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AUTOMATIC RECOGNITION OF SERBIAN
MEDIEVAL MANUSCRIPTS BY APPLYING
THE TRANSKRIBUS SOFTWARE PLATFORM:
CURRENT SITUATION AND FUTURE PERSPECTIVES

The paper investigates the potentials of applying the model for the automatic recognition
of (Russian) Church Slavonic manuscripts to Serbian medieval manuscripts written in various
types of Cyrillic scripts by employing the Transkribus software platform. The analysis has
shown: (a) that the use of the existing generic model for the recognition of Church Slavonic
manuscripts can yield rather good results when applied to Serbian medieval manuscripts writ-
ten in uncial or semiuncial script, (b) that the manuscripts written in the cursive script require
the creation of a separate model, and (c) that the creation of a generic model within the Tran-
skribus platform for the Serbian medieval manuscripts would make the process of digitization
substantially faster, which in turn would lead to faster realization of tasks within the existing
projects related to Serbian historical corpus linguistics and lexicography .

Key words: Transkribus, Serbian medieval manuscripts, automatic text recognition,
information technology, artificial intelligence, machine learning.

VY paxy ce uctpaxyjy MoryhHOCTH mprMeHe MOfiena 32 ayTOMaTCKO PalldHTaBambe
(pycKHX) IPKBEHOCIOBEHCKUX PYKONHNCa y OKBUPY copTBepcke maardopme Transkribus Ha
CpIICKE CPEAHOBEKOBHE PyKOIUCE MUCAHE PAa3IMYUTHM TUIIOBUMa hupunune. AHanusa je
nokasaJa (a) 1a IpuMeHa mocTojeher reHepHYKor MozielIa 3a ay TOMAaTCKO PalllYHTaBarbe [PKBe-
HOCJIOBEHCKHX PyKOIIHCa MOXe JJATH BeoMa JJoOpe pe3ynTare Ha CPIICKIM CPEIOBEKOBHUM
PYKOIUCHMA ITUCAHUM YCTaBOM MJIU MOJYYyCTaBOM, (0) 11a je 3a pyKoIuce mucane Op30mucom
HEOIIXOAHO Kpeuparu nocedan Mojel, u (B) Aa OU ce KpeupameM ICHEpUUIKOr MOJela 3a
CPIICKE CpeIOBEKOBHE pyKoIHce y okBupy miaTdopme Transkribus, mponec qururanusanije
MOTrao 3Ha4ajHO yOp3aTH, TO OU Jajbe MOTJIO BOAUTH M YOp3amy pala Ha TeKyhnM mpojex-
THMa U3 CPIICKE HCTOPHjCKE KOPIIYCHE IMHTBUCTHKE U JEKCHKOTIpaduje.

Krwyune peuu: Transkribus, cprcku cpeambOBEKOBHU PyKOIUCH, 8y TOMATCKO palllyuTa-
Bambe TEKCTa, NHOOPMAIIMOHE TEXHOJIOTH]e, BEIITauKa HHTSIUTCHIINja, MAIIHHCKO yUeHe.

1. InTrODUCTION. The basis for starting the work on this paper is the article
by A. Rabus (2019a), on the potentials of the automatic recognition of Church
Slavonic manuscripts by using the Transkribus software platform. In the article,
the first of its kind within Slavonic studies, the author starts by providing a brief
overview of previous attempts to develop the technology for the automatic recog-
nition of medieval manuscripts,' including the technology behind the Transkribus

! The paper primarily focuses on rare occasions of applying the OCR technology to the auto-
matic recognition of old Slavonic printed books and printed editions of Church Slavonic manuscripts
(the electronic edition of Bdin collection (Bdinski sbornik) and RRuDI corpus), but also emphasizes
its complete inapplicability to automatic recognition of old Slavonic manuscripts (cf. RaBus 2019a:
10). The possibility of automatic recognition of old Slavonic manuscripts and printed books by using
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platform,? reserving the central part of his paper to the creation of the model for
the automatic recognition of Church Slavonic manuscripts,® accompanied by the
quantitative and qualitative analysis of the results obtained by applying the said
methods to the manuscripts written in various types of Church Slavonic Cyrillic
script. The overall significance of the RaBus 2019a paper lies in the fact that by
using concrete examples the paper convincingly showed that automatic recognition
of Church Slavonic manuscripts by applying the Transkribus is indeed a reality,
since the first version of the recognized text in the electronic form that has an
acceptable error ratio (about 4% of all characters)* is automatically achieved, and
after the manual correction done by a competent philologist, investing much less
time and human and financial resources, the result is the text of the manuscript
in electronic form, suitable for further philological and linguistic investigations.
In doing so, this paper provides direction on how to significantly expedite the
digitization of medieval Slavonic manuscripts by the use of the Transkribus plat-
form, thus providing a significant impetus for the development of diachronically
oriented Slavonic studies.’ The special importance of the RaBus 2019a paper can
be found in the fact that the models for the automatic recognition of Church Sla-
vonic manuscripts are made publicly available through the Transkribus platform,
so their potential can be tested on other medieval Slavonic manuscripts as well.
The investigation concerning the application of possibilities of such models to
medieval Serbian manuscripts written in various types of Cyrillic script represents
the overall goal of the current article. Since the models in question are based on

the artificial intelligence based on neural networks was for the first time mentioned in KopPHMEHKO
— YepenaHoB — Schunknit 2008. This paper is more significant in a theoretical rather than practical
sense since the level of character recognition accuracy is around 80%, thus requiring a large amount
of time for manual corrections to the text, thus rendering the entire recognition process no more
economical than the traditional approach (cf. Rasus 2019a: 10).

2 Transkribus is a free access software platform for the automatic recognition and search of
manuscripts which was developed within the READ project at the University of Innsbruck. Unlike
the traditional approach that focuses on individual letters (OCR technology), Transkribus uses HTR
technology based on memorizing and recognizing the entire image of the line from the text. Re-
cently developed and implemented into Transkribus, HTR+ algorithm is based on the artificial intel-
ligence and advanced neural networks and significantly reduces the time required for the training
of text recognition models, with a substantially higher accuracy ratio. For more details, see RaBus
2019a: 10-11.

3 The functionality of the Transkribus platform is particularly manifested in the potential to
train one’s own automatic text recognition model, irrespective of the language or script used in the
manuscript. The training of the automatic recognition model represents an instance of machine
learning based on neural networks in which during the learning process the model compares the
manuscript photographs and corresponding letters, words and lines of the text in the diplomatic
edition. The successful training of a model requires photographs of the manuscript having the best
possible quality and at least 15000 words of previously recognized text. For more details, see RaBus
2019a: 11-14.

4 Transkribus possesses the possibility to automatically calculate the ratio of incorrectly rec-
ognized letters (CER) by comparing the automatically recognized version of the text and manually
corrected version. For more details, see Transkribus Glossary at https://readcoop.eu/glossary/char-
acter-error-rate-cet/.

5 Automatic recognition of Serbian (medieval) manuscripts could significantly expedite the
work on the current Serbian historical lexicographic projects (Dictionary of the 12"—18" Century
Serbian Language and Dictionary of the Slavonic Serbian Language), as well as the preparation of
the electronic historical corpus of the Serbian language.
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Old Church Slavonic and Russian Church Slavonic manuscripts written in uncial
or semiuncial Cyrillic scripts, our paper starts from the hypothesis that their ap-
plication to medieval Serbian manuscrlpts written in the uncial or semiuncial can
yield more or less acceptable results,® while the manuscripts written in cursive
Cyrillic script should require the creation of a separate recognition model. In
structuring the paper we proceeded in line with the stated hypotheses. Accord-
ingly, the Section 2 provides a detailed overview of the existing models for the
automatic recognition of medieval Slavonic manuscripts, including the analysis
of the results of their application to medieval Serbian manuscripts written in
various types of Cyrillic script, while the Section 3 provides concluding remarks
and the perspectives for further research.

2. APPLICATION OF EXISTING MODELS FOR THE AUTOMATIC TEXT RECOGNITION TO
SERBIAN MEDIEVAL MANUSCRIPTS. Two models for the automatic recognition of
Church Slavonic Cyrillic manuscripts are available as a part of the Transkribus
software platform.” The first model, called VMC Test 4+, is based on portions
of the Russian Church Slavonic manuscript The Great Reading Menology, written
in semiuncial 16" century Cyrillic script. A total of 173,287 words were used for
the training of the model, with CER (Character Error Rates) being 3.82% (more
details can be found in RaBus 2019a: 15-19). The other model, dubbed Com-
bined Full VKS 2 and based on parts of the Old Church Slavonic Codex Supra-
sliensis (11" century), The Catecheses of Cyril of Jerusalem manuscript (11" cen-
tury) and the Russian Church Slavonic manuscript Great Reading Menology (16"
century), represents an attempt at creating a generic model suitable for the automatic
recognition of different manuscripts written in uncial or semiuncial Cyrillic script.
A total of 393,079 words were used for the training of the model, with 3.94% CER
(for more details, see RaBus 2019a: 23-27).8 These models were tested on Serbian
medieval manuscripts which are currently the focus of interest of our philological
and linguistic investigations: a) on Serbian medieval charters and letters cur-
rently being prepared to be used for the development of a specialized electronic
corpus (cf. PoLomac 2021), as well as b) on the Serbian Church Slavonic manuscript
by the name of Christian Topography of Cosmas Indicopleustes, which is in the
process of preparation for publication in its original graphemic structure together
with the associated philological and linguistic studies.’

2.1. AUTOMATIC RECOGNITION OF SERBIAN MEDIEVAL CHARTERS AND LETTERS. When
choosing the charters and letters to be included in the investigation, we took into
account the size of the manuscripts, their philological and cultural significance,
state of the manuscripts’ preservation and legibility, as well as the availability of

® The term semiuncial denotes the Resavian type of uncial script (cf. JepkoBus 1996).

7 A. Rabus has also created two publicly accessible models for the automatic recognition of
the Glagolitic script: the first model contains approximately 28,000 words from various printed
Glagolitic books from Tiibingen and Urach (see https://readcoop.eu/model/glagolitic-print/), while
the other model comprises approximately 171,000 words from the Breviary of Vid of Omisalj and the
Second Beram Breviary (see https:/readcoop.eu/model/glagolitic-handwritten-14th-and-15th-century/).

8 For the potentials and problems in the creation of a generic model for the automatic text
recognition within the Transkribus platform, see RaBus 2019b, HopeL et al. 2021.

° This edition and study is being prepared for publication by Tamara Lutovac Kaznovac.
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images with proper quality. Having in mind these criteria, the expected choice
was made by selecting the two most important 14" century Serbian charters, writ-
ten in the uncial type of Cyrillic script: Banjska Chrysobull (henceforth: BC) (cf.
TeuoyaoBus 2011), and also Decani Chrysobull (third version, henceforth DC I1I)
(cf. IBun — I'pkoBUR 1976: 34—-37). The study also includes several other charters
and letters from 14"—15™ centuries written in uncial (semiuncial) and cursive
Cyrillic script (more on this in 2.1.3). Our methodological approach involved
conducting a respective experiment for each manuscript, as well as quantitative
and qualitative analyses of the obtained results. Following the process of the au-
tomatic recognition of selected manuscript folios (for BC and DC III) or entire
manuscripts (in the case of shorter charters and letters) by using the said models,
we conducted a manual correction of the text. By comparing the automatically
recognized text with the corrected version of the text, we calculated the ratio of
unrecognized characters (CER), and this was followed by the qualitative analysis
which especially took into account the performance of the models depending on
the photographic image quality.

2.1.1. In the first experiment'® the performance of the VMC Test_4+ and
Combined_Full_VKS_2 models was tested when applied to the first ten folios of
BH (from 5r to 9v). The statistical overview concerning the ratio of incorrectly
recognized characters (CER) is given in the following table:

Table 1: CER in BH (sheets 5r—9v)

Model VMC Test 4+ Combined_Full VKS 2

Folio CER CER
5r 22,18% 23.79%
Sv 20,51% 12,82% %
6r 26,18% 16,73%%
6v 16,95% 13,90 %
Tr 19,62% 10,94%
v 20,08% 8,11%
8r 13,99% 12,94%
8v 20,65% 10,51 %
or 20,35% 18,95%
Ov 21,91% 8.13 %

Mean 20,24% 13,68%

The above overview indicates that the application of the VMC Test 4+
model did not produce satisfactory results (mean CER is 20.24%), while the results

10 1n all conducted experiments the automatic recognition was performed by employing the
linguistic model. For more details, see https:/readcoop.eu/transkribus/howto/how-to-train-a-hand-
written-text-recognition-model-in-transkribus/.
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of applying the generic Combined Full VKS 2 model can be estimated as rela-
tively good (mean CER is 13.68%). A comparative representation of the folio 5v
photograph and the corresponding automatically recognized text in Table 2 il-
lustratively provides qualitative insight into the performance of both models.

Table 2: VMC Test 4+ and Combined Full VKS_ 2 and BH (folio 5v)

VMC_Test_4+ TruoyHoBus 2011: 20 Combined Full VKS 2
CAMBOCAOBAENH H CTpA- A Al'll ml;Ml-'iHl:IﬁI CAAEBOCAORAENH H CTpA-
LLUNOE ITENH'E CRbLLIA- winetk 1k mitt iﬁ'illli’. LUNOK ITBHHIE CRBLUA-
HTb. WNErKe €ANNO- HTh. FAHHTOME m“' HTb 0 NKMOKe ANNO-
PEAbIM cfm rb NALLIL ¢ ‘lt,l.lll‘l ““ FhHALLS ECh €AbIH cﬁf b NALLIb Cb
Xb. HP'IS;KG R'BKRb Bé- /T‘ “'..k .-‘ﬁt Ji"h’iﬂlr EE Xb. ny’lsme Bflslcm:; Be-
3NATEAA H BE3 RAIPEpO- 5.'}.‘ FEAA ““5 1?‘ N 3NATEAA W Be3 MTpe po-
Kb c¢. M NAKH Bb MOCA'E- e, HIAICH ““.m Kb ¢e. M MAKHRb MOCA'E-
AHIABTA BpbUIAH He- ,,l.tthl At “‘f‘*““‘“ Mg | A ABTA cBpblAK He
M3PENNOM MPOABILLIAH. qui Hllﬁl..lh n’rllll-llﬂ-ﬂﬁ ] Zpennonm; MPOMbILLIAIE-
NH KHAb. BAATHBNOE H IIHI'E“L “nmn“.“ H : NUKEMb® MATHBNOK H
['ABKOAOBHROE CMOTpe- -Mﬁm AREH MH ] ?ABIOAHBHEOI CMOTpE-
NHH. HA 3¢RAAH Herph- HHIE. “‘5“‘4“ m“r{ Ne. NA 36MAH Herlps-

Based on the representation given above, we can conclude that both models
make recognition errors most frequently when the pajerak mark is involved, which
was expected since the mark was not regrstered in the model trarnrng process:
1nstead of the expected crpawrnoie 1/2, Be3 6, noc/\'Ts,A,th 7/8, Neuzpen Homb 8/9,
nPOMMUJAIeNmeMb 9/10, mATHR Note 10, cmo'rpenme 11/12, ue nps- 12, the VMC Test 4+
model incorrectly recognizes crpatunoe 1/2, se3 6, MocABANIA 7/8 HEM3pENNOMb 8/9,
NPOABILLIAN. NH KkHAb. 9/10, BAATHRHOE 10, emoTpennn 11/12, nenp- 12, while the ge-
neric model recognlzes CTPALLINOIE 1/2 Be3 0, nocMsAnm /8, ne n zpennomb 8/9,
npombitLAeHtems 9/10, MATHENoOK 10, cMoTpene 11/12 uenps- 12. A 1arge number of
mistakes in both models is attrrbuted to the recognition of blanks between words:
instead of cAaRocAORINMH 1, Be3 Naveaa 5/6, ue npt- 12, both models recognize
CAABOCAORENH H 1, seanaveaa 5/6, nenps- 12; instead of W nieroxke 2, M'T‘PG })o;m) 6/7,
noch,A,Nh\ ABTA 7/8 the VMC Test 4+ model recogmzes WHEroke 2 BAPpepoikb 6/7,
I'IOCA'B,A,NI?\A’B’PA 7/8, while instead of naku gb 8, Nenpen'Nomb 8/9 the generic model
recognizes nakueb 8, ne 1 Zpennomb 8/9. The recognition of the titlo mark and su-
perscript letters also poses a problem for both models, yet | the generic models
shows somewhat more successful results: instead of X6 5, ok ce 6/7 both models
recognize Xb 5, poxkb ¢ 6/7; instead of ith 4, NeMS?eN tomb 8/9 the VMC Test 4+
model renders ¢ 4, neuspennons 8/9, whlle the generic model renders b 4, Ne H
Zpeninomb 8/9; concerning the expected MTpe poikb 6/7 and MATHR hote 10 the VMC

est 4+ model renders BAMPEPOKD 6/7 and gaaTHenoe 10, while the generic model
manages to recogmze the tlﬂpo mark and a superscript letter in these examples.

The difference in performance of the two models results from a large num-
ber of errors when the VMC Test 4+ model attempts to recognize the letters
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te and m: instead of cAARoCAORIENHH 1, ¢T ALIJ:yOK‘: 1/2, nrbnute 2, W NIeroe 2, RAHNOYEAbIW
3/4, crpbuuate 9, mponbiiAkehriems 9/10, MATHER ot 10, vABKOAIOBHROK 11, cMoTpente
11/12, the VMC Test 4+ model renders cAagocAoRenH 1 1, CTPALLINOE 1/2, n'BuNE 2,
WHEro:ke 2, EAUNOYEABIM 3/4, RpbLUAK 9, NPOABILLAH. NH KHAL. 9/10, BAATHRNOE 10,
ARicoAtosHRO¢ 11, emoTpennn 11/ r2; instead of M’T‘pe Po;«’kb 6/7, ﬂ?OMbILIfMGNMIGMb 9/10,
MATHE Note 10, 3eman 12 there are BArPEpokKS 6/7, MPOABILLIAH. NH KHAb. 9/10, RAATHRNOE
10, 3eeaan 12. The remaining letter recognition errors of this model were registered
in a small number of examples: the letter T — instead of MTpe poiks 6/7 we have
BArpepoikb 6/7; the letter b — instead of icb 4, bbb 5 there is ¢ 4, BBKRb 5; the letter v
— instead of vABkoatosHBoke 11 we have M'ARioatosuBoe 11; the letter W — instead of
W Nkeroke 2 there is an incorrect wieroke 2; instead of nsnmie 2 we have an incorrect
MBENNE 2.

The qualitative analysis shows that the performance of the generic model is
significantly better that it appears to be judging solely by the CER ratio. As has
already been observed, the largest number of errors is associated with the recog-
nition of the pajerak mark and blanks between words. The examples in which the
generic model incorrectly recognizes letters are not numerous. This model also has
problems recognizing the ligature k& in several examples: instead of cAAROCAORKNHH
1, cgpbiLIAte 9, c*MO'rPenme 11/12 there are incorrect cAAROCAORENH H 1, CRPBLLIAK 9, cMOTpe He
11/12. The remaining letter recognition errors were registered as single instances:
the letter a — instead of nain Bb 8 we have the incorrect nakugs 8; the letter W —
instead of W nieroxke 2 there is the erroneous o Nieroxke 2; the letter n — instead of
c”mo'rpenme 11/12 we have emoTpe ne 11/12; the model omitted letters in two examples
— v in kAuNoeAbIn 3/4 (from the expected keannoveasin 3/4) and v in CMOTPE Ne 11/12
(from expected cmoTpenne 11/12).

The potential of the generic model can further be illustrated when applied
to the folio 7v in which CER is only 8.11% (Table 3).

Table 3: Combined Full VKS 2 and BH (folio 7v)

Truaoynosuns 2011: 24 Combined Full VKS 2 Ground Truth
v . Bb3HO €& ¢¢ W 3eMAK NA Bb3HOCE C¢ W 36MAK NA

liiﬂlliliﬂﬁm ? ? HB ? G
HETA L ; P NBCAIib BE3NATEANOMY NBcA lib BE3NATEA NOMY'

g « & cnoouoy. OBELHA AHOBE- CH WLIO\'. WBELHA AHBE-
Oy OREpAAIRE L”fs ey ;”
Wik K “ﬁlll LUMMb 1610 MPEEBIRATH LUMMb 1610 MPEEBIRATH
CHHAH !‘ Kk ‘fiih ¢ NHMH peich. A3b HCMb ¢ NHMH peich. A3b HMb
EBARAH H‘H‘Hlﬂﬂﬁm | CBAMH. M HNb NHKTOXe ¢ BAMH. M HNb NHIC TOXe
HABRE. [*HES e HARBI. CHIA iKe KMo 0B¢- NA Bbl. CHIA JKe IO WEBE-

G IAME K0 CORE N o

WAHHIA AnARAE | LUANHIA. ATIAMb 11pOro- LUANHIA. AMAMb 11orio-
ﬁ'ﬁ'j,jl-il]lllill. nenkar ""{ BBAAROLIMMb, HERTEpHH BBAAIOLIHMb. NERS)'NH
MH L ABE [u.ll.'llutﬁ“ KHAO0BE KAMENHIEMb KHAOBE KAMENHIEMb
MIEHRA é\'}lj' l-'nm ~ OBHRAXOY cTeANA. MOBHEAXOY' CTEPANA.
ﬂﬂaﬂf 17 ] lﬂm ON e 3B BeA COVLIAN NH- WH' ke 3B Bea COVLIIAA NH-

L
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The largest number of errors in this folio is again attributed to the recognition
of the pajerak mark and blanks between words: instead of BGSNA%A"NOM\}‘ 2, NHK'TO:Ke
6, negBPNM 9, wi' 12 there is the incorrect BE3NATEANOMY' 2, NHKTOXe 6, NeRBPNH 9, on
12; instead of Bb3noce 1, NBea Kb 2, ¢ BAMM 6, NA BbI 7 the generic model renders gb3no
ce 1, NBeakb 22, cRAmn 6, NaBbI 7. Expectedly, there are errors connected with the
titlo mark and the use of superscript letters: instead of n5ca kb 2, BGSNM’GNNOM\;‘ 2,
nosreaxoy 11 we have the incorrect nseakh 2, Beanareanomy 2, n’“oénmxoy 11. A small
number of errors in letter recognition can most frequently be associated with the
letters w and a: instead of wu,Sy 3, weetpanum 7/8, wi' 12 the generic model incor-
rectly renders ou,'éy 3, oselpanuma 7/8, on 12; instead of niea kb 2, ¢ Bamu 6 there are
incorrect NscAKb 2, cRAMH 6. In one example the model makes an error when rec-
ognizing the ligature e and the letter ¢: instead of 3emate 1 and icamenmems 10 we
have the erroneous 3emato 1 and kamenuiems 10.

2.1.2. In the next experiment we tested both models on a portion of DC III
(in the folios 8r—10v, as well as the folio 76v, which is the initial part of The Nun
Evgeniya’s Charter to the Decani Monastery (see MaaneHoBus 2007: 391-406).
The statistical overview of the incorrectly recognized character ratio (CER) is
given in the following table.

Table 4: CER in DC III (8r—10v, 76v)

Model VMC Test 4+ Combined Full VKS 2
Folio CER CER

8r 22.46% 13.45%

8v 29.64% 15.84%

9r 24.82% 13.23%

9v 23.26% 15.84%

10r 24.97% 12.79%

10v 27.83% 13.79%

76v 19.34% 9.90%

The generic model yielded results almost twice better on average than VMC
Test 4+ model. The successfulness of the generic model is well evidenced by the
comparative representation of the folio 76v and the automatically recognized text
(Table 5).
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Table 5: Combined Full VKS 2 and DC III (folio 76v)

MiaenoBus 2007: 399 Combined Full VKS 2

g _H,....ﬂ'-l-mr'r“nu “I!“'d\““!jl -5 MOCTH MOIA. H i BB3AHBHXD
P “... At uigM TEAHTY, uu-h'ﬂluuumq. BAPONBIHIE Aowmoy 'rfofer’@ M MBCTO RRCEAIENTA
A4 r.u-ﬂnqe rt CRTE tHiLﬁ“L@liva CAABBI TBOH & ye? BATRBNBIH ABAbL. CRETAO 5o
WRA AR .m-rurwrl. Kt ruu’i‘l’q_ﬂ.r .."“ Py NNI—AAHISM’I‘EO\]‘:G’I‘b sejeAM:e KpAfgymmﬁ c¢ BKTb.
Bt A u"uu.,qm. ﬁ'ff‘f"‘{"“ |,-|,...u-|-.,,_. | BNAX LPKRbI ,A,Nb; H X°:f pAYtOLLiH 'fe RAMHIETD,
i 't“‘“""i‘f“ Mﬁ" pm'n-p“__ xri W AM P O MpEHENbLpea i&,“XA BATTHIO, K‘)’BPO MORA HCH
m.{ HUES - Ur.,; BLUT8H T “mmmﬂ“w‘ n nknie. Cero pA” BhCroROTE Bee ANIH KHROTA
LARHTE Ii‘ﬁﬂ!la’.tﬂlﬁlﬂi anesa neried IMM MoIEro. HBO NPHABINE ,A,Llr.I‘AHMOIA no;res’ls, MeNe iﬂe
lh'l'ln.l,l‘.llll-l-ld.'l"ll# H“E"‘f.l’lw I'IPHIG'I‘[) ,A,GCNHL{,JA 'T'BO:‘A. NN so SM‘OU,BI:’I‘O\{'L].IIH )
RO Hidicy .H“u.u..#i mmu '“I'f"r"ﬁ“ﬁ- BHTCE. H IAKO LIPICOI0 W A/BRANNAA FIOP(;)IPOW AOBpbI
h* “.f,u," RCTHICARE [m‘-l‘# MASAIERTAA ABAB 0 MHOKENHIEMb. W IAIKO AOZA NAOAORHTAA
“-1,-'“4 A s nu..... ",.“m“ ,‘*.ﬂ “.. Bb c’rpA NA Aomoy BXHIA. clioBe rAKO NETOPACAH-
U‘-“’ﬂﬂﬂ“ ul“mulrt r‘ﬂ‘afum },“. XAA CABINNTH. BA W HNO celjlé BANOABIANHIA. H nph-
e YT n g -‘\"y.‘t‘i.ﬂ ﬁ.. R'ENBCTRA PHNORH nf”EBsconeuJe 7 ,A,OB‘)Of,'B'I‘e—
.l.u.u "‘I‘":'“ ﬂfn‘; -ﬂ_“ nrﬂ rt-"THlill ? w— I, AW ,A,?o\fr‘l? ,A,J)oyr‘b Ayoym ye'ro\frome. LI,‘)I/IIO
R«I!. nl.l:"l- BLTT I 5”-. mmr[nuu AR cu.u L8 BArovReTHiems- SI\POHOICOPGNMHMb cm:nn-
._,‘“,.“.,,m,.““l.ufg",,mmm;  Eaterak | LeNNo Nwi)\mjun OYKPALLIENHHMb. BAMOroRS-
Mﬂ_u‘. :Ttnnmln qHneAALELATL :mi‘-ru{qh. WHHHMB cLjleN NI/I:_[I/I. PHNOMb gcwbclihm OyKpALLIE-
,,M "'MI*““ m“"“"‘- “'H.-EL NNA. No iws?'s KBIKO 110 ANPORANHIO AXA ,A,OEPSA’B—
i uufl‘mt mH ) *.u ' _,' TEAH NIAD Actjie. CBROYI0ANERE CBAPBIKEL|IE CE, Rb

Based on the given representation, it can be concluded that the generic mod-
el most frequently confuses letters n and i in different positions: TRoM € 3, RA M HNO
cepe 13, BArOMOKOpENHHMb 16, , OYIPALLIENHHM 17 and sarororsWinnms 17/ 18 instead
of TRotee 3, RANK Nocetyle 13, BAPOHOICO‘)GNHIGMb 16, Oy KKPALLIENHIEME, 17 and BAroroR'ENHIEMb
17/18. In two examples the letters  and % are confused as a part of a preposmon
and a prefix: BB3AKEHXb 1, CaRoy30at06Re 20 instead of Bb3ABHXS 1, cbgoygo AHBRE
20. Other errors in the recogmtlon of the letters amount to single mstances TROA
9 instead of Troa 9, W Arkrannaa 10 instead of waBannaa 10, o MuokenHeMb 11 mstead
of ¥mnokenuems 11 XI\ACAbINNIH 13 instead of MacAbINNTK 13, u,])mo 15 instead of LI,PI/IH}
15, yenno 17 mstead of Cijienno 17. Along with these errors, in a large number of
examples we registered the failure to recognize pajerak mark superscrlpt letters
and the titlo (most commonly superscrlpt ¢ under the titlo: Afib 5, xoy 5, |cfflsno 6,
Cj)lcoro 10 instead of aAfb 5 xoy 5, |cp'*sno 6, u,plcoro 10) and the blanks between words.

ertain errors occur because the model recogmzes accent marks as superscrlpt
letters: for instance, TBoM € 3, |<£Acoyroum 4, fAyroqu ce 5 and n‘r‘ssbcxo,a,euje 14 in-
stead of TRoke 3, IEPAC g'roum 4, pAYoLLiH ¢ 5 and NPBRECKOAELYE 14.

A relatlvely goo result is also recorded by the generic model in the folios
8r—10v DC III (CER is 14.15% on average). This special mention is due to the fact
that the generic model yields approximately the same results in the folio 76v writ-
ten in the Serbian Church Slavonic and the folios 8r—10v which mostly consist of
the proper names of people from the monastery grounds.
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Table 6: Combined Full VKS 2 and DC III (folio 8r)

WBuw — I'PkoBun 1976: 143 Combined_Full VKS 2
TpHICh . TRYRAIE AP TPHKD. TBPbAE ABpA-
AVHBAIIY NpAriicd HAPARICY, fpresw AGHBMOY XPANKO H APAHICO. pa-
BHICH . EATAH CIAR _RAHAICH Ak MEBHICE. LA BHICh. BOOIE MOAIA. MHPICO pAAX NOBHKb. Mé-
AV ABPATIARY MHAILIE Adys Hats LIEp MO ABPA TIIOY MHAOLLIAWLLL HRb AOE(O-
CAABE. GpbAAICE ABPATARIY MPH Fiyb HAHAFTA . opngy, CPBAAKD ABPA TMOY MPHBLIL H MHACTA.
BEEEAINE HEAAIEAABE ALE 4D HRAR 4 pAmi I BECEAICO H PAAOCAA BBANBAL HMb APAKOKE HH
l,'“', KAHNL FIyRAHE FCARAEHASE, HIICEAA K 30VKAHND. BOYRAND KAMENAPL. NHICOAANH-
FIGATHIO . CRIHAR A rra'run[ RAHAE L HARER CKOTHKH. CMHAL ABPATMOY MHAELLIA H AOBpO-

RAAB AZDIJb HAAR EPATIEAABL . APEFOEALBE K} cAARLAWLL HL BPATOCANES. AJGPOCAARLICOY-
u4mn';1  EAAHAR AEATRARY HEANE Acd b HLE MAHORH. CMHAD ABpA TMOY' H BAND A Wiib HM
AAHpILAABR. ....‘)OC}\ABI),A )

CATdH 100BATE ARHBRAIY MIHpIEAARE JEPAHNEAL - BOrOIe KO RATBA crlbmoy MHPOCAARB. XPANH CAX-
Ba ArZAnA AL RANY CHATE . MEAIYH AEPA BB RE3HAN 1A A WLTH MOYTIOP. AOBPOY H ABpA-
'r-ul"r FATAMNS .i[-u' 'trhai Hu'll'!'.n.v._m ZALEAlE TMOY' BOranb: J\ee PPhRENO BPEKA NE 32 ceAKh
AT TAHACICHH . MIHAKY Arf..l'i"uﬂ‘ numm_-uh_ ABYANBCKNH. MHAKO & BPATMOY' NH NO CAARD-

; - R
' H MCTAMICO. NMPHUBH CAARD MHAKORH H BOMOK W
HITAHIN. llllrli'rIMMl AANAICIBH HEITIH p

AAHIAADS  RAHAD LI _MII:IEMJ‘;*» AnkAs e
)r,'lf "L"‘.I *‘IKE‘IH Hi A‘?AT“'* f"‘ *.‘ﬂ,‘nlﬂ‘t XOYNKO. AOSPT’HNB ASPATKAOY PAAOC/\AKBHKPA-
j,l.ll'f!l'il- aﬁqb AR AVEpEIS. ApEAR ACiTS AMOY:Kb & WL HMb AOBPENb. TPHEOIE A cfib
AREY ANEpIIAARS. SAYAIH ABPATARIY pAHICE 4,_1# MOY" AOBPOCAARD. BOYAOK ASP*:: B °YI’2: Hikoa Ab-
0 m'l"ldl.l.h xpanes Al E ALY e g Ab HMb WEpAAD. XpAHOK ANT AMoy ® 39:%.
-u."“l" Afr.-i'l'h"r Eirii “I'l.lﬁt'r.‘ Hu"ﬂ-*“ PA H KoA E‘)ATMOY BOroK U BoKe TA HMH A'BN

MI’I‘)OCAABB. MHAOLLIBNH MOCAAAHANEAD HMb

Based on the comparative representation of the folio 8r and corresponding
automatically recognized text (Table 6) it can be concluded that the generic model
most frequently does not recognize the letter a (confuses it with A): aenbmoy 2,
AW 3,9, 10 BATBA 12, AaBAb 5, 17, neranio 16 instead of a ¢iib Moy 2, a Wils 3, 9,
IcoRAY 12, & ABAL 5, 17, v eTamico 16, as well as the letter W (confuses it with the letters
w and o): wils 9, wilb 10, 13, 19 instead of Wiib 9, 10, 13, 19, letter m: rpOCARRD 11,
ABPATRAOY 18, ABpATRA oy[n\ nicoa 20 instead of MH{)OCI\ABI: 11, a Opar’ Moy 18, a BpaT
Moy panico a 20, and the letter ¢: aenbmoy 2, Aee 14 instead of a cfib Moy 2, A e 14.
Other errors in the recognition of letters are restricted to individual instances: Age
14 instead of A ce 14 (capital letter), Mmuaotbim nocadAMAABAL 17 instead of MuAoLLIL
NHNOCAAAK A ABAL 17, W 3pnnia 21 instead of wapnnia 21. One example can be singled
out: KPAAMOY Kb 20/21 instead of PAAMOYKE 20/21, in which the initial letter is
crossed out. Like the folio 76v, the folios 8r—10v contain the largest number of
errors that are associated with the recognition of pajerak mark (it occurs quite
frequently), superscript letters and titlo mark. What is characteristic of the folios
8r—10v is that the model does not recognize blanks between words, probably
because in the course of training there was no opportunity for it to gain insight
into the specific onomastic vocabulary of the charter.
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2.1.3. Encouraged by the relatively good results of the generic model applied
to DC III, we conducted additional experiments with several charters and letters
from the 14""-15" centuries written in different types of Cyrillic script.

A statistical overview of the results when applying the generic model to the let-
ters from the 14"-15" centuries written in cursive script is given in the following table.

Table 7: Combined Full VKS 2 and cursive scripts of 14"-15" century'!

Letter CER

Emperor Stefan Uro§ V’s Letter to Dubrovnik (around 1358) 51.15%
Letter of Jerusalem Metropolitan Mihailo to Dubrovnik (1386) 43.46%
King Tvrtko I Kotromani¢’s Letter to Dubrovnik (may 1389) 38.44%
Letter of Dubrovnik to Lady Mara Brankovi¢ and her Sons (1402) 55.20 %
Letter from Dubrovnik about the Settlement of Niksa Sorkocevi¢’s Debt (1419) 50.48%
Letter of Turkish Sultan Murad II to Dubrovnik (1431) 56.33%

The data above confirm the initial hypothesis that the Combined Full
VKS 2 generic model is not suitable for the automatic recognition of the charters
and letters written in cursive Cyrillic script, which is expected since the model
was trained exclusively by using the manuscript material written in uncial or
semiuncial. An extraordinarily high percentage of errors indicates that it is neces-
sary to train a separate model for the automatic recognition of manuscripts writ-
ten in cursive script.

The lack of usefulness of the generic model in the process of recognizing
cursive Cyrillic script is illustratively evidenced by the comparative representation
of the photographs of the letter which was sent to Lady Mara Brankovi¢ and her
sons in 1402 from the Dubrovnik office (cf. CroiaHoBuR 1929: 146—147) and the
corresponding automatically recognized text in the following table.

Table 8: Cursive Cyrillic script and Combined Full VKS 2

Letter from Dubrovnik to Lady Mara Brankovi¢ and Her Sons (1402)

s ! £ T
AT e '""f n?u rt mu.n Ir:;;"1“-"‘-"- I'J:Ir;fiﬂ“"jl(
,ﬂrm AR FuaCm RO rnr'“ kq;lrt'fr"'f"? r F' ) i f"..:—r e

e
qtﬂfjiﬂi;ﬂfﬁipwnhf wirnieH X!‘“Hl 'ﬂﬁ'ﬂfl ﬁl;f’ﬂlﬁﬂﬂf\“ ¢ \ jr

{pﬂ‘:aw& (_luwfnfuﬂ e A Jrﬂf f}f{ﬁm -0 prrﬂ.nru r‘ #,{!f?fﬂgﬂ' '{"T"

. n-

i s ¢ {
’ o o b b ,,,.m;rl.lrﬂl J.ﬂ!ﬂi."""{
"‘“. i ”Fﬂﬂlﬂ"ﬂ“f!ﬂ{ﬁ{llﬁﬂrm“t‘ 1"! LQ

i =
ﬁi(ﬁHl{anffﬂﬂt\ &1.:; T:r. njﬂf {Hﬂ.{ w:m’){ﬁnrb{ Y ﬁ‘;; mnlﬂ
wb’_f.-trr‘ LQ\M“\QQ‘ ;eru rmmmn‘n n‘m!ﬂ" ﬂumtuf .ﬁ:n ﬂ'l.i.urﬁ'idﬂ'ﬂﬁ.

' The experiment involved photographic images from the repository of The History of the
Serbian Language scientific project conducted by the Faculty of Philosophy in Novi Sad.
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Combined Full VKS 2

BeAenNO WNO TeNO H HNHNK I'IO?'B W NN HPGN% H ¢ION0 B NAAYEND V\LI’IPOPA. I'IPO?NI/I
ce NGAOY HOYTGABN\;\A) Ree W MNCeH NEMNO W C‘)O?NO ﬂOCP’EBAGNH, ﬂOMOX;\'I‘b
uou MooA
NOW X0. NO ALHE H LIHK BAACTE C‘)NHU,I/I PNA NH ‘l"l“)l). Ho I'IPOBOI/I. THUNB.
MOCAANNH NANECENTH0 AUCTORD B’B‘)OBANN"EXI) WU CIKONH ONNWHNE-
i W o M ~
BbCeHXb W I'I‘)LLH H CXO HCICOLHIORH OYLLIGNII/I N¢ WCHOBENIE NO C€. NULHOV. Al.
WRALLIENO. XOAMXOXNOWPNW\OBA N¢ PGBNH TEH. RAICO CONO W CTOEAD

The statistical overview of the results of applying the generic model to the
14""—15% century charters written in uncial script has been given in the following
table.

Table 9: Combined Full VKS 2 and charters from 14"—15" century written in uncial script

Charter CER

Decani Chrysobull (first version, 1330—1331) (lines 1-19) 17.55%
Decani Chrysobull (first version, 1330—1331) (lines 20—49) 24.46%
Emperor Dusan’s Charter to the St. Sava Cell in Karyes (1348) (lines 1-35) 12.80%
Emperor Dusan’s Charter to the St. Sava Cell in Karyes (1348) (lines 36—64) 13.91%
Despot Stefan Lazarevic¢’s Charter to Despotess Yevpraksia (1404—1405) 9.99%
Lady Mara Brankovi¢ and her Sons’ Charter to Dubrovnik (1405) (lines 1-27) 18.80%
Lady Mara Brankovi¢ and her Sons’ Charter to Dubrovnik (1405) (lines 28—43) 27.36%
Despot Stefan Lazarevi¢’s Charter to the MileSeva Monastery (1413) 11.20%
Despot Stefan Lazarevi¢’s Charter to the Great Lavra Monastery (1414—1415) 6.78%

The ratio of unrecognized characters to other charters of 1415 centuries
written in uncial Cyrillic script when the generic model is applied is mostly po-
sitioned within the ranges recorded in the BC and DC III folios. The exceptions
are the first version of the Decani Chrysobull and Lady Mara Brankovi¢ and her
Sons’ Charter to Dubrovnik (1405), where the CER is higher than in the other
charters. Along with the expected errors related to the recognition of the pajerak
mark, superscript letters and titlo mark in both charters, the high CER in the first
version of the Decani Chrysobull can also be explained by the lower quality of
the photograph, which in turn led to problems in recognizing entire portions of
the text, while in the case of Lady Mara Brankovi¢ and her Sons’ Charter to Du-
brovnik problems can be attributed to popular vocabulary which the model had
no opportunity to familiarize itself with during the training, and, just like in the
case of DC 11, this led to a greater number of errors concerning the blanks be-
tween words.

The potential of the generic model in relation to the recognition of charters
written in the Serbian Church Slavonic and uncial Cyrillic script is best illus-
trated through the example represented by Despot Stefan Lazarevi¢’s Charter to
Great Lavra Monastery (1414—1415). A comparative representation of the image
of the first ten lines of the charter and the automatically recognized text is given
in the following table.
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Table 10: Despot Stefan’s Charter to Great Lavra Monastery (1414-1415) (lines 1-10)

MunaaesoBus 2007: 283
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Combined Full VKS 2

oynowu}n'l'eu}'rsoyrow. W CMANTH BAACTH NPBAPBKETS, Pe’*F npismoy,z\,l)mvm COAOMONWMb

Ll"_)'b B'BICOBWb BBCEAPLKHTEAL r'b. M MoNexe BpBMENHNOE cen u,i)'rso MPHIERWME W Kpbn-

KbIE POy'IhI TOMO H RCEBOMATHH BAMOCTH. MOBAET H MOBHIO TOM0 M0 EAHICO MOLLINO po;ﬁeN”NoMX
A 0 e —

CCTROYTIORHTH ce. WRPh3AOLLIOMOY pOy'IOY', H YACHILIARLLIOMOY BCAKO KHEOTHO BAIMOBOACHHIA.

RAKO AX HE TBIMO BYEMENNOMOY' cemoy u,‘f'rs'l'ro MPEEMNHLLY BOYAEMb, N'B H BEYHOMOY NACABANH

LH. W eKe W coy A0y eroXcT‘)oeNTz\ BP’EMGNNAPO NAMb cAoy;Kso HAPEATA. TBM Ke M A3b HiKe

Bb xz\ BAMOYLCTHNOK BBPOIO A€CrioTh c're4>z\m> M no MATH BiNie H PNbCPLBAGMb MHLLIOY" CHiA

Rb CB’BNIG RCBMb. ICAICO HPIH,A,G N r'ocnoc'rxoy MHYTHEHLLM B cLfien’No W NOKWXb, W FoyMe-

Nb u,?mro MONA CTHPA s;wrsnun M CLfIeNNbIM AAE?M HKE RBCT'BH Pops AQGWHA. |e?omo—
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The laggest number of errors is attributed to the failure to recognize the
ligature te: u,Pme 1, MoNezKe 2,064 2, Ieprbrichie 2/ 2/3, gee BOPATHH 3, ECTROY 4, B/\r‘ogoz\eNMh\
4, NPBEMNHLN 5, exe 6, BENie 7, cpbBAEMb 7, B}K’I‘BNLIH 8, queNme 8 1nstead of u,Pme 1,
noNiexke 2, cete 2, KpBnKcbiie 2/3, REBOMATHIE3, 16cTROY 4, BAMOROAIHHIA 4, NP BIEMNHLA 5,
teke 6, BKHIET, cobBAKMD 7, BATENBIES, cijiennbiie 8. In a smaller number of instances
the generic mogel confuses the letters b and a: npkapakeTs 1, TaieMo 5, N3 5 instead of
n 'IS,A, bikeTh 1, ThikMo 5, Nb 5, the letters v and u: Ll,PN'l'e 1, B&nie 7 instead of Ll,fmre 1,
B&uie 7, the 1etters P and N2 PACHLIAROL oMoy 4 instead of NACHLLIAIOLLIOMOY 4, as well as
N and B: BArovbeTHNok 7 instead of sArovbeTHroto 7. The model was quite successful
in recognizing superscrlpt letters, the titlo mark and blanks between words: cf.
u,]rrgoyro'rb 1, u,P'rBo 2, u,})'m;uo 5, SI\POXCTPOG"“A 6, etc Certain errors represent an
1nstance of hypercorrectlon MOBAETD M MOBHI 3 nosuTH ce 4 instead of riosaeTs n
riosuto 3, rosuTH ce 4, pomeN NOMX 3 and TBM"ke 6 1nstead of po;KeNNOMX 3 and TBMike 6.

An excellent result was also recorded with the generic model used in the
other two charters of Despot Stefan Lazarevic: to Despotess Yevpraksia (1404—
1405) (CER 9.99%) and to Mileseva Monastery (1413) (CER 11.20%). When com-

12 For more information on hypercorrection as an atypical error in the process of applying the
generic model, see RaBus 2019b: 12.
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pared to to Despot Stefan’s Charter to the Great Lavra Monastery (1414-1415),
the somewhat higher CER can be explained by a larger number of errors in less
legible places where the charter was folded or errors which are due to damaged
parts of the text. As an illustration for this claim we can use the example from
Despot Stefan’s Charter to the MileSeva Monastery from the following table 11.

Table 11: Despot Stefan’s Charter to the MileSeva Monastery (line 20-27)

MinanenoBus 2007: 432

i |..-”'.,_ el 5, | i -"’r'::"“?-"?m.mﬁ“mﬂﬁ"lé[‘ .
& m&:f'{i“ .."VM:_FMI”, })HTI seAHbns r‘ﬁ‘ﬁ- B
z r ¥ " 3 A s
, e ia o it S £ 49 s

\" - : l
Mg ! “!‘iid'u-lfil, 161174
PAsAryram wpemie
¢ t (4 crsepnynHandime ¢
: ﬁl‘.ﬁlﬂéﬂ;ﬁﬂl‘%’?ﬂﬁi T A e
i-%’rhumn HANAAT 1 BEAichln . o
L el i

£ e gl -

Combined_Full VKS 2

TROPLIOY' H B0y MoeMY. CHX'B BEAMKBIHX PAAH BAFOATTEACTRIN

¢ThIXb BO MOAL MoK, emrpenito moemoy. Mprnecoxh mame

MPH A NIPHAGKHXD: MONA H H pEPOCrIoAH NAMH ¢Tro

CABBI, NMBBMH ABLLIGRE. METh BAb 0y MOPARHLIA. MiKin

A ciapABANY AR, TPETIE CHO MOAE VeTh l)‘b TOLL MI'W
NeTopYreAIcRo. B TROPHK' e H MATH ceAW TE. 1Ko AX HMb CBOBO-
AX. ABE. PoAHND RvNbwh. NET” Ke FOAN AX HUH CROBOAA. H Bers pA”
BOTb MHCTEA MH H MAAM H BEAHICBIH. H W BOHNHLIE 1 W PAA0Y H AANIA.

Except for the example saroxtTeacTrin 20, in which the model succeeded in
reconstructing the letter T from a damaged part of the charter, in other places
where the charter was damaged or folded errors occurred as expected: 5o noab 21
instead of rocnoab 21, maTe 21 instead of Maaok 21, MONA H W le‘ocno,A,n 22 instead
of MONAc'erX rocroAMia 22, NuBbMH ABLuere 23 instead of nke Bb MuABLLIERE 23, BAb 23
instead of ceas 23, Mmakin 23 instead of Um'kun 23, Toww mrw 24 instead of wemrw 24,
1 BB 26 instead of W rek 26, PPAAOY M AANIA 27 instead of PPAAOHAANIA 27.

The qualitative analysis concerning the performances of the generic model
applied to Emperor Dusan’s Charter to the St. Sava Cell in Karyes (book number:
Hil 31) (Skopje, 1348) also reveals excellent recognition results, despite CER in
the first part of the charter (lines 1-35) being 12.80%, and 13.91% in the second
part. To illustrate this claim, we can compare the photographic image of the first
twelve lines of the charter and the automatically recognized text in the table that
follows.
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Table 12: Emperor Dusan’s Charter to the St. Sava Cell in Karyes (lines 1-12)

JKuomnosun 2008: 59-70
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ce ¥THO 1 AOBPOAETEANO. PAZOYMNO H AOCTONTINO. BX T Wila cABA Pa-
MPOCAABHTH. ® BKTEHBIH BO €0 CAABBI H H BATOABTH. H 110 TOF0 H3b-
BOAEHHIO, AABKBCTENO H MHOTO XBAX AN'MO. Bb CITERAHME c'royro H
B;K'I‘BNO\frO 'I‘PU,O\{‘ W Ne exe npogben A GBS NEH3PEPHbI & CAMRBI i1, 1
MHWOYTHBI € 1 AAOAIOBHHIE AMfb AMOBALLIE Ce- MIPPOKOR ¢ M a-
AIAOMb H MHKOMb. CTAKMb H nf'lsnosmmvnb M BCEMOY HAPWAOY MpA-
BOCAARH A, WHe e Ke BO npou,sb'rome BCBMb, BENLK BO BPA‘r‘NbI MHN

PHO KHEOYLLIHMb CRBIWEO NA 3EMAH. CAMOAPKA B’ NHM' iKe LIPEME: i BAA-
CTEMb BCBMD: PAZAHTHO AMPD ‘)AZ,A,’BAHB Loy~ FKoKe BO Bee REALI T
BEAETANO KB RCBMb PAETh. MNOK upu € OVBW up'rsoyro'rb ] clcmj)'rpm
OTBYBRAKTTCE: 1 CHANIN ¢ depAMEME NpaBOY Loy TrBw'ske i AZE BE
X& BX BAPOBTPNIH M ETMb NOCTABACHHH CTEPAND LPh. BCEMb (PEACM

The above representation indicates that the largest number of errors are result
from the failure to recognize the pajerak mark: aospoatTeano 1, pazoymno 1,
AOCTOABMNG 1, AABKBCTRNO 3, MIpPOICOM Ke 5, n]ﬂsnosman 6, BeBMb 7, 10 RBNLM 7, BO
3pATNBI 7, MN{NO 7/8, 3eMAH 8 CAMOA,P:KA B NHM™ ke 8, PAZAHTHO 9, ?AZ,A,’BAHB Loy’ 9, Ree
9, TsMm’xke 11, BArORBpNIH 12 NOCTABAENHH 12 etc. — instead of pospopBTeA™0 1,

Asoylul Ho 1 ,A,oc'ro/\'l;n Ho 1 ,A,Abmm‘g No 3, n‘) 0IOM” iKe 5, n;ﬂ;nos NiUMb 6, B'¢BMb 7, 10

RENLM 7, Bo3pav'Nbl 7, MHp'NO 7/8, 3eM 'AK 8, CAMOAPKAR'NUM' ke 8, ‘)AZ/\I/I? NO 9,

‘)AZA’E/\HB woy 9, r'ce 9 TeMm' ke 11, BAroREp'NiM 12, noctag'aennnl2, etc. The CER
evel is also affected by a large number of exarnples in which it is necessary to
remove superscript accent marks since_the model often renders them hypercor-
rectly: 1 5x2, 8, 11X2, AAPOAIBNHIE 5, ANAOMB 5/6, u,”l)elvui 8, rAkoke 9, cuamn 11, &
‘ocP,A,ueMQ 11, Az 11, g8 11, etc. The hypercorrectness is also evident in the process of
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recognizing the superscript letters: ABA B a1, TOr0 2, MNOFO XBAA AN'MO 3, 'r?)u,oy 4,
MPORLEH 1A 4, HeM3pévhbI € 4, 1 4, np’Bn’BéN’l’an 6, Whe € 7, npou,sb'roufe 7,upn € 10, c’i)sAeM
12 instead of cagawoa 1, Toro 2, MNOroxgAAAHMO 3, 'I‘T)u,oy 4, NpoRbeHIAS, NGMsPENble 4,
u 4, npBrios’™NiMMb 6, WHieeke 7, MpoLIBbTOLLIE 7, uf)ue 10, cp”sAeM 12. Errors in the rec-
ognition of letters are mostly associated with the ligature te: instead of BkTRNbIt 2,
Whieexke 4, 7, there is BKTERNbIM 2, WNe €xe 4, Whe € ke 7, aslo with letter ¥: instead
of ¥sw 10, XTBP”»‘EAM‘* ce 11, XC?AHGMB 12 there is ovsw 10, oTRpB&aSTee 11, ‘ocP,A,neMli
12, letter A: instead of xgaaauMo 3, cTateMb 6, cua'nin 11 there 1s XRAA AN'MO3, cTAKMB
6, cnanin 11, letter u: instead of xgaaanmo 3, MH(p'NO 7/8 there is XgaA aN'MO 3, MHpHO 7/8
and letter br: instead of Adpbl 4, 8 there is aAapb 4, 8. Other errors: instead of cagawoa
1 there is caga W 4» 1, instead of geaerano 10, s 10 there is geaerano 10, s 10.

2.2. AUTOMATIC RECOGNITION OF THE CHRISTIAN TOPOGRAPHY OF COSMAS INDICO-
PLEUSTES (1649). The Serbian Church Slavonic translation of Cosmas Indicopleustes’
Christian Topography (1649) is preserved as a part of a more extensive manuscript
which is located in the vault of the Holy Trinity Monastery near Pljevlja
(Montenegro), under the book register number Pljevlja 79. The first part of the
manuscript (folios 1-101) contains the Hexameron by John the Exarch, while the
Christian Topography (henceforth CT) can be found in the second part of the
manuscript, to folio 240."® The manuscript was copied in uncial Cyrillic script in
1649 by Gavrilo Trojicanin, the most renowned calligrapher of the time, using a
Russian model, in the Holy Trinity Monastery near Pljevlja, and it was ornamented
by miniatures by Andrija Raicevic¢, an icon painter and miniaturist (cf. Jarus 1922:
1; Pakun 2016: 407). For the purposes of this research, we used the photographic
images stored on microfilm from the Department for Archeography of the National
Library of Serbia.'* Although the quality of the photographs was not ideal, the
application of the special VMC Test 4+ model and the Combined Full VKS 2
generic model rendered substantially better results than those obtained with
Serbian medieval charters and letters. The experiment involved 9 folios, in which
the average CER value was 6.43% for the VMC Test 4+ model and 5.34% for the
Combined Full VKS 2 generic model. If CER calculations are applied only to
unrecognized letters, then the results become even more impressive: CER is reduced
to 2.67% with the VMC Test_4+ model, and to 1.42% with the Combined Full
VKS 2 generic model. It is important to mention that the CER values do not vary
substantially from one folio to another, meaning that both models yield consistent
results regardless of the analysed folio. The variations in CER values depend
mostly on the frequency of superscript letters in the individual folios. In other
words, the higher the use of the superscript letters, the higher the CER value. What
particularly needs to be mentioned are various types of errors in the process of
recognizing superscript letters: a) complete omission of an superscript letter (in a
large number of instances): ospa instead of ogp&, ca0 instead of ¢ad, RBMPOCHRLLIEM
instead of B%npocnsmelﬁl, X?T'I'ANCICbI instead of xi)T'I'ANCICI:I, NogbI instead of Nogbl, etc.;

13 For more details on the manuscript consult Moumn 1958: 254; Ctaukosus 2003: 26. For
more information about the paleographic and linguistic particularities of the manuscript, see JArun
1922. On the miniatures see PAkun 2016: 407-417.

14 The image has been obtained with the blessing of His Grace Atanasije (Rakita), whom we
hereby express our sincerest gratitude.
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b) recognizing an superscript letter as the one which is lowered into the text line:
e.g. Pe’*? instead of PE, na% instead of na, etc., ¢) incorrect recognition of a superscript
letter: e.g. caA¢ instead of ﬁcl\fa, suséroujﬁ instead of BBIBAFOLH, cgor instead of cgoM,
«kue¥Lpn instead of kUYL, NAPHLLA'G instead of NApHLAE, etC., and d) hypercorrection,
that is the occurrence of a superscript letter in the positions where it would be
expected, but where it was not found in the text itself: e.g. ragame instead of agARE,
cHANbI instead of cHANbI, Oy'TE s¥ae instead of oOy'TE B&ae, caTRopH instead of ¢aTRopH,
etc. Along with the errors related to the recognition of superscript letters, both
models make errors when it comes to the recognition of blanks between words,
while the errors related to the recognition of the titlo, punctuation, and regular
letters occur infrequently.

The extraordinary performance of the generic model when performing the
recognition in CT is evidenced by the comparative representation of the first ten
lines from the folio 116r (in which the CER is only 3.78%) and the automatically
recognized text in the table 13.

Table 13: CT (folio 116r, line 1-10) and Combined Full VKS 2

-ﬁ?,rhqmm"ﬁh ; n'fm n—-r/.q KA HANYTHHY tn.«u)rir PELT :ﬁ. m-ln:mn
cmp¥iAmH, u’;-m,qlf}mu. KBOICHANS 1ol M wtrkmn. ;i:Fu SisteAts Kb
.ru’-m?q'l”nunini' KAA'S KEAHINS lf%ﬁﬂfa umr;mf. H ST HHAMARE nnrl(r nak
W aiHANS . Herb e mftfn’umu HAMVA TOHO :l m;ﬁ krie, u’aﬁmﬂ KEATA
< (5% v T T s 1 .
.;'\'mﬂ-immm HA et wik mum:n :Yniu "“;“"t'd"“ :r;nm,.
W-fqlmr’;nuj: mmfum-l-- AKE rjq.;mmm’,ﬂf?mm dn'::a wy., ‘
Ghomevnst 0y 's0 p;n:a‘x’dii’-m'n'f EITAHAY, 160 NHRARLE, u{-/'.n'mm!: gl‘nf
chrpkBALMH, rm-l.'rummi f;.';dlldﬁﬂt",mlh"l KAUUEHAAAF fi'mmp r{:
ﬁtu'_ mn@;nu eYavs . mekars Wmeadkea m"1 »:ns}ri‘l‘i?f&aa IY::II'I {Gemy
AEH. m-mlmu'{imﬁ AHEOMA Nufm,ﬂ_&fkﬁm TECmi AoIvoriI(A :m‘lbt}
Combined Full VKS 2

PKAxX IC‘)’LM?'I'M. MPABDI KOPABAB HA n¥ *HNY NaLLSe. AA He NPHBABYEM ce
cT?XmMM, U BB NAAEMB BB OKKAND M MOMIBNEMB. HEO OKKAND BB

NS vHNY BB AHBAE BANB BEAHK'D OYIKACHTROpELLIE. HENSPHNBI Ke 'r“))s‘? HAB
XS BB OKHANB. H B'BLLIE CTPALLING NAM \Tvm\f BHATBHIE, 1 OyKACD BEATA
OBBAPBKALLE NA . W NTHLLB Ke WN'E MAeMbI cchﬁA MOCABAIRAKS NAM.

NA AABIBACTELIE N0 BBICOT'E. IAKE NASHAMENAXY BBITH oKieany.

RBCTOYHBIE OY'BO H NOASANBHiE CTPANDI, AKO HHEKAMLLE, H B CANT LA SBAO
CBIPBRACMH. C¢ REPNH 6Ke H 3ANAANBIE, IAKO BBILLILLIE H AAACTE CANTLLA ¢TO-
epe. cTYAENBI C¥TB, TEMB M TEAS CATA KHESLIH BBAA c¥T% WeTd

AENBL NH BB CH 3eMAI. KHBOMA ¢ST3, ce B'BPNBIE YECTH AO KKONLIA CTEAL
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Judging from the above representation, it can be concluded that the generic
model most frequently manifested problems with the recognition of the ligature
te: oickand 2 instead of okieans 2, oicnana 4 instead of okieans 4, raemsl 4 instead of
ratembl 4, okieand 6 instead of okiean¥ 6. When errors concerning letters are con-
sidered, only one individual instance was recorded: the failure to recognize the
letter ¢ in Tp¥é 3 instead of ¢Tp¥e 3. Among other errors the most numerous ones
are those connected with the recognition of blanks between words: n¥ «un® 1, g
MAAEMB 2, BB AHRAE 3, 0 ;szc'm‘sogeme 3, n AxY 3/4, ce BBPNH exke 8, TeA's caTa 9,
WerSAensl 9/10, g3 e 10 instead of n¥«eund 1, RBNAAEMB 2, RBAHRAE 3, OV URACE TROpELLIE
3, nasx¥ 3/4, CGB’E‘)NMG Ke 8, Teatea TA 9, W cT¥Aensl 9/10, RAcH 10. The extraordinar-
ily low CER level in this folio is especially affected by the infrequency of super-
script letters. The following errors were recorded: a) a superscript letter was not
recognized: rakemsl 4 instead of ratembl 4, 3eMArA 10 instead of semar 10, b) incorrect
superscript letter: xug¥um 9 instead of xkue¥in 9, ¢) hypercorrection: BaAHRAE 2
istead of RaAHRAE 3, 'rp)fe 3 instead of CTPXe 3, Aab3BaeTelyie 6 instead of AABIBAeTEL I
6. Along with these examples, we need to mention the instances in which the
model performed the recognition of the superscript letters correctly: \TvNO\?‘ 4,845,
wiE 5 and i 10. The model made errors in all three examples that contained the
pajerak mark in the photograph: kpzmvito 1, cerprine 8, konua 10 instead of epam'rito
1, cegBp'iime 8, on'ua 10, and in one example there was an occurrence of hypercor-
rected Rui'we 8 instead of guiwe 8. The titlo used for the purpose of abbreviation
was mostly well recognized: raax¥1, raemsi 5, cafiua 7, 8, in contrast to one example
where it was omitted: noa¥ansnie 7 instead of noa¥afanic 7. Punctuation (comma
and full stop) was also recognized excellently, with only a single instance of a full
stop instead of a comma at the end of the fifth line.

3. ConcLuDING REMARKS. The conducted research has confirmed the initial
hypothesis that the application of the existing models for the automatic recognition
of Church Slavonic Cyrillic manuscripts can also be quite successful in an overall
sense when applied to Serbian medieval manuscripts written in the uncial or
semiuncial script, while the application to Serbian medieval manuscripts written
in cursive script renders transcripts which are not usable, thus showing that there
is a need to create a special model for the recognition of the Serbian cursive Cyrillic
script. Among the investigated manuscripts written in uncial or semiuncial scripts,
the best results were obtained by applying the existing models to the Serbian
Church Slavonic manuscript Cosmas Indicopleustes’ Christian Topography (1649),
which can probably be attributed to the fact that both models for the automatic
recognition contain materials from chronologically close manuscripts written in
the same script. The success of the application of the existing models to Serbian
medieval charters written in the uncial or semiuncial script often varies depend-
ing on the quality of the images and the preservation state of the manuscript. While
the application of the VMC Test+ model mostly produced unsatisfactory results,
the application of the generic model resulted in quite usable transcripts. A special
mention is due to the manuscript DC 111, in which the generic model manifested
approximately the same recognition results both in the parts of the manuscript
written in the Old Serbian and the parts written in the Serbian Church Slavonic
language. Although the ratio of unrecognized characters (CER) was above 10% in
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many charters, the qualitative analysis has shown that the benefit of the transcripts
obtained by applying the generic model can be deemed to be quite satisfactory,
especially if we take into account the fact that the model was unable to gain insight
into some of the special characters (such as the pajerak mark) during the training
process and that the recognition errors are most frequently related to the blanks
between words, superscript letters and titlos, and much more rarely to individual
letters. The benefit of the generic model is especially evident when used for the
automatic recognition of the more voluminous manuscripts written in uncial or
semiuncial script. The transcripts of the parts of the manuscripts obtained by ap-
plying the generic model can be manually corrected and then used for subsequent
training of the generic model for the purposes of enhancing its performance or for
the purposes of training a special model for the recognition of the remainder of a
voluminous manuscript. (e.g., BC, DC III or CT)*. By employing this procedure
(cf. RaBus 2019b: 13), in a relatively short period of time we can obtain consider-
able amounts of data (photographs and corresponding transcripts of Serbian me-
dieval manuscripts), which can be used to create special models for individual
voluminous manuscripts, and ultimately a generic model for Serbian medieval
manuscripts, thus significantly expediting the work on the current projects involv-
ing the Serbian historical corpus linguistics and lexicography.
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Buagumup [Homomarg
Tamapa JlyroBan KasHoaig

AYTOMATCKO PAITYUTABAE CPIIKUX CPEABOBEKOBHUX PYKOIIMCA IIOMORY
CODTBEPCKE INNIAT®OPME TRANSKRIBUS: CTAE U ITIEPCIIEKTHBE

Pe3uwme

Codreepcka miathopma Transkribus (https://readcoop.eu/transkribus/), HegaBHO pa3BUjeHa
Ha YHuBep3utety y MHCOpyKy (AycTpHja), MpeacTaBba ajlaT 3a PyYHO U ayTOMAaTCKO PallINTaBamke
U [IPETPakMBakbe CTAPUX PYKOIHCA U [ITAMIIAaHUX KIbUTa, HE3aBHCHO O/ BpeMEHa HaCTaHKa, je3u-
ka uny nucma. Kipyuna npegsoct TpanckpuOyca y ofHOCY Ha ApyTre CpOJHe allIMKalKje OrIeaa ce
y MOT'YhHOCTH Ja KOPUCHHUK CaM KpeHrpa CONCTBEHH MOJIEN 3a Ay TOMAaTCKO pallYuTaBambe TEKCTa.
Tpenupame Mozieta 3a ay TOMAaTCKO palldNTaBambe TEKCTa MPeICTaBIba IIPHMEP MAITHHCKOT yUemha
3aCHOBAHOT Ha HANPEAHUM HEYPOHCKHUM Mpexkama y kome mozaen yrnopehyje hortorpaduje pyxonu-
ca 1 ofroBapajyha cioBa, peur U IMHHUje TeKCTa y JUIIOMATHUKOM U3/amky. 32 YCIEIHO TPEHUPabhe
MoJieJia HeOMXOIHO je 00e30eUTH WTO KBaIuTeTHUje GoTorpaduje pykonuca u HajMame 15000
peUH PaNIYHTaHOT TEKCTA. 32 ayTOMATCKO PAIIINTaBamkhe CTAPOCIOBEHCKUX 1 IIPKBEHOCIOBEHCKHX
hupuanukux pyxonuca y okeupy TpaHckpuOyca J0CTyIHa Cy 1Ba MOJIENa KOja je pa3BHO HEMadKH
cnaBucra A. Pabyc: npBu Mozen, HazBaH VMC Test 4+, 3acHOBaH je Ha €I0BUMA PYCKOCIOBEHCKOT
pykonuca Benukne Mutnen-Yetbu, nucasor nonyyctaBHoM hupununom X VI Beka; apyru Mozen,
HazaH Combined Full VKS 2, 3acHoBaH Ha nenoBuMa ctapocioBeHcKor CynpacasbCKOT KOIeKca
(XI Bek), pyxonuca Karuxusuca Kupuna Jepycanumckor (XI Bek) 1 pyCKOCIOBEHCKOT PYKOIIHCa
Benuxue Muneu-Yetsu (XVI Bex), npeacTaBiba NOKYIIAj KpeUpamka FeHEPUUKOT MOJIENIa 3a Ay TO-
MAaTCKO PaIIYUTaBabe Pa3InIUTUX [PKBEHOCIOBEHCKIX PYKOIHCA MHCAHUX YCTaBHOM HJIH IIOJTY-
yCcTaBHOM hUPHITUIIOM.

OCHOBHH IIMJb HAIlleT pajia MpeAcTaB/ba HCTPaKMuBambe MoryhHoctn npumene PadycoBux
Moyielia 32 ay TOMaTCKO PalliUTaBabe CPIICKUX CPEIHOBEKOBHUX PYKOIKCA TUCAHUX PA3IHIUTUM
tunosnma hupunune. HaBegeHn Mozieny TECTHPAHU Cy Ha CPIICKHM CPEJHOBEKOBHUM PYKOIHCHMA
KOj! Cy TPEHYTHO y (OKyCy HalIuX (QUIIONOMKHX 1 THHTBUCTHYKUX UCTPAKUBaFa: HA CPIICKUM
CpEImbOBEKOBHHUM ITOBEJbaMa M MHCMHUMA KOjH ce Ipupelyjy 3a morpede u3rpaame crennjaiu3oBa-
HOT eJIEKTPOHCKOT KOpITyca, Kao M Ha CPIICKOCIOBEHCKOM pykonucy Xpuirhancke Tornorpaduje
Ko3me Munukomuiosa (1649) koju ce mpunpema 3a 00jaBJbHBake Y OpUTHHAIHO] rpaduju y3 mpatehe
(usonomke 1 TMHrBUCTHYKE cTyauje. [IpoBeneHo neTpaxkuBame MOTBPANIIO j€ MOUSTHY XUIIOTE3Y
Jia IprMeHa mocTojehnx Mozesia 3a ay TOMaTCKO PallYuTaBamke [[PKBEHOCIOBEHCKIX NHPHIHIKHIX
pyKoIica y Hauey Moke OUTH BeoMa yCIIeIIHA M Ha CPIICKUM CPEAHOBEKOBHUM PYKOMHMCHMA ITH-
CaHMM YCTaBOM HJIH TIOJYyCTaBOM, JOK C€ IPUMEHOM Ha CPIICKE CPeIOBEKOBHE PYKOIHCE IIHCaHe
Op3omrcoM 1001jajy HeynoTpeOJbHBH TPAHCKPHUIITH, IITO yIIyliyje Ha MoTpeOy Kpenpama CrieHja-
HOT MOZIeNIa 32 palldyhTaBame Cpricke Op3omucHe hupmune. Mely ncnnTrBaHUM pyKOITICHMA THCAHUM
YCTaBOM MJIM Oy yCTaBOM Haj00Jbe pe3yaTaTe J00UIM CMO IPUMEHOM NocTojehnx Mojiena Ha CpIicKo-
cioBeHckH pykornuc Xpunrhancke Tonorpaduje Kozme Muankomniosa, mro je BepoBaTHO y BE3H ca
YHLEHUIIOM J1a 00a MOJIelIa 3a Ay TOMAaTCKO PalIdUTaBambe Caapike MaTepHjat U3 XPOHOJOIIKH OIUCKIX
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pyKoTHca MICAaHUX UCTUM IIHCMOM. YcIex IpuMeHe mocTojehix Mojena Ha CpIicKe CpeIlhOBEKOBHE
NIOBEJbE MTUCAHE YCTaBOM HJIU IOy yCTaBOM Hajuerrhe Bapupa y 3aBUCHOCTH O KBajuTeTa poTorpa-
duje n ouyBanocTn pykonuca. U ok je mpumena Mogesna VMC Test+ yriaBHOM Jaia He3a10BOIbaBa-
jyhe pesynTare, npEMeHOM IeHEPUIKOT MOJETA HAa CBUM HCIIUTHBAHHUM HOBEJbaMa JOOHIN CMO
BeoMa ynoTpebibnBe Tpanckpunre. Maxo je mponenat HenpenosHatux kapakrepa (CER) y MHOTIM
nosesbama O6uo u3Hag 10%, KBaTUTaTHBHOM aHAJIU30M ITOKa3aHO j€ J1a C€ BPEIHOCT TPAHCKPUIIATA
J00UjeHUX IPUMEHOM FeHEPUUYKOr MOJIe]Ia MOXKe CMaTpaTH BeoMa 3a10BoJbaBajyhum, noceGHO ako
ce MMa y BH/Iy YHH-CHHIIA JIa MOJZIe] TOKOM TPEHUHTa HUje UMao IIPYIIHKE J]a BUIU HEKe CIIeIU(pUIHEe
KapakTepe (HITp. majepak) U Jia ce Ipelike y palryntaBamy Hajuerihe oqHoce Ha pa3Mak mel)y peun-
Ma, HaJ[peJHa cJI0Ba M THTJIE, a 3HATHO pelje 1 Ha mojeinHavHa clIoBa. BpeaHOCT reHepudKor Moze-
J1a noce0HO J0/1a3u 10 U3paxaja NPUIMKOM ayTOMATCKOI palluuTaBamba OOMMHUJUX PyKOIHUCA
MUCAHUX YCTaBOM HJIU IOJTyyCTaBOM. TPaHCKPHUIITH Aeia pyKoIuca J0O0UjeHu IToMohy reHepHIKor
MojieNa MOTYy Ce PyYHO KOPHUTOBATH, a 3aTUM HCKOPUCTHTH 33 MOHOBHO TPEHUPAHE TeHEPHUIKOT
MOJIeJIa y IIUJbY T00O0JbIIakha BEeroBUX nep(hopMaHCcH UK 32 TPEHUPAE CIICIUjaTHOT MOJIea 3a
palnruuTaBame 0cTaTka 0OMMHOT pykonuca. OBUM HOCTYIIKOM Y PEIaTHBHO KPATKOM BPEMEHCKOM
POKY MOXeMO JI0hH 10 BEJTMKUX KONMYHHA rojataka (hororpaduja u ogroapajyhux TpaHcKpHIia-
Ta CPICKHUX CPEIHOBEKOBHUX PYKOINCA) IIOMONY KOjHX MOKEMO KPEHUPaTH CIIeNlnjallHe MOJesIe 3a
nojeuHavHe OOMMHHUje PyKOIIHCE, a Y KPajieM HCXOIY U TeHEPUIKH MOJIEI 3a CPIICKE CPEAHOBEKOB-
HE pyKoIuce, HITO 61 MOIJIO 3Ha4yajHO yOp3aTu paj Ha TeKyhuM IpojeKTrMa U3 CPIICKE UCTOPUjCcKe
KOpITyCHE IMHTBUCTHKE H JISKCHKOT paduje.
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