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1.1. Bglsdgoemo SEBINMBOLS ©> boacbolsgogols
Lsffgoligddo

smdsnmdal ;gmns 3gabBagmal 3mBgdsdn dadrnbamy dgdmbgggzom
3Gm(39L93b (8mgegbgdl) @s 3nbn Lagsba, bBmMgm, 58 3Gm(3gbgdab 8smg-;
3s@ngnfn sbsmabns. Bgdmbgggome 8mzmgbs s 3e33nMydymas mnaa
3Lk (9db3gHndgB@™s6) s BoMmB8moragbl aoMjggnm gddnMaye qm-
6m3g6b, Gm3genz dm3gdiger w30Mmdsms gHomdmnmdnb” ©Mmb dgad-
gds 330903650Mar @dg3bsbnsmmae: Bg8mbgggam 3mgmgbab 5@ asshbas |
©9®IAE3BabEnma GyanmotGammds (Ggbm8gbdy ©o330M39398n asbLb-|
353020 39rpagdb odmgge), 3v3Me8 odgb bLEIGLENFYGN Goagers- P
Gmmds, Gm3gmo 3od8mabs@gds Labdamgms (BoMrmdno LabdnMgms) * 3ILOGOME RMITNMN
BreaMoremdadn. g

6s:g358nl  Lanmgb@Gsgome asbgobomme BgbngGn BmBy@ab aa(ggba oy 08 (3Esb
380963y ao308gmMgdm, 85806 Szamer ©Ignbsbage Bgmgagdab MMganmoGyramdolb —~
b6 39%d0 dmeab, bab Lagsbymn s gudmydgmad Babsbbasm (3omboba goggsm, 3mbHg@emn
3eob 3gmgasm 35Mdn 3mzs oy Lagsby@o. Baybawsgsm 33nbs, o 3EsMS Mn3bgn Enas, 35306
2Ly dmgemoe ®@gebsboge b Bgmyagdol LESGALENING GoanmsGymmdsh, o 0dsdn
358mnbs@gds, Gm3, doaommnmom, 3gMdalb 8mbgmalb goMrmdemn Labdafy ,sbmmb" agbgds 0,5-
056. gaMmpmdomn bab3nMy n(33emyds 0-©s6 1-3g 0-abs s 1-0b Rscgmoo.

3dsnmdnb mgm@mnadn ngameenbbdgds, Gm3 (3oL Rs@oMgdedmy (36mdomons 3@ab sendsoryga
dmpgmn, GmIgmo@ LdByomgdsb ndmyzs 3o6sBamgdnb 78067330 (3oL Ray@oMgdma
ogobsbnsome  (3@0b  Bggagdeb ymysdigze, asdmgogsmve  (3EsLeSE  ©s3eg3ntigdyemn
3p8mbgggnomn bnnmygdob f‘mebanmn 3obabnoogdmgdn, asgsjgomo 3Gmabmbo o bbg.

08 3g8mbzgzedn, ﬁmtggboe 3oL smdsorgFn 8mEyren (36mdns, 33806 ndyrgdymn goHo
B396030L LonBByMgbm 8obsbnompdgmdy Rogogommon aoM33gmme Gompybmdnb (3ms (ovy b
3gbadmgdgemns) o Bnmydymn 8mba(39373ab bagydzgmdy aogsggoma bagntmm LEsGabEagnHn
©3bygbs, Bsgsmnmsm, 8gzagsbme mgmMnygme bornrggde, 3gge8mE3me 3ndmmybgde s Lbg.
Go0n8g 6a8Bnl 3gmby BobsLnsmgdmolb yzgme 3Bgbademm  86aBgbgmmdsocs  gMoymderamdab
LGIGabLGngYFn IMIPmo3es (3MIPmsEns — 3gbgFamn®a JHOMBmomds) gbmmyds. Hmameis
Bgbo, 3m3pms@Eonlb Bomnsbn  (LEymn) smbgMs ©> BgLbogme o6 Bgydmgdgemns, o6
8nb63gbmboemn o 3Mob. Bsgomomsm, 3Modognmor 3gpdemgdgmns bmgmomdn  yzgmo
869390 5380560b %o63GOgemdsDy M3835gmb gogemnbnb BgLBaogems, 8nbs63gbmbaran o6 sGnb
Bo018nb 56 Gygno-Bodmnb IGmmyd30nb 3oGznbnobmdsby 8smn domnsbo 3g3mBagds s Lbg.
530®m3  brgds Im3gmsonb  Babomby  @o330M30ds, GmBemolb  dmba(383L  FgMRgzama
JGomdmomds, 36y gGBggs bmegds. 333mpafnb as63sMammgdedn, LEmMgE, dbmmme
Ig@hggss. 35mnds@ngamo LEsGALENIL (LEIGALGN NG J3mogol) doMamsn 3nbaba Bg@Bggab
LaBysmgdno 3m3gmsnab BgbBagmss.



(3@ 5@ab5A335 3gLademm Bg@gagdel RsdmBamgarmaa. gmggam, gb Jgmgagdes
@;,...,w, brnnmygdn, FMEmadLba 9ergdgb@ sy brmdnmmdgda gBmegds, bmem 3ol
ahamdmamdob Q ={w,....n,} §6meds gmgdgb@she bomdnmmdams baghag, a6y
27 (3nEgdgern bremdnmmds.
393am8 asbgnbarmage Bbmem@ nbye (egdl, Am3cgdlag 3d3b Labégern ﬁomQasnbn-b
BRNYENgsdmdciniboge @ JRmbanFor 3mbammebgema 373mbaggacmn 3303000
Q- LnBMsgrInb bgdobBngE A- Jggbndmsgengh (A c Q) 353mbgggnon bemdacomds gbmegds.

3563bobmgHmm sbens A- brmdnmmdoel sendacmmds
nan 356ndoBEYds Gmenmdng (Bagno@amn):
mn _ Abprdammmiab gegdgbgow Mermmgbmds

p(Ay =2
(A) N Qograngednb sogdghdms Aamgybmds

39bgd03n yzgcrogygn n33gds bagéggbos @ @AMIn @ b 03nceadgdn, AmamAgy
2236ndbgen, 958mbzg3ne bobnacb 58oM73L. 3936 329m3@nbaMy, Rzgd oA Ggagadmas 33moe
Lrene)gdb dmMeb ggbjangFa y333afn gbomn sBagmabye babne 333mgbabmor. 38ndm3
Ga@Ynb ymgagd(3ganbas @ JRoNGFHos3anfinb 3bsmnbn ecganb Fommme amdsargfia
39nmgdnb Lodgomgdng >Fab 3gbadmadgern. LBmGym sbgon Snmamds 3sdmnygbgds mmgb
abagfgme  Jamgaebs @ IMedBnggmn  bogdnsBmdal  cnavddnb  yagms  LeggFMmadn,
a3, LEIGNLGNIYH godnyedn (JgGdme, ogGBmENBIAN5an), dnmermgaadn, JaGnadn,
sb@Bmgnbaodn, 3gen(3nbadn, §3mbmdngadn, dmasmom, 333bngFgm-Bdongag® IGmaMgban
©> bbg.

9bw> B9gbndbmom, semdsomdnb aigmnnb LoByabn (3653930bs > 32685MEHdgdL banenmb-
GFH330me b3nfor godmaygbads, gfioa dgbjmgnem, abgon BaM@ngn (3mgdn, MmamEigdn(ysa:
3mBg@nb sa39ds, Jo8oomnb 3oamMgds @s bbg. ;gds 9739 bro sm3bnBbmom, GmI sbgon
Labab (3@gdnb EAEMLI(3 go DmangBo 85 3ombaaty Jobgbe Aornea Bacgda§nynn 33m(33653nh
33mbLBobesb snb @3933nMgdgma. Fozanmam, GmMamf gdmgagomo ndnb sendsamds,
Gmd 3mbgB0b 10000-%9M 33@730b ©Mmb: 1. 356800 Imbgmocs Magbgn yb@om 7000 ngbgdo.
2. a35MdnL 3mbgmoocs @nzbgn (8000-9000) 3momgmdn ngbgds dmaagLgdaen. 3. ag€dnb
mbgmoms @ngbga 6000-By 3g@n 046735, 3oA@s ndnbs, GmA ombadbaen (3@390L Jgmyagdl
Boogernn Lanmgb@BBagnm bobnson ogb, obmsb majogdafgdamns 3xMbygenb (3n6mdygn)
396360mmgds. LBmMAgm sbgon 39636nmadnlb 3mbg Fx8mbzganocn bneeeagdnbacigab aye
33@330M3gmee ©33GINEIITme derdommdnlb mgmGneb 5bred b ytn ;ymMydzdn e
An3bgos Jobmbnby s Brmgadnmn mgm@gdgdnb Lobna. 3g36n36s30 93Fgdgg, Hmd BabmdnEin
33656nmgdnm  snByMgds bbgomobbze @aMadn Jgbobbsgmn gdmbgggnon Lnenwygdab
y®ed(3939, Gab godmy sBammanu Igjambggddge Isbgba gobsgdn Medfagn Ggocye
3G5]Bngamn 33m(3560b 53mbLbab @Mmb.



1827 Bymb nbaemabgm8s d3m@sbagmbds 3Mmmmbds 8s58R6ns, MmA
Loobgde 3mmsgbgdyme BoBarns 3gdo gFmBsbgmb JombiyMam gRrobyds s
8g3mbgggem a@Egmob 3n8sGorymgdgdl. LEmAge gb 8md@smds sgom
Lagdgmoe dGmybalb 3mdGomdalb sm3By@ Bgdmbggged 3Gm3gLL,
Gm3ob 3omyds@ngn®n BgbBagms manbym dodgemrngd (1900), 353wmoa
39936Mdgms 0nbdBGonbds (1906), beremm LEMMmYmMPoma Bomgdodn n@n
ogm@ns  doam  gaby@ds (1923). LsBg(3bagmm @EGgFHGNMobs S
@o8nbmmmansdn dGmybol 8mdMamds mabyMgE e s 9byza®n
Mmoo gabyfol 3GmgLol LabymbBmopdoon ©8330@MES. nbyGnb A —
3mgbn  smebyMgds  adgbal, 6y BmEmdomya  a065Bnmpdom, Q?;‘;gﬁgfna
Gmdgmbsi  genrgbe 860336gmmds o4gb, FsgseraomsE, ©agydymn
36Gm3gbgdeb  BgbBogmadn, mebodgommgy  @nbsbbymn  d3dAHYNL
©nbiMy&ome @ 9bygzado 8s;gds@ngnmn dmmgmydob 5333080 @
Lbgs. (36mdoemas, Gm3 n3mBm3ngsdn dmobmgbnbe > dnBmrydnb
3ol aoms 33900l ByB@omob ymezagd3nas 3069@mb a06sBnragdom
>@0bgMgds s 86n336gmmgabn g3mbmangnma ©sobizbydnlb Ladysmydsb
0dmggs. 3Gmygbnab 8md@amds mobs8gmMmgy bEmsbEYGn sbarrnbal ;
(>donM-bGs@nbEnznGo dgommgdob), 86y LEmMJsLE NG oxgMgL-

305 g0 ©s nbGgaGomyMn smMobzob baggydggmb BsGdmamagbL. AT ﬁ

36mdnmn g3Goban 850mg3o@ngmbn, Bobagmbn > Poeambmgmba  deedgAE 9nb3Gaenba
3D 35bgoma (1623-1662) 3gmcg gsba Bomg8s@ngmbbs ©s ngMobEL 18721955 .
3096 gg@dsb (1601-1665) 1654 Bmno ocsMompdar Bgfinmdo
LBgMEs: ,oe3056530L BMagmgbmdsb dosBRBos, Gm3 oy 8sor Mandgl
3gbobgd LAyemo 3mEbs sMs sggo (Bzgh o sGabMmb a3sd3b LEMm
3m©bs), 35806 oo sMogyHn n(3056. 8y @sMEYEYd 0 oM, BmB sbgon
30 560l M3sE B(3R3Mn. BsBarmdMagn (3mrbs saGgomgy 3mEbos s
3GLEYme sMB3N6gdol oM 33gnmn 8603365mmds aosRbas, aobLs-
Jaomgdnm, 35806 GmEgbsz Rgdmgab (36mdaemns o8 ©MBIYEHBL
bafobba. 54 3bgdMngom ©sab3nb joobgs: gadmgds 3o @AE3HE73nL
boAnbbab aobmB3s Mnsbzom? Mo ogds brs — gydabybyd 3g. LEmAgE
585b 9g8dbgds sBIMmE MmN 33858730 Fmd8sdgms BB NBgdmmds. bm@dgfé gobgin
ALy 8mmedsdy s3mMydlL  3odsogmb, 356 BnbobBod o6 a(3al, 1394-1964
Gmdgmo 3mb3GgEgme Gazbgn 8mgs. 853608 856 BmagngHmn Go8 Banb(3 n(3nb. Bsgsmnma, als,
6md 1,2,3,4,5,6 Gn3b353L 8mbgemnb ghobsatha Bobba oggb.”

3mmsdadgoms gb gedoprn gRpdbyds BabsbBot 08ab (3mEbsL, GmB jsBsmgma oMb
Lndg@Fogen Lbggeon (3980) s dabo gjgbagg Bsbbogn §MmBsbgonl Gmemns. s80@m3,
3o8smgemby 3mb3Gg@mmo Gngbgal 8mbzmob gGmbsam FobL3n oMEFMBY3mmdal bafinbbn,
b1bgdMngns, gogbmdmo 1/6-0b Gmenn Gabgno. bbgs bngyzgdno Hm3 30J3%0, dsgsmnosm,
bgonobob, sbggy go8smgmab ymggmo @boMRgba Gnzbgal 8mbgmab 3s6ba Mazbmdmagswm 1/6-
ab §merns. s6smmagnyo Bbxgmmdom Bgadmpds ©ogsL3gbsm, Hm3 8mby@ab sawgdal GHML
39Md0b, 5bygg bLagsbyMab g38mAgbal Mo(3bgnmn Bsbbn 1/2-0b menno.

303smnb 3533l AmL Bgs Bobbagdy dmbiymn gbsderm Gn(3b39dab ((30%3Agdnb)
3d3mmdgdnb @amgmnb sBsemmaayn 8namB8s Bgadmgds gedmzgaygbmm, 3sgsmoma, yrmda
dmsgbgdamo bogbgdab 3g8mbgggom 98mmgdelb (39330, EmMBgmbai gomgg ymoeb Ljgds
96m@yds. bn@ygs »,8gdmbgggomn”, Bsasmnms, Yool bggdnb 3g8mbggzsdn 6nd6sgh adsl, Gmd
gm0ob bagbgdab 38mmydab o6 yymBa Loabgdob Bmosgbgdel Fgbsdmm Bgmgagdh Gmeo
Go@gbgomn 3sbbgdo (smmdsmmdgdn) oggb. BmEs Loabgdob Gomegbmds 8(30Mgs, 35306 o3
3mdommdgdnb omgms dompBa@ngpntn FmEMAnmgdab as8mygbydol aoMydyz Bgademgds,
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3sgomoms, (3bAnegdel @s ©EA3Ma880L LIBYIMgdnar. 3sbB3nbarma Bodrgbndy boaeyb-
GPogam dsasmooma,
3sz3mmnon 1. godgom, 3oampdo dmby@ob mAxgM. ymagm 3@edn dyrme Gosgl dgano-
335 338mRBegb ob 39Mda (3) 96 Lagsbg@a (b). sgogme 23 BEL >mdBgMn @AsaMads @
323mamgemmaer dnbn Lodgomgdam ndnb semdacmmdd, AmB mEngy (3re0b 3j@ga0 nbgdo 35Mdn.
38mbbbs. 333mgnygbmor 9.6, babgdfn (bab basgbn) @rsaMeds, Gmdsmbon g3
R76EAmaBds gbmmgds. ngn 3m@sbamns 853mgan babno

Bob. 1. 3mBg@nb mAx 46 o3@gdeb EragGads.

Gmamei Bob. 1 a30Rggbgdb b 33adalb menba Bgbadeem Bgmgan, bmeem mMnga 3eI3n
30Mdnb 253mBgbob byenb bymdL Bommme gfon djbsdene dgmgan. 93n@md Ladydbe
3nd001mdy 1/4-nb @menns.

dsa3mamn 2. gojgom, yoodn dmmogbgdgmns mFn cgefn o gGon doge dnfMmgn.
ymonesb 338mbgganm MnaMngmdaom gamgdor badngy daMogb. 3ogeMgda Lod 3sb dgdgan
m0 Bgbnor: 1. ymzgenn 28memdoymn dnfhogn 7396 yodn dGgbryds; 2. 38mmgdymn dafmygdn
9306 26 3Agbrgde. 3admgme Ladngg (TN geMn Bnficgalb sdmemgdal serdommbs.

$dmblbBo. 1. s@gzamn Gnbabggmns, Hmd 58 8gdmbgggedn LdAngy (JEIGN MgoBn daMogab
23mEgdal oepdocmds 2/3-ab §mmns. 2.3039mabbdme, Am3 ogofin daFmggda go@obmaMnmas
3rgdn0 1 o 2. Lada (3t0nb yageme dgbadmem dgrgan Ligds@ Mo dgndemgds aodmgbabmon
993730 ©oaMadnb Ladysmgdaon

1o meme M ges

65b. 2. 3nRoggdnb 03mmydob @nogHads

Fmameg 6sb. 2 330R396353b 3gmMy Bgbnor dnMez9dab s3mmgdab LYAngy (3R3n Mgon
3aGogob 53megdnb oerdocmmds abyg 2/3-0b Geoemno.

3sa3monn 3. godzoom, ygodn Imoogbgdymos L3 mgmEe @S gfma Jogn defoga.
g6 ghmemymor gnegde mf dafomgb. gsdmgmgomemoen: 1. ageb dmdommds, Mm3d
mAngg dnfMogn mgcmcing; 2. adab smdsmmds, BmB gfcn dafmgn cmgomGins, 3gmGy - dagn.
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33mblLBa. sregormn 3nbobageGes, FmE (3mnb Igbadmm Bgmgagdn LgBeGYMaom gademagds
38mabontom godmgbabmo )

O GO 8 e e

Amamég gb binds a30h37673L (3@nL Bgmgagdnb Gomebmds gJzbnl Gmerns, bevgner mn
g doMogab o LbzodLbas GgMnb mMn dnfhognb 33mmgdel sedocmdgde yGmdsbgonlb
BMod © 9etab 1/2-b.

3sa3mamn 4. gogdgem, 3353b Lo 3o@I6MBGamn dnMogn: 1, 2, 3 @ badn gyon: | 11, I,
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Gmdgemng 6oG8mawagbl msdImyinregdgm apbjunmy® JGogamb. PRAgweda 8ndrnbahgmal
dobmdnm  domgnBng@n IMm3gbe GmamMy 00658ndmygAmdnm, JsMamgrGs, aby
0563308E)3ANm-BomI@mPFHE @ VPFM  Aogmomsy, My adbbypotgdmmn
bndyoafing, Bgmabbagdpmem > ImEgbMoagdymem. bogmabmy BaGamamagbb mMAmbs oo
bngM(398n 3393 JMmmFrabnMadam dnmdaBan® Gnod3nsms 86ymd bnb@gdab.

daernab Gorgmns bn@gmgbeab Db aobbabma®s, 3>3Msd 3gbadmmgdgemns doba aQE;,ﬁa
63(3 603653b (3mabae0 MmM3560B3dnb dafomsmn ;gnbydgdnb Rsdmagemab. gbgBns:
L. gm@bsen  mMz360H80 - babrammyds gomMgbse  8mBaLRnggdmmn Qa L3giyngngTn

2bogmdnm ~ bl nfagmn mGasbadognna.:
2. gmpbomn  mEAasbabda gbgMgnab nmgdb aofindmmib ms aygbydb  dsb bodgmﬁn

ImBgbMnggdmemmdnb dsmarmn mmBab 3gbabaMmAnbydmaom @s 396ba88, 353 .
3. gmbomn mMsbobdn sjgnmcor Hnogafgdb  asMgdmBpgam bLadysFmdy. aofgach

358m0Bna63mnd by Hgodans 3mEbamre Miasbab8nb gbaggbammgMa mgebgdss.
4. (3mEbarmn mFAgabobdn 3o6bogofgdgmer Aoyme ImBglFinggdammdalb a06ababmaMgma

97356n3930b Lisdgsegdno Jnmaregds. N
5. 439 (gmbamn mGa36nD30 3Gogmmads.
. 43907 3m@abama mMz360D3n bobnsomgds nbgm@Gaszanl gamayganb gbnyomyFe HbsGam.
7. yaoms mabomn mfgababdn 937gds 20Mgdmlb LngmEbmnb babnoowmb, smbsgmdab,

a96d3nnbs @ ymgagiaagnb bodsdabace.

BmEbome m@gabnbdob mnmmggen Babomb, Amami bigdgrAgrym bEAYIGgMab, aby
nbrngomemgm Jodoge Eagﬁmb 3Jab L3ggrsemyMn obndbymgds o gabLabmgRmm

@06J(305L sbAyrgdb.

3m@barmn mAae60banb 1I6nB3bgmmgabab ogabgdal BsM8mamagblb dnbn 9batin, askg-
3md(y3gemn badysmEab dnommb 9bgMans @O 30MEsJabsL ab magabn 8mabmgbaemgdol dgbs-
323nbag. o338 3mEbemab yzgmody MgGm bamam o Pbagoeny ogobgdsh byb@owm 8nbngg
8baogbnb 6sm3mddbab, by 33magbamdmpdab (FgdFmendiyenl) Tbao BoG8mamaghlb. gb 4o
afab nb, @abag Rgg6 Logmbemgb gpbmmgdon. .aMogmpbomn” BngongMgdgdnb gMomd-
momdsd, gb mbadn oMy oJal. 396dFingam abdnb gombgs, oy 3mbocre Boeagds LoMs(3m(3-
bagmn® Jmalmbgb®gdnbagob, 83306 Ma@ma Bafdmorpagbh ab gsgemgdne IgGm gdb, gaay
dobo ,oMmagm(gbacmn® ymB83mbgBEgdnb Ra8n?

375 bamymbggdnb gommbmgmbadn, @ sfs BsGEM Garnmbmgmbgde, 58sb dy3ngin dsgrals
3bgdmanm bbBapbgb, a3 30@SeobEaMe cvymnnb LabgmEmegdeam sfnb (3bmdaga.

o
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(36mdomn 5390 3gmn domgndngmbnb, dnmybyMag@ejolb mgsmbohabm

BomdmBsragbmobs >  baymggmonme  s@eefgdyeme  Ldamgndanb M
36nb(303930L" 33@mMal, omdmG rgbnbrgtinl SBGHam, dameemaos g
360l bP3nHgedns, 56y asbbsnomadng Bosmsmm@asbabgdymo 3s@y- L =Y

. % p

Mool Jodns, 833608, s8sbmsb, ggmm dgBeE. MEbamn mMasbabdnl
By Ju@dn oMs BsBEm gdmMAntmgds b jabs © gndnnb 336mba3L,
@33 83Rma3L dMemGasbmm 83§ gMash, SMH33gm WMmngMmad8ymndb
9PmBobgmosb  aoMyzgmme  3obmbbmBagMgdom. mgbnbxg@mo  s8sb
LOMmg3aEy®  mmgogab”  pbmEgdb.  mgbebry®elb  domjodagta Bty
bagagbnb 8obn  3GnbEn3gdnlb  Lagydggmdy  3obymbeb-8g@abmbob °E‘53'T9|7Q‘?;’g65:€'1“"
TP 160396bo@aE0b (583) LEMmBs IGmggbmAgdds
ggae bgmbmbds ©> dongen ymgbds 3yddbgb d3mbynbgzamy, Rbrs-
896 Mo Labgemddmgebymm LmgbabygMal domgndanb bLogmdgmyde”,
Hm3gen(3 baogy® agbs gedmzgdyera.
&gM8nba ,3nmgnBns”, Mmam(y domenmanyn, 36 @abomenmany®a

gn8ns, glndbmeEymae obdofmgdmes XIX baygnbob 50-0s6n Brmndnwsb,
'39Mdo, 1882 Brmomsb. jmaboggin aoagdoo bady3bngmm BMyggddn nb
dgdma@obs 1903 Bymb a9M8sbgemds JoBogmbds * jomer bmndyrgd.
bbgsos dmnb, 1806 Bgmb B3gm8s Jo8ogmbBs ngbl Bafmamrnzbds
mEa3bgme  go8os a9635MBs, Mmam® gobommmaonb  gfo-gHmo
6sBormn.  (3m@boemo  mMasbnb3al  JoBoyGe  3mB3mb6@gdalb  dMag-
mgbmds Boma3maagbl mMasbym bogmagMgdgdl, Lowsy bsbdnMdsmo
dgaMgdnoy smEagbomns (InEMefgdmmns). 35360  domdmemgmes,
9963d50bs ©s Bysmdomab asfs, 3@ dnm dgaiegh sDmEL ©s
gmbgmmb. sbg Bsgamomse, 636mogalb Rbonl (E.coli) mxMymgddn smo-
"bmdoo mﬁéaﬁg@n BogMomns. 4zgmsdy dg@os (30mmpde @ bygemgnbals
3yg33930. 3s3GM3mmg3nmgde 3gmands 3oGGngo ©s dgramgdom 3oy
BmBab  3memg3mmodnbsasb. Bogsmomom, (30mgdn dgmagds  d8abm-
89930303356, B 3mgabab Bygoggde — by 3ergmBowydabogsh.

GmamM  @odemdm, M 3ogdaMo oggb MRGgedn  (3oemgdel  Mompnbmdsl  a96330bL
omEgbmdsbmsb — gdmbgggs (Gmenns), bagemgdos oy 8g@na? (3bamns, 36gde 8g@ns. J3g8mo
8m(3g8nmos dmangmo mMa560D33n ggbcs Bnsbrmmydomn Gammabmds.

*agbb 33@@amanbe’
1779-1848 -

396930l 393(339mmds bbga@abbgs mmasbnb3dn

mz360B8n 206980b Bommgbmds

Mycoplasma genitalium (3563Bo@ o 357 9M0d) 500

Streptococus pneumoniae (L& 3Gm3m 3n) 2300
Escherichia coli (65630l bnn) 4400
Saccharomyces cerevisiae (bsggo6s bmgm) 5800
Drosophila melanogaster (@Gmbmgoms, 36g6n) 13700
Caenorchabditis elegans (8%335mn gos — ab goMagn) 19000
Sea urchin (d@gob Dns®3n) 23300
Arabidopsis thaliana (y3sgnemmgabn 8(3965My) 22500
Homo sapiens (5530360) 27000
Mus musculus (bLsoemab od330) 29000
Oryza sativa (360bx0) 50000
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Gmamf(y abgeego, Lbgomsbbgs mMaabobdl 356gd0b Gsmmybmadagy bbgarabbgs 373b. so
Bl 256Lb3aggdes 9IMEIENYMEa. PoIgmgdmEs, (md smsBnabab anbmddn (grGE3n
@s3oqAam ujgem 3963@0I0M abgmMdagnab 296mdn gbmmgds. GgM8nbn dmBmeydamens
396380650 dm@obagmbob Jobb gnbyemyfink Bogh 1920 Bgemb) gognmgdnm 89dn a9bns, 3oy
dom®ng (3bmagmgddn. odgy 833603603, MmB3 a36mBab Abaogbom, gafm LEmMsm, JsMsemy-
mYfa@ @My nbBsMgdmes 3g8edmmman — adsmdmergymy® d982dmmngas dmenostn
653130 (96baddmn) mogabn dPommyn abBgMagras@gdnm, bngbomgdnos @ dgmEmgemn
Bajfongdnon. o aaggfinmb gb §gA8nba 378 sdmenmban, Am3gmn(g 358mba@ogb IgBedmmyae
(306d3r0Moe) ®e3238nMgdgm 90G3gbdms  Bodmemgygmy®  babBBsL  (3mB3cgdbl).
396m8nb 389Fn ymn IGmgd@nb @a8me3Magdnb 358m@ga, Y3omobomgal dmymmEbyeam, sws-
30260l 396m3L  396300b B(3nMy Gnbzn smBmshbrs. T@Mm dg@ng, Bsbdy 8p@n agén
aymanbrs 8(33bstgb. -

396m83n 3969dnb Babgn Fomeybmdab mamaghs Moy, Gorash gb ©IImynmgdmmos
296530b Imgzbal smgmMamdty (Bogommnoem, dmdgmgdoms, asdmozmems JHOmAImnmds,
Bm3genbs(y, bgbgdab 833360 o(33nbab, Bngyszsfio @sbabymn s3m(36nb 58mbLbaGmY).

a730nmBdnb  mBgdabmdadn (30mgdeb gmeefgds 39bmBnb ©63-0b damdy 3gamg
Aamegbmdnom brgds. Bsgomnmac, s@a3nabob 39bm3dn = 1,5% ©B8-nb 3s3meoMgdgmn @> 50%-
Bg Jg@r  sMIBogmEnigdgann 2368 mAgdame  @obaBndreygmmdgdna. 336330 Jgadegde
90 83bgmnbagab aobiarmygimal 9Meds3mmnfgdgmn ©638-nb mome BB dam, GmBgmosgeb
39360 ,gbaMagdmm” (Lb5e876") ©68-L HEmEgdgb. obgon ©E3-ab 356780 gbyzmmagBidne,
267, Emamm(3 Bgba, 5o 343b Bgbsdsdabn IGmBmpE)Hgdn (bgmddg8bymdn) ms bbgs 3 3mb-
BFmmpdgmn 015658n8wg3Gmdadn. JadmegdyMer nogengds, GmB sbyma 8bbgama w363n
ng3653mms 376730b EPdmaMgdnb dymaase Jamer(oa© Bo@baman. dggn(, 3gbgde bdntar
BH3399bGnMgdgmns  BngbnEeb  sMedogmpnfgdgme  @sbadndrngmmddam, MmBmgabag
nbBMmbgalb H6m®d3b (cagn IX). 0b@BEMbdn Byndemgds IGsgamRIF TPGM afmdgmn aymb,
3r@M) dogmEnMgdgmn msbs8ndrgafmdgdn, 9.6. gdbmbgdn (gabmbgda), 838 wxGgedn
brgds dsmn L3manbaMgds (,08mgdMs" s 836y ,8939M30"), 967 .9 VGBEs" 3G 7-8-663-0b IMLE-
&M56byMng3ngmn dmEogingsEanb @AmL. abjon @an as6Lbgaggds gujotnm@menn ©63-ab
ds3mEnMgdarr @ 8Ma8s3mEngdam @3638n8mgaFmdsbs s dsob BmEgdl BmMnb - gfor-
3600 296 3nro3 a33babygg@ 3Gm3mgdoms Gnizbgl 306g3m365ds.

GMEbsmn QRAIE0 3GLgdnose AdmeyBagmes, 9.0 Bgdobdng® dmdgbGdn dnb yggems
8Bl asbrrmpdng gfmbontin §33gMad e oJ3b o B6gzab dnbgmgnosy dntige
396Lbgagmads. 33nb 358ms, HmB PrMgEb o6 Bgydmns bomdm 338mnygbmb g656annb Eysfmp.
87900y, odbadgame 23 @YdYmgdnb LobbmAyg, g.n. Go@mad of Bggdemas YrMgrb 2@by-
3o bomdm gaBmnygbmb gbgManab Bystimp, 36 3gobEmmmb 83amds? §9domds dnmange
Bbggol  3nGmdgddn, gnbajemsb a08m3rnbimy, 3gndmgds pbenmmal dbmenm 85306,
GmeEybsg Lrodm asmomeb dgroMgden Bsmamn G33gFeEHinb dmbamsb Jgmatigdemn
©ad3mn B,7835Bs@YMnb dmbBada,

IRGIE30 8ndrpnbatigmdb sowbmdem Mgsgns, GmBmgdbag dnmgndag@l gabmegda.
dnmgodngfn Ggadngde 303M@ JmmMmabafgdamos @MmbY @ bogRzgda. Gmam® agblnm
9L a3 rm)ds? mnomyen dnmgnBon® Ggadinsb nB393b goGsmabrdn ;mgabgdab 3jmbyg (3nemo,
Gmidgmbs  ggMdghdn gbmmgds. YRMIn BnBmeboty Mgadingdol Ggammatigdsbag
B36(3368 930 abrgbl. §aMBgEGmn Mgagjingde Mgagmnfimgds mé Embyby: gatdgbdgdnb
Loborgbab (BombnBaongbab), 36 a9baGngmFn s3sMsG0bs @d BIRBaEGMS >dEr3zmdnL EMByDy.
29335Mom, BagmngMgdoms (33, Gobag B98mama dgEedmmatdlb 3rbmegd;, s dabn MHgam-
@a3nd MEbor PRAIRIdBn ggMdghEadnb bodmamydne Bstibmgabl. 89@s3mmaban dmagyagb
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2 36magbb = 3o@G3memod8Ls ©> 3633mmobab. Jo@odmmnban Fgmamgdam dLbgnmn bajggdn
Bngangfgdgdnb - (3amgdol, 6obInmbymgdabs s (3bn8730L Ammgygmgdel @gRdabd e
©s3mnb 3Gm(3abns, oy doMamomam gobagnon Mgodngdoom bmGyngmmgds. 9abagolb AGm-
EJ&Idns, Bsasmamsm, Mdgdgsgs, BabBammMgsban, 38mbnsyn, BoMmemgsbs @> Byomn. Jo®o-
dmc 3Gm35bgdL 0sb brggb mogabyggsmn 963Ganab a0dmymas (ogHmggds) s@nbmbnb-
&Aagmbgs@ob (5@ g-nb) dmmgyaemgdelb Labno. 3bsdmmnbdn — jo@odmmnbdnb badnMabInfm
3Rmzgbns, o6y BoMBnga BnbodmG3nmgdnmsb djmagdne mnmo, dso ImMal, (3nmmydeb,
65b3nAByrmgdnb, (3bndgdeb, B mgnbab 8403780b g3G36Emen brbaybas. 5633menabdnb
GmL brgds dmemyygemgdnb 308bbgammgdas, 8o bEAmd@mgdob gaGommgds, Mabsy, mago-
Lygoemn 9bgMannl 338mygbgdnb baMg by, Amam@(3 Bgbo, msb brgab gb@®m3anb 3983ngds
(g0 1).

39@28mmnbdn, ;agal 3bMog, dmagzagh bad LBsmnsb: 1. bojzgde BngmngFgdgdnl @3
3@ny dmdels Fg8sagbger BoBormpdare (IsgdmnosE, (3nmyde — 380bmigsggdom; bobdo-
Bymagdn — 3gdbmbydare, 396@mbgdarm; (3b08gdn ~ amngFaba@ s (3bndmgob Bys3gdar), 2.
Bomdmddbommn Bngongfndgdob jomgy @G 3@ntg Bm3nh BogongMgdndorm gaMmaddbs
(3sgomnoam, 39dbmBgdabs s (3bn8mgaba 8ho358nb — d3sMByogem) o 3. 8gmey bigsnady
8nmgdymn 36m7dBgdnb Ladmepmm 436335 BobBnFHmEigsbasw s Bymom.

2633memabdnb 3Gm(3gbgdngy bad LBamnob Bmnagb. 3nMagem LEX@NYDY brYds Fode-
dmend3nb 37Ls8y bBonady BsM3mJBBomn IMmEn @adeb as8mygBads. Bsgscrnmam, (gnmrnb
bnbogbn nbygds 2-mbmBysggdnmsb, 98 3babybaenms 38nbnfMgdnms o> gdmasdnbaMgdnm
Ba/3mJdbacmn 380bmdygagadnb RsGogam (3oemnb 3mendgdgapm® Rog3dn. JoGasm Mbms g3ob-
bmgegh, Gmd sbadmemmfa IGmzgbo Jo@sdmmyMaob Idcnbadnm 3Gmggblb oM BoMmdmamaqbb.
853500, (30emnb bobagbo o6 8n8mebatgmdl 3armnb odrnb BgdGmbgdmma Ggadizngdno.
sbg39, be8mgobo Bgoggdnb By SgGNEI-JMA-E@ > S(39&0-gmA-@sE (3bndgdnb Bo-
3mJdbs LGgmnoe Lbzoobbzy IGmggbne. bEmmiw % gdmbggzs arrngmagbob Gdadygegsm
3ol IMm3gbn MdBhogemab gmngmagbnb Lobmgdlb (mogoXl). asbbbgaggdmemn 35Gsdm-
gmn 3bgd0b 2MLYdmds o .aITgBgdar” Rramamydmma. sbgon JsMamgrryGa IGm(zgbyde
33nmdamne, od3e 965Mag@ N o 36admandnabn. JoBIdmmNEn @ 565dmmyHn 3Mm-
(39bad0b a56bb3a373s bydnrGENe LEGHTIGYMYdTn dscn mmisrmabygnomsE oMnb aobdn-
Hmdgdamn, Gy, mogab 3bMag, Ladgemydsb admyss, mEngg IGmzgbe BsGndsGomb gGho-
REMIMmIE @S JH0dsbgmnnbszeb @admy rmdmpr. edmrmmb, aabbb3zagnds gob3nGmdgdgmmas
3050803960 > ammbBgMngmae Gganmo@onb a06bbgaggdgme 85ds60b3gdnm. gb Bgbe
Lagfoms (bmasmnd) 36:3mmyHin @ JoBdmeagdn 3Gm3gbgdobamgnb. 3s3M0d, Jambymegem
ndobs, Gmd 6s3meyfn @> JoBodmrnfn abgdo asbbbgagrgds JMmBsbymnbash, Bom sye-
@05698b LogHom, 9.6, (3068Mormyn, 564 38g0dmmaBo (mMaggb 8ma(335emn) LEowns, abo.
335bbmgagh, Gmd yggms Bg@edmemyFin Aged3os Ignmcm PGEmNnGHmJagdntdns, Mawash ghon
654gonb IGmEaigo dgmEal LE3LbEAsGL BoMmImemagBl ®o 9.3, Erndmbygagsl (3Mgdbnb)
30gero >3gndmrgio adab bamgogbm dsgsemnons. 58 (3njemnb gubinss GmamMy Jo@sdm-
fn, obig 3633meyHe IGm(3gLgdeb HBAENBagmymas (ogo X).

amEbomn mMz560B30 ngsmgGn JodyAbagngamo 85640655, bamay 9edMagn Ggodins
IONROEOPmIE @ JsForrgmrgGon dndreobsMgmdlb s 33badnGmdadl wMxMgmeb EmGBamy&
gobammemanag® am3afigmdsb. Sa@sdmeabdob asM33gmm Gamman dnmgdodogn Agsdo-
90nb boBdsmab sMm3930b ngysgatior mmasB0B3ab 285 oy 08 Jsmmmmagnsdmy {9gaobbgbgda,
Am3 296 Jng3 85-16 Loy bl absByban FggnEeMagmBs 9fndds ms 37bgdnbdgGyggmds
o@Bapobds Rsdmaysmads Igbgepmyds, AmBmol eobablom, s3smBymgmds ©33338nMgdy)-
mod> mG2360D83n Jndnmn Ggsdingdeb 3nBmabaMigmdnb @IMM3n3sLmsb o 837MBommaa-
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bomgab sy3omgdgmos JoBoyGa BagMmgdnb asdmygbgds). (36mdoras,
Gmd 899330RMgmdnm Badsb-mgabgdgdl anbgdn as6s3nmmdgdlb (gGmn
agbo — gfon (3oms), agbgde 3o @gBMILaMEdmEymyabab Bgeggdol
(68) goMmyggmmn 8mbsgzgmgdns, g.0. 833330Mgmdnmn 60dsb-mgabg-
3730 BoBgfnmns, 56y Jmmamgdmmns ©63-0b 3memgymmgdda. s3335Ms,
afhon 3bMng, ©68 (3960) 306530GmMdgdl (30eal brbamgdl, BgmMyg BbMng,
3o, Bmamé GafMdgbee, NdANbigmymalb ©68-0b LnBogbL. abdab
Joobgs Gmdgmos 3oMggmorn — GgRdgbEn (goms) oy Byymgnbob
3go3s? 58 goambgaby 3sbyyba 65Bnmmding asb(zs s3mBg6s8, FmBgmda(s

1989 Bgenb Bmdgmab 3Gg8ns ©308LsbyMs (ab. sbson I). JsMs3gmbo
1493-1541

38335650, @EMEbomo m@asb0bdn mos abmogmdnmo Lab@gdss,
Gm3gmbs 3d3b mgnmsbymdal, mgom@gammagnobs @ 33msgbomBmgdal yboka. FxrMomo
8mdB8ne9dL 854LedseyMa g3mbmBnal 3Gnb(303n0m.

Bogmnggdsms (33mob 3Gm(3gbgdolb Ggammamgdnlb EAHmb Mbos 3gEsmmom, G Bgndmgds
Bagmgdom Jg333ommo JRMgemd 3ngs Ladysmm. baghomm go, @mEbsm PRGIL >73b
ogobgds, astgdm Jocmmdgdab  Bggmnbsb, godmodndsgmb sbomo 30Mmdgdal 8ndsGo
39amodob gbsfn s, 88mgbsm, 8g0BamBnbmb msgabn sGLYdMAS oy ©SAMYeEdrIMdS.
dsaamoma, mmasbnbdn (300mmdl 3g0bs®Rymbmb ©933gMaGgMabs s 66930b 8wdngmds.

G9amotgds, 58 boGygab Gsfom 3539300, auenbbdmdl frGgeel 85 oy nd 8shz9650-
mobs s booeob 3765GRN6adsb 356 3350 Mbdy Lag@3obs s EAMAL a3M 339w dmbss-
30030, adbda9d0s, Hm3 6gdnbdngHa 3Mm(3gbol Mgammomgdabamgab ©s, asbLsgymAgdanm,
g3onGganmotgdsmo bob@gdgdnbscmgel (GmamEoEss PrAge) sgEemydgmes Gmame(y
3aGrsdnfn, obg 1313939060l sGLgdmds. v3ie330ta 6adbaglh, Gm3 338sGmggmn dmbBymda-
mmds nemgdl bsBosmomsgn bobEg8nwsb nbgm@8s3nslb 8abn Bram3smgmdal Bgbsbyd ms, sy(30-
mgdmmdob dg3mbgggeda, Lagaimgdnbadgdm (33mob msgab 8mgddgogdob. Ggdbngebs s 3ndgm-
69803530 58nb sd8Mago 8sgsmnons. 58 3o393nm, A3 NRMIE0 B3G3mamagbl as8mbsjmabl,
3afndom, ab sGab, sby godzem, NbaggMbsmma@a j0dg@6g@gamo 8564563, bawss Logmzbmo-
Langal smzomgdam yagme gnbamemann® 3Gim3gbb 343 93EmBsG Mo mgomdganmntigdol
DemAgboe asbzoms@mgdama 3gdsbabdgda. sbg Bsgemamsr, Ro68Gomgmo sadnsbab Libgmemol
®333gFs@es dgeygmdlb  gobm babmaMgdda (36-36,8 “C-ab gaofmamgddn) ws 18603369amm
350bMs 33 $839Ms@nMnEeb gobobammgds, Mmam@(3 93308gmeMn BamasGgmds. dgmhg
bGing, aocgdmb §yd3gMa@nms 8gfygmdlb aoanmgdnm gofiom babmzMnddn. goMms >dnbs,
2380560 03393983 oGa8y@Bngn Lsggdom > MEAas60D8n 0mgdl JommEGngdal Lbgsmabbgs
GomEgbmdob. dagbgmsgom 98abs, xobAGmgme Lbggmalb §3837Ge@PMs ymggmagab gGHm
©mMBgbgs. 306mdgdabogsb (Bsgomemam, Aggbb 3gd3mbgggedn, aocgdmb §g83gGa§ s, 33ads)
Ro8m3nEgdnmgden NxrMHIedn Bagmnghgdsms~gamab dmaeghmn ggMdgbGama 3Gmzgbob
0b&9bLagmds nbBMEYds o6 J(3nMmgds ndmsazeMoe, Gm3 §733gMoGYGe Bog@mdMagzem o6
0(33mgds — Ghgds gfhm embgdy.

3m@Ebor ™mMas6083n BsdMnb Memegbmds (zmdgem, bobbemda) Mgapmofogds 93a-
3539060l Gorgmo babggdom. measbab8ob 8ngM BogMnl dmbdsfmgds sdmag@gdl dab Bacdmga-
Bal, 353658 brmMBsdy Bg@om maaMmmzgdnb 8x8mbggzedn nmmggds 894o6adda, GmBgma(y 3(30-
90L 80b MomEYbmdsl. Gmam(3 o8 8sgomamarsb Bsbl, mGa560D83n Mgayms(3nab dofomom
La3gemgdob BamB8mamaghl Jo8oygMn boabamn 3menggmmgdab EMByDg. Mob Badbagh gb? 3og-
Mol FamEgbmdab bm@8sby 8g@or 39d(3nMgdabab (bmmem gb grGgrabscmgal, sby godzsm,
36136mE@8smy@o 8amBs@gmdas) 3ol dmemggnmada sdmmgab Logboemb 08 GgMBa6GL (BgH-
396&ms kangL), Gm3gmos 3sbybnb3agdgmas 3ogab Lobmygbobomgal @s gb Pgabsbzbgme
5demngigdl 3ol BomamgeSab LofijeMgl, Gob 3grmgaswa dogdMab Mammgbmds BoGmmmdl

21



(9RGomo dGg6eyds cagnb BmMmAsmy® Imamdatigmdab). 08 g8mbggyedn gn, MmEaLIQ
BogMab Gammgbmds bmMasdy Fgdor 3Mmamgds (a3 23Mgmag afabsbygMzgmns PrGgmbs-
agnb) — nBagg odMab 8memgymemade gomobgdl Legbsmb, Gmdgmbacy nmgdb ngngg 89896G0
(903968 92n) > Isbybsm byegds Jagnb Mommybmdab BMEs; PRGamn HdGHEEIds dmagnb
bmHBomm® deamdafigmdab. yaameggeio gb bmGgegmmyds 35dMnbs mo gghdgb@olb dmmy-
33egdnb badgemgdao. S8o@ma 583md g6, Hmd Hgagmaind brgds Bmegynmy® @mbydy. -
by, dmgomom, Bzabmen mbamn MAae6nB8gdnbamgab madsbabnompdgen @ Yagmady

- 9@ oEnmydae boboggmibmm IGm3gbb ~ Lybodzob o Bab Myagemaznsb. JoMmasmss
35mdnemn, Gm3 bogmzbmal a38m3mnbgds — bybmggs, Yo, ImdMomds, 3od8Magmgds @s bbgo
Amnobmal mrMomnbash 96gGanab bafgash. gBgFannl bagaalb asmgdy Bgmdmgdmns gr-
fgeob, mA3060330b 5GLYBMBS. 8536558 gRMIEN gb 56 5Fnb bamdyin 8364365, o1 of Jgmd-
eond boodagin g656a0 393maygbmb Bgdme Rsdmmgmntma IGmEgbgdab as6LabmM3ngmgd-
mo@. MMH306nB30 nynba3L Jodogm® g6gMansl, 365 Jndnm® 38530 5 jmBamnmgdam 56gMansb.
aRGgeob 5656agdngodn aobbognofigdnm mown 3603365emmds odalb gobagnbs @ st gbnb
695J(3000b.  5@380360b MFa360B33n aTerob Ladmemmm 30dmymagnm IGmEYJBIdL ImMnl,
GomEnbmdnb 8objmgne FoMdmdb bobdnmimEysban (3o, GmIgeboy 9dmzabybmdogm) mo
Bgoemn, Gmdgembay  avdmgympo  dofamsmare - IsMmabs mtaqmb bobom . (oaﬁgmao
33mBobybongd 357FHmab ghoawm). ot

3™Ebm PRG3E30 gbi3ombnMgdl Jndng® Ggagiesms 5&6‘3333@0 3ngemo - f‘mangoG,

: Bimam@(y nondgs, JGgdbab gegme gbmgds. 98 (3nyemab gbjizombamgdnb Fgmggem brogds
439> doFnoen bygHonb memBQO ﬂa563a (an) Qo Ggqmba oy Sobanﬁmﬁgoﬁanb Laboo
a>dmymes.

JHg3Leb gojemob gﬂﬁdenmﬁnﬁobobmosao Qadoaanﬁobnqo dnﬁnmaQaQ 3@ g-nb Bodma-
653, 9.0, JRAgEb g6gMannm BmdsMmoggde. mMaabamn Bagmngfigdgda, dsgomnmam, Babdnm-
Bymmgdn, (3bn8gde, (3nmgdo dgmands Bobdamdamnl, gobadomnl; Bysmdamnbs s 3bm@ab s@m-
3700bo36 > gb begongFgdpde (gmabim THRGIIn gFHMBabymdn adMm@ongdbgds.  dsmn
3gdbLab (303endn Rafmgs o bmA(yegmmgds MmGasbmma 3go3780b bodmsmydnm. defnomsmae
ab 39537303: 3aGmymMdbnb dysgs (CH;-CO-COOH), Gmdgmo gadysmme gogende Jgbgenb
60b a0M@angd6gds d8sMByagay (CHy-COOH), dysybdds@dygsgs (HOOC-CH,-CO-COOH) m» 2-
mgLmaen@acnb 3gags (HOOC-CH,-CH;-CO-COOH).

3F93Lnb (3n3emdn brdd IerFngdab Mgsdangdn; GmBgmos dgmgase magnbyamrmrgds 4
Gygnen Byomdomo o 8 gmy@mmbn. 338mga, 3933570 BH3gbddab dmbaBomymdna, gL
Eyomdogdn ms gmyJ@&HmBadn gomon@ebgds ghmn Bngmngigdnmsb dgmMgty, dgmMnmsb
8gLodgby o 2.8, 9.6. bgboggab xoggin 9B, FmamMy bdaMee YBmmgdgb, nrmpddmmbms
3503856 LnbB7358n. Bysemdorndnby s gempd@@mbdab aomd@sEnb IMm(3aLb @b bmgglb
95633%-om@agboon Mgsdaegdn, Mol Bymaasesy aobmagnbygmgdamn gbgFans aGmamgds
3§3-0b dmmyygegdeb 3s3GmyMa e 3330, Ledmemme, Labnggeb xs33dn asmadsboma
Bysmdsrmgdn (Byosmdamab nmbgdn, 36+ 3GEmBmBE7dn) s gy J@Hmbgdn maomgds go63dsmnb
359 @nfadm s§mgdh o 63F3mJ86ab Bymab dmmy mmydl. sMadnmemmanm® bobgdgddn
H; o 0;-0b Bg9hcngds 30l sggmdads ~ nbgfigns mogabygemmgds 8ynbng@as, xrMarde go gb
o bpgde. MaBm3? Gamash gbgMans mogabaamegds Bbnm-Babnrm, m3bmsmbmdom @y
9obadamo PhonghmdBsegdb bogmadem 37@0gd, gbgBammm asmafndgdye Bysmdamab
0mbBydonab.

393356, JAodbob (yngemnb ggﬁdenmﬁnﬁabnb g3 RMIE30 3o8maymaes gbgans,
BmBgeng 3Mmgegds s@P-0b 12 8mmgygmedn, Moy bsgdomm e brrnreglb BaGamomagbl oy

22



96 3jorm./8men gbyanab 933035 gbgmGas (1 ammad-‘grga 359J@nMgdae ddaMmBygsgety
359633Mndgdnm, dgn X).

banBBamgbm  as8mogmgdne  Bo@aMgdpeme d@odnsbnb mﬁaaﬁn‘baan 9696annb
2535m3932bxnob @s3a380Mgdno. Byomdamnb ysbadomnad gs6agnb 3Gm3gLan gmyd®Mmmbydab
Bogomn Agndmgds 9839Ggddn godmabobmb. dmbGEamn o@s8nsbnb MAZz360D3n dmbgg6530L
3gFnmEdn aognbgdl =264 LE.) yobadoeb Bgmdn @ gobadamnlb mnmmymenn s@man Byemab |
Ammgyamob BaG8mbogdbymam LagnBmgdl Gyormdamalb 2 nmbbs s 2 grmyd®Ambb. momaqbe-
tmad, HmB gmagem Bgodn mEgsbebdab yggers YrAI@dn dgmgebydgme boyzgon bngmngmgdnb
Ammaymgdnmet 1o633smnbs a6 dngdaMmmgds 2,86- 107 gemg@@imbe o %38mfn @gbab dogms
2efinb =76 3339Mb. 76 +3356n bayBomm maen darnsd. Rzgmmgdmag 100- 3o@ns6 BsmgMadn
aoe0b 76n, fﬁmaqmb dogms o6 amgaaégbo 1 oaagﬁb 29J&Hmbgdab aaabgmab bydb@Magn-
6 9.:536\:;9%3 399bads3gds =1,13 gmem@ob Gmmo Im@gbgnsmms bbgamda. grmgd@Pnm
0By pmgdda gmmgab Goﬂfﬁoaqm 333p6dy admagy godgdl. sby Gma 1,13-76=85,3 3580, by
3233n360b MM sBnBaab Bngh g38mygbgdmn Lnddmaghy @sbenmydnm JrMab 100 gogneb
9233 ®E e boorgModn go8myg637en bnddemagMgb (Bmam@(3 36mdnmes, 1 go@n bo8dmagnb
®Amb 1.65830 Ipbmmgdmern 33smds 1 gmmmb 3ggbsdadgds). 3Hgdbab (3ogemeb gbigam-
Bnfigdob Bgmyase 65®3m86nm gbgManb (s@g-nb dmeagymengdnb babam) mrMgon dmabdaml
Lbgseabbgs Lodgdomb JgbobMnmodmam, ddasremse, BogongHgdams beBoybdn, 3ubmab
893788323n,. Bagonggdsms - Bomoogaogabaan, Saﬁagqm 0337mmbgdab  ao@amgdobs @
av8mbbnggdadn.

JFgobab gngmol Smﬁaamgﬁ gUSJGnmsnﬁgbab RNEn aﬁnaasagnbo 96ng93> mMgobabanl
Lobegmbem 3Gm3gbgddn. FogMad banGswm, aoMgam AnGmdgdnb Bg(3gemabsb o6 - bbgs
BoJ®mAgdab - ad3mabnm, nfimggge Bagmnggdams beidarmaGn (3gms s, Jobmob ghong,

. byboggab 3Gmagba, BmABamyga 8mamBafgmdal 3mEagbs bmM(ngmmods bbzamabbgs
39wn33876@0b, goMgadabs oy abzgbgdal Lodysmgdom. damgndaab egsmbobabom, gb
brogds goRdgbg e bab®ndgddy Bgdmg8amgdnb abno.. _

- Anmgndnd  a360dsMBgds AmamB(y  Fgbng@gds, - Fm3gmmag  dgabbBogenab  gmboce
m5H360H88n 308enbatig dnmdndnyM IGm(39bgdl, Boon Ggammnfgdab 87J56aB873b, 9BgMHannl
Ba8mgabaobis @d BFHobbgmEdayasl (30M@ogddbsb). dnmdndanl, Amam (3mbaen badysmmb-
6 sbmnFigdymo 8y(36ngAgme mabzadmnbalb, 5363 me Jgbbsgemabamgab 86n3369-
mm3obBnmare snmpdgmes @nbaymfe @ gmomergfe godaal bogmdimpdel goemds
(y3aemd dnmgodogfn Hgodand Bysmbbbadn 8nBrnboMgmdlb @ J8mMRnmgds @odayyGa
gndnab 3obmbgdb. (gnms Jao ®mogzabn dybgdam ymemamYE Baglob boMImamagbb). nbgomn
©obandemnbgdnbiognl, GmamEin(3ds, 8sgomomam: 9@a3ns6nb, (3bmggmen @y 83gbatgms
gabammmans, 3838 0ys, 33789, GoMBogmmmans, dngMmdammmans, masmom, 8gmn30bs >
Bom@gdbmmmangmin 3Gm(ygbgdn (Bsgammnmarg, m30bab, ergenb, Boab Bodmgds) — dnmgadnals,
Gmamiy gudgdrgderg@n 853bnMgdnb, (3mEBs, mEbim badygeFmbodb Bndsmargdadn,
©mInbobBMna.

bogfPomm, asbsmmpdnme sm@a8nsbn BaMdmumanbgmnd damgndonn (3mEbal a0M5dg.
©ngb d3omJndnd gnceMpgds daMncorarg bado AndoMmagmgdam. gbgbas: 3(3nBafgms domdndns,
Bmaoen damgndns (839606500 dnmdndnobmab gHoem 8mngagh bmagemas domgnBeob) o
3580560b (LaBgmn3nbm) dnmgndna.

a3memb, abGaFablb dmymadame o6 adbgds, o 3035(36mB0m damgadand 5a53nma6360b
doGnmoe JAmbmmmaash (nb. @36sHon 1).

23



1.3. 896896930

96b08mmmgos  (ggMBgb@mmmagns) amgmpds  @962dpmEmMgy  dnmmmannb  gRa-76
LBRogem 8%oMe B3bnghgdor. 887985 aodagMmmns 3Msgemn gbbndab (ggMdgbeab)
dofggmee LEHIIBIRe, morabomos j@rafn 3g6EMeb omboamds @ dmemg el
Logfgamn gmbangghogns, a@yagames 3midgmgdobs @ smb@gfingen Goagmaganb
39Jo6nB8gdn @ bIgngnPHmds. dmmyammfn dommmanob MEaEgb dembyjem nogmgds
396980ga6n abgmMBagnnb Bs@sgdgma Bymgnbob B835378nb d3ombobomgddn dmbsbarmy
3068368,780L  (Imernbyymom@emgmbgmcnmabs, Qsa-aménagﬁo%o, b3-s8myamyd e
©68-3mmadg@abs, 2By Rgagh@sbs ms Lbgs) smdmPgbs @s Fson Amddgrgdnb babasaonb
©@3365. o BoMdaggdom Foms Banmzammb 5336376@ Mndmbagrmgabnbs s, asbbagnm-
7800, 3960l JodagFn bobogba.

bs8geMmgy gbbo8mmmannb - 3mmggnmgGe 96%0dmmmganb - dafamor 03mzabsb
BoM8mamagbl gnbammmangMar s badMgbggmm mgombsbnbam 36n3365mmmgabn gg™3g6-
&030b Jndngin Lobogba s Bomb LBAMIGTPILY @Y GPBJEeab BmMnb Jo33nMob owagbo.
96%ndmenmannl magam IGmdmgBom Jgmag MRgds Labogmberm 3Gm(3abndBn §gM3g6&dnb
3mgagmpdnl nb&ndumn 334s60B3gd0b 3363393

dgndmmgds  gogoepmmom, Gmd mobemmgh  8mdagemdn  gbbadmenmanalb  aabgnmagds
2535380Mgdmenn ndbgds BababBam 37@Rgmmo cmgabgdgdnb 8Jmby dmmngn(3nGgdymn gg&agb-
B30l 8omgdoboab. sbgmn Imbabmgdab a33meJdab Hgmadeb 39670 nbygnbgFnnb 8nmbgggdo
admags, o3, oogab Fbeing, Lodgmamgdob dmgg3gdb dggedmbdmae mebadgmmmyy 38gby-
©EImdade qnMdgbgadeb 8mgdgmndnb 854o60b8330b BsMagdmemmdal Bgbobad o, dgmy
8bing, bEgmaymo, dmadeo, ByHaZbGame Jodarmndab gubresdgb@nmin mgmGin.

@nfdgbggdl, JoBamabyFn HbsGab 208m, Lo M@MAm 8bosMee 86n3365mmmds pbnggds
Labsmbm 879GBgmdnb nbgo @IMa 380, AmamMngas: IPEnb, gagmab, cgmob, mgebnb, Ranb,
033d5Jmb Bamdmygds. ggMHdnbegdn gafome a98mnygbgds gn@ednbgdab, sbEndam@njgdab,
L3 PMbarm 3MndaMa@ndab, Labydgdnbs o JodagFe Myed@nggdnl BamBmgdadn.

n®Inb@dob 3mBgdnbe @ mgabgdgdel (3mebs Sunmadgmme 3nGmdss bagmgbenal
nb@ndyen (majabn) 3gdsbabagdnb 206 33930bs 3 glBogmnbamgabs.

96bedmmmans ofinb bBmMgm ob 85(36ngMgds, HmBgmni Igabbogernlb GyAdgb@ 3L, dsab
393 39mpdabl, mmgamnboznab, aodmymanbs @ 338385brmnb 8gmmegdl, 8mddgmadnb 3ggs-
6obAgdls > bLIJEn@INGEMBL, @abngyM-JoBen, MyaTmeBmETm ©d  Jnbydeaae
o30bydgdl, smbagmdabs > gbg3nsL, dnmbabamgbbs s Gygmeaggnsl.

dBgemns, 3mndndbmb abgmo dnmmmangin gabogMgds, Lama o6 a23mnygbgds Hbbn8m-
memans. obgag oF Bgadmgds domgndnsdn, dnmgnbnisdn, @nbommmanadn, edmeemanadn,
8n36mdammmmanadn, 33mn3rbsdn 9aMgogy 33gd0b  Badbmemmanabs mo bbgs 8mBorbagg
35330 3m87dagy ﬂdaqadaﬁn, Godgmngy, mognbe, b domby b3gngnima 3amggabeb,
3gneGmE 6 nymb ©s353906 93 5bDndmmmansbmab ©s 9% nygbgdrgb gbbedmemmang&e
3oraanb 0sbaBgreimgy 3gamegdb. yapmaggfn gb 3g@yarrgdb 6Bndmmmanal, Fmameiy
39(3609Mn30ab, aoa8by3g® 86ndgbgmmdabs s Bnbin MBIam FgbBagmnb sy30rpdmmdaty.

LnBy3zgdn ~5933580° @d .56BeBa” Labmbadgdna. sbggg dg3bng@agds ga™36@gdab, 367
06Bndgdab Bgbobgd, g.0. .@gR3gBEMmmans” @S 49bbrBmmmans” Lobmbndgdns. »8ysdim

24



Joogm, Gybym, 3g@dsbgm bLadgaboghim moaMmensdn nbdsfgds ,539M896@ 0", bmmm
28903, 06amoby® s Bmaegha bbgs madghsgnGedn, mdmagegbse — ,g6bnda".

&98060 ,x39MB896@n" Bgdmn@abs 8g-17 baygpbgdn 3mmabrmngmas
396930b39@yz0mBs IgmdmbBds. Bs@dmmagds ab momnbya body-
30ab Fermentum, 653 608653b mpmomb, mgweb, 3ggomb. bogygs .gb-
B0dn” 3o dgMdbgema BaMm8mdmdabos (Ev — 3n, dogboo + Ldun - g©?,
33900) o 603bagb ,grGa@da”. 833060, .BgM3ghEmmmans”
6065M3mgdns memobyMa s dg@dbymn (Mdyog — 8g(360969d0) Lndy-
300056, g.0. mMn Lbgomabbgs 96a®sb, bmmm ,96%ndmemmans”  —
8bmmme d9Mdbnmnesb s, 88mgbom, bo3mmgd Ybgmbmmmdal Jabab.

0bBaMgbdmymgdymo o 0gbgds, o7 asgobbgbgdom 8 ™o

$9(M8aBob — ,59M86@abs" ©> ,g6%080L" BaMEm3mdab nbgm@nobog. 8 Z"‘?Zg? fgf;a”’eé“

(36mdnmng, Gm3 Lagysto abzggb BomGngn FodMgdal, dsgomomsc,
am3mbob b3nGEsm ©d babdnBmEgabasm goMmsddbsb:
C¢H,,04 = 2C,HOH + 2CO,

38 Mgojaanb  Momgg-
BmdMngn dbsyg 36mdamo aym
X®  gogy 85306, gorey
©306mgdmms  Lagygmab
8mbabomgmds 83 3Gm39L3n,
Gmdgmbsi b3eGGymn ©y-
moera 9bmegds.  (36m3oemds
@abads 3g(3bngMads, msbs-
8gcmgg  dngGmdnmmmaanl :
828580035685 > §dgdwmy- @0 by oL@ b odnba 276 E dogbbyfa
dgmads, BMmabads dnyHmdom- 1822-1893 1803-1873 1860-1917
@mads ©> Jodogmbads, g JobBgHds @33 039, Mm3 LM EYmn EYMoMo dommmaontin
36m3gLnd @ dnbo BaMdsmmgnbamgal syEamgdgmns 8o3GEmmEmasbnb8gdn (bogmg®gda).

dobginb gb >5m8mbBgbs 7BnbssmBrogagdmms agM8sbgmn JoBagmbolb madnbnl 03 wEHmb
35358 mbgdmm Bgbgmnmgdsl L3nGEYm EY@omDy, Gmam@g B30bms Jodoyd 3Gmzgbdy.
Boaed FobGgMn (3@9dmms. 8L 8noRbs, GM3 LInGGYme Eymama dommme FmEbsra
mMa360D3gdnb (LagyaMgdnb) 8mbsbomgmdabsl 8n8mabsfgmdms. nan gyMrbmdmes 333mga

3L: gumdbob B3960b ao3bgmgdabsb @abnAym Fu@gdgmado Bymgdmes b3nGEyma momn
©3 530b Bobgbom JobBoMb bognzHgdab, oy 3gadmads sby nojgab, baggmormn 8ooBbwoa.

g Bonbbyds’ 1897 Bgmb 3968560580 (Bmagasbgdam gn 1911 6. mgdsmgsdo
6abgodo) ©ssd@g03s, M3 b3edGym Eomemb 0b3zg3b oM Laggsfa, o383 dsL3n
2(bgdgmo bogmngMgdgdn. Mowash kM jowgs 33306 8osRboom, AmMI Eymamo bagmgHal
3mbsbomgmdom sl joGemndyn IMmgbo, 98 BogmngMgdgdl @336 930 Ybmmab.
30766960 Lagmzenb PROIEIL bEHJLES bgnbmym 8absbmsb (Bonb gmegdaskn B3Gam-
856 33emgabn  Jobn, Gmdgma Bgmagds Joygro aogmgbmamn ghogrGgmnsbo osEmBTHa
80gAmbym3nmn Byomd(3960(ggdob afmmgabsgeb) gfmom ©> 3nmgdyen 8obab S@oGgdms
b3gEoesmy® BBgbdn. 38 abom Jargdym, LogyesMal PrMIYdabast megabygsm, 3odggam-
359 BomBMa@lb 35063 3gmbes BogMob L3nMEI® @S Bab3nBimMysbasm aoMEagdbal Mbata.
2©09d8my as3bgmpdamn gomEHoGn dnmnsbom 33Gas3ws smbadbym mgabgdsl. LEmGgr

" 20683670 JoBagmba. dofaose 3Gm3gda = mAadbym JoBeobs ©d g6badmmmansdn. 1907 Broob Bmdgemal
3Mg8anb cpan@Age@o JaBnsdo.

25



3nmbbydinb semdmBgbob Emowsb ©nbym - @mgbe aMdymmyds
33935 B9M3gbEgdalb asdmymgabs @ 3363g6mnbocgab. 3oMggmo
993368930, Gmdemgda(s Bnomgb JENbEImYE (3oaMed >Ga3m3mag-
B:6) BamBsMgmdadn, aym gegebs (bodbgmn’, 1926) ms 3ggbobe
(6monmBmdn ", 1930). 33ygsdaw sbmdnm ggHdgh@ns domgdyemn 36ob@o-
) s 3m3ma 96y 8ramdsGgmdsdo.

36y @M336a3L ymyEbgb ,mMasbabgdgm” w©s ,,oﬁamﬁaoGn‘ba-
B goMdnb@ndom. .mMasbabgdye” ggMdgbEgdl ogmorbyb 0b@d-
860 bogacol PxrEgEgdsm, bomem ofomGasbabgdgm” gghidgb-

0L — 94bGBoa0Mgdag, 561 bbbor §gFdgbggdow. m;g:#-;gig“"

1878 Bgemb a9/3sbgmads @adamemads gomo 7690, Goms Sy30-
mgd06s BghdgbGgdab sbgmn mMBogn 30agds @3, 3Ja®b 399m3EnbaMy),
259308Fmdsbo,  Bobopomgds  Badmayghs,  .oMemMasbobgdyero”
B96856@9d0bsmgob gbmegdnbaoc ,g6bndgda™.

36m3dnens, M8 ggMBgbgab LabymBmmgds dmmmamyds bygajbem
= 0%o" (580mobo, JoGomabs, domaBryIneAmagbabs ws 2.3.). LandGg-
Fgbms 98 @sdmmmydab abGmGos(3.

1833 Bgemb 3007685 b J9Mmbmd smBmshobgb, Gm8 stmomb 9dbEGsG Y
L3oMmE0b EdsGgds 06393090 Homa(z BagangFgdnb Bamdmgdbsb, Mmdger-

Lagz 30ohBs babsdgdmnb BogMom aoMEs7d60b Ybatn. 53 Bogmngigdab, ®M6 BFerimn
lb‘)l 1987

AmBgmoE emgb 3bmdammos Gmame(3 @gMdgbGo s8neabs, s3@&mMgdads
©obBsbs Bmmgb. ngo 3gMdbamn bogyzos o 60dbogh asbEomyg-
39850, 256 339mm0 EAML 3o68sgmmdsdo yzgme Bgdgb@ab bagMom
babgmBmeads 0ym ©asbGsbs, Gnb asdm 1898 Bymb JobBgmnb dmba-
@98 I rmd Babsmarpds Bodmaygbs, @asbGsbob dmemm bsdn sbm, g.0.
— 085 30g85@730bscn biydbEEsEEL (BagmngMgds, Gimdgmdy 8mgdg-
©90b 3396 n; GyMdnbn Bg8mEobamns agMBsbgmn 8g(360gMgdab
3096) LabymBmegdal gudabogal. ool asdmbsjmobogs, dsgsmnma,
39gbnbn, mGoggbinbn.

B9M396E 0 bobymBmpgdgddy, dsmn Batidmgdab Bgbbs s ymabagn- oa;‘ﬁg%’gr”
30300y 3omgg 0gbgds bagdsn. of smabndbeg dbmmmmm, Hmd ggm-
336@m>  BFngnamy®  LabgmBmmgdgdb, Gm3mgdag 98gsdamsz abdsMmgds, bLagydggern
@M5633> Gobogmb-godagmb-dommmads @ emmd Bagysts.

domgadagmbob asagdnm, bogmEbmgl bagydamoe Pmggh Mmbs s brg@Egdn 8306w
3MmEGEoGaMgdnm JoBoy® Ggsgasms 86ymdma Lob@gds. 88 Jadoy@ Mgsdinsms LofjsMy o
Bo(3mJd6ngn Bogmnghgdoms dbgds @BmInEgdumos 08 ja@smmnboGmmgdol (gg@dgbEgdal)
ngnbgdgddg, BmBmgdbs as8mndydaggdl gm@bamn Lab®gdgde. yzgms BgMdgbGo Enmss,
303658 yaagms (oms BIM8I6G0 o6 >Mabl, g.0. 3G 3d3b JoGomobsgmmob mgabgds, by
35&dmobob  gbsfn. sby Bspsmomor, IJgdmaemmdnba  Lobbmda sBsM3mgdl  gobadawol
&Ho6L3mEE ML, Fombobab LaBgamgdom BoG3mydL Jbmal 35393330 s bbgs.

" s8pfnggme dnmdoBogmbe. definmamn 3GmB3n — GgMBgbEms JoBnadn. 1946 Brrab Bmdgernl 3Egdnal
@96 eEn 08053n bBgbnboob s EmBarmmIont gfhmsm.
28gfnggmn 3nmgndngmba. dofnmsen 3GmBgdn — gaM8aE®me Msgngdab JoBg®ngabs s 85756nBanl
gLBogmadn. 1946 Bennb Bmdgmol 3Gg8anb monGgs®n bdnbmabaob s bodbyhmsb ghimswe.
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99396@0b Smenganemodn 38n6mBgagocs @obadndryghimds aoba3nMmdgdl g3gfBgbdndi
Imob  a0bbbgaggdsb md, odgesd a2dmdrnbofy, 8sm Ingd joGomabdume Myojanios
bobnaab.

458968 930b bBAYJEIEDm mMaobnbaznaty o6 Fg3Bgamydn; 93 bsgnobby gobogdfizm
Babs 0na38n. 8g39bgdn 8bmenme 3gmabyger bEGTIE DAL,

396gnbomman (3bmggmmgfin Ba@dmdmdnl 9396896 arEI@ERIInmAMz365B0L dgmon-
bgen LEEYIGPHS. dnbin BmEmgyPmgMe 3obs, 333Ma dnbo3ndnb 6abdo, ysbermgdng |
8nenombnb Bmmna. @abmgns(ynnb 3gmpasm Bnnmgds LdgFAmgYmYdn Immy e Y™n Sabom
250000. gb 3B y3aegdL nBady, AFmd 53B8966n EoFImama bl BB MadgAb.

EmBobbmMmmds B@Madgha — 8mbmBgMn sgnersE dysMmEyds @ Smennsbom Igjagomns.
Lonb@afAghms, Gmd GEMsdgfuma gmAds babnommgds amPBdsBrgdnmMmmagbsdna,
bmgom 8mbmdgFgmn gmeds - smobnbrydneAmagbsby®n sJBngmdam. 28 Bogsmecnmab
Gaonemo RobL, oy s @nme 86n3367mmds pbnggds Bgmobgam LEGHTIGTMb gPdgbggmn
23@o3mdnbs > bLIJEngayTEEBnL  bagnobdn, gn. Boomim  Fgmagbmpds  3o3dnfn
LEHIGTHIbS @> FPBJEeb FmEnb.

gmobyamo bBEYJeIGeb 8Jmby 59h8368930L bydaFmypmdsre @abmznaznd bregds,
8oa5mmnonr: 6M amebognbjmmenmem, 8BM dstemgabame, pH 2-0b 8dmby mn8mbab 3505500,
Na-nb emEyEembymgogne s 2.9. 53 5330E330b dImgamgdobab o6 256B5393nbab, bdad
d78mbgggedn, brgds Mgabminsgns ggMdgbd o sj@ngmdnb LEgmn (36 EaBnrrmdMnga)
2meagbnm. (3bomns, 98 @AML smajds Labynbn LEAEYIE M. blnfae GIMIgbEIm Sjdn-
3mdsb 339m03673L menngmdgin, bmenm Ligdghogyen o6 JnMns. bmaRg® brgds Jnfadom
- 953968 e 5J@ngmds sbabasagdlb 8mbm3gEl. o enomgnme badgRogaera s3gme3bgdh
33Bngmdab, gL Bn86ogb GmB8 ymggemn 3smasbe mbrs dgn(3a3eal afm sdBepe (306@Mb dsnbyy.
o7 bYdgFmgaEb 3B 3dab dgEngmds, bagodMgdgmas, FmI sdBogGn (356@Gn 3xd8Enmns
oG 36 8g@n LI FmYYmabagst @s Bson @nbmaszanbab, 379633nz0s, sd@oTfo (396@MAn
206403935, ©JGIGEIInmMmmaabods (9. 1.1.1.27), Gmdsemng nb3gab Gdgdgagob @aygabagob
3nGmymGdbnb 8go3om, gmad@FmamAgbab 3gmaase admyze gemab § Db @ byenagl
273b ma@oGEyInmAmagbobaMa sBngmds. mad@e@ryIneMmagbsts dmmyynegin dsbam
135000 3gmagds mobn LmdgRogyenbsgob (Imemgyyeeg®e Bsbne 34000), Gmdgmosgab
onomygeee 3633JEn7Ens. 380bmdgegca 3gmagbammdnm 3o dggbadadgds m aablbgaggd e
ImrndgdGomyB  xo33L. onomggm a3 LEdgGogpemb  odzb  Lbgs  LudgMagmmpdonsb
abemgoagonb 9bsFn 3J@nMn BBMadgtob baMmdmg8bnoi. (3bamns, mGn bbzamabbgzs Grdnb
bygdgPorggemob 3m3dnbodigdac nnmgds BoE™s8xMnl 5 goGnab@n (bg®. lL1). gGon §edab
LdgRmggemgdn do6dmBL ammob Jbmzaedn @ 3nbndbgds H-no (Heart-amemn), 8gmcig §ndnb
bdgFagamade jo — 3960l Jumgamde s 3@nbndbgds M-nm (Muscle- ybon).

H H H H H H H|M MM
H H HIM M| M M| M M| M

bR, LY. @] ®d§RIInRGEMa 56Dl nDmggMdgbegdab LijB3s@nHn 20ambabamgds.

Lb3as@abbgs Jbmanenda o8 5 ndmMgMIgbEnb GameYbmdMnga 3065Baemgds 356Lbgozgdmmos.
obaor 99MdgbBgdLb, GmBmmaday JmENBrRgds 30bbbgaggdamn 3gbgdnom, 833628 bobnsmmyds
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o%o0 s ndsgy Moodponb Fo@omnbab gbstnm, nbmgaMdghEgdn (ndmgbbedgdn, nbmBadgdn)
96mEgds.

33@pen (33580, G5M39680b JoGormnbyMn ongnbgds ©8M InEgdYmns Bnb smbsgmdaty,
353658, 8nmbge3a 98nbs, PIMHB96G 0L Acrmesba Bmeg s Jo@onBIn oG 0madL HIgomm
AmbaBamgmdab. goGarmnbgfo bsfn o 5380Mgdmmes §9M3g6@nb 3Gy Pdsbmab,
6mdgmn(g dgademgds B5magdmmglb dbmmmm gthon 396 3397mn JedamMo eRaTIBISNLg6,
26> 7d36mab, HmBgema(y BoMImamagbl gmatgdnm a@dgm godab. 13s6sb36gmab sj@ngmds
©38m3omgdamas Imeendgddorn® Raggdn dgdsgeme (or3gpme 380bmBygogelb dpmanhn-
@mdobd o 063308y 3MHmdady. 28Mozem, J@nnfn mMdsbn gRdghEab 3mmajmeab b
BaBnmno, Amdgme dmaegh 08 s3nbmByegm® 623mgdl, GmBmpda(y 8mBaBamgmdl §aManbe -
LyRbBGsmoe 3mBIrmgduob BaMmdmdbsda, 967 5.6. 3MEBIJBHG 3806mBgaggdl, GmBmgdlag
LdbBMa@nl mmgygere PJogderfepds (odrgbndy BgMEnrmdn s mabnematmyen (nbacn.
auxilary) 580Bm3g5393b, AmBrndbagy oM sjsb Gnﬁgaanﬁn, 97p9me @adogyfin jogdnn
LYBLEMIGNL A Eob;ab, 8538 SbFgemgdl (REBBASAY Mmmb. sj@nryco (3368n
§9M3gbBnb ygzame — 3oGgamaren, Sgmmgyme, 8gbadgmera s 8gmobygre bEGYJEgmidaomss
3963nAmdgdmmn. Bma(3o3b 9B Mdabb @s bAMEzgmymaL LdbEGIGL 3m33er856& TG
233533nM335b, 33Ggmgg bIgaemngnmmdobs s Jogarandb.

qgM3g6@alb ammdmmob Bobamn, GmAgmng 36 Jgeab SiBrmc 396@M3n, @ Ameb
bAymgdb gMadgh@ab dmgdgmpdeb b@sdormammdab 35baMBybydadn. sgominasm, of)
G0dmbygmgabol 8mempymmob Im3mMmgds InMzgmn mia  580bmdgogobogeb 958mastin
aM>3396@n, ggM8gbEnb od@ngmds o6 Bgapamoda. dgmGy by, 98 gpRAnbEL 73l m®n
Job@nobob 633mn: 3nfggrn 8g-12, 8xmMg gn 119-3 dramBstigmdadn. oy gb Bodmydn dcomgn-
Fgd7mo ngbgds dmbmomma3g@s@0m, BaH3gbEn domasbsm @ 3G aa3b sg@Bogmdab. gb @ajgn
085 Bngoncgdb, Bmd InbBomnbnb meingy 658ma Bgmob sj@ontn 396G Hnb gmanbaermdade
©o> (Snmbgesgam ndabs, AmE smBadbyen 58nbmBgsgndn gGmBabyanbagsd @aznmgdyeons 107
39nBm8go3in BaBomnm) gFHcm3abymnb 8n8aMma bogM(3gdn osbrmgdammns.

bmgn @xRdgb@n oJ@nmP  (336@Man  Bgaegb  (3nbgnboli  SH-xawm@qdL.  sbgoos,
pamnmar, momddnl gzgms dgbBagmnmn )dneGHmanbabs ma 3IGmEBgabgdab 1858 bmds.
BIFR3gBGd0b 3B (3968 Bnrenb saBgmgy mnbabnl £-33nbm, LyGrbal InAmIbneanb,
3obBnenbob 03>y bmemyAn, BnGEmbabab ggbmmmHo gan@n s bbgo.

JdMBIMIT6SI30 RO JMBOISMAHIBN

9396 Bgdn aymap daGGn3 o Morgm @MInbBgdem. BomBogn @39 gbEn dgmands
dbmmme gommgabn jmB3mbab@nbogsh, Amymn gn - (3ocnbs s Foboab o jozBnMgdame
H3(30mmaaba 376930b mMasbymn BogManbogeb, HmAmnb dmbsbamamds smamydaemes
@uH3gbGNb 5B nmn dmddgmgdnbomgnb.

PoH336@0L (3ormmzeb bobnenls 93magMdgb@n gBmmgds, 3Gaemmgsb Babaeb 3o - gmgyH-
39580, mAngab gfmor 0By Imosb §gMHBgbEb — Immmgg@dsbEn. ovg Jm®yMm3g6@n Bgmaty-
o 9Byn(om oMnl 0333808 mn 33mqgdgbBosb - 8ol IGmbogBmer RaBLIG
06mEgd9b.

g9Ragbdgme Mgodanb Bgmpase JmggMEgb®o oF aobnpmab goMmegdbsl, dsaMas,
Bmgagfion Jmbymagmm 3g8;mbgzgaedn, ab Bgadmgds asbgnbommo, GmamGg bydbEMegn.
3sgomnmore, (MM3aamn ©)InMmMagbsbnl Amd8smgdnb @AmL 3mgam3gbeadn: Baw-H,
bomg-H (3mnbndbgds obgy: Bom-H+H'; BamgyH+H'. Labamddmasbgenman a38mygbgdamns
mngg gmEds. bo H: s Gomg-Hy o6 afinb M mBgbrgdamn) BamBmapagbl Bysmdaal
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LogFs8mAnbm dnmdn8agn 3o33nMnb Bngl gg@dgbBadn gobomagbgdamas gdab jamaban.
ab Jasbygdns: 1) miborm®gmndéobgdn, 2) §Rbbggmsbgdn, 3) Anpmmmabgda, 4) mnabgda, 5)
adm8gMabydn, 6) mozadgda (Lnbay@abgdn). Jmmobngngsnaslb Lagygdzmam P@IZL Jodocme-
bgdaeme GBgogdaanb §ndn, 39fdmmp, Ggadinnb Re37nMn, gmGBsmmMn Gmenmds. (bamns, MR-
3nnb a6 nd7yHn 8gdabndn @s FMarrgmyMn 3mB3mgdLol BoMmdmgabs o6 &b 8byrggmmdadn
dnmgdgmo. 3ensbogagsosb bagyndgmor @ogoem Jndaga Mgedns, 38nGma 3aM@G gGon ggé-
356@0 39 3onmgdlb Fognmbamy™ LabgrBmendab, o (36mdnemn 36 ngb73s 8nbn Jadogin d7-
Bgdo @3 Jogomnbgdmmn Jndagin Mgsdganb babnamn. By36n86ag, Fm3 ggMdnb@gdab baghao-
3mEnbm gmabogngsgns of sMnb dmmmdmy bhymymgnemn, Aaeash aaMiagnm dgdombgnzgddn
3% dggbodsdgds mEaobmem  Jodnddn  boymagmorsmp Bnpdge JoedegRo Ggegngdab
Jraboggngonsl (qds g/ nbdade sMbgdama nb3g3L nBagg god(3ngdnb 3oGamnblL).

mdboem@yend@obydab Jrmobdo aogmmasbgdmemns nb §36836@ 380, GmBmydnE dmbs-
Bompmdl gsbags-smeagbom Ggod(3ngddn. §GobbaggFabgdalb gmobo dmn3aglh @gMmdgbegab,
Gm3rgdba(y gomosdzb Lbgoabbgs xamge LMBLEMsGL gMomn Ammgygmemsb gmAgdy.
JoAHmmsbadn, nbaomn ggG8568 gdns, AmAmgdng 06373L JnEMmEndaM Gasd30gdb. mnabydne
30 deob bdbEMagab dmroganmadl sMsdnAmendy®n 3bno @y B3A8mJ8bob mMIsy 33ob
26, 3nfagdoo, 8nngAogdl 335 oy nd Rampb m@dsgn 38ob dg8(3gam LPBLERIBL. nbmBgHs-
Bada 0b393b mEREMma BagMogdnb nbdmBgHnbaganb Ggod3ngdl. mnzabgdab, oby Lnbogde-
Bgdnb gemabda go adgMonabgdumns abgon §M3gb@gdn, Gm3mgdng sBaGamgdl Lnbagbal
%35J3098b s Bmombmzl sEg-0b ImBsbammgmdab.

geosboggagazanb (3bMargdda anomguee @9@836@L debBgMnme 5d3b mamba Ga3bgnbogsb
g3adtn dnggin. BogMdn Mnzbygdn gM;dabgmabageb Byfndnmgdnmss aa63aegandpemn.
dogMnb Jafiggrmn Gnpbgn 330R39693L, oy Bg8moen Radmagmnmn 6 yrmsbnEsb Hmagm Jeablb
30939036930 8m(zgdmenn ggBgb@0. JngyFnb Agmihig Mnzbgn 303mbabagb J3g3emsbb.

Jnfrggen genobdn 22 gagaensbne. mijunemfgend@etgdnl gmobdn Jgggemaba Bogonmpdb
EmbmEAnb 08 gana by, Am3gmos a3bneab aygsbagsb.

3gmeig 3mabBa, 5.0. BFMIBLGHHIBYBab Jemsbdn BngHnb Bgmg Gazban Rzg698L 0d RaTqL,
Aedemnb gaesBobag brgds. 8gm&g gmsbdn 9 Jaggmsbes.

3qLadg geobdo Jogrob dgmEy Mnzbgo Bogeomydl 38k babnamdy, Gmgmag gebagmab
3nAmmodL. 83bs8g Jerobdn 13 J3g3emobng.

3gmorby jeobide BagMab dgmmg Mozbgn 3abbademgMagl 38nb babnsmb, Gm3gmn gobnzeab
38mmab. 3gmaby 3emobdn 7 Jaggesbng.

3gbaoy gemabdn BagMob 8gmEy Gagbgo 0dmMBgMnbogaal Agodianb Gndnb 3aRzgbgdgemns.

08 3emabdn 6 Jgnjemabne.
89993Ly 3eobBo BagMnb Bgmeg MnEbgo 33mb 3GgEgdL sbmam BosG8md86arnn 3d0b babasal

(&03b). 390d3ba 3exsb3ng 6 J3paemoboo.

ogyfinb 85Ls3g Gogbgn as8mbabagl J39303mobl. miLomGyen]®sbgdeb 3emabde dgbadg
GAobzom onbndbgds Bge J(3058n dmBobnrmy o393 @mAn.

&M6bggHabgdnb yemobdn Bogenb 3gbody Maibgn PR3zabgdb 08 RanPelb §adb, EmBgrmng
a%603@nb  ao@s@sbob. Bbmmmme gmbamE®abbggGatgdnl dgdmbggzedn dgLsdy Engzbge
as3mbabagl 33338 mMnb Gndb (mbapmEgmd@stgdab basgbom).

InAmmsbgdab gemsbda dogyMnb 8gbodg Gnibga oB7LEJAL nd 3oL §NAL, HmIgmng
33603©0b JoAmeabl, bmeem mnabgdnb gemsbdo go — dmbobenghn xamaab dmbydab. ndmEy-



@Bgdab gemob3n BngMab 89baBy Magbge asFEIJ3bnmn LydbGMadeb, bmmm mogabydal
Jemabdn — BoAdmg8bngmn Boghonb dbgdab 5R39653gmns.

doggfinb Bgmoby Gngban Ba@Bmarmagbl PgMIgb@nb Fngac Bm3n@b 8migdue Jaadsa-
Jeabdn. ngsén 1.1.1.1. 8ngm3bgdymmn 3d3b sengmImmegdnmmagbabab @o 6086agh, Gmd al
3monagbgdames I 3emabdn, Bgo303L absygsba = CH—OH xanqb, bysmdsmgdob sj353@mens
6o @ Am8 ngo 53 J3gdzaaemobnb InFiggmn §aB8g6@ns.

d394cobodn o Jagdagamobgdn dmgagfm Bgdmbgggzedn stnbadbgds Ma3bgem 99 o Gme-

- @obind bn@ygoba .@s bbgs®. gb aojgmms 08n@md, Em3 Jgggersbydbs s Jandagdmobygddn aymb
s@aneon 08 gyRdgbdgdabamgn, Gm3magdngy 8mdsgsmdn ndBgds smBmpgbarmn.
. @3396@0 dmmsgbmpds Igbadadnba J3ndagmobob dmmmBa @s oM m@IdGM3a3L Gy@ag6-
&98nb dpMnbrgm bydgMagnab. dmbommuebymo gbgMbammds dbmmmm abss, AmE8 gghagbeo
gndengds o6 8memagbrgh pamermm 08 §MdnbEnb 335600, Gm3gmng ogabgdgdng dobmab
sbrmb asb. bagnfimgdabab. gndmads agBo@mb gemabydn, Jagmsbgde @ J3gd3agcmsbgdn.

3°bborrym Jemsbognga@gnsdn ggM8gbdgdn Bamdmmagbammas mn babgmbmmgdnm. ghons

Lob@gdanggn, 8gmey — Gg3mBgbmgdamn (badndsm), 9.6. FegnamyMa. babdgds@nymen
LabgmBmmgds bb@om 3ygbadadgds gMmdsbdb s Bydmpdnbmoggafor bMmmoe sbabsgh,
JoGsmnbgdmme Ggajinnb @ndb. Bngnoen®n Labgmbmegds Fpmamgdoom Gmdqta ©
2hsbybgn, 953M>3 Jnmodymn @ 303M(3ergdemna.

P93g6@7gdnbamdn dndmgbnm LBsGNgdbY s MypaMa@gddn, g.n. 8y3bagFye 36:-183630,
59FdgbGnb JaMzgmere bbgbgdnb Amb syEnmydmae Pbrs dngmnamb ggHdgbeab dngn ms
bob@gda@ogan®n bobgmbmmgds. 979mna @oLad393ns GFngasrmyfin bobgmbmmgdnb basmgds.
babeggmns gaM8aBBeb dnmemaamfe Bysfmb smbndabagy.

bagfamsdmnbm dnmgndon@n 3agdamnb b3gEnsmgGn 3mBaboab 3nge 35893sggdmme
59Magb@gdnlb Jmabagnga@nd @ bmagbyma@aGs BaMdmimagbl mom (bMamb. ggGagbgms
boo 36 3Mab LFrgma. BmangFon gaMdgb@n gadmERgbamns, dmanghon bLggnomyFom oG
afob Bg@obomo. gb Pdgdgb Bgdmbagaedn obgm @YMBgEENAL Bggbgds, MmBgmoms Sng®
JoGndgdyern Mgog3ngdab babnson o6 sfnb Db sw owajborme.

oy 1964 Byemb 3g8ydaggdgmo Jmabagngageol 8obgmzem gaM8g6@odnb Mommybmds
pomagbms 874, 1972 Bgmb ~ 1770, 1978 Bgenb ~ 2122, 1984 Byenb — 2477, 1992 Bgenb Gganb-
AoGgdam gafhdgbdms Mompabmdad 3196 dndmbos. 53gedae 3500-b 3j3Farm smpda@gde.
dmmm Jghnmean (2009-2010 Brmjddn) g9ManbBadnb BmBgbimodm®abs s jmabagngsznnb
dmag6n  dnmge8onbs s> AmmgygeryBe  dnmmmgnol  LagModdmobm  Jogdatinb
Bmagbyemo@finb gm3n@g@nb (NC-TUBMB) 8ngf 353m3s39dmeme Ggym3gbmognnm ag/maghd-
o boob 378585 smgammdam goMdgbgn. 3mBnBgdn agmbmab maga 8330333mm sbamn @3-
396@380b FngMab @abobymgdebagab, zowMy o6 Imbrgds oo BpBebs GiRagbgome
mga(30or7®, 8013336 (3bFnmdn.

B3R89680b Lob@gds@ngnmn Labgmbmmgds, Mmam(y Baba, Bmagds mEn BaBammnbogsb.
dnfggeon  smbndbagh  bydbeMogob Labymbmmpdal (3ndmmpgumae Ggajingdnbsogab
bBLE Ao gdab LobymBmrpgdsb, Amagmni as8mymgnmos men ByRGemem nbByMgormab
33f385), 3gmMg Babnmn 8onsgmmgds Las"-o0 m@s ghggbgdl Ggagiyral bobosmb. Infggemn o
8gmeig Bsbamn pfo8sbyob 3038nFgds aMdgmn gdsgFogdamn bobno (380b badbaa).
dogsmmocerg, §M836@nb, AngBna 1.1.1.1,, babggs@nggin LobjmBmmgdss semgmdmem: Bag—
mdhngmaend®sbs, bmmm $Mngasmain — smymImmeydorfimagbabs.

bobB58nn babymbmegdadn Rshagmas, Bsgsmnmom, abgmn b3gnsmyma bodyggda,
Fragmfingyss: Mo3985Ds, 53aBpsds, Fp@obs. GGngosrrynfa LobgymbBmmadal BoMdmgds
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Igndmgds Jamgg NBEM BGagamygtmaato §g@anbydom, dsgsmemem: §omEmIghabs, 3nbabs,
BmbgmGnemabs, Goenddebs, mjbeesbs, @IneAmagbobs, IgFmjbarsbs @s 5.3.

obems gMdgb@odal bobymbmmgdal Bomdmgdnl bBmaomn Bgbgdnl dgbobgd (3emsbndnb
dnbgegem).

dofggm Jemabdn  GFngoorrgfn bLobgmbmegdnbomgol dnnasmae Moym8gbrgdamns
©)IomMmagbsbs @3 MrEyd@ods. BgMdnbe mdbawabs nbdsgds dbmmme 08 dg8mbgggodn,
Hemrgbog Byomdaeabs @ gmydmmBadab 2J393GmEAL BaMmBmaeagbb gabadamn (oM gRmggds
3gmeig bgdb@Ms@nb 3mmggamasdn), bmmom mjlnggbsbs ~ Hmegls Oz dnfmsdam RsgFaggds
LBLEAIGNL Bmemgmmedn; oy gPmygds gobadaweb gMmn s@mBa ~ nbdoMgds BgMadnba
3mbmmgbaggbabs; saMgmyg InMmgbacnabs, oy gobadamab Raerzs bragds nmemilneanb
®37BNL Labnor. 996333100k M s@manb Rafimgabab 353mnygbyds @amjLnggbabs. bsargzadn,
3nfmdnos (bnbanbamgnb) dgndmads sby a98mnbabmb:

SH, +1/20, —odeme® g, 4 0
SH, + 0, —ome® ,q, h 0,

SH, + DH, +0, %ﬂ%m —~OH+H,0+D (D - yorndsmnb @mbmeas, 853., G- H)
SH, + 0, —&=dnagee® ,y6_g_OH

bobBg3sGngHn babgmbBmgdnbacgab ymagmogal a28mnygByds B3M8oba mdbnemMaend-
Goba. ’

Qgmy gmabidn, oanﬁneﬁoslfgaﬁo'!:abnb 3sMamgergfo, a¥dmnygbgds §368nbn GMablL-
23nBobgdn. nbBsfgds nbgmn GyMAnbgdag, FAmamMngos, Bsgsemnmam: Jababs (gamssgszb
@MLEsGYHo R3YYn), bymIgdebs (3naedmegyam g a3eoRayBIdeb 3g8mbzgzedn).

9gbady yemob3e bygedb L0Bab® @ITo@gds PIyemme Lydb@Hogeb Lobgmbmmgdaty,
bmaomom, Bndbagh, Mmd giFMdghgn 265ABmydb JomMmemnbol Agedigasl. a98mBagemablb
Bsm8mamanbl, Bdgsmamor, BB @2 3793° gmbgodebyda (p4.3.13.1-2) s Mygmagbrgdnme

"Labymbmmyds ndmbadn (gg.3.2.1.17). Labgdogngamn Labgymbmmyds nBsGAmgds gm@Anm
Lgdb@Gogn-dnmMHmemabs.

gmoby gmob3n Mg3m3gbrogdend: eMmdmdbomsbs, smmmmebs ms bLby. JneAm-
@n>®gdnbsmgnb a38mnygbgds mgdneMagsda. BgMdnba bebogBada o6 obdamgds. 23 o bbgs
Je2dbnb gBdg6@g8nbscgab (3g-6 Jemabab goMps) 3gadmgds 3o3mygbgdam agbab §3M3nbo
Lnbmobo, Moms bata g3agLasb bnBagbel grmgdgbdb Jodomnbgdnm Agojrnsdn. dsasmnone,
&F03Bmgabbnboads (g 3.4.2.1.20) @d 30b@dsmomb-B-babomobs (4.2.122).

8gbgog Jeobdn GpgmBgbmgdymen ba8gdam bLobgmbmegds wmagydbgdymns Lobgds-
&n3g6by. o, GmamEi(3 bagBam babgmBmmgds, 393maygbgds BgM3nbn ndmIgMads.

(35 399me gRdgb@ab babgembBmmpds 3mbyMgdegds, gMo di8mbygzedn, 3Mggndbgdab,
dgmg 993mb3n308n, 3atimagdbab bsbnamab Babgmgnm. Bsgsmamer, d3rmgnbognbm8gFats -
85rmgnBo@ — (30b-BFabbadmBg@Hads (33.5.2.1.1) @> Gndmbagmbgogabmdgmats — D-Mndmba-
5-gmbigs@ g mmebdmdgfets (gy.5.3.1.6). o smaorme o3k Bnasdmmygguera® admedabob —
B9Fdg6@b mbmmgdgh 3n@sbab. Fogsmnmare, mbamamnagFodambgmdn@sds — D-gmbgm-
a0(39638-2,3-gmbgmdnBobs. mnabgmn §odab Hgodinabamgab, Bsasemnodw, 5gRag6E d-

7 3mbog(3ngenmnbmdgMebnbamgal (§,.5.5.1.1) 338mnygbgds §7G8nbn - consbe (dorgniemnty-
35cma). 93 Jeobdn ga8mnygbgds @adnbgdn: Ma(398sTs s 9308gMads, Bsasmrama, trndabia-
(3985%3 (3. 5.1.1.5) @ @nd3nbmIndgrmnba@gdndg@ats (g93.5.1.1.7).

899d3by  Jemobab  g9MdgbEgdnb  LobymBmEadsdn @ofomE  as8mnysbgds  §aMa8nkn

LnBeng@oda. gb BYFdnba, BmamBy nodas, S Hbms ablsMgdmmab 08 gM3g6@gdnbomgab,
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Ae8emgdogy 36 bogafmgdb bypgmgmbeeambgadgdl. y3ams bebog@sbabimgnb, Lnbggdasn-
J3% bobgmbmmgdada, nb3sMgds §gdabn rrngsbs. bBnGns 3gdobangs, Gmmgbag bobog@sdab
nygbgdoh 08 gn@anb®gdnbomgnbog, GmBmpdng oF bagemmgdl Baymomboegmbeadydeb
969amb, Mo 3GsBaFmgdymns. 83 ymabob My mBnbrydgme Labyrbmmydnb 3y @odnb-
brbmg@abob (g4.6.3.1.2) bnb@ 3@ ngn babgembEmmydos 3@ eds@edmbasgenngabs.
8sM396mn ggRdghggdn. Bmangfion ggRagh@n mmysnbgdamos PrGaenlb dbmeme
'aﬁm 396b3d@m3fmem mEAa065medn. abg dsgaemomar, (3n@mghmd-c-mdbomsds (g3.1.9.3.1) @
- bjeebodeydnmAmag6abs (@g.1.3.99.1) mmyamnbadgmas Bbmemme Sn@mdmbreanddn; 3o@s-
b (g3-1.11.1.6) @5 amnmjbnmsdRgend@obs (@4.1.1.1.26) - 336mjbabm8gddn @ +.3. sbye
BoP396098b Bafygfmme @gR8nbegdn sBmuegds s Ssern dobgmgne brgds Abygrmds
brydrMaEgeen gHaganab babadmbs s Bgeafgdas babagmeggby.

V343068330 RS 3I3I3NRGIMBOMN 35MMTMBNIB0

obmo gafommpdsb ao308sbgnemgd ®@id30md by @S @oMIg6GIdb ImMab wFongEo-
J23906bg. BmamB(3 nodge, 3@33nsbnb Bgdnbdng® Jsommmang® Bramdacgmdal nBgggb
Jrdogfa Ggadanob BmMBamyfn 8ndrnbafigmdnl @Mmaggs 96, Laghomp, 3gByjode. gb
356baggmAgdne yoMasr RsBL 353 gnMgmdnm dgdgbame 3smmmmagngdob as6bnengabab.

- Gmamy Bybn, 33833npMgmdnme ssaorpdyde 3s8mBagmmns asMi3gmme @gGagbEdeb
Aimbrmmdon  (B9Lads8nbo  396930b 23m3zoMmbab 208m) o6 Bden oj@ngmdab F33g0Fe
“383ntigdnm. by T3 3nmcgmdng ad3omgdgdL 8ngymoabgds: aamad@mbgdns, ggbecn-
“308mbyHns, 39@3g8mammmdnbyBns, @o30b8n, omab Gdob 7BBemds, amyBanbafin

" gb@gFm3smna, Lnbbrob dgrpmadeb @Mmananb bbgomsbbgs gmMdgdo: 83833neMgménon
'Jnamaﬁnmﬁmabnﬁaano, LBOPIGGb GoGMHob ggendn, Igdmgnens A s B, JGnbBdsbab
123533935, 35393560l god@mﬁmb QO‘G“O"’@“: 30gd@obonb 2339m0 s dMagacnn Lbgs.
a5630bormmor beigagRon.

aomod@mbgdns ol bagdamm 8dndy, 853608 Bogmgdse 303REIMIdTme @ISFIR)PD @
dnfomaore a3b3mads 3533939330, ab am3amgmdl 65b30MBymadnb (33enb 8mdmadn. 38 @o-
a3ogd0b  LaB3GMAZdn B zgMim Jemnbmgdd SEMyPm sboydn, 338rga gn Boymadom
39nbndBgds. addmnba@gds Lobbemadn gomod@mbab dsmomn dg333gmmdom (JndgHasmojdm-
Bg803). Bsmacenns daba 3g83g0emmds FoGedng (aocrsdBmbafns). 90bBndbyemn @dgomydgdnb
efmb dgnbn36gds 38n6mage353nbs o (3nmgdnb a9dmymgs FoMmmsb pRomsm. ddmya brgds
Loy393nboBn Bmmbmgbnmgdnb Bgd3n@gds, 353830L 30630maMgdab BgBgMgds, amgbmnbs @
mgndmonb Bm3gd0l baaMdbmdn aormompds, Mabayy ImIyggds mgndmeb (30hmba, ogomgdnb
I58>M5JB0 > ambdab bubBn asbgamatigds. 878 30mMgmdnme asmagBmbgdns (36mdammns
«25m3J@MbYHn nsdg@nb” babymBmmgdnmagy.

sagboros ambndbumn ®aszsmgdnb Fndgbe, Gz Fgbadadeb |xMamde GMI6S
33mJEmBABLERsBal Lnbagdab IgByzg@no 6 Bobe sj@nazmdab d33goin Fnd3ntigdnm
26nb a08mbaggmn. gomod@m@mabbggMabs gn Bammamagbb dnfemoe @y®dnb@b asmog-
&mbnb 206GpaddBoms Roggan. 28 dzomgdab B5dmbagzadn 3oMa Bgmgab ndmgzs Loyggde
Gognmboeob 3ommad@mbabs s mad@mbab 08mmgds, gobonmob moBmbs Logdernlb 8mbg-
33nb 3GmggLbdn 0demgds amyimbor @O gomed@mbom.

@obomyo@mbyfnsy 899 3nEMgmdnon @o33RYds. 33 rMAML s3o@Aymegnl domde
306080372 3963nmmdgdyen GobeenornsbnblnwMmmibnmabel (Gobnmsmsobablb 30M@>436nb
Gnhmbnbom, @3- 1.14.16.1) ®yBnEedeb 338m, Jgnbndbgds gabammoemabebabs aan
Jo®mobammmanb, ggbam3nfimyy@dbnl 845350 moa Famegbmdnm moafimggde. *
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1.4. ®gsggools boRgsey, 8:9371EsMH@MBS ©s Gogo

3969809% (3n6g@ngyGn ogmeing, bbaoG.'onﬁaQ, Jgrabgdams agmina) gabBagmnb Jedanmm
> f9M396@nm Ggojaroms bnhgaMglb s 8abdy bbgsrabbzs gsj@meal aogemgbab. Jndnmn
@dmeabadngal badyermgdon dgndrmgds @d3oanbmo babEdnb mognbyggasme gbyHaenl
' 33eomgdy, Ggadannb EmBalBmAmmn 8mdngs @s Lbgs, g.0. 3gndmgds Bnbabbsd gogzso,
Smodzhnds oy 3Gy Bnogdnd, Gmdgmne dedsGoygmpdnm Bago ab @y GAdmgbie mMdsm
ﬁa@aﬁgobo Jndngfin a5hi@sJ36s. 82368 Mmmob anbygds Jodeyn Ggogine, Gmamein Lok-
, daﬁnm Bomndafiengds s Madrybo @Gm sbgafegds BmBabBEmgemn Brpamdsfgmdnb BamByzel
‘_.— -385By dsbbb @339 dnenﬂﬁn J769@ngs admaas. @G o6 ofinb myHamEnbadnynn boamy.
’63.>d(3nnb ﬁaamgnﬁgbnbomgnb bogntims godogn Jﬁmegbgbnb 3n8QoSoﬁambob Ja5m536nb
"3gLBagms ©s FMgoadynnb 3n4s6nDBab 3333935

@336@menn gnby@ngob Fgbbagemob odab morn’ 3Maj@nggmn 86n3353mmbo(3, Jgfdma,
. Bommmangi-ba8grogebm mgarmbsbMnbnm. PRMAIed @iRagbgems sdBngmdnbTbmmn, do-
m3bboMgdymn Bamdstgmds ImBgmb@odal mInMggmgbn - dnmmdss. J0bgdnym®n dabobos-
ogdmgdab mebs 333b8sMgds gnbammmanye IGm3gbgdnb I bbBogemadn, Bogommnmsr,
‘abmgLngdnb, si3nembgdnbs @d srmgsrnmbgdab, 03Ggmgg BmIbobidnbs s @GAs mEmanmn
-361935638,530b 8mJ8gmpdnb bobasonb maman6sdn. y3gms gobamermaan® IGmagbdn 556876-
B0 3mboborngmdnb. a58m Fgbademgdgenas bedgmbagnm 36735638 93nb  Babebrababyenn
B9MhBg3s, @obsbroogds @O 3sgorEgdc LBmMn 83mMbommmds. 3360 Badocrn gpMBgcgons
063ndngmEins.. Bgndmgds 0ds8sm amgdaal, Am8 3obgdngs bEPmadL a3@336y3g@ Hmeb
L23 37G6senm 3(-‘13306.)636& sdmBgabs @ Bscn @2ds3mEnbadn gob 3magbadn, saGgmgy
,35bo3380be Bgommgdnk s8Boggdsdn.

Jn8ogé Ggogdiamedn 3mb(3gb@@aynel 3eonengds (3mcgad033a) 3Gab @Mmob ggbiias
e=f£(t), bmerm 53 ggbgionb boMBmgdgmn mAEman — Mgajnab bnﬁ;joﬁao 28Fngam, Mgo7-
ol baRJoMg sbyg 398mabobgda: . .

dc
V—E (l)

a3obbmgrgl, ab asdmbabympds (Ba8mpdgmn) 36l afymgomn, Fmegbsg bogds
LaByobe BogongFgdab (LgdbEMmegob) ymbagbdMagnnb gdzaMgds, by gmbirgb@maggnab
#m955J(393° ®EmMdn omnbygde Jmgdoen @b(3nno (3Gmam) 3, InGryye, oy 63%ImJ36aemn
Bngang@gdab (3GmEyd@nb) Jmbgb&Roes obRmgds, 367 Jmbagb@caganb ymaogiogs
sanbyfgds bfpspn gybjpene (3Gmmnm), 33806 208mbabymgdab od3b amgdaca Badsbo
(LA IV.1).
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C 3) C 3)

AC=C| ‘Cz AC=C2'C|
At=la-ly A=ty

Cif---<

t
] O U]

t
by, V-1, Bngongfgdab 3mbygb@@onnb admyamydmmgds eHmby:

3) babynbn BagangMgdab 3mb(3368@s(3nnb 353 (3ngdnb dnbymgne
3) 62638m J3Bnrn IGmE Gk 3mb396@A3anb BAENL Bnbymgno

8mddg Bsbsmd  Jabmbab bagyndggmby, Ggogdinnb LoBjstg (V) of@omMa sbnb (c)
3GmImAgomend:
) v=kc / )

Lo k = IEmImB3anmmdol amago3ngb@ne. oJ@on (8mJdgm) dobae nammabbdgds oMy
3mMgoany Bagongfgdnb bEgme Gomegbmds, sMadgm dnbe dmerm@n (36 BmmsGyem)
3MBEEBMagns. | Bmabay MgadEnsdn m@a o6 8@n Bngong®gds 8mbaBomgmdb, 85306
Fa5J300b boRs@g, 8mddgm Bslsms JsBmBab mababsm, AmMgognfg BagmngMgdsems sJ@nafin
) @3 2 Jobab Soaffv.sargnb 3GEMAG30mmnd;

_ v=kee,. {3)
(1) @0 (2) gmE3gemnb dgmaigdom, Bagamgdon:
de -
—=ke. 4)
ok (

fgodaoeb Amb BmMgsgnthy BagmngGgdab gmb3gb@Magos dznfrnds, d(znfmgds Myag-
ool LeBdoMg, @admenmb, nan byl obrmmaegds. 3GMIMGEemmmanb 3magnangbdn,
Agod(3onb Bogma 8Lgmgmmanbab, Pa3egme GRgds; Be@m3 Bsb Mgajinnb  Lohanb
978035 (K) gbmrogds. Higsggnnb bofdomnb 3n@angs B3MBmomaghlb bornwegl, MmBemab sbds-
fAgdnama(y gedmyda Mnod(3nnb ©nbsdngnb mabsbnoscgds. Bm(3s 8mMgsantin Bagmngfgdnl jmb-
QI6BMaans ghmnl @mmos (c=1), 85306 bLoRgoMnb BmBngs GnEbamdMngem Mgaggnab
boRde@ab @means (k=v).
30GEadnfa Mgodgnnbsmgab LoRjsmab 3gm8nzs smnbndbyds k., bmmm Fgdcmbydame
7g5gdannbsmgeb k_, . dsgemmomarm, A Bogangfgdab B bngongfodam asfmogddbnbab agndbads:
A'_k"L’q___k B
-1
3063036 EmBabBmMmaabiol dnMradnfn @ FgdMunbadagern Mgoggnob LoBjsMs Gmemno,
23n@mB 3mMgognfig Bnganggdsms 3mB3gb@Meaanb 3mamgdag bamnlb @meo ngBgds:
dlA
A0 @ kalA1=k,0B), )
26y
B _k._
[A] Kk,
Loreas Ks. ~ 6mBobEm@mdnb 8:rp8ngab BoMBmamaqbl.

(6)
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grBoyfin  35G@sgdbnb  8admnbaymds  ©d3meEadnmns  dmeng-
Jaegdab 08 Finbgdy, GmBgmms phmngmnd8gegdnb efmbsyg brogds
Agog(aes.  Imesbrngmds  Jodoymbds, JnBosdn  Bmdgmab  3Mgdanl
30Mggmads eogMge@ds (1901), 5068-dmgds 1884 Byl 58 a3fisd653n
8mbsboeng 8mmggumgdolb Goibgn Logmdamom MM Ggog3ngdnb
20693M0ng"  geosbogngs@ash. 856 3gdmn@obs  30obg@ngedn (3693
495d30nb BmmggnmnGmdal dgbsbgd. s3a35Mom, ymzgme Gorgemo
Ggad@ed dgndmgds  asbgebommo, GmamGz Bata@ngn Ggsgd3ngdal
9B0mdmomdd, Mm3myddos dgmab ghmon, mEn 56 badn dmmygges. 8
953309330 8mbsbarmy. 8mmy yegdob Gnognlb Babgyegem jo ao6s-
bb3go39896 3mbm-, d0- > BHadmmgyMmn® Ggodinndb.

Laghome, dmEnmmdnl ghogymdn mmygymocs dg88sMnGe Fompgbmdab boggms,
Bmamig 000]39, domydymas 3mbagbd@aEenb ghognmen bLiMagdmmds. dsgamomsw, [A]
608653L Jn3mogbyfin A 8memggmmob dmen® (Bmensmuer) JmB3gbE G E0L.

Aoegbydg Jodogd asmesd8bsb aobnmal gHcmn bsbob gfon Bmmggams (A), Ggsgjiges
8mbmB8meng 3aeg@ns. 8mbm3memyinmy®o Ggodingdel boBjsky, 8mddgm  Bobsms jobmbab
036sb3s@, dmEymmdab gMogymde dymgn dmmgyamgdol Gogbgolb 3aMggmo bsGnbbol
306 330M3GMIMG (307em0s:

3568-3mgyn
1852-1911

dc
F e ke. (7)

B30 JoBagfn Ggadonb gmgdgbdsfgma sjgo gMon babab mMae 8mergggmab (2A) 56 mo
babab mnam-momm 8memggamob (A+B) ghnpmmyer 336rsgd6sbmsb sfnb ©s533nGg3gma,
6957308 dndmeng3nenn@ns.

30dmma3nmn®o Mgogdagdel bLofijemy 8miEymmdol ghmgymdn 8ymze mfagy babob
3mmagamob Gosbzeb 653Gagmal 3Gm3mM3ogmns:

% =kec, . )

Gm@gs  Mgojansdn 3gmeb glmn  Lsbob Bmmgyapmgdo, g.0. Gmegbs A=B, 385306
3ndmmygnmato Ggedaeeb bohdefy 8mgpmmdnlb ghmgymda 3gmgn 3menggmemab Gogbgol
335@M3Gnb 3Gm3mG 30ens:

dc >
4 ke”. (9)
bdnMar dmEgagnfy bngmngmgdgdawsb ghm-gMon 8mbsBomgmdl mawe bogsGdam (A>>B).
3539mnman, dammemabob Gged3ngdde Byomn smgdnmos are Gomrgbmdnm > 3gadmagds
Ronmgsmmb 3gm8n3 bomomge. 98335% Mged3rgdb gbyzemBmbmammy nmn®e gbmpgds.
3356DmBnengds abgmnggs, B3 3ndmengyamy®n Ggodineb 38mbggzada.

BoG@ngn §03ob Mgogd3ngdamsb d0dmmyamafio yzgmedy bdnMes. Gmzs Jodagmo
33Msd360b sg@a bada 8megygmob [Ls8a Lobob memm-mamm 8megmob (A+B+C) 56 gHon
babob ™o > Bgmy Labob gHon dmeagynemab (2A+B), 96 (2B+A)] 8mbsBoacagmdsbonsb s6ab
©335330Mg3mn, sbyon Ggo730gde GMadmmysgyios.

3bomos, GfModmegynmyce Mgsginal boBJsGg 8mzymmdel gGognmdn 8ymgoe badegy
8memggnmab Anbzob 633Gagemab 3Mm3mGzagmo ngdbgds:

dc
— =Kc,C,C5n 10
@ 162C5 (10)

adbg3ab  3abg@ngpmo  ogmMaol  osbobdie, 9@Imbggfgm  Bbygsbs s mosbal
®083gMmo@ Moy beBn Bmeggmmab gAEGMPmO RIRBI0L dSMsOMds dbRIG PGGE™
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Bs3emgdns, gopg mMa dmeggaemebs. s8n@mBa3 Gndmemg nmyn Ggadngde gmetgdem

nd300m0@ a3bamndo- BBMIBmEngIPmTGe ©, Snor 3@ b, Imern8meng Mo Mgadiagde
333 36mdacmn.

33333Mam, goBagn Gpadgenb LeRjsdy BaMdmapaghb Bmfgoanfig  BngoingMgdams
Imb(396@Ma(z00b gmbjnob, 36y
v=k[e]"[e,]" . []". ni+n,+. 40 =0 Qi
bamag € - i-ge AmMgageig Bngongfgdal gmBB@Mognss. N, -b gBmrgdgh Mgagianh
Eﬁnab i Bagoingfgdeb 3ndsfRon. N; modmmdb Gmam(y dmgen, oby Bammoe 36n836gemmaasb @
bognenb 3nbgregne banfar g8mbzgge Agegaenb Bmengynmumdab. yagms BmMgognfig
BagongMgdal 3nBafor Mgaj(3ngdab Bngas xs8L (n + Nz + ... + M= n) Agodiaenb bogBom Gogn
oBmegds. Bogsmams, ﬁoa;jenaan 2A+B—C Ggsjgnnb bobjsMg v = k[A)*[B]. sbge dg8abag-
3530 383mdqb, Ama ﬁgodeﬁa Jnfiggmmo Mngnbss B bagongMgdab, 3gmg Mogab A Bogongigdab
> Jbs8y Gngab — mMngg (A Q'a- B) Bngmngfgdalb 808sFm. Mgadigoab bLagBom Gnge
ggbadodgds ggb3gMndnbememoe a.oﬁbo'bqnaﬁ'aq Mg negdnb Hngbal; gb, oageb AbEng,
3962006m3g3b Fgsgynsh s FnzbamdMngom BmMgoantg BngmngBgdacs 3mbiy b@Magzenb
bahnbbnlb 85h39653gmmns xaBab Gmemns. Hgagdgnnb Bmegynmy@mdab a36badbmgMsgh d
9mmpgaemgdol Magbge, GmBmgdey Agscpfon dmbaBormgmalb Ggadganb gepgdnbEommm
2J&8n. Bgdmae 8m@abacon gob®mengdnb dofnmsm mgnbgdsh BomBmamanbl nb, Amd Ggsjgnnl
bofdsfnb Bpmangs @ Mgejpnnb Fngn, comggme JmBImBgBEb 8ndsEm, Mgojganb
8nBrenbafymdals By 336dnenby o/ aygemgde. ob 8B nEgmgds basanbn‘ 3mb(376@Haczanb
3nfgdab Ambag (9dbdgHndgbgab Ta3mam Bnﬁmbaban) ﬁgadenob Fngob  sMbab
asbaggdowm aossnbnqmm D Gogab Ggogynd:
de 2
V_E=kc 1)
336@mmgdal gormmgsfnmBgdng Banmgda:
lgv=Igk+nlgc (11%)
Amgmng Bﬁgnb 3568 mmgdas (y = ax + b) o JmmMmaba@gdan ige, 1gv agab Laby (byM.Iv-2),
Losy 6Mgob mabAnb jambeb §sbagbbn, by
©RobAnmmdd, tga=n, sby Ggodannb Mnab; bmemm
k a33moogmads mEenbognb mpFdabs s BAgab
ao@s3390mb  BgR@omnesb, lgk-bL 86nd36gmm-
3006 . o
a36ngam, BoMBBngn Mgogiaanb 3&:3835@06‘3@
3J®3  8mbabnrmy Ammggarigdob  Fngbgeb
bf. V-2, @oBmynadymods Gpodanob  Bnbgogno 3d6sbbgsgndat dmbm-, 3n- @> GFndm-
boRjsfigls @s 3mbgb@Mmagynob dmnb 340 G3od(3ngdL, bmemm JmBImEy6gms Jmb-
336@A>30ab boMabbab 85h39653emnb 8obgmanm ~
Bgmmgobn, Jnﬁaoqn, 3gmeg, 89bsdg ©5 Barnargn Gogal Mgod3ngdL.
Jofggmn Gngob Maoji3ngdnb boBjsMy ymagen 8mB36@3n %ok Jomg3 ONImgmn, as6-
©57436gmmn  BagongfMgdab Momegbmdnb, (a~x)-ob IEmMImAEegmns (a — BngongMgdal

» Igc

LaByabn Mommgbmdsy, AmEgbsa c=0, bmmm X 3Gab t EAmIn gomesddbamea Bngmngfgdnb
Mommgbmds) 3nMggemn Magnb Agagdneb befje@nb 3mangs 3odmabedgds 30b@mengdno:
1. a 2303, a

k =~ln——=2"")p 2, 12
M ax 1 Ba_x (12)
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336BmBnmadaes [Bon.”).

[}
=
Y S———
[=%
-

3%6@meagds (12) 3onmgds 85-7 3ob@mengdab j——kc abBnaMamgdno.

a 1 a 2,303 a
=k, 6 k, =~lp——=—""1 .
-x ! >daab k, tnn—x t oga—x

bangobsy Ina—In(a~x)=k,(1-0) 5 In "

dBaramangMae Banmydo (8)-rea6 37-14 256@mmgdo.

oy ImBogoly BngongMgds smgdymns abgomn Gammybmdam, Gimd 8nba 3mb3gbGMo3ns
Ggodannb BLgmgemmdnbab IGod@ngmor o6 nEaemgds, 33306 Mgaginnb babdoy 8mwmdage
0gdbgds @> BoMmdmgdbermn IGmEYIGNL Mimeybmds mEAmYnegdyme 0gbgds Abmmeem
6333000 babaRderngmdaby (5MHbgdmal obgon Hgs]3ngdng, Gmdgmos bnfjsMyg baghome o6
o6nb sdm jnpgdaern 8mMgogntiy bngmngMgdgdab 3mbgmainady). sbge Ggsdiangdlb baem-
3560 Fngab Mgagdangdn gbmegds. Bymmgaba Mngob Agodingdab boBjsGob Bmdngs 3a8mn-
ba@gdo 306@memydno:

ko=>. (13)

- 396%mBarngdss [dmmnx Bm. ).
3gmg Goaab ﬁaa;jengbnb bnfJoMab 3eBngs asdmabo@gds aosémmabnm

)= ] I]b(n x) _ 2,303 1 2@—%) 14
: © Wa=b) “a(b-x) t(a. b) atb-x)"
sbbmomads (o B,
Gm@3o a=b , 3307693s: ¥
K=l_X . 5)

ameoagq 3°6@mmydgdant Qﬁmo, a Q\) b- baSsnbn Sngmngﬁgbgbnb ﬁamggﬁnba, X 36nb t
eAmnbangnb a0Gmo4dbama, bmqvm (a-x) @ (b—x) @>&Bgbogmn, 3323733670 BagmagRgdg-
3nb Bommgbmds a8agy t 3mBgbBnbacgnb. Bgmyg Gngnb Bgod3ngdn smnbyMgds asb@mmgdna
A+B == AB. ﬁogaSS A > B Bngoingfgdgde gfiongfogdgegdl msbsgofimmdam 1:1,
gbons, onomgmemn Josomaabobomgal x-b (t 3mBgb@nboognb a3o8dbnem A o B
Bngong®9398b) gbgds gfmn @s 03033 36n336gmmmda. oy ghc-gfhcn dmMgeanfig BagmngMnds,
30d359 B, 3mbabarngmdb mnma bngsmdnm, 35806 [B] 046535 8mdngn oo

dx
2 _k.ba-
S de T @=x
sbgo g8mbggzadn Higodizns BoMnBaBagds JeMggema Mngab Mgsgzanl 87Jo6nB0o. (12), (13)
o (14) a256@mergdgdnmsb Jgndmgds aabababmgMmb x o 3sdmomyammmb BngmngBgdnb
306@27360b bafnbbo G)

Babnafsm a3Mogddbnb dgMammn. BobgzMom asMeddBab JgMommo (T) ofnb ob ©Gm,
AmBmmnb 306853mmdaBn(y dmEgoanfy BagongHgdab Gomegbmds BabgaMmyds, g.0. Bmegbag

x =-;— . Bogoinmang, dntiggemn Gngob Mgedgnnb 36@mepgdada:
a _]_] a _In2_ 2303 303 2303,., - 0.693 ) (16)

L
1T=—] =
kK a-a/2 ka2 kK K
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B58mon 8m@obnern 356@MEydamsb Rsbb, Mm3 Jnfiggma Gogeb Mgogonb 838abjggeda
Gogoingfgdnb Bobgzom adMEogdBab Jgfnmume @iBmynegdmmns dbmmme Gyajgeelb Lok
Joab 8@8agob 36n336ram3adg 105 36 dal @3 Jeregdrme 8nb baByel gmb3gb@Magnaby.

3gmmg Gnaab Hasdnnbomgnb, Bagsemnoem, 3sbBmergds (15)-ab 3gdcbgggedn, bsbyafan
3> gdd6nb JgMommns:

Ya@-an) (1)

Gmamfg BoBlb, 3gm@g Bagab Hgognob 8eBrebaMgmdabali AmMgogntig Gnamnaﬁgbbﬁm
BabyzFam 3o gddbab 3gMammn baBynbn ymb(39b@Ma3nob B3adGmmAnyeins.

3 A253BNOL ANBOL RHRBIBOL IJLIDANFIESITN 3HI3N

bdnfo Mgogdianol Moga o6 Fhgbodadgds Mgodianb LBYJrmdgEGHamm a0b@mmgdab; b
188ab 398mbgggedn PpAm madacns, 3orMy gb FHgadgnnb a06@memgdamsb 338m8mabsmgmdl.

asbgnbommen Ggadanb Angnb amagbob dnfinmaren 8gommgda.

1. 63543000 bnBdoMab goBbadmgmnb Bgmpase omgdyemn gdb3gMndbBen dmbs3g8ode
Ronb3gds Bymmgabn, dnMggme, 3gmmy Bngnb ao6@BmMEnd333n Y aonM3go3s, oy Mmdeme
Gogob 206@mmgdadn mydammdb bohjstnl Bmmdngs B33ege 36n336gmmdsdl. oy 93 gdom

© 3996356033 me k 37mangmdsb aBgbb grmomydaly gsGigemgddn, Hgagianb Gngeb mabae- '
3360 206@mengds LEmMam ymgnms 33@hgyemn. gb Bamen 333@.&%3 s6Gngod> @ boababnm ‘
®>3>%Mgdoer rpagdh degae. & ’

2. byBdmgMaggb Bagamng@gdab babynbn a Jmﬁgaﬁéﬁagmb Babgaom aaﬁQadBEnb 6 a;pcna- ;
e 33A@7360b Jgfammb. dnfggeme Mnanb MHgodaenk Bgdmbagaadn Lobynbo a gmbgbgfe--
@eob 2-%96 o6 10-x%96 aomorgdnbab Babasﬁog 35@>486nbs @> dgomjmom 3oGreogdbnb -
Baﬁann T % "03&"05"' ﬁoanE Py oanoBGa 29 EAHmb a3AEsgdbnb 3gMompo oﬁ oﬁnb

Qaamdncggb:]qm LaByaba BagangHgdnb ymbygb@Mmagnsty (T = -11—2) .

aaaﬁaa Fymehg f‘manb %93Jiyngdanb Baacnbaggaan, Soacnngﬁgbom baBynbo gmb3gb@Me-
(39g3nb 2-%76 36 10-396 asbGEs 238mabagams T-b 2-336 1eé 10-9256 Bg3(30Mgdab, 'ngaba- g
dobor, (1: = E) bognmoo. -

JrBadnyafn 336mbBmBnghgdnb afogngmmn asdmbabgs bymmgabn, 3nMgarn @ dgmey .
Gingob B0d(30gd3nbomgab 8magdamns byfemgddg V-3, IV-4, IV-5, ’

L. IV-3. Byemmzabn b, IV-4, 306 Loy IV-5. 8gmMg Gngnb
a4, . Jni 33&“ M. . Ogm 3 ngn
Bagab Agagiyns. Gngnb Gaodgne. Agogias.
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bammyebn, dnfggmn > Pmy Gegab  Fgogaagdeb baBaMgas  37dngpdab
396@mMengdgdng BAgnb 326@memgdgdL BaG3moma bl s 53nBma8 Jgbadmydgens 3 BMegydnl
obMammmdnb, 361 mabMob ymmbnb $36376bob 353630Madgdagy.

@bomns, Amd  EbAnmmdab  8bn83bgmmdnl  aMs@ngpmoe  ao8moganb  338mga
gbademgdgenn gobrmgds Ggogsngdnb beBjsGgos 3mdnggdnb aobbabmgMag.

B9MA3g6@ e Ggagare (5], V 3mmAmabo@gdBn gadmabobgds Indg@dmenyin dmmno.
99M3968amn Agodes brdbBRadeb madscy 3MbEIbEMagngdhy AnBrenbafgmil, Mmam
dnfggeme Gingnb GHgodges (LeBjofmy me8myemgdmmns bLuBbEMeGAb JmbygbdMapnsby),
823558 bgdbgRogob bogdsmpm Bomamm gmbRgbBMangdDy Mgodges 3>eo@ab byemmgaba
Gngab Agsd30sdn (boRgoMy smaf s@nb miBmynmgdgme LydL@Ks@ab JmSGaﬁéﬁagna'Ba
(L. IV-6).

Boenmgoba Angnb

Jofggemn Gagabs

> (S) i
L. IV-6. gaF3gb@mn Fgegdans

. Gemamay 3bgeogm, gg@dgbgmme Mgadionb Mogn ay3emods @FHmdn. ¥
BoFBGIm Fgddngdln, FmamEy Bgbn, BmEsBammgmdb mRAYy 3g@n Bagmaggds,
33300, min bydbdRsge ©s.gaM3gbdn 96 gaMdgben, 3mpadgbdn s bdLEMsGe.
dnBogM 3nbgdngodn aeBabnmgds Amyenn Ggogdngdn: mabsdndmygFame AXilepka,
xy B

Mgy fin A\-t{* c © 02628n3@)aHnm-3>FHamymgfio Ggodpogdn, Bogamamae, sby-

/C—>D\
NE—pp”

boRgsnb bagmmain 89mangomn, bmmm dmgmn Mgsdgaab xoagf‘m LoRJsEg ababmgmgds o3
99m8ngg3nk  Bggafimglon. @xRdseEmmn Ggediagde, @ogeba 934o60%3am, Bngygmbyds
Gargmo Ggadngdnb sbge Gagb.

R3gb 8ngf asbbarrgera Ggodiagdn nym (3d0m8bGnge o yabg®ngyMn 3°6mBBm3ngFigdgdng
domgdgmn ogm abgoe Fgadgagdabomgal, Fe8mgdng ol dmmmdmy (3saMsd 357~
BMdMngam 3MR gfhon Bgogdyns 36 Baweb dmremBry @ 8ysFgds EmBoLEmGM3s InMmadat
5 P376gedaosb dmfob). Pbes smnbadbmb, AmB8 3gdi93o@n H3adyngdnbomgab 3nbygnygia
J96mbBmBogFgdabn ngngg GRgds.

c_ﬁn: A—B G- 6poggnal memmgymo bogabaén.oﬁ b@omas babnommgds

9I&N3dANNOL I6IGdND

JoBagfn 3ebgBngob gher-gfm dofnmom bagambb Ba@8maeagbl §383oMa@amab gagmabs
Mgsgdaanlb LoRgaMgbg. Bmnmafa 5ibIgMndgeggea sbaomeb Logydzamdy Fob8-Imamds
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38msRnbs Bmgsen babosamob JobmBBMBngFHgds, GmBmnb mdbsbBse, §gd3gMed ol 8"’—83@
10 3&ogbno geamgdobsb Ggogannb beb sy obergds 2-3-%a6.

Gobgl, GmBymag 3e8mbabagh oy Msdrgbxrad 0bErgds Ggodaanl bokieGy Labgadal
®033gG8 b 10 afoEyboo  3omerydnbab, Ggogent bnﬁdoc‘mb &933960@ M nmn
(Lomdgn) 3magnEnab@n gBmegds @s sby 3o8mnbabgds:

bowss kr Ggogoal  LoBgstnb  8ymBogss.  §383gMs@nGob
somdg@agamn  IGmamgbone  Bo@gdobab  Mgagaanb  Lobgstg
3gm3g@Foyema 3Gmamgbone ndGEYds. Pbes 30bndbmb, Gm3 Qo
B9M396@ e Ggod3ngdabsmgals séab 1-2-0b Gmemo.

1889 Bgmb g3nbagmb-gndngmbas, Jn8ns3n Bmdgmob 3G8aalb gfc-
968> 3ofggmas anmgedds (1903), 3zgmds bg0689 oMmgbnmbds
3%3monggs dmbadMgds, HmB GyogEnsdn Bgonb oMo yggmms Imenggmems,
338 dbmmme ol 8memggnms, Gmdgmo 8m3gdym 8mdgbEadn
2J@nmc Bramdsfgmdsdns. sd@ogfn dmmyypmde, Bggmmgding, .
96960l 8g@e B3Gogam babnommyds. oy sg@ngsanb gbgHaes sGnb LgsB® sfgbagln
E, 85806 5J@0M0 046585 nb 8mengnms, GmBemob gbgMans 2E. 18591321

omg9bogbnb Bgbgpmgdom, BzgmemadMege @ 3j@enno Bmmynmgdo  ghmdsbymmsb
EmbabBEmMmmas80 08ymands: K= [>3&09G0 8y ggegdol 5 ¢ (19)

: : [B3g0e203ng0 Bmeng ggemgo]
~36gbogbob g3b@mgdnl nb@gamomnfn gm@ads 3ndmgans:
" ;
k=s-e *, (20)
Las(s k Bgeganob boRJsmab BxmBagss, s-6nbsgdbdmbbzoy®a 8mm8ngs, Am3gmas pral

8mmy3nmoms axsbxdnL bob3oMabs (z) s 9BJB IO @IRSBIsMS dmmdscmmdnb — baggomn
@3d@menb  (p) bsdMogmb, s=pz  [m8Msgmgbo  sMegnMBabEmmn  Ggogonbsmgal s
1535380Mgdmos  3dBogs@nab gbEMmMInsbmsb ©s BaMmdmsmanblh pefymaao  bowowrgb.
36mdomos, Gm3 ao3J@onMgdym dramdsMgmdsdn asmsbgmobsl gbGH™3ns d3nMmyds.
bﬁg@mQ Lbgs LygMmsmns ggﬁégB@aQ\ 695J30g380 - x5c3768-bmdbEGIGL Senmn
3m83mgdbob BoG8mJ36ol as3m, gbEMm3nal 3g8(30Mgds oMy by 833gGaE dfab gadmbs-
&mo), € - 53336nb'6neban;ﬁm33'@ne Aol 2,718; R-3obgdeb mbogg@bscpn®o 3:wdngs
(1,987 Ja(:v./amqnx aGogbn), T-53bmmudaGo §783gMsgnms, E — sd@ngognnb g6gFans, g.0.
nb 9696303, GBmBgranEg Nbes 3ngbogmb dmmggmmsl, Hm8 ab sFssg@om@o dpamBsmymdngsb
255309l 9@ 0y®8n, Goms asbbmM(3ngmmgl Mgsd3ns.
sgommo 37-(20) 3968 mengdnb mngg 8bamob Bs@yMsmun mmastomdo:

lnk=lns—£lnc, (21)
RT
o6 Ine=1
Ei:1
Ink=——-—+In 22)
s (

Bporor, INN=2,3031gN , s30ma 2,3031gk = ‘%% +2,3031gs o
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E )
k= —————+]
lgk 2555 T gs, (23)

boea(y 4,575=1,987-2,303,

356@Bmmgdnmsb (22) RBL, Gm3 md3Mogmgbn JnBmyfa Fgegaanb LofjsAab dmmangeb
13308l s 23bmepg@yFo Ba83ghedenb (3borgns, 3obbabmaAgm nbBgMzormgdan)
93696730 Lomemgb ImFab mbrs nymb BRgngn I8 InEydYmgds, bams EFgel mabfnl

Jaobob §sbagbe eMab —% (L. IV-7).

InkA

. R,
\\E ns 1

> T
by, IV-7. @33 gnegdgergds Ink @ -_:: 8mBnls.

38333Ms1, Mgagd3nab beRgsGnb $733gMs@amaty @sdminmgdaegdab 3gbBagennb Amb 3-
Ladegdgen brogds sj@ngannb nbgManab bomaenb a33mogms, Mm3gmag 036n3363c0m3369bn
30bg@nggto IoMB)GMns o BoMBmomagbl gho-gho JBnGafngdl Lbgomabbas dnmeman-
60 mdnnd@nmab nmabBHn ¢M8n6@gdnb Igmadgdabomgnb.

dme3a0t) bobgdnb, gomggsm, A+B == C+D Ggajganb osmbabymoe bagafims 23bynbnb
©5dbY 3o8mzbabmaer Mgodinab 3nBs@amygemgds (Mgsjinab ymmBErebagn), bmmmm mAEnbyGoms
0amdby — dmEga3ncg bnbBgdnb ImBbnya gbgMana (Ly. IV-8).

320380NIAI3ITN 3R3MIAIGIMBD
C

N 4 [
Pe)
S
- e
S |&¢
v 19a
Q |Iac
c |oa® E;
£ | S ¢
(2] LN )
[ hrt-
) e
o
©
£
N A
LYBINLN 3damymanNen d
BIRGMBIAIMBY 3636303 (Q)
LM MM
BRIMIVIGIMBD
—>

£3330000 803XAMITIBY
bR, IV-8. 34@ngzo3nnb gbghganb bigBa@nEn 3a3mbobregds.
33 ymmAEebaggddn og@ngoganb gbgFans goBmababgds gbgGagdngeme  dafngfnb

LoBommoon, AmIgmnE Wbwe aomsrmbmb BmMgagntiy bab®gdsd cognb absdy. IAmmab
BF3bghs, ondgdob ImAatmbBorng® Td36D; (1) BoMmdmgdb dmMgoanmy Bagmnghadgdab

41



asbmmgda. o8 pd36%) 3mmpyamdl ogdab gebp@ngafn gBaFans @ oo Lagfiow
3Im@abungfo gbgMgns o6 ar3zemgds. AGgrDd] 3mBsMmnl ababyabn (ab) 6adbagb, Hm8 mfc
8mengamems gfhdobgab mamsbenmges nbgm 33bdombyg, Amd Bgbademgdgma bregds PRHongha-
JBgrgds. 98 Mmb Bson Jnbgdngm@a gbgHans admomeb 3mB b3 96gMansdo (AGgma be).
o 3memggmegdeb gobgdagnfe gBafMans bsgdsmm damarnns, 8236 oon 5d3b barn dosmbaml
36962380370 dofngSab 8533633Qb: 3696398000 dsfngab 8639630y (c) dyman
Imep ey Fo EIRATIBIDS Godmaforn, Hnb 338m(3 bregds sbaemn paRagBHdeb BoMamdass,
9:0. Boamgds Agogdgnnb 3GmEy @adn (3Mgmn cd). LEmAge 58 Fnemymnn oxanBgdab
ImBban®a gbgMans aoBlbadmaMagh of@agaanb gbgMansl. Amegbsg 8mMgaanty Bmemyg-
JOEadb oMo 343b bagBotiabo 3nbgBngmn gBaMans, GmB dadmbamb dsMngMob 363G g0emb,
obobn Bgfegds omdsfonb 33M3agmm dmbogagedy, bunmepds 9Fcdibyolb @ Labynb
3amdamgmdob gdMabrogds.

03bmogRanmn @g03ng8nb @Mmb 8mMgoanfy Bngongigdgdlb bLsbynb Smamadsmigmdsda
@0 gbgMmans 543b, gemMy Ladmemmm Bramdstgmdadn, g.o. Mgedannb Igmpase babegds
ace3enb P@im @sdam 56gMmag@ngae @mbyby. babynbo @3 bodmeamem dramdargmdnb gbgh-
a3®0gaee @Mbgos  Lbgomds Bggbadadgds Ggojaonl bLomdyé gg9d8b (Q). Lobynb @
39580 damBsfigmdsh 3mfMnb 5BgMagBnynm @mBgos bbgamds 358mbabagh Infige-
JofMn Ind>Forgmgdeb Ggagannb og@ngsgenb gbg®ansl (E,). E; go8mbobogh 3586mbgdaemn, g.0.
26EmegEBnrmn Agedian sd@ngsnab gBaManab. mbrs s@nBadbmb, Ama gbgMannb a3dmymegs
36 Josbondds Lfgmgdnos o ofnl sgnmpdgern begdmmob  beedeb babam. s8o@mI,
Bmggba gbghians godmngmes, ﬁmamﬁe omdas, Mgodans Jadmganemns, bmqm oy gbgFges
dosnbonddgds - Mgajgne: gbremyggerns. 553360(:'0 boboo BaBggbgdos Fgogiganb 3ndgn-
Bamgmbds @gRdgb@nl mabadymamdnbsb, RN

abons, Moy Txcm . dpdoe oaenﬁabb a;jénaoennb aﬁaﬁanab 93680660, dnom ggﬁm
LEGsgom 3ndrnbaMgmab Hgsdgns. .

(22)-9 a3°6@memgdnb T-b-3ndsHion Qnggﬁaﬁenﬁgboba @ aoﬁQodGBnb Jgegaom Smmaba
3396nmbnb 306@mengdab @nggMabnseytn gmﬁﬁo

" dink -
dT aT . RT’ @4

59 336@mempdanb aéﬁebaﬁa dbasab k.-goﬁ k2-8mg, bmmm 3aFx 396 3batinb T\-mab T2-8w)
0B B 7aMngdnbs s Fgbadednbo adRmsgdbgdab Bgmpasm Bantgds 3gdmaan Labnb aob@mmgde:

T,-T, , k
E=4,575—"—2]g-2%. 25
B =4.5757 T1 8, (25)

3°6@mmgdamab Rabl, Amd Sd@naoennb 9636300l 336bmBnmmgdos |goemX8memaxgMa.”].

R30BEZMIBNLY RO MHNIESOGNNOL IBIISN

3GdmadYFa IGm3gbab bﬁﬁdoﬁa, Infggmab gmgemobs, Imyn@adymns dmMgogafy
BngongGgdams GoMmmmdne gmb3gb@mopznaby. gobgebammo Ja8oyfn Mgadyns, MmBgeeni
3ndnbatigmdl men LgdbdGegeb dmbaBamgmdoo. sMoqgMagbem Hgedangddn, Rgamod-
03, 38mybgdmo M9oa36@3nb JmBEIBGMa3ns 3F dmgdaggds . IM. gaRdgbgnm Myl
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3nd3n gn Bngong@gdocis Jmb(30b@MaEnd 393Mo@ Bayempdns. (3borns, Jgbodadnbog 3gd3n-
mgd> Bafdgbdam Mgadngddn mMn LgALEGGab Amepygmadeb Bgxabgdal sedsmmdag-
28633 LP3LEFGM Jmb(396@RENY, TEMgmgL Fg8mbagaadn, 10° M-nb babezMgddno,
bmenm ggMdgh@nl 3mb3nbdMagne 96 dxgdedgds 10° M, scmdsomds Ls3dmeng o
Igobgdab (LydLEGIBNb Mmfn @ §MIBEBNL ghcn Bmeyg ymeab) §36n3365mmmo.

13 )M3gbe e Bgodangddn  aoad@nyFgdymn gmadmgdlob BsgbeBamya  3mbgnb-
&Fo(nd ogmengmir Igbogmymns dbmerme 03 bgdbERogab 8memyFe 3mb336@GRagnam,
Amdgmn@g Imbabarrgmdl Bagemgdn Gommabmdam, amde aded@rMgdgmn JmddengLel
JMB(396@Fa300 bnbsBrgarngde sMabrMmb >mbyzb 93 Jogbndsmy® 86ndzbgmmdab. 596396-
&I G95J309830 jo a00d@nmHgdyma Jna\)@g;jbnb 3mb3a6@Magns nbrgmymos g
89(376@0b dmmmaEn 3mb3g6@Manna.

obadob goobza: GmamE 33bbboor nb @odBn, Fm3 ga&3n6@L Bgmdmes Mgaginnb beRds@nl
Joembomgfo a0bGres dambymagam ndobs, HmB amJBgmgdl Lab@gdgdde, bamay Phong@o-
J99r2030b 33GomBAgmn smmdsmmds doensb @adarns. -

3063368 9> Fnod3ngdan Phmaghanddnmads JBGm 989G I, JnrMy sMog3Maghe g
god(3ngddn. bbgs Ln@yagdnm, ogdzs ghon LndbEMmegnb dmmyynmab 3gmAy LudbEHgnb
3eimggmabmob  Bgpobgdal sdMnmFgmn smdscmds (IM - gmbzgbgMsganl " 3nimdgddn)
6s3gnmo@ dg@ns, grrGy 0dszy dmemyypmigdel §yHdgc@nb Bmengymersbmoeb Bgxobgdab
smdsnmdsy (bgdb@Fadnb 10°M > gaF86@ab 10°M Jnfmd 33s), 3063 semdsmmda ndabs,
Gmd dgxobgds @gMBnbGab a>Mgdy 8nagzeygobl IGmeydEeb 5063«:;[88.)3@3 3°30egd0c
Bagengdna Bgbadadel semdsmmdaby ggfdgbd e Hgadangdal 3g3mbgggedn.
 JmBengbrenb sHFom, bgdb@®eBab 8mmg amgdnb Igxobgdab gngd@mRmds 936835639
F05Jangddn, 3R>gRdgbemmmsb 3gmstgdnm, 3063nmmdgdmas B3dgan mGe dnbybam:
dnfAggmns 9.6. masbammydab gygi@n, Mmagmbag smanme sdgh sMegnhdgbdmm Myodagd-
By, Bgmthgo ~ mFingbBoganb g@addn, ﬁmaaume ©285b3bndogdgemns Abmeee GMIbE e
Ggodngdnboognb.

658gbomag . goﬁaoﬁenb LgdbgFRoGosb FHmngFhoddgmgdnb Qﬁmb Baf8mn]d6g3>
B9/396®-bindbEFaGnb JmdIemgdLn, 3:96g3Mnges @ad39ds, FmMB ggMdgBeLb Ybwes a3R6mgb
LPALEMsGYdnb BB gaByagmn dneMgyemgds, LEMaggs, sby mgnbmds. LBmege 230l
893m>, EmA gfon bpdb@Asgn b ymggmogab Ygim segammim PJo33nfeyds ogabaqgamn
9fdgbGol 3mmgymesb, geMg 3gmMy, o6 mMngy LydbeFegn 1 3dnMmgds §gMagceab
Imeepaaesl  gRo8sBymnliagab a8myggeepdmare. 63ab3ngé  Bgdmbyggzedn, @g@8abEab
8mmp amaboeb . 333330Mgdabob  a30dMEnds  dsma YHonghnddymgdelb  srpdsmmida.
53335/, @a9brmmagdab geygd@n 3ggbadadgds bydbBGo@gdal memyscryma Jmﬁeaﬁéﬁéena%nb
BAhsb.

3963g6@nb 8mepgyaemob Byesdnfidy LydbEMa@gdab m@s3o3dnmadabab brgds sma o6
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. opmo Magn gg@BgbBnbomgal 6oRggbgdns, Mmd ggMdgbBame Gojgnnb LoRjsms,
badbaEodnb goMgzomma  JmBgbBMaegdab  IgBmga  (IMBEPBEMIngdab - Bial
dngbgmager), 8ntmgds. nbAndaMgdnb gb boby 96bnBmeamaeadn (36mdnmmnd, Gmaméy
LgdLBASEgme abIndaMyds. 3oL @ome 86n336gmmmds nbndgds @gM8sBgms 8mIBawgdab
89Jo60b8nb >3 g6s3n. 3e6@mEads, Gmdgma 3o8mbobsgb LdLEGIGTEme AbBIndnGgdab
338mbggaob gmmeignbo@gddn [S),v a08mababgds 8s4Lndant jmby 3G gmae (b, IV-24).
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LpdbGFMs@ab a8 3mb3gbBFagnsb, GmIgmbgms 8anmby3s Boduedaeryn  bofijsdy
LydbBFHsab  m3BedsmaGa  gmbigb®Gogns
vﬂ\ abmmgds. JoMase Mbme agobbmgmpl, Gmd 8
1 Looeal oL mere  86adzbpmmds, Momash
| @aFdgbEnb bagmFeca  sj8ogmds  obodmamgds
| LRdbGHaBel  mMIGNdomy®d  gmBgb@Maaady:
: @bomnd, 38 EAmb Esggme Pbres aymb bbzs
| 93J@mGgdal (PH, nmbyfn dams, &783gGhadycs,
: 30M876@nbs S Jm@aEmAgdal 3mB(396@Magns)
1 mI@Gndorrgfn 3n6Gmdgdn.
bpdbBHag o nbIndamgdab BgBmbzgysdn K,
@ Viac-nb 306bobemgMs Bom8mpdl pdnaggbee
mdsy Igdcmbpdmm bomopgos o bbgs oboram-
angen dgomegdnm.
3yl LBMMbabmasbn BaBomeb gJL@GIIMmnMgdem, ™MAEEBIGILY @ 93Lebab

@9fdadry, Bnnmgds Amboyzgmgdn, FmBgmon baamomabncnoe 3960babmyMgds Kn ©3 Vam
(L. IV-25).

Blos O
by, V-24. LydbgGoggmn abIndnMgds.

bgbb@ﬁa@nqn 063ndnFMgds gndmgds a06s-

ﬂ\ InBimdmb Moo d@nmFe  &3G368-LmAbBs-
&aemn 3m3ImmygdLeb 65H3mJ3623 (LmdbGHsGab.

omamn Jmb396@®>30nb 3nGimd53ddn). Gonna,'

@3 3980 ndbgds LPALMIBAL 3mBEYbEM)-:
@03, 0o 3@ odbgds sFMaj@nye goGIghd-

bodbBFogob ymBenggunb B5653mJdabals
1 s > omdommda. boddy obss, GEm3 bLmAbE®sGal
-— [s] onomyyee dmeny s Nyo3defiogds gae-
39681 Mady6ndy BgMmBnman, g.0. 62M3mJdbaly
L. IV-25. mRdog 3gdGabodam bapamgew 38010 306badmzFHm s sanegdae Mammyg-:
3gmmgno Ky-nbs @ Vina-nb g26Ladmafis  Bmdsb. bydbghognb 3xmsrmn gmb3nb®Macgenb
LodbgRadpmn nbIndnfgdals Agdmbagaadn.  EMmb, LyAbBGsGeb .yagms  dmemggmenob
25393906735 @gMIgbgmsb gbmymyerns, Mnb

< |-

71
M —
Vv,

333m(y GdJ3nnb bnBJo@y Jemgdagmmadb.

B0MR3gb@gdnb aBAndnfgds Mgoganab IGmEYi8gdom, Bmdgmng [S1v JmmﬁmnGb@gB?n
393mnbobgds dbgom aby, Amameg LY3bEKsG e abIndamgdab Fxdmbgggedn onbbBgds 0l
a56g3mgdom, Gm3 IEmEYJBIdnb aaMmagds 0B3gab Mgaginb BmBalBmGmanlb aomobob
LoBnbasmBrmgam BbaMmabygh (3mgdgm Bsbsms JobmbBob csbabdar), Gnb Bgmgasma(y 3nfMmadnfin
Ggodaeeb  LoRdsRy Jemgdpmmdlb. bms agsbbmamab, Am3 ¢dMegmgbn gyMBobEpme
Gg5Jangdob  BmBabBmMmds gosbMamns  gBm-gfoe  Bbafnbygb ®s, Mmamg  Bgbe,
B39693J30> 303nbaMgmdlb dgmamgdaom bayemgde bebjsaam.

bdnFor Ggadaant IGmmIdn a30menb 5gM3gb@nb aBlndnBmGab Amedn s badgagizam
afnsb 3ol 3mnmpdsdmy, adMIagTme RMMob a96333mmdadn, ARgdd @aMBnbE;od
1253533nF 500 8eamdofigmdadn. Jgmpasme Mgodanob Lafijoy B(3nfimgds ©o oo -;_-)q_;ﬁn, &0
3980 IGmEydBob 3mbgbdMagas @d mgnbmds gyMagbgnbagdn.

Ro3m@mb, 9bes semBndbmb abgon gagMigmadymn nbamabyfn égﬁanﬁabn ﬁw;amﬁneaa.
9.6, ognand gempemn Ldb@Gs@n (nbacn. suicide substrate) s> ;mgnodgamgmn nbog@ngs@men
(nbaep. suicide inactivator).
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| ogemdygemgemo badb@odn abgooe badbeBodes, Gmdgmar, asbngmeb Gy asMrogdbab
936896@eb 8ogM, nb33b @9Fdgb@eb nbye mengonMgdeb, GmAgmng 336356968 D@
-oB3gab 3nb  0Bsg@ngnigdsb. s3e@md obgor L7BLEAIGL .znmdjzmgm”  bLJBLEMOBL
26mepdgb. ezocdygmom LRBLEGsEL HBmmYdgb saGymgy 08 bPdbEMs@bog, Gmdgmng
3g@admenyn  a0MEaddbab AML asfeongdbgds 58 Ag@sdmeryfn 3bab 0bIndngmFse.
Bsaomrnone as8mmagds gomtaaaBEnb gofmeddts gomMpnghade, Gmadgmag abyggb
33mbo@3bnb 063ndnMydab. oy sbgon Ag@edmengfn 3bo boygdsBnba 36ndzbgmmasbng, 3dnb
53 898 odmemyn abab 8398339 ARGIbIG «PF0nd g3mmgmn® gbmmpgds.
- egomdygengera 06@ngs@mmMgde gBmeods 3gapasame (56a3)d3a3o@n) nBandn@mMydal
L3gErem PG RaNAL. gb Bogfamgdn 3Mab FgeaMgdeo sMaMmgsjinenn, gor®) 3mbrgds dsmn
©3)5380M9ds  g9MIgbnb oJ@nm® Fs6Ba. mgnodygmgme ebogBngadmfin Ipmafgdam
0bgB@gmn  8mmgymmes, Fmdgmng GMEbamAdnfingds §gMdghenb  sgGanFe wds63n
635danebmbans BnjmngMgdam, MmBgmng aB3gab gaMdgbdab 3ymduaasm nbad@ngnmgdsl.
>mbd6ndBagns, Gm3 93 Gndob absgBngs@mMgdn asBbbzozegds Jrmobngmee ©3Gag6Eme
0630308 e1gdobagsb min dafnmamn ;mgnbgdnoc: 1) abAndnGmtin Mgad3onbybstinsbn brpgds
Bbmmme §g»agbBab s 733630 ©3333nMgdab 3x3maa. 2) 3J@0T gmAdsw 3oMms]3ts
©dmynmgdmens  ggM3gbEnlb  sBomMn 9dbob  bIgpegegn® WBaGby.  egncdygmpma
633Bn3oBmMgdn 038:3mBL 36nd367mma06 Mmmb Bodrmgdnb Bnegdnb MagnmBacrma agadeb
3eaghoBn.  giMaae  JFhggme  egecdyzmgme  nBod@nga@mAgde  L3ggegeygGoe
J0380mmYds GoMdgbdl mo GRgds 8nb o@ny® 1dsb8n nbyRGHm dramdsfgmdadn. sbg, Gma
33 Bofgamane BgMfiggm Boangb edsb BInGogabmds, Gag ool 292383 3°8mygbgdsda
359mnbabgbo

PH-0L 303J6d

pH, 36y Byoemdomambod  3mb(336@Ma3nnb doRzgbgdemn (pH=—lg[H']) e 3o3crnbob
bbb  @gRagesoms o;j@nam.ba‘ba. ab @38mynrgdamads, RygnmgdGeg, a93mababgds
BomnbBaggemn  AGmmom, gnbEm b @adom  85Jbedpdac  pH-ob  a36bobmgFgen
3603369emmdgd g (L. IV-26). '

vt

pH

R >
by IV-26. pH-ab 333e965 goM868nb d@ngmdady.

PH-0b 360d3bgmmmdab, Am3gmdbgma dgmagbegds gaMdghdnb dogbaBanya 3gBngmds,
1Bmmpds pH-m3Bndnan. byMemarest bamemore BsBL, o Mo eomn 86n336gmmds gbngyds pH-
m3Bnd7db. ggMagb@nb pH-m3Bn8mdn vbes moearbrglb pH-0b 3mbiFsg e BEnagﬁaqnbab‘bo
»70L@MoGob Mm3Gndsenan 3mBgBEMaEngdab aadmygbgdal Intmdgddn.
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262> 335bbm3mgb, FmI 53868k pH-m3Badw8n Ggndmgds a06bbgagregdmeglb (dmaxgs
Laadbmdmoma(y) Lbgoralbas 3mopfam bLob®g3adn, Lbgoobbas G7339MeGpnbs
omby®n domol 30Mmdgddn. goMmo d3nby, b3nGore GoFdgbgno aBamabgdame Infmadnkn
®> JgdAgbgdaemn Anadpne babnsmmpds asbbbgoggdpma pH-m3End:n8noc. ggM3gbgab
>d®ngmdnb 3ggmals bobosmn pH-ab asgmabnm Gogmas @o gndmgds 3sdmBagmemn nymb:
5J@raf 306@Mdn ambmagbu® Rampodby InEsdnfin s sMadnGimidnfn By8mg3grgdem,
Lab@y8eb sMagaMmagbdaemne Jm33mbgb@ndnb nmbabargank baabbab Gaqnmgbnm gaﬁagsénb
3memgagezeb bBoddatame gamempden @ 5.3.

13.0MEIAN dOT0L BIFIE)

3Fogormn  @ofdgbBn dommby BaMdbmdnafgs Baggfmmn  bLBsEab JmGG;)S@ﬁoengE’f
Q3emodob  80dsfim, Moy asamobsb - sbrgbl @yMAgEEme Ggodannb  goBoBageds
356269376 @gRdnbGab aJEngmdaby duggfinb Igdsmagbgeme embgdab Ligangayn® oo oﬁ.\-j
Lagarmegge ao3mobob. aMob3ggngegnfine bbbafnb dbmemme ambgMe dacanb aogengbs:
85306, Fm(3d bIgangnggfe asgemgbs go8mabadgds dugyhnb Bg8smagbymn dmangan annh‘
TRmegFogddgegdedn B9M3968 0156 36 MgaJ30nb bbgze ym83mbobBmob. K

a7 26 aobzabnrmag 03 gugd®odl, AMBmgdLag sanen og3b bbSof‘mb omby®o 33Q3350-
menb 36s nmbyin dagmnb (3enamgdob eMmb. >mgbndbag Sbrnqm'@, 6m8 nby, Gmamei pH- b‘
@ bbgs @o®mFgdl, dmgagere bLEsH0b embyf domobs s nnS-aﬁ) 33Qaaﬁnqnbob
_36n836gmmmz06n ao3mgbo v33L ggﬁaas(gnb a;j@namba'ba

9Ixmdgbes, Gmd JuggMnb gmbagbdMogns aymb 33dqobnl\goaaaﬁoq anﬁnaoqgﬁn
(gnbammmagegin), Gmdgmbeg Igpdmns Jgnbambabmb pH-nb Lsgeim 860336gmmds Qol
Bgnza3gl abge ambgdl, HmBmadeg TEbm oF s6nb (3mgbsee Pr@gabscgab.

ombgfin doemob bogefim @Emby Bgadmgds 3gbaRybrmgl byn@GoryMn dsnmydab (NaCl '
KC)) ©358 9800 36 bbgs mGasbamn, 36 sMamMaabumo oGnmmgdom. 3oy »8nbs, bagnﬁm,
dgofhgb ebgon dmgg@memn bob®gds, GmBgmng 3@ 8mddgmpdl m3gBaer GaHdgb® by.

1

6333008 VANL 3OIRIBY 2

e ;.....v..'-

BH8gb@amn Ggajaanb LoBdetrg, 369 @o@BgbBeb sd@ngmds, Gmammyy aQnBoa&),
e33m3oregdyrns B383gMe@yMaty. 8o dmEnl odmnEodNmgds JMmmArabs@gddn tv oban
333mobsbgds (byM. IV-27). 1

>

A
t

3j@ngmds, %
—

20—

] [ | I' > 1,°C
20 40 60
b, IV-27. 83835608 gnb adgmabe ggﬁaoﬁénb ad@nanbo‘bo
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08 §383gMo8mMab, Mmagmbyeog BIFII6EN 983mo3678L ao;jbnaamﬁ 2@ngmdab,
MR m3GadarmyFin.

BFHIg6Gmmn  Ggaggeob  LoBgefnb  Fpdnfgds  (mIBedecryAty  9Bdm  doona

'éaaaaﬁoémﬁa%a), anbbbgds ggMmagb@nb @gremzabe BaBaeanb obigangngg@n LaodgHo
Rgbs@gMsgnnm, Gab Jgmpaseey 39300 9eadd Jdomnbafe of@ngmds. s3ngmd
'BIFAPBBOL  gFd-gfien  aBabobnogdgm’ @ dommdy  86nd3bgmmgsb  3sRzgbgdgmb
Bamamsga gbb 8nbn mg@8mbEsdamyHnds.
- @9836@nb cgAImb@sdomafmdnb gobbsbmamabomgalb amgdgh Fodmgbndy Brdzdl ms
3533790 @Amob 3o63s5mmdsdn symabadghb 20, 30, 40, 50, 60 °C o 2.3. §333768Moby.
nbgndoanb o8mogMadabsb Bndmdgdb LEGgEE 3303390 @ eemymmdn babmgMagg
ggﬁBOSan JBn3mdsb m3Gndseyc Jnﬁmbgban ’

. 46,660300 aoamoso

PIRAbG e Hgsdi3ngdnb JabyBnyadn BBggeb a3 y3game 86nd36gmmds gbaggda. 66930l
-3930360 08 393anbgngodn ao8mBgmagbegds, ory IGm(3gbb b sbmagl Mgognsdn 8mbaBormy

Jm33mbgbBms LagMom 3m(zmmminb gmamgds.

- @o0gbomag  6Bj30- gBnbsomdmgagdes dmpmmmdnb gobGmsb, E6ggab  gomemgds
BmBalBm@masb bnb 3aftibng, oy dmpPemds abARIds s Infindem, oy mEmmmds
d3nMimyds, 35306 Bbggob asrenmgdobal BmEaLEMEAmBs nbMgds 3sfxabeg. 33306, oy
EmboLEmMmmdnls Jmﬁbéoﬁéa Qoam‘,nggab-aqvobob nﬁgﬁb 66930L0136, 85306 7bm> Baneaogmb
LoBJoMnb Bedaga. -

. .bagfome, @gfhdsbd-bndbBMognl Jm&?@gdbﬂb badmmmm . GMdiéoQ 35M3gd6absb
3aad®nmﬁab~3qu 3m33emgdLnl BaMBmJabs brgds 3mEmamdnl Bg8afigdnm, s8ngmd smammn
5633.} BAeab k.2 mo 9BJMAg3b ggMdgbe e 60adenob

L

. |1 DRMLBIGNTITN BIHIESI0L HIBITIGND
Sl 25 JN63S0JY

© @af376@gdnbs o @gMdgbgmmo bab@gdgdal LrdFsgmel Begbymozom, mabie mGas-
605330 808mnbay Mgag3ngdn bmAEngmegds dagmby 3mBgbMnggdamie @ 8333Mem gs6-
badmaBienn 09653n3ry3Gmino. Bagmngfgdoms (33erab bnhoGy ms Bedsfargmyds ymmeien-
Bnfigdymos MmLL s boghgde, Gag NdHNB3gmymagl gmabame mEgabnbanb gbjnra®
3J@ngmdsb. go@omnbyMo gubjianb aohms, gyMagbdgdn 066amndl 3g@sdmmygn 3Gmyg-
bgdab L3gngeyad Mgamentgdabsy. ImEbame JRAIR © IMgErYRAYE0s6n MMHas60D-
8920 8oennsbae BaMdmamanbb ognofgammnfgdsm bab®gdgdh. dg@edmmycin IGm3gLgdal
Babnaon a96LsbmgAogh mGa060b8ab LIgangn Ymmdab, 3nb 3063nmamgdsbs > ngyAgh-
30303b; 658y396n Ao @g»Agbegdlb gbnggds.
99R3968ms  dnmbnbmgbabs s oo  sg@ogmdab  Ggammoganl  FgbBagems  sab
@15658Amgg dnmeamaanb gfo-gon 86nd36gmmgoba 33me3abs.

/‘8. I3ITIGNY VJILdIBNAOL IGN6GNINM
aegbor PRAyede 633nbangMn 33@sdmmnBn Lnboybnfigds dmgme Magn €3633ndwya-

Ao G700l 3gmpas. gb Grdangdn bmAgnymmods LIgioge aMe ggMdgbggdam. acm-
3930 5@dmemn@nb brbmybabamgab Lagatms @gedgb@ms dmgen Bygds. bngongGgdacms
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gacnb  (35@0dmemabBab) Mgammageeb grMgedngs 35dobnbdgdals aoagdnbamgal °'3(3.‘"_:
gdgmas PRAgmnb gaA8gbGTmn 335G3Brb mMzabnbaznnl dofnmorgn 3G0bindgdal (ymebs,
53 migobnbogasb adal mfa Bbafy - bR TGamn ©> EBXEngYGn. Jnfggmn gbgds -
mmgamabogosb @ gyMBgb@nbs @ bydb@agab PRonyRmasbroandab PRAedn. moks- .
doggfin mMzababagns gn 3o8mbodogh (33meb 3Mm3gbgdde @gA3gbdos g‘as;jengﬁ‘
PFmogfhiopsdmiompdnmgdsb. (gmeb mEasbabagnob gb mEe  Bbafy  gMo@sByncab
3goeAmEsd 23333303 mn. domgednghn IGmgbgdel PBGI3rgbmds- Bgeagds Lydbd-
G3@0b bEImbmInmn goMEagdbab 3MsgombangbnGesbn Mgad30gdabast. sbgmn ggMBg6- :
&ocee babdgdgde aebobarmgds, Mmam(y Bg@sdmmobdnb @Pblunge shogmmode. a36-
Labmgfgme IGmEYdEeb dnmLnbagH3n 8mbabamg garﬁaoS@-ﬂQn Ggogdangdol gﬁmnaﬁm&s;
b3nMom 5mnbodbgds, Gmamed(y 56dmemndan. * 4
bagnms gobobabmgmb 985 oy 08 IRmEyd@ob 5653memab8nb ,obaBynbnb® Qagagsnb
IFnBFogdn, by @abybBrgb a9Mmedd653n 8mbabory Byzado rodgab ggﬁBOSQOBnQaS, §
Gmdgmo fsnogsmmb 3nfzgm gaMdgbdoe. 3mEgdym sbadmenn Lab@ydab bos anaodﬂma-
b Bbmmm ob ggFdnb@ndn, AmBrmgdbsy ngysgatiar JmbyMgd e bodmerme IFmeg- ]
@209y dmggdyeoe Lob@gdab. 3nMzger. 9gRdghdem nogmgds @aMagben; ﬁmaaq‘nea
dmgdgmpdab abygdb Pdpsmmm Lbgomabbzs 8ydodmmamn abab 2563@madal BgFGaemnb |
898mpa. Sbamggermdsde by Angommoar Bgbadadobn Asfigammnfgdgme Bgdaﬁo‘baobnb'
303>Morgmgds @ Imeydanb  BgH@nemn. 3&53nbnqmm b gdmyds 338@33 Jmsdﬁggvn

8sgamaody (L. IV-28).
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Fg
o §-R0INREMILO-B-3INODISTIAISN
Fy
-308M-B-30MNDIIDIAIS0
1 Fio

Fy

b

— e el

- > - =

B et 0BMRINCOB0
L. IV-28. @aDabab, mGHgmBabinb, gcmnmBabnbs s 0BmEYa(3nbab dambnbagbob 3 B30 (—3) s Fdon
230b63ndnMgdgenn 8mddgmadals (---—)3ndsGorgemgds E.coli-Bn.
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' 8m@oborn bg3n@e6 BB, GmB MMgmbabn Bgndengds adbgnbnmma, AmamM(3 sbdsMaognbnl
_8go3ob 35A274d6ob Lodmmmm®* IfmEngn, 353733 ngeg) oMgmbabe 338meab 3nsmmgeyein
:36muEdEob  Gmenda  sbIsMagnbob  3zo30@d6  abmemgoznbab  dnmbnbogbab  aboby.
@8 gboms(y MBgmbnBn ab3nab P-oblsm@ @ nbadnb [g3636@n Fi, GmBgmng sod@onmgdlb
- 3b3atrag0bab Bygegob aafmsddbab P-sbIsGBomambgador (@4. 2.7.2.4)), brmerem obmegaabn —
" rrgmbobgdnmma@obeb [ggMagbdo Fs, Gmdgmag oBdomgdb L-ovgmbnbab a36msjd6sL a-
J0BmMdmMIgogo, (@y. 4.2.1.16] Hy@Bmnbandnfigdsh ©a o6 3mddgeodlb P-sL3sMEsd gnbs-
Bobyg, Anohbosm, GmB 3Bgdn abBamognbab 3gog0096 ¥Fymbabedry o gmbabnmsb nbmmgn-
30698m7 39B2dMmgFoe Idmyargdmns.
. 205 oy 08 bodmermm IGmEyd@ab babogbol Mgammogneb Bagmmgding badmemadab
BomBmaragbl mgnmfganmo@ns PeRyngamn Pngogdnfiob Gndab abgrgem, Hm3gmag
3mamdsfigmdlL dombnbogbob badmenme dGmeai@om 0d ggmdngb@ob Lnbomgbob 33535300,
Gmdgemo 8mBaBaangmdl 98 Ladmemm dFmEy]@nb dambabogbdn (Mgdkgbns) 36 53 ggf-
336@0b Jo@oemnbygMa 5J@nzmdnb 870333030 (Fg@FHmnbAndnigds, 364 nbIndntgds badmemm
IGmgJ@om). mMagy 858mbgggodn Ladmmmm IGmEYd@e BoMdmomagbl BxMgammnfgdgrma
.bob@33nb Jnday® Jbaabomb”.

@gnotiganmnMgdsh Ggdfmgbonbs > GgEMmabIndnfigdal 834s6nb3gdnm sj3b Trnmabn
@obamermaoytn  8603365mmds. Mg@EmBIndnfgds BaMAmagznragds xMgmolb dyebags
Jobgbom 3Gab ,bo33530" 3nEmBgd0b (33cnmmgdady.

£98FHMnbIndnrMgds Pofmmmss gogM3gmgdme YRAIedn @ 9bAmbagmymgl LEMsg o
836dbmdasthg gmb@GEmmb dg@odmmn@gdab bebaygbab bokgsGnbg. 53 83456nBanb FgLBogemad
35JBangd8n mnmn Gmepn IgobFges abgmn bbgamabbze 8mBa6@nmn 38ednb 358mygebada,
Am3mndda(3 ©3JSMad 356G 397mn GxRdgheeb dombnbagbab gbscn ©d s3a@md o6 Bgmdmas
dgbodsdnbn 3Gmayd@nb BoMm3mdabs. gb 3sd@gfingdn obMirmgds Bbmmme 98 IGmEmI@nb
Lo33sfnbn AomEabmdnm 398339 oMnby; 9Boboobagy, bdnGar BgndREyze BngMmdab Bagm
36980 08 IGmETIGob golmymygs @ @AY, MmAgmng BaGBmaragbb msgsmamme
B3376@0b LiydbBHoGb.

3933393939 ma  3gBedmemadn (Mgogaeob badmmemm IGmmpden) swnbndbgds Gmamtg
Ga®®mnbAndngmtin, as5bbbgaggdnem @gFdgbdagmn Ggodangdab BygmmydMaze  abIndn-
&mAnbogsb. bodmemmm IGmeyd§gdom nb3adnfigdnlb 373R6g30 PrFarb asGge (gdbeBsg-
®933n) LaBgocngdsh agodempab asbgabbgogmer Fg@GmnbAndafgds @gMmagbEab babogbol
'B336Ggboabagsb: oy nJLBGa@e s3mgbb Bgmgd 2JGngmdb Ladmmmm IGmEYJGnb 0sbsdym-
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om3bndbsy aBsbsy, HmB Jg8mammdnbolb ng® gsbadomnb ®Igegdnigdnlb mByMabamgnb
LagnGms (71)-7 a36@mmgdsdn [L] -abs @ Kn- -b g3, gbadadabom, PO, -nms > Pg-no
(L. IV-33),

senmb@gFgmn ggRdgh@gdab Fgdmbgggedn JmmIgho@egmmdalb bofnbbob, a6y ny-ob
@obamagborm nagﬁgbas' Joenob afagoggm dgmmeb, GmBgmng g8ygsGigds (71)-3 asbgmegdab
> 3gab Ldby:

e Y =n,lgS-1gK,, 2
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e 2
LFT)

1
lgpO,
Ly, IV-33. Joennb 3Gsgingn domaermdnbnba (1) o Ig8maromdnbobamgnb (I} . 8nmaemmdnbabacmgab:
ny =1 Gg3gonb Amgemn 8bgmgmmdab EAmL. 3g8mammmdnBabamgnb: ny =1 Agogend LaByab @o
©3359m33Mdge bamndby, bmmm ny =3 Mgagyanb 3ms bEoenady. 38 BRmb ¥yobadswne -
379marmmdnbab 3ox0M30 brgds gopnmydem LEMsgor, JmmIgRagopmim. R

Bagpm)d6ng, Dy-ob 8603365mmda wobmmargds (3saMsd B 3mgds®nds) byl
Gmdgmng Iggbodoedgds 336335005. Bmemgajimode @38535330Mgdgmmn (396@Mgdab l‘mebsbt
(Mol LpdgBmyymgdel Gommgbmdal semb@gfone ggMagbggdan). (71)-g . 505(501@330
annmabo Jnemob (69) 5a5@mq-abnb 8badgbn gobBmmpdnob

y=—m 2 m[s] (73)
K, +[s]"

3&8@&’0@36& 3mBmmydam agbs 1910 Byl Fg8mgan Hgodnab as6bnemgnl bog‘adaaq"ba

F+n3 == FS, 2 F+1P, bopsg F goMdgbgos MaBrgbedy n sj@ngfe (3968Gna. abgcnn

333755 Bgladmydgma oym, ory BGHIBGn 3oRIMId P 0d63mes LidLGMoGaom. "
3nemab aﬁagnqun 3gom@oon ny-ob 6a5ba%eaﬁnbom3nb boﬁagqubas Jmmteebaggdno,

303366mq~~36n 3o 53 gmmArobadgddo ndqoaa Sﬁgob Gmdranb Qabf‘mb

i
'
i
1
i
1

lng] ls

m
Jooby gEenb 45° (b-aﬁ IV-34). ’ 4

A

1
By

L. V34, ymedgFs@raeomdnl gmagaangbenb (ny) 3s6bobmams Inmmob agMagnggemn dgomenn. 38

33abaggede a =45°; 1g4s° =%= I g.o. ny =1,
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Jmm3gRs@ngere 3abg@ognlb B8mbyggedn (36 S-nb 833356 3hgrEgddg), Inmmb Jmmeme-
6oggddn, obg3y Bnompds BRgy, Mmdmeb EabM0b ygmby 45°-%y 3g@n> >, dgbadadabor,

_n'H_->1 . bnmreg Ny Igndmgds godmamgseemb % Bp@arfimgdnb (badygobymab 337G@adnb,
Jomgéabnb) 89339mdnmsgy ( >l) Jmm3gRa@agmmdab ymggngagh@n, ny 3gndmgds agmb

1
.aﬁm‘bg 6o 3eg3n(3. sbgo g8mbgagadn MR, JmeGoabadgddn é,v (L. IV-35 9) 243b

'%38'607 énaaﬁmgqm ImbMornmds, bmenm Jamnb gMegnydy ndenggs BGggb, AmBemab mabfo-
meids Baymndns 45%-%g. by, IV-35 3)-Bg Bodmpagbamns mgmammn d@megdn, Gmrgbog

0y @mend 0,5; 1 @ 2 (08 @s33g800es6, Gl Vs, =1 @ K, =1 gmdmed v=Kl:~%).
ny=2
lg an: v " =1
K ny=0.5
. ) g
| 1gis) ]

- . bom. IV-'35. ogmfngen 3Ggegde pdmbgg3gdnbsmgnb, Gmmgbsa ny =051 @ 2.

»8330M@, Mmpgbsy Ny=l, gmmdgFogogmmds o afal, Gmegbsg nyu>1 a3sjab
Qaégbnmn (bm3bEHG0b 3nFRgamn 8memg mrngdn sdenggdb 3mBrgibmms o JogdnMgdeb o
2:3), bmmm Gmgbag 1y <1 = MoBymgaon (LydbBMs@ab Infggmn meggaengdn s33ecgdb
BgaQaan g negdob s 3o3dnMgdab) jmmdgfagonmmds.

" 238, 03 )dengdndnb Bgbabgd, AmBrgdng babyggmas aymb aamgaralbbabydmmn
ggﬁﬁgﬂ@gbob 8mgagmgonb gebgBngnb dglbageab mMAmb.

1. gg6896@730b 8mJagmgdnb d53Bafn@n gnby®ngumn doG38g8Mgdnb abamgdom 3o3my3-

93930 pbms RoGefimgb a36376mnem, ImImagby® @yMBgb@am IGylscaggdty. Jucm
39B0@, nb oM -35@\5 B9magdmegb ndmag@Bgb@odnbaash 56 nbmeym@dgdnbagsb (Jmbgmeady-
ﬁobnboaoS)
2. BpmMg BbMng, asBB3gbrnm 3GgIsMaBndhy 33smdab 006 brggb as@izgmme bogsan.
Amamt smbandbyme aym, smmbBgGopme (RpagmegmEygmn) gaHdgbdgdn dammnob mo-
dnerBos 08 gogndnoy, Bm3 apgnemom IgPdmnd ©9IMAMbL dcomb@gFagen gead®ehgdab
3ndofo BamdomBnatimds, Mnb gegasmsy JRgds S-33333Gmds (JMmIgRsgogermds). 28am
96@d 9nbbBsL nb goMyBmgds, Am3 b3nMam modnrrmdrbgb In3gMAmmun admjargdaemgdsb
@3 56> bnadmagy@b.

23333@0m, smrmb@gGonme gghdgbeadab Jnﬁaéndo in vivo 9bm> aymb LngdmoEye >
Y39mazsmn aseobMs mbmo aobaberngdmEab GmamB addmym@abs w 3388xbreabasb
©330330M gm0 >GB98JG0. 3nbygngs Mbes cbabmaMgdmmob 306356mab ymzgemn LiBaanb
339m)a s 2800 bEYdmEIL GaMagbEeb mojreadafmagenn, Ba@egafn mgnbgdgdal 3g8mBEande.
0d 3p8cbgg3adn, oy @gRaghdn as63xbmab MmaBgmndy bBomnoby mogsMasgh S-ob dsage-
Fmdob, babm@ggmos 38 bBsenob 3gagers bbgs bsrenm @ .3.
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3. 9abmde @aMdgbBob 36, LygBamm, @yMagbEeb PEbmde mdngdEnesb Jnbpdngal
332930l a6y7358109, Wb omanbrgl gMagbgeb 8md33ggbnl.; pH-m3@0dpdn, LaMmgagignm
ofnb omby@a dormabs o dgggMab ambydn Bymagbnmmdab asgengbs. bydmam Boammaqnq
93903 Pod@mAb 3ggdemno 3a8mznmyl smmb@gHagem jga5J@mcab Gmendo.

4. yoMeemyds gbrs dngdugb ©9839M@nAnm @IJBmMb. (36mdarmns 338mb33336n,
Amrgbsy goMdgbdal JmbgmEBagnmemn dpamBahigmds dgnrMm JogdnMman 0dymeggds §733)-
Ao Gaboob. 9@Lgdmdb goM8nbsgdn, mBmadng acsbnmnb rabmEaszaalb msdarm @3333-
Godohpddy.

5. 3>mgornbBnbgdyme brs nymb ggRdgbgmmn Mgog3nab BnSQnBoﬁombnb haSaﬁthnam-
33(3. bbgabonMam, ymagmn ggRdgbEobs o ndmgyRdgb@nbomgnbag gn, Pbrs mawanbiogh
6g5gd30nb " 3ndmabafigmdnb abgmn beba@dengmds, GmBmob EAmbag PbHWbagmymgama
ndb3ds InMRidnMIGHmMImFagmn @BmIndmads Mgsdaneb boRdomabs @ eMmb 3mMab.
Begngfion ggRdgbgabsmgel Ggsdizanb bobamdmngmds nbodmaMgds 687330, ‘bmanaﬁmn-
bamgob gn Bogdbs @ basmgddn.

6. smmb@gfnmmo g3Rdgbdob Jmaaﬁaéﬂgqn 9589J80 3gom 3333030 naumggba
LydbBGa@nb, Jm@aaRdgbgnbs o Jmgad@mMab 3mb3nbEMa3ngdaab, oanéma o8 go;jém—
Fgdbag P6rs 3n)duob rae yoHormyds.

7. 359B93ngns, Fmd gaM3nbadab Jnbgdnymn a30bgdg30b 3gbBozemnbsb, ﬁamggoﬁmbﬁnaa
3°6Lb33930b @a@ag6el nbEao 6 aBmyFBEB AL g3mgzabab, 8saMom bms o303
Beob 3nhmdgdn, g.0. ﬁaodongbn 6@ $oFmydmegl s3bmmud Mo neybdn® Jnmmdgddn.

8. odmeymb, od doacs@n god@,mﬁnb Bgbobgd, Lonebogy bs 3nBymb, smmmbggFhme
hongRcidBmgdaas Jaemgas. gb >Fnb ggMBgb@nb 8mgamgdnb BgbBagems dabe bbaoQabbao
3mM6396@G(30nb InBmd g3 dn,

ob a36g8mgds, Fm3 semmbgenern @o®8n6G sk dmmgymmgde Bomands B
Ldgfagymnbogsb, 25633nGmdgdb joran; 39M3397c 30fmdydde, dsom anmeoaeonb
Fgbodemgdromdab. gp@dgbBnb 3mmpgaemolb @abmnsgealb bafnbbe 3gademgds Baneaopgmb

@M8g6@ 0L 3mb(ygb@Ha3nnb PdMsmm oFaMgdnb @Amba(y gn.

by, - IV-36  aa8mbobmemas  Ggedgank bnﬁdaﬁnb
A (3239680l - bagmean  3J@ngmdnb) @oFMagb@ab
3mB(306@MIgndy @emgnregdnemydeb opmFnyenve

1 dgbodemgdgena badn dnﬁnman Ag8ebgggs: .

1. e39336@abs Jmﬁegﬁéﬁoennb BAabomob gﬁcnacg
oBimgds Ggogd3onb bnksmg. -

2 2, @5336@nb 3mb336@Mo30ab DH@ILASE sﬁmag
330firegds Mgadnnb baBgs@g. o

3. a%MEgds 9nRdghseb ymbb@Gayes, Goaﬁaa
36 0(33egds Ggoginnb bnk sy, !

dnfggen Igdmbggzadn, Fmam@Gey Rabl, od@nmf‘mo
@3g6@ob mmoamdgFmmoe @mHds, dgmegla.. =
obmaafgdamn, 8gbodg3e 3o 96 ebmznMgdamme Qo.
mqnamaaﬁ:‘]q‘n @mAdgdn baboommgds gfmbanfn sd@ngmdom, 36 ggMdgbgn oF aoGnG@nb

> [F)
L. 1IV-36. g4/dg6@nb bzgmGean
33@03mdnb eedmnegdamyds
B9f896@nb 3mb(3768Rs3nady.

eobm@nsgnsb.
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8MBI6T30

9063368 men Agagd@annb Lodmmmmm 3hmEYdEab 3mbagbdMagnnb 2a0bMes ab3gab Mgogacb
bnBgocnb dg3(3nGigoob. 98 9539 L gbmmgda:
3) gmbymigb®mmn nbIndnMgds.
3) bpdb@Gognem nbIndnFgds.
3} nbmb@gHnmma nbIndamgds.
©) H3BAMnbIndaMgds.
) 3M3397(393%@n nbIndnMgdo.
35893men@no gfdb@nb dnmbnbogbab 8335:6 3o§3ab gbmmpda:
3) dmb@gfnme Hgamaged.
3) g9c3dgb@ab dnmbabogbnb nbropdans.
a) obmbBgRhaymn Mgaemages.
©) ¥ab3pgngnagfo Aoz gasEne.

9) Fg3fgbns.

dbIsAG @ 30M338mnen@FobbaggMobnb srimb@gFe e abAndn@mEns:
°) ¢da- 3) oda. 3) ndg.
®)org- 9) +3g.

Fmamf Bgnamads JoBogfo Mgadgoel BmBabBmFmda gogamnbe@mab mobodymagmdnbabi?
Fogma?
A+B — 3fmpmdBdn $Gg3dnnb (Ggodaes Bomnb 3gmey FMngab 334obnbana) 3368memgds sby

RonByMgds: --—u= k., [A][B]. sRggbgm, Emd A-b 3mbyg6BHaganb 3g8(anfigds as8mnBagal

d[A]

695Jionb Infaggeme Bngab 89Job6nBInm BaMdsfimgsb (—T=k,,[l\] ), og [B]-b babynbe

86n3363mmds demagh smpBaBgds A-b gmb3gb®@agash. Ms @odmynegdampdss K, ®s k.,

3mMab?

3306Rngo Bammngdyemin IS n(ynda:

3) JmbypMabmn abAndn@mBa d330Mgdb  @aM3gbEnb v@ngmdob  (3namo-gahaghdab

©aba@Ranab g baon.

3) @MR3eENme Ggodunnb LokfsRg nbGEYds bydb@Bagab gmBRgBBMsErab BRmsbesb
960, H3mash ndEEYSS gaMdgbe-bndbERModab ymbgbdhagne. :

a) 3mbymAgb®mmn 0BAndnRgds brgds ymagmognb, Am@as nbAndadmEn yozantimgds
33@ogmn 396@@nb 08 7dsbb, bams(y bmgds bydbEMsdnb esgs3demgds.

©) 0bIndnMgdab gnbadngpMn  g90dde (Bgodpnnb  IGmEPI@en) ®Bsbabacmpdgmes
633nb3ngMa Bgj(303°0@0 YaMdgbggme IGmygbabomgab.

3)  2d@ngekmfns Bagongfigds, 6mdgmng Aol gy@dghgab o@nzmdsb, 8oa@ed o6
3mbaBnmgmab Mgad(3nadn.

3)  Ag@GmnbladnMgds gogndn ﬁaa-amo@mﬁgqn 877%6a%3ns, AmIgmng bAYEIgmymeal
nasnrGyeyme Igmasbormdnt Igpsgdnm dgmngmdsb.

a)  38AmbIndofigds bmA(3ngrormgds bydabAnghin ggedgbdema Mgsgiynabomgab.

®) %58FmnbAndamgds 3gndgabo 356gnbnmmo, Bmam@(y ambbaﬁn-omn nb3ndnfgdnb ggfidm
933mbgggo.

3C068s8@)In@AEmagbatnl J3gdme 3m@sbnmn JoBg@aygha 3mBa(gdgdab Logmdagmda

23399 afegogn [S1-v @aV/[S)-Yv gmmeienbo@yddn ([6sm’)=const) > pabbabmahgo Ka o

VI‘III
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L-aron@8s8nb 3mb (3068 @0,

333 | s
33menn/en. 168 | 3, 00 | 667 | 1000] 20,0

LaBgabn baRjsMy, AE/Go.
(340 69. 6o H-0b 65A3mJ86nL 0,172 | 0,250 | 0,286 | 0,303 | 0334 | 0,384
dnbymgznm)

oGl Bmmo s 3gnegh Fynbab mob embb, bmem 3meg ypmaHin J@ngmds Bgomagbl
5 BogpomBl. 3oBbabmaMgm Byscdsmab Bgygsbash dmegyamome Magban, Gmagmmng 0demgds
B9A336@nb & 306nb g0 nmBne 1 Egainb 3068s3mmdodn.

JoM3gmn Gngab Mgaginsdn A—B, A-b LoByabn ymbaYBEMASENs nym 50 B38mmn. 2 623nb I38maa
-5 339mema. Gmamfn ndBgdo A-b 3mb3g6@@a3es 5 653nb 359mna?

33mRy Gngeb Ggadnadn A+B—IC, A-b bsByabn 3mE356EMo@n> nym SO 833memn/en., B-b 40
838meo/en. 1 Ba3nb gdega A-b Jmﬁegsoﬁagns 3obms 40 3y8menn/em., Bmemm B-b - 30
843men/mn. Amamfn ndbgds A-bs @d B-b ymb3gb®Fogngdnb gammmds 3 Ba8nb 393 ?
Ippmanbgn aFogngn @ 256bobmaMogh  @MobLaBaBotnb Ka BpBrgan  8e633dgdnb
bsgradgomby-

20 G8@nb bomxgab .
LoRgotig, (3a./5on) 037027043 ]|065]|073]0781]0,79| 0,81

285837020 Infommbamgmbgodeb '
@dmebmda, 88menn/p. 0301050 1,0 | 20 | 30 | 40 | 50 | 100

13. s033m afogagn [S)V gmemRErbagddn (83emo@Inmmagbatnbamgnb) 338mpan dmbo(3gdgdels

bagydagedy:

["dm"’?;‘_’"]' 6,8.10%19,610% [1,28-10%} 1,9-10% [ 3,2-10° | 4,8-10%|7,68-10%| 1,6-10*| 3,2.10* | 4,8-10 | 9,6 104

v.338meoo/63. | 72 | 108 | 146 | 292 | 370 | 470 | 660 | 950 | 1700 | 1130 | 1250

8°0mnsbasfindgo Kn @3 Van mhaabgnggfinbs ma 356 gnb medag 333606537en bnenggms 8gommno.
4. goRdgbdamn (aadsds@myd@dmibamaby@a) Fgsjaanb Jggdme 8m@obamn BmBagygdgdal

bagpdaaeedy Q»Qanﬁg.m (>>330 afegnge JmofEebagddn [S)v @ ﬁ,%), s@angmn  333b

ImB33MaB@T ary 960 mbIaRabdm nbAndafgdab? 30BLabmaMgm 3aMma0 K ©5 Vaa @bMnmmab
bsgndagezdy.

3587b 363686 ) ' ; :
3098a80b gmbagbdGoan, | o ec100 | 132100 | 198107 | 26610° | 6610
338mean/e. . .
fAg5d3nnb boRakg (v), 300>~
39nBmyMdmb 8g339) 839mmn/68. 015 1,75 225 . 3,60 450
®7543enb bnf oMy nbladn@mAnb
@633ymggminbisb (v), 833mema/6. 0,50 1125 L1 25 3,50

15, as6babmaMgm (3gbadsdnbin aHognygdnb s33nm) Aagbatgamn (336@s) acra®s8a®malnrtim-
306000k gnbg@ngfin ImBs(39898n: Ka, Van ®s Ni g9mgan 8mBa(3g878ab Loggdagmby:




2-mjbmay®otodab
Imb3ob@Bagns,
"~ 8ydmeo/e.

2,5:10*

5104

25-10*

50-10*

100104

200-10*

30010

@3 boern bog-nb
JMb(30b@Bo3n>,
339mmo/co.

4,34-10%

6,50-10°

13-10%

21,7104

32,5108

65-10%

13010

Ggegdannb behgjatg
bgdb®Fadal 3nds@am,
839mmn/63.

0,25

0,38

0,90

128

176

193

321

Fgogdannb LoRgdsmy
IMgaRdghdnb
Bnd36an, 839mn/63.

0,19

022

0,28

032

051

0,64

096

130

16.  Bnbsgerab-8y68 96l g@8EGDmn Agsggnnb RzgamadAngn Lgdab Bnbrpgno

17.

19.

20.

21.

22.

V. -
E+S;—:i—’ES_kﬂ_.E+P ofggbgor, Hmd pS=me+|g[ m‘" V]'
-1

baes pS=-1g[S]: Km =E—_1;’_k-1_; Vo =Ky[E], @ v= d[P)/dc.
-l

69R3369803, GmMa bagmaMeb amafMomegdne-3-gmbgs@ryderMmagbabnb @sgegdnfigds Bae-
a6 0B3gsb @gMagb@nb Bmpmeemdab JgdanMgdeb. bFemde dm@obaemn BmBa(3gdgdals
bagdaarty @asmanbym (3mBa(g8gdnb aMagnyby ma®i6am): Bor-ab @agsgdnfigdsls s
BIFR36H0b dmagemmanb bsRabbab 353 3pMgdob Ameinb @3mnegd:grgdab babasan.

] 3nb

Bag-nb gModins, Bm@pmmds, a';g:;:b:b
23

fiamigbmds A boalibn, %

0 2,6410 0
0,23 2,5810°
0,46 2,5310°
0,72 24910’
0,99 2,45-10’ 100

25373330, Am3 @yMdgbs-bmdbBMagab 3mB3mydbdn Byomdsmpa 388ab dogemn gBgfigns
8ngenb od@ngannb gBgMannb Bg8(3nMgdathy. mosbrmadem A KamEgbmdnkb Bysmdseyen 33>
9b@s B3%Imnd8bsb, GmB Mgodgnnb boBgsfg asnboMemb 100 000-xgG?

@A abygbol 308mn@obm, oy ggRdgb@mab I-Jrmme8Mamndgbbmagnb abyndeganb 353raa
L3b®MaBob (©339380M03s oM a3emgds (MBIndegmMnm @VTIDTazads @gHIgbGeab
Bgeofgdng), Bo3M58 ggfRBbdnb JodarmnbyMn 3JGngmds d3efrgds 40%-no?

BIRIg6En gmbypFab@mam abindnfMregds (bbzomobbgs biMalbam) gFmBantn Jmbynb-
®Foganb badn bbzagabbgs (1), Ja, 1) nbIndn@mEnar. nBAndngmMgdal mnbmzasgynab 3mbL@absd
3gbadadnboe @memns: K, =0,1 88memn/cz., Ky =0,01 88memn/eo. > K =10 38meon/ez.
GmBgemn 0bndogmin 359mnB333L 35jLndsry o Fm3gemn 8nBedarryM ABAnBaMgdab?

@b 9Bmmpds ES, ymgod@mtn, ymggmBgbdn, ImmmgyRdgbdn, sJmgg@dnbgn, Jabads,
e)domAmanbebs, bLEIHgmbIgngnygAmds, sidngfn (39686n, SmbByBngme a6GMa,
100%-36n 2096 gds, JMmMIghsGammmds. BdBmoyormndgen abmppnfgdaen 3gbadsdebmdnl
;mfing (Im3myboab egmeins).

Bysemdomnb Bygsbanb @sImab bobdaGgby GaddgMognenb aagemabs, Fe™*-nb 36 go@serabl
®3638gmamdnbob, dmygByemns abGnmBe:
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Fe** Jodormobe
&383gR8 M0, k, &3839F0@ gm0, k,
°c Ampma x - 6. °c 10’ 8menn x 63."*
348 110,0 25,5 3,50
34,8 109,0 23,5 3,50
25,0 60,0 25 3,54
25,0 61,5 72 3,11
12,3 29,5 3,0 2,86
12,3 315 2,0 2,84

3°6bobmgMge Fe'-no > go@omsbam godomnabgdmmoe Byomdsmab Bygsbanb Qbﬁqﬁb_
>3@nasannb gBgans. 3mIghdsin a7 3p0rge Iemgduey gmaagdh

AIn@mmbmMngddn ammomjbomsgob mp3oMdmgLarnigdnlb nbladaMgds brgds dsmmBsgea. .
d308mer am@sbnen Bggagdnb dnbgmane @smanbym (aMomagamer), ojalb oy M smanmn

JMB3nA68 g 06Andagdab? B

23,

39Imyimgotnn 00;-0b Gompbmds
acemgborodab (Sofmdon ghagmmgan)
ImBgb@Magns, :
3Bmeho/e. ) : AsermBagnm 8srombs@non
- 3smmbodnb 3oM9d
Tmbagns 8200% (1 26dnar/a) | (1963nen/a)

100 2,50 2,17 1,82

0,75 2,44 1,82 139

¢ 0,60 2,08 141 1,28

0,50 1,89 1,30 1,00

0,40 - 1,67 1,09 —

033 1,39 — -

025 1,02 - 0,56

2. Jag8men dm@abomn Bmbagyg8g30b bogyndagmby 306LsbnaMiger Ka ©5 Van
BLgFo8nb JmBa6e s
bdbé :233.!«' 3ob&Mgn, 2 P 8 16 20
meo/e-
baBynbin bebdemy,
10 Beogf 68, 13 20 33 36 | 38
25,

36335@11 X 3.)3n3mfanqn nd6s BaBammdfng 206856mnm (Jﬁnb@oqn%oennm) Qo Lo
3mamIsFgmdsdn 33mgan Jnba@nyfin 3mbd(3939dn0n:

Lgdb@fis@aeb ymb 6@ Magns, 83mmn/cr. 1 2 4 8 16
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In the investigetion of the enzymic reaction kinetics,
an important role is played by various forms of a Michae-
lis-Menten type equation which establish the relation be-
tween the substrate concentration and the initial rate of
an enzymic reaction. These equations also contain two
unknown parameters - 8 maximel reaction rate and the so-
called Michaelis-Ment [1-4). These canstants
can be defined in each concrete case by means of the
availeble beuristic and statistical methods [5, 6].

The classical Michaclis-Menten equation has the
fom

s

v=v($)=K+S.

)

where v is the initial reactian rate, S is the substrate con-
centration, V= V__is a maximal reaction rate, K=K, is
the Michaelis-Ment for which v (X)=0.5V.
We denote by 1(1,5) the optical density of the sus-
pensicn 81 8 mament of time 1. Note that the values ¥ and
K ere naturally ime-dependent ¥= 1), K=K(f). In other
words, 14¢.S) describes the reaction course, i.¢, the evolu-
tion of optical deusity in time. Using this notation, the

9

expression in the right-hand part of (1) will take the farm

(0,5)= u(l ) i

ra 0
which implies
v_.(0) K(0)-V_,(0
(05, () KOFal0)
k(o) K(0)+5
Let us now iterate this fanction with respect to time.
Asaresult of the first appruxjmnlion we can write

(0)-5

where A(S) is some non-negetive function of S. If in
this expression we take into account random deviations,
which are produced by factars and which cannot be meas-
ured because of a great number of factors and the small-
pess of each individual factor, then by the central Jimit
theorem we can write with good approximation

s, 5)= (V__(o)-—”'x" :s(o + u(s)}z(r-e)dl +8an{1) Q)

v'(0,5)=

v (1,5)= Veel0 )+A(S)l

© 2011 Bull Georg Nad. Acad Sd
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Inthis formula §>0, w{(/) is a standard Brownian mo-
tion for which w(0) = Ew(r)=0, Iw(t)=r, Bisaran-
dom variable independent of w(r), having values in [O.w)
and distributed by the law

Plo=0}=y, P{e>0}=c™ >0, (3

where 0< 1 <w and 0< 7 <1 are the known param-.

r20

1<0 . The parameter A in(3)depends

e 1)

0,

onmixture and on reaction temperature, This parameter

can be assumed constant because for a concrete sub-

stance and the known temperature value the reaction du-
ration is known.

The stochastic equation (2) describes the evolution

of the suspension density in an enzymic reaction and the

presence of the function y ( 1) in it is due to the fact that

in any reaction of such kind there sooner or later occurs a
disorder of the reaction process. This depends on tem-
perature and, to a lesser extent, on other factors. The un-
known random parameter 8 denotes the moment of time
of the disorder onset and we have to estimate 6 by means
of observations of the process (1, 5).

To the equation (2) we should add the initial condi-

tions

u(0,5)=0, u(1,0)=a, @
where a shows the reaction course in the absence of en-
Zymes,

Assume that we observe the solution ©(4,S) of the
problem (2) with the initial condition (4). It is required to
estimate the parameters contained in this question at the
mament of disorder.

In such a general formulation, we can pose various
problems connected with the reaction process. In that
casc, the main tasks are the estimatian of the parameters,
the fanction 4(S) and the moment & of the disorder onset.
Mathematically, this is the so-called discrder problem
which is solved using the sufficiently well-developed
methods from the theory of random processes [7).

In this paper we will consider the problem of estima-
tion of the purameters for the process

du(1,8) = (VM-%'* s )dr+6dw(1) ®

with the initial conditians (4).
From (4)(5) wewrite

Bull. Georg. Notl. Acad. Sci., vol. 5. no. 1, 2011

u([‘S)=(V._‘ —%‘—}+%l’$+5w(l).

Here 141.5) is 8 Gaussian Markov process for which

, K-V, ro.
Eu(r,S)=(l_“ X 13 S.
Du(1.8) =5
Therefore
. C- 8Du(r, s
M =Vm_$ and M:b".(s)
a ., K+ ét

Hence it follows that for estimating the parameters
¥_,. end X it suffices to apply the least squares method
provided that we have the observed data on the initial
reaction rate dynamics depending on a concentrarion S
(this also follows from the meaning of the parameters ¥_
and X in (he Michaelis-Menten equation).

Let us derive formulas for calculation of these param-
eters. Assume that we have » observations organized as
shown in the following table:

Table 1
S S S; S.
X A X Xa

Here S, denotes the concentrations and X, = ¥(S, },

k=1,2,....n, denotes the respective values of the initial re-
action rate.
1t is mere convenient to apply the least squares method

1 1 .
(o the inverse values ¥, =——, f, =—. We write the
A S

relation (1) in the Lainuiver-Bark form
Y=af+b,

1
where a=_£_, b=_l.' y=l=_l_ and f=E_Ao-
\4

- Ve X
cordingly, our table will be rewritten as follows:

Table 2

Is 1 f ’a

1
s
L

Y A r Y.

X

According to the principle of least squares, we are to
find such values of the coefficients a end & that the ex-
Ppression
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‘i‘:(r,-af, +8)

would take the smallest value. By siandard analytical
methods we find

l',
n

3

:<

-7r
-
s

and

7 1 ,
T Zm

N

o
1]

=l-—-?[v].

g
§

where f=%2f, and F=l" 3%, .Returning to the
o) hm

initial variable, we can write
J
Ll ‘ » l
S (51
_ s (Es)
e 1 ¢ L ] ¢

1 1 = 1 .
el X‘ As) S: AZII “’ s
As seen from the formula (6), the coefficient 6 isthe

3"()

dispersion of the process —— and does not depend

on t. Therefore it can be ts!umtod from the ebove tables
since this is the dispersion of the initial reaction rate. Thus
wecan write the estimate

. PR
5.1=-1-ZX—V K
n ;m K+S,

It remains 1o indicate (he estimation procedure for
the coefEcients ¢ and 7. For this we note that for an aver-
age rate of the enzymic reaction we have the relation

Bull Georg Natl. Acad. Sci, vol. S, no 1, 2011
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9En(1,5) v~ K LA
ot S
Hence it follows that we can use the table of observa-

tion data which relate the reaction rate to the concenira-
tions § and time /.

st +0S.
S

So, we have
Table 3
, st 5, Su
h iy ] Vi
L Va Y e Via
[ Vi Ya oo Vea

Using the experimental results (given in Table 3) and
the formule (5), we compose the sum

PR S.V
PIp) [ Ay ) o
=l gel K+SI

and choose the paranieters ¢ and r so that the function (7)
would have a minimal value. Applying again the standard
oplimizntion methods, we find

z": ta - l;_“bc

P aul
A

r

where

q, 'isl"u' b=i’n
7

=1 ;-l

I

A= Zr Z s:.
1=}

The obtained formulas for estimalion of the param-
eters of the equation (5) can be used in the enalysis of
enzymic reactions as well as in practical computations.

Acknowledgement. This werk is supported by the
Georgia Nationa! Science Foundation (Project # GNSF/
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Dochviri B., Nadaraya E., Purtukhia O., Tkemg)ladze G.
On One Problem of Statistical Estimation

1. In the investigation of the enzymic reaction kinetics, an important role
is played by various forms of a Michaelis—-Menten type equation which
establish the relation between the substrate concentration and the initial
velocity of an enzymic reaction. Let us consider the Mikhaelis-Menten
equation which is'well known in the theory of fermentative reactions-

v=v(S)=VsS/K +5), (1)
where v is the reaction velocity, S is the substrate concentration, ¥ = ¥y
is a maximal reaotion velocity, K = K M is the Mikhaelis-Menten constant

for which 'v(K ) = 0,5V . Note that this equation underlies all kinetic studies

of fermentative reactions [1]. The parameters ¥ and K are assumed to be
unknown, :

Assume now that for various concentrations S and moments of time ¢ we
have two samples (experimental data), each of size n:

(5.v) = (5.9} (Smovi), @

(t,v)= (tl,vl),...,(r,,,v,,).\\ @)

Experimentalists write data in the form of the followingtqblc [2]

S S, S,
tl N vll ese V"l
t, v, 1. vee Von

ij*. i=1,..,n, j=1,...,n, denotes the reaction

velocity v when the substrate concentration is S;, and the moment of time is

In this table, the value v

t j [2]. The values of the parameters ¥ and K can be calculated for each

fixed moment of time ¢ jo Jj =1...,n. This is done, for exathIE, graphically

in the case of equation (1) and also in the case of Idi and Déimuiver—Bark
equations (2], [3]. Thus, using the data of the above tablf: ;We can find

estimates of the unknown parameters V; and Ky, i = l,....g ,Mor each row
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of this table. After that, for estimating the parameters ¥ and X we can use
sample mean values

— n .'_ n
V='(_ZV-)/n, K=(ZK1)/n @)

and also write lmear regressxon equations for (S, , ,) and (S,. K; )

In the present paper, we propose a new approach to estimation of the
parameters ¥ and K, taking into account the time factor [4]. Using the
.samples (2), (3) and the least-squares method, we obtain the parameter
estimates as well as the equations of prognosis of the behavior of these
parameters relative to the substrate concentration S and time #.

2. In the first place, using the sample (3) we write the linear regression
equation for the reaction velocity v with respect to the variable 1. We have

v=at+b, ©)
“where a= cov(t;v)/S,z; b= -cov(r,v)- ?/S,z;

_ n _ - n
v =(i§lv‘-)/n; f ='(i§l‘i)h.';

. n ! n
cov(t,v)=[):(t- —l' v —iv')]/n; S,2 =[Z(t- —t)z]/n.
3. Letus wnte the reaction velocity in the form
v=v(S,0)=VSAK +S)+ar+b. )

We want to study the questions of estimation of the parameters /' and X
for the function (6).

Let us now define the sequence c; =c(v,-.t,-), i=],...,n, and the

function 0 = Q(V K ) respectively by relations:

¢ =f(,--at,-—b, i=1....,n; @)
- 2
o(v,x)= ‘_El(c‘-l( v, VS ) - ®

* We are to find the values (estimates ¥,, and K, ) of the parameters ¥

and K, for which the function Q(V K ) takes a minimal value. The solution

of this problem is given by the theorem below. ‘ '
The expressions for the values of partial derivatives of the j dction

" ofv, K) with respect to ¥ and K at the extremum point My = ()(b;g KO)
are written in the form l;

‘.
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2802 _: 2 _ 2 2 _
@°Ql/ov )M0 _:all' G Q/aVGK)MO =ay,, (07Q/0K )MO =ay5.

Theorem. Assume ‘that we consider equation (1) and we have the samples
(2), (3)- Then the following expressions are valid for the estimation of the
parameters V and K .

o =125:02 Esie; - $52¢, 8 21/[(53' )2 3525, ©
= O {Cs — . Cs C: .C. - s ¢c; ],
(=Ll =~ L = WL = W V= WL B = i =

Ky =1 B5ic2 £52 - P52, B 1/[()’53 )2 %52 %.c?1. (10)
= .C: Y - T Cs .C: .C: - : > 1.
= L = N = WLy = I V= I B = = I

Proof. Let us :find first order partial derivatives of the function
0= Q(V K ) with respect to ¥ and X and equate these derivatives to zero:

gy = iglz(c,.x + ci:?i -vs;X-5;)=0,0, = élz(c,.x +;S;- VS,-)CI? =0.

By solving this sy;'vstem we easily obtain the estimates (9), (10).
Moreover, in the (;o‘nsidered case

n ! n n
—_ 2 — 2 _
a, = 2ZSI s 1y = ZZC: » a4 = 220151 '
i) . i=1 =1
and since :

2 - ;
(EC-S‘) < Ecz . 552
f =1 =t

. .- 911 92 . . .
always, the matrix of second derivatives is positive definite,
: 92 922

which allows us to cc;‘__nclude that the found values V), and K;, are points of
minimum of the function Q.

Corollary. For eath k, k =1,...,n, we have the values Sk and 7 (i.e.
t}) and by means oj:" '(95, (10) we can calculate the values .Vlc and K.
Summation in the JSorimulas (5) - (7)., (10) must be taken up to k inclusive.
Thus we obtain the sequences (Sk"k;yk and St "k’Kk ),*'}I!c =loo,n.

Using the least-squares method, we can write nonstationary lineii’ regression
equations for the variables V -and K with respect to the variabiaf;ls and t .
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‘Remark 1. It is possxble to calculate the correlation and determination
coefficients, which are important numerical characteristics, and carry out the
complete regression analysis.

Remark 2. As is well known, in fermentative reactions the reaction
velocity depends not only on the substrate concentration S and time ¢, but also
on the values of temperature T, pressure P and other factors. Let us assume
that along with the samples (2), (3) we have at our disposal the samples

(T, v)= (T, , v,). (P, v)= (2, v,), i=1,...,n. The proposed approach
makes it possible to wr}ite linear regression equations for the parameters ¥ and
K with respect to the variables, S, #, Tand P.

The work is supported by Shota Rustaveli National Science Foundation
grants N 09 471 3-104, N 09 383 3-106.
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On One Stochastic Model of a Chemical Reaction
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ABSTRACT. Nearly all natural reactions are of random character. In many spheres of science and
applications cssential use ls nade of probabilistic-statistical methods. Using these methods, probabilistic
models were constructed and fundamental results werc obtained lun the investigation of the following
fssues of chemistry and bjology: autocatalytic, unimolecular, bimolecnlar, m lecular and chain
reactions, populatian growth, mutation, epldemic theory, genc frequency theory, radiobiology, and soon.
In this paper a chemical reaction of first order is considered when the reagent concentration is distributed
by the binomial law. New expressions are obtained for (he mathematical expectation and variance of the
rcagent concentration and product. A stochastic model of a first order reaction Is constructed.

© 2013 Bull. Georg. Natl. Acad. Sci.

Key words: chemical r
model.

ntration, vel

The motion and velocity of cach particle or a sys-
tem of particles obey certain laws. For instance in clas-
sical mechanics the behavioral laws of particles in time
and spacc are deterministic — the current statc of a
particle uniquely detennines its futurc states. On the
cther hand, for instance, Brownian motion laws, varia-
tion of energy levels of clementary particles, motion
laws in quantum mechanics and others are stochastic
—the current stato of a particle can determine only the
probability of future states of a particle. Besides, de-
terministic models are described by real functions of
time, whereas stochastic models are described by ran-
dom (stochastic) processes [1-3]. Note that the math-
ematical theury of Brownian motion as a stochastic

ity, mean, variance, bi

ial distributi toch

process was constructed by N. Wiener. This theary
underlics the moderm stochastic integral and differen-
tial calculus (stochastic analysis) [6-8).

Nearly all natural processes are of random char-
acler. In many spheres of science and applications
essential usc is made of probabilistic-statistical meth-
ods. Using these methods, probabilistic models were
constructed and fundamental results were oblained
for instance in the investigation of the following is-
sues of chemistry and biology: autocatalytic,
unimolecular, bimolecular, monomolecular and chain
reactions, population growth, mutstion, epidemic
theory, gene frequency theory, radio biology and so
an(1,4,5).

© 2013 Bull Grorg. Nail. Acad. Sci.



On One Stocbastic Modcl of a Chemical Reaction

Let us consider the unimolecular reaction
A~ p . where under certain conditions the sub-
stance A (reagent) transforms itreversibly to the sub-
stance B (product). A reaction velocity constant
k >0 depends on the conditions and kind of reac-
tion. Let the concentration of the rcagent A be de-
scribed by the function A4 (1), and that of the product
B by the function B (7), ¢ 20. Assume that in this

chemical reaction of first order A(0)=4, >0,

B(O) =0 and the cquality

Ay-A(t)=B(1), 120

is fulfilled for any moment of time.

According to the deterministic model of a first
order chemical reaction, the reagent and product con-
centrations are described respectively by the follow-
ing functions of time [3)

m

A(t)=dge™, 020 @

B()= 4,(1-¢™"), 120 6))

Note that 4 (1) is a decreasing function of Lime
since the first derivative with respect to time is
A4, (1)=—kApe™ < 0. Clearly, this fact is natural,
Also, 4 (f) is convex
A (1)=k*4ye™ > 0. We obtain analogously that

8 (1) is an increasing, convex from the above

from below -

function since we have B8(r)=kie™ >0,
B,(1)=-k>4e™ < 0. Let us consider some mo-
ment of tine 7 =7, and draw tangent lincs for the
functions A (1) and B (1) at the points Af (f.,. At ))
and N (lo.B(to)) , respectively. Equations of these
tangent lines have the form
T(e) =4 (e} e+ A{t) -4 (t5) 15,
8(1)=B; (1)1 +B(15)~B/(15) 1o
For the points (0, 4(0)) and (0,8(0)) the tan-

gent lines have the following form:

Bull. Georg. Natl. Acad. Sci., val. 7, no. 2, 2013

fo(r}= 4(0)r+ 4, @
2o(0)= B (o). ©

The angular coefficients 4 (1,) and B; (1) of
these lincar equations cxpress the concentration ve-
locities of A (r) and B (r), respectively, at any moment
of time 1, 2 0. It is obvious that at any moment of
time (20 wehave 4 (1)+B,(1)=0, ie. the sum of
instantancous concentrations A (r) and B (1) at any
moment of timne ¢ 2 0 is equel to zero. From (2)4(5) we
immediately obtain for the initial velocities of reagent
A and product B that 4 (0)=-k4,, B;(0)=k4,.
Notc also that the grapbs of the functions A (1) and

B (1) intersect et the point ¢ =%In2 at which we
] 1 1
have A(;hz):B(;hZ):EA,.lnmhawmck,

the moment of time / =%ln2 is the moment of the

half reaction of the reagent 4 (‘half reaction of the
product B). Moreover, the line A(r)=0 is the as-
ympiote of the function A(f), whereas the line
B(1) = 4, is the asymptote of the fimction B (7). The
functions A () and B (f) arc mutually symmetric with

respect to the line A(r) = B(¢)= -;-Ao . Analogously,

the line 4;(¢) = B;(f)=0 is the asymptote for the
velocity functions 4 (1) and B; (1) and these func-
tions are mutually symmetric with respect to this line.
The reaction velocity 4/ (1) of the reagent A always
increases and the reaction velocity B;(¢) of the

product 8 always decreases.

To construct the stochastic model of a
unimolecular reaction we assume that the concentra-
tion of the reagent A as a random process A, is de-
fined by the formula
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A=A+ ]J'(s)d:-i- ]‘o‘(.\')(hv, ®
[] 4

wherc the first integral is the usual Riemann integral
and the second (stochastic) integral is taken over the
Wiener process [8]. The fanctions of time r (¢) and
o (t) erc unknown and have to be found. At cvery
fixed moment of time 7 2 0 the value 4, isarandom
variable whosc possible values are x=0,1,..., 4.
We should find the distribution of this random vari-
able.

In many problens of biology and chemistry there
exist definite.connectians between deterministic and
stochastic models. For instance in population growth
modcls the mean value of a population size coincides
with the population size function for a deterministic
process of populalion growth [1]. Due to this fact we
assume that the random variable A, bas the binomial
distribution ‘

P(4=x)=Cip (1-p)*" @

where thc probability of “success™ is

p=c™Y. Note that the distribution measure
#, (x) = P(4 =x) is smooth, has the logarithmic
derivative with respect 1o the parameter ¢

#,'(x)=Cj°(l—e_" )&-H xe™Y—xt dge ™ —xe™ ) .

This discrete measure with alternating signs is
absolutely continuous with respect to the measurc
# (%) and the Radon-Nycodim derivative is written
as

d”'(x) keb(nl) _ _ _
('(I)EWET—I(“ 5 xsdge - xe ),

Hence it follows that all measures g, (x) are
equivalent. This practically means that the process
4, cannol be “very bad”, i.e. we should not expect
fuy large deviations from the averaged process

Boll Georg. Naul. Acad. Sci., vol. 7. o, 2, 2013

E(4,). Byvirtuc of (2) and (7), for the mathematical

expectalion und variance of A wecan write

E(Al)=A(’)=Au“_M ®

D(4) =A™ (1-e") = A(1)(1-¢") @)

It is easy to sec that 8, has the following bino-

mial distribution with probability of “success” 1 —¢™¥
" kY[ -k ox
P8, =)= (- (4] 0
and we oblain

E(B,)=A°(l-c“')=B(r) an

D(B)=4(1-c")e™ =D(4) (12

Thus, in the deterministic model (2), (3) the func-
tions A (f) and B (/) are the averaged trajectories of
the processes 4, and B,. The dispersions of these

processes coincide, have a maxiroum at the moment

of ime ¢ ='lnTz and a unique point of inflection at

. 4
the moment ofime ¢ = l"k_ .

Notc that according to (8) and (11) the velocities
ofthe cancentrations A4 (1) and B (¢) coincide with the
velocities of the average concentration

values of the proccsses A4, and B,, respectively:

4 =(£(4)),. B()=(£(8)),. Moreover,
A, and B, arc the so-called Markov processes, dis-
crete in space and continuous in time. /4, is the proc-
ess of pure death and B, is the process of birth. Note
that expressions (8), (9) are obtained by a different
technique when 4, has a distribution different from
™l

Let us now (ind the functions 7 (1) und o (r).
From (6) we have

E(4,)= 4o+ [r(s)ds = e~ 1)
0
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D(4)
4
n(B)
1
A 2() i
2T A1) 1
; '
H h
[ _I_ n2 ) : h
k 1 1 !
I In2 ; In4
Flg. 1. Concentration of fuactions of s reagent and a
product. Fig. 3. Viriance of concentration of a reageot and a
product.

.

4, =4 -k'IA, dH-k% 'NA, (Ze"’ =1)dw, 3
[)] 0

An analogous representation can be easily ob-

tained for the process B, , too. Notc that if there is a
possibility to observe the course of the process 4,

and to oblain the sampling 4, ,..., 4, , then onecan

solve various statistical problems as the behavior of

Fig. 2. Cooccatration of velocilics of a reagent and a the process 4. Also note thal the found functions

product. r(f and cr(l) satisfy the conditions which ensure
the existence of representation (6).

D(4)= ofa’ ()= toe™ (1) 09y fanctions 4 (1). B (1), 4(1), B; (1), D(4)

From (15), (14) we casily find and D(B,) we have the graphs (Figs. 1-3).
,,( ' ) = -kd, P ki, Ac.lmow.lcdg'em.cnt. The \m-k. is supported by the
o2 (') =k, (Ze"' -l) Grorgia National Science Foundation, project No. FR/
: 308/5-104/12, FR/69/5-104/12. The authars thank Prof.

Thus for the process A, we obtain the stochastic B. Chankvetadze and Prof G Bezarashvili for their

integral represcntation helpful suggestions.
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O KMHETHAKE BAMOJEKYJIAPHON XMMAYECKOI PEAKIH
Houenpr B.M., Coxapnse I'.A., Txemanamse L1, Maxampnan K.A.

T6nanrccknii rocynapersennstii yansepenter am. Ha. xasaxumvian
Ipysnockni Texangeckail yEABEPCUTET

1. OcroBras JacTs

Kunenmka Xinugeckux peakumii (XMMHWeCKAA IMHETHKA) M3yvAEeT CKOPOCTL PEAKIMIL.
MaTemaTiaeckan TeOpHA XHMH4ECKOR IGTHETHKI 3RHHMACTCE NIOCTPOCHHEM ACTEPMHHMCTHYECKHX M
BCPOATHOCTHLIX MOJieNel, OMMCHBAIOIGNX XHMMMeckHe mpouecch. C noMomeio 2miex Monened
ACCNeIMyeTcs HMEHHO XMMHdeckas IKiHeTHKa. IIpHueM 1A NOCTPOCHMA ACTCPMHHHCTHHECKHX
Moliened Mcnomsayiores OAddepenOHanbHbie (MHTErpaibAbe) YPABHEHUA H XUMHuUeckii npouece
ONHCHIBACTCA ¢ [OMOLIBIO JCHCTBMTENBHLIX HENpepusMMX ¢ywianii Bpemerm [12,). B
BEPOATHOCTHLIX MOIENAX XMMHYECKON JHHETHKM SHCNO MONeKys peareHTa (MPOAYKTa) ARIfeTcd
cayyafiHoll senymofl. B oM ciywae ocioBloH 3anayeli ABNAETCA HAXOMACHME PACTIPERCNCHNSA U
YHCAOBLIX XapAKTEPHCTHK ITofi cryuaiHoll BeniunHn [3,4]). Cnenyer oTMETHTB, YTO B NOCTPOEHIH
BEPOATHOCTHLIX MOAENeH XAMMYECKHX, 8 Takke GMONOrHIECCKHX NPOLECCOB CYINECTBEHHYIO POh
HTPAIOT METOAb CAyHaliHbIX MpolleccoB, 0COGCHRO METOARI MAPKOBCKMX npoiteccoB. I1OCTpoOeHE,
HaMpHMep, MOACMA POCTR  MONYAADMI, OSMHACMHA, WYACTOT [ICHOB, YHHMOJICKYNAPHLIX,
6umaexynEpHEX, MOHOMQICKY/IXPHEIX LIETHBIX peakuiii B apyTHe [3).

B nHacroame#t pafore ang OmHOTO Kiacca XHMHYECKHX peakluuii NOCTpPOeHHe MOfeNH
Gumonexynaplioli peakittH CBEACHO K NIOCTPOCHIIO MOASNH ONPCACNEHHOrO BHA8 YHHMONEKyNApHoH
peaxuy. TlomyyeHn xBHLIE BBIpaXeHMS TpaeKTOpifi NPORYKTA, CKOPOCTH pEAaKUMM, & TekxKe
MATCMETUHECKHX OKHAAHNI A JMCIepeit 3THX BENHYIHH.

PaccMOTpHM BKpaTLe ACTCPMHHHCTHICCKHE MOACTH YHHMONEKYJIAPHEIX H GHMONCKYASPHBIX
pemamit [2,3). Iyets paccmaTpiBaeTcs peauns a—»x, re k>0 ARNACTCA KOHCTAHTO! CKOPOCTH
peaxusn. O603ne M KOHUCHTPAITMH PEAreNTa g A NPOMYKTa X B MOMCHT BPEMeHH { 2 0 aepea a(t) n

(r). Tpaen, a(0)>0 n x(0)=0. Cormucio oCROBHOM BKCHOME AETEPMHHMCTHYECKOH TeOpHM

JIMIIECKON KHHETHKM, CKOPOCTL pearaiti (CKOPOCT: ROHUENTPALMY NPOAYKTE) MPOMOPLIHOHANEHA
neficteylomeft Macce, YTO JAMHCLIBAETCA € TOMOTIBIO CNIEAYIOLIETO YPABHEHHSA

)= 20 4(f0)- ) = k) m

Otciona HHTerpHpoBaHueM Ha BpeMewoM imepsane [0,¢] nerko nomyuaem cremyronmie

COOTHOLOCHNUA:
olt)= o)™, @

x()= a0l -<*) ®)
C nomoumio coorRowmensit (2) 1 (3) win MoBOrO MOMEHTa BPECMCHK (2 0 JIETKO TOTYYHM
ABHLIC AHANHTHYECKME BLIPAKEHHA ANMA CKOpoOCTell npeoGpa3oBaRMA peareHTa & ¥ OGpa3oBaMits
npoxyxTa x. B caMom Acne, nmeem

Fol)= 20 - o, @
&)
V,(l)-T—ka(O)e . O]

OTKyna 118 HauanbHe cropoctelt Gynem nmets ¥, (0)= ~a{0) 1 ¥, (0) =+ka(0).
Paccaorprm fenepl. Takoff wiacc GUMoneKynspHeiX peaxui BHEA a +a, —> X, Xoraa

CTR/IKHBACTCA Mapa MONEKyn [MBYX PEAareHTOB, B pe3ynbTaTe uyero ofpasyeTcA OfHA Monekyna
npogykTa. O6031aNM KOHUEHTPAUHNN (UAG/A MOMEKYN) PEareHTOD H TIPOAYKTAa B MOMEHT BPEMEIR

120 uepes (1) a,1) n x{r), npmiem @ (0)>0, 4,(0)>0, x(0)=0. B 3rom cayuse anenor
ypaBHenns (1) umeet cneRyiownil Bug

120
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dx
V,(,)=T(”)=k[(a, (0)-(1))(a (0)-*(1))]. ®
OTKYAla HHTETpIPOBAMHENM Ha BpeMeHHOM HHTepaaie [0,r] nerxo nomyyaens, wro
(Hnfokal) _
(1) = @(0)a, (0) o (O)em _l 20) ™

O'rxylm JIErKO NOTYYHTh BLIPAKEHHE CKOPOCTH peaxuun ang mo6oro MoMeHTa BpeMeHH 1 2 0.
CReRyeT OTMETHTS, 'TO, €ClH KORUEHTPALNM PEATeHTOR @) B a, pasH, a)(f)=a,(f), 120,

TO NErKO BIOETD, YTO U3 (7) noryuaeM HeONpeaeNeHHOCTD BHAA % Kpome 3Toro B cmydae yxe Tpex

peareIon u3 ananora ypasHeWHs (6) NONyuelTHe ABHORO BIpDKEMHA LA NMPOXYKTa x{f) smnserca
BecbMa TpyAHoOHN MaTeMarHuecKkof 3anayef |, B MPHHLANE, HEPCLIACMA AHATHTHYECKH.

2. OcHoBHBIE PEIYALTATE!

NocTapeemcs Teneps NOCTPOMTL MOZENb GHMONEKYNSpHOM PeaKLy, ACTONs3ys Atd ITof
u«(::m He ypasHenue (6), a MHOR noaxoa AN HAXOAKIAEHUR SBIIOr0 BLIPAKCHHA TPaSKTOPHH MPOXYKTA
x{t).

O6o3nayrm

a,(0)-x(1)=4,(r),
a (0)"""(’)'= a (')

Mui npennionaraen, YTo oaHa Monexyna MpoxykTa 06pasyercs TOABKO NOCAC COYAaPEHIA o
OZiHOM MONEKYNC peareuTos. '
Hmeem

@®)

a,(0)+ 6, (0)- 2x(t) = a,(r)+ 0, (1). )]
Mepemiwem cootHowenne (9) B ClemyloleM BHOS, CHPABEUTHBOCTL KOTOPOTO JIErKo
MPOBEPACTCA:

2min(a, (0), , (0))+‘Z::[a, (0)-min(a, (0), 2, (0))]-2x(r) =
=2min (a, (1)a, (I)) + i[a, (r)-min (a, ().a (l))],

fel
rae min(x, y) o603Ha"AET MHHHMANLHOE CPEAR THCLT X H Y.
3amerHM Teneps, uwTOo B cootHowenun (10) mna moGoro Momewra BpeneRHR 120
BHINONNAETCA PABEHCTBO

2 2 :
>_la,(0)- min(a, (0} a, 0))= > [a, (1)~ minfa; ()2 ()] an
(4] =]

CdopMynupyem elue pas jam NpenaIoReHA # OCHOBROH pe3ynbTar.

Opeanonoxenne 1. OnHa MoneRyna MPOXYKTA x o0pasyeTcs TOJILKO NOCIE COYAApPEHHA MO
ofTioft MONEKYNE PEAreHTOB @) H a,.

Ipeanonoxenne 2. B xauccrae aeficTaytomed MBCCEl, BMECTO NTPOMIBEACHHE ROHUCHTPALHI
(neflcTBYOLOMX MACC) PEATEHTOB @ H a;, MBI JIPHHHMAEM CYMMY YHCNAa MOJIeKy/l pearcHToB
a()+ay() ez 0.

IIpeanonoweune 3. Mbl NpUINMMACM OCHOBHYIO AKCHOMY HETCPMMHHCTHYECKOR TEOPHH
XMMHUECKOH KMHCTHKH, COIJIACHO KOTOPOH CKOpOCTh O0pasosaHHA 1IPOQYKTS OPOMOPLMOHAMEHR
neficreyromeft macce. DTO T.H. 3aKOH geficTBYIOWIX MACC.

CdopMHpyeM OCHOBHOIT pe3ynLTaT B BMAE CIEAYIOLIENO NPEATONONCHHA.

Mpeancxense 1. Iycrs Bunonuerm npemnonozenus 1-3. Torae ans 6inonexyprod
peaKIyul C YJACTHCM PEATCHTOB ) M g; CMPaBEANHBL CACAYIOM)IE COOTHOLUCHIR:

min(a,(0).a, (0))~ (1) = min(a, (1) a5 () (12)

(10
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"dl .
£0)= 22 - ain(a 0} 2,)- ()] )

Taxum ofpazom, usyueHHe KiHeTHRR GAMoNeKyRApIofi peakusy RS PEATEHTOD & K a,
CBE[ICHA K H3Y9eHMIO KHHETHKH YHRMOJEKYNApHON PeaKiniu IiIA peareHTa min(a;, a,). 9T0 Kacaercs
cooTHomeHHA (12), TO OHO 11ENOCPEACTBEHAD NONY4BETCA COrnAcHo cootHomeuii (10) 1 (11).

JIng TIOCTpOeITs BepOATHOCTHOR MOHemH YHWMONeKy/NspHoll pearanti min(a,, a,)— x
TIPHREAEM €LLe ONHO MPeANoNoXeHHe 1 |3).

Ipeanonoxennc 4. PeareHTH! a; It 4; CTATHCTHYECKY HE3aBHCHMEL 1 BEpOATHOCTh OBpaTHOM
peaKuy x —» min(a,.a,) PaBHa HyIO.

Hicnonvays ypasHerme (8.6) n3 [3] mas sepostHocn P (t) =P {m.in (al (r),a, (l)) = a} ,

a=0,1,...,m.in(a, (0),02(0)) NOMYYMM SBHblE BHIpAXEIMS I8 MBTEMETHYECKHX OXUIaHui M
AucnepcHit BANAMUH min (al ()sa, (t)) n x{f).

" Hpennowenue 2. [lycTs paccMaTpuBaeTcA peaxuma BHAa rnin(a,,a,)—‘rx H BBITNOJHCHLI
npemnanoxens 1-4. Toraa cripabeiHpe crenyoUwMe COOTHOMEIHMA:
E(min(a, (r) a, ())) = min(a,(0} a5 (0))e ™ = min(a, (r} a, (1)) (14
E(str)) = minfa, (0} a3 (Ot -7 )= x(1) (15)
D{min(ay 1) a, 1) = Dlalr)) = min(a 0). 2, O))e ™ (1~ ™) (16)
Ha (14), (15) Mst BHmMM, 10 min(g,(t} a, (1)) - min(a, (0). a,(0)), x{(1) - x(0)=0, npu t >0, a
min(a, (1), a,(t)) - 0, x{r) - x{w) =min(a, (0}, 0, (0)). npK ¢ . C noMowLI0 cooTHOWeNMI (14) H (15)
Mbl MOXeM Haltru B Jmo6ofi MOMERT BpeMelH 120 CKOPOCTH npeofpasoBanMA pearcHTa
min(a, (), a;(f)) 5 npomyicra x(7). Mmeem

Vestaranty (1) = M =~kmin(g, (0),4, (0))e™ a7

7,(0)= 20~ smin(c,0)., (0)) as)

Orkyma A8 HadaNEHBIX CKOPOCTEH B MOMEHT DpeMeHl1 (=0 NoJTyqaeM COOTBETCTDEINIO
~kmin{a,(0),2, ()}, kmin{a, (0} a, (O))e* .

3amernm, wTo BEIpRXEHAA (14) 1 (15) ML MOT/IM NONYYHTE C MOMOMIBIO aHANOra YPABHERHS
(1) ane semrom min(al ().q, (r))  x{f). Omiaxo cnemyer oTMeTHTB, STO MOCTpOCHHBlE
BeposTHocTItbie Monemd (14) ¥ (15) naloT DOIMOXKHOCTE BLIYMCHEHHR pucnepcuit (16), KOTOpbLIE

ABNAIOTCA OYCHD BXKHBIMH XapaKTePHCTHKAMH NMPU aHaNH3Ie XHMHYCCKON KHIIETHKH.

Yro kacaeTcs MapameTpa MOnencH xMU9ecKHX peakiMit — KORCTAHThI CKOPOCTH PEeaKiyy K,
TO AUt ¢& OLEHKH MOKHO HCNO/TB30BaTh COOTHOMERME

1 mi“(ﬂl (0)- a (0»
k=a-lh— 19)
t mmia,ioia,ioii—xiri

JeACTBHTENBINO, €CTA VMCCTCA BO3MOMHOCTb NPOBEHEHMA 3KCTIEPHMEHTA M TNONMyuYeHH:
SMITHPHYCCIMX  JBHHEIX, TO QA  MOMeHToB  f,..,f, Yy Hac Gyner  BmIGopka

(xE)=(x(6)s & )s(x(1,), k,). C nomoumio 3roi BLEOPKM, MCTIOMLIYA CTaTHCTHMeCKHE

METOIb), MOAMHO IIOMYYHTL PadIMMHEIE To4eYHble (MHTEpBANTBHBIE) OLCHKN KOHCTAHTBI CKOPOCTH
PeakLHH K, 8 TAJOKE NPOBECTH PErpecCHORHED! aHANHS,

HHrepecHo 3aMeTATh, 9TO ¢ nomolpio cooTHowerndA (15), (16) 1 (18) MomHO BEMHCHUTS
MATCMATHIECKOE OMGAIAHHE W JICTIEPCHIO CKOpOCTH peakuy ¥, (¢). B camoM nene, mmeem
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V,(r)=kmin(a (0).a, (0))e™ = k[min(a, (0).a; (0))e™ ~min 4, (0),3,(0))+ min(q,(0).a, (0))] =

=—kx(t)+ kmin(g,(0),4, (0)), (20
E(V,(r))=-kmin(g,(0),q,(0))( 1~&™)+kmin(q,(0),a,(0)) = kmin (a,(0),a, (0))e™.
D, (1)) =k? minfa, (0).a, (0))e™ (1-¢7%) (1)

Taiim 06pas’on, EC/IH Y HaC MMEETCA OLEHKA KOHCTAHTLI CKOPOCTH PeakiliH K, To IR moboro
MOMEHTa BpeMeHH 20 MEI MOXEM BBIYHCITHTH MATeMaTHUeCKHe OXHIaNHA (CPCAHHE 3HAYERHs) H
micnepcun (oTiIoHeHun ot cpeminx 3Havennit) E{x(r)), D(x(1)), E(v,()) n D(,()) semrnm x{t) n
V,{r), koToptie ABNAIOTCA BECEMA BEKHLIMM YHCTOBLIMM XapakTEPUCTHKAMH MIA 3KCTIEpHMEHTa-
Topoo.

CyMMHpYéM Tenepb OCHOBHBIC PE3yNLTATH PaboTRI:

1. Bumonekynapwyo peakwuo suma aj(f)+a,{f)—2->x(r) ana pearentor a H a; MokHO

omicam, yunmonekynsproRt peakuvedi suna min (g, (r),a, (r))——>x(r) an oanoro pearenra
min{a;,a,) ¢ noMonmio mogenn (15).

2. Jina moGoro MoMerTa BpeMeHn (2 0 NOMydeHb! ABHBIE AHANHTIYECKHE BLIPAXEHHA CPERHIX
sHavewmit w pucnepenit: E(x(r)), E(v, () D(x()) DY, (r) mnn mpomyxra x(f) 1 cxopocty peaxum
v,(r).

3. Ecnu Hauanbuele yucna Monekyn (HavanbHbie KOMUSHTPAIMH) PEaTeRTOB g, W g, COBNANAIOT
9(0)=q, (0}, To Mopem YHHUMOJICKYJIAPHOHR peakLMHi H B ITOM ciydac vMeet BrA (15).
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SUMMARY

ON THE KINETICS OF A BIMOLECULAR CHEMICAL REACTION

Dochviri B.M., Sokhadze G.A., Tkemaladze G.Sh. and Makhashvili K.A.

Iv. Javakhishvlll Thilisi State University

Georgian Technical University

For one class of chemical reactions, the problems of kinetics of a bimolecular reaction are reduced to the
problems of unimolecular reaction kineti¢s7Explicit analytical expressions were derived for product trajectories
and the reaction rate, as well as for mathematical expectations and dispersions of these values.

Keywords: reagent, product, reaction rate, kinetics, model.
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3 AHRDHHGTION

In the investigation of the enzymic reaction Kinetics, an important role is played by various forms of aMichaelis-
Menten type equation which establish the relation between the substrate concentration and the initial velocity of an
enzymic renction. These equations also contain two unknown parameters — a maximal velocity of reaction and the
so-called Michaelis-Menten constant. These constants can be defined in each concrete case by means of the available
heuristic and statistical methods Dawes [ 1] and Dochviri, Nadaraya, Sokhadze & Tkemaladze [2].

SERESDIAS ANDRIBEIRSIONE

The classical Michaelis-Menten cquation has the form

VS
v=y(§)=——, 5§20, 1
O = g5 W
where is the initial velocity of reaction, is the concentration of substrate, is a maximal initial velocity of reaction, is
the Michaelis-Menten constant for which.

We denote by u(f,S) the optical density of the suspension (velocity of reaction) at a moment of time 7. Note
that the values of V and K are naturally time-dependent: V =V (), K = K (r). In other words, u(r,S) describes the
reaction course, i.e. the evolution of optical density in time. Using this notation, the expression in the right-hand part
of () will take the form
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u(r,S)

w(0,9)= — K
which implies
1o YOS 0 KO)-V(0)
1] (O.S)—-E(T)E—V(O) K(0)+S .

Let us now iterate this function with respect to time. As a result of the first approximation we can write

K-V(0)
l/(l.s) =v(0)- iS5 +A(S) -1,
where A (S) is some non-negative function of §. If in this expression we take into nccount random deviations,
which are produced by faclors and which cannot be measured becausc of a great number of factors and the smallness
of each individual factor, then by the central limit theorem we can write with good upproximation

K-v(0)
K+S

an(1.5)= (V(O)— +I1A (s))x(:—e) di+ 6dw(r). (2)

In this formula & = §(8) > 0, §(0) = 0, w(r) is o standarcl Brownian motion for which w(0) = Ew (1) =0,
Dw(1) =1, 8 is a random variable indcpendent of s (r), having values in [0,s) and distributed by the law

P{e=0)=7. P{6>0)=e"¥, 1>0, @

where 0 < A < wand 0 <y < 1 are the known parameters,

1, 120,
zm'{m:<&

The parameter A in (3) depends on A mixture and on a reaclion temperature. This parameter can be assumed
constani because for a concrete substance and the known temperature value, the reaction duration is known.

The stochastic equation (2) describes the evolution of the suspension density in an enzymic reaction and the
presence of the function x (f) in it is due to the fact that in any reaction of such kind there sooner or later occurs
a disorder of the reaction process. This depends on a temperature and, to a lesser extent, on other factors. The
unknown random parameter 6 denotes the moment of time of the disorder onsel and we have to estimate 8 by meuns
of observalions of the process u {r. ).

To the equittion () we should add the initial conditions
1(0,8)=0, u(1.0)=a, @)

where a shows the reaction course in the absence of enzymes.

Assume thal we observe the solution u{r,S) of the problem (2) with the initial condition (-1). 1t is required to
estimate the parameters contained in Lhis question at the moment of disorder.
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In such a general formulation, we can pose various problems connected with the reaction process. In that case,
the main tasks are the estimation of the parameters, the function A(S) and the moment @ of the disorder onset
Mathematically, this is the so-called disorder problem which is solved using the sufficiently well-developed methods
fiom the theory of oplimal stopping Shiryayev [3].

We will consider the problem of estimation of the parameters V and K for the process

du(t,8) = (V— VS+rIS) dr+8(8)dw(r) »

with the initial conditions (4).

From (1)-(3) we write

u(r.5) = (v— %)H £128+6(S)w(l).

Here (1, 5) is a Gaussinn Markov process for which

Eu(I.S)=( K+‘;)I+’ 25, Du(r.S)=82(S)r.

Therefore
dEu(1,5) _y_ kv - dDu(r.8) _ o 6
— '-D—V KTs and 5 =8(5). )

Hence it follows that for estimating the parameters V and X it suffieces 1o apply the least squares method provided
that we have the observed data on the initial reaction mte dynamics depending on e concentration S.

Let us derive formulas for calculation of these parameters. Assume that we have n observations organized as
shown in the folloing table:

Table ). The numerical values ol S and v.

S 3 53 Sn

v vy =2 .. vy

Here S, denotes the substrate concentrations and v, = v(8;), & = 1,...,n, denotes the respective values of the
initial velocity of reaction,

Le1 us now define the function @ = Q(V, K) as follows:

Q(V.K) = ¥ (wK +viS; —VS)2. o

We consider the folluwing problem: find the values (estimates ¥ and & of the parameters V and K), for which the
function @ (V. K) takes a minimal value.

We write the values of partial derivatives of the function Q(V,K) with respect to ¥V and K at extremum point
Mg = (Vg.Ko) of this function in the following form:
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v;:an ( ;,?Q )( (GZQ)|

— ! =4q,;. — =012, -— =arn.

(\a'.")iu' H VoK 1’ aK? 1 2
N 2 12 @ foll5a g send.uons are fulnlled:

aan —nf: >0, a5, >0.

Assume thee the egustion (1) is coasidered and we bave the data of Table I. Then the following expressivas for
the estizator of the paremeters V acd K are valid:

0= [—IS vlzlnl E,-lsl‘ £/=|S:V:‘ ®
L..S }:i- ,.2 (Zhlslvi)

K Zh! S’v, }:'-I S,V, )-i-ll S"'l ):l-l sZ (9)
L - (L S

In fact we have

S
f

= ):;'.1 2(viK 4 v S - vS)-(~=S,) =0,
Lo 2(viK+S; - VS)-v =0,

a

3y
"

from which we obizin a Jinear system of equations with two unknowns V and X:
VIS =KLk Sivi =Tk, SIv
VI Svi-KLL, "} =L Sl":?-

By solving this system it is casy to obtain the estimates (3) and .

It remains 1o indizate the estimation procedure for the coefficient r. For this we note that for an average velocity of
the enzymic reactior; we have the relation

aEu(I,S) K-V S-v
T V- K—+S+ "s= K+S+HS. (10)

Hence it follows that we can use the observations which relate the velocity of reaction v = vy; = v(1;, ;) i= |,. ...
j=1,....m, (o aconcentrations S and time ¢.

So, we have
where y= vipi= b mj=1.,m

Using the 1::hic 2 and the formuta (3), we compose the sum

2
q(r)= Z):( -——o-—/-ns,) [{])]
S;

ful ja}

and choose the parameler r so 1hat the funclion (/1) would have a minimal value. Note that " (r) > 0. Again
applying ihe stardard oplinuzation metheds, we find
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Table 2. The numencal values of 7, S and ».

Sls) 5 . S
t
LI T vi2 Vim
LI 2 ] 2 - ]
fa  Jvml Va2 e Yam
Lo tiai = Vbe
===t (12)
a
where
n m m S} n 5 [ 2
a=Y Swy, b=Y1u c= EF—' a=Y -} 5
j= il = K+S il j=1

The obtained formulas For estimation of the parameters of the equation (5) can be used in the analysis of enzymic
feactions as well us in practical computations.

Example 1. Assume that we have the following data [1):

Table 2. The numerical values of § and v.

S 0.2 0.25 0.5 |
v, 0.016 0.012 0.023 0.03t

Tabled.  The numerical values of $2, 12, Sv, $2v and Sv2.

5? 1 Sivy 87w 53

0.04 0000256 0.0032 000264 0.000051
0.0625 0000144 0.003 0.00375 0.000036
0.25 0.000529 0.0115 0.00575 0.000265
1 0 000961 0.031 0.031 0.000961
Sum 0.00189 0.0487 0.03814 0.001313

Using this results and formulas (8), (¥) we obtain

P =0,044, R=0,444.

Example 2, Assume that we have the following data [3):
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Table S The sumerical values of 1. S and v.

S 02 025 0s 1

U

0 0016 0012 0.023 0.03)
0.5 0.030 0052 (.0R0 0.105
! 0.034 0.092 0.137 0.174
1.5 0.117 0.131 0.208 0.252
2 0.149 0.169 0.249 0.325
235 0.180 0.207 0.J03 0.397

wherev=vy,i=1,...,6 j=1....4.

We have the following results

Tuble 6. The numerical values of 1, S, 12 and §7.

U] 51 I,1 S"

0 02 ¢ 0.04
0.5 023 0.25 0.0625
1 0.5 1 0.2
(X} ] 2.25 !

2 4

25 6.28

Usin the 1ahle o we obtain

(] 6 4
b=Y u=15 Y if=1375 ¥ §}=1.3525 &=18,5969.
=] f=l =1

Tuble 7 The numerical values of a, 7a. and z%

a tay r::j,—‘
0.0487 0.0000 0.0621
0.1680 0.1140 0.0907
0.2823 0.282 0.2663
04129 0.2061 0.6925
0.5276 1.045)

0.6373 1.5921

We have also

6 * 4 sz
zl,'d, =3,2406; ¢= E l

=|,1118. Vbe=0,3669. F=0,)545.
;-nR“'/ [ be = 0,3669
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Example 3. Consider the following data [!):

Tablc 8. The numerical values of § and v.

S 0.2 0.4 0.85 1.25 1.7 2 8
v 0.15 02 0.275 0.315 0.34 015 0.5

By (%) and (¥) we have (i = ),...,7)"
Y 820 = 26,151 vF = 1.69: Y SPw Y o2 = 15.82:F Siv} = 1.69:
Y Siv, = 4.9.Y 502 Y Sivi = 8.26,(3.) - (6.) = 7.56: 57 = 73.375:

(2.)-(8.) = 44.4;(5.)* = 24;(9.) ~ (10.) = 20.4(1.)- (5.) - (4.)- (8.) = 4.23.
Using this resnits we obtain

12.
11

—_—
LN

=0.207.

|

=((—-= 037, kK=

—
~—
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ON ONE PROBABILISTIC MODEL OF A CHEMICAL REACTION WITH FINITE
LIFETIME

Dochviri B.M., Tkemaladze G.Sh. and Makhashvili K.A.

Georgian Technical University
Iv.Javakhishvili Tbilisi State University, Tbilisi, Georgia

Abstract. A probabilistic model of the single-molecule chemical reaction with finite lifetime was constructed.
Explicit formulas of the mathematical expectationof the reagent and the product were obtained.
Keywords: single-molecule chémical reaction, probabilistic model, mathematical expectation.

1. Nearly all natural processes are of a random character. In many spheres of science and
technology, it is essential to use probebilistic-statistical methods [1-3]). Using these methods,
probabilistic models were constructed and fundamental results were obtained, for instance, in the
investigation of the following issues of chemistry and biology: autocatalytic, single-molecule,
bimolecular, monomolecular and chain reactions, population growth, mutation, epidemic theory, gene
frequency theory, radiobiology and so on [1].

In this paper, the probabilistic model of asingle-moleculechemical reaction with finite lifetime

is constructed. Explicit formulas of the mathematical expectation of the reagent and the product are
obtained.

2. Let us consider the following single-molecule chemical reaction for reagent a
a—tox.
Denote the concentrations (numbers of molecules) of the reagent a and the product x at the
moment of time ¢, 0S¢ <ﬂo,bya(l) and x(l),where a(O) >0, x(O) =0.
Using equation (8.6) from [1] for the probability
P,(1)=P(a(r)= a), a=0,,...,a(0)
we consider the following model of reagent @ and for product x:

Ea()=a(s) == a(0)e*, m
Ex(l)=x(l)=a(0)(l—T—;'-e'"). ®
where 051 ST,

Note that, from Egs.(1)-(2), we have
a(0)=a(r)+x(r),
a(t)—>a(0), when 10,
a(t)->0, when T,
x(t)>0, when +—0,
x(1)>a(0), when > T.

v,(0)= daT(r’) = —(%+T—;Lk)a(0)e" , )
V,(x)=de(:)=(-;‘-+z_;—{k)a(0)e'“ )

Whence, for the initial speeds, we obtain, respectively:

v, (0)=-(1?+k)a(0), %)
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1@ =(L+k)a(0). ©
Note that from (1)-(6),at T —> 9 e have
a(t)>a(0)e™, x(1)-> a(O)(l—e'"),
V,(()>—ka(0)e™, V(1) ka(0)e™,
V.(0)>—ka(0), ¥, (1)~ ka(0).
Consider the graphs of functions a(l ), x(l) A (t) and V, (l) . We have

(@) f----- -cecemcccmmm—mz—=za foee
o
0
0 o
| Fig. 1.
7.0)

V()

V.(T; '

v.(0)

Fig. 2.
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05 OTHON BEPOSITHOCTHOR MOJEJIM XAMITYECKON PEAKITHM C KOHEYHBIM
BPEMEHEM XM3HH

Aowenpr B.M., Txkemananse [.11., Maxamsnnn K.A.

TpysunckiR TexmryecKitil ynusepenrer

T6unucckuil rocyAapCTBERHKIA YHHBEPCHTET UM, HB. [IRaBaXHUTBRAN

TlocTpoeHa BEPOATROCTHAR MORENL OAHOMONEKYNAPHON XUMAWECKOH PCAKIMA € XOHCUHEIM BPCMCHEN RIDHA.
Tomyuern aBHbIC BHPAACHILA MATEMATHYECKOTO ONCLIAHWA IR PEATeHTE K NPOYKTA.

Kmoucsnie cioBa: ONHOMOJICKYNNPHAE XHINHYCCKEA PEAXUMA, BCPOATHOCTHAN MOOCb, METEMETHICCKOS
oRuaaMie,
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On a Kinetics of a Multimolecular Chemical
Reaction
Zaza Khechln.ashvlll, Besarion Dochviri, Gurem Tkemaladzo
The of a b model of a of seversl 9 s o the
of a p model of 8 resction, New explicil are for product
feacton speed and siso for ond d of thess valuos.

Index Terms— Kinetics of chemical reaction, resgent, product, probabliistic mode), reaction speed.

1 INTRODUCTION

'HE kinetics of chemical reactions (chemical kinetics) slud-

ies the reaction speed. The mathematical theory of chemi-

cal kinctics is concerned with the construction of deter-
inistic and probabilistic dels which desaribe chemical
processes. These models are used when invesligating chemical
kinetics. Deterministic models are constructed using differen-
tial (integral) equalions, while a chemical process is described

by means of real continuous functions of time [1]. In probabll- -

istic models of chemical kinetics the number of reagent (prod-
uct) molecules is a random variable, In that case, the problem
ists in findi g distrib and ical ch istic

of this random variable [2], [3], [4]. It should be said that in the
construction of probabilistic models of chemical and also bio-
logical processes an essential role is played by methods af
random processes, especially by methods of Markov process-
es. In particular, dels of population growth, epidemi
gene frequency, unimolecular, bimolecular, monomolecular
chain reactions and other models [2] were constructed,

In Lhe present paper. for one class of chemical reactions the
construclion of the probabilistic model of a multimolecular
chemical reaction of several reagents is reduced to the con-
struction of ihe probabilistic model of a unimolecular chemical
reaction for the with minimal c Such ap-
proach we call the method of the Explicil exp
sions are obtaincd for the product trajeciories and the reaction
speed, and also for mathematical expectations and dispersions
of these values.

Let us briefly ider the detcrministi dels of

imolecular and bi ular reactions. Suppose we consider
the reaction n—'u, where k> 0 is the reaction speed con-
stant. Denole the ¢ ions of the reagent @ and the
product x at a momenl of time ¢ 20 by a(r) and x(r). It is
assumed that a(0)>0, x(0)=0 and a{0)-x(t)=a{r). Ac
cording to the fundamental axiom of the deterministic theory
of chemical kinetics, the reaction speed (product concentration

* Zaa Khechiredvill, Joar:e Jrvakhigroili Thilisi State University, 3
Charchrxdze Ave, Thilin 0179, Georgia. E-muail:
2uz0 Khedinakol@tru. ge

® Bezarion Dochriri, hure | inili Thilisl Stake Unbereity. 3
Ourchareder Are. Teilivi 0179, Georgia, E-muul:
besarien dechvirBisu.ge

» Guran Themaludze, Georgien Trcmical U
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ity, 77 Kostaa Str., Thili-

speed) is proportional 10 the acting mass, which can be written

by means of the equation
dx(1)
AGL

{
di

=k(a(0)-x(r))- ()}

From this equation we easily obtain by integration over the
time interval [0,¢] the following relations

x(t)=a O(I—e"'). 2
a&l =a(0)e". 3
Using these relolions, for any nt of time ¢ 2 0 we easily
obtain explicit analytic exp for the speeds of f
mation of the reagent a and formation of the product x. In-
deed, we obtain

Y.(1)= d:(l') =ka(0)e™, @
r(0)e 2 o o oye, ®
whence for the Initial speeds we have ¥, (0)=-ka(0) and

V, (0)=+ka(0).

us now consider the class of bimolecular reactions of
the form a, +a,—2—»r when the collision of a pair of mole-
cules of two reagents results in the formation of one molecule
of the product. Denole the concentrations of the reagents and
the product at a moment of time 120 by q,(7), a,(r} and
x(1) . It is assumed that q,(0)>0, a,(0)>0 and x(0)=0.In
thal case, an analogue of equation (1) has the form

2,02 20 e k{0 0)- () -], @

whenee by integration over the time interval [O,I] it readily

follows that
(1) =0, (0)ay (0) b Tt -y
x{l)=aq, a .
T gy (0)e RN _g (o)

From this we can easily obtain the reaction spred expression
for any moment of time (2 0.

It should be said that if the concentrations of the reagents
a, and a, are equal, &, (0)=a,(0), then from (7) we obiain
an uncertainty of the form 0/0. Moreover, in the case of Lhree
reagents, the problem of obtaining an explidt expression for
the product x(r) from the analogue of equation (6) is a rather
difficult mathematical problem which, in principle, cannot be

USER O 2017
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salved analytically.

2 RESULTS AND THE DISCUSSION

We will now iry to construct the probabilistic model of a
multimolecular chemical reaction by using a different ap-
proach 1o finding an explicit expression of the product trajec-
tory.

Let us the multi ular chemical reaction of re-
sgents gy,...,a, of the form N
0+ +0,—X.
Denole the concentrations (numbere of molecules) of these
resgents and the product al a moment of time (20 by

:‘(g}‘i&a.(‘) and x(/), where u,-(O)>0, i=l...,n, and

denote

a,(0)-x(r}=a(s)
................. )
a,(0)-x(r)=a,(s).

From (8) we have

L] L]
Zn, (0)-nx(t)= Za, (OB 9)
i=l i=l

Let us rewrite relation (9) In the following form, the validi-
ty of which is easy to verify:

n-min(,(0),...,a, (9)
+3a (0)-n-min(q, (0),...,a, (0))—nx(r)

=n-min(a(1),...,a,(t))
+§a, (1)-n-min(a, (¢).....a. (),

1
where for (20, min(g,(0),...,a,(0)) is a minimal value
among the values a4,(r), i=l...,n. Also d

(10)

Conjecture 2. Instead of the product of concentrations (acting
mnsses) of the reagenls a,,...,a,, as the acting mass we ke th
sum of the number of molecules of the reagents
a,{t)+--+a,(t), 120.

Conjecture 3. We use the fundamental axiom of the deterministic
theory of chemical kinelics, according to which the speed of prod-
uct forination is proportional to the acting mass. This is the so-
called law of acting masses.

The main resull is formulated as the following proposition.
Proposition 1. Let Comjectures 1-3 be fulfilled Then for a

multinolecular chemical reaction with parlicipation of the res-

gents ay,...,a, the followng relations are fulfiiled:
a(0)-x(r)=a(s}).
dr ()
%)==~ =k[e(0)-2(1)]-
where a(0) = min(a,(0)....,0,(0)).

Thus the study of the kinetics of a multimolecutar reaction
for the reagents a,,...,0, is reduced to the study of the kinet-
ics of a unimolecular reaction for the reagent
a=min(a,,...,a,). As to relation (12) it is directly obtaimed by
relations (10) and (11).

For (11) and (12) as an illustration consider a mumerical ex-
ample. Let number of reagentsis n= 2, a,(0)=8, a;(0)=12.

12
13

Then we have the following table.
TABLE 1
i | ) a0 [ <) | al) | aatr) | alo)ea(0-2000) | al)emb)-2a0)
L 1] 12 0 a 12 Be12-1-0ed .
1 8 | 12 [3 [ s ]2 [
2] 8 | 1 | 3]s |7 [ -
] 0 1 i ] i |1 i |
- a2 12 1] 0 4 < 0=4-3.0-4

e et Sy

;ai(o)-n~a(0)=iln,(l)—n-a(o)
b fulﬁll'ed for any mcrmen;- of time
T

()]

120, where

‘.Zla,(l)-n-n(l)
- 3 0)-r5(1)=-(a(0)-x()
= ia,- (0)-n-a(0).

1=
Let us once more formulate our conjectures and the main
resulL

Conjecture 1. One molecule of the product x is formed only after
the cyllision of one nolecule of the reagents a,,....a,.

Conjecture 4. The nugents a,,....a, ore statistically indspendent
and the probability of the rroese  resciion
x—tra=min(y.....a,} is equsl to zero.

Using equation (8.6) from [2), for the probability

P (1)= P{a(l) = a}. a=0,l,....a(0),

we obtain the explicit exp for math ical -

tions and dispessions of the values a(¢)and x(r).

Proposition 2 Let a reaction of the form a—2>x be eonsidered
a(0)-x(r)=a(r}, 120, end Conjecturss 14 b fulfilal
Then the following relations are valid:

E(a(t)):n(o)e"’ =a(r), (14)
E(x(t))=a(0)(l-e“')=x(l), as)
D{a(t))=D(x(r))=a(0)e™ (1-¢*). qe)

From (14) and (15) we see that a(r)-a(0),
x(1) > x(0)=0 as t=0, while a(r)-0,
;2{}—):$w)=a(0) as t > o, Using relations (14) and (15)
we can define, at any moment of time (20, the transfor-

VIERO 20V
e 0200
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tion speeds of the reag
have
b ()2 e ooyt an
v (r)= ()=+ka(0)¢"’ (18)

whence for the initial specds at the moment of time r=0 we
oblain respectively ¥, (0)= ~ka(0) and ¥, (0) =ka(0).

Note that we were able (o obtain expressions (14) and (15)
by using the analogue of cquation (1) for the values
hmn(a,(f) .,a,(1)) and x(r). It should also be said that
the constructed probabilistic models (14) and (15) enable us to
calculate dispersions (16) Whld‘l ll'! very important character-
istics for the analysi

For such a puarneler of chemical reaction models as the
reaction constant &, it can be estimaied by the relation

1, a0
R @

Indeed, if there is a possibility to carry out an experimenl
and obtain empirical data, then for moments #,....f, we will
have the sample (x,k)=(x(1)). k,) w(x(ea)ok ) Applying
statistical n-u:lhods, we can obtain by means of “this sampling
various point (integral) esti of the jon speed con-
stant & and also perlorrn regresslon analysis.

It is of inlerest to note that I:ry nlauons (15), (16) and (18)
we can calculate the math
of the reaction speed ¥, (1) . Indeed we have

¥.(1)=ka(0)e™ = k[a(0)e™ ~a(0)+a(0)]
= -kx(r)+ka(0),
E(¥, (1) =-ta(0){1-€ )+ ko(0)
aka(0)e™® =« -E(¥, (1)),
(v, (1)) =Ka(0)e™ (1-¢*)= D(IT_ )

Thus, f we have the of the speed

k, then for any moment of time 120 we can calculate math-

ematical expectations (sverage values) and dispersions (devia-

tions from average values) E(x(1)), D(x(l ) E(¥, (IS

b(v, ()) of the values x(1) and ¥, (1) which m quite im-

portant numerical characieristics for upedmemers.

Let us now summarise the main results of this study:

L A owltimolecular reacion of Lhe form
a 440, —2— x(s) for the reagen\s a,....,a, can be
dcscnbed a unimolecular reaction of the form
a(f)—>x(r) for one reagent a=min(a,,...,q,)
with the help of model (15).

2 For any moment of time 20, we have obtained the
explicit analytic sions of avcrage values and dis-
pmlons E(x(1)). E(¥,(1)). D(x(l )) and D(V (")

the product x l) lnd the reaction speed ¥,

Comllnry L. If the initial numbers of molecules (initial cvnmllm-
tions) of the teagents a,....,a, coindde a,{0)=--=a,(0).
then, in this cuse foo, the unimolecular reaction model Ms Jorm
Q15).

P

V a(7) and the product x(r). We Corollary 2. It is easy Io see that model (15) of a mdtimolecu.

chemical reaction can be successfully used also in the case wh
product molecules are formed as a result of collision of differe
numbers of nolecules of the reagents participating in the chem
cal reaction.

At fast consider the graphs of values E£(x(r)). E(a(r})
E(V,(r)) and E(V, (1)) We have

E(x() ] E(a(1))
()

300

Fig. 1.Grephs of 8 E{x(r)) and E(a(r)).

£ EE()
=()
EC.()
o] ¥
£(.()
~4a(0)

Fig. 2. Grepts ol a E(¥, (1)) anu E(¥,(1)).

Example. Let us consider the following chemical reaction
aj+a; S x+1,;

where
=CH,COOC;H, (ethylscetate),
a, = NeOH (sodium besic),
x = CH;COONa (sodiumacetate),
x, = C;H,OH (alcohol).

Denote the i} of the reag; a,, a and
produdn x, al @ moment of tme 120 b n, . a1},
5 (1), Denote also mm(a, ). a,(:) . 120,
Note th x, r)=:r2 (N {=x()). 12

We have the following expemnenlal dates

TABLE2

USEROINT
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?H 1
N tmin a,(0) a>(0) x(¢) o(1) | a:(1)
1 0 8 12 0 8 12
2 10 5 12 3 5 9
3 20 8 12 4 4 8
4 30 8 12 5 3 7
5 40 8 12 5 3 7
6 50 8 12 6 2 6
7 60 8 12 6 2 6
8 100 8 12 7 1 5
9 _2@ 8 12 8 0 4

According to formula (9) we have

TABLE3
s ————
M

10 20 30 40 50 60 | 100 | 3000
k 005 | 004 | 0.03 | 0.03 | 0.03 | 0.02 | 0.02 0

ks %(o.os +0.044003+0.03+0.03+0.02+0.02+0) = 0.03..
According to formulas (5), (6), (11), (12) we have
Ex(r)=8(1- %),
D) = 8e™% (1-0),
EV, (1) =024e700%
DV, (1) =0.0009¢04% (1 07},
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On One Probabilistic Model of Bimolecular Chemical
Reaction

Besarion Dochviri*, George Bezarashvili*, Guram Tkemaladze™

“Depariment of Mathematics, Faculty of Exaet and Notural Sl Ivane Javakhishvili Thilisi State University,
Tbilisi, Georgia
“Agrarian Faculty, Georgian Technical Universtty, Tbilisi, Georgia

(P by Academy Memb Nugaar Alcksid

ABSTRACT. In the paper the construction of a probabilistic dcl of a biochemical reaction with
two reagents is reduced to the construction of a probabilistic del of a lecular reacd
Explicit forms are obtained for the maothematical expeetation and variance of the reagent and
product. The numerical example Is also considered. © 20/8 Bull. Georg. Natl. Acad. Sci.

Key words: chemical reaction, reagent, product, probabilistic model, mathematical expectation, variance

The kinetics of chemical reactions ‘(chcmical kinetics) studies the reaction speed. The mathematical
theory of chemical kinetics is concened with the construction of deterministic and probabilistic models
which describe chemical processes. These modcls are used when investigating chemical kinctics.
Deterministic models are constructed using diffcrential (integral) equations, while a chemical process is
described by means of resl continuous functions of time [1-3). In probabilistic models of chemical kinetics
the number of reagent (product) molecules is & random veriable. In that case, the problem copsists in finding
distributions and numerical characteristics of this random variable [4-6].

Nearly all natural processcs are of random character. In many spheres of science and applications
essential use is made of probabilistic-statistical methods. Using these methods, probabilistic models were
constructed and fundamental results were obtained for instance in the investigation of the following issues
of chemistry and biology: autocatalytic, unimolecular, bimolecular, monomolecular and chain reactions,

Ppopulation growth, mutation, epidemic theory, gene frequency theory, radio biology and so on [7).
Let us consider the bimolecular chemical reaction of reagents aq;, a,:

a +a; — .
Denote the concentrations (numbers of molecules) of these reagents and the product at & moment of
time 120 by a,(¢). a;(¢) and x(r), where ;(0)>0, i=12,...,and x(0}=0.

Also deonote
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From (4) and (5) we see that a(t)—>a(0), x(r)>x(0)=0 es x—0, while a(r)-o0,
x(t) > x(=)=a(0) as t 0. Using relations (4) and (S) we can define, at any moment of time (20,
the transformation speeds of the reagent a(t) and the product x(r). We have

v, (’)_da_(r)

v, (l)=#=ka(0)e"’. (8)
hence for the initial speeds at thc moment of lime =0 we obtain respectively ¥, (0)=—kq(0) eod
¥, (0)=ka(0).

For such a parameter of chemical reaction models as the reaction constant &, it can be estimated by the
relation

=-ta(0)e™™, Q)

pelng0) 1, o)

ik 0 4 9
EPTONCRPTOET0N @

Indeed, if there is a possibility to carry out an expmmenl and obtain empirical data, then for moments
fi3eo10 W will have the sample (x,4)=(x(4).4),. (x(r ).k, ) . Applying statistical methods, we can

obtain by means of this sampling various point (interval) estimates of the renction speed constant k and
also perform regression analysis.

It is of interest to notc that by relations (5), (6) and (8) we can calculate the mathematical expectation
and dispersion of the reaction specd ¥, (¢) . Indeed, we have

V, (1) = ka(0)e™ =k[a(0)e™® ~a(0) +a(0)] = —kx(r) +4a(0) , (10)
E(¥, (1)) =ka(0)(1-€™" )+ ka(0) = ka(0)¢™ = -E(¥, (1)), an
D(V, (1)) =K*a(0)e™ (1-™)=D(¥, (1))- (12)

Thus, if we have the estimate of the reaction speed conslant k , then for any moment of time 1 20 we
can caiculate mathematical expectations (average values) and dispersions (derivation from average values)
E(x(1)), D(x(r)). E(¥,(r)) and D(¥, (1)) of the values x(r) and ¥, (r) which are quite important
numerical characteristics for experimenters.

Let us now summarise the main results of this study:

A bimolecular reaction of the form a; +a,—->x for the reagents a;, a, can be described by a

unimolecular reaction of the form a(r)—X~3x(t) for one reagent a = min(a),a, ).

For any moment of time {2 0, we heve obtained the explicit analytic expressions of average values and
dispersions: E(x(1)), E(V; (1)), D(x(t)) and D(¥,(¢)) for the product x(r) and the reaction speed
AQR

Example. Let us consider the following chemical reaction

a,+ay > x+x;,
where
a, = CH,COOC,Hy (cthylacetate),
a, = NaOH (sodiumbastc),
x, =CH;COONa (sodiumacetate),
x; =C,HOH  (alcohol).

Bull. Georg. Natl. Acad. Sei., vol. 12, no. 1, 2018
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Boremz o

308m@y3@nGo Jodomeo Bgsdaool JHmo SEdsMIHo
dmogmol dgbabyd

B. ©MI3060°, §. BYBIGsB30m0°, 3. BHyndsemsdy™

%3369 A230b0830e0b babaermbab mdogmbal babycBiogm gbogytbodadn, bobd @
boBs80bBx Y3396 Gaybogigdscs FoTEOID0, BorgBxdniob @PGGIEIES, dogralo,
Wpdorgamem

*bopremzaanel Gafbngce Dbogatliodadn, BERGIC BAIICOIO0, 0Boeobo, Wxsnggc

Fordmmaobocros 33xadecb Faakol 6. seglundnls 8ogm)

6:36m880 BomgoBomGo Ggsdaool sEdsormGo BmEamoll 33080 MG GPAIEHN @I
Sogros pBoBmeaznEte Gysjaool swbsergho Brggeol 3g8sbY. Sopgdrwos GypgBdols
@3 3heEr)dthol BsogBadognHo mmobols ©s Eollghlool abimo gmAagdo. JEboE o
3%63m3) Gogbgomo Brgsoco.
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29. 9bodmegznmto Jodono HGsjgool mMd3sMsdgdGosbo
i6gogo gpHhgboywo 8megmo

x(6,T)=bT +b,T +b,



96090 JIGIRNIG0 d080TGH0 %3ISIBO0L
M@35@333B®NS60 Y@B030 ®3d®ILOINO 3MKRIKO

pm¥gomo 3. 8.5, §yglsmodg 3. B, FobsBzomo J. 5.7

*0g36g ogsboTgommol Labgmmdob mdogmolioli LabgmdFogym 9bogg@lbodgdoe,
®dograbe, Lsjstmggmm

“bajstringgmml §9d60gnto wGogadlbedade, mdommabn, Lsfohoggme

1. Jodosg@ JobgBHagaBo @gsdiogdels babJadol Fgbobfsgmep padmnygbgds Mrgmes
1230948060l ymma, sbgzy spndsmg@e (bmJabygma) dmpgmadn. >3 dmpgmgdol Sbo-
idor oygbgdab Bggampdog opIGIBEamYe pobBMmgBsms Mmool gnmEegdb
H23HaMB0bobdnm Bgdnbgggsda) ms smdsornd-Ldadobdoyn® Jymmegdl (bamsbyge
"BAmbggasBn). spgdamas 73Gage aHIRdebalFme s smdsmYAn Impegma Jodomho
© dommmyogtio IGm3gligdol spfatol nbbom, Bsasmomnsm, PEndmmg gmyto oo
doimmyygmgtio Gaj3ogdel dmmammgde, Imdmmmsgool bémel, 9Hs300b, 3gbgdab
Lob3ogms mmammgdo s Lbgs [14]. Soqbgmogor s3obs begmymgommo @s 5@g4g>
020 dmpgmgdob spgds Emybag 0b®IGLogGae 303mobadymdl Bbmgmoml §Fo8ygs6
bs3y36ng@m (396BMgdL> fes 60gatbodgdgdTo.

2. 3obgobommmm AmBgaody mBodmmmgynmatho Gged30s
a—tox, o
bapsg a smbnB6ogl Agoggb@l, bmmem x dkal IGmeydhe. Gog ggbgds k ot
330AL, ol spFaél Ggsioob LofiJatgl @0 odmyopgdagmas Mgodioel ao@gdm Jodm-
33%y. smgbeB6me p@mab 120 3m396%'30 Mgopgbdals ws IGmEiHal Jmb3IbH@s-
30930 (mgmgyamgdols Gompgbmds) a(l) wmo x(l) Lo3dmmmmgdne. 28sbmob, oyPmol-
bigds, ém3 a(0)>0 s x(0)=0. goaysmmobbdme sp@gmgy. @md 6gdobdegh £20
3m3g6¢T0 LegmEads GmErmds

a(0)-x(t)=a(r). (2)
@36mdomoas, Gm3 a(r) ms x(1) JoBogmo IGmgbgdal BomydaGagn@a mmgaebydo

(bsBysmm 360Bgbgsmmdg3n) smofgtgds Fgdregan Impgmgdom (1)
Ea(t)=a(t)=a(0)e™, €)]
Ex(r):x(r):a(o)(l—e"'). )
@ m @) geoedgmadopst §3dmdrabsmgmdl, G@A Peodmmgymegta  Jodoghe
63533008 ymasd3ga0lL omdPgto smdomygtio mpymal LoBgeme gBnbagze IBIHIe-
bobdgee Bmmgenl, Mo@ Labmpspmp, Lodséomosbo ot s@ob. >GLgdMBL Podhage
Jodngtin s dammmpodo Ggodans, GmImobngobs smmdsmygto dmmgamol Lsdgommm
3f g8mbgggs y®IM0bobdgm dmpgunl. (3) wo (4) gmAamgdopab sbggy IHHngee
393mBRoba@gmMdl, Bm8 GgopgbBoba a JGmEIdel Lehjsdggde Bgodmagds gsdmgmgs-
M0 RAmob 6gdab3og@ 20 8mI 6§ 3o Amba3xBgdal 3aBmygbgdam. Bstmmns(y, agodal:
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v, (1)=i:£—’)=-ka(o)e-~, ®)

V,(:)J‘Tf’)m(o)e-b, ©
Looabog oregommop Bonmgds @go3bGols s ItmEadHob LaFyolbo Lobsdggdel g
Imbabygmgdgdo:

,(0)=—ka(0) @ V.(0)=-ka(0).

230655 B33603bmo YgBmgan: amdsmytio BmpEymgdel gRhm-ghcmo PIaGsGglimds
©309M306obGyen dmEmgdmst Bgrstgdom 0dsdo Bpamdamgmdl, Gmd, dsgomromswm,
96odmmggamato Gaajgool B38mbgggaBo Ggoagbdnbs s IGmeniHob ymegsdiagob
8507358076 momEobnob Jhmse saGamgy astmngmropnoa oblg@los (LdIysmrmwab
25030/ mmds) s Fokddmopygbl Fgamemdob @ogbgom LdbmAL EEmal GgdoliBagh
120 3mB36330. gl Lowmowg 860Tg6gmmgobas 9Ju3gMmndgb@gdol jammggol Badacgdals
AOMb. Agoa)bdobs s IAmpylfgdob ebdgdlbogdo ghmdsbymb gdmbgggs o asdmon-
3 gdy gmGdymoo:

Da(t)= Dx(r)=a(0)e™ (1-¢™). @)
Yggbobme  spMgmgy, M3 Jodmmggnmgto  Jodogde  Ggsjaool  Bylmbgggedn
smdsmyBo ©d 0dBgh3nbobHgmo Ampgmade dlggy g9mbgazs gMmBsbyol, Jop®ad
Ggo39600Ls o IAmpEPYIHol ymesJ3agol eobg@bogde asdmogmomro oG dMol
Bbaydshogto bodGogmygdol aadm.

3. JoBogma Ggodaegdal, obygg Gmamd(3 bbgs babob Bgod3egdel Bognab e, pHm
000-gGhoo AnsgoMma goJhmans. m783s brgds spGgmgy Lbgs f35)@m@gdol, Bagsmra-
0512, B93> IA0L gomgogmobFabgds. Gmamma Fabe, 3JLIgMmodghGol fagakgdnb
Aol 3mba3dgde somgds mémab bbgorpabbgs (Hmmap 56 sMsfmmop >Bmégdnm)
Amob 3m3hhgdda. s8bmab namalbdgds, HmE Lbgs goJdmGn, dspsmonse, §ydig
Godats, §b935, 9Judg@edgbdoel hgmammdol PAML pageLoMgdqgmos S amgmgds
9edngo. 03 FYBmbyygsBo, Mmpglag gdbdgHedgbdol Bbgmammdnbasb gRopGmmp
bpgds pAmabs s §)33gGodhiol ggmomgdadol asmgomobfobgds s Jmbazgdgdal
Jomgds, GgoJ3egdal dmpgmgda s3509mo oG >@Hnb. Sbgmo dmEgmadol SALYBIMBS o
2JLIyAndgbde@mAIAL LaBgemgdsb Bob3gdb EJsGgdomo (regdob aortigTg PosHokme
JM63Bad Ao 5jL3gMmedgbob sbagmabo.

28 3764880 5393 gimos P6edmmgygeegto JoBogmo Ggsaenl smdTgto m@Ise-
99H%0cbo §Agage Goadgbogeen dmpgmo pAmoby s G9dgMHodtiol gajdmdgdab
aompdmabfobgdom. aodmygbgdgenas §éagage ddsgmmdaomo Ggamglogmo sbagmabal
gomgo [3].

203mobbime, 8 Gamegds GmIgmody 9bndmmyjamnyto Ggodaos e dnbs-
(3383%0b omyds (30HDMAze) 3GmEYIHTn Immgygrngdol GomEybmdol (ymb3gh®Hs3nab)
Fgbobgd brgds ghopamygmar pAmol s §J3dgMadGol bbgswmalbbgs 860336gmmdy-
3obegal. (3bamos opgmolibdgds, AmI sAlLgdmdl sbgma 3ol Fodomgdol &glbagnco
LaBgamgdo. smgbnBbme mém s §991gMsG s, Bgbodsdobaw, ¢ s T LoGdmanmydoo.

30 Jgson hogo@atigm n Gommybedol pabmags. 85306 (1,T)),....(1,.7,) Fugemmgdabogob
30330605 gdenao n @omebmdol mbaigde
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(&T.x)=(6.T,x%), (1, T,0%,), x =x(i), i=1,...,n. (®
358 3mbogBgdels o Fegoge dhagmmdomn dgadglogeme sbagmobob dgnmmgdolb 2o
i3mygbgdoo Lokodmms sgopmm x=x(1,T) Ihmenddel ymgsiaagol s03Fake Bgdmaae
Tbabob 3mgmoe
x(1,T)=b1+b,T +b,, &)
"bawog &, by o by 260l badgdbo FAgege dmpgmal (Fhgel) gibmde gmygoEngbdgde.
“Updmgomme Bgdmgan Smbodg6gda:

S8, =l"zl(f,-r)=. (10)
ss, =I"ZI(T,—T)’, an
S5, = g(,, -)(5-T). (12)
SS, = z"l;(:, ~7)(x-%), (13)
SS,, = Z"l:(n-f)(x,—f), (14)
baag
T=%§t, , (15)
f=%§r,, (16)
5:‘=-’!1-Z"‘:x,. an

(1017) @mmmdgdol asdmygbgdom Ladgdbo Fagob Ebmdo JmggnEegbdgde gedmoon-
Jmg0s dregan gmAdgangdoa [S):

b = S50 55, =85, 55, a9
S5, -55, - SS%

bz = SS,I cSS| -SS" ';S‘SIZ , (19)
SS, -85, -S54

b =F-bT-b,T. @0

33c0yom, Phodnmyinmaéo Jodogho ¢gsd3ool MA@ HHast Fhgay dmpgml
oJsk (9) ULsby, Lsps@g 9Ebmdo b, b, s b ¢mggoeaogbdgde (8) dmbozgdjdel
259mygbgdoo gsdmomgmmgds Bgbodadobow (18), (19) wa (20) gmedgmgdom.

BgBo0Bgbo. JoBogmn s dommmyogho Ggodiogdal sefgdaobogol bladop
399mayggbgds SpMgmgy Ggadgbogmo sbomabab g §. gJudmbgbgoomgta oby mepe-
Gomndgmo gmmeeon. >3 Jgmmpel Bggb o@ aobgobomogm s g360B6sgm Fbmprmpe, G@I
2db3mbgb3nepnydo Ampygmo eo0ygabgds Fhigoge dmpgmal s3gda%hy.
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dspomomabogob 3abgobogmen Qbedmmgyamy@o Jodog@o @gajiool m@dakodyd-
tosbn 9JLImMbgbznsmu@o Imegano [S)

x(1,T)=b -8 -b,, @)
Looabay gommpdtomdgdom Jogomadm

lgx(f)=lgb -r+lgh,-T+Igh,.
Bg8mgommm 5106036 730:

& (1,T)=1gx(1,T), (22)
b =1g}, 23
by =1gb,, (249
b, =lgh, . (25)

85906 (3bopns, 6w dgoame Jgdrgan bobal m@EIsdLdgHGasbo Féagogo Ggadgboymo
Imggrmo

X (,T)=8 1+ -T+b;. (26)
(26) dmpgrmBo 3bmdo by, by ©d b gmapeEegbdgdol 3mgbol Bgdmgy (23)-(25) spmbad-

369%0L 323myg6gdam godmgom by, b, o b ymygnEngbdIdL o bowo babom Bagfghc
(21) 3mpymL.
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SUMMARY

THE LINEAR REGRESSION MODEL WITH TO PARAMETERS FOR
UNIMOLECULAR CHEMICAL REACTION

Dochviri B. M.*, Tkemaladze G. Sh.**, Makhashvili K. A.™

*Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia
**Georgia Technical University, Tbilisi, Georgia

For one cluss of unimolecular chemical reactions the lincar regression model with to parameters
is constructed.

Keywords: chemical reaction, regression, linear model.



2.10. «)603merg3Iemto JoBon®o Ggsdaool Logmabmol

bsbaMdemogmdol Bggsbigds sgdmGgatglovemo dmegerol
399mygbgdom

x()=a+px(t-1)
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9603MKIZFINIMO 08030 @ISIGOO
LOGMABHLROL bS6dMITN3MIOL BIBOLIBY
33BM@IOGILOIRN(O 3MRKINOL 353(MJI6I0DM

pmigodo 3. ', Bygdsmady a. B, BsbsTzommo J o7

*agoby xogoboBgomob bobymmmdal mdommalol bobyerdFegym 9bogghliodado,
mdognobe, byjsGoggmm

bsJethonggmmb BByt g6egamlodaHoe, mdogmaln, Lsstomggmm

L. Jo3ogdo s dommmangmo 3mgd0b hadomgdol mAmb gibighodgbdsdmmobmgal
Io-36mo LoobHatiglm Lsgombos Ggsjaeol bLogm@barol baba@dmogmdals ggabyds,
367 eAmob 08 3m3gbdol Vngolgds, Gmpabon mogregds Jodogho GgsjGos.

23 53m(3560b popabaFyjador Bgodmmgds admgaygbmo Jodogto Ggajieab seadfgma
Ubgogalibgs  Lobob  féiggoge s  sGafAgogn Ggadgbogmoe dmmgemgde,
1Jbimbgbzasmygto Bmpamo ms lLbgs. Goppsb agsdgh bswee sbamabyma Lsbom
Wodmmagpengte Jodog@o mgsdaeol 508Fgko Lsgdomp smgggod It Smpgma [14],
330dm8 gobamagdmmge 9.§. wAmomne 3F3Goggdol MgmEasBo gotigom aobgomstydymo
30mAgaGgbogme Immgmgdnl sp330lL Jgmmeon [S1

2. Bggb ao3mgoygbyder Jomggmre Mogol Sg@mMGBgaGgbomm dmEyml, @mdmal
B0bso@bo By do g mdsdgmdl:
30J300, godatgdm Ga0dy ghndmpngynmrg® GgedGost rs Ggsdanel dugmymedab

RAOL 303349Mdm 7 GomegbmBoli xsbmags EAMOL Msbsdtor PsTMmdym dmagh-
0R80: 1,....1,. s860p0m, ago{aL 7 Am@ammdol Bg@higgs 67 tobygdob Tyjemmgdo:

(6x () =(r,x(8,))- > (1 x(2,)).- m
99360F6mm, @md (1) Vyzomgdol 30dmpggtemds Agedangds Bgdmgpe bLobom Aygfgdmm
(I,x(l))=(l,x(n)),...,(n,x(n)). ) @
dofzgmo ool syHmegadglogem dmmgeml oJgl Ygdrega0 Laby
x(1)=a+px(1-1), ©)
bryg @ g A g6mdae JdM980(3096H 003, obgnbommm 3sdmbaobymgds
g(a.p)= ,’.Z::(x(i)—a—,Bx(i+l))2 . )

3obgobomma 2pMgmgg (4) godmlobymgdol yahdm Fomdmgdgmgdo a s F
1MdgdMgdem s aogIBmmmon oboba GUQB

ag(a B)_ ; (r(i)—a—ﬂx(i+l))z=0. &)

ag(av/’) Zqﬂ(x(x)—a Bx(i+1)) =0. '©
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BmPnge gotioddbydolb Vydmgy Sogompdm Pabmde @ s> A Logorggdebmgob
mAg3bmdnsh Fhgag asbdmmgdoms Lebdgdsb, Gmdmol smblLbs gagsdmggh o s A-
Loorggdol gbog Bamabgd admlabymadgdb. o8 padmlobymgdgdde ¢ mo x(r)
bogopggdel Goghjoma 60dgbgmmdgdel FgHobol Fgdrgy (bowns dogopgdw a@ goo
£ bopoggdol jmbydmgdam Gogbgom 3603gbgmmdgdl.

o0g60bmmr T LoRmmmmo Amab ob  P3bmdn  8m3gbde, Mmas  Fywgds
60dmmp g ato Ggodis. (3) pm@sgmal mabablse x(T)=a(0) wmo 3ggdGyds

x(T)=a(0)=a+ px(T-1).
x(r)-b Imppgerob maboblap agoal [1):
x(T-1)=a(0)(l-¢"(r")).
3>Toboeady, 33936gds
a(0) = a +fa(0)- pa(0)e™",
pa(0)e™™) = a+ pa(0)-a(0),
g Pal0)
a+pa(0)-a(0)’
i —k=tn—220)

a+pa(0)~a(0)’
Looabagy

T=l+lm——@L. @)
k' a-(1-f)a(0)
B960336s. godmmgds (7)ol sbammpogto Tpgobgdob spgds a(f) bLopowol dmpgmol
3>3myg6930m. 33 Bnbbom gsbgobnmme Im@gene
a(t)=y+da(t-1), ®)
806 (5), (6) gmAdgmadel  sbammaoytore  Bgedmads ¥ s & ybmda
dmY703ngbHtol 3a6Lsbmghs. sbgm FgBarbgggsBo [4] 65FMmBab §sBobdoe a(T)=0
> 339090
a(T)=0=y+8a(0)e™", )
7™ = _ga (0),
T = __‘Eio) ,
Y

kr-k=1n[-ﬂ';(i)),

Laoeabsy Ladmmmme gmgdgmede
éa(0
r=1+11n(——a(—)]- @

160



IVHGE VY L
11, A. T. Bharucha-Reid, Elements of the thcory of Markov processes and their applications.
McGraw-Hill Series in Probability and Statistics McGraw-Hill Book Co., Inc., New York-
Toronto-London, 1960.
i B.Dochvir, O. Purtukhia, G. Sokhadze, G. Tkemaladze, On one stochastic model of a chemical
reaction. Bull. Georgian Nar. Acad. Sci. 7 (2013), no. 2, 92-96.

:3.  B. Dochvir, G. Sokhadze, and G. Tkemaladze, On the kinetics of the bimolccular chemical
reaction. Georgian Engineering News 76 (2015), no. 4, 100-103 (in Russian).

‘4. o. hogobogs, (3. dodogg@on. JomgdsGogyto dmEgmmakgds. mdamalo, 2008.

5. b msbdoggs, 8. 8sBns, p. dstho, 5. Ambody, s HoAmbxedg, o. HOAMERY,
0. 3yHgoTodg, spmdsmmdal mgm@ns s IsmydaGoggho bHsdobhogs ggmbmdob-
Badobiongol. ggmbpo “gaMsbas,” mdognaba, 2000.

. SUMMARY

THE ESTIMATE OF FINITE LIFETIME OF UNIMOLECULAR CHEMICAL REACTION
Dochviri B. M.*, Tkemaladze G. Sh.**, Makhashvili K. A.**

‘Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia
**Georgia Technical University, Tbilisi, Georgia

Using the autoregression model the estimate of finite lifetime of the unimolecular chemical

reaction is constructed.

Keywords: chemical reaction, regression, linear model.
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