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bbmds®g (mgdo 21, 18 oo, 2021 Fgaro), Losz 0go Fmfimbgdmwo ©o
6933960Mgdwo 0dbs s330Lm3Z0L.

339300 390093900, MMIgdog Bosbgl FoMdmoagbgb, s3MHMBOMYdMWOs
dmblgbgd9ddo 9999 3nbxgMgb090%Y:

1. 2015 §geob, 10-11 0gerobl obw 3593 299ad30¢ 0l Labgermdol
930bmdo30L 0bLEHOGHWAEHOL  9350gF03ML 3553)S 3992300l BSOS
110-9 farobomsgolsdo dodmgbo Lsghmsdmemobm Lsdggbogmm-3God@ozwma
3mbxz9Mgb30s®y  ,9Mm3bmwo  g3mbmdogzol  daMmso  A9B30m0MgdOL
SJGHMOWNMGmO  3OMdEIgdo”. bo3mbxgmgbom  dmblgbgdol 090t
»000bEgmdOL JogMoEool gargdB®m™MLESGH03M0 Im@gugdol dglobgd®.

2. 2016 foob 19  ozwoll 93630 MboggdloGg@oL  doge
0mO2560Bg0mem #1 LogMHMsTMMOLM bsdg3EbogHM-36odGH03Mw 3MbrM9birosby
»930M30 063 JaM5305 s LagdoMmzgem*, dmbligbgdol mgds: ,,dmbsbergmdols
00053006 65303930090 IMmEYEgdol dgbsbgd” (3. mdYM0dgbmsb, .
593058300056 5 3. 391639056 ghmo).

3. 2017 §gwb dmboffoegmds  93mm30lb  Mbogzgmlodg@Eol dog
mM560BgdM #2 LogHModm®mobm LodgEbogHM-3Mmd@0zMw 30mbi3gM9biE0sby,
dmbligbgdol  0gds: »BOBMPoEMIBOL  93mbmdozdmo LEBHMWIEBHMMOL
MomEbmdMH030 F9b39bgdgdolL AsdMMZOlL MIMOO0Eo Logdzwrgdo® (3.
0MOJH0IGLMND s 4. H5730530M B GOHDO).

4. 2018 ol 30 0360LL ga3MMm30l MbogzgMloEgE ol Joge MmMAB0BYdm
LS59OMSTIMOHOLM #3 Ls893b0gMMm-3M0dBHo3me 3Mbx3qm9b305%Y,
dmbligbgdol mgds: “The Measuring of the Gini, Theil and Atkinson Indices for
Georgia Republic and Some Other Countries” (3. 0v0dgMH0dglmsb o g,
593058300056 gMHMo).

5. 2019 §ogaob  93Gm30L  MBoggeloGg@ol  d0gH  mOBobgdME
L5gOMSTINOOLM LsdgEbogMM-3M5]B03meEr #4 3mbxkgMmgbzos®y, ImblLgbgdols
»gds: “Study of the Distribution of Wealth in the Middle and Top Segments of the
Population of Georgia”.

6. 2020 foglb g30m30Lb  MbogzgdloGgdHol  dogh  memysbobgdme
L59gP5dmMOLM  LsdgEbogMHM-3ModBHozme #5 3mb689Mgbzosby,  Tmblgbgdol
0gds: ,About a new migration model for Georgia“.

olgHEG00L BEHGMIGHNIO S IMFYIXDdS

LoOoLYOGHEOM 658OMT0L LogOomm FmEyemds 995gbl 159 9396l
3BsHMYdOL goMg8y, Gga9ds dgbogeols, Lsdo Ma30l, sL33zbol, OLIMEEOOL
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OO a53mygbgdyero 129 @slobgargdol  wo@ oG Mmo  Hysmml
Bo9tbsm35e0lYsb o obsMmMgdOLYSE.

30639 05390 BM5s© d0dmMmboEos byzombgdo, HMIwgdog gbgds
9mbobrgmdol JogMmoE0sL, m®gbaol FoMmol 53gdsL, xobobl, gobBmyswgdmwo
X0bol, Ggowol 300390 s gmeg, 5330bbmbol 3oMzgwo s Tgmdy,
3396000 060gJLgdL s 35MgE ML s MABMMTSEME gobsfoegdgdL.

dgmeg 5300 20003Mm30os  OoLYMESE00L 89098900, GMIWGdOE
dggbgds:  dogMogool @OHMBy  ©dM30IPwo  BMmEIEOlL 53909,
LodoMmM39MEOb  Fopa®moool  LogsMsmm  MoMmEIbMdol  gedmomgzEsl
(m93960...,  2008) ULEGHG0SA0 93900 FoaMms300L  F6BMASIdIMYO
3053039300 dmEIol bsg3mdzgeDg, Xobol, xobol AsB6BMAsLIdMEO,
3993960b, GHJowol 300390 ©s JgmeYg, 5330bLmboL 300390 s Jgmey
0b6@9dlgdol  oBmmzsl  Lods®mggwmbs  ©s 3093 MEEIgHmo  Lbgs
J39460Lom30L; 49MM3Egd0 BosMmgdmos Lbzaslbgs furgdolsmgob.

dgbsdg  mogdo  39MBHMbY o WMYbMOTsEMMo  dobsfiorgdgdol
Lox3d3zgEBy  obbowmos  LodoMmggerml  dmlobergmdol  asbsfowgds
©93W5M0MgdMEo 999mbogergdol, doeosbo dows 3MMmEd@oL dmbdsmgdol
dobgg0m, 0659gm@mbgmdoms dobsfowgds gmso s Lbgs dgdmbagargdols
90bg30m. 59 05300 LogdoMmM39EMBMZOL 53EH0MYOI0s (HMBsbmgz0, 2007)
Bs3Omddo  Joegdo  BmOINs,  G™Igwoi  LsdMowgdsl  0odenggs,
2390003035 Mm,  IMbobeErgmdol  99mbsgergdoll  BOEIMBOM  IEYGOOL
d900bg03580, IMbobergmdol bgdoldog®o UgadgbBol fowo, dsgsoms,
d00sbo oy 3MMmEwYdBHoL bogmomm dmbIsmgdsdo, Gog, bBggbo sBMHom,
9900gds  Boomzoml  bodoMmzgeml  dmbsbargmdol  93mbmdozw®o
LEHOWIGHWYOOL 53900L 30639 F3I MBS (FMLobEgMBdOL 93mbmTozwdo
LEHOIGHYOOL Z0FOM 2539300 - 0b. Fgbogol sbLfYoLo).

©olgMHEE00L dm3grg dobss®lo

OHMaMO3 339 000939, COLYIOESE0580 33939 BYdS LT gOHMTBINMb
053530060300 J0doMmEgd0m; gugbos:

® J0yM5300L  93mbMxBoBO3MOHO  TmEYEgdol  gsbbowrgs s Fsmo
3360205300 bOJoMMZgEMLMZ0U;

® 5JoMHN39Mbm30L s BbZs 21 J399bolimzols (s8mMBgwyaos 99Hmdgwro,
3mbALIOFMMS S Pob30MGd Mo J3094bqd0) MMBIVdOMdOL 0bgdlgdol -
X060, Xx0bol As6BMASIOME0o, 3mz39M0l, GHJowol 30MH3gwo s Jgmy
060qdLgdol s 53ZobLMBOL 30390 s JgmMg 0bgJLgdOL godmmgus;
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®  LodoMmmz9wml dmbobergmdol goM3zgwero i3gbgdol 93mbmdozmemo

LAHOMIGHIOOL SIS JoMgGHMLs ©d  WMPBMOTsw GO gobsfowgdgdol
L5FMogdOm.

005305
9065300L M30L90M030 BoJBHMOOOL LMW FMMIMWOMds A3b3JdS
dOM0sdo (0939603 g0bo, 1885). d0-d0 s 93M™30L J399690do dogMozool
LEHIGHOLEH0ZNO 965¢0BDY IYMHEBMBOM Tob Q993905 90 MYOMIYEO
296DMY50090s, MMIgOLs ,00aMsEool J9bmbgdo™ »ifims - ob. sliggg (aMoao,
1977); Bodmgmzmwom Bmaog®omls:
1) 80gM963)9d0L BMm3wglbmds doaMmomgdl dzotmg dsbdowgdby.
2) 3065300LsL XgM bgds OO Jowrsdgdol, 8gdwgy - 35¢eMgdolL
Qobobengds.
3) 00653008 ©MI0bBEHMG  B0ToMHNMGOLMD  gOHMO©  SOLYdMBL
Lo30MHOL3OMM.
4) Joagdo MBOH™ Ig@s© GHM39096 5300600 LoddMdML, 30MY 35(3900.
5) caxobgd0o 08305050 80056 gdog™sosdo.
6) ©O0EO Jowsdgdo MBRO™m  0BMEId06  ToaMeb@Hgdom, 30wMY
096936030 JoBHGdO.
7) 8065305 0HBMEYds 0bMLEOO0L, 3MIgHEooL s GHMIBLIMOEOL
296300050900 335¢5335¢.
8) 30 M5300L 0MHOMOEO JoBYHO §3MbMToMEOS.
905300530 J0dM3zbowo FOMIGOOL sboeoBo 330P3969dL, G™A 53

396mb7g8L gbsg MBO™ oo 3609369wMds sg30.

d0gM5300L IMEgErgdol 33135 OLYOESE0sT0 MMO B0TSMHMNIEGOOM
0L FomBoMm)00. 5d0obo J0BYHO J0M300L SOOI FMEIEJdOL MOTsR0
0b6GH9M369BH5305s. 300390 0bGHIM3MYGHE00m, 0v)  Bs3m3wom, OMI
doaMs30s  PY39Ho©  d08obsmgmdl, dsaowoms  990ga0  dmEgerol
dobgzom,
7 a:
¢ R
95806 MHMob goM339e dmbs3zgmol 9989 J399obsdo Fmlobergmds 506
Mbs ©oMbgl. B39 89393909 58 3oMoMJLOL g3l gBmOl dbMog -
5bo0 (33¢050L 89dmEsbom, MmIgEoE OmML dggbsdsdgds, Moysb doamaizos
©MMdo 90d0bsmgMdL, s dgmeMgl FbEMO3 - ool sbv 8gimdol gmbdizool

M, =k
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erf (x) = ~dx

X
2 [e
LR
(b BWbd30s, GMYMOE  EbmdOWos, SEHIOL  BmOIsEw®  qobsfowgdsl)
1539959300 0LYIMO 8653530l Fgdm@Esbom, GMIgwol g3mbmdozw®o
Lo@PEo0lL 330 gdol  Fgdmbggzedo  dogGoool  bo3ool  gobrmemgdsl

399mof393>:

S :kaz]qql(t)pj(t) E_A,_ierf 4 X + 2(/{1-‘—;{2) dt
0 5(t)R(t)2 2 2 X1— X2 Xo— X1

og x 560L BogGroool figsmm-g394bol 333-b 995350505 sbodbmargdol J3gybol

333-b09b. HOEILEG X SbEMUss 11 -056, 85906 0B850 10mgdol 9OHMOs

©5 80pGo3osl byl o6 w8ol, bmwe Gegs x sbwmbss f7-msb, 85806

056505965300 00000430l be0s s JogMszos fyogds.
S 560b 8oga™abBHgdol 653500 I 03®M0dO J39960b | B0 J399496530;

q, 0oL @3®0d0 J394bol dmbsbergmdol Hom@gbemds;

2 560 80M0 §399460L IMLobErgmdol MomEgbmds;

a 560l 30sMo Mgaombol Bmas (Msombo);

R 560l 856d0o 58 =6 d3994965L eadols;

k960l 30Mm30mMOE001mdoL 3mg03096G0;

& 060U g3994bob “990figz3o0mds”, sbv bbgoalbgs ofiglgdwyero dsMogmo.

3d0gM5300L dmEgEgdol Igmeg 0bEIMH3MGEHE00m, M3Y0 gl Imgergdo
QOOMUL, MHMAMOEF (3300, 56 89039396, 03 5300L BMMTMWOm FTMOMIEGdS
9clobangmdol ol MomEgbmds, MMmIguos 3m@gbEosw Mo doaMmb@os. sgmo
06390309@s3ool  9980bzg3sd0  bgdmmdmyzsbowo  dmgmol  dsq03Mo©
2990309969 MRmHM LEHEYMBOEo dEIWOo (¢g39Mo..., 2008):
In(M;;) = 4.218 + 0.221 - In(pop; - pop;) — 0.261 - In(dist;;) + 0.00004 - (rely;;)

+
+0.401 - In(stock;;) + 0.275 - Lang;; — 0.091 - CONT;; + 0.288 - LINK;; + u;.,

Los3

M, 560 BoaMabBHgdol Bobs 1 sM0dO §39960sb | 80 J3ggobsdo;

pop, - pop, 5ol JgLodsdolbo  J3gybgdol  dmlobergmdol  MomEgbmdoms

6596rog30;
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dist, 60l J399690L ImGol dsbdono;
rely, 0L | 9399boL 9B bimerbg 983-0L MoMEYbmdOL FgnstEgds i
Bol g b dmbobrgbg 383-00b;
309 J I @JIvI

StOCkij 560l I d399b60sb | 939996580 99339 9Boa®0MYdYEO

dbobErgmdol  Mom@gbmds (M5 WBGMm IgBos 99339 90aM0MRdWYEO
9lobangmds, 00 MBEOM 53005 JIOFOOMJOS OO 5I3FHIG0S);
CONT, 0oL 50 MM J3994sbol Mol Loghomm LsbEz®mol  god@om™o

3565393 M0;
LANG, 200U 53 ™Mo g399bob babgardfjogem gbgdol Losbemgol gog@dogmo

356599¢M0;
LINK,, 0L 58 06 39956l 8m®ob gm@wmbosey®o 3538060L gogddhormo

3565393 M0;
Uij 200l 3mdowgdol gbiaoo.

3b®0oo 1. LogsMmggmmsb doaMszos 1995 fiarols dmbsggdgdom ©s 8933e0wo az-om
Qs stock-om

903MobBg00  pop 093 056587
(sonsLn) 8ogmo  dist  1/by 98581m
P.R.C. ©0ob3. mbo 38 by rel 9000 a3 Lang cont Link  In(Mij) Mij

by 840 1608 4.9 1,884

Logsmon. 0 0 4.9 0 1,884

Mybgon. 450 800 160 1648 5613 3.30 100000 0.00004 1 1 1 14.9528 3118289
Mybgon. 450 800 160 1648 5613 3.30 100000 0.04 1 1 1 15.0845 3557260
MyLgon. 450 800 160 1648 5613 3.30 100000 0.004 1 1 1 14.96585 3159256
Mybgon. 450 800 160 1648 5613 3.30 100000 0.00004 0 1 0 14.3898 1775859
Mybgon. 450 800 160 1648 5613 3.30 14000 0.00004 0 1 0 13.60138 807246
RYsLs) 30 80 329 9300 28691 16.85 10 0.00004 0 0 0 10.49566 36158
LodgMdb. 80 150 10.8 1845 15,404 9.05 1000 0.00004 0 0 0 12.00947 164304
oybg. 8 100 80.8 1024 10,383 4.40 100 0.00004 0 1 0 11.59307 108344
36M. 70 150 42.5 1467 3,987 2.18 500 0.00004 0 0 0 12.09374 178749
SbgMmo. 50 35 10 448 2511 1.47 80 0.00004 0 1 0 11.25745 77455
Lbm3db. 40 3 170 1592 0.93 30 0.00004 0 1 0 10.85234 51655
396M3. 20 25 80 2641 23,521 13.85 2 0.00004 0 0 0 9.866214 19268
33030M. 20 0.5 2629 17,065 10.02 100 0.00004 0 0 0 10.31436 30163
o@sm. 10 59.6 2669 22,353 13.09 20 0.00004 0 0 0 10.7216 45325
9L3s6. 30 46.7 4025 16,258 9.52 100 0.00004 0 0 0 11.20583 73558

P.R.C. - Pew Research Center-ols 3mbsggdgdo (30ml boggergzo 396¢®0, 2019); oslsa. -
©0353mMHgdoL LsdoboliBMml 5GMMRBOFEEMHO Bmboigdgdo (EsbsGmo 2)
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50 gMmOIN oL 3095303096300 FodNmM3Eow0s BsdMmddo (wwg396o..., 2008)
930bm3o3MMo 3530060 gd0Ls s MbsFIOMIMBOL MEY60BsEooL J394bgddo
(OECD) 93mbmdozwmo 3538069005 @5 965dIOHMIMdol  mMsbobozool
939469080 dg0l 25 J399sbs: sg3LEGHM0s, S3LBEHM0S, HE0 BYW B, dYAOY,
3996000506900 LsdgBm, 39Mdsbos, 3965, ©B0s, gu3sbgmo, mwddgmo,
053Mb05, 0MEbEO0s, LE b, 0G0y, WMJlgddmeyo, Bowghwsbpgdo,
6639205, 30OGHMY0s, LEdIMIbgMO, LogMmabygmo, Bobgmo, FggMmgdwywo
93537900, 8390356005, 839(300. 30650096 58 MERYBOBsE0sT0 Tgdsgswo J399bgdo
29800Mbhg3096 393-bs3egds

3600 2. b3gs039mMEb JogMazos 1995 fierols ImbsEgdgdom s dg33wrowo
az-oo s stock-oo (258Md909ds)

903MmobB00  pop 093 056587
(sonsbn) 8oqmo 1/by 9589
P.R.C. ©0ob3. mbo dist mbgy rel 9000 a3 Lang cont Link  In(Mij) Mij

bym 840 1608 4.9 1,884

Lagsmon. 0 0 49 0 1,884

Mybgon. 450 800 160 1648 5613 3.30 1 0.00004 1 1 1 10.33611 30826
Mybgon. 450 800 160 1648 5613 3.30 1 0.04 1 1 1 10.46782 35165
Mybgo. 450 800 160 1648 5613 3.30 1 0.004 1 1 1 10.34916 31231
fybgo. 450 800 160 1648 5613 3.30 1 0.00004 0 1 0 9.773112 17555
Mybgo. 450 800 160 1648 5613 3.30 1 0.00004 0 1 0 9.773112 17555
530 30 80 329 9300 28691 16.85 1 0.00004 0 0 0 9.572321 14362
Lodgmdb. 80 150 10.8 1845 15,404 9.05 1 0.00004 0 0 0 9.239464 10296
oymg. 8 100 80.8 1024 10,383 4.40 1 0.00004 0 1 0 9.746395 17093
30, 70 150 42.5 1467 3,987 2.18 1 0.00004 0 0 0 9.601678 14790
SB9Md. 50 35 10 448 2511 1.47 1 0.00004 0 1 0 9.500256 13363
Lmdb. 40 3 170 1592 0.93 1 0.00004 0 1 0 9.488459 13206
39Ma. 20 25 80 2641 23,521 13.85 1 0.00004 0 0 0 9.588262 14592
33030 20 0.5 2629 17,065 10.02 1 0.00004 0 0 0 8.467684 4758
o@om. 10 59.6 2669 22,353 13.09 1 0.00004 0 0 0 9.520316 13634
9b3s6. 30 46.7 4025 16,258 9.52 1 0.00004 0 0 0 9.359152 11605

P.R.C. - Pew Research Center-ols 9mbs393gdo (30 bszgegzo 39bG&o, 2019);
©05UL3. - EOLB3MMZBOL BsToBOLEBHOML sGMMBOEOIWYMHO dmbs3gdgdo (©sbsmmo
2)

05650500 3bM3Mgd0L EMbom, 5d0G™I 53 3Mb3MgEHw gdmbggzsdo | J3gybols
900 LBy Jgdmbogeol GamEIbmdoL 1 J3ggbol  gom Lyger dmbsbangby
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999mbsgocby re')/ij 39835Mm@go0L  @masMomdol  3mgzoi3ogbdo  0.00004

509MBbs d5¢05b 3306, M3 96055 9J35¢ M0 Bobl 00 Fgdmbggzsdo, Mmgbsg
2396obogds 90gMoE0s ©sM0do J399bosb 8o J399sbsdo; LadsgoghHme,
OECD  g3g99bgdl  dmtol  dogMmogool  ©@Omb  muédem  3608369cmgzsbos
56036 gdol Jggysbsdo m339 930gM0MgdMEo InbsbEwgmdol MHomgbmds

StOCkij, @Il WMYPsMHomMIoL 3m9530309630s 0.401. Jorbgogs© s80bs,

LogdoMmm390mEsb  ©sbodbmgdol  d3ggebsdo 339  9doyMoMgdmeo
9cbobErgmdol HomEgbmdol s Bod@oMemO (33¢5Jd0L 35MH0MYd00 Bo0b3
990 gd9wo aobs LodoMmzguMmEsb bbgoslbgs J3gysbsdo gdogMsiosdo
Pobyarms Mom@Egbmdol dosbemgdomo godmmgwrs, Mmdguwog 0obbmdsdo
0g690ms (36Mmd0en dmbo39dgdmsb (ob. sbowgdo 1, 2).

500@ ™0 3500530930@ g Lewer-ol dmogerob 30953030963 500b bgmsbawo
2390m3ws Bod@oMo 3s6509BHMO0L 8903390 IM395¢0 33¢eol M z0g0
693M9LooL Lodmsegdom, 458m3094gbgm Mo s8olmgol MS Excel-ob dglisdsdobo
0bLEGH®MBBFHIO0; 99539 OOML s39ToGJD b FodGHoMMmO 35M5893O0 -
Relig (M9wo0g05), H™Igeog ogdl 360dgzbgermds 1-U, GmgLsg J3994bgoL
LogPHmm MgEoa0s 5930, s 0-b Fobsswdwgy Fgdmbggzsdo, s sdmMYdEos
Loghmm gbol s®LYIMBOL BoJGOWMGOO 3sMsdgBHMO, MoYsb LogsMmzguml
oM 39Mm J399m0 50b0dbmer J399sbalimsb LogMomm gbs 56 gosbbos, dogohbogom
5, G 0b BogGHOo, OMI 35033999 39H0MET0 Lodo@mzgeml momgdob yzgws
dmgdomodg BEMdEs HMLvo gbol gergdgb@otme B3939dL, 5O oym odobo
Lo3dzgero, MHMI GWLwo gbs hsy3zgmzsws GWLIMOLs s bodosMmzgurmls
LogPomm gbo (396Lbgsggdom

3b®oo 3. 1995 fiemols dmbssgdgdo

Abergaom d5630L LBsEoLEBHO 3oL dobgogom
1995 §. -
2 s

3 | € g |2

S & B 3

a | S N =

a o = m o _ € < oy E

5 |8 ]2 |8 L | @ 8|5 | &| =
Mybyoo 800 160 | 1648 | 5613 100 | 2.98 1 1 1 13.65
AYs[s] 80 329 | 9300 | 28691 |1 1523 | 0 0 0 11.00
LoogMdb. 150 11 1845 | 15404 | 3 8.18 0 0 1 11.21
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oyfdgoo | 100 | 81 | 1024 | 10383 | 1.5 | 551 |1 1 0 11.46
1305006 150 |43 | 1467 [ 3987 |10 |212 |0 0 1 12.08
80M3sbos | 25 80 | 2641 | 23521 |1 1248 | 0 0 0 10.23
3303Mmba | 7 0.5 | 2629 | 17065 | 0.5 | 9.06 |0 0 1 9.35
0Gomons 12 60 | 2669 | 22353 | 1 11.86 | O 0 0 10.04
qL3sbgonn | 30 47 | 4025 | 16258 | 1 863 |0 0 0 9.87
09ma0s 20 11 | 3229 | 22405 | 0.3 | 11.89 | O 0 0 9.07
LoxzMmobg | 20 67 | 3372 | 20740 |15 |11.01 |0 0 0 10.04
0M0n@ob 15 64 | 3542 | 20516 | 1 10.89 | O 0 0 10.07
23LEMm0S 10 8.5 | 2339 | 23654 | 0.4 | 1256 |0 0 0 8.86
boggfen | 5 17 | 3203 | 23403 | 0.3 | 1242 |0 0 0 9.36
obfsgamo | 10 9.2 | 1396 | 19892 | 0.5 | 10.56 | O 0 0 8.98
Logomang | O 49 |0 1884

Ly 1601 155

(Buemmmom d5630, 2017)

350 1 s 2-0lg9b). 53539 MM A5x35MHMMZEs 00 J399bgdol Los, MMIegdTos
239bobogdm@s JogMogos, 0MdEs 3o8melzw@s bmdbgmo s sHYMBdSOK 6O,
50356 9500 J0aM5305L 3dMmbs 593500 Fodmbs@mwo gmbozmmo bsliosmo.

3b®o 3-0b dmbs399900, GHMAMME 90bodbmwns, 93mmgbols 1995 {gnb.
dolbo 3oMmzgwo bggAHo Mol J39ybgdol Loos, Tgmég Lgg@o (Diasp) 6oL
©05L3MmMHdOL  LESTOBOLEHOML  sMIMGBOEOSWYHO FMbszgdgdom 53 J3qybgddo
JoO 039w 9304M506GH™MS MH3MEIBbMdS, 13gEHO I93MYDdS JI0RMBEHMS 06O
MomEgbmdom 1607744. 9dgbodg ULggBo 9MOL  dmbobrgmdol  Mom@gbmds
dglododol  d3994bgddo, dgmobg ULggdo oMol dsbdowgdo  MdOEOLOWIL
dgLododolo 93996gd0l godosdgdsdy, dgbmmg L3zgEo 9ol dgbodsdobo
93996900L  dmrosbo dos 3OMmEMIGHO, 89943 L3gBHO ML Tgbodsdol
939469080 dogaMogool sygdsdg msbsdgdsdryarggdols Momgbmds, 99930y
U39BH0  Fggds  Fgbodsdobo  g3gybol  8B3-Lo @s  LogdsOmggwml  933-U
99535M©9go0LoRob, dgMgzg L3gHO oMOL  Loghomm  LsHBO3moL  BodEow®mo
3565d9GHM0, dgbmg L3gBo Mol FoMObmedo  3membosw®mo 3538060l
30dBH0MM0 3565993HM0, 995mg b3gBHO ML LdgMOM MHYEoYooL 3565xEMO,

0900963939 139G 99YJOs TMS35¢33WOOBO fMa30z0 MgyMglool
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3bGogo 4. sbMogn 3-ols Bglisdsdolo fiMgogo Mgamglools 359G Mmgdo,
domgdvymo Ms Excel-ob bs8vgsengdoom

Lower 95%  Upper 95%

-25.5635561 4.64674276
-0.0292824 1.39477914
-1.46155118 1.21999936
-0.27868557  0.2478225
-1.17653427 0.85633711
0 0
-0.65780764  2.7802138

Multiple R 0.939027273
R Square 0.881772219
Adjusted R Square = 0.668101383
Standard Error 0.64062209
Observations 15
ANOVA

df SS MS F Significance F
Regression 7 24.48672355 3.498103 9.944332 0.003574038
Residual 8 3.283173294 0.410397
Total 15 27.76989685

Coefficients  Standard Error t Stat P-value

Intercept -10.4584067 6.550356606 -1.59662 0.149018
In(POPi.POPj) 0.68274837 0.308772547 2.211169 0.057975
Ln(dist) -0.12077591 0.581427957 -0.20772 0.840636
rel -0.01543153 0.114160263 -0.13517 0.895813
In(STOCK) -0.16009858 0.440777914 -0.36322 0.725852
cont 0 0 65535 #NUM!
Link 1.06120308 0.745449973 1.423574 #NUM!
Relig 2.412600314 1.190617992 2.026343 0.077294

350MmMZ00s 53GMGOL JogH

990093950 900900 BmOIYol  bodowgdom  Jgbodsdol  Jggybgddo
900300909 ms 1535M59M MHoMEIBMBIOOLOYSE.
3O 3-0b dobggzoo MS Excel-ob Data>Regression 3bJool go0mygbgds
9ma3399L 95% bmdOL 0b6E M3 3bHOE 4-80 Im393wer 360d369EMdYOL.
50 3bGool B39O, Labgwfimgdom Coefficients 335993l LodoMMZ3gEMOE

05300l ImEgels:

-0.3329697 5.15817033

In(M;;) = —10.458 + 0.683In(POP,. POP;) — 0.121In(dist) — 0.015rel —
0.160In(STOCK) + 1.061Link + 2.413Relig.

3600 5. LsgsBmN390mEb Moy J399465080 dog®sEool Msm@gbmds s dolo
Dm0 3565993M0 (Fmbsbergmds, dsbdogro s bbgs)

1995 §. dogM.
S0l

POP
doqm.

dist

883
1/bym

rel

Relig | In(Mij)
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RYs o] 80 329 9300 | 28691 | 15.23 | O 11.02
LodgMmdb. | 150 10.8 | 1845 | 15404 |8.18 |1 11.24
036. 150 42.5 | 1467 | 3987 212 |1 12.07
396Mma. 25 80 2641 | 23521 | 12.48 | 0 10.22
33036, 7 0.5 2629 | 17065 | 9.06 |1 9.37
0@om. 12 59.6 | 2669 | 22353 | 11.86 | O 10.04
aL356. 30 46.7 | 4025 | 16258 | 8.63 | O 9.87
09MMa0d 20 11.2 | 3229 | 22405 | 11.89 | 0 9.03
Logmobg | 20 66.7 | 3372 | 20740 | 11.01 | O 10.10
oMn@sb. | 15 64.1 | 3542 | 20516 | 10.89 | O 10.07
o3b@Mos | 10 8.5 2339 | 23654 | 12.56 | O 8.88
Bogogfe | 5 17.4 | 3203 | 23403 | 1242 |0 9.29
obfmsgemo | 10 9.2 1396 | 19892 | 10.56 | O 8.95
Logomms. 4.9 1884

(Bbegaom 35630, 2017)

o 3Mm9830309530 cont-096 Byaros, Moesb cont-ol s Link-ob bgg@godo
JO»Nobgol  gdmbgzgz0sb. bMowr 3-0l dmwm ULggBHdo sboswo ImEgEol
B0OIMNWo®  LOJoOMNZ)MmEsb  JLsdsdol  J3996gddo  gdogMoMgd o
9mbobEgmdol  Gom@gbmdol  godmmgwowo 8603369 mdgdo  @osL3MMOL
LoFoboLEBHMML  IMbs3gdgdoLash  gsblbgzeggdosb sModgBHal 10%-0m, Gog
3b50Ymxl 59 IOl M30MsGHILMSL.

MmO 3 369003m, gbMHow 4-do 3mgx303096G0 rel-msb s In(STOCK)-msb
MoMYMBomos,  sb IgBHo 99dmbiogswro s gdogMmoMmgdmwms wRM™m Jg@o
65000bMmds byl 30 96 MHgmdL BogMo3EosL, 5589 306MH0Jom; QM sTobY,
309983030960  LEgMOM  LEBOIOOL BOJBHOMO 35M5FYGHOMD bmeos, 9699
L5gOHM LoHBPIIOL M 593l B0TZbgEMds, Mg b, LHMEMO 56 Mbs oymb.
B396 s00Lo BobgBo agzambos ob, GMI IgBMdYE J3996gdL FmGoL ToyaMmsizos
9900gds o6  500fgMHJOMOIL 33039300 J0BOYEMdOL  Jobmbom,
500396 59 J399b69gdl Mol dsbdogrols gobloBbmzMs 3500 YEIJowsggdl BemMol
05909000 5655 3nMGJEHYe0. sdoEMad B39 3bBMow 3-sb sdmzomgm HMligmo
©5 00MJgmno, MLl Im3yzs Loghom LEBO3MOL LggEHOL STMMYdsE, Mo
LoJoMM39Mmlb  BsMRI6  J399Bgdmsb  LogMomm LoBEzsMo o6 sg3l; b3,
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50m300g0 0565398599¢0g900L dqLsdsdobo bgg®Eo, Mol G9YASs3 J03009m
3bowo 5; 3bOHow 5-0b dobgzom MS Excel-do Bsdgbgdwero Data>Regression
53bgd300L godmygbgds dmy3390L 95% bomdol 0b@gM3swom bodsMmzgum©sb
309M5300L Fgmeg sHoE BmEgEoL:

In(M;;) = —9.713 + 0.604in(POP;. POP;) — 0.046ln(dist) + 0.0014rel

+2.219Relig.

3bOow 5-0L dmwm 139BHTo 99 FMEOIMWOoD LOJSOMNZIMED  Tlsdsdol
30469080  gBogMmoMmgd o IMbEbEgmdOL  BomEgbmdol  sBmmM3E0wo
06003690m0dgd0l  dgsMgds  osL3m®mol  LsdobobBHMmL  dmbszgdndmsb
3H500Ygmxzl, O™ IgMmOg sHsE IMYEL 56 sHalisMGIL oL Bogermgzsbgdsbo, Mo
5J3lb  3oMzgar  sbogw  TmEgml; 39Mdm©,  3m98030g6G0  “rel”-msb oMo
M5MYMBom0o, 033 98 dmEIwom Joamszos MHMigmTo s MMHJgmdo 6
3950Mm0m3gds.

5060950, 900g0)w0os 30dGH0MMo (3350900 d9933900
005353350560  §OR0z0  MgaMaLool  Lsdwowgdom  LodsMmmMZ39 ™Mb
93630l 599356  J39969ddo  Foa®mozool mEO  sbowo  IMmEYwo, SBsbmsb
999 Goboos  sbogo (OHgaogool) BodGHoMMO 3560599BHG0; g3dMmIdmEos
303mmgbs, md dgbmdg J399bgdl Mol FJoyMogos Fgodwgds o6 ogml
30DB0MEMBOL 4MH303)930IE0 356Mmbob sbsErmyow®o; Bzgbo sBMom, sgmo
doaMs300L  dMmEIEol  sboggds©  LsFoMmms Ubbgs xgobozwm®mo  dImgargbol
0500905303900  dmEgol  25dmyggbgds, dogowomo - 9Mgdo, OHmIwol
Ubgoolbgs  FghGowdo  Lbgosbbgs  $H9gd3gMedeos,  $Hgo39mo@nMooms
23505658Mgd0L 356mbo.

b @doL 06gdlgdo

LSBMYIMGOOL 93bMT03MYHO LEMWIEHMMOL MZoLMdIGOZ0 Tgufsgerol
9M0-g60> 36093690356 s 0565890MHM3g Igom©o© HoMdmyz0wagds dobo,
23903399900 sHBOHOm, 5JLOMTsGHOBIEF00L 3PS, MHMIgEoa 93w™3boL Lorenco
Bellu-U s bbggdl: (dgen«y..., 2006) (gog®ml Lozgzgdols @s Legol Igmembgmdol
™mOob0bs30s - Food and Agriculture Organization of the United Nations, FAO).
0dze 3boos, M of ,0Ju0MToEHOBsE0sd0“ 0aMEIOLbbIgds dbmermE ©s
dBM@ME HBMYPs0 3M0b303900, MMIgdLsE  Igualfszwo  MomEgbmdMmozo
35bsli05mgdgdo Fgodegds Fbmerme bsfowmd®mog s30859mz0gdbgb.

09l s Ubg. bs8Omddo FgdmEobowos »Mmobsdmmdol 3330l
509000 ©s bmMTsGHomwo (BmIeol MOH™mb bgds dgusligds, 3v9E0s Y
396300 1MbOOMBS) FgMYdO. 50 M0 sbseoBol S139dEdo FodsMmegzgb
3330900 5gloMI>GMO 53900L dgmmels:
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AG®3BLEIMGOOL sdlomds;
139O0 06350M056EHMBOL sJLoMIs;
239M05943bsm5 06350056 MBOL sSJloMTs;
3M39905300L M93¢035:300L 5JLoMds;
535 MdOL sJlomds.
AM36Le39MH5d0L Sgbomas Jmombmgl, HGMA 0bogduo »bos J3oMHEIdMEIL
399mbsgeg- 3ol 9E0EMYO0EB MWIM0dYBOL3IID BHMIBLGIMOL (Rosbsffoengdols)
©OML; ©o 0bgdlo Mbs 0BOEIdIMEIL, MmEIbsg GMBLBIMO brgds
0960090056 EOMHYdOL 3.
13o¢EsOHEO 0635M0BEHMBOL sJlomds dmombmagl, Mmd 0bwgdlo 6 Mbos
033gdM- gl 06gJlgdol 9HM0L0039 MHOEb3BY FodMO3wgdOL OHMU.
290005g365005 0635(056EMBOL SJs0MBs ImoMbmzl, H™mI 0bgduo 56 »bs
033WgdM- gL, 0 IMbs37890L F03mBo@ O JMHMOH0R039 LOOIL.
303195300L GH33¢035300L 3guomds dmombmagl, GmId 0bogduo s6 »bs
033WYOM- L, 0¥y dmbo3gdgdl 993009MMIOm, 9b6¢), MGO™ BMLE©, 0¥
33943L 990mbogargdol MmGmo Asbafowgds

V=Y Yoren Vo) V=000 Yas Yo Yareo s Vi)

0 gd0sbsg 09meg do0mgds 30039wobogsb dmbszgdms gsbdgmegdom,
35906 oo dgLodsdolbo 0byLgdo GHmeo »bos oymb.
05350MdOL 5Jsomds Fmombmgl, Mmd 0wy Ggdmbogergdol bsfyobo Y

Uik W=

396500gds ambogmms oymzowos yl;yz;--wyn 3965Howgdgdsc, 35806 Y-

oL 06gdlo godmomgergds y11 yz;--w yn 999mbogegdol bodwyswgdoo.

069dbgdo 890dmgds 56 530594mBowgdbI6 Bmyogho sdlomdsl, 6¢9
0gLbob  odloMBgdO 0Ly  SMBS  A9YJONIEO,  OMYMOG  Tomgdsd03sdo;
09500mo©, x0bol 0bgduo, Ggowol 0bwgduolgsb gsblbgsggdom, o6
93004mx30¢qdL 3 MdOL 5JloMmdsls.

X0bol, 256%Bmysgdmmo Kkobolb, 3mMzgMolL, Ggogol s 3GHIoblmbol
0bgdlgdo obBHMMoMs© 8900ga0 M9630dWIZMMBOm  FodmBbEs: Kx0bol

0bydlo - 1912 Fgaro, ool 0bwgduo - 1967 fgo, 5330bLmbol 0bgduo -
1970, 3993960l 0bgduo - 1984 Fgwo.

X0bBol s 3390l 0b6gJlgdol Fsdmm3Eol Logwdzgwos wwmmgbiol
foMo, bmwmn @mnmgbgol oMol o395 9dysmgds, GMAMGE 3030, 9.§.
05653MMdol o, GMmdgog  sbobsgl 03 FodBL, OGmI  MommgME
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90b599m@bgmdol 5Jgl 0obsdsMo Fgdmbogswro. Boa®sd ob, M®I mommgwyew
90b6599mMBgmdoL 5d3L 05650560 Fgdmbiagowro, bobsdwgzowgdo 5@ 650dbsgl 0dsl,
™I 9500 FoOOSE 3M9BBMO FgIMLOZ5w0 5730, B0y Lbzoslbgs My sbdo
390degds 0gmb §936G900L bbgaalibgs Momabmds, Lbgosbbgs sbszol s
bbgoolibgs xsbdMmMgermdol deymds®gmdom; bimMgo 535%gs sggwdbgdmwo
X060l 06gdlbol 3MoG03s 3sgeEobols (3sawobo, 1965) dogh. 3saeobol sHMHom
X0obob  06gdlol  sdmmzgs bgdolidogMo J3gyboliomzol s s FmE0L,
9153300390005,  LodoMmM3gMLMZoLs3, 290339 LOMMEGJdMbos
0535380690990, GEYR0 3930bol sBOOm MBBOMIOL FoMmo 6 5090s
09dobo3mMo, sl LFoMEgds Fgbsdsdobo  LEsEGHOLEHOZMMO  dmbsigdgdo.
oLOESE0580 oBMMZE00s X0bob, 19 3mdzsm, B3 gdcmo30, 0bwgdugdo
LoJoMM39Mbs s BMY0gHmo bbgs J399bolimzgol s Fgsdmgds 430396900,
M3 xobol 0bwgdugdol m339 3Ebmdo  9BMmMzEdOLIYD H3gbl  FogH
000900 3909900 30609000  goblbgs3000, MoAsb  2sblbgszgds
Lofigobo dmboizgdgdo. Gog dggbgds 39390M0L 0bogdul, Gmdgwos 3308396900,
O™ ov), dogoroms, dd3-L Msdgbo 3MMmi3gbEo MbEs AsIz9bsfomm
©oM00g0bBYg, Momo 9dmbogswro GobsdgrMbgmdgd by gomabsdtmgl, gb 0bpgduo
LodoOmzgembiogol, olggg, Mmamez  Ms0gbodg ULbgs  J399bobmgol,
bbgoolbgs  famgdols 80dstron  godmgmgomgo  ©s  dogz009gm, Gmd 0o
LodoMmm39wmlmgol Mol 29.9%. 89smgdolomgol, h3zgbo sdmmgmwom
3993960b 06gJLo Y39waHg MBOM 30695 sBYMBds0K 60 (11.7%, 2005 §).) s
9439wsbg oo Bobgmdo (30%, 2010 §.). gb 990093900 JMOYE0S30530s o0
93996900L  Xx0bol 06@dugd™Msb, MoEAH sHgMHdsoxsboL Kxobol 0brgduo
439woby 930695 (16.6%) s Bobgmol xobol 0bgdlbo 439w sBg oos (42.6%),
0¢) o6 303000 0LMLgEL (42.8%) (ob. 3OO 6). MIEs sDyMdsox 6o
9amdomgmds 2008 Farolomzgol dgoEgows. d936086mm, HmA 33960l 0bpgduo
L5JoMMNZGMLMZ0L 306HZ9Ws B396L FogH sGOL dodmmgeroo.

X060l 0600gJlo 56 0M35¢olHobIIL 0dsl, MHMA Lbgsslibgs Lsbmysmgds
390dagds  bgoslbgebsoMo® 900d359@gl mmsbslifim®mdol  gMmos0a039
©mbgl. gl 0@Ys FobbmME309WgdL  3Mmemdl  x0bol  QoEBmYs©IdMo
0bgdbol 3690530

G(v)=—$Cov(q,(1—F(q»“),

LOESE v WBBOMIOL FOMWGOMBOL  (43054MBOEGOOL) 3M9B0309DG0s.
OnEs v =2, 05906 xobol 256%mysgdmwo obpgdlo 9dmbggzs xobol
0b@gdLL. Grog MBO@ 9@ 30594MBoWgdOL 3nJB030g6G0 2-Bg, dom MROM
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3d9@0s x0bol 456BmyeadmEo 0bwgduo. MMdEs o 33b3gds Mo Lodbgany
- 93059mxzogdol  3m98303096GHOL  49dmmM3Eol  BMmMTsw Mo TJOMPO 96
aMLgdMAL, LsFoMms oo gdu3gMEHEro gxoligds.

B30b  godmmgwowo  a3543b  xobol 2396%Bmasgdmo  0bwgduo
LogoMM39Mbs s M3MTgE0 J399boLmz0L (ob. FbGHOWO 6), v3d59mz0egdol
3M953030906GH0L d90ga0 8600369cmdgdOLsm30L: v =3, v = 4.

OMAMOE 30600, 0M3Wds, MM LodsO®mM39wml Imbobegmds bo3zwgds
dMdbmdosMgs  93mbMT03MM0  MMSbalimOMdol dodsmm, sdo@md hgzgbdo

30594mB0gdol 3mgx0309630 56O Mbs 0gml dswawo.

3bM0eo 6. X0bob g36%Bmysgdmmo obgpgduo

d39969%0 | $emgdo xobo xXobo xXobo
396%. 396%.
v=3 v=4

sBgMRBS0K. 2005 16.6 0.19797 | 0.213776
00996035 2013 41.1 0.47322 | 0.500888
39635605 2011 30.1 0.35484 | 0.380496
QGH™bgo 2012 33.2 0.389175 | 0.417746
06dg 2012 40.2 0.45795 | 0.481608
053mb0o 2008 32.1 0.379545 | 0.40891
06560 2013 37.4 0.427065 | 0.449394
oLM5gEo 2010 42.8 0.49074 | 0.518436
0G0 2012 35.4 0.415815 | 0.448182
W30 2012 35.2 0.39756 | 0.425856
woB3d 2012 35.2 0.41028 | 0.439296
dmmg 2013 28.5 0.33492 | 0.358244
Gbgool 2012 41.6 0.46587 | 0.485992

Lod9g®Jd6 2012 36.7 0.43374 | 0.4678
Log3™56g,. 2012 33.1 0.378045 | 0.401358
Lodotron. 2013 40 0.45948 | 0.485088
Leadbgoo 2013 315 0.3639 | 0.385936
1362506 2013 24.6 0.29235 | 0.314992
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Bobgoo | 2010 | 426 | 0.48795 | 0.515784
259M0ZEX0E0s 53GMGOL JogH

MmO 3bsbgm, xobol 0bgdlo  ,BsOMBOMOS”, Moysb dobo
23990m030obsol  oggmol  s®bgdMEo  Asbsfowgdol  FgaMgds  bgds
HMIGOMSE  HUOMYNGOE, 050G 3o65Fogdslmsb.  Fop®sd  sbgoo
LUOWEYMGOE0* 2560 gdOL sMBg3s 30 5G3 0LY 0MEO0s - 0b. X0bol 0bgduol
3003035 353obol dogh. 59539 @OML X0bol 0bgdlo 56 93059mzogdl
3030wOMIOL 5JLOMASL (0b. VMIBIBOMBOL 0bYJugdoL s5JloMIYdO), 6 vy
303000 ©ga0mb6gd0L x0bol 0bwgdlo, 396 535390 domgwo J3gybol xobol
06gdLl. 98 MmE03g 65300Lsds6 Ms30LBsM0s BHIOOL 30M3go s FgmMy
0b69dlgdo: olobo 5655 ,BIMPMBOMO” - Tom0 ABTMEJOOLIL FoTM0Yygbgds
FbMEME 396550 gd0l ©sdobolinsmgdgwo ,,d0bsgsb0“ Loowggdo:

renkng) rendleny)

- 1
5Q0d i o00oL i-mMo obpozoo 353500, =— i 560
b@GX ol i-96m0 0bogool Bgdmbsgsmo, X X| ol

9900bo3@0lL Lodmogm 3608369wmds, NV 960l 3m3ws3osdo 0bogzogdol
50 0bmdo.

G900l 06@gdugdo 9MH0sb SEOEOMMBO s 96 0E3Mgd0s6 25aMggdOL
©OML, 96w obobo o 03300 ©YZIEZS3O0LL (0bY39, OMPMEE X0bol

0bydLo).

bdomo Ggowol 0bgdul gdsbosb dbmerm T1 -b, beagoem To - 9dobosb
L53995M  EMPSOOMNTNE  25BMSL.  LOTMsM  WMYIMOMNTNEIO  FosbEs
MdbMd0sMYs (330 gdqd0l dodatm 4obsfowgdol Jagws bsfowdo, bmem
3900l 0bgglo 30 - 4sbsfowgdol Imgw b3sEsby. Ggowob mmogg 0bgduol
399mm3wgdo  LodsMHMNZGMBm30L  30M39MoE  LOMWEYDdS (PWMMBIMOJY...,
2017) o 98 odmomgzegdol dggaqdo, B3gbl dogH 53 0bgdugdol Lbgs
Q53bEmgdom 20 4399460l 2odmmzargdol 9999dmeb ghma, ob. gbMogn 7-do.
0Lsb0odbsgos, ®mI  GHgowrol  0bgdll  MmsBsdGOMBOL  godmlsmzergus®
BOHOME 094969096 9990 9@ oEHqddo (BHgbsliol »bogg®lodg®o, 2018).
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sbGogmo 7. g290ms 0bog o 9Gors

famo
x060
313260
3713.x100
&goamo 1
&gommao 2
38306 1
3®306 2

1 5>ByMmdonxs60 2008 31.8 0.23 22.5 0.155 0.160 0.148 0.143

2 500 2013 41.1 0.29 29.2 0.285 0.267 0.234 0.248
3 33Mmdsbos 2011 30.1 0.21 21.3 0.140 0.140 0.131 0.131
4 3bBmMbgn0 2012 33.2 0.23 23.4 0.179 0.172 0.158 0.164
5 opMjgon 2012 40.2 0.29 28.6 0.260 0.258 0.227 0.229
6 003mboo 2008 32.1 0.22 22.4 0.167 0.161 0.149 0.154
7 ofsbo 2013 37.4 0.27 26.6 0.219 0.223 0.200 0.197
8 abMsymmao 2010 42.8 0.3 30.3 0.309 0.288 0.250 0.266
9 n&omny 2012 35.4 0.25 24.5 0.214 0.195 0.178 0.193
10 gmoB300 2012 35.2 0.24 23.9 0.195 0.187 0.170 0.177
11 moB3s 2012 35.2 0.25 24.6 0.203 0.194 0.176 0.183
12 dmem3s 2013 28.5 0.2 20.2 0.124 0.126 0.119 0.116
13 MLy 2012 41.6 0.3 29.5 0.274 0.279 0.244 0.240

14 LsdyMdByomo 2012 36.7 0.26 25.5 0.236 0.210 0.189 0.210
15 LogzMabagmnn 2012 33.1 0.23 23 0.168 0.174 0.159 0.155
16 Lojomm3gamm 2013 40 0.29 28.5 0.261 0.253 0.224 0.230

17 bmdbgono 2013 31.5 0.22 22.3 0.152 0.158 0.146 0.141
18 13Mo0bo 2013 24.6 0.17 17.3 0.092 0.094 0.090 0.088
19 hobgyoao 2010 42.6 0.3 30.3 0.303 0.278 0.243 0.261
20 bmM3gg0o 2013 26.4 0.23 22.5 0.108 0.106 0.101 0.103
21 933309 2013 27.7 0.2 19.6 0.111 0.118 0.111 0.117

22 gogo. bodgxym 2013 33.2 0.24 23.5 0.173 0.169 0.156 0.159

53¢3MMols oM 59MmMZELOEO
3900l 06adumsb dFoMm 353806d0s 9E30BLMBOL obgduo, HmIgwos
245900mM3qds FMOHTMEOm
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3bMogo 8. yzgems 0bgdlo, xobol 0bggdgdols BeHsmdolL dobgwpgzom

18 3Ms06s
20 6mMm3ga0.
21 333309
12 dmeem3
3 33M3o60s
17 bmdbgoo
1 >BgMmoong
6 033mboo
15 LoxzMobg;
4 3LEmbyo
22 3ygMmon. U.
10 mo G300
11 gmoB3o
9 0oy
14 LoogMmdby
7 ofmsbo
16 Lajomm3;
5 ogfgjgo
PARY: L)
13 MyLgon
19 hobgono
8 abfmagmo

faomo

2013
2013
2013
2013
2011
2013
2008
2008
2012
2012
2013
2012
2012
2012
2012
2013
2013
2012
2013
2012
2010
2010

x060

24.6
26.4
27.7
28.5
30.1
31.5
31.8
32.1
33.1
33.2
33.2
35.2
35.2
35.4
36.7
37.4

40
40.2
41.1
41.6
42.6
42.8

3133M0

0.173
0.225
0.196
0.202
0.213
0.223
0.225
0.224

0.23
0.234
0.235
0.239
0.246
0.245
0.255
0.266
0.285
0.286
0.292
0.295
0.303
0.303

=]
=]
-
x
0]
9
)
17.3
22.5
19.6
20.2
21.3
22.3
22.5
22.4

23
23.4
23.5
23.9
24.6
24.5
25.5
26.6
28.5
28.6
29.2
29.5
30.3
30.3

&gommo 1

0.092
0.108
0.111
0.124
0.140
0.152
0.155
0.167
0.168
0.179
0.173
0.195
0.203
0.214
0.236
0.219
0.261
0.260
0.285
0.274
0.303
0.309

53¢3MMols oM 59MmMZELOEO
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&goamo 2

38306 1

0.094
0.106
0.118
0.126
0.140
0.158
0.160
0.161
0.174
0.172
0.169
0.187
0.194
0.195
0.210
0.223
0.253
0.258
0.267
0.279
0.278
0.288

0.090
0.101
0.111
0.119
0.131
0.146
0.148
0.149
0.159
0.158
0.156
0.170
0.176
0.178
0.189
0.200
0.224
0.227
0.234
0.244
0.243
0.250

3&306 2

0.088
0.103
0.117
0.116
0.131
0.141
0.143
0.154
0.155
0.164
0.159
0.177
0.183
0.193
0.210
0.197
0.230
0.229
0.248
0.240
0.261
0.266



U(1-¢)

, €€][0,1),

1—£(iyijN , €=1

Loo3 yi 560 1-260 06@03000L 96 X3530L, i =1,2,..., N, 999mbogerol
©mbg, 1 5oL 99mbogErol Lsdosm sH0mAgEH03ME0

1 N
,U:W;%'

53306Lmbol  0bgdlo LogsOmMzgEmliongzol 3oM3zgmse 0gbs godmmzuowo
659630 (00mmdg®0dy..., 2017) (ob. gbGHowo 7).

50Lo60d65305, MM x0bol, x0bol AsBBMYsIOMWO, GHJowolb 306390 ©s
dgmg s 9BH3obbmbol  0badugdo oM 500D  gHMTBIME  BMLE
3MOgo30sdo, Mog 390y  dmPsbl  gbMowr  8-8o, Lowog  J39ybgdo
Q539005 X0bolb 0bgdugdol BHoMdOL dobggzom, Top®ed Lbgs
0b6@7dlgddo BOHEIEMBs BMYXIH 0MM393d.

L5gds60039mL BsBMysEMgdOL 93mbmdogm@o LEGHMYIE@MOL dmgEgdo

3569& 0l ©5 Embm®Bogr®o gobsfioagdgdols 4s8mygbgds Lsgdodomgguml
LsBrYsMdol §3mbmdozn®o LEHGMIBHMGOL 33wg3580. HMEMGE s0bodbmemo
0ym, obgMEs300L gl bsfogro sbbogrmeos Bggbls 658GMmAdo (gogos, 2019).

153050 babos, Mog 9960dbgl, D dmbsbergmdol, d0bsdgm@Mbgmdgdols s
0.0. 96sfogds 898mbogergdol Jobg3zom o6 s©ofghgds Fbmewmp goH™mo
3obsfoargdol  @ubdgoom.  mwdge 99539 OOML  EILBdYMES,  BHM™MJ
dabobrgmdol, d0bs3gwHbgmdadol s 5.39. 3033990 1396980L gobsfowrgds
399mbogeadol  dobgzom  9d399@gdsmgds  sofig®al  ghmo  gobsforgdols

Rbdgool Lsdremgdom. 39M3ME, 0GSWogmds 93mbmdolGds ZowaMILM
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350MgBmd 99b0dbs, GmI Jgdegdyaro  13gbol  gobsforgds  Jgdmliagergdols
dobgz0m gamOBomgds 4503397 MM35M5TgBHM0D Jobsfoamgdsl, HmIgebisg

090002330 35093 ML gobsfoegds Mfmegl:
a
f==
b5 5006036Ml, OHMI 35M9BHML gsbsfowgds bbgs 9d3035wgb@ o Lsbomsg
3900¢9ds BoofigMmb, Jog™sd Bzgbo J0BbgdOLEMZOL slgmo Bofigms 3odxmd0bgom.

B396 39B3969m, (2Bsbmz0, 2007)-0b dbgoglise GMA 0¥y gy SGOL B
X31%B0L d0bodosry®mo Fgdmbogoero, Ny 560U 08 06@030mMs Mom©nbmds,
0390 900350 99305 96 B0 q:-09, 4 = ¢, Ny 5600L 08 0bogoms
6500bMds, HMIgems qdmbogso IgEHos 96 GHmeo q,-bg. 59 s0bodzbgddo
(G02Bbmg0, 2007) 333030905:

5) LoBmYs,Mgdol Byws Bgbol 08 Imbisbargmdol Hocmegbmds, GmIgErms
899mb535¢00 560l q,,-bg 9@ 0, MGOL
v-1
Nn = N t (ﬂ) )
qn
beagoe 58 500590569806 doer0s60 Tgdmlisgseo sGols
v—1
Q.= v—2 N.q,.
93) LaBMYSEMIIOL By BBl 0T FMLIbEIGMBOL H3MEIbMds, HMIgEMs
099535000 SOOL Gn, LS S r,-U BMOOL, BOWOIG Gny < Gn,  35000LILYDS

ROOIMEOoN

qc vl qc vl 1(_1 1
Ny = N, = e ((a) - () >="’t‘h (=)
beagoe 58 500590569800 d0grosbo Ggdmbisgseos
v-1
Ql - an = E (anqnl—anqnz)-
b9 53960L Lsdrmogrm Ggdmbisgsgro 0dbgds

t
t=—.
N

3900920. 356M9EmL 3bsfoangdol mGo 3s053gBMo JH0056900096 ©s Lbzs
3505093M90mb 053938009005 GmOHIMEgdom:
2Q.—Nq, 2t—gq, q: -
= = =2+ >2, a=Ww-1)q' N,
Q:— N.q, t—q, t—q, ( % '
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o8 @©@9829¢m98sl  dgodemgds  z9feracomo  bsbmgsomgdol bgws 396580
deabsbergeadol Ggdebszangdolb dobyoz00 §sbsfoemgdol deaxgogero.

39L505FOLO  J9TMMZEGO0  LoJoMmMzgErml  dmbobaErgmdol bgs ggbol
3965f0egd0ols 333-1 dmbdatgdol Jobgzom dmyzsbowos sbGowdo 9.

3600 9. bg-ob bmgogmomo dsB396908g¢o - 2017 fgemls

t qt Nt Qt niu
10708.38 4951.672 370000 3.96E+09 2.860157
28555.68 13204.46 370000 1.06E+10 2.860157
10708.38 4315.636 370000 3.96E+09 2.675084
28555.68 11508.36 370000 1.06E+10 2.675084

10 s00b0 100 sosbn dogomban
ql N1 Q1 a2 N2 Q2 a3 N3 Q3
10000 100090.4 2.16E+09 100000 1381.132 2.99E+08 1000000 19.05802 41214462
20000 170922 7.39E+09 100000 8562.564 1.85E+09 1000000 118.1535 2.56E+08
10000 90546.42 2.25E+09 100000 1913.32 4.75E+08 1000000 40.43 1E+08
20000 146606.8 7.28E+09 100000 9892.836 2.45E+09 1000000 209.0437 5.19E+08

10 8ogmombo 100 dognombo
a4 N4 Q4 a5 N5 Q5
10000000 0.262979 5687120 1E+08 0.003629 784757
10000000 1.630382 35258288 1E+08 0.022497 4865237
10000000 0.854319 21198192 1E+08 0.018052 4479351
10000000 4.417263 1.1E+08 1E+08 0.09334 23160523

350MmMZE00s 53GMGOL JogH

3960369905, O3 @mabr®™dseon®o  sbsfogrgds oMo sbsbogl
dbobErgmdol gobsforgdslt 999mbogergdol dobggom ©VoMod ©s bodwswm
339690380. bodo®mzgembmgol 58 FmbabMmIdOL LsowMbGHMogom dgzsMBogom
4m3z9wm3z309MH0  ©HILIMH0MHRdEo dgdmbogegdol dobgpzom dmbobegmdol
2396sogdols LEGsEHoLE03MMO dmbsizgdgdo (ob. gb®owo 10):

3600 10. dmlisbengmdol 3sbsfioggds ymgzgmmzonmo ©)3esMomgdmemo
899mbsgergdols dobggzgom, 2009, 2013 s 2017 fjergddo.

2009 2013 2017
1-100 | 205435 1-100 | 297469 1-100 | 230,280
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100-200 | 135,886 100-200 | 134559 100-200 | 125,013
200-300 | 93,448 200-300 | 103185 200-300 | 99417
300-400 | 79,784 300-400 | 84494 300-400 | 83,823
400-500 | 47,829 400-500 75525 400-500 | 75525
500-600 | 34594 500-600 | 60955 500-600 | 67,610
600-800 | 51,159 600-800 | 90192 600-800 | 115,023
800-1000 | 32,846 800-1000 | 63427 800-1000 | 88,848
1000-1250 | 25,209 1000-1250 | 55643 1000-1250 | 80,873
1250-1666 | 23,315 1250-1666 | 56682 1250-1666 | 83,744
1666-2083 | 11,046 1666-2083 | 25878 1666-2083 | 42,423
2083-2500 | 6,518 2083-2500 | 15266 2083-2500 | 24,361
2500-3333 | 7,178 2500-3333 | 15887 2500-3333 | 27,309
3333-4166 | 3,230 3333-4166 | 8093 3333-4166 | 14,204
4166-5000 | 1,766 4166-5000 | 4646 4166-5000 | 8,141
5000-5833 | 1,126 5000-5833 | 2929 5000-5833 | 5,233
5833-6666 703 5833-6666 | 1937 5833-6666 | 3,784
6666-7500 472 6666-7500 | 1339 6666-7500 | 2,609
7500-8333 331 7500-8333 | 1097 7500-8333 | 1,884
>8333 1,980 >8333 5128 >8333 9614

(&9dyes, 2018), https://bm.ge/ka/article/tveshi-5000-larze-magali-xelfasi-
sagartvelos-mosaxleobis-mxolod-05-s-aqvs/36426

X9M 999m{0s, GmA Ggdmbogergdol obgz0m dmbobwgmdols gsbsfowgds s@os
Bm&domeo d965foergds, 9309y 998mids 303mmgbs, HMI dgdmbogargdols
dobggz0m dbobgmdol 4obsfowgds s®ol wmabm®dswmmo gebsfowrgds
©9MH0d s 395 396590 - J0LJOE0 G9EIAJO0 3oRMMIS B0 11-0b baboo,
Lo0obsE (390, MM bodoMmM3gwMTo  EIIWIMHOMJdIMEo Fgdmbogergdol
23905fogds  0oMm0d s  Lsdmogrm  ggbsdo  dgodengds  Bagmgemmom
@Mbm®Is6 2565Howgds.

03039  3MMEIOMES Logdommzgml  BEOGOLEGH0ZL  gHmgzbmmo
LodbobM@osb Bz9bl dogM Asdmmbmgzgowo dmbsggdgdol dods®om, MMIgEos
96905 Lodo®mzggarml  d065999Hbgmdgdol  goboffoergdsl  Lbgoolbgs  Labol
399mbs3egd0l JodaMm bbgoalibgs fargddo, 330639690, ™A bogsMmzgwrmdo
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90b6599mMbgmdsms  aobsfoengds Lbbgoalibgs Labol 9gdmbogergdol dodstron
00000 5 bFSEM gbgdT0 5L WMPBMMIseE Mo - gbMowo 12.

MH0amOE 3bgogm, Moy dg0mbzg39gddo Bomgdo@oldo wmobols o
L5FMOMIZIPMIGHME0  AOEBOOL  2oTMMZs 96 JmbgMbs,  MoYb
G950 3561539 BHE0 50IMPBES MOrIYMTB0MO d JoLYSD 335MOGO B3O
306 59m3009m. 90GH™MI  250M3033¢0Mmm  F0b539mMbgMdIOOL  Qobsfogds

403900300960 d98mLisgergdol dobgzom 93,3 995¢gEgddo 35MmgGHML
3965f0gd0b Lodosgdoo.

3bMoo 11. bsgs®orggenmdo ©garsGot98e9cmo d9dmbszamgdols gsbsfoegdol
m36026505¢me965m80b dgdempdgds bGogr 10-ob dobgcogoor (2017 F.)

2017 Xi Xc N sigma miu Xmod Kx
1 0 989
2 100 230280 1.444044 5.854063 43.32801 22.82588
3 200 125013 1.336045 6.004186 67.97694 14.54905
4 300 99417 1.273711 6.085524 86.76335 11.39882
5 400 83823 1.231827 6.137995 101.5546 9.738606
6 500 75525 1.20914 6.165684 110.3508 8.962327
7 600 67610 1.200474 6.176126 113.8622 8.685938
8 800 115023 1.224325 6.147208 104.4007 9.473115
9 1000 88848 1.296422 6.05634 79.48999 12.44182
10 1250 80873 1.449733 5.845832 42.27126 23.39651
11 1666 83744 1.796586 5.282834 7.807727 126.6694
12 2083 42423 2.067625 4.759157 1.622688 609.4827
13 2500 24361 2.274621 4.309745 0.421408 2346.894
14 3333 27309 2.613898 3.480462 0.035014 28245.69
15 4166 14204 2.877604 2.756392 0.003989 247931.7
16 5000 8141 3.078152 2.159184 0.000665 1487386
17 5833 5233 3.244149 1.634444 0.000138 7179571
18 6666 3784 3.401544 1.111444 2.87E-05 34475204
19 7500 2609 3.530586 0.664175 7.5E-06 1.32E+08
20 8333 1884 3.639183 0.274867 2.33E-06 4.24E+08
21 16000 6014 4.147634 -1.70474 6.15E-09 1.61E+11
22 >16000 3600

1189718

350MmMZE00s 53GMGOL JogH
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3b®oo 12. bsgs®orgganmdo Jobsdgrabbgmdsors dgdmbsgangdol gsbspoengdol
3606585¢950280b JgBefdgds (2017 )

Xi Xc N AF(Xi)% F(Xi)% F(Xi)/100 sigma miu Xmod Kx

0 954.0555 50815.51 4.582102 4.582102 0.045821 0.75658 6.574515 404.2778 2.359901
200 167836.3 15.13402 19.71612 0.197161 0.717936 6.603006 440.3517 2.166576
400 178313.2 16.07873 35.79486 0.357949 0.665636 6.639186 490.8384 1.943726
600 147389.7 13.29032 49.08518 0.490852 0.570991 6.697706 585.0372 1.630761
800 121093.2 10.91913 60.00431 0.600043 #NUM! #NUM! #NUM! #NUM!
1000 99716.37 8.991558 68.99587 0.689959 #NUM! #NUM! #NUM! #NUM!
1200 74700.12 6.735809 75.73168 0.757317 #NUM! #NUM! #NUM! #NUM!
1400 59267.78 5.344254 81.07593 0.810759 #NUM! #NUM! #NUM! #NUM!
1600 75459.84 6.804314 87.88025 0.878802 #NUM! #NUM! #NUM! #NUM!
2000 53632.42 4.836107 92.71635 0.927164 1.891265 5.072281 4.461117 213.8602
2500 46411.8 4.185013 96.90137 0.969014 2.806809 2.921633 0.007037 135573
3500 34363.83 3.098633 100 1

>3500 100

259M0ZEX0E0s 53GMGOL JogH

50 30Bbom 2oIMZMZ9eI0 POMOMIMIEO OJBZOLIM0 X3MRo0L JNnEosbo
999mbsg0000; 530Lm30L dm3gdwo EIGOWMMO X3MRoL 9309l Lsdrsgm
090mbogoe0  99390Maggm o0 ©IGOWMO  x3MBoL  dgdsagbgwro
306509 OBMBGBOL  Mom@gbmdsby, ®MIgEog F0bsdgm@bgmdoms  LagHom
650qbmdol (1109000) dgsmgol, 5649 10%-0b Gmeros.

Lsahbsdm©,  LodMowm  ®mzomMo  Fgdmbogegdol  dobgzom
90bs9gm@bgmdoms gobsfowrgdol LaBzmgdo 56 sMOL YE0d0wgdol dmgEro
XJM500. 530@ ™A 30L5MYJIL MO LTS M MZ0rMHO FgdMbogErgdol Jobgz0m
90bs9gm@bgmdoms obsfowgdol 890gao dgdmbggzomo mz0Lgdgdom, ™I
23903390 X3958900L LoBPIMYOOL Xsd0 5MOL Josbermdom ©YEOdoEgdOL
X9M5@0. 35906 3o69gBHMl gobsfomgdols Lsdwowgdom s3gdEo BmEgEols
399mygbgd00m d0300980 F90g 3HOOWL

6b®oero 13. 8obsdgryi698980 - 359l gsbsfoangds (2017 )

970mLo3s  Momegb gt Momgogb Qt niu a
ano (gm) Mmoo % moo Nt
800-1200 19.9 800 220691 1.99E+08 9.993331 2.54774E+32

1200-200C 18.9 1200 209601 4.25E+08 3.449613 1.79182E+13
259M0ZEX0E0s 53GMGOL JogH
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2060390, OLYME30580 FoEgdMEO sbowo  890gagd0 dgqLsdsdgd0sh 0d
doBbgol, MMImgdog 33JMbs  OLELYYIEO: 53900 LodoMmZ3gEMD
009053006 sbowo ImEIEo s ILIVdNMMGOMos JoLO  5YIZGHBMDS
6go®o  JoaMmogool  F0dsMm, Mol Fggye  Jogcsiool  Bmgols
3M958030963Jo0L  Lydmogdom  Tgbodergdgero  bEgds 03 BodGHmMgdol
2093 gbs, O qdoi byl «fiymdgb 96 M3wosb FogaMoEosls; Ao0mmM3zEoE0s
M0bLHMOMBOL Hogo 0bgdugdols, Moz 39M339mw FoMmBmyqbal g30deggl

Jo6000 LaHMmysmgdol LEHOYIGHMMsDY; s dBMEMD, 539dEP0s IMPYEPO,
MOMIgog  1Bs3ogdsl 0deggzs, §935Mm3300Mm, dmbsbergmdol Mo bosffoero

REemdl  3m6309GMw boggogl dmEgdue dmowgdo; 538 dmEgel, hgzgbo
sBMom, 9d90dwads 3MHmOm®  JoOmwo Lsbmysmgdol 93mbmdozm®o

LGOI GHYOOL Bmgeo.
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General description of the dissertation

Research of the economic structure of the society, analysis of the optimal
variants of the economic structure of the society, search for ways to get closer to the
optimal options, are among the current problems of the economy. The paper deals
with the analysis of the economic structure of the Georgian society, during which
the methods of econophysics are used.

First of all, let’s focus on the title of the dissertation.

The notion of the economic structure of society is an ambiguous notion under
which different contents can be implied.

In general, structure, as a philosophical category, is a complex of internal stable
connections or laws of subsystems and elements of the whole system that determine
the development and functioning of this system. In this sense, the economic
structure of a society is a set of internal stable connections or laws of that society as
a whole system, subsystems and elements that determine the development and
functioning of this society.

Since the main subsystems of the economic system are the productive forces,
technical-economic, organizational and production relations (i.e. property
relations), the analysis of the economic structure of the society in this sense implies
the determination of the interdependence of these subsystems. As we know, theories
of the economic structure of society differ according to which philosophical current
or economic theory they are studied in; In our dissertation we do not discuss the
concept of economic structure of society in this light.

In the dissertation, the economic structure of a society is narrowly considered
as the distribution of elements of society (individuals, households, etc.) by income
per unit of time. The economic structure of a society can be characterized as the
distribution of members of the society according to accumulation, including
additional restrictions, such as liquidity (only cash savings and securities are taken
into account and real estate is not taken into account), according to the nature of
income (salary, dividends, rent), according to the age of members of the community,
education and other possible signs.
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The economic structure of a society (narrowly understood) is characterized by
the fact that the connections between its subsystems and elements are not
characterized by stability (despite the existence of important regularities), change
relatively easily, and, most importantly, less determine the further development and
functioning of society.

But the study of the distribution of elements of society (individuals,
households, etc.) by income per unit of time also has its advantages - it is easier to

non

"obey" "mathematics”, allows us to use mathematical models of other fields of science

- physics, chemistry, etc.

Relevance of the research topic

In general, the study of migration flows, quantitative assessment of
economic inequality of the population, distribution of income by different strata of
the population is relevant and important for all countries, and especially for Georgia,
which has only recently regained its independence and is still one of the developing
countries.

After the restoration of Georgia's independence, as it is known, the economic
crises of the transition period, the deterioration of economic relations with Russia
and the imposition of economic sanctions by Russia on Georgia, the inability to
quickly diversify economic ties, insufficient assistance from friendly countries,
severe crime, corruption The losses have led to irreversible population migration to
relatively better developed countries, especially those with which we share a
common border - Russia and Turkey. This migration was also partly ethnic in nature.
But the scale and quantity of the outflow of the autochthonous population from
Georgia is irreparable, there is no exact estimate and it ranges from 800 thousand to
1,600 thousand. From this point of view, it is obviously expedient to build and discuss
mathematical models of migration from Georgia.

Population migration from Georgia has dramatically changed the structure of the
economy and population in Georgia; The economic crisis was followed by a decline
in GDP and other economic indicators, which, if proportional to the decline in
population, would lead to an inequality in the distribution of goods per capita. Given
that we may not fully agree with n. Kakhniashvili (Kakhniashvili, 2017)'s opinion
that "Poverty is a very new phenomenon for the Georgian people. During the Soviet
period, especially in its last stage, in the 70s and 80s, there was practically no obvious
poverty in Georgian life. Begging and prostitution were unacceptable and foreign to
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the Georgian society. It is true that corruption existed during this period, but it was
in fact a powerful means of redistributing income,” which, despite the decline in
population, has led to a catastrophic reduction in per capita income - one of the
simplest tools for measuring inequality of kindness. Therefore, calculating other
instruments for measuring inequality for Georgia is on the agenda.

As it is known, quantitative estimation of unequal distribution of kindness in
the population has long attracted the attention of science and for this purpose the
Gini index, which is a relative unit, is most often used because it is calculated using
the equality line, and is therefore often criticized by some scientists. (Paglin, 1965).
The Gini Index for Georgia is calculated systematically at the Georgian National
Statistics Office, the World Bank, the World Monetary Fund, and the US Central
Intelligence Agency. But, it can be said that other instruments for measuring
economic inequality have been unfairly forgotten, the most important of which is
the Tleil index, which is widely used because of its additivity (additivity in this case
means that if we know the significance of this magnitude for regions, we can
calculate its significance for the country as a whole) in the United States of America.
The same can be said for generalized Gini index, Hoover and Atkinson inequality
indices, which also pay less attention when calculating quantitative inequality.
Therefore, calculating these indices and getting their meanings into scientific
circulation is obvious relevant. The dissertation calculates the above-mentioned
indices for Georgia and about 20 other countries.

The ability of economic inequality indices to imagine the distribution of
goodness among the population is still severely limited. It turned out that in a
number of cases (Rozanov, 2007), (Kolmakov, 2015) models can be built that allow
us to calculate what part of the population consumes any good, for example, GDP.
Such models are rightly called models of the economic structure of the population,
and in their construction they usually use distributions such as the normal,
lognormal, and Pareto distributions. In these papers, models of distribution of
different types of goods for certain groups of the population are constructed through
these distributions.

44



Research Objectives

® Calculating the estimated number of population migrations from Georgia
and analyze the results. The basic model was taken from the article (Lewer & van
den Berg, 2008). Two new models of migration were adopted.

® Calculation of Gini and generalized Gini indices, Hoover, Theil (first and
second) and Atkinson (first and second) indices for Georgia and other (twenty-one)
countries. These countries were selected according to the following criteria:
neighboring countries, some post-soviet countries, some developed countries:
Azerbaijan, USA, Germany, Estonia, Turkey, Japan, Iran, Israel, Italy, Latvia,
Lithuania, Moldova, Russia, Greece, France, Armenia , Ukraine, China, Norway,
Sweden, United Kingdom. An economic analysis of the results is done.

® Building a model of the economic structure of some strata of the population

of Georgia by means of Pareto (Arnold, 2015) and logonormal (Aitchison & Brown,
1957) distributions, that is the model for determining the distribution of individuals,
households and others by gross domestic product, declared income, monetary
income; Analysis of the results obtained.

The main results of the paper and scientific novelty

A similar study has not yet been conducted for Georgia, except for the
calculation of the Gini index by the National Statistics Office of Georgia and some
international organizations - for example, the World Bank, the International
Monetary Fund, the United States Central Intelligence Agency, and others. The
dissertation calculates the Ginn generalized, Hoover, Tayle first and second,
Atkinson first and second indices for about twenty other countries besides Georgia,
and we must assume that for some of these countries these calculations were also
made for the first time. It is also a scientific novelty to use Pareto and lognormal
distributions in the distribution according to the incomes of different strata of the
Georgian population.
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The source base of the paper

The scientific-informative source of the research is statistical data, surveys
of international organizations and non-governmental organizations, normative
documents, results of sociological surveys of the population, monographs and
scientific articles on the topic of the dissertation and the results of the dissertation
itself. While working on the paper, we relied on the scientific literature that exists
around the dissertation topic in Georgia and mainly abroad.

Practical significance of the paper

The practical significance of the paper is determined by the urgency of the issues
discussed in it. The results obtained in the dissertation can be used to estimate the
expected number of population migration from Georgia; Calculate the existing
economic inequality with the calculated inequality indices from different points of
view, depending on which inequality indices we use, and take these estimates into
account; Finally, through the community structure models we have constructed, it
is possible to determine the direction of change in this structure by observing the
dynamics of the parameters of this model as far as possible, under unchanged
conditions.

Theoretical and methodological foundations of the research

The dissertation is interdisciplinary - it develops in addition to the
mathematical methods traditionally used in economics, using a relatively new
direction in economics - the methodology of econophysics, which involves finding
physical models of economic processes. As it is known, the result of such an approach
to model building is the emergence of such directions as ecophysics (Cockshott, et
al., Wright), (Kharitonov & Yezhov, 2007), sociophysics (Chakrabarti, et al., 2006)
and others. In describing the models of economic, sociological and other processes
in these directions, they use, for example, phase transitions - in different tasks of
economics and demography (Slovokhotov, 2010); Quantum Mechanics in Problems
of Economics (Kharitonov & Yezhov, 2007), (Lambertini, 2000), (The title of
Lambertini's article - "Quantum Mechanics and Mathematical Economics is
Isomorphic" is impressive. Recall that "isomorphism" in mathematics means the
actual similarity of isomorphic objects in a given theory); Coulomb's law of attraction
of charged bodies in migration research (Gheorghiu & Spanolescu, 2015), (Pipia,
2015), Newton's law of gravitation (the law of gravity) in building trade and

46



migration models (Lewer & van den Berg, 2008), (Paas, et al., 2008), (Leitao, 2010),
(Anderson, 1979) etc.

Newton's law of gravitation was chosen to construct the econophysical model
of migration in the dissertation; The law of electrostatic attraction, or Coulomb,
could be applied with similar success (Gheorghiu & Spanolescu, 2015), (Pipia, 2015),
(Tutberidze & Pipia,... 2016). A theoretical justification for its use in the social
sciences can be found in (Anderson, 1979)-8o. The law of gravity was used earlier to
construct trade models than to construct migration models. Moreover, when
building gravitational models of migration, the gravitational model of trade is usually
used as a prototype (Lewer & van den Berg, 2008). To be more precise, in the
construction of gravitational models of trade and migration, the so-called An
extended model of gravity, the theoretical basis of which is laid out in the article
(Anderson, 1979).

The research methodology included collecting the necessary data (one of the
significant difficulties was that due to the discontinuation of statistical accounting in
Georgia, a large part of the data is based on either indirect methods or unofficial
data); Use of various software products, mainly Microsoft Excel, to calculate the
above-mentioned indices based on the established data, and use the results obtained
in the calculation of the indexes as economic models for the analysis of the economic
structure of the population of Georgia.

Scientific novelty, theoretical and practical significance of the paper
We believe that the dissertation has both theoretical and practical significance.
Among the theoretical meanings of the dissertation we should mention the
fact that in Georgia, as well as in a number of countries, the distribution of the
population according to different parameters is subject to Pareto and lognormal
distributions; It is also interesting to prove that the different formulas of the Gini
and Hoover indices give the same result.

As for practical significance, the results of calculations based on statistical
databases in the dissertation (population migration index, Gini, generalized Gini,
Hoover, Theil’s first and second, Atkinson’s first and second indices) will be a
guideline for the relevant authorities to eliminate sharp inequality in population. In
this regard, it may be noted that the 2015 Nobel Prize was awarded to the British-
American economist, Professor Princeton University Angus Deaton (1945) (Deaton
& Muellbauer, 1980), for analysis of consumption, poverty and welfare. In his view,
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unequal distribution of property could be the cause of global crises (and, obviously,
regional crises as well).

The dissertation can be used as a lecture course in higher education.

The methodology developed within the dissertation can be applied to other
countries, primarily neighboring countries, which is important for the international
application and cooperation of the results obtained.

The tasks set in the dissertation are subject to further elaboration and they can
become a source of new scientific articles.

Dissertation approbation

The preliminary review of the dissertation was held at the meeting of the
Faculty of Business Administration of Samtskhe-Javakheti State University (Protocol
N 21, March 18, 2021), where it was approved and recommended for defense.

The results of the research are tested in the reports on following international
conferences:
1. OnJuly 10-11, 2015, at the International Scientific-Practical Conference
"Current Problems of Sustainable Development of the National Economy" dedicated
to the 110th anniversary of Paata Gugushvili, Academician of the Paata Gugushvili
Institute of Economics, TSU. Topic of the conference report: "On electrostatic
models of population migration".

2. The topic of the report: "On Gravitational Models of Population Migration"
(with G. Tutberidze, G. Rakviashvili and P. Kunchulia) at the # 1 International
Scientific-Practical Conference "European Integration and Georgia" organized by
the European University on July 19, 2016.

3. At the # 2 International Scientific-Practical Conference organized by the
European University in 2017, the topic of the report: "Theoretical foundations for
calculating the quantitative indicators of the economic structure of society" (with G.
Tutberidze and G. Rakviashvili).

4. On June 30, 2018 at the International Scientific-Practical Conference # 3
organized by the European University, the topic of the report: "The Measuring of
the Gini, Theil and Atkinson Indices for Georgia Republic and Some Other
Countries" (with G. Tutberidze and G. Rakviashvili).

5. At the International Scientific-Practical Conference # 4 organized by the
European University in 2019, the topic of the report: "Study of the Distribution of
Wealth in the Middle and Top Segments of the Population of Georgia".
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Structure and volume of the dissertation

The total volume of the dissertation contains 159 pages, contains an
introduction, three chapters, a conclusion, and 129 literary sources used during the
dissertation.

The first chapter discusses issues related to population migration, Lorentz
curve construction, Gini, generalized Gini, Theil first and second, Atkinson first and
second, Hoover indices, and Pareto and lognormal distributions.

The second chapter presents the following results of the dissertation: building
a time-dependent model of migration; Calculate the estimated number of migrations
from Georgia based on two new models derived from the generalized gravitational
model of migration built into the article (Lewer & van den Berg, 2008). Calculation
of Gini, Gini generalized, Hoover, Theil first and second, Atkinson first and second
indices for Georgia and twenty-one other countries. Calculations are performed for
different years.

The third chapter is the main part of the dissertation, where based on Pareto
and lognormal distributions, the distribution of the population of Georgia according
to the declared income, consumption of GDP, distribution of households according
to cash and other incomes is discussed. This chapter adapts to Georgia the formula
from the paper (Rozanov, 2007), which allows us to calculate the share of any
segment of the population, for example, in the total consumption of GDP, which, in
our opinion, can be considered as the first attempt to build the economic structure
of the population of Georgia.

Brief content of the dissertation

As already mentioned, the research in the dissertation is done in three
interrelated directions; these are:

® Discussion of gravitational models of migration and their approbation for
Georgia;

® Calculate inequality indices for Georgia and 21 other countries (are selected
neighboring, post-Soviet and developed countries) - Gini, Gini generalized, Hoover,
Theil first and second indices, and Atkinson first and second indices;
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® Description of the economic structure of certain segments of the Georgian
population through Pareto and lognormal distributions.

Migration

A complete formulation of qualitative factors of migration can be found in the paper
(Ravenstein, 1885). Based on statistical analysis of migration in the United States and
European countries, he made the following ten generalizations, which he called
"migration laws." (see also (Grigg, 1977)).

1) Migration and distance. Most migrants migrate short distances and to large
cities.

2) Gradual migration. Fast-growing cities are populated from nearby small
towns, while the latter are populated from far-flung areas.

3) Migration over long distances. Migrants move long distances in choosing
large centers of commerce and industry.

4) Flow and countercurrent, or "scattering process". The idea of this law is that
there is always a flow, for example, both from town to village as well as from village
to town. That is why pure migration is always smaller than total migration.

5) The difference between rural and urban migration. Urban dwellers are less
likely to migrate than rural dwellers. Therefore the migration flow from rural to
urban areas is always greater than from urban to rural areas.

6) Gender differences in migration. Women are more prone to migration than
men.

7) Age of migrants. Most migrants are adults; Families rarely emigrate.

8) The growth of big cities. Large cities are growing more through the entry
of migrants than through natural increase.

9) Technologies, communication and migration. Migration flows are growing
in the wake of the development of technology, communication and means of
transportation.

10) Dominance of economic factors in migration. Economic factors dominate
the migration decision-making process. Climatic factors, poor social environment,
large taxes and others are of secondary importance.

An analysis of the work on migration shows that these laws have not only
retained their significance but are now becoming more important.

The study of migration models in the dissertation is directed in two directions.
The reason for this is the dual interpretation of existing models of migration.
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According to the first interpretation, if we assume that migration is continuous, for
example by the formula

- k%;iz,
then after a certain period of time the population should no longer remain in the
country. We have tried to overcome this paradox on the one hand by introducing a
new variable that corresponds to time because migration takes place over time, and
on the other hand by introducing such a multiplier

11 ( 4 2(7(1"‘7(2)]

X+
X1~ X2 Xo— M

(here
erf (x) = iIe’Xde
Vi g

is the Gaussian or error function which describes a normal distribution), which, if
the economic situation improved, would lead to a reduction in the flow of migration.
Here x is the ratio of the GDP of the source of migration to the GDP of the

destination country. When x is close to Zl) then the coefficient is almost one and

does not interfere with migration, and when x is close to /7, then the coefficient is

almost zero and the migration stops. Thus, the above migration model, as we modify

it, is as follows:
Y () (t
ka2 [ 90210 1+1erf[ 4 X+2(xl+zz>] it
o EMRM) (2 2 X1~ X Xo—Th

where
S is the flow of migrants from a poor i country to a rich j country;

0; is the population of a poor country;

2, is the population of a rich country;

a is the size (radius) of a rich region;

R is the distance between these two countries;

k is the coefficient of proportionality;

€ is the "penetration” of the country, or various imposed barriers.

According to the second interpretation of migration models, since these models do
not contain time as a variable, the migration formula calculates the number of
population that is a potential migrant (Lewer & van den Berg, 2008):

51



In(M;;) = 4.218 + 0.221 - ln(popi -popj) -
—0.261 - In(dist;;) + 0.00004 - (rely;;) +
+0.401 - In(stock;;) + 0.275 - Lang;; —
—0.091- CONT;; + 0.288 - LINK;; + u;.,
where
M, 1S the flow of migrants from a poor | country to arich j country;

pop, - pop, 18 the product of the population of the respective countries;

i i

dist. Is the distance between countries;
ij

rely, is the ratio of the number of per capita income of the country j to the
ij

per capita income of the country i;

Table 1. Migration from Georgia according to 1995 data

Migr(thous) —| o a % W e o S )

P.R.C. Diasp g_é 2EGE T 2 G § £ % s
All 840 1608 4.9 1,884
Georg. 0 0 49 0 1,884
Russia 450 800 160 1648 5613 3.30 1E+05 4E-05 1 1 1 14.95 3118289
Russia 450 800 160 1648 5613 3.30 1E+05 0.04 1 1 1 15.08 3557260
Russia 450 800 160 1648 5613 3.30 1E+05 0.004 1 1 1 14.97 3159256
Russia 450 800 160 1648 5613 3.30 1E+05 4E-05 0O 1 O 14.39 1775859
Russia 450 800 160 1648 5613 3.30 14000 4E-05 0 1 0 13.60 807246
USA 30 80 329 9300 28691 16.85 10 4E-05 0 O 0 10.50 36158
Greec 80 150 10.8 1845 15,404 9.05 1000 4E-05 O O O 12.01 164304
Turkey 8 100 80.8 1024 10,383 4.40 100 4E-05 0 1 0O 11.59 108344
Ukraine 70 150 42.5 1467 3,987 2.18 500 4eE-05 0 O O 12.09 178749
Azerb. 50 35 10 448 2511 1.47 80 4E-05 0 1 0 11.26 77455
Armen. 40 3 170 1592 0.93 30 4E-05 0 1 O 10.85 51655
Germany 20 25 80 2641 23,521 13.85 2 4E-05 0 0O 0O 9.87 19268
Cyprus 20 0.5 2629 17,065 10.02 100 4E-05 0 O 0 10.31 30163
Italy 10 59.6 2669 22,353 13.09 20 4E-05 0 0O 0O 10.72 45325
Spain 30 46.7 4025 16,258 9.52 100 4E-05 0 O O 11.21 73558

The column 1) - the number of emigrants from Georgia (thousand people) according to the
Pew Research Center. The column 2) - the number of emigrants from Georgia (thousand
peaple) according to unofficial data from the Ministry of Diaspora of Georgia — Appendix 2

stock, is the number of people already migrating from country i to country j (The
larger the already emigrated population, the easier it is to migrate and adapt);
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conr. is a fictitious parameter (The fictitious parameter takes only the values
)

0 and 1) of the common border between these two countries;
LANG. is a fictitious parameter of the proximity of the state languages of these
ij

two countries;
Link; jisa fictitious parameter of colonial union between these two countries;

Uij is a error function.

Table 2. Migration from Georgia according to 1995 data (Contin. of the table 1)

£ GDP PPP 2w o L

All 1)840 2)1607 8 dist 1995 rel S5 S S 5 InMi) Mj
Georgia

1995 5 1,703
Russia 450 800 160 1,648 5613 3 1 1 1 1 10 30826
Russia 450 800 160 1,648 5613 3 1 1 1 1 10 30826
Russia 450 800 160 1,648 5613 3 1 1 1 1 10 35165
Russia 450 800 160 1,648 5613 3 1 1 1 1 10 31,231
Russia 450 800 160 1,648 5613 3 1 0 1 0 10 17555
USA 30 80 329 9,300 28691 17 1 0 0 0 10 14362
Greec 80 150 11 1,845 15408 9 1 0 0 o0 9 10,296
Turkey 8 100 81 1024 7487 4 1 0 1 0 10 17,093
Ukraine 70 150 43 1467 3,706 2 1 0 0 0 10 14790
Azerb. 50 35 10 448 2511 1 1 0 1 0 10 13363
Armen. 40 3 170 1592 1 1 0 1 o0 9 13,206
Germany 20 25 80 2,641 23581 14 1 0 0 0 10 14592
Cyprus 20 1 2,629 17,070 10 1 0 0 o0 8 4,758
Italy 10 60 2,669 22,286 13 1 0 0 0 10 13634
Spain 30 47 4,025 16218 10 1 0 0 o0 9 11,605

The column 1) - the number of emigrants from Georgia (thousand people) according to the
Pew Research Center. The column 2) - the number of emigrants from Georgia (thousand
peaple) according to unofficial data from the Ministry of Diaspora of Georgia — Appendix 2

The coefficients of this formula are calculated in the paper (Lewer & van den Berg,
2008) according to the migration between the countries of the Organization of
Economic Relations and Cooperation (OECD) countries include the following 25
countries: Australia, Austria, New Zealand, Belgium, United Kingdom, Germany,
Canada, Denmark, Spain, Turkey, Japan, Ireland, Iceland, Italy, Luxembourg,
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Netherlands, Norway, Portugal, Greece, France, Finland, United States, Switzerland,
Sweden).

The countries in this organization are distinguished by a more or less equal
standard of living. Therefore, in this particular case, the coefficient of the logarithm

relyij of the ratio of the number of per capita income of the country j to the per

capita income of the country i turned out to be very small 0.00004. This seems
inadequate when considering migration from a poor country to a rich country; On

the other hand, the number of people StOCkij already emigrating to the destination

country is more important when migrating between OECD countries with the
coefficient of its logarithm of 0.401. Nevertheless, by varying the number of people
already emigrating from Georgia to the destination country and the dummy
variables, it became impossible to estimate the number of emigrants from Georgia to
different countries, which would be consistent with known data - see Tables 1 and
2.

We therefore decided to recalculate the coefficients of the Lewer model using
linear regression of multiple variables containing dummy parameters. For this we
used the appropriate tools of MS Excel, added a new dummy parameter — “Relig”,
and removed the dummy parameter of the existence of a common language, because
Georgia does not have a common language with any of the countries listed below.
For some time, almost all Georgian citizens spoke Russian, but Russian was still not
a common language between Russia and Georgia. At the same time, the list of
countries in which migration was considered was expanded, although Armenia and
Azerbaijan were excluded, as migration was clearly ethnic in nature.

Table 3. 1995 data from World Bank statistics

1995 §.
. w

‘g >

2 |z £

s E a ~ =

2 = |5 |2 S | _ |elx| 2|2

a e | 3 o Z [ S| s | & | =E
Russia 800 160 | 1648 | 5613 100 | 2.98 1 1 1 13.65
USA 80 329 | 9300 | 28691 | 1 15.23 | 0 0 0 11.00
Greec 150 11 1845 | 15404 | 3 8.18 0 0 1 11.21
Turkey 100 81 1024 | 10383 | 1.5 5.51 1 1 0 11.46
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Ukraine 150 | 43 1467 | 3987 10 | 2.12 0 0 1 12.08
Germany 25 80 | 2641 | 23521 |1 1248 | 0 0 0 10.23
Cyprus 7 0.5 | 2629 | 17065 | 0.5 | 9.06 | O 0 1 9.35
Italys 12 60 | 2669 | 22353 | 1 11.86 | 0 0 0 10.04
Spain 30 47 | 4025 | 16258 | 1 8.63 0 0 0 9.87
Belgium 20 11 3229 | 22405 | 0.3 | 11.89 | 0 0 0 9.07
France 20 67 | 3372 | 20740 | 1.5 | 11.01 | O 0 0 10.04
UK 15 64 | 3542 | 20516 | 1 10.89 | 0 0 0 10.07
Austria 10 8.5 | 2339 | 23654 | 0.4 | 12.56 | O 0 0 8.86
Netherland | 5 17 | 3203 | 23403 | 0.3 | 1242 |0 0 0 9.36
s

Spainssss 10 9.2 | 1396 | 19892 | 0.5 | 10.56 | O 0 0 8.98
Georgia 0 49 |0 1884

All 1601 155

(World Bank, 2017)

The data in Table 3, as indicated, belong to 1995. Its first column is the list of
countries, the second column (Diasp) is the number of Georgian emigrants in these
countries according to unofficial data of the Ministry of Diaspora, the column ends
with the total number of emigrants 1,607,744, the third column is the number of
population in the respective countries, the fourth column is the distances from
Thilisi to the capitals of the respective countries, the fifth column is the GDP of the
respective countries, the sixth column is the number of compatriots before migration
to the respective countries, the seventh column is the natural logarithms of the
second column, the eighth column is the natural logarithms of the product of the
populations of Georgia and the respective country, the ninth column consists of the
natural logarithms of the fourth column, the tenth column consists of the ratios of
the GDP PPP of the respective country and the GDP PPP of Georgia, the eleventh
column consists of the natural logarithms of the sixth column, the twelfth column is
the dummy parameter of the common border, the thirteenth column is the dummy
parameter of the colonial union in the past, the fourteenth column is the dummy
parameter of the common religion, the fifteenth column consists of the estimated
numbers emigrated to the respective countries through a formula obtained by
multivariate regression.
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Table 4. The linear regression parameters corresponding to Table 3 are obtained
using Ms Excel

Multiple R 0.939027273

R Square 0.881772219

Adjusted R 0.668101383
Square
Standard Error 0.64062209

Observations 15
ANOVA
df SS MS F Significance
F
Regression 7 24.4867235 | 3.49810 | 9.94433 | 0.00357403
Residual 8 3.28317329 | 0.41040
Total 15 27.7698968
Coefficients Standard t Stat P-value Lower 95% Upper 95%
Error
Intercept -10.4584067 6.55035661 | -1.59662 0.14902 - 4.6467428
25.5635561
In(POPi.POPj) 0.68274837 | 0.30877255 | 2.21117 | 0.05798 -0.0292824 1.3947791
Ln(dist) -0.12077591 | 0.58142796 | -0.20772 | 0.84064 - 1.2199994
1.46155118
rel -0.01543153 | 0.11416026 | -0.13517 | 0.89581 - 0.2478225
0.27868557
In(STOCK) -0.16009858 | 0.44077791 | -0.36322 | 0.72585 - 0.8563371
1.17653427
cont 0 0 65535 #NUM! 0 0
Link 1.06120308 | 0.74544997 | 1.42357 #NUM! - 2.7802138
0.65780764
Relig 2.41260031 1.19061799 | 2.02634 | 0.07729 -0.3329697 5.1581703
Calculated by author

Using the MS Excel Data> Regression function according to Table 3 will give us
the values given in Table 4 at 95% confidence intervals. The column in this table,
called Coefficients, gives us a model of migration from Georgia:

In(M;;) = —10.458 + 0.683In(POP;. POP;) — 0.121In(dist) — 0.015rel —

0.160In(STOCK) + 1.061Link + 2.413Relig.
Here the coefficient with “cont”is zero because the col and “Zink” columns match.
In the last column of Table 3, the calculated values of the number of population
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emigrating from Georgia to the respective countries with the new formula differ
from the data of the Ministry of Diaspora by no more than 10%, which shows the
advantage of this model.

As we can see, in Table 4, the coefficients with “rel: and “In(STOCK)” are
negative, i.e. more income and a common border do not promote migration, but vice
versa. We think the reason for this is that migration between neighboring countries
may not be described by the law of gravitational attraction because determining the
distance between these countries as the distance between their capitals is not correct.
Therefore, we removed Russia and Turkey from Table 3, which was followed by the
removal of the common border column, because Georgia does not have a common
border with other countries; Also, we removed the corresponding column of
compatriots, resulting in Table 5; Using the Data> Regression function built into MS
Excel according to Table 5 will give us the second new model of migration from
Georgia with 95% confidence interval:

In(M;;) = —9.713 + 0.604In(POP;. POP;) — 0.046ln(dist) + 0.0014rel
+2.219Relig.

Table 5. Number of migration from Georgia to a number of countries and some of its
parameters (population, distance, etc.)

1995 §. Migr(thous)Diasp. | POP | dist GDP rel Relig | In(Mij)
mill PC

USA 80 329 | 9300 | 28691 | 1523 |0 11.02
Greec 150 10.8 | 1845 | 15404 | 8.18 1 11.24
Ukraine 150 42.5 | 1467 | 3987 2.12 1 12.07
Germany 25 80 2641 | 23521 | 12.48 | O 10.22
Cyprus 7 0.5 2629 | 17065 | 9.06 |1 9.37
Italy 12 59.6 | 2669 | 22353 | 11.86 | O 10.04
Spain 30 46.7 | 4025 | 16258 | 8.63 | O 9.87
Belgium 20 11.2 | 3229 | 22405 | 11.89 | 0 9.03
France 20 66.7 | 3372 | 20740 | 11.01 | O 10.10
UK 15 64.1 | 3542 | 20516 | 10.89 | O 10.07
Austria 10 8.5 2339 | 23654 | 12.56 | O 8.88
Netherlends | 5 17.4 | 3203 | 23403 | 1242 | 0O 9.29
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Israel 10 9.2 1396 | 19892 | 10.56 | O 8.95

Georgia 4.9 1884
(World Bank, 2017)

Comparing the calculated values of the population emigrated from Georgia to the
respective countries with this formula in the last column of Table 5 with the data of
the Ministry of Diaspora shows that the second new model is not characterized by
the shortcomings of the first new model; In particular, the coefficient with “rel” is
not negative, although migration to Russia and Turkey is not calculated with this
model.

Thus, two new models of migration from Georgia to leading European countries
through multivariate linear regression containing dummy variables are adopted,
with the introduction of a new (religion) dummy parameter; It is hypothesized that
migration between neighboring countries may not be analogous to the gravitational
law of gravity; In our view, to construct such a migration model, it is necessary to
use a mathematical model of another physical event, for example, in a region with
different temperatures at different points, the law of temperature equalization.

Inequality indices

One of the most important and modern methods of qualitative study of the
economic structure of society is the attempt to axiomatize it, which belongs to
Lorenco Bellu and others: (Bellu & Liberati, 2006) (Food and Agriculture Organization
of the United Nations, FAO). It is clear, however, that here "axiomatization" refers
only to general principles which the quantitative characteristics to be studied can
only be partially satisfied.

The work of Belus et al. Introduces the descriptive and normative methods
of inequality research, which we have called quantitative and qualitative analysis
above, and states that in descriptive analysis we can only detect deviations from a
given characteristic from the standard, but cannot conclude whether it is good or
bad; The authors note that descriptive analysis is mainly found in the form of
mathematical formulas. Precisely in the aspect of descriptive analysis, the authors
refer to the method of axiomatic construction, which we consider natural, because,

58



as we have already said, the external form of descriptive analysis are mathematical
formulas that are well suited to axiomatics.

The normative approach allows the analyst to estimate the distribution of
income according to "degree of desirability". In other words, such an approach
assesses whether this inequality is bad or good, how bad or how good it is, how much
society gains or loses because of it, and how we compare individual incomes.

The above paper discusses five key axioms:

The axiom of transfers requires that the index be reduced during the transfer
(redistribution) of income from rich to poor; And the index should rise when
transfers from poor to rich take place.

Scale invariance axiom requires that the index should not change when
multiplying the indexes by the same number.

Translation invariance axiom requires that the index should not change if we
add the same value to the data.

The principle of population axiom requires the inequality index to be invariant
to replications of the original population, i.e., if we have two distributions of income

V=Y Yoren Vo) V=000 Yas Yo Yareo s Vi)

from which the second is obtained by repeating the data from the first, then their
corresponding indexes must be equal.
The decomposability axiom requires that if the initial distribution of revenue

y is reasonably divided into distributions yl,yz,---,yn, then the index of y is

calculated by means of revenue )’1, yz yoony yn .

It should be noted that universally recognized indexes may not satisfied some
axioms; For example, the Gini index, unlike the Theil index, does not satisfy the
decomposability axiom.

Gini, Generalized Gini, Hoover, Theil, and Atkinson indices. These indices have
historically appeared in the following order: Gini index - 1912, Theil index - 1967,
Atkinson index - 1970, Hoover index - 1984.

The basis for calculating the Gini and Hoover indices is the Lorentz curve, and the
construction of the Lorentz curve is based, as we know, on the so-called Equality
curve, which reflects the fact that each household has an equal income. But the fact
that each household has an equal income does not really mean that they really have
an equal income, as different families may have different numbers of members, with
different ages and different health conditions; This is the basis of the critique of the
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Gini index by Paglin (Paglin, 1965). According to Paglin, the calculation of the Gini
index is associated with some difficulties for any country, including, of course,
Georgia, because according to Paglin, the curve of equality is not built mechanically,
it needs relevant statistics. The dissertation calculates Gini, so to speak, normal,
indices for Georgia and some other countries, and a comparison shows that the
results obtained by us from the already known calculations of Gini indices are
slightly different, because the initial data differ. As for the Hoover Index, which
shows how many percent of GDP, for example, we need to distribute to the poor in
order to equalize household income. We have calculated this index for Georgia, as
well as for several other countries, for different years and we have found that for
Georgia it is equal to 29.9%. For comparison, by our calculations the Hoover Index
is the smallest in Azerbaijan (11.7%, 2005) and the largest in China (30%, 2010).
These results are correlated with the Gini indices of these countries, as the Gini index
of Azerbaijan is the smallest (16.6%) and the Gini index of China is the largest
(42.6%), excluding Israel (42.8%) (see Table 6). However, the situation in Azerbaijan
changed by 2008. Note that the Hoover Index for Georgia is calculated by us for the
first time.

The Gini index does not imply that different societies may perceive the same
level of inequality differently. This idea finds implementation in the notion of a
Generalized Gini index

G(v)=—$Cov(q,<1—F(q»"*)»

Where v is the inequality (dissatisfaction) coefficient. When v = 2, then the
Generalized Gini index is equal to Gini index. The higher the dissatisfaction
coefficient at 2, the higher the Generalized Gini index. However, there is one
difficulty here - there is no formal method for calculating the dissatisfaction
coefficient, its expert assessment is needed. We have calculated a generalized Gini
index for Georgia and eighteen countries (see Table 6) for the following values of the
dissatisfaction coefficient: =3, + = 4.

Table 6. Generalized Gini Index

Countries Years Gini Gener. Gener.
Gini v=3 Gini v=4
Azerbaijan 2005 16.6 0.19797 0.213776
USA 2013 41.1 0.47322 0.500888
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As we know, it is believed that the population of Georgia is less sensitive to economic

inequality, so our dissatisfaction rate should not be high.

As we have seen, the Gini index is &quot;relative&quot; because its calculation
compares the existing distribution of goodness with some &quot;perfect&quot; equal
distribution. But choosing such a &quot;perfect&quot; distribution is not easy - see
Paglin&#39;s critique of the Gin index. At the same time the gin index does not meet
the addiction axiom (see the axioms of the inequality indices), i.e. if we know the
Gini index of regions, we cannot compile the Gini index of the whole country. The
first and second indexes of Tale are free from both of these shortcomings: they are
not "relative" - only the characteristic "internal" values of the distribution are used

to define them:

Germany 2011 30.1 0.35484 0.380496
Estonia 2012 33.2 0.389175 | 0.417746
Turkey 2012 40.2 0.45795 0.481608

Japan 2008 32.1 0.379545 0.40891
Iran 2013 37.4 0.427065 | 0.449394
Israel 2010 428 0.49074 0.518436
Ttaly 2012 35.4 0.415815 | 0.448182
Latvia 2012 35.2 0.39756 0.425856

Lithuania 2012 35.2 0.41028 0.439296

Moldova 2013 28.5 0.33492 0.358244
Russia 2012 41.6 0.46587 0.485992

Greec 2012 36.7 0.43374 0.4678
France 2012 33.1 0.378045 | 0.401358
Georgia 2013 40 0.45948 0.485088

Armenia 2013 315 0.3639 0.385936

Ukraine 2013 24.6 0.29235 0.314992
China 2010 42.6 0.48795 0.515784
Calculated by author




N
where X, is the income of an i-th individual, X = —Z X, is the mean value
i=1
of income, Nis the number of individuals in the population.
Theil indexes are additive and do not change during multiplication, i.e. they
do not change during devaluation (just like the Gini index).
Often the Theil index is called only a, and b is called the mean logarithmic deviation.
The mean logarithmic deviation is sensitive to changes in the lower part of the
distribution, while the Theil index is sensitive to the whole scale of the distribution.
The calculations of both Theil indexes are completed for the first time for Georgia
(Tutberidze, Gocha; Pipia, Qetevan; Rakviashvili, Giorgi., 2017). The results of these
calculations, together with the results of our calculations of these indices in about 20
other countries, cf. In Table 7. It should be noted that the Theil index is widely used
in the United States to calculate inequality (University of Texas., 2018).

Closely related to the Theil index is the Atkinson index, which is calculated by the

1 1 c l-¢
i)

formula A= H

SRS

i=1

U(1-¢)

, €€[0,1)’

where yi is the income level of an i-th, j=1,2,... N, individual or group, M is the

arithmetic mean of income

1 N
,U:W;yi‘

The Atkinson Index for Georgia was first calculated in the paper (Tutberidze, Gocha;
Pipia, Qetevan; Rakviashvili, Giorgi., 2017) (see Table 7).

Table 7. All indexes
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5 S |2 | |% |9
i |83 | % |2 < <
> ¢
1 Azerbaijan 2008 31.8 0.23 225 0.155 0.160 0.148 0.143
2 USA 2013 41.1 0.29 29.2 0.285 0.267 0.234 0.248
3 Germany 2011 30.1 0.21 21.3 0.140 | 0.140 | 0.131 0.131
4 Estonia 2012 33.2 0.23 23.4 0.179 | 0.172 | 0.158 | 0.164
5 Turkey 2012 | 40.2 0.29 28.6 0260 | 0.258 | 0.227 | 0.229
6 Japan 2008 321 0.22 22.4 0.167 | 0.161 0.149 | 0.154
7 Iran 2013 374 0.27 26.6 0219 | 0223 | 0200 | 0.197
8 Israel 2010 | 428 0.3 30.3 0309 | 0288 | 0.250 | 0.266
9 Italy 2012 35.4 0.25 245 0.214 0.195 0.178 0.193
10 Latvia 2012 35.2 0.24 239 0.195 0.187 0.170 0.177
11 Lithuania 2012 35.2 0.25 24.6 0.203 0.194 0.176 0.183
12 Moldova 2013 285 0.2 20.2 0.124 0.126 0.119 0.116
13 Russia 2012 41.6 0.3 29.5 0.274 0.279 0.244 0.240
14 Greecc 2012 36.7 0.26 25.5 0.236 0.210 0.189 0.210
15 France 2012 33.1 0.23 23 0.168 | 0.174 | 0.159 | 0.155
16 Georgia 2013 40 0.29 285 0.261 0253 | 0.224 | 0.230
17 Armenia 2013 315 0.22 22.3 0.152 | 0.158 | 0.146 | 0.141
18 Ukraine 2013 24.6 0.17 17.3 0.092 | 0.094 | 0.090 | 0.088
19 China 2010 | 42.6 0.3 30.3 0303 | 0.278 | 0.243 | 0.261
20 Norway 2013 26.4 0.23 225 0.108 | 0.106 | 0.101 0.103
21 Sweden 2013 27.7 0.2 19.6 0.111 0.118 0.111 0.117
22 UK 2013 33.2 0.24 235 0.173 0.169 0.156 0.159
Calculated by author

Gini, generalized Gini, Theil first and second and Atkinson indices are not in exact
correlation with each other. In Table 8, where countries are sorted by ascending Gini
indices, ascending in other indices is sometimes violated:

Table 8. All indices, in ascending order of Gini indices
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Models of Georgia's economic structure
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g 7 | B % S s |z | %
18 18 |5 |8 |2 | |F
o

18 Ukraine 2013 246 | 0.173 173 | 0.092 | 0.094 | 0.090 | 0.088
20 Norway 2013 264 | 0.225 225 | 0.108 | 0.106 | 0.101 | 0.103
21 Sweden 2013 27.7 | 0.196 196 | 0.111 | 0.118 | 0.111 | 0.117
12 Moldova 2013 285 | 0202 | 202 | 0.124 | 0.126 | 0.119 | 0.116
3 Germany 2011 30.1 | 0213 | 213 | 0.140 | 0.140 | 0.131 | 0.131

17 Armenia 2013 315 | 0223 | 223 | 0.152 | 0.158 | 0.146 | 0.141
1 Azerbaijan 2008 318 | 0225 | 225 | 0.155 | 0.160 | 0.148 | 0.143

6 Japan 2008 321 | 0224 | 224 | 0.167 | 0.161 | 0.149 | 0.154

15 France 2012 33.1 0.23 23 0.168 | 0.174 | 0.159 | 0.155
4 Estonia 2012 332 | 0234 | 234 | 0.179 | 0.172 | 0.158 | 0.164
22 UK 2013 332 | 0.235 235 | 0.173 | 0.169 | 0.156 | 0.159
10 Latvia 2012 352 | 0239 | 239 | 0.195 | 0.187 | 0.170 | 0.177
11 Lithuania 2012 352 | 0.246 | 246 | 0203 | 0.194 | 0.176 | 0.183
9 Italy 2012 354 | 0.245 245 | 0214 | 0.195 | 0.178 | 0.193

14 Greec 2012 367 | 0255 | 255 | 0.236 | 0.210 | 0.189 | 0.210
7 Iran 2013 374 | 0266 | 266 | 0219 | 0.223 | 0.200 | 0.197

16 Georgia 2013 40 0285 | 285 | 0.261 | 0.253 | 0.224 | 0.230
Turkey 2012 402 | 0.286 | 286 | 0260 | 0.258 | 0.227 | 0.229

2 USA 2013 411 | 0292 | 292 | 0285 | 0.267 | 0.234 | 0.248

13 Russia 2012 416 | 0295 | 295 | 0274 | 0.279 | 0.244 | 0.240
19 China 2010 426 | 0303 | 303 | 0303 | 0.278 | 0.243 | 0.261
8 Israel 2010 428 | 0303 | 303 | 0309 | 0.288 | 0.250 | 0.266

Calculated by author




The use of Pareto and lognormatical distributions in studying the economic
structure of Georgian society.

As mentioned, this part of the dissertation is discussed in our paper (Pipia, 2019).

It has long been noticed that the population, households, and so on distribution
by revenue is not described by just one distribution function. At the same time,
however, it has been argued that the distribution of individual strata by revenue is
subject to description through a single distribution function. In particular, the Italian
economist Wilfredo Pareto observed that the distribution of the wealthy strata
according to income is subject to a certain two-parameter distribution, hereinafter
referred to as the Pareto distribution:

a
f==

It should be noted that the Pareto distribution can be recorded in other equivalent
forms as well, but for our purposes we preferred such recording.

As in (Rozanov, 2007), we have shown that if g, is the minimum income of the upper
group, N, is the number of individuals whose income is greater than or equal to g,-
%9, 4n = q;, Ny, is the number of individuals whose income is greater than or equal
to on q,, then

N, =N, (ﬁ)“.

Indeed

qf = qv—l

Is the total income of an individual of f quantity because each has an equal q income.
Then we get the differential equations

dN a dN dQ a

dq ¢ TdgTdg g
Let us denote by g, any income of the upper group, by ¢4, the maximum income
of the members of the upper group, by N,, the number of individuals whose income
is greater than or equal to q,, and by Q, the total income of that number of
individuals in N,,. Then

dmax dmax
a a
N, = f —dq, Qp= f ——4dq.
q q
dn dn

Since no one has an income greater than q_max, we can take the upper limit in
integrals equal
to infinity; Computations of integrals give us:
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a aq'™ a
N = f_”dq STy le T e

Adn 1
r a aqg*™v a
G = fq”‘ldq “2—ym = (v—2)q;?
an
It follows from these formulas that
a a v—-1Dgrt v-1

= = = N,.qn.-
R I R T U T M
Now suppose q, = q;, where g, is the minimum income of the upper group or the

maximum income of the intermediate layer. Then
a

Ny=——
‘ v —Da™!

%=

It follows that
a=(—-1qy N, =5,128,692,385,795.29868.
Let us insert the value of a, we get:
a a y=1 v-1
N, = -1 v-1 qi—l =N, (ﬂ) )
(v—1Daqy v—-1Daq{ an n
The received formulas can be summarized as follows:
v-1
=g
q

n

-1
Qn = :TanQn‘

Asin (Rozanov, 2007) we can prove that there is such an important propositon
for us:
a) The number of people in the upper strata of society whose income is greater

than q,, is equal to
q; v-1
e

qn
and the total income of these people is

v—-1
Qn = m N, q,.
b) The number of the upper strata of the population whose income is between

qn, and q,,,, where q_ q,,, < q,, is expressed by the formula
v-1 v-1
_ q q -1 1 1
Nuy = Npp, =N ((i) - (ﬁ) >=Nt¢I't' <W - @),
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and the total income of these people is
-1
in - an = :/TZ (anqnl—anqnz)-
The upper strata will be the average income
(=2
N
Result. The two parameters of the Pareto distribution are related to each other

and to the other parameters by the formulas:
2Q;.—N 2t -
v= Q e _ Q@ _, + . 2, a=(v-1)q/ N,
Q:— N.q; t—q, t—q,

This provision can be called a model of distribution according to the income of the
population in the upper strata of society.

Corresponding calculations for the distribution of the upper strata of the
Georgian population by GDP consumption are given in Table 9.

Table 9. Some indicators of Economical Struqture of Georgian Society in 2017

t qt Nt Qt niu ql N1 Q1 q2 N2 Q2
10708.38 4951.672 370000 3962100000 2.86015722 10000 100090.4 2164532303 100000 1381.131526  298680487.7
28555.68 13204.46 370000 10565600000 2.86015722 20000 170922 7392643442 100000 8562.564407 1851721480
10708.38 4315.636 370000 3962100000 2.675083767 10000 90546.42 2246726101 100000 1913.319504  474751519.4
28555.68 11508.36 370000 10565600000 2.675083767 20000 146606.8 7275502195 100000 9892.835954 2454707063

Mill 10 Mmill 100 Mill
q3 N3 Q3 q4 N4 Q4 g5 NS Qs
1000000 19.05802178 4121446172 10000000 0.262979 5687120 100000000 0.003629 784757
1000000 118.153511 255516202.8 10000000 1.630382 35258288 100000000 0.022497 4865237
1000000 40.42999906 100318861.8 10000000 0.854319 21198192 100000000 0.018052 4479351
1000000 209.043679 518699590 10000000 4.417263 1.1E+08 100000000 0.09334 23160523
Calculated by author

It has been observed that the lognormal distribution well reflects the
distribution of the population according to income among the poor and middle
classes. To illustrate this view for Georgia, we have selected population distribution
statistics by monthly declared income (see Table 10):

Table 10. Distribution of the population according to the declared monthly income
in 2009, 2013 and 2017.
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2009 2013 2017
1-100 205,435 1-100 297469 1-100 230,280
100-200 | 135,886 100-200 | 134559 100-200 | 125,013
200-300 | 93,448 200-300 | 103185 200-300 | 99,417
300-400 | 79,784 300-400 | 84494 300-400 | 83,823
400-500 | 47,829 400-500 75525 400-500 | 75525
500-600 | 34594 500-600 | 60955 500-600 | 67,610
600-800 | 51,159 600-800 | 90192 600-800 | 115,023
800-1000 | 32,846 800-1000 | 63427 800-1000 | 88,848
1000-1250 | 25,209 1000-1250 | 55643 1000-1250 | 80,873
1250-1666 | 23,315 1250-1666 | 56682 1250-1666 | 83,744
1666-2083 | 11,046 1666-2083 | 25878 1666-2083 | 42,423
2083-2500 | 6,518 2083-2500 | 15266 2083-2500 | 24,361
2500-3333 | 7,178 2500-3333 | 15887 2500-3333 | 27,309
3333-4166 | 3,230 3333-4166 | 8093 3333-4166 | 14,204
4166-5000 | 1,766 4166-5000 | 4646 4166-5000 | 8,141
5000-5833 | 1,126 5000-5833 | 2929 5000-5833 | 5,233
5833-6666 703 5833-6666 | 1937 5833-6666 | 3,784
6666-7500 472 6666-7500 | 1339 6666-7500 | 2,609
7500-8333 331 7500-8333 | 1097 7500-8333 | 1,884
>8333 1,980 >8333 5128 >8333 9614

(Tabula, 2018), https://bm.ge/ka/article/tveshi-5000-larze-magali-xelfasi-
sagartvelos-mosaxleobis-mxolod-05-s-aqvs/36426

Table 11. Checking the lognormality of the declared income distribution in Georgia

according to Table 10 (2017)

2017 Xi Xc N sigma | miu Xmod Kx
1 0 989
2 100 230280 | 1.444 | 5.854 | 43.3280142 | 22.8258788
3 200 125013 | 1.336 | 6.004 | 67.9769425 | 14.549051
4 300 99417 | 1.274 | 6.086 | 86.7633521 | 11.3988219
5 400 83823 | 1.232 | 6.138 | 101.554576 | 9.73860596
6 500 75525 | 1.209 | 6.166 | 110.350803 | 8.96232714
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7 600 67610 | 1.200 | 6.176 | 113.862205 | 8.68593753
8 800 115023 | 1.224 | 6.147 | 104.40072 | 9.47311475
9 1000 88848 | 1.296 | 6.056 | 79.489989 | 12.4418183
10 1250 80873 | 1.450 | 5.846 | 42.2712551 | 23.3965137
11 1666 83744 | 1.797 | 5.283 | 7.80772749 | 126.66938
12 2083 42423 | 2.068 | 4759 | 1.62268761 | 609.482682
13 2500 24361 | 2.275 | 4.310 | 0.42140801 | 2346.89414
14 3333 27309 | 2.614 | 3.480 | 0.03501419 | 28245.6943
15 4166 14204 | 2.878 | 2.756 | 0.003989 | 247931.651
16 5000 8141 3.078 | 2.159 | 0.00066492 | 1487386.18
17 5833 5233 | 3.244 | 1.634 | 0.00013775 | 7179570.99
18 6666 3784 | 3.402 | 1.111 | 2.8687E-05 | 34475203.5
19 7500 2609 | 3.531 | 0.664 | 7.4981E-06 | 131900542
20 8333 1884 | 3.639 | 0.275 | 2.332E-06 | 424101439
21 | 16000 6014 | 4.148 - 6.1451E-09 | 1.6094E+11
1.705
22 | >16000 3600
1189718
Calculated by author

First it was checked that the distribution of the population according to income is
not a normal distribution, then the hypothesis was tested that the distribution of the
population according to income is a lognormal distribution in the poor and middle
class - the results are summarized in Table 11, from which it is clear that the
distribution of declared income in Georgia in the poor and middle class can be
considered as a lognormal distribution.

The same procedure for the data requested by us from the National Statistics
Office of Georgia, which relates to the distribution of Georgian households with
different types of income in different years, shows that That the distribution of
households in Georgia in relation to different types of income among the poor and
middle classes is lognormal - Table 12.
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Table 12. Checking the Lognormality of Household Income Distribution in Georgia

(2017)
Xi Xc N AF(Xi)% F(Xi)% F(Xi)/100 sigma miu Xmod Kx
0 954.0555 50815.51 4.582102 4.582102 0.045821 0.75658 6.574515 404.2778 2.359901
200 167836.3 15.13402 19.71612 0.197161 0.717936 6.603006 440.3517 2.166576
400 178313.2 16.07873 35.79486 0.357949 0.665636 6.639186 490.8384 1.943726
600 147389.7 13.29032 49.08518 0.490852 0.570991 6.697706 585.0372 1.630761
800 121093.2 10.91913 60.00431 0.600043 #NUM! #NUM! #NUM! #NUM!
1000 99716.37 8.991558 68.99587 0.689959 #NUM! #NUM! #NUM! #NUM!
1200 74700.12 6.735809 75.73168 0.757317 #NUM! #NUM! #NUM! #NUM!
1400 59267.78 5.344254 81.07593 0.810759 #NUM! #NUM! #NUM! #NUM!
1600 75459.84 6.804314 87.88025 0.878802 #NUM! #NUM! #NUM! #NUM!
2000 53632.42 4.836107 92.71635 0.927164 1.891265 5.072281 4.461117 213.8602
2500 46411.8 4.185013 96.90137 0.969014 2.806809 2.921633 0.007037 135573
3500 34363.83 3.098633 100 1
>3500 100
Calculated by author

As we can see, in some cases the expected value and the standard deviation could
X .
not be calculated because z% + 21n(X—”_) turned out to be negative. So let's look at the
L

distribution of households by monthly income through the distribution of Pareto in
these "bad" intervals.

For this purpose, we calculated the total income of each decile group; For this,
we multiplied the average income of the members of the decile group by the number
of households in this decile group, which is equal to one tenth of the total number
of households (1109000), or 10%.

Unfortunately, the boundaries of household distribution by average monthly
income are not a whole multiple of decimals. Let us therefore take advantage of the
following random properties of the distribution of households by average monthly
income that the sum of the boundaries of certain groups is approximately multiple
of a ten percentage. Then we get the following table using the model constructed by
Pareto distribution

Table 13. Households - Pareto distribution (2017 Y.)

Income | Amount Amount .

(Lari) % at Nt Q i a
800-1200 19.9 800 220691 1.99E+08 |]9.993331 | 2.55E+32
1200-2000¢ 18.9 1200 209601 4.25E+08 |3.449613]|1.79E+13

Calculated by author
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