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1 Ideal-gas values for standard reference state1
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FGGH FIJKILH -FMINOH -PPPMNGIH PIKJGPIH -PFIMONF
FQIH FQJGLFH GH -PPGMORPH PQLJORIH -PNLMPKN
NGGH FQJGLIH ORH -PPGMONGH PQLJLFIH -PNLMNFI
RGGH FQJRNNH FMQLQH -PPGMPFPH FGKJPRPH -PRKMNNF
OGGH FQJIOLH OMQRNH -PPGMGPLH FPFJLOFH -POOMRGN
KGGH NGJRGLH IMQOOH -PPGMPOKH FPIJFRFH -PKRMRLG
LGGH NPJGIQH PFMGFQH -PPGMRLLH FFFJQLQH -PLNMRQQ
IGGH NPJIKGH POMPLKH -PPGMQFRH FFLJPIGH -PIFMRLN
QGGH NFJKFQH PIMRGPH -PPPMROGH FNGJQLIH -PQPMNIK
PGGGH NNJFOOH FPMKQLH -PPFMGFFH FNRJROGH -FGGMFNI
PPGGH NNJLFOH FOMGRKH -PPFMKPQH FNLJKRFH -FGQMGNG
PFGGH NRJPRIH FIMRRGH -PPNMFRGH FRGJOQOH -FPLMLKI
PNGGH NRJONGH NPMILRH -PPNMIIPH FRNJNRRH -FFKMRON
PRGGH NRJILFH NOMNROH -PPRMORNH FROJQPOH -FNOMGIL
POGGH NOJPLIH NIMIRLH -PPOMFFOH FRIJNNFH -FRNMKLR
PKGGH NOJROPH RFMNLQH -PPOMQFOH FOGJKPPH -FOFMFPR
PLGGH NOJKQRH ROMQNLH -PPKMKRRH FOFJLKIH -FKGMLPP
PIGGH NOJQPGH RQMOPLH -PPLMNIGH FORJIPRH -FKQMPKR
PQGGH NKJPGPH ONMPPIH -PPIMPNFH FOKJLKPH -FLLMOLK
FGGGH NKJFLPH OKMLNLH -PPIMQGFH FOIJKPLH -FIOMQRI
FPGGH NKJRFPH KGMNLPH -PPQMKILH FKGJNQPH -FQRMFIP
FFGGH NKJOONH KRMGFGH -PFGMRIIH FKFJGIIH -NGFMOLK
FNGGH NKJKLGH KLMKIFH -PFPMNGOH FKNJLPOH -NPGMINO
FRGGH NKJLLRH LPMNORH -PFFMPNLH FKOJFLIH -NPQMGOL
FOGGH NKJIKLH LOMGNKH -PFFMQIRH FKKJLIPH -NFLMFRO
FKGGH NKJQOGH LIMLFLH -PFNMIRLH FKIJFFQH -NNOMNQQ
FLGGH NLJGFOH IFMRFKH -PFRMLFRH FKQJKFOH -NRNMOPQ
FIGGH NLJGQNH IKMPNFH -PFOMKPKH FLGJQLNH -NOPMKGK
FQGGH NLJPOOH IQMIRRH -PFKMOFNH FLFJFLOH -NOQMKKP
NGGGH NLJFPNH QNMOKFH -PFLMRRKH FLNJONKH -NKLMKIR
NPGGH NLJFKIH QLMFILH -PFIMNINH FLRJLOLH -NLOMKLL
NFGGH NLJNFPH PGPMGPKH -PFQMNNOH FLOJQRPH -NINMKNQ
NNGGH NLJNLFH PGRMLOPH -PNGMNGNH FLLJGQGH -NQPMOLP
NRGGH NLJRFFH PGIMRQGH -PNPMFIOH FLIJFGLH -NQQMRLR
NOGGH NLJRLPH PPFMFNOH -PNFMFINH FLQJFQFH -RGLMNRL
NKGGH NLJOFPH PPOMQIOH -PNNMFQOH FIGJNRQH -RPOMPQF
NLGGH NLJOLGH PPQMLNQH -PNRMNFNH FIPJNLLH -RFNMGGI
NIGGH NLJKPQH PFNMRQQH -PNOMNKKH FIFJNIGH -RNGMLQK
NQGGH NLJKKLH PFLMFKNH -PNKMRFRH FINJNOIH -RNIMOOL
RGGGH NLJLPKH PNPMGNFH -PNLMRQLH FIRJNPFH -RRKMFQP
RPGGH NLJLKRH PNRMIGKH -PNIMOIOH FIOJFRRH -RONMQQL
RFGGH NLJIPGH PNIMOIOH -PNQMKILH FIKJPORH -RKPMKLL
RNGGH NLJIOOH PRFMNKIH -PRGMIGRH FILJGROH -RKQMNNG
RRGGH NLJIQLH PRKMPOKH -PRPMQNOH FILJQPOH -RLKMQOL
ROGGH NLJQNKH PRQMQRIH -PRNMGLQH FIIJLKIH -RIRMOOI
RKGGH NLJQLGH PONMLRNH -PRRMFNKH FIQJKGFH -RQFMPNR
RLGGH NLJQQIH POLMORPH -PROMRGLH FQGJRPQH -RQQMKIR
RIGGH NIJGPQH PKPMNRFH -PRKMOIQH FQPJFPQH -OGLMFPG
RQGGH NIJGNPH PKOMPROH -PRLMLINH FQFJGGNH -OPRMLPG
OGGGH NIJGNNH PKIMQRIH -PRIMQILH FQFJLLPH -OFFMPIK
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HIIJ KHLKMNJ .KOPHKJ .KQKOPMKJ RQQLMNSJ .KQPORHS
HQMJ KNLRQMJ IJ .KQKOTPSJ HRKLNKSJ .KQPOPHM
KIIJ KNLHMIJ SQJ .KQKOTPNJ HRKLQSSJ .KQPOPKK
PIIJ PRLHNSJ POIIKJ .KQKOSRNJ HHTLHTNJ .KQPONRM
TIIJ PPLTSQJ MOKIRJ .KQKONRHJ HKPLMKKJ .KQPOQMK
SIIJ PNLKRKJ RHOMQQJ .KQKOMPPJ HPKLHIQJ .KQTOHHS
NIIJ PQLSRNJ RNONPQJ .KQPOIRKJ HTILSMIJ .KQTOPPK
MIIJ TRLTTIJ HHOMRIJ .KQPOHRKJ HTNLPKSJ .KQTOSKT
QIIJ TKLRKSJ HMOIPNJ .KQPOPKKJ HSKLSIKJ .KQTONQQ
RIIIJ TPLKSIJ KKOPHTJ .KQPOSTQJ HSQLHSMJ .KQTOQKQ
RRIIJ TTLKKKJ KMOQRRJ .KQPOMNTJ HNPLPQTJ .KQSOITS
RHIIJ TSLHITJ PPOPMMJ .KQTOIMKJ HNQLKPMJ .KQSORTT
RKIIJ TSLQMPJ TIORPQJ .KQTOHMNJ HMKLMNMJ .KQSOHKS
RPIIJ TNLSNNJ TTOMMHJ .KQTOPMMJ HMMLRHNJ .KQSOKIR
RTIIJ TMLHQHJ SROSMRJ .KQTOSQRJ HQHLRHMJ .KQSOKTH
RSIIJ TMLMKSJ SNOTKMJ .KQTOMQNJ HQTLQIMJ .KQSOKMQ
RNIIJ TQLKRSJ NKOPPSJ .KQSORRIJ HQQLPMQJ .KQSOPRP
RMIIJ TQLNKMJ NQOKQQJ .KQSOKKHJ KIHLMQHJ .KQSOPHT
RQIIJ SILRIMJ MTOKQHJ .KQSOTSPJ KISLRKHJ .KQSOPHP
HIIIJ SILPKKJ QROPHIJ .KQSOMIMJ KIQLHHKJ .KQSOPRI
HRIIJ SILNRNJ QNOPNNJ .KQNOISTJ KRHLRNQJ .KQSOKMP
HHIIJ SILQSSJ RIKOTSHJ .KQNOKKMJ KRTLIIQJ .KQSOKPS
HKIIJ SRLRMTJ RIQOSNIJ .KQNOSHSJ KRNLNHPJ .KQSOHQP
HPIIJ SRLKNMJ RRTONQMJ .KQNOQKRJ KHILKKKJ .KQSOHKI
HTIIJ SRLTPMJ RHROQPPJ .KQMOHTKJ KHHLMPHJ .KQSORTH
HSIIJ SRLNIRJ RHMORINJ .KQMOTQPJ KHTLHTQJ .KQSOISR
HNIIJ SRLMKQJ RKPOHMPJ .KQMOQTHJ KHNLTQIJ .KQTOQTN
HMIIJ SRLQSTJ RPIOPNPJ .KQQOKHQJ KHQLMPRJ .KQTOMPI
HQIIJ SHLIMKJ RPSOSNNJ .KQQONHTJ KKHLIRMJ .KQTONIM
KIIIJ SHLRQPJ RTHOMQRJ .PIIORPIJ KKPLRHPJ .KQTOTSH
KRIIJ SHLKIRJ RTQORRSJ .PIIOTNKJ KKSLRSTJ .KQTOPIK
KHIIJ SHLPISJ RSTOKTRJ .PIROIHTJ KKMLRPTJ .KQTOHHQ
KKIIJ SHLTRIJ RNROTQNJ .PIROPQTJ KPILISNJ .KQTOIPR
KPIIJ SHLSRPJ RNNOMTKJ .PIROQMKJ KPRLQKTJ .KQPOMKM
KTIIJ SHLNRMJ RMPORHIJ .PIHOPMQJ KPKLNTRJ .KQPOSHI
KSIIJ SHLMHTJ RQIOKQNJ .PIKOIRKJ KPTLTRQJ .KQPOKMM
KNIIJ SHLQKHJ RQSOSMTJ .PIKOTTKJ KPNLHPHJ .KQPORPR
KMIIJ SKLIPRJ HIHOQMKJ .PIPORRIJ KPMLQHHJ .KQKOMNQ
KQIIJ SKLRTRJ HIQOHQKJ .PIPOSMPJ KTILTSRJ .KQKOSIH
PIIIJ SKLHSRJ HRTOSRKJ .PITOHNKJ KTKLRSRJ .KQKOKRR
PRIIJ SKLKSQJ HHROQPTJ .PITOMNMJ KTKLNHTJ .KQKOIIP
PHIIJ SKLPNPJ HHMOHMNJ .PISOPQQJ KTTLHTKJ .KQHOSMK
PKIIJ SKLTNTJ HKPOSPIJ .PINORKTJ KTSLNPMJ .KQHOKPS
PPIIJ SKLSSQJ HPROIIHJ .PINONMTJ KTMLHRIJ .KQROQQT
PTIIJ SKLNTKJ HPNOKNKJ .PIMOPTRJ KTQLSPHJ .KQROSHQ
PSIIJ SKLMHTJ HTKONTHJ .PIQORKHJ KSRLIPPJ .KQROHPN
PNIIJ SKLMMRJ HSIORKMJ .PIQOMHMJ KSHLPRNJ .KQIOMTR
PMIIJ SKLQRMJ HSSOTHMJ .PRIOTKQJ KSKLNSKJ .KQIOPPI
PQIIJ SKLQKHJ HNHOQHIJ .PRROHSNJ KSTLIMRJ .KQIOIRP
TIIIJ SKLQRQJ HNQOKRKJ .PRHOIRIJ KSSLKNHJ .KMQOTNH

1S. Turns (2012). An Introduction to Combustion: Concepts and Applications. 3rd ed. McGraw-Hill.
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CDDE CFGHCCE 8CIFJFE DE JJKGJLME D
CKFE CFGFMJE DE DE JLDGHKHE D
LDDE CFGFMME HLE DE JLDGMMLE D
NDDE CKGJCDE CIKHNE DE JLKGJJOE D
HDDE CKGCMHE HIFMNE DE JNHGOLCE D
ODDE CKGLMHE FIFDME DE JHDGKMKE D
MDDE CKGNOJE JJIMNKE DE JHHGHJNE D
FDDE CKGHFJE JNIMDJE DE JHKGNHHE D
KDDE CKGMKCE JMIOOFE DE JOCGKHDE D
JDDDE LDGJODE CDIOONE DE JOOGJDOE D
JJDDE LDGOCHE CLIMDNE DE JOKGDDLE D
JCDDE LJGDMME COIMFKE DE JMJGOFME D
JLDDE LJGHJOE CKIKJKE DE JMNGJKCE D
JNDDE LJGKNLE LLIDKCE DE JMOGHNLE D
JHDDE LCGLHOE LOILDME DE JMFGMOJE D
JODDE LCGMHFE LKIHOCE DE JFDGFOCE D
JMDDE LLGJNOE NCIFHFE DE JFCGFODE D
JFDDE LLGHCCE NOIJKJE DE JFNGMOHE D
JKDDE LLGFFHE NKIHOCE DE JFOGHFME D
CDDDE LNGCLOE HCIKOFE DE JFFGLLNE D
CJDDE LNGHMHE HOINDFE DE JKDGDJLE D
CCDDE LNGKDJE HKIFFCE DE JKJGOCKE D
CLDDE LHGCJOE OLILFFE DE JKLGJFME D
CNDDE LHGHJKE OOIKCHE DE JKNGOKCE D
CHDDE LHGFJJE MDINKCE DE JKOGJNFE D
CODDE LOGDKJE MNIDFME DE JKMGHHFE D
CMDDE LOGLOJE MMIMJDE DE JKFGKCOE D
CFDDE LOGOCJE FJILHKE DE CDDGCHLE D
CKDDE LOGFMJE FHIDLLE DE CDJGHNCE D
LDDDE LMGJJCE FFIMLLE DE CDCGMKOE D
LJDDE LMGLNLE KCINHHE DE CDNGDJME D
LCDDE LMGHOOE KOICDJE DE CDHGCDOE D
LLDDE LMGMFJE KKIKOFE DE CDOGLOHE D
LNDDE LMGKFKE JDLIMHME DE CDMGNKOE D
LHDDE LFGJKDE JDMIHOOE DE CDFGODDE D
LODDE LFGLFHE JJJILKHE DE CDKGOMKE D
LMDDE LFGHMNE JJHICNLE DE CJDGMLLE D
LFDDE LFGMHKE JJKIJDKE DE CJJGMONE D
LKDDE LFGKLKE JCCIKKNE DE CJCGMMNE D
NDDDE LKGJJOE JCOIFKME DE CJLGMOCE D
NJDDE LKGCKJE JLDIFJME DE CJNGMLDE D
NCDDE LKGNONE JLNIMHHE DE CJHGOMKE D
NLDDE LKGOLOE JLFIMJDE DE CJOGODKE D
NNDDE LKGFDFE JNCIOFCE DE CJMGHCCE D
NHDDE LKGKFJE JNOIOMCE DE CJFGNJKE D
NODDE NDGJHOE JHDIOMKE DE CJKGLDDE D
NMDDE NDGLLNE JHNIMDLE DE CCDGJOHE D
NFDDE NDGHJOE JHFIMNOE DE CCJGDJOE D
NKDDE NDGMDCE JOCIFDOE DE CCJGFHLE D
HDDDE NDGFKHE JOOIFFOE DE CCCGOMFE D
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CDDE CDFGHIE 8CJDKDE CLGJMKIE LDIFMDNE CDGJOOO
COHE CDFGHIE DE CLGJOGGE LLKFIDNE CDMJCGI
MDDE CDFGHIE MHE CLGJOHOE LLKFGMME CDMJLHN
KDDE CDFGHIE CJLLGE CLHJILGE LCDFGLME LOHJLNN
NDDE CDFGHIE KJLOIE CLOJCMIE LCNFMNLE LOCJOIH
IDDE CDFGHIE IJCGKE CLOJHKHE LCOFMNLE LHGJING
GDDE CDFGHIE HJMNME CCDJKNIE LMCFMKNE LHCJCKK
HDDE CDFGHIE LDJKMLE CCLJDNOE LMNFLCLE LGIJGKK
ODDE CDFGHIE LCJNLDE CCLJINME LMGFNIOE LGLJLIO
LDDDE CDFGHIE LKJNHOE CCCJCMKE LMOFGNOE LINJNCH
LLDDE CDFGHIE LIJIIGE CCCJGOME LKLFGKDE LNOJHMD
LCDDE CDFGHIE LHJGKIE CCMJMCOE LKMFNKOE LNKJDHC
LMDDE CDFGHIE CDJHCKE CCMJHKME LKNFCLME LKHJCOL
LKDDE CDFGHIE CCJODME CCKJMMNE LKIFGNME LKCJKIL
LNDDE CDFGHIE CKJOHCE CCKJHDIE LKHFLHGE LMIJNOI
LIDDE CDFGHIE CGJDIDE CCNJCNIE LKOFNCHE LMDJGDD
LGDDE CDFGHIE COJLMOE CCNJIHGE LNDFGHOE LCKJGGG
LHDDE CDFGHIE MLJCLGE CCIJDOOE LNLFOGGE LLHJHMD
LODDE CDFGHIE MMJCOIE CCIJKOME LNMFLDLE LLCJHNO
CDDDE CDFGHIE MNJMGNE CCIJHIHE LNKFLIGE LDIJHIO
CLDDE CDFGHIE MGJKNME CCGJCCIE LNNFLHLE LDDJHID
CCDDE CDFGHIE MOJNMCE CCGJNIHE LNIFLKHE OKJHMK
CMDDE CDFGHIE KLJILDE CCGJHOKE LNGFDGCE HHJGOK
CKDDE CDFGHIE KMJIHOE CCHJCDKE LNGFONIE HCJGMO
CNDDE CDFGHIE KNJGIHE CCHJKOOE LNHFHDNE GIJIGC
CIDDE CDFGHIE KGJHKIE CCHJGHDE LNOFICDE GDJNOM
CGDDE CDFGHIE KOJOCNE CCOJDKGE LIDFKDNE IKJNDK
CHDDE CDFGHIE NCJDDME CCOJMDLE LILFLILE NHJKDN
CODDE CDFGHIE NKJDHCE CCOJNKME LILFHODE NCJCOH
MDDDE CDFGHIE NIJLILE CCOJGGCE LICFNONE KIJLHC
MLDDE CDFGHIE NHJCMOE CCOJOHOE LIMFCGIE KDJDNH
MCDDE CDFGHIE IDJMLHE CMDJLONE LIMFOMIE MMJOCH
MMDDE CDFGHIE ICJMOIE CMDJMODE LIKFNGIE CGJGOC
MKDDE CDFGHIE IKJKGNE CMDJNGKE LINFLOIE CLJIND
MNDDE CDFGHIE IIJNNKE CMDJGKHE LINFGOOE LNJNDC
MIDDE CDFGHIE IHJIMCE CMDJOLCE LIIFMHKE OJMND
MGDDE CDFGHIE GDJGLLE CMLJDIGE LIIFONKE MJLOK
MHDDE CDFGHIE GCJGHOE CMLJCLCE LIGFNDHE 8CJOIG
MODDE CDFGHIE GKJHIHE CMLJMKHE LIHFDKHE 8OJLMC
KDDDE CDFGHIE GIJOKGE CMLJKGNE LIHFNGNE 8LNJCOO
KLDDE CDFGHIE GOJDCNE CMLJNOKE LIOFDHHE 8CLJKGD
KCDDE CDFGHIE HLJLDKE CMLJGDKE LIOFNHOE 8CGJIKK
KMDDE CDFGHIE HMJLHCE CMLJHDNE LGDFDGHE 8MMJHCD
KKDDE CDFGHIE HNJCILE CMLJHOGE LGDFNNIE 8MOJOOH
KNDDE CDFGHIE HGJMKDE CMLJOHLE LGLFDCME 8KIJLGO
KIDDE CDFGHIE HOJKLHE CMCJDNIE LGLFKHDE 8NCJMIL
KGDDE CDFGHIE OLJKOGE CMCJLCME LGLFOCGE 8NHJNKN
KHDDE CDFGHIE OMJNGNE CMCJLHDE LGCFMIKE 8IKJGMD
KODDE CDFGHIE ONJINKE CMCJCCHE LGCFGOME 8GDJOLI
NDDDE CDFGHIE OGJGMME CMCJCIGE LGMFCLME 8GGJLDM
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FGGH IGJKLGH ;FMNLOH IOMOPLH KQKJPGQH IRMOGO
FNOH FNJNIFH GH IOMNORH KOIJPGLH ILMFQN
IGGH FNJNFOH RRH IOMNOQH KOIJQONH ILMFRG
LGGH FNJQKOH IMGIQH INMGIGH KNFJIPNH IFMPPF
RGGH FNJRQGH PMGGKH INMGGGH KNOJNOIH IKMGQF
PGGH FNJRFQH OMNRRH IOMNGNH FGLJIPNH FNMLNL
QGGH FNJPKRH KKMNKKH IOMQQGH FGOJNFRH FQMNIR
OGGH FNJOLLH KLMOOIH IOMRNNH FKFJONIH FPMINN
NGGH IGJFGOH KQMOOLH IOMLKGH FKPJLFOH FLMOOR
KGGGH IGJPOFH FGMNFOH IOMFFGH FKNJPIRH FIMINF
KKGGH IKJKOPH FLMGFFH IOMGINH FFFJROIH FKMNKO
KFGGH IKJPPFH FQMKPLH IQMOPQH FFRJIKQH FGMLPG
KIGGH IFJKKLH IGMIRIH IQMQGLH FFQJOPNH KNMGKQ
KLGGH IFJRLGH IIMROPH IQMRLOH FIGJFPRH KQMROR
KRGGH IFJNLIH IPMOPGH IQMINQH FIFJRFLH KPMKPL
KPGGH IIJIFIH LGMKQLH IQMFRFH FILJPPFH KLMQRI
KQGGH IIJPOFH LIMRFLH IQMKGNH FIPJPNIH KIMIRF
KOGGH ILJGKNH LPMNKGH IPMNPNH FIOJPFOH KKMNRO
KNGGH ILJIIQH RGMIFOH IPMOIKH FLGJLQPH KGMRQI
FGGGH ILJPIRH RIMQQPH IPMPNIH FLFJFLRH NMKNL
FKGGH ILJNKRH RQMFRLH IPMRRRH FLIJNLFH QMOFI
FFGGH IRJKQOH PGMQRNH IPMLKPH FLRJRQFH PMLRO
FIGGH IRJLFRH PLMFONH IPMFQPH FLQJKLKH RMGNN
FLGGH IRJPRPH PQMOLIH IPMKIIH FLOJPRLH IMQLP
FRGGH IRJOQFH QKMLFGH IRMNOPH FRGJKKLH FMLGG
FPGGH IPJGQLH QRMGKQH IRMOIPH FRKJRFRH KMGPG
FQGGH IPJFPIH QOMPILH IRMPOFH FRFJONGH ;FQR
FOGGH IPJLINH OFMFPNH IRMRFLH FRLJFKFH ;KMPGL
FNGGH IPJPGLH ORMNFFH IRMIPGH FRRJLNIH ;FMNFQ
IGGGH IPJQRNH ONMRNGH IRMKNKH FRPJQIQH ;LMFLR
IKGGH IPJNGIH NIMFQIH IRMGKPH FRQJNLRH ;RMRRP
IFGGH IQJGINH NPMNQGH ILMOIRH FRNJKKOH ;PMOPF
IIGGH IQJKPPH KGGMPOKH ILMPLOH FPGJFPGH ;OMKPF
ILGGH IQJFORH KGLMLGIH ILMLRLH FPKJIQKH ;NMLRQ
IRGGH IQJINOH KGOMKIQH ILMFRIH FPFJLRLH ;KGMQLR
IPGGH IQJRGLH KKKMOOFH ILMGLPH FPIJRGNH ;KFMGFO
IQGGH IQJPGRH KKRMPIOH IIMOIKH FPLJRIOH ;KIMIGR
IOGGH IQJQGKH KKNMLGIH IIMPKGH FPRJRLFH ;KLMRQP
INGGH IQJQNIH KFIMKQOH IIMIOKH FPPJRFFH ;KRMOLK
LGGGH IQJOOFH KFPMNPFH IIMKLPH FPQJLOGH ;KQMKGG
LKGGH IQJNPOH KIGMQRLH IFMNGIH FPOJLKQH ;KOMIRI
LFGGH IOJGRFH KILMRRRH IFMPRLH FPNJIIIH ;KNMPGG
LIGGH IOJKIRH KIOMIPRH IFMINQH FQGJFFNH ;FGMOLK
LLGGH IOJFKQH KLFMKOFH IFMKILH FQKJKGQH ;FFMGQP
LRGGH IOJIGGH KLPMGGOH IKMOPLH FQKJNPQH ;FIMIGP
LPGGH IOJIOFH KLNMOLFH IKMROOH FQFJOGNH ;FLMRFO
LQGGH IOJLPPH KRIMPORH IKMIGRH FQIJPIPH ;FRMQLR
LOGGH IOJRRFH KRQMRIPH IKMGKQH FQLJLLPH ;FPMNRP
LNGGH IOJPLGH KPKMINRH IGMQFFH FQRJFLFH ;FOMKPK
RGGGH IOJQIFH KPRMFPLH IGMLFFH FQPJGFLH ;FNMIPG

���������	 
��
�	������	��	�	�������	
����� !	"#	#"�$��%"�	&	�'�	(	�)*	+	)$"��	�	,�-���-.�	
����� !	"#	
/� "�%0��%"�	�)*	+	)$"��	�	--����

1 231 4 45 4678559 : 9; ;
<== 1 9 :;<451 > :;451 ? :<

;45

:14@51 4AB1C1ADEFG@51 4AB1C1ADEF51 4AB1C1ADEF51 4AB1C1ADEFG@51 4AB1C1ADEF5

HIIJ KHLHMMJ =KNHHOJ =HPINQKQJ ROMLSIHJ =HKHNOOT
HTQJ KKLPPQJ IJ =HPRNQPMJ RQQLORMJ =HHQNSIQ
KIIJ KKLPSQJ SHJ =HPRNQSMJ RQQLTHHJ =HHQNMHS
PIIJ KPLPKOJ KNPMQJ =HPHNQMQJ RTQLSQSJ =HHKNTHT
MIIJ KMLKKOJ SNTPOJ =HPKNQHHJ HISLPSOJ =HRTNIQM
SIIJ KSLHQQJ RINMHQJ =HPPNOMKJ HRHLTTHJ =HRPNIPT
OIIJ KOLKSPJ RPNHITJ =HPMNSKQJ HRQLSSMJ =HIQNQSR
QIIJ KQLMQOJ RQNIIMJ =HPSNPSRJ HHKLOKKJ =HIKNMMI
TIIJ KTLTKIJ HRNTKIJ =HPONHITJ HHQLKMPJ =RTQNRPR
RIIIJ PRLKRMJ HMNTTKJ =HPONQOTJ HKHLSKKJ =RTHNSMH
RRIIJ PHLSKQJ KINRTRJ =HPQNPOMJ HKSLSKPJ =RQONRII
RHIIJ PKLQOPJ KPNMRQJ =HPTNIIMJ HPILKTOJ =RQRNPTO
RKIIJ PMLIHOJ KQNTSKJ =HPTNPOOJ HPKLTMMJ =ROMNQMH
RPIIJ PSLRIHJ PKNMHIJ =HPTNQTMJ HPOLKKHJ =ROINROH
RMIIJ POLRIKJ PQNRQRJ =HMINHSOJ HMILMPOJ =RSPNPSP
RSIIJ PQLIKMJ MHNTKTJ =HMINMTOJ HMKLSROJ =RMQNOKK
ROIIJ PQLTIRJ MONOQSJ =HMINQTIJ HMSLMMSJ =RMHNTQK
RQIIJ PTLOIMJ SHNOROJ =HMRNRMRJ HMTLKOPJ =RPONHRS
RTIIJ MILPMRJ SONOHMJ =HMRNKQPJ HSHLIQRJ =RPRNPKM
HIIIJ MRLRPKJ OHNQIMJ =HMRNMTPJ HSPLSQOJ =RKMNSPK
HRIIJ MRLOQPJ OONTMHJ =HMRNOQKJ HSOLRTQJ =RHTNQPR
HHIIJ MHLKOQJ QKNRSIJ =HMRNTMMJ HSTLSHRJ =RHPNIKI
HKIIJ MHLTHOJ QQNPHSJ =HMHNRRKJ HORLTSRJ =RRQNHRR
HPIIJ MKLPKMJ TKNOPPJ =HMHNHSRJ HOPLHHMJ =RRHNKQS
HMIIJ MKLTIMJ TTNRRHJ =HMHNKTTJ HOSLPRSJ =RISNMMM
HSIIJ MPLKPIJ RIPNMHPJ =HMHNMKHJ HOQLMKTJ =RIINORT
HOIIJ MPLOPHJ RITNTOTJ =HMHNSMTJ HQILMTOJ =TPNQOQ
HQIIJ MMLRRMJ RRMNPOHJ =HMHNOQMJ HQHLMTMJ =QTNIKR
HTIIJ MMLPMTJ RHRNIIRJ =HMHNTITJ HQPLMKMJ =QKNRQR
KIIIJ MMLOOTJ RHSNMSKJ =HMKNIKPJ HQSLPHIJ =OONKHS
KRIIJ MSLIOSJ RKHNRMSJ =HMKNRSRJ HQQLHMPJ =ORNPSO
KHIIJ MSLKMKJ RKONOOOJ =HMKNHTIJ HTILIKTJ =SMNSIP
KKIIJ MSLSRIJ RPKNPHSJ =HMKNPHKJ HTRLOOOJ =MTNOKO
KPIIJ MSLQMRJ RPTNITTJ =HMKNMSRJ HTKLPORJ =MKNQSM
KMIIJ MOLIOSJ RMPNOTMJ =HMKNOIPJ HTMLRHHJ =PONTTI
KSIIJ MOLHQQJ RSINMRPJ =HMKNQMHJ HTSLOKKJ =PHNRRI
KOIIJ MOLPQQJ RSSNHMHJ =HMPNIIOJ HTQLKIMJ =KSNHHS
KQIIJ MOLSOSJ ROHNIRRJ =HMPNRSTJ HTTLQPRJ =KINKKQ
KTIIJ MOLQMSJ ROONOQOJ =HMPNKKQJ KIRLKPRJ =HPNPPS
PIIIJ MQLIHSJ RQKNMQHJ =HMPNMRMJ KIHLQIQJ =RQNMPT
PRIIJ MQLRTIJ RQTNKTHJ =HMPNSTTJ KIPLHPKJ =RHNSPQ
PHIIJ MQLKPSJ RTMNHRTJ =HMPNQTHJ KIMLSPOJ =SNOPH
PKIIJ MQLPTSJ HIRNISRJ =HMMNITKJ KIOLIHHJ =QKR
PPIIJ MQLSPRJ HISNTRQJ =HMMNKIKJ KIQLKSQJ MNIQM
PMIIJ MQLOQRJ HRHNOTIJ =HMMNMHHJ KITLSQQJ RRNIIM
PSIIJ MQLTRSJ HRQNSOPJ =HMMNOMRJ KRILTQRJ RSNTKI
POIIJ MTLIPOJ HHPNMOKJ =HMMNTTIJ KRHLHMIJ HHNQSR
PQIIJ MTLROKJ HKINPQPJ =HMSNHKTJ KRKLPTPJ HQNOTS
PTIIJ MTLHTMJ HKSNPIOJ =HMSNMIRJ KRPLORSJ KPNOKO
MIIIJ MTLPRHJ HPHNKPKJ =HMSNOOPJ KRMLTRMJ PINSQP
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BCCD BEFGHID 7BJEKLD CD LGHFHMHD C
BHED BHFCGLD CD CD LHLFMLLD C
ICCD BHFCGMD MKD CD LHLFNHLD C
KCCD BHFILHD BJHGID CD BCCFCEED C
MCCD BHFNIND MJHBCD CD BCNFNNBD C
NCCD ICFCEND EJHCMD CD BLBFLCID C
GCCD ICFNEKD LLJHKBD CD BLNFGEKD C
ECCD ILFIHKD LMJCKND CD BBCFHBGD C
HCCD IBFLILD LEJBBBD CD BBKFNNGD C
LCCCD IBFGNBD BLJKNED CD BBEFCEGD C
LLCCD IIFBMED BKJGGCD CD BILFBIID C
LBCCD IIFGCGD BEJLLED CD BIKFLKND C
LICCD IKFLLID ILJMLCD CD BINFENLD C
LKCCD IKFKGGD IKJHIHD CD BIHFKCBD C
LMCCD IKFECMD IEJKCKD CD BKLFGHBD C
LNCCD IMFCHHD KLJEHHD CD BKKFCKED C
LGCCD IMFINLD KMJKBID CD BKNFLEKD C
LECCD IMFMHMD KEJHGLD CD BKEFBLBD C
LHCCD IMFECID MBJMKLD CD BMCFLKBD C
BCCCD IMFHEED MNJLICD CD BMLFHEID C
BLCCD INFLMBD MHJGIED CD BMIFGKID C
BBCCD INFBHED NIJINCD CD BMMFKBHD C
BICCD INFKBED NNJHHGD CD BMGFCKMD C
BKCCD INFMKID GCJNKMD CD BMEFMHED C
BMCCD INFNKMD GKJICMD CD BNCFCHBD C
BNCCD INFGIGD GGJHGKD CD BNLFMILD C
BGCCD INFEBCD ELJNMBD CD BNBFHLHD C
BECCD INFEHMD EMJIIED CD BNKFBMHD C
BHCCD INFHNKD EHJCILD CD BNMFMMMD C
ICCCD IGFCBED HBJGICD CD BNNFELCD C
ILCCD IGFCEED HNJKIND CD BNEFCBMD C
IBCCD IGFLKKD LCCJLKED CD BNHFBCID C
IICCD IGFLHED LCIJENMD CD BGCFIKGD C
IKCCD IGFBMLD LCGJMEGD CD BGLFKMED C
IMCCD IGFICBD LLLJILMD CD BGBFMIHD C
INCCD IGFIMBD LLMJCKED CD BGIFMHCD C
IGCCD IGFKCBD LLEJGEND CD BGKFNLKD C
IECCD IGFKMBD LBBJMBED CD BGMFNLBD C
IHCCD IGFMCLD LBNJBGND CD BGNFMEND C
KCCCD IGFMKHD LICJCBED CD BGGFMIND C
KLCCD IGFMHGD LIIJGEND CD BGEFKNKD C
KBCCD IGFNKID LIGJMKED CD BGHFIGCD C
KICCD IGFNEED LKLJILKD CD BECFBMGD C
KKCCD IGFGICD LKMJCEMD CD BELFLBID C
KMCCD IGFGNED LKEJENCD CD BELFHGBD C
KNCCD IGFECID LMBJNIHD CD BEBFECBD C
KGCCD IGFEIBD LMNJKBCD CD BEIFNLND C
KECCD IGFEMKD LNCJBCMD CD BEKFKLBD C
KHCCD IGFENED LNIJHHLD CD BEMFLHID C
MCCCD IGFEGID LNGJGGED CD BEMFHMED C
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DEEF DEGHIEF 9DJEKEF KHDJEELF MKKGLLIF KNMJEDN
DILF DEGHLNF EF KHDJNDIF MOPGMLIF KOOJOEK
PEEF DEGHLNF PLF KHDJNKEF MOPGPMHF KOOJPIL
KEEF DEGHLNF DJMMHF KHPJDOLF MOIGDIHF KKIJOOH
OEEF DEGHLNF KJMINF KHPJLNKF MNPGIPOF KKPJOND
NEEF DEGHLNF NJDHKF KHKJKOEF MNHGHDOF KPHJKKN
HEEF DEGHLNF LJPOPF KHOJEMEF MHEGIDIF KPMJDPK
LEEF DEGHLNF MEJKPMF KHOJOPHF MHPGHEOF KDKJIKK
IEEF DEGHLNF MDJOMEF KHNJEDHF MHNGMOPF KMLJOIE
MEEEF DEGHLNF MKJOLIF KHNJKLPF MHLGPKPF KMDJMLP
MMEEF DEGHIDF MNJNNLF KHNJIMMF MLEGPDOF KEOJHPD
MDEEF DEGHIOF MLJHKHF KHHJPMNF MLDGMPKF PIIJDKP
MPEEF DEGHIOF DEJLDNF KHHJHEEF MLPGHILF PIDJHDM
MKEEF DEGHIPF DDJIENF KHLJENKF MLOGPPIF PLNJMHM
MOEEF DEGHIEF DKJILOF KHLJKMMF MLNGHHKF PHIJOIO
MNEEF DEGHLNF DHJENKF KHLJHKDF MLLGMMOF PHDJIIN
MHEEF DEGHLDF DIJMKDF KHIJEOIF MLIGPHOF PNNJPHH
MLEEF DEGHHIF PMJDDEF KHIJPNPF MIEGONPF POIJHKE
MIEEF DEGHHHF PPJDILF KHIJNONF MIMGNLHF POPJELN
DEEEF DEGHHNF POJPHNF KHIJIPIF MIDGHODF PKNJKMH
DMEEF DEGHHLF PHJKOPF KLEJDMPF MIPGHNNF PPIJHPO
DDEEF DEGHLPF PIJOPMF KLEJKHIF MIKGHPPF PPPJEPI
DPEEF DEGHIMF KMJNMEF KLEJHKEF MIOGNOHF PDNJPPM
DKEEF DEGLEDF KPJNIEF KLEJIIOF MINGOKDF PMIJNMD
DOEEF DEGLMLF KOJHHMF KLMJDKNF MIHGPIMF PMDJLLP
DNEEF DEGLPLF KHJLOPF KLMJKIKF MILGDELF PENJMKP
DHEEF DEGLNKF KIJIPLF KLMJHKEF MILGIIOF DIIJPIK
DLEEF DEGLIOF ODJEDNF KLMJILOF MIIGHOKF DIDJNPN
DIEEF DEGIPMF OKJMMLF KLDJDPEF DEEGKLLF DLOJLHE
PEEEF DEGIHKF ONJDMPF KLDJKHNF DEMGMIIF DHIJEIK
PMEEF DMGEDKF OLJPMPF KLDJHDPF DEMGLLHF DHDJPMM
PDEEF DMGELEF NEJKMLF KLDJIHDF DEDGOOOF DNOJOMI
PPEEF DMGMKPF NDJODIF KLPJDDKF DEPGDEOF DOLJHDE
PKEEF DMGDMKF NKJNKHF KLPJKLMF DEPGLPHF DOMJIMP
POEEF DMGDIDF NNJHHDF KLPJHKDF DEKGKOPF DKOJEII
PNEEF DMGPHLF NLJIEOF KLKJEEIF DEOGEOKF DPLJDHN
PHEEF DMGKHDF HMJEKLF KLKJDLPF DEOGNKMF DPMJKKH
PLEEF DMGOHOF HPJDEEF KLKJONKF DENGDMOF DDKJNME
PIEEF DMGNLNF HOJPNPF KLKJLOPF DENGHHHF DMHJHNO
KEEEF DMGLEOF HHJOPHF KLOJMOMF DEHGPDLF DMEJIMP
KMEEF DMGIPKF HIJHDKF KLOJKOIF DEHGLNLF DEKJEOP
KDEEF DDGEHMF LMJIDKF KLOJHHIF DELGPILF MIHJMLN
KPEEF DDGDMHF LKJMPIF KLNJMMEF DELGIMIF MIEJPME
KKEEF DDGPHDF LNJPNLF KLNJKOPF DEIGKPMF MLPJKDH
KOEEF DDGOPNF LLJNMPF KLNJLMMF DEIGIPNF MHNJOPN
KNEEF DDGHEIF IEJLHOF KLHJMLKF DMEGKPPF MNIJNPH
KHEEF DDGLIMF IPJMOOF KLHJOHPF DMEGIDPF MNDJHPE
KLEEF DPGELDF IOJKOKF KLHJIHIF DMMGKEHF MOOJLMK
KIEEF DPGDLDF IHJHHDF KLLJKEOF DMMGLLOF MKLJLIE
OEEEF DPGKIMF MEEJMMMF KLLJLOEF DMDGPOLF MKMJION
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FGGH FIJKLMH ;FNIGOH IGNFKMH OIPJPQRH PLNPOO
FIPH FIJLFPH GH IGNFILH FOGJRQFH PRNRGL
KGGH FIJLKQH QQH IGNFIPH FOGJPKRH PRNQPM
MGGH KGJOGKH KNGMRH IGNKMOH FOIJMKIH PQNKMG
QGGH KGJQLGH RNGLIH IGNKRLH FFRJFGMH PMNGPR
RGGH KOJOLMH INORQH IGNKPFH FKOJPFIH PFNPFP
LGGH KOJIGPH OFNKOPH IGNKIKH FKRJRPPH PONQRP
PGGH KFJLOQH OQNQMIH IGNMGQH FMOJGGOH PGNKGL
IGGH KKJMPIH OPNPRGH IGNMFOH FMMJIGGH LINGMK
OGGGH KMJGLRH FFNFMOH IGNMMKH FMPJMRFH LLNLLP
OOGGH KMJMPKH FQNRRIH IGNMRQH FQOJLFIH LRNQOG
OFGGH KMJPQGH FINOKRH IGNMPRH FQMJLMQH LQNFMO
OKGGH KQJOPGH KFNRKPH IGNQGQH FQLJQMPH LKNILG
OMGGH KQJMLMH KRNOLOH IGNQFGH FRGJORRH LFNRIL
OQGGH KQJLKLH KINLKFH IGNQKFH FRFJRFKH LONMFK
ORGGH KQJILFH MKNKOLH IGNQKPH FRMJIKLH LGNOMI
OLGGH KRJOPGH MRNIFQH IGNQKIH FRLJOFMH RPNPLQ
OPGGH KRJKRMH QGNQQFH IGNQKMH FRIJOILH RLNRGO
OIGGH KRJQFLH QMNOILH IGNQFKH FLOJORPH RRNKFL
FGGGH KRJRLOH QLNPQLH IGNQGQH FLKJGMQH RQNGQM
FOGGH KRJLILH RONQKOH IGNMLIH FLMJPKPH RKNLPF
FFGGH KRJIGIH RQNFORH IGNMMLH FLRJQQFH RFNQOO
FKGGH KLJGGPH RPNIOFH IGNMGRH FLPJOIQH RONFMK
FMGGH KLJGIQH LFNROLH IGNKQPH FLIJLLFH QINILR
FQGGH KLJOLKH LRNKKOH IGNKGKH FPOJFPPH QPNLOO
FRGGH KLJFMFH PGNGQFH IGNFKIH FPFJLMLH QLNMMP
FLGGH KLJKGQH PKNLLIH IGNORPH FPMJOQMH QRNOPP
FPGGH KLJKRFH PLNQOKH IGNGPIH FPQJQOFH QMNIKO
FIGGH KLJMOQH IONFQOH IGNGGKH FPRJPFMH QKNRLL
KGGGH KLJMRMH IMNIIQH PINIGIH FPPJGIKH QFNMFR
KOGGH KLJQOOH IPNLMMH PINPGIH FPIJKFFH QONOLP
KFGGH KLJQQRH OGFNMIPH PINLGOH FIGJQOMH MINIKM
KKGGH KLJRGGH OGRNFQQH PINQPRH FIOJRLGH MPNRIK
KMGGH KLJRMKH OOGNGOPH PINMRQH FIFJLIKH MLNMQR
KQGGH KLJRPRH OOKNLPMH PINKKLH FIKJPPQH MRNFFF
KRGGH KLJLFIH OOLNQQQH PINFGKH FIMJIMLH MMNIIF
KLGGH KLJLLOH OFONKKGH PINGRKH FIQJIPOH MKNLRR
KPGGH KLJPOQH OFQNOGIH PPNIOPH FIRJIPIH MFNQMK
KIGGH KLJPQPH OFPNPIKH PPNLRLH FILJILFH MONKFQ
MGGGH KLJIGGH OKFNRPGH PPNROOH FIPJIKOH MGNOOG
MOGGH KLJIMKH OKRNMLKH PPNMMIH FIIJPRLH KPNIGG
MFGGH KLJIPMH OMGNFRIH PPNFPKH KGGJLPFH KLNRIK
MKGGH KPJGFKH OMMNGRIH PPNOOFH KGOJRLLH KRNMIO
MMGGH KPJGRGH OMLNPLKH PLNIKRH KGFJQQOH KQNFIF
MQGGH KPJGIKH OQONRPOH PLNLQQH KGKJMGLH KMNGIP
MRGGH KPJOFFH OQQNMIFH PLNQRIH KGMJFMMH KFNIGP
MLGGH KPJOMRH OQINKGQH PLNKLIH KGQJGRMH KONLFO
MPGGH KPJORFH ORKNOFOH PLNOPMH KGQJPRPH KGNQKI
MIGGH KPJOLOH ORRNIKPH PRNIPMH KGRJRQQH FINKRO
QGGGH KPJOLGH OLGNLQQH PRNLLIH KGLJMFRH FPNOPL
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GHHI JGKLJMI <JNOJGI JJNLMPI GGMKHPMI OQNOQJ
GLRI JMKRRPI HI JJNHLRI GJLKLGQI QPNGLP
JHHI JMKLOLI MRI JJNHRQI GOHKPQJI QPNOHJ
OHHI OHKJJPI JNLJSI JGNQGPI GQPKGQLI QSNMHG
QHHI OJKGGSI RNPPRI JGNPSJI GMHKQSRI MJNLPM
MHHI OQKSJSI PGNQMLI JPNLSOI GMRKMRMI SHNGRQ
SHHI OSKLPJI PSNGQQI JPNRRQI GSQKLHOI SMNMSL
RHHI OLKSMGI GGNPOPI JPNRRHI GRGKOGSI RJNHSL
LHHI QPKGOJI GSNPLQI JPNLJRI GRRKJSSI RLNOSM
PHHHI QGKGSPI JGNJSQI JGNHJQI GLJKRJOI LQNRMO
PPHHI QGKLRLI JSNMJRI JGNPOMI GLRKRQHI PHGNGOG
PGHHI QJKMGQI OGNLSHI JGNGMSI JHJKORLI PHRNMHL
PJHHI QOKPRMI ORNJMPI JGNJLGI JHSKRHOI PPONLMM
POHHI QOKMSLI QJNRHQI JGNQPLI JPPKRJRI PGPNJPJ
PQHHI QQKPHLI QLNGLQI JGNMOJI JPQKMGQI PGSNMQP
PMHHI QQKORJI MONRGQI JGNSMGI JPLKPLOI PJJNLRP
PSHHI QQKRHQI SHNJLHI JGNRSJI JGGKQMRI POHNJHJ
PRHHI QMKHRGI SQNLROI JGNLSJI JGQKSMQI POMNMGH
PLHHI QMKJPRI RPNMHQI JJNHMPI JGRKRHOI PQGNLJP
GHHHI QMKQPSI RSNGOSI JJNPJOI JJPKMLRI PQLNGJR
GPHHI QMKMRQI LGNLHSI JJNPLGI JJOKOMHI PMQNQOG
GGHHI QMKRGMI LRNQRJI JJNGJJI JJSKPHHI PSPNROJ
GJHHI QMKLOJI PHONGSPI JJNGQMI JJLKMGLI PSRNPOJ
GOHHI QSKHOHI PHLNLSPI JJNGMGI JOGKHQOI PRONOOG
GQHHI QSKPGPI PPQNMSLI JJNGORI JOOKJROI PLHNSOG
GMHHI QSKPRRI PGPNJLOI JJNGPMI JOMKMGMI PLSNHOG
GSHHI QSKGOOI PGSNPPMI JJNPMQI JORKSRQI GHJNJOO
GRHHI QSKGLPI PJGNROJI JJNHLQI JQHKRMRI GHLNMOR
GLHHI QSKJJJI PJRNQSOI JJNHHSI JQGKRSLI GPQNLQQ
JHHHI QSKJSPI POONJHLI JGNLHHI JQOKRGOI GGGNGMQ
JPHHI QSKOHMI PQHNHORI JGNSSMI JQMKSHQI GGRNQSL
JGHHI QSKOOHI PQQNSLPI JGNMJOI JQRKQGLI GJONRLR
JJHHI QSKOSOI PMPNQJMI JGNOSMI JMHKGLSI GOPNGGP
JOHHI QSKQHLI PMSNGRQI JGNJHGI JMGKHPJI GOSNQOL
JQHHI QSKQOMI PSJNHJRI JGNPPJI JMJKMRHI GQJNRRJ
JMHHI QSKQROI PSRNSLQI JPNLHRI JMQKJHGI GMHNGGG
JSHHI QSKMGOI PRONQQQI JPNMRLI JMMKRRHI GMMNQMS
JRHHI QSKMMQI PLHNJPLI JPNOQMI JMRKOPRI GSGNLPR
JLHHI QSKSHRI PLMNHRRI JPNGPHI JMLKLPMI GSLNGSM
OHHHI QSKSQHI GHPNRMPI JHNLQPI JSPKJSRI GRQNMJL
OPHHI QSKSLGI GHSNMJRI JHNMSRI JSGKRHOI GLGNHPH
OGHHI QSKRJPI GPJNOPLI JHNJLJI JSOKPLSI GLRNJRS
OJHHI QSKRMMI GPLNGHOI JHNHLQI JSQKQQLI JHONSSG
OOHHI QSKRLQI GGONLLGI GLNSRJI JSMKRRLI JPPNPMJ
OQHHI QSKLPQI GJHNSRJI GLNOQSI JSRKPLHI JPSNQMG
OMHHI QSKLGQI GJMNQSQI GLNPPSI JSLKOMOI JGJNLMR
OSHHI QSKLGGI GOGNJMSI GRNSMPI JRHKSHLI JJHNJRP
ORHHI QSKLHGI GORNPQLI GRNJRLI JRPKLGLI JJMNRHJ
OLHHI QSKRMGI GQJNLOSI GSNLLRI JRJKPGGI JOJNGJG
QHHHI QSKSLRI GQLNSJHI GSNQRMI JROKGLHI JOLNMSH
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CDDE CFGHIJE 8CKFJLE DE MNJGOMFE D
CNFE CNGJMOE DE DE CDOGDHJE D
JDDE CNGJJME OHE DE CDOGCCHE D
HDDE JDGCMDE JKDJME DE CMJGIFCE D
ODDE JMGMMHE LKDNIE DE CCDGLCDE D
LDDE JCGDJDE NKCOHE DE CCLGJIHE D
IDDE JCGNCIE MCKODJE DE CJMGJINE D
FDDE JJGIOIE MOKFJFE DE CJOGFJME D
NDDE JHGHOHE MNKCODE DE CJNGFHNE D
MDDDE JHGNJLE CCKICME DE CHJGODIE D
MMDDE JOGCIDE CLKCJCE DE CHLGFOCE D
MCDDE JOGONJE CNKIIOE DE CHNGNJOE D
MJDDE JOGNDJE JJKJODE DE COCGINLE D
MHDDE JLGCDCE JLKNOOE DE COOGHLFE D
MODDE JLGHNDE HDKONDE DE COIGNILE D
MLDDE JLGILFE HHKCOJE DE CLDGJJNE D
MIDDE JIGDJLE HIKNHJE DE CLCGOIIE D
MFDDE JIGCNLE OMKLLDE DE CLHGIDME D
MNDDE JIGOHLE OOKHDCE DE CLLGICHE D
CDDDE JIGIFFE ONKMLNE DE CLFGLOLE D
CMDDE JFGDCJE LCKNONE DE CIDGODLE D
CCDDE JFGCODE LLKIIJE DE CICGCFDE D
CJDDE JFGHIDE IDKLDNE DE CIJGNFOE D
CHDDE JFGLFHE IHKHLIE DE CIOGLCIE D
CODDE JFGFNME IFKJHLE DE CIIGCMDE D
CLDDE JNGDNJE FCKCHOE DE CIFGIJNE D
CIDDE JNGCFNE FLKMLHE DE CFDGCMFE D
CFDDE JNGHFDE NDKMDJE DE CFMGLOME D
CNDDE JNGLLOE NHKDLDE DE CFJGDJNE D
JDDDE JNGFHLE NFKDJLE DE CFHGJFIE D
JMDDE HDGDCJE MDCKDCNE DE CFOGLNIE D
JCDDE HDGMNOE MDLKDHDE DE CFLGNIDE D
JJDDE HDGJLCE MMDKDLFE DE CFFGCDNE D
JHDDE HDGOCLE MMHKMMCE DE CFNGHMIE D
JODDE HDGLFLE MMFKMIJE DE CNDGONHE D
JLDDE HDGFHCE MCCKCHNE DE CNMGIHCE D
JIDDE HDGNNHE MCLKJHME DE CNCGFLJE D
JFDDE HMGMHJE MJDKHHFE DE CNJGNONE D
JNDDE HMGCFIE MJHKOIDE DE CNOGDCNE D
HDDDE HMGHCNE MJFKIDOE DE CNLGDILE D
HMDDE HMGOLLE MHCKFOOE DE CNIGMDME D
HCDDE HMGIDDE MHIKDMNE DE CNFGMDHE D
HJDDE HMGFJDE MOMKMNOE DE CNNGDFIE D
HHDDE HMGNOIE MOOKJFHE DE JDDGDODE D
HODDE HCGDINE MONKOFLE DE JDDGNNHE D
HLDDE HCGMNIE MLJKFDDE DE JDMGNCME D
HIDDE HCGJMCE MLFKDCLE DE JDCGFCNE D
HFDDE HCGHCME MICKCLCE DE JDJGICME D
HNDDE HCGOCIE MILKOMDE DE JDHGONIE D
ODDDE HCGLCIE MFDKILIE DE JDOGHOIE D
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FGGH FFIJKKH ;FLMKNH FJOLJPQH MRFIGORH FPKLPKJ
FQOH FMIOQQH GH FJQLMQKH MNGIQJRH FPMLKKO
PGGH FMIOQGH JMH FJQLFMMH MNMIGOGH FPMLNKG
JGGH FMIRGGH FLFGQH FJQLOQGH MNKIPFGH FFRLKMQ
RGGH FMIFRNH JLPJRH FRGLJQJH MKFIGOQH FMQLNGR
NGGH FMIMMPH NLJNPH FRMLGPPH MKRIQRMH FMPLPKR
KGGH FMIGPPH OLRKGH FRMLRMNH MKQIMQQH FGKLGNG
OGGH FGIQONH MGLNKMH FRMLQJQH MOFIGGJH FGGLNKQ
QGGH FGIQRFH MFLKNOH FRFLPJGH MOJIJKJH MQJLFJN
MGGGH FGIQMRH MJLONMH FRFLNQOH MONINKQH MOKLKKF
MMGGH FGIOQOH MNLQRFH FRPLGPPH MOOINKFH MOMLFNP
MFGGH FGIOOFH MQLGJMH FRPLPRGH MQGIJQGH MKJLKFJ
MPGGH FGIONKH FMLMFOH FRPLNRGH MQFIMNGH MNOLMRQ
MJGGH FGIORJH FPLFMJH FRPLQPJH MQPIKGNH MNMLRKF
MRGGH FGIOJPH FRLFQQH FRJLFGMH MQRIMJRH MRJLQNN
MNGGH FGIOPJH FKLPOPH FRJLJRJH MQNIJQGH MJOLPJF
MKGGH FGIOFKH FQLJNNH FRJLNQFH MQKIKRPH MJMLKGF
MOGGH FGIOFFH PMLRJOH FRJLQMNH MQOIQJPH MPRLGJQ
MQGGH FGIOFGH PPLNPGH FRRLMFKH FGGIGNQH MFOLPOJ
FGGGH FGIOMQH PRLKMFH FRRLPFRH FGMIMPNH MFMLKGQ
FMGGH FGIOFMH PKLKQJH FRRLRMFH FGFIMRFH MMRLGFP
FFGGH FGIOFRH PQLOKKH FRRLNOKH FGPIMFMH MGOLPFQ
FPGGH FGIOPMH JMLQRQH FRRLORFH FGJIGJKH MGMLNFK
FJGGH FGIOJGH JJLGJPH FRNLGGKH FGJIQPPH QJLQMO
FRGGH FGIORMH JNLMFKH FRNLMRFH FGRIKOJH OOLFGP
FNGGH FGIONRH JOLFMPH FRNLFOOH FGNINGFH OMLJOP
FKGGH FGIOOMH RGLPGGH FRNLJMNH FGKIPQGH KJLKRK
FOGGH FGIOQQH RFLPOQH FRNLRPRH FGOIMRGH NOLGFK
FQGGH FGIQFGH RJLJOGH FRNLNJOH FGOIOOJH NMLFQF
PGGGH FGIQJJH RNLRKJH FRNLKRPH FGQIRQPH RJLRRJ
PMGGH FGIQKGH ROLNNQH FRNLORFH FMGIFOGH JKLOMF
PFGGH FGIQQOH NGLKNOH FRNLQJRH FMGIQJKH JMLGNO
PPGGH FMIGFOH NFLONQH FRKLGPFH FMMIRQPH PJLPFG
PJGGH FMIGNMH NJLQKPH FRKLMMJH FMFIFFMH FKLRKG
PRGGH FMIGQRH NKLGOMH FRKLMQFH FMFIOPFH FGLOMO
PNGGH FMIMPFH NQLMQFH FRKLFNRH FMPIJFKH MJLGNP
PKGGH FMIMKMH KMLPGOH FRKLPPJH FMJIGGKH KLPGK
POGGH FMIFMFH KPLJFKH FRKLJGGH FMJIRKFH RJO
PQGGH FMIFRJH KRLRRGH FRKLJNFH FMRIMFPH ;NLFMF
JGGGH FMIFQQH KKLNKOH FRKLRFFH FMRINNFH ;MFLQKJ
JMGGH FMIPJRH KQLOMGH FRKLRKQH FMNIMOQH ;MQLKPK
JFGGH FMIPQFH OMLQJKH FRKLNPRH FMNIKGPH ;FNLRGM
JPGGH FMIJJMH OJLGOOH FRKLNOOH FMKIFGKH ;PPLFNK
JJGGH FMIJQGH ONLFPRH FRKLKJGH FMKIKGMH ;JGLGPJ
JRGGH FMIRJMH OOLPONH FRKLKQGH FMOIMOJH ;JNLOGF
JNGGH FMIRQPH QGLRJPH FRKLOJGH FMOINROH ;RPLRKM
JKGGH FMINJNH QFLKGRH FRKLOOQH FMQIMFPH ;NGLPJF
JOGGH FMINQQH QJLOKFH FRKLQPOH FMQIROGH ;NKLMMP
JQGGH FMIKRFH QKLGJRH FRKLQOKH FFGIGFOH ;KPLOON
RGGGH FMIOGRH QQLFFPH FROLGPNH FFGIJNOH ;OGLNRQ
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2 Properties of HC Fuels2
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,-./ 0123451/ 6789.:/ ;<.=>:6/ ;?9=<@./ 6>786>>/ ??=?A>/ ?9=967/ ;67./ ?9@/ AAA7/ :99

,A-A/ BC12DE151/ A789:>/ AA7=<.>/ A9@=A99/ A998>6@/ .@=@A:/ .>=AA?/ ;>./ F/ A?:@/ F

,A-./ G23151/ A>89?./ ?A=A>:/ 7>=6A./ A6@8>A</ ?9=:6:/ .<=676/ ;69:8</ F/ A:7@/ F

,A-7/ G23451/ :9897@/ ;>.=77</ ;:A=>>7/ AA@8.@A/ ?6=@96/ .<=.>@/ ;>>87/ .>>/ AA?@/ :<9

,:-7/ HIJK151/ .A89>9/ A9=.6./ 7A=<6>/ A778@:@/ .>=@:7/ .?=<>./ ;.<8./ .:</ A::./ ?6.

,:->/ HIJK451/ ..89@7/ ;69:=>.</ ;A:=.>@/ A7@8@69/ ?9=:7>/ .7=:?</ ;.A86/ .A?/ AA7</ ?99

,.->/ 6LMN2151/ ?7869</ 6=6<A/ <A=9:7/ :9<8..9/ .>=.<6/ .?=:6@/ ;7:/ :@6/ A:AA/ ?@?

,.-69/ OLMN2451/ ?>86A:/ ;6A.=<::/ ;6?=<9</ :6989:./ .@=?.7/ .?=<.A/ ;98?/ :>7/ AA<9/ ?<@

,?-69/ 6LH152151/ <986:./ ;A9=@A9/ <>=79?/ :.<879</ .>=6?A/ .?=999/ :9/ :?>/ A:6./ 7.6

,?-6A/ OLH152451/ <A86?9/ ;6.7=..9/ ;>=A96/ :.>8.9A/ .@=9:A/ .?=:??/ :786/ :?>/ AA<A/ 7A7

,7-7/ M15P151/ <>866:/ >A=@A</ 6A@=7?>/ A7@86@@/ .A=A<</ .9=?<@/ >986/ :@:/ A:.A/ ><@

,7-6A/ 6L-1Q151/ >.8676/ ;.6=7<:/ ><=9A</ :>?8@<./ .<=@??/ ..=>9:/ 7:8./ ::?/ A:9>/ 7<:

,7-6./ OL-1Q451/ >786<</ ;67<=6@:/ A9@/ :>78>66/ .>=7@7/ .?=69?/ 7@/ ::?/ AA<:/ 7?@

,<-6./ 6L-1K2151/ @>86>>/ ;7A=6:A/ @?=?7:/ .A.8:>:/ .<=>6</ ..=77?/ @:87/ F/ A:9?/ F
,<-67/ OL-1K2451/ 6998A9:/ ;6><=>A9/ >=<.?/ .A?8A7A/ .>=.?7/ ..=@A7/ @>8./ :67/ AA<./ 7>.

,>-67/ 6LRC2151/ 66A8A6./ ;>A=@A</ 69.=6.9/ .7A8<@A/ .<=<6A/ ..=?79/ 6A68:/ F/ A:9A/ F

,>-6>/ OLRC2451/ 66.8A:9/ ;A9>=..</ 6<=:AA/ .7:87<6/ .>=A<?/ ..=<@6/ 6A?8</ :99/ AA<?/ <9:

,@-6>/ 6LSJ5151/ 6A78A.6/ ;69:=?6A/ 66A=<6</ ?968A.:/ .<=7:6/ ..=.<>/ F/ F/ A:99/ F

,@-A9/ OLSJ5451/ 6A>8A?</ ;AA@=9:A/ A?=>?</ ?9A89>9/ .>=6:./ ..=7>7/ 6?98>/ A@?/ AA<7/ <6>

,69-A9/ 6LT1C151/ 6.98A7>/ ;6A.=6:@/ 6A6=A@./ ?:@87?A/ .<=?7?/ ..=.6:/ 6<987/ F/ AA@>/ F

,69-AA/ OLT1C451/ 6.A8A>./ ;A.@=7?@/ :.=.:./ ?.98?:6/ .>=9A9/ ..=79A/ 6<.86/ A<</ AA<</ <:9

,66-AA/ 6LU5V1C151/ 6?.8A@?/ ;6..=<77/ 6A@=>:9/ ?<>8976/ .<=?6A/ ..=:79/ F/ F/ AA@7/ F

,66-A./ OLU5V1C451/ 6?78:66/ ;A<9=A>7/ .:=96A/ ?<>8@.9/ .<=@A7/ ..=?:A/ 6@?8@/ A7?/ AA<</ <.9

,6A-A./ 6LTJV1C151/ 67>8:AA/ ;67?=:?A/ 6:>=.9</ 7678.<6/ .<=.7>/ ..=:67/ A6:8./ F/ AA@?/ F
,6A-A7/ OLTJV1C451/ 6<98::</ ;A@A=67A/ F/ F/ .<=>.6/ ..=.7</ A678:/ A?7/ AA<</ <.@

2S. Turns (2012). An Introduction to Combustion: Concepts and Applications. 3rd ed. McGraw-Hill.


