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d9LHogeo ©306Mm9ddo s80bmMo sDBMmEHOL F99339wmds Lodmswmo 2.05% oym
(0060050 M60-1.26%;  doduodogrmEm0-3.5%). Jpbmdo IgomEom T IIM
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©30b6m90do  930bMMHo  SHBMGHOL  F993339mds  dgMygemdl  1.4%-sb  3.4%-0c0g
(LodMom 2.28%), 93030 Fgloo sdHBsYdIM ©306mgddo 3o 1.26%-©sb
1.54%-0¢09 (Lodmserm 1.4%).

5306960 sBMmEGHoL Abgoglo OYOOMO 3MMYEs30s F90603bgds JobmGo Fgompom
©53B5©gdM 0306mgddo.  3bME  ©0306Mm98do LoghHmm gJuBOsdBo 033WYds
X 03MdM030 15301989)MYd9d0L Jobggz0m 42.2-s6-45.5 /e (Lodrowme 44.2 /),
30503 ME ¥306Mmgddo 30 32.2-42.2 3/ (L5MSEMmE 37 /).

39bMH0 39gMmOm EIBsEId ©306Mm9ddo, Hsfiomgerols G9dmbggzsdo LogMom

9JuEH®ogGHo 99eOHygmdL 42.2-44 o/ (Lsdwgseme 43.2 o/aw), HMIgebog Imyz9ds 3f3569
3obM0 43.4-44.3 3/ (LsFMSEmE 43.9 3/a), Jobo 44-44.9 g/ (Lodwoeme 44.3 /)
5 Y439sHg 9o0oo 3563969000 bobosmgds bobgo 45.2-45.5 g/en (bL5dsEm -
45.4 /).

O Jofomgeol s 33569 39bmol 3eelio 3o 3gmMEOm ITHWYdIO 306MmqdOL
LSgOOM  gJuEGGsgBHOL Lodmom dsb3969d9e0 F60dz6gMmgbo BsTMEOBYdS 53539
4963bols x089d0Lgsb ©sdbsgdme 3sbm@o bEowol wz06mgdl (R(CT)- 33.9 o/en o
R(KT)- 43.2 o/cw; MK(CT)- 32.2 /¢ oo MK (KT)- 43.9 /). 00335, Jobobs s bobgols
9990bg93580 gL 35B3969d9e0 36033690m3bs d30Mgds (K (CT) - 33.9 a/c» s K(KT)
- 44.3 a/e0; KH(CT)- 42.2 o> KH (KT)- 45.4 /).

LogOPM  JobgMOEMGO b03m09g©Mgd9gd0L 993339 Mds  Fooeros JsbvMmo  LEGowol
©30b6m90do  (LsdMoermE  2.778 /), 3esllogMeo  IJOMPO®  ITHBOYOMD
30609056 9905609000 (Lodwmseme 1.736 /).

d9UHogeowo 0306Mm9006 godmoMbgzs Jobo KT (3.945-4.039 0p/¢), GmIol

9563969090 000l MOHR GO 50gdo3HGds 3¢l MMO FJNMPO’ EITDIWIOVIO
Jobol Log®omm dobg®mocrobBsoEost (1.915 dg/e). d(3569 3obymo CT bsboscmgdmes

4395H9 ©05¢0 d99(3390mdom (1.585 dgy/m).
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LO@YdIMO 6030 xMHgd9gd0L F993339MdOL  33¢930L F9IRS IBOJBOMES, OH™I
3bMMHo BGHool M306mgdL (86.649-132.088dy/c0) 59438 LogdMgdol wRd™ dg@o
399339Mds, 300069 3¢l 3OO BBl 306mgdL (32.758-63.4023y/ ).

6956990 95539006 390339 Mds. MGY6Mo 5553900506 TbMEMmE© ©3060Ls s
3590l 35935 0y godmzmmgboo yzqms dglfogzerow 608)ddo. wodmbol I35 ogm
Poedmoygbowo m0mddol yzgms 3060l 60dmddo gsts bobgobs s Jobob
303N JgNMEOM THBIYOME ¥3069MdT0. JoM30L Bxo35L Aobs0DYdMWO
©30b6m900L  dbmerm 9300  60odmdo  Fgoegs @ 9O godmzobos
MON0YO0 35300600 3060l TV YdIOL IJPMEOMD.  BMTs®Bso35 bobz96900 ogm
dbmemE 35bH0 I9gMPOm ITDIdM 306mdo.

0.17
0.025

0.085 0.058 0.052

R(CT)

R1(KT) R3 (KT)
©3060UL 608{3“60
B v3060b 07035 /e 353e0ols 35935 ¢/ @odmbob 5935 o/
Jo® 30l 07935 @/ B 0305605535 o/

o B, N W »~ U

6O ebo 3953900
883390md> B/

360553030 #3.1 9360M37mo ©s 33BMMO  GJJbmmmyoom BN  BFsfomgeols
030609330 m@s6mo 3753900l 898(33900Mds

399065@0B90M ©0306Mm9ddo LsdMsEmE FoMmdmagbowo oym - w30bol Igogs 1.514
/e (006:1.18 +0.03 o/qm; 35g:1.95 +0.023/¢), 3580l 8:535-1.058 /e (ob: 0.09+
0.0439/qw; d5g: 2.3+0.001 3p/w), codmbols 351535 0.2189/¢» (306:0.001 + 0.019/¢m; dsd: 0.72
+ 0.29/aw), Jo630L 35535 0.77 g/cn (Gob: 0.08 + 0.001 g/em; dod: 1.5 + 0.25 /) oo
105635535 0.79/cw (806:0.1 + 0.01y/qw ; dogd: 1.3 + 0.23p/¢x).

3bMMo  3gMmEom  ©sdBsYOIMW  ©30b6mgddo 03060l  Txgo35L  3MbBEIbGH®S300

d96ygmds 1,18+0.03 ¢/ar-sb 1,95 +0.03 g/e0-00g (LodMoEm© 1,49 2/w), beagom
936003000 3900MP 00 IHBs©YOE ©306Mmgddo 1.32 +0.01p/e-sb 1.95 +0.02 @/qm-
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99 (Lsdwmserm 1.59 /).

(€]

S

w

0.001 0.9

N

0.09

MO obMo 3553900L
899639wmds o/
-

o

MK(CT) MK1 (KQ(;OBOU 508‘380’\/' K2 (KT) MK3 (KT)
B 03060 35535 /¢ B 3530l 95535 /a0 B 0dmbol 85535 p/¢»
45630 351935 ¢/ B 03356 351935 9/

36553030 #3.2 9360M3mo ©5 35HMM0 B9gdbmemmyoom ©s3Bogdmen 3f356g JsbMol
©306mgddo mMs6w9eo 8553980l 983390 MmdS

3OO0 IJOMPO® TV IIMNWO 306Mmgd0EI6 V3060l Fxo30L  yz9asy
oo 3583969090 0ogm Fo@mdmoagbowo Gdsfomgeols 6odmdobmgol 1,95 +0.03
/@ s dobo 999(339mds 830MYOMEs Jobob 1.56+ 0,09 /e, (3569 3obwEol 1.53 +
0,07 s bobgols 1.32+ 0,01 03060l 60989gddo.

K(CT)

>

0.092

w

0.006 0.007

N

[N

660 9753930
983300md>
o

K1 (|<T&3060b 60080 K2 (KT) K3 (KT)
B v3060l 05535 /e B 350000l 09935 o/ H @0dmbol 05535 o/
456930l 3515935 2/ B 03056351535 2/

36058030 #3.3 936HM3MMO ©5 JobMMOo G9JbrmEmyo0m ©SIbBIEIdIME Jolol ®z06mgddo
9369600 9753900l d993390MdS

Bmdegls dobgz0m 3580l F55358 FoMdo MoMm©gbmds 0306MmT0 500ddgds GMYMOE3
95539 299m, GMIgwoi Fosaogl Imdfoxgdger 35dwl. ©3060l dxo30L Abgoglo
3590l 955353 299M3w0bs yz9ws glHogerow 60dmddo s 563965 36:396EGMSE00L
bbgoolbgs  3300egds  LydoEm  360d3bgermdols  dobggzom  (p/w).  JsbmGo
9900 3B YIMYWo ©0306Mm930LmM30L gl 35M0S(30980 0ym F9dgao: bobgols
03060 6004939380 BsB396980 ogm 1,72+0,05-1,85+ 0,13 g/cw (Lsd<omm: 1,78 3/w),
Jobol ©306mgdol bodwdgdo dgoEsgs 0,6 + 0,04- 1,18+ 0,08 /e (Lodoysewmeo: 0,91
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/). OJsfomgeol 030bmgddo gl 3035 dghygmds 0,29+ 0,05-0,32 + 0,12 g/ew
Bodmsemme: 0,30 o/aw), 33969 39bOHOL ©306m9gddo osgoJiotmes 0,09 + 0,0-40,33 +

0,09 o (LsdMoErme: 0.18p/¢). dbgeglo T9IR)d0  2sdmMgz994bgdmEr0s  oym
M50¢0ba0L 3096 S Jobo 3300930l MsbsbTo, 3590l T5939L F90(339LMdS Fg0degds

3°6Ub353009dMmEgL Mool OML  dodEobscg  FozMMdMWO  9EOdMMMMO
36MHm39Lgdol  qo8m [147]. 93030 Ggdbmemaoom ©sdBsgder w30bmgddo
3590l 359358 8933390MdS 033¢90ms 1.5 +0.001-2.3 +0.001 /¢ (Lodwyserme 1.85

).

[e)]

2
S
0.1

24 123 L5 L5
S 2 0.095 0.72 0.007
c
4 %2 1.78 1.72 1.85

(a9}
v O
32, - A It BEN
€ KH(CT) KH1 (KT) KH2 (KT) KH3 (KT)

©3060L 60dwdo

B 3060 07535 2/¢ M 358¢0b 5535 3/ M codmbols 35935 ¢/ H Jo® 300 05535 /¢ M 3mdoMTs)030 /e

36553030 # 3.4 93G:M3MWO 5 3BYHO G9dbmEMy0m ©HIBIIBYE bobgol m306cmgddo
93699000 9553900l dg93390MdS

0dmbol 355358 899339cmds 36093690356 A939bsl sbgbl w3060l LyblmMyew
3OMR0HY s ol BEGHIdOWOHMOSYBY. dobo F9dEgzgemds dgbfagerow 030bmgddo

033%90Mms 0.001 + 0.019/c0-56 0.72 + 0.2 o/ c0-009. 35b9MH0 gm0 B YO
©306M90d0 L5dsEm© Jobo 999(339wMds 0gm 0.2039/c0 s 259M3wgboo 0gm yz9gas
650818d0. y39wsHg Fo@ow0 3mb36GHMSE0s osgoJuio®ms KH2(KT)-do (0,72 + 0,2 o/m),
bmerm 439wsHg sdswo osgodboms MK1(KT)-do (0,001 + 0,01 /). Jobo (KT)-8o
dolo 890339 mds 033w9dmes 0.006+0.009/c0-sb 0.092 +0.01y/w-dg (bL5FMsMmE©
0.035 /). OJsfomgro (KT)-ob ©30608 603939000 LsdMsErm©  0dmbgog0L
399339mds ogm 0.065 (0.052 + 0.01-0.085 + 0.01/qm).

3003 MM0  39gOMPOm EsTBOPYOMEO 306M900 WOTMbOL Fx935L Lodwom
99039300696 0.313 o/aw. 5060865300 ®™A gl Ish3969d9¢0 9B 0ym dbMmeErme
Odohoomgarols (0.025+ 0.001) o/ 33969 3ob+y&ob (0.6+0.0029/cw) 3060l 60dw9d9dd0.
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3o MMO  39OMPO”  IIHBOIOME ©306Mmgddo  Jozol  Tgozs  Q9dMZ0bs
dbmermo OJsHomgerol (0.08+0.001 3/e») s Jobo (0.17+0.001 o/ew) 03060l b0dwydgddo.
bmm 3sbmemo bEowob 306mgddo JoMzol 3535 Fo®mdmoagbowro ogm dbmerme
303569 3obOol Igmeg s dgLsedyg (0,46+ 0,04; 0,9+ 0,09 o/cw Fgbsdsdobo) s bobgols
©30b0l yzgams 609/ ddo (1,05 + 0,18- 1,5 + 0,25 g/e0) Lydmoerme 1.328 o/an. B396L BogH
99Lfogaro 306mgddo 133505035 Aodmzeobs dbmermeo KH1-8o (0,1+0,019/e0) o
MK1(1,3+0,23p/e).

©3060L  domogBHommo 3mA3mbgb@gdo:  3vbMGmO  Jgmmom  Bs3gcd300LSL,
139603963 5300Ls s 306mL IMI[oxzgdol COHML, W3060L 3MbEIJGOL godm ymE@dbols
994o6 65H0o5390056 domod@om®mo 3nd3mbgbEgdo - LogMmm ggbmememo bsgmmgdo
(TPC), 8mbmdgmHyemo sbmm3096930 o 3obobgdo dgstmgdom dsmswro dsb39690eom
5600L Homdmoaqboo. 250m33wgmwo ©306mgdo Lsdowme 306.405 dy/ew GAE
LS9ODOM FgbMEME B59gOHMYAL Fgo39305 (806:20.764+.0.691 3/ GAE; 35gdlodsery®o
743.74+35.111 33/ GAE). 3¢05032960 390000 ©s3Ds0 939 0306mgddo TPC oym
31.801 dp/c» GAE, Hm39eolog 99Hwmgdom sy 96 9009353H9dMms 350960 39gmm©om
©oHBOYOMwo  ©0306m930L  LyghoO®m  BIbMWOO  bsgOHgdOL T (339w
(Lodmome 397.940 3/ GAE). 9360390 3900m©om ©sHsgdme 0306mqd80
439wobHg  dopseo 3583969090 ogodbotms bobgol ©3060l  bodwmdolmgzols
(53.772+5.86 0p/¢» GAE), bmgm 35b96Ho 99om©om ©sdHswgdrer 03039 yw9edbols
3060l 60339gddo dolo F9d3E39emds 0gm bsdswme 490.081 dy/c» (478.699+8.31-
504.715+1.849 dp/c»  GAE). 3Jpbyeo 09goom©@om  ©sdHsgdme  030b6mgddo
298m0MbhgmEs Jobo 636.423+31.621 dy/cw GAE-ob 743.740+35.111 dp/c» GAE-dqog.
K(CT)-o30L gl 3583969390 89gLodsdobs fo®mdmoagbowo ogm 30.276+1.921 3/
GAE. 6dsfoomgmol (KT) 8d9gdmbggzsdo op3ergdmes  225.041+7.424  dg/en-ob
241.301+3.415 9p/-09; ©s R (CT)-do 3o Fo0dmoagbowo ogm 22.390+1.849 dg/en.
dbaogo 99990 9B396s LMMOsd s orsdzods s bbg. 39bmMo dgoompoom
900900 MgNMO 030606 Jgbfogensd.
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Gob0bg00L  LsFMoErm 9933390 MdS  MOMJIOL  MOXIO  509FdBHIIMS  J9bMMO
dgMmEom  ©sdHBsgdME  ©306mgddo  (0.098%),  3eslogmGo  FgoOME©Oom
©o3B5g0ME 306Mm90msb dgsmgdom (0.046 %).  Jobo ©3060L bodwmdgoo
2958000 gMm©bgb H™mameE 3ersliogm®o (0.040+0.001%) sbg39 39bM0 Ggdbmemyoom
(0.123+0.002-0.155+0.002) 053H500930L oMmb. beagrm asB6Lb303904e00 LwyGomo 23543
906085 mEo J99(3390mdol dobg30m: 3esllog®mo Ggdbmemyool 608mdgdosb
R(CT) 890353005 G9b60bgdl 9439wy 93069 Gomqbmdoor (0.037+0.001), bemgom
3960 LEGowob 03060l 60ddgd0sb MK1 (KT) (0.067+0.001 %). bobgol (KT) wg060l
50818900Lm30L &960b6900L 8993390 ™ds 033wgdmes 0.093+0.00-0.108+0.001%, 53539
46dbols 03006 3D 9dMwo 3¢50 3MMo bGowob w30bolmgol - 0.040+£0.001%.
Mdofomgmo (KT) ¢obobgdl 8903930 0.077+0.002%-56 0.083+0.002%-8¢0g, beagnm
33969 396Gl (CT)-do Foedmoagbowo ogm 0.055+0.001% Gosmogbmdoo.

dgLsbfogeo  ©3060L  603wdgddo  ImbmdgMmeo  Sbom30s6930L 8993339 ™ds
033%90Mms 1.202+0.002 9p/c0-056 14.472+0.1428y/c-0009. ©sHoomgeols 3ensliogm®o
99 0m 3B YoM 30609030 FMmbMIgMH o SbOM3056930L T93(339@MdS 0y
1.559+0.021 9p/¢», bmewm KT 6009939080 033wgdmos 2.360+0.020-s6 2.449+0.013
dy/-dg. 973969 3obMGol F9dmbggzsdo MK(CT)-8o dmbmdg®mwymo sbomiEosbgdo
Domdmggboro ogm 1.603+0.012 dy/e, bmewm 35bmMo LGowrol 30bmgdols 6odmddo
0bM9dms 2.093+0.009-0sb 2.137+0.002 9dg/er-00g. dJobdo dobo T9gdE39emds
2.004+0.007 9p/c@ ogm 3wsbozeo  Godol ©306m8o, bmwm KT 6odwdgdodo
3obobobegms  12.780+0.294-13.671+£0.253  0p/¢»  dmoergdo.  bobgol  (CT)-do
Domdmoygboro ogm 1.202+0.002 dp/¢0, bmerm KT 6098m09330 03E3¢9dm©o
14.161+0.0869-¢s6

14.472+0.142 9p/¢-009.

B396L Bog® FgLogeomo gm@dbols x039d0©sb, sbEGH0MILoIBEHWGMmO sdEHo3mdoom
3°0m0MBg3s  bobgol  3obwMEmo  gomom  IIBIIIMwo  ©»3060l  bodMdgdo
(1651.217+19.489 s 2629.787+129.095 dp/c» AAE), 3sL Lodwmowm 999339@0mdom
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d6003b69cmgbs  hsdmOBGds bobgol (KT) 60dmdgdo (1093.221 dp/c»  AAE).
299505¢00Bg0 e MJsfomgeol s d)H3569 Jobmeol (KT) 603m3gddo 30 dsomo
099339mds  dgLododolo oGOl 661.247+63.455-777.155+83.681 dp/cw» AAE o
317.323+27.925 418.030+13.764 9p/c» AAE.

3003 MM0  I9oMPO?  EIBOEIOI 030608 608MTgddo  SbEHOMJLOIBEHMMO
54BH0gmdol  (33¢0gds  I30MgEom  0gm  goblbgogzgdaro(Gdsfomgeo, 33969
39bM0,bobg0, Jobo). Jobo (367.935+21.028 /e AAE.) oobobgo (273.937+17.215 dp/e»
AAE) 58 9900m@0l 99dmbgg35d03 300mombgmos AOA-I dobggom. bmwmm 3sbw®o
9900 oLYYD TP IdMNWwo 03060l BodMTgdoligsb goblibgsggdom (3569 3obMEL
(CT)-bL dJmbs Ngdm dsmsewo AOA-b  3sB396909w0 3000609  GOJsHomgeolsls
(GgLododobogo 158.454+23.204 dp/c» AAE, 130.702+24.8223%/c» AAE).

dmbo3gdoms  9bseoBol 306039 9B3Dy Tmbs (39w Mo doMsgEGH0MMO
3033mbgbGol s 96GH0MJLoIBGHMMO  5dGH03Mmd0L  Fglfogws, godmzwobos G™I
d30M9©om  MROM  d0gMHo  MOMOYOMNEIIMI0IIMNGds  SMOL  BHobobgdols
099339 @dsLy S 9BGHOMJBOBEGHMEO  9gBH03mdsl  dmMol  (R?=0.846), ULogorm
39bmmo  bsghmgdols  999(339@mdsLb  Jgotmgdom  (R?=0.845). 3Focm
©OYO0MO  3MMIY530d MOl b5B3969%0 LoghHmm ggbmem@mo  bsgmogdols s
363H0mdboIbGHME 59EH03MdL Tl boFodmModol s bbggdol doge dgLfogwroe
JoODM 3009M 30 0gMG ©306m9ddo (R? = 0.956).

mdsegbo b3oGMEgdol 9993390 mds 3060l s 33em93 603w)dgdd0. dglfogwrow 3060l
608890880 dmbs 993L0 MBoEgLo BL30MEOL FoblsDBZMS. Q98m3zegre BodvdgdTo
99msbmeools 99339 ™ds 033wgdms 2.340-26.00 dy/cr (Lodmserme 9.931 p/),
5393909300 11.030 -1434.00 dp/cr (Lodwmoerme 108.655 dy/ar), 9mOEIS3IBIEO
11.020-50.800 9p/¢»  (LoFMoME-31.6793y/ ™), 3OHM3sbmer-1  10.020 -8.200 dy/ew
(Lodw95¢M-3.307 dg/0), 0HBMdMEbmero 1.380-16.900 dp/¢» (Lsdmserme 7.381 dp/w),
sdowo+obmsdowol B3odGo  115.656-191.300 8/ (LFOM-138.164
Y ), (0553030# 3.5--3.8). 50s60dbs305 ™A 33569 39bmEoL (KT) dglsdg b0dmddo 56
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399030065 36M35b6men-1, G 890dwgds 4o8mf3gomo 0ogmb bodmdols dmdbsgdols

9906 25dMmE©Oobsdy.
170
Y18
< 140
£
S 110 6.75
5t
\% g 5.148
3 & 1.38 2056 SR
c 40
iC B A
g o B
c’o;J K(CT) K1 (KT) K2 (KT) K3 (
®30b0b 6odmdo
B 990sbemo dp/e B 539O@E)30©0 Fy/e
900539 GG0 Ty @0 30 M3sbmen 1 dp/e»
B 0D M@ obmeoda/eo H 5300+0DM350¢0ol L30M BHo T/

23653030 # 3.5 936GM3m0 ©s 39bYMO & 9gdbmenmyoom ©53BsgdM Jolol 130bmgddo
v3s0mglio L3oMEgdoL 999339Mds

39bMH0 IgOMPO® IFHBIIIM BJsHomgerdo dgmsbmerols 999339ermds 10.08- %6
26-00g dy/ o33egds. dobo F993339wmds  d30M©Igds Jobol Hodmdgddo 10.52-
17.899p/¢», 8989y bobgol bodmdgddo 6.85-15.51 T/ew  ©os3sbdmbom  ogm

Pomdmagboo, bmwmm g4zgwsbg 9oty 999339wmdom 83569 JbmEol ©gz0bols
650089030 g98m30bs 3.45-96 9.97-009 Ip/. Fgmbmerol bydeom 99d3E39eMdS

3ol03MM0 8900MPOM EdHBIYIM 306mgddo ogm 4.788 /. y3z9wsbg 83oMy
(omgbmdom FoMdmoagbowos Jobol bodmddo 2.34 dy/aw, 9F356g 3obGOLozoL
608ddo 250mg3wobs 3.45 A/ MomEgbmdom, bobgol wzobolimgol gls Ish3969dgwo
0y 5.44 33/, beagom GJsfomgeo d9o3s3ws 7.92 dy/e.

3bMMHo 3900M©Pom DI YIM 306M90d0 53939 I30OL Y39wsbg I30M9
(50 9bMmdom Fo6MHdmagbowo oym Mdsfomgaol ©3z060l bodmdgddo 11.04-13.99
dy @, 9909y 0DBOHYds Bobzol 3060l 600mIgddo 19.74-24.2 A/, GMIGELss
dmyz3905 Jobol 608d9d017.72- 27.93 8/ ©5 Y39wsbHg 3500 MoMm©9bmdom
3°0m0Mbgms (3569 3900l bodxmdgdo 14.34-35.016 dy/ew. 360d369cm3z5605 GMI

5006036mb 3e0llogMMo BEGowol Gdshomgwol 03060l Bodmddo s3g@Eswgdools

0909(339mds ogm 23.458 Tp/0, M™Igeros 960d3bgermgbs  909gdoBgds Jsbeo
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d9MEO0m IHBId 3060l B0TMTgoL. 256Lb393900 JEYMTsMgMdss 3569
3obmeolb (CT)-12.26 3/, Jobol (CT)- 11.03 p/¢c» s bobgol (CT)- 13.85 g/

65038900Lm30U.

15.41

1.188

3.059 39.45

»do0gLo bL3oME Y00
Jp/q0

—d il
Rl(KT)Q3060b 5odg0o 2 (KT) R3 (KT)
B 9gmabmo dp/e B 530¢>@©)30©0 Fy/@

36553030 # 3.6 936 370 @5 35bYYMO BgIbmEnmyo0m sTBEIdYE 3969 35Ol 3060930
v3s0mglio L3oMEgdoL 999339Mds

900539 AHOG0 Y39WDY G500 M3MEYbMdom 39bMHo IgmmEom TBoYEME
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Abstract

Georgia has a continuous history of viticultureand winemaking. Nowadays, Georgian grape
vines include about 525 red and white aboriginal varieties, most of which are used to
produce wine. The popularity of Georgina wine is increasing in the current wine market,
which is enhanced along with the two above factors described and traditional winemaking
technologies. Kakheti is one of the most important regions of Georgian winemaking, where
wine is made by traditional Kakhetian technology. "Kakhetian" winemaking method is an
oenological practice based on maturating and fermenting the grape juice with all solid parts
of the grape: seeds, peduncles, pips, skins, and stalk. In contrast, classical-European
technology is defined as grape juice fermentation without presenting any solid part of the
grape. Fermentation technology during the production of wine by the Kakhetian method
ensures tannins, pigments, phenolic compounds, and other physicochemical and bioactive
compounds migration from the grape solid part into wine.

The use of modern innovative technologies in winemaking, on the one hand, contributed
to the improvement of wine quality, the standardization of the sensory profile and the
fermentation process. However, on the other hand, modern consumers have started to
search for new winemaking methods that will help form different technological,
qualitative, and sensory parameters in the wine. In addition, these new methods should be
helpful for wine producers to get innovative products.

Based on the above description, the PhD research aim was to study the influence of
Georgian grape varieties (skin, bean, bunch) and compounds extracted from them on the
fermentation process to improve the aroma of wine under Kakhetian winemaking methods.

As part of the study, 16 samples were made from four varieties of white grapes: Rkatsiteli,
Mtsvane Kakhuri, Kisi and Khikhvi. In addition, two types of wine were produced from
grape varieties - European (CT) and Kakhetian methods (KT). The wines were produced
with grapes from the experimental base of perennial crops (Georgian Scientific Research
Centre of Agriculture, Jigaura, Mtskheta) to reduce the impact of viticulture methods and
terroirs development on wine aroma.

Alcohol content, pH, residual sugars, total acidity, volatile acidity (VA), total dry matter,
ash, sulfuric acid (free and combined), bioactive compound (tannins, phenolic compounds,
monomeric anthocyanins) and their heir antioxidant activity, amino nitrogen and dye
content, organic acid and higher alcohol qualitative and quantitative analysis conducted in
European and Kakhetian style wine sample. Additionally, a sensory assessment was carried
out. The last research stage assessed the correlation between the winemaking method and
the identified aromatic compounds in the studied wines.

The research resultindicated that the wine produced by the "Kakhetian" technology using
the Khikhvi grape variety characterized the highest concentration of the basic oenological
parameters. It has been revealed that the wine produced by the Kakhetian method is
represented by a higher content of minerals and total dry matter than European-style wines.
The amount is higher in Kakhetian-style wine due to grape juice fermentation with the
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grape solid part. The obtained data demonstrated that the content of phenolic compounds,
tannins, and monomeric anthocyanins was high in wine made by the Kakhetian method,
which contributes to the high antioxidant activity of this style of wine. The study results
showed that wine made by the "Kakhetian" method using the Kisi grape variety was
distinguished by the content of phenolic compounds and tannins, and the same style
Khikhvi wine samples had the highest rate of monomeric anthocyanins. Statistical analysis
found that the antioxidant activity and the tannin content were better correlated than other
bioactive components. In addition, the data analysis revealed that the colour intensity was
higher in Kakhetian style wines compared to classic style wines. According to this
parameter, the samples of Kisi and Khikhvi made by the Kakhetian method received the
highest marks. The detection of aromas in the studied wine samples significantly depended
on the wine's varietal characteristics and the wine production method. In particular, the
expression of aromas was closely related to the content of individual higher alcohols, their
synergistic effect with each other, and other components of wine.

The results of the study support earlier research and indicate the importance of measuring
tannin/phenolic compound concentrations for predicting astringency. The sweetness,
acidity, astringency, and tannin/phenolic compound bitterness were more perceived in
wine produced by the "Kakhetian" method using all four grapes variety than in the classical
wine samples. The results were expected due to the wines' residual sugars, tannins, and
phenolic compound concentration.

According to the study, it can be concluded that the wine-making method mainly
influences aroma perception by the content of ethanol, residual sugars and total phenolic
compounds. Therefore, an increase in the ethanol parameter in Kisi and Khikhvi classical
style wines may have reduced the individual potential contribution of aroma-forming
compounds during the sensory evaluation of wine.
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