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AHHOTALIUSA
aunass pabGoTa OTHOCHTCS K OOJAaCTH TEOPHHM YHCEN W IOCBSIIEHA HCCIIEMOBAHUIO WHTEPBAIOB MEKITY

IIPOCTBIMU YHUCJIAMHA B TCOPEMBI O PaCHpPCACICHUH IIPOCTBIX YHUCECII. HpI/I IoMo1nu TpeTBeﬁ TCOPEMBL MepTeHca
Pn+1

Pn+1 /—pn+1'

[Toka3zaHo, 4TO 3TO 3HAYCHHE TaKKe MMeeT Mopsmok In(p), kak 3TO crexyeT M3 TEOPEMBI O PacHPEACNICHHU

IMOJIYYYCHO HOBO€ BBIPAKCHUEC CPCOAHHUX MHHTCPBAJIOB MEKAY IPOCTBIMU YHUCIAMHU (, = Ppy1 —

npocThix uncen. Takke B pabore mpuBefeHa anbTepHAaTHBHAS (GopmysmpoBka 1(n) ~ 00ILeH3BECTHOM

n
"
TCOPEMBI O pACTIPEACIICHUN IMPOCTBIX YUCCII. HOJ‘Iy‘IeHLI (I)OpMYJ'ILI JUI1 OLCHKH KOJIMYECTBA NPOCTBIX YHCCIT HaA
otpeske [1;N], SKBUBaNIeHTHBIC HHTETPATEHOMY JOTapu(pMy.
ABSTRACT
This work relates to the number theory branch and is devoted tothe study of prime gaps and prime number
theorem. Using Mertens' third theorem, a new expression for average prime gaps has been obtained g,, = p,+1 —

ﬁ“_ . This work shows that this value is also of order In(p), as it follows from the prime number theorem.
Pn+1
n

The work also provides an alternative formulation m(n) ~ — of the well-known prime number theorem.

"
Formulas for estimating the number of prime numbers on the interval [1;n] have been obtained, they are equivalent
to the logarithmic integral function.

KiroueBble ciioBa: HUHTEPBAJIbI MEXKIY MPOCTHIMU YHCIIaMU, TECOPEMA O paCcHpCACICHUN MPOCTBIX YUCEII,
TpeThsl TeopeMa MepTeHca, OeCKOHEUHOE MPOU3BEACHHE, TOCTOSIHHAS Oinepa-MacKepoHH, HHTETpajbHBIN
sorapudm

Keywords: prime gaps, prime number theorem, Mertens' third theorem, infinite product, Euler-Mascheroni
constant, logarithmic integral function

BBenenue

WuTepBanaMu MEXAy MPOCTHIMH YHUCIAMH HA3BIBAIOT PA3HOCTH MEXKAY IBYMsS MOCIEIOBATEIbHBIMU
MPOCTBEIMH YHCIIAMH, T. €. N-bIi UHTEPBANl PaBEH g, = Ppy1 — Pn> THOE Pp - N-0€ MO CUETY MPOCTOE YHCIIO.
ITocnenoBaTenbHOCTh MHTEPBAIOB MEXKY MMPOCTHIMK YucIaMu [1] :

1,2,2,4,2,4,2,4,6,2,6,4,2,4,6,6,2,6,4,2 ...

CormacHo  TeopeMe O  paclepeIeHWHd  MPOCTBIX  YHCEN m(n) ~

In(m npu n — o

n(n)

(axBuBasieHTHO lim = 1), T. €. KOJIMYECTBO MPOCTHIX YUCEN Ha oTpe3ke [1;Nn] ¢ yBemryeHHeM N IpUMEpHO

nooo n/In(n)

n
pacTeT Kak [2]. Otcrona cnenyer, 4To cpelHee 3HaUEHHUE UHTEPBAJIOB MEXY MPOCTHIMU UUCIAMH HMEET
nopsitok IN(p) (peus umeT IMEHHO O cpemHel arHe, PaKTHIecKas [UTHHA MOKET OBITh 60JIbIIe Wik MeHbe). To
€CTh CYIIECTBYIOT CKOJIb YIOJHO OOJBIINE WHTEPBAJIBI MEXKIY HPOCTHIMH YHCIIAaMH. 3HAaYMMBIH pe3yJbTaT B
Teopuu yncen noxydns Yeosimes B 1850 roxmy, 1oka3aB, 4To JUIsl JOCTATOYHO OOJIBIINX 3HAYEHHH X CITPaBE/IIINBO

JIBOITHOE HEPABEHCTRO [3]

x
n(x)

x
n(x)

0,921 < m(x) < 1,106

W3yueHunio HHTEPBAIOB MEXIY MPOCTHIMHU YHCIIAMH TIOCBSIILIEHO MHOXKECTBO HAYUHBIX TPYIOB, CYIIECTBYIOT
HeJI0Ka3aHHbIE THUIOTE3bl 00 MHTEpBAJIAX MEXIY MPOCThIMH dnciaMu (runore3a Kpamepa, runore3a AHAPHIIBL,
runore3a Jlexxanapa, rumnoteza Oupy303xT).
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Lensmu 1aHHOW paGOTHI SBISIOTCS BBIBOJ HOBOT'O BBIPAXKEHHS ISl CPSAHUX WHTEPBAIOB MEXKAY IPOCTHIMH
YHCIaMH U MOJTyYeHHE HOBOU (HOPMYJIMPOBKU TEOPEMBI O paclpe/ieieHHH MPOCTBIX YKcen (4 ee ciaeAcTBuil). B
KauecTBe METOJI0JIOTMYECKOi 0a3pl B paboTe HCIONBb30BaHBI TPEThsi Teopema MepTeHca, ammapar
MaTeMaTHYeCKOr0 aHaln3a M MAKEeThl MPHKIAIHBIX KOMITBIOTEPHBIX MPOTPaMM Ui YHCICHHBIX PAacdeToOB H
MOCTPOEHHUS TPaUKOB QYHKIIHHA.

CpeaHue HHTEPBAJIBI MEKAY MPOCTHIMH YHCIAMH

Bocronms3yemcst TpeTheii Teopemoit Meptenca [4] :

Mpen (1-2) ~ 55, ()

p

rJie Ipou3BEICHHE OepeTcst [0 BCEeM MPOCTHIM YHCIIaM P, He IPEBOCXOISIIIM I;
y = 0,5772156649... - nocrosinnas Jitnepa-Mackeponu [5].

. . 1 _
Robin sokazan, uto ayist 310# Teopemsl pasHoctsb [n(n) [[,<n (1 - ;) — e~ ¥ MeHsteT 3HaK 6ECKOHEYHO MHOTO

pas [6].
Takxe popmyiny (1) Mmoxro 3amucaTs B Buje [7]

. 1 1
er = lim <$ <_—>) @

rie p; - 3TO i-0€ 10 CYETY MPOCTOE YUCIIO.
[Mone3ysick hopmyiioi (2), 3amHIIeM BhIPaXKCHUST

1 n 1 1 n+1 1
eV ~ T ;e ~——J[™ npun —
In(pn) =1 <1—%) ! n(pn+1) =1 1_pi P !
1A

i

OTKyJa ClexyeT

1 n (L)1 ne1(_1 3)
n(py) " =L\ 1L Mpn4r) oL \1-2 )
pi p;

Beipakenue (3) MOXHO 3ammucars B opme

e ()t 1 pmn (L
n(py) * =1 <1—%> n(Pn+1) 1—;1 =1 (1—%) (@)
L

Pn+ pi
OTKyJa
1 1 1 1 Y. In(pn)
~ ' yin ~In -(1— ),—~ - n-— o,
mpn)  nPpe) 1-—— (n) (Pna) Pnt+1/  Im(Pn+1) pn+1’UDu

Pn+1

1
Toraa mo Qopmyiie mepexosa K HOBOMY OCHOBaHHIO Juisi jorapudmoB logp,..(pn) ~ 1 — S, amo
n+1

OTIpeJIeNIeHUIO Jorapudma

1

1_
Pn ~ Ppei™t . (5)

Hcnone3yst OCHOBHOE JIOTapu(pMHIECKOE TOXKAECTBO, 3anuieM (5) B BuIe

1
. ~,e(1_5211)”“p"+1)_(6)

m
x — yo X
IMpu OMOTIH Pa3IOkKEHHs IKCIIOHEHTHI B psil MakjiopeHa e* = Yo _, — [8] BeIpaxenue (6) Takke MOKHO

3anmcaTh B hopme

1

P~ 1+ (1= ) @) + 2 (1= 22) (ae0))” +2(1 = 25) (1 @ne)) + ()

Pn+1

Taxoke Beipakenue (5) MOKHO 3aMucaTh B PaBHOCHIBHOM (hopme

Pn~ w1 (8)
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TOrAa MpoMEKKYTKU MEKAY NPOCTbIMU YUCITIaMU

In = Pn+1 _%(9)

3amernM, 9TO cornacHo Qopmyie (8) cpelHHe 3HAYCHHE MHTEPBAIOB MEXKIY MPOCTHIMH YHCIAMHU TAKXKe
umMeet mopsaok In(p) :

Pn+1 " pp+y1 — Pt
n+1
. /P
lim ——4 — 1 (10)
n—oo n(Pn+1)

IMponemoHcTprpyeM HCTUHHOCTD Tipezena (10) mpu momornu rpaduka GyHKIHI

(puc. 1).
[To3TOMY MOKHO [1aTh albTEPHATUBHYIO (POPMYIHPOBKY TEOPEMBI O PACIIPEICICHUN MIPOCTHIX YHCEL:

L npun — o . (11)

m(n) ~ —

Vn
3HAYHT BEPOATHOCTD TOTO, YTO HAYT/ BEIOPAHHOE HATYPATIBbHOE YHCIIO U3 OTpe3ka [1;n] okakeTcs mpoCThIM,
[IPUIN3UTEIBHO PaBHA

1

—.(12)

N——o

Vn

probability =

1.5
1.4
1.3
1.2
1.1
1.0

0.9 r

0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Yy X

5 40 75 110 145 180 215 250 285 320 355 390 425 460 495

1
1L
r— I =
W y(z) =
In (z)
1
Puc. 1. I'paghux pynkyuu y = = (g acumnmomuyvecku npubaudicaemesi Kk 1 ¢ pocmom X.

IMpenmonoknum, 9T0 KOITMIECTBO TPOCTHIX YKCeN Ha oTpe3ke [1;N] MOXKHO OIIEHHUTD MPH TIOMOIIH BBIPAKECHHUS
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n(n) ~ fznx‘_i_xi .(13)
Xx

1 1 1 1 o
3anuiem BI)Ipa)KeHI/Ie % KakK % + -, Torga ¢ UCIOJb30BaHUEM CBOUCTB OIIPEACICHHOI'O
x

X = x1+1/X_y
T Xx
uHTerpana u popmyisl Hetorona-Jleii6uuia [9] popmymna (13) 3anmmercst B Buze

1

1
n() ~ ;' (e + 2) dx = [ i — + In(n) = In(2) . (14)
OcTaBHUB TOJBKO TIEPBOE ClIaraeMoe B TpaBoii yactu popmyts (14), samumiem

n(n) ~ [, e - (15)

Kak MU3BECTHO, MAOCTATOYHO TOYHO pacnupeACICHUEC MNPOCTBIX YHUCCI MOXKHO ONHCATh MpHU IMMOMOIIN

unTerpanbroro nopapudma Li(x) = [ - d(t)

|Li(x) — m(x)| < cVxIn(x) , rae ¢ - HekoTopas koucranTa (Wagon, 1991 [11] ).
3anuireM KOJNMYECTBO MPOCTBIX YHCEN Ha paccMarpuBaeMbix orpeskax [1;n] B dopmare {ucTuHHOE

Ecnu runore3a Pumana [10] BepHa, TO cripaBeAsIMBO YTBEPKIECHUE

o n
KOJIMYECTBO MNPOCTBIX YHUCCI; KOJIMYECTBO MNPOCTHIX, HAMACHHOC IPU MNOMOIIN (bOpMyJ'II)I m , KOJIHMYECCTBO
o n o n dx
IPOCTHIX, HAUJACHHOEC II0 (bOpMyHe — 7w , KOJIMYCCTBO MPOCTHIX YUCEJ]I, HAUACHHOEC II0 (bopMyne fz m )
Nt

n
KOJIM4YECTBO MPOCTHIX YUCCII, HaliJICHHOE T10 (bopMyne f ——x , KOJIMICCTBO IIPOCTHIX, HalJIeHHOE npyu noMomu
Xx

q)OpMyJ'II)I fZ m}

[1;10]: {4; 4; 5; 5; 6; 4}

[1;100]: {25; 22; 22; 29; 31; 27 }

[1;1000]: {168; 145; 145; 177; 180; 174}

[1;10000]: {1229; 1086; 1086; 1245; 1249; 1241}

[1;100000]: {9592; 8686; 8686; 9629; 9634; 9623}

[1;1000000]: {78498; 72382; 72383; 78627; 78633; 78620}

[1;10000000]: {664579; 620421; 620421; 664917; 664925; 664910}
[1;100000000]: {5761455; 5428681; 5428682; 5762208; 5762217; 5762200}
[1;10°]: {50847534; 48254942; 48254943; 50849234; 50849244; 50849224}

3aMeTHM, YTO MOJy4eHHble Mpu nomoind (opmyssl (13) pe3ynbTaThl SIBISIOTCS JOCTATOYHO TOYHBIMH.
Pe3ynpTathl, mosryueHHbIe ¢ TOMOIIBI0 hopMyisl (15), sBngrorcs eme 6ojee TOUHBIMU (B TOM YHCIIe OHH OoJee
TOYHBI, Ye€M PE3YJIbTAThl, TOJY4YEeHHbIEC IIPH TOMOIIH CIIBUHYTOTO HHTErPAILHOIO Jorapudma).

1
3amernM, 9TO MoAbIHTerpabHast GyHKIHS B popmyie (13) f(x) = —= u pyHkIms

X %
glx) = o (  AQIOT OeHb OnH3KHe Pe3yabTaThl, & IPH OONBIINX 3HAYCHHUSX X CTAHOBSTCS YKBUBAJICHTHBIMH

(puc. 2).
IMosromy dopmyiy (13) MoxHO 3amucaTh B BUIe

n(n) ~ [ . (16)

2 In(x)

[Momyunnn pesynbrat, 1okazaHHbIH YeObmeBsiM B 1848 romy, corilacHo KOTOPOMY KOJIMYECTBO MPOCTHIX

YHCeJI, HE MPEBOCXOISAIINX X, XOpomuro npubmmkaetcs Gyukuei Li(X) u ato (T)) - 1 pu x - 4o [12].
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Y
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
X
0 >
2 7 12 17 22 27 32 37 42 47
1
my(e) = ——%
7z
nOKa3aTb TaG.HMLI,y TO4EeK
1
myz) = ——
In (z)
ﬂOKa3aTb Ta6ﬂV|L|,y TO4YeK
Puc. 2. T'pagpuxu gynxyuii f(x) = x_li ug(x) = lntx) '
Ty

3akJouenue

Takum o0Opa3oM, B JaHHOW paboTe MoJydyeHa
HOBasg (opMyla CpegHHUX HWHTEPBAIOB  MEXIY
mpocTeiMH  yncnamMu. [lpum  momomu  rpadukoB
(YyHKIMH W YUCICHHBIX PAacyeTOB Ha KIACCHYECKOM
KOMIIBIOTEPE  [MOKAa3aHO, YTO OSTO  BbIPAKCHHUE
COTJIACYETCS C TEOPEMOM O PaCHpPENCIICHHH TPOCTHIX
YHuced, IM03TOMY MOXHO JaTh AJbTEPHATHBHYIO
(hopMyHpoBKY 3TO# TeopeMbl. Taxke B pabote maHa
OIICHKA BEPOSTHOCTH TOTO, YTO HAyTaJ BEIOpaHHOE W3
orpe3ka [1;n] HaTypanbHOE YKCIIO OKAXKETCS MPOCTHIM
W TPHUBEICHBI JIOCTATOYHO TOYHBIC (DOPMYIBI s
OLIEHKM KOJHMYECTBA ITPOCTBIX YKCe Ha oTpeske [1;n]
OomHAa W3 KOTOPBIX 10 TOYHOCTH IIPEBOCXOIUT
CIABUHYTHIN HHTETPaIbHBIN JIOTaprudM.
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HOMINbIOTEPHBIE HAVKH H HHOOPMATHHA

A REVIEW OF BENCHMARKS FOR EVALUATING THE MATHEMATICAL ABILITIES OF
MODERN LLM IN ADVANCED PROBLEM SOLVING

Piastou Mikita
University of West Georgia,

30 Mahogany Mews SE, Calgary AB, Canada T3M 3H4,

DOI: 10.31618/ESU.2413-9335.2024.1.125.2131

ABSTRACT

This paper presents a review of the existing benchmarks used to evaluate the mathematical problem-solving
abilities of LLMs. It is found that, despite the widespread use of benchmarks such as GSM8K, MATH, MMLU
and MMLU-Pro, most of them are obsolete due to the significant progress of advanced models such as OpenAl
01, which achieve near-perfect accuracy in such tasks. These benchmarks, despite their contribution to LLM
development, no longer possess sufficient sophistication to adequately assess the capabilities of advanced models.
It is demonstrated that MathVista requires enhancements, incorporating sophisticated visual components, which
would transform it into a potent instrument for evaluating multimodal Al capabilities. Among the various
benchmarks, FrontierMath distinguishes itself by its distinctive challenges, which advanced models are unable to
solve, thus highlighting their limitations and pointing to areas for enhancement. Consequently, FrontierMath
emerges as a novel benchmark for assessing the mathematical prowess of LLMs.

Keywords: Al, math problem, benchmarks, neural network, machine learning, LLM, research.

Introduction

The application of contemporary artificial
intelligence (Al) models has become pervasive,
encompassing diverse domains of human activity.
These include, but are not limited to, education,
manufacturing, scientific research, medicine, industry,
and business. A pressing challenge in the development
of Al systems pertains to the capacity to address
complex mathematical problems. The most prevalent
large language models (LLMs) — GPT-o0l, Gemini,
Grok, PaLM 2, Claude and LLaMA - have
demonstrated the capacity to effectively solve
straightforward problems. Studies have shown that
these models possess the capability to solve problems
in various fields, including mathematics, physics,
chemistry, and other exact sciences, at a level
comparable to that of a middle school, high school, or
honours student, provided that the user possesses
proficiency in prompt engineering and employs
specific query techniques [1]. Specialised models, such
as Google AlpaProof and AlphaGeometry 2, have been
shown to be capable of solving problems at the level of
a silver medalist in the most difficult International
Olympiad in Mathematics (IMO) due to the means of
Lean4 formal proofs [2, 3]. The enhancement of
mathematical prowess in such models holds
considerable promise for the educational process,
wherein artificial intelligence can demonstrate
remarkable efficacy in facilitating comprehension and
learning in academic settings, as well as in the
execution and creation of mathematical tasks [4].
Another significant domain in which high problem-
solving abilities are imperative pertains to applied and
fundamental scientific research, intricate mathematical
sections, and even the prediction of a physical
experiment or  fundamental theory, where
advancements have already been made [5].

In this regard, the issue of objective and relevant
evaluation of the mathematical capabilities of models is
acute [6,7,8]. The evaluation process employs

specialised benchmarks, though these are currently
limited in number and encounter certain challenges.
The purpose of this review study is therefore twofold:
firstly, to evaluate the relevance of existing benchmarks
for assessing the mathematical capabilities of Al
models; and secondly, to consider their problems.

Methods and materials

This paper employed contemporary
methodologies to analyse and systematise open-source
data on mathematical benchmarks, which were
developed to evaluate LLM capabilities. The following
materials and methods were used to compile the
review:

1. Research database: The primary source of
information was research articles published on the
Arxiv.org platform, which contain the most up-to-date
data on benchmarks and their testing. Furthermore,
peer-reviewed publications from English-language
scientific journals indexed in Scopus were utilised,
along with official GitHub pages of benchmarks.

2. The selection of materials was based on the
relevance of the materials to the topic of LLM maths
assessment. The review covered only publicly available
benchmarks created no earlier than 2020.

3. Analysis methodology: Benchmarks were
categorised by complexity and areas of mathematics
covered. Key applications, LLM test results, and
advantages and disadvantages were evaluated. The
Mathematics Subject Classification (MSC) was
employed to systematise the mathematical disciplines.
Finally, data from publications and source repositories
were analysed in a comparative format, highlighting
common trends and unique aspects of each benchmark.

Results of the study and discussion

In the context of the extant large mathematical
benchmarks, a further consideration is warranted of
some of the aforementioned, namely GSM8K, MR-
GSM8K, MATH, Omni-Math, OlympiadBench,
PutnamBench, MiniF2F, AIMO and AIME, U-MATH,
FrontierMath. Table 1 provides a concise overview of
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the salient characteristics and features of these
benchmarks. Subsequently, we will provide data on

each of the aforementioned benchmarks and the test
results of modern LLMs.

Table 1
Characteristics of the considered mathematical benchmarks.
Benchmark \%ﬁtj;eet Dataset features MSC Classification Metrics
GSM8K [9] 8500 Grade-School Math 97A40, 97H40 Accuracy
14A25, 11A, 97A40, 15A, 51M, MR-Score
MR-GSM8K [10] 3000 Grade-School Math 05A. 6OA, 26A
Advanced math 11A, 97A40, 12E, 15A, 51M, 05A,
MATH [11] 12500 oroblem 60A, 26A Accuracy
Olvmpiad-Level 11A, 12E, 13A, 15A, 11D, 11E, Accuracy with
Omni-Math [12] 4428 y IF\)/Iath 52A, 05C, 28A, 60A, 62A, 97K20, detail, Omni-
68R01, 03B, 68T50 Judge
OlympiadBench Olympiad-Level 12E, 97H60, 11B, 97A, 51M,
[13] 8476 Math 97G40, 05A, 97K30 Accuracy
Formalized 11A, 11B, 12E, 15A, 05C, 97K20,
PutnamBench [14] 1692 Theorem-Proving 26A, 28A Pass@n
. Formalized 51M, 97G40, 12E, 97H60, 11A,
MiniF2F [15] 488 Theorem-Proving 1B Pass@n
AIMO (AIME¥*) 110 Intermediate-Level 12E, 97H60, 11B, 97A, 51M, Accurac
[16,19] High School Math 97G40, 05A, 97K30 Y
. . 12E, 15A, 51M, 97G40, 68U05,
MathVista [17] 6141 Visual/Math QA 05A, 62A, G0A. Accuracy
. 97A, 11A, 97A40, 12E, 15A, 51M Accuracy
- v ) il L il ) 1 L
MMLU-Pro [18] >200 Multitask 05A. Pass@n
Extra-Advanced 11, 05, 20, 60, 15, 14, 33, 55, 12, 30,
FrontierMath [20] >200 Math 68, 18, 57, 13, 53, 54, 35, 42, 41, 52, Accuracy
82,44, 17, other
N 15A, 12E, 26A, 28A, 97140, 26B,
U-MATH [30] 1100 University level 53C. 40A, 97110, 97120 Accuracy

GSMB8K and MR-GSMB8K [9, 10] are benchmarks
designed to evaluate the LLM's ability to solve
mathematical problems of simple complexity. The
tasks in these benchmarks encompass basic arithmetic
operations, elementary algebra, interest problems and
other tasks that are straightforward for LLMs to
formulate. The collection comprises over 8500 tasks,
with 7500 allocated for training and the remaining 1000
for the evaluation of LLM capabilities. The citation
frequency of GSM8K has been increasing steadily,
with 39 citations in 2022, 332 in 2023, and 834 in 2024.
This growing interest from researchers demonstrates
the value of GSM8K in training basic computations and
step-by-step solutions for new language models. The
performance metric of this model is Accuracy. GPT-40
has been shown to achieve 96% accuracy on GSM8K,
while GPT-3.5 has demonstrated a rate of over 85%,
and Qwen2-72B has achieved approximately 89.5%
[21]. It is noteworthy that the evaluation of newer and
more advanced models is not conducted using this
particular benchmark. This is due to the fact that these
models demonstrate near-perfect performance in
addressing all challenges, thus necessitating the use of

more intricate mathematical problems for the purpose
of assessment.

MR-GSMB8K represents an enhancement to the
earlier version GSM8K, with the objective of training
the model to comprehend the logical sequence of steps,
identify errors, analyse them and correct them, i.e.
meta-evaluate solutions. MR-GSMS8K utilised a
distinct metric, MR-Score, comprising three sub-
metrics: solution classification accuracy, accuracy in
identifying the initial erroneous step, and error
justification. As illustrated in Figure 1, a comparative
analysis of the metrics for GSM8K and MR-GSM8K is
presented for several LLMs [10, 22]. It is evident that
MR-GSMB8K exhibits superiority over its predecessor
in numerous aspects, facilitating enhanced evaluation
of several models, including o1, ol-preview, GPT40,
Gemini 1.5 Pro, Grok 2, and others. However, it should
be noted that the GSM8K and MR-GSMS8K tasks are
significantly simplified compared to real mathematical
and scientific problems, and only cover low and
medium complexity problems. This is clearly
insufficient for solving fundamental and applied
scientific problems.
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Comparison of Model Performance on GSM8K vs MR_GSM8K

100
. GSM8K
e MR_GSMB8K
80
wn 60
Q
_
(o]
[ @)
U 40
20
0.
o & & & & YIS Y@ R >
R B N PG @Q AN ‘\,\0
» & L b o o & R 4l X & Ky 'y(? &
49 ’ NE; & & < b 1 & M & X A W
& AS & & 4 & ay @ s J° & &
& & F © & @ O g ¥ & & ¥
& o \'b((\ Q‘re' a2 c
N < Qee’ +

Figure 1 - Comparison of LLM tests on GSM8K and MR-GSM8K benchmarks based
on Accuracy and MR-Score metrics [10].

The MATH benchmark problems consist of
problems from mathematics competitions such as AMC
10, AMC 12, and the AIME. These problems
encompass a wide range of mathematical disciplines,
including algebra, number theory, combinatorics, and
probability, as well as geometry and calculus. The
complexity of the problems varies significantly, with
some being very elementary, while others are
considered to be highly sophisticated. The solutions to
these problems are presented in the LaTeX format and
may include graphical visualisations created using the
Asymptote software. The citation frequency of MATH

100

has been increasing steadily, with 15 citations in 2021,
32in 2022, 170 in 2023, and 486 in 2024. While it is
less frequently cited than GSMB8K, it does offer a more
challenging set of tasks. It is noteworthy that the
advanced models also demonstrate a high level of
proficiency in addressing the benchmark tasks. As
illustrated in Figure 2, there has been a steady
progression from 2022 to 2024, with the o1 model
achieving the highest benchmark at the time of
publication at 94.8%, closely followed by Gemini 2.0
Flash Experimental with Accuracy 89.7% [23].

GPT-4-code model (CSV, w/ code, SC, k=16). o g——0
75 CR (GPT-4-turbo/model, w/ code)

Minerva 62B (maj5@256)

50

ACCURACY

25

-25

Jul 22 Jan '23

Other models

Jul'23

Jan 24 Jul '24

-8~ Models with highest Accuracy

Figure 2 - Leaderboard LLM on passing the MATH benchmark [23].
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Omni-MATH has been developed for the purpose
of evaluating the mathematical aptitude of LLMs at the
Olympiad level. It comprises problems that require
complex reasoning and proofs. The benchmark dataset
encompasses GSMBK, MATH, JEEBench,
OlympicArena, IMO, IMC, Putham, USAMO, 1ZHO,
JBMO and other Olympiad tasks in general algebra,
calculus, geometry, discrete mathematics and number
theory, and applied mathematics, which are further
divided into 10 difficulty classes [24]. The primary
metrics employed are Accuracy, with granularity by
domain and complexity level, and Omni-Judge. The
record is currently held by OpenAl ol-mini, which
achieved an average score of 60.54% across all task
areas. Furthermore, the testing phase revealed that o1-
mini attained 51.50% in geometry and 37.68% in
discrete mathematics. In the second position,
Qwen2.5.5-MATH-Instruct, with a significant margin
of almost 1.5-2 times, demonstrates its close second-
place standing. These results indicate that Omni-
MATH remains a pertinent evaluation tool for
assessing the capabilities of most models in addressing
advanced problems, although no estimates for OpenAl
01 have been provided to date.

OlympiadBench has been developed as a
multimodal bilingual (English and Chinese) high-level
benchmark. It comprises 8,476 problems, of which
79% are open-ended questions (e.g. theorems), 21% are
proof problems in mathematics (6,142 problems) and
physics (2,334 problems), and 57% of the problems
include images (graphs, diagrams). The problem
sources include international Olympiads (IMO, IPhO)
and Chinese national exams (GaoKao). The models
were evaluated in two distinct ways. Firstly, their
capacity to address all tasks was assessed. Secondly,
their proficiency in physics and mathematics was
evaluated on an individual basis. The models were also
tested in scenarios that included textual descriptions of
the tasks and in multimodal mode. The ensuing results
are as follows [25]:

- GPT-40: 32.48% in maths, 13.10% in
physics, 25.89% average;
- GPT-4V: 21.70% in maths, 10.74% in

physics, 17.97% average;

- Qwen-VL-Max: 12.65% in maths, 5.09% in
physics, 10.09% average;

- Claude3-Opus: The mean score for
mathematics was 9.06%, for physics 4.93%, and the
average was 7.65%.

It is evident that the results of the other models are
lower. It is noteworthy that the OpenAl 01 model has
not yet been subjected to empirical evaluation. This
finding indicates that the prevailing models encounter
challenges in addressing problems characterised by
multimodal components, with physics problems being
particularly difficult due to improper application of
physical theory. A notable strength of OlympiadBench
is its provision of comprehensive solution annotations,
a feature that sets it apart from other models.

In contradistinction to other benchmarks under
consideration, PutnamBench has been designed to
evaluate neural and symbolic theorem-proving
methods on complex problems. The tasks were derived

from the William Lowell Putnam Mathematical
Competition. The dataset under consideration is
comprised of 640 problems, with 1692 formalisations
in three formal proof languages: Lean 4, Isabelle, and
Cog. In addition to Table 1, it can be noted that the
dataset consists of 253 algebra problems, 226 number
theory problems, 107 geometry problems, 68 linear
algebra problems, 51 abstract algebra problems, 28
combinatorics problems, 17 set theory problems and 17
probability theory problems. The metric employed was
Pass@n, which denotes the probability of successfully
proving a problem in n attempts. The tasks are divided
into two categories: those requiring a numerical
solution and proof of its correctness, and those for
proving the correctness of a ready-made solution. The
findings of the model testing revealed that GPT-40
managed to complete only a single task in all
formalisation languages with the pass@10 metric [26].
It is noteworthy that other LLMs are not presented in
this study, and it should be acknowledged that
automated theorem-proving systems demonstrate a
superior ability in addressing such problems. For
instance, the ABEL reinforcement system successfully
solved seven problems in Lean with a pass@596
metric. Despite the absence of test results for o1, it can
be concluded that LLMs currently demonstrate a
degree of weakness in theorem-proving for complex
problems, and are comparatively inferior to specialised
systems. It is evident that a notable disadvantage
associated with this PutnamBench is that prior to the
resolution of a given problem, its formalisation is
necessitated through the utilisation of tools such as
Lean, Isabelle or Coq. This requirement renders the
process unnecessarily cumbersome for practical
implementation within scientific domains. In contrast,
the employment of a natural formalisation approach
through the use of a LLM offers a significantly more
expeditious solution.

Another benchmark similar to PutnamBench is
miniF2F. This benchmark also evaluates the
capabilities of theorem-proving systems on
Mathematical Olympiad-level problems formalised in
Metamath, HOL Light, Lean and Isabelle. The problem
domain and metrics are analogous, with a total of 488
problems. Test results: the GPT-f for Metamath showed
Pass@1 = 1.3%, Pass@8 = 1.6%, for Lean: Pass@1 =
24.6%, Pass@8 = 29.2% [15]. In the context of MATH-
based algebra problems, Lean GPT-f demonstrated
proficiency in solving up to 10 problems of difficulty
levels 3 and 4. In the domain of number theory, it
exhibited success in low complexity problems but
encountered challenges with level 5 problems. The
limitations of this benchmark are consistent with those
observed in PutnamBench, and it is noteworthy that it
remains underutilised, with no new LLM models
having been evaluated thus far.

The Al Mathematical Olympiad (AIMO) is a
series of competitions whose objective is to develop an
LLM capable of solving IMO-level problems written
with LaTeX. The dataset encompasses 110 novel
problems (of which 50 are publicly accessible),
exhibiting a style and scope analogous to that of the
AIME, yet with a level of complexity that falls between
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that of the AIME and AMC'12. It is noteworthy that all
problems are accompanied by numerical solutions, a
feature that enhances the practicality and accessibility
of the competition for participants. The competition
and the benchmark in particular are of interest as
participants develop models and non-standard solutions
from scratch [16]. It has been demonstrated that GPT-
40 is capable of solving 12% of AIME problems, while
01 achieved an average of 74% (11.1/15) with a single
sample per problem, 83% (12.5/15) with consensus
among 64 samples, and 93% (13.9/15) when re-ranking
1000 samples with a learned scoring function. A score
of 13.9 places it among the top 500 students nationally
and above the cutoff for the USA Mathematical
Olympiad [19].

The objective of the MathVista programme is to
evaluate the mathematical and visual capabilities of
multimodal LLMs. As of 2024, the programme has
been cited a total of 106 times in academic publications.
The problem types encompass Figure Question
Answering (FQA), Geometry Problem Solving (GPS),
Math Word Problems (MWP), Textbook Question
Answering (TQA), Visual Question Answering
(VQA), and others. The generation of these problems
has been undertaken from 28 existing multimodal
datasets (9 MathQA, 19 VQA) and 3 new datasets
(1QTest, FunctionQA, PaperQA). Accuracy is utilised
as the metric. On average, humans achieve an accuracy
of 60.3%, while advanced models demonstrate higher
performance, with ol achieving 73.9%, Pixtral Large
(124B) at 69.4%, Grok-2 at 69.0%, Claude 3.5 Sonnet
at 67.7%, Gemini 1.5 Pro (May 2024) at 63.9%, and
GPT-40 at 63.8%. The findings suggest that, within the
domain of visual task comprehension, MathVista is
exhibiting a decline in its capacity to evaluate models.
This underscores the necessity for the development of
a novel benchmark that incorporates more advanced
visual components into the composition of
mathematical tasks. Furthermore, these results may
signify that LLMs are approaching the threshold of
their capabilities in terms of visual multimodal
information  processing in  conjunction  with
mathematical tasks.

MMLU-Pro is a multidisciplinary benchmark for
the assessment of language comprehension and
complex reasoning. It superseded MMLU, a
benchmark that had become obsolete, particularly in
light of its near-flawless performance by advanced
models such as GPT-40 (88.0%) and ol (92.3%). In
comparison with its predecessor, MMLU-Pro has
increased the number of answers from four to ten,
thereby reducing the probability of guesswork. It has
also eliminated simple and erroneous questions and
incorporated a two-stage correctness check of answers.
The sources of the tasks included MMLU datasets
(56.6%), STEM websites (33.9%), TheoremQA
(4.97%), and SciBench (4.5%). The metrics employed
include Accuracy and Pass@n. The ensuing test results
are as follows: The results demonstrate that GPT-40
achieves a score of 76.1%, while Claude-3-Opus and
GPT-4-Turbo both attain 65.3% and 65.2%,
respectively. Llama-3-70B-Instruct, DeepSeek-V2-
Chat, and Qwenl1.5-72B-Chat all achieve scores of

59.8%, 57.6%, and 54.7%, respectively. It is
noteworthy that tasks requiring extensive reasoning
chains continue to pose significant challenges. The
findings indicate that, despite the enhancements
achieved, MMLU-Pro will rapidly become obsolete for
LLM evaluation. The popularity of both its
predecessor, which was cited more than 1370 times
between 2020 and 2024, and MMLU-Pro itself, which
was cited 39 times in six months, can be attributed to
the large number of tasks and multidisciplinarity [28,
29].

U-MATH is a recent addition to the field, with
1,100 tasks having been created on the basis of
university course materials, of which 900 are text-based
and 200 incorporate visual elements. The primary
metric employed is Accuracy. For tasks incorporating
visual elements and complex text solutions, the GPT-
40 model is employed as a reference judge. The
benchmark results are as follows: Gemini-1.5-Pro
(63.4% accuracy for text tasks and 45% for visual
tasks), Qwen2.5-Math (72B) (50.2% accuracy), and
Llama-3.1 (70B) (28.5% accuracy for text tasks). As
with the other benchmarks, the best performance was
in algebra and the worst was in integral calculus. The
benchmark results suggest that it is a reasonable fit for
evaluating advanced models in complex mathematical
disciplines.

The FrontierMath benchmark has been developed
for the purpose of evaluating the LLM's capacity to
resolve complex mathematical problems at the research
level. The FrontierMath benchmark addresses the
lacuna between standard Olympiad tasks and problems
that demand a profound theoretical understanding. The
problem types encompass research-level problems that
necessitate the application of advanced techniques and
methods. Automatic verification of numerical solutions
or calculations via SymPy is employed to evaluate
results, effectively eliminating guesswork due to the
formidable complexity of the problems. The test results
indicate that GPT-40 Claude 3.5 Sonnet and Gemini 1.5
Pro exhibited a failure rate of more than 2% in problem-
solving, with other models demonstrating even lower
performance metrics. A recent closed testing of the
latest OpenAl 03 model demonstrated that it solves
25.2% of benchmark problems, thereby demonstrating
a significant performance advantage over other models
in mathematics and abstract reasoning [31]. A
comparison of FrontierMath with other benchmarks is
shown in Figure 3.

It is important to note that FrontierMath is
distinctive in the field. It is compiled by professional
mathematicians from around the world, and the tasks
have been assessed by Fields Prize winners such as
Terence Tao. The tasks are distinctive in that they
encompass theorems and domains of knowledge that
have not yet been explored by LLMs, such as Artins'
primitive root theorem or select sections of field theory.
LLMs encounter challenges such as the utilisation of
heuristics in place of direct proofs and errors in task
interpretation. The challenge with this standard, and
with LLMs in general, is that the problem must be
solved in a very short time, whereas FrontierMath
problems can take both humans and LLMs a
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considerable amount of time to solve, if only for
hypothesis testing, while the context window of most
LLMs is limited.

FrontierMath vs. other mathematics benchmarks

Problems not solved by leading Al models
100%

Less | 80% -

saturated

60%

40%

More

20%
saturated

0%

FrontierMath ~ Omni-MATH MathVista

CC-BY

Z EPOCHAI

AIME MATH GSM-8k MMLU

epoch.ai

Figure 3 - Comparison of task volumes included in FrontierMath and other maths benchmarks.

Conclusion

A thorough analysis of mathematical benchmarks
was conducted to assess the capabilities of advanced
LLMs. The analysis revealed that the majority of
existing LLMs are obsolete due to their inability to
distinguish high-level models. GSM8K, MATH,
MMLU and MMLU-Pro have all but exhausted their
relevance. PutnamBench and miniF2F are sufficiently
sophisticated for LMMs, but the need for formalisation
limits the scope for further development and scaling.
The MathVista benchmark signifies a significant
advancement in the integration of multimodal tasks;
however, its full potential remains unrealised due to the
restricted complexity of the visual components. The
incorporation of more diverse and complex graphs,
tables and charts has the potential to significantly
enhance its value for testing models with multimodal
capabilities. Benchmarks such as U-MATH, MR-
GSM8K, AIMO, OlympiadBench, and Omni-MATH
maintain their relevance and can be utilised for
advanced LLMs.

Among all those reviewed, FrontierMath stands
out as the most promising assessment tool. It sets a new
standard of complexity for Al models and should
become the benchmark for future research and
development in this area. This underscores the
necessity to explore and develop novel approaches that
extend beyond conventional scaling methods, such as
the integration of symbolic processes and the
enhancement of deductive capabilities within models.
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PA3PABOTKA WEBGL PEH/JEPEPA JIJIs1 IOBBILIEHMS ITPOM3BOINTEJIBHOCTH
LOTTIE AHUMALIMA

Muxaiintox Cmenan /lenucosuu
lumenb technologies Itd
Inasnowiii paspabomuuk

DEVELOPING A WEBGL RENDERER TO IMPROVE THE PERFORMANCE OF
LOTTIE ANIMATION

Mikhailiuk Stepan Denisovich
lumen5 technologies Itd
Principal Software Engineer

AHHOTALUSA

B crartbe uccnenyercst BHyTpeHHsIsI cTpyKTypa ¢opmata Lottie u mpeanaraercst aqbTepHATUBHBIA MOIXO0. K
peHIepuHry anuMaIuu ¢ momornibio WebGL. [Tonpo6HO paccMaTprBaeTcs IPOIecc CO3IaHus POCTON aHUMAIIUN
B After Effects, ee sxcnopt B ¢opmar Lottie JSON ¢ nomorupto minarusa Bodymovin, aHanu3 nosiy4eHHOM
CTPYKTYPBI IaHHBIX U, HAKOHEII, peanu3aius coocTBenHoro penepa WebGL. JlemoncTpupyetes pa3dop JSON-
JIAHHBIX, TeHEepalus TeOMETPUH, IPUMEHEHHE TpaHChOpMaIii U peHIEPHHT ¢ ucnojib3oBanneM WebGL API. B
CTAaTbC TAKIKC 3aTPAruBaAOTCA BOIPOCHI ONTHUMH3AIIMH NPOU3BOAUTCIBHOCTH WebGL-peHz[epepa Ha TMpuUMepe
KOMIMPOBaHUA TCOMCTPUU H MMaKeTHOH O6pa6OTKI/I. B 3akmroucHme MNPpUBOAUTCA CPABHCHHUC MNPCATIOKECHHOI'O
pemenns c¢ lottie-web, momuepkuBatomee mnpeumymecTBa WebGL-pernepunra B KoHTekcTe WebGL-
l'IpI/IJ'IO)KeHI/Iﬁ 1 OTKPBIBAOIICC HOBBIC BO3MOKHOCTH JUTA NCITOJIb30BAaHU A Lottie B HUHTCPAKTUBHBIX B€6-1'[p06KTaX.

ABSTRACT

This paper explores the internal structure of the Lottie format and proposes an alternative approach to
rendering animations using WebGL. The process of creating a simple animation in After Effects, exporting it to
the Lottie JSON format using the Bodymovin plugin, analyzing the resulting data structure, and finally
implementing your own WebGL renderer is discussed in detail. It demonstrates JSON data parsing, geometry
generation, applying transformations and rendering using WebGL API. The paper also touches upon WebGL
renderer performance optimization issues using geometry caching and batch processing as examples. Finally, a
comparison of the proposed solution with lottie-web is presented, emphasizing the advantages of WebGL
rendering in the context of WebGL applications and opening new opportunities for using Lottie in interactive web
projects.

KuaroueBbie cioBa: Lottie; WebGL; peHOepuHr aHMMAaIUW; MPOU3BOAMTENBEHOCTD; ONTUME3anus; After
Effects; JSON.

Keywords: Lottie; WebGL; animation rendering; performance; optimization; After Effects; JSON.

JEL classification: 030; C80; C02; Z10.

Beenenne 3¢ PEeKTUBHOCTH peHIepHHTa aHNMAaIUH B

AKTYaJIbHOCTh JIaHHOW paboThl 0O0ycloBieHA
pactyieil moTpeOHOCThI0 B 3()()EKTHBHBIX METOaax
0TOOpakeHHsI BRICOKOKAUECTBEHHOW aHMMAIUU B BeO-
NPWIOKEHUSIX, OCOOCHHO 0 Mepe HMX YCIO0KHEHUS.
Bnaronapst cBoeit npocrote u rubkoctu popmart Lottie
CTaJ TIONMYyJISIPHBIM pEHICHHEM ISl CO3IaHus BeO-
annManuu. OJHAKO CYyIIECTBYIOUINE HHCTPYMEHTBHI,
Takhe Kak OwbOnmoreka lottie-web, orpaHuueHbl B
CBOMX BO3MOXKHOCTSIX npu pabore ¢ WebGL —
rpadpudeckum AP, oOecmeumBaronuM anmapaTHOE
YCKOpDEHHE W BBICOKYK  MPOH3BOAUTEIHHOCTH
peHzepruHTra. JOT0 OTrpaHHYEHHE OCOOEHHO 3aMETHO B
NPWIOKEHUSIX € HMHTCHCHBHBIM  HCIIOJIb30BaHHEM
WebGL, Ttakmx xak 2D-urpsl, rae peHAepUHT
aHuMaru Lottie ¢ UCTIONB30BaHUEM TPATUIIMOHHBIX
MeToJ10B (xo0JcT, SVG) MOXKET CTaTh «Y3KHM» MECTOM
" OTpHLIATENHEHO HOBJIMATD Ha 00111y10
MPOU3BOIUTENBEHOCTb.

Pa3paboTka criennalibHOTO CpecTBA PEHAEPUHTa
annmanmu  WebGL  Lottie npeomoneBaer 310
OTpaHUYCHHE " 3HAYUTEIBHO TIOBBIIIACT

npunoxeHusix  WebGL. DTo OTKpeIBaeT HOBBIE
BO3MOXHOCTH JIJISI MHTETPAIH CIOKHON aHUMAallUU B
WTPBI, MHTEPAKTUBHBIE BU3YyaIM3allMd U JIpyTrHe BeO-
MIPOEKTHI, TpeOyroure BHICOKOIPONU3BOIUTEIHLHON
rpadgukn. IlpemnoskeHHOE pelIeHHE IO3BOJISIET B
MIOJTHOW Mepe MCHOJb30BaTh BO3MOXHOCTH WebGL,
BKJIIOYasl ammapaTHOe YCKOpeHHe U 3(PQPEKTUBHYIO
pabory ¢ OONBIIMM KOJMYECTBOM OOBEKTOB, YTO
TI03BOJISIET CO3/[aBaTh Oosiee TMOKHE, TUHAMHUYHbBIE U
BH3YyaJIbHO HAaCHIIEHHBIE BeO-TpmnokeHus. Kpome
TOTO, W3yYeHHE BHYTPEHHEH CTPYKTYyphl ¢opmara
Lottie m pa3paboTka COOCTBEHHOTO peHaepepa
MO3BOJISIET JyYIIe TOHSITH NPHHIUIBI PaOOTHl ITOH
TEXHOJIOIMH, a TAK)KE ONPEIECNIUTh MyTH JajdbHeHmen
ONITUMH3AINN M PACIINPEHHS €€ BO3MO)KHOCTEH.

TeM cambpIM, HAay4Hasi HOBH3HA MCCIICAOBaHUS
3aKiroyaeTcss B pa3paboTKe M peanu3anuu
opuruHaiibHOro WebGL-pennepepa st aHMMauuu
Lottie, KOTOpbIA, B OTIMYHME OT CYIIECTBYIOUIUX
pellIeHH, HampsMyl HCIOIb3yeT BO3MOXHOCTU
WebGL mns BocmpousBeneHus. WMHBIMH CJIOBaMH,
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CO3JJaHHBIN peHjepep He TpeOyeT HCIONb30BaHUS
MPOMEXYTOUYHBIX (POpMATOB, TaKMX Kak canvas WU
SVG. DTo CylecTBEHHO CHUXKAET HaKJaJHbIe
pacxompl M mo3BossieT  Oonee A QPEKTUBHO
UCIIOJIb30BaTh pecypchl rpaduueckoro npoueccopa. B

pe3ynbTare  JIOCTHraeTcsi  3aMETHBIH  MpPUPOCT
MIPOM3BOIUTEIHHOCTH, 0CcO00EHHO B WebGL-
MPUITIOKEHUSIX c GOJIBIIUM KOJINYECTBOM

aHMMHUPOBAaHHBIX 00BekTOB. Kpome TOro, HOBH3HA
TIPOSIBIISICTCS B ICTAIBHOM aHAU3e CTPYKTYpHI Lottie

JSON uw npemnoXkeHHH  ONTHMHU3UPOBAHHOTO
anroput™Ma  00paboTku  maHHBIX s WebGL-
pEeHAEpPUHTa — JaHHBIA IOJXOJ TaKXe OTKPHIBAET

HOBBIE BO3MOXHOCTH JJisl uWHTerpamuu Lottie B
cymectBytone WebGL-nBrxkn u ¢ppeiiMBopku.

Hean HCCIe0BAHMS — paspaboTtka
BhICOKOMpou3BoauTeibHoro WebGL penmepepa mist
agmMmanmu  Lottie,  cmocoOHOro  3QQeKTHBHO

00pabaThIBaTh CIOXHBIC aHUMAIIMH W 00ECIeYHBaTh
IUIABHOE BOCIIPOM3BENICHHE B  BEO-TPIIIOKCHUSIX,
ucrone3ytomux  WebGL, a Takke mpeomoneHue
OTPaHWYCHUH CYIIECTBYIOMNX PEIICHUHA, TaKUX Kak
lottie-web, koTopble He MOAICPKUBAIOT HATHBHBIH
pennepunr Ha WebGL wu Moryr mnpuBOIUTH K

CHWKEHUIO  TPOW3BOJUTENBHOCTH, OCOOCHHO B
IPWIOKEHUSAX C€ MHTEHCUBHBIM HCIIOJIb30BaHUEM
rpadpukn, Hanpumep, 2D-urpax. Ilpenmerom

HCCIIeI0BaHMsl SIBIIICTCA CTPYKTypa JaHHbIX Lottie
JSON u ee »ddexTHBHAS HMHTEPIPETAIUS IS
peHaepuHra ¢ nomompro  WebGL. CraTtbsa
(okycupyercss Ha IpeoOpa30BaHUK AHUMAITMOHHBIX
nJaHHBIX  Lottie, BKIroyass  KIIOYEBBIE  KaJpHl,
TpaHchopManuu (TIOJNOKEHUE, BpalleHne, MacmTao,

Mpo3pavyHOCTh) MW KpuBBle besse, B  (opmar,
copmectuMbiii ¢ WebGL. Ocoboe BHHMaHHE
yAenseTcss pasluYHbIM TUMaM clioeB Lottie wu

0Cc0o0eHHOCTSIM uX mpeacrasiacHus B JSON.

MaTepnanbl MU MeToAbl HccjaeaoBaHusi. B
CTaThbeC MMPUMCEHACTCA KOM6I/IHI/IpOBaHHa$[
METOa0J10I'us, coycraromas aHaJus,

SKCIICPUMCHTAIBHYIO Pa3padOTKy W TECTUPOBAHHE.
JlaHHAsT METOMOJIOTHSI BKJIIOYAeT B ce0s HECKOJIBKO
JTAIlOB ¥ HAYMHALTCS C TITyOOKOTO aHAlIN3a CTPYKTYPHI
Lottie JSON, Bkmo4as W3y4eHHE CHEIH(DUKAIITT
(dopMaTa, HWCCIEHOBAHUE IPEACTABICHUS Pa3TUIHBIX
THATIOB  CJ0eB,  TpaHchopmanuii  (TOJ0XKeHHeE,
BpallleHne, MacirTad, MNpO3pavyHOCTh), KIIOYEBBIX
KagpoB W KpuBbiX be3pe. Jlamee cnemyer oTan
dKCIIEpUMEHTaIbHOU pa3pabotku WebGL pennmepepa,
rae cosmaercs anroputMm mapcunra Lottie JSON u
MPOXOJIUT €ro MpeoOpa3oBaHWE B TEOMETPUUECCKUE
npumuTHBEl WebGL. 3atem pa3zpabarsiBaeTCsl JTOTHUKa
NPUMEHECHUS aHMMAIMOHHBIX —TpaHCPopMamuii K
CT€HEPUPOBAHHOM TE€OMETpUHM C HCIHOJB30BAHUEM
WebGL API.  Jna onenkn  sddexkTuBHOCTH
pa3paboTaHHOTO penzaepepa MIPOBOAUTCS
SKCIICPUMCHTAIBHOE  TECTHPOBaHHE C  HAOOpOM
aHUMalMil  pa3nuyHOM  cioXXHOCTU. llosnydyeHHBIE
pe3yabTaThl CPABHUBAIOTCS C MPOU3BOAUTEIHFHOCTHIO
oubmuoreku lottie-web, w, HakoHem, NPHUMEHSIETCS
npopUINPOBaHNE KOJA [UIS BBIABICHUS Y3KHX MECT B
MIPOM3BOIUTEIHHOCTH pa3pabOTaHHOTO peHAepepa M
uX Tnocieayiouieil ontuMuzauuu. B kaudecTBe

MaTepHajJoB M  HWHCTPYMEHTOB  pa3paboTku
ucnone3ytorcss  Adobe  After Effects, mmarun
Bodymovin mis skcriopra anuMaruu B Lottie JSON,
JavaScript s peammzanun  WebGL  penzpepepa,
WebGL API aist paboTsl ¢ rpadMKOi 1 HHCTPYMEHTEI
TSt npoHIHPOBAHHS MPOU3BOAUTEILHOCTH
JavaScript-kona.

Pe3ysibTaThl HCC/IeIOBAHUSA U UX 00CYyKIeHHE

H3snavanbHO Lottie TIPEACTaBIISIT coboit
CIICLIMATIM3UPOBAHHOE PpelIeHHe JUI1 KOHBEPTALUH
aHUMAITMOHHBIX TPOCEKTOB, co3MaHHBIX B Adobe After
Effects, B ¢opmar, npurogHeli 1t BOCIIPOU3BEICHUS

Ha Ppa3INYHBIX [EJIEBBIX iatdopmax.
OBOJIOIUOHUPOBAB co BpEMEHEM, OH
TpaHc(HOPMHUPOBAIICS B CaMOCTOSTENIbHYIO

crienu(pUKaIHIO, He OTPAHUYUBASICh TEPMUHOJIOTHEN U
skocucremoii Adobe After Effects. DTor mar cran
BaXHBIM IIIAIOM B IIEPEXOJE OT HCIOIb30BaHUS
MPOIPUETAPHOIO  HHCTPYMEHTa K  OTKPHITOMY
CTaHHapTy. OTO CHOCOOCTBOBAJIO TOMY, YTO OH
ITOJIyYHII IIMPOKOE PACIIPOCTPAHEHUE U OBLIT YCIIEIIHO
HHTETPUPOBAH B pasjIMYHbIe Cpeibl pa3paboTku. Kak
MMOKA3LIBAIOT  MCCIACAOBAHUS, HE3aBHCUMOCTL OT
KOHKPETHOI'O POTPaMMHOTO 00CCIICUCHHS MTO3BOIIIIA
Lottie BBITH 3a paMK{ Y3KOCIEHHAIU3UPOBAHHOTO
pelIeHus U 3aHSITh 00Jiee MIMPOKYIO HHUINY B 00JacTh
uudposoii annmanuu (Tang, 2023).

Henasuee mossnenue miaruda LottieFiles mus
Figma cramo Karajam3aTopoM JallbHEHIIEro pocra

NONYJISIPHOCTH W PaclIMpPEeHHs IOTCHIUAIBHBIX
BO3MOKHOCTEH tdhopmata Lottie. 3ror
HHTETPaluOHHBIN nrar NPOJEMOHCTPHPOBAIT

roToBHOCTH Lottie k B3aUMOIEHCTBUIO C TOMYIIPHBIMA
WHCTPYMEHTaMHU JH3aifHa, YTO, B CBOIO OdYepeb,
3HAYUTEJIBHO YIPOCTHIIO NPOLIECC CO3/IaHUs aHUMAIIN i
U MX BHeApeHus B pasnnuHble mpoekTsl (Liu et al.,
2024). IlogobHoe pa3BUTHE COOBITHI yKa3bIBaeT Ha
TeHmeHIM0 Lottie K  CTaHOBJIEHHUIO Je-(PaKTo
CTaH/IapTOM B MHIYCTpUH LU(POBON aHUMAIMH, YTO,
HECOMHEHHO, SBIISIETCS IOJIOKUTEIbHBIM MOMEHTOM
U1 coolmmecTBa pa3pabOTYMKOB H  IH3AHHEPOB,
cTpeMsmuxcss K JI(PQPEKTUBHOMY CO3MaHHIO U
BHEAPCHHUIO aHUMAIIMOHHBIX 3JICMEHTOB.

HecmoTpss Ha  MOBCEMECTHO  OTMEYaeMYIO
IIPOCTOTY MCHOJIB30BaHUS U yno0cTBo Lottie, BaxHO
CMECTHTh aKUEHT Ha BO3HHUKAMOUIME IIPH  €ro
MIPUMEHEHUH TEXHUYECKUE MPOOIEMbl U OTPaHUYUCHHUSI.
Xora  OONBIIMHCTBO  cTarel ®  IyOimMKanuit
aKIEHTHPYIOT BHUMaHHE Ha MPEUMYIIECTBAX |
JIETKOCTH MHTETpaLuH, HEOOXO0AMMO
[IPOAHAU3UPOBATh  MOTEHIUAIbHBIE  CIO0XKHOCTH,
BO3HHKAIOIIIKE B Iporiecce paboThl ¢ 3TUM GopMaToM,
0COOCHHO B CJIOXXHBIX M PECYpCOEMKHX HPOEKTax.
Takoii aHanW3 MO3BOJIUT HAM BBIIBUTH OOJACTH, TIE
Lottie HyxmaeTcs B JOpabOTKE M ONTUMH3ALMH, a
TaKKe OINpeAeTnTh Hanboee 3pheKTHBHBIC TOAXOIbI
K €ro WCIOJb30BAaHUIO B  Pa3iMYHBIX YacCTIX
pa3paboTKy.

1.Ctpykrypa Lottie JSON

Jlns Havaynia TpoBEAEM BCECTOPOHHUN aHaIU3
ctpyktypbl  JSON-¢aiima,  KOTOpBIA  sBISETCS
pe3ysnbraToM JKcropta aHumarmu u3 Adobe After
Effects mocpenctBom mmrarmaa Bodymovin (Munro,
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2024). Oror JSON-¢aiin, nexamuii B ocHoBe popmara
Lottie, cmyXHT KOHTEHHEpPOM [UIi BCEro CHEKTpa
nHdopmanuy, HEOOXOIUMOH Al  KOPPEKTHOTO
BOCIPOM3BEACHUS] ~ aHMMalWM  Ha  Pas3IM4HBIX
wiatdopmax (Bourhis et al., 2020). Hamra nens — He
MPOCTO OMHCaTh CTPYKTYpy, HO H TIOHATH ee
Ha3Ha4yeHWe, d9YTOObl B JaibHEHIIeM 3(QGEKTUBHO
WCIIONB30BaTh €€ TpH pa3paboTke COOCTBEHHOTO
penaepepa Ha WebGL. Haunem c¢ paccMoTpeHHS
KOPHEBOTO OOBEKTa — BEPXHETO YPOBHS HEPapXHH,
coJiep KaIero oomme MeTaJanHbIe aHIMAITHH.

KiroueBble Monst BEPXHEr0 YPOBHs, KOTOpBIE
onpeeisoT  o0IMe  mapamMerpbl  aHMMAllWy,
BKIIIOYAIOT B ceOs: v (version) — Bepcuio ¢opmara
Lottie, TO3BOJSIIOLIYI0 OTCIEXHBAaTh W3MCHEHHS B
cnemudukanuy; fr (frameRate) — wactoTy Kazpos
aHMMAllMH, ONPENEISIONIYI0 KOJIUYECTBO KaJIpoB B
cekyHay; ip (inPoint) — HaYanbHBIN KaJp aHUMAIWH;
op (outPoint) — koneuHsIii kKaap anumanuu; w (width)
— IUpHUHY aHUManuoHHOH oOyactu; h (height) —
BBICOTY aHHUMAIIMOHHOW 00nacTd; nm (name) — UM
aHuMaIuu, npucBoeHHoe ¢ B After Effects, m ddd
(has3d) — d¢uar, ykaspiBarOIMii HAa HaJIUYKME B
anuManuu  3D-cinoeB. OTH moONsS  MPEAOCTaBISIOT
0a30Byl0 HMH()OpMAIMIO O BpPEMEHHBIX paMKaXx,
pa3mepax u oOmiel CTpykType aHuManuu. Ha stom
YPOBHE TaKXe NPUCYTCTBYIOT MacCUBHI assets, layers u
markers, KaxIblii M3 KOTOPbIX OTBEYaeT 3a
OTpeNeNeHHBI THN [aHHBIX, HCIOIB3yeMBIX B
aanManuy. Hac B mepByto odepens HHTEpeCyeT MacCHB
layers, Tak Kak WMEHHO B HEM COICPKUTCS
HHPOPMALUS O KAXKIIOM CIIOC aHUMAIIUH.

Kaxnprii cimoil BkIO4aeT B ceOsl psii CBOKCTB,
OTIpENIeNAONINX ero THIl (ty), uMs (nm), wHACKC (ind),
MOPSAZIOK CJIeI0OBaHUs (ST), a TAKXKe IPyTrue mapaMeTphl.
K npumepy, ty: 0 — Composition, 1 — Solid, 2 —
Image, 3 — Null, 4 — Shape, 5 — Text. Baxueiinmm
CBOMCTBOM KaX/IOTO cJOSI siBisieTcss 0OBEeKT Ks,
npejacTaBisionid - coboir  «transform»  0OBEKT.
HNmenHno oOvexkT ks  ompeznensier  aHMManuUio
npeoOpa3oBaHMii cII0sI, BKIFOYAIONINX MOJ0XeHue (p),
moBopoT (r), macmrad (s), MPo3padyHOCTh (0) H
OTOPHYIO TOYKY (a). DTOT OOBEKT COAEPKUT BCE
HEOOXOMUMBIC JAHHBIE [UII AHHUMHPOBAHHS JTHX
CBOIMCTB BO BpeMEHH. B 3aBHCHMOCTH OT THIA CJIOS U
ero koH¢uryparuu, JSON-0OBEKT CJIOS MOXKET
COJIepKaTh W JIpyTMe CBOWCTBA, ONMHUCHIBAIOLINE I[BET,
pa3mep, MacKH U JIpyTrue napameTpsbl CIIosl.

O6wext ks (transform) sBmsiercs cepauem
aHMMAIIMU KaXJO0ro CIIos, MOCKOJIbKY MMEHHO B HEM
coJiepXKarcsl Bce JaHHbIE 0 ero TpaHchopmanusax. OH
COCTOMT W3 TOAOOBEKTOB, KOTOPBIE OMNKCBHIBAIOT
pa3nyHbIe MapaMeTphl npeoOpazoBaHuil: o (opacity
— IPO3pavHoCTh), T (rotation — MOBOPOT), p (position
— mojoxeHue), a (anchor point — omopHast Touka) u s
(scale — macmra6). Kaxzaplii u3 3THX MOZO0OBEKTOB
MOJKET COePKaTh 00 ctatmyHoe 3HaueHue (k), mbo
MaccuB  KJIHOUYEBbIX KazpoB. Ecim  cBoiicTBO
aHUMHUPOBAHO, TO MAacCHB K COIEPXHT OOBEKTHI,
ONMCHIBAIONINE KIIOYEBBIE KaApbl, KaXABIM W3
KOTOPBIX, TIOMUMO 3HAYCHHUS, MOXKET TaKXKe BKIIOUATh
B ce0s KOHTPOJBHBIE TOYKHM KpPUBBIX bespe mist
MHTEPHOSILUY MEXIYy Kaapamu. BakHO OTMETHTS,

YTO PACIOJIOKEHNE CBOMCTB B 00BbeKTe ks MOKeET OBITh
KaKk OOBCIUHCHHBIM  (HAmpUMeEp, P  COJCPKHT
KOOpAMHATEL X M Yy B OIHOM OOBCKTE), Tak U
Pa3JeICHHBIM (CBOMCTBA X M Y MOJIOKCHHUS COICPIKATCS
B OTJICIBHBIX O0BCKTAX).

KiroueBbie Kafphl 1 MEXaHU3M MX HHTEPIOJISIIHA
— 3TO OCHOBa IUIAaBHBIX M CJIOXKHBIX aHHMAIHH.
Kaxnerii ximroueBoit kaap B Lottie JSON npeacTasiieH
00BEKTOM, COIEpXKalM JaHHBIE O BpeMeHH (t),
3HauYeHUU (S) aAHWUMHPYEMOTO CBOWMCTBAa, a TaKke
KOHTPOJBHBIX TOYKaxX KpUBBIX be3we (i, 0, ti, to) mis
OIIpeesIeHNs XapakTepa WHTeprnoiasuuu. i (in) —
BXO/JISIIIIME KOHTPOJIbHBIC TOYKH be3be sl CKOpOCTH
aHUMAaIUH, O (Out) — UCXOJIIIUEC KOHTPOIBHBIC TOYKH
Besbe nns ckopoctn anmmmanmu, ti (inTangent) —
BXOJISIIIIAsl KOHTPOJIbHAS TOYKa Ui KpuBod besbe, to
(outTangent) — wucxopsiias KOHTPOJIbHAS TOYKA IS
kpuBo# besbe. KonTponbuble Touku be3be no3Bossior
3aJaBaTh HENWHEHHBIC TPACKTOPUU [BIKCHHUA U
W3MEHCHHsI 3HAUCHUH, YTO 3HAYUTEIHHO PACIIUPSCT
BO3MOKHOCTH AHUMAINH. WaTepnomnsmuus
mpeacTaBisieT  coboif  mporiecc BBIYHCIICHUS
NIPOMEKYTOYHBIX 3HAYECHUN aHUMHUPYEMBIX CBOMCTB
MEXAY KIFOUYEBBIMH KaJlpaMH Ha OCHOBE KOHTPOJIBHBIX
Touek be3be 1 nx 3HaueHUM.

Paz6op MeXaHu3Ma UHTEPIOIALUN c
MPUMCHCHHUEM KpPUBBIX be3be SBISIETCS KPUTHUCCKHU
B&)XHBIM JJIsI TOYHOTO BOCCO3/IaHHMs aHMMAallud B
WebGL. Lottie ucnonms3yeT KyOWUYeCKHE KpPHBBIC
Besbe, KoTophIe ONpeneNstoTes ABYMs KOHTPOIEHBIMHU
TOYKaMH. DTH TOYKH, ONIPESIIIEMBIC TTOJIIMH 1 ¥ O JJIST
CKOpOCTH W TMONsAMH ti, to U1 TpaeKTOpHH,
MPEJCTAaBIIOT CO00I TaHTEHCHl K KPHUBOH B TOYKE

KIIOYEeBOro kaapa. Jlns pacdera 3HaueHHs B
NPOMEXYTOYHBI MOMEHT BPEMEHH HE0O0XOJMMO
BBIYUCIIUTH TOYKY Ha KpUBOH besse,

COOTBETCTBYIOIIYIO MPOTPeccy BO BPEMEHH MEXIy
KJIIFOUeBBIMHU KagpaMmu. [Iporpecc npencrasnseT coboit
HOpManm3oBaHHoe 3HaueHme oTr 0 mo 1, tme O
COOTBETCTBYET Ha4aJbHOMY KaJpy, a | — KOHEUHOMY.
WHTeprnionsiuus ¢ UCIIONb30BaHNEM KPHUBBIX besbe, kak
MOKA3bIBAIOT MCCIIEIOBAHMSA, IIO3BOJISIET CO3/aBaTh
TUIABHBIE ¥ €CTECTBCHHBIE aHUMAIINH, M30eras pe3Kux
MIepexoJ0B MeX1y KitoueBbIME 3HaueHHsAMH (Liu et
al., 2024).

Tem cambiM, Lottie JSON siBrisseTcst CII0KHBIM, HO
XOPOIIO CTPYKTYPHUPOBAHHBIM (hOPMATOM, B KOTOPOM
Kbl JIEMEHT MMeeT cBoe HazHadeHue. [ myGokoe
MOHUMaHHE CTPYKTYphl (aiija, OT ero KOPHEBOIrO
00BEKTa JI0 KIIIOYEBBIX KaJPOB U KOHTPOJBHBIX TOYEK
KpHBBIX besbe, sBIseTCs: HEOOXOJMMBIM YCIOBHEM ISt
s¢dexTuBHON pa3paboTku cobctBeHHOro WebGL
pennepepa. [lomy4nB 3HaHMS, KOTOpPBIE MO3BOJIAT HaM
npeodpasoBath aaHHble 3 JSON-¢aitna B ¢opmar,
moHATHEIE WebGL, a Takke BOCIPOU3BOAUTH
AQHMMAalWIO, YYHUTHIBasE BCE HIOAHCHI, 3aJI0XKEHHbIE
nu3aitHepoM Tpu coznannu aHuManun B After Effects,
MBI TOTOBbI NIEPEHTU K NMPAKTUYECKOW 4aCTU HALLEro
HCCIECNOBAaHWA W  HAadaTh pa3paboTKy  HaIIero
KaCTOMHOTO pPeHepepa.

2.Peanusanus penaepepa Ha WebGL

Pa3paboTtka cobcTBeHHOTO peHaepepa st Lottie,
ucnons3ytomero  WebGL, mnpencrasnsier  coboit
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NpoLECC, COCTOSIIMI W3 HECKOJIBKUX —KIJIIOYEBBIX
stanoB (Baruah & Baruah, 2021; Lal, 2022). OcHoBHas
LleJIb 9TOT0 Ipoliecca — IMpeodpa3oBaTh JAaHHBIE W3
Lottie JSON-¢aiina B BHU3yalbHYI0 aHUMAIIHIO,
UCIIONIb3YS alnapaTHbIe BO3MOXHOCTH TpadUuecKoro
nporieccopa (GPU) mist mocTmkeHUsT MaKCUMaTbHON
npousBogutensHOCTH (Florez et al., 2021; Goukouni et
al., 2022; Hamzaturrazak et al., 2023). Lee & Jang
(2019) B cBOEM HCCIEIOBAaHUH TaKXKE pacCMaTpUBAIU
CO37aHHe OTKPBITHIX MaTdopM mist 3D-nHpopmanun
Ha 6a3ze WebGL.

IlepBblii U camblii BayKHBIMA 3Tall — 3TO IIAPCUHT
JSON, Ha KOTOPOM TIPOMCXOAMT UTEHHE U
uHTepnperanys naHHbX u3 Lottie JSON-daiina. 3to
03HAYaeT, YTO Mbl JOJDKHBI MONYYUTHh JOCTYN K
JaHHBIM, cojepxamumcs B (aiine, u npeodpazoBaTh
UX B CTPYKTYpPY [HaHHBIX, KOTOPYIO MOXHO
WCIIONB30BaTh UIA  JalbHeWmed o0paboTku U
BU3yalU3aIli. DTOT IIar BKIOYaeT B ceOs pa3dop
JSON-cuHTaKCHCa, H3BJICUECHUE 3HAYCHIH TapaMeTPOB
aHUManuu W TpeoOpa3oBaHHE WX B yMOOHBIH I
paboter Qopmar. B pesympraTe mapcWHTa MBI
MOJyYyaeM HepapXU4ecKd OpraHW30BaHHBIC JlAHHBIE,
KOTOpBIE OTPAXKAIOT CTPYKTYPY aHUMAI[MH1, OTIMCAHHOMN
B Lottie JSON.

CrhenyromM  IIaroM  sBJIsSeTCS  CO3IaHUE
T€OMETPHH. Ha »>ToM »3Tame  mpouCXOAUT
npeoOpa3oBaHHE JAaHHBIX CJIOCB aHUMAldHd B
TeOMETPUYECKHEe TPHUMHUTUBBI, KoTopele WebGL

MOXeT 0ToOpa3uTs Ha SKkpaHe. i1 mpocThIX GUryp,
TaKAX KaK MPSIMOYTOJIBHUKHA W SJUTHIICHL, CO3IaHUE
TEOMETPHUH OTHOCHUTEIFHO HECIOXHO: MBI IPOCTO
reHepupyeM  HaOOphl  BEpPIIMH W  HHICKCOB,
omuceBatone 3tH  Qurypel.  Hampumep, mns
MpSAMOYTOJIbHUKA HaM MoTpeOyercss 4 BEpIIMHBI U 2
TpeyronpHuKa. Ho i Gosnee cioxkHBIX GUTYp, TAKUX
KaK  KPUBOJHMHEHHBIE KOHTYpbl WIH  (QUTYpHI,
MOJydeHHBIE B pe3yJbTaTe INPHUMEHEHHS CIIOKHBIX
3¢ (deKkToB, MOXKET NOTpPeOOBaTHCS HCIOIL30BaAHUE
TPUAHTYJIALMUM — TIpolecca pa3OHMeHHs CIIOXKHON
¢uryper Ha HaOOp OoJiee MPOCTHIX TPEYTOIHHUKOB.
OroT 3Tanm TpedyeT TIIATEIFHOTO aHalu3a JaHHBIX W3
Lottie JSON mns ompeneneHuss THIA TEOMETPUH,
HEOOXOMUMOTO IS KaXIOTO CJOs, W CO3JaHUsd
COOTBETCTBYIOIINX Oy(depoB BepHmIMH ¥ HWHIEKCOB,
KoTOpble OyayT wmcmonms3oBaTbess WebGL  ms
orpucoBku (Huixian, 2020).

[Tocne Toro KaKk reoMeTpus co3ana, He0OX0 MO
NPUMEHUTh K HEH aHWMAI[OHHBIE TPaHC(HOpPMAINH.
Ha sToMm sTane MbI HCITOJIb3yeM JaHHbBIE U3 00beKTa ks
(transform) KaXk1oro €05, YTOOBI CO3/1aTh MATPUIHBIE
npeoOpa3oBaHusl, KOTOPHIE ONpPEIEISIOT MOJIOKEHHUE,
MOBOPOT, Macmrad, Tpo3pavyHOCTh W ApPYIrHe
napaMeTpsl CJIoS B KaXIbIi MOMEHT BpEMEHH.
MarpuuHbsle TpeoOpa3oBaHMs SBISIOTCS MOIIHBIM
nHCcTpyMeHTOM WebGL aist BBIOTHEHMS Pa3IMYHBIX
TEOMETPUYECKUX OINEpaluil, U OHU MO3BOJISIOT HaM
aHUMUPOBATh CJIOM TIaBHO u dhdextuBHO. s
KaXIOro KaJpa aHUMAalWd MBI JOJDKHBI H3BIIEKATh
TEKyIIWe 3HAYEHUS aHUMHPOBAHHBIX CBOMCTB W3
JSON, dopmupoBaTh COOTBETCTBYIONIUE MATPHUIIBI
TpaHcopMaIu, KOTOphle 3aTeM OyIyT TepenaHbl B
WebGL  meeitnep. Jrto  Brmowaer B cels

HMHTEPHOJISLHIO 3HAUEHU CBOUCTB C UCHOJIb30BAHUEM
KpUBBIX be3be, omnucaHHyr0 HamMM B HpeAbLAYILEM
paszzene.

@uHaNpHBIA 3Tall — 3TO OTPUCOBKA C
ucnone3oBanuem WebGL API. Ha stom sTame Mbl
WCTIONB3YeM CO3MaHHYI0O TEOMETPHIO W MAaTPHIIBI
TpaHChOpMaIUH, YTOOBI OTPUCOBATH CJIOW HA dKpaHe.
D10 BKIIOYACT B ce0s1 HacTpoiiky KoHTekcTa WebGL,
mepeady JaHHBIX B IIeHaepsl  (TIpOrpaMMBL,
BeimoyiHsieMble Ha GPU), W BBI30B OTPHUCOBKH IS
kaxgoro cmos (Lal, 2022). s kaxmoro cios
HEOOXO0AMMO NPHUMEHHUTh MaTpully TpaHcdopMmanuu K
FeOMETpUM, U 3aTeM OTPHCOBaTh MOJYUYCHHYIO
tpanchopmupoBannyto reomerputo (Lal, 2022).
[IpaBunbHOE Hcnonb3oBanue weinepos 1 WebGL API
no3BouisieT 3(P(HEeKTHBHO WCIIOIB30BaTh aImapaTHoe
yckopenne GPU, 4To gaeT BO3MOXHOCTH JOOHMTHCS
BBICOKOH IIPOM3BOAUTEIHHOCTH IIPH BOCIIPOU3BEACHUT
cnoxubIX anuMaruii (Lal, 2022). Bian & Wang (2020),
HaTpuMep, JEMOHCTPUPYIOT 3TO Ha IPUMEPE CO3TaHUS
cucteMsl 3D BHUpTyampHOTO  pOyMHHTa  C
ncnonp3oBanuem WebGL.

Ha »Tom 3Tamne mMbl Takke UCIONIb3yeM KOHBeWep
peanepunra WebGL, 4ToOBI BU3yaJIM3UpOBaTh HaILy
aHuMaiio. B mpomecce pa3paboTku  peHzaepepa
HEOOXOAMMO  YJeNuUTh  BHUMAaHHE  Pa3IMYHBIM
acreKkTaM: 0T KOPPEKTHON MHTEpIpeTaIiy JaHHbIX U3
Lottie JSON u reHepauuum TIe€OMETpUH 1O
ONITHUMH3MPOBAHHOU Mepenayn qaHHbeX B WebGL API
W WX HUCIOJL30BaHUsA B meiaepax. Tak kak Lottie
SIBIIICTCS ~ BEKTOPHBIM  (OPMAaTOM,  HEOOXOIUMO
YYUTHIBATh PA3IMIHBIC TUIIBI CIIOEB M OCOOCHHOCTH MX
orpucoBku ¢ momomnipio WebGL API. Kpowme Toro,
BaOXHBIM  MOMEHTOM  siBisgercs  3QQeKTuBHas
peanu3anys MeXaHHW3Ma HHTEPIOJALUN 3HAUYCHHH C
UCTIOJIB30BAaHMEM KpHUBBIX be3pe, Tak Kak OT 3TOro
3aBHCHUT IUIABHOCTh U PEATTMCTUYHOCTh aHMMAIuu. B
9TOM TMporecce HeoOXOauMO yMeJo OallaHCUpOBaTh
MEXTY CJI0’KHOCTBIO AQHMMAITUH u
HPOU3BOJUTEIBHOCTRIO PEHICPUHTA.

Takum o0Opasom, pa3zpaborka WebGL pennepepa
w1 Lottie mpencraBmser co0OH  MTEpPaTUBHBIN
npouecc, Brmodaomuid napcudar JSON, co3nanHue
TEOMETPUH,  NpUMEHEeHHe  TpaHcopmammii U
orpucoBky. Kaxaplii ostanm  Tpebyer TiryOOKOTO
MMOHMMaHUA Kak CTpykTypel Lottie JSON, Ttak u
Bo3MmokHOcTe WebGL API. B mpomecce pa3paboTku
HEOOXOAMMO TIIATENIHHO AaHAIM3WPOBATh NAHHBIE U
BEIOMpaTh HanboNee ONTHMAaJbHBIE AITOPHUTMBI U
MOJIXOABI I AOCTHIKEHHS HAWIy4IIero pe3yibTata.
[IpaBunpHas peanm3amus BCEX DSTAlOB IO3BOJIUT
CO3/1aTh  BBICOKONPOM3BOJIUTENBHBIH W THOKWI
peHIepep, CIOCOOHBIH BOCIIPOM3BOJAUTH  CIOXKHBIC
annmanuu Lottie B WebGL-npunoxeHusx.

3.0nTuMu3anus peHAepuHra

Jlnist obecnieyeHnst BBICOKOM MPON3BOJUTEILHOCTH
U TIJIABHOCTH BOCIIPOM3BEAEHUs aHMManuu Lottie B

WebGL-npunoxennsx, KPUTUYECKH BaYKHO
NPUMEHATh METOABl  ONTHMH3AIMU  PEHACPHHTA.
OmHMM  ¥3  KIIIOYEBBIX  ITIOAXOAOB  SIBISIETCS

KIIIMPOBAaHHE reoMeTpur. Ves 3aKiio4aeTcs B TOM,
9TOOBI U30€TaTh TOBTOPHOTO CO3JJaHMS TEOMETPHH JIJIS
CTaTUYECKUX CJIOCB, KOTOPBIC HE MEHSIOT CBOIO (popmMy
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WM CTPYKTYpY B IIpoliecce aHMMauuK. JTO O3Hayaer,
YTO reOMETPHS TAKHX CJIOEB CO3/IaeTCsl JIMIIb OUH pas3,
M 3aTe€M HCIOJIb3YyeTCsl MHOTOKPAaTHO IpU KaKHoi
OTpUCOBKE Kajapa. Jlms peanmzanuu K3LUIMPOBaHMS,
MOXHO HCIIOJb30BaTh Xem-TaOJHIBI, TJEe KII0YOM
OymeT yHHUKaJdbHBIH  HMICHTHPUKATOp  CIIOS, a
3HaueHneM — Oydepsl BepmMH W WHAEKcoB. Korma
peHmepep BCTpedaeT CIIOW, OH CHayaja IpOBepseT
HaJIM4re TEOMETPHH B K3IIIE, U, €CIIH OHA TaM €CTbh, TO
WCIIONB3YEeT €€, MUHYS 3Tall IOBTOPHOTO CO3AaHUS.
OTO TO3BOJSIET CYIMIECTBEHHO CAKOHOMHTBH BpEMs
mpolieccopa ¥ NaMsTh, U B IIEJIOM YCKOPUTh MPOLECC
PCHIICPUHTA aHUMAITUH.

JpyruM  BaXXHBIM  METOJOM  ONTHUMH3AIMU
ABJISIETCS ~ IaKeTHass o0paboTka. OTOT  MoAXon
npernosaraeT 00beIMHEHNE HECKOIBKHX CII0EB B OIUH
BBI30B OTPHCOBKH, 4YTO TIO3BOJIAET CYILECTBEHHO
COKpaTHTh KOJHYECTBO BbI3oBOB WebGL APIL
Kaxnerii  Bb3oB  WebGL APl compsbkeH ¢
OTIpeNIeICHHBIMI HAKJIAJHBIMA DPACXOIAMH, TTO3TOMY
YMCHBIICHHE WX KOJUYECTBA HANPSMYIO BIHUSCT Ha
MPOM3BOIUTEIHHOCTE. [lakeTHass 00pabOTKa MOMKET
OBITh peayu30BaHa MyTeM OOBEAWHEHHUS TeOMETpUil
HECKOJIbKUX CJIOEB B OJUH 0oOIMiA Oydep BepuiuH,
MOCJIE€ YEeTO BCE CJIOM OTPHCOBBIBAIOTCS 3@ OJMH BBI30B
gl.drawElements(). 910 ocobeHHO 3(hGhEKTHBHO IS
aHMMalui ¢ OONBIIMM KOJUYECTBOM CJIOEB, KOTJa
KaXIpI CIIOW TPEACTaBIE€H OTHENbHBIM BBI30BOM
OTPHUCOBKHU. IJI1 TOTO YTOOBI MPaBHIHHO PACCTaBUTHh
CIIOM, HYXXHO YyYUTHIBaTh WX Z-WHACKC, a TaKke
TpaHCchOpMAIIMKA KaXIOTO0 CJOsS TPH MOCTPOCHHUH
obmero Oydepa BepmmH. Toivonen  (2022)
MOJYCPKUBACT BAXXHOCTh TAKUX ONTHMHU3AIMHA IS
JTOCTIKEHUSI BEICOKOH MPOU3BOIUTEIHFHOCTH.

Hcnonp3oBaHue  mIEWIEpoOB  TakKe  WUIpaeT
BaXXHYI0 pois B onTuMusanun WebGL penaepunra.
[Mefinepsl  mpencTaBIsAOT  COOOH  MpOrpamMBl,

BBINIOJIHSIeMble HenocpeacTBeHHO Ha GPU, kotopsie
OTBEYAIOT 3a IPeoOpa3oBaHNE TEOMETPHU U OTPUCOBKY
nukcened. IIpumensas  melgepbl, MBI MOXEM
neperectd 4acth BoruncieHuit ¢ CPU na GPU, tem
CaMbIM  3HAYHUTEIBHO  MOBBICHB  3(P(PEKTUBHOCTD
pennepunra. Illledigepsl TO3BOJISIOT HE  TOJBKO
OTPUCOBBIBATH IEOMETPUIO, HO M  IPUMEHSATH
pasznuuHbie dQQeEeKTh, Takue Kak pa3MBITHE, TCHH,
TPaJUEHTBl, a TAaKXe BBIIOJHATE MaTPUYHBIC
npeoOpa3oBaHMS. Hcnonb3oBanue IeHIEpOB
MO3BOJISIET ONTHUMHU3UPOBATH IPOLECC OTPUCOBKH,
BBIHOCS pecypcoemkue onepanuu Ha GPU (Satyadhyan
Chickerur et al., 2024). K mnpumepy, MaTpH4HbBIC
npeoOpa3oBaHus (Tpancdopmarus, MOBOPOT,
MaclmTabupoBaHWE) MOTYyT OBITh IEPEHECEHBl B
BEpIIUHHEIN 1mieiinep, ocBoboxkmas CPU or sTmx
BBIYUCIICHUH.

B 3akmoueHue, KOMIUIEKCHOE NPHUMEHEHUE
METOOB  KDIIMPOBAHMS  [EOMETPUM, IaKETHOU
00pabOTKM ¥ WCHONB30BAaHUS IICHICPOB SBIACTCA
HEOOXOJUMBIM YCJIOBHEM JUISI TOCTH)KEHUS BBICOKOM
npon3BoauTeIbHOCTH WebGL penpepuHra aHuManui
Lottie. KammpoBaHnue reoMeTpun mo3BoJsieT n3dexarth
MOBTOPHBIX ~ BBIYMCIICHWH, TMakeTHas o0paboTka
CHI)KAaeT HaKJaJHble pacxojabl Ha BbI3OBBI WebGL
API, a wucnonp3oBaHHME WIEHIEPOB  MO3BOJISAET
s dexkTuBHO Hcmoap3oBatk pecypcel  GPU. Ot
METO/IbI, MIPUMEHSIEMbIE B COBOKYIIHOCTH,
CIOCOOCTBYIOT OoJiee IJITaBHOMY M KadeCTBEHHOMY
BOCIIPOU3BE/ICHUIO aHUMALIUY J1a)Ke Ha yCTPOMCTBax ¢
OTrpaHUYEHHBIMU pecypcamu. JanbHelmas
ONTUMHU3AIHS MOXET BKIIOYAaTh B ceOs IMPUMCHEHUE
JIPYTUX TEXHHK, TAKUX KaK mip-mapping Ui TEKCTyp
U T[pUMEHEHHE pa3JIUYHbIX BapUAHTOB  CXKATUS
JAHHBIX, HO MWCIOJB30BaHHE YKa3aHHBIX METOHOB
ABJIIETCS. XOPOUIEH OTIPAaBHOM TOUKOM.
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Tabuumna 1

CpaBHelme NPpOU3BOAUTEJIBLHOCTH PA3HBIX METO10B OITUMHU3 AN WebGL peHaepuHra. HUcTouHnk:
COCTABJICHO aBTOPOM

Mero
A Onucanne IpeumyuiecTBa Hepocratkn
ONTHMHU3ALUHU
CoxpaneHue CymecTBeHHO CHIDKAET Tpebyet
KsmmpoBanue CO3JaHHOM TE€OMETpUU Harpys3Kky Ha CPU, JIOTIOTHUTEIbHON
reoMeTpuu ULt MIOBTOPHOTO TIOBBILIAET MaMATH sl XpaHEeHUs
HCIIOJIb30BaHUsL. MIPOU3BOUTEIBHOCTD. K31Ia.
Moxer  moTtpeboBath
OObennHeHNE YMeHbIIaeT KOJINYECTBO JOTIOJTHUTENbHON
IMakernas
0BpaBoTKa HECKOJBKHX CJIOEB B BEI30BOB  WebGL AP, 00paboTkn TUTS
P OJIVH BBI30B OTPHUCOBKH. YCKOPSIET OTPHCOBKY. COPTHPOBKH u
TpaHc(hOpMaIUH CIIOEB.
Beinonnenue
o OcBoOoXmaeT CPU,
BerunciaeHnit Ha GPU N
Hcnonb3oBanue (MaTpuHbic YCKOpsIET PEHIEPUHI, AAeT TpeOyer 3nanmit GLSL,
meiiaepon p BO3MO>KHOCTb CO3JIaHUS MOJKET YCIIOXKHUTH KOJI.
npeoOpa3oBaHus,
CIIOXHBIX (P PEKTOB
3¢ dexTsr).
Co3nmanue
. VYnyumaer Ka4eCTBO Tpebyet
. . YMEHBIICHHBIX  KOTIHH N
Mipmapping TeKeT s H300paskeHNs mpu JIOTIOJIHUTEIbHOU
TeKCTYp yp MaclTabupoBaHUH, HaMsATH Ui XpaHEHUs
YMEHBILECHUSI Harpy3Ku : .
YCKOpSIeT PeHICPHHT. Mip-ypoBHEH.
IIPY OTAAJICHUN.
HUcnonp3oBanue YMeHb1IaeT o0BeM
Moxer TpHUBECTH K
C:xatne COKATBIX ¢opmaToB | TmepenaBaeMbIX JAHHBIX |
. rmorepe KadecTBa MpHU
TEKCTYP TEKCTyp  (Hampumep, pasmep SAHMMAEMOM | Lo o A TOTHOM CHATHH
ETC/ASTC). MTAMSITH. '
YMeHblLIeHHEe Moxxker mNOBIMATH Ha
VYcKkopsieT  MHTEpHOJISLUIO,
YnpoueHue KOJINYECTBA MCHBIIACT TOYHOCTh aHMMAlUU B
kpuBbIx be3be KOHTPOJIbHBIX ~ TOYEK Y cirydae CIIHIIKOM
BBIYUCIIUTEIHHYIO HaTPY3KYy.
KpuBbIX besbe. CHJIBHOTO YTIPOIIEHUSI.

4. Cpasuenue c lottie-web

[IpoBeneM cpaBHUTENBHBIN aHAIN3 aPXUTEKTYPbI
paspaboranHoro Hamu WebGL pengepepa wu
apXUTEKTypsI OnOIHOTEeKN lottie-web, 4ToOBI OIICHUTH
NperMyIIecTBA M HEAOCTATKH KaKAOTo I0JIXoj1a M
ompenenuts mnoreHuman WebGL pennepepa s
uHTerpanun Lottie-anumanuu B WebGL-npunoxeHus.
lottie-web, sBnsisch Hambosee pacnpoCTpaHESHHBIM
pelIeHreM il BOCTIpOu3BeieHnsl annManuii Lottie B

BeO-cpesie, oOnamaeT MOAYJIHHOW apXHTEKTYpOH,
HOJJIeP KU BAIOLICH HECKOJIBKO BapHUaHTOB
peumepunra: Canvas, SVG u HTML. lottie-web

obpabarteiBaeT nmaHHble u3 Lottie JSON, a 3arem, B
3aBHCHMOCTH oT BBIOPAaHHOTO penzaepepa,
TpaHchopmupyer ux mua ortpucoBkn (Hidayat &
Sungkowo, 2020). OcHoBHOe mpeumymiecTBo lottie-
web 3aKII0YaeTcs B €¢ YHHBEPCAILHOCTH U IPOCTOTE
HCIIOJIE30BaHUsSI, OHA MOKET PadOTaTh B OOJBIIHMHCTBE
Opay3epoB U He TpeOyeT OT pa3pabdoTYHKa TIYOOKOro
3nanus WebGL. Onnako, y 3TOro nojxona ecTb CBOU
orpaHuueHusi, ocobeHHo mipm pabdore ¢ WebGL
TIPHIOKEHUSIMH.

B oranume ot lottie-web, Ham KacTOMHBIM
WebGL penzepep CHOpOSKTHPOBAaH HCKIIOYHTEIHHO
1uisi pabotel B WebGL-koHTEKCTE. DTO MO3BOJISIET eMy
Oomee A(PQGEKTUBHO HCHOIH30BATH BO3MOXKHOCTH
anmnapaTHOro yckopenus, npepocrasisiembie GPU, u
n00uThes  Oosiee  BBHICOKOH — IPOW3BOJIUTENHLHOCTH,
ocobeHHO Tmpu paboTe ¢ OONBIIUM KOJIHYCCTBOM
O0OBEKTOB W CIIOKHBIMH aHHUMALUSAMH. APXHTEKTYpa
HAIIETO pEHJepepa IOCTPOEHA BOKPYT IPSIMOTO
noctyna k WebGL API — sto obecneunBaer Gosee
HU3KOYPOBHEBBII KOHTPOJIb HaJ  IPOLECCOM
OTPHCOBKH. MBI n30eraeM NPOMEKYTOYHBIX ATAIoB
npeodpazoBanus nanaeix B HTML, Canvas unu SVG,
YTO TIO3BOJAET CBECTH K MHHUMYMY HakKJIaaHbIC
Pacxo/bl ¥ IIOBBICUTH O0MIYI0 3P (PEKTHBHOCTE.

B cBs3M Cc 3TUM, TIaBHBIM NPEUMYIIECCTBOM
WebGL penpepepa sBiseTcs €ro NOTEHIHAT IS
CYIICCTBEHHOTO IOBBIIICHUS TMPOU3BOJIUTEIFHOCTH,
0coOeHHO Tpu padoTe CO CIOKHBIMU AHUMALUSIMHU,
KOTOpBIE COJIepKaT OOJBLIOE KOJMYECTBO CIOEB HIIU
HCTIOJIE3YIOT CIIOXHBIE 3 exTo. IIpsmoe
ucnons3oBanne GPU mo3BosisieTr m30ekaTh «y3KHX»
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MECT, KOTOpbIE€ BO3HUKAIOT ITPU UCIOIb30BAaHUU canvas
win SVG peniepuHra. 3To OTKPHIBAET BO3ZMOXKHOCTh

npwioxkenusi. B wactnoctr, La Guardia et al. (2022)
JEMOHCTPUPYIOT ~ Bo3MOokHOocTH ~ WebGL s

uHTerpauuu  Lottie ammmanmun B 2D wurpel, uHTepakTHBHOM  3D-Bu3yanuzauumy, BO  MHOI'OM
MHTEPaKTHBHBIC BU3yanu3anuu W japyrue WebGL — moarBepikiasi MOTEHIMAN HAILIETO peHAepepa.
Tabnuma 2
CpaBHUTEIbHBII aHAJIM3 APXUTEKTYPbI KacToMHOro WebGL penaepepa u lottie-web.
HcToYHHK: COCTABJIEHO AaBTOPOM
XapaKTepucTHKA Kacromubliii WebGL pennepep lottie-web
LleaeBas cpena Hckmountensno WebGL Web (Canvas, SVG, HTML)
. MonynbHast MOJJIePKUBACT
[psimo#t moctyn k. WebGL API, Y ’ JUIED
ApxurtekTypa HU3KOYPOBHEBBII KOHTpPOJIb pasmranpie Ookenpt (Canvas, SVG,
P ’ HTML), abcTparupoBanue ot WebGL
WHIUBHUIyallbHAs ONTHMH3ALNS AP
Bricokas (3 dexTuBHOE YMepeHHas 10 BBICOKOH (3aBHCHUT OT
IIpou3BOAUTENLHOCTH WCIOJIb30BaHUE GPU), BBEIOpAHHOTO OokeHma), obmas
ontumu3zanus noa WebGL ONTUMU3ALIUL.
Crao:xxHOCTH Bricokas  (Tpebyer  TIyOOKHX Huzkas 1o cpemmeit (mpoctoii API,
pa3padoTku sHannii WebGL, GLSL) Oosee aOCTparupoBaH)
Boicokas  (rmOkast ~ HacTpoiika, | YMepeHHas (orpannueHHas
I'néxocth BO3MOXXHOCTb ~ HWHTErpallil € | KacTOMH3aLusl, Ooubie
npyrumMu WebGL-komnoneHTamu) BO3MOXHOCTEH /7151 O9KeH1a)
Xopomass ~ (Ipu  TPaBHIBHOM
MacmradupyeMocThb MOAXO0AE K apXHUTEKType, Jerko | Xoporas (MOIyJbHas CTPYKTypa)
pactmpuTh (HyHKIIHOHAI)
IIpocras (ucnonp30BaHKE
Cnoxnasa (TpeOyeT HHCTPYMEHTOB
Otnanka otnankn WebGL) MHCTPYMEHTOB OTJIAZKU Opay3epa s
HTML/Canvas/SVG)
Wneanen st COXHBIX aHMManuii, | I[loaxomur ais MIMPOKOTO CIIEKTpa
Oco0enHoctu WHTEPAKTHBHBIX BU3yalIM3alMid M | 3ajgad, OT NMPOCTHIX JO CIOXKHBIX, HO C
urp B WebGL orpanndeHusMu B WebGL
Monnepixka 3aBUCHT OT pa3paboTunKa [Iupokas moaaepx Ka u cOOOLIECTBO
Wuterpamus Lottie aHuMaruii B Bocnpousseaenue Lottie anumanuii B
O0aacTh NpUMeHeHHUs WebGL mpoektsl, rae TpebOyercs BEO-TIPUIIOKEHUAX C HCIOIB30BaHUEM
BBICOKAs! POU3BOAUTEILHOCTh Canvas, SVG, HTML
3aBucuMoCTH WebGL API Browser APl (Canvas/SVG/HTML)

C npyroli CTOPOHBI, OCHOBHBIM HEJOCTATKOM
WebGL penpaepepa siBasieTcst 6oJiee CI0XKHBIN MPOIIece
pa3paboOTKH, KOTOPHIA TpedyeT TIIyOOKWX 3HAHWM
WebGL, a takxe meineprsix s3pikoB (Belkin et al.,
2019; Eriksson & Harrie, 2021). Tak ke Hat peHaepep
He cMoxeT paborark Oe3 noanepxkn WebGL B
Opaysepe. Tem He MmeHee, lottie-web mpemocraBiser
YHUBEPCAJIbHBIH U MPOCTON CIIOCOO BOCIIPOM3BEICHUS
annmManuii Lottie B BeO-Opaysepe, 4TO JIelaeT ero
OTIIMYHBIM PEIICHUEM [UIS MPOCTBIX M CPEIHHX II0
CIIOKHOCTH  mpoektoB.  OpHako, it 3ajad,
TPeOYIONIMX MaKCHUMAaJIbHON MPOU3BOIUTEIHHOCTH W
uaTerparui B WebGL-nipunoxeHus, KacTOMHBIN
WebGL penzaepep, WCHONB3YIOMHMNA BO3MOKHOCTH
GPU u nipsimoe yripaBiieHHe KOHBEHEpOM PEeHIEPHHTa
— 0oJiee IPEANIOYTUTENLHBIN BapuaHT. BeiOop Mex Iy

STUMH JIBYMsI HOAXOAAaMH JIOJDKEH OCHOBBIBATHCS HA
CrerupUIeCKrX TPeOOBAHUAX TMPOEKTa, BKIIOYAs
CIIO)KHOCTB, TPEOOBaHUS K IMPOU3BOIUTEIHHOCTH, a
TaKk’K€ YPOBEHb OKCHEepTH3Bl pa3paborumka. B
nepcuektuBe, Ham WebGL pengepep oOmamaer
MOTEHIMAJIOM Ul PacIIUpEHHs  BO3MOKHOCTEH
uHTerpanmu  Lottie B pasHooOpaszHsle WebGL-
MIPOEKTHI, TPENOCTaBIsAA Oosiee SPQPEKTUBHBIA U
TMOKHMH MHCTPYMEHT JUTsS pabOThI ¢ aHUMAaIHeH.

BuiBoabl

IIpoBeneHHOE WCCIIEIOBAHHE JIEMOHCTPUPYET,
4yTO pazpaborka kactomHoro WebGL penpepepa mis
aHNManuu Lottie SIBJIAETCS MEPCIEKTUBHBIM
HaTpaBJICHUEM, TTO3BOJISIOIIAM MIPEOI0JIeTh
OTPaHUYEHUS CYIIECTBYIOIINX pEIICHUH, TaKMX Kak
oubmmoreka lottie-web, mpu HCTONB30BAaHUM B
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WebGL-npunoxenusx. Anamu3 cTpykrypsl Lottie
JSON u mnoHuMaHWEe MEXaHU3MOB HHTEPIOJSIINN
AQHMMAIMOHHBIX TapaMETPOB ITO3BOJIMIM HaM CO3/1aTh
peHaepep,  KOTOpBIH  HAmpsMyl0  HCIIOJIB3YeT
Bo3moxkHocTH GPU, m30eras mpu 3TOM HaKJIaIHBIX
pacxoos, CBSI3aHHBIX C  IPOMEXYTOYHBIMU
dbopmaramu, Hampumep, ¢ canvas wimm SVG. Dto
obecmeumio 3HAYUTEIBHOC TTOBBIIIICHNE
MIPOM3BOIUTEIHHOCTH, OCOOCHHO 3aMETHOE TIpH
paboTe CO CIOXXHBIMH aHUMAIMSIMH, BKIIOYAIOIIHMU
0OJBIIIOE KOJIMYECTBO OOBEKTOB W TpaHC(HOPMAIIHH.
[TonyueHHbIe pe3ynbTaThl HOATBEPIKIAIOT TUIIOTE3Y O
ToM, uto WebGL pennmepep Moxer ObITh Oonee
3G QeKTUBHBIM pelleHneM i uHTerpanuu Lottie B
WebGL-mpoekTbl. DT0 CBHIACTEIBCTBYET O TOM, YTO
MBI Ha MPABUJIBHOM IyTH M HAIllA PEATU3aIHsI MOKET
NPUMEHSTBCS B 0OoJiee  PEeCcCypcoeMKHX MpPOEKTax,
TPEOYFOIIIX BBICOKOH IPOU3BOAUTEIEHOCTH.

Takum o00pa3oM, MBI MOXEM 3aKIOYHTH, UYTO
pa3paboTka kacromHoro WebGL peHnepepa sBIseTcs
3 dexTUBHEIM TOIXOAO0M I WHTerpammu Lottie-
aHUMaIMl B WHTepakTHBHBIC WebGL-npuiioskeHus,
TaKue Kak 2D-urpbl, BU3yaau3aluy 1 JpyTHe TPOEKTHI,
TpeOyIole BEICOKOH MPON3BOIUTEIEHOCTH TPApHKH.
Li & Zhu (2022), a takkxe Hu & Liu (2023)
MOAYEPKUBAIOT POJIb AHUMALMK M BUPTYAJIbHOMN
PeaTbHOCTH B YIIYUIIEHUH M0JIb30BaTEIbCKOTO OIIBITA,
9YTO JenaeT Hall peHjaepep akTyaidbHbIM. Hame
HCCIICIOBaHHUE TaKXKE ITOKA3aI0 BaYKHOCTH IOHUMAHUS
BHyTpeHHeH cTpykTypsl Lottie JSON n npuMeHeHus
ONTUMHU3UPOBAHHBIX aITOPUTMOB peHIepUHTA.
TanShuging (2022), Ling (2023), Abusafieh (2022),
Chen et al.(2021), Xiong (2018), Wang (2023), Lan et
al. (2022) B cBoux paboTax TakXKe MOKA3bIBAIOT
Ba)XHOCTh aHUMAIIUU B pa3HbIX 00nacTax. JlanpHeiimee
pa3BUTHE 3TOTO HANPABJICHUS HCCIIEIOBAHUS MOXKET
BKIIIOYAaTh B ce0s peanu3anio MOJAEpKKH Ooiee
CIOKHBIX 3((EKTOB U aHUMAIMOHHBIX 0COOCHHOCTEH
dopmara Lottie, a TakKe HMHTETpaluil0  C
CYIIECTBYOUIUMHU WebGL-aBmxkamu u
(dpeiiMBopkaMu, s co3maHUS Ooiee THOKOTO U
MHOTO()YHKIIHOHATIBHOTO PEIICHHS.
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DEVELOPMENT OF A CALCULATION MODEL FOR ASSESSING THE WEAR RESISTANCE OF A
RADIAL BEARING
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AHHOTALUSA

B sToit pa60Te OpeAJIOKCHa HOBasgs MAaTCMaTHYCCKasA MOJCIb U1 MHIKCHCPHBIX PACYCTOB KOHCTPYKIUHN
paanaJIbHOIO MOAIHWIIHUKA CKOJIBKCHUSA, UMCIOIICTO MOJIMMCPHOC MOKPBITUC M KAHABKY Ha Bally. Ha ocHOBe
YpaBHCHUSA ABUKCHUA PICCJ'Ie,Z[yeMOﬁ )I(PIZ[KOP'I CMAa3KH, a TaKXKE ypaBHCHI/Iﬁ HCIPCPBIBHOCTH U COCTOSHUA ObUIH
pa3pa60TaHLI HOBBIC MATECMATHYCCKUEC MOCIIN, KOTOPBIC JOTTOJTHUTCIIBHO YUUTBIBAIOT COKUMACMOCTh CMAa304HOI'0
Marepuana.

HoBass Mmaremaruueckas MoJelb MOAU(QHUIUPOBAHHON KOHCTPYKIMH pPaAMAIbHOTO HOALIMITHHKA
CKOJIBXKCHHA TI03BOJIMJIa YTOYHHWUTL, MPHU YUYCTEC AOIMOJIHUTCIBHOTO (baKTopa — CXKHMAEMOCTH CMa304HOI'0
MaTepHala, HeCyIIyto crmocoOHocTs Ha 7-9 %, a koaddunueHT TpeHus — Ha 6—8 % B Jrana3oHe UCCIICIOBAHHBIX
PEXKUMOB.

ABSTRACT

In this paper, a new mathematical model for engineering calculations of the design of a radial plain bearing
with a polymer coating and a groove on the shaft is proposed. Based on the equation of motion of the studied liquid
lubricant, as well as the continuity and state equations, new mathematical models were developed that additionally
take into account the compressibility of the lubricant. The new mathematical model of the modified design of the
radial plain bearing made it possible to refine, taking into account an additional factor - the compressibility of the
lubricant, the bearing capacity by 7-9%, and the friction coefficient - by 6-8% in the range of the studied modes.

KaioueBble ciioBa: cXMMaeMoOCTb, MOAMGUIMPOBAHHAS KOHCTPYKIMS, MMOKPBITHE, THAPOAMHAMUYECKHUMA
PEXUM, UCTUHHO BSA3KUI CMAa304YHBIM MaTepUall, TOUHOE PELICHUE, OLIEHKA U3HOCOCTOMKOCTH.

Keywords: compressibility, modified structure, coating, hydrodynamic regime, truly viscous lubricant,
precise solution, wear resistance assessment.

Beenenue. CoBpeMeHHbIE cMmazouHble  MrHopupoBaHue B3aMMOZEHCTBUS MAaTepHAIOB |
Marepuagbl  3aHHUMAalOT [EHTPAJIbHOE MECTO B  IOKPBITHI HA Tale MPOSKTHPOBAHUS MOXKET IIPHUBECTH
00ecIieueHNH JIOJTOBEYHOCTH W HAJEKHOCTH ONOp K  NPEKAEBPEMEHHOMY  H3HOCY, IIOJIOMKaM H
CKOJIb)KEHUS, KOTOpbIE IIUPOKO MPHUMEHSIOTCS B JoporocrosmeMy  pemoHTy  [11-13].  Ilostomy

Ppa3JIMYHbIX OTpacCisiX. Hcnonp3oBaHHe CMa304HBIX
MAaTepruaIOB  ABJIACTCA  KIKOYCBBIM 3JICMCHTOM B

KOMIUIEKCHBIA MOJXO[, BKIHOYAIOIUNA BCECTOPOHHUHI
aHAJIU3 U KOMIIBIOTEPHOE MOJEIUPOBAHUE, SIBISETCS

MOJ/ICP)KKE  JOJITOBEYHOCTH OMOp M JAPYTMX  HEOOXOAWMBIM yCJIOBHEM ISl CO3IaHUS HAIEKHBIX U
OBIDKYIIUXCA dYacTell MamuH. OTO HE TONBKO  JIOJNTOBEYHBIX y3JIOB TPEHHS, paOOTAIONNX B )KECTKUX
YBEJIMYMBAET CPOK CIYXObI 00OpYyHZOBaHWSA, HO W  YCIOBHSX.

CHOCOOCTBYET CHIDKEHHIO 3aTpaT Ha 00CIy)XHBaHUE U OKCIIepUMEHTaJIbHbIC HCCIIEI0OBaHUS [14]
Texyuuii peMoHT [1-3]. HarmpuMmep, B IPOMBIIIJICHHBIX ~ TTO3BOJIMUIA MIPOBEPUTH TOYHOCTH MOJICIUPOBAHHSA U
YCIIOBHSAX, TI/A€  MEXaHWYEeCKHe  KOMIIOHEHTHI  IIOJyduTh Oojiee TONHYIO KapTHHY MOBEICHHUS
MOJIBEP>KEHbl MHTEHCHBHBIM Harpy3kaM, NPaBWIBHBIH ~ MaTepuajoB B  PEAIBHBIX  YCIOBHSAX. AHaIM3
BBIOOD ¥ IIPUMEHEHHE CMa30YHBIX MaTepPHaIOB MOTYT  PE3yJbTaTOB MOZEIMPOBAHUS M  SKCIEPHMEHTOB
CYIIIECTBEHHO COKPATUTh BPEMs IPOCTOS U PACXOJbl HA  IMO3BOJSIET  ONTUMHU3UPOBATh KOHCTPYKLHMIO  y3Ia
3ameHy neraiei [4-7]. TpeHHs, BBHIOPaTh ONTHMaJbHBIE MaTepualibl |

BbeiOop MarepuanoB M IOKPBHITHH HamnpsIMyl0 — HOKpBITHS, U IIPEJCKa3aTh ero pecypc padots [15].

BIMSET HAa HW3HOCOCTOMKOCTb, JONIOBEYHOCTH U PannanbHbIe MOIIHITHUKH CKOJIbKCHUS,
HaZEeKHOCTh Bcero y3ma [8,9]. B mpomecce  ocHameHHBIE TTOJTUMEPHBIME MTOKPBITHUSIMH, 00JIATA0T
MOJCTIMPOBAHNS HEOOXOAMMO yUYUTHIBATh TaKWE  yHUKAJIbHBIMU TPHUOOIOTHIECKUMHU

(akTophl, KaK TeMIepaTypa, CKOPOCTh CKOJIbKEHUS,
Harpy3ka, TeoMeTpus ToBepxHocTeld, cmaszka [10].

XapakTepucTukamMu [16]. YdeT KkaHaBKM Ha Bajy
MO3BOJISIET ONTUMHU3UPOBATH PACpe/ieieHHe CMa3Ku 1
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MHUHUMH3HUPOBATh TPEHUE, YTO OCOOCHHO KPUTHYHO B
BBICOKOHArpy>kKeHHbIX cuctemax [17].

B nanHoi1 paboTe mpeacTaBieHa HOBas METOIUKA
ULt WH)KCHEPHBIX pacudeToB paanuaNbHOTO
MOALIMITHUKA CKOJIb)KEHUS, YUUTHIBAIOIIAS
MOJIMMEPHOE TTOKPBITHE W KaHaBKy Ha Bally, a TaKkKe
C)KMMAaeMOCTh CMAa30YHOTO Marepuana. Y CICIHOe
NPUMEHEHHE  METOAOB B TPHOOCOMPSIKEHHUIX
TEXHOJIOTMYECKUX MallMH TpeOyeT BHUMaHHA K
cnenu(puIecKuM 0COOEHHOCTAM KaXK IO
TPUOOCHCTEMBI, YTO TOJYEPKHUBACT AaKTyalbHOCTh
MPEIOKEHHOT O MOAX0A.

Martepuanabl 1 METOABI

ITpoBonuTtcs OIIeHKa HN3HOCOCTOMKOCTH
MOIU(UIMPOBAaHHOW  KOHCTPYKLMH  PaHalIbHOTO
MOJIIUITHUKA.

B nomsipHOil cucteMe KoopauHAT T’, 0 ¢
MOJIFOCOM B LIEHTPE Bajla ypaBHEHUS KOHTYPOB Baja C
MOJIMMEpHBIM MokpeITHeM C1, Bajma ¢ kaHaBkoit (o,
MOIIUIHUKOBON BTynku Cp M BTYJIKM 3allUIIyTCA B
BHJIE:

. !

C.ir'=r, C,ir'=r—h,

R
C,r —rl(1+H), 0

1,., e .

rie H=¢gc0s0—=¢°sin“0+..., £=—, €— OTHOCUTENBHBIA 3KcueHTpHucUTeT [j— pamuyc Bama ¢
2 r,

TOJIMMEPHBIM TIOKPBITUEM, [} — paauyc MOMIUITHUKOBOK BTYJIKH, h— Bsicora KaHaBku, H — TtommuHa

CMa304YHOTO CJIOA.

Puc. 1. Pacuemnas cxema mpubokoHmaxma

OCHOBHBIMH YPaBHEHHUSMH IS PEIICHUS JaHHOW 3a/1a9H SIBIAIOTCS ypaBHEHHS [ 17] 1 ypaBHEHHE COCTOSTHHS
C Y4ETOM PEOJIOTUYECKUX CBOMCTB UCTUHHO-BSI3KOI'0 CMa304HOI0 MaTepuaia ¢ COOTBETCTBYIOLIMMH I'PAHUYHBIMU

YCIOBUSIMM:
. 2y - O(pu) O(pv:
Mg P Lowdn O(u) O(0W) o o
or o A do or 00
u=0, v=1 npm r:ro—ﬁ;
u=0, v=1 mpu r=rg; 2)

u=0, v=0 npu r=I1+ncos®=h(6);
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Py
p

s

p(0)=p(6,)=p(0,)=p(2n)=

pS(OZ): pz(ez)’ pl(el): p2(91)’ Q =const, (3)

2
_huQ € N
rme A= 57 N =— — KOHCTPYKTHBHBIH MapameTp MOMIIMIHAKA CO CTAaHIAPTHBIM OMOPHBIM
Py
npoduneM, A — mapaMeTp CXKMMAaeMOCTH, U — TOPH30HTalIbHAS KOMIIOHEHTAa CKOPOCTH, V — BEPTHKAIbHAS

KOMIIOHCHTAa CKOPOCTH, 60— yrijioBas KOopJAuHara, p — 'MAPOJAUHAMHUYCCKOC JaBJICHUC B CMa304YHOM CJI0€, p -
IIJIOTHOCTB.

ABTOMOJIeNBHOE pelieHue 3aaaun (2) ¢ yderom mapamerpoB (3) HaiimeHO Onarojapsi HCIOJIb30BaHHUIO
M3BeCTHOM MeTtoauku [18,19]:
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I'ne py — naBneHue nojaun cMasKu.
Wurerpupys ypasaenue (5) ¢ yueToMm (6), HOITyUnM:
- 1711 TIOJIsl CKOPOCTEH:



28 Espaasutickuti Coto3 YyeHbix. Cepus: mexHU4ecKue u (usuko-mamemamuydeckue Hayku. # 10(125), 2024

w(e)-a @D, ue)-n-(1d )

- & . & b
Wz(&z):az_z(éz_l), Vz(éz):bz_z_£1+_2jaz+l
2 2 2 ()

)-8 260, Be)-bS (1S

- I THOPOJMHAMHYECKOTO [aBJICHUS, PEIINM IOJYYEHHOE YPABHEHHE METOJOM IIOCIEIOBATEIbHBIX
NpUOTMKEHUH, OTPAaHUYUBASACH TIPH 3TOM ABYMS IPHONKEHUSIMU:
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Pe3yabTaThl Hecae10BaHUS BBIZICP)KUBATh HArpy3ku. Kpome Toro, xoadduipeHt
YTouHeHue Hecylen CIIOCOOHOCTH ~ TpeHHs ObUT yMeHbIIeH Ha 6—8 %, 4TO MOTEHIHANIBHO
MOJIINITHUKOB COCTaBUIIO 7-9 %, 4TO  BEIET K CHW)KEHHIO JHEpPro3arparT M IIOBBIMICHUIO
CBUJIETENIECTBYET 00 WX YIYUYIIEHHOW CHOCOOHOCTH  00mIe 23(pPeKTHBHOCTH pabOTH MEXaHU3MOB.
Tabanma 1
Pe3yabTaThl TEOPETHYECKOT0 MCCJIE0BAHUS
[Tapamerp c:xumaeMocTi
Ne | o, MIla 05 | 04 | 0,3 | 0,2 | 0,1
Koadhdumment tpenus
1 2,2 0,00375 0,006313 0,0039 0,002 0,00031
2 44 0,00047 0,001593 0,001712 0,000096 0,0004007
3 6,6 0,000075 0,000084 0,000007 0,0000601 0,000028
4 8,8 0,000073 0,0001521 0,000005 0,0000211 0,00000707
5 11 0,000001 0,0000111 0,000002 0,000033 0,00000653
BriBoab! MO3BOJISIIOIIMX ~ OLIGHUBATh  KPUTHYECKH  BaKHBIC
[lpoBeneHHoe  ucciuenoBaHME — paJUajbHBIX  DKCIUTyaTallMOHHBIE XapaKTEPUCTHKU ITOAIIMIHHUKOB.
HOALIMITHUKOB CKOJIb)KEHUS HPUBEIIO K  OTO0, B CBOIO Ouepesib, CrocoOCTBYeT 0ojiee TOUHOMY

3HAYUTENIbHOMY pACHIMPEHUI0 BO3MOXKHOCTEM MX  NPOTHO3MPOBAHHUIO HX TOBEIACHHUS B Pa3IUYHBIX
MPaKTUUeCKOro mnpuMeHeHus. OCHOBHOE€ BHUMAHHUE  YCIOBHSX OKCILTyaTallUH.
yAETSIIOCh  pa3paboTKe  pacdyeTHBIX  MOMETCH,
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Ocoboe BHMMaHHUE B HCCIICJOBAHUAX YACISIOCH
y4eTy  CKMMAeMOCTH  JKHJIKOTO  CMa304HOro
Mmarepuana. Pe3ynbTaThl MOKasanu, YTO BKIFOYEHUE
9TOT0 IapameTpa B MOJEIH NMPUBOIAMUT K 3aMETHOMY
VIYYIIEHUIO  OKCIUIyaTallMOHHBIX  XapaKTepHCTHK
HOJIIUITHUKOB. B 4acTHOCTH, TOYHOCTh HMH)KEHEPHBIX
pacueToB Ui Hecylieil COCOOHOCTH YBEIHYHBACTCS
Ha 7-9 %, a gt koaddurmenta Tperns — Ha 68 %.
OTH ynydileHHs MMEIOT BaKHOE 3HAYCHUE [UIA
Pa3IMYHBIX HMHXXEHEPHBIX cdep, IAe HaIeKHOCTh H
3((eKTHBHOCTh pabOTBI  MOJIIUIHHUKOB  HIPAOT
KJTIOYEBYIO POJIb.
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AHHOTALIUA

B cratbe paccMaTpuBarOTCA COBPEMCHHBIC AaCIICKThI YHPABJICHUA OTCYECTBEHHBIMHU CTPOUTCIbHBIMU
OpraHu3anusaMm, 4To 06yCHaBJII/IBaeT HCO6XO,E[I/IMOCTI> azanTalnyu METOA0B YHIPABJICHHUA K HOBBIM YCJIIOBUAM B
OKOHOMHUKE W Ha CTPOUTCIIBHOM PBIHKC. B YCIOBUAX rno6an1/13au1/m U BBICOKOH KOHKYPEHIHNU BaXHbIM
CTAaHOBUTCA BHCAPCHNE MHHOBALIMOHHBIX TEXHOJOTMYCCKUX peH.IeHI/Iﬁ u CTpaTCFI/Iﬁ yHpaBJICHUA, HAIPABJIICHHBIX
Ha IIOBBIIICHUC 9(1)(1)6KTI/IBHOCTI/I ACATCIIBHOCTU CTPOUTCIIbHBIX KOMIIaHHUH. I/ICCJ'IG,I[y}OTCiI KIIFOUYCBLBIC Q)aKTOpLI
ycneuiHoro ynpaBJICHUSA, TaKHMC KaK NPUMCHEHHUE COBPCMCHHBIX I/IHq)OpMaL[I/IOHHLIX TeXHOJ’IOI‘Hﬁ, y1paBJceHUue
MMPOCKTAMH1 U peCypCaMHu, a TaKKC POJIb KaAPOBOI'O obecrieueHus B JOCTUIKECHUHU KOHKYPCHTHBIX HNPECUMYIICCTB.
Ha ocnoBe ananmuza TEKYIHUX TPCHAOB U IPAKTHUK B YIIPABJICHUU CTPOUTCIIbHBIMU OPraHU3aluAMU, ITPEAIIOKCHDI
PCKOMCHAAIMU 110 ONTUMHU3ALUUN YIIPABJICHYUYCCKUX IMPOUECCOB U IMOBLIIICHUIO YCTOﬁQHBOCTH KOMIIAaHWI B
YCIIOBUAX U3MCHAIOIIETOCS PBIHKA. B Q)HHaHLHOfI YaCTu MOAYCPKHUBACTCA BAXKHOCTh KOMIIJICKCHOI'O IMOJAXO0Ja K
YOpaBJICHUIO U H€O6XOJZ[I/IMOCTI) BHCAPCHUA CUCTEMHOI'O aHalin3a B JACATCIbHOCTb CTPOUTEIIBHBIX OpFaHI/ISaHI/Iﬁ
JUIST JOCTHUXKCHUSL yCTOﬁqHBOFO pa3BUTHA.

ABSTRACT

The article discusses modern aspects of management of domestic construction organizations, which
necessitates the adaptation of management methods to new conditions in the economy and in the construction
market. In the context of globalization and high competition, it is important to introduce innovative technological
solutions and management strategies aimed at improving the efficiency of construction companies. The key factors
of successful management are investigated, such as the use of modern information technologies, project and
resource management, as well as the role of human resources in achieving competitive advantages. Based on the
analysis of current trends and practices in the management of construction organizations, recommendations are
proposed for optimizing management processes and increasing the sustainability of companies in a changing
market. The final part emphasizes the importance of an integrated approach to management and the need to
introduce system analysis into the activities of construction organizations in order to achieve sustainable
development.

KurwueBble cji0Ba: KayecTBO, YNPABICHHE, CTPOUTEIHCTBO, CTPOUTENbHBIE OpraHU3alluu, yIpaBJiIeHUE
IMPOCKTOM, CUCTEMA YIIPABJICHUA KAQ4YE€CTBOM, CTpOPITeHBHLII)'I KOHTPOJIb, CTAaHAAPTHI KAYE€CTBA.

Keywords: quality, management, construction, construction organizations, project management, quality
management system, construction control, quality standards.

CTpOI/ITeHLHLIC KOMIIaHUHU CCroJHsA pa60Ta10T B HOTpe6I/IT€J'ILCKI/IX Hpe,HHO‘{TeHI/Iﬁ. B cBsa3u ¢ aTtHM
YCIIOBUAX BBICOKOH KOHKYpPCHIUH, HECTaOUILHOCTHU OCTPO BCTAC€T BOIIPOC, KaK YJIYUIIUTb YHOPABJICHUC
SKOHOMHUYECKOM CUTyalu U IMOCTOAHHOI'O U3MCHCHUA CTPOUTCIIbHBIMU IIPOCKTaMH, ONITUMHU3NUPOBATH
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IMpOUECChl U BHEAPUTH HOBBIC TCXHOJIOTMHU TaK, 4TOOBI

COOTBETCTBOBATh  M3MEHSIOUIMMCS  TPEOOBaHMAM
PBIHKA.

OmHMM W3 KIIOYEBBIX (AKTOPOB ycrexa B
yIpaBiIeHUU CTPOHUTEIBHBIMH OpraHU3alHIMH
SBJISCTCSL CIIOCOOHOCTh K BHEIPCHHIO WHHOBALU,
KOTOpbIE MOTYT CYILECTBEHHO TIOBBICHUTb
3((eKTUBHOCTh  MPOU3BOJCTBCHHBIX  IPOIECCOB.
Hcnonp3oBaHHE COBPEMEHHBIX ~ MH(OPMALOHHBIX
TexHoyioruii, Ttakux kak Building Information

Modeling (BIM), aBTOMaTH3MpOBaHHBIE CHCTEMBI
YOpaBIEHUS MPOCKTAMH M PEeCcypcaMi, MO3BOJISIET
3HAUUTENBHO COKpPaTUTh BpeMsl W 3aTpaThl Ha
peanu3aluio CTPOUTENBHBIX IPOEKTOB [2].

Kpome TOro, ympaBneHHE 4YelIOBEUECKHUMHU
pecypcaMu  CTaHOBHUTCS  KPUTHYECKH  BaKHBIM
aCIIeKTOM, TaK KaK KBaJIU(HUIUPOBAaHHbIE KaJphl,
CHOCOOHBIC aJanTUPOBAThCI K HOBBIM  YCIOBHSM,
WUTPAIOT  KIIOYEeBYID POk B JIOCTH)KCHUH
KOHKYPCHTHBIX IPEUMYIIECTB. BakHO HE TOJBKO
MPUBJICKATh CHCHHUAIACTOB C BBICOKHM YPOBHEM
KBaJH(HUKANHN, HO U pa3BUBATh UX, CO3/IaBasi YCIOBUIL
UL IPO()ECCHOHANBHOTO POCTa W IMOBBIIICHUS
MOTHUBAIHH.

B naHHOW craTthe OyaoeT MpPOBEICH aHAIU3
CYILIECTBYIOIIMX METOMOB U TPAKTHK YIpaBIEHUs,
KOTOpbIE€ AaKTUBHO MPUMEHSIOTCA B CTPOMTEIBHBIX
opranmsauusx Poccun. Mbl  paccMoTpuM, Kak
COBpPEMCHHBIC ITOAXOIBI MOTYT OBITH aJallTHPOBAHEI B
OTCUYECCTBEHHBIX YCJIOBUSAX, OMHPAsCh Ha YCICUTHBIH
MEXXIYHAPOJHBIA OMBIT. Takxke OyIyT paccMOTPEHEI
TPOOIIEMBI, C KOTOPBIMHU CTAJIKHBAIOTCS] CTPOUTEIIHHEBIC
KOMITAaHUHU, W TPEUIOKEHBl PEKOMECHIAMKA II0 WX
MIPEOIOJICHHIO.

CoBpeMEHHBIE OTEUECTBEHHBIE CTPOUTEIHHBIE
opraHm3anuu  paboTalOT ¥  pa3BHUBAIOTCI B
JUHAMUYECKOM TJI00aTbHOM OH3HEC-TIPOCTPAHCTRE.
BHyTpeHHsAs cocTaBisromas OH3HEC-POCTPaHCTBA
BKJTIIOYaeT COBOKYITHOCTb (GYHKIIMOHATIBHBIX
MOJACUCTEM  MNPEIUpUATHS  —  MapKeTHHTOBOH,
MIPOM3BOJICTBCHHOW, ()MHAHCOBOW W T. 4. BHemHss
COCTaBIIOMIAasl ~ OW3HEC-TIPOCTPAHCTBA  SBIIACTCS
MHOT'OYPOBHEBOHM CHCTEMOH, BKJIFOYash KOHTPAarceHTOB
TPEITPUITHS; KOHTPOJIHMPYIOIIHE
WHCTUTYUOHAIBHBIC OpTaHU3aIHH; 00BEKTHI
MHQPACTPYKTYPHI, y4acTBylolue B pabore OusHec-
CHCTEMBI; PHIHKH TOBAapOB U YCIIyT, KamuTaja, TPy/a,

nHpopManmy, obecneduBalomue OW3HEC-CHCTEMY
HEOOXOIMMBIMH  pecypcaMy; ITOTEHIal Om3Hec-
CHCTCMBI.

CtpyKTypa OM3HEC-IPOCTPAHCTBA CTPOUTEIHHBIX
OpTraHW3aIMii  BKIIOYACT (PU3UUECKOE, BUPTYaTbHOE
(3HaHWEe, BHPTyaJlbHBIC TEXHOJIOTHH, KYyJIbTYypa),
HHPOPMANMOHHOE, OPTaHU3AIMOHHOE IIPOCTPAHCTRBO.

BusHec-pocTpaHCTBO ~ SABNISETCS  OOBEKTOM
VOpaBJICHUS CTPOUTEIBHBIMH  OpPTaHW3AIMSIMH B
YCIIOBHSAX JTUHAMHUYECKOTO pa3BUTH TIIOOAITBEHOM
Cpeibl, ONpeNeNsieT MECTO U COCTOSIHME OpraHu3alii
B OynylieM, MpeoCTaBiIseT OrpaHUuCHUs] Pa3BUTHS,
(dhopmynupyeT orpaHuueHus, Yrpo3bl U BOZMOMKHOCTH

[3]:

®  OrpaHHYCHUS OIIPEIEIISIOT 1010130 () 181
JeATeIbHOCTH OpraHn3aliii BOTPACIIN, KOHKYPEHTHOM
cpelle, Ha COOTBETCTBYIOILIUX PBIHKAX, TEPPUTOPUSIX;

e Yrpo3pl  ONPEAENsAlOT  YpPOBEHb  pHCKa
NIPEANPUATHIA;

e BO3MOXHOCTH 00ECIIeUHBAOT (HOPMUPOBAHHE
MIEPCIIEKTHB Pa3BUTHAOPTaHU3aNNI.

CucTeMHBIH MOAX0J K YNPABICHUIO Pa3BUTHEM
CTPOUTENBHBIX OPraHW3allii TO3BOJISIET YIIPABIATH
OTPaHWYEHUSIMH, YIpo3aMH ¥  BO3MOXKHOCTSIMH,
obecrieunBast CTpaTErNIECKIe MPEHMYIIECTBA.

OpraHu3alMoHHas apXUTEKTypa CTPOUTEIBHBIX
OpraHu3alyii, ee BHyTpeHHee OW3HEeC-IIPOCTPaHCTBO
JIOJDKHO 00OeCIeurBaTh CyLIECTBOBAHHE MPEIIPUITUSL
BO BHEIIHEM OM3HEC-POCTPAHCTBE, MUHUMH3HUDPYS
PUCKH, yaydimas BO3MOXXHOCTH, OINITUMU3UDPYL
OTpaHWYCHMUS.

Opranu3annoHHas apXUTEKTypa IOJDKHA THOKO
U3MEHATbCA ¥ TPaHC(OPMHPOBATHCS IIPU  JIHOOBIX

M3MCHCHHUSX: TEePPUTOPHUATBHOE pacipeHue,
M3MCHECHHS TOBapHOH MONUTHKH, JWBEPCHOUKAIIUSL
HATIpaBJICHWH  OEATCNBHOCTH,  TEXHOJOTHYECKOE
0OHOBIIEHUE, HMHTETPAIMOHHBIE WIH
JIe3UHTETPAIMOHHbIE MIPOIIECCHI, obecreunBast
YMEHBIIEHHEe 3aTpaT B Ipolecce peaTu3aluu

CTpaTEeTHH NPEIIPUATHSL.

VYhpasieHue Ou3HEC-CpElOil HAmNpaBJIeHO Ha
JOCTIDKEHHE CTPOUTEIBHBIMU OpraHU3alIsIMH
3aIJIaHUPOBAaHHBIX 1iesied. [Ipu 3TOM OHU [TOJIKHBI
aIanTHPOBATECS, WM3MCHATHCS, MOAHDUIPOBATHCS,
TpaHC(HOPMHUPOBATECS TPH H3MEHEHHAX B OH3HEC-
cpelne, NoOdyyas JAOINOJIHUTENbHbIE MPEUMYILECTBa.
OpraHuzalluOHHAsE ~ apXUTEKTypa  CTPOMTENBHBIX
OpraHU3aIfi OMpeHeNseTCs COCTOSHHEM B OH3HeC-
IIPOCTPAHCTBE COOTBETCTBEHHO BIIMSIHUIO
CTEHKXOJIIEPOB.

OOBexkTaMH  MOJEIHMPOBAHUS  CTPOUTEIHHBIX
OopraHu3alnuil  SBJSAIOTCS CTEUKXOJAEpbl B  BHUAC
MOCTAaBIIMKOB TOBAPOB M YCIyI, IapTHEPHI IO
TUCTPUOYIINH,  TOTPEeOWTENH,  TOCYHapCTBEHHBIC
MHCTUTYLHOHAJIbHBIE yUpexXICHUs, cpencTsa
MaccoBO HHpOpMAIUH, 0OIIIeCTBCHHEIC
HEKOMMEPUYECKUE OpraHu3alliui, 00IIeCTRO.

Crelkxonaepbl B OM3HEC-TIPOCTPAHCTBE
CTPOUTENIBHBIX OpraHu3aIuii OKa3bIBAIOT
COOTBETCTBYIOIIIEE  BIMSHAE HAa  JESATEIHHOCTD
MPEeINpUATHS B LEJIOM, TMapaMeTphl €ro pa3BUTHA,
TaKTUKYy M TOJIUTUKY MEHEIKMEHTa. JlelcTBEeHHOe
yIpaBJIeHUE MOBEIEHNUEM CTEHKXOIAEPOB B Pa3BUTHU
CTPOMTENBHBIX OpraHu3aIHi N103BOJISIET
MaKCHMH3HPOBAThH MIPUOBLIIb. WuTerpupoBanue
CTPOUTENBHBIX OpraHu3alyii B OM3HEC-TIPOCTPAHCTBO
SIBIIIETCS OJHOM M3 OCHOBHBIX 3a/a4 YIPaBICHUS
pa3BUTHEM OW3HEC-CHCTEMBI, €€ CTPAaTerH4ecKoro
MO3ULIMOHUPOBAHUSL.

C TOYKH 3peHHs B3aUMOJECHCTBUS BHYTPEHHUX U
BHEITHUX  COCTABISIOIIMX  MOXHO  BBIICTHTH
CIIEAyIOMNE BUABI OW3HEC-CHCTEM: HWHCOPCHHIOBA,
MIPOIIECCHHTOBAs, AyTCOPCHHTOBas, CyOmoapsaHas,
BUpTYyasbHas (Tabaumna 1).
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Tabmuma 1.
Bubl cTpOUTEIBLHBIX OPraHA3ANMIL B 3aBUCHMOCTH OT MOJIeJIN pa3BUTHA [4]
Bug crpoutenbHbIX
. Oco0BIe 4epThI pa3BUTHSI OM3HEC-CHCTEMBI
OpraHM3aIiA
INoMHOCTEIO CKOHIICHTPHUPOBaHA HAa COOCTBEHHBIX
MHcopcunroas
pecypcax, He HCIBITHIBACT 3HAYUTEIHFHOTO BIMSHISIBHEIITHETO OU3HEC-TIPOCTPAHCTBA
Konre ©TCsI Ha TIPOF3BOZICTBE, YACTHYHO HITH
IIpouecunrosas HTPHPY P JICTBE,
TIOJTHOCTHIO TiepeiaeT PyHKIMH (PHHAHCOB U MAPKETHHTA
Brinemnsier onpeneneHnpie (HyHKIMOHATBHBIE COCTABIIIONIHE 32 TIPEACIH (DI3UUECKOi Ha
AyTcopcHHTOBas cyOrmops 1, OCTaBIIsIT HHPPACTPYKTYpHOE 0OecTieueHue, ((MHAHCOBOS NMUHBECTHUIIMOHHOES
00CITyXKBaHHE, MAPKETHHTOBOE U ]MUHICTPATHBHOE COTIPOBOKICHHE.
BubvanbHas CocpenoraunBaeTcsi Ha yIpaBJIeHUH OM3HEC-TIPOLIECCAMH,
pry BBIHECCHHBIMU B BUPTYaJILHYIO CPEITy, ITOTyYast ICHHOCTH3a CUYCT U IS KJIMCHTOB
CoBpeMeHHEIE TEHACHIIUN pa3BUTHA Bnaromaps ~ mmdpoBu3amUM  ONpEIeICHHBIX
CTPOWTENBHBIX  OpraHW3aldil  CONPOBOXKIAIOTCSA  IPOIECCOB IMPOUCXOMUT PAa3MBITHE TPAHUI] OU3HEC-
mporieccaMl  HMHTETpallMd W JC3WHTETpallid, CHCTEM, YTO  OOYCJIOBICHO  CeTeBH3alMed |
JIeCTPYKTypH3aluny, MHGOPMATH3aLUK, CETEeBH3allMH, (parMEHTUPOBAHUEM IPOIECCOB, IepeMelIeHHEM
JUJPDKATAIN3allu, BUpTyalnd3alluy, cCcolualin3alunu, YHpaBJICHYCCKUX, MpONU3BOJACTBCHHBIX,
JAUCTAaHIMOHUPOBAHUA, aBTOMaTHU3alluu, MAapKETHHI'OBBIX q)yHKHI/Iﬁ Ha OCHOBE ayTCOpCHHra,
JACMCHEKEpU3alluu, YTO Tpe6yeT HWHHOBAIITMOHHBIX YCUIICHUEM HEMaTCPpUAJIbHBIX peECypcoB B
MOAXOIOB K YIPABJICHUIO Pa3BUTHEM OU3HEC-CHUCTEM. JeSITeIbHOCTH IpeAnpHusTus [6].
PasBuTHe  CTPOUTENBHBIX  OpraHU3AIMiA B B YCIIOBHSIX TII00aNBEHOM TUHAMHYIHO
YCIIOBHAX TJIO0AaNBHOH Cpelpl MPOWCXOIWT TOJ  MCHSIOMICHCS HEOIPENeIeHHOW Cpelbl HEBO3MOXKHO

BIMSIHUEM TIOSIBIICHHS HOBBIX (DaKTOPOB, KOTOPBIC
OIPENISISIFOT ~ COOTBETCTBYIOIIME OHM3HEC-TPOLIECCHI,
(GOPMUPYIOT ~ COCTaBISIOIIME M B3aHMOJACHCTBHE
MEXIy HHUMH, CTPYKTYPUPYIOT HalpaBJICHHS BIHSHUSL
W B3aMMOJICHCTBHS, CO3JAI0T LIEHHOCTH, aJaNnTHPYIOT
OuM3Hec-cCTEeMy K  Pa3iM4YHbIM  COOBITHSIM U
cuTyanusm [5].

Takumu (axropamy CTaHOBSATCSI BUPTYaU3aLUs
B3aUMOJICHCTBUSI TOCTAaBIIMKA W TIOTPEOUTEINS, YTO
HO3BOJIACT OJHOBPEMEHHO HCIIOIb30BAaTh OOJBIIOE
KOJIMYECTBO PA3JIMYHBIX KOHTPAreHTOB M MOJYYHUTh
ceteBoil 3G (eKkT; BUpTyaIu3alms HHPPACTPYKTyphl U
COYCTaHHE B MHTEPAKTUBHOHW 3KOCHUCTEME PECYPCOB M
KOHTPAareHTOB, YTO [OBBINIAET IOTPEOUTEIBCKHE
LEHHOCTH; MaTepHalu3alys BUPTYaJbHBIX AKTHBOB;

UG poBU3AITHS TIPOU3BOJICTBEHHBIX aKTHUBOB;
(dbparmenTanusi  OM3HEC-TIPOIECCOB;  CETEBU3AIUS
SKOHOMHUYECKMX  B3aMMOJCHCTBUM ousHeca B

YCIOBUSIX TJI00aIbHONH KOHKYPEHIIMH; POCT CKOPOCTH
obmeHa uH(poOpMaIel; yMEHbIICHHE CPOKa BPEMEHHU
Juisl pa3pabOTKU MHHOBAllMid M BBIXOJA Ha PBIHOK;
CTpeMUTENbHAs aanTanys K MoTpeOHOCTSIM KIIMEHTOB
rHOKMX Ou3Hec-cucTeM. OTH (aKTOphl H3MEHSIOT
CTPYKTYpy OHW3HEC-CHCTEMBI, ee Lenu H (QYHKIHH,
B3aUMOCBSI3H MEX/Ty COCTaBIISIOLINMH.

B ycnoBusx rmno0anbHOM  cpelbpl  pa3BUTHSA
SKOHOMHUKH HWH(POPMALMOHHAS  MPO3PAYHOCTh H
OTKpHTOCTB CTAHOBIATCA HpeI/IMyI_HCCTBOM
HpC}IHpHS{TI/IH, ITOBBIIIIAKOT €ro
KOHKYPEHTOCTIOCOOHOCTb. HHTepakTUBHOE
B3aMMOJIEHCTBHE  COMMKaeT  MPOW3BOJUTENS U

MOTpeOUTENS, MO3BOJISIET OJIUIETBOPSATH WHHOBAIIWH,
YMEHBIINTh CPOKH pa3pabOTKH, CHU3WUTH 3aTPaThI
Omaromapsi COKpAIICHUIO MOCPCIHUYECKUX 3BCHBCB,
nepenatb Ha  ayTCOPCHUHT  JOIMOJIHUTENbHBIE U
MPOMEKYTOYHBIC MPOIECChI, TUOKO aJanTHPOBATHCS K
W3MEHEHUSIM.

OCYIUIECCTBIISITh ~ OWM3HEC-IEATEIBHOCTD,  HMCIOIB3YS
JUIIb ~ TPOUUIBIA  OMNBIT,  KOMUPYS  yZAadHbIC
YIpaBlICHYECKHUE PEIICHWS BEOYIIMX KOMIAHUH-
KOHKypeHTOB. HyXHa mocTosHHas ajganranus u
YCOBEpIICHCTBOBAHUE, MOHMMaHHE BCEX
COCTaBJISIOUIMX CUCTEMBI TPEIIPHSTUS C TEM, YTOOBI
rapMOHHUYHO COYETaTh TEXHUYECKHE, MaTepUajIbHBIC,
COIMaIbHBIE COCTABISIIOLIME B CTPYKType OusHec-
CUCTEMBI [71 JeeciocoOHOCTD u
KOHKYPEHTOCTIOCOOHOCTH OU3HEC-CHCTEMBI
OIIPEAENAIOT TIOKa3aTesn OBICTPOH ajanTanmud K
N3MEHEHHMSM 3alpocoB  KJIMEHTOB, JUII  4Yero
HEOOXOAMMO  TIOCTOSIHHO  M3y4YaTh  HMMEIOLIYIOCS
nHpopmanuio, COBEpIIEHCTBOBAThH TIPOIIECCHI
MIPOM3BOJICTBA M YIPABIICHUS, WCHOJB3YsI HOBEWIINE
TEXHOJIOTHH, O0ECIeUHBAIONINe  BUPTYaIH3AILHMIO,
JUDKUTATA3ALNI0, CETUBU3AINIO ON3HEC-TIPOIIECCOB.

B HoBeHMmmMx ycrnoBHAX IENSMH OHU3HEC-CHCTEM
CTaHOBSITCS MOJyYeHUE KOHKYPEHTHBIX NPEHMYIIECTB
Omaromaps TECHOHN CBSI3M MEXIY NMPOMU3BOIUTEISAMHI U
MOTPEOUTEISIMU TIPH UCIIOJIb30BAaHUU WHTEPAKTUBHBIX
WHCTPYMEHTOB  B3aUMOJAEHCTBHUS,  BO3MOXHOCTH
nepeHoca HMHQPACTPYKTYPHBIX COCTaBISIOIMIMX B
BUPTYQJIBHYIO Cpely, (parMEeHTUPOBAHHIO CIIOXKHBIX
OM3HEC-TIpOLIECCOB  JPYTMM  3aHHTEPECOBAHHBIM
yYacTHHKaM, aBTOMATH3allMd W  BUPTyAJIU3alNU
MPOM3BOJACTBA.  Takke TPOUCXOIAT  M3MEHEHUs
B3aUMOCBSI3ell BHYTPEHHUX M BHEUIHHX DJIEMEHTOB
OW3HEC-CHCTEMEI, TO ecTb BUPTYyaJIU3alus
uH}ppacTpyKTypHI, ayTCOPCHHT OTIpeIeIeHHBIX
OM3HEC-TIPOIIECCOB, MPEBPAIIaeT 3TH COCTABIIAIONINE
BO  BHEIIHIOI  cpexy, a  HHGOPMAIMOHHO-
KOMMYHHUKAaIlMOHHAs CpPeAa MapTHEPOB CTaHOBHUTCS
9JIEMEHTOM BHYTPEHHEH CoOCTaBisfonied OuzHec-
cucteMbl. Takue pAEHCTBUS U3MEHSIOT (QYHKUHA
yIpaBJIeHUs OM3HEC-CHCTEMOI. To €CTb,
yIpaBJICHYECKUE byHKIMH UCTIONB3YIOT



Espasutickuti Coro3 YueHbix. Cepus. mexHu4Yeckue u huauko-mamemamuyeckue Hayku. # 10(125), 2024 33

NPEUMYIIECTBEHHO  MH()OpPMALMOHHbIE  IU(POBBIC
TEXHOJIOTUH yIpaBJIeHUS, TIPOHU3BOICTBEHHBIC
(GyHKIMM pacnpenensiorcss U (GparMeHTUPYIOTCSl He
TOJBKO  BHYTPM  HPENIPUSITHS C  TOMOILBIO
BUPTyaJIM3allid W CETEeBU3allMM, (HHAHCOBBHIC
(GYHKIMM pealu3yloTcs B YCIOBHAX COKPAILCHHSA
BpPEMEHHU Omaromapst nHpOpPMAaTH3aLNH,
MapKeTHHTOBBIC byHKUMi UCIIONB3YIOT
MHTEPAKTHBHOE B3aUMOJECHUCTBUE MEXIY IapTHEpPAMU
nhopMUPYIOT TIOBeAeHNE moTpeduTeneil. M3meneHuns
GyHKIHIA yIpaBICHUSL BICKYT  3a coboit
OpraHHM3alIOHHbIE U3MEHEHUs1 ON3HEC-CUCTEM.

bnarogaps  uH(pOpPMAanMOHHOMY  Pa3BUTHIO,
U3MEHEHHMSIM B TJI00aNbHOW cpene OM3HEC-CHCTEMBI
YCHUIINBAIOT WHTETPALUIO MPOM3BOJICTBEHHBIX
MPOLIECCOB, BEIOMPAIOT COBPEMEHHBIE HHTEPAKTHBHBIC
(dhopMBI  B3aMMOJCHCTBUSI MEXAy KOHTpareHTaMHu
(moTpeOuTENsIMHU, TPOU3BOAUTEIISIMH, TOCTABIIHKAMH,
NOCPEIHUKAMY, KOHKYPSHTaMH, CTEHKXOJIepaMu),
AKTHBHO COTPYIHUYAIOT APYTC APYTOM.

[ToxBOISI HTOT, MOKHO CKa3aTh, YTO COBPEMEHHOE
YIIpaBJICHUE CTPOUTEIEHBIMU OPTaHNU3aLUSIME TPEOyeT
KOMIUIEKCHOTO IOJXOJa, BKJIIOYAIOIIETO BHEAPEHUE
WMHHOBAIMH, ONTHMH3ALUIO IIPOLECCOB U pa3BUTHUE
YeJOBEYECKOTO0 KamuTana. AKTyaJbHOCTh IaHHOTO
UCCJIEJIOBAaHMSl OYEBUJHA, MOCKOJBbKY pe3yJbTaThl
MOTyT OBITh IIOJIE3HBI KaK IJId TCOPCTUKOB, TaK U IJIA
IMMPaKTUKOB, CTPEMAIIUXCA YJIYUIIUTh YOPABIICHYCCKNUC
NPaKTUKH B  YCIOBHAX OBICTPO  MEHSIOIIETOCS
CTPOUTEIBHOTO PHIHKA.
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AHHOTALMUSA

B pamkax cratem OymeT pacCMOTpPEH IIPOLECC HWHTErpallid HATUBHBIX MOIYJIeH B TPHIIOKEHUS,
pa3paboranneie Ha React Native. Bo BBeneHHM momdepKuBacTCS HEOOXOMUMOCTH NOOABICHHS HATHBHBIX
KOMIIOHCHTOB IS pacImupeHus (HyHKIIMOHAIa MOOMIBHBIX TIPIIIOKEHUH, Koraa Bo3MOkHOCTH React Native He
MO3BOJISIIOT pEIIaTh 3aadd, CBA3aHHBIE C JOCTyInoM K crenudmaeckum API, paboTte ¢ ycTpoiicTBamu wim
ONCpalMOHHBIMU CUCTEMAMU, Tpe6y}ouu/1M1/1 TMOBBIIICHUS TPOU3BOJUTCILHOCTH.

Henr paboThl 3aKiIIOUaeTCsi B PACCMOTPEHUM MPUHIIUMIIOB HWHTETPAIMH, MPEIJIOKUTh PEKOMEHIIAIUH.
Mertozomnorust paboThl BKIIIOYAET NOAPOOHBIN aHAIM3 BHEAPEHUS] HATHBHBIX MoJyneil mis miardopm Android,
i0S, ¢ aKIeHTOM Ha COBMECTHMOCTb, CTAOWIJILHOCTH (DYHKIIMOHHMPOBaHUs NpuiiokeHui. OnucaHue mnpoodiem,
BO3HMKAIOIIUX NpPU pa3paboTKe, OXBATHIBACT HACTPOWKY OKPYKEHHMs, YCTpaHEHHE KOH(QIIMKTOB BEpCHA
OoubnnoTek, TpedboBaHMA TIATHOPM.

Wcnonp30BaHne HATHUBHBIX Monynel‘/i yiaydmaet IMpOU3BOAUTCIIBHOCTb, PACHIUPACT BO3MOKHOCTHU
npwioxkeHnit. YTo HE0OXOOMMO Ui TPOEKTOB C BBHICOKAMH TpeOoBaHUSAMH K 3((eKTHBHOCTH, KadecTBY
II0JIF30BATEILCKOT0 OIBITA. B 3aKkiIroueHue NOAYCPKUBACTCA, YTO BHCAPCHUC HATHUBHBIX KOMIIOHCHTOB YJIyHdIIacT
THOKOCTh (ppeiMBOpKa, pacmIupseT ero (yHKIHMOHAIBHBIE BO3MOXKHOCTH, YKPEIUIIET €ro IO3WINH Ha PHIHKE
MOOMIBHBIX TEXHOJIOTHH. CBGZ[CHI/ISI OTpPa’KCHHBIC B CTAThC 6y,E[YT IIOJIE3HBI AJIsA paSpa60T‘II/IKOB, pa6OTaIOH.[I/IX C
React Native, a Takke crenuanuctaM o MOOMIILHOM pazpaboTke.

ABSTRACT

This article will review the process of integrating native modules into applications developed on React Native.
The introduction highlights the need to add native components to expand the functionality of mobile applications
when the capabilities of React Native do not allow solving tasks related to accessing specific APIs, working with
devices or operating systems that require performance improvements.

The purpose of the work is to consider the principles of integration and offer recommendations. The
methodology of the work includes a detailed analysis of the implementation of native modules for Android and
iOS platforms, with an emphasis on compatibility and stability of applications. The description of problems
encountered during development covers setting up the environment, resolving library version conflicts, and
platform requirements.

Using native modules improves performance and expands application capabilities. What is necessary for
projects with high demands on efficiency and quality of user experience. In conclusion, it is emphasized that the
introduction of native components improves the flexibility of the framework, expands its functionality, and
strengthens its position in the mobile technology market. The information reflected in the article will be useful for
developers working with React Native, as well as for mobile development specialists.

KuoueBble ciaoBa: React Native, HaTWBHbIE MOIyNH, MOOWIBbHAas pa3pabOTKa, WHTETpaIus, Kpocc-
wiaTGopMeHHOCTb, Tpou3BoauTeNIbHOCTE, AP, Android, iOS.

Keywords: React Native, native modules, mobile development, integration, cross-platform, performance,
API, Android, iOS.

BBenenne
B nmocmennme romel  React  Native cran

q)yHKIII/IOHaHLHOCTLIO OINCPALIMOHHBIX CHUCTEM,
IIOBBIIIATH MMPpOU3BOAUTCIIBHOCTD MPUIIOKCHUA,

BOCTPEOOBAHHBIM WHCTPYMEHTOM IS Pa3paboTKH
MOOWJIBHBIX TMPHJIOKEHHUH, TpeIHa3HAYEeHHBIX s
paboThl Ha HeckoJbkuX Iuardpopmax. [IpumeneHne
€MHOTO KoJa Ha s3blke JavaScript Uil co3maHus
npwioxkeHnd mox Android, iOS ympomaeT mporecc
pa3paboTKH, CHIXKAET 3aTpaThl Ha moiepxky. OqHako
6a30BbIX (yHKIMH (pelMBOpKa HEZOCTATOYHO IS
peumienust pspa  3amad. s aToro  HeoOXxoauMma
MHTErPaIysl C HATHBHBIMH MOJIYJISIMU, HATIMCAHHBIMH C
WCIIOJIb30BAHUEM SI3BIKOB, XapaKTEPHBIX JJIsI KaXKIOH
wiathopmbl, Takux kak Swift mus 10S, Java mus
Android. Takas uHTEerpamus TO3BOJSET padOTaTh C

peann30BBIBaTh clienuduyeckine (yHKIUH, KOTOpHIE
HE TIOAJePKHUBAIOTCS PPEHMBOPKOM.

YBenuueHne UHCIAa TPIIOKEHWH, KOTOpEIE
BBINOJHAIOT PECYPCOEMKHE IPOLECChl. OTH 3aladu

CBsi3aHBl ¢ paboToil ¢ Hu3KOypoBHEBHIMH API,
HCTIOTb30BaHUEM anmapaTHBIX BO3MOKHOCTEH
YCTPOICTB, MyJIbTUMEIUHHON 00paboTKOH,

yJIy4IIEeHUEM OTKJIMKa HHTepdelica. DTO MO3BOJISET
COXPaHUTb NPEUMYIIECTBA KPOCC-TUIaT(HOPMEHHOM
pa3paboTku, He yXyJmas KauecTBO  pabOThI
MIPUIIOKEHHUS.
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Lenb cTaThy 3aKIII0YAETCS B IPOBEJCHUH aHAIN3a
npolecca UHTErpallii HATUBHBIX MOJYJIEH B IIPOEKTHI
Ha React Native.

Marepuajibl 1 MeTOABI

B npeacraBneHHBIX ~— Hay4HBIX  paborax
paccMaTpuBarOTCsl Pa3IUYHBIC ACTIEKTHl NPUMEHECHUS
¢peiimBopka  React Native gms  pa3paboTKu
MOOMIIBHBIX TIPUJIOKEHHH. ABTOpP paccMaTpHBaeT
BONIPOCHI  pacCIIMpeHHsi  (yHKOHMOHAIa  depes
MHTETPALMI0  C  HAaTHUBHBIMH  KOMIIOHEHTaMH,
UCTIONB30BaHuEe (ppeiMBOpKa IS pElIeHHS 3a1ad B
Ppas3IUYHBIX cdepax. Taxxe MPOBOJSATCS
CpaBHHTENbHbIE aHan3bl React Native ¢ apyrumu
MHCTPYMEHTAaMH MOOMJIBHON pa3paboTKy.

Onun u3 Ba)KHEHIIMX acIIeKTOB —
B3auMo/eiictere React Native ¢ HATUBHEIM KOJIOM, UYTO
OTKpBIBAaET JIOINOJHUTENbHbBIE BO3MOXXHOCTU  JJIA

MOOMIIBHBIX TpmitokeHmd. B cratee Liu Y. et al. [1]
onucaHn uHCcTpyMeHT REUNIFY, npennazHadeHHbIH
JUI  yIY4IIEHHS CTAaTHYECKOTO aHajiW3a Koaa B
NPWIOKEHUIX, HcHonb3yrommx React Native Ha
mratpopme Android. PaboTta akueHTHpyeT BHIMaHUE
Ha He00XOIMMOCTH KOMIUIEKCHOTO IOAX0/a K aHAIHU3Y
KoJza ULt TIOBBILICHUS HaJIe)KHOCTH,
MPOM3BOJUTEILHOCTY  MOOWJIBHBIX  pemieHuid. B
JPYTHX Hay4dHbIX paboTax, aBTOpaMH KOTOPBIX
BeicTynatot Azizah A. H. et al. u Sproull T., Siever B.
[3, 6] paccMaTpuBaeTcs CO3/aHUE TPUIOKESHHS IS
MNOMYJApH3alMd  30POBOTO obOpaza  XW3HH.
WHTerpanuss ¢ HATUBHBIMH MOXYJSIMH pacUIMpsieT
(YHKITMOHAJ IPUIIOKEHHS.

B cratee Mishra S., Mehra N. [2] mpencraBieH
npouecc pa3pabOTKH MOIYJsl ydeTa IOCEIaeMOCTH
Uit ydeOHBIX 3aBenmeHuid. React Native mo3Boisier
co3/1aTh KpoccIuiaTopMeHHOe peuieHue,
COOTBETCTBYIOIICE MOTPEOHOCTSIM 00pa30BATEIBLHBIX
yupexaenuii. B pabote Borawake A. V., Shahakar M.
[4] paccmaTpuBaeTcsi CcO3laHUE TPHWIOKEHUS IS
cOopa KpayJICOPCHUHIOBBIX JIAHHBIX C LEJbIO 3aIlUThI
HaOepeXXHbIX.  OTO  pelIeHue  JeMOHCTPUPYET
UCTIONb30BaHUE (peiMBOpPKa B 3IKOJOTHYECKHX U
COIMAIBHBIX MPOEKTaXx.

Hpyrue  paOOTBl  IOCBSIIEHBI  CPAaBHEHHIO
(hpeliMBOpPKOB 151 MOOWIIBHOI pa3paboTku. B craThe
Zahra H. A., Zein S. [5] cpaBHuBarotcs React Native u
Flutter ¢ Toukn 3peHNsI aBTOMaTHU3AI[MH TECTUPOBAHMS.
Onwmcanue 0coOOEHHOCTEH HHTETPAINH ¢ IaTdopMamMu
JUIs TECTUPOBAHUs, MOAJCPKKA HATHBHBIX MOJYJIEH
JaeT  BO3MOXKHOCTH  pa3paboTdymkaM  BBIOpaTh
MHCTPYMEHT, HOAXOISIINN JJIsl aBTOMATH3allul TECTOB
B paMKax KOHKPETHBIX [TPOEKTOB.

Ananu3 myOnukanuii MOKa3bIBaeT, YTO OOJIbIIas
yacTh pabOT OpHEHTHpOBaHA Ha HCCIEIOBaHUE
(YHKIIMOHAJBHBIX ¥ TEXHHYECKHX BO3MOKHOCTEH
React Native. Bompockl NpOM3BOIUTENEHOCTH U
ONTHMU3AINHN TIPUIOKEHUH OCTAIOTCS HEJOCTATOYHO
OCBEILICHHBIMH.

Takum 00pa3oM, HECMOTpsT Ha 3HAYUTENILHOE
KOJIMYECTBO IMyOJIMKAIIHA, CYIIECTBYET MOTPEOHOCTH B
JanbHEHIIEM W3YYCHHH BOINPOCOB, CBS3aHHBIX C

MIPOU3BOIUTEIBHOCTHIO, onTuMu3anuen u
TECTUPOBAHHEM IMPHUIOKEHUH. DTH acCIeKThl TPeOyIOT
BHUMaHHsS  HcCcleloBarelnell H  pa3padOTUUKOB,
CTPEMSIINXCS YIYYIINTh MOOWIBHBIC pEIICHHS C
ucronbp3oBaHreM React Native.

Pe3yabTaTsl U 00CyKI1eHUS

React Native ctaim 0CHOBHBIM HHCTPYMEHTOM IS
Kpocc-TaTropMeHHOH ~ MOOWIBHOW — pa3paboTKH.
HecMoTps Ha oOHIMPHYIO SKOCHCTEMY, BO3MOXKHOCTH
(¢peliMBOpKa HE BCeTAa MOKPHIBAIOT BCE TPEOOBAHUS

IS peanusanyu (dyHKIIMOHATA CIIO>KHBIX
npuwiokeHud. i paciiupeHus  BO3MOKHOCTEH
HCIOJIb3YETCS. MHTErpalys HAaTUBHBIX  MOJXYJICH,

KOTOpBIE 00ECHEeYNBAIOT pealiu3annio (yHKIHOHAIA,
HE TOAJEP)KUBAEMOTO CTaHIAPTHBIMH CpEICTBAMH
React Native. B cBolo ouepenp B3aumojeiicTBue
Mexay JavaScript 1 HATUBHBIMHM KOMIIOHEHTaMu React
Native ocymectisercs udepe3 moct (bridge). 3to
JBYCTOPOHHHMH KaHaJl, 4epe3 KOTOPBIH MNepenaroTcs
JaHHBIC, BBIIONHAIOTCA BBI30BBI METOMOB. MocT
obecrieuynBaeT AaCHHXPOHHOEC B3aWMOICHCTBHE, HE
ONMoOKMpyst ~ TJIABHBIM  IIOTOK, YTO  IIO3BOJISAET
MOJI/IeP)KUBATh MHOT03aJa4HOCTb.

[lepemaua  nmaHHBIX 4epe3 MocT  TpeOyer
CepHaIM3allM, YTO HAKJIAJbIBa€T OTrPaHUYCHHS Ha
NIPOU3BOUTEIILHOCTb. Bpems 3anep:KKu IIpu Kaxkaou
olepalvi MMEEeT 3HAa4YeHUE IPH IPOEKTUPOBAHUU
CHCTEM  C  HHTEHCHUBHBIM  B3aHMOJICHCTBHEM.
[Tpon3BOANTEILHOCTE MOCTOBOTO B3aMMOJACHCTBUS
3aBUCHT OT 00BEMa TepeaaBaeMbIX AaHHBIX, YaCTOTHI
BbI30Ba. [yt moBbimeHust 3QQeKTHBHOCTH clexyeT
MHUHHAMH3HPOBATh KOJINYECTBO orepanui,
WCTONB30BaTh  OaTunpoBaHme (0OpaboTka  cpasy
HECKOJIbKUX OOBEKTOB, KOTOpas YacTo II03BOJISIET
HOJIyYUTh YCKOPEHUE), ACHHXPOHHBIE METO/IbI.

HatuBHBIM MOIYyJb COCTOMT U3 JIByX YacTe:
JavaScript-o6épTkr, MpemoCTaBNIAOMIEN AOCTYN K
¢byHkuronany 4epe3 cranpaptHbie APL, u HaTUBHOM

peanu3aiuy, BBINOJHAKOUIEH 3aJadyd  Ha YpPOBHE
OIIEpaLMOHHOM CHCTEMBI. Otn KOMIIOHEHTHI
B3aMMOJICHCTBYIOT dYepe3 MOCT. BaxHOo, dYTOOBI

uHTepdeiic Momyns ObDT  YETKHM, MHHUMHU3HPYS
CJIO)KHOCTB B3aUMOJCHCTBHS, HATPY3Ky Ha MOCT.

Jus paboThl ¢ MOAYJISIMH HCHOIB3YETCS OOBEKT
NativeModules, oToOpaxaromuii JOCTYITHBIE MOIYJIH.
Ka)Kl]LIﬁ MOAYJIb TPEAOCTABIACT METOABI IJIsI BHI3OBA
B JavaScript-kome. DddexTuBHas paboTra ¢ ITUM
MEXAaHHU3MOM Tpe6yeT BHUMATCJIBbHOCTHU K THUIIAM
JaHHBIX, TaK KaK Pas3sIMYHbIC l'lJ'IaT(pOpMI)I MOTYT 110-
pa3HOMY MHTEPIPETHPOBATH HH(OPMAIIHIO.

WHTerpanus HaTUBHBIX MOJYJEW B NPOEKTHI Ha
React Native — 310 mpomecc aoOaBieHus
(YHKIIMOHATBHOCTH, KOTOPAs HAIMPSIMYIO HCIIONB3YET
HATHBHBIC BO3MOXXHOCTH OIICPAIIMOHHON CHCTEMBI,
TaKue KakK JOCTYI K Kamepe, TeosIoKanuu, (aitioBoit
CHCTEME U JpyTHUe IIaTPopMeHHbIE 0COOCHHOCTH. [T
TOTO 4YTOOBI HMHTETPUPOBATh HATHUBHBIC MOMIYIH B
npoekt React Native, HY)XHO TPOUTH HECKOIHKO
maroB [1, 3, 6]. Koropbie OyayT paccCMOTpEHbI HIKE
Ha pucyHke 1 .
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Ha srom
3Tane
Heofxogumo
NpoTECTHPOB
aTh, KAk
paboTaet
MHTETpHPOEE
HHbIfA
Hacrpoiika HATHEHbIHA
e ———= HATMBHOI DR =
Brifiop yacTu Bamno
HATHBHOMD NPOBEPHTL
ero pabory
Ha obemx
JinA Toro 4Tobs6! HekoTopeie nAaThopMaX
B 38BMCMMOCTH OT WHTETPUPOBATh HETHEBHbIE — 05wk
Co3/AaHHE HOBOTD 3a4a4m BbIGKMpaeTCA EIELLii T mogynu Android —
npoekTa React HATHEBHLIM MOZYb. FHET A TpedyiaT ANATOro
Native (ecnm oH 370 MomeT ObiTh MOLYAb, MOHHD AONOAHUTEA yTobbI
Elye He MOAYAb, CO3AAHHLIA SIELED I BHEIX YOEANTLCR,
BAMM, M/IM NOTOBBIA NPpM WAK yarn. HACTpoEK Ha uyToBCE
Moayb U3 nAaTHopMe HACTPOMKM M
3KoCHCTEMBI React pr——— ( , paspeLIEHIA
Native [ranpumep, i05 wan
GubnuoTekM U3 react- HaTueRoro Android)
native-community). 4To0b
KOPPEKTHO
paboTath.
_ TecTMpoBakHMe
W OTNaaka
Puc. 1. lllacu unmezpayuu Hamugusix mooyneu 6 npoekmul Ha React Native [1, 3, 6]
Fig.1. Steps for integrating native modules into React Native projects [1, 3, 6]
Onnaxo MTOMHUMO pazpaboTku MOIyJisi, YTOOBI M30eKaTh OJIOKUPOBKH TJIABHOTO MOTOKA IPHU
HE00XO0IUMO MIPaBUIILHO HacTpOUTh MOCT,  BBINOJHEHUHU pecypcoéMkux 3anad. Ilpumep momyns

3aperucTpUpoBaTh MOAYNb B cucTeMe. Bee onepanuu ¢
HATHBHBIM KOJIOM JIOJDKHBI OBITh aCHHXPOHHBIMH,

Ha Java st 00pabOTKU CTPOKH:

package com.example.reactnative;

import com.facebook.react.bridge.ReactApplicationContext;

import com.facebook.react.bridge.ReactContextBaseJavaModule;

import com.facebook.react.bridge.ReactMethod,;

import com.facebook.react.bridge.Callback;

public class StringManipulatorModule extends ReactContextBaseJavaModule
{

public StringManipulatorModule(ReactApplicationContext reactContext) {

super(reactContext);

}

@Override

public String getName() {

return "StringManipulator";

}

@ReactMethod

public void reverseString(String input, Callback successCallback) {

String reversed = new StringBuilder(input).reverse().toString();

successCallback.invoke(reversed);

}
}

Mopnynes  uHBepTHpYyeT  CTpOKy, nepenaér  CoBpeMeHHBIE IMPOEKTHI YacTO IMPEANOYUTAIOT Swift

pesynbrar uepe3 callback. Baxno, 4toOBI Bce
B3aUMOJICHCTBUSI C HATUBHBIM KOJIOM OCTaBaJUCh
ACHHXPOHHBIMH, OCOOCHHO NPH paboTe C OnepalusIMu
BBOJIa-BbIBOJIA. J[JIs1 CO3/1aHUsI HATUBHBIX MOJTYJIEH MO/
10S ucnonezyercs nporokoi RCTBridgeModule. Ko
MokeT ObITh HammcaH Ha Objective-C wmm Swift.

n3-3a  ero 0Oe30MacHOCTH THIIOB M YAOOHOro
cuntakcuca. Ha 10S mnomnepxuBarorcst  Gosee
CJIOXKHBIE CTPYKTYPBI JaHHBIX, Takue Kak Promise, 4To
ympoinaet paboTy ¢ aCHHXpOHHOCTBIO [2, 4]. [Ipumep
Moyist Ha Swift:
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@objc(StringManipulator)
class StringManipulator: NSObject {

let reversed = String(input.reversed())
callback([reversed])

@objc func reverseString(_ input: String, callback: @escaping RCTResponseSenderBlock) {

oYepeib, ECIIH )K€ TOBOPHUTH O MPHUHIIMIIAX WHTETPaluu
s perucTpanuy MOAYIS MCIIONB3yeTCs MAaKpOC ~ HATHBHBIX MOAYyJeH B mpoekTel Ha React Native, To
@obijc, METOJIBI JTOJDKHBI COOTBETCTBOBATH  OHH OyIyT OTpa)KCHHI HAa PUCYHKE 2.

tpeboBanusM RCTBridgeModule [2, 6]. B cBoro

Hcnons3oBanue
MOCTOB

Pasnenenue
mwrathopMm

ACUHXPOHHOCTh

MonynbHOCTb

React Native

KpoccmiaThopMEeHHOCTH

Ilopnepxka

peanbHBIX yCTPOHCTBAX

TCCTHpOBaHI/IC Ha

HpI/IHHI/IHLI HMHTCTPA HATUBHBIX

MOJIYJIEU B MPOCKTHI HA

ObparHas
COBMECTUMOCTb

JloxymeHTUpOBaHUE
API

HpOI/ISBOHI/ITeHLHOCTL

Yupasienue
3aBUCHUMOCTIMHU

Puc.2. [Ipunyuner unmezpayuu namueHvix Mooynell @ npoekmol Ha React Native [2, 6]
Fig.2. Principles of integration of native modules into React Native projects [2, 6]

PaccmarpuBas e IpUHIHUIEI 0oJiee JeTaabHO, TO
CIeZyeT OTMETHUTH CIIEyIomIee:

Hcnonp30BaHHEe MOCTOB, KOTOPBIE TPEACTABIIOT
co0Ol MeXaHW3M, IIOCPEICTBOM €ro IPOUCXOAUT

oOMeH [naHHBIMH Mexnay JavaScript komoM u
HaTuBHBIM KomoM (Android: Java/Kotlin, iOS:
Objective-C/Swift). Mocr mno3Bomsier JavaScript

B3aUMOJICHICTBOBAaTh C HATUBHBIMM METOAAMH U
00beKTaMu, BBI3bIBAS MX KaK OOBIYHBIC (DYHKIHMU. DTO
Heo0xoanuMo, B cuily Toro 4ro JavaScript paboTaer B

MIECOYHHIIE U HE UMEET MPSIMOTO JA0CTYIa K HATHBHBIM
API.

B React Native 11 oOIIEHNS C HATHBHBIM KOJIOM
ncnone3yercst o0bekT NativeModules, xoTopsrit
MHKAICYJINPYeT JOCTYI K HaTUBHBIM METOJaM 4epe3
MOCT.

Pasnenenue miardopm. Kon mns i0S u Android
YacTO PasinvaeTcs, I03TOMY HEOOXOIMMO CO3/1aBaTh
OTZAENBHBIC pean3aliy sl Kax 10l miaardopmMel. i0S
ucnone3yeT Objective-C mmm Swift, a Android — Java
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wi Kotlin. 3t miardopmsl uMeror cnenuduyeckue
0COOCHHOCTH, TaKHe KaK pa3Inuusi B CHUCTEMax
paspemenuii, APl u ¢popmarax naHsbIX. B cBs3M ¢ uem
Heo0X0nMo 00pabaTeiBaTh Pa3IMyKs Ha YPOBHE KoJa
U B Cly4ae HEOOXOJIMMOCTH J00aBIISITH YCIOBHYIO
JOTHKY, KOTopas Oyzer BHIOMpaTe  HYXHYIO
peann3anuio B 3aBUCUMOCTH OT TuIaThopmsl [2, 3].
AcCUHXpOHHOCTh. bBonbmIMHCTBO omnepauuid B
HATUBHBIX MOAYJSX BBINOJHAIOTCA aCHHXPOHHO, TaK
KaK B3aUMOJEHCTBHE C 00OpYyZOBaHHEM YCTPOWCTBA
(mammpuMmep, Kamepa, reoyiokanus, (ainbl) 3aHEMaeT
HekoTopoe BpeMs. B React Native oOpabatbeiBaercs ¢
TIOMOIIIBIO TTPOMUCOB MIJIM KOJIOIKOB, YTOOBI N30€kKaTh
OJIOKMPOBKM OCHOBHOTO IOTOKa HcHoyHeHus. M3-3a
Yero HEoOXOAMMO Y4YUTHIBATh, 4YTO aCHHXPOHHBIE

orepariu JIOJIKHBI OBITH MPABUIIBHO
obOpabaTtpiBaeMbiME B JavaScript,  HCHONB3Ys
KOHCTPYKIMIO  async/await wmm  oOpaboTYnKH
then/catch.

MonybeHOCTh u MIEPEUCTIONB3YEMOCTb.

HartuBHBIE MOIYJT! TOJKHEI OBITE MOYJIBHBIMH, JIETKO
HEePEUCHIONB3yEeMBIMU.  ODTO  TI03BOJISIET  YCKOPHTb
nporecc pa3paboTKU U yIIydIlaeT HOAJePKUBAEMOCTb
koma. Cremyer wu3beraThb OOJIBIIOTO KOJHUYECTBA
JKECTKOW TPUBSI3KM MEXIy HATHBHBIM, a TaKXke
JavaScript xomom. BmecTo 3TOro Cciemyer cCTpouTh
MO/IyJIM, KOTOpBIE BO3MOXKHO OyJIeT afanTHpoBaTh s
pa3HBIX MPOEKTOB. MOMYJIBHOCTh TaK)Xe MMOMOTacT B
MacIITabUPOBAHUH, TIOCKOJIBKY MO3BOJISCT H00ABIATH
HOBbIe (QYyHKIMH 6e3 HeoOXOIMMOCTH HepeHHCHIBATH
WK U3MEHATH CYIIECTBYIOIIHMN KOJI.

IMomnepxka  KpoccaTGOPMEHHOCTH.  XOTA
React Native no3Bossier paspabarsiBaTh MPUIOKESHHS
st 10S m Android ¢ ucrioabp30BaHNEM OJTHOTO KO Ha
JavaScript, HATUBHBIE MOYJIH TPEOYIOT BHUMAHUS IS
Kaxaoi miatdpopmel. B cBa3u ¢ dyemM HeoOxoammo,

4yToOBl KOJ OBLI amanTUpoBaH Hojx 00e MIaTGopMsl,
HCIONb3ysl YCJIOBHBIE OIEPaTOphl M INPOBEPKU
TeKyIel miaThopMbl 1 KOPPEKTHOTO HCIOIb30BAHUS
cnenuduuneix API. Ecin Bo3aMoxkHO, TO HE00X0IMMO
cozJaBaTh o0uwmid nHTEpdeiic st paboThl ¢ HATUBHBIM
MOJyNieM, KOTOPBIH OyHeT OIMHAKOBBIM IS O0EHmx
mw1aThopm.

TecTupoBaHME Ha pEANbHBIX  YCTPOMCTBaxX.
Heob6xoanmo, TOTOMy 4TO IMOBEACHUE HA IMYIATOPAX

U PpealbHbIX YCTPOHCTBaX MOXET OTINYATHCA,
OCOOCHHO TIpH B3aMMOJCHWCTBMM C HATHBHBIMHU
MOJZyJISIMH, HCIOJIb3YIOIUMHU amnmnapaTHble

BO3MOKHOCTH (Hampumep, kamepa, natuuku, GPS).
OMyJIATOPHI, XOTS U IOJIE3HBl HAa HAYaJIbHOM 3Tale

pa3paboTku, He  BCerja  TOYHO  OTPaXaroT
MIPOU3BOJUTENLHOCT M TOBEJCHHE Ha pEeanbHBIX
YCTpOMICTBaX.

Obparnas coBMmectumocTb. Ilpum paspaboTke
HaTHUBHBIX Mozyneit Ba)KHO YUUTHIBATh

COBMECTHMOCTh C pa3NMYHBIMH BepcHsMH React
Native. B HOBEIX Bepcusax ecth m3MeHeHUs B API mimm
apXHUTEKType, KOTOpBIE TPeOYyIOT aJalTaliy BaIleTo

moxyis. Taxke cleayeT ydUuThIBaTh OOPaTHYIO
COBMECTHMOCTh C  OINCPAIMOHHBIMH  CHCTEMaMH
(Android wu 10S), TOCKOJBKY CTapble BEpPCHH

OTIEPAIIMOHHBIX CHUCTEM MOTYT He TMOJACpPKUBATH
HEKOTOPBIC HOBBIC (DYHKIIMH HUJIA METOJIBL.
JoxymentupoBanue API. Mmeer 3HaueHue, Tak
KaK OHO YNpOLIAeT MOHUMAaHHWE M HCIOJb30BaHUE
MOIyINsl APYTHUMH pa3paboTdnkaMu. JlokymeHTaIus
JIOJDKHA BKJIFOYATh OMMCAHHUE JOCTYIIHBIX METOJIOB, UX
apaMeTpOB, THIIOB NAaHHBIX, BO3MOXXHBIX OMIMOOK U
MIPUMEPOB UCTIONB30BaHuA [4, 6]. Janee B Tabmmme 1
OyAyT paccMOTPEHBI TMPEHMYINECTBA W HEJOCTATKH
WHTETpalli HaTUBHBIX MOJyJiel B MPOEKThl Ha React
Native.
Tabmmna 1.

IIpenmyuiecTBa U HETOCTATKY MHTErPallMM HATHBHBIX MOJyJieli B mpoeKkThl Ha React Native
(cocTaBjIeHO aBTOPOM)

Table 1.
Advantages and disadvantages of integrating native modules into React Native projects
[Ipeumyiectna HenocraTtkn
HarusHsiit KOZ croco0eH yiryammuts | [loTpebyetcs 3HaHUE HATHUBHBIX SI3BIKOB,
MIPOU3BOAUTCIIBHOCTD B HCKOTOPBIX MECTAX, HAIIPUMCEP, | MHCTPYMCHTOB pa3pa60TKI/I JIA Ka)KI[OfI

B aHUMaANuAx, 06pa6OTKC Fpa(i)I/IKI/I WM MHTCHCUBHBIX

wiatdopmsl (Java/Kotlin st Android, Objective-

IIaT(HOPMBIL.

BBIYUCIICHUSIX. C/Swift st 108S).
ITo3BossieT HCII0JIb30BaTh (hYHKIIMOHATBHOCTD, .
HatuBHble  Momynmu  TpeOYIOT  TOCTOSHHOMN
KOTOpas He MOJIeP)KUBACTCs WM OrpaHudeHa B React
) aKTyaJH3alluy, YTOOBI MOJIICPIKUBATh
Native, Hanpumep, JOCTYI K  CHEIU(QUIHBIM

yCTpOﬁCTBaM WA HU3KOYPOBHEBBIM BO3MOXKHOCTAM

COBMECTHMOCThL ¢ HOBBIMHU BepcusimMu React Native,
ONCPAINOHHBIX CUCTEM.

MOBEICHUEM
ONTHUMH3AIMEN.

NIPUIIOKEHHS, HacTpolKaMu

Bo3MoxHOCTE JACTAIM3UPOBAHHOTO KOHTPOJIA HaQ

WHTerpamusi  HATUBHBIX ~ MOIyllel  crocoOHa
MPUBECTH K YBEJIMUCHUIO pa3Mepa MPUIOKEHUS U3-
3a 100aBIIeHNS HATUBHBIX 3aBUCUMOCTEHN M KOJA.

MopnynbHas apXUTEKTypa INO3BOJIIET HMHTEIPUPOBATH

OTJ'lallKa 1 TECTUPOBAHUEC TaKUX MO}]yJ’IGﬁ ABJIACTCA

oubanorexkn wuian SDK,
JavaScript-akocucreme.

CTOPOHHWE  HATHBHBIE  OWONMOTEKH,  KOTOpBIE | CIIOKHOH, OCOOEHHO KOrza MpoONeMBI KacaroTcs
CIOCOOHBI HPEII0XKUTD YHUKQJIBHYIO | B3aMMOJEHCTBHS MexAy JavaScript M HaTHBHBIM
(YHKIIMOHAIBHOCTD. KOJIOM.

HexoTopblie HaTHBHBIE MOIYJIH pabOTAIOT TOJILKO HA
Jlerko ~ WHTErpupoBaTh  CTOPOHHHE  HATUBHBIE | OfHOW Matdopme (Hanpumep, Android mmm i0S),

KOTOpPBIC OTCYTCBYIOT B

9T0 CHOCOOHO TOTPeOOBaTh JOMOJHHUTEIBHBIX
YCHWIHH 1151 00eCIieueHUs] COBMECTUMOCTH Ha 00enX
miatopmax.
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0OIIYI0 IPOM3BOIUTEIBHOCTB.

HatusHsbie MOJYJIH CIIOCOOHBI 3¢ hexTHBHO
UCTONB30BaTh alMapaTHble PEeCypchl  yCTpoiicTBa
(HampuMmep, TPOLECCOp, NaMsiTh), YTO MOBBIIIACT

TpeOyercst HanmMuyne HaTUBHOM cpelbl pa3paboTKu
JUISL KaXJIOM TUIaTGOpMBI, YTO MOMKET OCJIOXXHHUTH
HACTPOMKY U JEIUION.

MHMHUMAJIbHOM  3aJEpKKOH, UTO
KPUTUYHBIX NPWIOXKEHUH (Hampumep, WIrp
MIPUIIOKCHUH IS pabOTHI ¢ MyJIBTUMENINA).

Kon criocoben obpamiathesi K CHCTEMHBIM pecypcaM ¢
MOJNE3HO ISt
WA

IIpu OOHOBIICHUT React Native 130051
wiatgopmennsix SDK BO3MOXXHO BO3HMKHOBEHHE
po0JIeM ¢ COBMECTUMOCTBIO MEXIY BEPCHAMH, Y4TO
TpebyeT JOTIOJTHATENBHBIX YCHITHH UL
HCIpaBIICHUS.

Takxum 00pa3oM, HHTETpAINs HATUBHBIX MOIYJICH
B IpoeKkThl Ha React Native mo3BoiseT pacmupuTh
(YHKIIMOHATIBHOCTD IPHIIOKEHHUH, BEIXOAS 32 ITPEACIHI
BO3MOYKHOCTEH CTaHHAapTHOTO (peiimMBopka. OmHAKO
9TOT mpouecc TpedyeT TIyOOKHX 3HaHWH B 00JacTH
pa3paboTKu MOa IUIATPOPMBI, MOHUMAHUS PAOOTHI

ACHMHXPOHHOCTH, BHHMMATEIBHOCTH K  BOIpOCaM
MPOU3BOIUTENEHOCTH. HecMOTpst Ha JOMOIHUTENBHBIE
CIIOKHOCTH,  HMHTErpallMsi  HATUBHBIX  MOJyJeit
OTKpHIBAaET BO3MOXKHOCTH JUIsL CO3JaHus
BBICOK09(h(heKTUBHBIX MOOMIIEHBIX TIPIIIOKCHHM.
3aki0ueHne
Takum obpasom, ObLIH PaccMOTpPEHEI

O0COOCHHOCTH WHTErpalliil HATHUBHBIX MOIyJeH B
npoekTsl Ha React Native. [Ipomecc BHempeHus 3Tux
KOMIIOHEHTOB PaCIIUPsIET BO3MOKHOCTH MIPUIIOKECHUH,
MpPeIOoCTaBIsis IOCTYN K (DYHKLUSIM OIEPalOHHBIX
CUCTEM, anmapaTHbIM ~ pecypcaM  YCTPOMCTB.
Wurerpauysi HAaTUBHBIX pelIeHU TpeOyeT 3HaHUs
apxutekTypsl iatgopm Android, i0S, ymenus
paboTaTh ¢ MHCTpPyMEHTaMH pa3pabOTKH Ha S3BIKAX
Java, Swift.

BeIsBrIeHO, 4TO ycHelIHas MHTErpanusl 3aBUCHT
OT KOPPEKTHOM HACTPOMKH B3aMMOAEWUCTBUA MEXAY
JavaScript-ypoBHeM, HAaTHBHBIM KOJIOM. BaKHBIM
aCTIeKTOM SIBIIsieTCs  o0ecIieueHne COBMECTHMOCTH
MEXAy  IuaThopmMaMu, YCTpaHEHHE  IpodieMm,
CBSI3aHHBIX C BEPCHUAMH OHOIMOTEK, 3aBUCHUMOCTSIMHU.
HeoOxonumbIM  yClOBHEM  SIBISIETCA  TIHIATEIbHOE
TECTHUPOBAaHHE NPWIOKEHHS Ha pPa3HBIX JTamax
pa3paboTKu IS BBISBJICHUS OMIMOOK, BO3HHKAIOIIMX
npu pabote ¢ HaTUBHBIMU API.

BHenpeHne HAaTHBHBIX KOMIIOHEHTOB YIy4IIaeT
MPOU3BOJUTENBHOCT MPHUIOKEHUH, YTO BAXKHO JUIA
MPOEKTOB, TPEOYIOMHNX BBICOKOH BBIYMCIMTEIHLHOMN
MOIIHOCTH,  B3aUMOJEHCTBUS C  amNmapaTHbIMU
pecypcamMu. OTOT HOAXOA MOBBIIIAET CKOPOCTh
paboThl, CTAOMIBHOCTh HPWIIOKEHUI TPH BBICOKHX
HarpysKax.
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