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3039-033039™mdb 3M7dv “339mabaddsdgemaly”
06gmabyMmo ;moMmadabyodn

0D sbomzaon X MYP

»3300b3Fe9M0" 3030-8BJd39ML  gMo-gMmm0 Loy3zgmMgbm 3Mgdss, MMAMNL EJISBMN
LOZOFeM dMAMABES 833(M933MMOM3NL. 333MI3MMS SDMNO . ,,339MNLAF39MAN" 3030
y39modg 390 ©oa30boMe 3adnabnb bymngmn @Msdnb byMsmn. o ,,300Lo3g0MadNM
300m337 130y 3930L 0MBYNb3omMg gboMn s@sd0sb0b bymongmo bommMadggonb B3MAnbY”
(3036009 1957: 154).
»,339m0b3ge89mM3s" 8moMaabymMms bLOZddMEO NN 0bMHIMaLNE 3odMNb3nY, BNYby38E
3mgadnb bodomenymn bobnomnbs s dnbn bb3sabbzsgzsmn nbhgm3mabhainob
dobodmgdammonbs. @Mabomgmonc nbamMobyMe 3Myds MM d3HMML 8J3L MaMaBbnN:
3969Ms 1MPTsdgb s MBsmm Mynnmab. 3969Ms gommgnb sbyma nMydsdg (1909-19916.6.)
Jomm39mn MnHgMmoHMomdEm@bg, 00Madbgmn o 39agman, badommazgenmb
d93609M900L oBLLbYMydYmn AM®3069 nym. 89-20 Loy3nbab EsbsBynbdn gnmman doMsdndy
(3969Ms 9Mndsdab 8s8y), 3mannhnznmo dgbgrmadqgdnl gedm bodsMm3gmmsb ggMdsbnodn
60300, 39093 30 - 909M03000. 3oM33gymn bbob 39093 006 3Mm-d3n0amoE Asny3s6s nd.
3969Mo yMydodgd s89Mn3nemo 3MMgs0 MJMHML 39eMBY sdmMe3My. 398093 d930
«g9mMNoMONbL» LOLBZMgOgMAN FMMHJ30506MbL gobbMmnm, bonsbol MmMaMME 396IM30b @O,
B60g-0mmznb 3MbLyM3sHMMNSTN doany3sb9L... Jomodshmbn 3969Ms 30M39MN JoMMZgmMN,
30063 s5m0om@nb LobBZMadgMO dSAM3M. 3. gM7ydodalb dxbngamyMas Bngds gobodnmmoy,
dMOsm, b, MmMA dnb dngM dgLbMYMYOYMO MOME3S0g00 TPbNZsMYMMONm godmnmhAgzs. ngn 17
Baob oym, MMEgbog dnbo MEabn bodoMmZzgmMmMaAn EOMYDEL.39069Ms YMdedqa, JO3MY,
@00 B3momo dgndobs Jommymo 3mgdaob 0bgmaobymo msMgabnb ydbndzbgmmazsbgb
Log8930. oL 939m3600L "39x3bNLHYsMLENL" 3nM39emn NBMOLYMN 3MgHMN MoMadabn
(30M39mM3© 8odMnEs 1960 Bganb). 35639 06gmMbymM 96509 gsdmbEs "JoMmomyann 3madnnb
sbomanmgns" (Anthology of Georgian Poetry) (1948, 1958), 3mms MPLbms39mb "sxz3mMmndAGON" ©s
0.0. 390003000 @ godmMbEy Nbamobyma 960b LobgmMAdM3sbgMM S JMgbHMTsMNY.
300magd39y60 oMo gm0 bHohns MmamMadsbob mgmmnob boznmbyddg. 3603369mmMm3560
BodmMmans 03Mgm39 30700 ,339M0bAJadgeab” dobgymo MemMadabog,

3079-03d039Mab 3Mgdnnb bommIgbe o 3d39609MqdsL LEMMo ASB3S ©. MYNTOMEON,
Mobodgmmazg 0Mnhobgmn ecnohgmMobhymMemadmoby, Amamadbgmo s 3mghn. 0gn oMol
dmogoemo 603600 o3hmMn Jommymn s MYbymo mohgmsdmob dgbobgd, mmbomboL
16039MboMgHoL Jommzgmmemgannb s MybabdHnznb 3MmMagbmmMn. ©. MINTOMEOO
dodxmogdymos ndnm, MmMA nb6amnbymgbmazeb J39ybqddn 3030L d9Lobgd MbL my LAgbno
©o 03 B33JHL 030 bsdaymab Hmema3obo dnnAbY3L. 999eb godmanbomg, dMnHhobgmads
993609M30s bEows daMTsmMamdy godmabBmmgdnbs s NBaMOLYMI® MdMEdby
3030-03d039mMab bodn 3M9dy: ,,339MNbAJd3gMN”, ,,LHYISM-BoL30BIgMN" W ,,0MYO
Joomgmsymon”.
»839mobagedgmobl” nb6gmabymo cmomadsabgon.
3mghymo bgenmzbgos ydsmmgbo mbhobhmdss, MmBgmnz d3nmbzgmdn 063930
300909mMadgm gbmgH 03 gobEoL. MmaMmadsbdn dnbn sbsmmmganb dnmbyzs gt
bLgMOMBY Lodbgmab BoMIMaaqbL, My oMy dgydmgdgmb. LsdgEbngmMm dodmzzmg3300by
©3 M3M33360L 86N BNL Loxydzgmdg My 89300MYOM ,339M0LAF3gmnb” 3. gMydadobygm
©d ©. My0BOMOOLIYM NoMadsbgodb, 306obsgzm, MM nbNb0 goM3393mmn dOMNM 9MM3S09Nb
badnmMab3nmmbn sMnob. gMmn - MMNZNBaMNbeAN Md30LYBEMO ESIMINYOYMHONL
6087d00, 3gmMg 30 - ©JBOLLAN 9MMZYMYO0LY, MPFES b IMMNZYMIdS 8M dMOL
13009M9LbMos3Y 3nbyma. 3. 3Mydedg 3NMMOL oM 3oMaML gEbnbymMN 3obbymoy,
obMENOENY0N, Bo3Md8 3075Lg9m LNMY309M Fobasb, 3MgDhymM Lobggdb, AgHETMMIOU, 2



0NmagoL, dgndmgds 00J35b, DME59M Mo30byBRMSE 93ymMmdy. Fob oM byMLb MMHNgnbagob
AomAM9ddn amJEa3s o DMas9M Loggmamn dgdmJdadgadnmn nbN30YSMMONb
dq60mMAYD90sL gbBMO®30L abab dbo®hzmymn 3MA3MBYbHgOnL PanmMgogmyma3nb bomMmydy.
©. MINGTOMEOO 30 BONMMOL 35075L 3MyHMn bobgqdn, dnbo dbs®HzmMyeo godmbabgnb
bgMmbgon, 30700990 A9HOBMMGO0, BMIDIMIMANS 39005MATBML MoM@dsbdn. s8nhma
dnAbggmns o 393 30D0MYO 338 dBML, MM ©. Mg0BNMEOL MMZASbn JG3MM sbenmbos 303750
3M9yasbmab sBOMMOMN300, 99L3MgLbNYMMONM, bobowaznm s 3MmghyMo bobggdoo,
©90060bggmMn 3mghymo Ladyemgdgonb nbgmabym 96509 vY335HDTMO Zohobno. 3.
1M7ndadab mamaadsbnb, MmammE 3mgdanb, Jo3m mnmbgdss Momds; nbo MeMadbnmn
300Lv37900 A9MMOOYMN s Y89hab dg0mbzg3sd0 MMNZNBIMNL 3I330HYM SLMENBENYOL
odmMogL. dmoMaadbgmn 3nmmob 13ds3-bg3bMymn @nagdhnb sbmEnsEns 89436sb
nbamnbymMn bambymn dghy39madnb gmmagonb @ domMaYMo madbmsabymdnb
300mMy9690001. 301bgo35@ s80by,(Absmbndznmn: 69-70) 3Mydsdab 89hnbAgHs Ms30bYBSMN
©OAM30Y07MY0s ©gbnbyadn bdnMo bLENMIds d30MJ39EION0N Md30LIYBRMYONL
LIDM3MaOL O AMdMEAbgMN NbaMNbym 830mMb3zaMb DMZEIM 30750 3MGBNOL BOE3MOE
LggmaM, M7ydEs dgMHo 33MdbmonsmMg s BngngmM 3MgBNL LMZ33DMOL. LanMYbHMIENMO
dgndmgods d98w@aan 60dxdalb Amsbo:

,0mMsbn AsBMAMIb, 3nMmag39
dmonm dmEnsb m30Mqd0, 39080 B3530 dombgms 398330b 3nbog39M9dN.”
©. MyNBOMOO 88 AMB1339000b 890093 M3M33SBL 330030DMOL:
,The mountains dry out, and torrents Come rushing downhill with a roar, Falling rocks crash down
like dragons, Petering out as they reach the gorge”

bodhy3sboMHY3nm MMA 3008MIABM™: 80900 3edMIMYHB, s M33MGON MMNdMNO) AMgJobgdnsb
xR9MOMOvY, AsAMBLL3gIMO MMEION 339mydsadn0n300m 9bgmJgonsb domb, ngmgz0sb, MME
bomonb i3blgmMb omBy396.”

Mo 0900 969, 3630Mggmn MmomMadsbn Jomoymoaom 39M dmMa3398L LEMM BoMIM©a50sL
M90x30mMO0bygmo bhMmogmbydob 3mghnmmosdy, mydEs dsbdn 3oMmgo ASBL dmoMaadbgmnb
9M0M3YMY0s ©gbnLbsAn, dnMNMO® d900MA7YDOYMNY 3o75LggMN 3MgByMn bobggdab
30800990omds @8 99L3MgboYMmMdS (godMbszmabns bhMmaynb 89-3 bhMadmbn, MMBgMIN
3573bggan 3mghymo babg JgE3mamns). 0133 93930 M8MET63d0 3985301 BSE3MO®
3399803L (M33MBL) sM0b FgaMgdymn, 95399MH0 obY39 dMbNMBYMNS. FNMNSBEMOIN ©.

M900MO0L 00M3dsbn, d90dmgds NMJ35L, @IObNL 933030mMabhyM 9x399HL sbybL
930mb39mMdY.

sbmo 368bmm, ;my MmammM 30yas 03039 HJbhnb MeMmaadsbb 3. gMydsdy:
“The world was wrapped in flimsy veil As from the sky poured sheeted rain, Down mountain sides

the waters sped And serpent-like flowed on the plain”

bLoHY35LOMHY30M0 MVMZAbNM: ,bddysmm mbgen 30MO3ITn nYM ob3zgymn, MMES 30D
oLbAEY LEGIMZIMO® J3IgmMn 6308y, AL BYIMOMOm00Y Bymagdn AM0AJOMMOBID O
339M900300 3My©nbydM©byb odMMODY.”
3630Maymn MmaMmadabnobsi 30 AL, oy Mmamm dmMm@yds gMmydadg oMo dbmmme
mmMngnbamab Bgdbhl, sMsdg dob 3mgbhnm bahgobss (,398330b 8065335MANL" BoE3MOE -
,3390b 85830M0* ©8N3sMas: ,dmsbn AsBMIMIB”,Jmmnm dMNsd M3sMgdn” ,B383900°).
dmoamaadbgmanbggman 3mghyma Lobggdn YBMM FoMdMAGIMOM3ISD6N. 3075L MMNZNBsmMyMN
dooMy0900 o 3ghommmMydn 3Mydadgd 33mmosbomymMom d9E30mMy, MoE 6383NMIE



©ob030M3Nd MMZTobnbmznb .00ndEY, 9939 106 snbndbmb, MMA dxsMadbgmads dgdem
MM0gnbamob Momdnb, dgmmonymMmdnb @s Mohdnb d9bsmMAnbyds. BmemMaabymoo
3006Lb303905M0 EAMINEIOYMY0s IBNLLEAN 3oMEa AsbL 30350Lggmn HFMM3700L
dqbohyznbgonb dngdabob. gobznbomma, dogomnms@, 398930 dmMbo3390m0 3Mganab:
,0000b 30Mmm9oL d3960L 3bzoM-dmMmbs MMamMMmE Madsd Jomb bomgdn.”

3070L 8839609M0, MMNanbomymMn dgoMgods 3.9MY8sdgd d90w9abonMmom momMadbo:

,The sheep like germs adorned the hills” (,3b3Mg0oL d30MxBsLO J3900300 MMM
3MMs3900°), M3 LMYMN3E sbsma 3mghnmo bobgs.( m. AbsMbHNd30mM 44-56)

3. 9Mydsdg 9gHnbBYHO© MO30LIBM® JJEIZe 39JOLIYM FIMYOYOL, bAnMI® B3MNL
3007;,,mM383D0 bomMgon” MeMEasban gogmo, badogngMme 3oAbs dznmMmxsbo 43900 - “germs”,
MoE3 Bo3NMIE oM 3303L 3030L, MMAGMOE o HOEJ080 IM3Ys3s 096905L O YM39mN39
06906MN3L o dMs d30MABBL J3900. 08 33MNMYONM 3. IMYdodgd 3gobbb3ozgdyMo©
BoMmyanbs 830mb3mb goMgbodysmmb 30350b9g7mn bgas. 36sbmm, Mmamm memadbnb ngn3y
dmbo3390mb ©. MINTOMEO:

,Sheep and cattle dot the slopes like a beautiful woman'’s beauty spots.” bohyzobohyznomn
MaMadsabno,

,3063M90L o LogmMbymMb oYBNbB3MO3L BgMEMOgdn d839609M0 Jomnb baegdnb BbRe3LLYE.”
00 d900b3930d0(3 ©. MY0BRNMON EJLbNL 9MmMZIMNy, 3NmMmob My d9nbamMAObmML
3070LgM0 d9oM9gds, MPYIES MMNZNBsMNL B3MdBDYONL dmIdbommods s bobbsfmbg Gonb3
039Mag0o. ( . Absmhnd30mo . 56-67)

LagMoME, dgndmgds nmY3sb, MMA ,,339M0LAFSTGMAL” DYIMMZsbbomymMn MMo MHeMadsbn
mMo Bogngmn o 3obLbbgzegzqgdyman d90mdadgmnb dngmss dggdbomn. MmydEs sMEgmmo
MoMadsbo oM oMb gbogmm, . Mgoxomoob bsdmmadn, MmammE 833mMY3sMn M
Absmbhnd30mn smbndbo3L g@Mmm 3gtho@ BaMAMAGOL 3035L, MmammE amadMm3bqL, 393
3000M90 08 IMLIBMYOSL

390mygbgdma emadgModyMmo

1. s AbsmH0d30m0 30375-033339masb 3mgdg0ab (, g39anbdgedgmn’, ,bhndomBsb3nbdgman®
L,9MI S J9gMgmenmn*) 06gmabymn MoMgdsbgdn. mdoannbn. 2012

2. 3M30PMO0 ., ,3830-033339msb bsdn 3Mgds (M9BahnM-0gnM0 sbsmMBN) “ Mdanbn, 1999
3. 30MM13039 0., ,3M0M03gman Bgmomgdn® | ¢)., mdngobon, 1958;

4. 3030-30039My, ,,0mbBYmMadsms LMo 3MYOYM 30 HMI3s@", @. IV, 3Mm93900, MO0MNLN, 1964
30360d9 3., ,,3070-130539msob d99mMJaqmy0s", mdomanbon, 1957
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m903y6M m30yM0 X 3mabo

dmmos Mybmagamab 3mgadnb bomaymb 830mb3gmn Mmo3nsbzg dbohzmym bodysmman dgdyogb.
,3993b0bHYsMbLLBN" Md30bMoze@ dbohzMymon bobys, MMIgmMnE d9y3oMydYm BY30MdY
8070000900 (bLnMadg 1982:187-189). ,3953b0bHYsMLSDN* IMYydg BgbhsbdY Bgy3oMgdymn
hoMmagmng, 391300 30 BgbHObNL LnddMMyYM bobys, HomMngmads bmad gobMnbbgdymn bybHebn
3993bb 83bgas3Lby: ,MmAg 3933bn d39609M0 Loby LY d3NLLbO3ZL, 88s® dnYy3oMb HYs3n
90b0, 30080 Rgds IMBnbsbagl..” (bhmman #662, Mbmszgann 1992:214) s 3933b0b Hys30m
dgndmbs bgbhobob o3eME30L d90wWI3 .

3mM9a0b LaMIYMMSD B30300MJONM LOYIMIMIOMs bognmbn ,my MmMIgmn 3bmzgmn
039m0bbdgos MYLMZIMOLIYM 39BbAN S MS LNFOMMYM ah3nMM3s dJ3Lb Tob.0oy
0Mob0390Mm39 Jomomymdn bohyss 3953030 F0x00MY0L 3ohnbydMms F0dnb goMmgygm
9ho3909mMdg - 3933b3n (tiger, Tnrp), d3gan JoMmoymadn bohyss 3903b0 JBRMM BoMmM
d600369mmd0bY nym @, MmgmmE 09MdbYMNELb, 8139 L3SMLYMNESD MoMa3bnm
H99bH9000 P30Mohbo® MgM3dsMEL, 867 30b6H ML dq99bohy30LgOMDL. SBSMMBNYMS®
009300000696 MYbm3zgmnb 3mygdob 3933b3L dzgm bagjoMmm39MmMANE3, MIVIE BOOMOE
99hYy39maoL 3mgaab XVII @o XVII bsy3nbgg0ab bgambobgmaddn smbgdgmn dnbnshmMmadn. sbY
Mma, MyLbm3gmnb 3Mgdnb 39x3bOLAHYIMLION F80730, 396(HgMNL HYys300 dgdmbomMn
9mydgs(bnbmndndg 2017:35). Ms3 8990908 3933b0b LnBdMmMYM 3608369MMOSL, LanbhgmMgbms,
Mm3 3903b0L 6NBBIMMN hysznm, MMIGbsE M350 MyJs 8930, boddMmMNBYdYMNL
BomBo3mmonb begMM s SBLMEBMNIMN ymas (gedbsbyMmons 1991:49). nomanmansdn BgENHM
30M39aM303L 30ML3ZMO30560 38 IMbO3L, MMaMME 3933b0bL Hys30 (EsBnbBIMYMN), M3 3Mab
300bobngMgds LodysmMmb, JdMog 30ML3ZMZ3MS 30bLY, d80HMI 3MNb 3903b0L Hys3n bNddMMM
LABIM obsMENgONLY, bymngmMo doAmMbNmMydnbs @s bndMIbNLY. 38nb gedm sb®HnznmMn
doommmgnob mdgmmgon, ganMmgon @s dnbhgMmosms Jymyadgon shomMmgogb dob. 393bab Hyo3n
ambogb Mdgmo ombnbgl, d9Mdbym bodysmmadn 3oMabbs @ NSBMODL, d3gm 93303(H9d0
39M39L - HmO0L JuMydgoL (godbobyMmns 1991: 341). BgLsdsB0bA®, JI3MS 3953bNL, MMmaMMm3
3bmzgmnb, 3obbognymmgogmn boddommymo Mmeno s 3603369mmos 3mydadn, MmydEs vd
bLohyzoLb MBS o LNAOMEMYMO dnbosmbo dgndmgos 39M snbsbmb bomoyman.
3m9d0b bamaymn 06gmbYM MeM3dsbg0dn ,3983b0LbHYsMLLBNY, MmgmME Lamoygmo, 3093
amm LanbhgMabm LoznMbL BaMAMsAgbL 3mgdnb yEbm 9bsdg dmeMadbymMgdnbm3znbL. bogdg nb
oMb, MmA Jommymo byxngbo - mbsbo, JMbBgonb sB8b0d3b69mns s 3nMm3zbg0nb dngMm
MoMaE3 Bobobnomgomnb dmbgdsdy d0gmnmgoL: dobnm-mboebn, 3bgb-Mmbobn, AMb-mbobo.
dobododnbo, bo®yss ,3983b0bHYIMLIBOE"30MsEAL, 39830 Hyszdo d9dmbomb, 863 3933b0L
HYyo30L oHoMyogmb 1b@s smbndbozab y3bm 965d7, dogsmnma® nbamnbymao - ,one who
wears a panther’s skin“ o6 “wearer of a panther’s skin”. Mgbmzgmab 3mganb boMdyMaE v8335MN
39mM30Mg07mn sMadabn dbo®mzmym mnmgoymgosb am3mgoymo 04690Mo, s8ndHmaos
dmsemadbgmagon vdzxmo0bg0906 08 39MLMBBY Fogmnomb, MmBgmnz 3933b0L Hyssb sHamMydb
(bnbmndndg 2017:35-36). bLunbhgMabms My Mmamm MoMBb0s6 BsMadbgmgdn 3mgdab
LoMOYMU:

domgzmmo gmmomMma3n The Man in the Panther’s Skin

3969Ms yMydodg The Knight in the Panther’s Skin

Mmmogme bHnzgbbmbn

The Lord of the Panther-skin

J90mMnb 3030060 The Knight in Panther Skin

mnb 3ma3nbn The Knight in the Panther Skin 5



3Mma3. 9. bnbmMNdNdb gobdsMmHgdnm, N6amMNbMbM3360 bamayMgdnwsb The Knight (3.
1M785d9, 9. 3030860, M. 3Mxi3060) o The Lord (M. bhnzgoLMBN), DIIGHS® SVYLHYOI
Mybm39mob 3mganb bomogmdo dmsadmMadymo gEbm 39MLMOBNL 30bsMOSL o v8ohMadsE, The
Man mog30bn dgamgonmo bgndhmomymmonm, 385m0qLbns MaMadsbdn. 9. bnbmndndy sb39
3300350MdbL 3Mgadnb bomaymab nbagmnbyMmo MemMaabalb mm 39MLOSL. Anbn sdBMNO), 3MyBnb
LOMOYMN ,3903b0LHYIMLIBN" NBZM LM HAFMOgLO NJbgOM@Y 33339MO® doabymmaym: The
Man in a Panther-Skin (8. ymMmm30b 8bEe3LO®), 96 JoMmmym gMMbNMY308b LoMeMM SO
(,3993b0bLHYSMLIBN®),M3E NB3WS3NM39MS® ,3903b0LHYIMLOENL* NBgmMabyM 96509 3nM3gmn
dmomaadbgmnb, dsmzmmMmo ymmommanb dngm ngdbs 89879ds390mM0,

.3m9q80b bamegmab 4. gmmMom3nbgymn dngbgds nbamnbym 9bsdg, LodbybsMm oM 3ondosMy
3mM9yanb oMEgMmBs AMAY36M BmomMadbgmaBs o agyMEbm oMo 8. gmMOMM3ND, 9M13)
LamdMNL 3. yMYTadab dngMm F9gaMMd35D90Ym nbaMOLYM 39MLASL: The Knight in the Panther’s
Skin. godmbogmabb BoMmAmMaaqgbl Mmodgmd bhnzgbbmbo, MMAgmaBsE 3Maanb bomogmnb
y39mo bbze FMMETbYIMNLOZED 3ubbb3e3507mmN 39MbLNS d90Ma3mo3000: ,The Lord of the Pan-
ther-skin®, Mmo3 bohyzobohyzno Bodbs3b: ,3903b0b HYs30L CNEgdxMN* sMbndbym
3mbhggubhdn A3gbm3nb bLanbhgmMabms sbY3g Loznmbo ndnb dgbobgod, My MedHbs©
domogdymns Mmgmmz Knight-ob (Manbn), 50939 bodhyss Lord-0b (MMM, NJOYMN)
300My9b900 LamogMmab MoMaababLb, 9.0. M3BYbo FoMmmMxdgMNy HoMngmb gbmombL Lord ob
Knight (go8bsbyMmons 1984:153) , MmammE bsmsyman, sbY39 OMEIO® - HodbHTn. sMbnBbMN
M35MLIBMOLOM, baygMomadms, MM gmmns bodyszs Knight-ob bBsMyds bLaMmoyMAn
dogmmg - 3mydab Hagb®Tn. sb0dbym LEINMBMBD B3838nMYdNM, . 3odbsbyMmns 89093
33mM930b 3300350Mdb: Mm@abaE Mybomggmo hgdbhdo bdsmmaob bohygs ,dmydgb”
HoM0gMmeb ©3e3dnMadnm, MoE, 6. AoMob bodsmmmnsbn mJdnm, y3nMmME ,M3nbbL”
6036030, 30806 dgndmads 3nbdsmmm bohygs Knight, 30650086 o0, 30633 ,60b9L y3bm dmydg
306379" $9MoE oM Pbym@bab, MmA gb nym 89a30LB7MO 0bMgmNbY, 87 30 IS nmMY35L, MmMA
JoMmoyann ,dmydg” bdnMs 89339093 101dBab, MsboE 396M 30thy30m Knight-09 (,0mydg”
96M@gOM©S 383. o300 bMLESBLYE). LaMsyMB0 30, HdMNIMOL 3065MdS ZoM339300 JOWS
Aob b o dnbmznb dgamonb Msbanb BoMmadg3se o Abmmm Manba dmbbybngds
100MmM90MmME 305ABNSM 333(MY3Mg0L. s8nMHMad bomsymMdn bohyss Knight-ab (sbgsg Cheva-
lier-b, Recke-b, BUTA3b-b) b3sMgds PBSMMIOYMMY, 3006300 HoMmngann nym 89839 @S 8MY
Monbn. 3mgadnb hgdbhdn 30, 30MY gogM339M@bIL6 HoMmngaob 306omdsdn, 3obm3nb
dogndmgomos 96mqdnbom knight - 3mydg, Monb@n. MoE d99bg0s bodhyas Lord-b godm@Habob
bamsgmdn Mmogmd bHN39bbmMbAL dngM, 3Jo3 LzdoM® MMYMISS LoJan.

LEMMaE s8nhMA, B. 3odbobyMNEd 30Bs6AgBMbamam dnnhbns 390LMHaMNL dnbgznm bohyss
Lord-0b 94390mo Bomdm@agbnen 8603369mmmog0nb 3osdmMadsE, 3Myanb bamsyMao
>mbndbymn bohyszob godmygbgonb dndsbIgbMbommonb oagdbabam3znb:

Lord: 1 3othmMmb0, 3nmm36900, MMIgMbsE gooAbns 999609b0 bgmabyxmyds. d8sMmM39mMo,
a3ymmogmo;

2 30(H030L 0M3bndzbgman hodhymon, JaMab Hohymo 3MMMsb dndsmMmgdsdn, bdnMo
0y0mMObH MO 3oggonmaE;

3 00Mmb0, 3037m™mNb AREMOgMN, MYbOMMMEO;

4 39000dmongo, 30Hn30L smdbnd3zbgma Hohymon. o 0Mndebgmdn gb hodhymo gdmamE
dom, 30633 3gonmdmonmbo 0Yy3696 ©sdsyONnm, 3oM3z9gmn dbomgqgonb 39M9on, 39MEMagon,
doM300900, 3Moxqdn, 303MBHJ0N S doMmbydn. Amaz3oMa3nLb3M3MLYdN s 930LZM3MLYON,

MmIgmMboE Mmoo 3oma®nb B3mgodn sMnsb, 9hnzaHnb dnbgwznom gb Hohymn gdemg3s0) ©



39MEM3o00by o doM3ndg0NL d30eMgoL, 93MgmM39 3Mdx30NL JBMML d30MYdL;

5 bodsom HoHIMO 3goM3399MM0 MBOENSMIYMO 30M700DLY, 3., MMMD SOIMISHN, MM
Agddgmmabn, cnmmM 3063mMaMmn, ecnmmM@ dmbodsmomy;

6 bomgom Bgmomdn 1B90609b0 3MLYOS N193M39, 33MgmM39 0gbm JMabhg, MMIgMbLE 9bMEIdL
ammE0, 86 A3960 MmN (JRsmN);

bo®ygs ,Lord“-0b BosMAMEagbnm yzgmos 3603369MmMOsLMSD gMME, LaymzgmmomM
36monmns, MM MM 3oMads 0MNHbHMN 30Md3gbHnL 9MM-9MMO oMoy,
MmIgmnE 993900 887394607M0 s babymMNgMm MMM EIONLOZSD, 9.0. AbsMgms 0gMYONLY O
930Lb3M3MbLYONLLRZSD. Bgmy 86 3MNBEN NBaMNLAN MBOENSMYMIE dMLbMEaL IMbLbydY
MMMEOIO s dME dbshzmymm ecnohgmodymaedn abhyM®yds 39030 b 3MnbENL ,mmmMOeE”
9mbbgbngds (xdE 8ndsmMmm3s ,dnmmma” dgbsdamms 893b309L 39539LMd6 B38380MgdNM,
95gMsd gb momgdab 030399, M3 JoMmoyma ,05hmbm*). 89x839L ,anmmMon” dgndmgds 96momb
0330000, NLOE dMIMTBOENSMIMI®, 39MdM LoydsMAN. ym3gmnag B9amombndbymab
3om3omnLBnbgdnm, bohyss ,anmmob” bdsmgos M. bhnzgbbmbob ngMm bomoyman, d.
300LobyMNsb AMbadMYONnm s Hgamm dmEgdgmn dnbn3g 33e930b LoGd39mMdY,
3o8sMmagdyn 3M 3M0b (go8LsbyM©Ns 1984:153), sM P60 8335306y dnbssMbMOMN3N
3MbhagLbhng, MoEeb HomMngeob dbomzgmqdds Fobmsb d9b3gMNLIL E8L33bL, MMA nb
nym A395modmMn30 dmydg, 30060080 Fob oM 3gmbs dgbohyznbgdn 89a30b 80 39853y,
Mmdgmndg abomMnb 38sMmM39M0LY 86 M3038EadMONL 3nMbY. dqLsd3NLIE, LamdyMab
d90mbgq30d0, Yy39mody 39ho® 99333hyMn o FoMmmgoymns 0bg3 s NbY3
ImMomm3nbyymo bamsymn ,3903b0bHYsMbLEALY” - ,The Man in the Panther’s Skin®, 30600©y6
oME3 , MmN sM3 ,M30bn* oM 8g3b BabdoMma MYLMZgMD, M3 3030, 30687, M3
037mnbabgds bohyzedn ,39x3bobHYsMLSONY 3Mgdab Hggb®hdo 30 ,8mydob’ ,ydnb”
dobo®my3nbo@ dxMd9dL bndhyszs Knight-0b godmygb90s. bmenm bhn3zgbbmbabgyaa Lord,
MmammMQ3 9339 ©99MmeE 9Mnbndby, gedsmmmadymo sMEgmo dgdmbzqgzsdn oM oMb
(300LBbYM@NY 1984:154-155). ©3L3360L bybom ga3zndanns 30183501, MM ,3953b0bEHYSMLOAL”
LOMOYMOL NB3MNLYMYGbM3Z50 MOMEAsbgdL dMmMab Bbmmmme domzmmMn gmmoM3nbgymo
MMadabo bamoymabo: ,The Man in the Panther’s Skin“ 36@dmbEHAL yz39madg HbH©
LOMOYMAL SMLL: “3030 3983bALEHYIMLIBN" @S vMs ,M30BN 3953bNLHYIMLIBN (3eBLsbyM©NS
1984:185), 3mg30bL bamsyMo MLy MsMadsbyddo.

LaNBHIMoLM o LoyyMeMadMs 3M9anb bLomdgMnb MdMa3sb9g00E, dgbMymadyman MYbym
q960%9:

3MbLHOBHNbY doMIMb M0 Hocswmm bapcosy Lkypy

306(hgmgndmb 390HMgbim Butasb B Turposon Lkype

30MMAN (3935Mgmn Butasb B Turposon Lkype

Bogmmon BodmmmE3n Butasb B Turposon LLkype

domsgs by3ndndg Butasb B Turposon Lkype

MmammE ©90mom BamIMagbnmo 3bMomn@asb AsBL, mmb dmamadbgamb (3. 3ghMgbamb, 8.
(3085MgmU, B. DsdMEME30L ©s 8. 63300d9L) 09bHMO® JNsMadbns 3Mgdab bsmayma, 3.
0oMAMBbHNLEYD 3obbbzs3zq000.

0oAmMb®ds 30, MmammE AsBL, 3onm3smbBNby 3903b0b 3oodMyds dzgm Jomomyman -
,300(h oMb’ ,angm3smonb” 8603369mmdnm ©s 3903bal BaE3mas bohyss ,bapc” (x0d0) (5090,
mMoM3sMEN godmnyqgbs momgdsbdn. dogmdmbadhnbdngmn MmomMadsbnb bogydzgmb s8YysmyoL
3m98nbggmo hgdbhog (,...0808 Rgdo bogmEbmyg, PBYsMm 3008 50J09..1),078Es oM Y6



©130308Yymo) 3. 0omambHnb BnbsdmmMdg@nbL, 9. b. bHdMObL3NL BMB339bHmMN
MyLYmMabm3zs60 MMEdsbnE 3Myadnby, MMAgMLLE ,398300bHYsMLBNLY bomsymn 898930
bobom yMemMgdbny: ,bapcosa -Koxa“ (Ashsbndg 1980:114-115), MsE gbsdmms ymanannym
Lomyd39emo 3Maanb bLomogmMab 3. domMAMBHNLYYmN 39MLOOLY. banbhgmMobms, MmB
sBsmmanymo (bapcosa -Koxa) moMmgdbnsb 3mghnb bamsymb 3. domdmMbEHNL BnbsdMMmdg©N
Lb3y BsMEabMgdNE, Bsg. N3MMNMg OMOMHNBL3IN (1845 B. gsBMbLES 3MYBnb sMILMEN
M3Mgdob0) @s 0Mby 39760Mans (MoMadsbo godmonEs 1888 6. mdnanbidn) (Ashabndg
1980:116-117). L8YMOOMYOMs NbNE, MMI EMgbEgMONM, 3Mgdnl domMAMBEHNLYHN
MaMadsabob bEMMg Bgamm BosMIMEgbomn LamogMnm o3zMEgmydnb 30YbL33Q,
dmbgm3nb gedmEg89008ys, 3. 0omMAMBHNL AMM3569mo0L 39MnM©AN3g dgnE35maL boamsymn
0omAMb ML M3Madsbl o 3gedmad39ybgb 89030 bobnm: ,BuTtasb B Turposon Lkype”
(PyctaBenu 1988: 630-631). bsmoyMmab dsmImbinbgnma 39MLNNL Jgdmbzg3580, LoayyMsMGOMY
3b939 bohyss Bmydab, 867 M3NbNL (BUTA3b) MLEHSHIMO® JFNMIOIMYMBSE, MG
MobO330M39MNS 3MdGIML 306900 MaMTbL, Mo@aeb Bnboswydsdn: Hocawmm bapcoy
LLkypy, 0bLgOE 03YMNLbAgd 30ME, 3933b0L HYys30L FoHomMydgmn, Mol vMo FbmME
009339hYMI® ©o 98539 @MML 3MyHYMo BoMIMZ303a90L MYLbM3gMNbIYMo 3Myadnb
LOMOYML MOMRA0dN, Mg JTRMM FJHOD d3bmmMgOL 30IE MdMRASOL MMNZNBdMMD.
dsmAmbnb 89098, 3Mmgdab bsmsymal MsmMgdsbads (,BuTasb B Turposon Lkype”)

donB3MIMI 3oanbogams bbzs dmsmadbgmagonb dngm Mybym 96509 dgbMmymgdym
MMaadsb90dn, MMAMY0TsE3 sMaxgmMn dg330mab dabdo.

1. bogmmag bobogndg ,, Imms MyLbM39aL ,3953b0bHYsMLENLY BnbdSMbMOMNZN 3ENSbNL
363mM0d0 M3Madsbmsb 3ndsmmyosdn (JoMmmyann, nbamabymo s MPLymo 9bgdab dsbomsdy).
mongobn . 2019
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LadoMmmM3gmMm MENMESH39 BaMmIMoaqbs LNBMaLDL 93MM3SLY @S dBNL, OLZMIMbY Y
d3MbagzmMgmb dmmob. LEMMy LogoMmmzgmmdn dmbs MM JNoLO 3gmbymMab dgmbydo.
3mM90s ,3983b0bHYsMLLBN" godmMAgymMNs oMy Bbmmmma LNYIghHNm, sMedgE dobAn AsydyN
boddmmMMyonmeE, MMAMYOTsE 3093 9Mmbge dogznmnms A3960 J39yb0b 36nd369MMODY
abmxamomdn.dmoms MyLbmozgmads 330A3900 3ozdnmn MM B53Yy350 Mgmngnslb dmmab:
Mmammgonzss JMabhnsbmods s nbmsdn.dmobhnsbmosb bogydzgama | boygnbgdn
3omMgbHnbodn Asgysmos. 08 39MNMENESL dmymmgdymon, ©q360bs o dbbgzgM3mab
d07bgage@ gb MamMNgNs 30M3MEIOMEs. 3gMmby LoY3nb9gdn 30 Lo N839MNs, 60BIBHNY
dmnE30.bogdaMM39mMmMbL gogMmabhNebgds 3oM3zgmaom JMabhHab IMBoxrggdds 3gobndmabab,
303Mo0d, LLdbyboMm, J39460L N NSBO® ZogMmnbhNsbgds 39M dgdmab. 080b 0byEV35®,
Mmma LodgBM 30MTo gb MIMNZNS JoMmym, LEBMBOMYO3DG onbE NIMBNY o3Mgbs O dSM
®3960d0 Md35(M0 3sdnbn dmnbsmans. B30bs Bnbmad 30 dgdemm o 39939 BnMnsbo,
©IOMRBIMMNSD 9M0O odgMnbHNsbs. N8 MNED IMYymgogmn bogdoMmmzgmmb o3
MamM0gnnbmznb oM Joomah0s s MMM 3ob3azmmosdn MmNMmmMIygmMn Jommzgmab

096 HMOnL Babomo@ ngi3o. gMabHnobymn Mamngnab 3o380MBY ,3913b0bHYsMLSBEN®
339Lo0Mg0S D3NS odbobyM@No.

A3960 9399000 mzmnb3domab Bombzgomns. oM 33mdMadn Joemab NJoMaQ,
LBEMMyE MmMA, doMnsdns 3nAbgymN. ,393b0LHYsMLLBINE" 3b30IdNM 88 dEBNSBOL
LOBOMMMDL. M3MOLEAMOYMN ML bomdMmmm bndMIBNL godmbodhymgods. A3906L J3gyobodo
MadoMm 39xwL bEMMg MmI M300LAIMOJML dEMY090. LonbhgMabm Baghns, MM o3
3m9ds80 babgmo Bgbhebo L3sMLbYMOE (s6aMy 9350) 6nABS3L NBsL, 30b0 BLES3LNE oM
oM0bL 939460, bmmm 0065006 - baMmznbgym sbaMY3mMb Bamgenoby. gb MmdBaMnb
dMaa3mmMnyo bobgmadn ngz0MNMIoL MM sb3gdhvdy 39909306909MbY Y 8937306900mMBY,
©oxMIMbLS o 3boddbomdy.

630b6@o gnmman Jommzgmgonbmznb 3860dzbgemm3zsbgbo 680bsbns. nb Bnnhbg3e
LNBSBsENL, booMdBAL bnddmemm@ Jomm39mMgonbm3nL. A390L J39Ysbsdn Bob 093Mo® YBRMM
©nE0 8608369mmbs 9609900, Azgbn 39bhomamghnb godm. bagommzgmm dgdmMdmn J39Ysb00.
omdmanb 39mdy dyman Manbydn Mm3mnbgb, MMA dom DML, bEMMy, MmA B3nbEY
30MmMan 1953M0ms @ LEOMIMI3gMO® LAHNTYML SdMIY3E. BYLHB® 1330 gobadnmMmdy ab,
Mmad 9L 6306 E0N dxodegzmo@, boa sMnb Bnhbgymo JoMmm3gem boambby o M3gMmo dmMmob.
30303000 MN @ HoMngmn BsbMdb sbMmEnMadnsb. omdn sMmab dgmbydyman nb bndMAJbY,
LNBSBBEY @S MdNbEYmN byMNb33gmMqdy, MMAMydnE B30bs gnMMZNL 3oshb ..
03M30NMAd & HoMNgmads domgonb gogmonobgdnm dgdmgb o godoMmy3qgds dmndm3zgb
J059009. Jo5900 00 339mMada3nb boddommmos, MMAgmnz MEabmsE B30bo gnmmanad gebadnmo.
3903b300L (HhyozL, 08530MMIYME, donsb NN H3NMM3s vJ3L 88 3Mydsdn. AbmBEOM
3mhymgodn 39336300 HYys30 smbndbozL, 36909009 godoME3900L, LadgM dobommgdsby @
LyMNgm doBMbOMYOSL. 88 HBALLIMLL dvHoMygdbb nbyMn MAgMmmgdn, Bo3-b539L
30M39m0, d39mon 93303Hgmn Jymydqgdn. Mmabog ,393bobHYsMLBNLS @S FMabHhNsbMONL
30300Mdg 3LYOMMAL oM dgndmMYdY JYYMIMIOMEO 3HM3MO COMbNby sMgmM3sggmnb
amM35Bmos. M9300 Mm30Madab wnwn Bamamo dnydmanb o8 mgdnb dgbbogzmadn, Mabolg 3gnMY
B6obMmMAn dnydmabo ,oMgM3s3gmn s Mybmazgmn®. @nmboby 30M39e Loy3nbgdo
3oMMMBdNEIOMIMO @ LBZMIMYZMM3YMN 93Mobosms 6ANBSON nym, s09bnb
9300b3M3MbN. b gobosmmgds 3gmbs dnmgdymn 9330¢H930. s3ndHma nb
30mM30036mMongMadymo nym abmaenomb 3genhnmgodn. @omboby 339LegdMadMEY
LOY30MYmMNb 8603369MMODg JMobHNSbHM Mgmngnsadn. dnbngg bsdMmMBgO0EOb ASBL, MmMA
m39M b dobossbemmgdgm gdsb bBmmg MmMA boyzemMymadn bgogzs nby39, MmMammM3
MyLbMo39mM0N, 803Md3 b N EIMIMOYODY Bobamab 60dbs3s, s8ohMad EMEHL My b3ws gb 2



090bngMygds Boma. 3odmymxgb mmMn Labob M3MNLAgHY39MYOSL d3MTBIBHYMLS O
30MHoRHIML. 33MBdHYMaL d98:mb3g3080 MBgMmn 6x0nbANGM LobgMbY Y gobLIDMZMdBY
oMy 3L, 3333LOVAY dANSOL b0 goggos vMm domydb. 3ohoazodhmob d98mbzg3e80 30
0830560L 3gMbBgds MBgMML dMNY358L s dnbn bonydmmadgdnE 9bdnb. @nmMbnbyad
90390900050 36309000, MMAE MTGMON YM3JMR39M QIION0) O JoMYmRBNo
©3bobNOMYOdY Fommy EASL. 999@sb godmanbomg gL MMo M3M0LAgHY39eMgds 3FNOMMEO
13030M@©900 9MMBbgmL. dmms MbmMozgmn abybYynLbAN3g 339LOYOMY0L, MM JRSMIS
dggabo dohgmosmymo bodysmm s MM, s3nHmMBsE 0L godngbymns v8939Yyb0yMo
AomAmMgonbRsb, 3ogmad nb vbg3g bnM® dbLNIMYOL JRIMD. FoFsbOT9
,3993b0hHYysmbb3dn” 3bzgdnm MMnzg bLabob M3MNLAYHY39eMgOSL, MOE OZ3d0MGOYMNY
©omboby sMgM3s39eob IMM369MOsLMSD. COMBNLYL sOMOm MBgMmN vMob FbMMEO
abmmma bnlzgmnb dgdmdadgn, sMy OMMMHgONL, s8nHMBsE b sm®9Y3900b ©o
3006300Mm3M700bL LodomMygosb oM vdmMy3L. ,3983b0HYsMbLLBAN" BobLBgdNY: 08 Logdqby
©O@MYMLY 6MJY0 @NMBML 3ooEboaoL:* MAgmon 30Mabs AMa3mMnbgoL, 93-0MmMmAHLS oM
33000900, 03L0 B3T-9Mm J900M3MadL, 30MLY bob-3MIMI® 3od33MdIOL, Md3bs F0LLY
139009LLS IBOOM-3YMAL, s dBsEYOL" vbY39 dga30dmNy 3o3n0bbbmm Mnbsmnbob
dagbgymgos: ,0mmMmhndEs Mo d999060 boggonby d98mJdagbo?” 838 MMo baby39H Wb
AobL, MMA dmms MYbmazgmnb dgbgymgogodn 98mbzg3s @NMBOLY dsMgM3oz39mMnb EbL3Zb9OL
9 30093 9Mmbgm 3ng30m0m9g0L dom 30380MBY.

MoE3 996900 sAMLIZMyM 3 bMab, o 6o d939bmm LyxNBAL. gb sM0b nbMsdymMmo
3adymymmo bozMEoL bymMmngmo godmzmnbgds s BnbdHnzgnmn dndsmomymgods, MmMIgMNQ
VI-VIT bOY3n6990d0 AsBmysmno@s. MmydEs nbamadob dngM, MmammE 8635mMgdemOoy,
0030006039 d9A396900L o ©H360L MONgIHo nJR3o. LBNgonbmM3znL Y3bndzbgmmm35069L0
B9b0o gobasmMHmMgds 88oMgosdn 3oboMizq3o®@. gb 9bdsMYds vd3NdBL MBgGMM D
©aobemyosdn. 3gmomn LNY39MYMMSL SLMENMEYOS. MM MYLMB3IMO 30 gMdbMdyddn
3oboM3393 LodYOMYOSE 39 ogdMmab 3nnABY3L. Mgmngnob dgbsgbmon Bysmm
LYBRYONLM3NL gMABMONL odMdME3309MM0 domMy, 3YMNY. BsMmM3nL FoMgMmnoymMmn
00M9goymM9g0900 38603bgmMmmo.3030bbbMm s3Mmebnmon, MMAgmMaAs3 syMogbgmo gobdom
Logby 393MOMYg00L 3q9dn 309MadL dhAPds. byxrgdab 30dsbn M3gMmomseb bogmEbmgdngg
dnobemmgoss. s3n0bmznb nbNbn NE3v396 FomMbzxoL, MMMEYMMO90 s sLMYMd90 bb3obbay
Mmohyomb. Mybmazgman 30 m3gmmmab dnbosbmmmgodgm gdsb bnyzomyemb dnnhbg3L.byIRgoN
M3mMNsb, MM d0e30M0 88 3bmamMgdsdn sOLMEYHYMH MYJoMMOSLMSD B3EMBTs. v3M3bNENL
0bgMdnseb AsBL, MMA dMmsbmM3nb gobommgdss nb, MoE vd3nsbL vdg39ybnyMma BabMmonagnlb
d9306mosdn ogbdomyoy. ,3903b0bHYsMLLBAN" bdnMmo@ oMb sbByMNMN 33N30NL d8oMYdo.
LYB30BANL gMmm-gMomn bobg ,mbsLMYMMONDL F0bHNZS" ddTNOL dMYOL DM38Td0 sMLYOYM
9mm 63900, MOEEED M30M8705LMSD dgEaMadnm nb sMaMoMdYY. 88 MYEMNZNad JLNEILN
393m9bs ngmbos dogm AbmaMmMBy o @MIbeE 8Me35eMn 3n3H35M0 3Yo3D.

3bo@ny, M3 Azgbo gMmm3byman mnMmydymgdgodn gobdnmmadgdymons Azqbn J3gybab
d@903MaMON0 d3MM33Ld S 3BNSL AMMAL. dmmo MYLMB3gMBS MB30LO 3MYBNM 130

dmyysms A3906L BsLYYMMOYOL O 30I3 9Mmbgm 330A39069, A3960 939y060L vENMO
abmxmomdadon.

309myqbgdymo mohgmodmo

- 3Mm9odho A396 o ,39x8bOLAHYIMLSBN D300 3odLbYMONS-“39B3bALHYIMLONL®
LobOLBYMHY39MY0

- 3Mm9gddhn A396 ©o ,39x3b0LAHYIMLSBN“-MY38D MZeMddg-0MIM3BZIMN S MYLMBZJMN
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oadgmobhmy, MmgmmE nbdmmayma dgbbogmyos
BonMmo 9MbLYBbNAd30MabL ,,30 bmgzgemmmb” gMon
7309mMm©nb dnby300)

00M000 09377999300, M0bsmnb goAghomady, IX MYP

o3hmMo

mo®hgmodhymo bdnMmom bgds nbhmmogmn dgbbogmadnb Bysmm. Anmydghab, My s3¢HMMO
00300 oMb 03 nbhMMOYmMo BaJHnb MmznmBbomzgaa. sbgmn d3HMMN gobmazm BonMmo
oMbgbndzngno, 36gMmamn s bEgbaMab®H0, MMBGMASE 010300 3obNELS s NZMIBM nb, Mo
ombgmo magnb Mmasbadon.

Bonms sMLbaBnd3znmn 1933 6L 30 bMyddgML ENdI®S. bymo Banab nym, MmEs dobo Fody,
300M, @angnMmab o obzmnhgLb, MndEs MmB abzmohgl, gbaE 33000 ongm MEobds - 30M3o
bobn 30bgdn bL33900 by d03gMBbEM, oM NEMEBYH, MMA 3ohnToMn P339 SMdM dMLYOMO .
BonMmo gENLYMMS oMAY. NL S 00dedznmgdn, B3JHMOMNZS, JMMNS® NOMOIOMEOBHYH. B0l
Mzobd0 yzgmo dMgMMOS @ M30083 dbngsmymo babBs3MYdgmMN BSTMB3MS. MIMSE3
39M0mM0 M39Madn 30MMNbMBY 13Md3Mo 30IE. JoMMMN LadMBsMYds b NEBMOY,
Mmmammz mabo omamogmodob 3bmonmo i3nmdgonb bEgbomMabHL. MPYBEY, b Y39medy y39m
300(369L MMAsb0m ,39, bmBgem*, MMIgmdnE AMJ3gads 30M3MEIdy MgmMas3dn 39-20
LOY3Y060L 20-50-0006 BENgddn. badn 39MLMBLZN Jomnb 3bmzMgdnL o JMMNIMMMOHONL
0030MNmvY A390 Mm30mMB0b 3MEbM@yds bogdoMmzgmmb ndMmnbgmma abHmMmny:
MYmMd39mMo0nb ymazs, Jomadab 3gmdgmymao 3bmzmads o MaE dmazsmny, 20-30-0860
Bgdnb MY3Mgbngdn, MEabymo BodHad0m oEMEbM9dYMN S vd3NSbyMn 9aMENgo0L
370boo 65A396900, MMBgms dgbobgd besboabob bosmMgnzm om3ndgbhqdnE 30 @YaL.

obhmMmoymo Mogymbo - 1924 Beab 9306Yg00 @ ,,LobbEMEsB0 gmMmboma“ mgmogzdo

1922 69mb bogomm3zgemb Mm3mdoEogmo 3oMmbngonb 309M dMLES ITMYINIOMMOND
3maohgho. o8 9Mmgymb bgmaddmazsbgmmoms badbgomm 39bHMn. Ammmysdzngmab MsdANL
39MHNB3bYmM0 babngdn sabozmMgm bodommzgmmdnzg dmJdgyowbab. dgmgadymgolb
Ladgmme bL3gELALObYMYON JMZSMM33MadD6. 1923 Bamb badbgmMmm 39bHML FgmenmMydn
©9 bb3s MNEYMGOD O33HNTMIGL S Bb3MNMHIL. OF3MBTs 30, Md30L bMNZ, 3odBY3nH
LOYMZgmMOM d%5506Ygdo.

05004900 1924 Bnb 29 5330bHML 6o abygdymoym, 3ogMad gnomymadn dgnsmamgdymn
9006380 28 5330bHML sNBYM. B0bgE33® BMd35MN sZgNMNL (8900, byxizby, bgbsln,
30333, 3060 ©3 3.8.) 3YMMANLY, 3556Y907mMg0n JombyMsw® ngEgmMbgb, Bommm
LIDMBIOMYOST 3JHNYMO oM iYFaMs 3boMn vx3bYyqdoL. ymzgmngg b ogbdomy
OMmAdg3039M oMBnsb, Me3Ybndg @madn Asgbdm o356ygds. OMmeAg303nMads bgmobyxmgdsd
©30gnmMo IMmMa39900b 38Ma3mMabmos, AMmMmMYsdznmads 30 13300 MdDTMSb gMms©
3oMmHndobymn 6MIMEgon anBym 3obgmadn.

1924 5350yYq00 0MEdq3039M3s bgmobyxmgdsd aybomogmo bobsbhniznm Assbdm o gL
300mnygbo d98aman Hammmab LodsdSE.. ,bLMENIMIYMI bodnd 9mgdgbdbho” dnAbgymn
y39mo LN33NMMNO LYFIL. SMBLMONM dE3N3HN ONMYSs, MMIGMMS JIMIZMILbMOY dM3
30 8mbobomamo o vxobygdsdo.

0%5004900b @odob 39093 s@anmMmmdmMn3ds bgmobyxmgdsd babhngo Mg3mMabogdn anbym,
300Lo3xmMMgO00 MYmMd3d0, MOESb Jodyzs Ammmysdznmn bBEMM9E 30b9MNELD nYym o Tsb
00 390mbgdo yzgmody 39hHn 000603DMb3gmMN 3Yo3@o.

M9mMa39mMo0nbm3nb 24 BOL dx500Yyg0s o d93amMman Ma3Mgbngdn sLmMENM@Yds 3ngmL

3MMobmsb, Mo@asb bEMMa® 3ngmb gMmMedy abzmahgb JoMmmM39MN M30BHIYMMOY,
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MmIgmMmogeb, dgbadmms, DmaL oM@ 30 3gMbs d9bqds vx3byYyqdobmeb. Mmyd3s, MmamMMQ3
30300, MMmEoLbog MY3Mabool obgobs 88738030900, 0L M NBYqdL 3ooMAg3L, b yzgmab
L3MOL, 30063 LadgMms bgmnbyBMgoNLMZNL FNYMYOIEN..

303MmbL 3MMNL LobgMBMEyds IMBNBsMGMOL dnbN dgLbaldymMmab, gngm 3ob3sbndznmnb,
LObgMNELL, MYdEs 1924 Benob LYJHBOMNL 98I MIM39Mad0 Adb gMmEMMSL PBMadyb
©o 9Mo Mmb bdsymMnsbn, 3n3dD0@3gmn sanmn dndob s bnzznmnb bnddMMMEO NJB3o.
y39mMoxBgIM0 3NbYymM 0Jnob, MM 1924 Banob 30 5g30bHML MgmMs3dn, M350y 9
o3Maanob Jyhody, 00boymn bods godymamndg s bnbm MEbomsdg ogmmMBobbab. gmmMBomo
5 b9gdH9a09ML gondsMms, MYd30L MGaNMBNL 3MMahdnymMmMbL 3MenENsd gmmbamdo
dobymo obymdghn ssadnsbn angnMms o abgmats. s8nHmasl 9bmoagl dsb ,bobbenosbn
JmmBomn®

obhmmns o8 ,bobbmnsbo gmmMBomab” d9bobgd Bmgdnb dgdwga 3naML gmMMsdy gombmydab
d99300 sm3MAbnmMO 8©adnsbgonl dzmgdnbl gomMs, Mgmazgmadnb dgbbogmgdsd
dqgdmnbobs. 833tm93Mqdds bBmMmgwm Dg3nmn nbhmmngdob 39839monm d9dmab smgEanbom
bMYO byMomn nd d93DsMd30 MNLY.

L,3MMOHongMm* Mmgmoezdo 9Mmo-9Mo 390MdsLMOb BYbJ3omMbnMgds s LB3bOL 39MyddY
BombgMmgon @madmyg AsbL. MmammE AsBDL, 88 L3bgddn 3yszom godmabyzaggman gmmbogob
LHYIM9ON, MMBgEMS JAMZMabMdy LE3BNSL 3nMEadnm gngmb gmmab gdob goyygbab...
LanbHMobms, MM 83 3ohndMgoL AMMNL yMm@omMs 3MEN3gM sMMzadg3. nbo dznmoa, bods
smMmgody, 3mdnbobhymo 3oMbnob 693M0, MeBYbzaMag 3030 3MMMNEN0L JBMMLMVD,
5030MNdgLMVB, 3o80L 3ohngdnb Lambmzbgma. dMmmMML doMnENnb YGMMLO dob sYdyIMo,
M0b d9093 LB FMMEdgd FoiMNdab 39EbmmN oybLbby. sbyMdnE bEyoMEY,
00300050690L33 3M NBbEMOES LadgMMS HaMmmMb 3o0Jsbo.

,00bb0d60 JmMmboma“ BonMo 3MbLYbndz0mab MMB36d0

MMamMmME 9339 903608690, 5 bYdHg309ML MIM3380 oNBdMMS dBBYM Lods dudyMmgmndoby
©o bobm MEbogadab gmmMBomao. mgmseznb Mganmbab "Ambab" b3gEsbndbymadab MDA
JmmBomdn dnbymo 8585353900 ©aNF0Ms @S JdgHabmods abzmods. 9b JmMBomn, maznbo
B60bo dm3mabgdnm o 898aMman 8809000 bomEsmo bogbsom, bnddsxmMams S §aMEBNNMY
0930 smbBgmomn dDonMms sMbgbndznb.

Bonms oMLYbNI30MN 330380MOL, MY MMaMM sBMNbNMYObH0 ByRI-LIMABIML, MMI
JmmBomn oM AsghHoMmgonbom, Moasb mnmdgdnb yzgmos bHndomn MomsE mmMInm
130300M©90M©o Jod9E3o Amemmysdznmb - Omgn bomgboagn nym, Gmgn d9dMOIMN s DMINEA,
70M3MME, MY S39M0. OMAd)303900LM30L bma3 bogMmome oM nym bagomm 3mbzmghyman
dndqdO.

o03hmMM0 smBML, MMEaMM yzgombgb mgmoezgmgdn 9mma3sbgmdn Ao JodaEsb mgsbob
©obnmM3q0sb, Mmgmm g3odmaig®Hqb dobo d3nmn gobxnbodn o oM nd390wb9b, Lobod YL
4amM0b LOFYMABYML 8M Zosdbgmms, OYMAy, damngb Imabymongmab 3MEbomMaz3amMmn 653d30.
qb 8ndboMy30 9dmEnnc dmmbmmonmo nbHmMMNgo00 d3hMMAs d9J8bs bLoxydzmnsbn
amem@nbn 0d0by, MMA dJoE Jb@o gobdgmmEaL, 9ol Pbs ambgb gb yzgmoggmo.
Mobodgommag d3nmbzgmng, MmMAgmas3 nbHMMNNsb 1339 030L abLLMYMN, onb3
©3dooyma 0LbEy3L bHMngmbydb, Moasb gMdbmMoL, MMA sd0s3L 0390L N3nbRY6,
MmIgmMasE 9L oMo MY Boby, LE3YMIM HYd3DIE doaMLEVS dobo LNABMY...

JmmBomn 3o0b3 AshoMms s gb gb JmMBomn 3ysd 98sbM3MYdS0 MYMd39mMYoL, MMmaMMQ3
afmm-gmmo 39009030 Mg 09mMa30L obHMMNST0. 33HMMO IHIMIYMSE sMBIML, ,AMBOL”
dbMe@abndbyman dgmaymon, hmmbhmazn, Mmgamm dnzns Jmmbomdn s 39gmmMBomgqoL
©3dmnb3gb AmMybmo. 3ggmmMBomMgbn sIRMMEB9D o 3nMndnm, dob JmMBomdn @sMmAgHo
doLmo3009L. HMMbH™M3ds 3Mbe MM FobEY dom, bgmIgMMI® EVOMYOEY o JobMy, MmMA
0039Mo@ oMMy 9b6@o @andommb, ommMqd dognno @admnsb. 12



qb obhmmMny, MMAgoE Me89bndg BNbOYON0 oIM39300), d3HMML LamEamn
9gb3MgbNYMMONm d943bL smbgMmomon. hmmbAHm30b Bnbzmo, Bggmmbomams bomaomy.
MoMMAMa3 0Md30b ybadgbb o sME LMo, EIBRMMbIMN dohamdomn, MmnMIMbL ggmo YL
13MdbMobm... @o bndmgMms, MMIgmMnE HMMLHMZNL owMMbomMadsL d953909L
d9gmmbnmgq0ds... dommmol 8dndg BabegnmMbo o sMbegdgmns 9aMENYME, d0my3ghabL,
Mmoobsg 030, MMaMME ELMIMOIOS s 8903, 8300Mb3gmN, NLYMN39 ABMMDIMO
ammMM@Nb0m smbd3Ly gENMEON do0 3odMAgHsL, MMEMME MB35® d3HMMON.

doMmomyE, by domg adbzgmn MadT0 godmAbs, gmmbomdn 8yman 3085353900 393990
d9bmosdn goony3sbgb @s Jomgodo bobmyddn gogdzqb. Mmeb ymbMmalb, MMB y39moxngmn
390M339MEOS ©d 0585353900 bobmdn 3dzn0MON0 OMYbadMEBL. 83 YHomMno d3¢HMMTS
Do ©333065by dMMAg3039M0 MY7080L LOLILHNZY. Bo0 dondb 3oMas nzM@bgb, MmB
qb 8085303900 babngznMmm 0Yy36906 gobbomMymbo, dogMod yMEb3sm nhyygomobab.
dommmoE, M38g6089 ©®gdn yzgmasbo ©sbzmMadgLb. dom ImMmab nym MYLYI6NL (Bos3zsmMo
39MbMB30L B3000L) 3830 - 30a0.

303MbL 3MMdBg gombmom gmm o MMAIMIn ymobab obzmMahnmadb s dnBsb DgMamMy
0ymnb9b. 08 3MmEgm MmMaBsbdn Azgbm3nb yz3gmasdg dgddoMazn 930dM@n bLBEMMgE gboo -
30093 39Mgn, Mmad d0bs BgodnmMymo dnoyomgb. madnm Aydo snb Mybywasbn, dnBsb
3oayYymnb o 9dgob boggmam dznmb. 3093 30M30, MMA DJ3NMBY sMIMABDS LN 3033030.
Andom B3dMny3060 80330eMgomMN, Aydom o13mM Babo o LolgymaM gomadn ozMmdoms Ads.
03309 bLabH03n goboRgbn Mo Yoo godMYHdM HELL!

M93MgLbNgdN 3800 M LMYMdYM.. d3HMMN dSMBYML, g0 Benb Mo3dy FmzamMads
my308 3ngmb gmmody LogzNMBNLENMMIMZNL 35608300 oNbd@Y. 380LYM3ZNL LB
3oM9bomads Mg3mmyEnnb bobgmoo bodsmnzdobgmman Bsny3zobs o B39MN, Y3080, MBS OO
BoM09g00 goodambs. 3gmmg bomsdmb 30 o8s MPY3s NbsMmLMSL FoM@aE3MMNmN N3M39L.
oL 9939MBIL6 93mMaLNNL BobobyMgolb dMMAY303900. 9ME 9L Boghn oMAgbns d3hMML
ynmMo@maonb dnmao.

O7309MOM® J6@s sMm36086mo 3093 9Mmon dbndzb69mm3ab0 Boghn, MMBGMDIDIE3
d03hMMN 385b30mMgoL ygMmomgosb - 08 Jombbs @s bodymgnmdn, MmBgmnE, oMmMamN,
0md93039085 @omMgbaLb Maz3n0sbmn bobsbdHnznom, Bbmmmo nbNbn oM NYy36906 8305383900.
Bonms aMLYBNdznmn sBgML, MMamMMm sgMmm 88 dobmomMng obzmghgolb 39958y 9my
LOBRMYONESD FobY360. JMBYODY ObsMOYdYMO OMZbM gemgbgdn EAdbzgm MODBBYOMD
9M0o© 3073303090MOB90 M130BDIYMMOSL o o0 sME3 MY by o Jmbydsb
oM™M09300690, bLobmadnsb ymnbab o bombab MM d3boydb9b. 580L sbbBSL
BO0MMOL v3hmMmn s AZ3960 BMNo), FoMmmgdgm sbbBsL 33Mme300MOL: ,Mobhmad 9939mM©byb
oL LOLHNISW? MM ALEYIMIOL gFdmMdM, ©3JJLdJbsm bMGMyddn domn gMmmmMO...
39960mmMBymMydnbom bmxymob dodsmMam Fomn FoMobyRmMady, Bomn J39mMAMJ3JI0...
35090930600 A39060 bmMMadNEeb domn bo®Hy3ze-3sbbn, Fomn aMdSNLENYMN JoMm MmN, domn
bds o 0bHMbyEny.” bLadbybsMm@, dnomMmbNgL 3Tsb ,3M3bMOMNZN dgmmb” babgmno). dsMdM,
d30MM0 88 LOLILHNZNL LY PBbEMOYMN, 3oMsdnmn AZ396900M FLNMMOL, MMB
0330MNEML 0L M33080; 08 YMMTNM g3oBMMbNMYoL, MMA o8 LodnbymMydnb bomozy
700Y35MYMMOsd S YM3gmMa3smMo Ommm®H90s, doyibmgods bEmMam yboyzsmymmdnbgsb
amanb.

©ob3360

onhgmohnmoe oMmob domnsb d60d3069mmM3000 ymzgman s@adnsbnb gbmzmadadn, Mo@asb ab
330Y3900 A396L 08090L, A3960 BnbodMmgdal 88090L s vdno A396L nbhmMoym 39bbngmMydsL
08Yomgob; gx3mm 89¢ 0bxmmBsEnsb g3odmgzb BoMbymMBg o 9aMENYIMI® 33330300M70L
A396L nbHMMNSLMSO. 13



o30b LObNAYIM Bogommnmns BanNMy 3MLbgbndznmnb MMAd06N, MMIJMANE 93hMMTS ooEMEbmMo
obHmmoYmMo BogHdn 9amMEn00), Mams Y390 9H39690060 @ 3393MIbM nb bNdb3539,
MmIgmboE 0b o 30bo MeMONL 38056900 BENMdNM EVsheMadEbL. 36gMoMTs M8ddd
gomodgd d9Lobndbozo® dgoxmsbs nbhmmMogman dgbbngmgdnb dg8bsbzgmo donms
oMLbBNdznM0: ,MEIsMNb0 BEgdnb HMognzgm dmamaboms 30Mym3bgmo s bogngmo
omabgmn”.

309myqbgdymo mohgmadymo:

1. Do0Ms 9MLYB0d30M0, 30, bMma@gmm, 30byma Jmnmbnzg00, bymazsaymab godmaEgdemos,
mongobon, 20196.

2. shorturl.at/gNVY4

3. https://www.youtube.com/watch?v=C2lcgLCKDio

4. https://www.youtube.com/watch?v=prrdUneGrdU

5. shorturl.at/psVv18

6. shorturl.at/Qz012
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3960000m900b bobH9T0L go3zmgbo IMBaMEAb
RMMINMY0sd)

(mMo acnoggMasdymyano hggbdhLs s MYsMMANL gomzsmnbBnbgdnm)
bmane dynadznmo, Jgmn306 mamasdady, 8MYP

agmbn, yzgmobn 3006b3Y0Nm N8 LE3NMbNL oMdqgdm, MMA gubommgds sMnb YAM3MgLbn
Lomyd3gamo 30MM36900L AsdMYysndgdadn. A396M30L gb 59M 303 oM nym sbYMN FboN O
Bomgmn, LB oM 3o393960m dq9Lsd3NL MahgmMadymMym HogdbHIOL S 3M V3Y33300MGM
A396L Mgommosb. bBmMmgo A3960 gobBymods s 3ngbgds 33nbws gogsaEbmaon.

3000 gosb oo MmN 9609905 AMBsM©YOnL BNdNIYMN, 3MbydMN30, DOIMOMN30 ©
qLbMgHN3YM0 SODMONL Lsgdgdn. o8 3gMmboc 3obLlxMM9dgMN MMMN §37MBL LML,
Mz3bLY O LIDMBIMYOSL. FogMad Yzgmody o MML A39D, IMBDIMOION, 30(HoMGOM
L3IMMBAN s doMnmo PboM-AZ39390Ld3 0F 30Y3MNOJOM 07 39300M3MYOM, M3bLBZ30M39MNY,
3M©bNL 3nmMydsLbMb gMma. 9b 3MMEgLn N8Ybs dYbgdMNn3ny, MMA 39M3 33MABMOM s,
3b9030 90930 o 3MMEgLYE 9800 33036MONgMYdM.MYTREY, 380L oEbmMongMmgdsdn Mmymady
00939603Mo@ 339b3oMgos MmahgMobhnmo

3obommgonb bobhgdsb bbgs MoggMbom 893bgwYm, MMOILLE 3o393obnm $9MmMA bomMgbsgMmab
3bmonm MmadsbL. dnbo 39MLbMBY30, 3MMEIYL 3MMABNMEN, 30M39Mb39 339MBYI 339900900,
MM L3MMY Yo ONS. 3M N3 d3om, MMA b nym FMYMmEOByMMdY. 3ghHnE, 3nb3s o0
©3IM300907MmM9050 d3HMAsHYM® goba306ymM Jomymmnmo@ o8 39MLMB7NLOTN O
39M3399mboma bhgMgMO N3y dnEEaMas 30MANIM - MIZ3@ 3MOL VMBIEN @S LML
d0MamMyobL. dbmmme 9093, HagbHNL 3bsMNdNL dg9ae®, d03b3no, MmA3 Azgn gL
3md0E0S gob3nmmdgdyann nBom, MmA A3gba Mgsanmods (567 A3960 b3Mmy) s ng smBgMamo
DIMMY 30 S VIOBNBILIZNM 3obLb3V3WYIOMP GTMMBSDYMNLESD. LEMMIE o8 3obbb3se39003
©33301309My, MMI M350 MJoemos d93390aMgonbs 39MLMBS7900L MGOmMmMOSLM .
©9 3oAbo 30mbzs - A390 godndommmy, 3sgMad 30b M FogdoMmmadb? s My sMnb va
3ondsmomgdamonb 30dgdn?

00 30mbgob MMA 9gMMo© 3933b7bM™M, 3N03Y390 O go303M™M, ML JAsMMMYdNSD 3MmE9b
3MMBOMEO0 O 33haMs gynhs 03305060 bmgob.

"By AM3mMog Fog3aMmab" oMb Ammbmmdy, MMAG0E sbobazb bMmEnsmMmyMm J0sbsbBEMMMOLL
LIFIMMENIEMONL 3MMOMYFsL MYaMMOsdn. dsMmamny, Bsbdn vg3abHNMIOYMNY
LadMJamagm MnMgoYMgOg00b dENMYOMMOY, dogMad vby39 330x30MELy 6A39D90N
3obommgonb bobhgdab Mmeno 88 3MmEqbdn.

8 Bannb 39MLMBV3N 330Y3900 B3JHGOL, MMAMYONE 839R0ME 330A39090L, MMamMM yBYymMOL
anbo bgmans bgmb bhgMghn3ymmo YyomMnogONbL d9Jdabsb - v8sb 3bg30 godMANboMy
0J0sb, Oy Mmammn EsdmM3znmyoxmMads 8J30 dobBs3mMgdmMadb ©63d3900L 3ndsoMan.
3030mMnmnbm30b nboE 38oMs, Oy MMamMm smByML 30M39mM3MbYMMN gynho Md30L0
AobBogmMadmMNbL J3935L - “dnb 3gMmMmenbds MNZdL dMMNL AsAMNoMs O Y39mab Loydag
d9om35mMNgMs. @MM@aMm 380yMma3nmgonb 6ndbs 003L @asgb93wo, bob 30 boby
dmymydgom@y.” ©139330M©I0), Mmamm smbgmb dmbBszmg BobBagzmgdmnb ybohysm
q409©90900b. 90 bm3 sbgEV, IMLB3M9gd0 Lo®HY3900bL 3oMydgl bgzagdnsb dobBszmMydMyonb
3006BymosL. sby dmbo o8 8900b3930803, MMEs 3nb 3gMmMmenbds 08393900 890035bd bLaydANL
dn0bg300. ggemadm Bysmg mndngo 0856 andbobyms, 30Lbo LeY®3gE BmyngmMo nym. Mo bdY
08 @MmML? AMLBSZMOLMZNL bmMd FobB3MYdgMO MMMAIMOIMNS S dgbdd3FNbIE, 88 CMML
3oL 943936MONgMAN P590s b, MM LEBMBsMYONL LMENSMYMD IBRIMIBENMYOS dSMNL
bmMmds. sbgmn BMMINMgOxMN LAVMBSMYOS M 893 3Ng30Y3506L, JbyE BbowN..

00039 Hhgdbhdo oMol dgmmMmg 9300M@N, MMEILLE FYndHs b3 bL3MMOL GaMOLY3IMMALL

BomamMaAgbL. yzgmaobmznb boyzsmgmn dsbBszmadgmn, 3oL ggohbo, MMIgmos 5



dmbB3Mq0Mb M130L NBEMBYOL NBnO), MM 839MN3380 EYIM3MtNSd o ggMdsbnsdn -
o3hmMaHomMnddn, MmBgmnz 60690L gyndob gdmamahnob gobdsmbgdsb: ,bBmMmg gL
3000Lbb30390L v89MN33L 3aMBsbnnLLEsb. A390L babgmaBosmdn gamM3Madnss, 3gMaBsbnadn
30 - @ogdhohymo. @nd-ho-hy-Mo, - 3ondgyMs 8s6. - 89 Az96dn sMo30Lb LY36006. Y360
3MydmmMBAYDg bombds n3nb. 3MY-0mMm-637-69, - 3oM339300 BaMIMMI30 86, - 90M1gM9g0vY
139009b0 bagmbn 39 oM 39anmady, s8nhMaIsE 39M god030s, MMM nJ3930 3ndhagma sbY.."
039x30M@ 530MOL, MM 3ohengmo oMb LabHNZ0, MoEeb JgoMagmgob bmzaglb. gb shgbb ndab
3003, MMA AobB3MgdgMN HMMMIMIBHNY, SMNIMIOL 33FNIbMS M3BSLEMMMOSL ©o
dh30B390 0393L 9amzMatnym MnMadyMgoq0L. 3ogMad Mo bgds? dmmbMmmonb 3nbsmdn
dyndo Ma30b ddsb, 990L, LEMM9E 838 FoLbBs3MgdMNL godm yb3zsdb dg30mbgzsbL. 930dMEN
qbg0o 36monm Lbsbodsmmmm 3MMEgLL, MMBgIMBIE gyohob Gods NEO3L do330060006 HMA
MmOnbLMBL @ MMANL 3odmE gyndHob mgsbn BoaMIMYagbgmmn B69bnb J398 M9
d903Mm30L LEVBMBsMYONL. 8H039L BNBATY, 88 BOgbNL BnybgwozsE, dgobMYM Md30LN
0030367M0 IM3omM9MOY, 9A3909 Yyzgmob Hmanb Jobodgommody, dogMmad, Mabol3znmMagamny,
LOLOTIMOIMMA 3 FodddMMMY Fo33000500. O 1N, LOLTIMNMM IMOIBNESD Fodmby,
300ymaznm 0mMOmMAn smdmAbs A3960 dobBsgzmgdgmn, dob ggnhbn, MmBgmnE 9Mma3smMn
603b60bAMEgONm dAOMOL, MM MM o8 do3350050690L g370 30bBs3TMM™, MMgd oy
M900M35600690%9 ogmmMBNbgdoLOE 30 3odgs396 9b Me3bgdN.

doLbBo3mMgomML o8 LohY3908s MO30IMN ILEY FYnHb s d8nHMAE FLOMMOL JRMML
daobmab 030b gomM3zg3oL, MohmMa bgods sbY? MehMA dMNb MMLabM3zsbo Nb vEVBN86900,
MMIMaOLOE AMBS35MO MdMONL SMBMEOS 930 gosmM? gb 0b 30Mb370Ns, MMM YOG,
3030gMmMom, 6ydnbAngM 93mJodn gobommgdnb bob®Hgdnb bobgmaddm3sbgmmm 3MNBEN38©
960 0g3gbL.

03939 3Mmomgdqodb 3b3adnm 59MmMA3 bamMmnbzaMmob dmmbMmmMOsdn “Mmedsadn g3030b yobodn”
30M39M MnLELb gobbbzsezgdnm, bgmnbggMmo 3nMEadnm, MeboE 30M39(M039 339MDYONESO
B9mMbL 3obommgonb bob®Hgdnb dgbobgod. oM s308ygdm dmazsmMn 39MLMbszgNL gobbomasl, gb
oM oMb Azgbn dmbbybgonb mgds. MmydEs, 3nM3gmo 30mbgs, MmMIgmnz gog3nhbo, nym -
MmoMmMA 3omMmnzbgb bydn b3MMNESL 3MMEIL 3MMABNMON? MO30SO JoMYMBOMS®
306396y390 dnb dndomo), dogMad 3390 dnzbznm, MmMA A3963 bhamMomdmmn bg3nb J3q9d
omdM3Abno o bb3s dbMnEeb dgzbggm 3MmoOmMaasL. 3mm@abob sbsbymo
LODMBSOMYDY, ,NEIYON", YbMOgN, LabHngn, FohygoMmaoss. s8nHMA byML Fob, MMI 3MONL
30M3L OEIL @Y F3030L Yyobodn mmadodg 05393900 NE30L, Mams nbnbo oM As3303wH0
J3L3MYmAn, MMBgMNE 39hoBMMIYMSE odMbIbAZL 88 HN3NL LBMBSOMIOSL. S MMEMM
9000 3o03900mb gb? MMmammM 10s aNE30L? 3a3ndMmMOm, MMT EVE30L 397obnddNy
3obommgonb bobhgds. s8ohmMa s8bgmb Fob EYbEMOMSE d3HMMN. domMNsb NN NMHMBNY
AobL, MM©gbeg oh39690L 3obLb3zegzqgdsl 396L0L byMmMAOL LaMmgzmadm 6MMAYMLY O
MgommOsLb dmMmab. bomMgzmasedm dMmAYMaDY godmbobymns 3b96vg s8bgMmydyema 3menmb
dmmodsdg ambBozmy, MMIgE0E 00MNGMGOL Foammabosb; BomBgms, MmMA bymaens DML
mMNEIMIoL - sMob Hygomoa. bogmomo oM dnbobozb nd bymmasdn 3b96900 @ vME 3MEM
3300085305M, - 3O0MOL 3MMEIDb 3MMABNMEON. MdE 3990908 MNEIMIONL FodDMEL, ©d
LOLAHYBSL MMB oML odMEY oM dgydmny, 88sb FobBagzmMgdMygonLy s AMLBSZMgg0nL
Lobg 3oMas vh39690L. 3nMndnm, nbobn BMBYOL, Fo(HYYOMIOLS O BoMDY BIMINWIOYIN
003050690L ¥MENOL. Mg3emads smob dnsmn ddMoOmMgonl AmMbBNEE. Ladbybsmm, gL
ddmomgonE bgdoymamMmMonm 9Mmm390050 o8 Hygnendn. gobasmmgdnb bob®Hgds vHYyngdL ©o
admomgon 0o3L 0(hHYynq096. 50, gbds 3MMOMYTs, MMIJMNE d3HMMIS Z300bs MPYbLE
gmmn bomgzmadm dOMmIyMob babom.o MahMa 3gobbbzo3wgds b3MmMAL boMmgzmasdm dMMIYM
M90mMMONLASH? 3L 3oLPbN MIZ38@ LODMFIOMYOST PO obEIL o IMNbEMAMbL dnbgsb
350030bYBRMY0.
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30050mq00L LOLAHTS SLBIZMNDL 0538390L “FoTRMIL” oboEYMYOSL. 3MM YD
3MMa3nMEOLYE 08 FoBIMYONL o33 bMbL. 9b MMo MmadhgModhymMyemo Hgdbhn nym bogebasdm
©9 3odogmmbomgogmon bogbomn badmasmMgdnbm3nb, MME MM 3930335¢MMO O b
33M0MY0s J6s @anbBymbL gobsmmgodnb bobhgdnb 33E™NEMgd00.

Mmabag gb mMo Hgdbhn 653030bJ0O), 3o30000eMNBYO O O3BNIMENM, Bn3b3NM, MMFMM
3933030mMmas A396. 30E0m, MMA b 3MmMOmMYdq00 §9M 300J330 LzdomM 093M byMmsadn,
LIBMBIOMYO330. A3960 30?7 30MEL3NM 3gHy3nn, 88 AMMbMMOqONL oodMmydnb 9093
©13b990 A3960 LML boMmgzmsdm 0MMAYMYOL, bLoMg3madm MEMmadL; MM
©339330M©00) AoLBIZMgOMIOL 3339 YOdY s 3n3bzNm, MMA MJoMOSL 3E3YboN
oM 3oMm. ab, MMA A390 sbmy o7 3EZMM O 38 MYTdY dbY MNdE 3LOYOMMOM, 380L
©3bhyMno. sbg MmB, A396 3oag3ndaMmmmMs s doEmMmMOs A39HL bymmeb vdnbmznb.

309myqbgdymo mohgmodymo:

1. 596Mm38 bLyMnbggM0, MdBsdn g3030L Yobodn, MeMadbgmn 3ob®Hobag ggmndy, 3edmMIEIMMBOY
3omnBms L, mdnmaobo, 2019.

2. 30M39M 0, By IM3MO3 FoRML, FeMaabgmmn gy Ydodsdy, bymaozaymab
300MAE93mMmmoy, MmOnmnbN, 2015.
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MmmagmM go3bgm dmgomagdggdo modaMahymymo
»9JbhH900b gogzmygbom

39LoM0o 50900, 9mgqdLobMo Ashsabody, 8 MYP

nb, M3 ;mohgmModhgmymo hoggbHgoab dnbgwanm dgndmgds 3o0Man dmJomosdg gobwy,
BoMIMYagbamom 339H390690mM@y, LB oM 3o39E33600 HgdLbhgob, MMAMydNE,
xRJHMoOMn3a0, Azgbn mMngbhnmo gobwos. A3900 Bgbgymgds dgnE30mMs Myd9bndy
oo®hgmodhymymo Hogbdhob dgbbogzemob d90@93. 9393090001, A3960 BMLODMYOS ogsaEbmm
30M39M anob 3bmonmo 60gbnl ,by Am3mog $0030Mb” dnbg3znon.

©3308ymMmm 0183000, ML 6036030, nym dmgomogg? dgbodmmy, 3nMEadnmMn MYEg3hn ndnby,
oy Msb 650dbs3b 3oMgn dmgomadg, oM sMLyOMOL, BogMsd my A39gbL HogbHgdb
©030330M©900mM, domnob 3oMg ©d33090L03 3o39390900.MJomMsdq, 330M39MabLE, 3MNL
Mo30byRsmn 30Mm3690s, N6N30EN Md30LO MNMGOdYMY09000), N©YJO00), IMLIBMYOJONM O
M330LYRMY000). 88 EMHML 3E1FNS060 30 3MOL NbN30EN, BogMd d883MMYMSE 0L
BomMIMa@aqblLy badMasMyonL babomb. dgbsdsdnbs, Aol vJ3Lb JBRMGOS S TMISMIMOAOV.
LOY39m9bm AMJamagnb 6ndyaLb BoMIMoaqgbL 3om3gm b 39MLbMbsg0 shnldnLb i3nbhN.
A3q9bm30L 0b dommmolg MMNgbhnmMn gobws o8 3gmbnm.8ma3mMabn m3znbyds, MMIgmMNQ3
oHn3nLban gobboggmmgdnm dmag396mbs o MMAGMBIYE oM g30x30GMNY, Lobsd ol oM
303030mMoONo, nym ob, MM shn3ngb 3nbAn sME 8903M30L LOdMBsMyoNL BMMABgdadn
$090MOY, 303Md0 oME goMdmEy dom. MMamMm sbgMbgds b vddnsbn 3nMmzbymn
300909000 EOE30L, obwy 3odMEdby, MMAMAL 3dMbLOY 3oad30F0MOIOMDY, M35 MMA dM
©133b3oMadMEo.

ohn3nbob d9ambgoss, Mma dgba domama bhadhbo oy godmmAgymmods oM godwngzb bbgzs
30300600 E3ENMYd0L JBRMWMGAL! sd0m 0b g3oLBszmMNL, MMA Y39mMs 330360 MBOIMNY
y39masb o ymzgmmgnb! sdnb boylzgmgbm Bndydns dnb dngm HMad MMONBLMBNL VE3..
9Mo 9300m@dn 3h03gbo gyodob sbgm ML sbBs3zmMab: ,,009 3nbe badMagamMydab
39Mogabo, dob oM Y6 gmaAm!“ 9L nym ob gambgds, MMAgM0E 3shn3ngbads doaMBHm Jynhob 30
oMy, ymagm A3963560L 3znmbms. Mm@aboE Ladmasmadnb Bgzmo bom, MoE oM Ybo
030603039 nymbL LadBMBSMdY, M7 b odMLBEMMYOS 3Nbs, Wd30MNL3NMYOS S dMIMY
ymzammznb
600390000605 mMN39 dboamobM30bL.0HN3YLOZN 30MdN Fogsmnmn Jbs vA390mM o
©aoMBAZOM nbnbn, MMB LodsmMmeob 3900900 sMb dMIMmMOL Lsy3gMgLM noMamn. dognsb
dbgmng, MMEs 3gmobdmogqb, 80806 shnldxnboznm Jyn dmobosm o 0bg dmngnmbm dgbn
dmMobdmzgmnb gobdMmgmmMOby, doymndm s donsmm, MmMammz 0b 8390090©s dnbNL
©90MYBMeb; BogMad MmyMAg oxE0MadgMNY. MY 390 LODMISDMIOSL vNY358 MMEMM3
9mm0sbL, MMAmab bsbBomn bom, 3odnb Y6 NBMHBM FobdY. 6300E-b300%, JHO3MOMNZOE
160 009853M, AMM3nb700m o EomM3gbno dnbzng dgw9ae08w@9,
MBI, oHN3xL BNbAN oM Abmmmm@ LoyzgMgbm FmJomagdnl boddmmms, ob oMb
LOY3909bm 3odnb bodommmmE. 3nbn Amdomadgmomngn BLMEBEMIbyE3gMMOS 30M3o ASBL
d3nmqdnb sdM@adn, 3ogMad LOY3INILME godMABEY, MMES NL JBSTsymM Fo335060500,
Hm3 MHMONBLMBL NE3d3L. 3hn3nbn AMBsBomMgMoL 3MmEqbdn, MmBgmnz 60bsLBM BogqdyMn..
003Mo0 08 3ooby39H0madsaL sby gbbBL gynhob - My 38sL M 3o3039M90, 3 oM 9gbg00
J3MY09, 396 o $990L M3 gobbozmma, dngnmnommorm. nb bmd ymagmm3nb sadnsboms
M3bLBEMMMOSL, JBMad700L OE330L, boyzemymb sbbsgzmab d30MyoL s iugn ngbgds dnbn
LOMY3900, MY30 3F3L 3MIFHNIYMO 3M Fod3gMYoL. nb 683NN bndydns Ma30LO
dznmgdonbmznb.
o0H039LAS Boobomgzo nENL, MM 3o33000500L Lobadsmmmmb Amagqdnb dobbo momqdal oM
oMbgoMOL. my AM3mMybgolL go3y3900m, 360bogzm, MMA ImJomadggon dsb mgabnb
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dq00M3b39b69mbL P6M©Y0 0, Moasb nb 3o3300050L 0303L O doma MM 9b YN bogadny,
003Mo0 3hn3nbn 3o0bE 0E3e3L Fob @ OMEMA Y sLMYMadL dnb Logddqb, Moash nb Msa30bN
090b, 3MNBEN3900L 9MmaymMny, MMAgmbsE dmJomasdamdmngn 8936900 98m@ado.
03030MMIYM©, 0L dME LoHY309MI® S ME BNVNIYMI® dMdMY P3nMNb30MIdY, 3Md39)E
3oL7bLOE oM YOMYDbYOL AMdomMdY LABMESMYONL BB, gobs oM dgydmny, 86 3sb7bn oMy
09307 aMa! nb sbgm PMMLSE 0Ed3L N3 3MNBEN3L, MMBgMBDIEE DYIMo 30LsyOMYm -
oMabonmn dMdmMmMy LE3YMMN LEBMZsMYONL BnbosM®Y3.

00 40909000 5(H)039Lb i306hA0 30093 9 3MNBEN3L 033D, MMBgMbLE, obY39 gYyohob o A396,
33000b39mMg0L, 333LBs3MNL: 3MA3MMANLO oM 603603L 306MBAL oMM3930L; bobybEHgLY o
mafifmosb! 3madmmanbo sMab denngMmo 9odnsb700b dxmabbadgds! sdnhmdsiE dydHadn
domb 16@s 1378300 & Md30 8360Mm domy. 3shn3zxLb 3nbhAn 3othnzgb bzgdb ymzgmn
0030560L 30M3E IBMYOm0L O Md30LYRMYOSL, MPYBOE JL 3dT0300 LODMZIOMGONLESD
3oM0Yyymo o dgmobbymo nymb. s8odhmasE odemg3b d9608300L d30madL, MMIMon3
30mMMOgb MyEMN-07sb, domn 9DMOMAL, bbb dodmbyygosb. nb 83sx0m
3ob3omMHgosb ndmygze vdnb godm, MMA sthymM Mmoo Ma30L0 Md30L dOHMB-3ohMMbNY o
MmammME 6o, by 3MngdE93s. 9800 A396, 830Mb3zamMx0ads, 6@ goze3g0mo 860d369mm3zabn
©ob3bo: Y39mo 330360 11300LYRMNS O 3TNMBS MBIOdIMO 3TN0,

»9M390M 300330360 PBRMYds 9930, LogxmaMmn sdM0 nJmbomb s Bomoa sBMa 3ohn30bEYTLYG
0dbobyMmxdL” - 88 bohy3900m dhnggLb 3nbAN g30bBs3MNL, MMA oM adYMO 30MO), 35(HNZN
33900 3obLbb3ze3907Mm SBMDL, bb3NL 8MAY356L! LEMMgE b ML AMJomaggmos s AMJomagol
dmzomgmods. 6o 30yma 0o gobbbze3909m™Mab 30LOMYdE. ,,L86dT 3ETN670M6
dmM0gx00dg 300M16790, 596 LOgYMIM M3L Y6 IM3MNgEY. 3Mab gMmo M3, My3
39Mo3mobmdNL Ed336Mbgdm dgbgmgdmdL oM 973900 903MJdY. gL dE8TN360bL
LobAbLAY, - 53OMOL vH03nLo @ b sMObL 3093 9Mmn 86n0d369mMmmM3560 go339mnmo dnbgsb,
MmmadgmoE ymzgm A3963006L bgnm@ads, Mmy30 33LyML, gogbgm 3oMan ImJomadg.

3oMm39mM aab Hogbhdn d3sx0mss Bahzgbgdn, Mmgmm bogds bHgMammbndymo
LABMBMaONL dbbzgMm3mn sthym Mg, sb 89893 20 BymMdY AgH0 3o30QY, Bo3Ma
LIBMBIOMIOS dM NEZMY0. 3H03gLO BLOMMOL, Md30L0 830MYON NE3ISL om0
303mM9060bESb s vA393L, MMB yM3gmmo s33N3B60N NBN3NENS @S 3nbN J39353 3TN0
300630MmM0Oq07mMN. sdnhMa3 ayad3909mMny, 9Mo AsMAmMAn o7 ysmnddo Asb3s yzgmos. shnldzybob
dmmMngn d93mbgos3 08sL 9bg0s: LO6D 3TN6L gobLxn O Fooby3zghHnmydab dnnmyo,
00600 go0gg 90 9d30060b dgLobyd yzgmoggma. 330JMHMOM, 835 0y A3963
3930030m0bBNBJOm, d9ENMIOMIE FodME3003J0s 3bmamMgonl gdudy.

LanbHMobms 303 9MN 930DMEN. Fyntho domnsb goboEwnb, MmMA dnb gomMmdqgdm sHn3nbb
y39my ,09M006900L s3339ML" 9bm@odb. Mobolzznmzgmns, 88 bohyzgoob BoaMIMMJTsL Msb
B0DON sbaozb o 3odhoMs gmamb bdnmo 1b93L AbYdN, BOBNIYMO Ld3nMNb3NMYOSE3 30,
00300 3MabyMgoMb. MMELLE dgodbaMadgmn gynths dHN3YLL 93nMbyds o330M3907xMN, Y
Mohma oM MgognmMgoL 0035® 88D, 3o8s 83303 35bybmobL: oM dgodmgody
d99Mo3bymxze dnnmm ab, MbLLE 30033 39© bodhyze mzmab. sd0m ab 300Mm36500
dbmemme o dbmeme LogymomM H3gEMxdoLL o JLIYLYMMOSDL 03wgbL*. sbg MMT, byMmE3 A39b
3930M3DY00m, MMEoLLE 30033 NdMMNYLb AMa3369090L o 3800 BLNMMOL A390L
©o36069000. ,,09 330MMO Yzgms dnyzsMmEaL”, - sbg 97069008 3H03mLO gyohob, MMOYLLE
3mambob 30mb3s 9hbadse FoMms 3Y30Mb M7 oMo dob 8833060506900, O3330MONM), oM
d080MobL, MmA 89 yzgmo 30Yy30mbm, sMo89©, 330MMMO, MMA 3nYy35MOIL. Nsb, A390 oM
dmga39mbm3q0s, MMAI y39ms 330Y35M@ab Az9b 3omMaBgadm, dogMod MmammE dmJomadgqob,
dma390mbm3gos, MMI 39350MO), 330Y35MIL Y39ms, 133000 Ba3MOMs s MNMLYOYONO.
vmg59M 339A396900, MMB sMoxgMn godm@nb, MMA LadMZSOMYOSL 3 LML Fognmmb nbyon,
Mmammnz boM, 3963 oM gnbo 3bbzgM3MNL gomgds. @d MMOILYE 33Mbny, MMA Anbdn bom
©o bLodzgmMn 3MLeNMYY, MMA OFMEbN o MshAsmn bom, bLEMMg dodnb Yoo goznbbybmm
d(h03nL g3nbhANL LBsZMYOL: "Bdd30Ma LNTdTEY LYY, MMES BNBSLEIM EIMBETYDYO M boM
8960 603mByg00L 63MY>Hg0MMOd0 s 39063, Y3gmMoxMmab d0ybas3zsm, 0360, 0m3zbo



©o 0memmag 3ngys3L 0b. 03300 My IM03M390 LMY godoM339000, ogMod bobobob
00063 bmd 300633 LoBdEYEML”.

©a0b3360L bLobnm 3306 v3608bMm, MM 5(H)N3nL i3nHATS BFINME vTMZ3NYNMS3S
dobgoymgoq0n dmgomaggmonb dqbsabgd @o nbgmo gdgdN 1333bsby, MMBGMBIEOE 80683
oMabM@aL 330x30gMNS. sbas 30300, MM dYE0MYOJMNY dFNS05OL 3GMbam Ladgomdy,
Mm3 3000mMb M30bYBOMN ZodbY39HNM0q00; 8603369tmMm35600, IMNdmOOML domsbLO
300M36900L 1030LYBMYOSLS S LagMmom LadMZsMgdMN3 NBHgMgLydL dmMnb s gL
00mdbLO 3M YOS NYML dEdF03060L boMzd]. ,39M3300 3oL FMLOBRMBYOME 39M O30393
LoEMYgL 3YN360L bogmEbmab gL, - 33OMOL 3hn3nb i3nbAN o gb vMnb, A3960 sdDMom,
00035M0 @O0 bLadmgamagm MnMgoxmMg0g00LY. d33FN3H0 Md30LYGdMNS s dnbn
bogmEbmob badomMBmMBYg oM sMHLYOdMBL. ,,0080A900, 3030, MMIAYEMbLIE LJOgES NdMMN S sM(3
96 m3dn oM doymos Ambobomgmody, 99939Yy60© Y39mody gxmon 3odo3030 nym“ - 530MOL
$900 mynds i306AN, 03039 gyn®o o LEMME MMA 303303MOL M gobLODMZMOZL
30203900 doms / 03M3MN ©d 8.9. 387333MOS byMaMIgmMmMOdy. s LEMMg® gb sMab ndnb
LanEYAM, My MmamMM 9oy go3bym bsdangmn dmJommady.

390mygbgdma emadgMmodyMo:
1. 596Mm38 bymMnbxgMo, MdBsdn g3030L Yyobodn, Amemadbgman 30b®ebg ggmndy, 3edmAEIMMOY
3omn®mo L, mdomaobo, 2019.

2. 30M39M 0, b AM3mMo3 59030Mab, AMaMadbgman g ©yddady, bymozaymab
300maE9ammody, moOnmbn, 2015.
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domombo-dgboyoMmon
(3omo3hnomboab s3manbgMmady........3M5B00b boon)

600 gmgye, IX 3mabon

o3MmMNBgmMOL Labgmb bbybgdsdY sMOBM 3oMNaMds, 867 Lohy3gdnc absdhyman bobodn
3930bLgbV!. 893 goo36yYy30thg AN 3omMngMads bonb bobom gomazhombby o
d3mMEnbgmb dMM0bL 3o8939Mm9000b.

dMOdM, 3ognAbom 3nmbgzs, my Mo®mad ozamMgzn AgaL bogMbxgMmabinm Mmydsb dsmomo.
LYMbSL LOOSL 3obdoMmhgdnm, oMo m ¢ o - 30b 03 ,a3M3omMbL” 9bM@Yds, MMBGMDI(3
On60moabsL (EMgMsdLEMMMONLSL) ,30mMmb 399" 9L bohy3zs 3DALY s B33Mab 3nMab3nMm
©amanb, @by s M3dnb LEMMMONL sM3b60d309MN..

Agdn LogMb®wgM9bznm Mmydnl bomoyma sdnhMmasE ,,dmM3bsmma” domMambo, MOESb
3M9v0sE dgLoYsMNo... ,M3ES0 3MadNSE dO0MYDBYOL O MIOMO3L FBLY O IITNBJL,
09M0N50690L MMLY s bNgMEqdn 3ebxygbne 0IgdL o 3MaBNOL boom v303d0MydL Nd
dqg0dmdga9aoL, MmMIgmms boxgngmsmn 9MM LS o 08539 ,M3oMBY 3oMb” o Fodoboody,
dMo30eMa35MmoOnb 6ndbnm ,3obEsm™M39390mMN vd7LN3g0xmMN 968" Ma30bN 3MLYdNM 9McNSbN
3mgbhymo gmbob dgboysmon, domMom@s bogods ... !

393930900 3oIM3(39 B3Mbagmn 3mgvnab bndgdn Mmamm bdnsbgoLb Jommymn mggbob
doMaamnhgos@ d3006dym bhMogmbyddo o 3nMadam..o3mmnbgmo MMammM 3boEIO
domazhnmbdn... yg3mm LOEMMOE, LOBMIBZINNSL LoJoMm3zgmMmman s ,30MNJ00),
LOFOMNM3IMMEOSD LOBMObEgMdn doMmombo-dqgboysMa MMaMM NEIJOS 3MgBNOL bon..! Y
3b9o3, 30M30ML bob NOLEMI MMEMM Jx3NBJOS JoMMPMO OIMIMO... 3omMa3hnmbob
0m3mn. Ag3m30L gommazhnmbo dmgmo gamaghnignb domomibos! 8BD0eb dmzemMydmy
bono-3mydnnb dgboysmon!

d000b300), MO, gomMazhombab ,oom3man” d0bs d9g3s0bbgbmm.gnEnm, MmMA 1919 Bymb
339M0Ed gomazhnmb hoodndob MNgnm 89mMmg @ ,0M0Os0), Y3gmodg d603369mm3zs60 Bngbn
,00030L Joms sMHnbH MO yzsznmadom” (“Cran aux fleurs artistiques”) .3M907m30, MMBgENE
2000 hoMozgnm anbhedos, 3mgMHds ma30 dmyysms 1914-1919 Bangddn sbgmnm mgqbgodlb. dom
dmmab Agdo ART-0 cmggbog oMab - ,00mzmn” :

dg damngm d0y3smb n0bxgm M3l
JomBymgon30m bonsb g3960:
dbybomg 3Mdbmos 3030 bobmazmob
©o boyzemymab obg 3mm39bo.

dznmazsbm! byemo 993L90s MZMNo:
©M9900 MONsb o 89 309M©Y0N!
Agdb boddmommadn 89 dm3zmg dbmmMmME

700bM MmyMzo boboggm@ydn.

m3! sbgomns Agdn gbmazmyodo:
N00b30ML AmMddg oM 39dbgmad0,
0o3Mod 09 09sd 390sbbmzgmgds
dgbn oomzmnzno d3mmamn bymado.

dznmaxobm! 3bgma3... 3bgog d9bb bgmaodb,
70mbm@ abMomb oomzmms @axbsdon.

093900, JMJos s 333 NJM3JOL
dobn 3obnmN 88 JEsdbmaon...
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sd0hmad doyzomb 00b@gmM cm3zmab
A3960 BnbomMnb bonob x by,
dbybomg aMdbmos gMmmmznb, 3ndmaemob
o ©0805b75000L Bygoo© ob639b0.

0m3Lbl sbgMO AL boMgdsd MmyMmyo
5 MmN LOBIMNO PBMM3..
Mmammag DodmsmMb MY goozngmAn,
Mmammadg Jomads oy dndohmas!

oMobL gdo, oMob bgmn msdsdon...

©o 396 dnnboMm dom@m, by dompm!

dg oomzmn dnyzemb, MmammE d96L bdodn
9Mo @MHML BaMYM0 aM©O d0Yy3zoME.!

dnyzomM@o 35806, dommmos 3odnb

033000 ©Mq900b mgomMmo dMMMYdY,
dnbzmab ggmommgodn 3960 odmom mdsdn
o M™3500L Jomom godmgmmmyos.

dmabygmoon sbmy, nby dmabyymo,
3000 50065ML - ymaxzbs 60bsdN...
m9gomo Hhyggonb 808yYy3900 gndbon
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Le pont Mirabeau

Sous le pont Mirabeau coule la Seine
Et nos amours

Faut-il qu'il m'en souvienne

La joie venait toujours apres la peine

Vienne la nuit sonne l'heure
Les jours s'en vont je demeure

Les mains dans les mains restons face a face
Tandis que sous

Le pont de nos bras passe

Des éeternels regards l'onde si lasse

[12 bensnon] Vienne la nuit sonne 'heure
Les jours s'en vont je demeure

'lamour s'en va comme cette eau courante
L'amour s'en va

Comme la vie est lente

Et comme ['Espérance est violente

Vienne la nuit sonne l'heure
Les jours s'en vont je demeure

Passent les jours et passent les semaines
Ni temps passé

Ni les amours reviennent

Sous le pont Mirabeau coule la Seine

Vienne la nuit sonne l'heure
Les jours s'en vont je demeure

o8 mMo angdbob dgboysmo- bo@ns! gomazhnmbobmznb dNbaMyBy goadymMo bonb
BomMmamMbobgs JomBymgdmngn nobygmn oxM3mnb B39bsbmMsb sbmEznmMady, NG sdmmgdym
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©M9900 MONsL... s 39 98 boyzsmymab gmomaymo 3mMA5oN!

Passent les jours et passent les semaines

Ni temps passé

Ni les amours reviennent

Sous le pont Mirabeau coule la Seine
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http://www.nplg.gov.ge/gwdict/
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Hhodoman gobm@om ozMdsmymn. mMAmMEnsbn Bengdab dmmmb gb 3EMds @asabHyms
3bmonmads sMjnthggdhmm-mgbhozmohmmas 39Hmg 0omabmzbznd. dmozmmonb
30s6Y390Hnmodnm, sbmmbnigb ambsbhmnb dmgmo hgmobhmmMns sbMan Mydaenom3znb
LabgMMONL nbHMmMogm-smgohgdhamyem bogmdomo godmEbss. MyadEs, 3909730b
dqdabob bbgse goodMads bgnMadMEY, b3 NEYNLY O FbMEBEBby3gTMmMONL vE3Nd0N Y
oL dMAIMABES 3N sMbybndznmn, MMAgmoE 1949 Byenb 30n6309L xB9ndnb
dobogddbgmo@. @a3n0m sMbybndznmn gobm@am 30M39mM0 oMadHmmo d3gmo MYbymMo
bgemzbg00b / Mydmamanb 3d9n00bs. 30M39mM0 M3b33MMAgMn 30 Bahomns @omM3nby,
dzgm-mybyao bgmmzbgdnb gmo 9mon bLayzamMgbm b3gENdMOLHN S 333MMI35MN. 3N
oMLYBNI3z0ML PbOMEY 88 MYLYMO 3gMBHYMOL LogebdymMob goamAgbs, s8obmznL Bob 0g3Mn
30039, 3nmMamMnmMmmdy, M33bgMOs, Jhn@MMOS s oYdLabyMmgdgmo 3nmnbBs3gds Bnnmm.
3030MNMa@, MMamMME NMHNbs n3806M3s nbbybgoL, sbgm Mydgbol v8dMOEBIL: ,JoMmzgmas
309M1300650 899939000 3odnEMgds IMnbmAs”. 8sgMad nb sMsbMmb 6g0gOM®S (sME
33LbmMOY), sME 88 37097009 8x3sMdNL CMML & vME 8991098, b BLSbMES 88 AMBSLHML
303, 303969 30MNdJ98n s ndMdm@s ymazgamo 934b3mbadhnbmznb.

1951 Bannb 18 6M93dgMmL bodgmmos 3ozdomanb dnbabdhmgonb bodgma donmm BaMmnwo,
-Mm3gmdnE mo30xomadsmg AgmMbmybmazn nmbm3zms Mydmnmanb 3909790b abM33L, MEEES0
0b “;m3mno 8709780L sMbYOMOSL 8MOBNBIBAGBMbNME®”. 8839 BgMammno nb nMmbm3o,
99%9980L d9bmds MLbALM-0L sMJohgddamab Mmzobob bL3gEnsMyMmn
LYgE6NgMM-boMgLbHOZMIENM LILYMMLEMLMZNL EgMIM®, 3909780 30 3o9993500650.
3300 5Mbybndznmn 88 LoJdnb gobbnM3zevy dJHNYMO® NEVZWS vMy daMmbm 7YBIYBNL
3MA3MgHonnb dgbodmgdmmosl, sMadqg® o930 MoOMMOsL. b sMmoxmnb 60bodg oM
AgMaOM@Y, MG oM 96 Yymaynmoym 3o@omabszms, b nym dobo onmadhmmam sMAg30L
afmm-9gmmo 800900. MHMamMMm 330MJOES ,JoMMNZIMN 309MY3908" 3oFNOMYOSL S MJIMYMI,
Mo badMY, 30M3o AsBL aznm sMbgbndznmab ngM M350 nodznmMmnbodn AMblM30Eb
393%0360mn BgMomoob, MmAgmng 1954 6. 10 6mgddmno moMom@yodo: ,d390907hse 100bsme
36bmghmo. 87899000 bog09900 3ohgse dnenb. 9d39090 Joood bydesnEsb 89-17 boy3ybnb
3063900 AsdmznBobg, hmdgoni 39habonb ggoyhmonm 3983900 70 enen ©manb boBnbaseb
903900 0o Gomdg 39h 8ohB&m 55 33. d390907h0 39hbons. adhab 3900900006 As8mblLbNEN
00070303 Aodm3znBsbgo, hmdnodgesa 89-18 bogzabnb Rghfghos godmbabyon. sbos ghonzo o
domhga bohgbBoghonmess 3oes3gdnen oo ghoon §onb 3980938 300MnxNbgds " 80, SO0
LYMERIPTMOES dANSBN, MMAgbeE dg9dem yBMYL3gme 3bmzmgdy, FogMad dnbM30L
0J0 0YmM 98ma3Mabn. gb 30 badgmms 3BMONYIMYONL dEBNSBYONLMZNL MmN obogqdn
0ym. ©a300m0b 30MmM36900b 3obogndo 3093 9Mm BaMomb o30dMBEIY00). b obmaozm
dmbo339000 badhommns womdnboadn gogdezbngmo Bogmomnasb: ,dambn §yynose oh
dg0m3z9bgB89 3momaenb o8 dnyhygoy0 390b930. bodmzb 603090b 339henesb ghmn famnmoi oh
30dmhyo.” 8



0bdnbo3m, bomgho Mmebo3 0378030, 39 30 boBb 3nhbydsbb 003047090 0o 89339h0... Asdo390700
203h900006 03330hn bLnbomOy nmzhyds, hmd m3.00b 39h 35Y398. “DoBo0ny, 09690 9b
o0mbnbNy?." o9 0gnmMnbbdqds 3MmMMaNL dogbmzmab dmdnb dmbsbhmMnb bohdbgman
©ombobn. 330gMMOM, o8 BgMomMNEsb 3boo AsBL, Mmoo LyMOZTYIMMOOS V300
oMLYBNI3znM0.d30mM0 8x099d90b CNMgJHMMa snMANL, M3ESb b nym gmmsyMmn
08305060, MMAgmMbE “d99denm 31909990L SMIBMNEOSL 83900, 6563M390000 ©3700."
MMmOoLLE E300M3s 838 A7x1YY3BY Axdomos anbym, dngbnm sMaggMn nym, bahgodn oM amAY,
OME @M3Ya3906(H 900, sMaxwgMo aHmM39L, b3 MMamMME gMmM-gMon Msbsddmmagmon BymbL,
“106@s @19b3MNsm, 8o3Md8 d30mM3d, MgaHhMnby o mohgMmahymob dxd9ndgdnl d99060bL
d90©93 3osb6Yy30ths 98 AMBLAHMNL oaMAgHY’, “dob dgdem oMy BoMmbm “sMmoimnb”
3oaMybzd 3Md39E o8 3x0gnadnb dggabob 3mmEgbob gebdogzmmosdn, sbhsbhnznmo
60600008@y3MONL goamabgaE 3n.” 856 go@oamabs dmgemo nb BnbsomMBaMdsE, MMAGMNE3
dob dndoMo dMOOMEOS ba®gdnb dgamm3zgonb godm, MmMAgmMbeE IM3Y390MOS BMIBY:
“3oMmHnod oM og3030mMs bahgdnb 3ydgndolb dq9a8bs,” 3MbiMgbhmao@ sbhnMmamngnymn
0gMmannb godm. 093MzgM o 093MABd dFNd0Ts LEVEY 838 37YVIYTNL ObyM3y, o
dmmab oym MLALM YFsMabn LodIMbL 3MBDNNYTNL MV305MToMY, FogMOT 3NN
nOMJAdMEo o dgdmm dmog3aMmn 3n3b0b AMeaNMabmeb naMMMannb boznmbgddn, dnbsngm
LYLENM3MBD, 8gbzgMms, MMAgMDYE Fob ogbbbs oMy MohMAd PO VNE350 gb dxdIYadN,
o0Mydg nb, MMA 319330 o LdMBsME NbHMMNsdn dzgmn Mybymn bgemzbgdnb sMImbY
Mybym 39mbymob 0830MadEY, bybmmazds dbosMmn ogdnms s 3xdgndab obym3znb bognmbn
Mo0896009 Bnnm obyMms. @a30M0 08I0 oM FLNMMO®S bo®gdnb dxdgYdnL d994abaL,
Mod@9boaE MYomnm3dg 39bLbngMgonL saqbsb s MYLMN 3y Mab 3ydIy3nL
dggabob, Mams yzgmab gboby, MmMA dzgm Mybgmdo nym bgmmazbgds. m3000mbsE b3admy,
Mo89bo dggdmgdgmmn nym gL, BsgMsd BYLbho sBohma dgas gb 3xvdgnadn, dobo
am®H035300bd s bgm3zb90nb dndamm bLoYyzsMPmMOL godm. 3NMOL 3M3YMIMHMNO BMIVY,
MmIgmnE 093M3s ANBM3B0300 S Md335MABdMIA3 3onadM Md30L MMBY, nym: “?m9396 bomom
MyLbo o oM 3nboo MJ396039 3aedymab dxvgydob dggddbs AmbiM3an? 3oMan, MmdNMnLbAN
©1390MbYo!”
qb MoE 899bgds Mydmomznb 3xvgnadL. Lodbybsmme, bagoMmmzgmmdn dognnsb M3 My 0ENL,
Mmd LEMMYO o300 3MLYBNAZ30Mb b 3x8sMmMEam A3960 Jommagob gdzgmabo Hodmab,
0bANLbIMHNL, 3oamMABSL. OMMAn303900L d98mML3IMNLMBBV39, MENSD BeMgddn, MMEYLLER
LagoMmM39MmMAn & obbdzgymmMadnm MONMNbAN asbaMngb dg3Mn hodoMmn, 9Mmn sbAnLbshNL
©363M935079 303s. 3300 3MLYBNA30mMABd BaMIMYE)bgmn 60bssMIIZMOY 3ogbny
“Dgomdmm ymdgmomos 303d0ML", MMAImMyonz sb6AnbbadHNL 93emabnab sxgmJgosb
30mMmmMObab. MMamMmE 30 ©a30mM3s gb gongm, 93tmabnsdn dgnhobs gobadmagmn babmmo o
0d @oLbobME. 0J 39690 Y dM33Y0. 33bdYOEL, MMA 338 HodMmabmznb 3bmzmMydsbsy
39039(H90@s o 07 HodMnb 0x839MIGq0s PbOMEOM, IMYB3sm FoLMOD 9NV
09R9J0J90006001. 90 nym BsMIMYEagbgmn gdnmmos 0d 3gMamdn. badgmoms bgmnbymydsd
1300 ©obg3s o MHodmab ohm3gos sdzmonbs Ambamm@bym s30mMbo7L. b oomMAd
16030myMmn sbhAnLbshNL Hodomo.
36030mM0o QoMmab nbhmMmoo:
o30m oM bMYMEYOs 3300 3MLYBNIZNMNL M356MN JoMmmymn 3obdnb gooboMAgbo.
30093 90 936m0O BagHL gogozdbmoo.
1922 69mb 36monmMa3s MmgahMamads gegbos bybm@mmUbzensd ambzmazdn 3m®g doMmgobndznmnb
309M ©aMLYOYMN “Md30LYBRIO MYJ3HMOL” BMDS LaJoMMZgEMb JLobbmazmMs, FogMad o3
16030myMn bgemmzbgoab bndydab boddmdmmadn Asdmbobs gMmmymabn bLogddg nym. 300
oMLYBNIZ3NM TS 08 BIMOOL AITMLIHB® 093MN MOT oamMaby. 3ob 1930 Bymb onBym
030bmznb 6Mdmy, MM §9M oagmMAnbs gb WM o 39893 AML3IM30ESL Boadmgmm nb,
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Mo m0mgdmb Jomm39mMyob oM3 939m3bmMm@am. Mybgmnsb dznmaobn gobdn by
Aodmaghoboy, gb 30 Mm0mddnb BomMIMyagbgmn nym, Moasb gb BOMDY JoMmM39e0
Mag0bmmMAbL, 3M®H9 BoMEb0330MNL EOMLIOIMO “1030LYFRMN MNYahMOLM3NL” CNET
Mybds Bbo®3zoMaBs 3MBbLHSBHND bMIM3ds dqdabs. 3mbhg doMzabndznmads L3YGENSMYMOE
09733900 bmAmMab Mma30b0 MgadHMmOLM3NL GoMmnb dggadby, bohzamb, MMIgmQ3
M9ohMoLM30L LogMmomME oM 37xdomOEY, 3ogMad 3nbo bygmmzbgds Le®yNIM
©I3MMIENIMMONMS O IRJJHIM0 MgoHMsmMNdIENNM godmomhAgmo. 3gbnamymo
M970LbMmmM0 3ME d903MY. 33MNZSENHONM Fo3MMAJOYMN BRdMEY oMMl bgmmazbgdnb
3odmmhAggmn Jabomyods nym. oMol dmagdn 7 X 11 39hmb dgomaqbos, dbmmmo gbznddo
“003009B3MO0 M93HM0L” FRMMOIEAS 15 3MbN MPOMN odNbdY s dnb dgbegddbgmo
50-09 839Mo380 Med@ybndg M3 absmzs. MmammE Mybn bgmm3zbgdomdEm@bY,
3MmxgbmmMn gemgbs nogmazmagszs 800AB93L, Bomnb 360d3069MMmosL nbnE oMMBZxOs, MMA
dnb d939M3530 LB3IMIYOMQO, M350 FbsH3oMN & FnbO Y, 865 bMAm3y, IMbsbamMomodB9b.
oLy MmMA, 3993M3® JEIYM BoMEsL 3gammasmymo 3608369mMmmosE 3gMb . 1920 Bannsb
bommzbqdnb 9b 6ndydn bAsMgONESL dAMNMGL o AMLIMZNL Labobomdsms baddsMm3gmmmb
LOBYMOTN 0bsbgdMEL. v30MN BSMIMLIEIB0Y, MO IOMIMMYOS YOO oIS IZNM
oMLBNIdz0bL, MMA b BoMEY LogoMmmM3gmMmbL 3gmbYMaL Bobommn godbamnym. BogMsd
30000 oM 399370 o BgMmnmgonm bogdommzgmmb gobsmmadnb 3MmanhgHbs @o bogezdnmm
3906MMayMm sM3sbMymMgdgm 3M3nHghLb IMo35mMadaL Fndomms, N3N NMbM3®S, YymMABNN
M330LYBRIMO MJoHMOL BOMDS LaMgohMm 87BN LMZNL FoAMIBFIM, ML BIMDY
139300M@g0MEOS JoMmmzgmn Mgzobmmnb bobgmb s 3nbn sanmo badomMmzgmmb
mgohmomym 3x09nddn oym.

Moo 6oMIMLYEEIDNS, M OMIMMOE oINS d30LMZNL. MMEYLLE 93Mby, MM F0BLBL
300mb0s @8 LEYOIMAB osE980L MOLAMO doboibows, LEMMgE dodnb 3M3nboob gmo-gMm3dd
693MB8y, 39MdMEO Mydndma-msbbizmnd, 3manboob Mybo 693M9dn goasMBAYDbs o
3M30b038dE YoM 3obsEbos 96035eMaMn BaM®NL LaJoMMZIMMLMZNL Foo(399507. bbgo
3330560 obx0IOMEY, B3gMsd 3Ms @d30mM 3MLbYbNdz0mN. o0 NbY3 anBym 3M3nbooL
©oMB3Y690s. MMamMMmME bLosMJngm EMIYF9oHONSD NM339305, MYONTMZ-MdbLIMOLMSD
LOZIME 3ddOYMN 3033003 30 3gMbns 3MBnboob B0bsdy. 9MH0E, obgm bgMmbbsE dndammgb,
30s6Y30Hqb, bLdddg 3ogbgmaom, MeESb a3nmMNbL JbabLbMmMoOnL N8N 39mbsm, nb NN
bobn Ambzmzdn 39M goAgM®YOMEL. ogMad 3ME 3NN NFOS ZYMbIMOS3MITNMN, 3ob
dagdmmm domnsb 093Mn 3oMmdHngmn oy bgenmzbgodnb bazgmmb BomMAMBoagbagonl
©oMB3Y690s. 0L Y39mMs 30MBDY 830396900 356080, bLobdd vM FoyMydbyb, Myms 3nBHNLMZNL
d09mb0o. @ 3nomBny 30IES.

1930 Bob mgogmMamalb dmmmb 3mbzm30L 3MmMa330380M0L MJoHMOb MoboddMmImMgonbs o
3300 5MLYbNAZ30MNL MBbILEMYON LOBbIMOYM LyddsMM3ML LaBymddn oMY
©33M35mMNgM9L. bgemm3zb900b ybnzsmymn 6ndydn 60 smob 3o69mMo d9giobEOS s Ngn
Lomga®m 3nd9YdnL BaMIMBd3109M o300 3MLYBNAZNML ZoWogREo. bosMgn3m
©m3y0896MHnb dnbgznm, 9b nd3znmaabgbn 60dndn LHFIMOMMAN 30M MLYbNAZ3NMDY
dom®ma, dohomaomam Asdmodobo. s80bm3znb ambzmzdn v809M38335L00bL BAN3
BomMIMBoagbmmodsL bLgebagdm@ dnyxdammozh Mb3M3dn, Yodobob 303dmm0bL yi3MmMLbOLMZNL
© Jomm3zgm amm3ab9Lb 6505 @aMmmgL, dznMmaxsbn nbhmmogma gabdo 303mbdn dqgdHebo.
oLy OMIMMNm IM3M3707MM0 BIME ML badommzgemmb bgmmzbgdnb bobobemgdos
©3EIM0 o 030 Abmamom bobznmo bgemmzbgdnb gmm-gmom 0MBYnbzomg §abnmMydyE
dnnhbgao.

omemogdo

LO3BYbsMME, MmamMmE 300090, Mb3gEMM39900 M BYysMmMODbID o3nm 3MLbBNAZ30ML O
O0ME3 0930L90H96.080b Togamamns b Baghn, MmMA, Mydmom3nb 3x099d0b 3obbbnb MmL 0L
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339MON0), 3909MmM30 0Eas FoMBHM S M33IOMIE, MMES B0bs BMODY Me3b NbMbydbyb
39O o bb3s 879903900, FoMMOS 3M1300 JObMmo, 3Md300 adgzNMOM3L, bohysnb
™Janb yxr3mgos3 oM 3gmbms. 30LN MB33IOMMONL SLEHYMNS AnbN3T LEGML30,
LIOYMMBMMDBY, LOOE Md30L LMD gMMBd d3MdomMymn. dobdY FnMNMYOYMNY
abmem@ dnbo bobgmMN, 339MO O 3o(hoMS F33MON...

A3906 30mM@ydYmn 30M0), 3036MOYm A396L N BnbsdMydlb, Moms ©a3nByqdsl oM dng3qL
3000 bobgmMydn. s80hM3dE 93935 M, MM MJ396M30L1E 3oa3936M o8 BymMgds8g §EbmobN,
003Ma8 9339 BoEbMoON V30m sMbLybNAdznMON.

390mygbgodman emadgmModyMo:

1. bomgmo 30ABsdg, @a30m sMbybnbznmn - gb30vg00 d9dmqaggdnm 3MMHMGHNLSMIZNDL,
60360 MYLYMNESO JoMmmymMo MeMaadbs bathm Bobzo30d93, MdNENOLN, 2012.

2. 30mman cmgmbodab bobgmmonb Jommymo cohgmodnimb bobgmadboxm dndgndnb
3%0033m930, mdnmMnbo, 2013 Byano.

0b6hgMmbyhMgbyMLydO:

J9mbsmo ,0bhmmnsbo® #10, 2015 6 https://dspace.nplg.gov.ge/handle/1234/123733
https://www.rublev-museum.ru/about/history-of-the-museum/
https://www.youtube.com/watch?v=ElhpT2KBNQ

http://www.nplg.gov.ge/bios/ka/00004107/

https://artinfo.ge/tag/davith-arsenishvili/

https://thilisipost.ge/news/-davit-arsenishvi-
li---khelovnebis-mveli-romelma-anchiskhatis-eklesia-gadaarchina-dangrevas/2080
https://psmb.ru/a/david-arsenishvili-khranitel-drevnerusskogo-iskusstva-v-sovetskoe-vremia.html
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“99m3900” - bonddMMMyd0m 3MTN6030300

00M080 bovgadznma, XI 3amabo

3Mm336035300 (M3mnbMnsbd Communico - bagMmomb 3bn), oMom 3sadgdno, sMnb
0b6xMM3sEn0b go3ms 0bn3ngoLb dmmab bodommmams bagmom bobHgdnb bodyemyodno.
3M379b03s30s dg0dmgods gobbmmEngmmab 39MOsMIYMN 30 vM139MdIMYMN
d900MY000.0033050600 LEdMZsEMYdsdn 3MBYDbN3eENS bMMENYIMEIds 06EN3NEIOU,
LODMEIOMIOYOL, 3PHYMIOL mMab 60dbgdab Lobhgdoms (960b) 89339MdNc. 3MBNBISENNL
LOFYIMYOqON O BMMTJON SLOLAZL LIBMBSOMGOMNZ JMMNGMIMOJOLY S dTNSbMY
0bHMMOYM 3odMENMIgOsb. 030 9dMYH39MYymMAL 83Mgm39 LMENSMIYMO FoTMEONMIONL
©o3MmM39050b0 O 3oo(393sb, AMmMTnL gobobnmgdsby o gMomModmnzn dmM3sB8gmonb
MM3ab0vsEN3L, oMmMa3L, MO M0L, HMoNENNL goaE9gdabs @ 8.0. nbammMIsEnab
393909 9d3gmabn eMmoeb 309hmamadgonl , gedmdzsdyman dgbmymgdymon babohgdnb
LOdYOIMadN0 dMBy3s A390600@Y.

3mMa3yb3s300L LEdyemMydg0n gobboznMMydNm gobznmaMEs obymon Loy3nbab 20-05b
6mMg00@ab. gL o3ze3d0MydymMns H996039M0 LLdYeMg0qd0L 3ob30MMYOLMBD, MdTs3
003000350 bgmn dgnbym 3M3Yb039300L godambHnzgosL. 3ma3ybnzonnb mgmmanb
300630m3Mq003 gobodnmmos 30dgMbahn3nL, 0bgmmdsdnznb, badombniob AsdMYsmndgds.
3mB8060353000L 36908 gL 396HMIMIYM 35(HIZMMNID YomMndgOs bmEnseym cgmmasdo (o.
3009Ma3sLOL "3MBYbn3aEnyMo IMJagaonlb MmgmmMny, b. MyBsb0bL "bmEnsmymMa bob®Hgdgonlb
M9mMns" s bb3.).

Mobodgmm3zg 30aMymo Hogdbmmmangdnb 3eb3nmeMgdsd 0N go3mgbs ngmbny
38303690L dMMOL NBGPMMBSEFNNL ZoE3MYBY gobboggmmMgdnmn Bymommdonmn 3M37YbngsEnnb
©MmMb s 93MgMBMEdMNO , 99M$q00 , A3zgbo 3M3Hbn3sEnnb gobyymagm Bobomom ngg3o.
,00mM3q00b 30M39m BysMm d30HM0gmM0 GommbmamMbo MY308 30H310dHonbn 300ABY3Y,
006 183269mb gMmogmo bydnbsMdY bHygb®H9goL bodn babab gadmghyzgmaods BoMyanNbs Y
ombndbo, MM dom 093Ma 9L MJds dgydannsm 30MY Azggmgomnb Dy LbeMmeg
LabgmyoL

gelernt werden. . B
_Gin Gegeriders AB cin Beiipicl, wie man
infadien ﬁiufsn und Eﬂgmmgm bag Bilb eines menids
Befidtes Derftellen und diefer Phyjioguomie jogar
ivenen. Auddrud verlehen fann, mug dad folgende
mgemdlbe Dienen, weldyed dbev MMupe und guten Laune
e, —— ———

( elu ) ( ulu ) a-lq

= — o
Mitalieded der Typographeugilde fein Entitehen ver:|
2, nnt? ben E:ﬁ{htﬁ:?uﬁbruﬂ euned Luitigen, cined Gleid=]
wm und eined Traucigen gur An)douvng bringt.

PHILOSOPHICAI
INVESTIGATIONS

LLIDYWIG
WITTGENSTERS

[E S —————— S

90mHn3mbgon 3gesdmnygbs 1928 By vd9Mn3gmady
L3MOH BYMAS6356 gb nym mMByMBNo, HomMgy
gmAbomnb 608560 :-) MMBMoE MsbsdgMm3Yg I
q0mz0b B0bs3nMmOsL BsMIM@Egbo -
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1999 B9mb 3owmMyamo Hggdbmemmanqgdnb nbz0b69MB
003MBgmMAs d0gshoge 3gMndod d99abs 3ngbgmnb
LYMIMYON0, MMIGMMS LASMOBMBNM gogde3bv
dobodmgdgmn 3obo.LEMMYE 0Jgob anbBym
MobodgMm3zg 98mzg0o0b godmygbgds.3030dMMO, sbY39
LanbHMobms 303MIM Lonsb b3zwygds gb 9gamzqdn
A39bL LASMHBRMBYOAN, 3035000 O bogMome 300
40060L dom. sMbgoMbL MMEbNDsENY, MMAMgbI® 39300
1603m@g Unicode, Mmamon@E §abnb ybngsmym 3m@gol ,
LOBOMMMYOL.0T MMRSBNDSENSEN ogMmMNSbgdYMNY
Google,Microsoft,Apple s bbgs d608369mma3sb0
MM3sb0vsENg00 o bEMMy domn 39939MdNm bdy
q9dmgg00bL A3960L bgabobymagddn nbhgamomgdo.

93mzg00L sby™MBs goz3mMEaMY0ds dgbodednbo Bamamazs bagnmbo, 080b dqgbsabgd ,nbymdgb my
oMy 0LNBN vE3NSDb7dOL AMMNL 3MPYBYD30300L LEMMO® BoaMBoMmm3ab bgmb o bmad oM
dmobgb9b nbnb0 gozmybsb BMGss@ BgMmammonmn 3M3Yb035(30599.36Mdnmn ggmdsbgman
96008963609M0L AHgxzebM30hANLT dDMNM, MMAMOL 33ta30L Logsebb 9amEgdab gogzmgbo
3M37603030809 BMIMOEa9bL, nbnbn BaMmommonm §bsL, yg3mm Bgdhn gamEnman gengdgbhHgdom
BomMIMa3n0w3q0696, o 08 3MmEgLgoL 330A39690906 MoE ym3zgmOONyMmosdn bmyds,sbgsy
39M3399m BoMAM@E9gbab 3309860506 bohyognygmo 3MBHaJLHNL dgbobyd, MMAMAnE3
03ymx900sb 3manbogonob dmbobommagqdo.

00939 33tM93900s oA3960 MMA domn gadmygbgdnm Bymommdnmn 3M3nbnzoEns
39M339mMbomao MYomymb Jobemzds, Ma@sgb nbnbn vbsE3mMadL Nbym geydgbHgodL,
Mmmammnzg omob 303039 ,590HN39MENY, bbagmgmab 96s.0b939 d0dNBIMIMOL NdnL gobbom3zy
dobodmgdgmns M7 oM 98mggo0 gobab dbmamom 96s, MmydEs 0bY3 dHgREON30AL DM gL
dogndmgogmng, 3odmanbamg 0Jgasb Mma3 obnbo oM ngd690s AMBb3sMmagdmMgdnl BngM o
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d600369mmds 303M©I0.
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089M03gmn sbbbob dobgznom 30, 9L "high-five"-b 60dbs3L.
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2. Mmoo dgbgznm, dgndmads ngngmmao, MmA gb 9amzn 3MEbsb godmbodosL.

MY0EY, SO, 3LEE3L 9gdmgndn ggMaz300), MMAJMbLE HPHYOMSD ggmn 8g3b o “«
bo0@3nmo@ 3MEb0b Bndobny. J39dmm dmEgdnma bndoMMY3s 30, JOMSMM,
7b®H3960L.
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3MEbsbeE 6ndbs3wYL.

5. 30M9308MhMd NG-b bb3oobb3bsnMm3® gobdsMMs396: no girls(oMs gmamagob),

no guys(smo 60ggol), Bmgn 30 8oL g3ofM Nguyen-b 139380Mg0L.LNBIL3NMYT0, m
90b0 8603369mmMdss No good(3oMgn 9Myy). 88 3odmmdadsb sBnyM 939ybgddn
ny9b90@b9b.

ombobndbsgzns,mmad 17 ng3mnbn dbmamom 93mMznb OMI® snbndb50s.0MLbYOMOL
390339M©900, bosE 9amMgEgonb 3edmyqgbgdnm dmEgdgmons magbgoob o bodmgmob
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Facets of love according to “The Red and The Black”
Lizi Talakhadze - grade 10

My goal was to read and enjoy the book to present it to my class, but after some time of consider-
ation, we decided to present this masterpiece of Stendhal on the conference and to get to know
which type of love is trendy nowadays. Stendhal prioritizes vanity love which we can compare to
love nowadays. The results can be seen at the end.
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About the Author

Marie Henri Beyle, better known by his pen name, Stendhal was a 19th century French writer. He
was born on the23rd of January1783 in Kingdom of France and passed away on the 23rd March,1842
in Paris, Age 59. Best known for the Novels “The Red and The black” and “The Charterhouse of
Parma”. he is highly regarded for the acute analysis of his characters' psychology and considered
one of the early and foremost practitioners ofilrealism. A self-proclaimed egotist, he coined the
same characteristic in his characters "Beylism".

Characters

Julien Sorel- The protagonist. Nineteen-year-old boy living with his carpenter Dad. Ambitious,
Intelligent, Hypocritical and a fan of Napoleon. He has no experience with Love, but still acts like
he can seduce women.

Madam de renal- Aristocrat and a wife of the mayor. Madam truly loves Julien and although she'’s
cheating on her husband, she’'s a symbol of purity and kindness in the book. Unlike other charac-
ters, she is honest and compassionate.

Mathilde- Daughter of Marquis, who is Julien’s employer in Paris. She immediately takes a liking to
Julien. She’s honest, but sometimes imbalanced. She begs her father to marry Julien, since he is
from a lower class.

Mayor de renal - symbol of greediness.
Although he gets manipulated easily and is

often seen as naive or stupid, Julien still sees
him as an opponent.
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About the book

The Red and the Black stands at the crossroads of eighteenth and nine-
teenth-century French literature. Like most romantic novelists, Stendhal treated
such themes as individualism, passion, the pursuit of happiness, and intrigue.
Stendhal is in constant presence in The Red and The Black. He does not hide
behind his characters, but rather judges and mocks them, either gently or with
extreme criticism. For example, Julien thinks of himself as a master at seducing
women, but actually has no idea what he’s doing. Stendhal also pokes fun at
Mathilde, who is a passionate romantic but also mentally unstable. The protago-
nist often resembles the author. For example, his love for Napoleon, which he
talks about in the historical part of the book.

Facets of Love

The Red and The black was also one of the first
novels to emphasize psychological observation,
especially observation on love. Stendhal consid-
ered himself as a genius or a scientist of love, by
which he distinguished four types of love: pas-
sion-love, vanity love, physical-love and stylish
love. Unlike A typical romantic protagonist, Julien
doesn’t stupidly or whimsically fall in love with
Madame, or fall in love blindly, but rather he
feels vanity-love. Madam de Renals high status flatters his ego. But also, Julien manipulates
Mathilde into loving him with a lot of psychological games. Stendhal always has the urge to make a
triangular love cycle. And he always introduces different things in the relationships, like jealousy.

The interview

In order to find out what the youth thinks about the trendiest
love nowadays, we used a social linguistic interview. We inter-
viewed 51 students, from different sections of the school. We had
4 options and “cannot decide”.

Why would | recommend this book?

The Red and The Black shows the real side of
Love, where love can be fulfilling, but imperfect.

— o From my point of view, the way Stendhal observes
love is what makes the book different from other
novels.

196%

Resources:

https://www.meta-chart.com/pie
https://www.gentlemanlibrary.com/red-black-analysis/
https://www.britannica.com/biography/Stendhal-French-author
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Art of manipulation
Nia Japaridze-grade X

Human beings are a mess of contradictions. A person might hate violence but love violent action
movies. Someone else might believe certain people are inherently good yet refuse to believe in the
idea of a soul. Human mind is a tricky thing to mess with, and yet some still can take control and
manipulate it. It is funny how i could be trying to manipulate you right now but some of you might
not even know. My main reason to create a project about this topic is exactly this, to teach and
show you how you can detect manipulation and how to avoid it's effect.

Now the first question is raised what exactly is manipulation?

Manipulation is the exercise of harmful influence over others. People who manipulate others
attack their mental and emotional sides to get what they want. The person manipulating — called
the manipulator — seeks to create an imbalance of power, and take advantage of a victim to get
power, control, benefits, and/or privileges at the expense of the victim.

Manipulation can happen in close or casual relationships, but they are more common in closely
formed relationships. In a way, everyone can manipulate others to get what they want. But manip-
ulation is defined as any attempt to sway someone’s emotions to get them to act or feel a certain
way.

It is important to distinguish healthy social influence from psychological manipulation. Healthy
social influence occurs between most people, and is part of the give and take of constructive
relationships. In psychological manipulation, one person is used for the benefit of another. The
manipulator deliberately creates an imbalance of power and exploits the victim to serve his or her
agenda.

Let me show you some forms of influence that can be a sign of manipulation

Home Court Advantage
A manipulative individual may insist on you meeting and interacting in a physical space where he
or she can exercise more dominance and control. This can be the manipulator’s office, home, car,
or other spaces where he feels ownership and familiarity and where you lack them.

Manipulation of Facts @ 4
Making lies to have intellectual superiority EG:-, (\

ﬁ

Let You Speak First to Establish Your Baseline and Look for Weaknesses £
While asking general questions they will establish a baseline which will show yo ths
weaknesses. With this they will be able to identify how they can manipulate you. % .

Overwhelm You with Facts, Statistics, and procedures.

Some individuals enjoy “intellectual bullying” by pre-
suming to be the expert and most knowledgeable in
certain areas. They take advantage of you by imposing
alleged facts, statistics, and other data you may know
little about. This can happen in sales and financial
situations, in professional discussions and negotiations,
as well as in social and relational arguments.
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Gaslighting

This tactic is used by the manipulator to confuse you and make you question your own reality. The
manipulation happens when you confront the abuse or lies and the manipulator tells you that it
never happened.

Raising Their Voice and Displaying Negative Emotions

We all have raised our voices at some point in our lives. Whether it was in a negotiation or in an
argument we all have done it. The question is do you believe this is a form of manipulation?

Negative Humor Designed to Poke at Your Weaknesses and Disempower You

Some manipulators like to make critical remarks, often disguised as humor or sarcasm, to make
you seem inferior and less secure. This way they will be able to make you look and feel bad, which
will give them a way to overpower you.

Passive- Aggression

People can be passive-aggressive for many reasons that aren’t always intended to manipulate. But
chronic (long-term) manipulators will use this tactic to make you feel guilty and give backhanded
compliments. They are doing this to show anger without directly being angry, making you feel
confused.

Treating Manipulation
Manipulation can be hard to identify or admit to when it's happening to you. You are not at fault
for having manipulation happen to you. There is no way to prevent manipulation because it's an
issue of the manipulator. It's up to the manipulator to find help.

However, there are ways to reduce the emotional impact of manipulation. Here are ways to set
strong boundaries in a relationship:

Communicate in clear, direct, and specific ways.

Understand when manipulation is not normal and needs to be addressed.

Set boundaries around manipulation and find a way to let the person know that you understand
they are manipulating you, and that you don’'t want to be a part of that conversation.

Seek out a trusted individual, who is not under the influence of the manipulator, and ask their
advice about your situation.

As study shows manipulative behavior involves three factors: fear, obligation, and guilt.

And the traits of manipulator includes:
Machiavellianism - The use of manipulation to exploit and deceive people with no sense of morali-
ty.

Narcissism - It involves lack of empathy, grandiosity, and egotism.

Psychopathy — Usually friendly and charming but is characterized by remorselessness, lack of
empathy, impulsivity, and selfishness. P

—

Resources:

In sheep’s clothing-George Simon Jr

Who's pulling your strings?- Harriet B. Braiker 7
https://www.webmd.com/mental-health/signs-manipulation \ 0
https://www.psychologytoday.com/us/blog/communication-suc- E:LL%,
cess/201510/14-signs-psychological-and-emotional-manipulation
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Biommimicry

Niki Mavromati-grade XI

Definition

The word biomimetic first appeared in Webster's dictionary in 1974 as it says from the book of
philosophical transcriptions and is defined as ‘the study of the formation, structure or function of
biologically produced substances and materials (as enzymes or silk) and biological mechanisms
and processes (as protein synthesis or photosynthesis) especially for the purpose of synthesizing
similar products by artificial mechanisms which mimic natural ones’. But to define it directly the
term translating from Greek means imitating life. To summarise biomimicry is when humans create
new designs or innovations that are inspired by nature.

prEmrrsveeryNeveesneewwses \Where it all began

L " ' One of the first examples of biomimicry that we see in human
history is silk. Silk was invented in China between 4000 and
3000 BC when according to a legend, the princess Xi Lingshi
discovered that a cocoon could be unraveled to produce a
thread and it happened when a silkworm accidentally dropped
in her tea while she was sitting under the mulberry tree.

Another good example is the first Chinese umbrella. About 3500
years ago Lu Ban, a Chinese carpenter, and inventor were
inspired by the kids who were using lotus leaves as rain shel-
ters.

In the end without even realizing humans were influenced by
nature even before the term biomimicry was popularised.
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Popularisation

The first time people acknowledged biomimicry was in 1997 when Janine Benyus used the term
“biomimicry” in her seminal book - Biomimicry: Innovation Inspired by Nature.

As this scientist — Ms.benyus later on said there are three types of biomimicry. One is copying form
and shape, the second is copying process like photosynthesis, and the third is mimicking at an
ecosystem's level, like building a nature-inspired city.

Since then, when people finally recognized how inspiring nature, can be used in buildings, vehicles,
materials, etc. engineers and scientists have been using it in real life to solve different issues and
create new machinery and designs.

Innovation Inspired
by Nature

JANINE M. BENYUS

el e e
The Nararr af Flioigs st Dol S i
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Examples

A modern example of copying shape in biomimicry is a
Japanese train Shinkansen inspired by the bird called the
kingfisher. These are generally brightly colored birds that
are about 10 to 46 centimeters long. There are about 90
kinds of kingfisher throughout the world and most of
them live in warm regions near rivers or lakes since they
essentially eat fish. They fly low and straight like bullets,
reaching up to 25 miles per hour but it's not their speed
that excites scientists, it's their beaks. Kingfishers' beak
shape is aerodynamically efficient. Thanks to it this bird

can dive quickly from air into the water without losing too much speed and
at the same time without splashing. So engineers have used the shape of a
kingfisher's beak to design the nose of a Japanese bullet train and also fix
the problem of making a loud noise when traveling through tunnels. As a
result, engineers solved this problem with noise, and what is even more
now the famous Japanese train goes 10% faster while using 15% less
energy.

Another example is Burrs and Velcro. After seeing the way that pesky burrs would stick to his dog’s
hair, George De Mestral — a Swiss engineer had an idea that would impact the world. He spent time
analyzing the burrs, studying them under a microscope, and noticing the small tiny hooks at the end
of the burr.

Burrs themselves can effortlessly stick to just about anything includ-
ing fabric. Eager to replicate that, Mestral ended up creating velcro, a
fastening system that is used today for a long list of daily applica-
tions.

Other examples are the black wings of the rose butterfly that inspired
a new type of solar cell that is two times more efficient at harvesting
light.

Besides that, there are many other examples like Sharks and Aquatic
Vehicles, Namibian Beetles and Water Collection, Whales and Wind
Turbines, birds and jets, beaver and wetsuit and so much more.
Conclusively, the important thing is that our nature is so wonderfully
diverse that thanks to it humans get credit for their new designs,
technology, and so on. That's why we should devote, respect, and
preserve our limitless source of inspiration.

Bibliography

https://www.merriam-webster.com/dictionary/biomimicry
https://ehistory.osu.edu/exhibitions/biomimicry-a-history
https://www.treehugger.com/amazing-examples-of-biomimicry-4869336
https://ehistory.osu.edu/exhibitions/biomimicry-a-history
https://www.loc.gov/everyday-mysteries/technology/item/who-came-up-with-the-idea-for-velcro4o



Antibiotic resistance

Irakli Archvadze-grade 11

Introduction

Antibiotics are what keeps us away from the diseases
that plagued us long before modern medicine, they are
what keeps the common sickness from becoming life
threatening. They are most likely the biggest defense we
have against sickness, and if this problem is left
untreated we might lose our most important line of
defense. Antibiotic resistance,

Is the next biggest problem to global health and devel-
opment. It is not to be underestimated, it affects every

7S
one of us, it makes it harder to treat common illness and increases the medical costs and the

difficulty it takes to treat even the weakest of diseases, not mentioning the increased risk of mor-
tality.

What is Antibiotic resistance?

Antibiotic resistance happens when the prescribed
antibiotics becomes ineffective and loses the ability tp
fight the bacteria/fungi/germs etc. that means the
germs are not killed and they continue to grow and
infect the whole body. When we use antibiotics most of
the time they remove all the germs and we stop being
sick. But there is a chance that a few germs might
become resistant to our

antibiotics and might multiply and become huge
threat.

The main problem

The main cause of antibiotic resistance is using antibiotics. It might sound funny at first, but if
people overuse antibiotics, it increases the chance of some of the germs becoming resistant, we
should not overuse antibiotics, it is highly advised we should only use them when prescribed by a
medical professional. This doesn't mean we stop using them altogether, it just means we should
use them more carefully and less often. It should come to no surprise resistance is also caused by
improper hygiene, eating contaminated food touching contaminated surfaces and etc.

How do we stop it?

There are a few ways to prevent Antibiotic resistance, for example we should only use antibiotics
when prescribed by

a medical professional. (as stated before)

Proper use of antibiotics,

Never share or take leftover antibiotics,

Regularly washing hands,

Prepare food hygienically,

Avoid eating antibiotic growth promoted food,

Follow advice given by medical professionals when using antibiotics,
Etc.
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Saying that there isn't any developments
against these germs would be completely
wrong. There has been attention given to these
germs although there are new antibiotics in
development, most of them are ineffective to
these resistant forms of germs.

The World Health Organization response:
They have this problem on high priority since
2015, their aim is to ensure prevention of infec-
tious diseases with effective and safe medicine

They intend to improve and spread awareness and under-
standing of antibiotic resistance, strengthen surveillance
and research, reduce incidence of infection, optimize the
use of antimicrobial medicines, ensure sustainable invest-
ment in countering antimicrobial resistance etc.

Antibiotic resistance is one of the most problematic things
in modern medicine and it is highly unrecognized. In my
opinion we should highly spread the awareness of this
problem. It might become an extremely big problem in the
future, If left untreated.

Resources:

https://www.cdc.gov/drugresistance/about.html
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
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3D Building Houses And Their Effect

Irakli Archvadze-grade 11

Introduction

Building gigantic and majestic buildings was always regarded as a hugely time-consuming process,
and people who think of the concept, visualize colossal skyscrapers, taking months or years to be
complete, which produce massive amounts of pollution but it doesn’t have to be that way.

| was inspired by the sheer amount of waste
produced by buildings constructed in my home
country. I was fascinated by how much the
buildings impact the environment and |
researched for a solution.
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presently, new forms of house-construction have emerged. This form of building is vastly more
efficient and not only in time, but in various other ways. | am talking about 3d printed homes,
houses which are built with technology almost identical to the ones we use in 3d printers. many
impressive projects have tried to take on the hurdle of trying to make a building this way, but
almost all of them have struggled and failed in the long run. 3d printed housing is a very intimi-
dating topic in the construction industry, having a solution to costly construction we have
in the present day would be amazing although it always stayed in the horizon, only regarded as a
pipe dream unattainable. but in the past few months the idea of quickly printing a structure isn’t
so much of a bizarre idea.

The Benefits

innovators have finally crossed the border from imaginary drafts of projects never to be built, to
existent plans currently in construction. This idea has become a reality in Germany where the first
ever 3d printed home has been constructed and became fully certified under national regulations,
this step forward is immense in not only construction but in the field of tech as well. The rapidly
developing

area in 3d printing has created the opportunity to finally advance from small scale figures to
full-scale structures, many people see this as a way to overcome the multiple problems of con-
structing houses.

Building houses using this method have multiple advantages opposed to traditional forms.

Examples:

For example it isn’t necessary for 10s of people to be present on the site, it makes the work less
labor-intensive, the printer needs only 2 operators, and takes less than 2 days to be fully function-
al and set up. The machine is operated by a program, aside from giving it a design to print, there is
less human interaction involved, which has the benefit of being more time efficient, less people
means less unnecessary time wasted on mundane things, like laying bricks and so on. Building on
its own is filled with various dull tasks, which get done in twice the time traditionally opposed to
3d printing. Moreover, the tasks that get done with tech are infinitely more accurate and are far
less faulty. While most builders happen to make a few mistakes, this really hinders the progress, all
of this

later adds up to the huge amount of time it already takes to build a successful structure.
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Less Pollution

3D printed homes are vastly less wasteful, for vari-
ous reasons, one might not think of environmental
damage and pollution when they mention building
houses, but these two are closely intertwined. When
it comes to air pollution, every action matters as the
production of dioxide gases is one of the main
factors causing global warming. The construction
sector is responsible for 39% of energy and pro-
cess-related carbon dioxide emissions, not to

mention the waste that it generates. In the UK it contributed 59% of all waste generated. Construc-
tion contributes a huge amount of waste because it mainly relies on

quick and inexpensive solutions that have to be replaced almost every year or even every few
months. Simultaneously, recycling is rarely considered on most construction sites, resulting in
countless valuable materials gone to waste.

Conclusion

To conclude everything, 3d printed housing is a realistic and positive change that could enor-
mously benefit and develop Georgia’'s construction of houses. And it is one of the interesting
solutions to the problem of pollution, especially in Georgia where the standards of recycling and
the attentiveness to waste management is low.

If people want to make a difference and impact climate change, the construction industry is a
huge hurdle to tackle, making the process more green and less wasteful is clearly necessity, and
must not be overshadowed by other sources of climate change.

Resources:

https://all3dp.com/2/3d-printed-house-3d-printed-building/
https://architizercom/blog/practice/details/3d-printed-buildings-future-or-gimmick/
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Terrorism: Perception of Russian Aggression

Mariam Saakashvili-grade 11

Terrorism is Violent, criminal acts committed by individuals or groups who are inspired by, or associ-
ated with, designated foreign terrorist organizations or nations. The key problem is that terrorism is
difficult to distinguish from other forms of political violence and violent crime, such as state-based
armed conflict, non-state conflict, one-sided violence, hate crime, and homicide. The lines between
these different forms of violence are often blurry. Here, we take a look at standard criteria of what
constitutes terrorism, as well as how it might be distinguished from other forms of violence. Violent
actions are usually categorized according to the perpetrator, the victim, the method, and the pur-
pose. Different definitions emphasize different characteristics, depending on the priorities of the
agency involved. In our coverage of terrorism, we rely strongly on data from the Global Terrorism
Database (GTD), which defines terrorism as “acts of violence by non-state actors, perpetrated against
civilian populations, intended to cause fear, in order to achieve a political objective” A few key
distinguishing factors are common to most definitions of terrorism, with minor variations. The
following criteria are adapted from the definition given by Bruce Hoffman in Inside Terrorism.
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Violent actions are usually categorized according to the perpetrator, the victim, the method, and the
purpose. Different definitions emphasize different characteristics, depending on the priorities of the
agency involved. In our coverage of terrorism, we rely strongly on data from the Global Terrorism
Database (GTD), which defines terrorism as “acts of violence by non-state actors, perpetrated against
civilian populations, intended to cause fear, in order to achieve a political objective” A few key
distinguishing factors are common to most definitions of terrorism, with minor variations. The
following criteria are adapted from the definition given by Bruce Hoffman in Inside Terrorism. To be
considered an act of terrorism, an action must be violent. As such, political dissent, activism, and
nonviolent resistance do not constitute terrorism. There are, however, many instances around the
world of authorities restricting individuals’ freedom of expression under the pretext of counter-ter-
rorism measures. Human rights groups, such as Amnesty International and Human Rights Watch,
publish reports on such cases of censor-
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An action must also be carried out for political, economic, religious, or social purposes to count as
terrorism. For example, the terrorist organization Islamic State of Iraq and the Levant (ISIL) has
clearly stated its political goal to establish itself as a caliphate. To be classified as terrorism, actions
must be designed to have far-reaching psychological repercussions beyond the immediate victim or
target. In other words, an action must aim to create terror through “its shocking brutality, lack of
discrimination, dramatic or symbolic quality and disregard of the rules of warfare”. Additionally,
targeting noncombatant, neutral, or randomly chosen people — generally, people not engaged in
hostilities — is a necessary but not sufficient condition to constitute terrorism. The US State Depart-
ment includes in the definition of ‘noncombatant’, “military personnel who at the time of the inci-
dent are unarmed and/r not on duty” Based on the criteria above, we can begin to separate terror-

ism from other types of violence based on some very simplified distinctions:

+ Killings perpetrated by non-state actors against civilians, which are not ideological in nature i.e. not motivated
by a particular political, economic or social goal, are classified as homicide;

+ violence perpetrated by non-state actors against civilians, specifically based on ethnicity, sexuality, gender, or
disability, without political or social intent to cause widespread fear, is classified as a hate erime;

* Violence invalving open combat between opposing armed forces is classified as state-based armed conflict, if
at least one of the parties is the government of a state;

* Violence perpetrated by governments against civilians is classified as one-sided violence.

+ But even with these distinctions in mind, there is not always a clear-cut boundary between terrorism and
other forms of conflict like civil war and viclence targeting civilians.

Close to 56 million people died in 2077; just over 26000 of them from terrorism.’0 Every 2000th death -
005% — were from terrorism.But terrorist activity can vary a lot from year-to-year. Maybe 2017 was a
particularly low or high year. When we look at the trend - also shown in chart form - over the past
few decades we see it hovered from 291% to 992% over the 1999s and early 2°90s; increased to 2.98% in
2014 hefore falling to 295% in 2077 |t was therefore a relatively high year for terrorist deaths, but not
the peak. Over the previous decade the average number of annual deaths was 21200 However, there
can be significant year-to-year variability. Over this decade the global death toll ranged from its
lowest of 7827 in 2010 to the highest year of #4490 in 2074,

On September 11,2001 19 mjlitants associated with the Islamic extremist group al Qaeda hijacked four
airplanes and carried out suicide attacks against targets in the United States. Two of the planes were
flown into the twin towers of the World Trade Center in New York City, a third plane hit the Pentagon
in Arlington, Virginia, just outside Washington, D.C, and the fourth plane crashed in a field in
Shanksville, Pennsylvania. Almost 3200 people were killed during the %1 terrorist attacks, which
triggered major U.S. initiatives to combat terrorism and defined the presidency of George W. Bush.
The impact left a gaping, burning hole near the 8°th floor of the 119-story skyscraper, instantly killing
hundreds of people and trapping hundreds more in higher floors. As the evacuation of the tower
and its twin got underway, television cameras broadcasted live images of what initially appeared to
be a freak accident. Then, '® minutes after the first plane hit, a second Boeing 767—United Airlines
Flight 77s—appeared out of the sky, turned sharply toward the World Trade Center and sliced into the
south tower near the ¢°th floor. The collision caused a massive explosion that showered burning
debris over surrounding buildings and onto the streets below. It immediately became clear that
America was under attack.

Nowadays, the relationship between Russia and Ukraine is very
relevant. It is interesting what the youth think about it. That is
why a survey was conducted among 190 students of European
School using the sociolinguistic interview method. The sociolin-
guistic interview is the foundational method of collecting data for
sociolinguistic studies, allowing the researcher to collect large
amounts of speech from speakers of the language or dialect
being studied.




Research Questions:

Is Russia's attack on Ukraine a terrorist act? Is Russia’s attack war or terrorist act?

75% - Yes . 80%-War
25%- No 20% 20%-Terrorist act
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Throughout human history, children have come across dozens of biopsychosocial factors that have
hindered or inhibited their development of separate and independent identities. In the contempo-
rary world, where there is an increased awareness of factors contributing to this process as a
whole, it is crucial to understand what goes behind the early formations of self-concepts and
social factors that hold a great influence in it. The “Who am I?” question holds different answers
depending on the developmental stage of the person answering it. The answers may vary between
physical, professional, or personality characteristics. All in all, these descriptions give an insight
into what psychologists refer to as the self. This concept is, as sociologists Charles Cooley (1902)
and George Herbert Mead (1934) suggested, a convolute of social and personal images. Cooley’s
looking-glass self idea proposes that a person’s self-concept stems from the way their society
views and reacts to them. Newborn babies have no understanding of the “self” up until the
moment they come to realize that they are independently existent entities. From there, they start
to notice how their behaviors elicit responses from the people they interact with and gain knowl-
edge about their “social selves” . There are multiple factors contributing to the establishment of
the “self” and the “identity” of children from the stages of infancy through adolescence and it is
important to understand how, the way we act, the norms we build, and the stereotypes we live by,
affect how our children grow into their characters. With the use of research studies, articles, and a
survey made and conducted by me, the aim of this paper is to provide a thorough understanding
of the factors that make children struggle with identity and self-concept formation.

One of the major milestones of life comes to us when we start to form our identities. The defini-
tion of identity, as it stands today, was first introduced and established by a neo-Freudian psycho-
analyst named Erik Erikson. He developed the acclaimed Stages of Psychosocial Development
which looked at personality and self establishment in @ manner of stages. He incorporated the
biopsychosocial influences on the growth and advancement of people throughout their life-spans.
Erikson's theory builds on previous phases of our lives and prepares the ground for subsequent
stages of progress. He claimed that humans go through a type of struggle at each stage that acts
as a turnaround in their development and can have either positive or negative influences on them.
There are eight stages to Erikson’s theory, one of which is called “Identity vs. Role Confusion”,
which happens during the transitional period from childhood to adulthood. In this stage, children
are starting to become independent, thinking about their futures, and they develop the need to fit
into social groups (Munley 315). This is a critical point in the lives of children, when they have to
start adopting roles that will persist throughout their adulthood. But with this process comes
identity confusion as well. Throughout the whole process of identity establishment children may
come across hurdles of role confusion and turmoil. This is when they start exploration and experi-
mentation with dozens of contrasting lifestyles. Since this stage in Erikson’s stage is one of the
major ones, children face impediments with identity formation as stated above. As Erikson
describes it, identity is a developed sense of self; a feeling of who you are, where you're headed in
life, and how you fit into societal roles and groups. Many significant decisions must be made while
forming an identity: What sort of job am | looking for?

49



What should my spiritual, moral, and political ideals be? As a man or a woman, and as a sexual
creature, who am I? What place do | have in society? All these questions evidently take quite a toll
on children. The need to belong, the need to satisfy parents and peers, hinders the true answers to
such inquiries and therefore cripples a separate sense of identity in children. These are just a few
of the factors that hinder such development and establishment, but before diving deeper into
those, we must understand what goes behind identity formation.

As children start understanding what and who they are from interactions with people and objects
around them, the process of establishing an identity begins from birth. They start to differentiate
one fragrance from another, one voice from another after just a few hours of being in this world.
We begin to comprehend that we are individual beings during infancy. Then it occurs to us that
this self is steady and abiding. We realize that, despite the fact that we are independent and
distinct things, entities, or beings, we exist in the world. We coexist with other objects and people
in the sense that each of those, including ourselves, have qualities. These self-concepts that
infants attach themselves to in early life are highly definite. These are the properties of develop-
ments out of which a few are; age, gender, height, and talents. The stage during which children
start acknowledging their social and self-identities begins with their family, friends, and cultures.
Identity gets cultivated through interactions and relationship formations with others. Multiple
different theories of identity formation in developmental psychology concede the idea that early
stages of childhood cultivate and nurture their self-esteem and lay the groundwork for their even-
tual development. Identity formation, thus, is a complicated process through which children devel-
op a distinct sense of self marked by consistency. It aims to build a stable sense of self, so accord-
ingly a disordered and fragmented self, defined by the absence of “inner wholeness” is a charac-
teristic of struggles with identity formation. By furthering Erikson’s theory, James Marcia (1966)
construed identity formation in ways of examination and engagement in regards with ideologies
and social roles. Individuals' identity formation begins when they identify with role models who
provide possibilities and inspirations to children. Adolescents are expected to make choices and
commit to possibilities within the limits of their social surroundings as their identity development
continues. In certain circumstances, alternatives are not supplied or are limited, causing the indi-
vidual to fail to commit or to commit without having the chance to consider other possibilities
(Marcia, 1980). The table below exames Marcia’s Identity statuses.

Individual has committed to identity
Yes No
Identity .
Individual es Achievement Meraiem
has explored
identity
t1 : i i
OPHOIE o Foreclosure Identity Diffusion

Marcia’s identity statuses. Adapted from Discovering the Lifespan, by R. S. Feldman, 2009.

When teenagers do not investigate or commit to any identities, they experience identity confu-
sion/diffusion. When a person commits to an identity without considering other possibilities, they
are said to be foreclosed.
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A moratorium occurs when children are ardently considering possibilities but have not yet made a
definite decision. Individuals who have examined several possibilities, recognized their purpose,
and established commitments fall into the identity achievement state, as can be inferred from the
above table. As a child explores with multiple roles and examines diverse views, this whole process
may trigger uncomfortable and emotionally difficult times. There are no guarantees, and there are
a lot of questions with few solutions. The moratorium identity stage is the first step in achieving
identity. It is natural for teenagers to be defiant and disobedient during this period, to avoid deal-
ing with problems, to postpone, have poor self-esteem, feel worried, and to be unsure about
making decisions. All these processes are involved in identity formation of children and adoles-
cents. The evolution of one's identity is both a personal and a societal phenomena. Much of this
happens during childhood, when cognitive growth allows an individual to create a self-concept
based on role models and identity alternatives (Adams & Marshall, 1996). This all means that
identity formation is a complex, multifaceted, critical process in our lives which can be easily
tempered with by outside influences.

As discussed, the way we describe ourselves is referred to as self-identity. Our self-esteem is built
on our sense of self-identity. The way we see ourselves changes during adolescence as a result of
our interactions with classmates, family, and school, among other social settings. Our sense of
belonging is shaped by our self-identities. On the other hand, others build our social identity,
which may differ from self-identity. Individuals are typically classified using broad, socially estab-
lished labels. If you have dark skin, for example, you may be labeled "black" by others, even if you
have not accepted that identity for yourself. Positive self-esteem is linked to a positive sense of
self. Because society does not value all identities equally, certain adolescents may require addi-
tional support to help them develop a good sense of self (Adolescent Identity Development).
There are quite a few factors that may either hinder or facilitate the formation of separate and
individual identities in children, one of them being cognition. Identity formation is heavily influ-
enced by cognitive development. Adolescents who have mastered formal operational thought and
can reason rationally about hypotheticals are more capable of imagining and contemplating future
identities. As a result, they are more likely than their less cognitively developed peers to discuss
and address identity difficulties. But what then, has negative effects on cognitive development and
thus on identity formation? The short answer we're looking for is parenting (Berzonsky & Kuk, 2000;
Boyes & Chandler, 1992). Adolescents' connections with their parents might have an impact on their
ability to form an identity. Adolescents in the diffusion state are more likely to feel ignored or
rejected by their parents and to be distanced from them. It may be difficult to form one's own
identity without initially identifying with trusted parental figures and adopting some of their posi-
tive characteristics. Children who are experiencing identity foreclosure, on the other hand, are
generally highly connected to and fear rejection from their somewhat controlling parents. Those
who have been denied access to their parents may never challenge their parents' authority or feel
the need to create a distinct identity (Jordyn & Byrd, 2003). Children who transition smoothly into
moratorium and identity attainment achievement, on the other hand, tend to have a strong basis
of attachment at home, as well as a lot of freedom to be themselves. These teenagers, for exam-
ple, feel a sense of intimacy and mutual respect in family while feeling fine with disagreeing with
their parents and being individuals freely. As a result, the same caring and so-called authoritative
parenting style that helps children develop strong self-esteem is linked to stable and positive
identity formation according to research (Grotevant & Cooper, 1998).

Authoritarian parents, those who place unrealistically high expectations on their children with no
regard for their opinions, unknowingly hinder their separate identity development. They are more
prone to be socially inept and unable to make their own life decisions which both play huge roles
in their identities (Recall that knowing the answers to “What career path should | take” or “What
should | do with my life after school/college?” 51



is a characteristic of a stably forming identity). Validated with data collected from the National
Longitudinal Survey of Youth (Child Sample), is the hypothesis that positive identity formation is
supported by family aspects other than parenting, such as wealth, that includes children who were
born to a representative group of American mothers aged 14 to 21 in 1979. The findings, on the
whole, back up the above states. Willing participation in community service, a hallmark of moral
identity formation, was found to be facilitated by socially and financially rich and well-off home
situations mixed with high levels of parent-adolescent joint activity. These findings are examined
in terms of their implications for parenting, moral education, and future study. Neglect, family
instability, parental mental illnesses, parental drug misuse, parental imprisonment, domestic
violence, and neighborhood violence are all factors that contribute to underdeveloped cognitive
abilities which in turn inhibit identity formation.

Before moving on to the broader, influences, we must note cultural-historical ones, which even Erik
Erikson emphasized upon. Indeed, the concept that children should pick a separate identity after
carefully considering a variety of possibilities may be unique to twentieth-century industrialized
cultures. Children in many non industrialized communities today will simply take on the adult
roles that are expected of them, without any experimentation: Sons of businessmen will become
businessmen, sons of landowners will become landowners, and so forth. For a big cluster of chil-
dren, identity foreclosure, as Marcia defines it, is certainly the most adapted path to maturity.
Furthermore, the exact life objectives that teenagers seek are always confined by the possibilities
that are accessible and respected in their culture at any one moment (Bosma & Kunnen, 2001;
Matsumoto, 2000). Ethnicity, race, and culture are three of the most complicated and multidimen-
sional variables that influence identity creation. These components of our life are always changing,
both in terms of how members of each group identify their groupings and in terms of how society
defines them. While people have no influence over our race or ethnicity, children can be taught
and reinforced in proper ways how to embrace them and in turn integrate them into their identity
formation.

One important factor to take into account when speaking about adolescent identity formation are
personal factors. Personal factors such as self-esteem, might play a bigger role in the process than
perceived. When we talk of self-esteem as adults, we think of a broad assessment of ourselves
based on our strengths and flaws across a variety of life domains. The same is true for children,
who assess their abilities in a variety of areas before combining these perceptions into an overall
self-esteem. A vital component to look at are ethno-cultural influences on self-esteem. Individual-
Istic societies like the United States, Canada, and Australia report higher global self-esteem in
children and adolescents than collectivist countries like China, Japan, and Korea (Harter, 1999). The
disparities appear to reflect collectivist and individualistic societies' unequal emphasis on individ-
ual accomplishments and self-promotion. People in Western cultures regularly compete for per-
sonal goals and take pride in their accomplishments. In contrast, people in collectivist cultures are
more connected than independent. They value humility and self-abnegation, and get self-worth
from contributing to the success of the organizations to which they belong (for example, families,
communities, classes, or even the greater society). In fact, admitting flaws and areas for improve-
ment—admissions that may reduce one's self-worth on traditional self-esteem measures—can
make children from collectivist societies feel good about themselves because these behaviors are
likely to be seen by others as evidence of appropriate humility and increased commitment to the
group's welfare (Heine et al., 1999).

This leads to the connection between the aforementioned with self-concepts and identities. What
Is deemed good in terms of self-concept varies greatly amongst cultures. Individualistic societies,
such as the United States, Canada, Australia, and the industrialized countries of Europe, then
again, respect competition and individual initiative, and tend to stress differences between
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Many Asian cultures, on the other hand, can be classified as collectivist or communal societies:
People are more cooperative and interdependent than competitive and self-sufficient, and their
identities are tightly linked to the organizations to which they belong. Indeed, replies to a "Who Am
I" questionnaire by older American and Japanese teenagers demonstrate cross-cultural disparities
in the type or substance of people's self-concepts. They were asked to rate themselves on both
personal/individualistic characteristics (such as "l am honest" or "I am smart") and social/relation-
al characteristics (such as "l am a student" or "I am a good son"). With a check mark, the partici-
pants were asked to pick the five responses that they considered were the most self-descriptive
and vital to their self-concepts. The study's findings were unmistakable. The bulk of core self-de-
scriptors for American students (59%) were personal/individualistic qualities, whereas these same
attributes made up only 19% of core self-descriptors for Japanese students, as indicated in the
following figure. Japanese students, on the other hand, were significantly more likely than Ameri-
can students to rank social/relational traits as particularly important aspects of their self-con-
cepts. Clearly, one's culture's traditional values and beliefs have a significant impact on the kind of
self-concepts that arise. Individualistic versus collectivist cultures and value systems are major
distinctions that have ramifications for parts of self such as how people view and judge achieve-
ment, behavior, violence, altruism, and moral growth, to mention a few, which are indicators of
progressive identity formation (Adapted from Cousins, 1989).

Based on this literature review, | propose multiple hypotheses concerning identity formation in
adolescence and will subsequently conduct a survey to test them. Firstly, | hypothesize that
authoritative parenting is positively correlated with high identity and self-esteem scores, and
secondly, that authoritarian parenting is negatively or to a lower extent correlated with low identi-
ty and self-esteem scores. Another hypothesis is that high identity and self-esteem scores will
correlate as well.

First step in setting up the survey was choosing appropriate questions. The questions | used in the
survey almost entirely touched upon the issues discussed in the literature review. | used the
Rosenberg self-esteem scale and The Dimensions of Identity Development Scale (DIDS) for ques-
tions associated with their respective topics. On top of that, in order to include referral to parent-
ing styles, | used the operational definitions as questions. Each question had a scale from 1-5, 5
being “Strongly Agree” and 1 being “Strongly Disagree”. First 10 questions were hand-selected from
the DIDS, three questions were about parenting styles, and the last five were self-esteem ones.
Next step in the process was finding participants. Overall the participants consisted of Sophomore,
Junior, and Senior students of European School in Thilisi, Guivy Zaldastanishvili American Academy,
and a couple of other private and public schools on a smaller scale. The results were collected and
analyzed after it had reached a handful of participants. The number of responses was 70 and it
was conveniently answered by representatives of all targeted age-groups.

The results showed that the standard deviation for the identity scale was 5126 and the mean was
31,571. The standard deviation for self-esteem was 3,828 and the mean was 12,571. Correlation
coefficient between; identity and self-esteem was 0,456, authoritative parenting style and identity
0,69, authoritarian parenting style and identity 0,256, authoritative parenting style and self-esteem
0,00, authoritarian parenting style and self-esteem 0,462.

The analysis of these results in context of the proposed hypotheses yielded quite interesting
results. As already stated in both the literature review and the hypothesis, self-esteem is involved
in the development of a solid and positive identity. The data supports this hypothesis, as the
correlation between the two is the highest and the most reliable out of all of them. One question
that remains is which causes which: is self-esteem the resultant of identity or vice-versa?
Regardless, unmistakably they correlate with one another and it can be inferred that there might
be a definite relationship between these two variables. Although random assignment and larger
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population samples were not used (due to the limited resources) and the fact that correlation
does not imply causation, we can conclude that this positive correlation is hinting at a more stable
and unambiguous relationship between self-esteem and identity formation. The next investigation
showed that identity had a higher correlation with authoritarian parenting style than with authori-
tative, which contradicts and disproves both the hypothesis and the information in the literature
review. The belief and provided information that since authoritarian parents set too many bound-
aries for their children, they struggle with their own independent decision-making and identity
exploration, led to the formation of this hypothesis. But it seems like that might not be the case. A
separate and a deeper analysis and a replication of this conclusion would yield more conclusive
results. Interestingly enough, as well as in the case with identity, self-esteem had a higher correla-
tion coefficient with authoritarian rather than authoritative parenting style. This also disproves the
hypothesis. Then again, this result too, needs a more thorough investigation to prove itself firm
and concrete.

All in all, it has to be noted that the majority of the survey was completed by students of private
schools. Due to the privilege that these students have, they might have had much more opportuni-
ties to explore many aspects of their lives with less limitations to them and that might have con-
tributed to the quite scattered resulting correlations with parenting styles. It must be noted that
this survey was heavily influenced by the higher concentrations of advantageous participants. As
stated above for instance, features of family such as income, help positive identity building. Volun-
tary participation in community services and charity events, which is a mark of moral identity
formation, was found to be aided by socially and financially wealthy and well-off household envi-
ronments. This and many other factors such as supportive peers and community could have been
confounding variables in this study.

The limitations of the overall study were the demographics, the fact that a larger, more representa-
tive sample of the population was not available. If | were to conduct this study again, | would use
more questions regarding parenting styles as well as open-ended questions. Apart from that, |
would include people from both public and private schools equally, and try to eradicate pre exist-
ing differences as much as possible or carry out separate surveys for public and private school
students, and then compare the correlations of the two, which would be an interesting research
topic for future studies. One more thing | would include if possible, is a bigger range of age groups
such as 13-15 year-olds, because as suggested, identity formation is nearing stability by the age of
18 which might have influenced the results of the study.
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Fashion as a way of self-expression: Comparative Analysis
of Ruth Bader Ginsburg and Madeleine Albright

Gagua Lile, American High School, Grade 10B

Fashion has always been one of the best ways to nonverbally express yourself. Through fashion,
you can show your age, ethnicity, preferences, or your mood. Lately, fashion has also been used as
a tool in politics. This is best shown through the examples of Ruth Bader Ginsburg and Madeleine
Albright. Both women were a part of heavily male-dominated industries and they used their acces-
sories and clothes to strongly express their opinions. This is quite motivational for young women
like me who might want to enter a male-dominated scene later.

Ruth Bader Ginsburg was the justice of the U.S. Supreme Court and the first Jewish woman to
achieve that title. | have always looked up to the woman and one thing that caught my attention
was the collars that she wore, she was never seen without them. So, | came across an interview of
hers with “The New York Times” where she was asked why she started wearing these collars. She
answered: “You know, the standard robe is made for a man because it has a place for the shirt to
show, and the tie,” so her and her female colleagues:” thought it would be appropriate if we
included as part of our robe something typical of a woman.” The idea was to take the traditional
robe and unapologetically feminize it through lace, since lace is usually associated with femininity.
This sent out a great feminist message that you should be proud to be a woman who has achieved
so much despite the obstacles in your way and it's not something you should hide. Apart from this
Ginsburg also used her lace collars to express her opinions on certain matters. In fact she had a
full collection of collars and each of them was used to express a different opinion.

First is the “Majority Opinion” collar. She wore this whenever she was announcing her opinion on
the court and was hoping the court to agree with her. Second is the “Dissenting Opinion” collar. In
her own words: "This is my dissenting collar... It looks fitting for dissents." This last one is her favor-
ite and most commonly worn white jabot from South Africa.

Madeleine Albright was the U.S. Secretary of State, and the first woman to hold that post. Even if
you haven't heard of her you have most likely heard of her pin politics. Similarly to Ginsburg, she
used her pins as a diplomatic tool. When asked why she started wearing such pins she answered,
that it simply started out as a hobby. She enjoyed buying different pins and matching them to her
mood: "On good days, | wore flowers and butterflies and balloons, and on bad days, all kinds of
bugs and carnivorous animals. | saw it as an additional way of expressing what | was saying, a
visual way to deliver a message." It wasn't until later that she started using pins for her politics.
The first time she used a pin like this, she was having a meeting with the Iraq officials. Because of
her criticism, the Irag media compared her to an “unparalleled serpent”, so the next time she met
them she wore a snake pin.

Another time, after meeting with the Russian officials, she found out that they had planted a
listening device, a bug, in the meeting room, so the next time she met them she wore a bug pin,
warning them to never do the same again. However, her personal favorite pin doesn't hold much
political meaning. It's simply the one her daughter made her when she was five, and she wore it
every year on Valentine’s Day.
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In conclusion, both Lady Ginsburg and Madeleine Albright are quite similar, the only difference
being the reason they started wearing such accessories. While Ginsburg had a clear motive in
mind, for Albright it started out as a hobby. But apart from that, they are both, strong, successful
women who have used their fashion to strongly voice out their opinions and thoughts. They have
taught us that you should never be intimidated by being the only woman in the room, and instead
be proud of the fact. They have once again shown us the power of fashion, and the many different
ways it can be utilized.
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Solving algebraic equations
Zurab Gedekhauri, IB DP 12

Introduction (why | am interested)

It is commonly known that natural sciences, engineering disciplines and economics heavily rely on
mathematics. Time by time we also hear about the applications of mathematics in the humanities, though the
majority of us have rather a vague notion about specific examples of the use of mathematics in subjects such
as literature and art, philosophy, history, law, ancient and modern languages.

| am interested in international relations; therefore, | study European and Oriental languages with enthusiasm
and pleasure. This year we studied Markov chains and | saw possible applications of transition matrices in
linguistics. Particularly in phonetics Markov chains can describe the changes in the pronunciation of certain
vowels over time and thus help to analyze the emergence of dialects. In semantics, the transition matrix may
appropriately model the changes observed in lexis and consequently help to trace the appearance of
professional terms and slang words over time.

By using matrices in linguistics, we encounter a typical math problem: to describe how a sequence of
random events evolves over time we need to find the eigenvalues of the transition matrix in order to perform
the diagonalization of the matrix. So long as we deal with 2x2 matrices the characteristic equation needed to
find the eigenvalues is quadratic and its solution is straightforward. Mathematical problems arise when the
matrix dimension is 3x3 or larger, because the characteristic equation becomes cubic or of a higher degree.

As | already mentioned, linguistics is my passion and since it turned out that linguistics through
matrices and eigenvalues is related to algebraic equations, | decided to devote my math exploration to the
study of the analytical and numerical methods for finding the roots of algebraic equations of arbitrary degree.

Preliminary notes about the algebraic equations

The general form of an algebraic equation is

ApX™ + ap_x" 1+ -+ ax +ay, =0,

where n is a positive integer and the coefficients a,, a4, . . ., a, are real numbers. The highest power of the
variable x determines the degree of a polynomial. In the 19t century it was proved that the algebraic equation
of n™ degree may have at most n real roots, though some of the roots may be repeated. When the degree n
is odd the algebraic equation necessarily has at least one real root. A cubic equation (n = 3) may have

- three real distinct roots,

- three real roots of which two or all three are equal,

- one real root and two complex conjugated roots.

On the diagram below different cubic polynomials are graphed and the x-intercepts of the curves illustrate the
statement about the number of real roots of cubic equations.
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q(x) = 0.2x3- 0.6x2- 0.2x -2.4

px)=-x3-3x2+ 4
2(x) = 0.1x3+2. Ix2+14.7x+34.3

fx) = 0.04x3- 0.2x2- 0.8x +2.24

As we see from the above chart the graph f(x) = 0.04x3 — 0.2x? — 0.8x + 2.24 crosses the x-axis in

three points, consequently the function has three zeroes x; = —4, x, = 2 and x3 = 7. The graph of the
function p(x) = —x3 + 3x? + 4 crosses x-axis and also touches the x-axis. Consequently, the equation —x3 +
3x2+4 =0 has one single root x; = 1 and one repeated root x, = x3 = —2. The graphs of functions

g(x) = 0.1x3 + 2.1x% + 14.7x + 34.3 and q(x) = 0.2x3 — 0.6x% — 0.2x — 2.4 cross the x-axis only once,
but the equation 0.1x3 + 2.1x% + 14.7x + 34.3 = 0 has triple root x; = x, = x3 = —7, while the equation
0.2x3 — 0.6x%2 — 0.2x — 2.4 = 0 has one real root x = 4 and two complex conjugated roots.

Now let us consider what methods are used for solving cubic and higher degree algebraic equations.

Analytical solution of the reduced cubic equation
First, let us consider an incomplete cubic equation in which the quadratic term is omitted
z3+pz+q=0.
Substituting z = u — % we get

3
p D —
(u-3) +p(u-3)+a=0,
which after expanding and combining like terms yields

2
u3—3uzxﬂ+3ux(ﬂ) —
3u 3u

2 3

3 _ pt_ P _p =
u pli+3u 27u3+pu 3u+q 0,
3__P —
u 27u3+q 0.

Multiplying both sides by u3 is obtained
3
ub + qud — Z—7 =0,
which is a quadratic equation with respect to u® and its roots are

61



2 3 2 3
wp=-24+ L 4+2% and ui=-2- [L+1
2 4 27 2 4 27
For the roots of the initial incomplete cubic equation z3 + pz + ¢ = 0 we get

14 14
leul—a and ZZZHZ—E.
Although the expressions for z; and z, look different, they are the same numbers. To show this let us

first find the expression for the product of the roots u; - u,. We have

3 2 3 3 2 3 3 2 2 3 3 3
q q 14 q q 1% q q p p P
Up"Up = |—=+ ’—+—>< ——= |=+== (——) —(—+—)—— —==-=
1 2 2 4 27 2 4 27 \/ 2 4 27 27 3

Now we transform the expressions for z; and z,:
pPXuU; PXUsy pPXUy PXUq

=UY ——F=U +U Z,=Uu =u
3uq XUy 1 3><(—§) 1+ U, 2 2 3uyxuy 2 3><(—§)
So we get that z; = z, = u; + u, and the solution of an incomplete cubic equation z3 + pz + g = 0
can be written as

leul_ :u2+u1.

2 3 3 2 3
= |—04 @ P _a_ |2 P
2 4 27 2 4 27

2 3
A= q: + % is referred to as the discriminant and the above expression for the roots of the cubic equation is

known as the Cardano formula.

Solution of a general cubic equation
Now let us consider the general cubic equation
Ax®* +Bx*+Cx+D = 0.

e . B .
The substitution of variable x = z — 3 yields

A(z—%)3+B(z—3£A)2+C(Z-3£A)+D=O,

from which after expanding and combining like terms we get

3_9,2y 8B B2 B 2 _ B
A(z 3z ><3A+32>< )+B(Z 2ZX3A+

942 2743

BZ
942

)+&—9+D=Q
34

3_p,24 B8 _ B 2_28 | B® _C¢B . p_
Az Bz +3AZ 27A2+BZ 3AZ+9A2+CZ 3A+D—0,
B
Az3 + 3AC-B2 2 2B3—9ABC+27A%D —0.
34 27A2
Finally, after division of both sides of the equation by A is obtained

34 (3AC—BZ) 2B3—9ABC+27A’D _ 0

z 342 2743 -

. e B - . .
So, we verified that the substitution x = z ~ eliminates the quadratic term, hence any general cubic

equation can be reduced to its incomplete form:
z3+pz+q=0,
where the coefficients p and g stand for
3AC-B? 2B3-9ABC+27A%D
= > and q= S
34 274
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To find the roots of the equation z3 + pz + g = 0 we earlier derived the Cardano formula

3 2 3 3 2 3
R /q_+P_+ _a_ | P
2 4 27 2 4 27

that involves the extraction of a cubic root from two different numbers. Each of the three values of the first

3 2 3
cubic root u; = —%+ /%+§—7 must be matched with that value of the second cubic root u, =

3

2 3
—% — /qT + 12)—7 for which is valid the relation u; X u, = —g. To avoid the matching problem of different

cubic roots the Cardano formula should be written as

D 3
Z=U —— =

q q? | p? p
__+ _+__—
3u, 2 4 27 3 —
Jl_a /q_z’_
3 2t e 127

or its equivalent form

3 2 3
z=uy L= |1 L4 P
2 3y, 2 4 27 [, = p3'

3 [ Nate

Each of three values of root calculated by the Cardano formula gives the solution of the initial cubic equation

B
X=Z——.
3A

Solving a cubic equation using the Cardano formula
Now let us examine how using the derived formulae, we can find the roots of a cubic equation. Suppose
is given the equation
x3+9x%2 +9x — 137 =0,

soA=1,B=9,C=9andD =-137. Substitution x = z — 3% =Zz— 3%1 = z — 3 will convert the initial equation
into the reduced form z3 + pz + q = 0, where
3AC-B%? _ 3Xx1x9-92
342 3x12

and

2B3—9ABC+27A%D  2X93-9x1x9x9+27x12x(—137)
q= = = —110,

27A3 27%x13

so we get the reduced equation
z3—18z — 110 = 0.

i (' () = (2" (39 - 205 - s
and for the roots of the reduced cubic equation, we get

The discriminant is equal to

3 2 3
_ q /q 14 p _ 3/ -110 -18 _
zZ = 2+ 4’-1-27 = > + 53 T =
3 ¢ [ 3 37 [-——+53
3 =2+ [T+ 2
2\ 4 27
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=3/108

3 2
+3¢_ 3\/Z+ﬁ.

Now we must take into account that any real number has three distinct cube roots, of which only one is a real
number and two others are complex conjugated numbers. So, to proceed we need to find three values of z;, =

V4. For this purpose, we convert 4 into the polar form
z=4(coscos0 +isinsin0) and 34=34 (cos cos 2k
So, for the three distinct values of V4 we get

0+2mk

+ isinsin

) k=0,1,2.

k=0 3\/Z(coscosg+isinsing)=3\/1,

_ 3 2 | . . . 2w\ _ 3 1, V3.
k=1 \/Z(coscos?+lsmsm?)_\/1( 2+21)I
_ 3 am . .o .o4m\ _ 37 ( 1 V3.
k=2 \/Z(coscos?+lsmsm?)—\/1( . 21)

Consequently, the roots of the reduced cubic equation are
2
Zl == 33\'/1 + 3_\/2 )

3 1, V3, 2
z, = 3\/1(——+—l) +——,
? 2 2 R
1 3, 2
2= 3VE(—2-Li)+ 2
! SENARTEE)
To make analysis easier let us write the values of z;, z,, z3 with integer denominators

Zl=3w+3\/_><3v_ 3V4 + V2,
32(-13 337243 3~ 3

7 =3VE(~5+50) 4+ (2 ) %Eg }3= \Fz+f+ﬂ3f 2,
3 l V3.

Correspondingly for the roots of initial CUbIC equation we get

xl—Z1_3—3\/_+\/__3,

3/7.3 373
Xy =2, —3 = _3\/Z+2\/§+6+\/§(3\/Z \/E)L.’

2
33a+32+6 ﬁ(33\/1—3x/§)i
> .
We found that the equation x3 + 9x2 + 9x — 137 = 0 has one real root and two complex conjugated roots.

The exact value of the real root is

x =334+ V2 -3.

X3:Z3_3:_

General description of an iterative method

The derived analytical solution for cubic equations is rather complicated and inconvenient for
calculations. Therefore, along with analytical methods, various numerical methods of solution have been also
developed. These methods generate a sequence of increasingly accurate estimations of the root. A numerical
method providing successive approximations of the root is referred to as the iterative method.
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The key rule of the iterative method is as follows. Suppose we are finding the roots of the equation
f(x) = 0. First, by the terms’ rearrangement the original equation f(x) = 0 should be converted to the form
x = @(x).
Then the first approximation x; of the root is made and the value ¢ (x;) is computed. The obtained result is
accepted as the second approximation of the exact root x, = ¢(x;). Continuing the procedure, after the nt
approximation x,, is found and then the following estimation x,,, ; of the exact root is computed as
Xn+1 = @ (Xn).
After several iterations the difference between the 1,

successive estimations becomes less than the . required
accuracy |x,4q1 — x| < 8. Because x,.1 = @(x;,) and
Xp41 = X, We get that within the required accuracy the
equality x,, = @(x,,) becomes also valid. Therefore, . By N we
conclude that x,, is the approximate value of the root o g of the
equation x = @(x) and hence of the equation B : f(x)=0.

The diagram alongside illustrates the . i A: ;f‘-‘ iterative
method. The point A is point of intersection of the . line y=
x and the curve y = ¢@(x), thus x-coordinate of point . A
denoted as a represents the exact root of the / A ; equation
x = @(x). From the diagram we see that as the i ! sequence
of points A1, Az, As... tends towards point A the ;_'\._‘ > ,‘f, X sequence

X1, X, X3... approaches a.

Computing roots of cubic equation by successive iterations
Let us once again consider the cubic equation
x3—18x - 110 =0,
for which we have already found the exact value of the real root a = 33/4 + /2 via the Cardano formula. But
now to compute the root we will apply a numerical iterative method using Excel spreadsheet.
For the given equation we have f(x) = x3 — 18x — 110 and since
f(6)=63—18x6—137=-29<0
and
f(7)=72-18x7-137=80>0
there is at least one root of the equation belonging to the interval [6; 7].
To apply the iterative method, the equation f(x) = 0 should be rewritten as x = @(x). For the given
equation x3 — 18x — 110 = 0 we can write x> = 110 + 18x and finally

x = 3110 + 18x.

Starting with an initial guess x; = 6 for the second approximation we get

x, = V110 + 18 X 6 ~ 6.018461655.

The results of further computations are given in the table, which contains the first 12 iterations.

# of Xn Xpi1 = 3110 + 18x,, lxn — al

iteration, n

1 6 6.018461655 0.022124206
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3 6.01846165 6.021518197 0.003662551
3 6.0215182 6.022023943 0.000606009
4 6.02202394 6.022107618 0.000100262
5 6.02210762 6.022121461 1.65879E-05
6 6.02212146 6.022123752 2.74437E-06
7 6.02212375 6.022124131 4.54041E-07
8 6.02212413 6.022124193 7.51185E-08
9 6.02212419 6.022124204 1.24279E-08
10 6.0221242 6.022124205 2.05613E-09
11 6.02212421 6.022124206 3.40177E-10
12 6.02212421 6.022124206 5.62803E-11

As we see, from the table the accuracy of 3 decimal places is achieved after 4 iterations. To obtain the

approximation of the root accurate to 6 decimal places is needed 8 iterations
Xg ® X9 = 6.022124.

After 12 iterations the difference between estimated value and exact root is less than 5.63x10, It
should be noted that the number of iterations needed to achieve the required accuracy depends on how close
the first estimation is to the exact value. In the considered example, the first approximation x; = 6 was
already fairly close to the true root & = 31/4 4+ /2 = 6.0221242058..., so the high accuracy of the result was
achieved in a few steps.

After describing how the general iterative method works, we can now consider its particular cases: the
interval halving method and the Newton-Raphson method.

Description of Interval halving method

Suppose for the continuous function f(x) we have found the interval [a; b] such that f(a) and f(b)
have opposite signs. Let for definiteness we know that f(a) < 0 and f(b) > 0. The intermediate value
theorem then provides that the interval [a; b] must contain at least one root x = « of the equation f(x) = 0.

To localize the root the interval [a; b] is bisected with the midpoint
a+b

17 3
Then we study the values of the function f(x) in the endpoints of the intervals [a; x;] and [xy; b]. The half at
the ends of which the function takes values of different signs contains the desired root. Therefore, that half is
accepted as a new interval, while the other half is discarded.

The chosen interval then is divided with the midpoint x, into two halves and a new smaller interval is
selected repeating the same reasoning. The process of division is continued until the width of the obtained
interval [x,,_1; x,] becomes less than the allowable error §. On the diagram is shown how the interval halving
method provides that successive estimations of the root x,,approach the exact root x = «.
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To examine how well the interval halving method suits the Excel spreadsheets let us solve the equation

x3 — 18x — 110 = 0, for which we have already found the exact value of the real root a = 334 + V2. The
procedure for computation of the root in the interval [6, 7] is:

1)
2)
3)
4)
5)
6)
7)

8)
9)

Enter column headings into cells A1 — G1.

Enter into cell A2 the left endpoint of the interval 6

Enter into cell B2 the right endpoint of the interval 7

Enter into cell C2 the expression for the interval midpoint =(A2+B2)/2
Enter into cell D2 the expression for error =B2-A2

Enter into cell E2 the expression for function =A2"3-18*A2-110

Copy the formula from E2 into the cells F2 and G2. The row 2 now contains results of the first
estimation

Enter into cell A3 the sign determining condition
Enter into cell B3 the condition

=IF(E2*G2<0;A2;C2)
=IF(E2*G2<0;C2;B2)

10) Mark the cells C2:G2 and copy formulae into cells C3:G3. The row 3 now contains results of the

second estimation.

11) Mark the cells A3:G3 and copy formulae to adjacent cells of the rows below A4:G4, A5:G5 and so

on. Each new row will contain results of successive estimation.

12) In column C choose the root corresponding to required accuracy.

The table below is the fragment of the spreadsheet containing results of twenty iterations. The successive
estimations of the root are given in column C.

A B C D E F G
1 a b xn b-a f(a) f(b) f(x)
2 6 7 6.5 1 -2 107 47.625
3 6 6.5 6.25 0.5 -2 47.625 21.64063
4 6 6.25 6.125 0.25 -2 21.64063 9.533203
5 6 6.125 6.0625 0.125 -2 9.533203 3.695557
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6 6 6.0625 6.03125 0.0625 -2 3.695557 0.830109
7 6 6.03125 | 6.015625 0.03125 -2 0.830109 -0.58935
8 6.015625 | 6.03125 | 6.023438 | 0.015625 -0.58935 0.830109 0.119276
9 6.015625 | 6.023438 | 6.019531 | 0.007813 -0.58935 0.119276 -0.23531
10 | 6.019531 | 6.023438 | 6.021484 | 0.003906 -0.23531 | 0.119276 -0.05809
11 | 6.021484 | 6.023438 | 6.022461 | 0.001953 -0.05809 | 0.119276 0.030577
12 | 6.021484 | 6.022461 | 6.021973 | 0.000977 -0.05809 | 0.030577 -0.01376
13 | 6.021973 | 6.022461 | 6.022217 | 0.000488 -0.01376 | 0.030577 0.008407
14 | 6.021973 | 6.022217 | 6.022095 | 0.000244 -0.01376 | 0.008407 -0.00268
15 | 6.022095 | 6.022217 | 6.022156 | 0.000122 -0.00268 | 0.008407 0.002865
16 | 6.022095 | 6.022156 | 6.022125 6.1E-05 -0.00268 | 0.002865 9.43E-05
17 | 6.022095 | 6.022125 | 6.02211 3.05E-05 -0.00268 9.43E-05 -0.00129
18 6.02211 | 6.022125 | 6.022118 1.53E-05 -0.00129 9.43E-05 -0.0006
19 | 6.022118 | 6.022125 | 6.022121 7.63E-06 -0.0006 9.43E-05 -0.00025
20 | 6.022121 | 6.022125 | 6.022123 3.81E-06 -0.00025 9.43E-05 -7.9E-05
21 | 6.022123 | 6.022125 | 6.022124 1.91E-06 -7.9E-05 9.43E-05 7.69E-06

As we see the convergence is rather slow: to find the root accurate to five decimal places is needed 20
iterations.

Description of Newton-Raphson Method

Newton-Raphson method exploits the concepts of the tangent to the curve and the derivative function
to develop the technique of finding the roots of an equation. Suppose the interval [a; b] contains the root x =
a of the equation f(x) = 0, where the function f(x) is monotonous and has no points of inflection on the
interval [a; b]. In other words, the first and the second derivatives f'(x) and f"(x) are continuous and do not
change the sign on the interval [a; b].

The Newton-Raphson method is illustrated on the diagram below. The basics of method is that at k"
iteration the tangent to the curve y = f(x) is drown in the point (xy, f (xx)) and the point where the tangent
crosses the x-axis is found. For initial estimation x, is taken that end of the interval [a; b] for which

f(xo) X f"(x0) > 0.
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Now we need to derive the expression relating x;,1 with x.
The equation of the tangent drawn to the curve y = f(x) at point Ao (xg, f(x)) is
y = f(x0) = f'(x0)(x — x0) -
To find the x-intercept of tangent line we substitute in the above equation y = 0, x = x;. We get 0 —
f(xo) = f'(x0)(x1 — xp), from which is obtained

_ f(x0)
1= X0 T gy
Then we draw the tangent at the point A1(x;, f (x1)), and find x,:
xZ == x1 - w .
fr(x1)

Continuing in the same way, we get the sequence X, x4, X5,.., in which each following approximation

Xi41 IS obtained from the previous term x;, through the relationship:

f(xk)
xk+1 = xk - f,(xI;) *

lteration process is stopped when f(x;) becomes sufficiently small (for example, |f(x;)| < 1073) or the
difference between x; and xj, 1 becomes less than the required accuracy.

Computing roots of cubic equation by the Newton-Raphson method
Let us compute the root of equation x3 + 9x2 + 9x — 137 = 0 with accuracy § = 107° applying the
Newton-Raphson method. For this equation we earlier found the exact root a = 3%/4 + /2 — 3. The first and
second derivatives of the function f(x) = x3 + 9x% + 9x — 137 are
f'(x)=3x2+18x+9 and f"(x)=6x+18.
The Excel spreadsheet used for computations is shown below
] oA B | C | D E
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| | Finding the root of the equation x3 +9x2 + 9x — 137 = 0 in the interval [3; 4] using the
Newton-Raphson method
2 Accuracy= | 0.000001
3 X(k) Function f(xk) First derivative Second f(x)-f(x)
' (xk) derivative f”’(x)

4 =A473+9*A472+9*%A4- | =3*A412+18*A449 | =6*A4+18 =B4*D4
3137

5 =A523+9*A572+9*A5- | =3*A5/A2+18*A5+9 | =6*A5+18 =B5*D5
4 | 137

Start of iterations
6 =A5-B5/C5 | =A573+9*A5A2+9*A5- | =3*A5/2+18*A5+9 | =6*A5+18 =B5*D5
137
7 Row 6 is copied until B(n) < €. The root appears in the cell A(n)

The above procedure results

A B C | D E
| | Finding the root of the equation x3 4+ 9x% + 9x — 137 = 0 in the interval [3; 4] using the
Newton-Raphson method
2 Accuracy= | 0.000001
3 X(k) Function f(xk) First derivative | Second derivative | f(x)-f"’(x)
f'(xk) 7(x)
4 3 -2 90 36 -72
5 4 129 42 4494
X(k) Start of iterations
6 4 107 129 42 4494
7 3.170543 13.87732 96.22679 37.02326 513.7837
8 3.026328 0.382004 90.94988 36.15797 13.81247
9 3.022128 0.000319 90.79807 36.13277 0.011521
10 3.022124 2.23E-10 90.79794 36.13275 8.05E-09
11 3.022124 0 90.79794 36.13275 0

As we see from the above table after five iterations the root x = 3.022124 accurate to six decimal places
is obtained. The left-hand side of the equation x3 + 9x2 + 9x — 137 = 0 at x = 3.022124 differs from O less

than 2.3x10°12.

Comparing numerical methods of root-finding

It is clear that the practical value of numerical methods of root-finding is much broader than solving
cubic equations. Particularly, they can be used to solve algebraic equations of arbitrary high degree. The rate
of convergence showing the amount of computations needed to obtain the result is an important
characteristic of the numerical method. So it is interesting to compare which numerical method is faster. For
this purpose let us solve the 5t degree equation (x — 2.072888)(x* + x + 5) = 0 having the obvious root
a = 2.072888 by all three numerical methods. Below in the table are given estimations of the root obtained
by the first 25 iterations, where §,, = |x,, — @| shows the error of the n'" iteration.

Successive estimations of the root of the equation (x — 2.072888)(x* + x +5) = 0
obtained by different numerical methods
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Iteration Simple iterations Bisection Method Newton Method
# Xn Oon Xn On P on
1 2 0.072888 2.5 0.427112 3 0.927112
2 2.020529 0.052359 2.25 0.177112 2.565847 0.492959
3 2.035198 0.03769 2.125 0.052112 2.269592 0.196704
4 2.045717 0.027171 2.0625 0.010388 2.115669 0.042781
5 2.053282 0.019606 2.09375 0.020862 2.075358 0.00247
6 2.05873 0.014158 2.078125 0.005237 2.072897 8.72E-06
7 2.062659 0.010229 2.070313 0.002575 2.072888 1.09E-10
8 2.065495 0.007393 2.074219 0.001331 2.072888 0
9 2.067544 0.005344 2.072266 0.000622 2.072888 0
10 2.069024 0.003864 2.073242 0.000354 2.072888 0
11 2.070094 0.002794 2.072754 0.000134 2.072888 0
12 2.070867 0.002021 2.072998 0.00011 2.072888 0
13 2.071426 0.001462 2.072876 1.2E-05 2.072888 0
14 2.071831 0.001057 2.072937 4.9E-05 2.072888 0
15 2.072123 0.000765 2.072906 1.85E-05 2.072888 0
16 2.072335 0.000553 2.072891 3.24E-06 2.072888 0
17 2.072488 0.0004 2.072884 4.39E-06 2.072888 0
18 2.072599 0.000289 2.072887 5.79E-07 2.072888 0
19 2.072679 0.000209 2.072889 1.33E-06 2.072888 0
20 2.072737 0.000151 2.072888 3.74E-07 2.072888 0
21 2.072778 0.00011 2.072888 1.03E-07 2.072888 0
22 2.072809 7.92E-05 2.072888 1.36E-07 2.072888 0
23 2.072831 5.73E-05 2.072888 1.67E-08 2.072888 0
24 2.072847 4.15E-05 2.072888 4.29E-08 2.072888 0
25 2.072858 3E-05 2.072888 1.31E-08 2.072888 0

As we see from the table, it took 20 iterations for the bisection method to obtain the root accurate to six
decimal places, while the Newton-Rapson method achieved the same result in 7 iterations. The simple

iteration method even after 25 iterations produced the estimation accurate only to four decimal places.

Reflections on the analytical solution

In my study | mainly dealt with cubic equations. In my opinion, the analytical solution of a cubic
equation should be considered as a remarkable achievement of medieval mathematics which does not lose
its importance till today. First, it greatly contributed to the development of algebra and | appreciate the
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inventive power of mathematicians who obtained the closed-form solution. Further | discovered that rather
unexpected numerical identities can be produced from the Cardano formula.
Let us consider the cubic equation
x3+9x —10 =0,
which has one real root x = 1 (the graph of the function f(x) = x3 + 9x — 10 is shown alongside). On the
other hand, for the equation

x3+px+qg=0 200
using the Cardano formula o Y
x = j—2+¢z+3 4G,
2 2 100
A=£+p_3 v=x"3+9x-10
4 27 50
we have
_ 2 3 X
A= 12 _ 5
4 27 5
and

x=i/5+\/5_2+i/5—\/5_2.

So, we get that

V5 ++/52 4+ V5 —v52 = 1.
Similarly, the equation x3 + 3x — 4 = 0 which has the
root x = 1 produces the identity

V2+v5+3V2-v5=1.

Even more unexpected coincidence was revealed when | tried to verify the above identity. Calculating
the cubic root | get 3\/ 2 ++/5 ~ 1.61803..., in which the golden ratio Q= V541

recognized. Similarly, 3\/ 2 —+/5~—-0.61803..= — i. These relationships seem engaging to me and | will try

to explain them in my future studies.

obvious

-200

=~ 1.61803... is immediately

Reflections on numerical methods
Numerical analysis is an inevitable part of the root-finding process. Even when we deal with quadratic
equations and therefore the solution is straightforward, we need to extract the root from the discriminant
which in the real-world problems is not necessarily a perfect square. The calculation problems even more arise
in cubic equations in which, according to the Cardano formula, we need to extract both square and cubic roots.
Thus some numerical methods are still used even when closed-form solutions are known.
To calculate VA, where A is a positive number and n is some natural number n 2 2, is the same as to
solve the equation
x"—A=0.
Let us apply the Newton-Raphson method. We have
f(x)=x"—A and f'(x) =nx"1
So, the successive iterations are related through the expression
Xg+1 = X — %
nxk
which in case of quadratic root (n = 2) and cubic root (n = 3) yields
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= x,, — A for VA
Xk+1 = Xk 27 or

3
_ xj—A 3
Xp41 = X — 32 for VA.

To illustrate how the method works let us apply the above formulae to find the values of v4271 and
V4271 with accuracy 0.00001 (the first five decimals in consecutive approximations remain the same). As the

initial approximation x; we can take 60 for V4271 and 20 for V4271. Further calculations are given in the
table

V4271 V4271
X1 60 20
X2 65.591667 16.8925
X3 65.353323 16.250747
X4 65.352888 16.224736
Xs 65.352888 16.224694
X6 65.352888 16.224694
X7 65.352888 16.224694

As we see from the above table, four iterations is sufficient to provide the result for V4271 accurate to five
decimal places, while for V4271 it takes one more iteration. | think that the number of iterations needed to
achieve the required accuracy depends on how close the initial guess is to the exact value.

In given research | considered three numerical methods of root-finding. The method of simple
iterations turned out to converge slowly but gives a good idea of the process of successive approximations.
The bisection method provides a rather slow approach to the root because the interval length is only halved
in each iteration. The main advantage of the bisection method is that it always converges - it does not require
any additional investigation, given that the function has opposite signs on the ends of the interval. In my
opinion due to its reliability the interval halving method provides an appropriate computational algorithm
when the accuracy 0.001 is sufficient. If higher accuracy is required, the Newton-Raphson method is
preferable. Among considered methods the Newton-Raphson method has the highest rate of convergence
but is applicable only for monotonous functions, not containing points of inflexion. Summarizing, we can
readily conclude that the Newton-Raphson method is a powerful iterative technique of finding the roots of an
algebraic equation of arbitrary high degree.

Use of technology

On all stages of exploration to verify the obtained results | used a graphing display calculator TI-84. |
am surprised that sometimes the calculator gives accurate results without rounding errors.

73



It
turned
out to be
difficult to
transfer
graphs
and tables
from GDC
A : =i into word
document. So, to perform computations and compile tables, charts and graphs | used Microsoft Excel
Spreadsheets. To graph the functions, | also used Geogebra. Exploiting Excel and Geogebra | acquired valuable
practice and developed skills for my future studies and engagements.
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Numerical Methods for finding roots of Transcendental Equations
Ana-Maria lakobidze, IB DP 12

The rationale of study

Apart from mathematics, | am also interested in computer sciences and economics. Therefore, | am mainly
concerned with problems related to the applications of mathematics in both economics and computer
science. Numerical analysis is an area where mathematics and computer science overlap, but it is of
particular importance for economics as well. For example, when we treat a typical economic problem, such
as profit maximization we need to find the stationary points of the profit function and thus to solve the
equation. However, the realistic, not oversimplified models of profit function in addition to powers of the
variable may contain also exponential or logarithmic terms. This results in a transcendental equation for
which no closed-form solutions exist. To approximate the roots of transcendental equations several
numerical methods are developed and obviously, it is interesting to know which numerical method provides
the solution with less amount of computation. So, in solving transcendental equations computer science is
also involved.

In my opinion, the root-finding problem is of primary importance for applications of mathematics in
economics. Therefore, for my math exploration, | decided to study what numerical methods are developed
and what number of computations are needed to solve a transcendental equation.

To illustrate how the numerical methods work first | will deduce an algorithm for extracting the roots. Then
| will analyze the numerical methods developed for the solution of equations. Finally, | intend to use Excel
spreadsheets and solve the same transcendental equation applying different numerical methods. The
spreadsheets will allow me to compare the number of computations needed to achieve the required
accuracy by the different numerical methods.

Calculating k-th roots of b using method of successive approximations

Let’s consider the equation
xk—b =0,
where b is a positive number and k is some natural number, k > 2. To find the roots of the equation we need
to calculate V/b. Suppose by rough estimation we found the first approximation x; for the required \/b. Let
&, denotes the error of the first approximation:

x; — Vb = ¢.
So, we have

x, +¢& =3b,
and

(x, + &)F = b.
Applying the binomial expansion, we get

k(k—1)

_ _ k(k—1)(k—2) j—
XK+ kxk1le + Tx{‘ 22 4 KECDED) p k-3 .3

- S+ t+ef=b.
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We can assume that the estimation x; is rather close to \/b. so, the error &, is small and thus the powers €2,
e, .., ef can be neglected. Therefore, we can write the approximate equality

x¥ + kxk"le; =~ b.
Solving for £; we get

R

1 kx’f'l .

For the second approximation of the required /b is taken the value
b—xk  b+(k-1)xk

X =X ¥ kxk=T 7 gxk-t
Likewise, using the second approximation x, we find the third approximation
_ b+(k-1)x%
3 = kxé"_l

Continuing the pattern, we derive the formula relating the n-th approximation x,, and the following

approximation:
b+(k—1)xk
kxk-1

This is the general expression allowing for the chosen initial approximation x; to find the sequence x,, x3,

Xn41 =

X4, -, Xn, ... Which approaches the exact value of \b.n practice the sequence is proceeded until the values
X, and x, 1 will not differ more than the required accuracy.
Adopting the general formula to square, cube and quartic roots, i.e. for k = 2, 3, 4 we get respectively

b+x%
Xn+1 = - \/El

2Xn
b+2x3 3
Xn+1 = 3x2 - b ’
n
b+3xj; 4
Xpnt1 =5 — Vb.
n

Let’s apply the above formulae to find the values of v/29.857, ¥/29.857 and 1/29.857 with accuracy
0.00001 (the first five decimals in consecutive approximations remain the same). As the initial approximation

x, we can take 5 for v29.857, 3 for ¥29.857 and 2 for ¥/29.857. Further calculations are given in the Table
1 below:

Table 1. Computation of roots V29.857, 329.857, 1/29.857

V29.857 29.857 V29.857
X1 5 3 2
X2 5.4857 3.105815 2.433031
X3 5.464198 3.102292 2.343028
X4 5.464156 3.102288 2.337573
Xs 5.464156 3.102288 2.337553
X6 5.464156 3.102288 2.337553
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As we see from the above table, three iterations were sufficient to obtain values of roots v29.857 and
V29.857 accurate to five decimal places, while to achieve the same accuracy for ¥/29.857 it took one
iteration more. Generally, the amount of calculations increases with the degree of the root extracted.
Number of iterations depends on the required accuracy and how close the initial estimation is to the exact
value.

Bisection method

Suppose is given the equation f(x) = 0, where f(x) is a function continuous on the interval [a; b].
Further let us assume that f(a) X f(b) < 0. This means that f(a) and f(b) takes opposite signs on the
interval endpoints and in such case the interval [a; b] necessarily contains at least one root of the equation

f(x) = 0. As the initial approximation, x,, the midpoint of the interval [a; b] is accepted:
a+b
xO = -

2

If by accident occurs that f(x,) = 0 then x; is the root we are looking for. If f (x,) # 0 then from the halves

[a; xo] and [x,; b] is left that interval on the ends of which the function f(x) has the opposite signs. So, the

interval [a; x,] is retained if f(a) X f(xy) < 0, otherwise is chosen the interval [x(; b]. The true root & of
the equation f(x) = 0, therefore, belongs to the retained interval.

To proceed iterations the retained interval then is once again bisected, the new midpoint x; is found

and new smaller interval is selected according to the same reasoning. The process of bisecting is continued

until the width of the interval [x,; x,,1] becomes less than the prescribed accuracy |x,41 — x| < €. The

final approximation of root is then calculated as:
— Xnt+Xn41
2
Obviously, the smaller is the required € the more accurate approximation is obtained, however to approach
it more iterations have to be carried out. The diagram below illustrates how interval halving method provides

that the approximations x,, approach the true root ¢.
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Figure 1.Approaching the root of the equation f(x)=0 by the interval halving method

Method of chords

Let’s once again address the equation f(x) = 0, where f(x) is a continuous and monotonous
function on the interval [a; b]. It also is given that f(a) - f(b) < 0 and for definiteness let us assume that
f(b) > 0. To find the first approximation of the root x; we divide the interval [a; b] into two parts, but
unlike the bisection method, the point of division T(x4, 0) is obtained by the chord joining the graph points
P(a; f(a)) and Q(b; f (b)) as it is shown on the chart below.

25

o5 - y
a T, #
e 05 o0 05 i 5 % x
18 P, fra))

Figure 2. Division of the interval [a; b] by the chord
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From the similarity of the triangles APaT and AQbT follows the proportion

aT aP

bT — bQ
Expressing in the above equation the segments through the x-coordinate of the point of division and the
coordinates of the endpoints we get

xi—a _ _ fla)

b-x;  fO)
from which for x; we find

f(a)
%= A P
The calculated value of x; is considered as a new endpoint of the interval which contains the true

root of the equation f(x) = 0. So, the new chord joining the endpoints on the graph can be drawn and thus
the second approximation of the root x, can be calculated. For the relationship between the two consecutive

approximations we get

VD £ GV R SV
X = X ey O T M1

On the chart below is shown how the method of chords approaches the exact root x = & of the
equation f(x) = 0. The iterative process is continued until the required accuracy is reached.

Ty
. Q (b.1v)),
Fa
251
2_
154
14
0.5 4
b
e 95 0 05 1 15 T X
0.5
P, fla))
The . ) ) . ded by th 1od of chord method
of chords igure 3.Successive approximations of the true root provided by the method of chords displays

a more rapid approach to the exact root than the bisection method.



Newton-Raphson Method

Suppose the interval [a; b] contains the root x = ¢ of the equation f(x) = 0. Let us assume about
the function f(x) that the first and the second derivatives f'(x) and f"'(x) both are continuous and do not
change the sign on the interval [a; b]. This means that on the interval [a; b] the function f(x) is monotonous,
its graph has no turning points and on the whole interval [a; b] is strictly convex or strictly concave.

The process of attaining the true root begins with the first estimation x;, which is found simply by
guessing. At the point (x4, f(x;)) we draw the tangent to the graph y = f(x) and find where it crosses the
x-axis. This new value, x,, is the second estimation of the root and the pattern is repeated. The chart below
describes the geometrical essence of the Newton-Raphson method.

y

Figure 4. Approaching the true root of the equation f(x) = 0 by Newton-Rapson method

To start with we need to express x, via x;. The gradient of the tangent is equal to f'(x;) and the

tangent passes through the point P (x4, f (x1)). So, the equation of tangent line is
y—flx) =) —xq) .

To find x, we in the above equation substitute y = 0, x = x,. This results in the equation 0 —
f(x1) = f'(x1) (x5 — x1), from which we get
pLCH)

frixg)

Similarly, we draw the tangent line to the curve at the point Q(x,, f(x2)). So for the third

approximation we can write:

x2:x1

_ J(x2)
2 frxg)”
We can continue this process and produce the sequence of approximations x4, x,, X3,.. Every next
approximation x,,, is obtained from the previous value x,, through the relationship:

X3:x
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f(xn)
xn+1 = xn - f’(xn) .

the value of x,, for which f(x,) becomes sufficiently small (for example, f(x,) < 0.001) or the values of x,,
and x, .1 do not differ more than the required accuracy, the iteration process is stopped and x,, is considered
as the approximate value of the root of the equation f(x) = 0.

Computation of roots of transcendental equation using the Microsoft Excel

spreadsheet

Suppose is given the transcendental equation
In(x*+5)+x3—16x—7=0,

for which is evident that no closed-form solution exists. Our goal is to approximate its root using Microsoft
Excel spreadsheet.

First of all, we need to find the intervals containing the possible roots. For this purpose, we tabularize
the function f(x) = In(x* + 5) + x3 — 16x — 7 on the interval [-5; 5]. Dividing the interval [-5; 5] into 10
adjacent subintervals we get for the step width

5-(=5)

h=b2_ =1.
n 10

Let the column A contains the values of variable x ranging from -5 to 5. In the cell A3 we input -5,
which is the left end of the interval [-5; 5]. In the cell A4 we enter =A3+1. To compute the values of the
function f(x) = In(x* + 5) + x3 — 16x — 7 in the cell B3 we input =LN(B3/4+5)+B3/3-16*B3-7. Finally,
using the fill marker, the contents of the cells A4 and B4 are copied until the right end of the interval x = 5.
Below is shown the corresponding fragment of the spreadsheet

A B C D
X f(x)
Isolation of roots for the equation In(x* + 5) + x3 — 16x — 7 = 0 on
1 | theinterval [-5; 5]

2 X f(x)
3 |5 =LN(B3/4+5)+B3"3-16*B3-7
4 | =A3+1 The cell B3 is copied

Using the fill marker the cells A4 and B4 are copied till the right end of
> | the interval (x=5) is reached

The table below contains the results of computations

A B

X f(x)

-5 -45.5543
-4 -1.43548
-3 18.45435
-2 20.04452
-1 9.791759
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-5.39056
-20.2082
-27.9555
-23.5457
-1.43548
44.44572

Ul WIN|RL|O

From the above table we find that there are three pairs of neighboring cells, namely [-4; -3], [-1; 0] and [4; 5]
where the function changes the sign and therefore each of these intervals contains zeros of the function
f(x) =In(x* +5) + x3 — 16x — 7. The graph below illustrates the x-intercepts of the function f(x) =
In(x* + 5) + x3 — 16x — 7 and corresponding intervals containing the roots are easily identified.

-10

-20

-30
-40

-50

Figure 5. By graphing the function f (x) = In(x* + 5) + x3 — 16x — 7 three x-intercepts in the
intervals [-4;-3], [-1,0] and [4,5] are revealed

Computation of roots by interval halving method
Using the Microsoft Excel spreadsheet let us find the root of the equation
In(x*+5)+x3—-16x—7=0
belonging to the interval [-1; 0] applying the bisection method. In the columns A, B and C are carried out the

following operations:
- in the column A the coordinates of the interval midpoints, x,, are computed,
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- in the column B the values of the function f(x) = In(x* + 5) + x3 — 16x — 7 at the interval
midpoints, f(x,), are computed.
- inthe column C is identified the endpoint which satisfies the condition f(4;) X f(C;) <0,
- inthe column D is checked the condition of terminating the iterations: if the width of the interval
exceeds the required accuracy, then the iteration is continued, otherwise into the cell D(n) is
written 0.
Below is given the fragment of spreadsheet performing the above described procedure. The approximate
values of the required root are obtained in the cells An and C,.

A | B | C | D
1 | Approximation of root of the equation In(x* +5) + x3 — 16x — 7 = 0 in the interval [-1; 0]
with accuracy 0.01 using interval halving method
2 Accuracy = | 0.01
Calculation of | Function evaluation | Selection of the left | Checking the termination
3 | the interval half or right half condition for iterations
midpoint
! =LN(A474+5)+A473- | 0
16*A4-7
s =(A4+C4)/2 = LN(A574+5)+A573- | =|F(B4*B5<0,A4,C4) | =IF(ABS(A5-C5)<$B2,0,ABS(A5-C5))
16*A5-7
6 Row 5 is copied until it appears “0” in the cell D(n)
n | Root value Root value 0

It is interesting to know how the number of iterations, N, is affected by the required accuracy, A. To
find out how N depends on A, the root is approximated first with lower accuracy A = 0.01 and then with
higher accuracy A = 0.001. The output of computation for A = 0.01 is given in the table below

A | B | C | D

1 Finding the root of the equation In(x* + 5) + x3 — 16x — 7 = 0 in the interval [-1; O]

with accuracy 0.01 using the Bisection Method
2 Accuracy = | 0.01
3 Calculation of the | Function Selection of the left | Checking the termination

interval midpoint | evaluation or right half condition for iterations
4 -1 9.791759 0
5 -0.5 2.49686 0 0.5
6 -0.25 -1.40541 -0.5 0.25
7 -0.375 0.560651 -0.25 0.125
8 -0.3125 -0.41917 -0.375 0.0625
9 -0.34375 0.071608 -0.3125 0.03125
10 -0.32813 -0.17357 -0.34375 0.015625
11 -0.33594 -0.05093 -0.34375 0

From the last row of the table, we find that the approximate value of the root computed with the
accuracy A =0.01 is equal to

83



_ —0.33594+(-0.34375) _ -0.340

2

and it took 8 iterations (rows from 4 till 11) to achieve the required accuracy.

Described above procedure is repeated for a higher accuracy A = 0.001. In this case, Excel outputs the

table
A B | C | D
L | Approximation of root of the equation In(x* + 5) + x3 — 16x — 7 = 0 in the interval [-1;
0] with accuracy 0.001 using interval halving method
2 Accuracy = | 0.001
3 Calculation of the | Function Selection of the left | Checking the termination
interval midpoint | evaluation half or right half condition for iterations
4 -1 9.791759 0
5 -0.5 2.49686 0 0.5
6 -0.25 -1.40541 -0.5 0.25
7 -0.375 0.560651 -0.25 0.125
8 -0.3125 -0.41917 -0.375 0.0625
9 -0.34375 0.071608 -0.3125 0.03125
10 -0.32813 -0.17357 -0.34375 0.015625
11 -0.33594 -0.05093 -0.34375 0.007813
12 -0.33984 0.010352 -0.33594 0.003906
13 -0.33789 -0.02029 -0.33984 0.001953
14 -0.33887 -0.00497 -0.33984 0
—0.33887+(-0.33984) _ -0.33936.

2

Now the
value of
the root
accurate
to 0.001

is
obtained
after 11
iterations
and is
equal to

X =

So, to obtain the root with higher accuracy by reducing the width of interval from A =0.01to A =
0.001 the number of iterations must be increased from N =7 to N = 11.
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Computation of roots using Newton-Raphson method

Finally, to approximate the root of the equation In(x* +5) + x3 — 16x —7 = 0 located in the
interval [-1; 0] is applied Newton-Raphson method. The first and the second derivatives of the function
f(x) =In(x*+5)+x3—16x — 7 are

f'(x) = ;%i;_'_ 3x2—-16 and f'"(x) =

Below is given the Excel spreadsheet used for computation

4x2(15-x%)

415)? + 6x.

A

| B

C

D

Approximation of the root of the equation In(x* +5) +x3 —16x—7=0

1 in the interval [-1; 0] with accuracy A = 0.001 using the Newton-Raphson method
2 | Accuracy= | 0.001
Interval Function evaluation | Evaluation of the first Evaluation of the second
3 | endpoints | at the endpoints derivative at the endpoints | derivative at the
endpoints
4 =LN(A4N4+5)+A473- | =4*¥A4N3/(A4MA+5)+3*¥A4A2- | =4*¥A4A2%(15-
-1 16*A4-7 16 A4NA)/(A4NA+5)72+ B6A4
5 =LN(A574+5)+A573- | =4*A5A3/(A5M4+5)+3*¥A5/2- | =4*¥A5A2%*(15-
0 16*A5-7 16 A574)/(A574+45)22+ 6A5
Start of iterations
6 =A4- =LN(A674+5)+A6/73- | =4*A673/(A674+5)+3*A6/2-
B4/C4 16*A6-7 16
7 =A6- =LN(A774+5)+A773- | =4*¥A773/(A7M445)+3*A712-
B6/C6 16*A7-7 16
8 | Row 7 is copied until B(n) < A. The root appears in the cell A(n)

performed computations yield the following table

A | B | C | D
L | Approximation of the root of the equation In(x* + 5) + x3 — 16x — 7 = 0 in the interval
[-1; 0] with accuracy 0.001 using the Newton-Raphson method
2 Accuracy= | 0.001
Interval Function evaluation | Evaluation of Evaluation of the second
3 endpoints at the endpoints the first derivative at the endpoints
derivative at
the endpoints
4 -1 9.791759 -13.6667
5 0 -5.39056 -16
Start of iterations
6 -0.28353 -0.87559 -15.777 -1.50883
7 -0.33903 -0.00245 -15.6863 -1.76
8 -0.33918 -2.2E-08 -15.686 -1.76069
9 -0.33918 0 -15.686 -1.76069

The

After five iterations is obtained the root x = -0.33918. The left hand side of the equation In(x* + 5) +
x3 —16x — 7 = 0 at x =-0.33918 differs from 0 at most by 2.2x10°8.
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Order of convergence

The carried out numerical solutions using Excel spreadsheets showed that the number of iterations
needed to achieve the required accuracy varies from method to method. So, for each numerical method it
would be interesting to study how many iterations have to be carried out to approximate the root. Obviously,
the number of iterations depends on the width of the initial interval and how close to the exact root the first
estimation was made. So, for a particular equation it may occur that one method might converge faster than
the other. Therefore, let us first define a more general way to describe which method converges faster.

Suppose ¢ denotes the exact root and the applied numerical method generates the successive
approximations x;, X2, X3, ..., X, ... Then A, = |x,, — | shows the error obtained on the nth iteration. For
the sequence of approximations to converge to the exact root it is necessary to hold the inequality A, ;1<
A, for all sufficiently large n-s. So, the convergence rate can be described by the ratio of successive errors,
namely if

o e =8l g Ang

=c c is constant
n-ooo |xp—=¢| n—oo (Ap)?P ! ( )

then the convergence of the sequence x4, X, X3, ..., X, ...is said to be of order p. The order of convergence
is linear when p = 1, quadratic when p = 2, cubic when p = 3 etc., though p has not necessarily to be an
integer. Now, let us find the order of convergence provided by various numerical methods.

The bisection method after every iteration halves the width of the interval. So, starting from the
interval [a, b] after n iterations the width of the produced interval [a,, b,,] will be

|bp — anl = bz_na .
Since, A, =~ |b,, — a,| we get
A= bz—na,
or
on o~ 222
Ap

Taking logarithms on both sides yields
log 2" = logb;a
Ap
which can be rewritten as
nlog2 = log(b — a) — log4,, .
Finally, for the minimum number of iterations needed for the bisection method to provide the required

accuracy is obtained
__log(b—a)-logAy,
- log2
In the case of solved above equation In(x* + 5) + x3 — 16x — 7 = 0 for the root belonging to the interval
[-1, 0] calculated with accuracy A,,= 1073, the number of iterations is
n = log(0—(=1))-log10~3

10.
log2
Comparing the errors of two successive iterations we find
A b-a 2n A 1
Sny1 _b7a . 2 g Lo _1
An 2n+1 " pq An 2

Since the ratio of successive iterations is constant the order of convergence is 0.5 and is linear.

Now let us find the order of convergence of Newton-Raphson method. It is proved that when two
consecutive estimations are related as x,,,1 = @(x) - x,,, then for the corresponding errors holds



! 1 144
App1= D00 (f) + EA%(/) (S;) + e

For Newton-Raphson method, we found earlier the relation x,,,1 = x,, — ]{I(;")) , so for the function ¢ (x) we
have
_ . f®

o) =x-205

Therefore
! 2 ! 2 n
0'(x) = 1 L 0G0 _ (160) () +r6r" )
(r' @) (r' @) '

and after simplification we get

(p'(X) — F)fr1(x) )

(' (x))?
Atx = ¢, f(&) = 0 and therefore ¢’ (&) = 0. So, for the relationship between the errors we have
1 n
Brsr= 302 X 0" (8)

and
Aptq 1

=20,
Since ¢''(&) # 0 and in the denominator the value of the error is squared, (A,,)?, the order of convergence
of Newton-Raphson method is p = 2. This means that every next approximation doubles the number of
correct decimal places.

Now let’s verify the obtained results on particular equation. For this purpose, the cubic equation
(x —2.075118)(x? + 2x + 5) = 0 having the obvious root & = 2.075118 is solved using all three
numerical methods. Below in the table are given approximations of the root produced by the first 20
iterations

Table 2. Comparison of convergence rates provided by various numerical methods

Successive approximations of the root of the equation (x — 2.075118)(x2 + 2x +5) =0
produced by different numerical methods

Bisection Method Chord Method Newton-Raphson’s

Method

iteration Xn A, Xn A, Xn A,
1 2.5 0.424882 | 2.05014508 0.024973 2.32488 0.249762
2 2.25 0.174882 | 2.06690383 0.008214 2.099934 0.024816
3 2.125 0.049882 | 2.07242577 0.002692 2.075395 0.000277
4 2.0625 0.012618 | 2.07423665 0.000881 2.075118 3.52E-08
5 2.09375 0.018632 | 2.07482958 0.000288 2.075118 4.44E-16
6 2.078125 0.003007 | 2.07502363 9.44E-05 2.075118 0
7 2.070313 0.004805 | 2.07508712 3.09E-05 2.075118 0
8 2.074219 0.000899 2.0751079 1.01E-05 2.075118 0
9 2.076172 0.001054 | 2.07511469 3.31E-06 2.075118 0
10 2.075195 7.73E-05 | 2.07511692 1.08E-06 2.075118 0
11 2.074707 0.000411 | 2.07511765 3.54E-07 2.075118 0
12 2.074951 0.000167 | 2.07511788 1.16E-07 2.075118 0
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13 2.075073 4.48E-05 | 2.07511796 3.79E-08 2.075118 0
14 2.075134 1.63E-05 | 2.07511799 1.24E-08 2.075118 0
15 2.075104 1.42E-05 2.075118 4.05E-09 2.075118 0
16 2.075119 1.02E-06 2.075118 1.33E-09 2.075118 0
17 2.075111 6.61E-06 2.075118 4.34E-10 2.075118 0
18 2.075115 2.8E-06 2.075118 1.42E-10 2.075118 0
19 2.075117 8.89E-07 2.075118 4.65E-11 2.075118 0
20 2.075118 6.49E-08 2.075118 1.52E-11 2.075118 0

As we see from the above table, the Newton-Raphson method after 5 iterations produced the value

of the root accurate to 10, while the interval halving and chord methods achieved the same accuracy after

. . . . . A
17 iterations. To find the order of convergence let us rewrite the equation —*= = ¢ as

(a) Interval halving method

logA,,1 =plogA, +logc.
Below on three diagrams the above relation is plotted using the values of A,, from the Table 2.

(An)P

log(An+1)=0.9263log(An) - 0.5799

log(An+1)

6

-7

88



-14 -12 -10 -8 -6 -4 2 0
log(An)

(b) Chord method

log(An+1) = 1.0001log(An) - 0.4845
-10
log(An+1)

-12

-14

5 -4 -3 -2 -1 0

-6 -
log(An)

(c) Newton-Raphson method

-10

-12
log(An+1) = 2.0095log(An) - 0.3515

-14
log(An+1)

-16
-18

The Microsoft Excel allows to draw through the data points the best fit line and displays its equation on the

diagram. Figure 6. Study of the order of convergence of the interval halving method (a), the chord
So, to method (b), Newton-Rapson method (c).



evaluate the order of convergence we have the following equations:

logA,+1 = 0.92631logA,, —0.5799 for the interval halving method
logA,, 1 = 1.0001logA,, — 0.4845 for the chord method
logA,, ;1 = 2.0095logA,, — 0.3515 for the Newton-Raphson method

Now we can compare the above equations with the relation logA,,; = plogA,, +logc , where p is the
order of convergence. Rounding 0.9263 and 1.001 to 1, as well as 2.0095 rounding to 2 we get that the
interval halving and chord methods both converge linearly (p = 1), while the order of convergence of the
Newton-Raphson method is quadratic (p = 2).

Conclusion and Evaluations

Applications of mathematics for the solution of real-world problems in science, engineering and
economics heavily depend on the numerical methods. In my math-exploration, | considered several methods
of successive approximations. First, | showed how the successive approximations allow us to calculate the

values of ’% | deduced formulae suitable to extract roots, so evaluated v/29.857, ¥29.857 and V/29.857
with error less than 0.0001. Then | considered several numerical methods developed for root finding of
transcendental equations. | studied how the interval halving, the chord and Newton-Raphson methods
actually work. Finally, | used the Excel spreadsheets and solved the transcendental equation In(x* + 5) +
x3 —16x —7 = 0 first by applying the interval halving method and then using the Newton-Raphson
method. Solving the same equation by different numerical methods made possible to compare the amount
of computations needed by these methods. The Newton-Raphson uses much more computation, because at
each stage it needs evaluation of both f(x,) and f'(x,), however Newton-Raphson method the required
approximation in much less iterations than other methods. The performed computations showed that the
Newton-Raphson method makes possible to get the root with greater accuracy in fewer iterations. In the
table below are summarized the advantages and disadvantages of studied numerical methods

Advantage Disadvantage
Interval Necessarily converges, the root for any | Converges rather slowly (linearly),
halvin continues function having opposite therefore have to carried out greater
methogd signs on the ends of the interval can be | number of iterations to ensure the
finally found. required accuracy
Applicable only for monotonous
Chord . . .
method Provides somewhat rapid convergence | functions. Must be checked whether
the interval contains local extremum
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Newton- Needs more calculations at each step, | Applicable only for strictly increasing
Raphson however, converges faster than above | or decreasing functions. The first and
method methods second derivatives must be known.

| think that the greatest advantage of the interval halving method is that it always converges and thus
allows us to find the root, provided that the function is continuous and has opposite signs on the endpoints
of the interval.

The carried-out study shows that the interval halving method due to its simplicity and reliability is a
numerical method when the needed accuracy does not exceed A = 0.001. However, when the required
accuracy is about A = 10® Newton-Raphson method is preferable as the fastest procedure to approximate
the roots.

For graphing and to carry out computations | used Geogebra and Microsoft Excel which | found to be
extremely helpful.
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Internal assessment Geometry of ornaments
Hasti Kargarfard, IB DP 12

Introduction

The way architecture and design reflect cultural context and push modern-day construction always
fascinated me. Notably, one of my goals as a designer is to decorate the interior of hospitals and clinics. My
objective is to incorporate my cultural heritage from Persian designs into vibrant, lavishly adorned couch and

table coverings in reception areas, as well as rigid geometric tiling patterns in treatment rooms.

| draw inspiration from Girih tiles and Persian carpets, and decorations of oriental palaces. An ornament is a
pattern consisting of repeating rhythmically ordered drawings. The complex interweaving of lines in the
ornament structure impresses anyone, but most people believe that they cannot reproduce this beauty.
Using geometry, | intend to reveal mathematical regularities hidden in ornaments, which will help me create

new patterns.

Carpet Geometry

Alongside, the simplified structure of a Persian carpet is
shown. The size of a typical carpet is length about 300 -
350 cm and width 190 — 220 cm. It is not difficult to notice
that the length/width ratio is about 1.6, i.e.

reproduces the proportion known among architects and

designers as golden ratio.

5 . . . -
The number %_ is known as the golden ratio and is commonly denoted as ¢. Two quantities m and n are
in the golden ratio if the ratio of the sum m + n to the larger quantity m is the same as the ratio of the larger

. . . 1
m to the smaller one n, i.e. ¢ = % when % = mT-I-n . The last expression may be rewrittenas ¢ = 1 + Y

which after multiplying both sides by ¢ yields the quadratic equation ¢ = ¢ + 1 or
P2 —¢p—1=0.
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. . . . 1+V5 .
The above quadratic equation has two opposite reciprocal roots, equal to ‘T\/— The golden ratio is

1+5

the positive solution ¢ = = 1.618. Starting from the ancient times many artists and architects believe

that the rectangle with a ratio of sides about 1.62 looks most pleasant.

Golden ratio triangles
We can construct two isosceles triangles using the golden ratio: Q
(1) with the base ¢ times larger than the legs
(2) with the legs ¢ times larger than the base.
The first question that arises in relation to “golden ratio triangles” is what are the b b

angles of these triangles?

c

A ol
While considering the triangle ABC we can notice that the

height BK drawn to the base AC bisects the base and thus AK = % .

B

So, the cosine of the angle Ais cos A = % = 1+4‘/§

|
[
and for the angle A :
I
1

.
A
we have 24 = cos™? (#) Rather unexpectedly technology gives o/ K %
2

the exact value A = 36°. It seems interesting to verify that there is no rounding error, so let us find cos36°
using trigonometric identities for double and triple angles.
Let a denotes 18°, then 3a+ 2a =90° and 2a = 90° - 3a. Taking sine on both sides we get
sin(2a) = sin(90° — 3a) and sin(2a) = cos(3a).
Substituting trigonometric identities for double and triple angles yields
2sinacosa = 4(cosa)® —3cosa.
Moving all terms in the left-hand side and taking cos a out of the brackets we get
cosa (2sina — 4(cosa)? +3) =0

Since cos a # 0 from the above equation follows
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2sina — 4(cosa)? + 3 = 0.
Now substituting 1 — (sin a)? for (cos a)? we get the quadratic equation with respect to sin a:
2sina —4(1 - (sina)?)+3=0
and
4(sina)? + 2sina —1 = 0.
The discriminant of the above equation is A= 4 + 16 = 20, so for sin a we find

—24v20 _ —242V5 145

sina =
8 8 4
Recalling that @ = 18° and thus sin 18° > 0 we drop the negative value _1:/§ and get
sin 18° = 15
o

Now using the double angle identity cos 2a = 1 — 2(sin a)? we find

—1+5 1-2v5+5 _ 8—6+2V5 _ 2+2V5 _ 1+V5

16 8 8 4

cos36°=1—2( )2=1—2><

So, the direct calculations confirmed that the exact value of cos 36° is equal to %g. Now, through

the complementary angle identities sin(90° — 8) = cos 8 and cos(90° — 8) = sin #, we additionally can
find

_IZ\E and sin 54° = cos 36° = 1+4\/§.

cos72° =sin18° =

Moreover, we can determine the angles in the isosceles triangle PQR in which the legs are ¢ times

longer than the base. The height QK bisects the base, so for the cosine of the angle P we have

_b2_ 1 &
cosP = o0~ 29

o 5 e
After substitution %— for ¢ and simplification we get

11 V5-1 _ 5-1
a5 T 145 T V5-1 4
2

cosP =

Exactly this value we obtained earlier for cos72°, so we can write

V5-1
4

4P = cos‘l( ) = 72°.

So, for the angles in the golden ratio triangle PQR we find

tP=£R=72" and 2Q =36".
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Finally, the found values sin 18° = % and cos 36° = @ make it possible to determine the exact
values of trigonometric ratios for angles in the first quadrant, which are multiple of 18°. Applying the identity

(sin0)? + (cos )% = 1, and the complementary angle identities we find

2
cos 18° = {1~ Gin 1897 = |1 - (57) = [zt = 2,
2
sin36° = /T = (c0s36)7,| 1 — () = |22t - 2Bt

sin 72° = sin(90° — 18°) = cos 18° = Zfﬂo,
cos 54° = cos(90° — 36°) = sin36° = —_2f+—10.

In the table below, the trigonometric ratios for angles multiples of 18° located in the first quadrant are

summarized.

18° 36° 54° 72°

V5-1 10 — 2v5 V5+1 2v/5 + 10

sin @ -
4 4 4 4
cos 2+/5 + 10 V5+1 V10 =25 V5-1
4 4 4 4
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Peculiar geometric property of golden ratio triangles

An interesting relationship can be noticed between the two types of
golden ratio triangles. A line segment can decompose each triangle into two
new golden ratio triangles. Particularly, in the 72°-36°-72° triangle PQR the
segment PT bisecting the base angle produces two golden ratio triangles PTQ
and PTR. Similarly, in the 36°-108°-36° triangle ABC the segment BG dividing
the 108° obtuse apex into 36° and 72° angles produces two golden ratio

triangles ABG and BGC.

From triangles to quadrilaterals

Two golden ratio triangles attached to each other with bases produce a quadrilateral,

namely a rhombus. Two possible shapes are shown below.

In addition, we can try to examine what is special in these diamond-like shapes?

From a designer’s point of view, it is interesting to know how readily the figures fit each other, i.e.

whether it is possible to build an arrangement without gaps and overlapping using the above rhombi?
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It is not difficult to notice that different combinations of 36°, 72°, 108° and 144° angles easily add up to 360°.

This property makes possible to construct various ornaments without gaps and overlapping. his property

makes it possible to construct various ornaments without gaps and to overlap. For example, five wide and
five narrow rhombi form a nice composition. Moreover, the two types of rhombi so readily fit each other

that complete tiling of a plane is possible.

Method for construction of a regular pentagon

Regular polygons are often considered structural elements for the construction of tiling. Equilateral
triangles, squares, and even hexagons, as well as their combinations, form rather dull types of tiling. On the
other hand, octagon and higher regular polygons are very close to a circle; therefore, the many-sided
polygons are also out of the designer's interest. So, to consider remains a regular pentagon, which for many
designers is the most "dynamic" shape among the regular polygons since it contains some type of internal
tension. It is known, however, that neither the Pentagon nor its combination with other regular polygons do
not form tiling without gaps and overlapping. Nevertheless, my interest in pentagon-based tiling does not
fade, and | look for such "a partner polygon" for the regular Pentagon, which will make it possible to create
a tiling.

To begin with, let us take a closer look at the geometric properties of the regular pentagon and derive

a ruler and compass method of construction.
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The central angle in a regular pentagon is 72° and as we found earlier cos 72° = % This relationship

can be used to construct a regular pentagon.

We start with a square ABCD of aside AB=1andthen B 1 C
we join the midpoint M of the side AD with the vertex C.
Applying Pythagorean theorem we get Vs 1

2
2
me= J(2) + 12 =j§=£
2 4 2
AT
Next we draw an arc of radius MC centered at point M >

until the arc intersects the extension of side AD at point P. For
the lengths of the segments AP and DP we have

AP:AM+MP=§+‘/Z—E=1+2‘E

and A

1+/5 V5-1

1 =— X

DP = AP—AD =

. . V5-1
We have earlier found that cos72° = \/—T . So, to construct

o . . . . DP
the angle 72° and hence to construct a regular pentagon we need to build the right tringle with the leg - =

@ and the hypotenuses of length 1. For this purpose, we draw the bisector perpendicular QS to the

segment DP (Q is midpoint of the segment DP) and remembering that AD = 1 draw the arc AS of radius AD

centered at the point D. Thus, we get the right triangle QSP in which the leg QP = % and the hypotenuses

PS =1 which yields cos P = % and therefore angle P = 72°.

Drawing a circle centered at point P we already have the central angle ZDPK = 72°. So, connecting
the points D and K we get the side of a regular pentagon. Copying the side DK along the circle we find the

remaining three vertices F, U and W.
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Pentagon based structures

Interior angles of the regular pentagon are equal to 108°, and diagonals drawn from one vertex divide
the pentagon into three golden ratio triangles. Let us consider a composition containing three pentagons.
The exterior angle formed by two adjacent pentagons equals to 360° - 2 x 108° = 144° and the exterior angle
formed by three adjacent pentagons shearing the vertex is equal to 360° - 3 x 108° = 36°. This means that

36°-144° rhombus fits exactly in the gaps between the pentagons as shown on the figure below.

The found above combination of regular pentagons and 36°-144° rhombi can be expanded on the

whole plane forming an elegant tiling.
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Is it possible to construct a tiling containing solely the pentagon, but not necessarily the regular ones?
To answer this question, we need to find such a distortion of the regular pentagon, which will make it possible
for the newly shaped pentagons to combine without gaps.

As we found earlier when a shape contains the 36°-angle it easily fits in the space between the regular
pentagons. On the figure below is shown a concave pentagon ABCD’E which is obtained from the regular

pentagon ABCDE by reflecting the vertex D about the line CE.

c

_//;,‘«\ N
B ’/'-/ : \\ D
iy

X‘H D ,

\ O, / —_
v o
)

All sides of the new concave pentagon are the same and two
angles are of 108° as in initial convex pentagon. Due to
reflection in the concave pentagon appear two angles of 36° and one
exterior angle D’ equal to 108°. This combination of angles
provides that one concave pentagon can be inserted into the other to
form the concave hexagon, as shown alongside.

To form a tiling, we need to find out whether it is possible

to continue this process of adding pentagons.

For the concave hexagon, which is obtained by combining two pentagons, there are two possibilities
to attach the third pentagon from the right. One option is when there are three acute 36°-angles at the vertex
A; and the second option is when the vertex A consists of two obtuse 108° angles and one acute 36° angle.
Both clusters containing three pentagons are shown below: the first option forms a rotating configuration,

while the second option creates a more aligned construction.
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A A
| found that proceeding in the same way, namely alternating the straight segments with winding sections, it

is possible to create a helical tiling shown alongside. This spiral pattern seems remarkable to me since the

tiling is made of identical pentagons.

Conclusions and reflections

The objective of my study was to reveal the geometrical outline of ornaments. Since an ornament
may be considered as a pattern formed by repeating drawings, | focused my exploration on the search for
basic structural elements suitable to create patterns. Sorting through various figures, | came to an isosceles

triangle in which the ratio of the sides is equal to the golden ratio.
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1+/5 and

Examining the golden ratio triangles, | found the relationship between the number ¢ =

trigonometric ratios of 18° angle. Then using trigonometric identities, | evaluated the exact values of
trigonometric functions for angles 18°, 36°, 54° and 72°. This result was a complete surprise for me, because
until now | believed that the exact values of trigonometric functions were known only for angles that are
multiples of 30°, 45° and their combinations. Finally, | determined that the isosceles triangle with the ratio
leg/base = ¢ has angles 72°-36°-72°, while the isosceles triangle with the ratio leg/base = 1/¢ has angles 36°-
108°-36°.

Next, | attached base-to-base two identical golden ratio triangles and got two quadrilaterals: a narrow
36°-144° rhombus and a wide 72°-108° rhombus. These shapes also exhibit interesting geometrical
properties, most remarkable seems to me the possibility to create a tiling. Recently, | learned that this
pattern is one of the Penrose tilings. | am surely glad that independently obtained an interesting sample of

tiling, but of course | intend to study thoroughly the Penrose tilings in the near future.
Further, using the relationship cos 72° =§ which | obtained earlier and the fact that the central

angle of a regular pentagon is equal to 72° | deduced a compass and ruler method of constructing the regular
pentagon. Examining a regular pentagon, | found that it consists of two 36°-108°-36" and one 72°-36°-72°
triangles. So, | easily found that a regular pentagon combined with a 36°-144° rhombus also allow us to create
the tiling.

Finally, | formulated a task for myself: to find out whether it is possible to create a tiling consisting
only of identical pentagons. It occurred that this problem has a solution. | found how a regular pentagon can
be converted into a concave pentagon - a shape that readily attaches to each other. As a result, | created a
spirally unfolding tiling consisting of only identical pentagons.

To summarize my findings, | surely admit that the aesthetic value of created ornaments and tiling is
doubtful; however, their geometrical properties and relationships revealed are amazing. Constructing
different combinations of shapes, | frequently used the trial-and-error method, so for my future studies, |
intend to develop a more systematic way.

For me, there is no doubt that mathematics is an essential part of the design because to create an
ornament or tiling, we exploit concepts such as symmetry, translation, reflection, or rotation. To make the

ornament more impressive art adds will further color and texture.
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Use of technology

In order to draw triangles, rhombi, regular polygons, and other geometric shapes, as well as various
combinations of these shapes, also to reflect a point about a line, to find a midpoint of the segment or draw
perpendicular bisector, | used the software Geogebra. | gained really useful practice and developed skills for

my future research and engagements.
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Modelling operation of gas purification system
Aleksandre Kublashvili, IB DP 12

1. Introduction
| am interested in chemical technologies and want to become an engineer. Engineers first study
various chemical processes, then design appropriate equipment and finally develop safe and
efficient technology. In particular, | am interested in the processes of absorption and binding of
gases harmful to the environment, such as oxides of sulfur, nitrogen and carbon. These studies
are crucial to eliminate acid rains and reduce the emission of greenhouse gases into the
atmosphere.
Modern chemical engineering heavily relies on mathematics. The design of any chemical
apparatus starts with the calculation of its basic parameters. This stage includes the
development of a mathematical model that correctly describes the main features of the
chemical process. Then the numerical investigation of the model is performed in order to
determine the optimal parameters of equipment. Usually, the mathematical description of
chemical processes involves the formulation of differential equations first and then finding their
solution. In the overwhelming majority of cases the processes and therefore the corresponding
equations are so complex that it is impossible to find an analytical solution. For such cases the
numerical methods to approximate the solution are developed.
For my math exploration | decided to model a chemical process capable to bind gaseous
pollutants and perform its numerical simulation.

2. Statement of the task
It is known that alkali metal hydroxides, such as NaOH and -
KOH, readily react with CO, and SO, to produce metal E:E:E:
carbonates and sulfites, which are harmless, fairly stable
compounds. To purify the gas contaminated with CO, and SO»
it is suitable to bubble the gas through the strong alkaline

solution. Oxides of carbon and sulfur first dissolve in the

fresh alkaline
solution
—

alkaline solution forming weak acids, which then react with oo ex:‘lﬂ‘:szga_stis
hydroxides to produce salts: gasbubbied | ® ¥ o *e |So2andcoz
CO2 + H,0 = (CO2)aq, SO +H,0 = (SO2)aq through the |

NaOH + H,CO3 - NaHCOs + H20, solution
NaOH + H,SO3 - NaHSOs + H;0.
The (COz)ag &> HCOs and (SOz)aqg <> HSOs3 are
intermediate compounds. So, the reaction between NaOH waste
and gaseous oxides occurs in two elementary steps: Solution
- Absorption of CO, and SO; by alkaline solution and formation of intermediate
compounds;
- Carbonate and sulfite formation.
My aim is to model the above 2-step chemical process and perform a simulation to predict the

behavior of the system.
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3. Modelling the purification of exhaust gases

3.1. Constructing differential equation of the process

When the exhausted gas containing carbon and sulfur oxides is bubbled through the
alkaline solution its purification from toxic oxides occurs in two steps: first, the gaseous oxides are
absorbed by alkaline solution, and then the dissolved oxides react with the metal hydroxide to
form harmless salts. As a result, the oxides of carbon and sulfur are removed from the exhaust
gases. Let x(t) denotes the concentration of oxides in the alkaline solution (in mol-dm3). The rate

: . d : .
at which the concentration changes, d—:, depends on the rate of absorption and the rate at which

the dissolved oxides are combined with the metal hydroxides.

Suppose S denotes the concentration of saturated solution. So S shows the maximum
amount of oxides that can be dissolved in the selected solvent at given temperature and pressure.
The rate at which new portions of gaseous oxides are absorbed by the liquid depends on how far
is the current concentration of the solution from the saturation concentration, i.e. the rate of
absorption is proportional to the difference S — x. So, for the increase of concentration of oxides
in the solution due to absorption, dx, for the short time interval dt, we can write

dx = k,(S — x)dt,
where k, is the coefficient of absorption, which describes how readily the gas dissolves in the
given liquid.

Simultaneously with the absorption of gaseous oxides by the alkaline solution, another
process takes place. The oxides dissolved in the liquid form weak acids which then react with the
metal hydroxide and precipitate from the solution. Usually the metal hydroxides in the alkaline
solution present in excess, therefore we can assume that the rate of reaction depends only on the
current concentration of oxides in the solution, x. So, for the amount of oxides bound in the
solution due to chemical reaction, dx, for the short time interval dt, we can write

dx = k,xdt,
where k,. is the reaction rate constant, which in our case shows how readily dissolved oxides and
the metal hydroxide are combined to form the salts.

For a total change in concentration due to absorption and chemical reaction we get

dx = k,(S — x)dt + k,xdt,

which yields the differential equation

d
d—’tc =k,(S —x) + kx.

3.2.  Solving the differential equation

The obtained differential equation % =k, (S — x) + k,x we can rewrite as
2 = koS — (kg — kp)x
and after rearranging the terms
2+ (kq — kp)x = kqS.
We obtained a linear nonhomogeneous differential equation of the first order. It can be
solved by the variation of an integration constant. First we must find the general solution of the

corresponding homogeneous differential equation:
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d
=+ (kg —k)x = 0.

To solve the above equation, we first separate the variables:
Z= (ko —k)x and = =—(ky — ky)dt.

Now we can integrate both sides of the last equation
dx

~ —(kq — kr)fdt'
We get

Inx(t) = —(k, — k)t +1InC,
from which we find

Inx(t) =InC=—(kg— k)t and "= —(k,—k)t.

Finally, for the solution of the homogeneous equation we get
x(t) = Ce™(Ka=kr)t,
Now we consider the integration constant C as a certain function C(t) of the variable t

and try to find the solution of the initial nonhomogeneous equation in the form

x(t) = C(t)e~Ka=knt,
Differentiation of the function x(t) = C(t)e~®%a=krt produces

x'(t) = C'(t)e~Ka=kn)t — (k. — k,)C(t)e~KaFr)t,
Substituting x’(t) and x(t) into the original equation % + (kg — ky)x = koS we get

C'(t)e~®aknt — (k. — k)C(t)e~Ka=kDt 4 (k, — k,)C(t)e~Ka=kDt = 5
which after combining the like terms yields
C'(He Kkakt =k § and  C'(t) = k,Seka=knt,
Now by integration we can find the unknown function C(t):
C(t) = fkaSe(ka_kr)tdt = %e(ka_kr)t + CO ,

a T

where C, is the constant of integration. Consequently, for the general solution of the

nonhomogeneous differential equation we get
— M (ka_kr)t ) _(ka_kr)t
x(t) (ka_kr e +Cye ,
which after expanding and simplifying can be written as

kqS - -
X(t) = Ka—r + Coe (ka kr)t.

The value of arbitrary constant Cy we can find from the initial condition, assuming that there was
no dissolved gas in the liquid, x(0) = 0. So, we have

kqS kqgS
0= = + CO and CO = — = .
ka—ky ka—ky

Finally, we obtained that the concentration of gaseous oxides dissolved in the alkaline solution is
described by the function

kaS KaS  _(k,—
x(t) = —4— — =2 g—(ka—kp)t
ka—kr  kq—kr

or

x(t) = % (1 — e_(ka_kr)t)'
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4. Numerical investigation of the model

4.1. Simulation of pure absorption process

In exhaust gases, the content of carbon oxides is usually many times higher than the
content of sulfur and nitrogen oxides. At the same time, in comparison with carbon dioxide, the
oxides of nitrogen and sulfur are significantly better soluble in water, forming chemically more
active acids which then readily react with metal hydroxide. This means that we can perform the
numerical investigation for pure carbon dioxide, because oxides of sulfur and nitrogen are more
easily neutralized with an alkaline solution.

To begin with, let us study the absorption of carbon dioxide by a solvent without an
accompanying chemical reaction in the solution. In this case, pure water is used as a solvent
instead of an alkaline solution. Since the chemical reaction is neglected we put k,. = 0 in the
general solution and get

x(t) = S(1 — e~kat),

The function x(t) contains two parameters: the saturation concentration S, and the
absorption rate constant k,. Both parameters depend on the temperature but behave oppositely
with the change of temperature. When temperature increases the value of S steadily decreases,
while the value of k, slightly increases. Particularly, from multiple experiments is known that

S =0.075 mol-dm and k,=0.45 min™ when T=0 °C;
S =0.038 mol-dm and k,=0.48 min™ when T=20 °C;
S =0.022 mol-dm=3and k,=0.55 min™ when T =40 °C.

Below on Figure 1 are shown the results of calculations. As we see from the diagram the
absorption curves asymptotically approach the saturation concentration which at higher
temperatures is noticeably less. So absorption capacity of water relative to carbon dioxide is
significantly larger at lower temperatures. Because the rate constant increases with temperature
the absorption curves approach the saturation concentration faster at higher temperatures.
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4.2.  Simulation of chemical reaction

Now let us find the equilibrium concentration of CO; in the alkaline solution when the
absorption is accompanied by a chemical reaction. Due to the interaction of the dissolved CO, with
the metal hydroxide, some CO; is bound and removed from the solution. This drives the solution
away from saturation promoting absorption of new portions of CO,. The variation of CO;
concentration when the processes of absorption and chemical reaction are both involved is
described by the equation

x(t) = —k:iir (1 — e~ ka=knt),

Here k, is the reaction rate constant, which similar to S and k, also depends on temperature
and is determined experimentally. Below are given typical values of reaction constant:

k,=0.15 min! whenT=0"°C;
k,=0.25 min*! when T =20 °C;
k,=0.41 min* when T =40 °C.

Results of calculations are shown on the Figure 2. As we see from the diagram at the temperature
T =0 "°Cto achieve the equilibrium concentration is needed about 15 minutes, while at T=40 °C it
exceeds 30 minutes.
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5. Discussion

5.1.  Output

Comparing graphs in Figures 1 and 2 we see that the equilibrium concentrations of carbon
dioxide in alkaline solution are noticeably larger than in pure water. For example, at temperature
T =0 °Cin pure water, the concentration of CO, does not exceed 0.075 mol-dm3, while in the
alkaline solution in 10 minutes the concentration of absorbed and reacted carbon dioxide
becomes over 0.10 mol-dm™=. At temperature T = 40 °C the maximum concentration of CO; in pure
water was slightly more than 0.02 mol-dm3, while in alkaline solution at the same temperature in
12 minutes the amount of absorbed CO; exceeds 0.08 mol-dm=. This means that the capacity of
an alkaline solution to absorb CO; is significantly larger than that of pure water.

In exhaust gases the concentration of carbon dioxide varies from 8 to 16 %, so each cubic
meter of exhaust gases contains 3.4—6.8 moles of CO,. According to carried out calculations, one
liter of strong alkaline solution can absorb and bind on average 0.08 moles of CO,. This means that
to remove from exhaust gases half of CO; initial amount, i.e. 1.7-3.4 moles of CO; from each cubic
meter of processed gas, will be needed 22 — 44 liters of alkaline solution.

5.2. Assumptions and limitations

The proposed model of CO; removal from exhaust gases by bubbling through an alkaline
solution does not take into account some essential details of the real process. In particular, |
assumed that the processed gas is fragmented into a huge number of tiny bubbles. So, the size of
bubbles is small enough to neglect the diffusion of CO2 molecules within the bubbles. This means
that while a bubble moves through the solvent all CO; molecules in the bubble have time to
interact with the gas-liquid interface. Also, | assumed that the dissolved CO; is evenly distributed
through the solvent volume due to the intensive mixing of the liquid.

Chemical processes such as absorption and chemical reaction are usually accompanied by
the release of heat, which affects temperature and consequently may affect the values of
saturation concentration and rate constants. In the given study, | assumed that due to the large
heat capacity of water solutions the temperature changes are small enough to be neglected. So,
the parameters S, k, and k,- remain constant throughout the whole process of gas purification.

6. Reflections

To describe the interaction of a gaseous mixture containing carbon dioxide and the alkaline
solution | constructed the model of the system. Applying laws of absorption and chemical reaction
under simplifying assumptions | obtained the linear nonhomogeneous differential equation.

| learned that there are two methods of solution of linear nonhomogeneous differential
equations:

- by finding integrating factor;

- by variation of the integration constant.
| used the variation of the integration constant and obtained the closed-form solution of the
differential equation. Substituting typical values of parameters, | carried out the numerical
investigation of the model. As a result, | plotted the graphs which describe the behavior of a
chemical system.

For me, as a future engineer, it is very interesting and useful to work on building and
improving the model, since it provides powerful technique for solving the problems of chemical
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technology. All this work was far from easy, | had to apply that knowledge that | had acquired
throughout my DP experience and | had to compliment that knowledge with newly acquired skills.
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My Arcade Machine

[lia Berbichashvili, MYP G8

As we all have seen, heard, and felt, technology in recent years is developing as rapidly as ever,
and if anyone or anything struggles to keep up with the progress, it is left behind, which doesn’t
mean that if anyone wants to, he will not have access to that lost tech. My project can be counted
as revived, lost tech, and is from the era which some of today’s kids dream of, and adults want to
return to, the 1970s, also called the “golden age” of arcade games.

First, let's understand what arcade games are. Arcade games are pieces of software, developed
specifically to work on arcade machines. They can be of varying length, some may be one-time
plays, for example most fighting, shooting, and racing arcade games, or can be a bit longer, to get
the player onto the hook, and make him spend more coins. Besides earlier mentioned fighting,
shooting, and racing arcade games, there are tenths of different genres, in which pretty much any
person can find what they want, it only depends on what arcade halls, and machines are accessi-
ble to them.

Arcade machines are, as earlier mentioned, computers, designed to give players a pleasant playing
experience, and at least try to keep them pressing the buttons for longer. There isn't anything
special about these machines, except the fact that they predated today's consoles, and computer
games, in a time when mobile phones were just being invented, and ones that existed could be
used as construction material, thanks to their size and weight. Arcade machines were very popular
with young teenagers (9-14 years of age) and young adults (18-22 years of age) people with a lot of
free time, and a lot of spare coins that were used as a commission, for the game process to start.
This was a time when there was no entertainment at home, and after being done with homeworks,
kids only path was to go and have fun with friends, but if they were busy, then, they had to stand
near the cliff of boredom, which was covered by the arcade machines.

To either revive memories of the audience, or make them more familiar with arcade machines, |
will bring up examples of very popular arcade games that were brought to home television set,
and soon after computer screens.

“PAC-MAN" "SPACE INVADERS"
400,000 CABINETS SOLD 360,000 CABINETS SOLD
REVENUE BY 1990 (INFLATION REVEMNUE BY 1982 (INFLATION
ADJUSTED): ~7.7 BILLION USD ADJUSTED): ~6.6 BILLION USD

Here | want to mention one very small, but nonetheless important detail. When we look at the
number of cabinets sold, 400 and 360 thousand may not seem like big numbers, today, video
games are sold in millions of copies, but we shouldn’t forget that these are cabinets sold to arcade
halls, which could have 2 or 3 machines for the same game, but still, it is nearly 200.000 arcade
halls, that had “Pac-Man” not people. 117



Places, that are cycling 10s and sometimes 100s of people per day, that play it. This helps with

understanding the popularity of arcade machines in the past.
Now | will start explaining the hardware, what tech we used, and what fablab tools we used to
create my project. For some people this may look complicated, but there is really nothing more

than is written.
THE HAFRDWARE: INTERHAL= |

Motherboard,
Processor
and
GPU

For the case as | already mentioned we used a FabLab machine, more specifically we used a CNC
router to cut our case from wood, for the writing(Decoration) we use Plotter and cut out vinyl
letters. As well as Laser Cutter for some details.

ECUz:PMENMT A "MATERzAL:= UZED |

Case:

CNC, Plotter
Smm MDF, Vinyl
Black, glossy

acrilic—-covered
18mm MDF
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White acrilic
Lazer cutter

Sticker:
Plotter

Adhesive—
covered vinyl

Conclusion:

And now we get to why | thought of this project. The main reason | wanted to create this arcade
machine was, when last year, we were learning Microsoft makecode on Robotics, we were testing
our games on normal computers, but it felt unnatural, it didn't feel right, and in 8th grade, this
year, | decided to create this. We knew that it would be relatively simple, but nonetheless interest-
ing, with immense development and improvement potential, because it is running windows, it can
accordingly, run anything that is supported by windows. | wanted this to be something students
would use to play their games and maybe “feel” them more, just because of the computer key-
board not being the original way of playing video games. (if we go into the very origins of “origi-
nal” of course).

Bibliography:

1. Kurtz, Bill. The Encyclopedia of Arcade Video Games. Schiffer Pub., 2004.

2. St.Clair, John. Project Arcade: Build Your Own Arcade Machine. Wiley, 2011.

3. Ustinov, Nick. “Build an Arcade Machine at Home: Step-by-Step Guide." Lokalise Blog, 4 Aug. 2021,
https://lokalise.com/blog/build-an-arcade-machine-at-home-step-by-step-guide/.

4. Instructables. “DIY Home Arcade Machine.” Instructables, Instructables, 9 Feb. 2022, https://ww-
w.instructables.com/DIY-Home-Arcade-Machine/.

119



Anti-hair loss shampoo- myth or effective treatment
method: The analysis of shampoo properties and their
effects on hair shafts

The development of shampoos starts from the Great Britain, after the British experimented on the
very first shampoos and found out that the most effective formulation for hair and scalp cleaning
was soap dissolved in water. However, soap is alkaline in nature, meaning that it could irritate the
scalp and the eyes, which presented as one of the major drawbacks and the cause for changing
the formulation of shampoos. Another drawback was that the effectivity of soap can be affected by
hardness of water, which is the measure of magnesium and calcium ions in water. When soap is
used in hard water, its contents react with calcium and magnesium ions and this produces residue,
which could leave hair coated with a soapy film, achieving the opposite effect. However, in the 20th
century a lot of advances were made in the development of synthetic detergents, which were
effective in larger ranges of water quality. The pH of these detergents was mildly acidic or neutral,
which decreased the problem of eye and scalp irritation and was less damaging to the hair shafts.
Today detergent-based shampoos have higher quality than soap-based shampoos on the market.

Soaps and shampoos are surfactants, or surface active agents, which is a group of substances that
have the ability to reduce surface tension of liquids. Water molecules are kept together due to the
intermolecular forces that exist between them, such as Hydrogen bonds, London (dispersion)
forces, and dipole-dipole forces. All of these forces work in all directions, however, on the surface
of water, these attractions are one-sided, which means that all of the water molecules on the
surface are pulled to the bottom. This pulling of surface water molecules downwards is known as
the surface tension, which is a force that allows to keep water volumes together. Since surfactants
reduce surface tension, they allow water to spread more freely on surfaces, which is a very desir-
able process for cleaning.

The chemical structure and composition of detergent and soap molecules is what allows these
substances to effectively remove contaminants. These molecules have a long, non-polar, hydro-
phobic hydrocarbon chain, which is attached to a polar,

hydrophilic portion of the molecule, which allows it to freely dissolve in water. These properties
allow the molecules to remove contaminants. When these molecules encounter oils, the hydro-
phobic parts of the molecules are attracted to oils and surround them, while the hydrophilic parts
are on the outside, where the water molecules are found. This structure is called a micelle and has
the ability to encapsulate oils. The basis of cleansing power of soaps and detergents lies in the
ability of these molecules to reduce surface tension and the ability to form micelles around con-
taminants.

Micelle

hydrophillc

} {water-loving)
head

} hydrophoibic
{water-hating)
Lal
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Understanding the hair structure is vital in this research. Following are the components of the hair
anatomy:

Hair papilla - specialized loosely organized cells existing in the dermal papilla at the bottom of
the hair follicles. They play major role in hair formation, growth and cycling

Hair matrix - part of the hair follicle where matrix keratinocytes divide to form the hair shaft.
Melanocytes are also present here, which gives the hair its pigmentation

Outer root sheath - the continuation of the basal layer, which surrounds the entire hair follicle. It
contains the bulge (a reservoir of hair stem cells), and the sebaceous gland

Inner root sheath - Structure in the lower growing hair follicle that serves as protective layer
Sebaceous gland - oil-producing gland that lubricates hair. Fatty substance, sebum, is released in
the follicular duct and then on the skin (scalp)

Hair shaft - part of the hair visible above the scalp

Hair bulb - The base of the hair follicle, where specialized cells and capillaries work to build the
hair shaft. The blood vessels also deliver hormones, which alter hair growth and quality

Arrector pili muscle - tiny muscle that attaches the base of the hair follicle to the dermal layer of
the scalp. When the body is cold, these muscles contract to generate heat (through the consump-
tion of ATP) and this is why hair “stands up right”

The hair shaft structure is divided into three parts. Medulla is the innermost layer of the hair shaft
and it is composed of round cells and is found in thick and rough hair. Naturally blonde and fine
hair has no medulla in it. The next layer is the cortex, the middle layer, which provides the
strength, color, and texture of a hair fibre. This layer accounts for the 90% of the total mass of the
hair fibre. Cuticle is the outermost layer and is transparent and has the role of serving as the
protection to the cortex.

As hair emerges from the follicle, it essentially is a non-biologically active protein and the sebum
that is secreted from the sebaceous glands is what protects this protein from friction. However, the
major drawback of the oily sebum is that it easily collects environmental contaminants and dead
skin cells on the hair shafts and scalp. The surfactant-containing shampoos act by removing the
sebum with the contaminants associated with it. Soap-based shampoos are found to be ver strong
in terms of removing sebum, meaning that too much sebum is removed and this is extremely
damaging to the hair since it becomes drier. On the other hand, detergent-based shampoos are
not as strong, as they contain milder surfactants, which are capable to remove sufficient amount
of sebum to remove contaminants, but not damage the hair.

The shampoo properties that were analyzed in this research were viscosity, pH, foaming ability and
retention, foam effectiveness in dispersing contaminants, oil-emulsification properties, and the
presence of sulfates. These properties were investigated and compared amongst 4 different sham-
poo samples, labelled in numbers from 0 to 3.

To measure the viscosity of the shampoo samples, the time taken for the copper ball to reach he
bottom of the test tube containing the shampoo was measured. First, the same volume of sham-
poos were poured in test tubes and small copper balls were thrown in each of the test tubes. As
soon as the copper ball touched the liquid, the timer was started and after the ball touched the
bottom, the timer was stopped. Here is the data obtained:

Sample under observation

t Shampoo 0 Shampoo1 Shampoo 2 Shampoo 3

Tirne (£ 0,07

P ) 0.83 1.12 16.5 6.61 4.50
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From this data, relative viscosity values were calculated using the formula: relative viscosity value=
the time taken for the copper ball to reach the bottom of the test tube containing the shampoo
sample/ the time taken for the copper ball to reach the bottom of the test tube containing
distilled water. The following values were obtained:

Sample under observation

Relative
viscosity 1.00 1.35 19.88 7.96 4.42
values

Generally, higher the viscosity of the shampoo, the better it is, since it is more practical to use that
shampoo. From this trial, it was determined that shampoo number 0 had the lowest viscosity,
followed by shampoo number 3 and then shampoo number 2. The highest viscosity was observed
in shampoo number 1.

To measure the pH of the shampoo samples, a pH data logger was used for precise and accurate
readings. The shampoo samples were dissolved in distilled water and the pH data logger probe
was inserted in the solution. The readings presented were:

Sample under observation

pH reading

+0.01 4.77 6.24 5.45 6.33

The hair's natural pH ranges from 3.6 to 5.5, which means that it is slightly acidic. Shampoos that
have pH values close to the natural pH of the hair are preferred. Therefore, from these samples,
samples number 0 and sample number 2 proved to be acceptable, while samples 1 and 3 were too
alkaline, therefore they were unacceptable and would damage the hair shafts.

For measuring foaming ability and retention of the shampoo samples, height levels of foam and
shampoos were monitored over the interval of five minutes. The shampoo levels were calibrated in
test tubes. Here is the picture of the test:
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The data of this specific part of the experiment is the following:

Sample under chasrvation L)
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According to the data presented above, the largest foaming ability was present in shampoo
number

1. The retention values were calculated as change in height (initial height- final height). Shampoo
number 0 had the retention value of 0.7 cm, which was followed by shampoos number 1and 2,
which had the value of 0.6 cm, and the least change in height was observed in shampoo number 3,
as 0.3 cm. According to this, the largest retention was found in shampoo number 3.

Contaminate dispersion is the ability of the shampoo to encapsulate environmental contaminants
present in the sebum. To measure contaminant dispersion, a hydrophobic ink was added to the
samples dissolved in water and then color changes were observed. The ink was hydrophobic in
order to imitate the properties of the sebum, which contains the contaminants. Here is a picture of
the color changes before and after adding the ink:

The qualitative observations of this part of the investigation are presented below. Initial and final
colors of the solutions were recorded, as well as the location of the dye (whether it was found in
the solution, foam, or both).

Initial color: transparent yellow
Shampoo 0 Final color: transparent yallowish grey
Ink lecation: solution only
Initial color: yellowish white
Shampoo 1 Final color: sitver

Ink location: selution and foam
Initial color: light green

Sample under observation

Shampoo 2 Final color: greenish grey
Ink location: salution and foam
Initial color: white
Shampoo 3 Final color: dark silver

Ink location: selution and foam 123



More drastic color changes and the presence of color in both, the solution and the foam, would
indicate high contaminate dispersion, indicating higher effectiveness of the shampoo. In this case,
shampoo number 1 changed the color the least, therefore it was deemed as the most ineffective
shampoo. It was followed by shampoos numbers 3, 2 and 0, where shampoo number 0 was the
most effective.

For measuring oil-emulsification properties, drops of vegetable oil were added to the samples, and
the sizes of the oil bubbles were inspected using a microscope. The size of the oil bubbles would
be considered to be proportional to micelle effectiveness. Here are the pictures from the investiga-
tion. The first set of pictures were taken at a magnification of 10x, while the second set of pictures
were taken at a magnification of 100x.

0 1 2 3

Shampoos number 0 and 2 were considered to be highly effective in terms of oil-emulsification,
while shampoos number 1 and 3 were unacceptable, because shampoo number 1 had too few oil
bubbles and the size of these bubbles was relatively small, while the number oil bubbles present
in shampoo number 3 was too high. This indicated that shampoo number 1 would not be able to
remove sufficient amount of sebum, while shampoo number 3 would remove too much of sebum,
therefore neither of those would be preferred.

Sulfates are sustances that can extremely irritate eyes and the scalp and can remove protein and
natural oils from hair, hence it is seen as a negative asset to shampoos. To measure the presence
of sulfates, BaCl2 test was used, which would cause a precipitate to form in the presence of
sulfates due to the reaction H2S04 + BaCl2 - BaSO4 + 2HCL. The pictures of the samples before
and after adding BaCl2 are presented below:
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It was observed that shampoo number 1 had the least concentration of sulfates, while shampoo
number 3 had the highest concentration of sulfates. This means that shampoo number 1 was the
best in this criteria, while shampoo number 3 did not qualify as a preferable shampoo for the
consumers.

As demonstrated above, shampoos are extremely necessary for the health of hair shafts, yet they
can also have some detrimental effects on the hair shafts and the scalp, therefore choosing the
right shampoo is an extremely important process, as it can determine hair health. Anti-hair loss
shampoos have properties that would qualify them as safe shampoos, therefore they do not cause
any additional harm to the hair shafts and truly help the regeneration of hair.
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dmo30M0 939 38MNBYMN dM3930L Madnb FbmaMmygds bEgds. ®¥gMAbgmn 8339mMn bgemmzbymon
30060m9000 nbHgMgbads s v8sL, dbY39 833900Md dbLbogL Bdydgzmaddn. 3nbo byMomgdn
30amnmAg3s bomamnor , 3MbhyMmgon, badgdn, 3gMgdn nmgmb (39330396, 1bgon AMIMS30 O
©9bonoe. cmm@mg3nb dgdmdagads 393bMadgha Lon3nbab domndymMan 3bmamMadnb Mo®haAL
aM0b symmaomao.

mmHM930009 ox®30ds yomamm hgdbhamn 0ggyMmo 3MMOYJEns nym. cnmbMgzds 30, 0b
bommzbqo0b Mebadn 0nYy306s @ MdES0 3nbN ¥g30dq00 3MBHMSLHYMN, 83390MM0 FIMGONM,
abbgngmo bomyghoonm 0939390 YyaMoMadsb s N3 39MomM@NL 3oMNdOL dM393yM 3bmzmMgdsb
obobo39b. mmbMg30L My, IMJbagno bodgdn oM By3mML, 03039 AM@YbOL bHNML gbdnsbgdo.

oLYMN39 96N, ,,dMEI33939 badgdNMS” bdgbg oM byzmL
bHOOL 6589893M900. 3M by3zm- L, 88 oL , sbY
LomMB3gMAN PBMEYd96. gb bobgman 3oMndIn dEHdSMY
3omgmnnb - maison de l'art nouveau-b dnbg30m 96MOL. Y39mmo
96009 go@omamadbom bobgMBmgodsb gmon bagMmnsdmmMabm
Labgman sgmMmMNsbgdL ,modern” o, MoE sbom bgmmzbgodsb
60dbo3L

obagmn bhnmo mMmbBsdgbhgonb bndnMmom s 3MYn bodgdnb
©n6080300 godmomAgmeo. s 6yamb gbomgdHngnb
Aodmyomndgdsdn on@n B3Momo doydmanlb nsdmbyman
abo®3mmob bohn® badgob s I3MMaEn M booMmyqb.

o0 bhoanaob gmm-gmon m3smbaANbm BomMAmMBsagbgmns dgybdHos 3amndtho.

3man gmaqbds 93mm3ym 3gMmbgmadn HMm3nzgmn 9a3dmdngs d9dmahsebs. 3magbab hggbnlsb
L,3MY3DMONBANL” babgemoo sMob d8330MYOYMN. 3M3gbnL bohzmMmos Ma30Lo BIMIEN
myg9000 o dbbznmn 3MbhMgdnc dgdmbsdmmym mmadgodo Asbbdymo 3gmadno ndgbL
©93MM3307M 9x399HL. Hon®nDg goabobmgdsd dmssgmbs gmagbn, bEmmgm sdnhmad oMol
dobn 60890893My00 dgbMYMydYMO MMIsmMyMn BgMydnm. gmaggbnnb 653y893Mqd0n, 833900M0
MMZsmMymMn RgM9o0m godmnmhAg3e, 3xa3n3e B0 gozaMadgmo 39Madn, 39MImM3500
3mbhmabhgon Bamydmaom dmadggdnmydsb hmazgob 86sb3zgmdy.amgqgbnb dbsdzmmosad
LO®WYJ39eM0 EOYEM dboH3MMONDL sbsmM Bn3ENBIMIMOS - BM3NDAL.
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xM30bHY390 3nMHoE9gL dnbn dbohzmMmdNL doMomo@n FobobNsmMgdmMadN s 3odM®RYbs dmabygL
1905 69mb 30M0®30, godmxgbod o@n vgnmbezgn godmnbzns, Mo@aeb godmygbgdyman 13gmgdn
MmmAmyonz bLogbob MgomymM goIMEgdsb absbyMgdmEs bym bb3s MH3NMM3s BnnmM.
Bomgmo dnbsmggodn @s nobxgmo Jyhgdn, Boogm-y30mgm-063069 bobggdn. gMmds
3M0H03MLB B0 odEN030® 39MMYd NBM®.. ,fov” (fouvres) - }M3BZIMI© 39MyML
06006030, oo gb bobgmman LsdydmME dgmhso. 3M3nbHgonlb dogmbadnb Bysmm
3mbHnad3amobombab®gdn 306 gman s gmgqgbn ny3bgb, MMAmMadnE bydngdH Mo smJdym,
nbhgboym 39gM9goL 860990bY0 y30MahabmosL . LEMMg dom bsddg3mgodn anbsbgb
xM30bHg0ds, MMAT i3gMmn dgndmgds 969M3NYMN S dJHNYM0 nymb o JRMM 3gHOQ
3000domMagb. 3M30LHYO3s M350 BIM0 3J309L 969M3NV.
3mmabngmads 3060b906¢) 306 gmads bo®3ze 27 Bennbed anbym,
306 g3Mabbys dnmyboe s Nd3MbBMN bgmmzbgdnb gogmgbo
300030e. ML dbgmo 0y AMN3M390s 3@adnsbn 3063 8oL
MyboE 9Mo 6337d930ML oM nEbmMoAL. v80b 300900 3MEbomn
3menmmadn, dbyyg,35bHMdBYM0 MbsLAgONm dg3LadHMN
LO3ME9s . 306LYBHNL LoyzemMgano d9bod9ds - MYMEN ©
Mmdmmbagmo, 3MBHMILHIMOESS @S 38MAMBNYMOE, MmaMME3
309 @o 3o . M3E d99b90s 306 3Manb @gMmbymab ,,bLazndabHm
doMmamb”, 9b AmMBsLANY. N33LAHML Hggbn3Nm WOIOdYMN
dmbobdn , Mohdymn,Adomn,bsb Asbzggman bomEsm
dmgm3zemyosL 063930, bLEMMg 9b dobsdnmmodgol dbshzmab
65090893M500b 99L3MaLASL, byMamMgdnsb 969300, 363N,
o0 MHoE98s IMOb.

00806, Mm@aLboE boxmsbazgmdn iam3zn®dn BaMIMndgzy, 3gMmdsbnsdn 89094a6s MM dogMmmnabyd.:
,000" @O ,myMzn dbgoamn®. 3060b90¢) 306 gMamMab 9Mmmo, Fomn 39M3900 ny3696
39M3sbymn MabgbobLL BgMIBgMo domnsb gMnybazsm@n o dabngMmobho g gmg3m.
99b3MgbNMBNBINL FNBENBIMIMODY 8939 NN e3eMgbys NGgMBNY v3MN3NL, M390b9MNLY O
3MMy30sYmn 339Mn30L bombymads bgmmszbgded. gb boggommodgodn 096900L domgdb @
90339mMaogmms bymgolb gobobbobngmygdgb.
537930L- ,,boab” Bgzmn 083Mabombabdho dbs®3zmadn - 3nMbbgmn, by s bbzgdo 9o
300maLobzgmMmMOnboNL bdnMo BMMASL 863M9396, HMOMGOSL s LHNMNDSEFNSL
0080MmMo3906. 3odnvbymn @axmMMmMaIsEns 8nbogeabn gMmdmogonb 3dogMa@ adadymMmmodsb
300mbobosl, gb ebEws 89-20 9 LHY3nboL 3nM39m dgmmbgdn, MmamME 93MM3YMN
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nbhHamnggbinnb Hmegndadnb godmbohymgods, 30M39mn dbMaom
madnb dg93ns. 99b63MobomMbNBAN dnb SOLYMOMONL BNBsYMBEI3
0n6hno. 9gb3mMabomb0BANL bygmzbgdnlb 39bHMAn gobbomymmodo,
dndn, bobmBomzzgmo, bymab H3n3mn, ABMM3s, JNAJOMOY,
©93M9bng, N89EEMYY0s. Fom M33mBNB Lodystm nbgMmgmo,
dobnbzmgdm@s, bobznmn 9653 dgLYdsdNLN YOS ymTBOENYM.

990b3MgboMBOLEHYONL BNBSBNY, BoMHMLbIMN, FLILYMO S BNYLEGWIMO dEBNSBNL H3NZMN
©ogubobmb. 3nmMbgmab B39hnsbo, hobomo ymmadgodn 86sb3zgmadn ddoxm 9amEnsb 0639396.
MmMmads 393M0MABs 300 306NL3NT O BWMOD3 FoM3Bd FodbY30HaL oTMYEOM
Mobodgommzg bgemmzbgonbodn dodmzbomon sedsbobo. ,mMN39L 330Yy39M@ MyMz0
x39M0d, doMmzb 3bgbgdn, 89 30 BbgMadN” dbY VgIMI30 ogMmMNb90sL MyMyEn dbgaMmO.
dgmE9g bLOY3Y60L OLYBYNLAN 36MNVOL doMamgmMyMaE goAbs bygmmzbgdob dgmmy
Jomoado- 80963960. o7 bLB3ILLZY ZYNbNESL BSBMbLYN AbH3MION ¥30I0YM bohZsb
LB3MMOEO9b, bBMMgE dnyb3gbadn, omn dognbbdgznm, badMmEMMEO NbgaMY
03009309M0 dbs®H3mmonb ngamMgon. myMmzn 3bgomnb By3Mgods Md3aYNMs adYygbab
oMLbYOYMN HMSOENJON S s 3ogbbbgb bgemm3zbgdedn mznmgedmbahzob bMymNs©
obom, M330LYRIM BMMTOU.

y39masbomzgnb gbmoomo bymsmab ,,3030M0b” 93hmMMAs , bmM39309mM3s 8bo?h3oMB
q930M© 396380 M330L @MNyMAn AsBgM:, Mo Lomsdmb dnmMN3Lb 3037Y390MEN. 39N
dbomab Jomago bASOEY, 3oL J398Mm- 306MM YxMg. 304330 IMMOMO O d3VIYMR3N,
016900bL godgmam 3030mb 33MAbMOEN.." 3yb3nLb 8g3Mdbmonsmyg, 9dmEnyMads boboomds dnbo
dqdmdadgqonb ggb3magbogymo bhnmo gobadnmMmmads. nbo byMomgoo H3n3znmb, HMsgndaL,
30060Mymmosb godmbote3gb.

3mm bLYBb0 MO33NM3gIMOE N33MILOMBOLHMS ogMMNSBJO88N nym, MYIEd d99aMa
dnbds dbo®zmymas dngdg0ds 0b 3MbEHNI3MILOMBNBIMSD BBZ3d0NMs. ANYLYDIZO® NBNLY,
MM 956 Md89b08g 3godmmgbsE 30 dmabym nd3Mabombobhgdmsb gMmms, bodsbN
dM3bmM@aL 0BNMydEs LMY o0 nbBEMIGYOYOL. Bob 80bHgMgLYOLs BIMIONL MV
373030 335aM905MOs @O d99-AtMomnb d98mb3930000 98397000, 3M3F7O BIMIOM3360
3590L 306MbdMBNgMN dgBIMOIO00 S LEZIbMS FahgMasmyMMOY.

P f

LYBBOLMZNL Lodysmm FMEYMMOYON O FoLYONY. B L3YMM M13L Boyygbs yLodMzMmMO
Moy sdmEsbs — Hoemdg godmMbEgb BgMadnm sbobymn bLogbmomomody,
bgmdgbobgdmos, m300m3560(H30390s dsbomanbs, bommdgdn gogmEmongno dsbngnby -
dohgmosmymmos badysmmbo.
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3oL 903 Mol 033Mabombnbhgdds dmgaa babymamm bodMGHYg snmM30LAL, babothn
doamnsbo odhznmMmymon Abgdo, bgdsbo 30 goM3z99m 39ML3YIHN33L NBYFe390L bagnmamon
dg0mdadgqdnbmgznb, 3obm3nL ,MHmMamMME 83sLb MogmbaMom s 306AN 88OMOEY LyMomo
396hM0L390 Yoo nymb dndsmmymn, Mm7dEs gb oM 3odmnbobgds dab bobshgddn n8Ybs©
Mo09boal bogMdbmons dnbo 968 s dohgMasmymmodo.

1904 B9b 3mbhn3Mabombobhn 3me bydsbn 3gamoamb 3MAY3L , 3o dbobm Oxbgds
30omnbmob, bezgmMmb, 3MBbyLOL bodgsmgdnm™. momgmb LaBb0 LOgsbb ;mb, 16 MmA dnbon
3MbLbhMYJE00 330A9BmML. LyBsbnb dngbgdnm sMHSEgOYMN 3s0MM 30350LM s dnbn GgamOoﬁm

smMgy 0Mo30 0Inb 3obznmamgdsb dgnwabab, 9mon bobgmmbbm
0J0Ma39L o B¥MByMYmo 9gb3gMNagbHgo0L AsHomMgds anByql, nby39
MmmammE 3930609Madn Mmadmmasdmmnsdn, nbnbo 3ommobgb MmA
d99LbbBozmMom O vaMYEOoMo bLodysmm, oo LMYMNSE d9330mMab
LadYsMM. BMBZIG0HYOsm FamaL Lgbnlb MMy s gMm
60090930M30 googmMmnabgb bgznb dg3Mmn Bambhomon, 30093 JB3MM
dmmbL 6530000696 yzgms 08 AnBaMMYO00), M3bsE Le®sbob g3nsb0
39MnmM@nb d99mJ89905dn 900Y350690mM@©b7b. 3030LML daMdM9goN
LOY39YMMOEHBIL MdELb 39M N3x0bb MathMAB vbaMa3s B3MMAJOL
©9 ,005b0059000" bEMM9E 0990399865 3030LbMA dbamn BbshzMmymn

969- 3900%a0.
3700030 65030MN goa®mnamgos nym badysmmb smmMBadn. bLoyznb9gonb gobdozmmdadn

93Mm3gm dbo®hzmmosdn godshmbgodymo nym bgwznb gmon Bgmdhoma. 3900d33s bLodysmm
9mo@MMYmMo© Md33ybndg Ma3nMbNM 83330303, 3030LM JoMb 3TOMOL HMdNENY
39ML39JH030D9. 390003L v0BIHNBNAL GoMOMONMMONL MgMMNLL dEMY090 bmmayg.
dogndmgos 9063 (Hobnb mgmmasb sMmabsnmo gogmgbs oM 3gmbns 370003%9, dogMod
B608sbmdmMngns, M3 9b MM sAMAGDEs gMmMNs. sBaMNMHN3YM0 390030 sMNb 3dndAL
dMM0 bhony, 3nbo 30BN adamUL, EV3B3B73MML MONgIHN BomM3ggm 9mqdgbhgds®
©o dbmMyogMo@ 33BymbL godmbsbymgds. sbsmohndnmn 3500d30b 6587d93M9ddn BgMn sMmnb
d600369mm3zsb0. 3nHma3 08 3g9Momoob gmbgms dmMbBmJMmmaymns s MYbob s Yyo30baMb
Hmboonm 90moxaMamgdy. 3g00dnb dm3a36m bhswns ,LObMgHN3yxMo 3ndndIN“-L
Labgmomos 3EMdnMN. LobMydn LB3dLbZs Lgbnb My dM3zmMabab gogMMNN3BYOSL
603603L.LEsMMgE 89 d9ngabs 30M39MN 3MES7JON.

3mbHNa3MoboMbNBAS v3dN3bg0L BnbEd dgebLb3e390xmMNL dSMMJAnL HYbMN, ISMM3NY
HMONEN900 @O 33330808 badysmm bbzs Mm3amn. 3MbHNT3MagbombndTn oMol g3gMbgmadn
amm 9Mon yzgmodg d608369mmz060 amzmgbs Mob d9m9aeal dmbms bb3osabbgy
xR9MByMImN gabbmab gob3nmoMmyoy, 3sdmnbzns sOMmMs bb3sabbzomMoby , o3Mdd LMYMNLE
30d3hMNomMs LAYsMM S Y39mMdbanm AsMAML FoEo.

390my96906mo moggmobhymo:

1. 396hyM0 ecnombgmm 000980 anmbhMg300©7°, Bodsymn® mdnmabn 1984
2. https://www.tate.org.uk/art/art-terms/i/impressionism

3. https://www.history.com/topics/art-history/impressionism

4. https://www.metmuseum.org/toah/hd/poim/hd_poim.htm

5. https://mymodernmet.com/post-impressionism/

6. https://www.theartstory.org/movement/art-nouveau/history-and-concepts/

7. https://www.theartstory.org/movement/fauvism/

8. https://www.theartstory.org/movement/expressionism/

9. https://arttube.ru/tvorchestvo-gruppy-most/

10. https://www.wassilykandinsky.ru/blauereiter.php

1. https://www.theartstory.org/movement/cubism/ 132
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