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AHHOTaumaA. OCHOBHOM Lieblo CTaTbM ABNSETCA aHaM3 apdeKTa OT UCNONb30BaHMA MHGOPMALMOHHbIX TEXHOMOTUIA (Aa-
nee - UT) 6en10pyccKMMM ManbiMU U CpeaHUMK Npeanpuatuamm (ganee - MCM) Ha ocHoBe BbIGOPOYHOrO OMpPoca pPyKo-
BoauTenen 424 cybbeKkToB. MccnefoBaHMe NOKasano, YTo B OCHOBHOM 3ddEKT OT BHeAPEeHUA MHPOPMALLMOHHBIX TeX-
HOMIOTUI ANA aBTOMaTU3aLMM BU3HEC-NPOLECCOB OLEHMBAETCA MONOKUTENbHO, B YaCTHOCTH, UT NO3BOAAIOT yAyYLWNTb
B3aMMoOZeNcTBME C NOCTaBLMKAMM, NOAPAAYMKAMM U BaHKaMM, a TaKXKe B L,e/IOM MOBbICUTb KOHKYPEHTOCMOCOBHOCTb
npeanpuaTua. PesynbTaTbl KOPPENALMOHHOIO aHaiM3a AeMOHCTPUPYIOT, KaK OpraHM3auMoHHble (aKTopbl CBA3aHbI
C OLLEHKOW pYKOBOACTBOM BAMAHMA UT Ha noKasaTenn AeaTeIbHOCTU NPeanpUATUS, a TaKKe Ha oTae/bHble busHec-npo-
ueccbl. B 3aknto4eHUM npeacTaBieHbl PEKOMEeHAaUNW rocyaapcTBEHHbIM OpraHam Mo CTUMYAMPOBAHUIO BHeApPeHUn
M ucnonb3osaHua UT 6enopycckMMM NpeanpuaTUAMU.

KnioueBble cnoBa: MHGOPMALMOHHbIE TEXHOIOTUW, Masblii U cpeaHuii busHec, apPeKT oT BHeAPEHUSA, NOKa3aTenu 3d-
$EKTUBHOCTM, Mepbl roCyAapCTBEHHOW NOAAEPHKKN

Dna untuposanma: OrunHckas, A. B. OueHka adpdeKTa oT BHeapeHUA MHHOPMALMOHHBIX TEXHONOTUIA Benopycckum 6mus-
Hecom / A. B. OruHckas, P. . Moposos // LUndposas TpaHchopmaums. —2021. — Ne 1 (14). — C. 5-14.
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The Assessment of Efficiency of Informnation
Technologies Launching by Belarusian Business
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Abstract. The main purpose of the article is to analyze the effect of the information technologies (IT) usage by Belarusian SMEs
based on a sample survey of CEOs from 424 entities. The study showed that, in general, business processes automation brings
positive effects; in particular, IT can improve interaction with suppliers, contractors and banks, as well as, in general, increases
the enterprise competitiveness. The correlation results demonstrate how organizational factors are associated with the

DIGITAL TRANSFORMATION, No 1 (14), 2021 5



management's assessment of the IT impact both on general performance and on specific business processes. In the conclusion,
the policy implications on stimulating the IT usage by Belarusian enterprises are presented.

Key words: information technologies, SME, implementation effects, performance indicators, measures of state support
For citation: Aginskaya A. V., Marozau R. I. The Assessment of Efficiency of Information Technologies Launching by
Belarusian Business. Cifrovaja transformacija [Digital transformation], 2021, 1 (14), pp. 5-14 (in Russian).

BeBeaeHue. B ycnoBuaAx CTpeMUTENBHO M3Me-
HAIOLWErocs 3KOHOMWYECKOTO KOHTEeKcTa, WHpop-
MaTU3aLMKN, MOABNEHUSA HOBbIX MaclTabupyembix
b6usHec-moaenen BHeapeHue U 3ddEKTUBHOE UC-
nosb3oBaHMe MHPOPMALMOHHBIX TEXHONOrM (aa-
nee — UT) B3Hecom CTaHOBUTCA BOMPOCOM BbIXKMBaA-
HuA. [laHHOe yTBepKAeHue cnpaBenimBo 0cobeHHO
ONA 0eaTeNbHOCTU CcyObeKToB Manoro u cpegHero
npeanpuHMMaTeNbCTBA, KOTOPbIM BCE C/I0XHEE KOH-
KYPUPOBATb HAa TPAAMLMOHHbBIX PbIHKAX C KPYMHbI-
MU MeXAYHapoAHbIMU KOMNaHUAMMK. B aToi cBAsw,
npoueccbl Bblbopa, BHeapeHUs U 3EKTUBHOTO
ncnonbzoBaHua UT obpalatoT Ha ceba BHMMaAHUE
PYKOBOACTBA M COBCTBEHHMKOB W 3aHMMAIOT BayKHOE
MecTo B cTpaternun npegnpuatuin [1]. Mpu rpamor-
HOM MNAHUPOBAHMM U OPraHM3aLMM 3TUX NPOLLECCOB
npeanpuATMA MOTyT COKpallaTb pacxogbl, pacliu-
PATb PbIHKK, BHEAPATb HOBble bu3Hec-moaenu. B Le-
IoM manble 1 cpegHue npeanpusatus (aanee — MCHM)
asaatoTca 6onee rMbKMMKM K BbicTpee pearnpytoTt
KaK Ha HeraTMBHble, TaK U HA MO3UTUBHbIE TPEHAbI
B 93KOHOMMKe [2]. Mepunos sKoHOMUYECKOM Heonpe-
OEeNeHHOCTWN COo34aeT HOBble BO3MOXHOCTU, @ TaKKe
COMNPOBOXAAETCA YyXx040M 60/blIOro Ko/AMyecTsa
KOHKYPEHTOB C pblHKa) [3]. Mo3ToMy B HbIHELHEN
HebnaronpuATHOM U HecTabUbHO SKOHOMMYECKOM
CUTyaLmn, cBasaHHoM ¢ naHgemmelnt COVID-19, u ne-
puoa HensbexkHOoM nocneayolen peueccmen npa-
BUTENbCTBA Pa3HbIX CTPaH MPUHMMAIOT Mepbl ANA
CTUMYANpPOBaHUA BHegpeHua UT 6usHecom, 4ToObI
nocpeactsom TpaHchopmaumm u passutua MCI
obecneynTb BOCCTAaHOBAEHME W AafibHellwen pocT
HaLUMOHaNbHOM 3KoOHOMUKKMK. Y MCII ¢ yyeTom orpa-
HMYEHHOCTU PUHAHCOBbLIX M YE/I0BEYECKMX PECYPCOB
MO CPaBHEHMUIO C KPYMHbIMW NPeanpuATUAMM BO3-
MOXHOCTU M yrpo3bl, CBA3aHHble C NPOrHO3MpoBa-
HMEM M OLLEHKOM 3KOHOMMYECKoro a¢pdeKTa OT MHBe-
ctuumin B UT, popmuUpytoT 3aNpoc Ha Mcc/iefoBaHuA
M obyyeHne pykosoauTenen B obnactm umndposoi
TpaHchopmaunm busHeca. B aToi cBA3K, UeNb Ha-
YYHOW CTaTbM — NPOAHAN3MPOBATb BO3MOKHbIE 3¢-
¢dekTbl OT BHeapeHus UT 6enopycckmmm MCI B pas-
JNINYHbIX chepax 3IKOHOMMYECKOM aeAaTenbHoCTH. [na
OOCTUMXKEHUA Lenn uccnefoBaHus Obl1 nNpoBeseH
onpoc manoro u cpegHero busHeca BO Bcex obna-
cTax benapycu B mapTte-mae 2019 roga. BoibopoyHas
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COBOKYMHOCTb cocTaBuna 424 pecnoHgeHTa. B uc-
CNefoBaHUM MPUHUMANM y4acTue PyKOBOAUTENN
N 3aMeCTUTENN PYKOBOAUTENEN ManbIX W CPELHUX
npeanpuatuii. Bolbopka saBaseTca penpe3eHTaTUB-
HOW Mo reorpaduyeckomy MpU3HAKy (pernoH pe-
rMcTpaummM KomnaHuu). Ons aHanmsa AaHHbIX KOM-
MaHUK GbINM CrPYNMNMPOBaHbI NO OCHOBHbLIM BMAAM
0EeATeNIbHOCTU: NMPOMBbILWJEHHOCTb; CENbCKOe, nec-
HOe X035CTBO M Pbl60SIOBCTBO; CTPOUTENLCTBO; TOP-
rOB/ISl, PEMOHT; FOCTUHULbI M PECTOPAHbI; TPAHCNOPT
1 cBA3b; PUHAHCOBAA AeATe/IbHOCTb, ONepaLymu C He-
OBVKUMbBIM MMYLLLEECTBOM; KOMMbIOTEPHbIE YCAYTN.

OcHoBHaA 4actb. Ha nepsom mecte no pe-
3y/IbTaTamM ONpPOCA OKOJ/IO0 TPETM OMpPOLUEHHbIX KOM-
MaHW OT BNOXEHUI B MHPOPMALLMOHHbIE TEXHONO-
MW OXKMZAAKT pocTa Bbipyykn (32,1%) (pucyHoK 1).
Ha BTOpOoM 1 TpeTbem mecTe Mo OXUAaHUAM OTMme-
YaeTcsa COKpaLLeHMe TEeKYLLMX pacxodoB M yBenunye-
HWe Aonan pbiHKa (15,3% u 14,6% cOOTBETCTBEHHO).
MeHee 3HaUYMMbIMUK ABAAKOTCA TaKWe pe3ynbTaTol,
KaK y/aydlleHne npoaykToB uau ycnyr (8,5%), ynyu-
LIEeHWe YNPaBAEHYECKOro KOHTPOA U KOHTPOAA NpPo-
nssoacrtea (7,6%).

B oTpacnesom paspese yBeaMYEHUE [0U
pblHKa ABNseTcA Hambonee 3Ha4YMMbIM (GAKTOPOM
ONS TOCTUHUYHOTO U pecTopaHHoro busHeca (30,8%),
COKpaLLeHMe PacxofoB BarKHee A/A Ce/IbCKOX03sM-
CTBEHHbIX NpeanpuaTnin (28,6%) U NpombINEHHO-
ctn (21,3%). POCT BbIpy4YKM HaMMeHee 3Ha4YMm ann
CEeKTOpa KOMMNbIOTEPHbIX YCAYF, B TO Ke Bpemsa rMas-
HbIMK daKTOpaMu AN1A AAaHHOTO CEKTOPA CTasn YCKO-
peHue npoLecca pa3paboTKM HOBbIX NPOAYKTOB MM
ycayr (26,3%) 1 ynydweHue NpoayKTOB WUAM ycnyr
(21,1%). MNoBblWweHME CKOPOCTU M KayecTBa NpPUHS-
TWA peleHnin Yalle apyrux OTMETUAN KOMMNaHUN 13
coepbl Toprosnu (12,5%).

MpumeyaTenbHO, YTO OXWAAHME MO COKpa-
LLLeHMIO Pacxo40B Yalle OTMeYatoT KOMMAHWUKU C ro-
cyoapcTBeHHoOW poneit B cobetBeHHocTn (31,3%),
YemM KOMMNAHWK Ha OCHOBE YacTHOW COBCTBEHHOCTU
(14,7%). Ona KomnaHWi c rocydyacTMemM TaKkKe bonee
3HQYMMO COBEPLUEHCTBOBAHWE YNpPaBAEHYECKOTO
KOHTPO/IA M KOHTpoAA npounssoacTea (18,8% B cpas-
HeHuu ¢ 7,1%).

OKO0J10 N0NI0BMHbI OMPOLIEHHbIX NPEANPUATUI
nepuoamnyeckn oueHMBaloT 3PpPeKTbl OT UCMO/b30-
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Puc. 1. OxkunaaHua npeanpusaTUii OT UHBECTULMIA B MHOOPMALIMOHHbIE TEXHONOMMU
MprmeyaHue. PaspaboTka aBTOpA.
Fig. 1. Expectations from investments in information technologies
Note. Developed by the author

HUKOraa
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no cayyaio
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NOCTOAHHO
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eXeKBapTasbHO
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Puc. 2. NpoBeaeHune oueHKM adpdpekTUBHOCTM BHeapeHusa UT
MprmeyaHune. Pa3paboTka aBTopa.
Fig. 2. Assessing the effectiveness of IT implementation
Note. Developed by the author

BaHMA UT Ha perynapHon ocHoBe: 18% AenatoT 3710
NMOCTOAAHHO, eXXemecAYHO — 8%, exKeKBapTa/JbHO —
11%, exkeroaHo — 10% (pucyHoK 2). 41% KomnaHui
NpPOBOAAT OLEHKY Bpemsa OT BpeMeHHu, a 12% Hukor-
[a He NPOBOANIN TAKYIO OLEHKY.

B ocHoBHOM KomMnaHuu oueHuan sddeKkT oT
aBTOMaTM3auMM OU3HEC-NPOLLeCCOB MOMIOXKMUTENb-
Ho. CBbiwe 90% ONpPOLIEHHbIX KOMNAHWUIA OTMETUIN
NoNOXUTENIbHbIN 3¢deKT B chepe byxrantepckoro
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W ynpaBieHYecKoro y4yeta, NPOM3BOACTBA, CKNAL-
CKOro xo3saicTea (pucyHok 3). Yawe gpyrmux pecnox-
OEeHTbl OTMeYanun oTcyTcTBue apdeKkTa oT aBTomaTu-
3auum ana npoueccos B chepe mapketuHra (4,8%),
3aKynok (3,8%), ynpaBneHua npoektamu (3,3%)
n goctasku (3,3%).

Yawe Bcero onpoleHHble KOMMAaHUW YKa-
3blBa/N, YTO BHegpeHue UT nos3BOAMAO yAyylWUTb
B3aMMOAENCTBME C NapTHepamu (MocTaBLLMKAMK,
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Puc. 3. Hannume nonoxutensHoro apdeKkTa oT aBTomaTnsaumm 61UsHec-npoLLeccos
MprmeyaHure. Pa3paboTka aBTopa.
Fig. 3. Positive effect of business process automation
Note. Developed by the author
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Puc. 4. NonoxuntenbHbl adpdeKT oT BHeAPEHHbIX UT
McTouHuk: Pa3paboTka aBTopa.
MpumeyaHue. 1 —yBennyeHve 40U PbiHKA NPeANPUATUA; 2 — NOBbILEHWE KOHKYPEHTOCMOCOBHOCTH; 3 — POCT BbIPYYKM;

4 — COKpALLEHME TEKYLLMX PACXOAOB; 5 — pPOCT CTOMMOCTM KOMMNAaHUW; 6 — NOCTPOEHME BU3HEC-MOAENUN, KOTOPas 3HAUUTE/IBHO
OT/IMYAETCA OT UCMO/b3YEMOMN KOHKYPEHTaMM; 7 — y/y4LleHUe NPOAYKTOB UK YCAYT; 8 — YCKOpPeHMe npoLiecca paspaboTku
HOBbIX NPOAYKTOB MW YCAYT; 9 — NOBbILLEHWE NPO3PAYHOCTM 1 YyULLIEHME YNPaBAEHYECKOro KOHTPOoA; 10 — noBbIweHme cKo-
POCTW M KayecTBa NPUHATUA peLleHunit; 11 — noBbiweHne rmbKoCTU U BOCNPUMMUYMBOCTY NPEANPUATUA K 3aNpocam KIMEHTOB;
12 — ynydweHve B3aMMOZENCTBUA C NapTHepaMm (MoCTaBLLMKaMM, NogpaaumKamm, baHkamu).

Fig. 4. Positive effect of the implemented IT
Source. Developed by the author
1 —increasing the company's market share; 2 —increasing competitiveness; 3 — revenue growth; 4 — reduction in operating
costs; 5 —company value growth; 6 — building a business model that differs significantly from that used by competitors;

7 —improving products or services; 8 — accelerating the process of developing new products or services; 9 - increasing
transparency and improving management control; 10 —increasing the speed and quality of decision making; 11 —increasing
the flexibility and responsiveness of the enterprise to customer requests; 12 —improving communication with partners
(suppliers, contractors, banks).
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m OTAenbHbIi MT-cneyuanuct

= O1gen vHGOpPMaLMOHHbBIX
TEXHONOTUH

= BeleHWe BONPOCOB
UHOOPMaLMUOHHBIX
TeXHOﬂOfHﬁ Haxo4WUTCA B
30He

MpeanpuaTHe NOAb3yeTCA
yCNYyramu CTOPOHHMX
opraHusaumi

Puc. 5. OTBeTcTBEHHbIE 32 MHGOPMALMOHHbIE TEXHONOTMUM
MprmeyaHue. PaspaboTka aBTOpa.
Fig. 5. Responsibility for information technology
Note. Developed by the author

noapaaYMKamm, baHkamm) —aTo npusHanun 71,7% pe-
cnoHAeHToB (pucyHoK 4). bonee 60% onpoLUeHHbIX
OTMETWUAN BKNAA, TEXHONOMMN B 0bLLee MOBbILEHNE
KOHKYPEHTOCNOCOOHOCTM, MOBbIWEHNE CKOPOCTU
M KayecTBa MPUHATUA pPELUEHWUI, MOBbILEHME TU6-
KOCTWU K 3anpocamM K/JMEHTOB, NOBbILEHWE MPO3pay-
HOCTU M YNpPaBAAEMOCTH, yYBEIMYEHNE OO0AM PbIHKA
npeanpuatna. 57,5% KomnaHWin oTMEeTUIN POCT Bbl-
py4Ku; 54,5% pecnoHAeHTOB yNOMAHYAN yAyYLLEHNE
NpPoAyKToB U ycayr; 53,5% onpolweHHbIX NpoHabato-
[anu yCKopeHWe npouecca pa3paboTKM HOBbIX NpPo-
AYyKTOB M ycnyr. 51,9% y4acTHMKOB onpoca OTMeTU-
NN, 4TO TEXHOMOIMK CNOCcOBCTBOBANM COKPALLEHUIO
TEKYLWMX pacxodos. B To ke BpemAa pecnoHAeHTbl
yalle BCero 3aTpyAHANNCH CBA3ATb BHeApEeHue Tex-
HOMIOTMI C TAKUMU KPUTEPUAMM, KaK POCT CTOMMOCTHU
KOMMaHMM U NoCcTpoeHue 6usHec-momenun, oTanu-
HOM OT KOHKYPEHTOB. B cBOIO ouYepeab ONpoLLeHHble
HENTPAZIbHO OLLEHWMAM CBA3b AAHHbIX MOKasaTenen
c BHegpeHuem TexHonorui 53,5% mn 55% cootseT-
CTBEHHO. 13,2% ONpPOLUEHHbIX HE COrNacHbl C TeM,
YTO TEXHOJIOrMM CNOCOHCTBOBAIM NMOCTPOEHUIO OT-
JINYHOM OT KOHKYPEHTOB BU3HEC-Moaenn.

OpraHu3auMOHHbIe acneKTbl nNpouecca BHe-
apeHmna UT. 31% pecnoHAeHTOB OTMETU/IN, YTO 3a
MHPOPMALMOHHbIE TEXHONOTMU B KOMMNAHUM OTBET-
cTBEHEH oTaenbHbii UT-cneunannuct, B8 29% komna-
HUI UT 3aHMMaeTcs pykoBoguTenb AW CleLmManmnuct
Apyroro HanpasneHus (pucyHok 5). Okono Tpetu
KOMMaHWM nepenaeT NpoLecchl, cBA3aHHble ¢ UT, Ha
AYTCOPCUHT.

B KomnaHusaX, pacnonoxeHHbix B MWUHCKe,
oTaeNn MHPOPMALMOHHbBLIX TEXHONOTMA BCTPEYaeT-
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cA yallle, Yem B permoHax (62,5% n 37,5% cooTsert-
CTBEHHO) (pucyHOK 6). COOTBETCTBEHHO pPervoHasb-
Hble KOMNAHWM 3HaUYMTeNbHO Yalle nepegatoT UT Ha
ayTCopCUHT (63,3% Ons permoHanbHbIX B CPaBHEHUN
€ 36,7% AN MUHCKMUX) U Ha3Ha4atoT OTBETCTBEHHbIM
3a UT HenpodunbHoro cneumnanmcta (61,8% mn 38,2%
COOTBETCTBEHHO). OXMAAEMO, YTO Yallle BCEro oTaen
NT nmeeTca B KOMMNAHMAX, OKa3blBAOLMX KOMMbHO-
TepHble ycayru (31,6%) n dmHaHcoBble yenyru (20%).
MNepepaya nogaepXkn UT Ha ayTCOPCUHT Yalle OT-
MEYAETCA B CE/IbCKOXO3ANCTBEHHbIX NpPeanpuaATU-
Aax (50%), ctpouTenbHbix (46,7%) M TPaHCNOPTHbIX
(38,5%) dpupmax. Cutyaumsa, koraa 3a UT oTeeTcTBe-
HeH pyKoBoAUTeNb/CNeunannucT UHOU KBanuduka-
LMK, MPUMEPHO C OAMHAKOBOM YacTOTOMN BCTpeYaeT-
€S B KOMNaHMAX Ntoboi oTpacau.

Kputnuyeckn BarkHbiMm daKTopom AnA ycnewl-
HOro BHegpeHWs M ucnonb3oBaHua WUT asnaetca
cooTBeTCTBYyOlWEee 0byyeHWe, opraHnsyemoe npeg-
npUATUEM MOJ CBOW NOTPEBHOCTU U C Yy4EeTOM BHe-
OPEHHbBIX MU NAAHUPYEMBIX K BHEAPEHUIO TEXHO/O-
rnii. Cpeau npeanpusTUiA, OpraHnsyroLmnx obyyeHne
COTPYAHUKOB (TaKMX cpeau OnpoLeHHbIX 75,2%),
32% passuBaoT UT-KOMNeTeHuMn CcneumanmncTos,
HenocpeaCcTBEHHO 3aHATbIX B obnactn UT, B 49,2%
KOMMNaHW1 pas3BuBatoT MT-KOMNeTeHuuM ocTab-
HbIX COTPYAHMKOB. Moyt TpeTb KomnaHwuii (30,7%)
obyyYyaeT coTpyaHUKOB U He 3aHMMAETCs Pa3BUTUEM
NT-komneTeHuul (PUCYHOK 7).

B pervoHax gonsa KomnaHui, rae obyyeHue no
NT-npodunio oTCyTCTBYET, OXKUAAEMO Bbllle (22% —
ans MuHcKa n 36,9% — ana pervMoHoB), a Aona ob-
YYaAOWMX COTPYAHWKOB, He SABAAIOLWMXCA Crewuu-
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Puc. 6. OTBETCTBEHHOCTb 38 MHOOPMALMOHHBIE TEXHONOTMM B KOMMAHUAX MO OTPAC/IAM
MpumeyaHmre. Pa3paboTka aBTopa.
Fig. 6. Responsibility for IT in the companies by industry
Note. Developed by the author
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MprmeyaHune. Pa3paboTka aBTopa.
Fig. 7. The personnel who is trained to develop IT-related competencies
Note. Developed by the author

anuctamu B obnactn UT, Bbiwe B MuHcke (62,1%
B cpaBHeHun ¢ 40,1% ana perMoHoB) (PUCYHOK 8).
CTpaTternyeckue acnekTbl BHEAPEHUA U pONb
pykoBoacTtBa. OTBeTbl PeCcnoHAEHTOB CBUAETE/b-
CTBYIOT O TOM, YTO PYKOBOACTBO B Lle/IOM OCO3HaeT
cTpaTtervyeckuii noteHumnan UT (pucyHok 9). OaHako,
B CPaBHEHWM C YPOBHEM OCBEAOMJ/IEHHOCTU O TAaKOM
noTeHuMane, [ONA NONOXKUTENbHbIX OTBETOB, Kaca-

1 Mo*KHO 6bI1/10 BbIGPaTb HECKO/IbKO BapMAHTOB OTBETA

10

FOLLMXCA KOHKPETHbIX AeMCTBUIA B peanm3aunm ctpa-
Termn BHegpeHuna WT, oKasanacb OWYTUMO HUXKe.
73,6% pykoBoguMTeNnel OCO3HAIT CTpaTerMyeckui
noteHuunan UT, HO TosibKO 55,7% KOMNaHMI NpuyacT-
Hbl K pa3paboTKe uenen n cTaHZapPTOB MOHUTOPUHTA
ncnonb3zosaHua UT, 56,6% pecnoHaeHTOB popmynu-
PYHOT BUAEHWE U CTpaTernto ncnonb3osaHma UT. Mpun
STOM TONIbKO B MOJIOBUHE C/ly4aeB OTBETCTBEHHbIV 3a
UT coTpyAHWK UM OTAEN NPUBNEKAETCA K BblPaboTKe U
MPUHATUIO CTPATEMMYECKUX PeLLeHniA, Kacatowmxcsa UT.
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Fig. 8. IT competence training in in Minsk and regions
Note. Developed by the author
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MprmeyaHmne. PaspaboTka aBTopa.
Fig. 9. Role of management in the IT implementation process
Note. Developed by the author

YunTbIBasA NOJlyYeHHble AaHHblE MOMKHO Npeanoso-
YKUTb YacTOe HanMuue CUTyaumn, Korga MHMUMaTmBea
BHeapeHuAa WUT cnyckaeTca CBepxy, a OTBETCTBEH-
HOCTb 33 YyCMelwHoe BHeApeHMe W UCMOJIb30BaHue
nepepaetca UT-cneymannuctam m otaenam. Npu stom
OHW He Bcerga oTaatoT cebe OTYET O CTpaTErMYEecKom
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3HaYeHuMmM ucnonbzosBaHusa UT n Tpebyembix gns aTo-
r0 OPraHM3aLUMOHHbIX U3MEHEHMUAX, a TaK}Ke He Mo-
JIy4atoT A0CTaTOYHbIX MOJHOMOYMI ANA BHECEeHUs
KOPpPEeKTUB Ha HavyasibHOM 3Tane Bbibopa u BHeape-
HUSA, 3 TaKXKe 41 UHULMaLMK Tpebyemblx opraHusa-
LUMOHHbIX U3MEHEHUN.
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Puc. 10. flonsa paboyero BpemeHw BbICLLETO PYKOBOACTBA KOMMAHWUM, 3aTpaynmBaeMoe Ha BOMPOChl BHEAPEHMSA
M UCMONb30BaHUA MHGOPMALMOHHBIX TEXHONOTUIA
MprmeyaHmre. Pa3paboTka aBTopa.
Fig. 10. Percentage of work time of the company's CEOs spent on the IT implementation and usage
Note. Developed by the author

Ha Bonpoc 0 TOm, OCO3HAEeT M BbICLLEEe PYKO-
BOZCTBO, YTO Ucnosib3oBaHue UT cTaBuT nepeg npes-
npuMATMEM HOBbIE BbI30Bbl B chepe He3onacHocTu,
yTBEpAMTENbHO oTBeTUAM 55% pecnoHAeHTOoB, elle
41% onpoLLeHHbIX HENTPANbHO OTHECCA K AaHHOMY
yTBEPHKAEHUIO U 4% npeactaBUTENEN KOMMAHUN He
COrNacHbI € 3TUM.

Mpn stom B 45,8% KOMNaHWI PYKOBOACTBO
TpatMT MeHee 10% cBOero BpemeHW Ha BOMPOCHI
BHeApeHuA n ucnonbsosaHusa UT (pucyHok 10). Ewe
30,7% pykoBoauTene KoMnaHuii yaenstoT BONpo-
cam TexHonorunin 10-20% BpemeHu. 4,5% KomnaHui
yKasa/in, YTo pyKoBOAMTENM TPATAT Hosiee N0N0BMUHbI
pabouero BpemeHun Ha paboty c UT. B To e Bpems
[,01A KOMNAHWUI, PYKOBOAUTENIN KOTOPbIX 3aTpPaynBa-
toT 20-30% BpemeHu Ha Bonpocsl UT, ysennymnsaetca
00 20,8% B TeX C/Iy4anx, eC/IM KOMMNAHUA UCNONb3yeT
pelueHns cobCcTBEHHOM pa3paboTKu.

Pe3ynbratbl KOppenAUMOHHOro aHanusa. [ina
OLEeHKMN 3ddeKToB OT BHeApeHMA UT bbln npoBeaeH
KOPPEeNALMOHHbIA aHa/IM3 OCHOBHbIX MHAMKATOPOB
pa3paboTaHHOlM TeopeTuyeckon moaenun, obveau-
HAKOLWEeN TeXHOMOrMYecKMe, OpraHM3auMOoHHbIe,
BHewWwHMe paKkTopbl BHeapeHua UT, a TakKe KoHuen-
LMIO CTpaTernyeckoro BbipasHuBaHus? [4] [OruHckas
1 Mopo3os 2019]. AHanM3 NPOAEMOHCTPUPOBAN PAL,
BaYKHbIX B3aMMO3aBUCUMOCTEN:

1. Oco3HaHMe pyKoBOAMTENAMW CTpaTervye-
CKoro noteHumana UT CTaTUCTUYECKM 3HAUMMO KOp-

2 KoppenauMoHHaa maTpuua AOCTynHa No 3anpocy.
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penmpyeT ¢ OUEHKON MMM MoaydYeHHOro apdeKTa oT
WT no Bcem BO3MOXHbIM HanpasaeHuam. Koadpdpunuu-
eHTbl Koppenaumm MupcoHa Bapbupytotca ot 0,201 oo
0,412 » 3Ha4ymMmbl Ha yposHe 0,01. Ecam paccmatpu-
BaTb BAMAHWE UT Ha oTae/bHble NPOLEeCcChl, TO CBA3b
MeXAYy OCO3HAHMEeM CTpaTerMyeckoro noTeHumana
N OOCTUTHYTbIM 3P PEKTOM B pasHbix bBM3Hec-npouec-
Cax CTaTUCTUYECKM 3HaUYMMA AN ByXranTepckoro yye-
Ta, YNpPaB/JEHYECKOrO Yy4eTa, YNpaB/ieHUA CKAaA0M
M npogaxamm — Tex npoueccos, ana obecrneyeHus
KoTopbIX T BHeapAeTca B NepByto oyepeap.

2. MNpu oTAENBHOM PACCMOTPEHUMN PA3ANYHBIX
chep feaTenbHOCTH, Takne TPaAULMOHHbIE OTPacan
KaK MPOMbIL/IEHHOCTb, CE/IbCKOe XO3AMCTBO, CTPO-
NUTENbCTBO OTMETUAM MeHbluMi BKnag UT B yBenu-
YyeHue BbIpyYKM, GOpMUpPOBaAHME HOBbIX BU3HEC-MO-
Jenen, MNoBblleHMe MPO3PavYHOCTU WU yAyylleHue
YNpPaBAEeHYECKOTO KOHTPOSA — OTpULLaTENbHbIE CTa-
TUCTUYECKM 3HAUYMMble KOIDDULMEHTbI Koppenaumum
ot -0.172 po —0.096. Pykosogutenn MCIM ns coepbl
TOProB/IM M PEMOHTA NO3UTUBHEE OCTAJIbHbIX OLe-
HuBatoT BAnsHME UT Ha obliee NoBbiEHUE KOHKY-
PEHTOCNOCOOHOCTU, POCT BbIPYUYKKU, popmMpoBaHmeE
HOBbIX GU3Hec-mogenel, NoBblleHME MNPO3PaYHO-
CTU U yAyyleHMe ynpaBieHYeCKOro KOHTPOAA, no-
BbILLUEHME CKOPOCTM M KayecTBa NPUHATUA peLLeHuUH,
a TaKxKe noBsblleHne rTMBKOCTM N BOCMPUMMUYNBOCTU
npeanpuaTUA K 3anpocam KANeHToB — KoadpuLumeHr-
Tbl Koppenauum ot 0,097 oo 0.172.

3. bonbllee KOAMYECTBO MHTErpMPOBAHHbIX
mexay coboi npoueccoB nossosAeT AobusaTbeA
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6onbwero apdeKTa, Kak B OTHOLIEHUM OCHOBHbIX
nokasaTenen geatenbHoctn MCI (cTaTmucTUYeckn
3HauMMble KoaddpuumeHTbl Koppensuum ot 0.096
no 0.187), Tak M B OTHOWEHUN 3PDEKTUBHOCTU
60NbLIMHCTBA GM3HEC-NPOLLECCOB (CTaTUCTUYECKHU
3HauYMMmble Ko3addPuumneHTbl Koppensumm ot 0.178
80 0.222).

4. MpumeyaTenbHO, YTO AYTCOPCUHI obcay-
*nBaHua UT-MHOpacTPyKTypbl KOMNAHUKN OTpULLA-
TE/NIbHO CBAA3aH C BOCMPWMHMMaembiM BKnagom UT
B nokasaTtenu MCI (cTaTUCTMUYECKM 3HAUYMMBbIE KO-
appuumnenTbl Koppensunm ot —0.123 po —0.240),
O[LHAKO MNONOXMWTENBbHO CBA3AHO C OLEHKamu 3od-
beKTUBHOCTM BU3HEeC-NPoLEeCcCcoB. ITO MOXKET CBU-
[eTenbCTBOBATb O TOM, YTO B CAyyae obecneyeHumn
BHeApeHUA n nogaepkn UT camocToAaTenbHO 3TU
npoueccbl MmoryT 6biTb B 6obLUEN CTENEHN OPUEH-
TUPOBaHbl Ha AOCTUNKEHUE CTPATErMUYECKUX Lenei.
B TO Ke Bpems ayTCOPCUHIOBAsA OpraHM3auma valle
BCEro umeet 6onee BbICOKUI YpOBEHb KOMMNETEH-
LM ana sbPekTMBHON LMPPOBM3ALMN KOHKPETHDIX
NPOLECcCOB M AAeT KOMMNAaHWN-3aKa3uYNKY BUAUMBIN
pesynbTar.

3aknwoueHue. B anoxy rnobanvsaunm BHeww-
HWE W BHYTPEHHWE CUAbl MOATANKMBAIOT Npeanpu-
ATUA K 6onee aKTMBHOMY BHegpeHuto UT. B To ke
Bpema MCI1 cTankmBatoTcA € BbI30OBAMM, C KOTOpPbI-
MW MPUXOAMTCA CNPaBAATbCA, YTOObl 3ddEeKTUBHO
NoNb30BaTbCA BO3MOMKHOCTAMM, NPenoCTaBAAEMbI-
MW HOBENLIMMM TexHonornamu [5]. PykosoacTso be-
nopycckmx MCI1 oco3HaeT aKTyanbHOCTb M BbIroAbl
OoT ucnonb3zosBaHua UT, apdpekT oT aBTOMaTM3aLUK
6M3HEC-NPOLLeCCOB OLLEHMBAETCA MOMOKUTENBHO.
OcHOBHbIMW Bapbepamu Ha NyTn BHeapeHua UT be-
NIOPYCCKUMU  NPeanpuUATUAMM ABAAKOTCA Aedbuunt
dMHAHCOBbBIX CPeacTB ANA MX NpuobpeTeHna U uc-
NoONb30BaHMA, HexBaTKa UT-cneunanmnctos U Heno-
CTaTOYHAA KOMMETEHLMA COTPYAHUKOB [4], nosTomy
rocyapcTBo Mor/io Bbl CbirpaTb BaXKHY PO/ib B HU-

BE/IMPOBAHMU 3TUX MPEnATCTBUN Ans popmupoBa-
HWA KOHKYypeHTOCnocobHocTn benopycckoro GusHe-
Ca, KaK BHYTPW CTPaHbI, TaK M Ha BHELIHMX PbIHKAX.

MOHO BblgeNnTb TPU NEpPCneKTUBHbLIX Ha-
npaBAeHUA MONUTUKM MO NOALEPKKE BHeApeHUus
NT komnaHuamm: passutne nHdpactpyKktypbl, Gop-
MUWpPOBAHME YesI0BEYECKOro KanuTana, duHaHcoBas
noafepXKa W pasBuTME HOPMaTUBHO-MPaBOBOM
cpeapl [6].

B pamkax 3TUX HanpaBAeHUI BbIMALAT Lene-
Co06pasHbIMM CcnepylowmMe Mepbl, HamnpaBieHHble
Ha aKTMBHOE BHeApeHMe 1 ncnosbsosaHue UT beno-
pYyCCKUM BUsHecom:

— @opmuMpoBaHME pPECYpPCHbIX LEHTPOB MO
KOHCANTUHIy 1 obyyeHuto ansa BHegpeHus UT B ae-
ATenbHocTb MICI B pamKax pa3BUTUA MHPPACTPYKTY-
pbl NOAAEPKKN NPeanpUHUMATENbCTBA B PETMOHAX.

- MopaepKa co3gaHMa nporpamm no obyye-
HUIO LMPPOBOMY NNAEPCTBY AN PYKOBOAUTENEW,
npexkae BCero, rocygapCTBEHHbIX U CO 3HAYUTE/b-
HOM foNei rocysapcTsa NpeanpuaTUi.

— CybcnpmnpoBaHne obydyeHuAa COTPYAHWUKOB
MCI1, ocobeHHO B permoHax.

- CybcugmpoBaHue npuobpeteHus u/wmam
pa3paboTKM cneumanmaMpoBaHHOrO NPOrPAaMMHOTO
obecneyeHuna ans oTAeNbHbIX oTpacnen n chep, Ha-
npumep, cenbCcKoe X03AUCTBO, CTPOUTENBCTBO, NPO-
MbILWNEHHOCTb, PO3HUYHAA TOProBAA.

— MNpepoctasneHne MCIT KpeauTHbIX pecyp-
COB Ha /IbFOTHbIX YC/IOBUAX ONA pasBuTMA MHOpPa-
CTPYKTYpbI UT.

— [pmeHeHne HanorosbIX NbLFOT NPKU onJaTe
Tpyaa cneumanmcTos B chepe UT, 3aHATbIX B MCI, no
npumepy MapKa BbICOKMX TEXHONOTNI (OTYMCNEHUSA
B8 ®C3H, nogoxoAHbIN Hanor).

— [anbHeliwee passutve undposoin nHdpa-
CTPYKTYpbl ans obecrneyeHMAa BbICOKOCKOPOCTHOTO
Aoctyna B MIHTepHeT n 061a4HOro xpaHeHua 1 obpa-
OOTKM OAHHbIX.
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APMEHMS HO NYT K «HOBOW SKOHOMMUKE»: OBOPOHHAS MPOMBILLASHHOCTb

I. 9. ApyTIOHAH , K. 3. H., AIOLLEHT, pyKOBOAMUTE b
lpynnbl cTpaTerMyecknx Urp 1 MoAEeNMpPoBaHUA,

E-mail: harutyunyan.gayanne@mail.ru
ORCID ID: 0000-0003-3240-0802

HaumoHanbHbIN nccnenoBaTeNnbCknii yHMBepcuTeT o6opoHsl MO PA,
yn. AsetucsaH, a. 10, 2309, r. PasaaH, Pecnybivka ApmeHus

AHHOTauus. NobouHbIM 3dPEKTOM TaK Ha3biBAEMOWN «4- MPOMBbILLAEHHOW PEBOIOLMM», OCHOBHOM MHHOBALMOHHOM
TeHAEeHUMel KOTOpOoi ABAAETCA WNPOKOE NPUMEHEHME TaKUX TEXHONOTUI, KaK UCKYCCTBEHHbIW MHTENNEKT, MalUMHHOE
obyyeHne, KBaHTOBblE BbIYUCNEHWA, aAAUTUBHOE NPON3BOACTBO, POBOTOTEXHMKA, UHTEPHET BeLlei, 061auHble TeXHO-
JIOTUUN U T.A., MOXET CTaTb MO CYTU HOBAA rOHKa BOOPYKEHUI, U CTPaHbl, BOB/IEYEHHbIE B BOEHHblE KOH(AUKTbI, HE MOTYT
npeHebperatb 3TUM 06cTOATENBCTBOM. KaK HeGOAbLLAA CTpaHa, BOBNEUYEHHAA B SIOKAbHbIN KOHOANKT, ADMEHUMN HYXKHA
TaKkaa cuHepreTnyeckas (C B3aMMOYCUNAIOLLMMMN KOMMOHEHTAMM) KUHTENNIEKTYyalbHAA» CUCTEMA KapPMUA-IKOHOMMKAY,
KOTOpas CMOKET afeKBaTHO pearnpoBaTh Ha Nt0byHo yrpo3y 6e30nacHOCTU CTPaHbl. O4eBUAHO, YTO B HEU3OEKHOMN TOUKe
nepeceyeHMa HOBOM BOIHbI 3KOHOMMUYECKMX Npeobpa3oBaHnii B ADMEHUU U HOBOFO NPOPbIBA «4-0iM NPOMbILINEHHOM
peBONOLUNY» HaxoaMTCcA 0B6OPOHHAA NPOMBILLIEHHOCTb, B KQYeCTBe MHULMATOPaA NO3UTUBHbLIX U3MEHEHUI B SKOHOMM-
Ke, OTKyZa NONOXKUTE/IbHbIE IKCTEPHAINN LLEeNHOW peakL et A0MKHbI PacnpoCTPaHATLCA MO BCe SKOHOMUKe. B cTaTtbe
paccmaTpuBalOTCA BOMPOCHI Pa3BUTUA OBOPOHHON NPOMbIWIEHHOCTU APMEHUM B KOHTEKCTE HOBbIX Bbi30BOB MHAY-
ctpum 4.0.

KntoueBble cnoBa: sSkoHOMUYecKasa peBotouna, MHAycTpua 4.0, 060pOHHAA NPOMbILIEHHOCTb, aAAUTUBHOE NPOU3BOA-
¢80, 3D neyaTb, UCKYCCTBEHHbIN MHTENNEKT, POOOTOTEXHUKA, MHTEPHET Bellei, 061ayYHble TEXHONOTMK

Dna untnpoBanusa: ApyTioHsH, I. . ApMeHUA Ha MyTW K «HOBOW S3KOHOMMKE»: 06OPOHHAA NPoMbILLneHHOCTb/ I 3. ApyTioHaH//
Lndposas TpaHchopmaupms. —2021. —Ne 1 (14). —C. 15-23.
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Introduction. Presenting the new Government
program on February 12, 2019, Armenian Prime
Minister Nikol Pashinyan, referringtothe desideratum
of economic revolution, formulated virtually
the national agenda of economic development:
“Overcoming extreme poverty, a significant reduction
of poverty and unemployment, continuous growth of
salaries and pensions, and increasing export growth
rates. The combination of all these indicators we
consider as economic revolution” [1]. Of course, the
goals of the new Government are consonant with the
imperative of urgent problems facing the country,
but as Socrates notes: “The success of change is to
focus all of your energy not on fighting the old, but on
building the new”. Therefore, the construction of the
“New economy” of Armenia should be based on new
criteria of development that is already appointed for
Armenia by the “4th Industrial Revolution”.

The fact of the “4th Industrial Revolution” was
acknowledged by the world community in January
2016 at the framework of the World Economic Forum
in Davos. Earlier in 2015, Founder and Executive
Chairman of the World Economic forum, Klaus
Schwab, announced some new technologies as main
driving forces of this revolution: Artificial Intelligence,
Big Data Technology, Internet of Things, Robotics,
Self-driving Cars, 3D Printing, Biotechnology,
Quantum Calculations etc. [2].

All these technological changes, at first glance,
are diametrically opposed to the targeting goals of
"unemployment reduction and poverty eradication",
since one of the most dangerous trends in the “4th
Industrial Revolution” is the growth of technological
unemployment around the world. The scale of
this threat is best described in a study conducted
by Oxford University researchers [3], according to
which 47% of the US able-bodied population are at
risk of unemployment as a result of automation and
robotization. McKinsey estimates the same number
at 45%, while, according to World Bank estimates,
57% of OECD jobs can be automated over the next
two decades [4].

However, the consequences of this
revolution may vary depending on country’s level
of development, resource endowment, as well as
the peculiarities of human capital. For Armenia,
the concept of “Industry 4.0” can turn from the
challenge into an important platform for leap-
frogging development of economy. The point is that
artificial intelligence will replace the workforce in
areas that do not require creative and innovative
approaches to work, and are mainly dominant in
the service sector. The latter is a low value-added

economic area and, their replacement by real
sector industries creating more value-added in
perspective, can only indicate positive changes.
The challenge ahead is to create new jobs in the
new manufacturing industries faster than the
robotization of the service sector will take place.

2. New technological solutions of “4th
Industrial Revolution” for defense industry. Theissue
of which manufacturing industries are more flexible
andcapable of adoptingthe “newtechnology agenda”
was the subject of intensive discussions between
analysts. Ebner and Bechtold, for example, find that
from this point of view, the automotive industry is
the most flexible industry [5]. However, it should be
noted that the defense industry is traditionally in the
forefront of new technologies. In the second half of
the 20th century, the revolutionary technological
innovations such as satellite communications, jet
engines, semiconductors, nuclear energy, space
industry, Internet have been achieved as a result of
military purposes R&D [6]. Let’s consider how new
technological solutions are translated into action in
defense industry.

3D printing or additive manufacturing. This is
an industrial technology that allows to manufacture
a wide range of products, objects, parts, spare
parts, by gradual (layer-by-layer) addition of
materials (such as plastic, metal, ceramic powder)
on a three-dimensional digital model. The achieved
progress allows producing metallic and non-metallic
prototypes of objects as well as functional products
that do not require mechanical post-processing for
a while now [7]. As of September 2018, the global
market of additive production is $1.3 billion, with
the US, Japan, Germany and China leading. The
advantages of 3D printing are intensively used in
medicine, mechanical engineering, aerospace and
military industry.

Exclusive capabilities of additive manufacturing
allow not only to significantly increasing the efficiency
of materials use and to achieve the utmost precision
of product specifications and technical features
without any mechanical intervention, but also have
the following advantages:

— transition from mass production to mass
customization allowing to satisfy as many individual
customers as possible;

—the ability to create products with a complex
shape or even with a configuration impossible in the
routine production;

—reduction of production costs including costs
of small batches which was impossible without scale
effect under usual production conditions;
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— significant reduction in the duration of the
production cycle, significant increase in production
flexibility, since there is no need to the equipment
modification and readjustment for a new product [8].

These technologies are indispensable,
especially in the production of unmanned aerial
vehicles. For example, this is best illustrated
through UAV’s models manufactured by one of the
Russian companies (“Luch” 0QJSC), that additive
manufacturing technology has made it possible
to noticeably save time and financial resources, in
addition, UAVs produced by this technology can be
repaired and manufactured directly on the zone of
military operations.

Cloud technologies. The cloud manufacturing
can be described as a smart networked
manufacturing model that provides higher product
individualization, broader global cooperation,
knowledge-intensive innovation and increased
market-response agility [9]. Such a production
model works through cyber-physical production
lines, which provide free access to a wide variety
of production and information resources. The
cloud allows organizations to virtually keep and
process information on its production resources
within a central location and provide collaborating
companies with access to shared cloud platform in
real-time, saving operational and other costs [10].
This always-accessible and operative interaction
between suppliers and consumers is crucial to
creating electronic value chains. The latter will allow
companies to significantly reduce production costs
and order performance time, as well as warehousing
expenses, improve customer service, and optimize
work between partners, turning all the information
necessary to create electronic value chains into
accessible in real time for all stakeholders [11].

Although the use of cloud technologies in
the defense industry is associated with certain
risks due to high probability of information leakage
and other reasons, they still had a “revolutionary”
effect and continue to influence the aerospace and
defense industries. In particular, the cloud could
be brought into field of military operations using
mobile devices, enabling the extensive information
about operational military activities and to take
more effective countermeasures. Furthermore,
their use is also appropriate for automated defense
economy management and for research in the field
of cybersecurity. Note that cloud technologies are
interconnected with Big Data and Internet of Things.

Internet of Things. The Internet of Things (loT)
refers to the networking of physical objects through
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the use of embedded sensors, actuators, and other
devices that can collect and transmit information
about objects [12]. The loT provides an opportunity
to analyze the environment of items based on
information obtained from them, and accordingly
to manage remote (online) increasing the efficiency
and accuracy of actions.

The Internet of Things includes a wide range
of technologies: identification technologies (such as
optical identifiers: barcodes, Data matrix, QR-codes
and real-time locating systems), data measurement
technologies (from ordinary sensors to up-to-
date smart meters), data transmission/exchange
technologies and data processing facilities. One of
the main problems here is that the system could
provide functional capabilities so that the computer
could receive all the information independently and
without human intervention. It is also necessary
to eliminate as much as possible the influence of
the human factor when collecting information,
which will ensure the reliability and accuracy of the
information received.

The analysts of prestigious American
research and consulting company Gartner forecast
20 billion internet-connected things by 2020, in
turn, Intel provides an even more impressive figure
— 200 billion [13].

Internet of Things is extensively used
in defense industry, especially for intelligence
purposes, but the possibilities of its use will expand
in the future. Here are some examples. In military
situation, the so-called “attacking swarms” of UAV
(or other unmanned underwater and subsurface
vehicles) can have greater efficiency. “Attacking
swarm” can successfully perform the tasks assigned
to it according to unified plan and design thanks
to installed sensitive devices (sensors) that collect
operatively the necessary information to process
it in real-time and to guide operations. Innovative
approaches to armor the military equipment are also
based on the logic of the Internet of Things, which
reckon for transfer of data about the direction of
attack and other details to other military equipment
on the battlefield, soldiers and the control center, if
the equipment damaged.

Robotics. Analysts consider the development
of robotics as a precondition for predicting successes,
expected efficiency, and increasing productivity
in the framework of Industry 4.0 concept. Indeed,
the most advanced robots of new technological
world, capable to collaborating with each other and
humans (also called “cobots”), are really the driving
force of the “4th Industrial Revolution” [14], as their



production and exploitation requires a combination
of all the breakthrough technologies: artificial
intelligence, automated management, cloud
technology, Internet of things etc. The application
of robots in the production process noticeably
increases productivity because robots often work
faster, more accurate and more efficient than
people. It is known that the company Philips has
completely robotic productions, for example, in
the Netherlands. Philips produces electric razors
in a "dark factory" with 128 robots and just nine
workers, who provide quality assurance [15].

In the light of current tendency of robotics and
artificial intelligence development we can presume
that they are widely used in the military as well.
Actually, a diverse array of robotic systems is used in
the military sphere — from scout and sapper robots
to the most ordinary robotic infantry units. The use
of robots with the aforementioned exemplifications
is no longer an innovation in the military sphere, for
example, sapper robots have more than 40 years
of history, and the armored vehicles with remote
control are even older. In current trends ensuring
the multifunctionality of military robots, accuracy
of operations and abilities to navigate in complex
locations are dominated.

One of the most interesting design is the robot-
snake, able to glide silently even in an extremely
difficult terrain, equipped with a thermal imager,
camera, microphone, introduced by Israel in 2009.
Some time later, the USA also presented similar
development: the “American snake” could climb
trees, entwine objects and thus shoot from more
than secluded places.

Artificial intelligence. Robotics is closely
connected with another modern technology, artificial
intelligence, which is predicted to lead to the largest
revolution in human history but, unfortunately,
will also lead to the collapse of humanity [16].
Nevertheless, with all these risks, the development
and application of artificial intelligence has already
become a reality in the modern world. The matter in
guestion is the existence of intelligent systems that
can perform creative functions hitherto considered
exclusively human abilities. Robots with artificial
intelligence have a certain degree of independence
in decision-making and actions, as well as the ability
to repeat and improvise actions. Artificial intelligence
is now widely used in trade organization, financial
services markets, inasmuch it allows to quickly
research the market and to perform data mining.
Another important area of artificial intelligence
application is medicine - medical diagnostics,

interpretation of medical images, development of
individual treatment plans, activities of robots taking
care of the elderly and disabled persons. In addition,
artificial intelligence is also capable of creating
artworks. For example, piece of music created by
artificial intelligence Emily Howell (algorithmic music)
are registered as US patents. According to a study
by Marketsandmarkets (global market research
consulting company), the World market for artificial
intelligence technologies intended for military use
in 2017 was estimated at $6.26 billion, which is
forecasted to reach $18.8 billion in 2025 increasing
by 14.7% annually [17]. This is perhaps the fastest
growing market, and technological innovations in
this area are the most advanced. Let’s present the
most modern of them.

The project was launched in United States in
early 2019 envisaging to develop virtual assistants for
military personnel to help increase the effectiveness
of personnel during military operations. The system
that has been called ATLAS (Advanced Targeting
& Lethality Automated System) has advanced
targeting and high lethality capabilities due to
minimizing the negative impact of stressful situations
on personnel actions during military operations. In
particular, the system takes over the functions of
detecting potential targeting, determining if they are
hostile and aiming, leaving the final decision to fire
to the commander.

The use of artificial intelligence is also effective
in the control systems of military fighters. In 2016,
it was proved that the artificial intelligence ALPHA,
designed to control military fighters, won a landslide
victory over the former flying-ace of the United
States army in a virtual dogfight [18]. Technologies
of identification (recognition) of objects, people and
items provide automation and high efficiency of data
analysis obtained from satellite images and devices.
Artificial intelligence can also improve radar station
performance in terms of predicting and countering
a missile attack.

With all that, the most urgent and dangerous
of the global problems of the human society is the
excessive militarization of artificial intelligence.
In August 2017, 116 experts and founders of
artificial intelligence and robotics companies from
26 countries around the world sent an open letter
to the UN to ban the production of autonomous
weapons (through the use of artificial intelligence),
substantiating that “they will permit armed conflict
to be fought at a scale greater than ever, and at
timescales faster than humans can comprehend”
[19]. However, no international treaty, having legal
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force in this matter, has been signed, and the use
of artificial intelligence in the military industry is
already an irreversible process.

There are many examples of new technology
solutions used in defense industry. We did not touch
ontheuse of block-chaintechnology, nanotechnology,
guantum and many other technologies in the defense
industry, which are also trends in Industry 4.0. We
considered important to emphasize that the main
goal of this revolution is to combine the capabilities
of presented new technologies for creating and
optimizing new production chains (including
electronic ones). For example, by combining the
Internet of Things, Cloud technologies, Big Data
and additive manufacturing, the companies can
respond in real time to the demand for specific
product and, to meet this demand, produce products
corresponding to all individual needs, as well as
armaments and military equipment adapted to the
strategic requirements of each country.

3. The new agenda of defense industry
development in Armenia. Per se, the new race for
innovative weapons has begun in the world, and the
states involved in military conflict cannot neglect
this fact. The reality, that the defense industry
developmentin Armenia has no alternative anymore,
we are already substantiated in early 2016 [20], even
then noting that the only way to effectively solving
the interconnected issues of economic development
and ensuring security of Armenia is to develop the
indigenous defense industry. Obviously, the defense
industry is in the inevitable point of intersection
of the new wave of economic transformations and
the breakthrough of the “4th Industrial Revolution”
as the initiator of positive changes in the economy,
from which positive externalities must be spread
throughout the economy by a chain reaction.

As a small country, surrounded by real and
potential enemies, Armenia needs an economy-
army coalesced "intelligent" system that will respond
adequately to any, even the slightest threat to the
country's security. In practice, the main guarantee
of the country's security is the army, which requires,
first of all, significant human resources involved in
the military sphere, and then - financial resources. In
the case of Armenia, the lack of human resources is
caused not only by asmall number of populations, but
also by the adverse socio-economic situation, which
continues to be the main cause of emigration. On
the other hand, the continual involvement of human
resourcesin Armed Forces poses anotherthreattothe
state - the depletion of human capital. Meanwhile, for
many years Armenia has been considered a country
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of high-quality human capital and characterized by
its ability to rapidly absorbing the achievements of
scientific and technological progress and initiate
high-tech products manufacturing. The analysis of
the Human Capital Development Index, published
by the World Economic Forum in 2017, shows that
in the near future Armenia may lose the advantage
of a high-quality workforce, the restoration of which
will require more than one decade [21]. Regarding
financial resources, it should be noted that military
spending, despite considerable amount — about
4% of GDP over the past 10 years — did not have
a stimulating effect on economic growth when
economic patterns suggest an obvious impact. The
point is that military spending can have a stimulating
effect on the economy only when a significant part
of them is channeled to the real economy through
government procurement on defense. In the case
when a significant part of military spending channels
to the import of weapons and other military products,
not a stimulating effect on the economy is multiplied,
but a negative one, especially if we take into account
that the source of financing large military expenses is
an increase in public debt.

The Industry 4.0 platform provides all
solutions to the optimization problem conditioned
by imperatives of limited human and financial
resources to ensure the security of Armenia — and
not only this one. It also provides an opportunity
to prevent the militarization of the economy. In the
social-welfare function, security is an important
component but, nevertheless, it is welfare function.
Therefore, to develop an army without economic
development, per se, is unlikely. In an effort to
transform the economy in a way as to ensure the
integrated development of innovative technologies
and defense industry, the concept of "nation-army"
actually grows into the concept of "nation-economy-
security”, in which the emphasis is shifted from
"whole society for the army" to "whole society for
their own well-being and security". Not much seems
to change. But it is the establishment of this agenda
into the everyday livelihood of society can create
an institutional environment that will dictate long-
term trends in the development of society. In this
context, Industry 4.0 "offers" not to turn a nation
into an army, but to turn a nation into a huge "army"
of intellectuals capable of designing such a "smart"
military-industrial complex that can with minimal
human resources, but with significant knowledge-
intensity and technological effectiveness, to solve
maximum successfully any security problems facing
the country. As a result, we can have a military-



industrial complex with the following features:

— full front line robotization, significantly
reducing the number of casualties during sabotage
attacks;

— widespread use of ground and air robotic
intelligence system in peacetime and wartime;

— use of multifunctional unmanned aerial
vehicles (including armed drones) during military
operations;

— availability of modernized weapons and
military technology equipped with remote control
systems;

— ability to carrying out high-efficiency
network-centric warfare based on new advanced
information exchange and analysis systems (by using
cloud technologies);

— effective management of military situation
and ensuring accuracy of the countermeasure
maintaining a high level of situation awareness due
to the technological capabilities of the Internet of
Things;

— high-tech army uniforms equipped with
elements of assessment of the soldier’s moral and
psychological state and adequately response;

— defense industry enterprises appointed with
additive manufacturing technologies, which are
flexible in timely order execution with high accuracy
- almost individually;

— improved logistic system of military-
industrial complex conditioned by simplification
of transactions and costs reduction due to the
shortening and elimination of intermediate links in
management process.

At the same time, it is obvious that such
a developmentofdefenseindustrycannotbeseparated
from the development of other manufacturing
sectors, since Industry 4.0 technologies can also be
more successfully used in civilian production, and in
some cases they can be transferred to the military
sphere from there. On the other hand, the defense
industry development can also contribute to the
development of related and supporting industries
(alternative energy, radio electronics, electro technical
manufacturing, etc.), becoming a key manufacturing
sector that can set entire economy in motion.

4. Concluding observations. Based on this
research, we present a number of observations
and recommendations for bringing the economic
revolution in Armenia into compliance with global
innovation trends and developing the defense
industry.

1. Innovative technologies are created and
implemented in the production process by human
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capital, therefore, the preventing of permanent human
capital degradation in Armenia and creating favorable
conditions for development are of paramount
importance. This could be accomplished by:

— to establish strict quality standards for
education from primary education to university and
post-graduate levels, preventing a large number
of “semi-literate” graduates and scientists who
demonstrate “mental disabilities” in solving practical
problems;

— to make more stricter the approaches to
teaching mathematics, physics and informatics in
school curricula;

— to make robotics a compulsory subject
in schools and institutions providing secondary
technical education;

—toincrease the number of State-requisitioned
places at universities for engineering, physics and
mathematics professions, while at the same time
imposing strict requirements on the possession of
basic skills intended for comprehension under the
curriculum;

— to create favorable conditions for close
collaboration between universities and employers
in terms of structuring higher education programs in
accordance with real needs of labor market;

— considering that in the “new economy”
the manufacturing processes are significantly
complicated from  both technological and
organizational points of view, to increase perceptibly
the funding of interdisciplinary research, as well
as contribute to development of interdisciplinary
competencies for different professions.

2. Considering the lack of effective links
between different sectors of economy - public
and private, financial and industrial, scientific and
educational, as well as the weak relationship between
different production sectors as the main obstacles
to whole economy development (and especially of
defense industry), we suggest:

— to partially liberalize the dissemination of
information on defense industry (keeping secret the
technologies of new weapons production), enabling
private investors (including those from Armenian
Diaspora and foreigners) to properly evaluate
investment efficiency and take greater initiative;

— to perform periodic analysis (through surveys)
of the human resource demand of high-tech companies,
“inventory” of required skills and abilities, in order to
coordinate them with educational processes;

— to diversify the platforms for interaction
between Government, private companies and
research institutes in the high-tech field, from joint
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research and development to commercialization of
their results and to exposure to external markets;

3. To provide access to new source of high-
tech project financing and opportunities for using
contemporary money attraction mechanisms -
crowdfunding, crowdlending, crowdinvesting, 1CO
(initial coin offering), particularly by:

—including the subject “Alternative financing”
as an compulsory course in economic universities;

— providing advanced telecommunication
infrastructures (as the main ecosystem for Industry
4.0) with appropriate availability of software and
cybersecurity guarantees allowing unlimited access
for all participants in economic activity;

—creating favorable conditions for use of block-
chain technologies and raising public awareness in
this regard;

— establishment and enhancing of appropriate
legal framework for operations on crowd platforms;

— issuing state-guaranteed private debt
instruments, which can also stimulate the
development of the local stock market;

— considering the possibility of investing funds
of compulsory accumulations of pensions in low-risk
high-tech projects.

4. To develop in a short time the architecture
of the “smart” military-industrial complex and its
model of digital control in order to plainly assessment
of demand for new technological solutions in this
area and economy'’s ability to respond it.

5. As a pilot production project in defense
industry, we suggest to establish a joint venture
(for example, Armenian-Russian or Armenian-
Belarusian) for Aircraft production, modernization
and maintenance services in Gyumri on the basis
of aircraft repair military unit. The enterprises will
specialize in high-quality maintenance, repair and
modernization of military and civil aircraft, as well as
in manufacturing of aircraft parts and components
and in helicopters and aircrafts assembling activities,
will have a laboratory for designing new specimens of
aircraft and developing new technologies for aviation
equipment modernization. Such a proposal is justified
by several factors: the availability of high-quality
workforce (graduates of Military Aviation University
Named after Marshal Khanperiants); neighborhood
of Gyumri Technology Center; capability of dual-
use products manufacturing (provision of services);
availability of adequate transport infrastructure,
including airport in operation.
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AHHOTaumsa. B cBasu c umudposoit TpaHchopmaLmein 6en10pycCcKoit SKOHOMUKIN Nepes, KOMMNAHUAMM CTOUT 33a4a BblbO-
pa cnocoboB nepexoaa OT KAacCUYeCKMX METOA0B YMNPaBAeHUA YeI0BeYECKMMM pecypcamm K moaenn «HR 3.0», nosso-
nAowen NoBbIcUTb 3GHEKTUBHOCTb M CKOPOCTb PeLleHuaA 33434 HaliMa, YAEePKaHUA U Pa3BUTUA NePCOHaNa B pesysibTate
NCMNONb30BaHMA 06NaYHbIX TEXHONOIMI, YaT-60TOB U UCKYCCTBEHHOTO MHTeNNeKTa. O4HUM U3 KAKOUYEBbIX HAaNpPaBAEeHWUN
COBEpLUEHCTBOBAHMUA YNpPaB/ieHUA Ye/I0BEHYECKMMIN pecypcammn ABnAeTcA LMdpoBmM3aLLmMa npoLuecca pekpytTmHra. B cra-
Tbe NPeasioKeHa TEXHONOMMA peannsaumnmn 6e10pyCcCKMMM KOMNAHUAMMU LMPPOBOro PEKPYTUHIA; NPUBEAEHA METOAMKA
OLLeHKM pe3tome KaHAMAaTOB, MeToAMKa NPOBeAEHMA NPeaBapUTEIbHONO0 MHTEPBbLIO C MCMO/Ib30BAHUEM UHTENNEKTYa b-
HbIX AMANOroBbIX CUCTEM, MOCTPOEHHBIX HAa MPUHLMMAAX MALIMHHOIO O0By4YeHUA; PAaCCMOTPEH NMPUMEpP MCMOAb30BAHMUA
YyaT-60Ta Npu nosbope v oLeHKe KaHAMAATOB; YKa3aHbl NpenmyLLEecTBa LMbPOBOro pekpyTUHra nepes KAaccuyecknumm
MeTogamu nogbopa nepcoHana.

KntoueBble cnoBa: ynpasieHne Yesi0BeYECKMMU pecypcami, LdpoBOli PEKPYTUHT, aBTOMATU3MPOBAHHAA cUCTeMaA pe-
KPYTUHTa, UHTENNEKTYaIbHanA AMANoroBas cMcTema, 4aT-6ot
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Abstract. In connection with the digital transformation of the Belarusian economy companies face the task of choosing
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BeeaeHue. B pesynbraTe nocTteneHHOro BHe-
ApeHusa B Ou3Hec-npoueccbl NepeaoBblX MeToA0B
W NOAXOA0B, ynpaB/ieHNe YenoBEeYECKMMU pecypca-
mn (HR) noagepraetca umdpoBon TpaHchopmaumuu.
Ha aTtane nepexoga K unMppoBOi SKOHOMUKE B TPAAN-
LMOHHYH MoZAesb ynpaBieHNAa BBOAATCA TEXHO/IOTUU
WCKYCCTBEHHOTO MHTenneKTa, HR- 1 nporHo3Hom aHa-
JIUTUKMU, UHCTPYMEHTbI paboTbl ¢ 601bLLIMMM MaccuBa-
MW AaHHbIX, MalLMHHOE 0bydyeHue; poboTU3NpYHOTCA
N aBTOMATU3UPYIOTCA MPOLLECChl yNpaBieHUA nepco-
Ha/NoOM, YTO B CBOKO O4vepenb TpebyeT oT cneumnanu-
CTOB OCBOEHMA HOBbIX K/IOYEBbIX HaBbIKOB [1, 2].

YnpasneHne 4enoBe4YeCKMMU pecypcamu ne-
PEexoAuT Ha HOBbIM ypoBeHb — Mogenb «HR 3.0», no-

3BO/IAOLLYIO NOBbICUTb 3PPEKTUBHOCTb U CKOPOCTb
pelweHna 3afay Haima, yaepaHuAa U pPasBUTUA
nepcoHana, 6narogapa MobUAbHbIM TEXHOOTUAM,
TEXHOJIOTMAM MOWUCKA KaHAMAATOB Yepes coumasb-
Hble CeTU, aHanM3y BoMbLIMX MACCMBOB AAHHbIX, MC-
No/Ib30BaHUIO 061aYHbIX TEXHONOTMN U LUDPOBLIM
bopmMam NCUXOMETPUYECKUX MHCTPYMEHTOB OLLEHKM
nepcoHana. Kntouesble HanpasneHna HR ymudposu-
3auUMKM NpeacTaBaeHbl HAa pUCyHKe 1.

Mpouecc noabopa 1 HaMma NepcoHana B Hau-
bosnbluel creneHn BAMSET Ha OU3Hec-pes3ynbTaThbl
KOMMaHWK. Ha cmeHy Knaccuyeckoi dopmbl npouec-
ca noabopa Kagpos NPUXoAnT LMPPOBOIA PEKPYTUHT
(pucyHok 2).

HanpasneHusa undpoBusaunm
ynpaBneHus YenoBe4eckuMm pecypcamm

-

Lincposon

DEKpYTUHT HR MapKeTuHr

-

ObyyeHue
nepcoHana

HR aHannTtuka

Puc. 1. HanpasneHus umdpoBm3aLmm yrpaBaeHUs YeNoBeEYECKMMM PECYPCaMM
MpvmeyaHmre. Pa3paboTka aBTopa
Fig. 1. Directions for digital human resource management
Note. Developed by the author
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Puc. 2. HanpaBneHusa undpoBoro pekpyTnHra
MprmeyaHue. PaspaboTtaHo Ha ocHose [3].
Fig. 2. Directions for digital recruiting
Note. Developed on the basis of [3].
DIGITAL TRANSFORMATION, No 1 (14), 2021 25



Hpveoe 1.8
Workday 1,6
Taleo 2.4
Mupanonuc 2.4
Skillaz 27

2

Axapta 3.3

Experium 4.5

Xawmdpnoy
Potok
Frienchvork
SAP/Success Factors
Excel
Ic
E-staff

Talantix

6.1
6.7
7.4
8.9
10,8
12,6
14.4

14.4

0 2 4

6 8 10 12 14 16

Puc. 3. PeiiTuHr cuctem upndpoBOro pekpyTMHra
MprmeyaHue. PaspaboTtaHo Ha ocHose [3].
Fig. 3. Rating of digital recruiting systems
Note. Developed on the basis of [3].

Mo pesynbtatam onpoca HR-cneumanu-
cToB, npoBegeHHoro B 2019 roay KomnaHuewn
«HeadHunter», Ka)kaaa TpeTbA KOMMNAHWA, NpeaCcTaB-
JIEHHAA Ha PbIHKe, NO/b3yeTCA CUCTEMOW aBTOMATU-
3aumm nogbopa nepcoHana [3]. OcHOBHbIMK Npeun-
MYLLLeCTBaMM NCMOJIb30BAHNA aBTOMATU3NPOBAHHbIX
cuctem noabopa nepcoHana ABAAKOTCA: BbICBOOO-
XAEeHWe BpeMeHW Ha BbINOJIHEHME HOBbIX 3aj4av,
obecneyeHne nNpo3payHOCTM OlOAKETA HA pekpy-
TUHT, COKpaLleHNe CPOKa NMouCcKa COTpyaHUKoB. Uc-
cnepoBaHusa «HeadHunter» onpeaennnn seayuime
cucTembl LMGPOBOro pekpyTUHra (PUCYHOK 3).

AHanns 3¢pdeKTMBHOCTM BHeApeHuAa umndpo-
BbIX TEXHO/IOTMIA B MPOLLECC yNpaB/ieHUs YyenoBeye-
CKMMM pecypcamu BbISIBU HanpaB/ieHUA, B KOTOPbIX
aBTOMaTM3aLMA B NOJHON Mepe onpasaana oXuaa-
HMA CNeLnanmcToB. TaKMMW HANPaBAEHUAMM CTaIU:
OTNpaBKa yBEAOM/IEHUI KaHAMAATaM, aHA/IMTUKA MO
noabopy Kagpos, paHXMpOBaHME pe3toMe U MOMUCK
KaHAMAaToB (PUCYHOK 4).

MexayHapoaHble wuccneposaHua «byayuwee
HR», nposoammble B 2019 rogy kKomnaHuen «KPMG
International», nokasanu HanpasneHua UMPPOBOro
yrnpaB/ieHUA YenoBevYeckMmmn pecypcamm [5]:

— BHeApeHue TeXHONIOMMIM U HaBbIKOB, Aato-
WX BbIFTOAY U KOHKYPEHTHOE NMpevmyLL,ecTBO OT 1C-
No/sIb30BaHUA aHanM3a 601bLINX AAHHbIX;
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— WHTerpaums 4enoBe4yeckoro uM umndposoro
Tpy4a 3a CYET MPUMEHEHUA UCKYCCTBEHHOIrO UHTeN-
JIEKTa N MalUMHHOro 0by4yeHus;

— ncnonb3oBaHne HR-aHanUTUKKM ¢ Lenblo no-
BbILUEHWA KayecTBa NPUHMMAEMbIX YNpaB/ieHYECKMX
pelweHnin N NPOrHO3NPOBAHUA NOBEAEHUA COTPYA-
HMKOB, @ TaK»Ke pe3ynbTaToB UX AeATEe/IbHOCTU.

Mpwn 3TOM OCHOBHbIMW HanpaBAEHUAMU UHBE-
CTULUMIN B yrNpaBiAeHME YEeN0BEYECKUMU pecypcamm
CTanun: NpOrHo3Has aHanuTtuKa (37,5 %), aBTomatu-
3aums npoueccos (33,1 %), MCKYCCTBEHHbIN UHTEN-
nekT (29,4 %).

B 2020 roaoy B KayecTBe OCHOBHbIX TeXHU4e-
CKUX pPEeLIeHMA Ha PbIHKE MHPOPMALMOHHbIX Tex-
Honormn B HR BbiCTynaloT 06n1ayYHble TEXHOMOTUW,
4aT-60Tbl M UCKYCCTBEHHbIN UHTE/NEKT.

B cBA3KM ¢ 3TUM nepes 6en10pycCKMMM KoMna-
HUSMM CTOMT 3a4a4a Bbibopa cnocoboB nepexoaa ot
KNACCUYECKNX METOZOB YrnpaBaeHMA YesIoBeYeCKn-
MU pecypcamum K LMdPOBbIM, AAIOWMM KOHKYPEHT-
Hble NPeMMyLLLeCTBA OPraHn3aUmam.

TexHonorua peanusauum unudpoBoro pekpy-
TUHra. Knaccuueckas peanusauma npouecca peKkpy-
TUHFa COAEPKUT BONbLIOE KOMIMYECTBO PYTUHHbIX
onepauuin 1 NOBTOPAOLWMXCA 3a4a4, KOTOpble ue-
NlecoobpasHo aBTOMATU3NpPOBaATb, TO €CTb Npeobpa-
30BaTb Kaaccuyeckmin nogbop Kagpos B LUUdpPoOBYO

UMDPOBAA TPAHCOPOPMALNA, Ne 1 (14), 2021
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Puc. 4. OueHka addeKTMBHOCTM aBTOMaTM3aLMKN HR NpoLeccos (oLeHKa ocyLecTBIsAach no NAaTmbanibHoM LKane)
McTouHuk: [4].
Fig. 4. Effectiveness evaluation of HR process automation (evaluated on a five-point scale)

Source. [4].
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Fig. 5. Digital recruiting technology
Note. Developed by the author.
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dopmy. TexHonormns peannsaumm umdpoBOro pekpy-
TUHra NpPeACcTaBaeHa Ha PUCYHKe 5.

Taknum obpasom, UNMPPOBOM PEKPYTUHT — 3TO
COBOKYMHOCTb PpyHKLMIN cybbekToB (HR-cneumanucr,
KaHAMAaT Ha A0/MKHOCTb) U obbekToB (HR-noptan,
WMHTEepPHeT-pecypcbl, YaT-60T) cuctembl noabopa nep-
COHana, No3BO/AIOLWMX B KOPOTKME CPOKWU, C Hau-
MEHbWUMK YCUAUAMM WU 3aTpaTaMM 3aKpbiBaTb Ba-
KaHcuio (HaxoamTtb paboyee mecTo).

Ob6beamHeHWe TaKUX 31€MEHTOB TEXHONOMUU
Kak «HR-nopTtan» n «4at-60T», npeacrasnsneT cobom
aBTOMATM3MPOBAHHYIO cuUcTeMy peKpyTuHra (ACP),
NMO3BOJIAOLLYHO:

— COKpaLLLaTb KOTHUTUBHbIE UCKaXKeHUsA, AONY-
CKaemMble peKpyTepamu, U CHUXKaTb BAUSHME Yeso-
Beyeckoro pakTopa;

— aBTOMaTM3MpPOBaTb
W npeaBapuTeNbHOE UHTEPBBIO;

— YCTaHaBAMBATb KOMMYHMKALUMKM C KaHAM-
AaTaMK U NOAAEPKMBATD UX Ha MPOTANKEHUU BCErO
npouecca Halima;

— pacwmnpsaTb BOPOHKY Noabopa nepcoHana;

— MOBbIWATb KAYeCcTBO OTOOPaAHHbIX KaHAN-
[aToB;

— cobupaTtb 1 0bpabaTbiBaTb aHaNUTUYECKME
AaHHble A7 06beKTUBHbIX PELIEHUI B YNPaBAEHUM
PEKPYTUHIOM;

— YCTPaHATb PUCK NOTEPU MHHOPMALMM O LLEH-
HbIX KaHAMAATax U cTaTycax noaobopa;

— CHUKaTb CyObEKTUBM3IM Npouecca oTbopa;

— COKpalLaTb 3aTpaTbl HaliMa 1 BpeEMEeHU Noa-
6opa Kagpos;

— obecneymBatb POCT NPOM3BOAUTENBHOCTU
Tpyaa HR-cneumanumcra.

Cuctema ACP obGecneymBaeT npo3payHbIi
npuYHUMN paboTbl:

— HR-cneuymanucTt 3agaeT napameTpbl Ba-
KaHCUM, NO KOTOPbIM cucTeMa OTOMPAET HYMKHbIX
npeTeHAEHTOB B WMHTEpHeT-pecypcax (Ha calTax
noucka paboTbl, couManbHbIX CETAX, OHAANH-O6Up-
»ax), UMnopTupyeT noaxogdawme pestome B 6asy
HR-nopTtana;

— HR-noptan npoBoAMT NepBUYHbLIN OTOHOP
KaHAMAATOB NO UX Pe3OME;

— HR-cneumanuct paet KomaHgy 4at-6oty
NPUrNacuTb U NPOBECTM C OTOBPAHHBIMM KaHAMAATA-
MW NpesaBapUTENIbHOE NHTEPBbIO;

— yaT-60T paspabaTbiBaeT CNMCOK BOMPOCOB
M NPOBOAUT WHTEPBbLIO, pe3ynbTaTbl KOTOPOro npe-
pocTasastoTca HR-cneuunanucty;

— NOAy4YMB NUCbMeHHOe cornacue, HR-noptan
NPOBOAMUT COLMANbHbBIA CKOPUHI aKKAyHTOB KaHAM-
AaTa B COUMANbHbIX CETAX;

CKPUHUHT  pestome
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— cuctema HR-nopTtana nepecbliaet cneyma-
JIUCTY OTYETbI MO OTOBPAHHbBIM KaHAMAATYPaM B Xoae
npeaBapuTeNbHbIX UCMbITaHUN;

— HR-cneuuanuct npomssoaut oT60p KaHAU-
0aTyp ANs UTOroBbIX cobecegoBaHMI C 3IKCNepTamu
KOMMaHWUW;

— 4aT-b60T CBA3bIBAETCA C KaHAMAATAMM U Ha-
3HaYyaeT AaTy M Bpema MTOroBbix cobecesoBaHUiA,
cornacya pacrnucaHus WHTEPBbIOMPYIOLWMX SKcnep-
TOB M KAaHANAATOB;

— HR-cneumanuct aHanmsmpyeTt pesyabraThbl
cobecenoBaHWii, NPefoOCTaBAsET WUX PYKOBOACTBY
KOMMaHWMK, KOTOPOE NPUHUMAET OKOHYaTeNbHOE pe-
LWeHMe O Harme.

bnarogapa ACP-pekpyTepy He HY>KHO BPYYHYIO
NCKaTb pe3tome, CBEPATb KOMMETEHLMM U KayecTsa
KaHAMAaTa c TpeboBaHUAMM BaKaHCUM, CBA3bIBATHLCS
C couckaTenamu. TakKe cMctema NO3BONAET COCTaB-
nATb 6a3y pestome, aHaAM3NPOBATb UCTOUYHUKM MO-
MCKa KaHAWAATOB U onpeaensTb Hanbonee sapoek-
TUBHbIE cpean HUX, cobmnpaTb AaHHbIE O KOMYecTBe
npoBefeHHbIXx cobecefioBaHMI W CPAaBHUBATL WX
C NpeAblaywmMmm Nnepmoaamm, n3yyaTb BOPOHKY KaH-
ANOATOB, PACCYMTbIBATb CTOMMOCTb OTKAMKA KaHAW-
4aTtoB, popMMPOBaATb BHELLHWI KafpOBbIM peseps.

KaK noKkasblBaeT MpaKTMKA, CambiMM 3aTpart-
HbIMW W OJAUTENIbHBIMW MPOLECCaMU PEKPYTUHIa,
BKIOYAIOLWMMM  BONbLIOE KOAMYECTBO PYTUHHbIX
M OOHOTWUMHbLIX OMepaunin, ABAAKTCA MNEepPBUYHbIN
oTbop pestome M NpoBefeHWe MpeaBapUTENbHOIO
WMHTEPBLIO C KaHAMAATOM. Takmm obpasom, uene-
C00b6pasHO oCyLWecTBAATb AaHHble MpoLecchbl ¢ no-
MOLLbIO MHTENNIEKTYa/IbHON AMaNOroBOM CUCTEMBbI,
MOCTPOEHHOM Ha MNPWMHUMNAX MALKMHHOIO 0byye-
HUA, —4YaT-60Ta.

Ha ceroaHs Hanbonee BocTpeboBaHHbIMMK 6O-
TaMU-peKpyTeEpamm ABAstoTCA [6]:

— XOR (xor.ai) — 60T B Telegram, Facebook
n HeadHunter (hh.ru);

— TalkPush (talkpush.com) — 60T B Facebook
Messenger;

— Wendy (wadeandwendy.ai) — CKpuHUHr-60T
B Slack;

— Skillaz — cuctema, aBTomaTmnsaumm nogbopa,
NPUHATUA peLlleHnii, 06paboTKM M aHaNM3a SAHHbIX
comckaTesieit Ha caiiTax Nnomcka paboTbl U B coumanb-
HbIX CETSAX.

ANroputm paboTbl 4aT-60Ta NOCTPOEH HA BbI-
NOSIHEHMW ONpeAeseHHbIX 3Tanos, NOBTOPAOLLMXCS
B XOZ4e BCero npouecca obLeHns ¢ nosb3oBatesiem
(pncyHOK 6).

ANropuUTM NpeKpallaeTcs, Korga 4aTt-60T He
nosy4yaeT obpaTHOM cBA3M B BMAE HOBOro coobuue-
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Puc. 6. Anroputm pabotbl yat-60T1a

MpumeyaHue. Pa3paboTKka aBTopa

Fig. 6. Chatbot operation algorithm
Note. Developed by the author.

HUA WAW KOMaHAbl, HO MPOLECC KOMMYHMUKaLMU
MOMET MOBTOPUTBCA MO MHULMATMBE KaHAMAaTa.
YaT-60Tbl He HauMHalT obLlieHMe nepBbiMU. Ero 3a-
MYCK NPOM3BOAMTCA Yepes HaxaTue KHOMKM CTapTa
Ha BUPTYasibHOM Knasuatype. [na ocywecTBAeHUA
paboTbl 1 BU3yanm3aumm 60Ta B KauecTse MUHU-NPU-
NIOXKEHUA C MHTYUTUBHO MOHATHbIM MHTepdelricom
MCMNONb3YIOTCA NPOrPaMmMMUpPyeMble KHOMKU BUPTY-
a/NIbHOM KNaBMaTypbl.

PaccmoTtpum NPUHUMN  OCYyLLecTBAEHMUA
nepBuMYyHOro oTHopa KaHAWMZATOB MO MX pestome
HR-nopTanom. PelTUHI pe3tome BbICTaBASETCA MO
COBOKYyNHOMY 6anny us psaga KpUtepues, UMEHLLNX
pasfinyHble yaenbHble Beca, 3aBucsaLLne oT Tpebosa-
HWIA BAaKaHCUW, U arpermpoBaHHbIX B MHTErPaabHbI
NoKasaTe/ilb — COBOKYMHbIN 6ann pestome:

5
P =X (b,xK),
i=1

rae P — peiTuHr pestome, 6ann; b, — cymma 6annos,
NOJIYYEHHbIX KaHAMAATOM MO i-pasfeny Kputepues
oueHku pestome, 6ann; K. — 3HauMmocTb i-pasgena
KpUTEPUEB OLIEHKM pestome (3aBUCUT OT TpeboBsa-
HWI BaKaHcuuW, NnpocTaBnsetca HR-cneunannctom).
Mpn oueHke pe3tome HR-cneuwanuct 3agaet
npoxodHble 6annbl cucteme noprtana no Kaxaomy
pasgeny MaTpulbl B 3aBUCMMOCTU OT AOMKHOCTU.
Ncxopa m3 TpeboBaHMIA BaKaHCUM, CMeunanncTom
yCTaHaB/MBAETCA YPOBEHb 3HA4YMMOCTW pasdena
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KpuUTepMeB oLeHKWU. MpoxoaHble 6annbl U ypoBEHb
3HAUMMOCTM ONpeaenaATca crneunanmucTtamm cooT-
BETCTBYIOLWMX CAYKO M noapasgeneHnin KomnaHum
(skcnepTamu). Ob6ocobseHO KarKaon BbiABNEHHOM
KOMMETEHLUUM BaKaHCUM nNpucBamBatoTca Hannbl
M NPOM3BOAMTCA PaHKMPOBAHME KOMMETEHLUMI B No-
PAZKE UX BbIPa*KEHHOCTN B KOHKPETHOMW J0NKHOCTU.

Ha cneaytouiem stane HR-cneumanmct NoaKo-
YyaeT K npoueccy 4aT-60Ta. 1o KomaHae pekpyTepa cu-
cTema OTNPaBAAeT aKTUBHYIO CCbUIKY Ha MOBUbHOE
YCTPOWCTBO KaHAMAaTa, npoluesliero 3Tan otbopa
no pestome. [laHHaa cCbiNKa NO3BONAET Ha onpeae-
NeHHOoM naaTtdopme CoLManbHOM CETU, MecceHaKepa
nmMbo Ha caliTe KOMMNaHWKM 3anyCcTUTb YaT-60Ta, KOTo-
pbln pa3pabaTbiBaeT CNUCOK BOMPOCOB M MPOBOAUT
npeasapuTe/ibHOe UHTEPBbIO. MpK 3TOM CNUCOK BO-
npocoB pa3busBaeTca Ha MHGOPMALMOHHbIN U cneuu-
a/IM3MpPOBaAHHbIN 610K (pUCYHOK 7).

NHbOopMaUMOHHBIN 610K BKAOYaeT BONpoO-
Cbl K KaHAMAaTy, He Tpebyolme cneumanmsaunn:
npodeccma (cneumanbHOCTb); ypoBeHb obpa3osa-
HUWA; MEeCTO NPOMKMBAHMA M FOTOBHOCTbL K Nepeesay
(KomaHaMpOBKaM); LeNb NPOXOXKAEHUS UCMbITaHUI
(cTa’kMpoBKa, nosiydeHMe AOMKHOCTU); BUA, 3aHA-
TOCTM (NO/IHasA, YacTUUHaA, yaaNeHHan); Kenaembli
ypoBeHb 3apaboTHON nnaTbl; 6a3oBble yMeHUA, Ha-
BbIKM W KauecTBa KaHamnaaTta. CneumnanmsmpoBaHHbIi
670K npeactaBneH y3KoHanpasiaeHHbIMKU BOMpoca-
MM, COCTaB/IEHHbIMW B 3aBUCUMOCTU OT:
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Fig. 7. Chatbot pre-interview blocks
Note. Developed by the author.
— nepevyHAa AOO0NXKHOCTHbIX KOMI‘IeTeHLI,VIVI, MalUUHHOro oﬁyquvm, npu nop.60pe nepcoHana.

CcPOPMMPOBAHHbLIX NO TUNOBOM AOKHOCTHOM MH-
CTPYKLUMWU OaHHOM BaKaHCUM (paspabaTbiBaeTca Ha
ocHoBe EamHoro TapudHo-KBaNMPUKaLMOHHOIO
CrnpaBoYyHMKa paboT u npodeccuin paboumnx (ETKC)
M EQMHOrO  KBAaAMOUKALMOHHOFO  CMPABOYHMKA
[OMKHOCTelN cayawmx (EKCA);

— HaBbIKOB, BOCTPeOOBAHHbIX HA PbIHKE TPYAa;

— YPOBHA MOArOTOBKWU KaHAMAATa, BblB/IEH-
HOro NpPW aHasn3e ero pestome.

Mo pe3ynbTaTam OTBETOB Ha BOMPOCHI cneuu-
aNM3MpoBaHHOro 610Kka popmupyetca nHdopmauma
0 npeafiaraeMom ypoBHe 3apaboTHOM naaTbl, He-
06XOAMMOCTM MPOXOKAEHUA CTAXKMPOBKU KaHANAA-
TOM, UMEIOLLMM CTaX, BbISIBIEHHbIX Y HEro YMEHMUSAX,
HaBbIKax M KayecTBax.

Mo OKOHYaHWM WMHTepBblO cobpaHHaa 6oTom
MHPOPMaLMA NOCTYNaeT B aHAMTUYECKUI BIOK cu-
ctembl ACP (HR-nopTan) Ans aHanusa OTBETOB KaH-
Avaata, No pesynbTaTam KOTOPOro onpeaensercs
YPOBEHb €ro KOMMETEHTHOCTM, COOTBETCTBUA Tpebo-
BaHMAM BaKaHCKM, a TaKxKe GopmupyeTcs npessapu-
Te/IbHbIN OTYET, NpegocTasasembii HR-cneunanmcry.

MpumeHeHWe Ha NPAKTUKE UHTENNEKTYalbHbIX
OWaNoroBbiX CUCTEM, MOCTPOEHHbIX HAa MPUHLMNAX
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Anpobauua nHTepBblo-60Ta ocyLecTsnack B Buteb-
CKOWM IT-KoMnaHWW YncneHHocTbro 120 YenoBek.

YpoBeHb KaHAMAATOB: CTYAEHTbl BbIMYCKHbIX
KYpPCOB BbICLIMNX Y4eOHbIX 3aBeAeHM T. Butebcka.

Llenb nogbopa: npakTUKa U NPOXOXKAEHUE CTa-
YKMPOBKM B KOMMNAHUM.

Konunuectso KaHanaaTos: 14 yenoBek.

UcxoaHble faHHble: MHTEPBbIO C KaHAMAaTa-
MW; TpeboBaHMA BakaHCKM Javascript-pa3paboTumnka,
pa3melLeHHble Ha «PaborTa. tut.by» (Tabnuua 1).

Ha ocHoBaHMM TpeboBaHMIM BaKaHCMM U YPOB-
Hs NOArOTOBKM KaHAMAATOB YaT-60T cOCTaBUA BOMNPO-
Cbl 411 UHTEPBbLIO MO MHGOPMALMOHHOMY U crieuma-
nmM3npoBaHHOMY 6/10Ky. Ha pucyHKe 8 npeacTtasieH
CKPUHLLOT guanora yat-6oTa «MHTepBbio BOT», pas-
paboTaHHOro aBTopom Ha nniatdopme «Telegramy,
C KaHAMAATOM MpU NPoBeAEHUU NPeaBaPUTENBHOIO
NHTEPBbIO (MHGOPMALMOHHbIN 610K).

Pesynbrathl nNpoBefAeHHbIX cobecenoBaHUiA
3aHocuanch B 6asy HR, raoe aHanM3npoBannch AaH-
Hble MO KaXXA0MY KaHAMAATY, COCTaBAAICA yCpeaHe-
HbI/ NOPTPET COMCKATENA U CTPOWUAACh AMarpamma
COOTBETCTBUA MOArOTOB/NIEHHOCTU KaHAWMAATOB Tpe-
60BaHMAM BaKaHCUM (PUCYHOK 9).
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Tabauya 1. TpebosaHus sakaHcuu Javascript-paspabomyuxa
Table 1. JavaScript developer requirements.

Panr O6sa3aTenbHble Tpe6oBaHUA bann PaHr MenaTtenbHble ymeHUA N HaBbIKK bann
1 3HaHmMAa cTaHgaptos JavaScript| 16 1 OnbIT HanMcaHKsa unit TectoB (Jest + Enzyme) 9
(ES5, ES6+)
2 3HaHna HTMLS5, CSS preprocessors | 12 2 OnbIT KOHOUIypMpOBaHMA MPOEKTA C HynA 9
(Webpack)
3 3HaHuA HTTP 8 3 3HaHMe GYHKUMOHAbHbIX 6ubnnoTek (lodash, 6
underscore)
4 ba3soBble HaBblkM paboTbl ¢ GIT 4 4 OnbIT paboTbl ¢ pperimBopkamu n 6ubnunote-| 6
Kamu (Angular, React, Vue)
MHTepec K HOBbIM TEXHO/IOTUAM 3 5 3HaHWA ¥ onbIT paboTbl ¢ Redux 6
enaHue pactn n pa3BmBaTbCa 6 AHIIMACKUI A3bIK (He HUXe «A2») 3,5
MposasneHne MHMLUMATUBDI 3 7 OnbIT paboTbl ¢ Docker 6
8 MoHumaHue JS Ha cTopoHe cepsepa Node. 3
js (Express, PassportlS, authorization), SQL,
NoSQL
Mmoezo 49 Wmoeo 39,5

MpumeuaHue. Paspabomka aemopa Ha ocHose [Paboma. tut.by]
Note. Developed by the author based on [rabota. tut.by]
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3aHMMalOCb NPOBEAEHNEM UHTEPBLIO.
970 3aiMeT NPUMEPHO 15 MUHYT
Baluero BpemMeHu. Bbl rotoBbl HayaTb?

2 5344

Cnacwu6o! Utak, HazoBuTe Bawe nms
n bamunuio. FoBopuTe, NOXaNyncTa,

yeTko!

MBaH MeTpoB ;5.4

Cnacu6o! MBaH, ecTb 11 y Bac Bbicliee

o6pasoBaHue?

Na 5344

BbicLiee 06pa3oBaHue - 3TO XOpPOLLO. A
Kakow BY3 Bbl 3akaH4nBanu?

BITY 2344 v/

Ha kakow cneumanbHOCTM Bbl

yuunnuco?

WHdopMaLmoHHble cuctem

TexHonorumun

© k
i ®

2 9

<

Puc. 8. CkpuHLwWoOT amanora «MHTepBblo-boT» € KaHaMAaTOM
MprmeyaHue. PaspaboTka aBTOpa
Fig. 8. Screenshot of the "Interview-bot" dialog with a candidate
Note. Developed by the author.
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MocTpoeHHana Anarpamma COOTBETCTBMA NO3BO-
NAET ONPeSennTb He TONIbKO YPOBEHb 3HAHUII, YMEHUI
M HaBbIKOB, HO M HaMpaB/ieHWA NOArOTOBKU BO Bpems
MPAKTUKM U NPU CTaXKUPOBKE KaHAMAATOB (CTaHAap-
Tbl JavaScript, HTML5, CSS preprocessors; Hanuca-
HKWe unit TecTos; KOHGUIypUPOBaHWE NPOEKTa C HyNA
(Webpack); paborta c dperimsopkamu 1 bubanoTekamm
(Angular, React, Vue); pabota c Redux 1 Docker).

MonyyeHHble 3HayYeHWs oTbopa KaHAWAATOB
C MOMOLLbIO YaT-60Ta CPABHMBANIUCH CO 3HAYEHUAMM
otbopa, nposoammoro HR-cneunanucrom, n gaH-
Hble 3aHOCUANCb B CBOAHYH Tabauuy HR-noptana
(tabnuua 2).

Takum 06pasom, WHTEPBbLIO, MPOBeAEHHOe
4aT-60TOM, MO3BO/INIO NPUHATb HA MPAKTUKY U CTa-
XupoeKy B 1,1 pa3a 6onblue KaHANAATOB, COKPATUIO
otces B 1,5 pasa v B 2 pa3a yBenm4yma0 YNCNEHHOCTb
KaHAWAATOB, MOJYYMBLUMX BTOPYHO MOMbITKY NPONTH
oTbop nocne n3yyeHns HeobxoaAMMoro matepumana.

«UMHTepBblO-60T» 06nagaeT craeayrOWMMMK
npevmyLLecTBaMn nepes, pekpyTepom:

— HenpepbIBHbIM npouecc paboTtbl 24 vaca
B AeHb, 365 aHel B roay;

— BO3MOHOCTb paboTbl Ha pPas3INYHbIX NAaT-
dopmax, HacTpaeBaeMbIx Nog, 3anpochkl KaHAMAATa;

— MHOTOKaHa/IbHOCTb OTBETOB (BO3MOKHOCTb
OTBETOB Ha 3aNpPOCbl HECKONbKMUX KaHAMAATOB O4HO-
BPEMEHHO);

— MUHMMa/bHble TeKyLLMe 3aTpaTbl Ha obcay-
KUBaHWeE;

— NOCTOAAHHOEe 0by4YeHUe 1 nonosiHeHMe 6a3bl
NHTEPBbIO;

— coXpaHeHue B UMPPOBOM BUAE NOyHaeMoW
nHdopmaumm B ACP cucrteme.

He meHee BaXKHbIM NpeMmyLLEecTBOM UCMNO/b-
30BaHMA 4aT-b60Ta ABASETCA 3KOHOMMA CPeacTB
KomnaHuu. B Tabauue 3 npuseaeH pacyetr me-
CAYHON 3KOHOMMUW CPEeACTB M CPOKa OKYMaemocCTu

3HaHuA cTaHnapToe JavaScript (BsS, B36+)

[MoHuMaHWe JS Ha cTopoHe cepeepa Node |s (Express,
PassportS, authorization), SQL, NoSQL

OnelT pabotel ¢ Docker

AHMUMACKWIA A3LIK

3HaHKnA 1 onbIT pabotkl ¢ Redux

Oneir paboTel C (peiimMB opkami 1 BUONMoT eKamm
(Angular, React, Vue)

JHaHKMe dy HKUMOoHanNEBHkIX BubnuoTek (lodash
underscore)

Nae

Onem KoHMry puposaHuA npoekTa ¢ HynA (Webpack

A enaHue pacTu W pa3BUBATLCA

[MposB neHne MHULWAT MBI

Onbmr HanmcadwmA unit TecToB (Jest + Enzyme)

Puc. 9. larpamma cOOTBETCTBMS NOATOTOBAEHHOCTM KaHAMAATOB TPEHOBAHUAM BaKaHCUM
MpumeyaHue. CocTaBneHo No AaHHbIM anpobauum
Fig. 9. Diagram of the candidates' readiness to meet the hiring criteria
Note. Compiled to the approbation data.

Tabnuua 2. TpebosaHus eakaHcuu Javascript-pazpabomyuxa

Table 2. JavaScript developer requirements.

3HaueHue, %
MNokasarenb
Yar-60T1 HR cneuunanucr

KonnyectBo KaHANAATOB, MPUHABLUMX y4acTue B oTbope 100 100
KosnnuectBo KaHANAATOB, NpoLUeAL X oT6op 57,2 50,0
KosinyecTBo KaHAMAATOB, MOAYYMBLLMX BTOPYHO MOMbITKY NpoWTK oT6op nocne mnsy- | 14,2 7,1

YyeHUs HeobxoaMMOro matepumana

KonnyectBo KaHANAATOB, HE NpoLLeAL X oToop 28,6 42,9

MpumeyaHue. Pa3paboTka aBTopa
Note. Developed by the author.

32

UMDPOBAA TPAHCOPOPMALNA, Ne 1 (14), 2021




Tabauya 3. Pacuem nokazamereli SKOHOMUYecKol 3¢hgheKmusHOCMU UCMO0/16308GHUA UHMep8blo-6oma
Table 3. Calculation of economically effective indicators of using the interview-bot.

MNokasarennb 3HaueHue
CpegnHee Konmyectso 380HKOB HR B feHb 17
OnnTenbHOCTb 04HOrO 3BOHKA 3,5 muH
O6wan NpoA0NKUTENbHOCTb 3BOHKOB 1 yac
Bpems, 3aTpaunmBaemoe Ha 06paboTKy OTKANKOB 0,5 yaca
Bpems, 3aTpaunmBaemoe Ha 3anosiHeHWe 6asbl U COCTaBAEHME OTYETOB 1,5vaca
MToro pabouero BpemeHu 3 yaca
[ona paboyero BpemMeHn Ha NepeyncaeHHble 3a434m 37,5%
CakoHOMNEeHHOe pabouee Bpems B mecAL, (B pacyeTe NPUHATO 22 paboumx gHsA) 66 yacos
3apaboTtHan nnata HR B mecsu, 925 py6.
CTommocTb pabouero yaca HR 5,25 pyb.
DKOHOMMA CpeacTs 346,5 py6.
Konnyectso HR B punnane 2 yen.
CymmapHasa sKoHoMuA 693 pyb.
CToMmoCTb pa3paboTkn 1 BHeapeHuA YaT-6oTa 1960 py6.
CpoK OKynaemocTtu 2,8 mec.

lpumeyaHue. Pa3paboTKa aBTOpa
Note. Developed by the author.

yaT-60Ta Ha NMpUMepe KOMMaHWK, roe npoxogmna
ero anpobauus.

Taknm o06pasom 4aT-60T IKOHOMWUT OKOIO0
40 % paboyero BpemeHun HR-cneunanucta. C ysenu-
YeHMeM PasMepOoB KOMMNAHUN SKOHOMUA MOXKET CO-
CcTaBuTb 4o 75%.

3akntoueHmne. PacnpocTpaHeHHOW npobne-
MO NPU OLLEHKe CoOMCKaTenel AOMNKHOCTM BbICTyrnaeT
«YenoBeYecKknin GakTop» (CyObEKTUBHOCTb OLLEHKM,
TEXHUYECKME OLUIMOKK, NPOABAEHNE IMOLMIN, NoTeps
KOHLIEHTpaUMKn U T.4.) U CKaTble CPOKM 0bpaboTku
60n1bLKX 06BbEMOB MHOPMaLMK. [N peleHnsa aaH-
HOM npobnembl coTpygHuMKam HR-nogpasgeneHuin
M CNeLmanmM3npoBaHHbIX areHTCTB MO HaliMy Kaapos
npeanaratoTca Ux LMdposble aHanorn — 6oTbl No Noa-
60opy nepcoHana (PeKkpyTMeHT 4aT-60Tbl), CNOCOBHbIe:
aHa/M3MpPOoBaTb AaHHble, NPeACTaBAEHHble B pesto-
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Me; onpefenATb ypoBeHb KOMMNETEHTHOCTU U OMbIT;
naaHMpoBaTb cobecefoBaHWe; NPOBOAUTL MEPBUY-
HOE MHTEePBbLIO; PaHXMPOBATb KAHAMAATYPbI.

Mpwu BHeapeHun undposoro HR-cneunanuncra
BaYKHO pa3paboTaTb NPUHLMMbLI U METPUKK Nogbopa
nepcoHana; CNUCOK BOMPOCOB, PeneBaHTHbIX BaKaH-
CUU; METOAMKY aHaNM3a NoNyYeHHOM MHPopMaLmK;
BblOpaTb NpOrpaMmHbIV NPOAYKT cbopa, 06paboTku
1 xpaHeHua HR-nHpopmaymm.

C Lenblo COKpaLLEHUA BPEMEHHbIX U TPyAO-
3aTpat HR-cneumanuctos, yaobctBa cbopa, 06-
paboTkM M xpaHeHUA UHbOpPMALUM BeNopPyCcCKUM
KOMMNAHMAM pPEeKOMEeHAyeTCA BHeApATb aBTOMaTu-
3MPOBAHHYIO CUCTEMY PEKPYTUHIA, UCMOb3YIOLLYIO
BO3MOMHOCTM MCKYCCTBEHHOIO MHTENIEKTA U NO3BO-
naowyto oceoboamtb HR-nmepcoHan oT PyTUHHbIX
NPOLECCOB M NOBTOPAOLWMXCA MOHOTOHHbIX 3a434.
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AHHOTauumAa. B cTatbe npeactaBneHa Knaccudurkauma puckos chepbl MHGOPMALMOHHbBIX TEXHONOTUIA, ONUCaHbI UX OCO-
6eHHOCTU. B 0bLLem BuAE Npegnaraetca paccCMOTPETb PUCKM CO CTOPOHbI MeHeAXKMeHTa UT-KomnaHWK, PUCKKU CO CTOPO-
Hbl KOMaHAbl Pa3pPaboTKM, PUCKM CO CTOPOHbI CAyYaliHbIX paKTOPOB, CO CTOPOHbI JINP-3aKa3umKa, CO CTOPOHbI COTPYAHU-
KOB 3aKa34yMKa, CO CTOPOHbI FOCYAAPCTBA, A TaKKe PbIHOYHbIE PUCKM.
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Abstract. This article presents a classification of risks in the industry of information technology, describes their features. In
general terms, it is proposed to consider risks from the management of IT company, from random factors, from customer’s
decision-maker, from customer’s employees, from the state, as well as marker risks
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BeegeHue. CerogHa HabnogaeTca cTpemu-
Te/lbHOE yBe/nyeHne crnpoca Ha UHPOPMALMOH-
Hble TexHonorun (panee UT). 3To obycnosneHo
MHOECTBOM Pa3/INYHbIX (aKTOPOB, TaKMUX Kak
3KCNOHEHLMANbHBIN POCT KoAnMyectBa MHPoOpma-
LMW B MUpPE B LLeSIOM, yBEIMYEHME KO/IMYECTBa UH-
BECTMLMI B AaHHYIO chepy B IKOHOMUKe, NpeBpa-
weHnem MHGoOpMaLMM B CTPATErMyeckuii pecypc
KOMnaHui nT. Aa. Bospocwuit cnpoc Ha WUT BbI-
CTYNMUA TPUTTEPOM ANA CTPEMUTENbHOro pasuTuA
UT-chepbl, NOsABNEHUIO MHOMKECTBa KOMMAHWUM,
CTapTapoB pasaMyHOro npodunda, KOHKypupyo-
WMx mexay cobon Ha pbiHKe. Kpome Toro, camu
no cebe UT-NpoAyKTbl XapaKTepuU3yHTCA BbICOKOM
CTENEHb YHWKaNbHOCTU, Tpebylowme BbICOKUX
KOMMeTeHUU Ana ux cospaHua. Bce ato ceBuae-
TeNbCTBYEeT O BbICOKOM YPOBHE PUCKOB B AAHHOW
0Tpacav 3KOHOMUKMU. Llenbto gaHHOM cTaTbu ABAA-
eTcA npeactaBseHMe Hanbonee yacto BCTpeyaro-
wmxca puckos B UT-chepe, onucaHne nx ocoben-
HoCTe.
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OcHoBHas yacTb. HauHem paccmoTpeHue BHY-
TPEHHWUX PUCKOB CO CTOPOHbI MeHeaKMeHTa UT-Kom-
naHWW, NpeacTaB/eHHble Ha pUcyHKe 1.

PUCKM HeKauyeCTBEHHOrO ynpaB/ieHUA uye-
NloBeYeckMmMMu pecypcamu. o pPUCKOM HeKaue-
CTBEHHOTO YyMNpaB/JeHUA YeI0BEYECKMMWN pPecypcamm
MOHMMAETCA BEPOATHOCTb OTKNOHEHUA TEKYLLMX Na-
paMeTpOoB PYKOBOACTBA YE/I0BEYECKMMMN pecypcamm
OT MOTEHUMAIbHO BO3MOXHbIX WM OT CpeaHecTaTu-
CTUYECKMX, KOTOpble MPUHATbI B obLliecTBe. B Kaue-
cTBe Hambonee pacnpoCTPaHEHHbIX PUCKOB MOMKHO
NPMBECTU CaeayoLme:

— BepoATHOCTb OTB/IEYEHMA COTPYAHUKOB OT
OHWX NMPOEKTOB Ha apyrve. Kak npasuio, AaHHas
MPaKTUKa HEraTUBHO BAMAET Ha KavecTBO NPOAYKTa,
pa3pabaTtbiBaeMOro NPOeKTa, CHUKAeT KOMaHAHYIO
3¢ PEeKTUBHOCTD, a TaKXKe BO3MOXKHOCTU KauecTBEH-
HOW NoAAEPKKU NPOAYKTA U T. A,

— BepoATHOCTb HEAOCTAaTOYHOrO KO/MYecTBa
YesIoBEeYECKMX pPecypcoB. JaHHbI pUCK B OCHOBHOM
OTpaKaeT KavecTBO MNaHMPOBAHMA Ye/I0BEYECKUMM
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Pucku co CTOPOHbLI MEHECI’KMEHTA KOMIIAHUHU

Pucky HekaueCTBEHHOTO yNpaBlIeHUs
YeJI0BEYECKUMU PECYPCaMHU

Pucku nepenaum nmpoeKkToB KOMaHAaMm,
Yy KOTOPBIX OTCYTCTBYET HEOOXOMUMBIN
YPOBEHb KOMIIETEHLIUM

Pucku Heah(hekTHBHOTO yrpaBIeHUs
3HAHUIMHU

WNHcaiinepckue pucku

Pucku nndopmanimonHoi 6e30macHOCTH

Puc. 1. PUCKM CO CTOPOHbI MeHeAXMeHTa KOMMaHuUK
Fig. 1. Risks from the side of the company's management

pecypcamun. HR-meHeaKepam HeOb6X04MMO NPOTHO-
31MpOBaTb M NNAHMPOBATb ANHAMMKY BXOSALLUX U UC-
XOAALWMX MOTOKOB YE€N0BEYECKUX PecypcoBs, W Mo-
HMMaTb, YTO, HAaNPMMep, B OCEHHE-3UMHUIN NepUoL,
Bbille BEPOSATHOCTb 3abosieBaemMocCTu, UYTo Tpebyet
CO034aHMA OONONHUTENIBHOIO KaApoOBOro pes3epsa,
CBOEBPEMEHHO 0OCY»KAaTb AaHHble BOMPOChI C Me-
HeaXKepamMu NPOEKTOB U T. A.

PUCKM nepeaaum NpoeKToB KOMaHgaMm, y Ko-
TOPbIX OTCYTCTBYeT Heobxoaumblii ypOBEHb KOM-
neTeHUMii. B cnyyae, ecnm meHeOXMeHT KOMMaHUM
nepegaet 414 peanmsaLmmn NPOeKTbl KOMaHAaM, KO-
TOopble He 06/1a4atoT HE0BXOAMMbIM OMbITOM M KOM-
neTeHUMAMMN, PUCKM BO3PACTAHOT.

Mpexae yem Aatb GOPMYIMPOBKY PUCKY Hed-
ddEKTUBHOro ynpaBneHMsa 3HaHUAMM, HeobXxoaANUMOo
YTOYHUTb, YTO C/leayeT NOHMMATb Nog «ynpasB/eHn-
eM 3HaHuAMKY». Bocnonbsyemcs ¢GopmyanpoBKon
M. K. MapuH4eBOW, KoTopas nog, ynpasieHnem 3Ha-
HMAMW NOHMMAET CO34aHMe YC0BUM, NPU KOTOPbIX
HYKHble 1I0AM CMOTYT NOYyYaTb HYXHYI MHbOpPMa-
LMIO U 3HAHUA B HYXXHOe Bpemsa AAA BbIMOJHEHUA
HY)KHbIX 3aga4 [1]. OTcioga noa puckom Headdek-
TMBHOTO YNpPaBAEeHMA 3HAHUAMWU ceayeT NOHUMaATb
OTCYTCTBME WAN HU3KOE KayecTBO Heobxoaumbix
OpraHM3aLMOHHbIX, TEXHOJIOTUYECKUX N KOMMYHMKa-
LMOHHbIX YC/IOBUI, B pe3y/ibTaTe KOTOPbIX Yy Cheuu-
a/INCTOB OTCYTCTBYHOT Heobxoammble NpodunbHbIe
3HAHMA, YMEHUSA, ONbIT A/1A PEeLleHna aKkTyasibHbIX
3a[a4, a TakKe cocpegoToyeHne Hanbosee LEeHHbIX
3HaHMN, ONbITa U YMEHUSI B OTAE/IbHOW Hebo/bLLION
rpynmne cnewmanmncTos. B KauecTBe NpMmMepoB MOXKHO
npueecTu cnegytowme. Ha npakT1kKe 4acto BCTpeya-
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IOTCA CUTYyauUuMK, Koraa og4HUM 13 TpeboBaHM 3aKas-
YMKa ABNAETCA Ha/IMYMe NPAKTUK paboTbl No onpeae-
NIeHHbIM MeTozonorvam paspabotku MO, Hanpumep,
no Agile. U B cnyyae, ecinm KomnaHuA He obnagaet
TaKMMM NPAKTUKAMKU, TO BEPOATHOCTb, YTO MPOEKT
OyaeT 3aKasaH Y HUX, MPAKTUYECKM PaBHAETCA HY/HO.
B LLenoM, MOXKHO CKasaTb, YTO CErofHsA CyLlecTByeT
MHOKeCTBO NoA06HbIX NPAKTUK, U, KaK NPaBUIO, 13-
3a CNOXKHOCTU UT-NnpoeKToB, NOYTM BCeraa MCnosb-
3yeTcA KOMOBMHALMA TeX WMAM WMHbIX MEeTOAO0NOrMMA.
Penkvmm ABNAKOTCA Cyvaum, KOrga NPOEKT peasinsy-
€TCA CTPOro nNo ogHon meTtogonornn. OTcoga Noruy-
HO c/ieflyeT, YTo, €CAU MEHEONKMEHT KOMMAHUN He
NPaKTUKyeT UCNO/Ib30BaHWE Pa3IMYHbIX METOAO0/0-
rMin, He HapabaTbiBaeT NPaKTUKN X KOMBUHUPOBa-
HWA, pUCKM ByayT BO3pacTaTb. B KauyecTBe BTOPOro
npUMepa MOXKHO B3ATb TUMUYHYIO CUTYaALIMIO: KOH-
LEHTPaLMA KNOYEBbIX 3HAHWUIN Y OTAENbHbIX Creuu-
A/INCTOB, YTO MPUBOAMT K TaKUM PUCKam, Hanpumenp,
Koraa npw yBOJIbHEHWWN AAHHbIX COTPYAHUKOB, HAKO-
NJeHHble 3HAHWUA HE OCTAHYTCA B KOMMNAHUU.
MHcalpgepckue puUcku. K MHcaliaepckum co
CTOPOHbI MEHEeAXMEHTA KOMMAHUU OTHOCATCA pU-
CKM, CBA3aHHbIE C pacnpeaeneHnem Aonen ctaprana,
«nepepocLiero» B KOMNAHUIO, CO34aTENAMMU KOTOPO-
ro 6bl1M HECKO/IbKO YenioBeK. Tak»Ke K aHHOW rpyn-
ne PUCKOB OTHOCATCA Te, KOTOPble CBA3aHbI CO CNy-
YaAMM, ecNvM OOMH WAN HECKO/IbKO coyypeguTenen
peLLatoT BbINTU U3 BMU3Heca, Torga NpeaMeToM aHa-
1133 MOTyT BbITb KOPNOPATUBHbIN 4OrOBOP, LOrOBOP
MEeXAY YYaCTHUKamMK ANa onpeaeneHua A0an Toro
WAW MHOTOo coydpeauTens. B ntobom cnyvae Heobxo-
OMMO 3adMKCMpPOBaTb, YTO NOAOOHbIE BO3MOXKHbIE
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Puckm co cTOpoHbI KOMaHAbI Pa3padoTKH

Pucku npodeccrnoHanbHBIX OMNO0K

Pucku HeanekBaTHOM OLIEHKU TapaMEeTPOB
MPOEKTa U3-3a HEU3BECTHON TEXHOJIOTHH

Pucku Hea(heKTUBHON MOTHUBAIIUT

WNHcaiinepckue pucku

Pucku xpusuca une

Pucku HeaddeKkTHBHOI KOMMYHUKALIUN

Puc. 2. PUCKM CO CTOPOHbI KOMaHAbl Pa3paboTku
Fig. 2. Risks from the side of the development team

CUTYaLMM MOTYT OKa3aTb CUIbHOE, KaK HeraTMBHOE,
TaK W NONOMUTENIbHOE, BAUSIHWE Ha AeSATeNbHOCTb
KOMMaHWUN B LEE/IOM.

Pucku wuHpopmauumoHHO 6esonacHocTwm.
Moa puckom nHbopmaunmoHHON Be3onacHOCTM Noa-
pasymeBaeTcA BEPOATHOCTb HECAHKLMOHMPOBAH-
HOro gocTtyna K MHopmaumu, ee UCMo/b30BaHUIO,
M3MEHEHMUIO, PACKPbITUIO U UCKaXKeHUto. OH OTHO-
CUTCA K PUCKAM MEHEeAKMEHTa MOTOMY, YTO MMEH-
HO MEeHeAXXMEHT KOMMNaHUN HeceT OTBETCTBEHHOCTb
33 opraHM3auMmio U ynpasaeHMe MHPOPMaLMOHHON
6e30MacHOCTbIO, 32 BHeApPEeHMEe PeKoOMEHAYEMbIX
CTaHAapPTOB, 32 Pa3paboTKy COBCTBEHHbIX NOAXOAO0B,
COCTaB/IeHME U 3aK/oYeHNe HeobXoaAnMBbIX AOTOBO-
poB O HepasrialweHUn KoHOUAEHUNANBHON MHPOP-
Maumn 1 1.4. besycnoBHO, Kakol 6bl addeKTUBHOM
He bblia cuctema MHGoOpPMaLMOHHOM Be3onacHoCTH,
B Ntobom cnydyae, BCerga CylWecTByeT PUCK pasria-
LWeHUs KoHbMAeHUMaNbHOMW MHbOPMaLMKM, OAHAKO
CO CTOPOHbl MeHeAXMeHTa KomMMnaHuu Tpebyetca
co34aHne TakuxX yCA0BUIA, YTOObI caenaTb 3TO O6bl10
MaKCMManbHO 3aTPYAHUTENbHO, HEBLIFOAHO U T.4,.

Mepeigem K pacCMOTPEHUIO PUCKOB CO CTOPO-
Hbl KOMaHAbl Pa3paboTKu. B obuiem Buae oHu npea-
CTaBJIeHbl HA PUCYHKe 2.

Pucku npodeccmoHanbHbiX OWKMBOK. Tu-
MUYHbIK COCTaB KOMaHAbl Pa3paboTKM COCTOMUT U3
6U3HeC-aHa/IMTUKOB, CUCTEMHbIX apPXUTEKTOPOB,
pa3paboTyMKoB, TECTUPOBLUMKOB, MeHeaKepa
npoekTa, AM3amHepoB U T. 4. COOTBETCTBEHHO N0,
pUcKom npodeccrmoHanbHbIX OLMBOK NOHUMAETCA
BEPOATHOCTb TOFO, YTO KOHKPETHbIN cneunanuct
B KOHKPETHbIA NMPOMEXKYTOK BPEMEHU COBEPLUUT
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onpeaeneHHyto npodeccnmoHanbHy OWKNBKY, OT-
BETCTBEHHOCTb 32 KOTOPYIO MOJIHOCTbIO JIEKUT Ha
JaHHOM cneumanucte. MmeeTcs B BUAY, YTO BHELL-
HMe yC/NIOBUA, KaK, Hanpumep, Han4yune BCex He-
06X04MMbIX PECYpPCOB CO CTOPOHbI MEHeaKMeH-
Ta, B paMKax KOTOpPbIX CNeuuanmcty Heobxoammo
NPUHATL TO UAU MHOE NpodeccUOHaNbHOE pelle-
HME MONHOCTbIO COOTBETCTBYIOT HEObOXoAUMbIM
HOpMaMm, oTcyTcTByeT ux geduunt. [lMpumepom
Hanbonee pacnpocTpaHeHHOW OWWOKKM p[aHHOMU
rpynnbl PUCKOB, N OAHOBPEMEHHO OAHOMN N3 Hau-
6onee foOporuMx ABNAAETCA HEBEPHAA apXMTEKTypa
peleHna CoO CTOPOHbI CUCTEMHOIO apXUTeKTopa.
Co CTOpOHbI BU3HEC-aHaNUTUKOB, Hanpumep, no-
NynApHoOM OWKNBKOW ABNAETCA HEenosHbl cbop
TpeboBaHWM, CO CTOPOHbI Pa3pPaboOTYMKOB — HU3-
KOe KayecTBO Kopga.

PUCKM HeapeKBaTHOM OLEHKM napameTpos
NpoeKTa u3-3a HeM3BecTHOW TexHonormm. CKopocTb
nameHeHmA UT MOXKHO OXapaKTepmn30oBaTb Kak O4YEHb
BbICOKYt0. CO BpeMeH cO34aHuA MepBbiX Nporpam-
MMPYEMbIX MALUMH YesoBeyecTBo npuaymano 6o-
Nnee 8 TbicAY A3bIKOB NporpammmpoBaHua. [2] OTcto-
[a cnefyeT, YTO B KOMMaHMAX He BCeraa MmeroTca
cneumanuctol, obnagarowme rmyboKMMM 3HaAHUAMM
OTAENbHbIX, BO3MOXHO, pPefKOo WCMNOJb3YHLMNXCA
A3bIKOB MPOrPaMMMPOBAHMA, YTO U MOKET npuee-
CTW, K HEaZleKBaTHOM OLEeHKe NapamMeTpoB NPOeKTa.

Pucku HeadpPpekTuBHOIN moTuBauumm. Mo aaH-
HbiM nopTana «dev.by», cpeaHas 3apaboTHas nnata
B oTpacam UT B Pecnybnunke benapycb, no cocron-
HUIO Ha KoHel, masa 2020 roga, coctasnseT 1938 S
B mecau,. [3] Ecim cpaBHUTbL AaHHOE 3HA4YeHue co
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3HAYEHMAMM U3 OPYrUxX oTpacsei, To cnpaBeaMBo
OTMETUTb, YTO B oTpacan UT HabatogaeTcs ypoBeHb
3apaboTHbIX MAAT 3HAYUTENIbHO Bbllle, YeM B ApY-
rux. Kpome Toro, 6onbluan YyacTb CNeumManncTos us
otpacau UT — 3To TBOpUYECKUe, LeneycTpeMIeHHbIE,
)enawume pewaTb CNOXKHble NPobaeMbl 3aKa3uu-
Ka nogun. JaHHas ¢daKTonorMsa nossosseT caenatb
npeanonoxeHue, yto B UT-otpacan bonee addek-
TUBHbIMW WHCTPYMEHTAMM MOTUBALUU ABAAIOTCS
HemaTepuasbHble CTUMY/bI, TO eCTb, HAaNPUMEpP, UH-
TepecHble NPOEKTbl, BOSMOXHOCTb Pa3BUTMA U T.A.
[aHHOe npeanonoKeHMe NOATBEPKAAT MHOrMe
cneumanncTbl, Hanpumep, PaboTHUKM KOHCANTUHIO-
BoM KomnaHuu Cleverics. [4] Kak npaBuno, B pamKkax
KOMaHAbl OTBETCTBEHHbIM JIMLOM 33 MOTWUBALMIO
ABNAETCA MeHeaXKep npoekTa. M HecmoTpa Ha To,
YTO OH MOXKET ObITb INLLIb TPAHCAATOPOM NMPUHATOM
KOPMOPATMBHOW CTpaTermmn MOTMBALMM, HA MPAKTU-
Ke Yallle BCEro MMEHHO MeHeaKep MpPOoeKTa aydlle
BCEro BAageeT UHPOPMALMEN O TEKYLLLEM COCTOAHUMU
MOTMBaLMKM B KOMaHAE, U B BONbLUElN CTeneHn cno-
cobeH el ynpasasaTb. [l0aToMy faHHas rpynna pucka
6blf1a OTHECEHA B KAaTEropuo PUCKOB CO CTOPOHbI KO-
MaHZAbl pPa3paboTKM, HECMOTPA Ha TO, YTO B YUCTOM
BMAE OHA CHOAa HE OTHOCUTCA, M YaCTUYHO ee MOXKHO
OTHECTU K rpynne pucka co CTOPOHbI MeHeAXMEHTa
KOMMaHUu.

WHcailgepckmMe pUCKKU CO CTOPOHbI KOMaHAbI
pa3paboTku. [laHHanA rpynna pUCKOB BK/KOYAET, Ha-
npumep, PUCKWU pasrialleHns KoHOUAEeHLMANbHOW
nHbopmauum o 3aKasumke. Kak 6blno oTmeyeHo
B OMMCAHUM PUCKOB, CBA3AHHbLIX C obecneyeHnem
MHbOpMaLUMOHHOM 6e30nacHOCTU, HECMOTPA Ha TO,
KaKoW 6bl He bblia adpdeKTUBHOM cuctema besonac-
HOCTW, BCErga CyLLecTByeT BEPOATHOCTb HacTynje-
HWA PWUCKOBOrO cobbITMA. KakK OoTMeuyaloT mHorue
cneumannctol, ogHoM u3 Haubosnee pacnpocTpa-
HEHHbIX MPUYMH ABNAETCA HeyA0BAETBOPEHHOCTb,
Hecornacme OTAENbHOro crnewmanmcTa ¢ ycaoBUAMMU
Tpyaa, TpeboBaHMAMM 3aKasumMKa U T.A4.. TaKke BO

MHOTUX NyBAMKaLMAX OTMEYaeTCA, YTO AaHHbIe CUTY-
auMM BO3HUKAKOT AOCTAaTOYHO YacTo, OTCHOAA MOXKHO
cAenaTb BbIBOA, YTO ABAAETCA HEOOXOAMMBIM Npo-
BECTM KNaccMdPUKaUMIO OAHHOTO PUCKa, BbIAENUTb
ero ocobHAKOM ANA BO3MOXKHOCTU MOC/AeAyoLWero
ynpas/sieHuA.

Pucku Kpusuca naein. [JaHHble pUckn B 60/b-
Wen CTeneHu NPUCYLM TeM KOMMaHWAM, KoTopble
pa3pabaTbiBalOT NPOAYKT HE MOA KOHKPETHOro 3a-
Ka3umKa, a KAIMEeHTaMM KOTOPbIX PaKTUYECKU BbICTY-
natT KOMMaHUM AW NOMb30BaTeNN, MOKynawLlme
JIMLEH3MI0 Ha UCMO/Ib30BaHWe MPOAYKTa nocse ero
pa3paboTkn. Kak oTmeyatoT OTAesbHble 3KCMNepTol,
OOMNyCTUM, B UHAYCTPUN BULEOUTP, TNABHBIM KOHKY-
PEHTHbIM MPEUMYLLECTBOM MPOAYKTA ABAAETCA He
KayecTBO rpaduyeckoro gmusaliHa, a ugea. Hanpu-
Mep, ecn B3ATb U3BECTHYO KoMnaHuto Wargaming,
TO MO PAa3/MYHbIM AaHHbIM NpumepHo 80% NpunbbI-
I KOMMNaHMM NPUHOCUT MONyNAPHaA BUAeoOMrpa
«World of Tanks», cosgaHHas ewe B 2010 roay, He-
CMOTPSA Ha TO, YTO nocne 3Toro 6bl10 pa3paboTaHo
6onee 10 pasnunyHbIX BUAEOUTP.

Puckn HeappeKTUBHOI KOoMMyHUKauuu. OT
3bPEKTUBHOCTY KOMMYHMKALMIM B KOMaHAE 3aBUCUT
KauyecTBO 06bMeHa AaHHbIMW, CNAXKEHHOCTb M COMa-
COBAHHOCTb PaboTbl, NPaBUAbHOCTb pacnpeseneHns
3afa4 U T. 4. Kak yXe ynomMMHaNO0Ch Bbille, CyLLEeCTBY-
€T MHOXeCTBO Pa3/IMYHbIX MeTOAMK pa3paboTtku MO,
B PaMKax KOTOPbIX MPAKTMKYIOTCA B TOM YMC/IE U pas-
JIMYHbIEe METOAbI NMOCTPOEHUA KOMMYHWUKALMA B KO-
MaHze. Hanpumep, B MeTOA0M0MMM SCrum O4HUM U3
KNtOUEBbIX MONOMXKEHUM ABNAETCA HAa/IMUME B KOMaHAe
scrum-macTepa, B 334341 KOTOPOro BXOAMT, KaK B Lie-
JIOM KOOpPAMHAUMA KOMaHAbl B pamMKax SCrum-meTo-
OONOrNK, TaK U NOCTPOEHUA IPPEKTUBHOM KOMMYHU-
Kauuu. Pabota no AaHHON METOL0NOrMMU CYMTaETCs
OOBO/IbHO [A0POroi, Tak Kak TpebyeT ¢dMHAHCOBbIX
M BPEMEHHbIX 3aTpaT Ha 0byyeHMe KOMaHAbl, OAHa-
KO, KaK OTMEYatoT MHOFMEe 3KCMEepPTbl, AaHHble UHBE-
CTULMWN, KaK NpaBU/IO, OKyMakTcA. B pesynbraTe yero

BuyTpeHHue PHCKH €O CTOPOHBI
CJIYyYaHbIX (PAKTOPOB

Pucku c6ost o6opynoBanus, 110, unrepuera

Pucku cTapra He3araHuPOBAaHHBIX
KPYTHBIX TPOEKTOB

Puc. 3. BHyTpeHHWE PUCKM CO CTOPOHbI Cly4aliHbIX GaKTOPOB
Fig. 3. Internal risks from random factors
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OyayT CHUXKATbCA PUCKU KOHPIMKTOB B KOMaHAe, pu-
CKM CNOMKHOCTU OLLeHKM paboT apyr apyra u T. 4. Cro-
WT OTMETUTb, YTO B PaMKax OMMUCAHMA AaHHOW rpynnbl
pUCKa MEeTodo/IorMA Scrum npuBefeHa B KayecTse
npumepa, B Pas/IMYHbIX MPOEKTax MOryT 6biTb 3¢-
bEKTUBHbBI pasiMyHble meTogo0rMmn paspaboTtku MNO.
[NaBHOe — HEOBXOAMMO MOHUMATb, YTO PUCKU HEedd-
GEKTUBHON KOMMYHMKALLMK ABAAIOTCA OYEHb BaXKHbI-
MU, Tpebyowmmm otaenbHoro Gpokyca 1 ynpasieHus.

[anee nepeiem K pacCMOTPEHUIO PUCKOB CO
CTOPOHbI Cy4anHbIx GaKTopoB. B obLiem Buae BHy-
TPEHHME PUCKU CO CTOPOHbI CNyYalHbIX $HaKTOpOB
npeacTasaeHbl HA PUCYHKe 3.

Pucku c6oa obopyaosaHus, MO, MHTepHeTa.
B pamKax paccMOTpPeHMUA UHbIX OTPac/iell SKOHOMUKMU
OaHHbIe PUCKM YaACTO OTHOCAT K rpynne TeEXHNYeCcKmX
puckos. B otpacan UT nmeeTtca B BuAy, 4TO B C/iyvae
€C/I MeHeaXMeHT KOMMNaHUN CBOEBPEMEHHO Npo-
Be/l BCe HeobxoaMmble NpPeBeHTUBHblIE Mepbl AN
MWHUMM3ALUK puckoB cbosa obopyaosaHus, MO, UH-
TEPHeTa, Kak, Hanpumep, obecneyeHme nepekaoye-
HWA Ha pe3epBHbIN cepBep NPU OTKa3le, Nepektoye-
HWe Ha 3aMacHOMN MHTEPHET KaHa U T. 4., TO IOTUYHO
cnefyeT, YTo cobbITUA HACTYMMM 33 CHET CYHaMHbIX
HEKOHTPOAMpPYEMbIX GAKTOPOB.

PucKu cTapTa He3an/1aHUPOBaHHbIX KPYMHbIX
NPOEKTOB. M3BECTHO, YTO B 33Ja4M MEHeOKMEH-

Ta UT-KOMnaHM BXOA4AT B TOM YMCae U Mpouecchl
NAaHUPOBAHUSA U MPOrHO3UPOBAHUA ByayLWMX Npo-
€KTOB, UTObbl 3a61aroBpeMeHHO NOAroTOBUTL HEOb-
XO4MMble pecypcbl gna ux peanmsaumn. Takxke, Ha
OCHOBE aHaNM3a MNPaAKTUUYECKOM AeATe/IbHOCTU MHO-
r’MX KOMMaHWNA, U3BECTHO, YTO NEepPUOLMUYECKN KOM-
NaHMAM MOTYT NOCTYNaTb BbIrOAHbIE MPEnsOKEHMUA
KPYMHbIX NPOEKTOB, Tpebylowme mobunmsauum pe-
CYpCOB, OTBNEYEHMUA COTPYAHUKOB U3 TEKYLUMX U T. 4.
JlornyHo cnepyert, YTO BbICOKA BEPOATHOCTb TOrO, YTO
B C/y4Yae CTapTa TaKUX MPOEKTOB, KAa4YecTBO ApYrux
MOMeT CHM3UTbCA. Kpome TOro, B cayyvae oTKasa oT
KPYMHbIX MPOEKTOB, KOMMNaHUU PUCKYIOT He 3apabo-
TaTb AOMNONIHUTENIbHYO NPUBbLINIb, HE BHECTU B MOPT-
$0/IM0 HOBbIM CNOXHbIM NPOEKT. 10 3TUM NpPUYMHaAM
HeobXoAMMO cuMTaTb, YTO AAHHbIA PUCK ABASETCA
B [IOCTAaTOYHOM Mepe 3HauynTe/IbHbIM A8 60/bLUNH-
cTBa UT-KomnaHuit 1 TpebyeT ynpaBaeHus.

3aBeplwmnB pPACCMOTPEHUE BHYTPEHHUX pPuU-
CKOB, Mepenem K pacCMOTPEHMIO BHeWwHUX. Hau-
HEeM pPaccMOTpeHMe C MepBOM TPynmnbl — PUCKK CO
CTOPOHbI /ML, NPUHMMaWMX peweHusa (IMNP) co
CTOPOHbI 3aKa3uymMKa. B oblem Buae gaHHas rpynna
PVCKOB NpeacTaBaeHa Ha pUCYHKe 4.

PUCKM HenoHumaHua 6usHec-uenenn. Pery-
NAPHAA NpPaKTUKa, KOrga KOMMaHWMA-3aKasyuuKk ae-
naet 3akas Ha 10 nog BAMAHMEM MAPKETUHIOBOrO

Pucku JIIIP co ctoponsbl
3aKa34uKa

Pucku HenmoHuManus
OusHec-1eIen

Pucku xoHmkTa
3aMHTEPECOBAHHBIX JTUI]
10 BOTIPOCaM
TpeboBaHM

Pucku Huskoit
BoBJyieueHHoctu JITIP
B MPOEKT

Pucku "nponaBnuBanus"
KOMaHI01-pa3paboTYuKoM
AKCTPEHHBIX U3MEHEHUI

Puc. 4. Pucku co ctopoHbl JIMNP 3aKka3unka
Fig. 4. Risks from the side of the customer's decision-makers
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Pucku co cTOpOHBI APYrUX COTPYIHUKOB
3aKa3unKa

Pucku caboraxa KOHEYHBIMU
[OJIb30BATEISAMU

Pucku nenocrarounoi kBanudukanum
aJIMUHUCTpATOpa HOBOW apXUTEKTYPHI

Pucku HU3KOM 3aMHTEPECOBAHHOCTH
COTPYIHUKOB 3aKa34rKa B d3(P(HEKTUBHOM
Y4aCTHH B IIPOEKTE

Puc. 5. PUCKM cO CTOPOHbI ApYrmMx COTPYAHMKOB 3aKa3umMKa
Fig. 5. Risks from the side of other employees

npecca, ¢ OTCYyTCTBMEM MOHUMAHUA, AENCTBUTENbHO
nn NO Heobxoanmo, byaeT nn MO cnocobcTBOBaTL
pelleHuto onpeaeneHHbix 61U3Hec-3a4ay U T. 4., YTo
ecTecTBEHHbIM 06pPa3oM MOBbILWAET BEPOATHOCTb
HEOXMAaemoro pesysbraTa.

PUCKM KOHPNUKTA meXAay 3auMHTepecoBaH-
HbIMM AMULAMM MO Bonpocam TpeboBaHuii. Ha
NPaKTUKE LMPOKO PAacNpPOCTPaHEHbI CUTYaLLMM, KOT-
Aa, Hanpumep, GUHAHCOBBIN U KOMMEpPYECKUIA An-
pPEeKTOpa KOMMAaHWM-3aKa34yMKa peLlatoT pasHble 3a-
[aun B pamKax npoekTa. PMHAHCOBOMY AUPEKTOPY
Heobxoanmo obecneynTb HaAnume [OCTAaTOYHOrO
KO/IMYeCTBa PecypcoB, a KOMMEPYECKOMY COBep-
WKTb KaK MOXHO bonble caenok. B pesynbtate,
3TO MOXKET BbI/IUTLCA B KOHGIMKT NO BONpocam Tpe-
6oBaHWUIA. B g4aHHbIX CUTyaUMAX KAOYEBbIM Crieum-
a/INCTOM, CNOCOOHbBIM YNPaBAATb AAHHbIM PUCKOM,
BbICTynaeT 6uU3Hec-aHaAUTUK, CNOCOOHbINA paccmo-
TPeTb CUTYyaLMt0 OB BEKTUBHO, C TOYKMN 3pEeHUA CTPa-
TEerMyeckmx uene KoOMnaHMM-3aKkasvymka, aprymeH-
TMPOBaTb CBOK TOYKY 3PEHUSA, MPUNTU K Hanbonee
B3BELIEHHOMY, PaLMOHaibHOMY GOPMYIMPOBAHMIO
TpeboBaHUMN.

PucKku Hu3Kow BoBnedeHHocTu JIMP B npoekrT.
Yem HUKe ypoBeHb BoBnevyeHHocTn JIMP B npoekT,
TEM Bbllle BEPOATHOCTb OTK/JOHEHUA OXUAAEMOrO
3aKa3uMKOM NpoayKTa oT daKTuyeckoro. MNpumepa-
MW YacTHbIX PUCKOB AaHHOM rpynnbl ABAAOTCA PUCK
HenosHoro cbopa TPeboBaHWA, PUCK NOCTOAHHOIO
M3MeHeHMn TpeboBaHNI K NPOEKTY, PUCK OpraHuM3a-
LUMn HesPGEKTUBHON KOMMYHUKALMN MeXAY APYTN-
MW MpPeacTaBuUTENAMM 3aKa3uMKa M KOMaHZOW pas-
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paboTYMKOM U T. 4.

PUCKM «npopaBnnBaHUA» BHECEHUA KOMaH-
B[O Ppa3paboTUMKOM IKCTPEHHbIX U3MEHEeHUN.
B NT-KomnaHMAX CTPOro perfnameHTMpyeTca nops-
OOK BHeceHus mameHeHui B MO, Tak Kak ntobble
M3MEHEHMA OrpaHUYeHbl AaPXUTEKTYPOWN pelleHus,
BnocneacTsnmn TpebytoT 0653aTelbHOro TecTUpoBa-
HUA U T. 4. OAHAKO ABAAIOTCA TUNUYHBIMU CUTYaLMK,
Korga 6uM3Hec, Mo npuymHe HeobxoaMmocTu Obl-
CTPbIX U3MEHEHWI, «MPOLABANBAET» BHECEHWE IKC-
TPEHHbIX (HECAHKUMOHUPOBAHHbIX) U3MEHEHWNI, YTO
NPUBOAUT K HEHOopMabHOMY GYHKLMOHUPOBAHUIO
MO, To ecTb HErAaTUBHO OTPAXKAETCA HA KayecTse.

Danee nepeiigem K 6onee noapobHomy pac-
CMOTPEHMUIO PUCKOB CO CTOPOHbI APYrMX COTPYAHM-
KOB 3aKasuuKa (He JIMP). B obuiem Buae AaHHas
rpynna pucKoB NpeacTaBAeHa Ha pUCYHKe 5.

Puckun caboTtarka KOHe4YHbIMU NOJIb30BaTENA-
MU. PacnpocTpaHeHHana cuTyauuma, Koraa pagosble
COTPYAHWKM KOMMaHWKW-3aKa3umKa, sBaAloLIMeca
KOHEYHbIMW M0/Ib30BaTENAMU pa3pabaTbiBaeMoro
NPOAYKTa, COMPOTUBAAOTCA LUPPOBLIM U3MEHEHMU-
AIM, YTO YCNOXHSAET NpoLecchl, Kak paspaboTku MO,
Tak U MUTPALIUU N BHEAPEHUS.

PUCKM HepocTaTOYHOM KBanuouKauum apg-
MMUHUCTPATOpPa HOBOWM apXUTEKTypbl. B oTaenbHbIX
CNny4yasx, Hanpumep, TakMe cayvyanm ocobeHHo pac-
npocTpaHeHbl B 6aHKax, BHegpeHue Hosoro MO co-
NPAXeHO C BHeAPEHNEM HOBOM apXUTEKTYPbI peLue-
HUA, aAMUHUCTPUPOBAHNE KOTOPOI TpebyeT 6onee
BbICOKOM KBanubMKaLMmM NepcoHana, Yto NnpuBoanT
NMbo K NepenoarotoBke TEKYLWEro nepcoHana, 1Mbo
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JIpyrue pucKH CO CTOPOHBI 3aKa34NKa

Puckn oTCyTCTBHSI 5KOHOMUYECKOU
3¢ dEeKTUBHOCTH

Pucku "nponaBnuBaHus UHTEPECOB"
CO CTOPOHBI KPYITHBIX 3aKa3UMKOB

Puc. 6. ipyrne puckun co CTOPOHbI 3aKa3umMKa
Fig. 6. Other risks on the part of the customer

Pucku co CTOPOHBI TOCyIapcTBa

Pucku n3amMenenust oTpacieBoro
3aKOHOJIaTENIbCTBA

Pucku HeappexTuBHOM
OMHTPAUOHHON MOJTUTUKA

Puckn JUCKPUMHWHALIUN

Pucku HenocTarouHoro oobeMa
MIOJITOTOBJICHHBIX YEJIOBEUECKHUX PECYPCOB
CO CTOPOHBI TOCY/IAPCTBEHHOM
00pa30BaTeIbHON CHCTEMBI

Pucku cHmxkeHus: kKauecTBa NOArOTOBKU
YeJIOBEUYECKUX PECYPCOB CO CTOPOHBI
roCyJIlapCTBEHHOM 00pa30BaTEIbHOM

CHUCTEMBI

Pucku Hea(h(heKTUBHOTO pa3BUTHUS IPYTUX
oTpacyieil SKOHOMHUKHU

Puc. 7. Puckn co cTtopoHbl rocyaapcrsea
Fig. 7. Risks from the side of state

noucke Hosoro. Takmm obpasom HeobxoaMmo 3a-
GUKCMPOBATb, YTO AAHHbIN PUCK MOXKET OKa3aTb 3a-
METHOE B/IUAHME HA OCHOBHbIE MNapaMeTpbl NPOEKT],
N TpebyeT ynpasaeHus.

PUCKM HU3KOI 3aMHTEPECOBAHHOCTU COTPYAHU-
KOB 3aKa3uuKa B 3pPEKTUBHOM y4yacTUM B MpoeKTe.
B pamkax npoekToB no paspabotke MO Kak Ha 3Tane
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cbopa TpeboBaHMI, TaK M HA 3Tanax BHeAPEHUA, MU-
rpauum 1 conpoBoXaeHua B 6onbLIe MAU MeHbLUel
cteneHn BOB/IEKAKOTCA COTPYAHUKU KOMMAHWUU-3a-
Ka3yMKa. Ha ux 3aMHTepecoBaHHOCTb y4acTBOBaTb
B NPOEKTE BANSAET MHOMECTBO pa3HbIX ¢paKTopoB., Ta-
KUX KaK, Hanpumep, BEPOSATHOCTb yTpaTbl paboyero
MecCTa B pe3sy/ibTaTe aBTOMaTM3aL MK onpeaeneHHbIX

4]



Pucku o CTOPOHBI PHIHKA

Pucku co CTOPOHBI KOHKYPCHINN

Pucku ciioHOCTH NOTy4eHMs BHELIHETO
(buHaHCUPOBAHUS

Pucku HekaueCcTBEHHOW MOATOTOBKH
YEJIOBEYECKUX PECYPCOB CO CTOPOHBI
YaCTHOM 00pa30BaTeIbHON CUCTEMBI

MHBeCTUIMOHHBIE PUCKHU

Pucku n3MeHeHus MoJIb30BaTeILKIX IMPUBBIYCK

Puc. 8. PUCKM €O CTOPOHDI pbiHKa
Fig. 8. Market risks

npoLeccoB, OTCYTCTBUE ONAaTbl 3a JONONHUTE/bHbIE
paboune yacbl, ©AMEHEHME MPMBLIYHOIO pacnuca-
HWA paboyero AHA U T. 4., YTO OYEHb YaCcTO NPUBOAUT
K HWU3KOM 3aMHTEPECOBAHHOCTU B 3O PEKTMBHOM y4a-
CTUW B MPOEKTE, YTO BNOC/NIEACTBUM MOMKET NPUBECTU
B pa3paboTtke MO HM3KOro KayecTsa, T. K. He byayT
y4TeHbI MHOTME $GaKTOPbI, CNOCOOHbIE NOBbLICUTL Ka-
YecTBO pa3pabatbiBaemoro MO.

[anee nepengem K pacCMOTPEHUIO cneayto-
el rpynnbl PUCKOB CO CTOPOHbI 3aKa3uMKa — Apyrue
PUCKM CO CTOPOHbI 3aKasumka. B obwem Buae aaH-
HaA rpynna pUcKoB NpeacTaBieHa Ha PUCYHKe 6.

PUCKK OTCYTCTBUA 3KOHOMMUYeEcCKoi 3ddek-
TUBHOCTU. K LaHHO rpynne pUCKOB MOMKHO OTHECTU
PUCKM HAaNNYMA HEKAYEeCTBEHHON MHOPACTPYKTYPbI,
PUCKM «NpUBA3KM» annapaTHoro obecneyeHus
K CTaHgapTam 6e30nacHOCTU, PUCKU BHECEHUsA
HOBOM apXMTeKTypbl U T.4. Og4HUM CIOBOM, BCe Te
PUCKK, KOTOPbIE 3HAYUTE/IbHO YBE/IMYMBAKOT KOHEY-
HYI0 cTOMMOCTb BHegpeHua MO, n, Takum obpasom,
[eNnatoT NPOEeKT ANA 3aKa34MKa SKOHOMMUYECKM Hed-
ddeKTUBHBIM.

PUCKM «nNpogaBaMBaHUA UHTEPECOBY» CO CTO-
POHbI KPYMNHbIX 3aKa3umKoB. OnpegesieHHble 3a-
Ka3uMKM MOTYT XapaKTepu3oBaTbCA KaK KpymnHble,
C TOYEK 3PEHUA BAUAHMA HA PbIHOK, Y3HAaBAaEMOCTH
6peHaa, BO3MOMKHOCTEM WCMONb30BAHWMA ALMMU-
HUCTPATUBHOIO pecypca u T.4. Mmea Te UAM UHble
pblyary BANAHWA, YNPOLLAETCA BO3MOMXKHOCTb «Npo-
[ABAVNBAHUA UHTEPECOBY», YTO MOMKET HEFaTUBHO OT-
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pa3nTbCcA Ha MHTepecax UT-KomnaHuu, 1 B oTAeNb-
HbIX C/ly4asx TpebyeT ynpasaeHus.

3aBepLlwNB pacCMOTpPEHMe Fpymnmnbl PUCKOB CO
CTOPOHbI 3aKa3uKnKa, Neperngem K PacCMOTPEHUIO CO
CTOPOHbI rocyaapcTea. B obuwem Buae fAaHHanA rpyn-
na PUCKOB NpeacTaBAeHa HA PUCYHKe 7.

PUCKM M3MeHeHMA OoTpac/eBOro 3aKoHopaa-
TenbcrBa. M3BecTHo, 4Yto 6osblMHCTBO UT-KOMNa-
HWIA ABNAOTCA y4acTHUKamu MBT, n ocobble ycnosus
BeAEeHMs X03AMCTBOBAHUA B pamKax gekpeta Ne8 «O
pasBUTUM LUMPPOBOIN SKOHOMUKMY [5], TakMe KaK OT-
MeHa Hanora Ha NpPubbIb, BBEAEHNE OTAENbHbIX UH-
CTUTYTOB aHIIMACKOro NpaBa, YNpoOLLeHUE pexuma
NpoBeAeHNA Ba/IOTHbIX onepauyuii U T.4., CTUMYAN-
PYtOT HOBble KOMMNaHMKM, B TOM YnC/ie U3-3a pyberka,
BCTynaTb B [1BT. COOTBETCTBEHHO, €CIN NPOM30oNAYT
Kakne-To M3MeHeHWA, Hanpumep, B MNOJUTUKe, TO
CyLLEeCcTBYeT BEPOATHOCTb, YTO O0CcObble YCNOBUA XO-
3AMCTBOBAHMS MOTYT 6bITb MMBO ynpasgHeHbl, 160
M3MEHEHbI, YTO MOXKET OKa3aTb CUIbHOE BAUSAHWE Ha
pa3BuUTME OTPaC/IN.

Pucku HeappeKTUBHOU IMUTPALMOHHON NO-
NUTUKKU. K SMUTPaLMOHHOM NONTUKE HEObXOAMMO
OTHEeCTU Bce GpaKToPbl CO CTOPOHbI rOCYAapPCTBEHHOMN
CMUCTEMBI, CTUMYIUPYIOLLME SMUTPALMIO HAaceNeHus,
ocobeHHO monogexKu. K Takum dakTopam MOXKHO
OTHECTM 06A3aTeNbHY CPOUHYIO CAYXKOY B apmuuy,
BbICOKYIO PEryiaTOPHY WU HaJIorOBYH HArpysKy, oT-
HOCUTE/NIbHO HEBbICOKUIA YPOBEHb }KU3HWU U T. 4,

PuUcKu ancKkpummnHaumm. K saHHoM Kateropmm
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PUCKOB MOXHO OTHECTM, Hanpumep, AUCKPUMMHA-
LUMIO MPY NONYYEHUA NIbFOT B 3aBUCMMOCTU OT TOTO,
ABnAeTca M KomnaHmA vyneHom [MBT maum Het. Oco-
6EHHO aKTyas/IbHO A1 CTapTanoB, Ha/iMuMe y KoTo-
pbIX onpeaeneHHbIX IbroT MO0 Hbl NOMOKUTENIbHO
MOBAMATb Ha €ero AajbHeillee pa3BUTUE, OAHAKO,
B CUJTY Pas3/INYHbIX MPUYUH, Hanpumep, OTCYTCTBUSA
pecypcoB gaa co3faHus BU3Hec-NpoeKTa ANlA BCTy-
nnenua B MNBT, 1broTbl MOryT 6bITb HE NOYYEHbI.

Puckn HepoctatouyHoro obbema noAaroToB-
NIEHHbIX Ye/I0BEeYeCKMUX PecypcoB CO CTOPOHbI Fo-
CcyAapcTBeHHO obpa3soBaTtenibHOM cuctembl. B ue-
JIOM MO CTpaHe, UCXO4A U3 MATepuanoB PasnYHbIX
nyb6anKaumii, HabnpgaeTca, 4to npeacTaBuUTeNM
MHOTUX UT-KoMnaHWi 3asaBAAIOT O HEJO0CTaTOYHOM
obbeme YenoBeYEeCKMX pecypcoB. ITOT 3anpoc He
obecneumBaetca B CBA3M C MOAUTMKOW rocyaap-
CTBa, B COOTBETCTBUM C KOTOPOM 06pasoBaTe/ibHOM
cMcTeme HeobXOAMMO CTPEMUTLCA K PaBHOBECUIO,
K OTHOCUTE/IbHOM PAaBHOMEPHOCTU MOAFOTOBKKU Ye-
JIOBEYECKUX PECYypCoB ANA Pa3UYHbIX OTpacnein
SKOHOMMKMK. B 3TOM OTHOLIEHUM MOMKHO CKa3aTb,
YTO C NO3MLMKN OTpac/aM 3To GOPMUPYET onpeseneH-
Hble PUCKM, KaK, Hanpumep, TPYAHOCTU C MOMUCKOM
COTPYAHWKOB Heobxoaumol KeBanudukaumm, bonee
BbICOKOM CTOMMOCTbIO MPWBAEYEHUA CMELMANNUCTOB
n3-3a pybexa u 1.4,

PUCKM CHU}KEHUA KayecTBa NOATOTOBKU Ye-
NoOBeYEeCKUX pecypcoB CO CTOPOHbI FOCYAapCTBEH-
HOI1 o6pasoBaTenbHO cucTembl. KntoueBbim dak-
TOPOM AaHHOM rpynnbl PUCKOB, ABAAETCA GaKTop
BbICOKOTO YPOBHA 3apaboTHbIX MiaT B OTpacau,
CTUMYNUPYIOLWNIA, HAanNpumep, OTTOK Npenojasa-
TeNel rocyLapCcTBEHHbIX BY30B, YTO OTPULATENBHO
CKa3blBaeTCA Ha KayecTBe MOAFOTOBKW YesoBeye-
CKMX pecypcoB B paMKax rocyaapcTBeHHOM obpa-
30BaTe/IbHOM CUCTEMDI.

Puckn HeapPpeKTUBHOrO pasBUTUA APYrUX
oTpacneit 3SKOHOMUKMU. N3BecTHO, YTo B Pecnybnnke
Benapycb okosno 70% cobCcTBEHHOCTU ABAAETCA rO-
CYLAPCTBEHHOW, B TOM YMCE U 3HAUYMTE/IbHAA YacTb
KOMMEpPYECKMX OpraHusaumin. Muposaa M oTeue-
CTBEHHAA NPaKTUKA NOKa3ana, Yto, rocyaapCcTBEHHbIE
KOMMepYeCKMe opraHM3aLmm, Kak MUHUMYM, 1160
ABNAOTCA HEAOCTAaTOYHO 3P PEKTUBHbIMU, MO0 Npo-
CTO HEaIpPEKTMBHbI, TEOPETMUYECKOM NPUYMHON Yero
ABNAETCA OTCYTCTBME HEODOXOAMMOro YPOBHA CTUMY-
noB. TaKKe M3BECTHO, YTO OAHOM M3 KAOUYEBbIX 3a-
4ad UT-pewweHnin ansetca nosblweHne 3¢ eKTms-
HOCTU KOMMEpPYECKMX OpraHuM3aumnin. M nocKonbKy
Yy TOCYAApCTBEHHbIX KOMMEPYECKMX OpraHM3auni
HeZ0CTaTOYHO CTUMY/IOB A/1A CTPEMIEHUA K MaKCK-
MasibHOMN 3G PEKTUBHOCTM, TO ITO ABASAETCA OL4HOM U3
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K/1IOYEBbIX NMPUYNH HWU3KOrO BHYTPEHHETO Cnpoca Ha
NT-pelweHns, 4To OKasblBaeT BANSAHNE HA Pa3BUTUE
oTpacan, GopMUpPYET COOTBETCTBYHOLLME PUCKU.

Janee B 3aKNHOUYNTENIbHOM YaCTU PACCMOTPUM
PUCKN CO CTOPOHbI pbiHKA. B 0buwem Buae gaHHasA
rpynna pucKoB npeacTaBaeHa Ha pucyHke 1.8.

PUCKM CO CTOPOHbI KOHKYpeHuuu. K Kntoye-
BbIM PUCKaM CO CTOPOHbl KOHKYPEHUMUM OTHOCATCA
cnenytolme pucku:

— Puckun ysenmyeHma konmyectsa MT-komna-
HUW B cTpaHe. JlorMyHo, 4yto, Yyem 6osblue UT-Kom-
NaHWn, Tem Bbllle YPOBEHb KOHKYpPeHUUWU, Tem
CNOXHEe W HUXKe BEepOoATHOCTb MONYYMTb 3aKasbl
OT KAneHToB. Mo gaHHbIM benctata 8 2017 roay no
cpaBHeHMto ¢ 2016 rogomM KONMYECTBO OpraHu3aumin
B8 UKT cekTope ysenmnumnocb Ha 530, a 8 2018 roay
no cpaBHeHuto ¢ 2017 rogom Ha 504 opraHmsauum.
[6] N Ha TeKkywMmii nepuos ecTb BCe NPEANOCbIIKY,
YTO JaHHAA TEHAEHUMA COXPAHUTCA.

— PUCKM CHUXKEHMA cnpoca Ha BHELWHWUX PbIH-
Kax. M3BecTHO, 4TOo 6onblias YacTb OTeYeCcTBEH-
Hbix UT-npoayKTOB 3KcnopTupyeTtcsa. B nocnegHue
rofbl BbICOKMIM CMPOC HA NPOAYKUMIO BEnopyccKmx
NT-KoMNaHWIi 3HAYUTENIbHO MOBAUAN HA YyBenude-
HUMe YPOBHA 3apaboTHbIX NAT B OTPAC/M, YTO NpuBe-
/10 K YBEIMYEHMUIO KOHEYHOW CTOMMOCTU OTEYECTBEH-
HbIX NT-npoAyKToB, U cTano ¢opMmnpoBaTb CTUMY/IbI
3apyberKHbIX KOMNaHW ansa 3akasa UT-npoaykTos
B APYrMX CTpaHax no 6onee HM3KUM LeHam. B Ka-
YyecTBe NpPMMeEpPa TaKUX CTPAH-KOHKYPEHTOB MOXKHO
npusectn Poccuio, YkpanHy, UHauvo u T.4.

— PUCKM cavaHmMAa u nornoweHua. B wucrto-
pun UT-UHAYCTPUM MHOFO NPUMEpPOB MNPOLLECCOB
CAUAHMA W NOINOLWEHUs, B KayecTBe Haubonee
M3BECTHbIX MOMHO MPMBECTU MOKYMKY KOMMAHM-
el Microsoft coumnanbHoli cetn Linkedln nau no-
KYNKy coumanbHoOM ceTbto Facebook mecceHpkepa
WhatsApp. Cpegn 6enopycckux KOMMaHUA TaKkKe
MmeeTcs A0CTAaTOYHO TeX, KoTopble bblan npnobpe-
TeHbl Apyrumu 6onee KpynHbIMMK, Kak, Hanpumep,
coumnanbHas ceTtb Facebook B 2016 roay npuobpe-
na npunoxeHne MSQRD 6enopycckoli KomnaHuu
Masquerade Technologies. JlornyHo cneayeT, yTO
B pe3ynbTaTe MPOLECCOB CAUAHMA WU NOTNOLLEHUA
M3MEHSAIOTCA MpaBUNa Urpbl ANA NPUOBPETEHHbIX
KOMMNaHWM, OTKPbIBAlOTCA HOBble BO3MOXHOCTU,
KaK, Hanpumep, BO3MOXHOCTb BbITK Ha bonee wu-
POKYI0 ayaAUTOPUIO, @ TaKXKe, onpeaeneHHble BO3-
MOHOCTM COKpaLLAlOTCA, KaK, Hanpumep, Camo-
CTOATENbHOE pa3BUTUE.

— PenyTaymoHHble pUcKKU. K penyTaumMoHHbIM
PUCKAM MOHO OTHECTW, Hanpumep, PUCKK TOro,
YTO KOHKypeHTbl ByayT pacnpocTpaHATb Yepes co-
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LManbHble CETU, Meana, 3aBeJ0MO JI0XKHble cBeae-
HMA O KOMMaHUKM, KOTOPble MOTYT HEraTUBHO OTPas-
NTbCA Ha ee geAaTenbHOCTU. Kpome Toro, K AaHHOM
rpynne pUCKOB MOXHO OTHECTU PUCK NPeKpaLLeHna
pa3suTmA 1 nogaepku Open Sourse pelleHunsa, nm
e PUCK NMpeKpalweHna OeATeNbHOCTM KOMMaHUK,
T. K. yawe Bcero MO HyXaaeTca B CONPOBOXAEHUMN
nocne paspaboTkM, M NpPU MPOYMX PaABHbIX YCNO-
BUAX, BEPOATHOCTb MOJIYy4MTb 3aKa3 Bbllle Y KOM-
naHWi, KOTOpble A0/blie CYLEeCTBYIOT Ha PbIHKE.
TaK)Ke penyTauMoOHHble PUCKM MOTYT OKa3blBaTb
6onee cunbHOE BAUAHWME HA KPYMHble KOMMaHWW,
MMeloLlMe LeHHble bymarn Ha GoHAOO0BbLIX PbIHKAX.
MOHO CKasaTb, YTO TakMe KomnaHuu 6onee 4yB-
CTBUTENbHbI K HOBOCTAM, YTO MOXET 3HAaYUTENIbHO
B/IMATb Ha CTOMMOCTb UX LLeHHbIX Bymar, KanuTtanu-
3aUM0 KOMMNAHUKU U T.A4.

PUCKM CNOXKHOCTM NONYYEHUA BHELIHEro
¢uHaHcupoBaHua. Cnpaseanmso 3adUKCUPOBaATD,
4yTO ANA 6ONbWKMHCTBA OTeyecTBEHHbIX UT-komna-
HWM, N3-33 HU3KOTO YPOBHA Pa3BUTUA PUHAHCOBDIX
MHCTUTYTOB B Pecnybaunku benapycb, NnpakTuyecku
€ANHCTBEHHbIM peasibHbIM UCTOYHUKOM BHELLHEro
buHaHcUpoBaHUA ABnAeTcAs BaHKOBCKOe Kpeau-
TOBaHME, 33 UCKAKOYeHMeM Haubonee KpynHbIX,
KOTOpble MMeIT BO3IMOXKHOCTU NpusnedeHma du-
HaHCUMPOBAHMA Yepe3 COBPEMEHHbIE MEXaHM3Mbl,
MeXAyHapoaHblIXx GUHaAHCOBbLIX PblHKOB. OTcloga
PE30HHO, YTO MOTEeHUMaNibHble C/MOXHOCTU NOJy-
YyeHMA BHewHero GUHAHCUMPOBAHWMA MNOBbLIWAOT
PUCKK, HaNnpumep, TOro, YTO YaCTb MPOEKTOB, CTap-
Tanos He OyaeT peannM3oBaHa M3-3a OTCYTCTBUA
dUHaHCMpOBaAHMA.

PUCKM HeKauyeCTBEHHOI NOArOTOBKU 4eno-
BEUYECKUX PecypcoB CO CTOPOHbI YacTHOM ob6paso-
BaTe/IbHOMU cucTeMbl. KaK y)Ke OTMe4yanocb Bbllle,
npeacTaBuTenn MHornx MUT-komnaHuii B nocnegHue
rofibl 3asBAAIOT O HEAOCTAaTOYHOM Obbeme yenose-
Yeckux pecypcos. O6 3Tom, B HaCTHOCTH, CBUAETENb-
cTBYeT 3anyLweHHasa B KoHue 2019 roga nporpamma
no Bblgaye KpeauToB ANA NOAroToBKM UT-cneuma-
JIUCTOB B paMKax pas3/IMYHbIX CeLmMann3npoBaHHbIX
KYpCcOB. B 3TOM OTHOLIEHWM CTOUT OTMETUTb PUCKMU
CHUKEeHUs byayLiel noTeHUManbHON BEePTUKaIbHOM
MOOUNBHOCTM HA PbIHKE TPYAa, PUCKU CHUNKEHMUA
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KauyecTBa Ye/0BEYECKUX PEeCYpPCcoB B A0ATOCPOYHOM
nepcrneKkTnBee, Mo NPUYMHE TOro, YTO HONBLUMHCTBO
TAKMX KYypCOB, KaK MpaBWIO, NpeaoCcTaBaAAlT Y3-
KoCnewumanm3npoBaHHble NMPOrpaMMbl, aKTyasbHble
OTHOCUTE/IbHO HeArO.

MHBECTULMOHHbIE PUCKU. WNHBECTULMOH-
Hble PMCKM O3HA4aloT BEPOATHOCTb HeBO3BpaTa
OUHAHCOBBIX BNOXKEHUN MHBECTOPa WAKU TPynnbl B
pesynbtate GUHAHCUPOBAHUA TEX MU MHbIX NpPO-
eKToB. [laHHasA rpynna pUckoB B 6bonbluei cTeneHu
OTHOCATCA K NPOAYKTOBbIM KOMMaHuAM. CyluecTBy-
€T MHOXECTBO NPUMEPOB HeyAauHbIX MHBECTULUN
B UT-npoeKTbl, cpeamn KOTOpbIX, B KayecTBe npume-
pa, MOXHO BblAENNTb OAHO KPYNHOE HanpaB/ieHue
— BUPTYa/ibHYIO peasibHOCTb. K KatoueBbIM NpuUymn-
HAaM MOXHO OTHECTU BbICOKYIO CTOMMOCTb CrneLu-
anbHOro wnaema, Heyaobcteo u 1. 4. B nocnegHue
rogbl 3ameTHo, 4to B Pecnybaunke Benapycb cTano
YBE/IMYMBATLCSA KOJIMYECTBO MPOAYKTOBbIX KOMMa-
HWIA, MO3TOMY M AaHHas rpynna PUCKOB MOXKET CTa-
HOBWUTbCA BCe Bosiee akTyaNbHOM.

PUCKM M3MeHeHMA No/sIb30BaTeNIbCKUX NpPuU-
BblueK. [pakTnyeckn nwbok WUT-npoaykT B TOW
WA UHOM CTEMEHU MOXKET MOBAUATb HAa U3MeHe-
HME MO/b30BaTE/IbCKMX MpPUBbIYEK. Ecaum ke npo-
aHanuM3mnpoBaTb KpynHble WT-npogykTbl 3a no-
cnegHee fecATUNETME, TO B KayecTBe NPUMEpPOSB,
OKa3aBLIMX CU/bHOE BAINAHME Ha USMEHEHME NOJb-
30BaTe/IbCKUX MPUBLIYEK CTa/IM TakMe MNPOAYKThI,
Kak Instagram, YouTube, Facebook. CootBeTcTBEH-
HO NMPOAYKTOBbIM KOMMaHUAM Heobxoanmo oTcne-
MBaTb GAKTOPbI, BAMAIOLLME HA UBMEHEHME NOJb-
30BaTENIbCKUX MNPUBbIYEK, 4YTODObl CBOEBPEMEHHO
COBEPLINTb MEPEOPUEHTALMIO HA BbICTPOM3MEHAD-
LLMMCA PbIHKE.

3akatoueHue. B ctaTbe nNpeacTaB/ieHbl Hau-
6osee xapakTepHble pucku ana cpepol UT. Mogpob-
HO pPacCMOTPEeHa Kak BHELWHAA, TaK U BHYTPEHHAA
rpynna, NnpoBeAeHO MX OMUCAHME M aHANW3, Noa-
YepKUBatOLLME BbICOKYH CTENeHb BAUAHUA PUCKOB
Ha pe3y/bTaTbl AEATE/IbHOCTU KOMMNaHWUM B AaHHOM
chepe 3KOHOMUKM, a TaKXKe BblaenArLwme nx oco-
6eHHOCTU. PaccmoTpeHHble PUCKU MOTYT BbITb MC-
NoNb30BaHbl B KAYeCTBe OCHOBbI A1 CO34aHUA CU-
CTEMbI YNpPaBAEHMA UMW,
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AHHOTauMA. B cTaTbe PacCMOTPEH OMbIT BHEAPEHUA U UCMO/Ib30BAHMA MHOTOQYHKLMOHANbHbIX MAEHTUGUKALMOHHBIX
KapT B cucTeme obpasosaHua Pecnybankm benapycb. M3ydeHbl OCHOBHbIE MPEUMYLLECTBA MCNOAb30BAHMA TEXHOMIOTUI
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BeeaeHue. Llndpposasa TpaHchopmauma cucte-
Mbl 06pa3oBaHMA, Pa3BUTUE TEXHONOTUIA MOBUIBbHO-
ro [1] n guctaHuMoHHoro [2] 0byyeHun, paclumpeHne
cnekTpa MHGOPMALMOHHBIX CEPBUCOB U MHPOpPMa-
LMOHHbIX PecypcoB B Hay4YHO-06pa3oBaTesIbHbIX Ce-
TAX W NoBbllWeHne TpeboBaHM K Mx Be3onacHocTH
[3,4] obycnaBnuBatoT HeobxoaAMMOCTb paspaboT-
KM TUMNOBbIX PELIEeHUN HaAeKHOM maeHTuduKaumm
W ayTeHTUOMKauMmM nonb3osBaTenen. [na stnx yenemn
aKTyasibHbIM ABAAETCA NPUMEHEHWE MHOTrodyHKLM-
OHa/IbHbIX MEPCOHA/IbHbBIX 31EKTPOHHbLIX CPEeacTs,
KOTOpble UCMOb3YIOTCA ANA UAEHTUPUKALUM B CU-
CTeMax KOHTPO/A M ynpaBaeHWUA AOCTYNOM, ayTeH-
TMdMKaLMM Nonb3oBaTenein MobuAbHbIX YCTPOMCTB,
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KOMMbIOTEPHBIX CUCTEM U ceTel, obecneymBas OKa-
3aHME LUIMPOKOTrO CMeKTpa NepcoHUOUUMPOBAHHbIX
3NEKTPOHHBbIX ycayr [5,6].

B KauyecTBe TaKMX MHOTOQYHKLMOHAbHbIX
CpeacTs uaeHTMdMKaLMM pacnpocTpaHeHne no-
JNIYYNAN  CMapT-KapTbl, KOTOpble MO3BOAAKOT OCY-
LWeCTBAATb BWU3YaNbHYIO WAEHTUOUKALUIO NOJb-
30BaTeNIf, @ TaKXe MCNo/ab30BaTb GECKOHTAKTHbIE
M KOHTaKTHble WHTepdencbl, HeobxoaumMble ANA
3NIeKTPOHHOM ayTeEHTUPMKaLMK. B yacTHOCTH, pagm-
OYaCTOTHbIE TEXHOIOTUM NPenocTaBNeHnA dusnye-
CKUM /INLL@M CEPBUCOB HA OCHOBE HGECKOHTAKTHbIX
CMapT-KapT Ha NpoTaKeHun 6onee 20 NeT aKTUBHO
M yChewHo pa3BMBatoTCA BO BCemM mupe. Takue pe-
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LWEeHMs ABNAIOTCA He TO/NIbKO OAHUMU U3 Hanbonee
3aLMLLEHHbIX, HO U SKOHOMMUYECKN BbIFOAHbIMU 3a
CYeT ynpouleHMa M aBToMaTu3auuM OpraHu3aum-
OHHbIX MPOLLECCOB, Tpebyowmnx ayTeHTUGUKaL UK
M aBTOpMU3aL MM NoNb3oBaTeNEN.

PasBuTMe TexHoNOrnii MHOroyHKLUOHaNb-
HbIX MAEHTUPUKALMUOHHDBIX KapT B HaLUOHANbHOM
cucteme o6pasoBaHuA. Cuctema obpasoBaHusA
B CMAY LENoro pAaga NpuYMH ABASAETCA NepcneKkTmB-
HOM n/iowaaKon gnsa oTpaboTKM PasNUYHbIX UHHO-
BaLMOHHbIX pelleHnit B chepe nHPopmaTtMzaumm
n umdposol TpaHchopmauum. K Takmm npuumHam,
HapAay C WMPOKUMU TEXHONOTMUYECKUMU BO3MOXK-
HOCTAMM OTPABOTKMU NMUNOTHBIX PELLIEeHUI Pas3INYHO-
ro HazHa4yeHMA N BbICOKUM Hay4HbIM NOTEHLMANIOM,
MOXHO OTHECTU c/iegytolme 0CO6eHHOCTU CUCTEMDI
obpa3oBaHuA:

— NoNb30BaTeNN pelleHui (yyawumecs) ABns-
l0TCA Hambonee aKTUBHOM YacTbio COBPEMEHHOrO
obuecTBa, KOTOpble OTKPbITbI A/1A U3YYEeHUA HOBbIX
TEXHOJIOTMIA U aKTUBHO NPUMEHSIOT UX B NOBCEAHEB-
HOWM ¥U3HU;

— BHeApEeHMEe HOBbIX PeLlleHnii, OpUEeHTUPO-
BaHHbIX Ha NpeAoCTaB/leHMEe YCAYr U CEPBUCOB y4ya-
WMMcsa CTUMYAnpyeT npuobpeTeHne 3HaHUM M Ha-
BbIKOB B 06/1aCTU NpUMEHEHUA MHPOPMALIMOHHbIX
TEXHOJ/IOMMN, A, CNefoBaTeNbHO, CO34AeT Heobxoan-
Mble NPeAnocbINKK ANA UX y4acTua B Pa3BUTUM UH-
dopmaLmoHHOro obLecTsa;

— yyalwmecsi, aKTMBHO WMCMO/Mb3ytolWmMe B MNo-
BCeAHEBHON AeATe/IbHOCTM HoBble UMdpoBble pe-
LeHMA, KaK NpaBuIOo ABAAIOTCA NONyaspM3aTopamm
HOBbIX TEXHO/IOTUI, aKTUBHO COAEMCTBYIOLMMM NPO-
rpeccy B cdoepe umMdppoBbIX YCAYT;

— CO CTOpPOHbI rocygapctea popmupytoTca
30 dEKTMBHbIE MHCTPYMEHTbI ANA NpefocTaB/ieHun
psAfa CouManbHbIX NbrOT U YCAYT AN KOHKPETHbIX
Le/ieBbIX rpynn WKOAbHMKOB, CTYAEHTOB U 4.

B 2003 r. B cucteme obpasoBaHuaA Pecnybnmkm
Benapychk Ha 6a3e BIY Hayanucb paboTbl No BHegpe-
HUIO 3NEKTPOHHbIX MAEHTUPUKALMOHHDBIX KapT: CTy-
OEHYECKMX BUNeToB, yAO0CTOBEPEHUI COTPYAHUKOB,
yyawmxca Jinyes n KOpuandeckoro konneaa bry [7].
Bbin peann3oBaH NUIOTHbIM NPOEKT N0 CO34aHMUI0 UH-
dpPacTpyKTypbl M3rOTOBAEHUSA, yYeTa U BblgauM naa-
CTUKOBbIX JJIOKYMEHTOB Ha 6a3e cmapT-KapT Infineon
2K. B pe3ynbTaTe 3TOro npoeKkrta b6bina paspaboTtaHa
KOHLLeNLUMA U3roTOBNEHUA U UCMONb30BaHUA CMapT-
KapT, onpeaeneHbl Ux 6a3oBble CTaHZAPTbI U CXEMA
pasmeTKn MMKpouuna, obecneymBatollas peanmnsa-
LM HeobxoauMbIX Mep No 3awwmte MHPopMaLmu,
paspaboTtaHa W yTBEp)KAEHa HOpMaTMBHaA 6a3a,
a TaKKe co3gaHa MHOpAcTpyKTypa, obecneymsato-

LLan peanmsaumo 6M3Hec-NpoLLeCcCOB N3rOTOBAEHMSA
M NCNONb30BaHMA CMapT-KapT Ha BCeX 3Tanax Mx
YKM3HEHHOrO UMKAa.

B 2011 r. pe3ynbTaTbl NMAOTHOrO NpoeKkTa bIry
6blIM PacnNPOCTPaAHEHbI Ha BCE YYPEXKAEHUA BbICLLE-
ro obpasoBaHua Pecnybnunkm Benapycb. Cyyetom
MOJIOXKUTENBHOTO OMbITa, MONYYEHHOTO B pPe3y/b-
TaTe 3aKCcnepumeHTasibHOM anpobauuu B BIY, Mu-
HUCTepCcTBOM 0b6pasoBaHus Pecnybnmku benapycb
B 2010 roay 66110 NPUHATO pelleHne O BHeApeHUM
WMHTENNEKTYaNbHbIX [AOKYMEHTOB Yy4yalimxca Ans
MCMONb30BAHMA B YYpeXAeHUAX Bbicwero obpa-
30BaHKuA pecnybankn. B 2011 rogy no 3akasy Mwu-
HUcTepcTBa obpasoBaHuA Pecnybnvkm benapycb
pa3paboTaHa M BHeApPEHA KOMMJIEKCHaA aBTOMaTu-
3MpoBaHHasA cucTeMa, obecneynBaroLLan M3roTOB-
JleHVe, perncTpauumio, Bblgayy WM MCNOsb30BaHue
WHTENNEKTYANIbHbIX CTYAEHYECKUX BUIeToB BO BCeEX
By3ax Pecnybaukum benapycb. CTyaeH4yeckne bunetsl
obpasua 2010 roga nocTpoeHbl Ha 6ase cMmapT-KapT
Mifare Classic 4K. Co3gaHHble pelweHna npeaHasHa-
YyeHbl ANnA obecnevyeHUs AeuUeHTPasIM30BaHHOIO U3-
rOTOBNE€HUA, BblAAYN U MPUMEHEHUA INEKTPOHHbIX
CTYAEHYECKUX BUNETOB B MHOPACTPYKTYpe BY30B.

3a cuyeT cobntogeHMA MPUHLUMNOB Npeem-
CTBEHHOCTM TEXHUYECKUX PpeLleHnit B npouecce
3BOIOLLMM MPOEKTA, YCNEeWwHO GYHKLMOHUPYIOT pe-
LWeHMA, MOo3BONAKLWME MCMONb30BaTb CMapPT-Kap-
Tbl B QYHKUMOHANbHbIX MPUIOKEHUAX (cucTemax
KOHTPOAA A0CTyMa B Kopnyca yHMBepcuTeTa U 06-
LWEeXUTUA; cuctemax obCcayKMBaHUA uyuTaTenen
B YHMBEPCUTETCKMX OBUOAMOTEKAxX, cUcTemax npe-
O0CTaB/IEHUA NbrOT BaAeNbLLaM AOKYMEHTOB Mpwu
OKa3aHMM Pas/INYHbIX YCAYr Ha TEPPUTOPUN YHU-
BepcuteTa). [ONOAHUTENbHO HAa CHOPMUPOBAHHOM
NMHOpPACTPYKType Obla HaNaxKeH BbINYCK yAOCTOBe-
PEHWUI COTPYAHUKOB M aCNUPaHTOB.

B 2013 r. 6biaM NpUHATLI KoHuenuma nHoop-
MaTM3aumm cucteMbl obpasoBaHua Pecnybankm be-
napycb Ha nepuog Ao 2020 r. n KoHuenuma pa3sntna
cMCTEMbl MHOTFOGYHKLMOHANbHbBIX MHTENNEKTYaNb-
HbIX UAEHTUOUKALMOHHBIX KapT B cucteme obpaso-
BaHuA Pecnybnnku benapycb Ha nepuoa ao 2018 r.,
KOoTOpble NpeaycmMaTpuBaaM UCNOMb30BaHME U pas-
BUTME 3/IEKTPOHHbIX CMAPT-AOKYMEHTOB Ha OCHOBE
GECKOHTaKTHbIX YCTPOWCTB PafMOYacTOTHON WAeH-
TMdUKaLmu.

B 2012 rogy 6bin peannsoBaH NWUAOTHbIN
npoekT «KapTa yvauleroca», Kotopbiii ¢ 2018 roga
AKTMBHO BHEAPAETCA B yUpeKAeHUsAX obLiero cpea-
Hero obpas3oBaHuA . MuHcka [8]. MpoeKkT «KapTa
yyaleroca» rno pesynbraTtaM MeKAyHapO4HOIo KOH-
Kypca Global Inclusion Awards (r. CTokronbm, LLBe-
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uMs) NpusHaH nobeautenem B HOMMHAUMKU «Jlyuy-
LMW NPOAYKT ANs AeTer N MONOAEKMY.

KapTa yuaweroca yupexpeHus  obluie-
ro cpegHero obpasoBaHMA npeacTaBAseT cobol
MHOTOQYHKLMNOHAbHYO WMHTENNEKTYabHYIO
naeHTMOUKaAUMOHHYO KapTy (aanee — MUUK), co-
BMeLLatoLLyto B cebe MHTeNNEeKTyanbHbI JOKYMEHT
yyaweroca M OGAHKOBCKYHO NAATEXHYH KapTOYKY.
KapTta ydyauweroca obpasua 2012 roma asnsetca
NAaTeXHbIM CPeACTBOM Ha OCHOBE MArHWTHOM No-
JIOCbl, UMEET YHWUKaNbHbIA LITPUX-KOL C HOMEPOM
OOKYMeHTa M 6eckoHTaKTHbIM uun Mifare Plus X,
B MaMATM KOTOPOTO XPaHATCA MAeHTUdMKATOpbI A0-
KYMeHTa U cBeAeHuA 0 Bnagenbue KapTbl. C Lenbto
NPOTUBOLENCTBMA  HECAHKLMOHMPOBAHHOMY  UC-
nonb3osaHuio MUNK npeaycmoTtpeHa cneumanbHan
pa3MeTKa YMna, a TakKe XpaHeHue naeHTndukaTopa
OOKYMEHTa B MaMATM YMNa B COOTBETCTBUMU C MEXK-
OYHapOAHbIMU PEeKOMEeHAAUMAMU U CTaHZapTamu
[9]. Ha nuueBoi cTOpoHE KapTOYKM PACMONONKEHbI
6a30Bble MAEHTUPUKALMOHHbIE AaHHblE BAaAebLa
KapTbl, BKAoYaa ¢oTorpadumio, a TakKe MHPopma-
uMa o6 yuperkaeHun obpasoBaHuA, obopMUBLLEM
3TOT AOKYMEHT. Takafa MHOrodyHKLIMOHabHasA KapTa
NCNOIb3yeTCA B KauyecTBe 3/1IEKTPOHHOrO MPOMyCKa,
NAATEXHOro CPeAcTBa, K/AYa aBTopU3aLMu B KOM-
NblOTEPHOM KNacce, YTaTenbCcKoro buneta 8 buban-
oTeke, bUneTa Ha MaccoBble MePONPUATUSA, AUCKOHT-
HOM KapTbl B MarasnHax-napTHepax NpoeKTa 1 ap.

MHTerpauua cpeacTs naeHTUGUKaLMM 1 Nna-
TEXHbIX NPUNOXKEHU HA 6aHKOBCKUX KapTax. Kak
cnenyeTt U3 BbIWEMW3/IOKEHHOrO, NepBbI ONbIT CO-
BMELWEeHNA OaHKOBCKMX M  UAEHTUDUKALMNOHHBDIX
KapT 6bla NOAYyYeH NPU BbINOJHEHUM NpoeKTa «Kap-
Ta yyaweroca». OgHAKO, 3TOT NPOEKT He npeanona-
rana MHTerpaumm naeHTMOUKALMOHHOIO U NAATEXKHO-
ro NPUAOMKEHUIM Ha O4HOM YMMe, YTO NO3BOANAO Dbl
CHU3WUTb CTOMMOCTb TaKOTO peLleHus.

B 2014 roay B benopycckom rocyaapCTBeH-
HOM YHUBepcuTeTe 6blna paspaboTaHa U BHeape-
Ha MUWUK ¢ naeHTUPMKALMOHHBIM U NAATEXHbIM
NPUNOXEHUAMM Ha OCHOBe OAHKOBCKOW Kap-
Tbl C KOHTAKTHbIM YMMOM NNATEXHOM CUCTEMDbI
MasterCard n 6ecKoHTaKTHbIM Yynnom, obecneym-
Batowmm paboTty no ctaHaapTy Mifare Plus. B pam-
Kax BbINOJIHEHMA 3TOrO MpoekTa OoTpaboTaH ne-
peBos, paHee CO34aHHbIX PelWweHnn co cTaHpapTa
Mifare Classic Ha cTaHgapT Mifare Plus, anpobupo-
BaHbl pelleHns, No3BoaALLME pa3BMBaTh LNdpo-
Bble YCNYrM 33 Npeaenamm MHOPaCTPYKTypbl BY3a,
peann3oBaHa BO3MOMKHOCTb AKTMBHOIO B3aMMO-
OencTena ¢ 6GaHKOBCKOM CUMCTEMOM U peannsaumu
dUHTEX-PELLUEHUT.

DIGITAL TRANSFORMATION, No 1 (14), 2021

3atem, B 2018 roay B BI'Y 66110 pa3paboTaHo
HOBOE pelleHWe, obecneumBarollee MUHTErpaLmto
NAaTeXHOro M WUAEHTUPUKALMOHHOFO MPUIOKe-
HMA Ha OAHON BECKOHTAKTHOM MUKpOCXeme MnyTem
amynaumm ymnceta Mifare Plus, 4to nosBosseT Ha
pas3NnyHbIX 3Tanax BHeApeHMA obecneymsaTtb CoO-
BMECTMMOCTb C UCMOAb3yeMbIMU B BONIbLLIMHCTBE Yu-
peraeHnin obpasosaHua ynncetammu Mifare Classic,
a TaK)Ke 3HAuYMTeNbHO MOBbLICUTbL YPOBEHb He3sonac-
HOCTM CMapT-KapT M peanu3yemMblX Ha WX OCHOBe
npoueccos ayteHTUdMKaunm [10].

UHdpacTpyKTypa n mucnonbsosaHne MWUUK.
BakHbIM aTanom BHeapeHua MUK ¢ naeHtudmka-
LMOHHbBIM W NIATEXHbIM NPUNOXKEHUAMMN HA OCHOBE
6aHKOBCKOM KapTbl siBAs/Acb pa3paboTka anroput-
MWYECKMX, OPraHN3aLMOHHbIX N TEXHUYECKUX pelLue-
HMIA NO aBTOMaTM3aLMM NPOLLECCOB WM3rOTOBAEHUSA
u Bblgavyn MUNK.

OTAnunTenbHOM 0COBEHHOCTbIO  CO34aHUA
MHOPACTPYKTYpbl BblAA4YM U UCNOMb30BAaHMUA MHOrO-
bYHKUMOHANbHbIX PafMOYaCTOTHBIX JOKYMEHTOB ABNSA-
€TCA HEe3aBUCMMOCTb OT MCMOJIb3yeMbIX TEXHONOTUIA.
Hanpumep, 8 2003 roay MHOropyHKLNOHANbHbIE A0-
KYMEHTbI BbIMYCKANMUCb C UCMONb30BaHUeM Infineon
2K. B HacToALLee BpemA y40CTOBEPEHME, COBMELLEH-
Hoe ¢ 6aHKOBCKOW M/1aTeXXHOM KapToi, OCHOBAHO Ha
ctaHgapte Mifare Plus. Takoli nogxon no3BosAeT B
JanbHenwem BHeApPATb HOBble TEXHO/IOMMM pPaamo-
YaCTOTHOM MAEHTUPUKALMM N ayTEHTUDMKALMU, NPU
3TOM He WM3MeHAs Bcell MHOPACTPYKTypbl. Mpume-
POM TaKOro pa3BuTMA B ByayLLleM MOMKET CTaTb IMy-
nauma MUNK Ha mobunbHbIX nnatdopmax.

MeponpuaTva NOo Nepexoay YYpeKAeHUN
Bbiclwero obpasoBaHmMa Ha MUWK Ha ocHoBe 6aH-
KOBCKMX KapT TpebytoT USMeHEeHUA NOAX0A0B U Aeit-
CTBYtOLLMX BU3HEC-NPOLLECCOB.

1) Heob6x0ANMMO U3MEHEHME NPOLLECCOB W3-
roTOBJIEHUA W BblAa4Yn OOKYMEHTOB. YuperaeHue
obpasoBaHua dopmupyeT AaHHble ANA U3FOTOB-
nenna MUNK un asnsetca foBepeHHON CTOPOHOM,
noaTBep)KAaatowen cratyc byayuwiero Bnagenbua
MHOTOQYHKLMOHANbHOTO 3/1EKTPOHHOTO AOKYMEH-
Ta (CTyAEeHT, acnUpPaHT, COTPYAHMK), a TaKKe onpe-
AenAoLWen poib 1 Nnpasa byayllero noabL3osaTens
bYHKUMOHANbHBIX NPUAOXKEHUM. Takum obpasom
BY3 npuobpeTaeT posib «BUPTYa/lbHOrO 3MUTEH-
Ta» MUUK. dusumyeckn smuccus (M3rotoBneHue
n Bblgaya) MUUK nepeHocuTca Ha MHOPACTPYKTYPY
6aHKa-napTHepa, Kak OpraHM3aLLmMK, BbiMyCKAtOLLEN
6aHKOBCKYIO MJIAaTEXKHYIO KapTouKy. Takoe B3aMmo-
AelncTeume npeaycMmaTpuBaeT ryboKyo NpopaboTky
613HeC-NPOLLeCCOB, BO3HMKAKOLWMX MEXAY BYy30M
n 6aHKOM, MOCKO/NbKY TpebyeT He TonbKo obe-
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crievyeHuMa npoueccos cbopa 1 opraHusaumm 6asbl
OAHHbIX CTYAEHTOB, MarmcTpaHTOB, acNMpPaHTOB,
COTPYAHMKOB YHUBEPCUTETA, Nepenayvm 3TUX AaH-
HbIX B BaHK AnA NepcoHUdMKaLMM YMMOB, a TaK-
Ke peanunsaummn gpyrux Buaos MHGOPMaLMOHHOTO
B3aMMOAENCTBUA, YTO HEOBXOAMMO AR CONPOBO-
waeHma MUUK Ha npoTaKeHUn BCEro *KMU3HEHHO-
ro LMKAa MHOTOGYHKLMOHANbHOTO AOKYMEHTA.

2) HyxHa npopaboTka oOpraHU3aLUOH-
HO-TEXHMYECKUX MOAXOA0B, NO3BONAKOLMX COXpa-
HUTb NPEUMYLLECTBA AELLEHTPA/IM30BAHHOM cucTe-
Mbl SMUCCUU CTYAEHYECKUX BUNETOB NPU YCAOBUU
CO34aHMA eaWHbIX MHPOPMALUOHHBIX CUCTEM
M NyN0B AaHHbIX 0 BbinyweHHbIXx MUNK. 3TOT dak-
TOp ABNAETCA OCHOBOMNOMArAOWMM ANA YCHELWHOM
peanusaumun umMdpoBbIX YCAYr 3a Nnpesenamum By3a
(8 macwTabax ropoaa, pecnybvKku, a TakKe mexay-
HapOAHbIX UMDPOBLIX YCAYT).

3) NoTpebyeTca mopepHU3aLUA MHOPACTPYK-
Typbl By3a C Liesibto obecrneyeHmsa BOSMOXKHOCTU Npu-
MEHEHUA CTyaeHYeCKMx BMNeToB Ha OCHOBE CMapT-
KapT ¢ umMnom Mifare Classic 1 oaHoBpeMeHHoro
ncnonbsosaHna MUKK Ha 6a3e umna Mifare Plus.

B HaumoHanbHOM cucteme obpasoBaHMA Ha-
pagy Cc BHeApeHMEeM TeXHONOrMN PaamMo4acToOTHOM
MAEHTUOMKaLMM aKTUBHO pa3BMBanacb MHPPaCTPyK-
Typa NPUNOXKEHUIN N CEPBUCOB MX UCMOIb30BAHMS.
B Benopycckom rocysapcTBeHHOM YHUBEpPCUTETe CH-
CcTema yyeTa pamnmoYvacToTHbIX LOKYMEHTOB Oblna UH-
TErpupoBaHa C aBTOMATMU3MPOBAHHbBIMMK CUCTEMAMMU
«CTyLeHTbI» U «YnpaBaeHWe NepcoHanom».

MOXHO BblAENNTb CAeAytoLne OCHOBHble 06-
nactu npumeHenna MUUK:

a) 9/1IeKTPOHHOE YAOCTOBEPEHWE COTPYAHMKA,
NO3BONAOLLEr0 HAPAAY C BU3yaNbHON MAeHTUMKa-
umen Bnagenbua ucnonbsosatb MUNK B KauecTBe
3N1EKTPOHHOMO NPONYCKa B NOMELLEHUA, HA NAPKOB-
Ky, 018 KOHTPOAA nepemelleHMA COTPYAHWKA Ha
TEPPUTOPUN yupeaeHus, yyéta paboyero Bpeme-
HU. MpK yCNOBUM COrNacoBaHMA peLeHnin co cTo-
POHHMMMU  OpPraHM3aLMAMU-NOCTABLLMKAMWU  YCAYT,
3N1EeKTPOHHOE yA0CTOBEpPEHME MOXKET UCMO/b30BaTb-
€A B PYHKUMOHANBbHbBIX MPUIOKEHUAX «YMHOrO ro-
poaa» (Npoe3gHoit BUNeT B ropoacKoM TpaHcnopTe,
ANCKOHTHbIE CUCTEMbI M NPoM.).

6) PKl-KapTbl. [ns Mcnonb3oBaHWMA B CU-
CTeMe 3/71eKTPOHHOro AokymeHToobopoTta (C3A)
BrY v MuHuctepctea 06pasoBaHuMA 3/1EKTPOHHOE
YAOCTOBEPEHME MOMKET NMPUMEHATLCA B KayecTse
cpeactea  GOPMUPOBAHUA  INEKTPOHHOM UUd-
poBOM MoAnucKU, a TaKKe ANAa HagéXHoW AByX-
dGaKTOpHOM  ayTeHTUdMKAUMM  NONb30BATENEN
B YHUBEPCUTETCKON KOMMbIOTEPHOM CETU WU opra-

HM3auMK 6e30nacHOM IOKANbHOM U AUCTAHLUMNOH-
HOW paboTbl MOBMAbHBLIX Nonb3oBaTenen. MUNK
MOXKeT UCMNOAb30BaTbCA A1A XPaHEeHUA LNMPPOBbIX
cepTudmrKaToB npu paboTe c focyaapcTBEHHON CU-
CTEMOI ynNpaBAEeHUA OTKPbLITBIMU KAKOYaMWU Mpo-
BEPKWU 3NEeKTpOHHOM undpoBon noanucu Pecny-
611ku Benapycok (flocCYOK).

B) B KayecTBe nJaTexxHoro cpeacTsa. C yve-
TOM MHTEerpaumm c 6GaHKOBCKOM NaaTeXHOM KapTou-
Ko, MUWNK npepcrtaBnser cobol MNONHOUEHHbIN
NNaTeXHbIN MHCTPYMEHT, MO3BOAAIOWMMA UCNO/b-
30BaTb BCe [AOCTYMHble UUPPOBbIE WMHCTPYMEHTHI
6aHKOBCKOM cucTembl. B BI'Y aneKTpoHHble ya0cTo-
BepeHuA ABNAIOTCA O4HOBPEMEHHO 3apnaaTHbIMU
KapTOYKaMM, CTyAeHYECKME BUAeTbl — KapToYyKamm
ONA HAYUCNEHUA CTUNEHAMI U MATepPUanbHOWN MNo-
mouwm. B cucteme obuiero cpegHero obpasoBaHun
«KapTa yuyauwierocs» SABAAETCA 3/1EKTPOHHbIM KO-
WeNbKOM, MOAKOHTPOJIbHBLIM poauTenam (oTBeT-
CTBEHHbIM NpPeACTaBUTENAM) LWKOMAbHUKA. OpHo-
BpemeHHO MUUK mcnonb3ytotca gna agropmusaymm
B CUCTEMAX AMCTaHUMOHHOro 6aHKOBCKOro obcny-
¥uBaHuA (MHTepHeT-6aHKWUHI, M-6aHKuKHT). B BIY
MWUK mcnonb3ytoTca Ha Kaccax B TOYKax obuie-
CTBEHHOrO MUTaHWA AN NPeAOCTaBNEHUA CKUAOK
CTyAeHTam.

HeobxoamMmo OoTMeTUTb, YTO MpPU YCAOBUM
peanunsauymn Ha MUNK undposoit nognucu, Takme
peleHNA NO3BOAOT B3aMMOAENCTBOBATbL C CUCTe-
MamMu 3N1EeKTPOHHOMN OTYETHOCTU U APYTUMU SNEK-
TPOHHbIMM cepBUCamu, Tpebyowmnmm obecne-
YEHUA PUAMUYECKON 3HAYMMOCTU INEKTPOHHbBIX
OOKYMEHTOB.

3akntoueHue. TakMm 06pa3om, NpUMeHsAeMble
noAxo4bl MOTYT ObITb TUPAXKMPOBAHbI 417 OCHOBHbIX
CTyneHen cuctembl 0bpasoBaHuMA: obLLero cpegHero,
npodeccMoHanbHOro 1 BbiclLero obpasoBaHusa. B aTol
CBA3W NpeACTaBAfeT UHTepec obecneyeHne B3aMmo-
OeNcTBUA Cc obLLeHaLMOHANbHBIMU pPeLleHNnAMN Mo
BHEAPEHUIO MAEHTUPUMKALMOHHDBIX KapT rpaxkaaH (ID-
KapT), peanusaumm benopycckoi MHTErpMpoBaHHOM
cepBUCHO-pacyeTHol cuctembl (BUCPC) n EanHon
cucTemMort naeHTUdUKaumMm GU3MYecKknx u topuamye-
CKMX NunL,. HeobxoaMmo OTMETUTb, YTO TaKoe B3au-
MOZENCTBUE MOXKET ObITb Hanbonee apPeKTUBHbLIM
Nnoaxo4oM AN peanusaumy U pasBuTUA LUUPPOBbIX
ycnyr «YmHoro ropoga», nockonbky MUUK n ID-Kap-
Tbl MOTYT B3aUMOZOMNONHATb APYr Apyra, YCTpaHAA
OpraHM3auUMOHHO-TEXHMYECKME Npobenbl, npucywme
KaXK40My M3 MPOEKTOB B OTAE/IbHOCTH.

B KauecTBe LEeHTpa/IM30BaHHON 6a3bl AaHHbIX
MWUK uenecoobpasHo UCNob30BaTb NoAcUCTEMY
yyeTa u BepudPpuKaunm naeHTUOUKALMOHHbBIX SOKY-
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MEHTOB 00y4aloLWmUXcsa, Co34aHMe KOTOpon Heob-
XOAMMO MNpeaycMoTpeTb Npu peanunsauuu B Pecny-
6nvke benapycb eauHOro peructpa obydarowmxca
PecnybnaunKaHcKkol MHPopMaLMOHHO-0bpa3oBaTeb-
Hol cpeabl [11].

Mo MHeHWto aBTOPOB, NpeAcTaBAseTCA Lene-
co0bpasHbIM aKTUBU3MPOBATb MENKBELOMCTBEH-
Hoe B3aMmoaencTsve pna peanusaumu uudpo-
BbIX YC/IyT Ha OCHOBE OMWCaHHbIX BbllLE MNOAXOA0B
C y4EeTOM aKTUBHOFO Pa3BUTUA TEXHOOTUI aBTO-
MaTu4yeckon uaeHTuduKaumm B cucteme obpa-
30BaHMA, a TaKXKe C y4eTOM MHULMATUB, BHEAPSA-

eMbIX Ha ypoBHe pecnybauku (buomeTpuyeckue
nacnopTa, ID-KapTbl, BUCPC).

HakonneHHbit onbIT BHeapeHna MWUUK, pas-
paboTKM M BHeapeHUs ¢GYHKLMOHANbHbBIX MNPWUIO-
KEHUMN Ha UX OCHOBe, Ha/inynme HeobxoaMMOro Ka-
OPOBOro MoTeHuUMana Mo3BOAAET pPaccMaTpuBaThb
HALMOHAbHYO cucTeMy 06pa3oBaHUA KaK nepcnek-
TUBHYIO NMUIOTHYO 30HY A5 Pa3paboTku 1 anpoba-
UMW peLleHn, KoTopblie B Aa/ibHenLwemM MOTryT HanTH
npumeHeHue nNpu pa3suTKM B Pecnybaunke benapycb
uMdpPOoBbLIX YyCAYr «YMHOIo ropoga» ¢ MMHUMaNbHbI-
MW 3aTpaTamMm PecypcoB U BPeEMeEHMU Ha pa3paboTKy.
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AHHOTauusA. AHann3 6MOMHPOPMATUUYECKUX AAHHbIX ABAETCA aKTya/ibHOM Npob61eMoi COBPEMEHHOW BbIYUCIUTENBHOM
61010TMN U NPUKNAAHOM MaTeMaTUKK. C pa3BUTUEM BUOTEXHOIOTNIM, @ TAKKE MHCTPYMEHTA/IbHbIX CPEACTB NOAyYeHuUA
N 06paboTkN MHPOPMALMM O BMONOrMYEecKMX O6bEKTaX U CUCTEMAX, NOABUIUCL HEPELLEHHblE BOMPOCHI Pa3paboTku
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BeBepgeHue. C pas3BuTMEM TEXHO/IOTMI BbICO-
KOMpPOM3BOAUTE/IbHOTO CEKBEHMPOBAHMA TE€HOMOB
M TPAHCKPMNTOMOB, NOABMIACh aKTyabHaA npobne-
Ma onTUMM3auumn obpaboTKM M aHanM3a NosyYeH-
HOM uHopmauuun. MN3BecTeH pag pekomeHaauumim
«y4ylen NPakTUKM» ana 06paboTKM JaHHbIX TPaHC-
Kpuntomos [1 — 4]. B peanbHbIX yCAOBUAX NPAKTUKK
HeobxoAMMO afanTUPoBaTb M3BECTHbIE AaNrOPUTMbI
06paboTKM AaHHbIX, KOMBMHMPOBATL M OTOMpPaATb
3 dEeKTMBHbIE KOMMOHEHTbI M NapameTpbl UCMON-
HEHWA NPOrPaMMHbIX MOAYNEN C LLenblo NoayYeHUs
MHbOpPMaLMM Hauy4LLero Ka4yecTsa U ONTMMabHO-
ro obbema. Ha pucyHKax 1-6 cxemaTuyecku npen-
CTaB/IEHbl aBTOPCKUE anropuUTMbl 06paboTKM TpaHC-
KPUATOMHbIX AaHHbIX, YCMewHo anpobupoBaHHble
Ha TPAHCKPMNTOMaX, NOAY4YeHHbIX B nabopaTtopuu
reHOMHbIX UccnegoBaHUn U 6uonHpopmaTnkm UH-
ctutyta neca HAH Benapycu (fomenb, Benapychb)
[5 — 9]. Anroputmbl 6bin pa3paboTaHbl C LEbHo
COXpaHeHuAa WHPopmauMmM 06 UCXOAHbIX AAHHBIX
W AN KOHEYHOro pesy/bTaTta Jy4ylero aHHOTMpPOoBa-
HUA. bonee nogpobHaa MHGOPMALMA O KOHKPETHbIX
3a1eMeHTax Kaxgoro M3 npeasiaraeMbix aaroputmos
npeactasseHa B COOTBETCTBYHOLWEN AOKYMEHTaLuMu
nporpammuoro obecnevenus (https://github.com/).

Pa3spaboTka 3pPeKTUBHbIX aNropnTMOB aHa-
/133 JAHHbIX TPAHCKPUNTOMOB NpPeACcTaBAAETCA Me-
KAUCUMNANMHAPHON 3adadeit, Tpebyrowen 3HaHWUK
06BEKTHO-OPUEHTMPOBAHHOIO NPOrPAMMMPOBaHUA,
61MoMHPOPMATUKM, BUONOTMYECKOW U TEXHUYECKOM
TEPMUHONOTUN.

TpaHCKPUNTOMHbIA aHanu3. TPaHCKPUNTOM —
COBOKYNHOCTb Bcex PHK-TpaHCKpMNTOB OfHON KneT-
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KM UAK TPYNnbl KNETOK. TN U KONNMYECTBO TPaHCKPK-
6MpPOBaHHbIX FEHOB 3aBMCUT OT BMAA KAETOK U OT
M3MEHEHUIM OKpYyXKatowWwen cpeabl, BAUAIOWMX Ha
perynsunio TpaHcKpunuum. HapylweHune TpaHcKpun-
LMM 4acTo NPUBOAUT K NaTONOrMUYECKMM NpoLeccam
nnu 3abonesanuam [10].

3a nocnegHue 20 net HAaKONUACA 3HAYUTENb-
HbIM OMbIT NOMIYYEHUSA U aHaNN3a TPAHCKPUNTOMHBbIX
OAHHbIX AnsA bakTepuit, rpnboB, PacTeHU N KUBOT-
HbIX. TPAHCKPUNTOMHbIE TEXHO/IOrMKU 0COBEHHO BOC-
TpeboBaHbl ANnA 3GGEKTUBHOIO BbINOAHEHUA HOBbIX
3334 B 3K0OJIOrMK, BUOTEXHOIOTUN U MOJIEKYNAPHOMN
6uonoruu, setepeHapum, cyaebHon reHeTUKe U Mme-
OVLMHE.

Pap 3apybexHbIx ny6AnKaumii coaepuT noa-
pob6Hble MpaKTUYecKMe pekomeHgauuu no cbopke
M aHaAM3y TPaHCKPUNTOMOB AN PA3NUYHbBIX Hayu-
HbIX uenen [11; 12]. B pyccKossblYHbIX UCTOYHMKAX
TaKXXe NpUBOAMUTCA MeTogoN0rnA 06paboTKM TpaHc-
KPMNTOMHbIX AaHHbIX [13 — 15].

Onepauma no o06paboTKe AaHHbIX TPaHC-
KPMNTOMOB, Kak MpPaBW/IO, COCTOUT M3 HECKONbKUX
nocsefoBaTeNbHbIX LWAroB, KOTOPble COCTaBAAOT 06-
LM aNropuTm.

KoHTponb KauectBa AaHHbIX. KOHTPO/b Kaye-
cTBa (¢ aHrn. quality control, QC) ncxogHbIX AaHHbIX
CEeKBEHMPOBAHWUA OCHOBbLIBAETCA Ha NOACYETE YnCAa
NPo4YTeEHUN M BanbHON OLLEHKE KauyecTBa KaKaoro
npoyTeHMA B OTAE/NbHOCTU (MOKasaTe/lb KayecTBa
Phred) [16]. FastQC [17] n NGSQC [18] — Hanbonee
pacnpoCTpaHeHHble MPOrPaMMHbIE WMHCTPYMEHTbI
0N OLEHKM KayecTBa MEpPBUYHbIX [AaHHbIX CEKBe-
HUpPOBaHMA. TaKKe A1 OLEHKM KauyecTBa UCXO4HbIX
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OaHHbIX TPAHCKPUMTOMOB NMPUMEHSIIOT METPUKN pe-
3yNbTAaTOB  OLEHKM KapTUPOBAHMA/BbIPaBHWBAHUA
M aHHOTMPOBAHMA (onNpeaeneHnUs MecTOMNONOKEHUSA
M PYHKUMOHANbHOM NPUHAANEXKHOCTU) Ha pede-
PEHCHbIM TPAHCKPMNTOM. B TakoM cnyyae BbIMOHA-
€TCcA aHa/NM3 BapWaHTOB C MOCAeAyloWMM aHHOTU-
poBaHMEM MO HanpPaBAEHUIO TPAHCKPUNUUK, A ANA
cOOPKU TpaHCKpMNTOMa OTOMpAOTCA MpPOYTEHMUA
6onee BbICOKOTO KayecTBa, KOTOpble pacno3HatoT-
ca B pedepeHCHOM TPaHCKPUMNTOME WAW FeHOMe.
Ha stom atane 06paboTKn AaHHbIX BbIMNOJHAOT Bbl-
YyncneHne onTUManbHOro pasmepa k-mepos (dpar-
MEHTOB MOACTPOK FrEHOMHOTO TEKCTa AJINHbI k) ana
addeKkTMBHOM de novo (OT nat. de novo — 3aHOBO,
Brnepsble) cOOpKM — 6e3 KapTupoBaHUA Ha pede-
PeHCHbIM reHom. KauyecTBO cob6paHHOro reHoma
OLEHMBAETCS MO KOJIMYECTBY KOHTUIOB — CTPOK U3
HYKNeoTNAoB, MNPEeACTaBAAWMX  KOHCEHCYCHYHO
nocneposatenoHocte AHK; uncny owmnbok cbopku
M 0b6bemy AOCTOBEPHOrO aHHOTTPOBAHWA FEHOB —
onpeaeneHns X MectonoioXeHua u pyHKLMOHaNb-
HOM NpuHagnexkHoctu [19].
KapTupoBaHue/BblpaBHMBAHUE  NPOYTEHUM
u de novo cbopka. MpouTeHUa TpaHCKpPUNTOMa MoO-
ryT 6biTb MNPOKAapPTUPOBaHbI/BblpaBHEHbI (C  aHm.
alignment — BblpaBHMBaAHME) Ha pedepeHCcHbI re-
HOM W/IX U3BECTHbIN MO CTPYKTYpe NPOaHHOTUPOBAH-
HblM TpaHcKpunToM. Mpoueaypa KapTMPOBAHMA Ha
pedepeHC BbINOAHAETCA B TOM C/ly4ae, KOraa Lenbto
SKCNEepPUMEHTa ABNAETCA WAEHTUOUKALMA TEHHbIX
nsodpopm. Ona faHHOrO TMNA aHasM3a UCMONb3YIOT
KaK NporpaMmHble KOMMNIEKCbl CBOBOAHOrO A0CTYNa
(Bowtie [20] u Bowtie2 [21], STAR [22], TopHat2 [23]),
TaK U KoMmepyeckoro: OmicsBox (CTOMMOCTb NNLLEH-
3un Ha mecsal, ctouT = 100 S), NextGene, Converge,
CLC Genomics, JMP Genomics (cToMmocTb NMLEH-
3um = 16 000 €). B cnyyae otcytctBuA pedepeHc-
HOrO TPAHCKPMNTOMA, B KA4ecTBe 3Ta/loHa MOXKHO
MCMNob30BaTb POACTBEHHbIM BWA (KaKk, Hanpumep,
Arabidopsis thaliana pna pacTeHui, oTMeYeH CUMBO-
JIOM «*» Ha PUCYHKe 2) UK BbINONHUTL de novo cbop-
Ky. [Ana aToM Lenn B 6UOMHPOPMATUKE MPUMEHSAIOT
nporpammHoe obecneyeHune rnaSPADes [24], Trinity
[25-28], Oases [29; 30], SOAPdenovo-trans, Abyss [31-
33], NextGeneFloton u apyrue. bonee asnHHbIE Npo-
YTEHWSA UAN NPOYTEHUA C NAPHBIMM KOHLL@MM (KaK npu
cekBeHnpoBaHun obeunx uenen [HK) cnocobetytoT
MONYYEHUIO NYYLIUX Pe3ynbTaToB de novo CHOopKu.
Cuenbto POPMMPOBAHUA MHOMKECTBA 3TANIOHHbIX
KOHCEHCYCHbIX NOCNEA0BATE/IbHOCTEN PEKOMEHAY-
eTcA KOMOMHMPOBATb MHOXECTBO TPAHCKPUMNTOMOB
ON1A NoAyYeHUs eAMHON KOMBUMHMPOBAHHON CHOPKM.
B AanbHenwem 3TafIoOHHblE KOHCEHCYCHble nocaeno-
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BATE/IbHOCTM MOXHO MCNO/Ab30BaTb ANA KapTUpOBa-
HWA, MOACYETa KCMPECCUMM U CPAaBHEHUA MexXay rpyn-
namm 06pasLLoB TPAHCKPMMITOMOB.

AHHOTMpPOBaHWE CO6PAHHOro0 TPAHCKPUNTO-
Ma. AHHOTMpOBaHMe (B JiMTepaType BCTpeyvaeTcs
TaKKe TEPMUH OHHOMAUUA) TPAHCKPUNTOMA — Hau-
6o/1ee BaXKHbIM 3Tan B a/IFOPUTME aHanM3a NoJlyYeH-
HbIX AAHHbIX, TaK KaK ero pesynbrat — nHGopmauus,
Mmerowas Hay4yHoe 3HavyeHne B obiactn buonorun.
MporpammHoe obecneyeHune TransDecoder naeHTu-
duumMpyeT NOKyCbl, Koaupylowme 6enkn-kaHauaa-
Tbl, HQ OCHOBE WX HYKNEOTUAHOro COCTaBa, AJMHbI
OTKPbLITON PaMKM CYMTbIBAHUA U HAAMUUA DYHKLMO-
Ha/lbHbIX JOMEHOB B COOTBETCTBMMU C 6a30W AaHHbIX
cemeincts 6enkosbix gomeHos Pfam (https://pfam.
xfam.org/). Pecypc [34] aHanuaupyeT TPaHCKPUNTI,
NnoslyYyeHHble C MOMOLLbIO de novo cCOOPKU TpaHC-
KPMMNTOMA, C MCNOb30BaHMEM PALA KOMMbIOTEPHbIX
nporpamm (Trinity, rnaSPADes, MIRA, Oases, Abyss,
SOAPdenovo, NextGene ¥ np.) UAKM CKOHCTpPyMpoO-
BaHHble HAa OCHOBE BblPAaBHMBAHWUA WUCC/ELYEMOTO
TPaHCKpPUNTOMa € pedpepeHCcoM C UCMO/Ib30BaHNEM
nHcTpymeHToB Tophat, Cufflinks n gpyrnx aHanormnu-
HbIX nporpamm. Beb-cepsuc FastAnnotator nosso-
NAET YCTAHOBUTbL NOTEHLManbHble QYHKLMWU mUccne-
AyeMmblX TPaHCKpPMNTOB Ha ocHoBe GO-aHHOTauUuUK
(c aHrn. gene ontology — reHHas oHTOnOrMA, GO),
naeHTMoMLMpya B 6a3ax AaHHbIX COOTBETCTBEHHbIE
bYHKUMOHaNbHblE AOMEHbI, KoANpyemMbIX UMn 6en-
KoB. AHHOTMpoBaHue B FastAnnotator coctout wu3
YyeTblpex OCHOBHbIX YacTen: MOUCK Ny4LUMX coBnage-
HUI B 6a3e gaHHbIXx NCBINnr, HazHayeHne naeHTUK-
KaLMOHHbIX HOMepoB cornacHo GO-KnaccudpuKkaumm,
EC (knaccuduKaumm ¢epmeHTOB; CaHM1. enzyme
commission — komuccua no pepmeHTam, EC) v npu-
CBOEHME HOMEPOB B COOTBETCTBUM C JOMEHHbIM NO-
nckom. OHMalH cepBuc ceoboaHoro goctyna TRAPID
(http: //bioinformatics.psb.ugent.be/webtools/
trapid/) BbinonHAET GPYHKUMOHANbHbIN, CPaBHUTE Nb-
HbIl M GUNOTrEHETUYECKMA aHAIN3 TPAHCKPUNTOM-
HbIX A@HHbIX HQ OCHOBE NCMOAb30BaHUA 175 aTanoH-
HbIX npoTeomoB. GO-aHHOTaUWA, BblINOJHEHAEMasA
Beb-cepsucom ShinyGO (http://ge-lab.org/go/) [35],
XapakTepusyetca cneayowmmmn - dyHkumamm: (1)
b6onbwomn 6a3oit aaHHbIX GO-aHHOTaUMM — 6onee yem
ans 200 BMAOB PaCTEHUN U XKUBOTHbIX; (2) BO3MOXK-
HOCTbIO rpaduyeckon BM3yannsauum pesybTaToB
oboraleHu1a U XxapaKkTePUCTUK reHoB; (3) Haanumem
nHtepdelica APl (c aHrn. application programming
interface, APl — uHtepdelic npuknagHoro nporpam-
MMWpPOBaHMA) AN A0CTyna K Beb-pecypcam b6as aaH-
Hbix KEGG u STRING c uenbto noncka meTtabonnye-
CKUX ceTen n 6e10K-6eKoBbIX B3aMMOAENCTBUINA.
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Tabauya 1. TexHUYECKUE XaPAKMePUCMUKU MPo2paMMHO20 obecrieyeHus, npedHa3HaYeHHOo20 0415 8bIYUCAEHUS IKC-
npeccuu 2eHo8 mpaHckpunmoma [36]. MIT — makcumansHoe npasdonodobue, Bb — sapuayuoHHsili Memod balieca
Table 1. Technical characteristics of the software tool designed to calculate transcriptome gene expression [36].

Maximum Likelihood, Variational Bayesian Method.

HassaHue OnepaTtusHasa namaATo (I6) Bpemsa 3atpar Anroputm MynbTMNOTOYHOCTb
Cufflinks 3,5 117 Mn Oa

RSEM 5,6 154 M Ja

exXpress 0,55 30 M Het

TIGAR2 28,3 1045 Bb [Ja

Kallisto 3,8 7 MM Oa

Salmon 6,6 6 BBE/MM Oa

Salmon_aln |3 7 BB/MN [Ja

Sailfish 6,3 5 BE/MnN Oa

KonnuectBeHHblA aHanu3 3Kcnpeccum re-
HoB.lMporpammHble nakeTbl HTSeq u featuresCount
BbIYMCNAOT YPOBEHb IKCMPECCUM TEHOB MNyTeEM
arperauum Yymcaa NnpoaHHOTUPOBAHHbLIX MPOYTEHUN
ONA KaXKAoro TpaHcKpunTta. Pe3ynbtaT coxpaHaeT-
ca B dane dopmarta GTF. Mpu sTom B nporpammax
3a/710)KeHbl Pas3/iMyHble BapWaHTbl onpeaeneHus
nepeceyeHms ¢parmeHTa MNPOYTEHUA C TOW MU
WHOM KOHCEHCYCHOW nocneposatenbHocTbio AHK,
Hecyuwen nHpopmaymo o reHe. NMomumo crnocoba
arperauum MCXOA4HOrO KONMYECTBA MPOYTEHUN re-
HOB, LUMPOKO MPUMEHAIOTCA pPas3nYHble MeToAbl
Ha OCHOBE HOpPMa/N3aLuMM AaHHbIX TPAHCKPUNTOM-
HbiXx 06pasLoB. B TaKOM c/ayyae yuyuTbiBAlOT pas-
mepbl 6MBANOTEK NPOYTEHMN U UX AAUHbLL. Me-
TPUKN TaKUX METOL0B: KOIMYECTBO NMPOYTEHUI Ha
1 TbicAYY HYKNEOTUAHbIX OCHOBAHMI Ha MUAINOH
KapTUpOBaHHbIX npouteHnit, RPKM (c aHrn. reads
per kilobase per million mapped reads); uucno
bparmeHTOB Ha TbiCAYY HYKNEOTUAHbIX OCHOBa-
HUA Ha MWUANNOH KAPTUPOBAHHbLIX MPOYTEHUNA U
YMCIO TPAHCKPUNTOB HA MUANMOH KapTUPOBAHHbIX
npoyteHnin, FRKM n TPM cOOTBETCTBEHHO (C aHrA.,
fragments unu transcripts per million reads). Me-
peynciieHHble BblYUCAUTENIbHbIE METOAbI peannso-
BaHbl B anroputmax 6ecnnatHOro MpPorpammHOro
obecneyeHuns CuffLinks, RSEM, eXpress, Kallisto n
npeactas/ieHbl B Tabavue 1.

MeTpuka FRKM ncnonbayetca gna npouTeHni
C NAapHbIMW KOHUamu, a RPKM gna ogHOKOHLEBbIX
npoyteHmnin. TPM, B otanume ot RPKM, He yuunTbiBa-
eT AJ/IMHY TeHOB Nocne HOPMasiM3aumMu nokasaTtens
rNybuHblI CEKBEHMPOBAHUSA, YTO AefaeT cymmy no-
KasaTesnel Bcex TPM Bo Bcex o6pasuax ogMHaKoBbI-
MW M NOMOraeT B CpaBHeHUM npoduaa sKkcnpeccum
MEXKAY Pa3NYHbIMU TpaHCKpunTomamu. MN3bbitou-
HOCTb NPOYTEHWUI TPAHCKPUNTOMA BbIYMCAAETCA KaK
cpeaHee OT HOPMAJIM30BaAHHbIX JAHHbIX.

Hanbonee apdeKTMBHbIMU NpOrpammamm ana
KONIMYECTBEHHOW OLIEHKMN NOJIYYEHHbIX J@aHHbIX U Ka-
YeCcTBEHHOro aHHOTUPOBaHMA ABNAIOTCA Beb-cepBU-
cbl FastAnnotator [37], EggNog [38], TRAPID [39],
InterProScan [42-45] ¢ reHepaunen HTML oTueTa.

O6bepunHeHMe AaHHDIX, OL,eHKa NoMyYeHHbIX
pesynbratoB U ¢popmupoBaHue BbiBOgoB. Ha no-
cnefHemM 3Tane nosydyeHHble JaHHble MOXKHO 06b-
eauMHUTb U CTPYKTYpPUpOBaTb ANA KaacTepusaumu,
NPUMEHUTb MeTOoAbl MALWMHHOrO obydyeHua u no-
CTPOEHUA OHTO/IOrMYECKUNX ceTeN C GOPMUPOBAHMEM
3aK/0YEHUI 0 BMONOrMYECKOM 3HAYEHUWN NONYYEH-
HbIX pe3y/NbTaToB UCC/ef0BaHMA.

TaK, C Uenblo coxpaHeHua MHbopmaunmn ob
NCXOAHbIX AAHHbIX U AN KOHEYHOTrO pe3ysibTaTa /lyy-
Lero aHHOTUPOBaHMA, Hamu bBbinn paspaboTaHbl U
ycrnewHo anpobupoBsaHbl [5-9] anropntmbl U meTo-
[0N0rMYeckme OCHOBbl 06paboTKM AaHHbIX TPaAHC-
KPMNTOMOB pPacTEHWI, aBTOPCKUE aNrOpUTMbl CXe-
MaTUYeCKM nNpeacTaBaeHbl Ha pucyHKax 1-6.

Kak BMgHO U3 pucyHKa 1, B paspaboTaHHOM
obuwem anroputme 06pabOTKM AaHHbLIX TpaHC-
KPMNTOMOB pacTeHUi NpeacTaBieHbl HeobxogMmble
NpPOrpammMHble MHCTPYMEHTbI U OCHOBHbIE Larn o6-
paboTKM AaHHbIX: OT de novo cH6OpPKM MOSYYEHHbIX
KOPOTKMX HEeMapHbIX YTEHUI A0 WUX KapTUPOBAHUS
N aHHOTaLMM.

MpaKTU4YeckMn anroputm ob6paboTkM AaH-
HbIX TPAQHCKPUNTOMOB pPacTeHUI NpeacTaBAeH Ha
pucyHKe 2. [lna peanns3aumm KaxKaoro atana gaH-
HOro anropuMTMa peKoOMeHAYyeTCA UCNOib30BaHMe
cnefyroWMX MNPOrpaMMHbIX KoMMnoHeHToB: (1)
FastQC, Trimmomatic; (2) Kmergenie, NextGene,
BblbOp k-mepoB 3amMnuMpuUYecKkM WAM aBTOMATU-
yecku; (3) rnaSPADes, MIRA, NextGene Floton,
DeBrujin; (4) Quast; (5) TransDecoder, CD-HIT-
EST, NextGene; (6) Genix, Augustus, tRNAScan,
Glimmer, BLAST;, (7) FastAnnotator, TRAPID;
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FASTQ Koporkne nenapupie drenns —»Ouenka kanectsa (NGSQC, FASTQC) = Tpunvvimar guiaktpauns 1anneix (Trimmomatic, NextGene, CutAdapt uap.) —»

» Queitka kanectsa (NGSQC, FASTQC) | De novo cdopka Tpaickpummosa (rnaSPADes, NextGene Floton, transAbyss, Trinity, MIRA, Oases)| —

»[Onenka kauecrna KouTuren codpannore Tpanckpunrosa (QUAST, Transrate)| -

AnmnoTanis nenpokapTapoBamibIx yuacTkos PHK

TlocTodpatoTKa KenTHION it CKadGOLIOB TPANCKPUNITOMA: 0TH0p PErONOB KAILIATOR,
1 IPOTIX OTHITETPOBARKEIX TAHHBIX

SAKPBITIE 11POMEAY TKOB, %10 HEAIS, KONCO LA, V.12 1enue onmbox (TransDecoder, NextGene)

v
Amnoranus 1panckpunroya (FastAnnotator, Genix, Prokka, MetagenomicsRAST, TRAPID, BLAST,
BLAST2GO, InterProScan, Augustus, Glimmer, OmicsBox i ap.)

>

Kap THpOBARIE BRIDABHUEARUE HCXOAHBIX KOPOTRIX STTEHI 1 de 10V0 OGPAHBIR TPANCKPIITTON 1 HA CTPYKTYPHO TOXOA&IIE TPARCKPHITONBI K GopyaTax GeneBank n FASTA (Bowtie2,
NextGene, TopHal, STAR)

B Bhrmicaentie noKasaTeIel H061s KAacTepos rennoil skenpeenn ¢ BAM daiinon (Kallisto, Corset, String Tie, Salmon, Sailfish, RSEM, Trinity)| —»

B KTACTEPISAIS THCICNTBEN SHACHIT HOKASATeRel Tenn0ii YKCIPECCI i BRISIBIENIE TPYIN MAKCHMATBHOTO PAsTIts B
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- AHBOTAUNA HANGOTee TBHO IKCTIpe; TOMHBIX TeHOB, X oforamenne (TRAPID, Cytoscape, Kobas, BLAST, BIAST2GO)

Puc. 1. Pa3zpaboTaHHbI 06LWmMiA anroputm 06paboTKM AaHHbIX TPAHCKPUNTOMOB pacTeHUi
Fig. 1. Developed general algorithm for processing plant transcriptome data
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Puc. 2. MpaKTMyeckunii anropntm o6paboTKM AaHHbIX TPAHCKPUNTOMOB pacTeHUiA
Fig. 2. Practical algorithm for processing plant transcriptome data

InterProScan, EggNOG-mapper; (8) TRAPID, KpunATOMa; BblaeneHue Koaupytowei (yyacTka no-

ShinyGO, Sailfish, Cufflinks, Kallisto.

Anroputm cbopku M noctobpaboTkm Tpac-
HKPUNTOMHbIX [AaHHbIX (PUCYHOK 3), BKAlo4aeT
cnegytowme waru: de novo c6opKy TPaHCKPUNTO-
Ma; C/NUAHME MOJYYEHHbIX KOHTUIOB — CTPOK U3
HYKNeOoTUA0B, NPeacTaBAAOWMUX KOHCEHCYCHYIO
nocnegosaTtenbHoctb AHK, ¢ yaaneHuem nosto-
POB; OLUEHKY CTPYKTYpbl M KayecTBa CynepTpaHc-
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cneposaTenbHocTn AHK Hecywero nHbopmaumio
0 benke) M HEKOAMPYIOLLLEN YACTU; KNacTepmnsaLmio
cynepTpaHcKpunToma; noctobpaboTKy, BKAKOYa-
IOLLYI0 3aKPbiTUE MPOMENKYTKOB MocneaoBaTefib-
HOCTEW, KOHCONMAALMIO, 3/IOHTAUUI0 U yaaneHune
OoWKNBOK; OLEHKY COCTaBa W KayecTBa; CTPYKTYp-
HYI0, PYHKLMOHANbHYIO U OHTONOrMYECKYH aHHO-
TaUMIo cynepTpaHCKpunToma.
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Puc. 3. Cxema pa3paboTaHHOro anropntma cbopKu 1 NOCTO6PaABOTKM TPACHKPUNTOMHBIX AaHHbIX
Fig. 3. Scheme of the developed algorithm for collection and post-processing of transcriptomic data
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Puc. 4. KoHuenTyanbHbI anroputm A0s yIyULWeHUs KauecTBa cobpaHHbIX de NOVO TPaHCKPUMTOMOB
Fig. 4. Conceptual algorithm for improving the quality of assembled de novo transcriptomes
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Npeccymn reHoB UCC/IeAYEMOTO TPAHCKPUMTOMA
Fig. 5. Conceptual data processing algorithm designed to extract and analyze gene expression
information of the transcriptome under study
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Puc. 6. Anroputm 06paboTKM AaHHbIX TPAHCKPUNTOMOB PacTeHUIA,
NO3BONAOLLMIA MAaKCUMMU3NPOBATb 3GHEKTUBHOCTb aHHOTALMK M YIYULIUTL 0BGbEM M Ka4ecTBo
61ONOrNYECKM MHTEPNPETUPYEMOI MHPOPMALMK
Fig. 6. Algorithm for processing plant transcriptome data that maximizes annotation efficiency and improves the amount and
quality of biologically interpreted information

ANropuUTMbI 411 yAy4LleHUs KayecTBa cobpaH-
HbIX de NOVO TPAHCKPMMNTOMOB M 06PabOTKM AaHHbIX
018 U3BNIeYEHMA M aHanM3a MHGOPMALMKM SKCnpec-
CUW FeHOB 1ccaeayemMoro TPaHCKpPUNTOMa NpeacTas-
NIeHbl Ha pUCYHKax 4 u 5.
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Pa3paboTaHHbIN anroputm o6paboTKM AaH-
HbIX TPAHCKPMUMNTOMOB pacTe-HUl (PUCYHOK 6), B OT-
inume OT aHaNoroB, MO3BOMAET MaKCMMMU3MPOBATL
3¢ dEeKTUBHOCTb aHHOTUPOBAHMUA U YAYYLINTL 06beEM
N KayecTBO BMOMOIMYECKM UHTEPNpPeTUpPYyemMor UH-
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Puc. 7 . Metabonunyeckas ceTb Ha OCHOBE FreHHOM OHTO/I0TMM C UCTMO/Ib30BaHMEM MHCTPYMeHTOoB ShinyGo.
MaTocuctema cocHa — puToniasma
Fig. 7. Gene ontology-based metabolic network using ShinyGo tools.
Pathosystem - pine-phytoplasma

dopmaummn. Ha saTane oLeHKM CTPYKTYPbl U KayecTBa
AaHHbIX, BKAOYAET GUNbTPALMIO, AEKOHTAMUHALLMIO
N TPUMMMMUHT — yaaneHne NPoYTeHUI C HU3KMM Ka-
YeCcTBOM M MaIoM A/INHbI.

Ha ocHoBe npoBefeHHOro paHee uccaeno-
BaHMA MaTOCUCTEMbI COCHA OObIKHOBEHHAA — puUTo-
nnasma [46], ¢ ucnonb3oBaHMEeM pa3paboTaHHbIX
anroputmoB (pucyHok 1-6) 6bin npoBegeH TpaHC-
KPUNTOMHbBIM aHanu3, ¢ NOCTpoeHWem MmeTabonu-
YeCKOW CetTn Ha OCHOBE FTEHHOW OHTONOMMU U C MpU-
MeHeHMem MHcTpymeHToB ShinyGo. Busyanusaumsa
NOMYYEHHbIX AaHHbIX NPeACTaBfeHa Ha PUCYHKe 7.

3aKknoueHue. MccnepoBaHua, HamnpasBaeH-
Hble Ha pa3BuTME BMOMHPOPMATUYECKMX METOL0B
OLEHKM YPOBHS 3KCMPECCUU FEeHOB TPAHCKPUNTO-
MOB, aKTya/lbHbl U HY)KAAKOTCA B Aa/ibHENLWEM U3-
y4eHuU. YpoBeEHb 3KCMPECcCUMM reHoB NpU U3yYeHUM
TPAHCKPUNTOMOB /lyylle OLEeHMBaTb MO OTAE/bHbIM
KOMMoHeHTam. Mpu 3TomM HeobxoaMmo oTbUpaThb

NPOYTEHUA FEHOB C OAMHAKOBbIM AaHHOTUPOBAHMEM
M npocnegutb UX METPUKM B OTYETHbIX Tabauuax
nporpamm, € Nocneaytowmm BbIMOJHEHUEM CTATU-
CTUYECKMX PACYETOB MO BbIYMCIEHMIO 3HAYMMOM pas-
HUUbI MeXay rpynnamu obpasLos.

MpepcTaBAeHHblE AATOPUTMbI U METOL00MU-
YyecKne OCHOBbl 06PAabOTKM AAHHbLIX TPAHCKPUNTO-
MOB PACTEHMM MO3BOJAKT MaKCMMMW3MPOBATb
30dEKTUBHOCTb AHHOTAUMM WM YAy4yWwKUTb 0b6beEM
N KayecTBO BMONIOrMYECKN NHTEPNPETUPYEMON UH-
dopmaumu.

[JanbHenwrmm nepcnekTMBamm Uccnenosa-
HUIN METOAO0NOTUN U aNTOPUTMUKM 06PaBbOTKMN AaH-
HbIX TPAHCKPMMNTOMOB PacTeHUI ABAAIOTCA: OCBOEHWE
N NPUMEHEHWNE HOBbIX NMPOrPAMMHbIX UHCTPYMEHTOB
ana de novo cbopku 1 noctobpaboTky, in silico BbI-
AeneHve n usydeHune Hekoampytowen PHK, ynyywe-
HWe M ONTUMM3ALLMA aBTOMATMU3ALMM U OpraHM3aLMmn
06paboTKM AaHHbIX TPAHCKPUMTOMOB.
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AHHOTaumA. Mcnonb3oBaHa TEXHONOTUA KOMMNbIOTEPHOTO 3PEHUA, MO3BO/AIOWANA NOAyYaTb Heobxoaumyo MHGOp-
Maumio 13 n3obpaxeHuit. Ha ocHoBe nNpouecca PeKOHCTPYKUMM M 0CcobbIX ToYeK AByxmepHoe n3obpaxeHue 6bi1o
npeobpasoBaHO B COOTBETCTBYIOLLYIO EMY TPEXMEPHYIO CTPYKTYPY. BbiNosHEH 0630p NporpaMmHbIX CPeACTB, NpeaHa-
3HAYEHHbIX 419 CKAaHNMPOBAHUA 0OBEKTOB U M3MEpPEHMA UX rabapuUTHbIX pasmepos. NpuseaeHa MmaTemaTUYeckan mo-
AeNb U aAropuTM NoCTPOEHUA TPEXMEPHbIX CTPYKTYP 06beKTOB n306paxkeHunit. Ha ocHoBe WwabnoHa NPoeKTMPoBaHMSA
paspaboTaHa apxXMTEKTypa NPOrpamMHOro NPUIOXKEHMSA, COCTOALLEMO U3 Moayneit 06paboTKM N306parxKkeHuit, BbluKC-
NeHnA pa3smepoB 06HEKTOB, COXPaHEHMA MOJYYEHHbIX AaHHbIX. Mcnonb3oBaH Hanbonee 6bICTPbIN aNTOPUTM HAXOMK-
AeHUA 0CobbIX TOYEK M UX AEeCKPMNTOPOB. B paboTe BbIMMCAAIOTCA KaK O4HOPOAHbIE, Tak U EBKANAOBLI KOOPAMHATbI
XapaKTEPHbIX TOYEK. M310KeHa MeToAMKa UCNONb30BaHUA MOBUIbHOTO MPUIOKEHNUA B aBTOMATUYECKOM U PYYHOM
pexunmax. MpuseseHbl pesynbTaTbl CKAHMPOBAHMA 06HEKTOB KamMepoi MOBMAbHOTO YCTPOMCTBA M ONpeaeseHns ux
pa3smepoB B PeXUME peasibHOro BPEMEHMU.

KntoueBsble cn0Ba: n306parkeHne, TpexmepHaa MOAE/b, KOMNbIOTEPHOE 3peHMe, 0Cobble TOYKM, O4HOPOAHbIE KOOPAN-
HaTbl, 4ECKPUNTOP

Ona untnposaHua: CepebpsHas, /1. B. MeToapb! onpegeneHns pasmepoB TPEXMepPHbIX 06bEKTOB Ha M3obpaxeHuax /
/1. B. CepebpsaHnas, B. H. bpewko // Unudposasa TpaHchopmaums. —2021. — Ne 1 (14). — C. 65-72.
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Abstract. Computer vision technology is used to obtain the necessary information from images. The two-dimensional
image was transformed into its corresponding three-dimensional structure based on the reconstruction process and
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singular points. A review of software tools designed for scanning objects and measuring their dimensions is performed.
A mathematical model and algorithm for constructing three-dimensional structures of objects in images are presented.
Based on the design pattern, the architecture of the software application is developed. It consists of an image processing
module, a module for calculating the size of objects, and a module for storing the received data. The fastest algorithm
for finding singular points and their descriptors is used. In this paper, both homogeneous and Euclidean coordinates
of characteristic points are calculated. The method of using the mobile application in automatic and manual modes is
described. The results of scanning objects with the camera of a mobile device and determining their size in real time are

presented.

Key words: image, three-dimensional model, computer vision, singular points, homogeneous coordinates, descriptor
For citation: Serebryanaya L. V., Breshko V. N. Methods for Determining the Size of three-Dimensional Objects in Images. Cifrovaja
transformacija [Digital transformation], 2021, 1 (14), pp. 65—72 (in Russian).

BsepeHue. Bonpoc aBTomaTtnsaunm Toro Uam
WMHOTO npoLecca noAsAseTca Toraa, Korga Tpebyet-
CSl YCKOPUTb BbIMOJIHEHME 3apaHee U3BECTHbIX Ael-
CTBUN U MMHUMM3MPOBATb B 3STOM y4acTUe YesloBeKa.
PaboTta nocesuweHa ogHOMY M3 NOAOOHbIX Mpouec-
COB — U3MepeHUIo rabapuTHbIX pasmepoB 06bEKTOB
B MPOCTpaHcTBe. B AaHHOM ciyyae yao6HO ucnonb-
30BaTb MOBMAbHOE YCTPOMCTBO, TaK KaK B HacTos-
Liee Bpems TaKMe raZKeTbl BCerga nog pykon y no-
Aasnsowero 60nblWIMHCTBA Ntogen. B pesynbraTe
CTAaHOBUTCA BO3MOXHbIM choTorpadmposatb Kame-
poit MobunbHOro TenedoHa UK NAaHLWeETa HYXKHbIM
06BEKT 1 BbICTPO NONYYUTb AaHHbIE O €70 pasmepax
yepes Nonb30BaTENbCKUI UHTEPdENC NPOrpaMMHO-
ro obecnevenusa (M0).

[na pelseHna Ha3BaHHOM 3aa4n HeobxoaMMo
MMETb CUCTEMY, KOTOPas CMOXKET BblAeNATb Heobxo-
AVMbI 0BBEKT M3 BM3YaslbHOrO MHPOPMALMOHHOIO
pAfa, a TaKKe ONpeaenaTb ero pacnosioXeHne OTHO-
CUTeNbHO HabatoaaTens anA BblUMCAEHNA rABAPUTHBIX
pasmepos. [Oaa 3atoro yaobHO MCNoNb30BaTb TEXHO-
JIOTVI0 KOMMbIOTEPHOTO 3PEHUA — TEOPUIO CO3AaHUA
WCKYCCTBEHHbIX CMUCTEM, MOyYatoWwmx MHGOPMaLMIO
n3 n3obparkeHuin. B HacTosAwee Bpema cyllecTsyeT
MHOecTBO nporpammHbix cpeacts (MNC), ymerowmx
HaXxoAMTb, PAcMo3HaBaTb U UAEHTUONUMPOBATL 0Ob-
eKTbl Ha n306parkeHnsax. OL4HaAKO NPOrpamm, KoTopble
6bl NO3BOAAN, MOMUMO WMAEHTUOUKALMM OOBEKTA,
NOJIYYUTb Ero Pa3mMepHbIE XapaKTEPUCTUKN, HEMHOTO.

PelweHne noCTaBNEHHOM 3afayu CBA3AHO
C NPOLECCOM PEKOHCTPYKUMM. ITO BOCCTAHOBNEHME
TPEXMEPHOM CTPYKTYypbl U3 AByxmepHoi [1]. Hepo-
CTAaTKOM ABYXMEPHOM NPOEKLMN UAN NNOCKOTo M30-
HpakeHMA ABNAETCA OTCYTCTBUE ABHOM MHOpMaLmMm
0 rnybuHe cueHbl. YenoBevyecknin ras B COCTOSHUM
OLEHUTb MYBUHY CLLeHbl Ha NJIOCKOM M306parkeHnn
Mo HEKOTOPbIM KOCBEHHbBIM MPU3HAKaM: 3aTEHEHMUIO,
TeKcType, GoKycy, ABUKEHUIO.

B anropytmax MNOCTPOEHMA TPEXMepHOWM
CTPYKTYPbl MPOCTPAHCTBA WCMO/b3yeTCcA MOHATME
«0CObble TOYKMU» WU «XapaKTepHble To4Yku». Oco-
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6as To4YKa — 3TO TOYKa M30bparkeHun, obnagatoLLan
BbICOKOM /IOKaNbHOW MHbOPMATUBHOCTbIO. O6bIYHO
Bble/NIeHNE XapaKTePHbIX TOYEK ABAAETCA Hayaib-
HbIM 3Tanom paboTbl 060N cUCTEMbI KOMMbOTEP-
HOro 3peHus. OCHOBHbIM MPEMMYLLECTBOM UCMO/b-
30BaHMA 0COObIX TOYEK CUYMTAETCH OTHOCUTE/bHan
NPOCTOTa M CKOPOCTb NUX 0BHapyKeHus. K xapaktep-
HbIM TOYKaM NpeabaABAAOT pAg TpeboBaHU B BUAE
MX CBOWMCTB: MHBAPWAHTHOCTW, CTabWUABbHOCTU, YHMU-
Ka/IbHOCTM, MHTepnpeTupyemocTu. Moaxoabl K onpe-
OeNeHno 0cobbIX ToYeK AeNATCA Ha TPU KaTeropuu:
OCHOBaHHbIe Ha MHTEHCMBHOCTM M306parkeHus, uc-
MONb3YHOLLIME KOHTYPbl M306parKeHNs, OCHOBAHHbIe
Ha MCNONb30BaHMM CNEeLNasbHON Moaenu.

0630p NC EasyMeasure, Smart Tools, 123D
Catch, Structure, npegHasHayeHHbIX AAs MOCTPO-
eHUA TPexXmepHbIX Mmoaenen OOBEKTOB U3 cepumn
CHMMKOB W onpepgeneHua pasmepoB 06bEKTOB, No-
3BO/IN/ OLEHUTb UX MPEeUMyLLecTBa U HeAoCTaTKMK,
aTaKKe caenaTb COOTBETCTByOWME BbiBOAbl. Hu
OAMH 13 NepeyncaeHHbIX NPOAYKTOB He NpeaocTas-
NAET BO3MOXHOCTM CKaHMPOBaHMA U M3MeEpPeHUn
0bbeKkTa ogHOBpeMeHHo. o3aTomy cosgaHue npo-
rPaMMHOI0 MPUIOXKEHMUA, CNOCOBHOro HaxoauTb
06BEKT M BbIYUCAATL €70 Pa3mepbl, ABNAETCA aKTy-
anbHOM M BOCTpeboBaHHOW 3aga4en.

MatemaTtnueckas  mogeslb  MOCTPOEHUS
3-D cTpyKTypbl. 3agaya onpegeneHus peasbHbIX
XapaKTePUCTUK NPOCTPAHCTBA, UCXOASA U3 CMOAENN-
poBaHHOro o6bema, pellaeTca To/IbKO NP YCA0BUMU,
YTO M3BECTHO XOTA Obl OAHO PACCTOSHME MEXAY ABY-
Msl TOYKaMM MaTepMabHOro NPOCTPAHCTBA U 3TO e
paccToaHne MeXAay ABYMSA TOYKaMK CMOAE/TMPOBaH-
HOro MPOCTPaHCTBA.

Co3pgaHune TpexmepHoi moaenn o6 beKToB Bbl-
NoOJIHAETCS Ha OCHOBE ABYXMEPHOM MOoAEeNN U 0Co-
6bIXx ToYeK. 103TOMy CTaBMTCA 3a43a4a HAXOMKAEHUA
KOOpPAMHAT TaKUX TOYEK B TPEXMEPHOM MNPOCTPaH-
cTBe. A aToro HeobxoamMmo:

1) HaMTK XapaKTepHble TOYKM Ha NepBOM
Kazape;
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2) onpenennTb TOYKU-COOTBETCTBUA MeEXKAy
nepBbIM U BTOPbIM KaZpoMm;

3) HalTU CYLWHOCTHYIO (MAKM pyHAAMEHTasb-
HYl0) MaTpuLy ANA paccmaTpuMBaeMon napbl M30bpa-
KEHUI;

4) U3 HECKONIbKMX MOJIYYEHHbIX MATpuL, nepe-
X0Za paccynTaTb KOOPAMHATbI TOYEK B MPOCTPAHCTBE.

CUCTEMbI KOMMbBIOTEPHOTO 3PEHUA CTPOAT Ma-
TEMATUYECKME MOAENN Pa3/IMYHbIX NPOLECCOB C Mo-
MOLLbIO aHA/IUTUYECKOW NPOEKTUBHOM rEeOMETPUN.

ToykuM, KoTopble Ha EBKAWMAOBOM MJOCKOCTU
334at0TCs NapoM KoopAmHat (X, y), Ha NpoeKTuBs-
HOM M/IOCKOCTM OMUCLIBAOTCA TPEXKOMMOHEHTHbIM
BeKTOopom (x, y, w). Mpn aTom ana noboro HeHyse-
BOro ymcna a, Bektopsl (x, y, w) u (ax, ay, aw) co-
OTBETCTBYIOT OAHOW M TOM e Touke. [pamaa Ha
NMPOEKTMBHOM M/IOCKOCTM 3a4aeTcs, NogobHO Touke,
TPEXKOMMOHEHTHbIM BeKTopom | = (a, b, c). Touku
TPEXMEPHOTO MPOEKTUBHOTO MPOCTPAHCTBA oOnpe-
OEeNATCA YeTbIPEXKOMMOHEHTHbIM BEKTOPOM OAHO-
pPOAHbIX KoopAMHaT (X, y, zZ,w). Mogenb NPOeKTUBHOM
Kamepbl NpeacTaBieHa Ha pucyHKe 1, rae C — UeHTp
Kamepbl, Cp —rnaBHaa oCb Kamepbl, X — TOYKa B Tpex-
MEpPHOM NPOCTPAHCTBE, X — TOYKA HA NJIOCKOCTM U30-
bpaxkeHus:

B cnyyae nocTpoeHus TpexmepHOM Moaenun Ha
OCHOBE HECKONbKUX ABYXMEPHbIX NPOEKLMIA HeobXO-
OAMMO BbIYUCIUTE KOOPAMHATBI HEKOTOPbLIX BaXKHbIX
TOYEK B TPEXMEPHOM NMpPOoCTpaHCTBe. [ANA NPOeKTUB-
HOWM Kamepbl CNPaBeA/IMBO Caeaytolee TOXKAECTBO

x= K- [RIt]-()l( ) (1)

‘Y

nnu bonee nosHoe onncaHue:

iXX' X fx 0 C R11 R12 R13 t §X
i, x|= 0 fy ¢, |.Ry Ry R, Xy (2)
001 R, R, R, t, 12

34ecb X —3TO NOJIOXKEHME TOYKU Ha M306paxKe-
HUW B OAHOPOAHbIX KOOpAMHATax U X = (ix X , XX,
X ), TO ecTb B 06bI4HbIX KOOpAMHaTax 37O ByaeT Bbl-
rnageTb Tak: x = (x /x,, xy/xz). R — 310 maTpuua, oTpa-
»KaloLWwasa nosioXKeHne Kamepbl B NPOCTPAHCTBE, UK
MaTpuLa nosopoTa (pasmepom 3 x 3), t — Tpexmep-
Hbli BEKTOpP CMelleHUsA. BmecTe OHWM cocCTaBAaatoT
maTtpuuy nepexoga [R|t]. K — maTpuua BHYTPEHHMX
napameTpos Kamepol, rae f, fy— ¢doKanbHoe paccTo-
AHME B MUKCENAX, C,, C,— ONTUYECKMIA LIEHTP Kamepbi
(0BbbluHO 3TO KOOpAMHATbI LEHTpa M30bpaxkeHus).
3TN napameTpbl Ha3blBAlOT BHYTPEHHMMWU Mapame-
Tpamu Kamepsl [2, 3].

BaXHbIM sBAAETCA TOT GaKT, YTo B Cay4yae
NPOEKTUBHOIO MOAX0AA, TOUYKM, NeKallme Ha O4HOM
npsiMoiA B MpocCTpaHCcTBe, ByayT nexkaTb Ha ofHOM
npsmoi U Ha n3obparkeHun. OQHAKO B pPeanbHbIX
YCNOBUAX BO3MONKHO JIMH30BOE WCKaxKeHue (Maun
AMCTopCKA) M3-3a KOTOPOro NPsSiMble IMHUM CTaHo-
BATCA M30TrHyTbIMKU. CyLlecTBYIOT MeToAbl MCnpas-
JIEHUs 3TUX UCKaXKeHU. MNOCKObKY AMCTopcUa He
BAMAET Ha MyOWHY PacnoNoXKeHUA TOYEK, a IMLLIb HA
KOOPAMHATbl TOYEK Ha ABYXMEPHOM M306parKeHUu,
MOHO CHayasa UCNpaBUTb M306pakeHne, a 3aTem
MCMNONb30BaTb TY K& MaTemMaTUYecKyto MogeNb AN
BbluncneHui. C Kamepamm MobUIbHOIO YCTPOMCTBA

Puc. 1. Mogenb NpoeKTUBHOM Kamepbl
Fig. 1. Projective camera model
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nogobHana npobnema cnyyaerca AOBOSbHO pPeaKo,
NosToMy B Ja/ibHEMLEM OHA He Y4YMTbIBAaNaCb Npu
NOCTPOEHUN MOAENN.

[anee Heobxoaumo HalTn dyHAAMeEHTasb-
HYI U CYLHOCTHYO maTpuubl F n E. Ona aByx uso-
H6paxeHnii A n B dyHAamMeHTasbHAaA MaTpULA Bblpa-
*KaeTcAa ypaBHeHMEeM

B\T A—
(x)" F-x/=0, 3)
rae x® v x* TO4YKM B Kagpax B M A COOTBETCTBEHHO.

dyHAamMeHTaNbHaAA M CYLLHOCTHAA MaTpuLbl
CBA3aHbl TaKMM 0b6pasom:

E=K-F-K. (4)

Y106bI HATK TPEXMEPHbIE KOOPANHATbI TOYEK
no ee ABYMEPHbIM MPOEKLMAM, HEOOXOAMMO MpU-
MEHUTb CUHTYNAPHOE Pas3/ioKeHME K CYLLHOCTHOWM
maTpuue E 1 HAaWTU maTpuuy Kamepbl Ana BTOPOro
n3ob6parkeHua. Matpuua Kamepbl P umeeT BUA;

P=K-[R|t]. (5)

Taknum obpasom, ecnm s HEKOTOPOM TOYKM
X Ha n3ob6paxkeHnax A 1 B 0603HaunTb 04HOPOAHbIE
KOOpPAMHATbI X, U X, U MaTpuLpl Kamep P, u P, co-
OTBETCTBEHHO, TO MOHO COCTaBUTb C/IeAYIOLLYIO CU-
CTEeMY YpPaBHEHMWIA:

X

X (6)

X,=P,:
X, =P,

PelweHne cuctembl ypaBHeHWi (6) Mo3BoOAUT
NnoNy4nTb OAHOPOAHbIE KOOPAMHATLI TOYKKM X B Tpex-
MepHOM npocTpaHcTse [3].

MpoekTuposaHue npunoxeHua. C yyetom
NOCTaBAEHHOM 334341 MOXKHO BblAE/UTb OCHOBHbIE
4yepTbl, NpuUCyWMe co34aBaeMoOMy MPOrpammMHOMY
NPUNOXKEHMIO, @ TaKXKe TpeboBaHusa, npeabABase-
Mble K TEXHUYECKMM W MPOrpamMHbIM CpeacTBam,
Ha KoTopom oHo byaeT paboTaThb:

— MOOW/IbHOE YCTPOMCTBO C MNPOLECCOPOM
Apple A7 v moliHee, TMPOCKON, aKCeIePOMETP;

— onepaumoHHasa cnuctema iOS Bepcum 7 U BbiLe;

— BO3MOHOCTb COXPAHEHMA B NaMATb YCTPOM-
CTBa 33[aHHYIO MO/b30BaTeNemM BbICOTY pacnono-
YKEHMA Kamepbl, NpU 3TOM He npegycmaTpuBaeTcs
XpaHeHne 60NbLIOro KOIMYECTBa N0/1b30BATENbCKMX
OaHHbIX;

— BO3MOHOCTb NOJIy4eHUA AAHHbIX C CeHCopa
Kamepbl MOBUIBHOTO YCTPOMCTBA.

CpeancTBamum Nonb30BaTeNbCKOrO MHTepdeinca
OOJIKHA BbINOMHATLCA OTPUCOBKA HOBOTFO Kazpa He

6onee yem 3a 0gHYy CEKyHAY, a TaKXKe oTobparkeHune
BBEeAEHHbIX AaHHbIX. MoaennpoBaHue MNpPoOCTpaH-
CTBa M pacyeT BbIOPaHHbIX PAacCTOAHUI ByayT npounc-
XOOMUTb B PEXKMME PEaNIbHOTO BPEMEHM.

YuuntbiBas ocobeHHOCTU niaTdopMbl YCTPOM-
CTBa C onepaumoHHoMi cuctemol i0OS n cneundumry
paboTbl npoekTnpyemoro MC 6bin BbIOpaH Knaccuye-
CKM WwabnoH npoekTupoBaHuns Cocoa Model-View-
Controller (MVC) [4].

MpunoxeHne UMeeT MOAY/NbHYIO CTPYKTYpY.
OcHOBHas /iorMKa paboTbl MPOrpammbl BO3/OXKEHA
Ha moaynb 06paboTkM M306parkeHMin. OH oTBevaeT
33 MaHUNYAAUMKU C M306parKEHUAMMU, MOCTPOEHME
TpexmepHol moaenun o6bekta. Moayb BblYUCIEHUS
pasmepoB 06bEKTOB COAEPKUT B cebe KOMMOHEHTbI
ANnA pacyeTa rabaputos pasMYHbIMK crocobamu.
Bca nosib3oBaTesibcKaa MHpopmauma u MHpopma-
UMA 0 M306paXKEHMAX XPAHUTCA B COOTBETCTBYHOLLMX
MoOZeNsax. 3a COXpaHEeHWe MOo/b30BaTe/IbCKUX Ha-
CTPOEK M pe3ynbTaToB PaboTbl NpoOrpaMmmbl OTBeYaEeT
MOAY/b COXPAaHEHMA AaHHbIX. [MonyyeHWe [AHHbLIX
C CeHcopa Kamepbl BbINoaHAETCA Moaynem 06paboT-
KM BMOEOMOTOKA.

PaccmoTpum paboTy OCHOBHbIX anropUTMOB
NPOrpPamMMHOro MPUAOKEHUA. ANTOPUTM onpeaene-
HWA Pa3MepoB B aBTOMATUUYECKOM PEXMME MOMXKHO
pa3buTb Ha cneaytolme sTanbl:

1. MocTpoeHne TpexmepHOM CTPYKTypbl Npo-
CTpaHCTBa No Habopy M306pakeHUN.

2. NonyyeHe AaHHbIX O BbICOTE PACNooXKe-
HWA KaMepbl M Napbl KPANHUX TOYEK.

3. OnpepeneHne paccToaHMA mexay napa-
MU TOYEK.

4. Tpaduyeckoe oTobparkeHWe pesynbTaToB.

B cnyyae onpegeneHna pasmepos B PYYHOM
peXxume BbIMONHAOTCA CeaytoLlLne AencTBuA:

1. MonyyeHne AaHHbIX O BbICOTE PACNOOXKe-
HWA KaMepbl U Nape KPamHUX TOYEK.

2. PacyeT gnmHbI HEOBXOAMMOTO OTpPe3Ka.

3. Ipadmyeckoe oTobpakeHWe pe3ynbTaTos.

Kak yXe O0OTMeyanocb, XapaKTepHble TouY-
KW — 3TO UCXOAHble AaHHble AnA N6ON cUcTeMb
06paboTkn mn3obparkeHuit. B cayvyae nocTpoeHua
TPEXMEPHOM CTPYKTYpbl MO CEPUU CHUMKOB OCO-
6ble TOYKM HeobXxoauMbl AA OCYLLEeCTBEHUA CBS-
3blBaHMA KagpoB M GOPMMPOBAHUA TPEXMEPHbIX
KOOpPAMHAT XapaKTepHbix Todek. CyuiectByeT pAas
A/ITOPUTMOB HAXOXAEHMA 0CODbIX TOYEK M NOCTpOe-
HUA UX OECKPUNTOpPOB, B paboTe BbibpaH Hanbonee
6bICTpbIN M3 HUX — ORB (Oriented FAST and Rotated
BRIEF) [5]. BbicoKasi cCKopoCTb paboTbl anroputma sie-
NAeTCcA rnaBHbIM TpeboBaHWeM B cucTemax obpaboT-
KM M306parkeHui B peasibHOM BPeEMEHM.
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B ocHoBy anroputma ORB nonoxeH anro-
puTM FAST. B Hem BbibUpaeTcs ToYKa-KaHAnAaT P,
BOKPYr KOTOPOI pacCMaTpMBAETCA OKPYXKHOCTb M3
16 nukcenen. Touka ABAAETCS YrNOBOM, ecAn Ans
TEeKylwen ToOYKM P cywectBytoT N CMEXHbIX MUK-
cener Ha OKPYXKHOCTU, MHTEHCMBHOCTU KOTOPbIX
60/blle MHTEHCUMBHOCTM TOYKU P UAN UHTEHCUB-
HocTn Bcex N nMUKcenei meHblle MHTEHCUBHOCTU
AaHHOM TouKW. Ecnm ymcno N npeBbllWaeT HeKo-
TOpoe 3apaHee 3aflaHHOe MOPOroBoe 3HayeHue
(ana 16 nNKWKcenbHOM OKPYMKHOCTM MNOPOrosoe
3HayeHue paBHO 12), To TOYKa cyMTaeTca ocobon.
Takasa npoBepKa BbINOMHAETCA A8 KAXKA0ro MukK-
cena usobpaxeHna. OgHaKo TOYKWU, HaWAEHHble
C nomolbio anroputma FAST, He yooOBNeTBOPAIOT
CBOMCTBY MHBAPWMAHTHOCTU. B cBA3M € 3TUM npume-
HAOT cneayowmne ynydyweHuna. na nHBapmaHTHO-
CTW K MacWTabUpoBaHUIO UCMONb30BAH aNroOpUTM,
OCHOBaHHbI Ha nupamuae laycca. BeegeH napa-
MeTp YI0BOM OpPMEHTALMK, NO3BOAAIOWUA [0-
6UTbCA YCTOMYMBOCTM OETEKTUPOBAHUA NpU Bpa-
weHmnn. OH OCHOBAH Ha HanpaB/ieHUAX FrpagueHTa
APKOCTU OTHOCUTENIbHO PacCMaTPMBAEMOM TOUKM.
HanpaBneHne ¢ Hanbonbwen MHTEHCMBHOCTLIO
Ha3HavyaeTcsa opueHTaumnen ocobo Touku 0.

[anee pana HaMOeHHbIX TOYEK CTpouTCA
BRIEF-peckpunTtop. OH npepcTtaBnAaetca B BuAae
BEKTOpa A/MHOM 256 371eMeHTOB, COCTOSLLEr0 W3
pe3ynbTaToB BMHAPHbIX TECTOB BOKPYr 0COb6OM TOu-
Kn. B okpecTtHocT 31 x 31 nuKcenb CpaBHMBAOTCA
cpefHue 3HaYeHMA APKOCTEN MeXay X Ny, Tae X, y —
obnactn 5 x 5 nukcenen

Wwen=lols) 0

roe | — cpegHnas SpPKoCTb BbIBpaHHOM obiacTu.

ONna pocTuxeHnsa MHBAPMAHTHOCTU K Bpalle-
HUIO 06/1aCTb BbIMMCAEHUA AECKPUNTOPA OPUEHTU-
pyeTca No paHee HaMAEeHHOM OpUEHTaLLUM XapaKTep-
HoM Toukm 0. Bce 256 Habopos x, u y, dopmupytoT
MaTpuLy S pasmepHoCTbo 2 X n, rae n = 256. MaTpu-
1a S C MOMOLLbIO MATPULbI NOBOPOTA Ry OPMEHTUPY-
eTCsl B COOTBETCTBUM C yriom 6:

S,=R,S. (8)

Cam BEKTOp AeCKpMNTOpa OMNMCbIBAETCA KakK
g,(1,8) := f,(NN(x,y,) €S, . (9)
rae f, (1) =%, 2" Tl x, ¥,)-

B anroputme HaxoXAeHUA ocobblX TOYEK Ha
n306paXKeHnN CcHavana 3a[aeTca pPaguyc OKpecT-
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HOCTU MCCNeyemoro nuKkcens. 3aTtem B BblbpaH-
HOM OKPECTHOCTM aHA/IM3UPYETCA KarKabl MUKCEeNb
M306parkeHMA M ycTaHaBAMBAETCA, ABASETCA /N OH
ocobbiMm. Ha cnegytowem wware BbINONHAETCA YTOM-
HEeHMe OpPMEHTALMWN KaxKaoh ocobol TOUYKKM, YTOObI
B Aa/IbHeMLIEeM C MOMOLLLbIO cepuU BUHAPHbIX TECTOB
YCTaHOBUTb HamnpasieHWe [AeCKPUNTOpa KaxKaoro
nukcena. NocnegHUm LWwarom anropuTma sBAsSETCs
dbopmupoBaHME PE3YNLTUPYIOLINX BEKTOPOB Jec-
KpMNTOPOB.

XoTa B 3a/la4yax CTepPeo3peHua NPUHATO orne-
pupoBaTb O4HOPOAHLIMM KOOPANHATAMM TOYEK, HO,
YTO6bI UMETb BO3MOXHOCTb PaCcCYMTbIBATb KaKMe-u-
60 paccTosHMA B TPEXMEPHOM NPOCTPAHCTBE, HEOb-
XOAMMO TaK)Ke pacnonaratb KoopAuHaTamu 3TUX
»Ke ToyeK B EBKAMA0BOM NpOCTpaHCTBe. BXxoaHbIMU
OaHHbIMM AN aNropuTMa, OMpeaenatolero Koop-
OMHaTbl Toyek B EBKAMAOBOM NMPOCTPaHCTBE, ABAA-
eTcsA napa msobpaxkeHuit 1 Habopbl 0cobbix TOYEK
ONS KaXKAoro U3 HUX B OA4HOPOAHbLIX KOOPAMHATAX.
CHavyana MeTogoM TPUAHTYAALUMM PaCCUMTbIBAOTCA
TpexmepHble KOopAMHaTbl TOYEK MPOCTPAHCTBA, 3a-
TEM KOOPAMHATbl HAWAEHHbIX TOYEK NepeBogATCA U3
0Cob6bIX KoopAnHaT B EBKANAOBSI.

YuntbiBasa cneumoduky pabotbl ¢ M3o06parke-
HUAMMU, CHATbIMM Ha Kamepy, HY>KHO NPUHMMATb BO
BHMMaHME BO3MOXHYIO AWCTOPCUIO Kamepbl U Be-
POSITHOCTb CYLLECTBOBAHMA JIMWIHUX OCODbIX TOYEK.
B cBA3M C 3TUM K HaxoXKAEHUIO KOOpANHAT Aobasna-
oTCA elle ABa AEeNCTBUS:

1) KoppeKLMa KOOpANHAT TOYEK C Y4ETOM AU-
cTopcuu;

2) npoBepKa MOrpeLHoCTM NOBTOPHOMO Mpo-
eLMpOoBaHMA HANAEHHbIX B TPEXMEPHOM NPOCTPaH-
CTBE TOYEK Ha UCXOAHbIe U306parkeHus.

MocneagHee aencTeMe NoapasymeBaeT OLEHKY
paccTosHuA mMexay ocoboit TouKon Ha u3obparke-
HUM 1 ee NOBTOPHOW NpoeKLMeit. ITO paccTosHUE He
[O0MKHO NpeBbIWaTb HEKOTOPOW 3apaHee 3a4aHHOM
BE/INYMHbI.

PesynbTatom paboTbl afirOPUTMa NOCTPOEHUS
moaenu obbekTa ABnseTcA 06/1aKo TOYEK B TpEXMEP-
HbIX KOOpAMHATaX, KOTOPOE B AaJ/ibHEMLLIEM MOXKET
6bITb MCNOMb30BAHO AJ1 PacyeTa PAcCTOAHUIA MEXK-
Ay 3TUMM TOYKaMMU.

MeTtoguKa paboTbl C MOBUABHBIM NPUIOKe-
HueM. BXoAHbIMW faHHbIMU 414 PaboTbl NporpaMm-
HOro NPUNOMNKEHMUA ABNAIOTCA AaHHble, NOAyYaemble
C Kamepbl YCTPOWCTBA, a TaK¥Ke BbICOTA Pacrnosoxe-
HUA KaMepbl, BBeAeHHas nosib3osartesnem. B cayyae
N3MepeHUa pPasMepoB BPYUHYHO HEobXoaMMbl AaH-
Hble O Ka/NMBPOBKE YCTPOMCTBA OTHOCUTENIbHO W3-
mepaemoro ob6bvekTta. KanmbpoBKa BbINOAHAETCA MO
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essee MTSBY = 17:51 7 0% .

Automatic

To start me: Place bottom point in the centeref—
tl een and long tap button

sseeaMTS BY &

Puc. 2, 3. BblaeneHne HUKHEW 1 BepXHEN TOYEK 06bEKTa
Fig. 2, 3. Selection of the bottom and top points of the object

ABYM K/HOYEBbIM TOYKaM, BbIBpaHHbIM NO/ib30BaTe-
neM. 3TN TOUYKM O0/KHbI PacnoaaratbCA Ha paBHOM
pPaccToAHUM OT 06BEKTUBA KaMepbl.

BbixogHble gaHHble npu pabote MNC B aBTOMa-
TMUYECKOM peXKMME:

— OTODOpaXKeHMe KAHOYEBbIX TOYEK MogeNMpYe-
MOTO NPOCTPAHCTBA;

— 3HAYEHUs ANMH BblOPaAHHbIX PACCTOAHUMN.

BbIXoAHble AaHHbIE B Py4HOM pexume:

— oTobpakeHne A/IMHbI USMEPEHHOTO OTPE3Ka;

— paccTonaHne 40 U3MepAemMoro obbekTa.

Mpn M3MepeHUn BbICOTbI MHTEPECYIOLWEro
06beKTa BPYy4YHYH 006A3aTe/IbHbIMU ABASIOTCA Caeay-
lowmne aencTema:

1) ycTaHOBKa BbICOTbI PACMOIOKEHMA YCTPOM-
CTBa;

2) nooyepeaHoe pasmMelleHMe MapKepa LeH-
Tpa M306parKeHUs B NO3ULUU HUNKHEN U BepxHen
TOoYeK ob6beKTa.

dTanbl PyYHOro U3MEpPEHMA BbICOTbl 0OBEKTa
NOKa3aHbl HAa PUCYHKax 2 n 3.

EAMHULI U3MepPeHMs BbICOTbl 06beKTa coBna-
JA0T C eguHULAMM U3MEepeHusa 3afaHHOKN paHee
BbICOTbl PAaCNO/IOKEHMA YCTpONCTBa. Mpumepsbl pe-
3y/IbTaTOB ONpeAeneHus BbICOTbl Pa3/IMYHbIX OObEK-
TOB NpeacTaBieHbl Ha pUCYHKax 4 1 5.

Ona paboTbl B aBTOMATMYECKOM peXume
Nnosb30BaTeNto HeobXoAMMO BbINOJAHUTL CAeayto-
e AencTems:

1) ycTaHOBUTL
YCTPOWCTBA;

BbICOTY pacnonoxeHnAa

2) NOMecCTUTb MapKep LEeHTPa M306parkeHuUs
B MO3ULMIO HAYa/IbHOM TOYKM U3MEpPAEemMoro pac-
CTOAHUS;

3) 3anycTUTb NOCTPOEHME TPEXMEPHON MOAENN;

4) NOMeCTUTb MapKep LeHTpa 06beKTa B NO3n-
LMIO0 KOHEYHOM TOUYKM 0OBEKTA.

EAMHULBI U3MEPEHMA PacCTOSHUIN coBNaaatoT
C eAVHULLAMWN U3MEePEHUs 3aaHHOM BbICOTbI pacno-
NOXKeHUA ycTpolicTBa. Pe3ynbTaTbl M3mepeHuii B aB-
TOMATUYECKOM PEeXMME NPUBELEHbI Ha PUCYHKe 6.
PesynbTaTbl MoAennpPoBaHMA 06BbEKTA Ha pUCYHKe 6
npeacTaBaeHbl HA PUCYHKaxX 7, 8:

EAMHULBI U3MEepPEHMSA BbICOTbl 06bEKTa coBna-
Aa0T C eguMHUMLAMU U3MepeHUA 33a4aHHON paHee
BbICOTbl PaCMoO/IOXKEHMA ycTpoicTea. MNMpumepsbl pe-
3y/ITAaTOB ONpeAesieHUA BbICOTbl Pa3/IMYHbIX OObEK-
TOB NpeAcTaBAeHbl HA PUCYHKax 4 n 5.

Ona paboTbl B aBTOMATMYECKOM pexume
Nno/ib30BaTeNl0 HEOOXOAMMO BbINOAHUTL CAeayto-
Line AencTems:

1) ycTaHOBUTH
YCTPOICTBa;

2) NOMeCTUTb MapKep LEeHTPa M306parkeHuns
B MO3ULMIO HAYa/IbHOM TOYKM U3MEpPAEMOro pac-
CTOAHUS;

3) 3anycTUTb NOCTPOEHME TPEXMEPHON MOAENN;

4) NOoMecTUTb MapKep LieHTpa 06beKTa B No3u-
LMIO KOHEYHOM TOYKM 06beKTA.

EAMHULBI M3MEpPEeHMA PacCTOSHUIN coBNaaatoT
C eAVHULAMWN U3MEPEHUS 3aaHHOM BbICOTbI pacno-
NIOXKeHUA ycTpolicTBa. Pe3ynbTaTbl M3MepeHuii B aB-

BbICOTY  Pacro/ioXeHus
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Puc. 4, 5. Pe3ynbTaTbl U3MEPEHHOW BbICOTbl 06EKTOB
Fig. 4, 5. Results of measured object heights

start point in the center of
1ong tap dutton.

Puc. 6, 7, 8. Pe3ynbraTbl U3mepeHuii U MOAEIMPOBaHMA OObEKTOB B aBTOMATUYECKOM PEXUME
Fig. 6, 7, 8. Results of measurements and modeling of objects in automatic mode

TOMaTUYECKOM peXKMMme NpPUBEeAEHbl Ha PUCYHKe 6.
Pe3ynbTaTbl MOAENMPOBAHUA OOBEKTA HA PUCYHKE 6
npeacTaBaeHbl HA PUCYHKax 7, 8.

3aknoueHue. PesynbTaTbl AaHHOM pabo-
Tbl HOCAT HAy4YHO-MPAKTUYECKUM Xxapaktep. bbina
npeanoXKeHa MaTemMaTUYeCKas MOLENb NOCTPOEHUSA
TPexXmepHbIX Moaesieli 06BbEKTOB Ha OCHOBE UX ABYX-
MEpPHbIX U306pakeHU N ocobbix ToyeK. C yyeTom
TEXHUYECKMX M MPOrpaMMHbIX 0cobeHHOCTeN Knacca
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MOOUbHBIX YCTPOWCTB, AN KOTOPbIX CO34aBasioCb
nporpammHoe NpuaoxKeHue, bbiia BbibpaHa Hanbo-
nee noaxoadauwan apxutektypa [l1C.

MpunoxeHne UMeeT MOAY/bHYIO CTPYKTYpPY, B
KOTOPOM KarKAbli MOAy/ib OTBEYAET 3a BbINO/HEHWE
onpefeneHHblx OYHKUMA. PeannsoBaHbl anroput-
Mbl NOMCKA XapaKTEPHbIX TOYEK Ha M3006paXKeHUn m
onpeseneHnsa TPEXMEPHbIX KOOPAMHAT KAHOYEBbIX
TOYEK MOAENNPYEMON CTPYKTYPbI.



Co3gaHHOE NPOrpaMMHOE MPWUAOXKEHME CMo-  /INETCA MPUBOPOM TOYHOTO N3MEPEHWA, OAHAKO MOMKET
COB6HO B aBTOMATMYECKOM M PYYHOM PEXKMMAX Onpe-  YCMewHOo NPUMEHATLCA B TEX C/lyYasnX, KOraa B Pexu-
[Aenatb pa3mepbl 06bEKTOB Ha M306PANKEHUAX, CHATLIX  Me PeasibHOro BPEeMEHM BbIMOHAKOTCA U3MEPEHUS, He
Kamepol mobunbHoro yctpoiictea. [aHHoe MNC He AB-  Tpebytowme o4eHb BbICOKOM TOYHOCTM Pe3y/IbTaToB.
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