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3oboro3zs00b 89093500 80090790 mGbs89b®gool gs8md»3s3905 0565090MH™39
39760230900l 358my969800. 39Gdm:  dmzsbobgor dmdogdrero bodw~dgdol
gb3obgdol s JbmzolL  Uggdgdol  sdYsYds, bersGoobs s  byergmerol
J96b93s. Jbmgol m3H0dsere®o  Bgfbrmermgon®do 3565993 gdol  ©sbswagbs
Jbemgs 3ob635bmGE0gergo Lomysbm Hodol 0sb4sbgdbg LK150, LK150, cos SK280,
3GAYIrR563 96 85694565%9 ,IIBIIIM™ @5 300307939070 0sH03000 sOFH30
bogbemg 056945609 “ARROW?'STAR”. bbgssbbgs bsbmd®mogo bod336:030L bsmoom
dm0gbmgs 6033980 s dmbs Gs00 ©s3w935390 0s09905H03w9M0 dmggeroborgzol
Jueagol m3Ho8scry®o 3505993980l dobsgds. JomydrIemo  B9dbmermaomto
333930l 3s9my9b9d00 dmoglbmgzs m®653969gdol bod»dndo. Tywgagdds 33s5639bs,
®md SK280, LK150 o LKI155, &odolb 056456909 d9bsdemgdgeros bgdobdogmo
659963 0b Jbm3gs. dOAYIer Bsbg®H sbgsbsby Fbmermo 3mGOoYMbBHICHo
39099300 m©bsd9bBHob.  30m83029HgH o Jsthrnz00  sF@zoen  bsdbma
056456509 “ARROW'STAR“-by dG@dygero bsgbmgo 8sbgsbol dbgsgbo dmogbmgs
3m60DmbBIwMMHo  39m3gHBommo  mHbs89bBHo. Moo gmGdol  bsdbmzo
®bsdgbBHogdol  dowgds  glsdemgdgaros  3m330:9HIONIO  3HMHSToMHIO0
30 FM30¢0 bsgbmgo 0s645693000.
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™3(5000Ys300s.
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895350,  LOEDBMASMIOOL s BMYPSIOE  5E30s67dOL  byEogH o
ambgdM0g  496300Mgdsbg  PomBmoggbsl 3304360l dolio  3MEDe.
AM503E0990 boebry®o Lsdmbio, 53 39 EHWIMHOL JMmOo QoBLsIMMOGdO
Bofioamos. JsLBY godmlisbmemo Lbgoalibgs m®mBsdgb@o Fomdmoaqbl batzql,
OMIGEoE obobogl  5sd0sbgdol WMmTs SHBOMBMOZ BHMOOEOYOL, kv
ALmxIbg39wMdL s 3MToK 5MIdYE LOEPsdsBIL. L MsbsdgEM™3g
B03090%g: LsdMLBY, LogmRsEbmMzmdM Bogmgd by, 0bEIMHOgMOL ©g3mMMHBY
Q5 9Ly 999009y LYIE MEG™ bJoMs g3b3gds Lo 3bggdol Fob dgddbogro
Bodbmgo, Bododao 0¥y d3zsls @s bgdo gogmEbugdwyero dggao JsOmwyaro
m®b59963H 900 (Lursmanashvili... 2022, 369-382).

Jo®one m®mBsdgbBby 33eg30LslL dm3zsbobgm  Jsdmerdo, 3sbgomdo,
0FoMdo  @o  LogoMmomzgeml  Lbgoolibgs Mgaombmer s 3gHdm
390999030 oMo Fsbools s ymasdo JgdmmBaboer Bogmgdby
398mbobmeo  m®bsdgbBHgdol  sbsEr0Bo.  Ro3oB9MI0  SYOLMIMHOZ
dmbsbangmdsdo dgligoyemo badumazo Bgwwgmmols 3obozwm®m-0g9dsbozwmdo
3oboliosmgdagdols  33¢0g3s  Mbsdgdmmzg  fomdmgdol  bgowrgyemsb
39000Mgd0Ls s 39dAMA0 sbseoBolsm3z0L.
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053539060900 (MLdsbsdgowo... 2023, 493-506).
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500M0os  3MOHODMBBIOHO s  39MGH03SMo 103 FOMHM399d0l
3906mbgdmo  LOWOWYJdO, bmmm  3MHoGE Momds Lodumgo  dobdsbols
5303 mdol HgaEs@dMm™ols B3gbgds. Lafiyolo dmbagdgdo dmEgdeos
3b®odo (gbMowo 1). dogdmwo odbs gowsfiy39@0wgds  Mgacmalools
POx3030 Im@gEol Labotagdem, Mo dbgdmogz0s s FgLsdsdolbmdsdos
95cMdLMSb 00 J0BgHBOL AsdM, OMI oF0TMEMdIBS s ToMYwYs1xdOL
103 FOEMM39gdL JMOL 33OHM3MME0MEI0  EITIMIOWIOEGdSS, bmenm
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N | @30 Saobebdwnto | 39600360 | 100 | 1/
dowods | bodJobogy bodFoeema)

1 2,50 12,50 20,00 0,08000 0,05000
2 2,80 12,50 20,00 0,08000 0,05000
3 3,00 11,50 15,00 0,08696 0,06667
4 3,50 10,10 15,00 0,09901 0,06667
5 4,00 10,50 15,00 0,09524 0,06667
6 4,50 10,00 15,00 0,10000 0,06667
7 5,00 10,00 15,00 0,10000 0,06667
8 5,50 10,00 15,00 0,10000 0,06667
9 6,00 10,00 12,50 0,10000 0,08000
10 | 6,50 9,00 12,50 0,11111 0,08000
11 | 7,00 9,00 10,00 0,11111 0,10000
12 | 7,50 8,00 10,00 0,12500 0,10000
13 | 8,00 7,50 10,00 0,13333 0,10000
14 | 8,50 7,50 10,00 0,13333 0,10000
15 | 9,00 6,00 10,00 0,16667 0,10000
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B30b690s.  Lofiyobo  dmbsgdgdo  dmEgdmaros  bMowdo  (gbMogro  1).
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LoloMadeMm, M3 dMBIdMO30s s TGuodsdolbmdsdos MHYoEMBSLSD 03
30BgBol 4o0m, OHMI sF0TMMBdS s FoMy«ggdol  Lod FoMMZYIOL

dmeol  393OHM3MOEOME0  STMI0GOIIAGdS, bmem  JgdcmHbgdemen
L0EOYIONB- 30MPHSOMIMMSMEEFOIO.
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@530 3mGoBOb- | 396h0zmneo | 1/3m6 7356
dememds GonGo

1 2,50 10,00 15,00 0,10000 0,06667
2 3,00 10,00 15,00 0,10000 0,06667
3 3,50 10,00 12,50 0,10000 0,08000
4 4,00 9,50 12,50 0,10526 0,08000
5 450 9,50 11,00 0,10526 0,09091
6 5,00 9,50 10,00 0,10526 0,10000
7 5,50 9,50 10,00 0,10526 0,10000
8 6,00 9,00 9,00 0,11111 0,11111
9 6,50 7,50 9,00 0,13333 0,11111
10 7,00 6,50 9,00 0,15385 0,11111
11 7,50 6,50 9,00 0,15385 0,11111
12 8,00 6,00 9,00 0,16667 0,11111
13 8,50 5,50 8,50 0,18182 0,11765
14 9,00 5,00 8,50 0,20000 0,11765

9Ju3g®0dg630 3. 3s6gs6s- SK 280. Bstmo 100%-Bsewo 9@ Hogo -1009%/5500.
3mgdumgomos 17 603mdo.
0b5EMA0MMO  50gdNE0s  3MMOBMBESMMO S 3IOEH0INMO
L0dFoMM3z9adoL  FgdMHBbgdYEo  LOWOEYJdO, bmem  3MOEIHOWTs
Logbmgo 3563060l 8F0dMemdols  Mgams@mdol  Bggbgds.  Lsfyolo
dmbszndgdo  dmgdeos  bMowdo  (gbGowo  3).  domgdmwo  odbs
2350050943930 gds  MHgamabool  §MHxoz0  dmgeol  LelisMagdwme,
Mo3  0BgdMH0300 s FgLodsdolmdsTos  MYoMdLmSE  0d  JobgBol
2500, MMI  ©oF0dMMdsls s  FoMymgdol  LodFoMmgggdls  dmMol
M 3M3OM3MOHEOII0 Q©53M300090v)eNGd5, bem 3906 9bgdvem
LO0YJONE - B0MHEISOMIOMSMM(30vO.
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gbGogwo 3. bsgueg 8567365~ SK 280-%g Jumgols gdudgHodgbob Bggagbo

N By |ovwoo | |00 | Vo
1 4,70 15,00 20,00 0,06667 | 0,05000
2 5,00 15,00 20,00 0,06667 | 0,05000
3 5,30 15,00 20,00 0,06667 | 0,05000
4 5,70 15,00 20,00 0,06667 | 0,05000
5 6,00 15,00 19,00 0,06667 | 0,05263
6 6,30 15,00 19,00 0,06667 | 0,05263
7 6,70 15,00 17,50 0,06667 | 0,05714
8 7,00 15,00 17,50 0,06667 | 0,05714
9 7,30 15,00 15,00 0,06667 | 0,06667
10 | 7,70 15,00 15,00 0,06667 | 0,06667
11 | 8,00 13,50 15,00 0,07407 | 0,06667
12 | 8,30 13,50 15,00 0,07407 | 0,06667
13 | 8,70 12,50 15,00 0,08000 | 0,06667
14 | 9,00 12,50 15,00 0,08000 | 0,06667
15 | 9,30 12,50 12,50 0,08000 | 0,08000
16 | 9,70 12,50 12,50 0,08000 | 0,08000
17 | 10,00 10,00 12,50 0,10000 | 0,08000

SK280, LK150 o LKI55 ULodbmg  35649Bgd%g  Bodomgdmmo
99b3960996¢9d0l BggsE 8039900 8980y ©sL3ZBId8Y:

9396039630 1. 200mm3wgdom Fogdwyen 0dbs IMezsexdEBMM0sE0
M93M9L0oL gobBmgds: Y = -3.6978 + 41.4023X, + 63.5685X,. dcmqgero

Fodgds 06EgM3MmgE0Mgd2Ieo 065l 98gabooMsco: X, -0l 1 ghogmmom
230BMms 0fj3g3L Y-ob  Lodwmomme 41.402 90009000 gob®sls, bomenm
X, -0l 9mHm0 JODINOD FoBOES - 63.568 gHMINWON (33O IDS.
2396@™Mad0l 5009335@IOMds A93mEqd05 B0dgMHol 300EMH0dom. Y-0lb
33L0egds 2oB30MHMBYPRIE0s X.. B3JHMOYB0m, )83 BogEH™MIAL TG0
3MOH95300L 309530309630 0,7-Bg d9E 00 s 530@EMI, Gqlodargdgeros 53
R309dBHMOHIO0D GOD-9MHPOL om0 Eb3s. dm390w)o 3003900 FbOOWMS
5 53 2obBHMWd0m 5300 LOYB0S, ) Mo obsgmabg Mbs
0965 59496900 ©5F0dMemdols MHgAs@™M&0, BoFoMm LodFo®mgol
doboegdso.
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9Ju396H0dgbBo 2. 2sdIMN3gdom FoEgdy 0dbs FMZIWRSJBHMM0BO
G000 2B mEgds: Y = -4.5479 + 29.2828X  + 66.0512X,.

dm@geo 9odegds 0bEHIM3MmEH0Mgd 0dbsl d9dgabsoma: X, -ob 1
9OGM00 A5BMS 0f)393L Y-0U Lsdrsemeo 29.283 900091e000 25BMsL,
bom X, -0l 9OHm0 ghmgmmoom gsbmEs - 66.051 gtmgreoom (33¢0mgdsl.
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0ol 3MOEs300L 3MgB03096¢3)0 0,7-B9 3@ 05 s 580E ™A, FglodwgdgE0s
50 BogdBHMMYO0B gMHm-gMmols godmMoabgs. dmEgdmwo 1-garo gbGowom
5 53 2obBHMWgd0m 5300 LRGBS, M M oboygmxaby b
0965l 59969090 ©5F0TMEMBOL MGYMESEMEO, bsFoMm LodFoMHm3Ol
doboEgds.

9Ju3960dgbBo 3. 2sdmM3wgdom FoEgdy 0dbs IMZIWRSJBHMM0BO
930900 gobEmegds: Y = -2.8533 + 31.5837X, + 126.6618X,,.

dm@oo dg0dgds 0b63gM3mgE0Mgdwo 0gbsl G90gabsotag: X, -ob 1
9OGM00 A5BMS 0f)393L Y-0U Lsdrsemeo 31.584 gM0g)eroo 2oL,
bmm X, -0l gemo gOmMgom asbms - 126.662 9OHMgmmom (33¢0mgdsl.
396@™M@gd0l  509335GIOMds  F0mfdgdos  0dgMmol  3HoEgMomdoom.
Y-0b 33000@gds gob30MHMdgdmos X.. RogdBHMMgd0m.

Bodo®mgdmmo  9dudgModgb@gdom  iyobs  Losjbimgo  FsbJsbols
LodFoMM30L FoMYEI0MmGdYEOl 50dbrol (33¢0EgdgdOL Jglodsdolo
D03mo Imbo39dgdo Lbgoalibgs 3eslioll s GHodol dsb64sbgdols o
Bodanobomgzol.

300qdo  Bgdbmemaom®o 353930l godmygbgdood  dmdlmzoeds
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Harmonization in Georgian Ornaments® Georgian scientists, N 5, 2022: 369-
382.
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2023. ,MODERN ASPECTS OF TUSHETIAN HANDICRAFT (COLORING,
KNITING, DECOR)“, HISTORY, ARCHAEOLOGY, ETHNOLOGY, N9,
2023: 230-241.

Pailodze, Nato., Deisadze, Tekla., Karkashadze, Mariam. 2024. “Defects in the
process of knitting on a loom®, Georgian scientists, N 4, 2024: 41-49.
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The work presents the results of analysis, systematization, typologization and
classification of old Georgian woven ornaments by using modern technologies. Namely:
we made sketches and knitting schemes of the found patterns, selected yarn and raw
materials. To determine the optimal technological parameters of knitting, we carried out
knitting on household type machines LK150, LK155 and SK280, on flat-panel machine
“IIBIISM” and on computer-controlled knitting machine “ARROW*STAR”. With yarn
of different linear densities, patterns were knitted and processed to obtain optimal
knitting parameters for a mathematical model. Patterns of ornaments were knitted using
the obtained technological package. The results showed that on machines of the SK280,
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LK150 and LK150 Type, any ornament can be woven, while on a flat Fang machine
only horizontal geometric ornament. On the computer-controlled knitting machine
“ARROWSTAR®, a horizontal geometric ornament was knitted like a flat knitting
machine. Complexly shaped woven ornaments can be obtained with knitting machines

equipped with computer programming.
Keywords: knitting, ornament, knitwear, sewing machine, model, optimization.

Introduction: Culture gives us an idea of the spiritual and mental development
of society and people in general. Traditional folk clothing is also a special part of
this culture. The various ornaments depicted on it are a mirror reflecting the deep
spiritual traditions of the people, a comprehensive worldview and fascinating
beauty. Today, on modern items: clothing, household items, interior items, etc.,
we increasingly come across woven, embroidered or ancient Georgian ornaments
created centuries ago, revived in stone and wood.

In the course of our study of Georgian ornamentation, we analyzed materials
preserved in various regional and private museums in Georgia, as well as ornaments
depicted on preserved household items. We conducted a study of the physical
and mechanical characteristics of the raw materials for knitting purchased from
the local population for comparison with raw materials of modern production
and further analysis.

The knitted products made by our ancestors, which we found in the above-
mentioned places, were quite diverse - aprons, haberdashery products, scarves,
sweaters, jackets, gloves, headscarves, children’s products, decorative fabrics and
many others, which are mainly knitted with a simple plain jersey stitch knitting,
popularly known as “stocking” knitting

Plain jersey stitch is the basic - basic stitch. It consists of loops of the same
shape and size. Since the surface of plain jersey stitch is uniform, the ornament
obtained by interlacing threads of different colors on it is more perceptible, this is
confirmed by our analysis of samples made from yarns of different compositional
structures and linear densities and their comparison with the found exhibits.
Taking all this into account, we chose Plain jersey stitch to knit the ornament
and establish a mathematical model.

The goal and objectives of the work: was to determine the technological
parameters for knitting the ancient Georgian ornaments we found and
systematized on a knitting machine, in order to implement the knitting of the
found ornaments both using traditional methods and research using modern
technologies.
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To achieve this goal, the following tasks were set:

* We analyzed the materials preserved in various regional and private museums
of Georgia and the ornaments depicted on objects preserved in everyday life;

+ Studying the physical and mechanical characteristics and color gamut of
woven raw materials in order to determine the optimal raw materials;

* Processing sketches of Georgian ornaments;

* Selecting the type of stitch, calculating the ornament repeat and drawing up
a scheme of the knitting process based on them.

Research objects and methods: We established technological maps and knitted
test samples on knitting machines of classes 3, 6 and 10 with pre-selected yarns.
Since the density of knitted fabrics significantly depends on the linear density of
the yarn (thread), yarns with three different linear densities were used during
the experiment. And for normalization and optimization of the process flow, we
developed a mathematical model.

Experiment 1.

Machine LK150s. Yarn composition: 49% wool, 51% acrylic; size length
-100g/390m.

The calculations yielded the following multifactor regression equation:

Y =-3.6978 + 41.4023X1 + 63.5685X2.

The change in Y is due to factors Xj. However, the correlation coefficient
between the factors is greater than 0.7 and therefore, it is possible to exclude one
of these factors.

Experiment 2.

Machine LK155. Yarn composition: 49% wool; 51% acrylic, size length: 100
g/275 m.

The calculations yielded the following multifactor regression equation:

Y =-4.5479 + 29.2828X1 + 66.0512X2.

It was determined on which partition the tension regulator should be installed
to obtain the required density.

Experiment 3.

Machine- SK 280. Yarn 100% wool, size length -100g/550m. 17 patterns
knitted. A decision was made in favor of a linear regression model, which naturally
corresponds to reality for the reason that there is an inverse relationship between
tension and loop density, and a direct relationship with the inverse quantities.

Conclusions. The calculations yielded the following multifactor regression
equation:

Y =-2.8533 + 31.5837X1 + 126.6618X2.

The experiments conducted determined the corresponding limit data for
changes in the density regulator of the knitting machine for different classes and
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types of machines. Complexly shaped woven ornaments can be obtained with
knitting machines equipped with computer programming.

The patterns of ornaments woven using the obtained technological package
fully satisfied the requirements set for the Georgian knitted ornaments found.

The work will help those wishing to transfer Georgian ornaments to knitting,
as well as the public interested in Georgian traditional textile work, scientists
working in the field of clothing, technologists interested in transferring ornaments
to woven products, practicing teachers, and clothing designers.

The research was carried out within the framework of the project - “ Conducting
research of some types of ancient Georgian woven ornaments and processing of
textiles using traditional and modern technologies” with the financial support of
Shota Rustaveli National Science Foundation of Georgia (Grant - FR-21 19932).

This work was supported by “Shota Rustaveli National Science Foundation of Georgia”
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