmgoolifobgdgeo wobsgo®mygdols dgbadangdanmds.
M3905309  Aolggdl bdodo Foogxmngbgdgh 03 bodxgdlsig, mIganocs
aodmlgggemos  @olggdol  dgasbgdol  ©o  do®mgobomgol  odmygbgdyero
d900m©gbols s JME e gdols 5@o5©Y335F YOO Sb;

® (50Bbgl-) bpmdogmdols @olbzo ((business) event risk) - gmab-
dogmdyemo  aoMgdgmdgdol, 3obmbdgdgmmdbol  (3geoggdol, Lobgerdfoogm
M@25bmgdols Jdggdgdols > o.d. ‘dg g o 3odm{ 39900
aomaoolobgdgero ©@obsgo®agdol dgloda gdermds. bomdogrmbols @olgl
hggergd@og dogznmgbgds oy@ooyeo, Lodymsm@®m s bogowsbobswm
@0lb3g00, M939Ho300l @olgo, dos@gamodgdgao m@Asbmgdo  Jdggdgdols
@obgo o Lbgo.

9bs 5@0bodbml, @md @olgol dmenem m®o Lobgmdols Go@ds@obsios
> MoMEgbmdMogo dgnslgds yggesbg dbgemse dglol®gemgdgeros. gl 0dom
s>0blibgds, MMI m3g@sioygmo @olbizgdo ©s bpmdogmdol @olggdo 6ggMoss
2ob300Mmdgd o 9.f. ,,o0530069M0 FoJBm@om®.

hodmmgemogr  Molggdl  Lbgowsbbgs  m@daobobsiobsmgol  Lbgoswsbbgs
db0dgbganmds  goohbosm.  dogogmoma, Ladsbgm  ULsddgdo  yggesbg  dgdo
obs3o®ao begds Logtgoo@dm ©o Lodsb®m @olggdol dgogasm, boenm
3E0M0bg o m@a5bobsiogdolomgol  Fobs 3ansbbg 0fggl  m3g@siogeo
@obgo o gmbG®opgb@ol @olgo. dmeml, Lsd@gfggerem Lofo®@dm, god@mds
>  Jmdboby@gdoll  bggom  (Hobosbly®ol  ao®s)  asboawol  sSbggy
139308096  @olggdbsz, GMIamgdoi  2odmfgggmos  domo  EosGYMIMogo
39mgbogngdomn s [oddmgdol 3@migbols megobgdy@gdgdbom. skigm @oljzgdl
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hggergd@og 9 mwgdgb Bafbrarmgond by bofsmdmm @olggdl s (ogds
od ogbol ho@hemgdl.

@olgol ds@mgol bgdbgdo

@obgol sfg30l dodomow bgdbgdl g3mbmdogsdo domo os@ymd®ogo
39mgboangdols  doygbgosgo  [o@mdmopagbgb  obwggge,  Mgbgdgo®gds
(0g30mEsbwgggs), 3gx009gds, aobsfomgds, ©0390Logo 530, Jobodsgrobszos
(5JB0ggdol  @o  3sboggdol  Fos@mgs) s  mogol  osMogds  (Moligmsb
©05353d0Mgd e Mm3gMs3090bg o@ol mJds).

hodmmgemogro  bgdbgdo  3oMggee  @opado  2oblbgogogdosh  mogosbmo
93™bmdogydo  sOLom, GMIgeoi  Joamds@gmols  @oljyolb  dybsdy  Jom by
3033995 d0  (0obwgggol, o®sbBo®gdol, 3gxomgdol s  aobofogrgdols
OAML), ob dobo bLoynmsd  gobyomgaamgdsdo  o@mggdsdo (s§Boggdol ob
3oboggbdols  dodmgol  gbom  Ogbg@godgdol,  wogg@Logoizo®gdols o6
dobodoboiool  AML).  geosbogogoool  Lbgs  g@odg@oyds  dgodengds
aodmeagl do@mgol mbdogdBo, GmIgesesi 8393e00bgds Golbyolb @opgmdols
s3smm3s  ob @Gobyol  Jogd  gmubs  (3gx009dols, aobofoangdols,
©00390L0go o300l s o5Boggool ws 3sboggdol doGmgol O™L), b @ol ol
sodmgangbol  doogsoe  bomogro (MH9bgegodgdol s obmgggol OML).
bodob®OM 9340bmdojodo Lo o®@dmls @obgol ©mbols ‘dgbobgd
aoo(y39B0mgdols  0wgdgh  Agmmdgangdo s doMmggergdo,  bemeom
Lobgerdfogml  dogrolibdggs dodo@myaos  do@omswsw  domgdygeo  @obgol
@goobsool dgogagdol dobodobsioolsygb.

sbogoboll  @o  Lobmgbol  sbogrmgoyg®o  dgodangds  dmgoygsbom
aoblbgoggds @olgol ©g3maddmboiosls ©@o sa@ga0@9ool  dm@ol. @obgol
©94033mbozools (risk disaggregation) J3g9d oageolbdgds obgmo  @olgols
odans 3o 3md3mbgb@gdow, @mdaol  Lodsb®m  @o®gdyergdols
3oblobwgds  Ydyomme  dgydengdgeros, bmem 53 gboon  dglodengdgero
bgds  bmaogdhmo  dompyobols dggnolgds Lodsb@m  dmbszgdgdom. @obgols
©0930330bo0s dgodagds 2obolobwgdml Gmam®E sbogro@osydo dggnsligds
35bo@by sMobogok®m 0bLB®Ydgb@gdols 0o oy gbdgdolss Lbgo
0bLEA®1dgbBgbol  Lodbobm 5330039050  @oMgdyamgdoms  Logydgger by
domo Lfm@o ¢slfsdmJdbols dobbom. ©g3md3mboiools dsysgomsw dgodan gds

aodmeagl  ,,390°  myEombol  [o@dmeagbs  ,,Jmw  myEombl  3englls
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3mboios  Ladsbolem  oBogol  dobgogom.  @olgol  sgdgaodgds  (risk
aggregation), 3o®ojom, a9@olbdmdls olgmo 3m@Fggeol dgJdbsl Hmdgols
9e09396@ 9oL dm@ol jm@gesizos goimbg bogergdos, o3 @obgol ©ofggzol
Lodyoagdol odanggs dolbo ©ogg@lLogogsizool gbom. @obgol ogdgaodgdols
dogogomnl  [o@mdmopagbgb  VaR  dohggbgdgero s  LE®gL-@gbio®gds
3003Bgmol ©mbgbg. @olgol osg@g@odmgds s ©g3md3mbozos o 9bos
aobgobogrmo  @mam®(3  YOMogOmysdmdmoibogo  bgdbgdo,  @odwgbswss
03092009553 dbg3g  9gYOEbmds  Lodbob®m  Molgol dgxnsolgdslt, @mdaools
35M9d93 dgydangdgeros @olggool 2odmgangbgdl dm@ol sandsmmdgdol ©o
30Og@oi0gdol  mdoddugdo  Yggslgdgdo,  @mgeoi  oYEogdYer0s
3003 Rger®o doamdol @gogobsioobamgolbs.

Lbodobgm  boddgdo  @gbg@godgds  (oddmowagbl 03  @olggdols
JOOmdmomdols do@mgol gOM-9Om doMomse  bodygoagdsl, @mdgeoE o6
‘dgodangds  goeszgdygmo ogml Ibmggzgerby ob mogdwgdby (wobwgggol o6
00309dmdols  Lodgoagdom)  ob  Logobsblem  dsb@ol  dmbs{oaggdby
(Voddmgodgemo  oblLE®9dgb@gdomn  3gxodgdol  abom).  dmbogmebgao
obsgo®maol 3md3gboool Jobboom dobggdo obgbgb Loggmo®o Lobldgdol —
3o30@ool,  sbggg  oy@oggdgero  Ogbg@3gd0ol  gm@dodgdsl  dobgols
Lbgoolbgs  Lgbbby o  oJ@oggdby  Igbodenem  @obsgodggdolomgols,
Omdgeoi  d0gg9mgbgds  6ob3ol  bodxgdl  (BoJBmomoge gl bodbogls
30096@bg @olgol goesgdsl dobo dmIboby@gdols goli'do hodmgol abom,
dogomoms, 3Mm90dob). godo@omol Mgbgagomgds ©ggl Lodsbgm LoliGgdols
@obggool Lobgadfogm @gagaodgdol bogeyydggen do.

>bmgggs, 0liggg OmamaE Ggbgagomgds, @ obobogl dobbow @olbgols
aodmgangbol  sendommdol  dgdEomgdol,  s@®sdge  dods@mygaos  dobo
Fo@dmdmdol  dgdmbgggedo  doGg@oogyg@o  bodogols  sbobwoy®gdsby.
obwgggobomgol  go@aobos  @obgol dobmd®ogo Lobgmdgdo, @mdgabsc
doogogo  g3mbmdogyg®o  sagbBo  goboiwol,  Gmdgmms  godmgangbs
9JOMI5bgnmob  dognosh o® 5@M0sb  gm@gmodgdymbo s (3bmdogno  >@0sb
oo LobylEom. Golzol bgdmm gobbogryeo Lobggdowsb gzgmsby dg@ow
od dmmbmgbgdl 3dogmaomgdgb m3gMsxoygmo s bog®goo@dm @olggdo.

39100905 Fo®dmowaqbls ‘dglodanm 565 35My 90050 53301
bodgoamgdol  gofmbolifm@gdagamo  as®opagool abom (gobol (33eoegdols
@obgol  gOmo  3JoMowshb Jgm@gbg gos@obs). dgxo®mgds  2obzgmgbogros
Lodob®m  @olbggdol gogangbol dgogaoe bhogdygero Lobl®gdol dgbodenm
obsgodgol dglodEo®mgoma s, 0dg300moE, LogMgoodm ©s bomdoargdols
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@obgol  glodiodgdas.  olbggg GOEamaiE  ©sbwgggol  dgdobgggedo,
39x0090s  dmombmgl  sds@gdomo  Oglyg@Lgdol  dmEEgbsls  (Jogomomsw,
Lbomggombem  30gdools goobosl ob do®ygol dg@obsl). bEmmaroe 390G 55
a9olbdmdl  @o0dg  Lo@agdmols ob  bodogrol  dowgdol  aodm@oibgol
dmzgdyger  3mbogool  dobgogom  Lofoboswdpgam  ob  3md3glbo®gdoeo
3mbozools  2oblboll  bodxbg.  odygo®o  ,,m@dogo  2oM5bG0S  GmymA3
Lo gogologob, olg  [opgoolopgsb  goboslbgeggdl Loy  3gxo®gdsl
30003 9M0  EobEgg30Loash. Lodob@m @oliggdol 3gxo0mgds bo®Eoger©gds
Vo®dmgdgeoo 0bLE®9dgb@gdols olodsasbligdgero 3953090001
aobbmAiogagdol gbomn — Fm@gsdPgdom, BuhgdOLgdom, mRPEombydom s
Lbgm3dgdoom.  dmanm  [argddo  godmhbos  dgxo0®gool  0bLE®YIGhGgd0
Lbog@goo@dem  @olbggdol s  bpmdogmmdgbol  @olggdol,  @mIegdbsg
d0939m3bgdosb, dsgomoms, Log@goo@dm bgmdgdo s 3GMMaboboMgdoby
Vo®dmgdyegdo.

@obgol ofgge dgodangds  dow{gymo oymlb oblggg dobo aodoggdols
dobofoggms  dm@ol  gobsfoamgdoo (Golgol Ig@obom 3OMmEyYJ3ool  ob
deodloby®gdols 090y gbdsdo, 3oM5bB0gdols dozgdom, Jobgdols
300536Mmd00,  YOM0gONLoxs®odm  LobGgdom).  @olgol  aobsfoangds
39olbdmdl  3mFgbioyg®o  0bggLEAm®gdol o6 3@mgdBol  dJmbsFomgms
O5M©gbmdol gonsMnmMggdsby (d9d3009d5bg) aowsfyzg@ogools domgdsl.

©00390LbogogoEos  [omdmowygbls  @obgol  g@mmdamogo  bgdmJdgogdols
dgd0Mgdol  Lodygoemgdoll  odobpgdgdol ©o/ob gogm@gdyegdgdols
aobofomgdol  abom.  ygggmsbg  bdodop  wogg@logogeiools Jg9d
03 9obbdgds  obsblyg@o  oJBoggdol  gOmbg  dgdo  Lobol  o@ogdo
aobmoglgds,  @mdgerms golgdo  ob  Igdmbogmosbmdgdo  LylBowss
30O gE0® gdeeo 9JOmIsbgnmsb.  ©ogg@logogsiool Lbgo QOIS
Fo®dmoagbl  Lobl®gdol dmbowgs Ubgowslbgs, g@mdsbgmmsb  bybEow
©05dm 30 gdgeo [yo®mgdowsb. ©ogg@logoszsiool s@bo doamds®gmdls g@m
bomdogmmdsby  doJlodsgryg@o  dgbodanm  obsgo@agbols  dgdomgddo,
dog®od 53 @AMl gOEOEMYmsE  0bEgds 0d  @olgzgdol  Oomgbmos,
Amdgol  JobdOm@momgds  syEoggdgmos, o3 o093l B®sblsgioyg®do
bo®xgdol bEESL. oggdlogogoios [o®dmwoagbl Lodsb®m s bsg®goo@m
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odoibgom. 359ob  0bgglGoool dmdsgsgmo  @o@dgdymgds (future value)
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0b39LR0E00l  dJmdsgogo  woMgdymgds, 9 3OMEgbHgo0  soMoibgds o)
VameoVodo gombyens &) Voeeofordo ofxgh; ) J03esaat oo «)
V390>
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.
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bab. 1.2, Tiigogo obdg@dmanosgnol dgmopooe dope dgdemliagmrosbmdnls dmdgdbe.

dogogmomo  19.  gobsblyy®o  oblEB®YIgbGo  aobolobmg@mgds  dgdwgyo
RYe0o©0 bojo@om:

gos, {gano 0,5 1,0 1,5
2oobEs, EM@SMO 2000 2500 3000

3obgLob@gMMm  gobsblyy@o  0bLE®YIgbBoll  dogs  Igdmlogerosbmds
30m3gbRol  (gmofsdo mOxg® ©oMoibgol ©amL, o9y gobsbly®o
0bLEA®93gb@ 0l Lodob@m golio 7000 wmers@ols Gmanos.

@md  2obglobrg®mm  Lodogdgano dogs  dgdmbogmosbmds, Lsgds@olos
5dmgblibom gob@mangds:

7000 = P(y),

2000 2500 3000
+ +

y 2 3°
3B B
2 2

bogsi, P(y)=

M5dgbows(s,
P(0,06) = 2000 + 2500 —+ 3000 T =7043,66 > 7000
14 006 0,06 0,06
5 1+ 1+
2 2
P(0,07) = 2200 2500 3000 _ 697197 < 7000.

+
0,07 2 3
1+T (1+o,o7j [1+0,07j
2 2
Sdpgbo  go@oygomom, @md  a, =0,06-0 ©>s B =007-0b. (a,0)
‘oo oggmo 10 Bman bofogms:

| l | | | | | | | l I
| | 1 | | | | ] 1

o= 0,060 0,061 0,062 0,063 0,064 0065 0,066 0,067 0068 0,069 0,070=f,
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'Ha360‘36m00, QIOYs) P(0,066) =7000,5057 > 7000 , P(0,067) = 6993,3546 < 7000 . 9-0.
‘dgodengds hogmgommm, O™ a, =0,066 -, beogne B, =0,67 -L.
(6030 0b@g@3masizools 3odmygbgdom, dogowgdm, ™I
‘ 6993,3546 — 7000 £0,067- 7000 —7000,5057
6993,3546 —7000.5057 6993,3546 —7000,5057

M5dgbows(3 P(0,06607) = 7000,005 , >3 9bg Lbadogdgeno ‘dogo
‘dgdmbogmosbmds dgopagbls 6,607%-1.
09 ImEgdygeo  gobsbly®o  0bLE®Ydgb@ol dobgwgom bm@Goger©gds

=0,06607.

3 =0,066

dbogme  gOmo  gosbps, d5dob  dobo Jogs @oMgdyagds  3GOM396H0L
Vgofodo m—x9® ©odoibzol ©@OmL, dgodgngds dmodgdbml dgdogao
RO IYE0m:

(%jfl'" _1} (1.16)

Lbosi C- gobsbliy®do 0blB®Ydgb@Gol dobgogom aosbegdols bmdss;
P- 0bsbly@o 0blE@9dgb@ol LodsbOm goblos;
T - gobsblyy®o 0bLE®9dgb@ol dobgogom gowsobogdol gowss.

y=m

L5. 393mby®o mdmogsi3ool jo@odgdspo ggsbo

3930690  mdmogszoslt  (coupon  bond)  yfmegdgb 0bobliy®
0bLE®9dgb@l, @mdgol dobggomsi 3gMomeymse  bEgds  3GOM39bG o0l
©0505M35dPg ©> bmdobsgyg®do  ©oMgdbymagdols dobo oxgsdgol  dmdgbh@do
apopsbs.

Vaool  gobdogenmdodo  3993mbydo  aoobgdoll  xodol  mdaogysiool
brdobogry®  @o®goymgdolmeb  godmdsl  yfmegdgb 00053000
393mb96 a5bs33gml (coupon rate).

09 fmdoasizool  3g3mbydo  aobsiggmos,  35Tob  gomo  3y93mby@o
aoobool bmds dgodangds dmodgdbml dgdwgao Bm@IPom:

g=LL (1.17)

m

Lbooi g- 393mbyg@o gowobool bmdss;

A- 0oe05300L bmdobsgry®o @o®gdeyyen gdo;

m- (geofoedo 393mbydo aoobegdols Momgbmde.

dogogmomo  110.  dmigdgmos  bobgge®@ferosbo  3y3mbgdoom s 1000
OO@s@ol  bmdobsgny®o  @odgdyagdol  9%-05bo  393mby@o  mdanoysoo.
3obglobmgdmm  mdaogsiooll  dobgogom  gosbpgdol  bsgoo, ey dols

oRsMgodrg Mhgds 2,5 {gemo.
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>d dgdmbgggedo £=0,09, 4=1000 pmeos@o, m=2. d>Tdobowsdy,

q= 1000-0,09 = 45 e,

5> Md@0a5(30000 dg30Mgdygao Aosbegbols bogoel o3l Loby:

gos, gano 0,25 0,75 1,25 1,75 2,25
3oobs, EME@SMO 45 45 45 45 1045

M@0 5300l 393mbydo gobo ¢bps gdonbggmogl 0d aoobgdols bogowols
©5Ygobogn  oMgdyegdol, @mdeggdo o3 mdmoyoomss  dg3ocgdeeno.
0dobomgol, MM  aobgbobwgdmm  aowsbwgbols  bogopols  oygsbogno
©0M oY gods, 5930 gdgeos ©olimb@o®gdol gobszggmols 3mebs, GMIgao
od  dgdmbgggodo  Fomdmowygbls  dmombmgbogr  Fgdemlogeosbmdsls  (required
yield).

dogdygeo  393mbydo  mbdeopsiool  dmmbmgbogro  dgdembsgerosbmds
©a0bogds  gobsbly®o  oblGH®YIgbBHgdol  dogs  FgdmbLogegrosbmdgdols
aodmggergzol  Lbogyydgganbg. sdobmob  bpgds  olbgmo  godBmagdols
aomgoeoli{obgds, OQMO0(350 9908 96@ 900l Lo geo@ e G903 0byo,
30boblyg@o 0bLE®Ydgb@gdol @330 YOMS ©s o.4.

393060 mdenoasiool  gm@o@gdso golo asbolsbwgdgds ©@mol od
dmdgb®do, Gm@Es  bgds  dmGoyo  393mbyg@o  aowsbobo@gbol  gopobe.
bobggo®(eosbo  393mbgdol dJmbg  393mby@o  moeoasiool  3mE0@Mgdoo
aobo dgodgngds dmodgdbml dgdegao Bm@IYaom:

q-2 1 A

P= 1- — |+ —, (1.18)
' (1+FJ (1+FJ
2 2
Lbosi P- mdaogsiool jo@odgdso gsbos;
Af
T
r- dmmbemgbo@o dgdembogerosbmdss;
n-  dmogs3ool  @ogsMgedpyg  wo®bgbogo  393mby@o  gosobgdols
O5ME9bmdss.
dogogomo 111 godmgmo 1000 wmems@ols bmdobsayg®o mo@gdyagdols 9%-
0560 3930by@o mogoas300l Bobo, Mm@Es dol oxgsdgsdog ®hgds 20 (gero,
beogrm dmmbmgbogno dgdmboganosbmds dgowaygbl 8%-L.
od dgdmbgggedo

q= 9JO00  393byao asobools bmdss;

4= 1000 @me@., £= 0,09, ngz 45 wme@., n=40, r= 0,08.
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Mo@0a5300L 3mGoMgds@o Bslio dgodangds dmodgdbeml (1.18) gm@dygmoon:

Sechil IR y 1000 —=1098,96 @M@ @.

0,08 0,08)" 0,08
1+T 1+

> )

536mdgb, MMI 3793mbydo MmdmogsiEos 0gowgds bmdobsgmom (par value). oy

dobo  gm@Eodgdoo gsbo gdmbgggs bmdobogyy®  modgdyengdol.  3¥3mby®o
MO@05305 0940gds bmdobosgnom dbm@me ©s dbmepm  doTob, Omgbsg
Mo@oa5300L 393mbydo aobszgzgmo dmmbmgbogro dgdmbogmosbmdols Gmeaos.

Md@05(305  04owgds 3Mgdoom (at a premium), oy go@odgdopo  gsbo
brmdobogy® moMgdymgdoby dg@os. 393mby®o mdmoyszos 0gogds 3G doom
dbomeme ©s dbmgrme 35d0b, OmEgLsE Mmdmogsiools 393mbydo asbsgggmo
dJombmgboero  dgdmbogeosbmdsbg  dgBos.  bobgge@erosbo  393mbgdom
mdgogsioobsmgol 3@gdools bmds dgowagbl:

P-A:Aﬂi-ql- L. (1.19)
r r

1+

)

536mdgb, O™ 393mbydo Mdeogsios 0gogds Loligmb@om (at a discount),
09 30G0Ogdso  gosbo  bmdobognbg  odsgmos. Md@os300 040 oo
olgmb@om dbmgme ©s dbmermo d5dob, HmEgbsi Mmdemopsiools 3¥3mby®o
3ob5339m0  dmmbmgbogro  dgdmbogeosbmdsbyg  bogergbdos. @olgmb@ols bmds
‘dgodengds dmodgdbml dgdwgabsodag:

A-p:A@—ijL- L. (120)
r r
I+
(+3)
dogogmomo  LI2. L1l dopomomo@sb  mdmopsiEos  0gowgds  3@gdoom,
M5dgbows(3 dolso 393mby®o 2ob5339m0 f= 0,09 devmnbemgbogn

dgdmbogmosbmdoby = 0,08  dosgnos.  3@gdool  bmds  dgodangds
3ob0bobeg@mmb (1.19) gm@Iygeon:

0,09 1
= 179896 ©mena@.

11—
0,08 0,08
1+
2

P-4 =1000(
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09  ©AOmol  Jodpobs@gmdolsl  dmmbmgbogro  dgdmlsganosbmds 5@
90380 gds, 35dob G0  YROMm  dmobgrmgogds  mdmogszooll  @osgs®gols
05000, Jon s03e0gdl 30gdool (wobimb@ol) bmds.

3930b69@ 2o05bgoby Mooy s3000b 300 9d500 aobols
©5dmM 3o gdygagds bohggbgdos bob. 1. 3-by.

Mo@0a5300L 3mBH0Mgosl 9fmegdgb d9dogy RoMMSL:

EIOO,
A

Lbosi P- mdaogsiools jo@odgdso gsbos;

A- 0og05300L bmdobsgry®o @o®gdea gds.

Md@oa5300L 3m@odgdol s dobo bmdobogryy@o @o@gdymgdols (3m©bom,
‘dgodan gds §o3mgemm mdmoaszool 3mGodgoseo gsbo.

dogogmomo 113, oy 5000  @mes@ol  bmdobsgry@o  @o®gdyegdols

Md@og5300L 3MGHOMgoS 98%-00 dodob dobo jmEodgdswo Rsbo Fmao odbgds

98,25-5000
T T =4912,50 oMmen@.
100 ROK
PA
36;330.:.
A —F 3
wobgmb@o §
. + ’ + 4 =
n n=-1 n=2 n=3 ..... 2 1 0
ogehzedey
J3mb o
3ptommgdol
65b.1.3. mdmogszool gmGodgdgmo Gobol sdmgowgdgergds 3g3mbygcdo
aomabrgdol Gampgbmdaty

L6 393mbyg@o mdamoyszogdol ggsbio
aobgobogrmo bobggo@erosbo 393mbgdom Go50dg mdanoysios. hogmgsgrmom,
@m3d dmmbmgbogo dgdmbsgarobmds 3bmdogros s r—ols Feaos.
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09 3obomegbols moMomo gdmbgggs 393mbydo aoobol mos®owl, dsdob
Mo@ogs300l Bolio omgangds dJobo gm@o®gdowo gobol oo ©s dgodangds
d00dgdbml  (1.18) gm@dymom. 0y gobswegdol mo®owo dEgdbsGgmodl ™m®
3930bygdo  aooboll  modoml  dm@ol,  dodob  mogogsiool  gobo
2obobobmg®mgds dgdwgabso@dsg:

n-1 q 4

pP= _ , (121)

i+w n—1+w
- [1 + rj (1 + rj
2 2

Lbooi P- mderogsiools 3sbos;

g -bobggo@{erosbo 393mby@o ao@obs;

A- 005300l bmdobsgry®o @o®gdeyyen gds;

n-  o@ogs30ol  @ogsMgedpyg  o®bgbogo  393mby@o  gosbgdols
M50 9bmdoS;

w o - 25bogdol moMowosb dm®oy  393mby@d  oobpoli meMomsdwy
99600 GomEgbmdols ROOOMESS 3930by® 39G0m@do @gdols
50M©9b6md5Lmsb.

(121) ge@dygens dgodengds dgdgao Lobom hogfg@mo:

po— b 2y L A4 (122)
. w 7 2 . n . n—1
[1+j [1+j [1+j
2 2 2
dogogmomo 114, dm@igdyemos 100 ©mee@d. bemdobsgmon  10%-0560
Mo@o0a5300 bobggo®fmosbo 393mbgdom, @mdgol @oxgs®gol ms®owo 2016
Vool 1 do@@Fos. gobglobmgdmmn @mam@o 0bgds 3 mdmogsiools gsbo 2016
Yeool 17 ogeools, 7%-0l Goeo dmnbmgbogo dgdmbsgarosbmdols w®mb.
>d d9dmbgggodo 4= 100 po@@., ¢= 5 woea@.,, r=0,07, n= 12.
09950  QoJBHmdMogo  @omEgbmdol  Asdmsbpo®odgdol wA®ML  m@o
0oM0@oEsh dbm@mme gOhmol aomgogolifobgdss dowgdyero. d5dob w@gqgdols
GomEgbmds 2016 Ferol 1 dod@owsb 1 bgdgdddedpg Gmero odbgods 184-ols,

boaoem 2016 (eool 17 ogerolowsb 1 1gd@gdd@msdwg — 46-0l. dodsbosdy,
W=~ 0,25,

184

(122) ge@dygenom g3mygomom, GmJ
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P= ! — 10 (1+0’07j1— ! — |+ 100 —|=117,49 @m0 @.
0,07\ | 0,07 2 0,07 0,07
1+ 1+ 5 1+ 5

2

dgbodgbs. 114  dopomomTdo  mo®owgdl  dm@ol wggdol  @omgbmds
2obglobmgMmgm  gogrgbo®ol  dobgwgom. gl dowgdygmos, 3gOdme, 5dd-U
Lobobobm  mdenoas30900L  d5bo@bY. Eggdol aodmmgerol gl LEsbws®@Eo
>m0bodbgds Actoal/actual-om. mdeogsiogdols Lbgs dob®gdbg dglsdangdemos
2odmygbgdygemo ogml  Lbgs LEobps®@@gdo. dogogomsw 30/360 LEsbos®@o,
OoEglbsig bgdobdog® mggdo Egqgdol @omEgbmds 30-ol Fmaoe omgergds
boerm (gerofodo weggdol Gomgbmds — 360-s.

dogogmomo  L15. 2obglobmg®mm,  dogogmoms, 114 aobbogoyano
momogs0ol golio my dmddgegdl 30/360 LEsbos@@o.

30/360  LEASbPIMBHOL  EAOML  Eggbol  @smEgbmds 1 dodGowsb 1
LgdBgdd@sdwyg oo  omgengds  180-oL,  beoepe 17 oggoobopsb 1
LB gdddsdwyg — 44-0b. d5dob

w=22 — 02444,
180

>d d9dmbgggodo mdemoasizool gobo sbg aodmomgangds:

P= ! — 10 (1+0’07j 1- ! — |+ 100 =117,51 oo,
[1 s 0,07) : 0,07 2 (1 s o,o7j (1 s 0,07
2

11
2 2)

09 mdaogsiools dgdgbs dodgobg begds, dodob Igoggero gogrgdeyganos
2o0bsml Mmdmogsizool JoGodgdbgmo Qolo s s@oiEbymo 30M396@ o0
(accrued interest), ®mdgeroz dgdogyboo@ow odmomgagds:

Al =q%, (123)

oo ¢g-bobggoderosbo 393mbyco yooboss;

Ni-  ©mggdol  Gompgbmdss  9935b5Lgbgero  393mbyy@o  aswsbroasb
©oxoMgoll moMowsdy;

N - 0990l Gomgbmds 393mby® 3g®omdo.

Mo 05300L  3MBH0Ogdgmo gobol s odogbymo 3GMEgbF ool X ol
9V 09596 . &udgoob sl (dirty price).

dogogmomo 116, aobglbobwgdmm  odoibymo  3GOmEgbdgdo 114
dogoomdo gobbogyemo mderogsioolsmgols.
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Actoal/actual- Esbos®@ols 3sdmygbgdol WML ag5J3b:

184 — 46 138
A = = . = .
[=5 2 5 4 3,75 @M@,
beogom 30/360 LEBHSbos®EGOL EOML:
180 —44 136
Al =5 =5. =3,78 .
180 180 0RO

L7 edgmoa o300l d9dmbogmosbmdol dggsligds

Mo@0a530900L  dobodDbg  094gbgdgh mdamopsiogdol  dgdmlsgerosbmdols

bbgoolibgs bmdsl.
L7.1 308pobs®g dgdmbogerosbmods

3930byg@0  mdmogsizools  dodwobs®g  dgdmbogmosbmdbe  dowgdygaos
hoomgo@ml arol gobdoganmds@o 393mbyco asobegdol xodol Godomds
Mo@05(300L LodsbOM Golimsb.

dogogmomo  117.  aobglobmg@me 1000 ©m@s®ols  bmdobsgrols o
bobggo®(eoobo  3y3mbgdols  3Jmbg  6%-00b0  mdaogsiools  dodobsdy
‘dgdmbogaosbmds,  @mdgaoi ogowgds 700,89 pemams@o,  @m@s  dob
ogoMgodeg omhgbogros 18 {gano.
1000-0,06
700,89
172 posgs@gol d0ds®0 dgdmbogerosbmods

dodpobs®g dgdmbogerosbmds = = 0,0856, g.0. 8,56%.

bobggo@faosbo  393mbgdol  dJmbg  mdaogsizool  ogs@gol  dods®m
3g3mbogeosbmds (yield to maturity) (omdmowygbl  dgdwgao  gobGmaengdols
>dmbobligbls:

n—1
QS < S A (124)

w i n-1
1+2 [ 7142 1+2
2 2 2

booi P- mdanoasiools jo@odgoseo gsbos;

Al - Loobao®0dm moMombg wodoibyero 30M (3963 gdo0s;

g-bobggo@{erosbo 3993mbyg@o po@obs;

A- 0og05300L bmdobsgry®o @o®gdeyyan gds;

n-  omogs3ool  @ogsMgedpyg  o®bgboao  393mby@o  gosbgdols
M50M©9bMdoS;

w - 3obs@Egdol moMomosb dm®opo 393mby® gosbpols moGomsdwy
ggdols Gomgbmdols QOOOMOSS 3930by® 3900t do Eqools
H50M©gbrdslmasb.
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dogogmomo  LI8.  0dmggm  oge@gols  dodo®mo  dgdmbogenosbmds
mogogasioobomgols 117 dspseomosb.
dm9d9e dgdmbgggsdo
_ 1000-0,06 _

P= 700,89 @wme@®., A4I=0, ¢ 5

30 wmen@,,
4=1000 @emen@., n=36, w=1.
‘dgLododolow, oxgs®gol dodo@m dgdmbogmosbmds s3doymaomgdl ‘dgdwgy

ob@MEgdsls:

70089 =L |, 1000
[1+yj (l+yj
2 2
M5dgbows(3
60 1 1000

1- + =700,8895 oM@ @.,

0,095 0,095\ 0,095\
1+ 1+-2
2 2

sdpgbos  mémogsiool  wogs®@gol  dododm  dgdmbogemosbmds  Goanos
9,50%.

dbgenos s@os 0dol sdF 0390, MM saoeo o3l dgdogy Wgdyagdgdl:
D)oy 393mbyg®o  mdaogsios  bmdobsgrom  0gogds, 35dob  3y3mbydo

30b5339m0  md@oasi00l dodwobs®yg dgdmbogaosbmdols s dobo oxgs®gols
dodo@m dgdmbogeosbmbols Gmenos;

2) 0y  393mby®o  mémoas3os  3M9doom  0gogds, 3s5Tdob  33mbydo
20653390 mdenoasiool  dodpobs®yg  dgdmbogerosbmdsbyg  dgBos, GmIgano
nogol Ib@og wogs®@gol dodo®o dgdmlogamosbmdsby dg@os;

3) 9 393mby®o  mdmogsios  obgmb@Gom ogogds, d5dob  3y3mbydo
35b5339m0 mderogsools dodwobs®g dgdmlsgerosbmdeby bogagdos, Gmdgeos
nogol  dbMog  bogangdos  @oxs@gol  dodosdm  dgdmlogamosbmdsby  (ob.
dogoemomgdo 117 s 1.18).

1.7.3. 353mbdmdols 303560 Fgdmbogeosbmods
Mo 0530900l gdobols AML, 9dgRgl dgdmbgggsTdo, bpgds dgmsbbdgds
990390l YR gdsby aodmobyoml  mogolo gdolbos ob dobo  god3g99ero
bofoao mberoasi300L orgsMzgol oy gbom moMowadyg. sligm Mbeoy o309l
dJomgdygmos  gfmonl  asdmbdmdswo  (callable  bonds).  asdmbdmdswo
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Mo@0530900Lsmgols Fobolfod ©aobogds godmbdmdol g@sgogzo, GmIganos
330h39690L 03 ©EOMDY ©sdmMGowgdymgdom aodmbdmbols goligdl, @mdganocs
aobygeos  gdolool mo®owols dgdegy; hggnegd®og gdoboosb  god 3399ero
o@mol  dgdegy  godmbdmbols  Robo  mogoasi300l  bmdobsgbg  domseno
20begds, boam dgdogy mobosmsb g3gds bemdobosgnsdwy.

35dmbdmdols  dods@mo  Fgdmbsganosbmds (yield call) 0d Sodmdom, @md
b o@olbm®gdoll moMomo  ©agds  3¥3mby®o  gopobpol  moMowols WEML,
Fo®dmowagbl dgdwgao Lobols aob@Gmengdols 5dmbsbligbls:
g . 4

n

boo3, P- Mogoa5300L 3m@G0@goomo golins bobgga®@fanosbo 393mbgdom;

g-bobggo@{emosbo 3993mbyg@o po@obs;

n - 353mbdmdol  asbbognyen  mo@Mowedg  omhgbogno  33mbydo
aoobogdols @oibgos;

A" - @Aeols dgbodsdol dmdgbRdo aodmbdmdols gsbos.

dogogomo 1.19. dmgdygao 1000 e@s@ols bmdobsgrols dJmbg 11%-0560
Mo@o0a5(300 bobggo@faosbo 333mbgdomn o ogs@zol 19 [awosbo gowom,
Omdgeoi  ogogds 122407 po@edsw.  aobglobwgdmm  mdamoysiools
‘dgdmbogaosbmds o) @oxgs®gol dododm; &) 1055 mes®ol gobow 6 {arols
9999y 20dmbdmdol dodo®m; ) bemdobsgnom 10 (erol d9degy godmbdmdols

dododo.
dm999e0 Moo s300l  WoRs@gol  dodo®o  dgdmbogmosbmdsd  ybws

55 3dogma3ogml dgdogao aob@mangds:

122407 =110 1|, 1000

38 38 °
4 1+2 1+
2 2

od  2ob@mengdol  sdmblbom  dogowgdbm, @md  y= 0,0858. sdygzo0o0,

053530l dJodo®on dgdmboganosbmds dgowygbls 8,58%-1.
6 (erol d9dwgy 30dmbdmdol dodo®o  dgdmbogemosbmds  [omdmowgbls
‘dgdgao aob@mergdols sdmbobligbls:

122407 =110 oL |, 1099

12 12 °
d 1+ 1+
2 2
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Lboowobs »=0,0710, g.0. 7,10%.
do@ml, bmdobsgom asdmbdmbdols dodo®o dgdmbogemosbmds dgowaqbls
7,14%-1, @5dgbo@soz 9bws os3doymeoemml dgdwgao aobGmeangds:

1224’072110 - 1 N 1000

20 20 °
4 1+2 1+2
2 2

174 yogopgol d0ds®0 dgdmbisgerosbmos

bmg  dgdmbgggsdo  gdolools  300mdgdol  mobobdo  mdanoysi0gbols
dgamdgal goshbos 9ggagds dogomlb 9doRgbdl mobdeopsiogdo (obsl{om
oEagboge  goloe,  ®Mmdgmoi @sdmgzogdygmos  gdobool  dmdgbFowsb
aoligemol  @@mbg.  Sbgm  md@opoz0gdl gogowgoe  (putable  bonds)
Mom0953090L 9YFmEgdgh. aogowgeo mdopsiogdolbsmgol gogoegol dods@m
g9mbogamosbmds  (yield to put) Jgodangds  aobolobmgdml  godmbdmdswo
Md@oa530900bsmgol ‘dgdmbogeosbmdols dmdgdbols sbognmgosy®sw.

0Y  MO@OA5(300  JOIMEOMmYse  [oddmopa bl aodmbdmdsl s
aogoegol,  dodob  dgodangds  aobbogygeno  ogml  dgdembogerosbmds
aodmbdmdols  yggems  Logo®oyom  mo®owols s  dgdmlsganosbmds  yggems
Lbogo@oygom  gogowgol  mo@owols  dodo®m.  sbigmo  dgdmbsgerosbmdgdbo@sb
43905y godgll gfmegdgb ,,q950gbol* dods@m Tgdmlsogmosbmdsls (yield to
worst).

L7.5. @wogmb@omgdols dodgs

dgdeobogeosbmdol  bmdsl,  Omdgebsi @obgmbdodgdol  do@gsls
(diskounted margin) 9{megdgb Ibmeme I3mEsgo  3Y3mbydo  aobsgggmol
(floating rate securitise) dJmbg  méoys30gdol  dododm.  do@Boggls
‘dgdmbgggodo I3mEog30 3¥3mbycdo gobsiggmo Amol oy gboen  dmdgb@do
2obolobwgmgods dgdwgao Bm@IPaom:

30903590 35boy5900 = g5bogg90m0-00G096000 + R0 Jbomgdaaro bsdsGo.

olgmb@o®gdol  dodgol  9fmgdgh  25b53390-mM0gbBHodbg  bods@ls,
Amdgol  dogdolo  goMoyomdl  mdmoysiool  Igamdgmo  mdanoysiools
sOLgdmdol aobdogermdsdo, 0d dgdmbgggedo, oy gobsiggmo-m@ogbGodo >@
2o50bMgds mogolo dodeobsdg wmbowsb.

dogogmomo 120. dImnigdygeros 100 we@s@ols bmdobsgrols dJmbg 6 {anosbo
MO@0a5(300  I3MES30 3Y3mbydo  aobsgggmom.  3y3mbycdo  asbsgggmo
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25b53390-000096G0@bg 80 Lodobolim ¢gbjdomss dgBo ©o ymggew 6 mggdo
gOmbgan  asbolobrmg®gds.  2obglbobwgdmm  @oljmb@o®gdols  do@ygs,  my
Mo@o0a5300L Bolos 99,31 wmens®o, bogm asobs3ggm-m®mogb@o®ols dodwobsdyg
db0dgbgeomdos — 10%.

0olgmbBo®mgbdol do®gol aoblobmg@ol AOML omgangds, M sbsizggomo-
M@0gbRo®o  AOmolL  gobdogamdsdo 0@ o@igegds. doTDolowsdg, o3
‘dgdombgggodo bobggo®{aosbo 393mby®o gopobps dgomygbls:

100-0,108

2
00306300900l do@od Ybes ©os3doymazomml dgdwgao gob@mangds:

12
9931 = Z 5,4 N 100,0

S 0l+xY 01+x)"
1+ 1+
2 2

Gmdgeroi dgodangds dgdgpo Lobom hoglgomo:

= 5,4 @M @.

9931 = 2-54 - 1 N 100,0 .
0,1+ x ( 01+xj12 ( 01+xj12
1+ 1+
2 2
aobBmagdol  sdmblbom  dogowgdw, @md x = 0,0096. Slg ™I,

olgmb@Go@gools do@ygs dgoagbl 96 Lodsbolim 3963 L.

1.8 mbder0a5(30900L 3mOER ol dgdmbogeosbmdgdol dggsligds
MO 025(30900L  3mOERgeol  dgdmbogeosbmdgdol  dgxsbgdobsmgols
4gge0obg  b'dodo  0ygbgdgh  dgdmbogemosbmdol  dgdpgy @ bmdsl:
bo'dygogomdgfmbogn ‘dgdembogeosbmdsls s dogs dgdmbogaosbmdsl.

1.8.1 mbgmoa530900L 3mOERgol Lodygsemdgfmbogoo
Vg Logenosbmds
Mo@05(30900L 3OO0l Lodygommdgfmboeno  dgdmbogenosbmds
(weighted average portfolio yield) gobolsbogdgds dgdogao gm@dgeom:

k

D Wy

i=1

booi k- 3mOERIE Do Mmber0g 530900l @om©gbmdss;

V- =900 mdemoas30ol dgdmboganosbmdss i= 1, 2, 3, . . ., k;

W= =900 Mo@025300L Lodsb®m @oMmgdbymgbols dmenosbo 3ROl
LodsbOM @0MYJOYE gdobmob Godmobss.
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dogoe0m0 1.21. 30OG B0l ‘dga g0 A0 Mo 0a5(300b5256
bobggo®{erosbo 3930bgd00, OMdgEoms 356539 M gd0 3b®ogndos
domom gbeyeoo:

Md@035308 | 393mbydo 5850353y | bmdobsgy®o bodsbHm oxs®goL dJodstm
30b533900,% | gows, Tgmo | @odgdgmgds, modgdgmgds, | Fgdmbsgmosbmds,%
Em@®. o,

1 7 1 10 000 9 905,7 8
2 10 2 20 000 20 000 10

2obglob@g®mm  mdmogsiogdol  3mOFPIol Lodygogrmdgfmbogro
‘dgdmbogemosbmoe.
3999 dgdmbgggsdo

k= 2, p= 008 = 010, w=—20%10 ;3315
9905,70 + 20000
W, = 20000 =0,6688
> 9905,70 + 20000 '

5dg 35050, 3mOERJols bodygommdgfmboero dgdmbogmosbmds Gmaos
0,3312-0,08 +0,6688- 0,10 = 0,0934, g.0. 9,34%-0l.

182 mdgoas30960L 3m®ERgeol dogs dgdmbsgmosbmds

M0e095(30900L 3MOERPgeol Bogs dgdmbsogemosbmds (portfolio internal rate
of return) (o®m3moagbl  LodMmmEgbBm  gobsgggml, @mdmol OMmlss
300G BJ0sb goobogdol bogowols ©oygsbogro mo@gdbymmgds gdmbgggs o3
300FBgol  LodosbOm  odgoyegdsl. dglodsdobo, @md  gobglobrg®emm
Mo@05(30900L  3mAOFRgols  dogo  dgdmbogamosbmds,  Foboslfsd  9boos
303030m (39990 3MMOEGBJ0sb osbgbols bsgowo.

dogogomo 122, godmgmo 121 dogomomopsb mdmoysizogdols 3m@Eggaols
‘dogo dgdmbogerosbmbe.

aobbognyeo 3B BJEosb Aoobegdols bogoel o3l dgdwgao Loby:

gos,{geo 0,5 1,0 1.5 2,0
250@5bES, EOm®. | 350+1000=1350 | 10350+1000=11350 1000 21000
>Jgc05b 3odmdEobsdy, Mo 05309001 3R g0l ‘dogo

‘dgdmbogaosbmdsd 9bws wosgdoygmgoml ‘dgdogao gob@mangds:
1350+ 11350 N 1000 N 21000

y 2 3 4
1+5 1+2 1+2 1+2
2 2 2

dodolosdg  y=0,0959.

29905 =
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53335000, Mde05(30900L 3m®EGRBgeol dogos dgdmbogmosbmds dgomygbls
9,59%-1;.

L9 Lodob@m dgdmbogerosbmdols ddygwgdo

aobgobognmo  OMdgmomsi 3¥3mbyg®o  md@oasi30s.  MmomMmgYeo
(3O 3JY0  33Mmbyg@0  gowsbes o bemdobosgry®o  wo®gdyergdol go@sbes
‘dgodengds 063 gM3M9BH0Mgo Yo  oyml  OmamOE  exemgsdrog  dgbsdsdolio
gool  AmL  byamgsbo  393mbom  mbemogsios. od  dgdmbgggedo  mgommb
Mmogogs30s  dgodangds  aobgobogrmo  @mgm®3  byarmgsbo  3oygdmbgdom
Mo 05(30900L 3O GBgao.

5035053 393Mbygdo mdmoas3os o dgbsdsdolbo byermgsbo 3y3mbgdom
MO@ 025309000  3MOBHBJE0  3330009d05b Aosbegbols gOMbso®  bogowgols,
sdpgbo  domo  goligdbo 9bs  gdmbggmebgh  g@®mAsbgml.  ojgsb
3odmdpoba®yg, ™9 8393M©0bgds byermgsbo  393mbgdbom mogmogsiool  ‘dogo
‘dgdmbogerosbmobs, dgodagds 303mgmm 393mby®o mdaoysiools ggsbo.

byermgobo 393mbgdom mdmogsiool dogs dgdmlsgarosbmdoms bogdgdl,
OmdgeoE  2odmdggoyeos  gOmosny03g  bLogMgoodm  @go@obaols  dJmby
9903963 gdol  dog@d,  9fmegdgh  LeddmEgbGm  3obsgggmgdol EMom
b gJ@gest (term structure of interest rates).

bo3OMEgbB™M 35653390900l AOMom LEYJHYO0lL a@ox03ga godmbobgsls
dJowgoygmos  gfmoml  (Lodsbdm) Dgdmbogmosbmdol @Yo (zero coupon
curve).

‘dgdmbogaosbmdols IG oo dgodengds ‘dgogoeml @mol sbdsgemdsdo.
14-17  bobo@gdbg dmzgdyeros  Lodobdm  dgdmbogerosbmbols 3G yogdols
dogoeomgdo.

Lobobobm (bobgerd{ogm) md@oasioobosmgols Lod>bOM
‘g logerosbmdols 3Oyl 9fmegdgbh Lb3m@-3o5bs33gmgdol Gl (Spot curve).

0y  3bmdognos  L3mE-pobozggmgdol  dOywo, dsdob  dglodengdgenos
3obg3Lob@gMMmm bgdoldog®mo 393mbyg@o Lobsbobm mdanopsiools ggsbo.

dogogoms,  bobggeo®ferosbo  393mbgdom  Lobobobm  mdaogsiools
300 gdo00 golio dgodangds dmodgdbml dgdwgao gmgdyeom:

p=y 4, A (1.26)

g 14+
2 2

booi P- mdenoas3ool jom@o®dgoseo sbos;

A4 - d@ogas300l brmdobsgy@o oMoy gds;
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n- 605300l oRsM35dEYg JYY3MbyMo aosbrgdols Mobgo;

ro-i bobggo®@f@osh 3gMomegdbyg Ldm@-aobsgggmo, i=123, .., n.

dogogmomo 123, dmigdygaos bobggo®farosbo 333mby®o gopsbogdol s
100 weoes@ols bmdobsgrols djmbg 8%-05bo Lobsbobm mdgogsizos.

?aambaaqnaﬁmaal
Bmhdogm gt Loby
(normal)
y
mopatzedmy gome
6ab. 1.4
dg3mbogmrosbmds
obgzg@dlogmro bLoby
(inverted)
o
mopatzedmy gome
bab_ 1.5
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Ag3mboggrosbmds
23mbbyjogro baby
(humped)
——
Roga®zedeg gome
bab.1.6.
Bjdmboggrosbmds
!
Lfméo baoby
(fiat)
o
RogaGzadey gome
bab.1.7.

2oblobmg®mgom 53 mdaoysiool @obo, Gm@Es dob oxgs®gsdog ®hgds 2
Voo, bogm bL3m@-aobsgggmgdo 05, 10, 15 ©s 2 (gaobg dgbodsdobog
Gmeos 6, 6,5, 6,8 s 7%-0b.

(126) gm@dygenols dgbododolow a35]3L:

4 4 4 104

= + + -
14 006 0,065’ 0,068 )’ 0,07’
2 1+ 1+ 1+
2 2 2

0dolomgol, MM  sgogmm  L3m@-gobsiggmol 3OO,  5YE0EgdgEo0s

=101,88 oo @.

303M090  byermgobo  3y3mbgdols  IJmbg  mdmogsingdol Lodsbdm  gslgdo
o530l Lbgosolbbgs gowgdol @mb. dog@sd  hggyagd®og  byanmgsbo
393mbgdol  3Jmbg  moeopasz0gdl  9d39dg9b  Fbmerme  onsMzedwyg  dzody
3ogdol  @EmL. o3 dgdmbgggsdo  L3m@-3obsgggmol dOYeols Jmegaomgds
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dgbodangdganos  Lbgowolbgs  ogedgol  gopgdol  IJmbg  393mby@o
Mo@025(30900L Robgdol Loggydggen by

dogogmomo 124, dobodbg  agodgb 100 @e@s®ols  bemdobsaools
bobggo®{erosbo 393mbgdomn Lobsbobm mdamopsios dgdwgao dmbszgdgdom:

©ox>M3godEg gows, Fgmo 39306960 3565339m0 gobo, Ee@s®gddo

0,5 0,000 96,15

1,0 0,000 92,19

1,5 0,085 99,45
2 0,110 103,49

2odmMgo®3g0mm Imgdyger Lo sosdo Amam@ dgodagds sgogmm L3md-
2ob5339m9d0L dOywo.

1. 6-00gosbo L3m@-aobs33gmo dgodangds dmodgdbml 3o®ggero mdaogysizools
dg'dggmdbdoom.

@53 bos3 9bws gl yemogl BmEmos

96,15 = 100 ,
1+
2

>dpgbow, r= 0,080, g.0. 8%-ob.
2. Yewoyg@o  L3m@-aobsgggmo  dgodangds  aobolobrog®ml  hggbo  Loowsb

dgm®g M0y 5(3000:
92,19=—1% _ Lsowsbog 1,=0.083, go. 8.3%-0b.
&
I+=
2
3.5 (gembg  L3m@-pobogggol  dmgdgdboon  dgbedg  mdanoasiools
d9dggmbdom, 9339 bodmgbo 239]6gds @o 1 o, L3ME-gob53390gdo0.
@5dgbos3  Mmdmogsizooll gobo 9bws gdmbgggmegl o3 mdaogsiools
aoobogdol bogowol woygoboa woMgdyagdsls, sdwgbsw
425 4,25 N 104,25

= + .
’ 0,08 2 3
1+ (1+0,083j W
2 2

‘dglododolbo r=0,0893.
4. r, L3mPB-2ob53390L dmgdgobom [@R0g0 0bGg@3mensiools dgdgzgmdom:
0,0893 + 7,
r,=—.
2
do'dob ¢bs gl yeegls dgdpgao Gragnmds:
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5,5 5,5 5,5 105,5
+ +

+ .

0,08 2 4 5

e (1 . 0,0893j 1 008937 s
2 4 2

103,49 =

9:0. 335J3L gob@mangds ghHmo 3gersom. 53 AobBmergbols dg@hggol o
dgemdols Igmmeom sdmblbom, dogowgdm, GmI r =0,0948. d>dob,
_ 0,0893 +0,0948

=0,09205.

7y

dm3gdye d9dmbgggedo L3m@-gobsggzgmgdol dOYEL goshbos bm@dsgyy@o
Lobg (bob. 1.8).

4 bim@-aobogggmo, %

M- ceccc e e aacac e
Y02 B [

Y )

T ) [

|
i
I
I
I
I
I
I
I
I
|
I
|

0.5 1,0 15 20 25 zops (Fsmgdoe)

bab. 1.8. h.}mb-aaﬁaaaamoh Gmﬁ)aagg'a(ﬁo h.:ka

3563005M9by9e  Bobsbly® Lol gdgddo Lobgadfogm mdaoysiogdo
0030 gds  Oolgmo, boeem  ygges ©sbs@hgbo mdmogsios  dowgdyanos
Vgeetgl  doom.  s@sLobgerdfogm  gdo@dgdgdol  dog®d  aodmdggdbyero
Mo 05309000 Lobgerdfoeym MO 025(3090MSb ‘dgLoo®gdan s
dglodangdgaos  25dmygbgdaao ogml dohggbgdgano, G®Aganlsi byarmgsbo
go@s@ommdol b3dgoo gfmegds.
byyaomgobo  gmgs@ogmdol  Lb3dgwo (zero-volatility spread) gfmogds
L3MA-gob533900bg obgom obsIs@L, @®Agol AOMLSE  MmdmoysiEogdobogsb
dJomgdygmo  aoobegdols bogool @oggobogrmo @o®gdygagds gdmbgggs dob
Lodob®m ggolibs.
byermgobo gmas@ommdol L3Mgoo s3dogmxzomgdl dgdwgy 2obFmangdsls:
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n

q A

Z 1'+ n
i=1 1+I"I-+X 1+rn+x
2 2

Lbosiz P- bobggo®dfarosbo 393mbgdols dJmbg mdaogsiool gm@Go@gdswo

b

obioo;

g- bobggod{anosbo 393mbycdo aomobs;

4 - mdeoao300l bmdobognyy@o mo®gdeyengdos;

n- 605300l oR5M3odEYg J9Y3MbYMo Aosbrgdols Mozbgo;

r, i bobggeo®{@osh 3gMm0omEgdbby Ldm@-aobsizggmo, i=123, .., n.

dogogmomo 125. dmigdyawo 1000 mers@ols bmdobsgol djmbg 10%-0560
JOO3MOSGo@o  mdmogsios  babgge@faosbo 3y3mbgdom  @mdenols
55M35d©g 3 [gmos o®hgbogo. aoblobmg@gm byanmgsbo gmas@oamdols
L3Mgeo, m9y ®dmoasi3os  ogopgds 100275 @m@s@se,  bomgm  b3em@-
aobogggmgdo 0.5, 1, 15, 2, 2,5 s 3 (argdby dgbodsdobo @menos 6, 6, 7, 7, 8
o 8%-ol.

‘d9d©ga0 gobBmagdols

1002,75 = >0 + >0 + >0 + >0 +

0,06+ x 2 3 4
1+72 (1+O,062+X} (1_’_ 090;+xj (14_ 0,07+XJ

50 1050
+ 5+ 6
( 0,08+xj ( 0,08+x}
1+ 1+
2 2
>dmblbom g3mygemdm, @Gmdx= 0,02. sdygoco Imgdyge dgdmnbgggsdo

byyanmgobo gm@s@ommdol b3Mgoo dgoygbl 200 Lodsbolim 3963 L.
dgb0dgbs.  Jmganggoosbo  mdamoysi0gool  dgboedgdmo  ‘dgodangds

odmygbgdygemo  0dbol  @ogs®gol  dods@m  dgdmbogmosbmdgdl  dm@ols
Lbgomds. dopMod 20dgen 3500560 M@0 530900bsmgols bygomgobo
go@s@oermdol b3Mgwo oderggs dgoo®gdomn bylE dgaslgdst.

L10 bogo@osgom gm@gs@oygmo gsbs3gg0mgd0
09 3bmbdogros  LodsbBm  Igdmbogemosbmdgdols dGywo (zero coupon
curve), dgbodengdgeros dmodgdbml Logo®osygom gm@gs®oygamo asbsiggmgdo.
Logs@oygem  gm@ge@pgmo  gobsgggmgdo (implied forward rate) =»
bobggo®{erosbo 3g@ompgdol dgdwgy  139M0mEgbom SO aobolabmg@mgds

‘d9d©ga0 RO@OIYeom:
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nft =2 -1 P (127)

booi L, f, - bogodsyem  go®ge®gmo  g5bs339005 nbobggo®danosbo
3900mgdol dgdpgy ¢ bobggod{aosbo 3gMomwgdom sMY;
oy - b9E0mgobo  393mbom  moégogsiool  dops  dgdmbsgerosbmdss  n+l

n+l

bobggo®{erosbo 3g@omegdols dgdogy;

r,- bygomgobo 393mbom mdanogysiool dogs dgdmbogerosbmdss, @mdgeoc
000 gds nbobgge®@faosbo 3g@omgdols dgdwgy.

Omd 2039033900  Logo@syem  Bm@Ago@Eyeo  asbsgggmgdol  s@ Lo,
aobgobogrmo m@o LEOSG 0.

bLE®sGgaos 1 gobpgbo 0 gymowo  mobbol  0bgglBo®gdol n+1
bobggo®@{arosbo 3g@ompgdoe 1., aobs339m0m (gl bodbogl, @md O mobbom

bdodgds  byamgobo  3y3mbgdols  IJmbg  0d  mbemopsi0gdol  dgbyogsls,
Omdgeo3 0350g0s n+1bsbggo@fanosbo 3g@omgdol dgdwgp).

LAOSGIA0> 2.  gobpgbo 0 gymoswo  mobbol  0bgglEo®gdsln
bobggo®(arosbo  3g@ompgdo 1, aobo33gmom,  bomam  dgdpgy gobogbom
o MMgogo msbboll Mgobggl@Bo®mgosl jowgg ¢ bobggo@erosbo 3g@mom@gdom
25065 339m0m.
dm99d9eol LEOSGJR09d0 gOmos0dsgg dgegal dbmermo s dbmenmo
dodob odanggosb, Gm@Es z,=, f,.

Z

5dg3oM00,  Logo®oygom  gmOgsOEygmo  asbsgggmo | fi— gl olgomo
3ob53390m005, @mIemols Yb@Ybggaymas dgygdaos 0bgglEm®@l dmdsgsgndo ¢
bobggo®{eosbo 3gMomgddo, byanmgsbo 333mbgdols dJmby mdenoasiogdbom
35bo@bg m3gMo@gdom.

dogogmomo  126. 3 o 5 bobggzeo®aosh  39G0mpgdby  Lodsbam
‘dgdmbogerosbmdgdo dgoagbls dglodsdoboe 8 o 9%-L.

Lbogo®@onm  gm@dgoteygmo asbsgggmo 1,5 {arol d9dpgy gomo (aom
NUoh! rH(f]o_dQ){]E)o 8(*)06_;]66(015 ‘d9dwgaboodog:

5

( o,o9jz

1+ 5

=2 -1/=0,10509, g.0. 10,51%.

(1 N 0,08

3
jz
2

3f2 =2
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09 dmgobpgbo 100 m@s@ol 0bggb@Bo®gdsl 9%-05b0 aobsgggmom 2.5
Veoom, 35dob 2,5 {anols dgdegy dogomgdm

0,09\
; j =124,6182 @ .

IOO[I +

09 3o dmgobgbon 100 @mens®ols 0b3glB0Mgdsls 8%-05b0 aobsgggmom 1,5

Varom,

0,08\’
: j = 112,4854 00 .

100[1 +

boerem  dgdogy  dmgobogbem  @op@mgoeno  mobbol  ®gobgglEo®mgdsls
10,51%-05b0 gm@gom@g@o asbsgggmom gowgg gOmo {erom, dogomgdm
01051

2
112,4864(1+ j 124,6193 @M@ @.

5d335Mo©, ™mM0gg asobbogrygmo  LEMoF 900  235de g3l g@mos0y039
‘dgogal (dz0my 2oblbgoggds s>0blbgds aodmmga gdols OO

(Mo g6900).
o Lbogo®oom RO ZOME YO0 ob5339mo0bs 305930 35D
aodmbobyagdol, Gmegbsg =1, 2, 3, .. 9qfmwpgdgh gmagsGoygmo

25b5339mgdols IOyl (forward rate curve) »nbsbgzo®fanosbo 3g@omwgdols
EREHIS

‘dgodengds od@B3oaegl, @md 0y Fe@EgsOEYmo Asbszggmgdol IO Yo
YOO (gEgdowos),  35Tob  Lodbob®em  dgdmbogerosbmdgdols  dOyeocs
0bOEgds (g gdygermdl). dog®ed  dbodo  Lodobdm  dgdmbogemosbmdols
dOygool EAOML GmOgoOEYo  gobs339mgdol IO  SMSS oY gdgero
dbo@©o 0ymb.

dogogmomo 127, ©®mol 53 dmdgbGolbomgol  3bmdogos  dgdwgyo
LodosbOm dgdmbogemosbmdgdo:

oBsMg0l gows, (9o 0,5 1,0 1,5 2,0

990 bogen0sbmds 0,080 0,083 0,089 0,090

5dg 35050 ‘dgdmlogerosbmdgdols dO90 0bOEdo. Lbogo®oyom
ROAOGOOYEO0 45b5339mgbols 25bdoMBgdols mobobdo gg5J3l:

( 0,083}2
1+ 5
S =2 =2 —1[=10,086004 ;
( o,osj
1+
2
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(1 0089)
=2 —2—1 =0,093515;

1
[1 . 0,08j
2 -
4
( 0, 090}3
=0,093344.

[+%)

‘dgbodsdolog, %mﬁ);;o(ﬁgg?]gmo 2ob5339mgdol  dOYgo  o®  [o@Imowagbls

H%O@Qb (1f2>1f3)'
0  3bmdogros  Logo@doygom  gom@gedoygmo  aobsiggmgdo,  d5dob
‘dgbodergdgaos gobolobmg@ml Lodsb®m dgdmbogamosbmdgdos:

O O L |

@5dgbos3  wogoomo  Mobggdol  Lodygogrm  2gmdgR@oygo o6

N

1f3:2

w\.—-

>0 gdo@gos 53 Moibggools Lodgomm s@omdg@oggerl, sdwogbs:
o /i L 1 fi

1+—+1+—+ A1+
<2 2 2 _1 :0f‘l+1.f1+“‘+t—],f1‘

! ¢ ¢

Logo@oygem  gmAOgoMEyYmo  asbsgggmgools  dgdggmbomn  dglsdan gdganos
d00dgdbml bobggoderosbo 393mbgdol dJmbg mdogsizogdol gmEo®gdswo

aobo:
q +
1+ 02f1 (1 + 02‘j(1 + lzlj (1 + 0;‘)(1 + 1?][1 + ”‘12f1 j
(129)

L1l 393mbyg@o mdamogsizool gobol gos@omdomno (3ganoggds
o>d  dmdgb@olomgol  393mby®o  mdmogsiool  golo  ©odmgowgdyanos
dboame dmnbmgbogr d9dmbogerosbmdsby. sdolbmsob, o3 YRO®M do@ogos

dombmgbogro  ‘dgdmlogaosbmds, dom 9YR@M ©sdbosgros mdaoysiool gsbo,
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3000Jom, @53 YROM sds@os dmmbmgbogro dgdmbogmosbmds, dom BGM
do@aognos e3slo.
53@bodbmm  P(r)-om  demombemgbogno r'dgdmbogaosbmdols O™
3930byg@0 mdaogsizool golio. o9 Ar- Go0dg owgdbomo Goibgos, d5Tdob:
P(r—Ar)—P(r)
P(r)
Lowogl g39fmegden mdmoysiool gobol gs@dEMmdon bHESL, boaem
P(r)—P(r+Ar)
P(r)
Lbooegl — Fo@emdbon Jmgdsh.

393069@0 Moo 5300l Bolol FoBdmbomo (3geoagds [o®Imowagbls
>d mbdgogsool @obgosbmdols db0dgbgermgsb dohggbgdgenl.

doM0md>Eo oY gdgdo

1. dmmbmgbogo ‘dgdmbogemosbmobols 9JON0©503539 (3o gdolisls
3930by®o  mdemogsozool  golol godwmdbomo bOs  ymggemgols g oo
RoOEMbomo 3w gdoby (bob.1.9).

@obo A

y
P(r-Ar)-P(r)

P{r)=P{r+4r)

T

| r-Ar r r+Ar g8 loggmosbmds

62b.19. 393mbamo mdgmoaazool @aolgdol Godomdomn beEs s Fgdzncgds

dogogmomo 128, dmigdgmos  8%-00bo  393mby@o Mmoo oo
bobggo®{erosbo 333mbgdom, Mol oxgs®gsdog omhgbogros 15 (garo,
0d  300mdgddo  Om@Es  dmmbmgbogro  dgdmbogaosbmds  10%-0l  bmeom
Moo 5300l gobo 84,6275 wmans@ol Gmanos.

donbmgbogno  ‘dgdmbogemosbmdols bbgowslbgs (3geroggdobsl  393mbydo
md@oasi300l  gobol godwmdbdomo  bOPs s Fo@Emdomo  jergds
demygobogros 3b®oando
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donbmgbogno mdao5300L gobo, gobols gobols
g8 bogemosbmdols OOEA. RoOHEM000 RoOEM000
(3300 gds Ar, LIOTGN 30 9o
Lsdobolim P(r—Ar) P(r+ Ar) P(r—Ar)—P(r) P(r)y— P(r+ Ar)
396JH0? P(r) P(r)
% %
1 84,6957 84,5595 0,08 0,08
10 85,3126 83,9505 0,81 0,80
50 88,1347 81,3201 4,14 3,91
200 100,000 72,4703 18,16 14,37
0

d960d3gb6s. dmmbmgboeno dgdmbogeosbmdol bsgdo@olio@ 33009 (330 gdgdol @M
Moe0y5300L Goliols BoMomdomo bOPs 3Ms5]Bogge gdmbgggs Fodwmdom Jagdsl.
3930bg®o  asbszggmo,
bogegdos 393mby@o mdaoysiool gobol godmdomo (3geoagds.
129.  dmEgdygeros 3930mbgdols  dsJmbyg  5-

Vanosbo mdemopasiogdo r= 10% dmmbmgboao dgdmbogeobmdol 3o®mdgddo,

2.053 98O  Jo@ogos  mdenoysi300ls dom

d55e0m0 bobggo®@{erosbo

Oedgems  393mbydo  aobsgzzgmgdo  Gmenos 0,8 o 12%-0l. mderogsiools

gobol  godpmdomno  bAES o GodOmdomo  gawgds  dmmbmgbogno
dgdmbogmosbmdols 10 Lodobobm  39bJ@om  (3gmomgdolsl  dmygsbogros
gb®ogendo:
393mbg@0 Md@035300L gobo, PeoE@. gobol gsbols
2356533900,% | P(r) P(r—Ar) P(r+AR) | 8560030000 | F5OEM60000
bA©5,% 380 905,%
0 61,3913 61,6844 61,0997 0,48 0,47
g 92,2783 92,6465 91,0118 0,40 0,40
12 107,7217 108,1275 107,3179 0,38 0,38
Ygega0.  InEgdgeo  gdodgdol  dog®  odmdggdgmo  gMmosndagy

xBoM3godg  gool  dJmbg  moeoas30gdl  dm@ol  yzgasby  @olgosbls

Fo@dmo@agbl byyanmgobo 393mbgdols 3Jmbg mdenoysi0gdo.
3. Lbgoolibgo
deonbmgbowo

0ob5d>M0
‘dgdmbogerosbmos,

dom

93

Md@0a5300L Bolbol Fodmdomo (33eoa gdgdo.

450 0m0

1.30.

dm (393900

8%-0560

393mby®o

3006960l AML @53 YROM  do@ogros
OSSO

393mby®o

MOE0a5(300

bobggo®femosbo 393mbgdom, G®Imol oxgs®gsdog omhgbogros 15 (gamo,

AmEs dJombmgbogno dgdmlsganosbmds 12 %-ol, boerem modgogsiool gsbo
Goaos 72,4703 @mas@ols.

2 Lsdobolm 396JB0 30mEgbdol dgobgwos
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Mooao300L  Fobol  Qodemdomo  bO©s

Lbbgoalbibgo

ROAOEM000
GaEoggdols
dmygobogros 3b®oando, dggo@o@mm olobo dopoeom 128-sb mdbgmogsizools
Sbogrmaoy® dohggbgdan gdl:

RIH I
Q@mb

©o

deovmnbmgbogno ‘dgdmbogerosbmdols

dmnbmgbogro 60353001 Bsbo, . 3sLols 3sLbols
dgdnbogamosbmdols RQoOEM000 B>OEM60000
(gomgds  Ar, P(r—Ar P(r+ Ar) O 30 g0
Lodsbobim 396780 P(r—Ar)—P(r) P(r)y—P(r+Ar,
P(r) P(r)
% %
1 72,5245 72,4163 0,075 0,075
10 73,0144 71,9324 0,75 0,740
50 75,2532 69,8402 3,84 3,63
200 84,6275 62,7729 16,78 13,38

4. O53 YBOM bogegdo O™ ®hgds ®mbdeoasi300l ©sBSMgedwyg, dom
9RO 30095 mdaoasiool gobol godomdomo (33eromgdgdo (polgmbGom
2OY0©GS©0 §oddIE0 Mden0a 530900l oM .).

dogogmomo 131, pobgobogrmm  bobggodfamosbo  3y3mbgdols  dJmbyg
Lbgoolbgs ©ogo®mgol gowosbo 4%-05bo mbeogsi30s, m9  demmbmgbogro
‘dgdmbogerosbmds 10%-0ls, beogonm dombmgbogno ‘dgdembogemosbmodols
(330 gds dgoagbli 50 Lodsbolm 3968 L.
439805 aodmmgens dmygsbogros (3bGogndo.
©>gx>Mg0l 0omog5300L gsbo, EEEA. gobob gobobs
3500, {gao P(r) | P(r—Ar) P(r+AR)| B5A0Md000 | F5OHRME0000
bO©05,% 350935,%
40 41,2106 43,5188 39,1279 5,6011 5,0538
30 432121 45,6813 40,9686 5,7140 5,1917
20 48,5227 51,1517 46,0906 5,4181 5,0122
10 62,6134 64,9907 60,3428 3,7968 3,6264
5 76,8348 78,5050 75,2063 2,1738 2,1195
Vgega0. 07 d5bodbg  dmbosgmmebgmos  Lad@mEgb@m  gobsgzggmgdols

3oMbs, d5dob ¢bs gxummdogmn aMdgergsosh mberoas3096lL, bmanm mey
debogrmebgenos bod®mM39b6@™ 25b5339mgd0ls bOo, dodob -
de ger 93500569 L.
L12 Lsdsbolem 39630l gsbo
Mo 025300L  Aolgosbmdol glogolgdbese  asdmoygbgds dohggbgdgero,
Amdgeolsi Lodosbolm 39b@ol gobo gfmegds.
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Lodobolm 376J@ol gslL (price value of a basis point - PVBP) ¢fmwgdgb
100 @mee@d. bedobsgools  dJmbg mdanopsiool  golols  (33@oegdsls
dombmgboero  dgdmbogerosbmdol g@mo  Lodsbobm  39bJ@omn  dgdio®gdols

oM.

>dM0g 50, Lodobobm 396430l 3obo 2obolobrg@gds ‘dgdgp0
QeI 0m:

OoP = P(r—Ar)—P(r), (1.30)

bos 0P- Mmoe0a5300L Lodsbolm 396J@ ol golos;

P(r)- 100 @me®. bmdobsgrols dJmbg mdamopsiool gobos r—ol Gemano
dombmgbogro dgdmbogaosbmdols @@mL;

P(r—Ar)-  mogogsizool  gobos r—=Ar—ol  @o@o  demombmgbogno
‘dgdmbogaosbmdols @A™, Ar=0,0001.

‘d9b0dgbo.

1.100  @ea@.  bmdobsgrols  dJmbg  mbemopsiools  goliols  3geroggds
dJombmgbogro  dgdmbogmosbmdols 1 Ladsbolm 39bJ@dom asbOwol O™
305]Boggmom 9dmbggge 53 mdmogsiools Lodsbolim 39bjdol gsbl.

2.100 @o@@.  bmdobsgrols  dJmbg  mbemopsiool  golol  (33eo@gds
dJombmgbogro  Jgdmbogegosbmdols  x  Lodobobm  39bjGom  dgdizodgdols
(2obAEol) ©@OML, OMEox<10, ©ossbgmgdom  Fowosx  Gomgbmdol
Lodsbolim 39bJBol @oygsbogro sbols.

dogogmomo 132, aobgobogrmm  6%-05b0  mdamogsios  bobgge®{erosbo
3930Mbgd00m,  OmImols  oxgeMzsdog o®bgbognos 10 {gero,  bemenm
domnbmgbogno dgdmbogerosbmds 10 %-ols Gmenos.

>d dgdmbgggodo,

r=0,1, Ar=0,0001, r»-Ar=0,0999,

Py =2 {1 ! } 100 _ 750756 OO,

- +
01 (1,05 | (1,05
P(r—Ar) = 6 |- ! |+ 100 = =75,1273 @ergo .
0,0999|  (1,04995) (1,04995)

s (1.30) gem@dygeol dobgogom Ladsbolm 39b6J@ol gsbo

8,P=175,1273-75,0756=0,0517 @man@.

JgLododolow, dJmmbmgbogno  dgdmbogaosbmdols 8 Lsdobolim  39bJ@om
dmdoBgdobols  mdaogsiool  golbol  (3g@oggds  @osbermgbom  dgdegaols
Gmao 9bos oyml:

80,P =8x0,0517=0,4136.
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od 3geroengdol bylEo dbodgbganmds dgodangds dgdgaboo@oe 0bsls
demdgobogno:
P(r) = P(r +0,0008) = 75,0756 — 74,6631 = 0,4125 .

gobo A

Lodabobm 4

3963@0L
gabo

Lodabobm

3963@ob $
gabo

-
dgdmbagemosbmds

6ob.110. Ladsbolm 396]Fol golol @sdmgomgdgemgds Fgdmbagmmosbmdaby

dbgenos s@ss 0dol dgdm{dgds, O™ syomo ofgb Igdwgy ©gdyegdsl:
53 YROM  dowogos  dmzgdymo  mogogsioobsmgol  dmmbemgbogno
dgdmbogeosbmds, dom PRO®M sdogros Ladsbobm 396]Gol gsbo (bob. 1.10).

dogogmomo 133, gobgoboamo  mdmogsios 132 dspsmomosb  6%-05b0o
dombmgbogro dgdmbogmosbmdols @@OML. 53 dgdmbgggsdo Lodsbolie 39bJ@ols
o bo:

0,P = P(0,0599) — P(0,06) =100,0744 —100,0000 = 0,0744

odo®Mdgol 1.32 dopomomosb Lodsbolm 39bJ@ol asbL.

Mo 025(30900L 3MOGBgobomgols Lodsbolm 39b]Gol gslbo dmodgdbgds
‘3990930 BOOIYom:

N4

kzlﬁ'akp,

boo@ 4, -k-9@0 Lobols mbdgogsiool bmdobsgy@do @o@gdyegdos;

S, P-k-900 Lobol mbdeopasiool Lodobobm 39b]Gol gobos 100 @men.
bedobogrol OMU;

N - 300389 do md@oas30900L GomEgbmds.

L13 g0bsblby®@o 0bLE®gdgbdgdol y@S30S

aobgobogrmo gobsbliy®o 0bbB®YIgbGo dgdwgao gowsbpgdol bsgowom:
3oo, Vgmo 1 1 t,
2oobs, MEs@O Ctl C C

t Iy
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0y  30m3gbdol  [gwofswdo  mexgd  @odoibgol  300mbgddo
dombmgbogro dgdmlbsganobmds -0l Gmeaoos, 35dob dmgdyeo Bobsbliy®o
0bLEA®YIgbBol Isgmemgol Ey@sizoslt (Macaulay duration) ¢fmegdgb dgdwmgy

bogoggl:
k N4 (e
D=t 1(3 t"), (1.31)
i1

C
Logsg MV(C,) = d i-9®0 gosbols waygsbogno mo®gdyamgdss, i= 1,

P 21,
o
2

P=STIV(C,)- goboblido obleGydgbiol dodpobaty gobos.
i-1

2,3, .., k;

3obobly@o  0blA®9Igbdol  dmwogoodgdgmo  EP@saEes’  (modified
duration) asbolsbmg@gds dgdwgao Bmemdom:
Dmod: = ° (132)
r
I+

2
bosi D- 353m@gols ©@9@o3000;

r- dombmgboano  dgdmbogeobmdss  30m3gbGol  (gmofodo mex 9@
s@0i3bgol @M.
Sa0e0 oJgl d9dogy AmEmdsls:
d_P:_Dmod. >
dr
9-0. dombmgbogno ‘dgdmbogamosbmdols dobgogom 30bobly®o
0bLB®Ydgb@ols Fo®dmgdyero 3obo GO0 >d 0bLB®Ydgb@ols
JoEoxno3o®gdgmo  g@saool  dob  goliby  bod@sgerol dm3o®sdody
60dbom.

@530l doGomso  mgolgds —  dmmbmgbogo  dgdmlsgerosbmdols
d3009 330 gdgdolsl seaomo 53l dgdegy ArEmdsls
AP Ar, (133)

P - _Dmod )

AP _ P(r+Ar)—P(r)
P P(r)

(33200 gboS deombmgbogno ‘dgdmbogerosbmobols Ar (050 9b0m0 ob

9oMYmBomo) boowom geoegdolsls;

Lo 0656L9H0 0bLE®NMIbBHOL alols asGO™Mdomo
Qo3 0] 9 OO YJIod ] BoM©

3 QOAIgens, GmIgaoi aodmbsbogl Lod@mmEgb@m gobsgggmol Ggmomgdon gsdmfggnmo golbosbo
Jowommgdol asbmdgem 3gomoegdsl.
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D,os - 300030300 909e00 ©09AS(3000.

(133) mermdowsb, 390dm, 25dmdobs®gmdl, @md

P(r+Ar)y= P(r)—P(r)-D,, - Ar. (1.34)

(134) @meomdol ggmdg@@oygero oylB@siGos dmygsbogos bob 1.11-by.

Babn‘

b— @abol bylge 3bodgbgmmmds
r+4r 3gdmbagemasbmdobal
. gobol 3609d365anmda
P r+4r, g8mbogemasbmdobab.
gomadgers (1.34) dmdgébogmo.

——

-
3g3mbaggosbmda

r r+Ar

6ob.11L

dogogmomo 134, gobobly@o  oblG®YIgb@o  bobosmwgds  dgdwgyo
2505bgdols bsgowom:
gos, §gano 1,0 1,5 2,0 3,0
2oobEs, EM@SMO 100 120 130 300
0bsbliy®o 0bbB®ydgb@ols O9@5300L 2odMM g 10%-0560
dombmgbogro dgdmbogeosbmdols @™ dmygsbognros b®oaTo:

‘ C, v (c,) nv(c,) v (c,)
P TP
1,0 100 90,70295 0,17271 0,17271
L5 120 103,66051 0,19738 0,29607
2,0 130 106, 95132 0,20365 0,40730
3,0 300 223,86462 0,42626 1,27878
Z - 525,17940 1,00000 2,15486
(P)
53M000, RQobsbly®o oblG®YdgbGol dogmangols y@sE0s Goaos 2,155
Vaeo.
do'dob dmeoxgoE0dgdgmo g@sE0s dmodgdbgds dgdwgabsodsw:
mod = HDOJ 2110555 2,052 §f geo.

58



09 dembmgbogro ‘dgdmbogamosbmds ao0b@gds 10 39bJ@om, dsTob

%:—Dmod'r:—2,052-0,001:—0,00205,

9:0. obsbly®o 0b@®YIgbRol gobo wogi39ds> 0,2%-00m.

09  dmmbmgbogo  Jgdmboggosbmds  93gd  ©og3gds 200 Lodsbolim
39bJB0m, 35d0b RQobsblyy®o 0blEH®¥dgbBol golio As0bMLds wosbarmgdom
4,104%-000 o3 gbo©s(3

% ~ ~2,052-(~0,02) = 0,04104.

od @ dgdmbgggsdo  gobsbly®o  0bLEOYIGhGHOL  Folol  FoBmbomo
(33006960l bylEo dbodgbgamdgdo dglodsdolow @Gmanos -0,002049-0l s
0,04222-0;.

bobggo®faosbo goobrgdom hgguegd®ogo M9bFol y@siEos dgodangds
d0dgdbml dgdegao gm@IPmom:

1+ " 1
p=—2_1 , (1.35)

r 2 "
[1+FJ -1
2

Lbosi  r- dmobmgbogno  dgdmbogmobmdss  (3Gm3gbGol  §{gerofswdo

MOXgO ©sMoibzol AOML);
n- @9b@ol aosbegdbols Mozbgoo.
390dmE, 1350m @gbGol YOs3E0s 2obolabwg®gds Gmermdom

1+
D=

(136)

r
bobggo®Faosbo  3y3mbgdols dJmbg mdenoasiool dsgmengols  @y@S30s,
Om@s ol @ogs®gedpg bybEo n bobggze®@fmosbo  3g@omwo  @hgods,
‘dgodengds dmodgdbml dgdwgao Rm@dyeom:
1+
D=—2~H+ﬁ(ﬂj(1—fl), (137)
r 2\ r
boosir-  dmmbmgbogno  dgdmbsgenobmdss  3@m3gbdol  Fgerofowdo
MOX 9O psMoibgol wEML;
f- @dmoas300l 393mbyg@o aobs33gmos;

H- 3330byco gopobogdosb @gbGol  oygsboano  @o®gdygagdols
Md@0a5300L6 FGolmob go@Emdse.
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dogogmomo 135, dJmigdgaos  7%-00bo  md@ogsi3os  bobgge®{erosbo
3930Mbgd0m,  OmImols  oRsMzedwyg odhgbogmos 20 (9o,  bmeom
domnbmgbogno dgdmbogerosbmds 10 %-ols Gmenos.

dmgdygee dgdmbgggedo r=0,1, f=0,07, n= 40, ¢= 3,50 @ma@®.

bobggo®faosbo  393mbydo  gopobpgdowsh  @gbBol aygsbogno
©0M 4oy gds dgodagds dmodgdbml dgdwgabso@sw:

1- = ] -— | =60,05680.

_q-2 1 A 7 1 100

P= 1- — |+ P 1- o |t 40 = 74,26137.
r 14 r 0’1 091 0’1
1+~ I+ I+ 1+
2 2 2 ?
G5dgbows(3,
py 6005680 _ (oo
74,26137
>dgbo,
D= 1’015 +0,80872 +20- 0(’)013 (1-0,80872) =9,63924§ g0,
D = D 96392 000
17 1,05
2

aoobogdols bogowgdom de 399900 bgdolidog@o 30boblyy®o
0bLB®YdgbBol dmwoxgoEo®gdbyemo ©YMsEool godmmgmolsmgols ‘dgodengds
2odmygbgdygemo 0dbsls dgdwgao dosbegrmgdomo gm@Iygans:
V(ir—Ay)-V(r+Ay)
mod — W(r)- Ay , (1.38)
Lbosir-  dmmbmgbogno  dgdmbsganobmobss  3@mi3gbdol  §garofswdo

MOX 9O psMoibgol wEML;

Ay - dmomnbmgbogro ‘dgdembogeosbmdols ‘dg@hgygano (33eoa gdos;

Viry, Vr-Ay), V@E+Ay) - (331503)08015059 r, r—Ay, r+Ay-ob GMeo
dombmgbogro  dgdmbogerosbmdgdol @™ gobsbly®o  oblE®Ydgbdgdols
3oL gdos.

daomomo  136.  aobgobogrmo  mdaogsios 135 dogogomo@sb.  od
Mogogo300L  ImEoxgoEodgdgmo  ©yas3ool  bybEo dbodgzbgarmds  9,18023
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Vggos.  godmgmo 53 mdaogoiooll dmeogoEo®gdgmo ©g@S30S
dosbamgdyeo (138) gm@dygaols d9dggmdom, @Gma@s Ay= 20 Lsdosbobim
396J@ob.

G5dgbows(3

V(0,1) = 74,26137 ;

V(0,098) = ! {1 ! } 100 75,64469 ;

- +
0,098  (1,049)* | (1,049)%
7(0,102) = L P — |+ 100 ==7291729,
0,102  (1,051) (1,051)
>dgbog
_ 7564469 -72,91729 _ 9.18175 § gm0,

™ 2.74,26137-0,002

dsgeamgol admsiool Ggbsbgd doGomowo @ydmargdgdo bsbygs[farosbo
J93mb9d0lL  dfmby  ym3mbaGo  mdarogoz09d0bsmgol,  Geowabs;  IdmdGogo
J3b@ gosbosdoy wsmhgbogros 6 mgy.

. bgbdolidog@o 393mby@o  moeogsool  @YGSEos 5@ sko®dgol  dols
5R>M35dEg  goEsl, bmam byammgsbo  3g3mbom  mdamopsiEool  @yYMSE0S
ymggeomgol gdmbgggs dob @ogs@gedoyg gowsb.

2. 099 mdeo5300lL  3993mbydo  asbs3ggmo byeobogob goblbgoggdyemos,
dodob, ®o3 dgBos Jmmbmgbogno  Igdmbogmosbmds, dJom @@  dEoMgs
OYAS(300.

3. 9 mooa5300L ogoMgodg @hgds ghm 393mby®@ 3g@omebyg dg@o,
do'dob, Go3 YuOMm IgHos 3¥3mbycdo gobsiggmo iz gmo  dmmbmgbogo
‘dgdmbogaosbmdolbisl, dJom @M J3goMgs ©@YOS30.

4. @53  9BOM  bogargdo  ©Om  @hgds  mbeoasi300l 0oRsM3odEy
Lbgowolbgs  g@gegmo  godm@dgdol  ©@mL, dom  J3odgs YO0
(0oligmb@om gogowgso aMdgagomosbo Mmdmoysio0l godmgangdbom).

L14 md@opsi30900L 3m®OGR ol ImEoxg0300909e0 ©gOSE0S
Mo 02530900L  3mOFRgols JmogozoMgdygmo  PaSEosl  YFmwgdgb
od 30@Aggedo  dgdogoero  mdenoas30900l  dmogo30gd gm0 WIMS30900L
©0Mgogmgoom dgfmbogn «xodl, g.0.

k
Dt =Y D™w, (1.39)

oo D - 3mOERgeol dmogo3o®gdygeo 09@Ms(3000;
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D™ -i-9@0 md@oys30ols dneoxgoEodgdygmo og@dsaoss, i=1, 2, ., k.

Mo@0a530900L  3MOFAPJrol JMEogo30dgdgmo  YASE0ol do®omso
ngolbigds: 0% 3G B0l 439800 Moo s3000 dembmgbogano
‘dgdmbogmosbmdgdo 033 gdosh gOmosny0gg Lsgdo®obao di30Mg Lowowom,
Sa0e0 o3l d9dpgy dosbarmgdom Gmeomdsl:

All mo
F ~ _Dl'[ a. Ar 5 (140)

booz %3(\0&)@({33?\001} Qobol godmbomo (330 gdss dmmbemgboao

‘dgdmbogamosbmdols Ar bogooon (33eroagdobsls;

D - 3mG 9ol dmogo300909e0 ©YOS(3000.

dogogmomo  137. pobgobogremm  3m®ERgmo,  Gedgeoi  dgoagos
bobggo®(emosbo  393mbgdol  dJmbg  Lodo  mdeogsioobogeb  10%-0560
dombmgboero dgdmbogamosbmdolisls dgdegao dmbsgdgdom:

6E0Y (305 bmdobogro, wo@@. [L5dsDOHM oM oYM gds, | IMEoGo30M b0
OMEA. ©A5300, §gmo
10%-0560 5 4 000 000 4 000 000 3,861
Fawosbo
8%-05bo 15 5 000 000 4 231 375 8,047
Fewosbo
4%-0560 30 1 000 000 1 378 586 9,168
Feoosbo
o>d  d9dmbgggedo 3mOER ol Lofyolo wodgdyemgds II= 9 609 961
OEEDE.
d>dob
w, = 2000000 416035,
9609961
w, = 331375 _ 6 4ao311;
9609961
wy = 1378586 =0,143454.
9609961

JJgao©, ®Mom0a530900L  3mOERgol  JMEoBoE0M b0 EYOSG0S
‘dgoagbls

D =0,416235-3,861+0,440311-8,047 + 0,143454-9,168 = 6,465 { ge00.

09 dombmgboero  dgdmbogemosbmds 9390 ao0b@Egds 60 Lodsbolim
396J@om, 35Tob

% ~ —6,465-0,006 = —-0,0388,

9:0. 30003 Rgeol gobo oggds 3,88%-0m.
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300FBgol gobol bybEo Egeroagds Foaos — 0,0376-0l, g.0. -3,76%-
ob.

5ddmdgb, ®md 0bggbBHMAL  mdmogszogools bobodby  ggogos  MIgEno
3mbo@gos (long position), oy  dob 5T dobodby  o0gows  GmIgenoms3
@05 (300.

09 30 0b3gLBHMMT> o gMOLogob MEE0YS(300 SOMM JOEDSW S AOYOOS
ol d5bo@bg, 35Tob 5ddMdgb, M3 Md@oysi30gd0l  dobo®dbg ol ygogoo
dmgerg 3mboos (short position). obgglb@mao, @mdgebei ¢330 gy
30boi0s,  gogwgdymos dmdogoado  @®moll  aodgggger  dmdgb®do
59O Ybml o g@l Mmdmogsos s gosygboml 3md3gblsios dJoymgdga
3930by@  aosbegdolomgol.  gobgobogrmo  dogomomnby, oy OEamO
2ob3LobOgdmmm  0d  30OFPJols FmoRo30MIdYo  @YMSG0S, MMIgeEo(s
gy g0s Moy s530960L dobodbg g@dgaro s dmyganrg 3mbo0go0loysh.

dogogmomo 138, 3m@Fggmo dgeggds m@o  3mboigoobogsb: 100 danb.
mEs®ols mEgbmbdon a®ddgao 3mboEoolspash 101 wmasdo gobols dJmby
m@{@osb  Mmdeop5i300%g, JmwogoEodgdgeo  ydsEoom 17 s dmgeng
30boEoobogsb 50 deb. mes@ols MmEgbmdomn 99 mens®o gsbol dJmby 5
Vanoobo mderogs3096bg, dmwogoio®gdyemo ogdsioomn 4,1 2sbgLsbwgamm
od 3mOEFR ol IMEogo0M dgEo ©YOS30S.

300G B0l LoFyolbo 00M oY gbs ‘dgoden gds d00dgdbmls

‘d9dwgaboodog:
W 101 - 50000000 -99 = 51500000
100
do>dob
w, :M:I,%IMS, w, :—M:—O,%IMS
51500000 51500000

bo@m 30OGBgol dmoxo3o®gdbygmo @YMS3E0s Yool
1,961165-1,7-0,961165 - 4,1 = -0,607 .

L1S. oa®s300l @obs@mo

LIS.1. mdgmogoi30gdol gogems
539dgom, M3 o0bggbmdo asboboaogl ¥V, @o®gdyengdols s DM

JnE0go3oMgdgmo  gas3ool 3Jmby X mdmoas3ool P, golol weml DI
JME0x030M oY@ Yas3ool dJmbg Y momoas3osby aowsigmols Logomnbls
(100 @mers®ols beadoboabyg).
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25d035M 330000 @Mam®o 1bos oyml Y mbdeopsiool bedobsgno, @md X
Mo@oao300L Y mdamoasi30obg  goegmsd o  dmobpobml  0bgglGmaols
Lo3®m39bG™m @obgol 393 ymabols yoderogdgds.

0y X momogsiool  dmmbmgbogoo  dgdmbogemosbmds  dgogergds  Ar
Lbooom, d5Tdob o3 mdmoysiool wodgdgangbols dglbodsdobo  (33eroengdols
Jo®@dmpa 9bs ‘dgbodengdganos Goemdoon:

AV, =-D"™ .V _-Ar. (141)

bEAoAOLG0gYM0  aodmygergggéols  Logydggerby  owagbogros,  ®MJ
‘dgodangds gogo®oygomm X mbdeoasi00l dmmbmgboao ‘dgdmbsgmosbmdols Ar
Lboowom (33eroengbdols OAOML Y b0 53000 dombmgbogano
‘dgdmbogerosbmos 0gergds fAr Lowoom.

do'dob ¥ mdanopsi00l @o®gdyamgdols ‘dglsdsdobo (33eroagds dgodangds
d00dgdbml dgdegao BmOIPom:

A
mod )
Aly—_Dy -1—}.Py.ﬁ.Ar9 (1.42)

booi 4, —Y mdaogsiool bedobsgros.

MoE025(30900L  go3ges  o®  dmobgbl  Lod®migbdm  @olgol  Jg99d
4o3bols goderogdgds, o bgdoldog®o Ar-ol O™

AV, = AV,

9-0.

~-D™ .V _.Ar=-D" Ay~f’-ﬂ-Ar
e T 100 Y '

>Jgcoob

Dmod V

=—= *—.100. 143
y D;nod ﬂpy ( )

(143) Gmegomds a30bg9690L, 0y Gmaym@o 9gbos oyml Y mdgogysiools
bemdobogo, M3 X mogoas300l Y mdaopsi30obg  aowoigmol @Ml o®
3o0boOEMmlL Lod®dmEgbGm ®objo.

dogogomo  139. obggbBm®o pobobogoogl 8 danb. @odgdyegdol X
MO0 5300l Y momops30oby  gowsiggmols bogombls dobo  P,=96 oman®.
Qobol AL, X s ¥  mdmopsi3ogool dmeogoEo®gdgamgo  ©g@s(30900
‘dgbododolo@ Gmaos 5 s 4-0l, boam 3mgxzo3ogbdo B Gmaos 1,6-0b.

0dobomgol @md aoi3geol @OML @ dgoigoml Lod@mmEgbdm ®olgols
J39d ymgbs, Y mdgopgsiool bmdobognds 9bps ©os3dogmazomml Gemanmds:

4 _ 58000000

100 =6510417.
Y4 1,6-96

64



>dggoMo, Y mdmogsiools badogdgero bmdobsgro Fmao 9gbps oyml 6
510 417-0b.

L152 ebg0a530960L 3m®GR ol 0d9boboz0s

©0539dgom, Mmd ©Omol dmgdye  (bymmgsb) dmdgb@do  0bggbEmeo
Qeomdl Mderogs(30960lL 3m@EFRgel, Gmdgol gogowgslbsi o300gdl T Fanols
399090

09 OAMOls de (3999900 dmbgBobomgols 439820 Lodob®m
‘dgdmbogmosbmdgdo  gOmbso®os, g.0. dgdmbogmosbmdbols IOl msbsdo®o
Lobg oJal, 85706 0bgglEoEogdobII(T) dmdsgsemo @o@gdyergds T {erols
‘d99wgy 2oblobwgMgds dgdwgabso®ago:

H%T):H(@(H%) ,

booi r- Lodob@m dgdmbsganosbmdss;
(r)- r-olb Geoero Lodbob@m  dgdmbogamosbmdol AOML  3m®OFP ol

oMoy gdoo.
I1(T) dmdsgog 0@ gdygagdols 9fmgdn mdoasi3ogdol 3m®ERgeols

dobbmd@ngoe ©og@mgog oM dmgdsb.

dog®od 0y @Omol dmEgdyge  dJmdgb@Gls o 30Mggee  LoddmmEgb@Gm
aoobosl dm@ol Lodosb®m dgdmbogerosbmdgdo g@moesndsgg Ax Lowowom
03320 gd05b, beoerem  Igdymd  os@o®  dgoigergdosh, 3ds5TDob  0bgglEoiogdols
I°(T) dmdsgogro wo®gdygmgds T fanol dgdwgy o3354me30egdls Foamdsls
r+Arj2T

() =T(r + Ar)(l +

II°(T) dmdsgom oMgdoyegdsl 9fmwgdm mdmmoasi3ogdol 3mOFBgeols
BoJHMOIMN0goE og@mgoe Mo® oy gdsl.

Moe025(30900L  300OFHBgoll  BoJBmdMogo  saMMgoen oM oo gds
dgodengds  o@dmhbpgl o3 3mOERgol  JobbmoMogo oG mgoa
oM oy gbdbobyg ob domens b Eobgms. dopa®@od mey 0bggbBHm@ol ®Mmomo
d3m@obmbdo T gdobggzs  mdgogsogdol  3m@ERgmols  dogmangols
@o300L, 35Tob Mdgogs30900L 3MOERJOl FoJBMIM0gom ©sAMMZgog0
0M oY 9o sOolmEgls No) 0690 dJobbmd®ogow A MGoE

©0M g0y gdobyg bsgergdo.
dogogmomo  140. aobgobogrmo  bobggo@faosbo  3y3mbgdols dJmbg  m@o

Mo@ogo00bogob  dgoagboamo  3m@F Yo, GmEglsi  ygges  Lodbsb@m

65



‘dgdmbogmosbmds 6%-0b Gmeros. dmEgdygeo 3mOGHBIol  mdaogsizogdols

‘dglobgd dodomwo dmbszgdgdo dmygsboaos Jggdmm b@ogndo.

@0 5300 bmdobsao 000 gds 353megols EY@dS300
6%-0560, 4 1 000 1000,00 3,615
Janosbo
8%-05b0, 5 2 000 2170,60 4,254
Janosbo
dm 399900 MO 025309001 300G B0l dogmemgols O9OS(300
‘d9d@gabsodo dmodgdbgds
D) =3.615- 000 4 554.217060 _ 4 55
3170,60 3170,60
4,053  (eool  dgdgy  3mOFHFgol  dobbmd@ogo oy ®mgogo

©0Mgoggods Gomeo odbgds:
3170,60 - (1+0,03)*°7? = 4029,02.
gb®ogndo bohggbgdos Lbgopslbgs Lodsb®m dgdmbogerosbgdgdol @®mls

35JBMIM03o© @sAMMgoeo oMoy gdgdo 4,053 Faols dgdogy:

LodobAM Jgdmbogamosbmdgdols BoJ@MdIM0goP ©SAMgoEo
GaEmomgds Ar,% @odgdamgdsI1 (7)), bowog T = D(T)
-2 4030,23
-1 4029,32
0 4029,02= 11 (T)
1 4029,35
2 4030,28
30@F g0l 0d9bobozooll  LEA®sGga0s  domgeogos  Mmderogs309600L
300390l Lod@mEgbdm  @obgobogob  olsiogow. gl LE®SFgy0o
goMoygmdl  dgdogy  dmJdggdgdl.  @mol  Lofyol  dmdgbRdo  bgds
Mo@0a5(30900L  3mOERIol  Fm@do@gos  olg, @®mI  od  3mOFFgeols
dogmemgol  ©y@s30s  gdmbgggmegl  0bgglm@ol  WdMmomn  3mA0bmbAEL.

OAOM®MS gobdsganmdsdo 3gMomyme bgds 3m@FRgmols gopsbgogs olig,
Gmd gmgge xgmbg dogmergol yg@siEos gdmnbgggmegl 0bgglEm@ol @®mom
30000bmbE L.

116 0bsblyg®o 0bLE®IZbBoL >dImbbgJogomds

aobgobognmm 0bsbly®o 0blE®9dgbGo dgdwgao gowsbwgdol bsjgo@om:

oo, Voo t t, t
3oobs, EMESMO C C

4 t . 4
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09 dmmbmgbogo  dgdmbogeosbmds 3OmMm396R0L  Fgeofemdo mexgd
oMobgolols r-oll Goaos, 35T90b dmEgdygeo Bobsbby®do obLE®YIgbEol
080)%6330@0)6015 (convexity) 9V mwgdgb d9dwgy Goibzl

C= ZI(I+OS) (C)
(1+;j

oo TIV(C,) =

(144)

—- =00 oEobrol oggobogo  @odgdyegdos,

i=1, 2, .., k.
P=STIV(C,)- gobobligdo oblE@ydgbiol gobo.
i=1

Sa0e0 oJgl dgdogy GO mdsl:

d’P

dr?

9:0.  gobsbly®o  o0blGH®YdgbBol golol dgmeg Gogol  Fo@Imgdbyero
dombmgbogro  dgdmbogerosbmdom  Goaos 53 gobsbly®o  oblEB®YIgbGols
sdmbbgJoermdol dobs goliby bod@sgaols.

-C-P

go | ¢ — BobsBlnMo oBldMnBrBAoL Fslol BuLdo
8603369¢mds 8mmbmaboo ri-Ar;
'Ef\Emi)“”“‘O)EWLJL

@ — P(r+4r) 3stol 8603365mmmds OMEmds (1.34)-5
(38BBjormmbdols 3 momgaemoliffobybemi)

b — P(r+4r) s3Lol 8603365mds Jreneds (1.46)-©56

P
398mly3emosbmdd

r r+Ar
Bob.1.12

5dmbbgJogmdol doMomswo mgoligds
dJombmgbogro d@ImbLogerosbmdol 330y 3Erogdgdol AOML saoeo
>dgb d9dgy dosbanmgdom Gmermdsls

AP

=-D -Ar+%(Ar)2, (145)

mod
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boocs %— 30bsbliyg®o 0bbB®Ydgb@ols aobols ROOOME0MO
(330 gdgdos, @mdgao dgbsdsdgds dmmbmgboao dgdmbogmmmsbmdols  Ar
Loooon gEeroa gdsl;
D,oi - B0b5bLY®0 0bLE®YIgh@Gol JmogoE0® dygemo ©IYOS(G05S;
C - gobsbliy®@o 0blEBOYIGhGHL sdmbbgJognmds.
(145) Geoeomds dgodangds dgdogabso@o@ swsgfgdmo:

P(r+Ar)=~ p(r)—P(r)-D, - Ar+ %P(r)(Ar)2 . (146)

od Ae@mdol gmdgB@oygeo sb@o ogyglG®o®gdyaos bob 1.12-by.
dogogmomo 141, gobsbolyg®o  obbEB®YIgbBo  ag30®gds  dgdwgy
aoobogdols bogowls:

gos, {gano 1,0 1,5 2,0 3,0
aoobs, 100 120 130 300
©OEOESM0

dm9d9eo gobsblyg®o 0blB®YIgbGol sdmbbgJoermdol yodmmgans 10%-
0560 dmmnbmgbogoo dgdmlsgamosbmdols @®ML dmygsbogros 3b@Gogen do:

t C, v (c,) . v (C,) » +0,5)'HV(C[‘_)
P
1,0 100 90,70295 0,17271 0,25907
L5 120 103,66051 0,29607 0,59214
2,0 130 106, 95132 0,40730 1,01825
3,0 300 223,86462 1,27878 4,47572
Z - 525,17940 2,15486 6,34518
(P) (D)
30boblyg®mo 0bLE®YdgbEol ImoxgoEoMgdgeo EYOSE0S GME0s
-
boam dJobo sdmbbgJoemds —
C= 6(’33 55)128 5,755(V ger0)? .

0y  dmobmgbogo  dgdmbogmosbmds @@mol  Lofyol  mdgb@do
23o0b@Egds 50 Lodsboliem 39bJRom, d5Tob Gobosbly®o 0bLE®Ydgb@ol gsbo
0593995 Wosbermgdom -1,0188%-0m, Godpgbowscs

AP 5,755

—~-2,052-0,005 +
p

d9360dbmm, @md  Gobsbly®o  0bLE®YIgbEol  Josbanmgdbom  bodmgbo
Qobol  Bodmdomo  gmoggds 5dmbbgJogrmdols  gogmgogolobgdasw -

(0,005)> =—0,010188..
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0,01026-0  Fegoos, bmerm 53 2obbmdogngdol  bylLEo dbodgbgeomds - -
0,010189-0ls.

0y 3o  dmmbmgbogo  dgdmbsgerosbmds  @@mol  Lofyol  dmdgb@ do
0593995 200 Lodosbolim 39bj@om, 35Tob gobsblydo o0blE@ydgbdol gsbo
2350bOgds osbanmgdom 4,219%-0m, @odgbs@s(s

AP 9052-0,02+ 20

p 2

do'dob @m@Es  Qobosbly®o 0bLE®Ydgb@ol dosbgrmgdomn bodmgbo @gsliols
ROAOEM0m0 (3300 gds  sdmbbgJoermdol yoymgseolifobgdense  0,04104-0ls
AMe0s5, 53 3obbmdogrgdbols byliGo dbodgbgamds 0,04222-0l5 Gemanos.

do@omoEo  gogmgdgdo Qobsbby®o 0bLE®Ydgh@gdol 53mbbgogrmdols
dglobgd

L.gobsbliy@o  obbBH®YdgbBol  Lofgobo  goslbol  bosdd@sgenls  dob
dmogooM o  yasiosby Ylmegdgbh o3 0bLE®YIghGol  wemeps@ Y
OYA5305L. Qobsbly®o oblE®YdgbGol wmEs®Ymo YOSE0s dmmbmgbogno
dgdmbogmosbmdols  dobgogom  Fo@os 53 gobsbly®o  0blE®YIgbGol
sdmbbgJogrmdol dgd®ybgdbyero bodbom dol gslibyg bsd@sganols, g.0.

d(PDnud) :—CP

(0,02)* =0,042191,

dr

9L bodbogls, “™d 30bsblyg®o 0bLB®Ydgb@ols >dmbbgJoenmds
Vo®dmoagbl 53  0blLE®ydgb@oll  m@sdygmo  y@siEool (330 gdols
LohJ@ol bmdsb.

2. dmombmgbogro ‘dgdembogerosbmools ‘dgdi0mgdolsls 0bOgds
30bsblyy@o 0bLE®YdgbBol @yYMsE0s s SdMbbgogmds, sdslmsb
1 D

3. oy 30bobliy® 0bLB®YdgbBgdl aoohbosm 9JONbs0G0
JOE0x030M oY@ YAS(30960, d5Tdob  dmmbmgbogo  dgdmbsggosbmdols
Logdo@obo 3300y geoggbolsll oo sdmbbgjoenmdols jmbg Kobsbliy®
0bLRA®9dgbHL  Polol  Fodmbomo  bAs  dgBo  oJ3l, bmegm  gsbol
ROAOEMS000 380900 d3009. 9L bodbogls, QIOT! 9OM050d539
JoEoxno3o®gdgmo  g@szool @AM 0639LbBHMOgdolbomgols 9RO
dodbowggeros oo 5dmbbgJogrmdols Jmbg Bobsbly®o oblE®MYdgb@o.

4. dmzgdyeo  dmobmgbogro  dgdmbogemosbmbol s  3¥3mby®o
Mb@05300L oReMgedEyg gowol AOML: @53 YBOM bogargdos 3y3mby®o
20653390, doo 9xe™m dg@os sdmbbgJogpmds.
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bgdoldog®o 30bsblyy®o 0bLE®9dgb@ol; >dmbbgJoenmdols
‘dggolgoolomgol  dgodangds  godmygbgoyemo oymlb dgdgpo  dosbamgdomo
ROOIYenS:
C- Vir+Ay)+V(r—Ay)-2V(r) .
V(r)-(Ay)?
Lbooi - dmobmgbogro  dgdmbogamobmdss  30m3gbdol  §gerofoedo

(147)

MOXJO sMoibgol AMLU;

Ay - dmmbmgbogno dgdmbogerosbmdol ‘dg@hgyeo pogdomo (33e00a gdos;

V(ry, V(@r-Ay), V(r+Ay) - dgbodsdobo r, r-Ay, r+Ay-olb Gmeoo
dombmgboero  dgdmbogerosbmdgdol @™ gobsblyg®o  oblLE®ydgb@gdols
00O oy gbgdos.

dogomomo 142. aobgobogme 7%-0560 bobggodfanosbo 3y3mbgdols dJmby
Mb@0x5305, O®I@ol ogsmgedpg 3 (gmo @hgds, bmgom dmmbmgbogno
‘dgdmbogaosbmds 10%-0ls Goaos.

‘dggo9oliemm de9dgeno Mo 053000 s>dmbbgJoenmds (147)
dosbamgdomo gm@dyeol d9dggmdom ©s hogmgogmm, O™ mdgoysiool
bmdobogno 100 @m@s@ol  Fomaos.  dommbmgboero  dgdmlsgenosbmdols
(3o gds dggo®bomm 20 Lsdsbolie 39bJBom (Ay=0,002). d5Tob

V(0,1) = 92,38646 ,

V(01— Ay) = 92,87125 ,

V(0,1 + Ay) = 91,90480 .

(L47) gm@dygeo dobgogom

92,87125+91,90480 —2-92,38646
€= 92,38646 - (0,002)’ = 8470 Vgezo.

doigdygeo  mdmogsiools  sdmbbgJoembols  bylGo  d60odgbgermdols

aodmmgans dmzgdygeos 3bGogoTo:

t C, v (c,) 4
‘ ; t,(t, +0,5)- —{;
0,5 35 3,333333 0,018040
1,0 3,5 3,174603 0,051543
1,5 3,5 3,023432 0,098178
2,0 3,5 2,879459 0,155838
2,5 3,5 2,742342 0,222625
3,0 103,5 77233294 8, 777797
Z - 92.,386463 9,324021
(P)
dodolowsdy,
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9,324021 >
C= = 8,457 0)~ .

sdggo®do, (147) dosbanmgdomo  go@dyes  agodanrggl  mdanopsiools

sdmbbgJoermdol bogdo®oboe gody  dggslgosh.

L17 mdaogsiool 3m®GRgeol sdmbbgJogmds

Mbe@0g5300L 30GOERgol 53mbbgJogmdsl yfmwgdgh o3 3mOFHgeols
‘dgdoagbger  @o®gdyemgdomn  dgfmboenr  mdenoasiogdols 5dmbbgJoamdbgdms
xodl , g.0. 35635@F gd0l mobsbdow

=3 wC, . (148)

i=1
oo € - md@ogsiools 3m@@agerols sdmbbgJoamdss;
C, - 3003ggols i-9M0 momoas3ool sdmbbgjogomdss, i=1, 2, .., k;

w, -i=g®0  momogs3ool  LadsbOm  wo@goymgdol odEmdss
300 B0l bo@osb Lodsb®m modgoymgdsbmsb, i=1, 2, .., k;

k- 3000399 do mdaoys30960l Gom@gbmoes.

>dmbbgJogmdols doGomswo mgoligds

0 3003 ggeol  momogs30go0l  dmmbmgbogro  dgdmbsgerosbmds

9JO050d539 Lowoom 0gegds, 35Tob saoeo ofgl dgdogy dosbarmgdom

AMEmdsb:
%z -Dj* -Ar+CTH(Ar)2, (1.49)
Lo AI‘II_I 3003ggol golol godwmdomo (33eoggdss dmmbmgbogoo

‘dgdmbogaosbmdols Ar Lowooon (33er0a gdolsls;

D - md@0p530900L 3m@ERgeols 3m0xgo30@ d Yo ©IMS(300;

Chp - 0305300l 30OFBgeol 5dmbbgJognmds.

dggbodbmm, @md (149) Feoemds 9g6m  bybGow LbEYgaogds, o3
9gam 30095 Ar (sobemeryEgdo dbodgbgermdbom).

300G B0l 5dmbbgJoemdol GmamO 3 LbaddmEgbdm @oljzol bmdols
Ao@ol  dglobgd  (149) Foemdol  Logydggerbg  dgodangds  gogs39mm
‘dgdga0 sl ggbo.

09 Md05300L 3MOFRI@ILL 530 gOMoES04039 JME0BO(300gdE0
1530900, d5dob oo  SIMbbgJoermbols  IJmbg  3MAF Pl gsligbols
QoM OMmd0mo bAs dgBo 5J3L, boam goligdol godomdomo s ggs 3z0My.
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dog®5d gl gdyagds Lado@menosbos dbmame 0d dgdmbgggsdo, Ge@Ge
Mo@0a5(30900L  3mOERgeol  Jmmbmbogo  dgdmbogmosbmds  0gagds
9JO®M0s0dsgg Lowowom.

dogogmomo 143, dmgdgeos  bodo  bobggo@faosbo  393mbydo
aoobogdol  dJmbg  mdgmopgszos,  GMAgmms  dodomoswo  dshggbgdangdo
dm3gdygeos 3bGogndo:

Md@O0y5(305 | 3793MbygMo  |©oxsMg0 bmdobsgo, (sgs®gol Jods®m Bmwogao@gdygeo (53mbbgow
356533900,%| b gows, |[pow@a. FgImbogmosbmds, g@s30s, [geo ®dd
Voo %
X 8,50 5 100 8,50 4,00544 19,8164
Y 9,50 20 100 9,50 8,88151 124,1702
VA 9,25 10 100 9,25 6,43409 55,4506

dm3999@o  moE0a5(30900056  gm@doMgdgmos  ®m@o  3MOFPJero:
30003390 4 (50,2% X mogogoios s 49.8% Y mdanops300), 3MOGHRJE0
B(Z 0dg0095(300).

300G BJE00 A-b d©0x030M oo O9YAS(300 dm0dgdbgds
‘d9dwgaboodog:

D, =0,502-4,00544 +0,498-8m88151 = 6,434

C,=0,502-19,8164+0,498-124,1702 = 71,7846 .

5dg35o000, A ©S B3MOGRPIgdol  @u@sEos  gOmbso®os,  boam 4
3003 B0l 5dmbbgJogrmds dgBos B 3mOER ol sdmbbgJognmdsby.
A 5 B 30003 Qg gdols ©0M g0y go9d0ls ROAOEMS000 (33000 g

Mo@05(30900L  gOM0Es0dsgg Loowom Jmmbmgboero ‘dgdmlisgaosbmdgdols
Lbgowslbgs (330 gdgdoll @AOML:

donbmgbogno 3mOG g ols oM gdgmgdols RSOEME000

g0 bogenosbmdol (33momgdy (3300 gds. %

Lodobobm 396780 A B
-200 14,462 14,053
-100 6,812 6,721
-50 3,309 3,287
-25 1,631 1,626
25 -1,586 -1,591
50 -3,129 -1,149
100 -6,092 -6,166
200 -11,565 -11,827

72




sdggodo  dgdmbogmosbmdgdol  I@gools  Lbgowslbbgs  3s@om gany@o

(oboigagdolol 4 3m®GgBgeol  @o®gdyargdoll  Go@mdomo (3300 gds

ymggengols dg@os B 3m@Fggeol @o®gdgagdol godmdon (3300 gdsby.
‘dgdmbogenosbmdgdols doools Lbgopsbbgs 35@ > gen g0

Foboizgangdolsls  (yield curvw  twist), go.  @owpgbsg  dmmbmgbogro
‘dgdmbogerosbgdo  Lbgowolbgoggo®om  03gegdosh, Lo@ygsios  dgodengds
o@dmhbogl  Lofobosowdpgam.  39®Odme, 0y X, Y©SZ momoys30go0l
dombmgbogro  dgdmbogerosbmdgdo  d300©gdosb dgbododolow 7525 o 50
Lodosbolm  39bd@om,  35Tob A5 B3m@ORggmgdol modgdymgdgdols
QOAOEM0M0 (330 gds  Gmeoos 2,662 s 3,287%-0l, g.o. A4300Fggeols
©0Mgo g gdols ROAEMS000 bAws B 30003 3ge00ls ©0Mgo g gdols
RoOEM00 bOPsDY Wodas s@dmhbs.

dog®sd gl doboslbosmgdangdo gmggemgol o6 odgrggosb Lim®o wslgbols
353909d0l Lodygoengdols.

dogogmomo 144, asbgobogomm Ao B3o®O@ggergdo  [obs 143
dogo0moEab. o3 3m@FRgegdol do@omso doboslbosmgdbengdo dmygoboaos
3gb®ogendo:

-9 -4 -2 -1 3 6

P 0,04 0,08 0,26 0,05 0,25 0,32

A5 B 30@F Qg gdols ‘dgloo®gdan s 04969096 dohggbgdgenls,
Omdgeobsi 6 mgol dobdognbg [anoy® @ gogobgdyger  dgdmbogamosbmdsls
AV ord9b.

dmgdygee d9dnbgggedo 4 s B3mOERgergdols 6 mgol dobdognbyg Feroy®
@ goe0bgdoa ‘dgdmbogmosbmds ‘dgoden gds d0dgdbmls ‘399930

QOO IYE0om:
R:(V+Q—VO]_2’

0
booi ¥V, - 3m@FRgeols Lo{yolbo @o@mgdyamgdss;
V- 30003990l mo®gdyegds 6 mgols dgdwgy;
0- 6 mgg'do aoobogo 3GM396@gdo.
J3gdmm  dmygoboa  3b@oando  bohggbgdos 4 @s B 3mOERgegdols {aroy®
G 9oe00b oy ‘dgdmbogerosbmdgdls ‘dodols Lbgomds (R,-R))
‘dgdmbogaosbmdgdol dOygwol Lbgowslbbgs [obogamgdol o@mls:
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99mbogeosbmdgdols | 3s@sageg@o SM335@>@ ge g0 SM335@ 5@ ge g0
Ggeomgds Ay ,b3* | Fobo3gmgds,% T o653 gd5(D),% Fo6533egds(ID),%
Ar, =Ay Ar, =Ay | Ar, =Ay+25 3. Ar, = Ay -250.3.
Ar, = Ay Ar, =Ay-2503. Ar, =Ay+25 3.
Ar, = Ay Ar, = Ay
-300 -1,88 -4,26 0,36
-250 -L,15 -3,30 0,89
-150 -0,20 -1,97 1,47
-100 0,06 -1,54 1,57
-50 0,21 -1,24 1,57
-25 0,24 -1,14 1,53
0 0,25 -1,06 1,48
25 0,24 -1,01 1,41
50 0,21 -0,98 1,32
100 0,09 -0,98 1,09
150 -0,08 -1,05 0,81
250 -0,58 -1,36 0,14
300 -0,88 -1.58 -0,24
350 -1,21 -1,84 -0,64

e 1.3 Lodobolm 39bJ@o.
odggomdo,  LoobggbBocom  9839]HnOmos 5@  gobolobwgdgds Ao B
300FBIgdol  doGomso  dobslbosmgdangdom, 5OsdgE  ©SIMF0OYE0S

035bg, m9 dmmbmgbogro dgdmbogeosbmdgbol MmamMo 3o gdgdo brgds
55boMby.

LI8 Lod@ogarg. m3g®s30980 Lod@sgmggdby

Lbod@sgang (set) — gb  o@ol  @o0dg  ™bdogd@gdol  gOMMI@omde.
05093 golL, @mIggdoliopsbsz 4 Lod@sgang dgoggds, o3  bod®sgeol
99396090 9Forrgdgb.

0y a A Loddsgerol gegdgb@os, d5dob gl osbg hoo{gdgdoac 4.

Lod®ogaols dmzgds dgodemgds ob dolo yggews gergdgb@ol hodmmgeom,
ob  ®50dg mgolgdol domomgdom, @®Igaolboi ¢bps  o3doymelomgdels o3

Lbod®ogaols yggeos ge0gdgb@o.
dogogoma,  hobo{g®o 4={a,,a,,a;a,} b0dbogl,Hd A Lbod®ogang

‘dggds a,,a,,a; a, §e0 gdgbB gdolog sb.

4g980s  bodpgoa  @m@bgms B LodGogenyg, Gmdgenoi  szdoymazomgdls
YAO@Mosl  x* -2x+3<0, dgodagds hoo(gOmlb dgdwgao Laboom:
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B={xeR|x*-2x+3<0},

booi R-yggers bodopgogn @oibgms Lbod®sga ge.

4 boddogan gl 9fmwgdgb B Loddsgamol Jggloddsgergls (subset), my 4
bod@ogaols  gggems  gargdgbGo
(bob.1.13).

Vo®dmowagbl B Lod@ogaol  gangdgb@ Lo

09 4 Loddsgang B Lod®ogmol Jggboddsgags, 35Fob (g@gb: 4= B.

dogogoma, A={1,23} Lod®sogerg (o®dmowagbl B={1,23,4,5 Lod@sgamols
J39L0d@sgemgls, yggers dmgero @oibgol Z Lod@sgany

bodgogmo @oibgol R Lod@sgmol Jgglod@sgangl.

Vo@dmopa bl yggas
®m@0 A ©oB

Lod@osgenols 4\ B lbgomdols  9fmwgdgb

4-b - ggoes
g0 9d9b@ ol Lod@sgagl, @mdergbdoz o@ bgogdosh B Lod®ogergdo (bob. 1.14)
A -B
N N
12— ) )
~— = —

Bob.1.14. LodBIZMMS LbgsEslbzdmds

0y BcAd, 35dob 4\ BlLbgomdol 9fmegdgb B Lod®ogmols ods@gosls 4
bod®oga 9dey.

dogogoma, mA4={,234}, bogmB={3,45,6}, d>dob 4\ B={1,2}.

AN B—om

M0 4 ©>B Lod®sgmol 0msbsiggomsl 9fmegdgb Lod@sgagl, @mdgenocs
>m0b0'dbgds

>  dgopagds g gdgb@goologsb,  @mdggdocs
9390386056, AmamA 3 4 Loddogegl olg B Lod@sgenrgls (bob. 1.15).

dogomoms 0my4d={1,23}, bogoem B={13,45}, d>Fob4nB={13}.
ngAd ©sB Lod@sganggdo oG dgoeggbh Losghmm gangdgb@gdl, 9dsdob

5380096, @md olobo 5@  03390gd00b ©s (g ANB=0. (@ -3oGogmo
Lod®ogeols Loddbmenms).
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B3b.1.15. LoTOZMYMD HWESIZIMS

Sbogrmaoy@se  dgodgngds  2obgdo@Bmm  Lodo,  mmbo s dg@o
Lod@ogamols  mobsgggms.  39Mdmo, ﬁAil)oB(ﬁogQ);] Vo®dmopagbl  gggams
i=1
g0 9dgbBols gOmmdeomdsl, O™ gdoi 93903b0shb mommgyels A4, 4,.,....4,,...

Lod@ogan 99bd0ab.

MO0 A4 ©>B  Lbod®ogmol 30900056905t gfmogdgb  Lod®sgagls,
Omdgeoi3 AUB—0m >500bodbgds s dgoagos gegdgb@gdoliogsb, @mdagdoz

939036056, 4 ©s B Lod@ogaggdowsb g@m-g@mnl doobi (bsb. 1.15).
AvB

55b.1.16. LEdGIZMgMS 339BN0sEYdS

dogomoms Y4 ={1,234}, bogmB={3,4,5,6}, dodobAUB={1,2,345,6}.
bybGow  obggg gobodo®@Egds  ULsdo, mmbo s dgBo  Lod@sgenols

2590 m0sbgds. da@deOAiboa(ﬁogQa — gl ool ygges 03 gangdgb@ols
i=1

JOOMIomds MMIgeoi 93qmgbol 4, 4,....,4,,...LodOsgeE ggb0©sb  gOM-gOML
do0b(s.

L19 sandsmyg@do bogH3g

gndgon Q - @s50dg Lod®ogergs. dgdpamddo Q Lod@sgamols gergdgb@gdls
9V opgden gangdgbGodger bmdommdgdl, bmerm mgommb Q Lod@sgmgl —
90 gdgbBodygero bpmdogmdgbols Logd3gl.
399930  ULsdo  30@mdol  Igldyegdol ©OmlL Q  Loddsgmgms P
Lbod@oganggdols  bog@mgol  glmegdn  dgdmbgggomo  bpmdogmdgdol  o-
S0 96@sl:

.Qep.
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2. oy  Aepf, 390b Adep (4- domosh Q lLoghpgdeyg 4
Lod@ogenols ©sdsEgdss).

3.009 41, Ay ey Ay . BOIOSGED 9900 9390036056 B-1, d5Tob ﬁAl. eﬂgpoOAi ep.
i=1 i=1

09 90 gdgb@o®yeo bomdogrmdgdols Logdg LobOygaos, g.0. dgoagods
Lob@gao  GomEgbmdol  gargdgb@o®yeo  bpmdogmdbgdologsb,  dodob

‘dgdomnbgggomo bomdogomdgdols o -5 9500l Lobom hgguergo®og
aobobogngds 53 Log® ol yggers Jggboddsgenols bs3®gdo.

dogogmomo 145, gopm@gdm  3odomganl. gangdgb@o®yyao bomdogrmdgdols
Lbog®Hg dgoagds 6 bomdognmdobogsb: l-sb 6-dog bgdoldog@o ®oibgols
dolgas.  w@yfo  @ogbggbol  dmbgews  FodImowagbl  dgdmbgggom
bmdogmdgdl, @sbpgbosi  Lsdo  gangdgbBedymo  bpmdogmdbolioysb
dgagos: 24,06 6-0b dmlbgamolopsbh. 3-bg bogangdo @oibgol dmbgansi sbggg
Fo®dmowagbl ‘dgdmbgggoon bomdogrmdsl.

>dmdgb, OIOT! B d9dmbgggomo bomdogmdoms o -5 9@ 5do
2oblobwg@yeos  sSewdsmygdo  bmds P, oy mommgymdef dgdnbgggom
bmdogmdsls dgglsdsdgds s@ogs@ymgzomo Goibgo P(4)olg, OmILEYm©gds
‘dgd@ga0 300Mbgdo:

l. PQ)=1.

YA, A4, s A .. Vyz0e0{ygomo M5 005d 33900 bomdm@mdsms
dodgz@mdss, dodob P(CJ A,} = iP(Ai) : bomdogrmdoms o =502 96M5do

i=1 i=1

Sedomy®o bmds dgdpgabsodsw dgodengds 0bsl Imzgdyero:

2. w, g0 gdgbBodm bomdogmdsls

0y 9gdgb@Go®dymo  bpmdogmmdsms  boghg  babdgaos,  g.o.
Q= {w,w,,..,w,}, 35dob dgdmbgggomo

1. ‘dgg9bodsdmm  sOsgs®ymRomo p,, i=1, 2 ., n, Gogbgo oby ™I
Zpizl'
2.4 d9dmbgggomo  bpmdogrmdobsngol  ©sgzoemm P(A):Zpi(oxofigo

bgdsi-ob 03 bemd@gdolomgol, GmIamgdolbngoloiw, € 4).

dogogomo 146. gopegdm MG gOmbso® Jodsmgals.

od dgdmbgggodo  gergdgb@oyeo bpmdoangdgdo boliosmwgdosb ‘dgdogao
@obggdol  [yygomon: 3odgger  jodomgenbg  dmbyero @oibgom  ©s  od
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@ogbgom, GmIgamoi dmgos dgmeag  godomgabyg, bmerem  gangdgb@o@ e
bomdogngdoms Logmzg dgygds 36 bemdogomdolioysb:

(L D, (1, 2), .., (1, 06)

2, D, 2,2), ..,(2,06)

6, 1), (6 ,6), ... , (6, 6).

416986030 hogongogomom, QIOT! M OMM YO 90 939b@ oG Y00

bmdogomdols sandsmmds  Fmenos %-ob. dodob 0dols sgmdosmmds O™ Mm@
3o3omoembg  xoddo 10 50dmbbpgds  Gmenos 3X%=é, Goobsi gl
bmdognmds dgoagds bsdo gangbgd@odgmo bpmdoangdoliogsb: (4, 6), (5, 5),
(6, 4).

S d509@0 bmdol do@omswo mgolgdgdo

1. Bgdobdog®o dgdmbgggomo 4 bemdognmdobomgol

0< P(A)<1.

2.9 4 ©> B dgdmbggzgomo bpmdogmdbgdos ©s Ac B, 3590b

P(4) < P(B).

3.9 4 - dgdmbgggomo bomdognmdss, dsdob

P(A)=1-P(4).

4. bgdoldog®o m®o 4 s B dgdmbgggomo bomdogmmdolsmgol swyoao
odglb Br@mdsls:

P(AUB)=P(A)+ P(B)-P(ANB)

5009 A4 ©o Bos@smoglgdowgdos, g.0. ANB=0, d5dob

P(A4U B) = P(4) + P(B)

A4 ©> B dgdmbgggzomo bomdoermdgdl 4fmmgdgh @sdmyjomgdargdls, oy

P(AN B) = P(4)- P(B).

mg4 © B bomdommdgdo ©5dm3300909eb0 5@05b, 35Tob 4 ©s B
bomdognmdgboi obggg ©odmyz0©9dgenbo 0dbgdosb.

smdosmyg@o  Logdig  aobolobwgdgds dgdpgao  Lodgymom: Q
90 93gb@o®ygero bpmdogmdgdols Log®om, B dgdmbggzomo bpmdogrmdsms
o =5 95Mo0m s dgdmbgggom  bmdogmdsms o -o@agdb@sdo  SEpdome®o
bmdom.

Q gangdgbBodymo  bomdogmdgdols Logd3gdo goblobmg@due &= E(w)
396J30oL 9fmwgdgh dgdmbgggzom Lowowgl, oy bgdoldogmo bsdwgogno x
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@ogbgo  {E<xt={weQ|i(w)<x} Lod@ogmosb {omdmowygbl dgdmbgggom
bomdogngdsbs.
ngE=E(w)  ggbdaos dgdmbggzom  Lowopgs, d5dob  F.(x)=P{E<x},xeR,
9V m©gdgb £dgdmbgggomo Logogols [se0dommdgdols] aobofoangdols
39605 (probability function).
3990bgggzomols Lowowol gobsfomgdol gubiool dodomswo mgolggdo
L P{&>x}=1-F,(x)-P{&=x}.
2. P{x, <&<x,) = F.(x,)=F:(x)) .
3.F.(x)- >G53emgdoo0 3963000, sdsbmob 0<F.(x)<lxeR.
4.limy 400 Fo(x)=1, lim,,_o F.(x)=0,
5.limy ;o F.(t),teR.
4525000 147. F.(x) {o@dmooaqbls £dgdmbgggomo Lbogowols
S dommdgdol  gobosfomgdol 59bjioslt. godmgmom  dgdogao  dgdmbgggomo
Loools sadsmmdgdol gobsfomgdol 1ybiios
n=ag+b,
oo a o b Gomsi Moibggdos, a#0.
0y a>0, d>dob
F.(x)=P{n<x}=Plad+b<x}=Pla§<x-b}=

Pl < x—b}zFé(x—bJ

a a

0y a<0, 35dob
F.(x)=P{n<x}=Plad+b<x}=Plaf<x-b}=

x_b}=1—F§[x_b)—P{§—x_b}.
a a a

=Pig <

120 olg@mgdgero dgdmbgggomo Lowowggdo

£dgdmbgggom  Lowowgl  9fmegdgh  @obgdgdgeo  dgdmbgggomo

Lbowopggdo, oy ol owgdl Fbmmme LsbOygm o6 mgmso Gsmegbmdols

Lbgoslbgs d60dgbgenmdsls.

oobg®gdgero  dgdmbgggomo  Lowowol  dm@zgdobomol,  Logdo@obios

2530am0 o3 dgdmbggzomo  Lowowols  sendomy@o  gobsfoagdol  3obmbo
‘dgdwga0 Laboo:

£ X, X, . X

P P P, . P
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(X, < X,< ...<X,<...),

9:0. £dgdmbgggomo Lowowols mommgyeo dglsdene dbodgbganmdoliomgols
dodygenos od 360dgbgermdols sandsmmds.

& obg®gdymo dgdmbgggzomo  Lowowol sendsmmdgdols aobsfoergdols
396J30s bohggbgdos bob. 1.17-by.

& olgmgpyeo  dgdmbgggomo  Loowols  doGomswo  Goibgomo

dobolosmgodegdo aobolisbmgmgds ‘dgdwogabso@ogo:

1. 3omgds@ogydo emeobo (Mean, expected value)

E@=YXP.
2. polidg@bos (variance)
D)= (X, ~E€) P

3. bobpodggmo  (Lodygomm  ggo@sG o)  aowpsb®s  (standard
deviation)

a(s) =+D(s) -

F (x)4

PP+ . 4D, ,

B5b.1.17. ool 36 yHmemo 998mbzazomo bic

35009953 039M0 @mEobol s olidg@lool mgolgdgdo

I E(a&+b)=aE(&)+b, oo a @> b @opsi Goigbggdoo.

2. E(G+m)=E)+E@).

3. DE=E(&) - (E()’.

4. D(aé+b)=a’D(¢) LowsE a ©s b @omsi Moibggdos.

dogomomo 148. dmigdygmos 10-%-05bo bobggo®@farosbo 3y9mbgdol 3Jmby
MO 025300, MMImol  oRsMgodeyg omhgbogro 20,5 (gawo ©s GmIgao
0400gd> bemdobsgrom. 0bggbBm@do mgmol, G®m3d 53 Mmooy 00l oBSM3odwy
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